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Abstract

Introduction: Planning integrated development of a residential area involves determining the composition of the objects
to be built and creating an appropriate integration mechanism, backed up by a generalized work schedule. The existing
methods of forming integrated work schedules do not use a systemic approach, based on a universal mathematical model,
to describe the organizational and technological aspects of construction. Methods: The present study uses the method of
uncertain resource coefficients to demonstrate a mechanism for systemically describing organizational and technological
construction processes. We present a way of adapting this method to forming a generalized construction schedule during
integrated development. The proposed adaptation mechanism is based on managing schedule calculations by rationally
influencing the elements of the linear equation system that describes the organizational and technological processes.
Results and Discussion: The solutions presented in the paper are fully consistent with the calculations obtained by
different flow methods of organizing construction, as well as with the critical path method used in project management
programs. The method described in the paper has been implemented in well-known project management software,
Microsoft Project, as a macro program in the Visual Basic for Applications programming language, making it possible to

form, calculate, and optimize a schedule for integrated territory development using the unified software toolkit.
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Introduction

The fundamentals and main principles
underpinning the integrated development of
residential areas are reflected in the Urban Planning
Code of the Russian Federation (Garant, 2021) and
can be listed as follows:

« The aim of developing urban areas is to
ensure favorable and comfortable living and
use.

« Urban planning activities must consider all
factors: economic, environmental, man-
made, and social.

* The government is responsible for providing
the population with favorable living conditions.

Article 65 of the Urban Planning Code, “Types of

Integrated Urban Development”, can serve as the
framework for implementing the principles presented.

A large number of scientific works have

been published on the topic of integrated urban
development. We shall not aspire to comprehensively
cover the entirety of integrated development
research, presenting instead a brief overview.
Babenko (2013) studied general issues and
prospects of implementing the concept of integrated
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urban development in large Russian cities. In turn,
Lychkovsky and Sayenko (2017) provided specific
data on the ratio of residential spaces to the total size
of infrastructure and amenities required for creating
essential comfortable living conditions. In this regard,
it should be noted that the make-up of construction
projects is defined as early as during initial planning,
which points to the need for considering the future
building contractors’ specialization and requires their
hierarchical integration. Public-private partnerships
would be the most rational framework for such
integration (Voronina and Fentisova, 2016).

A rational consequence of using any integration
mechanism is the development of a generalized work
schedule that helps synchronize the construction
of various facilities as part of integrated urban
development. This kind of consolidated work
scheduling has been referred to with various terms
at different times and for different reasons: integrated
consolidated construction schedules, generalized
network models, multi-projects, etc. The name
change has its own background, but that subject is
more relevant to historiographic studies. In this paper,
it would be more appropriate to consider how to make
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generalized (integrated) work scheduling calculations.

The formation of work schedules can be based
on different aspects of construction organization.
For instance, it can focus on lean construction
(Petrochenko, 2018) or on accelerated construction
(Leach, 2010). We focus on obtaining such an
integrated development schedule that would ensure
the synchronization of construction tasks, subject
to a systemic description of the organizational and
technological plan under various time constraints.

The calculation of integrated work scheduling
is a consistent attribute of project management
software. As an example, we can cite such well-
known software products as Primavera (Bovteyev
and Tsvetkov, 2008) and Microsoft Project
(Kupershtein, 2010). Further in the study, we will use
the capabilities of Microsoft Project, since it allows for
addressing special tasks relevant to work scheduling
in the Visual Basic for Applications programming
language. The calculation of work scheduling in this
software and its counterparts is based on the critical
path method. The result of calculating the overall
schedule is obtained through step-by-step sorting
of all preceding tasks and events affecting the time
characteristics of subsequent tasks.

Here it should be noted that such step-by-step
calculation can be significantly complicated by the
fairly high likelihood of various time conflicts or
collisions. This can be explained by the fact that
planning the development of a given site cluster
may be accompanied by multiple resource and time
constraints. However, because sequential calculation
is embedded in project management software, each
iteration performed at each step is accompanied
by a message that it will be impossible to complete
the given task at the given time due to scheduling
conflicts. Next, Microsoft Project and similar software
offer the following recommendations:

* to change the type of constraints;

* to remove the ties between conflicting tasks;

» to make the tasks shorter;

« to change the dates related to work

scheduling.

If the task is complex, then all of the
recommendations above apply to the simple
subtasks therein. In other words, unpredictable time
conflicts arise during the calculation of an integrated
schedule, and the step-by-step elimination of time
conflicts makes the calculation much more labor-
intensive and creates various hidden errors.

Network planning methods are not the only basis
for designing calendar schedules in construction.
Flow methods of construction organization are
also used in global construction practice. They
can have different names in different studies
(EI-Rayes and Moselhi, 1998; Selinger, 1980).
Flow-type organization of integrated urban
development, geared for application in the Russian
Federation, was described by Chelnokova (2016).

She also emphasized the need to determine a
rational sequence of projects in integrated urban
development (Chelnokova, 2015). To implement the
process of finding an optimal sequence, various
algorithms are used, mainly based on the principle
of targeted option sorting (Hejducki and Rogalska,
2011; Rogalska et al., 2008).

Yet if an optimal solution is being searched
through targeted sorting (Chelnokova, 2015; Hejducki
and Rogalska, 2011; Rogalska et al., 2008), a
situation may occur where it will become impossible
to actually complete development under the
criterion selected. This happens because the purely
mathematical search for an optimal construction
sequence overlooks the possible spatial constraints
affecting facility commissioning. For example, a
facility may be fully built, but its commissioning may
be hindered by the construction of other facilities.
This collision is quite predictable when BIM modeling
is used to visualize the cluster development process
(Bolotin and Dadar, 2020; Bolotin et al., 2019).
However, in this case, construction sequence
optimization is needed, based not on the targeted
sorting principle as outlined in (Chelnokova, 2015;
Hejducki and Rogalska, 2011; Rogalska et al., 2008),
but on the principle of exhaustive sorting of all
options, in the form of macro software (Bolotin et al.,
2011). This can be explained as follows: if previously
obtained optimal options need to be scrapped, the
exhaustive sorting principle will always offer some
other backup options.

Our analysis exposes the causes of ineffective
planning under integrated urban development, which
directly depend on the non-systemic approach to
calculating the overall construction scheduling.
Thus, there is a need to develop a new approach
to eliminating time conflicts, based on replacing
step-by-step iterations with a systemic definition and
analysis of calculation procedures.

Methods

The approach that we propose is related to using
the method of uncertain resource coefficients, which
was described in a number of works, e.g. by Bolotin
et al. (2005). Let us consider its essence. During
the initial stage of calculating the total duration of
construction, the assumption is that each of the work
tasks is performed within the minimum possible time
t ., and thus that the labor resources are at their
maximum, R

X"

t=t +at,, (1)

mi

where a is the unknown resource coefficient; its
introduction allows for determining the addition to
minimum duration, defined as a linear dependence.

The functional relationship between the resource
coefficient and the value of unknown resources R is
defined by the following equation:
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a=(R /R )

If we assume for the duration of individual work
tasks to be minimal, the total estimated construction
duration will also equal the minimum value, T .
This gives us a reference point for assigning the
corresponding directive duration of construction 7,
which should have a larger value. As a result, the
T, - T  difference will have a positive value. This
difference represents the time reserve that can be
used to increase the duration of individual tasks or to
minimize the initially assigned resources. According
to Bolotin et al. (2005), if the duration of all types of
work is represented in accordance with Egs. (1) and
(2), minimizing the labor resources will be equivalent
to maximizing the sum total of work duration.

In order to explain how to adapt the uncertain
resource coefficient method to the task at hand,
let us consider one case study of integrated urban
development. Figure 1 shows the corresponding
organizational and technological plan.

The integrated urban development comprises 9
buildings. They include: 4 panel buildings designed
as permanent residences, 2 brick buildings (hostels)
designed as temporary residences, and 3 buildings
with educational functions, including a school,

a kindergarten (day care), and a youth art center.
For facilities of this kind, it is not too difficult to
determine the minimum work duration because there
are corresponding recommended values defined
by the construction duration norms (Repository
for legal documents, standards, regulations, and
specifications, 2021).

In Figure 1, each rectangle is labeled with the
individual task’s name, as well as task duration
in weeks. The durations of all the work tasks (in
weeks), calculated using the critical path method,
are shown under respective rectangles. All panel
buildings are integrated into a single construction
flow, with a specified order of construction for each
building. The calculations show that the last building
of the given flow can be commissioned into operation
177 weeks after the start of construction. The brick
hostel buildings form a separate construction flow;
these are to be completed within 99 weeks. The third
construction flow includes the educational buildings,
all of which will be completed by the 135" week.
That said, there are two types of time constraints
imposed on this flow: work must start not earlier than
within 1 year (52 weeks) and end not later than in 3
years (156 weeks). As a result, the estimated final
construction deadline for the above urban cluster

be,= |1building= 5 rcg= 2building= 4 = |3building= 6 rcs= |4bunding= 5 preparing residential spaces ~ €c;=
0 5 5 8 9 15 L 20
fei= fe= fes= fes=
b= 1building= 13 res= 2building= 12 rcs= 3building= 11 rcs= 4puilding= 12 foundation works ~ ec=
5 1 18 30 30 41 41 53
fes= fos= fe= fes=
bes™ Ground works 1building= 40 1= 2building= 36 Its= 3building= 34 fG=  Abuilding: 36 ecs=
1 58 58 54 84 128 128 184
fes= feswm feus= o=
bes= Interior works ‘1bui|ding= 12| rcyp= ‘Zbuilding= 15| rcyy= 3building= 14| rcy= 4building= 13 ecs=
58 70 54 108 128 142 154 177
bes= |HostNo.1= 5 re;s= HostNo.2= 4 Preparatoryworks  ecs=
0 5 5 8
ffu: ffu:
bes= HostNo.1= 15 rci= HostNo.2= 12 foundation works ~ ecs=
5 20 20 32
fess= feis=
be= HostNo.1= 34 Iti5= HostNo.2= 36 Ground works ec;=
20 54 34 80
fesr= fess=
bes= [Hostho.1= 8 | rcys= [HostNo.2= 9 | Interior works ~ ecs=
Starting not earlier than in 52 weeks 54 52 %0 %
nby=
bes= School= 5 rcy7= | KG= 4 Icy5= | AC= 3 Preparatory works ~ ecs=
53 58 E 2 2 & Finishing not later than in 156 weeks
fese= fezo= fea= ney=
bes [schoo= 32] 1 Ke= 25| roxe AC= 20 Mainworks ecso=
58 50 50 15 115 135
Estimated cluster construction time, as per the critical path method: Te = 177 weeks
Directive cluster construction time: Td = 208 weeks

Figure 1. Case study for an organizational and technological plan of integrated urban development
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is 177 weeks. However, the official schedule set by
the administrative authorities is limited to 4 years, or
208 weeks.

As per the method of uncertain resource
coefficients, any organizational and technological
plan can be described with a system of linear
equations. The composition of variables included
in the system of equations is illustrated in Figure 1.
Related tasks of the same type have resource
connections denoted as rc,. The total number of such
connections for the organizational and technological
plan in question is 20. The related tasks determining
the technological sequence for the execution of
different work task types are linked with frontal
connections denoted as fe. Their total number in
this particular case is 21. The variables determining
task duration from the overall project beginning to the
completion of initial tasks of each type are defined as
beginning connections: bc,. The variables determining
task duration from the completion of the final tasks
of each type to the overall project end are defined as
end connection: ec,. The total number of both types
of connections is equal to the total number of work
types, i.e. 10. The same number of variables defines
the unknown resource coefficients found via Eq. (2).

The timing for each of the tasks included in the
total work schedule can be limited. The “starting not
earlier than” restriction type is defined by the relevant
date, whereas the difference between this date and
the unknown beginning of work execution is defined
by a variable designated as nb. The *finishing not
earlier than” restriction type is also defined by the
relevant date, whereas the difference between this
date and the unknown end of work execution is
defined by a variable designated as ne. The plan
shown in Figure 1 includes one example of each
such restriction type. This brings the total number of
variables shown in Figure 1 to 73.

The equations describing the organizational and
technological plan are classified into three groups.
The first group of equations includes resource
equations, comprising tasks of one type. Let us
present two examples of resource equations.

be, + 20a, + rc, + re, t re, + ec, = 188, (3)

be, +48a, + rc, +rc, +re, + ec,=160. (4)

The plan presented in Figure 1 is ultimately
described by 10 resource equations.

As noted above, the technological sequence
determining the order of the first and second work
types at each of the sites is defined by a respective
frontal connection. Therefore, a frontal equation is
composed for each such connection. Two equation
examples are shown below.

be, + 5a, + fe, + 48a, + rc, + re, + re, + ec, = 157.(5)

be, +9a, +re, + fc, + 35a, + re, + re, + ec,= 164. (6)

The plan shown in Figure 1 is described by
12 frontal equations for the group of residential
buildings, 6 equations for the group of hostels, and
3 equations for the group of educational institutions.
Overall, we have 21 frontal equations.

The third group limits the time for the execution of
individual tasks and is therefore defined as a group
of restricted equations. This group is represented by
two equations.

nb, + 12a,+rc  +rc, +ec,= 144. (7)
be,, + 77a,, + rc,, + rc,, + ne,=79. (8)

As a result, the organizational and technological
plan shown in Figure 1 is described by 33 equations
that include 73 variables. The ultimate system of
equations, formed as described above, perfectly
identifies the organizational and technological plan
of integrated urban development.

In linear programming, a system of equations of
this kind is called a simplex (Bunday, 1989), and its
optimized solution has two stages. The first stage
involves searching for a feasible basic solution via
forming an artificial target function. As noted in
(Bunday, 1989), the assumption is that the order of
introducing variables into the feasible basic solution
does not matter for most problems solved using the
linear programming method. However, it is possible
to demonstrate that for the problem we have set, the
order of variable input defines the flow organization
method for construction works (Afanasyev, 1990).

The second stage involves forming an optimization
solution for the system of linear equations, which can
be focused on minimizing labor resources. This is
achieved with the following target function:

Z=20a, +48a, + I46a, + 54a,+ Ya, + 27a
+ 70a,+ I7a, + 12a, + 77a,, — max . 9)

This target function defines the maximization
of the total duration for all work tasks included in
integrated urban development. In the case study
presented, the estimated duration is 177 weeks,
whereas the corresponding directive duration is 208
weeks. This determines the time reserve necessary
to minimize 10 types of resources.

Let us presents calculations for the maximum
number of options using the principle of exhaustive
sorting of all construction sequence options. It can be
determined by multiplying the number of options for
each of the distinguished flows. The first flow includes
4 facilities, which gives 41=24 rearrangement options,
while the second flow has 2 rearrangement options,
and the third flow has 6 rearrangement options.
Thus, we obtain 288 development options, and
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this number determines the limit of computational
complexity regarding this problem.

Results and Discussion

If all resource connections in the initial simplex
matrix are moved to the end, then it becomes
possible to obtain the solution for the system of
equations with zero values of resource connections,
by searching for the next basic variable with a forced
return to the beginning. This solution is shown in
Figure 2.

Figure 2 shows the values of basic variables that
determine the duration of corresponding connections.
The number of basic variables is equal to the number
of equations. If (Figure 2) a corresponding variable
is missing after the equation sign, it means that the
given variable is free, and its value is, by definition,
zero. This option of solving the problem shows that
all resource connections have turned out to be
free variables. This means that the feasible basic
solution is equivalent to the method of calculating
construction flow organization during continuous
resource usage. The calculation also shows that,
in order to fully complete building the given cluster,
construction activities can be launched at later

dates of event occurrence. This occurs because the
beginning connections are entered into the basis
first, followed by the end connections. If you change
the order of input, you can get the solution for earlier
dates of event occurrence.

After assessing the obtained work schedule,
we can conclude that it is inexpedient to form
generalized scheduling in accordance with the
principle of continuous resource usage. In fact,
large breaks between adjacent tasks in the
technological work sequence are quite typical
of this type of scheduling. For example, the
completion of preparatory works for the fourth
building should be followed by a 21-week break,
which is found unacceptable in real-life construction.

In the proposed method, eliminating such
shortcomings takes just a change in the order
of introducing variables into the basis. If the
variables modeling the frontal connections are
placed at the end of the simplex matrix, this
will yield a solution with zero values of frontal
connections (Figure 3). In addition, the end
connections could be moved to the top position in
the simplex, bringing the problem solution closer

bey= 31 lbu]lding: 5 reg= |2bu'\|ding= 4 re= 3building= 6 res= |auuilding= 5 preparing residential spaces  ec;= 157
31 36 35 40 40 45 45 51
for= fe= 9 fe= 15 fem 2
be= 36 1building= 13 rcs= 2building= 12 Ics= 3building= 11 rcs= 4building= 12 foundationworks  ec= 124
36 49 49 61 61 72 72 84
fes= fes= 28 fo= 53 fe= 75
w3= 49 Ground works lbuilding= 40 re;= 2building= 36 rcs= 3building= 34 rcg= 4building= 36 ec= 13
49 89 89 125 125 159 159 185
fe= 65 fei= 41 for= 2 foi=
bc= 154 Interior works I1bui|ding= 12 rcyg= ‘Zbuilding= 15| rey= ‘3building= 14| rey= ‘4building= 13 ecs=
154 166 166 151 181 195 195 208
bes= 109 |HostNo.1= 5 reys= |HostNo.2= 4 Preparatoryworks  ecs= 90
109 114 114 18
fes= fei= 11
bce= 114 HostNo.1= 15 rcye= HostNo.2= 12 foundation works ~ ecs= 67
114 129 129 141
fess= fos= 22
be= 129 HostNo.1= 34 rcys= HostNo.2= 36 Ground works ec= 9
129 163 163 199
fei= 28 feis=
bes= 191 IHostNo.1= 8 rcys= ‘HostNo.2= 9| Interior works ecs=
Starting not earlier than in 52 weeks 161 199 199 208
nbi= 22
be= 74 school= 5 1cy5= KG= 4 Icis= | AC= 3 Preparatoryworks  ecs= 122
7 ] b s = 8 Finishing not later than in 156 weeks
feio= fe= 28 fea= 50 ne;= 0
bei= 79 I school= 32 T [ ke 25 It AC= 20 Mainworks  ecip= 52
79 i pii 135 135 156
Estimated cluster construction time, as per the method of continuous resource usage: Te = 177 weeks
Directive cluster construction time: Td = 208 weeks

Figure 2. Calculating the schedule of integrated urban development when resource usage is continuous
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be;= lbuilding= 5 re= 37 |2buﬂding= 4 rc= 29|3bunning= 6 rc= 28 Sbuilding= 5 preparing residential spaces  ec;= 92
0 5 42 45 7 83 m 115
fes= fe= fes= fess
b= 5 1building= 13 ree= 28 |2building= 12 res= 25 fouilding: 11 res= 22 fouilding: 12 foundationworks ~ ec;= 80
5 18 45 58 83 ES 116 128
fes= fes= fe= fes=
s3= 18  Ground works 1building= 40 c;= building= 36| rcs= 3building= 34| ree= dpuilding: 36 ecs= 44
18 58 58 54 54 128 128 1584
fes fewo= fei= foi=
bes= 58 Interior warks ‘lbuilding= 12| reg= 24 Ibu]lding: 15 reg= 19 Ibui\ding: 14| re= 22 |nhu11ding= 13| ec;= 31
58 70 5 109 128 142 15 m
bes= HostNo.1= § re;= 33 |HoslNo.2= 4 Preparatoryworks  ecs= 166
0 5 38 42
ﬁ"u: fC1F
bes= 5 HostNo.1= 15|  rei= 22 [HostNo.2= 12 foundation works ~ ecs= 154
5 20 42 54
fess= feis=
be= 20 HostNo.1= 34 ftys= HostNo.2= 36 Ground works ec;= 118
20 54 54 80
fcxf ff-'m:
bes= 54 ‘HoslNo.1= 8 | res= 28 ‘HostNo.2= 9 Interior works ~ ecs= 109
Starting not earlier than in 52 weeks 5 62 0 E
nby=
b= 52 school=  § rci= 28| KG= 4| roe= 22 AC= 3 Preparatoryworks  ece= 34
52 57 L 5 ] 1 Finishing not later than in 156 weeks
fess= fezo= fear= ne;= 22
b= 57 [schook 32| e [Ke= 5 e [Aacs o ec= 74
57 8 &9 114 114 134
Estimated cluster construction time, as per the method of continuous resource usage: Te = 177 weeks

Directive cluster construction time: Td =

208 weeks

Figure 3. Calculating the schedule of integrated urban development for the case study territory with the use of
the method of uncertain resource coefficients, provided that the work scope is continuously expanding

to calculating earlier dates of event occurrence.
As can be seen from Figure 3, the solution
obtained fully corresponds to the calculation of
construction flow organization, using the method
with a continuous expansion of work scope, as
described in a number of monographs (Afanasyev,
1990; Hejducki and Rogalska, 2011). In addition to
the solution options reviewed, it is possible to obtain
an alternative solution, which corresponds to the
traditional use of the critical path method.
Moreover, it is possible to obtain an admissible
solution in cases when the number of basic variables
is lower than the number of equations. This situation
reflects the inconsistency of the resulting equation
system, due to the aforementioned time collision.
The following procedure has been developed and
implemented in order to address this collision. In the
equation that lacks the basic variable, it is necessary
to change all signs to the opposite. Then the standard
algorithm for finding the basic solution needs to be
re-applied to the new system of equations. The

resulting solution will be a basic solution, albeit not
admissible because the basic variables will have
negative values. Negative values can be included
in time lags when connections are formed between
those work tasks that can partially be completed
simultaneously. If the work conditions allow, it is also
possible to increase the maximum amount of labor
resources so that the negative time reserve reaches
zero. Other options, found through transforming
the system of equations describing integrated
urban development scheduling, are also viable.

Conclusion

This study is aimed at adapting the method of
uncertain resource coefficients to form generalized
construction schedules for integrated urban
development. The proposed adaptation mechanism
is based on managing work scheduling calculations
through a rational impact on the elements
of the linear equation system describing the
organizational and technological plan of construction
activities.
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AHHOTauuA

Mpn nnaHupoBaHMM KOMMNMEKCHOrO OCBOEHUSA cenutebHonm TeppuTopun onpefensercs cocTaB CTPOSLWMXCS
06BEKTOB, NOA KOTOPLIN CO34aeTCs COOTBETCTBYOLWMIN MHTEMNPALMOHHBIA MEXaHN3M, PYHKLMOHUPYIOLWNIA Ha OCHOBE
dopmmpoBaHns 0606LLeHHOro pacnmucaHus pabot. CylecTsytolme Metoabl GOPMUPOBaHNS KOMMIEKCHBIX pacnnucaHni
paboT He NCNonNb3yT CUCTEMHbIN NMOXOA NPY OMMCAHUM OPraHN3aunoOHHO-TEXHOMOMMYECKOW CXeMbl CTPOMTENLCTBA,
Basupyrowmics Ha yHBepcanbHoOW MaTemaTnyeckon mogenu. Metoasbli: B HacTosiLemM nccnegosaHmm, MCNOMb3YHOLLEM
MeTo HeonpeAerneHHbIX PECYPCHbIX KOIMMDULMEHTOB, NOKa3aH MEXaHN3M CUCTEMHOIO ONMCaHNSA OpraHU3aunoHHO-
TEXHOIOrM4Yeckon cxembl cTpouTenbcTBa. lNpeacTtaBneHa agantauus 3T0ro MeToda K peleHuto 3agadvm no
dhopmMrpoBaHmMio 0606LLEHHOro pacnucaHnst CTPOMTENbCTBA NPY KOMMIIEKCHOM 0CBOeHUN TeppuTopun. Npegnaraemsii
MexaHn3M aganTauuMm OCHOBaH Ha ynpaBleHWN pacyeToMm pacnucaHus paboT nocpeAcTBOM pauMoHanbHOro
BO34ENCTBUSA HA 3NIEMEHTbI CUCTEMbI NMMHENHBIX YPaBHEHUI, ONUCHIBAKOLWMX OPraHn3auMOHHO-TEXHOMNOIMMYECKYIO
cxemy. PesynbTaTbl n obcyxaeHue: [peacraBneHHble B CTaTbe pelleHns NOMHOCTbI0 COOTBETCTBYET pacyeTam,
NOSyYEHHbIM C MOMOLL IO Pa3HbIX MOTOYHbIX METOAO0B OpraHM3aunn CTPOMTENbLCTBA, a TakXXe UCMOoNb3yeMoMy B
nporpammax yrnpaeneHus npoekramu MetToay Kputudeckoro nytn. OnnucaHHasa B cTaTbe MeToguka peanvsoBaHa B
LLIMPOKO M3BECTHOW NporpamMme ynpaeneHus npoektamu tuna Microsoft Project B hopMe nporpaMMbl-Makpoca Ha A3blke
nporpammunpoBanuns Visual Basic for Applications, 4To no3sonseT hopMnpoBaTb, paccynTbiBaTh 1 ONTUMU3MPOBATL
pacnucaHue no KOMMIeKCHOMY OCBOEHWI0 TEPPUTOPUN C MOMOLLbIO €ANHOrO NPOrPaMMHOro MHCTPYMEHTapus.

KnioueBble cnoBa

KaneHpapHoe nnaHMpoBaHUe CTPOUTENbCTBOM, OPraHU3aLMOHHO-TEXHONOrMYecKas cxema CTpOUTENbCTBA, BPEMEHHbIE
KOMnu3um KaneHaapHbIX rpadmkoB, 4ONYCTUMOE pacnucaHne paboT, nporpamMmmbl ynpaBneHus NpoekTamu.
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