UTILITY NETWORKS AND FACILITIES

UDC 631.621:556.324:631.6.03 DOI: 10.31650/2415-377X-2021-82-133-140

MANIFESTATION OF HARMFUL EFFECTS OF WATER IN THE SETTLEMENTS
ON THE EXAMPLE TATARBUNARY DISTRICT OF ODESSA REGION

Miedviedieva O.0., postgraduate student,

mdvdv_olga@ukr.net, ORSID: 0000-0003-3575-0592

Institute of Water Problems and Land Reclamation NAAS, Kyiv, Ukraine
str. Vasylkivska, 37, Kyiv, 03022, Ukraine

Abstract. One of the main manifestations of the harmful effects of water in the southern,
central and eastern territories of Ukraine is the flooding of lands, and especially settlements (SM).
For various reasons, reliable data on the extent of flooding are not available or they are incomplete
and do not reflect the real picture. An objective assessment of the harmful effects of water can be
given only on the basis of monitoring the level and hydrochemical composition of ground (GW)
and surface waters. To do this, it is necessary to carry out systematic monitoring observations: to
have a network of observation posts and the corresponding cartographic material.

The main purpose of the work is to show an effective approach to solving the issue of the
negative impact of water on the example of 33 SM of the Tatarbunary district. Determine the
current state of flooding, the chemical composition of groundwater aquifers to optimize managerial
decision-making to prevent the development of dangerous geological and ecological processes. At
the same time, the subject of the study was the factors of formation and dynamics of levels and the
chemical composition of GW of the first aquifers from the surface, the correspondence of the
chemical composition of water to the MPC for drinking needs.

To solve this problem, an approach is proposed consisting of five stages using GIS programs
Arc Map, 3D analysis method. As a result of the work, the average values for the period 2011-2019
were calculated and were built within each SM in electronic form a map diagram of the GW level
and the exposed capacity of aquifers; chemical composition and mineralization; for individual
chemical components and exceeding the MPC for drinking water supply.

The approach indicated in this work allows us to assess the state of flooding and potential
flooding in a separate oil reservoir and, at the same time, to obtain a complete picture of the state of
flooding and water quality in dynamics at any time and period of the year and to make balanced
engineering decisions to eliminate them.

Keywords: harmful effects of water, groundwater, flooding, potential flooding, monitoring,
settlement, wells, chemical state of water.

Introduction. Since the beginning of the XXI century, especially in the last decade, all over the
world, including Ukraine, there are manifestations of harmful effects of water, which is accompanied
by flooding, inundation and, consequently, deterioration of water quality for various uses. This floods
not only a large number of rural settlements (SM), but also large cities. Accurate data on the scale and
causes of flooding in Ukraine for a number of different reasons, despite the existence of a number of
organizations, currently does not exist or they are not complete and do not reflect the real picture.

This thesis is confirmed by the "Analytical Review ... for 2018" [1]. According to this
document, in recent years "... mapping of areas of the flooding process is carried out little and
unevenly." This is due to several reasons, the main of which is the low level of funding for
monitoring and individual monitoring of groundwater levels (GWL).

The flooding process itself can be influenced by various factors, sources and criteria [2]. In this
case, an objective assessment of the harmful effects of water can be given only on the basis of
monitoring the level and hydrochemical composition of groundwater (GW) and surface water. To do
this, it is necessary to conduct systematic monitoring observations: to have a grid of observation points
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and appropriate cartographic material. The absence of observation regime wells (points) or their
insignificant number does not allow to monitor the dynamics of the regime GW and does not allow to
map the flooding processes in general for each SM. For these reasons, reliable data on the extent of
flooding and inundation do not exist.

In general, flooding is a complex, harmful and dangerous hydrogeological phenomenon of natural
and man-made origin, which occurs in the surface layer of soils and is expressed in water inflow,
temporary or prolonged rise of groundwater close to the earth's surface, the harmful effects of these
waters. It is widespread and covers the territory of many agricultural and forest lands, settlements,
industrial and other facilities, which are mostly located at low hypsometric levels. This phenomenon
causes a number of negative processes and consequences, including waterlogging, salinization,
subsidence and landslides, changes in their water-physical and physico-chemical properties. As a result
of flooding on agricultural lands, the conditions for the development of the root system of plants,
orchards and vineyards are deteriorating, the vital activity of soil microorganisms is reduced, and soil
fertility is reduced. In cities and villages in built-up areas there is flooding and waterlogging of
underground space — bearing soils, foundations of residential buildings, utilities and structures, their
stability, construction resource and durability decreases, seismic danger increases, green areas die. The
high level of groundwater significantly complicates industrial and residential construction, does not
allow the use of traditional technologies, increases the cost and timing of construction.

In our country, the problem of flooding together with flooding is gaining significant socio-
political resonance. This is due, firstly, to the fact that the topic of dangerous phenomena and natural
disasters has become open and widely covered in the media, while in Soviet times it was mostly closed
and the main information was classified as "For official use". Secondly, the term "flooding" has
become widely used when it comes to such a phenomenon as flooding, which occurs much more often
than flooding. Third, water use in agricultural production in the private sector has increased. In the
southern region, such growth occurs against the background of regular and intensive irrigation of
homesteads. In some places, three vegetables were harvested - early radishes, early potatoes, tomatoes,
cucumbers, peppers or eggplants. At the same time, the wear and tear of the water supply network has
increased in settlements and water losses from it have increased, which significantly increases the
threat of flooding processes. And clutter or construction of places of unloading GW (beams, ravines)
and places of flood or rain water (bridges, pipe and other crossings) encourages even greater
manifestation of the negative effects of water.

In Odessa region, according to [1], 983 state of emergency on the area of 20,575 km? are
considered flooded. This is 22.2% of the number of flooded state of emergency of Ukraine.

Analysis of recent research and publications. The analysis of the materials of the publications
of the last years testifies to the almost practical absence of the publications of the specialists on the
flooding of the state of emergency in the southern part of Ukraine. Most of the works and articles cover
the situation in the western regions and they do not relate to classical flooding, but flooding, due to the
harmful effects of rivers during floods [3, 4].

Specialists of the Odessa Hydrogeological and Reclamation Expedition (now SS "Black Sea
Center for Water Resources and Soils™) studied the state of flooding of rural emergencies in the south-
western part of Odessa Region. Their work is thoroughly covered in scientific papers and was the basis
for the compilation of manuals [2, 5, 6]. In addition, many materials and reports are in the above
institution in the form of economic contract work and planning information and reports (stock
materials of the organization). But now, these monitoring observations, due to optimization, are
significantly reduced, and professional information is needed for new administrative entities (districts,
individual territorial communities (ITC)) to address socio-economic issues and engineering protection
of their territories. The author [2, 7-13] also contributed to the study of these problems.

The aim of the work is to show an effective approach to solving the problem of negative water
impact on the example of Tatarbunary district, to determine the current state of flooding, chemical status
of soil aquifers and prospects for their elimination and improvement to optimize management decisions
to prevent dangerous geological and environmental processes. The subject of the study were the factors
of formation and dynamics of levels and chemical composition of groundwater first from the surface of
aquifers, the correspondence of the chemical composition of water MPC for drinking needs.
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Materials and methods of research. Analysis of materials and field studies were conducted
within 33 SM Tatarbunary district. The research covers the period 2011-2019. At the same time, the
data of annual monitoring observations on the dynamics of GWL, their quality and the state of
flooding were considered. The actual depths, regularities and dynamics of changes in their
oscillations were established during the analysis of GWL. Actual depths were compared with
critical ones, which were accepted according to normative documents [12-14].

The following research methods were used during the works:

— Empirical method — conducting field and in-house work (observation of GWL dynamics,
GWL measurements, water sampling for chemical analysis, comparison of the obtained data) taking
into account [12-15].

— Methods of theoretical research, namely the formalization of the obtained data in the form of
construction of various maps and maps and verification of some assumptions using field materials.

— Universal research methods - analysis of the obtained systematized data using GIS
programs Arc Map, the method of interpolation 3D analysis [16, 17].

Methods of work. The main problem in the study of the state of flooding of the SM was and
is the small number or complete absence of the regime-monitoring network for GWL. This problem
(absence of regime-observation wells) was solved by measuring GWL in the exposed aquifers of
the Pliocene-Quaternary age (the first aquifer from the surface), which in the SM is exposed in the
form of wells.

The work was performed in several stages. At the first stage, in-house training was conducted,
which consisted in the study of literary and stock materials of various organizations and institutions in
the area of work; collection of official data on the state of emergency of the district: number of
settlement councils, state of emergency, area of state of emergency, number of buildings and yards,
availability of wells, artesian wells, water tanks, water supply sources, water supply and sewerage
network, etc.; preparation of cartographic material 1:10000 scale: copying from general plans, tracing,
making copies, drawing on maps of the regime-observation network; development and drawing up of
plans of field works: preparation of "draft" maps, definition and drawing up of symbols, definition of
routes. The second stage is the implementation of field work, which is performed on the previously
mentioned routes. Thus in SM, practically on each well, measurements of GWL and capacity of the
exposed aquifer are carried out. Measurements of GWL are carried out on all hypsometric marks taking
into account geomorphological conditions; the number of the well, the data on SM measurements are
taken out on the "rough" maps and are entered to the bottom in the "Journal of GWL measurements"; at
high standing of GWL (less than 2,0m) or at the request of inhabitants, inspections of buildings and
basements are carried out, the level of standing of water, or dampness on walls and other displays of
negative action of waters is fixed; during the survey, additional sources of water (lakes, reservoirs,
ponds, ponds, water supply, sewerage, etc.) and pollutants (landfills, cattle burial grounds, chemical
warehouses, farms, etc.) are established; the causes and possible places of "flooding” of territories are
determined. At the third stage the in-house processing of the materials received as a result of carrying
out the second stage (field) is carried out and points of hydrochemical test and a route of movement are
planned. At the stage of the fourth stage, water samples are taken at the planned points and at the same
time additional studies of "emergency" areas of the state of emergency are carried out.

The results of field research, the results of chemical analysis of water, are summarized and
analyzed, maps of mineralization and chemical composition of the GWL.

The author of the work since 2010 has directly participated in the above works in
Tatarbunary, Tarutyn, Kiliya and Izmail districts. In the process of work, this approach to solving
the problem of harmful effects of water was slightly changed and adapted to changes in the
administrative system, and also proposed and implemented the fifth stage - analysis of the data and
their systematization using GIS programs Arc Map, method interpolation 3D analysis. At this stage,
a cartographic basis was created within each SM. Each observation point was attached to the base
and then electronic maps for various purposes were built.

This approach was first used, with the exception of the fifth stage, in 2006 for works in the
Tarutyn district and partly in the Tatarbunary district. Subsequently, the author surveyed other state
of emergency and the district center of Tatarbunary.
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A total of 1,075 wells and 16 wells were explored within the district. 350 points (16 wells and
334 wells) were selected for monitoring.

Flooding, as mentioned above, is a multifactorial process, but in most cases, as our research
shows, especially in recent years, depends on weather and climatic conditions, the technical condition of
the culvert, the availability of drainage, and so on. The share of state irrigation in these cases, especially
in recent years, is almost zero. According to regulations, flooded and potentially flooded areas are
distinguished [18, 19]. Flooded areas — areas where permanently or temporarily for a fairly long period
(a month or more) groundwater rises above the limit depths. Potentially flooded areas are areas where
the conditions for classifying them as flooded areas have not yet developed, but this is possible by
forecast or by coincidence of current factors and causes. In our steppe zone, flooded areas are those
where GWL lies in the range from 0.0 to 2.0 m; potentially flooded — 2.0-3.0 m [18, 19].

Research results. Within the district, flooded and potentially flooded areas are observed
mainly in five emergencies, namely in the villages of Borysivka, Spaske, Strumok, Nerushay and
Diviziya. The total area of flooding, during the observation period, in these SM varied from 18 to
70 ha, potential flooding — 37-90 ha and does not exceed 10% of the total area of these SM, with a
variation from 3.3 to 9.5%. At the same time, 83 to 219 yards fell into this zone (Table 1). The
reasons for the presence of such areas are mostly natural, and the variation of areas over different
years is explained by weather and climatic conditions of the year and the study period.

Table 1 — Distribution of areas of flooding and potential flooding by the depth of GWL

Characteristic SM Distribution GWL, m
flooded potentially flooded not flooded
Year{# SM area. ha number of <1,0-2,0 2,0-3,0 >3,0
yards, p area. ha number of area, ha number of area, ha number of
yards, p yards, p yards, p

2011} 5 1684 3477 70 78 90 141 1524 3258
2012 5 1684 3477 39 49 66 95 1579 3333
2013 5 1684 3477 45 53 74 103 1565 3321
2014| 5 1684 3477 39 42 64 84 1581 3351
2015/ 5 1684 3477 31 33 49 66 1604 3345
2016, 5 1684 3477 39 42 63 90 1582 3345
2017) 5 1684 3477 40 46 67 98 1577 3333
2018 5 1684 3477 40 46 57 98 1577 3333
2019 5 1711 3477 18 27 37 56 1656 3391

Chemically, groundwater is heterogeneous, variegated. In hydrochemical terms, the vast
majority of groundwater, according to the classification of O.A. Alokin [20], belongs to the sulfate
and chloride class, sodium group, Il and 11l classes (water of moderate mineralization and highly
mineralized). Waters of moderate mineralization are common in areas with high GW. According to
[21], the practical majority of waters exceeds the MPC in terms of sulfates, chlorides, nitrates,
mineralization and hardness — from insignificant to 80 times. To obtain the above information, the
average values were calculated and were built within each SM in the electronic form of the GWL
map and the exposed capacity of aquifers; maps of chemical composition and mineralization GW,
maps of individual chemical components and exceeding the MPC for drinking water supply in
terms of sulfates, chlorides, nitrates, nitrites, phosphates, mineralization and hardness (Fig. 1).

Conclusions. Flooding, as a factor, takes place in the Tatarbunary district of Odessa region.
Its manifestations and intensity depend on many factors, but the main ones are the technical
condition of hydraulic structures (bridges, crossings), drainage (where it is) and the culvert network
in combination with weather and climatic conditions. The role of irrigation with government
systems is insignificant, especially in recent years, due to a significant reduction in irrigation.
Within the district with 33 state of emergency in 40%, under certain weather and climatic
conditions, flooded and potentially flooded areas may be detected.
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Fig. 1. Map: a — exposed power of the aquifer and groundwater level within the village of
Divisiya; b — mineralization and chemical composition of groundwater; ¢ — sulfate
content; d — exceeding the MPC nitrate content within Tatarbunary town
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In general, the main reasons for the presence of flooded and potentially flooded areas within
the Tatarbunary district are:

— naturally high groundwater levels in the valleys of small rivers Kogylnyk, Hadzhider,
Nerushay, Tsarychanka and in the beams within the state of emergency;

— support of groundwater within the influence of Nerushay and Dmytrivka reservoirs;

— wedging of groundwater of the Pontic aquifer;

— uncontrolled watering on homesteads in the western part of the district;

— absence or clutter of the drainage and discharge network in some villages, absence of storm
drains, clutter of water checkpoints.

Thy approach indicated in this work, using GIS programs Arc Map, a method of interpolation
3D analysis, allows you to assess the state of flooding and potential flooding in a particular SM, a
particular territorial community, district and region as a whole. The first four stages are more cost-
effective. In the future, monitoring observations can be carried out only on the reference points and
thus obtain a holistic picture of the state of flooding and water quality in the dynamics. In addition,
you can make the presence and technical condition of hydraulic structures, the direction and
location of possible flooding, and so on on a ready-made cartographic basis.

It is this information about the state of emergency makes it possible not only to identify areas
with manifestations of harmful effects of water, but also to identify places and priority areas where
it is possible to prevent the manifestations of these negative phenomena. It is much better to prevent
than to overcome the consequences, which are not only purely economic but also social.

The results of this approach, its relevance for solving the problem of harmful effects of water
are clearly illustrated by the example of Tarutyn district, where after the recommendations and
work, according to monitoring studies, the problem of flooding in five settlements was removed. As
for the city of Tatarbunary, the problems of harmful effects of water are identified and studied
within the program of the city council "Clean Sources for 2018-2020", which currently helps to
identify sources that can and should be restored, thereby minimizing the irrational use of
community funds. for water supply of the population with water. Thus, the "implementation” was
obtained, which began to be implemented in the second half of 2020.
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MPOSIBU IIKIAJUBOI I1i BOJ B HACEJIEHUX ITYHKTAX HA ITPUKJIA L
TATAPBYHAPCBKOI'O PAMOHY OJAECBKOI OBJIACTI
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Inemumym 600nux npobaem i meniopayii HAAH

ByJ. BacunbkiBebka, 37, M. Kuis, 03022, Ykpaina

AHoTtanifa. OIHUM 3 OCHOBHUX NpOSIBIB IIKIAMUBOI Aii BOA B MiBIEHHUX, LIEHTPAIbHUX 1
CXITHUX TEpUTOpISX YKpaiHU € MiATOIJICHHS 3eMelb, Ta 0coOIuBO, HaceneHuX MyHKTIB (HII).
JloCTOBIpHI JaHi Mpo MaciITaOu MiATOIUIEHHS, 3 PI3HUX MPUYHH, BiICYTHI a00 BOHM HE MOBHI 1 HE
B11I00paXatOTh peanbHy KapTuHy. O0'€KTHBHY OIIHKY IIKIJIUBOI /i1 BOJ MOKHA JaBaTH TUIBKU HA
0a3i criocTepekeHb 3a pIBHEM 1 MIpOoXiMIYHUM cKianoM IpyHToBuX (I'B) 1 moBepxHeBux Boa. Jlis
bOTO HEOOXIJHO MPOBOAMTH CHCTEMAaTH4HI MOHITOPUHIOBI CIOCTEPEKEHHS: MaTh MEpexy
CIIOCTEPEKHUX MYHKTIB 1 BIJIMOBITHUIA KapTorpadiuHuii Marepia.

Mertoro poOOTH € TTOKa3aTH JII€EBUM MiAX1] A0 BUPIMIEHHS MUTAHHS PO HETaTHUBHY 0 BOJ HA
npukiani 33 HaceneHuX MyHKTIB TatapOyHapchbkoro paioHy. BusHauumTu cydacHuil cTaH
MIATOIJICHHS, XIMIYHOTO CKJIaqy IPYHTOBUX BOJOHOCHUX TOPHU3O0HTIB JUUIsl ONTHUMI3Alll MPUHHATTS
YIPaBIIHCHKHUX PIIIEHB MIOAO MOMEPEIKEHHS PO3BUTKY HEOE3MEYHHUX I'€OJOTTYHUX 1 €KOJIOTTYHUX
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nporeci. [Ipu oMy mpenMeToM IOCTiKeHHS Oyiu YMHHUKHA (GOPMYBaHHS, TUHAMIKa PIBHIB 1
XIMIYHUH CKJIaJ IPYHTOBUX BOJ| MEpIIMX BiJ] MOBEPXHI BOJOHOCHHX TOPH3OHTIB, BiJMOBITHICTH
ximiuHoro ckiany Boau I'/IK mis mutHHX oTped.

Jlnst BUpILIeHH AaHOI MPOoOJIeMH 3alpOIIOHOBAHO MiAXiM, IO CKJIAIAETHCS 3 M'ATH €TaliB i3
3actocyBanHsM ['IC mporpam Arc Map, merony 3D amamiz. B pesynprari pobotu Oynu
MpopaxoBaHi cepenHi 3HaueHHs 3a mepion 2011-2019rr. i Oynu modynoBani B Mexax kKoxkaoro HIT
B C€JICKTPOHHOMY BHUTJISI KapTOcXeMH pPiBHS [ B 1 po3KpHUTOT MOTYKHOCTI BOJIOHOCHHX TOPH30HTIB;
XIMIYHOTO CKJaAy 1 MiHEpasi3allii; Mo OKpeMHUM XiMIYHUM KOMITOHeHTaM 1 nepeBuieHHi ['JIK mis
MUTHOTO BOJIOTIOCTAYaHHSI.

3a3HaueHui, B AaHii poOOTI, MiAXi JO03BOJISE OMIHIOBATH CTaH IMiITOIUICHHS 1 MOTEHIIMHOTO
nigroruieHHs: B okpemomy HII, i, mpu oMy, OTpUMyBaTH LIJTICHY KapTUHY CTaHY IiTOIUICHHS Ta
SAKOCTI BOJ B IUHaMili B OyIb-sIKHH 9ac 1 mepiog poKy Ta mpuidMaTH Jjs iX YCYHEHHs 3BaXKEHi
IH)KEHEPHO-TEXHIYHI PIlICHHS.

KurouoBi ciioBa: mikiamuBa aist BOJI, TPYHTOBI BOJH, MATOTUICHHS, TIOTEHIIHHE TiATOIUICHHS,
MOHITOPHUHT, HACEJIEHUH MMyHKT, KPUHMULI, XIMIYHUN CTaH BOJIH.

MPOSABJEHUE BPEJJTHOI'O BO3JIEVCTBUS BOJ B HACEJIEHHBIX ITYHKTAX
HA ITPUMEPE TATAPBYHAPCKOI'O PAUOHA OAECCKOMU OBJIACTHU

MeaseaeBa O.0., acniupasr,

mdvdv_olga@ukr.net, ORSID: 0000-0003-3575-0592

HUncmumym 600nwvix npodonem u meauopayuu HAAH, Kues, Ykpauna
V1. BacunbkoBckas, 37, r. Kues, 03022, Ykpauna

AnHotanusi. OJHUM M3 OCHOBHBIX TPOSIBICHHWN BPEIHOTO BO3JCUCTBUS BOJ B HOXKHBIX,
HEHTPAIBHBIX W BOCTOYHBIX TEPPUTOPHSX YKpPaWHBI SBISIETCS IMOJTOIUICHHUE 3€MeNb, B OCOOEHHO,
HaceneHHbIX NyHKTOB (HII). JlocToBepHble naHHBIE O MacimiTabax MOATOIUICHUS, IO Ppa3HbIM
[pPUYMHAM, OTCYTCTBYIOT MJIM OHHM HE IOJIHBIE U HE O0TOOPaXKaroT pealbHylo KapTUHY. OOBEKTUBHYIO
OLIEHKY BpEIHOIr0 BO3JEHCTBHMS BOJ MOXHO JaBaTb TOJIBKO Ha 0a3e CJIEXKEHHUs 3a YpPOBHEM U
T'MJPOXMMHUYECKMM cocTaBoM TIpyHTOBbIX (I'B) M moBepxHOCTHBIX BoA. st 3TOro HEOOXOAMMO
IIPOBO/IUTH CUCTEMATHYECKHE MOHUTOPUHIOBbIE HAOIIOJICHUS: UMETh CETh HAOJII01aTEbHBIX TYHKTOB
1 COOTBETCTBYIOIIUHI KapTorpaguuecKuil MaTepuail.

OcHOBHO# 11€71b0 pabOThI MOKa3aTh AEHCTBEHHBIN MMOIXO/ K PELICHUIO BOMPOCa O HETaTHBHOM
BozfeiictBun Boj Ha mpumepe 33 HII TarapOynapckoro paiioHa. OmnpeaenuTb COBPEMEHHOE
COCTOSIHME TOATOIUIEHHS, XUMHYECKOIO COCTaBa TPYHTOBBIX BOJOHOCHBIX T'OpPHU30HTOB JUIS
ONTHMU3ALMN TPHUHATUS YIPABICHUECKUX PELICHWHA [0 NPEAYNPEKICHUIO Pa3BUTHA ONACHBIX
re0JIOTMYECKUX U HKOJIOTMUECKHUX TmporeccoB. IIpu 3ToM npeaMeroM uccienoBaHus ObUH (haKTOpBbI
dbopMupoBaHUs M JUHAMHKA YPOBHEH M XUMHUYecKUi coctaB I'B mepBbIX OT MOBEpXHOCTH
BOJIOHOCHBIX TOPU30HTOB, COOTBETCTBHE XUMHUECKOTr0 cocTaa BoAbI ITJIK i1t mUThEBBIX HYXI.

Jns pemieHust AaHHOM mOpoOsieMbl TMPEJIOKEH MOJAXOM, COCTOSIIMM M3 MATH 3TaloB ¢
npumenenneM [MC nporpamm Arc Map, merona 3D anammus. B pesynprare paGoTsl ObLin
IIPOCUUTaHbI cpefHue 3HaueHus 3a nepuon 2011-2019rr. u ObUIM MOCTpPOEHBI B Mpesenax KaxJ0ro
HII B anekTpoHHOM BHJIe KapTOCXEMBI YPOBHA I'B M BCKPBITON MOIIHOCTH BOJIOHOCHBIX TOPHU30HTOB;
XMMHMYECKOTO COCTaBAa U MUHEPAIM3ALMH; 110 OTJCIBHBIM XUMAYECKUM KOMIIOHEHTaM U MPEBBIIICHUN
[TJIK 17151 TMTHEBOTO BOIOCHAOKCHHSI.

VYka3zaHHbIl, B JTaHHOI paboTe, MOAXOJ TMO3BOJIIET OLEHMBATh COCTOSHHE MOJTOIUIEHUS U
MOTEHIMAIBHOrO mnoxaTorvieHuss B oraenbHoM HII m mpu 3ToM momy4arh LENOCTHYIO KapTUHY
COCTOSIHUS TTOJITOIUICHUSI M KauecTBa BOJ B JIMHAMUKE B JII000€ BpeMs M MEPUOA rojla U NPUHUMATh
JUIS UX YCTPAHEHMsI B3BEILICHHBIE NHKCHEPHO-TEXHUYECKUE PEILICHUS.

KiroueBbie ciioBa: BpenHOEe BO3JAEHCTBUE BOJ, TPYHTOBBIE BOABI, TOATOIUICHHUE,
MIOTEHLUAIBHOE MOATOIJICHUE, MOHUTOPHHT, HACEICHHBIN IIYHKT, KOJIOALBI, XUMUYECKOE COCTOSHUE
BOJIBI.
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