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O.AVRUNIN, O.VLASov, V. FiILATOV

MODEL OF SEMANTIC INTEGRATION OF IN FORMATION SYST EMS
PROPERTIES IN RELAY DATABASE REENGINEERING PROBLEMS

The subject of research is methods of semantic integration of subject areatesbeneous information systemnrsd distributed
databases. This class of systems are created on thebdatabaseechnologies, are widespread argkd in all areas of economic
activity. Such systems are characterized by high complexity of designtemance and modification. Tiperpose of the research is
the development of a subject area model bas@deosemantiproperties and relationships adtd elements; development of effective
technology of integration of information resources of heteraggneomputer systems on the badisechnology of management of
database systems; research and formaizabf classesof inhomogeneity of data strucks aimed at solving the problem of
determining the types of information objects. Development of toolthe design and maintenanceagplication problems for the
integration of heterogeneous informatiorstgyns and digbuted database&esults the analysis of existing methods and models of
integration of subject areas on the basis of semantic piepartd connections of data elereis carried out; developed an effective
mathematical model, technolpgnd algoritim for semantic integration of iafmation resources of heterogeneous computer systems
for relational databases; investigated and fomél classes of inhomogeneity déta structures aimed at solving the problem of
determining the types oifhformation oljects; the model is developed dameans of the logical description of properties of
information objects for definition of border of ttensidered subject area are istigated.Conclusion the article considers a
formalized infographic modeof the subjet area, which focuses on the sariic relationships between information objects of
databases. An axiomatic approach to the descriftfotine subject area is formulatedthich allows to consider the problem of
modeling the relations of théeenents of thesubject area in the form of ats# rules that determine the existence of data elements.
On the basis of the analysis of structured amodels of databases of infornagt systems the general approach to construction of the
universal technalgy focused orthe decision of problems of magement of heterogeneous information resources of computer
systems is defined.

Keywords: data model; datsemantics; database; data ireign; heterogeneous information system.

Introduction Since users ofnformation systems often do nagrae to

lose local autonomy, nektbeless wanting to be able to

Databasébased mformation sygems have gone from work with all local DBMS in one languageéd formulate
cumbersome systems organized as shared systemsqueries with simultaneous indication of different local
flexible distributed intelligent information systems. databases, recently much attention has been fmid
Among the may factors that contribute to su@rogress research in the field of midtlatabases. Systems of this
are the improvement of the basic tools of database syste@i@s do not support the integrated database global
- programming anddata management systems. This, ischema, and special met®are used taccess objects of
turn, is based on the achievement of theoretical researcHafal systems. As a rule, in this case, only data sampling is
the fidd of data modeling, methods ogsigning logical allowed at the globdevel, which allows you to mainta
and physical strcture, norprocedural data processingtheir autonomy.
languages. As a rule, itis necessary to integrate heterogeneous

Research conducted bifie authors othe article is data distributed in a computer m@rk. This m&es
aimed at creating systems for integrating and managifiggplementation much more difficult. In addition to its
information resources of distiibed computing systems. OWn integration problems, it is necessavysblve all the
Integratbon means the management of hegereous problems inherent in distributed DBMS: global
information, which will allow organizing access totrarmsaction management, network query optimization, etc.
heterogeneousdata containedn the generated structuresFor the external peentation of ritegrated and muti
data files and databases. databases, the relational data model is most often used.

The solution to the problem of integratingTherefore, the inclusionfa local relational DBMS into
heerogeneous information resourdesgins with attempts an integrated system is much eas@rd more efficient
to integrateheterogeneous databases (DB). The directidhan the inclusion of a DBMS based on another data
of integrated or federated eterogeneous nformation model.
systems appeared in connection with the need to share

data based on different models and awged by different Featuresof solving the problem of semantic
database managent systems (DBMS). One of the integration

options for solving the problem of integrating

heterogeneous databases tés provide uses with the Among the reasons leading to the disagreement of
ability to see the global schema of the domain. A glob&hformation resources are the followgin

schema view is usually implementadsome data model, 1. Heterogeneity, distributionand autonomy of

and supports automatic conversion of global ath information resources of the systefthe heterogeneityfo
manipulation statements to statements understood by tlesources aga be syntactic or semantic (either different
correspondindocal DBMS. With the strict integration of types of semantic rules are used, or different aspethe of
heterogeneous data, local systems lose their autonordgmain are detailed and / aaggregated). A purely

E O. Avrunin, O. Vlasovy. Filatov, 202C
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realizableheterogeneity of information resources is also  In contrast to a mathematical model, models in

possible, due to the usé different canputer platforms, information technology must ineie not only structural

operating systems, database management systeimst alsooperational specificatiorzor modeling a subject

programming systems, etc. area, the most acceptatabstractioris algebraic systems
2. Needs dr the integration of informatiorsystem that combine, in addition to a sef objects O and

components Obviously, he most natural way to organizerelations between object®, also a set of arations

a complex information system is its hisrhically neseéd  (functions) W defined on the main s&b. In this case, the

construction. More complex functiesriented model views can be spedfi by three elements
components are built from simpler components that cou'~' M=<OD W @)
be designed and developed indegently, which creates T '

heterogenigy. To formalize the presentatiaof databases, the term

3. System reengineering After the creation of the "model” is usually used, implying a tripletO, D, W'
initial versionof the information system, the process of itsgiven the definitions introducedAlthough, for amore
continuous alterations inevitably follows, due to theletailed presentation of data semantics, this model will
development ana¢thange of the corresponding buess include rules decribing possible states of therdain. It is
processes. not possible to present a database in a strict mathematical

4. Solving the prblem of legacy system®ver time, form, and evermore so, some fixed subject area is not
any computer system becomes an obgcattentionfor possible due tothe severity of abstractions in the
the organization that operates it, since it constantly hasdescription of the mathematical modéthat is, in a
solve the problem ofmbedding outdated information mathematical model itsi impossible to express the
components into aystem based on new technologydanmeaning of objects fronR, D and W. In reality, when

solving new problems. designing, it is possible to use several types of models.
5. Extension of the life cycle of the informationEach model is defined by differentpigs of relationships
system Thelonger the information system functions, thenetween objets of the subject area [2].
more needs arise to change and / or adehpoments One way to establish links between objecistd
designed and developed to meet new englés. categorie them. Objects of the same category are
There is no problem if fro the very beginning the considered similar, and the similarity characteristics are
information system is designed and developedraspen usually specified by the categoryoperties. In accordance
system when all components are interoperablewith the level of requirements for data categorization,
Unfortunately, in practice, such an implemaign is models are divided into wvtypes: strogly typed - in
difficult to achieve. For various reasgnthere are needs which it is assumed thall @bjects should be assigned to a
for the integation of independently and differently category; weakly typed not bound by any assumptions
organized information and compugimesources. about categories [B4]. For example, inthe TEACHER
The development of views on information resourcegategory, with a strongly typed model, all objects must
is their representation in the form afset of typed objects havethe same typef structure, which in this case cannot
that combine the abilitfo preserve information content pe true, since fultime, parttime workers, payroll, etc.
(their state) and information processing due to the  Unlike strongly typed models, weaktyped models
presence of certain rtteds applicale to the object. provide data and tegory integration. It is convenient to
The main conclusion from the above analysis is th@frovide the realization of suchossibilities sing the
the problems of ritegrating heterogeneous informationpredicate calculus. Many modelse predicate calculus to
resources & relevant when considering thenttioning of  represent knowledge that is not implemented by the
information resources, and at the same time it is requirgéderlying meansfahe model. Modeling using pregite
to use reasomde combinations of architectural, calculus assumes working with linear texts, and can be

information and organizational solutions. written bothin the usual rathematical notation and in
programming anguages such as PROLOG or DATALOG.
General approach to semantic modeling in data Thus, predicate calculus is not overly complex and poorly
integration structured. With this approactye emphasis is placed on

ensuring the universality of the description Ifowithout
By a data model we mean a forized regard to artificial restrictions on the tym and
representation that allows you to implement dateategorization of data. The model defines the rules
interpretation in ecordance with the specified according to which the data is sttured. However,
requirements. The concept of a model is closely related $tructural spefications do not provide a way to fully
the concept of abstraction. The abstraction of a system isrderpret the semantics of thetdaand how itis used.
model of this system, in which s@mdetails are Operations on objects and dataishalso be defined. For
deliberately omitted [1]. example, the objects of the model, depending on the
The most general and rigorous cept of a modeis allowed operationscan be added, removed or chahge
defined in mathematic8y the model we mean the basicand also, using operations on data, the values of objects
set of objectsO and the set of relation® on O. Thus, that are notexplicitly specified in the model can be
the modelM can be represged by the pa obtained [5].
M= <O D B ansidering f[he domain model, we define the
’ : properties that it displays. Let's distinguistotalasses of
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properties: static rad dynamic. Static properties includeintegrity constraints.In this case, suchedrictions are
properties that are invariant ime, they arelaays valid understood as the semantic properties of the carrier, which
and unchanged. Dynamic profies are characterized by adequately reflect the dependencies between the objects of
possible changes in the subject area. Any model muke subject area.

represent theswvo classes in some way. We wilssume Example 2.Let the databas®B, be defined by the

that the sgt of objects is determingd by the requirements;sngto1 = (Full name, Sulgict Gradg and a set of rules:

the wsbject area. He choice of acceptable

implementations foobjects or links between them is setby L = (Average mark« Full name, Grade; Number
specifying restrictions in the form of a set of rutbst of passed exams Full name, Subjegt

determine the dependenciestween objects and possible and DB, is defined by the se©, = (Full name,

extensions of the domain, that is, a set @ftput \jathematicsPhysics, Hitory) and a set of rules:
(calcuhted) objects. L, = (Average mark« Full name, Mathematics;

Using the previously intmuced designations, we i
define a modeM as a set of object®, a set of ruled, Average mark« Full name, Physics; Averagmark «
Full name, History; Numbeof passed examsg Full

and a set of operation$/. The ruks will be set in the y ) |
form of implicatiors (the symbol"« " is read as " name, Mathematics, Physics, Histpry

then") Accordingly, the extensions for DB, and DB, will
look like
0] D, Q) 3 _
« Qe ®) S, = (Full name, Subject, GradeAverage mark,
where O, are domain objects af=1 n. Number of passecams
Rules (3) determinethat if all oljects O, are And accordingly
included in the seD, then O must also be inclugtl in S,= (Full name, Mathemats; Physics, Hitory,

0. The rulesL, generating adtonal objectsO;, with  Average mark, Number of passed exams

the help of operationdV (in this case, the operation of Itis intuitively _clear Fhat_ forDB, an_d DB, carT be
adding) specify an extended set of obje&ts includng reflected the same inforation if you detail some objects,

both specified and derived objects. Thus, the model can Beparticular, clarify what is includech the 'Subjet’,
defined as what is a set of objects Mathematics' "Physics,

- "History' and how to get theGrade' object
M=<OLS W @ If in the rules forDB, and DB, add the rules from
Definition. The databaseDB(O,L) is a set of

objects O reflecting the properties dhe sulject area and Ld LIZ'

a set of integrity L constraints hat determinethe L, = (Mathematics, Mathematics, Physics, History
acceg.tabtl_e st_at% o: thel daéagaiﬁhisé ctase, tf&elopergti_ngtﬁ( Subjec},

specification is determine e data model used in the . . . .
dgvelopmentof the databaseystructur@he exension of L,=(Subject « Mathematics, Physics, History;
the carrierO built according to thejiven rulesL willbe Grade « Full name, Mathematics; Grage Full name,

called the semantics of the database in the notasion Physics; Grade « Full name, History, then the

Two databases are egalent if the rulesl, and L, extensionsS, d S, would be the same, thatis,

determine a on&-one correpondence beten S = S= (Full name, Mathematics, Mathematics,
semanticsS; and S, . Physics, History, Subject, Grade, Average mark, Number
Example 1.Let a set of objects be give of passed exas _ o
O = (Full name, Subject, Gradeind a set of rules, Thus, having carried out the decomposition in the

_ . first case, the Subject object, and in the second
L =(Average mark Full name Assessment; N . - . ; '
( 9 “ N generalized the Mathematics, Physics, Histdnobject,

Number of passed exams Full name, Subjegt X ; e )
Then F'zaking into account the fact tk{a?the presené)eerformlng the aggregation of th&tade' object, using

in the S an object "Average mark depends onthe the appropriate rule$.'1 and le for this, we come to the
presence inO the objects Full name, "Grade', and conclusion about the equivalence BB, and DB, . In
“Numter of passed exarhsepends on the presenced  \hat follows, we will require that, when defining a tet

the objects Full namée and "Subject, you can build an all ohjects of the subject area be detailed by the rules of

extenson: generalization, decomposition or aggregatidir7[6
S=(Full name, Subject, Grade, Average mark,

Number of passed examseflecing all possilte objects, Research and development of a model fantegrating

both static and obtained as a résof performing subject areas of information systems

operations on a setO. Obviously, to assess the

information state of the subjearea, it is necessary to In the general case, generalization can be represented
analyze the se§. as a abstraction, in which a set of objects with common

In the consideredontext of the representation of thesemantic properties is considered as one generalized

data model, we will define how a set of objects in thebject. In turn, decomposition is an astion in which
domain O 7 let's cdl it a carrier, a set of ruled i one object can be replaced by a set of independent objects,
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the totality of which expressethe semantics of the ("Subject, "Grade', "Mathematict "Physics, "History")
original object. In addition, an abstraction of thewere included inthe semantics. Objects included in the
aggregation type is possible, in which an object idata carrier, as well as those obtained as a result of object
constructed from otheobjects and represents a semantidetailing (generalization, decomposition, aggremggtiand
refinement or extension of the original object. On theonstituent elements of semantics are called extensional
other hand, an ageggate can act as an object that connectbjects.
other objects, the semantic individuality of which in the In addition to the rules exrgssing generalized,
considered subject area is not obviousl[3. decomposed, and aggregated objects, when describing a
Considering such an abstraction, many individuadubject area, rules can be specified that define a set of
differences between objects can be ignored. So in thelculated objectsSuch objects are initially absent in the
exampe, a lot of names of objects can be abstracted asn@dium and are formed as a result of performing final
generalized object Subject. This abstraction neglects functiors, using simple or complex arithmetic operations,
individual differences between subjectaich as the fact logical values, etc. [1I&1]. An example of obtaining
that subjects have different names, are read by differezdlculated objects is discussed above.
teachers and listened to by éifént students. In turn, So the sé L contains the rulesAverage score«
"Grade' is an aggregated object that includes semanticalijull name, Grade "Number of passed exams Full
identical values for pairs of objects of the typ@ifl Name name, Subjett while the objects Average score and

4 Mathematic$, "Full Name? Physics, "Full Name? "Number of passed exafrabviously cannot be present in
History', which is expressed by additional rulesthe DB extension, but they cabe obtained as a result of
(extensim rules). performing arithmetic operations on the values of the

The correctness of operations in the analysis ambjects 'Full Name, "Grade', "Subject. Objects that are
construction of the semantics of the database it explicitly specified in the database media, but obtained
determined by the assumption that eagpresentation of (calculated) based on the rules for expanding the dagab
a domain element and a set of requirements are complatel constituting the elements of the database semantics,
and consistent [113]. This meanghat all objects are are called intensionalbjects. Thus, when obtaining the
defined and that no additional detail is required within theemantics of the database, it is necessary to take into

views. Thus, the following conditions must be met: account two types of rules: generating extensional and
1. The set ofobjects is complete in terms of theintensional objects. For gater detail of the subject area,
requirements of the subject area. the rules that generate various types of objects ve
2. All objects have unique names (exsion of jided into two setsL®® and L™ extensional and
homonymy). intensional, respectively [22].

3. Generalization of identical objects is not required |t should be noted that if the divisi of rules into
(exception of synonymy). ] ) extensional and intensional is of practical importance,

Data research has mainly dealt only with aggt®®  amely, dunig their formation, different construction
(for example, Codd normal forms), and generalization h3gyic is used, then the general inference logic is used in

been largely ignored. The reason was that impe he construction of semantics, after which the operation of
models, generalization could be dispensed with b
a

i ext int

choosing a specific approach each time that desoml_:nnmg eIement_s S_ and ST is performed. The .
appropriate for a given case. Artificial taligence ivision of semantics _|nto two types_enhances the clarity
research on knowledge bases, by contrast, has maiffly ("€ Process and in some special cases may be of
dealt with generalization (e.g. Quillian's nsantic P actical Importance. .
networks), while aggregation has not been used. The Analyzing the setS, one can draw attention to the
opposite abstraction of decomposition was not consider@§vious redundancy of objects, that is, the $iameous
at all when describing data sttures [14]. presence in syntactically different objects expressing

The combination of the principles of generalizatiothe same semantics, thus, the third condition for the
and aggregation decomposition can extené tfata adequacy of the representatioh the semantics of the
representation model using the methods used in artificigWbject area is violated, namely the emergence of
intelligence [15, 16]. synonymy

When analyzing the structure of a database schema, Synonymy can arise mainly in the construction of
it is esential to be able to explicitly represent the types @xtensional semantics, since it is duriggneralization,
abstractions. This allows you to ensure that the ngmidecomposition or aggregation that semantically
conventions for objects are consistent with the databaggambiguous objés can arise, and synonymy can be
media. In particular, explicit naming of objects provide®etween one object and the union of many objects. For

the following capabilities: example, the Suppliet' object expresses the same as the
- applying operations to modified objects; "Address"C "Name' objects.
- replace a set of objects with a generalized or To exclude such a situation, when forming the rules
decomposed reprasgation; for generalization, decompasit and aggregation, we

- specify the specification of links between objects will add compensating (excluding) rules of the form
Let's go back to the extension rules frégnand L,. {* Supplier « Address, Nanje (Here the symbol X"

As a result of applying these rules, objects that were nd?nOteS the absence of an element in the setgdter, it
- _applying » 00) . i&" obvious that the simultaneous presence of mutually
explicitly specified, but actuallpresent in the subject area
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exclusive objets violates the logic of representing thewhen the structure of an information component (table) is
subject area. defined by a relationf the form
In this case, it is possible to construct an intension - r =DomA *DomA 3 Bomg @)

semanticsS™ for any variant of extesional semantics . . . .
oxt . , . : int . where DomA i set of valid attributeA, values or attribute
S according to the given intensionalles L™ . This

fact indicates the need to consider separately two typesd®main A(i=1-n), r represents a set of tuples-ln 0
rules when building a domain modelextensional and (A_1, A_2, ..., A_n) media expressing the semantics of the
intensional rules. In tm; the general semantics in the database.. .

model should reflect e state of the subject area at a N this case, the predicate model represents the
particular moment in time. Although during the operatiogonjunction of a finite set of predicates corresponding to
of the system the ability to dynamically chang® the relation scheme of a relationaltalzase presented in
depending on changes in the requirements of e form

subject area or users must be taken imrcount, P=p(t)& p{t)&...& p( 1) . (8)

;h;fagzsslée 's resolved at the stage of managing tr\;vnhere p;(t)is a predicate corresponding to property (6)

Thus, based on the introduced notation, thand 1¢i &, PT a setof objects expressing data
representation of model (4) will be written as semantics. Then the support can be represented as a set of

; unary predicates:
M = (O, LeXt, Llnt , \AB) (5) y p

_ _ O(p()& pAY&...& p(N) , 9)
To confirm the correctness of the consideren )
examples, desibe the subject area, we describe thwhere predicatep(§) corresponds to property (6),

formal modeling apparatus based on the logic of-firs1¢i ¢ and dsplays the values of the corresponding

order predicates. objects of the subjectJarea.
. _ containing constantsaviables and predicates For a unary
Formal model for representing data semantics predicate p, a formulg(t) will be called a positiveiteral

I, and a formulax p(t) a negative literak | . A base

Declaraive specifications, formulas of propositionall.t i i tive literal that d i tai
calculus, or firstorder predicate calculusan be used as a lteral ISa positive or negative literal that does not contain
variables. Thus, the set (9) will represent éxéension,

means of defining the structural component. Data objec X .
that meet the specified conditions constitute the valid sta?gd will be written as
of the database [225]. ol ,15,...0, ). (10)

. We will con3|d¢r a daf[abase asa set of pred@ates. In The semantics of the database will be determined by
this case, the predicate will be conseteas a functional a set of rubs of the form
statement. In contrast to arithmetic and logical function<
where the range of values and the range of changes in t L={l «lyly.dm), (11)
arguments is the same, thsthomogeneous, the range ofyhere| « I, |,,...| - are literals andm2 1.
values of a function for predicates is logical, and thgean |2
of changes of arguments is subject. Thus, the predicate is
a northomogeneous function and can be used to simuldte executed, thenl is ececuted and expresses the
[26]. intensional properties of the data. e€Ttcondition for

In predicate logic, an atomic formula is anallowing objects in semantics is that if all literals
elementary object with a truth value. An atomic formula}i1|2'___lm are included inO, then!| can be included in

consists of a symbolic notatioorfa predicate and a term. . e . .
In general, the predicate can be represented as a formtcﬂa, It this C‘?”‘?"“O” IS r'Ot mgt and th? .I|terr.;1l being
p(t) , where p is the designationfdhe predicate, and defined asl is included in S without defining literals

is the term. The number of terms deterrsinghe 'i"12:~-Im. then data condincy may be violated. The

dimension of the predicate, that is, in this case, tHBain condition for correcess is the compatibility of
predicate p is unary. Essentially, a predicate is a functio®bjects inS. Compatibility consists in the absence of the

that returns a Boehn value, true or false, depending ory@me positive and nega_tnve literal. . .
the value of a term. Thus, for the predicate model, we will also consider
In the context of databaseetiry, the predicate will two types of rules defining extensional™ and
be considered as an information component that refleqtﬁensional L™ , and the general set of rules, respectively,

the value of the corresponding object. In other words, jfg | = | " g |t js assumed that the elemer@s may

A is some data object, then change dpending on the data requirements, and it is
_8Trugtli A necessar to adjust the rules describing the subject area,

p(t)—%m. ®)  ho matter what the relationships between objects, their

details, and possible final operations are. However, the

sem;::ilis rg;:) r:;; nt?:lgr gigmb?e ufsoerdatcr)elgt?cs)ﬁglbinct)ze ata semantics should automatically rodp@ in accordance
: Pie, ith changes inO and L. Modification of a setO is

The rule can be read as the expressionl}lif,...] ,,
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defined by the operation of adding or deleting a litéral rules in which the righband sides contain literals

at execution of whicts remains the same. A B,C,D,G either separately or together. These
In other words, adding a literal means thahust be requirementsre net by the rulesC, E« A G.

present in the semantics of the modified database, and Thus, we haveS®= AB G D E Ci the set of all

deleting means that should not be included in the jiterals. Therefore, further computation will not change the

semantics of the modified database, and tiawtaneous s(gmantics, sinceS®’= & =. =< As a result, the

Fzr%sgg]ce of positive and negative literals is not allowes mantics of the originalatdbase DB(O, L) corresponds
S={ABCEG.
Algorithm for calculating database semantics Let two databaseBB, (O, L) and DB,(0O,, L,) are
] _ given. We will say thatDB, and DB, are equivalentif
Based on the introduced concepts and assumptlorcljse,Si nation DB,  DB,) if their semanticsS, = S € are
we can conclude that the informatioontent O can be g By B, 2=9S

expanded in accordance with its semanBcdy means of equal. To check the equivalence, it is necessary for each
the given rulesL. Thus, the problem of calculating rule X « Y from the set of ruled, to check whether the

semanticsS arises, andS must be calculated with ela left patts of these rules are contained $; in this case,

change of O el ements. Letds c oagdoitfinel cantbd ®ed Coadictlstd thet serfaftics. If it
algorithm S . turns out that some literals i, do not belongs,, then
Algorithm:

obviously §, S. If every literal fromthe left sideL;
Input data DatabaseDB(O, L) . bel h literal f il also bel
Output data database semantic. elongs tF)SZ’t eh every fitera rgrrﬁ Wit aiso belong
Method calculate the literal sequencg according S,, and if the converse statemdstalso true, then the
to the following rules. statementS, = S is also true.

1. s%is O. Thus, when comparing two databases, it is necessary
2. S*1is S plus a sebf literals |, such as inL  t0 compare their semantics. Moreover, if its semantics did
not change during modification, then we can

there is a .certain rulel« i 11S". AS  assume that the informian oontent also remained
s=9 i.. i$ 1. ltand A of course, finally there unchanged.
will be achieved suchi, that S'=S*. That is .
S=dl —ge - Conclusions
3'i Thusi, th?{f—‘ is no need to perform caldolas Thearticle deals with a formalized infological model
after S', if S'= 8™ of the subject area, which is focused on semantic relations
Algorithm is finished. between information objects of databases. The main
_Le tos consider an e X a mpdm@onehtd bf Uhe tdénih imbdel ark Mighied 3akdo v e
algorithm. formal definitions are given to the hasertities: a set of
Let O={AB and information objects, the relationship between information
L={AB «G C« AB,C« D:ACD« B objects (rules of logical existence), a support system for
D« E,G;B,E« C CG« BD,CE« AG. structural and information integrity. An axiomatic

approach to thedesciption of the subject area is
Consider S° = A B. For calculatingS' find rules that formulated, whih alows us to consider the problem of
have on the righside either separately literald or B, modeling the relations of the elements of the subject area
or a pair A, B together. There are two such rulés« A in the form of a set of rules that determine the existence of
and A,C, D« B. Attaching literalsC and D to S° and data elements. Based on the analysis of stras and
) . models of information systems databases,gaeral
we believe thatS"= A B G D. approach to the construction of a universal technology
To calculateS?, look for the righthand sides of the focused on solving problems of managing heterogeneous
rules contained inSl. We find C,G« B D, thus information resources of computing systems is

) 3 _ determined.
S°= A B C D C. To calculate S°, we arelooking for
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V. BESKOROVAINYI

COMBINED METHOD OF RANKING OPTIONS IN PROJECT DECISION SUPPORT
SYSTEMS

The subject of research in the article is the process of ranking options in project decision support sylséagosl df the work is to
create a method for ranking options to improve the efficiency of decision support systems by coordinating the intemeton bet
automatic and interactive procedures of compaiged design systems. The followitasks are solvd in the article: review and
analysis of the current state of the problem of ranking options in design decision support systems; decomposition lefrthaf prob
project decision support; development of a combined method of ranking options, which coimbipex:édures of technologies of
ordinalistic and cardinalistic ordering; development of a method of minimax selection of options from a set of effedtiee fo
procedure of expert evaluation. The followimgthodsare used: systems theory, utility theasptimization and operations research.
Results.As a result of the analysis of the modern methodology of decision support, the existence of the probiesstatduction
of subsets of effective design options for ranking, taking into account factbesehdifficult to formalize, knowledge and experience
of the decision maker (DM), has been established. The decomposition of the problem of supponiakjrieof design decisions
into the tasks of determining the goal of designing an object, formimgvarsal set of design decisions, identifying sets of admissible
and effective decisions, ranking and choosing the best design option for decision maakezen performed. A combined method for
ranking options has been developed, which combines tlvedures of ordinalistic and cardinalistic ordering technologies and allows
you to correctly reduce subsets of effective design solutions for ranking deciakers. A method of minimax selection of options
from a set of effective ones for the expert esgdun procedure of decision makers has been developed, which allows improving the
quality of the assessmer@onclusions.The developed method expands thetmodological foundations of automation of processes
for supporting multicriteria design decisionsjlows for the correct reduction of the set of effective alternatives for the final choice,
taking into account factors that are difficult to formalizepwiedge and experience of decision makers. The practical use of the
results obtained due to the pospd procedure for determining the set of effective solutions will reduce the time and capacitive
complexity of decision support, and due to the use ofithgimin procedure for selecting options in the synthesis of the estimation
modeli to improve the qdity of design solutions.

Keywords: design automation; multicriteria evaluation; effective solutions; comparative identification; project decision support;
utility theory.

Introduction design object is made by the decision nigksV), who is

able to analyze and make a choice among only a few

Increasing the requirements for the functionapptions [11].
characteristics of dhropogenic objects, which are At the same time, it is often not possible to
operated in various spheres of hunaativity, leads to the Substantiate a single scalar criterion for assessing
complexity of technologies and means of their design [1§fficiency, which would fully characterize the alternatives.
Within the methodology of the system approach to obtaidased on thisDM evaluates the effectiveness of the
effective and sustainable design solutions, itdgisable alternative as a whole based on the analysis of some set of
to jointly solve the problems of structural, parametric angontradictory criteria, each of which characterizes some of
technological optimization of objects at all major stages dfs partial properties [}24]. Evaluation of the
their life cycles [2]. However, most of these problems aréffectiveness of alternatives is traditionallprged out
combinatorial in nature and are solved by a set ofsing the theory of utility. The decisianaking process
functional and ost indicators in terms of incomplete for choosing the best project option is carried out using
definition of goals and dat&]. the methods of individual or collective expert evaluation

The most complex objects of design andl5-17]. The above raises problems of coordination of
management are organizational and technical systenfigraction betwee automatic and interactive design
which are characterized by significant structuraprocedures of comput@ided design systems. One of
complexity and contain, along with tigéidnal technical them is the problem of forming and correctly reducing the
components, active (organizational) elements [B]. set of effective alternatives for the firdioice, taking into
territorially distributed technical and organizational account factors that are difficult to formaljzenowledge
technical  objects  (service  systems, logisticsand experience of DM.
telecommunications, monitoring, etc.) cost and functional
characteristics are sididantly dependent on their _Analysis of the problem and methods of its solution
topology (territorial organization) {&]. The processes of
design, development planning or reengineering of such In the first stages of formalization, the essence of the
objects are even more complex due to the fact that thpyoblem of project decisiemaking can beepresented by
include in addition to the above traditional synthesithe logical expression "necessarg’" or formally
problems the problem of their topological optimization [8 _ (where s° is the optimal project decision) [18].
10]. This leas to the need to generate and analyze super o ) o
powerful sets of alternatives. However, the vast majority? this case, the decisianaking situationd (formally
of decisions generated using automatic procedures afeéd. - ) is usually notdefined clearly enough. To move
inefficient, and the choice ahe implementation of the
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to the decisiommaking task of the form, the problem isg

. o " E S. Thus thevariant ofthe design decisiors® | S°
decomposed into a set of auxiliary problems of the form: L . .
. B : is called effective if on a se6 of admissible design
given <d, - , necessary <d,s =", ie.

decisions there is no decisi@i S for which inequalities
<<, -,>ds , or 'given < ;8 , necessary would be fair [22]:
<d,s Mie<<,s ,>ds

In the subsequent stages, the problem of makiny
design decisions can be presented as a system k(s)¢ k(s . if k(s)- min (4)
consisting of the set of tasks [19]:

k(s)? k(s .if k(s)- max, ®)

_ and at least one of them was strict.
Pr= Jasks, Rels , Tasks= {Task ,i=16, (1) Depending on the features of the problem, methods
. i are used to dee it: discrete choiceweight [23], pairwise
where Tasks 7 the set of tasks obtained as a result @bmparisons, Carlin, Hermeyer [22], evolutionary search
decomposition of the problem;RelsT the set of [24-26].

relationships between taskisat determine the scheme of Methods of discrete choice and pairwise
their relationships on input and output dafask 7 goal comparisons allow to correctly select subsets of effective

setting; Task i formation of a universal set of desigrFolutions, but have a relatively high timengolexity.
A subset of Hective variantsS® E S by the Carlin

SI & ; Task i selection of a subset of eﬁectivemethOd_ls_ found by combmln.g so!uﬂgnﬁ and I_:l’ m
that optimize each of the partial criteria by solving a set of

solutionsS° E S E 8 ; Task idecisionssi S° ranking; parametric prgramming problems [227]:
Task i choosing the best design solutishi S°.

solutions S’ ; Task i sekction of a set of valid solutions

The task of determining the goaTask is to s =arg @gx{P(s)ﬁ/i x(s), 5)
establish the set and importance of indicators (partiai
criterig) of effectiveness k(s), i=1,m, which 1oLA 4 Ie it T, am a6
adequately characterize the design solutions [6, 20]. i=1

determines the — relationship = between 1Eumtiom\vlvhere)((s)'|' the value of the utility function (normalized
k;(s)l Q(s) and costly k(s)l C(s; charateristics i

value) of thei -th partial criterion;/, T weighting facor
. of thei -th partial criterion.
functional effectQ(s) of the objectSin the general case The subset of effective design solutioB§ E S by
is a nondecreasing_function Ef the amount o_fresources tthe Hermeyer method is determined by combining options
achieve it (cost) Q(s)= F[C(s)] (where Q(s) and s°, i=1,m that optimze each of the local criteria by
C(s) are generalized scalar estimates of the effect as@lving a set of parametric programming problems- [22
costs S, F is an operator that reflects the strategy 0?7]'
resource use, which is determined by the constmic s° = arg max{ P(s)=mirl, x (s), (7)
option of theSobject). §s i

The problem of determining the universal set o” i S m
design solutionsS’ (Task) is combinatorial in nature L L E e it a A (8)

i=1

and can have computational complexity fradj2"] to

O[n!] . Its solution is carried out based on the specifics of . TO reduce thg time complexny of the methods of
pairwise comparisons, Carlin and Hermeyer use

the projected object and the design task. In practicgucedires for selecting subsets of suboptimal Pareto
methods of directed search are widely used, which alloyy| tions Si for which the condition is satisfied

to significantly reduce the set of alternative solutions thaéE I si

are ceneratedand analyzed in the process of designing | [28]. They are implemen'Fed by the methods
objects [21]. of "sector" @ "segment" and provide for a set of

The problem of determining the set of admissibl@cceptablesolutions S={s} to predetermine the best
solutionsS1 S’ (Task) is to remove from the universal options for each of the partial criterig”, i=1,m.

k(s), i=1,m of the design solutions. The generalizec

set S’ of a subset ofolutions S that do not satisfy the Hyperplanes are drawn through the poitkfs, i =1,m
constraint of the problem to be solv&t S' \ < [6]: lying on the boundary of the set of admissible solutions

- . . R . . S={s} in the area of partial criteria. Hyperplanes will
k(s "ki(s)l Q(s, k(s)e k "k(s)l Q(s..(2 B}
(s)e i(8)1 Qs ks)e k “k(s)1 Qls. () divide variants into subsets that fall into a secHE S

The taskof selecting a subset of effective designyr segmentSj E S, respedively, and those that are
solutions S"E S (Task) is to remove from the . officientin the sense of @):

admissible setSE S of subsets of inefficient solutions
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S= %U_SE Sm_SE - A 9) the pealiarities of design tasks, give subsets of enormous

power;
B —E . . —=E - evaluation of the effectiveness of design solutions

s=sUs, sins is traditionally carried out using the hdory

Among evolution, the most popular method is base@f utility; _ _ L _

on a geneti@lgorithm with nondominant sorting NSGA - the process of making a flna}I det_:|5|on is carried out

Il [29]. It is used to determine the Pareto front oA!SING the methods of pert evaluation, in the process of

acceptable sets of ulttarge size and has the ability toWhich only a small number of project decisions can be

give convergence to the front andgaod distribution of analyzed.

solutions across the front. To accelerate tage of There is a need to correctly reduce subsets of

convergence of genetic algorithms to the parefeffective esign solutions for ranking, taking into account

front, a method of reducing the number of targeflactors that are difficult to formalize, knowleglgard

functions based on the principal components method §&Perience of DM. _ _
used [30]. The aim is to develop a combined method of ranking

The ranking ofsolutions (Task) and the choice of options in project decision support systems, which yvi!l be
_ ) . ) based on the procedure$ ordinalistic and cardinalistic
the bestdesgn solutions’ | S° (Task ) is based on the ordering.

paradigm of utility maximization within the framework of As a result of decomposition of the problem of
ordinalistic or cardinalisti@pproaches [23]. When usingobtaning stable and effective system solutions for
the ordinalistic approach, the ordering of a smallafe complex design objects at theth (lower) level, we will

effective solutionssi S is carried out by DM. When highlight the tasks [6]Task i definition of the principles

using the cardinalistic approach, a generalized efficiengy object constructionTasK i choice of object structure;
criterion P(s) is formed; it is used for scalar evaluation

and selection of the best design $iolo:

A, (10)

Task i determination of the topology of elements and
connections; Task i choice of operating technology;
Task i determination of parameters of elememtsd

At the same time, in both approaches, it igonnections; Tas{ i evaluation of efficiency and
considered that each of the design solutions is assignegéection of design solutions.

s’ = arg max P(s. (11)
dF

value of some of its valu®(s), which determines their The scheme of systeoptimization of the object on
) the selected set of tasks can be presented in the form of a
order [19]: )
tuple [37]:

"s,vi S s~v2 P(skE P(v:
s~va P(spP P(v; (12)
s'va P(s} P(v. where: Taskss <Task , i=1,6 i an ordered set of
. tasks;InDat i set of input data &ks; Resis a set of task
To solve these problems, methods aafmparative consiraints; DesDec is a set of design optimization

identification [11, 19] or expert collective assessmergqutions:ProcDeci a decisive procedure that aps a

[31-35] are usd, which give quite satisfactory results on a . .
; : ; nonempty subset{DesDe¢ }, i=1,6 to each pair

set of effective lowpower solutions. In this case,

the model of generalized utility based or<InDat?,Reg >.

the KolmogorovGabor polynomikis used as a universal The number of design solutionsCard (S

one [11, 19, 36].

SysOptS= < Tasks, InDat, Res, DesDec, Peac , (13)

increases nonlinearly with increasing dimension of the
problem (the number opartal criteria for evaluating

Research results solutions m, the number of elementsf the design

. : object , the number of types of elements,
According to the ragts of the review of the current ) . . . yp .
.the number of possible locations of elements, etc.). It is

state of the problem of project decision support, it 'Rnown that the poweof a set of effective solutions is

established that: .
_most design tasks are mtiiteria and have a much less than the power of a set of acceptable sotutio
Card(S ) <Card(S.

combinatorial nature; _ _ _
- the process of solving them involves the generation ~ Table 1 shows examples of increasing the capacity of
and automatic analysi®f huge numbers of designthe universal set of acceptabl@ard (S’ ), subsets of
solutions; . , , effective design solutionsCard (S°) and reducing the
-the vast majority of solutions generated in the ) . .
design process are ineffective accordinéelat've capacity of the subs of effective solutions
to Pareto: US=CaftHd (S inthe task of structural and

- methods of alloating subsets of effective solutionstopological optimization of a threlevel centralized object
have a high time and capacitive complexity and, based on four indicators (n= 4).
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Table 1.Estimation oftapacities of sets of admissible and effective design decisions

n 15 20 25 30 35 40
Card (S ) 3,27L 1,081 3,33L1 1,07L1 3,421 1, 0®L1C
Card (5 ) 7,531 9,121 5, 71( 1,18L1 2,06L1 8, 79L1(
b 0,023 0,0087 0,0017 0,0011 0,0006 0,00008

To solve the problem of ranking solutions from the It is proposed to determine the advantages of DM by
sets S={s} acceptable in design automation systems parametric synthesis of the generalized utility function of
combinedexpertmachine method is proposed. It involvesSolution variants based on the Kolmogo®aba
the sequential implementation of the following stage®0lynomial. [11,19]:
selection on the set of allowable subsets of effectiy

options S*1 S, Card(S )X <Card(S; determining P(s)= all R‘(S)‘”? a, (8) ()

the prefeences of egerts on the importance of different momom J . (14)
properties of optionssi S, which are assessed by *a a &y Xs) ks), (8)+...

partial criteriak (s ), i =1, m; parametric synthesis of the e

generalized utility function P(s); ranking of options Xx(s)= k(s) k(s) Kk i=1m (15)

K-k K

generalized scalar assessment of the

using the synthesized generalized utility functior
P(s)> P(v)2 s>v"s,vi S selection on a subset
S® of a sulset of someof the most effective options
Sil S, card(S )< <card($ ; determining the ranks

of a subset of the most effective options.
Taking into account the limitations of the problerrcriteria k (s), i=1m and product of criteriak (s),

and the use of directed seanttethods can significaly (s), k(s); 0<x(s) <, i=1,m i the value of the
reduce the set of acceptable solutidBsrelative to the ' . A A
utility function of the partial criteriork (s), i =1, m for a

where P(s) i
effectiveness of the solutiorsi SS; m i number of

partial criteria;/,, /,, /,, T coefficients of importance of

universal set of solutionsS”, which leads to a _ ) _
corresponding reduction of the subset of effectivsolutions; k(s), k', k' T accordingly, the value of the
solutions S°. However,in practice, the allocation of a partial criterion for the solutiors, the best and worst

subset of effective solutionsS® E S, storage and value of the criteriork (s), i =1,m.

processing of information about it is quite problematic. Function (15) requires aminimum number of
Based on this, it is proposed not to select a subsglachine operations to calculate its values among common

S* of the set of ecepable solutions, but to form it in the functions [20]. For a more accurate nonline& &nd

process of generating options. This allows not only té-shaped) approximation of estimates of tisefulness of

significantly reduce the amount of memory tothe values of partial criteria, it is proposed to use a

store the characteristics of options for a set afniversal guing function, which is the best in terms of the

indicators K (s), i=1,m, but also the computer complex indicator "accuraegomplexity® among the
common [38]:

time to install a subset of effective solutions.
e_ a a4 a k(s) 600
Ta(b + 1)éagL @/g? £ 980 K(s) Kke;
x(s)=1 ¢co ¢ e T (16)
i & k(s): k -
ta+(1 -a)(bh %) ?3e13§l; /@lg —l— gqu k(sk 1
| <;

normalized values of thefunctions of partihcriteia x(s), i =1,m (15) and (16)

will be equal to 0 [11]. In this ase, the property of
universality of the model constructed on the basis of the
eKolmogorov-Gabor polynomial (14) disappears and it is

where x(s)=k(s), ka,a i
coordinates of thegluing point, 0¢ k. ¢1, 0<a< 1;
b ,b,T coefficients that detemine the type of dependenc
on the initial and final segments of the function. transforned into the classical additive model.

The value k, i=1Lm for (15) should be The number of summondsdN in model (14) is
determined on the whole set of admissible solutiordetermired by the required accuracy of restoring the
S={s}. Theirdefinition only on a subset of effective® benefits of DM. To determine the parameters of model

... (14) we will use the technology of compavati
leads to the fact that the worst values of the utilit denification [11, 36].
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The unreasonable choice of solutions for therigin, and he ®£cond part acts as a normalg condition
parametric synthesis of model (14) redsidbe accuracy and defines the cutting plane.
of determining the advantages of DM, which is given by = The obtained system of inequalities and equations
the values of the weight coefficients, , / /ijI 6. (33ycan have innu_m_erablg solutions or be incompatible (if
there are contradictions in the advantages of DM). The
increase the accuracy of identifying the advantages pfoblem of deermining stable estimates ofehvector of
DM, we select among the effective subset of a givapeights of model (21) can be reduced to finding the

ij?

number of the best optior8il S by criterion: Chebyshev point [11, 19, 39].
si= arg max min (s 17 Let 6s introduce a/p, imthei ti o
'=ar g Wi T system of constraints (23) and require thatdbeditions

DM on the basis of requirements to the desigﬁi( ¢ Wa. 1=1,ni are satisfied. Then the search for

decision and subjective estimations forms the binaiyie Chebyshev point of system (23) is reduced to solving

relation of strict advantage on pairs of options [39]: the problem:
R(S )={ <syv »syv Si s ] (18) /..~ min;
Given the possibility of scalar estimation of solution: ?hj( N+ Ly 0, ] £ni,
(14), forrelation (18) we make a system of inequalities: : N L (24)
P(/,s)> P(/v), svi R(S, (19) (D@ /3, 76,1 1IN,

where / i the desired vector of parameters of the If the system of inequiles (2) is compatible, then
generalized utility model (14). the indicator variable is
Letds enter the notatio r:rn/inmaxhj(/)d:o, 25)
K()OAX) =), 1127 sy ()OKX) =,5(x), ’
Ii5= foo é . (20) and the obtained solution/ ° will be as resistant as
possible to possible shifts of the constraint planes
The maximum number of terms of model (14) is(variations of DM advantages). li¢ systen of constraints
N=C., -1 (where n is the given degreef the (24) is incompatible, then® >0 . In this case, for the
polynomial). Taking into account the accepted notati system of DM advantages, given by the binary relation
(20), model (14) can be presented in the classical additi R(S ) (18), there is no vector of weight coefficients of

form: partial criteria[ /,] that satisfies the conditions (24).
o \ At the next stage, the values of the generalized utility
P(/ ’S)_ia;l [ s (1) function P(/°,s) (21) are calculated for all effective
Then the problem of parametric synthesis of thgarlants.sl_SE Wltr_] the set values OT weiig coefficients
generalized utility function (21) isduced 6 deermining [/°] , i =1,N. This allows the ranking of the whole set
the vector of weight coefficient§/,] , i =1,N, which of effective options using the values of the synthesized

eralized utility function.
At the last stage, based on the quantitative evaluati

of optiors P(/°,s), si S, asubsets’i S of a given

satisfies the formed system of inequalities and®n
normalizing conditions:

N

a’, =1, [ 320, i=1N. (22) number n° of the best options is selected. With
= Card(S )X <Card(S$S . After that, DM, using the
Taking into accaunt (21) we present a system ofmethods of expér evaludgion or lexicographic
inequalities (19) and equations (22), in the form: optimization, makes the final choice of the best option
N N i S,
mD*A () -&, (X8, <syv>IR(S)
=t P e Conclusions
j=1,nj, (23)
In the process of analyzing the problem of project
- TN decision support, it was found that most design tasks are
g a( 1) ,al /3. 78, 121N, multi-criteria and comlinatorial, and the final decisien
making processes are carried out using expert evaluation
where ni=Card R(S ' T the power of the set of themethods by analyzing only a small number of options. In
established ratio of strict advantage (19). practice, this leads to the problem of correctly reducing

The first part of the system (23) are homogeneousibsets of effective desigsplutions for anking, taking
inequalities defining the set of planes that pass through tiéo account factors that are difficult to formalize,
knowledge and experience of DM. As a result of
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decomposition of the problem of support of desigsubsets of multiple options and several ranks of the
decisions the tasks of definition of the purpose ofptions selected in this way. Parametric synthesis of the
designing of object,drmation of uniersal sé of design generalized utility function, built on the basis of the
decisions, allocation of sets of admissible and effectivéolmogorovGabor polynomial, is proposed to be carried
decisions, ranking and a choice of the best design decisiout using the methoaf compratve identification on a
are allocated. set of alternatives with maximum valuefsindicators.

To coordinate the interaction between automatic and The developed method expands the methodological
interactive design procedures oftamated designra principles of automation of support processes for multi
control systems, a combined method of ranking options isriteria design solutions, allows to coriigaeduce the et
proposed, which combines the procedures of ordinalistid effective alternatives for the final choice, taking into
and cardinalistic ordering technologies. It involves thaccount factors that are difficult to formalize, knowledge
sequential implementation of the stages of formation ofand experience of DM. The practical use of the obtained
subset okffective optims, detemining the preferences of results due to the proposed procedure for determining the
experts on the importance of individual properties afetof effective detsions will reduce the time and capacity
options, which are evaluated by partial criteria, parametrmmmplexity of decision support, and through the use of
synthesis of generalized utility function, ranking optionsnaximum selection in the synthesis of the evaluation
using synthesized generalizetlity function, selecton &  model that is to improve the quality of design decisions.
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A. BONDAR, S. ONYSHCHENKO

EXPERIMENTAL STUDIES OF A MODEL FOR OPTIMI ZING THE PORTFOLIO OF
A PROJECT-ORIENTED ORGANIZATION BASED ON THE ENTROPY CONCEPT

The subject of the research is the optimization of the composition of the project portfolio based on the entropy conaépt.ofhe
the study is to experimentally test th@del fa optimizing the portfolio of a projeariented organization and substantiate its
appicability in practice in management processes to ensure their effectiveness. Rebgmtives: forming a model taking into
account the accepted value of thegamizaion; formation of initial data on the organization and alternative projects; portfolio
optimization by model and interpretation of results. Researethods system analysis, functional analysis, operations research.
Results. A model has been dewged for forming a portfolio structure from projects of two categorieoperational and
develpment; the optimization criterion is to minimize the discrepancy between the desired and actually provided value of the
organization. The restrictions take iraoccountthe maximum allowable energy limit and the minimum allowable value limit. As a
result d the study, the applicability and adequacy of the model for optimizing the portfolio structure of aprejetd organization
were substantiated. The moadedkes i possible to obtain solutions on the optimal structure of a portfolio of projectsnis Of its
value under given resource constraints (in the form of a share of total energy and output energy) and energy entraigsThe stu
substantiated theogsibility of adjusting the model in terms of the optimization criterion (maximizing valuemizing energy
entropy) and adding restrictions on the maximum permissible border of information entropy and energy efficieciagions.The
model under cornideratian is characterized by wide practical application, taking into account its possibdénaeti without changing
the basic essence, taking into account the specifics of a particular field of activity or organization. The practictieuseaif
indicatorsof the entropy conceptinformation entropy, temperature, energy entropy, which cteafae the state of organizations,
allowing to identify hidden problems before they are reflected on the traditional indicators of organizational performance is
demonstated. Taking this into account, the structure of the project portfolio is being favitred the framework of the considered
approach.

Keywords: project; portfolio; model; energy entropy; information entropy; energy efficiency.

Introduction certain benchnté for theoretical research.

Most of the works, for example [14, 15], focus on
The specifidty of projectoriented organizations is ensuring the achievement of the strategic goals of
that their current activities and development are carrigifganzations, which is the essence of the core value of
out through projects [1]. Theffectiveness of project portfolios. In some works (in particular, [16]), the
oriented management is justified both in theoreticalynamics of thestate 6 the organization is taken into
studies [2] and in applied works relattm spediic types account and the portfolio of projects is also considered in
of activities (for example, [3]). the form of a dynamic structure. [h7], approaches were
The project portfolio of these organizations formgroposed to the formation of a portfolio taking into
the final result, which, in theontext of modern project account risks.
management methodology, represents the value of the Thus, it can be argued thitse instumental basis for
organization [4, 5], which can be calcadtbothin the the formation of the optimal composition of project
form of economic indicators and in the form of indicatorgortfolios in the form of models and methods has been
characterizing, for example, the market status of tHfficiently developed in modern research.
organizatbn. Nevertheless, as mentioned above, the new entropic
The allocation of the organization's resource§oncept of managing organizats, whch assesses their
between portfolio projects and the formation of its optimsitate by means of energy entropy -fi2], forms a new
structue allows the organization to build its currentapproach to optimizing the composition of the project
activities and development in such a way as to maximizgrtfolio. In particular, ensuring high economic
value under certain resource comstts and the desired performance without a corresponding increase in control
state. over the exteral environment (controlled part of the
The entropy concept of managing organizations [@xternal environment) [11], which is expressed in a
11] puts forward new requirements thatshbe aken into gradual decrease in information entropy, adliae an
account in the processes of optimizing a portfolio ohcrease in the efficiency of the use of total energy
projects in order to ensure not only economic efficiencyresources), will not lead the organization to the neglii
but al® the sustainability of the organization [12] in thestable state. in a modern turbulent environment.

context of information and energy entropy. In [12], on the basis of the entropy concept of
management of organizations, a miodas developed that
Analysis of recent resarch and publications allows one to determine the optimal composition of a

project portfolio that meets the requiremehtbalarce in

A significant number of works are devoted to thdérms of the valuentropy ratio. Justification of the
problem of forming the optimal composition of portfoliosréliability and practical applicability of this model is
of projectoriented organizations [$30]. International Mpossible without appropriate experimental studies,

standards for project portfolio management [13] set }hich is the essence of this study. _
Thus, the aim of this study is to expeentally test

E A. Bondar, SOnyshchenkp202C



ISSN25229818(print)
ISSN 25242296 (online) Innovative technologies and scientific solutiémsindustries2020. No.4 (14)

the model for optimizing the portfolio of a project options for starting projects of two categories under
oriented organization and justify its applicability inconsideration. Taking into account that K is the end of the
practice in mangement processes to ensure theiportfolio plaming perod, the valuesK-T, +1, K-T, +1

effectiveness. characterize the latest start of the pegjeso that its life
| cycle falls within the planning period of the portfolio K.
Results After the implementation of projects of current

o » activities, thee are no qualitative changes in the state of
The model for optimizing the composition of athe organization, after the implementation of development
portfolio of ~pojects povides for the following projects certain "leaps" of the state are formed, for
management parameters: example, the information entropy decreases or the share of
dev_ T o possible use of total energgcreasegthat is, the part of
X {1’0} =L, X, {1’0} J=Lm, (1) free energy that can be directed to the implementation of
selection of development projects and current activiti8§"W g_LOJecS). Ve fincti hat the di
from a variety of alternative option3,,T. i accordingy, e objective tinction ensures that the discrepancy

. . ' . between the actual and desired () values of the
the diration of the life cycles of these projects, L
—_— — organization is minimized:

a=1, K- T and3 =1 K- T T altemative
Ko @mscivrl o mep ol s
Z=a é VOO + & & (0 VA ot pninv 2
=1 Q=1 d=1 j=1 s=1 -dev cur
d jg
where V'(t) 1 value provided by current portfolio Condition for ensuring the minmum \alue
composition,V,,(t),V ;(f) , accordingly, the contribution to boundary:
the value of organizing projects of each category.
nosciu bl me-p o *1 . _ —
a av.n&s,+a a (o)yvF "™ (t) 3)
=1 d=1 j=1 s3=1

Condition for the maximum allowable value ofentropy, which are formed as a composition
energy entropy: corresponding to the characteristics of projects:

1 ( t ), Tinformationentropy;

U, (),U,; (t) T total energy;
The formation and formalization of the energy ex exrpy .
T . . t), E”(t) T output energy;
entropy of anorganization is presentdd detailin [10], E‘_"() ! 01 _ ! pu- 9y
where the energy entropy of an organization is determined  E (1), E"(t) 7 incoming energy.
on the basis of its energy parameters and information | jmitations on available resources in the form of
total energy (potential) and output energy:

SRS, Ae "S(), tt. @)

n s-jv +1 ms-j *1 -
a avuvnet,+a a (o) e ( )
=1 d=1 j=1 a=1
n s-jv +1 . ms-jp +1 . .
a a EjnGi,+a as” (o) g™ ( 6)
=1 d=1 j=1 s3=1
Conditions for the selection of projects (that is, at least one project must be selected):
ns-iv+ld ms-jp +1
s s i ev -n s Cur
a 2 la a jfL Q)
i=1 d=1 j=1 3=1
In addition, from the many options fora soju +1 __sp et s
project from the point of view of its start, only one a ~re 1,0 =4, fi,;e p (8)
should be selected (or none, therefore the sign "le__ d=1 2=t
or equal’): Model (1)- (8) provides the formation of a portfolio
s-ju +1 sep o+t L of prgects in acordance with the conditions and criteria
A "¢ 1,0 =F, ¢ n (7) described above.
d=1 e a=1 f Let us consider the application of this model to

optimize the project portfolio of a specifrganization
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(the "Transmarine" company), which operates ithe portfolio of projects, the forecast ofhe state and
the field of sea transportationproviding services performance of the organization under consideration is
for both cargo delivery and storage, and the formation characterized by the following indicators (table 1, fig. 1),
groupage shipments. The company has marthe prospective periodf consideration is 8 years. The
branches, its own storage sites and warelsyushicles. energy parameters of the organization aresiciered in

In accordancewith the current compositionof  conventional nits, 1 c.u = 1 million dollars.

Table 1.Forecast of the energy parameters of the organization in accordance with tieatatmmposition of the project portfolio

. Total Input Output Information Energy Temperature, Energy
Time energy, | energy, : >
energy, U ' entropy, H effi ci en| T entropy, S
Ein Eex
0 12
1 13,5 55 4 2 1,125 0,3125 25,920
2 15,5 6 4 2 1,148 0,3189 30,291
3 16 55 5 2,5 1,032 0,2294 45,818
4 17 6 5 2,5 1,063 0,2361 46,750
5 18,5 6,5 5 2,5 1,088 0,2418 49950
6 19,5 6 5 3 1,054 0,1952 69,344
7 20 55 5 3 1,026 0,1899 76,390
8 21 6 5 3 1,050 0,1944 77,318
Current energy parameters

25

20

15

0

1 2 3 4 5 b 7

oo

=—®=—Total energy, U Input energy, Ein Output energy, Eex

Fig. 1. Forecast dynamics of the organization's energy parameters

Under the value of the organization, in this case, wévad": in accordance with current projects, the information
take the growth of the orgeation's energy (profit) entropy gradually increases, respectively, the temperature
which is formed as th difference between the incomingdecreases, while the energy entropy increases (fig. 2c), the
and output energy flows. Thus, the value of theeason for this is an increase imettotal energy of the
organization: organizationU (t) (fig. 1) despite the fact that the output

V() =E"() -E¥(),t EB. (9) E*(t) and input E"(t) energies remain practically
unchanged. Thus, in the organization there is an

On the basis of the predicted values of the dynamiggcumulatin of "potential® energy, which is not
of  the  organizatn's  energy  parameters converted into "kinetic' energy, which ensures the
U (t),E" (t), E*(t),t=1,8, the predicted values of the movement of the organization to new states in terms of
indicators of its state information entropy, temperature, Value. Due to this, there is a general downward trend in
energy entropy were calculated (fig. 2). energy efficiency on averag&"(t). The value of the

It should be canceled that the forecast of the state @fgankation is also graduglidecreasing (fig. 3).
the organizationpn the one hand, cannot entified as
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Temperature, T Information entropy, H
0,4000 4
- ’-\__b_\—”-‘ ’ H._.
0,2000 2
0,1000 1
0,0000 0
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
a) b)
Energy entropy, S Energy efficiency,
100,000 1,200
80,000 1,150
60,000 1,100
40,000 1,050
20,000 1,000
0,000 0,950
0 d)

Fig. 2. Forecasted values of indicators of the state of the organization

Organization's value

2,000
1,800
1,600

1,400
1,200
1,000
0,800
0,600
0,400
0,200
0,000
1 2 3 4 5 6 7 8

Fig. 3. Forecasted dynaits of the organizationislue

Thus, despite the apparent absence of problemsthat the energy parameters of projects reflect annual
the organization, the entropiconcept of management values {otal for the year), and informational entropy and
allows you to "reveal" the deep problems that lead to thenergy entropy refer to the beginning of each year.
growth of energy entropy, which can gradually "destroyTherefore, their last (zero) value forofects refers to the
the orgnization. endof the last year of the project life cycle.

To avoid thisthe organization should supplement its As the effect of development projects or 8tate of
portfolio of projects to address these issues.this, three the organization (without limiting the generality), a
alternative operational projects (current activities) andecrease in information entropy was taken:
three development projects are proposed for consideratic" _ ) ‘
their maincharacteristics are preged in tables 2, 3. Note D, =65 1P F -, DOSB (10)
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The main conditions that were taken into accountrder to eliminate the problem of accumulating and not
when forming the project portfolio structure were thaising common energy. The specificity of thecend
following: development project is that it does not provide for the

- minimum limit values of the organization receipt of input energyEr =0, although it provides th

vrm=2, maximum reduction in information entropyp( , = ).

-dthe ou(t)put enfergy hOf the orlganlzauon can not  npte that experimental calculations were @atrout
excee 40% 0 the total - nergy, €. for two variants of the optimization criterion: the first
a (E*()+E®() ©4 Ud); corresponded to (2), the second (taking intooant the
i accepted energyain in the form of value) maximization

- the part of the total energy of the organization th&tf the organization's value. The results were the same.

is distributed betweerprojects can not, respectively, Thus, despite the éa that in [12] it was declared as an

N ) optimization criterion the minimization of the discrepancy
exceed 60%, i.eq (U, (1)+U, (t)) @,4 UX). between the tal value and the desiredvalue,

b nevertheless, in cases where the value can be interpreted

The following results were obtaidefor the given as an increase in energy, the approach implementaéhwit
conditions the framework of this research.

- all three alternative projects of current activity  Sp, as a result of the formation of the structure of the
should be included in the portfolio, respectively, in 4, $roject portfolio in accordance with the ngés of
and 6years of the period under consideration, that is, ifptimization, the predicted values of the results of
the latest possible start. This is due to the fact #®t, activities and the state of the organization will be as
previously indicated, the current activities of the follows (fig. 4).
organization are characterized by not bad indicators, the Comparison of energy efficiency for the current
problem is, first of all, in ta accumulation and neuse of portfolio and for its new structure is shown fig. 5,
total energy; temperature in §. 6.

- the first and third development projects should be
started at thevery beginning of the p&d in question in

Organization's value Energy parameters of portfolio
3.5 L
------ \ . 20
3 e —7
\ r.
5 r
: \ S ! 0
) ”' ——
/ 10
5
0
) 1 4 5 6 7 8 1 2 ] 4 5 b 8
e Cyrent value === Partfolio value Value boundary e e A Fex
Comparison of energy entropy dynamics Comparison of information entropy dynamics

2 3 4 5 [ Fi

=@=Current energy entropy === Portfolio energy entropy Smax
=== Cyrrent information entropy == Portfolio information entropy

Fig. 4. Forecast values of the company's performance and condition for the proposed portfolio structure
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Energy efficiency

0,95

0,9

2 3 4 5 & 7 8

=i "y rrent Energy efficiency == Portfolioc Energy efficiency

Fig. 5. Comparison of energy efficiency for the current portfolio and for its new structure

[:rg!.i"f.f.11i:||| temperature comparson

|

2 3 | g [ 7 b

mie Cyrrent temperature =@=Portfolio temperature

Fig. 6. Comparisorof the organiation tempeature with the existing and new project portfolio structure

The proposed portfolio structure will provide thepostponement of the implementation of development
required level of value for the organization (andprojects.
moreover, not below its minimum allowable boundary).
The increase innformation eropy and eergy entropy Conclusions
within the permissible limit is associated with the
implementation of new projects, which naturally affects As a result of the study, the applicability and
these indicators. But after the implementation of projectgeliability of the model for optimizing the portfolio
the energoentropy will reach a value lower tliiawould  structure of a projectoriental organizabn was
havebeen withotinew projects. The information entropysubstantiated. The model makes it possible to obtain
will return to the "before the new portfolio” level. Thesolutions for the optimal structure of a project portfolio in
temperature increased significantly, which indicates ®rms of its value under given resource constraints (in the
stronger control over the "external structure” of theorm of a share of total energy and output ggprand
organization [11]. Sohe model madetipossibleto form  energyentropy. Tle studies substantiated the possibility
a new structure of the project portfolio, which ensures thsf adjusting the model in terms of the optimization
fulfilment of the necessary conditions and theriterion (maximizing value, minimizing energy entropy)
achievement of the set result in relation to the value of théxd adding restrictions on the maximum permissible
organization. border of information entropynd energy effieency.
Experiments at varying the initial dat also Thus the developed model (1)(8) is characterized
confirmed the accuacy of the obtained optimization by wide practical application, taking into account its
results and the adequacy of the model. In particulgsossible adjustment without changing the basic essence,
changes were made in the current dynamics @dking into account the specifics of a particular field of
information entropy and requirements for the lowegctivity or organization.
boundary of value, which led to the priority dhe The practial use of the main indicators of the
implementgéion of prdects of current activities and to theentropy concept [122] i information entropy,
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temperature, energy entropy, which characterize the stdétefore they are reflected on theditional indiators of
of organizations, allowing to reveal hidden problemshe effectiveness of organizations.
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N. VERESHCHAKA

OPTIMIZATION OF INFRASTRUCTURE PROJECT PRODUCT PARAMETERS

The subject of the research is theaans of determining the optimal set of parameters for the products of infrastructure projects. The

aim of the studyis to increase the efficiency of the implementation of infrastructure projects through the use of the develeped mod

for substantiating theptimal parameters of their products. To achieve this goal, the follaaskg have been solved: determination

of the main options for "autonomy" of infrastructure projects; formalization of the dependences of the time, vacenandc

characteristicsof infrastructure projects on the parameters of their products (infrastructure object) and the development of a

conceptual model for optimizing these parameters; development of a mathematical model for optimizing the paramostecssodf

this categoy of projects. The followingnethodsare used: system analysis, functional analysis, operations redeastlits it was

found that the parameters of the product of infrastructure projects, on the one hand, ensure its coreleeacied,ron the other

hand, they determine the characteristics of the project (cost, risks, life cycle duration, etc.), which forms a complexfsystem o

requirements and restrictions for product parameters. As a result of the study, a conceptual puthdimganathematical mobifr

optimizing the parameters of an infrastructure project product has been developed for two situations: 1) for a situation of a

"autonomous" infrastructure project, in which the infrastructure object being created doesIypatommercial use, or itsreation

and commercial use is carried out within the framework of one project; 2) for a situation of two interconnected by maenjscof a

infrastructure object the creation of an object and its management (commercialMedgling is based on fordized dependences

of the value, time and economic characteristics of the project on the parameters of its @odcicisions the model allows to

determine at the initial stage of project development, within the possible rimggation, that set oparameters of its product that

provides maximum value for stakeholders both when creating an infrastructure object and in the future when managirg {bperatin
Keywords: value; autonomy; infrastructure object; model.

Introduction Analysis of literature and research

Infrastructure projeds are an integral part of the The development of a edern theoretical basis for
development of a city, region, country, and their maiproject management is aimed not only at the sectoral
purpose [1] is to provide theecessary conditions for the specialization of projects, but, first of all, at the
life of citizens, including electricity and gas supply,devebpment of new concepts and methodologies (for
transport links, etc. example, [35]), which give impetus to the development

The product of infrastructure pgexts is an of appropriatemethods and models. Research is carried
infrastructure object that can be described by a certain seit related to transport and logistics projects (for example,
of parameters. This product, on the onedhanust satisfy [6-8]), and, naturally, special attéom is paid in modern
the interests of stakeholders, on the other hand, therks to infrastructure projects (for example,-14)).
parameters of the project product determine its cost, tRarticular attention is paid to thelwa of infrastructure
duration ofcertain stages of the life cycle, etc. Thus, th@rojects and, in particular, in [11, 12], the contribution of
need to balance the "needs to be obtained" with "how &m infrastructure project to the development of modern
get it" leals to the formulation of the problem ofsocio-economic systems is studied. In [9, 10], time
optimizing the parameters of the products of infrastructum@anagement methods for infrastructure projects were
projects. proposed baskon a hybrid methodology that combines

In [2], it was suggested thall projects can be classical and new approaches to the implementation of the
divided into two categories from the point of view of thestages of the project life cycle. The s#a&lder
certainty of the project product: ghfirst category is management of such projects was studied in [12].
projects in which the product parameters are clearly Despite the relevance of the study of issues related to
known and set; the second category is projects in whighfrastructure projects, it should be noted that almost no
product paameters are set as a result of a comprehensiattention is paid to the products of these projects,
analysis of possible options within specified limits. although, as mentioned earlidoy many such projects at

Infrastructureprojects can fall into both categories.the initial stages there is a need for additional research to
But more often the second way is used when only jastify the best (optimal)set parameters of the
thorough study and analysis of a certain conamiption  infrastructure facility. In particular, in [2], a similar
allows setting the required set of parameters. For exampégmproach was used to optimize the product parameters of
when deciding on the modernization of the germinal, the fleet replenishment project, in [15]to optimize the
it is necessary to decide on what capacity should Iparameters of the port terminal development project.
calculated, what depths at the berths should be provided, Taking into account the above, we believe that this
what should be thdengths of the berths, whether aidea can be used as the basis for research in the framework
railway line is needed and how long, etc. Thus, at thef the development of infrastruce projects.
stage of initiating an inéstructure project, the parameters Thus, the purpose of this study is to increase the
of its product are established. For this, appropriate modafficiency of the implementation of infrastructyseojects
can be used that take into account the ¢atfisequences” through the use of the developed model for substantiating
for a specific set of product parameters. the optimal parameters of their products.

E N. Vereshchaka02C
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Results generally speaking, may avap (for example, the future

operator company participates as one of the investors in
Conceptual model for timizing product the infrastructure projectjig. 1.
parameters of an infrastructure project. The specificity At the same time, the characteristics of an object
of infrastructure projects is that thewrc have varying created in an infrastructure project affect the results of the
degrees of autonomy. At the same time, the concept pfoject for managig this object. Such a "tandem" of
"autonomy", that is, independence, isolation of a projederojects is an example diie lack of complete autonomy
is not necssarily associated with the entry of this projecfor an infrastructure pject in terms of the dependence of
into a portfolio or program. In this case, the lack of certaithe parameters of its product and the product of an
aubnomy for the infrastructure project means, first of allinterconnected project. Let us characterize thisishas
that the project is the basis for the implementation of thgore detail.
other projects, the pducts of which depend on the As a result of implementation of the infrastructure
product of the infrastructure project. For example, as R{oject the object of infrastructure (prodwdtthe project)
result of many infrastructunerojects, a tangible "product" with parameters{Pi| i:ﬁ} is created. The composition
is created (an infrastructure object: a bridge, a road, a . ) o -
ferry crossing, a port terminal, etc.), the mamaget of of this s_et. includes both guantitative and qu%llm‘:lF
which is a separate project for the company (companie?",""‘”"??er'StICS of the object (for example, reliability,
which receives the right to manage (operate) thjea. ( urability, etc.) gnd is determined by thpecifics of the
Thus, in such situations, there are two separatdffastructure object.
projects, the composition of the stakeholders of which,

INFRASTRUCTURE PROJECT

STAKEHOLDERS OF THE
MANAGEMENT PROJECT

STAKEHOLDERS OF THE

e

weBE="
VALUE of the project VALUE of the project
— i B3 i -
{cy(P,, P,)| k=TK) {c, (P} P )| 1= 1,L}
N
PROJECT OF MANAGEMENT (operation) |
of an infrastructure facility \
PRODUCT: MATERIAL OBJECT, Parameters of the
. T F— > MANAGEMENT OBIJECT
parameters {Pz‘ l=1!”} . —
{R | i=1 9n}

" I

Project PRODUCT parameters

INFRASTRUCTURE . J—
PROJECT {Pj (P1;---,Pn)‘j= 1,J}

Fig. 1. Infrastructure project and related infrastructure facility management project

The value as you knowis a universal characteristic infrastructure projects have different levels of project
of the project implementation results from the point ofvalue, which are the corresponding "reflectors" of the
view of stakeholders, and for each of them the value of tipeoject results from the point of view of stakeholders'
project can vary significantly (the achieved high value fogoals. Naturally, the value of an infrastiure projectC,
one stakeholder may not mean high value for @othyenends on the parameters of its output product (that is,
stakeholder at all); in additiorhé "measure” of value can gccording to the results of the implementation of the
also be different for each stakeholder (for example, fkfrastructure project):
one- the costs of the project, for the otlieincreasing the L
attractiveness of the region, for the thirdhe financial e =d( P=1 PP Ek, 1)
result, etd. Thus, different levels of stakeheids of
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4z yOmdzd 2

.......... F (3)

infrastructure project product
characteristics;n 1 the total number of allocated
characteristics of the project product. So, if the qualitatiwhereL is a number of stakeholders in the infrastructure
characteristics ofnie infrastructure facility are lower thanfacility management project. For exampléhe depths
the required (planneddnes, then, naturally, the projecreached at theerths and on the approach channels to the
goal cannot be considered achieved, and, consequentlyport (characterized within the set of parameters of the
value in fact decreases. (1) allows to take th|§ into accolnfrastructure projec{F}| i:ﬁ} product) determine the
moreover, (1) allows, for examplen the basis of factor o _ . _
analysis, to establish what exactly amiv influenced the characteristics of the transport service (services) peavid
decline in value, if it happened. at a given port termal (in particular, services for loading /
The product (infrastructure object) obtained as unloading on ships of a certain size, which the terminal
result of the implementation of an infrastructure projeccan receive at the berth, which is included in the set of
becomes an object of managemdoperation) in the Parameters for the product of this projeche project for
corresponding  project, which further detenes the managing theinfrastructure objecti {PJ*| j =1,J} ).

characteristics of the product of this projeRf, ] =1J s he relationship between products and results (in the
(where J is the number of distinguished characteristics form of value) of an infrastructure project and an
the product of the infrastructure object managemeinterconnected infrastructure project management project

project) and its valueur, I=1, for each stakeholder: is identified. The conceptual mddéor optimizing the
paraneters of an infrastructure project product is as

follows (fig. 2).

=1L,

P=R(R._R)Ii<LJ, )

Relationship of parameters Limits of variation

Profect *min & *max . _
7 Pj SPJ- SPJ- SJ=LJ

bourdary

P(P.Py,...P).j =1,

Limits of variation

min , p* max ; p*
Project value 5 (PJ )SFSE (PJ )- Product
C (Pl PP ) = 1,_1’1, i= L_J parameters of the
TermiRp related project
-1 R *
k=TK -~ (Pl ,PZ,...,PJ)
o {
i\ e g & n"
q [, |
Investment costs Project product ":-.-.. <
parameters =
I(Pl ,sz---,Pn) (Pl P 7___7Pn) Project risks
(R Py ).
AT(P1 PP )
Project Limits of
implementation time variation AC (Pl SR )’
T(Pl 5P2 7"'7Pﬂ) lelnSPlsplmaXJ k=1’_K
i=1n
By risks

By time
T(P1 Py P, )STmax

I(Pl Py .. P, )sfm

By value
Ce(R PP, Hees

k=LK

(R Py B, )< arme,

M(P1 Py ...P, )gAT“m,

OPTIMIZATION CRITERION

Fig. 2. Conceptual model for optimizing product parameters of an infrastructure project
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A model for optimizing product parameters for _ (( ) ma
. X U= PP, n|P¢ 1
an infrastructure project. Naturally, the parameters of 12 n u (10)

the project product cannot be of an arbitrary level, and for
each project, taking into account its specifics, certain

restrictions are formed: Hk( P, P B,z (9 rknig x (11)
1 n 1 1
F?min ¢ [i ¢i|-_max, i L‘_, , (4)

- by vdue

- in terms of acceptable risks
where characterie, respectively, the
minimum and maximum permissible boundaries of tt
project product parameters. Note that in some cas Dy = IE( PP )P ¢ "y 12
individual parameters of the products of infrastructu 127 (12)
projects may be interrelated. Fotaenple, a certain depth Dy, = ( P )P ¢ K-
of an approach @nnel without its corresponding width is K Bl P 2P B8, K
meaningless. Therefore, this kind of relationship should be
taken into account in the form:

Pmin pmax
| i

DI =1gP Py, P ) €M

For a situation ofh completely autonomous project
the presented system of mégtions is complete, reflecting
ty= t( 1P, J_ B, vy, (5) the basic requirements a_nd chara_ct're:s".s _
v For a project that is associated with a subsequent

a{nanagement (operation) project, the constraints associated
with the further commercial operation of the
depenl on other parametersj, is the number of infrastructure faciliy should be taken into account. For
parameters affecting a specific parameRgr example, with a relatively insigndant increase in

varying the parameters of the product of aﬁn\{estmer!t, Fhe pargmeters of the' approach channel for
infrastructure projectP allows to vary the main sh|ps' of ;lgnlflcant size can be _achleved, but further entry
characteristics of this pfect, and, above althe cost of ©f Ships into the port is not advisable due to,erample,

the projec(the size of the required investments) the lack of the ability to process such si_ze of sh_iploads in
the port, or the demand for such a size parties in the

I(P) =1 (Pl Py Pn)- (6) _region, etc. The_lt _is, the c_ommerc_ial_ operation of the

infrastructure objecimposes its own limitationthat must
be taken into amunt. Otherwise, the -created
infrastructure facilities are either usedeffectively, or
their use is generally not advisable and these facilities
5 = L( P.P )E 7 gradually replenish the set of abandoned facilities.

- 15 24 n ( ) ..
Thus, restrictions are formed on the parameters of

Ctpe project product associated with its further commercial
a?peration:

where U,, is a setof project product parameters th

The project implementation timeT is also
determined by a set of product parameters:

Project risks also naturally depend on produ
parameters. If from the whole variety of project risks
the stage of the_lr aggregate_d conS|derat_|0n, we single « lem(PJ Yot ¢ B J_B’ £, ni§, (13)
the risks of an increase in implementation tifds , an
increase in investment cosBl , and a change in value yhich are established through the presence of relationships
towards deterioratiorDey (for example, if the value is petween the products of projects (infrastructure and
the increase of a#ictiveness, then there is a decrease management):
value; if the valie is a decrease in cost, then it excesse~ . . e
etc.). Thus, the parameters of the project produ Pp=R(RB..R) LI (14)

determine the magnitude of the risks: _
and based on the constraints on the product parameters of

D = |[éP1 P By ) , uD 1( QP L, P.., n)F theinfrastructure facility management project:

— (8) omin o
Doy = H<( P 2R, n)F,’ . K ijm ¢t ¢Fnax, 1 E . (15)
Each project isssociated with certain restrictions in The optimization criterion, as a rule, is one of the
terms of cost, time, risks, efctherefore, based on the valué indicators [15], for example, the oteat most

above dependencies, the following system of projefl0Sely maiches the mission and the main goal of the
restrictions is formed: project (thais, the value from the standpoint of the main

- by project costs (size of investment) stakeholder). Ifthe project is autonomoughat is, it
provides for both the creation and management of an
1(P) =1 (Pl P, 131) ¢ max. (9) infrastructure facility), then the indicator of economic
efficiency (for example, the NPV of the gect) acts as
the "main" value. For such projects, the system of

- by implementation time I . L
restrictions can also be supplemented with restrictions
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related to efficiency (for example, profitability, paybackprocess otreating an infrastructure facility. Nevertheless,
period, etc.): many infrastructure facilities in the field of water transport
. (for example, port terminals) are characterized by the fact
[ = [( 1P 2P p )P¢( ) (16) that construction and hydrotewaical works are carried out
as part of the creatidreconstruction of the facility,
where 1 7 used performance indicator, and* i its that is, the "immovable" basis of the infrastructure
limiting borderi maximum or minimum, depending on thdacility is being created. At the same time, in
essence of the selected indicator. the process of operating, the equipmengdsipped with
So, the model for optimizing the parameters of theeloading eqipment, which also requires certain
product of an autonomous infrastructure project includésvestments.
the following restrictions: (4), (9% (12), (16) objective Therefore, in the most general case, we will assume
function (the value of the first stakeholder is conditionallyhat within the framework of the infrastructure object
selected as the main one): management project investments are

* - * * *
Z:bll( P, P ny} S omax (17) [ *(P9) I(Pl, P ... PJ). If borrowed funds are used
BBk for invesments, then corresponding costs arise

If the project is partially autonomous, then the modelRnv(1*) = Rn( K. B.... B),  which are  also
for optimizing the paramets of the infrastructure project determined by the terms of use of borrowed funds and
product includes constraints (4), (9X13), and objective shares of own funds (which is not emphasized in this

function (17). work, since it goes beyond the scope of
As a result of optimization, the parameters of théhe study).
project product R ,P,...,R, are established, which In addition, theoperating costsR® of an object

characterize its certain phgal characteristics (length, depend not only on the parameters of the object,
width, depth, height, etc.), operational characteristiddut also on the parameters of the product (for example,
(throughput, operating costs, service life before capitélansport services), but also on the intensity of
repairs, etc.), as well as quglitharacteristics (reliality, —operation, thats, on the demandQ, which depends
etc.). on the paramets of the product, therefore it
is fair:
Integral consideration of infrastructure project

products and infrastructure facility management Re_: R(R.B.R) +
project. +R(F,B...B QPR B,..P)= (18)
In situations where the future operator of a =R(P,R,..P) +R(P, P,.., P),

infrastructure facility acts as one of the investors in the
pI’Oject fOI’ the Cl’eation Gh|S faC|||ty (WhICh iS typ|Ca| fOI’ Where Rf and R% according|y' Operating COStS, Wh|Ch

such projects), Bi interests are represented in botldepend on both the "object" arkiet equipment/personnel
projects, and, consequentlthe integral optimizatiorof associated with it

the parameters of the products of both projects is logicai Th . f h bi
for such a situationin the above approach, thiaterests" € ncome rom the object
e e * * * . .
of an interconnected project when optimgi the D =D"(R.,P,...Fy) is also determined by the
parameters of an infrastructgre project product were ta,kﬁ'%mand Q(Fi*- F% % ) and the parameters of the
into account only as constraints (15). Integral optimization . N
of these parameters is a separate task. product (in this case, the servicg), B,..., P, .
Since ech project has its own gsaand limitations, Accordindy, the profit of the operator of the
the optimization of the parametesbthe products of each infragructure facility is formed as:
project is formally carried out within the framework of a
separate optimization model. Nevertheless, there ¢ 1 (P, §.... nP1 Pa.to 3 FP & (1D 5 P P)-
interests of the abowmentioned investr, which are ; s % %
associated wit both projects. Thus, in addition to two  ~ RI(R.R.wR) -RAR, B, ).
optimization models for each project, a model can be
formed that optimizes the integral interests of the ) . —
investor with some integral constraints for the twéstablished Pj(R,R,....,R),j=1J, however, some
rojects. o x % .
i So, the model for ptimizing the parameters ain R PZ""’I.DJ are actually indgendent ofR , P ,....Fy .
infrastructure project product is formulated ahovelherdore, in (19), the parameters of the products of both
Letds consider a model f oRroegare indicaied gsypargmetgryg ancwhichpthe profi e
of an infrastructure facility management projecflepends. _ .
o — The project of management (operation) of an
{Pi | ] =1"J}- infrastructurefacility is certainly associatedith certain

For this project, generally speakingyestments may risks, which, first of all, & manifested in a decrease in
not be usedand the main investments are made in therofits D due to an excess of planned operating costs

(19)

It should be noted here that the above has been
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DR® and a decrease in incomeDD. Thus °©f an "integating” model, in which two local models are
components.

D (R, gy n"?'l 'P.Z’-t" J .} is formeid.. One of the approaches s such situations is that
As an optimization crigon, an indicator of the the criteria of bcal models are transformed into
economic efficiency of projects can be used (as the matanstraints, the lower bound of which is determined either
value for an operator for such projects), for examplen the basis of a target task withime project, or on the
NPV(R .t 5,.... P, 1P b... 3 » Which is formed basis of a solution corresponding to the optimal value

from income, operating costsvestment costs (if any), V\;hter? sol\lnr;g a local grobltem. Fgulan;ge,zg, afha reslult
as well as the se of own funds invested in O !N€ SoOlution according to mode (20X25), the value

this project. of the criterion for the optimal platNPV°P! is obtained,
Thus, the model for optimizing the parameters of théhen as the lower bound in the integral model, the value
product of the project of management (operation) of thean beused

infrastructire object is as follows: i oot
Objective function: NPV = | PP, (26)

*y o * here 0< | kis a coefficient specifying the permissible
NPV(R .t 21os B\ 1P, b, ax (o VW _ : )
(.12 Rl oty P m b (20) decrease in the optimal value &PV in the local
’ model. A similar approach is used when determining

The limitaton o the capacity/throughput (otherthe lower bound for the criteriomn the local model
similar characteristic) of the infrastructure objectfor optimizing the parareters of an infrastructure
M™iN M MaX regpectively, the lower and upperProject producta;™" . The scheme of forming a model
boundaries, are established on the basis of thdfor the integral corideration of two projects

concept andexperience of the commercial use of this(infrastructural, and an interconnected project for

object managing an infrastructure object) is as
min o R " follows (fig. 3).
MM e¢MR ,t 2, Ry 1P 2be 3 PE MM (20) Such an integral consideration of the two projects

) allows us to take into account the specifics of the
Limitation on the desired profit i9 ™" and its commercial opetion of the infrastructure facility at the

allowable decrease g1 ™" stage of its actual design (fig. 4).
_ The optmization criterion is the NPMndicator,
1 (R, broo pRP 1 P2ty PPMN (22) taking into account the fact that the "trend" of projects is

investment and provides for the commercial use of the
Dl (R, s nP 1 Pty ) ® 1 (23) facility:

NPV(R .t 9, P\ 1P ot 3 P max  (27)

Investmentrestiction, where 1 ™ is the maximum
allowable level: Model control parameters are product parameters of
I(Pf,P;,...,F%)d: nax . (24) both projects: R .t5.-.. R, R.to2...B. The
limitations of local models are fully included in the
Restrictions on acceptable values of controntegral design consideration model. Obifee functions
paraneters: of two local models are transformed into integral
_ o constraints:
PimMin gt ¢P"™ jE . (25) .
J oF 21=Hl( R, B nB" 2 78, (28)

Two comments should be made on tiiscel:
1. When considered locally(that is, without taking 7. = NPV P * RE. (2
into account the integral interests of the operating (R L2 Ry P b g 2 - (29)

company in two projects)f ,t »,..., P act as exogenous In addition, integral restrictions provide for a limit

x % . oninvestment resources S:
parameters, and only the parametef,t,,...,

of the podud of this project are subject to Il(Pl ,Pz,...,R])+ IZ(P; P*ZF*ﬁ) ¢S.  (30)
optimization.
2. When solving the problenthe duration of the The main risk of the investor is the "shortfall" in

project is not considereda certain vale of which is profit, which causesa decrease in the efficiencgf
implied in (20). In (21)i (23), the considered indicatorsinvestmens, that is DNPVappears, and so there
are refered to the annual time intervalhich is js a natural limitation on the acceptable level
tradtional. of risk:

Integral consideration of two projectfom the
position of an investeoperator presupposes the presenc  DNPV(R ,t 2,..., B, 1P, of... 3 Pt D TP, (31)
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Since the parameters of the projects' products am@iversal in nature, since the industry specificity is
interrelat@ (in any case, some ofdim),the modekhould manifested only in the structure of indicators,
take into account the functional dependence of theséd not in their essence. As a result of optimization
parameters: according to model (27)7 (32), the values of

.« — the optimal parameters pfgect prodwets (infrastructural
Pi=R (R B,...R)j=LJ. (32) and interconnected with it) are determinedwaich the

) interests of the investor are ensured fritwa point of view
~ Note thatthe presented concept of forming arof NPV, subject to existing restrictions, either external or
integral model can be used for other "trends" of projectgg|ated to the guirementof investors.

taking into account their pgcficity. This model is

INVESTOR-OPERATOR

Integral criterion

NPV(P, ,Py,..,P, . B . Ps,...P}) —> max

Integral constraints
Zy = NPV(D ,Pa,...P, P, Py,.... P} )= NPY'™ID

2=Ci(R BB, )z C"
£ % £
I (Pl Py, P, )+12(Pl ,Pz,...,PJ)gS

ANPV(P, ,Py,..,P, P, Py,...P}) < ANPY™

Local model 1 Local model 2
II(PI Py sl )g[{“ﬁx
A[:AI(P] ,Pz,...,Pn)gNmaX, fz(ﬁ*sf’;,---,f’;)ﬁf?ax
AT = AT(R Py oy ) < AT, M™Y SAL(B By P s Py) S M

3k kS -
Iy, P . P, PH=gm"
ACk:ACk(Pl Py,... P, )gAC,TaX Bk 1* j)
ANT(R ,..P, A ..,P;)< AIT™
T:T(Pl ,Pz,...,Pn)ngaX o A .
Ci (B Py oy )= RN

‘Pimll’l SPI SPimale-zl n

2 2

Project product parameters Project product parameters

*

B .P,,..P, PPy, P

* b .
Pl =P/(B.Py....P,). = LJ

Fig. 3. Screme of the formation of a model of integral consideration of two interrelated projects
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Project for creating an
infrastructure object

Infrastructure object
management project

Cl (Pl >P2 >"'=Pn )

il
Pl -,
Ve > /

Designing the
parameters of the
mfrastructure object

Infrastructure object life cyc

le

Fig.4. Accounting the specifics of the commercial operation of an infrastructure facility at the design stage

Conclusions

of its product.

In this study, a mathematicamodd has been
developed for optimizing the parameters of

infrastructue project product for two situations: 1) for avariation, the
situation of an "autonomous" infrastructure project, iyalue for

which the created infrastructure object does not impipfrastructure object and in the future when managing

commercial use, or itsreaton and conmercial use is (operating) it.
carried out within the framework of one peo}; 2) for a

economic characteriss of the project on the parameters

The model allows, at the initial stage of project
aglevelopment, to determine, within the possible range o

set ofgraneters thawill provide maximum
stakeholders both when cregt an

The model is universal and not tied to a specific field

situation of two interconnected by means of a proje@f activity, which makest possible to develog in terms

infrastructure objeci the creation of an object and itsof taking into account applied aspects, for example, a

management (commercial use). dkting is based on specifictype of laws.

takinginto accounthe dependences of the value, time and
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I. ZACHKO, A. IVANUSA, D. KOBYLKIN

HYBRID MANAGEMENT OF PROGRAMS OF TERRITORIAL SYSTEMS
DEVELOPMENT PROJECTS BY MEANS OF CONVERGENCE MECHANISMS

Introduction. Implementation of program projects of socald economic development of tharttories of Ukraine is inefficient,
with overspending of the budget and completion not at the set time. This is due to the use of pesgjeittemanagement
methodologies that do not take into account the complexityapéqt implementation, the turlerce of the project environment. The
lack of hybrid mechanisms for managing project programs of smxiaomic development of territories bdson the convergence of
different methods of project management is an unresgivedlem. The implementation of @o-economic development project
programs is carried out using the mechanisms of financial regulation of territories on the basis ofigfentdenor” model.
Therefore, the development of mechanisms for hybrid manaderhproject programs of socieconomic development of territorial
systems based on the convergence of key methods of project management is an urgent sciefftifipoaskThe purpose of the
work is to develop mechanisms for hybrid management of prograjects of soci@conomic devepment of the regions of Ukraine
using the tools of financial regulation, pubfidvate partnership and convergence of these mechanidetsods. The methods of
hybridization and convergence of project management metbgidslare used in the articResults. Based on research, it is proved
that the implementation of program projects of sasgonomic development of territories requiresule of various components of
project management through hybridization and convergeThe terminological base afopect management has been expanded by
introducing new definitions "hybrid project management of secionomic development projects”, "conyence of project
management mechanisms". Processes of management of progractsgybgocial and economic devetoent of territories, on the
basis of model "recipiesdonor" are formalizedConclusion. The analysis of current trends in the implementaiid complex
programs of soci@conomic development projects has shown the in@ffaess of existing project magement methodologies
associated with the lack of mechanisms for hybrid project management based on convergence of best practices amagejeenin
projects. A convergent model of hybrid management of projects of -ecaimmic development of territoeeby means of
identification of the main challenges and problems in the life cycle of the regional system is developed, which takesuiito ac
indicators of project success in the program based on analysis of projegemana best practices.

Keywords: hybrid management; convergence; program; projects of -satinomic development; management mechanisms;
territorial systems.

Introduction hybrid management of complex prags of projects of

social and esnomic developm@ of territorial systems.
The implementation of programs for so@oonomic However, in the known literature there are relatively few
development of territories tak@éace in a complex socio Works in which research would be focused on various
cultural multi-project environment with elements of aspects of such an important area of program management
turbulence, risks and uncertainty, as well as under ti¢é sociceconanic development projects in cotidns of

influence of external and internal political factors. uncertanty as hybr_id project management using
In Ukraine, the implementation of programs ofconvergence mechanisms. o
socioeconomic developent projects of territorial In particular, in [36] the peculiarities of

systens is inefficiet in terms of compliance with the identification and management of infrastructure projects
established budget, time frame, as well as the finare considered. The application of hgbmanagement
expectations of the final stakeholders and project usefgethodology for infastructure prajcts, features of their
First of all, this is due to the use of classical projedtybridization and problems of multilevel hybrid
manaement methodologies that are rnitéxible in a mManagement are described. In [7, 10] the mechanisms of
complex multiproject environment and do not take intoconvergence of project management methodology and
account the turbulence of the project environment. their system model are considd. The main standards
Most programs of projects of soeconomic and guidénes for projet management, programs and
development of territorial systems are implemented on tigoject portfolios are described in-f8. Principles of
basis of the model "recipiedioror" with a loadon local formation of portfolios of projects of improvement of
and state budgets. Best practices in project managemsygtems of safety, their theoretical approaches in
with international experience are characterized by tH®anagement of safe of projects of development of
convergence of different project management methodfficult systens are described in works [H1B]. The
that form the methodology of hybriaroject management study of the process of application of office project
using scienfically sound netrics of combination of key oriented management and formalization of factors
stakeholders in the investment phase of the projedgfluencing infrastructure projects is described in studies
government,  regional  government,  community[14-15]. In [16] the peculiarities ofhe functioning 6
international funding, funding, own funds of enterprises diybrid organizations and the processes of their
the region, funds ofyblic projects. management are described. Features of the functioning of
The scientific woks of many s@hntists, in particular hybrid peace projects are described in [17]. Selective
V.M. Burkov, S.D. Bushuyev, V.D. Gogunsky,linking in response to competing institutioniagics in
l.V Kononenko, H. Tanaka, O.B.Zachka, S.K.Chernovalybrid organizationss described if18].
l.V. Chumachenko and others are devoted to the issue of The main and general disadvantage of existing

E I. Zachko, A.lvanusa, DKobylkin, 202C
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research is the lack of implementation of a convergeptoject management of soeeconomic development

approach with hybridization of key mechanisms of projegiroje c t s 0, ficonver gennagemend f o

management. The study of innovative methofiproject mec hani s ms 0, which compl ement

management of territ@l systems deslopment projects, in terms of regional development program management

in particular, hybridization and convergence of besind take into account best project management practices..

practices of project management requires a scientifically  Definition 1. Hybrid prgect management of soeio

sound system of metrics for the success of such projeatsonomic development projects is eombination of

There is a need taise analytical and experimentalproject management mechanisms with the integration of

research to devep effective mechanisms for hybridthe values of key stakeholders of the program to the

management of project programs of seetmnomic holistic mission of the territorial system, provided by the

development of territories based on the convergence adnvergence dbest practices of projeotanagement.

best practices of project management. Definition 2. "Convegence of project management

mechanisms™ the formation of a set of methods and

Research methodsare to applythe mechanisms of models of project management for the development of

convergence obest practicein program management of complex systems based on the integration of project

complex projects, which will form a new paradigm ofmanagement ethodologies and best priaets of project

hybrid program management of projects of seciomanagement in thi@cus of regional project programs.

economic development of territories. The existing processes of management of programs
of projects of social and economic development of
Research results territories which are realized on the basis of model

"recipientdonor” with identificaion of key stakeholders

Based on theoretical resehr it is proved that the of an investment phase of the project are formalized: state
implementation of programs of socieconomic bodies, regional authorities, community, and international
development projects, which occurs under the influence Bihancing funds, grant organizations, sponsorship funds
environmental turbulence and the dynamics of changesénterprises of the region, fds of public projects.
multiproject environment, taking into accduhe different Literary and information analysis shed that most
nature of &ctors, requires different compenmts of project regional programs for the development of seeimnomic
management through hybridization and convergence. Systems are implemented in the model "recipaontor”

The terminology base of project management hasith a specific burden on local and sthtelgets (table 1).
been expanded by introducing new definitions of ihybr

Table 1.The "Recipient Donor" modéin the implementation of prognas of projects for the soceconomic development of
territorial systems

Donor (investment fund of thesociceconomic development project program)
Recipient (regional Public-private Crossborder
territorial system) Local budget State budget partnership International funds
) programs
projects

Territorial system 1 K, Ky, Kis Ky Kis

€ K; Kj K; Kj Kj
Territorial system n K, K., Ko Ko Kns

where K; is an attraction coverage ratio for thih territory of thg-th program project financing fund.

In the existing realities for successful application ofvith agreed deadlines, etc. Such a mechanism is effective
the best practices of project management it is necesaryand feasible in the application of Ukrainian legislation and
develop mechanisms of hybridanagementf programs correlates with the paradigof public-private partnership
of projects of social and economic development dbr Sustinable Development 2030 (Peogtast PPPs),
territories taking into account metrics of -financing which allows to initiate such projects by both public
according to realities of the multiproject environment.  authorities and private business.

For the most profitable and cestfedive To date, there are a number of obstacles to the actual
implementation of projects fo socioeconomic implementation and enforcemte of such convergence
development of territories with a high rate of return, it isnethodologieshrough:
necessary to diversify financial resources and stakeholder - Low awareness of poteat opportunities.
entities in order to strengthen convergenceluitinog and - Lack of pilot projects.
private business and itstérests. This approach diverstie -Lack of experience in implementing similar
not only the sources of funding, but also the risks that willrojects in Ukraine in general in their full cycle.
be shared between different stakeholders and their interest - Lack of qualified specialists and poteitinvestors
to act more synergistically to address them, the possibility finance and attract eh projects.
of more flexible solutions to fundingrregularities, - Involvement of inérnational technical assistance
optimization of esource consumption, na@ompliance for project management and structuring.
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Participation of private Participation of public Involvement of

business authorities international experts

Launch and implementation of a pilot
project

Convergence
synergetics

framework

Projects based on best converge
practices in Ukraine

Diversification of sources of financindiversification of risksmore flexible management of
deadlinesovercoming irregular financin@ptimization of resource consumption

Fig. 1. Modelscheme ofactors influencing obstacles to the implementation of convergent methodologies in the mahagemen
territorial systems developnt projects

The model scheme is based on the launch aicomponent of the project; overcoming the irregularity of
implementation of pilot projects for the development ofunding; emerging risks; flexible deadline mgeaent;
territorial systems by means of convergence mechanismoptimization of resource consumption, which is described
which is formed from the components of attracting atev by the expression (3).
business, public authoritieend the help of international
expertslet's represent the expression as a tuple (1). {Sk}

Lz=(Ib Iz 16), ) {PK}{U Dk, at thisDki (k;kin;kn+1), (3)

{9k
where Lz 1 launch and implementation of a pilot project; ) o _
Ibi private business piicipation;lai participation 6the ~Where Dk i the process of diversification of funding
public authorities; le i participation of international SOUrces; overcoming its irregularity, the risks that arise;
experts. flexible dgadlme management; optimization of resource
When implementing a pilot project for theCoOnsumption. o

devebpment of territorial systems, the influence of factors ~ Project ~management of ertitorial ~ systems
of convergence synergetic and the requirem(_mdevelopmentls a complgx organl_zatlonalnd technical
of the regulatory framework put fward for its Process. The_process is compllcateq by the constant
regulation, projects are selected based on the bchange inthe impact of the project environment, the need
convergence practices in Ukraine, which is writtertiiy 0 @dapt different atypical (hybrid) approaches, project
expression (2). management metkologies, programsand project

portfolios and the need to ka into account

{sKa in the planning process of this type of project
{Jk}'u= Pk, (2) convergence factors. On the basis of the system analysis
{LZ})T,/ the model of hybrid management of the program of

projects of development oferritories is onstructed

wherePk i projects based on best convergence rest (fig. 2).

in Ukraine; Ski convergene synergeticJk i regulatory The model is based othe parameters of the

and legal framework. convergence coefficient. In the context of hybrid
However, it should be borne in mind that at thimanagement, the convergence factor is a tool that

stage, the impleméation of convergence projects is notprovides processes for managing programs and projects

possible without taking into account the ongoing procefor the developmentof territorial gstems and thei

of diversfication. It is acompanied bythe financial interaction with stakeholds.
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Convergence rate

Project

ME best practices
programme

keholder:

Publicprivate
Sponsors partnership
projects

International

Government Community .

Fig 2. Model of the structure of objects and subjects of hybrid management of the program of territorial development projects

The main stakeholders of the teoril developmen territories is formed. We describe the formed dependence
project implenentation program will be the following of the expression (5).
components: government, comnityninternational funds, . . .
and sponsorship and publicivate partnership projects. Kij{Sh U (Pi[} }, ©)
Thus, formally stakeholders of the hybrid managemert*

program of territoial developmenprojects can bevritten wherePij 1 programs, ter'ritorial development projett, |
as an expression (4) i best practices in projeananagement, programs and

project portfolios.
Sh:<G\7 Lo If Sr pr (4) The influence of the parameters of the convergence
coefficient on the program of territorial development
where Shi stakeholders of the territorial developmenprojects is carried out throughout the life cycle. However,

project program; Gv 1 authorities; Lo 1 local the greatestmpact with the maximum possépositive or
communities; If T involved international funds; negative consequences is carried out at the planning stage.
Sr 1 sponsos; Ph T publicprivate partneship The solution to this impact lies in the context of
projects. identifying the main challenges and problems faced by the

Whereas the parameters of the convergence facproject in the life cycle of the regiongystem. Taking into
directy depend on the application, in the process caccount tlese features and the impact of convergence
planning and implementation of best practices in projecoefficient parameters on the project, a convergent model
and program management; standard structured psojeof hybrid project management of so@conomic
and programsand their inteaction with stakeholders so development of territories by means of identifying the
the process dependence of elements of Hybrmain challenges and gtems in the life cycle of the
management of the program of projects of development regional system (see fig. 3).

/ /@\ Project
Level of problem? f e N (A6 | success
effectiveness of i /@ I’)@ \\\\ ,/i’; p I g @f\\\\
the socie e i\l’\ N O f 7 & ﬁ \
economic /@\‘ / I O G@ ‘_@/’ £~ \
development |/ C |

|
H . . \ R
program  [\@—> O~ e /
\\ V\]\@ / I | // é N //
IAAY i / ' 4

-

by’

o

\ @5‘/

_
\
=

/

Fs
Life cycle phases

F1 F2

Fig. 3. Converged model of hybrid management of projects of seaimomic development of territories by means of identifying the
main challenges amroblems in thdife cycle of the regional system
where k1 initiation phase; Fi planning phase;# implementation phasexf launching phase.
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The model is based on the possible development program management and their transformation into a
the project during the lifehallenge on the way to successprocess of hybrid project management of sa@monomic
The models built in the system of ordinates of the projecdevelopment. Itshould be taken into account that the
life cycle time and the level of efficiency of the progranintensity of the impact of factors Rs or Ca succesgecaf
of sociceconomic development of the territorialthe project will change throughout the life cycle and will
development project. The hybrid impact of the projecform the appropriate level of effectiveness of the program
environment forms the problems of systamdtioning in  of sociceconomic development. Quantitee indicators of
the context of the regional component of projecSi and Ca values will depend on both the regional features
implementation and the impact of challenges of adaptatioof the projectimplementation and the parameters of the
of the project and program management system. Tlconvergence factor, and at different stages they will
regional component of implementation inohsd features interact within 1 block of the process, or 2 or more at the
of the territory, turbulent mvironment, thermehistorical same tine.
component, soci@conomic component, etc. We describe
the regional component of the expression (6). Conclusions

A [S@ atthisRsl (S: sn; $i1+1), 6) The informational and literary analysis of current
whereRsT problems of regional systemSp i success of tren_ds In the_ nSpIeTerﬁantof c_:on:pl_exuri(rogrami of d
the project of soci@conomic development of territories bf,omoeconomm evelopment projects in Ukraine snowe

identifying the main challenges and problems in the lifd€ ineffecFivenes; of gxisting project management
cyclefgf tge regional system g P methodologiegssociated with the lack of mechanisms for

Taking into account the challenges that arise in tﬁéyb”d project management based on convergence.

life cycle of the implementation of pgoams of . A convergent moqlelof hybrid managemerlt of

development projects in the conditions of hybricPrOJeCts of socieconomic developme_nt of territories by

management, we write the dependence (7), means of_ |dent|f!cat|on of the main challenges gnd
problems in te life cycle of the regional system is

u Y [ :}; atthisa @ (G @ n@y, (7) developed, and takes into account indicators of success of

projects inthe program based on analysis of best practices

whered O the process of influencing the challenges aff project management.

applying the pruisions of the methodology of project and
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New iteration results found B1 Airy NL Tt6.5-7.0.txt:
» Dropbox: Uploading "~/math/2d/Airy/Airy NL/eel eel3 ho.02_Tt10 T06 Xa6/B1 Airy NL_Tt6.5-7.0.txt" to "/math/Bl_Airy NL Tt6.5-7.0.txt"...
» MySQL: Adding records for time interval '6.5 - 7.0'...
New iteration results found B1 Airy NL Tt7.0-7.5.txt:
Dropbox: Uploading "~/math/2d/Airy/Airy NL/eel eel3 he.2_Tt10_T0@ _Xoa/61 Airy NL_Tt7.0-7.5.txt" to "/math/B1 Airy NL_Tt7.0-7.5.txt"... DONE
» MySQL: Adding records for time interval '7.0 - 7.5'... DONE
New iteration results found B1 Airy NL Tt7.5-8.0.txt:
 Dropbox: Uploading "/math/2d/Airy/Adry NL/ee] ee13 ho.82_Tt10 T00 X0/81 Airy NL_Tt7.5-8.0.txt" to "/math/BL Airy ML Tt7.5-8.0.txt"... DONE
» MySQL: Adding records for time interval '7.5 - 8.0'...
New iteration results found B1 Airy NL Tt8.0-8.5.txt:
» Dropbox: Uploading “~/math/2d/Airy/Airy NL/eel_ee13_ho.02_Tt10 60 X00/B1 Airy NL_Tt8.0-8.5.txt" to "/math/B1 Airy NL_Tt8.0-8.5.txt"... DONE
» WySOL: Adding records for time interval '8.0 - 8.5'... DOIE
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THE DISTRIBUTED SYSTEM OF AUTOMATED COMPUTIN G BASED ON CLOUD
INFRASTRUCTURE

The article is devotedtheoretical research and development of a distributed system of automated calculations and analysis based on
cloud infrastructure. Theubject of the research is theoretical and practical principfdsuilding automated calculation and analysis
systemsased on clienserver architecture in a distributed infrastructure based on cloud technologigairpbse of the article is to
develop and substantiate practical recommendations for the form&aotomated computing system infrastructure, the chafiits
elements and their componentasks of the study is to identify the necessary structural elements of the system of automated
calculations and provide for each of them an analysis of compoaedtfunctional load, set specific tasks for the cootom of
each of them and substantiate the choice of tools for their solutiom@thedsof system analysis to decompose a complex system
into elements and each element into functional componeméswged during the study. The study found that the myistieastructure
should consist of: a single computing initiator and computing center, customer communication channels, and end customers who
process theesults. The entire system must run in reahdi or near real time mode that must be achieved thrtheghandling of
operating system events and external services events. Communication channels should be as versatile as possible and provic
customers with ample opportunities to access data. Theustonters should be of two types: powerful for flexibhel andividual
data processing, and simplified for the integrated environment of generalized data processing in mobile or desktop browsers.
According to the received recommendations one of variargaabf system is developed, principles of its work andteare shown.
Conclusions.The theoretical and practical foundations for the implementation of a system of distributed automated computing and
analysis based on cloud technologies have bkeerloped. An increase in the reliability of storing the sinmortatesults in such a
system through their triple duplication is shown due to: local storage, using of external databases and external .fife pemvéres
are given to increase the convamie and flexibility in processing the results due to the pdisgibf using thirdparty analytical
applications that support getting data from such sources. The economic benefits of using the described system are &horen. The
ways of its improvemdrare given.

Keywords: cloud technologies; distributed infrastture; automated cloud calculations; saving resources and funds; iterative
algorithms; Mathematica.
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CpaBHEHWA
I Bﬂ' (BoCHOBaHME NPUMOPHMTETOE 3HEPrETMYECK DI CTPATEMMM METANNYPriyECKOro NPEaNpUATIA A
- g
L El'a YeTounBoe oBeCneyeHWe SHEprOHOCUMTENAMW METaNNYPryeckoro npeanpuaman - 0,1375
i Vs 11 B';i' K1 - [e$uuMT CopMHAPOBaHIA NPUADAHOA YACTW 3HEprofanaHca W 33BMCMMOCTE SHepronoTpeGneHwA oT Hage

----- J Yeroiuneoe ofiecneyerie SHEDrOHOCHTENAMW METannyprieckoro npegnpuatia - 0,0012

----- J MNosbiwenre spdekTMBHOCTH Mcnonesosanma 1JP - 0,0028

----- J ¥YMEHBLEHWE HEraTMBHOT 0 BOSAEACTEMA SHEPTETMKN Ha OKPyXawLyio npupoaHy cpeny - 0,0006
----- o TNoBbiueHMe yPOBHA SHEPreTMYECKOA HE3ABMCHMOCTI METANNyprieckoro npeanpuamia - 0,0053
E—]'ij' K2 - MHTEHCWMBHOCTE 3HEprocBepexeHnA M paLMoHanEHan cTpykTypa T3E6 npeanpuamin - 0,0424

----- J YeToiuneoe oBeCneyeHle SHEPrOHOCHTENAMW METannyprieckoro npegnpuaTia - 0,0168

----- J ToseiweHne sddek TMBHOCTW MenoneaoeaMA 13F - 0,0092

----- J YMeHbWEHWE HEraTMBHOMD BOSAEACTENA SHEPrETHKM Ha OKpYXaIoWyo npupoaHye cpeny - 0,0037
----- J TNoBbiueHWe YPOBHA SHEPrETMYECKOA HE3ABMCHMOCTW METANNYPriMeckora npeanpuAia - 0.0127
E—]';i' K3 - PauwoHaneHoC T cTpyKTypRl 3HepronoTpeGnerna - 00424

----- J Yetolwneoe oBecneyeHne sHEproHOCHTENAMA METannyprideckoro npeanpuatia - 00075

----- J MNoBbiweHwe sppekTMBHOCT McnonksosaHuA TIP - 0,0161

----- W YMeHbWEHWE HeraTMBHOMO BOSASACTENMA SHEPTETHKH Ha OKPYXSIOW Yo NpupoaHye cpeay - 0,0041
----- J ToBelLeHWE YPOBHA SHEPreTMYECKON HE3aBMEMMOCTW METaNNyprimeckoro npeanpuaTiA - 0,0142
- K4 - 3neprootaava - 0,0424

----- J YcTolwneoe oBecneyeHne 3HEProHOCHTENAMW METaNNyprideckoro npeanpuaTia - 00075

----- o MNoBbiwene spdekTMBHOCTH Mcnonssosadma T3P - 0,0053

----- J ¥YMEHBLIEHWE HEraTMBHOT O BOSAEACTEMA SHEPTETMKN Ha OKPYXaLyio npupoaHy cpeny - 0,0067

----- o TNoBbiweHHe YPOBHA SHEPrETMYECKOA HE3EBMCHMOCTA METANNYPryeckoro npeanpuAmia - 0,0188 v
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ADAPTIVE PORTFOLIO MANAGE MENT OF ENERGY SAVIN G PROJECTS AT A
METALLURGICAL ENTERPRISE

Today, the problem of creating and implerieg methodological foundations for managing portfolios of energy saving
projects at metallurgical enterprises is urgent, taking into account strgt&ys; limited resages and risks. The solution to
this problem is complicated by the fact that it é&essary to take into account the many interrelated flows of energy resources,
requirements, goals and strategies of behavior of individual subdivisianstallurgical eterprises, as well as the dynamics
of production processes, etc. Tébject of thearticle is adaptive methods of portfolio management of energy saving projects
at metallurgical enterprises. Therpose of this work is to create methedor the formatiorand adaptive management of the
project portfolio, taking into account the strategaals of the metallurgical enterprise for energy saving and energy efficiency.
The followingtasksare solved: analysis and comparison of traditiondladeptive project anagement processes; description
of the main provisions of the methodology of préidie adaptation in the management of the portfolio of ensayng
projects of the metallurgical enterprise; detailed consideration of the stagesafiém and implemeation of the portfolio of
energy saving projects of the metallurgical enterprisesitieration of the results of the assessment of the importance of the
criteria in substantiating the priorities of the energy strategy of the engergissussion of theesults of the formation of the
energy saving program at PJSC "Dneprospetsstabed&ehmethods portfolio management methods, forecasting methods,
expertanalytical methods, risk management methods. The follovésglts were obtaied: The substantia@in of expediency
of use of adaptive management of energy saving projects at thibungétal enterprise is carried out. The stages of strategic
planning for energy saving and energy efficiency, the stages of formation and implemaeuitéti® portfolio & energy saving
projects of the metallurgical enterprise are described. The refultee formation of the energy saving program at PJSC
"Dneprospetsstal” were consider€&bnclusions Building a management system for energy savingepte and programg a
metallurgical enterprises requires solving the problem of predictive analysiseajyeconsumption and fuel and energy
balance with subsequent implementation of adaptive mechanisms for planning, monitoring and change management, whic
allows more effieént formation and implementation of energy saving projects and projects. to ptbmaterease of energy
efficiency and competitiveness of the enterprises of the metallurgical industry of Ukraine.

Keywords: project portfolio; predictie adaptation; eneygsaving management; metallurgical enterprise, energy
consumption planning.
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M. MOzHAIEV, P.BusLov

A METHOD FOR IMPROVING THE QUALITY INDICATORS OF A DISTRIBUTED
FORENSIC INFORMATION SYSTEM

Subject of research: the process of monitoring the qualityciars of a computer network of a forensic information system using
methods for increasing the frequency resolution of acenystio spectrum analyzers. Them of this work is the possibility of
increasing the QoS indicators of a computer network byesglg the potential accuracy of estimating the frequencies of two
simultaneously arriving radio pulses using the sitpayleigh resolution method in acoustptic spectrum analyzers (AOSA). The
following tasksare solved in the article: analysis of vari@u®rmation systems of forensic examination and the tasks that they solve;
analysis of the use of acousiptic spectrum analyzers to determine the parameters of the transmitted signal in a distribogsci
system; derivation of an analytical expressior evaluating the potential accuracy of the frequency detuning value of two pulses. The
following methods and modelsare used: models and methods of systems theory (based on the information 3pprodels and
methods for constructing distributed ®rms and their components in accordance with various hierarchical levels of their organization
and operating conditions; models and methods of theories of propagation and interaction of electromagestiwith wave
structures of various physical natufihe following results were obtained: The analysis has established that forensic information
systems are distributed in nature and impose high requirements on the quality of the functioning of teleaimnsiequipment of
the corresponding computer netks (CN). To meet these requirements, it is necessary to improve the systems for monitoring,
protecting and transmitting information in the corresponding CN, which is impossible without solving hfempad monitoring
signal parameters. Research hasbmmried out on the use of AOSA to ensure control over communication channels of computer
networks. It was found that most of the AOSA frequency resolution methods have limitations associatedResteigh criterion,
which significantly limits the pential for frequency separation of pulses. The use of the method ofRaplaigh resolution of
narrowband pulses in terms of their arrival time is proposed. An analytical expression is obtairtedatedhe potential accuracy
of determining the valuef the detuning in the frequency of two puls€snclusions The forensic information system is a complex
heterogeneous distributed system. To improve the efficiency of its functioning, it is nedessamyrol the parameters of the signal
propagating n the network. The use of the sugRayleigh resolution method in AOSA will increase the resolution of AOSA by
increasing the frequency resolution of two fsimultaneous radio pulses of long duration.

Keywords: distributed information system; computer wetk; acousteoptic spectrum analyzer; QoS indicators of computer
networks; resolution; supdtayleigh resolution.

Introduction scalability (extensibility). These requirements fix two

essential points: the autonomy of the DIS nodes and the

At the moment, in the modern world, there is #@resentation of the systely the useas a single structure.
colossal amount of readp-use information and In this case, the main DIS link is software. Diverse
computing resources that wereeated adifferent times. software is rapidly developing and penetrating into all
Different approaches were used to develop them. Aimospheres of human activity. Forensic expertise is no
always, when developing a newer information system, yagkception.
can find and use readyade in their functions, ready The distributed nature of forensic information
made components that are already working. The proble®stems andhe importance of information processed by
is that conpatibility requirements were not taken intothe system impose increased requirements both on the
account when creating them. These components do sétucture of the system itself and on the quality of data
understand each other; they cannot work together. It ti@nsfer between various subsystems. A large number of
desirable to have a mechanism or set of mechanisms tittdies have been devoted to overomntheseproblems
will make such independently designed computinfl-12].
resourcesompatible. The main task of such information A significant place in these studies is occupied by
and computing resources is, first of all, facilitated acce$ge analysis of the impact of the quality of
to remote resources and control over the sharing of théééecommunications equipment on the functioning of DIS
resources (computers, files, data in a database (DB). Suerensic examination. The studies carried out in these
resources include aasiety of distributed information Wworks have establishethat in ader to increase the
systems (DIS). efficiency of the DIS forensic examination, it is necessary

A set of computers connected by communicatiot? ensure a high quality of functioning of the computer
channels can be considered as a software moduetwork of the information system, which is not possible
(application), executed within a separate process. Us&vghout improving the corresponding equipment [&].
and applications work consistently in DIS regardless of Consegently, the improvement of existing systems
where andwhen this interaction occurs. To do this, DISor the transmission of information and the design of new
must have characteristics such as hiding from users tdecommunication systems is an urgent task to improve
differences between computers and how thefpe quality of service for the entire IP of forensic
communicate. Another important DIS characteristic is theéxamination.
way in which DIS provides a consistent us@nd
application) experience. DIS must meet the following  The purpose of this aticle is to analyze existing
requirements:- transparency: openness: flexibility; - models and types of forensic information systems and the
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possibility of increasing the QoS indicators of a computarsed in the examination. In this case, budleeve, casts
network by achieving the potential accuracy of estimatingf footprints, fulkscale collections, etc. are used. Their
the frequencies of two simultaneously arriving radi@accumulation, systematization, search and identification is
pulses umg the supeRayleigh resolution method in also based on the database. As the main carrier of large

acousteoptic spectrum analyzers. amounts of information used to store these databases, the
1.To solve this problem, it is necessary to solve most dfective use ofhard drives. Sometimes database

number of specific problems: copies are stored on external hard drives or "in the cloud"
2.To analyze the various forensic informationon servers that provide access to them over the Internet

systems and the tasks they solve. around the clock. Currently, there are many reference and

3.To conduct a analysis of the use of AOSA toinformation funds. The overwhelng mgority of them
determine the parameters of the transmitted signal inaae databasbased and are automated information
distributed forensic system. retrieval systems. Forensic institutions [3] use reference

4.To obtain an analytical expression for evaluatingnd information funds, built in relation to specific types of
the potential accuracy of the frequency detuning of twexpertise, as well as for various objects or research

pulses. methods. Hwever,they areall implemented in the form
5.To devebp a methd to improve the efficiency of of automated information retrieval systems based on a
a distributed information system database, and are part of the forensic registration system.
This system includes subsystems called forensic
Main part accounting. Accounts are classified by purpose and
featues of regstration objects.
1. Analysis of the construction and functioning of Thus, the study showed that there are effective
forensic information systems information systems in practically all areas of information

Forensic expertise, varied in form and content, isupport for forensic examination. These information
impossible without the use of a varietf source of Systems have a distributed and heterogeneous nature and,
information. These are documents in various informatioift order b ensure e main indicators of the quality of
systems, including databases. When selecting informatidbnctioning, they place high demands on the quality of the
the principles of reliability, relevance, necessaryunctioning of the telecommunications equipment of the
sufficiency and completeness are observed. The principlegresponding computer networks (CN). After all, it
of creating infomation sysems include simplicity, cannot yet be stated that informatisystens for the
openness, interactivity, structure, functional distributiorgrovision of forensic expertise (ISPFE) have the

integration, security and automation. properties of artificial intelligent systems that expert
Expert systems are a line of research in the field ystems possess. o
artificial intelligence for the creation of computing  To solve this complex problem, it is necessary to

systems capabé of making decisions similar to the make efforts in all aspects of ISPFE functioning, including
decisions of experts in a given subject area [3]. THe improvethe qualiy of QoS CN. The next section of our
functioning of a database in forensic science is based aficle will analyze possible ways to improve QoS through
the principles of operational replenishment and relevand&g use of modern methods for determining the parameters
sufficient speed in the search and prowessf data, Of the signal propagating in the network.
conpliance of answers with search queries, as well as
ensuring the protection of information. When 2. Analysis of the possibility of using AOSAto
investigating the situation of an emergency situation (ESJetermine signal parameters in a computer network.
analyzing material evidence, as well as studying an To successfully solve the problem of electromagnetic
investigative or operational sition a systeratic compatibility of a large number of currently existing
approach, game theory, queuing, fuzzy sets and oth&rious communication, radio navigation and radar
modern approaches to processing complex and diverg@mplexes, it is necessary to determine theamegrs of
information are used. The decision in forensi¢ado emission sources as accurately as possible, in real
examination is made in several stages: modeling, buildifigne. The task of measuring the parameters of propagating
scenes and processes; lgsis of situations based on these signals is complicated by the fact that modern radio
models; forecasting their changes. Increasingly, modelirgflgineering complexes during operation can change the
is carried out on the basis of thrdienensional models basic parameters ahdiaton, suchas: frequency, pulse
and even using the smlled augmented reality. In duration, pulse repetition period, and many others. For
traceology and in image analysis, such a model makesoperational recognition and determination of radio signal
possille to unarbiguously identify an object. The parameters, processing methods using acenstio
objectivity of the examination with such informationinteraction are increasingly used. This is due to the
support is fully realized. specifc capabities of such methods: parallelism, high
The use of a database in forensic science involvégeed and frequency of optical signal processing, etc. [4,
the collection, accumulation, storage, processing add, 18].
analysis of informatin. Wten collectng information, as a The above possibilities are implemented in acousto
rule, special equipment is used, scanners, digital camegic  spectrum analyzers (AOSA), which are
and video cameras, sound recording devices. In sorflistinguished by their simplicity oflesignand pardél
cases, it is still not possible to digitize the informatioProcessing of signals in a wide frequency band and
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practically in real time [4]. The advantages of usingurns out to be incorrect for a wide class of input signals
AOSA for solving spectral analysis problems andvith a finite spectrum.
expanding the bandwidth of simultaneously analyzed The inconsistency of the Rayleigh concept of
frequencies necessitate a deegealysis of theresolution resolution with the results of experiments with
of these devices. gquantitative measurements led to a wide discussion of the
Analysis of a number of works [4, 7, 14, 17, 18Very wncept of resolution and an analysis of the
devoted to the theory of development of devices farorresponding criteria. The results of research in the field
acousteoptic conversion and signal processing allowsf the theory of resolution and presented in [4, 17, 18]
stating the contiguity of such characteristics of femqry allow us to say that the resolution limit and the accuracy
accuracy asthe accuracy of reading the radio signabf measuring the frequency feeene becomesnot a
frequency and resolution for the class of devices undproperty of the device itself, and is determined, in
consideration. In this case, the resolving power of gmarticular, not by the width of its instrumental function,
acousteoptic spectrum analyzer is understood to be itgut by the accuracy of reading output process. In turn, the
ability to resolve two close dgueny componets of the accuracy of recording the output signals under ideal
analyzed spectrum or two adjacent in frequency radexperimemal canditions s determined by fluctuation
emission [7, 14, 17]. Resolution is quantitatively defineggrocesses in the equipment. Therefore, only the
as the minimum frequency interval between two radifluctuation limit of resolution is insurmountable, due to
emissions or spectrum components, at which they aobjective physical phenomena (discreteness of the charge,
reliably sepaated. The charateristic of the frequency the quantum nature of optical radiation, etd.hus, the
readout accuracy allows one to judge with what accuraéyequency accuracy of existing acousbptic spectrum
the frequency interval between adjacent frequen@nalyzers, the choice of the parameters of photodetectors
components or the true value of each of them can lbé which was based on the principles of Rayleigh
measured [4]. resolution, can be significantly improved by using special
Indeed, in the practice of designing armahstricting  procedures for recordingné pracessing ofical signals,
acowstooptic and, in particular, optical devices fortaking into account their statistical properties due to the
spectral analysis, the resolution and frequency readmadture of their formation.
accuracy are determined by the parameters of the Recently, in papers [17, 18] devoted to the problem
instrumental function formed by these devices and thef increasing the resolving power of acouefmic
selected resolution criteriom mog cases,d characterize spectrum analyzers, other physigainciples havealso
the frequency accuracy of the device, the concept of theen applied. For example, [17] proposed a technique for
Rayleigh criterion is introduced, to determine which théncreasing the resolution of acoustptic spectrum
case is considered when the input of an aceogtm analyzers taking into account the nonlinear nature of
transducer is affected by two harmonic signals spacedousteoptic interaction. In this case, the analysis of the
apatinfrequenccby a value of of [aebystecbit |interadfitni pocebdang pne aceudtoptic
historically, by analogy with the resolution of most opticabpectrum analyzers was carried out without integration
instruments, for example, telescopes. In this case, tvawer time, which leads to smoothing of fluctuations.
optical signals are formed in the focal plane of the device, In most cases, the frequencies of radio pulses
the intensity distribtion of each ofwhich along the plane measured in AOSA are so close that it is not possible to
of the photodetector is described by an apparatus functidistinguish themusing either the Rayleigh criterion or
of the form sin2 ( x) / x 2 ,otheamethodd. Bu¢ in dulsed eadar ther@ is satmathod ef
bet ween the maxima of z erspeRayldighrresolution of parrapnal pulsesamtexrhs t o
According to the criterion under consideration,e thof their arrival time. The basis of this method is the
resdution limit of two signals in a diffractioimited noiseless idealization of the s miture and its
optical system is reached if the maximum of the zeranalytical representation by a polynomial, the degree of
order of one signal coincides with the minimum of thevhich is equal to the number of signal sources, and the
first order of the second. Thus, the resolution limit and th@ots are uniquely related to their parameters.
accuracy of the signal fregocy eading acording to the
Rayleigh criterion are ultimately determined by the device 3. Evaluation of the potential accuracy of
itself, namely, it is inversely proportional to the width ofdetermining the frequency deturing of two pulses.
its instrumental function. It is well known, that in most of the currently
The analysis of the resolution criterion consideredxisting AOSA, the signal is sequentially read from a line
above, given in [4], showthat i is, in essence, focused on of photosensitive elements. Thus, we can assume that
qualitative observations, and the value of the resolutidhere is a vector containiny measurements at points
obtained on the basis of such a definition does not,...,x, of a randomvariable distributed according to
correspond to modern requirements for. _measuriqgoisson.s Iawn:{q, nZ’___,m}_ Each element of the
technology. So, for example, the wkhown opinion that ) . .
the limit of the resaltion and accuracy of the signalMeasurement vector is characterized by mathematical
frequency reading is determined by the properties of tlexpectation M (n) and variance D(n), and.
device and, in particular, by the width of the generated ! .
instrumental function, when investigating the procedur (n)=D(n) &, i=12,..N.
for restoring the input from an inac@tely known ouput
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It is known [10] that b are functions of the N
parametersa, x, D P(D’D) :Icz)lP(t? ?) (2)
Aci D s 5 } : where
o) 8 Hih) o'y
& aleDy) ¢ BB P(B.n) == ®

wherea 1 is the parameter characterizing tthiéfraction
properties of the pectrum analyzer, and the unknown

the parameteb, characterizing the frequency detuning of

the two analyzed pulses.

In (1), the amplitude is assumed to be normalized
unity, since taking it into account in tHature has no
difficulties.

Fig. 1, andfig. 2 show the possible form of the mean
value of the vector n, determined by dependence (1)

at the valuesa=p and ©=0.5, respectively (the value
D= 1).

2
b(i,10) 1| .
O ------ _,—'"F | R -
-2 0 2
X(i)

Fig. 1. The average value of thector n ata=p
If the samples are independent of each other, th

) It is required todetermine the potential estimation
'&ccuracy othe pararater D.

2 —F=
ot .
to / \\\.
L ™
b(i,100 1 —
|
0
-2 0 2
X(i)

Fig. 2. Average value of vectarat©= 0,5

The potentially possible variance of the parameter

D estimation is determined based on the -Raamer
inequality. It is equal to the reciprocal of the expected
value (i.e., averaged over realizations) of the second
derivative of the logarithm of the distribution function (2),
taken with the opposite sign [14]:

s= mP( . TuDAL b/ Wb, (@)

‘where the bar above the expression means the averaging

joint distribution will have the form: sign,
o2 ety oot o ) (99 shb g

5o ¢

W?(X o 4 x BY) (28 sbbx3)

Note that the expression for calcitgf the variance s el ect ed interval THhearer esear
does not contain the second derivativesiofn practice, shown in fig. 3 and fig. 4, and in fig. 5 and fig.- or
the true values oD are unknown, so they are replacedd=0.5. The numbepf samples waghosen equal to 10
with appropriate estimates. However, here we do nahd 100.
consider the issues of obtaining estimates for the unknown
parameter andfor the purposes of analyzing the
dependence of the potentialcacacy on the value of the
unknown parameter, we will assume that it is known
exactly.

We studied the dependence of the value of the root
meansquare error in estimating the detuning of two
pulses in frequencys, on the detuningD at various

sampling rées of the parameter x. Discretization of the

04 |

s(j) 02

I
0.5

parameter x was carried out on the interval [ D(j)
. _ 20 .
2 ’0 fa, 2'0 fa], e x= “a HWp/aN,  where Fig. 3. Dependence af; on the detuning valu® atN = 10,

i=1,2,é& ,N; whereN is the number of samples time o= p
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| 4. The method of increasing the efficiency of a
distributed information system
The results obtained in the previous part of the
| article allowus to propose anethod for controlling the
s(j) 0.021 - frequency of the signal ppagating in the ISPFE
(N r - information transmission channels. As noted above, this

|
A
| ”1““;1 ;5 fomn . method is based on the use of suRayleigh resolution of
y v IR I l“ﬁ‘f f narrowband pulses, which provides up to 12%réase in
0 ARAN \r [y the frequency measurement accuracy in comparison with
0 0.5 1 known nethods. Thus, it is possible to propose a method
D(j) for increasing the operability of a distributed information

system, which is based on the use of AOSA, the optimal
Fig. 4. Dependence cf, on the detuning valu® atN = 100, processing of a signdilinctioning inthe ISPFE computer

0=p network, which leads to a signifisaimprovement in the
resolution and, in turn, leads to a decrease in information
0.4 loss caused by electromagnetic problems, compatibility
and synchronization of pulses in the investigatechputer
- netwoks.
s() 02f | Conclusions

The article carried outstudies of the forensic
information system, which confirmed that this system is
| distributed and heterogeneous, which explains the

0 05 1 complexity of the complete automation of this system. As
. part of theanalysis, it wa found that for the effective
D(1) functioning of the forensic information system, it is
Fig. 5. Dependence ¢, on the detuning valu® atN = 10, necessary to fulfill rather §tring_ent reqL_Jirements for the
0=05 computer network that provides information exchange.

It is proposed to monitor the efficiency dhe
computer newvork of the forensic information system
based on the determination of the main parameters of the
signal, which ensures the transmission of information in
T communication channels.

s(j) 0.02| ST When monitoring the frequency of pulses
— /! propagating in commucation channels the article

Yol A proposes the use of acousiptic spectralizers, which
A provide fairly high frequency resolution values.

0 i h As a result of the analysis of the classical (Rayleigh)
0 0.5 1 approach to determining the resolution of AOSA, it was
D(j) found thatthe frequency asolution can be significantly

improved by applying special procedures for recording
Fig. 6. Dependence o, on the detuning valu® atN = 100, and processing optical signals, taking into account
0=0,5 their statistical properties due to the nature of their

; ; ormation.
Analysis d figs. 3- 6 shows that the dependence of The article substantiates the paifity of using

the rootmeansquare error in estimating the detuning in uperRayleigh frequency resolution of pak in
frequency on its value is periodic. This is natural, SinC%CgUStG)Oy ticg s ect?um Zmal Jers. An exoression is
the terms in (4) are also periodic functions. However, a P P y : P

T Obtained for estimating the potential accuracy of the
the value a decreaseshet periodicity in the selected frequency detuning of two pulses. Analysis of potential
interval becomes less noticeabl(figs. 1, 2), which q y 9 P ' Y b

explains the difference in the nature of the curves in ﬁgg_ccuracy calculations showshat for the pretical

3, 5. With a small number of discrete €\LO, fig. 3, 5) use of th_e idea of sua_Elaer|ghfrequency resolutlo_n OT
. pulses in acoustoptic spectrum analyzers, it is
and a small detuning = 0.4, the root mean s@ue error

. . I n r rovi h requir mplin
of the estimated parameter is commensurate with its Val"i’?zgiseiacg to provide the equired  sampling

This means that reliable estimates are unlikely to be The article proposes a method for increasing the

obtained under these conditions. With an increase in t%‘f:ﬁcienc of a difributed informaion svstem. which is
number of samples on the selected intervat (DO, figs. based gn the use OAOSA the o t)i/mal ’rocessin
4, 6), the valuef the rootmear-square error is less than of a signal operating i,n the pISPFEp compu?er

0 X
10@ qf the value of the tated parameter over the network.
entire interval.
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S. RUSANOVA

MODELING THE IMPACT OF THE TR ANSPORT PROVISION OPTION ON
PROJECT RISKS

The subject of the research is the formalization of the influence of the option of transport provision of the project on its risks. The
aim of the study is to improve the efficiency of project management procbgsdsntifying and formalizing the risks associated
with the transportation of the projedasks of the study: to characterize the impact of transportation on the project; to describe
formally the dependence of expenses on options for transport provigioojects; to develop a formation scheme and a auefor
assessing the risks of excess costs and loss of time for the project under the influence of the transport option. fidnen&itiods
are used: system analysis, functional analyResults prgect risks are formed under the influence of manyofa¢ and transport
provision is one of the components of this set. The set of characteristics of the project, which are influéacepdrt provision
cost, risks, duration, quality, and resultst@en established and characterized. At the sange the alternatives and variability of
transport provision form a corresponding impact on the project risks. In this study, undptitheof transportation, a combination
of a specific type and typef awehicle, its characteristics (for example, carryicgpacity) and conditions of use in the project
(purchase, lease or service from project suppliers) are accepted. The transpsidrpaivthe project is considered for three levels:
separate work, timperiod, and project as a whole. For each of thelsevhe following is established: the volume of necessary
transport services; the number of vehicles required; costs for each optiansportation. Mathematical expressions are obtained for
the magitude of the potential risks of the project in thenfoof time losses and additional costs associated with the options for
transport provision. Additional costs are determined by the & time, the characteristics of the vehicle, the cost structueadiep
on the conditions for using the vehicléSondusions The formalizations obtained make it possible to quantify the impact of
transport options on project risks. These resultdtadasis for the further development of a model for choosing thmalpmiption
for transport provision for the projedmplying a set of specific vehicles, terms and conditions of their use in the project.

Keywords: vehicle; risks; project; assessmesusts.

Introduction of transport provision on them. Nothat this problem,
despite its relevance for most of the projects being
Most of the projects being implemented arémplemented, s practically not represented in modern
assaiated with the creation of material objects, which arestudies.
in fact, the products of thegwojects, which implies the

formation of an appropriate logistics system and the need Analysis of literature and research
for transpotation. Depending on the specifics of the
transport infrastructure arile availability of vehicles, the The theoryof project management is enriched with

parameters of the project product and the timingt®f inew approaches both in the gib aspect (for example,
receipt, that is, the duration of the project life cycle, cafl, 2]) and in terms of individual areas of knowledge.
be adjusted. For example, in iaftructure projects, the The altenative options for transport logistics in
specifics of the terrain and transport infrasture terms of the characteristics of vehicles and theiramsthe
determine the parameters of the project product and tagample of sea transportation and large exporters was
mode of work on the pject. Thus, the development of investigaged in [3,4], with the main focus on the
the project and its planning should be carried out iexporter's transport costs. Projects relatedl the
accordance wh the need to transport the logistics of thelevelopment of transport and infrastructure has certain
project. specificity; therefore, this problems actively addressed in
Transport prowéion, along with other processes inmodern research, for example,-1%]. In addtion, the
the project, allows for variation both by the typé odevelopment of the concept of projectented
vehicles and their characteristics, and by the condition ofanagement determines the usé a projectbased
their use in the project. By thertes of use in the project approach to the organization of cargo delivery [12].
we mean the purchase of vehicles, their defig the Transport provision for pjects of logistics systems is
period of the project or the period of work related tanentioned in [13] as an element thatynta may not be
transportation, or thaeceipt of services from project included in the project product, but further this issue does
suppliers. Such combinatioris the type of vehicle, its not receiveany development.
characteistics and conditions of use in the projedbrm Some works that relate to transportation issues in the
alternative transgd options that affect the project as aproject are related toield development projects (for
whole. Establishing this impact on project risgkshe crux example, [14]), but these studies armed at optimizing
of the problem addressed in this study. Despite the fatte routes of bypassing drilling platforms by specialized
that the issues of transpoprovision of logistics and marine vessls, that is, in fact, they are considering the
optimization of the parameters of the geliy of goods are already selected option of transportation for kneel of
sufficiently discussed and investigated in moderoperational management of transportation processes.
research, neverthalg, projects are characterized by Any proceses associated with projects correspond to
specific structures and a system of requirementene of the areas of knowledge in project ag@ment
which determmes the specificity of the impact[15], and, in particular, risk and risk management is one of
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them. Since the variation oftransport provision project under the influence of the option of transport
determines not only the costs of the project, &sb its provision

risks, it should be noted that this issue, in principle, has

not been studiedni scientific works. The ideas of the Results

formation of regularities in transport costs presented in [3]
can be taken as a basis.

So, each project allows for an alternative in

_ transportation, and the choice of the best option should be
Statement of the purpose of the articleBased on  carried out taking into account the interests of the entire

the foregoing, the purpose of this study is to improve thgroject.In contrast to the problems of choosing transport
efficiency of projectmanagement processes by identifyingrovision in transport logistics, vere, as a rule, the main
and formalizing the impact of the transport option Ofriterion is transport costs provided that the necessary

projectrisks. parameters of traport services are provided, the project
Based on the goal, the objectives of the study are: arises (fig. 1):

1) to chagcterize the impact of transportation on the @ additional requirementselated to the timing of
project; the project and project tasks, that tsking into account

2) to describe formally the depegice of costs on the project life cycle and the duration of project work;
options for transport provision of projects; b) the need to take into aasut the impact of

3) to develop a formation scheme aadnethod for transport servicesn the entire projectand, therefore, on
assessing the risks of excess costs and loss of tintleefor its cost, risks, quality, and result.

S

Transport provision option for the project

Transport provision costs Project implementation costs
b

Terms of execution of work on the Project duration
; : B
p  project related to transportation
Timeliness of the project
Risks of timely completionof | b
project work related to transportation
B
" Projects risks
A
4
Risks of exceeding the cost of J Project quality
¥ transport provision ]
L ) Project result (efficiency)
Quality of transport provision )
B [
PROJECT

Fig. 1. Influence of transport provision on project characteristics
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Cost indicators, aIthough they are dominanb*g i the total volume of transportservices
when choosing a transpooption, nevertheless, each , ) o )
option contributes to the sks of the project, for the project with a specific type and type of vehicle.

and in pradte, the choice of the best option Detemining the number of vehicles requirethe
is based on a cosisk tradeoff. Therefore, it characteristics of the vehicle determine its "performance"
is important to assess the magnitude of thé’k?j (carrying capacity) in the specific conditions bt
risks from the point of view of thentire project.

As alternative options for transport opision of
projects, we will congler the following combination

2.y

- kind of vehiclek =1,K ,

considered transport service (transportation distances,
empty/ballast trips/transitions, loading/unloading
intensity, the need for additional stops, etc.):

Ry =RIMI), k4, K g (.G 11 2:()

- type of vehicleg =1,G, , Carnying cgacity Pk?j (ukg) determines the nuber
- vehicle chaacteristicss ] :( G B k%i) of vehicles of each type and typald, required to
Terms of use in # project: purchase of vehiclesperform transport services for the project:

b=1, rental of vehiclesb=2, transport service as a o

service from suppliers = 3. N NG =— M« 4K,g EG. In Lj 21 (2)
Note that the tmasport provision of the project Pk% (Hkg)

involvesthree levels of ansideration: work, time period,
project as a whole. This decomposition is determined by
the variety of projects, primarily in terms of scale and  If the conditions of transport services faorks of
duration in time. Therefore, depending on the SIECO 6 time intervald, ,t, arepractically the same, that
the project, one or another vartaof the level of et
consideration of the transport provision of the project i RY = RY, ¢. =33 t , the number of vehicles for
kij k' Yij '@ay by

selected.

Risk assessment is carried out after the sequent
solution of the following tasks: establishing the volume ¢ & A0

i ini : € Qty, tp)

necessary trapsrt services, determining the number o N'9(t, ,tp)=€ ¢’ by
necessary vehicte determining the costs for each optior kiag by épkg (ng, 1, )
of transportation. € o

FQF project time period (taking into account rounding):

oo

3

Establishing the volume of necessary transpol k=1,K,g A.G, t1=.y
services The network schedule of the project (work h H ] ) i
¢, i =L -In 2], ) is the basi for obtaining In this case, the ceying capacity naturally depends

_ . _ ! on &, ,t, . The total number of vehicles of each type
information about the womes of requiredraffic, as a €t P

result, the following is formed:ngj i the volume of and type for the project as a whole:

transport services for a specific project work for each tyg el n
N* () =¢a a Nj( )

o]
U
and type of vehicle used in the projqu (tat ,tb) i the -1 2

ey £
= 8 {0 ba ty) A
Hé u- £(4)
volume of transport services ftite project for a specific | 77 g ﬂ
period of time &, ,tp ; t %,y i the number of

Lo The formalization of transport costs is summarized

allocated time intervals within the project life cycle;in table 1

Table 1.Costs byoptions for project transportation

Transport support costs over a period of

Transport support costs of the project | Transport support costs of work % time &, .tp,
b=3
g g9 g a9
R*& (8% @ D, Rebij (B QGig)» Reb® o f. d, b
k=1K,g G, k=1K,g 4G, k=1K,g 4G,

9% G 9% @& 18 1j- 2n 9% G L=y
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The endTable 1.

b=2
Rego(ad QR B = Rebij (i G- i) = RO@R @ 4, b)=
=RYp(e @ + = Repyj (e Q) + [y (& it =Rep (0, Q) +
R R 1), k=1K,g <G +*Rep@ i b, D,
k=1K,g =G i=ln -Lj 2n k=1K,g 4G, t1r

b=1
R @ £ HE Rebij (B G iit: ) R F o bt )=F
SR QR+ = Repj s G + =R @) + X fatp)t
AP 1Y - +RE9 w3, §) + B (S ), RV P
+R*mvlgb(ulg' B, b=1k :ﬁ,g ﬁ k=1,K,g A4,G, t1= vy
k=1K,g =G i=1n -1j 2n

Accepted @signations:TJi vehicle rental period; expressed in the formDty,,b =3,i &n 1 2m for
those works that use transport support, and the volume of

Ry operating (maintenance) cost&g,b=2 payment

of rent; f9uJ, ), 9@, &, o) ROEL T)
respectiely, rental rates of vehicles for work duratigp,

time period and the project as a whoke;= (F,...F ) 7

conditions of financing when purchasing a vehicl

R™9 b=1 i investment costsRPY, b=1 i fixed costs

e.

transport servicesQEij is

generally involes the use

compared to them, this

of several types and types of

vehicles. Therefie, within the framework of the transport
service of a specific work, several types and types of

vehicles can take part,
in the time for performing
function of their

and the poksibincrease
the work is, in pripté, a

characteristics, that is

of vehicles; g %, i transport service provider index Dtip = B, k17 K dg,5)6 4
When choosing the option of transport provision for

The main project risks associated with transporf =3 .the al.ternative arises, first Of_ all from
support areoverspending (i.e. exceeding budget limitsfhe point of view of the company supplying transport

(for b=3).

and failure ® meet the deadlines for project work and thé8 I Vi c es,

SO

l et 6s suppl emen:

project as a whole. At the same time, the loss of time c¥fhicle with the index of belonging to a certain supplier
also be estimated as additional caételuding fines for
delays in obtaining the projectqatuct, etc.). The risk is
determined not only by the chataristics of vehicles (for
example, an old ship implies a high risk of breakdowns

and the need for

unscheduled
first of all, by the conditions of their use in the project. Fo

repairs),

bu

#J9. Taking this into acco

time of project work under
factor has the form:

Dtij

unt, a possihilerease in the
the influence of the transport

B k 1= K g5 G 1g¢3, Gk (5)

exampe, when renting or purchasing Vehicles, . g5,1q pe noted that this value can be
the pI‘O]eC'F margement system gets fu”_ contr_ol OV€lestimated at the stage of project preparation and the
transportation, but at the same time 'ncreas?ﬁeginning of its implementatio only by an e
the degree of responsibility for the vehicle (for examplg(Ioert way where the experience of an
Fhe ’?eed o pay for repalrs_). Lets look at thl‘tcﬁ.\xpert on the results of transport services
isste in more detail for each variant of transport SUPPOEL.™  gimijar projects  serves as theinitial

of the project from the point of view of the terms of use ohformation

vehicles.

For the use case of transport services from supplier&;mo

that is, for b=3, the main risk is the risk asso@dt ) ) ) .
with the choice of the supplierAs a rule, the schedule of design work, taking into account time

level of costs, in

this

situation,

An increase in the ti

me of work execution by an

unt Dtj, allows in accordare with the network

is relatively '€Seves, critical path, etc. to determine the impat,

constant, and the main risk lays in the failure ten the duration of the life cycle of the project T and, in
meet the deadlines for the delivery wahicles, etc., that

is, delays

in the provision of transporservices.

particular, the time of receipt of the projgebducty

prod
b

Thus, the main risk in this situation can behatis, to setthevaluesopmd,D §:
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Djbprod _ Efmd( " i=1n 2_,1): © DR, = B RDb 2 =
Do, = B( ) L= 1n 2 ) 3r DR =R(H BOP®H  +

Any delgs in the course of project work, as a rule  *+ Bs( B k 1 K g5 .G 1i=1n 2 )(10)
lead to additional financial costs for the proj&, : K G
DR' =3 a & RBBE. a)
DR, = B( B T ! - =g 2

i=1n -1,j 2n)b 3= where x? 20 is a coefficient that reflects the share of

Note that in (7) additional project sts DR are, on Possible increasaioperating costs for each type and type
the one had, the esults of an increase in the duration 0Of Vvehicle. Estallishing this ratio goes beyond project
the project, on the other hand, the result of ndnanagement, but is determined by transport specialists,

completing the project on time, that is, delays in receivintaking inb account the specifics of each type and type.
the proiect productsP® and completing the oroiect general, this coefficient depends not obly the specifics
Proj P b P 9 Project o the type and type of vehicle, but alson its

Duy, (for example, penalties, loss of favorable time t
market with the project product). Thus, not
only direct costs, but also indirect ones, ir

the form of loss of commercial opportunities g g 0g,.. g . .
with the poject product, formDR, , that is, {) can be ©One), that isxg (#,)) . As DR*i (1, Q@ ) is associated

characteristicsal? (for example, the use of an old truck

naturally has agreat chance of causing an increase in
operating costs, including for minor repairs, thaneavn

clarified: with each vehicle, then when forming the final value of
additional costs in (9) this is taken into account as a sum
DR, =RB( B ROPD for all vehicles.
99 — — For the option of purchasing veles for the project,
+ B( Ry) k 15 K dl=, (8) that is atb =1, the risks ofa possible increase in the time
9 i,_EG 1,n_1,j- Z_n%rb 3 parameters of the project are similar for the option2.

At the same time, the risks of an increase in project costs
For the option of leasing vehicles, that is fo=2 are maxinum, since in addition to the risks
the main risk is associated with the excess of the planneétian increase in opating costs asof b =2, there is a
costs forwork, time period and project, respectively, byisk of an increase in investment costs (for
the values example, if a loan was used in foreign currency, and the
09 /. g 0d/,, 9 %00/, O exchange rate changed significantly uridg the
DRcpij (81 &) DR (B Q?) DR (8 QQ- implementation of the project; or due to theliility to
Moreover, the level of these values is specific for aomplde the next payment on the loan, penalties are
particular type and type of vehicle, in addition, theharged).

charateristics of a vehicles? determire not only a Thus, additional project costs in case of using the

L . kK " Bprchase of vehicles:
possible increase in operating costs (for example, an "ol

vehicle equires additional costs for fuel, lubricants, mino DR, =B #D MDb1 =
repairs, etc.), but also possible loss of time due to

malfundion of the vehicle, which, as in the above DR =R( | ®([D Epmﬁ) +
situation, leds to an increase in the duration of the — — T
project.In contrast to (5), for the siion with the rental + By( %(Hkg)’ k17 K ¢15,G §=1n-2)(1)
of a vehicle, the increase in the duration of the work is n K G )

associated with suppliers, butxctusively with the DR' =3 a X RGP q),

characteristics of vehicles: k=lg 2

_ _ ) K Gy )
Dy =R @I, k 1= K gLx )6 2 (9) DR™ =3 a VRO (uJ B,
k=1g %

Taking into account the more complex cost structure
for this option of transport provision, the risk of increasewhere the coefiient \/Iil 2 determines the possible
costs DRy is asso_uated with two cort_)pen_t5| or_1e 'S increase in invement costs, and in the general case it
formed under the influence of a possibherease in the depends on the financing conditions, that is, it can be
time for work DR' (similar to the option b=3 represented ayg(p)_
considered above), the seconghder the influence of risk A diagram of the influence of the transpofttion on
factors :.slssomated with operaina vehicle temporary the project risks in terms of time and costsshown
ownership)DR" . in fig. 2.

Thus, additional project costs in case of using rented
vehicles:
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PROJECT RISKS
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Options for attracting vehicles to the project

Vehicle characteristics
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Ck’Ck SCk SCk ,k—l,K,g—l,Gk

PROJECT TRANSPORT SUPPORT OPTIONS
r |

4 fij. Ry

(i)—>

The need for transport support
0% k=LK,g=1G

L

Fig. 2. Scheme of the formation of risks of excess costs and loss of time for the project associated with various optionsrior transpo
support of projects
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Conclusions transport service from project suppliers). Mathematical
expresions lave been obtained for the magnitude of the
Projectrisksare formed under the influence of manypotentid risks of the project (in the form of time losses

factors, andransport provision is one of the component&nd additional costs) associated with the options for
of this set. At the same time, the alternatives ari@iansportation.
variability of transport provision form a corresponding ~ The results obtained are the basis for the further
impact on the project risks. A project trgost ogiion is a development of a model fathooshg the optimal option
combination of specific types and typeisvehicles, their for transport support for theroject, implying a set of
characteristics (for example, carrying capacity) and trpecific vehicles, the terms and conditions of their use in
conditions for their use in the project (purchase, lease, &€ project.
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COGNITIVE MODELING OF KNOWLEDGE MANAGEMENT MECHANISMS IN
THE TRAINING OF SPECIALISTS

The subject of research in this article is knowledge management in the training of specialists in-prgjettd organizations, in
particular, higher education institutions. Tinerpose of the work is to develop a cognitive model of knowledge management for the
formation of educational programs in the training syst@mjectives of the study: to consider the concepts and mechanisms of
knowledge management of organizations; to form a cognitive model of the knowledge management mechanism; to consider system
indicatass of cognitive model; to analyze the structural features of the cognitive model. The follmegithgdsare used in the work:
project management methodology (knowledge management areas), system approach, cognitive and graRksuliddlse article
provides a definition of "knowledge management”, discusses the conditions under which the necessary knowledge and information
will be available to perform tasks. The issue of consideration the specifics and features of the educational instittimssés d
Knowledge management methods are used in the construction of the educational process at the university. The main faoactions in
practical activities of the organization are given: mediation, export, internalization, cognition. Forms of practicabmagiamof
knowledge management are also considered: educational organization, knowledge library and strategic awareness. Hute article al
considers the possibility of the main provisions of the theory of knowledge management in the educational piogessjray the
quality of training is the goal of any educational system. The article develops a cognitive model of the knowledge management
mechanism, on the basis of cognitive analysis revealed useful patterns that reflect the influence of fafftersnofpdiiysical nature
on the results of trainingConclusions Cognitive modeling can be the key to rapidly improving the effectiveness of knowledge
management in training. The classical approach to knowledge management requires a high level of ewvgllasmeent in relevant
processes, as they need to identify knowledge, share it, record it and apply it. Cognitive modeling can reduce thinteguiteme
streamlines the processes of identifying, capturing, storing, and sharing knowledge. In att@¥idncrease the applicability of
knowledge by offering appropriate context for the student. The accumulated experience of cognitive modeling of complex
organizational management systems allows on a fundamental basis to approach the study of knowdggdgentanechanisms in
the training of specialists. It is proposed to use the obtained results to configure knowledge management mechanisies in order
improve the quality of training.

Keywords: knowledge management; cognitive technologies; educationagraducational programs; cognitive analysis.

Introduction possibilities of introducing key competencies into the
activities of an organization are analyzed, and a rgéne

Currently, a new direction has appeared i@lgorithm for the transition from direct to dual
management the theory of knowledge managementcompetence is proposed.

Knowledge management is a developing arescintific The article [3] analyzes the influence of the
and practical activities, the purpose of whiih to requirements for scientific and pedagogical workers,
systematize the work with intellectual resources (asse@)shrined in licensing conditions, on the parameters of the
and accumulated experience. We cannot managéucational proces; a higher educational institution.
knowledge in the traditional sense, but we can, accordiddie degree of suffiency of these factors for the
to B. Gates, create such comalits when the necessarypreparation of a graduate competitive in the labor market
knowledge and information will bavailable at the right is analyzed. A cognitive model based on indicators used to
time to the right people to perform the necessary taskssess an educational institution during licensargl
Individuals' knowledge can be expanded and deepenédlditional indicators characterizing a competitivadyrate

i.e. managed, for example, by building different formatgnd student achievement during the educational process is
of training with teachers, tutors or sedfudy. proposed.

Cognitive knowlelge management mechanisms can ~ The work [4] provides a brief overview of the
be the key to rapidly improving the effectiveness ofognitive approach to modeling and management. A class
knowledge management. Cognitive technologies allow ® management tasks islentified, for the solution of
automate the processes of identification, fixation an@hich it is advisable tase cognitive modeling. A method
exchang of knowledge. of forming a strategy for solving sessiructured problems

The choice of knowledge management methogly based on cognitive models as applied to secionomic
will be productive in the development of educationapystems is presented. Some directions of further

programs for higher education. development of the cognitive approach are indicated. The
atticle [5] offers a functional diagram of the cognitive
Analysis of recent publications model.

In knowledge management, artificial intelligence

The existing publications investigate the methodgnethods are also used: neurallnetwork [6] and onto!ogical
models and mechanisnoé projectoriented management @Pproaches [7]. The technolegiof knowledge formation
of educational activitiesf higher educational institutions in the distance education systeare being developed [8,
1. 9 _ .
Thus, in [2], factors that affect the results and ~ Thus, as a result of the analysis of the achievements
of scientists in the field of knowledge management of the
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system of training specialists [£014], we found thatn  knowledge (these are basic educational programs,
the project management methodology, the componeadvanced traing, the creation and use of the possibilities
asso@ted with the management of knowledge itself i®f the educational emonment of the university, the
insufficiently studied organization of the educational process based on modern
scientific and educational provision, research of teachers

The purpose of the work and problem statement and students, monitoring the quality education, etc.).
Today, one of the urgent problems is to apply the theomhe object of "technology"” is focused on the depetent
of knowledge managemerin the construction of the of technological infrastructure for the preservation of
educational process in a mevd university, taking into experience and communication (databases of libraries and
account the specifics and characteristics of an educatioedgctronic resources that support educational courses and
institution. Knowledge management should perform thdisciplines, internal networks and other IT solutions in the
main functions in the practical activities of theuniversity, the ge of the latest educational technologies in
organizaion: the formal presentation and analysis ofhe educational process). Knowledge management in
knowledge mnagement mechanisms (KMMs), a toolkitrelation to these three objects will provide a real
of cognitive maps is used. opportunity to build a personal modet education for

The purpose of the work is to develop a cognitiveach student, when, given the same information sources
model of knowledge management for the formation dhe student learns to choose what he needs to solve a
educational programs in the g of training specialists. specific problem. Explicit "traditional" knowledge,

Research objectives: recorded in the educational program in "didactic units",

- to cmsider the concepts and mechanisms afombined with the imlicit personal knowledge of the
knowledge management organizations; teacher, will become the basis for a&wn personal

- to form a cognitive model of the knowledgeknowledge of the student. It is this approach that increases
management mechanism; the value of an individual, since everyone becomes a

- to consider the systemic indicators of toegnitive bearer of unique knowledge and unique experience built
model; using this knowledge. This once again emphasizes the

- to analyze the structural features of the cognitiveubjectivity of knowlelge. In this case, it is the
model. development of human potential that will be the most

The paper uses the method of using areas whportant resource in the construction of an educational
knowledge in project management methodology for thgrogram, i.e. the educational program will deea
introduction of project management mechanisms and toalenditions for the development of the potential of each

into the practical activieés of educational institutions. person.
The formalization of implicit knowledge is an
Presentation of the main material essential element of knowledge management. The task of

reflecting tacit knowledge in various educational

There is every reason to believe that knowledgerograms for the training of a spela (from basic
management in university education should be understoggucational to the curriculum of a discipline or c®)r
as a process that combines the processes of trainifgcomes extremely urgent. It can be solved with the help
education, professional dewgiment of staff and teachers,of mentoring, training or the formation of professional
and the formation of specialist compet&s. All these communities, that is, in the course of fdodace
processes combine knowledge if we consider knowledggnchronous comnmication. The importance of solving
in its integral form. such a problem, which is to creat®nditions for the

Researchers of the problem of knowledge in modegxchange of professional néarmalized knowledge in
science consider it expedient to single outype of the company, is constantly emphasized in the manuals on
knowledge that is complex in naturé¢he secalled living knowledge management.
knowledge. They can be defined as personal knowledge We believe that the choice of kntesge
based on understanding (theory) and skill (practicefpanagement methodology will be productive in the
which are constantly included in human activity and ardevelopment of educational programs for higher
the basis for its develapent (human competence). Thiseducation. This is due to the fact that the process of
knowledge is the source of the formatiasf new knowledge management should go simultaneously on
theoretical and practical knowledge and can be formalizédree main objects: people, processes and techieslo
and transferred for use by other people, i.e., there is[¥0]. The object'peoplé involves establishing contacts
diffusion of knowledge. and inteaction between people with knowledge (these are

The knowledge management process khogo students, teachers, employees, employers involved in
simultaneously on three main objects: people, procesgégching). The object "processes"” is associated with the
and techologies [10]. The object "people" involves thedevelopment of proceduresorf the exchange of
establishment of contacts and interaction between peopleowledge, mechanisms for motivating and attracting
with knowledge (these are students, teachers, employeeople to participate in the exchange of knowledge (these
employers involved in &ching). The object "processes" isare basic educational programs, advanced training, the
associated with the development pfocedures for the creation and use of the possibilities of the educational
exchange of knowledge, mechanisms for motivating argfvironment ofthe university, the organization of the
attracting people to participate in the exchange d¢fducational process on the isasf modern scientific and
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educational provision, scientific research of teachers abdsiness, the opposite happens most oftenwlatdge is
students, monitoring the quality of education, etc.). Theot shared, but reliably stored and protected. How to
object of "technology" is focused on thievelopment of convince people to share their knowledge? Knowledge
technological infrastructure for the preservation ofmanagement must answer this question. The way to solve
experience and communication (databases of libraries atids problem isto establish mutual connections between
electronic resources that support educational courses gwbple and manage processesd a technologies.
disciplines, internal networks and other IT solutions in thEnowledge management should perform basic functions
university,the use of the latest educational technologies in the practice of an organization: mediation,
the educational press). Knowledge management ininternalization, exportation and cognition [15].
relation to these three objects will provide a real Mediation provides peple with access to the
opportunity to build a personal model of education foknowledge available in the organization (ihgibn),
each student, when, given the same informatmurces, brings together those who are looking for certain
the student learns to choose what he needs to solvkrewledge and those who currently have such knowledge.
specific problem. Explicit "traditional® knowledge, Universities as educational institutions have always
recorded in the educational program in "didactic units'herformed such amiermediary function: they collected,
combined with the implicit personal knowledge of thestored, created and provided ass to the necessary
teacher, will become the basiorfa new personal knowledge to everyone who needed this knowledge.
knowledge of the student. It is this approach thetdases Export is the establishment of a link between
the value of an individual, since everyone becomes meviously unrelated knowledge by placing it in an
bearer of unique knowledge and unique experience budkternal storage ral further systematization based on
using this knowledge. This once again emphasizes thertain criteria. At the same timene should take care of
subjectivity of knowledge. In this case, it is thethe constant replenishment of knowledge, of the
development of human potential thaill be the most translation of implicit knowledge into explicit
important resource in the construction of an educationéibrmalized) ones. In the conditions of the university
program, i.e. the educational program will createducatioml process, there is a mechanism for scientific
conditions for the development of the potential of eacbonferences, laboraies, the work of project groups and
peron. teams, refresher courses, and other communities that solve
The most important factor linking the organizationathe problem of exporting knowledge through its
process in aproduction company, as well as theformalization. The main role in the implentation of the
educational process in a University, is the presence offnction of exporting knowledge in the university beleng
certain experience in obtaining knowledge from théo libraries, electronic databases and resources of various
subjects of these processes (employeehetenterprise, kinds, which are constantly being replenished and
students and teachers at the University), masterdbein expanded. However, as practice shows, while there are
process of obtaining systematic education. Therefore, thegrtain difficultiesfor employees, teachers and students
have more or less formed the ability to acquire knowledgesing these resources. The fastaontributing to the
and act in accordance with the task being solved (i.e., kegcurrence of these problems require more detailed study.
competencies). This means that general approaches to Internalization is a querpased knowledge
their further educabn will be based on these extraction process. It will be ineffective until knowledge is
competencies. Moreover, the level of their formation wilpresented to the user in a form that is convenient for his
ultimately determine the success of educational armgkrception To solve this problem, you can use the
professional activities. interpretation of data and information (for example, tables,
In modern conditions, lowledge management is of graphs, brief summaries, etc.), as well as filtering
particular importance in the activities of yan knowledge (by analogy with theechanism for presenting
organizations, including educational ones. It contributes the required information through Internet d#m
the creation of a special culture of this organizatian resources).
particular, about that part of the corporate culture that Cognition is the transformation of knowledge into
encouages employees to constantly exchange importaattion, when, on the basis of the presented available
knowledge (this is ki scientific discoveries and the knowledge, a solution corresponding to a specific task is
tactics of communicating with a "difficult" client), to the develogd. In this case, the authors consider cognition as a
creative growth of members of the professiongbractical implenentation of knowledge that participated in
community, to critical relation to one's owaxperience the three previous procedures. In our opinion, it is this
and "collective" knowledge, etc. It is this part of theaspect of knowledge management in a modern university
culture that serves as the key to the successfiilat is most weakly expressedhis is objectively
devel opment of an or gani z eohnieaded bothmwithuhe irelateve remoternyess offtidells t h e i
world of business, every member of an organization ha$ education, and with the vastness and complexity of the
easy access to the knodfe of their colleagues. range of tasks that have to be solved in the educational
Employees willingly share their knethow, and the process, with the predominance of often intuitive
organization is developing rapidly thanks to thesolutions, vhich is the exclusive ability of human
continuous f | ow - thi§ is theepicturé nnteligerea whdedit is impasble to give any recipes and
painted by welknown researchers of knowledgedevelop algorithms activities. At the same time, this is a
management theory [11]. Howayen the real world of very important process for the development of
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professional competencies of a future specialiser all, Cognitve modeling methods are a fairly effective

it is precisely situational tasks of a high degree dbol for analyzing poorly structured systems. The
uncertinty that he will have to solve in the changingpecified class of systems includes the systems of
contexts of professional activity. educational training of specialists.

These four functions are based on a knowledge Thus, cognitive maps can be used to formally
management model in which the main task is to teachpresent and analyze knowledgnanagement systems
empoyees to share their knowledge. (KMS) [16]. They are a way of displaying cause and

From the point of view of using thehdory of effect relationships, which are usually represented as a
knowledge management in a modern educationdlrected graph:
institution, the forms of practical implementation of
knowledge management are attractive [6]. These include:
:zsggggs(;rganizationk(nowledge Library and Strategic \ynere E ={@, ®,.., §} is a set of systemic factors called

The learning organizatiois the pinnacle to which conceptsW i a binary relation at a s&, which defines a

educational institutions, including universities, are strivinS€t Of links between its elements.

today. A learning organization is an organization that Elementsg and €; are considered to be related by
knows how to create, acquire gnd d|ssenadatowlgdge the relationw, which is denoted ag We; , if a change in
and changes its behavior in accordance with new

information, with original opinions and modern thoughtthe meaning of the concept (cause) leads to a change in
pattern; Its mission is tq develop a.commitmen_t_to ﬂ}ﬁe meaning of the concep; (influence). Thus, the
innovative spirit of the entire organizatiethus acquiring - _ !
the ability to cultivag a collective knowledge that is lesscognitive model displays the conceg@t of a cause on an
at risk of loss if employees lea. In a learning jyfyence e, . If we consider the concept diie intensity

organization, activities are aimed at developing the . .
intellectual potential of employees, satining and of influence, we come to the concept of a fuzzy cognitive

advanced training mechanisms are used for the constarfiP- 1t €xpands the concept of a traditional (clear)
changing context of activities and new professional task§09nitive map and reflects the fact of differeadn the
We are seeingomething similar at the present time in thdntensity of mutual influence between concepist us
university teaching community, when more and mor@efine the indicatr of the intensity of influence in the

employees appear who strive to constantly acquire ndarm of a fuzzy matrix A:{e\j},i 4.n,j %n, the

knovylgdge, learn, but they n_eed ‘tllin'sowledge to "solve elements of which determine the direction and intensity of
specific problems, and not just "for the future'hub, . )

: . . ' influence betweerhe concepts®, andg :
there is a real embodiment of the idea of continuous

education, education throughout life.

The "knowledge library" approach aims to improve
the organlzatlo_n's ability to manage _nq)mjects and where a; is a normalized indicator of the intensity of
processes. It is based on the creation of a corpor: I
knowledge base intended for the accumulation arinfluence between concepés ande; .
dissemination of data on the most effective methods, as 11,5 e have the characteristic function of the ratio
well as on prev.|ously implemented prqjects. In this c;ase,At, which has anumber of special properties [16].e t 6 s
becomes p.OSSIb|e to u$|ee_se_ results in _furtr‘?er. prOJeCtSnote that a; i [-1 1, that is, the intensity indicator is
(the experience of appointing a Yohicler" is also I
known, which describes everything that happens durirparacterized by an intermediate degree of positive or
the development and implementation of a project, anothéggative influence.
example is the creation of electronic resources avaitable Let us display the object under study in the form of a
all employees of a company or educational institution). Wweighted drected graph, the vertices of which correspond

Strategic awareness involves working with largeto elements of the seE (concepts), and the arcs
amounts of information and the ability to shrewdly and igorrespond to nonzero elements of the relaWdgni.e. a
a timely manner to extract knowledge from these storegausal relationshipsach arc has a weight given by the
At the university, such reposiies can be created for corresponding valuey; . Letds reprWiment t
interaction with employers, for the implemeintat of
recurring projects or for the development of education
and methodological support of the educational processdimensionn 1 (n s the number of concepts in the
departments, in directorates of educational programs, sgstem), which is the adjancy matrix of the given graph.
dean's ffices of faculties. This knowledge will The currentstate of he systenis determined by the
undoubtedly be important inhé development of values of all FCM concepts. The target state of the system
interdisciplinary disciplines and courses, the number @ determined by a set of values for a set of target
which will constantly increase and the content will expandoncepts.
in connection with the transition to competeiesea Here are the calculation formulas for tlsgsten
programs and new standards of higher professionialdicators of the cognitive modgl6].
education.

G=<EW ,

a =a(g.e),

gpe form of a cognitive matrixA:||a1-j ||,i,j =1n of
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The consonancef the influence of thé-th concept The intensity of the influence of theh concept on
on the system is calculated as the average value of the system:
consonance of the influence of individual concepts:
— =

af R= (5)
Hy=—, (2) o

é.aij

@ T the intensity of the influence of thieth concept on

where fj 1 the consonance of the influence of thth thej-th concept.

concept on th¢th concept. Impact of the system on thelj concept:
Consonance of the influence of the system orj-the N
concept: a9
n E = L . 6
 4n ) == (6)
— i=1
Hj = I n_ (2) The main indicator is theentralization of the impact

of thei-th concept:

Dissonance of theth concept impact on the system: . .

" aa - ag
" 5 b izl j 2
= 1a:1 ! EP=PR -R = nJ
D = , (3)

: A thorough analysis of the subject area is carried out,
where d; i dissonance of the influence of théh concept according to the results of which a set of factors
(concepts) that have the strongest influence on deeision
making o knowledge management are identified (table
1). The whole set of concepts characterizes the following
aspects of the educational process:

(M

on thej-th concept.
Dissonance of the impact of the system on jthe
concept:

n - individual characteristics of students;
a d; - informational and methodological support of the
D_]- =t (4) learning process;
n - learring outcomes;

- external factors influencing the learning process.

Table 1.Grouping and characteristics of cognitive model concepts

No. | Concept name | Concept characteristics
Individual characteristics of students
1 Basic mathematical Has a noticeable effect on the system. In the process of targeted training, this concey
knowledge and skl subject to development, which can create the necessary conditions for achieving a ta
positive effect in training.
2 Motivation It is considered as a sigiuant factor in the learning process model.
3 Cognitive style Determines the student's ability to successfully master the educational program, has

significant impact on the system.

Information and methodological sypport of the learning process

4 Qualffication of teaching staf| Significantly strengthens the system through the implementation of a scientifically bag
policy of personnel management and the introduction of innovative technologies for
improving the guafications of the teaching staff.

5 Science school Creates conditions for preserving and developing traditions and maintaining the high
of the university.

6 Innovation in the educational The impact on the system is relatively smsithce the power of the concept's influenoe o

process the system can be explained by the cyclical renewal of the methodological systems o

education. At the same time, the renewal period can reach (depending on the specifit
the university) 34 academic semeste

7 Teaching staff income The impact onhe system is manifested in many aspects. This issue affects the intere
the teacher as the leading subject of the learning process and requires a delicate stu
8 Study load (classroom hours Relatively weakly affects the system, the differentiagggbroach of the administration to

the definition of the teaching load of the teacher, taking into account the volume and ¢
of the scientific, methodological and educational work performed by him, willecrea
conditions for the activation of individuwork with students. On the contrary, strict
normative methods of planning the workload will limit the teacher's opportunities in
matters of professional development and level the conditions for the growaih of t
professional competence of university dyrates.
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End theTable 1

Learning results

9 Special mathematical It forms the basis for the formation of students of professional competence, including
competencies (knowledge | mathematical knowledge, abilities, skills, ways ohking and acting, as well as the abilit
and skills) of a graduate to acquire new mathematical knowledge, abilities, skills, ways of thinking and activity/

well as the ability to acquire new mathematical knowledge and useithieirther
professional activities.

10 Formation & professionally | Allows the student to get a set of intellectual, personal, behavioral qualities of knowle
important qualities and skills that make it possible ot adequately in any situation.

(knowledge and skills) of a
graduate

11 Readiness of thgraduate to | The key component of the system, which is interpreted as a set of knowledge and ski
solve professional problems| special kind, a way of performing professional activities, the intedrianplementation of
knowledge, skills, knowhow andrelationships in known or new work situations that allg
you to set and achieve goals for transforming situations.

External factors

12 The demand for a university | It can be assessed as a fairly balanced factor. The ledetraind for university graduates
graduate in the labor market| achieved in the labor market has a positive effect on concepts 2, 5 and 7 and, as a re
corrects the vector of further improvement of the learning process.

It should be borne in mind that the selected factorg:"aﬂ ||,i,j =1n into a transitively closed cognitive

are intedependent. Therefore, the model of fuzzy " . he inf . d .
cognitive maps is a fully connected graph. matrix containing the information necessary to determine

To formalize the procedures of cognitive analysis i€ System characteisss of the FCM [17]. o
Fig. 1 shows the graph of the network cognitive

knowledge management, it is necessary to present a )
sequence of procedures for transforming the initial matrfXde! of the knowledge management mechanism.

Fig. 1. Graph of network cognitive model of knowledganagement mechanism

Based on the results of the analysis, it is possible to
draw conclusions about the greatest positive effect from a Conclusiors
coordinated change in the group of modehaepts that
provide a sustainable impact on the system through €cause The formal representation of the knowledge
andeffect relationships. For exampl@& fig. 1 one can management mechanism in the form of a cognitive map
distinguish such sequences of influence of concepigilows to generalize and systematize the accumulated
"3- 1- 9- 11"d"5- 4- 7- 10" research experience in order to identify patterns and
Critical andysis and assessment of the organizationguantify the impacbf the most significant factoris the
knowledge management potential contribute to decisiofraining process.
making in project management of the development of As a result of the cognitive analysis of the FCM, a
educaibnal institutions. group of factors (concepts) was identified, the coordinated
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change (adjustment) of the characteristics of which care considered as a promising direction in projects for the
provide a significant increase the quality of training. development of higher education.

The results obtained can become the basis for further
research on knowledge management mechanisms, which
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DEVELOPMENT OF A SYSTEM OF AUTOMATIC MOBILE CONTROL OF THE
DISTILLATION PROCESS

Subject. System of autmatic mobile cotrol of distillation processObjective. Improving the productivity and energy efficiency of
the distillation process by developing an automatic control system that provides mobile control effects on the prodkas,tas we
study of trasients in the elveloped system during majoistlirbancesTasks. Development of a system of automatic mobile control
of the distillation process, calculation of transients in the developed system, definition and evaluation of qualitindaatiots.
M ethods.Methodsof simulation digital modelin@f automatic control system operatidResults.A system of automatic control of
the distillation process has been developed, which provides for discrete and continuous mobile control actions. Didsrate effe
changes inthe point of introduction ofded into the column; continuoltisin changing the ratio of the flow rates of feed flows
supplied to the upper and lower parts of the installation. Traditional control effects are also used by changingatinehélaiv raé
in the cube evaporator andigation. Optimal traditional and mobile control effects are calculated by the computing control device
according to the normalized criterion using a nonlinear predictive model and are realized by infltteneiciyators othe supply
lines of feed flow, irrigation in the column and the heat carrier in the evaporator. The system involves the use of an adequate
mathematical model, for which its periodic identification is performed and the process is monytadditional neasurement of the
temperatureprofile of the column, temperature and pressure on the control plate. In order to maintain the material balance in the
liquid and steam phases, it is planned to stabilize the pressure at the top of the tt@uewe|s in th distillate and the cubic pdact
receivers by changing the flow rates, of refrigerant to the condenser, distillate and cubic product. Using the exargpikatdm d
column for separating a methashter mixture, the operability ofi¢ proposed aunoatic mobile control system gudied by digital
simulation methods. The disturbances consisted of changes in the flow rate, composition, and temperature @dhelfessahs.It
is proved that the use of the developed system allowgtease the thnical and economic indica®of the distillation process and
to improve the quality of management. The results can be used in the chemical, petrochemical, oil refining, food indwsttiek t
and optimize the processes of binary, tisomponent disiiation.

Keywords: distillation; mobile control; predictive model; transient responses; feed tray.
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DR. ADEPOJUADEOBA ASAOLU

DETERMINANTS OF CAPITAL STRUCTURE IN NIGERIAN OIL AN D GAS

SECTOR
Subjectmat t er : The Oil and Gas sector no doubt is Nigeriads topt
domestic products (GDP) as well as t he vyarriced placekd ftohri sNi sgeeati aar

perfamance makes its funding (capital structure) very vital to the respective companies and overall performance of the economy.
Goal: This study therefore examines the determinants of capital structure decisions in the GésasectoiTasks Ultimately, tre
outcome of this study would benefit the Oil and Gas companies in making their capital structure decisions on preferreid source
capital (loans or equity or a combination), the sector as a whole in terms of capdcityeargulatgr authority in theirassets
performance monitoringVlethod: The investigation has been performed using panel data procedure for a sample of seven Oil and
Gas companies listed on the Nigerian Stock Exchange during 2008. The study usesvierage as theapendent variable arfive
explanatory variables namely, liquidity, size, tangibility, @bt tax shield and profitability. The study employed infoview (9.0)
statistical software which assisted greatly in the understanding of the behaiviauiables sed and the final refts. Results The
results show that Liquidity has a negative relationship with leverage unlike other variables that have positive andipelettotise
dependent variable. The relationship established betweenityqaitt leverag confirms that mostf the companies under review
look inwards in their financing activities (and may consider external financing for critical expansion and tax savirfgs)ingsr
further reveal that the relationships between the vigsais in tandm with the pecking ater theory.Conclusions The research
concludes that there exists a relationship between leverage (capital structure) and the various determinants abovechThe resea
recommends that policy makers should consider theuptsring of he equities market fpave ways for more participatory financing
especially now that the investorsdé confidence is gtensifoaral 'y bu
accessing loans especially to the larfiyens in the ol and gas industry.

Keywords capital structure decision; liquidity; size; tangibility; NBrebt Tax Shield (NDTS) and profitability.

Introduction While some firms promote either of debt or equity,

others opt for optimal mix of debt and equity. Firm

Capital Structure succinctly put refers to thespecific factors (internal factors/ factors native to each
framework through which a corporation finascéts firm) and macroeconomidactors couldinfluence the
assets, sing thecombination of debt, equity, and hybrid combination of debt, equity and hybrid securities of firms.
securities. Capital structure is very important to a firnThe justifications for choosing any of the options depend
because it guarantees its fluidity either in financing iten perceived inherent benefits. A good consideration for
existing operations or in expanding its frontiers. A firmflebt is tax shelter enjoyed because interests orslage
may not be ableotachieve its bjectiveswithout the right tax dedetible, ¢ her s may choose-equity
financing mix. However, one important consideration i ar rel 6 benefits of capital
the selection of the befit capital structure for any firm is among other benefits. One thing common to capital
its level of efficiency, that is not just pooling fundsstructure strategies is that firms crave for efficiency, hence
together to fi narocapita, btdto e £3s6neesof aptinel ededsstructure,that is, capital
hasto be at optimal level. This is the capital structure thatructure decision that delivers maximum value or returns

minimizes a firmés cost amnmalgLgst t al , maxi mi zes market
value, and increases shar ehmya pbieetivewlaafin ishthe nrynizatpyaf aj an
Malekian 2012). the wealth of its owners through positive returns on their

Broadly speaking, capital structure is viewednvested funds. In their quest to aeving this featfirms
differently from one fim to another. It is the assignmentperform their financing and investment decisions in the
of debt and equity into anostaffective and efficientaways.i Thig in effeco suggests .  Wh
debts are funds generated by borrowing, equities repres#iat the ability of a firm to attain an optimal mix of debt
funds generated from sale of stocks. It could also W"d equity could positively affect the performance of the
described as various comitions of debtind equiy or firm and suppds the na x i mi zati on of sha
hybrid securities for maximum value derivation awvealth.
minimal overall cost. One challenge that firms face is the need to make

To decide the capital structure therefore certaiforrect financing decisions in respect of the right mix of
variables are to be taken into consideration. In the light @bt and equity.
this, many theories (for example peckiogler, tradeoff, While optimal capital structure is important in
and free cash flow theories, among others) are in place f@rnessing the fromrs of a firm, the samegoes for
help financial managers achieve the ultimate goals of tigisting firms wishing to expand their frontiers in order to
firm. remain competitive. Applying the right decision is critical

The risks associated with equity appear higher taot just for the maximization of returns to the various
investors than the risks lenders take for creating deb@ganizational stakeholders, but also becaagethe
Overal, in term of measures forisks and costs, equity is impactsuch a dei si on wi |l have on th
higher than debt. capability in dealing with its competitive environment

E Adepoju Adeoba Asao)i202C
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(Ogebe, Ogebe & Alewi, 2013). importance in arriving at optimal capital structure

The financial manager would therefore have tespecially in the Oil & Gas sector.
determine the best combination of equity and debt that Issues of capital structure have been widely revised
would enhance the wetll of the shareholders and in Nigeria. However, literature on capital structore Oil
minimize the cost of capital. Ramadan and Ramada&h Gas eported nxed / inconclusive findings. The
(2015) revealed that most profitable firms rely less ooonflict in findings is believed to be as a result of different
borrowing to finance their cash needs and this invariabimethodologies used, the period of research and paucity or
supports the pecking order theory which confirms aincomplete data, among other reasons. The methodology
inverse reldonship ketween borrowing and profitability used in this study anthe approachsitherefoe designed
of the firms. Lemma and Negash (2014) on their patd reduce the gap identified as stated above in earlier
found out that a more profitable firm tends to adjust itstudies.
capital structure more regularly than the less profitable
ones. The right combinationhosen by the fiancial Theoretical bases
manager is crucial to guaranteeing the going concern
status of a firm, because employing a wrong mix could This section addresses issues relating to capital
seriously hinder the performance and survival of thetructure theories and their impacts on returns/
business (Onaolapo & Kajola, 2010). performance. The prime of place ofpital structue is
Whenever a firm has to contend withancial defiét  such that firms need to constantly dissect their portfolios
that impacts on its financial condition, the manager isf debt, equity, and hybrid securities to finance assets,
expected to make a managerial decision that would helpdgerations, and future growth. In reality howewepital
maintain the viability of the firm. Sources of capitalstructuremay be highly complex with numerous sources.
include retained earnings, debt, and equity; retainedvo schools of thowght are captured in the extant
earnings are t cheapest furg soure as it does not |iterature namely; relevance or traditional theory and the
have explicit costs in the same way as funds obtain@delevancy theory. There are several definitions allotted to
externally. When the firm uses debt to finance investmenhe concept of capital structure, for example, Jensen and
it increases costs and the firm is exposed to a financideckling (1979) define capitatructue as tle sources of
risk. Therefore, right decisions should kekdén on the financing, particularly the proportions of debt
frmd s  strecturte, maturity, decision on mixed debt tqleverage/gearing) and equity that a business uses to fund
certain parties or to the investor, and other types of dekd assets, operations and future growth. In a similar vein,
contracts (Morellec, 2001). Ross (1997) defines capital structure as the combination
If a firm uses equity as part of its capital structurepf debt anl equityin long term financing of a company's
either ordinary share or preferred sharthen the operation. Capital structure according to Pandey (2004) is
shaeholdersof those stocks are the owner of the firmthe proportionate relationship between ldagm debt and
Unlike stocks, debt has a due date. Repayment of stocks:fuity. Equity is also defined to include shaepital,
not necessarily required since stocks are liquidated if th@are premium, reserves asdrplus(retaired earnings).
firm goes bankrupt or in extreme cases if firms wind dowgquity is a good source of capital to business, specifically,
by the complsion of law. ksuing n& stocks may reduce funds from the stock market has been a source of capital
the authority of the old owners in the firm, this is howevefor the corporate sector. Horne (2002) defines capital
expected to be properly managed such that existing owngfucture as the proportion of debt instrumentsfepred
do not feel threatened. The cost of the issuance of stocksd common st ock on a companyds |
is the dividend which will be disbuted to shatgolders. speaking capital structure can be classified into two
Furthermore, interests paid on debt can beategories namely; Pure Equity Capital Structure which is
treated as tadeductible expenses, but dividend paymenthen a firmdés assets are fi
on common stock and preferred stocks are not talorrowing), the capital strtiare istermedas pure equity
deductible. capital structure and the firm is called an unlevered firm.
The concept of capital structure takes its root frorgecondly, Mixed Capital Structure, here firm employs
the curtainraisng work of Modgliani and Miller (1958) poth equity and debt capital to finance its assets, the
on capital structure irrelevancy hypothesis which is basedpital structure is termed as mixed/hybrid capital
on an unrealistic ArrovDebreu environment (complete strudure aml the fim is called a levered firm.
market, absence of transaction and bankruptcy costs and The specific mix of debt and equity which
no taxes) which have opened the door to plehof maximizes the value of a firm is called the optimal capital
researchethat preent the real world scenarios; this papestructure. The current trend is that most companies have
is therefore intended to contribute to this topic which igixed capital structure because of two main advastad
fundamental to finance. On the whole, there is yet to bedabt financing: (i) lower cost and (ii) interest payments
universally acceptable model on this crucial subject. Mosgking taxexempted. However, excessive leverage may
of the reseahes conductedn capitastructure concluded prove to be counterproductive because of high probability
that there is an optimal capital structure that is affected lpy bankruptcy.

a variety of internal and external factors. In the foundational theory (genesis) of capital
This study therefore is an attempt to contribute to th&ructure, David Dwand (B59) in one of his earliest
subject of capital structure by researchingointhe works identified two extreme approaches (views) namely
determirants of apital structure and by extension itsnet income (NI) approach and net Operating Income




106

ISSN25229818 frint)
ISSN 252-2296 (online)

Innovative technologies and scientific solutions for indust2620. No.4 (14)

(NOI) Approach. These theories were based on
following assumptions: perfect capital
information, trasactim and bakruptcy costs),

thbeories such as the pecking order theory, the static trade

markets (nof theory, the agency costs theory and bankruptcy theory,
no dynamic tradeoff theory, substitution theory, neutral

corporate taxes (relaxed later on), no growth in operatimgutation, castilow, signaling and market timing of

income (constant EBIT), 100% dividend pant ratio,
firmds capital

structur e

capital structure.

¢ Ruite g ewantbdr ef exisying Btezatutes angcapidak b t t

repurchase stock on by selling stock to retire delstructure hinge on the determinants of capital structure.
homogeneus expetations of investors and cost of debBooth, Aivazian, Demirgc-Kunt and Malsimovic (2001)
(Kd) remaining constant irrespective of the debt level im their investigation of the determinants of capital

the capital structure.

As earlier said, the theory of capital structure whiclh i r mé s

structure across ten developing countries, opine that the
capital structure deci s

has its origin in the irrelevance theory of capital structurere affected by the same factors that affect that of
by Modigliani and Miler (1958) with its attendant developedeconomés. Pandey & Singh (2015) in his study

unrealistic assumptions has caused researchers to testahalyzed

the firmspecific and  countrgpecific

MM claims and juxtapose same with real world situatiodeterminants of capital structure for firms in four
bearing in mind the relationship between capital structudeveloping countries and asserts that firm specifics affect

and firm specifics in different cotnies and different

the individual capital structures of théffdrent firms as

sectors due to the prime of place of capital structure to thell as the country specifics.
firms. This has invariable culminated in various other

Capital
Structure
Theories

Traditional

Theories

Tax Benefit

Approach

Net

Income

Modiglaini

Net Operating
Miller’s

Income

Approach

Argument

Traditional
Approach

Fig. 1. Schematic Presentation of Capital Structure Theories
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There are quite a number of factors tdatermine

Cost-
2‘:‘1‘3'_0&‘ Based Profitability
eones Theories Theories

Approach Miller Static Boii
Approach Trade-off
Theory
Theory

Dynamic
Trade-off
Theory

Bankruptey

Agency cost
Theory

internal policies of the firm. Floatation and other direct

capital structure which could be narrowed down to mark costs, ownership structure, profitability, corporate tax and
forces, indstry type, and size of the firm, government andankrupty costs (Tewara, 2016).
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Fig. 2. Factors determining Capitatr8cture / Coneptual Framework
Source: Authoro6s adaptation (Tewara (2016).

The data used in this empirical analysis were sourcécheasured by curné ratio), size tangibility, nonrdebt tax
from the Nigerian Stock Exchange (a very trusted sourshield and profitability. Panel data analysis is used to
of data in Nigeria), while firm specific reports weregeneralize the results (EriotisVasiliou, Ventoura
extracted fronthe annual reprt/ audited financials of the Neokosmidi, 2007). This will enable us consider the
firm used in the study. It is comprised of seven (7) leadirgffects of such data to estimate the results. Polelest
Oil & Gas firms in Nigeriaand the data was collated oversquare $ used to estimate the association between the
the period of eleven (11) years, that is, 2Q089. The studied variables. Thus, the following model emerged in
period covered pre and pegibbal financial meldown the following functional form:
which invariably gives a true reflection of the mear _
performances of the firm under review. LV =F(LQ Sz TN NDTS FF @)

The econometric form of equation 1 is represented

Methodology /Model Secification as:
As earlier stated, the objective of this study is t LV=ag +4LQ; +a54 sl @
identify the effects of liquidity, size, tangibility nesebt +a,NDTS +a& PRit ym

tax shietl and profitability on capital structure decisions

of the listed companies in Nigerian oil and gas industry. A priori expectations:a;, &, § 42 520 (non
The depedent variable used is the leverage of the selectg@gativity assumption)

firms, while the explanatory variables were liquidity

Table 1.Explanation & bases of variables

Variable Factor used Signalling property
1 2 3
Leverage Rati¢LV) Leverage rati o i s t| Leverage ratioassists with the evaluation of a

(shat term and log term) to total assets f i r duldt situation/ level. Its importance stems
from the fact that firms depend on the mixture of
debt and equity to finance their existing or propos
operations. Tarefore, a goodnowledge of the
amount of debt or debt instruments held by the fil
is usefulin evaluating whether it has the capacity
meet up with its debt obligations when they fall di
and to hint ahead of when to raise the red flag
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The endTable 1

1

2

3

Liquidity (LQu)

Current ratio, that is, liquidity of firm i in
year t

Liquidity is a measure
The going concern status of any organization is
guaranteed by it. It is an important explanatory
variable for leverage. firm with sufficient liquidity
is likely to make the best capital structure decision

Size(Sz)

Size of firm i in year t; total assets of the|
firm per year.

It is also a good explanatory variable for leverage
ratio. Large firms are able to hold more tdedther
than snall firms, because large firms have higher de
capacity. According to Rajan and Zingales (1995),
larger firms are likely to be more diversified and fail
less often. Thus, size may be an inverse proxy for {
probability of bankruptcy

Tangbility (TNit)

Tangibility of firm i in year t (measured
as the ratio of total net fixed assets to to
assets Fixed asset Total Assets

The agency cost theory models suggest that the
conflict between lenders and shareholders create @
incentive for shafeolders to invet in a suboptimal
way. A measure of tangibility employed in Huang aj
Song (2002) is fixed assets divided by total assets

Non-debt tax shield
(NTDS)

Non-debt tax shield of a firm i in year t
(measured as ratio of annual depreciatiq
to total assets)

Annual depreciation Total Assets

Non-debt tax shields are other items apart from
interest expenses, which contribute to a decrease i
payments, such as the tax deduction for depreciatiq
According to Modigliani and Miller (1958), interes
tax shields eate strong incentives for firms to
increase leverage. Therefore, where there aredebn
tax shields, they would serve as substitutes for the
benefit of debt financing (DeAngelo and Masulis,
1980).

Profitability (PR:)

Profitability of firm i in year t (measured
by the ratio of Total Earnings Before
Interest and Tax to total assets, that is,
Earnings Before interest and Tax (EBIT
Total Assets)

There are conflicting effects of profitability on
leverage for example, Myers and Maj(d®84), using
the pecking order, predicts a negative relationship
between profitability and leverage. The reason is th
the pecking order theory suggests firms will use
retained earnings first as investment funds and thel
move to bonds and new equity oiflyjecessary.
Therefore, it is believed that profitable firms tend to
have less debt. Jensen (1986) predicts a positive
relationship if the market for corporate control is
effective. However, if the market is ineffective. Jens
(1986) predicts a negativelationshipbetween
profitability and leverage. A measure of profitability
equals earnings before interest and tax divided by t
assets

Source:

Results

Aut hor 6s

compil ation

(2019)

conducted to provide background analysis on the data and
to generate the initial characteation of thedata used in

In order to realize the objective of the study, twdhe study. Thereafter, the panel multiple regressions were
gereral methodsre used in thempirical analysis of data. conducted using the ordinary least square (OLS) method.
The preliminary analysis (which comprises of thelhe data were analyzed usingview 8.0 econometric
descriptive and correlation analysis) of the data is firsoftware. The results are presented below:

Table 2. Descriptive Statisticef All Variables

Variables LV LQ TN PR SZ NDTS

1 2 3 4 5 6 7
Mean 0.577 0.943 0.354 0.122 16.833 0.148
Median 0.669 0.900 0.300 0.091 17.640 0.036
Maximum 1.010 1.980 0.911 0.673 20.890 0.759
Minimum 0.030 0.041 0.001 -0.277 11.760 0.001
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1 2 3 4 5 6 7
Std. Dev. 0.277 0.354 0.175 0.153 2.239 0.221
Skewness -0.538 0.377 1.070 1.177 -0.632 1.786
Kurtosis 2.054 4.987 4.585 5.730 2.587 4.715
Jarque-Bera 5.382 11.854 18.636 34.119 4.637 41.202
Probability 0.067 0.003 0.000 0.000 0.098 0.000
Sum 36.354 59.414 22.290 7.685 1060.520 9.316
Sum Sq. Dev. 4.753 7.782 1.905 1.458 310.852 3.032
Observations 63 63 63 63 63 63

Source: Computation by the Author, 2018.

Correlation Analysis.
The initial patterns of relationship amonige variablescan be observed based on the correlation among the
variables.

Table 3.Pearson Correlation Statistics

Lv LQ TN PR Sz NDTS
Lv 1.000000
LQ 0.030534 1.000000
TN 0.139117 -0.026132 1.000000
PR 0.202960 0.260333 0.477206 1.0000@
Sz 0.26028 -0.275628 0.088462 -0.209232 1.000000
NDTS 0.117204 -0.146347 -0.027904 -0.209716 0.052574 1.000000

Source: Computation by the Authors, 2018.
Table 4.Pooled Regression Result

Dependent Variable: LEV

Variables Coefficient Std-Error T-ratio Prob.

c 0.5192 0.4439 1.1695 0.2472
LQ -0.0650 0.1112 -0.5835 0.5619
TN 0.1846 0.2506 0.7365 0.4645
PR 0.2958 0.2530 1.1690 0.2474
Sz 0.0005 0.0235 0.0218 0.9827
NDTS 0.2369 0.2104 1.1262 0.2649
AR(-1) 0.4035 0.1186 3.4038 0.0012
R-squared 0.2111

f 0.1%5

F-statistic 2.4971

Source: Computation by thuthors, 2018.

Discussion of results this study is good and has the capacity to resolve the

issues of omitte variables. Ado, the study relies on
There are limitations in terms of methodologicapecondary data from the NigeriaStock Exchange,
weaknesses in timing or period, mode of analysis and tHerefore likely errors from this background are possible.
method of estimation. Attempts are madethis study ¢ However, the integrity of the Nigerian stock exchange
use stronger methodology that captures the relatiopshiyhere data were obtained minimizes such.
between the dependent and independent variables used, A corollary of above point isdata constraints or
for example, model pooled regression analysis applied inicomplete datavailability in capital structure studies in
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emerging capital markets like Nigeria, but it has beegas compai esd capi t al structure. I
greatly managed in this study as data were collated for thes wrongly signed (negative) contrary to our a priori
period they were complete. This also goes fbe expectation, this means that there exists a negative
problemsof omission of variables. Lastly, tesolve the relationship between liquidity and leverage in developing
limitation of simultaneity, the models employed presentsountries due to high level of corruptiopolitical risk,
greater depth. severe information asymmetry, aggncost and the fact
The table 2 above presents the results for thbat the market is less developed. Furthermore, we
descriptive statistics for all the variables. The dependediscovered that tangibility was positively and
variable LV has a mean valuef 0.57 with a maximum insignificantly related to leverage. The implication is that
and minimum walue of 1.00 and 0.02 respectively. Theangibility is not a stng factor that influences leverage of
standard deviation 0.27 is low and suggests that LV ovhsted oil ard gas companies in Nigeria. Profitability was
the years exhibits low deviation from the mean. Ouiound to be positively related to leverage, although not
findings from above results show that the discrepancisgynificantly, the implication of this is that stable
from the mean for independent variables areprofitability is a strong weapon against ingahcy and
very large. It suggests that the variables over the yedsankruptcy. Also, it was found that the zai
exhibit high deviation from the means. None of thef the chosen firms was positively related to leverage.
kurtosis is equal to 3, an indication that the distribution i&rowth trajectories in terms of size, profitability follow
not normal. All the variables excefgt\( and SZ) Jargee the same direction and invariably with high
Bera are statistically significarat 5%. This also shows level of profit stability in a firm, thelikelihood of
both normality and nomormality of the variables bankruptcy is slim. Nomebt tax shikels was discovered
distribution. to be positively and insignificantly related to leverage.
From table 3, the cefficient of correlation of all the However, we do not support excessive leverage because
variables are examined. However, of particular interest tif its implications in the likely event of bankruptcy.
the study is th correlation between the dependesrtiable Arising from our findings, the significance of the
(LV) and the explanatory variables. As observed, positivudies cannot beveremphasized; it offers guidance
relationships/association exist between LV & LQplatform to oil and gas sector in the selection of their-debt
(r=0.0305), LV & TN (r=0.1391), LV & PR (r=0.2029), equity mix, that is, capital architecture. Also, it could be a
LV & SZ (r=0.2602) and LV & NDTS (r=172, the ready working tool in the hands of the regfory bodies
coefficient of all the independent varigsl are low regulating the Oil and Gas sector ingiliia. We are also
indicating that an increase in each of the variables may the opinion that the applications of our findings have
also be associated with an increase in LV. the capacity to reduce the information asymmetry between
On the association among the independent variablagrious stakeholders in the sector.
we can observe that a positive correlatiexist between On future direction of research, ew suggest
the following variables: LQ and PRN and PR; TN and expansion of the scope in terms of inciegghe sample
SZ; SZ and NDTS. However, a negative correlation wasize, period covered and the number of performance
found between: LQ and TN; LQ and SZ; LQ and NDTSindicators. This could as a matter of fact include unquoted
TN and NDTS; PR and SZ; PR and NDTS. All theoil and gas firms. Also, we strongly recommend the
coefficients are quite low. It is imp@nt to note hat application of dynamic pragmming to explore optimal
correlation analysis does not msesarily imply the capital structure (beca@sapital structure cannot be static
existence of functional relationship but a mere associatioim. terms of its determinants and direction of optimality).
This suggests that there might be multicollinearity in th&his is because it has the capacity to break
model. down complex problems as found in capital structure into
Lastly, the results from pooled regression analyses asbproblems. It also could prove a vital tool in
presented in tabled above show adjusted-fuare of determning optimal capital structure at every stage of
approximately 13%, indicating that about 13% change ih i r ms 6 gr owt h.
dependent variable (LV) is explained by changes in the

explanatory variables (LQ, TN, PR, SZ and NDTS). The Conclusion and recommendation
f-statistic value of 2.50 is significant ghe 5% level,
which implies that the independerdniables put together The result of our study reveals that all our

were able to explain the dependent variable (LV). Thexplanatory variables are not significant determinants of
Durbin Watson statistic o0levedge HowRr, thedpdsitiveSdlafowshipstohTI PRI her e
no serial correlation in the estimated model, thus makingz, NDTS and LQ to leverage emphasize the importance
it amenablefor policy perspectives. On the basis of thef the variables. This also conforms with the pecking
individual statistical significance of the model, as showthierarchy) order theory that good returns on investment
by the probability value, the result reveals that TN, PRROI) or equity (ROE) makes firms consid looking

SZ, NDTS and LQ are not significant determinants ahwards more for their financing becauskeasier access
leverage. In terms of the a priori sigangibility (TN), to funds, equity is also used to spread risks among
profitability (PR), size (SZ) anchondebt tax shield shareholders and firms might require some debt financing
(NDTS) were correctly signed (positive), therefore thgor expansion or diversification purposes, especially for
positive sign exhibited by the coefficients indicate thaheir perceived higér capacity to contain debt and
increase in the variables will enhance the choice of oil anflinimal threat to thir going concern status due to well
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diversified huge assets. It appears to be the reason wdonsider the restructuring of the equities market to pave
mergers and acquisitions in the oil and gas industry imays for more participatory financing especially now that
Nigeria have so far been successful to great extéhts. t h e i nvest oris gradually nobildieupc e
values of the selected companies are quite hatgthe Secondly, better developmieof bond market will be a
stock exchange, hence the positive relationship wittpood one for oil and gas companies because it fits well
leverage, this supports the tragié theory that argue that into their production cycle. Also, we suggest more flexible
larger firms have higher borrowing (debt absorbinggonditions for accessing loans to the larger firms because
capacity. Nigeria is a develog country with attendant of their high absorptive capacities in debt repaym#ris
information asymmetry anexistence of moral hazard is to counter the present high interest paid and not so
couples with adverse selection. friendly tenor of facilities given. However, we do not

Policy makers should increase the level ofupport excessive leverage because it could be sine qua
information distribution, develop the capital market mor@on to bankruptcy. Therefor¢here should be a proper
to reduce imperfection and set a reasonaieidity balancing of financing opins or optimal capital structure
threshold appropriate for firms and guideemn on best for oil and gas industry with guaranteed maximized
approaches to liquidity management. They may alseturns at minimized cost.
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T. KOVTUN

A MODEL OF CLOSED CIRCUITS FORMING IN A LOGISTICS SYSTEM WITH
FEEDBACK

The subjea of the research in the article is the reverse flows of material resources within the circular processes of closed supply
chains of the logistics system with feedback. @ of this article § to develop a model of the formation of reverseenigtflows
using the processes of circular economy, which will achieve maximum efficiency of the logistics system. To achievettigs aim i
necessary to solve the following tasks: to determine the @ssam study the evolution of the circular econohrpugh chages in
the frameworks that form it; develop a graphical model of a logistics system with feedback, which is based on the iniqheafientat
circular processes; develop a mathematical model ®fldbistics system with feedback and conduct exparteh calaulations
confirming its adequacyMethods of systems analysis, operations research, namely linear programming (distribution problem is
solved by the simplex method) are used to solve the taska the study. The followingesults were obtainedthe essace of the
circular model of the economy, the evolution of its economic frameworks and the processes that are part of them wetlgestudied;
graphical model of the logistics system with feedbaels presented by means of circular processes; laemaical model of the
logistics system with feedback was createédnclusions The concept of a circular economy is based on the principles and objectives
of the concept of sustainable development angharsizes the need to close logistics systems,oi.eretate bgistics systems with
feedback. The tools for the implementation of its concept are closed supply chains, which include direct and reverdtowsterial
Closed circuits are created through tiee of circular processes, which create logisticgps that provide feedback between the
participants in the chain and allow you to organize the reverse flow of products, their components, raw materials dadThateria
application of operations reselArmethods allows to create a mathematical mod#detisk d optimizing return material flows and
to distribute material resources by loops, so that the total cash flows of the logistics system reach the maximum value and
ecodestructive impact on thevonment by creating return flows of secondary mateesouces was minimal.

Keywords: circular process; closed logistics chain; logistics loop; reverse material flow.

Introduction technical cycles of resource circulation and the potential

benefits that can be obtained at different levelshes¢

At the beginning of the XXI century, the problem ofcycles, it involves the transition fromiaear model of the
unsustainable dei@ment of modern civilization has economy to a closed cycle economy [3]. Ideally, the
acquired anew qualitative state and reached its limit. Anformation of a closed model of the circular economy
economy built on the principles of technocracy and-norshould lead to compliance with the principle of zero
equivalent socimatural exchange is incapable of ensuringvaste, which is possible througthe introduction of
long-term sustainable development for humanifpday, mechanisms of reverse y&rse)logistics and the creation
the biosphere is unable to fight humantivity, it has of environmentallyoriented closed logistics chains.
begun irreversible changes. Mankind produces 2,000
times more organic waste than all of nature [1]. It has _ Analysis of recent research and publications
already become clear that the contradictions between the

evergrowing needs of sociegnd the limited capabilities The study of the essence of the circular economy, its
of nature threan thecortinued existence of man as aprocesses and busineswdels is currently given some
species. attention by eientists, but it cannot be considered

A harmonious alignment of the components o$ufficient, because this concept is not just a new direction
sustainable development that ensures economic growtti, scientific thought within economics, but is an
social stability and environmental balance in the long terinterdisciplinary approach, the main task of which is to
can be achieved thanks to the introduction of thereate a theoretical basis for changing the wadd of
principles of circular economy, which has recentlymankind to a more humane in relation to the environment.
received increased attention from specialists around the For the first time, the circular economy was
world. The transition to a circular economy is becomingecognized as a promising direction of economic
global, and the benefits of implementing thisncept are development in the Report of the Club of Rome "The
becoming increasingly apparent. caeding to experts, in Limits to growth" [4], published in 1975 andmtairs the
2025, the circular economy can annually provide aresults of analysis of possible civilization potential
increase in the income of the global economy of mongopulation growth, scale of use of natural resources,
than 1 trillion US dollars. In addition, the transition to aenvironmental problems.

circular economy will create huge opportunities for In 2015, the European Commission addressed the
modernizing prodction and introducing industrial European Parlianmt and the Council of Europe, so€io
innovations, ensuring annual GDP growth of 7% [2]. economic ad regond committees with a report "Closing

The existing linear model of the economy is nothe loopi An EU action plan for the Circular Economy"
perfect, as it constantly requires the involvement db], in which the concept of circular economy was
additional primary resarces, which, passing through thesubstantiated. The modern concept of logistics, which is
manmade syem, poduce a large amount of waste. Theadively developing and has recently been infloed ly
circular economy takes into account the biological angreening, taking into account the principles of the circular

E T. Kovtun, 202C
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economy, is the management of supply chains (logistics The aim of this article is to develop a model of the

chains)- Supply Chain Management. formation of reverse material flows using the processes of
Such scientists as Yu. V. Varenko, M. Yu. HryHgra circular economy, which will achieve maximum

L. M. Zaretska, E. V. Krykavsky, I. I. Mukha, efficiency of thelogistics systemTo achieve this aim it is

A. V. Smirnova, C. Comtois, Robert D. Klassennecessary to solve the following tasks:

SuYol Lee, J:P. Rodrigue, B. Slack, etc. disclose the 1. Define the essence and explore the evolution of

issues of applying an ecological approach to logistidke circular economy through the change of frameworks

chain management in their works. Models o thgistics that form it.

chain with reverse material floware pesened in the 2. Develop a graphal model of the logistics system

works of such researchers as: S. S. Aliwith feedback, with is based on the implementation of

V. V. Bezkorovainy, E. M. Bukrinskaya, D. O. Gobov,circular processes.

M. N. Grigoriev, K. O. Dzyubina, A. V. Dzyubina, 3. Develop a mathematical model of the logistics

O. P. Dolgov, D. A. Karkh, O. V. Myasnikova, system with feedback and conduct experimental

S. V. Potapova, A. Tambovtsev, T. Tambovtsev calculations confirming its adequacy.

S. 0. Uvarov, V. A. Falovich, S. A. Shahnazaryan etc.

The importance of taking into account environmental Task solving
requirements in the optimization of logistics structures by
solving in conjunction with traditiondbgistics problems Circular processes in the model of circular

of optimizing return mateal flows from consumers to econony.
pla.ce.s qf produ_ction or disposal within th_e reverse  There are two approaches to defining the essence of
logistics is noted in [6]. In [7], the scope of activity, whicha circular economy: resourceiented (floworiented) and
is identified as logistics of recycling and utilization, iseconomieoriented (systemic).
defined within logistics, and its goals and main Istig According to the flow approach [1B5], the circular
funcions are outlined. In [8] the necessity of transition t@conony is based on the use of sk flows of materials,
the closedoop economy is noted and the issues oénegy and waste, which can be achieved through the
transformation of logistics systems are considered, theuse of product, components, raw materials and supplies.
conditions of realization of logists of interaction of The systems approach F1B] presents the circular
system participants in ¢hcondgtions of construction of economy as a model of the economic systhich is an
circular economy are revealed, the structure of closegement of the mn-made system and is $edon the reuse
supply chain is developed. In [9] the peculiarities of diree§f materials, which will preserve natural resources, and
and reverse material flows are considered, the expediensyhsiders creating value for system elements.
of introduction of reverse logistics tools intoeet logstics The most commonly used and taking into account
activity of the enterprise is substantiated, the basic modeffe above approaches to determinihg essence of the
of reverse material flows functioning in modern economigircular eonomy is the interpretian of the circular
conditions are formed, the peculiarities of return andconomy provided by experts of the Ellen MacArthur
utilization recycling & revealed. In [10] the key Foundation [2], according to whidhe circular economy
parameters of thelosel loop of the supply chain are is an economy that has a renewable and closed character,
investigated, the need to coordinate the reverse logistigfovides for the aration of a continuous dewgment
strategy with the life cycle of the product, seasonality afycle that presefes natural capital and increases its
demand for it, with the pricing strategy for refurteésh value, increasing the return on resources by optimizing
goods and the level of aftseles servicethe @nditions their use.
for allocating part of the_closed loop of thg supply chain  The circular economy is an alternative to th
for outsourcing are outlined. In [11] an integrated angtaditional linear economic mechanism, as it is
generalized scheme of logistics network with feedbackharaterized by a closed naturef resource use and
due to which it is posble to reach a compromise betweertecovery. Unlike the traditional model of economy, which
costs in ths network and ecedestructive impact on the works on the principle of "take, make, use, waste", the
environment, presents a mathematical model for solvingrcular economy offers a fundamentally new sustainable
integrated multicriteria  mukliink direct and inverse model based on the principle of "takeake, use, repair or
logistics. The paper [12] presents mathematical modelscyck, reuse. The circulamode is a good way to save
and methods for solving problems of transpodute resources and materials, reduce the negative impact on the
optimization in closed logistics systems, taking intaenvironment and sustainable economic growth.
account many topological and logistical constraints, |n modern conditions, the transition to a circular
including a proposed solution for network optimization foeconomy is possiblelue to the closure of the seurce
transporting direct and reverse prodtlotvs, which will  cycle and the cation of closed supply chains. This
increase the efficiency alosedlogistics systems. ~ opportunity first appeared due to the introduction of
~ Despite the existing research on the organization @écycling i the process of returning waste to the
direct and reverse flows within the reverse logisticsroduction process, which was one of the first processes
traditionally these tasks are considered separately, whighthe circular economy. In the peess of developing the
does not allow fogeneral optimization of material flows concept of circular economy, the framework conceptual
and @hieve a ynergistic effect for participants in the structures were formedframeworks, which as the ideas
logistics system. of circularity were transformed: "3R", "4R", "6R" and
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"9R" [20; 21]. Stages of evolution of tleecular economy table 1 [13].
and theircorresponding circularrpcesses are presented in

Table 1.Characteristics of circular economy framework processes

The level of
circulation of the Framework Process characteristics
economy [20]
First level- 4R, 6R, 9R Recovel(recovery refund) i the process of collecting products and components at
useful end of use, disassembly, sorting and cleaning for use in subsequent life cycles.

use of raw material§ 3R, 4R, 6R, 9R | Recyclgrecycling,processing) the process of returning waste, discharges and
emissionsnto the processes of techno genesis. Reuse of waste for the same pu
as well as the return of waste after appropriate treatment in the production cycle

The second level is tf 9R Refurbish(update, repair} restore and update an old but serviceable product.
extension of the 6R, 9R R J ma n u f(update,unodification) the process of restoring the product to bring
savice life of the into working ordetby replacing orepairing major units or components.

product and its parts 9R Repurposdreoiientation)- repurposing, using a product that has failed and its par
a new product with a second purpose.
9R Repair(repair, correction] repair and maintenance oflafective product for use

accordance with the original purpose.
3R, 4RHR,9R | Reusamplies that a certain product is reused for original or new purposes in its
original form or with some changes and minor improvements.

The third level smart| 3R, 4R, 6R, 9R | Redusdreduction, diminution) invelesthe reduction of the use of resources and

prodiction and use o energy at the stages of planning and production of the product, and the reductio
products emissions and waste at the stage of its use.
9R Rethink(rethinking)i increasing the intensity of product use (for examgiaring).
9R Refusgrefusal)i reduction of excessive consumption of products by completely
abandoning their functionality by transferring their functionality to other pisdu
6R Redesign the gocess of developing negeneration products thatowld use

components, materials and resources extracted from the previous lifecycle or pr,
of the previous generation (redesign to use as many extracted components and
possible withotllosingfunctionality).

Implementation of circular ecomyy frameworks consumer / user of the product, the reverse chain begins
involves the transformation of business interactions, with the consumer / user of the produntieends with the
particular, through the implementation of economicecycling center and the natural environment.
strategies of indstrial symbiosis and industrial The implementation of the concept of a circular
metabolism, according to whiclhe interaction between econany, which is based on the creation of closed
elements of the mamade sygm @n be carried out at the logistics systems, which requires the closure of logistics
micro, meso and macro levels in cascade resources, winkrains by creating feedbaslstems, has led to the use of
waste from one production is a raw material for angtheprocesses that are not typical of lindagistics chains.
thus ensuring the reduction of edestructive impact on Among the processes of circularo@ony should be noted
the eavironment. processes related to reverse logistics and involved in the

organization of reverse flows to create feedbackain

Graphic model of a logistics system wit feedback closed logistics chain: recover, recycle, refurbish,

To create a model of a closed logistics systememanufacture, epurpose, repair, reuse. Due to these
(logistics system with feedback), which includes closedrocesses, wbh @n be called circular, there are
(complete) logistics cha# we use participants andlogistic loops between the participants in the logistics
processes used in the model of ciectdconomy, which is chain, providing feedback in closedgistics chains
proposed by the Ellen McArthurFourdation [2]. (fig. 1).

According to this model, the main participants in closed  The largest number of logistics loops is tegaby
circuits are:resource provider, (RP), parts manufacturerthe process of recycle (recycling, recycliriglen loops.
(PM), praduct manufacturer (PM), service provider (SP),The process of returning waste, discharges and emissions
consumer / userQU), collection center (CC), repair into the production cycle can be carried out by almost all
center (RC), sdrcenter (SC), utilization center (UC). elements of the environmental chain.

Ecooriented closed logistics chain consists of two  The repair process (repair, maintenzs) creates a
chains: forward and reverse, depending on thextion of single logistical loop, as the repand maintenance of a
material flow. Participants in the direct chain nayt be faulty product for use in accordance with
in the reverse, and vice versa. There ardiggpants in the original purpose requires the participation of the repair
both the forward and reverse chains. The conditional lirdenter
that divides the complete chain into direct and reverse is Therepurposeprocess creates three logistic loops, as
the consurar / user of the product. Within a completethe path of thdailed product to the product manufacturer
logistics chain, thalirect chain begins with the naturalgoes thoughthe collection center or collection center and
environment ad the resource supplier and ends with the




116

ISSN25229818 frint)

ISSN 2524296 (online) Innovative technologies and scientific solutions for industr20. No. 4 (14)

repair center, and parts of the product move through the The processes ofefurbish (update, repair) and

disassembly center. remanufactue (update, modification) create two loops, as
Therecoverprocess creates two loops in the logisticproducts from consumers rtacome to the repair center

chain, because aftedisassembling the products, thethrough the collectionente, and directly.

products and theircompnents can go to the parts

manufacturers and product manufacturers.

172}
o=}

RP >

Z?
=)
(=
o)
2 |

S

ZESZ0 R~ <

!

ucC

= recycle - > repair repurpose— — — —» recover

= = > yefurbish/ remanufacture — — » reuse — — — » utilization
Fig. 1. Logistics system with feedback

The reuse process creates two loops because fbgistics chain (utilization natural

involves reusing the product for original or new purposesnvironment.

in its original form or with somechanges and minor The objective function of the mathematical model is
Improvements. the total cash flows from the organization of the reverse

In addition to thereve'se processes in the circular(yecycling and utilization) flow of matial resources in
economy model, there is a processutifization, which 4 logistics chin

aims to safely recycle waste that cannot be used in
another, more efficient way.

center), I, T

IUC §IRC P L 5

CF:.a'. 2 a a @Jpl Ql o u Q) max, (1)
Mathematical model of a logistis system with TICU G aRPe AT N
feedback pl .
The essence of the mathematicmodel is the where X i the amount of product (material flow)

formation of reverse material flows, which allow to closecoming from the linki
the supply chain through the organization of circula
processes and achieve the maximum value of the toof the logistics chia (j :JRP;JRC) through the loopl
cash flow from their implementation. To solve this
problem, the method offlear programming of economic
and mathematical modeling (distribution pieain) is used.
Assume that the movement of material flow is
carried out from linki to link j of the logistics
chain. The designatis d the chain links
are follows: i ={Icil gl oyl ol of o o & & &S
§ ={ 365 Jnei Jous Jowi Jes Jou Jog Jsi i I where
{1l el owil onl s o s {96 e Jous ot I I} T s€tS Of
participants in the direct logisticain, {1 ;1 .l ¢l wgl of »
{3013 Jss Jeg Jug T sets of participants in theeverse
logistics chain. Chains begin and end with the followini
elements: 1..(Js) T first participant in the direct
logistics chain (resource providet),, (J., ) T last direct
chain participant and first reverse chain participan

. - . the
(consumer / user)] . i last participat in the reverse that

(i :ICU;IRC) and enters the linkj

(I ::L;_L) of the circular proces$ (p:1;_P); cf” i cash
flows generated by the movement of a umitnaterial flow

from the link i (i :|CU;IUC_1) to the link j of the logistics

chain (j :JRP;JRC) through the loop | (I :1;_L) of the
as

circular process p (p =1;_P); U 1 the amount of
products that are disposed of from the Iin@ =gl Rc) of

the logistics chain;Cf" i cash flows generated by the
disposal of a unit ofmateial flow in the chain i
(i :m) of the logistics chia.

- Restrictions:

- for the return or utilization of all products entering
links of the revers@gistics chain, taking into account
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IRC P L where hj T thenumber of return products in which there is
L) - "n pl :
_ da a & =3, (2) aneeddr the link j (j :JRP;JCU) of the logistic chain.
i=ElIcy p 2l =

- for the maximum volume of product utilization in
where &; i the number of products that arrive in the linkhe links of the direct logistics chain

j (i:quiJRc) of the reverse logistics chairwe will u ¢ Kﬁ @ (6)
accepttha®, =0; " i =j, then where k, 7 utilization coefficient in the link j of
JRC P L o material flow(j :JRP;JCU) received from the link of the
a a & +ty B . o T
ISRPP I F ! ’ (3 direct logistics cha|r(| :|E;|SP)_

) - for the maximum volume of product lisation by
where bl i the number of prOdUCtS that come out of th_ﬁe links of the reverse |ogistics chain

link i (i =l gl RC) of the reverse logistics chain.

‘RC a ISP
- on nan-exceeding the capacity dfie links of the _a U, ¢K@$E g ay ., (7
reverse logistics chain I=cy ¢ 1 3RP
'RC P L, ol where K. i utilization coefficient in the reverse logistics
a a o ¢g, 4 chain
i=lccp 2! = .

Due to the use of thproposed mathematical model
where g; T the number of return products in which therll 1S possible _to solveth(_a_prqblem of oppm|zat|on_ of

_ reverse recycling and utilization of material flows in the
is aned for the link j (j=J,,J,J of thelogistic chain.  logistics system, which will achieve the maximum value

- for the needs of the links of the direct Iogistics°f total cash flows from the introduction of circular

chain in the reverse material flow Processes. . .
Experimental calculations ofthe correspondi

ICU P L distribution problem, which were performed by the
a a ajp' ¢ h (5) simplex method, confirmed the adequacy of the model and
iZIRPpP 21 E ’ allowed to distribute the material flows in the same way as

presented in table 2.

Table 2.Logisticsloops of reverse logistics chains

Circular process Logistics loop Reverse materialflow (tone)
1 recover 11 CuU CcC SC PM
600 600 600 600
12 CuU CcC SC DM
0 0 0 0
2 refurbish/remanufacture 21 CuU RC PM
0 0 0
22 CuU CC RC PM
0 0 0 0
3 reuse 31 CuU CC SP
0 0 0
32 CuU CC RC SP
1000 1000 1000 1000
4 repurpose 41 CuU CC PM
0 0 0
42 CuU CC RC PM
0 0 0 0
43 CuU CC SC DM
600 600 600 600
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End theTable 2.
5 repair 51 CuU CC RC CuU
2000 2000 2000 2000
6 recycle 61 CuU CC SC RP
500 500 500 500
62 Ccu CC RP
0 0 0
63 CU RC CC SC RP
0 0 0 0 0
64 CU RC CC RP
0 0 0 0

When solving the problem, all the restrictions werdéeedback within closed

logistics chains, within five

met andthe maximum value of the objective functioncircular processes: recover, reuse, repurpose, regrair,
(total cash fbws) was reached 43602.5 USD. At the recycle. The utilization process is also taken intcoaat

same time, Igistcs loops were created, providing(fig. 2).
|
ﬁ RP » DM —> PM > sP
N T o
1
A% - i
I S i
- . 5 !
R — !
a5 /
(0] RC ¥ __ ] s
~ o
1 e
N = 3 3 s 77
M L ~~1 _ e {/...."
I,¢’< // 5 57
E ’,a”l’ - i //..."
N ,a”’ / S \/A/‘:‘:
ﬂ’/ R ———— cc
> recycle e > repair repurpose
— — » reuse — - ——» recover — — — ¥ utilization

Fig. 2. Experimentally obtainedlosed logistics system

Conclusions

participants in the chain and allow you to organize the

reverse flow 6 products, their components, raw materials

The concept of a circular economy is basedten and mateals.
principles and objectives of the concept of sustainable

The use of economic and mathematical modeling

development and emphasizes the need to close logistib§thods allows you to createv@thematical model of the
systens, ie to create logistics systems with feedbacke T problem of optimizing return material flows and distribute
tools for implementing the concept of a circular economipaterial resources in loops thateacreated within the
are closed supply chainhich include direct and reversecircular processes of the logés chain, so that the total
material flows. There are closed chains due to the use@sh flows of the logistics system reach the maximum

circular  processes: recover recycle,

refurbish, value, and the eedestructive impact on the environment

remanufacture, repurpose, r@pareuse, which create due to the creation of return flows of secondary material

logistics loops between the participants in the logistiggsouces is minimal.
chain. Logistics loops provide feedback between the
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T. MoMOT, M. KARPUSHENKQ TANG LINLIN

MODERN APPROACHES FOR INTEGRATED REPORTING PREPARING IN
UKRAINE

In modern conditions, the possibilities of Accounting Reporting do not meet the tasks of contentment the information needs of user
of accounting data, which are aimed at obtaining evidence of the stable tidade functioning of both the businessitgrand the
region where it operates, and the state as a wholesuiject of the article is the different approaches to the preparation of integrated
reporting and features of the formation of indicators.grateed corporate reporting defines a singleratfor providing interested
consumers with information about the company's activities, risks and potential for quality services, covers financialiaaciain
reporting and discloses the effectivenesgainomic, environmental and social actitaf the company, ensuring transparency of
information on business risks and management. At present, enterprises in Ukraine compile a report that combines ficatocgal ind
and indicators that characterizens® important social aspects Management Repb The paper considers the concept of cost
reporting, the key idea of which is to achieve greater informativeness of accounting indicators through corporate repdinéng a
development of standards of nfinancial information that reflects the industpedfics of the enterprise. Theurpose of the work
is a detailed consideration of the essence of integrated reporting, problems of its compilation, analysis of existiing s bprbzc
formation of indicates of integrated reporting of different conmpestaking into account the needs of users, justification of indicators
included in integrated reporting. The study used a set of methods and approaches, such as dialectical, synthesis ane, comparat
systemic The article solves sudhsks as analysis fofunctions and components of integrated reporting, analysis of the Management
Report and indicators that form it, determining the features of its preparation by different companies, the basic pfrimtégieged
reporting in accordance with the imaticnal standard of integrated reporting. The obtained results are a detailed analysis of the
indicators of the management report and the introduction of prerequisites for the effective formation of suohsirZcerlusions
Further development of iagraed reporting should focus on such important aspects as the development of a system of financial and
nonfinancial indicators, methods of obtaining information, generalization of various management sysieagefnent accounting,
monitoring, analysisfdinancial stability) in the preparation of internal integrated reporting.

Keywords: integrated reportingnanagement repofinancial reportingsocial reportingnon-financial indicators.

Introduction But there is also a need for aggregate informatimih

financial and social, that is integrated inibategrated

In modern requirements it is very important to focugeporting. Problems of integrated reporting have been
on contentment the information needs of different groupudied in the works of sh scientists as Serafeim G. [8]
of users of credentials in order tnake informed and Robert G.E. [9], loana D., Adriana T. [9], Adams K.A.
timely management decisions while ensuring stable aft0], Lee K.W. [11], MartinK. [12], Kuzina R.V. [6],
sustainable operation of both business amegional Kostyrko R.O. [3], Gnitskaya L.V. [2], Bezverkhy K.V.
development, state stability in generahich led to the [1], Davidyuk T.V. [7], Karpushenko M.Yu. [4, 5] and
search other concepts and models of reportirgthers
information. Integrated reporting is a relatively new phenomenon

In modern condions, the image of enterprises isin the world of corporate reporting, which has gained
very important, which consists of many factorssignificant momentum over the past ten years. It is a
Stakeholders pay attention firsf all to the reliability of process based on integrated thinking that results in the
enterprises, whiclis measured not only by the criteria oforganization's periodic integratedpogt on value creation
economic efficiency, but also the ability to solvecial over time and related messages on aspects of value
problems of both their own workers and the regiortreation.
Indeed, a very important indicator of the enterprisésis i According to Bezverkhy K.V. hte purpose of
social activity; as such events are not onlydemce of integrated reporting can be defineds providing
enterprise development, but also the ability to provid@formation to all interested users to make management

certain benefits to socigt decisions about the corapy's ability to create value in
the short, medium and long term, as well as providing
Analysis of the problem and existing methods information to stakeholderabout the capital used and

influenced by the ertii [1].

Social events should be reflected in corporate-non ~ According to R. V. Kuzina, the task of integrated
financial swial reporting, the purpose of which is tof€pPorting is to strengthen accdahility and responsibility
provide information on social activities to stakeholdersfor & wide capital base (financial, industrial, intellectual,
Nonfinancial reporting should reflect éh social human, social), understding the relationship between
responsibility of the business, ie what measures tfgem [6].
company takes to inform the public about the According to R. A. Kostyrko, the purpose of
envirormental and social measures. According tdtegrated reporting is to provide financial and rion
Davydyuk T.V. corporate social responsibility is afinancial information on the distribution of financial
philosophy of longlerm development that allows ydo capital, taking into account key factors that affect the

harmoniously combine successful business with basic [A0tential of an enterprise to create value over dager
period of time, which allows interested users to assess

E T. Momot, M. Karpishenko, Tang lrlin, 202C
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future economic benefits [3]. 1) society's attitude to value has changed, which in
In our view, from a stakeholder perspective, aturn leadsto a change in the level of expectations
integrated report is a concise statement of how drom corporate reporting. There is a growing need
organization'sstrategy, management, performance, andn the part of financial market participants taderstand
prospects n the context of its external the impact of the business model of tleaterprise
environment create value in the short, medium, and loran the creation of added value in the future. Thera
term. need to provide financial and ndinancial information to
all stakeholders in order to ensure transparency of the
Goals and objectives of the studyThe purpose of enterprise;
the article is a detailed consideration of the essence of 2) the tralitional form of corporate reporting on
integrated reporting, the problems of its preparatioperformane indicators does not meet modern
and justification of indicators included in integratedequirements in connection tiithe historical valuation of
reporting. the enterprise. The new approach should be based on
current value, the forms of which vary over time, and
Materials and methods d research recenly the actual fair value. The existing model does

adequately reflect intangible assedts most intangible

The theoretical and methodological basegssts created "within" the company do not pass the test
of the study were the scientific works of leadingor recognition of assets in accordance with
domestic scientists and foreign economists on théFRS and therefore are not shown on the camyfs
problems of forming a system of integrated balance sheet;
reporting in enterprises. During the study such  3) integrated reporting prades reliable information
general and special economic methods as: abdtgical for business evaluation by investorspartners,
(to systematize the available theoretical materialjpanagement and analysis of the company's
empirical for a  comprehensive  assessmenimpact on capital, which will have a decisive
of the developmentand improvement of reporting), impact on strengthening the role of business
comparative analysis (when comparing integrated society;
repating of enterprises), graphical (to visualize results)  4) the need to disclose informati@m the areas of

were used. sustainable development strategy of the enispr
the implementation of which will contribute
Research results and their discussion to the growth of value added in the short, medium and
long term.

In foreign pratice, the components of integrated ~ |he most interesting poginh of integrated reporting
reporting are egulated by international standards, such d§ the concept of coseporting, the key idea of which is to
Sunshine standard&RI; AA1000; 1ISO 26000, SA8000. achieve greater inforniseness of accounting indicators
Among them, the most wekinown list of quantitative through corporate reporting and development of standards
indicators is the system of GRI indicators, which isduse®f nonfinancial information that reflects the indos
in the formation of social reporting of any foam as well Specifics of the enterprise. Based on this #uthors
as Progress Reports [4]. Integrated reportingvateaced Proposed —a  threlevel  model of integrated
by most researchers, performs a number of importaffPorting which  determines the interaction and
functions, and contains in accordance with internation&¢SPonsibility of all participants in the process of
standards the following oenponents of integrated cc_)mp|I|ng, disseminating and using reporting infatian
reporting (fig. 1): (fig. 2). . _ _ .

Summaizing recent research, it can be stated that The practical implementation of &h threetier
integrated corpota reporting defines a single format forr€Porting model leads to the transition from theaept of
providing interested consumers with information about thhancial - reporting to the concept of integrated
company's activities, risks and potentialr fouality reporting,  which aims to  combine financial
services. It covers financial and néinancial reporting information, environmental impact on iness and social
and discloses the performance of economi@SPects in a clear, interconnedt and comparable
ervironmental and social activites of the enterpriséormat. _ _
which ensures the transparency of information ~_Sustainability —information in the ofm  of
in terms of business risks and their mamaget. €nvironmental and social data is a relatively new area that
Integrated reporting contains informationiS increasingly being reported by more and more flrms
on financial, industrial, intellectual, social and naturafround the world. Nobnly the number of companies
capial and focuses on the strategic course and futuf@Porting — sustainabiy information is  growing,
prospects. but also the number of investorsing this information.

Taking into account the modern needs of the timé\ylthough sustainability data can be relevant at

the main prerequisites for thermation of integrated any time, it isoften argued that they are primarily
reporting are as follows: informative  about the longterm prospects of

the business.
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Fig. 1.Functions and componentsinfegrated reporting

Fig. 2. Threelevel model of integrated reporting

At present, enterprises in Ukraine compile a repofsuidelines for the preparation of the Management Report
that combines some financial indicators ardidators that (hereindter i guidelines) [16], which identified ten a®
characterize some important soc@pects. It is for the that should contain this report (fig.: 3)
integration of financial and social indicators into one  Analyzing the components of the Management
report as part of the reporting for 2018 in Ukraine waReport, we can conclude that it contains a very wide list of
introduced Management Report, which together with thedicators that reflect the financial components,
financial statemes forms integrated reporting. Thisenvironmental  components, social  components,
report must b prepared by large and meditsized developmentprospects, corporate governance, enterprise
enterprises and reported annually. The Ministry oflevelopment, innovation and research and others.
Finance of Ukraine by order of 07.12.2018 approved the




