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The economic and mathematical toolkit of choosing the options for
implementing a complex of projects considered in this article is synthesized
in a single-criterion formulation. However, in the project management
system it is difficult and sometimes not even possible to make a single-
criterion evaluation of the project, but the described algorithm is also
suitable for the case of a multi-criterion problem statement. It can also be
applied and, if necessary, operated with a certain level of uncertainty to
manage investment projects. In this article we used a classic project
management method - a critical path method that allows, based on the
duration of the work and the order of their execution, to calculate the timing
and reserves of work and projects as a whole, taking into account the
production resources and the feasibility of their expansion, considering also
entity's financial opportunities. For each project, information is collected
about available funds and resources that can be pledged for future loans.

The considered problems of forecasting economic decisions are related to
poorly structured problems due to the considerable complexity of cause and
effect relationships of economic processes and production management. To
study this problem, mathematical models of industrial management were
considered, which take into account the most important factors influencing
management decisions and which fit into the proposed decision support
system.

The analysis of the process of making management decisions takes into
account the need to create and use objectively justified methods that take into
account factors in quantitative terms. In our case, the methods of economic
and mathematical modeling were used and the toolkit for forecasting the plan
of choice of options for the implementation of a complex of projects helps to
improve the reliability of the evaluation of alternatives of the relevant
indicators of the plan.

The economic-mathematical model of choosing the optimal strategy for
project implementation, harmonization and coordination of the production
process considering the timing of the execution of orders and the
implementation of projects is based on simulation modeling of the
distribution of production resources to execute orders and works of projects
in order to minimize the total costs, characterizes the volume and efficiency
of execution of works production capacity, manpower, transport capacity,
market conditions, as well as terms of production, economic obligations. The
models and algorithms of choice of management decisions before calculating
the plan of use of production resources of a certain organization during the
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implementation of a complex of projects allow to predict them with sufficient
accuracy with statistical and expert input parameters. They can be used to
predict the results of other economic processes characterized by fuzzy
relationships between input and output parameters which may not be
sufficiently formalized, but when it is possible to obtain expert information to
construct mathematical dependencies of the model.

Keywords: mathematical models, imitation algorithm, complex of projects,
production resources

Entrepreneurial activity in market conditions requires from business entities to make
decisions taking into account the rapid change in the market situation, in particular with the
unpredictability of competitors' actions and lack of time for appropriate response.
Therefore, the main purpose of almost all business structures is to provide their production
with the sufficient amount of required resources. Thus, it is reasonable to have a sound plan
that will be based on a well-grounded forecast. Unfortunately, its creation cannot be done
with a perfect precision, as market fluctuations and rapid changes in the real economy cause
a mismatch between the reality and forecast. The forecasting tool itself, in our opinion,
should take into account the timeliness of the forecast and the amount of resources needed
to implement the production process. In order to make forecasting effective, it is necessary
to have complete in content, volume and structure information and the ability to compare it
in time by quantitative and qualitative indicators. And this can only be achieved by making
full use of the economic-mathematical modeling and advanced computer technologies.
Models are a tool that allows to perform the desired scientific experiment. Modernity gives
the opportunity to take advantage of the existing domestic and foreign experience and
achievements in mathematics and software as well as to make use of models of the database
management system [1]. In such a system, any enterprise can be regarded as a complex
system in which, under the influence of various factors, certain unplanned deviations occur,
which alter the final result of the planned activity. The classification of such deviations
should reflect the causes of their occurrence, regardless of origin (external or internal); the
degree of their recurrence and the ability to develop a mathematical model of a specific
production and non-production situation and process.

In our opinion, the optimal management solution can be provided by a simulation
method and with the help of computer technologies and it should be performed in two
modes of time - in simulation time of the simulated process and in the real time of
implementation of the modeling algorithm by passing the simulated time for each model
and the real time of the experiment.

We will consider the proposed approach for calculating a calendar plan of the use of
production resources of a particular organization in the implementation of a set of projects.
It should be noted that the nature of production requires adjustment and coordination of the
entire production process.

The work may be performed by contractors of a specific specialization with the
involvement of appropriate resources, including technical means. The work can be executed
by performers of a certain specialization with the involvement of a fleet of machines and

mechanisms. Quantitative composition of the production line of the k specialty is

indicated by the m, symbol. For each branch (i, j) € N of the technological graph, which

corresponds to a uniquely defined work with the volume VU For convenience, we will
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denote the work with numbers 7 (7 =1,2,...R,) . Executors (teams of workers, individual
specialists, machines, mechanisms, etc.) are characterized by productivity of work (r, i )
of theksort — P, , and cost of performance of a unit of the work — ¢,

(k=12,...,.K; r=12,..R). Quantities can be interpreted as the cost per unit of work

or the cost of replacement of one machine, for example, one shift or one unit of time spent
doing this work. There are also specified quantities that include the cost of delivering a
contractor to a work object, additional costs for training a contractor, or additional

fundraising, or other costs - M, ; the start and end dates of the / - project are respectively
TR and TF.

It is necessary to define a calendar plan for the implementation of a set of works by
performers, which will not violate the regulatory deadlines 7,",7,", [=12,...,L), and

the cost of implementation of all projects will be minimal. Such tasks have the character of
multi-network scheduling of rational resource allocation.

To find a solution to this problem, we propose an algorithm based on simulation
modeling of the production process that takes into account a fixed component, which
includes the financial costs of the implementation of projects and additional involvement's
costs. The essence of the algorithm in general is as follows. For each stage of the search

process, a set of jobs R, and available, work-free performers are determined. When

solving, for example, a fixed-charge transportation problem [1)] we determine the optimal

linking of performers to the work. The criterion for this linking is the amount of the total

cost of executing all the necessary work. The total cost is determined as follows:

| L +V,+4d + M,
krl V]

7l

,r=L2,.R;1=12,.L

If the number of works does not match the number of free performers, or vice versa,
fictitious performers or works are additionally introduced. The distribution of performers
over each stage, determined at the corresponding iteration, remains unchanged.

This length of time, that is, its duration, is determined by the formula

rl

min =17,
(’ ’l) Pkrl

The amount of work for which the performers are assigned is reduced by the amount
corresponding to the amount of work performed by the respective executor over time T,

During the next step, we solve the new task of optimal assigning contractors to jobs that
takes into account a new set of jobs. It is possible to predict the redistribution of contractors
who are assigned to work and have not yet completed their part.

Such a process of gradual distribution of contractors by works lasts until all the works
of the complex, shown by the graphs in Fig. 1, are reviewed. Based on the calculated
intervals of work by the assigned executors, determine the start and end times of work, time
reserves for these works, the coefficients of tension. Then determine the total time of work

that is on the critical path T . of the network schedule. We check that if the condition is

fulfilled TK; < TKZ , that is, whether the project mandatory deadlines are met for a given
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complex of objects. Fulfillment of this condition makes it possible to conclude that the
found calendar plan of implementation of projects with the available production resources
is optimal in terms of the total costs. If the mandatory deadline is not fulfilled, it is
necessary to check whether the executors of the highest quality are assigned for tasks which
compose the critical path. If so, then it is impossible to execute the project with the
available production resources within the specified timeframe, in other words the task is not
solvable. When there is an opportunity to assign more productive performers to the critical

path, the critical path T » will be reduced, but due to the increased cost of project
implementation.

In order to ensure the redistribution of a more productive executor to the work of a
critical path, but of course, with higher costs, it is necessary to artificially reduce costs

1,.

Project 1 ° G
Project 2 ° °

Figure 1. Networks of two projects
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The application of the proposed algorithm makes it possible to calculate a calendar plan
of the use of all important production resources for efficient implementation of a complex of
projects. An example of a such situation is as follows. Let's assume that it is necessary to
ensure accomplishment of 2 projects that are remoted 5 km from one another. The cost of
reassignment one executor of the first type for 1 km is 5 UAH, the second, the fourth and the
fifth - 1 UAH, and the third - 33 UAH. The cost of preparatory work is considered only for
the first and third type of executors. The obligatory deadline for the implementation of the
works is 30 shifts. The amount of work, the variable productivity of executors, the cost of
performing a unit of work, as well as the execution of preparatory work are shown in Table 1.

The technological sequence of the work is presented by the network in Fig. 2. The
calculations are carried out at four stages. The linking remained unchanged at each step,
lasting 9, 5, 5 and 7 shifts, respectively. Hence the total number of work shifts required for
project implementation is equal to 26. As a result, the mandatory deadline has been met and
there is no need for a new calculations cycle to shorten project implementation time. Using
step-by-step calculations, a calendar plan of work is drawn up, which is given in Table 1.

Table 1

Initial parameters of the project construction task
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Direct mathematical programming methods can be used to solve these problems [1-3].

The considered economic-mathematical toolkit for choosing the options for the project
implementation is synthesized in single-criterion formulation. However, it is difficult and
sometimes even impossible to make a single-criterion assessment of a project in the project
management system. For this case, use the multi-criteria formulation of the problem of
choosing a project option.

The considered algorithm can be successfully used for calculating the optimal
composition of contractors for executing a set of projects.

The use of the given algorithm for this case consists in formation of a sufficiently large
number of performers, each type of which makes it possible to perform the required amount
of work. With this algorithm determine the calendar plan for the implementation of a
complex of projects, the composition of executors. Performers that are not enough engaged
in construction are excluded from this composition.

After each such reduction of performers, it is necessary to re-calculate the optimal
schedule. This will continue until performers with an allowable intensity of engagement
will be selected. The second way of forming the optimal composition of executors is that
there is a range of sets of executors and for each such set, the algorithm of calculating the
optimal calendar plan for the implementation of projects of this object is applied. The set of
executors for which the construction is the cheapest will be a priority.

Table 3
Schedule of linking machines to the work of construction sites
E tor Shifts

xecutors 1-9 10-14 15-19 20-26
1 1,3 8,10 12,13 14,15
2 8,11 3,4 34 13,15
3 8,9 9,12 12,14 4,7
4 1,2 11,14 10,14 5,7
5 8,11 2,5 24 -

The considered algorithm made it possible not only to calculate the schedule of
execution of projects before their actual accomplishment, but also to promptly adjust the
calendar plan in the process of its implementation in case of changing production
conditions or opportunities. The latter may include, for example, changing the composition
of executors, disrupting supplies of materials or equipment, etc.

Among the classical methods of managing uncertainty in models of investment
projects management, one can also distinguish in this work methods based on fuzzy set
theory, probability theory, and principles of simulation modeling. It should be noted that
virtually all deterministic project management models have their probabilistic counterparts.

The classical project management method is the critical path method, which, based on
the duration of the work and the order of their execution, calculates the terms and reserves
of the work and the project in general, has a probabilistic analogue - the PERT method.

It should also be noted that for each of the projects, information is collected about the
available funds and resources that can be pledged to banks for future loans, these data are
capital constraints, as each investment provided must be secured.

The problems of forecasting economic decisions are related to poorly structured
problems because of the considerable complexity of the cause and effect relationships of
economic processes and production management.

Mathematical models of industrial management were used to study this problem, which
take into account the most important factors influencing management decisions and which fit
into the proposed method for calculating option that supports decision-making.
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The results of a comprehensive analysis of the process of executing work and making
management decisions revealed the need to create and use objectively justified methods that
would take into account factors in quantitative terms and such methods are methods of eco-
nomic and mathematical modeling. Therefore, the use of any level of excellence in the tools
of forecasting indicators of calculated solutions can not ensure the maximum level of their
accuracy. These indicators, under the influence of random factors, can change significantly,
which in turn may lead to the inadequacy of the calculated project implementation plan. The
mathematical toolkit of forecasting the production plan helps to improve the reliability of the
assessment of alternatives to the corresponding indicators of the financial plan.

Economic-mathematical model of choosing the optimal project implementation strategy,
which characterizes the scope and efficiency of work execution. These characteristics are
determined by the indicators of production capacity, manpower, transport capacity, market
conditions, as well as the timing of production, economic obligations.

In order to harmonize and coordinate the production process with regard to the timing of
the execution of orders and the implementation of projects, a method based on simulated
modeling of the distribution of production resources is used for the execution of orders and
works of projects in order to minimize the total costs. Due to accepted assumptions about the
possibility of raising funds, the implementation of all projects and fulfillment of all
commitments is possible.

The models and algorithms of choice of management decisions allow to predict them
with sufficient accuracy at statistical and expert input parameters. They can be used to predict
the results of other economic processes characterized by fuzzy relationships between input
and output parameters and may not be sufficiently formalized, but it is possible to obtain
expert information to build mathematical dependencies of the model.
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NPAMHATTS PILIEHD B 3ATAYAX 3 IOCTIMHOKO KOMIIOHEHTOIO
B.-B. Bogk, II. KBacHiii, /I. Bpesrynosa
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PosrsaHyTHII B maHii CTaTTi €KOHOMIKO-MAaTeMAaTWYHUH iHCTpyMeHTapii BHOOpY
BapiaHTiB BUKOHAHHS KOMILIEKCY MPOEKTIB CHHTE30BaHHUI1 B ouHOKpMTepiaaniﬂ MOCTAHOBII.
Onmak y CHCTeM yNpaBIiHHS IPOSKTAMH BaXKO, a {HOI HABITh HEMOXJIUBO 3POOHTH OHO-
KpuTeplam,Hy OLIIHKY TPOEKTY, ajie ONMMCaHWI aJrOpUTM TOIUTBCS 1 JUIs BUIIAJAKY Oarato-
KpUTepialbHOI MOCTAaHOBKH 3ajavi. Takok HOro MO>KHa 3aCTOCOBYBATH 1 IIPH HEOOXiTHOCTI
OIlepyBAaTH 3 TIEBHOTO PiBHSI HEBM3HAUEHICTIO JUIsl YIIPABIIIHHS 1HBECTHLIIHHUMH MPOEKTAMH.

B naniii crarTi 3acTOCOBaHMH KJIACHYHHMN METOJ KEpPyBaHHS IPOEKTaAMH — METOJ
KPUTHYHOTO NUIAXY, SIKUM J03BOJIIE HA OCHOBI TPHBAIOCTI POOIT 1 HMOPSAKY iXHBOTO
BUKOHAHHS OOYMCIIUTH TEpMIHM 1 pe3epBH BHKOHAHHS pOOIT 1 IPOEKTIB B LUIOMY 3
BPaxyBaHHSIM OOCSTIB BUPOOHMYHMX PECYpCIB Ta NONMYCTHUMICTIO iX PO3ILIMPEHHS, BPaxo-
BytouM (DiHaHCOBI MOXJIMBOCTI, ISl KOXKHOTO 3 IPOEKTIiB 30HMpaeThes iH(opMais 1po
HasIBHI 3aC00M 1 pecypcHu KOTpi MOKYTh OYTH 3aKJIaJieHi ImiJ] rapanTii Mail0yTHIX KpeanTiB

Po3risiHyTi Mpo6aeMu MPOTrHO3yBaHHS €KOHOMIYHMX pIlIEHb BiHOCATHCS 110 ciabo
CTPYKTYPOBAaHHX TMPOG/eM uepes 3HAdHy CKJIQIHICTh NPHUYMHHO-HACHIIAKOBHUX 3B'SI3KIB
€KOHOMIYHHUX IIPOIIECiB Ta BI/Ip06Hquro MeHeKMeHTy. [l BuBYeHHS wiei mpobiemu
Oyno pPO3MIIIHYTO MAaTeMaTH4YHI MOAENi BHPOOHMYOIO MEHEMIKMEHTY, SKi BpPaxOBYIOTH
HaliBarominr YWHHUKW BIUIMBY Ha YIPABIJIIHCHKI PIMIEHHS 1 SIKi BIUCYIOTBCS Y 3aIpoIio-
HOBaHy CUCTEMY IiTPUMAaHHS IPUHHSTTS PillleHb.

3a pe3ynbTaTaMy aHaNi3y MPOLECY BUPOOJICHHS 1 MPUHHATTS yNPaBIiHCHKUX pillleHb
BpaxoBaHa HEOOXIJHICTh CTBOPEHHS | BAKOPUCTAHHS 00’ €KTUBHO OOIPYHTOBAaHUX METO/IIB,
SKi BpaxyBaJll YMHHHMKM y KUIbKICHOMY BHpaXeHHi. B HamoMmy BHIaaKy BHUKOPHCTaHO
METOAM EKOHOMIKO-MaTeMaTHYHOIO MOJENTIOBaHHS Ta IHCTPYMEHTapiil NpOTrHO3yBaHHS
IiaHy BHOOpPY BapiaHTIB BHKOHAHHsS KOMILJIEKCY IPOEKTIB CHPHsIE€ MOKPAIIEHHIO J0CTO-
BIPHOCTI OIIIHKH aJThTEPHATHB BiAMOBIIHUX OKA3HUKIB IUIaHY.

ExoHOMiko-MaTeMaTHuHa MojeNb BHOOpY ONTHMAJIbHOI —cTparterii —peasizauii
MIPOEKTIB, Y3TOKEHHA 1 KOOPAWHALII BHPOOHHUYOTO MpOIeCy 3 BpaXxyBaHHAM TEPMiHIB
BUKOHAHHS 3aMOBJIEHb Ta peaiizalii NpOeKTiB 0a3yeThCsl Ha IMITALIIHOMY MOJIENIOBaHHI
PO3TOALTYy BUPOOHHYHX PECypCiB AJIsI BUKOHAHHS 3aMOBIICHBb i POOIT MPOEKTIB 3 METOIO
MiHIMi3alil CyMapHHUX BHTpAT, XapakTepusye o0cAru Ta e(eKTHBHICTh BUKOHAHHS POOIT
Yyepe3 IIOKa3HHKH BHPOOHHMYMX IIOTYXKHOCTEH, TPYIOBUX pecypciB, TPaHCIOPTHHX
MOXIIMBOCTEH, PUHKOBHX KOH IOHKTYpH, a TaKOX TEPMIHM BUKOHAHHS BUPOOHHYHX,
TOCIIOJAPCHKUX 3000B’sI3aHb.

Po3risiHyTi Mozeni 1 anropuTMu BHOOPY YNPaBIIHCHKHX DillleHb O PO3pPaxyHKY
KaJICHOApHOTO IUIaHy BUKOPWCTAHHS BHPOOHWYHMX peCcypciB MEBHOI opraHizamii mix dac
BUKOHAHHS KOMILJICKCY MPOEKTIB JO3BOJIAIOTH 3 JOCTATHBOKO JOCTOBIPHICTIO 1X HMPOTHO3Y-
BaTW IPU CTATHCTHYHHX 1 EKCHEPTHHX BXITHUX MapaMerpaXx. BoHM MOXyTb OyTH
BUKOPHCTaHI TPH 3ajy4eHHI KOILITIB JUIs peaii3ailis BCIX INPOEKTIB 1 BUKOHAHHS BCIX
B3ATHX 3000B’sI3aHb. JUIs IPOTHO3YBAHHS PE3yJbTATIB IHIIMX €KOHOMIYHUX HPOLECIB, SKi
XapaKTEePU3yThCS HEUITKMMU 3B'I3KaMU MK BXIJHUMH Ta BUXITHUMH NapaMeTpamu i He
MOXYTb OyTH JOCTaTHBO (POPMaIi30BAHUMH, A€ € MOXIIMBICTH OTPHUMYBATH EKCIIEPTHY
iH(pOpMaIlifo A1l TOOYA0BH MAaTEMaTHUHHX 3aJICKHOCTEI MOJIEIII.

Knrouosi cnoea: MmateMaTndHi MOZET, IMITAIHHUN aNTOPUTM, KOMIUIEKC IPOEKTIB,
BHUPOOHMYI pecypcu.





