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A method of indefinite resource factors
and systemic correction of time conflicts

in construction schedules

When construction work schedules are developed, numerous time parameters are taken into account. Even full
account of these parameters cannot guarantee a feasible work schedule. The identification of time conflicts, ari-
sing in this case, and their solutions, is a rather labour-intensive process even in the context of computer-aided
work scheduling performed using project management software. The analysis and elimination of time conflicts,
presented in the article, are based on the improvement of the method of uncertain resource factors. The proposed
methodology is focused on feasible construction work scheduling in the case when restrictions, associated with
time characteristics, do not allow to set up a construction work timeline. The main feature of the improved method
of indefinite resource factors is the simplex algorithm used to find a basic solution in the case of a negative slack,
represented in the form of equations, which in the aggregate represent an invalid basic solution. Negative values
of base variables, obtained in this case, allow to design integrated regulatory impacts, that allow for the syste-
mic generation of feasible construction schedules that take account of time constraints having an adverse effect.
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INTRODUCTION

hen construction work schedules are devel-

oped, numerous time parameters are taken

into account to set up the required work
performance timelines. Project management software
is a recognized construction scheduling tool [1, 2].
The methodology of their operation is based on the
extensive use of network scheduling methods and
work schedule optimization. However, not only net-
work scheduling techniques, but also time coupling
methods of construction are employed to make up
construction schedules [3, 4]. In the international
practice, time coupling methods can be termed dif-
ferently [5, 6]. In any case, work scheduling based on
different principles, can be optimized by the algo-
rithms relying on completely different concepts [7-9].
In the future, construction work schedules will be
monitored and controlled in the process of implemen-
tation to ensure the pre-set construction characteris-
tics [10]. As a result, construction work schedules are
adjusted both in the course of their development and
implementation. Hence, the adjustment of construc-
tion schedules maintains relevance from the begin-
ning of construction scheduling to its final completion.
The main parameters of a construction schedule
include its time characteristics, which are traditionally
called “the work schedule”. Notably, events, included
in the work schedule, may be delayed due to various
circumstances. The reasons for the project delay may
be late issuance of a construction permit, a delayed
receipt of specifications for the utility connection, etc.
And since the date of the facility commissioning may
be unchanged, the actual time, left for the construc-
tion work, is reduced, and hence, the work schedule
needs specific adjustments. A similar situation can
occur in the course of construction. For example, if
a regular construction process monitoring session
identifies that the amount of construction work

actually performed is smaller than the amount of work
specified in the construction schedule, a larger
amount of work should be planned for the time left
before the construction completion date. As a result,
a so-called time conflict may arise, and its resolution
will need rescheduling.

As noted above, project management software
programmes encompass scheduling, rescheduling,
and monitoring tools, such as Primavera [11] and Mi-
crosoft Project (MP) [12]. In the future, we will take
advantage of the MP software, since it has a supple-
mentary function of task programming in the Visual
Basic for Applications software language. Project
management software, such as MP, time conflicts are
resolved iteratively, and this technique involves
a search through all tasks potentially affecting the
conflict. In this case, each sequential iteration is ac-
companied by a message stating that the completion
of this task is impossible at a given time due to
a scheduling conflict. The following recommenda-
tions are made:

¢ a change in the type of restrictions;

® a removal of relationships between conflicting

types of work;

e a reduction in the task performance time;

e task rescheduling within the framework of the

construction work schedule.

Moreover, if a task is composite, each of the
above recommendations refers to simple assign-
ments within its structure.

The result of this approach is the step-by-step
search through all works along an indefinite path that
has features of the critical path method, since the
generation of its time characteristics is based on the
topology of previous works. If, for example, we ad-
dress a construction work schedule, consisting of ap-
proximately 1,000 items of work, and only the param-
eters of the last one can be potentially adjusted, then
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P software recommendations have to be analyzed hundreds of times to

get the time conflict solved. This is a rather tiresome assignment for
a specialist responsible for construction process scheduling. As a re-
sult, there is a need for a new approach to time conflicts, based on
the replacement of step-by-step iterations with a systemic definition
and analysis of corrective procedures.

METHODS

The approach we propose, focused on adjusting construction
schedules, is based on the application of the method of indefinite
resource factors. Therefore, to learn more about the essence of this
method, it is necessary to focus on an algorithm for calculating
work performance schedules, also known as the method of indefi-
nite resource coefficients. In [13], the case of the Lakhta Center
multifunctional facility (“Lakhta Centre”) is addressed to describe
the algorithm for assigning prescriptive completion time to unique
construction projects. The algorithm is focused on the calculation
of the total construction time, provided that each work item is com-
pleted within the minimum possible time t.,;, by the maximum man-
power R,.,. Here, the estimated construction time will be equal to
the minimum value of T, and the assignment of the prescriptive
completion time T, should be more important. As a result, the re-
mainder of T, and T, will be positive. This remainder represents
a time slack that may be employed to extend the period for the per-
formance of particular work items. The method of indefinite re-
source factors calculates the time, needed to perform particular
items of work, according to formula (1):

t="tnin + alhins (1)
where a is the unknown resource factor, used to calculate the peri-
od added to the minimum time, which is identified by a linear rela-
tionship.

The functional relationship between the resource factor and the
value of unknown resources R is determined by the formula:

If the time, designated for the performance of each type of work,
included in the construction schedule, is presented in this way, the
workforce minimization will be equivalent to the maximization of the
total time, designated for the performance of each item of work.

An excerpt from the Lakhta Centre construction schedule, pre-
sented in [13], is shown in Fig. 1.

The system of equations, describing the Lakhta Centre organi-
zational and technological diagram (OTD), is provided below:

1) bcy + 13a, + rcqy + ec, = 53;
2) bc, + 12a, + rc, + ec, = 54;
3) beg + rcg + rey, + ecy = 50;
4)bc, + 7a, + 1cs + rcg + ec, = 59;
5) beg + 17ag + rc, + rcg + ecg = 49;
6) bc, + ba, + fc, + 12a, + rc, + ec, = 49;
7)bcy + 13a, + rc, + fc, + 8a, + ec, = 45;
8) bc, + 4a, + fcg + 16a5 + rcg + rc, + ec; = 46;
9) be, + 12a, + rc, + fc, + 12a5 + rc, + ecy = 42;
10) beg + 4ag + feg + 12a, + res + reg + ec, = 55;
11) bcs + 9az + re; + fog + ba, + reg + ec, = 52;
12) beg + 16a; + re; + re, + fc; + 2a, + ec, = 58;
13) be, + 2a, + fcg + 17ag + rc, + rcg + ecg = 47,
14) be, + ba, + rcs + fcg + 15a5 + rcg + ecs = 46;
15) be, + 7a, + rcs + rcg + fcqq +10ag + ecs = 49.

®)

The first 5 equations in system (3) are the resource equations.
These equations consolidate all workers engaged in the same type
of work, which is a standard practice for an organization using con-
tinuous construction methods. Other equations sequentially include
all linear relationships that determine the dependence of subse-
quent work on prior work. Each of the fifteen equations has un-
known resource coefficients that determine potential increases in
the initially accepted minimum term of work performance. Resource
relationships, presented in the equations, determine the duration of
breaks scheduled within the framework of sequential work perfor-
mance for selected sectors. Initial relationships determine the time
between the project launch date and the date of introduction of

a=(R.u/A)—1. (2) pre-set resources into the construction process. Final relationships
bcy =5 |1 sector =5 |2 sector =8 Piling works ec; =48
5 fc,=410 10 fc,= 18 duration of work in the sector (weeks)
bc, =14 1 sector=4| rc,= 2 sector = §| Excavation ec; =40
14 foy = 4 18 18 fe, = 26
be, =22 1sector=4| rc;= 2sector=5 rc,=0 |3 sector = 7| Rostwork ec, =28
_ 22 feg=7 26 26 fo, =4 31 Sp, = 38
Construction
bcy =33 of foundations 1sector=2| rc;=0 |2sector=3| rcg=0 |3 sector=2 ec, =26
3 fo =173 35 feg = 38 38fc10: 340
bcs = 36 Groundwork
1sector=2 rc,= [2sector=5| rcg= 3sector=10|ecs =13
36 38 38 43 43 53
Duration using the indefinite resource method = 48 weeks
I
Left until the due date for the commissioning of the object = 66 weeks
Designation:

be — initial connections;
ec — end connections;

rc — resource links between sectors (fronts) one type;
fc — frontal connections between sectors of different types.

Fig. 1. An excerpt from the organizational and technological diagram for constructing Lakhta Centre [13]
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determine the time frame between the completion date of work
types and the final construction completion date.

The solution to the system of equations (3), focused on minimiz-
ing the labour resources, is reduced to the problem resolvable us-
ing the linear programming method, similar to the one described
in [14]. As a result, the following objective function is added to the
system of linear equations (3).

Z =13ay + 12a, + 16a5 + 7a, + 17a; — max. (4)

In Fig. 1, the estimated project term is 48 weeks, while the cor-
responding prescriptive term is 66 weeks. Hence, the slack time,
needed to minimize resources, is equal to 18 weeks. The feature of
the task to be accomplished is the initial generation of an accept-
able basic solution at the first stage to be followed by the minimiza-
tion of labour resources at the second stage. Therefore, at the first
stage of the optimization problem resolution, only relationships are
used as the base variables, leaving resource variables as free ones
to ensure the minimum estimated time for the performance of ini-
tially agreed-upon work performance terms, which should be less
than the prescribed ones. If this condition is met, then the slack
time for each equation is not negative; each equation has one base
variable, while other variables are equal to zero and are considered
as the free ones. Fig. 1 shows slack time values in the equations,
which, ultimately, determine the terms of corresponding relation-
ships. The resulting work schedule is shown below the rectangles
that specify work sectors and their minimum terms.

It is rational to assume that this problem cannot be solved using
the method described above, if less than 48 weeks remain before
the construction project completion date. This method needs more
improvements to solve problems arising in the context described in
the previous paragraph.

RESULTS AND DISCUSSION

Let’s consider a 45-week reduction in construction time before
commissioning. If this schedule is made using the critical path me-
thod, this supplementary constraint can be taken account of. If we
use the method of indefinite resource coefficients, this constraint

will also be resolved automatically in the process of finding an ac-
ceptable basic solution. The improvement of this method consists
in the fact that a certain order of input of base variables is added to
algorithm. If all resource relationships are moved to the end of the
original simplex matrix, then system (3) is solved by means of
searching for the next base variable with a forced return to the be-
ginning to obtain a solution having zero values of resource relation-
ships. This solution is shown in Fig. 1, and the search for an accept-
able basic solution is addressed in [15]. If front relationships are
placed at the end of the matrix simplex, their values will be equal to
zero in the solution. In addition to these solutions, an alternative
critical path solution can be obtained. In this alternative solution,
non-zero values of resource and front relationships will be simulta-
neous, and this fact is addressed in monographs [3, 4].

The solution to the original problem, that encompasses a re-
duction in the time before the facility commissioning to 45 weeks, is
shown in Fig. 2.

Fig. 2 shows that the solution is in full compliance with the cal-
culated linear organization of construction, conduced according to
the method of continuous work performance, set forth in mono-
graphs [3, 4]. Here, the results obtained using the critical path and
continuous work performance methods fully coincide. It has been
theoretically proven that the total work performance time, calculat-
ed using the critical path method, is considered to be minimal [1].
Let’s consider the construction time reduction to 42 weeks. The
calculation results are shown in Fig. 3.

Fig. 3 shows that the number of base variables is equal to 14,
one fewer than the number of equations. The resulting system of
equations is inconsistent, and the work schedule shown in Fig. 3 is
not fully defined. Let’s consider an equation missing a base variable.

—-bcy—13a,-rc,—fc,— 8a,— fc,— 12a;—rc,— 5)
—fc;—2a,—fc,y— 10a5— ecs = 3.

If all signs are changed to the opposite on both sides of the
equation, then the equation changed in this way can be defined as
follows: it is the sum of activirelationships located along the critical
path. The resulting negative time slack is the difference between

be, = |1 sector =5 |2 sector = 8 Piling works ec,; =48
0 fe,= ° 5 fc,= 18 duration of work in the sector (weeks)
bc,=5 1sector=4| rc,=4 |2sector=38 Excavation ec, =40
5 fe, = 9 13 fe, = 21
bey =9 1sector=4| rc;=8 |[2sector=5 rc,=0 |3 sector = 7| Rostwork ec, =28
9 13 21 26 26 33
= fcg = fc, =
Construction fes 6 7
bc, =13 of foundations 1sector=2[ rc,=11 [2sector=3 rcg=4 |[3sector=2 ec, =26
8 fo = 1 26 . _ 29 CEPR
9~ 10 —
bes =15 Groundwork
1sector=2| rc,=12[2sector=5 rcg=1 |3 sector=10|ecs=13
15 17 29 34 35 45
Duration using the critical path method = 45 weeks
I
Left until the due date for the commissioning of the object = 45 weeks
Designation:

be — initial connections;
ec — end connections;

rc — resource links between sectors (fronts) one type;
fc — frontal connections between sectors of different types.

Fig. 2. Lakhta Centre construction schedule featuring a shorter time period left before the facility commissioning (45 weeks) |
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bec, = |1 sector =5 |2 sector = 8 Piling works ec, =29
0 fo,=475 5 fc,= 18 duration of work in the sector (weeks)
bcy =9 1sector=4| rc,= 2 sector = §| Excavation ecy =21
9 foy=4 13 13 fo, = 21
be, =17 1sector=4| rc;=8 [2sector=5 rc,=0 |3 sector = 7| Rostwork ec;=9
_ 17 f05=421 21 fo =128 260 = 3
Construction
bc, =22 of foundations 1 sector=2| rcg= 2 sector=3| rcg=3 |3 sector=2 ec,=7
fcg =1 fcg = fcio =
bcs =25 Groundwork ° ° "
1 sector =2 rc,= |2 sector =5 rcg= |3sector=10|ecCs=
The duration and schedule of work due to the absence of DBR have not been determined
I
Left until the due date for the commissioning of the object = 42 weeks
Designation:

be — initial connections;
ec — end connections;

rc — resource links between sectors (fronts) one type;
fc — frontal connections between sectors of different types.

Fig. 3. Lakhta Centre construction schedule featuring a shorter time period left before the facility commissioning (42 weeks)

the prescribed work time and the sum of critical items of work. As a
result, the absence of a base variable allows to propose the follow-
ing procedure to improve the algorithm for finding a basic solution.

As for non-basic equations, it is necessary to change all signs
to the opposite and reapply the standard algorithm to a new system
of equations. A replacement for an invalid basic solution is needed
because negative time slacks are used to achieve a new solution.
When attaining an invalid basic solution, we obtain negative values
of base variables, as shown in Fig. 4.

As a result, a solution is obtained that has two negative front
relationships are present: these are the fcg relationship, which has
a value of -2, and the fcy, relationship, which has a value of -3
weeks. In fact, the presence of negative relationship values

indicates that the dependent event should be rescheduled to an
earlier date. In the practice of construction scheduling, such a com-
bination of work is used quite often, since not all subsequent work
items must necessarily be launched upon completion of prior work
items. If such an assumption is acceptable from the standpoint of
construction technology, negative time lags can be entered into the
construction schedule to allow for further adjustments to the work
performance schedule. Table shows adjustments made in the MR
software, which translate into a construction schedule which can be
perfectly feasible in 42 weeks.

The result shows that the proposed time conflict resolution me-
thod can generate system information, used to make management
decisions aimed at resolving time conflicts. Simultaneously, the

be, = |1 sector =5 |2 sector = 8 Piling works ec, =29
0 fc,=45 5 fc,= 13 duration of work in the sector (weeks)
bcy =9 1sector=4| rc,= 2 sector = §| Excavation ecy =21
9 foy=4 13 13 fc, = 21
be, =17 1sector=4| rc;=8 [2sector=5 rc,=0 |3 sector = 7 Rostwork ec;=9
_ 17 fog =1 21 21f06=_2 26 26f = 38
Construction
bc, =22 of foundations 1 sector =2 2 sector = 3| rcg = 3 sector =2 ec,=7
22 24 24 27 33 35
fcg =1 fco =
bcs =25 Groundwork ° ° feyo=-3
1 sector =2 rc,= [2sector=5 rcg= 3 sector=10|ecs =
25 27 27 32 32 42
Duration and Schedule of Work at DBR with Negative Reserves = 42 weeks
Left until the due date for the commissioning of the object = 42 weeks
Designation:

be — initial connections;
ec — end connections;

rc — resource links between sectors (fronts) one type;
fc — frontal connections between sectors of different types.

Fig. 4. The basic solution featuring negative timeframes for the relationships
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The MR spreadsheet showing the resolution to a time conflict using negative time lags
ID Connections Task name Duration Start Finish
0 Tower 42 week 11.10.21 29.07.22
1 Piling works 13 week 11.10.21 07.01.22
2 1 sector 5 week 11.10.21 12.11.21
3 2 2 sector 9 week 15.11.21 07.01.22
4 Excavation 16 week 15.11.21 04.03.22
5 2 1 sector 4 week 15.11.21 10.12.21
6 53 2 sector 8 week 10.01.22 04.03.22
7 Rostwork 24 week 13.12.21 27.06.22
8 5 1 sector 4 week 13.12.21 07.01.22
9 8;6 2 sector 5 week 07.03.22 08.04.22
10 9 3 sector 7 week 11.04.22 27.05.22
11 Construction of foundations 22 week 10.01.22 10.06.22
12 8 1 sector 2 week 10.01.22 21.01.22
13 12; 90H — 2 weeks 2 sector 3 week 28.03.22 15.04.22
14 13,10 3 sector 2 week 30.05.22 10.06.22
15 Groundwork 27 week 24.01.22 29.07.22
16 12 1 sector 2 week 24.01.22 04.02.22
17 16; 13 2 sector 5 week 18.04.22 20.05.22
18 17; 140H — 3 week 3 sector 10 week 23.05.22 29.07.22
solution shown above is not limited to merely fixing negative time 3. Afanasyev V.A. Stream organization of construction. Leningrad,
lags. A regulatory action can be more universal. For example, given Stroyizdat publ., 1990; 160. (rus.). ] _
the analysis of an equation that does not have a base variable, it is 4. Hejducki Z., Rogalska M. Time coupling methods construction
) ) ) ) ’ scheduling and time/cost optimization. Wroclav, Oficyna wydawnic-
possible to determine such reductions in the work performance za politechniki wroclawskiej, 2011; 100.
time that lead to the elimination of negative slacks. This approach is 5. El-Rayes K., Moselhi O. Resource-driven scheduling of repeti-
consistent with maximizing resource ratios. A similar comprehen- tive activities. Construction Management and Economics. 1998;
. dure can be launched by combining extended work per- 16(4):433-446. DOI: 10.1080/014461998372213
sive proce Iu . ) Y . 9 ) P . 6. Selinger S. Construction planning for linear projects. Journal of
formance timeframes with negative time lags. Further studies will the Construction Division. 1980; 106(2):195-205.
provide relevant materials. 7. Khaled El-Rayes, Osama Moselhi. Optimizing resource utiliza-
tion for repetitive construction projects. Journal of Construction
Engineering and Management. 2001. Vol. 127. Issue 1. Pp. 18-27.
CONCLUSION DOI: 10.1061/(ASCE)0733-9364(2001)127:1(18)
The study, presented in the paper, aimed at improving the me- 8 Roga{ska M., Bozejko W.,‘He/d‘uck/ Z T/mg/cost th/m/zat/on'us-
) - ing hybrid evolutionary algorithm in construction project scheduling.
thod of indefinite resource factors, focuses on an acceptable Automation in Construction. 2008; 18(1):24-31. DOI: 10.1016/j.aut-
schedule of construction work if restrictions imposed on time cha- con.2008.04.002
racteristics prevent the calculation of a construction schedule. The 9. Adeli /Z-,leafim A. Schedulirbq/costlop;inéization and ”l:fura/ dyna-
. . - - mics model for construction. Journal of Construction Engineering
mam fgature of the proposed methpd of mdleflr?ne resoulrce coefﬂ and Management. 1997; 123(4):450-458. DOI- 10.1061/(asce)0733-
cients is the use of a simplex algorithm for finding a basic solution 9364(1997)123:4(450)
in the context of equations describing negative time slacks, which 10. Eldin N.N., Senouci A.B. Scheduling and control of linear pro-
together represent an invalid basic solution. Negative values of ﬁgﬁ-gﬁ”ﬁ;gﬁ&@;gﬁa/ of Civil Engineering. 1994; 21(2):219-230.
pase variables, obtained in this case, allow to make a govermr.wg 11. 'Bov'teev S.V., Kolosova E.V., Rybtsov E.I., Frolov V.l., Tsvet-
influence, that enables the development of a feasible schedule, with kov A.V. Management of investment construction projects based on
regard for adverse time limits. primavera. Moscow, Saint Petersburg, SPbGASU — PMSOFT, 2008;
456. (rus.).
12. Kuperstein V.I. Microsoft Project 2010 in project management.
REFERENCES Moscow, Liters Publ., 2010; 507. (rus.).
) ) 13. Chakhkiev I.M. Optimization directive construction duration of
1. Ahuja H.N. Construction performance control by networks. New unique objects (for example, MFC “Lahta Center’). Real Estate:
York, 1979; 636. Economics and Management. 2014; 1-2:20-25. URL: https://www.
2. Barkalov S.A., Voropaev V.I., Sekletova G.I. And other mathema- elibrary.ru/item.asp?id=23298139 (rus.).
tical foundations of project management : textbook. manual / 14. Bundy B. Fundamentals of linear programming. Moscow, Radio
ed. V.N. Burkov. Moscow, Higher School Publ., 2005; 421. (rus.). and Communication Publ., 1989; 176. (rus.). |
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MeTtop HeonpeaeneHHbIX pecypCHbIX
Ko3achpuLmMeHTOB N CUCTEMHasA KOppeKLus
BpeMeHHbIX KOH(PNIMKTOB B KaneHaapHbIX
rpadmukax

Mpy chopmupoBaHUK KaneHJapHbIX rpacduKoB CTPOUTENLCTBA
NMPUHUMAETCS BO BHUMaHNE MHOXECTBO BPEMEHHbIX NapameTpos,
MOJIHBIN Y4HeT KOTOPbIX He BCErga NPUBOAUT K HAXOXAEHWUIO Jomny-
CTUMOrO pacnucaHus paboT. MonCK NCTOYHMKOB, BO3HMKAIOLLMX
Npu 3TOM BPEMEHHbIX KOH(PIMKTOB 1 BApUaHTOB UX YCTpaHeHWs
ABNAETCA [OCTATOYHO TPYAOEMKUM NPOLIECCOM Aaxe B YCNOoBU-
AX aBTOMaTU3NPOBaHHOIO KaJjieHaapHOro njaHnposaHusa B MNpo-
rpaMmax ynpasneHus npoektamu. [MpegcTaBneHHble B cTaTbe
aHanu3 n ycTpaHeHe BPEMEHHbIX KONM3nin 6a3mpyroTcs Ha co-
BEPLUEHCTBOBAHUM METOfa HeonpefeneHHbIX PecypCHbIX KO3d-
brumeHToB. LleneBas HanpaBneHHOCTb NpegsiaraeMon MeToau-
KW HanpasfieHa Ha hopMypoBaHMEe [OMNYyCTUMOro pacrnvcaHus
CTpoUTENbHBIX PaboT B Cly4ae, Koraa orpaHnYeHns, CBs3aHHbIe
C BPEMEHHBLIMU XapaKTEPUCTUKaMW, He MO3BOMAIOT paccyuTaTb
KaneHgapHbiv rpadmk ctpontenscTea. OCHOBHOM 0CO6EHHOCTLIO
npegnaraeMoro CoBEpLUEHCTBOBAaHUS MeToAa HeomnpeneneHHbIX
PeCypCHbIX KO3 MULNMEHTOB ABNAETCHA UCNOSb30BAHNE CUMIIIEK-
ca anropuTMa noucka 6as3vcHOro peLleHus Npy oTpuuaTenbHbIX
pe3epBax BPEMEHWN YPaBHEHWI, KOTOPbIE B COBOKYMHOCTM Npef-
CTaBMAT HeJonycTMoe 6a3ncHoe pelleHue. MonyyYeHHble npu
3TOM OTpULATENbHbIE 3HA4YeHUs 6A3NCHBIX NEePEeMEHHbIX MO3BO-
NAT chOPMUPOBATL TaknMe KOMMIIEKCHbIE perynvpytoLime Bo3-
LEeVCTBUA, MPUMEHEHNE KOTOPbIX fAaeT BO3MOXHOCTb CUCTEMHOIO
opMMpOBaHNA [OMYCTUMOrO KaneHAapHoro rpadguka ¢ y4etom
He61aronpUATHbLIX BPEMEHHbIX OrPaHUYEHWUN.

KnroueBble c/ioBa: KasieHgapHoe niaHupoBaHue v yrpassieHue
CTPOUTENILCTBOM, BPEMEHHbIE KOJIU3WM KaNeH[AapHbIX rpagu-
KOB, [OMYCTUMOE pacricaHne paboT, nporpaMMbl YpasieHus
npoexkTamm
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