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ARTIFICIAL HYDROGEOLOGICAL WINDOWS AS A SOURCE
OF BUCHAK-KANIV AQUIFER'S POLLUTION IN THE NORTH-EAST OF UKRAINE

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

A new method for determining the location of artificial hydrogeological windows in the roof and base of the aquifer has been proposed.
As an example, the Buchak-Kaniv aquifer is given. This aquifer is widespread in the north-eastern part of Ukraine and is the main source
of water supply for the region. In our opinion, pollution of the Buchak-Kaniv aquifer can occur primarily through artificial hydrogeological
windows in its roof and bottom. In order to determine the location of artificial hydrogeological windows, factor analysis of the chemical
composition of groundwater aquifer is used. The analysis was first carried out in places where it is precisely known about anthropogenic
contamination of the aquifer with oil products and associated waters through artificial hydrogeological windows (for example, oil or other
wells). As a result, a number of influential factors weighing more than 10% were identified. Further, in other areas factor analysis is also
carried out using the same set of components of the chemical composition of groundwater. The coincidence of influencing factors
indicates the theoretical possibility of an artificial hydrogeological window in a given area.

In addition, various options for the distribution of pollutants over the horizon area are considered.

The identification of these windows is important for identifying sources of aquifer pollution. Especially attractive will be the use of this
method in areas where old (working and closed) oil, gas and oil-gas condensate fields are located.

Keywords: Buchak-Kaniv aquifer, artificial hydrogeological windows, aquifer pollution, factor analysis, oil and gas fields.

Introduction. Buchak-Kaniv aquifer is widely developed
within the north-eastern part of Ukraine and is its main
source of water supply. It is intensively used in the city of
Kharkiv, Poltava, Sumy and practically in all rural
settlements. This aquifer is also used for water supply of
industrial facilities and drilling in the extraction of oil and gas.
In Poltava region, water of this aquifer is used for bottling as
table water ("Gogolivska", "Veselo-Podilska").

Within the northeast of Ukraine, Buchak-Kaniv aquifer is
reliably protected from pollution in natural conditions
because the regional aquitard of Kyiv sediments and a thick
stratum of marl and chalk deposits inhibit the hydraulic
connection of this aquifer with overlying and underlying
aquifers and complexes.

As a result of prolonged and intensive operation of the
aquifer, the hydrostatic head has now been reduced by 10—
20 m, chemical composition is changing, and groundwater
often becomes polluted (PydeHko, 1972; Kam3ucm ma Llle-
gyeHko, 2009).

Many researchers have studied this aquifer in natural
and disturbed conditions (PydeHko, 1972; CyxHo, 1973; Ba-
ppasa u dp., 1977; LLlecmonanos u dp., 1989, 1991; Yomko,
2000; Kamsucm ma LllegyeHko, 2009; JlesoHtok, 2017).
According to their data, the water bearing rocks are gray,
greenish-gray fine-, fine- and heterogeneous sands of
Buchak and Kaniv suites. Buchak-Kaniv aquifer lies on the
marl-Cretaceous sediments of the Upper Cretaceous and
Eocene rocks (Luzanovska suite). The roof of the aquifer lies
at a depth of 130 to 145 m. The thickness of the aquifer is
17-35 m. Buchak-Kaniv aquifer is covered by dense Kyiv
marls and clays, which determines its pressure character.
The aquitard reaches 25-100 m. The static level is at a
depth of 115-45 m.

Water content of Buchak-Kaniv deposits varies widely.
The well flow rates vary from 0.04 to 11.1 dm?/s at the slopes
of 16 and 30 m, respectively.

The waters of this aquifer are fresh. By chemical
composition, hydrocarbonate sodium and hydrocarbonate-

chloride sodium are isolated with mineralization not
exceeding 0.5-1.2 g/dm® and chloride-hydrocarbonate
sodium and chloride sodium with mineralization from 1 to 3
and from 3 to 5 g/dm3. The reaction of water in most cases
is slightly alkaline (pH=7.2—8.4). Total hardness varies from
1.6 to 10.0 meqg/dm?.

The following micro-components were found in the
water: bromine from 0.5 to 1.24 mg/dm3, iodine to
0.16m/dm3, fluorine from 0.4 to 6.4 mg/dms3.

Hydrochemical zonality of this aquifer was studied by
K.N. Varava, G.N. Negoda et al. (Bappasa u 0p., 1977; Jlego-
Hrok, 2017). According to their data, in the direction from the
northeast (from the feeding area) to the southwest (to the
unloading area), water changes according to chemical
composition in the following sequence: HCO3 — Ca, SO4; HCO3
—Na, Ca; HCOs—Ca, Na; HCO3-Na; Cl, HCOs—Na; Cl-Na.

The supply of the aquifer occurs in places where the
sediments are deposited on the surface, as well as in places
where the waters of the underlying aquifers are discharged.

Many researchers believe that the main formation
sources of the aquifer exploitation reserves are natural
resources coming from the natural feeding areas of the
aquifer and the elastic reserves of groundwater in it. Each of
these sources has a different role (PydeHko, 1972; CyxHo,
1973; Bappasa u 0p., 1977; lllecmonanos u 0p., 1989,
1991; JlesoHiok, 2017).

Recently there have been publications, connected with
general issues of Bu€ak-Kaniv aquifer pollution (?Kypaserns u
Op., 1996, 1997; Bacunses u dp., 1997, Yomko u dp., 2004).

Material and methods. In our opinion, pollution of
Buchak-Kaniv aquifer could first and foremost occur through
artificial hydrogeological windows in its roof and base (Yo-
MKO u 0p., 2003, 2017).

Under artificial hydrogeological windows we understand the
shafts of old water intake wells, old and emergency gas and oil
wells and emergency wells used to maintain reservoir pressure
and burial of associated commercial waters (Yomko, 2000).
Through the degraded shafts of these wells, Buchak-Kaniv
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aquifer has a hydraulic link to the overlying Mezhygorsk-
Obukhov and Quaternary aquifers contaminated within the oil
treatment sites, storage bins and with the underlying Jurassic,
Triassic and Carboniferous aquifer complexes containing
saline waters and brines. On the territory of the north-eastern
part of Ukraine there are several dozen or even hundreds of
such emergency and old wells. The location of many of them is
unknown. The size of these artificial windows in the roof and
base of the aquifer is also unknown.

In classical style, presence of artificial hydro-geological
windows at great depths is determined by various pollutants,
unusual chemical elements and radicals in the underground
waters, by decrease in pressure and their difference in
adjacent aquifers (MupoHeHko u PymbiHuH, 1982, Lllecmo-
nanos u dp.,2007).

To determine the location of artificial hydrogeological
windows, we suggest using a factor analysis of Buchak-
Kaniv aquifer's groundwater chemical composition (Mepec-
Koe u dp., 1980; Yomko, 2000; HYomko u Op., 2002, 2005;
Lllecmonanos u 0p.,2007). The research was carried out
according to the following scheme.

At the first stage of the factor analysis the results of
chemical analyzes of Buchak-Kaniv's aquifer groundwater
located in Kachanovske oilfield have been processed. The
crater of the emergency wells No. 35 and 65 is located there,
and contamination of underground water with mineralized
waters is well-known and is confirmed by such data.

In 1962, as a result of the accident at well No. 35 at a
depth of 2315 m, a powerful outburst of oil and gas-water
mixture occurred. After some time, the well 65 began to flow
in. At the site of the well, a crater with a saline reservoir in
the central part was formed. The rocks were washed to a
depth of more than 40 m. For almost two months carbon
brines were supplied to the aquifers and complexes of the
upper hydrogeological floor.

As a result of the accident at wells No.35 and No.65, no
less than 1500 tons of oil and 200,000 cubic meters of pulp
with brines were delivered to the surface. The pulp
contained about 20,000 tons of various salts, which came
into the river Tashan (the right tributary of the Vorskla River),
some of them were detained by dams, and some fell into the
aquifers of the upper hydrogeological floor.

Moreover, for a long time the crater was a storage place
for man-made drilling waste and a temporary storage of
associated commercial waters.

At present, the crater has a diameter of approximately
190 m and average depth to the bottom is about 20 m, it is
filled with highly mineralized reservoir waters. Therefore, the
crater has become a powerful source of pollution of surface
and groundwater, including the waters of Buchak-Kaniv
aquifer (’Kypasesnb u dp., 1997).

In 1997, in four wells, operating in Buchak-Kaniv aquifer
at Kachanovske oil field, the MPC was exceeded for
individual hydrochemical components.

Thus, in Well No.4 (CPSC), maximum Na permissible
concentrations were exceeded 2 times, Li 1.1 times,
petroleum products 2 times, mineralization 1.2 times. In the
well of the GPRS, the maximum permissible concentration
for Na was 2.3 times, Li — 1.5 times, mineralization — 1.4
times. In the water intake wells of the villages of
Pogarshchyna and Kachanove, the MPC of petroleum
products was recorded to be 1.3 and 1.6 times higher (Ky-
pasernb u dp., 1996; Bacunbses u dp., 1997).

Results and discussion. The input data table contained
the following variables for 8 wells: dry residue, oil products,
pH, HCOs3, CI, F, S04, Ca, Mg, Na, K, Cd, Br, Fe, Ba, NO2
and NOs. The elements in the matrix of initial coefficients in
factor analysis are the coefficients of pair correlation
between the initial data. Calculations according to the

program of factor analysis were carried out according to the
generally accepted method.

Using the principal component method (R-modification
factor analysis), it has been determined that there are five
factors in the area of Kachanovske oil field, with weights
greater than 10%, containing chemical elements whose
bond strength is greater than 0.2.

The first factor (weight 21.65%) contains Na (bond strength
0.862). Fe (0.236), F (0.231), and Cd (0.215) have bond
strength exceeding 0.2. The remaining elements are less
important. The characteristic element of the first factor is Na.

The second factor (weight 19.55%) includes bromine
(bond strength 0.933) and CI (0.289). Fe (-0.278) and Na
(0.253) have bond strengths greater than 0.2. The remaining
elements are insignificant in the second factor. The main
element of this factor is bromine.

The third factor (weight 15.83%) belongs to oil products
(bond strength -0.864), F (0.534) and barium (0.314). SO4
(0.280) and Cd (0.201) also have the bond strength
exceeding 0.2.The main element of this factor is petroleum
products and fluorine.

The first three factors contain the main elements
characteristic of groundwater of the lower hydrogeological
floor, in particular carbon brines.

The fourth factor (weight 12.04%) and the fifth factor
(weight 10.81%) include the remaining elements. HCO3
(0.259), Ca and Mg at 0.206 have the bond strength higher
than 0.2 in the fourth, while NO2 (0.237) and Mg (0.225) —
in the the fifth factor.

To determine distribution of these factors on the area,
the Q-modifications of the factor analysis defined the loads
of each factor for all wells. Distribution of these values made
it possible to establish the fact that in the vicinity of the crater
of emergency wells No.35 and 65, the first three factors
intersect. This indicates contamination of Buchak-Kaniv
aquifer groundwater by brine carbon.

Under the same scheme, the results of chemical
analyzes of groundwater in Buchak-Kaniv aquifer in the area
of Glinsky, Andriyashevsky, Perekopov and Anastasevsky
oil and gas-condensate fields were also processed. The
initial data table contained the same elements for all 16 wells
operating in Buchak-Kaniv aquifer.

The first factor (weight 18.74%) contains Na (bond strength
0.664). Cd (0.276) and Fe (0.214) have the bond strength
higher than 0.2. The remaining elements are insignificant. A
characteristic element of the first factor is also Na.

The second factor (weight 16.57%) includes CI (bond
strength 0.782) and bromine (0.227). Fe (-0.219) and Na
(0.212) have the bond strength greater than 0.2 . The
remaining elements do not play an important role in the
second factor. The main element of this factor is chlorine.

The third factor (weight 12.36%) is barium (bond
strength 0.889) oil products (-0.726), F (0, 345) and. SO4
(0.269) and Cd (0.227) also have the bond strength greater
than 0.2. The main element of this factor is barium and
petroleum products.

The fourth factor is 11.84%, and the fifth factor is
10.05%.

Based on distribution results of the obtained factors on the
research area, it was possible to establish that the same three
first factors intersected on the territory of Glinske field and in the
vicinity of emergency wells crater at Kachanovske field.

Consequently, by analogy with Kachanovske field, at
Glinsky deposit, there is at least one artificial hydrogeological
window. In our opinion, this could be an emergency or an old
liquidated oil well or an emergency well that was used to
maintain reservoir pressure, through which Buchak-Kaniv
aquifer contaminated with mineralized waters.
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N.E. Zhuravel, A.N. Vasiliev, P. V. Klochko, and others
have studied the peculiarities of waters with increased
density migration in fresh water. In their opinion,
contamination of aquifers in oil fields is associated with inter-
layer fluid flow over the annular space behind the column
and tightness breach in the production columns and
injection wells in case of accidents. The negative effects in
both cases are similar. The nature of the accidents in the
wells is determined by the technical state of the production
columns, which in turn depends on the duration of the well
operation, efficiency of the anodic and inhibitor protection,
timeliness of detection and elimination of the overflow or
non-tightness of the column (’Kypasens u dp., 1997).

The detection time of production columns non-tightness,
even if all the technological requirements are met, can range
from several hours to one month. On average, a reservoir is
depressurized in 2 wells during a year, the theoretical
leakage of reservoir fluids due to one such case is estimated
at 5-10 m3.

Migration of waters with increased density in the fresh
water environment is largely determined by the combined
action of two mechanisms — density convection and
transverse hydro-dispersion (MupoHeHko U PyMbIHUH,
1982). Density convection leads to gravitational
differentiation of solutions in density. With a planned piston
displacement of fresh water by a saline solution, density
convection promotes deformation of the displacement front:
a more rapid advance of the heavy fluid occurs along the
base of the formation and the front assumes an inclined
position. In  environments with high dispersion
characteristics, deformation of the displacement front of the
equilibrium fluids will be determined not only by differences
in density, but also by mixing processes. Unfortunately, this
complex process has not been studied enough.

The processes determined by the combined effect of
dispersion and the gravitational differentiation of the
equilibrium fluids prove to be especially complex in pulsed
intake of solutions with an increased density from point
sources into the aquifer.

In these conditions an intrusion of dense, highly
mineralized solutions is formed near the source, streamlined
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by the natural (regional) flow of groundwater. The complexity
of water migration forecast in such cases, in addition to the
three-dimensionality of the problem, is exacerbated by the
need to jointly solve the equations of filtration and mass
transfer (MuponeHko u PymbiHuH, 1982). Therefore, only
qualitative regularities of dense waters migration process
have been studied on the basis of physical modeling data.

According to physical modeling data, the migration
pattern as a whole is of a voluminous nature. What is more,
the mass transfer process is strongly influenced, on the one
hand, by the gravitational forces arising from differences in
the densities of the infiltrating liquid and the carrier flow, and
on the other — the effects of dispersion erosion of migrating
solutions intrusion and further dispersion of components
carried from its lateral surface by the flow of groundwater
(Fig. 1 (Bacurnbes u 0p., 1997)).

Gravitation most significantly affects the first stages of
the migration process: intrusion of saline waters steeply
plunges and quickly reaches the lower boundary of the
formation. In this case, only the shape of the aureole
changes, but the volume and mineralization of the waters
within it practically do not differ from the initial ones.
Influence of the natural flow in this case is not much
appreciable. At later stages of migration, gravity also
contributes to an increase in the rate of mineralized waters
aureole advance along the formation base. Further
migration leads to an increase in the size of saline waters
aureole, and two zones are distinguished in its structure: the
inner (core) represented by undiluted brines and the outer
zone of the hydrodispersed erosion of the lateral boundaries
of the nucleus, within which the content of salt components
varies from the initial to the background values. The core of
the intrusion is still flowing through fresh reservoir waters,
and the velocity of its horizontal displacement is noticeably
inferior to the rate of the transit flow. Such a ratio in the rates
leads to the fact that the formation water, washing the body
of mineralized waters from the sides, demolishes part of the
substance that goes to the formation of the scattering zone
of the components.

Fig. 1. Isolines of water (g/dm®) mineralization in the aquifer in mass transfer under conditions of density convection

The intensity of transverse scattering during the
processes of density convection significantly exceeds the
analogous characteristic of the spatial microdispersion of a
physically inert tracer. Introduction of heavier liquid and the
planned deformation of the flow lines of the filtration stream
washing the intrusion lead to the appearance of an
orthogonal component (with respect to the main transfer
direction) of the filtration rate, which causes additional
convective movement of the salts towards the peripheral
zones of the halo. In the case of a one-time release, the core

of mineralized water gradually decreases in volume and
disappears altogether, and the halo of salt components
dispersion becomes wider.

Physical- chemical processes in aquifers can cause
noticeable changes in the permeability of rocks. In particular,
in sandy aquifers that have undergone the intrusion of saline
waters, repeated replacement of the latter with fresh water
can cause precipitation of compounds from the solution,
pitting the pores and reducing permeability several times.
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Under these conditions, we can only estimate the area
of the contamination aureole. Taking into account the
peculiarities of mineralized waters migration in the fresh
water flow and sorption phenomena (especially with respect
to petroleum products) and other physical and chemical
processes, it is possible to estimate where mixing of different
density water will bring the concentration of pollutants in the
aquifer to MPC level.

To calculate the area of groundwater contamination during
interlayer flows and leaks from production columns, we have
adopted the average effective porosity (0,2) and power (30 m)
of Bucak-Kaniv aquifer, and for formation fluids: leakage
volume — 10 m3, salinity — 200 g/dm3, the oil content — 25%.

Calculations have showed that mineralized waters can
cause local salinization of more than 300 m? of aquifer, and
volley discharge into an aquifer of the same amount of
water-oil mixture can lead to oil contamination of
groundwater over a much larger area (up to 13,000 m2). The
front of oil pollution can advance 1.0-1.5km from the
emergency well.

With a prolonged outflow of the water-oil mixture from
the emergency production well, contamination of the
underground waters of Buchak-Kaniv aquifer may be
possible in a much larger area.

Conclusions. The results of factor analysis cannot be
considered final as a limited number of data on the chemical
composition of groundwater in Buchak-Kaniv aquifer have
been studied. To confirm these results, one needs to enter
additional data. When confirming the results using the same
methodology, it is necessary to carry out research on the
entire territory of DDV, especially within the old oil and oil
and gas condensate fields. This will reveal unknown artificial
hydrogeological windows and it will be possible to take
measures to protect Buchak-Kaniv aquifer from pollution.
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LWUTYYHI rAPOreONOriyHI BIKHA AK IXXEPENA 3ABPYAHEHHA i
BYYALIbKO-KAHIBCbKOIo BOOOHOCHOIO FOPU30OHTY HA MIBHIYHOMY CXOl YKPAIHU

3anponoHoeaHo Hoeuli MeMOO eu3Ha4YeHHs1 Micysi po3mauwyeaHHs1 WMy4HUX 2i0p0o2eos102i4HUX 8iKOH y nokpieni ma nidowei 80G0HOCHO20
20pu3oHmy. Sk npuknad po32nsHymo 6y4YaybKo-KaHieCbKuli 6000HOCHUU 20pu30oHm. Ljeli 0G0HOCHUL 20pPU3OHM NMOWUPEHUU Yy Mi8Hi4YHO-CXiOHIl
YacmuHi YKkpaiHu i € ocHoeHUM Oxxepesiom eodonocmayaHHsl Onsi 0aHo20 pezioHy. Ha Haw noansd, 3abpydHeHHs1 6y4aybKo-KaHie CbKO20 8000HOC-
HO20 20pU30HMY Moxe 8i06yesamucsi Hacamneped Yepe3 wmy4Hi 2idpozeosoziyHi sikHa & io2o nokpiesni ma nidowsi. [jns eusHa4eHHs Micysi po3-
mauwyeaHHs WMmMy4HuUx 2i0po2eosI02i4YHUX 8IKOH UKOpUCMaHO ¢hakmopHuUl aHani3 xiMiyHo20 cknady nizeMHux o0 80G0HOCHO20 20PU3OHMY.
®PakmopHul aHani3 cnoyamky 6ye nposedeHull y Micysix, 0e mo4yHo 8i0OMO PO mexHo2eHHe 3abpyOHeHHs1 B000HOCHO20 20PU30HMY Haghmornpo-
dyKkmamMu ma cynymHumu eodamu 4Yepe3 wmy4Hi 2idpozeosnoziyHi eikHa (Hanpuknad, Hagpmoei abo iHwi ceepdnoeuHu). Y pesynbmami 6ysno euse-
JneHo ps0 ennugosux ghakmopie 3 eazoro 6inbuie 10 %. Y nodanbuwomy e iHwux palioHax makox npoeoouecst hakmopHull aHasi3 3 8UKOPUCMaHHAM
makoz20 X Habopy KoMnoHeHmie xiMiyHo20 cknady nizeMHux od. 36iz2 ennueosux ¢hakmopie 208opPUMb MPO MeopPemMuYHy MOXugicmb icHyeaHHs1
y 0aHHOMY palioHi wmy4Ho20 2i0po2e0s102iYyHO20 8iKHA.

Kpim mozo, po3ansinymo pi3Hi eapianHmu nowupeHHs1 3a6pydHukie no niowji 20pu3oHmy.

BusieneHHs1 yux eikoH ea)iuee 0s1s1 8U3HaYeHHs1 Gxkepes1 3a6pyOHeHHs1 80G0HOCHUX 20pu3oHmie. Ocobnueo npueabnueum 6yde sUKOPUCMAaHHS UYb020
memody e palioHax po3mauyeaHHsi cmapux (payroroqux i 3akpumux) podosuuy Haghmosux, 2a308uUx ma Haghmoaa3okoHOeHcamHux podosuuy.

Knroyoei crnoea: 6yyaybko-kaHiecbKkuli 0G0HOCHUL 20pU30HM, WMYYHi 2i0poz2eosio2iyHi eikHa, 3a6pyOHeHHs1 800OHOCHUX 20pPU30HMIE, ¢hak-
mopHull aHani3, Hagpmoei i 2a3osi podosuwa.
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MCKYCCTBEHHbIE TrMAPOIrEONOrM4YECKUE OKHA KAK UICTOYHUKU 3ATPA3HEHUA
BYYAKCKO-KAHEBCKOIo BOAQOHOCHOIO roPU3OHTA HA CEBEPO-BOCTOKE YKPAUHDI

lpednoxeH HoabIli Memod onpedesieHUs1 MECMOIOJIOXEHUS UCKYCCIMB8EHHbIX 2U0P02€0s102UYECKUX OKOH 8 Kpoesie u nodouwiee 8000HOCHO20
2opusoHma. Kak npumep paccmompen 6y4aKcKo-kaHeecKuli 000HOCHbILU 20pU30oHM. IMom e000HOCHbIU 20PU30HM PacrpocmpaHeH 8 ceeepo-
80CMOYHOU Yacmu YKpauHbl U s187151emcsi OCHO8HbIM UCMOYHUKOM 8000CHab)xeHus1 0nsi daHHo20 peauoHa. Ha Haw 83211510, 3a2psi3HeHuUe Gy4aKcKo-
KaHeecKo20 8000HOCHO20 20PU30HMa MOXXem npoucxodums, npexde ece2o, Yepe3 UCKYycCMeeHHbIe 2udpozeosio2udeckue oOKHa 8 e2o Kpoese u
nodowsee. [jns onpedeneHusi MECMOIOJIOXKEHUS! UCKYCCMEeHHbIX 2uGp0o2e0s102U4eCKUX OKOH UCMO0/b308aH (hakmopHbIl aHau3 XumMu4ecKoao coc-
maea nod3emMHbIx 800 8000OHOCHO20 20pU30HMa. AHanu3 cHavana 6bin1 npoeedeH 8 Mecmax, 20e MOYHO U38ECIMHO O MEeXHO2eHHOM 3a2PsiI3HeHUU
0aHHO20 800OHOCHO20 20pPU30HMa HeghmenpodyKmamu U MonymHo-NIacmoebiMu 800amMu Yepe3 UCKyccmeeHHble 2uGpo2eosio2uYyecKue okHa (Ha-
npumep, He¢pmsiHble unu dpyaue CK8aXuHbl). B pesynbmame 6bin1 8bidesnieH psid enusimenbHbIX ¢hakmopos ¢ ydenbHbiM eecom 6osnee 10 %. B Oa-
nbHeliwem e Opyaux palioHax makxe npoeodusicsi ¢hakmopHbIli aHalu3 C UCMOJ/Ib308aHUEM MAaKo20 Xe Habopa KOMIOHEHMO08 XUMUYECKO20
cocmasa nod3emHbix 800. CoesnadeHue enusimesnbHbIX ¢haKmopoe 2080puIm 0 meopemu4ecKkoli 803MOKHOCIMU Cyu,ecmeosaHusi 8 0aHHOM palioHe
UCKyccmeeHH020 2udpo2eosio2u4ecKo20 OKHa.

Kpome mozo, paccMompeHb! pa3fiuyHble 8apuaHmMbl pacrnpocmpaHeHus 3a2psi3Humenel no naowjadu 20pu3oHma.

BbisigenieHue 3amux OKOH 8a)XKHO OJisl onpedesieHus] UCIMOYHUKO8 3a2psi3HeHUs1 000HOCHbIX 20pU30HMo8. Oco6eHHO npuesiekamesibHbIM 6ydem
ucnosb308aHuUe 3mo2o Memoda 8 palioHax pacroJloXeHusi cmapbix (pabomaroujux u 3aKkpbimbix) MecmMopoxoeHull HeghmsiHbIX, 2a308bIX U Heghme-
2a30KOHOEeHCamHbIX MecmMopoXAeHul.

Knroyeenie cnoea: 6y4yakcko-kaHeacKuli 8000HOCHbIU 20PU30HM, UCKYCCMEeeHHbIe 2udpo2eosio2uYyecKue OKHa, 3a2psi3HeHUe 8000HOCHbIX 20-
pu3oHmos, hakmopHbIli aHanu3, HegbmsiHble U 2a308bl€ MECMOPOXKOEHUsI.



