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INVESTIGATION OF SOME FEATURES OF THE MOVEMENT OF
SURFACE WAVES AND THEIR INTERACTION WITH THE SURFACE
OBJECTS  BASES AND FOUNDATIONS PROVIDING SEISMIC SAFETY

The article describes the features of surface waves motion as well as the analysis of existing
methods for finding the timing and patterns of change in motion R-waves along the free surface. To
this end, we calculatede time - frequency performance under different formulas in R - wave and
compared with each other and with values in R - wave dependsng on two main factors: the weight
of the charge and the reduced distance , the results of which are shown in this paper. Indirectly, it
was found that the at any epicentral distance surface wave is significantly seysmic unsafety than
the body wave , which in any hypocentral distances at different points on the surface may not
exceed the period of oscillation in the above point with raduced radius equal to one .
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B cmamve paccmompenvt 0cobeHHOCMU OBUNCEHUSI NOBEPXHOCMHBIX GOJH, A MAKICe
BbINOIHEH AHANU3  UMEIOWUXCA  MEeMOOUK  HAXOHCOEHUs! BDEMEHHBIX ~ XAPAKMEPUCMUK U
3aKOHOMepPHOCMell UX U3MeHeHUs 8 npoyecce 08udiceHuss R—60.1Hbl 60016 c80000HOU NOBEPXHOCTU.
C smoti yenvio ObLIU NPOBEOEHbl PACYEMbL BPEMEHHO — YACMOMHBIX NOKA3amenei no pasHuim
Gdopmynam 6 R — eonne u cpasuenue medncoy coboul u ¢ 3Havenusimu 6 R — eonne 6 3asucumocmu om
08YX 21A6HBIX (PAKMOPOo8: eca 3apsAoa U NPUBEOEeHHO20 PACCMOSAHUSA, pe3VIbmMambl KOMOpPbIX
npusedeHvl 6 Hacmosweli pabome. Koceenuvim obpazom 0vl10 ycmanoeieHo, Yymo Ha aOOM
INUYEHMPATLHOM — NPUBCOCHHOM — PACCHMOSHUU NOBEPXHOCMHAA 60JHA  3HAYUMENbHO — Ooflee
CeUCMOONACHAsL, YeM 00beMHAs, KOMOPAsi HA TH0ObIX SUNOYEHMPATbHBIX PACCMOSAHUAX 68 PA3TUUHBIX
NYHKMAX HA NOBEPXHOCMU He MOXMCem Npesbluamyb 8elUtUHbl Nepuoda Koaebanuil 8 nyHKkme npu
npusedeHHom paouyce pagHom 1.

Knwueevie cnosa: celicmuyeckue 60JHbI, MASHUMYOA NOBEPXHOCMb, INUYEHMPATLHOE
paccmosiHue, nepuoo Koaieoanuil.

B cmammi po3zensinymo ocobaugocmi pyxy no8epxHesux Xeuib, a makodC GUKOHAHO AHANI3
ICHYIOUUX MEMOOUK 3HAXOOJICEHHS YACOBUX XAPAKMEPUCUK MA 3AKOHOMIpHOCMeU iX 3MIiHU 6
npoyeci pyxy R—xeuni 63006s1c 8invHoi nogepxHi.

3 yiero memoro Oyau nposeoeHi po3paxyHKu YACMOMHO-4ACOBUX NOKAZHUKIE 30 PIZHUMU
Gopmynamu 8 R — xeuni i nopieusanmsa mioc cobor ma iz 3HaveHHAMU 8 R — xe8uni 3anedcHo 8i0 080x
Gaxmopis: eazu 3apa0dy i npusedeHoi 8i0cmaui, pe3yaibmamu AKUX 8UCBIMAEHO Y OAaHiltl poOomi.
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Henpsamum uunom 6yno ecmanogneno, wo Ha 06yOb-sKill eniyeHmpaivHill npueeoeHiti 8i0Cmani
noeepxHesa Xeuls 3HAYHO OiblUl celicMOHeOe3neuna, Hide 00 e€MHa, AKA HA OYOb-AKUX
2INOYenmpanbHux Bi0CMAHAXE PISHUX NYHKMIE HA NOBEPXHI He MOJice Nepesuuiyeamu Geruyunu
nepiooy KOIUBaHb 8 NYHKMI Npu npusedeHomy paoiyci, pi6HOMY 0OUHUYI.

Knrwouoei cnosa: ceiicmiuni xeuni, MasHimyoa, nO8epxXHs, eniyeHmpaibHa 8i0CmMaHb, nepioo
KOJUBAHD.

Introduction. The main objective is the establishment of industrial seismic
critical indicators of seismic vibrations at the base of the foundation, the mountain
slope, the bottom of the reservoir and the like, based on various criteria (mass flow
rate, limiting strain energy density, power). Accordingly, consideration of the
dynamics of nucleation and motion seismic explosive waves, the occurrence of
outbreaks of mountain bumps and excited or wave processes, depending on the
lithological and technological factors that determine the degree of their influence on
the Earth's surface, the existing engineering - building infrastructure, as well as on
natural objects is one of the most urgent scientific and technical problems of Applied
Geomechanics. For the study of the movement of seismic waves analytically
acceptable results can be obtained only by considering this process in a homogeneous
infinite elastic space, using the theory of elasticity of the linearity of "stress-strain”,

x=1

taking the law of decay as a function of the geometric divergence f,_(r) :U_U] 2 (X-
p

index of symmetry). However, in actual geological environment in which the seismic
waves propagate are neither absolutely elastic nor homogeneous. They have a layered
structure in the form of layers of rocks with different physical - mechanical
(including elastic and dissipative) properties, at the top, as a rule, covered with
alluvial Soft Ground. The wave pattern in the past is of particular interest because
they are the location of the surface of objects exposed to these seismic vibrations.
Seismic signal at the interfaces of the individual layers is subjected to variations, the
value of which is greater the greater the difference in properties of the adjacent
layers. Therefore, when drawing up the algorithm of motion is required to consider
under the laws of geometry correction for seismic refraction of waves at the boundary
speed (especially at the "rock - drifts").

Among the different types of waves generated by seismic source border
greatest interest are two kinds of bulk waves: longitudinal (P) and shear (S), and
converts them to achieve a free surface there along wave of a new type (surface) -
more energy saturated. Thus, according to some authors [6], it is up to 68% of the
seismic energy, while the longitudinal 7%, i.e. almost 10 times less, and the share of
cross-fourth of the accounts. The truth is to treat all cases of massive multi-row blasts
charges at relatively shallow depths. Under different conditions of excitation of
oscillations, these relations will be different, but the surface wave is the main carrier
of the energy potential in comparison with the bulk of the wave spectrum of species,
primarily due to the prevailing low-band oscillations of the particles. The seismic
waves of any species characterized by a number of parameters and distinguishing
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features, the most important among them the dynamic characteristics (displacement,
velocity, acceleration of particles of the medium frequency range, the phase velocity
V,, the velocity of the longitudinal Vv, transversev, and surface waves V., the period

of oscillation T_,T,Tg), the Power output (radial stress o, specific impulse 1), the

specific energy intensity (the average energy flux density), etc.
In the analysis of parameters of seismic waves is widely used principle of
geometric similarity and energy, expressing the law of their movement through the
1/3
reduced mass of the charge Q = QT or given away%,

np
66

between the parameters of the source of vibration and temperature as a function of
distance. So far, the main criterion on which standards are developed seismic surface
buildings, a value permissible mass velocity. A more complete and accurate picture
can be obtained by considering the components of the seismic force explicitly, rather
than indirectly through the mass velocity u,,,, as destruction and deformation of the

protected objects are the result of switching loads, causing unbearable stress and
strain in structural elements (or soils of foundations). And the process of deformation
and fracture of materials and structures is the inertia and comes in the case where the
application of force which lasts - that a certain period of time sufficient for the
accumulation of the critical parameters of deformations. Achieving them (other
things being equal) depends on the response of structures - relaxation, which can be
replaced by a measure of the natural period of oscillation T,.

As a result of recent studies, carried out at the Institute of hydrodynamics NAS

allowing for the connection

found that depending on the relative timing of the "Primer - Construction of m e
0

safety regulations Figures mass velocity (acceleration) to be adjusted by multiplying
a coefficient K_ which can be significantly larger or smaller units for surface of

objects depending on the value of the natural oscillations T, in the same values Tj.

Thus, the visible period of oscillations in the wave surface serves as one of its most
important characteristics. In this paper we analyzed the available methods of finding
this parameter and patterns of change in motion R - wave along the free surface.
Formation and distribution of R-waves along the free surface
Analyzing the experimental material on seismic vibration sensors mounted on the
surface, it is clear that the first entry is a longitudinal wave P, her goes a very
complex wave train formed by the longitudinal shear waves and their reflections as
the border of sediment and rock, and on the day the surface. [6] The most favorable
to the excitation near the free surface of these oscillations is just a layer of soil lying
on rocky ground (which is the case in the vast majority of cases of blasting and the
occurrence of coal seams, the development of which is accompanied by a rock burst,
the two sources of seismic vibrations reaching the free surface). The surface wave is
usually regarded as a movement of inertia, which is retained in the surface layer after
the passage volume (direct and reflected) and then transferred from one to the other
soil particles as a separate composite signal. Thus total vibrational particle motion
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occurs along ellipsoidal complex (in the plane X-Y) of the trajectory. These waves
differ and the other characteristic to them signs of, in particular:

1. the maximum displacement speed and inversely proportional to the distance
r raising compared to 0.5 P - waves r%*” damped by law, i.e. they decay much more
slowly [5];

2. the oscillation period Ty is 2-3 times longer than the period P - wave;

3. the speed V. of motion along the surface of the significantly less than the
speed V, and amounts to (0,9-0,92) v, ;

4. period of 2-3 times more than that figure in P - wave [5];

5. period Ty as the distance from the epicenter increases the value r,” .

The complexity of the wave pattern in the surface layer does not go as far as
possible - any adequate analysis of building, fixing the main parameters on the wave
front, their interactions with each other and the parameters of the environment and
changes in motion. These circumstances are forcing experts to resort to empirical
research tools for obtaining the required information, which fully applies to the
production of time-frequency characteristics as a function of the energy index hearth
and epicentral distance to the test point on the free surface. Physical and mechanical
characteristics of the environment are taken into account by introducing the integral
factor of proportion. Results of experimental studies the degree of influence of time-
frequency characteristics of the system "soil-structure” allows to specify the actual
role of the temporary measure R-wave on the degree of surface seismic safety of
buildings by conventional dynamic criteria.

In Table. 1 shows, as an example, the calculated acceptable data amount as
compared with normative data chart for class 11 mass velocity of from 7to 0.5cm /s
according to [2], =03 and T, =0,2-0,4.

Actual allowable values u:’ were calculated using the formula

oon

ur =u, , Where: (1)
30(m)
12 a2 2]
Bw(m)ﬁl_fJ +mf} ) (2)
2
_To L , Where: (3)

T 27

Tcem and Acem— performance standard seismometer (0.25 and 0.5,
respectively); 1 —the damping factor of the building.

The ratio Is essentially a magnitude of the correction factor K. to the

30(m)
standard indicators allowable mass velocity u,. Permissible of acceleration a;”, were
counted according to a known relation:

, 2,
ag, = @
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A more detailed seismic hazard assessment methodology, taking into account
the relation m is described in [7], whose data were used for the revised standard
indices by a factor of acceleration.

From the data in this table, it follows that the allowable acceleration for the
surface of objects a;? varies from the natural period 7, of oscillation at different

don

rates m,. So an increase 7,in 2 times (from 0.2 to 0.4 s) the allowable acceleration
may be taken 2 times the (constant m,), and the change from 0.125 to 0.5 m, should
be reduced to 5.23 times. At the resonance region (m, ——1) in standard indicators
a, should be reduced by 8 times, while the calculated value a? in this case is

reduced by more than 40 times, and their ratio is about 5 times. Thus, the level of real
dynamic effects seismic oscillations (D) with the amplitude - frequency components
expressed in terms of a correction factor KI'(D=a, -K[') may be different from the

accepted norms in the direction of increasing (D >1) to 2.5 times or decrease (D <1)
of 1.6 times (at 7,=0,2 m,=0,125 u T = 0,025) to 8 times in the resonance

oscillations. As we see time index R - wave is a significant factor in the use of
seismic safety issues and, therefore, subject to detailed consideration.

Determination of the time parameters of the surface waves.

During the formation of R - wave involved the longitudinal wave propagating
along the free surface and the vertical component of the shear wave. At a certain
epicentral distance of influence of the latter is prevalent, as evidenced in particular
the nature of the motion of particles in the R-wave on ellipsoidal path with the long
axis oriented vertically. One of the challenges is to find the coordinates of the initial
movement of R-wave, i.e distance from the epicenter to the point where its formation
is completed by main feature - the ratio of the major axis of ellipsoidal path to a small
equal to about 1.4.

This is the epicentral distance is dependent on the depth of the source (H),
medium wave propagation properties and their dynamic behavior, in particular
V,,V,,V, , Is defined as the belief that the formation occurs at the epicentral interval

r, —r, (start and end of the process). Distance to the start of nucleation R - wave is
[2]:
V H
Ik = (sz _S\/Rz)uz : (5)
The speed of the surface wave is assumed to be (0,9-0,92) v, or calculated
using the formula:
087 +11lv |G
T \p ©)
+v Yo,
The velocities of longitudinal and transverse waves are the known formulas of

the theory of elasticity as a function of modulus of elasticity E, shear modulus G, the
formation density , and Poisson's ratio v .

Epicentral distance r; to calculate the time parameters of the R wave is
assumed equal to:

VR
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R, —r
ré 3 R

(7)

The specialists at various times offered many empirical relationships to find the
period of oscillation T, as a function T, = f(Q,.°), T, = f(Q%°,rr).

6

For example, in work [5] to estimate the period T, ratio T,=0,06Q"°, suggested

66 !

some of the most commonly used empirical design formulas of different authors for
the most earthquake-prone cases of wave motion on the drifts are shown in Table. 2.
Analyzing the ratio in Table. 2 and comparing with other published data see the
different methodological approaches to the assessment of the temporal characteristics
of R - waves. In some cases (such as in Equation 1, tables) as this index is essentially
adopted Z - accounting period (equal to the formula 3 tables), in [5] does not take into
account the period of change with distance from the foregoing that the functional
relation T, = f(QY°)- and Q,, moreover are acceptable raising 1/5, rather than 1/6, as
in equation 1.

In the formula 2 table 2 with the same value of the coefficient of
proportionality (0,06) and n,=0.11 Q,, and the index received raising 0.13 instead of

0.2.

Here, of course should be considered a convention of calculations due to the
fact that the empirical coordinates do not reflect the real characteristics comparable
environment, in particular the absorption coefficient. But with equal values of the
coefficients of the formula should be different indicator n, and energy component

QY®should be taken as the same. It cannot be considered satisfactory as a judgment
of the immutability of the profile R - waves with distance, which is regarded as an
ellipse with axial ratio of 1.4. However, it can be assumed that both the shape of the
ellipse, and its position from the coordinates r, (start forming) will vary
continuously, reaching only the marked configuration to complete the formation.
Then the transformation of the profile will change in the reverse order, with the
increase of the argumentr=. When comparing the formulas 1 and 5, the period of

oscillation of the longitudinal wave in the clays in 2 times T,less in agreement with

the available experimental data on the 2x-3x - fold increase compared to the period of
oscillationsT, in P - wave.
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construction 0,2 - 0,4 s.

Table 1. Permissible accelerations a

and permissible mass velocity 0,5-7 sm/s for three periods natural oscillations of
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Note: 1. The numerator calculated acceleration parameters (a;?,) in the
denominator regulatorya,, ; 2. The correction factor K2 is the ratio of the calculated
values to the standard.

Table 2. The experimental dependence for determining the period of oscillation
in the surface waves during blasting lumped and linear charges [1,4]

3 >
£ _ o Formula for calculation T €
zZ Type of soil Characteristics of source _ 1/3 .ng e o
TR_f(QBB ’rrlp) quq:)t
8§
o
Kg- clay
0,08, loess.
Loam
Loess, loam, e .
L1 clays [1] The charges centered by Te = Ke§Qu 1) nr=0,11-0,06;
weight for loess and
clay
10° —10°ke
The charges centered by
2 | Loess [3] weight T, =0,06Q," -r,]
20_104K2
The charges centered by . U6 o1
reduced depth Tz =0,081Q,," 1.
3 LoeSS TX _ 0 056Q1/6 . r.0,15
an > 3’5 R ™™ 66 np
forTZ
KTR = 0,95,
. n, =010
4 | Clays, lam | Vertical extended charge To* =K7-Qp2(0,015, +r)=| F
’ length I roundness S=100 X
ro= r for Ty
"3, -l K =0,065,
R, =015
For the period of oscillation
5 | Clays of the bulk wave at the T, =0,04QY°
boundary of the hearth P e

It should be pointed out that such comparisons are appropriate to perform in
the settlement point in the distance r;, which we conventionally referred to as the

distance r,, =1,from this point increases the period T, and its comparison with the
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index for volume waves on the free surface is incorrect. Finally, analysis of the
formulas 1 and 3 shows in addition to the equality of the actual period T, of formula

1 with Z - component 177 of formula 3 (a difference of only about 1%) that the ratio
T, : Ty at point r, =1 representing about 1.45 indirectly confirms the order of the

ratio of axes in ellipsoidal configuration trajectory for r,, =1. In general, the lack of

information content available empirical evaluation mechanisms timing R - waves
requires the fulfillment of complex research on the analysis of existing and
development of new methodological approaches in the preparation and processing of
the experimental data to obtain the most reliable indicators of empirical coefficients.
To this end, we calculated the time - the frequency performance under different
formulas in R - wave and compared with each other and with values in R - wave
depends on two main factors: the weight of the charge and the reduced distance, the
results of which are shown in Table. 3 - 5. For clarity, in Fig. 1 shows plots of the
oscillation period in the R - wave during blasting in loess concentrated charges
weighing from 20 (Figure 1.1) to 10,000 kg (Figure 1.4) as a function of epicentral
distance. Fig. 2 shows similar graphs for blasting in loam vertical charge rate per unit
length of the same length of 1 kg / m (fig. 2.1) to 30 kg / m (fig. 2.5).

Table. 3 shows the results of calculations using the formulas in Table 1,2,3. 2,
which in the latter case were calculated as the coordinate components for X, Z, and
their geometric sum.

Analysis of the data in the table leads to several conclusions concerning the
evaluation time - frequency characteristics of the R - waves of different authors from
among the most frequently cited. It can be considered quite reasonable to consider
this option as a feature QY°. From a comparison of the values of the formula 1 T, in
clays with indicators Z - component TZ according to Equation 3, we see that they
agree on the entire range of the balance of the charge and given the distances. A
similar equation is observed when comparing the data from the formula 1 T, for
loam to counts on X - the third component of the formula.

Thus, considering three functional dependence T, (Q%;Q%**";Q%?) can take
any one of the formulas sufficiently informative for various reasons: the formula 1
because of the uncertainty of the real direction with respect to the surface and

securable, in Formula 2, the functional dependence Q° is done in a manner different
from, and in the latter case (T, = f(Q%%*)), moreover, do not take into account the
influence of the reduced distance factor r):. Table. 3 shows a comparison of

calculated indices by two techniques for the surface and under for longitudinal waves
at various combinations of weight of the charge and the reduced distance.
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Fig. 1. Graph of dependence T, = f(r) R- wave to the explosions in the loess
charge different capacity:

1-a=20Kkg;2—- a=160kg; 3—a=1t; 4 — a= 10t

Table 3. Comparison of calculated data in the period of oscillation of volume

of clay in (Formula 5, Table 2), the surface (Formula 1, Table. 2) and a total x and z
components of (Formula 3 Table. 2) depending on the weight of the charge and

reduced distance.

T, (by | T; (by T¢r = (-I-Rz )2 +<-|-Rx )2
Weight, fo;m_ula fo;rm_ula
kg | @M@yl sl =12| 1 =50 r, =100 r, =150 1, =200
clays clays
5 0,052 | 0,104 | 0,128 | 0,154 | 0,17 0,203 0,222 0,232 0,241
10 0,059 | 0,118 | 0,144 | 0,173 | 0,193 | 0,228 0,249 0,261 0,271
50 0,077 | 0,154 | 0,188 | 0,227 | 0,252 | 0,299 0,327 0,344 0,356
100 0,086 | 0,172 | 0,21 | 0,251 | 0,29 0,336 0,365 0,383 0,398
160 0,0932 | 0,186 | 0,23 | 0,276 | 0,307 | 0,365 0,395 0,416 0,43
500 0,113 | 0,225 | 0,277 | 0,302 | 0,37 0,441 0,479 0,5 0,542
1000 0,126 | 0,253 | 0,312 | 0,375 | 0,417 | 0,495 0,536 0,564 0,586
3000 0,152 | 0,304 | 0,374 | 045 | 0,499 | 0,594 0,645 0,693 0,739
9000 0,182 | 0,365 | 0,448 | 0,54 0,6 0,715 0,775 0,813 0,844
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Fig. 2. The period of oscillation in the surface wave in the explosion loam
cylindrical vertical charge length of 8 m and a linear weight (kg / m):

1 1kg; 2 — 15Kg: 3 —3.85 kg; 4 — 16.5 kg; 5 — 30 kg [1]

Table 3 shows that the total value T compared with the counted formula 1 for
clay charge regardless of the distance weight r, = 1 is more than 1.23 times, when r,,

=200 in 2.32 times. Compared with the data for a longitudinal waveT¢ in more than
2.46 times at the reduced distance r,,= 1 and 4.64 times at r,, = 200 and any weight

of charge. This way at any epicentral distance the above surface wave is much more
earthquake-prone than the bulk, which in any hypocentral distances at different points
on the surface may not exceed the period of oscillation at a point r, = 1.

Conclusions

1. Frequency timing parameters of surface waves significantly affect the
critical parameters of seismic safety regulations, which, depending on the value of the
coefficient m (the ratio of the oscillation period in the R-wave to the period of
oscillations of the protected object) should be adjusted to increase or decrease (Table
1).

2. For a more reliable estimate of the parameters of the surface waves in use
securable total rate TS which is more than 20% higher than that obtained using
Formula 1, Table 2.

3. Cumulative oscillation period in R-wave increases in the range of the above
range 1 - 200 1.88 times at any weight studied charge (Table 3).

4. In the given distance r,,= 200 total period T; of 4.64 times greater than the

values obtained using the formula of Table 1, 2.

5. Value Z and X component varies with 1.45 when r =1 to 1.11 r, = 200,

I.e. 1.3 times more. This indirectly confirms the volatility profile of R-waves along
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the free surface in the direction of reducing the ratio of the axes ellipsoidal trajectory
of the particles.

References

1. Vovk O. A. Vremennye harakteristiki sejsmicheski voln pri vzryvah
odinochnyh i gruppovyh zarjadov razlichnoj konstrukcii. // Prikladnaja
gidromehanika. — 2004. tom. 6 (78). — Ne3. —s. 9-21.

2. Vovk O. 0., Isayenko V. M., Kravec' V. G., Vovk O. O. (mol.) Vpliv
pidzemnih girnichih robit na stan dovkillja. — Nac. ped. in-t imeni M. P.
Dragomanova. — K.: Vid-vo NPU im. M. P. Dragomanova, 2011. — 543 s.

3. Rulev B. G., Harin D. A. O napravlenii sejsmicheskom dejstvii
rassredotochennyh odnorodnyh zarjadov // V sb. VVzryvnoe delo, 64/21 «Sejsmika i
voronki vybrosa pri podzemnyh vzryvahy M.: Nedra, 1968. —s. 211-231.

4. Rulev B. G. Dinamicheskie harakteristiki sejsmicheskih voln pri
podzemnyh vzryvah. // 'V sh. vzryvnoe delo Ne 64/21 «Sejsmika i voronki vybrosa pri
podzemnyh vzryvah». — M.: Nedra. — 1968. —s. 109-158.

5. Rodionov V. N. Mehanicheskij jeffekt pozemnogo vzryva (Rodionov V.
N., Adushkin V. V., Kostjuchenko V. N., Nikolaevskij V. N., Romashov A. N.,
Cvetkov V. M.). — M.: Nedra, 1971. — 224 s.

6. Zhukova N. I. Obosnovanie sejsmobezopasnyh parametrov vzryva v
skal'nyh porodah s pokryvajushhimi gruntami (Zhukova N. I., Vorob'ev V. D.,
Krjuchkov A. 1.) // Visnik Nacional'nogo tehnichnogo universitetu Ukraini «Kiivs'kij
Politehnichnij institut». Serija «Girnictvo». — Zb. naukovih prac’. — Kiiv: NTUU
«KPI»: ZAT «Tehnovibuhy, 2011. — Vipusk 20. —s. 32-44.

7. Bojko V. V. Ocenka sejsmobezopasnosti sooruzhenij pri vozdejstvii na nih
vzryvnyh voln s uchjotom ih spektral'nih harakteristik / Bojko V. V., Kuz'menko A.
A., Hlevnjuk.T. V. /I Visnik Nacional'nogo tehnichnogo universitetu Ukraini
«Kiivs'kij Politehnichnij instituty. Serija «Girnictvo»: Sbornik nauchnyh trudov. — K.:
NTUU «KPly». —2007. — Vypusk 15. —s. 36-41.

Cmamms naoivwina 0o pedaxyii 02.12.2013 p.

Bumyck 23. — 2014 p. 23



