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Purpose. To decrease influence of occurrences of ecological hazards formed by induced earthquakes in an indus-
trial region on the man and environment.

Methodology. Determination of the rate of displacement of soil or structural elements during induced earthquakes
is based on multichannel recording of short-term processes occurring in geological environment followed by the
analysis of amplitude-frequency parameters. For instrumental measurements, the vibrating graph 1-00-2, the magne-
tographer NO-68, the seismic sensors SM-3, CB-20, ATP-1M were used. The calibration of the seismic channel was
carried out dynamically on the vibration stand VUT-300/6. Consequences of manifestations of environmental haz-
ards were determined by visual observation and determination of geometrical parameters of damage, as well as medi-
cal control and population surveys.

Findings. Based on the system analysis the structure of the monitoring system of distress during induced earth-
quakes was considered, which includes detection of sources, instrumental measurements of parameters of their influ-
ence on objects, detection of defects, public opinion poll. According to the results of instrumental measurements of
the rate of displacement of soil and elements of constructions of buildings in the event of induced earthquakes of
various origins, their impact on the state of ecological security in the Kremenchuk industrial region is determined.
Mechanical damages to residential and industrial building structures and temporal health disorders of inhabitants
were detected. Explosions at careers and transport highways as sources of induced earthquakes were studied. Exceed-
ing of possible level of vibrations is fixed in residential and industrial building, located in the zones affected by these
sources. A system of technical solutions as for decreasing influence of ecological hazards is offered. In particular, ar-
tificial change of parameters of environment is foreseen in direction of passing of mechanical waves to objects of the
different purpose.

Originality. Scientific principles of improving the states of ecological safety at influence of induced earthquakes got
their further development by working out the system of technical measures as a result of the ecological monitoring, in
particular, change of parameters of environment between the source of danger and object which it influences on.

Practical value. The use of research results will help to ensure the constructive integrity of buildings of different
purposes and comfortable living conditions of the population.
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Introduction. Technogenic influence on the environ-
ment, insufficiency of environment impact assessment
of placing of economic objects and other factors resulted
in ecological hazards.

Basic ecological problems in the industrially loaded
region are related to transformation of natural environ-
ment under the action of factors of anthropogenic ori-
gin. The necessary condition of effective management
of ecological safety is an analysis of conformities to law
and features of forming of ecological hazards [1]. The
latter stipulates conducting of corresponding experi-
mental and model research studies.

The feature of modern anthropogenic activity is an
intensive use of equipment and technologies which gen-
erate mechanical vibrations that are distributed in the
lithosphere, that is, sources of induced earthquakes.
Such sources are concentrated, mainly, in densely pop-
ulated industrial regions, that results in the increase in
the level of ecological hazards. The last is of probabilis-
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tic nature, id est, it can potentially exist for a long time
without influencing people and environment. And only,
when the sources of danger are initiated, the last reveals
itself.

Taking into account mentioned above, research on
manifestation of ecological hazards formed by induced
earthquakes, and their consequences, is relevant re-
search and practical task.

Analysis of the recent research and publications. An
essential element of providing ecological safety is engi-
neer-geological prognostication of changes of geologi-
cal environment as a result of action of seismic factors of
natural or technogenic character. In spite of a consider-
able number of scientific publications from the different
aspects of engineer-geological prognostication, confor-
mity to law of changes of geological environment has
not been studied enough. Special attention in engineer-
geological prognoses is paid to the questions of estima-
tion of firmness of geological environment [2].

Various aspects of hazard formation in case of natu-
ral earthquakes are sufficiently studied. Some scientists

115




ENVIRONMENTAL SAFETY, LABOUR PROTECTION

investigate natural-anthropogenic earthquakes. In [3] it
is determined that these earthquakes often occur in the
areas of building of storage pools and hydrocarbon pro-
duction. In [4] it is shown that in the Dnepropetrovsk
region the cases of occurrence of earthquakes became
more frequent in the places of localization of active ex-
traction and processing of minerals. The authors [5]
analyze the appearance of induced earthquakes in the
territory of aseismic regions and their development in
the regions of long and intensive development of miner-
als in connection with the increase in mining depth and
scale mining and industrial works. In [6] the model of
zones of origin of technogenic earthquakes, that de-
scribes character of spatio-temporal distribution of seis-
mic events on territories with considerable anthropo-
genic influence on seismic activity, is offered.

Conceptual principles of management of ecological
safety in the conditions of action of induced earthquakes
are defined by Professor Shmandiy. Experimental re-
search is of episodic nature and concerns certain types
of sources of danger. In particular, [7] studied the im-
pact of induced earthquakes in Poltava on residential
buildings. In [8], earthquakes that occur while produc-
ing apatite are investigated. In [9] the methodology of
ecological risk was used.

The results of analysis of literary sources allowed es-
tablishing the fact that a system approach to the study of
the states of ecological safety in the industrially devel-
oped region with different types of sources of techno-
genic earthquakes has not been developed.

Objectives of the article. The aim of work is to de-
crease influence of ecological hazard occurrence formed
by induced earthquakes in an industrial region on the
man and environment.

Description of methodology. Determination of speed
of displacement of soil or elements of constructions dur-
ing induced earthquakes is based on multichannel regis-
tration of short-term processes occurring in the geologi-
cal environment, with further analysis of amplitude-
frequency parameters. For instrumental measurements,
the vibrating graph 1-00-2, the magnetographer NO-68,
the seismic sensors SM-3, CB-20, ATP-1M were used.
The graduation of seismic channel was carried out by a
dynamic method on the vibrostand of VUT-300/6. The
consequences of displays of ecological danger were de-
termined by a visual supervision and establishment of
geometrical parameters of damages, as well as medical
control and public opinion poll.

Presentation of the main research. We consider that
management of ecological safety will be scientifically
reasonable and effective only in the case when it is based
on data of monitoring of the states of ecological hazards.
The feature of ecological hazards is that as compared to
other types of danger they are of hidden imperceptible
nature. Probably that is why ecological hazards are not
perceived properly by a wide circle of different subject
matter specialists. We determine substantive theoretical
provisions in relation to features of ecological hazard
formation that concern induced earthquakes. Analyzing
the state of ecological hazards, it is expedient not only to
take into account functional descriptions of objects, but
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also their position properties. The degree of a hazard is
largely determined by the unfavorable placing of its
sources in relation to objects and building of the differ-
ent setting. It is expedient to take into account mutual
location of zones of distribution of hazards and territo-
ries with a different degree of propensity to influence of
its manifestation. Thus, when a powerful quarry with an
explosive mode of operation is located quite close to a
powerful hydrotechnical structure and the geological
environment has a structure that promotes active spread
of seismic waves, the level of ecological hazards will be
extremely high. Thus, not only the spatial placing of
sources of danger in relation to various objects but also
descriptions of environment in which hazards spread is
taken into account. Simultaneous influence (synergy) of
different constituents of ecological danger is of impor-
tance as well. For example, motor transport creates eco-
logical hazards related both to the action of chemical
(emissions from exhaust gases of harmful substances)
and physical (induced earthquakes, noise contamina-
tion) factors. Consideration of all factors results in the
necessity of strengthening the requirements to safe ex-
ploitation of cars. Simultaneous presence of a few con-
stituents of danger of different genesis can be unfavor-
able, neutral, and favorable; unfavorable synergistic in-
fluence can substantially strengthen the negative operat-
ing on the man and environment. In terms of ecological
hazard formation substantial influence produces the
difference of quality (influences on the man and envi-
ronment that differ qualitatively) and intensity of its
sources. Intensity of sources determines the degree of
manifestation of danger. The structuring of hazards in a
space-time continuum is determined by a set of ecologi-
cally dangerous objects of any genesis, which, as a result
of interaction and mutual influence, form a dangerous
biotite for life and threaten the functioning of technical
structures, objects, and others.

Sources of induced earthquakes are situated in in-
dustrially-housing complexes quite often. The Kremen-
chuk industrial region (KIR) is one of these sources.
There are concentrated quarries with mining by an ex-
plosive method (Fig. 1), which is situated in a close
proximity from different residential and industrial build-
ings. Moreover, there are a number of induced earth-
quake sources of other types in the KIR [10].

Transformation of landscapes is characteristic for
the objects of this region. Excavations that reach a depth
of over 100 m intercross water-bearing horizons, inter-
fering to their integrity. The water masses in huge quan-
tities come in a career bowl, from where pumped out.
When the pumping equipment stops work, flooding of
the quarry and adjoining areas occurs.

A significant number of sources of induced earth-
quakes and their location in residential areas with a de-
veloped network of communications and facilities of
different uses significantly increase the degree of eco-
logical hazards.

We consider that monitoring of the states of ecologi-
cal danger must be conducted being based on principles
of the system analysis. In our opinion, such monitoring
must include the following stages.
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Fig. 1. Sources of induced earthquakes (1—8) and objects which they in fluence (9— 12 — industrial enterprises; 13, 17 —
bridges; 14 — hydrotechnical structures; 15 — oil pipeline 16 — electrical transmission lines) in the KIR; pZ2 ] —

residential area; £l — waters of reservoirs

The first stage is detection of sources of induced
earthquakes of different power efficiency.

At the second stage of monitoring, we instrumen-
tally identify occurrences of ecological hazards by mea-
suring the speed of displacement of soil and elements of
building structures by the standard approved method-
ologies. Virtually all the objects of the KIR influenced
by the sources of induced earthquakes are located in dis-
tant or middle zones of induced earthquake action. In
these zones longitudinal waves substantially go out and
it is possible to assume that surface transversal waves
(less in volume) were essentially measured. That is, the
waves that lead to significant damage and are the most
dangerous for various objects of the KIR.

At the third stage of monitoring, we record the tem-
porary health disorders of the inhabitants of the zones of
the impact of induced earthquakes, and conduct a vi-
sual observation of damage to the building structures.

On the basis of the obtained results we determine the
degree of ecological hazard manifestation, determine
correlation of the obtained data of the instrumental
measuring with the results of opinion poll by people liv-
ing in the affected zones and observation.

Among the sources of induced earthquakes in the
KIR explosions in careers are the most powerful. A con-
siderable number of sources of induced earthquakes in
the investigated region are predefined by the geological
conditions of the region, namely bedding of crystalline
foundation in the shallow land. The marked feature also
determines insignificant absorption of energy of seismic
waves at their spatial distribution. The long-term opera-
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tion of quarries contributed to transformation of geo-
logical environment and accumulation of mechanical
stresses in the structural elements of buildings and con-
structions, which creates high probability of ecological
hazard manifestation.

In particular, we studied occurrences created by two
quarries for extraction of granite, located in dwelling-
industrial zones. The border of one quarry field passes at
a distance of 200 m only from multistory housing build-
ing, approximately at the same distance from the other
quarry in the industrial zone where a steel-making plant
is located. This situation makes them one of the most
dangerous sources of ecological hazards in the KIR. We
determined that the registered high speed of displace-
ment exceeds possible norms at a distance of about
250 m from the sources. From anthropocentric posi-
tions, there is a hazard to a medical establishment that is
located at a distance of about 1.2 km from the source of
earthquakes (quarry). For such objects the possible
norms of influence are reduced. We consider that to cal-
culate parameters of blasting works in careers it is expe-
dient to take into account the influence not only on a
building that is located nearby, but also, on occasion, on
specific remote objects.

As aresult of visual observation of the state construc-
tions and buildings affected by induced earthquakes,
consequences of ecological hazard manifestation were
determined, in particular, formation of cracks and fall-
ing of plaster in residential and industrial buildings. The
mentioned defects were educed in the room of the De-
partment of Ecological Safety of Kremenchuk National
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University as a result of work of pile drivers on a building
site located nearby. In places of cracks high humidity
occurs, which results in negative sanitary-and-hygienic
consequences. On results the public opinion poll, tem-
poral health disorders of the habitants (headaches,
changes in blood pressure, and others) were identified.
A direct harmful physical effect on the habitants of the
KIR is insignificant due to short duration of the process
(4—7 s). In addition, the factor of danger is leveled by
the fact that greater part of the population got used to
the earthquakes after long time residence, while psycho-
logical discomfort emerges at the appearance of me-
chanical damages of buildings and constructions. Regu-
lar appearance of cracks in houses and publication in
mass media on catastrophes that happened in other re-
gions, are factors that constantly retain the population
in the state of psychological tension.

Let us consider transport as a source of induced
earthquakes. First of all, these are highways and railway
lines with heavy traffic of vehicles. The residential area,
as a rule, is located at an insignificant distance from
transport highways. We defined that motor-vehicle and
railway traffic causes oscillation of subzero and middle
power. Exceeding of possible level of vibrations is fixed
in the residential buildings located near transport high-
ways. By the instrumental measuring the maximal value
of speed of displacement is determined to be 0.6 mm/s
(exceeding the norms by 1.8 times).

The influence of induced earthquakes that occur
during the movement of vehicles on uniform sections of
highways, as well as in the presence of rail joints on rail
transport tracks not protected against vibrations and de-
fects of road pavement for motor transport has been in-
vestigated. It is determined that the presence of hetero-
geneities (rail joints and defects of travelling coverage)
contributes to strengthening ecological hazard occur-
rences. Experimentally fixed speed of displacement of
soil near rail joints (averaged value makes 3.2 mm/s) is
on the average 1.8 times higher in value (1.8 mm/s) that
corresponds to the traffic on the uniform area of railway
lines. Qualitatively, a similar situation is also observed
for a motor transport. For example, on the certain area
of motorway with the present defects of roadway cover-
ing (pits and hills) at a distance of 5 m, average speed of
displacement of soil of 2.8 mm/s is experimentally fixed.
After repair of the area of the road, there is observed a
decrease in value (1.3 mmy/s) of the indicated parameter,
which is related to elimination of defects of roadway
covering and, as a result, shock load on the last. A simi-
lar effect is observed in case of railway transport in the
summer period as a result of reduction of expansion
gaps between rails. Development of continuous welded
rail can be an effective measure to decrease the level of
ecological hazards formed by induced earthquakes that
arise during the movement of rail transport.

Based on results of experimental research studies, it
has been established that the movement rate and mass of
transport vehicles influence the intensity of hazard
manifestation. The increase in the movement rate of
heavy trucks (KrAZ) from 40 to 60 km/h causes increase
in the value of vibration speed by 1.5 times on the road
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with no defects and by 2 times on areas slipshod. We
found that an appreciable ecological threat was formed
by transport vehicles weighing over 6 tons.

It should be noted that rather high level of ecological
threat in the KIR is caused by a bridge across the river
Dnipro. The bridge is two-tiered and there is heavy ve-
hicular and railway traffic circulation on it. The results
of our observation showed that the terms of safe carrying
capacity of the bridge and maximal possible weight of
transport vehicles are violated; roadway covering is
damaged. Thus, there is a high probability of destruc-
tion of the bridge that can entail considerable negative
ecological consequences.

The Kremenchuk reservoir storage dam is another
object of an increased ecological threat. Over the dam,
as well as over the bridge, there is heavy vehicular and
railway traffic circulation. To perform instrumental
measuring there were set seismic sensors on the verge of
the overhead plane of the dam and on the dam parapet
wall between motor-car and railway ways. The average
maximal value of speed of displacement makes 1.2 mm/s
(at simultaneous movement of both vehicles and trains).
On the bridge, the sensors were set on the concrete su-
perstructure at 2 meters from the support and in the
middle of the metal superstructure. The indicated sen-
sors fixed parameters of vibrations of the bridge girder
during movement of vehicles and trains. The average
value of speed of displacement makes 7.9 mm/s.

The generalized results of the experimental studies
on the territory of the KIR on two types of sources of
induced earthquakes are shown in Fig. 2. Let us note that
we chose such experimental points for which measuring
testing facilities were uniform. Transport highways were
investigated with dense traffic of heavy motor trucks
(KrAZ and the like), the average rate of movement made
40 km/h. Fig. 2, a presents the data on induced earth-
quakes caused by industrial explosions, which relates to
extraction of granite by the explosive method at “Quartz”
quarry office, whose quarry is in the residential and in-
dustrial zone of the KIR. From a set of all the results of
three-year research studies, we chose those which cor-
respond to the same type of explosion conditions. For
verification of uniformity and authenticity of the ob-
tained experimental data we conducted statistical analy-
sis of them. By the method of the rectified diagrams us-
ing software package of Microsoft Excel we confirmed
hypothesis for normality of data distribution.

It is established that the dependence of the quantum
on the value of the variant is of reciprocal exponential
nature. On the logarithmic dependence, the calculation
points are located along the line, with the reliability of
R?=0.96 described by the equation y=0.9x + 6.61. Thus,
the experimental data correspond to the lognormal dis-
tribution law. With the Student’s t-criterion, data co-
herence was checked. The critical maximum value of t
for the five-percent significance level is 1.67. Since the
maximum calculated value of the criterion is less than
the critical one, the hypothesis for the affiliation of the
analyzed variant to the sample is confirmed, and the
sample data can be considered homogeneous with a
confidence level of 0.95.
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Fig. 2. Averaged values of speed of displacement of V at
different distances of x from the sources of induced
earthquakes:

a — for industrial explosions; b — when driving a vehicle

The analysis provided the data to size the appreciable
effect of induced earthquake zones [10].

Let us generalize the results of our research studies
on those sources of induced earthquakes, near which
the most dangerous objects are located. In the KIR (in
the zones affected by sources of induced earthquakes)
the following types of objects whose damage can result
in the ecological hazard occurrence of different degree
of complexity, are educed:

- locally significant facilities — production facilities
of industrial enterprises, electrical transmission lines,
that cross the river Dnipro, residential buildings and as-
semblies. The damage of civil and industrial objects cre-
ates a threat to life and health of people, and can result
in contamination of environment in a direct closeness;

- regionally significant facilities include an oil pipe-
line, the bridge over the river Dnipro. In particular, rail-
way and motor-car accidents caused by destruction of
the bridge can result in ecological threat that causes
contamination of environment in the region;

- a nationally significant facility — is the Kremen-
chuk reservoir storage dam, that is located in the zone
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affected by earthquakes induced by granite quarry (min-
imum distance of sources of technogenic earthquakes
from the dam makes only 450 m). Large-tonnage motor
and railway transport that moves over the dam, and gen-
erator aggregates of the hydroelectric power station are
also the sources of induced earthquakes. That is, there is
an overlap of the negative influence of sources of eco-
logical threat of different genesis, which increases the
level of danger.

Occurrences of ecological hazards, related to the
dam damage, can include flooding of considerable ter-
ritories, which will be accompanied by destructions of
objects of the categories mentioned above. Damage of
other dams and protective dikes of other reservoirs is also
possible. Different ecologically dangerous objects of the
country, including Zaporizhzhya Nuclear Power Plant
can get in a flood zone. All mentioned above can result
even in contamination of aquatorium of the Black sea.

Let us consider the system of measures to decrease
the influence of different types of induced earthquakes.

In relation to induced earthquakes that arise during
the heavy truck traffic (displacement speed measurement
was conducted on the different areas of highways which
correspond to the experiment conditions), we offer:

- speed restriction and weight limit for vehicles; at
speed restriction for a car from 60 to 40 km/h, as shown
above, the degree of ecological threat decreases by 1.5—
2 times;

- for railway transport — creation of continuous
welded rails or use of construction of track with antivi-
bration mounting that decreases the soil displacement
speed by 3—4 times.

Regarding the bridge over the river Dnipro and The
Kremenchuk reservoir storage dam, we consider imple-
mentation of the system of the concerted initiation of
earthquake sources: when a train is moving, heavy truck
traffic (travel speed and traffic density are regulated) is
limited. It allows decreasing stress accumulation in the
elements of constructions of the buildings considered
and, thus, decreasing a probability of ecological hazards.

We consider that an effective measure to undercut the
influence of induced earthquakes of different genesis is
improvement of positional characteristics of its sources in
relation to the objects it influences. It is possible to attain
by changing parameters of the environment where me-
chanical waves spread from the source of induced earth-
quakes. It is known that in hard (for example, massive
rock) rocks elastic waves spread with less losses and are
passed at longer distances, than in loose rocks (sand, al-
luvium, and others), where they quickly lose the energy
as a result of decay. In connection with the stated above,
we consider it reasonable to implement artificial change
in parameters of geological environment in direction of
mechanical waves passing with the purpose of limitation
of a zone of their distribution in relation to hazardous ob-
jects. We offer the following ways of solving the set task:

- to conduct a series of shallow explosions for crush-
ing of massive rocks on the way of wave distribution.
These must be superficial explosions of small power, be-
cause potentially dangerous objects, as a rule, are in the
distant zones of earthquake action, where surface waves
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mainly spread. Such a measure is expedient to apply
during explosions in careers;

- to construct of the simple deepening building filled
with porous materials (macadam, claydite) on the way
of wave distribution. The construction screens the zone
where the objects are located, from longitudinal waves
that appear in the process of initiation of an induced
earthquake source. The constructed elastic structure
provides a frequent break and wave reflection, which re-
sults in energy absorption. The measure described is ex-
pedient to apply for different types of induced earth-
quake sources;

- to form a network of green planting (trees with a
well-developed root system) on the way of mechanical
wave distribution from the induced earthquake source.
In fact, roots form an elastic “net” that takes in me-
chanical vibrations due to elastic forces. Such a measure
is expedient to implement in case of transport sources of
induced earthquakes.

Application of the measures described to decrease
the influence of technogenic earthquakes allows in-
creasing the degree of ecological safety and providing
sufficient comfort of conditions for people in residential
and industrial buildings that are in the affected zone.
There is also decrease in psychological influence on
people — prevention of such intensity of vibrations, at
which there is no damage to buildings, but people expe-
rience the same feelings as during more powerful natural
earthquakes. Structural and architectural integrity of
buildings and structures, prevention of damage to differ-
ent equipment are also provided.

Conclusions and recommendations for further re-
search.

1. On results of the instrumental measuring of speed
of displacement of soil and elements of constructions
during induced earthquakes of different origin, their in-
fluence on the environmental safety in the Kremenchuk
industrial region is determined. Mechanical damage to
constructions of residential and industrial buildings and
temporal health disorders of the habitants are educed.

2. On principles of system analysis, the structure of
the monitoring system of the states of the environmental
safety during induced earthquakes is considered, which
includes detection of sources, instrumental measuring
of parameters of their influence on objects, detection of
defects, public opinion poll.

3. Explosions in careers and transport highways as
sources of induced earthquakes are investigated. Ex-
ceeding of possible level of vibrations is fixed in residen-
tial and industrial buildings located in the zones affected
by these sources.

4. A system of technical solutions to decrease the in-
fluence of ecological hazards. In particular, the artificial
change in parameters of the environment in direction of
mechanical waves passing to the objects of the different
purposes is provided.

5. The prospects of further research studies are con-
sidered in detection and research and practice study of
other factors of ecological threat formation, which along
with induced earthquakes have negative influence on
the vital functions of people and environment.
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Merta. 3HMKEHHS BIUIMBY Ha JIIOAWMHY W JOBKIiIS
MPOSIBiB €KOJIOTiYHOI HeOe3MeKH, 110 (DOPMYETHCS TEX-
HOT€HHUMMU 3eMJIETpYCaMU y TIPOMUCIIOBOMY PETioHi.

Metomuka. BusHayeHHS IIBUAKOCTI 3MIIEHHS
IPYHTY Ta €JEMEHTIB KOHCTPYKIilA MPU TEXHOTEHHUX
3eMJIETpyCcax IPYHTYEThCS Ha OaraToKaHaIbHil peecTpa-
11ii KOPOTKOYACOBUX MPOILIECIB, 11O MPOTIKAIOTh y TE€OJIO-
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TiYHOMY CepefOBUILI, i3 TOAATBIINM aHAIi30M aMILTITy-
JI0-4aCTOTHUX TapameTpiB. sl iHCTpyMEeHTabHUX 3a-
MipiB BuUKopucTaHo Bioporpad M-00-2, marnitorpad
HO-68, ceitcmonatunku CM-3, CB-20, ATII-1M. I'pa-
JIYIOBAaHHSI CEMCMIYHOTO KaHaly 3MiliCHIOBAIM JUHAMIY-
HUM MeTomoM Ha BibpocteHni BYT-300/6. Hacninku
MPOSIBIB €KOJIOTiYHOI HeOe3MeKy BU3HAYATUCS IUISIXOM
Bi3yaJIbHOTO CITOCTEPEXKEHHSI Ta BCTAHOBJIGHHSI TeOMe-
TPUYHUX MapaMeTPiB YIIKOMKEHb, a TAKOXK MEIUIHOTO
KOHTPOJTIO Ta OIUTYBaHHST HAaCEJICHHSI.

Pe3syabraT. Ha 3acamax cucteMHOro aHajisy pos-
IJISHYTa CTPYKTYpa CUCTEMH MOHITOPUHTY CTaHIB €KO-
JIOTiYHOI HeOe3IeKW MpU TeXHOTCHHMX 3eMJICTPYCaXx,
II0 BKJIOYA€E BUSIBIICHHS Kepell, iHCTpyMEHTaIbHi
BUMIpIOBAHHS TTapaMeTpiB iX BIJIUBY Ha 00’€KTH, BU-
SIBICHHS Ae(eKTiB, OMUTYBaHHS HaceJIeHHsS. 3a pe-
3yJbTaTaMU iIHCTPYMEHTAJILHOTO BUMipIOBaHHS IIBUJI-
KOCTi 3MillleHHSI TPYHTY Ta €JIeMEHTiB KOHCTPYKLiil
CIOPY[ MPY TEXHOTEHHUX 3eMJIETPYCax pi3HOTO MOX0-
JIDKEHHST BU3HAYEHO BIUJIMB iX Ha CTaH €KOJIOTiYHO1 0e3-
neku y KpemMeHUylIbKoMy MPOMUCIOBOMY perioHi. Bu-
SIBJIEHI MEXaHiYHi TMOLIKOMXEHHS KOHCTPYKIIilA XUT-
JIOBUX i BUpPOOHMYMX OYyIiBeJb i TUMYACOBI pO3ianu
3710pOB’sl MelIKaHiB. JlocigkeHi BUOyxu Ha Kap’epax
i TpaHCIIOPTHI MaricTpali sSK JKepejaa TeXHOTeHHUX
3eMJieTpyciB. 3adikcoBaHi ITepeBUILIEHHS TOTTYCTUMO-
TO PiBHSI KOJMBAaHb Y KUTIOBUX i IPOMUCIOBUX IIPU-
MIIIICHHSIX, PO3TAIllOBAaHUX Y 30HAX BIUIUBY LIMX JKe-
peJi. 3anporoHoBaHa CUCTeEMAa TEXHIUHUX PillleHb 110~
N0 3HMKEHHSI BIUIMBY IPOSIBIB €KOJOTiYHOI Hebe3Ie-
Ku. 30KkpeMa, rependaveHa IITy4YHa 3MiHa mapaMeTpiB
cepeoBUIa B HAMPSIMKY MPOXOKEHHS MEXaHiYHMX
XBUJIb 10 00’ €KTiB Pi3HOTO MPU3HAYEHHS.

HaykoBa noBu3Ha. Habyiu nomanbmioro po3BUTKY
HAYKOBI 3acafy MOJIIMIIIEHHS CTaHiB €KOJOTiYHOI 0e3-
TEeKU TIPYA BIUIMBI TEXHOTCEHHUX 3eMJIETPYCIB IIUISIXOM
PO3pOOKM 3a pe3yIbTaTaMU €KOJIOTITHOTO MOHITOPHH-
Ty CUCTeMU TEXHIYHHUX 3aXO[iB, 30KpeMa, 3MiHa mapa-
METpiB CepeloBHIla MiX IXepejoM HebOe3nmeku Ta
00’€KTOM, Ha KU1 BOHA BIUIMBAE.

IIpakTuHa 3HaumMicTh. BuKOpucTaHHS pe3yJibTa-
TiB JOCHIIKEHHSI CHpUSTUME 3a0€3MeUYeHHI0O KOH-
CTPYKTUBHOI LIiJIICHOCTi CLIOPY/ pi3HOTO MPU3HAYEHHS
1 KOMGOPTHUX YMOB KUTTEiISTIBHOCTI HACEJIEHHS.

KimouoBi cioBa: exonociuna nebesnexa, éniue npos-
8i8, NPOMUCAO0BULI PE2iOH, MEXHO2eHHI 3emaempycu,
Kap’ep, mpauncnopm, 8iopoweuoKicmo

CocTtosinie 3K0I0ru4ecKoii 0€30nacHOCTH
B KpeMeHYyrcKkoM nmpoOMBIILIEHHOM perMoHe
NpH JeCTBUM TEXHOTEHHBIX 3eMJIeTPSICEHUI

B. M. llImanoui, E. B. Xapaamosa, T. E. Pueac
KpeMeHuyrckuit HallMoHAIBHBIN YHUBEPCUTET UMEHU Mu-

xamna Ocrtporpaackoro, r. KpemeHuyk, YkpauHa, e-mail:
ecol4207@gmail.com

Henap. CHIDKeHME BO3MECTBUS Ha YeIOBEKa U
OKPYXAIOIIyI0 Cpeay TPOSIBICHUI 3KOJIOTUYECKOM
OITACHOCTH, (POPMUPYEMOI1 TEXHOTCHHBIMH 3eMJICTPSI-
CEHUSMU B TIPOMBIIIUICHHOM PETOHE.
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Metomuka. OrpeneieHue CKOPOCTH CMEIICHUS
IPYHTA WX 3JIEMEHTOB KOHCTPYKILINI TIPU TEXHOTCH-
HBIX 3€MJICTPSICEHUSIX OCHOBBIBA€TCSI Ha MHOTOKa-
HaJIbHOW perucTpalru KpaTKOBPEMEHHBIX Ipoliec-
COB, IIPOTEKAIOIIMX B I€OJIOTUYECKOM cpene, ¢ mocie-
JIYIOIIMM aHAJIM30M aMIUIMTYIHO-YacCTOTHBIX Mapa-
MeTpOB. 11 ”HCTPYMEHTaJIbHBIX 3aMEPOB UCIOIb30-
BaH BuOporpad M-00-2, maruutorpacd HO-68, ceiic-
Mmonatuyuku CM-3, CB-20, ATII-1M. I'panyupoBku
CeiCMMYECKOro KaHaja OCYLIECTBISIM AUHAMHUYE-
CKUM MeTolIoM Ha Bubpoctenae BYT-300/6. IMocnen-
CTBUS MIPOSIBIICHUI 9KOJIOTUYECKOM OITACHOCTH OIIpe-
IEJISUTNCHh TTyTeM BH3YaIbHOTO HAOJIONEHUS W OIIpe-
IeJIeHUsST TeOMETPMYECKUX ITapaMeTpOB ITOBPEXIe-
HUI, a TaKXe MEIUIIMHCKOTO KOHTPOJSI U orpoca
HaceJIeHus.

Pe3ynbraTel. Ha ocHOBe cucTeMHOro aHajiM3a pac-
CMOTpEHa CTPYKTypa CUCTEMbl MOHUTOPUHTA COCTOSI-
HUII OMACHOCTU MPU TEXHOT€HHBIX 3€MJICTPSICEHUSIX,
KOTOpast BKJIIOYAeT BISIBIEHUE UCTOUHUKOB, MHCTPY-
MEHTaJIbHbIE U3MEPEHUS TapaMeTPOB UX BO3ACUCTBUS
Ha 0O0BEKTHI, BbISIBIEHUS 1e(EeKTOB, OMPOCHl Hacese-
Hust. [lo pesynbrataM WHCTPYMEHTAJIBLHOTO U3MeEpe-
HUSI CKOPOCTH CMEIICHMSI TPYHTA W 3JIEMEHTOB KOH-
CTPYKILIUI COOPYXKEHUI MPU TeXHOTCHHBIX 3€MJICTPSI-
CEHUAX Pa3HOrO MPOUCXOXAEHUS ONPELETIEHO BIIUSA-
HHE MX Ha COCTOSTHUE DKOJIOTUYECKOM Oe30IMacCHOCTH B
KpemMeH4YyrckoM MpoMBILIJIEHHOM peTnoHe. BoisiBie-
Hbl MEXaHUYECKUE TOBPEXICHUS KOHCTPYKIIMMA KU-
JIBIX U TIPOM3BOACTBEHHBIX 3MaHUI, BpeMEHHbIE pac-
CTpOICTBa 310POBbS XKuTeel. McciieqoBaHbl B3pbIBbI
Ha Kapbepax 1 TPaHCIIOPTHbIE MarMCTPaIu Kak UCTOY-
HUKM TEXHOTEHHBIX 3eMJIETpsiceHU . 3ahMKCMpoOBaHO
TIPEBBIIIIEHNE JOTTYCTUMOTO YPOBHSI KOJIEOAHUI B K-
JIBIX ¥ TIPOMBITIUIEHHBIX TTOMEIEHMSIX, PACTIONOXEH-
HBIX B 30HAaX BIMSTHUS 3TUX UCTOUYHUKOB. [Ipemmoxe-
Ha CHCTeMa TeXHWYECKUX PEIIeHUI 10 CHUKCHUIO
BJIMSTHUS TIPOSIBIICHUI 3KOJIOTUISCKOIM ormacHOCTH. B
YaCTHOCTH, MPEITyCMOTPEHO MCKYCCTBEHHOE M3MEHE-
HUE MapaMeTPOB CPebl B HAIIPABICHUH ITPOXOKICHMS
MEXaHMYEeCKUX BOJH 10 O0BEKTOB Pa3IMYHOIO Ha3Ha-
YEHMSI.

Hayunas nosusna. [Tonyuunu nanbHeliiiee pa3Bu-
THE HayYHbIE OCHOBBI YJIYUILIEHUSI COCTOSTHUM 9KOJIO-
TMYECKOU 0e30MacHOCTU MPU BO3AEHCTBUU TEXHOTEH-
HBIX 3eMJIETPSICEHUI MyTeM pa3paboTKU IO pe3yiabTa-
TaM 9KOJIOTUYECKOTO MOHUTOPWHTA CUCTEMBI TEXHU-
YECKHUX MEPOIIPUSITUIA, B YACTHOCTH, U3MEHEHHE T1apa-
METPOB Cpeabl MEXIY NCTOYHUKOM OITACHOCTH U 00b-
€KTOM, Ha KOTOPHIA OHA BIIUSICT.

IIpakTuyeckasi 3Hauumoctb. Kcnosnb3oBaHue pe-
3yJIbTAaTOB MCCJIEAOBAaHUS OYIEeT CIocOoOCTBOBAThH 00e-
CIIEYEHUIO KOHCTPYKTMBHOM LIEJIOCTHOCTU COOpPYXKe-
HUI1 pa3IMYHOro Ha3HAYeHUsI U KOM(OPTHBIX YCTOBUIA
JKU3HENESITeIbHOCTY HaceJeHus.

KiioueBble cioBa: sx010eu4eckas onacHocmy, 8AUs-
HUe nposeaeHUll, NPOMbIUACHHBII PeUOH, MEXHOLeHHble
3eMAempsACeHUs, Kapvep, MPancnopm, 8UOPOCKOpocmy

Pekomendosano 0o nybaikauii 0okm. mexH. HAYK
B. B. Bambosaem. Jlama naoxodxucenns pyxonucy 19.07.17.
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