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EVALUATION OF SEISMIC SHAKING INTENSITY GAINS BY HIGH
FREQUENCY MICROSEISM REGISTRATION METHOD (AS EXEMPLIFIED
BY A DEVELOPABLE SITE IN UZHGOROD)

Objective. To refine seismic hazard parameters by registering high-frequency microseisms within the site under
reconstruction in connection with the land plot enlargement of a plant intended for electronic components manufacturing. To
quantify the estimated intensity of seismic shakings (in MSK-64 scale scores) accounting for the effects associated with local
engineering and geological conditions at the study site. Methods. Seismic microzonation practical works at construction sites
implies the application of short-period microseism registration method, which is considered to be one of the most efficient
and unbiased instrumental SMZ methods when the field seismological studies are to be performed in a short period of time.
The method relies on comparing parameters of soil micro-vibrations generated by natural and anthropogenic sources at the
studied and the reference sites. At that, the soil is regarded as a filter capable of modifying the amplitude and phase
oscillation spectra of seismic waves hitting the sedimentary cover basement. The seismic intensity gains were determined by
comparing the amplitudes of soil oscillations at registration points over several sections of the site and at a reference point.
Microseisms were recorded by using two identical three-channel digital seismic stations DAS-05 being the newest ones out
of the model series of automatic seismic stations developed at S. I. Subbotin Institute of Geophysics of the NAS of Ukraine.
VEGIK seismometers were used as seismometers. Results. Microseismic oscillation recording analysis has revealed that the
main contribution to the formation of a wave field is due to the urban background disturbances falling within the frequency
range of f = 8.0 — 18.0 Hz, as well as low-frequency natural oceanic effects amounting to f = 0.4-8.0 Hz while high-
frequency vibrations are caused by anthropogenic factors amounting to f = 18.0-27.0 Hz (Fig. 3). Data of synchronous 24-
hour microseism registering have indicated a sufficiently high stability of the amplitude level and frequency composition of
microseismic oscillations, which suggests that the microseismic processes approximate stationary ones, provided that non-
stationary events are removed from records. Plots of seismic intensity gain values at different frequencies caused by soil
conditions at the studied site, determined according to the relation of averaged microseismic amplitude spectra both at the
studied and reference site, are shown in Fig. 4. The average estimates of seismic intensity gains in the frequency range of
0.1-20.0 Hz for the construction site soil conditions, calculated with respect to microseismic spectral densities per all three
vibration components, are presented in Table 1. The seismic intensity gain in relation to the initial (background) one for the
engineering and geological conditions of the site equals to Af, =-0.21. Scientific novelty. Given the amplitude ratio and
amplitude spectra of microseisms recorded at different sites and at the reference point, refined parameters of seismic hazards
for the developable site have been obtained with consideration of the local soil conditions effects. Evaluation ratings of
seismic shaking calculated intensity (in MSK-64 scale scores) based on effects associated with the local engineering and
geological conditions of the study site have been provided. Practical significance. Construction site SMZ yields updated
values of seismic forces relative to the general seismic zonation of the country, which allows taking into account possible
gain in seismic severity at the design stage of earthquake-proof construction. Consideration of SMZ results at construction of
engineering structures prevents human casualties and reduces economic losses in case of seismic manifestations.

Key words: seismic microzonation (SMZ), high frequency microseism registration method, seismic intensity, seismic
hazard, amplitude-frequency response (AFR).

Introduction factor when it comes to the magnitude and extent of
earthquake-induced damages. The importance of

An extensive experience of seismological surveys keeping said conditions in mind when evaluating
has proven that local geological conditions are a major  seismic hazards and parameters of possible seismic
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effects becomes obvious even when individual
construction sites and structures are involved since
cases of complete collapse of either of two closely
located houses built using the same safety factor are
quite common [Kendzera, 2015; Kuplovsky, & Brych,
2018].

Until the seventies of the last century, it was
thought that the main danger in the territory of
Ukraine was caused only by strong sub-crustal
earthquakes generated in the Vrancea zone. Local
seismicity was studied scarcely. The seismic network
was not sufficient to determine not only the location
of foci of weak local earthquakes, but also to establish
their mechanism. Recently, the number of seismic
stations has increased. The results of local seismicity
studies on the territory of the East-European Platform
confirmed that within it, as well as within other
ancient platforms, powerful earthquakes may occur
although much less frequently than in seismic belts of
the planet [Kutas, et al., 2007].

It has been established that seismic hazards of a
construction site is determined by intense sub-crustal
earthquakes originated in the seismically active Vrancea
zone located at the junction of the Eastern and Southern
Carpathians with the Pre-Carpathian Depression within
the territory of Romania, as well as “local” earthquakes,
which may occur in the immediate vicinity of the
study site and be associated with tectonic disturbances
in the East European platform. In order to determine
quantitative parameters of seismic hazards for the
study site we calculated the value of seismic shaking
refined intensity (accurate up to 0.01 scores) for
earthquakes occurring in the Vrancea zone (Romania)
and earthquakes occurring in local potential seismically
active zones [Kuplovskyi, et al., 2020].

According to maps reflecting general seismic
zonation of the territory of Ukraine, i.e. ZSR-2004-C,
which are an integral part of DBN B.1.1-12:2014
Construction in Seismic Regions of Ukraine, the standard
intensity attributed to “average” soil conditions in the
city of Uzhgorod (2nd grade) is I, = 8 for the recurrence
period T = 5.000 years and probability P = 99 %
not exceeding said intensity in the next 50 years
(map ZSR-2004-C) [DBN B.1.1-12:2014..., 2014]. The
background intensity I is specified for the 2nd grade
soils according to their seismic properties. In this work,
we refine the seismic activity taking into account site
soil conditions through a method complying with the
requirements of DBN B.1.1-12:2014, namely through
the registration of high-frequency microseisms.

Objective

To refine seismic hazard parameters by registring
high-frequency microseisms within the site under
reconstruction in connection with the land plot enlarge-
ment of a plant intended for electronic components
manufacturing. To quantify the estimated intensity of
seismic shakings (in MSK-64 scale scores) accounting
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for the effects associated with local engineering and
geological conditions at the study site.

Methods

Seismic microzonation practical works at construction
sites implies the application of short-period microseism
registration method [DBN B.1.1-12: 2014..., 2014;
RSN 60-86, 1986; RSN 65-87, 1987], which is considered
to be one of the most efficient and unbiased instrumental
SMZ methods when the field seismological studies are
to be performed within a short period of time. The
method relies on comparing parameters of soil micro-
oscillations generated by natural and anthropogenic
sources at the study and the reference sites. At that, the
soil is regarded as a filter capable of modifying the
amplitude and phase oscillation spectra of seismic waves
hitting the sedimentary cover basement. The seismic
intensity gains were determined by comparing the
amplitudes of soil oscillations at registration points over
several sections of the site and at a reference point.

Equipment and field survey methodology

Microseisms were recorded by using two identical
three-channel digital seismic stations DAS-05 being
the newest ones out of the model series of automatic
seismic stations developed at S. I. Subbotin Institute
of Geophysics of the NAS of Ukraine [Verbytskyi,
et al., 2006]. VEGIK seismometers were used as
seismometers.

DAS-05 seismic station provides the following:

- registration of the full vector of seismic vibrations
in the dynamic range of 140 dB;

— registration of frequency of measured data in
the range of 0.012—100 Hz;

- off-line operation period of the equipment
using rechargeable batteries is not less than 24 hours;

— calibration of seismic channels, which allows
determining the amplitude and phase frequency
characteristics of seismic channels with an accuracy
of up to 5 % in the frequency range of 0.01-50 Hz.

Amplitude-frequency and phase-frequency charac-
teristics (FC) of measuring channels are shown in Fig. 1.
They are determined by means of a special vibration
platform. The FC stability is controlled by registering
the measuring channel response to a special calibration
pulse supplied into a seismic detector coil [Oppenheim,
et al., 1983], thus simulating the acceleration of seismic
receiver base (“soil”) vibrations.

Using a complex FC for the acceleration B,(s),
where s = j*w, j = V-1, o is the angular velocity,
0=2*r*f, where f is the regular frequency, the
displacement frequencies D,(s) and velocity frequencies
H,\(s) can be easily determined:

D,(s)= B.(s), H,(s)=B(s)/5.

59



Geodynamics 1(30)/2021

Since there are no preliminary data on spatial and
temporal variations of a microseism field available for
the study site territory, at the stage of reconnaissance
survey we figured out conditions ensuring the maximum
possible compliance of observations with standard
requirements. For this purpose, ongoing registration

of short-period microseismic oscillations was
performed at the construction site and at the reference
point located as close to the study site as possible (see
Fig. 2). It should be noted that soils of all three sites
fall in the 2nd grade according to their seismic
properties.
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Fig. 1. Amplitude-frequency and phase-frequency characteristics of vertical (Z)
and two horizontal (NS and EW) DAS-05 measuring channels.
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Fig. 2. Location of the reference point (BASE) where soils are classified
as the 2nd grade in terms of their seismic properties.
PNT1 — Location of seismic instrumentation for long term monitoring of seismic vibrations for the purposes
of site SMZ by recording earthquakes, explosions and high frequency microseisms.
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Benchmark soil selection
Pursuant to RSN-60-86 [RSN 60-86, 1986], a
benchmark soil similar in seismic properties to the 2nd
grade soils, to which the refined seismic hazard value
of the study site territory applies, should be selected for
evaluating the seismicity gain. Benchmark soil parameters
are required for the site SMZ through seismic impedance
method and short-period microseism registration method.
Based on the results of analysis of engineering and
geological survey data as well as field engineering and
geological tests of soil samples, an area encompassing
a benchmark soil was identified. It is located outside
the site within the Uzh River bedrock terrace, where
weathered crystalline basement rocks terminate at the
surface (Fig. 2) [Kuplovskyi, et al., 2020].

Results

During fieldworks, the microseism registration
was carried out at the reference point, which soils
are classified as the 2nd grade in terms of their seismic
properties (the reference point), located outside the
study construction site, as well as at one point within
the study site.

When determining seismic intensity gains at different
points of the study site relative to the reference site and
taking into account the experience of similar studies
[Kendzera, et al., 1989] we made extended (2—8 hours)
evening and night synchronous records of microseisms at
the reference point and at points within the study site
by using DAS-05 seismic stations. Monitoring was

Geophysics

performed during the sunset-to-sunrise period because of
the relative stability of amplitude-frequency composition
of microseisms and the minimum level of technogenic
interference in the evening and night time. The
microseismic spectrum at the site and at the reference
point adequately covered the entire specific frequency
range, which allowed us to obtain confident values of
the relative (to the reference point) frequency response
from the observation point at the site. Typical peaks of
Fourier amplitude spectrum microseism recordings, which
can be seen in Fig. 3, correspond to the prevailing periods
of the site soil oscillations at the observation point.

The results of high-frequency microseisms moni-
toring coincide in magnitude and spectral composition
at all observation points.

The analysis of microseismic oscillation records
has shown that the main contribution into the formation
of a wave field is made by oscillations caused by
urban background noise over the frequency range f'=
=8.0-18.0 Hz and by low-frequency natural oceanic
effects /= 0.4-8.0 Hz while high-frequency oscillations
are caused by anthropogenic factors /= 18.0-27.0 Hz
(Fig. 3). Data of synchronous 24-hour registration of
microseisms indicate a sufficiently high stability of
the amplitude level and frequency composition of
microseismic oscillations, which allows drawing a
conclusion on the similarity of the microseismic process
to a stationary one, provided nonstationary events are
eliminated from the records.
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Fig. 3. Example of a microseism EW-component recorded spectrum
over a 2-hour period at the construction site.
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Seismic intensity gain by relation of amplitude
and amplitude spectra of microseisms registered at
different locations within the site and at the
reference point.

The seismic intensity gain (41,) derived from short-
period microseism recordings was estimated as the
relation of amplitude spectra of microseisms recorded
at different sites and at the reference point.

In determining A, by this method, for each recorded
component and each observation point, the amplitude
spectra were calculated by a computational program
that implements a fast Fourier transform algorithm,
from which relative frequency characteristics and seismic
intensity gains were received.

In [Kendzera, et al., 1989] it has been shown that
in order to obtain a solid result firstly it is necessary
to construct smoothed averaged spectra of vibrations
caught at the study sites and at the reference point
from a set of individual spectra of synchronous re-
cords and then, by dividing spectra, to obtain the
corresponding values of relative frequency charac-
teristics.

The relative amplitude-frequency response (AFR)
of soils for a given point was determined as the
quotient of vibration spectrum averaged over several
vibration spectrum recordings at the study site and the
averaged spectrum of vibration recordings at the
reference point.

The results of calculation of relative amplitude-
frequency characteristics of soils were used to evaluate
seismic intensity gains according to the formula [RSN
60-86, 1986]:

AL =21g (S (®)/ Sem (@),
where S,,(®) 1 Si@) are microseism amplitude Fourier
spectra in different components recorded both at the
reference point and at the study site.

Plots of seismic intensity gains at different frequencies
caused by soil conditions at the study site, as determined
from the relation of averaged amplitude spectra of
microseisms at the site and that at the reference point,
are shown in Fig. 4.

Average estimates of seismic intensity gains in the
frequency range 0.1-20.0 Hz for soil conditions of the
construction site, calculated as the relation of spectral
densities of microseisms in all three vibration components,
are presented in Table 1. The AL value was calculated
according to the relation:

Al = [L(ALZy + AL + ALZ) .
Table 1

Seismic intensity gain calculated pursuant
to the microseism registration method

Average seismic intensity gain in scores |
across the oscillation components:
EW NS VA Al

-0.03 035 -0.12 021

The average seismic intensity gain, relative to the
initial (background) one, calculated using the icroseism
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registration method by reference to engineering
and geological conditions of the site is as follows:
Al =-0.21.
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Fig. 4. Plots of F = w/2x frequency
distribution of the seismic intensity gain
(relative to the reference point) at the
construction site in MSK-64 scale scores in
relation to oscillation components: -EW, -NS, -Z.

Scientific novelty and practical significance

Based on the relation of amplitudes and amplitude
spectra of microseisms recorded in different areas of
the site and at the reference point, the refined parameters
of seismic hazards for the construction site, taking into



account the effects of local soil conditions, have been
determined.

The evaluation of seismic shaking calculated intensity
(in MSK-64 scale scores) has been provided taking into
account the effects associated with local engineering and
geological conditions of the study site.

SMZ of construction sites provides for obtaining
specified values of seismic effects considering general
seismic zoning of the country and allows taking into
account exact values of seismic manifestations at the
stage of seismic-proof construction design. Conside-
ration of SMZ results during construction of enginee-
ring structures allows avoiding human casualties and
reducing economic losses for the region in case of
seismic shaking events.

Conclusions

According to map ZSR-2004-C the normative
(background or input) intensity of seismic shaking of
the construction site amounts to Iy =8 per MSK-64 scale.
Earthquakes with such intensity on the territory of
Uzhgorod may occur once in 5.000 years (seismic risk is
1 %). The eight-scored seismic shaking intensity will not
be exceeded in the next 50 years with 99 % probability.

The analysis of results of instrumental works on
seismic microzonation has demonstrated that the
seismic intensity gain (magnitude) Al, relative to
the normative (background) one, considering local
engineering-geological conditions of the study site is
AL =-0.21.

The value of I should be rounded up to an integer,
since the current standard DBN B.1.1-12:2014 does
not require fractional values of seismic intensity, which is
determined according to DSTU-B.1.1-28 2010 Seismic
Intensity Scale, MSK-64 scale and its later versions,
including the European Macroseismic Scale EMS-98
[Seismic intensity scale., 2011]. Thus, the calculated
value of seismic intensity for the study site taking into
account the effect of local soil conditions is I=8 as
per MSK-64 scale and the tolerable seismic risk is 1 %
(seismic gap is 5,000 years).

References

DBN B.1.1-12: 2014. State building norms of Ukraine.
Construction in seismic areas of Ukraine. Kyiv:
Ministry of Regional Development of Ukraine,
Ukrarkhbudinform, (2014). 110 p.

DSTU-B-V.1.1-28: 2010. State standard of Ukraine:
“Protection against dangerous geological proce-
sses, harmful operational influences, fire. Seismic
intensity scale”, valid on the territory of Ukraine
according to the order of the Ministry of Regional
Development of Ukraine of December 23, 2010.
N 539 from 2011.

Kendzera, O. (2015). Seismic hazard and earthquake
protection (practical implementation of develop-
ments of the S. I. Subbotin Institute of Geophysics
of the National Academy of Sciences of Ukraine).
Bulletin of the National Academy of Sciences of
Ukraine, (2), 44-57. (in Ukrainian).

Kendzera, A. V., Sklyar, A. M., Roman, A. A.,
Isichko, E. S., Il'esh, I. 1., Starodub, G. R., &
Knyazeva, V. S. (1989). On the possibility of using
empirical transfer functions of the environment in
microzoning a territory with a complex geological
structure. Assessment of the effect of strong
earthquakes. Engineering Seismology Issues, (30),
82-89. (in Russian)

Kuplovsky, B. E., & Brych, T. B. (2018). Comparison
of the spectral characteristics of the near-surface
layers under the seismic stations “Trosnyk”,
“Uzhhorod”, “Mizhhirya”, calculated by the finite
element method, with the experimental ones.
Geophysical Journal, 40 (6), 115-126. (in Ukrainian).

Kuplovskyi, B., Bubniak, 1., Voloshyn, P., Pavlyuk, O.,
Kruk, O., & Trevoho, 1. (2020). Influence of local
seismotectonic and engineering-geological conditions
on seismic danger of territories (exemplified by a
construction site in Uzhgorod city). Geodynamics,
28(1), 29-37.

Kutas, R. 1., Omelchenko, V. D., Kendzera, A. V.,
Drogitskaya, G. M., & Kalitova, A. 1. (2007).
Seismicity of the western part of the East European
platform within Ukraine. Geophysical Journal, 29
(5), 52-72. (in Ukrainian).

Oppenheim, A. V. & Willsky, A. S., (1983). Signals
and Systems. Prentice Hall, New Jersey, USA

RSN 60-86. Engineering surveys for construction.
Seismic microzoning. Production standards. Gos-
stroy of the RSFSR. (1986). 17 p.

RSN 65-87. Engineering surveys for construction.
Seismic microzoning. Technical requirements for
the production of works. Gosstroy of the RSFSR.
(1987). 12 p.

Seismic intensity scale: DSTUBV.1.1-28: 2010. Kyiv:
Ministry of Regional Development of Ukraine,
2011. 47 p. (in Ukrainian).

Verbytskyi, S. T., Sapuzhak, 1. Ya., Stasyuk, A. F., &
Verbytskyi, Yu. T. (2006). Hardware-software
complex DAS-04 for monitoring of insecure
geodynamic processes and natural phenomena.
Mater, Monitoring of insecure geological processes in
the ecological camp of the center 2006. Kiev,
Ukraine. 159-161. (in Ukrainian).

63



Geodynamics 1(30)/2021

Cepriit BEPBULIBKMI', Bornan KYITUIBOBCHKHIA', Bacuas ITIPOKOITUIINH', Onexcanap CTELBKIB',
Ipuna HILIIIMEHKO', Tapac BPHUY', Oner KPYK®

" Bimnin ceitcmiunocti Kapnarcekoro periony Incturyry reodisuiu im. C. I. Cy66otina HAH Vipainy,

ByIL. SIpocnaBenka, 27, JIpBiB, 79011, Ykpaina, Ten. +38(032)2706100, exn. momra: sergever@gmail.com,
bohdan_kuplyovsky@yahoo.com, pvasyl 70@gmail.com, alexsteO@gmail.com, iranlviv@gmail.com,
taras_brych@hotmail.com

? Kadeapa nporpamuoro 3a6esneuenns Haionansauii yriBepcurer “JIbBiBchka momitexnika”, Byi. C. Bannepu, 12, JIbsis,
79013, Ykpaina, exn. nowrTa: olehkruk@gmail.com

PO3PAXYHOK ITPMPOCTIB IHTEHCUBHOCTI CEMICMIYHMX CTPYIIYBAHb
METOAOM PE€CTPAULIIT BUCOKOYACTOTHUX MIKPOCEUCM
(HA TIPUKJIAI MAUJAHUYNKA 3ABYJIOBHU B M. YXKT'OPO/I)

Mera. Otpumary yTOYHEHi MapaMeTpu CecMiYHOi HeOe3neKy MaiJaHYuKa I1iJ] PEeKOHCTPYKIIO 3 PO3LIH-
PEHHSIM 3aBOJy 110 BUPOOHHIITBY KOMIIOHEHTIB ISl €JI€KTPOHHOI IIPOMHUCIOBOCTI METOJIOM peecTpallii BUCOKO-
YaCTOTHUX MiKpocelcMmiB. [laTi KiTbKiCHY OLIIHKY PO3paXyHKOBOi IHTEHCUBHOCTI CEHCMIYHUX CTPYIIyBaHb (B Oa-
nax mkamd MSK-64) 3 ypaxyBaHHAM e(EKTiB, MOB’S3aHUX 3 JIOKAJIbHUMH 1HXKCHEPHO-TCOJIOTIYHUMH YMOBaMHU
JIOCITIKYBaHOTO MaliiaHunka. Meroarka. BUKOHaHHS MpPakTHYHHUX POOIT 3 CEHCMIYHOrO MiKpopaioHyBaHHS
OyniBeNbHUX MalIaHUYMKIB Iepeadavac BUKOPHCTaHHS METOAY peeCTpallii KOpOTKOIEpiOJHHX MiKpocencMm,
SIKMH BBa)KA€THCS OJJHAM 3 HaHOLIbII epEeKTUBHUX 1 00'€KTHBHUX 1HCTpyMeHTabHUX MetoniB CMP npu manux
TepMiHax MPOBEIEHHS MOJILOBUX CEHCMOJIOTNIYHUX JOCIIIKEHb. 3aCTOCYBaHHS METOAY IPYHTYEThCS Ha TOpiB-
HSIHHI TIapaMeTpiB MIKPOKOJIMBAHb IPYHTIB, sIKi 30y/KYIOTCS JDKEpeTaMHi NPUPOIHOTO i TEXHOTEHHOTO MOXO0-
IDKEHHS Ha JOCTIKYBaHil 1 €TaJOHHIN AinsHKax. [pyHT IpU IbOMY PO3IIIAAAETHCS SK BIIbTP, AKUH MOXKE 3Mi-
HIOBAaTU aMIUTITYIHUH 1 (a3oBUll CIEKTPH KOJIUBAHb B CEWCMIYHUX XBWIISIX, [TQ/IAI0UMX Ha IiJIOMIBY 0CaJ0BOTO
yoxua. [IpupocTu ceficMi4HOI IHTEeHCUBHOCTI BH3HAYAIOThCS 3@ Pe3yJIbTaTaMH MOPIBHSIHHS aMIUTITYl KOJIWBaHb
IPYHTIB B MYHKTaxX peecTpamii Ha pi3HUX AUITHKAX MalIaH4YMKa 1 Ha €TaJOHHOMY MYHKTI. 3ammc MiKpocercm
BHKOHYBABCS IBOMA 1ICHTUYHUMHU TPUKAHATBLHUMHU IM(MPOBUMHU CeHCMIYHUMU cTaHmisMu DAS-05, HaliHOBI-
LIMMH 3 MOZENBHOTO PsiIy aBTOMaTHYHUX CeHCMOCTaHIil, po3pobnenux B Iucturyti reogisuku im. C. 1. Cy6-
6orina HAH VYkpainu. V sikocti ceficMonpuiiMadiB BukoprcToByBanucs ceiicMmomerpu «BEITK». PesymbraTtu.
AmHani3 3anmciB MiKpOCEHCMIYHUX KOJHMBaHb IOKa3aB, [I0 OCHOBHUH BHECOK Yy (DOpMyBaHHSI XBUIJIHOBOT'O MOJS
JAIOTh KOJIMBaHHs, 0OYMOBJICHI MiChbKMMH ()OHOBHUMHM 3aBajgaMH B fiama3oHi yactot f = §8,0-18,0 I'm, a Takox
HU3BKOYACTOTHUMH NPUPOTHUMH okeaHiyHUMH BrutuBamu f = 0.4-8.0 I', BMCOKOUAcCTOTHI KONMBaHHS 00Y-
MoOBJIeHI TexHoreHHuMH unHHuKamu f = 18,0-27,0 't (puc. 3). Marepiaau CHHXPOHHHX IIJIOT000BUX peeCTpa-
il MIKpOCEHCM CBiAYaTh MPO AOCHUTH BHCOKY CTaOLIBHICTH aMILIITYJHOTO PIiBHS 1 4aCTOTHOI'O CKIIQAY MiKpO-
CEHCMIYHUX KOJHMBAHb, 10 TO3BOJISIE 3pOOUTH BUCHOBOK MPO OJIM3BKICTh MIKPOCEHCMIYHOTO MPOIIECY O CTaIlio-
HApHOT0, PY YMOBI YCYHEHHsI 3 3aIMCIB HecTallioHapHUX noAid. ['padiky 3Ha4eHb MPUPOCTY CEHCMIYHOT iHTEH-
CHBHOCTI Ha pi3HHMX YacTOTaX 3a paXyHOK IPYHTOBHUX YMOB JIOCII/DKYBAaHOT'O MaiaH4YMKa, BCTAHOBIIEHI 3a CITiB-
BiJTHOIIICHHSIM yCEpEIHEHNX aMILTITyIHUX CIIEKTPIB MIKPOCEWCM Ha HHOMY i Ha €TAJIOHHOMY IYHKTI, IIOKa3aHO
Ha puc. 4. Cepenni B yactotHoMy miamazoHi 0,1-20,0 I't oIiHKH MPUPOCTIB CEHCMIYHOI IHTEHCHBHOCTI IS
I'PYHTOBUX YMOB OYAiBEIbHOI'0 Mai/JIaHYMKa, OTPHMaHi MO BiJHOIIEHHIO CIIEKTPAJIBLHUX I'yCTHH MIKPOCEHCM Ha
BCIX TPbhOX CKJIaJIOBUX KOJWBaHb, IpeacTasiieni B Tabmuii 1. [Ipupicr ceficMiuHOi 6aiabHOCTI, BiTHOCHO MOYart-
KOBOI ((hoHOBOT), [UIst 1HKEHEPHO-T'EONIOTYHIX YMOB JiNsHKY cknanae: Al, =-0,21 6ara. HaykoBa HoBHM3HA. 3a
CHiBBI/IHOIIEHHSAM aMILTITYJ] 1 aMIUTITYIHUX CIIEKTPIiB MiKpOCeCcM, 3apeecTpOBaHMX Ha Pi3HHUX IUISHKaX Mai-
JIAaHYMKa 1 Ha €TAJIOHHOMY IYHKTIi, OTpUMaHi YTOUHEHI apaMeTpH ceiicMi4HOi HeOe3nekn MalilaHuauKa 3a0ymo-
BU, SIKi BPaXOBYIOTh BIUTUB JIOKaJIbHUX IPYHTOBHX yMOB. /laHa KiJIbKiCHA OLIIHKAa PO3PaxyHKOBOI iHTEHCHBHOCTI
celicMIYHMX cTpylryBaHb (B O0anax mkanun MSK-64) 3 ypaxyBaHHsM e(eKTiB, ITOB 3aHUX 3 JIOKAJTbHUMH 1HXKe-
HEpPHO-T€OJIOTIYHIMHU YMOBAaMH JOCIIDKYBaHOro MaiiaHuuka. [Ipakruuna 3nauymicts. CMP maiinan4ukis Oy-
JIBHUIITBA Ja€ YTOYHCHI 3HAYCHHS CCHCMIYHMX BIUIMBIB BiTHOCHO 3arajJIbHOIO CEHCMIUHOrO pailoHyBaHHs Kpai-
HH, 110 TO3BOJISIE HA €Talll NPOEKTYBaHHS CEHCMOCTIMKOro Oy/1iBHUIITBA BPAXOBYBATH MOYIIMBHIA MPUPICT CEHCMIYHOT
OanpHOCTI. BpaxyBanHs pe3ynbratiB CMP npu OymiBHUNTBI iH)KEHEPHHUX KOHCTPYKIIN J03BOJNSE YHUKHYTH
JIFO/ICHKUX JKEPTB 1 3MEHIIUTH EKOHOMIYHI BTPaTH NP CEHCMIYHHX MTPOSIBAX.

Kniouosi crosa: celicmiune MikpopaiionyBanHsi (CMP), mMeTon peectpaiii BUCOKOYaCTOTHUX MIKpOCEHCM,
celicMivHa IHTEHCHBHICTB, ceificMiuHa HeOe3IeKa, aMILTi Ty JHO-4acTOTHA XapakrepucTuka (AUX).
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