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A TECHNOGENIC LOAD ON THE ENVIRONMENTAL COMPONENTS
DURING THE FORMATION AND ACCUMULATION OF THE WASTE
IN THE NORTH-WESTERN BLACK SEA REGIONS

Abstract. The amount of the production and consumption waste generated and
accumulated in a certain territory (in the region) can be considered as one of the
indicators of a technogenic load on the environmental components. The processes
of formation and accumulation of various wastes pose a threat to a state of all
environmental components. The formation and, especially, the accumulation of
production and consumption waste inevitably contaminate the soil cover.

The problem of inefficient waste management is typical for the regions of Ukraine,
and therefore the purpose of the work is to assess a level of a technogenic load on
the environmental components by the indicators of the formation and
accumulation of production waste and the consumption in the regions of the
Northwest Black Sea. To evaluate and analyze a level of a technogenic load on the
environment based on the principle of calculating a technogenic load module it is
proposed to determine a module of a technogenic load on the geological
environment, ie the most vulnerable component of the environment.

It is established that the greatest load in the territory of the North-Western Black
Sea is in the Mykolaiv region (due to industrial waste). The amount of the
generated and accumulated waste exceeds the corresponding figures in the Odesa
and Kherson regions. More than 95% are class IV hazardous waste. In almost all
regions of the Northwest Black Sea, there has been a tendency of increasing a
load, primarily due to the increased accumulation of the waste.

It is suggested to determine a module of a technogenic load on the geological
environment according to the waste generated and accumulated in the region.
Keywords: a technogenic load module; geological environment; waste;
formation; accumulation
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Introduction

The processes of forming and accumulating the various wastes pose a threat to a state
of all environmental components. At the sites of landfills (landfills), harmful
substances enter the air pool, pollute fertile soils, surface and groundwater, and also
pose a threat to a sanitary and epidemiological state of the surrounding settlements.
Taking into account that in the regions of Ukraine the predominant method of
handling solid household waste (SHW) is its removal and disposal at landfills
(landfills), the absolute majority of which do not meet the environmental safety
requirements, the processes of physical, chemical and biological pollution, in
particular, the geological environment (GE) will be enhanced.

The GE is the upper part of the lithosphere, which is considered as a
multicomponent system, which is influenced by human engineering and economic
activity, and, in its turn it fully determines this activity [1]. In the Environmental
Encyclopedia [2], the GE is a multicomponent dynamic complex organized natural
system (rocks, soils, sediments, groundwater, natural gases), which is characterized
by the presence of geophysical and geochemical fields and interacts with the
elements of landscape, atmosphere, surface waters and is affected by technogenic
activities. According to this definition fertile soils are included into the GE; only
natural gases and non-hydrocarbon fluids are included into the GE componenets.
The GE “interacts with the elements of the landscape, the atmosphere”, but a ground
part of the atmosphere is a part of the landscape.

The issue referring to the GE upper boundary is no less difficult, because many
researchers include not only rocks, but also fertile soils, surface water and biota into
the concept of "the geological environment". Therefore V.T. Trofimov and others
[3] proposed the term "a surface part of the lithosphere" (LSP), excluding surface
waters and, in certain situations, fertile soils from it instead of the term "the
geological environment”. In their interpretation, the upper boundary of the LSP
usually extends along the sole of the humus layer of the fertile soil. If we consider
the Earth's soil shell (the pedosphere) as a separating shell - a battery and a source
of energy for bionites, then as a rule, fertile soils fall out of the GE (it should be
recalled that fertile soils are subaerial, and bottom sediments are subaltern, but the
latter are not generally referred to the GE). However if soil is considered as a
geochemical barrier to the migration of pollutants, it is a part of the GE. If we
consider fertile soil as mineral-organogenic rock acting as the first geochemical
barrier to the migration of technogenic Ps or the environment for the exogenous
processes development, it must be included in the object of ecological geology.

Therefore taking into account the fact that during forming and, especially,
accumulating the production and consumption waste, a soil cover is inevitably
contaminated, it is advisable to consider fertile soils as a component of the GE in
this work.

The amount of production and consumption waste generated and accumulated in
a certain territory (in the region) can be considered as one of the indicators of a
technogenic load on the GE.

In the Odessa region, the facilities for the utilization and disposal of hazardous
production wastes were created and are operating. But they are not enough. The
system of hazardous waste collection is not developed in the rural areas. Also a
serious problem is the problem of storage and safe handling of the unsuitable
pesticides that have remained on the territory of the region since the Soviet time [4].
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About 6.1 million m® of SHW are produced annually in the Odessa region.
According to the Department of Ecology and Natural Resources of the Odessa
Regional State Administration, there are 608 landfills occupying about 1300 hectares
in the region. Most of them are in poor condition and are operating in violation of
the environmental Ilaws and the sanitary and epidemiological safety requirements.
An assessment of whether the territory of the Odessa region is favorable for the
placement of SHW landfills has been made by physical-geographical, engineering-
geological, hydro-geological and technogenic indicators, but the obtained results do
not allow to select a specific site for SHW landfill landing [5].

The main spheres where hazardous waste is actually generated in the Mykolaiv
region include metallurgy, machine building, shipbuilding, food processing, leather
processing, water utilities, agricultural enterprises, medical institutions. As for 2017
the Mikolaev alumina plant was the largest source of the waste generation among
the enterprises in the region [6].

In the territory of the Kherson region there are 100 waste generation facilities and
8 waste treatment and disposal facilities. A critical situation has emerged in the area
of SHW management. Each year more than 250,000 tonnes of SHW are produced in
the region. According to the inventory of the landfill sites, 329 such sites are located
in the territory of the region, and only 73 of them are certified and 77 enterprises are
operated with the documentation for the right to use the land. Also there are
1921,804 tonnes of unsuitable pesticides on the territory of the region, and
1887,436 tonnes of them are ownerless [7].

Many issues have been devoted to the waste management and consumption in the
regions of the North-Western Black Sea. Thus in the work [8] a general
characterization of the problem of landfills for the Odessa region is presented. The
authors formed a set of indicators on the location of SHW. Based on the cluster
analysis, zoning of the territory of the Odessa region according to the indicators of
the SHW locations was carried out. It is determined that the problem of inefficient
waste management is typical for the regions of Ukraine. Also in the work [9] a
classification of the individual components of a hazardous part of the SHW was
proposed. The authors think that it will prevent a negative impact of this type of the
waste on the environment and transform a large part of it into the state of secondary
material resources. One of the main documents regulating the management of SHW
in the Odessa region is a project of "The program of solid household waste
management in the Odessa region for 2018-2022" [10]. Its main purpose is to ensure
an appropriate network of waste disposal facilities as well as bringing existing
facilities into compliance, where appropriate, and closing the facilities that are not
in compliance with the standards and pose a significant risk to human or
environmental health.

The Regional Program of SHW Management in the Mykolayiv region for the
period up to 2020 is in operation.

In the works [11, 12] the problems of household waste utilization in the Kherson
region including the countryside were investigated.

An analysis of the environmental impact of the production and consumption
waste on the environment of the North-Western Black Sea regions is presented in
the work [13].

The purpose of this work is to assess a level of a technogenic load on the GE by
the indicators of forming and accumulating the production and consumption waste
for the regions of the North-Western Black Sea.
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Research methodology

To evaluate and analyze a level of a technogenic load on the geological environment,
the principle of calculating a technogenic load module, which is defined as a sum of
weight units of all types of wastes (solid, liquid, gaseous) of the industrial,
agricultural and municipal objects for a time interval — 1 year, applied to the area of
the administrative district or region within which these objects are located and it is
measured in thousand tons/km? per year [14]. The authors proposed to determine
individually a technogenic load module on the GE (Mge) by the indicators of the
waste generated and accumulated in the region. This approach was implemented in
the estimation of a technogenic load on the air basin and water bodies of the regions
of the North-Western Black Sea, for example in the works [15, 16].

Research results

According to the Regional reports, Ecological passports of the region, as well as the
materials of the State Statistics Service of Ukraine [17] we analyzed the information
on the volumes of forming and accumulating the waste in the regions of the NWBS.

Figure 1 shows the dynamics of the waste generation in the Odessa region. As it
can be seen the maximum generation was recorded in 2012. However there is a
general tendency to reduce the amount of the generated waste. Also almost 99% of
the generated waste is class IV hazardous waste.

®@inall [~
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Fig. 1 — The dynamics of the waste generation in the Odessa region in 2007-2018

The information about the waste accumulated in the Odessa region was available
from 2010 to 2015. In 2014-2015 the amount of the generated waste was no more
than 10% of the accumulated waste. However the amount of accumulated waste each
year may increase or remain constant. In 2014-2015 this value remained almost
unchanged. Therefore in the future we will assume the data of 2015 as an indicative
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value of the accumulated waste amount in 20162018, namely 9759,333 thousand
tons. So the data of the accumulated waste in the region is given in fig. 2.
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Fig. 2 — The volumes of accumulated waste in the Odessa region in 2010-2018

Taking into account the data on the area of the region the calculation of the Mge
indicator was performed (Fig. 3). The analysis shows that the value of the Mge by
the amount of the accumulated waste significantly exceeds the corresponding value
by the amount of the generated waste. Since 2011 there has been a significant
increase in a technogenic load on the GE by a total amount of waste in the region.

HMGE (generated) B MGE (accumulated) 4 MGE (general)
0,35

Fig. 3 — The value of the Mge indicator in the of Odessa region in 2007-2018
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Figure 4 shows the dynamics of the waste generation in the Mykolaiv region. It
should be noted that in 2018, only a total amount of generated waste was available.
Considering that in 20122017 the class IV waste generation was 96% on average,
this figure was taken into account when calculating the estimated amount of this
waste class in 2018.

dinall [~
3500 ina IV hazardous class

3000
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= N
[8)] o
o o
o o

thousand tons

1000
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Fig. 4 — The dynamics of the waste generation in the Mykolaiv region
in 2006-2018

The figure shows that the amount of annually generated waste in the Mykolaiv
region does not exceed 2500 thousand tons/year. Two highs were indicated in 2010-
2011, when the amount of generated waste exceeded 3000 thousand tons/year. The
class 1V hazardous waste is prevalent in the generated waste in the region. Its total
amount ranges from 90 to 99% in recent years.

The data on the accumulated waste in the Mykolaiv region have been available
since 2010 (Fig. 5). It can be seen that the amount of the accumulated waste in the
region is much higher than the corresponding generated waste. There is also a steady
tendency to increase the accumulated waste in the region.

Figure 6 shows the results of the calculation of the Mg indicator by the amount of
the generated and accumulated waste in the Mykolayiv region. The figure shows that
since 2011 there has been a steady tendency to increase a technogenic load on the GE
by the amount of waste, primarily due to the increase of the accumulated waste.

Similar calculations were also made for the Kherson region. Figure 7 shows the
dynamics of changes in the amount of the waste generation in the Kherson region. It
should be noted that the actual data were not available in some years. Therefore they
were interpolated taking into account the existing dependencies. Thus a total amount
of generated in 2010 waste (taking into account the actual increase in the amount in
2007-2009) and the amount of class IV hazardous waste in 2018 were determined
(according to calculations in 2015-2017, this amount averaged 89% of the total waste).
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Fig. 5 — The volumes of the accumulated waste in the Mykolaiv region in 2010-2018

EMGE (generated) = EMGE (accumulated) @ MGE (general)
2,5

Fig. 6 — The values of the Mge indicator of the Mykolaiv region in 2006-2018

The figure above shows that the maximums of the waste generation in the region
were observed in 2012-2014. Till 2012 there was a gradual significant increase in a
total amount of the generated waste, in 2015-2018 there was a slight decrease. In
recent years this value has hardly changed. Class IV waste is the predominant
amount of the generated waste in all years.
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Fig. 7 — The dynamics of the waste generation in the Kherson region in 2007-2018

Information on the amount of the accumulated waste in the region (Fig. 8) has
only been available since 2011, and the data for 2018 have also been interpolated
considering the accumulation tendencies in recent years. As it can be seen, in 2011—
2013 there was a sharp increase in the amount of the accumulated waste in the
territory of the Kherson region (4 times). Since 2014 this tendency has continued,
and in recent years the increase of the accumulated waste is up to 70 thousand tonnes
annually. Also the amount of the accumulated waste in recent years is 3 times higher
than the indicators for its generation. This is significantly lower than in other regions
of the North-Western Black Sea, where the corresponding figures were different in
order.

The Mge indicator was calculated based on the available data for the Kherson
region. The results of the calculation are shown in Fig. 9.

The analysis of the given figure shows that with the constant increase of the
accumulated waste in the territory of the Kherson region a level of a technogenic
load on the GE of the region increases annually.

Comparative analysis showed (Fig. 10) that the maximum amount of waste
among the North-Western Black Sea regions is generated in the Mykolaiv region (in
different years 60—75% of a total amount of waste). The volume of the waste
generation exceeds the order of magnitude in the Odessa and Kherson regions. The
vast majority of waste in the Mykolaiv region is generated at the enterprise "The
Mykolayiv Alumina Plant" (in 2018, this figure was almost 1800 thousand tons) [6].
Accordingly a level of a technogenic load on the GE in the Mykolaiv region is the
highest among the regions of the North-Western Black Sea. A similar situation is
noted by the indicators of the accumulated waste. In this case the volumes of the
accumulated waste in the Mikolaev region (80-90% as a whole in the North-Western
Black Sea regions) are an order of magnitude higher than the corresponding
indicators in the Odessa region and are two orders of magnitude in the Kherson
region.
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Fig. 8 — The volumes of the accumulated waste in the Kherson region in 20112018

H MGE (generated) B MGE (accumulated) M MGE (general)
0,06

0,05

Fig. 9 — The value of the Mge indicator in the Kherson region in 2007-2018
Conclusions
The work assesses a level of a technogenic load on the GE by the indicators of
forming and accumulating the production and consumption waste for the North-

Western Black Sea regions. It is proposed to determine a module of a technogenic
load on the GE.

ISSN: 2411-4049. Exosnoriuna Ge3neka ta npupogokopuctysanus, Ne 1 (33), 2020



The performed studies have shown that in all the regions during the study period
there is an increase in both forming and accumulating the waste. It is determined that
the greatest load among the North-Western Black Sea regions is in the Mykolaiv

# Odessa region ® Mykolaiv region i Kherson region
100%

90%

80%

70%
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wastes generated and accumulated MGE

0%

Fig. 10 — Comparative analysis of a level of a technogenic load on the GE of the

North-Western Black Sea regions in 2003-2018

Q

region (60—75% of a total amount of the waste). The indicators of waste generation
and accumulation exceed those in the Odessa and Kherson regions. More than 95%
are class 1V hazardous waste.
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A.B. Yyraii, T.A. CadgpanoB

TEXHOI'EHHE HABAHTAXEHHSI HA CKJAJOBI JOBKLJLJISI IIPH
YTBOPEHHI 1 HAKOIIMYEHHI BIAXOJAIB Y PEI'OHAX MIBHIYHO-
3AXIAHOI'O MIPUYOPHOMOP’S1

AHortanig. OIHUM i3 HOKa3HUKIB TEXHOT€HHOTO HABAHTAXKEHHS HA CKJIAJ0BI JOBKLLIA
MOYKHa PO3IIISIAATH KiJBKICTh BIIXOJIB BUPOOHHIITBA i CIIO)KMBAHHS, 110 YTBOPIOETHCS 1
HAKOMHMYYEThCSl Ha MeBHIA Teputopii (B perioni). IIpoumecu yTBOpEHHs i HaKOIUYEHHS
PI3HOMAaHITHHX BIIXOIIB HECYTb 3arpo3dy JUId CTaHy BCIX CKJIAIOBUX JOBKUDIL. [Ipm
YTBOPEHHI i, 0COOIHMBO, MPH HAKOIMYCHHI BiTXO/IiB BUPOOHUIITBA 1 CIIOKMBAHHS HEMHHYYE
BiIOyBa€eThCs 3a0pYJHEHHS IPYHTOBOTO TIOKPHBY .

[TpoGema HeeeKTUBHOTO YNpaBIIIHHSA Ta MOBOPKEHHS 3 BIIXOJAaMH € THIIOBOIO JJIS
perioHiB YKpaiHHU, a TOMY METOI0 pOOOTH € OIliHKA PIBHS TEXHOTEHHOTO HaBAHTA)KCHHS Ha
CKIIQZIOB1 JIOBKiJUIA 3a TIOKa3HUKaM{ YTBOPEHHS 1 HAKONMMYEHHS BiJXOJiB BUPOOHMIITBA i
crioxuBaHHA i perioHiB IliBHiuHO-3axigHoro IIpmuopHoMop’s. s omiHKK 1 aHami3y
PIBHSI TEXHOTEHHOTO HABAaHTAXKEHHsI HA JJOBKIJUISI HA OCHOBI MPUHIIMITY PO3PaXyHKY MOJYJIs
TEXHOTCHHOT0 HABAHTAXXEHHS 3alPONOHOBAHO BH3HAYATH MOIYJb TEXHOI€HHOTO
HaBaHTAXXCHHS Ha TEOJIOTiYHE CepefoBUINe, TOOTO HAHOIMBII ypa3mUBOi CKIIAZOBOT
JIOBKIJUIAL.

BcraHoBieHo, m0 HAWOUTEIIOrO HaBaHTaKEHHs Ha Tepuropii IliBHIUHO-3axigHOTO
ITpudopHomop’st 3a3Hae MuxonaiBcbka 001acThb (3a paxyHOK HMPOMHUCIOBHX BIIXOJIB).
KinmpkicTh TeHEpPOBAaHHX 1 HAKOMWYECHUX BIJXOJIB IEPEBUINYIOTH BIAMOBIIHI MOKA3HUKU
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B Onechbkiit i XepcoHerkill o0nactsx. bimbie 95% cknanatots Bigxoau [V kiiacy HeOe3nekw.
Maiixe y Bcix perionax [liBHiuHo-3axigHoro [IpuaopHOMOp s BiA3HAYEHO TEHCHIIIIO I1[010
301TBIICHHS HABAHTAXKCHHS, B MEPIIy Yepry, 4epe3 30UIbIICHHS TOKa3HUKIB HAKOMTUYCHHS
BIOXOiB.

3anpornoHOBAaHO BHU3HAYATH MOJMYJIb TEXHOTCHHOTO HABAHTAXXCHHS HA T'COJIOTIYHE
cepenoBHUIIe 3a TIOKa3HUKAaMH BiIXOZIB, III0 YTBOPEHO 1 IO HAKOITMYEHO B PETiOHi.

KarouoBi cjioBa: MOaylib TEXHOI€HHOTO HAaBAaHTAKEHHS; TEOJOTIYHE CEPEAOBHIIC;
BIZIXO/I{; YTBOPEHHS; HAKOITHYCHHS
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ASSESSMENT AND PREDICTION OF FLOOD RISKS IN RIVER BASINS

Abstract. The problem of floods is considered as an essential component of the
modern global problem of water on the planet. Given the structural complexity of
the flood problem and the urgent need to address it in Ukraine, the need and
feasibility of creating a perfect methodology for integrated flood risk management
in river basins has been stated. It is noted that an important component of the
methodology of integrated flood risk management in river basins is flood
assessment and forecasting. The article is devoted to the development of scientific
and methodological foundations for assessing and forecasting flood risks in river
basins. Floods are classified according to their intensity. Two main types of flood
protection in river basins are distinguished — situational and preventive. A
criterion is given by which it is advisable to choose the type of flood protection in
river basins. Depending on the type of flood protection chosen, flood protection
measures are divided into situational and preventive. A fundamental approach to
the management of flood protection of a situational type is provided, according to
which short-term forecasting of the flood and the subsequent implementation of
response measures during the approach, passage and completion of the flood are
provided. The basic principles of flood control of a preventive type are described,
according to which long-term forecasting of floods and the implementation of
response measures through the construction and operation of flood control
structures is provided. It was noted that there were no perfect methods for long-
term flood forecasting, in connection with which an attempt was made to develop
a fundamentally new flood forecasting methodology, which is based on the use of
statistical data on past flood situations. It is proposed to perform long-term flood
forecasting according to hydrological indicators of floods and indicators of their
consequences. The long-term flood forecasting technique is based on the
approximation of the flow rate of the water flow and the total flood losses in the
form of descending hyperbolic functions depending on the flood intensity. The
main result of long-term flood forecasting is the amount of total flood damage
projected for the next 99 years that is found by integrating the flood loss function.
Predicted flood losses form the basis of the dependencies for determining the main
indicators of the effectiveness of preventive flood control measures — the average
annual prevented damage and damage prevented during the estimated life of
protective structures.

Keywords: system analysis; flood; flood classification; flood zone; flood
consequences; flood protection; projected losses; prevented losses
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O.B. IlerpouyeHko

KuiBcbkuii HallioHaIbHUI yHIBEpPCUTET OYAIBHUITBA 1 apXiTekTypu, M. KuiB, Ykpaina

Beryn

OLIHKA I ITPOI'HO3YBAHHA
MMABO/IKOBUX PU3HUKIB B PIUKOBUX BACEMHAX

Anomauin. Posensinymo npobremy nagookie sAK CYMMESY CKIAO08Y CYYACHOL
2nobanvhoi npobremu 800u Ha niawemi. 3 02140y HA CMPYKMYPHY CKIAOHICMb
npobaemu nasooKie ma axmyanvHy nompe0Oy ii piwenHsa 6 Yxpaiui 3a3nauena
HeoOXiOHICMb | QOYinbHICMb CMBOPEHHA O0CKOHANOL MemoOoa02li iIHmesposano2o
VNPABNIHHA NABOOKOBUMU PUSUKAMU 8 DIUKOsUX OaceliHax. 3a3Hauaemuvcs, wo
8ANCIUBOI0 CKIAOOBOI MeMmOO0N02I IHMe2po8ano2o YNPAGIiHHA NAB0OKO08UMU
pusuKamu 8 piukogux bacetinax € oyinka nagooxie ma ix npoznosysanns. Cmammsi
npUcesauena po3pooyi HAYKOBO-MEMOOUUHUX OCHO8 OYIHKU 1 NPOSHO3YEAHHS
nasooKoBUX PU3UKIE 8 piukoeux bacelinax. Bukonano xnacugixayio nasooxis 3a
HOKA3HUKOM ix 3abe3neuenocmi. Budineno 06a 0CHOGHUX Munu npomunago0Ko8020
saxucmy 6 piuxkosux Oacetinax — cumyayiunuil i npeeenmuenul. Hasedeno
Kpumepitl, 3a AKUM OOYLIbHO oOupamu mun NPOMunagooKko8o20 3axucmy 8
piukosux bacetinax. 3anexicHo 6i0 0OPAHO20 MUNY HPOMUNABOOKOB020 3AXUCTY
3ax00u 3axucmy 8i0 nasooKie nodileHo Ha cumyayiuui i npesenmusHi. Hageoeno
NPUHYUNOBUU NiOXi0 00 YNPABIIHHA NPOMUNABOOKOBUM 3AXUCOM CUMYAYIIHO20
muny, 3a AKUM nepeddayeHo KOPOMKOCMPOKO8e HNPOSHO3VBAHHA NABOOKY Md
HacmynHe 30ICHEeHHs 3aX00i8 peacyBamHs 6 nepiood U020 HAOIUINCEHHS,
nPoXoodicentss ma 3asepuients. Buxnadeno npunyunogi ocnosu ynpaeninms
NPOMUNABOOKOBUM 3AXUCHOM NPEBEHMUBHO20 MUNY, 3a SKUM NnepedbaieHo
006820CMPOKOBE NPOSHO3Y8AHHS NABOOKIE mMa 30iliCHEeHHs1 3AX00i8 peacy8anis
wisixom 6yOigHuymea ma excniyamayii npomunasookosux cnopyo. Hazonoweno
npo  8iOcymHicms  OOCKOHANUX MemoOi8 00820CHPOKOBO20 NPOSHO3YEAHMHS
nagooKis, 6 36’A3KY 3 uuM 3po0NeH0 CHpody po3pobumu NPUHYUNOBO HOBY
MEmMOOUKy NpPOCHO3YBAHHA NABOOKIB, KA IPYHMYEMbCA HA  BUKOPUCMAHHI
CMAMUCMUYHUX OAHUX NABOOKOSUX CUumyayiti MUHYIUX pokie. JJoeecocmpoxoge
NPOCHO3Y8AHHA NABOOKIE 3ANPONOHOBAHO 30IUCHIO8AMU 34  2IOPONOSTUHUMU
NOKA3HUKAMU NABOOKI8 [ NOKA3HUKAMU HACAIOKI8 iX npoxoodxcenus. OcHo8y
MEMOOUKU 00820CMPOKOB020 NPOSHO3YB8AHHA NABOOKIE CHIAHOBUMb ANPOKCUMAYIs
CRAOHUMU 2INePOONTYHUMU (PYHKYIAMU 8UMPAMU RABOOKOB020 NOMOKY | 3A2aAIbHUX
30umKi6é 3anedcHo 6i0 3abe3newenocmi nagooxie. OCHOBHUM pPe3yTbMaAmom
00820CMPOKOBO20 NPOSHO3YBANHI NABOOKIE € NPOCHO308aHA Ha mMaubymui 99 poxis
CYyMa 3a2anbHUX 30UMKI8 8i0 NABOOKIE, AKY 3HAXOOAMb WIAXOM I[HMeSPYBAHHS
einepboniunol Qynxyii 30umkie 6i0 nasookis. I[lpocnososani 30umku 6i0 NAGOOKIE
NOKAA0EHO 8 OCHO8Y PO3DAXYHKOBUX 3ANeHCHOCMEl BUSHAYEHHS OCHOBHUX
NOKA3HUKIG — e(heKMUBHOCMI  NPEGeHMUBHUX NPOMUNABOOKOBUX — 3AX00i8 —
CepeOHbOPIYHUX GIOBEPHEHUX 30umKi@ 1 30UmKig, B6I08EPHEHUX NPOMALOM
PO3DAXYHKOBO20 CMPOKY eKCHILYamayii 3aXucHux npomunasooKosux cnopyo.
Knrouosi cnoea: cucmemmuuil auaniz; nasoodox, Kiacu@ixayisi nasooKis, 30HA
3amMONieHHs; HACHIOKU NABOOKIE, 3aXUcm 6i0 NnasooKis, NPOSHO308aHI 30UMKU,
8I06epHeH] 30umKu

Ha cyuacHomy ertani po3BHTKY 3eMHOI IIMBiJTi3allii mpobieMa BOJAH BU3HAUMIIACH
SIK OJIHA 3 TI00aNbHUX mpoOsieM niojcTBa. [Ipobmema Boam — 1€ HE OnHA, a JBi
MPOTHJICKHI 32 XapaKTepOM BIUIUBY Ha JKUTTEISUIBHICTH JIIOJUHU MPOOJIEMHU:
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npobyieMa AediluTy Boaud HEOOXiTHOT SKOCTI y MOCYIIUIMBUX pErioHax IUIAHETH i
podieMa Ha UIMIIKY BOAM y BUITISIAI BECHSIHUX IIOBEHEH Ta JIOIIOBUX IaBOJKIB.

[IpoGnema nmedinuTy BOAM Mae MicCle B KpaiHaxX 1 perioHax HEIOCTaTHHO
3a0e3MeueHnX BJIaCHUMH BOJHUMU pecypcamu. HegoctaTHs 3a0€3me4eHicTh BOIOO
YCKIAIHIOE, a B JESIKUX KpaiHaX YHEMOXKIMBIIOE pIIIEHHS HaI[lOHAIBHUX
MPOJIOBONTBYMX 3aj7ad. 3abe3medueHicTh KpaiH BIACHHMH BOJHHMH pecypcaMu
BHM3HAYAKOTh MOKA3HUKOM W 00CATY MICIEBOTO PiYKOBOTO CTOKY B THC. M°, LIO
MpHUIaga€ B OAWH pIK HA OAHY JIOAWHY. 3a BHU3HAYEHHAM €BPOIEHCHKOI
ekoHomiuHoi komicii OOH, kpaiHa, B sIKii MICIIeBUH PIYKOBHUU CTIK CTaHOBUTH
menme 1,7 tuc. M3/pik Ha 1 moaKMHY, BBaXKAEThC BOJIOHE3a0€3MEUEHOI0. 3TiTHO 3
0a3010 JaHWX MIXKHAPOAHOI e€KOHOMiuHOI craTrcThkH Statlnfo.biz Ykpaina mae
nokasHuk W = 1,1 tuc. M%/pik Ha oxHy mroauHY. 3a MOKa3HUKOM 3a0e3MedeHoCTi
BJIACHMMHM BOJTHUMHU pecypcaMu Y KpaiHa 3aiimMae 54-Te Miclie cepen 68 HalOUTbIImx
KpaiH cBiTy 1 25-Te micue cepen 30 eBponericbkux KpaiH [1].

HesBaxaroun Ha 3aradbHHA AeIIIAT BOOW B YKpaiHi, B il MIBHIYHO-3aXiTHHX
o0yacTax icHye mpoOieMa HaaauIIKy Boau abo mpoOriema MOBEHeH i MaBOJKIB.
[NoBinb — e paza BOTHOTO peKUMY PIUKH, KA CIIOCTEPIraeThCs MIOPIYHO, HACTAE B
OJIMH 1 TOH 7K€ CE30H 1 XapaKTepU3y€EThC 3HAUHUM T ABUIIEHHSIM PiBHS BOAX B Pidlli
BHACJIIIOK BECHSHOTO TaHeHHs cHiry. [laBomok — pa3a BogHOTO pexuMy piukH, sika
XapaKTEePU3y€EThCS BIIHOCHO KOPOTKOYACHUM ITITHATTSM PiBHS BOJIU B PiUlli ITiJT 4ac
3MMBOBUX JIOIIIB, aBapii Ha TiAPOTEXHIYHUX CIOPYAax, IHTEHCUBHOTO TaHEHHS
cHITiB mpH Bimmusi. [laBogok, Ha BigMiHY BiJ MOBEHI, Mae OUIBIN YyHiBEepcajabHE
BU3HAYEHHSI, OCKIJIbKHM BiH MOKE MaTH MicIIle B Pi3Hi IEpioJx POKY, a TOBIHb MOYKHA
BBaXKaTH IaBOJKOM, SIKMH TPOXOAWUTh IIOBECHH. TOMYy B MONANBIIOMY IS
3pyYHOCTI BHUKJIAJEHHS PE3yNbTaTiB MOCTIHKEHb MpobiieMa TOBEHEH 1 MaBOJAKIB
PO3TIAAAETHCS K POoOIeMa MaBO/IKIB.

IcHyBanHs npoOieMr mMaBOAKIB B YKpaiHi, B yMOBaX HEIOCTaTHBOI
3a0€3MEeUeHOCT] BIaCHUMH BOJHHUMH pECypcaMH, MOSICHIOETBCS TuM, 1o 70%
PIUKOBOro CTOKY KpaiHH NpHIaaae Ha i miBHIYHO-3axi1H1 obacTi, ae npoxxusae 40%
HaceneHHs, a 30% piuKOBOrO CTOKY MpHIajgae Ha MiBJCHHO-CXigHI oOnacti, Je
npoxkuBae 60% HaceneHHs i 3HaxoauThess 70% arporrpoMHUCIOBOrO KOMILICKCY [2].
VY 3B'13Ky 3 LM PO3MOILI 3a0€3MeUeHOCTi PerioHiB YKpaiHu BIaCHUMH BOAHUMHU
pecypcaMi Mae€ SICKpaBO BHPaKCHUH KOHTPACTHUI XapakTep. B miBreHHO-CXimHUX
obmactsx (XepcoHcbka, MukonaiBcbKa, 3aropi3bka, JloHelbKa) IMOKa3HUK
3a0€3MeYeHOCTi BIACHUMH BOJHUMH Pecypcamu cTaHoButh W = 0,3...0,45 tuc. M%/pik
Ha | JII0IMHY, 110 CTBOPIOE TOCTpHi AeilUT BoaH B IIMX 0bacTsx. [IpoTe B 3axiqHuX
obnactsix (IBaHo-DpaHKiBCchbKa i 3akaprnaTcbka) el MOKa3HHK JI0CsATae HalOIIbIINX
B YKkpaini 3nauens: W = 3,0...7,0 tuc. M¥/pik Ha | moauny. JlOCTaTHO BENHMKHI
pIUKOBHH CTiK TipcbKHX piuoKk YkpaiHcbkux Kapmar Ta kpail HepiBHOMipHHI
PO3IOIT PIYKOBOTO CTOKY MPOTSITOM POKY CTBOPIOIOTH MPOOJIEeMY HAJUIMIIKY BOJIU
abo mpobsiemy mnaBojkiB B KapnarchkoMy perioHi, Jie MaBOJAKH MarOTh HAHOLIBIII
PYHHIBHHIA XapakTep i MOXKYThb IIOBTOPIOBATHCH 3-8 pasiB Ha pik [3].

[Ipobnema maBOAKIB yCKIaIHIOE YMOBH MPOXKMBAHHSA HACEJICHHA B 3arjiaBax i
JOJIMHAX pivok. PimieHHs 1i€i mpoOjemMu € HaI3BHYalHO aKTyallbHUM, OCKIJIBKH
MPUPIUKOBI YTriAgsd Ha yCiX eramax po3BUTKY LMBiii3amii 3aBXIu NpUBaOIIOBAIIH
JmoAed. 3amaBy 1 JIyKd BUKOPUCTOBYBAJIHCH JJIsl TBApUHHHULTBA. PiukoBi nonuHu
BUKOPUCTOBYBaJHMCh [y DPUIBHHUITBA Ta TOPOJHHMITBA. JIONMMHHI Tepacu
BUKOPUCTOBYBAJIMChH JIJIsl PO3MIIIEHHS TOCEJICHb, JIOPIr Ta KOMYyHiKamii. PiukoBi
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BOJIHI pecypCH BUKOPUCTOBYBAIUCH JUIS CYTHOILIABCTBA, ITUTHOTO, TOCTIOAAPCHKOTO
Ta TIPOMHCIIOBOTO BOJOTIOCTAYaHHSI.

[Ipobnemi maBOAKIB MPHUCBAYEHO OaraTo HAYKOBHX Ipallb, B SKUX OCHOBHUM
HaTpPSIMOM JIOCIi/IKEeHb OyJI0O BUBYEHHS TiAPOJIOTIUHIX XapaKTePUCTHK MaBOAKIB 3a
MUHYJII POKH, & TAKOXK HACTIJKIB IX MPOXO/HKEHHS B pycllaX, 3allaBax Ta JOJIMHAX
pidok. 3a pe3ymbTaTaMH TOMNEpPEAHIX AOCTI[UKEHb CTBOPEHO IIUPOKY 0azy
CTAaTHCTUYHUX JIAHUX MPOXOJKCHHS IMaBOJAKIB Pi3HOI IHTEHCHUBHOCTI B PIYKOBUX
Oaceifnax KkpaiH cBity i B Ykpaiui [4—7]. Ilpore mist edexkTHBHOrO pileHHs
Mmpo0JieMr TaBOJKIB BHHHKA€E MOTpeda CHUCTeMaTh3allii pe3yNbTaTiB MONepeaHix
JOCHiPKeHb HeOe3MEeUHUX SBUII, BHKIMUKAHUX I1aBOJAKAMH, Ta CTBOPEHHS
JOCKOHAJIOT METOAOJIOTIT IHTErPOBAHOTO YIMPAaBIiHHS MABOJKOBHMHU PH3HKAMH B
piukoBux OaceitHax. OmHi€l0 3 HAHOUTBII BaKIWBHX CKIATOBHX METOIOJOTIL
IHTETPOBAHOTO YIIPaBIiHHS MaBOJIKOBUMHU PU3UKAMH B PIUKOBHUX OacelHax € OIliHKa
IHTEHCHBHOCTI MaBOJIKIB Ta iX MPOTrHO3yBaHHSI.

Merta pocJigieHHsl — BUKOHATH aHAli3 MABOJKOBHX CHTyalii B YKpaiHi 3a
MOTIEPEIHI POKH Ta pO3POOHUTHM HAyKOBO-METOAWYHI 3acaad OI[IHKK Ta
MPOTHO3YBaHHS TMABOJKIB 3a TiJPOJIOTIYHMMH TIOKa3HMKaMHM 1 HaCigKaMu ix
MIPOXOJDKEHHS B PIYKOBUX OaceiHax.

B 0ocHOBY ocTiIKEeHb TIOKJIa/ICHO METOA0JIOTiI0 CHCTEMHOTO aHAJIi3Y.

Pe3yabTaTi 10CaigKeHHS

1 Anani3 naBoaAKoBHX cuTyaniii B YKpaini 3a nonepeani poku

Maitxke Ha 27% Teputopii kpainu, a e 165 Tc. KM2, e Npo)KUBae Maiike TpeTHHA
HACEJICHHS, € TPOSBH MIKiAMUBOI Aii maBojakiB. [IpakTudHO HE iCHYE >KOMHOI
TepuTopii YKpaiHu, Nie TepioANYHO HE IIiABHIIYBAACh BOJHICTH PIUKH IIiJ| Yac
JIOLIIB Ta TaHCHHs CHITy Ta HE BiAYyBajacs IIKIJUIMBAa Mdis maBoukiB [8, 9].
Haiibinbme Big maBoKiB MOTEpHae HACEIEHHS TIPCHKHUX Ta MEPETripChbKUX paioHiB
Kapnar. Kpim Toro, Oinmpllie TOJOBHHH OCBOEHHX IUION] TiPCBKUX CXHIIB Yy
3akapnarcekiii, IBaHo-®OpaHkiBchbkili, JIbBiBChKi Ta YepHiBenbKii 00MaCTIX
MiAIAI0ThCS BILTMBY 3CYBHHX IMPOIIECIB 1 CENiB, sSIKi (OPMYIOTBCS BXKE SK HACHIIOK
JITHIX MaBOJKiB. Y MiJICYMKY HAaceJeHHsS i €KOHOMIiKa KpaiHH 3a3HalOTh 3HAYHHUX
30uTKiB. [laBoaKu pyHHYIOTH BOJO3aXWCHI CHOPY[H, JKUTIOBI OyIWHKH, MOCTH,
JOPOTH, TIPOMHUCIIOBI OO0’€KTH, 3aBIAIOTh 30WUTKH CUIBCBKOMY Ta BOJIHOMY
rOCIIOIapCTBY, JicoBoMy (QoHAy. [laBoaku 3aMyNfOr0Th HU3WHHI 3aIuiaBHI 3eMii,
IHIIIIOITE epo3iiiHi mpomecu. llicnsd TPOXOMKEHHS MABOJAKIB PI3KO 3pOCTaEe
TPaJi€HT TiJ3eMHOr0 MOTOKY, HIO MPH3BOAWUTH JO cydosii IPyHTY, 3CyBIB Ta
YTBOpPEHHs cejieBux moToKiB. IlIkizymuBa [ TABOJKIB CTBOPIOE CEPHO3HY
COLIiaJIbHO-eKOHOMIYHY 3arpo3y B YKpaiHi i nepu 3a Bce B Kapnarcbkomy perioi.
Lle miaTBep/UKYEThCS CTATUCTHKOI MABOJKIB, IMOYMHAIOYM 3 KiHIg XIX CcTOMITTS
[5-7,9-17]:

e 2-3 xBiTH 1897 p. mpoiimoB katactpodivunuii naBosiok Ha p. [IpyT [12];

e 89 nmunusa 1911 p. BHACHIZOK CHJIBHHX 3IMB PiBeHb BoAM Ha piumi [Ipyt
HWKYE BIaJaHHSI B piuky YUepemoln csiraB HaMBHUIIMX MO3HAYOK, sIKi HE OynH
MepeBeplIeHi 10 UbOro 4acy, a piBHI Boau B mepeariphii yactuni p. Ceper Oynm
nepeBuileHi Juiie B nepion naBoaky 23—30 nunus 2008 p. MakcumalibHa BUTpara
MaBOJIKOBOTO MOTOKY Oinst M. YUepHiBii craHoBHia 5250 M%/c, a MBHAKICTH Tewil
cranoBuna 5—6 m/c. OpieHnroBHa BuTpata Boau p. Ceper Tomi csraiga OJIM3BKO
1000 m*/¢c, mo npubmusHo B 100 pasis nepesuitye Mexennuit crik [9-11];
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e 30-31 cepmsa 1927 p. y Oaceitni pivok [uictpa i [lpyra 3a nBa ani BUmamu
omnaau KinbkicTio moHax 300 MM. B HU3MHAX MaBOJKOM OYJIO 3aTOIJICHO MOHAJ
10 micr Ta Gararo cin [6, 9];

e 12 mumns 1929 p. cnocTepiraBcst maBoAok Ha p. Ceper, sIKui BiTHOCUTHCS 710
Benukux. Ha rigponoriunomy mocty y M. CTOpOXXHMHEIb MakCMMallbHa BHUTpaTa
BOAM cTaHOBMIA 796 M3/c mpM cepemHbOpiuHiil Onu3bko 6 M%C, mMpUHA 30HH
3aroruteHHs OeperiB csrana 236 m [12];

e 1-2 BepecHs 1941 p. B Gaceiini pivuok uictpa, [Ipyty i Cepery mpoiimos
HaJ3BUYAaHO BEMWMKHHA MaBOJMOK 3 imMoBipHicTIO 1 pa3 Ha 250-300 pokis. PiBHi
Boau B [lHicTpi Ha 1-3 M nepeBUIIMIN MaKCUMalbHi PiBHI BOAM NOMEPEIHIX POKIB
[6, 9, 12];

e 7-15 yepBHs 1969 p. Bunanu TpuBami i iHTEHCHBHI OMAAH, SIKi BUKIUKAIH
karactpodiuanii maBojiok B p. Cepet Ta copmMyBanu HaliBuIi 3a octanHi 100 pokis
piBHI BoaM B pycii piuku [6, 13];.

e 8 jgumusa 1999 p. TpamuBcs MaBONOK B Tipchkii dacTuHi piuku Ceper Ha
IinstHIi Mk HaceneHnMU TyHkTamu Jdomimiid [enit 1 beperomer BmxHuibKOTO
paiiony. BHacmifok panToBoi 37MBH B TOpax piBHI BOAW B Pidlli MiTHSIIHCH Ha
3—4 m. [Ipoprasio rpeditto, yTBOPUBCS Bajl BOU. 3pyHHOBaHO 8 MOCTIB, 10 KM 10pir,
nmomKo/pkeHo 15 camu6, 3atoruieHo 70 ra roponiB. Y HU3MHI BHHUKIA HITyYHA
BOJI0#iMa. 3aruHyno 2 ocobu. 30uTKM cTaHoBHIM O1n3bKo 1,3 mutH rpH [16];

o 3-5 Oepesnst 2001 p. Ha TepuTopii 3aKaprnaTChKOl 00JACTI BUIAJIO Bl HOPMH
MiCSAYHUX omafiB. PiBHI Bomu B AesKUX piukax Ha 1,5-2 M mepeBUIyIM piBHI BOIH
naBoaky 1998 p. O6’em onais, sKi cpopMyBasIu i MaBOIOK, CTAHOBHB 2 MIps M°
Boau. llaBomok cHpuYMHHMB BeNW4YE3HI PyHHyBaHHA Ta MpPU3BIB 10 3arubeni
9 yonosixk [9];

e 23-30 mumust 2008 p. BigOyBCs MaBOIOK, KU 32 TEPUTOPIEI0 OXOIUICHHS OyB
perioHanbHUM, a 3a HacluiigKaMu — KaracTpodiyHuil. 28 JUMHS Ha TepUTOpil
JIsBiBCBKOI, 3akapnarcekoi, TepHominbebkoi, UepHiBelbkoi Ta [BaHo-DpaHKiBCHKOT
obmacteit Oyno miaromneno 40 601 >xumnoBuit OymmHok 1 33 882 ra
CIJIbCBKOTOCITOIAPCHKUX YT1Jib, TMOIIKO/PKEHO 360 aBTOTPAHCIIOPTHUX MOCTIB 1
561 mimoxigHui MicT, po3mMuTo 681 KM aBTOMOOUIBHUX JOpIT, MOCTPaXKIAIO
150 Tuc. oci6, 3arunyno 38 ocib [9, 17].

Puc. 1 — ITaBogoxk B Oaceitni J{nictpa Ha [Ipukapnarti y sumai 2008 p.
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Cepemubopiuni 30UTKH BiJ maBoakiB y 1995-1998 pp. ckmamu 899,3 muH rpH, y
1999-2007 pp. — monax 1,5 mipx rpu [26], a y 2008 p. — 6nm3bko 6 mupa rpH [9].

[IpryrHM BUHUKHEHHS MABOJKIB MOXHA MOIUTUTH Ha JBi TPYNH: MPHUPOIHI Ta
anTponorenHi [9, 14, 15, 17]. IlpupoqHUMY YUHHUKAMY BUHUKHCHHS IaBOJIKIB €
atMocQepHi omnaau, TAHCHHS CHITIB. Jl0 aHTPOMOreHHNX YMHHUKIB CJIiJ BiIHECTH:
pyWHYBaHHS MIPUPOIHUX CTOKIB Ta MOPYIICHHS IIPUPOIHOTO CTaHy TiPCHKUX CXHIIIB
BHACHIIOK OyJIBHUIITBA JIHIHHO-TIPOTSDKHUX 1HXKEHEPHUX KOMYHIKaIlid, 10
MIEPETHHAIOTH BOJHI JDKepenna, He3aKOHHOTO BHAOOYTKY MICKY 1 TpaBil0 B pyciax
pigok Tommo. IlopymieHHS TPHPOTHOTO CTaHY TIPCHKHX CXWIIB BiIOyBa€ThCS
BHACITIZIOK BUPYOKH JIiCIB HAa CXUJIaX, PO3OPIOBAHHS CXHUIIIB.

[Ipobnema 3axucty BiJ MaBOAKiB HA0yBae 0coOIMBOro 3HaUeHHs. Tepuropii, mo
3HAXOMATBCS B 30HAX TMEPIOJUYHOTO 3aTOIJICHHS IaBOAKAMHU 1 TIOBEHAMH,
noTpedytoTs HafiiiHoro 3axucty [4-8]. Ilpobiema MpPOTUNABOJKOBOTO 3aXHUCTY
HEBiAIINbHA Bif 3arajJbHUX 3a]ad 30epekeHHs Ta BiATBOPEHHS BOIHUX PECYypCiB,
TTOKpAIeHHS SKOCTI BOA Ta 3a0e3MedeHHs iX eKOJOTIYHOiI Oe3leKu IpH
kopuctyBaHHi. Lnsaxu Ta crmocobu BupilIeHHS IIi€i MpoOiieMu BimoOpakeHo y
Boanomy koxekci Ykpainu, y Jupektusi 2007/60/€P €sponeticbkoro [Tapaamenrty
Bix 23 sxoBTHA 2007 p. «O1iHKa i ympaBiiHHS MaBOAKOBUMHU pu3nkaMm» [18], sxa
BCTaHOBITIOE PAMKH CYMICHHX i Jep)kaB B OaceiHaX TPaHCKOPAOHHHX PiYOK B
ray3i BogHoi nonituku (Pamkosa [upexktusa mo Boai WFD), a Takox B iHIIUX
JOKYMCEHTaX.

2 KpurepiaibHi NOKa3HUKH OL[iHKH MABOJIKOBUX PU3HKIB

[MaBogKoBHMIT pU3MK — 1€ PU3HMK 3aTOIUICHHS TEPUTOPIM 1 IIKiJUIMBOTO BILUIUBY
MaBOJKY Ha yMOBU TPOXHWBAHHA Ta MiSUTBHOCTI JIIOJeH B PIYKOBOMY OaceiiHi.
[lapameTpy  1maBOOKOBOrO  PHU3HKY  JAOLUIBHO  3rPyNyBaTd 3a  TpboMa
y3araibHIOIOYMMH KPHUTEPialbHUMH (OLIIHOYHMMH) TOKAa3HUKAMH: 1HTEHCHBHICTb
MaBOJKY; 30Ha 3aTOIICHHS; HACIKY 3aTOIJICHHSI.

Cepen KpuTepiaJbHUX IIOKa3HHUKIB IaBOAKOBOIO PHU3HMKY BH3HAYAJIBHUM
IMOKAa3HUKOM € IHTEHCHBHICTh MABOJIKY, OCKUIBKH BiJi HbOTO (HYHKI[IOHATBHO
3ajekaTh JBa IHIINX KPUTEpPiaIbHUX TOKAa3HWKH MaBOAKOBOTO PH3MKY — 30HA
3aTOTUIEHHS 1 HACIIIKY 3aTOTUIEHHS (BTpaTa i 30MTOK BiJ| ITABOJKY ).

[HTEeHCHBHICTh NMABOJAKY MOXKHA BHM3HAUYWUTH DPI3HUMH crioco0amu, HalpUKIaq
HUISIXOM TIOPIiBHSHHSI MAKCUMAIIbHOI BUTPATH BOJH Qmax B PO3PaxyHKOBOMY CTBOPI
pyclia piuky B TIABOJKOBHM Iepiof] i BUTpaTH BOAH Q,en B MEKEHHUHU Tepion. 3a
MEepUIMM CIOCOOOM 1HTEHCHUBHICTh MAaBOJKY #, BU3HAYAIOTh 4Yepe3 aOCOIIOTHY
BEJIMYMHY MTEPEBUILICHHS BUTPATH Qmax BIIHOCHO MEXEHHOT BUTPATH Qenc:

Na= Qmax - QM&WC . (1)

binpmr TOBHY XapaKTEepUCTUKY MIKUIMBOI Jii MaBOAKY Ja€ ITOKa3HUK
IHTEHCUBHOCTI #),, BU3HAYCHWH 3a JIPyrMM CHOCOOOM, y BUIJISJI BiJHOIICHHS
BUTPATH MABOJKOBOTO MOTOKY BOJIU Qmax 10 BUTPATH Quene:

Nn = Qmax /QM&)IC . (2)

VY rigponorii iHTEHCHUBHICTh MaBOJAKY NMPHUUHSATO BU3HAYATH BEJIMYMHOIO HOTO
3abe3neueHocrti [ 19]. [iist bOoro B KOXKHOMY M-MY POIIi CHOCTEPEKEHb 32 MUHY UM
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Iepio] BpaXOBYIOTh TUILKA MaKCHUMaJIbHY 3a PiK BUTpaTy BoJaud Qm B CTBOPI piuKH,
SIKY PO3MILIYIOTh B psijl (3) B MOPSLAKY HOCTIIOBHOTO 3MEHIICHHS Qm:

Q1>Q2>2Q3>...20Qn>...2Qn1 > Qn , (3)

JIe M — MOPSIIKOBUI HOMED POKY B PALY; N — KUTBKICTh POKiB CIIOCTEPEKEHbD.

3a0e3neueHicTh MaBOAKY pm B M-My poOLi BHU3HAYaIOTh SIK HMOBIPHICTh
(y BimcoTkax) mepeBuiieHHs BuTpatd Q Boau B piumi 3HaueHHA Qm (Q > Qm) 3a
tdhopmymoro [19]:

P, = .100% . (4)
n+1
3a notpebu kiacudikyBaTH MaBOJKU 3a IX IHTEHCHUBHICTIO MOCTaBUMO 3ajady
BH3HAYCHHS KUTBKOCTI MABOJIKIB MEBHOI 3a0e3medeHocTi p, mo npuragae xHa 100
POKIB.
[Ipumnyctumo, 1110 MaeMo psiJi EMIIPUYHUX JAHUX BUTPATH BOJIU B CTBOPI PIUKH
Y KO’)KHOMY POIli MHHYJIOTO riepioay mpotsaroM 100 pokis:

Qi>20:>03>...2 Or>...> Qoo > Q100 (5)

3abe3neueHicTh MAaBOAKY pr B KOKHOMY t-my pomi mepioay udacy y 100 pokis
BH3HAYUTHCS 32 (hopMyInoro:

P, :L-lOO%EL-loO%zt-l% : (6)
100+1 100

Y BiAnmoBiAHOCTI A0 psany (5) pe3ynbTaTd po3paxyHKy p: 3a ¢opmysow (6)
npeacTaBumo psgaom (7):

Pr<pP2<P3<...<pi<...< Poo < Pioo- (7)

OTke, 3a0€3MEeYCHICTh KOXKHOTO HACTYITHOTO MaBOJAKY psny (7), MOPIBHIHO 3
MoTepeIHiM MaBoJIkoM, 30utbmyeThesi Ha 1%. Ha mepiogi vacy y 100 pokiB B
rpaanyHii Touri (t = 100, p1oo = 100%) maemo 100 nmaBoxkiB, 3a0e3MeUEHICTD IKUX
He nepesuurye 100%, a B rpannusid Touui t = 1, p1 = 1%) maemo 1 maBozok,
3a0e3MeYeHICTh AKOro He nepeBuirye 1%.

HInsxom BuiieHHs Ha mepiony 4yacy y 100 pokiB mpoMikHUX TOYOK psay (7)
3alporOHOBAaHO KJACH(IKyBaTH IMABOAKK 3a IX IHTEHCHUBHICTIO (BEITUYHHOIO
3a0e3MeYeHOCTI) 3riHO 3 Tabnuieto 1.

O1iHKY TaBOJIKIB 3a3BUYaii BUKOHYIOTh HE 3@ BEJIMYMHOIO iX 3a0€3IEUCHOCTI P,
po3paxoBaHoI0 3a ¢popmytoro (6) mpu N = 100, a 32 BenMIMHOIO 3a0€3MEYEHOCTI P,
po3paxoBanoro 3a popmynoro (4) mpu N < 100. Ockinbky BU3HAYEHI 32 (hopMytaMu
(4) 1 (6) BenmnurHM 3a0€3MEYCHOCTI MABOJKIB pm 1 pt € IMOBIPHICHUMH, BOHH TPH
JOCTaTHiHM KITBKOCTI POKIB cIIOCTEpeXeHb N He OyAyTh CYTTEBO BiPi3HATHUCE.
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Ta6mums 1 — Kiracudikaris maBokiB 3a BETHYHHOIO iX 3a0€31IeUeHOCTI

Kimkicrs, ImoBipHWMIt Iepio
3abe3nedeHicTh TTABOJIKIB P plon Kiac XapakrepHa
maBoaky p, % | mpotsarom 100 [OBTOPCHHA [IaBOAKY | Ha3Ba NaBOJAKY
' . 2p=100/ K 100, poxu
pOKiB, K 100
100 100 100/100 = 1 1 Maiit
(TopivHuUi)
25 25 100/25=4 2 Cepenniit
5 5 100/5 =20 3 Benukuit
2 2 100/2 =50 4 Karactpodiunuit
1 1 100/1 = 100 5 Bunatauit

Jpyrum KpuTepiadbHUM ITOKa3HUKOM IaBOJKOBHX PU3MKIB € 30HA 3aTOIUICHHS,
SKy BH3HAYaIOTh 3a TaKUMHU IapaMeTpaMu: KOHTYp 30HH 3aTOIUICHHS; ILIONIA
3aTOIUICHOT TEPHUTOPIi; MaKCHMaJIbHA Ta CePElIHs TTTMOMHA 3aTOIICHHS B 3aIljlaBax i
JONMUHAX PidKH.

TperiMm KpuTepialbHUM TOKAa3HUKOM TMABOJKOBHX PH3HUKIB € HACIIiAKH
3aTOIUICHHS, a00 HACTIAKHM IIKI[UIMBOTO BIUIMBY IAaBOJKIB Ha YXUTTEAISUIbHICThH
JIIOJIeH B piukoBuX OaceiiHax. Hacimiaku 3aTorieHHS BU3HAYAKOTh 33 BEJIUYMHOIO
BTPATH BiJl TABOJKY, & TAKOXK 32 PO3MipOM 30UTKY BiJl ITABOJKY.

Brpary Big maBogxky B piukoBOMy OaceliHi BHM3HAYalOTh 3a TpboMa il
CKJIaJJOBUMH: COlliaJibHA BTpaTa — BTpara >KUTTS Ta 3JI0pOB’S JIOAEH, a TaKoX
MOTIPIICHHS! YMOB IPOKUBAHHS HACEICHHS BHACITIJOK IPOXO/UKEHHS MaBOJKY;
€KOJIOTiYHa BTpaTa — BTpaTa MEPBUHHUX SKICHUX Ta KUIBKICHHX BIIACTHBOCTEH
HaBKOJMIITHBOTO CEPEIOBHIIA 1 MPUPOAHUX PECYPCiB; EKOHOMIYHA BTpaTa — BTpaTa
CHOXXUBYHX Ta (DYHKI[IOHATBHHUX BJIACTUBOCTEH 00’ €KTIB MaTepiabHO-BUPOOHIIOT
chepm.

[Tix 30uTKOM Bij MABOJKY PO3YyMIiIOTh OI[IHEHY Y TPOIIOBHX OJAMHUISIX BTPATY
Bix maBojaky. OTxKe, BIAMOBIAHO J0 BTPATH BiJ MaBOJKY, BU3HAUCHOI y (hi3MUHHX
BETMYMHAX 33 COIIaJbHOK, CEKOJOTIYHOI 1 EKOHOMIYHOK CKJIAJOBHMH,
PO3paxoBYIOTh y TPOIIOBHX OJWHUIISX 30WTOK BiJ] MaBOJKY 3a CKJIAQJIOBHMHU:
COIIATEHMM 30MTOK, EKOJIOTTYHHI 30U TOK 1 EKOHOMIYHUI 30MTOK.

3 YnpagjiHHS NaBOAKOBUMH PH3HKAMH

3anponoHOBaHO PO3PI3HATH JIBA THITH MPOTHIIABOJKOBOTO 3aXUCTY: CUTYAIiHHUM 1
MPEBCHTUBHUM, B 3B’A3KYy 3 YUM MPOTHUIIABOJKOBI 3aXOJU CIiJ MOIUIATH Ha
cutyariiiiti i npesenTuBHi [20].

CuryaniiiHi TpOTHUIABOJKOBI 3aXO TPU3HAUYEHI ISl 3aXHCTY TEPUTOPii Bif
MEBHOTO (PIKCOBAHOTO TMABOJKY, BHACHIZOK SIKOTO Ha Iili TEpUTOpil BUHHKAE
HaJ3BUYailHA CHTyalis. YNpaBIiHHS CHUTyallilHUMH 3axoJaMu Hependadae
KOPOTKOCTPOKOBE TIPOTHO3YBAaHHsS MABOJKIB 3a TiAPOJOTIYHUMHU TTOKa3HUKAMHU 1
MOXITUBHM  30MTKOM 3 TMOJAIBIIAM BHKOHAHHSM TIEPEBAKHO  CITy>KOaMH
Ha/[3BUYAHUX CUTYalil Monepe KyBalbHIX, aBapIHHO-PATYBAJIbHUX Ta PEMOHTHO-
BiZJHOBJIIOBAJIbHUX 3axoliB. Jlo cKkiagy CHUTyaliiHMX NPOTHIIABOAKOBHX 3aXOMiB
BXOJIMTH: OIOBILIICHHSI HACEJICHHS, BHBE3CHHS JIIOJICH, TBapWH, KOIITOBHOCTEH 1
TOTOBOI MPOJAYKIi 3 TepUTOpii, JO sKOI HAOIMKAETHCS MABOAOK; TEPMIiHOBE
KpimyieHHs OeperiB pidoK 1 HapoLIyBaHHA AaMO0; 10JaTKOBE KPIIUICHHS JOPIr, MOCTIB,
CJIEKTPOMEPEIK 13aC00IB 3B’SI3KY; PATYBaJIbHI, MEIUUHI Ta CaHITAPHO-EITieMIOIOTIUHI
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po0OTH; TOCTaYaHHS HACEICHHS IPOIOBOILCTBOM, OZSATOM 1 3ac00aMu, HEOOXiTHUMHU
JUTSI BIDKWUBAHHS B EKCTPEMAIBHUX CHTYaIlisAX; poOOTH 3 BiIHOBIICHHS CIOPYII,
JIOKami3aii Ta 3ylUHKH 3CYBIB.

[IpeBeHTHBHI MPOTHUIIABOJKOBI 3aX0JH MPH3HAYCHI AJISI 3aXUCTY TEPUTOpid B
OaceifHax pidoK Bix OaraTboX MaBOJKIB, SIKIi MOXKYTh BiIOyBaTHCh B MaOyTHHOMY
MPOTATOM JIOCHTH TPHUBAJIOTO MEPiOAy 4acy, KU 3a3BHYail BiANOBINA€E CTPOKY
CIIy’)kOM 3aXUCHHX cHopyA. [IpeBeHTHBHI NPOTUNABOAKOBI 3aXOJM BUKOHYIOTH
[UIIXOM JTOBTOCTPOKOBOTO TIPOTHO3YBAHHS MTABOKIB, TPOEKTYBaHHS, Oy IIBHUIITBA
Ta eKCIUTyaTallii iIlKeHePHUX CIIOPYJ Ta CUCTEM 3aXHCTY BiJl MABOJKIB B PIYKOBUX
OaceiiHax.

BinmoBigHO 10 iJICHHA TPOTHUITIABOIAKOBMX 3aXOAIB Ha CHUTyallidHI 1
MIPEBEHTHBHI, YIPABIiHHS MaBOAKOBIMH PU3WKAMH TaKOX 3A1MCHIOIOTH 32 JBOMa
MPUHIIMIIOBO  BIJIMIHHUMHU  QJbTCPHATHUBHUMHU  HampsiMamu  (BapiaHTaMu):
YOPaBIiHHSA CUTYalliHHUME 3aXO0JaMH 1 YIPaBIiHHS MPEBCHTHBHUMHU 3aXOJaMHU.
3arajpHa CyMillleHa CXeMa YIIPaBIIiHHS MPOTUTIABOIKOBUMH 3aX0/JaMH1 HaBeJeHa Ha
puc. 2. Y n;iBili dYacTHHI CXeMH BiOOpaK€HO VMPaBIiHHSA CHTYalliifHIMHU
MPOTHUIIABOJKOBUMHU 3axofamu (puc. 1.2a), a y mpaBii — MOpPEeBEHTHBHUMH
MPOTHUITABOIKOBUMH 3axo1aMu (puc. 1.26).

Cynymnukosa >> Memeoponoziuna ©
ingpopmayis, 6 momy uucui HPOZHOCMUYHA MOOELb =
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<
@ - :
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o Frv e TN | Ilpozno3 onaoie | - < =& S
. Ss| |25 |8
2 53 =[S
< L I S g 2
g .8 3 3 S
5 v_ ; s § 2 §"
g | Ilomounuii 2ioponpozno3 | <+—<| 5 &5 E S|z
RS SS| |8
S s R o S = 3
53 §S SR
S e = S| |8
s S S8 V|SE| |3
8 Tioponpoznos kpuzoeux @ s 3 & 53
] e 3 S
S cumyauiii N §‘§ 5| |
% S.e S8||S
3 35| [T |8
§ S < =
3 NS 3
= S =
X || /Ipoznos 3on = s
™ || 3amonnenns )l § |
Baceuuoee YNpaginHHuA o
Ilnan ynpaeninns 600HuUMU pecypcant oy [Tnan ynpaeninns 0
cumyayitHumu | Cayoucha nadssuuatinux npeeeHmueHUMU
npomunasooKosuMu cumyauiii $--1 npomunagooxosumu
3axooamu
3axooamu Opeanu camoepadysanns »

Puc. 2 — Cxemu ynpaBiIiHHS HaBOJKOBUMHU PU3UKAMU:
a — yNIpaBIiHHS CUTyaliiHUMH POTUIIABOIKOBUMH 3aX0/1aMH; O — yIIPABIiHHS
NPEBEeHTUBHUMH MPOTUIIABOIKOBUMH 3aX0/1aMH; | — BICh iHAEKCY €(EeKTUBHOCTI
MPOTHUIIABOJIKOBHX 33aX0/1iB
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[MpudHATTS yOPaBIIHCHKUX pIllleHh IMOJ0 3aCTOCYBaHHS IIEBHOTO THITY
MIPOTHUITABOIKOBOTO 3aXHCTy (CHUTYaIifHOIO YM IPEBEHTHBHOTO) 3aIPOIIOHOBAHO
3MIACHIOBATH 3a KpuUTepieM (I[IBOBOK (DYHKIIIEI) TOCSITHEHHS HAHOUTBIIOT
BEJIMYMHU 1HIIEKCY / e()eKTUBHOCTI BKJIaJICHHS iHBECTHUIIIH y 3aXHCHI 3aXO0/IH:

I= B—gl—>max , (8)

B +HB3
ne B31 1 HB31 — cepegnpopiuHa cyma BIIBEpHEHHX 1 HE BiJIBEpHEHHX
MPOTUIIABOIKOBUMH 3aXOJaMH 30MTKIB BiJ] TABOJIKIB, TUC. TPH/PIK; B1 — cepemHs
CyMa BUTpaT Ha BUKOHAHHS IIPOTUIIABOJKOBUX 3aXOiB MPOTSATOM OJHOTO POKY,
THC. TPH/pIK.

Bubip Tumy npoTHNaBOAKOBOTO 3aXHUCTy 3AIMCHIOIOTH MUIAXOM MHOPiBHSHHS
BU3HAYEHHUX 3a LTbOBOIO (QyHKUiE0 (8) iHAeKkcy Ic3 eeKTHBHOCTI BKIIAJCHHS
IHBECTHIII B CHTyalliliHI MPOTHUIIABOJAKOBI 3axonu 1 iHIEKCy I3 ePeKTHBHOCTI
BKJIQJICHHsI iIHBECTHIIIH B MPEBEHTHUBHI MPOTUIIABOIKOBI 3aX0u. SIKIO /s TeBHOT
TepUTOPii B OaceliHi MaBOAKOHEOE3MEeUHOI piuKy iHACKC o3 Oyae BuIle iHACKCY I3
(I3 > I3), TO OOMPAIOTh BapiaHT 3aCTOCYBaHHS CHUTYalliHHHX 3aXOMiB. SIKIIO K
HaBnaku (I3 > Ic3), TO A MaHOT TEPUTOPIi Cinif 0OUpaTh MPEeBEHTHBHI 3aX0u. B
Oaceiinax pidok Kapnarcekoro perioHy HalOiNbIll e(pEeKTHBHUMH € TPEBEHTUBHI
MPOTUIIABOAKOBI  3axomu. Ha Tepuropisx, ne 3OiHCHEHO MPEBEHTUBHUI
MPOTUIIABOJKOBUN 3aXHMCT, HEOOXITHICTh 3MIMCHEHHS CHTYaIlifHMX 3aXOIiB
MiHIMaJbHa, a00 BOHA 30BCIM BIACYTHSL.

4 KopoTKOCTPOKOBE NPOrHO3yBAHHS NAaBOAKIB

EdexTuBHICTh 31HCHEHHS CUTYAIITHUX MPOTHIIABOJKOBHUX 3aX0/IiB B 3HAUHIH Mipi
3aJICKUTh BiJl CBOEYACHOTO pearyBaHHS Ha TWaBOAOK, IO HaOIMKYETHCS.
Indopmariito mpo HaOMMKEHHA TMMAaBOAKY Ta WOTO IMOBIpHY 1HTEHCHUBHICTh
OTPUMYIOTb LIUIIXOM KOPOTKOCTPOKOBOT'O ITPOTHO3YBAHHS 13 3aCTOCYBAaHHSIM Pi3HUX
METOJIiB. 3 TiPOJIOTIYHOI TOYKH 30py KOPOTKOCTPOKOBE MPOTHO3YBAHHS MAaBOJIKIB —
1€ OJIMH 3 BUJIB TiJPOJIOTIYHUX MPOTHO3IB, 32 SKUM IONepeIKEHHS HaOIKEeHHS
MaBOJIKY MOXXHA OTPUMATH He Oibliie, Hixk 3a 12—15 1i6 g0 fioro HacTanHs. MeToaun
KOPOTKOCTPOKOBOTO MIPOTHO3yBaHHS 0a3yrThCs Ha BUKOPHCTaHHI
3aKOHOMIPHOCTEH pyXy BOJIM B pycliaX pidoK 1 3aKOHOMIpHOCTEH MPUTUIUBY (CTOKY)
BOJIM Ha JOCIIPKYBaHUX AUISIHKAax X pycen [21]. OCHOBY KOPOTKOCTPOKOBOI'O
MIPOTHO3YBAHHS CKJIAAAIOTh PO3PAXYHKHU IepeMilleHHs 1 TpaHcdopmalii BOJHOTO
MOTOKY TIiJT 4ac HOTo MPOXOPKEHHS OKPEMUMH JIIJISTHKaMU pyce. 3a pe3ylibTaTaMu
KOPOTKOCTPOKOBHX MPOTHO3IB BHJIAETHCS 1HPOPMAIIisI PO OYiKyBaHI MaKCHUMAaIbHI
BUTPATH 1 PiBHI BOAM y BUIIISI TiporpadiB — 3aJIeXKHOCTI Y 4aci BUTPATH BOJIH.

Po3pi3HsAOTE py4Hi i aBTOMAaTH30BaHI METOAM KOHTPOJIIO PIBHIB MaBOJKOBUX
BOJI, SIKI BAKOPHCTOBYIOTh TIpOTpaMHe 1 armapatHe 3a0e3nedeHHs [9].

Pyuni MeToau nependayaroTh BUMIPIOBaHHS 3 YYacTIO TiJpoJiora piBHsS BOJIH B
MEBHOMY CTBOpI pyclia PiuKd 3a JOMOMOTOK JIHIHOK 3 MOJAIBIIOK Iepeaadeto
iHpopMmaIlii y cuctemy ii 00poOKH.

ABTOMaTH30BaHI METOIU KOHTPOJIIO TIOAUISIOTH Ha MPSAMi Ta JUCTAHITIHHI.

[Ipsami aBTOMaTH30BaHi METOAM KOHTPOJIIO pIiBHS BOIU 3OIHCHIOIOTH 3
BUKOPUCTAHHSIM aBTOMATHU30BAHUX JATYMKIB DPIBHA BOJH Ta aBTOMAaTH30BaHUX
BUMIpIOBaJIbHUX CTaHLil (puc. 3).
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Puc. 3 — ABTOMaTH30BaHI BUMipIOBANIBHI CTaHIII1 iH(pOpMAaIliifHO-BUMIpIOBAIBHOI CHCTEMHU
«Tucay, mpuU3HAYCHOI A1 KOPOTKOCTPOKOBOT'O IPOTHO3Y MAaBOJKIB B OaceliHi p. Tuca Ha
3akapmartti [22]: a — Ha p. bina Tuca y c. JIyru; 6 — Ha p. Pika y emT Mixrip’s;

1 — BomomipHa peiika BepTHUKajIbHa; 2 — BOAOMIpHA peiika moxuia

VY bBaceiiHoBoMy ympaBiiHHI BOJHHX pecypciB piuku Tuca BopoBakeHa
aBTOMaTH30BaHa iHpopMatiitHo-BuMiproBaibHa cuctema (AIBC) «Tuca» [22], sxa
npU3HAaYeHa JUIs:

— OINEpaTUBHOIO NPOTHO3YBaHHSA rifporpadiB maBoAkiB Ha pikax OaceiiHy 3a
JIOTIOMOTO0  CTICI[ialTIbHOTO  MaTeMaTHYHOTO, 1H(QOpMAmiifHOTO 1 MPOrpaMHOTO
3a0e3neYCHHS,;

— MIATOTOBKH JOCTOBIpHOI MPOTHO3HOI iHPOpMAIiil Mpo mapameTpH NaBOAKY i
nepenayi ii B aBTOMAaTHYHOMY DEXHMI BiATOBIIHUM CIIy>kKOaM OIOBILEHHS 1
MIPOTUIIABOIKOBUM ITiIPO3TiIaMm;

— BUAAYl pEKOMEHJauUid [uid NPUHHATTS pilleHb wmoJo0 Oe3aBapiiiHOro
MPOIYCKY MaBOJKIB.

3apa3 3HaXOAWTBHCS Ha cTafii po3poOKW 1 BIPOBALKEHHS iH(pOpMaLiliHO-
BuMiproBaibHa cucrema «llpukapmarrs». OCHOBHE NpHU3HAYEHHS CHCTEMH —
MPOTHO3YBaHHs PO3BUTKY MaBOJIKIB B OaceitHax piuok Juictep, IIpyt i Ceper Ha
Teputopii cemu obmacteii: UYepniBenpkoi, I[BaHO-DpaHKiBchKOi, JIBEBIBCHKOI,
Binannpkoi, TepHominbchkoi, XMmenpHUIBKOT Ta Onechkoi. Crucrema 3IiHCHIOE
MPOTHO3YBaHHsI PO3BHUTKY MAaBOJIKiB, aBTOMATH30BaHE CIIOCTEPEIKEHHS 32 OTaaMH,
PIBHSMH BOJIM B pivKax, mepeaady iHdopmailii B pexrMi pealbHOro 4acy B IIEHTPH
00poOku iH(opMarlii JUIsi CBOEYACHOTO OTOBINMICHHS HACENEHHsS Ta MPUHHATTS
3axo0/1iB pearyBanHs [9].

Jlo nuCTaHIIHHUX METOJIB BUMIPIOBaHHS HAJIEKaTh METOAU BUMIPHOBAHHS
PiBHIB BOJHM 13 3aCTOCYBaHHsSIM 3aco0iB aBiarii (JliTaku, TeNIKONTEpH), a TaKOK
KOCMIYHHX (CYITyTHUKOBHX) CUCTEM.

B nporeci KOpOTKOCTPOKOBOTO MMPOTHO3YBAHHS ITABOIKIB PE3yIbTATH KOHTPOIIIO
PIBHIB BOAM PYYHHMMH 4YHM ABTOMATHUYHMMU METOJAMH IOTPEOYIOTh IIEBHOI
MaTeMaTHYHOi 00poOKu. 115t HbOro BUKOPUCTOBYIOTH:

— IHHOBaUiHMH  anropuTM  MOXAIJIEHHS  300pakeHHs  Ha  KJacu
«CyXomim/«Boma», SKUKW 0a3yeTbcss Ha KOHICMIII HEYITKUX MHOXHH Ta
BUKOPHUCTaHHI MipH KOT'€peHTHOCTI [23];

— HeWpoMepexkeBUH  MeToj KapTorpadyBaHHS IaBOJAKIB HAa  OCHOBI
CYIIyTHUKOBHX 300paskeHb [24];
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— METOJl OIEPATHBHOTO IPOTHO3YBaHHS TMABOJKIB 33 JaHUMH Ha3eMHHX 1
pamioIOKalIfHNX BUMIPIOBAaHb OMAdiB, 32 SKAM 3a0€3MEeUye€ThCs] MOXKIIUBICTH
00pobuTH iH(opMarlito po omaan Ha BeTUKiH o [9].

5 JloBrocTpoxkoBe NMpOrHo3yBaHHS MaBOAKIB

Jl0BrocTpoKoBe NPOrHO3YBaHHS MABOAKIB 3a3BUYail BUKOHYIOTh Ul NepeadaueHHs
MacmTaliB JIii MaBOJKIB Y MailOyTHROMY Ta OIIHKH €()EeKTHBHOCTI MPOEKTIB CUCTEM
MPEBEHTHUBHOTO MPOTHUIIABOAKOBOTO 3aXHCTY B PIUKOBHX OaceiHax.

MeToanKku TOBroCTPOKOBOTO POTHO3YBAHHS MTABOJIKIB 0a3yIOTHCS HA BU3HAYEHHI1
MaKCHUMAaJIbHUX BUTPAT BOJH B pPyciax i KUTBKOCTI TABO/IKIB MIEBHOT 3a0€3MEeYeHOCTI, a
TaKOXX MOMJIMBUX 30WTKIB Bijl MaBOJKIB B OaceiiHaX pIYOK Ha MEpioji yacy, I
BIIMOBiJa€ CTPOKY eKcIUTyartamii mpotunaBoakoBux cucteM (30-50 pokis). Cuig
BIZI3HAYUTH HEIOCKOHAIICTh BIIOMUX METOIMK IOBIOCTPOKOBOTO HMPOTHO3YBaHHS.
Tak, Hanpukiaj, 3a METOAMKOIO HEYITKOTO NMPOTHO3YBaHHS OYiKyBaHHX 30UTKIB Bij
MaBO/IKIB HAa OCHOBI EKCTPamnoJALiil KiHLIEBHM pe3yJlbTaTOM NPOTHO3YBaHHS €
MaTeMaTHJHO (opMamizoBaHi HEYITKI MHOXHWHH, $Ki dYepe3 HeIOCTAaTHIO
JeTepMiHAIlf0 TOTPeOyIOTh BUKOPHCTAHHS KCIIEPTHUX OIIHOK [9, 25].

[IponioHyeThCS METOMKA JJOBIOCTPOKOBOT'O IIPOTHO3YBaHHS MABOJIKiB, B OCHOBY
SIKO1 TIOKJIAZICHO He3MIHHICTh TeHIEHIII1 (TPEH/Ty) PO3BUTKY ITABOAKOBHX CHTYAIIii B
piukoBuX OaceifHaX MPOTATOM MEBHOTO MEpioay, IO OXOIUTIE K MUHYJI, Tak i
MaiiOyTHi poku. BukopucTaHHs JaHOT METOJVKH BUMAara€ HasBHOCTI HAaJEKHOTO
apxiBy CIOCTEpEXEHb MiJ 4ac MPOXOKEHHS MaBOJKIB MHUHYJIUX POKIB Ta HOro
MOCTIHHOTO BEICHHA Y MalOyTHROMY CIyX0aMu TiApoJorii Ta HaI3BHYAHHUX
CHUTYaIlii.

JlOBrocTpOoKOBE  MPOTHO3yBaHHS  IMABOJAKIB  BHUKOHYIOTh  IIOETaITHO,
BHKOPHCTOBYIOUHX iH(GOPMAIIiIO TIPO PE3YIBTATH CIIOCTEPEKEHB MTABOJIKIB, K1 MMiCIs
1 06poOKH 3BOAATH Y TAONIHIITIO 2.

Tabnwuist 2 — 3BeJIcHHs pe3yIbTaTiB CIIOCTEPEKESHD POXO/PKEHHSI MTABOJIKIB 32
MUHYJIAH 1Iepioj

Kputepianbhi [TapameTpu Poxu criocrepexeHb Ne
MOKAa3HUKH Hasga Op.Bumipy| 1 |[...] m |...| n |panka
Inrencusnicts | Butpara Boau m3/c Q1 OQm [...| On 1
MaBOJKY | 3abe3medyeHiCTh MaBOJKY % Pr |...| Pm |...| Pn 2
KoHTyp 30HU 3aTOIUIeHHsT | *3rifHO * * * 3
31 CXeMOI0
3oHa [Tnoma 3aTOILIEHOI |  THC. M2 S, Sm Sh | 4
3aTOIUICHHS | TepUTOpil

I'nubuna MaKCHMaJIbHA M hymax hym&* hym™ | 5

3aTOIUIEHHS | cepeiHs M hy® hn® ha? | 6

corjajibHa **3r1IHO *k *k *k 7

Brpara in exonorifma 3 aKTOM *x il *x 8

masopcy | CKOHOMItHA 06CTC).K€H.H$I *% folel ** 19

. 3arajpHa HaClJKIB | ** Fx ** 110

Hacmigku
MaBOJIKY
3aTOILICHHA coliaabHui 3 | 3™ .. 3™ 11
36HUTOK BiJ] | €KOJIOTIYHUN e O T P T e
—— THC. TPH/PIK [~ fq T o
MAaBOJKY €KOHOMIYHUH 317 3™ L 3| 13
3araJbHU 3u 3im 3in | 14
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Eran 1. «BuznauenHs po3paxynkogozo (KpumepiaibHo2o) cmeopy piukuy.

Po3paxyHKOBHM BBa)KatOTh CTBOP PiUKH, B SKOMY JUHAMIKA 3MiHH TiAPOJIOTIIHIX
MOKAa3HHUKIB HAWOUTBII TOYHO BiJOOpaka€ JWHAMIKY 3MIHU TIapaMeTpiB 30HU
3aTorieHHs 3 (puc. 4) 1 HaCTiAKIB MPOXOMKECHHS MaBOJKY. Po3paxyHKOBHiA CTBOD
MOXKHA BBXKATH IIe ¥ KpUTEPiaTbHUM, OCKLUTLKU BUTpaTa Qm MaBOJKOBOTO MOTOKY B
HBOMY € TiJIPOJIOTIYHUM KpPUTEPIEM OIIIHKH MAaBOJKY, BiJ AKOTO 3alie)kaTh IHIII
KpHUTEpiaibHi TMOKA3HUKH IAaBOJKY: 30HA 3aTOIUICHHS 1 HACTIJKH 3aTOIUICHHS B
OaceiitHi piuku y M-my porii. Po3paxyHKoBHiA CTBOP OOMPAIOTh B OTHOMY 3 HAHOIMKYIE
pPO3TAIIOBAaHKUX JO 30HW 3aTOIUICHHS CTBOPIB, OONATHAHWMX TiAPOJOTIYHUM ITOCTOM.
Po3paxynkoBum mMoke OyTH CTBOp piukd SK Ha TO4YaTKy (103. 7 Ha puc. 4), Tak i B
KiHli (mo3. 8§ Ha puc. 4) 30HU 3aromicHHs 3. [Ipu 1IbOMY TIEpUMETP KOHTYPY 30HHU
3aTOIUICHHS € BapiOBaHWM 1 3aJISKUTH Bija 3a0e3nedeHocTi maBoaKy. MiHiManbpHa
30Ha 3aTOIUICHHS 3 KOHTYPOM 4 YTBOPIOETHCSI BHACTIJOK TPOXOKEHHS IIOPIYHOTO
BECHSIHOTO TaBOJIKY 3a0€3MEeUYCHOCTI pmax = 100%. MakcumanbHa 30Ha 3aTOTUICHHS 3
KOHTYPOM 5 YTBOPIOETHCS BHACTIIOK MPOXOMKEHHS HAMOUIBII 1HTEHCHBHOTO
MaBOAKYy 3abe3nedeHoCTi pmin (puc. 4). Bubip po3paxyHKOBOTO CTBOpPY PpIUKH
3OIMCHIOIOTh 3aJIeKHO BiJ] XapaKTepy NPHUIUIMBY MaBOJKOBUX BOA A0 30HH
3aTOIUIeHHS. SIKIO MPUILTUB MMABOIKOBUX BOJ IO 30HU 3aTOIUICHHS 3 BiOYBa€ThCS
TIJIBKU 4epe3 pycio piuku 1, sKa He Mae MPHUTOKH 2, PO3PaxyHKOBHM BBaXKAIOTh
CTBOp 7. SIKIIIO MPUILIHMB NABOJAKOBUX BOJI 10 30HH 3aTOIUICHHS BiI0YBa€ThCA SIK Yepe3
pycio piuku 1, Tak i "epe3 pycio MPUTOKH 2, PO3PaXyHKOBUM BBaXKalOTh CTBOP 8
(puc. 4). V Oyab-sikoMy pasi 3 1Box cTBOPIB (7 a60 8) 3a po3paxyHKOBHIA OOHPAIOThH
CTBOp, Y SIKOMY BUTpaTa BOJH OijbIIa.

e - - e = T

Puc. 4 — Cxema 3aTomieHoi TepUTOpii, 3aJI€XKHO Bl IHTEHCHBHOCTI NTABOJIKY:

1 — piuka; 2 — IpUTOKA PiYKK; 3 — 30HA 3aTOIICHHS 3 BapiHOBaHUM KOHTYPOM 3aJIC)KHIM
Bijl 3a0€31eueHOCTi MaBOJIKY; 4 — KOHTYDP 30HH 3aTOIICHHS IOPIYHUM BECHSIHUM
MaBOJKOM 3a0e31eueHoCTi pmax = 100%; 5 — KOHTYp 30HH 3aTOIUICHHS HAOLIbII

IHTEHCUBHHUM I1aBOJIKOM 3a0€3MeUeHOCTI Pmin; 6 — KOHTYpP 30HH 3aTOIUICHHSI, 3aJISKHUN Bil
3a0€3Me4eHOCT] aBOAKY p (Pmax > p > pmin); 7 — PO3PaxXyHKOBUH CTBOD Pycia PiuKH, SKIIO

il IPUTOKM BIIaAI0Th B PIiUKY 1032 30HOIO 3aTOIUIEHHS; 8 — PO3paxyHKOBHI CTBOp pycia

PIYKH, SKIIO TPUTOKHU BIAJAIOTh B PiUKY B 30HI 3aTOIICHHS

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



Eran 2. «Ananiz ma obpobka pezynvmamie 2ioposioeiyHux 00CaiodiceHb NABOOKI8
30 MUHYAUL NEPI0OY.

BusHavaloTh iHTEHCHBHICTH MAaBOAKIB 32 N POKIB CHOCTEPEKEHb MHHYJIOTO
nepiony. [dns uporo psa (3) pesynbraTiB  BUMIpIOBaHb BUTpatd Boau Qm y
PO3paxyHKOBOMY CTBOpPi PIiUKH 3aHOCATH A0 psaaka | Ttabmumi 2. Pesympratn
po3paxyHKiB 3a (opmynoro (4) 3abe3medeHoCcTi MaBOJAKIB 3aHOCATH N0 psAaKa 2
Tabmumi 2. 3a ekcrepuMeHTaNbHUMH TOYKaMU (Qm, Pm ) psnkiB 1 i 2 tabmwmi 2
OynytoTh eMIipu4Hy KpuBy 2 3anexHocti Q(p) (puc. 5).

3BaXUBITH Ha HEAOCTATHIO KUTBKICTh EMITIpUIHUX TOYOK 1 (pHC. 5) Ta MOXKIHBI
MOXMOKK X BHU3HAUCHHS, PE3YyJbTaTH TiJPOJIOTIYHUX BUMIPIOBaHb 3TIIAJKYIOTH,
3aMiHIOIOYH eMIIIPHYHY KpUBY 2 TeOpeTHYHO KpuBoro 3. TeopernuHa kpuBa 3 €
rpadikom craanoi GyHkIi Q = fi(p), Ky MOKHA IPEICTABUTH TiNepOOTIO0 TAKOTO
BUAY:

Q:7+k2 . (9)

Jiis 00po6ku emmipunaanX TOYOK (Qm, Pm) 32 METOIOM HAaWMEHIIUX KBaJApaTiB
JOIIBHO MTO3HAYUTH: 1/p = X; 1/pm= xm. Lle 1a€ MOXKITHBICTH 3aMiHUTH TiepOOTIUHY
¢dyskuito (9) niniliHoto dyHKuiero (10):

Q="filx) =kix+ka. (10)

Jlnst Bu3HaueHHS HeBimomux koedimieHTiB Ki i Ko ¢ynkumii (10) cknagarots
¢byukuiro HeysromkeHocti @(Ki, ko) Ta 3HaX0AATh 11 MiHIMaJIbHE 3HAYCHHS:

n 2

(K, k,)=>"(Q, — (kx, +k,)) —min . (11)

m=.

Q(Z%)

i

Q(5%)

Q(25%) ___________
Qu gl

Q(100%)

| | . . . is 0
100" P%

[EY
N
-
(Nno——
o

3

Ul

o

Puc. 5 — Pe3ynpraTi riApoorivHuX AOCIIIHKEHb B PO3PaXyHKOBOMY CTBOPI pyclia pidKH:
1 — emmipuasi Touku (Qm, pm); 2 — emmiprana kpusa Q(p); 3 — Teopetnuna kpusa Q = f1(p);
4 — TOYKHM HA TEOPETUYHIN KPUBIH, IO BiAIOBITAIOTH 1T ITHOM BCTAHOBJIEHUM
KJIacaM MaBOJKIB
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IMicns MaTeMaTHYHHX IEPETBOPEHh HeBimomi koedirmientn Ki i Ky mimiiiHOI
¢dyukii (10), a omxe 1 rimepooigaoi GyHKMIT (9), 3HAXOAATH 3 CUCTEMH PIBHSIHE:

n n n
N2 50Qn = 23 2 Qn
—_m=1 m=1 m=1 .

kl n n 2 ’
< n;x; — mZ:;LXm (12)
sz - klz Xy
k —_ =1 m=1
- i n

BcranoBuBinu 3Ha4ueHust Kii Kz 3 (12) mo po3paxyHKOBHX TOYKaX, OCHOBHHMH 3
SIKUX € TOYKH 4, 1110 BiAMOBIIAIOTH 1T’ ATHOM BHIIJICHUM KJIacaM MaBOJKIB, OyIyIOTh
TEOpeTU4HYy KpuBY 3 QyHKIIT (9).

Eran 3. «Ananiz ma o06pobra emnipuyHux OAaHUx HACRiOKI8 NPOXOOIHCEHHS
nasooKie 3a MUHYIUL Nepiooy.

BuxopucTtoByroun maHi CIIOCTEPEKEHb MPOXOHKEHHS TABOJKIB B PIYKOBOMY
OaceiiHi, BU3HAYAIOTh ITapaMETPHU 30HU 3aTOIUICHHS Y MHUHYJIMX POKaX: KOHTYP 30HH
3aTOIUICHHS; IUIOLIY 3aTOIUICHOI TEPUTOPii; MaKkCHUMajbHY 1 CEpelHIO TIHOMHY
3aroruieHHs. 1li mapaMerpu 3aHOCITH 0 PAAKIB 3—6 Tabmwuii 2.

[ToTiM 11 30HM 3aTOIUICHHS Y KOXXHOMY pOIl CHOCTEPEXEHb BHU3HAYAIOTH
HACIIAKK — BTpaTy i 30MTOK BiJ MaBoAKiB. BTpaTy Bijg maBonKy BH3HAYarOTh Y
(I3MYHUX TOKa3HHMKAaX 3TiTHO 3 aKTaMH OOCTEKEHHsI HACIIJIKIB MPOXOJKCHHS
MaBOJIKY 3a CKJIAIOBUMHU: COIlialibHA, €KOJIOT19HA, EKOHOMIYHA 1 3arajbHa BTpaTa.

Jlo comiagbHUX acHeKTiB BTPAaTH BiJI MABOJKY BiJHOCATB: BTpATy JKHUTTA Ta
3[I0POB’Sl HACEIICHHS; BTpPaTy, MOB’3aHy 3 MOPYUICHHSM IOCTaYaHHs HaCeICHHs
NPOJOBOJBYMMH T2 HPOMHUCIOBUMH TOBapaMW  BHACIHIJIOK  YCKJIQJHEHHS
TPAaHCIIOPTHHUX IEPEBE3€Hb; BTPATy KOM(OPTHUX yYMOB IPOXHMBAHHS HACEICHHS,
BTpaTy MOXXJIMBOCTI IMOTPAaNUTH Ha POOOTY; BTPaTy MOMIJIMBOCTI 3JIiHCHEHHS
0COOMCTHX IUIaHIB JIOJEH TOLIO.

Jlo eKOJOTIYHMX acIeKTiB BTPATH BiJl MABOJAKY BiJHOCSATH BTPATy NEPBUHHUX
SIKICHUX Ta KUTbKICHUX BJIACTMBOCTEW: HABKOJIMIIHKOTO cepeioBuiia (Timpocdepa,
niTocdepa, pOCIHHHU, TBAPUHH ); TPUPOTHUX PECYPCiB (3eMENBHUX, BOJHUX, JTICOBHX
Ta 1HIINX); TPUPOTHO-OXOPOHHUX 30H (pEKpealiifHnuX, 3alOBITHAX ).

Jlo eKOHOMIYHHMX BTpaT BiJ] MaBOJAKY BIAHOCSATh BTpPATH MiATIPHEMCTB Ta
roCIoJapcTB: OCHOBHUX (oHAIB;, 00iroBux (HOHIIB, TOTOBOI IPOMHCIIOBOL
MPOAYKIIT; CIITCHKOTOCIIONAPCHKOT MPOAYKITii; XyJ00H TOIIO.

3arayibHy BTpaTy BiJl IaBOJKIB MUHYJIOTO EpioAy 3a ii CKIIaI0BUMHU QIKCYIOTh Y
psaakax 7—10 TtaOmuii 2.

JIOBrocTpoKOBe MPOTrHO3YBaHHS 3IIMCHIOIOTH 3a PO3MIPOM 3arajibHUX 30MTKIB
BiJl MAaBOJKiB, II0 MOXYTh BiIOYTHCH y MailOyTHbOMY. 3aranbHuil 30MTOK Bix
KOXKHOT'O TIaBOJIKY M-TO POKY MHUHYJIOTO TIepioAy BU3HAYAIOTH 32 HOTO CKJIaJOBUMH:

31m = 3™+ 31" + 31", (13)
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€KH

1€ 31m — 30UTOK BiJl MABOJAKY 3arajibHUiA, TUC. TPH/PIK; 31m™, 31m™” 1 31m™" — 30UTOK
BiJl HABOJIKY COL[iaJIbHUM, €KOJIOTYHUHN 1 eKOHOMIUHUH, THC. TPH/PIK.

CorriaJIbHUH, €KOJIOTIYHMM, €KOHOMIYHHMM 1 3arajJbHUM 30MTOK BiJl IaBOJAKY
BU3HAYAIOTh Yy TPOIIOBUX OJMHUIX B IHJCKCaX I[iH HA MOMCHT BHKOHAHHS
MPOIeypy JTOBFOCTPOKOBOI'O TMPOTHO3YBaHHA NaBOAKIB. [lyis po3paxyHKy
3arajxbHOTO 30MTKY BiJl MABOJAKY 31m BUKOPHCTOBYIOTH JBA METOIUYHUX ITiTXOIM,
sIKi OOMPArOTh 3aJIS)KHO BiJl MONEPEAHBO BU3HAUEHOI y M-My poii iHdopMariii mpo
MaBOJIOK.

SAxmmo y m-my porii 6yB BCTaHOBJICHHH 3arajibHHUNA 30MTOK Bi/l TABOJKY B IiHAX
M-TO POKyY, TO 3arajibHUK 30MTOK 3a BCIMa HOTO CKJIaJI0BUMH BU3HAYAIOTH IUIIXOM
JMCKOHTYBaHHSA 32 OPMYJIOH0:

31im < 31" = 31" (1+3)(T-m) ) (14)

Je T — iHAEKC POKY BHKOHAaHHS JOBIOCTPOKOBOTO MPOTHO3YBaHHS ab0 PO3POOKH
MPOEKTY TPEBEHTUBHOTO MPOTHUIIABOJKOBOTO 3axXHCTY; 3im (31m) — 3aranbHui
30WTOK BiJI MaBOJKY, OLIHEHIH HA MOMEHT Yacy JJOBTOCTPOKOBOTO IPOTHO3YBAHHS,
THC. TPH/piK; 31m" — 3arajbHUil 30WTOK BiJ MABOJKY, SKMH OyB OIHEHHH Yy
MHUHYJIOMY M-My pOIli, TUC. TPH/PIK; & — KOCQIli€HT TUCKOHTYBaHHS; (7-M) —
MIPOMIXKOK 4acy BiJf MUHYJIOTO M-TO JI0 pO3PaxyHKOBOTO 7-TO POKY, PiK.

Sxmo y m-my porli He OyJO BCTaHOBJICHO BEIMYHMHY 3arajbHOTO 30UTKY Bif
MaBoJIKy, a00 I BeJMYKMHA OyJjia BU3HAYCHA OPIEHTOBHO 3 IMEBHUMHU MOXUOKaMHU,
npote (i3WYHI MOKa3HWKW HACHIJKIB (BTpaTtu BiA maBoAky) Oynu 3adikcoBani 3
JIOCTATHROIO TOYHICTIO, TO CKJIAIOBi 3arajlkHOTO 30WTKY BiJl MaBOAKIB JOLITHHO
pO3paxoByBaTH 3a BEIMYMHOIO BTpAT BiJ MaBOJAKY, KOPHCTYIOUHCh METOAWKAMH
[26, 27].

Benmuunay 30MTKIB BiJl TABOJKIB MHHYJIUX POKIiB 3aHOCATH 10 psakiB 11-14
Tabmumi 2. 3a maHuMu pAAKiB 2 i 14 tabmumi 2, orpumytoTs psf (15) emmipuaanx
TOYOK (31m, pm):

(311, p1), (312, p2), ..., Bm, pm), «-. , 1), pr-t), (B1n, pi)- (15)

3a eMIipuYHUMH TOUYKaMu psiny (15) OynyroTh eMIipuuHy KpUBY 2 3aJ€KHOCTI
31(p) (puc. 6).

BukopuctoByroun emmipuuHi Touku psamy (15), 3a MeToqoM HaWMEHIIHX
KBaJpaTiB BHM3HAYAIOTh TEOPETHUYHY 3aJICKHICTh 3arajbHUX 30MTKIB 31 BiA
3a0e3rneueHocTi MaBoAKiB y BUIIIAM GyHKLiT 31 = f2(p), siKky Takoxk, sk i QyHKIIiFO
Butpar Boau Q = fi(p), BBaXKarOTh CriaiHOIO rinepOoTidHO0 QYHKITE0:

3l:k—p3+k4 : (16)

Heginomi koeditientu Ks i ks dpynkiii (16) 3HaX0a4Th 32 METOIOM HAWMEHIIHX
KBaJpaTiB 3a TIi€0 K MPOIEIYPOr0, 3a KO0 Oy BH3HAueHi KoedimieHTn Ki i Kz
¢byHkii (9).

[Iporno3yBaHHs 3arajbHUX 30WMTKIB BiJ MaBOAKIB 31y BUIJIAI rinepOomivyHOT
¢ynkuii (16) gae 3MOry, BAKOPHUCTOBYIOUH CTATHCTHUYHI J1aHi BiITHOCHO HEBEJIUKOI
KUTBKOCTI TaBOJIKIB MHHYJIOTO TIEpiOAy, BH3HA4aTH 30MTKH Bij Oyab-sKUX
MO>KJIMBUX MABOJKIB MaOyTHBOTO MEPioay 32 BETUUMHOIO iX 3a0€3Me4eHOCT.
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Puc. 6 — PesynbraTu nociimkeHb 30UTKIB BijJ] TAaBOAKIB B 30HI 3aTOIICHHS:
1 — emmipuyni ToukH (31m, pm); 2 — eMmmipuaHa Kpusa 31(p); 3 — TeopeTruna kpusa 31 = f2(p);
4 — TOYKM Ha TEOPETHYHIN KPUBIi, IO BIAMOBIAAIOTH I’ ITHOM BCTAHOBJICHUM KJIacaM
MaBO/IKIB

Eran 4. «Busnauenmst cepeOnbopiunux 30umxie 6io naeooKis 6 30Hi 3amonNIeHHLY.

OO6panwuii mepion wacy moBroctpokooro mporaosdyBanas (t = 1...100 pokiB)
BIJNOBiZA€ Niana3oHy 3MiHM BEeIWYMHU 3a0e3nedeHocTi naBoakis (p = 1...100%).
Lle mae 3MOry BM3HAUMTH 3arajJlbHAN MPOTHO30BAHUN 30MTOK B 30HI 3aTOILUICHHS
HUISIXOM IHTETpyBaHHs QYHKIIT 31 1O apTyMEHTy p:

100
3, = I %+ k, |dp =(ksIn p+k, p)“oo =kyln100+k,99, (17)

p=1

ne 3r — 3arajgbHa BEJIMYMHA 30MTKIB HPOTATOM PO3paxyHKoBOro mepiogy 7' Bif
MOXKJIMBUX TABOJIKIB PI3HUX KIIACIB IHTEHCHBHOCTI — BiJi OCOOJMBO BHUIATHOTO
(p = 1%) mo manoro (p = 100%), Trc. rpH.

HaykoBa oOrpyHTOBaHICTh METOJMYHOTO MiJIXOJY BU3HAYEHHS MPOTHO30BAHOI
BEeTMYMHU 30WTKIB BiJ{ MaBOJAKIB NUISIXOM iHTerpyBaHHs 3a (opmynoto (17)
MiATBEPIUKYETHCS AOTPUMAHHIM B TPOLIEC] iHTErpYBaHHS OCHOBHOI'O TMPUHIIHITY
JOCHI/DKEHHsI TTaBOJIKIB, MpUHHsTOr0 B TiApoiorii [19], a came, BpaxyBaHHSIM
MPOTSTOM OJHOTO POKY TiIJIbKH OJHOTO HAWO1IBII IHTEHCUBHOTO MAaBOJKY.

HwxHpo10 Mexero iHTerpyBaHHs1 00paHo 3a0e3neueHicTs MaBoAKy p = 1, Tomy
BIJIMTOBIIHO JI0 I[bOTO B PO3paxyHKax 30WMTKIB Bia MaBoAKiB mepmuii pik (t = 1) 3
3arajibHOTO MepioAy 4acy JOBrocTpokoBoro nporHosyBanHs (7 = 100) Buay4aroTs.
Orxe, cepeaHbOpiUHMII 30MTOK Bil NaBOAKY MPOTATOM MEpPioLy 4acy
JOBI'OCTPOKOBOTO TIPOTHO3YBAHHSI BU3HAYAIOTH 32 ()OPMYJIOIO:
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ne [31] — cepemHbOpiuHMIA 30MTOK BiJT TABOJKY B 30HI 3aTOMJICHHS, THC. TPH/PIK.

Eran 5. «Oyinxa egpexmusnocmi 3ax00ié npegenmusHo20 npomunagooKo8020
3axucmyn.

3abe3neueHicTy MaBOAKIB, IO CIOCTEPIraiuCh B YKpaiHi y MUHYJIHX pOKax,
3a3BHYail 3Haxoxmnack B Mexax 1% < p < 100%. ToMy 11 ROCSTHEHHS HaIilHOTO
MPEBEHTHUBHOTO TPOTHIIABOIKOBOTO 3aXMCTy 30H 3aTOIUICHHS NPOCKTH 3aXHCHHUX
CHOPY/JI pO3POOITIOIOTH HA TTABOJIOK PO3PaXyHKOBOI 3a0e3medeHocTi p, = 1%.

[lo3uTuBHMII eeKT 3AiCHEHHsI 3aXOAIB MPEBEHTHBHOTO MPOTHUIIABOJKOBOTO
3aXUCTY OI[IHIOIOTH PO3MIPOM B 30H1 3aTOIUIEHHS BiIBEPHEHUX (TIPOTHUTIABOIKOBUMHU
3axonamu) 36uTkiB: B31, B3r, [B31] i B3c.

B31 — piunmii BizBepHEHU 30UTOK, KW 32 BEITMYUHOIO JOPIBHIOE 30UTKY 31 1
TOMY MOXe OyTH po3paxoBaHmii 3a hopmymoro (16).

B3r — 30uTKH, M0 OyAyTh BiABEpHEHI MPOTITOM PO3paxyHKOBOTO mepioxy 7'
JIOBFOCTPOKOBOT'O IPOTHO3yBaHHS. BinsepHeHi 30uTku B3r 3a BEIUYHHOIO
JOPIBHIOIOTH 30uTKaM 37 1 MOKYTh OyTH pO3paxoBaHi HUIIXOM iHTETpyBaHHS 3a
tdhopmymoro (17).

[B31] — cepennbopiuHMii BiBEpHEHUI 30MTOK, KUl 32 BEIMUYUHOKO JOPIBHIOE
36uTKy [31] i MOke OyTH po3paxoBanuii 3a hopmyioro (18).

B3¢ — BimBepHEeHi 30UTKH, IO OYIKYIOTHCS MPOTATOM PO3PAaXyHKOBOTO CTPOKY
eKCIUTyaTalii 3aXWCHUX NPOTHIIABOAKOBHX CHopyd. BimsepHeni 30utku B3¢
PO3paxoBYIOTH 3a (hOpMYJIOLO:

B3 k,In100
B3.=[B3]T.. = [T_le T.= (399+k4 )TC ) (19)

ne Tc — po3paxyHKOBHH CTPOK €KCIUTyaTallil 3aXMCHUX MPOTHUIIABOIKOBUX CIIOPY/I,
pikK.

Exonomiunmii edekt 3MiHCHEHHS NPEBEHTUBHUX IPOTHIIABOJKOBUX 3aXOJiB
BU3HAYAIOTH 32 (POPMYJIOIO:

E = B3c— (Kc + b, T¢), (20)

ne K¢ — kamiTaioBkiiaieHHs1 y OyiBHUIITBO MPOTUIIABOIKOBHX CIIOPY/I, TUC. TPH; D
— piuHi BUTPATH, TIOB’s3aHi 3 YTPUMaHHIM Ta eKCIUTyaTalli€lo CIIOPY/I, THC. TPH/PIK.

Piunmii ekoHOMiuHWIT e(eKT TIPEBEeHTUBHUX MPOTHUIIABOAKOBUX 3aXOiB
BHU3HAYAIOTh 32 (OPMYJIOHO:

El=EITc= [331] —(Kc/Tc+ be) . (21)
IHnexc edexTHBHOCTI /;73 BKIIaACHHS iHBECTHULIIH Y TPEBEHTHBHI MPOTHIIABOIKOB1

3aX04M B KiHII PO3PaxyHKOBOI'O CTPOKY I¢ eKcIulyaTamii 3aXHMCHHX
MPOTHUITABOKOBUX CIIOPY BU3HAYAIOTH 32 (POPMYJIOI0:
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B3
/] =——< 22
T K.+b,T, (22)

J7ist BUSHAYEHHS CTPOKY OKYITHOCTI IHBECTHILIN Y IPEBEHTUBHI MIPOTHIIABOIKOBI
3axonu iHAeKC eheKTUBHOCTI |; BKIIaJieHHs 1HBECTUIII BU3HAYAIOTh (PYHKIIIEIO 110
aprymenty t (1 <t < T¢):

B3t
I,= B3l . (23)
K. +Dbt
OKyNHICTh IHBECTHUIIIH Y MPOTUNIABOIKOBI 3aX0/IU AOCATA€EThCS 3a yMOBH: It = 1;
t = t,x. Maemo piBHSHHS:
[B31 ]t()K
= (24)
K C + be tOK

3 piBHAHHA (24) OTpUMYIOTH (GOPMYIy PO3pPaXyHKY CTPOKY 1, OKYyHmHOCTI
IHBECTHUIIN:

— K . (25)
kslgé 00 K, —b, 00465k +k, —b,

BucHoBku

1. B VYkpaiui, He3Bakaroud Ha 3arajibHUH Ae(IilMT BOJHUX PECYpPCIB, ICHYE
npobieMa MaBoJKiB, sika B KapmaTcbkoMy perioHi Mae oCOONMBO HeOe3NeqHHit
XapakxTep, 10 MiATBEPAKYETbCS CTATUCTUKOIO MABOJKOBHX CUTYallil 32 MUHYJIUH
nepiof, mounHar4u 3 KiHmg XIX cTomiTTs.

2. Tlpobnema naBojKiB B YKpaiHi 3yMOBIJICHa IBOMa TOJIOBHUMH YNHHHKAMU —
HEpIBHOMIPHICTIO pO3MOJUTYy PIYKOBOTO CTOKY TIO TepuTopii KpaiHu i
HEPIBHOMIPHICTIO BHUIIJIaHHS OTIa]liB MTPOTSATOM POKY.

3. 3aje)XHO BiX IHTEHCHMBHOCTI TAaBOAKIB, BH3HAYEHOI 3a BEIMYMHOIO 1X
3a0€3MeYeHOCTI, 3aITPOITOHOBAHO PO3PI3HATH I SATh KJIACIB TTABOJIKIB: MaJli; CepeIHi;
BEJINKi; KaTacTpOQivHi i BUAATHI.

4. BupuineHo /1Ba OCHOBHUX THITH MPOTHUITIABOIKOBOIO 3aXUCTY — CUTYaIlIHHUH 1
MPEBEHTUBHUH, B 3B’SI3KY 3 UMM IIPOTHUITABOKOBI 3aXO0/IM MOJIIJICHO HAa CUTYaLIiHHI 1
MIPEBEHTHBHI.

5. YmpaBniHHA TPOTUIIABOAKOBUM 3aXHCTOM CHUTYAIIHOTO THITy Iepeadadae
KOPOTKOCTpOKOBe (MeHIIe 12—15 nHiB) NMpOTHO3YBaHHS MAaBOJKY 1 HAcTyIHE
pearyBaHHS Ha HBOTO IUIAXOM MOCTIZIOBHOTO BHKOHAHHA: IONEPEHKYBAIbHUX
3ax0fiB B mepioa HaONMKEHHs NaBOJKY; aBapiiiHO-pATYBAJILHUX 3aXO[iB B Iepiox
MIPOXOJIKCHHS MABOJIKY; aBapiiiHO-BiTHOBIIOBAIBLHIX 3aXO0JIB TICIS MPOXOHKEHHS
MaBOJKY.

6. YmpaBniHHS NPOTUIIABOJKOBHM 3aXHCTOM IIPEBEHTHBHOTO TUIY Nepeadaydae
JIOBI'OCTPOKOBE 3 3aBuacHicTio 10 100 pokiB MpOrHO3yBaHHS MaBOJKIB Ta HACTYITHE
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3MIHCHEHHS IPOTHIIABOJKOBMX 3aXOMIB IUIAXOM OyIIiBHHMLTBA 1 €KCIUIyaTarlii
MPOTHUITABOKOBUX CIIOPYA B OacelfHax MaBOAKOHEOE3NECUHUX PIUoK.

7. OuiHKy T[ABOJKOBHX  PH3MKIB  3alpOIIOHOBAHO  3IiHCHIOBaTH  3a
TiIPONOTIYHUMHU TIOKA3HUKaMH TMPHUIUIMBY MaBOAKOBUX BOJ 1 iX BHUTOKY i3 30HH
3aTOIIEHHS, a TaKOXK 3a IOKa3HHMKAMHM COILIaJbHHUX, €KOJOTIYHUX 1 €KOHOMIYHUX
HACJiAKIB B 30H1 3aTOMJICHHS.

8. OCHOBHMM TMOKa3HUKOM HACTIIKIB MPOXO/DKEHHS IMABOJAKY BCTaHOBIECHO
3araibHAN 30WUTOK, SIKWH 3allPOITOHOBAHO BH3HAYATH y BHUIJISI CYMH COILIaIbHOTO,
€KOJIOTIYHOTO 1 EeKOHOMIYHOro 30HMTKIB, pPO3paXxOBaHHX 3a BIIMOBITHUMH
METOAMKAMH Y TPOIIOBUX OJAWHHIISAX.

9. IlpuitHATTS yHpaBNIHCBKUX pillleHb IMONO 3filicHeHHS B  OaceifHi
MMaBOJKOHEOE3MeuyHoi  pIiuKM  CHUTyaliHHOTO  YH  TNPEBEHTHBHOTO  THITY
MPOTHUIIABOJKOBOTO 3aXHCTY 3alpPOIIOHOBAHO 3IMCHIOBATH 32 BEIMYMHOIO 1HACKCY
e()EeKTUBHOCTI 1HBECTHUIliH, SIKUU TPEJCTABICHO Y BUTJAAI BIJHOIICHHS CyMH
BiIBEpPHEHNX 30WTKIB 110 CyMH IHBECTHUI[IHHHUX BUTpaT Ha 3IIACHEHHS
MPOTHUITABOJKOBUX 3aXO/IiB.

10. Harosomeno mpo BiACYTHICTh JOCKOHAIUX METOMIB JOBIOCTPOKOBOTO
MPOTHO3YBaHHS TAaBOJKIB, B 3B’S3KY 3 UMM PO3POOJICHO Ta 3alpOIIOHOBAHO IS
HAYKOBO-TIPAaKTHYHOTO BUKOPHCTAHHS METOAUKY, B OCHOBY $KOI IIOKJIQJICHO
HE3MIHHICTh TEHIEHIIi (TpeHIy) PO3BUTKY IaBOAKOBHUX CHTYallii B PIYKOBHUX
OaceliHax MPOTATOM MEPioy Yacy, IO OXOIUTIOE SIK MUHYJII, Tak 1 MalHOyTHI POKH.

11. JIoBrocTpokoBe MpPOTHO3YBAaHHS IMMaBOAKOBHX PHU3WKIB 32 TiAPOJOTIYHUMHU
MOKa3HUKAMHU 3allPOTIOHOBAHO 3JIIHCHIOBATH HIISXOM allpOKCUMALlii pe3yiIbTaTiB
T1IPOJNIOTIYHUX CIIOCTEPEkKEHb 33 MUHYIII POKH CIIaJHOIO TimepOoivHOI0 PYHKIIIEIO
MaKCHMaJIbHUX Y KOXKHOMY pOIli BHTPaT MAaBOJKOBUX IIOTOKIB IO apryMeHTy
3abe3neueHoCTi NaBoAKiB Ha iHTepBaii Big 1% no 100%.

12. JIoBrocTpoKOBe MPOTHO3YBaHHS MAaBOAKOBUX PH3UKIB 32 IOKa3HHUKaMU
HACJIJIKIB BiJi TABOJKIB 3alpOIOHOBAHO 3AIMCHIOBATH IIUIAXOM  aHAJi3y
CTAaTUCTHYHHUX [aHUX COLIAJIbHHUX, €KOJOTIYHUX 1 €KOHOMIYHMX HACHIAKIB Bij
MaBOJIKIB 32 MMHYJI POKH Ta alpOKCUMAIll 3arajibHOr0 30MTKY BiJl NaBOJKIB
CHaIHOIO TinepOoNiyHOK (PYHKIE€I0 TIO0 apryMeHTy 3a0e3ledeHOCTi MaBoJIKiB Ha
inTepBani Bix 1% mo 100%.

13. OCcHOBHUM PO3PaxyHKOBHM IOKAa3HHUKOM JIOBFOCTPOKOBOT'O IPOTHO3YBaHHS
MaBOJKOBHX PHU3WKIB BU3HAUEHO NPOTHO30BaHy CyMy 3arajbHUX 30UTKIB Bij
MaBoJKIiB Ha MaiOyTHI 99 pokiB, SKy 3alpONOHOBAHO BH3HAYATH IIISIXOM
iHTeTpyBaHHS TinepOoivHOI (DYHKIIIT 3arajabHOr0 30MTKY BiJl TTABOJIKIB.

14. [loka3HUKaMH 3aXUCHOTO MPOTHIIABOJIKOBOTO e(eKTy TpPEeBEHTUBHUX
3ax07[iB BU3HAYEHO: CyMY 3arajlbHUX BiJJBEpHEHHUX 30MTKIB MPOTATOM MaiiOyTHIiX 99
POKiB; CcepemHbOPIYHHN BiBEPHEHUH 30MTOK, CyMy 3araJibHUX BiJIBEpHEHUX
30UTKIB MPOTATOM PO3PaxXyHKOBOTO CTPOKY €KCILTyaTallii 3aXUCHUX CHOPY/I.

15. OCHOBHUM TIOKa3HUKOM €()EeKTHBHOCTI MPOTUIIABOJKOBOTO  3aXHCTY
MPEBEHTHBHOrO THUIy O0OpaHO iHAGKC e(QEKTHUBHOCTI I1HBECTHILIH, SKHHA
3allpONOHOBAaHO BU3HAYATH J1IEHHSIM BiJIBEpHEHHUX 30MTKIB, 1110 OUiKYIOTHCS B KiHI
PO3paxyHKOBOTO CTPOKY €KCIUTyartallii 3aXUCHUX CIOpYJ, Ha CyMy BKJIaJICHHX Y
MPOTHUIIABOJKOBHI 3aXMCT 1HBECTHIIH, CTPOK OKYIHOCTI SKHX BH3HAYalOTh
MepioIoM Yacy eKCIUTyaTalii cropy/, 3a sSIKUil 3arajibHa cyMa BiIBEPHEHUX 30MTKIB
OyJie TOPIBHIOBATH CyMi BKJIQJICHUX 1HBECTHUIIIH.
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PATHFINDER ELEMENTS OF URANIUM MINERALIZATION
FROM ALBITITE FORMATION OF THE UKRAINIAN SHIELD AND

THEIR IMPACT ON THE ENVIRONMENT

Abstract. The uranium ore albitites were studied emphasizing the regularities of
concentration and dissemination of various elements in the process of formation and
destruction of deposits for this formation. The elements typification was made with
the following groups identified: radioactive, siderophilic, chalcophilic, rare
elements, rare earth elements, and elements-mineralizes. Their impact on the
environment was considered. Almost all known uranium deposits of the albitite
formation of the Ingulskyi megablock of the Ukrainian Shield have always been
considered as mono-elemental, exclusively uranium associations. However, gold,
bismuth mineralization, as well as associated with monazite thorium, are found in
commercial quantities within albitites deposits. These components could have been
of a related commercial value. Enhancing amount of vanadium, strontium, lead and
some other elements are also often met. In the process of uranium mining all
mentioned elements, including uranium, are followed into refuse heaps and tailings.
Taking into account geological and geochemical conditions, the region of albitites
deposits development is seemed to be favorable for formation of near surface
uranium and pathfinder elements concentrations. The uranium mining tailings
enriched in uranium and heavy metals are being stored within the sanitary zones of
operating mines and considered as to be favorable for oxidation and decomposition
under the conditions of hypergenesis. The mentioned processes can last for an
indefinite time taking into account mineral composition of loose deposits, climate
changes, and fluctuations in the level of groundwater in the region. And, if natural
secondary concentrations of uranium and its pathfinder elements can be considered
as mineral resources, then dissemination of these elements in waters, soils and
biological objects is likely to be attributed to very harmful processes. At the same
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time, the removal of heavy metals by atmospheric waters is absolutely predictable,
with their subsequent migration into the groundwater system, gradual penetration
into soils and biological objects, which undoubtedly carries a potential threat to the
environment.

Key words: Ukrainian Shield; uranium mining; albitite formation; uranium and its
pathfinder elements; heavy metals; hazard category; environmental impact
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EJIJEMEHTU-CYITYTHUKHA YPAHOBOI'O 3PYJIEHIHHS
AJBBITUTOBOI ®OPMAIIII YKPATHCBKOI'O IIUTA TA IX BILIUB
HA HABKOJIMIIIHE CEPEJIOBUIIE

Anomayia. Bugueno ypanoeopyoui anboimumu 3 6UceimieHHaM 3aKOHOMIpHOCEl
KOHYenmpayii i po3ciloganis pisHux eiemenmis @ npoyeci popmyeanns i pytinayii
pooosuwy yici gopmayii, npoeedeno munizayilo Yux enemeHmie 3 GUOLIEHHAM
HACMYNHUX ~ 2pyn.  paoioakmueHi, CUOepoO@iivbhi, XAIbKOQIIbHI,  PIOKICHI,
PpioKo3emenvri ma enemMenmu-minepanizamopu, a makodic Po32uAHYmo ix 6naue Ha
3a6pyoHeHHs 008KiLIA. [Ipakmuuno 6ci 8i00Mi NOKIAOU Ypawy anbOimumogoi
Gopmayii Ineynocokozo me2abnoky YKpaincvkoeo wuma 3a8x4cou po3ensiodiucs K
MOHOeeMeHmHI, BUKTIIOUHO YpaHoei 00'ekmu. [Ipome 6 30Hax anvbimumis Hepioko
KOHYEHMPYIOMbCA 8 OIUSLKUX 00 NPOMUCIOBUX KIIbKOCMAX: 30]10MO0, 8iCMYMOo8a
Minepanizayis, a maxkodic nog's3anuti 3 MoOHayumom mopiu. Bxazani komnonenmu
Moz2nu O Mamu CYRYMHE NPOMUCTO8e 3HAUEHHA. 3 [HWuUX cucmemamuyHo
RIOBUYEHUX OOMIULOK MOJCHA HA38AMU 8AHAOIN, CMPOHYIL, ceuHeyb ma inwi. Bci
nepepaxoseami enemMenmu, GKIIOYHO YPaH, UOyms y Gi06anu ma Xx60CHOoCX08uwya.
3 ypaxyeanuam 2eon020-2€0XiMIUHUX XAPAKMEPUCMUK ANbOIMUMOBUX POOOGULY,
pecion  30acmvbca  NEPCneKmueHuM Oasl  (POPMYBAHHA MONOOUX NOBEPXHEBUX
KOHYeHmpayiti ypamy i enemenmis-cynymuuxie. Bioxoou npomucinosoi po3pooxu
ypanosux podosuuy arbOimumogoi gopmayii, saxi oyau (i 6yoyms) ck1adosai,
ABIAIOMB 00010 NOOPIOHEHUT MIHEPATLHULL KOHYEeHMPam, 30a2a4ueHull ypaHom ma
BACKUMU MEMANAMU, AKUU 6 YMOBAX 2iNepeeHHUX npoyecie Cnpusmiueuil s
OKUCTIO8AHHA | pO3KIAOAHH:. Bpaxosyrouu ocobnueocmi ckiady nyxkux 8ioK1aoeHy,
KAIMAMUyHi 3MIHU [ KOJUBAHHA PIGHA IDYHMOBUX 600 Pe2iOHY, MOJICIUGE
PO3MACHEHHSL BKA3AHUX NPOYeECi8 Ha HeBU3Hauenull yac. I akwo npupooui 6mopunHi
KOHyeHmpayii ypany i 1020 CYNYMHUKIG MOJCYMb DO32AA0AMUCH K KOPUCHI
KORAAUHU, MO PO3CIIOBAHHA YUX JHCe Memdanie y 600ax, IPYHmMax i 0ion0ciyHux
00'exmax cxopiw 3a 6ce cnio gionecmu 00 dyaice wWKiOnUsux npoyecis. Ilpu ypomy
abCcoIOMHO NPOZHO308AHUM € BUHOC AMMOCHEPHUMU 800AMU BAHCKUX MEMAN8, 3
ix nodanvworo micpayicio y cucmemy nio3emMHux 600, NOCMYROGUM NPOHUKHEHHAM
y Ipyumu i 6ionociyni 00'exkmu, wo, 0e3 CymMHigy, Hece NOMEHYIUHYy 3acpo3y
3a06PYOHEHHs HABKOIUUWHBO20 CEPeO08ULYd.

Knwowuoei cnoea: Ykpaiucokuii wum; ypanoge 3pyOeHiHHs, albOimumosa
Qopmayis; eremeHmu-CynymHuKy ypauy, 8adCKi Memanu;, Kiac Hebe3neuHocmi;
BNIIUB HA HABKONUUIHE CepedosguLye

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



Beryn

[IpakTryHO BCi BijOMi HOKIaAH anb0iTUTOBOT opMaltii IHIyIbCHKOT0 METabJIoKy
Ykpaiacekoro mura (Y1II) 3aBxau po3rnsaganiucs (i mpogoBKYIOTh PO3TIIIATHCE)
SIK MOHOGJIEMEHTHI, TOOTO BUKIIFOUHO ypaHoBi 00'extu [1-3]. [IpoTe, K 11 BUAHO
3 Tabuwmii 2, 10 Maibke BHUKIIOYHO YpPAaHOBOTO MOXKHA BiJHECTH Xi0a 10
MiuypiHcbke pomoBuire. Pemta BUB4eHHX 00'€KTiB, KpIM ypaHy, MICTATh B c001
iJIBHINEH], &K 10 MPOMHCIOBHX, KOHIIEHTpaIli iHmux mertaniB. HaBenenuit y
Tabmumgx 1 1 2 marepiall Jae€ JOCTATHE VYSABICHHS BIJHOCHO TE€OXIMiYHUX
0COOJIMBOCTEH pOAOBHIN i€l hopmartii.

BaxnuBo migkpeciuTH, IO HAKONHWYECHHS EJIEMEHTIB BHUHHUKAJIO y CKJAMi
PI3HUX PEYOBHMHHMX KOMILIEKCIB (i acolmiamii) MiHEpaloyTBOPIOIOYOi CUCTEMH
BMIIyIOUMX  ToOpix  (eIMKTy) —  KOJOPYOHHX  HAaTpieBO-KapOOHATHUX
MeTacoMaTHTIB (anb0ITUTIB) — ypaHOBUX pyH. IIprmaomy, ax HisK HE 000B'SI3KOBO
y TIPOMHCIIOBUX PyHax, came sKi iIyTh Ha HepepoOKy, Ha BiAMIHY BiJ PEIITH
MiHEpaabHOI Macu, YTBOPIOIOUOi BifBalM BiJANpAlbOBAHUX (3pyHHOBAHHX
JMIOWHOI0) [IIJITHOK POJOBHWIN. I|HIIOID HE MEHII BaXIWBOIO CHEIU(IKO0
MOCHIHDKEHNX POJOBHIN € IX TPHUPOAHE pPYWHYBaHHA BHACIIJIOK TIPOIIECIB
BuBiTproBaHHs (i Y] — e kaosiHITOBUH THI) 1 epo3ii.

[loBeninka ypaHy 1 IHIIMX EJIEMEHTIB, K B yMOBaX JOBIOi MisSUIBHOCTI
MPUPOAHNX €K30TeHHHX (DaKTOPiB, TaK 1 B MPOMHCIIOBUX BiJBaNax, BU3HAYAETHCS
pisaumu ¢dakropamu [4, 5]. 3BuYaiiHO, mepil 3a Bce, e CTYMiHb CTIHKOCTI
BMIIIYIOUMX IX MiHepalliB 10 BUBITPIOBaHHS 1 T€OXiMiuHI OCOOIMBOCTI, YACTKOBO
MirpariiiiHa 31aTHICTh CAMHX €JIEMEHTIB Y IPUPOIHUX (TIA3EMHUX i IOBEPXHEBUX )
BOJlaX B CYKyIHOCTI i3 3[ATHICTIO iX JO OCQ/KyBaHHS Ha PI3HUX TeOXiMIUHUX
Oap'epax. [loganpmia y4acte opeodiiB (i MOTOKIB) PO3CIIOBaHHS THX YW IHIIUX
eneMeHTiB (1 IX acomiamiii) B 3aJI€)KHOCTI Bii TEOAUHAMIKHA paiioHy MOXe OyTH
pizHa. X04a 3HAYHOIO MipOI0 BOHA 3aJIeXKHTh 1 BiJl BiTHOIICHHS 10 HEl JIFOAMHHU:
JOKEPEJIOM YOro CTaHyTh TaKi BTOPHMHHI KOHIIEHTpAIii — ICTOTHOI JOJaTKOBOI
KUTBKOCTI JIETKO BUIOOYBHUX YpaHy Ta iHIIUX METaliB a00 MIKiIJIMBUX XiMIYHHX
peUYOBHH, 3a0pyIHIOIOUYNX HABKOJHIIHE cepenoBuuie [3].

O0'exTH J0CaiTKeHHs

B ocHOBHOMY BCi BUSIBJICHI POAOBHUIIA YPAHOBHUX adbOITUTIB (TPUHAWMHI OLIBIIICTh
3 HHUX) 30CEPE/UKCHI B MEXaX TPhOX TEKTOHO-METaCOMATHMYHUX 30H, SKi
BIJIPI3HSIOTHCS MPOCTOPOBUM  IOJIOKEHHSM  BIHOCHO BHYTPIITHBOOJIOKOBUX
I'PaHITHO-KYTIOJBHUX CTPYKTYP, PO3TALlIOBAHUX B IEHTPANIBHIN YacTHHI [HTy TBCEKOT
MEracTpyKTypH 1 CKJIQJICHUX TPaHITOIMHUMH MacCHBaMH HOBOYKPAiHCHKOTO i
KIpOBOTPaJACHKOTO  KOMIUIEKCiB, a  Takok (Ha  miBHiY)  KopcyHs-
HoBoMHUPropocbKnM IUTyTOHOM CKJIaiHOT OymoBu. Ha3BaHi HIDK4Ye poIoBHINA, SIK
MPEICTaBHUKH IIMX 30H, AOCIiIKyBalIucs Oe3nocepelHb0 HaMH, caMe MaTepial 1o
HUX TIOKJIaJIEHO B OCHOBY PO3POOKH.
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Buxsaa martepiany nocaimkeHHst

Puc. 1 — Cxema po3sranryBaHHS TEKTOHO-
METacOMaTHYHUX 30H 1 PpOJOBHUIL YpaHy
ANBOITUTOBOT YPaHOBO-PYAHOT dopmarrii
BIJHOCHO  TpaHITHO-KYHOJIBHHX  CTPYKTYp
Iarynecekoro wmerabsoky VII[. TI'eornoriuna
ocHoBa 3a O.M. Komaposum, JI1.O. Yepkammamm
[6].

1. I'paniTO-MirMaTuTO-THEHCOBa TOBIIA.
2. KopoCTeHChKHI TUTyTOH: TPaHITH palaKisi,

agopro3uTH. 3. HoOBOyKpaiHCBKHMIA MacuB:
rpa”iTn. 4. KipoBorpaacbkuif  KOMIDIEKC:
cyTreBo OioturoBi rpaniTH. 5. TekroHo-
METacOMaTHU4Hi 30HH:

|. KipoBorpasceka.

11. 3Beniropoacrbko-I aHiBChbKa.

I11. HoBOKOCTSHTHHIBCBHKA.
6. T'nuOuHHMI  po3nmoM, 10  PO3ALILE

Iarymecekmit 1 BinonepkiBcbko-OnmechKuit
6moxu YkpaiHcbkoro muta. 7. PogoBuima ypaHy:
Cesepuniscrke (1); Miuypinceke (2); [liBHIgHO-
KoHomisHCBKE 3); FOpiiBchke (4);
Baryrinceke (5); HoBokoctssHTHHIBCEKE (6).

PosrnssreMo anpOITUTH, MO BMIMIYIOTH YpPaHOBE 3pPYACHIHHSA, 3 TOYKH 30Dy
MPUKIAIHOI TeoXiMii, a camMe 3 BHCBITJIICHHSIM 3aKOHOMIpPHOCTEH KOHIEHTpalii i
PO3CiIOBaHHS Pi3HUX €NIEMEHTIB B mpoleci GopMyBaHHS i pyHHAIil poaoBUII i€l
¢dopmartii [7, 8]. Ilopsa 3 TOMTOBHAM KOPHUCHHM METaJOM (YPaHOM), PO3TIISIHYTI
CJIEMEHTH, SKi, 3TiTHO 3 HASBHUMM JTaHUMH, MOXYTh B CKJaJi THUX YM IHIIAX
MiHEpaIbHUX acollialii y paMKax BHBYCHHUX OO0'€KTiB KOHIIEHTPYBaTHCS Y
MiJBUIICHUX, @X JIO TPOMHCIOBHX 3HAuYeHb, KUIBKOCTSAX. [HaKiIe Kaxydw,
€JIEMEHTH, BITHECEH] y XOJIi eKCIUTyaTallii poJIOBHUII 0 IPOMHCIIOBHX BiIXO/IiB, aie
3[IaTHI TAKOXK Y pe3yibTaTi AIsIbHOCTI TinepreHHux (akropiB GopMyBaTH 3HauUHI 32
CBOIMHM MacIITa0aMH BTOPHUHHI OpEOJH po3citoBaHHSA. ToMy ayke BaKIHMBOIO
YABISEThCA iH(OpPMAIlisS PO €KOJOTIYHYy HeOe3NeYHICTh BUBYCHHX EIIEMEHTIB, a
came iX BIJIHONIEHHS JO TOTO YW IHIIOro Kjacy HeOesmewHocTi 3rigHo 3 [JIK

(TpaHUYHO JIOTYCTHMI

KOHIICHTpAIIiT).

3rigHo 3 Haka3oM MiHicTepcTBa 3

HaJ3BUYaHUX cuTyanid Ykpainu Ne 627 Big 22.03.2012 «IIpo 3arBepmkeHHS
Bumor 10 po0OTOMABIIB MO0 3aXUCTY NPAIiBHUKIB BiJ IIKIJUIMBOTO BIUIUBY
XIMIYHUX PEUOBUHY, 32 KJIACOM HEOE3MEeYHOCTI OLIBINICTh 3 €JICMEHTIB BiTHOCUTHCS
1o 1-2 knaciB, TOOTO Ha3BHYAITHO HEOE3MEYHUX Ta BUCOKO HEOE3MEUHNX PEUOBHH.
30KkpeMa, J10 MepIIoro Kiacy HeOe3meuHOCTI BiTHOCATHCS OSpHUITii, a TAKOXK OJUH 3
TOJIOBHUX CYNYTHHKIB ypaHy — BaHAJIiii; JO JIPyroro Kiacy — CTPOHIIiH, KoOalbT,
BicMyT. B3araii, Bci mepepaxoBaHi y Tabnumi 1 eeMeHTH MOXKYTh HECTH (X04a i B

Pi3HIili Mipi) EKOJIOTIYHY 3arpo3y.

Jiist 3py4YHOCTI TOJANbIIOr0 ONKCY BWUBYEHUX EJEMEHTIB MPOBENIEHO iX

TUIN3ALI0 3

BUIUICHHSAM HACTYIHHMX TpPYIL:

1) panmioakTHBHI E€JIEMEHTH;
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2) cumepodinpHi  emeMeHTH; 3) XanbKO(QUIBHI emeMmeHTH; 4) piAkicHi Ta
piIKO3eMEeINbHI eJIEMEHTH; 5) €IIEMEHTH MiHepaTi3aTopiB.

1. PagioakTuBHi enemenTu. [lepi 3a Bee 11e ypas i Topiit. Cyasuu 3 Tabnumi 2,
BHBYEHI POAOBUILA JOCUThH YiTKO PO3AUISIOTHCSA Ha ABi TPYIH, a caMe Ha YPaHOBI 1
Topiii-ypaHoBi. /o mepmioi Tpynmu BiIHOCHTBCHA, SIK B)KE BIAMIUYEHO BHIIIE,
MiuypiHChKE POIOBUINE 3 HAWHIDKYMM BMICTOM TOPIiIO, KUIBKICTh SIKOTO TYT He
nepeBuIye nepii /T, mo no3soimwio FO.I1. €ropoBy [2] BigHecTn ypaHoBi pyau
pomoBuia 1o 6e3ropieBux. Ane Ha danrax Migypincskoro poxosuina (IliBaigHO-
KonomnsHChKa MiTBHUI) BiH TIOMITHO MiABHIYETHCS, OCOOIHBO B 3a0aTaHCOBUX
pyZnax, 6e3pyAHMX anbOITUTaX 1 BMILIYIOUHX MopoJax (B cepeanbomy 24,6-25,1 no
64 1/T), 3aMUIIAIOYMCh HU3BKUM (B cepeanboMy 9,5 He Buuie 19 r/T), B anpOiTHTax
pynHuX. Takox MIBUIIEHAM € BMICT TOpPifo B Mekax CeBepHHIBCHKOTO POIOBHIIA
—1071,0 r/T.

Tabmuus 1 — Jlesiki reoximMiuHi mapaMeTpH ypaHy i eJ1eMeHTiB-CyITyTHUKIB
B YPaHOBHX POJIOBHUIIAX albOITHTOBOI (hopMartii YKpaiHCHKOTO IUTa

EneMeHT | KOHLIEHTpAIIiS | KTApK | MiHIMAIBHUH | cepenHii cepelHiil | BMICT B KJ1ac
B anp0iTuTaX, | [3], MIPOMUCIIOBHH | BMICT B BMICTY | JKHBHX He0e3MeqIHOCT1
Bapiamii (r/t) |(r/T) |BMICT y pynax | okeaHi piukax |opranizmax (3rigHo 3 ['JIK
(r/1) (Mr/m) (mr/m) (r/1)
U 0,4-11128 | 2,5 300 0,003 0,001 0,013- 1
0,038

Th 0,5-200 13 100 0,00001 |0,00002 | 0,003-0,2 1

Ra 0,00028 - 1-101°

\ 5-1000 90 100-1000 0,003 0,0001 | 0,14-2,0 1-2

Ni 4-1000 58 2000 0,002 0,005 0,4-25 2-3

Co 5-100 18 150-370 0,0005 0,03-5,0 2

Cr 5-3000 83 0,00002 | 0,001 |0,075-1,0 2-3

Pb 5-5500, o | 16 1% 0,00003 | 0,001 | 0,5-8,4 1-2

1%
Zn 0-500, no | 83 2% 0,01 6-1500 3
1%

Cu 3-70 47 3000 0,003 2,4-50 2-3

Bi 15, no 0,8- 10,009 | 0,2-0,3% 0,0002 0,004-0,3 2
1,3%

Mo 0,4-50 1,1 100 0,01 0,00084| 0,2-2,5 2

Ba 5-500, no | 650 0,02 0,2-30 3
3200

Sr 1-1000, no | 340 8,0 0,1 14-500 2
1626

Be 1-50 3,8 30-400 0,0000006 | 0,0006 | 0,0003- 1

0,1
Zr 4-600 170 0,00005 | 0,0026 0,1-20 3

Jlo Topiii-ypaHoBHX BIieBHEHO MoxkHa BigHectu lOpiiBcbke, BaTyTiHchke 1
HoBokocTsHTHHIBCBKE pPOAOBHUIIA 3 BMICTOM TOpil0O Ha PiBHI MiHIMaJIbHO
IIPOMHCIIOBOTO, 00 HaBiTh Buiile — 100 i Oinbiie r/T. HaiBuiili KOHIIEHTpALIIT TOPito
(mo 200 1/1) 3adixcoBani Ha HOBOKOCTSHTHHIBCHKOMY POJIOBHIII.
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Tabmurs 2 — I'eoxiMigHa XapaKTePUCTUKA YPAHOBHUX POJOBHUII [HTYIIECEKOTO
Merabi0Ky YKpaiHCHKOTO IHTa

XimiyHi PonoBuiia ypany ans6itutoBoi dopmarii
enementu (CeBepuHiBebke |Midypinceke|Konommsaeske | IOpiiBeske | Barytinceke | HoBokocTsH-
THHIBCbKE
BMicT eieMeHTIB y T/T
U 1-11128 5-1670 1-2041 1-3506 3-5140 0,4-4470
Th 5,0-71,0 0,5-4,3 1,0-64,0 1,0-122,8 | 6,0-101,0 | 5,2-200,0
\Y 40-1000 12-54 50-300 5-200 40-800 21-73
Ni 30-1000 4,0-12,0 6-100 10-200 30-1000 8,0-11,0
Cr 200-2000 6-38 30-500 5-150 200-3000 18-21
Pb 8-2000 5-810 1-1116 6-1247 18-2995 20-1130
Zn 0-500 - 0-100 0-200 0-200 34-54
Mo 1-50 - 0,5-1 0,5-40 0,5-50 0,4-0,9
Sr 1-1000 36-161 3-300 25-1626 1-300 210-730
Be 3-50 1-46 0-20 - 0-30 3,0-4,5
Zr 5-600 22-291 5-481 4-300 18-490 190-433

VY BMiNIytouuX mopojax, A0 SIKUX BiTHECEHI MOPOAN €AYKTY, SIK He3MiHEeHI, TaK 1
MIKpPOKITiHI30BaHi 1 [Miad)TOpOBaHi, KUIBKICTh ypaHy Bapilfo€ BiJ Mepmux T/T 10
40-53 r/T; Takuii BMICT YacTo BKe Ha MOPSAAOK i OlblIe epeBuIye GOHOBHUMA s
nopin Metatepurernoi ¢popmarii Y1 [9]. B ans6iTr30BaHnX mopoaax i 6e3pyaHux
anp0ITUTaX 30BHINIHIX YaCTOK PyIHUX 30H BMICT ypaHy B CEPEeTHROMY IO 00'€KTax
3poctae B 1,3—4,3 paza.

B sikocTi 60pTOBOTO BMIiCTYy IpHiiHATa KOHIeHTpalis ypany B 300 r/t (0,03%).
Haii0inpm Bucokum Horo BmictoMm (B cepenHboMy mo oO'extax 0,08-0,24%, B
okpemux 3paskax no 0,5-1,11%) xapakTepu3yloTbCs aibOITUTH 3 HAKJIAJICHUMH
MPOAYKTUBHUMHU MiHEpaIbHUMHU acOLiallisIMH, BKIIIOYal0ud (epidioTHT, aHKEPHUT,
TeMaTHT i MiHepaJld ypaHy.

KonTpacTtHicTh pyn (CIHiBBiIHOIIEHHS CEpEeIHBOTO BMICTY ypaHy y pyAax i
BMIII[YFOUHX IIOPOJax) 3a HAIMMHU JIAHUMH 3MIHIOEThCS Bij 77-84 (pomaoBuina
IOpiisceke 1 Miuypincbke) 1o 115-130 (IliBriuno-KonomnsHebke 1 BaTyTiHcbke),
nocsrae  302-376  (HoBokoctsHTHHIBcbke 1 CeBepuHIBChKE). 3TiHO 3
pospaxynkamu FO.I1. €ropora [2], 3a cryneHeM konuentpaiiii ypany (K.k.U = 72)
pyau MidypiHCHKOTO pOJNOBHINA BiTHOCSATBCS [0 4YWCIA psAaoBUX. MokHa
nepeadadynT, TAaKUM YMHOM, IO ANbOITHTH 3 HENPOMHUCIOBHUM BMICTOM YpaHY
(20300 r/T) omMHATBCA y BigBaNax i3 BEJIUKOK HWMOBIPHICTIO HETaTHBHHX
€KOJIOTTYHHUX HACIIIJIKIB.

KpiM n1BOX TONOBHUX PaTiOaKTHBHHUX €JEMEHTIB, aHAIITHKa TaKoX (ikcye
HOPUCYTHICTD TYT pagis. OUWiHUTH MOPSAOK BMICTy pallis B aubOITUTOBUX pyHax
MOJKHA Ha MPHUKIJIaAI MidypiHCHKOTO poJIoBHIIA. B OCHOBY IIi€i OIIHKH MOKJIaJCHO
orpoOyBanHs, sike nposeneHo KII «Kiposreosnoris» y ripHuunx BHpoOKax, ze, 3a
nanumu FO.I1. €roposa [2], cepenniii BMicT Ra B pynax cknanae 2,8-107 r/t.

BinbI BaXKJIMBOIO 31a€THCS MMOBEIIHKA PAJIII0 Y MPUPOJIHUX BOIAX, OCOOIMBO, HA
Halll TIOJWB, BHUSBJICHA KOPEJMIlS ypaHy Ta pamifo 3 JOeHTepieM, M0 IykKe
BiJpi3HAETHCA. SIKIIO A7 ypaHy BiH He3HauHMi 1 HeratuBHui (r U-D = -0,14), To
JUTS PAJIit0 BiH MO3UTHBHUMN 1 3HAYYIIUH 3 Jy’)K€ BUCOKHM 3HAYECHHSM KoedilieHTa
kopemsinii (r Ra-D = +0,77). BeayMmoBHO, B3a€MO3B'SI30K MiX JeHTepieM i paliem
(ouipHIM NPOAYKTOM YpaHy) B NPUPOJHHUX BOJAX YPaHOBUX POJOBHIL B3araii i
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pPOMOBHIN ATBOITHTOBOI (hopMaIlii 30KpeMa BUMAara€ peTeNIbHOI MEePEeBipKH, MIiCIIS
AKOI IITKOM MOXE PpO3MIAATHCS SK JIOKAlIbHAa IIOIIYKOBa O3HAaKa YPaHOBOTO
3pyneHinHsA. OTpUMaHi pe3yJIbTaTH, HaBITh 3a MEBHOI OOMEXKEHOCTI MaTepiaiy,
MiATBEPIUKYIOTH BigoMe monoskeHHs [10] mpo po3aineHy reoximiuny gomto U ta Ra
B YPaHOBOPYIHUX palioHax. Y BOJHUX OpEoJIax PO3CitoBaHHSA Ra HAaBKOIIO ypaHOBHX
POIOBUII 3HAXOAUTHCA ONMKUE 10 Py, ToAl sik U Mirpye iCTOTHO Jauti.

2. Cunepodinbni enementu. Kpim 3amiza, 1o 1i€i rpynu BinHeceHi BaHaiH,
HiKeJb, KOOAIBT, XPOM.

Haii6ipim po3moBcromKeHe 3ai30, K€ 3HAXOAUTHCS Y TBOX- 1 TPHOXBAICHTHIN
¢dopmi. BaxxmuBiUM reHETHYHUM MapaMeTpoM IpH LBOMY Y PYAHIH CHCTEMi € Tak
3BaHHMIl OKHCHO-BITHOBJIIOBAIbHHH iHJEKC, came BimHomeHHs Fe,Os:FeO [11]. ¥V
BUBUCHHX POIOBHIIAX II€ BIHOUIEHHS NOCSITa€ MaKCHMaJbHUX 3HAUCHb Ha PiBHI
pya (2,64-3,34), sumwkyrouncs g0 0,15-1,40 y Bmimyrounx noponax. Jlokamizamis
YpaHOBOTO 3pYyJCHIHHS BU3HAYAETHCS MOTCHLIAILHOIO MOMIIUBICTIO OKHCIICHHS
3aiza 3aJi30BMINIYIOUMX MiHEpalliB y CKIaai anbOITHUTIB, a I1HTEHCHUBHICTh
PYAOYTBOPEHHSI 3HAXOAMUTHCS y MPSAMOMY 3B'SI3KY 31 CTYIEHEM OKHCIICHHS 3aii3a.
TuM miATBEPHKYETHCS TEHETUYHU 3B'SI30K MOKJIAIB YpaHy 3 OKUCHO-BITHOBHUMHU
reoxiMigvHAMU Oap'epamu. 3 ypaxyBaHHSAM MPHYPOUYCHOCTI aTbOITUTOBHUX POIOBHII]
JI0 KPYTOMAal04YNX TIHOWHHUX 30H MPoOiieMa OIiHKK 1X MEepPCIEeKTHB MOB'sS3aHa 3
BUSIBIICHHSIM PIiBHIB MaKCHMaJbHOTO HAKOIMHMYEHHS B HHUX ypaHy (MakCHMalbHOI
MPOAYKTUBHOCTI), & TAKOXK PiBHIB €pO3IHHOTO 3pi3y (CTymeHs 30epe:KeHOCTi 30H).

Bananiii mae ocoOnuBy posnb, 00 IIITKOM MOXE pPO3TIISIIATHCh B SKOCTI
MOCTIHOTO CYIMYyTHHKA ypaHy, MOB'SI3aHOTO 3 HUM CIUTBHICTIO OXOKEHHS, TOOTO
TCHETUYHO. 3aKOHOMIpPHOCTEH B PO3MOALUI BaHAIil0 NMPH TMOPIBHSIHHI BHBYCHUX
pomoBuIn He BUABIECHO. [y BaTyTiHCEKOTO POAOBHINA BCTAHOBICHO 301TbIIEHHS
BMICTy €JIEMEHTY B CHCTEMi: PyIOBMIIIYIOUi IMOpOAW — anbOITUTH — pyad i
OJTHOYACHO HAWOUIBIII BHCOKI CEpelHI KOHIGHTpAIllii B HEKOHAUIIHHUX 1
npomucioBux pynax. [lopoau i pyaun Miuypincbkoro i HoBOKOCTSHTHHIBCHKOTO
POIIOBMIN, CYASYH 3 CEpeHIX 3HA4YeHb Yy BHOIpKaX, BiAPI3HAIOTHCS HANOIIBII
HU3bKOI BaHAJIEHOCHICTIO 3 JCSIKUM ii 301JIbIICHHSIM BiJl BMIIIYIOUMX TOPIJI 0
IBOITUTIB 1 B MOAAJBIIOMY O HEMPOMHUCIOBHX PYJ, NMPH 3HIWKCHHI y PYAHUX
anpOiTuTax. Cxoxa 3aKOHOMIpHICTh XapakTepHa i 17151 CeBepHHIBCHKOTO POJIOBHIIIA,
IIPH TOMY, IO KUTBKICTh BaHAII0 y BCIX CKJIAJIOBHX IHOTO MEPEXOAY TYT iCTOTHO
Buia. Ha IliBHiuHO-KOHOIUISIHCBKIN AinbHULII MidypiHCBKOTO PYAHOIO IOJIS B
CepeIHhOMY HAWOUTBII BUCOKA KOHIIGHTpAIlisl BaHAJIF0 BCTAHOBIIEHA B
MPOMHCIIOBUX PYyIaXx.

PsinoBuM 11t pyIOBMINIYIOUHX TIOPiJl 1 pyJa albOITUTOBUX POJOBHIN ypaHy €
BMicT BaHaaioo (r/t) Big 40-60 mo 100-300, pimmie BiAMIYarOTHCS KOHIEHTpAIT
400-500 i Bume. [Ipu npomy anomanbHo Brcoka (10 800—1000) BaHAMi€EHOCHICTH
Ha piBHI MPOMHCIOBUX 3HAYCHb BCTAHOBIEHa B Oe3pyAHUX 1 clHabopyaHHX
anp0iTUTaX, TOOTO B anbOITUTAaxX i3 3a0allaHCOBUM BMICTOM YpaHy, SIKi iTyTh Y
BiJBIM 3 yciMa HEraTHBHUMH €KOJOTIYHUMHM Ta E€KOHOMIYHUMH HAacyiIKaMH.
HaBeneni kinmpkocti (ocobmmBo 1m0 BaryTiHChKOMY pojoBHINy) ONH3BKI JI0
KUIBKICHHX OIIIHOK BaHaai€eHOCHOCTI koMmiiekcHuXx U-V-Sc pyn YKoBTopiueHChKOTro
pOIOBHIIA, a TAKOX 30H HATPIEBOIO METACOMATO3Y, PO3BHHYTHX IO IMOpOJax
KpPHUBOPI3bKOi cepii B paiioHI LbOro poAoBuina i ['aHIBCBKOrO Kap'epy, ¢ BOHH
TaKOX MOXYTh MaTH MPOMHUCIIOBE 3HAYCHHSI.
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Hikenp 1 ko0anbT. 3a BMICTOM HIKEIIIO BUBYCHI POJIOBHUIIA PO3IMOUIIOTECS Ha
JIBI TPYIH: BMIIIYIOUi HIKETh B 3aBUIICHUX KITBKOCTSAX 1 MPAKTHIHO T030aBIICHI
HOTO.

Ho mepmoi rpynu BimHocsiThes CeBepuHiBcbke i BaTyTiHcbke ponoBuina, y
MeXax SKAX KOHIEHTpAIlisl HIKeN0 y PYIOBMIIIYIOUMX IMOpPOJAax, anbOiTUTax i
YpaHOBUX pylax B cepemHboMy B 3-5,5 pa3iB mepeBuirye kimapk. Ha o6ox
pOIOBHUIIAX Aeno OiNbII BUCOKMM BMIiCTOM €JIEMEHTY XapaKTepHU3YIOTHCS MOPOIH
eAyKTy, anp0iTH30BaHi iX pi3HOBHAW 1 O0e3pyaHi anpOiTUTH. TeHAEHIls IEsIKOTo
3HIDKEHHS HIKEIIEHOCHOCTI B MPOIYKTHUBHUX aIb0ITUTAX (CIabopyaHUX 1 pyIHUX)
OUTBII  YITKO TPOSBICHA Ha BaTyTiHCBKOMY pOJOBHIN, Cla0Kimie Ha
CesepuHiBcbkoMy. Ha 000X 00'€eKTax B OKpEMHX 3pa3Kkax y CKJIai pyAOBMILIyIOYOi
TOBIII, @ TAKOK O0€3pyIHUX METaCOMATHTIB KOHIIEHTpalis Hikemro gocsarae 1000 /1,
HaOJIMKYIOUYUCH JTO MiHIMaIbHOT IPOMHUCIIOBOI JJTs HIKETIEBUX PY/I.

Bwmict ko0anbTy B mopoaax i pyAHid Maci poJOBHI HepIIoi TPy BiAHOCHO
3aumeHni (550, go 100 r/t). Ha CeBepuHiBCHKOMY POIOBHII BiH B CEPETHHOMY
ONMM3BKUI 710 KJIApKOBOTO: y BMINIYIOUHX mopoaax — 19,4; B anpbitutax — 19,0; y
ciabkopyaHuX ansdiTuTax — 18,0; y pynax nepeBuinye kiapk — 26,5 (BCroau B 1/T).
Ha BatyTtiHChKOMY POJOBHIII KITBKICTh HOTO (TAKOX T/T) HIDKYE KIAPKY, TPHIOMY
301TBIIYETHCS BiJ €MyKTY A0 pya: 8,6 — 5,7 — 11,3 BigmosigHO.

B ponosumiax, mo HanexaTb 0 ApYroi rpymlH, BMICT HIKETIO CYTTEBO HIKYE
KIapky: B cepenabomy Bia 30—40 (IliBHiuHO-KOHOIUISIHCEKA TITBHUIIS 1, MOXKIIHBO,
IOpiiBceke pomosumie) mo 4,0-12,0 r/r (HoBokoctssHTHHIBCRKE i MiuypiHChKe
ponosuiia). BMicT k06aibTy B HUX OJHM3BKO JI0 TOPOTY Yy TIMBOCTI CIIEKTPATILHOTO
aHaJIi3y YM HaBiTh HIDKYE Horo. BukiroueHHsM € rHeiicoBa ToBia KOpiiBchkoro
PYIHOTO TIONS, Jie KUTBKICTh KOOANBTY MPAaKTHYHO y BCiX 3pa3kax 3HayHa (2-50, B
cepeqaboMy 12,1 r/T).

Xpom. B 0CHOBi XpOMOHOCHOCTI ypaHOBOPYJHHX aNbOITHTIB, MOKIIUBO, JIGKHTh
MEepBUHHA KOHIIGHTpAIlisi XpOMY Y BMIIIYIOUHX Mopojax. HalimeHmmM (HMK4e
KJIapKa) BMICTOM eJIeMEHTY XapaKTePU3yIOThCS MiuypiHCEKe i
HoOBOKOCTAHTHHIBCHKE POJIOBHINA, JIe Y BCIX THUIIAX MOPIJ 1 Py BiH 3HAXOIUThCS Ha
PiBHI 4yTJIMBOCTI CHIEKTpaJIbHOTO aHalizy. B mMexax FOpiiBcbkoro pyaHoro mosns i
[liBHivHO-KOHOIUISIHCHKOI IJITHKKA KUTBKICTh XpOMY B CEepeIHBOMY ONU3bKA JI0
KJIapKOBOTO.

HaiiGinbin BrCOKa KOHIIGHTpalisl Xpomy (BHUINE Kiapka) BCTAHOBJIEHA JUIsI
Barytincekoro i CeBepuHiBChKOTO pomoBuIl. Ha 000X 00'€eKTax JOCTaTHBO YiTKO
BUSBIIEHA TSHICHIIiS 11 3HIKEHHS Bil BMIIIyIOUHX Mopif (B cepeaapomy 1125-1347,
BCIOJIM B T/T) 10 aJIb0ITU30BaHUX MOpiJ 1 6e3pynHux anpoiTutiB (905-1063) 1 gamni
JI0 aNBOITUTIB 3 HEMPOMUCIOBAM BMicToM ypany (733-1031) i mpoMuciioBux pya
(524-773). 3pasku 3 aHOMaJbHO BHCOKMMH 3HaueHHsMH (1000-3000 r/T)
3YCTPIYarOThCS y BCIX 30HAX PyJOYTBOPIOIOUHX CHUCTEM, ajie B OUIbINIA Mipi y
BMIMIYIOUHX TIOpojax. TakuM YWHOM, MPOMUCIOBI BiJIBallM Ha PIi3HUX 00'€KTax
OyIyTh XapaKTepu3yBaTHCh BMicTOM xpomy Big n-10 g0 n-1000 1/1, ToOTO, B NETKUX
BUIMAJIKaX, OUIbILE HIXK HA TIOPSAJOK NEPEBUILYBATH KIIAPK.

3. Xanbko(inbHi eieMeHTH. 3 UuCIia €IEMEHTIB 3 BUCOKOIO CIIOPIIHEHICTIO 13
CIPKOIO BHBUYEHI CBHHEIIb, IIMHK, MiJlb, BICMYT, MOJIiO/ICH.

Po3nogin cBuHIIO B anbOITUTOBUX PpOJOBMIIAX BKpail HepiBHOMipHHM. Ll
HEPIBHOMIPHICTh TMOYMHAETHCS 3 PyNOBMiNyrounx nopia. Ilponec anpOiTH3arii i
HACTYIIHOTO YPaHOBOTO PYJOYTBOPEHHS CYIPOBOJDKYBABCS CHCTEMATUYHUM

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



(cMHXpOHHO 3 ypaHOM) 30UIBIIEHHSM BITHOCHO PIBHOBa)KHOI KOHIICHTpAITiit
pPaxioOTeHHOTO CBUHITIO.

[Ipo posmonin CBHHLIO B MOPOAax i pyJax MOXHA CYOUTH MO HaHOiLIbII
BUBUCHOMY MIiuypiHCBKOMY pOJOBHUINY [2], 1€ NEepBUHHUI CBHHELb y pylax
MPaKTHYHO BIiACYTHIN: mpu cepemgaboMmy BMicTy Pb 200 1/T moms i3oToIy
Pb®nopinroe 0,6%. CHiBBiAHOIIEHHS PaJiOT€HHMX i30TOMIB CBHHIIO B pPyJAax
(ropusonT -33 M) cknagae (%): Pb2% 83,7; Pb?" 10,7; Pb®® 5,0. B Ge3pynnux
aMBOITHTAX KUTBKICTh CBHHITIO OJTHA 13 caMuX HU3BKUX (16 1/T).

[liaiuHO-KOHOIUIAHCHKA TiISHKA, sSKa (AKTHIHO TIPEACTABISIE IIIBICHHE
MPOAOBXKEHHS MidypiHCBKOTO pOJOBHUINA, HABMAKH, XapaKTEPU3YEThCS YU He
CaMHM BHCOKHM BMICTOM €JIEMEHTY SIK y BMIILYIOUHX IOpOJaX, OCOOJIHMBO B
niapropurax (mo 240 r/tT), Tak i B pyaax (mo 100-1116 r/t). Pynomnposs O6rinae
(miBHiyami  nanr MiuypiHcekoro momns [1]) TakoX BHIUIAETBCS BHCOKOIO
KOHIleHTpaliero Pb, sika B Oararmx ypaHoBHX pyHax nocsrae 2%, ToOTO €
MPOMHUCIIOBO 3HAYMMOIO; Y BMIIIYIOUHX TOPOJaX BOHA HA MOPSIOK BUIIA (POHOBOT
(0,02%).

B minomy mo HasBHOCTI Pb (IEpBMHHOrO CBHHIIO) y BMIIIYIOYHUX IOPOAAX
BHBUYEHI 00'€KTH MOXHA BIHECTH 10 ABOX Tpyn. B meprmny rpymy yBiAAyTh
[liBrivno-KoHomustHCEKE, BaryTinceke i CeBepHHIBCHKE POJOBHINA, 1€ BMICT
CJIEMEHTY TPY HEePIBHOMIPHOCTI HOTO PO3MOBCIODKCHHS HEPIAKO JOCATAaE 3HAUCHD
100 r/T i Ginbine. PomoBuia mepiioi Tpynu Bifpi3HSIOTHCS TaKOX 1 3aBUIICHUM
BMICTOM T€OXIMIYHOTO CYIyTHHKa CBUHINIO — Zn (B cepemabomy 100-121, mo
300-500 r/t). lo mpyroi rpymnu BigHOCAThCS BiacHe MiuypiHnckke, FOpiiBchke i
HoBoxkoctsiHTHHIBCBKE pofoBuina. Cyasdu 3 HaSBHUX JaHUX, KUTbKiCTh Pb (T/T) TyT
CUCTEeMaTUYHO BUINE KJIApKOBOTO, aje He Oumpire 50—60. Tpeba BiAMITUTH TaKoX
cTabinbHO 3aBUIICHHWH BimHOCHO Kimapky (B 1,5-3,8 pasza) BMIicT CBUHIIO B
HOBOYKpAiHCBKUX TpaHiTax HOBOKOCTSHTHHIBCHKOTO POJOBHUINA: B CEPEAHBOMY
37,2. Pa3om 3 THM, B pyjax i pyJOBMIIyIOUUX Opoaax HOBOKOCTSIHTHHIBCHKOTO
ponoBuina 3adikcoBaHa HaMEHIIA KUTBKICTh Zn (B cepenabomy 34-54 1/1).

B anpbiTuTax BCIX POJOBHUIN KOHIIGHTPAIiS CBHHIO CHCTEMAaTHYHO
301IBIIYETHCS IPOTIOPIIIHO YPaHOHOCHOCTI, IOCATAI0YM MaKCHMYMY B YPaHOBHX
pynax: B cepemHboMmy Bim 195 1/T Ha MidypiHckkomy poxpoBumi ao 957 Ha
Baryrincekomy. BinxumeHHs Bijx 1i€l TeHAEHINI MalOTh MiCIle MMPAKTHYHO BCIOJIH.
Tak, HanpukiIam, Cyas4yu 3 HamMUX JaHuX, Ha [liBHIYHO-KOHOMISHCHKIN AUTBHUII
HalOimpImo  KimbKicTIO  cBuHIO  (120-3389, B cepegapomy 800 r1/T1)
XapaKTepU3yIOThCs CIaOKOPYIHI anbOiTUTH, IPU3HAYEH] [T BifBaiB. B oxpeMux
3pa3kax albOITHUTIB 3 HEIPOMHUCIIOBUM YpaHOM Ha BUBUEHHX 00'€KTaxX BCTAHOBJIICHO
810-5500 r/t Pb. Ha CeBepuHiBcbKOMY POZIOBHIII KOHIICHTpallis Pb B 6e3pyaHux
anp0iTUTax MicsaMu (Topm3oHT 620 M) focsrae 1%, TOOTO MPOMUCIOBHX 3HAYEHD
JUIst CBUHIEBUX Py (+1% Zn 1 o 10 r/T Ag). [1yist TOpiBHSHHS: MAKCUMYM CBUHIIIO
B IIPOMUCIIOBUX pyjaax ypaHy ckiamae 575—2350 r/T. BiilHOCHO LIMHKY TEHICHIIIS,
cyasun 3 CeBepuHIBCHKOTO i BaTyTiHCHKOro poIOBHII, NMPOTHJIEKHA CBHHIIO —
KUJIBKICHE 3HMKEHHS HOT0 BiJl BMIII[YIOUUX MOPIJ 10 Py MaiKe BIBIYI.

Ie onun xanpkogiapauil egeMeHt — Cu, 3 KOTpuM Pb i Zn 4acTo acoritoTh i
SIKMIA (SK 1 111 JBa) BIJIHOCUTHCS JIO €IEMEHTIB JyXe TOKCHYHHUX, PO3IOJICHUA B
YPaHOBHX PyJax i BMILIYIOUHX [OPO/AX BUBUYEHHX O0'€KTIB BiJTHOCHO PiBHOMIpHO.
Bwicr Cu B ceperpoMy 1o BHOipKax ckianae 6—32 r/T. MakcuMalibHa KOHIIEHTPAITisI
Migi BcraHoBiaeHa it HoBokocTAHTHHIBCHKOrO 1 IliBHIYHO-KOHOILIIHCBKOIO
ponosutl. Tak, B mopojjax OCTaHHLOTO 3BUYaiiHUMH € KoHmeHTpartlii Cu 50-70 r/t.
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HaBenena indopmaliis JOCUTh MEPEKOHIUBO JEMOHCTPYE BHCOKY BIPOTiIHICTH
HaKOIMYEHHS B TPOMHCIIOBUX BiIX0JaX CBUHITIO, & TAKOXK IIMHKY 1 Mi/Ii.

BigHocHO BicMyTy: 3Ha4MMa KIUTBKICTH IOTO €JIEMEHTY BCTaHOBJIECHA Ha
niBHIYHUX (ranrax MidypiHcbKoro pogoBuia (pynomnposB OOTiHHMIA), a TAKOX B
Mexax 3010TopyaHoi wactiuau FOpiiBcskoro pyanoro nois. Pymonposs OOrinHuit
[2] npencraBiaeHuit 6aratoro Bi-U MiHepamizamiero, JTOKadi30BaHOI0 B MeEkKax
KipoBorpaacekoro po3noMy i He MOB'sI3aHOI0 0e3M0CepeHBO 3 aNb0iTHTaMu. BMicT
BICMYTY B pyZax IIbOT0 IPOsBY NpoMHUciIoBo 3Hauymmuii — 0,8—1,3%, y BMimIyrounx
nopojax — 0,0015%, To6To Ha 2 MOPSAAKK BUIIIE KIAPKOBOTO.

Momni6aen. Po3nogin moniOneHy y BHBUEHHX 00'€KTax Iy>Ke HEPiBHOMIPHHH.
Haii0inpm Hu3pkuil #oro BmicT (< 1 r/T, iHaKme KaKy4yH, Ha TpaHi UyTIUBOCTI
MeTo[ry ) BctaHOBIeHHH Ha HoBokocTsHTHHIBCEKOMY 1 [liBHIYHO-KOHOIIISTHChKOMY
pooBHINaX; Juis MidypiHCHKOTO POJIOBHINA JIaHI 110 MOJIIOIeHY BincyTHi. [Topoau i
pyau BatyriHcbkoro i, B MeHmii Mipi, FOpiiBcbkoro pomoBHi Bigpi3HSIOTHCS
MiJBUIIEHAM CepelHIM BMICTOM eJeMeHTy. Alle B OUIBIIOCTI MpOaHaNi30BaHUX
3paskiB Barytincekoro (i FOpiiBchbKOro) pomoBHIN BMICT MOIIOIEHY TaKOX HE
MEepEeBUIllye Meplli T/T, JHIIE emi30AWYHO miaBumytounck ao 10-50 r/r. Ha
BaryTincekoMy pomoBHIi, 30Kpema, I 3pa3Kh JesSKUX MIKPOKIIIHOBUX 1
OJIITOKIIA30BUX TPaHITIiB THMY bepe3oBChKUX 1, 1HOMI, MIKpOTPAHOMIOPHTIB
T'osoBHOTO pO3IIOMY.

CeBepHHIBCHKE pOJIOBHUINE € CBOEPIAHMM BUHATKOM, TYT IIiJIBUIICHA
koH1eHTparis monioaeny (10-30 r/T) € 3BuuaitHOIO, 2 B OIMHUYHHAX 3pa3Kkax BOHA
nocsrae 60—100 r/T, TOOTO HAOMMIKAETHCS O MIHIMAJIBHUX MPOMKCIOBHX 3HAYCHb.
JeranpHime: y ckinaai giapTopuToBoi 1 aJbOITUTOBOI 3 MIPUTOM acolliarliit
CeBepHHIBCHKOTO POJOBHUIIA MOJIOIEH B 3HAYHUX KUTBKOCTSIX MPUCYTHIN 3aBKIH,
X04a BMICT Horo (T/T) Bapitoe B mupokux Mexax: Bix 3—10 mo 20-60. B mginmsakax
PO3BHUTKY €MIr€HETHYHOTO KBapLOBOTO MapareHe3ncy 0e3 O4YeBHIHHX CYNIbQifiB
KUIBKICTh MOJTIOICHY TakoxK mijBuiieHa (18,4 r/T). 3okpeMa Ha AUISHII 3 PO3BUTKOM
KBapI-aHKEPUTOBOTO 3 IPUTOM, TaJCHITOM, CQaICPUTOM 1 XaIbKOIIPUTOM
naparenesucy Ha CeBepHHIBCHKOMY pojioBulli (ropu3oHT 620 M) 3adikcoBaHa
HaiOIpm BHCOKa KoHmeHTpauist Mo (mo 50-100 r/1), a Takox Ag (mo 10 r/1),
Pb (mo 1%), Zn (mo 1%). Came st mboro pomoBuina (a Takox it BatyTiHChKOTO)
HaMi4aeThCsl TEHNEHIliS 3HKEHHS KOHIIGHTparii Mo Bix BMimryroumx mopif i
0e3pyIHHX aNBOITUTIB 0 3pYACHUINX anbOITHUTIB 1 OCOOIUBO MPOMHUCIOBUX PYI.
[Ipu ekcmmyararii Takux OO0'€KTIB, TaKMM YHHOM, HAHOUIBII MONIOAEHOHOCHI
mopoau ixyTh (MiAyTh) Y BiaBaIIH.

4. Pinkichi Ta pinkozemennHi eiemenTn (P3E). ¥V ckiazi i€l rpymnu eieMeHTIB
PO3TIISIHYTI UPKOHIN, OepuITiii 1 TaHTAaHOTAH.

Posmonin mupkoHito y OUTBIIOCTI aTbOITUTOBUX POIOBHII ITiMOPSIKOBYETHCS
3araipHUM 3aKoHoMipHOCTsIM. Ha CeBepuHiBchkoMy, [TiBHIuHO-KOHOMISIHCEKOMY 1
MidypiHCHKOMY POJIOBHINAX KOHIIGHTpAIisl eJIeMeHTY (T/T) CYTTEBO 3pPOCTA€ Bij
BMIIIYIOUHMX IOPiJ 30BHIIIHIX 30H, BKIIOYAIOYM ajbOITH30BaHI 1X PI3HOBHIM i
0e3pynni ansditut (22-135), no cmabopyanux (130-184) i, ocobnauBo, pyaHuX
(218-294) anpOiTUTIB BHYTPIIIHIX 30H.

Taka > TeHAeHLis BUsBIeHa Ha HOBOKOCTAHTHHIBCHKOMY POJOBHIII, 3 Ti€IO
pi3HUIIEI0, IO caMe Ha LOMY POJOBHIIl B CepeIHBOMY (IKCY€ThCS HaHOINbII
BHCOKA KOHIIEHTpAIlisi MUPKOHIIO (T/T) y BMIIIYIOUUX HOBOYKPAiHCHKHMX TIpaHiTax
(190), a takox anpbiTuTax (205-212), HenpomucioBux (268—372) i MpOMHUCIOBHX
(433) pynax.
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B mexax BaTyTiHCHKOTO POIOBHINA KITBKICTh Zr B CEPEIHHOMY OIHAKOBO
MIBUIIECHA K B IOPOJaX THEHCO-MIrMaTUTO-IPaHiTHOrO enykTy (155 r/T), Tak i B
anp0iTUTaX, MpUYOMYy OibII 3a Bce B Oe3pyauux (252 1/1). BaxknuBo BiI3HAYNTH,
KpiM TOTO, HasBHICTh TyT BUCOKHX KOHLIEHTpaLill [bOTO EJIEMEHTY, MOB'SI3aHUX 3 TAK
3BaHMM MajakOHOBHUM PO3JIOMOM (TaKOX HE BMINYIOUYUM yPaHOBY MiHEpaJIi3allito).
[To BMiCTY IHMPKOHIIO y BMINIyIOUHX OpoJax 3 BaTyTiHCEKHM pOIOBHIIIEM MOKHA
nopiBaaTH FOpiiBcbke pynHe mose, e UM elIeMeHTOM 30araueHi rHeicH.

BubipkoBi XiMidHI aHami3H, B IIOMY, MiATBEPIKYIOTh BUSABJICHI TEHIEHIIII, a
came: BIJHOCHO BHTPHUMAaHa B IIJBHINEHUX 3HAYEHHAX KUTbKiCTh ZrO, y BCiX
CKJIaJIoBUX BaTyTiHCBKOrO pPOJOBUINA 1 TMOCTJIOBHE 30UIBIICHHS HOTO
koHIeHTpauit ax no 0,103% B ypaHOBUX pynax, IO BiANOBiJa€ MiHIMaJILHOMY
MIPOMHUCIIOBOMY BMICTY TSI pyA ITUPKOHIT0. Makcnmym ZrOz BCTAHOBIIEHO B TaliKax
¢enituzoBanux niadaszis — 0,108-0,145 r/t.

Posnogin Oepunito B pynHili Maci BHBYEHHX OO'€KTIB, CyIsSYd 3 JaHHX
CHEKTPaJIBHOTO aHamizy, HepiBHOMIpHUN. /s CeBepHHIBCHKOTO POAOBHUIIA HOTO
KITBKICTE 3MIHIOETBCA Bim 6,2—8,6 y Bwmimyrounx mnopojax mo 8,0-11,6 r/t B
aIBOITUTOBUX pynax (B cepelHbOMY MO BHOIpKax), MpH 3arajbHOMY [iama3oHi
3-501/T i cumcremarnuHiii mpucyTHOCTI. Jns MidypiHCcbKOTO pojoBHIa IIEi
niama3oH ckianae Bixg 1-2 y Bmimyroumx mopomax a0 5—46 r/t B anp0iTUTOBHX
pyAax; 3a iHIIUMHU JaHUMH — B alIbOITHTOBUX pyliax B cepequboMy mo 100 mpobax —
0,004% (40 r/t). TobTo Ha MidypiHcbkoMy poaoBuiii (sik i Ha CeBepUHIBCbKOMY)
Be BigHOCHTBCS 1O emeMeHTIB, xapakTtepHux misi U-pymHoro mpomecy [1]. Ha
pynonposiei O6rinHe (miBHIYHKUN uianT MiuypiHcbkoro monsi) B Bi-U yTBopeHH:IX,
HE TMOB'SI3aHUX 3 albOiTUTaMu, BMicT Be anomansHO Bucokuii — 0,01% (100 r/T),
TOOTO JOcATaE CTIHKAX MPOMHUCIOBUX 3HAYEHB, aje y BMIIIYIOUMX TOPOAAX BiH
y 2-3 pa3u Hmx4e GonoBoro [2]. [liBHiuHO-KOHOMISIHCHKE pomoBHIe (TiBICHANN
¢manr MidypiHCBKOTO TOJIsl): MPH HEPiBHOMIPHOMY pO3MoAiTy Oepuiiro (Bix
KUTBKOCTI HIDKYE MOPOTY Yy TIHMBOCTI MeToy 10 10—20 r/T B OMMHUYHHX 3pa3Kax) B
CepeTHhOMY CaMHUii BUCOKHI BMICT BCTAHOBJIIEHO Y BMIMIYIOUMX mopoaax — 9,6 r/T;
B anb0iTHTaX, HE3aJEKHO Bijl IX YPaHOHOCHOCTI, KOHIIEHTpalis Be Bu3HaueHa sk
4,2-52 t/t. Ha BaryTiHCBKOMY pOJIOBHUII BMICT OEpHIIiI0 MPU HECHCTEMATHYHIN
MpuCyTHOCTI nopiBHIOE 630 T/T B ampbiTUTax 1 anb0ITUTOBUX pyax.
HoBoxkoctsHTHHIBCEKE poposuie (3a ganumu L.b. I'aBpycesiua, O.B. Ilymkapesa,
1985) xapakTepu3y€eThCcsi HAMHWKYMM BMICTOM OCPUITIIO B aJIbOITUTAX, BKIIFOUAIOYH
pyIHi — B cepeaapoMy 1o Bubipkax 3,0-4,5 r/t.

B minoMy, Ha BCiX BUBYEHHX POJIOBHINAX BMICT OEPHIIIO B yPaHOBHX pyHaax
nepepuirye (OHOBUN B IpaHiTax 1 OJU3bKUN 10 MPOMHCIIOBUX KOHICHTpAIlil y
BlacHe OepuitieBUX pyaax. /s MOpiBHSHHA: KUTbKICTH OEpHIIiI0 B TpaHITOImax
Kopcynp-HoBoMupropoackkoro macuBy pisHHX (a3 CTAaHOBJICHHS B CEPEIHBOMY
cknanae 2.5-3,0 r/t [6]; miniManbHUi ke BMicT BeO y rpeiizeHOBUX 1 aIbOITHTOBUX
poaosuriax — 0,003-0,04% (30—400 r/1) [3].

Oninky posmoniny pinkicHozemenbHuX —enemeHTiB (P3E) HaBemeHo 3a
omyOnikoBaHuMH AaHuMH [12—15]. CrocoBHO BMillyrOuuMxX MOpiA: y THe#cax
THTYJIO-1HTYJIEIIBKOT cepil Ta TPaHiToiax KipoBOTPaJChKOTr0 KOMIUIEKCY KiIBKICTh
P3E (1/t) cknamae y cepenHboMy 1o BuOipkax 153-289; y rpaniToigax
HOBOYKPaiHCHKOI'O KOMIUIEKCY BOHa Jemo Buma 194-686 (MakcMMaibHa Y
KIIBHUX artiTax). [Ipu mboMy HOBOYKpaiHChKI TpaHiTH 3a cymoro P3E renernuno
MOPIBHSIHI 3 KiPOBOTPaJChKUMHU TpaHiToinaMu. B3araji, mis BMIIIyIOUYHX ITOPIJT
MaTamop¢oreHHoi Tpiagum (rHEHCHM — MIrMAaTUTH — TpaHiTH) [HCYJIBCEKOTO
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MeTa0JIOKy XapaKTepHE JOMIHYBAaHHS JETKUX JIAHTAHOIIIB MPH AePIITUTI BAXKKUX 1X
CKJIAJIOBUX Ta IIIBHINEHHS BiJ THEWCIB O KipOBOTPAACHKUX TPAHITIB CTYIEHS iX
mudepeHianii, a TakoX 1O TpaHiToiniB 000X KoMIiuiekciB 30imbiieHHs Ce
ckinanoBoi. Lo oco0nuBicTh ycnaaKyBald i YpaHOHOCHI albOITUTH. Y anb0iTHTax
Bmict P3E abo Omm3pkuit mo0 iX BMmicTy B mopoaax enykry (CeBepuHIBCHKE,
Baryrinceke pomosuia, 160-360 r/T), abo anomansHO migBumieHn# (MidypiHchKe
ponogwuine, 1100 r/T).

Amnami3 posnoxainy P3E mpuBoamTh 0aratboX MOCTIAHUKIB O BHCHOBKY IIPO
yCIIaJIKyBaHHS TNOPOJaMH, IO BUHHUKIM B PE3yJIbTaTi CEIUMEHTOTeHEe3y, pHLC,
BJIACTUBUX MPOIYKTaM TOJIEITOBOTO MarMaTH3My, TOOTO HalOiNbII MOLIMPEHOTO
TUIy MaHTIHHUX BUIUIABOK [6]. Sk Bimomo [13], reoxiMiYHHM iHIUKATOPOM TpHU
bOMY Ha3WBalOTh BigHOmEHHs Eu/Sm. 3a3HaueHWil TEOXIMIYHHHA MTOKa3HHUK
SIKHAMKpaIe MIXOAUTh 1O THEWCIB 1 Tak caMmo JIO MPOIYKTIB iX IpaHiTHU3aIil
(MirmMatuTiB i rpaHiTiB) [HrynbCHKOro MerabioKy: AJS THX 1 IHIIMX BiJAHOIICHHS
Eu/Sm ckiamae B cepenubomy 0,33. ToOTO poib MeTaba3WTIB apXeichKOro
(byHIaMEHTY, 110 PO3MHUBABCS, B MOMEHT HAKOIMMYECHHS PaHHBOIIPOTEPO30HCHKOTO
¢uinry B 1bOMy perioHi OyIia 3HaYHOIO.

BaxiuBo BiAMITUTH TaKOXK Ha TPAHUII apXero 1 paHHBOTO MTPOTEPO30I0 (hiKCaIIiro
3a JIOTIOMOTOI0 JIAHTAHOIMIB TaK 3BAHOTO «KHCHEBOI'O CTpHOKa». [HIMKaTtopom
KHCHEBOro cepenopuia € BMicT Ce, KU 3aBIJKH CBOiM 3MiHHIM BaJICHTHOCTI
MiATBEPIDKYE HAsBHICTH TAKOTO CTpUOKa AJisi KpuBOpi3pkoi cepii [13, 16] mpu
MEPEexo/Ii BiJ TOJIOMIT-METaKOHIJIIOMEPATOBIX TOPH30HTIB J0 MEPEKPUBAIOYOTO iX
CIIaHIIbOBO-METAIICKOBUKOBOTO  TOPU30HTY, SIKHH HAJIEKHUTh TJICEBATCHKO-
IIaHIIBCBKOMY piBHIO. Y MeXax 3a3HaueHoro rnepexoay BMicT Ce pi3ko 3pocTae Bij
9-13 r/t B mepmux no 44-79 v/t y apyrux. Y IHTYJO-IHTYNEUbKid cepii, mo
SIBIIIETHCS. BIKOBUM aHAJIOTOM KPHBOPI3BKOI cepii, «KHCHEBUH CTPUOOK», K MU
BBa)Ka€MO, TAKOXK NIPOSIBIICHUH HA PiBHI TOPU3OHTY TpadiTOBUX THEHCIB.

5. Enementn wminepamizatopiB. [lo miei rpynm BimHeceHi cipka, Oapiii,
CTPOHIIIH, pyOimil.

Po3nozin cipku y pyqoBMIlIyIOUMX MOPOAAX i aIbOITUTOBUX PyJax BHBUEHO
Hamu U1t CeBepHHIBCHKOTO pojioBHIa. BMicT enemeHTy (S 3araibHOT) B OKpeMHUX
3pa3Kax pPoJIOBHIIA Bapiroe B MMPOKHX Mexkax (Bix 0,005-0,006 mo 0,127-0,466%).
B cepenHboMy BOHO JeIIO HIKYE KIAPKOBOrO (4 OnM3bKe 110 HHOTO) B
MIKpOKJIiHITaX, AiadTopuTax, anbOITH30BaHMX TOPOAAX i PYAHUX AIbOITUTaX 1
CyTTeBO (B 2-3 pa3u) BHIIE KIApKy y BMIIIYIOUUX MOpoaax (0coOIMBO rHeicax), a
TaKOX Oe3pyAHHX 1 CITabopyIHUX anbOiTUTax. HalO1IbI BHCOKOIO KOHIIEHTPAITIEI0
cipku (0,032—-0,466%) xapakTepu3ylOThcs NaiKoBi giabazu. Takum 4MHOM, MpU
eKCIuTyaTalii agbOiTUHTOBUX POIOBHIL CipKa B OCHOBHOMY TaKOX HAKOIMYYETHCS B
NPOMHUCIIOBUX Bigxoxax. IIpomec OKMCIEHHS MipUTY KHCHEM B HPUPOJHOMY
CEepe/IOBHILI MPH JOCTATHIA KUILKOCTI BOAM HPU3BOJUTH IO YTBOPEHHS Cip4aHOi
KucinoTH. TOMy TMpPHCYTHICTH Y BifgBajiaXx CcyIbQiliB MOXE MPU3BOJAUTH JI0
BUJIYTOBYBaHHsI 3 HUX CIPYaHOIO KHCJIOTOIO BaXKKUX METaJliB, 3 yCiMa HETaTHBHUMH
€KOJIOTTYHUMHM HacIiIKaMu.

IIpoBeneni Ha CeBepHHIBCHKOMY POJOBHINI  JOCTIIKEHHS JI03BOJISIOThH
JOCTaTHBO BIIEBHEHO BHUIUIMTH 1IBI (GopMHu cipku: cyinbdigHy i cynbgaTHy.
CynedinHa cipka mepeBaxkae y BCIX THIAX IOpPiA i pyAd, a B mopojax cyocrpary,
BKITIOYAI0YH JI0ATBOITUTOBI METACOMATUYHI MPOMYKTH 1 HiapTopuTH, GakTHIHO €
ennHot0. CynbhaTHa cipka yTBOPIOE CTIHKY JIOMIIIKY B ajb0ITHUTaX, B TOMY YHCII
PYIOHHX 1X pi3HOBHAAX. Y MOpOAax, U0 BMIIIYIOTh YPaHOBE 3pYACHIHHS, KUIBKICTb
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cynedigHoi cipku 3MiHoeThes Big 0,02 mo 0,32% (mMakcumym B miadropurax i
niabazax) mpu HasBHOCTI SOz Ha piBHI ciigiB, A0 0,01% B ogMHMYHUX 3pa3kax
(Tabmuns 2). B anp0iTn30BaHUX MOPOAAx i anb0iTHTaxX KOHUEHTpauis cyiabdimHoi
cipku gemo 3poctae 0 0,61-0,82%, omHOUYaCHO 3'SBISETHCS JOBOJII CTilKa
momimka SOz (mo 0,09%).

Crponmiii, Oapiii, pyOimiii. B 3aranpHHX pucax y BHUBYEHHX POJIOBHIIAX
CIIOCTEPIraeTbesi 30UMbIIEHHS KIABKOCTI CTPOHIIIO BiA BMILIYIOYMX HOpix i
anp0ITH30BaHMX 1X PI3HOBUIB, BKIIOYAIOYH OE3pYAHI abOITHTH 0 CIabopyaHAX
aNBOITUTIB 1 MPOMHUCIOBUX PY/I.

Hnst mopoAaHoi MacH, BKIIOYAlOYM albOITUTH 3 HEKOHAMLIAHOI YpaHOBOIO
MiHepastizami€ero, 3Bu4aiiHuM € BMicT Sr Bim n-10 mo 100, pimme 200-300 r/t.
KonaumiitHnM ypaHOBUM pynaM BCiX OO'€KTiB BIACTWBI MiABHINEHUH cepemHiit
BMicT Sr (87,3—730 1/1). Haii0inbIll BUCOKOI KOHIIEHTPAIIEIO CTPOHIIIIO, CYISYH 3
MmatepianiB L.b. T'aBpycesiua i O.B. [lymxkapesa (1985), xapakTepu3yroTbcst pyaHi
anp0iTHTH HOBOKOCTSHTHHIBCHKOTO pOIOBHINA. B okpeMuX 3pa3kax aabOITHTIB (SIK
pynHUX, Tak i HepyaHuX) CeBepHHIBCHKOTO POMOBUINA KOHIIEHTpAIlis St Jocsrae
500-1000 r/T, HAOMMKYIOUUCH 0 MiHIMaIbHUX IMPOMHUCIOBO 3HAYYIIUX OOCSATIB.
Oco6mmBo Tpeba ckazatu mpo BMimlytouy (THeicoBy) Tosury KOpiiBCbKOTO pyIHOTO
(Au, U) momst. Tyt migsuinenuii Bmict Sr (400-700, B omHOMYy 3pasky 1626 1/T)
MOB'SI3aHUI 3 IPUCYTHICTIO Y CKJIaJl THEHCIB 30HAIBHUX KIMHOIIPOKCeH-aMpibo-
KapOOHATHHX (3 allaTUTOM) CKapHOiIiB.

Konmenrtpariiss cTpoHIito B Mmopoaax 1 pydax YpPaHOHOCHHX aibOITHUTIB 1
MOHO(MPAKI[iAX IMOJILOBUX IINATIB JIBOX OO'€KTIB JITa€ OCHOBY JJIi BUCHOBKY, IIIO
CYTTE€Ba YaCTHHA IOTO E€JEMEHTY Y BMIIIYIOUMX MOpOAax IMOB'A3aHA caMme 3
HOJKOBMMHM INNATAMM — OJNIOKIa30M 1 MIiKpoKJIiHOM. B mmariokmasax Sr?*
isoMmopprO 3amimye Ca?*, B MIKpOKJIiHAX II€pENOAYacThC TE€TEPOBAICHTHHMIM
i3omopdism Sr i K, moxmuso, 3a tumom (K** Si**) - (Sr2*AIFY) [15].

Haii6inem iHpopMaTuBHUMU Jiis ineHTH(DIKAIT MOJIBOBUX IINATIB BUBUYCHUX
POIIOBHIIL € BMICT PYOiIifo i CTPOHIIifO, @ TAKOX PyOi1i€BO-CTPOHIIEBE BiTHOMICHHS.
Py6iniif, sk TeoXiMiYHMH aHaOr Kalilo, XapaKTepU3yeThCsl MepEeBAKHUM
HAKOMUYEHHSIM B MIKPOKIIiHi, /i¢ BCTAHOBJIEHO CTIMKO HAHOLIBII BHCOKUI HOTO
BMicT (278,8-350,6 r/T). B mariokia3i KOHIEHTpaIis pyOiTifo 3HAYHO 3HUKYETHCS
(246,3-274,5 1/T). B MeracoMaTHYHOMY aibOITI KUIBKICTH HOro Majae ax 10
3HA4YEHHS HIKYE TOPOTy YyTIMBOCTI aHamizy (< 2—13,9 r/1). CTpoHmil, sIK BiZOMO,
MOB'SI3aHUI 3 aHOPTUTOBHUM (KaNbIi€EBUM) MiHaioM. ToMy MakcHMalbHa WHOTO
KOHIIEHTpaLisl nmpuTtamaHHa muiarioknasy (395,5-470,3 r/t). Y MikpokiiHi BMICT
CTPOHIIIF0 HEPIBHOMIPHMIA, ajie 4acTO 3aTUINAEThCs miaBuiieHuM (32,6—348,3 1/1),
0c00JIMBO y 3pa3Kax MIrMAaTUTIB i TPAHITIB 3 MiJIBUIIEHOI KiTBKICTIO aHOPTHTY.
AJBOIT TakoX XapaKTepPH3YEThCS HEPIBHOMIPHUM  PO3IOMALJIOM  €JIeMEHTY
(36,1-186,7 1/1). I TyT HaiibigbpmIa HOro KiTBKICTH ITIOB’si3aHAa 3 aHOPTHTOBHUM
MIHaJIOM, SIKOrO B anbOiTi HaBiTh OuIbIIe. MOXXHA NEepea0auyuTH, 10 MEPBUHHO
yBeCh CTPOHLIM 3HAXOAMBCS y IJIariokiasi, ajge B pe3yJbTaTi METaCOMaTHYHOIO
HaTpi€EBO-KapOOHATHOTO MPOLECY YBIHIIOB y CTPYKTYpYy KapOOHATiB, MPH LBOMY
He3HayHa HOro yacTuHa IMINWIACH B CTPYKTypi anbbity. Bimnomennst Rb/Sr
JI03BOJISIE YTIEBHEHO PO3PI3HATH Ii TPU THUIM MOJBOBHX LINATIB: JUIA OJIrOKJa3y
BoHO ckianae 0,52-0,69 (cepemne mo Tppox 3paskax 0,59); s MIKpOKIIiHY —
0,8-10,75 (mo 9 3paskax 1,54); mis ans6ity — 0,005-0,09 (o 10 3paskax 0,04).

KinbkicTh 6apiro B JIy’)KHHX THOJBOBHX IIIIAaTaxX MPU HEPIBHOMIPHOMY PO3MOILTY
00yMOBJIIEHa, CKOpIIll 3a BCE, MPOSBICHHSIM METacoMaro3y; OiIbII BHCOKAa BOHA B

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



Mmikpokmni (120-3200, B cepeanpomy 1028,8 1/T) y MOpIBHAHHI 3 albOITHTOM
(120-1200, mpu cepeaapomy 498,8 r/T). IligBuIieHi KOHIIEHTpAIlil Oapif0 B HAIIUX
3pa3kax ONM3bKI [0 3HAa4eHb Yy JYXXHHUX T[OJIOBHX IIIATax i3 TpaHiTOIdiB
LEHTPaIbHOI YaCTUHH MIHKTa (30KpeMa, KipOBOTPaAChKOTO TUITY), SIKi HalIeXaThb JI0
ampibomiToBoi dharmii [17].

BucHoBku

1. ExcruryatanmidiHUKA Ta OLIBIIICTH JOCHITHUKIB caMuM (PakTOM eKcCIuTyararii
TIJIBKM Ha ypaH BiIHOCATH KipOBOTPaACHKI ajdbOITUTH OO MOHOMETAIBHHUX, YUCTO
ypaHOBHX, pojoBuil. [IpoTe, cyasunm 3 BUBYCHHX OO'€KTIB, B 30HAX aibOITHUTIB
HEPIIKO KOHIEHTPYIOTHCSA B MMPOMHUCIOBUX (UM OMU3BKHUX /IO TaKWX) KUTBKOCTSX 1
iHnn metanu. Jlo HUX BIHOCSTBCS: 30JI0TO, a CaMe, BUSBJICHE Y CaMOPOTHOMY
Buriisiai  Ha [liBHiYHO-KOHOIUISIHCBKIM — AiNMSAHIN, BiCMyTOBa — MiHepamizallis
pynonposiBy O6rinae Ha (hrmanrax MidypiHCBKOTO POJOBHINA, & TAKOXK TOB'I3aHUH
3 MoHanuToM Topiii HoBokocTsHTHHIBChKOTO 1 KOpiiBchkoro pomosuml. Bka3zani
KOMIIOHEHTH MOTJM O MaTH CyNyTHE NPOMHUCIOBE 3HAa4YeHHS. I3 iHIIKX
CUCTEMAaTHYHO TiIBUIIEHHX JOMIIIIOK MOJKHA Ha3BaTH BaHAlil, CTPOHIIIN, CBUHEIh
Ta iHmi. Cepes TAKMX €JIEMEHTIB € TICHO IOB'sS3aHi CITIIHHICTIO TeHE3Nca 3 YPaHOM
(BaHaiif) 1 He MarOYi BiTHOIICHHS JI0 JIy’)KHOT'O YPaHOBOPYAHOTO Tpotiecy (Topii).

2. 3 ypaxyBaHH]IM TI€OJIOr0O-T€OXIMIYHMX XapaKTEPUCTHUK albOITUTOBUX
POIIOBUIN, a TaKoX JaHAMAPTHO-TEOXIMIYHUX ocobimBocTell I[HTYmbCEKOTO
Mera0ioKky (B3aeMormepexiji JIiCOCTEIOBOI 1 CTEMmOBOI 30H), PETiOH 37a€ThCs
MEPCHIEKTHBHUAM JJIs1 (OPMYBaHHSI MOJIOJMX MOBEPXHEBUX KOHLEHTpALil ypaHy i
enementiB-cymytaukie (Ni, Co, Zn, V, Cu, Mo, Pb). OcobauBo Bim3Haunmo
MmiBleHHe OOpamIleHHs pailloHy anbpOITUTIB 3 UITKO HANpaBICHUM CTOKOM
TiIpOCHCTEMH Bifl JPKEpe JKUBJICHHS (3 BETMKOIO KUTBKICTIO YPaHOHOCHUX TIOPi[)
70 Miclb po3BaHTaXeHHs. L[g cuctema BH3HA4Ya€e TakoX IUISHKH, JI€ CIIPHATIHBO
MOETHYIOTBCSL MIiCIISl PO3BAHTAXKEHHS 30aradyeHuX ypaHOM MiJ3eMHUX BOJI, CTYIIiHb
aApUIHOCTI KIIMaTy 3 JIY’)KHOI PEaKI[i€l0 IPYHTOBUX BOJ, @ TAKOXX HASBHICTh Yy
CKJIaJli TOKPUBHUX (halliii Mmopoa-0ca/pKyBaviB 1 BOJOYIMOPHUX BIJAKIAJIEHD, iX
nepekpuBarounx. Cepen HUX Tpeba BiAMITATH OydanbKi BiIKIAAH, IO BMIIIYIOTh
POCIIMHHY OpraHiKy, y CIIOJly4eHHI 3 periOHaJIbHAM BOJOYIIOPOM — TJIHMHAMHU
KHiBCHKOT CBITH; MPUYOMY CHCTEMa IMX BiJKJIQJEHb PO3TAIlIOBaHA BHUIIE PiBHA
perioHaIbHUX JIPEH.

3. Bigxonu npoMuciioBoi po3poOKH YpaHOBUX POJIOBUII aTbOITUTOBOI popmartii,
aki Oymu (i OynyTh) CKNIajoBaHi i MO CYTi SIBISIOTH COOOI MOpPiOHEHUIA
MiHEepaIbHUI KOHIIGHTpAT, 30araueHuil ypaHOM Ta BaKKHMMH METalaMH B YMOBax
TiepreHHUX MpPOIECiB, CHPUSATIMBUX IS OKUCIIOBAHHS 1 pO3KIagaHHs, Oe3
CYMHIBY, HECYTh TIOTCHIIIHHY 3arpo3y 3a0pyIHEHHs HABKOJUIIHBOTO CEPEAOBHIIA.
[Tpu npoMy aOCONFOTHO MPOTHO30BaHUM € BUHOC aTMOC(EPHUMHU BOJAMH METAIIIB,
sIKi y OUTBIIOCTI BHITAJKIB MIKiJIMBO BILTUBAIOTh HA €KOJIOTIIO 3 MOJAIBIIOK iX
MIrpali€lo y CHCTeMYy MiI3eMHHX BOJ, IIOCTYIOBUM IPOHUKHEHHSM Yy IPYHTH 1
Oiosoriuni 00'ekTH. BpaxoByroud 0COOJMBOCTI CKJIaay IyXKHX BiIKJIaJICHb,
KJIIMaTW4Hi 3MiHM 1 KOJIMBAaHHA pPIBHA IPYHTOBHX BOJ PETiOHY, MOXIIUBE
PO3TATHEHHS BKa3aHUX MPOLECiB HA HEBU3HAYCHUH Yac. | K10 mpupoHi BTOPUHHI
KOHIIGHTpalii ypaHy i HOro CyNyTHUKIB MOXYThb PO3TJSIIATHCh SK KOPHUCHI
KONIAJIMHU, TO PO3CIIOBaHHS IUX K€ METANIB y BOJaX, IPYHTax i O10JOTiYHUX
00'eKTax CKOpILI 32 BCE CIIiJ BIAHECTU 10 JYX€ MIKiIJIUBUX YyTBOPEHb.
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4. BBaxkaeMo 3a HEOOXigHE TONMAIbINEe TMPOBEIACHHS OLIBIN HETaTbHUX 1
CUCTEMaTHIHUX JOCHIHKCHh pPAMOHY YpPaHOBUX albOITUTOBHX pOJOBHIN Ha
cydacHOMY piBHi. bo: mo-nepiie, 6arato nuTaHsk, SKi BiTHOCATHCS caMme J0 TeOXiMii
ypaHy B 30HI TiNepreHe3y albOITHTIB, 3aIMINAIOTHCS HEAOCTATHHO BHUBUYCHUMU;
Mo-7pyre, icHye Oarato NpOTajMH y BHBYEHHI B3a€MO3B'A3KY YpaHy i HOro
€JIEMEHTIB-IOMIIIOK; TIO-TPETE, HACKUIBKM HaM BiIOMO, HIXTO JO IBOTO 4Hacy He
MTPOBOJIMB BCHOTO KOMIDIEKCY POOIT 3 BUBYCHHS I'€0JIOT0-CKOJIOTIYHUX MPUYUHHO-
HAaCJIAKOBUX 3B'SI3KiB 3a JaHOIO mpobieMoro. Taki poOOTH MOBHHHI BKJIIOYATH B
cebe MeTallOMEeTPHYHY, T1IPOreoXiMiuHy, 010XiMIUHYy CKIIaJ0Bi. Alle, SK MiHIMYM,
HEOOXiJIHE TPOBEJCHHS OOCTEXKEHb BiJBaliB, XBOCTOCXOBHI[ HAa MPEIMET
BUSIBJICHHS O3HAK CYYacHUX TIlEPreHHUX MIHEPaJOYTBOPIOIOYUX IMPOIECIB Ta
3ax0/liB 3MEHIIICHHS HETaTHBHOTO BILTUBY IIUX MTPOIECIB HA TOBKIIIS.
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ASSESSMENT OF A LANDSLIDE HAZARD TAKING INTO
ACCOUNT SEISMIC IMPACT

Abstract. Landslides represent a major threat to human life, constructed facilities,
infrastructure and natural en-vironment in many regions of the world. During the
decade 2000-2009, natural disasters caused nearly one million facilities, affecting
nearly 2.5 billion people across the globe. The landslide frequency of about 20
major events per year in Europe is the highest compared to floods, earthquakes and
cyclones. All 50 States and the U.S. territories are subjected to landslides and other
ground-failure problems; 36 States have changed (from moderate to highly) the
severe landslide hazards. Landslides in the USA constitute a serious hazard. They
cause the substantial human and financial losses, estimated as 25...50 deaths
annually and to cost approximately $ 1 billion to $ 3 billion per year.

Activation of seismic activity in Vrancea area, the Black Sea region and in the whole
world has led to increase level of seismic hazard in Ukraine and in the finally growth
relevant provoke factors of landslide movement. Whole Ukraine, not only as earlier
considered Carpathian and Crimean regions, is now an area with high potential
risk of future huge earthquakes. "... In areas with reduced characteristics of soil
(frequent flooding, landslides, etc.) can be observed 7—8-magnitude effects"”, — said
the deputy director of the Institute of Geophysics of the National Academy of Science
of Ukraine O. Kendzera. Before the Japanese earthquake (11.03.2011) considered
in the world that at 9-magnitude earthquake acceleration of ground can be
maximum of 0,4 g. "But the Japanese catastrophy showed whole 2,7 g. This led to
much more damage than expected. This means that now is the time when we must to
correct all parameters of earthquakes,” — says S. Ohasyan, the director of the
Armenian Institute of Geophysics and Engineering Seismology. And O. Kendzera
added: "... we must to correct initial data, that designers will use in the projects of
buildings and construction".

In the early stages of the design of anti-slip structures for operational approximate
calculations of the slope and shear pressure coefficient, a program is required that
has the following properties: ease of use; graphical, human-oriented interface; is
based on tried and tested mathematical methods; endowed with a pleasant form of
presentation of the results of calculations (graphical and tabular forms); speed of
calculations, etc. LANDSLIDE meets these requirements. An example of taking into
account seismic factors when calculating slopes according to the second group of
boundary states is considering. A typical calculation using the LANDSLIDE
program is given. The slope stability coefficients was calculated using the
LANDSLIP program by Maslow-Berer and Shakhutnyants methods. By using the
limit equilibrium theory, the mechanism of “unloading the accumulated tension” in
the slope massive during an earthquake is described.

Keywords: slope; earthquage; landslide; marginal equilibrium method; stability
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A.IL CipeHnko

HauionaneHuii TexHiyHMH yHiBepcuteT YkpaiHu «KHWiBCHKMII NMOJITEXHIYHUH IHCTHUTYT
imeHi Irops Cikopcbkoro», M. KuiB, Ykpaina

A0 ONIHKHA 3CYBOHEBE3IIEYHOCTI 3 YPAXYBAHHSM
CEUCMIYHUX BIIJIUBIB

Anomauyin. 3cysu cmarnosnsme cepliozny 3azpo3y olcummio joodel, 00'ekmam
inghpacmpykmypu ma npupoOHOMY cepedosuwy 6 6azamvox peioHax Cceimy.
Ilpomsaeom ocmannvozo Oecamunimmsa (3 2000 no 2009 pp.) cmuxitui auxa
NOWKOOUU MA 3PYIHY8ANU OIU36KO 0OOHO20 MIbUOHA 00'€kmig, ujo be3nocepeorHbo
MopKHyn0ca matice 2,5 Mapo HacenenHs y ecvomy ceimi. [l]opiuno y €eponi
mpanasaemocs 61u3bko 20 6enuKux 3¢ysis, wo 3a 4acmomolo nposey 3Ha4Ho Oinbue,
HiJiC nogewi, 3emaempycu ma ypazanu. Yci 50 wmamie mepumopin CILLA
8I0uy6aioms 3CY8HI ma iHuii IpyHmoei siomoeu. IIpuuomy y 36 wmamax CLIA
3CYBHA 3a2P03a SMIHULACS 810 NOMIPHOL 00 éKkpail nebesneunoi [2]. 3cysu y CIIIA
CMAHOBNIAMb CEPUO3HY Hebe3neKy, AKi Npu3eo0simv 00 CYMMEBUX TIOOCbKUX 1
@inancosux empam. wopiuno 6io 25 00 50 cmepmeti ma 36umku 6i0 1 0o 3 mapo
doaapis.

Axmueizayis cetlicmiunoi akmuenocmi 8 30ni Bpanua ma Yopnomopcokomy pezioti,
a makodc 6 Yilomy Ha niaHemi npu3geid 00 NIOBUWEHHS DIGHA CeUuCMIiYHOl
Hebesneku Ha 6cili mepumopii Yxpainu ma, y KiHyesomy niOCyMKY, 3DOCHIAHHS
8I0N0BIOHO20 3CYBONPOBOKYIOUO20 hakmopa. YKpaina, a e minbKu KapnamcovKuil i
KPUMCbKULL pe2ionU, AK paniule 88axiCaNOCh, € 30HOI, 0e NOMEHYIUHO MONCIUG]
3emaempycu, npuiomy 0080l CulbHi. «...B pailionax 3 nociabrenumu rpynmamu
(uacmi 3cysu ma in.) modxcyms cnocmepizamucs i 7—8-6anvhi epexmuy, — 3a3Havae
sacmynnuk oupekmopa Incmumymy eeogizuxu HAHY O. Kenoszepa. /o
anoncvkoezo semaempycy (11.03.2011) ssascanocw, wo npu 9-6anvromy semiempyci
npuckopenist modice oymu maxcumym 0,4 g. «Ane snouncoka kamacmpogha nokazana
6ci 2,7 g. Lle npuzeeno 0o Oinbuux pyunHy8ans, Hisc ouiKyeanocs. Lle snauumso, wo
uac nepeousuUmMUch 6Ci napamempu 3emiempyciéy, — RIOKpecnioe Oupekmop
sipmercoko2o Incmumymy eeogizuku i indceneproi ceticmonocii C. QOeacsH.
O. Kenosepa 000ae, w0 8iOnosiono, nompioHo nepeeisiHymu i Oawi, AKI
BUKOPUCMOBYIONb NPOEKMY8AIbHUKI NPU 8038e0eHHI 0YOigenb ma cnopyo.

Ha panniti cmadii npoexmysanns npomu3cy8HUX cnopyo O0as ONepamueHux
HAOUdICEHUX DPO3PAXYHKI6 Koe@iyienma CmIuKocmi CXuny ma 3CYBHO20 MUCKY
ROMPIOHA NPOSPAMA, SIKA MAE HACMYRHI 8IACMUBOCMI. 3DYUHICIb V) KOPUCHLY 8AHHI,
epagiunu, 0OUHO-OpicHMosanuil hmepgetic; 6aszyemvcsi Ha anpodoBaAHUx
MamemMamuyHux Memooax, Haoilena NPUEMHOIO HOPMOI0 NOOAHHS Pe3VIbmamis
PO3DAXYHKIS (2pagiuna ma mabauyna popmu); WeUOKICIMb GUKOHAHHS PO3PAXYHKIE
ma in. Taxum eumocam sionogioac npoepama LANDSLIDE. Hagedeno npuxnad
8PAXYSAHHA CeliCMIUHUX DaKMOpie npu pO3PAXYHKAX CXUNI8 3a OpY20i0 EpPynoio
epanuynux cmanie. Hasedeno munoguii po3paxynok 3a 0Onomoz20i0 Hpozpamu
LANDSLIDE «koegiyieumie cmiiikocmi cxuny memooamu Macnosa-bBepepa i
Llaxynanya. B wmedxcax meopii epanuunoi pigHoazu ONUCAHUL MeXaHiZM
«PO3BAHMAICYBAHHA HAKONUYEHOI HANPYICEHOCMI» 8 CXUNOBOMY MACUBL Npu
3eMIempyci.

Knrwowuoei cnosa: cxun, zemnempyc; 3cys;, memoo epanuiHoi pienogazu, cmiikicmo

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



Beryn

3CcyBH CTaHOBIIATH CEPHO3HY 3arpo3y KUTTIO JIIOJCH, 00'eKTaM iHPPaCTPYKTypH Ta
OPUPOAHOMY CEepeloBHILy B 0Oararbox perioHax cBiTy. I[IpoTarom ocTaHHBOTO
necatrmiTTs (3 2000 mo 2009 pp.) cTuxiifHI Jrxa MOMKOIWINA Ta 3pyHHYBall
ONMM3BKO OIHOTO MiNBHiOHA 00'€KTiB, IO 0e3moCcepeqHBO TOPKHYJIOCA MaibKe
2,5 mnpa HaceneHHsi y BchoMy cBiTi. LlopiuHo y €Bpori TpamiseTbess OIU3BKO
20 BeNMMKUX 3CYBIB, IO 3a YacTOTOI MPOSBY 3HAYHO OiNbllie, HiK TOBEHI,
3emuierpycu ta yparanu [1]. Yci 50 mrrati Tepuropiit CIIIA BiauyBaroTh 3CyBHI Ta
iHII1 rpyHTOBI BigMoBH. [Ipruomy y 36 mrratax CILIA 3cyBHa 3arpo3a 3MiHWIACS Bij
nomipHOi g0 Bkpaii HeOesmeunoi [2]. 3cyBu y CLIA craHOBIATH Cepito3Hy
HeOe3MeKy, sIKi MPU3BOIATH O CYTTEBHX JIOACHKHUX 1 (JiHAHCOBUX BTPAT: HIOPIYHO
Bix 25 1o 50 cmepreit Ta 30uTkH Big 1 10 3 Mupa monapis [3]. B YkpaiHi sk 3aragom
cranom Ha 01.12.2011 Busieneno nonan 23 100 3cygiB, 17 400 3cyBiB — cTaHOM Ha
01.12.1997. Takum 4YWHOM, 3a OCTaHHI POKH BifOYJIOCS 30UIBIIEHHS KUTBKOCTI
3cyBiB y moHax 1,3 pa3a, a 3a 30 pokiB — y moHap 3 pasu. lle mos'si3aHo 3 TUM, 110
MOPOTSIroM JIpyroi mojoBuHU XX CT. Ha OiNbIIH YaCTHHI TE€OJOTIYHUX CTPYKTYP
TepuTopii YKpaiHM HaKONMWYEHI 3HAYHI TEXHOT€HHI 3MiHM BEPXHBOI 30HU
Te0JIOTIYHOTO CepeIOBUIIA, AKi BIUIMHYIH Ha IOT0 HANPy> KeHO-1e(hOpMOBaHHIA CTaH
Ta CEUCMIUHUMI PEKIM:

— BWJIyYEHHS BEIHKUX OOCSTIB MOpPiX NMPH BUAOOYTKY KOPHCHHUX KOTAIUH
(Byruuis go — 10 Mipa TOHH, 3aTi3HHX PYJ 0 — 5 MJIPJ TOHH, 3arajbHe BUITyUeHHS
Py i BMimIyrounx nopix — 1o 60—70 Mapa TOHH);

— HaKONWYEHHS BEJUKUX OOCSTiB BOAM y IMOBEPXHEBHX BOJOCXOBHUILAX Ta
TEXHOTeHHUX BopoiimMumax (10 50 miipa M%), 3 MOpyIIEHHSAM GalaHCy MiI3eMHUX
BOJI Ta 3pOCTaHHSM MOTEHIIIHOT eHeprii reoIOTIYHUX CTPYKTYP;

— perioHaJibHe TEXHOTCHHE BOJOHACHYCHHS BEPXHBOI 30HU TEOIOTIYHOTO
cepenoBuIia 3 (HOPMYBaHHSIM PETiOHATIBHOTO MinTOIUIEHHS Ha 5% TepuTopii
JiepKaBU, MEPEeBa)KHO B MEXaX TEXHOI€HHO IOPYLIEHUX T'E€OJIOTIYHHUX CTPYKTYD
ripauuo-Buio0yBHUX perioHiB (donbac, Kpusbac, Ilpukapmatts), BeIMKHX
MTPOMUCIIOBO-MICHKHX arjioMepallisx Ta iH.;

— TIOpPYUICHHS TiIPOAMHAMIYHOI piBHOBarm OacelHiB MiJA3€MHUX BOJ Ta
Ha(TOra30HOCHUX MPOBIHIINA BHACITIIOK BUIO0YTKY BEITHUKUX 00CITiB HahTH, Ta3y,
MpiCHUX 1 MIHEpaTBbHUX BOJ Ta 3MiH NPYXHO-HANPYKEHOTO PEXKHUMY CHUCTEMH
"baroin — wmiHepanmpHHH ckener". 3arajoM Ha TepuTopii YKpaiHM epoJoBaHO
12,4 mau ra cinerocmyrigp. CepenHbOpIUHI BTpaTd IPYHTIB 3 OPHHX 3€MEJb B
cepenHboMy craHoBNATH 10-15 T/ra. Kinbkicte spiB  pi3HOTO  CTyIEHs
po3ranyKeHHs, TIMOMHM Bpi3y 1 aktuBHOCTI mnepesuirye 500 tuc. HeGesneuni
(Ham3BHMUAliHi) cUTYyaIlil BUHUKAIOTH B 3B SI3Ky 3 €pO3i€l0 MPH 3JIMBaX B paliOHAaX i3
3HaYHOK eHepriclo penbedy. lle mepeBaxHO TipCchbKi Ta TepeAripchKi paroHU
Kapmar i Kpumy. OcoOnuBO I1HTEHCHBHO €po3isi MPOTIKae TPU MaBOJKOBUX
MiHATTSIX PIBHA BOJU Ha TIpCHKUX pivKax Ta MOTOKaX. TiNBKM 3a OCTaHHI
necatwiritts B Kapratax 1 [IpukapnatTi BiaMidanuch HaA3BHYaiHI MOXIT B 3B’ A3KY
13 3muBamu (1965, 1969, 1974, 1993, 1994, 1998, 2001 pp.). 3okpema, B 1965 poui
B paiioni UepHiBIIiB BUTIANIN 3JIMBOBI OTAJIH, SIKI BUKJIMKAIH KaTacTpoQidHy ITOBIHb
Ha crpyMKy Kiokyuka. Makcumansauii map onaaiB B M. YepHiBui Oys
3a(hikcoBaHMH B LIEHTPAJIbHIN YacTHHI MicTa i ckiaznaB 222 Mmm/no0y. 3nuBa 3aBaana
BEJMKHUX 30UTKIB MicbKOMY rocrojapctBy UepHiBiiB. Bynu 3aToruieHi Bynwuil B
HU30Bil YaCTHHI MiCTa, 3aJIi3HUYHUI BOK3aJl, MiChbKa €JIEKTPOCTaHLs, 3pyHHOBaHI
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pPO3MHUBOM OYIWHKH, PO3MHTI JOPOTH, 3HECEHI MOCTH, 3aHECEHO HAHOCAMH
3QII3HUYHE MTOJ0THO. MakcuMaibHi MOIy cTOKy p. Kilokydukw i gac maBonKy
nepepumuan 3000 n/cex. kM?. I'paHMYHa HACHYEHICTH IIOKPUBHHX BiIKIaiB,
MiAHATTS PiBHS IPYHTOBHX BOJ, TJIMOMHA i OOKOBa €po3isi BOJOTOKIB 00YMOBHIIH
PO3BUTOK 3CyBiB. PyitHyBaHHS criopy, 3cyBH i ceni B Kapmarax BigMidamich Takox
TIpH 3TMBOBUX omagax B 1969, 1974, 1992, 1998, 2001 pp.

OcHOBHA YacTHHA

Haii0inpm nommpeHnMy npolecaMu, M0 3yMOBICHI B3a€MOI€I0 aTMO-, Tiapo- i
mitTocepu, Ha Teputopii YKpaiHM € CXWJIOBI TpaBiTaiilliiiHi mponecu — eposis,
abpas3is, 3cyBH, 00BalM — SIKi B3a€MOIIOB’s3aHi, YaCTO BHCTYMNAIOTh CIUIHHO abo
MOCJTIZIOBHO JOMOBHIOKOYH OJJMH OAHOTO (pHc. 1).
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Puc. 1 — CucremHa [iist eHI0- 1 €K30JUHAMIYHHX MIPOIIECIB
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I'paBiTartiiiai nporecu — pi3HOMaHITHI (HOPMH PyXY TCOJIOTIYHHUX TiJI, TIPH STKHX
OCHOBHOIO PYIIIHHOIO CHJIOI0 BHCTYIIA€ CHJIa TSDKIHHA. Bumam, wMacmradu,
LIBUJKOCTI, TPUBATICTh PYXY MOPiJ] BU3HAYAETHCS MEpernagaMu BUCOT KOHKPETHOT
MicieBocTi. B Mexax VYkpainu, B 11 ripcekux paiionax Kapmat i Kpumy,
CIIOCTEPITAIOTECS TaKOXX IIPOSIBH CETiB K (OPMH IMBUAKOTO IEPEMIIICHHS
MOPOJHOTO MaTepialy B piummax ripcbkux pidok Ta sApiB. B Kapmarax
3apeecTpoBaHo moHax 271 ceneBuii Bomo30ip B Oaceitnax p.p. Uepemorna, [Ipyra,
Huictpa, Tucu. B Tipcerkomy Kpumy mocmimkeHo 75 cemeBux B0m0300piB
nepeBakHO Ha Manux piukax [liBmenno-Cxigaoro Kpumy (Kytmak, llenen, Yckyr,
Apnat, Cynak, Bopon). B menmniii mipi Ha piukax miBaeHHoro Oepery Kpumy
(Yuan-Cy, Jlepukoiika, Yiny-Y3eHnb, AByHa); iBHIUHOTO cxmity (AnbMa, benboek,
UYopna) Ta B sipax (Tyakceka 6anka, CraBmyxap, 3axigHo-Kapabaxcekuii, KacTemns).
Kpim TexHOreHHUX 1 PUPOIHO-TEXHOTEHHUX 3MiH 1H)KEHEPHO-T€OJIOTIYHUX YMOB
Ta Hampy>KEHOTO CTaHy BEJIMKUX YaCTHH TEOJIOTIYHHUX CTPYKTYp, B OCTaHHI
JIECATHPIYUS BiIOYBA€ETHCS peTiOHATFHE MOPYIIEHHS OalaHCy MOTeHIIHHOI eHeprii
Ta PO3BUTOK TEXHOTCHHUX 3€MJIETPYCIB Y BEPXHil 30HI T€OJOTIYHOTO CEPEOBHIIA
MU 3aTOIUICHHI IIAaXT, MiJHOMI piBHS MOps, MPOBEJCHHI BUOYXOBHX pOOIT Ta iH.
[lepmmit  moCBim KOMIUIGKCHOTO —aHadi3y CEHCMIYHOTO Ta CTPYKTYPHO-
TeOJUHAMIYHOTO PEKUMIB TEOJIOTIYHHX CTPYKTYp OYB TMOB'SI3aHUI 3 OI[IHKOIO
criikocti TI'C "mpommaiimanumk Kpum AEC - TC" (1988-1990 pp.)
(akan. Ocuno B.I.,, mpod. Hemunmmmua M.I'., axan. IlxiokoB €.0.,
akan. lllecromanoe B.M. Ta in.) [4-9]. B minomy celicMo-reodizudHa Ta
CTPYKTYpPHO-TEKTOHIYHA BUBYCHICTh TEPUTOPii YKpaiHU € Ayke HEepiBHOMIPHOI i
HEJOCTaTHBOI  JJI  BIPOTIAHOT  OIIHKKM  IHXXKCHEPHO-CEHCMOTeOoIMHAMIYHOT
HeOe3neku. CeiicMiuHICTh TepuTOpii YKpaiHW BHU3HAYAETHCSA CEHCMOAKTHBHUMH
3oHamu Kapmar, oco6mmBo 30H010 MacuBy Bpanua Ha cruky Cxigaux i [liBnenanx
Kapmar na tepuropii PymyHii i 30HOI0 KpUMCBKHX CEHCMOTEHHHX OcepenkiB. B
OCTaHHI POKH 3a(ikcoBaHi MaJOMOTYKHI ceficMoreHHi ocepenku B [Ipukapmarri i
VYkpaincekux Kapnarax.

B mitomucHux mxepenax 3adikcoBaHi pyWHHIBHI TMpPOSIBH CEWCMIYHOCTI Ha
teputopii Ykpaiau: B Kuesi B 1170, 1196, 1230 pp., 30kpema, B 1230 p. BHacTi0K
CWJIBHOTO 3eMIIETPYCY, IO BigdyBaBcs 1o Bciil Tepuropii Pyci (Kuis, [lepescnas,
Hosropon, Pocros), Oys 3pyliHoBanuii moOynoBanuii B 1176 p. YcneHcskuii codop
[Meuyepcrkoi JlaBpu. 30epexeni maHi mpo 3emieTpycu Ha Ykpaini 1650, 1730,
1793 pp. Ommcani Hacminku 3emuerpyciB 26.10.1802 p., 26.11.1829 p.,
23.01.1838 p. docTtaTHbO MOBHO BHUBYEHHUI Makpoe(eKT Ha TepUTOpii YKpaiHu
3emiieTpyciB i3 30HUM Bpanua 6.10.1908 p. ta 22.10.1940 p. Cnocrepiraiuch i
BUBYAJIMCh Makpoe(eKTH pyiHiBHUX 3emierpyciB 4.03.1977 p., 30.08.1986 p., a
takox 30.05.1990 p.

AKTHBI3allis CeiicMiuHOI akTMBHOCTI B 30HI Bpanua Ta YopHOMOpCHKOMY
PETrioHi, a TAKOX B I[JIOMY Ha IUIAHETI MPU3BEJia A0 MiJIBUILECHHS PIBHS CEHCMIYHOT
HeOe3nekn Ha BCi TepuTOpii YKpaiHM Ta, Y KiHIEBOMY MiJCYMKY, 3pPOCTaHHS
BiJMIOBIZTHOTO 3CYBONPOBOKYIOUOTO (pakTopa. YKpaiHa, a HE TIIbKH KapnaTChbKHUM i
KPUMCHKHUH DETiOHH, SK paHillle BBAXKAJIOCh, € 30HOK, Ji¢ MOTEHI[IHHO MOKJIHBI
3eMJIETPYCH, IPUYOMY JOBOJI CHIIBHI. «...B palioHax 3 mociaGneHUMH IPyHTaMH
(dacTi 3cyBH Ta iH.) MOXKYTh CIIOCTEPIraTuch i 7—8-0anbHi eeKTH», — IMiTKPECITIOE
3acTynmHuK gupekropa Iucrutyry reodisuku HAHY O. Kenmsepa [10]. o
srmoHchKoro 3emiieTpycy (11.03.2011) BBaxkaiocs, 1o npu 9-6anbHOMY 3eMJIeTpyCi
npuckopeHHs Moxe 0ytu makcumyM 0,4 g. «AJe snoHChKa KatacTpoda rmokasana
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Bci 2,7 g. Lle mpu3Beno o 6UIBIUX pyHHYBaHb, HXK 09iKyBajaoch. Lle 3Ha4nTh, 1110
yac IEpPeIUBUTUCh BCl MapaMeTpu 3eMJIETpPYCiB», — 3a3Hadyae JUPEKTOp
BipMeHCBKOTO [HCTUTYTY Treodizuku 1 imkeHepHoi ceiicmonorii C. OracsH.
O. Kenmzepa momae, mo, BiAMOBiAHO, MOTPIOHO TeEperiasHYTH 1 JaHi, AKi
BHKOPHCTOBYIOTh ITPOEKTYBAILHUKH TIPH 3Be/IeHHI Oy aiBenb Ta criopyn [10].

[mxeHepHUIA 3aXHCT TePUTOPiH, OyIMHKIB Ta CIIOPY[ Bix HEOE3IEYHNX BIUIHMBIB
CYYacHHX TEOJIOTIYHUX IPOLECIB K HAYKOBO-TEXHIYHA MpobieMa HaOyBae aenani
OUThIIOl aKTyanbHOCTI. AHaN3 e(pEeKTHBHOCTI 3aXO[iB 3 IHXEHEPHOTO 3aXHCTY,
BUKOHAHNX y MHUHYJIOMY B OKPEMHX perioHax YKpaiHW, Cy4acHH HOTro CTaH
CBi4aTh, 110 32 BCiMa OCHOBHHMH HampsiMaMH BHUpIIICHHS MpoOJIeMH icHye Oarato
MUTaHb, sIKi NOTPeOyIOTH MOJANBIIOrO onpawtoBadHs. [1po ne cBimquaTs Macmradu ta
Hacniaku moseHi y [pukapnarti y mumnai 2008 p. BaxkmusuM HanpsmMom, e moTpiOHi
HOBI MiAXO/H, € IHKEHEPHO-TEXHIUHI po3BigyBaHHsA. Konu HaeTbcs mpo 3iiiCHeHHS
3aXONiB 3 IHKCHEPHOTO 3aXHUCTy, TO iX OCHOBHUM 3aBJAHHSAM € BHU3HAYCHHS
MacmTaliB peanbHOi 3arpo3H PYHHYBaHb, SIKHX MOXYTh 3a3HATH 00'€KTH 1 TEPUTOPIi
BiJl PO3BUTKY HEOE3MEYHUX T€OJIOTYHUX MPOIECiB. Ik HEMOOIIIHKA, TaK 1 IepeoIiHKa
i€l 3arpo3u BKpail HebakaHi. Y MepiioMy BUNAIKY 1€ CIPUYUHUTH HellepeadaueHo
BEJIHMKI 30UTKH, a B IPYTrOMY — HEBHUIIPAB/IaHI BUTPATH.

VY KOXXHOMY KOHKDETHOMY BHUIIaJKy IPOEKTYBAaHHS Ta BUKOHAHHS 3aXOIiB 3
IH)KEHEPHOTO 3aXHCTY CJIiJl BUXOIUTHU 3 TAaKUX MPHUHIMIIB [6, 8]:

® CTUMYJIOBaHHSA 3JaTHOCTI NPHUPOJHHUX CHCTEM A0 CaMOPEryJIOBaHHS i
CaMOBITHOBJICHHS,

® ypaxyBaHHS CTaJiiHOCTi, IUKJIIYHOCTI T4 PUTMIYHOCTI, XapaKTEPHUX LIS
nepediry reoJOTiYHNX MPOIIECiB, OCOOIMBO €K30TEHHUX, IO 3HAXOSATHCS B TICHOMY
3B'SI3KY 3 TIIPOMETEOPOIOTTYUHUMH YNHHUKAMH,

e QaJIeKBATHOCTI 3aXOMiB Xapakrtepy 1 MacmTabaM TposBy HeOe3MeuHuX
I'COJIOTIYHUX MPOIECIB, 10 BAYKIMBO 3 EKOHOMIYHHX Ta €KOJIOTTYHUX TTO3MIIIN;

® KOMIUIEKCHOCTI TPOBEIEHHS 1HXKEHEPHOTO 3aXWCTy W  ypaxyBaHHs
CENIEKTUBHOCTI J1ii OKPEMHX 3aXO0iB, CIPSIMOBAaHUX HA YCYHEHHS IEBHUX YHHHHUKIB,
10 CIPUYUHSIOTH HeOe3IeUHi Te0JIOTiuHI POoIIecH;

® TO€IHAHHA 3aXHCHHUX 3aXOIiB 3 1HKEHEPHOIO MiJArOTOBKOIO TEpUTOPIi Ta
€JIEMEHTIB 3aXMCHHUX CUCTEM 3 KOHCTPYKTHBHUMH €JIEMEHTaMH OYIiBEIb i CHOPY/I.

Crig TakoX yTOCKOHATIOBATH METOH OIliIHKY BPa3JIHBOCTI 00'€KTIB CTOCOBHO JIii
HeOe3MeYHNX TEOJIOTIYHUX IMpoleciB Ta crocodu 1i 3menmenHas [11-13]. s
MaTEMaTHYHOTO MOJICIIOBAHHS HAIPYXKEHO-1e(hOPMOBAHOIO CTaHY CXHWIIIB ICHYE
0araTo mporpamM Ta MporpaMHUX KOMIUIEKCIB: kaHajchka nporpama GEOSLOPE,
nporpamuuii kommiekc LANDSLIDE pisaux Bepciii Ta iH. [14-16]. Onnak, Ha
paHHi{ cTaii MPOEKTYBAaHHS MPOTH3CYBHUX CIOPY/ JIsI ONIEPATHBHUX HAOIMKEHUX
pO3paxyHKiB KoedillieHTa CTIHKOCTI CXHMITy Ta 3CyBHOTO TUCKY MOTpiOHA Mmporpama,
sIKa Ma€ HACTYIIHI BJIACTHBOCTI: 3pYYHICTh y KOPUCTYBaHHI; TpadiuHuid, JIFOTUHO-
opieHTOBaHUH iHTep(eiic; Oa3yeTbcssi Ha anpoOOBaHMX MaTEMAaTHYHHX METOHaX;
HajiJieHa MPUEMHOI0 (OPMOIO ITOJAHHS Pe3yJbTaTiB po3paxyHKiB (rpadiuHa Ta
TabmuuHa (GOpMU); MIBUKICTh BUKOHAHHS PO3PaxyHKIB Ta iH.

Ha nam mormsin, Bcim muM BuMoram Bignosinae mporpama LANDSLIDE. Ha
puc. 2 Ta 3 HaBeICHO TUITOBHIA PO3PaxyHOK 3a noroMororo nporpamu LANDSLIDE.
VY Tabmmui 1 HaBenieHi KOe(illiEHTH CTIHKOCTI CXUITY, BIJIIIOBIIHI KOXKHOMY 3 TPHOX
BapiaHTiB Ta po3paxoBaHi 3a nomomoror nporpamu LANDSLIP wmeromamu
Macnosa-bepepa 1 LllaxyHsaua.
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Tabmuns 1 — Koedimient crifikocti cxmry Ky

Ne Howmep Ky, po3paxyHok 3a Ky, po3paxyHok 3a CelcMITHICTb,
n/n BapiaHTa METOIOM MeToxoM MacioBa- oanmn
IllaxyHsanma bepepa
1 | Tecrosnit 1.16 1.23 0-6
TPUKIA]

2 1 1.07 1.15 7

3 2 0.99 1.07 8

4 3 0.87 0.95 9

Ha puc. 2 1 3 HaBezeHi enropu 3CyBHOTO TUCKY, OTPUMaHi IPH MaTeMaTUIHOMY
MoJIeNTIoBaHHI (hakTopy cericMivHOCTI 3a qormomororo nporpamMu LANDSLIP.
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Puc. 2 — Emopa 3cyBHoro tucky. TecroBuit npuknaa. Meton [HlaxyHnsHia
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Puc. 3 — Emopa 3cyBHoro tucky. Bapiant Ne 3. Meron Macnosa-bepepa
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3a J0NOMOTO10 aHaJIi3y YMCEJIBHUX PO3PAaXyHKOBUX JAHUX OTPUMAHO HACTYIIHE:

1. Hesnaune migBUICHHS CEHCMIYHOCTI Maimanunka OyaiBHANTBA (7—8 OaiB)
MPU3BOJIUTL 10 3HIDKEHHS KoedilieHnta cridkocTi. CXWi, CHOYaTKy CTiHKWH,
MEPEXOANUTh B CTaH TPAaHUYHOI PiBHOBAry.

2. lloganpIme migBUIIEHAS CEHCMIYHOCTI MaijaHYnKa Oy TiBHALITBA (10 9 GamiB
1 BUINE) MPU3BOAUTH 10 3HIDKEHHS KoedimieHTa ctiiikocti 10 20% ~ 25%. Ilpu
PO3paxyHKOBOMY 3eMJIETPYCi BiIOY Iy ThCS HE3BOPOTHI 3pYLICHHS 3CYBHUX Mac BHU3
[0 CXWy, IO B OKPEMHX BHIIAJKaX MOXE MPHU3BECTH IO 3arudemi Jromen i
py¥iHYBaHHS OyIiBeTbHIX KOHCTPYKIIii, 10 3BOAATHCS HA TAKOMY CXHJI.

3. 3a 1aHMMHU YUCENBHHUX PO3PAaXyHKIB, OTPUMAaHUX Ha OCHOBI KOMIT'IOTEPHOL
nporpamu LANDSLIP, MokHa TMOETamHO NPOCTEXUTH IMPOIEC HAKOMWYEHHS i
Mepepo3NOITy HAMpPyXeHb B 3CYBHOMY CXWJII TPW IiJBHINEHHI CEHCMIYHOCTI
MaiinaHunka OyIiBHUIITBA, IO IPU3BOIUTh, B KIHIIEBOMY MiJACYMKY, 10 PYXY 3CYBY
(po3BaHTakKeHHS HAKOMMMYEHOT HATIPYKEHOCT1):

* CuMeTpryHHIA PO3MOMALT 3CYBHOTO THCKY HPH CEHCMIYHOCTI OymiBEITFHOTO
Maigaraguka Bifg 0 10 6 3aMUIIAEThCSI CHMETPUYHUM 1 TIPH celicMivHOCTI 9 OaiB.
OpHak mpu 1HOMY, TIPU 30BHIINIHBOMY 30€pexeHHi (OPMH PO3MOILTY 3CYBHOTO
TUCKY, BIIOYBAIOTHCS CYTTEBI KUIBKICHI 3MIHU PE3yJIBTYIOUOTO 3CyBHOTO THCKY IO
OJ0Kax.

* Ilpu 3HMXKEHHI CEHCMIYHOCTI MaiiiaH4yuKa Bix 6 10 9 OaniB BigOyBaeThCs
MoeTarnHe 3MEHIIeHHsI MAaKCUMYMY 3CYBHOTO THCKY B cXwili npuosnzHo 10—-15% Ha
onuH 0Oai, IO KOpEeNmoe 31 3HIKEHHSM MiICyMKOBOTO Koe(imieHTa CTIHKOCTI
3CYBHOTO CXMIIy B IIHX ke Mexkax. CXUII 31 cTaHy CTiHKO1 piBHOBAard MepexouTh B
HECTIMKUH CTaH TpH PO3PaXyHKOBUX IapaMeTpax 3emJeTpycy (CeHCMIdHICTb
OyZIiBenbpHOTO MalimaHdnka 8—9 GariB).

* o0 mepeiiTit B HOBY CTiHKy «hopMy», IiJl 9ac 3eMIIETPYCYy BiIOyAeThCs
«PO3BaHTAXKEHHSI HAKOMTMYCHOT HAIIPY>KEHOCT» — pyX 3CyBHUX Mac. CXHIIOBI MacH
CTaHyTh CTIHKUMH BX€ B HOBOMY IIOJIOKCHHI, HIDKYE IIOAO MOYaTKOBOI'O
MOJIOXKEHHS 110 BUCOTI.

BucHoBku

1. HameneHo mpuKIiaj BpaxyBaHHs CeHCMIYHMX (DaKTOPIB PU PO3PAXyHKAX CXUIIIB
3a IPYrol0 TPYIIo rPaHMYHUX CTAHIB.

2. B wmexax Teopii TrpaHWYHOI ~ pIBHOBaru ONHCAaHUM  MeEXaHi3M
«pO3BaHTa)XyBaHHS HAKONMHMYEHOI HANpPYXEHOCTI» B CXHJIOBOMY MacuBi TIpH
3eMJIETPYCi.
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EFFECT OF THE IRRIGATIVE WATER QUALITY
ON ECOMELIORATIVE STATE OF SOILS

Annotation. The article deals with the influence of the irrigative water quality on
soil meliorative state and ecology. The higher qualitative water creates a healthy
ecological environment by affecting the soil meliorative state. This article informs
us about rivers, lakes, sea, slop and underground waters and about usage
opportunities from such waters in agricultural plants irrigation.

The terms of the international and interstates standards must be fulfilled in irrigative
water use. A quantity of the injurious substances should be at a permissible limit.
The water used in trickling and subsoil irrigation must be clean and limpid, the sizes
of the particles floating in irrigation by the water-sprinkler machines and
installations must be fitting to the exit diameter of the spraying apparatus tip.

The very turbid water on the surface irrigation creates difficulties in growing works
by affecting the agricultural plants development negatively. The organic and
mineral content of water render an influence on organoleptic indicators. The
permissible limit improves irrigative water quality.

The qualitative waters play an important role in humus quantity increase.

Key words: water-sprinkler; irrigative water; soil; quality; ecomeliorative; organic
and mineral substance; organoleptic index

Introduction

The article is dedicated to the effect of the water quality which is used in irrigation
of the agricultural plants on increase of the plant productivity, improvement of the
environment and meliorative-ecological state of soils. The information about the
waters of the river, lake, storehouse, underground and sea, sewer water sources and
their state, at the same time the information about an accordance to the international
and interstates standards of the water quality which is used in irrigation is given.
From this point of view permissible limits of the useful and harmful mixture in the
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irrigative water content are given. At the same time a role of the irrigative water in
increase of the humus quantity is spoken.

Research object and method

The water samples taken from the rivers, lakes, artesian and subartesian wells, seas,
sewer water sources have been admitted as a research object in order to study a
quality of the irrigative water and its influence on improvement of the soil
meliorative-ecological state. The chemical content of the samples taken from the
water sources, the mechanical mixtures quantity, turbidity degree and transparency
has been fixed on the basis of the generally accepted methods. But the criteria of the
water quality indices (para-meters) have been determined according to the
international and interstates standards.

Analysis and discussion

The waters of the rivers and lakes, underground and local flow, industrial and
economical-life sewer are concerned the water sources for irrigation. Last years the
sea water is begun to be used in irrigation. The taken water must be useful for
irrigation of the agricultural plants. The water quality depends on quantity of organic
and inorganic substances, microorganisms. The clay non-dissolved in water, residues
of silt, plant and animal organisms, the different salts dissolved in water, gases,
organic and inorganic combinations are a reason for water turbidity, and this changes
its color and taste. The water resource and expenditure in the water source must
provide a need for it [1, 8].

To provide the tillage areas with the irrigative water, the waters on land surface
(rivers, lakes, water canals) and underground are used. The atmospheric
precipitations form a base of the water source. The atmospheric precipitations falling
to the earth surface (snow, rain) are expended for the different places, and run into
the rivers in a direction of the ground inclination and make ponds, springs, it is a
reason for subsoil waters creation, but the rest part evaporates. So, the water
constantly circulates in the nature.

The subsoil water quality is various depending on natural condition, but its
content depends on their creating situation. A content of the atmospheric waters is
filtered from surface into soil changes depending on salts and other substances in the
land layers. The water gives one substance into soil, and gets the other one from it,
but the soil keeps mechanical mixtures in itself. Therefore, the subsoil waters are
mainly pure. To use from such waters can be considered very rational in irrigation
with water-sprinkler, drops, aerosol, and subsurface. The soil keeps oxygen, and
substances as ammoniac, phosphate acid and potassium salts which are necessary for
plants development [3].

The open waters sources, i.e. the rivers, canals, water storehouse, lakes and ponds
are used in irrigation [2].

The atmospheric waters form a basis of the river waters, partially subsoil waters.
The river waters keep a lot of colloid substances from animal micro-organisms are
found. From this reason the river waters are near the atmospheric waters according
to their physical, biological and chemical characters. A quantity of the mechanical
and organic mixtures in the river waters changes depending on the year seasons. The
river waters’ quality depends on geological structure and local condition of the zone.
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A number of various substances run into the rivers from the surface during the
rainfalls and stream turbulent.

The salt quantity in the river waters can rise at the expense of the subsoil waters
running into rivers. They are considered useful and necessary for watering of the
agricultural plants. An observation of the dangerous microorganisms and bacteria in
the river waters depends on presence of the dwelling points, communal and industrial
enterprises. Fitness of such rivers for water provision is fixed by its bacteriological
and biological content.

The lake and storehouse waters are not flowing waters. They get the water from
atmospheric, river and subsoil water sources. Therefore a structure of the lake and
storehouse waters is various. The subsoil waters flowing into the lake and water
storehouses rise the water hardiness, changes a temperature. The polluted waters
flowing from the rivers contaminate the lake and storehouse waters. If it is necessary
to use from the lake, pond and storehouse waters, firstly the chemical, bacteriological
and biological content of the water must be fixed, then its fitness over setting must
be defined [7].

The following main demands for a quality of the irrigative water must be made:
it must improve a mechanical, chemical, biological, temperature regime of soil and
it must be useful for irrigation with the available technics. A quality of the irrigative
water is characterized by the water temperature, a quantity and coarseness of the
particles floating in the water, the number of the organic and mineral substances in
it (a quantity of soluble salt and chemical substances). The organic and mineral
substances soak into soil by the irrigative water and rise its fertility, it causes an
increase of the agricultural plants productivity [6].

Depending on water source its temperature is various. A water temperature in the
open water sources mainly depends on air temperature, water deepness and water
motion rate. An average temperature is 0-3°C in the lakes, but a temperature changes
by 1-14°C in the artesian, kahriz (underground|pipe) and spring waters. While a
temperature of the soil and air is low, the irrigative water cools the plant and
consequently the plant development delays. Therefore, the water temperature should
be near 20°C. If the water temperature is low under the natural condition, then it must
be warmed as soon as possible. Using from the waters of which temperature isn’t
lower than 14-17°C for irrigation is advisible. In this case 6-20% is economized for
the irrigative water expended on plant unit, but productivity can rise till 14-20% [9].

The water turbidity is a quantity of the organic particles with gram in 1 litre of water
and it has a great importance for the irrigation systems. The lake, pond, plain river
waters and subsoil waters aren’t turbidity. The little deponent particles with the nutrient
enter the area by the river waters which are considered a main water source, they
moisten not only the soil but also fertilizer the area. The coarse particles in the silty
waters which are transported by the canal, chute and pipeline trouble the deposit, and
the little particles run into the area [9]. There mustn't be floating particles more than
0,5 mm in the water during the irrigation with the water-sprinkler machines as
“Cuban®, “Dnepr*, “Freqat“, “Voljanka“ and others, the turbidity must be less than
1-1,5 g|l in irrigation with a hose, less than 3-4 gl in irrigation from underground
pipelines [3].There mustn't be particles floating in the water during subsurface,
dropping and aerosol irrigations, the water must be mechanically pure. That is, using
of the silty water with these methods in irrigation isn’t absolutely advisable. While
performing irrigation with the surface method, stripe or furrows, the harmful
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mechanical mixtures in the more turbidity waters, especially the insoluble particles
form a layer within the certain density. Then this stratum crusts, and consequently it
hampers cultivation. Sometimes, the shoots are covered with the complete or partly
these particles, this prevents the following development of the plants.

While performing water-sprinkler with the siltier water, the silty water splashe
din arain form falls on the plant trunk and leaves, disturbs photosynthesis processes,
sometimes the plants bend as a result of heaviness and lose stableness. After
irrigation the silty stratum remained on the leaves delays its development, and it may
negatively effect on crop (especially fruit) appearance. A quantity of mineral
substances in irrigation water for some plants is till 1-1,5 g|l, but saltness is till
5-8 g|l and it isn't considered dangerous. 15-20 g|l of the soluble salts quantity in
water is considered harmful [2]. Therefore getting the water from the delta part of
which mineralization decreased as a result of flowing sweet river water into the sea
is advisable while using from the sea water in irrigation.

While using from slops in irrigation the chemical analysis must be performed in
order to fix a quantity of the useful (phosphorus, nitrogen, potassium) and harmful
(pitch, soda, phenol, oil products, lead, phtor and etc) substances and their number
must be compared with the permissible concentration. During the comparison
presence of more soda quantity is very dangerous [1, 6].

Using of the mineralized water in irrigation depends on mutual relation of some
factors, for.ex. climate, zone draining, mechanical and chemical content of soil-
ground, irrigation technics, plant agrotechnics.

A quality of natural water sources is characterized with a quantity of organic and
inorganic substances, microorganisms, physico-chemical indices and pathogenic
bacteria content. The water normal qualitative parameters and its differences from
the permissible limit are determined by a standard. The farming-drinkable water
equipment sources of State Standard 2761-84, “Centralized economical-drinkable
water provision sources are chosen according to the standard hygienic, technical
requirements and distinguishable rules” [4, 5].

The sanitary quality of water is regulated with the “Drinkable water” standard of
State Standard 2874-82. The organoleptic indices as a taste, smell, transparence of
water good for the human’s organism in this standard, the harm-lessness and
epidemic safety parameters of the water chemical composition were given. The
water turbidity depends on particles quantity. The particles floating in the water form
an important condition for pathogenic bacteria development. Therefore a content of
the water which is floated by the pipelines is very seriously limited. Its concentration
mustn’t overstep 1,5 mg|l limit [4]. There is melted iron and humus substances in the
pure water, and it is not dreadful for the organism. These substances give brown-
yellowish or yellow color to the water. When hudrosulphite (sulphur hudrogen) is
present, its colour becomes greenish. The analyses show that presence of mineral
substances in the water doesn’t negatively influence on alive organisms. But mineral
substances deteriorate the water taste, disturb transparence. Presence of the taste and
smell in the pools, storehouses and lake waters is connected with the development,
destruction, decomposing of the organic substances in the water and etc.

The mineral mixtures influencing on organoleptic composition of water musn’t
overstep the displayed limit, by mg|l: dry residue — 1000, chloride (CI) — 350, sulphate
(S04%) — 500, the iron (Fe?*;Fe®*) — 0,3, manganese (Mn?*) — 5,0, aluminium (APF*) —
0,5, metaphosphate (POs) — 3,5, zinc (Zn?*) — 5,0, copper (Cu?*) — 1,0 [8].
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Less mineralization of water (till 200 mg|l) deteriorates its taste, but absence of
salt (distilled water) in water is harmful for the human'’s organism. According to the
information of the sanitary epidemiological service organs while dry residue quantity
in water is till 1500 mg|l, a quantity of iron in the used subsoil waters is till 1 mg|l,
it is considered admissible.

Chloride and sulfate concern the main quality indices of the water. While the
concentration is high it can harmfully influence on plants. The approximate
parameters by mg|l which characterize the irrigative water fitness (fitness criterion
for irrigation according to the chemical content of water) is as the following: while
a quantity of oxygen in water content is more than 5, salts are less than 800, chlorides
are less than 300, sulphates are less than 25, the same water is good for irrigation;
but the water is considered useless for irrigation while oxygen is less than 3, salts are
more than 1200, chlorides are more than 400, sulphates are more than 300 [3, 8].
Presence of free chlorine, sulphur (more than 0,5 mg|l) and fluorine (more than 1 g|I)
in water is not permissible. The admissible maximal limit of the harmful substances
must be so: mercury — 0,005 mg|l, arsen and selen — 0,05 mg|l, copper, cadmium,
chrom, tin, cyanide, hydro-carbon, oil-products — 0,1 mg|l, sulphide, trinitrobenzol
— 0,5 mg|l, carbon-sulphide, fluorine (colourless gas) — 1mg|l, zinc — 5 mg|l. The
water quality mustn't lag behind drinkable water for the animal watering. At the same
time, the requirements for its content, taste, smell, transparency can be reduced [7].

Improving the water qualities to dilute, to filter, to free from microbes, to purify
the substances which inflict harm upon the human’s and animals life and plants, and
to lay obstacles for its using in industry, to improve an ecological state of soils and
environment and to get pure product ecologically.

Conclusion and recommendations

1. The water must meet the following requirements, irrigation: the mexanical,
chemical, biological, temperature, there should be suitable for irrigation equipment
to improve their land. The quality of water for Irrigation water temperature, mineral
and organic substances should be characterized by a number of parts floating in the
water, its content and size. Chloride and sulphate salts are more than -1200 mq|l least
partially, at least, are suitable for irrigation water, oxygen in water content is more
than 5, salts are less than 800, chlorides are less than 300, sulphates are less than 25,
the same water is good for irrigation; but the water is considered useless for irrigation
while oxygen is less than 3, salts are more than 1200, chlorides are more than 400,
sulphates are more than 300.

2. Drip irrigation water in irrigation canals, rivers, reservoirs, lakes and ponds is
efficient use of water sources, that is, the surface or underground water, and spray
with sprinkler, sulsurface mainly by the method of mechanical cut off with jets open.

3. The natural water sources of organic and inorganic substances and
microorganisms, bacteria causing the disease and physico-chemical indicators of the
quality of content must be characterized with the composition of. Water quality and
its allowable limit should be determined by the standards of nominal.

4. To improve water quality, free from germs, which can serve improvement of
environmental situation is necessary to limit the damage to crops from a mixture of
soil and environment in general.
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b.M. Mamenos
BILJIMB SAIKOCTI 3POINYBAJIBHOI BOJAU HA EKOMEJIOPATUBHUI CTAH
IPYHTIB

AHoTanig. Y CTaTTi ONMMCAaHO BIUIMB SIKOCTI 3pOIIYBAJbHOI BOAW HA EKOJIOTIYHHH Ta
MeniopaTUBHMN cTaH IpyHTY. IlokpamieHa SKiCHA BOJa CTBOPIOE EKOMEIIOpPATHBHE
CepelOBHINE, SIKE BIUIMBAE Ha EKOJIOTIYHUM Ta MENOpaTHBHUI cTaH IpyHTy. Hamano
iH(pOpMaLio PO CKIIAJ PIYKOBHX, 03€PHUX, MOPCHKUX, CTIYHHX 1 MiA3eMHHUX BOJ, MPO iX
BUKOPHCTaHHS TIPH 3POLICHHI CIIbCHKOTOCHOAAPCHKUX KyNIbTyp. Ilpu BHKOpHCTaHHI
3pOILIYyBaJbHOT BOAW CIIJ JOTPUMYBATUCS MDKHApOJHHMX 1 MIKAEPXKABHUX CTaHIAPTIB.
BukopucroByroun mpu THONMBI  BOAY 31 IIKIUIMBUMH JIOMILIKaMH, HEOOXiIHO
JOTPUMYBATHUCS JOMYCTUMHUX HOPM. [Ipu KpanenbHOMY 1 HiAIPyHTOBOMY 3pOILIEHH] OJINBHA
BOJIa TIOBMHHA OyTH YMCTOIO, ITiJ] 4ac JOL[YBaHHs IUIaBa0yi YaCTHHKU MAlOTh BiJIOBIATH
JiaMeTpy HaKOHEYHHMKa JIOUIyBaJbHOTO amapary. IIpu moBepXHEBOMY IOJMBI 3aHAATO
KaJlaMyTHa 3pOIIyBajbHA BOJA 3aTPUMYE PO3BHTOK POCIHH i CTBOPIOE TPYAHOIII ITiA 4ac
00pOOKH IpYHTY.

MiHepaysHUI 1 OpraHiYHUI CKJIaj BOIU BIUIMBAE HA OPTraHONCNTHYHUN MOKa3HUK. [1pu
JOIMYCTUMHX KOHLEHTPAISX JIOMIIIOK TMOJIIMIIYEThCS SKICTh 3pOLIyBaJbHOI BOJIM.
3pomryBaibHa BOJIA BiIirpae BaXKIIUBY POJIb IS MIABUIICHHS KUTBKOCTI TYMYyCY B IPYHTI.

KarouoBi cioBa: nouryBaHHs; 3poulyBajibHA BOJA; IPYHT; SIKICTh, €KOMEIiOpaTHB;
MiHepaJbHi Ta OpraHiyHi pe4OBHHU; OPTaHOJICNTHYHUI OKa3HUK
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ASSESSMENT OF THE RISK OF EMERGENCY SITUATIONS
DURING THE STORAGE OF GALVANIC WASTE

Abstract. The article is dedicated to the research of the consequences of
emergencies related to the storage of waste (sludge) on the territory of the
enterprise, as well as directly in the process of carrying out technological processes
for the estimation of danger to health and human life. The problem of industrial and
household waste recycling is becoming more pressing problem nowadays taking
into consideration constantly increasing volume of waste generation, while the rate
of its processing is incomparably small. As a result, hundreds of millions of tons of
various solid wastes must be recycled and disposed.

The scale of annual production and accumulation of solid waste requires the
creation of powerful processing plants with a capacity of millions tons per year with
their industrial development. The environment is considered to be safe when its
condition meets legislated criteria, standards, limits and standards established by
legislation concerning cleanliness (hot pollution), not exhaustion, environmental
sustainability, sanitary requirements, ability to satisfy the interests of citizens. The
level of environmental pollution in the areas of production of plates, galvanizing
and painting plants, which are the greatest sources of environmental hazard and
belong to main pollutants.

The question of risk estimation and management in different production branches
of Ukraine and leading countries nowadays became urgent and significant because
of repeated use of chemical elements, imperfection of disinfection and utilization
processes.

The work objective lies in estimation of hazard level to human health and life
consequent on occurring emergencies, connected with galvanizing processes and
waste conservation (sludge) on the territory of the enterprise.

Sludge hazard classes during production of plates and galvanics are defined,
allowing a possibility of searching the ways for increasing ecological safety level of
territories of enterprises, involved in plate and galvanics production.

Application of “risk” definition lead to impossibility of the development of unified
approach to its estimation. Plenty of risk types exists, among which is ecological
risk. National standard of Ukraine (JCTV 2156-93. Industrial safety. Definitions)
specifies rick of industrial enterprises as probability of potential danger
realization, initiated by industrial enterprises and (or) negative consequences of
this realization.

On the grounds of research results of galvanic sludge content the effective content
and dangerous substances content was determines. Two examples of sludge taken
from different Ukrainian enterprises, kept inside plantsite area, were shown. It was
determined that hazard index is above normal and this risk level is inadmissible.
Emergencies, accompanied by storage area dismemberment and lead to galvanic
sludge insertion into the environment, increasing risk for human health. Obtained
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level of carcinogenic risk and hazard index indicate on the necessity of carrying
complex of resolutions concerning prevention of emergencies and minimizing their
consequences. Following researches have to be directed for search of alternatives
of sludge storing on the territories of enterprises, for wastes utilization with
separation of valued components and recurrent use of solutions in technological
processes.

Keywords: hazard index; plate production; waste recycling; environmental safety

B.JI. Morpedennux?’, A.A. Hecrep?

'HanionansHuit ynisepeuter «JIbBiBchka nonitexsika», M. JIbBiB, Ykpaina
2X MeJIbHUIIbKUH HalliOHAIbHUN yHIBepCHUTET, M. XMETbHUIILKUN, YKpaiHa

OLIHIOBAHHSI PU3UKY BIJ| ABAPIMHUX
CUTYALIM I YAC 3BEPITAHHS I'AJIBBAHIYHUX BIAXOAIB

Anomauin. Cmammio NPUC6A4eHO OOCHIONCEHHAM  HACHIOKI@  BUHUKHEHHS
asapitiHux cumyayitl, nog si3aHux 3i 30epieanHam 6i0x00i6 (wiamis) Ha mepumopii
nionpuemcmea, maxk i 6e3n0cepeoHbO 8 Npoyeci NPOBEOCHHs MEXHOLO2IYHUX
npoyecie, 0151 OYiHI0B8aAHHA Hebe3neKu 01 300pos st ma scumms oounu. [lpobnema
ymunizayii 8i0X00i8 NPOMUCIOB020 Ul NOOYIMOB020 NOXOOINCEHHS HADYBAE 8 HAUL YAC
yce Oinb 20cmpo2o Xapakmepy y 36'a3Ky 3 MuM, wo o6cazu 2enepy8anis 8i0xo0ie
NOCMITHO 3POCMAIONb, MOOJi K MeMnu IXHbO20 nepepoONeHH s HE3PIBHAHHO MAI.
YV pesynomami domenep naxonuueno commui MINbUOHIE MOHH PIHUX MEEPOUX
810x00i8, K He0bXIOHO nepepobasimu U 3Hewkooxcysamu. Macumabu wopiunozo
NPOOYKYBAHHS U HASPOMAOINCEHHS. MEePOUX 6I0X00I8 UMA2alOmb CMEOPEHHS
HOMYICHUX NEPEPOOHUX YCMAHOBOK NPOOYKMUGHICIIO, UMIDIOBAHOI0 MINbUOHAMU
MOHH Y PIK 3 iX NPOMUCTIO8UM O0CBOEHHAM. Hasronuuine cepedosuuye 66axcacmucs
be3neunum, KoIu 1020 Ccmau GION0GI0AE B6CMAHOGIEHUM Y 3aKOHOOABCMEI
Kpumepisim, Cmanoapmam, TiMimam i HOpMAmueam, siKi CmocCyromvbCsi YuCmomu (He
3a0pYOHEHHs), He BUCHANCEHOCMI, eKOJO2IYHOI CMIUKOCMI, CAHIMAPHUX 6UMO2,
30amHOCmi 3A0080bHAMU  THMeEpecU 2poMaodaH. 3aOpYOHEHHS HABKOMUUHBLOSO
cepedosuwa 8 patloHax po3MAauly8ants yexie 6UPOOHUYMBA NAAM, 2ANTbEAHIYHUX |
GapoOysanvHux yexie, sKi € HAUOLIbUWUMU Odcepenamu eKoNo2iuHol Hebe3nexu,
Hanexicums 00 YUCia OCHOBHUX 3AOPYOHI08AYIS.

Iumanns oyintoganHs ma YnpasninHi PU3UKOM 8 DISHUX 2aly35X GUPOOHUYMEd
Yxpainu ma nepedosux depowcas nabynu akmyanbnocmi ma sHaA¥yWOCmi cb0200HI
uyepe3 WUPOKe BUKOPUCNAHHA XIMIYHUX eleMeHmi, HeOOCKOHANICMb Npoyecie
SHEWKOONCeHHsL, YMULI3ayii 8i0X00i8.

Memoro pobomu € oyiniosanns pieHs Hebesnexu 0s 30008’ Ma HCUMMSs JHOOUHU
BHACNIOOK BUHUKHEHHA ABAPIUHUX CUMYayill, NO8 A3AHUX 3 2aNb8aAHIYHUMU
npoyecamu ma 30epieaHHAM 8i0X00i6 (uWiamie) Ha mepumopii nionpueEMcmaad.
Busnaueno xknacu nebesnexu winamy eupobHuymea niam ma 2anib8aHiKu, ujo 0ae
3MO2Y HaMIMumMu WXy 01 NiOGUUEHHS PIBHs eKONI02IUHOI be3neKku mepumopiti
RIONPUEMCME 8UPOOHUYMEA NIAM [ 2ATbEAHIKI.

3acmocysanns mepminy “pusux” npuzeeno 00 HEMOICIUBOCMI po3podumu
VHIQiIKo8aHUU NiOXi0 00 1020 oyiHI8aHHs. IcHye bazamo 6udie pu3uKis, ceped sKUX
€ exonoziunutl pusux. Jlepocasnut cmandapm Yxpainu (ACTY 2156-93.
Fbesneunicmo npomucnosux nionpuemcms. Tepminu ma 6usHAYeHHs) BUHAYAE
PUBUK NPOMUCTOB020 NIONPUEMCMEA AK IMOGIpHICMb peanizayii nomeHyiuHoi
Hebe3neKu, wo iHiYiloeEMbCsl NPOMUCTIOBUM NIONPUEMCMBOM, MA (AO0) HeecamueHUX
Hacnioxis yiei peanizayii.
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3a peszynomamamu O00CHiONCEHHSI CKAAOY 2ANbBANHIYHUX WIAMIE BCTNAHOBNEHO
AKICHULL cKknad0 ma emicm HebesneuHux pevogur. Ilooano 0eéa npuxnadu winamie
PDI3HUX YKPAITHCOKUX NIONPUEMCIS, SKI 30epieatombcsi Ha 3A800CbKUX MEPUMOPISIX.
Bcemanoeneno, wo indexc nebesnexu nepesuiyye HOpMy, MoMy MaKutl piGeHb PU3UKY
€ HenputiMamHuM. Aeapitimi cumyayii, Wo CcynpoBoONHCYIOMbCs NOPYULEHHIM
yinicnocmi micyb 30epieantsi i NPU3800Mb 00 NOMPANJISIHHS 2ATbEAHIUHO20 ULLAMY
6 O0O06KILIA, NIOSUWYIOMb PUSUK 018 300p0o8’s aoounu. Ompumani piewi
KAHYEepO2eHHo20 pusuKy i I[HOeKcy Hebesneku 6Kasylmov HA HeoOXiOHICmb
NPUUHAMMS KOMNJIEKCY DilleHb w000 8i08epMANHA BUHUKHEHHS HAO36UYALIHUX
cumyayiit, a maxoyc Minimizayii ix nacnioxis. Ilooanviui 00CHIONCEHHS NOGUHHI
Oymu Hanpaeneni Ha NOwyK albMepHAMmue 30epicannio WIamie HA Mepumopisix
nionpuemcms, Ha nepepobieHHs 8I0X00I8 3 BUOANCHHIM YIHHUX KOMHOHEeHmMI8 ma
NOBMOPHUM UKOPUCIAHHAM PO3YUHIE ) MEXHOTIO2IYHUX NPOYECaXx.

Knrouosi cnoea: inoexc nebesnexu, SUpoOHUYmMeo niam; ymunizayis 6i0Xo0ig;
eKkoJ02iuna be3nexa

Beryn

[MuTanHs cTany Ta SKOCTi BOJIW € OJHUMH 3 MIPIOPUTETHUX B €KOJIOTIUHIN MOMITHII
eBponeiicbkux kpaiH [1-3]. CtiuHi Bomu, SIKi MIiCTATh Ba)KKi METAJH, CTAaHOBISTH
HeOe3MeKy sl HABKOJIUIIHLOTO cepenoBuina [4—8]. ["aibBaHiuHE BUPOOHUIITBO €
OJHMM 3 HaliHeOe3NMeuHIIuX JpKepen 3a0pyAHEHHs! NOBKIUISL, TOJIOBHHM YHHOM
MMOBEPXHEBUX 1 MiI3EMHNUX BOJ, Yepe3 YTBOPEHHS BEITUKOT0 00'€My CTIiYHHX BOJ, a
TaKOXX BEITUKOI KiJTBKOCTI TBEPAUX BiAXO[iB, OCOOIUBO BiJl peareHTHOTO CIoco0y
3HEUIKO/DKEHHS CTiuHUX Boxa [9]. Crosyku MeTaiiB, sSKi BUHOCSTBCS CTIUHUMH
BOJIaMH raJIbBaHIYHOTO BUPOOHUIITBA, JOCUTH IIK1UTHBO BIUIMBAIOTH HA EKOCUCTEMY
I'PYHT — POCIIMHA — TBAPUHHUHN CBIT — JTIOJUHA.

[lix yac BHKOpHCTAaHHS TaJIbBAaHIYHUX MPOIECIB B CYy4acCHOMY BHPOOHHITBI
BUHHKAE PU3HUK, MTOB'A3aHUH 3 aBapiiiHUMU CUTYaIisIMU, SIKHH MOXHA PO3TIISIATH SIK
PHU3UK 36ep1raHH;1 BIIXOiB, TaK i PH3UK B npouec1 TPOBE/ICHHS TEXHOJIOTTYHUX
nporieciB. [Ipy bOMy MPUHATO BUIUIATH TEXHIYHI, TEXHOJIOTIYHI, OpraHi3alliiiHi Ta
1HIII TPUYUHA PO3BUTKY HECTIPUSATIUBHUX CUTYaIiil. Sk pusuk 30epiraHHs BiAXO/IiB,
TaK 1 pU3UK B TPOIIECi MPOBEICHHS TEXHOJOTIYHUX IMPOIECiB € HeOE3MEeKOow st
HaBKOJIMIIHBOTO CEPellOBUIIA, B SIKOMY IepeOyBae JIIOJMHA, TBAPUHHUI CBIT Ta
(dayna. ToMy Takuil pU3MK MOXXHA HA3UBATH CKOJIOTIYHUM.

CyuacHi miAnpueMcTBa, SIK 1 B Kpauluid AJIs BUPOOHMITBA Yac, BUPOOJISIIH
npubmuzHo 4-10° M? nat, HakomMuMIM Ha CBOiM Tepuropii mo 1500-3000 ToHH
BiJIXOJIiB 32 PiK y BUTJIS/II COJIEH, sIKi 30epiraroThcsi B €MKOCTSIX, TOTiETHICHOBUX
MIIIKaX Ta MOTPAIUIAIOTh Iij Jit0 arMocdepHUX omajiB. Y mporeci Jii Ha HUX
aTMOC(EepHHUX OIaAiB COJIi BUMHBAIOTHCSA Ta NEPEXOIATh B IPYHTH, ITOBEPXHEBI
BOJIH, 3a0pY/IHIOIOYH HABKOJIMIITHE CEPE/IOBHUIIIE.

BupoOHHIITBO JpyKOBaHMX IUIAT B YKpaiHi MPEACTaBICHO MiANPHEMCTBAMH
cepen saxkux: AT HIIO “OTAJI” m. KipoBorpan, sikuii BuIycKae OJIH3BKO
4-5Ttuc. M? IIAT,  Marw¥M  MOTY)XHOCTI s BuIycky 50000 m? ruiar,
I “TanbBanorexuika” TIAT “KuiBcbkoro 3aBojay “Pamap”, ITAT “Hosarop”
(M. XMenbHuIBKK) 3 BUumyckom B Mexax 0,9 tuc. M2, [TAT “Konnepn-Enextpon™
— 0,8 Tuc. M. 1le o3Hauae, MO TiILKU OAHE MIJNPHEMCTBO MOXKE CKMHYTH 3i
CTIYHMMH BOJaMHU 200 HAKOIMYMTH IIaMIB 3a Pik a0 5-6 T Miji, 10 SIBHO HE Bee
JIO TIOJIIIIIICHHST €KOJIOTTYHOI 00CTaHOBKHM HABKOJIO MIANPHUEMCTB, SIKi 3aMalOThCs
BupoOHUNTBOM Tuiat. Jlo 1992 p. tinbku B KueBi ckunmanocwk Oinmbrie 20 T mifi
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mopiuno. 3aBox “Enextpormam” mopiuno TpaBuB =~ 15 000 m? mmar (a wme
MPHU3BOANTE 110 BuaiaeHHs 7500 kr mizi) [9].

Hanzeuuaiini cutyaii, ki MOXKYTh BUHHUKHYTH TiJ 4ac 30epiranHs Ta B Ipoueci
MPOBEICHHSI TEXHOJIOTYHUX MPOLIECIB, MOKYTh BiAPI3HATHCH 32 CTYIIEHEM TSKKOCTI
Ta XapakTepoM HACIIJIKiB. [X HeraTMBHMIA BILTHB BiATBOPIOETHCS y BUIJISI MPAMOT
a00 mo06iYHOT eKOIOTIHHOT, EKOHOMIYHOI Ta COIIaTbHO IIKOIH.

Oco0nuBy HeOe3neKy i JIOJUHM 1 OIOTM CTAaHOBISATh BaXKKi METaH.
HIxiamuBuil BIUITHB TaKUX BAXKKUX METAITIB, SIK XPOM 1 HIKEJb, 3HAYHO TiIBHUIIY€THCS
3a 1X KaHIEpOr€HHUMH BIIACTHBOCTSIMU, SIKI TIPOSIBIIIOTHCS B MyTareHHOMY e(eKTi,
XPOMOCOMHHX YIIKOJUKEHHX, 3MiHi penapanii JIHK i Tomy noniOne.

CBuHelpb BIUIMBAE HA KPOBOTBOPHY 1 HEPBOBY CHUCTEMH, LITYHKOBO-KUIIKOBUIA
TpakT i HUpKu. CpuIrHs€e aHeMit0 (OCKLTbKH BKITFOYAETHCS /IO JIAHIIOTa O10CHHTE3Y
remMa i CKoOpouye Mmepioj )KUTTSI €pPUTPOIIMTIB), & TAKOK SHIC(AIONATii0, 3HIKESHHS
PO3YMOBUX BJIAaCTUBOCTEH, BHKIHMKAa€ TilEpPKIHETHYHI a00 arpecuBHi CTaHH,
[IUTYHKOBO-KUIIKOBI PO3JIafIH, JHCIIETICiI0, KOIBKH, HepOmaTito.

KamMmiit — Bakkwii MeTal, BiIHECEHUI IO JPYTOTo Kiacy HeOe3MedHOCTi, Ma€e
BUpaXEHY TEHJICHIII0O JO HAKOMW4YeHHS B opraHizmi. OTpyeHHS KaaMieM
BiIOYBa€ThCS TMPH MOTPAIUITHHI HOTO B NUIYHOK a00 IHTANAIMIHUM MUITXOM.
AbGcopboBaHMil KaJMiii HAKOTMYYETHCS B TEYIHII Ta HUPKAX Y BUTIISAII KOMILIEKCY
3 MeTaloTioHeTHOM. B eputporurax i M’ IKUX TKaHWHAX KaJMiii 3B’ I3YE€ThCS 3 albda
2-MakporiaoOysniHoM Ta anbOymiHOM. Kaamiil 3B’si3yeThCsl 13 CynbQriapuIbHUMA
rpynamMu OUIKiB, IO TMPHU3BOAWTH IO iX JEHATypallii Ta iHaKTHBAmii (epMEHTIB;
NPUTHIYYETbCA  MiSUTBHICTH  MITOXOHIPIH, MiJABUILYETbCS BUIBHOpaIUKAIbHE
OKHUCJICHHS B KiiTHHaX. KOHIEHTpallifo KaJMil0 B HHpPKAaxX MOXKHA OILIHUTH,
JOCTIDKYFOYX HEHTPOHHO-aKTHBALITHAM METOIOM OTPUMaHUH cyOcTpar cedi.

XpoM BHKIIMKA€E PaK JICTEHIB 1 OPraHiB MITYHKOBO-KHUIITKOBOTO TPAKTY; HIKEIb —
paK HOCOBOi MOPOKHWUHM 1 JlereHiB [9]. 3a paxyHOK yTBOpEHHsSI KOMILICKCIB 3
OloopraHiuHUMHU 3'€THAHHAMH BOHH JIOBTUH YaC MOXYTbh 3HAXOJAUTUCS B JOCTYITHIH
JUTS )KUBHX cucTeM Qopmi. Hikenb iHIyKye KaHIIeporeHe3 MPUTrHIYeHHSIM TeHiB i B
pe3ynbraTi mporeciB rinepMmerwinyBanHs 1 myTtarnii JJHK, neperBopenHst reHis-
CYIIPECcOpiB MyXJIMH B FETEPOXPOMATHH.

Meta gocJaigKeHHS

MeTtoro poOOTH € OIiHIOBaHHS HEOE3MeKH i 370POB’S Ta JKUTTS JIFOJWHU
HACNIJIKIB BUHWKHEHHS aBapiliHMX CHUTYyallili, MOB’S3aHUX 3 TrajbBaHIYHUMHU
mporecamu Ta 30epiraHHsM BiIXoiB (IIJ1aMiB) Ha TEPUTOPIT i JIPUEMCTBA.

Marepianau i MmeToau

Huni equHOr0 0(iliiiHO 3aTBEPKEHOI0 B YKpaiHi METOJMKOK BU3HAYCHHS KJIaCy
HeOe3neKu BigXo1iB € aep:kaBHi caHiTapHi npasuia i Hopmu J{CanlliH 2.2.7.029-99
«[irieHiYHi BUMOTH JT0 TTOBOJKEHHS 3 IPOMHUCIIOBUMH BiIXOJIaMH Ta BU3HAYEHHS iX
Kiacy HeOe3nekw Juisi 370poB's HaceneHHs» [10]. el HOpMaTHBHHN JOKYMEHT
MICTUTh JIesKi HOPMH, IO HE BIINOBINAIOTH BUMOTaM MiI0YOTO 3aKOHOIABCTBA
YkpaiHu Ta TpHHIUIAM JCpXKaBHOI PEryJSITOPHOI TONITHKHA, TOMY PimeHHSIM
HepxaBHoi crmyx0On YKpaiHM 3 NHUTaHb PETYJIATOPHOI IMOJITHKH Ta PO3BUTKY
nianpuemaniTea Ne 33 Bin 15.07.2014 p. MiHicTepcTBY OXOpOHH 3JI0pOB’sl YKpaiHu
Oyno 3anpononoBaHo Bu3Hate JlCaunlliH 2.2.7.029-99 takumu, 1o BTpaTHIN
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YUHHICTh, T4 YCYHYTH MOPYIICHHS NPUHIUIIIB JIEP>KaBHOI PEryJISATOPHOI MOTITHKI
Y ABOMICSYHHM CTPOK 3 THS MPUHHATTS Takoro pimeHHs. [IpoTe i 1oci 0aHI 3MiHI
He Oynu BHeCEHI y Iel JOKYMEHT i KOJAHUX HOBHX IPaBHJ BH3HAYEHHS KIACY
Hebe3neku BigxoliB MiHICTepcTBOM OXOpOHHU 310pOB’S YKpaiHU po3poOieHO He
Oyio i me-pakro Ha mpakTUIl (axiBIi BUMYIIEHI MPOJAOBKYBATH KOPHUCTYBATHCS
MM HOPMAaTHUBHHM HEII0YNM JJOKyMEHTOM, aJKe aIbTEPHATHBU HEMAE.

Metoanky, $Ky BHUCBITICHO Yy BKa3aHOMY HOPMAaTWBHOMY JOKYMEHTI,
MO PIOIOTH Ha TBEP/Ii IPOMHUCIIOBI Ta TOOYTOBI BiAXOIH.

CyTh METOIUKHY BU3HAYEHHS KJIacy HEOe3MeKH CKIIAAHOTO BiIXOY, OMUCAHOI B
[10], monsrae B ToMy, IO IS OKPEMOTO XIMIYHOTO IHTpPEIi€HTa BIAXOMY
BU3HAYAIOTh 1HAEKC TOKCHYHOCTI 32 TAKHUM BUPA30M

__ lg(LDy)i 1)
° (S+01F+C,)i

ne LDso — cepenHst cMepTenbHA 1032 XIMIYHOTO 1HTpEIi€HTa il 9aC MOTPAIUISTHHS
B IIUTYHOK, S — KOSQIIi€HT, IKUH BioOpaskae po3UMHHICTh XiMIi4HOTO iHTPEi€HTa Y
Boxi, F — koedimieHT nerrovocti xiMigHOTO iHrpenienTa, Cw — KiUTBKICTh AAHOTO
IHTpeIi€HTa B 3araibHiid Maci BiIxoy, abo HOro YacTka T/T; | — TOPSAKOBHIA HOMEP
KOHKPETHOT'O 1HIpeIi€HTA.

[Ticns po3paxyHKy iHAEKCIB TOKCHYHOCTI BCiX KOMITOHEHTIB BiJIX0/ly BHOUPAIOTh
He OiIbIIIe TPHOX, aJie He MEHIIIE IBOX OCHOBHUX (BH3HAYAIHHUX KOMIIOHEHTIB), SIKi
MaloTh HaliMeHHI iHAeKcH TOKCHMYHOCTI K¢, Mpu 1IbOMy MOBHHHA BHUKOHYBATHChH
ymoBa K; < K; < Ks;, kpiM TOro, HMOBMHHO BUTPUMYBATHCh IIE€ 1 Take
cuiBBigHomeHHs: 2 + K¢ > Ka. [lam BU3Ha4aloTh CyMapHUH iHAEKC TOKCHUYHOCTI
3TiHO 3 TAKUM BHUPa30M

Kazl-iKi,ns&
2 ‘3

)
BusHaueHHs cTyneHst TOKCHYHOCTI MOIaHo y Taour. 1.
Tabmuis 1 — Knacudikarris HeOe3mnek Bigxomais 3a LDsp
Bennunna K Krac CrymiHb TOKCHYHOCTI EkBiBajeHT Lg (LDso)
0 (no LDsp) | HebGesmeku LDso
Mente 1.3 | Hanzsuyaitno 15 1.176
HeOe3meHi

1.3-33 1 Bucokonebe3neuHi 150 2.176

34-10 1l [TomipHo HeOe3neuHi 5000 3.699
Binpme 10 Y Mastonebe3neuHi >5000 3.778

OpHak, a7 JEeSKUX IIKIUIMBUX IHTPENIEHTIB JPEHaKHUX BOJ Y LbOMY
JOKYMEHTI BUICyTHs 1HQOpMAIlisl 100 KOHKPETHHX 3HAueHb CEepeHBOI
cMmepTenbHol no3u LDsp. BoHa Takox BiACYTHS 1 B iHIIMX BIIKPUTHX JKepenax
iHpopMmarii.

Toni Bka3zaHa METO/IMKA PEKOMEH/IyE€ BUKOPHUCTOBYBaTH YMOBHI BennuuHu L Dsp,
SIKi OPIEHTOBHO BHU3HAYAIOTh 3a IMOKA3HWKAMHM KJIACy HEOEe3NEeKH IMX 1HIPEei€HTIB Y
noBiTpi pobouoi 3ouu. Taki ymoBHi Benmunnau LDsg monano y Tadi. 1.
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Anie mis AesKUX CKIIATHUKIB BIIXOIB HE iICHYE pO3pO0JICHUX 1 BIIPOBAHKECHUX
CXeM YTWJIi3amii, 3HEMKOMKEHHS 91 00pobieHns. OCHOBHA YacTHWHA BCi€l MacH
JIPEHaKHUX BOJ BHIANSETHCS MICHSA YacTKOBOTO OYMILIEHHS IUIIXOM CKUAY Y
npupoaHi Bogoiimu. B Takiii cutyanii Oyae matu Micue OesnocepefHidi KOHTAKT
MacH HEIOOYHIICHUX PIAKUX BIAXOMIB 3 00’€KTaMH HAaBKOJUITHHOTO MPHPOITHOTO
cepenoBHIa. Bkazana MeToIMKa peKOMEH/TY€ JUTS CIIPOIICHHS PO3PAaxyHKIB TIiJ] Yac
BU3HAYEHHsS KJlacy HeOe3NMeKH piAKUX BiAXOJIB BHKOPHCTOBYBATH TPAHUYHO
nonyctumy kouuenrpaiito (MPC) (maximum permissible concentration) y rpynri,
a IHAEKC TOKCHYHOCTI AJIS1 OKPEMOT0 CKJIaJHMKa BU3HAYATH 32 TAKUM BHPA30M:

MPC

= 3
' (S+01F+C,)i )

KoedimienT po3urHHOCTI S XIMIYHOTO 1HTpEIIEHTa ¥ BO/I BU3HAYAIOThH TaK. 3a
JIOTIOMOTOI0 JTOBiTHUKIB 3HAXOISATh PO3YMHHICTH XiMIYHOTO iHTpEIi€HTa Yy BOII Yy
rpamax Ha 100 r Boau 3a Temneparypu He Bumie 25°C. 1o BeIuuMHy IiI8Th TEX Ha
100 i oTpumyroTh Oe3po3MmipHUN Koe(ili€HT, SKUH B OLIBIIOCTI BUITA[IKIB
3HAXOIUThCS B iHTEpBa Big 0 10 1.

KoediuienT nertovocti F — npyruii nonaHok y 3HaMeHHUKY Bupasy (1), a Takox
(hopmynu (3) — OTPUMYIOTH 3a TOTIOMOTOFO BiATIOBITHIX JOBITHUKIB, JIe BU3HAYAIOTh
THCK HACHYEHHX NapiB B MM PT. CT. IHIPei€HTIB Biaxoay 3a Temneparypu 25°C, mo
MaroTh TEMIIEPATYPy KHUIHHSA 3a THCKY 760 MM pT. cT. He Bume 80°C; onepxany
BEIMYMHY JUIATh Ha 760 1 OTpUMyIOTH O€3p03MipHY Benmn4uHY F, ska 3HAXOAUTHCS
B iHTepBadi Big 0 mo 1.

Takox BapTO 3ayBaKUTH, 110 Y BHUIAAKY BIICYTHOCTI JJISI IESIKHX 1HIPEII€HTIB
omHiei ab0 ABOX 13 3araibHOI KUTBKOCTI TPHOX XapaKTEPUCTHK, IO MICTATHCH y
3HaMEeHHUKY BHpPa3y (3), 3aMicTh KOHKPETHOT'O 3HAYSHHS CITiJ] 3arucyBaTh udpy 0.

Jiist OlliHIOBaHHS KaHIIEPOTCHHOTO PU3UKY Bijl BAXKKOTO METaIy PO3PaXxOBYEMO
cepenHio 1000By 103y LADD, ycepenHeHy 3 ypaxyBaHHSIM OYiKYBaHOi CepelHbOi
TpUBAIOCTI KUTTs iroauuu (70 poki) 3a hopmyioro (4) [11]:

LADD:C'CR'ED'EF, (4)
BW - AT -365

ne: LADD — cepennst mo6oBa 103a, Mr/(Krxmo0y);
C — KOHIIEHTpaIlis PEYOBUHHU B 3a0pYJHEHOMY CEPEAOBHIII, MI/KT;
CR — mBHAKICTD KUJIbKICHOTO HAJIXO/KEHHS JIIF0YOr0 CEPeIOBHUIIA, KI/ICHb;
ED — tpuBamnicTs 1ii, pokis;
EF —wacrora aii, qHIB/piK;
BW — maca Tina moauHu, Kr;
AT — mepion ycepenHroBanHs excro3uuii (st kanueporeniB AT = 70 pokis);
365 — uncIo nHIB B poIIi.
KaHueporeHHuii pPHU3UK BiJl BAXKKHX METATIIB SAK J0JATKOBY BIPOTIIHICTb
PO3BHUTKY paKy y iHAuBiTyyMa BOpoaoBk kuTTs CR BuzHauaemo 3a ¢popmynoro (5):

CR=LADD-SF, (5)
ne SF — unHHMK Haxwuity, (MI/(krx00y))™t.
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Bimnosigao g0 [12] Takwuii piBeHs KaHIIEPOT€HHOTO PU3HUKY BXOIUTH Y BUCOKHI
(De Manifestis) — He mpuiHATHWI IS BHPOOHHYKUX YMOB i HaceiaeHHSA. Tomy
HeoOXiZiHe 3AIHCHEHHS 3aXOAiB 3 YCYHEHHs a0o 3HKeHHS pusuky. Lli piBHI
HiAISTal0Th MOCTIHHOMY KOHTPOJIO i BUMaraloTh JOAATKOBMX HEraHHX 3aXOMiB
MOA0 iX 3HWKEHHS. 3HAYCHHS PU3UKY PO3BUTKY HEKAHIEPOTCHHUX €(EKTiB JJIs
OKpEMHUX PEYOBHH BH3HAYAIOTh Ha OCHOBI OOYHCIICHHb Koe(imieHTa HeOe3IeKn 3a

dhopmyiioro (6):
HQ = AD/RfD, (6)

ne: HQ — xoedimient nebesneku; AD — cepemnst mo3a, mr/kr; RfD — pedepentaa
(6e3meuna) no3a, MI/KT.
IHmexc HeOe3MmeKr 32 YMOB OJJHOYACHOT i1 EKITbKOX PEUOBHH PO3PaXOBYIOThH 32

dhopmyiioro (7):
n
HI =Y HQ, 7
i
ne: HQi — koedinienTr HEOE3MEKH 1711 OKPEMHUX KOMIIOHEHTIB CyMIllli PEUOBHH.

Pe3yabTaTu AocaigKeHHs Ta 00TOBOPEHHS

[Tpu mocTanoBIi 3aBAaHHS I IPOTHO3YBAaHHS €KOJIOTIYHOTO PU3UKY BiJ Kepena,
SIKE Ma€ B CBOEMY CKJIaJi TOKCHYHI PEYOBHHH, TOJIOBHHM 00’€KTOM TypOOTH Ta
BIJIMOBIaIBHOCTI € JItouHa. ToMy BCi BHJAM PU3HKIB, CEpell SKMX C€KOJIOTIYHHUH,
COLIiAJIbHUH Ta iHAWBIAyaTbHUNA, TOBUHHI OYTH OpPi€HTOBaHI Ha 30€peKEeHHS JKUTTS
Ta 370pOB’S JOAWHHU. ToMy HaWOIIBII TMPaBHIBHUM ITOBHHEH OYTH TNPHHIUIT
3aCTOCYBaHHS IHTETPOBAHOTO MOKa3HHUKA PU3WKY, OCKUTEKH BCi chepH MisIbHOCTI
JIFOJTUHY HEPO3PUBHO TOB’s13aHI MiXK COOOI0 Ta MAIOTh BiJIIIOBITHUH B3a€MOBILIHE,

Js KibKiCHOTO aHajli3y Ta BUMIpIOBaHb BUKOPHCTOBYIOTh, SIK TPaBHIIO, 6a30B1
IHIMKATOPHU-PU3HKH JIJISI XKUTTS T )KATTEASUTHHOCTI JIFOIMHY — SIKiCTh Ta JIOBTOJIITTSI.

KinbkicHoro omiHkoro cdepu il Ta cepiilo3HOCTI HECTIPUSTIMBUX BIUIMBIB, SIKi
MOJYTh CTaTHCSl B Pe3yJbTaTi (JaKTHYHOTO UM Mepea0adyeHoro BIUIMBY PEUOBHHH,
MOBUHHI CTaTH HAJAXO/DKCHHS 3a0pYAHIOBAIBHUX PEYOBHH B OPTaHi3M JIFOAWHH.

Jnsi BU3HAYCHHS KUIBKICHOTO HAIXO/DKEHHS 3a0pyTHIOBAILHUX PEUYOBHH B
OpTraHi3M JIIOAWHY, SKHHA MOXKE 3HAXOJUTHCh B 30HI HETATUBHOTO BILTUBY IIJIAMIB
TaJIbBaHIYHOTO BHPOOHUITBA, HEOOXITHO OIIHUTH IIi HEeOe3MeKH, M0 MOXKHA
BUKOHATH 32 TAKMMH €TaIrlaMu:

— XapaKTepHCTHKa HAaBKOJIMIIHBOI 0OCTAaHOBKH 3 aHAII30M OCHOBHUX (Pi3HYHMX
napameTpiB JIOCIiHKyBaHOl 00J1acTi;

— BU3HAYEHHsI NUISXIB BIUIMBY JDKEpeET 3a0pyIHEHHS Ta iX PO3IIOBCIOKEHHS,

— BHM3HAUEHHS Ta OI[IHIOBAaHHS PIBHSA, YacCTOTH Ta dYacy [ii KOXXHOTO
3a0pyIHIOBaYa, iIeHTU(IKOBAHOTO Ha JPYTrOMY €Tarli.

3a pesyabTaTaMy AOCHIIKEHHSA CKJIagy TajbBaHIYHUX LUIAMIB BCTAHOBJIEHO
SKICHUI CKJIaJ Ta BMIiCT HeOe3lnmeyHux pedoBuH. [logaHo aBa MpUKIAIM LIIaMiB
PI3HUX YKpaiHCHKHX MIIMPUEMCTB, AKi 30€piraloThCsl Ha 3aBOJICHKUX TEPUTOPISX
(Tabmn. 21 3).

1. Hatimenysanus 6i0xo0ig. NijaMy TajdbBaHIYHI 3 0CaDKyBaueM, JyTroro, COJI00
(uuTaM BaHH TpPaBJICHHs). 30BHIIIHIA BUIIISI T KOHCUCTEHIIIS: TACTOMOMi0HA Maca
KOPUYHEBOTO KOJhopy. Ilogamo 3arambHi BiOMOCTI TIPO BiAXOIW BUPOOHHMIITBA,
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30KpeMa, 1eXy TpaBjiIeHHS TpyOHHX BUPOOiB. TpaBieHHs 3A1CHIOETHCS PO3UHMHAMHA
cipganoi kuciotd. lllraM MIiCTHUTEH MEepeBa)KHO CIONYKH 3ai3a y BUTIIAI Y9aCTOK
cyibdary 3amiza Ta CTOPOHHIX HEPO3YMHHUX IOMIIIOK. BiH HeWTpanizyeTbes 10
3HaueHs pH = 3-10 pozunHamMu coau KambIIMHOBAaHOI a00 iIKOTo HATpy. SKicHUIA
CKJaJ BIAXOMIB Ta BMICT B HHX HEOE3NMEYHWX pPEUOBHH: 3aliza cymbhar —
35-40 mac. %; cynbdar-iion — 1o 10 mac. %. AKTUBHA peakilis PO34YHHY 3 BiJIXOJIiB
pH cranoButs 5,33.

Ta6mmst 2 — KoHmeHnTpartist Ta Kjac TOKCHYHOCTI peUYOBUHHI

®opMa NpHCYTHOCTI KonmenTpartisi, Mr/kr (X), KJ1ac TOKCHYHOCTI pEYOBUHU
Pb(1) | Cd(I) | Zn(D) Mn Cu(2) [Cr(2)] Ni(2)
Basosa <05 | <025 | 6,94 | 39,64 3,71 |<0,1| 27,87

Pyxmmasat=25cC | <05 | <025 | 239 | 3962 | 074 |<01| 900
Bogoposummasat=25°C| <05 | <025| 029 | 938 | <0,35 [<0,1| 290

Po3unnHICTE _ B 41 239 He 3 He
y excniepuMeHTi, (r/100r) ' " |po3unHHa PO3UMHHA
CepenHst KiIBKICTh _ _ 0,007 0,04 0,004 _ 0,03

y Bigxonax, (Kr/T)

I'IK y rpyHTi, (MI/KT) — 32,0 1,5 _ 1500,0 _ 80,0 _
BaJioBa (hopma

FHK y rpyHTi, (MF/KF) — _ _ 23,0 _ 3,0 6,0 4,0
pyximBa Gopma

BusHauenHs kiacy HeOE3MMEKH: BUXOASYM 3 SKICHOTO CKJIaay BIIXOMIB Ta ix
aKTHBHOI peakllii, sIka BKa3ye Ha HOpMalizallito epBUHHOT KHCJIO0T aKTUBHOT peaKiii
po3unHy. Po3paxyHOK BUKOHAHO 32 OCHOBHOIO PEYOBHHOIO — CIIOJYKaMH 3aJli3a.

[lincTaBuBimm 3Ha4eHHs y popmyny (1), orpumaemo:

Kre=g(5000)/(0,0+0,0+0,4)=9,25. (8)

Buxonsuu 3 iHAEKCY TOKCHYHOCTI BiJIXOIB, pO3PaXOBaHOI0 Yepe3 EKBIBAJICHT
LDso s 1abopaTOpHUX TBapHWH OCHOBHOI'O KOMIIOHEHTY — 3ajliza CyJbdary
(3,4 < K¢ <10,0), mraM BaHH TpPAaBJICHHS HAJICKHUTh 10 MOMIPHO HeOE3MeYHHX
BigxoxiB (111 kjac TOKCUYHOCT).

2. Haiimenysanmsi 8i0x00i6: 11IJJaMH TaJIbBaHIYHI 3 0Ca/PKyBa4YeM: JIYTOI0, COJIOH0.

30BHIIIHIA BUITISAA Ta KOHCHUCTEHLIS: CyXi MOPHUCTI TPYyAKH >KOBTO-3EJIEHOI'O
KOJIbOpY, 0e3 3amaxy. 3arajgbHi BiJOMOCTI IIPO BiIXO/HU: BiIXOAN YTBOPIOIOTHCS IIPH
OaraTopa3oBiii 00poOIli 3aroTOBOK TPyO y BaHHAX 3 JIY>)KHUM po3uuHOM. Ilics
3aCTHTaHHS MAIOTh TBEPAY KOHCUCTEHIIi0. SIKiCHUI CKJIaJl BIIXOIB Ta BMICT B HUAX
HeOe3MeYHNX PEeUYOBHH: HATPiIo riipookcun — 38-65 mac. %; HaTpiii a30THOKHUCIUHT —
24-35 mac. %; HaTpiil xjnopuctuil — 5-6 Mac. %; HEepO3UMHHI JOMINIKH (OKaIHHa,

ckiomaca) — 10 100%; akTHBHA pPeaKiiisi BOJHOI BUTSXKH 3 BigxoaiB pH cTaHOBUTH
11,68.
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Ta6mmst 3 — KoHmenTpartist Ta Kj1ac TOKCHYHOCTI peYOBUHHI

Popma Konnenrpartist, Mr/kr (X), KJ1ac TOKCHYHOCTI pE4OBHHH
nprcyTHOCTi OHIICHTPALiS, , KJIaC TOKCHYHOCTI Pedo ;
Pb(1) |Cd(D| Zn(l) | Mn | Cu(2) Cr(2) Ni(2)
Basnora 26,88 | 1,87 | 3,68 |626,73 | 86,25 12497 8,79
PyxmuBazat=25°C| <05 |<0,25 1,64 | <05 | 73,24 200,4 <10
Booposnitia | < g5 |<0,25( 2,08 | <05 | 053 | 2018 | <1,
3at=25°C
Posummicts | e |y | 565 | me | me 16,0 He
¥ CKCIICPUMCHTI, 034. | po3d. 034. | po3u. 034.
(/100r) post. |post post. | posd post
Cepeast KIBKICT | 57 10.002| 0,004 | 063 | 0086 | 1,25 0,01
y Bimxomax, (Kr/T)
I'’IK y rpyHTi,
(mr/kr) — BajsioBa - - - 1500,0 - 80,0 -
dhopma
I'’IK y rpyHTi,
(Mr/Kkr) — pyxJinBa - - 23,0 — 3,0 6,0 4,0
dhopma

BusHauenHs kiacy HeOe3NMeKH BiIXOMiB: BHXOISYM 3 (AKTUIHOTO BMICTY Yy
BiJIXOJ1aX, BOJOPO3UMHHOCTI, aKTMBHOI peakilii, HaWMEHIINH 1HJIEKC TOKCUYHOCTI
MalOTh CIIONYKH HaTpilo, 30Kpema Trigpookcui. Po3paxyHOK BHKOHaHO 3
ypaxyBaaHaM LDsg 11i€1 peqoBUHY A5 TEIDIOKPOBHUX TBApHH 3a popmyroto (1), me:
Kc — pospaxyHKoBHi iHAEKC TOKCHYHOCTI BimxomiB 1o LDsg mas Oinux mrypis.
[lincTaBiisatoun 3Ha4YEHHS, OTPUMAEMO:

Ke=g(150)/(1,0+0,0+0,56)=1,39. 9)

BpaxoByroun iHAEeKC TOKCHYHOCTI BigXoOlliB, po3paxoBanuii uepe3 LDso mms
71a00PAaTOPHUX TBAPHH OJHOTO 3 HaHEOE3MEeUHIINX KOMITIOHEHTIB — TiAPOOKCHIY
matpito (1,3 < K. <3,3), mmiamu ranbBaHiuHI 3 Oca/KyBaueM (JIyroro, COJOI0)
HaJIeXath 10 BucokoHebe3neunux Biaxomais (Il kmac TokcuunocTi). [puiiMaroun 10
yBaru pi3ko Jy)KHY PEaKIif0 BOIHOI BUTSDKKH 3 BiIXOIB, iX YTHII3aIif0 CIIiJ
MPOBOJAWTH 3 JOTPUMAHHSAM TIPaBWJI TEXHIKM Oe3lek:u IIiJ dYac poboTH 3
arpeCUBHUMH peuoBrHaMu. Kitac HeOe3meku BiIXOIB MOXHA 3MEHIIUTH IICIIs 1X
HeHTpaizarii.

3a pesyibTaTaMH JIOCITI/DKEHHS CKJIaQy TalbBaHIYHOTO IUIaMy BCTaHOBJICHO
MacoBUH BMICT MPIOPUTETHUX 3a0pyJHIOBAILHUX PEUOBHH HA PIBHAX: XPOM —
1.25 kr/t, nikens — 0,01 kr/T.

BukopucTaBmm HeoOXinHI Ui po3paxyHKY IIOYaTKOBI JaHi, AEAKi 3 SKHX
BKazaHo B jomatkax [11], oTpuMaeMo Take 3HA4YCHHS CEPEIHBOJOO0BOI T03H
HIKEJIO:

C-CR-ED-EF _10-0,2-5-365

LADD= =
BW - AT -365 70-70-365

=2-10"°me/(k2-006y). (10)
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Kanrneporenauii pu3uK BiJ HIKEIIO SK TOAATKOBY BipOTiIHICT PO3BUTKY PaKy Y
iHAMBIyyMa BIpooBxk kuTTs CR Bu3Hauaemo 3a Gpopmyiioro (6):

CR=LADD*SF=2+1030,84=1,68+10". (11)

Bmsnaunmo immekc Hebesmeku 3a ¢dopmynoro (8) IS MPIOPUTETHHUX
3a0pyIHIOBAILHUX PEUOBHH BiJIXO/iB TalbBaHIYHOTO 1IEXY, 30KpeMa, ISl KaaMito,
HIKEITI0, CBUHITIO, XPOMY:

4
I — ZHQi _ 0,002 N 0’01+ 0,027 N 0,005 _g825. (12)
T 0,0005 0,02 0,0035 0,005

BucHoBku

Ockinpku iHmeke HeOesmekn HI > 1, To Takuii piBeHb PU3HUKY € HENPUHHATHAM, a
3a0pyIHIOBANBbHI PEYOBHHU, SIKi MICTATHCS y TaTbBAaHIYHOMY IIIaMi i HAAIWIUTA B
00'eKTH JOBKIJUISl BHACHIIOK aBapiifHOI CUTYallii, HeraTUBHO BIUIMHYTH HA 3[0POB's
moauHu. OTKe, aBapiifHi CUTYaIlil, 0 CYIPOBOIKYIOTHCS OPYIIIEHHSM I[1TICHOCTI
Micllp 30epiraHas (€MHOCTEH, MIMIKIB 1 T.M.) 1 TMPHU3BOAATH A0 MNOTPAIUITHHS
rajJbBaHiyHOTO NIJaMy B JOBKUDLISL, MiBHINYIOTH PU3MK HIJsI 3AOPOB’S JIIOAMHHU.
OTpumaHi piBHI KaHIEPOTEHHOTO PH3MKY 1 IHIEKCY HeOe3NeKH BKa3ylTh Ha
HEOOXITHICTh TPUHAHATTS KOMIUIEKCY pIillleHb IONO BiJBEPTaHHA BUHWUKHEHHS
HaJ3BUYAMHUX CUTYaIlild, a TAKOXK MIHIMI3alii iX HaCIiIKIB.

IlepcneKTHBH MOAATBIINX TOCTITKEHb

[Mopanemn mocnifykeHHs TMOBMHHI OyTH HampaBleHI Ha TIONIYK ajbTEPHATHB
30€epiraHHIO NIIaMiB Ha TEPUTOPISX MiJNPHUEMCTB, HA TepepoOJIeHHs BIIXOMIB 3
BUJIQJICHHSM IIIHHUX KOMIIOHEHTIB Ta IMOBTOPHUM BHUKOPHCTaHHSAM PO3YMHIB y
TEXHOJIOTIYHHUX IpOoIecax.
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COMPUTATIONAL PROCEDURES
FOR THEMATIC PROCESSING OF SPACE IMAGERY FOR
AGRICULTURAL RESOURCES MONITORING (PART 2)

Abstract. The universal fast algorithm of cluster analysis is considered. The
proposed algorithm is a grid type, it uses the point density parameter in the grid cell
and the ratio between neighborhoods to unite of neighboring dense cells into
clusters.

The algorithm sequentially calculates for each point the number of the cell to which it
belongs, then generates groups of points for each non-empty cell. Then it sequentially
unites cells into clusters, starting the process of fusion of the densest cells.

The next cell is included in some cluster if at least one cell neighbor already belongs
to the cluster. If the neighbors of the cell do not belong to any formed cluster, then
the cell forms a new cluster. If the neighbors of the cell belong to several existing
clusters, the respective clusters are merged into a new cluster.

Combining cells into clusters uniquely determines the distribution of multiple points
between the clusters. The user must specify a grid step parameter and a minimum
grid cell density for which the cluster joining process is not performed. Low-density
cells are considered noise.
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The algorithm does not require a preliminary task of the number of clusters and
information about the nature of the distribution of points in the input set.

The proposed algorithm can be used to process large arrays of point data of large
spatial resolution. The most promising area of application of the algorithm is the
analysis of multispectral satellite images of medium and high resolution in the fields
of the analysis of the state of agricultural resources, forest resources and various
natural landscapes. The result of clustering the space image data can also be used
to create a classifier's training set.

Keywords: clustering algorithm; satellite space images; grid; cell; point density;
neighborhood ratio; agrarian resources; natural landscapes; forest resources
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OBUYHUCJIIOBAJIBHI TPOLEIYPU TEMATUYHOI OBPOBKHU

KOCMIYHHUX 3HIMKIB B IHTEPECAX MOHITOPHUHI'Y ATPAPHUX

PECYPCIB (UACTHHA 2)

Anomayin. Pozenadaemvbcs yHiGepcanrbHuil WeUOKUL ANOPpUMM  KIACMEPHO20
amanizy. 3anponoHo8aHull  anOpumM  BIOHOCUMbBCA 00  CIMKOB020 MUNY,
BUKOPUCTNOBYE Napamemp WITbHOCMI MOYOK 8 KOMIpyi cimku i 6i0OHOWEHHS
cyciocmea 0nst 00'€OHanHsL CYCIOHIX WINbHUX KOMIpOK 6 Kkiacmepu. Areopumm
ROCNIO0BHO 0OUUCTIOE OISl KONCHOT MOYKU HOMEP KOMIPKU, Kl BOHA HANEIHCUMD,
nomim QOpMye epynu moyoK OJisi KOHCHOI HenopodICHboI Komipku. Jlani nociiooeHo
00°€0Hy€e KOMIpKU 6 Kiacmepu, NOYUHAIOYU Npoyec 00 €OHAHHA 3 HAUOLIb
WinbHUXx Komipox. Yepeosa koMipKa 8KII04AEMbCA 8 OesKUlL Kiacmep, AKUo Xxoua 6
O0UH CyciO0 KOMIDKU 6Jice Hanexcums Kiacmepy. AKujo cyciou KOMIpKU He
Hanexcams HCOOHOMY YMBOPEHOMY Kidcmepy, MO KOMIDKA YMBOPIE HOBULL
Kaacmep. Y 6unaoxy Koau cyciou KOMIPKU HALEHCaAmb 3pa3y OeKilbKOM ICHYIOYUM
Kaacmepam, 8iOnosioHi Kiacmepu 06 €OHYIOMbCs Y HOBULL Kiacmep.

006’ €0HanHs KOMIPOK 8 Klacmepu OOHO3HAYHO BUSHAYAE PO3NOOLL NO KIACMepax
MHOJICUHU MOYOoK. [lna pobomu aneopummy Kopucmyeauy mpeba 3adasamu
napamemp KpokKy CimKu ma MIHIMATbHY WITbHICMb KOMIPOK CimKu, ONisl SKUX
npoyec NPUEOHAHHA 00 Kiacmepis ne 30iticHioembcs. KoMipku 3 Manow wilbHicmio
66A24CAIOMBCS ULYMOM.

Aneopumm ne umazae nonepeoHbo20 3a80anHs KilbKOCmI Kiacmepis i ingpopmayii
npo xapaxkmep po3nooiny Mmook 8XiOHOi MHONCUHU.

3anpononosanuii ancopumm Mmodice SUKOPUCHOBY8AMUCS Oid 0OPOOKU BeNUKUX
Macugie MouKO8UX OAHUX 6eauxoi npocmoposoi posmiprocmi. Haubinvw
NepCNeKMUGHUM — HANPAMKOM  3ACMOCY8AHHS  ANeOpumMmy €  aHali3
MYTbMUCNEKMPATILHUX CYNYMHUKOBUX 3HIMKI6 CepeOHbol ma 8UcoKoi po3nooinbuol
30amHOCmi 8 IHmepecax auanizy CMaHy azpopecypcis, JiCO8UX pecypcie ma
PDIBHOMAHIMHUX NPUPOOHUX JaHOwagmis. Pesyromam knacmepusayii O0anux
KOCMIUHO20 3HIMKY MOXMCe MAKONMC BUKOPUCMOBY8AMUCL Ol  CMBOPEHHs
HAB4aIbHOT MHOJNCUHU Klacupixamopa.

Kniouogi cnosa: ancopumm kiacmepusayii; CynymHukosi KOCMiuHi 3HIMKU; CIMKA;
KOMIpKQ;, WinbHicmb MOY0K; 6IOHOUIEHHS CYCIOCMEa; azpapHi pecypcu; npupooHi
aaunowagmu; 1icosi pecypcu
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Beryn

[Mpoueaypu kiacrepusallii BiTHOCATBCS JO HAWOULIBII BaXJIMBUX 3aBllaHb
iHTenekryansHoro anamizy (Data Mining), siki NpUIYyCKalOTb pO3OUTTA JEsIKOi
MHOHHHU TOUYKOBHUX €JIEMEHTIB Ha YMOBHO HENEPECIUHI MiAMHOXXUHHI — KJIACTEPH —
Ha OCHOBI BIIACTHBOCTI OJHOPIAHOCTI 1 CXOXKOCTI iX XapaKTepUCTHK.

Crin 3a3Ha4YuTH, IO B MPAKTUYHUX 3a/adyax KiacTepusalii KiIacTepu 4acTo
[OTAHO PO3IIIAIOTBCS, MalTh CKIaaHy ¢opMmy, a obmacti ix 3HaYeHb
MEPETUHAIOTECS, M0 pPOOWUTH 3aCTOCYBaHHA 0ararbOX BIJJOMHX aJITOPUTMIB
Hee()eKTUBHUM.

Oco6nMBO BaXIMBOIO C(EpOI0 3aCTOCYBaHHS METOAIB KiacTepusamii €
CETMEHTAIlisl MyJTbTUCTIIEKTPAIBHAX CYITyTHUKOBUX 300pakeHsb [1, 2], 30kpema st
aHaji3y cTaHy arpapHux pecypciB. Cepen NpHUKIaIHUX 3a7ad aHaNi3y arpapHUX
pecypciB, sIKi BAKOPUCTOBYIOTh METO/IU KJIACTEPHOTO aHai3y, MOJKHA BUIITUTH:

o KoOHTpOJIb 32 BUKOPHCTAHHSM ciibrocmiemens. [loain Ha kigacTepu: mods, o
o0poONArOThCA, 1 Ti, MmO HE BHUKOPUCTOBYIOTHCS JUIS  BUPOIIYBaHHS
CUTBCBKOTOCIIOIAPCHKUX KYJIBTYD;

o KonTponb 3a mepebirom mociBHOi Ta »xHUB. [lomin Ha KiacTepu: mos, e
MPOLIEC MOCIBY a00 30UpaHHs BXKE BiIOYBCs a00 111 HE ITOYaBCS;

o [loain moniB Ha KJacTepy O3UMHX Ta SIPUX KYJIBTYD;

e [loain mosiB 03UMUX KyJIBTYp Ha 3€pHOBI Ta TEXHIUHI.

V Takux NPUKIAIHUX 3a/a4ax JaHi XapaKTepH3yIOThC:

e penukuM obcarom — 10°— 107 06’ekTiB;

® BHCOKOIO TMPOCTOPOBOIO PO3MIPHICTIO JaHUX 1 PI3HOPIAHICTIO iX
XapaKTepHCTHK;

® BIJICYTHICTIO anpiopHOi iH(pOpMaIii Tpo KiIbKICTh KIacTepiB i IMOBIpHICHI iX
XapaKTepPUCTHUKHY,

® HASBHICTIO IIyMY i BUKUIB Y BXiIHUX JTaHUX.

Bce 1e mnpu3BOAUTH JI0 AKTyaJlbHOCTI PO3POOKHM €(PEKTUBHUX METOJIB
KJIACTEPHOTO aHANI3y JUISl BUPILICHHS NPUKJIAHUX 3aBIaHb TAKOTO THITY.

[MpuiiHATHUIT aNrOpUTM KJIACTEPHOTO aHalily /s 3aJad CerMeHTallii
CYITyTHUKOBHX 300pa’keHb MOBUHEH BiJIOBIJIATH TaKUM BHMOTaM [3]:

HH3bKa 00YMCIIOBAIbHA CKIALHICTH;

MOKJIMBICTD BUIISATH KJIACTEPH Pi3HOI CTPYKTYPH;
BU/IIJICHHS 3a3/1aJI€Ti[b HEBIJOMOI'0 YHCIa KJIACTEPIB;
MOKJIMBICTH OOPOOIISATH AaHi IPU HASBHOCTI IIyMY;

® TIPOCTOTA HACTPOIOBAHHS TAPAMETPIB ATOPUTMY .

VY naniii poOOTi PO3rIAgAETHCS AITOPUTM KJlacTepu3allii CITKOBOTO THILY, SIKUH
BUKOPHCTOBY€E XapaKTEPUCTUKU IIUIBHOCTI KOMIPOK CITKH 1 TMPHHIMUI CYCIJICTBa
KOMIPOK 3 BHCOKOIO INIJIBHICTIO. AJIFTOPUTM HE BHMAarae 1mo4aTkOBOTO 3aJlaBaHHS
BUXIJTHOT'O YHCJIa KJacTepiB 1 BUKOPUCTOBYE B CBOill pOOOTI /Ba MOB'S3aHUX MK
co0010 mapaMeTpH, sIKi BUOMpae KOpUCTyBau:

. h - makxcumansro JOIYCTUMUN KPOK CITKH, SIKHH BH3HAYa€ MacliTad
KJIACTEPIB, 1110 MiISAral0Th BUALICHHIO;
° M0 — IIUIBHICTh KOMIPOK, IO BiJICIKAIOTHCS.

MCTO,I[, OITMCaHUH HWIKYC, MOXHA YMOBHO HAa3BaTH MCTOAOM 06'€,I[HaHH$I
cycimHix komipok, abo Method of Uniting Neighboring Cells — MUNC (eng.)
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Hexait B N-BUMipHOMY €BKJIiIOBOMY MPOCTOpPI 3a/JaHa CKiHUCHHA MHOXXHHA

BekTopiB ()= {Y(I)—Xll,xlz,...ln, lN Xmax {max XIJ,j =1,n},

Xmm —{rﬂlr’ll XI J' :1,n}.

MHoOXMHa  TOYOK ()  HaJEXKHThb N-BuMmipHOMYy  mapanenemineny
= [Xmml’ max, 1] X [Xmm n: Xmax n]

MoGynoBa ciTku

3amaeMo mapaMeTp JUCKPETH3allii CITKU h i oGuncmmmo kinbkicts pO30UTTIB
napaneneninena 1 B ranpamky koxHOT KoopruHaTH:

X, i Xonin e
m; = LT LT J=1n, ne [ ] - uina vactuna uucna. Takum

YUHOM, 3arajbHa KiJIBKICTH KOMIPOK, SKI TOKPHUBAIOTh ITapalieierine]] 11,
n
OpiBHIOE ] = .
Aop M =]]m;
j=1

YTouHUMO KpPOK CITKH o KOXKHIH KOOpJIWHATI
hj:(xmax,j mmj)/mj,j 1,n.

KoxHa KOMipka CITKM XapaKTepU3yeTbCS CBOIM IJIOYMCEIBHUM BEKTOPHUM
inexcom posmiprocti N, R ={( n, I’2,...I’n), 1<r,<m, 1=] N}. Muoxuna
BEKTOPHHX iHIEKCIB KOMIpOK CiTkn R B3aeMHO-0/1HO3HAYHO BimoGpakyeThcs Ha
MHOKMHY HATypaJIbHUX YUCEN: ReZ= {1,2,...|\/| }

Po3noxin Toyok muoxuuan ) mo Komipkax

ITocmigoBHO U1 KOXKHOI TOUKA MHOKUHU Q o6uncIroemo 0araToBUMIpHUH 1HACKC
KOMIPKH, SKiii BOHA HaJIS)KUTH!

. X =X —
RM — rj' — % +1, j=Ln;Vi=LN, a  Takox i
]

. o i
OJTHOBUMIpHUIT 00pa3 z® .
B pesymerati Takoro oO4ucneHHS (OPMYEThCS JTBOBUMIPHHH CITUCOK

Qz =<<Z(i),i>,i =1 N>, KU BCTAaHOBJIOE MPHHAJICKHICTh KOXHOI TOUYKH

muoxkunn (Q onmiii 3 KOMIpOK CiTKH. O4YeBHHO, IO 3HAYHA KUTBKICTh KOMIPOK
CITKM TIpU IBOMY 3aJUIIATHCS IMOPOXKHIMH, & KUIBKICTh HEMOPOXHIX KOMipOK

BHU3HAYAETHLCS MHOXKHMHOIO. ZF :{Z(il),Z(iz),,,,Z(im)}, € KOXHHUU eJIEMEHT
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BpaxOBYETHCA JIUIIC OAWH pas,

Z. ‘ — KUIBKICTB €JIEMEHTIB I[i€] MHOXHWHH. 3a3BHYAi
Ze|<<M -

Hani crmcok (), COPTYEMO MO KIHOYY TNEPLIOTO eleMeHTa i (opMyemMo
IPYNYIOYNH CTUCOK HACTYITHOI CTPYKTYPH:

QZG =<Z(i),Q(i), N(i),y(i),i :]_‘ZFD, e Q(i) — MHO>XHHa HOMEPIB TOYOK,

. S i i .. . i
SIK1 HAJICKAaTh KOMIPIIl 3 1HACKCOM Z( ) , N @) — MHOKHHa CyC1a1B KOMIPDKU Z( ) ,

(M

M — MiTBbHICTE KOMIpPKH (KilBKiCTh TOYOK, 110 HaJIeKaTh KOMIpIIi).

(M.

Crncok Qze COPTY€MO 3a 3MEHILEHHAM KIroua L.

Q,, :<Z<si)1Q(si>,N(si>,ﬂ(si>,i =l\zp\>'ﬂe 1) > g 6)

O0’e¢qHaHHA KOMIPOK B KJIacTepH

O06'eqHaHHS KOMIPOK B KJIacT€PH OJHO3HAYHO BU3HAYAE KIIACTEPU3AIII0 MHOXKUHH
Touok (). Tomy nocraTHbO 00’ €IHATH B KJIACTEPH OZHOBUMIPHI 1HAEKCH KOMIpOK

S) . : s
z®) N :1"ZF‘ BHKOPUCTOBYIOYH BiJHOLICHHS CyCiJCTBa NG 1a suauenns

(Si).

IIUIBHOCTI L4
o . o . S
[Hnexc HAMOUTBIN MITBHOI KOMIpPKH Z () 3aHOCHTBCS JI0 MEPILIOTro KiIacTepy
_ (sl)}
K, =1z®}
. . Z (52) .
OOupaeMoO HacTymHY KOMIpKY 3 1HIEKCOM , TIEpEeBIPIEMO BUKOHAHHSI
N . s
ymou K; NN ) - ®. [Ipu BUKOHAHHI 11i€T YMOBH, KOMipKa 7 () HIOPOJUKY€
o s s
Hosuit knacrep K, = {Z( 2) }, y nporunexnomy sunaaky K, = K U {Z( 2) },
S
T06TO enement Z () JIOAETHCS 10 KilacTepa Kl-
[Ipunycrumo, mo 3aiticaeno M KpokiB, B pe3ynbTaTi IKUX KOMIPKH 3 iHAEKCaMHU
s Sm) . .
Z(Sl),z( 2),...,Z( m) BiftHECEHi /10 oaHOrO 3 KnactepiB K. ,Kz,..Kr.

. . . S
BusnaueHO MOpsIOK MPHHAJIEKHOCTI KOMIPKH 3 1HAEKCOM Z( 1) JIETKOMY
KJIacTepy.

O6umcIUMO KiN Gra) j=17 Ta epeBipuMo YMOBY
r
U(Ki AN (5m+1)): ®
i=1
IIpy BUKOHAHHI 11iei yMOBH KoMipKa 3 isekcom Z (Sna) YTBOPIOE HOBHUH KJIaCTep
_ L7 G )}
Kr+l - {Z vy
Ipu nopymrenni uiei ymosu icaye i, <i, <...<|, — HOMepH BKe YTBOPEHHX

KIJIACTEPIB, JUIS SIKHX Ki- NN (Sm-a) * ®, j =11.B IbOMY BHUMAJIKY IIi KJIacTepH
J
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Z (Sm+1)

00’€THYIOThCS B OIMH KJIACTEP Kili JIONTy4YaloTh KOMIPKY 3 HOMEpPOM
roro Ky =Ky UK, U UKy UZ ) | inacrepn Ky ,K; K, L mo
yBifIUIN B Kil’ BUJIAISIIOTHCS, a Hymepalis ycix inmmx I —1 +1 xnacrepin
3CyBa€THCH.

Ipouec 00’eaHaHHS KOMIPOK B KIACTEPU 3aKIHUYETHCS Ha KpOUl m,, KON

BUKOHYETbCS yMOBa ,u(mf’) <M,. Tobro KoOmM UIILHICTE KOMIPOK, IO

3aJIMIIIINCH, Ma€ IUTBHICTh MEHIITY 32 IeSKE TIOPOrOBe 3HAUCHHSI.

MHOXHHY KOMIpPOK 3 MajiOl0 IIUTBHICTIO TOYOK, SIKI HE BiJHECEHI 0 JKOIHOTO
KJlacTepa, MOJKHA 3aJIMIINTH HEKJIACTEPU30BAHUMHU, CIIPHUIMAIOYH X SIK BUKHAH a00
IyM.

Hpyruii BapiaHT 3aBepIIeHHS MPOILEAYPH KIacTepu3alii MOoXHa 3IIHCHUTH
MeTo/IoM Kiacu(ikamii (HaBYaHHS 3 BUUTEEM), ¢ B SKOCTI MHOXUHH HAaBUAHHSI
BUKOPHUCTOBYIOTHCS BkKe c(hOpMOBaHi KacTepH, HAPHUKIIAA METOAOM MiHIMaTbHOI
BiJicTaHi a00 METOIOM HAHOIIKYNX CYCIiIiB.

TecToBa nepeBipka npane31aTHOCTI AJITOPUTMY

TecTyBaHHS aNrOpuTMy NPOBOIWIOCH HAa IITYYHO 3TEHEPOBAHHX TOYKOBHX
MHOXXHHaX y IBOBUMIPHOMY HPOCTOPI.

Mmuoowcuna 1 wmictute 300 000 Touok, sKi MpeACTaBISIIOTH [/ HEIIHIHHO
PO3ALIEHNX KJIACTEPiB pi3HOT (hOpMH, Pi3HOTO PO3MIPY Ta IITHFHOCTI. 3MOIeTThOBaHA
KJIaCTepHa CTPyKTypa Oyma mTy4dHO 3amrymiieHa MHOX#HHOIO 3 2000 TOYOK, sKi
MOKPUBAIIM YBECH MTPOCTIp, IO 3aiiMany KinactepH (puc. 1).

[Ipouenypa knacrepusamii MpPOBOAWIACH IS PI3HUX 3HAUCHb MapaMeTpiB
Hanmamrysanss N i M- OuikyBaHi i HAiKpaIli pe3y/IbTaTH OTPUMAHI JUIs 3HAYEHb

h<0.7 i 3< M, <10 (puc. 2). B pesynbrari Bukonanns npoueypu 299 545 Touok

OyJu BiTHECEHI JI0 KJIACTEpiB.

Puc. 1 Puc. 2

Muooicuna 2 mictuts 100 000 To4oK, 00’ €JHAHUX Y 3 ITYYHO 3MOJETHOBAHUX
KJIacTep eNNTHYHOI (OpMH, SIKI MArOTh 30HM IEepeKpUTTsA. KoxHuil Kimactep
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pencTaBisie co0010 MHOKHHY TOYOK Ha TUIONIMHI ABOBHMIpHOTO po3noziry ['ayca 3
PI3HIMH BEKTOpaMH CEPEIHIX, TUCTIEPCii 1 HyILOBOIO KoBapiarieto (puc. 3).
BpaxoBytoun, 110 3MOIeNBOBaHI KJIACTEPU Majd 30HH IMEPEKPUTTS, OCOOIHMBO
3HAUYHY MDK JPYTUM W TPETiM (CHHIM Ta 3€JIeHMM), aJrOPUTM JO03BOJHMB YiTKO
BHIIUIATH SIpa KOYKHOTO KIIacTepa, sIKi € HaiO1IbII IIIJTbHIMH YaCTHHAMH KJIaCTEPIB.
Haiikpaui pesysbraTi OTpUMaHi st 3Ha4eHb napametpis h~0.6 u M, = 25. [lpu

IbOMY JI0 Ki1acTepiB Oy1o BigHeceHo 85% yciX TOYOK MHOXKHHH (pHC. 4).

Puc. 3 Puc. 4
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FORMATION OF THE DYNAMIC MODEL FOR OPERATIVE
MONITORING OF THE ECOSYSTEM’S POLLUTION LEVEL THROUGH
EMERGENCIES AT NUCLEAR POWER PLANTS

Abstract. In conditions of uneven distribution of sources of danger across the
territory of the state, each territory has its own levels of natural, technogenic, social
and military loads, which influence on the composition of forces, tactical and
technical characteristics of the means of the functioning geoinformation security
system, namely the national security system.

In Ukraine the civil defense system is functioning to ensure the implementation of
state policy in the field of civil defense for protection of the population, territories,
environment and property from emergencies by preventing such situations,
eliminating their consequences and providing assistance to victims in peacetime and
during a special period. The system consists of functional and territorial subsystems
and is aimed to solving the issues of ensuring the necessary level of security of the
state in the conditions of emergency. At the same time, the issues of implementation
of the monitoring function and development of effective decisions by all local
subsystems, which aimed at prevention and localization of different emergencies,
remain completely open to the state.

In order to further develop the scientific and technical bases for the implementation
of the subsystem of the civil defense system of Ukraine on operative monitoring of
changes the boundaries of radiation pollution zone, the level of danger in the zone
and the prediction of new hazards, a dynamic model of the combined use of
unmanned aerial vehicles and ground control of radiation hazard factors, where the
delivery of ground control devices to the danger zone is performed by unmanned
aerial vehicles, is developed.

Keywords: monitoring of radiation pollution zone; dynamic model for operative
monitoring; unmanned aerial vehicles; delivery of automated control devices to the
danger zone
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B.B. Totonuk’, O.M. Co6oas!, B.JI. Kaayrin!, }0.B. 3axap4enko’

'HanionanbHuii yHiBEpCHTET UMBiNILHOTO 3aXKCTy YKpainu, M. XapkiB, Ykpaina
2HaykoBo-110C/TiiHa yCTaHOBa «YKpAiHCHKMIT HAyKOBO-JIOCIIHUI IHCTUTYT €KOJIOTiYHUX
npoGiem», M. XapkiB, Ykpaina

®OPMYBAHHS JUHAMIYHOI MOJIEJII OTIEPATUBHOI'O
MOHITOPHHI'Y PIBHSI 3ABPYTHEHHSI EKOCUCTEMH BHACJIIAOK
ABAPIM HA OF’EKTAX AAEPHOI EHEPT'ETUKHU

Anomauia. B ymosax HepigHOMIPHO20 pO3n00iny 0dxcepen Hebe3neKk no mepumopii
0eporcasi  KOJCHIL mouyi npocmopy NpUMAMAHHI  Cc80i PIBHI NpUpooHozo,
MEXHO2EHHO20, COYIANbHO20 MA BOEHHO20 HABAHMANICEHb, SIKI BNAUBAIOMb HA CKAAO
CUn  ma  MAaKmuKo-mexHiyHi — Xapakmepucmuku — 3acobié¢  (DYHKYIOHYIOUOT
eeoinghopmayitinoi cucmemu 6e3nexu, a came cucmemu HayioHanbHoi besnexu.

B Vkpaini ons 3abe3neuenns peanizayii 0epoicagnoi norimuku y cepi yugiioHo2o
3axucmy w000 3aXucmy HACENeHHs, MePUMopill, HAGKOIUWHLO20 NPUPOOHO20
cepedosuwia ma matina 6i0 Haodssuuaunux cumyayiti (HC) wsixom 3anobicanus
MUpHUil Yyac ma & ocobausutl nepiod Qyuxyionye €Ouna Oepxcasuna cucmema
yusinvroeo 3axucmy (€CL3). Cucmema €CL3 cknadacmvcs 3 PyHKYIOHATbHUX
i mepumopianbHux niocucmem ma CHPAMOSAHA HA PO38 A3AHHA NUMAHb
3a6e3neuenus HeOOXIOHO20 Pi6Hs Oe3neKU HCUMMEDIATbHOCME MepUmopii 0epicasu
6 ymosax, xoau eunuxaa HC. Ilpu ybomy, yinkosumo 6iokpumumu 0asi 0epircasu
sanuwaromscss npobaemui numawnns peanizayii ¢ cucmemi €JCL[3 ¢ynxyii
MOHIMOpUH2Y ma po3pooKu eheKmusHux ynpasniHCobKux pilieHb 6Cix NOKATbHUX
nidcucmem, CHNpAMOGAHUX Ha nonepeodcenHs ma nokarizayilo HC, 6 ymoeax
3apo0icenHst 0dcepelt Hebe3nexk pisHOi npupoou.

3 memoio nodanvuio2o po3sUmKy HAYKO8O-MEXHIUHUX OCHO8 peanizayii niocucmemu
€/CL[3 Vkpainu wo0o onepamusHoz0 MOHIMOPUHZY 3a 3MIHAMU MedC 30HU
padiayitinoeo 3a6pyoHenHsl, pieHs Hebe3NeKy 8 30Hi Ma NPOSHO3YEAHHS BUHUKHEHHS
HO8Ux Hebe3nex, 6 pobomi cgopmosana OuHamiuHa Mmooerb 00 €OHAHO2O
sacmocysanns  6esninomuux aimaneHux anapamie (BIIJIA) ma HazemHux
npucmpoie KOHmpoao Gaxkmopié padiayitinoi Hebesneku, 0e 00CMABKA HA3EMHUX
NpUCPOi8 KOHMPOIIO Y 30HY Hebe3neKu 6UKOHYEMbCst 3a 0onomoeoro BITJIA.
Knrouosi cnoea: monimopune 30uu padiayitino2o 3a0pyOHeHHs; OUHAMIYHA MOOeb
onepamusHo20 MOHImopuney;, Oe3niiomui iMaibHi anapamu; 00CMABKA
A6MOMAMU306AHUX NPUCMPOIE KOHMPOTIO Y 30HY Hebe3neKu

Beryn

IlocTaHoBKka 3aBAaHHS. AKTYaJbHICTH Ta MPAKTUYHA 3HAUYILICTh HAYKOBHX
JOCTKEHB TIOA0 PO3POOKH CHCTEMH MOHITOPUHTY PaflioaKTHBHOTO 3a0py HEHHS
€KOCHCTEMH BHACTI/IOK aBapiii Ha 00’€kTax sACpHOI EHEPreTHKH 00yMOBIIOETHCS
UM, 1o 13 2 720 cy0’€eKTIiB MisUIBHOCTI Y cdepi BUKOPHCTAHHS SAEPHOT SHEeprii B
VYkpaiHi, fiKi OTpUMaad BiAMOBiAHI JileH3ii Ha mpaBo poboTH, 165 HamexaTh 110
BHCOKOTO CTYIEeHS pU3UKY, 172 — no cepeanboro, 2 383 — mo Huszpkoro. Jlo I ta Il
KaTeropiil paaiaiiiiHoi HeOe3MeKH HaIeKATh CHEPreTHYHI Ta JOCIIIHUILIBKI SACepHI
YCTAHOBKM, HACTiIKOM pajiauliiHUX aBapid Ha SIKUX MOXYTh OyTH HEraTHUBHI
edexTH y ocib 3 yhcna nepcoHaiy i HaceJeHHs, a TAaKOK HeOe3neuHe 3a0pyAHEeHHS
€KOCUCTEMH IPHUIIETIIOT JIOKAJIbHOT TEPUTOPIT.

ISSN: 2411-4049. Exomnoriuna Ge3rexa Ta mpupogokopuctyBants, Ne 1 (33), 2020



Ha 90Tuphox aTOMHUX €JIEKTPOCTAHIIAX YKpPAaiHU B €KCILTyaTallii 3HaXOISIThCS
15 eHeproGmokiB 3 BOIO-BOMSHUMH €HepreTmuHUMHU peakTtopamu (BBEP),
eKcIUTyaTytouoro opranizamiero  sikux € JII HAEK «Eneproatom». Ha
BII «3anopizbka AEC» 3HaxXOAMTHCS B €KCIUTyaTallii CXOBHIIE BiANpanbOBaHOTO
SIIEPHOTO MAJIMBA «CyXO0Tro THITY». Lle moTpebye ruranyBaHHS, Ha OCHOBI pe3yJIbTaTIB
MOHITOPHHTOBHX JIOCIIHKEHb, €EKTUBHUX MOMEPEIKYBaTbHIX Ta HEBIAKIATHUX
3aXMCHUX Jil 3a MeXaMU MalIaH4YMKiB TaKMX YCTaHOBOK BiAMOBITHO 1O BUMOT
nokymeHTy cepii HopM Oesnekn MAT'ATE GSR Part 7 «['oToBHICTS 1 pearyBaHHS y
BHUITAJIKY SIICPHOT UM PaIioioriuHol aBapiitHoi curtyartii», Bigens, 2016 pik [1-11].

OnHuM i3 KITIOUOBHX 3ac00iB 3a0e3neueHHs Oe3nekn (QyHKIIOHYBaHHS 00’ €KTiB
snepHoi enepretuku (OSE) € BpaxyBaHHs JOCBiAy €KCIUTyaTamii, 10 BKJIIOYA€E B
cebe mpoBeneHHS OONIKYy Ta aHami3y MOPYHIEHb y Po0O0TI 00’€KTiB saepHOi
CHEePTeTHKH, BIPOBAKCHHS KOPEryBaJIbHUX 3aXOiB IUISI YCYHEHHS BHSBICHUX
MPUYHH 1 3a100iraHHs TOBTOPEHHIO TOPYILEHb, 8 TAKOK NPOBEICHHS MOHITOPUHTY
MIPIIETTIUX 10 00 €KTiB SIEPHOI €HEepreTHKH 30H PaJiOaKTHBHOTO 3a0pymHEHHS
€KOCHCTEMU.

Cniz Big3HauuTH, 110 IpU BUHUKHEHHI aBapii Ha OSIE HeoOxigHO: 1) 3nidicHUTH
OTIepaTHBHY MOOYIOBY TOJS PaTiOaKTHBHOTO 3a0pyTHEHHS i3 3a/IaHOK0 TOYHICTIO,
0  MOXIHNBO  3a0e3MeYuTH 332  JIOMOMOTOI  MOOUTRHUX  TPUCTPOIB
KOHTPOJIO, IPUUHATTS ~ OOIPYHTOBAaHMX  YNPABIIHCHKMX  pillleHb  CTOCOBHO
HEOOXI1THOT KIJIbKOCTI CHJI Ta 3ac00iB JIJIS JIIKBIAALlii HACTIIKIB aBapii; 2) BUKOHATH
3aX0JIM €BaKyallii HaceJIeHHsI 13 30HU PaJi0aKTHBHOTO 3a0pyTHEHHS 3 ypaXyBaHHIM
BH3HAYCHHSI IIUISIXiB eBaKyallii 3 MiHIMaJIbHOIO iX JIOBKWHOIO B 30HI 3a0py/AHEHHS;
3) BUKOHATH 3aXOJH, CHPSIMOBAaHI HA MIHIMI3alil0 HACHIAKIB pagiamiiHoro
3a0pyIHEHHS €KOCUCTEMU.

Jia mocsrHeHHSI HEOOX1AHOT TOYHOCTI il 9ac OOY/IOBH OISl paiOaKTHBHOTO
3a0pyIHEHHS HEOOXiTHO 3aCTOCOBYBATH PETYIISPHY CITKY 3 BIIOMUMH 3HAYCHHSMH
piBHS TaMMa-BUIIPOMIHIOBaHHsS Yy BYy3/1ax, IO JO3BOJHMTH BHUKOPUCTATH BiJOMI
Mertonu iHTepnonsnii. [Ipu nmpoMy cimim ypaxoByBaT, IO Ha TENEPIlIHIA Yac y
30-kimomeTpoBiit 30Hi koxkHOTO OSE (QYHKIIOHYIOTH TOCTH paialliifHOro
MOHITOPHHTY, SKi MarOTh HEPETYJSIpHE PO3MIIEHHS, TOMY YHEMOJIHBIFOETHCS
3a0e3redeHHs Heo0X1THOT TOYHOCTI TTpH MO0y I0Bi OIS 3a0pyTHEHHS.

TakuMm dYnHOM, pO3poOKa Mopedel Ta METOHIB NPOBENEHHS aBapiiiHOro
MOHITOPHHTY paJioaKTHBHOTO 3a0pyJHeHHs BHachiok aBapii Ha OSE €
aKTyaJbHOI0 HAYKOBO-TIPHMKJIAJHOIO mpoOsemMor. OOHMM 13 HUIAXiB BHUpIIIEHHS
naHoi npobiemu € 3actocyBaHHs BITJIA st 3xificHeHHsT omepaTHBHOI MOOYIOBU
TOJIS Pa/liOaKTUBHOTO 3a0pyAHEHHSI 13 33JJaHOI0 TOYHICTIO.

AHaJi3 ocTaHHIX JocaimkeHb i myomikaniii. B poOori [12] HaBeneHo crocio
PEKOHCTPYKIIii MO pagioaKTUBHOTO 3a0pyTHEHHsI BHACITIIOK aBapii Ha aTOMHHX
enektpocraniisix (AEC) 3a qanumu BiJ cTalioHapHUX TOCTiB MOHITOpUHTY. ToOTO
Oyja 3amporoHOBaHAa pEryjspHa CITKOBA MOJEIb JUIA  IHTEPHOJSIil i
MPOTHO3YBAHHS HOJIS 32 JAHUMH HEPEryJIIPHOTO MPOCTOPOBOTO MOHITOPHHTY, IO
MPU3BOAMIO A0 30UIbLIEHHS MOXHOKM MOOYAOBH 3a3HaueHoro mnoms. [luranHsaM
PEKOHCTPYKIIii TOJIIB pajiioaKTUBHOTO 3a0pyIHEHHS TEPUTOPIM TMicis sIepHHX
BUOYXiB mpucBsiueHa podota [13].

B po6ori [14] miakpeciieHo akTyanbHicTh BUKoprcTanusa BIIJIA nns npoBenenHs
panianiitHoro MoHiTopuHTY. KOHIIEMi10 MPOeKTyBaHHS CUCTEMH ITiCIIsl aBapiitHOTO
monitopunary AEC 3 Bukopucranusm BITJIA HaBeneno B po6ori [15]. MoxiuBocTi
Ta pe3yabTaTd EKCIIEPUMEHTY [0 3acTOCYBaHHIO O€3MUJIOTHUX —aBiaulifHUX
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KOMIUIEKCIB IS MOHITOPHHTY HaBKOJHUITHLOTO cepenoBuiiia AEC mpeacrarieHi B
pobori [16, 17].

Kpim Toro, y pamkax mpoBeneHOro, 3 TJIMOMHOIO TOIIYKY OO JECATH POKIB,
aHaJIi3y BHMHAXIJIHUIBKO-TOCIIAHUIBKOI JisTbHOCTI [18—21], Bimomi TexHiuHi
pillIeHHA BHW3HAYEHHS TPaHUIb 30H HeOe3mek, sKi Ui pO3TallyBaHHA 3aco0iB
KOHTpOIO (haKTOpiB HEOE3MEKN BUKOPHCTOBYIOTh KOCMIUHI 3aCO0M BCTAHOBIICHHS
MICIIe3HAXOIKEHHS Ta PO3AUISIOTHCS 38 BUKOPUCTAHHSIM IMOBITPSHUX 1 HA3EMHUX
PYXOMHX TIIATHOPM.

[Ipu BUKOpHCTaHHI MOBITPSHUX PYXOMHUX IIAT(OPM BiOMi KOPHCHI MOJENI:
BIJIA manoro po3mipy AJsl MOHITOPHHTY TEPUTOPiH MOXKEXK, TS POPUCTUIHUX aKTiB
1 TEXHOTEHHUX KaTacTpod, a TAKOXK — JIiTaKa JjIsl MOBITPSHOTO MOHITOPHHTY CTaHy
TmoBKUDIA [18].

BIUJIA manoro po3mipy Ajsi MOHITOPHUHTY TEPHTOPIH MOXKEXK, TEPOPUCTHUHHX
aKTiB 1 TEXHOICHHUX KaracTpod oOmagHaHuil 3aco0aMH MOHITOPHHTY, SKi
BKJIIOYAIOTh HAaBiralliifHe oOJaIHaHHS, pPamioIeICHTaTop, TEIUIONEICHTaTop |1
TeleKaMepy, CIONy4deHi depe3 OOpTOBHI KOMI'IOTEp 3  NPUAMAaIbHO-
nepeaaBanbHo0 aHTeHor GPS, «I'JIOHAC» abo CTUTBHHKOBOTO 3B'SI3KY IS
repeavi pe3yabTaTiB MOHITOPUHTY Ha IIEHTPAIBHUHN IMyHKT YIPaBIiHHS JTITATEHAM
amaparom.

Jlitak U1 MOBITPSTHOrO MOHITOPUHTY CTaHy OBKILISA 0OJaTHAHUHN, IO MEHIIIH
Mipi, OHUM 3acO0OM TSI MOHITOPUHTY JOBKIJUIS, IKHH BCTAHOBJICHO TiJl KPUJIOM
JiTaKa.

HenmonikaMu BHKOpUCTaHHS TOBITPSIHUX PYyXOMHUX 3aCO0IB MOHITOPHHTY 30HU
EKOJIOTIYHOTO  3a0pyJHEHHS y paMKaxX BiJJOMHX TEXHIYHHUX peaji3alliid,
MpoaHami3oBaHUX y poOoti [18], € Te, mo mim 4yac BUHUKHEHHsS MacmTaOHOI
HeOe3MeKH I OXOIUICHHS HEOOX1JHOTO 00CATY TOYOK BIMipPIOBAHHS MTOTPEOYETHCS
BUKOPHUCTAHHS JIEKLIBKOX (B 3aJIC)KHOCTI BiJl pO3MipiB 30HU) JIITAKiB 3 OpraHi3allicro
OKpPEMHUX KaHAJIB YNPaBIiHHA 1X MOJBOTOM 1 KaHATIB Iepeaadi TeIeMETPUIHOL
indopMmarii Bixg 3acobiB MoHiTOpuHTY. llpm peamizarii pexumy Oe3mepepBHOTO
OTpPHMaHHS y pealbHOMY MaciuTabi yacy iHpopMallii mpo cTaH 30HU BpayKeHHS [eH
CHOCi0 MOHITOPUHTY TOTpeOye 30IbIIEHHS Y JBA-TPU pa3 KUIBKOCTI JITaKiB 1
3ac00iB KOHTPOIIFO, SIKHMH BOHH OO0JIagHaHi, X OOCIyroByBaHHsS, OOJaJHaHHS
NAJIBHUM 1 TIPOBEACHHS PEMOHTHHX poOiT. KpiM Toro, BUHHMKae yTpyAHEHHs NPH
ynpasininHi BITJIA npu iX 3HaX0KeHHI y 30HaX [MOTaHOT BUAUMOCTI (K1 BAHUKAIOTh
] BIUIMBOM Jiii HeOe3neuHuX (akTopiB), y HIYHHHA Yac, y pasi MOTipIICHHS
MOTOJHUX YMOB, @ TAaKOX MPHU HEOOX1THOCTI MPOBEICHHS KOHTPOJIIO HEOE3MEUHNX
(akTopiB OiIst MOBEpxHI 3eMTi.

[Ipu BUKOpHCTaHHI HA3EMHUX PYXOMHX IUIATGOPM BiOMi: crocid BU3HAYEHHS
Mex 30H HagzBuyaiaux curyariii (HC) [19] i cmocid onepaTuBHOTO BH3HAYEHHS
enineHTpiB, 3MiHnu Mex 30H HC 1 ojepkaHHs ornepaTtuBHOI iH(oOpMarii oo
MPOTHO3yBaHHS BHHUKHEHHS HOBHUX pH3HKiB [20].

Crioci6 BusnauenHs: Mexx 30H HC [19] 3actocoBye Ha3eMHi pyxomi 3acodu Ta
reoCTalliOHAPHI CYyIMYTHUKH. TOYKM BUMIpPIOBaHHS BCTAHOBJIIOIOTHCS 3@ JOIIOMOT OO
Ha3eMHHX pPYXOMHX 1 TE€OCTallilOHAPHUX CYMyTHUKIB, TOYKH BUMIPIOBAHHS
MEePEMIIyIOThCS 32 JOTIOMOTOI0 HA3eMHUX PYXOMHUX 3ac00iB.

Crioci6 omepaTHBHOTO BH3HAYEHHS EMILEHTpiB, 3MiHM Mex 30H HC Ta
OJIepKaHHS ONEPaTHUBHOI iHPOPMAIIT MI0J0 MPOTHO3YBAHHS BUHUKHEHHS HOBUX
pusukie [20] peanizoBaHHil 32 PAaxXyHOK 3acTOCYBaHHS HA3eMHHUX PYyXOMHX
OpPUCTPOiB 3  KOHTPOJILHO-BUMIPIOBAIBHUMM ~ 3acobaMum  Ta  3acobamu
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eNIEKTPO3B’SI3KY, a TAaKOXK 332 PAXyHOK 3aCTOCYBAHHS JAUCIIETYEPCHKOTO MYHKTY Ta
CYyIyTHUKOBHX 3aco0iB 3 3aco0amMu  €IEKTPO3B’SI3Ky Ta  CJIEKTPOHHO-
o0uUnCIIOBaIBLHUME 3ac0o0aMu. BuznauatoTs 3001 HC Ta 3MiHy (akTopiB HEOE3MEKH
3a JIOTMIOMOTOI0 HAa3eMHHUX PYXOMHX HPHUCTPOIB 3 KOHTPOJIBbHO-BUMIPIOBATbHUMHU
3acobamu, sKi HamaroTh iH(popmariito mpo Hachiaku HC mo nucneTdepehKiuX IMyHKTIB
3a IOTIOMOTOI0 3aC00iB €TIEeKTPO3B’A3KY Yepe3 CYITy THUKH.

HenonikamMu BHKOpPHCTaHHS Ha3eMHHX PYXOMHX 3aCO0iB MOHITOPHUHTY 30HHU
€KOJIOTIYHOTO 3a0pyTHEHHS Y paMKax Bimomux miaxonis [19, 20] e te, mo mig gac
MOHITOPHHTY HEMOXJIMBO OXONHUTH BHMIPIOBAaHHSAM MOTPIOHMIA 00CAT TOYOK
BUMIPIOBaHHSl y 30HI HeOe3MEeKH, OCKIIbKH HE BCI TOYKH € JOCTYIHUMH IS
BuMiptoBaHHs. Kpim Toro, peanizamis Iux migxoiB He 3a0e3neuye omnepaTHBHOTO
oJlepKaHHS MOTPIOHUX 00CATY Ta TOYHOCTI iH(OpMAIii.

Ha#i6inem OaM3bKUM TEXHIYHUM PIIICHHSM JI0 MPOOJIEMU PO3POOKH HAYKOBO-
TEXHIYHUX OCHOB CHCTEMH MOHITOPUHTY Ha JIOKJIBHIM TepuTopii, TMHAMIKH 3MiHU
MEX 30H EKOJIOTIYHOTO 3a0pydHEHHS, PiBHSI HEOEe3MeKH B 30HI Ta MPOTHO3YBaHHS
BUHUKHEHHS HOBUX He0e3IeK € crocid onepaTtuBHOro Bu3HaueHHs pu3ukiB HC [21].
Leit crioci6 nepeabayae 3a JOMOMOTOI0 HA3eMHUX PYXOMHUX 3aC001B 3 KOHTPOJIBHO-
BHUMIpIOBaJLHIMH TTpUCTposiMU Bu3HadaTH 30HU HC Ta 3MiHy (pakTopiB HEOE3MeKH.
Ponp HazemMHHX pyXxoMmmX 3ac00iB MOXKYTh BUKOHYBATH TPAHCIIOPTHI 3aco0u, a
TakoX okpeMmi (mimi) marpyibHi. s HamanHs iHQOpMAaILii 10 JUCHETYSPCHKUX
MYHKTIB HampsiMy Ta yepe3 CyMyTHHKOBI 3acobu mpo Hacnigku HC 3acTocoByroTh
3acobm eneKTpo3B’s3Ky. [ aHai3y AMHAMIKH MO/, 10 BAHUKATUMYTh Y IPOIIECi
tpuBanHs1 HC, Ta miaBuUIIeHHs OllepaTHBHOCTI 300py iHpOpMAILIii, HOBITPsHI pyXoMmi
3acobu  00JagHYIOTh  KOHTPOJBHO-BUMIpIOBaJbHUMH W €JIEKTPOHHO-
O0YHCITIOBaIbHUMH 3aC00aMH 3 €JeKTPOHHO-KapTorpadiYHIMH IPOTPaMaMH,
3aco0aMu pajiioHaBirarii if e1eKTpo3B’s3KY.

Henonikamu onmcaHoro Buiie crnoco0y onepaTuBHOrO BU3HaueHHs pusnkis HC
[21] € Te, IO MOXKIMBOCTI peaiizaiii pexumy Oe3NepepBHOTO y pealbHOMY
MacmrTabi yacy OIEpaTWBHOTO OJIEp)KaHHS MOTpiOHOro oOcsry iHdopmamii mpo
CHIIEHTPU Ta 3MIHM MEX 30H HeOe3MmeKk 0OMeXeHI MOXKIUBOCTSIMH BUKOPHCTAHHS
(matpyroBaHHs) 0COOOBOTO CKIamy Mifpo3iniB. KpiM Toro, TepMiH MOHITOPUHTY
00MeXYEThCSI TEPMIHOM 3HaXOJKEHHSI JIiTaKa y MOBITpPi a00 JIiTaKiB, KOJIW CUTYyaIlis
nmoTpedye BUKOPUCTAHHS JEKUTPKOX JITaKiB, $Ki OO0JNIagHaHI 1IEHTUYHUMHU
KOHTPOJIbHO-BUMIPIOBAJIBHUMH ¥ €JEKTPOHHO-O0UHCITIOBaIbHUMHU 3ac00aMu 3
€JIEKTPOHHO-KapTorpaiuHuMu  TporpamMamu, 3acobamu  pafioHaBiramii i
eNIEKTPO3B’ SI3KY.

Merta nocaigkeHHs. 3aBJaHHSIM JIOCIIKEHHS € PO3BUTOK HAYKOBO-TEXHIYHMX
OCHOB peai3arllii MiJCUCTeMH OINEPATUBHOTO MOHITOPHHIY 3a 3MIHOK MEX 30HHU
paxmiamiifHOTO 3a0pynHEHHS, piBHS HeOe3leKn B 30HI Ta MPOTHO3YBaHHS
BUHUKHEHHS HOBUX HeOesnek, sk ckiamoBoi €JICL[3. Meroro miei poboTu €
dbopmyroBaHHS MoJieNi 00’ etHaHOTO 3acTocyBaHHst BITJIA Ta Ha3eMHUX IPUCTPOIB
KOHTPOJIIO (akTOpiB HeOE3NeKH, A€ JOCTaBKa Ha3eMHHUX MPHUCTPOIB KOHTPOIIO Y
30HY HEOE3IeKH BUKOHYEThCS 3a fJorromMororo BITJIA.
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CucreMa ONEPAaTHBHOIO0 MOHITOPHUHIY PaJdioaKTHBHOIO  3a0pyaHEHHS
eKOCHCTeMH O0e3MUIOTHUMM JITATLHUMH anapaTaMid BHACJiI0K aBapii Ha
00’€KTax A/1epHOI eHepreTHKH

Mera pobOTH JOCATAETHCS TUM, IO Oe3MepepBHUN Ta TPUBAIUN y pPEaTbHOMY
MacimTabi yacy onepaTHBHHI MOHITOPWHT 32 30HOIO pafiarifHoro 3a0pyIHEHHS
3IIACHIOETHCS 32 PAaxXyHOK: &) CYMICHOrO 00 €IHaHHS y CHCTEMY MOHITOPHHTY
BITJIA Ta Ha3eMHUX TPHUCTPOIB KOHTPONIO (DAKTOPIB pamialliiHOi HeOe3meKu;
0) onepaTuBHOI JAOCTAaBKH Ha3eMHHX MOOITBHUX IMPHUCTPOIB KOHTPOIIO Y 30HY
panianiinoro 3a0pyanenHs BIIJIA; B) cTBopeHHs B 30HI Ta B 11 OKOJUII
TUMYacoBoi (Ha mepioA JIKBijgalii HEOE3MEeKU) KOHTPOJIOIYOI Mepexi 3
ABTOMATH30BAaHNX HA3eMHHX MOOUTBHHX MPHUCTPOIB KOHTPOJIIO; T) OTPUMAHHS i
0o0poOku iHpopmamii Big HazeMHHX MOOINBHHX TIPUCTPOIB  KOHTPOJIIO
JUCTIETYEPCHKUM MYHKTOM, SIKHI PO3TalllOBaHO Ha HAa3eMHIil pyXxoMiil miatdopmi
(uTaGHUEt  aBTOMOOUIB, TOXKEXHO-PATYBAIBHUA  aBTOMOOINB, aBTOMOOLNIb
panmiamiiinoi, XiMigHOT Ta OioNMOTiYHOI PO3BiNKH, OpOHETpaHCHOPTEP, MAaIIWHA
BifiCbKOBOT PO3BIJKH, TATay Ta iH.) [18, 22-25].

Po3pobneny HamMu (YyHKIIOHANBHY CXeMy IIi€l CHCTEMH OIEpPaTUBHOTO
MOHITOPHHTY 32 3MIHOIO MEX 30HH PaJiOaKTUBHOTO 3a0pyIHEHHS E€KOCHUCTEMH,
piBHeM HeOe3leKd B Hill Ta NPOrHO3yBaHHS BHHUKHEHHS HOBUX PH3HKIB
npeacraBieHo Ha puc. . BoHa BKIIOYae KiIacMYHy MiJCHCTEMY MOHITOPHHTY,
CUTYaI[iHHUH [IEHTP Ta MiJCUCTeMYy BUKOHAHHS pimeHHs [26, 27].

Hazemuuii MOOINBHME aBTOMAaTH30BaHMW TPHUCTPIH OI[IHKK MapaMeTpiB
paaiamiifHOro 3a0pyJHEHHS, CXEMY SKOrO MPEACTABICHO Ha PUC. 2, 4, BKIIOYAE:
OJIOK YIIpaBIiHHS; KOHTPOIHHO-BUMIPIOBATBHHUN OJIOK, 3 BIAMIOBIAHUM IaTYUKOM
OIIIHKY TapaMeTpiB paaialifHOro 3a0pyAHEHHS; OJIOK BiIEOCIIOCTEPEKEHHS; OJIOK
BCTAQHOBJICHHS ~ MiCllI  3HAXOJ/DKEHHS  MOOUIBHOTO  IIPUCTPOID  KOHTPOJIIO
(GPS-nagirartii); 6,70k KOperyBaHHS MiCIISl TTOJIOKEHHS MOOITEHOTO MPUCTPOIO HA
noBepxHi 3emii; OJOK PYYHOro KOperyBaHHS POOOTOI0 MOOIIBHOTO MPUCTPOIO;
6ok 30epiranHs iHGopMarlii; 6JI0K iHAMKAIIT; OJOK KUBJICHHS; OJIOK pajlio3B’si3Ky;
aHTEHY.

HazemHuii pyxomuii 1eHTp paiallifHOTO MOHITOPUHTY, CXEMY SKOTO
MPEICTaBICHO Ha puC. 2, 0, BKIIOYAE: KOMII' IOTEPU30BaHy AHAIITHYHY CHUCTEMY
MPOTHO3Y TPaHUIlb 30HH pajialifHOTO 3a0pyAHEHHs, piBHS HeOe3MeKH B Hil Ta
MO>KJIMBOCTI BUHUKHEHHA HOBMX HC; KOHTPOJIbHO-BUMIpIOBANbHUM OJIOK; OJIOK
METEOPOJIOTYHOIO KOHTPOJIIO; OJIOK BCTAHOBJIEHHS MICIIsSI 3HaXODKEHHS HA3€MHOTO
pyxomoro 1ieHTpy MonitopuHry (GPS-nHasiraii); 610k kepyBanHs pyxom BITJIA;
OJIOK OTpUMaHHS, aHaji3y Ta cucremarusaiii iHdopmaiii BiJi MPUCTPOIB OIIHKH
nmapaMeTpiB pajiariiiHoro 3a0pyaHEeHHs; Onok 30epexeHHs iHdopmarlii; OI0K
crapty BILJIA; G110k panio3B’sa3Ky; aHTEHY.

[Ipencrasienuii Ha puc. 3 eNeKTPOMEXaHIYHUH MPUCTPil Asist ckuaanHs 3 BITJIA
y 30HY pajiamiiHOro 3a0pyJHEHHS aBTOMATH30BaHMX MPHUCTPOIB  OLIHKH
napameTpiB pagianiifHoro 3a0pyJHeHHS MicTUTH [22, 23]: 1 — KopITyc NPUCTPOIO AT
ckunadus 3 BITJIA aBToMaTH30BaHUX NMPUCTPOIB OI[IHKK ITApaMETPiB paialiifHOro
3a0pynHeHHs; 2 — OJNOK ympaBiiHHs NIpolecoM ckuaaHHs. Beepenuni xopmycy 1
3HaxoAATeCs: 1.1 — eJeMeHTH KpIIJIeHHS eJEKTPOMEXaHIYHOr0 MPHUCTPOIO 10
kopnycy BIIJIA; 1.2 — MerajieBi IJIaCTHHM 3 3a30pOM MDK HUMH (Ha HHX
MOHTYIOTBCSL ~ €JIGKTPOMEXaHIuHI €JIEeMEHTH MPHUCTPor); 1.3 — mpokiajaka
yuiinpHIoBava; 1.4 — MeTaneBWil CTep)KeHb Uil yTPUMaHHS aBTOMAaTH30BaHOTO
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MIPUCTPOIO OIIHKHU TTapaMeTpiB paiaiiHoTo 3a0pyaHEeHHS; 1.5 — KOpITyC KOTYIIKH
IHIYKTABHOCTI I 11 KpilIeHHS A0 MeTaneBHx IwiactwH 1.2; 1.6 — emeMeHTH
KpiIUIeHHS KOTYIIKH 1HAYKTUBHOCTI 1O MeTaneBux mactuH 1.2; 1.7 — xoTymka
IHAYKTUBHOCTI; 1.8 — 3BOpPOTHA MPYXKHHA.

ABTopamu c(hopMyITbOBAaHO TPUHITHUI, PO3POOIICHO Ta MPEICTABICHO MiAXi 0
OIIHKN e(QEeKTUBHOCTI MOKPUTTS TepuUTOpil 30HU padiamiifHOTO 3a0pyIHEHHS
AaBTOMATH30BaHUMHU NMPHUCTPOSIMH OLIIHKH MapaMeTpiB padialiiHOro 3a0pyaHEHHS,
3a yMOB IX JIOCTaBKH B 30Hy HeOE3IEeKH 3aBUCIIMMU, HAJI TOYKOKO ckujanHs, bITJIA
Ta BHKOPHCTaHHS CIIOCOOIB OJMHOYHOTO Ta KAacEeTHOTO (IWB. pHIC. 4) CKUAAHHS
BaHTaXy. OTpUMaHi aHaJTITUYHI BUPa3u AJISl pO3PaxyHKY BiJHOCHOTO CEPEIHBOTO
BUTpaIly y 4aci Ajsl KaceTHOro crnocoOy, y MOPIBHAHHI 3 OJMHOYHUM CIIOCOOOM
JIOCTAaBKA aBTOMATH30BAaHWX IIPHCTPOIB OINIHKH ITapaMEeTPiB 30HU pPadialliifHOTO
3a0pynHenHs [24, 25].
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Puc. 1 — KomiutekcHa GyHKIIIOHATbHA CXE€Ma CUCTEMH OMEPaTUBHOTO MOHITOPHHTY
PaaioaKTUBHOTO 3a0pyAHEHHS €KOCUCTEMH OE3MUIOTHUMH JITATbHUMU armapaTamMmu
BHACJIIZIOK aBapii Ha 00’ €KTax sIEPHOI eHepreTHKU
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Puc. 3 — Enexrpomexaniunuii npuctpiit jus ckuganns 3 BIIJIA y 3ony

paniariitHoro 3a0pyAHEeHHS aBTOMAaTH30BaHUX IIPUCTPOIB OI[iHKH MapaMeTpiB HeOe3mekn

AHTEHA
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Kacera 3
aBTOMAaTH30BaHHMHU
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Papuiyc 30H1
TOKPHTTS

Puc. 4 — Cxema NOKpHTTS 30HU pajlialliiHOTo 3a0pyJHEHHS KaCETHUM BHPOOOM,
OCHAII[EHUM aBTOMAaTH30BaHUMH ITPUCTPOSMH OLIIHKH MapamMeTpiB HeOe3NneKu

QOyHKIIOHYBaHHS PO3pPOOJIEHOT aBTOpaMH IiJCHUCTEMH (SIKy IPEICTaBICHO Ha
puc. 1) omepaTHBHOTO MOHITOPHHTY PaJiOaKTHBHOTO 3a0pyAHEHHS E€KOCHUCTEMH,
BHACITIZIOK aBapiii Ha 00’€KTax SAepHOI €HEPreTHKH, MOBHHHO 3JIiHCHIOBATUCH Y
ckiani (GyHKIIOHYI0901 B YKpaiHi YOTHPHOXPIBHEBOI €IUHOI Iep)KaBHOI CHCTEMHU
LUBUIBHOTO 3axUCTy Ta B MEXaX KIACUYHOTO KOHTYPY VYIPAaBIIHHS, SKHHA
3abe3neuye: 1) 30ip, 0OpoOKy Ta aHami3 iHdopmarii; 2) MOAETIOBaHHS PO3BUTKY
00CcTaHOBKH Ha 00’€KTi ynpaBniHag Ta po3suTky HC Ha TepuTopii micTa, perioHy,
JepKaBy; 3) po3po0Ky Ta yXBAJICHHS YIPABIIHCHKHUX PIllIEHb MO0 IMONePEIKEHHS
ta mikBigamii HC, a Takox MiHIMI3aIlil iX HaciaKiB; 4) BUKOHAHHS PIllIEHb 11100

Y po3poOmeHiii migcuctemi OTpuMaHHS iHGoOpMauii po mapaMeTpu
pamiamiifHOTO 3a0pyAHEHHS 3IIHCHIOETHCS NUISIXOM BUKOPHCTAHHS CTaIllOHAPHHUX
MOCTiB  pajiallifHOr0 MOHITOPHHTY Ta aBTOMATH30BaHMX MPHUCTPOIB OI[IHKH
napameTpiB paaialifHoro 3a0pyJHEHHS, JOCTaBKa SKUX y 30HY pPajioaKTHBHOTO
3a0pynHeHHs BUKOHY€eThCst BITTA.

OTpumaHa CTalliOHAPHUMH [IOCTAaMH paiallifHOr0 MOHITOPUHTY IE€pBHHHA
iHpopMallis po piBeHb panialiifHol HeOe3MeKH Ui €KOCHCTeMH Ha JIOKaJIbHIl
TEpUTOPIi O KaOEJSIX MePelaeThCs 10 MPUCTPOIB APYTOro PiBHS.

[lepBuHHa iH(OpPMALis, IO OTPUMaHa aBTOMATU30BAHUMH IPUCTPOSIMH OLIIHKH
napameTpiB pajiamiiHOro 3a0pyIHEHHs, SIKi IOCTaBICHO y 30HY Pajli0aKTHBHOTO
3a0bpynHeHHs 3a gonomoroto BITJIA, coyaTtky TpaHCIIIOEThCSA O pajioKaHaIy JI0
Ha3eMHOTO PYXOMOTO MEHTPY paliallitHOr0O MOHITOPUHTY, € BiIOYBa€ThC
MEPBUHHUN aHaJIi3 Ta cUCTeMaTu3alis i€l inpopmarii. Bijg HazeMHOro pyxoMoro
HEHTPY palliallifHOro MOHITOPUHTY iH(oOpMalis Mo pajioKaHaly TPAHCITHOETHCS
TAKOX JI0 IPUCTPOIB APYroro piBHA.

[puctpoi apyroro piBHS TNpU3HAUCHI BUKOHYBaTH OOpOOKY OTpHUMaHOI
iH(pOpMaIIil Ta IPEJACTABIATH 11 Yy BUTIISL, HEOOXITHOMY JUIsl TpeThoro piBHS. [Ipn
oMy, 00poOKka oTpuMaHoi iH(opMarlii MoKe BUKOHYBaTHCS SIK B OHOMY MiCIIi,
TaK 1 Ha JAEKIJIbKOX, 3aJIeKHO BiJ] KOHKPETHOI CUCTEMH MOHITOPHHIY Ta PO3MipiB
KOHTPOJIBOBAHOT HEH JIOKabHOI Teputopii. OOpobnena iHpopmamis vy
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BI/IMIOBITHOMY BWTJISIZII HAAXOIWUTh HA TPETiIM piBEHb, A¢ BUKOHYETHCA i aHami3 Ta
CHUCTEMaTH3aIlisl JaHUX, Ha OCHOBI YOTO POOUTHCS BUCHOBOK IIPO CTaH pajialliiHOl
HeOe3MneKH JToKaTbHOT TepuTopii. OcoOIMBO BAXKITUBO JIJIs 3a0€3MeUeHHS ITBUAKOIIT
CUCTEMH BHUKOPUCTAaHHS aBTOMATH30BaHUX 3ac00iB 0OpoOkW iH(opMarllii, sKe
3HaYHO TPHUCKOPUTH TPOIECH Ha JPYroMy Ta TPEeTbOMY pIBHSAX CHCTEMH
MOHITOPHHTY, TO3BOJIUTH CTBOPUTH E€IEKTPOHHI, TOCTYIIHI B pPealbHOMY MacIITadi
Yacy, 0a3u JaHWX Ta 3HaHb. BUKOpUCTAaHHS BiAMOBITHUX MaTEMAaTHYHUX METOIB
JO3BOJIUTH HA OCHOBI OTpHMaHOI iH(OpMaIlii y BiTHOCHO HETPHUBAJIl TEPMIHH Yacy
BHKOHATH MOJICIOBaHHS HeOe3NeyHoi CHTyarii, MPOrHO3yBaHHS ii pPO3BUTKY Ta
piBHS, BigoOpaskaTH NPOTHO30BaHY AMHAMIKY KaTacTpodiuHuUX moAii rpadivyHo
(y TOMy 4HMCIi 3 BAKOPUCTAHHSAM €JIEKTPOHHUX Mall).

Hpyra indopmartiiiina miIcucTeMa € CUCTEMOIO MIATPUMKH YXBAJICHHS PillIeHHS.
Oco6a, mo npuiiMae pimenas (OI1P), Bu3Hayae oguH abo NEKUTbKAa KPUTEPIiB,
BIAMOBIAHO 1O SKUX 3AIMCHIOETHCS TPOTHOCTUYHE MOJIEIIOBAHHS PO3BUTKY
paniamiifHOl HeOe3lmekn Ta BUPOOISIOTHCS BapiaHTH YMPABIIHCHKUX PIllIeHb, SIKi
OOTpyHTOBaHI BiAMOBITHIMH PO3paxXyHKaMH. 3 HaOOpYy BapiaHTIB YIPaBIIHCHKUAX
pimenb OITP obupae oauH, abo 3a7a€ 1Ie T0IATKOBI KPUTEPil, BIATIOBIIHO 10 IKUX
BHUKOHY€ETHCS MOJISTIOBAaHHS Ta PO3p00OKa YIPaBIiHCHKUX PillleHb, HAITPAaBIEHUX Ha
HEJOIMyIIEHHS PO3BUTKY HeOe3NeKu 10 piBHS KaracTpodu. SIKmo X karactpodu
BXKE HE YHUKHYTH, TO pO3p0O0Ka YIPaBIiHCHKUX pillleHb HampasiieHa Ha MiHIMIi3allifo
HacmikiB Big Hel. 3aTBeppkene OINP pilieHHsS HaaXOAUTh 1O TPEThOI MiJCHCTEMHU
— MIJCUCTeMU BHWKOHAHHS pIlIEHHS, J€ BUKOHYEThCA Horo Qopmamizamis Ta
JIOBEIICHHS 70 BHMKOHABIIIB — (yHKIioHy04Yoi B Ykpaini €JICL3. 3miHu crany
JIOKaJbHOT TEPUTOpii Ta 3MIHM CTaHy HeOEe3MeKH Ha Hill BUKIMKATUMYTh 3MIiHH Y
BEITMYMHAX BUMIPIOBAHHUX TApaMETpPiB, MO (HIKCYIOTHCS MPUCTPOSMHU KOHTPOITIO.
[lomanpire MomenroBaHHS TMOKaxe e(QEeKTHUBHICTh BHKOHAHHS YIIPABIiHCHKOTO
pillleHHs — KOHTYP YIPaBIiHHS 3aMKHYBCSI.

@dopMyBaHHSI MoJeJi O00’€IHAHOIO 3aCTOCYBAHHSl CTALIOHAPHHUX IOCTIiB
pagianiiiHoro MOHITOPUHIY, 0€3MiIOTHUX JITAJTBLHUX ANapaTiB Ta HA3eMHMX
NMPHUCTPOIB KOHTPO.IIO (paKkTOpiB Hede3MeKH

@opmyoBaHHS, Y BINOBITHOCTI /O MJaHUX pHUC.S5, Mouem 00’ €IHAHOTO
3aCTOCYBaHHS CTalllOHAPHUX TIOCTIB pPaJiiallifHOTO MOHITOPUHTY (y peXuMi
noBcsikieHHOro (yukiionysanus OSIE), a Takox BITJIA Ta Ha3eMHUX THMYacOBHX
MPUCTPOTB KOHTPOIIO (akTopiB HeOe3meku (y pexkuMax aBapiiiHoi Ta HaJl3BUYAHOT
curyauiii OSIE), e nocTaBka X HA3EMHHX IPUCTPOIB KOHTPOJIIO Y 30HY paiauiiinol
HeOe3nekn BUKOHYeThest BITJIA, 3nificHeHO Ha OCHOBI HACTYITHUX YSIBIICHb.

Hexaii 3amano 00’ ext simepHoi eHepreTik — PiBnenchka AEC, 1o npejcrariieHa
Ha puc. 6 y sursazai Toukn A(0,0). CTanioHapHi MocTu paialiitHOro MOHITOPHHTY,
SIKI PO3TAIIOBaHI Y TPUIISITUKIIOMETpOBii 30H1 HaBkoi10 OSE Ta mpoBosTh OLIHKY
pamiamniiiHol HeOe3neKH I eKOCHCTEMH Y PEXKHMI IMTOBCSKICHHOTO (DYHKITIOHYBaHHS
OSE, Mal0Th BUTIIA MHOKHMHHM TOYOK P, (xm,ym), m=1...,Ng, 1e Ng — KiIbKiCTh
CTal[iOHAPHUX IOCTIB pPadiallifHOro MOHITOpUHrY. HaszemHi THMM4acoBi mpHCTpOi
OLIIHKY MapaMeTpiB pamialiiiHol HeOe3NeKy, sSKi TOCTABJICHO Y 30HY paialliiiHOro
3a0pyHeHHs 3a nonomororo BIUIA y pexxumax aBapiiiHOi Ta HaA3BUYAHOT CUTYaIlil
OSIE, MaroTh BUIJISA MHOXKHHH TOYOK Fy (Xg,yg), g=1..,N;, ne N; — KUIBKICTbh

TUMYACOBHX NPUCTPOIB OLIHKK NapaMeTpiB paiauiiiHoi HeOe3meKu.
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Puc. 5 — Cxema 00’€1HaHOTO 3aCTOCYBaHHS CTALliOHAPHUX IIOCTIB paJiallitHOro MOHITOPHHTY,
BITJTA Ta Ha3eMHHX THMYacOBUX HPHUCTPOIB KOHTPOJIIO (PaKTOPiB HEOE3NEKH Y PI3HUX
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Puc. 6 — Cxema posramryBanHs PiBnencskoi AEC Ta cranioHapHHX MOCTIiB pajtialiiiHoro
MOHITOPHHTY Y TPUIISITUKLIIOMETPOBIi 30HI HABKOJIO CTAHIIi
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Puc. 7 — IloGynoBa perysipHOi CITKH 11 pPEKOHCTPYKIIT MOJIS palioakTHBHOTO 3a0pyAHEHHS

Heo0xigHo BU3HAYMTH MiHIMAIIbHY KiIBKICTh HA36MHUX THMYAaCOBHX MPHUCTPOIB
OLIHKK TapameTpiB panianiinoi neGesmeku (Ny ), NOCTaBKA SIKMX y 30HY
pamioakTuBHOTO 3a0pynHeHHs BUKOHyeThest BIUJIA, mis edhekTruBHOTO TpOoBeneHHS
aBapiifHOro MOHITOPUHTY paJi0aKTUBHOTO 3a0pyaHEHHS BHACHinoK aBapii Ha OSE.
[Ipu 1bOMy MarOTh BUKOHYBATHUCS HACTYITHI OOMEKEHHSI:

— o0y 10Ba NOJISI PaAioaKTHBHOTO 3a0pyJHEHHS Ma€ 3iICHIOBATHCS 13 3a/ITaHOI0
TOYHICTIO &;

—yac Ha MoOyJ0BY MO 3a0pyIHEHHs, 3 ypaxyBaHHSIM TEPMiHY PO3TOpPTaHHS
CHUCTEMH MOHITOPHHTY Ta JIOCTaBKA Y 30HY paJiOakTUBHOTO 3a0pyaHEHHS
0E3MUIOTHIMH JTATEHUMH arapaTaMi THMYacOBUX MIPUCTPOIB OIIHKY MapaMeTpiB
panianiitnoi HeGe3nekH, Mae He MepeBHIILYBATH IPAHHYHO IPUIYCTUMOTO T ;

— peryisipHa ciTka S(ZR,SX: /Sy, Wy, W, | Mae Oy/lyBaTHCs 3 ypaxyBaHHIM BEKTOPa

HampsIMKy BITpy W = (WX , Wy), MIPUYOMY OCHOBOIO CITKH € KBaapart (puc. 7), B IKHii
BIHCaHe KoJIo pajiiycy R i3 mentpom y Touni A(0,0). Pajiyc kona Bu3HagaeThCs 3a
JIOTIOMOT'O}0 HACTYITHOT YMOBH: a) Y PEXKHMI MMOBCIKIEHHOTO (yHKIioHyBaHHs ([1D)
06’ckta sgepHoi emepretuku R =R"® =30xmM, a citmi MaoTe Hamexatu
CTalioHapHi TOCTM  paialiiiHoro MOHIiTOpMHTY P (Xm,Ym)» M=L1..,Ng;
0) y pexuMi aBapiiiHOT Ta HaJA3BHYAWHOI CHUTYyallii 00’€KTa sSAepHOT CHEPreTHKU
R =R"(t) (3oma HC 3miHIO€ThCA y Uaci t), a CiTIi MalOTh HAJIEXATH CTAL[IOHAPHI
NOCTH PalialiifHoro MOHITOPUHTY Py (Xpm,Ym), M=1...,Ng Ta Ha3eMHi THMYAcOBi
MPUCTPOi OIIHKH TMapaMeTpiB pajaialiiiHol HeOe3NeKH, sKi JOCTAaBICHO Y 30HY
panianiiinoro 3a0pyaHenns 3a nonomororo bITIA, F (xg Vg ), g=L1..,N¢;
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— Ha3eMHI TUMYAcOBi IPUCTPO] OLIIHKH TapaMeTpiB pajialiiHoi Hebe3nekn N, ,
ij

i=1,.., NPIA - (NBIVIA kinekicts  BIJIA, 3 ypaxyBaHHSAM KOPHUCHOIO

Hagantaxenns BIIJIA — N?™A), j=1..,N; (N; — xigekicts HazeMHHX
THMYACOBUX TPHUCTPOIB OIIHKHK MapaMeTpiB pamiamiiiHoi HeOS3MeK: po3TalioBaHO
NBHJ]A
Ha Oopty i-ro BILJIA), N;= ZNTi , MAlOTh PO3MIIIYyBaTHCA Ha BHU3HAYCHHX
i=1
mictax Vi (X, Yx), k=1..,Ng, Ta dikcyBaTd 103y TraMMa-BUIPOMIiHIOBAHHS Yy
BYy3JIax CITKH;

— MaloTh TaKOX BPaxOBYBATHUCS TEXHIYHI XapaKTEPUCTUKH KOXHOIO BUAY
BIUIA, a came, IBHIKICTb, Yac MOJNBOTY, MaKCUMallbHa NANBHICTH MOJILOTY, Yac
PO3TOPTaHHS TOLLIO.

3  BpaxyBaHHAM T[IPEJICTaBICHHX OOMEXEHb  MOJIENh  MOHITOPUHTY
pamioakTUBHOTO 3a0pyIHEHHS, 3 ypaxyBaHHSAM OO0 €IHAHOTO 3aCTOCYBaHHS
CTaIllOHAPHUX TOCTIB pajiamniiHoro MoHiTopuHry, BITJIA Ta Ha3eMHUX THMYacOBUX
MIPUCTPOIB KOHTPONIO (PaKTOpiB HEOE3NMEeKH y PI3HUX peknMax (QYHKI[IOHYBaHHS
OJE, Mae HaCTyNHUN BUI:

minNq (R He (t)) , @

e W

<g; r=1..Nq; 2
,(C)) c )
@y, (P, )- @, (P
| q+l( m) q( mX <g: m:1,...,NS; (3)
@y (Pr,)
NBHHA
maxT()<T;  i=1.,N"™; L= 3I;; @
i1
max Ny < Np™™; ()
Pm(xm,ym)eS(ZR”‘D,sX,,sy,,WX,wy); m=1..,Ng; (6)
Fg(xg,yg)eS(ZR“C(t),sX,,sy,,wx,Wy); g=1...,Ng; )
NEI_U-[A

Ny, € Vi, yi); T=1 NP j=1 Np 5 NT= 3N k=1..,Ng.(8)
i=1

Bupas (1) € minboBoro dynkiiero. Oomexenns (2) ta (3) ABISIOTH COO0I0 YMOBY
1106y 10BH MOJIst 3a0py/IHEHHS 13 3a1aHoto TouHicTio €. Tyt C,(X,,y,) — ToukH, Mo

3HaXO/ATHCS HAa MEPETHHY JliaroHaliel KOXKHOT KOMIPKH CIiTKH, TPUYOMY KUTBKICTb
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KOMIpOK JopiBHIOE N ; d)q(Cr) Ta @4 +1(Cr) — 3HaueHHs MoJs 3a0pyAHEHHS y
BiMOBIHMX Toukax Ha ¢ Ta (+1 itepauisx; P, (Xy,Y,) — CTaumioHapHi moctu
pajtianiiiHoro MOHITOPHUHTY, KiIbKiCTh siKuX JopiBHIOE Ng; ®(P,,) — piBeHb ramma-
BUINPOMIHIOBaHHS, 3a(iKCOBaHUI  CTAalliOHAPHUMH TOCTAMH  PaAiallifHOTO

MoHiTOpHHTY. OOMexeHHs (4) siBise o000 YMOBY MOOYJOBH MO 3a0pyIHEHHS
IpOTArOM Yacy T, AKui 3anexuth Big MappyTis | BILIA momo roctaBku y 300y

paaiamiifHOTO 3a0pyTHEHHS HA3eMHUX TUMYACOBUX IIPUCTPOIB KOHTPOIIO (haKTOpiB
. *
Hebe3nekn N, ime nepesumye 3anasoro T . Ilpu pomy, L — cyMapHa 10BXHHa

ooty BITJIA. O6mexenns (5) XxapakTepusye yMOBY 3aBaHTaxkeHHs i-toro BIIJIA
HA3eMHUMH TUMYaCOBMMHU MPUCTPOSIMU KOHTPOIO (aktopiB Hebesneku ( Ny ), 3

ypaxXyBaHHAM He TIEpEeBMIICHHsS TOKA3HMKA KOPHUCHOTO HaBaHTakeHHs BILJIA
(N2™%)  O6mesxenns (6) sBase co60I0 YMOBY HANEKHOCTI CTALliOHAPHHX TMOCTIB

paianiifHOro MOHITOPUHTY PETyJIAPHIH CiTI S(ZRH‘D,SX, Sy Wy ,wy) y 30Hi (paiyc

30Hu jopiBHIOE R =R"® =30km), sKka xapakTepHa [y pPekUMY IOBCAKIEHHOTO
(dhyHKIIiOHYBaHHS 00’€KTa simepHOi eHepretuku. OOmexxeHHS (7) sBIsE COOOFO
YMOBY HAJIEKHOCTI HAa36eMHUX THMYAacOBHX TIPUCTPOIB KOHTPONIIO (aKTOPiB
HebOe3nekn (SKi JOCTaBJICHO y 30HY pafialliiHOTO 3a0pyJHEHHS 3a JOMOMOTO0

BILJTA) perysipHiii citmi S(ZRHC ()% Sy Wy, W, ) y 30Hi (paiyc 30HH 3MiHIOETHCS

y uaci t Ta nopiemioe R =R"C(t)), sxa xapakrepmHa pexuMy apapiifHoi Ta
HaJ3BUYAHOI cHTyamiii 00’ekTa saepHOi eHepretuku. OOmexxeHHs (8) ommcye
HAJIC)KHICTh HA3EMHHUX TUMYACOBUX MPUCTPOIB KOHTPOIIO (pakTopiB HeOE3MmeKH (ki
JIOCTaBJICHO Y 30HY pajialiiiHoro 3a0pynHeHHs 3a fonoMororo BITJIA) dikcoBanum
Micisam ix posmimenns Vi (x,yy), k=1...,Nk.

Takum uwHOM, 3amaya, SKa OIUCYEThCS Ccymoro moioxedb (1)+(8), €
KOMOIHOBaHO!0, TOOTO BIJHOCHUTHCS 5K J0 KJIACy 3a/1a4 KOMOIHATOPHOI ONTHUMI3aIll,
TakK i J10 KJacy 3aJa4 TpacyBaHHS.

Oco6nuBocti Mozgeni MoHiTopunry BIIJIA piBHA 3a0pyAHEHHS €KOCHCTEMH
BHACJIIJIOK aBapiii Ha 00’ €KTax sJePHOI CHEPTreTHKU:

— [iJTbOBa (QYHKI[iSl BU3HAYAETHCS B TIPOIIEC] PO3B’I3aHHSI 3aj1aui;

— obmexeHHs (2)+(4) e HemiHIHUMY, a (5)+(8) — TUCKPETHUMU;

— 3arajibHa KiTbKiCTh 0OMekeHb opiBHIoe N +2Ng +2NPPAN .

Crnig Big3HAUWMTH, IO Ui BHW3HAYEHHS IMOYATKOBUX PO3MIPIB  KOMIpKH
PETryJISpHOI CITKH S, Ta S, MOKHA CKOPUCTATHCSA, HATIPUKJIA, IOCIIPKEHHAM T10JIs

PaaioaKTUBHOTO 3a0pyIHEHHsI BHACIiNOK aBapii Ha YopHoOunbchkiti AEC. Jlani, B
mporieci po3B’si3aHHS 3a/ladi, PO3MipU KOMIPKHM KOPUTYIOTBCS BiJIOBIAHO JI0
obmexeHsb (2) Ta (3).

3amponoHoBaHA |y camMOMy 3arajJbHOMY BUIJISIAI  JUHAMiuHA  MOZETb
OIIEPAaTUBHOT'O MOHITOPUHTY PiBHS 3a0py/THEHHSI €KOCUCTEMH BHACTI/IOK aBapiii Ha
00’€eKTax sAepHOT eHEPreTHKU NOTPeOY€E MOAANBLIOTO PETEIBHOTO TOCIIIKESHHS Ta
MOJKITUBOTO CITPOIICHHS TI0 CKJIaIOBUX ii 0OMEKEHHSIX.
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BucHoBku

1. Po3pobiieHi HayKOBO-TEXHIYHI OCHOBU CTBOPEHHS KOMIUIEKCHOI (PYHKIIIOHAIBHOT
CXEMH CHUCTEMH MOHITOPHHTY PaJi0aKTHBHOTO 3a0pyAHEHHS €KOCHCTEMH BHACIIIZIOK
aBapiif Ha 00’exTax sAnepHOi eHepreTukn. Cxema XapaKTepU3yeThbCs THUM, IO IS
MiIBUIICHHS ONEPaTHBHOCTI MOHITOPUHTY CYMICHO 3aCTOCOBYIOTHCS CTalliOHapHi
MOCTH PpadiallifHOrO MOHITOPMHTY Ta Ha3eMHI THMYAacOBI MPUCTPOi KOHTPOJIIO
(hakTopiB HeOe3neKH, AKi moctaBisoThes B 300y HC 3a mommomororo BITJIA.

2. Po3poGriena cucteMa MOHITOPHHTY JTO3BOJISIE MIPOBOJUTH JIOCTaBKY B 30HY
panioakTUBHOTO 3a0pyAHEHHS Ha3eMHUX THMYACOBUX aBTOMAaTH30BaHUX MPHUCTPOIB
KOHTpOJIIO (akTopiB HeOe3neku 3a qornomororo BITJIA, asst yoro po3po0iieHi cxemu
TIOKPHUTTS 30HU pajiariiiHoro 3a0pyJHEHHS KaCeTHUM Ta OJWHOYHUM CIIOCOOaMHU
JOCTaBKM MPUCTPOIB  KOHTPOJIIO. 3ampollOHOBaHA CHUCTEMa MOHITOPUHTY
nepeadadae po3TallyBaHHA JUCIETYEPCHKOTO IMYHKTY OTPUMaHHA i 0OpoOKH
iHdopMmarii Ta obmamuanHs ans crapty bBIIJIA Ha HazemHid pyxomii maatdopmi
(TabHMIE  aBTOMOOINE;  TOXKEKHO-PATYBAIBHUH  aBTOMOOINB;  aBTOMOOILTH
panianiiiHoi, ximiuHOi Ta OioNOriYHOI PO3BiAKW; OpOHETpaHCIOpPTEp; MalllHA
BiICEKOBOT pO3BIJKH; TSTad Ta iH.).

3. 3nificHeHO TOOYMOBY MOJENI TPOBEACHHS MOHITOPHUHTY pPalli0aKTHBHOTO
3a0pyIHEHHSI eKOCHCTEMH BHACHIJIOK aBapii Ha 00’€KTax sIEpPHOI €HEPreTHKH 3a
JIOTIOMOTOI0  CYMICHOTO 3aCTOCYBaHHS CTalliOHAPHUX TOCTIB pajialliifHOTO
MoHiTopuHry, BIIJIA Ta Ha3eMHUX TUMYAaCOBUX IMPHUCTPOIiB KOHTPOIIO (PaKTOPIB
HebOe3neku. 3po0iieHo BUCHOBOK, mio 3azaua (1)+(8) € xomOiHOBaHOIO, TOOTO
BIJIHOCHTBCS SIK JI0 KJIaCy 3aj7ad KOMOIHATOPHOT ONTHUMI3allii, TaK 1 A0 KJacy 3aaa4
TpacyBaHHS. 3 YypaxyBaHHAM CKa3aHOTO MOTpeOye pO3POOKH KOMILIEKCHOTO
pIIlIEHHS TIOCTAaBJICHOI 3a/avi, OCKUTBKHM TOJAIbIIe MOCITIKEHHS OCOOIUBOCTEH
PO3p0O0IIEHOT MOJIENi IO3BOJIUTH CYTTEBO ONTHMI3YBaTH 4ac OCTABKH THMYAaCOBHX
AaBTOMATHU30BaHUX IPHUCTPOIB KOHTPONIO QaktopiB Hebesneku B 30Hy HC Ta
MiBUIIATH JOCTOBIPHICTh OTPUMAHUX pe3yNbTaTiB. B pe3ynbraTi ycIinHoro
po3B’sizanHs  3anadi (1)+(8) momampmii JocimipkeHHS OyayTh HampaBlieHi Ha
pPO3pOOKYy METOJy MOHITOPUHTY paJiOaKTHBHOIO 3a0pyIHEHHS EKOCHUCTEMHU
BHACJIJIOK aBapii Ha 00’€KTax S/IEpHOI SHEPreTHKH 3a JIOMOMOTOK0 CYMICHOTO
3aCTOCYBaHHSl CTAlliOHAPHUX TIIOCTIB pafiamiiftHoro MoHitopuHry, BIIJIA Ta
HA3eMHHUX TUMYACOBUX MPUCTPOIB KOHTPOIIIO (haKTOPiB HEOE3MEKH.
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METHOD OF BUILDING A MATHEMATICAL MODEL
OF LAYERED FLOWS

Abstract. The method of constructing mathematical models for plane-parallel
layered flows is considered. Given that the flow structure implies simplification and
splitting of the problem, it is shown that, for planar parallel fluxes, it is possible to
construct a layered flow model in which the problem solution is constructed by the
method of separating variables. It is shown that for each layer of flow it is possible
to distinguish a function whose derivatives determine the velocity distribution in the
layer and which can be interpreted as "flow potential in the layer". But the potential
representation for the velocity field distribution in a layer has a parametric
dependence on a variable that is orthogonal to the plane currents. Although there
is a function that can be interpreted as the "potential” of a flow in a layer, the most
common layered flow (as a whole) is not potential. Only a stream the averaged of a
layer thickness can be considered as a potential flow. When constructing models,
the viscosity, non-stationarity and inertia of the flow are taken into account (by
taking into account nonlinear dynamic components). It is shown that the
mathematical models constructed, of some cases of the stream, represent the
classical solutions for layered flows.

Key words: mathematical models; layered flows

L1 YepHiii

[HCTHTYT TemexkomyHikamid i riobameHOTO iH(OpMamiitHoro mpoctopy HAH VYkpainu,
M. KuiB, Ykpaina

METO/ MOBYJIOBU MATEMATHUYHOI MOJIEJII IIAPYBATHUX TEYIN

Anomauin. Poszenauymo memoo nobyoosu mamemamuynux mooeneu 0
NJIOCKONAPANeNbHUX wapysamux meuitl. Bpaxoeyiouu me, wo cmpykmypa meuii
NPUNYCKAE  CHPOWEHHS A  pO3WjeniieHHs — 3a0ayi, NOKA3aHo, wo Ois
NIOCKONAPANIENbHUX 6 SI3KUX MeYill MOJICIUBO NoOYOY8amu Mooeib wapyeamoi
meuii, 8 AKiU po38 30K 3a0aui 6y0yemvbCs MemooOM Bi0OKPEMACHH 3MIHHUX.
THokaszaro, wjo 01151 KOAHCHO20 wapy meyii MOHCIUBO UOLIUMU PYHKYIIO, NOXIOHI 810
AKOI GU3HAYAIOMb PO3NOOLN WUEUOKOCMEN 6 WAPI MA AKA MOICE MPAKMYBAMUCS K
«nomenyian meuii 8 wiapiy. Ane nomenyianrbhe npedcmasients 0isi pO3N00iLy nojs
weuoxocmeti 6 wapi Mac naApamempuyHy 3AanedCHicmbv 6i0 3MIHHOI, KA
opmozonanvha niowuni meyii. Heszsasicaiouu na me, wjo icnye Qyukyis, sika mooice
MpaKmyeamuca AK «nomeHyianry meyii 6 wiapi, cama 3a2alvbha wapysama medis
(6 yinomy) He € nomewnyianbHow. B sxocmi nomenyianvHoi meyii ModicHa
posensioamu auue meuiio, ocepeonery no moswiuni wapy. Ilpu nobyodosi moodeneti
8PAX0BYEMBCS 8 SA3KICMb, HeCMAYIOHAPHICMb Mma iHepyitiHicmy meyil (3a paxyHok
8DAXYBAHHA HENIHIUHUX OuHamiunux ckraoosux). I[lokaszano, wo nobyoogami
MamemMamuyHi MoOeli 8 SPAHUYHUX GUNAOKAX NPEOCMABIAIOMb KIACUYHI PO36 A3KU
0715 Wapysamux meuitl.

Knrwouoei cnosa: mamemamuuni mooeni, wapysami meyii
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Beryn

HaiiGineimy moTpe0y B MPOTrHO31 €BOJIONII TaKWX MPOIECIB, SK MOUIUPEHHS
3a0pyIHEHb Ha BOAHIM TOBEPXHi, MacomepeHoc (3 ypaxyBaHHIM 3a0pyIHEHb) B
00MeXEeHHX aKBaTOPIAX Iijf BIUIMBOM 3MiH TiIPOJOTIYHUX 1 aTMOC(EepHUX YMOB,
BiTYyBaIOTh CIIY>KOH, MOKJIMKAaHI ONIEPAaTUBHO MOTIEPEIKATH PO3BUTOK IPUPOIHUX 1
TEXHOTEHHUX KaTacTpod Ta 3MEHLIyBaTH / 3amodiratu iX BIUIMBY Ha HABKOJIMIIHE
cepemoBuie. TakWx TPOTHO3IB TOTPEOYIOTh TIAPOMETCIYKOH, CIyxOm 13
3amobiraHHsl Ta TOJOJAHHA HACHIOKIB HAJ3BUYalHUX CHUTYallil, YCTaHOBU —
MPOEKTAHTH TiAPOTEXHIYHUX CIIOPY[, MOCTOOYIIBHUKH, OYAiBHUKH TEXHOIOTIYHHX
CHIOPY/I, TOIIMAHChKa CITy»K0a Ta iHII. AJyie IpoOIeMHu, IKi BUHUKAIOTh B aKBaTOPIsX,
MarOTh SIK Pi3HI MPUYMHA BUHUKHEHHS, TaK 1 Pi3HI MacIITabu MposIBiB.

3anns  3abesneueHHs POOOTH TPOTHO3YIOUMX  iH(GOpPMALiHHUX  CHUCTEM
HEOOXiZHO, B MOJENIOI0YOMY MOJIYJi, 3aCTOCYBaHHS €()EKTUBHUX MaTeMaTHYHHX
MOJIeTIeH, K1 B pealbHOMY MacITabi yacy 3/aTHI BpaXOBYBAaTH JOMiHYIOUi (haKTOPH
mporieciB. [Ipu mocmimkeHH] Tedild B aKBaTOPisX, K MPaBUIIO, TOJIOBHUH iHTEpec
MpeacTaBisie MBUAKICTh, OCEpEIHEHA MO TOBLIMHI IIApy, 8 TAKOX MOBEPXHEBa Ta
MPUIOHHA MBUAKICTE. [Ipr TakoMy miIXoAl TOIMITEHO MaTH MaTeMaTH4YHI MO
apyBaTHX TEYiid, MPUAATHI I KOMIT IOTEPHUX MOJIEIIOIYNX Ta iHpopMaIliitHIx
cucreM. B po0oTi posrissHyTo MeToj MoOyIOBH MaTeMaTHUYHUX MOJENeH Iuis
IUIOCKOTIapalelbHUX MIapyBaTHX Tedid. Mera poOOTH — moOKa3aTH, 0 CTPYKTypa
MoOJIeJIeld TIPUITyCKa€ 3acCTOCYBAaHHS BIJIOKPEMJICHHS 3MIHHHX Ta PO3IICIUICHHS
3amavyi. B moOyJdoBaHWMX  HENIHIMHUX  MOJGNSAX  BpPaxOBaHO B SI3KICTh,
HECTAIl[lOHAPHICTh, Ta IHEpHikHicTh Teuii. [loOynoBaHi MaTemMaTW4yHi MOAEHi B
KpaiHiX BHAMAAKaX MPEICTABISIOTH KIACHYHI PO3B’S3KH ISl MApyBaTHX TEUiH.

ITocTaHOBKH 3224 Ta METOAM JOCTiIKEeHb

PosrnsimaeTbess miockomapaneibHa Tedis, sIKa ONMUCYEThCs piBHSHHAMH Hag’e-
Croxkca (1), (2). IIpu mocmipkeHHI Tediii B aKBATOPIsiX, SK IPABUIIO, T'OJOBHUM
iHTEepeC TPEACTAaBIIAE MIBUIAKICTh, OCEpeAHEHa MO TOBIIWHI mapy [1], a Takox
MOBEPXHEBA Ta MPHUOHHA MBUAKICTh. [Ipy TakoMy MiAXO/i JOIIIBHO PO3IIISAATH
MaTeMaTH4YHi MOJIe [apyBaTux Tediit [2, 3, 4, 5, 6].

N oW =P E AN 1)
ot p p
VW =0. @)

3amaua 3BOOUTHCS 10 BU3HAUEHHS PO3B'A3KIB — MOJENEH MIIOCKONapaieabHOl
Tedii B KPHBOJIIHIHHOMY KaHaJi KBa3iMOCTIHHOT TTHOWHHU.

AHAJTITHYHI PO3B'A3KM JJIs1 B'SI3KUX LIAPYBATHX Tedii

[pu posrnsii B'SI3KKUX MIapyBaTHX HECTAIIOHAPHUX TeUil, Mapaie’lbHUX TUIOIIUHI
OXY , xommoneHTa mBHAKOCTI W y3m0Bk oci OZ (meprneHIuKyIspHa Iii

monIuHi) BBaxkaeThes pisnoto mymo: W(X, Y, z,t) =0.
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Puc. 1 — Cxema Puc. 2 — Cxema Puc. 3 — Cxema
IIapyBaToi Tedii MK JBOX mrapyBatoi Tedii Hax IUTOCKOTIApaJIeTTbHOT
IUTOIMH TUIOIIUHOIO mrapyBartoi Tedii

V mpumyiieHHi Ipo KOHCEPBATUBHICTH MOJIsl 30BHIIIHIX CHJ BBAXKAETHCS, IIO
icaye U =U(X,Y,2), taka mo F =VU . B usomy Bunanxy pisasuans (1), (2) B
MPOEKIIIAX Ha OCi KOOPIUHAT 3aIMUCYIOTHCS Y BUTIIS/IL:

ou, ou, ou_ 1ép U ﬂ( U 82u+82u) @)
a ax” ay pax X pox ay2 oz’
@+u@+v@= 18p au (8v+6\2/+8v), )
o ox oy pay EY ,08X oy* oz’

10 oU

=P ©)

poz oz

LU ®)

oX oy

[IpunyckaeTbes, 1mo npu Oyb-aKuX Z i t icHye Oe3nepepBHO nudepeHiiiiioBaHa
Gynxuis @ = @(X,Y,Z,t) Taka, mo I KOMIIOHEHTH IIBHAKOCTI U(X,Y,Z,t) i
v(X,y,z,t) crpaBeauBo:

u(x,y,z,t) = —(p(x v, z,t) + V(X Y,Z,t) :%(p(x, y,z,t) - (7

[pu Takux npunymeHHsx, piBHIHHAA (3) 1 (4) MOXKYTh OyTH Ipe/ICTaBIIeH] Y BUI:

E 57(/)_’_1 (840)2_’_ % i +B_U_ﬁ(627¢+627(p+i) :0, (8)
ox ot 2(\ox oy P p ox* oy’ ozt
oo 1 (awjl[awf Py n@e T Dol o )
oy | et 2|\ ox oy P p x> oyt oz’

Ilpu mincranoBui (7) B (6) crac Buano, mo ¢ymkuis @ =@(X,Y,z,t) €

rapMOHIIHOIO, TTpH Oy Ib-SIKUX (PiKCOBaHMX Z 1 t

2 2
X
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Tomy, B cuiy (10), s (8) 1 (9) cipaBeIHBO:
a{%l((awjﬂ[awn P_y_up w)} (12)
ox| et 2|\ ox oy o) p 0z?
0)op 1 (&pj 20\ ], Py @)l (12)
oy | ot 2\ ox oy P p oz?

B pesynbrari, npu 3pobnenomy npunyuierHi (7), B cuiy (10) 3 piBasab (11), (12)
OTPUMYEMO IHTETPAI PYXY:

o9 1f(20Y (00) |, p_ udy_ 13
6t+2((6xj J{ayj ]er U(x,y,z)- 6 =q(z,t) - (13)

Je nesxa ¢pynkuis q(Z,t) e 3anexnoro Tinbku Bix t npu 6yab-sKoMy (GiKCOBAaHOMY

Z 1 BU3HAYAETHCA 3 BXITHAX JAHUX 3aBJAHHS.
[IpointerpoBane piBHIHHSA (5) Mae BUTIISIL

p=pU(Xy,2)+P(Xy.1). (14)

[pu miacranosi (15) B (14) maemo:
) 1(( o 2 (o Pyt w82
aﬁﬂ(xl yv th) + 2[[8X(/)(X’ yl th)] + (ayw(xr yl th)] ] (Xpy ) lu a 2 ¢(X y, Z,t) = Q(Zyt) (15)

CraunionapHsi mapysari Teuii

CrarionapHi MOBiIbHI mrapyBaTi Tedii (mOB3ydi Tedil) [2], mapasenbHi IUIOUIHHI

0XY, xapakTepusylOThCsI yYMOBOIO a =0 Ta HexTyBaHHAM JOJAHKOM

2 2
[5(/’] J{a(/’], BHachifok dworo (15) wHalyme BUTSAYy — 3BUYAWHOTO
OX oy

nudepeHIiATbHOTO PIBHSAHHS IPyroro mopsjaky (BiIHOCHO MOXiTHOT 110 Z):

2

— (X y,z)zm_gq(z). (16)
oz oo

JBidi npoinTerpyBasiu (16) 1o z, OTpUMyeEMO
z P 17
pxy.2) = PO +Za () + (X, y) = Q). (17)
e @, =@,(%y) i @ =@(X,y) - oyskuioHansni xoediumientd, a s

OCTaHHBOTO JIOJIAHKY Y TMpaBiii yacTuHi (7.17) cripaBeyinBo:
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02 =200, (18)
0z

Jlns Bu3HauyeHHs B (17) 3HaueHb QyHKIIOHATBHUX KOeDILieHTIB @, = @, (X, Y) 1
@, = @,(X,¥Y) HeoOXinHO 3anaTH KpPaiiOBi yMOBH: HANPHUKIIA, 3HAUECHHs (QYHKIIIH
@ =@(X,Y,2) Ha rpanuisx wapy z =+h ¢, =@(X,y,th,t), abo ix noximsi.

Jiis B'SI3KMX piguH 3a3BUYAl 3a1aF0ThCS 3HAYCHHS IIIBHIKOCTEH HAa TPAHUIIAX IIAPY,
BiJIOMi 3 YMOBH NIPIJINTIAHHSA HA PyXOMUX 1 HEPYXOMHX TPAHULISX.
Bynemo posrisizatu oneparop V., sk Hirouuii Tutbky y mromuni OXy, Tomy

KoMmmoHenTH Bektopa msuakocti U(X,Y,2) i V(X,Y,Z) npeacraBumo y BUrmsiai

noxizuux (U(X,Y,2),V(X,Y,2)) =V, o(X,Y,2), abo inakue:

V(x,Y,2) =V, 0(x,Y,2). (19)

PiznHi kpaiioBi ymMoBM OymyTh BH3Ha4YaTH (DYHKIIOHAJIHHI KOe(ili€eHTH Ta pi3Hi
PO3B’SA3KHU 3a11a4.

CraumioHapHa 1mapyBaTta moB3y4a Tediss MiK JBOMa HePyXOMHUMH
napaJjejJbHUMHU MomuHamMu (anajor Teuii Ilyaseiins)

@ZVP(L =0
N 'u.

VZV(x,y,Z)\ ;u\zur(x,y,z)

-h

Puc. 4 — Cxema mapyBaToi Teuii MiK JBOX TUIOIIUH

VY 3amadi mpo craiioHapHy LIapyBaTy IOB3y4y TEUil0 MiX JBOMa HEPYXOMHUMH
napajie’lbHUMHU IUIOMIMHAMUA KpalioBl YMOBU TPWIHIAHHS JUIS HIBHIKOCTEH

BU3HAYaIOThCA, K y (19), micis 3acrocyBanHs oneparopa V xy 0 (17):

2

Z - -
V2%, y,2) = ZVWF’(x, Y)+2Vy (X%, Y) + Vo (X, Y) (20)
e \70 Hu \71 — BeKTOpHI QYHKIII] (IBOBUMIpHI), HE 3aJI€KHI Bif Z.

Vo (X%, ¥) = V0 (X, Y) (21)
Vi (X, Y) =V, (%) - (22)

I'pannyHi yMOBY NPHUIUIIAHHS HA IDIOMIMHAX, TpH Z = +h:
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V), _,, =Vye  =(00). (23)

z=th

[lincranoBka y (21) rpannyHux ymMoB (24) NpU3BOAMTH A0 CHUCTEMH JIIHIHHHUX

PiBHSIHB ISt BA3HAYCHHS BeKTOpHHUX byHKuin V, iV, :

2

V00 y.h) =2—ﬂvxyp(x, )4V, (1) +V, (%, y) = (0,0), (25)

2

V0% yroh) = '2"—#vxyP(x, y)—hV, (%, ) +V, (6, Y) = (0,0).  (26)

I3 cucremu piBusHs (7.25), (7.26) ans \70 i \71 OTPUMY€EMO BHpA3U:

i __h* 27
VO - 2’uvxyp(xl y) ( )
V, =(0,0). (28)

[TincranoBka (27) i (28) y (20) Hamae 4acTKOBE PillICHHS, 3 CAMETPUYHUM 10 OCi
OZ npodineM mMBUAKOCTI:

(U,V) = ny(p(x’ Ys Z) = _gvxyp(xv y)(l_ ;_zj : (29)

B crty (27) 1 (28), must 3Ha4eHb QyHKIIOHATEHEX KoedimieHTiB ¢y = ¢, (X, Y) i

@ =@, (X,Y) cnpasemmBo:

2

2 (X, Y) =~ P(x,y) +C, (30)
2

@, =C, =Const - (31)

[MincTanoska (7.30) i (7.31) y (7.18) nae yacTkoBe pillieHHS BUIY:
h? z° yo,
P(xy,2) ==-—PXy)| 1= |+2C, +C; —=Q(2) . (32)
2u h Y7,

'panuyHi yMOBM MNPWIMIAHHS HA HEPYXOMHUX IUIOIIMHAX IPHU3BOIATH JI0
MMOCTIMHOCTI 3HAYCHb MOTEHIIIATY Ha KOXHIH 13 [IUX IJIOLIHH:

npu Z =—h: o(x,y,~h)=-hC, +C, —BQ(—h) =C_, =Const; (33)
U

mpu z=h: @(x,y,h)=hC, +C, -2 Q(h) =C, = Const. (34)
Y7,

J03BOJIIOTH BU3HAYUTU KOHCTaHTH C 1 Cl.
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= 1((/)(X, y,h)+o(x,y,~h)) +£(Q(h) +Q(=h)); (35)

=—(<0(X y,h) = (X, y,— h))wLﬂ(Q(h) Q(=h))- (36)

[lincTanoBka oTpuMaHuX KoedimieHTiB y (32) mpU3BOAWUTH 10 BUpa3y st
MOTEHII ATy

#x,y,2)= —iP(x y)[1—5]+1(¢(x,y,h)+MJ(H5J+
,U h? 2 7 h

+§[¢(x,y,— L2 ”))( ]—Ba(z)
abo

o(%,y,2) = —;—P(x y)(l—hj+[c +pr(h)J( hj ;[C +pQL h)][ ﬁ]—%Q(z).(?:B)

(37)

2

3 (36) BumHoO, o koedimienr C, MOpOKye HECHMETPIK0 BiJHOCHO IUIOLIMHH
z=0 y Bupasi mns noreniany (37). Ilpu piBHOCTI MOCTIHUX 3HAYeHb (QYHKITiI
o(X,Y,2) i Q(z) na 060x rpannusax (yMoBa cuUMeTpii Tedii)

¢(Xv Y, h) = (0()(’ y’_h) = Ch ) Q(Z) = Q(_Z) (39)
mist koucerant C, i C,; cnpasemBo:

c,=C, +2Qh), c, =0, (40)
Y7,

Bupas ans norenmiany (39) icTOTHO CIpOITy€THCS:

2

dx,y,2)= —h—P(X,y)[l - z—zj +c,+2(am-al). (41)
2u h y7i

B cumy ymoB cumertpii (39), mis excrpemanpHoro (npu z = () 3HaYSHHS
MOTEHIII ATy BUXOUTh:

2

b (0y)=d0y,00=—p(x,y)+ ¢, + L alh) -lo) (42)
2u M

a0o0 iHaKIIe

2

é...(x,y)=d(x,y,0) :—zh—P(x,y) +Const, - (43)
y7s

I[J'IH YCEPCAHCHOI'O 110 TOBH_II/IHi mapy 3Ha4CHHA HOTGHL{iaJ'Iy BUXOOUTH:
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B (x )—i} P(x z)dz——ij h—zp(x )1—2—2 dz+ij.Constdz (44)
Y 2h°, i 2h? 2u 24 h? 2h !

2

px,y)= n P(x,y) + Const, . (45)
3u

Taxum ynHOM, 3 (43), (45) BUILTHBAE, 110 OIS IIBUAKOCTEH JJI1 MAKCUMAaIbHOTO
1 ycepeJHeHOT0 10 TOBIIVHI IIapy BiAMOBIAAIOTh TEUisM 13 3aJaHUMH TOTEHLIAIaMH
(43), (45), mo € xkmacuuHMM pireHHsM it Tedii Hele-Shaw [2].
3 (29) BummBae, 1Mo B mapi WBUIKOCTI MPUAMAIOTh HAWO1IBIII 3HAYCHHS IPH
z=0
2

h
(umax’vmax) = VXV(D(X, y,O) = _vayp(xl y) J (46)

a ocepe/IHeHi Mo TOBILIWHI APy 3HAYCHHS IBUAKOCTI

h 2 2

1 1% h 72 h 47
uv)y=—| V o(x,y,2)dz=——| —V, P(X,y)1-— [dz=——V  P(x,y)" (47)
@9 =0 [ Vapluy.ddz=—2 [ 20, P y)[ hz] 3 VoP0eY)

3uauenns Const, i Const, y (43) i (45) Busnavarotbest 3 (7.41):

Const, = C, + £ (Q(h) - Q(0)) (48)
Y7
h
Const, = — | [ch +2@Q(h) —Q(z))]dz : (49)
2h u

CramionapHa mapyBaTa TmOB3y4Ya Tedis Mk JBOMa mNapajeJbHUMHU
iomMHaMu. Tediss BUKINKAETHCA PyXOM JOTHYHMX MIBUAKOCTell B MJIOMIMHI
oaHi€l 3 Mexxk (anaJsior Teuii Kyera) i 3agaHuM rpagieHTOM THCKY B IUIONIUHI
Teuil

3amada npo 3HAXOJHKEHHS PIIIeHH IS IapyBaTol MOB3y4oi Teuil HaJ HEPyXOMOIO
IUIOIIMHOIO, 13 3aJaHUM PO3MOIIIOM JOTHYHHUX HMIBUIKOCTEH Ha BEPXHIM MEXi mpH

3ajanomy rpazgienti tucky VP(X,Y) #0 (puc. 2), 3BoauThCS 10 3HAXOHKEHHS
dyukuionansaux koedimientie ¢y (X, y), @ (X,Y), s dynxuii ¢ = @(X,Y,2),
npecTaBiaeHoi y Burisii (17), 3 rpaHUYHAMA yMOBAaMH NPHJIMIIAHHS 10 HEPYXOMOT
i pyXxoMoi rpaHuilb — napajieabHuM rurouHaM (mpu Z = 0 i mpu Z = h, puc. 2).

Bupa3z juis mBuakocTel B 11api BU3HAYAETHCS Yepe3 TOXiHI BiJl IPEICTaBICHHS
(17) 1 mae BurIISII:

2

V0% Y.2) = g—ﬂvxyp(x, Y) + 2V, (%, ) +V, (X, y) (50)

3 YMOBaMH IPUIIATIAHHS:
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(u, V)| =V,,@(X,¥,0)=(0,0) nmpu z =0, (51)
@V, = V% Y. 1) =V, (x,y) ipu 2 =h. 2

IIpu migcranoBui B (50) B kpaiioBi ymoBu (51) i (52) orpumyemo cuctemy

JHIMHUX PIBHSAHB 010 BU3HAYCHHS V 1 V BEKTOPHHUX (PYHKIIIi:

\70 =(0,0), mpu z=0; (53)
2
g_v P+hV, +V, =V, (x,y), npu z=h. (54)
U

Piutenns st BekTopaux Qynkuiit V, i V, Mae Burmsn:

V, = (0, 0) (55)

(Vh (xy)- nyP(X y))- (56)

Ipu mincraHoBii oTpuMaHux BekTopHux ¢ymkuii V, i V, B (50) maemo
PO3B'SI30K BUTIIALY

2

- h
uVv) =V, 0(xy,2)= %Vh (X y) - vayP(X. y)%(l— %) : (57)

Y Bunaaxy, komu none wsuakocreit Vi (X, Y) npu z = h gonyckae norenuian

® =d(X,y), Takumii, mo \7h (X, y) =V, @(X,Y), poss'asok (57) moxe Gyru

MPECTABICHUHN Y BUIIISII:
UV) =V, 0% Yy,2) =V, | Zd(x )—h—ZP(x )5(1—5] (58)
' - xyq) ’ yv - Vxy h ’ y 2,Ll ’ y h h '

[Mpuuomy, pu Z = h, Buano, mo D(X, y) = (X, y, h) +const.
3 (46), 3a ymoBu Z = 0, BUIUIHBAE, 110

»,(X,y)=C, =Const . (59)
3 (47),3a ymoBU Z = h, BUILTHBAE, MO

2

A% Y) = (P(x..h) —'2“— P(X ¥))+C,. (60)
y7,
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B CHJIy YOTO
wuwlr>2;wxw§(—i%;wummwcﬁ+%—zqay (61)
VY npunymieHHi, 1o ToBepXHEeBa Tedis MOTEHIIiTHa
Vi (%, ) = V,u0(x, ¥, h), (62)
po3B'130K (58) MOke OyTH MPEICTABICHUN Y BUTIISAIL:
(mw=vwwxmn=w{§mxmm—QZwKwﬁ@_;n- (63)
VY Takomy pasi, A ycepeaHeHOTo 10 IIapy pyxy,
(64)

-

" 17 z h? z(, 1
@@, v)== X, y,2)dz==| V| —e(x,y,h)——P(x,y)—|1-—| |dz -
! Vol y,2dz = | {hm y.h) 2ﬂ(y)h( hD

0

=

BUJHO, L0 3HAYECHHS yCEPEOHEHUX IO IIapy IIBUAKOCTEH BU3HAYAETHCA PYXOM Ha

MTOBEPXHI mapy

17 1 h?
@@, v)=~— X, y,2)dz ==V, (X, —V P(XY), 65
o] Voplhy 0= 2V, 009) + 15V, PY) (65)
abo
17 1 h?
U \7 E.(!‘ xy(D(X7 Y, Z)dz = vxy(z (D(X’ Y, h) + E P(X’ y)j . (66)

A ycepenHeHUH MO Imapy «moTeHmian Tteui» [21-25, 27] Bu3HauaeThCs
MTOBEPXHEBUM ITOTCHIIIMHUM TIepediroM Ta po3Mo/IiIEHHSM THCKIB y BUTIISAII

_ 1t h? 1 h?
P == %y, 2)dz=——P(xy)+| p(x, y,h) - -=P(x,y)+C, [+C,  (67)
hs 61 2 2u
abo
Py = { [o03.2002 = 000y~ POxY)+ 5 C (68)
ac
1 h
C,= —j (CO +£Q(z)jdz . (69)
he 7
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HecranionapHi mapyBari Tedii
Posrnsmaerbes HecTalioHapHa IIapyBaTa MoB3yda TeUis MK JIBOMa HEPYXOMUMU
napajeIbHUMHU TUIOIIMHAMHU. BBakaeThCs, 10 TEUis BUKIUKAETHCS TPaJi€EHTOM

TrCKy. s BUmagKy MOBiIIBHOI HecTamioHapHOi mapyBaToi Tedii piBHSHHS (15)
HaOyJe BUTIISATY

0 02 P(x, vt
< i, y,z,t)=5§¢(x, v, 2,0 +q(z,t)— L&Y (70)

Ao, B TepMiHax piBHAHHA 1 wBKAKocTeR (U,V) =V ¢

2V,000y,20) = %;%vxyw(x, y,z,) - YoV 0) (71)
§\7(x, y,2,t) = %%V(x, y,z,t) _ VP y.Y)
3 TPAaHUYHMMH YMOBAMH MTPUIIMIIAHHS HA TUIOLIMHAX
mpu z=+h: V| =(uyv) |, =V,e=(000). (72)
Hacninkom sikux Oyne
npu zZ = h: o(x, y,ht)=C_, (1) (73)
mpu z=-h: (X, y,—h,t)=C_, (t) (74)

NPH OZIHAKOBMX 3HAYCHHSX IIPH z = +h ! (X, Y, h,t) = (X, y.—h,t) = Const(t) . (75)

3 IMOYaTKOBHMU YMOBaM¥ :

2 2
mpu t=0: p(X, y,2,0) = D(X, Y, 2) = —;u P(X, y)(l—rz]z)+ 2C, +C, —%Q(Z) , (76)

M P(x,¥,.0)=P(X.Y): o(x, y, 2,0) = D(x, Y, 2) = —2—2 P(X, y,O)(l—rZ;] +2C, +C, -£Q(2). 77
u u

3 MOYaTKOBUMH yMOBAMHM B TepMiHax 11s msukoctedt (U,v) =V, !
IIpu t =0:

2

T, ~Vls00} =052 7200 L =005 =129, 06505109

Po3B's130k mouaTKOBO-KpaiioBoi 3amadi AnA MapaOOJIIYHOTO PIBHAHHS Mae
MpeCTaBICHHS Y BUIIIALI:
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mfa

V(x Y.z, =ux y,z,)v(xy,2,1) = i( IV(X yrSO)SInfdg’}[W} sin "7+
= h = (79)

o th mn

+ i” P(xyr)e[ J

n=1

-7)
sin?.fdfdr sin?z
AbGo

V(x,y,2,t) = (u(x, y, 2,t),v(x, y,z,t))=%vxyp(x, y,O)i[ijl(ii—l)sinﬂr?gdg}{WJ sin™ 7 (80)

2

\7‘120 =V (x, y,z,o)‘ = u(x,y,2,0),v(x,Y,2,0) | _, =V, ®(xy,2) :g—ﬂVXyP(x, y,O)[;z— ] (81)

Hecramionapna mapysaTra mnoB3y4a Tedid MiXk JBOMa NapajeJbHUMH
iomMHaMu. Tedisd BUKJIMKAETHCA JOTHYHUM PYXOM B IUIOIIMHI OHi€l 3 MexK

(puc. 5)

v :V(x"yﬂ z? t)

:;u:“(_xay:'znt)
~. X

0 i

Puc. 5 — Cxema mapyBaTtoi Teuil Puc. 6 — Cxema mapyBatoi Tedil
MIXK JBOX IUTOLIMH HaJ TUIOIINHOKO 3 TIEPEIIKOA00

JIns HecTaliOHapHMX, MIBUAKICHUX IUIOCKONAPAICIBHUX INApyBaTHX Tedil
piBHsHHS (15) Hamae MOXKIIMBICTH TIOCTABUTH 3319y

o9 _uo _1(@j2(wjz_Pmmw+“zu, (81)
o poz 2lox) oy D ’

3 TPaHUYHHUMHU YMOBAMU NPUJIUIIAHHSA Ha T'PAHULIAX

(U,V)|Z:O = ny¢(xv y,0,t)=(0,0), (82)
V)], = V(% y,h ) =V, (x,y.1). (83)
i nouatkosumu ymosamu t =00 @(X,¥,2,0) =D(X,y,2). (84)

JIOLiNBEHO 3a3HAYMTH, IO B 3aTabHOMY BUNIAAKy, pyHkuis @ = ¢(X, Y, Z,1) mae

3aJIeKHICTD Bi z — rubuHu mapy. Tomy, OyaeMo BBakaTH, 1[0 BOHA MOXKE OyTH
npeJcTaBjiIeHa y BUTIISII

p=0(X,y,2,t) =¢(x,y,1)2(2). (85)
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BpaxoByroun (85), piBHsHHEA (81) HaOyBae BUTIIALY  3BHYAHHOTO
nudepeHIiaTBHOTO PIBHAHHS (3 MOXiqHUMHE BiHOCHO Z) s Gyukuii Z = Z(2):

a¢ﬂﬁazvﬂlw _POY L g (86)
ot p oz 2 |\ox oy P

3 KpaﬁOBHMH YMOBaMH MPWIXIIAHHA Ha MCKax:

npu z=0: Z(0)=0 (87)
npu z=h: Z(h)=1 (88)

Ta JI0IATKOBOI 3a1a4i ;s pynkuii @ = @(X, Y,t) 3 mapamerpom t :

A$=0,8 D7T. (89)
y o¢
3 KpallOBUMH YMOBaMH Ha OOKOBUX MEXKax r =0 ma Ly (90)
n 1
B
V¢ n dS Q Ha AB, (91)

)>'—o

+ - 1|2 o2
Ta II0OYaTKOBMMHU yMOBaMu Ipu t =1,
Lo(t) =Loos LO =Ly, ¢ | =45 . 93)
3 0OMekKEeHHAM Ha Ki1ac GyHKIiH (94)

Y Oarathox Bumagkax [5, 6, 7, 9], misg BUpIlICHHS IUIOCKOI 3amadi mpo
HECTalllOHapHE OOTIKaHHS HENMPOHMKHUX, PYXOMHX 31 IIBUIAKOCTAMH W, 1 W,
rpaauns  — KoHtypiB L, (t)i L,(t), B mebopmosaniii obmacti D(t),
BUKOPUCTOBYEThCS MaTeMaTHYHA MOJIEITh (3 MapaMEeTPHYHOIO 3AJICKHICTIO BiJ 4acy
1, sxa B Tepminax TOK3 mae iHTErpaIbHi IPEICTABICHH):

D(z,1) = p(x, ¥, 1) +ip(x, y,t)zzim' .[ 7(@,t)In(z - w)da)+7 IV(W HIn(z-w)de , (99)
L© M uw
W _ L[ Aoy, L[ Kty e

V(z,t) =u(x.y,t) —iv(x, y,t) = -
(2 =ulxy.y x¥.9 oz 21 1-® 21 1-®

La (1) L, (1)
I'y= _[ 7(o,t)do + jy(w,t)da):const : (97)

La(®) L (®)
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B cmmy mimnmmBocTi 06JlacTi i3 3a3mayierigh HEBIAOMOIO (DOPMOIO YaCTHHU
TPaHMIIb, PIICHHS] KOHKPETHOT 3a7a4i PO HeCTaIllOHapHe O0TIKaHHS HETTPOHUKHUX
PYXOMHX MEK MOXJIMBO TUTbKH YUCETbHUMH METOIAMH.

Jlyis niHifHOT 3aJIeKHOCTI BiJ Z, JOAAHOK 3 MOXigHOW0 1o z y (15) mpomanae i
inTerpan nHabupae «surasmy interpana Kowri-Jlarpamka», ame i3 const(z,t),

3aJIeXHOIO Bif yacy i mapy. [lpu ycepennioBanHi inTerpana (86) mo TOBIINHI mapy
BUX0oaUTH iHTerpan Komri-Jlarpanka, cripaBeUTUBUH JJIs «JIESKOTO YCePETHEHHS 110
OZ» Tedii. OTpumaHuii iHTerpan Moxe OyTH BHKOPUCTAHUH HpPU MOCTAHOBKAX
MOYaTKOBO-KPaHOBHX 3a1a4 (1711 po3puBHUX B IiomuHi OXZ, ane mapyBaTux Imo
OZ Teuili B'SI3K01 piAMHM), I BHPILICHHS SKUX MOXJIKMBE BHUKOpUCTaHH MJIO.
OtpumaHuii pe3ynbTaT AEMOHCTPYE MOXJIMBICTH peajizalii HecTalioHapHHX i
TUPKYJSALIAHAX PEKUMIB B IAPYBATHX TEUIsIX.

BucHoBku

PosrnsryTo Meron moOymoBH MaTeMaTHYHHX MOJAENEH AJsl IJIOCKOMapaielbHUX
mapyBaTtux Tediid. [lokazaHo, mo CTpyKTypa Mofeneil MPUIMyCcKae 3aCTOCYBaHHS
BiJIOKpEMJICHHSI 3MiHHHX Ta PO3MIETICHHS 3a/1a4i.

3a MpUITyIIEHHM IapyBaToCTi Teuii oTpuMano interpain (15), sSkuii, y BUnaaxy
HeB's3K01 Tedii, 3BoauThes A0 inTerpany Komri-Jlarpamxa.

[TocTanoBKHM 33734 3 BUKOPHCTAHHSIM JIAHOTO PIBHSHHS JUIA IapyBaTol Tedii, 3
MPUITYIICHHSAM CTalllOHAPHOCTI Ta Mayioi MIBHAKOCTI PYyXY, B 3aJE€XKHOCTI Bif
KpailloBUX YMOB, IPU3BOIATH 10 KIIACHYHHUX PO3B's3KiB: Teuii [Tyasefins, Teuii Hele-
Shaw, Teuii Kyera.

[Ipu ycepenntoBanHi inTerpana (15) mo ToBuuHI mapy Oye OTpUMaHO iHTerpa
Kormmi-Jlarpamka, crnpaBemIuBHE sl «IESIKOro ycepemHeHHs mno OZ» Teuii.
OtpuManuii iHTETpanm Mo)ke OYTH BHKOPHCTAaHUI TPH MOCTAHOBKAX MOYATKOBO-
KpaloBHX 3aBlaHb (M1 po3puBHUX B TutommHI OXZ, ane mapyBatux mo OZ teuiit
B'SI3KO1 PiIUHM), JUIsI BUPIIICHHS SKUX MOXJIMBE 3aCTOCYBAaHHS TEOpii TPaHUYHHX
IHTETpaTbHUX PiBHSIHb.

Meton moOymoBHM MaTeMaTHYHUX MOAeNeil 0a3yeThCss Ha BiIOKpEeMIICHHI
3MIHHMX Ta pO3MLICIUICHHI 3aJa4 IO HEe3aJeKHUX 3MIHHUX. B moOymoBaHHX
HEJIHIHHUX MOJIETISIX BPaXOBaHO B'SI3KiCTh, HECTAIIOHAPHICTH Ta iHEPIIiHICTH Teuil.
[ToOymoBaHi MaTeMaTUYIHI MOJIEITi B TPAHHYHUX BHUITAJIKAX MPEACTABISAIOTH KJIaCHIH1
PO3B'SI3KM TS IIApyBaTHX TEUill.

OtpumaHi pe3ysbTaTd JAEMOHCTPYIOTh MOXKIIUBICTH MOOYJOBH MaTeMaTHYHUX
Mozeneld 0e3 HeXTyBaHHsS KOHBEKTHBHMMH [OJAaHKAaMH Ta 31aTHI BPaXxOBYBaTH
HECTAaIllOHAPHI Ta MUPKYJAIIHHI peXUMHU B TeHisX, moaiOHux Tedism Xin-1lloy.
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POCIHCHKOIO Ta aHTIIIHCHKOIO).
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(abo TpaHCHITEPYETHCS B pOMaHChKOMY ayi(haBiTi) 1 TOJAE€THCS BIMOBIIHO 10 MiIXKHAPOIHOTO
cranmapty odopmieHHs HaykoBux myb6mikamiii APA  (American Psychological
Association) style 3aranbHUM CIIMCKOM Y KiHII CTATTi 3@ YEPTOO MOCHIIAHb Y TEKCTI.
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penaxuiiHoro xapaxkrepy 0e3 3roJiu aBTopa.

Po3min 30ipHHKa, 10 sKoro Oyae BigHECEHa CTAaTTs, BH3HAYAETHCS pPEHaKIIEro,
Y3TOJUKY€EThCS — TOJIOBHUM pelakTopoM abo ioro 3acTymHukoM. OCTaTOYHHI BHCHOBOK
o0 my6sikanii MaTepialliB cXBaJIfo€ peakiiiiiHa Koeris 30ipHuKa.
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