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Hocnioxceno npouecu ynpasininus iviyiauicto npoexmis
oyoisnuymea npomucaoseux 06’ckmie. Pozensanymi cneyu-
Qiuni pucu npoexmie 6yoisHuyumea npomuciosux 06’cxmis,
AKI 6NAUBAIOMd HA CMPYKMYPY HCUMMEBO20 UUKILY NPOeK-
my, epagik tioeo inancysanns ma 6UIHAUAIOMBCA MeX-
HOJLOZIMHUMU naApamempamu Ho6020 0yoiéesvHoz0 00’cxmy.
Busnaueno, wo cyuacnuil incmpymenmapiii ynpasainns npo-
uecamu ininyiauii npoexmie ne 30amen noéHo Mipoio 3abes-
nevumu nepeonpoexmuuil anaai3 aabMEPHAMUBHUX BapPi-
anmie npoexmie Oyodisnuymea npomucaosux o6’cxmis. Ile
00TpYyHMOBYE HeOOXIOHICMb CMEOPEHHA KOMNILEKCHOZ20 MEMO-
0y ananizy npoexmie 0yoieHUUMEA NPOMUCTOBUX 00 €KMi6 HA
emani iniyiauii, axuil 6yde epaxosysamu cneyudixy npoex-
mie ma 3a0060HAMU nNOMPedU iHiyiamopis.

Pospobneno inmezpauiiino-ananimuunuii memoo iniyia-
uii npoexmis 0yYoiBHUUMBA NPOMUCIOBUX 00 €KMIB, AKUL MAE
KOMNAeKCHUL Xxapaxmep, 6paxo6ye cneuudiky iHcummesozo
UUKY Oanux npoexmie, 6UCOKUI PiGeHb THHOBAUIUHOCMI Mma
Heobxionicmb Y cneyudivnux pecypcax. 3anpononosanuil
Memoo Mae NOKPoKosy npoueoypy 6UKOHAHH, W0 3ade3nerye
imepayiinuil npouec amnanizy npoexmis 6Gyoienuymea npo-
MUca08ux 00’ckmis, ma 00360J€ npuiHAmMU 00TPYHMOBAHE
pluenns npo 8idmosy 610 peanizayii npoexmy, He 6UKOHYIOUU
ycix kpoxie memooy. Ile, 3a ymosu nedouinvrocmi peaniza-
uii npoexmie GyoisHuUMEa NPOMUCTOBUX 00’ €KMiB, 3HAUHOIO
MiIpo10 CKOpoUuye wac HeodXionuil 0 nepednpoexmnozo ana-
i3y anvmepHamus, ma 00Cs2 6UMPAEHUX KOUMIG.

Ilepesazoro peanizauii inmezpauiiino-anailimuunozo me-
mody iniuiayii npoexmie OyoienuuMEa NPOMUCAOBUX 00 €K -
mie € eKOHOMIA Hacy ma pecypcis, He0OXiOHUX 01 Ynpaein-
Ha npoyecamu iniyiauii npoexmie 6yoieHUUMBEA NPOMUCTOBUX
06°exmie. Ile docaeacmovcsa 3a80axu inmezpauii ma adanmauii
ICHY04020 AHANIMUYHO20 THCMPYMEHMAPI0 Y KOMNIEKCHUL
Memoo WAAXOM BUKTIIOUEHHS 6UNAOKIE8 NO0BIUH020 PO32as0Y
aHan0IMHUX NOKA3HUKIE, MA MAKux, Ki Ha 0aHomy emani
He Maiomb K10406020 3nauenns. Ta 3asdaxu Popmyeantio
npouedypu peanizauii memooy, saxa 8idnosidae cneuudiuno-
MY HCUMMEBOMY UUKIY NPoexmié 0YoieHUUMeEa npomMucio-
eux 06’cxmie

Kmouosi crosa: npomucaosuii 00’cxm, ncummeeuil yux
npoexmy, cneyuiuni pecypcu, iHHo8auiuHicmo
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It is a complex and large-scale task to obtain sufficiently
reliable qualitative and quantitative forecast of estimates for
the implementation of a project to construct industrial objects.
First of all, it is related to the need in a large volume of capi-
tal investments to provide specific resources and a necessary
amount and variety of unified resources for a construction
project. Second, due to the need to obtain a certain value of
investments effectiveness in the absence of a single indicator for
the probability of reimbursement of expenses.

Modern conditions for the implementation of projects
related to construction of industrial objects change very rap-
idly due to instability of the economic situation; therefore,
it is appropriate to base rules for estimation of a quality of
investment projects on the investor’s policy. That is, the basis

of a decision-making process on the initiation of a project is a
comprehensive assessment of the potential of a future industrial
enterprise in terms of both business operation and production
process, that is, the effectiveness of future technology. The first
step in the procedure for the selection of the most effective solu-
tion in the process of initiation of a project is to form an array of
indicators for each phase of PCIO initiation. Indicators will be
the basis for a decision on feasibility of project implementation.

At present, tools and methods for making managerial de-
cisions are usually narrow-minded and focused on analysis of
a separate project component, whether it is competitiveness of
a new product, or economic efficiency of an industrial object,
etc. Such detailed specialization in one direction provides
high-quality and cost-effective analysis for each project area.
Taking into consideration a large scale and complexity of
PCIO, a cost of such an analysis at the initiation stage amount




to about half of a total project investment. However, it is not
correct to spend such significant funds for activities that may
not bring in results in the case of refusal to implement PCIO.
This fact indicates the low feasibility of performing such a
thorough analysis of PCIO at the stage of its initiation.

That is, there is a contradiction between a need for an
in-depth analysis of PCIO at the initial stage and the im-
perfection of means to achieve this objective in the form of
integrated analytical methods, which take into consideration
the specificity of PCIO.

Thus, the issue of ensuring a selection process of the most
promising PCIOs at the stage of initiation based on appropri-
ate scientific tools is relevant both in applied and theoretical
aspects. It needs scientific consideration and revision.

2. Literature review and problem statement

An analysis of modern tools used for pre-investment anal-
ysis of alternative project variants showed that bases of models
and methods are different components of a project or combina-
tions of components. For example, paper [1] proposed a method,
which makes it difficult to predict time parameters of realiza-
tion of a construction project of an industrial object without
taking into consideration time required for a purchase of equip-
ment, its installation, testing and operation. The approach does
not make it possible to establish accurate forecast efficiency
indicators for an entire project, and therefore this methodology
cannot fully meet needs of PCIO investors.

The method presented in work [2] allows running an anal-
ysis of a construction project to select the most effective system
of financing. That is, the methods provide analysis of all pos-
sible sources of funding for a construction project and options
for their ratio to ensure optimum cash flow necessary to meet
project needs. Since the base of the approach is CRM, determi-
nation of a size of required investments and possible options for
aratio of funding sources, we can state that the technique is ap-
propriate at the stage of project planning. In addition, such an
analysis is large-scale and complex, and therefore it has a high
cost, which makes its use unjustified from an economic point of
view at the stage of initiation of PCIO.

Authors of paper [3] proposed a method for planning the
cost of construction-and-energy projects, which takes into
consideration a change in a cost of resources over time, invest-
ment and time limitations of a project. The method takes into
consideration dynamic changes in the environment of a project,
and makes possible to predict the most accurate cost of a con-
struction project in a long run. However, a use of the method
for analysis of projects that have a lifetime of up to one year
is not appropriate, because a base of the method of planning
of a cost of construction-and-energy projects is a procedure of
reduction. A change in a basic indicator of it occurs once a year.
Consequently, the method is not relevant for PCIO analysis,
since realization of such projects takes up to 1 year.

During the analysis of a project, authors of study [4] sug-
gested, first of all, to identify and assess risks of a construction
project, to compare risks by a level of criticality, and to decide
on appropriateness of realization of a construction project based
on results obtained. Authors of [4] proposed to apply this ap-
proach primarily to “green building” projects. Such specializa-
tion justifies inclusion of various estimation procedures that are
not applicable to industrial objects construction projects to the
procedure of risk analysis of a project. In addition, the method
of assessment of feasibility of a project based on its riskiness

does not provide a full amount of necessary information for
making an adequate management decision. This demands more
attention to development of complex methods for assessment of
projects at the initiation stage from the scientific community.

Authors of the study presented in paper [5] proposed a
mechanism for structuring of a decision-making process in
construction projects in the presence of constraints, such as
resource shortages or specific project limitations and organi-
zational limitations. The basis of the mechanism is an analysis
of partner relations between stakeholders of a project, and a
change in an additional cost of a construction project. Such
an approach is appropriate for implementation of construction
projects of low innovation level. Since PCIOs are highly inno-
vative projects, this method of estimation of the predictive cost
of a project is not appropriate. In addition, the base of PCIO is
an offer of a partner-supplier of specific equipment.

In work [6], authors conducted a study of the 50-year con-
struction and operation of an American bridge. The result of the
study was the discovery that a use of all opportunities created
by a project and an increase in benefits of a project requires in-
volvement of many categories of stakeholders. They discovered
also that interested parties are more involved in a project when
they are proud of it. They determined that it may take a long
time for some project-related capabilities before their applica-
tion and achievement of appropriate benefits. These results are
important in the view of authors of an article, since the specific-
ity of PCIO is largely the same as in the project studied in the
work. PCIOs have a large number of stakeholders, and a signif-
icant part of the success of a project depends on performance of
their activities. Results of a project have a long-term use.

Authors discussed management of relations with suppliers
and/or subcontractors in construction projects in paper [7],
they found that these relationships are critical due to the addi-
tional dependence of completion of work on them. However, it
is unclear what factors influence such relationships in construc-
tion projects. Data collected by the authors of the study demon-
strated how different aspects of relationships with suppliers
and/or subcontractors can affect project outcomes. In study [8],
authors noted that the competence of human resources of a
project is a critical indicator, which needs analysis at the stage
of project initiation. Because their value depends on achieve-
ment of the most part of results of a construction project.

Thus, we should note that there are many studies focused
on development and improvement of methods of analysis of
construction projects. Their results give possibility to decide on
feasibility of implementation of construction projects. However,
bases of all the methods are various aspects of project analysis,
such as time of project implementation, its cost, human and
other resources availability, etc. PCIOs are complex projects,
and therefore, they require a comprehensive and thorough
analysis, that is, integration of analyzed methods and tools. In
addition, the method of PCIO analysis at the initiation stage
should take into consideration the fact that the primary factor
is an offer of suppliers of specific equipment, which will ensure
a technological process of production further. That is why
the issue of development of a complex integration-analytical
method for initiation of PCIO is relevant. It requires scientific
consideration and revision.

3. The aim and objectives of the study

The objective of the study is to develop an integra-
tion-analytical method for initiation of construction projects



for industrial objects. It would make it possible to bring
down resource and time expenditures required for an analy-
sis of alternatives to PCIO at the stage of project initiation.

We need to solve the following tasks to achieve the
objective:

— development of a mechanism for formalization of the
idea of PCIO as an investment object;

—development of a procedure for analysis of the market
for implementation of PCIO innovative products;

— improvement of the method for analysis of competitive
advantages of PCIO innovative product;

—improvement of the model of selection of a supplier of
specific equipment for PCIO implementation.

4. Materials and methods to study the processes of
complex multicriteria analysis of PCIO at the stage of
initiation

The untypical architecture of the initiation phase of PCIO
requires an integrated approach to its realization. That is, a use
of a set of methods of investment, marketing and innovative
nature. It is expedient to structure them according to stages of
a conceptual model of the initiation phase of PCIO initiation
presented in paper [9]. There is a modified express-estimate
based on sectoral coefficients applied at the stage of formaliza-
tion of PCIO idea. There is a comparative step-by-step analysis
according to characteristics of the market, a product of PCIO,
consumers and competitors adapted to the specifics of PCIO at
the stage of the analysis of the market for implementation of a
product of a new industrial object. It includes the LONGPEST
analysis. There is a procedure of assessment of the innovative
potential of PCIO based on the model of product competitive-
ness applied in the analysis of competitive advantages of a prod-
uct of a new industrial object. Selection of a supplier of specific
equipment for an industrial object goes according to a supplier
choice model based on a fuzzy logical method, which uses com-
positional aggregation rules for description of alternatives with
information on advantages of a decision maker. The final step of
the integration and analytical method of initiation of projects
for construction of industrial objects is a procedure of making a
decision on acceptance/refusal of realization of PCIO.

4.1. Development of a mechanism to formalize the
idea of PCIO as an investment object

The first stage of the integration-analytical method of
initiation of projects of construction of industrial objects is
formalization of the idea of PCIO as an investment object. At
this step, we define the following: investment attractiveness of
industrial activities for PCIO realization.

Authors of papers [10, 11] proposed to carry out forecast-
ing of a market situation for the choice of main directions of a
strategy of investment activity and formation of an investment
portfolio of an enterprise. But this process is rather large-
scale, high costly, descriptive, little formalized and, in most
cases, subjective. Therefore, in order to determine investment
attractiveness of PCIO industry, we propose to use a modified
express-estimate based on the industry coefficients method.

The method of sectoral coefficients refers to the compar-
ative approach of assessment of company value in the classic
version. It represents a combination of two following methods:
companies-analogues and transactions. A base of calculations
are multipliers, i. e. coefficients, which characterize the depen-

dence of the market value of companies-analogues on the main
indicators of an enterprise (revenue, net profit, etc.). Here, the
main indicators are:

1) Revenue (Sales, S), a.u.;

2) Net profit (Earnings, E), a.u.;

3) Company Value (Enterprise Value, EV) is an analytical
indicator, which is an estimate of a company’s value taking
into consideration all sources of its financing such as debt
obligations, preferred and ordinary shares and a share of ex-
ternal owners. The advantage of this indicator is that it takes
into consideration company’s obligations in terms of its short-
term and long-term debts. The lower the value of the indicator
is, the higher is the return on the invested capital.

We can calculate EV as:

EV=MC+ND+MI, )

where MC (Market Capitalization) is the market capitalization,
a.u.; ND (Net Debt) is the net debt, a.u., MI (Minority Interest)
is the cost of shares owned by external owners in subsidiaries of
a company, it is not part of the controlling share, a.u.

In turn, we can calculate MC and ND by formulas (2), (3):

MC=SPxS0, 2)

where SP (Share Price) is the market value of a share, a.u.; SO
(Shares Outstanding) is the number of shares in circulation.

ND=STD+LTD—-CCE, 3)

where STD (Short Term Debt) is the short-term debt, a.u.;
LTD (Long Term Debt) is the long-term debt, a.u.; CCE (Cash
& Cash Equivalents) are cash and cash equivalents, a.u.

4) Earnings before deduction of interest, taxes, depreci-
ation and amortization (EBITDA) shows a financial result of
a company, excluding an effect of a structure of capital (that
is, an interest paid on borrowed funds), tax rates and amor-
tization policy of an organization. The indicator is useful for
comparison of enterprises that are in one industry, but have
a different capital structure. Investors focus on EBITDA as
on an indicator of the expected return on their investments.
We can calculate EBITDA:

EBITDA=P(L)BT+(PP+A), (%)

where P(L)BT (Profit (loss) before taxation) is the profit
(loss) before taxation, a.u.; PP (Percentage to be paid) are
the compulsory interest payments, a.u.; A (Amortization of
fixed and intangible assets) are the amortization charges
from fixed assets and intangible assets, a.u.

Application of the industry coefficient method for assess-
ment of future business is complicated in a pure form because
of lack of a necessary information base. However, we can
use its basic principles for express assessment of industry’s
approximate attractiveness in order to determine its invest-
ment potential. Conduction of a comparative analysis of
results of a rapid analysis of several industries will determine
a technological orientation of PCIO from the position of the
forecast of the highest investment effect. In this perspective,
the express assessment by sectoral coefficients will include
the following main stages (Fig. 1):

—identification of the industry;

—selection of analogue companies;



—identification of factors of growth of value
inherent in the industry;
— determination of an average industry value.
A quality of a sample of analogue companies
determines accuracy of estimation of the invest-
ment potential of the industry by the indicated
method largely. A sample should include about
5-10 domestic analogue companies, as cost coef-
ficients of foreign companies reflect a level of in-
vestment risk differently from the Ukrainian level
and another stage of a life cycle of the industry.
The implementation of the express method
requires definition of a list of factors that affect
a value of analogue companies in a particular in-
dustry. To do this, we need to study marketing re-
search materials, analytical reviews, and to collect

C Study of priority industries >

To form a sample of the
Ukrainian companies-
analogues

Sample consists of less than
five companies

the following indicators of company’s multipliers:
a ratio of the market value of a business (EV) to
the reporting date to earnings (§) and EBITDA

To identi

for the industry

To choose another method

growth factors )se at
of estimation of a cost

on the previous reporting dates and forecast date.

Since marketing research and analytical re-
views may not be sufficient (in particular, it is
not possible to determine why cost coefficients
of any company are higher than others) for a
full analysis, it is advisable to calculate the
main financial indicators of analogues based
on them, namely:

—arevenue (S) for each year

S=EV/(EV/S), 5)

—a profit before deduction of interest, taxes
and amortization (EBITDA) for each year

EBITDA=EV/(EV/EBITDA), (6)

— EBITDA growth rate as a ratio of a value for the next
period to the previous one deducting 100 %.

We can rank analogue companies by “Cost/EBITDA”
multiplier and construct a trifactor scoring model on the
basis of the obtained financial indicators. Table 1 presents
the template of a model.

Table 1
Template of a scoring model to rank
the industry’s cost coefficients
Revenue | EBITDA Forecast
Rank by EV/ () growth | of EBITDA
Company | EBITDA multi- b Wb
lierinT-1,% | Y=L | by I=1, | growthby
P ’ ths. a.u. % T, %
2 _ _ _ _
N — — — —
Average per B B B N
industry

We can determine the most attractive sector of invest-
ment placement based on the comparison of indicators of
scoring models of different industries. We also can identify
potential competitors and establish a forecast level of prof-
itability of an enterprise to ensure its competitiveness, and
hence the expediency of PCIO realization.

To perform ranking of cost
coefficients of the industry

!

To determine the most attractive industry for
investments by the comparative method

Fig. 1. Scheme of the express estimate of investment

attractiveness of the industry

4.2. Development of a procedure for analysis of a
sales market for a new industrial object

Making a decision on the initiation of PCIO requires to
carry out a forecast analysis of product’s realization of a new
industrial object based on market monitoring. There is a large
number of indicators, by which we can analyze trends and build
trends in market processes. However, a detailed analysis of all
indicators is not feasible for the analysis of the market environ-
ment for PCIO realization, since a large number of indicators
for this analysis are long-term, high-value and complex. There-
fore, we propose to apply a step-by-step comparative analysis
of aggregate indicators of the market environment for PCIO
realization. Table 2 gives the scheme of market analysis.

Let us consider these indicators in more detail. The first
indicator of market analysis for a new product is profitability
of a selected market segment. Of course, sales profitability is
individual for each individual company and depends on a cost of
production and on a price of its sale. For a new industrial object,
we can use the ratio of a product price to its cost as an indicator
for the analysis of profitability of a selected market segment. We
denote it as p. We can calculate the ratio by formula (7):

p=¢/pc, )
where ¢ is a unit price, a.u., pc is a cost per unit of a product
for a new industrial object, a.u.

If we use the maximum market value of a unit of a product
for calculation, then this ratio reflects the maximum level of
profitability of a segment for a given industrial object. The min-
imum level of profitability for an industrial object is one, that
is, a price of sales is equal to its cost. If the calculated value for
PCIO is p<1, then the output of a new product on the market is



not expedient, since it will bring the corresponding losses. It is
a known fact that the higher a rate of return, the better for an
industrial object.

However, at the first step of the

where ES, is the capacity of the market segment at ¢ time, ths.
prod. units, K is the capacity of the competitive market segment
k at t time, ths. prod. units, p is the number of competitors.

market analysis, it is also advisable ’1-Anal}’$is of the market

segment profitability. Determining p,,, ‘

to determine which rate of return is

acceptable for a new industrial object. ’The segment of the market is profitable

p>1

\
The segment of the market is not profitable D
p<l

That is to calculate p,,, which will

show a level of profitability of a new en-
terprise to ensure successful operation.

2. Analysis of the stage of life cycle of the market segment

We propose to use this indicator .

as the basis for further market anal- | Growth | | Decline | | Maturity |
ysis, as it is the main characteristic v v ¥
of results of enterprise operation. It Intr(;)ductlor}ll ofa nl:: W Introduction of a new Additional analysis of the
is expedient to consider the rate of (e HERTT cjmarkel, product with a high expediency of introducing a
P not necessarily with a - - <] >

. T : f level of innovation to new product to the market

return in dynamics. high level of the market
That is, we must take into consid- Inoyaion
eration that the indicator may vary W, O/
in dependence on the stage of reali- 3. Analysis of the ability of a new industrial object to meet the need in a new
product for a market segment

zation of a project of construction of
a new industrial object and stages of ’ Capble ‘

life cycles of a new enterprise and an >F
innovation product. Q)

\;

Not capable
f<F

The indicator of a growth rate of a
segment shows dynamics of a change Determining a strategy for
in a size of a market segment over |profitability norm with and

4. Analysis of competitors by characteristics: size, market coverage, brand rank, etc.

interaction with competitors and its cost. Calculation of a
/or after implementation of the strategy p;

time. The growth rate of a market seg-
ment is closely related to a life cycle ’

of a product segment of the market

Project is feasible ‘
and a degree of innovation of a new

pszpﬂﬁt

’ Project is not feasible D
Ds<Popt

product of an industrial object. Thus, 5. Analysis of technological capabilities of a new industrial object. Determining the

total index T’

if the considered existing products of

the market segment are at the stage /\\_

Refusal to implement the project

of implementation, then we can state ’ Te[8;9] ‘ ’ Te[5;7] ‘ ’ Te[3;4]

that the market has high growth rates, I

¥

sale of new products. If products of
the market segment are in the stage of Q)
maturity, that is, the maximum seizure

and therefore there is potential for the
PCIO implementation
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of the market segment, then the output ’ 6. Analysis of customers of new product. BusnadeHns cymapHoro nokassuka U. ‘
of a new product on the market will /N
require high additional costs. However,
p . ’ Ue[10;12] ‘ ’ Ue€[7;9] ‘ ’ Ue[4;6]
if segment products are in a downturn, .:
then growth rates of the market seg- v v
ment are absent or even have a negative : . Additional analysis on
o - PCIO implementation ctis :
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Thus, we can state that strate-

gies for introducing a new innovative A

product to the market with varying
degrees of innovation differ depend-
ing on the stage of a life cycle of the
market segment. Fig. 3 shows this.
We can determine the stage of

Environment is favorable

L/

’ PCIO implementation ‘

Environment is not
favorable

the life cycle of a market segment at a Fig. 2. Scheme of analysis of the market regarding a new industrial object

particular moment by the analysis of

a magnitude of a difference between the maximum capacity
of a market segment ES and a size of an offer of competitors
K at different times. The formula for calculation of the differ-
ence has the form (8):

P
AES,=ES, - Kk, (8)

i=1

If the dynamics AES, has a downward trend, then this
indicates that the segment of the market is on the rise. If its
rising — then the segment is at a stage of decline, and if the
dynamics is constant conditionally (the deviation is not sig-
nificant), then the segment is at the stage of maturity.

To perform the analysis in this way, we should take into
consideration an impact of seasonality on a magnitude of



sales of certain types of products, as well as an average life
cycle of products. They determine a choice of a correct time
period for analysis of a life cycle of a market segment.

the strategy of bringing of a new product to the market. It is
advisable to analyze probability of entering of newcomers to
the market and to formulate mechanisms for responding to

High
PER
é“%b 22| | Product with a
_gé’g g high degree of
28%0 innovation
SEEE
w=g
\\ Product with a
S~ low degree of
' ] innovation
Low -
Growth Maturity Decline Stages of LC of the

market segment

them with the establishment of a re-
serve fund in advance. The indicator
of diversity of a products range is of
great importance in this segment of
the market, since the larger a product
range is, the more difficult and more
expensive is to bring an innovative
product to the market.

In addition, it is necessary to ana-
lyze existing sales channels during the
analysis of the market for implementa-
tion of a new product of an industrial
object. In particular, it is necessary to
consider a degree of their monopoliza-
tion. Thus, the introduction of a new

Fig. 3. Expediency of introducing a new product to the market

The capacity of the market segment is an absolute in-
dicator, and it can have different sensory load for various
industrial objects. This indicator is complex in terms of its
interpretation, and as a consequence, application. Therefore,
it makes sense to use a relative indicator, which shows the
ability of a new industrial object to provide a free market
segment and a segment planned to capture from competitors
with innovative products in the analysis of the capacity of
a market segment. We denote this indicator as F, then the
formula for its calculation will take the form (9):

F=E-K+(K*m), )

where E is the capacity of a market segment, ths. prod. units,
K is the capacity of a market segment, which belongs to
competitors, ths. prod. units., m is the percentage of a market
segment of competitors planned to capture, shares of a unit.

We determine the magnitude of production of an in-
novation product by a new industrial object as f, then the
condition f>Fis obligatory for the full coverage of a potential
market segment. Moreover, the minimum / value, at which
production of an innovation product is possible, is equal to
a volume of production at the break-even point, that is, fbp,
ths. prod. units. We calculate it from formula (10):

Jbp=fc/(c~ac), (10)

where fc are the fixed costs, a.u., ¢ is the price per unit of a
product, a.u., ac are the average variable expenditures per
unit of product, a.u.

Consequently, the conditions fop<f and f>F are obligatory
to meet needs of consumers in the potential market segment.

The next indicator is the analysis of competitors in the
industry. We can use an indicator of coverage of a market
segment for analysis. Thus, if a share of coverage is more than
fifty percent, then this company is a leader in the industry.
High investment volumes are necessary for the competitive
struggle with it in the early stages of operation of a new in-
dustrial object. If there are many small and large competitors
in the market segment, the process of bringing a new product
to the market requires lower investment costs. Popularity
of a competitor brand is also important, because the more
popular a brand is, the more money you need to spend on

product of an industrial object into
the market in the presence of monopo-
lized channels of product sales is com-
plicated because of a need to conclude
contracts with existing sales channels.

Thus, at this step, it is necessary not only to conduct
a detailed analysis of competitors, but also to determine a
strategy of interaction with them. After determination of a
strategy, it is necessary to determine its value and to calcu-
late a rate of return of a new industrial facility during and/
or after implementation of the strategy, i. e. to calculate p;.
We should take into consideration the fulfillment of the con-
dition pg>p,, at consideration of the decision on feasibility of
implementation of a project for construction of a new indus-
trial object. We propose to refuse the realization of a project
if there is no fulfillment of the condition, or to determine
how much lower is the calculated rate of return value than
the acceptable norm for a company and how it changes over
time, and then to draw conclusions on feasibility of a project.

The next step is to analyze technological capabilities of
a new industrial object, in particular: a level of production
manufacturability (iy), speed of innovation introduction (i,)
and resource availability of production (i,). These indicators
are subjective, because they depend largely on expert judg-
ment or a decision maker. Therefore, it is expedient to bring
their linguistic characteristics to score points for adequate
application in conduction of market analysis, and to draw a
conclusion on the feasibility of a project based on the amount
of points. Table 2 presents the scale of linguistic characteris-
tics of the indicators with corresponding score points.

After determination of a score of each indicator, we
determine the total indicator of manufacturability of new
production T by the formula (11):

T=iytiytiy, (11)

where T is the total indicator of manufacturability of new
production, point, i, is the score assessment of a level of
manufacturability of PCIO production, point, i, is the score
assessment of a speed of innovations introduction in new
production, point, i, is the score assessment of resource avail-
ability of new production, point.

If the total index is Te[8; 9], it is advisable to decide on
the implementation of PCIO, since such high values of the
indicator prove a high level of manufacturability of new pro-
duction, which is a potential competitive advantage, as well



as a barrier for an output of other enterprises with similar
products to the market.

Table 2
Scale of linguistic characteristics
with corresponding score points
Indicator Linguistic characteristic Score
Lof : " Low level 1
Level of manu dgtur%b1 i- Medium level 9
ty of production (i) :
High level 3
dofi ) Low speed 1
Spee 0 1nI}ovat'1 ons Medium speed 2
introduction (i,) -
High speed 3
Resources are specific and 1
Labilitv of inaccessible
Resources avarlability o Resources are available 2
production (i,)
Resources are unified and 3
distributed

If Te[5; 7] it is expedient to carry out an additional analysis.

The purpose of it will be identification of opportunities
to improve a level of manufacturability of new production. If
there are such opportunities, it is necessary to carry out an
assessment of the cost of implementation of innovations, and
an analysis of how innovation will affect the rate of return on
a new industrial object. If the calculated rate is significantly
lower than p,,, then it is necessary to refuse from a project,
if the indicator has a minor deviation, then we should accept
a project for implementation.

If Te[3;4] it is better to refuse from implementation of
PCIO, since this production will have a low level of innovation,
and as a consequence, a significant number of competitors.

We propose to assess preferences of consumers of products
of anew industrial object at the next step of the market analysis.
The base indicators for the analysis are: a frequency of use of a
product of a new industrial object (uy), consistency of a demand
for a new product (), a hidden demand for a new product (u)
and a level of loyalty to existing products in the market ().

Calculation of mentioned indicators in absolute terms
is expensive and long-term process. Calculated data may
have a large error if a level of innovation of a new product is
high. This may lead to over-expenditure on implementation
of PCIO. Thus, it is necessary to conduct an analysis of
consumers’ preferences to conclude on feasibility of a project
at the stage of its initiation. We propose to do this in scores.
Table 3 presents the scale of linguistic characteristics of the
indicators in score points.

After determination of a score estimate of each indicator,
we can calculate the total indicator of preferences of con-
sumers of new production U according to formula (12):

U=urruc+uptuy, 12)
where uy is the frequency of use of a product of a new indus-
trial object, point, u, is the consistency of demand for a new
product, point, uy, is the presence of a hidden demand for a
new product, point, u; is the level of loyalty to existing prod-
ucts on the market, point.

If Ue[10; 12], then it is advisable to implement a project,
because high scores indicate that consumers are interested
in a new product.

If Ue[7;9], then an additional analysis of a structure
of the indicator is necessary, that is, it is necessary to

determine which components are low and how to improve
characteristics of a new product in order to increase U. It is
also necessary to determine a cost of such improvement of
a product and to determine how this will affect the rate of
return for an enterprise. If the calculated norm has an in-
significant deviation, then it is advisable to accept a project
for implementation, and if it is significantly lower than p,,,
then it is necessary to refuse from a project.

If Ue[4; 6], implementation of a project is not appro-
priate.

Table 3

Scale of linguistic characteristics of indicators with
corresponding scores

Indicator Linguistic characteristics Score
Frequency of a use of a Seldom or never 1
product of a new indus- | Sometimes, from time to time 2

trial object (uy) Often 3
Consi td d Alternating demand 1
onsistency of deman Conditionally steady demand 2
for a new product (u)
Steady demand 3
Hidden demand is absent, or it {
b ¢ hidden d has no significant value
resence ol mdden €€ 'rp qden demand is present, but
mand for a new product . . S 2
() its value is not critical
Hidden demand is present, and 3
has a significant value
Level of loyalty to High loyalty level
existing products in the Medium loyalty level 2
market (). Low loyalty level

The next step is the LONGPEST analysis. This is a
variation of the traditional PEST analysis, which makes
possible to determine environmental conditions favorable
for project implementation. LONGPEST analysis includes
evaluation of all factors at the local, national and global
levels. These estimates make possible to get an idea of a
state of the external environment at a particular time, and
to predict likelihood of changes in subsequent periods. If
results of LONGPEST analysis on environment are favor-
able, then we should implement a project. If not, we should
discard a project, because it is almost impossible to reduce
an impact of the external environment on a project, and
it is not feasible economically to operate under adverse
conditions.

Thus, the proposed scheme for assessment of the market
for implementation of a new industrial product gives possi-
bility to reduce time and resource costs for analysis and not
to lose a significant value of evaluation accuracy, which is
of high importance at the initial stage of PCIO. We chose
the rate of return of a new industrial object as the resultant
indicator. And we should make the decision on implemen-
tation of certain PCIO works based on a deviation from its
planned value.

4. 3. Improving the method for analysis of competitive
advantages of a product of an industrial object

There are two groups of parameters of competitiveness of
goods in the classical theory of marketing (Fig. 4).

Companies need to find new properties of already known
products to gain sustainable competitive advantages, es-
pecially at the stage of creation of a new enterprise, or to



enter the market with a non-taxable product. That is, one
of the important factors that can affect competitiveness of
both individual goods and business in general, is application
of various types of innovations in production. It improves
production and financial activities in a new and existing
institutional environment significantly. That is why we pro-
pose to base the methodology for assessment of competitive
advantages of a product of an industrial object on indicators
of its innovative potential.

The basis of the methodology is the mathematical model
of product competitiveness based on the following:

—selection of competitor products must consist of not
less than three units;

— provision of standards for possibility of comparison of
characteristics of goods that have different dimensions;

— it is necessary to rank goods according to a degree of
priority according to expert assessments or assessment of a
decision maker (DM) taking into consideration that charac-
teristics of goods have different degrees of importance for a
consumer;

— it is necessary to take into consideration that the most
successful value of a particular criterion can be as maximum
(for example, profit per unit of product) as minimal (for
example, cost of goods) in assessment of criteria of an inno-
vative product, which compares alternatives;

—since not all criteria have numerical parameters (for
example, a color of a product), it is expedient to assign a
numeric (score) value to each value and to determine the
highest priority value (minimum or maximum).

Experts or DM determine the priority of product param-
eters (importance) by points in the range from 1 to 10, then
we can determine the sum of priorities for a whole set of char-
acteristics. We can determine the individual relative priority
for any parameter by a ratio of its own numerical priority of a
parameter to the sum of all priorities by formula (13).

a,=—"—, (13)
where q; is the relative priority of any i-th parameter; 7, is

the numerical priority of any i-th parameter; n is the number
of parameters, which we need to compare.

The sum of all relative priorities is equal to unity.

We denote a standardized value of the same parameters
relatively to the best parameter of any of the compared vari-
ants as [;.

We carry out standardization of product parameters
by the ratio of single-type numerical characteristics of
parameters of all competing goods to numerical charac-
teristics of a parameter-leader, which we take as a unit.
Parameters of other competing goods will be a fraction of
a unit. That is, if a parameter, under which the comparison
goes, maximizes, then we choose the largest numerical
value of this parameter among alternatives presented, and
we take this value as the reference one, that is, p;=1. We
obtain the remaining p; values by dividing the numerical
characteristic of the compared indicator into a reference
value.

If the parameter, under which the comparison goes,
minimizes, then we choose the least value of this param-
eter among the alternatives presented, and we also take
this value as the reference, that is, p;=1. But we obtain
the calculation of other y; values by dividing the reference
value into the numerical characteristic of the compared
indicator.

Thebasisforevaluation of competitivenessofeach optionis
the calculation of the indicator of innovative potential M; (14)
by calculation of the maximum of the weighted sum. The
leader will be a product that receives the highest value of the
sum of products of the priority coefficient a; on the standard-
ized value of y;characteristic.

M, =2uijal. = max, 14)

i=1

where p;; is the normalized value of i parameter and j al-
ternative.

To calculate a coefficient of fluctuation of the standard-
ized characteristics relative to the innovation potential, it is
necessary to determine a mean square deviation according
to the formula (15).

Gj =4 Z(Hiij)zaiv
i=1

where o; is the root mean square deviation

(15)
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Fig. 4. Traditional system of indicators, which characterize competitiveness of goods

as an ideal product, then the innovative
potential for M,,, is also equal to one. We



determine a level of deviation of characteristics of an innova-
tive product from the ideal by formula (17).

A]ije,,:lfl\lj, A7)
where AMj,,,, is the deviation of innovative potential of an
alternative from the ideal value. This indicator should tend
to a minimum, since the most attractive is the alternative,
which is closest to the ideal.

For further analysis, we compare innovative products in
pairs. We form pairs from the nearest competitors and take
the indicator with the maximum value of the innovative
potential. That is, we calculate a private index and a general
index of advantages of an innovative product over its closest
competitor according to the formulas (18) to (21).

We calculate the private index of an advantage of an in-
novative product over the nearest competitor by mathemati-
cal expectation (innovative potential) as follows:

Ty = M~ M

M,

a

, (18)

where Mj,, is the value of the innovation potential of an inno-
vative product; Mjcoy is the value of the innovation potential
of a competitor’s product.

This indicator shows how an innovative product ex-
ceeds the competitor’s product by the indicator of the
innovation potential.

Similarly, we calculate the index of deviations from the
ideal value (19).

- AM

J _ jbestcom Jjbestp
AM,,,, ,
Jjbestcom

(19)

where AMj;q,, is the value of a deviation of the innovation po-
tential from the ideal value of an innovation product; Mjpesicom
is the value of a deviation of the innovative potential from the
ideal value of a product-competitor.

This index shows how much the innovative product ex-
ceeds the competitor’s product by the rate of deviation of the
innovative potential from the ideal value.

We calculate the index of fluctuations of standardized char-
acteristics relative to the innovation potential by formula (20).

.]w' _ Yjeom —Vip ,

Y joom

(20)

where yjcon is the value of fluctuation of standardized character-
istics relative to the innovation potential of a competitor prod-
uct; yj, is the value of fluctuation of standardized characteristics
relative to the innovation potential of an innovation product.
We calculate the general index of an advantage as the
sum of private indices. It shows the total amount for which an
innovative product exceeds a nearest competitor product (21).
Jcom:JA/[j+jAA/ijer+]yj4 2D
4. 4. Improving the model for choosing a supplier of
specific equipment for an industrial object
There are different methods to solve the problems of
selection of effective technological solutions from a certain
set of options. A focus of most of them is a use of cardinal
(numeric) information. Such methods include a method of
prioritizing, a score rating estimation, a method of accept-

ability categories, a method of costs estimation, a method
of dominant characteristics, etc. However, there are tasks
that require information of an ordinal (serial) nature or in-
formation of both natures at the same time in the practice of
decision-making on initiation of PCIO. That is, in presence
or absence of information about importance of performance
indicators, because of the need to take into consideration
many factors of economic, technical and productive nature.

Making an economically sound and well-grounded man-
agement decision to purchase specific equipment gives pos-
sibility to minimize investment costs of PCIO, and, in the
future, operation costs of an enterprise.

Selection of a supplier of specific equipment for an
industrial object is complex due to presence of a number
of powerful manufacturers of the same equipment on the
market or to the complete lack of proposals that can provide
the innovative potential of a finished product. In the first
case, it complicates definition of the optimal option, as ag-
gravation of competition forces to improve constantly terms
of sale, service, quality and prices. And in the second case,
it is related to lack of equipment required characteristics.
Therefore, there is a need to create an objective assessment
tool that gives possibility to find reasonable solution, which
meets objectives of PCIO.

It is expedient to use the vendor choice model based on a
fuzzy logical method, which uses compositional aggregation
rules for description of alternatives with information on ad-
vantages for a decision maker. The model will give possibility
to assess expediency of a work with the selected supplier in
the presence of all necessary information that can be pro-
cessed by a relevant information system. According to the
proposed model, a decision-making process consists of the
following steps:

Step 1. Determination of supplier evaluation criteria.

A set of criteria provides the expediency of selection of
a supplier from several possible ones. Experts determine a
weight of some suppliers, analytical calculations — of other
suppliers. We base the proposed model of supplier compari-
son on the following criteria:

Cost of equipment. Typically, this criterion is critical. In
this model, a cost of equipment is a complex indicator that takes
into consideration a cost of specific equipment, a cost of supply
(including transport, customs, etc.), installation works;

Due date of an order. Includes duration of production of
equipment, delivery time and installation;

Terms of payment. Based on availability and volume of
subscription;

Reliability of a supplier. Reliability refers to ability of
a supplier to provide installed quality equipment in accor-
dance with a level of competitiveness and technical parame-
ters at a specified price within certain time limits.

Stability. Characterizes continuity of contract terms.

Quality of equipment. This indicator takes into con-
sideration not only qualitative technological parameters of
equipment and its reliability directly, but also a quality of
technical support of a manufacturer (training, availability
of technical documentation, certificates and other permits,
availability of service, supply of spare parts, etc.);

Competitiveness. A characteristic that reflects a dif-
ference from equipment of a competitor, that is, ability to
provide an indicator of an overall index of advantages of an
innovation product (21);

Environmentally favorable equipment. An environmental
coefficient (k.) characterizes efficiency of any production.



We can define it as a difference between a cost of raw mate-
rials taken per unit and a cost of generated waste (w).

k=(1—0), (22)
where w is the cost of waste production reflected in a per-
centage of a cost of raw materials, a share of unit.
Fluctuations of &, value in the range from 0.9 to 1 indi-
cates high ecological efficiency of production and a low level
of environmental pollution.
Step 2. Installation of a supplier parameters package.
Taking into consideration characteristics of the above
criteria of assessment, we establish parameters for the suppli-
er’s choice: xy is the cost of equipment; x5 is the due date of an
order; x3 are the terms of payment; x4 is the supplier reliabil-
ity; x5 is stability; x¢ is the quality of equipment; x7 is com-
petitiveness; x7 is the environmentally friendly equipment.
The task is as follows: we need to choose one supplier from
N set of potential suppliers that produce similar equipment.
The supplier should meet the requirements specified above.
In accordance with the method of multicriteria selection of al-
ternatives based on the rules of fuzzy derivation [12], N is the
set of suppliers, A is its fuzzy subset, a degree of membership of
elements to it is @ number from the single interval [0; 1]. The
subsets A; are values of X linguistic variable. We assume that
the set of criteria x4, xy, ..., x5, that is, the linguistic variables
given on the basic sets ny, 1y, ..., n, respectively, characterizes
the set of solutions. A set of several criteria with correspond-
ing values characterizes a perception of a decision maker on
satisfaction with an alternative, which is denoted by B vari-
able and it is also linguistic. Bearing in mind the meaningful
characteristics of the supplier’s evaluation criteria, we form an
expression that describes the satisfaction of the alternative. In
general, m expression takes the form (23).

m: If
x1=Ay;, and x9=Ay;, and ... x,=A,;, then p=B,. (23)

Taking into consideration the introduced x symbols, m
expression can take the form:

mq — “If a supplier offers equipment at a low price, time of
execution of an order is minimal, equipment is of the required
quality (high), then a purchase option (supplier) satisfies”;

my — “If a supplier offers equipment at a low price, time of
execution of an order is minimal, equipment is of the required
quality (high) and a company of a supplier proved its reliabili-
ty, then a purchase option (supplier) more than satisfies”;

ms— “If a supplier offers equipment at a low price, equip-
ment is of the required quality (high), the environmental
factor is in the range from 0.9 to 1, a deadline for an order
is minimal, a customer offers convenient forms of payment,
a high level of stability, then a purchase option (supplier) is
optimal to a high degree”;

my— “If a supplier offers equipment at a low price, equip-
ment is of the required quality (high), time of execution of
an order is minimal (high speed delivery), a customer offers
convenient forms of payment, a high level of stability, the co-
efficient of environment is in the range from 0.9 to 1, a supplier
proved to be reliable, then a purchase option (supplier) is very
satisfying

ms— “If a supplier offers equipment of the required quality
(high), delivers in minimal terms (high speed of delivery), a
customer offers convenient forms of payment, a high level of
stability, the environmental factor is in the range from 0.9 to 1,

a supplier proved his reliability and can provide innovative po-
tential, then a purchase option (supplier) more than satisfies

meg— “If a supplier offers equipment at a very high price,
products are of inadequate quality (low, medium), long deliv-
ery times, then a purchase option (supplier) is unsatisfactory”.

For formulation of the rules, we give the following pos-
sible values of linguistic X; and Y variables, which serve to
evaluate suppliers:

my: If Xi=low, Xo=minimal, X¢=high =>Y=satisfies;(24)

mo: If Xq=not high, Xo=minimal, X¢=high,
X,=reliable=>Y=satisfies; (25)
ms: If X{=not high, X¢=high, Xs=satisfying, Xo=minimal,

Xs=convenient, Xs=high=>Y=satisfies; (26)

X =not hlgh, X6=high,

my: I Xo=minimal (high speed delivery);
Xs=convenient, X5= high, Xg=satisfying,
Xy=reliable =>Y=satisfies; 27
Xe= high, Xo=minimal (high speed delivery),
ms: If X3=convenient, Xs=high, Xg=satisfying;,
X,=reliable, X;=provided=>Y=satisfies; (28)
mg: If X{=high, X,=long term,
Xe=low/medium =>Y=is unsatisfactory. 29)

Table 4 presents the values of Y variable given with a use
of membership functions.

Table 4
The value of Y variable
Content value of Y Definition

B= satisfies up(X) =X, x€/
M B=more than satisfies Wy (X)= Jr,xe ]
Bes t=ideal Wp(X)= {1' i,f ¥=1 xe ]

0, if x <1,
SB= very satisfying w(X)=x%x¢e ]
Neg B= not satisfying By (X)=1-x,x€

We choose from N set of alternatives ={ny, no,..., nz}. In
the task of the choice of a supplier, the following fuzzy sets
express a level of assessment:

— low cost

A={a/n,a/n,..a/n}, ae[0:1];
—short time of order fulfillment
B:{b/nl,b/nZ,...,b/nk}, be[O;i];
— convenient terms of payment
C={c/n1,c/n2,...,c/nk}, ce [0;1];
— sufficient reliability

D={d /n,d /n,,..d /n}, de[01];



— stability

E={e/n,e/n,...e/n}, ec[01];
—high quality
F={f/n1,f/n2,...,f/nk}, /e[01];

— provides competitiveness
G={g/n.g/n,..g/mn}, gel01];

— satisfies environmental characteristics
H={h/n,h/n,..h/n}, he[0:1].

Taking into consideration the introduced symbols, m{—
mg take the form:

my: If AandB,andF = B; (30)
my: If AandB,andF,andD = M; (31
ms: If AandG,andH,andB,andC,andE = Best; (32)

my: If AandF,andB,andC,andE,andH,andD = SB; (33)
ms: If FandB,andC,andE,andH,andD,andG = MB; (34)

mg: If noA,noB,noF = Negp. (35)
Step 3. 1dentification of the most promising alternative.
We describe satisfaction of the alternative by fuzzy A

subset with N. We can determine it based on the composi-

tional rule of conclusion:

B=A°D, (36)

where B is the fuzzy subset of I interval.

Comparison of alternatives goes based on point esti-
mates. We define a-level set (oce[O;1]) for C <1 fuzzy set:

C,={iu.(i)zaerl}. (37)
For each C,, we calculate an average number of ele-

ments — M (C,) for a set of n elements. We determine a point
value for C set by formula (38).

Olax

F(C):O% | m(c,)dx,

max

(38)

where o, is the maximum value in C set.

We find satisfaction for each alternative at selection of al-
ternatives and calculate a corresponding point score. The best
one is the alternative with the highest value of point estimate.

3. A test case for implementation of the integration-
analytical method for initiation of construction projects
of industrial objects

We considered six enterprises, which operate in the in-
dustry at the first stage of realization of the integration-ana-

lytical method of initiation of industrial construction projects
according to the scheme of express assessment of investment
attractiveness of the industry. We made the choice of the
industrial branch based on the wishes of initiators of PCIO.

We calculated EV/EBITDA ranges by amultiplierin 2017,
EBITDA growth for 2017 and EBITDA growth forecast for
2018 based on the performance indicators of the selected
enterprises. We determined average industry values. We
performed all calculations in US dollars. Table 5 presents
the values obtained.

Table 5
Indicators of sample enterprises
EV/EBITDA Revet.lue EBITDA EBITDA
Company range by 2 (5) in growth in growth
multiplier in | 2017, ths. 2017, % forecast for
2017, % a.u. ’ 2018, %
1 215.46 266.78 8.50 8.61
2 136.53 134.62 11.23 12.70
3 253.12 159.58 17.18 19.03
4 128.1 96.50 22.47 25.47
5 105.53 146.85 17.92 20.23
6 220.39 201.05 31.93 34.31
Averageper | 176 5, 167.56 18.21 20.06
industry

We found that all the companies under investigation
have positive EBITDA dynamics based on the data obtained.
The companies are profitable. Three companies have the
result higher than the average one in the industry, which
indicates prospects of the industry for implementation of
PCIO. Based on received information, we also revealed that
an industrial object should plan result indicators of activity
not lower than the average one in the industry to conduct an
effective economic activity.

We should take the average value of the revenue in the
industry as the starting point in analysis of the market for a
sale of a product of a new industrial object. We can calculate
the desired rate of return of a new industrial object on its
basis, and to form P, — a value of the ratio of the planned
market price of a product to its cost, which fulfills the condi-
tion for profitability of a new industrial object.

Let us demonstrate realization of this step of the inte-
gration-analytical method of PCIO initiation. We assume
that P, should be equal to 2.3 to ensure the annual level
of profitability of a new industrial object in the amount of
USD 310,000 at the unit cost price of USD 138.1. Then,
under these conditions, we consider the level of market prof-
itability. To do this, we determine maximum and minimum
prices for this type of a product. Let the highest price be
USD 335.8, and the lowest one is USD 298.5. Then Pp.=
~335.8/138.1=2.4, respectively, Ppin=298.5/138.1=2.16.
Since Py, is between the maximum and minimum values and
it is greater than 1, then we consider that this market seg-
ment is profitable under given conditions. Thus, we analyze
the stage of the life cycle of the market segment. A base of
this analysis of the market segment is estimation of dynamics
of a difference between capacity of the market segment and
a volume of offers of competitors for a certain period. Let
us assume that the analysis of dynamics of a difference for a
year showed that a deviation is insignificant, that is, that the
segment of the market is in the stage of maturity. This indi-
cates a need for additional consideration of a new product in



terms of its innovation. Because the innovation of a product
makes possible to increase its competitiveness significantly.

For the example, which is under consideration, we know
that a new product will have an innovative component. That
is, it is possible to carry out further evaluation of the segment
of the market of new products.

The next step is to analyze ability of a new product to
meet aneed for a market segment in a new product. In order to
implement this step of the analysis, first of all, it is necessary
to determine a volume of production of a new product at the
break-even point, that is, to calculate f5,. We assume that for
new production f3,=4,000 prod. units. Second, we determine
Fvalue as a difference between the existing market capacity
and the capacity of a competitor’s market, taking into con-
sideration a size of the market that is planned to by captured
from competitors. We assume, for example, the total capacity
of the market is 10,000 prod. units. A value that competitors
have is 7,000 prod. units. The percentage of the competitive
market segment that is planned to capture is 30 %, then
F=10,000-7,000+(7,000-0.3)=5,100 (prod. units).

For the further analysis, we determine the maximum
F value, for which is the calculated production capacity
of a new industrial object calculated. For our example, f=
=8,500 prod. unit. Thus, the condition f>F is satisfied, that
is, the production capacity of a new industrial object is capa-
ble to ensure the full market demand of a given segment of
the market. And there is the condition f3,<f, satisfied, which
indicates that the provision of new market segments will not
lead to losses for a new industrial object.

The next step is to analyze competitors in the industry and
to develop a strategy for interaction with them. In the future it
is necessary to calculate a cost of implementation of this strat-
egy taking into consideration a time factor, and to investigate
how its implementation will affect a level of profitability of a
new industrial object. That is, to analyze meeting the f3,<f con-
dition. In the case of not meeting the condition, it is expedient
to make a decision to refuse from the implementation of PCIO.

It is necessary to determine a level of technological capa-
bility of a new industrial object based of experts’ assessments,
or a person making a decision and initiating PCIO. Since the
estimation of the given indicator is sufficient at the stage of
initiation of PCIO, then we can use a linguistic assessment
with a score scale presented in Table 2. Let us assume that 7=8
for estimated new industrial object, that is, the implementa-
tion of the project is feasible in terms of technological capabil-
ities of PCIO. Similarly, we estimate preferences of consumers
of a product of a new industrial object. Table 3 presents the
scale for their evaluation. Let us assume that U=11 for the
estimated new industrial object, that is the implementation of
the project is appropriate in terms of preferences of consumers.

The next step is to perform a traditional LONGPEST
analysis of the construction environment of a new industrial
object. It makes possible to determine a level of environ-
mental friendliness for implementation of PCIO. We accept
the results of the LONGPEST analysis for PCIO, which we
consider as an example, as favorable. That is, we consider the
project recommended for implementation.

The third step in the assessment of PCIO at the stage of its
initiation is a detailed assessment of competitiveness of a new
industrial object. We propose to use the improved method of
assessment of competitive advantages of a product of an in-
dustrial object based on indicators of its innovative potential
for this assessment in the study. We select two products (A
and B) that have approximately similar characteristics for the

comparative evaluation, since innovative products do not have
similar competitors’ products generally. We denote the inno-
vative product, with which the comparison will be made, as C.

We compare goods according to four most widespread
criteria, namely: a unit product price, a.u.; a unit weight, g;
availability of additional characteristics, yes/no; material
used for manufacturing, points. To select the best product
option, we need to determine score assessments for qualitative
parameters of products. We denote the presence of additional
characteristics as 1 point, and their absence as 0 points. The
materials of which the products are made are: wood — 7 points,
plastic — 3 points, and glass — 1 point. We define those parame-
ters, the best values of which are minimized, and those values,
which are minimized. For our example, a criterion “weight” is
minimized, and all others are maximized.

By means of the expert estimation method, we determine
the priority of each criterion on a 10-point scale, that is, we
determine importance of each criterion. We calculate the
individual relative priority for each criterion according to the
formula (13). Let us summarize the obtained data into Table 6.

Table 6
Product parameters
Product Priori- Individual
ty of a | relative priority
A B € product | of each product
Criterion criterion criterion
Price, a.u. 100.75|55.97 [85.82 10 0.37
Weight, g 500 | 700 | 200 3 0.15
Existence of addi-
tional characteris- | 1 0 1 5 0.19
tics, point
Néater.lal for pro- 3 { 7 8 0.29
uction, point
Total 26 1

Let us calculate the normalized values of all product
parameters. We denote the best option as 1. We define the
innovation potential, the mean square deviation and the
coefficient of fluctuation by formulas (14) to (16). Let us
summarize the obtained data in Table 7.

Table 7
Calculated parameters
Product
A B C
Criterion
Price 1.000 | 0.556 | 0.852
Weight 0.400 | 0.286 | 1.000
Presence of additional characteristics | 1.000 | 0.000 | 1.000
Material for production 0.429 | 0.143 | 1.000
M; 0.742 | 0.290 | 0.945
O; 0.288 | 0.048 0.05
Y; 0.388 | 0.166 | 0.053

From the results obtained, it follows that C product has
the smallest spread of characteristics, that is, that the basis
of the competitiveness of a product is the indicator with the
highest priority, that is, the price.

We calculate the level of deviation of characteristics of
the innovative product from the ideal one by formula (17)



AMjper 4=1-0.742=0.258;
AMjper 5=1-0.290=0.71;
AMjper c=1-0.945=0.055.

We determine from the calculations that we can consider
C innovative product as the best one. Therefore, we calculate
the private indices of advantages of C innovation product
over the nearest A competitor and another B competitor.

JniA=(0.945-0.742)/0.945=0.16;
JaiB=(0.945-0.290),0.945=0.69.

We calculate the index by deviation from the ideal value
from formula (19).

JavtiperA=(0.258-0.055),0.258=0.78;
JavtiperB=(0.71-0.055)/0.71=0.92.

We calculate the fluctuation index of the normalized
characteristics relatively to the innovation potential from
formula (20)

J,jA=(0.388-0.053),0.388=0.86;
J,i B=(0.166-0.053)/0.166=0.68.

We calculate the general index of advantages from
formula (21).

JeomA=0.16+0.78+0.86=1.8;
JeomB=0.69+0.92+0.68=2.29.

As a conclusion, we can state that product C is 1.8 times
better than product A, and is 2.29 better than product B
based on the general index of advantages. That is, a new
innovative product is competitive.

The last step is to evaluate and select a supplier by using
the rule of fuzzy logical conclusion. We identified eight crite-
ria for comparison of suppliers of specific equipment for PCIO
in the study. But there are five packages of supplier param-
eters that are capable to meet needs of PCIO. We consider
the resulted calculation as an example of implementation of
a supplier’s assessment with a use of the rule of fuzzy logical
derivation.

As an example, let us consider a sample of five suppliers
N={ny, ny, ns, n4, ns} with the following criteria estimates:

—low cost A={0.7/ny; 0.5/ny; 0.4/n3; 1/n4; 0.9/n5};

—short time of delivery of an order B={0.6/n; 0.3/ny;
0.7/n3; 0.8/n4; 0.4/n5};

—convenient conditions of payment ={0.5/n; 0.2/ns; 0.8/
ns; 0.3/n4; 0.9/n5};

—sufficient reliability D={0.2/ny; 0.4/n9; 1/n3; 0.4/ny;
0.7/ns};

— stability E={0.5/n; 0.9/ns; 0.7/n3; 0.6 /n4; 0.4/n5};

—high quality F={0.7/ny; 0.4/ns; 0.7/n3; 0.5/n4; 0.3/ns};

— provides competitiveness G={0.5/ny; 0.3/ny; 0.1/n3; 0.6/
ng; 0.4/n5);

— satisfies environmental characteristics H={0.2/n1; 1/no;
0.4/n3; 0.8/ny4; 0.4/ns5).

After application of selection rules (30) to (35) we have
the following expressions:

Mi={0.6/n4; 0.3/n9; 0.4/n3; 0.5/n4; 0.3/ns};
My={0.2/n4; 0.3/n9; 0.4/n3; 0.4/n4; 0.3/ns};
M3={0.5/n1; 0.2/n9; 0.1/n3; 0.6/n4; 0.4/n5};
M;={0.2/n; 0.2/ny; 0.4/n3; 0.3/n4 0.3/n5};
M5={0.2/n1; 0.2/n9; 0.3/n3; 0.3/n4; 0.3/n5};
M¢={0.4/n4; 0.8/n; 0.6/n3; 0.5/n4; 0.7/ns}.

We obtain Dy_g fuzzy sets formed based on the data ac-
quired using the rule for the transformation of an implication

nl06 07 08 09 1 1 1 1
m(0,3 04 05 06 07 08 09 1
D,=n,0,4 05 06 07 08 09 1 1
n[0,5 06 07 08 09 1 1 1
ns)0,3 04 05 06 07 08 09 1

[ T S N
—_ = e

Formula (38) calculates point estimates for each alterna-
tive. For our example, the point alternatives are: ny — 0.428;
ny — 0.432; ng — 0.365; ns — 0.327; n5 — 0.523.

Since the alternative with the highest point value is the
best, then 75 supplier has the greatest advantage.

6. Discussion of the results of development of the
integration-analytical method for initiation of projects of
construction of industrial objects

The main advantage of development of the integration-ana-
lytical method of initiation of PCIO is its relevance for process-
es of project management in the industrial sector. This sphere is
associated with significant investment costs, high innovation,
non-typical life cycles of projects, and a determining role of spe-
cific resources for PCIO. In addition, the method is less costly
in terms of time and resource indicators compared to similar
methods, since it includes only compulsory elements for evalu-
ation only, due to its adaptation to the specific nature of PCIO.

The disadvantage of the proposed method is a variety of
procedures and mechanisms used in analysis of options for proj-
ects of construction of industrial objects at the initiation stage,
which requires specialists of high qualifications for analysis.

The practical value of the research results lies in ability of
one integrated analytical tool to provide a multicriteria analy-
sis of PCIO at the stage of its initiation. And to make a reliable
management decision as to feasibility of implementation of
PCIO based on received data. The scope of the method includes
industries characterized by a high level of innovation in produc-
tion and a degree of uncertainty.

The integration-analytical method of initiation of projects
of construction of industrial objects presented in the study fully
corresponds to the conceptual model of the initiation phase of
PCIO [9], which confirms the logical and consistent work of
authors on PCIO management problem.

Automation of the proposed procedures and mechanisms
of the integration-analytical method for initiation of projects of
construction of industrial objects requires subsequent revisions.



7. Conclusions

We developed an integration-analytical method of initi-
ation of projects of construction of industrial objects in the
study. Unlike the existing ones, the given method is complex,
based on the specific life cycle of PCIO, it takes into consider-
ation the innovative component of projects and availability of
specific and unified resources necessary for PCIO implemen-
tation. Due to the integration of modern analytical tools into
a single method, we achieve elimination of cases of dual anal-
ysis of indicators and exclusion of inappropriate criteria, a re-
duction in resource and time spent on management of PCIO.

1. We formulated a mechanism for formalization of the
idea of PCIO as an investment object during the develop-
ment of the integration-analytical method of initiation of
projects of construction of industrial objects. The base of
the mechanism is an analysis of investment attractiveness
of PCIO implementation with a help of express assessment.
The proposed mechanism makes it possible to determine the
most attractive industry from the position of investments,
as well as to identify potential competitors and to establish
a forecast rate of return of an enterprise o f a new industrial
object. That is, its focus is improvement of a quality of man-
agerial decisions at the stage of PCIO initiation.

2. We developed a procedure for analysis of the market
for implementation of innovative products of PCIO, which
is a step-by-step analytical mechanism of seven indicators.
Namely: a level of profitability of the market segment, anal-
ysis of its life cycle, a level of capacity of an industrial object
to meet market needs, an influence of competitors, a level of

technological capabilities of an industrial object, consum-
ers’ preferences, favorable external factors. A combination
of approaches to the analysis of coefficients can reduce
time and resource costs for market analysis not losing the
accuracy of evaluation, which is of high importance at the
initial stage of PCIO.

3. We have improved the method of analysis of compet-
itive advantages of an innovative product of PCIO, which,
unlike the existing criteria, uses the best indicator among
comparative products and not a theoretical value. In ad-
dition, the procedure for this method includes an analysis
of product characteristics that do not have clearly defined
numerical parameters and makes it possible to take into
consideration a rank of each characteristic according to pref-
erences of DM. We achieved the improvement of a quality of
management decisions for PCIO through the analysis of all
product characteristics, and a decrease in cost characteris-
tics of the method — due to the application of the score scale
for linguistic parameters of a product.

4. We improved the model of a choice of a supplier of spe-
cific equipment for PCIO implementation. The base of the
model is a use of the fuzzy logic conclusion method by devel-
opment of a set of criteria specific to equipment suppliers for
PCIO. A set of criteria includes a cost of equipment, a dead-
line for completion of an order, terms of payment, reliability
of a supplier, stability, quality of equipment, competitiveness
and environmental friendliness. Using these evaluation cri-
teria could significantly reduce resource, time and money
costs for performing the assessment of suppliers, and, there-
by, to enhancing the quality of PCIO management.
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