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THE PROJECT STATUS MORPHOLOGICAL INDICATOR
AND METHOD OF ITS EXPRESS EVALUATION

L1 Cmanoecwvka, 1.B. IIpoxonosuy, O.JI. Cmarnosceruii, M.M. Kocmina. Excnipec-BUMipIOBaHHSI CTaHY NMPOEKTY 32 J0NOMOIOI0
MopdoJioriunoro nokasnuka. KoxHe aHTHKpH30BE BTPYy4YaHHs B MPOEKT (HaKTHUYHO pyifHYe HOro MOYATKOBHI IUIAH, — OCTaHHI Bce
Oiblie Bigpi3HAETHCS BiJl PEANbHOCTI, a SIKIIO TAKUX BTPYy4YaHb 0arato, TO BiJ MEPBICHOTO IUIAHY MOJXKE B3araji HiYOro He 3aJIHLINTHCS!
Mozerti, siKi BAKOPHCTOBYBAJIUCS NP EPBHHHOMY IUTaHYBaHHI IIPOEKTY CTAIOTh HEa/JCKBATHIMH, [II0 MUTTEBO Ta HETATHBHO BiJOMBAETHCS
Ha TOYHOCTI Ta e(EeKTHBHOCTI AHTMKPH30BHX Mop¢osoriynux piumieHb. KoMaHaa HpOEKTy Mmicis KOXHOTO CTPYKTYpPHOTO BTPY4aHHs
[OBHHHA IIBHUAKO PO3MIOYATH CTBOPEHHS HOBOIO IUIaHY, JIA 4Oro ii HeoOXiJHO 3a0e3MeYMTH HOBOI METOMOJIOTIEI0 aHTHKPU30BOTO
YIIPaBJIiHHS IPOEKTaMH Ha OCHOBI MOP(OJIONIYHOTO eKCIIpec-aHalli3y OpraHi3aliifHO-TeXHIYHHX CHCTEM UL OLIHIOBAHHS IIOTOYHOTO CTaHy
npoekty. [ aHTUKPU30BOTrO yNpapiliHHS Oyab-sKUM 00’€KTOM 32 3BOPOTHUM 3B’S3KOM HEOOXIJIHO MAaTH MOXIIMBICTH BiJHOCHO ILIBHJIKO
BHUMIPIOBATH TApaMETPU CTaHY LBOr0 00’€KTy SK peakiii Ha yHpaBlliHCbKE BTpy4aHHs. TOMy METOI HAayKOBOTO JIOCHI/DKEHHS, B SKOMY
CKJIAAHUM 00’ €KTOM OYyB IIPOSKTHUI MEHEKMEHT, CTaJl0 CTBOPCHHS METO/Iy €KCIPEC-BUMIPIOBAaHHS CTaHy HPOEKTY 3a JOIOMOIOIO BIIEpIIE
3aIPOIMIOHOBAHOTO0 MOP(OIOTIYHOrO (CTPYKTYpHOro) mokasuuka. [1o6ymoBaHo cHCTeMy YHpaBIiHHS aHTHKPU30BOKO MiSUTBHICTIO CKJIAJHUX
TEXHIYHUX CHCTEM Ha OCHOBI 3BOPOTHOrO 3B’S3KY IO BIAXMJICHHIO IIOTOYHOTO IUIMHY HPOEKTY BiJj IUIAHOBOTO. 3alpOINOHOBAHO HOBHI
KOMIUICKCHUH mapametp M, sSiKMil OHO3HAYHO Ta PENPE3CHTATHBHO BifOMBae MOPQOJIOriuHE BiIXWICHHS MOTOYHOTO IUIMHY MPOEKTY Bij
ianoBoro. [lokasHuk mpeacTaBisie co00r0 A0OYTOK KOMIUIEKCHOI HMOBIPHOCTI CIIPOMOXKHOCTI HPOEKTY MOAOJATH HACTIAKA Kpusu 0Oe3
3yIMUHKA 200 3MiHH 3araibHOi HOro CTPYKTYpH Ta BAapTOCTI TAKOro moposiaHHsa. KoMruiekcHa HMOBIPHICTH OOUYHCIIOETHCS SIK KOPIHB
KBaJpaTHHIl BiJ CyMH KBaJpaTiB HMOBIpHOCTEHl KOMIIEHCAlil KPHU3M TEXHOJOIIYHMMH, BapialifiHUIMH Ta KpeaTHBHHMH Merogamu. Lle
JTO3BOJIUIIO BUKOPHCTOBYBATH LIEH MOKA3HHK B SKOCTI KPUTEPiI0 HEOOXITHOCTI MOYATKY mpouecy MOPGhONOridHOI MpOTHAII BiAMOBIIHUM
Kpu3zaM. BusHaueHi CKIaf0BI KOMIUIEKCHOrO mapamerpy M Ta METOAM IXHBOrO eKCIpec-BUMIPIOBAaHHS Ta po3paxyHKy. Ha migcrasi
NIPOBEJICHUX JOCITIIKEHb PO3POOJICHO CXeMy ITiJICHCTEMU KOMII'IOTePHOI MiATPHMKH IPHHHATTSA IIPOEKTHHX PIllleHb B IUIAHYBaHHI 1
BUKOHaHHI aHTHKpu3oBoro mpoektHoro ynpasiuinas «COCAST» (Copper Continuous Casting Projects). IlpaktidyHe BHUKOpPUCTAHHS
pe3yJbTaTiB AOCITIKEHHs OyJI0 BHKOHAHO B yMOBaX TIFOYOro MiJNPHEMCTBA 332 PaXyHOK BIACHHUX KOIUTIB. Byio MOCATHYTO 3MEHIICHHS
3aIUIAHOBAaHHUX CTPOKIiB OymiBHHITBa Ha 7,4 %, Ta BaprocTi Ha 5,9 %. Ilpomykiiss HOBOro IieXy NO3BOJIMJIA JOCSTHYTH IIiJ(BHILCHHS
KOHKYPEHTOCIIPOMOKHOCTI ITi APHEMCTBA.

Kniouosi crosa: aHTUKPU30BE YIIPABIIHHS, CTaH CKIIAHOI CUCTEMHU, MOP(OJIOTIYHUHN TTOKa3HUK, €KCIPEC-BUMIPIOBAaHHS, HMOBIpHICHE
OLIIHIOBaHHS

1. Stanovska, 1. Prokopovych, O. Stanovskyi, M. Kostina. The project status morphological indicator and method of its express
evaluation. Every crisis intervention in a project actually destroys its original plan — the latter is more and more different from reality, and if
there are many such interventions, there can be nothing left from the original plan! The models used in the initial planning of the project
become inadequate, which immediately and negatively affects the accuracy and effectiveness of anti-crisis morphological decisions. The
project team, after each structural intervention, should quickly begin to create a new plan, which should be provided with a new methodology
of crisis management project based on morphological rapid analysis of organizational and technical systems to assess the current status of the
project. For crisis management of any feedback entity, it is necessary to be able quickly measure the parameters of the state of that object in
response to management intervention. Therefore, the purpose of scientific research, in which the complex object was project management,
was to create a method of rapid measurement of the project status using the first proposed morphological (structural) indicator. The system of
crisis management of complex technical systems is built on the basis of feedback on deviation of the current flow of the project from the
planned one. A new complex parameter M is proposed, which uniquely and representatively reflects the morphological deviation of the
current flow of the project from the planned one. The indicator is the product of the complex probability of a project’s ability to overcome
the effects of a crisis without stopping or changing its overall structure and the cost of such a solution. Complex probability is calculated as
the square root of the sum of the squares of crisis compensation probabilities by technological, variational, and creative methods. This made
it possible to use this indicator as a criterion for the need to start the process of morphological response to the respective crises. The compo-
nents of the complex parameter M and methods of their express measurement and calculation are determined. Based on the research, a
scheme for the computer support subsystem of decision making in the planning and execution of the Copper Continuous Casting Projects
(COCAST) crisis management project was developed. The practical use of the results of the study was carried out in the operating company
at its own expense. The planned construction time was reduced by 7.4 % and cost by 5.9 %. The production of the new workshop made it
possible to increase the competitiveness of the enterprise.
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1. Introduction

Any crisis management of complex systems, especially at bifurcation points, requires information
on how certain structural interventions in the project will affect its further development [1]. This infor-
mation can obtain either by forecast calculations or by a direct assessment of the “first steps™ of the pro-
ject development after the crisis “catastrophe”. It is clear that such management should be calculated and
carried out as soon as possible and in conditions when it is not clear that we will “save”: money, time,
resources, environment, and so on. Only the mission and goal of the project remain the main ones.

In crisis management of complex systems, the input and output parameters of such management
and methods of their determination are of great importance. Since in project management the list of
parameters that can be directly and quickly measured (time, estimates, effective methods, etc.) is very
small, an important component of crisis project management are methods and models that assess the
results of crisis management of project managers on indirect indicators. This is, for example, a com-
plex indicator “Morphological” — indicator M, associated exclusively with the structure of manage-
ment processes.

2. Analysis of recent publications and problem statement

The management of any feedback system involves constant monitoring of the state of this sys-
tem. This state in such a management scheme is a function of two processes: natural development and
response to management action. When managing complex, multifactorial processes, such a summary
assessment is usually possible only by direct measurement of some indirect parameter by which you
can, first, assess the current state, and secondly, determine the direction and magnitude of the control
action [2].

Note also that the study deals with morphological (structural) control, during which the corre-
sponding object can be changed “only” the list of individual elements and the parameters of the rela-
tionship between them.

In the management process take into account the distribution of complexity in groups: technical,
organizational, environmental [3]. But the state measurement cannot be performed unambiguously.
The main reason is the lack of a metrological parameter to assess the complexity of the control object.

In some cases, this uses SWOT-analysis (strengths (S) and weaknesses (W) — factors of the inter-
nal environment of the object of analysis, (ie those that the object itself is able to influence), opportu-
nities (O) and threats (T) — environmental factors (ie those that can affect the object from the outside,
which are not controlled by the object) [4].

Finding the direction of development of a complex system after the next management action is a
task of optimization choice, because the latter can be quite a lot. The target function of this choice may
be different technical and economic characteristics. Most often in organizational systems for the target
function choose the risks of completion of the project in a given time [5].

Risks create “gaps” in communications (connections) [6], which affects the complexity and relia-
bility of systems [7]. To compare the reliability of variants of “new” structures, which in the condi-
tions of overcoming crises are unscheduled, methods of measuring complexity are offered [8]. Such
methods should be fast in online management. They should allow rapid analysis and decision-making
when only qualitative information is available [9], and therefore rely on conceptual models and exper-
imental evaluations [10, 11].

Therefore, the main problem to be solved in the presented study is to increase the efficiency of
organizational and technical systems of crisis management by creating new models and methods of
morphological system analysis.

3. Purpose, objectives and scientific novelty of the study

The aim of the work was to develop and implement new models and methods of morphological
analysis of organizational and technical systems of crisis management to improve the efficiency of such
management. Management efficiency was understood as improvement compared to the plan of such key
project indicators as time, cost, product quality parameters, interaction with the environment, relation-
ships in the project team, etc., or at least the preservation of planned indicators in project crises.

To achieve this goal, the following tasks were solved.
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1. Build a crisis management system for complex technical systems based on feedback on the de-
viation of the current course of the project from the planned.

2. To propose a new complex parameter (indicator M), which unambiguously and representative-
ly reflects the morphological deviation of the current course of the project from the planned one.

3. Determine the components of the complex parameter M and methods of their rapid measure-
ment and calculation.

4. Perform a practical test of research results and evaluate their technical and economic efficiency.

The scientific novelty of the work is that for the first time the indicator and the method of its
measurement for estimating the results of anti-crisis project management in terms of morphological
deviation of the real project from the planned one are proposed. The indicator is the product of the
complex probability of the project’s ability to overcome the effects of the crisis without stopping or
changing its overall structure and the cost of overcoming it. The complex probability is calculated as
the square root of the sum of the squares of the probabilities of crisis compensation by technological,
variational and creative methods. This allowed us to use this indicator as a criterion for the need to
start the process of morphological response to relevant crises.

4. Development of a method of rapid measurement of the project status using a morpholog-
ical indicator

4.1. Crisis management system of complex technical systems based on feedback on the deviation
of the current course of the project from the planned

As a rule, anti-crisis management should be proactive [12, 13] and fast [14]. Therefore, it is de-
sirable to organize on the principle of “feedback” (Fig. 1). Even in the APCS, where all the values of
the parameters are known quite accurately, and the control effect is usually one, the organization of
feedback management is a very difficult task.

Current object
Planned + settings
Mo MANAGEMENT N
—> I -
FACILITY (PROJECT)
Additional L*
(anti-crisis)

management
actions

CALCULATION OF
ADDITIONAL (ANTI- |
CRISIS) <
MANAGEMENT ACTION

1

CURRENT PROJECT PLAN

Fig. 1. Organization of project management according to the “feedback ” scheme: 1 — access point for assessing
the current state of the project; 2 — access point for assessing and forecasting the project response to additional
anti-crisis management actions; 3 — access point, where the project manager can optimize and speed up the
calculation of additional (anti-crisis) management actions

There can be tens of control parameters in project management [15], in addition, all parameter
values are stochastic, up to complete latency. To implement the principle of “feedback™, the crisis
management manager must have three main support tools (Fig. 1).

First, it must have a set of methods for obtaining the most complete and reliable information
about the current state of the project.

Secondly, it must have a set of methods for obtaining the most complete and reliable information
about the results of the management impact on the object (project management results).

Third, it must have methods for the fastest and most effective conversion of second information
into adjustment of control influence.
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4.2. Complex parameter (indicator M), which unambiguously and representatively reflects the
morphological deviation of the current course of the project from the planned

To assess the results of anti-crisis project management in terms of morphological deviation of the
real project from the planned, consider the morphological indicator M — the deviation of the project
and the method of its measurement. Indicator M is the product of the complex probability of the pro-
ject’s ability to overcome the effects of the crisis without stopping or changing its structure |p| at the
cost of such overcoming Cyyiig)

M=[p|- Chuita- 1)
The structure (1) of the indicator M is similar to the structure of another indicator — R for risk as-

sessment [16], namely, the product of the cost of its compensation Ccomp ON the probability of occur-
rence of a risk situation p:
R=Comp*P- 2

It is obvious that expression (2), when the risk situation has already occurred, splits into two ob-
vious ones: p=1; R=Ccomp, Which allows you to accurately determine the actual cost of risk. In fact,
expression (1) differs significantly from “basic” expression (2), because the probabilities p and |p| sig-
nificantly differ in content.

To obtain an estimate |p| consider a project that contains three levels of Team activity: lower -
absorbing, middle — variable and higher — managerial, creative level. At the lower level, the capabili-
ties of the Project Team to deviate from the specified technology, in the general case, are zero. At the
intermediate level, the team has the opportunity to choose from a limited range of alternatives. At the
top — the project manager can use any methods, including scientific, to solve problems and achieve
project goals.

Probabilistic estimation of the contribution to M of technological activity picn (%), which is
known to be not unique, can be performed by conventional statistical methods. Probabilistic assess-
ment of the contribution of variable activities p..r (%) can be based on known statistical information
about crises that have occurred with similar objects or their elements. To determine cognitively the
probability of achieving a goal through only creative activities, the project manager can use different
methods and sources. These are the results “gained” from their own experience, literature and interac-
tive sessions with Team members, stakeholders and subject matter experts. For example, as this prob-
ability, you can use normalized to the world average (100 points) the average creative composition of
the 1Qmean Project team. As a result, we have:

|p| = \/ptzech + p&ar + IQﬁwean : (3)

The morphological index also was used as a criterion for the need to start the process of morpho-
logical response to relevant crises.

4.3. Components of the complex parameter M and methods of their express measurement and
calculation

Determining the components of the crisis of technological activity Cecn, Which is not unique, can
be performed by conventional statistical methods [17]. In addition, descriptions of technologies and
complex equipment are usually equipped with information about the reliability parameters of the
“weakest links” of the system (bearings, gears, gaskets, valves, etc.). It also contains information about
the cost of repairs, which can be used in the Cip.calculations.

Determining the crisis components of a C,, variable activity can be based on known statistics
about risky events that have occurred with similar objects or their elements.

This approach makes the results of the C,,; determination less accurate than Cip, but their accu-
racy can be quite satisfactory for project management as a whole.

Perform rationing of the actual cost of compensation for the crisis to the planned by the formula:

C — Cfact ] (4)

rat

plan
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Now we will involve in modeling the risks of variable activity project-physical analogy, which in
recent years has spread in the theory and practice of project management [18].

We will further consider the change in the probability of occurrence of the risk event Ap, as a
signal, and the normalized cost of compensation for its consequences C,y by analogy with the accepted
terminology in the theory of information transfer [19]. In this theory, the signal is a symbol for the
distance transmission of certain information or messages [20]. An event is a signal only in the system
of relations in which the message is recognized as significant.

In project management, the signal is always an event. In other words, a change in the state of any
component of a project or program that is recognized by the system logic as significant is a signal.

An event that is not recognized by this system of logical or technical relations as significant is not
a signal. The change in the probability of occurrence of the risk event Ap,,;, which is important in this
approach, has the following parameters [21]. The signal duration T=t.—tmi, determines the time inter-
val during which the signal exists (non-zero). There are instantaneous P (t) signal power Apya:
P(t)=(Apvar)(t) and average Pinea, pOWer:

1 )
Prean =7 | (AP )2 (0. (5)

tmin

The dynamic range is the ratio of the highest instantaneous signal power to the lowest:
Pmax(t)/Pmin(t). Finally, the signal-to-noise ratio is equal to the ratio of the useful signal power to the
noise POWer Psignai/Pnoise-

Signal-to-noise ratio (SNR) is a measure used in science and engineering to determine how much
noise is distorted by a signal. It is defined as the ratio of the power of the useful signal to the power of
the noise. A ratio greater than 1: 1 indicates that the signal is greater than the noise. Although SNR is
preferably used to measure electrical signals, it can be applied to any type of signal.

In other words, the signal-to-noise ratio compares the level of the desired signal (for example, the
probability of a risk event) and the noise level (for example, the cost of compensation for the latter).
The higher the SNR, the less burdensome the “noise”. The signal-to-noise ratio is defined as the ratio
of signal power (significant information) to background noise power (unwanted signal).

I:)signal
SNR = (6)

noise

where P — average power. In decibels, the ratio is defined as follows:

I:)noise, dB! (7)

signal,dB

l:)signf;ll
SNR p =10l0g,,| = |=P

The signal-to-noise ratio in SNRgg decibels was used as a numerical characteristic of the probability of
occurrence of a risk event at a variable level:
Pyar = SNRgs. (8)
There are no analogues of such risk events for cognitive determination of risks of creative activity
Reeat- The project manager can use various methods and sources to identify the probabilities of risks
Pereat @and financial losses C...t, because the results are obtained from personal experience, literature,
structural decomposition of risks and opportunities, interactive sessions with team members,
stakeholders and subject experts [22]. For example, as pcreq it IS possible to use the value of average
1Qmean OF Creative structure of a command of the project received on standard tests normalized to world
(100 points): received on standard tests:

_ IQmean
IQrat_ 100 ' (9)

1Q tests are designed so that the results are described by a normal distribution with an average 1Q of
100, and such a spread that 50 % of people have an 1Q between 90 and 110 and 25 % — below 90 and
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above 110 [23]. To combine the obtained values of the probabilities prech, Pvar aNd perear We build on these
values the module of the three-dimensional vector p (Fig. 2), which can be calculated by the formula:

|p| = \/ptich + p\%ar + IQﬁ]ean ' (10)

1_
A

I Qmean

>
0 DPvar 1

Fig. 2. To determine the three-dimensional vector p of the probability of the project’s
ability to overcome the effects of the crisis without stopping or changing its structure

Later, the value of this module was used to assess project crises. For example, for the three-
component component module presented in (10), you can write an equation to calculate the indicator Ms:

M3 = \/ptzech +p3ar + I(gzmeam ' (11)

Or for the general case:

M, =/p? + p? +...+ p?. (12)

Indicator M — is a dimensionless number, and therefore its value can be used to assess and com-
pare the current morphological state of the project in crisis management of the latter.

5. Practical test of research results. Construction of a shop for the production of oxygen-
free copper wire rod by continuous casting

The shop for the production of oxygen-free copper wire rod by continuous casting was supposed
to be built on the sea-bound, on the one hand, and existing buildings and the main city road — on the
other, the territory of PJSC “Odessa Cable Plant “Odeskabel”.

Continuous casting of this type is obtained on a multi-stream automatic continuous casting line
“UPCAST"™” (Outokumpu Group).

In the UPCAST process, a continuous ingot with a diameter of 8 mm is extracted from the melt
vertically upwards through a crystallized immersed in the melt. The main elements of the foundry ma-
chine are a graphite matrix-crystallizer, a cooling unit and a pull-out device consisting of server-
motors, drive and clamping shafts. The copper melt is prepared in a channel induction furnace by re-
melting copper cathodes MOOk and MOK.

The finished products of the shop are copper wire rods, prepared for delivery to customers.

On the basis of the conducted researches the scheme of the subsystem of computer support of de-
cision-making in planning and execution of anti-crisis project management “COCAST” (Copper Con-
tinuous Casting Projects) is developed.

At the heart of this scheme is an extended database in which all post-iteration information about
the process is accumulated.

During the implementation of the project of construction of a continuous casting shop on the ter-
ritory of the existing enterprise, which is located in the border-controlled zone, the following crisis
events occurred:
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— large trees grew on the construction site, which, of course, hindered this construction;

— design documentation for the Finnish multi-stream automatic continuous casting line “UP-
CAST®™ was supplied to the company for foreign currency, which required many approvals at the lev-
el of financial, customs and other institutions at the state level,

—the purchase and supply to Ukraine of imported equipment, which is a part of the automated
line of continuous casting, also required the same coordination;

— the general design of the shop for the installation of the line and the technical conditions of this
installation had to be agreed with the State Institute for the Design of Metallurgical Enterprises;

—according to the project of the continuous casting line, a significant part of it had to be below
the zero line (floor level) and, accordingly, required significant ground works in the coastal zone,
where the groundwater level is always high;

—as well as any construction, and especially in the above-mentioned conditions, needs careful
coordination with such organizations, as fire service, sanitary epidemiological station, etc.;

— the proximity of the State Border of Ukraine provided for the coordination of any construction
and operation of large equipment with the border services;

— it was necessary to build the main networks of supply of semi-finished products and export of
finished products outside the enterprise to the existing roads, railways and sea routes with the
appropriate coordination of additional traffic with stakeholders;

— it was necessary to agree with stakeholders on additional ways and capacities to supply the
company with a sufficiently large amount of additional electricity and water.

The construction was carried out in the conditions of the operating enterprise at the expense of
own means. The planned construction time was reduced by 7.4 % and the cost by 5.9 %.

The products of the new shop allowed to increase the competitiveness of the enterprise.

6. Conclusions

1. The system of management of anti-crisis activity of complex technical systems on the basis of
feedback on deviation of a current project from planned is constructed.

2. A new complex parameter M is proposed, which reflects the degree of morphological devia-
tion of the current course of the project from the planned or the degree of crises of technological activ-
ity. Indicator M is the product of the complex probability of the project’s ability to overcome the ef-
fects of the crisis without stopping or changing its structure at the cost of such overcoming.

Indicator M can be used as a dimensionless functional for comparing options for anti-crisis ac-
tions when assigning verdicts and as a measure of the effectiveness of anti-crisis project management.

3. The components of the complex parameter M and methods of their express measurement and
calculation are determined.

4. PJSC “Odeskabel” carried out planning and construction with the subsequent commissioning
and implementation in the technical and economic activities of the plant for the production of oxygen-
free copper wire rod by continuous casting using crisis management system for reconstruction projects
“COCAST” (copper continuous casting) support making design decisions in proactive construction
management. The construction was carried out in the conditions of the operating enterprise at the ex-
pense of own means of PJSC “Odeskabel”.

The planned construction time was reduced by 7.4 % and the cost by 5.9 %. The products of the
new shop allowed increase the competitiveness of the enterprise in the cable industry.
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