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Abstract. Strength anisotropy is characteristic of layered soil bases and has been confirmed
by numerous tests. The relevance and novelty of this research is to study the effect of the seismic
factor on the active pressure of the friable soil medium having strength anisotropy.

A numerical experiment was carried out using a specially developed computer program, the
algorithm of which used the method for determining the lateral pressure of a heterogeneous
anisotropic soil, taking into account the seismic effect. The proposed method is based on the
solutions of the classical theory of Coulomb, the seismic component is taken into account on the
basis of the static theory of the earthquake stability of structures.

We considered a vertically ideally smooth wall in contact with a two-layer incoherent soil
medium, the anisotropy of the strength properties of which is represented by hodographs of friction
angle. The layers are parallel, no surface load.

A numerical research was to determine the parameters of the active pressure of the soil of the
lower layer during rotation of the hodograph of friction angle with steps of 30°.

We used 4 hodographs: 1) :=15%20% 2) ¢,=20°-25°; 3) ¢35=25°-30%; 4) ¢,=30°-35° with a
horizontal plane of isotropy. Seismic impact was taken into account by the seismicity coefficient,
taken equal to depending on the scale 0.025 (7), 0.05 (8), 0.1 (9). The horizontal orientation of the
seismic force and with an angle of 20° to the horizontal plane was set.

The obtained results make it possible to evaluate the seismic effect on the lateral pressure of
anisotropic soil by comparing it with the corresponding indicators obtained earlier without taking
into account the seismic factor. An analysis of computer solutions indicates the increase of the
active pressure in seismic conditions by 14%-45% compared with the same indicator, which was
determined without taking into account the seismic factor.
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Introduction Gravitational-type marine hydrotechnical structures and bollards, which
perceive the pressure of the contact soil medium, make up about 40% of the berthing front operated
in the ports of the Black Sea-Azov basin, and this figure is much higher in transport ports, which
makes the diagnostic methods for calculating of such structures relevant.

The high cost of port facilities makes it necessary to search for reserves in determining the
main loads. Experience shows that taking anisotropy into account when determining lateral soil
pressure on retaining walls can reduce the cost of load-bearing elements by 15 percent or more.

Due to the growth trend of destructive earthquakes, it is important to take into account the
seismic load when determining the lateral pressure of the soil on the retaining walls of hydrotechnical
structures. It should be noted the lack of a regulatory framework governing the design of retaining
structures in an anisotropic soil environment, taking into account the effects of seismic waves.

Analysis of recent research and publications. The anisotropy of soil media in contact with
the rear faces of spacer structures is confirmed by numerous domestic and foreign experimental
studies [1-4]. The manifestation of anisotropy is associated with the heterogeneity of layered soil
bases and the peculiarities of the laying of soil particles when washing artificial fillings.
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In the work [5], the results of computer simulation of the interaction of a loose soil
anisotropic medium with a retaining wall under various modes of its motion are presented. The
author compares the value of the passive pressure coefficient of anisotropic sandy soil of various
densities with similar results for isotropic filling. The inclusion of anisotropy led to a significant
decrease in the lateral pressure coefficient in comparison with the isotropic variant.

The authors of the work [6] proposed dependences for determining the active pressure of a
water-saturated loose soil on fences during the passage of a longitudinal seismic wave, taking into
account inertia (during compression), changes in the internal state of the medium (during
compression), and the attached mass of water.

The seismic stability analysis of a sea dam is considered in the work [7] taking into account
the seismic active soil pressure, seismic inertial force, wave, hydrostatic and hydrodynamic
pressures from the perspective of the modified pseudo dynamic method. Dependencies are proposed
for the coefficient of stability during shear and tipping.

Earlier, numerical studies of anisotropy indices for an inhomogeneous soil interacting with a
smooth retaining wall [8], demonstrating the significant effect of strength anisotropy on the active soil
pressure were performed. The experiments were carried out without taking into account the seismic
factor. Thus, previous studies of lateral pressure of the soil medium on retaining walls were carried
out on the basis of a technique that ignores either strength anisotropy or seismic impact.

Objectives and tasks. The aim of the study was to elucidate the influence of the seismic
factor on the value of the active pressure of an inhomogeneous anisotropic soil. To achieve this
goal, a numerical study of the lateral pressure indices of anisotropic soil at different seismicity were
carried out, followed by a comparison of the results with the corresponding indicators that were
previously determined without taking into account seismic effects.

Research methodology. The building codes that govern the construction in seismic regions
of Ukraine [9], it is recommended to calculate the hydrotechnical structures for the action of seismic
forces in two ways:

1) by the direct dynamic method, in which the seismic force is displayed as a set of records of
the seismic motion of the base as a function of time;

2) the linear spectral method, in which the materials of the structure and foundation are
considered linearly elastic.

When designing massive retaining walls, due to their stiffness, the dynamic coefficient is taken
to be unity, since the frequency of natural and forced vibrations of structures of this structural type
coincide.

Previously, a technique was developed to determine the lateral pressure of a multilayer
anisotropic soil on the retaining walls of hydrotechnical structures taking into account seismic effects
[10]. The conclusions were based on the main points of the classical theory of C. Coulomb, the use of
which for active pressure gives insignificant errors within 2-3%. The approximate Coulomb method is
recommended for complex cases of interaction between port facilities and the soil environment.

The seismic impact is taken into account within the framework of the static theory of earthquake
resistance of structures, which is justified and recommended for similar problems for isotropic soil due
to the poor development of the provisions of the dynamic theory in engineering practice.

To analyze the effect of seismic forces on the lateral pressure of a heterogeneous anisotropic
soil, a numerical experiment was carried out using a specially developed computer program.

As an example, we considered a vertically ideally smooth wall interacting with a two-layer soil
environment, the hodographs of the strength characteristics of which were assumed identical. In basic
calculations, the orientation of the layers is parallel and horizontal, there is no surface load. Calculations
were carried out for loose soils. Cases of horizontal orientation of the seismic force and its location at an
angle of 200 to the horizontal plane with the estimated seismicity of 7, 8 and 9 points were considered.

Hodographs of the angle of internal friction and adhesion, satisfying condition (1), are given
in the form of piecewise linear graphs (Fig. 1).

o (B) = on (B+m); cn (B) = cn (7). (1)
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Fig. 1. Piecewise linear hodographs of the angle of internal friction and soil adhesion, adopted in
a numerical study:
a— Acn(B)=20 kPa, Apn(B)=5% b — Acn(B)=40 kPa, Agn(B)=10°; ¢ — Acy(B)=60 xPa, Agn(B)=15";
n is an integer variable; A is the difference between the maximum and minimum parameters of the
hodograph

The active pressure of the lower layer for loose soil (c = 0) and in the absence of surface load
(g = 0) is determined by the formula (2):

E.. :72h22Ny,2(1+Ncor,z)’ (2)

where N, 2, Neor2 are coefficients obtained respectively from the dependencies (3) and (4):
_ 1 sin( g, _ﬁl,l )sin( 4, —Pas )Sin((oz(ﬁz,z )_132,2 —@,, ) )
75 28in® Bysin( By, — fua)SIN By Bop + 92 oz )+62(B:))

_ Sin(ﬂs _132,2 )Sin( ﬁl,Z _181,1 ) . (4)

ore sin(B5 — B )siN( By, — Bis)

where S — wall orientation angle;

11— angle of orientation of the surface of the backfill or soil base;

12— angle of orientation of the surface of the lower layer;

.2 — the angle of the surface of the collapse of the lower layer;

& (Bs) — oughness angle (ground friction on the wall material);

oy, — seismic angle for bulk forces relative to their direction of action, determined from (5):

®,, = arctg [aysﬁcos Z]/(l—@a sin ;(J , )
Y sus,2 Vsus,2

where %at2, %us2 — the specific gravity of the soil of the lower layer, respectively, in saturated
and suspended state;

a — seismicity coefficient, which is a product of coefficients that take into account the functional
responsibility of the structure and the seismicity of the construction area by the dynamic coefficient,
depending on the category of soil and the period of natural oscillations of the system [9];

x —angle of inclination of seismic force to the horizon;

1 — specific gravity of the bottom layer saturated with water determined by the formula (6):

Y, = ymv{l—@asin ;(J / cos @,,. (6)

sus,2

@)

h, — the power of the lower layer on the vertical projection of the wall.

Based on the results of previous studies of the pressure of an inhomogeneous anisotropic soil
on the retaining wall, the author conducted a numerical experiment in which the active pressure of
the lower layer was determined during rotation of the hodographs of the angle of internal friction
when the layered plane was oriented relative to the horizontal from 00 to 180° with a step of 30°.

The pressure of the lower layer was determined for various variants of strength anisotrop(}/
with characteristic hodographs of the angle of internal friction: 1) ¢;=15-20% 2) ¢,=20°-25’
3) ¢3=25%-30; 4) 9,=30°-35° with a horizontal plane of isotropy.
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The seismic impact was taken into account by the seismic coefficient «, which was taken
equal to the earthquake magnitude equal to 0.025 (7 points); 0.05 (8 points); 0.1 (9 points).

As a result of the calculation, the following indicators were determined:

— coefficient N, », characterizing the influence of the self-weight of the soil medium within the
prism of the collapse;

— component of the active pressure of the lower layer E, »;

—angle of orientation of the sliding surface 3,2, corresponding to extreme pressure.

— the anisotropy coefficient of the lower layer, determined by the formula (7):

E is.
= o22l80) ™)
E.,(is.)

where E,, (anis.) — active soil pressure of the lower layer, determined taking into account the
strength anisotropy;

Ea2 (is.) — active soil pressure of the lower layer, determined in an isotropic soil environment
at @2 = P2 min= CONSt, C2 =C2 min =CONSt.

The results of the study. The results of the numerical study are presented in tabular and
graphical form. Tables 1-4 present the results of calculations of the parameters of active pressure for
the minimum and maximum indicators of soil strength and the corresponding seismicity. With an
inclined orientation of the seismic force, lower values are obtained in comparison with the
corresponding values for the horizontal component of the seismic.

Table 1 — Parameters N, 2, Ea2, B22, Kax2 depending on orientation layering planes
relative to horizontal for given hodographs of the angle of internal friction
of the lower layer ¢ = 15%-20°, y=0, 0=0.025

(0] N, 2 Ea2 B22 Kax,2

0 0.2748347 14.02387 230 0.9034714
30 0.2924811 14.92431 228 0.9614810
60 0.2996764 15.29146 234 0.9851342
90 0.2827424 14.42737 235 0.9294665
120 0.2666833 13.60793 235 0.8766750
150 0.2581598 13.17301 231 0.8486556
180 0.2748347 14.02387 230 0.9034714

¢ = const =15°

231 0.3041986 15.52221 231 1

Table 2 — Parameters N, 5, Ea2, B22, Kax,2 depending on orientation layering planes
relative to horizontal for given hodographs of the angle of internal friction
of the lower layer ¢ = 15%-20°, % =0, 0=0.1

@ Ny Ea. B2.2 Kax.2

0 0.3091011 15.89546 223 0.9169496
30 0.3288590 16.91150 221 0.9755614
60 0.3283551 16.88559 228 0.9740664
90 0.3105893 15.97199 229 0.9213644
120 0.2936898 15.10293 230 0.8712317
150 0.2906190 14.94502 225 0.8621222
180 0.3091011 15.89546 223 0.9169496

@ = const =15"

224 | 03370972 |  17.33515 | 224 | 1
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Table 3 — Parameters N, », Ea2, B22, Kax,2 depending on orientation layering planes
relative to horizontal for given hodographs of the angle of internal friction
of the lower layer ¢ = 30°-35°, =0, 0=0.025

(Y Ny,z Ea,z Bz,z ka,x,Z

0 0.1521941 7.765941 239 0.8747408
30 0.1631560 8.325292 238 0.9377449
60 0.1738292 8.869907 240 0.9990894
90 0.1629757 8.316089 241 0.9367083
120 0.1526193 7.787639 242 0.8771847
150 0.1427363 7.283342 243 0.8203817
180 0.1521941 7.765941 239 0.8747408

@ = const =30"

239 | 01739877 | 8877992 | 239 | 1

Table 4 — Parameters N, 2, Ea2, B22, Kax2 depending on orientation layering planes
relative to horizontal for given hodographs of the angle of internal friction
of the lower layer ¢ = 30°-35°, y =0, 0=0.1

@ Ny,2 Ea2 Ba.2 Kax,2

0 0.1752361 9.011479 236 0.8882496
30 0.1871146 9.622327 235 0.9484600
60 0.1957509 10.06645 237 0.9922367
90 0.1842122 9.473072 238 0.9337482
120 0.1731929 8.906410 239 0.8778931
150 0.1639416 8.430662 237 0.8309993
180 0.1752361 9.011479 236 0.8882496

@ = const =30"

235 | 01972825 |  10.14521 | 235 \ 1

For comparative analysis, test results are presented in the form of graphs of the coefficient
N, (Fig. 2) and ultimate pressure E, (Fig. 3) depending on the orientation of the layered plane for
various travel time curves of the angle of internal friction. For clarity, graphs with seismicity of 7
points are shown. (0=0.025), 9 points (0¢=0.1) and obtained in previous calculations excluding
seismic effects (a=0).

An analysis of the results made it possible to establish the effect of the seismic component on the
value of the active pressure of the soil, which has strength anisotropy:

1. The maximum pressures were obtained with a horizontal directivity of the seismic force and,
logically, with maximum divinity.

2. With an increase in soil strength, active pressure, taking into account seismic effects, decreases.

3. Comparison with previous anisotropic pressure data excluding seismic effects showed an
increase in active pressure taking into account the seismic factor by 14% -45% in directions, and
this percentage also increases with an increase in strength indicators.

4. Comparison of isotropic pressures with minimum strength parameters of hodographs shows
a slight increase in active pressure taking into account seismic by 1.04-1.19 times with a
corresponding increase in soil strength and the calculated measure of earthquake intensity.

5. The anisotropy coefficients, which are the ratio of the anisotropic active pressure to the
corresponding isotropic index, decrease with increasing seismicity and increase with increasing strength.

Thus, taking seismic effects into account significantly affects the lateral pressure of an
inhomogeneous anisotropic soil, which must be taken into account when designing earthquake-
resistant hydrotechnical structures.
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Fig. 2. Graphs of the coefficient of dependency N, on orientation layering planes of
hodographs of the lower layer @ for given hodographs angle of internal friction
of the lower layer ¢ and seismicity coefficient a

p=const=15 9=15°-20°
a=0.1
a=0.1
¢=15°-20°

a=0.025

a=0 ¢=15°-20°
a=0
¢=20°-25°
30°
| s a=0.1
a=0.025 p=const=30°
180° =0 “
¢=30°-35°
¢=200-25°
a=0.1 2 \ 330 «=0.025
9=25°-30°
o ¢=20°-25°
a= o
270 =0
@=25°-30° ¢=25°-30°
a=0.025 o=0.1

Fig. 3. Pressure dependency graphs E,,> on the orientation of the layered plane
hodographs of the lower layer @ for given hodographs of the angle
of the inner lower layer pressure ¢ and seismic coefficient a

Conclusion. Thus, for the first time, a numerical study of the effect of seismic effects on the
lateral pressure of an inhomogeneous anisotropic granular soil was carried out. The experimental data
indicate a significant effect of strength anisotropy and the seismic factor on the active pressure of the
soil medium. The obtained results can be used in the development of regulatory documentation
governing the design of gravity-type marine hydrotechnical structures. Prospects for further research are
aimed at studying the interaction of cohesive soils with retaining walls in earthquake-prone conditions.
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YPAXYBAHHS CEMCMIYHOI CKJIAJIOBOI BFITYHOI'O TUCKY HEOJHOPIJTHOI'O
AHI3OTPOITHOTI'O IPYHTY HA MACUBHI I'ITIPOTEXHIYHI CIIOPY 1A

Boiitenko 1.B., K.T.H., IOIIEHT,
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Ooecvka depacasna akademis 6YOiBHUYMBA Ma apXimexmypu
Byn. dinpixcona, 4, M. Oneca, 65029, Ykpaina

AHoOTaniAg. AHI30TpOmisl MIIHOCTI XapakTepHa [uId IIapyBaTUX IPYHTOBHX OCHOB 1
HiATBEP/KEHA UYUCIEHHUMM BHUMPOOYBAHHSAMH. AKTYalbHICTh 1 HOBU3HA JAHOTO JOCIHIKEHHS
MOJISiTa€ 'y BUBYEHHI BIUIMBY CEHCMIUHOro (hakTopa Ha IMOKa3HUKU AKTMBHOTO THUCKY ITyXKOTO
I'PYHTOBOI'O CEPEIOBUIIIA, 110 BOJIOAIE MILIHICHOIO aH130TPOMIE0.

[IpoBeneHO uYuCENbHMM EKCIEPUMEHT 3 BHUKOPUCTAHHSM CIIELIaIbHO  pO3po0IIeHOT
KOMIT'FOTEPHOI TPOTpaMH, B ITOPUTM SKOi TMOKIJIAJACHO METOIWKY BH3HAUCHHsS OIYHOTO THCKY
HEOJITHOPITHOTO aHI30TPOMHOTO IPYHTY 3 ypaxyBaHHSM CEHCMIYHOTO BIUIMBY. 3alpolOHOBAaHA
METOJIMKAa CHHUpaeThcsi Ha pimeHHs kinacuuHoi teopii 1. Kymowna, celicmiuna ckiazoBa
BPaxOBYEThCA Ha MMiJICTaBl CTATUYHOI Teopii ceiiCMOCTIMKOCTI CrIopy .

Posrnspanacs BepTUKadbHA 1A€albHO TIJIaJKa CTIHKA, [0 KOHTAKTye€ 3 JBOIIAPOBUM
HE3B'I3HUM TPYHTOBHUM CEpEIOBUINEM, aHI30TPOIis MIIIHICHUX BJIACTUBOCTEH SKOi MpeacTaBieHa
rogorpagoM Kyra BHyTpimHboro Tepts. Lllapu napanenbHi, MoBepXHEBE HABAHTAXKEHHS BIJICYTHE.
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YucenpHe JOCIIIKEHHS TOJISTa0 y BU3HAUEHHI TApaMeTPiB aKTHBHOTO THCKY TPYHTY HIXKHBOTO
mapy npu oOepraHHi rojorpada Kyra BHYTPIIIHBOTO TEPTS 3 IngKOM 30°. BuxopucropyBanmcs 4
rogorpadu: 1) ¢;=15%-20°%; 2) ¢,=20%-25%; 3) ¢3=25"-30°; 4) ¢4=30°-35" 3 ropH30HTANIBHOO MIOMIMHO
13otporii. CeiicMiuHa 1ist BpaxoByBaylacs KOE(DIIIIEHTOM CEWCMIYHOCTI, IO MPHAMAETHCS PIBHUM B
3ajexxHoCTI Bif 6anpHOCTI 0.025 (7 6amiB), 0.05 (8 GamiB), 0.1 (9 GaniB). 3amaBanacs TOpU3OHTAIILHA
OpieHTAaIlisl CEUCMIYHOT CHITH 1 3 KyToM Haxuity 20° 10 TOpU30HTAIBHOT IJIONTHHH.

OtpumMaHi pe3yibTaTH JO3BOJSIOTH OLIHUTH CEHCMIYHUI BIUTMB HAa OIYHUNA THCK
aHI30TPOITHOTO IPYHTY IUISIXOM IMOPIBHSHHS 3 BIAMOBIIHUMHU MOKa3HUKAMHU, OTPUMaHUMH PaHiIIe
0e3 ypaxyBaHHs celicMiuHOTO (pakTopa. AHaji3 KOMI'IOTEPHUX PIlIEHb CBIMYUTH PO 30UIbIICHHS
PE3YIBTYIOY0i aKTUBHOTO THUCKY B ceiicMidHMX yMoBax Ha 14%-45% B mopiBHSAHHI 3 aHAJIOTIYHIM
MOKa3HUKOM, BU3HAUCHHSI IKOTO IPOBOMIIOCA 0€3 ypaXxyBaHHs ceficMiuHOTO (hakTopa.

KirouoBi cJjioBa: akTUBHMA THCK, MIIHICHA aHI30TPOMis, CEHUCMIYHICTh, romorpadpu
XapaKTePUCTHK MILTHOCTI.

YUYET CEUCMHUYECKOM COCTABJISIOIIEA BOKOBOI'O JTABJEHUSA
HEOJHOPOJAHOI'O AHU3OTPOIITHOI'O I'PYHTA
HA MACCUBHBIE 'MIPOTEXHUYECKHUE COOPYKEHUA

Boiitenxo U.B., K.T.H., JOIIEHT,

voytinna@ukr.net, ORCID: 0000-0002-9239-8196

Ooecckas 2ocyoapcmeeHHas akaoemus CmpoumeibCmea U apXxumeKkmypbl
yi. duapuxcona, 4, r. Onecca, 65029, Ykpauna

AHHOTaNUsA. AHU30TPONMS IMPOYHOCTU XAPAKTEPHA JJIA CIOUCTBIX IPYHTOBBIX OCHOBaHUH U
IIOATBEP)KIE€HA MHOIOYHUCIICHHBIMM  HCIBITAHUAMH. AKTYyaJlbHOCTb W  HOBU3HA JIaHHOTO
UCCIIEIOBAHMSI 3aKJIIOYAeTC B M3YYEHUHM BIMSHUS ceficMMuyecKoro ¢akTopa Ha I0Ka3aTelld
AKTUBHOTO JIaBJICHUS PBIXJION IPYHTOBOM Cpefibl, 001aiaolel IpOYHOCTHON aHU30TPOIHEH.

[IpoBeneH UHUCIEHHBIA SKCIEPUMEHT C MCHOJIBb30BAaHUEM CIIELMAIBHO pa3paboTaHHOM
KOMITBIOTEPHOM IPOrpaMMbl, B aJIrOPUTM KOTOPOW IOJIOXKEHAa METOJUKa ONpeesieHuss OOKOBOTO
JIaBJICHUsI HEOJHOPOAHOIO AHU30TPOIIHOIO TPYHTA C YYETOM CEMCMHUYECKOro BO3JCHCTBUSL.
[IpennoxeHHast METOIMKa ONUpaeTcs Ha pemleHne kiaccuueckor teopuu L. Kymona, celicMrueckast
COCTABJIAIONIAsl YYUTHIBAETCS HA OCHOBAHUM CTATUYECKOM TEOPUU CEHCMOCTOMKOCTH COOPYKEHUH.

PaccmaTprBanace BepTHUKaIbHAS UICAIBHO IVIAJKas CTEHKA, KOHTAKTUPYIOIIAsl C JBYXCIONHON
HECBS3HOM TPYHTOBOM CpEAOM, aHW3OTPOIHMS IPOYHOCTHBIX CBOMCTB KOTOPOM IIPEICTaBIIEHA
rozgorpadoM yria BHyTpeHHero TpeHus. Ciiou napasuiesibHbl, HTOBEPXHOCTHAs! Harpy3Ka OTCYTCTBYET.

YucneHHOE UCCIIEOBAHME 3aKIJIIOYAIOCh B ONPENEICHUM NapaMeTpOB aKTHMBHOIO JABJICHUS
TPyHTa HUXKHETO CJIOsl NMpU BpallleHuu roaorpada yria BHYTDEHHETO IDEHHA C IIATOM 30°,
Hcnonb3oBanuck 4 roporpada: 1) (p1:150-200; 2) (p2:200-25; 3) (p3:250-300; 4) ([)4:300-350 c
TOPU30HTAIBHOM  IUIOCKOCTBEO — M30Tpormu.  CelcMHYEeCKOe  BO3IEHCTBHE  YyYMTBIBAIOCH
K03(h(PUIIMEHTOM CEHCMHYHOCTH, NMPUHUMAEMbIM PaBHBIM B 3aBUCUMOCTH OT OampHOcTH 0.025 (7
6amtoB), 0.05 (8 6amios), 0.1 (9 GamioB). 3amaBanach TOPU3OHTAIBHAS OPUEHTAIUS CEHCMHUYECKOM
CHJIBI U C YIJIOM HaKJIOHA 20° k TOPU30HTAJILHOM MJIOCKOCTH.

[TonydyeHHbIe pe3ysbTaThl MO3BOJISIOT OLIEHUTh CEHCMUUECKOE BIUSIHME Ha OOKOBOE J1aBJIEHUE
AHU30TPOMHOIO TPYHTA MYTEM CPAaBHEHUS C COOTBETCTBYIOIIMMH MOKa3aTeNIIMU, MOTYYEHHBIMU
panee 0e3 ydera ceiicMuyeckoro (pakropa. AHaINU3 KOMIBIOTEPHBIX PEIIEHUI CBUAETENBCTBYET 00
YBEJIIMYEHUH PE3YJIbTUPYIOLIEH aKTUBHOIO JABJIEHUS B ceiCMUYECKUX ycioBusAx Ha 14%-45% mo
CPaBHEHHIO C aHAJOTWYHBIM IIOKa3aTesieM, OIpe/eleHHe KOTOpOro IMpOBOAWIOCH 0e3 yuera
ceficMuyeckoro (hakropa.

KiroueBble cioBa: akTHBHOE JaBJIEHHWE, NPOYHOCTHAs aHU3OTPONMsS, CEHCMUYHOCTD,
rojgorpadsl XapaKTepUCTUK MPOYHOCTH.
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