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DEVELOPMENT OF A MORPHOLOGICAL MODEL FOR TERRITORIAL
DEVELOPMENT OF UNDERGROUND CITY SPACE

Purpose. Development and testing of a model that formalizes and supports decision-making process regarding the
appropriateness of using territory (geological environment) for urban underground construction.

Methodology. Modified morphological analysis of urbanized territories, expert evaluation method.

Findings. A morphological model and a tool set for evaluating construction sites for underground construction
were tested; morphological tables were constructed; expert estimate scales for alternative values of construction site
parameters were justified. Cross-consistency matrices of influence factors and parameter alternatives were evaluated.
Evaluation of two sites for underground construction in Kyiv was performed using the developed model.

Originality. For the first time, a morphological model of territorial development for underground city planning
was designed and tested on real construction sites in Kyiv. The modified morphological analysis method was applied
for risk estimation of urban development of underground space. Systemic characteristics of urban territories were
obtained, which show the favorability of a site for underground construction.

Practical value. Evaluation of the prospect of underground construction on the pre-project stage, capabilities for
risk management of urban underground city space development, diminishing of the potential for project flaws caused
by neglecting certain factors or specifics of a geological environment and technogenic impacts, convenient form of

information generation as tables, charts or graphs.
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Introduction. Continuous growth of large cities is a
display of consistent historical patterns, and leads not
only to the increasing size of metropolises, but also to
significant complication of their functional and spatial
organization as well. Moreover, in many cases the ca-
pacity of expanding “upwise and broadwise” is nearly
exhausted. Solution of a set of acute problems related to
the intensive growth of metropolises, including territo-
rial, transport, power supply, ecological and other prob-
lems, can be achieved by developing the urban under-
ground space. The concept of sustainable growth for
large cities holds a special place for underground devel-
opment, as the underground infrastructure increases the
quality of life and ecological safety much more than a
similar structure on surface [1, 2]. Despite the systemic
advantages and significant prospects of developing un-
derground space, the pace of urban underground con-
struction does not satisfy the needs of modern metropo-
lises. One of the main reasons of this situation is that
developing underground space holds considerable risks
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caused by insufficient information about the state and
properties of geological environment at the stage of un-
derground infrastructure planning and making deci-
sions regarding the advisability of investment under the
conditions of incomplete information. Thus, prelimi-
nary estimation of favorability of urban territories for
underground development is an urgent issue for increas-
ing volumes of underground construction in cities.
Literature review. Underground construction as an
integral part of a modern metropolis has exceeded the
scope of local objects and has become a systemic factor
of city development. The first methodical approaches to
zoning the territories for underground construction
considered applying probabilistic methods [3], typifica-
tion of geological environment and rating it according to
favorability for underground development [4]. However,
these methods required precursory accumulation of
large volumes of geological engineering data which are
hard to obtain at the planning stage, without prior fi-
nancing for the corresponding construction projects.
A more flexible tool set for this task involves the applied
system analysis [5—7] and expert estimation methods
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[8—10]. Applying system approach has found various
implementations for planning surface construction in
large cities [11], but for underground construction it did
not go further than the problem statement stage and
analysis of methods for study [12]. The morphological
analysis method has promising capabilities for estimat-
ing the suitability of urban territories for underground
space development, and in future can be applied for
elaboration of a strategic master plan of an “under-
ground city” [13]. The task of assessing favorability of
urban territories is suitable for the procedures of the
modified morphological analysis method (MMAM)
[14], after development and testing of fitting models,
constructing morphological tables and evaluating rela-
tions between factors of the problem.

Purpose. The purpose of this paper lies in the devel-
opment of a tool set, designing and testing a model for
formalization and support of the decision-making pro-
cess regarding the suitability of a territory (geological
environment) for urban underground construction.

Methods. The basis of the developed tool set is
MMAM with the two-stage procedure [15]. The first
stage comprises constructing and assessing a morpho-
logical table (MT) that describes the considered geo-
logical environment. In this study we used ten parame-
ters for its description:

1) level of dynamic load;

2) static load from surface buildings;

3) static load from soil;

4) influence of existing underground objects;

5) genetic type and lithologic composure of soil;

6) effective soil strength;

7) influence of aquifers and perched groundwater;

8) landscape type and morphometrics;

9) geological engineering processes;

10) geotechnologies of underground construction.

For each parameter several possible alternative values
or ranges were defined. By using expert estimation both
probabilities of all alternatives and the degrees of inter-
relation between alternatives of different parameters were
assessed. Calculation in MMAM algorithms [14] is
based on solving a system of equations, the size of which
equals the total number of alternatives for all parameters
(38 in this study). This procedure allows estimating the
probabilities of each parameter value under the condi-
tions of uncertainty for the considered construction site.

These values were used as input data for the second
stage, which evaluates the parameters of a decision re-
garding the territory. Overall, six crucial decision pa-
rameters were chosen for the second stage:

1. “A. Site suitability” (Suitable; not suitable).

2. “B. Object scale” (cross-section up to 10 m?
cross-section up to 35 m?; cross-section up to 70 m?;
cross-section up to and over 70 m?).

3. “C. Construction depth” (0—10; 10—20; 20—50;
beneath 50 m).

4. “D. Risk factor” (Construction failure, malfunc-
tion; dangerous influence on surface or neighboring un-
derground objects; initiating displacements; under-
flooding; ecological risks; transport problems; increas-
ing construction and operation cost).
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5. “E. Risk degree” (<3; 3—10; 10—-20; 20—50;
> 50 %).

6. “F. Risk level” (0.1-5; 5-20; 20—50; > 50 % Q).
Here Q denotes the total object cost.

The influence of the first stage alternatives on the de-
cision parameters were also assessed by expert estima-
tion. After that, the weights of the second stage param-
eter alternatives were calculated using MMAM proce-
dures. These weights aggregate the possibilities of any of
the 524 288 potential configurations of MT emerging at
the first stage. The probabilities of configurations were
calculated at the first stage of MMAM.

The described procedures were implemented using
the SAS Studio software with C# user modules, com-
piled in Microsoft Visual Studio 2017 environment. The
modules correspond to the main steps of MMAM: MT
construction; MT estimation; cross-consistency matrix
estimation; weight calculation for one-stage and two-
stage MMAM procedures. This tool set allows designing
and performing morphological studies for complex
tasks, including the task of this research. The interaction
between modules that solves the task of evaluating ter-
ritories for underground construction is shown in Fig. 1.

Using this model requires only inputting the data ob-
tained from expert estimation of the territory parameters
via questionnaires, as shown in Fig. 2. The following
MMAM procedures are performed automatically giving
the sought-for results on both stages of the method.

Performing test calculation using the developed mo-
del. To test the functioning of the developed model, two
underground parking lot sites in Kyiv with different
characteristics were taken.

The first construction site is found at the Shevchen-
kivsky district at the Peremohy avenue. From a geomor-
phologic viewpoint the site is placed in the bounds of
two geomorphologic elements — first overfloodplain ter-
race of the Lybid river and its valley slope. Geological
composure of the studied site down to the depth of 50 m
comprises of alluvial and fluvioglacial deposits includ-
ing silty sandy loam, sand, peat, low- and medium-clay
loam that lie upon bedrock of the Kyiv Paleocene suite
represented by marly loam and marly clay. In turn, Kyiv
suite soils lie upon sandy loam and sand of the Paleo-
cene Buchak suite. On the surface alluvial and Paleo-
cene deposits are covered by bulk ground. The studied
soil characteristics, obtained from 11 boreholes, were
used in the morphological model construction.

The second construction site is also found at
Shevchenkivskyi district between Bulvarno-Kudriavska
and Honchara streets. The studied territory is placed at
the left slope of the Lybid river valley. The primary land-
scape surface is significantly heightened by bulk ground
up to Bulvarno-Kudriavska street marks at this place;
additionally, the embankment is fenced off by a support-
ing rubble stone wall. The geological structure of the
studied site down to the investigated depth of 36 m com-
prises of: on the territory surface — modern bulk and
Holocene deluvial deposits with underlying Holocene
and upper Pleistocene deluvial-shearing deposits that
occasionally cover deluvial soils of early Pleistocene.
Under a substantial stratum of deluvial and bulk soils, a
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Fig. 1. SAS Studio model for evaluating territories for urban construction

partially washed out stratum of the Poltava series of low-
er Neocene is found. The investigated slope is com-
prised of bulk soils with poor filtration properties, which
poses a probability of forming individual water lenses in
sandy layers of bulk, or even forming perched ground-
water spots in upper layers of cross-section in case the
natural draining of the slope is interrupted. The studied
soil characteristics and technogenic influence were used
in the morphological model construction.

The input data from experts and the calculated in
the MMAM procedure estimates that take into account
the interrelation between parameters, are given in Ta-
ble 1. The normalized expert estimate (probability) of
an alternative a}” is shown in p\) column; the esti-
mate that was calculated using the cross-consistency
matrix is shown in the column pjf'). The difference be-
tween the values demonstrates the influence of other

£B Morphological table evaluation

Parameters Alternatives for parameter

1 Dynamic load'

1 Dwnamic load

2 Static load - buildings
3 Static: load - soil

4 Euxisting objects

5 Sail type

E Sail strength

7 'wiater

8 Landscape

9 Geoprocess

10 Construction ype

Alternative Walue
1.2 Average
1.3 High

1.4 Very high

065

Enter a value manually or choose:

Dutput table name: | SITE_EVAL

Output table label: |E0nstruction site, evaluated

Wery low
Lo

Lower than average
Average
Higher than average

Fig. 2. Entering the input data for the model. The left list
contains the parameters of the morphological table;
the right list contains the alternatives of the chosen
parameter and their initial estimates. An estimate can
be entered manually or using the drop-down box be-
low the list
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parameters on the probability of choosing a respective
alternative.

The calculated weights of parameter alternatives for
the second MT are shown in Table 2.

The results can be presented in a more intuitive form
of charts or graphs (Figs. 5—6).

The pie charts (Fig. 3) demonstrate the most likely
risk factors for the construction sites. In both cases the
biggest hazard lies in initiating displacements (0.241 and
0.324 respectively), caused by the Lybid river influence
and a slope relief for the second site which is prone to
landslides. The risk factor of increasing construction and
operation cost has the second biggest value for the site 1
(0.202), corresponding to a more difficult geomechani-
cal situation compared to site 2, where the ecological
risks have bigger impact (0.3). Both sites also have sub-
stantial risks of territory underflooding (0.154 and 0.214
respectively). Other risk factors are less relevant.

The defining factors for risk estimation are the pa-
rameters E (risk degree, i.e. the probability of the risk
situation) and F (risk level, i.e. the expected financial
and economic loss in case the risk situation happens —
for example, the cost of repair). The comparison graphs
for risk degree (Fig. 4, a) point at the largest likelihood
of unfavorable scenarios at 3—10 % (with weights 0.502
and 0.625 respectively). Additionally, the likelihood of
high risks (20—50 %) is less than 0.072 for the site 1 and
nearly equals zero for the site 2, assuming that the con-
ditions are largely favorable for construction. The as-
sessment of possible financial losses in case of unfavor-
able scenarios (although they have low enough likeli-
hood), can be performed by studying risk level graphs
(Fig. 4, b). The most probable situation is that the finan-
cial risks have the 5—20 % level of construction cost,
which is less than the average of the estimation scale.
Thus, both sites are favorable for underground con-
struction, which is confirmed by absolute weights of pa-
rameter A in Table 2, with “Favorable” alternative hav-
ing values of 0.688 and 0.993 respectively.
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Table 1
Input data and calculated estimates for parameter alternatives of the first MT
Estimates
Parameter Alternative Site 1 Site 2
p}(i) P;i) p}(i) p;i)
1. Level of dynamic load 1.1. Low (46—53 dB) 0.000 | 0.000 | 0.593 | 0.707
1.2. Medium (53—73 dB) 0.194 | 0.388 | 0.259 | 0.263
1.3. Increased (73—96 dB) 0.361 | 0.286 | 0.148 | 0.029
1.4. High (over 96 dB) 0.444 | 0.326 | 0.000 | 0.000
2. Static load from surface | 2.1. Insignificant (K< 1) 0.000 | 0.000 | 0.000 | 0.000
buildings 2.2. Medium (1 < K, < 2) 0.000 | 0.000 | 1.000 | 1.000
2.3. Increased (2 < K;< 3.5) 0.000 | 0.000 | 0.000 | 0.000
2.4. High (K> 3.5) 1.000 | 1.000 | 0.000 | 0.000
3. Static load from soil 3.1. Insignificant (K,,,,< 0.05, MPa) 0.351 | 0.030 | 0.432 | 0.324
mass 3.2. Medium (0.05 < K, < 0.3, MPa) 0.351 | 0.717 | 0.351 | 0.639
3.3. High (0.3 < K,,s< 0.5, MPa) 0.189 | 0.189 | 0.108 | 0.025
3.4. Very high (K,,,s> 5, MPa) 0.108 | 0.063 | 0.108 | 0.012
4. Influence of existing 4.1. Absent (distance over 50 m) 0.000 | 0.000 | 0.800 | 0.714
underground objects 4.2. Slight (distance 20—50 m) 0.800 | 0.479 | 0.200 | 0.286
4.3 Significant (distance 10—20 m) 0.200 | 0.521 | 0.000 | 0.000
4.4 Hazardous (distance less than 10 m) 0.000 | 0.000 | 0.000 | 0.000
5. Genetic type and 5.1. Unweathered clays and average density sands 0.108 | 0.107 | 0.108 | 0.170
ii(t)ﬁologic composition of 5.2. Technogenic deposits (alluvial and bulk types) 0.351 | 0.372 | 0.351 | 0.450
5.3. Deluvial clay soils (water-saturated), water-saturated 0.432 | 0.434 | 0.432 | 0.342
overfloodplain sands
5.4. Sedentary soils, soils with special properties (loess, peat, | 0.108 | 0.087 | 0.108 | 0.038
silt)
6. Effective soil strength 6.1. Very strong soils >300 kPa 0.000 | 0.000 | 0.000 | 0.000
6.2. Strong soils 200—300 kPa 0.000 | 0.000 | 0.333 | 0.209
6.3. Average strength soils 150—200 kPa 0.200 | 0.352 | 0.533 | 0.670
6.4. Relatively strong soils <150 kPa 0.800 | 0.648 | 0.133 | 0.120
7. Influence of aquifers 7.1. Water-bearing horizons at P—N;,, 0.000 | 0.000 | 0.143 | 0.098
and perched groundwater 7.2. Groundwater depth >3 m, pressurized groundwater >10 m 0.121 | 0.384 | 0.571 | 0.672
7.3. Groundwater depth <3 m, pressurized groundwater <10 m 0.485 | 0.552 | 0.143 | 0.126
7.4. Flooded areas with groundwater level up to 1 m present 0.394 | 0.065 | 0.143 | 0.104
8. Landscape type and 8.1. Flat areas of overfloodplain terraces, morainic-glacial 0.571 | 0.476 | 0.000 | 0.000
morphometrics plains
8.2. Slightly tilted overfloodplain terraces, watershed areas 0.143 | 0.177 | 0.121 0.382
8.3. Small river valleys, slightly irregular slopes, high floodplain | 0.143 | 0.275 | 0.394 | 0.476
8.4. Slope areas with ravines and steep banks, low floodplain | 0.143 | 0.072 | 0.485 | 0.142
9. Geological engineering | 9.1. Absent 0.118 | 0.018 | 0.000 | 0.000
processes 9.2. Stabilized 0.382 | 0.346 | 0.256 | 0.507
9.3. Low displacement processes 0.382 | 0.559 | 0.410 | 0.467
9.4. Active manifestations of subsidence, underflooding, 0.118 | 0.077 | 0.333 | 0.025
gravitational processes
10. Geotechnologies of 10.1. Open 0.350 | 0.281 | 0.448 | 0.634
underground construction |y 5 “(jp derground 0.650 | 0.719 | 0.552 | 0.366
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Table 2
Alternative parameter weights for the second MT
Parameter Alternative Estimate

Site 1 Site 2

A. Site suitability A.l. Suitable 0.688 0.993
A.2. Not suitable 0.312 0.007

B. Object scale B.1. Cross-section up to 10 m? 0.722 0.454
B.2. Cross-section up to 35 m? 0.241 0.303

B.3. Cross-section up to 70 m? 0.033 0.201

B.4. Cross-section up to and over 70 m? 0.005 0.041

C. Construction depth | C.1. 0—10 m 0.053 0.261
C.2.10-20 m 0.143 0.307

C.3.20-50 m 0.439 0.309

C.4. beneath 50 m 0.365 0.123

D. Risk factor D.1. Construction failure, malfunction 0.047 0.002
D.2. Dangerous influence on surface or neighboring underground objects 0.049 0.006

D.3. Initiating displacements 0.241 0.324

D.4. Underflooding 0.154 0.214

D.5. Ecological risks 0.185 0.300

D.6. Transport problems 0.122 0.081

D.7. Increasing construction and operation cost 0.202 0.073

E. Risk degree E.1.<3% 0.028 0.304
E.2.3-10 % 0.502 0.625

E.3.10-20 % 0.382 0.068

E.4.20-50 % 0.072 0.003

E.5.>50 % 0.017 0.000

F. Risk level F.1.0.1-5% Q 0.037 0.562
F2.5-20% Q 0.789 0.422

F.3.20-50 %Q 0.153 0.015

F4.>50%Q 0.020 0.000

0047 B D.1. Construction failure,

0241

0,12

Site 1

0,214

Site 2

malfunction

mD.2. Dangerous influence
on surface or neighboring
underground objects

O D.3. Initiating

displacements

B D.4. Underflooding

@ D.5. Ecological risks

B D.6. Transport problems

B D.7. Increasing
construction and operation
cost

Fig. 3. Chart for parameter “D. Risk factor” of the first and second sites
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Fig. 4. Comparison of weights for alternatives of parameters “E. Risk degree”, “F. Risk level” for both sites

Conclusion. The tool set for analysis of favorability of
urban territories for underground construction was de-
veloped on the base of modified morphological analysis
method which was established as a highly effective mod-
eling method for problems having objects with a large
multitude of possible configurations formed by combin-
ing different parameter values of these objects. Using the
selected groups of geological and technogenic factors,
this method allowed considering a multitude of deci-
sions and risk groups for underground space develop-
ment on the studied construction sites. The technique
applied in this research allows assessing various risks,
the likelihoods of unfavorable scenarios and potential
financial losses related to them, as early as at the pre-
project stage of underground construction. This pro-
vides the investors and city administrations with a pow-
erful tool for managing risks and investments when de-
veloping urban underground space of metropolises. The
developed technique and tools will be used for creating
strategic master plans of developing “underground
Kyiv” and other large cities in Ukraine.
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Po3pooka mopdosoriunoi moaeni
TEPUTOPIATBLHOTO PO3BUTKY MiI3€MHOI
ypOaHicTHKH

I'. I. Iaiixo, 1. O. Casuenxo, 1. O. Mamsiiiuyk
HauionanbHuii TexHiuHWii yHiBepcuter Ykpainu ,,Kuis-
CbKUI MOJIITeXHIYHUI iHCTUTYT iMeHi Iropst Cikopchbkoro®,
M. KuiB, Ykpaina, e-mail: gayko.kpi@meta.ua

Merta. Po3po0ka i1 TecTyBaHHS MOJIENi, 10 (hopMa-
JIi3ye Ta CYIMPOBOMXYE IMPOLEC MPUUHATTS PIlIEHHS
IIOAO0 MOITLHOCTI BUKOPUCTAHHS TePUTOpii (reoso-
TiYHOTO CEpemoOBMIIA) IJIS MICBKOTO ITiA3eMHOIO OYy-
JIBHULITBA.

Metomuka. MoaundikoBaHUili MeToa MOp(OJIOriu-
HOTO aHaJji3y ypOaHi30BaHUX TEPUTOPiil, METON eKC-
MEPTHUX OLIIHOK.

Pe3yabTatu. Anpo6oBaHa MopdosoriyHa Moelb
Ta iHCTpyMEHTapill OLliHIOBaHHS OUISTHOK OYyIiBHULITBA
mig3eMHUX 00’€KTiB, po3pobJieHi MOop(OJOoriuHi Ta-
0111, OOIpyHTOBaHa OlliHKA aJIbTepHATUBHUX CTaHIB i
1Kaja ekcnepTHux owuiHoK. I[loGymoBaHi MmaTpulli
B3aEMO3B’SI3KiB (paKTOpiB BIUIMBY Ta TapameTpiB. I3
BUKOPUCTAHHSIM PO3POOJIEHOT MOIEI MPOBEAECHE OLli-
HIOBaHHS ABOX AUISIHOK TepuTopii M. KuiB, npuzHaue-
HUX JJ1 OYIiBHUIITBA ITiA36MHMX 00’ EKTIB.

HaykoBa HoBu3Ha. Ynepiie po3po6ieHa Mopdosio-
riyHa MoJejb TePUTOPiaJbHOTO PO3BUTKY TiA3eMHOI
ypOaHiCTUKH Ta MPOBEEHE ii TECTYBAaHHS Ha pealbHUX
oyniBenbHUX OissHKax M. KuiB. 3actocoBaHo Moaudi-
KOBaHU1 MeToa MOP(OJOTIYHOIO aHaMi3y AJISl OLIiHKU
PU3UKIB YpOAHICTUYHOTO OCBOEHHS MiJ36MHOTO MPO-
crtopy. OTprMaHi CUCTEMHi XapaKTepPUCTUKU MiChbKUX
TepUTOPili, 110 MOKA3yIOTh CTYIiHb CIPUSITIAUBOCTI
nig3eMHOMY OyIiBHULITBY.

IIpakTuuna 3HaumMicTh. OIliHKA TEPCIEKTUB ITilI-
3eMHOro OymiBHULITBA Ha TEpeArpPOeKTHIN cTamii,
MOKJIMBOCTI YIIpaBIiHHSI pU3MKaAMU PO3BUTKY ITi13eM-
HOi ypOaHiCTMKM, 3MEHILEeHHS BipOTiZHOCTI TIPOEK-
THUX IMTOMMJIOK Yepe3 HEBpaxyBaHHS MeBHUX (HaKTOPiB
a00 0COOJIMBOCTEH I'eoJIOTIYHOTO cepeloBHUIla i TeX-
HOTE€HHUX BIUIMBIB, 3py4yHa hopMa nmogaHHs iH(popma-
Wil [J1s1 MPUAHSITTS YIPaBAiHChbKUX PillleHb Y BUIJISII
TabaUlLb, JiarpaM abo rpadikis.

Kmouosi ciioBa: nidzemna ypbanicmuka, eeopecypcu,
2eonoeiute cepedosuue, MopgoasoeiyHa Mooensb, OUIHKA
pU3UKIE
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Pa3paborka mopdosornyeckoii Mmoaen
TEPPUTOPHAJILHOTO PA3BUTHS MOA3EMHOI
YPOAHUCTHKHI

I U. laiiko, U. A. Casuenko, U. A. Mameeiiuyk
HamvoHanbHbI TeXHUYeCKNI YHUBEPCUTET YKpauHbl ,, Ku-

€BCKUI MTOJIMTEXHUYECKUIT MHCTUTYT uMeHu Mrops Cukop-
ckoro*, r. Kues, Ykpauna, e-mail: gayko.kpi@meta.ua

Iens. PazpaboTka u TecTUpoBaHUE MoaeaU, Hop-
MaJIM3yIOIIe W COMPOBOXOAIOMIEH TIPOIECC TTPUHS-
THSL PelleHUsT O IeJIeCOO0Pa3HOCTH MCITOIb30BaHMS
TeppUTOPUH (TEOTOTUUECKOIM Cpenbl) IJIsSI TOPOICKOTO
ITOI3eMHOTO CTPOUTEIIHCTBA.

Mertomuka. MoauduLmpoBaHHbBIN MeTom MOpdo-
JIOTUYECKOTO aHalIM3a YpOaHU3UPOBAHHBIX TEPPUTO-
pHUii, METO SKCIIEPTHBIX OLICHOK.

Pe3ynbTatpl. AnpoOupoBaHbl Mopdogoruyeckas
MoOJelb M MHCTPYMEHTapuil OLIEHMBaHUS YYacTKOB
CTPOUTEIIBCTBA TMOA3EMHBIX OOBEKTOB, pa3padOTaHbBI
MopdoJiornyeckue TaOauIbl, OOOCHOBaHA OlLlEHKa
aJbTCPHATUBHBIX COCTOSHMI W IIKaja 3KCIIEPTHBIX
oleHOK. [TocTpoeHBI MaTPUIIBI B3aMMOCBSI3eil (paKTo-
poB BIMSIHUS 1 TapamMeTpoB. C MCIOJIb30BaHUEM pa3-
paboTaHHOI MOIEIU IIPOBEICHO OIICHMBAHUE IBYX
y4acTKOB Tepputopuu . Kues, mpeaHasHaueHHBIX IS
CTPOUTENIbCTBA MTOA3EMHBIX OOBEKTOB.

Hayunas HoBu3Ha. BriepBrie pazpaboTaHa Mopdosio-
rMyeckasi Mojeab TePPUTOPUATBHOTO Pa3BUTHUS TOMI-
3eMHOIi ypOAHUCTUKU U TIPOBE/ICHO €€ TECTUPOBAHUE Ha
peaIbHBIX CTPOUTENbHBIX yyacTKax I. Kues. [IpumeHeH
MOAUGMUIIMPOBAHHBIN METOA MOP(OJOTMIECKOro aHa-
JIA3a U OLIEHKHW PUCKOB YPOAHMCTHUECKOTO OCBOCHUS
ITOI3¢MHOTO ITPOCTpaHCTBa. [1oTydeHbI CUCTEMHEIEC Xa-
PaKTepUCTUKN TOPOICKUX TEPPUTOPHIA, OTpaskKaroIlre
CTETICHB OJIATOIIPUSITHOCTU IIOA3EMHOTO CTPOUTEIHCTBA.

IIpakTiyeckas 3HauMMOCTb. OlICHNBAaHUE TIEPCIICK-
TUB TIOA3€MHOTO CTPOMTENIBCTBA HAa TPEAIIPOCKTHOM
CTannu, BO3MOXKHOCTH YIIPABJICHUS PUCKAMU Pa3BUTHS
MOA3EeMHOI YpOAHUCTUKY, YMEHBIIIEHNE BEPOSITHOCTHU
MPOEKTHBIX OIIMOOK M3-3a HEy4yeTa OIpeaeJIeHHbIX
(akTOpOB UM OCOOEHHOCTEN Te0JOTUUECKON Cpeabl U
TEXHOT€HHBIX BO3IEMCTBUIA, ynoOHast (popMa nmpeacTaB-
JICHUST WHQOPMAaLIMU IIJIsT TIPUHSITAS YITPaBICHYECKHIX
pelIeHN B BUIE TaOINII, THarpaMM WIN IpadrKOB.

KimoueBble ciioBa: nodzemuas ypoanucmuka, eeope-
cypebl, eeonoeuteckas cpeda, mopgoaoeuteckas modens,
OUEHKa PUCKO8

Pekxomendosarno 0o nybaikauii dokm. mexH. HayK
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