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THE COMBINED METHOD FOR ASSESSING RISK FACTORS
IN UNDERGROUND CONSTRUCTION

Purpose. Development of a combined method for qualitative and quantitative assessment of risk factors accompanying the
construction and operation of underground constructions based on expert analysis and mathematical modeling by numerical

methods.

Methodology. When creating a comprehensive method for ranking the underground construction route by the degree of prob-
lems, we used methods of expert assessment, statistical analysis and mathematical modeling, which allow us to assess the state of

each section by summing the points of risk factors assessment.

Findings. Based on the results of practical application of the developed method for ranking the Almaty metro route sections by
the degree of problems, the method has shown its effectiveness in solving the problems of ensuring the safety of construction and

operation of the metro and has been adopted for implementation.

Originality. Assessment of the condition of the underground construction route section according to the degree of problematic-
ity in accordance with the principle of adding risk factors through conditional points established by the results of expert analysis

and mathematical modeling.

Practical value. The method improves the effectiveness of monitoring the state of the underground construction route, im-
proves the quality of situational control as well as the forecast of the manifestation of risk situations and their development. The
method can be used for solving similar problems in underground construction of different objects, including the development of

mineral deposits.

Keywords: underground development, metro, risk factors, quartile, finite element method, stress distribution

Introduction. To improve the effectiveness of monitoring
the state of the metro route, it is proposed to rank sections of
the route by the degree of problems based on the qualitative
and quantitative assessment of risk factors, and their levels us-
ing a method combining expert analysis and mathematical
modeling of possible manifestations of risk situations. The
model is created corresponding as much as possible to the ac-
tual occurrence of each section, including the geological
structure, physical-mechanical properties of the enclosing
massif, structure, elastic and strength characteristics of the
concrete lining of the tunnel. This allows increasing the effi-
ciency, reliability and, most importantly, the objectivity of risk
factors assessment. The analysis of the metro section’s prob-
lems is based on the following principles: addition of risk fac-
tors through conditional points assigned by experts; individu-
ality — the most significant risk factors are established indi-
vidually for each metro; section ranking by the degree of diffi-
culty is carried out according to the quartile criterion, with
three risk levels: low, medium, and high. The ranking is car-
ried according to the criterion determined by the sum of the
points of the risk factors of the site. As a result, the quality of
situational control and forecasting risk situations is improved.

Problem statement. The use of underground transport al-
lows us to unload ground highways, increases the speed and
quality of movement around the city, reduces emissions and
noise impact. At the same time, underground construction in
cities is associated with certain difficulties: dense construction,
saturation of communications, active traffic. In some cases,
complex mining and geological conditions are added, as well
as manifestations of geological processes, including seismic
ones [1]. This is due to the fact that underground construction
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is accompanied by progressive discontinuities and structural
changes in the rock mass properties, activation of existing and
manifestation of new geomechanical processes against the
background of a reaction change in its stress-strain state.
These processes complicate the situation, creating a threat to
the safe conduct of mining operations and the operation of
ground and underground structures located in the zone of mu-
tual influence, provoking the creation of risky situations. In
work [2], a complex natural and technical geosystem “geour-
banistics-geological environment” was identified to open up
the possibility of implementing a system methodology for de-
veloping underground space, increasing the volume and opti-
mizing the risks of underground construction.

The method of morphological analysis was used to objec-
tively justify the future development of underground megaci-
ties [3]. Analysis of the current state of the problem of ensuring
the safety of construction and operation of the metro shows
that it is necessary to create a comprehensive monitoring sys-
tem for its successful solution, which accompanies under-
ground construction both on the surface and inside the rock
mass on the basis of modern technologies and methods [4].
However, considering the length of the metro route, to im-
prove the effectiveness of monitoring, it is necessary to estab-
lish potentially dangerous sections of the likely manifestation
of risk situations before it begins [5]. In this regard, improving
the existing methods and developing new ones for assessing
risk factors and their level of metro sections is of great scien-
tific and practical interest.

Methods. When creating a comprehensive method for
ranking the metro route according to the degree of problems,
we used methods of expert assessment, statistical analysis and
mathematical modeling, which allow us to assess the state of
each section through the summation of risk factor assessment
points [6].
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Critical analysis. Currently, there are various methods for
determining risk factors [3].

An example of solving similar monitoring tasks is under-
ground mining of mineral deposits, construction and opera-
tion of oil trunk pipelines. The task is successfully solved by
methods of expert assessment of risk factors and their levels
[7].

The experts’ opinion is significantly influenced by the
completeness of the object’s state data provided for analysis. In
the work [8], based on expert assessments, the decision-mak-
ing process on the feasibility of using the territory (geological
environment) for urban underground construction in Kyiv is
formalized. The authors analyzed the tools for evaluating the
construction sites of underground facilities, justified the as-
sessment of alternative states and the scale of expert assess-
ments, and constructed matrices of relationships between fac-
tors of influence and parameters.

In [9], the possibilities of morphological analysis for as-
sessing the suitability of urban areas for metro development
are revealed. The use of this method allowed us to offer a num-
ber of solutions for underground construction on individual
sites, taking into account the identified groups of geological
and technogenic factors, uncertainties of various nature and
groups of risk factors. It should be noted, however, that the
cited works do not provide theoretical prerequisites for the
compilation of morphological tables. For expert evaluation, it
would be important to quantify the influence of a given factor
by physical or mathematical modeling of the object’s state.

The expert method (or expert evaluation method) is car-
ried out by processing the opinions of experienced specialists
and employees in this industry, from which an expert Com-
mission is formed. Each expert is provided with a list of pos-
sible risks and is asked to assess the probability of their occur-
rence.

Naturally, experts’ opinions on the degree of risk may dif-
fer greatly due to subjectivity. This circumstance is indicated
by the author of the work [10] paying attention even to such
personal characteristics as pessimism and optimism. There-
fore, special attention should be paid to the selection of ex-
perts, since the correctness and impartiality of their assess-
ments depends on the correctness of decision-making.

Thus, despite the success of the practical application of ex-
pert methods for assessing risk factors, they have significant
drawbacks, as they are based on the subjective adoption of
evaluative decisions, which could not but affect their reliabi-
lity.

Research methodology. To eliminate these shortcomings
and expand the possibility of the method in the direction of
improving efficiency, reliability and, most importantly, objec-
tivity, it is proposed to use the results of physical or mathemat-
ical modeling in assessing the risk level. The type of modeling
is determined by the scope of the problem to be solved and the
source data. In this regard, to rank sections of the metro route
by the degree of problems, a complex method is proposed that
combines the capabilities of expert assessment of risk factors
and the results of mathematical modeling using numerical
methods.

As an expert component of the complex method, one of
the expert evaluation methods of risk factors and their levels in
the construction and operation of oil trunk pipelines was cho-
sen [11]. The method is aimed at assessing a wide range of risk
factors, regardless of their origin, including difficult to predict
events [12]. To do this, there were applied an approach that
can be described as a “clean sheet”, i.e. without using any
known methods or existing “from scratch” approaches.

At the same time, the focus of the analysis is aimed at as-
sessing the initiating events (risks) that are not directly man-
ageable during the operation of pipelines.

Some of the analysis principles used as an expert compo-
nent for assessing risk factors in relation to metro operating
conditions were replaced, and the method itself was improved.

First of all, the introduction of the equivalence principle — di-
viding the metro route when ranking into sections of the same
length. The exception is the territory of stations, estimated by
the sections in which it is entered. This greatly simplifies the
ranking process, since the principle allows one to use only one
characteristic (in our terminology, the criterion) — the total
score of all the risk factors of the site.

Ranking a section of metro route by the degree of problem
in accordance with the proposed method is conceptually based
on the following basic principles:

- a group of experts of different levels of competence and
knowledge of the specifics of metro design, construction and
operation is involved in the analysis of risk factors;

- analysis of the metro route state is carried out by the most
significant risk factors established from the factors presented
by the expert Commission members by the total points and the
selected value of the selection criteria, by assigning condition-
al points based on an independent expert opinion on a ten-
point scale;

- the equivalence principle — the division of subway line in
the ranking;

- the principle of individuality — the most significant risk
factors are set for each metro individually;

- the principle of adding risk factors through conditional
points. The criterion is the sum of points (average values) of
the site’s risk factor levels;

- ranking of sites by the degree of problems in accordance
with three levels of risk: low, medium, and high;

- the worst-case scenario, i.e., a scenario in which some
sections of the same risk level, which have a total score signifi-
cantly higher than the average one for their level, can be as-
signed a higher risk level by an expert decision.

As an example of practical implementation of the possibil-
ity and fairness of the principles laid down, the complex meth-
od was used in solving the problems of ranking the route of the
Almaty metro.

From the compiled list of risk factors, the expert commis-
sion determines the most significant ones. For this, each ex-
pert, in accordance with the Delphi principle, independently
evaluates the level of risk factors for the list on a 10-point scale.
The most significant risk factor is risk with an average assess-
ment score of an expert commission of at least five.

At the first stage, based on a retrospective causal analysis
of the occurrence and development of risk situations and ac-
cidents that have occurred over the past five years in the world
practice of construction and operation of underground metro
lines, based on materials available in the open press, the expert
Commission assesses all possible risk factors in relation to the
Almaty metro.

The risk factor associated with changes in the stress-strain
state (SSS) of the rock (ground) mass containing the section of
the route is added to the most significant ones.

As an example of modeling, the territory of the “Dostyk”
station of the Almaty metro was selected.

The simulation is carried out by the finite element method
(FEM) [13], which is widely used in engineering design prac-
tice under complex mining and geological conditions [14].
The finite element method allows considering stresses and dis-
placements in heterogeneous media, to study the interaction
of the supports with the surrounding mountain massif, taking
into account the real shape of the studied area and the defor-
mation parameters of the supports and the massif. A rock mass
containing a fixed or loose production, in turn, can have sec-
tions with different stiffness associated with the features of its
structure and heterogeneity of the composition of rocks. The
Initial data for modeling are the geometric dimensions of the
underground structure (Fig. 1) and the physical and mechani-
cal properties of the soil on the construction site. At the same
time, the strength properties of the soil mass are the most in-
fluential factors determining the development of displace-
ments in the cavity. Traditionally, characteristics such as grip,
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Fig. 1. Layout and dimensions of tunnels

internal friction angle, tensile and compressive strength are
determined by testing soil samples in laboratories. However,
the strength of a real array differs from the strength of labora-
tory samples. This fact is stated by various rating classifications
of the rock mass [15], which take into account the presence of
joints in the array, their intensity, the quality of the crack sur-
face, and water content. The use of these classifications is an
integral part of the expert assessment.

Modeling the state of the array around the metro station is
performed using the PHASE? license program of Rocscience.
The calculation scheme of the problem and the finite element
grid of the area are shown in Fig. 2. Soil properties are given in
the Table 1.

Result of calculation. The most informative characteristics
of the stress-strain state of the array are the principal stresses,
as well as the movement of the development contour. The dis-
tribution of the major principal stresses (Fig. 3) is typical for an
extended cavity. There is a drop in stress above and below the
cavity (blue color scheme) and a concentration of stress in the
sides of the extreme tunnels (yellow-green color scheme).

Fig. 2. Calculation scheme and finite element grid of the area

Table 1
Soil properties
= =
&< | Young's | « &é Cohesion
Material 5 = § Modulus § ° ,§ S (peak)
<| E (MPa) | 2| 22%| (MPa)
S|52 E2|EZs
Sandy loam 0.017 18 0.3 22 0.036
Loam 14 0.35 24 0.035
Pebbles soil 68 0.27 35 0.034

Fig. 3. Distribution of the major principal stresses

The redistribution of stresses in the soil mass determines
the development of displacements in the cavity. The greatest
displacements develop in the central tunnel. Such a cavity is
unstable, and in fact, the soil will collapse into the worked
out space. In this case, subsidence of the earth’s surface will
occur.

Therefore, the technology of building metro stations pro-
vides for the first side tunnels with a gap of 50—60 m from each
other, and then the middle tunnel. The middle station tunnel
passes with the adoption of the necessary measures to prevent
deformation of the lining of the side tunnels. To do this, steel
racks of metal pipes are installed in the side tunnels.

Using the PHASE program, the support made of rein-
forced concrete blocks with a thickness of 250 mm was mod-
eled. A contact problem is solved that implements the interac-
tion of the soil mass with the reinforced concrete lining [16].

Creating an appropriate rebound compensates for ground
displacement (Fig. 4) up to 0.3—0.4 cm in the roof. The most
intense deformations should be expected in the Central part.
Moreover, when constructing a rigid lining, the maximum dis-
placement is moved to the floor of the workings. In general,
the construction of a rigid support in full contact with the
ground mass provides a stable state of the object under study.

The highest values of displacement are possible in the soil
of the average tunnel-1.7 cm. Stabilization of deformations
can be carried out by constructing the “reverse arch” type
structure or by additional injection of cementing solution.

The characteristics of the stress-strain state of the object
changes when the mining and geological conditions on the
sections of the metro route change (increase in the depth of
tunneling and laying stations, change of lithology, increase in
water flows). Modeling of a new geomechanical situation will
give experts objective quantitative information about possible
risks associated with the development of deformation process-
es in the vicinity of an underground structure [17].

Before ranking, experts independently assess the most sig-
nificant risk factors of each site in conditional points and the
results are entered in the table. An example of expert evalua-
tion of a fragment of the Almaty metro route from 1 to 10 sec-
tions is shown in Table 2.

In accordance with the principle of adding risk factors
through conditional points, the criterion is the sum of points
(average points) of the expert assessment of risk factors, deter-
mined as follows.

The total score of the expert assessment of the risk factors
of the R, section is equal to

Re=3"3 Ry (1)

Re=2 23 Ry &)

Fig. 4. Displacement contour of the cavity during installation of
permanent support
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Table 2

Risk factors and assessment of their level in sections 1—10 of the metro line

Sections
Risk factors
1 2 3 4 5 6 7 8 9 10

1. Influence of the geological structure and physical and 4 4 2 2 2 2 4 4 3 2
mechanical properties of rocks and soils
2. Operational risks 2 2 2 2 2 2 2 2 2 2
3. Manifestations of mountain pressure 2 2 2 2 2 2 4 4 2 2
4. Intersection and proximity to transport links 2 2 2 2 2 2 2 2 2 2
5. The load from the surface of buildings and structures 2 2 3 3 3 3 3 3 3 3
6. Seismic hazard 2 2 2 2 2 2 4 4 2 2
7. SSS of a rock mass including a section of highway 5 5 4 4 4 4 5 5 4 4
(simulation results)
The total score average 19 19 17 17 17 17 24 24 18 17

total 133 133 119 119 119 119 168 168 126 119

where 7, j are ordinal numbers of the expert Commission
member’s risk factors respectively; m is the number of the
most significant risk factors; # is the number of expert Com-
mission members.

Expert assessment of risk factors in conditional points for
the route of the Almaty metro was carried out by a Commis-
sion consisting of 7 people (n = 7). The assessment was based
on seven most significant risk factors (m = 7). In accordance
with the equivalence principle, the metro route was ranked ac-
cording to 37 sections of the same length (300 m) with the &
numbering from 1 to 37. The numerical values of the sum of
points (average and total) are shown in Table 2.

In accordance with the principle of individuality of the
method, the expert Commission sets the numerical value of
the boundary criteria (total points).

The ranking of metro sections by the degree of problems
was carried out according to the evaluation points of the expert
assessment of risk factors (Table 2) by dividing them into three
levels in accordance with the boundary criteria (low, elevated,
and high).

As an example, Table 3 shows the results of ranking a seg-
ment of the metro route from the /' to the 10" section based
on a quantitative assessment of risk factors in conditional
points with translation into a qualitative indicator using the
“traffic light” system.

In accordance with the principle of the worst scenario,
four sections of the route were changed to the hazard level sta-

Table 3
Ranking of Almaty metro sections
Number of risks by Total score of
Section level risk factors Qualitative
number level of risk
4— low | general | average
1 - 2 5 133 19
2 - 2 5 133 19 -
3 - 1 6 119 17 low
4 - 1 6 119 17 low
5 - 1 6 119 17 low
6 - 1 6 119 17 low
7 1 3 3 168 24
8 1 3 3 168 24 -
9 - 1 6 126 18 low
10 - 1 6 119 17 low
56

tus by an expert decision. Sections 7 and 8 have been upgraded
from elevated to high risk. Sections 1 and 2 have been upgrad-
ed from low-risk to elevated-risk.

Discussion of results. In accordance with the proposed
method, two high-risk sections with a total length of 600 m
(5.4 % of the total length of the metro route) were identified
when ranking sections of the metro route according to the de-
gree of problems, with the recommendation to organize con-
tinuous monitoring on them. Two sections with a total length
of 600 m (5.4 %) are assigned to the average level by the rec-
ommendation of the increased monitoring level. 33 sections
(9.9 km 89.2 %) are classified as low level ones, and regular
monitoring is recommended for them. The results confirm the
success of solving the problem of improving the effectiveness
of monitoring the state of the metro route by a complex meth-
od, which allows focusing monitoring capabilities on the areas
with a high level of risk highlighted in the ranking. This sig-
nificantly increases the reliability of situational control and the
reliability of the forecast of risk situations.

Conclusion. The proposed complex method for ranking
metro sections by the degree of problems based on the joint
use of the expert analysis and modeling of risk situations has
shown the success of solving the problem of improving the ef-
fectiveness of monitoring its condition on the example of the
Almaty metro and has been adopted for implementation (im-
plementation Act No. 12/01 of 16.09.2019). At the same time,
the reliability of situational control and the reliability of the
forecast, as shown by the method, are significantly increased
using physical and mathematical modeling. To do this, it is
preferable to model all the most significant risk factors. The
principles laid down in the method can be used in any under-
ground construction, operation of ground and underground
structures.

Note. This article is based on the results of research on the
topic “Geoinformation system for managing technogenic risks
in conditions of high agglomeration load using topographic
and geodetic and aerospace methods” No. 2018/ AP05131789.
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Merta. Po3po6ka KOMOiHOBAaHOTO METOY SIKICHOI I Kijlb-
KiCHOT OLIIHKU (paKTOPiB pU3UKY, 1110 CYIIPOBOIKYIOTH OYIiB-
HUIITBO Ta €KCIUTyaTallilo MiA3eMHUX CTIOPYI HAa OCHOBI €KC-
MEPTHOTO aHaJli3y i MAaTeMaTUYHOTO MOJETIOBAHHS YHCEIb-
HUMU METOIaMMU.

Mertoauka. [1pu cTBOpEHHI KOMIUIEKCHOTO METOLY paH-
JKUPYBaHHSI TPacU TiN3€MHOI CIIOPYOW 3a CTYIIEHEM TIpO-
0JIeMHOCTi OyJiM BUKOPMUCTAaHi METOAM €KCMEePTHOI OLiHKHU,
CTATUCTUYHOTO aHali3y ¥ MaTeMaTMYHOTO MOJETIOBAHHS,
1LIO JI03BOJISIE OLIIHIOBATU CTaH KOXHOI AUISIHKY Yepe3 Iiacy-
MOBYBaHHS 0aJIiB OIIiIHKY (DAKTOPiB PU3UKY.

PesyabraTu. 3a pedysibTaTaMy TPaKTUYHOTO 3aCTOCYBaH-
HSI pO3pOOJIEHOTO METOAY PaHXUPYBaHHS AIITHOK Tpacu
AJIMATMHCKOTO METPO 3a CTYIEHEeM MTPOOJIEMHOCTI METOI 11O~
Ka3aB CBOIO e(peKTUBHICTh ITPY BUPIllIEHHI 3aBAaHb 3a0e31e-
YyeHHs 0e3reKku OyIiBHUIITBA Ta eKCIUIyaTallii METpOIIoIiTe-
Hy, 110 TO3BOJIUJIO IPUAHATU OTO 10 BIPOBAIKEHHSI.

Haykosa HoBu3Ha. O1liHKa CTaHy AUISTHKY TpacH Mia3eM-
HOI Ccropyou 3a CTYIEeHeM IpOOJEeMHOCTI BiAIMOBIAHO 0
MPUHLUMY CKIanaHHs (pakTopiB pU3UKY Yepe3 YMOBHi Oaiu,
110 BCTAHOBIIOIOTHCS 32 Pe3y/IbTaTaMK €KCTIIEPTHOTO aHali3y
11 MAaTEMaTUYHOTO MOJICJTIOBAHHSI.

IIpakTyna 3HauMMicTb. MeTonm J03BOJISIE TiABUIIUTH
e(eKTUBHICTb MOHITOPUHIY CTAHY TPacH Mil3eMHOI CIIOpY-
M, TIOKpAILYE SIKiCThb CUTYALIIHHOTO KOHTPOJIIO, a TaKOX
TIPOTHO3 TIPOSIBJIEHHSI PU3MKOBUX CUTYaIliif Ta iX pO3BUTKY.
MeTton Moxe OyTY BUKOPUCTAHWI 1JIs1 BUPILLIEHHS aHAJIOTiv-
HMX 3aBJIaHb MPU MiI36MHOMY OYIiBHUIITBI Pi3HUX 00 €KTIB,
Yy TOMY YHMCJIi TIPYU PO3pO0OLIi POJOBUI KOPUCHUX KOTAJIUH.

KimouoBi cioBa: nidzemue 6ydignuymeo, mempononimet,
gakmopu puzuxy, keapmunv, mMemod CKiHYEHUX eaeMeHmis,
DPO3n00in Hanpyicets
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Henb. Pa3paboTka KOMOMHMPOBAHHOIO MeTOIa Kaye-
CTBEHHOM U KOJMUYECTBEHHOM OLIEHKU (haKTOPOB pUCKa, CO-
MMPOBOXIAIOIINX CTPOUTEIBCTBO M IKCIUIyaTaIUIO TIOA3EM-
HBIX COOPYKEHUII Ha OCHOBE DKCMEPTHOTO aHaJIM3a U MaTe-
MaTUYECKOTO MOICTUPOBAHNS YNCIICHHBIMU METOIAMMU.

Meronuka. [Ipy co3maHuM KOMITJIEKCHOTO METO/la paH-
XKHPOBAHUS TPACChl MTOA3EMHOIO COOPYKEHUS MO CTETICHN
MpOOJEMHOCTU ObUIM MCITOJb30BaHbl METOMAbI KCIEPTHOM
OLIEHKH, CTATUCTUYECKOTO aHAJIN3a U MAaTeMaTUIEeCKOTO MO-
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NeTMPOBAHUST, TTO3BOJISTIONINE OLIEHUBATh COCTOSTHUE KaXKII0-
ro yyacTka 4epe3 CyMMHMpPOBaHHUE OaJJIOB OLIEHKM (DaKTOPOB
pucka.

Pesyabrartel. [1o pe3ynbraTam MpakKTUUECKOTO IPUMEHEe-
HUST pa3pabOTaHHOTO METOAA JIJISl PAHXXKMPOBAHMSI YYACTKOB
Tpacchl AJIMAaTMHCKOTO METPO IO CTEeMEeHU MPOOJIEMHOCTH
METOJI MoKa3asl CBOIO 3(P(OEKTUBHOCTh MPU PELICHUU 33a1a4
obecrieyeHus1 0E30MACHOCTM CTPOUTEbCTBA M IKCILIyaTa-
1INV METPOTIOJIUTEHA W TIPUHSAT K BHEAPEHUIO.

Hayunasa noBu3na. OlieHKa COCTOSIHUSI ydacTKa TpacChl
TTOI36MHOTO COOPYKEHUS TI0 CTETIEHN TTPOOJIEMHOCTH B CO-
OTBETCTBUU C MPUHILIUIIOM CIOKEHMS (haKTOPOB pUCKa Yepe3
YCJIOBHBIE OaJUThl, yCTAHABIMBAEMBIE 1O PEe3yIbTaTaM dKC-
MEePTHOTO aHaIu3a U MaTeMaTUYECKOTO MOJIETMPOBAHUS.

IIpakTHyeckas 3HAYUMOCTb. METO MO3BOJISIET MMOBBICUTH
3 HeKTUBHOCTH MOHUTOPUHTA 3a COCTOSTHUEM TPACCHI MO/~
36MHOI'O COOPYXKEHUSI, YIy4ylllaeT Ka4yeCTBO CUTYallMOHHOTO
KOHTPOJISI, @ TAKXKe MPOTHO3 MPOSIBJICHUSI PUCKOBBIX CUTYya-
LM U UX pa3BUTUSI. MeTon MOXeT ObITh MCMOJIb30BaH IS
pelIeHNST aHAJIOTUYHBIX 32134 TIPU TTOI3¢MHOM CTPOMTEIb-
CTBE pa3JIMYHbIX O0BEKTOB, B TOM YHCJIE TTPU pa3paboTKe Me-
CTOPOKIECHUI TTOJIE3HBIX MCKOITACMBIX.

KiroueBblie ciioBa: nodzemHoe cmpoumenbcmeo, Mempono-
AUMeH, (haKmopwl pUcKa, K8apmuib, Memoo KOHEUHbIX I1eMeH-
moe, pacnpedeneHue HANPANCEHUL
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