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A. ALIZADA, G. GURBANOVA, A. AFANDIYEVA

DIGITAL TECHNOLOGIES IN CONSTRUCTION PROJECT MANAGEMENT

The construction industry represents one of the most complex and risk-intensive sectors of the global economy, significantly contributing to national
Gross Domestic Product (GDP) while simultaneously facing persistent challenges such as budget overruns, schedule delays, low productivity, and
fragmented decision-making processes. Large-scale and megaprojects, in particular, frequently exceed their initial budgets and timelines due to
inaccurate cost estimation, insufficient planning, unclear project scopes, and the predominance of experience-based rather than data-driven managerial
decisions. In this context, digital transformation has emerged not merely as an innovation trend but as a strategic necessity for improving efficiency,
transparency, and risk management in construction project management. This study investigates the role and impact of four major digital
technologies—Building Information Modeling (BIM), the Internet of Things (1oT), Artificial Intelligence (Al), and Digital Twin systems—within the
lifecycle of construction projects. The research adopts a comprehensive analytical and literature-based approach, examining recent academic studies,
industry reports, and global case examples to evaluate the effectiveness, implementation levels, and strategic contributions of these technologies. The
findings indicate that BIM significantly enhances interdisciplinary coordination, conflict detection, visualization, sustainability analysis, and cost-time
management, with the highest impact observed during early project phases where cost influence potential is greatest. 10T technologies contribute to
real-time monitoring of safety conditions, environmental parameters, equipment performance, and resource utilization, thereby improving operational
control and reducing on-site risks. Artificial Intelligence enables advanced data analytics, predictive modeling, and decision-support mechanisms,
particularly when integrated with BIM and loT platforms, although its adoption in construction remains comparatively limited due to data
standardization and organizational barriers. Digital Twin systems extend beyond static modeling by establishing real-time synchronization between
physical assets and digital replicas, allowing continuous lifecycle optimization and performance monitoring. The study concludes that the integrated
application of BIM, loT, Al, and Digital Twin technologies forms a synergistic digital ecosystem capable of transforming construction project
management into a data-driven, predictive, and strategically optimized discipline. Despite existing challenges such as traditional management culture,
fragmented data structures, and resistance to change, the adoption of digital technologies is essential for reducing project risks, improving productivity,
and enhancing global competitiveness in the construction industry.
Keywords: Construction, Technology, BIM, IoT, Al, Digital Twin.

A. ATI3ANA, I'. 'YPEAHOBA, A. AOAH/]IEBA

[UPPOBI TEXHOJIOT'TI B YIIPABJIIHHI BY AIBEJIbHUMMU ITPOEKTAMM

ByniBenpHa rany3p € OAHIEIO 3 HANCKIAIHIIIKX | HAHOUTBLI PH3UKOEMHUX C(Ep CBITOBOI €KOHOMIKH, POOJSIYM 3HAYHUI BHECOK y HAIiOHAJbHUM
BaJIoBUH BHYTpimHIA npoxykr (BBII) Ta BoxHOUYac CTHKarOYMChH i3 MOCTIMHMMH HpOOIeMaMH, TAKUMH SK IIEPEBUINECHHS OIOJUKETY, 3aTPHMKH Y
BUKOHaHHI rpa¢ikiB, HH3bKa MNPOAYKTHBHICTH i (parMEHTOBaHICTh MPOLECIB MPHHAHATTA pilleHb. BennkomacmtaOHI MPOEKTH Ta METANMPOEKTH
0COOIHMBO YaCTO MEPEBHILYIOTh MOYATKOBI OIOHKETH i TepMiHU peasi3amii uepe3 HETOYHE OLIHIOBAaHHs BAPTOCTI, HEAOCTATHE IUIAHYBAHHS, HEUITKE
BU3HAUCHHS 00CATYy pOOIT 1 IepeBakaHHs YNpPaBIiHCHKUX pIlleHb, 3aCHOBAHMX Ha JOCBiJl, a He Ha JaHHX. Y [bOMY KOHTEKCTI IH(ppoBa
TpaHchopMaIlis IOCTAE HE MPOCTO SIK IHHOBAIIHA TEHICHIIIS, & K CTpaTerivHa HeOOXiMHICTD s MiABHIICHHs e(hEeKTHBHOCTI, IPO30POCTi Ta SKOCTI
YIpPaBIiHHS PU3UKAMHU B OyJiBEIbHUX MPOEKTaX. Y IbOMY AOCIIJDKEHHI PO3IISIIA€THCS POJIb i BIUIMB YOTHPHOX KIFOYOBUX LU(POBUX TEXHONOTIH —
indopmaniiiHoro mozmemoBanns Oyxmiens (BIM), Inteprery peueit (IoT), mryunoro intenekty (Al) Ta cucteM nudpoBHX IBIHHUKIB — IPOTATOM
YCbOTO JKUTTEBOTO LUKy OyAiBEJBHOTO MPOEKTY. JlocmimKeHHs 0a3yeThesi HA KOMIUIEKCHOMY aHATITHYHOMY Ta OTJISIZIOBOMY HiZIXOJ, IO BKITIOYAE
aHali3 Cy4aCHHX HAyKOBHX MyOJiKamiif, ramy3eBUX 3BITIB 1 MDKHAPOAHHX MNPAKTHYHHUX MPUKIAMB 3 METOI0 OIIHKH e(pEeKTHBHOCTI, PIBHS
BIIPOBA/DKCHHS Ta CTPATETidHOrO BHECKY LHUX TexXHoJorid. OTpuMaHi pe3ynbTaTd cBimguath, mo BIM cyTreBo mHoOkpairye MDKANCIMIUTIHAPHY
KOOp/MHAIIF0, BHSABIEHHA KOJI3ii, Bi3yami3allifo, aHaii3 CTajdoCTi Ta YNpaBIiHHA BapTICTIO W TepMiHAMH, NPUYOMY HAWOLTBIIMKA BIIMB
CIIOCTEPIraeThCsl Ha PaHHIX eTanax MpPOEKTY, KOJM MOTEHIa] BIUIMBY Ha BUTpaTH € HaWBummM. TexHousorii IoT 3a0e3neuyyroTb MOHITOPHHI Yy
pearbHOMY Haci yMOB Oe3IeKH, MmapaMeTpiB JOBKiUIA, poOOTH 00NaJHAHHSA Ta BUKOPUCTAHHS PECYpCIiB, IO CHPHSE IiIBUIICHHIO ONEpamiiHOro
KOHTPOJIIO Ta 3HIDKECHHIO PH3WKIB Ha OymiBenbHOMy MaimaHdmky. LIITydHuMI iHTENeKT MO3BOJSE 3IIHCHIOBATH PO3IINPEHY aHANITHKY NaHUX,
MPOTHO3HE MOJIETIOBAHHA Ta MiATPUMKY NPUHHATTS pillleHb, 0cOONMBO 3a yMOBH iHTerpauii 3 mardopmamu BIM i IoT, xoua iioro BnpoBapkeHHS Y
Oy IIBHMIITBI 3aJIMIIAETHCS BiTHOCHO OOMEKEHNM depe3 mpoblieMn CTaHJapTH3allii JaHuX Ta oprai3amiitai 6ap’epyu. Cuctemu 1upoBUX JIBiiHHUKIB
BUXOMATB 32 MEXI CTATHIHOTO MOJIETIOBAHHS, 3a0€3eTyI0uN CHHXPOHI3aIif0 (i3nIHNX 00’ €KTIB i3 IXHIMU HU(YPOBUMH KOIIISIMH B PEXUMI peabHOIO
4acy, IO JO3BOJISIE 3IHCHIOBATH Ge3lepepBHY ONTHUMI3allif0 KUTTEBOTO LHKIY Ta MOHITOPUHI €(QEKTUBHOCTI. Y MiJCYMKY BCTaHOBJICHO, IO
iHTerpoBaHe 3actocyBaHHs TexHouoriit BIM, IoT, Al Ta nndpoBux ABiHHUKIB GpopMye CHHEpreTHIHY HU(POBY eKOCHCTEMY, 3HaTHY TpaHC(HOPMYBATH
YIOpaBiIiHHA OyAiBEIbHHMH NPOEKTAMH y KEpOBaHY MJAaHUMH, HPOTHO3HY Ta CTPATeridyHO ONTHMI30BaHy cHCTeMy. He3Bakarounm Ha HasBHI
BHKJIMKH, 30KpeMa TPaJULiiHy YIMpPaBIiHCbKY KyJIbTYpY, (pparMEeHTOBaHI CTPYKTYPH JaHMX i OIIp 3MiHaM, BIPOBAUKEHHS IU(POBUX TEXHOJOTIH €
HEOOXiTHOI0 YMOBOIO IJIs 3HI)KCHHS IPOEKTHUX PH3UKIB, IMiJBHIICHHS NPOMYKTHBHOCTI Ta 3MIIHEHHS IJI00AJBHOI KOHKYPEHTOCIIPOMOXKHOCTI
OyniBenbHOT ramys3i.
Kurouosi ciioBa: OyniBHUNTBO, TexHOuoril, BIM, IoT, mty4nuii inTenekT, nudpoBuii 1BiiHUK.

1. Introduction. The construction industry is a
sector characterized by dynamic and complex procedures,
the involvement of diverse resources and supply chains,
the influence of external factors such as weather
conditions, and the execution of unique, time-constrained
projects [1]. Due to the participation of multiple
engineering disciplines in the planning, design,
construction, and management of projects, the
construction sector can account for approximately 3-30%

of a country’s Gross Domestic Product (GDP), depending
on the scale of activities [2]. As buildings represent the
primary output of this large-scale sector, the total global
building floor area exceeded 260 billion square meters
during 2023-2024 [3]. Considering that the majority of
this share belongs to developed countries, the significant
influence of the construction industry on the global
economy becomes evident.
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Fig.1. Building floor area vs Year [3]

On the other hand, projects executed within such a
large-scale sector involve substantial risks. While a
successful construction project is defined as one
completed within the allocated budget, specified
timeframe, and required quality standards, particularly
large-scale projects often face high levels of risk
throughout their lifecycle due to the complexity of
management procedures. In many cases, these risks
directly contribute to project failure. According to
McKinsey analyses, cost overruns in megaprojects
frequently reach up to 80% of the initial budget [4],
meaning that a project planned with a budget of USD 1
billion may ultimately cost USD 1.8 billion. Additionally,
such megaprojects are completed on average 20 months
later than planned [4], which directly contributes to
unsuccessful project outcomes.

Several key factors can be identified as the
primary causes of construction project failure. Research
indicates that inaccurate cost estimates, improper
planning, unclear project scopes, and the lack of skilled
labor are among the main reasons for unsuccessful project
completion [5]. These factors may affect projects at
different stages and with varying degrees of severity.
Regardless of the specific cause, the common underlying
reason for failure is the adoption of incorrect decisions by
project managers. Decisions made without data-driven
analysis and instead based solely on personal or corporate
experience play a critical role in construction projects, and
the execution of incorrect decisions directly impacts
project success.

To minimize risks arising from human-related
decision-making processes, the application of digital
technologies has become a necessity in the construction
sector. Although construction is traditionally considered a
conservative industry, studies show that data-driven

decision-making can reduce project budgets by 5-10%
and improve planning efficiency by 10-20% [6]. Given
the direct influence of cost and planning factors on project
success, the adoption of modern trends such as data
analytics has become inevitable. Moreover, digital
technologies contribute positively to improving work
quality, enabling tasks to be completed in shorter periods
with lower energy and resource consumption [7].
Considering these factors, the application of digital
technologies—particularly artificial intelligence, big data,
and related modern tools—plays an indispensable role in
reducing risks and increasing success rates in construction
projects.

2. Digital Technologies in Construction Project
Management

2.1. Building Information Modeling (BIM)

Building Information Modeling (BIM) is defined as
a collaborative, interdisciplinary management approach
that enables the systematic collection, coordination, and
management of information throughout the entire lifecycle
of a construction project, including planning, design,
construction, operation, maintenance, and demolition [8].
Initially emerging as a concept in the 1970s and 1980s,
BIM systems were first practically implemented in
Hungary in 1982 through the ArchiCAD software. With
the advancement of computer technologies in the 1990s,
BIM adoption in real projects increased, reaching a
significant milestone in 2000 with the introduction of
Revit. BIM technology ensures transparent and efficient
communication among architectural, structural, and MEP
disciplines, allowing conflicts and inconsistencies to be
identified and resolved before the construction phase
begins [8].
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communication efficiency

Fig.2. The effect of BIM in the construction project management [9]

The results indicate that the highest efficiency
improvement is observed in conflict detection (89.14%),
enabling early identification of design clashes and
reducing rework during construction. Visualization and
3D modeling (87.02%) and sustainability analysis
(84.57%) support more intuitive and data-driven decision-
making processes. Continuous data updates and records

(83.21%) facilitate effective lifecycle management, while
cost and time management (78.36%), facility management
(75.03%), and enhanced collaboration (72.98%) highlight
BIM’s strategic value in optimizing resources and
improving team coordination. Overall, these findings
confirm that BIM systems serve as highly effective tools
in construction project management.
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Fig.3. Effect of BIM in different construction stages [10]
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The presented graphs reveal a direct relationship
between BIM utilization across project stages and the
ability to influence costs [10]. Figure 4 shows that BIM
application reaches its peak during the design phase
(79.7%) and declines to its minimum during the operation
phase (12.2%), which strategically aligns with the cost
influence curve shown in Figure 3. While cost-saving
opportunities are highest during early project stages such
as conceptual planning and design, they decrease
significantly as construction progresses. Consequently, the
high BIM adoption rate during design and engineering
phases plays a critical role in protecting the overall project
budget, whereas its limited use during operation indicates
untapped potential for long-term cost optimization.

2.2. 10T

The Internet of Things (loT) is a global network
system that enables physical and digital objects to
communicate through shared standards [11]. 10T systems,

implemented through sensors, applications, and various
tools, offer unique approaches to construction project
management [12]. In one study, loT sensors were
deployed on an active construction site to monitor
workers’ use of Personal Protective Equipment (PPE).
Workers entering hazardous zones without PPE were
alerted through sensors, preventing potential accidents
[13]. In another study, sensors installed in underground
construction sites detected oxygen deficiency and toxic
gas levels, triggering warning sirens to prevent accidents
[14]. When integrated with BIM, loT tools enable
continuous site monitoring, real-time progress tracking,
and data-driven decision-making. Given the critical nature
of lifecycle decisions, 10T technologies hold vital
importance in construction management. l1oT technologies
are now widely applied on a global scale, contributing
significantly to project management efficiency. Figure 5
presents commonly used 0T systems in international
construction projects.

. Country / - . L
Project / Case Study Company Applied 10T Technology Brief Description
10T sensors (HVAC, Used to monitor energy efficiency and structural
Hudson Yards USA (New York) elevators, lighting) integrity of infrastructure components.
FIFA 2022 Stadiums Qatar Smart helmets and sensors Real-time montoring Ofworl?eirs health and
environmental conditions.
. Autonomous loT sensor- Monitoring equipment performance, fuel
Volvo Electric Site Sweden equipped machinery consumption, and maintenance requirements.
DPR Construction — USA (San 10T sensors (lighting, Optimizes energy consumption and indoor comfort
Office Francisco) temperature, humidity) levels within the office environment.
Crossrail (Elizabeth United Kingdom 10T sensor-based tunnel Enables predictive maintenance by monitoring
Line) (London) devices equipment conditions.
Procore loT Platform USA (New York) Procore (loT platform) Monitoring equmgnt utlllzatlon_, ma terial logistics,
and project communication.

Trimble Connect — Trimble Connect loT . - . .
Bridge Project USA (Boston) platform Real-time monitoring of structural integrity.
Autodesk_BIM 360 USA (Chicago) BIM—loT integration Combined use of 10T and BIM for subcontractor

Project workflow and document management.
Fieldwire — Re_5|dent|al USA (Miami) Fieldwire (IoT platform) Monitoring work schedules, w_orker performance,
Construction and safety compliance.
Skanska UK — Drones United Kingdom loT-enabled drones Site monitoring, safety management, and resource
+ 10T optimization.
Kier %Z;ZEQASSH United Kingdom loT-based tracking system Real-time tracking of equipment and materials.

Fig 5. 10T systems used in construction projects [15]

2.3. Artificial Intelligence

Artificial Intelligence (Al) refers to a set of advanced
algorithms and systems that simulate human intelligence
to analyze data, identify patterns, and automate decision-
making processes [16]. First formalized as a scientific
discipline at the Dartmouth Conference in 1956, Al
demonstrated strategic reasoning capabilities in the late
1990s through IBM’s Deep Blue chess computer. Since
the 2010s, the rise of big data and neural networks has
marked a renaissance in Al development [17]. The
emergence of generative Al models, particularly those
based on transformer architectures, has transformed Al

from a purely analytical tool into an active participant in
creative processes.

Despite the growing adoption of Al, the construction
sector significantly lags behind other industries in
implementing Al technologies within entrepreneurial
systems. As illustrated in Figure 6, while information and
communication sectors exhibit the highest Al adoption
rates in 2025, construction ranks lowest [18]. This
highlights the sector’s reliance on traditional methods and
suggests that Al integration could lead to transformative
improvements.

Bicnuk Hayionanorno2o mexuiunozo ynisepcumemy « XI11».

6 Cepis: Cmpameziune ynpaeninus, ynpasiinus nopmeenamu, npopamamu ma npoexkmamu. 2026. Ne 1(12)



ISSN 2311-4738 (print), ISSN 2413-3000 (online)

J-Information and Communication

K-Financial and Insurance Activities

Group 95.1-Repair of Computers and Communication Equipment
M-Professional, Scientific and Technical Activities

D-Electricity, Gas, Steam and Air Conditioning Supply; Sewerage
N-Administrative and Support Service Activities

C-Manufacturing

G-Wholesale and Retail Trade

L-Real Estate Activities

|I-Accommodation and Food Service Activities

H-Transportation and Storage

F-Construction

10 20 30 40
Percentage (%)

Fig 6. Al application statistics in entrepreneurship industries [18]

Al applications in construction have been explored
across multiple disciplines, demonstrating benefits in
project planning, cost estimation, site monitoring, and
related areas [19]. Particularly when integrated with BIM,
Al becomes a powerful tool; however, limitations arise
due to non-standardized data, incomplete construction
information, shortages of skilled personnel, and
organizational resistance. In the future, overcoming these
barriers through the combined application of BIM, IoT,
and Al may enable Al systems to become reliable partners

discovers

Data i

for managing

@ e vinual partof the DT

across nearly all phases of construction projects,
especially as effective tools for project managers.

2.4. Digital Twin

Digital Twin technology represents a living,
continuously evolving digital replica of a physical
construction project, moving beyond static BIM models
and synchronizing with real-world conditions in real time
[20]. A digital twin consists of three core components: the
physical object, its digital counterpart, and the data
streams connecting them.

TN

for processing

Data i

collects

The Physical part of the DT __} The Data connection

Fig 7. Digital twin procedure [20]

Although digital twin systems share conceptual
similarities with BIM, the key distinction lies in real-time
synchronization. While BIM provides a static visual
representation, digital twins reflect continuously changing
project conditions. Through the integration of Al, loT, and
other digital tools, digital twin technology enables real-

time analysis of construction progress, actual costs,
delays, and other critical parameters, leading to
transformative improvements in project management.
Despite these advantages, widespread adoption remains
limited due to challenges similar to those faced by other
digital technologies.
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Crossrail / Elizabeth Line (UK) (= £18.8 billion)

Project Name Eg&n{;gzid Completion / Status Purpose of Using Digital Twin
City-scale digital twin for design
. . . simulations, construction logistics,
NEOM/The I__|ne (Saudi ~USD 500 billion Ongqmg (phased environmental analysis, infrastructure
Arabia) completion, post-2030) -
performance, and long-term smart city
operations with Al and 0T integration.
BIM integration with real-time data for
~USD 24 billion progress tracking, clash detection,

2022 construction coordination, and operational

transition in a complex transport system.

New Istanbul Airport (Turkey) | ~USD 22 billion

2018 (operational phases

Simulate construction sequencing, manage
large-scale logistics, optimize spatial
planning, and support operational readiness

ongoing) by connecting design models with
performance data.
Structural monitoring using digital twins for
Hong Kong-Zhuhai-Macao ~USD 18.8 2018 stress, vibration, and maintenance planning
Bridge (China) billion across one of the world’s longest sea-
crossing bridges.
Heathrow Airport Expansion / ~USD 24-49 2008 (Terminal 5) Digital twin for simulating passenger flow,
Termi i - = operational logistics, construction phasing,
erminal 5 (UK) billion expansion ongoing

and long-term airport management.

Fig 8. Construction projects which used digital twin systems [21]

3. Conclusion. The conducted analyses indicate that
the application of digital technologies in construction
project management is no longer an alternative approach
but a strategic necessity. In an industry characterized by
cost overruns, schedule delays, and high risk levels,
technologies such as BIM, 10T, Artificial Intelligence, and
Digital Twins enable data-driven decision-making across
planning, execution, and operation phases, thereby
minimizing risks. BIM’s early-stage application
maximizes cost influence, while 10T and Al systems
provide real-time monitoring and predictive analytics for
project optimization.

However, the construction sector’s lag in adopting
these technologies reflects its dependence on traditional
management  approaches,  non-standardized  data
structures, and organizational resistance. In the future, the

integration of BIM, 10T, Al, and Digital Twin
technologies is expected to form a foundational
framework for construction project management.
Ultimately, digital transformation will enable the

execution of larger-scale projects with reduced risk,
enhancing the sector’s global competitiveness.
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K. SEMENCHUK

INTERCULTURAL COMPETENCIES AS A FACTOR OF PROJECT TEAM EFFECTIVENESS: THE
CASE STUDY OF GERMANY

Migration processes, driven by socio-economic and geopolitical transformations in recent years, have significantly influenced labor markets in
European Union countries and highlighted the need for effective integration of foreign workers. This issue has become particularly acute since 2022
due to the large-scale displacement of people from Ukraine, posing challenges for host countries, primarily Germany, not only to ensure employment
quantitatively but also to achieve sustainable and high-quality professional integration. Despite the increasing employment rates of Ukrainian refugees,
quantitative indicators do not fully reflect the actual level of professional adaptation, team effectiveness, or long-term career mobility. This article
examines intercultural competencies as a critical factor for successful project team performance and as a key resource for the professional integration
of Ukrainian migrants into the German labor market. It is argued that the effectiveness of collaboration in multicultural environments depends not only
on professional qualifications and language proficiency but also on social-behavioral skills, adaptability, empathy, tolerance, and the ability to interact
constructively with colleagues and management. The theoretical foundation of the study is based on contemporary approaches to intercultural
competence analysis, particularly Jirgen Bolten’s concept, which defines it as a dynamic combination of personal, social, and functional-strategic
components manifested through interaction in teams and professional activities. The practical implementation of these competencies is analysed
through the example of the forwarding and logistics sector in Germany, characterized by high operational complexity and the need for integration of
professional, cognitive, language, and intercultural skills. The study demonstrates that formal competency assessments, including professional tests,
language tasks, and exercises in logic and analytical thinking, allow for an objective evaluation of Ukrainian specialists’ readiness to work in a
structured and multicultural professional environment.
Keywords: competence, project team, Ukrainian migrants, German labor market, forwarding and logistics

K. JI. CEMEHYYK

MDIKKYJbTYPHI KOMIIETEHIII IK ®PAKTOP EPEKTUBHOCTI POBOTH IMPOEKTHUX
KOMAHJ: IPUKJIAJ HIMEYYNHHA

MirparniifHi nIpomecH, 3yMOBJICH] COLiaTbHO-eKOHOMIYHUMH Ta IeOIOJIITHIHUMHA TPAaHC(OPMALIIMU OCTAHHIX POKIB, CYTTEBO BIUIMHYIH Ha CTPYKTYPY
PHHKIB mpari kpain €spomneiicbkoro Coro3y Ta akTyali3yBaJy NHTAaHHS iHTerpamii iHO3eMHHX INpamiBHHUKIB. OcoOIMBOI 3HAYYHIOCTI I IpOLECH
HaOymu micis 2022 poky y 3B°3Ky 3 MACOBHM IEPEMIIICHHSIM HACEICHHs 3 YKpaiHH, 1[0 TOCTABIJIO Mepe]] MPUAMAIOUHME [epyKaBaMH, HaCaMIIepel
HimeyunHO0, 3aBJaHHs 3a0e€3IeUYCHHs HE JIMIIE KiIbKICHOrO MpaleBIaIllTYBaHHSI, a M SKICHOI Ta CTiiKOi1 iHTerpaumii MirpanTiB y mpodeciiiHe
cepenosuie. Ilompu 3pocTaHHsS piBHA 3aHHATOCTI YKpaiHCHKMX (haXiBILiB, KIIBKICHI HMOKA3HWKH HE 3aBXIU BiOOpakalOTh peaJbHHH piBEHb
npoceciitnoi aganranii, epeKTUBHOCTI Y4aCTi y MPOEKTHUX KOMAHIAX Ta 3[aTHOCTI 0 JOBIOCTPOKOBOI Kap’€pHOI MOOLTBHOCTI. Y CTATTI AOCIIHKEHO
MDKKYJIBTYpHI KOMIIETEHIIT K KJIIOYOBHII YMHHHK YCIIIIHOCTI KOMaHIHOI B3aeMOZii Ta BaxUIMBHH pecypc mpodeciiiHoi iHTerpamii ykpaiHChKHX
MITpaHTiB Ha HIMEILKOMY PHHKY Ipaii. ApIryMEHTOBaHO, IO €(eKTUBHICTh POOOTH B MYJBTHUKYJIBTYPHOMY CEPEIOBHILI 3aJIeXKUTh HE JIHIIE Bij
(haxoBOT MATOTOBKK T4 MOBHOI KOMIIETEHTHOCTI, @ i Bifl PiBHs C()OPMOBAHOCTI COI[iaIbHO-MIOBEIIHKOBIX HABUYOK, 3AATHOCTI /IO afanTailii, emnarii,
TOJIEPAaHTHOCTI Ta BMiHHS KOHCTPYKTHBHO B3a€MOJISITH 3 KOJIETAMU Ta MEHEPKMEHTOM. TeOpeTHYHOI0 OCHOBOO JIOCTI/KEHHS € CyYacHi MiJAXOaH JI0
aHaJ3y MIKKYJIbTypHOI KOMIIETEHTHOCTI, 30Kkpema KoHuemuis IOprema Bonrena, sika Bm3Hawae ii K JUHAMi4HY CYKyIHICTH OCOOMCTiCHHX,
coliaJibHUX Ta (YHKIIOHAIBHO-CTPATETIYHMX KOMIIOHEHTIB, IO IPOSIBIAIOTHCA y Tpoleci B3aeMoAii B KoMauai Ta npodeciidHii IisIbHOCTI.
IpakTnury peanizalito IUX KOMIETEHIIi IIpoaHali30oBaHO Ha NpUKIaAi cheph eKcreaupyBaHHA Ta JorictTukn B Himewuwni, ne pobGora
XapaKTEePH3yEThCsI BICOKOO OTEPalliifHOIO0 CKIIAJHICTIO Ta MOTPeOy€e MoepHAHHS NMPOQECiiHNX, KOTHITHBHUX, MOBHUX Ta MIXKYJIbTYPHHX HAaBHHYOK.
IMokazaHo, mo ¢opmaizoBaHe OI[IHIOBAaHHS KOMIIETEHTHOCTEH, BKIIIOUHO 3 TPO(QeCiiHUMK TeCTaMU, MOBHUMH 3aBJIaHHSMHU Ta 3aBJaHHSMH Ha JIOTIKY
W aHaJITUYHE MUCIIEHHS, JJ03BOJIsi€ 00’ €KTHBHO BU3HAYUTH FOTOBHICTh YKPAiHCHKUX (haxiBLIB 10 pOOOTH B MYJBTHKYJIBTYPHOMY Ta CTPYKTYPOBAHO
OpraHi30BaHOMY CEPEIOBHIII.
Ku11040Bi c/10Ba: KOMIIETEHTHICTh, IPOEKTHA KOMAH I, YKPAiHChKI MIrpaHTH, pUHOK mpaii HiMedunHu, ekcrieIMpyBaHHs Ta JIOTiCTHKA.

Introduction. Migration processes driven by socio-
economic and geopolitical transformations of recent years
have had a significant impact on the labor markets of the
European Union (EU) countries. These processes
intensified markedly after 2022 due to the mass forced
displacement of the population from Ukraine, which
brought the issues of integration and adaptation of
migrants and refugees into the socio-economic systems of
host countries to the forefront. In this context, migrant
employment goes beyond purely economic indicators and
acquires an interdisciplinary character, combining aspects
of labor economics, sociology, management, and
intercultural communication.

Germany, as one of Europe’s leading economies and
a primary destination country for migrants, is of particular
interest for studying professional activity in a
multicultural ~ environment and  identifying  the
competencies required for effective interaction within

project teams. On the one hand, the German labor market
offers considerable opportunities for the integration of
foreign workers; on the other hand, it is characterized by
structural and cultural factors that affect professional
adaptation, employment quality, and the long-term
sustainability of migrant integration.

At the same time, there is growing recognition that
successful employment and effective performance in
multicultural teams depend not only on formal factors
such as legal status, education level, or language
proficiency, but also on the level of intercultural
competencies developed by all participants in the labor
process. This concerns not only migrants themselves, but
also employers, managers, team members, and
institutional intermediaries whose interaction shapes the
actual working environment.

Purpose. The purpose of this article is to examine

© K. Semenchuk, 2026
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intercultural competencies within project teams and the
specific features of migrant employment in EU countries,
using Germany as a case study.

To achieve this objective, the following tasks were
addressed:

- to analyse the role of intercultural competencies in
ensuring the effectiveness of project team performance;

- to summarize J. Bolten’s model of intercultural
competencies and substantiate its applied relevance;

-to demonstrate the interrelation  between
professional, linguistic, and intercultural competencies
using the logistics sector as an example.

Analysis of recent research. Empirical studies exist
that measure and assess intercultural competencies in
teamwork, for example through developed scales such as
TWC-CQ, demonstrate that different components of these
competencies (behavioral, motivational, cognitive) have
varying effects on the competitiveness of team members
in culturally diverse environments [1].

Special attention in the literature is given to cross-
cultural team-building practices in Europe [2], where
intercultural interaction is viewed as a factor enhancing
productivity, creative potential, and innovative thinking
within project teams. This includes both normative-
theoretical models and practical methods for creating
inclusive environments adapted to cultural differences
among participants.

Acrticle [3] analyses the importance of intercultural
communicative competence in virtual and face-to-face
teamwork during the COVID-19 period. The authors
apply quantitative methodologies to identify patterns of
teamwork in culturally diverse projects and teams.

Study [4] examines the impact of cultural diversity
on the effectiveness of international project teams. The
author argues that while cultural diversity can enhance
teams’ innovative potential, in the absence of adequate
intercultural competencies it may also complicate
communication and coordination. Key factors for ensuring
team effectiveness include adaptability, intercultural
communication, and inclusive management approaches.

The authors of study [5] emphasize that integrating
specialized training programs and team learning practices
enables participants to interact more effectively in
international project environments, which is particularly
relevant for migrant adaptation in labor markets. Overall,
this body of research highlights the importance of
purposeful development of intercultural competencies for
increasing productivity and reducing the risk of
misunderstandings in multicultural teams, which is
directly relevant to the study of Ukrainian migrant
integration into the German labor market.

In addition, research on supply chain strategies in
project activities [6] complements the intercultural
competence discourse by highlighting the role of
coordination, communication, and decision-making in
complex project environments. In international logistics
and supply chains, these processes inherently involve
cross-cultural interaction, which underscores the indirect
importance of intercultural competencies for project team
effectiveness.

This academic seminar [7], conducted by Prof. S.
Hajatpour at FAU, focuses on the role of intercultural
competencies in labour market integration processes. The
course analyses how cultural awareness, communication
styles, institutional norms, and individual adaptive
capacities influence migrants’ professional inclusion in
Germany. The materials provide a conceptual and
practice-oriented perspective that complements empirical
studies on intercultural competence by emphasising its
relevance for employment structures and organisational
contexts in multicultural labour markets.

Main content. As of October 2025, approximately
4.3 million people in the EU had received temporary
protection due to the war in Ukraine [8]. Germany
remained the largest host country: by the end of the most
recent reporting period, approximately 1.2 million
individuals were benefiting from temporary protection
status in Germany (around 1,218-1,229 thousand
persons).

An analysis of labor market integration dynamics
shows a noticeable acceleration in the employment of
Ukrainian citizens in Germany during 2022—-2025. At the
initial stage of mass displacement (summer—autumn
2022), the employment rate among the working-age
population (approximately 20-64 years) was low, at
around 16%. In 2023, the average rate increased to
approximately 22%, and by early 2024 it had risen further
to about 27% [9]. The most recent studies indicate that by
summer 2025, the employment rate among Ukrainian
refugees aged 20-64 who arrived during the first months
of the war reached approximately 51%, indicating
substantial progress over a three-year period. However,
the share of unemployed individuals and those temporarily
unavailable for the labor market (due to childcare
responsibilities, integration courses, or retraining) remains
significant, suggesting continued potential for further
integration.

The rising employment rate of Ukrainian refugees in
EU countries, particularly in Germany, reflects gradual
structural integration into national labor markets. At the
same time, quantitative employment indicators do not
fully capture the complexity of economic integration, as
employment stability, professional mobility, and job-
qualification matching largely depend on non-financial
and intangible factors. One of the key factors is the level
of intercultural competencies, which determine migrants’
ability to interact effectively in multicultural work
environments, adapt to institutional and communicative
norms of the host country, and establish professional
relationships with employers and colleagues.

In a contemporary context where artificial
intelligence increasingly assumes routine tasks, the
question arises as to which skills make project team
members truly indispensable and unique. Beyond
technical expertise, the importance of soft skills - skills
rooted in human experience, intuition, and interpersonal
competence - is steadily increasing [10]. These skills not
only enhance the effectiveness of teamwork during project
implementation but also constitute a competitive
advantage in the labor market. The article [11] emphasises
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the role of linguistic distance and language competence as
key factors of labour market integration, which constitute
an integral component of intercultural competence.

Key soft skills required for participants in
international teams are outlined below (Table 1). A central
role in this context is played by intercultural competence -
the ability to interact effectively with representatives of
different cultures - which constitutes a critical professional
skill in a globalized environment (Fig. 1).

- \
Cultural R
competencies of )
other nations ,’

Individual cultural
competencies

sSooa2S

Fig. 1. Formation of intercultural competence in project team
collaboration

Intercultural competence  includes  cultural
awareness,  sensitivity, =~ communication  abilities,
adaptability, respect, and empathy. Project team members
are required to act interculturally competently, understand
cultural  differences among  participants, avoid
misunderstandings, and build sustainable relationships
with all stakeholders.

Intercultural competence is formed by a set of
interrelated components, including empathy; tolerance and
openness; communicative ability, understood as culturally
sensitive, respectful, and clear communication; language
competence; self-reflection, defined as awareness of one’s

own cultural influence; flexibility and adaptability; as well
as teamwork skills and the ability to manage and resolve
conflicts.

These competencies are not innate but can be
developed through education, targeted training, and
personal experience. Teams formed with consideration of
cultural diversity possess a significant potential for
enhanced creativity and the generation of innovative
solutions. Diverse backgrounds and different ways of
thinking contribute to a broader perspective on
contemporary challenges, which positively affects a
team’s problem-solving capacity, increases project
productivity, and enhances the overall adaptability and
effectiveness of organisations.

Intercultural competence within project teams also
helps to prevent stereotyping and fosters the emergence of
unique insights, as well as a supportive and inclusive
working atmosphere in which diversity of opinions and
experiences is valued. It emphasizes the importance of
respect for individual differences among team members
and the ability to find common ground even in complex
conflict situations. Figure 1 illustrates the intersection
between one’s own cultural competencies and those of
other cultures, where intercultural competence emerges at
this boundary.

Intercultural competence becomes particularly
relevant in the context of military hostilities in Ukraine,
when a significant share of specialists is forced to
integrate into the labour markets of other countries. Under
such conditions, the ability to interact effectively with
representatives of different cultures becomes critical for
unlocking the potential of diverse teams and achieving the
strategic objectives of organisations.

Table 1 — Key professional competencies and their scientific rationale in project team performance

Ne |  Competency

Core Aspects

Scientific Rationale

Project Team Application

1 Emotion Self-awareness; A high level of emotional intelligence Ensures effective communication,
Intelligence self-regulation; empathy; enhances interpersonal interaction and prevents conflicts, and supports team
social skills team productivity morale
Thinking outside of the box; Creativity is key for innovation Promotes idea generation, process
- generating unconventional processes, enabling the development of | optimization, and innovative solutions
2 Creativity . R - S .
ideas; willingness to new approaches and solutions to within the project
experiment; interdisciplinarity complex problems
Critical Inform_ation analysis; source _ Ensure_s accurate assessment c_Jf Helps_objectively e_vgluate projeg:t _da_ta
3 Thinking evaluation; rational approach; information and improves decision- make informed decisions, and minimize

evidence-based decisions

making based on facts

risks

4 Adaptability

Openness to new experiences;
positive attitude towards
change; lifelong learning

Enables effective responses to
technological and social changes

Provides flexibility in managing
project changes and rapid adaptation
to new conditions

Communication

Persuasiveness; active

Facilitates conflict avoidance, increases

Ensures clear information exchange,

5 skills listening; nonverbal work productivity, and improves reduces misunderstandings, and
communication; transparency collaboration quality improves team coordination
Team orientation; constructive Enables achieving collective goals, Supports interaction among team
. o . e members, ensures collective task
6 Teamwork conflict resolution; effective task distribution, and enhances leti d achi hared
responsibility group performance completion, and acnieves share
collective results
. Leading by example; Contributes to organisational stability, Helps coordinate team work, motivate
Leadership S A 7 o . .
7 - motivational abilities; decision- boosts team motivation, and enhances participants, and make timely project
Competencies . i . - . L
making skills decision-making quality decisions
. . L Promotes productive collaboration
Openness and respect; Ensures effective interaction in a g
Intercultural . . . - L among team members with diverse
8 adaptability to cultural context; | globalized environment and minimizes

Competence

cultural awareness

cultural misunderstandings

cultural backgrounds, strengthening
team
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In the research of the German scholar Jiirgen Bolten,
intercultural competence is understood not as a set of
isolated knowledge about other cultures, but as a dynamic
complex of individual, social, and strategic capabilities
that are realized through interaction. This approach is
especially relevant for analysing the

professional integration of Ukrainian migrants into
the German labour environment, which is characterized by
a high level of cultural diversity and clearly structured
organisational norms.

Figure 2 summarizes J. Bolten’s approach to
structuring intercultural competencies, which is based on

Professional
competencies:
international experience;
market analysis:
professional expertise

N

their integrated and process-oriented nature. The model
reflects the interrelation between the personal, social, and
functional-strategic ~ dimensions  of intercultural
competence. The personal dimension includes such
characteristics as openness, empathy, and tolerance of
ambiguity; the social dimension encompasses skills of
intercultural communication, teamwork, and conflict
management; the functional-strategic dimension refers to
the ability to apply intercultural knowledge in professional
activities and decision-making processes.

Individual
competencies:
motivation; self-criticism:

willingness to learn

Interculturel
competencies:
ability to describe and
explain personal and
foreign intercultural
processes: foreign
language proficiency:
intercultural experience

/

Strategic competencies:
knowledge management;
organisational skills:
analytical thinking:
conflict resolution skills

N

Social competencies:
teamwork ability:
empathy: tolerance;
leadership qualities

Fig. 2. Intercultural competencies according to J. Bolten: classification of competency types

The application of this model to the analysis of the
integration of Ukrainian migrants into the German labor
market makes it possible to consider intercultural
competencies as a key resource for successful professional
adaptation in a multicultural working environment.

Among the sectors of the German labor market—
such as elderly care, cleaning services, warehouse
operations, and tax consulting - a stable demand for
qualified personnel is also observed in the field of freight
forwarding and logistics. This sector is characterized by
high operational complexity and a strong need for
specialists with interdisciplinary competencies. Logistics
and freight forwarding represent a particularly illustrative
professional environment in which the combination of
professional  expertise, language proficiency, and
intercultural competencies directly determines
employment opportunities for Ukrainian professionals in
Germany. The specific nature of logistics activities
requires a comprehensive assessment of competencies,
encompassing professional, analytical, linguistic, and
intercultural components. In practice, these competencies
are manifested through compliance with business
communication  standards, accuracy in fulfilling
contractual obligations, and effective interaction with
partners from diverse cultural backgrounds.

Professional competencies in logistics are assessed
through concrete operational skills, including the
calculation of transportation costs, the application of
Incoterms, route planning, delivery time control,
preparation of transport and customs documentation, as
well as the use of digital logistics systems such as
Transportation Management Systems (TMS) and
Enterprise Resource Planning (ERP) systems. These
competencies form the foundation of the daily
professional activities of a freight forwarder in Germany.

Language and communication competencies have
clear practical relevance and include conducting business
correspondence in German, negotiating by phone with
carriers, coordinating terms with clients, and interacting
with  financial institutions. Insufficient language
proficiency directly affects service quality and may result
in financial losses.

Analytical and cognitive competencies are applied
when working with tariffs, currency transactions,
assessing route profitability, and resolving non-standard
situations such as delays, cargo damage, or changes in
transportation conditions. Logical and visual thinking are
essential for rapid information processing under time
constraints.

Intercultural competencies are expressed through
adherence to German standards of business conduct,
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including punctuality, clarity of agreements, written
confirmation of decisions, and a well-defined hierarchy of
responsibility. For Ukrainian specialists, this implies
adapting communication styles and organisational
behavior while maintaining professional autonomy.

A practical example illustrates the effectiveness of a
competency-based approach to employment in logistics
and freight forwarding. The author of the article
successfully completed a comprehensive qualification test
in German with a score of 87%. The test consisted of 100
tasks to be completed within 100 minutes and assessed
professional logistics knowledge, mathematical and
analytical skills, proficiency in German and English,
understanding of financial and banking operations, as well
as logical and visual reasoning abilities. This standardized
assessment format enables employers to objectively
evaluate a candidate’s professional and intercultural
readiness for work in the German logistics environment.
The obtained result confirms not only the presence of
applied competencies but also the ability to function
effectively in conditions of linguistic, organisational, and
cultural diversity, which constitutes a key requirement of
the contemporary German logistics services market.

Thus, passing a comprehensive competency
assessment serves as an instrument for the objective
verification of various types of competencies. Among
these, intercultural competence is integrated with
professional and cognitive skills and directly influences
the prospects of successful employment of Ukrainian
specialists in the freight forwarding and logistics sector in
Germany.

Conclusions. The employment situation of
Ukrainian migrants in Germany indicates gradual
integration into the national labor market: by the end of
October 2025, more than 1.2 million individuals were
under temporary protection, and the employment rate
among the working-age population had increased to 51%.
At the same time, effective participation in project teams
and the sustainability of professional integration depend
not only on the level of professional expertise and
language skills but also on the development of
intercultural competencies. These include adaptability,
cultural awareness, empathy, tolerance, and the ability to
engage in constructive interaction.

In the multicultural environment of logistics and
freight forwarding, these competencies are realized
through adherence to professional and communication
standards, precision in fulfilling obligations, and efficient
coordination with partners from different cultural
backgrounds. The formation of such competencies occurs
through practical experience, specialized training, and

formalized assessment procedures that integrate
professional, cognitive, and interpersonal skills. The
achieved test result of 87% confirms the formation of the
necessary  professional, linguistic, and cognitive
competencies, enabling effective task performance within
the German logistics market, which is characterized by
high requirements for accuracy, responsibility, and
intercultural interaction.

Therefore, the combination of intercultural,
linguistic, and professional competencies forms a solid
foundation for the effective integration of Ukrainian
specialists into the German professional environment and
minimizes the risks of communication failures within
project teams.
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M. YUNUSOV

HYBRID MODELING METHODOLOGY FOR PREDICTING RISKS IN EMERGENCY
MANAGEMENT

This research addresses the critical challenge of forecasting natural and man-made emergency situations, with a specific focus on industrial and forest
fire dynamics. Traditional emergency management often relies on deterministic models that, while physically accurate, struggle to incorporate the
inherent stochasticity of environmental variables. Conversely, purely statistical approaches frequently fail to account for unique, non-linear scenarios
where historical data is insufficient. To bridge this gap, this paper proposes a robust hybrid modeling methodology that integrates fundamental
physico-mathematical equations with advanced probability theory methods. The core of the deterministic component is based on the parabolic partial
differential equation of heat conduction, which describes the thermal evolution of objects under stress. To account for real-world uncertainties,
environmental parameters such as wind speed and ambient temperature are treated as random variables, modeled using Weibull and Gaussian
distributions respectively. A comprehensive computational experiment was conducted using the Monte Carlo simulation method, executed via Python-
based algorithms to perform 10,000 iterations for dynamic fire risk assessment. The Finite Difference Method (FDM) was employed to solve the heat
transfer equations iteratively. The results indicate that while a static deterministic model predicts a failure time of 24.5 minutes, the hybrid approach
reveals a significant stochastic variance, with failure times ranging from 15 to 45 minutes. Notably, the model identified a "Tail Risk" where 5% of the
simulations resulted in failure within less than 18 minutes—a critical safety window that traditional models overlook. Furthermore, a counter-intuitive
physical correlation was observed where higher wind speeds occasionally delayed failure due to enhanced convective cooling effects. This
methodology provides a more realistic and granular tool for decision-makers in emergency management, offering not just a single risk value but a
comprehensive probability interval essential for life-saving evacuation planning.
Keywords: Emergency situations, hybrid modeling, risk prediction, Monte Carlo method, Weibull distribution, fire safety.

M. M. OHYCOB

METO/I0JIOI'IS IIBPUIHOTIO MOJEJTIOBAHHS JIJIS1 IPOTHO3YBAHHSI PUBHKIB Y COEPI
HA/BBUMAMHUX CUTY AL

Jlane nociimpKeHHS MPUCBSYSHE BUPINICHHIO KPUTHYHOI IPOOJIEMH IIPOTHO3YBAaHHS IPUPOAHNX 1 TEXHOTCHHHX HAI3BUYaWHUX CHUTYAIil 3 0COOIMBUM
aKIIEHTOM Ha JUHAMIKy IPOMHUCIOBUX 1 JHCOBHMX HOXeX. TpaiguiliiHe yIpaBiiHHA HaJI3BHYAIHMUMH CHTYyalliIMH 4YacTO IOKJIANAcThCS HA
JleTepMiHOBaHI Mojewi, sKi, Oyaydn (i3HYHO TOYHHMH, Ba)KKO BPaxOBYIOTh BJIACTHBY CTOXACTHYHICTh EKOJIOTTYHHX 3MiHHHX. HaBmaku, cyto
CTaTHCTUYHI IiJXOAU YacTO HE B 3MO31 BpaxyBaTH yHiKaJIbHI HeNiHIlHI CIeHapil, I iCTOpUYHNX JaHuX HemocTaTHbo. 11106 nmomonaty e po3pus, y
JaHiii poOOTI NMPONMOHYETHCST HANiHA METOMOJOTIS TiOPHIHOrO MOJETIOBAHHS, sIKa IHTeTpye (yHIaMeHTalbHI (i3MKO-MaTeMaTH4Hi PIBHSHHA 3
MepeOBUMU METOIaMH Teopil WMOBIpHOCTEH. SIIpo NeTepMiHOBAHOTO KOMIIOHEHTa 0a3yeTbCs Ha mapabosidHOMy AudepeHLiaTbHOMY PiBHSHHI
TEIUIONPOBIAHOCTI B YaCTHHHHUX IOXIJHHX, SIKe OMHCYE TEPMIiUHY €BOJIOLiI0 O0’€KTIB I HaBaHTaXEHHSM. I BpaXyBaHHS HEBH3HAUCHOCTEH
PEAIBHOTO CBITY €KOJIOTIYHI NapaMeTpH, Taki SIK MIBUAKICTH BITPY Ta TeMIlepaTypa HaBKOJMIIHBEOTO CEPENOBHINA, PO3ILJAIOTHCS SIK BHIIAKOBI
BEJIMYMHM, 3MOJIETIbOBAaHI 3 BHKOPHCTaHHSIM po3noAiniB BeiiOymna ta [aycca Biamoigno. KommiekcHuid 00YMCIIOBAaJIbHUNE €KCHEPUMEHT OyIo
HPOBEICHO 3 BUKOPHCTAHHIM MeTo/Iy MojeoBaHHs MonTe-Kapiio, peatizoBaHoro 3a A0IOMOroIo alnropuTMiB Ha 6a3i Python mist Bukonamns 10 000
iTepariii 11 AMHAMIYHOI OIIHKM PH3HKY ToXexi. Metox ckindeHHnX pisHuup (FDM) BUKOpHCTOBYBaBCS JUIS iTEpaIliifHOrO po3B’sI3aHHS PiBHSHb
Terionepenayi. PesynpTaTi MokasyroTh, 110 B TOW 4ac SK CTaTW4HA AETePMiHOBaHA MOJENb mependayae yac BiAMOBH 24,5 XBHIMHH, TiOpuIHMI
ITiIX1/] BUSIBIISIE 3HAYHY CTOXACTHYHY JIMCIIEPCiIO 3 4acoM BiZIMOBH Bijt 15 110 45 xBuimH. 30Kkpema, Moaelb ifeHTHDiKyBaia «xBoctoBuil pusuk» (Tail
Risk), ne 5% cumyssiuiit nmpusBenn 10 36010 MeHII HiX 3a 18 XBUIMH — KpHTHYHE BIKHO Oe3leKu, sike TpaJuiiiiHi Mojeni irHopyoTs. Kpim Toro,
criocTepiranacsi KOHTPIHTYITHBHA (Di3HYHA KOPEJALisl, KOJIH BHUIIl [IBHAKOCTI BITPY iHOMI 3aTpUMyBaju PyHHYBaHHS 3aBISIKH TTOCHICHHM edeKTaMm
KOHBEKTHBHOT'O OXOJIOJUKEHHs. LI Metomornoris 3a0e3mnedye OUTbII peamiCTUYHUMA 1 ACTaJbHUM IHCTPYMEHT M OCiO, sKi NMPUHMAIOTh PillIEHHS B
YTpaBJIiHHI HAaA3BHMYaiHUMH CHTYaIlisIMH, HPOTIOHYIOUM HE NMPOCTO €IMHE 3HAYECHHS PU3MKY, a MOBHMI iHTEpBan HMOBIpPHOCTI, HEOOXimHMHA IS
IUTaHYBaHHS €BaKyallil Ta 3aXUCTy HaceJeHHs. [IpakTHuHe BIpoBa/KEHHs L€l riOpuIHOT MOJIENi T03BOJISIE 3HAYHO IMiJBUIUTH HANIHHICTh CUCTEM
PaHHBOTO TOMEPE/PKEHHS B YMOBaX BUCOKOI HEBH3HAYCHOCTI HABKOJIMIITHBOTO CEPEIOBHIIIA.

KarouoBi cioBa: Hag3BHUYaiiHI cuTyamii, TiOpuIHEe MOJENIOBAaHHS, NPOTHO3YBaHHS pPU3HKY, MeTol Momnre-Kapno, posmonin BeiiOyiia,
MoKexKHa Oe3reKa, TeIUIoNpOBIIHICTh, CTOXaCTHYHI 3MiHHI.

Introduction. In the contemporary era, the backdrop
of global climate change, rapid urbanization processes,
and the increasing pace of industrialization have led to the
complex dynamics of emergency situations. Forecasting
the development scenarios of such risks and implementing
preventive measures play a crucial role in emergency
management. All the aforementioned issues necessitate
the enhancement of traditional mechanisms for emergency
risk management.

Reports from the United Nations Office for Disaster
Risk Reduction (UNDRR) and the Intergovernmental
Panel on Climate Change (IPCC) indicate that the rise in
average global temperatures has resulted in an increase in
hydrometeorological events and large-scale forest fires.

Research  conducted in this field utilizes
deterministic methods based on physical laws and

stochastic methods based on statistical databases for the
assessment of emergency risks (Drysdale, 2011; Zio,
2013). The propagation of natural emergencies, expressed
through differential equations, is typically presented via
deterministic models in existing studies. However, in
practical application, such models often treat input
parameters-such as wind speed, humidity, and the heat of
combustion of an object-as constants, thereby failing to
reflect random variables in a real environment. On the
other hand, considering the approach to Dynamic
Quantitative Risk Assessment (DQRA), the variation of
emergency risks over time is characterized by its
stochastic nature (F. Khan, 2016).

It is worth noting that while traditional physical-
mathematical models—specifically differential equations
that calculate the spread of fires and inundation zones

© M. Yunusov, 2026
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during floods—are characterized by high accuracy, the
significant time required to process large datasets may
lead to delays in operational decision-making. Meanwhile,
statistical methods based on historical data struggle to
predict real-world events effectively. For this reason, the
vastness and rapid fluctuation of databases necessitate the
development of hybrid models incorporating artificial
intelligence  technologies for real-time parameter
processing.

Main body. The theoretical basis of the research is
built upon key npillars: the dynamics of emergency
situations, system reliability, stochastic modeling, and
dynamic risk analysis. Recent studies and scientific
innovations in these fields have led to a significant
evolution in the methodology of forecasting dynamic
disaster risks. It is particularly important to note that there
are two main directions in disaster risk modeling:
deterministic and stochastic (Drysdale, 2011; Zio, 2013).
Recently, the number of studies on dynamic and hybrid
models has increased.

Deterministic Models. The use of differential
equations based on physical laws is considered traditional
in the analysis of the propagation of natural emergencies.
Heat transfer equations are utilized in the investigation of
emergencies such as fire events (Drysdale, 2011). Such
models account for existing field parameters to determine
fire ignition rates. However, these approaches assume
parameters such as wind speed, humidity, and other
characteristics to be constant, failing to incorporate
environmental variability into the model. Consequently,
risk assessment is conducted based on a standard scenario.
In practice, the random variation of many parameters
limits the reliability of deterministic models. Furthermore,
such methods rely on approximate simulations and do not
deviate from the constraints established by the scenario.

Stochastic Models. Stochastic risk analysis utilizes
methods that encompass probability parameters, thereby
accounting for the uncertainty between parameters and
real events. Reliable assessment of such risks requires the
consideration of a multitude of possible scenarios for the
intended processes (Zio, 2013). To achieve this,
probabilistic risk assessment methods are employed. In
probabilistic risk assessment, parameters are treated as
random variables, and various probabilistic scenarios are
processed via Monte Carlo simulations. Such a risk
assessment process must be conducted over many possible
cases, making it possible to detect system failure
parameters and determine the distribution of risk values
(Zio, 2018).

Dynamic and Hybrid Models. Dynamic risk
assessments are developed to address the potential
limitations of both deterministic and stochastic methods.
Unlike traditional approaches, Dynamic Risk Assessment
(DRA) accounts for the temporal variation and updating
of risk levels (Khan et al., 2016). Furthermore, the
advancement of Quantitative Risk Assessment (QRA) has
facilitated the emergence of dynamic methods (Villa et al.,

2016). These novel approaches aim to establish a risk
profile through continuous observation and monitoring in
real-time. Consequently, dynamic risk models can
stochastically determine potential risks by considering not
only the initial period of the intended process but also its
subsequent evolution. Simultaneously, hybrid models
integrate both aforementioned approaches—physical laws
and probabilistic calculations. For this reason, hybrid
modeling approaches are considered effective in risk
assessments, as they account for both thermophysical laws
and dynamic conditions within the same time interval.

In large-scale natural fire scenarios, the transfer of
heat energy from the external environment to a
combustible object, and subsequently into its interior,
constitutes the fundamental physical process. For the
mathematical description of such a process, a parabolic
partial differential equation based on the law of heat
conduction and the law of conservation of energy is
utilized (Drysdale, 2011):

aT(xt) _ @ (
at  ox

dT (x,t)

pCo ax ) + Qgeneralv (1)

where:

p — density of the object's material (kg/m3);

Co — specific heat capacity of the material (J/kg*T);

k — thermal conductivity (W/(m-T));

T(x,t) — temperature field depending on spatial (x)
and temporal (t) coordinates;

t—time (s);

x — thickness of the object's wall (m);

Qgeneral — internal heat source (W/m3), (typically
assumed to be 0).

Boundary conditions play a decisive role in solving
the equation. Thus, the heat exchange at the external
boundary of the combustible object (x=0) is taken as the
primary basis. In this instance, the value of the heat flux
consists of the sum of two main components: radiation
and convection (Ricci et al., 2023):

- Z_z =0 = Gnet = Graa T dconv: (2)

- Radiative heat flux q,,, thermal radiation resulting
from the direct heat flux generated during natural fires;

- Convective heat flux g.,,,: heat exchange resulting
from air movement via wind, described as follows:

q;onv = he(Teny — Tsurf): (3)

where:

he. -
(W/(m2-T));

T, - ambient air temperature (T);

Tsury — temperature of the object's external surface

(T@O,1).

Modeling of Uncertainties. Although v and Tenv
(ambient temperature) are assumed to be constant in
deterministic models, since they are random variables in a
real environment, determining the Probability Density
Functions (PDF) of these parameters is essential for
predicting disaster risks.

convective heat transfer coefficient
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Research conducted in the fields of meteorology and
wind energy has revealed that the Weibull distribution
models the probability distribution of wind speed most
accurately (Carta et al., 2009):

Fike) =£(2) T e @
where:

v >0 — wind speed (m/s);

k — shape parameter indicating wind variability
(dimensionless);

¢ — scale parameter (correlated with the mean wind
speed).

The distribution of air temperature is modeled
according to the Gaussian distribution:

_T-w?

f(T5m0) = —=e 207 (5)

where:
u — mean temperature (°C);
o — standard deviation (°C).

Monte Carlo Simulation. Monte Carlo simulation is
utilized to establish the working mechanism of dynamic
hybrid models. Through a large number of random
samples, this method allows for obtaining the probability
distribution results of the deterministic model's output
parameters (e.g., the time required for the object's
temperature to reach the most critical limit) (Zio, 2013).

The main steps for constructing the algorithm are as
follows:

1. Definition of Input Parameters (Input):

- Material properties (p, Co, k);

- Geometric dimensions (L);

- Fire scenario (q,4q);

- Critical temperature;

- Distribution parameters (Kweibull, Cweibull, temp, Ttemp)-

numpy as np
from scipy.stats in

2 e
L L L

# Number of simulations
M_5IM = 18688468

# 1.

2. Random Sampling:

- Generation of vi and Teny,i values from the Weibull
and Gaussian distributions for N simulation iterations

3. Loop calculation (Iterative process):

- For eahc i-th iteration (i=1...N):

- vj calculation hc,i based on v;;

- Solve the heat conduction equation for (T(x,t) sonlu
using the finite difference method,;

- Monitor temperature of the object’s inner surface
(Tinner);

- if Tinner > Trail, record the time tfail,i and terminate
the loop.

4. Analysis of obtained results:

- Calculate statistical indicator of the obtained tfail
(mean value, standard deviation, quantiles);

- Construct the Cumulative Distribution Function
(CDF) of the probability of failure;

- Conduct “Tail risk” analysis.

To implement the proposed methodology practically,
an extensive computational experiment was conducted
within the environment provided by the Python
programming language. Python's libraries for numerical
computing, statistical distributions, and visualization offer
a favorable platform for achieving the aforementioned
objectives.

For the experiment, a potential fire incident in the
industrial zones of the Republic of Azerbaijan was
simulated. The algorithmic description of the codes
used for the simulation is presented in Figure 1 and
Figure 2.

As can be seen in Figure 1 and Figure 2, as a result
of 10,000 simulation iterations, several fundamental and
counter-intuitive  regularities in  emergency  risk
management were revealed. The obtained results were
analyzed from both statistical and physical perspectives
and compared with the "static" risk approach.

port weibull_min, norm

Generation of Stochastic Variables

# Wind speed (m/s) - Weibull distribution

wind_speeds =

weibull_min.rvs(c=2.2, scale=8.5, size=N_SIM)

# Ambient temperature (K) - Normal distribution

# 38C mean,
ambient_temps_C
ambient_temps_K

BC standard deviation -> Conversion to Kelvin
norm.rvs(loc=38, scale=5, size=N_SIM)
ambient_temps_C + 273.15

Fig. 1. Introduction to Python algorithm for Monte Carlo simulation and solving the thermodynamic equation
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import numpy as np

def solve_heat_equation(v_wind, T_amb,
# Unpacking parameters
rho, cp, k, L, T_crit = props

q_rad,

props):

# Calculation of convection coefficient (Empirical correlation)

# h_c =

h_c = 5.7 + 2.8 * v_wind

# Space and Time discretization

5.7 + 3.8 * v (exemplary simplified formula)

nx = 28 # MNumber of nodal points
dx = L / nx
alpha = k / (rho * cp)

dt = 8.5 * dx*¥2 / alpha
# Initial condition:
T = np-ones(nx + 1) * T_amb
time = ©

max_time =

while time < max_time:

T_new = T.copy()

# Stable time

step (Fourier number = B8.5)

Wall is at ambient temperature

36868 * 2 # Maximum 2 hours simulation

# Internal nodes (Conduction equation)

for i in range(l, nx):

T_newl[i] =

T[il + alpha * dt / dx*%2 * (T[i+1]

— 2*T[i] + TLi-11)

Radiation + Conwvection

Update of boundary temperature via energy balance

# Boundary Conditions

# x=8 (Outer surface):

# g_net = g_rad + h_c * (T_amb - T_surface)
#

g_net = g_rad + h_c * (T_amb — T[el)

# Corrected FDM formulation for surface node:
T_new[B8] = T[] + 2 * alpha * dt / dx**2 * (T[1] - T[]l + g_net * dx /

# x=L (Inner surtace):
# Here we assume adiabatic for
T_new[nx] =

T =
time += dt

T_new

"worst-case"
T[nx] + 2 * alpha * dt / dx**2 * (T[nx-1]

Adiabatic (Simplified scenario) or heat transfer

(heat accumulation)
- TLnx])

# Check for reaching critical temperature (Inner surface)

if TLnx] >= T_crit:

return time # Time to fai

Fig. 2. Python algorithm for Monte Carlo simulation and solving the Heat Dissipation equation

Comparative Analysis of Static and Probabilistic
Risk. It should be noted that the risk analysis was initially
performed using the traditional deterministic method. In
this case, the mean values of the input variables were
used:

- Wind speed: vimean = 7.5 m/s;

- Temperature: Tmean = 30°C.

Under the specified average conditions, the failure
time tfail calculated by the deterministic model was 1470
seconds (24.5 minutes). This figure is considered the
primary criterion for all evacuation plans as well as
firefighting tactics.

However, the results of the hybrid model indicate
that this approach does not reflect reality and fails to
identify critical risks. According to the Monte Carlo
simulation results, the failure time is not a fixed figure but
a stochastic quantity ranging from 15 minutes to 45
minutes.

The frequency histogram of the simulation results
and the Cumulative Distribution Function differ from a
normal distribution. The statistical results are as follows
(Table 1):

Table 1 — Comparative analysis of static (deterministic) and hybrid (probabilistic) model results

Parameter Static Approach Probabilistic Approach (Hybrid Model) Difference

Input Conditions Fixed mean values Distributions (Weibull, Gaussian) The hybrid model accounts for natural
(v=7.5, T=30) variability.

Result (Time) 24.5 doq Mean: 25.1 min, Range: 15-45 min The static model creates "false
precision."
Risk Interpretation | Failure will occur after | Probability of failure increases over time | The dynamic risk concept alters decision-
24.5 min. making.

Safety Margin Not considered Measured via 95% CI and Tail Risk The hybrid model identifies extreme

scenarios.
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- Mean time: 25.1 minutes;

- Standard deviation: 4.2 minutes;

- Median (50-th quantile): 24.8 minutes;

- 95% confidence interval: 18.5-32.3 minutes.

This implies that in 95% of cases, the object will fail
due to the disaster between 18.5 and 32.3 minutes.
However, it is the worst-case scenario, not the average,
that demands attention.

The greatest advantage of the hybrid model emerged
in the "Left tail" analysis. The left side of the distribution
describes scenarios where the object fails earliest. in
approximately 5% of simulations (500 scenarios), the
object failed in less than 18 minutes.

Physical Interpretation. During the physical
interpretation of the experiment, an interesting and
seemingly contradictory fact emerged. While wind is
typically perceived as a factor that exacerbates and
spreads forest fires, its role in this object fire scenario was
dual. Correlation analysis revealed a positive correlation
between wind speed and failure time. In other words, the
stronger the wind, the later the object heats up. The
physical explanation for this is as follows:

q;zet = q;‘ad + he(Teny — Tsurf)- (6)

Conclusion. The model proposed in this research
demonstrates a significant methodological innovation by
successfully combining the deterministic accuracy of
physical processes (Heat Conduction PDE) with the
statistical comprehensiveness of stochastic methods
(Monte Carlo, Weibull/Gaussian distributions). This
hybrid approach has enabled the description of risk not as
a single "static" value, but as a probability distribution,
thereby forming a more realistic and informative
landscape for decision-makers.

The conducted computational experiments have
proven the limitations of the traditional deterministic
approach; while the evacuation time of 24.5 minutes
predicted by the static model holds true in only 50% of
cases from a probability theory perspective, the new
model revealed that accidents could occur in less than 18
minutes with a 5% probability ("Tail Risk"). ldentifying
this critical difference in time indicators is of decisive
importance for saving human lives in emergency
situations.

Furthermore, the research results uncovered physical
paradoxes regarding the complex nature of the wind's role
in Natech scenarios. It was determined that in a forest fire
scenario, strong wind, contrary to expectations, increases
the resilience of industrial tanks by creating a convective
cooling effect, whereas calm weather conditions are
considered a source of higher danger.
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P. ZHERZHERUNOV, O. SHMATKO

DOCKERIZED BLOCKCHAIN ARCHITECTURE FOR SECURE SUPPLY CHAIN MANAGEMENT
SYSTEMS

Modern supply chain management systems increasingly rely on distributed architectures to ensure transparency, integrity, and trust between
participants. Blockchain technology provides a promising foundation for such systems; however, traditional consensus mechanisms introduce high
computational overhead, energy inefficiency, and privacy risks. These limitations are particularly critical for small and medium-sized enterprises
(SMEs) with constrained computational resources, that they are using to expand on their traditional informational systems and not to integrate
distributed technologies into the work process, as setup process for blockchain tools is more complex than centralized approach. This paper proposes a
private, dockerized blockchain architecture for supply chain management that combines the Proof of Friendship (PoF) consensus mechanism with
Zero-Knowledge Proofs (ZKP). By integrating a private, dockerized framework with the Proof of Friendship consensus and Zero-Knowledge Proofs,
this architecture enables resource-constrained enterprises to achieve a high-performance decentralized network that simultaneously ensures sub-second
transaction validation through social trust metrics, robust protection of competitive business intelligence via cryptographic privacy, and seamless
cross-platform deployment through containerization, ultimately overcoming the traditional trade-offs between system transparency, operational cost,
and data confidentiality in global trade. PoF extends Proof of Stake by incorporating social trust indicators, including transaction success rate and
geographic diversity of validators, enabling resource-efficient and decentralized consensus. ZKP mechanisms are integrated through an off-chain
prover module, allowing transaction correctness to be verified without revealing sensitive business data. The proposed approach enhances
cybersecurity, data confidentiality, and system scalability while reducing computational costs. Simulation results demonstrate improved resistance to
Sybil attacks, reduced validator centralization, and acceptable transaction latency for corporate blockchain deployments.

Keywords: blockchain security, supply chain management, proof of friendship, zero-knowledge proofs, privacy-preserving systems, distributed
information systems.

II. 10. ’KEP,KEPYHOB, O. B. ILIMATKO

JTIOKEPU30BAHA APXITEKTYPA BJIOKYEWHY JIJISI BESIEYHUX CUCTEM YIPABJITHHS
JAHIIOTAMHU ITIOCTAYAHHA

CydJacHi cHCTeMH YNpaBIiHHS JaHIIOTaMHU [OCTaYaHHs [Ie[ali YacTillle BUKOPHCTOBYIOTh PO3MOALICHI apXiTeKTypu ISl 3a0e3MeveHHs IPO30POCTi,
LUTICHOCTI Ta JOBIpH MK y4acHHKaMH. TeXHOJOTis GIOKYEHH CTBOPIOE MEPCIEKTUBHY OCHOBY ISl TAKMX CHUCTEM, OJHAK TPATHI[HHI MexaHi3MH
KOHCEHCYCY XapaKTepH3yIOThCsl BUCOKUMH 00YHCIIIOBAIbHIMU BUTPATAMH, SHEPIETHYHOI Hee()eKTUBHICTIO Ta pusnKkamu 1t koHdigenuiiiHocti. i
0OMEXEeHHSI € 0COOIMBO KPUTHYHUMH AU Manux i cepennix mianpuemcts (MCII), siki MatoTh 0OMeKeHI 00UHCITIOBATIBHI PECYPCH Ta BUKOPUCTOBYIOTh
X MEepPeBaXKHO [UISl PO3LIMPEHHS CBOIX TpamuI{iiHKUX iH(MOPMAIIHHUX CHCTEM, a HEe AJIS iHTerpauii POo3MOIiICHHX TEXHONOrii y pobodi mpouecH,
OCKUIBKH HAJAIITyBaHHS iHCTPYMEHTIB OJIOKYEHHY € CKIaJHIIINM MOPIBHAHO 3 LEHTPaTi30BaHUM MiIX0ZOM. Y poOOTI 3alpONOHOBAHO IPHBATHY
JIOKEPU30BaHy apXiTEeKTypy OJIOKYEHHY JUisi CMCTEM YIpPABJIiHHs JIAHIIOTAMH TI0CTAYaHHs, IO MOEAHYE MeXaHi3M KoHceHcycy Proof of Friendship
(PoF) i3 Bukopuctanusam Zero-Knowledge Proofs (ZKP). 3aBnsku iHTerpaumii mpuBaTHOrO KOHTEHHEPH30BAHOTO CEPEOBHIIA 3 MEXaHI3MOM
koHceHcycy Proof of Friendship Ta kpunTorpadidammm noka3amm 3 HyJbOBHM DO3TOJOIICHHSM 3alpONOHOBAHA apXiTEKTypa J03BOJISE
MANPUEMCTBAM 3 0OMEKEHUMHU PECypcaMu CTBOPIOBAaTH BUCOKONPOIYKTHBHY JELEHTPaAli30BaHy Mepexy. Taka mepexa 3a0e3nedye IiATBepIKESHHS
TpaH3aKI[id MEHII HiX 332 CEKYH/y Ha OCHOBI METPHUK COIialbHOI JOBIpH, HaJIIIHUI 3aXUCT KOH)IIeHIIHHOT KoMepLiliHoT iHdopMarii 3a 10moMororw
KpUNTOrpaivHNX METOJIB, a TaKOX 3pyYHE PO3TOPTAaHHS Ha Pi3HHX IUIAaTGOpMax 3aBASKM KOHTeHHepm3alii. Y pe3ynbTaTi JONAalThCs TPAAWIiHHI
KOMIIPOMICH MDK TIPO30PICTIO CUCTEMH, OIepalifHUMKU BUTPAaTaMU Ta KOH(DIACHIIHHICTIO JaHUX y riiobanbHii TopriBii. Mexanizm PoF posmmproe
niaxin Proof of Stake, Bkimrouaroun iHAMKATOpU COIIAJBbHOI JIOBIPH, 30KpeMa piBEHb YCHIIIHOCTI TpaH3akLiii Ta reorpadidyHy pi3HOMAHITHICTH
BaJIIaTOpiB, 10 3abe3mneduye pecypcoedeKTHBHUI i JEHEHTPANi30BaHMHA TIPOIEC NOCATHEHHS KoHceHcycy. Mexanismu ZKP iHTerpyroTscs depes
MOAyJb J0Ka3y mo3a OnokueiioM (off-chain prover), mo m03BoJsI€ TEpeBipATH KOPEKTHICTh TPAH3aKIi 0e3 POo3KpHUTTs KOH(iZeHIiHHIX Gi3Hec-
JIlaHMX. 3amnporoHOBaHUN MiJXi/ MiJBHUILY€E PiBeHb KiOepOe3neku, KOH)IAeHIIIHHOCTI JaHUX Ta MAclTabOBaHOCTI CUCTEMH, OJHOYACHO 3MEHIIYIOUU
obuncmoBanbHI BUTpaTH. PesymbraTh MOZENIOBaHHSA IE€MOHCTPYIOTh MiJBHIIEHY CTiHKICT 10 arak Tumy Sybil, 3MeHImIeHHs ueHTpaisamii
BaJIiJATOPIB Ta NPUUHATHY 3aTPUMKY TPAH3aKILii Ul KOPHOPATUBHUX ONOKYEHH-PILIEHb.

KirouoBi crnoBa: Gesmeka OioKueiiHy, ynpaBiiHHs JaHitoramu mocradanus, proof of friendship, zero-knowledge proofs, cucremu 3i
30epexeHHIM KOHQIAEHIIHHOCTI, po3oiieHi iHpopMaliitHi cuctemn.

Introduction. The increasing adoption of blockchain
technologies in distributed management systems,
including logistics platforms and Industry 4.0
environments, has intensified the fundamental tension
between transparency requirements and the need to
preserve the confidentiality of sensitive data. Core
blockchain properties such as immutability, traceability,
and public verifiability enhance trust among stakeholders,
yet simultaneously complicate compliance with data
protection regulations and the safeguarding of commercial
secrets [1] - [6]. To address this dilemma, contemporary
research increasingly promotes the concept of “privacy by
design,” whereby cryptographic primitives such as zero-

knowledge proofs, secure multi-party computation, and
homomorphic encryption are embedded directly into
consensus protocols and smart contract execution layers

[11-[3].

Related  Work.  Comparative  studies  of
cryptographic privacy-preserving techniques indicate that
the integration of zero-knowledge proofs, multi-party
computation, and homomorphic encryption with public
verification mechanisms enables a new class of verifiable
privacy-preserving computing architectures [1], [3]. These
approaches either relocate computation to off-chain
environments with on-chain verifiability through succinct

© P. Y. Zherzherunov, O. V. Shmatko, 2026
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proofs, distribute sensitive data among multiple parties to
prevent unilateral disclosure, or allow computations to be
performed directly over encrypted data. Empirical
evaluations of lightweight homomorphic encryption
schemes, such as Paillier-based constructions, demonstrate
acceptable computational overhead and robustness against
replay and forgery attacks, rendering them suitable for
industrial and logistics scenarios characterized by high
event frequency and stringent reliability requirements [2],

[3].

From a systems perspective, the literature
emphasizes that privacy in distributed management
systems is achieved through layered architectural patterns
combining identity and consent management, data channel
separation,  privacy-preserving  computation, and
regulatory compliance mechanisms [1], [5]. Self-
sovereign identity models and consent-aware access
control frameworks enable fine-grained governance of
participant rights, while channelized ledgers and context-
specific sub-registries reduce unnecessary data exposure.
To ensure compatibility with regulatory regimes such as
the GDPR, redactable and editable distributed ledger
technologies have been proposed, notably through
initiatives such as the NIST Data Block Matrix for
Hyperledger Fabric, which reconcile integrity guarantees
with controlled data modification or removal—an
essential requirement for industrial systems with evolving
access policies [6], [5].

Evidence from high-load domains, particularly
healthcare and Internet of Medical Things systems, further
illustrates the feasibility of scalable, privacy-preserving
blockchain architectures employing hybrid cryptographic
schemes, lightweight authorization proofs, and energy-
efficient consensus protocols [7]. These solutions achieve
substantial reductions in latency and energy consumption
without ~ compromising  confidentiality,  offering
transferable insights for distributed management systems.
Specifically, the use of multi-channel ledgers, private
smart contracts, and cryptographic access proofs enables
the separation of production, supply, and project
management data flows while preserving auditability
without exposing primary data [1]-[7].

In the context of collective decision-making and
knowledge management, blockchain-supported federated
learning has emerged as a viable paradigm for reconciling
local data privacy with global model consistency and
incentive-compatible collaboration [4]. Such architectures
are applicable to management systems tasked with
demand forecasting, route optimization, and real-time
quality control, while consent-centric and self-sovereign
identity frameworks further strengthen governance over
data subject rights in multi-stakeholder environments [5],

[4].

Ukrainian research in logistics and project
management  provides  domain-specific ~ problem
formulations that align closely with privacy-oriented
blockchain architectures in distributed management
systems. Studies on proactive logistics project
management emphasize early risk detection and
transparent communication, which are compatible with

immutable event logs and zero-knowledge-based auditing
mechanisms that avoid disclosure of commercially
sensitive information [8]. Strategic supply chain modeling
under information asymmetry highlights the need for
controlled data sharing, where permissioned blockchains
combined with consent policies and self-sovereign
identity mechanisms can reduce information leakage
while maintaining access to critical performance
indicators [9]. Multi-level planning of production and
concrete supply chains underscores the importance of
vertical and horizontal integration, for which channelized
ledgers and redactable distributed ledgers enable
differentiated access across operational units, contractors,
and executive management without undermining audit
trails [10].

Despite significant progress, several challenges
remain unresolved, including the operational costs of
zero-knowledge proofs, multi-party computation, and
fully  homomorphic encryption in high-frequency
transactional  environments, the reconciliation of
cryptographic immutability with the right to erasure, and
the long-term post-quantum resilience of distributed
management infrastructures [2], [6], [7]. Current research
points toward hybrid architectures that combine trusted
execution environments with cryptographic proofs or
integrate homomorphic encryption with granular access-
controlled channels, as well as incentive mechanisms that
promote correct behavior of agents in project-oriented and
logistics networks [1], [4].

This paper aims to develop and evaluate a private,
dockerized blockchain architecture for supply chain
management that integrates the Proof of Friendship
consensus mechanism with zero-knowledge proofs in
order to enhance cybersecurity, data confidentiality, and
consensus efficiency while addressing the requirements of
small and medium-sized enterprises.

Proposed model. The proposed model builds upon
recent advances in distributed management systems and
supply chain platforms, where blockchain technologies are
increasingly adopted to ensure data integrity,
transparency, and confidentiality. Prior studies emphasize
the importance of integrating blockchain into supply chain
management systems in order to enhance trust among
participants and mitigate the risks of unauthorized data
access [11] - [15]. At the architectural level, modularity
and scalability are identified as key requirements that
enable adaptation to diverse business scenarios and
operational constraints, particularly in multi-stakeholder
environments [11].

In the proposed model, these principles are realized
through a private, dockerized blockchain architecture
designed for supply chain management systems. The
model adopts a modular structure in which blockchain
functionality is decoupled from application logic, enabling
flexible deployment and independent scaling of system
components. This approach is consistent with existing
research on secure data transmission systems, where
consensus mechanisms play a central role in maintaining
consistency and reliability of shared information across
distributed  participants  [12]. Unlike traditional
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architectures, the proposed model explicitly targets the
requirements of small and medium-sized enterprises by
minimizing infrastructure complexity and computational
overhead.

A key element of the proposed model is the use of a
containerized blockchain mediator, which acts as an
intermediary between client applications and the
underlying blockchain network. Prior work on dockerized
blockchain mediators demonstrates that containerization
significantly improves deployment speed, configurability,
and maintainability of blockchain-based systems [13]. In
the proposed architecture, containerization enables logical
isolation of functional components and supports rapid
integration into existing enterprise infrastructures, thereby
reducing operational costs and lowering entry barriers for
SMEs [15].

The model further incorporates blockchain-based
mechanisms for ensuring traceability and integrity of
supply chain processes, which are critical in
geographically distributed and globally interconnected
logistics networks [14]. By recording verification results
and cryptographic commitments rather than raw
transactional data, the architecture supports auditability
while preserving confidentiality. This design choice aligns
with the broader trend identified in the literature toward
combining  blockchain  technologies with  modern
containerization and orchestration approaches to achieve
scalable, flexible, and privacy-aware distributed
management systems [1] - [5].

Overall, the proposed model synthesizes
architectural concepts from prior studies into a unified
dockerized blockchain framework that addresses security,
scalability, and confidentiality requirements  of
contemporary supply chain management systems. By
leveraging modular design principles, containerized
deployment, and blockchain-based trust mechanisms, the
model provides a practical foundation for secure and
efficient integration of blockchain technologies in SME-
oriented distributed management environments.

Mathematical Model and Proof of Friendship
Consensus Mechanism. The distributed blockchain-based
supply chain management system is modeled as a set of
network nodes:

V ={v,v,, ..

»Un} 1)

where each node v; represents a potential validator
capable of participating in transaction validation and block
formation.

Interactions among validators are governed by trust
relationships established through prior cooperation
history, operational stability, and organizational links
between supply chain participants. These relationships are
represented by a trust graph:

G=(W,E)ECV XV 2)

where E denotes the set of verified trust connections
between validators.

For each validator, a set of quantitative trust-related
attributes is defined, forming a trust attribute vector:

A; = (S5, G, E),S; € [0,1] 3)

This vector characterizes the reliability and
contribution of the validator to the network. The
transaction success coefficient S;is defined as the ratio
between the number of correctly validated transactions

and the total number of validation attempts:
valid
i = frorat )
where TP% denotes the number of correctly
validated transactions;

Tfotljs the total number of validation attempts
performed by validator v; during the considered
simulation interval.

The geographic diversification coefficient G; reflects
the spatial distribution of validators and is introduced to
mitigate regional concentration of validation power. In the
experimental evaluation, G; was modeled as a normalized
coefficient derived from the validator’s region
membership, with values assigned in the range [0-1].
Specifically, validators belonging to underrepresented
regions were assigned higher G; values, while validators
from regions with higher representation were assigned
lower G; values. This formulation ensures that geographic
diversity influences committee composition while
preserving the simplicity of the SME-oriented simulation
setup.

An optional energy efficiency coefficient E; € [0,1]
may be used to represent the utilization of renewable
energy sources. However, for corporate and private
dockerized deployments this component is typically
difficult to measure reliably and does not directly affect
the core security properties of a permissioned SME-
oriented blockchain  network. Therefore, in the
experimental evaluation presented in this paper, a
simplified Trust Factor model was applied in which E;
was omitted.

To quantitatively assess validator reliability, an
integrated trust metric referred to as the Trust Factor is
introduced in the general form:

TF; = aS; + BG; + YE;,  o,By=0 (5)
where the weighting coefficients satisfy the
constraint:
a+p+y=1 (6)

In the conducted experiments, the Trust Factor was
computed using only the transaction success coefficient
and the geographic diversification coefficient:

TFi=aSi+ﬁGi,a+[)’=1 (7)

The weighting coefficients were set to a« = 0.7and
B = 0.3. This choice is justified by the fact that
transaction correctness and validation reliability are
primary security-critical factors in corporate blockchain
deployments, while geographic diversification serves as
an additional decentralization constraint aimed at reducing
regional concentration and coordinated attack risks. The
analysis of alternative weight configurations and
sensitivity to parameter changes is considered a direction
for future work.
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The set of validators eligible for participation in a
given consensus round is defined as:
Vo ={v; €V ITF; = 6} (8)

From this set, a validator committee is formed to
jointly validate a block. The probability of selecting a

validator is proportional to its Trust Factor:
_ TF;
pi = Zvjevy TFj ©)

Committee formation follows a stochastic selection
process without replacement, which reduces the risks of
validator dominance and long-term centralization.

To further prevent regional monopolization,
geographic diversification constraints are imposed. Each
validator v;is associated with a geographic region:

r(v;) ER (10)

Let mdenote the maximum allowed number of
validators from the same region in a committee.
Additionally, the number of distinct regions represented in
the committee is defined as:

p(C) =l {r(v) 1 v; € G} | (11)

and must satisfy the constraint:
p(C) =q (13)
where g denotes the minimum required regional

diversity.

The Proof of Friendship committee selection process
can therefore be expressed as the following constrained
optimization problem:

C = arg max Yvec T Fi (14)
ICl1=k

subject to the geographic concentration and diversity
constraints defined above.

The proposed mathematical model formalizes Proof
of Friendship as a multi-criteria, trust-aware, and
geographically diversified consensus mechanism. By
combining an integrated Trust Factor with committee-
based validation and spatial constraints, the model
improves resistance to Sybil and Eclipse attacks, reduces
centralization risks, and ensures practical applicability for
corporate blockchain-based supply chain management
systems.

Results and Discussion. The experimental study
aims to evaluate the effectiveness of the proposed Proof of
Friendship (PoF) consensus mechanism with committee-
based validation and geographic diversification of
validators in the context of supply chain management
systems. The experiments are designed to test three key
hypotheses: (i) the use of the integrated Trust Factor
reduces the risk of validator centralization; (ii) committee
selection with geographic constraints increases resistance
to coordinated attacks; (iii) stochastic validator selection
does not cause a significant degradation in system
performance.

A private blockchain network consisting of n = 10
validators was simulated, where each validator represents
a typical small or medium enterprise node. All nodes were
configured with a 3 GHz CPU, 16 GB RAM, and a 50

Mbps network connection. The committee size was fixed
at k =5. Geographic diversification constraints were
defined as a maximum of m = 2 validators per region and
a minimum of g = 3 distinct regions per committee
(Table 1). The Trust Factor weights were set to a = 0.6,
B =04, and y =0, in accordance with the proposed
mathematical model. The optional energy efficiency
coefficient E; was excluded from the experimental
evaluation, since it is not reliably measurable in private
dockerized deployments and does not directly affect the
considered security and decentralization properties in a
permissioned network

Table 1 — Experimental Setup Parameters

Parameter Value
Number of validators n 10
Committee size k 5
Max. validators per region m 2
Min. regions per committee g 3
CPU per node 3 GHz
RAM per node 16 GB
Network bandwidth 50 Mbps
Trust Factor model TF; = aS; + BG;, E;
omitted

At the initial stage, Trust Factor values were
computed for all validators based on their transaction
success rate S;and geographic diversification coefficient
G;. The results (Table 2) demonstrate a clear
differentiation among validators, enabling effective
ranking and selective participation in consensus.
Validators with consistently high S; values maintained
priority positions during committee selection, while nodes
with marginal Trust Factor values exhibited limited
participation.

These results confirm that the Trust Factor model
adaptively reflects validator behavior and supports
dynamic prioritization based on reliability.

Table 2 — Trust Attributes (Si, Gi) and Trust Factor Values
(TF) in the Simulated PoF Network

Validator Region Si Gi TFi
V1 R1 0.95 1.0 0.97
V2 R1 0.92 0.8 0.88
V3 R2 0.98 1.0 0.99
V4 R2 0.90 0.8 0.86
V5 R3 0.96 1.0 0.98
V6 R3 0.89 0.8 0.85
V7 R4 0.94 1.0 0.96
V8 R4 0.88 0.8 0.85
V9 R5 0.91 1.0 0.95

V10 R5 0.87 0.8 0.83

The experimental results (Table 3) show that
stochastic committee selection without replacement,
combined with geographic constraints, consistently
produces committees of size k = 5that satisfy all
diversification requirements. In all experimental rounds,
the constraints | C,, N r |< mand p(Cy) = qwere met.
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Table 3 — Example Committee Composition Across
Consensus Rounds

Round

Selected Validators

Regions Represented

V1, V3, V5 V7, V9

R1, R2, R3, R4, R5

V1, V3, V5, V7, V2 R1, R2, R3, R4
V3, V5, V7, V9, V4 R2, R3, R4, R5
V1, V5, V7, V9, V6 R1, R3, R4, R5

Selected Validators

Regions Represented

V1, V3, V5, V7, V9

R1, R2, R3, R4, R5

V1, V3, V5, V7, V2

R1, R2, R3, R4

No committee exhibited regional concentration, and
each consensus round involved validators from at least
three distinct regions, confirming the effectiveness of the
proposed geographic diversification constraints.

A comparative analysis of scenarios with and
without geographic constraints shows that removing
diversification requirements significantly increases the
probability of committee dominance by validators from a
single region (Table 4). In contrast, the PoF-based model
effectively prevents such concentration. Moreover, the
combination of Trust Factor thresholds and geographic
limits complicates Sybil attacks, as the creation of
multiple fictitious nodes does not automatically increase
trust metrics.

Table 4 — Example Committee Composition Across
Consensus Rounds

Scenario Max. validators from | Centralization
one region risk
PoF with geo- <2 Low
constraints
PoF without geo- 4-5 Medium
constraints
Random selection 5 High

Performance measurements (Table 5) indicate that
committee-based validation does not lead to significant
increases in transaction confirmation latency compared to
full-validator participation. Limiting the number of active
validators reduces synchronization overhead and message
exchange costs. The stochastic selection mechanism
introduces negligible computational overhead and is
therefore suitable for SME-oriented deployments.

Table 5 — Performance Comparison

Validation mode | Avg. latency Message CPU load
(ms) overhead
Full 1850 High High
participation
PoF committee- 1420 Medium Medium
based
Random 1380 Medium Medium
committee

The experimental results confirm that the proposed
Proof of Friendship mechanism achieves an effective
balance  between  security, decentralization, and
performance in  blockchain-based  supply  chain
management systems. The integrated Trust Factor enables

dynamic selection of reliable validators, while committee-
based validation with geographic diversification reduces
centralization risks and improves resistance to coordinated
attacks. At the same time, performance remains stable and
computational overhead is kept at a level acceptable for
small and medium-sized enterprises. These findings
support the practical applicability of Proof of Friendship
in corporate and inter-organizational blockchain solutions.

CDF of Trust Factor Values
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Fig. 1. Cumulative distribution function (CDF) of Trust Factor
values for validators in the simulated Proof of Friendship network

Transaction Latency Comparison
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Fig. 2. Boxplot comparison of transaction latency for full
validation and Proof of Friendship committee-based validation

The CDF of Trust Factor (Fig.1) values demonstrates
a pronounced concentration of validators with high trust
levels, indicating effective differentiation and
prioritization within the proposed model. Furthermore, the
latency boxplot (Fig.2) shows that committee-based
validation under Proof of Friendship achieves lower
median latency and reduced variability compared to full-
validator participation, confirming that stochastic
committee selection does not introduce significant
performance degradation.
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CDF Comparison: PoF vs Random Validator Selection

1.0 4

0.8

0.6 1

CDF

0.4 4

0.2 "
—— PoF-based Selection

Random Selection

T T T T T T
0.75 0.80 0.85 0.90 0.95 1.00
Trust Factor

Fig. 3. Cumulative distribution function (CDF) comparison of
Trust Factor values for Proof of Friendship—based and random
validator selection

The CDF comparison between Proof of Friendship—
based and random validator selection (Fig.3) highlights a
pronounced shift toward higher Trust Factor values under
PoF. While random selection results in a relatively
uniform distribution concentrated at lower trust levels,
PoF consistently prioritizes validators with higher
reliability scores. This behavior confirms the effectiveness
of the proposed trust-aware selection mechanism in
reducing the participation of low-trust nodes and
strengthening resistance to centralization and Sybil-style
attacks.

Conclusion. This paper presented a privacy-
preserving and resource-efficient blockchain architecture
for supply chain management systems based on the
integration of the Proof of Friendship consensus
mechanism and zero-knowledge proof techniques. By
extending traditional Proof of Stake with socially oriented
trust metrics and geographic diversification constraints,
the proposed approach addresses key limitations of
existing  blockchain  solutions, including validator
centralization, susceptibility to coordinated attacks, and
excessive computational overhead.

A formal mathematical model was introduced to
describe trust-aware validator selection as a constrained
optimization  problem, enabling transparent and
reproducible  committee  formation.  Experimental
evaluation using simulation data demonstrated that the
proposed mechanism effectively prioritizes high-trust
validators, enforces geographic diversity, and significantly
reduces centralization risks compared to random or
unconstrained selection strategies. At the same time,
committee-based validation under Proof of Friendship
maintains stable transaction throughput and lower latency,
confirming that stochastic trust-based selection does not
degrade system performance.

The results indicate that the proposed dockerized
blockchain architecture is well suited for small and
medium-sized enterprises, offering a practical balance
between security, decentralization, and efficiency. Future
work will focus on large-scale deployment studies, formal

security proofs against advanced adversarial models, and
the integration of post-quantum  cryptographic
mechanisms to further enhance the long-term resilience of
blockchain-based supply chain management system.
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V. ZIUZIUN

FORMATION THE BASIC CONCEPT OF A METHOD FOR MANAGING THE RISK OF TIME
LOSSES IN IT PROJECTS BASED ON MODELING THE TEAM’S COGNITIVE PROFILE

This scholarly work addresses the pressing problem of managing the risks of time losses in IT projects that arise from cognitive interruptions
experienced by specialists while performing complex tasks. The author notes that contemporary Agile methodologies create an inherent conflict
between the need for deep concentration (the «flow state») and the intensity of team communications. This conflict leads to the accumulation of
cognitive debt — a latent risk reflecting a reduced ability of the team to return to productive work after interruptions. The purpose of the study is to
develop a method that treats the team’s cognitive profile as a dynamic project resource for the quantitative forecasting of deadline-failure risks. The
scientific novelty of the work lies in the introduction of formalized metrics for cognitive debt and interruption cost, which make it possible to assess
the systemic consequences of cognitive losses along the critical path of the project dependency graph. The proposed method is based on modeling an
individual specialist’s cognitive viscosity and calculating the reconcentration time required to restore the task’s mental models. The mathematical core
of the method transforms a planned work schedule into a probabilistic model in which each interruption acts as a factor that extends lead time. A key
element is the determination of interruption cost, which accounts not only for the personal losses of an individual developer but also for the cascading
idle time of all dependent team members. The practical significance of the study lies in the possibility of integrating these models into IT project
management systems for adaptive regulation of communications. Based on probabilistic risk assessment, the system can propose preventive measures
such as a «cognitive quarantine» (blocking non-priority notifications) or dynamic sprint or Agile process rescheduling. In summary, the method
enables a shift from reactive acknowledgment of delays to proactive management of cognitive resources. This provides a scientific foundation for
protecting developers’ workspaces, minimizing cascading risks, and increasing the overall predictability of delivery timelines in cognitively intensive
projects.

Keywords: intelligent filtering, cognitive viscosity, flow state, Agile team, mathematical modeling, team effectiveness, autonomy buffer,
dependency graph, Agile process progress, communication in IT.

B. 1. 3I03I0H

®OPMYBAHHA BA30BOI'O KOHHEIITY METOAY YIIPABJIIHHSA PU3NKAMHU YACOBUX
BTPAT B IT-TPOEKTAX HA OCHOBI MOJAEJIIOBAHHA KOTHITUBHOI'O TPODLIIO
KOMAHIH

HaykoBa mpalist NpuUCBsYCHAa BHPILICHHIO aKTyaJbHOI NMPOONEMM yHpABIHHA PU3MKaMM 4acoBHX BTpar B IT-mpoekrax, 110 BHHHKAIOTH 4epe3
KOTHITHBHI nepeprBaHHs (axiBLiB I1ij{ 4aC BUKOHAHHS CKJIAJIHHX 3aBJaHb. ABTOp 3a3Hadvac, 1o cydacHi Agile-meronomnorii cTBOpror0Ts KOHAIIKT MiXk
moTpe6oro B IIMOOKIN KOHIEHTpAIii («CTaHi MOTOKY») Ta iIHTEHCHBHICTIO KOMaHAHUX KOMYHiKarii. Lle mpu3BOAUTh 10 HAKOMMYCHHS «KOTHITUBHOTO
6Opry» — NPUXOBAHOTO PU3MKY, LIO BiJOOpa)kae 3HWXKEHHS 3/IaTHOCTI KOMaHIM MOBEPTATUCA IO MPOJYKTHBHOI pOOOTH Micis BiABOJiKaHb. MeToO0
JIOCTI/DKEHHS € PO3p0o0OKa METOMy, IKHil po3risanae KOTHITUBHUIT Mpodiib KOMaH/M SIK AMHAMIYHHI pecypc MPOEKTY I KiJIbKiCHOTO MPOTHO3YBAHHS
PH3HKIB 3pHBY ne/aitniB. HaykoBa HOBH3HA mosirae y BIPOBaKeHHI (OPMaTi30BaHUX METPHK KOTHITUBHOTO OOpPry Ta BapTOCTI HEpEPUBAHHS, IO
JIO3BOJISIIOTh OLIHMTH CUCTEMHI HACHIJKM KOTHITMBHHMX BTPaT Ha KPUTHYHOMY LUIAXY rpada MPOEKTHHUX 3aleKHOCTEH. 3arnpornOHOBAaHMN METOJ
0a3yeThCs Ha MOJIETIOBAHHI iHIMBIlyalbHOI «KOTHITHBHOI B’A3K0OCT» (haxiBIsd Ta po3paxyHKy 4acy PEKOHIEHTpaIlii, HeOOXiJHOTO I BiJHOBIICHHS
MEHTAIBHUX Mofeseil 3amaui. MaTemaTu4He siApo METOAy TPaHC(HOPMYE IUIAHOBHUIA rpadik pobIT y WMOBIPHICHY MOJENb, [e KOXKHE MepepUBAHHS
BucTymnae (akropom nojoskerns Lead Time. KitouoBuM eneMeHTOM € BU3HAYEHHS BAPTOCTI [IEPEPUBAHHSL, KA BPAXOBYE He JIUIIE OCOOUCTI BTPATH
PO3poOHNKa, a ¥ KacKa/Hi MPOCTOi BCIX 3aJIeXHNX yJacHHUKIB KOMaHAH. [IpakTnune 3HaUeHHS pOOOTH MOJISTae y MOXKIMBOCTI iHTETpallii X Mozeneit
y cucremn ynpasiias IT-poektamm mis aJJanTHBHOTO PETyNIOBaHHA KOMyHikamii. Ha OcHOBI HMOBIpHICHOI OIIIHKM PU3MKY CHCTEMa MOXKeE
MPOTIOHYBATH MPEBEHTHBHI 3aX0/M, TaKi SIK «KOTHITUBHUI KapaHTHH» (OJOKYyBaHHS HENPIOPUTETHUX CIIOBIilIEHb) a00 JMHAMIYHE MEeperiaHyBaHHS
crpunTy (Agile-npouecy). Y3aranpHIOOYH, METOA JO3BOJISIE NEPEHTH BiJl PEAKTHBHOIO KOHCTATYBAaHHS 3aTPUMOK [0 NMPOAKTHBHOTO YHPABIiHHS
KOTHITHBHUM pecypcom. lle 3abesmedye HaykoBe MiATPYHTS JUIS 3aXHCTy poOOYOro MPOCTOPY PO3POOHMKIB, MiHIMi3alii KacKaJHUX PU3HKIB Ta
MiZBUIIEHHS 3arajbHoi nepeadauyBaHOCTI TEPMiHIB peaizallil iHTeIeKTyalIbHO MICTKUX TPOEKTIB.

KurouoBi cj10Ba: iHTenekTyaibHa (inbTpalis, KOTHITUBHA B’sI3KiCTh, CTaH MOTOKY, Agile-koMaH/a, MaTeMaTH4YHE MOJCIIOBAHHS, KOMaHIHA
e(eKTUBHICTb, 3a11ac aBTOHOMHOCTI, rpad) 3anexHocreil, nporpec Agile-npouecis, komyHikais B 1T.

critically large. Existing communication management
mechanisms are predominantly based on static rules and
do not account for the dynamics of an individual
specialist’s cognitive state or the phase of the sprint (Agile

Introduction and problem statement. In modern
software engineering, the efficiency of developing
complex systems largely depends on specialists’ ability to
sustain prolonged, uninterrupted cognitive concentration,

corresponding to a state of deep intellectual immersion, or
the «flow state». At the same time, Agile methodologies
presuppose a high intensity of communication, which
creates a fundamental contradiction between individual
focus and the demands of team synchronization.

The problem is exacerbated by the fact that software
development is a process of constructing complex mental
models; their disruption by unregulated notifications leads
to the emergence of cognitive viscosity — a condition in
which the time required to restore task context becomes

process). As a result, decisions to interrupt work are made
without considering their actual cost to the project as a
whole.

Consequently, a cumulative effect of cognitive debt
arises, reflecting a latent risk of time losses and leading to
a degradation of the team’s ability to rapidly return to
productive work. Since traditional monitoring tools
typically register only the fact of missed deadlines, it
becomes evident that there is a need to formalize a
quantitative  relationship  between an individual
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developer’s cognitive losses and team-level performance
metrics. This, in turn, necessitates the development of
adaptive methods capable of identifying cascading idle
times and forecasting risks along the critical path of the
project dependency graph before deadlines are actually
violated.

Analysis of prior research and publications. An
analysis of the scholarly literature in the field of managing
cognitive concentration and communications in IT teams
indicates a strong research interest in finding a balance
between an individual developer’s productivity and the
overall dynamics of a project. A significant contribution to
understanding the nature of interruptions was made by
C.Parnin and S. Rugaber, whose works focus on
programmers’ need for contextual information after
memory disruptions and on the design of interactive
environments that support sustained concentration [1; 2].
Their studies demonstrate that frequent interruptions not
only consume clock time but also deplete a developer’s
short-term memory, thereby extending the «warm-up»
period required before productive work can resume.

Experimental results show that each unregulated
interruption causes substantial time losses, averaging 10—
15 minutes needed to reconstruct the task’s mental models
and re-enter the flow state.

In parallel with cognitive research, an active line of
work has emerged on the development of intelligent
notification-filtering systems. Contemporary approaches
rely on machine learning methods to analyze user
preferences, as exemplified by the PrefMiner system and
other models of adaptive information flow management
[3; 4; 5]. In this context, particular attention should be
given to study [6], which introduces and investigates the
concept of cognitive viscosity for optimizing the
management of Agile teams.

The mathematical foundation for modeling structural
interrelationships in such systems traditionally relies on
graph theory [7; 8], while the analysis of the intensity of
incoming information flows is carried out using the
apparatus of queueing theory [9]. To address complex
optimization problems, researchers often employ
multicriteria methods and stochastic algorithms [10; 11;
12]. In particular, recent work in the field of Agile
management has focused on the application of artificial
intelligence to forecasting team productivity and
managing large groups of developers [13; 14].

Despite the substantial body of publications, most
existing approaches remain limited in scope, as they treat
the specialist as an isolated unit. The cascading impact of
individual cognitive losses on the critical path of the entire
project and on the risks of deadline failure is often
overlooked. The absence of a formalized link between the
team’s dynamic cognitive debt and IT project performance
metrics underscores the need to develop new integrated
methods for managing the risks of time losses.

The purpose of this work is to develop a method for
managing the risks of time losses in IT projects based on
modeling the team’s cognitive profile as a dynamic
resource. The method provides quantitative identification,

assessment, and forecasting of deadline-failure risks by
integrating specialists’ cognitive characteristics, cognitive
debt metrics, and interruption cost with a model of project
dependencies and the critical path.

Main part of the study. The proposed method for
managing the risks of time losses is based on a systems
approach that views the development process as a
dynamic interaction between individual cognitive
resources and the project’s structural dependencies. The
core idea is to move from reactive management, which
merely records delays after they occur, to a proactive
intelligent monitoring system that relies on leading
indicators of team state.

The method’s concept encompasses an end-to-end
process that begins with formalizing the human factor
through cognitive profiles and culminates in automated,
adaptive decision-making aimed at stabilizing the work
schedule. Within this framework, each disruptive
influence — such as unplanned communication or meetings
— is interpreted as an event that generates an increase in
cognitive debt and triggers a cascading interruption cost at
the team level.

The mathematical core of the method enables the
transformation of developers’ subjective experiences into
quantitative metrics, which are then integrated with the
project task graph to compute a probabilistic deadline
model. In this way, the method makes it possible to create
a unified information space in which the project’s
technological constraints are synchronized with the
cognitive capacities of specialists, allowing the manager
to operate with precise data on the current sprint’s
resilience margin (Agile process).

Block A. Forming the team’s cognitive profile as
an input parameter of the risk management method.
The formation of the team’s cognitive profile is a
foundational stage of the proposed method, as it enables
the translation of the abstract notion of the “human factor”
into the domain of measurable project indicators. Within
this study, the cognitive profile is treated as a dynamic
resource that reflects the collective’s ability to perform
cognitively intensive tasks without a degradation of
overall productivity under the influence of external
stimuli.

Cognitive debt is a formalized indicator of
accumulated risk of time losses that increases as a result
of a series of unregulated interruptions and fragmentation
of the work process, leading to a degradation of a
specialist’s ability to quickly return to a state of deep
concentration (the «flow state»).

The introduction of this term makes it possible to
systematically assess the «cost» of each message or
meeting through the lens of time losses along the critical
path. When a specialist is exposed to an excessive humber
of external requests, their cognitive debt grows, giving
rise to the phenomenon of cognitive viscosity [6] — a
condition in which the time required to restore task
context becomes critically large, thereby creating
prerequisites for deadline violations.
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To ensure that the cognitive profile becomes an
effective risk management instrument, the method
provides its enrichment along several key dimensions:

- Aggregation of individual characteristics and roles.
The approach accounts not only for specialists’
psychophysiological parameters, such as reconcentration
speed, but also for the specifics of their roles within the
project structure.

- Monitoring of dynamic state. The profile is
continuously updated based on metrics of uninterrupted
work and interruption frequency, enabling the real-time
identification of zones where focus declines to critical
levels.

- Synchronization with structural dependencies.
Cognitive indicators are mapped onto the project task
graph, making it possible to identify nodes at which the
individual losses of a single developer may trigger
cascading delays across the entire sprint (Agile process).

Thus, the cognitive profile functions not merely as a
descriptive characteristic but as a controllable variable that
provides a scientific basis for forecasting time losses. The
availability of such a detailed profile enables a shift from
general monitoring of team condition to the direct
identification of specific risks, implemented through the
calculation of quantitative metrics for the cost of each
individual interruption.

Block B. Identifying cognitive risks through
cognitive debt and interruption cost metrics.
At the next stage of the method’s implementation, the
focus shifts from a descriptive cognitive profile to the
direct identification of time-loss risks. A major challenge
in Agile projects is that cognitive losses are typically
«invisible» until a deadline is actually missed.

To address this issue, the method introduces a
system of quantitative assessment based on two key
metrics: cognitive debt and interruption cost. These
indicators make it possible to transform subjective factors
of intellectual fatigue and loss of focus into formalized
data suitable for algorithmic analysis and optimization.

A central role in risk identification is played by the
dynamics of cognitive debt, which within the method is
interpreted as an accumulated risk of time losses. It
reflects the systemic effect of workday fragmentation:
each new interruption not only consumes time but also
increases a specialist’s level of cognitive viscosity,
making every subsequent return to work more difficult. At
the same time, the method accounts for the cognitive
resource’s capacity for self-recovery during periods of
uninterrupted concentration, enabling the manager to
observe the team’s actual productivity «balance» at any
point in the sprint (Agile process).

In parallel with the cumulative effect of cognitive
debt, the method employs the interruption cost metric,
which serves as a tool for assessing the immediate impact
of managerial decisions on productivity:

- Quantitative impact assessment. The interruption
cost allows determining how much total time the team
would lose if a specific specialist at a critical project node
were distracted by a non-priority message.

- Forecasting systemic consequences. By integrating
with the project dependency graph model, this metric
illustrates how even a brief interruption of a single
developer can trigger cascading idle time for other team
members through task structural dependencies.

- Communication optimization. Formalizing the
interruption cost provides a basis for establishing adaptive
notification-filtering rules, where the priority of incoming
information is aligned with its potential harm to the
specialist’s current focus state.

Such a system of metrics enables a move beyond
intuitive management toward the precise calculation of
deadline-violation risks. Understanding the quantitative
cost of each interruption and the accumulated level of
cognitive debt sets the stage for the next step:
mathematically modeling individual losses, which allows
for a detailed reconstruction of the concentration recovery
timeline for each specific developer — a process that will
be examined further in the study.

Moreover, within the proposed method, risk
identification is not limited to merely recording the
moment of an interruption. It also encompasses analysis of
the chain reaction triggered by time losses. When the risk
of time loss materializes as a primary threat factor, it acts
as a trigger for a series of secondary risks [15] that can
destabilize the project at multiple levels (see Table 1).

The introduction of cognitive debt and interruption
cost metrics allows these hidden threats to be detected
early, at the stage of their emergence. Thus, the
formalization of cognitive factors becomes a tool not only
for maintaining the current development pace but also for
ensuring overall stability and the quality of the intellectual
product within an Agile environment.

Block C. Mathematical modeling of cognitive debt
dynamics and specialist reconcentration. To translate
the concept of cognitive losses into the domain of
quantitative management, the method formalizes a
specialist’s cognitive state through a dynamic cognitive
debt indicator. This approach accounts not only for the
immediate time lost to task switching but also for the
cumulative effect of reduced concentration capacity
(cognitive viscosity).

1. Formalizing the accumulation of cognitive debt.
The developer’s cognitive debt (D) at time t is proposed
to be considered as an integral quantity that grows due to a
series of unregulated interruptions and work process
fragmentation. The increase in debt for each interruption
is defined as:

AD¢ =0 - trow * f(H), (1)

where o — the specialist’s cognitive viscosity
coefficient;

f(H) — a function representing the complexity of the
current intellectual task context;

triow — the duration of uninterrupted intellectual
immersion (flow state) prior to the disruptive event.

Using o as a multiplier allows modeling an
individual specialist’s sensitivity: the higher the cognitive
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viscosity, the faster the debt accumulates with each
subsequent message or meeting.

This formula enables a quantitative assessment of the
«strength» of destructive impact on the workflow. It
shows that the longer a specialist has been in a state of
deep focus (tsow), the more painful and costly an
interruption becomes, as it disrupts a more complex
mental construct. Applying the o coefficient allows
managers to differentiate tasks: for creative architectural
decisions, this value will be significantly higher than for
routine test writing, enabling a more accurate prediction of
cognitive debt growth depending on the type of work.

Table 1 - Identification of secondary risks for the project in
the event that time-loss risk materializes as the primary threat
factor
(E;I:elf Risk name Description
(impact on the project)
gory
Due to the structural interdependence
of tasks in the project graph, a delay
= | Risk of | at a single critical node caused by a
‘8'_ cascading cognitive interruption leads to idle
£ | delays time for related  specialists,
f‘.’ exponentially increasing the overall
g lead time.
2 The aggregated cognitive viscosity at
g Risk of | critical nodes in the project graph
@ | schedule results in an irreversible shift of the
slippage final deadlines for the sprint, Agile
process, or release.
2 In an effort to compensate for lost
= | Risk of | time, specialists may consciously or
%‘ quality unconsciously  simplify  solutions,
S | degradation | leading to increased technical debt
o .
e and a higher number of code defects.
@ Frequent interruptions  disrupt
'8 | Risk of loss | complex mental models, forcing
'g of contextual | additional time (10-15 minutes) to
2 | knowledge be spent on restoring context and re-
- examining sections of code.
Risk of | A high level of cognitive debt drives
__ | disruption in | team members to avoid
£ | team communication in order to protect
&, | synchro- their focus, creating information gaps
§ nization and architectural errors.
IS : Working under constant «cognitive
< | Risk of | .- . .
2 . viscosity» and a deficit of «flow
S | professional . )
state» leads to emotional exhaustion
S | burnout .
% and risks the loss of key experts.
Eel . Relying on static management rules
d Risk of - . :
% . . without accounting for the dynamic
o | ineffective - .
i cognitive  state results in a
résource isallocation of workload at critical
lanning misallocation of workload at critica
P stages of the project.
2. Determining re-concentration (recovery) time.

According to experimental data, each interruption causes a
loss of time needed to restore mental models. Within this
method, the re-concentration time (7,..) is modeled as a
function of the current level of cognitive debt:

Trec = thase * (1 +In(1 + 0 - D)), (2)

where t, .. is the baseline time to return to a «flow
state» (typically 10-15 minutes), and the logarithmic
dependence reflects the nonlinear increase in difficulty
when restoring complex contexts as the day becomes
more fragmented.

The mathematical logic of this model is based on
logarithmic productivity degradation: the first few
interruptions are relatively easy to handle, but after
reaching a certain threshold, the accumulated debt D,
begins to exponentially complicate the return to work. The
practical application of this formula lies in identifying the
«point of no returny», after which it is more effective for a
specialist to switch tasks or take an extended break to
restore cognitive resources rather than continue the current
task.

The mathematical interpretation of the «point of no
return» within this model is based on analyzing the
limiting behavior of 7,.. relative to the specialist’s
remaining available working time. Because the
logarithmic dependence implies an accelerated increase in
the complexity of mental model recovery at high values of
D., a moment emerges at which the cumulative costs of
re-concentration and the compensation of cognitive
viscosity o exceed the potential productive return from
continuing work on the current intellectual task.

From a managerial perspective, the point of no return
is identified under the condition that:

Trec > ATa.vaila.ble ’ (3)

where AT,,qiiapie 1S denotes the time interval until
the next scheduled interruption or the end of the working
session. Reaching this threshold signals to management
that the degree of day fragmentation has led to a critical
degradation of concentration, at which any attempt to re-
enter the «flow state» becomes economically unjustifiable
due to the high cost of interruption (Col) and the risk of
cascading idle time across the entire team. Consequently,
equation 3 serves not only as a means of estimating delays
but also as a trigger for activating «cognitive quarantine»
measures or for initiating urgent task rescheduling.

3. Modeling the self-recovery effect of cognitive
resources. The method also accounts for the ability of
cognitive resources to self-recover during periods of
sustained, uninterrupted focus. If a specialist works
without external distractions, the level of D, gradually
decreases, reflecting the stabilization of the work context
and a reduced likelihood of quality degradation risks.

The calculated individual metrics allow determining
the «cost» of an interruption for a specific developer.
However, in Agile development, such losses have a
cascading effect due to the structural interdependencies of
tasks. This necessitates aggregating the cost of
interruptions along the critical path of the project
dependency graph, where individual losses are
transformed into a team-wide risk metric for missed
deadlines.

Overall, it can be stated that the proposed metrics D,
and Col (the latter being responsible for estimating the
cost of interruptions, with its specific properties discussed
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later in the study) enable early detection of the following
derivative risks:

- Burnout risk. Monitored through a consistently
high level of D, that fails to recover over several days.

- Quality degradation risk. Correlates with
increasing cognitive viscosity ¢ at critical nodes, when a
specialist begins to «simplify» tasks to save time.

Block D. Aggregating the cost of interruptions
along the critical path of the project dependency
graph. After determining the individual re-concentration
time 1, for each specialist, it is necessary to assess the
systemic impact of these losses on the entire project.
Within the proposed method, the structure of an IT project
is modeled using graph theory, where tasks are
represented as nodes and the logical dependencies
between them as edges.

1. Integrating cognitive losses into graph parameters.
The traditional task duration on the critical path (t;) is
augmented with a dynamic component representing
cognitive losses. Consequently, the actual task execution
time (trqc) becomes a stochastic variable dependent on
the number of interruptions and the accumulated cognitive
debt:

tracti = tplan,i + Z?:l Trec,j (D¢, 0), (4)

where t,iqn; is the planned duration of the i—th
task without considering destructive impacts;

X Trec,j IS the total time spent restoring focus after
each interruption during the task.

This model transforms a deterministic Gantt
schedule into a probabilistic model, where each
interruption acts as a factor extending task duration. It
allows for the calculation of a realistic lead time, taking
into account not only the code volume but also the
communication «noise» within the development
environment. In essence, formula (3) reflects the hidden
time spent «warming up» cognitive resources after each
meeting or message.

2. Determining the cost of interruption (Col). In this
method, the cost of an interruption is not treated as a fixed
value but as an increase in the overall project lead time. If
an interruption occurs to a specialist working on a critical
node in the graph (Critical Path), the Col equals the sum
of the re-concentration time for that specialist plus the idle
time of all dependent team members:

Colyora = Trec,i T ZkeSAtidle,k: 5)

where S is the set of successor tasks whose execution
is delayed due to the cascading idle effect at the current
node.

Formula (4) is crucial for identifying cascading risks:
it demonstrates that the cost of interrupting a specialist on
the critical path is not limited to their personal time but
also includes the cumulative delay of all subsequent
development stages. This provides a mathematical
rationale for implementing strict «quiet» or «do not
disturb» policies for key developers, as their distraction
multiplies idle time across the entire team due to structural
dependencies in the project graph.

3. Cognitive viscosity as a factor in cascading delay
risk. Applying this coefficient allows the identification of
the most «vulnerable» nodes in the project. High cognitive
viscosity on the critical path means that even a minor
interruption in terms of message volume can trigger a
chain reaction of delays (Dependency risk). This creates
information gaps and architectural errors, as team
members begin avoiding communication to protect their
own focus.

Aggregating the cost of interruptions across the
project graph enables managers to obtain a real-time view
of lead time. However, for strategic decision-making, it is
not enough to merely report current losses; it is also
necessary to forecast the likelihood of successfully
completing a sprint (or Agile process). Accordingly,
forecasting the risk of deadline violations should be
considered based on the team’s aggregated cognitive
viscosity, which can serve as the foundation for a
probabilistic model of deadline estimation in future
research.

Block E. Forecasting deadline violation risk based
on the team’s aggregated cognitive viscosity. The final
stage of the method involves moving from a static graph
analysis to dynamic forecasting of the probability of
completing the project within the established deadline
(taeaa). Since the actual task duration (trace;) Is a
stochastic variable dependent on communication intensity
and accumulated cognitive debt, risk forecasting is
performed through iterative modeling of the critical path
state.

1. Calculation of aggregated cognitive viscosity
(3 o). The method involves computing the cumulative
impact of «viscosity» on the project’s critical sections.
The higher this value at nodes with strong
interdependencies, the greater the likelihood of a
cascading delay (Dependency Risk).

2. Probabilistic deadline assessment. The risk of
deadline violation (R,ioation) 1S Calculated as the
probability that the total duration of tasks on the critical
path, accounting for projected interruptions, will exceed
the planned time:

(ttotal > tdead) = f(Z Trecr ZO-' DC )' (6)

where t;..q 1S the expected lead time, taking into
account the current level of the team’s cognitive debt and
the dynamics of its recovery.

The proposed probabilistic model enables the
assessment of a sprint’s (or Agile process’s) «safety
margin». Instead of a binary «on track / off track»
evaluation, the manager receives a dynamic probability
distribution curve that accounts for the team’s current
fatigue level (D;) and the density of upcoming
communications. This allows the automatic notification
system to be fine-tuned: if the probability P exceeds a
critical threshold (e.g., 30%), the system automatically
recommends cognitive quarantine measures to stabilize
the schedule.
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3. Adaptive decision-making. Based on the forecast,
the decision support system can recommend the following
preventive measures:

- «Cognitive quarantine». Temporarily blocking all
non-priority notifications for specialists on the critical
path if D exceeds a critical threshold.

- Dynamic rescheduling. Adjusting task priorities to
reduce cognitive viscosity at nodes with the highest
concentration of logical dependencies.

- Velocity adjustment. Adapting planned metrics for
upcoming sprints (Agile processes) based on the actual
cost of interruptions (Col), recorded during the current
period.

Thus, aggregating cognitive metrics allows the
transformation of the team’s subjective sense of
«overload» into a concrete percentage-based risk
indicator, providing a scientific basis for preventive
management in Agile development.

The proposed risk management method can be
characterized as a proactive intelligent management
system that shifts from reactive delay correction to
preventive modeling. Unlike traditional Agile monitoring
tools (e.g., burn-down charts), this method works with
«leading indicators» — detecting drops in concentration
before they manifest as actual idle time.

The method effectively creates a digital twin of the
team’s cognitive activity, where each message in a
messenger or unplanned meeting is assigned a «cost» in
units of lead time. This enables managers not merely to
demand results, but to scientifically justify the protection
of developers’ workspaces, minimizing cascading risks
along the project’s critical path.

For practical implementation of the method in an
Agile process, the following step-by-step algorithm is
proposed:

Step 1. Profile formation. Define baseline cognitive
viscosity coefficients (g) or each specialist according to
the type of tasks they handle (architectural, research,
routine).

Step 2. Monitoring incoming flows. Continuously
record the frequency and duration of interruptions
(communications) to calculate the current cognitive debt
(Dc)-

Step 3. Quantitative loss assessment. Calculate the
re-concentration time (z,..) for specialists based on their
current state and the complexity of the context.

Step 4. Critical path analysis. Integrate the observed
delays into the project dependency graph to compute the
actual cost of interruptions (Col,ytq;)-

Step 5. Probabilistic forecasting. Estimate the risk of
deadline violation (Ry;,iati0n) through iterative modeling
of the remaining work execution.

Step 6. Adaptive response. Apply automated
measures such as initiating a «quiet modey, redistributing
workload, or adjusting the sprint scope (Agile process).

To illustrate a potential application of the method,
consider a scenario in an Agile team working on a critical
security module.

Situational task. A Senior developer is working on a
task on the project’s critical path. The planned execution

time is 4 hours (t, i, = 240 min). During this period, the
developer receives two interruptions via Slack from
adjacent teams.

Initial data of the specialist: cognitive viscosity
coefficient ¢ = 0,8 (high architectural complexity);
baseline recovery time t,,,, = 15 min; current cognitive
debt D¢, , = 0.

Loss calculation:

1.1. First interruption — Occurred after 60 minutes
of deep focus (tf;o,, = 60).

1.2. Cognitive debt increase —

ADc, =0,8-60 = 48 min

1.3. Re-concentration time —

Trec, = 15+ (1 +In(1 + 0.8 - 48)) =~ 70 min.

2.1. Second interruption — Occurred 30 minutes
after recovery.

2.2. Cognitive debt increase —

AD¢, = 0,8 - 30 = 24 min (total D; = 72 min).

2.3. Re-concentration time —

Trec, = 15 (1 +In(1+ 0,8 - 72)) =~ 76 min.

3. Systemic impact on the project. Actual task
duration and systemic impact (tq.) increased from 240
minutes to —

240+ 70 + 76 = 386 min
hours).

Since the developer is on a critical node, these 146
minutes of delay automatically translate into idle time
(tiqe) for three testers waiting for the module release. The
total cost of interruption (Coly¢q;) for the team is:

146 min (developer) + 3 - 146 min (testers) =
= 584 person — min (almost 10 hours of work).

Outcome. By identifying this risk through formula
(5), the decision support system records that the
probability of a sprint (Agile process) deadline violation
has risen to 45%. The manager receives a
recommendation to activate a «cognitive quarantine» — a
complete blocking of non-critical communications for this
node until the end of the workday.

(approximately 6.5

Conclusions. The proposed study presents a
comprehensive  scientific concept that offers a
qualitatively new perspective on efficiency in modern
software engineering. A key advantage of the developed
method is the shift from viewing a specialist as a static
resource with fixed productivity to a dynamic «cognitive
profile» model that accounts for mental fatigue, contextual
complexity, and the cumulative effect of distractions.

The study convincingly demonstrates that traditional
Agile metrics only capture actual delays, whereas the use
of cognitive debt and cost-of-interruption metrics allows
management to operate with leading risk indicators. This
transforms the management process from reactive error
correction to proactive modeling of the «safety margin» of
each work cycle.

The scientific novelty lies in formalizing cascading
delays through cognitive viscosity on the critical path of
the project graph, providing a solid foundation for
developing intelligent decision  support systems.
Implementing such tools allows managers to justify
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measures like «cognitive quarantine» and dynamic
rescheduling, protecting the most valuable asset of an IT
project — the developers’ state of deep concentration.

The practical significance of the method is
confirmed by its ability to quantitatively assess the
systemic impact of communication noise, which is critical
for cognitively intensive projects with complex logical
dependencies. Thus, the study not only addresses the
urgent issue of minimizing time losses but also contributes
to the development of a mathematically precise approach
to human resource management in the digital age,
ensuring high predictability of intellectual product
delivery without risking team burnout.
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M. B. €EBJIAHOB, B. B. LIIYThKO

PO3POBKA BA30BOI MOJEJII BABOPY CTPATEI'Ti XMAPHOI MITPAILII IHOPMALIAHOI
CUCTEMH

XmapHa Mmirpamis iH$pOpMaifHUX CHCTEMH Hapasi € OZHHM 3 KPUTHYHHX II€PEeXiJHHX eTalliB PO3BUTKY MiJNPHEMCTBA HA IUIIXY X0 HU(POBOI
TpaHcdopmariii. Po3risiHyTo mpobrnemy BuOOpy crparerii xmapHoi Mirpauii iHdopMariiiHOl cHCTeMH Ha HepeAMirpawiiHiid cramgil sk 3agady
JIOCSITHEHHS LIJIbOBUX XapaKTEPUCTHK SKOCTI Ta MPOLYKTUBHOCTI, MPUHHATHOrO PiBHS BHTpPAT i KEPOBAHOCTI BIPOBA/DKEHHS B YMOBaX OOMEXEHHX
BUXIJHAX JaHUX. BHU3HaueHo, M0 HasfBHI MiAXOQW MO IUIAHYBAaHHS Mirpamii 4acTto € pi3HOIUIAHOBUMH Ta ()parMEHTapHHMH. 3alpOIOHOBAaHO
dopmaizaiito BHOOpY cTpaterii sk HOPIBHSAHHS albTEPHATUB y CIHUIBHOMY MPOCTOPI KJIIOYOBUX IMOKA3HUKIB e(peKTHBHOCTI. BBeaeHO uilboBHi
poGisib HOKA3HHUKIB K HAOIp MiHIMATFHO NPHUHHATHUX OPOrOBUX 3HAYEHD IICIIS Mirparil, a TAKOXK Bard BaXIIHBOCTI, K BiTOOPaXKaloTh MPiOPUTETH
3aI[iKaBICHUX CTOPiH 1 JO3BOJIIIOTH SBHO (hikcyBaTH, sSKi BUMOTH € KPUTHYHMMH. BU3HAUCHO NpHUAATHICTE KOXHOI albTepPHATHBH MipOIO
HEJOCATHEHHS LIJbOBHX IOPOriB 3a MOKAa3HHKaMH, A€ MPOrHO30BAaHWI CTaH HE BIJNOBiZaB BUMOTraM. BpaxoBaHO KOMIIPOMIC MDK IOCSTHEHHSIM
LIJILOBOTO MPOQITIO Ta CKIAIHICTIO peari3ail, 110 J03BOJHB KOHTPOIIOBATH OalaHC MiX OYiKyBaHUMH ITOKPAILICHHIMH 1 PECYpPCHHMH BHUTpaTaMH Ha
nepeTBOpeHHs iHpopMamniifHOi cucTeMu. BukoHaHO eKkcHepuMeHTaNIbHY IepeBipKy MoJeli Ha 3aJaHOMy HAOOpi BXiJHUX JAHUX, IIO IiJTBEPAUIO
JIETepMIHOBAHICTb 1 BIATBOPIOBAHICTh Pe3yJsbTaTiB. 3a (hiKCOBaHMX MOYATKOBHX 3HAYCHb MMOKA3HUKIB, MPABUJI HOPMYBAaHHs, NOPOrOBUX LI, Bar
Ba)IIMBOCTI Ta MapaMeTpiB KOMIIPOMiCYy Mozenb (GopMyBaia OJHO3HAYHE PAH)KyBaHHsS CTpaTeriii i mo3Bommna imeHTHU]IKYBaTH, sKi MOKa3HUKA
(opmyBanu ocHOBHHMI AE(DIIMT Ta B SKUX HampsMax HEOOXiAHI 3MiHM AJsl oro 3MeHuieHHs. OOIPYHTOBaHO, IO Taka MOCTAaHOBKA ITiJCHIIMIIA
MPO30PICTh Ta apryMEHTOBaHICTh BHOOPY crparerii xmMapHoi mirpamii. [Tomanbiui HampsIMH JOCTIDKEHHST BU3HAYEHO SIK KaniOpyBaHHs MapaMeTpiB
MOJIeIi Ha eMITIPUYHUX MPUKIAAaX, aHAl3 IyTIMBOCTI Pe3yNbTATIB O Bar i MOPOTiB, ypaxyBaHHS HEBH3HAYCHOCTI MPOTHO3IB MOKA3HHKIB, & TAKOX
PO3IINPEHHs] MEXaHI3MIiB CIIEHapHOTO IOPIBHSHHSA, MO0 MiJBHINUTH IEPEHOCHMICTh PEKOMEHJALN Ul Pi3HHX OMEHIB i THIIB iH(OpMamifHHX
CHCTEM.
Kurouosi ciioBa: iHdopMariiliHa cuctemMa, KIIF04OBI OKa3HUKU e(DeKTUBHOCTI, MOZIEJIb, CTPATETis, XMapHa Mirpaitis.

M. IEVLANOV, V. SHUTKO

DEVELOPMENT OF A BASIC MODEL FOR CHOOSING AN INFORMATION SYSTEM CLOUD
MIGRATION STRATEGY

Cloud migration of information systems is currently one of the critical transitional stages of enterprise development on the way to digital
transformation. The problem of choosing a strategy for cloud migration of the information system at the pre-migration stage is considered as a task of
achieving the target characteristics of quality and productivity, an acceptable level of costs and manageability of implementation in conditions of
limited initial data. It is determined that the existing approaches to migration planning are often diverse and fragmented. The formalization of the
choice of strategy as a comparison of alternatives in the common space of key performance indicators is proposed. The target indicator profile is
introduced as a set of minimum acceptable thresholds after migration, as well as important weights that reflect the priorities of stakeholders and allow
you to explicitly capture which requirements are critical. The suitability of each alternative as a measure of failure to achieve the target thresholds for
indicators where the predicted state did not meet the requirements is determined. The compromise between the achievement of the target profile and
the complexity of implementation is considered, which made it possible to control the balance between the expected improvements and resource costs
for the transformation of the information system. Experimental verification of the model on a given set of input data was performed, which confirmed
the determinism and reproducibility of the results. With fixed initial values of indicators, normalization rules, threshold goals, weights of importance
and compromise parameters, the model formed an unambiguous ranking of strategies and made it possible to identify which indicators formed the
main deficit and in which directions changes were needed to reduce it. It is substantiated that such a formulation strengthened the transparency and
reasoning of the choice of a cloud migration strategy. Further areas of research are defined as calibration of model parameters on empirical examples,
analysis of the sensitivity of results to weights and thresholds, considering the uncertainty of indicator forecasts, as well as expanding the mechanisms
of scenario comparison to increase the portability of recommendations for different domains and types of information systems.
Keywords: cloud migration, information system, key performance indicators, model, strategy.

Beryn. Xwmapua wmirpamis iHpopMamiitHIX cucteMm
(IC) y cyuacHiii nupoBiii TparchopMarii po3risgacTbes
He JIMIIEe SK TeXHIYHEe IEepPEeHECEeHHsT KOMIIOHEHTIB Y
cepelioBHIE MpoBaiiiepa, a K KOMIUIEKCHA 3MiHa
croco0y KepyBaHHS OOYMCIIOBAIIBHUMH PECypCaMH,
pU3UKaMH Ta EKOHOMIKOI Lu(pOBOi iHPpacTpyKTypn
kommaHid. Came TOMy HaWOiNBII KPUTHYHUM CTa€ €Tam
MepeaMIrpaifHoTo IUIaHyBaHHS, A€ (OPMYIOTHCS i
Mirpamii, O4iKyBaHI IIOKa3HHKM pe3yJIbTaTUBHOCTI Ta
oOMexeHHs Oi3Hecy, a TaKOX 3aKJIaJaroThCs IPUITYIIECHHS
110710 MaOyTHIX MpodisiB HABAaHTAXKEHHS i onepaniiHux
Butpar. IlpakTuka mokasye, mo 0e3 Gopmari3oBaHOTO
IUIAaHYBaHHS OpraHi3aii 4acTo BXOIATH Yy Mirpaiiro 0e3
HaJIe’)KHO 00paHol crparerii depe3 HHU3KY (akTopiB, IO
CTBOPIOE BHMCOKHMH pH3MK [OMWJIOK Y IOJAJIBIINX
TEXHIYHHX 1 (PIHAHCOBUX PIlICHHAX.

Ha mepenmirpaniiiaiii cramii OAHIE 3 KIIOYOBHX
MPUKIAJHAX TpoOJIeM € ONTHMi3alis BUTPAT pPecypciB
JUIsl TUlaHyBaHHs (4acoBuX Ta (iHaHcoBuX BHTpaT, Net
Present Value, NPV), norpiOHHX [UIsi MiATOTOBKH
JI0Ka30B01 0a3u 11010 JOIIIBHOCTI Mirpariii, 0THOYaCHO 3i
30epeKeHHSAM MPUIHATHOI TOYHOCTI OIIHOK. TyT BUHHUKAE
CyIepedHicTh: MO0 OOIPYHTYBAaTH pIlICHHSA, MOTPiOHO
3i0patm  mani mpo  HasBHy IT-iHdpacTpykTypy,
B3a€MO3AJICKHOCTI 3aCTOCYHKIB, IKOBI PEXHUMH POOOTH
Ta IPUXOBaHI CTATTi BUTPAT, ajic caM 30ip 1 Baiaaris ux
JaHUX € JOPOTHM Ta TPUBAJIHM IIPOIECOM, OCOOJIMBO Ha
piBHI mOpPTdens 3aCTOCYHKIB. BiAMOBIAHO, TOCTIIKEHHS,
0 OpieHTOBaHI Ha mOpTQenbHe OI[HIOBaHHI Ta
BpaxyBaHHS «IPUXOBAHUX BUTPAT» NPSAMO IiJKPECIIOIOTH
moTpedy y TMOMEepenHiX OIMHKaX SK MEXaHi3Mi 3HHKCHHS
PH3HKY TIEpEeBUTPAT OIOKETY Ta 3puBY CTPOKiB [1].
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Hpyrozo npobaeMoro € HEBHU3HAUYCHICTh
NPOXYKTUBHOCTI ~ Ta  MacIITaDOBaHOCTI  IILOBOTO
CepesloBHINa, sIKa HANpsMy BIUIMBAa€ Ha BHOIp cTparerii
Mirpamii. SIKmo mIaHnyBaHHS CIUPAETHCS HAa yCepeAHEHi
abo  Hepempe3eHTaTHBHI  Tpodimi  HaBaHTa)KEHHS,
oprasizamisi pu3UKye a0 TeperlaTHTH 3a HaaMipHe
pe3epByBaHHS MOTYKHOCTEH, a0 OTpUMATH AETrpajaarlito

npoayktuBHOCTi IC micma mepeHeceHHA. Y  1IbOMY
KOHTEKCTI ~ B&XJIMBUMH €  METOAM  EMIIPHIHOTO
OeHuMapKiHry, SKi IPONOHYIOTh BHUKOHYBAaTH

KOHTPOJIbOBaHI EKCIIEPUMEHTH MJIsl Pi3HUX KOMOIHAIii
TUIy «HABaHTAXEHHSI X pecypcm» 1 MepeBipsaTu
JOCSITHEHHSI BU3HAYEHHWX YIOA MpO pIBEHb CepBiCy
(Service Level Agreement, SLA), aie BogHOYac KepyBaTu
KOMIPOMICOM MIDX BiITBOPIOBAHICTIO pE3yJIbTATIB 1
MIPAKTUIHOIO BapTICTIO (YaCOM) TaKUX eKcliepuMeHTiB. Le
3ajae HayKOBO OOTpYHTOBaHY OCHOBY JUIS
MepeMIrpalifHOro aHami3y Ta 3iCTaBICHHA BapiaHTIB
po3roprasHs e 10 pakrrnaaoTo eperecenns IC [2].

Oxpemo rmoctae mpobiema BHOOpPY crTpareril
XMapHoi Mmirparii Ta moBeaeHHs 11 paliOHAIBHOCTI IUIs
O0i3Hecy. Ha mpaktuii cTpaTerii He 3BOJUTHCA JI0
«TEXHIKH MIEPEHECCHHS, a BUMarae
0araToKpuTepiaIbHOTO KOMIIPOMICY MIDK BHTpaTaMH,
OUiKyBaHHMMHU BUIOJaMH, PHU3MKaMH, OpraHi3aliiHO0
TOTOBHICTIO Ta PETYISATOPHUMH BHMOTaMH. Y IOMY
HampsMi  pENCeBaHTHUMH € TiOpumHi  (ppeHMBOpKH
NPUHHATTA  pIllIeHb, SKi  HOEAHYIOTH  KUIBKICHY
eKOHOMIUHY apryMeHTallifo (30kpeMa (DiHAHCOBI OIIHKH
Ha KIITAIT YUCTOI MOTOYHOI BapTOCTi) 3 EKCIEPTHUMH
npoueAypaMy, HPUAATHAMH AL HENOBHUX — abo
CHEYITKHMX» BUMOT Ha paHHi# cTaii. Takuil Ki1ac miaxo/iB
Ba)XXJIMBUH THM, 1[0 IEPEBOINTH OOIPYHTYBaHHs CTparerii
3  piBHA  IHTYiTUBHMX  TpUNYyLNIEHb Yy  pIiBeHb
BIZITBOPIOBAHOTO TPUHHATTS PpillleHb, J€ BHIHO JIOTIKY
BUOOpY Ta JyKepena HeBu3HaUeHocTi [3].

[loTenmiitna BHUTOHAa BiN BHUPINICHHS OCTAHHBOI
npoOiieMH ToJsirae  y 3HIDKCHHI HEBH3HAYEHOCTI Ta
BUTpaT Ha TPUHHATTA pilleHb HA TepeaMirpamiiHii
cranmii. Tak, ¢opmanizoBaHe IUTaHYBaHHS JO3BOJNMIO O
CKOPOTHTH dYac 1 (iHAHCOBI BHUTpPAaTH Ha IiJTOTOBKY
JOKa30BOi 0a3u, MiJBUIIUTH BiJTBOPIOBAHICTH OIIHOK
BUTpaT 1 MPOTHO3IB NPOJYKTHUBHOCTI. 3MEHIIEHHS
HMOBIpHOCTI XMOHOTO BHOOpY cTpaTerii Ta, SK HaCIiJIOK,
MiHIMI3al[isl PHU3MKIB TIEPEBUTpPAT OOJDKETY, 3pUBY
CTPOKIB 1 HAKONMHMYCHHS TEXHIYHOrO OOpry micis
neperecennss IC  Oymo © Jpyror  mepeBaro.
AKTyaJbHICTh JOCTIDKCHHS 3yMOBIIEHa THM, IO XMapHi
mwiathopMu  CTalOTh  0a30BOK  IHPPACTPYKTYPOIO
mudpoBux cepeicis, apxitekrypu IC yckinagHIOIOThCS, a
peryJsaTopHi Ta Oe3MEeKOBI BUMOTH ITOCHIIIOIOTHCS, TOMY
(bparMeHTapHUI MiIXi 0 TUIaHyBaHHs CTA€ JIe1alli MEHII
pENIeBaHTHUM. Taxkum YHHOM T IKPECITIOETHCS
HEOOXIiTHICTh NPOBEAECHHS HAYKOBUX JOCIIKEHb caMe 3a
1i€I0 TPOOIIEMOIO.

AHajiz JirepatypHux kepea. Y [1] Bbymno
3alponoOHOBaHO  po3mupeHuit  ¢peirimBopk  Cloud
Computing Considerations for Companies (CCCC) mns
NepeMIrpaliifHoro IUIaHyBaHHS Ha piBHI mnoptdens

3aCTOCYHKIB 13 gmomaTkoBumH (azamm  Application
Portfolio Profiling (APP) Ta Application Portfolio
Assessment (APA), nme ¢opmysamucs ©6a30Bi  JiHii
HaBaHTAKCHHS i KoHpiryparii, BHUKOHYBaacs
mopTdensHa OIliHKa Ta HaJaBAJIWCS PEKOMEHIAMii 00
po3MimeHHs y myOniuHid/mpuBatHiii xMmapi (Technical
Platform Recommendation, TPR) i BapianTa nepeHeceHHs
«as-is» abo0 3 MoOJepHi3alli€ro; yXBaJCHHS pIIICHHSI
migrpumyBanocst Cloud Decision Framework Ha ocHOBI
Rule-based Reasoning (RBR) i Case-based Reasoning
(CBR), a c¢inancoBe oOrpyHTYBaHHS O(OPMIIOBANIOCS
yepe3 Financial Viability Assessment (FVA) sx «bottom-
up» OLIIHIOBaHHS BUTpAT.

[TepeBaraMu 3amponoHOBaHOTO MMiAX0AYy OYIIO0 Te, 1o
BiH CHCTEMaTH3yBaB IUIAaHYBaHHA Yy BHMIpPIOBaHHX
mapaMeTpax MmopTQens, MIBUILyBaB CTIHKICTh pIlIEeHb 3a
HenioBHHX BHMOT 3aBaski RBR/CBR Tta 3a0esmeuyBaB
ORI TOBHY KapTHHY BHTPAT 32 paxyHOK FVA.

OpHak, HeoJIiKaMH TaKoTo miaxomy Oyio Te, Mo BiH
30CepeKyBaB  pilleHHS  IepeBaXHO Ha  BHOOpi
wiatrdopmu (myOnivHa/mpuUBaTHa XMapa) Ta 3arajbHOTO
BapiaHTa mepeHeceHHs («as-is» abo 3 TpaHchopMalliero),
TOAl SIK BUOIp MDK aJbTepHAaTHBaMH Pi3HOI NIMOWHM
NePETBOPEHB 3aJIMIIABCS CIa0KO MapaMeTpH30BaHUM 1 He
3aBXaAM  3abe3nedyBaB Ipo3opy, BIZITBOPIOBaHY
apryMEeHTaIlil0 KOMIIPOMICY MK BUTpaTaMy, BUTOJaMH Ta
pusukamu. Ockineku RBR cmmpanocs Ha excnepTHy
knmacudikamiro  kputepiiB gk «Required/Optionaly,
peKOMEHAaMii CyTTEBO 3aleXalll Bill Cy0 €KTHBHHUX
TPaKTyBaHb KPHUTHYHOCTI BHMOTI, WIO YCKJIAJHIOBAJIO
CTaHIApTH3allif0 Ta MopiBHIOBaHICTE pimenb. CBR, 3a
Opaky peJeBaHTHUX MpELEJCHTIB, MOIJIO IPOINOHYBaTH
¢dbopmanbHO TOAIOHI aHanorii, sKi HE BigOOpa)xaau
KITIOYOBUX OOMEKEeHb, 3HIDKYIOUH HaJilHICTh BHCHOBKIB
3a HETIOBHUX PaHHIX JaHHX.

Y [2] Oyno 3anpomoHOBaHO —(QOpMai3yBaTH
ONTHUMI3AIlI0 PEeCypCiB Ha MepeaMirpamidHiii cramii sk
cepito SLO-ekcmepumentiB (Service Level Objective,
LT piBHSA OOCITYTOBYBaHHSA), JIe IEPEBIPSIIOCS, YU 37aTHA
IC 3 dikcoBaHOO pecypcHOI0 KOH(DIrypamiero BUTPUMATH
3aJjaHy IHTEHCHBHICTb HAaBAaHTaXCHHS 3 OJHOYACHUM
BukoHaHHAM ycix SLO. Jlns mporo IC posropramacs 3
MIEBHUMH  PECypcaMH, T'€HEpyBaBCS CTAIMH  TOTIK
HaBaHTAXXCHHs, MOHITOPHJIKMCS METPUKH 3 BIJIKUIAHHIM
iHTepBaly —«pO3irpiBy», BHMKOHYBAJHCS IOBTOPH, a
pe3yJbTaTH arperyBajiucsl BiAMOBITHO 10 KOHKPETHOIO
SLO. Jlani ouinroBanucs ABi GpyHKii MacmTaboBaHOCTI —
MiHIMQJIBHO JOCTAaTHI pecypcH s KOXHOTO piBHSA
HaBaHTKEHHS («METpHKa IMOMUTY») Ta MaKCHMallbHa
IHTEHCHBHICTh HaBaHTAXXEHHs JUIsl KOXKHOI KOHQirypamii
(«MeTpruka €MHOCTI»), IO BUKOPHUCTOBYBAJNOCS JUIS
ONITUMAJILHOTO Ti00pY pO3Mipy Ta KUIBKOCTI XMapHHX
pecypcis.

[TepeBaraMu 3arporoHOBaHOTO MiIX0Ly OyIIO0 Te, 10
BiH 3a/laBaB KUIBKICHO BiITBOPIOBaHY IMPOLEAYPY, €
JOCSOKHICTE BHMOT  IHTEpIpeTyBayacsi 0e3mocepenHbo
yepe3 SLO/KPI gk «BUKOHY€ThCS/HE BUKOHYETHCA», a
JOKA30BICTH 1 BapTiCTh  OI[HIOBAaHHA  KEpyBaJIHCS
rapaMeTpaMH eKCIIEPUMEHTIB Ta CTPATETIEI0 TOMIYKY.

Bicnux Hayionanvroeo mexuiunozo yHieepcumemy « XI11».
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OpHak, HEJOJIKaMHM TaKOro Mimxomy Oyno Te, 1o
NPUCKOPEH]  cTparerii cnupanucsi Ha  IPUIYIICHHS
«OlBIlIe pecypciB O3HAYa€ He ripiie BUKOHaHHA SLO»,
SKE€ MOIJIO TOpyIIyBaTHCA (30KpemMa [UIs  HOJis-
OpI€HTOBAaHHUX MIKPOCEPBICIiB), CTBOPIOIOYH PH3UK XHOHUX
peKOMeHAalif TpH  aBTOMATH30BAaHOMY  3BYXKCHHI
HoIyKy. JooaTKoBO MeTOJ BUMaraB Perpe3eHTaTHBHOIO
HaBaHTaXCHHsA, KopekTHHX SLO Ta  crabimpHOTO
EKCIIePHMEHTAIIBHOTO CEPEeOBUIA, TOMY IIEPEHOCUMICTh
BUCHOBKIB MIK KOHTEKCTaMH OOMeXyBajacs. Takox
Mi/IX1] IepeBaKHO OOIPYHTOBYBAaB PECYpPCHY JOCTaTHICThH
1 a;mbTEpPHAaTHBM  PO3TOPTaHHS, ajle He  JaBaB
(opManizoBaHOrO0 MeXaHi3My Mepexoly /0 BapiaHTiB
ruOImuX neperBopeHb, komu SLO nmocspkHI Jume 3a
BHCOKOI I[IHU a00 HECTAO1IBHOT ITOBEIIHKH.

Y [3] Oymo 3amporoHOBaHO KOMIUIEKCHY MOJENb
MPUHHATTA pillleHHs IS IUIaHYBaHHS XMapHOi Mirparii, y
sIKi#t Oi3Hec-mporiec GpopmarizyBaBcs, a GYHKIIOHATBHI Ta
He(pYHKIIOHATIbHI BUMOTH IIEPEBOIIIINCS Y BHMipIOBaHi
KpHUTepii, 30KpeMa IoB’s3aHi 3 TpodiseM HaBaHTaKCHHS
Ta CIOXKHUBaHHSAM pecypciB. Y Moaem «mabioH
BUKOPHCTAaHHS» TPAKTYBaBCS SK BU3HAYaJbHUI YHMHHUK
BapiaHTa PO3ropTaHHS. PecypcHi noTpedun
KiacudikyBanucs sk nependavdyBaHi Ta HerepeadauyBaHi,
JUIsl KOPOTKOYACHHX TiKiB OOIpyHTOBYBajacs AOLIIbHICTD
BUKOPHCTAaHHS €IaCTHYHHUX PECYpCiB, a MPOTHO3yBaHHS
YacOBHX  pAAIB  INPONOHYBAIOCS  MIA  NOOYZOBH
MepeaMIrpaifHOi «ITiCOYHHI» OLIHIOBaHHI MaHOyTHIX
motpe6. OnTuMizamiiiHa YacTHHA peai3oByBajlacs depe3
NOPIBHAHHA albTePHATHBHUX CIEHApiiB y TepMiHax
CYKymHOI  BapTOCTi Ta  pUSHK-BTpPAT. 3MCHILCHHS
cy0’€eKTMBHOCTI miATpuMyBanocs noexHanHsMm Delphi 3
MeToJIoM aHani3y iepapxii (Analytical Hierarchy Process,
AHP — s nonapHoro TmOpIBHAHHS Y CTPYKTYpi
0araToKpuTepialbHOTO BHOODY); MPaKTHYHICTh
neMoHcTpyBanacsi NPV-anamizom 13 BHCHOBKOM Ha
KOPHUCTh IIPUBaTHOIO JlaTa-LIEHTPY B JIOBFOCTPOKOBIMH
MEPCIICKTHBI Ta TIOPUAHOTO PO3TOPTAaHHS s IIKOBHX
PEeXUMIB.

[epeBaramu 3ampoNOHOBAHOTO MiAX0Ly OYyJI0 Te, 1o
BiH TIO€JHYBaB pPECypCHe IUIAHYBaHHS 3 EKOHOMIYHOK
apryMeHTalli€l0 B €IWHIM Tporenypi Ta MiATPUMYBaB
OaraTokpuTepiadbHe  3iCTaBICHHS  albTEpHATHB i3
YaCTKOBUM KepyBaHH;IM cy0’exTuBHICcTIO uepe3 Delphi i
AHP.

OpHak, HEIOJIKaMH TaKOro MiAXoay Oyio Te, IO
KJIFOYOBI «BTpaTW» Ta IPHUXOBaHI 3arpo3u (30Kkpema
vendor lock-in, BuTpatM Ha TOBTOPHE PO3TOPTAHHSN)

MePEBAKHO ineHTudikyBanmucs  Ta OITiHIOBAJTUCS
EKCIIEPTHO, a OTXKE 3alUINAIHCA  OpraHi3aliiHO-
3aJIeKHUMH i BAXKKO BiJITBOPIOBAHUMU y

cTanzaptu3oBaHoMy BUridi. HaBite 3a HasBHOCTI Delphi
ta AHP 30epiranacs HeBH3HaueHicTh, ockinbku AHP
CYTTEBO 3ajieXaB BiJl CY/KEHb 1 JOCBiy aHATITHKIB, IO
MOTJIO 3MIHIOBaTH Barm KpUTepiiB 1 MiICyMKOBe
pamKyBaHHS CIEHapiiB TpPH TOBTOPEHHI OIIHIOBAHHS
iHmoto rpymoro. JlomaTkoBO TiJ dYac OI[IHIOBaHHS
CIIeHapiiB YacTWHA 3MIHHHX MOTJa irHopyBatucs abo
MOM’SIKIITY BATHCSI 3aJIE)KHO BiJI TU3aiiHy CUCTEMH Ta THILY
pO3rOpTaHHA, IO  MiABHIIYBaJIO THYYKICTh, aie

MocnabiroBajo  CTaHJApTH3allilo, MOPIBHIOBAHICTh 1
MIEPEHOCUMICTh  pe3yJbTaTiB MK pPI3HUMH Kelcamuy,
O0COOJIMBO ~ KOJM  TMOTPIOHO  Y3rOMKEHO  31CTaBILITH
IBTEPHATHBH 3 PI3HAMHU IPOQIIIMH PU3HUKIB 1 BUTO.

VY [4] Gy70 3ampOnOHOBAHO MPAKTHKO-OPi€HTOBAHHUN
MAXig A0 TepeaMirpamiifHOro IUIaHyBaHHS TEpEeHECeHHS
on-premises Be0-3aCTOCYHKIB y XMmapy, Vy SKOMY
KIIIOYOBOIO 3aJa4€l0 BBaYKAJIOCsS TOYHE OLHIOBAHHA Ta
MoJaNbIlla ONTHMI3alis BHTpAT, a peaji3amiro Oyio
LiJlectpsiMOBaHO 3BYXeHO a0 Amazon Web Services
(AWS). Y mexax mporo Gokycy Ooymu chopmoBani AWS-

OpIEHTOBaHI MOJENI OLIHIOBaHHS BapTOCTI THUIIOBUX
CepBICIB 1 pecypciB Ha OCHOBI JIOKyMEHTamii 3
LWIHOYTBOpPEHHS Ta KanbKyysiTopiB AWS. Omnucano

BukopuctanHs CloudWatch, Cost Explorer i Trusted
Advisor nmnms aHamizy TpEeHOIB BHUTpPAT 1 MaTEepHIB
CIOXWBAaHHS, a ONTHUMI3alilo  (OopMalli3oBaHO  SIK
MiHIMI3aIlif0 3araJbHOi BapTOCTi (OOYUCICHHS, CXOBHIIE,
TICPCHECEHHS JITaHWX, PE3CpBHE KOIIIOBAHHSA, MEPEXKeBi
KOMIIOHCHTH Ta «e(EeKT 3B’SI3KiB» MK KOH]Iryparismu).
s momyky ONM3bKOONTUMANbHUX KOHQIrypariii 0ymno
3acrocoBaHo TiOpumnuit amroputm GA-SA  (Genetic
Algorithm — Simulated Annealing) 3 nepeipkoto na 17
etannoHHUX benchmark-pyHKuisx.

[TepeBaraMu 3arpornoHOBaHOTO MiIXoxy OyIo Te, 10
BiH 3a7aBaB (popMaiizoBaHy, IHTEPIPETOBAHY MO/ICIb
BUTPAaT 1 MeEXaHI3M TIOIIyKy €KOHOMIYHO KpaIix
KOHpirypamiii y Mexax KOHKPETHOTO  XMapHOTO
npoBaiiznepa.

OpHak, HeJOJIKaMH Takoro mixxomy Oymo Te, o
3ByX’eHHA 10 AWS B3HHKyBalO IIEPCHOCHMICTh
pe3ysibTaTiB  Ha MYJIbTHXMapHi a00 albTepHATHBHI
cueHapii Ta poOMJIO BHCHOBKM 4YyTJIMBUMH JIO 3MIH Y
MOJIEJISIX IIHOYTBOPEHHsI M cepBicHUX mnoiitukax AWS.
JonatkoBo e(eKTUBHICTh GA-SA Oyna
npoJeMOHCTpoBaHAa  Ha  abctpakTtHuX  benchmark-
(GYHKIISIX, 0 HE rapaHTyBaJlO aHAJOTIYHOI SIKOCTI Ha
peanpHUX TMPOGUIIX HABAHTAXKCHHS Ta I PEaTbHUMH
MirpamifHuMu ~ oOMeKeHHSIMH, TOOTO  3aiUImanacs
METO/IOJIOTIYHA TNPOTAIMHA MK CHHTETHYHHM TECTOM i
MoJbOBOIO  mepeBipkoto.  Takox  mozens  Oyia
30pI€HTOBAaHA TIIEPEBaXHO HA BUTPAaTHI KOMIIOHEHTH,
yepe3 IO TpPH 3iCTaBICHHI aJbTEPHATHUB 13 PI3HOIO
rmubuHoo meperBopens (lift-and-shift, re-platforming, re-
architecting) BUMaraBcsi [0JaTKOBHI HAOIp KPUTEPIiB st
y3TOJDKEHOTO BpaxyBaHHs OYiKyBaHMX BHUIOJ, PH3HKIB i
HeiHAHCOBHX OOMEXEHb, a He JMIIe MiHIMi3arl
BapTOCTI.

Y [5] Oyno momaHO eMHipUYHO OOIPYHTOBaHY
«KapTy» Mirpatii 10 MiKpOocepBiCHOI apXiTeKTypH B XMapi
SIK JOBFOTPHUBAJIOTO ITEPAaTHMBHOTO TIPOIECy 3 JBOMA
B3a€EMOINOB’A3aHIMH  PEKUMaMH  3MiH:  CHCTEMHHUM
(cTpaTeriuHuM, OprafizallifHUM 1 apXiTeKTypHHM) Ta
TEXHIYHUM (ONepaliifHuM, peai3aliiiHiuM, CIIPUHTOBHM),
AKi BimOyBammcs mapainensHo. g 060X pexxumiB Oymno
BHOKPEMJIGHO  IUUIaHYBaHHs, BHKOHAHHs, M00y/10Ba
MATPUMYBANbHUX apTedakTtiB, a Mmirpamiiftai mii Oymn
CTPYKTypOBaHi y BUTIsAlI 14 akTUBHOCTEH (6 — CHCTEMHI,
8 — TexwiuHi), KOHKpeTH30BaHUX uepe3 53 «solution
outcomes» SK THIIOBI pe3yidbTaTH IHXXEHEPHOI Ta

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».
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yIpaBIiHCHKOi pobotH. Emmipnuna 6a3a moexnysana 19
iHTepB 10 3 npakTukamu (16 KoMIaHiil) Ta py4HUH aHaIi3
215  gmckyciit i3 pecypcy  StackOverflow i3
3acTocyBaHHSAM TexHIK «grounded theory» (o0rpyHTOBaHA
TEOopis).

[lepeBaramu 3amipONIOHOBAHOTO MIAXOTy OYJIO TE, IO
BiH 3agaBaB y3rO/DKCHHH ONKMC IUIaHyBaHHA Ta
KOOpAMHAI{ Mirpamii Ha CHCTEMHOMY W TEXHIYHOMY
piBHAX y QOpMi MPHUKIATHUX aKTUBHOCTEH i KOHKPETHHX
pe3yJbTaris, 3MEHIIYI0YH (parmMeHTapHicTh
PEKOMEH/ A I0I0 MEPEXOAY 10 MIKPOCEPBICIB.

OpHak, HEJIOJIKaMHM TAaKOro Mimxomy Oyno Te, 1o
MOJENb  Maja  [EPEeBaXHO  OIHCOBO-TIPOLECTYPHUM
XapakTep 1 He 3aJaBajla KUIbKICHOI, BiATBOPIOBaHOL
NpOLENYpH 3ICTABJICHHS AJIBTEPHATHB 3a BUTPATaMH,
O4iKyBaHMMH BHTOJJAMH Ta PU3UKaMH, depe3 Mo ii BaKKO
Oymno BUKOPUCTOBYBATH ULt (hopmairizoBaHOTO
0OTpyHTYBaHHS BHOOPY MiX BapiaHTaMHU Pi3HOI TTHOWHU
HepeTBOpeHb. J[0MaTKOBO pPeNpe3eHTATHBHICTh 1HTEPB’HO
HE rapaHTyBajacs 4epe3 I00ip 3 MepCOHAIBHUX MEpex i
JNOOpOBIIBHY y4YacTh, IO MOIJIO 3MillyBaTd Habip
aKTHBHOCTEH Ta «solution outcomes» y OIiK THIOBUX
MPaKTHK KOHKPETHHX CEepelOBHUIN. TakoX BHUKOPUCTAHHS
maaux 31 StackOverflow nDoTeHUINHO MiACUIIOBAIO
JOMIHYBaHHS 1H)KEHEpHHX IEPCHEKTUB, 4Yepe3 IO
YIPAaBIIHCBKI, OpraHi3amiiHi Ta peryisTopHi 0OMeXeHHs
MOriaM OyTH HEHONpPEACTaBICHI, a OTXKEe 4YacTHHA
KPUTHYHHUX (aKTOPiB, IO BIUIMBAIOTH Ha BHUOIp cTpaTeril
Mirpariii, Moria He OyTH 3apikcoBaHa B MOJIEIT.

Y [6] Oymo 3ampomoHOBaHO MiAXiA MO Mirparii
kputnaaux SAP-pimens (Systems, Applications, and
Products in Data Processing, HimMelpka KOMIaHis-
PO3POOHUK MPOrPaMHOro 3a0e3neueHHs) i 0a3 JaHuX 3 on-
premises 1o Microsoft Azure. Iliaxin neHTpoBaHuii Ha
BIZIMOBOCTIHKIH MLiJBOBIM apxiTeKTypi Ta MOETanHii
opramizamii  mepexomy d4epe3 ¢a3u  OI[IHIOBAaHHS,
IUIAaHYBaHHS, BHMKOHaHHS Ta MOJAJIBIIOI ONTHMI3allil.
[epeamirparmiiiae TUTaHyBaHHS peaitizoByBanocs
IHCTpyMeHTanbHO dYepe3 Azure Migrate mus aHamizy
3aJIeKHOCTEH, OL[IHIOBaHHS NPOJAYKTUBHOCTI i
NOIEpeHbOT OLIHKU BapTOCTi, i3 BUKOPHCTaHHAM Azure
Site Recovery mms Oe3nepepBHOCTI/BITHOBICHHS Ta
Database Migration Service mist mepeHeceHHss CYB]] 3
MiHIMAJILHUM ~ TIpocToeM.  JlogatkoBo  ¢opmyBaBcs
iHBeHTap 3acTocyHKiB 1 BJ] i3 B3aeMo3ajexHOCTIMH Ta
€TallOH METPUK «gmo/micis» st Bepudikauii. Bubip
mojiaBaBcs sk 3actocyBanHs lift-and-shift qis mBuakoro
MepeHeceHHss 0e3 CcyTTeBHX Moaudikamii abo re-
architecting i3 pecdakropuarom mig «cloud-native»
MOXIJIMBOCTI  (BKJIIOYHO 3  MIKPOCEpPBICHUMH  Ta
«serverless» miaxoaamu), a micasMIrpamniiHa ONTAMI3aIlsL
miatpumyBanacs  Azure  Monitor, Azure  Cost
Management, Reserved Instances ta Autoscale.

[lepeBaramu 3armponoHOBaHOTO ITiAX0ay OyIIo Te, o
BiH 3a/aBaB MPAKTHYHO BiATBOPIOBAHUI MOKPOKOBUI

CIeHapiii, HiAKPITUTeHNH KOHKPETHUMU Azure-
IHCTpyMEHTaMH, 1  aKIeHTyBaB BHUMOTH  BHCOKOi
JOCTYITHOCTI, BIiIHOBJICHHS, MYJIbTHPETIOHAJBHOCTI Ta

PETyJIATOPHOT BiAMOBITHOCTI.

OpHak, HEJOJIKaMH TaKOro MiAxomy Oyno Te, 1o
BHOIp obMexyBaBcs JIBOMa BHCOKOPIBHEBUMU
cuenapismu  (lift-and-shift ab6o re-architecting) 6e3
OaraTokpuTepiadbHOI METOIMKH, BarOBUX KOEQIIi€HTIB i
(hopMaItizoBaHHUX IOPOTiB MPUHHATHOCTI, Yepe3 IO JIoTiKa
3iCTaBICHHS QJbTCPHATHB 3aJUIIANAcs HEZOCTATHHO
MPO30POI0 Ta BAXKKO BiATBOpIOBaHOIO. Ilompw HasBHICTH
okpemux KPI-opierTupiB, He Oyl0 3ampoONOHOBAHO
KimpKicHOI  Mogem, ska O  SBHO  TOB’sA3yBaia
xapakrepuctuku [C/kommonenti i3 KPI ta mpouenyporo
OOTpYHTYBaHHS BHOOpY, TOMY CKOHOMIYHI ¥ pPU3UKOBI
apryMEHTH  3aJMIIAINCS  EPEBaXHO  OMHCOBUMH.
HonatkoBo  cmemudiunicte 10  Microsoft  Azure
3HIW)KyBaJla MEPEHOCUMICTh Ha MYJBTUXMapHi cTpaTerii
a6o iHmi TuraThopMu, a TBEPIPKEHHS NPO €KOHOMIUHUI
e(eKT MmoaBaKCs SK 3arajbHi OMIHKH 0€3 IeMOHCTpalii
HAa KOHKPETHOMY TIPHKJIAJi Mirpariii.

Y [7] Oyno  3ampomoHOBAaHO  MirpamiiHO-
Opi€HTOBaHMI MeXaHi3M OaJlaHCYBaHHsS HABaHTAXXCHHS B
laaS-cepenoBumi  (Infrastructure as a Service,
iHppacTpyKTypa SIK CepBic), y SKOMY OINTHMIi3allis
BUKOPUCTAHHS pecypcis Jocsiraacst gepes
NPOTHO3YBaHHS MaiOyTHIX HaBaHTaKEHb 1 IMOAAJIBIIUIA
nindip UibOBUX Mirpauiii BipryansHux MammH (VM).
PimenHs OymyBajocss Ha IHTerpamii gene expression
programming (GEP), mio ¢dopmysano perpeciiiai momei
HaBaHTaXXeHHI VM, Ta GA, SKUil Ha OCHOBI IPOTHO3IB
obupaB nepenpusHaueHHss VM Ha ¢iznuni xoctn (VMH)
JUII BUPIBHIOBAHHSA HABaHTAXCHHS IICISA  Mirpamii.
Onrtumizarris (hopmarizyBanacs (byHKIIi€I0
MIPUCTOCOBAHOCTI, KA arperyBaja MiHIMI3aIlil0 BapTOCTI
Mirpamiii Ta MakcuMmizaulilo 30aJaHCOBAaHOCTI 3a YMOBH
BIZICYyTHOCTI IPOTHO3HOTO TMEPEBAHTAXKEHHs. AJITOPUTM
BUKJIMKABCS  IMEPiOJIUYHO, a  TOTOYHUA  CTaH
BUKOPHUCTOBYBAaBCsl SIK BiAlpaBHa Touka. Ilepesipka
BUKOHYBAJacsi B peaibHOMY CEPEIOBHII 32 METPUKAMH
Load-Balance status (LB) i Balancing Efficiency (BE).

[TepeBaraMu 3arpoIOHOBaHOTO MiX0xy OyII0 Te, 10
ONTHMI3allis  CHHMpajacs Ha  NPOTHO3HUH  CTaH
iHppPaCTPyKTypH Ticis Mirpamiii i SBHO BpaxoByBaja
BapTICTh MiTpaliifi sSK KEpoBaHWH MapaMeTp, IIo
MiABHUIYBAJO  KOHTPOJIBOBAaHICTh  KOMIIPOMICY — MiXK
CTaOUTBHICTIO CEPBICY Ta AKICTIO BUPIBHIOBAHHS.

OpiHak, HeJIOIKaMHU TaKOTo MiIXoLy OyJIo Te, 10 BiH
ONMCYBaB  MEPEBAXKHO  OMNeEpalliifiHy  ONTHUMI3allilo
po3mitneHns VM y mexax laaS i He naBaB kpuTepiiB ajist
3iCTaBJCHHSl  QJIbTEPHATHUB 13  PI3HOW  TJIMOHMHOIO
MIEPETBOPEHb CHCTEMH, OCKUIBKH «BapTIiCTh» Yy MOIETi
iHTEepHpeTyBanacs Ak mrpad 3a Mmirpamiro VM, a He sK
MOBHUH EKOHOMIYHMH e(eKT abo CyKynHi BHTpPaTH
nepexony. Takox ¢okyc nHa CPU-HaBaHTaXeHHI i
LEHTpalTi3oBaHOMYy  OajaHcyBaHHI 0e3  ypaxyBaHHA
Mepexi, mam’aTi 4u TpadivHOro mporecopa oOMexyBaB
MPUAATHICTG MOJIENIi Al peaibHUX OaraTopecypcHHX
mpodimiB, e  pimleHHA  [Opo  AOINBHICTH i
«PpaIioHATLHICTHY MIePEHECEHHS BU3HAYAETHCS
KOMIUIEKCOM PECYpPCHHX 1 He()yHKIIOHAIBHIX O0OMEXEHB.
JonatkoBo 3acTOCOBaHICTh MiAxoXxy Oyma obOmexeHa
MaJlIM MacHITaboM EKCIIEPHMEHTIB Ta BHKOPHCTAHHSIM
LITYYHO 3reHEPOBAHUX JIaHHX.

Bicnux Hayionanvroeo mexuiunozo yHieepcumemy « XI11».
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Y [8] Oymo 3anpomonoBano minxing CIPM
(Continuous Integration of architectural Performance
Models with parametric dependencies), opieHTOBaHH Ha
MATPIMKY TIEPEONPOEKTHUX 1 TepeNeKCIUTyaTaIliitHIX
pimens moxo koHdiryparii IC Ha ocHOBI apXiTeKTypHOI
Mozeni npoxykruBHocTi. CIPM 3a0e3neuyBaB cuieHapHUH
aHamiz «what-if» 1 pi3HEHX BapiaHTiB HaBaHTaXCHHS,
IU3aiiHy Ta pO3TOPTaHHSA, a ONTHUMI3AIlii0 pecypciB

peamizoByBaB  depe3  Oe3mepepBHE  IATPUMAHHS
aKTyaJIbHOCTI ~ IIapaMeTpU30BaHOI  Mozesli.  3aMicCTh
MOBHOTO  MEpepaxyHKy Micis 3MIiH  BUKOHYBAJIOCS
IHKpEMEHTaJlbHE KaliOpyBaHHA JIMIIE «3a4YeTJICHUX)»

napaMeTpiB i3 3aCTOCYBaHHSM aJallTHBHOI'O MOHITOPUHTY
Ta caMoBaJiJallii, iIka KOHTPOJIOBaja TOYHICTh IIPOTHO3IB
1 iHimiroBana mepekanmiOpyBaHHS HETOYHHX (pParMeHTIB.
Jst YTOUHEHHS apaMeTPUYHUX 3aJIEKHOCTEN
BUKOPUCTOBYBAIIUCS CTATUCTHYHI METOIH.

[lepeBaramu Takoro mixxomy OyJo Te, IO BiH
IO3BOJISIB  OOTPYHTOBYBaTH TMOTpeOW B pecypcax i
MPOAYKTUBHOCTI Ha OCHOBI apXiTEKTYPHHX HPOTHO3IB Ta
3MEHIIYBaTH BapTiCTh CIIOCTEPEKYBAHOCTI  3aBISIKH
IHKpEMEHTAJIbHOMY ~ KaliOpyBaHHIO ¥ camoBauijanii,
30epirarouu NpHIATHICTh JUIS HOPIBHSHHS albTEPHATHB
0e3 CyLJIbHUX EKCIIEPUMEHTIB.

OpnHak, HeIOIKaMHU TAaKOTo MiX01y OyIio Te, 10 BiH

(dokycyBaBcs IMEpeBaXHO Ha  MPOAYKTUBHOCTI  Ta
PECYpPCOCTIOKMBAHHI, TOMY 3ICTaBICHHS albTCPHATHB
pi3HOI TIMOMHM TEpPEeTBOPEHb HE 3aJaBajocs sIK

¢dopMamizoBaHa Tpoleaypa 1 BHMarajo IOAATKOBOTO
Habopy KpuTepiiB (BapTiCTh, PU3UKH, 3aJICKHOCTI), 0e3
SIKOTO apryMEHTallisl MOIJIa BBAaXATHCA CYO’ €KTHBHOIO.
HomatkoBo 3actocyBands CIPM Bumarano HasiBHOCTI
apTe(akTiB apXiTEeKTyPHOTO MOJICIIOBAHHS Ta KOPEKTHOIO
CITIBCTABJACHHS MK MOJEIUII0 1 KOJOM, a TaKOoX
nependavaso  py4Hi  pilleHHS ISl yCyHEHHs
HEOJHO3HAYHOCTEH y moOymoBi System Model, mio
3HUXKYBAJIO BiJITBOPIOBAHICTh i YCKIJIaTHIOBAJIO
MacmtaOyBaHHS Ha  BENIMKI  NPoekTH.  Hapermri,
3aJICKHICTD BiJl MUKITIB HAJAIMITYBaHHS 1 300py TememeTpil
Moryia OoOMeXyBaTH IPAaKTUYHICT y CEpeloBHIIAX i3
KOPCTKMMH OOMEXEHHSMH Ha eKCIIepUMEHTH abo
CIIOCTEPE)KYBaHICTh, IO  3MCHIIYBAIO  HAIiHICTH
MIPOTHO3IB i, BIIIOBITHO, OOTPYHTOBaHICTh aTbTCPHATHB.
VY [9] Oyno 3ampomnoHOBaHO i€papxiuHy KUIBKICHY
monens Cloud-QM, noOynoBaHy Ha OCHOBI CTaHJIapTiB
ISO 250nn (SQuaRE) Ta po3mmpeHy XmapHO-
cneuudiuHuMU  aTpuOytamu, Jie CTPYKTypy MoOAei
chopmoBano uepe3 Delphi-ponienypy  y3romkeHHs
EKCIePTHUX CY/IKEHb. Monens 3azaBana
CTaH/apPTU30BaHE OLIHIOBAHHS AJIIbTEPHATHMBHUX XMapHUX
NPOJYKTIB 32 I€papxi€l0 «BUMIp SIKOCTI — MiABHMIp —
MeTpuka» Ta ¢opmamizoBanumu KPI 3 mpaBumamu
iHTeprperanii. B koHTeKkcTi pecypceis i enacTuaHOCTI OyiH
BBesleHI MeTpukn Resource Behavior (MiHiManbHO
motpibni RAM, CPU Ta muckoBa mam’sith) i Resource
Allocation Adjustment (dvac macmTabyBaHHS Ta Jliana3oH
KPOKY BHIUIEHHS TaM’ITi Ha KIJi€HTa). 3acTOCYBaHHSA
Mozeni OyJIo MPOIEMOHCTPOBAHO Uepe3 MOPIBHSIHHS JBOX
MIPOAYKTIB, a BHOIp IHTEpIpeTyBaBci AK OOIPYHTOBAaHE

pamXyBaHHS IIJILOBOIO MPOJIYKTY 3 YpaxyBaHHIM Oi3Hec-
OOMEIKEHb.
[lepeBaramMu Takoro miaxomy OyJo Te, MO BiH

3a0e3medyBaB CTPYKTYpOBaHe i MOpiBHSIIbHE
OILIIHIOBAaHHS aNbTEPHATHB HAa OCHOBI CTaHIAPTHU30BAHHUX
KPI, 3HmWKyoYW JOBNBHICTH  IHTEpHpeTamii Ta
MACWIIOIYA  BiITBOPIOBAHICTH BHCHOBKIB  II[OJO
PECYpPCHHX BHMOT, €JIAaCTHYHOCTi, II€PEHOCHMOCTI Ta

BiNIOBITHOCTI PETYISTOPHAM YMOBAM.

OpHak, HEJOJIKaMH TaKOro MiAXomy Oylo Te, 1o
Bajimaniro Oymo BUKOHaHO nwiie Ha PaaS-keiicax, a
Delphi-y3ropkenHs crnupanocst Ha HEBEIHKY Tpymy
eKCIIepTiB, 10 OOMEXyBaJO Yy3arajJbHIOBaHICTH 1
CTIHKICTb i€epapXii METpHK Ta iX IHTepIpeTaniil y MHpInx
KOHTeKcTaX. Takox y mozeni He Oynu 3adikcoBaHi Baru
BHMIpiB SKOCTi, 4epe3 IO BiACYTHIH QopmaiizoBaHU
MEXaHI3M Y3TOJDKCHHS KOMIIPOMICIB MK TpylmaMu
KpuTepiiB. [lomaTKOBO «pecypcHa ONTUMI3allis» Maja
MepeBaXHO TMOPIBHAIBHAN XapakTep 1 3aiexana Bif
JIOCTYIHOCTI KOPEKTHHX BHUXIITHMX [JaHUX, TOMY 3a
nedinuty abo HEOTHOPIMHOCTI JAHUX TOKA30BiCTh OIIHOK
3HWXKyBanacsi. Haperuri, BUKOPUCTaHHS «TIpyOuX» IIKa
JUISl YaCTHHU XapaKTEPUCTHK (30KpeMa OIHapHUX O3HAK)
MOTJIO 3MEHIIYBATH YyTIUBICTh MOJENI Ui OJIM3BKHX 3a

BJIACTHBOCTSIMH aNbTEPHATHB i YCKIIaIHIOBaTH
qudepeHmianiro  BapiaHTIB, KOJM NOTPiOHA TO4YHA
apryMeHTallisl BUOOpY.

Y [10] Oymo 3ampomoHOBAaHO  MIAXid IO

nepeaMIrpaliitHoro miaHyBaHHs Ui serverless-mirpariit
(Function as a Service, FaaS), me ontuMizarmis pecypcis
bopmanizyBanacs K 3amava NPOTHO3YBaHHS
NPOAYKTHBHOCTI Ta BapTOCTI 3 MOJAJBIIMM MiI00pOM
koHGirypauid. s mporo BBoamnacs — conditional
stochastic Petri net (CSPN) i 3acTtocoByBamocs
CEMIUTIOBAHHS JIJIS OTPUMAaHHS PO3IOJIUIIB Yacy BiATyKy
Ta BapTocTi 3 (oxycom Ha SLA s tail latency i high-
percentile cost. Onrumisaiito peanizoBaHo SK BHOIp
mam’arti I8 KoxkHoi (yHKIil depe3 3amaui Best Cost

under Performance Constraint (BCPC) Ta Best
Performance under Budged Constraint (BPBC), a
napametpu  migbupanucs — anroputmMom  Depth-First

Bottleneck Alleviation (DFBA) y ki «npodinroBaHHs
— TOMYK BY3BKOTO MiCIli — aJoKallil pecypcy —
nepenpoQiIOBaHHs, MPHUB’ A3aHOMY 10 MOJCII OIUIATH
AWS Lambda Tta mnOCHiIOBHOCTEHl BHKJIMKIB 13
production-noris/trace-daiini a60 CHHTE30BaHUX JAHHX.

[TepeBaramMu Takoro miaxomy OyJio Te, LIO BiH
(dbopmarnizyBaB TepeaMmirpamiiHi pimeHHs SK  3aaadi
onTuMizallii 3 SBHUMH OOMEXKEHHSIMH Ta BpaxOBYBaB
«XBOCTOBI» XapakTepHCTHKH posnoziiis (tail latency,
high-percentile cost), 3HIKYIOUH PH3HK MPUIHATTS
PIIICHB JIUIIIE 32 CePeIHIMI METPUKaMHU.

OpHak, HeJOJIKaMH TaKoro Miaxomy Oyno Te, IIo
HOro TOYHICTH 1 JIOKA30BICTH KPHUTUYHO 3aJCKAIU Bil
Ppenpe3eHTaTUBHOCTI JIOTiB/HABAHTAXXEHHS Ta JIOCTATHOCTI
iTepariil mpo¢iTIOBaHHA, a Ha PaHHIX eTamax Mirpamii mi
JaHl YacTO € HENOBHMMH a00 HeCTaOlIbHUMHU, IO
moca0.IroBao HAAIHHICTS OOTPYHTYBaHHS KOH(DIrypamii.
HonatkoBo omnTHMi3aIliitHa MOJIENb TOKpHBaa
«CTpaTerioy» MEePEBAKHO y BY3bKOMY CeHCI
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HanamTyBaHHS pecypciB FaaS (Hacammepen mam’siti) 1 He
3a0e3nedyBana Y3TOJKEHOTO BUOOpY MiX
IbTEpHATHUBHUMH Ki1acamu po3ropTanus laaS/PaaS/FaaS,
KOJIM TIOTPiOHE 3icTaBIEHHS Pi3HUX THIIIB IEPETBOPEHb i
CyNyTHIX pu3WKiB. TakoXX CHJIIbHA TIPUB’sI3Ka 10
aktyanpHOI Mozeni ommatn AWS Lambda minsumryBana
YyTIMBICTh 10 €BONIOLIi IUIaThopMu: 3MIHH B
HiHOYTBOpeHHI  abo  TOBeHiHII  cepBicy  MOIIH
MOTipIITYBaTH TEPEHOCHMICTh 1 TOYHICTH MOJENi, MI0
BUMarajo peryJsipHoi ajanrarii MeTony Juisi 30epekeHHs
KOPEKTHOCTI OIIiHOK.

TakuM 4MHOM, CTaH BUPIILIEHHS NPOOJIEMHU JAOLIIBHO
TPaKTYBaTH SIK YaCTKOBO 3pUIMH Ha pIBHI OKPEMHX
KomroHeHTiB. [lo-mepie, mpu mepexoni Bix Teopii 10
MIPAaKTHUKH, PO3TIIAHYTI PIMICHHS € HAATO Pi3HOIUIAHOBUMHU
Ta HE 3BOOATBCS 10 opHoro exmHOro. Ilo-mpyre,
PO3TJSIHYTI MiIXOAW € B CBOIM CyTi (parMeHTapHUMH,
TOOTO BOHH TMONAIOTBCS SIK OKpPeMi I1HCTPYMEHTH
BHPIIICHHS 3araJbHOi MPOOJIEMH 1 PIIKO IHTETPYIOTHCS B
1 ymiBepcampHH{ minxin. Buxonsgum 3 mpOro MOXKHA
3pOOMTH BHCHOBOK IIOAO HEOOXIAHOCTI IMOJAIBIIHX
JIOCITIKEHb TaHOT IPOOIeMHU.

Merta crarTi. Metoto crarTi € hopmaizauis 3anadi
onTHMi3alil pecypciB Ha IepeaMmirpauiiiHoMy —erarmi
rulaHyBaHHs1 xMapHoi mirpauii IC nuisxom po3poOneHHs
ta oOrpyatryBanHs KPI-opieHTOBaHOTO mWiAxogy o
IUIaHyBaHHS, SKWM 3a0e3medyBaTHME Mpo30pe Ul
Oi3Hecy 3iCTaBIEHHS aNbTepHATHB 1 (opMari3oBaHUI
BHOIp  cTparerii XxmapHOi  Mirpamii Ha  OCHOBI
BHMIipIOBaHUX MTOKa3HUKIB e(peKTUBHOCTI 3
BiJITBOPIOBAHICTIO PE3YJIbTATIB.

JI7Ist TOCSATHEHHS [TOCTABIIEHOT METH BHU3HAYEHO TaKi
3aj1a4i JOCIIiKEHHS:

- pospodutrn KPl-opienToBany wmojenp BHOOPY
cTparerii XMapHOI Mirpartii;

- IPOBECTH eKCIIepUMEHTAIIbHE
MOJEII.

JIOCIIIDKEHHS

Martepiaim Ta meroam mociaimkenns. O0’ekToMm
JNOCTi[DKeHHsT € crparerii xmaprHoi wirpamii IC.
[IpeqMeToM HOOCHiKEHHS € TpoIec BUOOPY CTparteril
xmapHoi wmirpamii IC. OcHOBHa rimoTe3a IOCIIIKCHHS
nojsrae y TOMy, IO Uil BiATBOPIOBAHOTO BHOOPY
ONTHMANBHOI  cTparerii ~ XxmapHoi  Mirpauii  Ha
nepenMirpamiitnomy eTarri HEIOCTaTHBO JIHIIe
sadikcyBatn KPI «mo/micns» (six Oymo HaBemeno y [5],
[6], [8]), a HeoOximgHO chopmyBaTH 0a30BY KiIbKiCHY
vozmens IC, y sKiff XapaKTepHUCTHKH HaBaHTAXXCHH,
pecypcHi mpodiii Ta apXiTeKTypHI 3aJIEKHOCTI CUCTEMHU
nepeBoaAThcst y Habip HopmoBanux KPI i ¢dinancoBHX
TIOKa3HUKIB (BUTpaTH/e(EeKT), a TAKOX JOMOBHIOIOTHCS
OLIHKaMM PU3HUKIB 1 oOMexxeHb. 3a Takoi moOysoBH pi3HI
IBTEPHATHBHU Mirparii MoXyTh OyTH 3iCTaBJIEHI B €IUHIN
mporenypi K OaraTOKpHTEpiaJbHUA KOMIPOMIC, IO
poOuTh  OOIPYHTYBaHHS BHOOpPY  TIPO30pPHM i
MTOPIBHIOBAaHUM M1 KeHCaMH.

YV mepeamirpaniiigiii ¢azi kIo49oBoro Oyna motpeda
IIBUJIKO ¥ BiATBOPIOBAaHO IOPIBHATH aJbTepHATHBH,
Maroud HETIOBHI BiJIOMOCTI PO MalOyTHIO apXiTeKTypy Ta

oOMeXxxeHUI yac Ha mIHOOKi ekcriepuMeHTH. Came ToMy
JIOLITBHAM BHSIBHBCS BUOIp MaTEMAaTHKO-aJITOPUTMIYHOT
CTATUYHOI MOZE, 110 J03B0auI0 onucat IC «3HIMKOM
MMOTOYHOTO CTaHy, a HACHiAKH CTpaTeriii 3ajmath sK
ouikyBasi 3Mian nux KPI 3 mopampmmmM gopmarnizoBaHuM
pamKyBaHHSAM  aJbTepHATHB. Takmil miaxim 1goOpe
Y3rOKyBaBCA 3 JIOTIKOIO IUIAHYBaHHS, J€ MOTpPiOHI
MEpPBUHHA OIliHKa MPUIATHOCTI, Y3TOIPKEHHS 3 Oi3Hec-
[OUTSIMA Ta TIOTIEPETHS OI[iHKA BUTPAT i TOCSIKHOCTI BIMOT,
a HE JeTallbHA YaCOBO-JWHAMIYHA CHUMYJIALIS BCiX

npoueciB  wirpamii.  OTxe, BuOip  MaTeMaTHKO-
ITOPUTMIYHOI CTaTUYHOI MOJEINi B MepeaMirpaniiHoMy
KOHTEKCTI ~ OyB  BHMIpPaBAaHWA THM, 1[I0  BOHA

3a0e3nedyBaja MIBUAKE NOPIBHSIHHS CTpaTeriii 3a Oi3Hec-
opierroBaanmu KPI. Ie cripusiio mpo3opocTi pe3ynsTaty
yepe3 BHECKM METPUK 3 BINNOBIZHUMH Baramu, i
CTBOpIOBaJIa OCHOBY AJsSI PAaHHBOI OIHKH JOCSKHOCTI
[UTHOBUX PiBHIB Ta MPUHHATHOCTI BUTpAT [1].

OmHIM 3 KIIIOYOBHX MpPHITYIIeHb Oymo Te, mo IC
MOJXKHa OINMCYBaTW HE dYepe3 MOBHHH apXiTEeKTypHHH
piBeHp geramizalii KOMIIOHEHTIB, a 4epe3 Habip
BumiproBanux KPI, siki BinoOpaxanu pesynbrar ii podoTn
3 mo3unii Oi3Hecy Ta ekciutyarauii. Take NpHITyIIEHHS
Oy1no 3YMOBJICHE NPaKTHYHUMH 0OMEKEHHSIMH
HepeaMirpaliifHoro aHamizy: BiATBOPEHHs apXiTeKTypH,
3aJ@KHOCTEH 1 CIEeHapiiB HaBaHTAXXCHHsS IMOTPEeOyBaIo
3HAYHHX pecypciB, Toai sk KPI 3a3puuaii Oyim gocTymHi 3
MOHITOPUHTY Ta 3BITHOCTI iI MOIVIM BHKOPHCTOBYBATHUCS
sk crucnuit ommc crany [C. BBaxkamnocs, mo oOpanwmit
Ha6ip KPI € nocratHiM Ui MOPiBHAHHS CTpAaTeTiid, TOOTO
HACIII KU MIrparlii TOBUHHI MPOSBIISITUCS Yepe3 3MiHYy IIHX
NOKa3HHKIB.

Oxpemo 0yJ10 IPHUIHATO, 110 pi3Hi 3a npupoor KPI
MOXHa 3pOOMTH TOPIBHIOBAaHUMH, SIKIIO YHI(iKyBaTH
HampsiM  IHTepIpeTanii «Kpaime-Tipime» Ta BHKOHATH
HOPMYBaHHs B MEXaxX Y3ro/DKeHUX [iama3oHiB. Taki
Jiara3oHd TPaKTyBaJHMCs SIK IMPAaKTHYHO OOIPYHTOBaHI
OpIEHTHpPH, IO 33JaBANNCS ICTOPUYHUMH 3HAUYCHHSIMH,
oerumapkamu abo Bumoramu SLO/SLA. lle mo3Bomuito

VHUKHYTH CHTyallil, KOTH METPUKH 3 OULIBIIHMHU
YUCIOBUMH MacIiTabaMu  «IepeBaKalIm»  IHIN, Ta
CTBOPHTH  CIIUTBHUA  TMPOCTIp I 3iCTaBICHHS
aIbTePHATHB.

Jliist 30epexeHHs 3p03yMIJIOCTI Ta BiATBOPIOBAHOCTI
pe3ynbTartiB  OyJa0 OpPUHAHATO, MO0 OIHKH e(EKTiB
cTparerii 3ajgaBajucsi ab0 Ha OCHOBI y3araJbHEHHX
CIIOCTepeXXeHb 3 KeWCiB Mirparii, abo sK eKclepTHi
OLIIHKH 3 MOAAJBLIMM YTOYHEHHSIM y MIpy HaKOMUYSHHS
maanx. Ha modaTkoBOMy eTalli HEBH3HAYEHICTh 1
BapiaTHBHICTb CepeloBHIa OyJIM BpaxoBaHI CIIPOILIECHO:
aHalli3 BUKOHYBAaBCS B JICTCPMIHOBaHIM MOCTaHOBII SIK
TOPIBHSAHHSA OYiKYBaHHMX (CepelHiX) e(eKTiB, a PH3HKH
Hepukonanus ~ KPI  BimoOpaxkammcst  depes  ¢akr
HeJlocsTHeHHs1 noporiB. Take npumymeHHst 0yyio oOpaHo
SK CTapTOBE, OCKUIBKM BOHO JIO3BOJISUIO OTPHUMATH
6a30BHll KOHCYJIbTATUBHUW IHCTPYMEHT 1 BH3HAYMTH
KPHUTHUYHI MOKA3HUKH Ta MOPOTH JIJISL HPUHHATTS PillICHHS.

Po3pooka KPI-opienTtoBanoi Mopeni BuOOpy
crparerii xmapHoi mirpauii IC. Cran IC mo wmirparmii
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OyJl0 TOAAHO Y BHIVISII BEKTOPA-CTOBIIIS KIFOYOBUX
MOKa3HUKIB e(eKTUBHOCTI, sSIKi BioOpaxaiau pe3yibTaTH
(GYHKIIOHYBaHHS CUCTEMH 3 THO3UIII NPOAYKTHBHOCTI,
HaJIHHOCTI, MAacImTabOBaHOCTI Ta CYKYIHHX BHTpaT
BosoniHHA. BekTropHe momaHHSA OyJ0 BHUKOPHCTAHO IS
OTHOYACHOTO BpaxyBaHHA [EKIIbKOX KpHUTepiiB, mI0
MOTJIH KOH(QIIIKTyBaTH MK c000f0, 1 Ui IMOJANIBIIOTO
(hopmaItizoBaHOTO MOPIBHAHHS abTEPHATUBHUX CTpPATETiH
i BimoOpaskamocs fK:

kpifase
KPIbase —
kpifnase
:base
ne  kpi; 0a30Be 3HAYEHHS ITOKa3HHUKA

e(eKTHBHOCTI 10 Mirparii;
m — KUTbKiCTh IOKa3HUKIB epekTruBHOCTI IC.
MiHiManbHO TNPUHHSATHUHA pPIBEHb SKOCTI IICIS
Mirpauii Oyj0 3aJaHo y BHIVISIAI IOPOTOBOTO BEKTOpa-

croBrus KPIterget,
kpl.iarget
target _—
KPI kpl'rt.r;jrget '

ne KPIEToet
Mirpauii.

ninboBe 3HaueHHs KPI micisg

Piznopigni KPI 6yno npuBeaeHo 10 MOPiBHIOBAHOTO
BUIJIIy 3a PaxyHOK HOPMYBaHHS Ta MPHUBEACHHS [0
BUIIIAY «Oinmbmie-kpame». HopMoBaHi 3Ha4eHHS METPHK
nKPIP*¢ ra nKPIfaTger TUMy «Ginble-Kpame» Ta

«MEHIIIe-Kpallie» 00UNCIIOBAIIMCS BIAMOBIIHO:

:base smin
nKpJbase — u , (]_)
] kpi ]t ¥ —kpi [
.max :base
nKpJbase — w , (2)
] kpi [t 4% —kpi [T
.target .min
nppereet = B ©)
J kpi PO —kpiHm
.max .target
KPItarget _ kpiy—kpi; 4
n j - kpi;nax—kpi}"m ! ( )
ne kpi™" — MiHIMaJbHE 3HAYEHHS ONOPHOTO

nianasony; kpi"®* — MaKkcHUMajibHE 3HAYEHHs ONOPHOTO

nmiamasoHy j-i MeTpuku, j=1..m, m — KUIBKiCTh
metpuk; nKPI°%s¢, nKPtr9¢t € [0,1].

YMoBH, 3a SKHX IUIaHyBaJacs Mirpaiis, Oyio
OIMCAaHO BEKTOPOM-CTOBIILIEM KOHTEKCTHHX (hakTopis C.
Bin BimoOpaxaB BIACTHBOCTI CEpEJOBHINA Ta CHUCTEMH,
10 MOAYJIOBTA €QEeKT CTpaTerii, ajne He PO3TIIAIATHCS
SIK KepOBaHi 3MiHHI BHOODY:

)

ne context, — q-1 KOHTEKCTHUHA (aKTop;

q — 3arajgbHa KUIBKICTh KOHTEKCTHHUX (DaKTOPIB.

MHOXWHY aJbTEepHATHBHHUX CTpaTerii mirpamii S
OyJ10 33/1aHO TUCKPETHO:

] STL}I

Jie N — 3arajbHa KiJIbKiCTh CTpaTerii.

basosuii edexr BE crparerii ;€ §, i = 1..n
BU3HAYaBCs SIK BEKTOP-CTOBIEIIb!
b

1

S = {Sl’ So,

e bjsi — j-# 6a3oBmit moka3Huk KPI BixmosimHoi -1
crparerii; j = 1..m.

Kontekcrna nompaska CEg; crparerii s; € S, i =
1 ...n BU3HAYayacs K MaTpPHUL PO3MIPHOCTI M X q:

Si Si Si
€11 Gy - Cig
Si Si Si
CE,, = €1 C2 o Caq |
Si Si Si
Cm1i Cmz - Cmg
S; ..
R€ Cpq — KOEDIUIEHT BIUIMBY (-TO KOHTEKCTHOTO

(akTOpy Ha KOHTEKCTHY IONPABKYy M-TO HOPMOBAHOTO
KPI nns i-i crparertii, c:,{'q € [-1;1].

Crmin 3a3Ha4MTH, IO 3HAYCHHS KOHTEKCTHOI
nonpaBku B Mexax [-1,1] TpakTyBamucss HacTynHUM
YMHOM: KOHKPETHAa KOHTEKCTHA IIOIpaBKa «IOCIa0IIoE»
YU «IIICHITIOE)» KOHKPETHUH O9iKyBaHUH e(DeKT CcTpaTerii.
HympoBi 3HaueHHS TpakTyBalucs SIK BIJICYTHICTB
MTOMITHOTO e(EeKTY.

Edekr koxuoi crparerii AnKPl;, Gyno mnomano
BEKTOPOM-CTOBIILIEM, K OYiKyBaHHH 3CyB HOPMOBAaHHX
KPI:

AnKPI;, = BEs, + CEs, - C (5)

VY mnoprdenpHi TOCTaHOBII abo0 TMpH PO3IUICHHI
CHCTEeMH Ha KoMIoHeHTH napamerpu BE i CE MoXyTb
3aJaBaTHCsl OKPEMO Uil KOXKHOI CHCTEeMH/KOMIIOHEHTa,
TOOTO yTBOPIOETHCS HAOIP TAKUX BEKTOPIB 1 MATPHIIb.

[MocTmirpanifinuii npodins Hopmoanux KPI mis
KOXKHOI cTparerii s; €S OyJs0o NIPOrHO30BAaHO SIK CyMy
0a30BOr0 CTaHy Ta OYiKyBaHOTO 3CYyBY:

nKPIY*" = nKPI®e + AnKPI,, (6)

3 J0JaTKOBUM O6MC)I(6HH$[M JUIA YHUKHCHHA

BiJX’€MHHAX 3HA4YeHb:

nKPIP?’* = min(1, max(0, nkPI?**)). Bisnec-
A i

npiopureT Oyn0 GOpMai3oBaHO Yepe3 BEKTOP-CTOBIECHH
Bar W, sikuii 3a7aBaB BIJIHOCHY KPUTHYHICTH KOXXHOI

METPHUKH:
Wy
w=|.[
Wn
Jie W,, — N-Ta Bara BiJIOBIAHOT MeTpUKI;, N = 1 ...m;
w, = 0.

Jlnist KUTbKICHOT OIIIHKM NPUIATHOCTI cTpaTterii s; € S
Oyno BUKOpHCTaHO MTpad 3a HENOCSATHEHHS TOPOTiB —
Dy, sk 3BakeHy CyMy Ae(iUMTIB, 1O BUHUKAIM JIMLIE Yy
pasi, SKI0 NPOTHO30BaHE 3HAUEHHS OyJIO HIDKYMM 3a
LIIBOBE:

Dy, = X7, w; - max (O, nKPIjmrget - nKPIfif)jSt), )
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Burpatn Ha peamizamito ctpaterii S; €S 0Oyno
BpaxoBaHO uepe3 HOpMOBaHy ouinky MCg, ska
BioOpaxkana BIJHOCHY CKJIAQIHICTh, TPYJIOMICTKICTD 1
TPUBAJIICTh  BHUKOHaHHsA  Mirpauii. OkpemMo  BapTo
3a3HAYUTH, IO KOMIIPOMIC MK MiHIMI3alli€l0 BHUTpPAT
Mirpauii Ta pocsirHenHsM KPI Oyno 3agaHo mapamerpom
B, B € [0,1]. [auuii mapaMeTp iHTEPIPETYBABCS
HACTYITHUM YWHOM: YMM OJIIDKYe 3Ha4YCHHS mapamerpy [
no 0, tTum Oumemry pons B (iHaNBHIA OWIHII Tpano
mocarHenHs minsoBux KPI. 1 HaBmaku, ymM Oimbkde
mapametp [ o 0, TuM Oinbiry ponb B (iHANBHINA OMIHIT
rpajga MiHIMI3allis BHUTPAT/CKIAMHOCTI Mirpamii. Takum
4MHOM, iHTerpanbHui 6an Ty, Gy/0 BU3HAYEHO SK:

Tsiz ﬂ'MCSi+ (1_ﬁ)'Dsil (8)

Takum unHOM cTparerito s; € S 0yJ0 BU3HAYCHO SIK
AIBTCPHATHBY 3 MIiHIMAaIbHUM IHTETPAJbHUM O0alloM Yy
3aJaHOMy KOHTEKCTi. Takum dYMHOM 3a0e3nedyBajocs
ogHOYAacHe BpaxyBaHHs skocti ceppicy 3a KPI Ta
0oOMe)keHp Ha BUTpATH Mirpamii, a TaKkoXX MOJXIJIHBICTh
MOSICHEHHsI BUOOpY uepe3 BHECKH OKPEMHX METPUK Y
nedimur.

s =arg min T, (9)

3a YMOBU BUKOHAHHSA 0OMEKEHD:
nKPI"%s¢ € [0,1]
(nKPIt‘"g” € [0,1]
eolq € [1;1]
w, =0

B € [01]

AnpoOauis pe3yJbTaTiB OCJTITKeHH .
HeoOxinHicte BuOOpy crparerii xmapHoi mirpauii Oyio
chopMylbOBaHO  SIK  3aJady  MOPIBHSHHA  TPbOX
amprepHaTHBHUX TigxoxiB LS (Lift-and-Shift), PF (Re-
platforming) ta EN (Re-engineering) 3a o4ikyBaHUM
npodijeM KIFYOBUX MOKa3HUKIB edekTuBHOCTI. [lis
cucteMu Oyno 3aiaHo 0a30Bi BUMIpsiHI Ta MiHIMalbHO
npuiiHATHI UinpoBi 3HadeHHS KPI micms wmirpamii [11].
Omnuc Bxigaux KPI Ta omopHUX Mex HaBeneHO B TalOi. 1.
Omnc [ibOBHX TOPOTIB 32 KIIOYOBHMHU ITOKa3HUKaMHU
e(pEKTHBHOCTI CUCTEMH OyJI0 HaBeleHO y Tabm 2.

Tabmuus 1 — Bxinui KPI, onophi Mexxi HopMyBaHHS

Tabmuus 2 — L{imp0Bi TOPOTH METPHK

Merpuka kpitarget
Response time 170
Throughput 800
Resource utilization rate 70
Total cost of ownership 420000
Availability 99.7
Time to market 7
Scalability 2.2

[Micns 1mporo Oymo 3agaHO YMOBH 3aCTOCYBaHHS
cTpateriii. Y tabmumi 3 HaBeIeHO KOHTEKCTHI (hakTopu
HOpMoBaHi# mkami [0;1].

Ta6muns 3 — KoHTekcTHi hakTopu

dakrop ITo3HaueHHs 3Ha4YeHHS

Kpuruusicts context_crit 0.8

CHUCTEMHU

BapiatusHicTb
HaBaHTaXEHHs (Mipa
HecTablIbHOCTI
pob6oyoro npodiio)

context_var 0.6

CxiagHicTh context_int 0.7

IHTerparin

Metpuka Hampsm | kpi™n | kpi™®* | kpibese

Response time, Mmc | MeHmIe— 120 400 220
Kpaiie

Throughput, OisbIe— 300 1200 600

TpaH3/c Kpaiie

Resource MeHIIe— 40 95 75

utilization rate, % Kpaiie

Total cost of menmre— | 30000 | 650000 | 48000

ownership, Kparie 0 0

USD/pik

Auvailability, % Gimpre— | 99.0 99.99 99.5
Kpalle

Time to market, MCHIIIe— 3 21 14

JHI Kpalie

Scalability, xoeg. OisbIe— 1.0 3.0 1.6
Kpaiie

V Tabmuui 4 HaBeneHo pospaxyHok nKPIPse j

nKPI*79¢" msxom HOpMyBaHHs 3HaueHb 3 Tabm. | 3a
(1)—(4), npuuomMy 00MABa THIKH METPHUK OyJIH MPHUBEACHI
JI0 iHTepIpeTanii «OibIne — Kparie».

Ta6muns 4 — Hopmosawi 3HaueHnst KPI s 6a3oBoro ta
LTLOBOTO CTaHIB

MeTpuka nKPpJbase nKpJtarget
Response time 0.642857 0.821429
Throughput 0.333333 0.555556
Resource utilization rate 0.363636 0.454545
Total cost of ownership 0.485714 0.657143
Availability 0.505051 0.707071
Time to market 0.388889 0.777778
Scalability 0.300000 0.600000

byno 3amaHo MaTpuIll KOHTEKCTHHX IIONPAaBOK 3
KOCQIIEHTAMH  Cepit) Cpar, Cine VI KOXKHOI —CTpaTerii.
Honatkoso Gyno 3anano napamerpu MCg, i . B mexax
npukiany marpuui CEg, Oyno CHpoIeHo A0 BHITISLY
(Cerit Cint), TOmI CE;,-C Gyna
onnakoBoto s Bcix KPI B mexax crparerii. Pesynbrar
HaBEIEHO B TAOIMIII 5.

Cyar BeJIMYMHA

Tabmums 5 — KoedilieHTH KOHTEKCTHOT ITOTIPaBKHU Ta
MirpariiiHa BapTiCTh

Si Cerit Cvar Cint CEsi -C MCS,- :8
LS -1 0.8 0.3 -0.11 0.2 0.3
PF 0.9 -0.8 -0.3 0.03 0.5 0.3
EN 0.9 -0.7 -0.2 0.16 0.9 0.3

Hani Gyno pospaxosano BE;, s xoxsoro KPI,
TOOTO BHECOK cTparerii 0e3 ypaxyBaHHS KOHTEKCTHOI
monpaBkH (Tadi. 6).

Bicnux Hayionanvroeo mexuiunozo yHieepcumemy « XI11».
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Tabmmus 6 — bazosuii epext st Hopmosanux KPI

Cii 3BEpHYTHM YyBary Ha Bij’€eMHe

nokasHuka Resource utilization rate mns BE| . Lle mimkom

3HAYCHHA

Mertpuxka BE;¢ BEpg BEgy .
Response time 0.052314 0.193086 0.282429 AOIIYCTUME 3HAYCHHSA, IO 1HTEPIPETYBAJIOCA HACTYITHHUM
Throughput 0.072156 0.312133 0.461000 YHHOM: B  CEpeAHBOMY/THIIOBOMY  CIeHapii  0e3
Resource KOHTEKCTHOI IONpaBKU cTpareris LS mporuosysanacs sk
utilization rate -0.037945 0.160618 0.324636 Taka, 1o noripurye neit KPI Ha HopMoBaHiii mkai.
Total cost of 0102314 0.235943 0303857 I[Uam, BHKOPHCTOBYIOH (5) Ta (6) 6yno. OTpHMAHO
ownership NOBHUH IMPOTHO30BaHMM e€(eKT Ta NOCTMIrpauiiHui
Availability 0.067105 0.231325 0.365040 npodiak Ui KOXKHOI 31 cTpaTeriil BixnosiHo. PesynpraTn
Time to market | 0.127711 0.312133 0.461000 PO3paxyHKiB 3a GopMysiamu OyJIo HaBeJeHO y Tabnuii 7.
Scalability 0.116600 | 0.328800 0.511000
Tabnuns 7 — 3cysu AnKPI Ta nporsososani nK PIP°St g ctpateriit
Merprika AnKPI, ¢ nkPIPe** AnKPlpp nkPIbo* AnKPlIgy nKPIEe*
Response time -0.057686 0.585171 0.223086 0.865943 0.442429 1.000000
Throughput -0.037844 0.295489 0.342133 0.675466 0.621000 0.954333
Resource
utilization rate -0.147945 0.215691 0.190618 0.554254 0.484636 0.848272
Total costof - 517646 0.478028 0.265943 0.751657 0.463857 0.949571
ownership
Availability -0.042895 0.462156 0.261325 0.766376 0.525040 1.000000
Eg‘rek;? 0.017711 0.406600 0.342133 0.731022 0.621000 1.000000
Scalability 0.006600 0.306600 0.358800 0.658800 0.671000 0.971000

Big’emui 3nauenHs AnKPl ¢ o3Ha4yamu, Mo s
ctpaterii LS mporHo3oBaHWil MOCTMIrpamifHuil piBeHb
HopMoBaHOroKPI  3MeHImyBaBcs BiJHOCHO — 0a30BOro
CTaHy, TOOTO 1€ IHTEpIpPEeTyBaJlOCS SK MOTipIICHHS
MOKa3HHKa.

[icns mporo Oyno po3paxoBaHO 3BaXKCHI BHECKH Ta

NpOMDKHI AediuuTy 1yist KOxKHOI 31 crparerid. Tyt 3a d;
target ost

II03HA4YECHO max(O, nKPL g nKPIIS)i i ) 3 (7), T06TO

MIPOMIXKHI po3paxyHKH. Pe3ynbrar HaBeneHo y Tabmui 8.

Tabmums § —3BaXkeH1 BHECKHU Ta AeDiUTH

Mertpuka w; dis w-d;g dpp w - dpp dpy w - dgy
Response time 0.20 0.236258 0.047252 0.000000 0.000000 0.000000 0.000000
Throughput 0.15 0.260067 0.039010 0.000000 0.000000 0.000000 0.000000
Resource 0.10 0.238854 0.023885 0.000000 0.000000 0.000000 0.000000
utilization rate
T(?\}\‘;"r'];g;tlgf 0.20 0.179115 0.035823 0.000000 0.000000 0.000000 0.000000
Availability 0.25 0.244915 0.061229 0.000000 0.000000 0.000000 0.000000
Time to market 0.05 0.371178 0.018559 0.046756 0.002338 0.000000 0.000000
Scalability 0.05 0.293400 0.014670 0.000000 0.000000 0.000000 0.000000

3 Jns xoxHOi 3a cTparerii OyJo OOYHCIEHO
mokasHuk naedinury 3a (7). PesynbraT HaBeACHO B
Tabmui 9.

Ta6mums 9 — [lincymkoBi 3HaYeHHS AeIIUTIB 32

Tabnuus 10 — Iuterpanbua owinka T,

Si MCsi B- Mcsi 1-p)- Dsi Tsi

LS 0.2 0.060000 0.168299 0.228299
PF 0.5 0.150000 0.001636 0.151636
EN 0.9 0.270000 0.000000 0.270000

CTparTerisiMu
Crpareris s; Dy,
LS 0.240428
PF 0.002338
EN 0.000000

Hapermri, ams K0HOT 31 cTpateriii Oyyno o04uciIeHo
iHTerpanpHnii  O6anm 3a (8). PesympTaTH po3paxyHKiB
HaBeneHo B Tabimi 10.

3rigHo (9), ninkoBa cTpareris BuOMpanacs sK Ta, 110
Mae MiHiManbHui iHTerpanbHuil nokasuuk Ty, B naHomy
BUNAJKy, s = arg min Ty, = PF.

Takum ywHOM, ampoOariis Mokasaja, IO MOJAEIb
3a0e3nedyyBaiia BiITBOPIOBAaHMH BHOip cTparterii uepes
(dopmaiizoBaHe 3iCTaBICHHS QJIbTEPHATHB Yy HPOCTOPI
HopmoBanux KPI Ta sBHe BpaxyBaHHS KOHTEKCTy U
BaprocTi Mirpamii. 3a 3aJaHMX MOPOTOBHUX BHUMOT, Bar
MPIOPHUTETIB Ta MapaMeTpa KoMmrpomicy [ = 3 MiHiManbHe

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».
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sHauenust Ty, Oyno orpumano s crparerii PF, mo
BIANOBiJaJI0 HalKpamoMmy OamraHCy MK IOCATHCHHSIM
uieoBoro mpodimo KPI ta BuTparamm Ha peanizariro.
Crpareris LS Oyna omiHeHa sIK MEHII NpHaTHa 4Yepes
HakonudeHHs AedinuTiB 3a kputnaaumu KPI, toxmi sik EN
3abe3nedyBaia HyJbOBUH aedinur, ane mnocTynanacs
4yepe3 BHIIY YMOBHY BapTicTh Mirpanii B oOpaHii
noctaHoBli. OTpUMaHMH pPe3ysbTaT INPOAEMOHCTPYBaB,
10 MOJENh TPHIATHO BiOKpemiroBasa edekt crtpaTerii
Bil YOpPaBIIHCBKOTO KOMIIPOMICY MiX SKICTIO Ta
BUTpaTaMH 1  MOIJIa  BHKODHCTOBYBAaTHCA 5K
KOHCYJIBTaTHBHUM  IHCTPYMEHT JUI1  IOMEPEIHHOTO
paHXyBaHHS CTpaTeriil.

OOroBopeHHsl pe3yJabTaTiB  JocjaigKeHHd. 3a
pe3yibTataMH JIOCHiDKeHHS Oyno pospobneno KPI-
OpIEHTOBaHY  MOJEIb  MEpPeaMIrpamiiHoro  BHOOpPY
cTparerii, sika NPOrHO3yBaJla NOCTMIrpauidiHuii npodiinp
HOPMOBAaHUX TIIOKa3HUKIB e(EeKTHMBHOCTI Ha OCHOBI
6azoBoro crany IC, ouikyBaHoro edekry cTparterii Ta
KOHTEKCTHOI ITOTIPaBKH, a TAKOX (hopMyBasia iHTETpalIbHY
OWIHKY JbTEPHATHB dYepe3 IMoeAHaHHA mTpady 3a
HepmocsTHeHH ninboBux KPI, HOpMoOBaHOI Mirpariiaoi
BapTOCTI 3 KEPOBaHUM MapaMeTpoM KoMmmpomicy [ Ta
CHUCTEMHU OOMEXKEHb.

Ampo0airito po3pobieHol Moei OyJI0 BUKOHAHO Ha
NpUKIaal, Je 3amada BUOOpyY cTparerii xMapHOi Mirparii
(dopmaizyBanacs SIK TOPIBHSAHHS TPhOX AIbTEPHATHBHUX
miaxomis LS, PF Ta EN 3a ouikyBaHuM mpodineM
KIIOYOBUX TOKa3HUKIB edekTuBHOCTI. BximHi maHi
MicTimi 0a3oBi 3HaueHHss KPI, omopHi Mexi HOpMyBaHHS
Ta MIJTHOBI TIOPOTH IiCIs MITpalii Uil 3a1aHOr0 Habopy
METpUK. YMOBH, 3a SKHX IUIaHyBaJacs Mirpamis, OyIo
MOJIAHO dYepe3 KOHTEKCTHI (haKTOpH, IO MOJYJFOBAIH
epexT  cTparerii, a  TOpPIBHAHHA  AIbTCPHATHB
BUKOHYBajiocs y HopMmoBaHoMy mpoctopi KPI rtak, mo6
«OinpIIe» 3aBKAM O3HAYAIO «Kpalle» HEe3aleXXHO BiX
MEPBUHHOTO HAIIPSIMY METPUKH.

OTpuMaHi pe3y/bTaTH MMOKa3aliy, [0 Pi3Hi cTparerii
(dbopMyBaayM MPHUHIIUIIOBO BiaMiHHI mocTmirpariiiai KPI-
npodiii HaBiTH 32 OJJHAKOBHX LILOBUX Topori. st LS
MIPUPICT HOPMOBAaHMX METPHK BHUSBHBCSA HEIOCTAaTHIM,
mo0 AOCSArTH 3afgaHuX moporiB 3a kputnyHnmu KPI:
MOCTMIrpaniifHe 3Ha4eHHs AJIsl response time CTaHOBHMIIO
0.585171 mpm uinpoBomy 0.821429, mns throughput —
0.295489 npu uimeoBomy 0.555556, mns availability —
0.462156 npu mimeoBomy 0.707071, a mia scalability —
0.306600 mpu mimsoBomy 0.600000. HeratuBHi 3cyBuU
AnKPI mis LS y tabmumi 6 O3Ha4anmy, MO IICISA
BpaxyBaHHS KOHTEKCTHOI ITONPAaBKH CyMapHHH e(ekT
cTpaTerii 3MEHIIyBaB HOPMOBAHY «SKICTB» BiJNOBITHUX
KPI BimHOCcHO 6a3oBoro crany. Y  TIpaKkTHUHIN
iHTEepHpeTanii e MOIJIO BIIMOBINATH CHUTYaIll, KOJH
TIEPEHECEHHsI «as-is» He Ja€ JTOCTaTHhOTO BUTrpaIly, a B
yMOBax  MiJBUIIEHOT  KPUTHYHOCTI,  BapiaTUBHOCTI
HaBaHTAKEHHS Ta CKJIAJHUX IHTErpaliil YacTHHA METPHUK
CXWJIbHa 10 TOTEHHIHHOI Jerpajanii uyepe3 HakKIaIHi
BUTpaTu abo oOMexeHy onTHMi3alilo KoHpirypamii Ta
pecypciB. Bomnouac PF ¢opmysana mnpodins, sxui
MIPaKTUYHO MOBHICTIO BiATIOBi/IaB TIOporaM: response time

i nocsira 0.865943, throughput — 0.675466, availability —
0.766376, a enuHWI MOMITHHH «3a30p» 30epiraBcs Iuis
time-to-market (0.731022 npu mnoporoBomy 0.777778).
Taka xkapTmHa Morma OyTH THIOBHM TPAKTHIHHM
ouikyBaHHAM Bix PF, xomu 3MiHH OOMEXYIOTBCS piBHEM
mw1athopMu Ta iHPPACTPYKTYPHHX MEXaHI3MIB i JalOTh
CYTTEBE TOKpAIIeHHs MPOAYKTHUBHOCTI ¥ HamiifHOCTI 6e3
MMOBHOI Tepe0yI0BH TPUKIIAIHOI JIOTIKH. B cBoio uepry,
OpraHi3aliifHO-3yMOBIICHI METPHKH, Ha KIITalT time to
market, 3HAYHUX TOKpAIEHb HE OTPUMAJIH, OCKLIBKU B
MEHIIIH Mipi 3ajie’kaiy BiJj XMapHOI iIHPPaCTPYKTYpH, SIK
takoi. Hapemri, EN 3a0e3neuyBasa HaiiBUILI 3HA4YCHHS
HopmoBanux KPI (3okpema 1.000000 mns response time
ta 1.000000 mms availability), mo y3romkysaiocs 3
OUiKyBaHOIO TiepeBaroro riuomoi nepepodxku IC 3 mo3umii
JIOCATHEHHS 1imboBoro craHy. [TosBa 3magens 1.000000
o3Hayana, mwo nporuozoanuil KPI nocsaras nalikparioro
MOJKJIMBOTO PiBHS B paMKaXx NMPHHHATOI MIKAJIH, 1[0 MOTJIO
BINNOBIJAaTH  CIEHAPII0  CYTTEBUX  apXiTEKTypHHUX
MIOKPAIICHb.

Ii BiAMIHHOCTI CTadM KiJbKICHO SBHAMH Ha pPiBHI
nedinuTiB BIIHOCHO MOPOTiB Ta IX 3BaXKEHHX BHECKIB.
3unaveHHs nediuuTiB y Tabmuni 7 GpakTHyHO BimoOpaxkanu
«BIJICTaHb» BiJ TPOTHO30BAHOTO CTaHy O MOPOry B
HopMoBaHii mkanmi. s LS nedinutn HakonuuyBamucs
oJpa3y 3a KiJIbkoMa METPUKaMH 3 BUCOKOIO 3HAYYILICTIO,
BKIIOYHO 3 availability (mediuut 0.244915 3a Baru 0.25)
Ta response time (medimur 0.236258 3a Barm (.20), mo
¢opmyBano Baromi BHeckHm Yy mrTpad. JlomatkoBo
cyrreBuMu Oymu gedimutu 3a throughput (0.260067 3a
Baru 0.15), resource utilization (0.238854 3a Baru 0.10) i
time-to-market (0.371178 3a Baru 0.05). Y migcymky Iie
namo D;s = 0.240428, To0TO 3HAYHMI CYKYIHHUI HeH00ip
BUMOT y HopMmoBaHoMy nipoctopi KPI. {nst PF cymaphwmii
nedinur npaktuuHo 3uMK 1 craHoBUB 0.002338, npuuomy
BiH OyB 3yMOBIICHHMI BHUKIIOYHO METPUKOIO time-to-
market (medimut 0.046756 3a Barm 0.05), Tomi sx EN
3a0e3nmeunB HyJTbOBHU Je(ilHT, TOOTO MOBHE JOCATHEHHS
IOpoTiB 32 BCiMa MeTpUKaMH. Y  peaJiCTUYHIN
iHTEepHpeTanii TaKuid PO3MOALT BHECKIB MIl' MOJIYIIIOBATH
CUTYyaIlifo, KOJH CTpareriss abo «IIpoBairoe» KidbKa
KPUTHYHUX METPUK OJHOYacHO (Tomi IuTpad MIBHUIKO
3pocrae), abo Mae OAWH JIOKAJbHHNA HEIOJIK B MEHII
npioputeTHiil MeTpuui (Toxi cymMapHHMM AediuuMT Maixe
HYJIBOBHIA).

KirouoBum pesysbraroM ampobamii crtango Te, MIo
PEKOMEH/IAIlIsT MOJICII BU3HAYMIIACS HE JIHIIE «AKICTIO» 3a
KPI, a KepoBaHHM KOMIIPOMICOM MIiX [IOCATHEHHSIM
IUIBOBOTO TPOGUII0 Ta BHUTpaTaMH Ha peasi3amilo
crpaterii uepe3 mapamerp f = 0.3. 3a ymoBHOI
HopMoBaHoi BapTocTi MC; g = 0.2, 0.5 ma PF 1 0.9 mst
EN inrerpanpuuii ©an T HaOyB 3Hauenp 0.228299,
0.151636 ta 0.270000 BigmoBimHO, TOOTO MiHIMyM OYB
orpumanuii mst PF. Otxe, Moiens BigTBOpIOBaHO 0Opaia
PF sk crparerito 3 HalkpamuMm OajaHCOM MiX
miHiMizamiero gedinutiB KPI Ta oOMexeHHIMH Ha
pecypcu mirpartii, Tozi sik LS nmporpaina gepe3 Hakonmu4ieHi
nedimurn, a EN — uepe3 3aBullieHy «BapTiCHY» CKIaJOBY
3a 3a/1aHOTO f3.
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Hopieusino 3 gocmimkennsmu [1], [3], [6], [9],
3alpONOHOBaHa MOJIETb Majia MepeBary B TOMY, IIO
3BOJIMNIA TepenMirpaniiiHe pimeHHs g0 npo3opoi i
BIITBOPIOBAHOI TMPOIENYypH 31 3PO3YMIIOI0  JIOTIKOIO
MOSICHEHHSI pe3yJibTaTy depe3 BHecok okpemux KPI y
nmedimur 1 depe3 sBHHMH mapamerp kommpowmicy f. Ha
BiIMIHY Big mmigxXoxiB, JxAe BuOiIp crTparerii gacto
JUIIAETECSA HACHIAKOM IHCTPYMEHTANIbHOI OIIHKH abo
npoBaiinepHo-crenudivyHoro mwranysanus ([4]. [6], [10]),
TyT crpaTerisi oOupanacs SK MiHIMyM IHTErpabHOTO
KpPHUTEpIl0 B HOPMOBAaHOMY IIPOCTOpi METPHK, IO
MiBHIIYBAJIO MEPEHOCUMICTh MOJICNI MiX OpraHi3amisiMu
Ta CEepeloBUIIAMHM 33 YMOBHM KOPEKTHOTO 3aaHHs
OIIOPHMX MEX HOPMYBaHHs 1 moporis. [Iponenypa Takox
HE BHMaraja JOpOTHX Cepiif eKCIIepUMeHTiB a00 MMOBHOTO
€KOHOMIYHOTO MOJENIOBaHHSA Ha paHHOMY eTami (Y
mopiBHAHHI 3 [2]). [y mepBHHHOTO paH)XyBaHHS Oyin
nmocraTHi 6a30Bi KPI, minboBi moporu, Baru mpiopuTeTiB i
y3arajbHeHa OIliHKa  MirpamiiHoi  BapTocTi, MIO
BIAMOBiAJI0 3a7adi 3MCEHIICHHA pECYpPCHHX BHTpar
IUIaHyBaHHS 1pH 30epexeHHi Gopmarizarii.

Pa3om i3 TuM ampoOauisi BUSIBHIA H HEJOJIKH, LIO
MOXYTh OyTH OB’ s13aHi1 3 MaTeMaTHIHUMHU
NPUIYIIEHHAMH Ta XapakTepoM JaHuX. [lo-mepiue,
napaMmeTpu e(EeKTIB CTpaTerii, KOHTEKCTHOI YyTIHUBOCTI
Ta BapTOCTi Mirpamii y Takid IIOCTAQHOBI 3aJaBaJIUCH
YMOBHO, TOMY 3OBHIIIHA BaJiIHICTH BHCHOBKIB Oyla
obmexeHow. [lo-apyre, KOHTEKCTHA TIIONpaBKa JUIA
cnpolneHHs Oyna TpuiHATa OoxHakoBor st Bcix KPI
BCEpEIUHI CTpaTerii, IO 3HIKYBaJIO pealliCTHYHICTB,
a/DKe Ha TPAKTUIl KOHTEKCT MO-PI3HOMY BIUIMBA€ Ha
nocrynaicts, TCO Ta time-to-market.

VY migcymky ampoOariist miaTBepuia npaie3IaTHiCTh
MoOJenl  SIK  KOHCYJIbTaTHMBHOTO  IHCTPyMEHTa  JUIs
PaHHBOTO, TOSCHIOBAHOTO pPAaHXXyBaHHS CTpaTerii y
3aJ]aHOMY KOHTEKCTI Ta IpPOJEMOHCTpYyBaia, IO BHOIp
cTpaterii Moxe OyTH OOIPDYHTOBAaHO Yepe3 IMO€IHAHHSI
nedinurie KPI BigHOCHO OpOTiB 1 00MEXeHb Ha pecypcH
Mirparmii. OnxHOYacHO OYJIO OKpecIeHO HEOOXiTHICTh
MOJTANTBIIIOT KaJiOpallii mapaMeTpiB Ha eMITIpHYHUX JaHUX
1 po3ImUpeHHs MOJeNi, M00 3MEHIIUTH 3aJEeKHICTh Bif
YMOBHHUX OIIIHOK 1 MiJIBHUIIWTH MPUKIATHY JOCTOBIPHICTH
peKOMeHaaIii.

BucHoBku.

1. Bymo po3pobiieHO Mojenab BHOOPY crTparterii
xMapHoi mirpaii Ha ocHoBi npodinro KPI, xe pizHopinHi
METpUKH OyJIO0 TMPUBEIEHO JO HOPMOBAHOTO MPOCTOPY
Tak, MO0 TMiCIasI TEepeTBOPEHHs Oinble 3HAYCHHS
BIZINOBIJAJIO KPAIIOMY CTaHy HE3aJIS)KHO BiJI IEPBUHHOTO
HanpsiMy MeTpuku. Edexr xoxnoi crpaterii Oyino
(opmManizoBaHO SIK O4YiKyBaHWi 3cyB HopmoBaHMX KPI,
o ckiagaBcs 3 0a30BOro eQekry Ta KOHTEKCTHOI
NONPABKH, @  BIANOBIAHICT  LUIBOBHM  BHMOTaM
OIliHIOBaJacs depe3 Ae(iluT METPUK BiTHOCHO MOPOTIB i3
3BaXYBaHHSIM 3a BEKTOpOoM Oi3Hec-mpioputeTie  W.
ButpatHy ckiajoBy Oyjio BBelIEHO 4epe3 HOPMOBaHY
ouinky MC, a KOMIIpoMiC MIDK MiHIMi3ali€l0 BHUTpaAT i
nocsirHenHsiv - KPI Oyno  3agano  mapamerpom  f3.
Iarerpaneuuii kpurepiit T Bu3HaueHO Ak KoMOiHamito MC

i D, micis 90T0 PeKOMEHIIOBAaHY CTPATETIiI0 3alaBalld SK
IbTEPHATHBY 3 MiHIManbHUM Ty 3a]JaHOMY KOHTEKCTI.

2. Bymo BUKOHAHO ampobamiro MOJeNi Ha MPHUKIAMi
mopiBHsHHS crparerii LS, PF Ta EN 3a 3amanmmu
6azoBumu  KPI, omopHIMH MeXamMu HOPMYBaHHA it
NOPOrOBMMHM  LUILOBUMH  3HAQUCHHSAMH, a  TaKOX
KOHTeKCTHUMH (pakTopamu, M0 MOIYIIOBATH e(deKT
cTpaterii y mpoctopi HopmoBaHux KPI. V pesymbrati
Oyno oTpuMaHo moctMmirpauiiini Hopmosani KPI-npodini
JUISL KOKHOI CTparerii Ta po3paxoBaHo Ae(ilUTH BiTHOCHO
IoporiB 1 miACyMKOBI 3HadeHHA D, SKi CTaHOBWIA
0.240428 gna LS, 0.002338m1sa PF ta 0.000000 mis EN.
3a $=0.30 inrerpansHa ouminka T ckiana 0.228299 (LS),
0.151636 (PF) Ta 0.270000 (EN), TomMy woxemb
BigTBOproBano Bu3Haumna PF  (Re-platforming) sx
HafiKpamuii KOMIOPOMIC MK JOCSTHEHHSIM IIJTHOBOTO
npogimro KPI Ta BuTpatamu Ha peamizarmito, Tomai sk LS
mocTymajacs depe3 HakomuueHHs nedinurie, a EN —
Yyepe3 BUILy YMOBHY BapTiCTh Mirpariii.

Crnucok jgiteparypu

1. Ramchand K., Baruwal Chhetri M., Kowalczyk R. Enterprise
adoption of cloud computing with application portfolio profiling and
application portfolio assessment. Journal of Cloud Computing.
2021. T.10, Nel. https://doi.org/10.1186/s13677-020-00210-
W (nara 3BepHeHHs: 21.01.2026).

2. HenningS., HasselbringW. A configurable method for
benchmarking scalability of cloud-native applications. Empirical
Software Engineering. 2022. T. 27,
Ne 6. https://doi.org/10.1007/s10664-022-10162-1 (nara 3BepHEHHS:
21.01.2026).

3. Hosseini Shirvani M., Amin G. R., Babaeikiadehi S. A decision
framework for cloud migration: A hybrid approach. IET Software.
2022. https://doi.org/10.1049/sfw2.12072 (zata 3BEpHEHHS:
21.01.2026).

4. An efficient model to estimate and optimise the cloud migration
costs from on-premises web apps/ V.Prakash Ta in. Discov
Computing. 2025. T.28, Ne151. https://doi.org/10.1007/s10791-
025-09666-3 (nara 3BeprerHs: 21.01.2026).

5. Michael AyasH., Leitner P., Hebig R. An empirical study of the
systemic and technical migration towards microservices. Empirical

Software Engineering. 2023. T. 28,
Ne 4. https://doi.org/10.1007/s10664-023-10308-9 (nara 3BepHEHHS:
21.01.2026).

6. Harikrishna M., Srinivasa R. T., Gopikrishna Y. Optimizing cloud
migration: designing robust architectures for seamless transition
from on-premises to azure for sap and database
systems. International Journal of Engineering Technology Research
& Management (IJETRM). 2025. T. 09,
Ne 01. https://doi.org/10.5281/zen0d0.14782256 (nara 3BepHEHHS:
21.01.2026).

7. Migration-Based Load Balance of Virtual Machine Servers in Cloud
Computing by Load Prediction Using Genetic-Based Methods / L.-
H.Hung Tta in. IEEE Access. 2021. T.9. C.49760-
49773. https://doi.org/10.1109/access.2021.3065170 (mara
3BepHeHHs: 21.01.2026).

8. Continuous integration of architectural performance models with
parametric dependencies — the CIPM approach/ M. Mazkatli ta
in. Automated Software Engineering. 2025. T. 32,
Ne 2. https://doi.org/10.1007/s10515-025-00521-9 (nara 3BepHEHHS:
21.01.2026).

9. Sener U., Gokalp E., Eren P. E. CLOUD-QM: a quality model for
benchmarking cloud-based enterprise information systems. Software
Quality Journal. 2024. https://doi.org/10.1007/s11219-024-09669-
1 (nara 3Bepuenns: 21.01.2026).

10. Fine-Grained Performance and Cost Modeling and Optimization for
FaaS Applications / C. Lin ta in. IEEE Transactions on Parallel and
Distributed Systems. 2022. C.1-

Bicnuk Hayionanbrno2o mexuiunozo ynisepcumemy « XI11».

44 Cepis: Cmpameziune ynpaeninus, ynpasiinus nopmeenamu, npozpamamu ma npoekmamu. 2026. Ne 1(12)



ISSN 2311-4738 (print)

ISSN 2413-3000 (online)

Cmpameziune ynpasninis, YnpagiinHa NOpm@ensimu, npoepamam ma npoeKxmamu

11.

15. https://doi.org/10.1109/tpds.2022.3214783 (nara
21.01.2026).

€Bmanos M. B., Illyteko B. B. KirouoBi mokasHuku e(eKTUBHOCTI
inopmaniiiHoi cucTeMu U XMapHOi Mirpauii. [ngopmayiiino-
KOMYHIKayitini  mexnono2ii ma  kibepbesnexa (IKTK-2025) :
Mamepianu midcuap. nayx. xongh., M. Xapkis, 4rpya. 2025 p.
2025. https://ice.nure.ua/wp-content/uploads/2025/12/91-
levlanov_Shutko_Sektsiia-2.pdf (nara 3Bepuenns: 22.01.2026).

3BCPHCHHSA:

References (transliterated)

Ramchand K., Baruwal Chhetri M., Kowalczyk R. Enterprise
adoption of cloud computing with application portfolio profiling and
application portfolio assessment. Journal of Cloud Computing.

2021. T.10, Nel. https://doi.org/10.1186/s13677-020-00210-
W (accessed: 21.01.2026).
Henning S., HasselbringW. A configurable method for

benchmarking scalability of cloud-native applications. Empirical

Software Engineering. 2022. T. 27,
Ne 6. https://doi.org/10.1007/s10664-022-10162-1 (accessed:
21.01.2026).

Hosseini  Shirvani M., Amin G. R., Babaeikiadehi S. A decision
framework for cloud migration: A hybrid approach. IET Software.
2022. https://doi.org/10.1049/sfw2.12072 (accessed: 21.01.2026).
An efficient model to estimate and optimise the cloud migration
costs from on-premises web apps/ V.Prakash et al. Discov
Computing. 2025. T.28, Ne151. https://doi.org/10.1007/s10791-
025-09666-3 (accessed: 21.01.2026).

Michael Ayas H., Leitner P., Hebig R. An empirical study of the
systemic and technical migration towards microservices. Empirical

Software Engineering. 2023. T. 28,
Ne 4, https://doi.org/10.1007/s10664-023-10308-9 (accessed:
21.01.2026).

Harikrishna M., Srinivasa R. T., Gopikrishna Y. Optimizing cloud
migration: designing robust architectures for seamless transition
from  on-premises to azure for sap and database

10.

11.

systems. International Journal of Engineering Technology Research
& Management (IJETRM). 2025. T. 09,
Ne O1. https://doi.org/10.5281/zenod0.14782256 (accessed:
21.01.2026).

Migration-Based Load Balance of Virtual Machine Servers in Cloud
Computing by Load Prediction Using Genetic-Based Methods / L.-
H.Hung Tta in IEEE  Access. 2021. T.9. P.49760-
49773. https://doi.org/10.1109/access.2021.3065170 (accessed:
21.01.2026).

Continuous integration of architectural performance models with
parametric dependencies — the CIPM approach/ M. Mazkatli ta
in. Automated Software Engineering. 2025. T. 32,
Ne 2. https://doi.org/10.1007/s10515-025-00521-9 (accessed:
21.01.2026).

Sener U., Gokalp E., Eren P. E. CLOUD-QM: a quality model for
benchmarking cloud-based enterprise information systems. Software
Quality Journal. 2024. https://doi.org/10.1007/s11219-024-09669-
1 (accessed: 21.01.2026).

Fine-Grained Performance and Cost Modeling and Optimization for
FaaS Applications / C. Lin ta in. IEEE Transactions on Parallel and
Distributed Systems. 2022. P.1-
15. https://doi.org/10.1109/tpds.2022.3214783 (accessed:
21.01.2026).

Yevlanov M. V., Shutko V. V. Kliuchovi pokaznyky efektyvnosti
informatsiynoyi  systemy dlya khmarnoyi mihratsiyi [Key
performance indicators of an information system for cloud
migration]. Informatsiyno-komunikatsiyni tekhnolohiyi ta
kiberbezpeka (IKTK-2025): materialy mizhnar. nauk. konf.
[Information and Communication Technologies and Cybersecurity
(ICTC-2025): Proc. of the Int. Sci. Conf.], Kharkiv, 4 December
2025. 2025. Auvailable at: https://ice.nure.ua/wp-
content/uploads/2025/12/91-levlanov_Shutko_Sektsiia-2.pdf
(accessed: 22.01.2026).

Haoiiuna (received) 24.01. 2026

Bioomocmi npo asmopis / About the Authors

€snanoe Maxcum Bikmoposuu (levlanov Maksym) — mokrop TexHiuHHX Hayk, mpodecop, mpodecop kadeapu
iHpopMalifHUX YIPaBISIOUMX CHCTEM, XapKiBCbKMH HalllOHAIBHUH YHIBEPCHTET pPaJiOeNeKTPOHIKH, M. XapKiB,
Vkpaina; email: maksym.ievlanov@nure.ua; ORCID: https://orcid.org/0000-0002-6703-5166.

Illymbko Bixmop Banepiiiosuu (Shutko Viktor) — acmipant kadenpu iHpopmaniiHUX yIpaBsIFOUYMX CHCTEM,
XapKiBChbKUI HAlllOHAIBHUN YHIBEPCUTET pajioeieKTpoHiku, M. XapkiB, Ykpaina, email: viktor.shutko@nure.ua,
ORCID: https://orcid.org/0009-0001-0527-4401.

Bicnux Hayionanvroeo mexuiunozo yHieepcumemy « XI11».

Cepis: Cmpameziune ynpaeninus, YApaeiints nopmeenimu, npoepamamu ma npoekmamu. 2026. Ne 1(12)

45


https://ice.nure.ua/wp-content/uploads/2025/12/91-Ievlanov_Shutko_Sektsiia-2.pdf
https://ice.nure.ua/wp-content/uploads/2025/12/91-Ievlanov_Shutko_Sektsiia-2.pdf
about:blank
mailto:viktor.shutko@nure.ua

ISSN 2311-4738 (print)

Cmpameziune ynpagnints, ynpagiintsi nopmeensmu, npoepamamu ma npoeKmamu ISSN 2413-3000 (online)

VK 005.8:658.012.32 DOI: 10.20998/2413-3000.2026.12.7

B. M. KYXAPCbKHH, C./I.BYLIYEB

YIIPABJIIHHSA YEPE3 ITPOEKTHU SAK METOJOJOI'TYHA OCHOBA CTPATEI'THHOI'O
PO3BUTKY OCBITHbO-HAYKOBUX YCTAHOB YKPATHU

Tpanchopmarist cucTeMu BHIOI OCBITH YKpaiHU B yMOBaxX €BpOIHTErpalii, AeleHTpai3amii myO1iqHOro ynpasIiHHS Ta BOCHHUX BUKIINKIB MOTpedye
Mepexo/y BiJ aAMiHICTPATUBHO-i€papXiyHUX MOJENEH [0 afanTHBHUX, Pe3yIbTaTOOPIEHTOBAHUX (hOPM BpsiLyBaHHsI. METOIO CTaTTi € OOIPYHTYBaHHS
KOHIIEMLIT YIPaBIiHHS Yepe3 NpoekTH (governance by projects) sk METOIONOTTYHOI OCHOBH CTPATETiYHOrO PO3BHTKY OCBITHBO-HAyKOBHX YCTaHOB
Vkpaiau. MeTomonoridHy OCHOBY IOCIIMKCHHSI CTAHOBIATH TEOPis BPsTyBaHHsS, KOHLEMIi MPOEKTHOTO Ta MOPT(EIBHOr0 YHPABIiHHSA, MiIXOIH
iHTEPaKTHBHOIO W aalTUBHOIO BPsAYBaHHS, @ TAKO)K METOIM CHCTEMHOrO aHami3y, 0i0JiOMETPHYHOTO OISy Ta (OPMai30BAHOTO MOIEIIO BAHHSL.
[poanasti3oBaHO €BOJIOLIIO YHIBEPCUTETCHKUX MOJEICH ypaBiHHs B €BpONEHCHKOMY MPOCTOPI BUILOT OCBITH Ta BU3HAYCHO IHCTUTYLIHHI YMHHUKA
Iepexojy [0 MPOEKTHO-OpieHTOBaHHX (opM peamizamii crpaTeriif. Po3kpuTo 30BHINIHIN 1 BHYTPINIHIH BUMIpPH IPOEKTHOTO BPSIyBaHHS, y MEXKax
SIKMX TPOEKTH PO3IILIIAIOTHCS K 0a30Bi OAMHULI peanizauii cTpaTeriyHuX ILijiei, a moprdeab NPOEKTIB — SIK IHCTPYMEHT Y3rOIDKEHHS PecypciB,
MPIOPUTETIB 1 OYIKyBaHUX PE3yJIbTATIB. Y3araJbHEHO MiJXOAM MPOBIAHUX MDKHAPOJHUX MOJEJCH YIPAaBIiHHS MPOEKTAMU Ta MOKA3aHO 3HAYCHHS
MO€HAHHS KOHTPaKTHHX, PELiHHUX 1 Aep)KaBHUX MEXaHi3MIB BPSIyBaHHS Ul 3a0€3IEUeHHS CTPaTeriyHoi Y3ro/KeHOCTI Ta iHCTHUTYLiHHOI
cTilikocTi yHiBepcuTeTiB. HaykoBa HOBH3HA MOJIArac B po3poOJIeHHI MaTeMaTHYHOI MOJEINI aIalTHBHOTO MPOEKTHOTO BPsIIyBaHHS, sika (opmMalisye
B3a€MO3B’SI3KM MDK CTpaTeriYHUMH LUIIMA PO3BUTKY, MOPTQENTeM MPOEKTIB, PECYPCHHMH OOMEKCHHSMH, PH3UKAMH Ta MOKa3HHKaMU
Pe3yJIbTaTHBHOCTI. 3alpolOHOBaHA MOJENb 3a0e3nedye KibKICHY OLHKY YNpPaBIHCHKHX pPillleHb, MIATPUMYE CIEHapHe IUIaHyBaHHS, MEXaHi3MH
«stop / review / scale» Ta mifBHIIy€e OOIPYHTOBAHICT CTPATEriYHOTO BUOOPY B YMOBaxX HEBU3HAUCHOCTI. [IpakTHIHE 3HAYCHHS PEe3y IbTATIB MOJISITae y
MOYKJITUBOCTI BUKOPHCTAHHS MOJIEINI TSl IOOYIOBH CHCTEMH CTPATETiYHOrO YIPABIIiHHS 3aKJIaqaMy BHIIOI OCBiTH YKpaiHu B mepioa Tpancdopmariii i
ITiCIIBOEHHOTO BiTHOBJICHHS.

Kutro4oBi ci10Ba: yrnpaBiiHHS 4epe3 NPOEKTH; POEKTHE BPsAyBaHHS; CTPATCriYHNI PO3BUTOK YHIBEPCUTETIB; alaiTUBHE YIPABIiHHS; 4y TIUBE
YIpPaBIIiHHS; TOPT(heTbHe YIPaBIiHHS; IHCTUTYLIiHa aBTOHOMIsI; MaTeMaTHIHa MOJIENb CTPATET YHOTO YIIPABIIiHHS; BUIIA OCBiTa YKpaiHH.

V. KUKHARSKYY, S. BUSHUYEV

GOVERNECE BY PROJECTS AS A METHODOLOGICAL FRAMEWORK FOR THE STRATEGIC
DEVELOPMENT OF EDUCATIONAL AND SCIENTIFIC INSTITUTIONS IN UKRAINE

The transformation of Ukraine’s higher education system under conditions of European integration, decentralization of public governance, and
wartime challenges necessitates a shift from administrative—hierarchical models toward adaptive, results-oriented forms of governance. The purpose of
this article is to substantiate the concept of governance by projects as a methodological foundation for the strategic development of educational and
scientific institutions in Ukraine. The methodological framework of the study is based on governance theory, project and portfolio management
concepts, and approaches to interactive and adaptive governance, combined with methods of systems analysis, bibliometric review, and formalized
modeling. The evolution of university governance models within the European Higher Education Area is analyzed, and institutional drivers of the
transition toward project-oriented forms of strategy implementation are identified. The external and internal dimensions of project governance are
examined, within which projects are conceptualized as the basic units of strategic goal implementation, while project portfolios serve as instruments
for aligning resources, priorities, and expected outcomes. The study synthesizes approaches from leading international project management
frameworks and demonstrates the importance of integrating contractual, relational, and governmental governance mechanisms to ensure strategic
coherence and institutional resilience of universities.The scientific novelty of the research lies in the development of a mathematical model of adaptive
project governance that formalizes the relationships among strategic development objectives, project portfolios, resource constraints, risks, and
performance indicators. The proposed model enables quantitative evaluation of managerial decisions, supports scenario-based planning,
operationalizes “stop / review / scale” decision mechanisms, and enhances the robustness of strategic choice under conditions of uncertainty. The
practical significance of the results consists in the applicability of the model for designing strategic management systems in Ukrainian higher education
institutions during periods of systemic transformation and post-war recovery.
Keywords: governance by projects; project governance; strategic development; adaptive governance.

Beryn.  VYkpaiHcbka CHUCTEMa BHIIOi OCBITH  BIPOBAJUKYEThCI IM(PPOBE YIPABIiHHS, IO BKIIOYAE
NPOTATOM  OCTaHHBOTO  JECSATWIITTSI ~ JAEMOHCTPYE  €JIEKTPOHHUHM JOKyMEHTOOOIr, OHJAaWH-BCTYI, OHJIaWH
MTOCTYTIOBHUH nepexis Bij LEHTPaNi30BaHO{  aKpeOWTAllif0 OCBITHIX MpOrpaM Ta iHIII IHCTPYMEHTH
aJMiHICTpaTHBHOI ~ MOJAENI A0  JCLEHTpalTi30BaHOl,  eJeKTpOHHOI B3aeMoii. ITocuioeThCsl poib MexaHi3MiB
CTpaTeriyHo OpIEHTOBAHOI CHCTEMH BpsIyBaHHs, IO  IMPO30OPOCTI Ta MiA3BITHOCTI, 30KpeMa uepe3 IisUIbHICTH
BiMOBia€ €BpPONENUCHKUM CTaHJapTaMm. IIs  HamioHasbHOTO areHTCTBA i3 3a0€3MeUeHHs SKOCTI BUIIOT
TpaHcdopMaIllisi 3yMOBJICHA K BHYTPIIIHIMH MOTpedaMu  OCBiTH, IO BIPOBAIKYE E€BPOMEHCHKI CTAaHIAAPTH SKOCTI
MoOJ€epHizamii, Tak i 3oBHimHiMH immepatmBamu  (ESG 2015) [1-9].
€BpOiHTErpamii, 30Kpema  ydacTio  YKpaiHHM Yy IMepiox 2020-2025 pokiB nmo3HaunBCs GopMyBaHHAM

Bononcekomy mporeci Ta po30yIoBOK €BPONEHCHKOTO
npocropy Bumoi ocBitd (EHEA). Pospurok HOBHX
YIPaBIiHCHKUX TPAKTHK XapaKTePHU3YETHCS MOCTYIIOBUM
YIPOBAKCHHIM MIPHUHIIUIIIB, MPUTAMaHHUX
€BPOIEIICEKOMY TPOCTOpPY BHINOI OCBITH. 30Kpema,
PO3IIUPIOETECST ABTOHOMISI YHIBEPCHUTETIB: aKaJeMidHa,
opraHizamiifHa, (inaHcoBa Ta Kanpoma. IlapanensHO

KJIFOYOBMX 3acaji HOBOI YIIPaBIIHCHKOI MapajnrMu, y
MeXax SKOi PpO3BHMBAIOTBCSH I1HCTHTYTH CTpaTerivHoro
IUIAaHYBaHHS, 1HAWBIAYaJbHUX OCBITHIX Tpaektopii [10]
ta HanionanbHoi pamku kBamidikaniid. Lli iHCTpyMeHTH
CIIpsIMOBaHI Ha 3a0e3MeyYeHHs SKOCTI OCBITH, IIPO30POCTi
YOPaBIIHCBKAX TPOLECIB 1 y3TOMKEHHA OCBITHBOI
MOJTITUKK 3 TMOTpebaMu pUHKY mpami. BogHouyac mporec
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MOJIEpHi3alil CYHNpPOBOJDKYETbCS HHU3KOK CHCTEMHHX
BUKIUKIB — (DIHAHCOBOK HECTAOUIBHICTIO 3aKJaliB
OCBITH, pI3HMM piBHeM LH]poBizallii 3aKiaiiB, perioHis,
(parMeHTaIi€l0 YIPaBIiHCHKUX CTPYKTYP Ta HACHITKaAMH
ITOBHOMACIITa0HO! BilfHH, IO Mpu3BeTa N0 PyHHYBaHHS
IHPPaCTPYKTypH, TEPEMIlIeHHsT CTYACHTIB 1 BUKJIAIAYiB,
BTpaTH YaCTUHH JIFOJCHKOI0 KaIliTary.

VY Mexax mporo mporecy GpopMyeTbess HOBa MOJETb
YOpPaBIiHHA BHUIIOK OCBITOIO, MIO TOEAHYE MPUHIAIIA
MIPOEKTHOTO YNPABJiHHS, LU(QPOBOTO BpSIyBaHHSA Ta
THYYKOT'O CTpaTeridyHoro IUIaHyBaHHsA. BoHa BpaxoBye
KiJIbKa B3a€EMOIIOB’ I3aHUX TEHICHITIN:

- IepCOoHaJI3alil0  OCBITHIX  TPAaeKTOpiH,  IIO
nepenbavyae (GopMyBaHHS IHIUBIAYATbHUX HABYAIBHUX
IUTaHIB, MOIYJNBHHX KypCiB 1 MDKIUCIHMIDTIHAPHUX
porpam;

- YIOpOBaKCHHS MiKpoOKBai(iKkarii (micro-
credentials), CyMiCHUX 13 €BpONECHCHKOI0 CHCTEMOIO
Europass Ta €Bpomnelicekor0 pamMKor KBamiikamii
(EQF), mns BW3HAHHSA KOPOTKMX IIMKIIIB HaBYaHHA I
nepeKBaiQikarii;

- inTerpamito  mTyyHoro iHtenmekty  (Al-based
guidance) 'y  1mpouecH  CyNpoBOAy  CTYJCHTIB,
npodiIroBaHHs KOMIIETEHLH Ta I(pPOBOr0 MOHITOPUHTY
pe3ybTaTiB HAaBYAHHS,

- po30ynoBy 1M(POBOI IHPPACTPYKTYPHU yIPABIiHHS
3BO, mo 3alesmedye B3aEMOMII0 aaMiHICTPATUBHUX,
HaBYAJIBHUX 1 TOCIITHUIBKUX MPOIIECIB Yepe3 eIeKTPOHHI
cepBicH, XMapHi IaTGOpPMHU Ta BiJKPUTI JaHi.

Baxnmum KOHTEKCTOM X 3MiH €
JeleHTpamizamiifHa pedopMa, ska 3HAYHOIO MIPOIO
BU3HAYMJIAa  apXITEKTypy  YIpaBiiHHA  MyOJiduHUM

cexTopoM B Ykpaini. [lepenauya yacCTUHH MOBHOBAKEHbB 1
pecypciB Ha MICLEBUI pIBEHb MOCHIMIA IHCTHTYLIHHY
CHPOMOXKHICTh I'POMaJI i CTala YMHHUKOM YIPaBIiHCHKOT
crifikocti B ymoBax BiiHM. Takuil miOXig CHOpPHUSB
MiIBUIIEHHIO  e(eKTHBHOCTI ~ NPHUHHATTS  DillleHb,
MIPO30POCTi Ta 3aIYYEHHIO T'POMAJTHCHKOTO CYCIiIbCTBA
JI0 TIPOIIECIB YIIPABIiHHS.

VYHiBepcuTeTH, OCOOJIMBO  pETiOHANBHI, JAenali
YacTille BUCTYMAIOTh LIECHTPAMH PETIOHAIBHOTO PO3BUTKY,
COMiaNbHOI 3TypTOBAHOCTI Ta IHHOBAIIHOT aKTHBHOCTI,
OiFo4d y TApTHEPCTBI 3  OpraHaMH  MICIEBOTO
CaMOBPsITyBaHHS, GizHECOM i MIKHAPOIHUMH
nporpamMaMu TexHiyHoi pomnomoru. lle posumproe posb
3aKJIaJiiB BUILOI OCBITH SIK €JIEMEHTIB CHCTEMHU MICIIEBOTO
BPSIIyBaHHSI Ta CTBOPIOE MEPEILYMOBH ISl BIIPOBAKEHHS
MIPOEKTHO-TIPOTPAMHOTO  YOPaBIiHHA. Y Iiid Mozeni
YHIBEpCUTETH HE JIUINE BUKOHYIOTHh HaBYaNbHI (QyHKIII, a
W peani3yloThb CTpaTeriydi iHINIaTUBH 3 PO3BHUTKY
TEPUTOPIl BiJl MPOEKTIB MiCIIBOEHHOTO BIJIHOBIICHHS IO
(dopmyBaHH perioHaTbHUX KJacTepiB 3HaHb,
niaTpumanux €sporneiickkum Coro30M.

TakuM YMHOM, €BOJIIOLLISI YIIPABIIiHHS Y BUIIH OCBITI
VYkpainu BiOyBaeTbcst y Mekax CKJIATHOI B3aeMOfil
TPHOX CHCTEMHHX (aKTOPiB:

- eBpomei3amii  yHmpaBIiHCHKHX
BH3HAYa€ CTaHAAPTH  aBTOHOMIl,
nposopocri [11-15];

MPaKTUK, IO
MA3BITHOCTI  Ta

- JeueHTpanizanii Biaay, sika GOpMye MpOCTip s

perioHanbHOT iHIIIaTHBH Ta YHIBEPCUTETCHKOT
caMmocTiiHocTI [16];
- BOEHHO{ TpaHchopmarii, 1o BHCTyTIA€

KaTali3aTopoM IHCTHTYHIHHOI CTIMKOCTI ¥ cTpaTeridHol
ajianTaiii CeKTOpy OCBITH.

3 ympaBmiHCHKOI TOYKH 30Dy, Wi TCHACHIII CBiAYaTh
Ipo Tepexif BiA aIMIHICTPATHBHOTO YIIPABIIHHA 0
alaTHBHOTO, NPOEKTHO OPI€HTOBAHOTO BPSAYBAaHHS, Y
SIKOMY  YHIBEPCHUTETH pO3IJIAJAlOTBCS K BIIKPHUTI
CHCTEeMH - CyO’€KTH CTpaTeriyHoro pO3BHUTKY, 3/aTHI
caMOCTiifHO (hOpMyBaTH MPOTpamMy, YIPABISATH PUBUKAMU
Ta 3aJy4aTH PECYpPCH 4Yepe3 €EBPONEUCHKI Ta CBITOBI
IPaHTOBI IIIATHOPMH .

CydacHe YIpaBIiHHS mepecTae Oyt
aJIMiHICTPATHBHOIO TPOLEAYPOI0 KOHTPOIIO, HATOMICTD
PO3TILNAETECS SIK TONITHYHUM 1 COIiabHUNA TPOEKT, Y
MeXKax SKOTO aKTOPH CIIIIEHO CTBOPIOIOTH MOJITHKY Yepes3
MapTHEPCTBa, CIIUIBHI iHIMIaTHBH H MepexeBi (opMu
B3aeMonii.  YmpaBuiHHA  HaOyBae  XapaKTEPHUCTHK
JUHAMIYHOTO TpOLECy, IO MOCTIHHO BIATBOPIOETHCS
Yyepe3 NpaKTUKy CHUIBHOTO YNPAaBJIiHHS, OOMiHY NaHUMH
Ta po3noiny BianosigaapHocTi [17-20].

Y wiii mapaaurMi yHIBEPCHUTET PO3INISIAETBCS SIK
AKTHBHUM Cy0’€KT MyOJIiuHOT MOJIITHKY, 10 Oepe yyacTb y
CIJILHOMY BHPOOJICHHI PIllICHb, peaizallii Iep>KaBHHUX i
peTioHaNbHHUX CTpaTeriif, 3abe3medeHHi CTifiKocTi Ta
IHHOBAIIfHOCT]I CYCIIBHOTO PO3BUTKY. Takuil Mmimxif
CTBOPIOE YMOBH 1 (OPMYBaHHS IUTICHOI CHCTEMH
MPOEKTHO-TIPOTPAMHOTO YIPABIiHHA, SIKa € aKTyaJbHOO
UL OCBITHBOTO  CEeKTOpy  YKpaiHM y  mepion
TpaHchopMarrii.

Y 1upoMy KOHTEKCTI Jenaiii OiIbLIOl HOMYJISIPHOCTI
HaOyBae ynpaBlliHCbKa MOJENb, SIKY B HAyKOBOMY
JIICKYPCl OKPECIIOIOTh SIK «YIPaBIIiHHS Yepe3 MPOEKTUY
abo governance by projects. Xo4ya TepMiH HE 3aBXKIU

¢birypye sK ycralieHe IOHSITTS, HOro CyTHICTh
peanmizyeTbcss Mg pPI3HUMH Ha3BaMH — IIPOEKTHE
YIpaBITiHHS (project governance), MIPOETU3AITISA

(projectification) [21], mpOEKHO-OpiEHTOBAaHE YIIPaBIIIHHSI
(project-based governance), ymnpaBiiHHS uYepe3 MPOEKTH
(governance through projects). Lle cBiguuTh He JHIIe PO
[IMPOKY IHTEPIIPETAaIliio, a i Mpo KOHIENTyadbHY €IHICTh
i1ei: BUKOPHUCTAHHSI MPOEKTHOTO MIiIXOAYy SIK MEXaHi3My
CTpaTerivyHoro YIpaBiliHHS, L0 mnepeabayae CBigome
KOHCTPYIOBaHHsI ~ TpaBWl,  poJieid,  mpouenyp i
noprdenbHUX pillleHb, Yepe3 sKi opraHizallisi ClpsMOBY€
CBOIO HISUNIBHICTD 1 OCATAE BU3HAYECHUX IIJIEH.
bibmiomeTpudHi OTNSAM  CBigYaTh, IO TOHATTS
project governance copMmyBallocs Ha CTHKY 3arajbHOI
Teopil BpsAyBaHHS — 30KpeMa TPAH3aKIIIHOT €KOHOMIKH,
Teopil areHTCHKMX BIJHOCHH Ta KOPHOPATUBHOTO
VIOPaBIiHHSA — 1 MPAaKTUK IPOEKTHOTO MEHEIKMEHTY. Lls
KOHIICTIi BWHHKIA SK BIAMOBiM, Ha TOTpeOy B
VOPaBIIHCBKAX  MeXaHi3MaX, 3JaTHUX 3a0e3mednTtn
CTpaTeriuHy Y3TOJKEHICTh, €(PEKTUBHICTh peajizamii Ta
MPO30PICTh  TPOLECIB Yy CKIAAHUX OpraHi3amiifHuX
cepeoBUILAX. Boanouac TEePMiH 3aIUIIaBCs
KOHIIENITYyaJbHO HEOJHO3HAYHHMM, IO 3YMOBHJIO IOSIBY
pI3HHMX TiAXOMIB 10 HMOro iHCTUTYIIOHAmi3amii — Bif
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HOPMaTHBHO-OPDIEHTOBaHMX MOJIENIeH JI0 aJanTHBHUX
MPaKTHK, 3aJIS)KHO B/l KOHTEKCTY 3aCTOCYBaHHS.
VHiBepcUTETH, SKI IHTErpylOTh II0  JIOTIKY,
JEMOHCTPYIOTh Tepexil Bill YNpaBIiHHA HpoIecamMH IO
¢opMmyBaHHS TMOPTQENiB CTpaTEeTIYHUX IHIIIATHUB, IO
OXOIUTIOIOTh  OCBITHI, HAyKOBi, iHpPACTPyKTypHI Ta
comianbHi HampsaMu. Takuil MiIXix OO3BOJSE HE JIHIIE

MiABUIMUTH  e(peKTUBHICTH peamizamii 1mime#t, a #
3a0e3neynuTH THYYKICTh y pearyBaHHI Ha 30BHIIIHI
BUKJIMKH, 30epiratoud TOpu  LbOMY  aKajeMiuHy
aBTOHOMIIO.

Hdns Ykpainu, sika nepebyBae y ¢asi rimOokoi
TpaHcdopmallii OCBITHBOTO CEKTOPY, MOJENb YIPaBIiHHS
4yepe3 IPOEKTH BIJKPUBAE IEPCHEKTUBH MOOYIOBU
THYYKOi, pe3yIbTaTOOPIEHTOBAHOI CHUCTEMH YIPAaBIiHHA,
3aTHOT MIOETHYBATH cTpaTeridae OadeHHs 3
IHCTUTYLIHHOIO caMmocTiiHicTIo. Taka cHcTeMa MOXKe
cTatd e(peKTHBHUM IHCTPYMEHTOM peaiizamii JepKaBHUX
1 €BpOIEHCHKUX TIPIOPHUTETIB y cdepi BHIIOiI OCBITH,
30KpeMa B KOHTEKCTI €BpoiHTerparmii, mudpoBizarmii,
3a0e3neueHH s IKOCTI Ta PO3BUTKY JIFOJICBKOTO KariTay.

AHaniz  ocraHHix  fgocaimkenb.  Konmemumii
NMPOEKTHOT0 YNPAaBJiHHS AK iHCTPYMEHT yNpaBJIiHHSA
pedpopMamu. Y 1[bOMY KOHTEKCTiI Ba)KJIUBO BPaXOBYBaTH
ICHYBaHHS JBOX BIJHOCHO aBTOHOMHHUX HAlpsIMiB
KOHIICTITyaji3amii MpOEKTHOrO ympaBmiHHA. [lepmmit
PO3IJIAae YNpaBIiHHA NPOEKTAMU SIK 30BHILIHIH mpolec

OO0  KOHKPETHOTO  IpPOEKTY  —  IHCTPYMEHT
KOPIIOPATHBHOTO KOHTPOJIO MOPT(ENs Ta y3romKeHHs 31
CTpaTeTiYHUMHU IMUIAMH  oprafizamii. [Jpyrmit — sk
BHYTpIIIHII ~ Tpolec, 10  OXOIUIIOE  MEXaHI3MH

Y3roJUKEHHS IiJiel, KoopauHauii Al Ta po3nojiry
BIJIIOBiAILHOCTI MiXK y4acHUKaMH THMYacOBOI
MbKoOpraHizauiiHol koamiuii. BaxJuBo migkpeciauTy, 1o
i 7Ba BUMIPH HE cymepedaTh OJWH OoxHOMY. HaBmakw,
BOHM PENpe3eHTYIOTh pi3HI pIiBHI MeTa-KepyBaHHs
MPOEKTHICTIO — 30BHIMHIN (IHCTUTYIIHAN) 1 BHYTPIIIHIH
(omeparmiitanii), ski y B3aeMomii (HOPMYIOTH IUTICHY
apXiTEeKTYpy CTpaTeriyHOro ympaBJiHHA B yMOBax
CY4acHOTO YHIBEpCHUTETY.

B oaHOMY BHIIAAKy YHIBEPCHTET SK «BJIACHHK
nopTdensy  BCTAHOBIIOE  NPUHLMUIHK, 32  SKHMH

30BHILUHE YyNPaBAiHHA NPOEKTaMU CTOCOBHO
6yAb-AKOro BUSHaYeHOro NPOEKTY

MpoekTHO-
OpieHTOBaHa
KOoMnaHisa A

MpoekT Mpoekr
A B

MopTdenb NPOEKTIB NPOEKTHO-OPiEHTOBAHOI KOMNaHii

Mpoexr
C

IHINIIOIOThCS,  BIAOMpArOThCS,  NPIOPUTE3YIOTHCS U
KOHTPOJIIOIOTBCSL MTPOEKTH TpaHchopmanii (nudposizamis
HaBYaHHS, JIOCITiTHUIIbKA iH(ppacTpyKTypa,
iHTepHaLiOHAI3aIlisl, eHeproeeKTHBHICTE TOIIO). B
IHIIOMY — KOXXEH BEJHKHA TPOEKT (HAIPHUKIAL,
MDKYHIBEpCHTETChKAa Mepeka, IIEHTP KOMIIETCHTHOCTEH
9M IyOJIYHO-TIPHBAaTHE MApPTHEPCTBO) IIOTPeOye CBOTO
peXnMy BpAOyBaHHS: poOJed 1 BigNOBITaJBHOCTEH,
MPaBWJI Y3TOMKEHHS 3 PETYIATOPHUM CEpPEIOBHILEM,
MPO30PHUX MPOLEAYpP PO3IMOJUTY PHU3UKIB 1 BUTOJH, 1
MeXaHi3MiB B3aEMHOTO KOHTPOJIO MiXK HapTHepamu. Taka
JIBOIIAPOBA apXITEKTypa IOSCHIOE, YOMY B IIPAaKTHII
3’SIBIISETBCSL Pi3HA TEPMIHOJIOTIS («YNpaBIiHHS 4epes3
MIPOEKTH», «YIPABIIHHA IPOEKTaMH 5K 00 €KTaMH
BPSIYBaHHI», «OPT(heENbHE YIpaBIiHHAY) — aje B yCix
BUIAJKaX SIPOM € MPOEKT SIK OJMHUIIS YIIPABIIHCHKOI il

s nuxoToMmis, ommcaHa aBTopaMu [22], MOsICHIOE
PI3HOMAHITTS TEpMiHIB — YIpaBIiHHSA dYepe3 MPOEKTH
MIPOTH MPOEKTHE YIPaBIiHHA — ajie HE 3amepedye iXHbOI
CHUTPHOI ~ CYTHOCTi: TPOEKT BHUCTyHmae SK  HOCIH
YIPaBIIHCBKOTO  DILIEHHS Ta OIMHHLS  peaizarii
crpareriii. Y poOOTI AXoJM Ta IHIIMX TNPEICTABICHO
pe3ynpTatu BHOIpKH 1501 crarTel 3 KIFOUOBHM CIIOBOM
“governance” i, JOTPUMYIOUHCh CTaHAAPTHHX IMPOLEIYP
6i0s1ioMeTpii, BUOKpeMIIeHO 16 HaHIMTOBaHILIMX JHKEpel
(>20 uuryBaHb), aBTOPU TPAKTYIOTh X SIK FOJIOBHI «main
origins of governance», IO 3aJalOTh KapkKac st
MONANBIINX IHTEPIpETaliii y MPOEKTHOMY KOHTEKCTi. Y
IUX JDpKepenax —JOMIHYIOTh areHTChbKa JIOoTika Ta
KOPHOpPaTHBHE BPSAYBAaHHS], a 3araJloM BOHHU BiOMBAaIOTh
MDKIUCIUIDTIHAPHANA XapakTep TeOopild BPSIyBaHHS, Bif
€KOHOMIKM Ta (iHaHCIB 40 TpaBa, MOJITOJOT U
comionorii. Came Ha ueld (yHAZAMEHT CHHPAETHCS
RIS PO3pi3HEHHS «30BHIILITHHOTO» i
«BHYTPILIHBOTO» BHUMIpPIB BpSAyBaHHS MNPOEKTIB, uepes3
SKI TPOEKTHUM MiJXiJ NEPEeTBOPIOETHCS Ha IMPAKTUUHY
apXITEeKTypy yNpaBIiHHSL.

ITpoekTHE YIpaBIiHHA AHAI3YEThCS SIK
JIBOKOMIIOHEHTHA CHCTEMa: 3 OJHOTO OOKY, SIK 30BHIIIHE
VIpaBIiHHS, IO 3AIHCHIOETECS HA PiBHI opraHizamii abo
JepKaBH, a 3 IHIIOTO — SK BHYTPIIIHE YIPABIIHHA, IO
(hopMyeThCsI B MeKaX KOHKPETHOTO MPOEKTY (puc. 1).

BHYTpilWHE yNpaBAiHHA NPOEKTaMM CTOCOBHO

MpoeKTHO- Komnatisa

-
1 I
1 I
| OpieEHTOBaHa D 1
| KOoMnaHia A |
1 I
1 I
MpoeKTHO- |
! OpieHTOBaHa
I

KomnaHis C
MpoekTHO-

OpieHTOBaHa

KomnaHis B

MpoekTt A

Puc. 1. HanpsiMku JociJpkeHb B raty3i ynpaBIliHHSA IPOEKTaMH
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Y 1upoMy Kelci pO3pI3HEHHs JBOX BHUMIpIB
YIPABJIiHHS NPOEKTIB JIEMOHCTPYE, SIK TPOEKTHUH MiAXix
ONHOYAaCHO Tpalloe Ha piBHI moprdens i Ha piBHI
KOHKPETHO1 MDKOpraHi3amiiHoi iHIIIaTHBY. v
«30BHIMIHIW» JIOTIIi TMPOEKTH MHiAMOPSAKOBaHI BIACHUKY
mopTdens (yHIBepCUTETY), SIKUH 3a/1a€ CTaHAAPTH POJIEH,
3BITHOCTi, MOHITOPHHTY Ta Y3TOJXKy€ IX i3 Micieto i
CTpATeTi€I0; TAKUM YHHOM PO3B’SA3YETHCS THUIOBA JUIA i€l
MIEPCTIEKTHBH 33/1a4a BIIOPSAKYBaHHS MHOXHMHH IIPOEKTIB
i3 KOPOTKO- 1 JIOBIOCTPOKOBHUMH LISIMH Oprasizamii Ta
3aro0iraHHs areHTChKUM BiAXMJICHHSM Ha PiBHI OKpeMHUX
KOMaH/I.

Y cBOIf «BHYTpIIHIW» JIOTILI TPOEKT i€ SK
TUMYAacOBHH OpraHi3allifHUi Ta TpaH3aKUIHHUN LEHTp
MDK FOPHIUMYHO HE3aNCKHUMH YYaCHHKAMH; OCHOBHHM
3aBIAaHHAM € po3poOKa CIIBHHUX IPABHII Ta MPOIEIYpP
JUIsL KOOpAWHAMLIi, KOHTPOJIO Ta 3axHCTy, TapMOHi3aIii
iHTEepeciB Ta CHHXpPOHI3aIlil B3aEMO3aIeKHOI POOOTH — 3
BHOOpPOM MEXaHi3MiB 3aJe)KHO BiJl KOHTEKCTy Ta
MTOBEIHKH MTapPTHEPIB.

KomOiHyBaHHS IMX BHMIpiB KOHIECNITYaIbHO (iKCye
MOJIBIMHICTh MPOEKTHOTO YIPABIiHHSA: 3 OJHOTO OOKY,
mOpTQenpHi pillieHHS 1 CTAHIAPTH «CIIYCKAIOTHCS
3BEpXY, 3 IHIIOrO — KOXXHUI BEJNMKUH NPOEKT HaOyBae
cy0’exTHOCTI Ta (opMye «lIpaBuia TpuU» BCEpPEIHHI
MDKOpraHizauiiHol Mepexi.

Jna  3akmaniB  BUIIOI  OCBITM me  O3HAYae
HEOOXITHICTh TOE€IHAHHA ICHTPANI30BAHUX IPHUHIUIIB
BimOopy/mpiopure3arii Ta Ipo30poi MiI3BITHOCTI HA PiBHI
noptgens 3 THYYKHMH, KOHTEKCTYyaJIbHUMH (OpMaMH
B3aeMONii B  KOXXHOMY  TMpOEKTi  TpaHchopmarii
(undposizaris HaBYaHHS, PEKOHCTPYKIIist
iH}pacTpyKTypH, MiXKBY3iBCbKi KOHcopuiymu). Taka
NBOpIBHEBA  apxiTeKTypa 3a0e3medyye  IHCTUTYIIHHY
CIIPOMOXHICTh ~ yNPABJIATH pH3MKaMH, 3a0e3neuyBaTu
CTpaTeriyHy y3ro/DKeHICTh Ta CIUIBHO CTBOPIOBATH
IIHHICTE B yMOBaX BHCOKOi HCBH3HAYCHOCTI Ta
6araToCTOpPOHHBOI 3aIIKaBJICHOCTI, 10 € XapaKTepPHHUMHU
JUISL yKPaTHCBKOTO CEKTOPY BHIOI OCBITH.

«IIpoexru3aris myOigHOT JUSIITBHOCTI» €
0araTopiBHEBUM SIBHIIEM i3 CYNEpEUIMBIMHU HACIIIKAMU:
Ha ocoOmcTOMy piBHI — 3MIiHM B 4YacoBill CTPYKTypi
poboru, (dopmyBaHHS HOBHX npodeciiHux
IZICHTHYHOCTEH Ta «OPIEHTOBAHOTO HA MPOEKTH» CHOCO0Y
MUCJICHHS; Ha OpraHizalifHoMy piBHI — HPOHHUKHEHHS
JIOTIKM TPOEKTIB Y TMOCTIHHI CTPYKTYpH, Mapajokc
KOHTpOJItO (IIBUILIEHHS PIBHS MiJ3BITHOCTI Ta MPOLEAYP
B OOMIH Ha OOINMHKM THYYKOCTi), 3aJIe)KHICTh Bif
IPaHTOBUX PEXHMIB Ta IOB’A3aHA 3 IIMM IHHOBamiliHA
HEO/IHO3HAYHICTB; Ha CYCIIBHOMY PiBHI — BUKOPHUCTAHHS
MIPOEKTIB K I1HCTPYMEHTY TIIOJITHKH, IO OJHOYAcHO
CTHMYJIFOE PO3BUTOK 1 CTBOpIOE PHU3MKHM (hparMeHTarii,
«TUMYacOBOCTI» PIllIEHb Ta HEBIAMOBITHOCTI MiX JIOTIKOIO
MIPOEKTY Ta JIOTIKOIO OLIHKHM CYCIUJIBHUX pe3yJbTaTiB.
CaMe 1i TpW piBHI CTalOTh AHATNITHYHOIO PAMKOIO IS
CHHTE3Y eMITIpHYHUX IMIDTIKAI[if y BUABICHHUX JDKEpeax.

YHIBEpCUTETChKE CEepeIOBHIIE A0OpE BIUCYETHCA B
o cTpykTypy. Ha iHmuBimyampHOMY piBHI HMPOEKTHHI
peXUM CTUMYJIOE€ (OPMYBaHHS HOBUX OCOOHMCTICHHX
AKOCTEH Ta KOMIETEHIIii, ajie 301IbIIye THCK TEPMiHIB Ta

3BITHOCTI 3a TpaHTaMH; Ha IHCTHUTYUIHHOMY piBHI
iHTerpanis MIPOEKTIB y MIOTOYHI mporecu
CYNPOBOJIKYETBCS ~ «IIapaZloKCOM  KOHTPOJIO»,  KOJHU

OOIITHKY THYYKOCTI MOEIHYIOTHCS 3 OLIBII CKIIAJHUMH
MpaBUJIAMH Ta ayAUTaMH; Ha MTOJITHIHOMY PiBHI TPAaHTOBI
IHCTpYMEHTH TPHUCKOPIOIOTH 1HHOBAIii, ajleé BOJHOYAC
CTBOPIOIOTH PHU3UK 30€pEKEHHS THMYACOBOTO XapaKTepy
pilleHh Ta pPO3PUBY MK TPOCKTAMH Ta CTPATETIEI0
VHIBEpCHUTETY.

s yxpaincekux 3BO BHCHOBOK MpakTUYHUI: 11100
TIEPETBOPUTH YIPABIIIHHS 4epe3 MPOeKTH (governance by
projects) i3 MHOXWHH pO3’€IHAHWX IHILIATHB Ha
apXiTEeKTypy  yNpaBIiHHS, HEOOXiZHO  OJHOYACHO:
IHCTUTYLIIOHANI3YyBaTH YIIpaBJIiHHSA noprdenem
(BU3HAYCHHS MPIOPUTETIB, MEXaHI3MH MPUHHATTS PillICHb,
Y3TOJDKEHHA 3 MICI€I0 Ta KIIOYOBHMHU ITOKa3HUKAMH
e(peKTHBHOCTi, 1IHTErpamis pe3yiabTaTiB y TOTOYHI
MIPOIECH) Ta BCTAHOBUTH BHYTPIIIHIN PEXKUM YIPaBITiHHS
JUIL KOXXHOTO BEJHKOTO IIPOEKTYy, SKHI CHHXPOHI3YE
IHTepecH MapTHEPiB, MpaBHiIa MiI3BITHOCTI Ta OWIHKH 3
peaNiCTUYHUMU TepMiHaMH 3MiH. CaMe MO€THAHHS IHX
JIBOX PIBHIB MIHIMI3y€ CHUCTEMHI PH3UKH IPOEKTHOL
nisuibHOCTI  (pparmeHTamisi, — «THpaHisl  TEpMIHIBY,
«3aMKHEHHS» MpOeKTy 0e3 MaciuTa0yBaHHs) i BOAHOYAC
JI03BOJISIE HAM CKOpHUCTaTHCS ii mepeBaraMu — IILOBOIO
MOOiTi3amiero  pecypciB, MNPUCKOPEHHM  TECTYBaHHIM
PpiIIeHB Ta IPO30PICTIO MiA3BITHOCTI.

OTxe, iHTErparis TEOPETHYHHUX MiIXOMIB TO3BOJISIE

posrisaaTd  governance by projects He JMme SIK
IHCTpYMEHT yIpaBIiHHA pedopMaMu, a SIK HOBY
napagurMy OCBITHBOTO BpSAYBaHHS, INO 0a3yeThcs Ha
NPUHIUIAX:

1. CucteMHICTh — TPOEKTHE YNPABIIHHI €
CKJIQJIOBOKO  IIMPUIOT  CHCTEMH  JEp)KaBHOro i

KOPIOPAaTHBHOTO BPSILyBaHHS.
2. AIanTUBHICTH — YUPaBIIiHHS Ma€ pearyBaTH Ha
JUHAMIYHI 3MiHU 30BHIITHBOTO CEPEIOBHIIIA.

3. IlmopanisMm — moenHaHHS (QOpPMaTBHHUX 1
HepopMaTBPHUX  MEXaHi3MIB  3abe3medye  CTIHKiCTh
CHCTEMH.

4. 1liHHICHa Opi€HTAIlisl — aKIEeHT Ha CYCHUIbHIH
KOPHCTI, IHKITFO3ii Ta CTalOMy PO3BHUTKY.

5. Jani i aHamiTHKa — SK OCHOBA UIA MPHUHATTS
pimens y cruii data-driven governance.

Jns  yKkpaiHChKMX  3aKJadiB  BHIIOi  OCBITH
AKTYaJbHICTh MiJXOMYy «YIPABIIHHS HA OCHOBI MPOEKTIBY
BU3HAYAEThCS TpboMa oOctaBuHamu. [lo-mepure, B
yMOBax BIHM YyHIBEPCHTETH TPAIIOIOTh B yMOBax
BHCOKOi HEBM3HAYEHOCTI Ta YHCICHHUX TpaH3akmild i3
30BHINIHIMH ~ HapTHEpamMM;  YIPaBIiHHA  IPOEKTAMH
3a0be3neuye  HEOOXigHI ~ MEXaHI3MH I 3aXHCTY,
KoopauHamii Ta ajanTanii 10 KoHTekcty. Ilo-mpyre,
jorika moptdens  JO3BOJSE  NPO30PO  PO3CTABUTH
MIPIOPUTETH OOMEKEHHUX PECypCiB cepell KOHKYpPYIOUHX
iHimiaTuB  (BimHOBIIGHHS  iH(pacTpykTypHu, LudppoBa
TpaHchopmaris, iHTepHaIioHai3a1is, MiATPUMKA
JOCITIJDKEHB), TIOB'I3yI0YM KOXEH IIPOeKT 13 MICI€ro
YHIBEPCUTETY Ta KIIFOUOBUMH MOKa3HUKaMHU
epextuBHOCTI. [lo-Tpere, iHTEpaKTHBHUI  Xapaxrep
Cy4acCHHX BHKIHUKIB JUI1 YHIBEpCHTETiB (cmiBmpams 3
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rpomagamu, Oi3HECOM, POOOTOAABIIMH) BHUMArae came

TUX I1HCTPYMEHTIB METAylpaBliHHs], SKI OIKMCaHI B
JiTepaTypi: TNpaBWiIa yd4acTi, IpPOLEAYPH CHUIBHOTO
NPUHHATTA ~ pilleHb, MEXaHI3MH  MiA3BITHOCTI  Ta

apOiTpaxy KOH(QIIIKTIB — i BCE IIe HAHKpaIIe pearizyeTbes
Ha piBHI KOHKPETHHX TIPOEKTIB Ta Iporpam. Takum
YHMHOM, HE3aJle)KHO Bil TEepMiHa — «YIPaBIiHHA
MIPOEKTAMI», «IPOCKTHE YIPABIIHHM» a00 «yIpaBIIiHHIL
qepes TIPOCKTID - MH TOBOPHMO po
IHCTUTYLIOHANI3ALiI0 TPOEKTy SK ©0a30BOro MOIyJs
YIOPaBIiHHS, 110 TOEIHYE CTpaTeriro, pecypcu Ta
0araToCTOPOHHIO B3a€EMOJII0 B €(EeKTHBHY cUCTEMY
YIPaBJIiHHS YHIBEPCUTETOM.

Y 2012 pouwi Ha BcecBiTHROMY KOHrpeci 3
YOpaBIiHHSA MPOEKTaMU OyJIO 3aIpOIIOHOBAHO TMipamimy
YOpaBIiHHS NPOEKTAMH, fKa BpaxoByBaja e(peKTH BiX
npoekty [23]. IlizHime y mocmimkeHHAx Mromiepa
(Miiller) Ta iHmux aBTOpiB moumHarouu 3 2016 [24]
HaTOJIOITYBAJIOCS, MO TPAAWIifHE PO3YMIHHA YCIIiXY
MIPOEKTY, 3aCHOBAHE HAa KPUTEPIAX «IaC—OI0IKET—IKICTDY,
€ HEJOCTAaTHIM y Cy4YacHHX YMOBax. 3aMiCTh IbOTO
aKICHT 3MILIYETbCS Ha CTBOPEHHS LIHHOCTI, TOOTO Ha
3[IaTHICTB MPOEKTY F'CHEPYBATH PE3YJIbTATH, SIKI CIIPUSIOTH
JIOCSITHEHHIO CTpaTeriyHux Iijed opranizamii. Takwii
MiAXiA € OCOOJIMBO PENICBAaHTHUM I 3aKJIAIIB BHIINOT
OCBITH, JIe IPOEKTH — HAIPUKJIAJ, 3aIlyCK HOBHUX OCBITHIX
mporpaM, IUQpPOBI3alis MPOIEeciB YW MiKHApOJHA
aKpeIWTamis — MaloTh HE JHMIIe oOmepaiiiine, a W
cTparteriyHe 3HaueHHA. BomHodac, 3a maHmMu IHCTHTYTY
npoekTHOro MenemkMenTy (PMI, 2014) ta mixHapoaHO1
Mepexi HezanexHux (ipM, MO HATAIOTH ayIUTOPCHKI,
MOJATKOBI Ta KOHCyJbTaliiHi mocayru KPMG (2010),
que 40% TpOEKTIB y3rofpkeHi 3 Oi3Hec-CTpareriero
opraHizaiii, IO CBIJYUTh NPO HASBHICTb CHCTEMHO]
mpobieMy, sika Moxke 6yTH KputuaHoto st 3BO.

ABTOpH  JIOCHIJDKCHHS TPOIOHYIOTh PO3IJISIATH
MPOEKTHE YINPABIiHHS SIK YaCTUHY LIMPIIOi CUCTEMHU
YOpaBIiHHS 3MiHaMU, II0 OXOIUTIOE MOPTQEi, IporpaMu
Ta OKpeMi NpPOEKTH. BOHU MOPIBHIOIOTH TpPH MPOBIIHI
KOHIICIIIIIT IO ympaBmiHHA mpoektamu — PMI, Acomiarmii
MPOEKTHOTO  MeHemkMeHTy (APM) Ta  koHmemmil
3amponoHoBaHoi Mromrepom. Lli moxenmi  gopmyroTh
OCHOBY CyYacHOTO PO3YMiHHS ITPOEKTHOTO YHPaBIIiHHS K
IHCTpYMEHTY peanizaiii oprasizaiiitnoi crparerii, i
KO)KHa 3 HHUX NPOINOHY€E BJACHY JIOTiKy HOOyIOBH
YIPaBIIHCHKUX PIBHIB Ta y3TO/PKEHHS MK HUMH.

MMinxin PMI 6a3yeTbCa Ha KOHIENIiT
OpranizamiifHoro MPOEKTHOTO MEHEI)KMEHTY
(Organizational Project Management, OPM), sxka

BKJIIOYa€ YNpaBJiHHA MOpTdeaeM, NporpaMamu Ta
OKpEMHMH TIPOEKTAMH SIK CKJIAJOBI €IMHOI CHCTEMH
peamizamii cTpareriyHuX LTeHd. YNpaBliHHS IPOEKTAMH
TyT PpO3MIAJAETbCA SIK IHCTUTYLIHHO 1HTErpOBaHUM
npotec, 1o 3a0e3neyye CTpaTeridyny y3roKeHICTh 4epes
4iTKO BU3Ha4YeHi ¢yHKii, poini Ta mpouecu. Llen miaxin e
OCOONMBO peNIeBAaHTHHUM JUIA OpTaHi3allii, sKi MparHyTh

CHUCTEMHOi TOOYZOBM YIPABIIHCHKOI BEPTHKAIl — BiX
KOPIIOPATHBHOTO PiBHS 0 PiBHA OKPEMOTO MPOEKTY.
Konnenmiis  APM,  HaTromicTh, akIeHTye Ha

yhpaBiiHHI TpoeKTHUM MeHemkmentom (Governance of

Project Management, GoPM), 1o nepeabayae 30BHIlIHE
YIPaBJIiHHS NPOEKTaMU 3 OOKy oprasizamii. ¥ wuiit mozeni
KJIIOYOBOIO € pOJb CIOHCOpa MPOEKTY SK areHTa
CTPATETIYHOTO Y3TOKCHHS, a YIPaBIiHHA IPOEKTAMHU
BHKOHy€  (YHKIFO KOHTPONIO Ta  3a0e3ledeHHs
BIIMOBITHOCTI cTpareriyanM mpioputeram. [linxin APM
OpI€HTOBaHMH Ha TPO30PICTh, BIATOBINATBHICTE 1
e(peKTHBHICT peanizamii MPOEKTIB, IO OCOOIUBO
Ba)XJIMBO B YMOBax HOPMATHBHOTO pETYIIOBAHHS Ta
JiepkaBHOTO (DiHAHCYBAHHS, XapaKTEPHOIO JUIS 3aKJIaiB
BUILOT OCBITH.

[Migxig 3ampornoHOBaHWi MiomiepoM Ta IHIIUMU
aBTOpaMH MPONOHYE THYYKille OadyeHHs, 1€ NPOEKTH
pO3TJIMAIOTECST  SIK  THUMYACOBI  Opradizaimii, 1o
(YHKIOIOHYIOTh y MeEXaX KOPIIOPAaTHBHOTO YIIPABIIIHHS.
BaxnnBoro KOHIENTYaJlbHOIO CKJIAJOBOIO € IIOHATTA
governmentality — cnioci0, y sikuii ynpasiiHii GOopMyrOTh
CBOIO JICTITUMHICTD 1 BIUTUB, 3a0€3MEUyI0UH y3TOKCHHS
MDK pIBHAMH YIOpaBIiHHI He dYepe3 (opMaibHi
MEXaHi3MH, a Yepe3 CTBOPEHHS YMOB UL CaMOpPETyJIALIII.
Leit miaxix BU3HAE KOHTEKCTyaJbHY  crenugiky
opraHizauiii 1 JOmyckae BapiaTHBHICTb  MoJelei
YIPaBJIIHHS 3aJI€)KHO BiJl TUITy NMPOEKTY, 10 POOUTH HOTO
ocobumBo HiHHUM 11t 3BO 3 BUCOKMM piBHEM aBTOHOMii
Ta CKJIQJHOI0 IHCTUTYIIITHOIO CTPYKTYPOIO.

ABTOpU JIEMOHCTPYIOTh, IO MOIPH BiAMIHHOCTI Y
TEpPMIHOJIOTII Ta CTPYKTypi, BCi MOAETl BH3HAIOTh
HEOOXITHICTh Y3TOJDKEHHS MPOSKTHOTO YIPAaBIIHHA 3
KOPHOPAaTHBHOIO CTPATETi€l0, a TaKOX BaXJIMBICTH PO
CIIOHCOpa TPOEKTY Ta KOHTEKCTyalbHHX YHHHHKIB
oprauizamii. {1 mo3uiist m03BONSE UITKO PO3MEKYBATH
piBHI ympaBiiHHS Ta 3a0e3Me4uTH JIOTIYHY IHTErpariio
MK HAMH. Bisyamizais, mpeacTaBieHa Yy BHIVIAIL
pucynka «Views of Governance in the Realm of Projects»
(puc. 2), imocTpye, sIK KOXKHa 3 MOJENEH CTPYKTypye
YIPaBJIiHHS Ha PI3HUX PIBHAX — BiJl KOPIIOPATHBHOIO JIO
PIBHS OKPEMOTO IIPOEKTY.

CrHigpbHAM 3HAMEHHUKOM TPHOX MIAXOJIB € BHMOTa
CTPaTEeriYHOr0 BHPIBHIOBAHHS HPOEKTHOTO YIIPABIIHHS 3
OUTSIMA OpTaHi3aIlil, YiTKUA 3B’ 30K MK KOPITIOPAaTHBHUM
(oprani3amiifHUM) 1 POEKTHUM BPSITyBaHHSIM, KPUTHIHA
pOJb CHOHCOpa Ta YYTJIMBICTH PEKHMIB BPSAIyBaHHS 0
KOHTEKCTY iIHCTHTYIII.

BigminHocTi — KoHImenrtyaibHi. Y PMI-mapagurmi
KJIFOUOBOIO € i€papXisi PiBHIB i3 BIACHUMU BU3HAYCHHSIMHU:
OPM-governance sk  pamKa, 110  CIPSIMOBYE
noprdens/mporpaMy/mpoeKT; najii OKpeMi paMKd JUis
mopTdensi, IporpaMu i MPOEKTY, yCi — SK iHCTPyMEHTH
JIOCSITHEHHS CTPATETIYHUX Ta ONEPAIIHHNX ITiIEH.

Haromicte APM akuentye «Governance of Project
Management» (GoPM): BpsiyeTbcsi He JIMIIE KOXEH
piBep, a cama ¢ynkuis IIM (manmaT croHcopa,
CTaH/IApTH pOJeH, MiA3BITHICTH), IO IOCHIIOE 3B’I30K
MDK KOPIIOPAaTHBHUM HAarJsiioM 1 mpaktukamu [IM.

Y  muii Miller BupimamsHEUM €  BHMIp
governmentality — skuM YHHOM «IEHTp» MPOSBISE cebe
Ha KOXKHOMY piBHI Ta dYepe3 SKi €THYHI ¥ MOBEIIHKOBI
O4iKyBaHHS 3a0e3MeuyeThCs 3B A3HICTh MK PIBHAMME, 1€
posumproe  «governance of projects» 10 Hackpi3HOT
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paMKy, IO TpAIlOE HE TUIBKH TpaBWIAMHU, a W  NPaKTHKAMHU B3a€EMOJII.
IMorasaau Ha yupagainadg B cdepi mpoekTiB
OcHOEBHI PMI (2016) APM BOK (2012) Muller et al. (2016)
IKepena PMI PMBOK (2013) APM (2011) Muller et al. (2015)
PMI OPM3 (2003) APM (2009) Muller (2009)
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Puc. 2. Ilorsaan Ha yripaBiiHHES B cepi MPOeKTiB [24]
HonatkoBo  Musawir 1 cmiBaBropu  [25-26]  cepemoBuina, crpareriuti npiopuretu 3BO Ta notpedy B
31CTaBIISIIOTh 0 THIIOJIOT1IO 3 IUXOTOMIE€I0  TPO30PHX MEXaHi3Max peaizalii 3MiH.
30BHILIHBOTO/BHYTPIIIHBOTO ~ BPSAYBaHHS  IPOEKTIB: Y  nmocmimxenni bexkepa Ta  CreiiHa  [27]

nepiie — YyHIIMPEKLiiHI KOHTpoii 3 OOKy opraHizauii
(arenTchbka Jsorika, y 1.4. APM-GOPM), npyre — crinbHi
MEXaHi3MU KOOPAMHALT/KOHTPOJIIO/3aXUCTyY BCEpEIHHI
KOHKPETHOTO TPOEKTY (JIOTiKa TpaH3aKIIMHUX BHUTPAT)
JUIsl  y3roJUKEeHHsT Oarathbox yuacHukiB. lle moscHroe
PO3ILIEIUICHHS TEPMiHIB y JiTeparypi ¥ mimkasye, o
LTICHA apXiTeKTypa moTpedye 000X MepCIeKTUB.
KonnenryanpHa pamka, 3anpornoHoBaHa Musawir et

al., mepembauae  pO3MIMPEHHS POJNi  IPOEKTHOTO
VIOPaBIiHHSA 32 MEXi JKUTTEBOrO LHUKIY HPOEKTYy — JO
erammy  utilization, Komm  pe3ydbTaTH  I[MOYHUHAIOTH

MIPUHOCUTH KOPHUCTH. Lle 0cO0IMBO BAKIUBO JUIsT OCBITHIX
YCTaHOB, e e()eKTH MPOEKTIB MOXKYTh HPOSIBIISATHCS Yepe3
POKH micsl 1X 3aBepUIeHHsS. ABTOPH TaKOX MPHIUISIOTH
yBary moHATTIO benefits realization JTIOCSITHEHHIO
pe3ynbTariB, sIKi MaloTh CTpaTeTiyHy IIHHICTb IS
creiikxonaepiB. Y koHrekcti 3BO me Moxke o3HavaTu

MIBUIICHHS  SIKOCTI  OCBITH, PO3LIMPEHHS JOCTYILy,
MOKpalleHHsT  pemyramii, 3aJyd4eHHs  MDKHapOJHHX
TIapTHEPIB TOIILIO.

Lle#f moOpiBHAIBHUKM aHai3 O3BOJISIE 3pOOUTH

BHUCHOBOK IIPO Te, 110 €(eKTUBHE NPOEKTHE YHpaBIiHHS
HE MOXE pO3rIifaTucs i30Jb0BaHO, a Mae OyTH
IHTETPOBAaHMM Yy 3arajbHy CHCTEMY CTpPaTeTidHOTO
yIpaBJiHHA opranizamiero. Ile o3Hauae HEOOXiTHICTH
dbopmyBaHHsT ~ OaratopiBHEBOi  MOJeNi  yIpaBIiHHS
MIPOEKTaMH, sIKa BpaxoBy€ cCHenH(iKy OCBITHHOTO

3anpornoHOBaHO (opMaii3oBaHy Ie(iHILII0 MPOEKTHOTO
YIPaBIiHHS K CUCTEMHM TPaBHI, IPOTOKOIIB, CTPYKTYD i
BIJIHOCHH, 110 320€3MeUyI0Th NPUHHSITTS PillleHb Y MeXax
IPOEKTY 3 METOK JIOCSTHEHHS CTPaTeriyHol METH.
ABTOpPH BHUXOIATH 13 TOro, IO OaraTopivyHi 3yCHLIS 3
YIOCKOHAJICHHS KOHTPOJIIO ¥ MOHITOPHHTY HE YCYBaroTh
CHUCTEMHHX NPHYHMH IIPOBAJB; OTXE, MOTPiOCH piBEHb
«HAJl YHpaBJIIHHAM» — MpaBWia, PoJi Ta BIJHOCHHH, Y
MeXax SKHX y3araji yXBaJIIOIOTbCS DIMIEHHS B MPOEKTI.
dopmarnizoBaHe BH3HAYCHHS «project governancey,
orpumaHe MetonoM Jlembdi Ta BepudikoBaHE Keicamu,
OIUCY€E HOTO SIK «HA0Ip YNpPaBIIHCHKHX CHCTEM, IPaBHIIL,
HPOTOKOJIIB, BITHOCHH 1 CTPYKTYD, 1110 CTBOPIOIOTH PaMKYy,
B MEXKax SKOi yXBaJIIOIOThCS PIICHHS 1OJ0 PO3POOIECHHS
Ta peamizamii OPOEKTy 3 ONIAAy Ha Oi3HEcCOBYy abo
CTpaTeTi9Hy MOTHBAIIIIO».

KirowoBi  pesynbraTM  IbOTO  JIOCIHIIKSHHS:
YIOpaBIiHHSA  TPOEKTaMH  Ma€  y3TrOJUKYBaTHCSA 3
KOPHOPAaTHBHUM  YNpPAaBIiHHAM, OyTH  I€pPEeBaXHO

3arajibHUM 3 MOKJIMBICTIO KOHTCKCTYaJIbHUX KOPUI'YBaHb,
a KOHTPOJIb Mae€ 6yTI/I JIMI€ 4YaCTHHORO praBJ’IiHHSI, o

3a3aleriib BCTAHOBIIOE «IpaBWIa Tpw». ABTOpHU
po3pobuu KOHLENTYaJIbHY paMKy YIpaBIiHHS
npoektamu  (Project Governance Framework), sxa

6a3yeTbCsl HAa NPUHIMIAX KOPIOPATUBHOTO YIIPABIiHHS,
aIalITOBaHUX JI0 THMYACOBOI IIPUPOIN TPOEKTIB (puc. 3).
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Puc. 3. KonnenrtyansHa paMKa yHopasJIiHHS IpoekTamu [27]

Pamxa 3BO/IUTH 3MICT bi (6] YOTHPHOX
B33a€MOIIOB’SI3aHAX KJIACTEPIiB: CKJIAZ 1 poOoTa KEepiBHOTO
KOMITeTy (BKJIFOYHO 3 KOMIIETCHTHOCTSIMH Ha CTHKY
¢iHaHCIB, KOHTpPAaKTyBaHHS, aHali3y pH3UKIB Ta
Y3TOJDKEHHICTIO 31 CTpaTeri€lo), yNpaBiliHHS BUTpaTaMu
Ta BUrojamMu (3 peryJsipHOI0 (iHAHCOBOIO 3BITHICTIO,
MPO30PICTI0 KOPEKI[ii OOMKETYBaHHS Ta MPOLECHOIO
PHU3HK-MEHEDKMEHTY), TMPOEKTHI peB’l0 Ta ayauTu (3
3a0e3neueHHsIM 00 €KTHBHOCTI 1 pOTamii, PO3MIHPEHUM
MaHIaTOM Ha 30BHIIIHIA  ayAWT), CeTHKOK Ta
BiJINIOBiJAJIFHICTIO, BPETYIOBaHHS KOH(MIIKTIB iHTEpeciB
(3 3ampoBaKCHHSAM ETHYHOTO KOJEKCY, 3aro0iraHHio
KOH(QIIIKTIB IHTEpeciB, MPUB’SI3KOI0 BHHATOPOAH JIO
pe3yibTaTiB, BpaXyBaHHS CTaHAAPTIB 3 OXOPOHH JOBKIIIS
i conianbHOI BinnoBinaneHoCTI). CyKyITHO 11€ TIEpeBOIUTh
YIOpaBiiHHA 4epe3 TMpOoeKTH 13 PpIBHA racia Ha
nepeBipeHnit KOHTPOJIBHUH CHMCOK JJIsl  NPUHHATTS
pillieHb Ta i 3BITHOCTI.

EmmipuyHi crioctepexeHHs 3a pealbHUMHU Keiicamu
YTOUHIOIOTH TpiopuTeTH pamku. [lo-mepre, ckmax i
CIIPOMOXHICTh KepiBHOTO KoMiTeTy (Steering Committee)
BUSBIISIOTECS «BY3JIOM MPUYMHHOCTI» SIK YCIHIXiB, TaK 1
MPOBANIB: caMe 3/JaTHICTh CTPYKTypyBaTH (iHAHCH Ta
KOHTPaKTH, YTPHUMYBAaTH CTpaTeriyHe Yy3ro/DKEHHS Ta
PSKHM  PH3MK-MEHE/DKMEHTY HampsMy KOpeloe 3

pe3ynbpTaToM. ITo-npyre, CUCTEMHE  JIOTPUMAaHHS
€TUYHOTO KOJIEKCY, COIlIAJIbHUX 1 €KOJIOTIYHUX CTaHIapTiB
3MEHILYE IMOBIpHICTB «IIOB3YUYUX» BUTpaT i

pemyTaniiHuX PU3HUKiB; HABMAKH, iX OpaK 4acTo JIKUTH Y
KOpeHi HeraTMBHHX HacmifgkiB. Ilo-Tpere, HaBiTh Yy
BiTHOCHO YCIIITHUX METANpOoeKTax OiMBIIICTh BHUMOT
pPaMKH peali3oByBaJIMCh 3aBISIKM BHUCOKIH MaHCTEpHOCTI
TON-MEHE/DKEPiB, a He uepe3 (opmaiabHO 3a/laHy
IHQpacTpyKTypy BpsSAyBaHHS — OTXe, HAasBHICTb
(opmMaizoBaHOi paMKH €KOHOMHTHh 4Yac Ha Yy3TOJDKEHHS

«OYEBHIHOTO» ¥ TIABHIIYyE BiOTBOPIOBAHICTh SKOCTIL
YIPaBIiHCHKHUX PIllICHB.

3 morisny Teopii MPOEKTHOrO YIpaBIiHHS Lkt
MiIX1J] YTOYHIOE MEXI MDK KOHTPOJIEM 1 BpSAyBaHHSIM:
KOHTPOJIb - e orepariiiHa ¢byHKLIsA
BUMIPIOBaHHS/KOPEKLii B MeXax IPOEKTY, TOIl SK
BpSIIyBaHHs BH3HA4a€, XTO 1 3a SIKUMH IpaBUJIaMH
YXBAJIIOE PIICHHS, SK PO3NOIUISIOTHCS TIOBHOBAKEHHS i
BIJITOBITAJIBHICTS, K1 KpuTepii «IIOCTATHOCTI»
iHpopMamii A MPUHHATTS PilleHb, K 3a0€3MeTYIOTHCS
HE3aJIeKHUN ayIuT 1 PO30pICTh. Y TepMiHaX yIPaBIiHHS
gepe3 MPOEKTH IIe 1 € IHCTUTYIIOHANI3AIS MPOEKTY SIK
6a30BOro MOAyJIsl YIPaBIiHHS, LIO 3’€JHYE CTpaTerilo,
pecypcH, PU3HKH Ta CTEHKTOIIePChKY BiATIOBINAIBHICTD Y
HOCITIIOBHY apXiTEKTypy.

Jast  3akmamiB - BHINOI  OCBITH, OCOONMBO B
YKpalHCbKOMY KOHTEKCTi, mojenb bekkepa i CreifHa €
KOPUCHOK TUM, 10 1i YOTUPUKYTHUK MOXKHA
NEepeTBOPUTH  HA  IHimiaTMBU 3 TpaHcdopmarii
yHiBepcHTETIB. Poiib KepiBHOTO KOMITETy MPHPOIHO Oepe
Ha ceOe IHCTHTYyWiiHA paga/TIPOEKTHUA KOMITET i3
3aJyYeHHSM HE3aJe)KHUX eKCIIEPTiB 1 TpeJCTaBHHKIB
30BHINIHIX CTEHKronmepiB (rpomaay, IOHOpH, Oi3Hec);
6ok «cost-benefity 3amae mpo3opi mpaBmna Uit
OI0/DKETIB, KOpEKWiH 1 <KypHadi» pHU3HKIB, MOIYIb
ayouTiB 3aKpilIIOE HE3aJekXHI peB’f0 1 IyOJiuHICTH;
€TUYHUN KOJEKC IHCTUTYali3y€e TOJITHKUA aKaJaeMidHOi
JOOpOYECHOCT], HEIOMyIIeHHS KOHQIIKTY 1HTEpeciB,
€KOJIOTIYHMX 1 COIialbHUX KpHUTEpiiB. Y NoenHaHHI 3
nopTHenpHOI JIOTiKOI0 IIe 3abe3nedye SK «30BHIMIHIN
BUMIp — Y3TOJUKEHHS TMPOEKTiB i3 wicieto Ta KPI
YHIBEPCHUTETY, TaK 1 «BHYTPILIHIH» — CIIUILHO ITOTOPKEHI
IIpaBUIIa rpu BCEepeUHI MiXKOpraHizauiiHux
koHcopuiymiB  (ERASMUS+, cmineHi  nmaboparopii,
MIPOrpaMH BiJIHOBJICHHS).
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Bognouac migxim Mae Mexi 3aCTOCOBHOCTI, SKi
JOLIIbHO BpaxyBaTH B aKaJEMiYHOMY CEpEJOBHILI.
[MoTpiOHa nokampHa ajanTalliss 10 MyONiYHO-TIPABOBOTO
crarycy 3BO Tta, Hampukiazx, yKpaiHCBKHX NPaBOBHX
HOpM IyONiuHuX (hiHAHCIB 1 JepKaBHUX 3aKyImiBenb. Lli
HOpMAaTHBHI 0OME)XEHHSI HE HIBENIIOIOTH HIHHOCTI PaMKH,
a MiOKa3yoTh NUIX ajanTailii: 30epiraroun ii 4oTHpH
OTOpPHI KJIACTEpH: CIiX YTOYHHTH CKIAJ KEPiBHOTO
KOMITeTy 3 ypaxyBaHHSAM aBTOHOMii (aKyJIbTETiB Ta
yyacTi  30BHIIIHIX  NHapTHepiB;  nepedopmaryBaTH
«(pinaHcoBHil» OJIOK y JIOTIKy 0araro-mKepeabHOro
¢iHaHCYBaHHS 3 TPAHTaMU/JAOHOPCHKMMH  KOIITAMH;
MICWIUTH aKLUEHTH Ha HPO30POCTi NMPHUHHATTS pillleHb,
aKaJeMIYHii  eTUIl W  BIOKPUTUX  JAHUX  MPO
mporpec/pesynpTati. CaMe Taka aJanTamis JO3BOJISE
neperBoputH Tinxin beiikepa Ta CreiiHa Ha pobouy

H2: CG—»GP

Mexanizm !"[[EEBJ'IIHHH 0ERTaMH

apXITEKTypy «YyHpaBIIiHHS Yepe3 MPOEKTH» y BUILIN OCBITI
VYkpainu.

VY nocmimxennsx Jlyo ta inmux [28] mpeacraBineHa
KOHIIENTyaJbHa MOJENb, SIKA € BaXXIMBUM JONOBHEHHIM
O Teopii ympaBmiHHS Yepe3 IMPOEKTH, OCKIIBKHA BOHA
BpaxoBye He Jumie (opMalbHI MeXaHi3MH (KOHTPAaKTH,
perymioBaHH:g), a i HeGopMalbHi (IOBipYy, KyIbTypy) Ta
MOJITHYHI (poib nepkaBu) (puc. 4). ABTOpH MPOIOHYIOTh
TPUBHMIpPHY MOJETHh IPOEKTHOTO YIpPaBIiHHA, sKa
BKJIIOYA€ TPH THIU MEXaHI3MiB: KOHTPAKTHE yIpPaBJIiHHS,
pernsiliiiHe YNpaBliHHSA Ta YpsiioBe ympaeiiHHS. [lpu
OLIHII CTpaTerii PO3BUTKY BHIIMX HABYAIBHHUX 3aKJIaJIiB
Taka OaraTOBMMipHa CTPYKTypa [O3BOJISIE IPOBOAMTH

Penaniiine yOpaBTiHHA

i Yrpaemuag
! B3aeMOBiTHOCHHAME (RM)
KOoHTpaKTHE YOPARTiIHHA i PosgeuTtok KyaeTypH(CD)

EMIIpUYHI  JOCHI/DKCHHS  BIUIMBY  B3a€MOJIIi  IMX
MEXaHI3MIB Ha €()eKTHBHICTh YIPABIIHHSA Ta YCIIIIHY
peaiizariro OCBITHIX TpaHC(hOpMAIIii.
e ¥
: EQEKTHBHiCTb YOpaBTIHHSA
T lYe_—_—-----————-—--—-—-—
: |GP1 Po3yMHEH 12 edeKTHBHNI HATIAT
_ | gi-PG—CP |GP2 TounICTE T2 CBOEYACHICTE IPHIHATIA
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]
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I » lGP4 EeKTHBHICTS CTUMV/IIORAHHA
i GPS Cooperation satisfaction

|
|
|
|
» hgm]em; I
|
I
|
I
|
I

YnpapniHag pHsHKaMH (RS)

Po3mogin goxodie (RD)

i JepkaBHe peryIOBAHHI
i (GR)

Koopaunaria gepsxasoro
(GO

i BniHB nocepeTHHNTEA:
| H5:GG—»CG—> GP

| Hé: CG —»GG—» GP

| H7: GG—RG—» GP

i H3:RG —»GG—» GP

| HY9:RG —»CG—+GP

| H10: CG—»RG—>GP

Puc. 4. Teoperyna Mozienb YIpaBIIiHHI MEranpoekTamMu Ta eheKTHBHICTh ynpaBiiHHs [28]

VY uiii mMozeni BpsSAyBaHHS METalpoOEKTIB BUIIICHO
TpH B3a€EMOIOB’si3aHi MexaHismMu — KoHTpakTHe (CQG),
pemsuiiine (RG) ta nepxasae (GG) — 1 moka3zaHO iXHIH
BIUINB Ha C(EKTHBHICTh YIpaBIiHHA (governance
performance), Ky BUMIpIOIOTH 3a IT’IThMa 1HIUKATOPaMHU:
po3ymuuii ta edexkruBHui Harman (GP1), TouHicTh i
CBO€YACHICTh yxBaleHHs pimenb (GP2), piBHicTh
BimHocuH  (GP3), mieBicte crumynmiB  (GP4) i
3a10BoJIeHICTh criBnparero (GPS).

Y ckianl MexaHi3MiB BHIUIEHO [1Ba MiAKIacu
KOHTPaKTHOTO BPsLyBaHHs — «po3nozin pusukiB» (RS) ta
«posmonin aoxoxis/BuHaropom» (RD) — nBa migkmacu
PeNALiHOTO BpSAAYBaHHA — «IIATPUMAHHS BiIHOCHHY
(RM) i «xynbTypHuit pozsurok» (CD) — Ta aBa migximacu
JIep)KaBHOTO  BpsityBaHHA — «perymoBaHHs» (GR) i
«xoopauHatis» (GC).

lmore3u mpsmoi aii  QIKCYIOTh BIUIMB KOXXHOTO
MexaHi3My Ha pe3yJbTaThBHICTH BpsnyBanus (H1-H4), a
6110K OIOCEpEIKYBaHb (H5-H10) ¢dopmanizye
CIUTIOPAJTICHICTE» BPSIYBAHHS: JIepKaBHE MOXE JisITH
yepe3 koHTpakTHe (GG—CG—GP) i uepe3 pensiiiine
(GG—RG—GP); xKoHTpakTHE — depe3 JAep)KaBHE
(CG—-GG—GP) yepe3 pemsuiie (CG—RG—GP);
pensmiiine — uepe3 aepxkaBHe (RG—GG—GP) i uepes

koHTpakTHe (RG—CG—GP). CykynHo 1ie o3Hadae, 10
(dbopManbHi CTUMYJIM Ta peryJisiuii MepeTBOPIOIOThCS Ha
y3TOJDKEHY MOBEIIHKY KOMaH]

Y KOHTEKCTI «yIpaBIiHHA Yepe3 MpoekTmy aust 3BO
TakKa cxXxema 3aJa€ MPaKTHYHY JIOTIKY HaJIAIITYBaHHS JBOX
piBHIB: IOpPT(ETBHOTO BpSAYBaHHA (1€ «IepKaBHE» — IIe
perymsii MOH, moHOpiB, akpemuTariil; «<KOHTPaKTHE» —
TPaHTOBI YTOJ¥, BHYTPIIIHI TOJOXEHHS; «PEIAIiiiHe) —
NapTHEPCTBa Ta  KOHCOPLIYMH) 1  BHYTpILIHBOTO
BPSIlyBaHHS KOJKHOTO BEJIMKOTo mpoekty. [Ipiopurer — He
130JIbOBaHO «IIOCHJIIOBATH KOHTPOIIb», a 30ajlaHCyBaTH U
3B’SI3aTH TPU MEXaHI3MH Tak, mo6 mpsami epextu CG, RG,
GG 1 ixni menmiamii npamoBanmi Ha GP1-GPS5: marmsn i
CBO€YACHI pINICHHS, CIPaBeIJIMBI BIIHOCHUHH, Ji€Bi
CTUMYJIX Ta 3aJI0BOJICHICTH CIIIBIIPALIEIO.

Oco0JIMBO I[IHHUM € BKIIOYEHHS 1O MOJENl
KOMITOHEHTA YPSJO0BOTO YNPABIiHHS, KU paHille 4yacTo
iIrHOpyBaBcs B TeOpii MPOEKTHOrO ynpaBiiHHI. B ymoBax
(dopmyBaHHs cTpaTeriyaoro po3sutky 3BO, e nepxana €
KIIIOYOBMUM TpaBIEeM — SK peryyiarop, ¢iHaHCHCT i
MONITUYHUH iHIIIaTOp — 11 CKIaJoBa € KPUTHYHO
BXJHMBOKW.  YpPsIOBE  YIpPaBIiHHSA  OXOIUIOE  SIK
perynsatopHi GyHKii (HArJIsa, KOHTPOJIb, TOJTITHKH), TaK i
KOOpIMHAIHHI (B3aemois MiX IHCTUTYLIISIMH,

Bicnux Hayionanvroeo mexuiunozo yHieepcumemy « XI11».
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BUpINICHHS KOH(MIIKTIB, 3a0C3MEUCHHS pEeCypciB), IO
OCOOJIMBO aKTyallbHO JUIS OCBITHIX METampoO€eKTIB —

HampuKiang, peQopMyBaHHS CHUCTEMH  aKpexuTarllii,
mudposizamiss, abo CTBOPEHHS MIKXYHIBEPCHTETCHKIX
KJIacTepiB.

Mopens TakoX AEMOHCTpYE, IO e(QEKTHBHICTh
VOpaBIiHHSA 3aJeKUTh HE IHIe Big (OpMaTBHIX
KOHTPaKTHHUX MEXaHi3MiB, a ¥ BiJf HeQOpMaIbHUX — TAKUX
SK JOBipa, KOMYHiKamis, cmireHa KyibTypa. Lle
HiATBEPXKYE, O cTpareriyfi 3Mian B 3BO He MOXyTb
OyTu peanizoBaHi BUKJIIOYHO 4Yepe3 HOPMATHUBHI aKTH YU
¢iHaHCyBaHHS — TOTpiOHAa B3a€EMOJisl, NAaPTHEPCTBO,
criibHe OaYeHHsS MiXK YYaCHUKAaMH OCBITHBOTO IIPOIIECY.

[MapanensHOo 3 1MM, Yy MeXax MapagurMu
IHTepaKTHBHOTO YIPABIIHHA, SKYy PO3BHBalOTH TopdiHT
(Torfing) Ta inami [29], MpOEKTHAUN MiAXiX PO3TIATAETHCS
SIK THCTPYMEHT MOOini3aii pecypcis, ieil Ta akToOpiB s
BHpIMICHHA CKIAJHUX COLIaTbHUX TMpoOiieM. ABTOpH
BU3HAYAIOTh IHTEPAKTHBHE YNpPaBIiHHA SK IpoLec
B3a€MOJIii MHOXMHHHX aKTOpIB 3 PI3HUMH IHTepecaMu
33yt (OPMYJIFOBAHHS Ta AOCSATHEHHSI CIUIBHUX IfieH. Y
LIOMY KOHTEKCTI IIPOEKTH BUCTYIAIOTh SIK IUIAT(HOPMHU
JUI  CHIBIIpalli, EKCIICPUMEHTYBaHHS Ta CTBOPCHHS
myOJIiYHOT I[IHHOCTI, 1[0 OCOOJMBO aKTYaJIbHO Ui chepu
OCBITH, A€ TpaaulliliHI i€papXiuHi MOJeNi YIpaBIiHHS
YacTO BHUSBJIAIOTHCS Hee(DEKTHBHUMU.

e#t migxin BUCYBae Ha MEPIINi TUIAH MPOIECHICTS,
EICHTPOBaHICTh 1  TOCTIfHY  KOMYHIKallifo  Ta
TIOTOKCHHS, a TaKOX CTaBUTh NHUTaHHS
«METaBpSLYyBaHHSI» — TOOTO SIK caMe KepyBaTH TaKHMH
MEpeXKEBUMH  TpoIecaMu: sKi  (QYHKIII  «BHIIOTO
HOPSIAKY»  Mae  BUKOHYBaTH  JiepKaBa/KepiBHHUIITBO
oprauizauii, ki IHCTpYMEHTH JIEriTUMalil, MiI3BITHOCTI
Ta apOiTpaky MaroTh MisATH. [Jis YHIBEPCUTETIB, OCOOIUBO
B YKkpaiHi, Je peanizaiis peopMm dacto BinOyBaeThcs B
Oaratocteiikronaepuux  3B’si3kax  (MOH,  micuesi
rpoMajy, JIOHOPH, Oi3HEeC, TPOMAISIHChKE CYCIIIBCTBO),
iHTepaKTHUBHE BPSAJIyBaHHS NPHUPOTHO IOETHYEThCA 3
VIPAaBIiHHAM 4epe3 HPOEKTH: MPOEKTU CTAIOTh «MiCLIEM)»
CHUTEHOTO TBOpPEHHsS ITyONiYHO IIHHOCTI, a TpaBHIia

METaBpsIIyBaHHS — TapaHTOM SKOCTI Tpolecy i
pe3yIbTaTiB.
AnanTuBHe NPOEKTHe BpPSIAYBaHHS SIK

METO/I0JIOTIYHA OCHOBA CTPATeriyHoro ynpaBJiHHA
naisibHicTio 3BO. bepyun 1m0 yBaru 3pocTarody
0araTopiBHEBICTh YIPABIIHHS Yy BUILiil OCBITI — MEPETHH
JIEpKaBHOI ~ TIONIITUKH,  IHCTHTYHIHHUX  CTpaTerii,
OYiKYBaHb CTEHKXOJIEPIB 1 30BHINTHIX BUKIUKIB — AeIai
OYEBUIHIIIOW  CTa€  OOMEXKEHICT,  MiAXOMIB, IO
CHMPAIOThCS TEPEBAKHO HA JUPEKTHBHE IUIAaHYBaHHS W
LEeHTpali3oBaHuil KOHTposib. CydacHi  yHIBEPCUTETH
NPAIOIOTh Y CEpeNoBUINi, 1€ IpaBWwia I'pu ¥ Yacosi
TOPU30HTH 3MIHIOIOTBCSI ~ IIBHJIIE, HDK TPUBAIOTH
CTaHOApTHI IUKIM IUIAHYBaHHS, Yy TaKWX YyMOBax
e(DeKTHBHICTh BHW3HAYAETHCS HE CTUTBKH 1€AIbHICTIO
MTOYaTKOBOTO IUIaHY, CKUIBKH CIPOMOXHICTIO CHCTEMHU
IIBUJIKO KOPHTYBAaTH KypC HAa OCHOBI HOBHX [aHHX I
KOJIeKTUBHOrO  HaBuaHHi. lle Bumarae  moxeneit
YOpaBIiHHA, SKI «BOYZOBaHO» BpPaxOBYIOTh MiHJHMBICTH

KOHTEKCTY 1 3[]aTHI MiATPUMYBATH KEPOBaHy aJamTallifo:
CTUCJIMMl TaKT yXBaJCHHS pIilleHb, YITKO OKpECIeHi
noprdesbHi  «BOpOTa» 3  MPO3OPUMHU  KPHUTEPIIMH
MPOXOKEHHS, SCHUM pO3MOII TOBHOBAaXXEHb MIiXK
piBHSAMH, a TakoX CTaOiIbHI KaHAIM JaHUX, IO JKUBIATH
3aMKHEHI TIeTJIi 3BOPOTHOTO 3B’SI3Ky MIX CTpaTeri€lo,
noptgenem, IporpaMaMu i MPOEKTAMH.

Y @i Jorimi  «yOpaBIiHHA 4Yepe3  IMPOEKTH»
MIEPEXOINUTh BiJl CTATUYHOI 0 AMHAMIYHOI KOH(QITryparii.
Inei Thiry ta Deguire momo eBoJIOLIHHOT NPUPOIH
crpaterii [30] # Dewulf ta Garvin momo responsive
governance [31] aKIEHTYIOTb: TpaeKTopii peopM 4acTo €
«emergenty, TOOTO  TaKkUMM, 10  BH3HAYAIOTHCA
HerepeadadyBaHUMU 3CyBaMu cepeoBuINa Ta
B3a€MOJIIEI0 aKTOPiB, a HE TINBKH TEPBUHHHUM ILIAHOM.
Bigrak mTEeHTpOM TOKIHHA CTa€ HE JOBEPUICHICTH
METOMOJIOTii TIIaHYBaHHSA, a CIIPOMOXHICTh CHCTEMH
OpTraHi3yBaTH KEepOBaHE EKCICPHMEHTYBAaHHS 1 HaBYaHHS
«Ha Xomy». Y TIpaKTHYHOMY BHUMIpi II€é O3Ha4ae
JeNIeTyBaHHA pIlIeHp ONK4Ye I0 JpKeped iH(opMarii;
3aIyCK MPOEKTIB SIK «OE3MEUHUX IS MOMIJIKNY 1HIIIaTHB
i3 UITKUMHM KpHUTEpisIMM 3yNHMHKH, neperysiay abo
MacmTabyBaHHS;, MIATPUMKY LHMX LUKIIB IUPPOBUMH
CHCTEMaMH MOHITOPHUHTY, sIKi 3a0€3Me4yI0Th ONEepaTUBHY
BUJIUMICTh TPOTpecy, HaBaHTKEHHS, PU3MKIB 1 e(eKTiB
Uil OeHedimiapiB; a TaKOXK OpraHi3alilo PeryJsIpHUX
CTpaTeTiYHUX pEeB’10, J¢ KEpiBHI OpraHd He JIHIIe
KOHTPOJIIOIOTh BIATIOBIAHICTh IUTaHY, a ¥ CAaHKIIOHYIOTh
HEOOXiIHI BIOXWIEHHS Ha OCHOBI JaHMX 1 3MIHH
30BHILIHBOTO KOHTEKCTY.

Konnemnmis responsive governance (KOHKPETH3YE, K
came moeaHaTH (hopMaibHI Ta MOBEIIHKOBI MEXaHI3MH,
mo0 Taka ajganTaiisi Oyia He XaOTHYHOIO, a KEPOBAHOIO.
Ha piBHi noprdens Tta mnporpam 1€ O3HA4ae, IO
KOHTPAKTHI I1HCTPYMEHTH — pErJIAaMeHTH, Yrogu Ipo
(iHaHCYBaHHS, BHYTPILIHI IOJOXXEHHS NPO IPOEKTHY
JISUIBHICTh — 33Jal0Th MPO30pi NpaBmiia CTUMYJIIOBaHHS
Ta MA3BITHOCTI, TOMI SK PEJSAMiiHI MeXaHI3MH — JOBipa,
CIIJIBHE PO3B’sA3aHHSA NpoOIEeM, HACTAHOBH JIO OOMiHY
3HAHHSAMH — II€PETBOPIOIOTH I NpaBWJia Ha Y3TOMKEHY
MOBEIiHKY KOMaH i mapTHepiB. OpieHTamis nwmie Ha

(dopMarbHY BIONOBIOHICTE Tpadikam 1 IDIaHAM €
HEJOCTaTHbOIO, OCKITBKH peanbHi HPOEKTH
€BOJIIOIIOHYIOTh: BUHUKAIOTh HOBI 3aJIEKHOCTI,

3MIHIOIOTBCSI PU3HKH, 3’ SBJISIOTHCS aJbTEPHATUBHI ILIIXH
JocsirHeHHst 1ineil. EdexkTuBHe ymnpaBimiHHS B Takux
yMOBax BHMMAara€ KepOBaHMX «BIKOH  MeEperisay»
MIPUITYIIeHb, 3JaTHOCTI MEPEeOCMHUCIIOBATH pIIICHHS B
peasibHOMY dYaci, IHCTHTYHIHOBaHMX TPAKTHK IiCIAii
(after-action review) Ta 3amy4eHHS KOMIIETEHTHHX
YYacCHHUKIB 0 IUBUJAKHX, &€ JIETITUMHUX 3MiH Y
KOH(pirypanii poOiT, OromkeTiB 1 pusukiB. Takuil mimxin
y3TOJUKY€ThCsl 3 HpUHIOUNaMu Project Management 2.0,
SKi nepen0avyaoTh JeeHTpai3aLilo, y4acTb,
aIaNTUBHICTG 1 CTpaTeriyHy YyTIUBICTH 0 3MiH.

3 mo3uIiii Teopii CKIATHWUX aJaNTHBHHUX CHUCTEM
omucanoi Duit Ta Galaz [32] amanTuBHE TNPOEKTHE
BpSOYBaHHS Y BHIIIA OCBITI MOXHA OMHCATH SIK
MOEJHAHHS  TPHOX  B3AEMOIOB’S3aHMX  KOHTYPIB:
CTpaTeriyHoro (BW3HA4Yae Micifo, OOMEXEHHs 1 MpaBmiia
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«rpu»), moptdensHoro (BigOupae Ta IpiOpHUTE3yE
iHIIIaTHBH, 3allycKae eKCIEePUMEHTH W IHTerpye ixHi
pe3yibTaTd y TOCTiHHI MpolecH) Ta olepauniiHoro
(opranmi3oBye [WKIM HaBYaHHA B  KOMaHmax i
nmaptHepcTBax). KokeH KOHTyp Mae BJIAcHI pillleHHs, ajie

BCi BOHM 3’€QHAHI JaHWMH, pPHTMaMH OTJIy Ta
Y3rODKEHIMH  poisiMH. Y Takiii  KoHiryparmii
30epiraeTecsi  CTpaTeriyHa  MUICCHIPSAMOBAHICTH, — alie

BUKOHAHHS CTA€ T'HYYKHM 1 «IyTIMBHUM» JI0 KOHTEKCTY;
caMe I 1 MiABHILYE PpE3WIIEHTHICTh YHIBEPCUTETIB,
JI03BOJISIFOYM M 3a0e3IeuyBaTH SIKICTh Ta Oe3MepepBHICTh
OCBITHIX 1 HAayKOBHX IIPOLECIB MONPH HEBU3HAYCHICTD 1
YacTi 30BHIIITHI 30ypeHHS.

Jns ykpaincekux 3BO, siki peatizyroTh cTpareriusi
iHIIIIaTHBH B yMOBaX BHCOKOI TypOYJEHTHOCTI, IIie
03Haua€ HEOOXIMHICTh Tepexoay /A0 YIPaBIiHCHKHX
MOJeNel, 3MaTHUX TOE€IHYBATH UITKICTh CTPATETidHOTO
OaueHHs 3 THYUKICTIO peanizarii. Responsive governance
y IbOMY BHIAAKy MOXE CIYIyBaTH OCHOBOIO ISt
moOyIoBH  CTIHKOI CHCTEMH YIPaBIiHHSA OCBITHIMH
TpaHcdopMalismMu, sKa BpaxoBYy€e 3MiHHICTh CEpPEJOBUILA,
OaraTopiBHEBY B3a€MOiI0 Ta MOTpPeOdy B aJaNTHBHUX
piLIEHHSX.

JocninHuku TaKOK HaroJIomyTh Ha
IUTIOPaJIICTUYHOMY XapakTepi governance, sIKMd BHUMarae
noefHaHHs (opManbHUX 1 HedopMaabHUX MeXaHi3MiB
npuiiaaTTA pitnens. Klakegg Ta immi [33] sx i Brunet ta
Aubry [34-35] Bka3yroTh, [0 HajMipHA CTAHIAPTH3ALSL
MpOIeTyp MOKe OOMEXyBaTH IHHOBAIIHHICTH, 0COOINBO
Yy CKIAJHUX 1 KPEaTHBHHUX MNPOEKTaX, TAKUX SIK OCBITHI
pedopmu. ToMy eeKTHBHE NMPOCKTHE BPSIYBAaHHI Ma€
I'PYHTYBaTHCsl Ha OanaHCi MXK KOHTPOJIEM i aBTOHOMIEIO,
MOEJHYIOYM  CTPYKTYPHI  IHCTpyMEHTH (perjiaMeHTH,
3BITHICTH) 13 HE(pOPMaIbHUMHU TPAKTHKaMH (MEpexeBi
JIOMOBJICHOCTI, IHCTHTYIIIHHA TOBIpa).

EdexTuBHICTH [IPOEKTHOTO MiIXOAY SIK
METOJIOJIOTIYHOT  OCHOBH  CTPATEriyHOrO0  yHpaBJIiHHS
misieHicTIO 3BO 3HaYHOI0 MIpOI0 3aJeXKHUTh BiJ
IHCTHTYLIHHOTO CEpeoBHINA, B SKOMY (YHKIIIOHYE
3aknmaa. CrpaTeriyHe YIpaBIiHHA HE € 130JbOBaHUM
MIPOLIECOM — BOHO ()OPMY€EThCS Ha IIEPETHHI HOPMATHBHO-
MIPAaBOBUX PaMOK, YNPAaBIIHCHKUX TPAIMIIH, MOJITHIYHAX
OJiKyBaHb Ta OpraHizamiiiHOi KynbTypu. Came ToMy
aHai3 I1HCTUTYIIHOIO KOHTEKCTY € KIIFOYOBUM JUJIs
PO3YMIHHS MOTEHI[ialy Ta OOMEXEHb CTPATEriyHOro
possurtky 3BO.

Y Mexax [bOro  JIOCHI[DKEHHST  CTpareridHe
YOPaBIiHHSA PO3TILINAETBCA SIK OaraTopiBHEBa cHCTEMa,
0 OXOIUIIOE  IHCTUTYIIWHE T1oJie, OpraHi3amiiHi
CTPYKTYpPH Ta IHIMBITyaJlbHI NpakTHKH. Takui miaxin
JI03BOJISIE BUSIBUTH, SIK 30BHIIIHI YWHHUKH (Jep)kaBHA
MOJITHKA, PUHOK  OCBITHIX  MOCJHYr, MDKHapoOJIHi
CTaHAApTH) B3AEMOJIIOTH i3 BHYTPIIIHIMH IIpOIECaMH
(cTpaTeriuHe rulaHyBaHHS, YIPaBJIIHCEKI PilIEHHS, y4acTh

nepcoHany) Ta  (QOpPMYIOTh  TpaekTopii  PO3BUTKY
YHIBEpCHUTETY.
AHamiz  cywacHOi  JliTepaTypH  MiATBEPAXKYE

aKTYaJbHICTh HBOTO MiAXOXy. 30KpeMa, Yy JOCIHiIKeHHI
Fumasoli ta Hladchenko [36] ctpateriune ympaBmiHHS
BUILIOI0 OCBITOIO PO3IIISJAETHCS SIK JTUHAMIUHHIA ITPOILIEC,

o BiOyBaeTbcs HA TPHOX AHATTHYHUX PIBHAX:
CHCTEMHOMY, OpraHizauniiHoMy Ta iHAWBiAyambHOMY. Ha

CHCTEMHOMY piBHI cTpareris OB’ s13aHa 3
MMO3MIIOHYBAaHHIM YHIBEpCHUTETy B IIOJIi BHINOI OCBITH,
KOHKYPEHIIi €10 MiX 3aKJIaZlaMH, MDXHAPOJHOIO

IHTETpaIli€ro Ta MOJMITHKOIO siKocTi. Ha opranizarmiiiHomy —
3 PO3pPOOKOI0 CTpATETiYHMX IUIAHIB, BHUKOPUCTAHHSIM
incrpymentis ynpasniaas (SWOT, Balanced Scorecard),

a TaKkoXX 3 PEaKmi€l0 Ha  30BHINIHI  BUKIHKH
(pinancyBanHs, HaHaeMis, udpoBsizartis). Ha
IHIUBIyaJbHOMY — 3 Y4YacTIO CEpeIHIX MEHEIKepiB,
aKaJieMiYHOro  IepcoHally  Ta  aJAMIHICTPaTHBHHUX

MIpaIiBHUKIB Y ()OPMYBaHHI Ta peanizarii cTpaTerii.

Oco0aMBoi yBarm 3aciyroBye Te3a IIpO Te, IO
CTpaTeriuHe YIpaBIiHHA € e()eKTHBHHUM JIHIIC 32 YMOBH
BpaxyBaHHS BHYTPIIIHBOI  CKJIATHOCTI  OpraHizaimii.
VHIBEpCHTETH  4YacTO  JEMOHCTPYIOTh  3OBHIIIHIO
y3rOMKEHICTh Yy  CTpaTeriyHUX  JOKYMEHTaX, aje
HACTIpaBAi MalOTh BHCOKHHA piBEHb  BHYTPIOIHBOT
PI3HOMaHITHOCTI, 1110 BIUINBAE Ha  peanizamiro
crpareriunux 1ined. Ile mniaTBepIKye HEOOXiAHICTH
THYYKUX YIPaBIIHCHKUX MOJIEJNISH, 3aTHUX alanTyBaTUCS
JI0 0araTopiBHEBUX BUKJIHKIB.

MaremaTuuHna MojeNb cTpaTeriynoro
ynpasiainasa 3BO B mapaaurmi governance by projects.

beszamepeyno, 1m0 inee Mozmeni ONTHMAIBHOIO
ynpaBmieHs 3BO Mae OyTu crpareris sSK AWHaAMidHA
«TpaeKTOpis», a He craTuyHWi cTaH. Bona Mae
peanizoByBaTHCS Yepe3 HOPTQENs MPOEKTIB, KSPOBaHUM
BikHaMH Teperisny (after-action review), mwdpoBuM
MOHITOPHHIOM, MPABUJIAMHU MACIITA0yBaHHS i MOCTIHHUM
y3romkeHHsM 3 miciero Ta KPI. Tomy mpupoaHBOIO CTae
MareMaTHyHa pamMKa MOJAENi SK JHHAMIYHOT CHUCTEMH
KepyBaHHs moprdenem mnpoektiB [37-38]. 3miHHEMU
MOJIeJi MaroTh OyTH CTpaTeriyHi CTaHu (L0 «PyXaeMo»).

Hexaii x <R’ BEKTOP CTpaTerivyHux
crpomokHocTei/pesynbrarie. - 3BO  Ha  MOMeHT t
HalpuKJIaJ: IHTEepHal[loHaji3alis, LU(poBa 3PLIICTh,
JOCIIIHUIIbKA  IHQpacTpyKTypa, eHeproedeKkTHBHICTh
TOLLO.

Hexait SR’ ninsosa Tpaexropis crparerii (desired
targets), ska MOXE YTOUYHIOBaTHCS Ticisi pe’to (00
CTpAaTeTisl €BOJIOMIHHA)

Hexait u;, >0 — pecypcu, BUIEH] HA NPOEKT [y
nepiox t. IlpoexTn — «omuHMII peamizamii cTparerii»,
y3rokeHi 3 Miciero Ta KPI yHiBepcuTety.

JlomatkoBo BBOAMMO OiHapHE pIOICHHS «BOPIT»:

0;,€{0,}, mo Qopmanizye «KkpuTepii 3YNHUHKH,
TIeperIsiy, MacIITa0yBaHHs YK MPOIOBKEHHS.

Hexait W, BHUIIAJKOBI  3MiHM  KOHTEKCTY
(perynaropHi, ¢iHaHCOBI, BO€HHI, MapTHEPCHKi), 00
«peaybHl TMPOEKTH EBOJIOIIOHYIOTH» 1 3MIHIOIOTHCS
PpU3UKU.

Y TakoMy BHIIQJKy JWHaMiKa CTpaTEriyHOTrO

PO3BUTKY 4Yepe3 HOpTQeb MPOEKTIB MOXKE OIMCYBATUCS
PIBHSHHSIM TIIepexoJy CTaHiB (K IOpTdenb 3MiHIOE
YVHIBEpPCHUTET)
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K =X+ D0, AR U~ X, W)+ 4

A c Rnxl o
CTpaTeriyHi  CIPOMOXKHOCTI  (HampUKIAN,  MPOEKT
uudposizawii migHiMae koMnoHeHTy «digital maturity»).

¢() — OyHkuis Bimmaui Bim pecypciB (3a3BHuaid

«mpodigh BHECKY» TIPOEKTY I ¥

CrajHa rpaHuYHa Bigmaya): ¢ (u ) =log(l+u) abo Ju.

d(x,,W,) — «3HOIIyBaHHs/BTPATH/BiABONIKAHHI)
(omeparriiine HaBaHTa)XEHHSI, PU3UKH, KPU3H).
&, — LIyM.

e marematmuyHO BimoOpakae Te3y: mopT(enbHe
BpSTyBaHHS BIIOPSAIKOBYE MHOKHHY IHIIIIATHB 1 y3TOMIKYe€
31 cTparerie€ro, aie MoTpioHa aanTUBHICTH 70 3MiH.

Bapro Takoxx BpaxoByBaTM OOMEXKEHHS WIOJO
pecypciB (peanbHi O KETH)

;UMSB;' Ui,tzo
ne B, — moctymHmit Oromker/pecypcHuil yimit y

nepion

{ BIIIOYHO 3 OaraTomkepenbHUM (iHAHCYBaHHSAM, 5K
NoTpiOHA ajanTamis pamMKH.

LlinpoBUMH (YHKIISIMU CTPATEriyHOTO YIPaBIiHHSI
(o onTuMizyemMo) OyayTh MiHIMI3aIlisl «CTPATETIYHOTO
PO3pHBY», BUTPAT Ta PU3MKIB:

:
H 2
min 2L [X.-s/*w
=0
ui9,, [ —— crpareritx wieit
min 22U,
{u wd —

it P
BUTDATH/HABAHTAKEHHS

min ~R,(u.g.w)]
UG, o

Matpunsgs W 3amae mpioputetd (II0 BaXKJIHBINIE —
IUQPOBI3aIlis YU iHTEPHAI[IOHATI3AIIiST TOIIO).
R, Moxe BKIIOUaTH pU3UKH «(parMeHTawii»,

«TUpaHii  TEpMIHIB»,  «3aMKHEHHS  TPOEKTy  0e3
MaciTaOyBaHHSD» — AKi TYT NIPSAMO BKa3aHi SIK CHCTEMHIi
PHU3UKH TOPTHENBEHOT TisSUTEHOCTI.

KepoBaHi «BikHa meperisimy», 3MiHH KOHQIryparii
poOiT/0r0KETIB HA OCHOBI JTAaHMX MOXKHA PO3TILIIATH SIK
OHOBJIGHHS ~ CTpaTerii  micina  peB’r0  (amanThBHA
TpaexTopis) Ta hopMaiizyBaTu TaK:

Ha KO)KHOMY peB’ro (Hampukiag, koxHi K mepiozis)
OHOBJIFOEMO IiI1:

expected )

S.=s.+I (Y, -V,

ne: Y, — sumiproBadi pesynbrati (KPI, HaB4anbHi

pe3ybTaTH, HABAHTAXKCHHS, PU3NKH).

I' - «mBuaKicTh HaBUaHHA» (HACKLIBEKH THYyYKO 3BO
3MIHIOE CTPATETIIO).

e BiamoBimae Te3i: peB’f0 HE JUIIE KOHTPOIOE
IUTaH, a CaHKIIOHYy€ HEOOXiqHI BIIXWICHHS HA OCHOBI
JTAaHUX 1 KOHTEKCTY.

Hexaii M, — mu@poBi METPUKH IIPOEKTY (IpOrpec,

pusuku, edekr w1 Oenedimiapi, Toai mpaBmma “stop /
review / scale” SK TOpPOTOBHX TMOJITHK MOXYTh
3aJaBaTUCs

g. - 0, M, =7. ,
L M T e

a «scale» peami3yeTbcs sIK pi3ke 301IbIICHHS U,, TTpH

M it = Tscale

[TpuB’A3y10UUCh IO THIIOBUX CHOTOJHIIIHIX MPAKTHK
ykpaincekux 3BO Bektop crpareriuHoro crany 3BO
MOYKHa OIIMCATH BHOPABILIY JIECATH KIFOUOBUX BUMIpIB:

[Tepconasizanist OCBITHIX TpaeKTOpii

KPI:

- % CTyIOeHTiB 3 IHOWBIAyaJbHIMH HaBYAJIEHUMH
IUIAaHAMH,;

- cepenHs KIJIBKICTH
BHOIPKOBUX/MIXIUCIUIDTIHAPHAX MOIYJIIB Ha CTYJCHTA,

- TIOKa3HUKH yTpHMaHHS (retention) / cBO€YacHOTO
3aBEPILCHHS.

Jocnigaunpka iHdpacTpyKkTypa Ta NpoayKTUBHICTh

KPI:

- 00CSIT TPaHTOBHX HAJIXOJKEHB/PIK;

- myOutikauii/uuTyBanHs (HOpPMOBaHI MOKa3HUKHK) a00
KUTBKICTh cTaTeir Q1-Q2;

- KUJIbKICTh/3aBaHTaXEHICTh
obmagHaHHs, mabopaTopiii (utilization).

Hudporizaris HaBYaHHAS

KPI (mpukiamn):

- yactka aucruriid y LMS (%);

- yacTKa KypciB 3
AKTHBHOCTSIMH/OLIHIOBaHHM (%);

- cepelHs  aKTHUBHICTh  CTYAGHTIB Yy
(JIOTiHW/THKIEHb, 3aBEPLICHHS 3aBIaHb).

Hudpora indpacTpykTypa ynpaBiiHHS Ta BiAKPHUTI

KJIIFOYOBOT'O

TU(PPOBUMH

LMS

naHi

KPI:

- yacTKa aJIMiHICTPaTUBHIX
BUKOHYIOThCS e-cepBicamu (%);

- % KIJIIOYOBHX PEECTPiB/IaHMX, JOCTYHMHHX 4Yepes
IHTETpOBaHi CUCTEMU,

- IHIEKC «BIIKPUTOCTI
(HasiBHICTH/OHOBIICHHS HaO0piB, API/mambopam).
Mikpoksaidikaiii Ta KOPOTKI UKIU HABUYAHHS

KPI:

- KUTBKICTBh MiKpOKBauTi(hiKamii/piK;

- KUTBKICTB CITyXadiB (BHYTPIIIHIX + 30BHIIIHIX);

- yacTKa MiKpoKBasiikarii, (e}
BH3HAIOThCS/TIepe3apaxoByoThes (%):

- Al-cynposij i nnppoBHil MOHITOPHHT PE3yJIbTATIB
HaBYaHHS:

- HasBHICTh Al-based guidance y kiIro4oBHX TOUYKax
(Bctyn/BuOip Tpaektopii/pusuk Bigpaxysanus) (0/1 abo
LIKaJa 3pijocTi):

- TOYHICTH MoJienen
(AUC/precision, sIKIIO €):

- YacTKa CTYJCHTIB,
pe3ynbTatis (%).

MIPOIIECiB, 1110

JaHUX>»

PHU3UKY/peKOMEH AL i

OXOIIJICHHX MOHITOPHHIOM
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IHTepHalionami3ais

KPI:

- KIJIBKICTh MIXXHAPOTHHUX MapTHEPCTB/YTo
(aKTUBHUX);

- MOOGIIBHICTB: incoming/outgoing
(cTymeHTH/BUKIAmAYI);

- yacTka nporpam 3 KOMITOHEHTOM

aHTTHCHKOIO/MOABIHHNX urToMiB (%).

3plmicTe CTpaTeridyHoro yHpaBIiHHA MOpTdeIeM
npoekTiB (Strategic Portfolio Maturity)

KPI:

- % npoexTiB y mnoprdei,
crpareriyanx KPI (coverage);

- YacToTa CTpaTeriyHuX peB’lo/mepenpiopuresamii
(Ha pik);

-gacTKa TPOEKTIB, MO0 TMPOXOAATH “‘Bopora’
stop/review/scale 3a manumu (governance discipline).

IIPUB’A3aHUX IO

Mepexesi CTPYKTYpH Ta “kyactepu’
(MIXyHIBEpPCHTETCHKI KOATIIii)
KPI:

- KUIbKICTh aKTUBHHUX KOHCOPLIYMiB/KJIacTepiB;

- KUIBKICTB CIUIBHUX MPOTpam/nadoparopiii/ueHTpis;

- o0cAr pecypciB, 3allydeHHX uepe3 IapTHEpCTBa
(pinancu/obnaTHAHHSI/TIOCTYTH).

EneproedekTuBHICTb Ta CTIHKICTh IHPPACTPYKTYPH

KPI:
- CIIO’KUBaHHA eHeprii Ha M? (KBt rom/M?);
- 4acTKa MO/JICPHI30BaHUX

OyxiBerns/TermioMmoaepHizanii (% rrom);
- BUTPATH HA SHEPTio Ha cTyeHTa (abo Ha M?).

BucnoBku. CyuacHa MOJIETb YNPaBIIHHS BHIIOKO
ocBiTOl0O B  YKpaiHi QopMmyerbcs Sk TiOpuaHA
€BpOIHTErpaIliiiHa cucTeMa, J¢ IHCTUTYI[iiHA aBTOHOMIs
MOETHYETHCS 3 Jiep )KaBHUM CTpaTerivHuM
KOOPJMHYBaHHSIM 1 MDKHapOAHUM HapTHEPCTBOM. BoHa
BOJIHOYAC CIIPSIMOBaHA Ha BIJHOBJEHHS JIIOICHKOTO
MOTEHIaly y BOEHHHX YMOBax Ta CTPYKTYpHY
IHTETpaIilo y CHUIBHUI €BPOIEHCHKII OCBITHIA TIPOCTIp,
o0 BIAMOBiNa€ TpHUHIUIIAM BOJOHCHKOrO Tporecy i
Ti1X0/1aM ITPOTPaMHOTO YIIPABIIHHS PO3BUTKOM CEKTOPY.

EBodrorist yHIBEpCHTETCHKOTO BPsIIyBaHHS B €BpoIi
CBIJYUTH MPO TOCTYIOBY TpaHCHOPMAIII0 YIPaBIiHCHKOT
mapajurMi — Bifl IEPXKABHOTO KOHTPOJIIO 10 TiOpHIHHX
¢bopM, y SKHX YHIBEPCHTETH [IIIOTh SIK aBTOHOMHI, aje
B32€MOIIOB’sI3aHI AKTOPH Y CKJIQJHINA CHCTEMI MyOIigHOro
ynpasiiHHs. Ll quHamika He o3Hadae OcialiieHHs podi
Jiep>KaBH, a pajiie ii TpaHcopMallito Bia aaMiHicTpaTopa
JI0 CTpaTEriyHOro KOOpAMHATOpA. YHIBEPCHUTETH Iemali
Oijple NMpamiolTh B YMOBaxX, A€ aBTOHOMIiS (hOpMaibHO
3aKkpilleHa, aje pealbHI MEXaHI3MH  YIIPaBIiHHI
peani3yloThcsi 4epe3 KOHTPAKTH, JaHi, aHaJIITHKy Ta
MIPOEKTHI TPOTpamMHu.

[IpoekTHMH miAXiM 70 yNpaBIiHHSA  JO3BOJISE
peamizoByBatu pedopmu depe3 KOHKPETHI iHIIIaTUBH —
HampuKiIan, (aHApaii3uar, OU(POBI3AII0 OCBITHHOTO
IpoIiecy, MOJepHi3alito iHQPaCTPYKTYPH, BIPOBAKCHHS
KOMEpIIITHO Opi€HTOBAaHMX MIKPOKPEIUTHUX IIPOTpaM,
HOBHX OCBITHIX NpOrpam 3 IyaJbHOIO ()OPMOIO HAaBYAHHS.
3 iHmoro — 3a0e3medye MOXIMBICTh 3aJTy4EeHHS

30BHILIHIX pecypciB, MapTHEPIB Ta EKCIEpTiB, L0 €
KPUTUYHO Ba)XKJIMBUM B yMOBaxX OOMEXEHOIO Jep:KaBHOTO
¢inaHCcyBaHHS Ta BHCOKOI KOHKypeHuii. Takuil miaxin
CHIpHsi€ MiABUIIEHHIO IIPO30POCTI Ta MiI3BITHOCTI, IO
BIIOBIIAE BHMOTaM €BPOTEUCHKUX CTaHJAPTIB
YIPaBIiHHS B OCBITI.

VYkpainceka pedopma ympasninHi 3BO  moxe
CIHPATHCh Ha TIOPUAHI MiAXOIM: MMOETHYBATH ICpKaBHI
rapaHrii i cCTpareriuHuii KOHTPONb i3 IHCTUTYIIIHOIO
ABTOHOMI€IO Ta YYaCTIO 30BHIIIHIX CTEHKXOJIEPIB depe3
HarmsioBi paau. [ns Ykpainu, sika nepeOyBae B yMOBax
Bil{HH, €BpOIEiCchKOI iHTerpanii Ta MacTaOHUX OCBITHIX
pedopm, Taka Jorika ynpasJiHHS € He JIMIIE JOIILHOIO,
a i1 HeoOXinHOW0. BoHa 103BOJIsIE MOEAHATH CHCTEMHICTH
JEP)KaBHOTO DETyJIIOBaHHS 3 THYYKICTIO aBTOHOMHHX
pimreHs yHiBepcuTeTiB, 3abesmedyroun OamaHC MiXK
CTpaTeriYHUMHU MpiIOPUTETAMH Ta JIOKaJIbHIMHA
imimiatuBamu. Ilepexin o0 ympaBIiHHS dYepe3 MPOEKTH
CTBOPIOE IHCTHTYIIiHHI TEpeayMOBH s (OpMyBaHHI
CTIMKOi OCBITHBOI CKOCHCTEMH, /¢ YIPABIIHHA 3MiHAMHU
BiZIOYBa€ThCsl HE Yepe3 TUPEKTHBH, a 4epe3 peastizalilo
y3rOJDKEHUX IPOEKTIB 1 Mporpam, 3acHOBaHMX Ha
NPUHLUIIAX TaPTHEPCTBA, TAaHUX Ta PE3yJIbTaTHBHOCTI.
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II. M. JIVPB, P. I. ITA/TFIOKA, A. B. TATOMHP, H. b. 3AIIVIATHHCbKHH

AJITOPUTM Y3T'OJ)KEHHSA YACY ITOYATKY, OBCSAI'TIB TA TEMIIIB POBIT Y ITPOEKTAX
TEXHOJIOI'TYHUX CUCTEM

PoskpuTto iH(popMariiHO-yIpaBIiHCEKe 3aBJAaHHS 100 IMiABUIIEHHS e()EeKTUBHOCTI YNPaBIiHHSA NPOEKTAMH TE€XHOJOTIYHUX CHCTEM Y PLIBHMITBI i3
BpaxyBaHHAM HMOBIPHICHOTO BIUIMBY arpOMETEOPOJIOTIYHIX YMOB Ta CYKYITHOTO BIUIMBY IIPOEKTHOTO cepenouina. OCHOBHY yBary akl[GHTOBAHO Ha
TOMY, IO iMOBIPHICHHH XapakTep MPUPOAHO-KIIMATHYHUX YMOB ICTOTHO YCKJIAJHIOE Y3TOJUKCHHS CTPOKIB, OOCATIB i TEMIiB BUKOHAHHs POOIT, 110
Ge3rocepejHbO BIUIMBAE HA PIBEHb YPOXXAHHOCTI Ta €KOHOMIYHI Pe3yJbTaTH arpapHHUX IiAIPHEMCTB. AKIEHTOBAHO Ha JOLIJIBHOCTI BUKOPHUCTAHHS
cyvacHHX iHGOPMALIWHUX TEXHOJOTIH, METOAIB MOJEIIOBaHHS i iH(MOpMaLiiHO-aHAITUYHUX CHCTEM IS MATPUMKH MPUHHATTS yNpaBIiHCHKUX
pillieHp MM Yac MIaHyBaHHS Ta peani3alii IPOEKTIB TEXHOIOTTYHHX chucTeM. HaBeneHO TeopeTHyHi mepeayMOBH LIOI0 CHCTEMHOCTI Ta YaCTKOBOL
KEpPOBAHOCTI TpOIECiB (POPMYBaHHS TOKA3HHUKIB €(EKTUBHOCTI 3a3HAYEHHX HPOEKTIB. PO3KPUTO METONONOTIYHMNA MiAXiJ, SKUMl Oa3yeTbcs Ha
iHTerpauii BiAKpUTHX iHGOPMALIHHUX pecypciB, GaraTopiyHUX arpoMETEOpOJIOTiYHUX [aHHX 1 Pe3yibTaTiB BUPOOHHYHX crocTepexens i3 IT-
cepBicaMyl JUTsl IMITAaI[iifHOrO0 MOJENIOBAHHS CE30HHOIO BHKOHAHHS POOi y BIPTyalbHUX MPOEKTAX TEXHOJOTIYHHUX cHCTeM. Po3pobiieHO anroputm
Y3TO/UKEHHSI CKIIAZI0BHX IIPOEKTIB TEXHOJIOTTYHUX CHCTEM PLIBHHIITBA, 4 TAKOXK CTBOPEHO HPOTPAMHHII 3aCi0 1110 /1a€ 3MOTY BUKOHYBATH CTATUCTHYHE
iMiTauiiiHe MOJETIOBaHHS Ul BIAMOBIAHUX POOIT y MPOEKTaX, a BIATAK OLIHIOBATH MOKA3HHKU S(PEKTUBHOCTI BUKOHAHHS BIANOBIIHUX POOIT, 1X
CBOEYACHICTh 1 CTATHCTHUYHI XapaKTePUCTUKH, PH3UKH Ta 3aKOHOMIPHOCTI 3MiHH. PO3KpPUTO CTPYKTYpy 1 TOJIOBHI erami (YHKLIOHYBaHHS
CTaTHCTUYHOI iMiTAIliHOT MOZIeTI BipTyaJIbHOTO TIPOEKTY, SIKa JAa€ 3MOTY BiITBOPIOBATH HMOBIPHICHY JHHAMIKY IPOEKTHOTO CEPENOBHINA, OLIIHIOBATH
MPUPOIHO 3yMOBICHHH (OHA Yacy BHKOHAHHS POOIT 1 MPOAYKTHUBHICTh TEXHIUYHHMX 3acO0iB, a TaKOX 3OiMCHIOBATH 0aratopa3oBHil aHaIi3
aNpTEPHATUBHUX CLEHApiiB pearmisawii 3ragaHux npoektis. [IpakTuuny anmpobamito METOIMKH BUKOHAHO HA TPUKIAAI MPOEKTIB 30MpaHHS BPOXKAID
IyKPOBUX OypsKiB i3 BUKOPHCTAaHHSIM OaraTOpiyHMX JAaHHX arpoMeTeOpONIOriYHOi cTaHMil. 3a pe3yibTaTaMH KOMII'IOTEPHHUX EKCIICPHMEHTIB
BCTAQHOBJICHO CTATUCTHYHI XapaKTEPHCTUKH ONTHMAIBHOTO 4Yacy IOYatky poOiT i (akTuyHO 3i0paHMX IUIONI, & TAKOXK OOIPYHTOBAHO BiIIOBiHI
3aKoHH 1X posmoxiny. [liATBepKEHO MOMIMBICTH MMiIBHINCHHS OOTPYHTOBAHOCTI YNPABIIHCHKHX pillleHb, 3HIDKCHHS PH3UKIB i 3abe3medyeHHs
MaKCHMAaJIbHOTO 300py BPOXKAro IIUIIXOM y3TOJDKEHHS Yacy I0YaTKy, 0OCSTiB i TeMIiB po0iT i3 BpaxyBaHHSIM HMOBIPHICHOI MOBEJIHKH HPOEKTHOTO
CepeloBHIIIA.
Ku11040Bi cj10Ba: anroput™, NPOEKTH, Y3rODKESHHSI, TEXHOJIOT4HA CHCTEMa, IPOrPaMHHI 3aci®, MO/ICIIFOBAHHS, YIIPABIiHHS, €EKTHBHICTb.

P. M. LUB, R. I. PADYUKA, AV. TATOMYR, N.B. ZAPLATYNSKYI

AN ALGORITHM FOR COORDINATING THE START TIME, WORK VOLUMES, AND EXECUTION
RATES IN TECHNOLOGICAL SYSTEM PROJECTS

The article addresses an information and management problem aimed at improving the efficiency of managing projects of technological systems in
arable farming, taking into account the probabilistic influence of agrometeorological conditions and the combined impact of the project environment.
Emphasis is placed on the fact that the probabilistic nature of natural and climatic conditions significantly complicates the coordination of schedules,
work volumes, and execution rates, which directly affects crop yields and the economic performance of agricultural enterprises. The expediency of
applying modern information technologies, modeling methods, and information-analytical systems to support managerial decision-making during the
planning and implementation of technological system projects is substantiated. The theoretical prerequisites related to the systemic nature and partial
controllability of the processes forming the efficiency indicators of such projects are outlined. A methodological approach based on the integration of
open information resources, long-term agrometeorological data, and production observation results with IT services for simulation modeling of
seasonal work execution in virtual projects of technological systems is presented. An algorithm for coordinating the components of arable farming
technological system projects has been developed, along with a software tool that enables statistical simulation modeling of the relevant project works
and, consequently, the evaluation of performance indicators, timeliness, statistical characteristics, risks, and patterns of change. The structure and main
stages of functioning of a statistical simulation model of a virtual project are described, allowing the reproduction of the probabilistic dynamics of the
project environment, the assessment of the naturally determined time fund for work execution and the productivity of technical equipment, as well as
repeated analysis of alternative project implementation scenarios. The methodology was practically tested using sugar beet harvesting projects based
on long-term data from an agrometeorological station. The results of computer experiments made it possible to determine the statistical characteristics
of the optimal start time of operations and the actually harvested areas, as well as to substantiate the corresponding distribution laws. The study
confirms the possibility of improving the validity of managerial decisions, reducing risks, and ensuring maximum crop harvesting by coordinating the
start time, volumes, and execution rates of works while accounting for the probabilistic behavior of the project environment.

Keywords: algorithm, projects, coordination, technological system, software tool, modeling, management, efficiency.

Beryn. Y HuHIIHIX ~ yMoBax  uM(pOBOI  IUIaHYyBaHHS Ta BUKOHAHHS MOJILOBHX POOIT BUMAararmoTh
TpaHchopmarii iHdopMmariitHi TexHosorii Ta NHU(GPOBI  aKTHBHOTO BIPOBAKEHHA IHGOPMAmiHHUX CHCTEM,
CepBicH BIAIrparOTh KIIOYOBY pOJIb y (YHKIIIOHYBaHHI  METOJiB MOJETIOBAHHS W IHCTPYMEHTIB MiITPUMKH

HAI[lOHAJIFHOI E€KOHOMIKH, OXOIUTIOIOYM MPAaKTHYHO BCi
rajaysi — BiJ cdepu HOCIYr i TOPTiBIi /0 €HEPreTHKH,
TPAaHCHOPTY Ta arponpoMHUCIoOBoro komiuiekcy [1].
Cinbcbke rOCHOJapCTBO XapaKTepU3yeThCs
OesnocepeHiM 3B SI3KOM 13 NIPUPOIHO-KIIMaTHIHUMHU
YMOBaMH, 30KpeMa i3 piBHEM BOJIOT'OCTi, TEMIIEPATYPHUM
PEKHUMOM Ta IHIIUMHA arpoMeTeopoJIOTIYHUMHU
MTOKa3HUKAMHM, BIUIUB SIKUX HEMOXJIMBO HIBENIIOBATH B
mporieci BHpOOHMITBA. 3a TakuXx YMOB e(eKTuBHE

MIPUHHATTS pilleHb, M0 0a3yIThCS HA CHCTEMATHYHOMY
300pi, CTPYKTYpyBaHHI Ta aHaJITH4HIH 00poOILI TaHHX.

Po3BuTok cyuacHuMX iH(OpMAIifHO-aHATITHYHIX
pimens nependavae BUKOPHCTAHHS JTaHUX
arpoMeTeopoJIOT i YHAX CTaHIIIH, iHdopmanii

0e3mocepeIHFO BiJi BHPOOHHKIB, a TaKOX 3aCTOCYBaHHSI
MaTeMaTHYHUX MOJeJel 1 KOMI IOTEPHOTO MOJAETIOBAHHS
JUI OI[iHIOBaHHA KIIMAaTHYHUX YMOB, AWHAMIKH POCTY
CLIBCBKOTOCTIONAPCHKUX KYJBTYP 1 peai3aliro KOPeKTHHAX
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METOIUKHM BifIoOpakeHHS IX CYKYIHOrO BIUIMBY Ha
BUKOHAHHS arpoTEXHOJIOTIUHUX omeparii [2, 3, 4, 5].
Taki migxoaM AalOTh 3MOTY aHai3yBaTH albTepHATHBHI
CIeHapil  PO3BHTKY, JOCHIIKYBaTH  TEXHOJIOTIYHY
e(pEeKTHBHICTP MOICIHOBAHOI BHPOOHHYOI CHCTEMH,
MIPUYHHHO-HACIIAKOBI 3B’S3kM (DOpPMYyBaHHSA pPH3HKIB,
pamioHamBPHO — PO3MOUIATH  pecypcn B daci Ta
MiABHUIYBAaTH 3arajbHy eQEeKTHUBHICTh BHPOOHHUITBA B
YMOBax HMOBIPHICHOTO BIUTMBY KJIIMATUIHUAX PH3HKIB.

[MapanensHo 3 1MM 1udpoBi3alis arpapHOro
CeKTopy crpusie popMyBaHHIO €IMHOTO iH(OpMaLiitHOro
npocTopy, B sKoMy uLudpoBi marhopMu 3HAYHO
aKTHBI3yIOTh OOMIH 3HAaHHAMH MDK  QepMmepamu,
HAayKOBUMH YyCTAaHOBaMH Ta OpraHaMH JEp>KaBHOTO
YOPaBIiHHA, @ TAKOX 3a0€3MedyI0Th TIHONIY iHTErpariio
iHpOpMaLmifHNX CcHCTEM y  TPONECH  YIpPaBIiHHA
arpoBHPOOHUIITBOM. 3HayHi obcsru
arpoMeTeopoJIOTiYHMX ~ JaHMX Yy  [O€IHAHHI 3
TEXHOJIOTiIMH ~ IUCTAHIIIHHOTO  30HIYBAaHHSA  3eMi,
reoiHpopManiiHIMH cHCTeMaMu, MetonaMu Big Data ta
AQHANITUKK  3YMOBJIOIOTH  3pPOCTaHHS  CKJIAaJHOCTI
iHpOpMAIiMHUX CHUCTEM 1 MoOJelNel, L0 OIUCYIOTh
MOBEIIHKY BUPOOHUYUX CHCTEM, BOJHOYAC BiIKPHBAIOUU
HOBI  MOXJIMBOCTI  JJsl  YIpPaBIiHHA  IPOEKTAMH,
MiIBUIIEHHST €(DEKTUBHOCTI Ta KOHKYPEHTOCIIPOMOXKHOCTI
arpapHoi raiysi.

AHayi3 ocTa”HHIX JocaimkeHb i myOJikauii
CBIUUTH TPO Te, MO iHQopMaIiiiHi TexHoJoTil xemani
aKTHUBHIIIC IHTETPYIOTbCA B pi3HI chepu arpapHOro
BUPOOHMITBA. IX 3aCTOCYBaHHS OXOILTIOE HE JIMIIE
MapKETHHIOBl 1HCTPYMEHTH JUIsS MPOCYBaHHS MPOAYKINT
Ta BHUXOJYy Ha PHHKM 30yTy, ane H umdpoi 3acobu
B3a€EMOJIii 3 TapTHepaMH Ta AWIEPCBKUMH MEpekKaMu.
BonHouac IT-pimieHHs MIMPOKO BHUKOPHCTOBYIOTHCS LIS
JMCTAHIIHHOIO KOHTPOJIO BUKOPHCTAHHS MarepiajibHO-
TEXHIYHHMX 1 EHePreTHYHUX PECypCiB Mijl YaC BUKOHAHHS
MIOJIBOBHUX POOIT, @ TAKOX JUIS ONEPATHBHOTO IIAHYBAHHS
i KOpPHUI'YBaHHS BHUPOOHHMYMX TPOLECIB 3 ypaxyBaHHIM
morouHux ymoB [2, 3, 4, 5]. Ha cywacHomy erami
PO3BUTKY  arpocekTopy  iH(GOpMaIliifHi  TEeXHOJOTIl
CTBOPIOIOTH IIEPEyMOBH ISl (JOpMyBaHHS KOMIUIEKCHUX
iHpOpManifHO-aHATMITHYHUX CHCTEM, IO 0a3yIOThCS Ha
CYKYITHOCTI B3a€MOIIOB’sI3aHMX IMITAlIfHUX Mogeneil [3,
6, 7]. Koxna 3 Takux Mojelneil BinoOpakae OKpeMHid
KOMITOHEHT (DyHKLIOHYBaHHS BHPOOHMUYO! CHCTEMH —
arpoMETEOPOJIOTIYHI YMHHUKH, TEXHOJOTIUHI ormepariii,
JIOTICTHYHI TPOIECH, PyX MaTepialbHUX MOTOKIB abo
ynpaBimiHcbki  mexaHismMu  [3].  IloegmamHs — mux
KOMITIOHEHTIB Y MeXaxX €IMHOI CHUCTEMH Ja€ 3MOTy
oTpUMaTH  IJIICHE  YSBJIEHHA  IIPO JMHAMIKY
arpoBHUpPOOHMITBA Ta  IABUIINTH  OOIPYHTOBAHICTBH
YIPaBIIHCHKUX PillICHb.

V3aranbHEHHs pe3yJbTaTiB HAyKOBHUX JOCIIKEHb y

Taly3i  arpormpoOMHCIOBOTO KOMIUIEKCY TMiATBEPIKYE
BHCOKY  aKTyalbHICTh  TOJANBIIOTO  PO3BUTKY  H
YJIOCKOHAJICHHST  BIJTIOBIIHUX METOJIB, Mojeleld Ta

inpopmaniitaux cucTem. IX mNpakTHYHE BHKOPUCTaHHS
ICTOTHO 3HIDKY€ CKJIAIHICTh VYIPABIIHHSA IPOEKTAMH,
3abe3neuye eeKTHBHY MIATPUMKY NPUHHATTS pillleHs Ha

CTpaTerivHOMy i TaKTHYHOMY PiBHSX Ta (OpMye HajiliHe
iHpopMmauiliHe MiAIPYHTS Ui PO3BUTKY arpoOli3Hecy,
30KpeMa 4epe3 BUKOPUCTaHHS (piHAHCOBHMX IHCTPYMEHTIB,
TaKuX SK ()’ F0YEepCHi YrOau Ta KPSAUTHI MEXaHi3MH TOIIIO.

IlocTaHoBKa 3aBAaHHSA. METOIO CTAaTTi € PO3KPUTH
TEOPETHUYHI  INEPEIyMOBH,  QJITOPHUTM  Y3TOKCHHS
CKJTaJJOBHX TEXHOJOTIYHUX MPOEKTIB pIIHHUITBA Ta
NPENCTaBUTH PE3YJIbTaTH PO3POOJIEHHS IPOrPaMHOrO
3aco0y iMiTaIfiifHol Mozemi # BUKOHAHHS Ha HOTO OCHOBI
KOMIT FOTEPHUX €KCIIEPUMEHTIB.

Buxisiax ocHoBHoro Marepiaiay. CBoeudacHe
BUKOHAHHS MOJILOBHX pOOIT y PUIBHHLTBI € OJHHUM i3
0a30BHX YMHHHUKIB, 1110 OE3M10CEPEHBO BILUIMBAE HA PIBEHb
YpOXKalHOCTI  CUTBCBKOTOCHOJAPCHKUX  KYJNBTYp 1,
BIAMOBITHO, Ha (DiHAHCOBO-EKOHOMIUHI  pe3yJIbTaTh
IisuTbHOCTI arpapHuX miampueMctB [1, 8]. Piurmii o6csar
BUPOOHHIITBA (OPMYETHCS Tl BIDIMBOM CYKYITHOCTI
(dakTopiB, cepen SKUX NOMIHYIOTH HMPHUPOJHI YMOBH, IO
XapaKTepU3yIOThCS BHCOKHM CTYNEHEM HEBH3HAUEHOCTI
Ta 0OMEKEHUMH MOXITUBOCTSIMH YIIPABIIHCHKOTO BILIUBY.
Cawme 1151 3JIeXKHICTh 3yMOBITIOE CKJIAJHICTD TUIAHYBaHHS 1
peadizanii TEXHOJOTTYHUX NPOLECiB y pilbHUNTBI [9, 10].

IMOBipHICHUIT XapaKTep arpoMeTeopOIOTiYHUX YMOB
BIJITIOBIZTHOTO CE30HY OOYMOBIIIOE TIOTPEOY B MOCTIHHOMY
YTOYHEHHI CTPOKIB BHKOHAHHS OKPEMHX TEXHOJIOTTYHUX
oriepaniil, meperysiai iX 3MICTy Ta KOPUTYBaHHI TOTped y
MaTepialbHO-TEXHIYHAX, CHEPreTHYHNX 1 TPYIOBHUX
pecypcax. Y Takux yMOBax 3pOCTa€ POJIb ONEPATHBHOTO
MOHITOPDUHTY CTaHy 30BHIIIHBOTO CEpEIOBHINA Ta
JOCTYIly [0 aKTyalbHOi # JOCTOBipHOI iHQOpMAIii,
HEeoOXigHOT JUISL HIPUMHATTA 00TIPYHTOBaHHUX
VIOPABIIHCBKUAX PIMICHb IOM0 JAOIIBHOCTI 3MiH ¥y
TEXHOJIOTISIX ~ BHPOIIYBaHHS  CLIbCHKOTOCIIOAAPCHKHUX
KyneTyp [10].

3a muX mepeayMOB YIPaBIiHHS TEXHOJOTTYHUMH
CHUCTEeMaMHM pUIBHMITBA Ta IUIAHYBaHHS CE30HHHUX
MOJBOBUX POOIT MOTPeOYIOTh BIPOBAKEHHS CYYacCHHX
iHpOopMamiHO-aHATIITHYHIX CHCTEM, IOOYJIOBaHHX Ha
OCHOBI iH(pOpMaNiHHUX TexXHONoOTil. BukopucraHHs
TaKMX  CHCTEM Jla€ 3MOTy  IJIBUIIUTH  SIKICTb
VIOPaBIIHCBKAX pIIIEHh 1 3a0€3NCYUTH JTOCATHEHHS
IUIAHOBUX  BHPOOHMYMX  IMOKa3HUKIB.  OcoOimBoro
3Ha4YCHHs HaOyBae po3poOKa MoOJeneH, sKi 3maTHI
OJTHOYACHO BPAaXxOBYBaTH Taiy3eBy crieln(iky pijlbHUITBA
Ta  BIUIMB  HEKEPOBAaHMX  NPUPOJHHUX  (DaKTOpiB
30BHILIHBOTO CEPE/IOBHINA, 10 CIPHSIE ONTUMI3aLii
CTPOKIB BHKOHAHHS pPOOIT, MiJABHIICHHIO aJalTHBHOCTI
VOpaBIiHHSA Ta 3aranbHOi e(eKTUBHOCTI BHPOOHHIHMX

MIPOIIECIB.
BomHouac mpukimagHa  cnenudika  piIbHUNITBA
3YMOBITIOE HEOOXIiTHICTh TiCHOT y3TOJKEHOCTI

BUPOOHMYMX omepanii i3 NPUPOAHMMH MPOLECAMHU,
30KpeMa pOCTOM 1 pPO3BUTKOM KYJBTYPHHX pOCIIHH,
3MiHAMH arpoMETEOpPOJIOTIYHNX YMOB, (HhOpMyBaHHIM
arpo)oHy MOJIB i CTAaHOM TIPYHTOBOI POIFOUYOCTI, IO
JOAATKOBO  YCKJIAJHIOE 3aBJaHHSA IUIAHyBaHHA Ta
YIpaBIiHHSA B arpapHOMY BUpOOHHITBI [4, 5, §].
BignoBigHO 10 TMOJOXEHb Teopii cucteM i
METOJOJOTil  MOJENmOBaHHS, OyAb-KWH  peambHHUA
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¢i3uuHnii  a00 TEXHOJOTIYHMI mporec Moxe OyTH
NOJaHUi y QOpMalli30BaHOMY BHUIJIAI, IO CTBOPIOE
HepeyMOBH JUIsl HOTOo JIOCHIJDKEHHS, aHamily Ta
BiITBOPEHHS 32 Pi3HUX MOYATKOBUX 1 30BHIMIHIX yMOB [9,
11-13]. Taxwmit minxix mae 3MOry 3AiHCHIOBATH
MOpIBHAUIBHUI ~ aHami3  ambTepHATHBHUX  CIICHApIIB
BUKOHAHHA TIONBOBUX pOOIT, TPOTHO3YBATH MOKIIMBI
PU3UKK Ta OOTPYHTOBYBATH YIPABIIHCHKI PIICHHS IS
MATPUMKHE TPHAHATTS pIilIeHP Ha  ONEPaTHBHOMY,
TaKTHYHOMY W CTpaTeriyHoMy piBHSX. 3acTOCYyBaHHS
iHpOpMalIMHUX  TEXHOJOTiH y 1[BOMY  KOHTEKCTI
3abe3rneuye MoeJHaHHS PI3HOPIBHEBUX IHCTPYMEHTIB — Bifl
MOOUTBHHX PILICHBb 1 CEHCOPHHUX CUCTEM 300py AaHUX JI0
KOMIUIEKCHHX BeOIIaThopM 1 KOPHOPAaTHBHUX CHCTEM
YOpaBIiHHSA arpOBHPOOHHUIITBOM, IO MiABHINYE TOYHICTH

[UIAaHYBaHHS, MIBUAKICTh pearyBaHHS Ha 3MIHH Ta
3arajbHy  MPOTHO30BAHICTh  BHPOOHHYHX  CHCTEM
PUTEHUIITBA.

IMobynoBa Mojeneil TEXHOJNOTIYHMX CHUCTEM Y

PUIBHHMIITBI PO3NOYMHAETHCS 3 TPYHTOBHOTO aHAIIIZy
NPUYMHHO-HACTIIKOBUX  3B’S3KiB 1 Qopmaizamii
KJIFOYOBUX €JIEMEHTIB, SIKi BH3HA4alOTh €(EeKTHBHICTH IX
¢ynkiionyBanns. OcoOnuBYy yBary Ha IIbOMY eTari
NPUAUISIOTE MaTeMaTHYHOMY OIKCY IapaMeTpiB, IO
Oe3nocepeHbO BIUIMBAIOTh Ha PE3yJIbTATH BHPOOHHYOT
nistmbHOCTI [9]. TpuBanicTh BUKOHAaHHS IIOJILOBUX POOIT B
arpoceKTopi BH3HAYA€ThCA CYKYNHOIO €0  HHU3KH
YMHHHKIB, Cepe]] SIKMX MPHUCYTHI SIK KEpOBaHI IMapaMeTpu
TEXHOJIOTIYHOTO TIPOIECy, TaK 1 HEKEpOBaHI BIUIMBH,
MOB’s3aHI 3 arpoOMETEOPOJIOTIYHUMH Ta Oi0JIOTiYHIMHA
yMmoBamu [7, 11, 14].

3 ypaxyBaHHSIM IMOBIPHICHOT TNPHPOAM TaKHUX
BIUIMBIB OCOOJIMBOTO 3Ha4YeHHs HaOyBae IOWIYK 1
BCTAHOBJICHHSI CTATHCTHYHHMX 3aKOHOMIPHOCTEH 3MiHM
NPUPOTHO 3YMOBJIEHOTO (OHAY 4Yacy, y Mexax SKOTro
MOXJIMBE BHUKOHAHHS TEXHOJOTIYHHUX Omepamid i3
BUKOPDHCTaHHSM  BIANOBIAHMX  TEXHIYHUX  3acoOiB.
30KkpemMa, BH3HAUCHHS TPHUBAIOCTI (oHIY wHacy s
poOOTH TEXHIKH y Tepiofy 30MpaHHS BPOXKAKO A€ 3MOTY
OUTBIII aIEKBaTHO BPaXxOBYBaTH OOMEKEHHS 30BHIIIHBOTO
CepelloBUINA, TIiJBUIIYBATH TOYHICTH MPOTHO3IB i
OOTPYHTOBAHICTh YIPABITIHCHKAX PIIIEHs y TpoIeci
IUTaHYBaHHS Ta OpPTaHi3allii IUX Ta iHITUX POOIT.

3anponoHOBaHUHN MiAXi 0 BUSABICHHS 3a3HAYCHUX
3aKOHOMIPHOCTeH 0a3yeTbCcsi Ha IHTerpauii BIAKpUTHX
iH(hOpMAIIHHUX JKEPEIT, BIOPSAIKOBAHUX MACHBIB TaHUX,
OTPUMaHUX Y IMIpoleci BUPOOHMYHMX CIIOCTEPEKEHb, a
TaKOX pe3ynbTaTiB YHCENbHUX KOMIT TOTEPHUX
EKCIIEPUMEHTIB, pealli30BaHUX Ha OCHOBI CTATUCTHYHOI
iMitTanidnoi moxeni [14, 15]. Bimomo, mo imiTamiiHi
MOJIeTi MOXKHa MOOyAyBaTH 3a pi3HUMHU Metonamu. Hamu
BUKOpHCTaHO MeToa MoHnTe-Kapio, sikuii 3acTocoByeThCs
JUISl aHAJTI3y CHUCTEM 13 BUCOKOIO HEBH3HAYEHICTIO IIUIIXOM
0araTopazoBOro MOJICIIOBAHHs "BUIIAJKOBHX CIICHApiiB"
13 IOJJATTBIIIOI0 CTATHCTUYHOIO 0OPOOKOIO Pe3yIbTaTiB.

BumaakoBi cueHapii TEeHEpYIOThCS Ha  OCHOBI
BKIIFOUEHHS 1O CTATHCTHYHOI IMITamiiHOT MOIel
HMOBIpHICHHUX TOXIH, BIACTMBHUX JUIA Iepiogy 30MpaHHS
Bpoxato. lle 1ae 3Mory BUKOHyBaTH OaratopaszoBe
MozaemoBanHs  (iTeparii Moxaenmi) 1 BiITBOpPIOBaTH

MIHJIMBICTh BIUIMBY arpoOMETEOpOJIOTIYHMX YHHHUKIB SIK
Ha 3MiHy HOpPUPOJHO 3yMoOBIeHOro QoHay dYacy s
30MpaHHsl BpoXaro (tn3), Tak 1 Ha TMOKAa3HUKU 1000BOI
npoaykTuBHOCTI (W10o0) TexHiUHHX 3ac00iB (KOMOaiHiB)
1 CBO€YACHICTh OJIBOBUX POOIT 3arajom.

BuKOHaHHA KOMII'IOTEPHOTO MOJEIIOBAHHSA Ta
MaTeMaTHYHUH aHalli3 OTPUMAaHHX Pe3yJbTaTiB HO3BOJIIE
HE JINIIEC BCTAHOBHUTH CTATUCTHYHI XapaKTEePHCTHKHU tn3 B
Me)Kax 3aJaHOTO KaJICHIApHOTO Tepiofy, ale ¥ 3MiHCHUTH
OLIHKY pu3ukiB. Bimomo [4, 7], mo mnapamerp tn3

XapaKTepu3ye 4YacOBUH TPOMDKOK MDK IUIAHOBHM
MOYaTKOM 30WMpajbHUX pOOIT (TNp) Ta MOMEHTOM
HACTaHHS KPUTUYHMX yMOB, 3a SKHX [OZajblIe

BUKOHAHHS TEXHOJIOTTYHHX OTEpalliii CTa€ HeJTOUITbHUM.

Kepyrounce IMMH TEOPETHYHHMH IOJI0KEHHIMHI
HaMH pPO3pOOJICHO alrOpUTM Y3TOKEHHS CKIIaJOBHX
MPOEKTIB TEXHOJOTIYHOI CHCTEMH Ha IiACTaBI METOIIB
MOJENIOBaHHS (JUI1 TpWKIaxy 30UpaHHA  BpOXKAIO
myKpoBHUX OypskiB) (puc. 1). Lle#t miaxix rpyHTyeThCA Ha
HOBHX METOAMKAaX, METoJax 1 MOAENIX, a TaKoX
BUKOPHCTOBY€E CTATUCTHUYHE IMiTaliliHE MO/EIIOBAHHS
BIPTyaJbHOTO  TIPOEKTY  3aBISIKH  PO3pOOJIECHOMY
nporpamMHoMy 3acoby [12, 13]. BuxopucraHHs IHOTO
IHCTpyMEHTapil0 Jiae 3MOry MEHe/DKepaM IpPOEKTIB
MiBUIINTH  €(QEKTUBHICTh YNPABIIHCBKUX pIlIeHb Yy
BIAMOBIAHUX TEXHOJOTIYHMX cHcTeMax. Lle mocsraeThcst
3aBISIKM Y3TOJPKCHHIO 4Yacy II04YaTKy, OOCSTIB Ta TEMIIiB
BHKOHAHHS MOJBOBUX POOIT i3 HIMOBIPHICHIM PO3BUTKOM
arpoMeTeoposIoTiyHol  Ta TMPEeIMETHOI CKIAJOBHX iX
MPOEKTHOTO cepenoBuia [6, 16, 17]. Lle y3romxeHHs nae
3MOTy 3a0e3MeYNTH MAaKCHMANbHUH 30ip BHPOIICHOTO
yPOXKaro.

Peanizauis nux eramiB JOCHIJKSHHS 3JIHCHIOETHCS
Ha MiICTaBl MEBHUX MNPOLEAYp 1 MpaBmi, WO CYKYITHO
OKPECJIOIOTh CYTHICTh METOJIMKH Y3TO/PKEHHS CKIIaJJ0BUX
HPOEKTY TEXHOJIOTIYHOI CUCTEMH 13 yMOBaMHU IPOEKTHOTO
CepenoBHIIa.

[omepenne hopMyBaHHS MOYaTKOBUX HaHUX (OJIOK
1) momo MOXIMBUX 00CATiB poOIT (30UpaHHS BPOXKAK0) Ta
MOTYXKHOCTI ~ TEXHIYHOTO  OCHAIIEHHS  YMOXIIMBIIIOE
(dopMyBaHHS CKIaJOBHX IMX MpoekTiB (Onok 2). baza
3HaHb (00K 1) hopMyeThCs Ha TiACTaBI CHOCTEPEIKEHBb
METEOpOJIOTIHHOT CTaHII1 3a PO3BHUTKOM
arpoMeTeopoJIoriyHol  Ta  NPEeIMETHOI  CKJIaJOBUX
HPOEKTHOTO CEPEe/IOBHIIA Ta € OCHOBOIO Ut hopmartizanii
1 HACTYITHOT'O BiZIOOpa)KEeHHsI X PO3BUTKY B CTaTHCTHYHIN
iMiTaliiHiit MOJeNl BipTyaJ bHOTO IPOEKTY.

3aco0y 1i€i Mojem 3HiCHIOEThCS PETPOCIEKTHBHA
KUTBKICTh peaii3amiii Ta MOJAeTIoeThCs mepedir podit y
MIPOEKTaxX 3a Pi3HOTO PO3BUTKY arpoKIiMaTHYHUX YMOB i
pi3HMX IUTAaHOBMX TEpMiHIB ix mouatky tnp (Omox 3).
Amnaniz orpumaHunx pesyibrariB (Oyok 4) nae 3Mory
BCTaHOBUTH cepeHboOaraTopivHi TEpMiHH
ONITUMAJILHOTO TI0YaTKy poOIT y TMpOEKTaxX, 3a SKUX
Jocsaratumerbess  ymoBa  (Qd—Tax) MaKCHMAalbHOTO
obcsry (Qd) dakxtuano 3i6panoro Bpoxaro (070K 5). Y
pe3ynIbTaTi HBOTO Y3TOKYIOTECS 00CATH 1 TEMIIB pooiT y
mpoexTax (010K 6), M0 Jgae 3MOTy BHKOHATH OPi€EHTOBHE
MJIaHyBaHHA poOIT Ta OMHUTH €(QEeKTHUBHICTh 5K
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DQopMyBAHHH NOYATKOBHUX NAPAMETPIB NPOEKTIB |

(bopmyRaHHs BAPIAHTIE APAMETPIB [IPOEKTIB

o 5 e ) . P
CraTtHcTHYHE IMiTalliliHe MOJe/oBaHHs pobIT /s arpoKIiMaTHUHHX YMOB
PErioHY TQ PI3HHX Tnp.
i i

AHaniz pe3yibTaTlB MOCIIOBAHHSL.
1

Ogp—max?

Viaromxenas Woes Ta 8"

MoHiTOpHHT cTaHy M, Ta Am.
.

Y

Jnst BigoMux Waes Ta 8" BUSHAYUTH fnn® = S Waos, 110.

'
¥

[MomyK Tup 38 AKOTO CHPABIKYETHCH YMOBA fini=tnz, 110.

¥

31HCHUTH NPOrHO3 PO3BHTKY YMOB IPOEKTHOIO CEPE/IOBHILA TA BHKOHATH

CTATHCTHYHE IMITalllHe MOJeIIOBaHH poOIT Y BIPTYAILHOMY IIPOEKTL.

L]

AHai3 pe3y/IbTaTiB MOICIIOBAHHA.

10

QOgp—max?

o

Ysromxenust Woos, 812 7,

3 YMOBaMH MPOEKTHOIO CEpe/lOBHILA.

Puc. 1. AnroputM™ y3romKeHHS CKIIaJOBHX MPOEKTIB TEXHOIOTIYHOT CHCTEMH Ha TiICTaBi METOIB MOJIEITIOBAHHS

OTpuMaHi MOKa3HUKU YTOUHIOIOTHCS HA TAKTHIHOMY
piBHI ynpaBiiHHA. 30KpeMa, Kepyl4nCh BCTaHOBIEHHUMH
Ha  CTpaTeriyHoMy  pIBHI  YNpaBIiHHS  IIPOEKTIB
CcepeHb00araTOpiYHUMHA ~ TEPMIHAMH  OTNITHUMAaJLHOTO
MoYaTky poOiT, 3IHCHIOIOTH iX IUIAHYBaHHS, a TaKOX
MOHITOPHHT THHAMIKH MOTOYHOI 3MiHH YMOB ITPOEKTHOTO
cepenosuia (610k 7).

BiamoBigHo 10 006cATiB 1 TeMIiB poOIT BU3HAYAIOTH
TEXHOJIOTIYHO MOTpiOHMH doux yacy (trm) (6mok 8). Tomi,
Kepyrouuch  0a30l0  3HaHb, 30KpEMa  3aJIEXKHICTIO
TpHBaJIOCTi (t13) IPUPOJHO 3yMOBIEHOTO (DOHIY Yacy Ha
BUKOHAHHS OypsAKO30MpaJbHUX POOIT BiJ Yacy MOYaTKy
pobiT Ta PH3MKOM IMX [OKa3HWKIB, BU3HAYAIOTh
KaJIeH/JApHUH TEepMiH, 3a SKOr0O BHMHHKAaTUME YyMOBa

piBHOCTI MiX trm i tm3 (Omox 9). BimmToBXyrodmchk Bif
LBOTO TEPMiHY Ta JIJaHUX MOHITOPHMHIY 32 MpPEAMETHUMH
YMOBaMH, 3IHCHIOIOTH IPOTHO3 HACTYIIHOTO PO3BHUTKY
YMOB arpoOMETEeOpOJIOTIYHOT Ta MPEAMETHOI CKIaJI0BHX
MPOEKTHOTO CEPEJOBUILA 1 BHUKOHYIOTh CTATHCTHYHE
iMiTaniHe MOJEITIOBAHHS POOIT Y BIpTyaJbHOMY MPOEKTI
3a PI3HMX IUIAHOBHX TEPMiHIB iX mouarky (6mox 10).
Amnani3z pe3yipTaTiB (0sok 11) mporo MoAeNIOBaHHS Ja€
3MOTY BIJIIIYKATH TaKUi KaJCHAApPHUH TEPMiH MOYATKY
poOiT 3a sKOTO JocsATaTUMEThCs ymoBa Qd—Tax (00K
12). Tlowyarok poOiT y 1el JeHb Jae 3MOry 3a0e3NeunTH
BHKOHaHHs yMOBH RE—Tin ta E—Tax (610K 13), a BinTak
Y3TOJUTH OOCST, TEMII 1 4ac MOYaTKy poOiT y NpOeKTax i3
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BIZIMOBITHUMU YMOBaMH OKPEMOTO POKY IX peaizamil
(6ok 14).

Jis mpakTH4YHOI peaii3aiii HaBEACHOI METOIUKH
HaMHu BUKOPHCTAHO CTPYKTYpH JTAaHNX
arpoMerepororiqaoi craHmii Bomomumupcekoro paiioHy
Bomuucekoi  obmacti  (mist  mepiomy 30 pokiB).
BararopazoBa peamizamiss KOMIT'IOTEpHOi  IIPOTpaMu
CTaTHCTHYHOI IMITaIiifHOI MOJENi BipTyaJbHOTO MPOEKTY
Jana 3MOTYy CHHTE3YBaTH MAiI0 YHHHUKIB €(peKTHBHOCTI
IUX MIPOEKTIB, BiITBOPUTH CHCTEMHO-TIOII€BI
0co0mBOCTI (dopmyBaHHS YMOB MPOEKTHOTO
CepeNloBHINA, a TAKOX IX BIUIMB Ha Iepedir MoJbOBUX
po0it. BuKoHaHHS KOMIT'FOTEPHHX EKCIICPUMEHTIB 13
MOJIEJUTIO BIPTYAJIILHOTO TIPOEKTY, Ul SIKOTO Harepesn
3amaHo obcarm Ta TemmH podiT (Oypsxo3OmpanbHUI

KoMOaitH moryxkHicTFo — 170 xBT), y™moxnmmBHIO
0.25
0.20 \

b~
—
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Yacricrs, Pi

0.10 /
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]

o

0.00
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. .ot
OnTuManbHuii yac nouatky pobir 7. , noba

np *

Puc. 2. I'icrorpama Ta TeopeTHYHA KPHBA PO3IIOILITY
OINTHUMAIBHOTO Yacy TOYaTKy 30MpaHHs BPOXKAIO IIyKPOBHX
OypsikiB 1t yMOB Bomoammupceskoro p-Hy (3akoH Jlamaca-
[apmbe).

Ha mnigcrapi kpurepito y? IlipcoHa 0BGIpyHTOBaHO,

: opt
posnoxmin 7

qoTHpunapaMeTpuuHuM 3akoHoM Jlaruaca-1llapnee, a Sy
13 3aKOHOM CTEIIEHEBOTO PO3IOJLLY.
3okpema, qudepeHnianbHa QyHKIiS po3NOAiTY fﬁﬁ‘

0  eMITipUIHHAN Y3rOJUKY€ETbCSL 3

Ma€ BUTIAL:

2
t

f(r)=0137-e 2 {1—0,08~t-(t2 ~3)+0,00003- - (t* ~2) - 3(’ 71)}};

np
7 272,944
= ®
2,919

OTPUMaHHS BHMYEPITHOI MHOXXWHHM TOKa3HHUKIB  [UX
npoektiB. Cucremaruszamis I ONpamioBaHHSA  LUX
iHTerpoBaHnX (PyHKLIIOHAIBPHUX TOKa3HHUKIB Ha MiJICTaBi
METOJIB MaTeMaTH4YHOI CTaTUCTHKH Ta 3aCTOCYBaHHI
kputepito y?> TlipcoHa YMOXIMBMIM OOIPYHTYBaHHS
Mozenel ix pusuky (puc. 2 Ta puc. 3) [12, 13].

OmnparroBaHHs pe3ynbTaTiB KOMI FOTePHHAX
eKCIepUMCHTIB Ha II/ICTaBi METOMIB MaTeMaTHYHOI
CTaTHCTHKH Jal0 3MOTYy BCTAHOBHTH CTaTHCTHYHI

XapaKTEpPUCTUKU PHU3MKY Yy NPOEKTaX TEXHOJOTTYHUX
cHCTeM 30MpaHHsS BpOXKalo Ta OOIPYHTYBaTH DPO3IOALIHN:

1) ONTUMAJIEHOTO qacy ( rr?g‘ ) M0YaTKy

Oypsiko30upanbHUX pobiT (puc. 2), moba; 2) obesris (Sg)
(akxTuaHO 316paHux 1o (puc. 3), ra.

0.45
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0.35
0.30 /
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0.10 A
7

0.05

Yacricts, Pi

0.00

98.7 98.9 99.0 99.2 99.3 99.5 99.6 99.8 99.9

Obcar daxruyHo 3106paHux miont Sy, ra
Puc. 3. T'icrorpaMa Ta TeopeTHYHa KpHBa PO3IOILTY 00CATY
. . t
(haxkTHIHO 310paHMX IUIONI IyKPOBHX OYPSIKIB 3a r:g y IPOEKTaX

(cTerieHeBHIA 3aKOH).

['omoBHI CcTaTHCTHYHI XapaKTEPUCTHKH PO3MOILTY

@ M[r2] = 2729 nobGa; v[7'] = 0,326.
Jogipuuii iHTEpBaN rfg‘ JNeXKUTh y Mexax 264...279
no6u.
Judepennianpaa pyHKIia S¢ Mae BUTIIIA:
S 361.918
f(S,)=054] —= : 2
so-05i{ %) ;

I'o5loBHI CTaTHCTHYHI XapaKTEPUCTHUKH PO3IOALTY
Sp: M[S,1 = 99,7 ra; v[S,] = 0,177. Jlosipunii

iHTepBan S¢ nexuts y Mexax 97,9...100 ra.
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BcranosneHi CTaTHUCTUYHI XapaKTEePUCTUKU
(GYHKIIOHAJBHUX TOKAa3HUKIB € BaXJIMBOIO IIiJICTABOIO
YIPaBIiHHS NPOEKTAMHU TEXHOJIOTIYHUX CHCTEM 30HMpaHHs
BpOXKAl0 Ha MiACTaBi Y3rOKEHHS Yacy MOYatKy, oOcsry
Ta TEMITiB pOOIT i3 BpaxyBaHHAM HMOBIpHICHOI TOBEIIHKA
MPOEKTHOTO CEPELOBHILA.

BucHoBku. Buxopucransas iHpOpMaiHHIX
TEXHOJIOTIM 1 METOMIB CTAaTUCTHYHOTO IMITaIiifHOTO
MO/IETIFOBaHHS € e()eKTHBHUM IHCTPYMEHTOM IiJBHIICHHS
€(eKTUBHOCTI YNPaBIIHHA HPOEKTAMH TEXHOJIOTIYHUX
CHUCTEM Yy pPUIBHHMUTBI i3 BpaxyBaHHSIM CTOXaCTHYHOTO
BIUIMBY MPOEKTHOTO cepeloBulIa. Takuil migxix nae
3Mory QopmaiizyBaTu CKJIaaHi BUPOOHHWYI IpoOIeCcH Ta
BpaxOBYBaTH  HEBU3HAYCHICTb  HU3KH  YMHHHKIB
30BHIIIHBOTO CEPEIOBUINA IIiJi dYac IUIaHyBaHHS Ta
peaitizariii IpO€EKTIB TEXHOJOTIYHNX cHUCTeM. PeamizoBana
METOJOJIOTIs TOCHTIKEHHSI 0a3yeThcsi HA KOMIT IOTEPHUX
eKCTIEPUMEHTAX I0JI0 BUKOHAHHA BIPTyaJbHUX IIPOCKTIB
TEXHOJIOTIYHOI CHCTeMHU 30MpaHHSA BPOXao i3 3aJaHUMHU
napamMeTpamMu Ta 00’€KTHBHUM BiJJOOpPa)KCHHSIM BIUIUBY
MPOEKTHOTO  cepeAoBHlia. Po3pobneHuit  anroputm
Y3TOJDKEHHSI 4acy IMOYaTKy, OOCSTiB i TEMIiB BUKOHAHHS
pOOIT 103BOJIIE BUKOHATH IOCTI/DKCHHS ¥ 3a0e3meduTu
OiplI  OOIPYHTOBaHMN BHOIp YNIPaBIIHCHKUX pillIEHb
LULIXOM aHali3y allbTePHATHBHUX CIEHapiiB peaizarii

NPOEKTIB. 3acTOCYBaHHA LBOrO MiAXOLY Ja€ 3MOTY
OIIHUTH BHPOOHUYI pHU3UKH, ONTHUMI3yBaTH
BUKOPUCTaHHSA pPECypCiB 1 TIABHIIMTH THYYKICTh

YIPAaBIIiHHS TEXHOJIOTTYHUMHU CUCTEMaMHU.
3acTocyBaHHS HPOrPaMHOr0 3aco0y CTaTHCTHYHOT
IMITaIiifHOT MOJIeJI BIpTyaJIbHOTO MPOEKTY TEXHOJIOTIUHOT

CHUCTEMH  JaJI0  3MOTY  JIOBECTH  MOJXKJIMBICTb
OOIpyHTYBaHHSI ONTUMAaJBHOTO Hacy IOYaTKy pooOiT, 3a
SKOTO  3a0e3NeuyloThbCs ~ MIHIMAJIbHUIL  pU3UK  Ta

MakcuMajibHa e(QEKTHBHICTh IIMX MPOEKTIB. 30Kpema,
BUKOHAaHHS  KOMITIOTEPHUX  €KCIEPUMEHTIB  (Jis
IMOYaTKOBHX yMOB: BHpoOHHM4Ya mporpama — 100 ra,
TEXHIYHE OCHAIICHHS MOTYXHICTIO — 170 kBT, moTouna
Maca KOPCHEIUIONiB IyKpoBux Oypskie — 460,39 1) 3a
MOJIETIbOBAaHUX YMOB TIPOEKTHOTO CEpPEIOBHINA  Jajio
3MOTYy BCTAHOBUTH CTaTUCTHYHI XapakTEPUCTHKH Ta
pU3UK  BIATOBIAHWX  (YHKIIOHAIFHUX  TIOKAa3HHUKIB.
BcranoBneno,  mo a8 33JaHUX  [apameTpiB
TEXHOJIOTIYHOI CUCTEMH ONTUMaJIbHUI Yac moyaTrky pooiT
3HAaXOIUTUMEThCSA Y Mexax 22 BepecHs — [ KOBTHA (264-

279 no6u) (M[z®'] = 272,9 n06a; v[7°] = 0,326), a

np
pO3MOAIT  IBOTO  TOKAa3HWKA  Y3TOIKYEThCS i3
TeopeTnyHNM 3akoHOM Jlammaca-Illapnee (auB. puc. 2).
BiamosigHo, po3moain o6csriB GakTHIHO 310paHUX TUIOI]
(M[S,1 =997 ra; v[S,] = 0,177) ysromkyerscs i3

CTETICHEBUM 3aKOHOM (JIUB. puc. 3).
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B. B. MOPO30B, P. I0. KY/IHK

IMPOTI'HO3YBAHHSA PU3UKIB ITPU YIIPABJITHHI BININBAMUW OTOYEHHS IT-ITPOEKTIB B
YMOBAX ®IKCOBAHOI'O BIO/IZKETYBAHHSA

JlocTipKeHO MeToIu NMPOTHO3YBAaHHS PH3UKIB B yNpaBIiHHI (iKCOBAHOOIODKETHUMH ayTCOPCHHIOBHMHE IT-ipoexTamu 3 ypaXyBaHHSM HeNiHiHHOL
JMHAMIKH BIUIMBIB 30BHIIIHBOIO CEPEIOBHUIIA. 3aNPONOHOBAHO IHTErPALliiHUN MiIXil, 10 MOETHY€E TPAAULIHHI NPAKTUKH YIPABIIHHSI HPOEKTAMHU 3
CyYaCHHMH METOJaM{ NPOTHO3YBAaHHS PU3HKIB, BKIIOYHO 31 CTATHCTUYHUMHU MOJIEISIMH, QHAII30M YaCOBHX PSIOIB Ta CUMYJIALIHHUMH TEXHIKaMH.
IIpoBeieHO MOEIIOBAHHS BIUIMBY PUHKOBHMX KOJIMBAaHb, TEXHOJIOTIYHOI HEBH3HAYEHOCTI Ta PETYJISITOPHUX 3MiH Ha KIIOYOBI MOKAa3HUKH IIPOEKTIB,
30KpeMa TEepMiHM BHKOHAHHS, BUTPATH Ta SKICTh KIHIEBOrO NPOAYKTy. Pe3ymbraTi mHOKa3any, IO BUKOPUCTAHHS 3alPOIIOHOBAHUX METOJIB
MPOTHO3YBaHHS PU3HUKIB J03BOJISIE MiABHLIMTA TOYHICTh IUIAHYBaHHS OIO/DKETY Ta pecypciB, 3HH3UTH IMOBIPHICTh MEPEBUILIECHHS TEPMIHIB i
3a0e3MeunTy CTaOlIbHICTh BUKOHAHHS MPOEKTHUX 3aBJaHb. 3alPOIIOHOBAHI METOIH NependadaroTh ineHTH(hIKAIo MOTeHIIITHIX PH3HKIB, KiNbKICHY
OLIIHKY iX WMOBIPHOCTI Ta BIUIUBY, @ TaKOX aJalTalilo [UIaHy yIpPaBIiHHS MPOEKTOM [0 3MiH 30BHIIIHBOrO cepenoBuiia. Ha ocHOBI MoxentoBaHHs
BU3HAYCHO MPIOPUTETH YIPABIIHCHKUX PillleHb Ta ONTHMAJbHI cTpaterii pearyBaHHs Ha HenepenOauyBaHi ¢aktopu. [Ipaktidna peamisawis miaxomy
JI03BOJISIE OPTaHi3alisM MiJBUIIUTH e(peKTHBHICTH (hiKCOBAaHOOIOKETHHUX ayTCOPCHUHTOBUX IT-NpoeKTiB, 3MeHINTH (hiHAHCOBI BTPATH Ta IOJHIIIHTH
SIKICTh IIPOJYKTY 3 BPaXyBaHHSM YMOB 3MiHHOTO PUHKOBOTO cepeioBuila. CTaTTs TAKOX OKPECIIOE NEPCIICKTUBU MOAAJIBIINX AOCIIPKEHb, BKIFOYHO
3 BNPOBAKCHHSAM MAIIMHHOTO HABYAHHSA Ta BENHKUX MAHUX JUIS IIiJBUIICHHS TOYHOCTI NPOTHO3YBaHHS PU3MKIB Ta aBTOMarH3auii IpoOLEciB
yrpasiiHHs cKnagHuMu [T-poexTamu.

Kia104oBi ciioBa: ympaBiiHHS MPOEKTAMHU, MPOTHO3YBaHHS PHU3HUKIB, (iKCOBAHOOIOKETHI MPOEKTH, ayTCOPCHHT, IT-NPOEKTH, MOJETIOBAHHS
PHU3HKIB, IUIAHYBaHHS PECYPCIB.

V. MOROZQOV, R. KULYK

RISK FORECASTING IN THE MANAGEMENT OF EXTERNAL FACTORS AFFECTING IT
PROJECTS UNDER A FIXED BUDGET

The study investigates project management methods and risk forecasting in fixed-budget IT outsourcing projects considering the nonlinear dynamics
of the external environment. An integrated approach is proposed, combining traditional project management practices with modern risk forecasting
techniques, including statistical models, time series analysis, and simulation methods. The research models the impact of market fluctuations,
technological uncertainty, and regulatory changes on key project indicators, such as timelines, costs, and final product quality. Results demonstrate
that risk forecasting enhances budget and resource planning accuracy, reduces the probability of schedule overruns, and ensures stability in project
execution. The proposed methodology encompasses risk identification, quantitative assessment of probability and impact, and adaptation of the project
management plan to environmental changes. Modeling outcomes define decision-making priorities and optimal response strategies to unforeseen
factors. Practical implementation of this approach allows organizations to increase the efficiency of fixed-budget IT outsourcing projects, minimize
financial losses, and improve product quality under variable market conditions. The study also outlines directions for future research, including the
application of machine learning and big data to enhance risk forecasting accuracy and automate project management processes.

Keywords: project management, risk forecasting, fixed-budget projects, outsourcing, IT projects, risk modeling, resource planning.

Beryn.  CywacHi  iHpoOpMmamidiHI  TeXHOJOTII
PO3BHBAIOTHCS LIBUIKUMHU TEMIIAMH, 110 CTBOPKOE 3HAYHI
BUKIIMKK 1 ynpaeiinas [T-mpoekramu, ocoOiauMBO Y
BUIIAKY (ikCOBaHOOIOPKETHUX AYTCOPCHHTOBUX (D iKCOBAaHOOIPKETHUMH AYTCOPCHHIOBHMHU TPOEKTAMHU,
KOHTpakTiB. [ligBHIEHAa KOHKypeHIisi Ha pHHKY, [0 OOMexye e(eKTHBHICTh peaiizalii TakuX HpPOEKTIB
TEXHOJOTIYHA HEBU3HAYCHICTh Ta JAWHaMiuHi 3minm  [2].

PETYJITOPHOIO cepefoBHIia (OPMYIOTh CKIAgHE Ta
HecTablIbHEe 30BHILIHE CEPEOBHUINE, IO Oe3MmocepenHbo
BIUTMBAE Ha e¢()eKTUBHICTh BUKOHAHHS MPOEKTIB. Y TaKuX
YMOBaX KJIACHYHI MiOXOAW 1O YIPABIIHHSA MPOEKTAMH

cepenoBHIa. BopHowac icHye HeZoCTaTHS KUIBKICTh
NPaKTUYHO 3aCTOCOBHUX MOJIENeH, sKi IOEIHYIOTh
MIPOTHO3YBaHHS PHU3UKIB i3 YIpaBIiHHM

HaykoBe 3Ha4yeHHs paHOi poOOTH mONArae y
po3po0ii  iHTerpaliifHOro MigXOQy JO  YIpPaBIiHHS
MPOEKTAaMH B YaCTHHI YIpaBIiHHA (TPOTHO3YBAaHHS)
pU3UKIB, WIO J[JO3BOJISIE BPAaXOBYBaTH IHHAMIYHI Ta

4acTo He 3a0e3NeuyroTh HaJle)KHOT TOYHOCTI IIaHyBaHHS
OFOIKETy, pecypcCiB i TEpPMiHIB, a TaKOXX HE ITO3BOJSIIOTH
CBO€YACHO pearyBaTy Ha HernepenoadyBaHi pusuk [1].
[Ipobnema YTpaBIiHHS pU3UKaMHU y
(ikcoBanoOrmKeTHUX [T-TpoekTax HabyBae 0OCOOIMBOL
aKTyaJIbHOCTi, OCKUIbKM OyIb-sIKE BIIXWIEHHS BiJ
3aIJIAHOBAHKX PECYpPCIB UM TEPMiHIB MOKE TIPHU3BECTH JIO
(iHAHCOBMX BTpPAT, 3HIKEHHA SKOCTI MPOAYKTY Ta
MIOPYIICHHST JOTOBIpHUX 3000B’s3aHb. CydacHi HAyKOBi
JOCTI/PKEHHST BKa3ylOTh Ha HEOOXiAHICTH iHTErpamii
TPaIMUIHAX  METOMIB  YIIPaBJIiHHS  TNPOEKTaMH 3
nepe10avyBaIbHIMH MOJICNISIMH PH3HKIB, 1110 JIO3BOJISIOTH
BpPaxoBYBaTH HeJiHIAHI BIUIUBU 30BHILIHBOTO

HENiHIHHI 3MIHA 30BHIITHHOTO OTOYCHHS TAKHUX IPOEKTIB,
a TakoX y BH3HAYECHHI KUIbKICHMX ITOKa3HHKIB BIUTUBY
PH3HKIB HA KJIFOYOBI apaMeTpH npoekTiB [3]. [Ipaktuune
3HAUEHHS IOJIATAa€ y IJBHIICHHI TOYHOCTI IJIaHYBaHHS

Oromkery 1 pecypciB,  3HWKEHHI  WMOBIpHOCTI
MEePEeBUIICHHS  TEPMiHIB  BUKOHAHHA  3aBJaHb Ta
3abe3nedeHHi crabimpHOCTI pobotm [T-koMmmaniid y

CKJIaJHIX YMOBax puHKY [4].

1. Anaxi3 ocraHHix AociaikeHb i myOJikauiii.
VYnpasninssa [T-npoextamu 3 QikcoBaHUM OIOKETOM €
OJHAM 13 HaHOUIBII CKJIAJHUX HANPSMIB HPOEKTHOT
JISUTIBHOCTI  4epe3 BHCOKWI piBEHb HEBH3HAYEHOCTI
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BIUIMBIB  30BHINIHBOTO  CEpENOBHUINA, IO BKIIOYAE
PUHKOBY  BOJIATHJIBHICTB, TEXHOJIOTIYHI 3MIHHM Ta
peryisaTtopHi oOMexeHHA. Y  HAyKoBiil Jiteparypi
pobiemy YIpaBITiHHS pHU3UKaMHI y
(ikCOBaHOOIOKETHIX  NPOEKTAX  MOYaTd  aKTHBHO
OCTIKYBaTH TIOYMHAIOUM 3 modatky XXI cromiTrs,
aKIEHTYIOUH yBary Ha iHTerpamii TpagumiiHUX METOIiB
IUIAaHyBaHHS Ta  KOHTPOIIO 3  IIPOTHO3YBAHHIM
MTOTCHIIMHUX BiIXWICHD [S].

Knacuuni migxoam 10 YHpaBIiHHS MPOEKTaMH,
mpeacTaBieHi y poborax [1] Ta [2], BU3HAYAIOTH
CTaH/JapTU30BaHI NPOLECH IJIaHyBaHHS, MOHITOPUHTY Ta
KOHTpOJIIO PECypciB, MPOTE€ BOHH HE BPaxOBYIOTh BIUIMB
HENIHIHHUX Ta JUHAMIYHHMX 30BHIIIHIX (haKTOPIB, IO
XapakTepHi U1 (iKCOBaHOOIOHKETHIX ayTCOPCHHTOBHX
IT-ipoexriB. [HocmimpkeHHs [6] TpHUOINAIOTE yBary
VOpaBIIHHIO pPH3WKAMH B  TPOCKTHIH  MiSTIBHOCTI,
MIPOTIOHYIOYN METONH iMeHTU(IKAIIT Ta KUTbKICHOT OI[IHKH
PU3UKIB, IPOTE iXHI MOIENI MEepPeBaXHO OPIEHTOBaHI Ha
KJIacW4YHI TPOEKTH ©Oe3 oOMexeHb Omomkery abo
cneuudiky ayTCOPCHHTY.

VY cydacHux pobotax [7] 30cepepkeHO yBary Ha
aJanTUBHUX 1 TIOPUOHMX NiIX0Jax [0 YHpaBIiHHA
npoekTamH, sKi mnoeqHyioTb Agile Ta Waterfall s
MiABUICHHS €(EKTHBHOCTI B YMOBaxX HEBHU3HAYEHOCTI.
IIpoTe HaBiTh IIi MiAXOAM HE BKIIOYAIOTH KiTbKICHE
NPOTHO3YBAaHHA PH3WKIB 3 YpaxyBaHHSAM HENIHIMHUX

BIUIMBIB  30BHIIHBOTO  CEPEAOBHINA, IO  3aJHIIAE
HEBUPINICHOIO  mpoOieMy  iHTerpamii  ympaBiliHHS
HPOCKTaMH Ta PH3HK-TIPOTHO3YBaHHS y

(ikcoBaHOOIOKETHIX ayTcOpcuHTOBUX I T-mipoekTax.
OcranHi gociijpkeHHss y cdepi MaremMaTndHOro
MOJeNIOBaHHs ~ pu3ukiB  [8, 9]  meMOHCTpYyIOTh
e(eKTUBHICT, METOZIB 4YacOBHX psJIiB, perpecii Ta
CUMYJISILIN JIJIsI IPOTHO3YBaHHs HECTAOUIbHHUX ITPOLECIB.
BonmHouac 3acTocyBaHHSI LMX METOMAIB Yy KOHTEKCTI
¢ikcoBaHoOwKeTHUX [T-MPOEKTIB € OOMENKEeHUM, 110
CTBOPIOE TOTPeOy y po3poOIli IHTETPOBAaHUX MOJEINEH,
3aTHUX OJTHOYACHO BPAaXOBYBaTH OIOKETHI 0OMEKEeHHS,

9acoBi paMKHd Ta JUHAMIYHI PH3UKH 30BHIITHHOTO
cepenosuia [10].
Takum YUHOM, HAYKOBI OCIIIDKEHHS

MiATBEPKYIOTh aKTYaJIbHICTh IPOOIEMH, aje 3aJIMIIAI0Th
HEBUPINICHUMH KIIFOYOBI nutanus [11]:

- BIJICYTHICTb MOJEJEH, SIKi IHTEerpyIOTh YIPaBIiHHs
NpOEKTaMH Ta [POTHO3YBaHHS pPHU3UKIB Yy Mexkax
(iKCOBaHOTO OIOKETY;

- HeIOCTaTHA KUTbKICHA OIiHKa BIUIMBY 30BHIIIHIX
HENiHIHHUX (aKTOPiB HAa €PEKTUBHICTH MMPOEKTY;

- BI[ICYTHICTh MPAKTHYHUX METOJIB aJanTallii Iiany
MIPOEKTY 10 JUHAMIYHHMX 3MiH CEPeaOBHIIA.

[aHa ctaTTsl npUCBSYEeHA BUPIIICHHIO [IUX IPOTaJINH
4yepe3 po3poOKy IHTETpOBaHOTO MiIXOMy, KU MOEIHYE
YIOpaBIiHHSA MpPOEKTaMH Ta IPOTHO3YBAaHHS PHU3HKIB,
JIO3BOJISTFOYH TTiIBHITUTH TOYHICTh TUTAHYBaHHS OIOKETY,
pecypciB i TepMiHIB, a TaKOX CTaOUIbHICTh BUKOHAHHS
(ikcoBaHOOIOKETHUX ayTCOPCHHTOBHX I T-TIpO€EKTIB.

2. Merta crarTi. MeToro naHoi cTarTi € po3podka
METOY IHTETPOBAHOTO YTIpaBIiHHA

(iKCOBaHOOIOIKETHUMHU ayTCOPCUHTOBUMU IT-
MIPOEKTAaMU 3 MPOTHO3YBAaHHSM DPHU3HUKIB, IO BHHUKAIOThH
YHACJIIOK BIUIMBY JMHAMIYHHMX Ta HEJIHIHHUX (aKTopiB
30BHIIIHBOTO cepenoBHma. Jlo Takux (GpakTopiB HalekKaTh
PUHKOBa BOJATHJIBHICTh, TEXHOJOTIYHA HEBHU3HAYCHICTB,
peryJIATOpPHI 3MIHHM Ta iHIN HemepenOadyBaHI IOAIi,
3[IaTHI CYTTEBO BIUTMHYTH Ha TEPMiHHU BHKOHAHHS, 00CAT
pecypciB Ta SIKiCTh KiHIIEBOTO TIPOIYKTY.

Jlns  JOCATHEHHS TIOCTaBJICHOI METH HEOOXiTHO
BUPIIINTH HU3KY 3aB/IaHb:

1. Inentudikamnis Ta kiaacudikaiis pPHU3HKIB, SKi
BUHMKAIOTH Y (hiKCOBAaHOOIOKETHUX ayTcopcuHroBux IT-
MIPOEKTaX, 3 YpaxyBaHHAM CHEUU(IKH 30BHIIIHEOTO
CepeIOBUINA Ta 0COOIMBOCTEH B3a€MOJIIT 3 3aMOBHHIKOM.

2. KinpkicHa OIliHKa BIUIMBY PU3WKIB Ha KIIOYOBI
MMOKA3HUKM TIPOEKTY, TakKi SK TEpPMiHA BHKOHAHHS,
BUTpaTH Ta SKICTb MPOAYKTY, 13 3aCTOCYBaHHIM
CTaTUCTHYHUX METOMIB, PErpeciiHOro aHamizy, aHali3y
YaCOBHX PAIB Ta CUMYJIAIIIHHUX MOJEINEH.

3. Po3pobka iHTerpoBaHOi MOJENi  yNpaBIiHHI
NPOEKTOM, sIKa IIOEAHYE IUIAHYBaHHS Ta KOHTPOJb
peCypciB i3 TIPOTHO3YBaHHAM pPH3HKIB 1 JI03BOJISE
auanTyBaTH IUIaH TPOEKTY JO 3MiH 30BHILIIHBOTO
CepeNoBHUIIA.

4. ExcriepiMeHTanbHa  IepeBipka  e()eKTHBHOCTI

3alpONOHOBAHOTO MiJXO/Y, BKJIIOYHO 3 MOJIEIIOBAHHIM
CIEHapilB  pPO3BUTKY MpPOCKTYy Ta  MOPIBHAHHAM
pe3yibTaTiB 3 KIACHYHHMH METOJaMH  YNPaBIiHHS
MIpOoeKTaMH 0€3 IPOrHO3YBaHHS PU3HKIB.

5. BusHaueHHS NPaKTHYHUX PEKOMEHMAAIH Ay
T IBUIICHHAS e(eKTUBHOCTI YIpaBITiHHS
¢bikcoBanoOwmxkeTHuMu  IT-ipoekTamMu,  MiHIMi3aIil
(iHaHCOBUX BTpaT Ta MiABMUICHHS SKOCTI NPOIYKTY B
YMOBaxX HEBHU3HAYEHOCTI.

Po3B’si3aHHs 1MX 3aBJaHb JI03BOJSIE HE JIUIIE
HIiIBUIUTH HAyKOBE PpO3YMIHHS MeXaHi3MiB BIUIUBY
30BHILIHIX (akTopiB Ha e(EKTUBHICTD
(ikCOBaHOOIOKETHIUX MPOEKTIB, a ¥ 3abe3meuye
MPaKTHYHY WiHHICTh s [T-koMmaHiid, 10 BHKOHYIOTH
IIPOEKTH Ha YMOBAX JKOPCTKOTO OIO/IKETY.

TakuMm 4MHOM, TOCTAHOBKA 3aBJAHHS CTAaTTi MOJISTAE
y CTBOPEHHI METOIiB, IO 3a0e3NedyIoTh IHTErpariro
YIPaBIiHHSA TPOEKTaAMU Ta TPOTHO3YBAHHS PHU3HUKIB Y
pamkax  (ikcoBaHOOW/DKETHUX —ayTcopcuHropux IT-
NPOEKTIB, IO J03BOJISIE 3MEHIIUTH HETaTHBHUH BIUIMB
30BHIIIHIX  (AKTOpIB Ta MiJABUIIUTH  CTaOUIBHICTD
BUKOHAHHS IPOEKTHUX 3aBJIaHb.

3. Bukjgax ocHOBHOro martepiaay. Jlnsa
ITiIBUILICHHS e(eKTUBHOCTI yTpaBIiHHS
(ikCOBaHOOIOIKETHUMHU ayTCOPCUHTOBUMU IT-
MIPOEKTaMU y pOOOTI BUKOPUCTAHO iHTErpOBAaHMH MinXif,
IO TMOENHYE IHCTPYMEHTH KJIACHYHOTO HPOEKTHOTO
MEHEDKMEHTY 3 METOJaMH KUIbKICHOTO HpPOTHO3YBaHHS
pu3ukiB. 3amporoHoBaHa pobota 0a3yeTbca  Ha
ITOETAITHOMY aHaJli3i 30BHIIIHFOTO CEPEJOBHINA IMPOEKTY
Ta ¢opmaizoBaHIi OLIHII PHU3UKOBUX (HAKTOPiB, SIKi
BIIJIMBAIOTH Ha OIOJKETHI 0OMEKEHHS, CTPOKH BUKOHAHHS
Ta SIKiCTh KiHIIEBOTO MIPOIYKTY.
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KinrouoBoro 0coONMBICTIO MiIXOAY € BHKOPHUCTaHHS
CTaTUCTUYHHUX 1 TMPOTHO3HUX MOAEJNEH ISl KUIbKICHOTO
OOIpYHTYBaHHSl yNPABIIHCBKUX pIllIEHb, L0 JIO3BOJISIE
HepedTH BiJ PEaKTHBHOIO pearyBaHHA Ha pU3HKH IO
NPOAKTUBHOTO  KOPWUTYBaHHS  IIapaMeTpiB  IMPOEKTY.
OTpumaHi  TPOTHO3W  IHTETPYIOTBCI B  IPOILECH
IUTaHyBaHHS, OIO/DKETYBaHHS Ta PO3MOIUTYy pECypciB, IO
3a0e3neuye MiABUIICHHS CTIHKOCTI (hikCOBaHOOIOKETHIX
IT-mipoexTiB B yMOBax HETiHIIHOT AWHAMIKHY 30BHIITHHOTO
cepenoBuia [12].

Jns nemoHcTpanii eheKTHBHOCTI 3alpOIIOHOBAHOTO
METONy B JAHOMY JOCHUKEHHI OyJ0 BHUKOPHUCTAHO
TECTOBI JaHi, OTPMMaHI Ha OCHOBI aHaJi3y II'STH
icCHyI0uMX (hiKCOBAaHOOIO/PKETHUX ayTcopcuHroBux IT-
mpoekTiB. J{aHi BKITFOYAIH KITFOUOBI MOKA3HUKH MIPOCKTIB,
Taki AK 3aIUIAHOBAaHUH OODKET, CTPOKM BHKOHAHHSA, a
TaKOXX XapaKTepHI pH3HMKH, [I0 BIUIMBAJIM Ha iXHE
BUKOHaHHs. [IpoBeieHO CHCTEMHHMIT aHaNi3 IIUX NPOCKTIB

PU3UKOBHX TIOJIH Ta OIIHKK iXHBOTO TOTCHIIHHOTO
BIUIUBY Ha OIOJKET 1 TEPMiHH.

Ha ocHoBi orpumaHux aaHux c(HOpMOBaHO HaOIp
TECTOBUX CIEHapiiB, M0 IMITYyIOTh peallbHi yMOBH
MPOEKTHOI  MisTIBHOCTI, BKIIOYAIOUM  TEXHOJOTIUHY
HEBU3HAYCHICTh, pUHKOBY BOJATHJIBHICTH Ta PETYIATOPHI
3Mmian. Takwil MiAXiZg MTO3BOJMB HE JHIIE MEPEBipHTH
poOOTYy METOZIB MPOTHO3YBAaHHS PHU3UKIB y MPAKTHIHIX
yMOBaX, a ¥ ouiHuTH e(eKTUBHICTh iHTerparmii
MIPOTHO3YBAaHHS Yy TMPOLEC YIPaBIiHHSI IPOEKTaMH,
BU3HAYUTHU TIPIOPUTETHI (AKTOPH PU3UKIB Ta PO3pOOUTH
peKoMeHaNil Moo ONTUMi3alii IUIaHyBaHHS PecypciB i
TepMiHiB [13].

HocmimxyBani npoektn A-E € mnpuknazamu
peambHUX ~ ayTCOPCHHroBHX [T-TIPOEKTIB  cepemHbOro
Macmtay, peamizoBanux y 2023-2025 pokax y cdepi
PO3pOOKH KOPIIOPATUBHUX iHPOPMAIHHUX CHCTEM.

CTaTHCTHYHI IaHi, IO XapaKTepPH3yKTh TECTOBHUH

3 METOI0 BH3HAYCHHS MMOBIPHOCTI BHHHKHEHHS  HaOip cleHapiiB, 3BeeHO y Taom. 1.
Tabmuug 1 — Cratuctrysi gai
Ipoexr | Bromxer (tuc. | Tepminn OCHOBHUI pU3UK MmoBipHicTs BrumB Ha Gropker | Brumis Ha TepMinn
$) (i) (%) (%) (%)
A 100 90 TexHonoriuHa HeBU3HAYCHICTh 30 15 20
B 120 120 PunKOBa BONATUIIBHICTD 25 10 15
C 80 75 PerynstopHi 3MiHI 20 5 10
D 150 140 TexHoJOTiYHAa HEBU3HAYCHICTh 35 20 25
E 200 180 PyHKOBa BOJIATHIIEHICTB 30 15 15

OuikyBaHMI BIUIMB PU3WKIB Ha OIOMKET IIPOCKTY
po3paxoByeThes 3a hopmyiioro (1):

E= Bo ' (1 + Z?=1 RiWi) (1)

ne E — ouikyBaHUH OrO/KET 3 ypaXyBaHHSAM PU3HKIB;

B,— 3amutaHOBaHUi OI0IKET MIPOEKTY;

R; — IMOBIpHICTb i-TO PU3HUKY;

W; — BinHOCHHH KOeQIli€HT BIUIMBY i-TO PH3HKY (Y
YacTKax OJUHHUII);

N — KUTBKIiCTh (PaKTOPIiB PU3UKY.

3amporoHoBana ¢opma  Momened  3abe3medye
Y3rO/KEHICTh PO3MIPHOCTEH TMOKA3HUKIB Ta KOPEKTHE
MaciTadyBaHHs BiJTHOCHUX OI[IHOK Ha 0a30BuUil OOIKET.

BB pu3suKy CKIIala€ThCsl 3 KITBKOX CKJIAJIOBHX:

- AT; — ovikyBaHe 30UIbILIEHHS] TPUBAJIOCTI IPOEKTY
(y BimcoTKaXx)

- AC; — ouiKyBaHe 3pOCTaHHS MNpPSIMHUX BHUTpaAT (y
BiZICOTKaX)
- A0; — ouikyBaHI J0#aTKOBI HakmajgHi abo

30BHIIIHI BUTPaTH (Y BiACOTKAX)
Toni BiTHOCHUH BIUIUB PU3HKY (2):

HiﬂCTaBﬂﬂeMO j1(§ 6€3HOCCp€I[HI)O B OCHOBHY MO/ICJIb

(3) [18]:

n
E=B,- 1+2Ri - (AT, + AC; + 00;) | (3)
i=1

ne By — modaTKoBO 3aTBEPIKEHHUN OFOKET POEKTY

R;€[0,1] — ekcmeprHa ab0 CTATHCTHYHO OIliHEHA
HMOBIpHICTB 1-TO PU3HUKY

AT; — BimHOCHE 30iNBIICHHS BUTpAT, IOB’s3aHE 3
nopyueHHsIM rpadika

AC; — BimHOCHE 30UTBIICHHS TPAMHUX (HiHAHCOBUX
BUTpaT

AO; — BigHOCHI
30BHIIIHI BUTPATH

N — KUIBKICTbh 1IeHTH(IKOBAaHUX PU3UKIB

ne AT;, AC; , AO; momaHO y YacTKax OIWHHUIN Ta
BOHM BIiZJOOpakarOTh BIAHOCHE 30UIBIICHHS BIMOBIIHUAX
CKJIQJIOBHX OHOJDKETY.

3amporonoBana  (opma  Momeni  3abesmedye
Y3rO/KEHICTh  PO3MIPHOCTEH  MOKA3HHKIB, OCKUIBKH
BITHOCHI OIIIHKM BIUIMBY PHU3UKIB MacIITaOyIOThCS Ha
0a30BHUi OIOKET MPOEKTY.

[MocnimoBHICTH peanizalii 3alpONOHOBAHOTO METOLY
[14]:

3anpornoHOBaHU METOJ] TPOrHO3YBAaHHS BIUIMBY
pU3UKiB y (iKCOBaHOOKETHHX ayTcopcuHroBux IT-
TPOEKTAX peami3yerbes SIK MOCITiTOBHICTh
B3a€EMOIIOB’ I3aHUX €TariB, IO 3a0e3MeUyIOTh MepeXia Big
gKicHOI  imeHTH¢ikamii pHU3WKIB 10  KiJIBKICHOTO
MIPOTHO3YBaHHS OI0/PKETHHUX BiIXWICHB.

Ha mepmomy ertami 3mificHIOETBbCS iaeHTHDIKAILSN
peneBaHTHUX (DAKTOPIB  PH3HKY, XapakTepHHUX IS
KOHKPETHOTO NMPOeKTy. DOopMy€eThCs IEpETiK 30BHIMIHIX i
BHYTPIIIHIX PU3HKIB, AKi MOTEHIIHHO MOXYTb BIUIMHYTH
Ha CTPOKM BHMKOHaHHS, 0OCSr pecypciB Ta (hiHaHCOBI
O0OMEXEHHS.

Ha  pgpyromy  erami  BUKOHYETBHCS  OIiHKA
HMOBIpHOCTEH BHHHMKHEHHSI KOJKHOTO PH3HMKY Ha OCHOBI

JIOJJATKOBI  OpraHizaifiiini  Ta
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CTaTUCTUYHHUX  JaHUX  3aBEpLICHUX MpPOEKTIB  abo
EKCIePTHUX OLIHOK. Pe3ynpTaToM € KiNbKICHI 3Ha4YeHHS,
0 XapaKTepH3yIOTh 4YacTOTy abo IIaHC peai3arii
KOYKHOTO 3 iIeHTH(IKOBAHUX PU3UKIiB.

Tperiit eran ependavae popMyBaHHS ONEpaIiitHOTO
BIUIMBY PH3HUKIB Ha OIODKET MpoekTy. s KOXHOTO
PU3UKY BHU3HAYAIOTHCS OCHOBHI CKJIAJOBI MOXKIIMBHX
(iHAHCOBHMX BTpAT, NOB’S3aHi i3 3aTPIMKaMH BUKOHAHHS,
3pOCTaHHSAM  MPSMUX  BUTPaT Ta  JOAATKOBHMH
HaKJIQJHUMU BUTpataMH. Ha OCHOBI IMX CKJIaJOBHX
(bopMye€eThCs IHTErpaNbHUN ITOKa3HUK BiJTHOCHOTO BILTHBY
PH3HKY.

Ha uerBepromy erami 3miCHIOETBCS PO3PAXyHOK
OUIKyBaHOTO BHECKY OKPEMOIO0 pHU3HKY Yy OIOJDKETHE
BIIXWJICHHS NIIIXOM IIO€THAHHS OILIHEHOi WMOBIpHOCTI
pU3UKYy Ta WOro BIZHOCHOTO BIUIUBY 3 0a30BHM
OI0XKETOM HPOEKTY.

I[I’sTuif etanm mojsrae B arperamii BIDIMBIB ycCix
IICHTU(QIKOBAHUX PHU3HKIB, IO [O3BOJSE OTPUMATH
CyMapHe OYiKyBaHE BIIXWICHHS OIOKETY BHACIIIOK
peasizanii CyKynmHOCTi pU3UKOBUX (haKTOpiB.

Ha mocromy erami BHM3HAYaeThCsl MPOTHO3HE
3HAUEHHs OIOJDKETY MPOEKTY 3 YpaxyBaHHSM PU3HUKIB, sIKe
BUKOPHCTOBYETBCS 1Sl (POpPMYBaHHSI PE3EpBIB OIOIKETY
Ta KOPUT'YBaHHS IUIAHOBUX TTIOKa3HHKIB.

3aBeplIabHUM €TaroOM € MPOBEICHHS IMiTaliiHOTO
MozemoBaHHs MetogoM Mownrte-Kapno, mo no3Bosse
3reHepyBaTH MHOXKMHY MOXIIMBUX CIIEHApiiB PO3BHTKY

MPOEKTY, OLIHUTH PO3MOALT IMOBIPHHX OOKETHHX
BIIXWJICHb Ta BU3HAYUTH HMOBIPHICTP BHHHUKHEHHS
KPUTHIHHX (PiHAHCOBUX CIICHAPIIB.

Jns IIPOTHO3YBAHHSA JIMHAMIKH PH3HKIB

BUKOPHCTAHO METOJU €KCIIOHEHILIIHHOTO 3IJ1a/IKyBaHHS Ta
iMiTariiiHe MojeaoBaHHS MeTrogoM Monre-Kapio, mio
JIO3BOJISIE OTPUMATH EMIIPUYHI PO3MOIUTH MOMKIMBHX
NepEeBHIICHb OIO/IKETY Ta TEPMiHIB BUKOHAHHSI ITPOEKTIB .

JI1g KOXKHOTO MPOoeKTy Oyi0 3mMozaensoBaHo o 1000
cueHapiiB  MeromoM  Monte-Kapno, mo 3aranom
cranoBuTh 5000 peamizamiif. Po3moxmin pesynbraTiB
NOKa3aHo Ha pHC. 1.

Posnopin nporHo3soeaHux nepesuLieHs BiogxeTy (MoHTe-Kapno, 5000 cueHapiie)

METOI0  TPOTHO3YBAaHHA  MOJMJIMBOTO  HEPEBUIICHHS
OIOJKEeTy y I’ATH TecToBUX (hikcoBaHOOWmKEeTHUX IT-
AYTCOPCHHTOBHMX MPO€EKTax. J{Is KOXXHOTO MpOEKTy OyJio
3MozensoBaHO 1o 1000 ambTepHATHBHHX CIEHApiiB
pO3BHUTKY, mo 3aramoM ctaHoBuTh 5000 peamizamiid, y
MeXax SKHX BpaxOBaHO MMOBIPHICTh BHHHKHEHHS
KITIOYOBUX PHU3HKIB, XapaKTepHUX JJIS ayTCOPcHHTOBOI I T-
IiSUTBHOCTI, a TaKOX BENMYMHY IXHBOTO IIOTCHIIIITHOTO
BIUIMBY Ha OFOJKETHI TIOKa3HUKH.

OTpuMaHi pe3ysbTaTd MOAaHO Y BUTIISI TiCTOTpaMu
€MITiPUYHOTO posmoiny MOJKIIMBHX BIZIXWJICHb
(aKTHYHUX BUTpAT BiJ 3aIUIAHOBAHOTO OIOJKETY, IO
JI03BOJISIE  OLIHWUTH HE JIMIIE CEpeJHE OYiKyBaHe
MIEPEBHUIICHHS, a H IMOBIPHICTh BUHHKHEHHS KPUTHYHUX
OIO[DKCTHHUX  CIEHapiiB. AHami3 Takoro po3MOILTY
CTBOPIOE MIATPYHTS Ui OOTIPYHTOBAaHOTO (OPMYBaHHS
(iHAHCOBUX pe3epBiB Ta BUOOPY ONTUMAIBHUX CTPATErii
YIpaBIiHHSA PU3UKAMU B YMOBaX HEBU3HA4YCHOCTI [14].

Ha puc. 1 BimoOpaskeHO y3aranbHEHHWHA PO3IIOMNLT
MOJIMBHX TMEPEBUIICHs OODKETY Y BIJICOTKAaX Bif
MOYaTKOBOTO  IUIaHy, cQopMoOBaHMH Ha  OCHOBI
pe3yJbTaTiB MOJCTIOBaHHS. AHATI3 OTPUMAHHMX JAaHHX
nokasye, mpo [15]:

- mpoekthu A Ta D 3 BHCOKOIO HMOBIPHICTIO
TEXHOJIOTIYHOI ~ HEBHM3HAUYEHOCTI  XapaKTepU3YIOThCS
HaMOUTBIIUM NPOTHO30BaHUM TIEPEBUILEHHSM OIO/IKETY;

- npoektn B ta E i3 nomiHyBaHHSM pPHUHKOBOL
BOJIATHJIBHOCTI MalOTh CepPENHil piBEHb BiIXHUJICHE;

npoekt C JEMOHCTpYyE HAMBHILY CTaOUIBHICTD
OI0/PKETHOTO IITaHy.

OtpumaHa ricTOrpamMa BioOpakae eMIIpUIHUH
PO3MOi MPOrHO30BAHUX BIAXWIIEHH OIODKETY, IO
JIO3BOJISIE OLIHUTH HMOBIPHICTh BUHUKHEHHS KPUTHYHHX
¢iHaHCOBMX cueHapiiB Ta OOIPDYHTYBaTu poO3Mipu
(hiHAHCOBUX pE3EpPBIB.

OuikyBaHe TIEpPEBHUILEHHS OIOUKETY Ta TEPMIHIB
Ticyis iHTerpanii NporHo3yBaHHs PU3HKIB 3BEJICHO Y TaOlI.
2.

Tabmuus 2 — OvikyBaHe TIepeBUILCHHs OIOJDKETY Ta
TEPMIHIB ITiCIIs iHTErpallii MPOTHO3yBaHHS PH3HKIB

700 4

600

500 4

400 4

300

2004

YacToTa (KinbkicTe cueHapiia)

100

35

MepesnLenHs BioaxeTy (%)

Puc. 1. T'icTorpama po3noisty mporHO30BaHUX MEPEBUILICHb
Oro/DKeTy 3a pesyspTatamu cuMyisiiiid Monre-Kapio (5000
peaiizariii)

Puc. | imocTpye pesympTatH  iMiTariiiHOTO
MoJentoBaHHs MeTosioM Monrte-Kapno, nposeneHoro 3

Ipoext | OuikyBaHe nepeBumieHHs | OdikyBaHe IEPEBUILICHHS
oromxery (%) TepMiHiB (%)
A 12 18
B 10 15
C 5 8
D 20 25
E 15 18

AmHani3 pe3ynbTaTiB MOJENIOBAHHSA JUIS OKPEMHX
NIPOEKTIB TIOKa3aB CYTTEBI BIiJMIHHOCTI y XapakTepi
OI0/DKETHUX BIIXWIEHb. 30KpeMa, Uil MpoekTy A Ta D,
SKi XapaKTepU3yrThCs BHCOKOIO HMOBIpHICTIO
TexHonoriuHoi HeBm3HaueHocTi (30 % Ta 35 %
BIJITIOBiJTHO), CIIOCTEPIra€ThCs HAHOUIBIIE MPOrHO30BaHE
nepeBumieHHs Oo0mkery — 12 % ta 20 %. [Ipoextn B Ta
E, s sIKMX JOMiHy€ PH3MK PHHKOBOI BOJIATHJIBHOCTI,
JEMOHCTPYIOTh CEpeIHid PiBEHb MEPEBHIICHHS OIOKETY
— 10 % ta 15 %. Bogrodac mpoekt C, mo Mae HARHIKTY
WMoBipHICTE  pm3mkiB (20 %), xapakTepu3yeTbcs
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MiHIMaJIbHUMH BiIXHJICHHAMH OrojukeTy (5 %) Ta cTpOKiB
BUKOHaHHS (8 %).

PesynbpTatu MoaenoBaHHS MOKa3yloTh [16]:

- IHTerpamis TIPOTHO3YBaHHS PHU3UKIB JIO3BOJISE
3HM3UTH WMOBIPHICTh TIEPEBHIICHHSA OMOKETy Ta
TepMmiHiB Ha 10-20 %;

- METOAM [O3BOJLIIOTH BH3HAYaTH MPIOPUTETHI
(akTOpH PH3HKIB 1 €DEKTUBHO AAANTYBATH IUIAH MPOCKTY;

- IIBUIY€ETHCS TOYHICTH IDIAHYBAaHHSA PECypCiB Ta
CTaOUIbHICTh BUKOHAHHS IIPOSKTHUX 3aB/IaHb.

HayxkoBi pe3ynbTaTi Ta IpaKTHYHE 3HAYCHHSL:

1. 3anponoHOBaHO  IHTErpOBaHMM  MiAXid, IO
MOEJHYE  YNPaBIiHHSI  NPOCKTAMH Ta  KUIbKICHE
NPOTHO3YBAaHHS pHU3UKIB HAa OCHOBI TECTOBUX JaHUX
peabHIX TIPOEKTIB.

2. Iloka3aHo, 10 MaTeMaTH4HE MOJCTIOBAaHHS Ta
cumyssinii MonTe-Kapiio no3BonisroTh KidbKICHO OI[IHUTH
BIUIMB PHU3HKIB Ha OFOJKET Ta TEPMiHH.

3. IlpakTtuuHe 3acTOCYBaHHA METOMIB IIiIBHIIYE
e(pCeKTHBHICTF  YIPaBIiHHA  (PIKCOBAHOOIOMKETHUMHU
ayrcopcunroBuMu  IT-mpoekramu  Ta  3abe3neuye
CTaOUIBHICTh PE3YJIBTATIB MPOEKTHOT AisibHOCTI [17].

4. QOOroBopeHHsi Ppe3yJbTATIB JOCHiI:KeHHS i
MePCNEeKTUBH MOAAIBIINX OCJHIKEHb Yy AaHOMY
HANPSAMKY. Y pe3yabTaTi HPOBEACHOTO IOCIiHKECHHS
PO3TIIHYTO npobiemy YIpaBITiHHS
(ikcoBaHOOOKETHIMH ayTCOPCHUHTOBUMH IT-
MPOEKTAMA B yMOBaX HEBH3HAYCHOCTI Ta HENIHIHHIX
BIUIMBIB 30BHIIIHROTO CEPEJOBHUINA. 3arpOIOHOBAHO
IHTETpOBaHUN MIOXiM, MO0 MOEIHYE KIACHIHI METOIH
YIPAaBJIiHHS IPOEKTaMH 3 IHCTPYMEHTaMU MPOTHO3yBaHHS
PH3HKIB, OPIEHTOBaHMMH Ha KiJIbKICHY OI[IHKY MOMJIHBHX
BIJIXUJICHB OIO[IKETY 1 TEPMiHIB BUKOHAHHSI.

Y xomi aHamizy BCT@HOBJIEHO, WIO TPAAWLIiHHI
MAXOMW 70  yOpPaBlmiHHA  (PIKCOBAaHOOIOMKESTHUMHU
NPOEKTaMU  He  3a0e3NeuyloTh  JIOCTaTHbOTO  PIBHSA
aIanTUBHOCTI [0 JAWHAMIYHHUX 3MiH 30BHIIIHBEOTO
cepeloBUIIa,  30KpeMa  PHHKOBOI  BOJATHJIBHOCTI,
TEXHOJIOTIYHOT HEBU3HAYEHOCTI Ta PETYIATOPHUX 3MiH.
Lle 3ymMOBIIOE HEOOXiMHICTP BUKOPUCTAHHS IMPOTHO3HHUX
MoJieNel, 3aTHUX BPaxOBYBaTH CTOXACTUYHHH XapakTep
PU3UKIB Ta IXHill CYKyITHUH BIUIMB Ha ITAPAMETPH MPOCKTY
[18].

Y Mexax JOCHiDKCHHS pPO3pOOJCHO MOJIEIb
OLIIHKM OYiKyBaHOI'O BIUIMBY PHU3UKIB, 110 Oa3yeTbcsi Ha
HMOBIPHICHUX XapaKTEepUCTUKaX pPU3UKOBUX MOAIA Ta
iXHPOMY BIUIMBI Ha OIO/KET MPOEKTy. 3aCTOCYBaHHS
Merony cumyisinii Monte-Kapiio Ha OCHOBiI TeCTOBUX
JaHuX 3  icHytounx IT-ayTcOpCHHTOBHX  IPOEKTIB
JI03BOJIMJIO OTPUMATH PO3IIOALIA MOKJIMBUX IEPEBUILECHB
OIOJKETy Ta OLIHUTH MEXKI JOIMyCTUMHUX (PiIHAHCOBHUX
BiIXWJICHb. Pe3ynbTaTé MOJCTIOBAHHS IMiATBEPAMIH, IO
IHTerpamisi IpOrHO3yBaHHS PU3HKIB Y MPOLEC YIPaBIiHHS
MPOEKTaMH Ja€ 3MOTY MiJABHIINTH OOIPYHTOBaHICTh

YOpaBIIHCBKUX  pIilIeHh 1 3MEHIIUTH HMOBIpPHICTH
KPUTHYHHX OIO/KETHHUX ITEPEBHIIICHb.
[IpakTryHa [iHHICTE OTPUMaHUX  PE3yJIbTaTiB

MOJIATAE Y MOKIIMBOCTI BUKOPHUCTAHHS 3alPONOHOBAHUX
METOMiB  MiJ Yac TIUIAaHyBaHHSI Ta  KOHTPOIIO

¢ikcoBanoOwKkeTHX  IT-mpoekTiB,  30Kpema  JuIs
(hopMyBaHHS pe3epBiB OOKETY, BHOOPY ONTHMAIBHUX
cTparerii  ynpaBJiHHS pU3MKaMHd Ta  MiJBUILECHHS
MPO30POCTi B3aEMOAIl MK 3aMOBHHKOM 1 BHKOHABIIEM
[19].

[TepcnekTHBH MONANBLIIMX MOCTIIKCHb Y IaHOMY
HaTpsAMKY IIOB’s13aHI 3 PO3IIUpPEHHSIM Habopy (akTopiB
PU3UKYy Ta BKIIOYCHHAM IO METOIIB COLIAIbHUX,
OpraHi3allifHUX 1 TOBEHIHKOBUX AaCIIeKTiB YIPaBIiHHI
npoektamu.  JIOIIIBHMM €  TakoX  MOAajblIe
BJOCKOHAJICHHS ~ TNPOTHO3HMUX  MOAENEH  IUIIXOM
BUKOPHCTAaHHS METOJIIB MAIIMHHOTO HAaBYAHHS Ta aHAJI3y
BEIMKUX JaHUX, a TaKOX aJanTallis 3arnporoHOBaHOTO
MiXOAy N0 YNpaBliHHSA MOpPTQEIIMH Ta NporpaMamu
¢ikcoBanobOromxeTHNX IT-ipoekTis [20].

BucHoBku. Y X0Ii OOCHIIKCHHS OTPUMAHO TaKi
OCHOBHI  pe3yJbTaTH BINMOBIMHO OO TIOCTAaBICHHUX
3aBJaHb:

1. 3a pesynpraTamu imeHTH(iKamii Ta Kiacudikamii
pu3HKiB  (pikCOBaHOOIOKETHUX —ayTcopcuHroBux IT-
NPOEKTIB BCTAHOBJEHO, IO HAHOLNBIIMK BIUIMB Ha
HEePEBUIICHHS OIOKETY Ta TEPMiHIB BHKOHAaHHS MAaloTh
PU3MKH  TEXHOJIOIIYHOI ~ HEBM3HAYEHOCTi, PHHKOBOI
BOJIATWJILHOCTI Ta PEryJIITOPHUX 3MiH. Bu3HaueHo, 1o i
PU3MKHM MalOTh HENIHIMHUI Xapakrep BIUIMBY Ta
MIPOSIBIISIFOTECS. Y BUIVIALL HAKONMYYBAIBHOTO €(QEKTy,
SIKMH HE BPAaXOBYETHCS TPAJULIHHUMH JIETEPMiHOBAaHUMH
MOJIETISIMU YIIPaBIIiHHS IIPOEKTaMH.

2. Y Mexax KUIbKICHOI OINIHKM BIUTUBY PH3UKIB
pO3pO0JIEHO MOJENb OYIKYBaHOTO BIUIMBY PH3MKOBHX
nozid Ha OFOJDKET MPOEKTY, L0 BPaxOBYE WMOBIPHICTB
BUHHUKHEHHSI KOXXHOTO pHU3UKY Ta BEJIMYMHY HOTO
(iHaHCOBOTO BILIMBY. 3alpOIOHOBaHA MOJIEJb J03BOJISIE
OTpUMYBaTH MIPOTHO3HI 3HAYEHHS MOYITHBOTO
NepeBHUIIEHHS OO/KETY Y BiJICOTKOBOMY BHpPaXKEHHI Ta
MoOke OyTH BHKOPHCTAaHA Ha €Talll MJIaHyBaHHSA IPOEKTY
Ut popMyBaHHs (DiHAHCOBUX PE3epBIiB.

3. [l nporHO3yBaHHSA CLIEHAPIiB PO3BUTKY MPOEKTY
3acTocoBaHO MeToJ cumyisnid Monre-Kapio, skuit

JIO3BOJIUB 3MOJIEIIIOBATH po3noinu MOJIUBUX
OIO/DKETHUX BIOXWIEHb HAa OCHOBI TECTOBHX JaHUX 3
icaytounx [T-ayTcopcmHroBmx mpoektiB. OTpuMaHi
pe3yibTaTd  [OKa3ald, M0 CEPEeIHE MPOrHO30BaHE

HEPEeBUIIECHHS OMOJDKETY Ul JOCITIKyBaHUX IPOEKTIB
CcTaHOBHTH Big 5 % 1o 20 %, 3a1eKHO BiJ iIHTEHCHUBHOCTI
Ta TMOEAHAHHS PU3UKIB, L0 MiATBEP/DKYE JAOLIIBHICTH
BUKOPHCTAHHSA CTOXaCTHYHHMX METOJIB TIPH YIPaBIiHHI
(hiKcOBaHOOOKETHUMH ITPOEKTAMHU.

4. Y pesynbrati iHTErpauii MporHo3yBaHHsS PH3HKIB
y TIpOIeC YIpPaBIiHHA IPOEKTaMHU CPOPMOBAHO MizXif,
SIKMH 3a0e3reuye MiJBUIICHHS aIanTHBHOCTI IUIaHyBaHHS
Ta KOHTPOJIO TPOEKTY B yMOBaxX 3MIHHOTI'O 30BHILIIHBOTO
cepenoBuina. [lopiBHAHHS 3 TpPAAWLIMHUMHU METOJIAMHU
YIPaBJIiHHS I10Ka3aj0, 110 BHUKOPHCTAHHS IMPOrHO3HUX
Mojienell 3MeHITye WMOBIPHICTh KPUTHYHHUX MEPEBUIEHBb
OrO/KeTy Ta MiJBHUILY€E OOIPYHTOBAHICTH YHPABIiHCHKHX
pimeHs.

5. IlpaktndHe 3acTOCYBaHHS
METO/IB Ha  TECTOBUX  JIAHUX

3aMpPOTIOHOBAHUX
MIATBEPAWIO  iX
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e(EeKTUBHICTH ISl MIATPUMKHU NMPUHAHATTS yIPaBIIHCHKUX
pilieHb y QikcoBaHOOOKETHUX ayTcopcuHroBux IT-
npoekTax. MeToan  MOXYTh OyTH  BHUKOpHCTaHi
KepiBHUKAMH MIPOEKTIB TS OLIHKH PHU3HKIB, KOPUTYBAaHHS
IUTaHIB BUKOHAHHS Ta MiABUIICHHS MPO30POCTi B3aeMOIii
MDK 3aMOBHHKOM 1 BUKOHABIIEM.

TakuM YMHOM, Yy CTaTTi OTPUMAaHO HAayKOBO
OOTpyHTOBaHI  pe3yNbTaTH, AKi  TATBEPIKYIOTh
MOUUIbHICTE TIOENHAHHA YIPABIIHHA TIPOEKTAMH Ta
NPOTHO3yBaHHA  PH3MKIB Y  (DIKCOBaHOOKODKETHUX
ayTcopcUHroBux IT-mpoekrax 1 CTBOPIOIOTH MiAIPYHTA
JUIl  TIOJNAJBIIOTO  PO3BUTKY  METOMIB  yNpPaBIiHHS
CKJIaJIHUMHM TIPOEKTaMHU B yMOBaX HEBU3HAUYEHOCTI.
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B. €. COKOJI, M. /1. TO/VIEBCBKHH, JT. K. MAJIEL[b, K. 0. AOAHACHEB

BEPBAJIbHUI ONMUC TEXHOJIOT'TI INIAHYBAHHS IIJIBULIEHHSI PIBHS AKOCTI ITPOIECY
PO3POBKH ITPOI'PAMHOI'O 3ABE3ITEYEHHS

3a3HaveHo, 0 A BUPIMICHHS 3a/1adi po3poOKH iHpOpManiiiHOi TEXHOIOTI] ITaHyBaHHS ITiABUIIEHHS PiBHS SKOCTI IpoLecy PO3POOKH MPOT paMHOTO
3abe3nedenns (1P I13) Ha OCHOBI KiNBKICHHX IIKajd MOAENEH 3pilocTi monepeaHbo HeoOXiqHO Ha BepOAIBLHOMY PiBHI PO3POOUTH TEXHOJOTIIO, SIKa
CKJIQIA€THCS 3 OKPEMUX €TaIliB, BUPIIIEHHS HocTaBieHoi npobiemu. Ha mepiiomy etari TexHounorii npoBoguthest popmarizauis ctpykrypu I1P 113 Ta
omiHKa Iforo SKOCTI Ha OCHOBI OaJBHUX SKICHUX IIKan Mojeneil 3pinmocti Capability Maturity Model Integration (CMMI) ta Software Process
Improvement and Capability dEtermination (SPICE). Ha apyromy erami Bu3Ha4YeHi OCHOBHI HENONIKM BHUKOPHCTAHHS OaJbHHX SIKICHHX IIKAT 1
3aIpOIIOHOBAHO METOJ CHUHTE3y 30alaHCOBAaHMX KIJIBKICHHX IIKaJd Ha OCHOBI BHKOpHCTaHHS (yHKIi kopucHocTi. Ha TpeThOMy ertari TeXHOIOTT
MIPOBOAUTHCS OLIHKA SIKOCTI OkpeMux ckianoBux I1P I13 Ha ocHOBI 30anancoBanux mkan Mozenei 3pitocti CMMI ta SPICE. Ha werBepromy etami
KUJIBKICHI IIKaIM BUKOPHCTOBYIOTBCS U CHHTE3Y IMHAMIYHHX MOJEJCH IUIaHyBaHHs MiABULICHHS SKOCTI MHOXHHH (OKYCHHX obnacteil mozerni
CMMI ta npoueciB mozpeni SPICE. IT'stuit etam mpuCBsMEHO BUKOPHCTAHHIO anroputMmy «KuiBCbkuil BiHHK», SKUil JO3BOJISE BHUPILIMTH 3a1ady
IulaHyBaHHS HigBumenHs sikocti 1P I13. Ha mocTtoMy eTami po3risgaroThest OCHOBHI CKJIAJOBI NPHKIaAHOI iHpOpMaNiiiHOI TEXHOJIOT], Y TOMY YHCIIi
apXITEKTYpHUIl CHHTE3 CHCTEMH, 5IKa [OBHHHA peali3yBaTH Po3poOJeHi Mozeni, MeToqu Ta aaroputMu. CbOMHI Ta BOCBMHUIl €TalM IpHCBSYCHI
apaMeTpHIHOMY aHami3y Ta (popMyBaHHIO e(DeKTHBHHX DillleHb, HA OCHOBI SKHX 0c00a, L0 MpuiiMae pillieHHs, BU3HAYae BapiaHt po3sutky [P I13.
HaBeneHO HUISIXM MOJAIBIINX JOCIIKEHb, Y TOMY YHCIi: pO3poOKa CTaTHYHHX MOJENeH IulaHyBaHHs mmigsumieHHs sikocti ITP 13 Ha oCHOBI
KUTbKICHUX 30aaHCOBAHHX IKAJ MOJEJIEH 3piiocTi; po3poOKa MPUKIAIHOI iHPOPMALIHHOI TEXHOJIOTI] KOB3HOTO IIAHYBAHHS HA OCHOBI CTATHYHHX Ta
JHHAMIYHAX MOJIENeH 3piiocTi.

KaiouoBi cjoBa: KiNbKiCHI IIKamW, JUHAMiYHAa MOJENb, ONTHUMi3allis, METOJ IIOCIIJZOBHOTO aHaNIi3y BapiaHTiB, OOMEXKEHICTb pecypcis,
apXITeKTypHUiT aHai3, MPpUKIaaHa iHGOpMAaLifiHa TEXHOIOTIS.

V. SOKOL, M. GODLEVSKYI, D. MALETS, K. AFANASIEV

A VERBAL DESCRIPTION OF THE TECHNOLOGY FOR PLANNING THE IMPROVEMENT OF THE
QUALITY OF THE SOFTWARE DEVELOPMENT PROCESS

It is noted that to solve the problem of developing information technology for planning the improvement of the quality of the software development
process (SDP) based on quantitative scales of maturity models, firstly, it is necessary to develop a technology at the verbal level that consists of
separate stages for solving the problem at hand. At the first stage of the technology, the structure of the SP is formalised and its quality is assessed
based on the point-based qualitative scales of the Capability Maturity Model Integration (CMMI) and Software Process Improvement and Capability
Determination (SPICE) maturity models. The second stage identifies the main shortcomings of using qualitative point scales and proposes a method
for synthesising balanced quantitative scales based on the use of utility functions. The third stage of the technology involves assessing the quality of
individual components of the software development process based on balanced scales of CMMI and SPICE maturity models. At the fourth stage,
quantitative scales are used to synthesise dynamic models for planning quality improvement in a set of focus areas of the CMMI model and SPICE
model processes. The fifth stage is devoted to the use of the ‘Kyiv broom’ algorithm, which allows solving the problem of planning software quality
improvement. The sixth stage considers the main components of applied information technology, including the architectural synthesis of the system
that should implement the developed models, methods, and algorithms. The seventh and eighth stages are devoted to parametric analysis and the
formation of effective solutions, on the basis of which the decision-maker determines the development option for the software product. The ways for
further research are presented, including: the development of static models for planning the improvement of software development quality based on
quantitative balanced scales of maturity models; the development of applied information technology for sliding planning based on static and dynamic
maturity models.

Keywords: quantitative scales, dynamic model, optimisation, sequential analysis method, resource constraints, architectural analysis, applied
information technology.

Beryn. Ha TenepiiHiii yac y HaykoBid Jiteparypi
PO3MIIsIAETHCST OaraTto MiJXOMIB IO OL[HKM PIBHS SIKOCTI
mporiecy po3poOku nporpamuaoro 3abesneueHss (1P I13),
ajye HaWOIIbLI MOMYJISIPHI 1 HIMPOKO BUKOPHUCTOBYIOTHCS
Ha TPaKTHUII MOJENi 3pijocTi, Taki sk Capability Maturity
Model Integration (CMMI) Ta Software Process
Improvement and Capability dEtermination (SPICE) [1-
4]. Mopgens SPICE Biamoimae crangapty ISO/IEC 15504
TR, a momens CMMI Oyna pospobnena IHcTuTyTOM
nporpamuoi imxkenepii (Software Engineering Institute,
SEI) na ocHoBi Moxeni Capability Maturity Model
(CMM). i momeni 6a3yroTbcs Ha KOHIETIN 3pijoCTi
oprawsizaiiii, ssika po3po0ssie mporpamHi cucteMu. [ToHITTS
3piJIOCTI € KOMIUIEKCHHM 1 BHM3HAYAEThCSI HA OCHOBI

0araTb0X CKJIAJOBHX, TaKWX SK CTyIeHb: BHMIpY,
yOpaBiiHHSA, KOHTpoiro Ta BukoHaHHs IIP II3. Piens
3pilocTi  J03BOJISIE  ONOCEPENKOBAHO  BH3HAYUTH

MOXJIMBICTh PO3POOKH KOXHOTO TIPOEKTY Y 3alaHi
TEpMIHH 3 JOCSTHEHHSM MOCTABJICHUX MEPE] HUM IIJICH.
Mopeni 3pinocti CMMI Ta SPICE peani3ytotsb
Oe3mepepBHUil BapiaHT 10 OwiHKK sikocti [IP TI3, sikuit
BU3HAYa€ SIKICTh OKpPEeMHX IporecHuX oOmactedl. KoxxHa
mporecHa ((oxycHa) obmacts Moneni CMMI mae gotupu
piBHi MmoxJmBocTi (0, 1, 2, 3), a nponiecHa o0acTb Mozedi
SPICE — n'sare pieniB (1, 2, 3, 4, 5). Kpim nporo, moieib
CMMI peanidye OUCKPETHHH BapiaHT OLHKH $KOCTI
Bcsoro [IP I13 Ha ocHOBI m'ATH piBHIB 3piNIOCTi, KOXEH 3
AKAX CKJIATA€ThCS 3 MHOXHHH MporecHuX ((HhoKycHHX)
obnacreii. Koxxna mpomecHa o6mactsh (Key Process Area,
KPA) Bu3Ha4ae MOCSATHEHHS MHOXHHH I[iJIeH, BOKIUBUX
s migsuiieHds skocti TP I13. Iimi OyBaroTh JBOX
THUITIB: 3arajbHi 1 ocoOmcti. OcoOHCTI Mgl HaIEXaTh
KOHKPETHUM TMPOIIECHUM O00JIaCTSAM, a 3arajibHi MOXYTh
3’SIBJIATHCS Y JEKIJIBKOX MPOLECHUX oOJiacTsaX. MHOXUHH
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npaktuk (Key Practice, KP) Bu3HauaroTh aii, HeoOXimHi
JUTSL TOCSITHEHHS ITiJIeH mporiecHoi obnacrti [5].

OnHUMH 3 OCHOBHUX 3aJad IPOTrpaMHoOl iHXeHepil €
OIiHKa 1 y momampmoMy minBumeHHs skocti 1P 13 B
yMoBax oOMekeHHX pecypciB. [y BUpimeHHS IUX 3a71a4
HOIEPEAHBO PO3pOOIIETHCS E): HpOTrpamMu
ynockonanernus [1P I13. Lle no3Bomse kepiBHuuTBy IT-
KOMIaHii BU3HAYATH CTPATETIO MiABUIICHHS ii 3piIOCTi.

IMocTanoBka Ta MeTa 3a/1a4i AOCTi/ZKeHHsI. AHAI3
JOCHIJKeHb, SKI HaBelIeHO y poborax [5-7] momo
po3poOKK  iHpOpPMANIHHUX TEXHOJOTIH  IUIaAHYyBaHHS
mgBuineHHs skocti IIP II3 mokasas, 1m0 BCi BOHH
0a3yroTbCsl Ha BUKOPHCTaHHI SKICHUX OalbHUX IIKaJ
MEPIIOT0 THUIy OWIHKA SAKOCTI OKpeMHX (DOKYCHHX
obmacreit 6e3nepepsroi Moxeri CMMI Ta Besoro ITP I13
Ha ocHOBI auckperHoi mozeni CMMI, a Takox OKpemux
mporeciB moxeni SPICE. OcHOBHWIA HEHONIK TaKOTO
MiAXOMy € B TOMY, IO CHHTE30BaHI MaTeMaTHIHI MOZETi
IUTaHyBaHHSA  migBumieHHs  sgxocti [IP TI3,  sxi
BUKOPDHCTOBYIOTh 3MiHHI 3 TaKkUMM LIKaJaMH, He
JI03BOJISIFOTH aJIEKBAaTHO BiJOOPa3sUTH MiJBHILICHHS SIKOCTI
1P I13 3 morysay KOPUCHOCTI BUKOPUCTaHHS (D iHAHCOBUX
pecypciB. lle moB’si3aHO 3 TUM, IIO iCHYIOUI BepOasbHI
mozeni 3pinocti CMMI Ta SPICE [1-4] npu nigBuiieHHi
PIBHIB MOXJIUBOCTI 200 PIBHIB 3pUIOCTI HAa OJHY IPAAAIli0
mKany (Ha onuH Oai) AaloTh pi3HE MiTBUINEHHS SKOCTI
[P 113 3 mormaxy xopucHocTi. Hampukman, miBUIIEHHS
piBHs 3pinocti Beoro I1P I13 3 gpyroro Ha Tperiit piBeHb
3 morsany kopucHocTi 1P I13 He BiAmoBigae miIBUIICHHIO
PiBHS 3pLTOCTi 3 TPETHOTO Ha YETBEPTHH piBEHb, XO4a B
NepuIoMy Ta JpPYroMy BHUIaJKax piBeHb 3piJoCTi
MiBHUIY€EThCS HA OnuH 0aj. Taki 0OCTaBHHHU CIOHYKAIU
HEOOXIHICTh TEpPEeTBOPEHHs OalbHUX SKICHUX IIKaJ
MoJieNell 3piTocTi y KUTBKICHI 30ajaHCOBaHI MIKAIH IS
CHUHTE3y MoOJejell IUIaHyBaHHs MiJBUIIEHHS sikocTi [IP
13, B sKkMX KOXKHa Tpajalis LIKajdu 3MIHHUX BiAINOBiJIa€e
[IEBHOMY TWIiJBHIICHHIO PiBHSA SKOCTI OKpeMoi (PoKycHOT
obmacti Ta mporecy, a Takox Bckoro [P 13 3 mormsamy
KOPUCHOCTI 11X BHUKOPHCTAaHHS. 3ajada IUIaHYBaHHS
MiABUINCHHS SKOCTI OKPEMHX MHOXHH (DOKYCHHX
obmacreit Ta mpomeciB moxmeneir CMMI Ta SPICE vy
poOOTi pO3TIIAIAETHCA HA ACIKOMY IUIAHOBOMY TEpioJli Ta
peai3yeThesl MUITXOM TEXHOJIOTIT KOB3HOTO IUIaHYyBaHHSI.
CyTh Takoro miaxomy 0a3yeTbCs Ha TOMY, IO CIIOYATKY
BUPINIYEThCS JMHAMIUHA 33/1a4a HA BChOMY IIAHOBOMY
nepioai i (GOPMYEThCSI TPAEKTOPIs, KA BHU3HAYAE CTAHU
I[P II3 ©Ha xoXXHOMy miamepiomi maHyBaHHS. Jlami
CHUHTE3YETHCS CTATUYHA MOJIEIh Ta BUPILIYETHCS CTATHYHA
MIOCTaHOBKA 3a/1a4i, IIIbOBUM ITpodaiiioM sikoi € cran [1P
13 y xiHoi mnepmioro miamepioxy IutaHyBaHHA. Jlis
CTaTUYHOT NOCTAHOBKH 33J1a4i 4ac He € 3MiHHOIO MOJiel i
TOMY i1 MO’KHA CHHTE3YBaTH Ha OCHOBI OUIBII JIETAJILHOTO
posrisiy. lle 3HauWTh, MO CTaTWYHA MOJENbL € OLIbII
a/IeKBAaTHOIO 00'€KTY JOCIHIPKEHHS 1 yTOUHIOE PE3yIbTaTH
BHpimeHHs Oinpm rpy0oi anHamiuHOi 3amadui, aje ska
PO3TIIsIa€ MOCTABICHY 3ajJiadyy Ha BCbOMY ILIAHOBOMY
mepiomi. Otxe, OpraHi3yeTscs IiTepaliiHuid Tmporec
[IOYEPrOoBOTO  BHPIMIEHHS TUHAMIYHOI Ta CTaTHYHOI
MOCTaHOBKM 3adadi. Ha KkoxHiN iTepamii Bech mepiof

IUIAaHYBaHHS 3MIILYEThCS Ha OAWH MIiANepiox i 3HOBY
BUDINIYEThCS JUHAMIYHA 33/1a4a 3 HOBUM IIOYaTKOBUM
cranom [IP II3, skuii € pe3ynbTaroM BUpIIICHHS
CTaTUYHOI 3a7a4i i HOBUM IUTFOBHM Ipo¢aitioMm KiHIIA
HOBOTO IUIAHOBOTO Tepioxy, i T. iH. Ha puc. 1 HaBexeHa
HAOYHA IHTEPIpETallis TEXHOJIOTi] KOB3HOTO TUIaHyBaHHS,

%j, i=0,T +S — npocropu, B SIKMX BU3HAYalOThCs CTAHU

P M3, 7!, t=j,T+j, j=0,S — xouxperni cranu ITP

I13 na ' -my mignepiozi nmianyBanns Ta j -My kpori, S —

OCTaHHIH KPOK IJIaHyBaHHS, SIKUH PO3IIIAAETHCS.
Bukopucraemo puc. 1 jmng OuIbII  JeTanbHOTO

PO3MIIsiLy TEXHOJIOTIT KOB3HOTO IJIaHyBaHHA. Y pe3yJbTaTi
BHUpIIICHHS JAWHAMIYHOI 3aJadi Ha HYJIBOBOMY KpOII

iTepariiifHoro npormecy 3 mouatkoBuM craHoM 1P I13 )(8

Ta
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Puc. 1. TexHouorist KOB3HOTO IIAaHYBaHHS
. . 0 .
LUIBOBUM NPOdaiioM ¥T OTPUMYEMO TPAEKTOPIIO
0 . o
{ ;(8 , va ;(S,... ;(?} Cran 1 € ninpoBuM mpodaiiniom
JUIsL CTaTMYHOI 3ajadi, B pPe3yJbTaTi BHPIIIEHHS SKOT
0 .
KOPETYEThCSl CTAH Y| Ha yi, AKUil € HOBUM TIOYATKOBUM
cradoMm [1P I13 jist BupilieHHsS TUHAMIYHOT MOCTAHOBKH

3ajJia4yl 3 HOBUM LIbOBUM Tpodaiinom Z% 41 TP II3 Bixe

Ha T +1-my migmepioxi miuaHyBaHHS. B pesynprari Ha
mepmiii  irepamii  OTPEMYEMO  HOBY  TPaeKTOPIIO

{;(%,;(%,;(%,...Z%H} i wimsoBmit mpodaitn  y5 A

HACTYIHOT CTaTMYHOI MOCTAHOBKHM 33J1a4i 1 T. iH. Y po0orTi
PO3TJSIIAETHCS TUTBKK JUHAMIYHA MOCTAHOBKA 3a1a4i Ha
OCHOBI c(hOpPMOBAHMX KIIBKICHHUX LIKaJ MOJIEINeH 3piJIOCTi.
CuHTE3 CTAaTUYHOI MOJEN 3amadi Ha OCHOBI KUIBKICHHX
Kajd € MPEeIMETOM MOAANBIINX JOCTIKEHb. 3 METOI0
BUpINICHAS JUHAMIYHOI 3a/1a4i TUIaHYBaHHS ITiJBUIICHHS
piBHA sixocTi TP 13 Ha ocHOBI chopMOBaHMX KITBKICHHX
Kajd MoAelel 3puIoCTi CHOYaTKy pO3IISTHEMO IO
npobiieMy Ha BepOaJbHOMY PiBHI y BHUIUIAAI TEXHOJIOTII,
sIKa CKJAJaeTbcsl 3 TOCHTIJOBHOCTI OKpPEeMHX eTamiB il
peamizanii 3 MOXJIMBICTIO BHUKOPHCTaHHS 3BOPOTHOTO
3B'SI3Ky Ha OLIBIIOCTI €TaIliB.

Bep6anbuuii onuc Texnosorii. Ha puc. 2 HaBeaeHo
TexHoJoTito miaBuIIeHHs piBHA gxocTi [IP I13 Ha ocHOBI
KimpKicHEX mmKan mozeneil 3pimocti CMMI Tta SPICE.
PosrisiHemMo okpemMo ii OCHOBHI eTary.
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ETtan 1. dopmanizalid cTpyKTypH Ta omiHKa AkocTi ITP IT3 Ha 0cHOBI
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KITBKICHHX IIKAI MOZeNeH 3piaocTi
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ETtan 4. Mozeni IVIaHyBaHHA ITiIBHIIEHHS AKOCTI OKPEeMHX CKIA10BHX
TP I'13 Ha OCHOBI KUIBKICHHX KA MOJeseH 3puIocTi
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Etamn 5. AMTopHTM [IaHyBaHHA IIiIBHIIeHHA AKocTi ITP IT3
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ETtan 6. [HpopMallifiHa TeXHOIOTi MIIaHyBaHHA TiIBHITEHHA
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axocTi [1P I13

ETan 7. TTapaMeTpHYHHE aHATI3 MoAeeH ILTaHYBaHHS [ILIBHIISHH
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Etan 8. Ilpuiinatta pimens OITP Ha 0cHOBI TapAMETPHYHOTO aHATITY

Puc. 2. Texnonoris mnanysanss migsuierHs sskocTi [P 13 IT-kommanii

Eran 1. Sxicte 1P I13 IT-xommanii e KOMIUIEKCHE
MOHSATTS, SIKE CHHTe30BaHe 3 0araTboX OKPEMHUX
ckinanoBux. Tomy BuHHMKae mnpoOiemMa JIEeKOMIO3HUIT
[BOTO TOHSITTS HA OKPEeMi OLIBII MPOCTI CKIAZ0BI 3
METOI0 OILIHKM IXHBOI dAKocTi. Taka [JIeKOMIIO3ULIS
3aJeXUTh Bij Mojeneil ouinku sikocti ITP T13. YV po6oti
SIK IPUKIIa posrisinatoteest 18i moneni: CMMI Ta SPICE.
Jis mux Mojeneld HEOOXiZHO NPOBECTH JIEKOMIO3HUIIIO
JI0 PIBHS OKpeMHX OO'€KTiB, SIKI XapaKTEepHU3YIOTh Ty YH
iHmy ckuagoBy sikocti TP I13. Jlms monmeni CMMI e
kateropii QokycHux obyacreil i gami okpemi QokycHi
obmacri, a aust mogeni SPICE — kareropii mpouecis, siki
JIEKOMIIO3YIOThCS Ha OKPEMI IIPOLIECH.

Jlani BHHHMKA€ MMUTAaHHS TMOJAIBIIOI JIEKOMIO3UIIIT
muX OO0'€KTIB 1O PIBHA MOXJIMBOCTI 1X (opmaizarii
HUTSIXOM BBEJICHHA OKpEeMHUX 3MiHHHX, SKi
XapaKTepu3yloTh IXHIO sKicTh. Hampukmaa, KoxKHa
(dokycHa 00JacTh JEKOMIO3YETHCS HA OKpemi Im, a
KOXHa I[IJIb — HA OKPeMi MPaKTUKH, ISl SIKUX BBOJASTHCS
JIMCKPETHI 3MiHHI «PiBHS MOJIMBOCTI» MPaKTHK Bix 0 110

3. Koxuiii 3MiHHII BigmoBigae OanbHa SKICHA IIKaJia
MEepIIOro TUILY 1 KOXKeH 0aj BepOaibHO omucyeThes. ai
peati3yeThCs arperaiisi OKpEMHUX MPAKTUK 1| BU3HAYAETHCS
OLIIHKA SIKOCTI OKpeMuX (OKyCHHX oOnacTedl TakoX Ha
OCHOBI OQJIbHMX SIKICHHX LIKaJ nepiroro Tumy [8].
Amnanoriyno oxpemuii npouec Mogeni SPICE
JCKOMIIO3YETBCSI  HAa ~ OKpeMi  IpPaKTUKH,  «pPiBHI
MOJIJIMBOCTI» SIKUX BHM3HAYalOThCS Ha OCHOBI JIEB’SITH
aTpuOyTiB, KOXXEH 3 SIKUX XapaKTepPU3YEThCS YOTHpPMA
PIBHAMH «BOJIOAIHHS pucoro». Came Ha IbOMY piBHI
BBOIATHECS 3MiHHI 3 OanbHOIO mKanoro Big 1 go 4. Ha
OCHOBI IIMX 3MiHHHMX (popMyeTbcsi OabHA IIKaja PiBHIB
MOJJIMBOCTI TpakTHK Bim 1 mo 5. ami, sx i B Mojeni
CMMI, peanizyeTrbcsi arperamis OKpEMHX TPAaKTHK i
BH3HAYAETKCS OliHKA sikocTi poneciB moaeni SPICE [8].
3 meroro ominku skocTi Besoro ITP I13 IT-xkommanii
BUHHMKA€E 3ajaya arperamii OTPpUMaHUX OIIIHOK SIKOCTi
OKpeMHX ckianoBux mojened. lleir mporec arperarii
3agoKyMeHTOBaHO ansi  momeni CMMI  mpm i
JMCKPETHOMY BapiaHTi peanizalii, e BU3HAYAETHCS IT'STh
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piBHiB 3pinocri I1P I13. INepimii piBeHs Bianosigae Oynb-
skomy [IP TI3, sikuii peamizye po3pooky I13. Koxen 3
IHIIUX PpIBHIB 3pLIOCTI BH3HAYAETHCS  (PIKCOBAHOIO
MHOXXHHOIO (POKyCHHX OONacTei, KOXKHA 3 SKHX Mae
3amaHuid piBeHb MoxumBocTi. Omxke, Momens CMMI
peamizye CBifi OWCKpeTHWH BapiaHT, U1  SIKOTO
BHKOPHCTOBYETHCS OajbHA AKiCHA IMIKaJja TIEPIIOTO THITY 3
rpagamismu Bix 1 mo 5 [8].

Mopnens SPICE ©a TemepimHiii wac He Mae
odiLiifHOro AMCKpETHOro BapiaHTa i TOMy arperamis il
OKpEMHX CKJIQJIOBHX MOXKE IPOBOIAMTHCH Ha MPUKIA (3a
ananoriero) mozeni CMMI abo iHIIUM YHHOM.

Eram 2. Omninka sikocti okpemux ckinanoux [IP I13
ta Bchoro [IP TI3 Ha ocHOBI Mojeneil 3pisocTi, sKi
0a3yroThCs Ha OaJbHHUX SKICHUX IIKANaxX IEpIIOTO THITY,
HE JI03BOJISIE KiNbKICHO BIH3HAYUTH PiBEHB iXHBOI 3pisIOCTI.
BepOanpanit ommc moxener CMMI Ta SPICE Bupimnye
TiNbKM nuTaHHA skicHoi orinku [IP II3, a 1me B cBOIO
Yepry He J03BOJSIE CHHTE3yBAaTH MOJENI IUIaHYBaHHS
posButky I1P 13 (migBuimeHHS HOTO CIIPOMOXHOCTI). Sk
OyJl0 CKa3aHO BHIIE, 1€ MOB’S3aHO 3 THUM, LIO KOXHA
rpajamis OajdbHOI IIKadXM HE BIAMOBiAaE  mesKid
KOHKpeTHil BenuuuHi kopucHocTi ITP T13 i mixBuiieHHs
3pinocti Beworo [P I13 abo ioro ckiagoBux Ha oAuH Oai
HE JI03BOJISIE BUSHAYHUTH IXHIO HOBY KOPHCHICTB KiJIBKICHO.
Tomy BuHHMKAac HEOOXIJHICTH pPO3POOKK TEXHOJOTI]
MepeTBOPeHHsT OanbHO{ SKICHOI IIKaNH y KITBKICHY 3a
JIOIIOMOT'OI0 BUKOPHCTAaHHS TE€OPii KOPUCHOCTI.

Imest Takoro migxogy B TOMy, IIO 3a JOIOMOTIOIO
eKCIIEPTiB BHU3HAYA€ThCA HA CKUIBKM  MiJBHILYETHCS
kopucHicte [IP I3 abo #oro okpeMux CKIQZOBUX 3
KOXXKHMM OayioM sikicHOi 1ukanu. Peamizamis Takoro
migxony 0asyeTbesi Ha MeToJl mapHux nopiBHsAHb Caarti
[9, 10]. J[ns Oigbln  ajekBaTHOI OIHKH 00'€kTa
JIOCITJIPKSHHSI 3aIpOIIOHOBAHO BHUKOPHCTOBYBATH
METOJIOJIOTiI0 KOJISKTMBHOTO EKCIIEPTHOTI'O OLIIHIOBAHHS
(MKEO) [10]. Moe Tak cTaTics, 1O IiJBUIICHHS SKOCTI
[P I13 Ha oxuH 0ax (HANPUKIAL, 3 TPHOX IO YOTUPHOX Ta
3 YOTHPHOX JI0 M'ATH) MPHU3BOAMTH O JIOBOJI PI3HHUX 32
BEJIMYMHOIO TPHUPOCTIB (QyHKHii KopucHocTi. Tomy 3a
aHanoriero 31 30alaHCOBaHMMH MIKaJaMH  TAPHHUX
MOPIBHSAHP BBEACHO TMOHATTSA 30aJaHCOBAHOI KiTBKICHOT
mKanmd Oe3mocepeHpoi OIMiHKK 00'ekTiB. CyTh TaKoro
mijxoay B ToMy, 100 okpemi rpanaumii Takoi KijgbKiCHOT
mIKaJd OyJiM pO3TAllOBaHi NPHOIM3HO HA OIHAKOBIH
Biacrani [11, 12].

Eran 3. Koxna dokycHa obnacts moaeni CMMI ta
mporec Mmoxaeni SPICE  Bu3HauaioThess Ha  OCHOBI
pearizariii OKpeMHX MHOXWH IPAKTHK, SKi TOJy4eHi 10
HUX. Y CBOIO 4epry KO)KHa NMPAaKTHUKa Ma€ IESKUH «piBEHb
MOXJIMBOCTI», 3aJI)KHO BiJl SIKMX BH3HAYA€ThCS «PIBEHb
MOXJIMBOCTI» (pOKycHOi obOiacti Ta mporecy. Y CBOIO
4yepry Ui MiZABHIIEHHS «pPiBHS MOXIIMBOCTI» HPaKTHK
HeoOXiHO BHMKOpHcTaHHS (iHaHCOBHX pecypciB. OTxe,
KOXXHOMY «PIBHIO MOXJIMBOCTI» BiAMOBIZAIOTh HEOOXiTHI
pecypeu. Iligkpeciaumo, 1O TpH  MOCITiJOBHOMY
JNOCATHEHHI Tepmioro, APYroro Ta TPEThOTO «PiBHIB
MOJKJIMBOCTI» (DOKYCHO{ 00JyiacTi Ta 3 APYyroro mo m'sTuit
JUTS TIpOLIeCiB HEOOXiTHI pecypcH BiIPi3HAIOTHCS Bifl THX,
AKi HEOOXiTHI TPH MEepexofi 3a OIWH KPOK 3 HYJIHOBOTO

PIBHS Ha TPETiH 4M 3 MEpIIOro Ha M'ATHUH B HANPIMKY iX
30utpIIeHHs. ToMy y mojanbmomy Uit KOXHOT (POKyCHOT
obOmacti abo Tmporecy pO3TISAAIOThCS PI3HI BapiaHTH
JOCATHEHHS OTBIT BHCOKOTO «PiBHSI MOXKIIHBOCTI.

BignoBigHO 10 TeXHONOTIi IMepeTBOpeHHsS OalbHUX
SKICHHX IIKaN TMepHIoro THIy Y KUIBKICHI KOXXKHOMY
BapiaHTy BHKOPHCTaHHSA (DiHAHCOBUX pecypciB Oyrme
BIIMIOBiaTH KOHKPETHE 3Ha4eHHS (PyHKIIIT KoprcHOCTI. B
pe3yibTaTi MH OTPHMAEMO MiIXiX MO OIHKH SIKOCTI
OKpeMuX (OKYCHHX OOJNacTeii Ta TMpOIECiB Mojeneit
3pLIOCTI HAa OCHOBI KiJIbKICHUX IIIKAJI.

Po3risiHeMo mUTaHHS MiBHUIEHHS SKOCTi Bcboro 1P
I13 Ha OCHOBI KUIBKICHHMX IIKal Ha TPUKIANi MOIEITI
CMMI, sika mae, kpiM Oe3nepepBHOro, e 1 TUCKPETHHN
BapianT peamizamii. Sk 1 T OKpeMuX (HOKYCHHX
oOmacTef Ta TIPOIECIiB peai3yeThCsl IEPETBOPEHHS
I’ AITHOANBHOI AKicHOT mKamu 3pinocti [1P I13 y kinbKicHy
mKady 3a JONOMOrol mapHuX mopiBHsHb Caati. B
pe3ynpTaTi MH OTPUMAEMO KiJbKICHY IIKaly OLIHKA
sikocTi Beporo ITP IT3.

@®akTUYHO 1€ JI03BOJISIE BU3HAYUTH 3HAYCHHS
(byHKUIT KOPUCHOCTI Il KOo)HOTO piBHs 3pinocti 1P I13
3aJIeKHO Bif (iHaHCOBUX pecypcis, AKi
BUKOPHUCTOBYIOTbCS JUISl HIJTHSATTS «pPIiBHS MOXKIMBOCTI»
OKpeMHuX (OKYCHHX oOiacTeil. 3alexHO Bia BapiaHTIB
HIIBUILIEHHST «PIBHIB MOMJIMBOCTI» (DOKYCHHX oOJsacTei,
SIKi BiOBINAIOTh KOHKPETHOMY PIBHIO 3piJIOCTi, BUHUKAE
morpeba y pi3HHX (iHAaHCOBHX pecypcax, sKi
3a0e3MeuyroTh MIyKAaHUH PiBEHB 3PLIOCTI.

Eran 4. Cunres wMonmem auHaMmidHOl 3amadi
IUTaHyBaHHA TokpamieHHs skocti [1P 13 posrisimaerses
Ha TpHUKIAAI MHOXHHU (OKyCHHUX obnacreit Mozmeni
CMML. V sixocti 1iiboBoi (GYHKIIT MOJEI BU3HAYAETHCS
BEJIMUYMHA TPUPOCTY (YHKIIT KOPUCHOCTI Ha BChOMY
IUIAHOBOMY TepioJii 3 ypaxyBaHHSM OOMEXeHb Ha
(iHaHCOBI pecypcH Ha KOXHOMY IiArepiofi i BCbOMY
nepiozi rianyBauHs. OYHKIS KOPUCHOCTI i -1 GpoKycHOT
obnacti K -1 kareropii y t-Mmy mianepiofi IuiaHyBaHHS
P'k (t) € TUCKPETHOIO 3MIHHOIO, SIKa Ha iHTepBai (0,1]
npuiiMae 9oTHpH 0a30BHX 3HAYCHHS: Poik,Fiik,Pzik,Pgik,
ae Pk =1 o Orxe,

pik (t)e{ng,Fi‘k,PZ‘k,ng"}.

BHU3HAYCHHIO.

[pupict ¢bysxmii

KOPUCHOCTI JJIsl KOXKHOT (hoKycHOT 001acTi moeni CMMI
abo mpouecy moneni SPICE moxe BinOyBatucst pizHHUM
LIUISIXOM TIPH TIEPEXOIl BiJl OJHOTO PiBHS MOXIJIMBOCTI JIO
OUThII TOTYXXHOTO (HE OOOB’SI3KOBO  HACTYITHOTO).
KoxHOMy BapiaHTy MiJBHIICHHS PiBHS MOXXJIHMBOCTI, a
3HAUUTh 1 QyHKOii KopucHocTi, (oKycHOi o00aacTi

(mpomiecy) BiATIOBimAIOTH

nepexony 3 j -ro Ha | -i piBeHb MOXJIMBOCTI.

IesiKi - pecypcu R'JI|( YIS

Cunte3 1inpoBOi  (yHKIII Mozmeni BigOyBaeThCS
OUIIXOM  3TOPTKH  NPHUPOCTIB  MHOXHHH  (QYHKIIH
KOPHUCHOCTI OKpemux (pokycHuX obmacteit abo mporecis 3
ypaxyBaHHSIM BaroBux Koe(iIllieHTiB iX BaKIUBOCTI.
3BakaloyM Ha Te, IO pO3IMIBIIAETBCS JAWHAMIYHA
MMOCTAaHOBKA 3aj1adi, Ipu mMoOymoBi IimboBOi (QyHKIIT
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MOJIeTll BH3HAYAIOThCS BaroBi KOe(iliEHTH BaXIJIMBOCTI
JUIsl KOYKHOTO Tianepiony manyBanHs. [Ipu ¢popmyBanHi
pecypcHux ((piHaHCOBHX) 0OMEKEHb Ha LITBOBY (DYHKIIIFO
MOZeNi BUHUKA€ IUTaHHS BH3HAUCHHS YIPaBIIOUYHX
3MIHHHUX, fKi 320€3MeuyIoTh 3aJeXKHICTh MK BapiaHTOM
npupocty  GyHKOIi KOpHUCHOCTI  (hoKycHOi oOmacTi
(mporiecy) i HEOOXiTHUMH IS IBOTO pecypcamu. OOuH 3
MiAXOMIB O BHUpIIIEHHS ITi€l mpoOiIeMHn — BUKOPUCTAHHS
ik

OyJIEBUX 3MIHHUX {X| (t)} , e | — piBeHb MOXIHBOCTI, &

t — mignepiox mianyBaHHA. B pesyibrari opmyeTbcs
MOJeNb 3ajadi 3 aAWTUBHOIO MUTBOBOIO (YHKINE0 Ta
OyneBUMH 3MIHHAMH, Ha SIKy HaKIaIalOTbCA pPECypCHi
oOMexeHHS. Pecypcn  BUALISAIOTBCS HAa  KOXKHOMY
miAnepionl IUIaHyBaHHS 1 MOXYTb OyTH IlepeHeceHi Ha
HACTYITHI MiANepioay.

Eran 5. Ananiz nuHamiyHOlT MoJeni IUIaHyBaHHS
MIZBUICHHS SKOCTI MHOXHHH (POKYCHHX oOjacTeit
moneni CMMI (mponeciB mozeni SPICE) mokasas, mio
HAMOUIPII CHOPUATIMBAM METOAOM JO I PO3B'I3aHHS €
MeToJ TociizoBHoro anamizy BapaHtiB (IIAB). Takuit
BHCHOBOK 3pO0JIEHO Ha OCHOBI TOrO, I10: 1) Moaenp Mae
aIUTUBHY LITHOBY (YHKILIO 3 OyJIeBHMH 3MIHHUMH; 2)
0oOMe)XKeHHS BH3HAYalOTbCA Ha OCHOBI (QYHKOIH 3
KBaJIpaTUYHUMU OyJICBUMH 3MiHHUMH.

B  pesymprari 3amaua e  NP-ckimagHoro i
BUKOPHCTaHHS peajbHOi iHpopMallii MPU3BOIUTE A0 IyXKe
BHUCOKOi  pO3MIpHOCTI  3amayi 1  HEAOIJIBHOCTI
BUKOPHCTAHHS IHIINX METOJIB Uil TAKOTO Kiacy 3aiad.
Mertop ITAB € 6araTokpoKOBHM HpOLIECOM, Ha KOXKHOMY
Kpo1i SIKOTO BH3HAYA€ETHCS MHOXXHHA
HEKOHKYPEHTO3aTHUX BapiaHTiB, IO HE BXOAATh B
ontuManbHe pimeHHs. Lle no3Bossie BupinryBaTth Takoi
CKJIAJHOCTI 3ajad4i, Kl He IiACHJIbHI IHIIMM MeToaaM. Y
poOOTI  3alpPONOHOBAaHO BUKOPHCTOBYBAaTH  aJITOPHUTM
«KUWiBChKMI  BIHUK», pO3pOONCHHUH  YKpaiHCHKAMHU
Byenumu B. C. Muxanesuuem ta H. 3. lllopom Ha OCHOBI
merony [TAB. Haouna iHTeprperaliisi bOro alropurMmy
Ha HYJHOBOMY KpOI[l TEXHOJIOTil KOB3HOTO IUIAHYBaHHSI
HaBeJeHa  Ha Gy.Gy..Gt

(pinaHCOBHX)

puc. 3.  MHOXHUHH

BH3HAYAIOTECI HA OCHOBI peCypCHHUX

oOMesxeHb Mojeni. MuoxuHa Gy CKIafaeTbes 3 OJHOTO

CIIEMEHTY 1 BHU3HAYa€ IMOYATKOBHH CTaH IIiAMHOXHUHHI
¢doxycHux obmacreit momeri CMMI abo mpomeciB Moxeni
SPICE.

Etan 6. VYmponox po3poOku iH(popMariiHo1
TEXHOJIOTIT IUTAHYBAHHS IiJIBUIICHHS SKOCTI i IMHOXHHU
OKpEMHUX CKJIaJOBUX MOJEIeH 3pUIOCTi BHUPILIYIOTHCS
HacTymHi 3azxadi: 1) Bukopucranus craunapty IDEF mis
MPEJCTABIICHHS TEXHOJOIIl Yy BHIVISAAI TMOCIIIOBHOCTI
Oi3Hec-miporieciB; 2) BH3HAYEHHS (YHKLIOHAIBHUX Ta
HedyHKuioHanbHUX BuMor go I13; 3) dopmyBaHHs
nmiarpamu BukopuctaHes [13; 4) d¢opmyBanHS Mozemi
JaHWX; 5) aHaJi3 Ta OOTPYHTYBAHHS 1HCTPYMEHTAPIIO LIS
po3pobku I13; 6) Bubip apxitexrypu I13; 7) Bu3HaUCHHS
Ta TPEICTaBJICHHA NPOIPAaMHUX KOMIIOHEHTIB Jiarpamu
posropraHHs; 8) (opMyBaHHS TECTOBHX NPUKIANIB 1
mepeBipka Ha  ixHI# OCHOBI Mpane3aaTHOCTI
iHpopManiiHOT TeXHOJIOTI].

Eran 7. [IlapameTpuuHuii  aHamiz  Mojeied
IUIaHyBaHHS migBHIIeHHs piBHsA sikocti [1P I13 Ha ocHOBI
MHOXKUHH ~ OKPEMHUX CKJIaJOBUX MOJENed  3pijocTi
MIPOTIOHY€EThCS. NPOBOMUTH IUIIXOM BapilOBaHHS Py
mapameTpiB Mogeneit. ILle mo3Bomnse ocobi, mo mpuitmae
pimenHs (OIIP) chopMyBaTH MHOKHHY aIbTEPHATHB IS
NPUMHATTS ~ OCTaTOYHOTO  pimeHHA.  BapiroBaHHA
rapaMeTpiB NMPOBOJUTHCS B MEXaxX 3a3Jallerifb 3aJaHnX
IHTepBaJiB 3 ypaxyBaHHSAM: BIUIMBY 30BHIIIHBOTO
cepemoBUINa; MpeaMeTHOI ob0macti Bukopuctanus [1P I13;
BapiaHTa IUIaHyBaHHS (IIOTOYHE, CEPEIHbOCTPOKOBE,
cTparerivHe) i T. iH.

BpaxoBytoun TexHoisorifo MoOYJIOBH MoJenel a0
napaMeTpiB, sKi JIOUUIBHO JOCIHIJNTH, BIAHOCSATHCS:
KOe(DI[IEHTH BaKJIMBOCTI OKPEMHX CKIJIAJOBHX MOJIelei
3plIoCTi; JIOBXKMHA Iepiofy IUIaHYBaHHS 1 KUIBKICTb
MiAepioiB Ha HOMY; KOS(DIIliEHTH Ba)KITUBOCTI OKPEMIX
MAMepioiB IUIaHyBaHHS, OOMeXeHHs Ha (iHAHCOBI
pecypcH 1o KOXHOMY Tiepiofy IUIaHyBaHHS; 3arajibHi
(iHaHCOBI  pecypcH  BOPOJOBXK  YChOTO  Mepioxy
IUTAaHyBaHHSI.

0 1 2

| T

(V5]
~

Puc. 3. Haouna intepnperatiist anroputmy «KuiBcbKkuii BIHUK»
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Eran 8. Ha ocHOBi BapitoBaHHsI TapaMeTpiB Mojei
OIIP oTpuMye MHOXHMHY albTEpHaTUBHHUX BapiaHTIB, 3
SIKUX HEOOXIHO OOpaTH OCTaTOYHE pIMICHHSA IS
BTIJICHHS HOT0 y mpakTuky QyHKnionyBaHHA [ T-kommaHii.
Bubip pamioHanbHOI andbTEpHATHBH peaji3yeThCsl Ha
OCHOBI OITIHKH TPHOX T'PYyH KPHUTEPIiiB, AKi € MOKa3HUKAMU
epextuBHOCTI (QyHKmioHyBanHs [IP II3. o mepmoi
TPYIIH BXOANTH CTYMiHb HOCATHEHHS MOCTAaBICHOI MeTH. B
HAIIOMY BUIIAJKy METOI0 € MiIhOBHH mpodaiin, sSKuit
BU3HAYa€ SKICTh MHOXXHMHH OKPEMHUX CKJIAJOBHX MOJEINI
3piocti. B 10 rpymy Takoxx BXOIUTH NPHPICT (QYHKINT
KOPUCHOCTI HPOTSATOM YChOTO IUIAHOBOTO Tepiomy. [lo
JIpyroi TpynH BXOAATb HEOOXiAHI pecypcu Ui
JOCSITHEHHsI ITOCTaBJIeHOi MeTu. Tpers rpyna Bu3Hayae
JOBXHHY TIepiofy (dacy) MOCATHEHHS IIOCTaBJICHOI METH.
Ha ocHOBi OIiHKH BHW3HAYCHHX KpPUTEPiiB BHOMPAETHCS
MHOXHWHA e(eKTUBHUX anbTepHaTuB, 3 skux OIIP Ha
OCHOBI JomaTkoBoi iHQopmamii BH3Ha4Yae Kpamuid
BapiaHT.

BuCHOBKM, HUIAXH NOAANBIIMX IOCTIKEHb. Y
PpOOOTI MiAKpPECIeHO, 1110 ISl BUPILICHHS 3aa4i po3pOOKH
Mojeneld, MeromiB Ta iH(opMauiiiHOI  TEXHOJOTil
IUIaHyBaHHs migBuiieHHs piBHA skocTi [1P I13 Ha ocHOBI
KUTbKICHHX ~ IIKaJd MOJENIeH  3pIIoCTi  MONMepeaHbO
HEoOXimHO  Ha  BepOalmpHOMY  pIiBHI  poO3poOUTH
TEXHOJIOTIIO, sIKa CKJIAJaeThcsi 3 OKPEeMHX ETalliB,
BHpIMIEHHA MOCTaBIIeHOI mpobiemu. B pesympraTi Ha
MIEPIIOMY eTalli MPOBOAUTHCS (popMaizalis CTPyKTYpH Ta
ominka sikocti TP 13 Ha ocHOBI OadbHUX SKICHUX MIKAJ
mogneneit 3pimocti CMMI ta SPICE. Jlami Ha apyromy
erani BU3HAYEHI OCHOBHI HEJONIKM BHKOPUCTaHHS
OaJbHUX SIKICHUX IIKal 1 3alpONOHOBAHO METOJ CHHTE3Y
30aJlaHCOBaHMX  KUIBKICHMX ~ IIKal  Ha  OCHOBI
BukopucTanHs (yHkuii kopucHocti. Ha Tperbomy erarmi
TEXHOJIOTIT ~ TPOBOJUTHCS  OI[IHKA  SIKOCTI  OKPEMHX
cxinanoBux [IP 13 Ha ocHOBI 30ajaHCOBAaHMX KiJIbKICHUX
mKkan. Ha derBeproMy eTami KiTBKiCHI IIKaJIA MOJEIEH
3piIocTi BUKOPHCTOBYIOThCS JJIsI CHHTE3Y MOJeEINeH
IUIAaHYBaHHS MiJBUIIEHHS SKOCTI MHOXHH OKpPEMHX
cknanosux [P I13. Jlami eram 5 mpUCBSYEHO aNTOPUTMY
«KwuiBcbkwii BIHUK», STKUH BITHOCHTHCS 10 MeToxy [TAB i
JI03BOJISIE BHPIIIUTH 3ajady IUIAaHyBaHHS ITiABHIICHHS
skocti TIP T13. Ha mioctoMy erami po3mIsSAarOThCs
OCHOBHI  cklajnoBi iH(opMmaniiHOT TexXHoJOorii, sKa
MOBUHHA pealli3yBaTH pO3pOOJIeHI MOJENi, MEeTOAu Ta
anroputMu. Ha cboMomy Ta BochMomy eramax OIIP nHa
OCHOBI MapaMeTPUYHOTO aHamizy Ta (OpMyBaHHS
e(peKTUBHUX pillleHb BU3HA4Ya€ BapiaHT po3BUTKy [IP I13,
SIKMI MO>Ke OYTH HPUHHSATHM JI0 BIPOBAKCHHSI.

HanpsiMku opanbmmx J0CIiKEeHb:

1) po3poOka nAMHAMIYHMX MOJENeH IUIaHyBaHHS
masumends  sxocri  IIP I3 IT-xkoMmanii s
JMCKPETHOTO BapiaHTa MOJIeJIeH 3pisIoCTi;

2) po3poOka CTaTUYHUX MOJAEIEH IIaHyBaHHS
migsuieHdas sxocti IIP II3 Ha OCHOBI KUIBKICHHX
30a1aHCOBAHUX IIIKAJT,

3) po3pobka iH(pOpMAIIHHOT TEXHOJOTIi KOB3HOTO
MJIaHyBaHHs TifBuiieHHs skocti [IP II3 Ha ocHOBI
CTaTUYHUX Ta JUHAMIYHUX MOJIENel 3piiocTi.

10.

11.

12.
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A. M. TPUT'YBA, 1. JI. TPUT'YBA, 1. P. ®IPMAH, B. 10. PAMYIIAK, H. A. KOBAJIb

IHTEJIEKTYAJIBHE ITPOI'HO3YBAHHSA EKOJIOTTYHUX PU3UKIB Y HUPKYJIAPHUX
CUCTEMAX YIIPABJIIHHS OPTAHIYHUMMU BIIXOJJIAMU

OOrpyHTOBaHO JOLINBHICTE CTBOPEHHS IHTENEKTYyalbHOI CHCTEMH HPOTHO3YBAHHS Ta iHTErpaibHOI OLIHKH €KOJOTIYHUX PU3HUKIB Yy IUPKYISPHHUX
CHCTeMax YMpPaBIIHHS OPraHiYHMMH BiIXOJAMH, OPi€EHTOBAHOI Ha MYyHIUMIAJbHHI PIBEHb YNpPaBIiHH]. 3aNpOMNOHOBAHMN MiAXiX IO CTBOPEHHS
IHTENIEKTYaIbHOI CHCTEeMH 0Oa3yeThCsi Ha iHTerpaiii OaraTopiBHEBHX IMOTOKIB JaHHX i3 CEHCOPHHMX MEPEX, IeoiH(pOpMalifiHUX CHUCTEM, PEECTPIB,
iHpopManifHUX IIaTGOpPM OpraHiB MiICIEBOIO CaMOBDSAYBaHHS Ta KOMYHAIPHHX HiJUPUEMCTB y €IUHUH aHATITUKO-IPOTHO3HHH KOHTYP.
Po3po06iieHo CTPYKTYypHO-(YHKI[IOHATBHY MOENb IHTEJIEKTYaIbHOI CUCTEMH Y BUIIIAI OaraTopiBHEBOI apXiTEKTypH, IO MOEAHYE MOIYI 300py Ta
arperauii JaHHX, aHATITHKO-IHTErpauiiiHui piBeHb, NPOTHO3HO-MOIEIBHUII OJOK, MOIYJb OLIHKH EKOJOTIYHUX PH3UKIB 1 CHCTEMY MiATPHUMKH
HPHIHATTS pillleHb, 3 MEXaHi3MaMu 3BOPOTHOI'O 3B’sI3Ky, a[alTallii Ta HaB4aHHs. 3alpONOHOBAHO CTPYKTYPHO-JIOTIYHY MOJEIb IHTErPAIHOI OLIHKH
€KOJIOTIYHUX DPU3HKIB, sika (opMmailye Mpolec HNPOrHO3YBAaHHS HEraTHBHUX MOJiIH Ha OCHOBI IMOBIPHICHOI OLIHKM iX HAcTaHHS Ta KUIbKICHOrO
aHaJi3y MOTEHLIHHUX €KOJOTIYHUX HACIIAKIiB. 3alpONOHOBAHO IHTEIPATBHUI 1HAEKC PU3KKY SIK y3arajlbHEHUH MOKa3HUK OaraTo(akTopHOI IPUPOIH
eKOJIOTiYHOi HeOe3meky, Mo 3ade3neuye yHi(ikoBaHy MIKaTy OLiHIOBaHHS, KIacH(iKalilo pU3HKOBHUX CTaHIB Ta iX TpaHchopMariio y ¢popmanizoBaHi
yIpaBIiHCHKI pillleHHs. PeanizoBaHO pU3HK-OpIEHTOBaHY JIOTIKY Kareropusauii HeOe3mek i3 GpopMyBaHHAM CLEHApiiB pearyBaHHs Ta aJalTHBHOTO
ynpasiaiaas. OTpuMaHi pe3ynbTaTi GOPMYIOTh LiTICHY METOIOJIOTTIHY OCHOBY IS IOOYIOBH IHTENEKTYaIbHUX 1HQOPMALIHUX CHCTEM €KOJIOTTIHOT
0e3rnexu B yMOoBaX IUPKYJISIPHOI €eKOHOMIKH Ta IM(POBOTO BPsIyBaHHS. 3allpOIIOHOBaHI MOJENi 3a0e31euyIoTh CHCTEMHY 1HTETpalilo IPOrHO3yBaHHS,
AQHANITUKY, OLIHKH PH3UKIB 1 MIATPUMKH MPHUHHATTS pIlICHb, CTBOPIOIOYM MEPEIyMOBH Ui BIIPOBA/KCHHS DPU3UK-OPIEHTOBAHHX CTpaTerii
YIpPaBIiHHA OPraHiYHUMH BiAXOJaMH Ha PIBHI TEPUTOPIANBHUX IPOMAJ, MiABHILIEHHS EKOJOTIYHOI CTIHKOCTI MYHILHIIAJbHUX CHCTEM 1 HAYKOBO
00rpyHTOBaHOI 1M (POBOT TpaHChOpMaLlii POIECIB €KOJIOTTYHOTO YIIPABIIiHHSL.

KaiouoBi cjoBa: iHTeNeKTyajdbHa CHCTEMA; €KOJOTIYHI PH3MKH; LHUPKYJSIPHI CHCTEMH; OpraHivYHi BiIXONH; MPOTHO3YBAHHS DH3HKIB,
IHTerpaJibHa OL[HKA; MATPIMKA IPHHHATTS PillleHb; MyHI[[UIIaJbHEe YIPaBIiHHS; TU(PPOBE BPSTyBAHHS.

A. TRYHUBA, I. TRYHUBA, I. FIRMAN, V. FAMULIAK, N. KOVAL

INTELLIGENT FORECASTING OF ENVIRONMENTAL RISKS IN CIRCULAR ORGANIC WASTE
MANAGEMENT SYSTEMS

An intelligent system for forecasting and integrated assessment of environmental risks in circular organic waste management systems is developed
with a focus on the municipal governance level. The proposed approach is based on the integration of multi-source data flows from sensor networks,
geographic information systems, public registries, municipal information platforms, and utility services into a unified analytical and predictive
framework. A structural-functional model of the intelligent system is constructed as a multi-layer architecture that combines data acquisition and
aggregation modules, an analytical-integration layer, a predictive modeling block, an environmental risk assessment module, and a decision support
system, complemented by feedback, adaptation, and learning mechanisms. A structural-logical model for the integrated assessment of environmental
risks is developed to formalize the forecasting of hazardous events by combining probabilistic estimation of event occurrence with quantitative
evaluation of potential environmental impacts. An integral risk index is proposed as a unified multi-factor indicator of environmental hazard, enabling
standardized risk measurement, classification of risk states, and their transformation into formalized management decisions. A risk-oriented
categorization logic is implemented to support scenario-based response strategies and adaptive management processes. The obtained results establish a
coherent methodological foundation for building intelligent environmental safety systems within the framework of circular economy and digital
governance. The proposed models provide systemic integration of forecasting, analytics, risk assessment, and decision support, forming a unified
management contour for organic waste systems. This creates practical preconditions for the implementation of risk-oriented management strategies at
the community level, strengthening the ecological resilience of municipal infrastructures and supporting scientifically grounded digital transformation
of environmental governance processes.

Keywords: intelligent system; environmental risks; circular systems; organic waste management; risk forecasting; integrated risk assessment;
decision support systems; municipal governance; digital environmental management.

Beryn. CywacHi TpaHcdopmaniiiHi nporecu y chepi
VOpaBIiHHA  BigXOJaMH  BiIOyBalOThCI B
OJHOYACHOI'O  ITOCHJIEHHS  EKOJOTIYHHX

3aBIAaHHSM CTa€ HE JIMIIEC OpraHizaiis 300py, mepepoOKu
yMOBaX Ta TOBTOPHOIO  BHKOPHCTaHHA  BimxonmiB, a i
BUKJIMKIB, TPOTHO3YBaHHS E€KOJIOIIYHHX PH3HMKIB K  OCHOBH

nuGpoRBI3allii ynpaBIiHCHKUX MPOIECIB Ta MepeopieHTarlil
C€KOHOMIYHUX CHCTEM HAa MPHUHIHUIHA IUPKYISIPHOL

ekoHoMiku [1]. OpraniuHi BiIZxoau, sIKi CTaHOBIATH
3HaYHy 9YacTKy Yy  CTPyKTypi moOyToBHX  Ta
arpornpoMUCIIOBUX BiJIXO/iB, IIOCTYIIOBO

TpaHC(HOPMYIOTECS 3 KaTeropii eKoJOrivyHOi mpodieMu y
CTpaTeriyHuii pecypc pO3BUTKY TepHTOpii. Bomnouac
came opraHiyHa ¢pakuis Gopmye HaHOIIBII EKOJOTIUHI
3arpo3H, TOB’s3aHi 3 BUKHJAMH METaHy, 3a0pyAHEHHSIM
I'PYHTIB 1 BOZHUX PECypciB, JErpajali€o eKOCHCTEM Ta
3pOCTaHHAM COLIAJIbHO-EKOJIOTIYHOT ~HAaNpy>KeHOCTI B
rpomMasiax.

Y Mexax UMPKYJSpHOI MapagurMd OCHOBHUM

NPEBEHTHBHOTO YNPABIIHHA HETaTUBHUMH HACIIiJIKAMH.
Tpaauiifiai miaXoau 0 €KOJOTIYHOTO MOHITOPUHTY, IO
0a3yIOThCSl TIEPEBAXXHO HA PETPOCIEKTHBHOMY aHai3i
CTaTUCTUYHHMX JIaHUX, € HEJOCTaTHIMH B YMOBax
OUHAMIYHUX ~ 3MiH, IIPOCTOPOBOi  HEOTHOPITHOCTI
TEpUTOpiii Ta 3POCTAHHSA CKIAJHOCTI COII0-€KOJIOro-
eKOHOMIUHUX cucteM. Lle 3ymoBioe nmorpedy nepexony
JO  IHTeNeKTyaJbHUX  iHQOpMAmiHHUX  TEXHOJIOTIH,
OpIEHTOBaHMX  Ha  TIPOTHO3YBaHHS,  MOJICIIOBaHHS

CIleHapilB pPO3BUTKY Ta WIATPUMKY YIPaBIIHCHKUX
pilleHs.

OcobmuBoi aKTyaJIbHOCTI HaOyBae 3ama4ya
NIPOTHO3YBAHHS €KOJIOT1YHUX PHU3UKIB Ha
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MYHIIMIIAIILHOMY DiBHI, Jie YHPaBIiHCHKI PIIEHHS I0J0
OpraHiyHMX BIiIXOMAIB Oe3MocepeHhO BIUIMBAIOTH Ha
SKICTb JKHTTSI HAceJICHHs, eKOJIOTIuHy Oe3leKky Ta
CTIMKiCTP TepuTOpianbHHX Tpoman [2]. 3a mHX yMOB
YIpaBITiHHS BiIXO/1aMHU TpaHCHOPMYETHCS 3
iHppacTpyKTypHOI (YHKIT y CKIamOBYy CTpPATETidHOTO
VOpaBIiHHS  PO3BUTKOM  TEPUTOPi, MO0 BHMAarae
iHTerpamii eKOJOTiYHMX, CKOHOMIYHHX, COIiaJbHAX i
U(POBUX KOMIIOHEHTIB Yy €IMHY CHCTEMYy IPHHHATTA
pimerb. CTBOpEHHSI IHTEJEKTyalbHUX I1H(QOpMaiiHUX
CHCTEM TIPOTHO3YBaHHS €KOJIOTIUYHHMX PU3HUKIB 3a0e3reuye
HAyKOBO-METOJIOJIOTIYHY OCHOBY JUIS TIEpPEeXOoay Bij
PEaKTUBHHMX MOJeNieil pearyBaHHS IO IPOAKTHBHOTO
YIOpaBIiHHS pH3MKaMH B IHUPKYJSIPHUX CHCTEMax
YIOpaBITiHHS OPTaHIYHUMH BiTXOTaMU.

Mera i 3aga4i gocaixxenusi. MeTO0 JOCIIUKEHHS
€ po3poOKa iHTeIeKTyalnbHOi iH(pOpMAaIiitHOi TeXHOJIOTil
MIPOTHO3YBAaHHA EKOJIOTIYHUX PH3UKIB y IHPKYJISIPHUX
cUCTeMaxX  YNpaBIiHHA  OpPraHiYHUMH  BIIXOIaMH,
OpIEHTOBaHOI Ha MIATPUMKY YMPABIIHCHKUX pIllIeHb Y
chepi ekosoriyHoi Oe3MeKH Ta CTAJIOr0 PO3BHUTKY
Teputopiil. 3ampomnoHoBaHa iH(oOpMaIliiiHa TEXHOJIOTIs
CIpsMOBaHa Ha (hopmyBaHHs uudgpoBoro
IHCTpYMEHTAapil0, 3JaTHOTO 3a0e3redyBaTH IPOAKTUBHE
YIOPaBIiHHS  EKOJOTIYHUMM  3arpo3aMd Ha  OCHOBI
MPOTHO3HUX MOJENeH 1 aHANTHKM JaHUX Yy MexXax
LUPKYJSIPHOT €KOHOMIKH.

Jisi moCATHEHHS TOCTAaBIICHOI METH y pOOOTI Cimif
BHPIIIUTH TaKi OCHOBHI HAYKOBI 3a/1adi:

- PO3pOOHTH CTPYKTYPHO-(PYHKITIOHANEHY MOMETb
IHTEJIEKTYaIbHOI CHUCTEMH IIPOTHO3YBaHHS E€KOJOTIYHUX
PU3HMKIB Yy  LUPKYJSIPHUX  CHCTeMax  YIpaBJiHHI
OpraHiYHMMHU BIiXOJaMH Ha OCHOBI IHTerparii IaHUX,
aHAJITUYHUX 1 IPOTHO3HUX MOJIYJIIB;

- noOyayBaTd  CTPYKTYpHO-JIOTIYHY  MOJIEIb
IHTErpajibHOT OLIHKHM €KOJOTIYHUX PU3MKIB, 1[0 BPAXOBYE
IMOBIpHICTh HAaCTaHHS HETaTUBHHUX TOMIA Ta MMOTEHIIiIHI
EKOJIOTIYHI HACNIIKH B CHCTEMax IIOBO/UKCHHSA 3
OpTaHIYHUMU BiIXOIaMH.

TakuM 4YHHOM, TIOCTaBICHI 3ajadi 3a0e3MedyroTh
LOUTICHYy HAYKOBY JIOTIKY JMJOCIHIDKEHHS, IO TIOETHYE
TEXHOJIOTIYHUH, MOJENBHUN Ta YIPaBIIHCHKUH piBHI
(dbopMyBaHHs IHTEJIEKTYaJIbHOT iIHOPMAIIHHOT TeXHOJIOTIT
MIPOTHO3YBAHHS €KOJIOTTYHIX PU3HKIB.

AHaJIi3 BUKOPUCTAHUX JIiTEpaTypHHX JuKepesa. Ha
OCHOBI TIPOBEACHOTO aHaNi3y JITEPATypHHUX JDHKEpE
BCTaHOBJICHO, III0 HAYKOBIII 30CEPEHKyBAI CBOIO yBary
Ha  OKpPEeMHX HAyKOBHX HAampsIMKax, IO YacTKOBO
(OpPMYyIOTH  TEOPETHYHY Ta METOJOJOIIYHY OCHOBY
IHTEJIEKTyaIbHUX iHpOpMaIifHIX TEXHOJIOTIH
NIPOTHO3YBAaHHS EKOJIOTIYHMX PHU3UKIB y MHUPKYJISPHUX
cucTeMax YNpaBIiHHSA OpraHiYHUMHU Biaxoxamu. PoGotn
[3, 4] cdopmyroTs KOHHIENTyanbHy 0a3y UHPKYJISIPHOI
€KOHOMIKH Ta CTaJloT0 YHPaBIiHHSA pecypcaMu, y Mexax
SAKAX OpPTraHiuHi BiAXOAW PO3TJNAIOTHCS HE JIHIIE SK
eKoJIoTiuHa TpobyieMa, a S[K elNeMEHT 3aMKHEHUX
MaTepialbHO-€HEPTeTUYHUX IHKJIB PO3BUTKY TEPUTOPIH.
VY nocnimkeHHsx [5] po3kputo migxoau a0 mudposizarii

CHCTEM yNpaBIiHHSA BIiAXOJaMH Ta  3aCTOCYBaHHS
iHTeNnekTyanpHuXx  iHGopMmauiiinux  miatdopm y
MYHIIMIIAJILHOMY YIIPaBJIiHHI, IO CTBOPIOE TiAIPYHTS
UL iHTerpamii TPOTHO3HHX MOJAETeH y MPaKTHKY
MIPUHHATTS YTIPABIiHCHKUX PIllICHb.

3acayroBye Ha yBary HaykoBa mpars [6], y sKii
PO3MIITHYTO METOAY MOJENIOBAHHS E€KOJOTIYHUX PH3HKIB
Ta (hopMai3oBaHi MiOXOAW AO OLIHIOBAHHS iMOBIpPHOCTI
HACTaHHS  HETaTUBHHMX  eKoJioriuamx  momid.  Lli
JOCITIKSHHS! 3aKJIa/laloTh METOJIOIOTIYHI OCHOBU PHU3HK-
OpIEHTOBAHOTO YNPABJIIHHA Ta J03BOJSIOTH MEPEHTH Bil
OITMCOBOT'0 aHaJi3y eKOJIOTiYHOI cuTyauii 40 KUTbKICHOTO
NPOTHO3yBaHHS  pu3ukiB. Pobora [7] mnpucBsueHa
3aCTOCYBaHHIO METOMIB IITYYHOTO IHTEJICKTY Ta aHalli3y
JaHUX Y cepi eKONOTITHOTO MOHITOPHHTY 1 yIIpaBIIiHHS
Biaxomamu, 110 MATBEPIKYE e(eKTUBHICTh
IHTENIeKTYyaIbHUX MOJeNeHd y 3ajadax IpPOTHO3YBaHHSA
CKJIQJIHUX €KOCHCTEMHHX IPOIIECIB.

Hocnimxerns [8, 9] GopMyIOTs HAYKOBY OCHOBY ISt
o0y TOBH CHCTEM HiATPUMKH IPUHHATTS pilieHb y cdepi
€KOJIOTIYHOT Oe3NeKH Ta YMPaBIiHHSA TEPUTOPiATbHUM
PO3BUTKOM, JI¢ IHTErpyIOThCS ITPOTHOCTHYHI MOJEI,
AQHANITUYHI IHCTPYMEHTH Ta CIIEHapHE IUIaHyBaHHS. Y
npai [10] po3risiHyTO CTPYKTYpu LU(PPOBUX ILIATHOPM
YIPaBIiHHS pecypcamu, ILIO0 JI03BOJISIE IHTEPIPETYBATH
iHTeNekTyanpHl iH(opMauiiiHi TeXHONOrii SK CKIaIHI

kibepdizmyHi CcHCTEMH, OpI€EHTOBaHI Ha MIATPUMKY
CTPATETIYHOTO YIPaBIIiHHS.
Oxpemi  pmocmimkenas [11, 12] mnpucssdeni

YHPaBIiHHIO €KOJOTITHUMH PU3UKAMH Y HAIIPSIMi CTAJIOTO
PO3BHUTKY Ta KJIIMaTWYHUX BHKJIHMKIB. Y HHX aBTOPH
HiJIKPECIIOITh MOTPedy iHTerpalii NpOrHO3HUX MOJieNei
y CHUCTEMH TEpPHUTOpiaJbHOrO ympasiiHHs. Poboru [13—
15], mio MicTATh aBTOPCHKI MiIXO/U /10 1HTEJIEKTYaIbHOTO
yIOpaBIiHHS  1HQPACTPYKTYPHUMH, EKOJOTIYHUMH  Ta
PECYPCHUMH CHCTEMaMH, IiATBEP/DKYIOTh IOUUIbHICT
BUKOPUCTAHHS IHTEJEKTYaIbHIX iHpopManiHHUX
TEXHOJNOTIH sK Oasmcy mnst (opMyBaHHS IHUPPOBUX
CHCTEM YIPABIIIHHS HOBOTO TIOKOJIIHHSI.

[IpoBenenuit aHami3 IiTEpaTypHUX IKEPENT CBiTYATH,
10 HasBHI HAYKOBI IiIXOAH OXOIUTIOIOTH OKPEMi acIleKTH
OUPKYJIAPHOI €KOHOMIKH, VIIPABIiHHSA OpPTaHIYHHMH
BiIXO/JaMH, MOJCIIOBaHHS CKOJIOTIYHHX pPH3HKIB Ta
mudposizanii  ynpaBiaiHCBKMX — mponeciB.  Boanowac
BIJICYyTHI KOMIUIEKCHI IHTEJeKTyalbHi iH(popMaliiiHi
TEXHOJIOTI], SIKI IHTErpyloTh IPOLECH MPOTHO3YBaHHS
€KOJIOTIYHMX PU3MKIB, aHANITHUKY JaHUX 1 MeXaHi3Mu
MATPAMKH TOPUHHATTA pilleHb y MeXaxX €IuHOl
OUPKYJIAPHOI ~ CHCTEMHM  YNPaBIiHHSA  OpPTaHIYHUMH
BinxogaMu. lle 3yMOBIIOE HAyKOBY aKTyaJIbHICTH 1
MIPAaKTHYHY 3HAYYIIiCTh PO3POOJICHHS IHTENEKTYaJIbHOL
iHpopManiifHOT TEXHOJIOTI] NMPOTrHO3YBaHHS E€KOJIOTIYHUX
PU3MKIB SIK IHCTPYMEHTY CTpPATETiuHOIO YIpaBIiHHS

PO3BUTKOM  TEpPUTOpiH y  HampsMi  IUPKYJISIPHOI
€KOHOMIKH.
CTpyKTypHO-(pYHKIiOHATbHA Mojelb

NMPOTHO3YBAHHA eKOJOriyHux pusukiB. Crpykrypa
IHTeNeKTyanbHOI iH(pOpMaIiifHOT CHCTEMH IPOTHO3YBAaHHS
eKOJIOTIYHUX PHU3UKIB y  IHUPKYISAPHAX  CHCTEMax
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YIPaBIiHHS OpraHiYHUMH BigxogamMu (OPMYEThCS SIK
OaratopiBHEBa IHTerpoBaHa cucTeMa. BoHa moenHye

mporiecd  300py  JaHMX, ~ AHANITHYHOI  OOpOOKH,
NPOTHO3HOTO MOJEIOBAHHSA Ta IIATPUMKH HPUHHATTS
VOpaBIIHCBKHX  pillleHb Yy  €OHHOMY IH(POBOMY

cepenoBumi. [i moOymoBa IpPYHTYeTbCS Ha TIPUHIAIIL
(yHKIiIOHANBHOI i€papxii, Je KOXEH pIiBeHb BUKOHYE
OKpeMy JIOTiYHy (YHKIIIO, aje BOJHOYAC € YACTHHOIO
iricHOI iHQOpPMAIIfHOT €KOCHCTEMH.

ba3zoBwuit piBeHB 3abesmneuye IHTETparito
CTPYKTYpPOBaHHUX 1 HECTPYKTypOBaHHMX JaHUX Yy €JIUHE
iHpopMalliiiHe cepeloBHUIle, LI0 CTBOPIOE OCHOBY JUIS
MOJAIBINOT AHANITUYHOI OOPOOKM OTpPHMAaHHUX JAHHX.
dopmanbHO TNOTIK JaHWUX MPEACTABISETbCS y BHIIISAL
MHOKHHH:

D={d,.d,,....d}, )
ne d, — okpemi iHpOpManiitHi MOTOKH (CEHCOPHI,
MPOCTOPOBI, CTATHCTHYHI, aIMIHICTPAaTHBHI TOIIO), IO
XapakTepu3ylTh NPOLECH YTBOPCHHS, HAKONMUYCHHS,
TepepoOKH Ta YTIITI3AIil OpraHiuHUX BiIXOIIB.
HactynHuii  piBeHb  iHTENEKTYyaJbHOI  CHCTEMH
MPOTHO3YBAaHHS  CKOJOTIYHUX  pHU3UKIB  BigoOpakae
AQHANITUKO-IHTETpallifHuil  MOIyJb, SIKUH 3a0e3nedye
nonepenHio  00poOKy  naHuX, (QiabTpanito  LIyMiB,
HOpMaJli3allil0  IOKAa3HUKIB Ta  IPOCTOPOBO-YACOBY

CHHXpOHI3alito iHpopManiiiHux norokis. Came Ha bOMY

piBHI BiZIOyBa€eThCS (opmyBaHHsS €MHOTO
iHpopManiiHOTO TpOCTOpPY, y SKOMY JaHi 3 pi3HUX
okepen  HaOyBarOTh  y3rojpkeHoro  ¢opmaty  Ta

CEMaHTHYHOI LiTICHOCTI. AHaNiTHYHAa TpaHchopMaIllis
JaHUX MOJIAETHCS Y BUTIISAAI BUPA3y:

T:D—> X, 2

ae X ={X,X,...,X,} — MHOXHHa O3HaK, IO

BUKOPHUCTOBYIOTHCSI y MPOTHO3HUX MOJENAX E€KOJOTTIHUX
PH3HKIB.

OCHOBHUM €JIEMEHTOM IHTEJIEKTYaJIbHOI CHCTEMH
MPOTHO3YBAHHS EKOJIOTIYHUX pPH3HUKIB € TIPOTHO3HO-
MOJENbHUI piBeHb. [IpOTHO3HWI KOMIIOHEHT (opMye

OILIHKY PU3UKY K (PYHKIIIFO BiJ BXiTHUX O3HAK:
Renv (t) = f (X (t)l @) ' (3)

Z[e Renv (t)

pH3HKY Y t-ii MOMEHT dacy; X (t) — BEKTOp O3HaK; O —

NPOrHO3HE 3HAYCHHS €KOJIOTTYHOTO

napaMeTpy iHTEICKTyalIbHOT MOJEII.

3anpononoBanuii miaxin (3) A03BoJIsE pealizyBaTH
aJanTUBHE IIPOTHO3YBaHHS, 4YyTJAMBE 1O 3MIH Yy
cepenoBUIlli (YHKIIOHYBaHHS LUPKYJSAPHOI CHCTEMHU
YIpPaBJIiHHS OpraHiYHUMU Binxoaamu (puc. 1).

IaTenexTyanbHa indopman

ifiga Texnooris (IIT) nporaosysanss

€ROJIOTI9YHHX PH3HKIB

IupKyJsipHe YIPaB.TiHHA OPTaHITHHMH BiIx0JaMH (KOHTeKCT: MyHIIHIaTiTeT / rpoMaja)

Koopaunauis

is (ETL/Orchestration)

P

J

TocainoBHHIT PoGoIHii IT

/

pouec (pieHi apxiTexTypn IIT)

Kopuerysaa
Cucrenva

(pi , ILTaHH,
KPI, pertanenTs)

N\
Y
|
Pigens 1. Jani Einens 150 § arperania Pigens 3. AnaniTHRo-iHTer panmiiHuH MOIYIb |
e 2 ) (ETL, ounmenns, « X i3 i) ]
PeJa Ta HAIXOTKeHHS mnxpom':saniu) 03HAKH X, IPOCTOPOBO-4aC0Ba IHTErpams,
Kopuctysan |
Cucrema |
(KIL OMC, § - ———— - - — - - - — = = = =
naraurw, GIS, |
peecTpH) Pigens 4. Hpo{ MOIyaB » | Pigenb 5. Oninka exoJ0riYHEY PHSHKIE K‘“"'Po{“'
R()=f(X(1).0) o R()=3 p{)-di(t) e
1Bamzams
A (moporx,
il TepesipKH,
ayauT)
Pigens 6. DSS / IlixTpavKa npuinaTTs
YUpaBIiHCHKHX pilleHs
(cuenapii, mpasaa, KPI) J( ————— —_——— - -
N o, s, .t et .t 1 s
4 in ma H R (360p i 36 ‘A30%)
o
ITam’site (Memory)
Ictopia AamEx TIpodyize TepuTOpil Cran mozenei
(aacosi pams, moxii) (s0HE, 06’ €XTH, HOPMATHEH) (Bepcii, mapaseTpy, MeTpHKH)
-

A

CriocTepeXyBaHICTb Ta aHaaiTHKa (Observability & Analytics)
JIOTH * MeTPHKH * IIOSICHIOBaHICTh * 3BiTHICTB

Puc. 1. CTpykTypHO-(QYHKI[IOHaTIbHA MOJIENb IHTEEKTYa IbHOT CHCTEMH POTHO3YBAaHHS €KOJIOTIYHHUX PH3UKIB Y HUPKYISIPHUX CHCTEMax
YIpaBJIiHHS OPTaHiYHUMH BiIXOJaMH
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Han mnporHosuum piBHeM (GOpMYy€EThCS  pIBEHBb
MIATPUMKH TPUHHATTS YHPaBIIHCBKUAX pIllIEHb, SKUH
3abe3neduye HTEpIpeTanilo pe3yabTaTiB MPOTHO3YBaHHS,
(dopMyBaHHS CIIEHapilB pO3BUTKY CHTyalii Ta BHOIp
ONTUMAIIFHUX CTPATETii ynpaBmiHHS.

Crpykrypa IHTETEeKTyaIbHOL CHCTEMHI
MPOTHO3YBAaHHS  EKOJIOTIYHHX  PH3HKIB  JO3BOJISIE
peamizyBaTH TPHHOWI MOIYJIBHOCTI, IO 3a0e3medye
MacIiTaboBaHICTF Ta AMaNTHUBHICTE iH(opMariitHOl
TEXHOJIOTIT 10 3MiH YMOB (pyHKLiOHYBaHHA cuctemu. Lle
CTBOPIOE  MOXJIMBICTH ~ IOCTYIIOBOTO  PO3ILIMPEHHS
(bYHKIIOHATIBHOCTI O€3 MOPYIIEHHS IIIICHOCTI CUCTEMH.

Tabmuis 1 — OyHKIIOHATIBHI PiBHI IHTEIEKTyaIbHOL
CHCTEMH POTHO3YBAaHHS €KOJIOTTYHUX PU3HKIB

PiBeHs cucremu OyHKIIOHATEHE IPU3HAYESHHS

Arperauiﬁ CCHCOPHUX, IMPOCTOPOBUX,

30ip maHux L
CTaTUCTHYHHX Ta aJMiHICTPaTHUBHHX JaHUX
AmnamiTHaHa Hopwmanizauis, GinsTparis, CHHXpOHi3aIlis,
IHTerparis (hopMyBaHHS 03HAK
IIporuosne TloOGynoBa Moneneli MporHo3yBaHHS
MOJIECIOBaHHS EKOJIOTIYHHUX PU3HKIB

. . dopMyBaHHS IHTErPAILHUX ITOKA3HUKIB
OmiHKka pU3UKiB pMY P

PH3UKY
IigTpumka T'enepariist crieHapiiB Ta ynpaBIiHCHKUX
pileHb peKOMEHIaIii

[HTErpamis aHANMITHYHAX 1 MPOTHO3HHUX MOAYINIB y
€IUHY IHTENEKTyaJbHy CHCTEMY JIO3BOJISE peai3yBaTH
NPUHIMI TPOAKTHBHOTO YIPABIiHHA, 32 SKOTO CHCTEMa
He Juine (QIiKCye HasBHI CEKOJOTIYHI mpoOieMu, a i
¢dopMmye TpOrHO3HI cueHapii ix po3Butky. Takuii miaxin
NPUHLIUIIOBO BIAPI3HAETHCSA B TPamuLIHHUX MOJeNei
YIPAaBJIiHHS BiIX0/1aMH, IO MalOTh PEAKTUBHUI XapakTep
i OpieHTOBaHI MMEPEeBa)KHO Ha JIKBIJAII0 HACIIAKIB
HETaTHBHHUX €KOJIOTTYHHX MPOLECIB.

Jnst TpOrHO3HO-MOJETBHOTO PiBHS — peajli3oBaHO
aHcaMmOJbp Mojenel, mo 3a0e3ledyloTh BiATBOPIOBAaHE
NPOTHO3YBAaHHS EKOJOTIYHHX PH3MKIB 3aJIS)KHO BiJl THITY

monii Ta CTpyKTypu naHmx. [ 3amad  GiHapHOTO
MPOTHO3y HACTaHHS IHOUIEHTIB (BUTIK (imbTparty,
NEPEeBUILICHHS ~ 3alaxOBOr0  HaBaHTaXeHHS,  30ii

Oiomporiecy TOIIO) BUKOPHUCTAHO JIOTICTHYHY perpeciio,
rpanienTHui OyctuHr XGBoost Ta pekypeHTHI HeiipoHHI
Mepexi Tumy LSTM gna  ypaxyBaHHS  9acOBHX
3anmexxHocTed. JIms 3agad  OLIHIOBAHHS 1HTEHCHBHOCTI
MOMii BHKOPHCTAHO Mojeni aHamizy BrwkuBaHHs (Cox
proportional hazards) i myaccoHIBCBKY perpecito.
HaBuanns Mmopeneil mpoBoamiocs Ha — JaHUX
MOHITOPDUHTY ~ CHCTEMM  YIpPaBIiHHS  OPraHiYHUMH
BigxomamMu JIbBIBCHKOT MICBKOI TEPUTOPiaIbHOT TPOMAJIH,
30kpemMa 3 BuUkopuctaHHsM 3BiTiB JIKII «3enene micto»
(m. JIbBiB), JaHHUX aBTOMAaTU30BAHOTI'O o0uniky
KOHTEHHepHUX  MaWIaHYWKiB, JKypHaliB  3BEpPHEHb
rpOMaJISH I[OJI0 3alaxOBOI0 HABAHTAXKECHHS, a TaKOX
METEOpOJIOTIYHUX JaHuX JIbBIBCHKOTO pETiOHAILHOTO
LIeHTpy 3 Trigpomereoponorii. HapuanHs Monenei
3IICHIOBAIIOCS 32 MPUHIIMIIOM KOB3HOT'O BIKHA 3 4aCOBOIO
Kpoc-Bamifamiero. BXimgHHA BEKTOp O3HAK BKIIOYAB
TEXHOJIOTI4HI napameTpu 00’€eKTIB nepepooKH,

METeOpoJIOTiuHi  (DAKTOPH, JIOTICTHYHI IIOKa3HUKU Ta
MIPOCTOPOBI XapaKTepUCTHKK JoKauwid. [lns ycyHeHHs
MYJIBTUKOJIHEApHOCTI 3aCTOCOBaHO BiIOIp O03HAaK 3a
kputepismu iHopMariiaoi 3Hagymocti (SHAP, mutual
information).

SIKicTP TIPOTHO3IB OIHIOBAaNacs 3a METPHKAMHU
AUC-ROC, Brier score, precision-recall, a Ttakox 3a
KamiOpyBadbHUMH  KpuUBUMH. [lOpiBHAHHS  Monenei
MOKa3ayo, MmO A KOPOTKMX TOpPHU30HTIB (1m0 24 Tom)
Haiikpamii pesynbratu 1ae XGBoost, Toai sk 1 JOBIIMX
ropu3oHTiB (48...96 rom) mepeBary mae LSTM 3a
paxyHOK ypaxyBaHHS CE30HHOCTI Ta iHepUiifHOCTI
OionporeciB. CepenaHs aOCOJMIOTHA IOMMJIKA OIIHKU
IHTEHCUBHOCTI TOIi# cTaHOBMIA 6,8%, IO € MPUIAHATHIM
UL 3aad  TpPEeBEHTHBHOTo ymopammiHHA. OTpumani
MOKa3HUKH IiATBEPKYIOTh NPHIATHICTH MOJETeH ais

BHKOPUCTAHHS y IHTEeNEeKTyanbHIN cucremi
MPOTHO3YBaHHS CKOJIOTIYHUX PH3HUKIB.

3anponoHoBaHa CTPYKTYypa IHTEeNEeKTyaIbHOT
CHCTEMH  INPOTHO3YBaHHS  CKOJNOTIYHUX  PH3HKIB

3abe3nedye OCHOBY Jisl OOYNOBH LU(PPOBUX ILIATHOPM
YIPaBJIiHHS OPraHiYHUMH BiZXOJaMH HOBOTO ITOKOJiHHS.
Y HHX €KOJIOTIYHI pHU3MKH pO3IJISAIOTBECS HE  SIK
noOiuyHuid  edekT (QYHKIIOHYBaHHS CHUCTEMH, a sK
OCHOBHMH O00’€KT TPOTHO3HOTO Ta CTPaTEriyHoro
YIOPaBIiHHS B MeXaxX IMPKYJISIpHOI eKOHOMikH. Bona
3a0e3medye JIOTIYHY IHTErpaIiio [MaHWX, MoOJelned i
YOpPaBIIHCEKHX MEXaHI3MIB Yy €IuHy iH(pOpMamiiHO-
AHANMTHYHY  €KOCHCTeMY, IO  MIJBHUINYE  SKICTh
YOPaBIIHCHKHX pIlIeHh 1 PIBEHb EKOJIOTIYHOI Oe3rekn
TEPUTOPIH.

CTpYKTYpHO-JI0TiYHA  MOJeJb  iHTerpajbHOl
OI[IHKH €KOJIOTIYHMX pu3uKiB. DopmanizoBaHy MOJCIb
NPOTHO3YBaHHS EKOJIOTIYHUX PHU3UKIB y IHMPKYJISIPHUX
cuCTeMax yNpaBJiHHS OPraHiYHUMHU BiJX0JaMu OyIOBaHO
SIK TIOE€JTHAHHSI JIBOX B3a€EMOIIOB’SI3aHUX KOHTYPiB (puc. 2).
[lepmmii KOHTYp BIINOBiZa€e 3a MPOTHO3 IMOBIPHOCTI
HACTaHHS HeOaXaHHMX IIOMif y Y4acOBOMY TOPHM3OHTI ° 3
ypaxyBaHHSAM TNOTOYHOTO CTaHy CHCTEMH Ta 30BHIIIHIX
YUHHUKIB. JIpyruii KOHTYp BHKOHY€ OI[IHFOBaHHS
MNOTEHINIMHUX EKOJOTIYHUX HACIIKIB I[MX MOAiN, arperye
iX y CTaHAapTH30BaHi TMOKa3HUKH Ta  (opmye
IHTErpanbHUl  1HIEKC  PH3UKY R(t,z),  sxwmii
BHKOPHCTOBYETBCS Y CHCTEMi MIATPUMKH TPUHAHATTS
pilIeHs. TomIO).

Dopmanizayis nodiu, cmany ma gaxkmopis

Hexaifi mupkyispHa cucTeMa IIOBOKEHHS 3
OpraHiYHUMH BiIXOlaMU B t-il MOMEHT 4Yacy ONHCY€ThCS
BEKTOPOM KOHTPOJIbOBAHUX 3MIHHUX:

X() = (0, % (1), X, (O} - (4)

CknanoBi Bupasy (4) BKIIIOYAIOTH TEXHOJOTIYHI
rapameTpu (TeMreparypa KOMIIOCTYBaHHS, BOJIOTICTb, 4ac
BUTPUMKH, HaBaHTa)XEHHsI Ha €MHOCTI), OpraHialiiHi Ta
JIOTICTHYHI TOKa3HMWKU (YacToTa BUBE3EHHS, HAIIOBHEHHS

KOHTEWHEpiB, MPOCTOPOBI  MapmIpyTH), a  TaKOX
METeOpoNIoTidHi Ta ce30HHI (akropu. MHOXHUHY
MTOTEHITIHHO HeOaKaHUX mmoTiit NI03HAY1MO
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E={E,....E }, nme Tunosi mnoxil BKIOYAIOTH BHUTIK

¢inpTpaTy, TEpEeBUINCHHS 3allaXOBOTO HAaBAaHTa)KEHHS,
30iff aepamii, HEKOpPEKTHE COPTYBaHHA 3 IOMIIIKaMH,
MIeperpiB/mepeox0I0KEHHS 6iomporiecy,
HECaHKIIIOHOBAaHE HAKOIMYCHHS BiJIXOJIIB Y TOYKaX 300py.

Jnsa xoxnoi moxii E, BBOmUTBCA NHPOrHO30BaHA

IMOBIpHICTb Ha TOPH30HTI 7 :
p,(t,7) = IP’(Ei cmanemocs na [t,t +7]| X(l),H) . (5

ge H — icTopuuHI [aHi CIOCTEPEeXKEHb Ta
IHIIUJICHTIB, IO BHKOPHUCTOBYETHCSA I HABYAHHS 1
KaiOpyBaHHS.

Ipoenosysanns imogipHocmell HACMAHHA NOOIl

Y  nOpakTHYHHX ~— peamizalisx p; (t, 7)
MIPECTaBUTH K OiHapHY HMOBIpHICTH (KJIacu]iKaIiifHi
migxim), abo sk iHTeHcuBHICTh (hazard) 3 momambIIKM
nepepaxyHKoM y  HMOBipHicTH  (mimxXing — aHamisy
BIXKMBAHHSA).

Jlns xnacudikariitHoro migxomy 0a3oBa (opmyiia
Ma€e BUIIISIA:

CITI

p(t.0)=o(A2(t.7)), (6)

ne o(-) — norictuuna ¢yskiis; Z(t,7)— BekTOp
03HaK (Y TOMy YMCIi JIATM Ta KOB3Hi CTaTHCTHKM); f3 —

rmapaMeTpu MOJEINI.

Jns mporHO3yBaHHS MOiH, IO ICTOTHO 3aJieKaTh
BiJIl HAKOMHYCHHS Ta 4Yacy CKCIO3HLIl MPOMOHYETHCS
BUKOPUCTOBYBaTH (yHKLif0 pusuky 4 (t) Ta QyHkuiro
BIDKUBaHHS:

pu(t.7) =1-exp(~[ " 2 (wau). 0

Mopemto nependadaeThes, M0 BHOIP KOHKPETHOTO
MPOTHO3HOTO sApa HE € XKOpcTko QikcoBanuMm. Lle
MOB’SI3aHO 13 THM, 1[I0 y NPUKJIAJHUX 3a/1a4aX JIOCTATHBO

3a0e3MEeYNTH  BIATBOPIOBaHY MpPOLENYpY  HABYaHHS,
peryJisipHe OHOBJECHHS Ta KOHTPOJb SIKOCTI IPOTHO3Y
yepe3 MeTpukd  KamiOpyBamas (Brier score) i

muckpuMinamii (AUC) 3 ypaxyBaHHSAM AnucOaIaHCy KIIaciB
IHITM/ICHTIB.

[ IupKyasApHi CHCTeMH YNPABTiHHA 0PraHiYHHMH BiIX0JaMH: IPOTHO3 — OIiHKa — pillleHHN ]

-

TocaizoeHicTs 06poGKH Ta OUIHIOBAHHA

=

TMotousi gasi
X(1)
Ta icTopia

H

Moxyas mporrosysamns
imoBipHOCTeH Mo
p(tT)

Monyas oninrosanEs

Hopwysarss <
€KO0JI0TIYHHY HACTIIKIB Ta 3BAKYBaHHS
d(t) Wi @
J

pH3HKY

InTerpanpamii inzexc

R(t.7)=F woped:

PexoMeHI0BaHL
VTIPaBMKCEE] A1l
m1ann / permamentn / KPI

Kareropusanis pusaxy
HE3bKHH / moMipHHii / BHCOKHE
mopors 6:, 6:

! {

N

PaxTHYHI IHHHIEHTH
Ta CHOCTEPEReHHS

Iepeoninka
mapaMeTpis i Bar
Kanibpysanns, drift

¥ilt), KypHaan

3sopomuti 36 'z50%: Gaxmuni noOT — OHOGIEHHR NAPAMEMPIE — NIOSUUJEHHA MOYHOCMI NPOZKO3Y MA OGTPYHMOSAHOCI OYiHOX

Puc. 2. CrpykTypHO-TI0TiYHa MOZIEIb IHTETPAITBHOI OIIHKH €KOJIOTIIHIX PU3HKIB

OyiHI08AHHS eKOJIO2TUHUX HACTIOKIS
Exosoriuni HacaigKyd IOAIA TOLIJIBHO IMONATH SK
¢yskuito 3aBganoi mkoam d,(t,7), ska BimoOpaxkae

OYiKyBaHWH HETaTUBHUI BIUIMB Ha KOMIOHEHTH TOBKiMJISA
Ta HAaCEJICHHS IPOMaI.

Y TUMOBUX BHIAAKaX HACHIIKH € 0araTOBUMIPHUMH,
TOMY BBOJIUTHCS BEKTOP KOMIIOHEHT
3aBJIaHOI IIKOAM:

¢ (t,7) = (c™(t,7),c®(t,0),cO(t,7),c"(t,7), (®)

ne w,a,s,h —  BIONOBIAHO  IHAEKCH, IO
BiJINIOBIJAIOTH 3aB/aHii MIKOJI BOJI, TOBITPIO, IPYHTaM Ta
CaHITapPHO-TIT1€HIYHNUM aCIEeKTaM.

Jlnst  oTpuMaHHS CKalspHOI OIIHKK  HACHIAKiB
3aBIAHOI MIKOIHM 3aCTOCOBYETHCS 3BaKECHE arperyBaHHs 3

HOPMYBAaHHAM KOMITIOHCHT:
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d(t,7)= z o, €9(t,7), Zak:l,akzo. 9)

ke{w,a,s,h} k

. ~(K .
HOpMOBaHl KOMIIOHCHTH Ci( ) BH3HA4YaKOTh HA OCHOBI

BiTHOMICHHS /O JIOIyCTUMHUX (I[IIFOBHX) 3HA4YCHb a00
gepe3 mkary 0—1:

c®(t,7)
(k) !

i,ref

¢™(t,7) =min| 1, (10)

¢k

ne G — DpebepeHTHHii piBeHb (HOpMATHB,

TEXHOJIOTIYHUI JIIMIT a00 TOTOJDKEHHH «IIOPOTOBHUI»
PIBEHB JUIS TPOMAJIH).
Inmezpanvha oyinka pusuxy ma Kameeopuzayis
IHTerpanbHuii pPU3MK CHUCTEMH Ha TOPU3OHTI T
BU3HAYAEMO SIK 3BAXKEHY CyMy NOOYTKIB «IMOBIPHICTH X
HACJIAKN»:

R(t,7) =D w p,(t,7)d;(t,7), D w =L w >0. (11)
i=1 i=1
Koedimientn W, BimoOpaxaioTh NPiOPUTETHICTH

TUMIB MO 3 TMO3UIiI MYHIIWIAIbHOT TOJITHKH,
pPECYpPCHHUX OOMEXCHb Ta EKOJIOTIYHOI YyTJIMBOCTI
teputopii. s mepexomy Bim umcnosoro R(t,7) 10

YIPaBIiHCHKHX PillleHh BBOASATHCS IOPOTOBI PiBHI:

Husvkuil,  R(t,7) <6,
RiskClass(t, 7) = < nomipnuit, 6, < R(t,7)<6,, (12)
eucoxuii, R(t,7)=6,,
ne R(t,r) — iHTerpanbHUil IHAEKC EKOJIOTIYHOTO

PH3HKY y t-if MOMEHT Yacy JUisi TOPU30HTY IIPOTHO3YBAHHSI
T,

6,,6, — noporosi 3Ha4eHHs (KpuTepii Kiacugikarii),
IO 33/Ial0ThCS HA OCHOBI HOPMATHBHHUX EKOJOTIYHUX
CTaHAApTiB,  EKCIEPTHUX  OMIHOK Ta  MPOLEAyp
aJalTUBHOTO KaIiOpyBaHHS MOJIEITI.

Jus  Teputopii 3 HEOTHOPIAHOK YYTIIUBICTIO

(BOOOXOpPOHHI  30HHM, HAOJMKCHICTH O IKHUTIOBOI

3a0y10BH) BBOJIUTHCS MIPOCTOPOBUIA MHOXHHK

BpasnuBocTi  V(S) s sokamii S, Tomi  pH3MK
YTOUHIOETBCS 33 BUPA30M:

R (t,7) =V(S)R(t,7) . (13)

Hamu  chopmoBana  cnemudikaris  momid i

mapaMeTpiB 3alpPONOHOBAHOT MOJEN, SKa MPEACTaBICHA Y
Tabnuii 2. 3anpornoHoBaHa TaONHIA 2 BUKOPUCTOBYETHCS
AK (hopMati3oBaHa «KapTa MOMAIN» A Y3TODKEHHS MiX
TEXHOJIOTaMH, €KOJOoraMH Ta YIpaBIiHIAMH. BoHa
CHpolLIy€e HajalmTyBaHHS Bar W, , ¢, Ta noporis 6,6, ,

a TAaKOX IMATPUMYE ayIUT PillIeHb.
Onoenenns  napamempie — ma
axmuynumu noodismu
Jlis 3a6e3nedeH s TpaKTHIHOI MPUAATHOCTI MOAETI
BAXJIMBO 3aKpPiNWTH MEXaHIi3M TIEpeoIliHKH Bar Ta
mapameTpiB y daci. Skmo 3agikcoBaHO peaybHI HOAil

V320001CEHHL 3

y;(t) €{0,1}, To BaxiMBOIO € KaniOpyBasbHA IIONpaBKa

1o mporHo3iB. Hanpukian uepes i30TOHIYHY perpecito abo
IUIABAlOUUH Koe(ilieHT KaniOpyBaHHS J;

P (t,7) = o'y, -logit(p, (t, 7)) .

ITpn mpoMy Barm W, KOPHUTYIOTBCS 3a MPUHIIMIIOM

(14)

3pOCTaHHA MPIOPUTETY IS MOMIH, AKi NAI0Th HAWOITBIIAI
BHECOK y peaibHi BTpaTH ab0 MOBTOpIOBaHI cKapru. Y
pe3ynpTaTi Momenb 30epirae iHTEpIpeToBaHICTH (dUepes
CTPYKTYpy «HMOBIPHICTE X HACIiTKH»), aje HaOyBae
aIalTUBHOCTI IO 3MiH CE30HHOCTI, JIOTICTHKU Ta CTaHy

iH}pacTpyKTypH.

Tabmuis 2 — CTpykTypa Mofii, IPOrHO3HUX O3HAK Ta
OLIIHOK HACIiIKiB BUKOPHCTOBYBAHNX Y MOJIENi IIPOTHO3YBaHHS
€KOJIOTIYHHX PH3UKIB

Komro-
IIpuxnanu HOHTH Tumnosa
ia E. OCHOBHUX . IHTepIpeTallis
Tonis E, HACITiIKiB pripeTat
osnak Z(t,7) c d,
1
PpiBeHB (THCK)
. €MHOCTSIX, H3UK
Burik y (W) () P
(bimsTpary omnajy, CTaH c,c 3a0pyJHEHHS
TIPEHAXY, BOJJ/TPYHTIB
HAMOBHEHICTh
TeMmeparypa
3amaxoBe paTypa, TCKOM(pOpPT
BOJIOTICTb, () A(h)
HaBaHTa- . . c*’,c (ckapru
IHTEHCHBHICTh
JKEHHS I HACEJICHHS )
aepauii, Bitep
JacTKa MOTiPIICHHS
. HEOpraHiKH, SIKOCTI
Hominku y : ) o)
cpauii SAKICTh c’,C KOMI-'IOCTy.
COPTYBaHHS, (canitapHi
MapUIpyTH PH3UKH)
. TeMmeparypa,
306iit Bukunmmn
Oiomporiec pH, CN, uac ¢, (Ppins HaT)
P Y BUTPUMKH P
[IpencraBnena CTPYKTYPHO-JIOTIYHA MOJ€EIb

IHTEerpajbHOT OIIHKKA EKOJOTrIYHHX PH3UKIB 3a0e3medye
YITKHI TIepexij] BiJl JaHUX JO MPOTrHO3Y, Bill MPOTHO3Y 10
YHCJIOBOT IHTErPaibHOI OIIHKKA PHU3UKY Ta Bill OI[IHKH
pu3uKy n0 knacuikanii piBHIB PU3UKY 3 MOAANIBILIAM
(GbopMyBaHHIM YOPaBIIHCBKUX pIillleHb ISl 3aJaHoi
rpoMau.

Hamm mpencraBneHO pekOMEHIOBaHI YIpaBIiHCHKI
Ii1 U KOXKHOTO Kiacy (Tadi. 3).

Dopmanizayiss  eekmy 3HUINCEHHS eKOAOSIYHO20
DPUBUKY

OuikyBaHu#i e]eKT BiJ BIPOBAKCHHS KOMILIEKCY
ynpasmiacekux 3axonis U ={u,,u,,...,U. } mpomoHyeTscst

OIMCYBATH Y BUIIISI (DYHKIIT 3MEHIIEHHS 1HTErpajJIbHOTO
PH3HKY:

AR(t' T) = Rhefore (t’ T) - Rafter (t’ T) ’ (15)
ne Roe(,7) — inTerpameEMi  pH3MK 10
BIPOBA[DKEHHS  YIpPaBMiHChKUX  mill; Ry, (1,7) -

IHTerpanbHUM pHU3MK Tichs iX peamizawii.iHTerpanbHUN
PH3UK Ticis IX peaisarii.
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Tabmuus 3 — PekoMeH0BaHI yHIpaBIIiHCBKI /i1 3aJIEXHO Bifl KJIaCy €KOJIOTIYHOTO PU3HKY

Knac pmsuky YMoBH Xapaxrtep pH3HKy PexomeH1oBaHi ynpaBiHCBKI Tii [Ipiopurer
®oHOBI exooriuHi [TnanoBHI MOHITOPHHT, IPOQITaKTHIHE
Hwspkuit Rt 7)< 6 HaBaHTAa-)KEHHS, 00CITyroByBaHHsI, KOPETYBaHH PETJIAMEHTIB, Huzpkuit
CTa0lIBHI IPOLIeCH OIITUMI3ALlis JIOTICTUKHY ITOTOKIB BIIXO/IB
. aNTUBHE YNPaBIIiHHA POLIECAMH, KOPETYBaHHS
N 4 <R(t p) JlokainbHi pU3HKHY, AR BHC YyTIp poIt » kopery . iy
Iomipauit L <R(t,7) <6, AU MapIIpPyTiB, MiICHIEHHS KOHTPOJIIO SKOCTI, JIoKanbHi | CepenHiit
HOTEHIIHHI BiIXHICHHS L
TEXHIUHI BTPYJaHHs], CIIEHapHE IIaHyBaHHs
Kpurtnysi ekonorivsi Heraiini ynpaBniHCBKi pillleHHs, aBapiiHi
. 3arpo3H, BHCOKa eTJIAMEHTH, OOMEXEHHI ollepalliii, eKCTpeHa .
Bucoknuit R(t,7) 206, | sarposi, P > . DatllH, CKCTD Brcokmuit
IMOBIpHICTh HETaTHBHHX | JIOTICTUYHA IepeopieHTalis, MOOLIi3alis pe3epBHIX
HACJIiJIKIB MOTY>KHOCTEH

3 ypaxyBaHHSAM BIUTHBY OKPEMHUX YIPaBIiHCHKUX
3aX0/1iB €PEeKT OIHUCYETHCS SIK:

R (67) = RO [T (-7,

ne 1, €[0,1]

(16)

KoedimieHT epeKTHBHOCTI k-ro

YIPaBIIHCBKOTO  pIIIEHHS, 10 BiZ0Opa)kae YacTKy
3HW)KEHHS PU3UKY 32 PaxXyHOK BIAMOBIIHOT Jii.
BianoBigHO, OYiKyBaHW# IHTErpaibHHHA  eheKT
3HW)KEHHS] pU3UKY BH3HAYAETHCS 328 (OPMYIIOO:
m
AR(t,7) = R(t,r)(l—H(l—nk)]. an
k=1

3anpornoHoBaHa MOJENb J03BOJISE IHTEPIPETYBATH
YOpaBIiHCBKI Mii SK KEpOBaHI BIUTUBH Ha CTPYKTYpY

pU3UKYy, [0 3MIHIOIOTh SK IMOBIPHOCTI HACTaHHS
HeraTuBHUX noniit p;(t,7), TaK i BeJIMYMHY MOTSHIIHHKUX
€KOJIOTIYHUX HACITIIKIB d(t, 7). Koedimientn

e(EeKTUBHOCTI 77, BH3HAYAIOTHCS HA OCHOBI ICTOPUYHHUX

JaHUX, CKCIIEPTHUX OL[HOK Ta pe3yJbTaTiB MAIIMHHOTO
HaBYaHHs, IO 3a0e3Nevye alanTHBHUN XapakTep MpoLecy
YOpaBIiHHS pu3uKamu. Takuil miaxin Gpopmye 3aMKHEHHN
KOHTYp «IPOTHO3YBaHHS — OLIHKa — YMNPaBIiHHA —
HAaBYaHHS», SKUH € OCHOBOIO IHTENICKTYalbHOTO PH3HK-
OpIEHTOBAHOTO YNPABIIHHA Yy LHUPKYJSIPHUX CHCTEMax
MOBOJDKEHHS 3 OPTaHIYHUMH BiIXOAaMH.

BucnHoskmn. Pozpobrnena CTPYKTYpHO-
(GyHKIIOHAaJIbHA ~ MOJIENIb  IHTENEKTyaJbHOI  CHUCTEMHU
MIPOTHO3YBAHHS EKOJIOTIYHUX PHU3UKIB y IHUPKYISIPHUX
cUCTeMaxX  YNpaBIiHHSA  OpPTaHIYHAMH  BIIXOJaMHU
3abe3meduye IHTETpaIlilo pIi3HHX JDKepen iHopmarii,
AHANMITHYHUX MEXaHI3MIiB Ta TMPOTHO3HUX MOIYNIIB Yy
€IMHUI KepoBaHUi KOHTYp. BiH chopmoBanuii y Burisiai
6-piBHEBOT apXiTeKTypH, o BKJIIOYA€ 12
¢yHKOioHaNbHUX  mpomeciB  Ta 20  joriyHmMX i
iHpOopManifHIX 3B’SA3KIB MK MOIYISIMH 300py OaHHX,
arperamii, aHaJmiTUYHOI iHTErpaiii, MPOTHO3YBAaHHS,
OIIIHIOBAHHS PHU3UKIB 1 MATPUMKH TPUHHATTS pimiens. e
3a0e3nedye  BHKOHAaHHA  IpoOIeciB  Oe3mepepBHOTO
MOHITOPUHTY, aJalnTUBHOTO aHali3y Ta CHUCTEMHOL
MATPUMKH ~ YNPaBIiHCBKUX  pIlIEeHb Yy  CHCTEMax
LIUPKYJSIPHOTO YIPABIIHHS OPraHIYHUMH BiIXOaMH.

3anpornoHoBaHa  CTPYKTYpHO-JIOTiYHa  MOJEIb
IHTerpanbHOI OLIHKM EKOJOTIYHUX PH3HKIB JI03BOJISIE
(dopmMamizyBaTH TpolEec IPOTHO3YBaHHS HeOE3NMeYHUX

MoJIH 3 ypaxyBaHHSM SK IMOBIpHICHOI CKJanoBoOi iX
HACTAHHS, TAaK 1 MOTEHIIMHMX EKOJOTIYHUX HACHIiOKIB.
Bona mepenbauac BuKOHaHHS 7 B3a€MOIIOB’SI3aHUX
HPOLECIB, BMILYE 5 OCHOBHUX (pyHKIIOHAIEHUX MOJYJIIB,
a TakoX 3 KOHTypHM 3BOPOTHOrOo 3B’si3ky Ta 15
iHpOpMaLiHHO-TOTIYHIX ~ 3B’s3KIB MK OJoKamMu
MPOTHO3YBAaHHS, OIIHIOBAaHHS HACNIJKIB, IHTErparmii,
KaTeropusamii pH3WKiB 1 (OpMYyBaHHS YIPaBIiHCHKHIX
pimens. Lle 3abe3neuye yHipikoBaHy (hopMaizamito
CTaHy pI3HKIB, iX KJIacH]iKalif0o Ta CHCTEMHY
TpaHcopMalLlilo aHAJTITUYHUX PE3YJIBTATIB Y MPUKIAIHI
YIOPaBIHCBKI [Oil y CHCTeMi MIATPUMKH NPUHHATTA
YIPaBIIHCHKUX PillICHb.

OtpuMani pe3yibratd (HOPMYIOTH METOIOJOTIYHY
OCHOBY JUIsl NOOYZOBH IHTENEKTyalbHUX 1H(pOPMAIIHUX
CHCTEM EKOJIOTIUHOI Oe3lekn B YMOBaX LUPKYJISPHOT
EeKOHOMIKH, 3a0e3ledyloTh HayKOBO  OOIPYHTOBaHY
IHTETpaIlil0 MPOTHO3YBaHHSA, OI[IHIOBAaHHS Ta YIIPABIiHHSI
pU3MKaMH, a TaKo)X CTBOPIOIOTH TIEPEAYMOBH IS
BIIPOBA/PKCHHSI PU3HK-OPIEHTOBAHMX CTPATETi PO3BUTKY
MYHIOUTIAIGHUX ~ CHCTEM  YOPAaBIiHHA  OpPTaHiYHUMU
BIJIXOIaMH.
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