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ABSTRACT

Jing Qian. Development of an economic-digital model for construction enterprises
in a transformational environment — Qualification research thesis (manuscript form).
Dissertation for the degree of Doctor of Philosophy in the specialty 051 "Economics”. —
Kyiv National University of Construction and Architecture, Ministry of Education and
Science of Ukraine, Kyiv, 2025.

The dissertation is devoted to solving the scientific and practical task of forming an
economic-digital model for the development of construction enterprises, which
integrates modern approaches of economic diagnostics with digital management
technologies to ensure adaptability, innovation activity, and sustainable functioning of
business entities in the transformational environment of contemporary construction

development.

The relevance of the research is driven by the urgent need to reconsider the
theoretical-methodological foundations and applied approaches to managing the
development of construction enterprises under the conditions of deep transformations in
the socio-economic environment, economic digitalization, and growing instability of
market factors. Today, the construction sector of Ukraine operates under intensified
dynamics of regulatory changes, resource constraints, technological renewal, and
challenges caused by both internal and global factors (including the consequences of
military aggression, rising costs of construction resources, and changes in the structure
of demand for construction services). In this context, the need to form an integrated
economic-digital model becomes increasingly important. Such a model would provide
strategic resilience for enterprises, their adaptability to change, enhanced

competitiveness, and effective management of innovation and investment potential.

The absence of an established methodology for formalizing such models, the

insufficient substantiation of digital approaches in the context of economic development



of construction enterprises, as well as the fragmented nature of digital transformation
practices in the industry, highlight the need for a comprehensive scientific study. The
results of such research may be applied both in the practical activities of enterprises and
in the development and implementation of managerial decisions related to the

introduction of digital innovations at the level of individual construction companies.

The object of the study is the economic processes of development of construction

enterprises in the context of the transformation of their functional environment.

The subject of the study is the set of theoretical, methodological, and applied
principles for the formation of an economic-digital model for the development of
construction enterprises, which ensures their adaptability, innovativeness, and effective

management in the conditions of a digital economy.

The purpose of the study is to develop a theoretical and methodological framework
and applied toolkit for forming an economic-digital model of construction enterprise
development, taking into account the specific features of the transformational
environment and the need to ensure their competitiveness and sustainable economic
growth.

To achieve this purpose, the research addresses a set of interrelated tasks aimed at
investigating fundamental theoretical concepts, diagnosing existing barriers to
digitalization, formalizing the key structural and functional components of the model,
and justifying the mechanisms for its practical implementation:

» to conduct a critical analysis of the evolution of scientific approaches to the
construction of digitally-oriented economic models in the construction sector,
taking into account the current challenges of the transformational environment;

> to identify institutional and economic prerequisites and key technological factors
influencing the formation of the digital architecture of construction enterprises,
particularly in the context of foreign experience (based on the example of the
PRC);



> to identify financial and resource constraints of digitalization and analyze the cost
parameters of implementing BIM technologies into the structure of an enterprise’s
economic-digital model;

> to develop a methodology for assessing the digital readiness and economic
adaptability of a construction enterprise to operate under conditions of digital
transformation;

> to substantiate approaches to evaluating the effectiveness of functional process
transformation based on economic-digital indicators;

> to design a structural and functional model for the development of a construction
enterprise, adapted to the conditions of the digital economy and transformational
challenges;

> 1o substantiate directions and tools for adapting the economic-digital model into
the strategic and operational contours of construction enterprise development
management;

»> to formulate analytical principles for ensuring alignment between strategic vision
and tactical management actions in a digitally-oriented environment;

> to develop an economic-analytical toolkit for evaluating the effectiveness of
implementing digital solutions in construction enterprise activities and to confirm
its practical applicability through testing on enterprises operating in a
transformational development environment.

Research Methods. The study employs a comprehensive set of general scientific
and specialized methods, including: analysis and synthesis — to generalize theoretical
approaches to the digitalization of the economy and the development of economic
models for enterprise growth; the system approach — to identify interconnections
between digital, organizational, and economic elements of the model; economic and
statistical methods — to assess the level of digital readiness, adaptability, and the
effectiveness of transformational processes; modeling — to construct the structural and

functional architecture of the economic-digital model for the development of



construction enterprises; and expert evaluation — to verify the applied tools of the model
and substantiate managerial decisions in the transformational environment of
development.

The core hypothesis of the study is that solving the identified scientific tasks will
contribute to the formation of an effective economic-digital model for the development
of construction enterprises, which will ensure the adaptation of their management
processes to transformational changes in the external environment, improve operational

performance, and support sustainable strategic growth within the digital economy.
The scientific novelty of the research lies in the following:

Improved:

— the methodology for assessing the level of digital readiness and economic
adaptability of construction enterprises has been improved. Compared to existing digital
maturity models, the proposed approach integrates economic indicators of adaptability
to transformational changes and enables a comprehensive diagnosis of an enterprise’s
potential for innovative development;

— the structural and functional model of construction enterprise development
has been enhanced. Unlike existing static management models, the study proposes a
flexible model architecture that considers digital transformation vectors, the level of
resource provision, and institutional conditions;

— applied approaches to integrating the economic-digital model into the
enterprise management system have been developed. Tools for adapting the model to
both strategic and operational decision-making levels have been substantiated, which
enhances the effectiveness of managerial influence under the conditions of
environmental instability;

— mechanisms for aligning strategic and tactical parameters of enterprise

development in a digital environment have been substantiated. Tools have been



developed to harmonize goals at various management levels, minimizing organizational
and managerial imbalances during the implementation of digital solutions;

— an economic and analytical toolkit for evaluating the effectiveness of
digital solutions has been created. A combination of qualitative and quantitative
approaches to assessing the performance of digital projects in construction is proposed,

contributing to more grounded managerial analysis and planning.

Have been further developed:

— the evolution of scientific approaches to the construction of digitally-
oriented economic models in the construction sector has been systematized and
refined. Unlike existing approaches, where digitalization is often considered
fragmentarily (mainly at the level of technological solutions), this study analyzes the
integration of digital tools into the overall economic model of enterprise
development at the micro level;

— the understanding of institutional-economic and technological factors of
digital transformation in construction enterprises has been deepened through a
comparative analysis of China’s experience in forming a digital enterprise
architecture, and the feasibility of adapting selected elements with a focus on the
construction industry has been substantiated,;

— financial and resource barriers to digitalization and the economic
characteristics of BIM implementation have been clarified. Unlike existing
approaches that emphasize the technical aspect of digital innovations, this research
focuses on cost structure, regulatory and institutional barriers, and the evaluation of
the cost-effectiveness of digital transformation of an enterprise’s operating system;

— analytical support for evaluating the effectiveness of digital transformation
of enterprise functional processes has been further developed. The proposed system
of digital-economic indicators integrates financial, process, and strategic parameters
in a volatile environment, which distinguishes it from most existing models that are

primarily focused on technical and technological indicators.



Chapter One substantiates the theoretical and methodological foundations of the
economic-digital development of construction enterprises in the transformational
development environment. The conceptual and categorical apparatus has been clarified,
including the author’s definition of the term "transformational development
environment." A critical analysis of the current state of construction enterprises has been
conducted, identifying barriers to digital transformation and assessing their innovative
and managerial potential. Strategic directions for digitalization have been defined, a
conceptual research map has been developed, and the necessity of transitioning to
integrated economic-digital solutions has been justified.

Chapter Two focuses on the development of tools and methodological solutions for
the practical formation of an economic-digital model for the development of a
construction enterprise. An original methodology for assessing digital readiness and
economic adaptability has been proposed, based on the combination of quantitative and
qualitative indicators, enabling a comprehensive assessment of an enterprise's capacity
to implement digital technologies in a transformational environment. The methodology
includes a differentiated system of indicators covering digital infrastructure level,
flexibility of management processes, human capital potential, and investment openness
to digital solutions. An approach has been developed for evaluating the effectiveness of
functional process transformation, based on a system of economic-digital indicators.
Key business processes that are most affected by digitalization—such as procurement
logistics, production planning, work performance monitoring, and cost management—
have been structured. Performance evaluation indicators have been defined, including
productivity, energy efficiency, and digital integration, allowing for the tracking of
changes within the functional units of the enterprise. A structural and functional model
of economic-digital development has been proposed, which takes into account the
organizational structure of the construction enterprise, the specifics of digital processes,
and the requirements for adaptive management. The model is presented as an integrated

system of interrelated components: digital analysis, strategic planning, resource



management, risk management, and feedback monitoring. Its architecture allows for
flexible adaptation to market changes and open integration with sectoral information
platforms, enabling the clear definition of model parameters for subsequent testing and
analytical support at later stages of the research.

Chapter Three presents the practical results of implementing the developed
economic-digital model into the system of managing the development of a construction
enterprise. A systematic approach to integrating the model into the architecture of
managerial decisions is proposed, which involves its step-by-step incorporation into the
existing management contours of the enterprise. Based on scenario modeling, the study
demonstrates how the economic-digital model can be adapted to the organizational
specifics of the enterprise, taking into account the level of digital maturity, resource
availability, type of construction activity, and strategic goals. A methodology for the
formation of coordinated managerial decisions in a digital environment has been
developed. It is based on the principles of dynamically balancing short- and long-term
development priorities, the application of KPI indicators, and the use of adaptive
planning tools. An algorithm for synchronizing strategic orientations with operational
performance indicators has been proposed, enabling controllability of transformation
processes and flexibility in decision-making. Particular attention is given to the creation
of an economic-analytical toolkit for assessing the effectiveness of digital solution
implementation, which allows for the quantitative measurement of digital
transformation results. The toolkit includes a system of comparative indicators "before™
and "after" the implementation of digital solutions and accounts for economic
feasibility, the level of process automation, productivity improvement, cost reduction,
shortening of project timelines, and other operational effects. The proposed model has
been tested on actual construction enterprises, confirming its effectiveness and practical
relevance under current industry conditions.

Theoretical significance of the results lies in deepening scientific understanding of

the economic-digital transformation of construction enterprises through the refinement



of definitions, the development of a structural-functional model of digital development,
and the substantiation of principles for aligning management decisions in a changing
development environment. A conceptual basis has been formed for further research in
the field of the digital economy in construction.

Practical significance of the results consists in the development and
implementation of an economic-digital model that enhances the effectiveness of
managing the development of construction enterprises in a transformational
environment. The proposed methodologies for assessing digital readiness, adaptability,
and the effectiveness of transformational processes have been tested on real enterprises
and can be used to improve strategic and operational management, reduce costs,

increase productivity, and strengthen resilience to risks.

Keywords: construction enterprise, development, development project, economic-
digital model, digital transformation, building information modeling (BIM), innovative
development, development management, formalized indicators, enterprise operating
system, digital environment, development strategy, performance evaluation, integrated

administration, enterprise management.



AHOTALIA
[[ane [[3in PopMyBaHHSI €KOHOMIKO-UM(POBOI MoJeai PO3BUTKY OyaiBeJbHUX
miAnpueMcTB B yMoBax TpaHcdopMmamiiinoro cepenoBuma — KaamidikamiiiHa
HayKoBa Tpals Ha mpaBax pykomnwucy. Juceprariss Ha 3400yTTS HAYKOBOTO CTYMEHS
noktopa ¢ginocodii 3a cremianbHicTIO 051 «ExoHOMika». — KUiBCbKUI HalllOHATBHUM
yHiBepcuTeT OyAiBHUITBA 1 apxiTekTypu, MOH VYkpainu, Kuis, 2025.

JlucepTailisi MpHUCBSiY€HA BHUPIIICHHIO HAYKOBO-TIPAaKTHYHOI 3adadl (popMyBaHHSA
€KOHOMIKO-IIU(POBOI MOJIENI PO3BUTKY OYIIBEIbHUX MIANPUEMCTB, SKAa TOEIHYE
Cy4YacHI MIIXOAW €KOHOMIYHOI JIarHOCTUKHU 3 HU(PPOBHUMHU TEXHOJIOTISIMU YIPABIIIHHSA
I 3a0e3medeHHs  aJanTHBHOCTI, 1HHOBAI[IMHOI  AaKTHBHOCTI Ta  CTIMKOIO
(YHKLIOHYBaHHS Cy0’€KTIB TOCIOJApIOBaHHS B yMOBaxX TpaHC(hOpMaIiiiHOro
cepeIoBUIIA CYy4acHOTO Oy 1IBEILHOTO JIEBEIIONIMEHTY.

AxmyanvHicmb 00CiOM#CeHHs 3yMOBIIEHAa HArajJbHOIO MOTPE0O0I0 MEePEeOCMUCTCHHS
TEOPETUKO-METOAOJOTIYHUX 3acaj 1 MPUKIAJHUX MIAXO0AIB A0 YIPABIIHHSA PO3BUTKOM
OyIiBeNIbHUX MIJNPUEMCTB B yMOBaxX TJIUMOOKUX TpaHcopMalliii  ComialbHO-
€KOHOMIYHOTO Cepe/IOBHINA, IMUQPOBI3aIii €KOHOMIKA Ta MOCHJICHHS HECTaOlIBHOCTI
pyuHKOBUX 4WHHMKIB. CydacHa OyjiBelbHa Taly3b YKpaiHu (YHKI[IOHYE B YMOBax
MIJBUIIEHOT  JUHAMIKM  HOPMAaTHUBHO-TIPABOBHX  3MIH, PECYpPCHHX OOMEKEHb,
TE€XHOJIOTITYHOTO OHOBJICHHSI Ta BUKIMWKIB, CIOPUYMHEHHUX $K BHYTPIIIHIMH, TaK 1
riobanbHUMH (akTopaMu (30KpeMa, HaCIlAKaMU BOEHHOI arpecii, 3pOCTaHHSAM BapTOCTI
OyAiBeIbHHUX PECYpCiB, 3MIHOIO CTPYKTYPH MOIMUTY Ha OYyIiBEIbHI MOCIYTH). Y I[bOMY
KOHTEKCT1 aKTyali3yeThCsl MoTpeda y (opMyBaHHI IHTETPOBAHOI €KOHOMIKO-LIM(PPOBOI
Mozeni, sika O go3Boiuia 3a0€3MeYUTH CTPATETiuHy CTIWKICTh MIANPUEMCTB, iX
aJanTUBHICTh JO 3MIH, HIABUIICHHS KOHKYPEHTOCIPOMOXHOCTI Ta e(QEeKTUBHE
yHOPaBIIIHHS 1HHOBAI[IHHO-1HBECTULIMHUM MOTEHI1aJIOM.

BiacytHicte yctaneHoi metomosorii dopmaiizaiili Takux Mojeneil, HeaoCTaTHIN

piBeHb OOIPYHTOBAHOCTI HMU(PPOBUX MIAXOAIB Y KOHTEKCTI €KOHOMIYHOTO PO3BUTKY



OydiBelNbHUX MIANPHEMCTB, a TaKOXK (PparMeHTApHICTh MPaKTHUK LHU(POBOT
TpaHcopmallii y raiay3l 3yMOBIIOIOTH MOTpe0y B KOMILJIEKCHOMY HayKOBOMY
JTOCITIDKCHHI, pe3yJbTaTh SKOT0 MOXYTh OYTH BHKOPUCTaHI SK Yy NPaKTHUYHIN
TISUTBHOCTI MIANPUEMCTB, TaK 1 y po3poOJIeHHI Ta peaizaiii ympaBlIiHCHKHX PIlIeHb
I0JI0 BOPOBAKCHHS IUGPOBUX 1HHOBAIIM Ha PIBHI OKpPEeMHUX OyAiBEIbHHUX
1ITPUEMCTB.

O6’ckmom  OocniodxcenHss € E€KOHOMIYHI TIPOLECH PO3BUTKY OyiBEIbHUX
MIIIPUEMCTB Y KOHTEKCT1 TpaHchopmallii iXHROro GyHKIIIOHAIBHOTO CepeOBHIIIA.

Ilpeomemom  Oocniodcennsi € CYKYIHICTh TEOPETUYHHUX, METOAUYHUX Ta
MPUKIAAHUX 3aca]l (OPMYBaHHS €KOHOMIKO-IIM(PPOBOi MOJIETl PO3BUTKY OyI1BEIbHUX
HiIPUEMCTB, IO 3a0e3nedyye iX aJlalTUBHICTh, IHHOBAIIMHICTE Ta €(EKTUBHICTDH
YIOPABIIHHSA B yMOBaX HU(PPOBOi EKOHOMIKH.

Memoro Oocnioxcenus € po3poOJIEHHST TEOPETUKO-METO0JIOTIUHOTO MIATPYHTS Ta
NPUKJIAJHOTO THCTPYMEHTapiio (OpMYBaHHS EKOHOMIKO-IIM(PPOBOI MOJENl PO3BUTKY
OyIiBEeJIbHUX MIAOPUEMCTB 3 YpaxXyBaHHSIM OCOOJMBOCTEW TpaHC(hOpMAIIHOrO
CepeloBUIlla Ta HEOOX1THOCTI 3a0e3MeUeHHs 1X KOHKYPEHTOCIIPOMOXKHOCTI M CTIMKOTO
€KOHOMIYHOTO 3pOCTaHHS.

JIns  JMOCATHEHHsSI IIOCTaBJICHOI MeTH, Yy po0oTi Oylo BHpIMIEHO HHU3KY
B3a€MOIIOB SI3aHUX 3A80AHb, CIPSMOBAHUX Ha JIOCIKCHHS (PyHIaMEHTAIbHUX
TEOPETUYHUX T0JIOKEHD, IIATHOCTUKY iICHYIOUMX Oap’epiB uudporizailii, hopmaizalito
KIIOUYOBUX  CTPYKTYPHO-(YHKIIIOHATBHUX  KOMIIOHEHTIB  MOJEdl, a  TakKoX
OOTpyHTYBaHHS MEXaH13MIB 11 IPAKTUYHOI peaizarlii:

» 3IIACHATA KPUTHUYHHA aHai3 EBOJIONII HAyKOBHX IMIXOMIB 10 MOOYIOBH
1M(pPOBO-OPIEHTOBAHMUX €KOHOMIYHHMX MoJieel y cdepi OymiBHUITBA, 3 ypaxyBaHHSIM
CYy4YaCHUX BUKIIMKIB TpaHC(HOPMALIIITHOTO cepeOBUIIIA;

» BU3HAYUTH IHCTUTYIIHHO-CKOHOMIYHI TIEPEAYMOBH Ta KJIFOYOBI TEXHOJOTIYHI
YUHHUKHA, W10 BIUIMBAIOTh Ha (opMyBaHHS LHU(PPOBOT apXiTEKTypu OY/IIBEIbHUX

HiJIPUEMCTB, 30KpeMa B KOHTEKCTI 3apyOixHOro nociny (Ha npukiaa KHP);



» inentudikyBaté  (iHAHCOBO-pECYpcHI  OOMEkeHHs  ImdpoBizamii  Ta
MpoaHali3yBaTH BapTiCHI MapaMeTpu BOpoBapkeHHA BIM-texHomoriii y cTpykTypy
€KOHOMIKO-ITU(POBOi MOIEI1 T AMTPUEMCTBA;

» pO3pOOUTH METOAWKY OIlIHIOBaHHS IM(PPOBOI TOTOBHOCTI Ta EKOHOMIYHOI
aJanTUBHOCT1 OYIBEIBHOTO IMiAMPHEMCTBA /10 (PYHKIIIOHYBaHHS B yMOBax IM(poBoi
TpaHchopmalrii;

» OOIpyHTYBaTH TIAXOMU JIO OIIHIOBaHHSA e€(EKTUBHOCTI TpaHchopMarrii
GyHKIIIOHATBHUX ~ MPOIIECIB  MIJANPUEMCTBA HA  OCHOBI  €KOHOMIKO-IIM(POBHUX
1HMKATOPIB;

» chopMyBaTH CTPYKTypHO-(DYHKI[IOHATBHY MOJIENIb PO3BUTKY OyiBEIBHOTO
HiIPUEMCTBA, aJalTOBaHy J0 YMOB IU(POBOI €KOHOMIKM Ta TpaHChOpMaIliitHuX
BUKJIUKIB,;

» OOTpyHTYBaTH HaIllpsMH Ta IHCTPYMEHTH ajamnTallii eKOHOMiKo-u(poBoi Moeri
y CTpaTeriyHi Ta OMNEpPaTUBHI KOHTYpPH YIHPABIIHHSI PO3BUTKOM OYIiBEIHLHOTO
MIIITPUEMCTBA;

» chopMyBaTH aHAIITHYHI 3acaJH 3a0C3MEUCHHS y3r0JKEHOCTI MiX CTpaTeriYHUM
O0aueHHSM 1 TaKTUYHUMHU YIPABIIHCBKUMHU [JISMH B  IU(GPOBO-OPIEHTOBAHOMY
CepeIOBHIII;

» pO3pOOUTH EKOHOMIKO-aHAJNITUYHUNA IHCTPYMEHTApid OIIHKK €(EKTUBHOCTI
BIIPOBA/XKEHHSI LU(PPOBUX pINIEHb Y AISUIBHICT OyAiBEIbHUX MIAIPUEMCTB 1
MIATBEPAUTH  WOTO  TPHUKIAJAHOIO  PE3YJNbTAaTHUBHICTIO 4epe3  ampodaliito  Ha

MIAIPUEMCTBAX, L0 (PYHKI[IOHYIOTH B YMOBax TpaHC(QOpPMaALIMHOIO CepeloBHILA

JI€BEJIOTIMEHTY.
Memoou  odocniddicenHs. Y  JocnmipKeHHI ~ BUKOPUCTAHO  KOMILIEKC
3araJlbHOHAYKOBUX 1 CHEIllaJbHUX METOMAIB, 30KpeMa: aHaldi3 1 CHHTe3 — JUIs

y3arajJbHEHHS TEOPETHUYHHX MIAXOMIB 10 IM(dpoBi3almii E€KOHOMIKM Ta TMOO0Yy/I0BU
E€KOHOMIYHUX MOJIeJIel PO3BHUTKY MIAMPUEMCTB; CUCTEMHUHN MiAX1J — N1 BU3HAYEHHS

B3a€EMO3B’SI3KIB MK HHU(PPOBUMHU, OpraHi3allifHUMU Ta €KOHOMIYHUMH €JIeMEHTaMu



MOJIeNl; EKOHOMIKO-CTaTUCTHYHI METOAM — JUIsl OLIHIOBaHHS PiBHSI IUPPOBOI
TOTOBHOCTI, @JalTUBHOCTI Ta e€(EeKTUBHOCTI TpaHC(hOpMaIlIHHUX  MPOIIECIB;
MOJICTIOBaHHS — JJIsI TOOYZ0BU CTPYKTYPHO-(YHKIIIOHATBHOT apXITEKTYPH €KOHOMIKO-
1poBOT MOJENI PO3BUTKY OYIIBEILHOTO MIiAMPUEMCTBA; CKCIIEPTHE OI[IHIOBAHHS —
JU1s Bepudikarii mpuKIaJHUX IHCTPYMEHTIB MOJIEl Ta OOTPYHTYBaHHS YIPABIIHCHKUX
pillieHb y TpaHchopMaliifHOMY CepeIOBHUIILI ICBEIOMMEHTY.

Ocnoena 2inomesza 00cCniOdcenHs TONSITa€ B TOMY, IO 3aBASKHA BHUPIIICHHIO
MOCTABJICHUX HAYKOBUX 3aBJaHb Pe3yJIbTaTH JOCIIPKEHHS CIPUATUMYTH (POPMYBAHHIO
e(pEeKTUBHOT €KOHOMIKO-IIM(POBOI MOJENl PO3BUTKY OYyNIBEIbHUX MIAMNPUEMCTB, SKa
3a0e3neunTh aJanTalilo iX YHIPaBIIHCBKUX IMPOLECIB A0 TpaHCHopMalIiHUX 3MIH
30BHIIIHBOTO CEPEIOBUINA, MIABUIIUTH PE3yJIbTaTUBHICTh OMEpaliiHOl JISJIBHOCTI Ta
3a0€3Me4nTh CTIMKE CTpATETrIYHE 3pOCTAHHS B YMOBax IU(POBOI EKOHOMIKH.

Haykoea nosuszna ooepoicanux pe3yibmamia MoJsTae B HACTYITHOMY:

VOOCKOHAIEHO

- METOJMKY OIIHIOBAHHS PIiBHA HHU(PPOBOi TOTOBHOCTI Ta EKOHOMIYHOI
aIanTUBHOCTI OYIIBETBLHOTO MIANPUEMCTBA. Y TOPIBHSAHHI 3 ICHYIOUUMH MOJIEISIMU
1(ppoBoOi  3pIIOCTI, 3amPOIOHOBAHUHN IMMAXIJ I1HTErPye€ EKOHOMIYHI I1HIUKATOPH
aJanTUBHOCTI 10 TpaHChOpMAIIMHUX 3MIH 1 J03BOJISIE KOMIUIEKCHO J1arHOCTYBAaTH
MOTEHITa MiAMPUEMCTBA 0 1HHOBAIIMHOTO PO3BUTKY;

— CTPYKTYpHO-(DYHKITIOHAJIbHY MOJIEIb PO3BUTKY OyiBEJIbHOTO mianmpuemcra. Ha
BIIMIHY BiJ ICHYIOUMX CTaTUYHUX MOJeNied yOpaBiaiHHA, VY  JIOCTIHKEHHI
3aMpONMOHOBAHO THYYKY apXiTeKTypy MOJeli, IO BpaxoBye IU(POBI BEKTOPU
TpaHchopMmallii, piIBEHb peCypCHOI 3a0€3Me4YeHOCTI Ta IHCTUTYIIIIHI YMOBH;

— NPUKIAAH] MAXOAW A0 I1HTErpaiii eKOHOMIKO-IIM(PPOBOi MOJETl B CHCTEMY
yOpaBmiHHS  manpueMctBoM. OOTpyHTOBaHO 1HCTPYMEHTH aJanTaiii MOJeT 0
CTpPAaTEeriyHOTO Ta OMNEpPAaTUBHOIO pIBHIB MNPUUHATTA pIllIeHb, IO MNIABUILYE
€(eKTUBHICTh YIPABIIHCHKOTO BIUIMBY B YMOBaxX HECTaOUIBLHOCTI CEpeloBUIIA

GyHKITIOHYBaHHS Oy 1IBEILHOTO MiITPUEMCTBA;



- MEXaHI3MHU Y3TO/DKEHHSI CTpaTeriyHMX 1 TaKTUYHUX T[apaMeTpiB PO3BUTKY
HiAIpUeMCTBA B IHUQPpPoBOMY cepeaoBulli. Po3po6ieHo 1HCTpyMEHTH TapMoOHi3alii
IiJIed Ha PI3HUX PIBHAX YIIPABIIHHSA, IO JO3BOJISIOTH MIHIMI3yBaTH OpraHi3aliiHo-
YOPaBIIHCHKI JUCOaJaHCH Y TPOIIEC] BIPOBAKEHHS [UGPOBUX PIIICHb;
— €KOHOMIKO-aHATITUYHUN 1HCTPYMEHTapid OIIHKKH e(EeKTUBHOCTI HHU(PPOBUX
pillieHb. 3ampoIrOHOBAHO MOEIHAHHS SAKICHMX 1 KUIBKICHHUX IIJIXOMIB JI0 OIlIHIOBaHHS
pPEe3yJAbTaTUBHOCTI IU(PPOBUX TMPOEKTIB y OYAIBHUIITBI, M0 CHOpHUSE OUIBII
OOIPYHTOBAaHOMY YIPaBIIHCHKOMY aHaJi3y Ta MJIaHyBaHHIO.

HAOYIU NOOATLULO2O PO3BUMKY .
— CHUCTEMAaTHU30BAHO Ta YTOUHEHO EBOJIIOLII0 HAayKOBUX MIAXOAIB 10 NOOYIOBU
1M (ppOBO-OPIEHTOBAHMX EKOHOMIUYHUX MOJIeNiel y OyIiBHULITBI. Ha BIAMIHY B1J] HASBHUX
HiAXO/iB, Ae HU(POBI3allis pO3MISIAa€Thes (PparMeHTapHO (HAa PiBHI TEXHOJOTIYHUX
pilieHs), y poOOTI 3A1MCHEHO aHami3 iHTerpauii HU(PPOBUX IHCTPYMEHTIB y 3arajibHy
€KOHOMIYHY MOJEJIb PO3BUTKY IIIMPUEMCTB HA MIKPOPIBHI;
— MOrIMOJIEHO PO3YMIHHS IHCTUTYIIHO-EKOHOMIUYHHUX Ta TEXHOJIOTTYHUX YMHHUKIB
urdpoBoi TpaHchopmallii OyaIBETbHUX MIANPUEMCTB HUISIXOM MOPIBHSUIBHOTO aHAII3Y
nocBiny KHP mono ¢opmyBanHs wHMPPOBOi apXITEeKTypud MIiANPUEMCTBA Ta
OOTPYHTOBAHO JOUUIBHICTh aJamnTallli OKpeMUX eJIeMEHTIB 3 (OKycoM Ha OyIiBeIbHY
ranysb;
— YTOYHEHO  (PIHAHCOBO-pecypcHi 0Oap’epu  HM@poBi3amii Ta  E€KOHOMIYHI
XapaKTepUCTHKN BrnpoBakeHHS BIM-texnosorii. Ha BigMiHy BijJ HasBHUX II1JXO/IIB,
IO aKIEHTYIOTh Ha TEXHIYHOMY AaclekTi IU(pOBUX IHHOBAIN, y poOOTI aKUEHT
3p00JICHO Ha BUTPATHIN CTPYKTYpl, HOPMATHBHO-THCTUTYIIMHUX TEpEroHax 1 OIHII
BapTicHOT  edexTuBHOCTI  mHdpoBOi  Tpancopmallli  omepariiHOi  CHCTEMH
H1IPUEMCTBA;
— Ha0yJIO MOJABIIOTO PO3BUTKY aHATITHYHE 3a0€3MEeUeHHs OIlIHKU €(PEKTUBHOCTI
udpoBoi TparnchopMmailii GyHKIIOHATFHUX TPOIECIB MIAMPUEMCTBA. 3aMpONIOHOBAaHA

cucteMa I1M(GPOBO-€KOHOMIYHUX 1HAMKATOPIB IHTErpye (PIHAHCOBI, NPOLECHI Ta



CTpaTeriyHi mapaMeTpy B YMOBaxX 3MIHHOTO CEpeIOBHIIA, 10 BIAPI3HAE ii Bif OLTBIIOCTI
ICHYIOUMX MOJIEJICH, OPIEHTOBAHMX Ha OOJIIK JIUIIE TEXHIKO-TEXHOJIOTTYHIX MTOKA3HUKIB.

Y nepuwiomy po30ini oOTpyHTOBAHO TEOPETUKO-METOJIOJIOTTYHI 3acaid €KOHOMIKO-
1u(POBOrO PO3BUTKY OYIIBETHHUX MIANPUEMCTB Y TpaHCc(OpMaliifHOMY ceperoBHII
JICBEJIOTIMEHTY. YTOYHEHO MOHSTIHHO-KaTeropiadbHUM amapar, 30KpemMa BBEICHO
aBTOPCbKE BH3HAYEHHS "TpaHcPopMalliiiHe CcepeOBUIIE ACBEJONMEHTY". 3I1HCHEHO
KPUTUYHUN aHali3 Cy4acHOro CTaHy OyiBEelIbHUX MiJMPHEMCTB, BUABICHO Oap’epu
mudpoBoi TpaHcdhopmallli Ta OIIHEHO iX I1HHOBAIIMHO-YIPaBIIHCHKUM TOTEHITIA.
BuzHaueHo cTpaTeriyHi opieHTHpH LHU(pOBi3alii, CGOPMOBAHO KOHIIENTYaJbHY KapTy
JOCIIKEHHSI Ta OOIPYHTOBAaHO HEOOXIJHICTh MEPEXOAY 10 IHTErPOBAHUX E€KOHOMIKO-
1u(GPOBUX PIIICHb.

YV opyeomy po3oini aucepTalii 30Cepe’KeHO yBary Ha po3poO0JeHHI IHCTPYMEHTIB
Ta METOJUYHUX PIIIEHBb JJII MPAKTUYHOTO (OPMYBAHHS €KOHOMIKO-IIM(POBOI MOAEII
PO3BUTKY OyIiBEIBHOrO MiANpueMCTBa. Po3p00sieHO aBTOPCHKY METOJMKY OLIIHFOBAaHHS
piBHS 1M(POBOI TOTOBHOCTI Ta €KOHOMIYHOI aJalnTUBHOCTI, sIKa O0a3yeThCsd Ha
[IO€IHAHH] KUIBKICHHX Ta SAKICHUX IIOKa3HHKIB 1 JO3BOJIAE KOMIUIEKCHO OIIIHUTHA
CIIPOMOXHICTh MIAIPUEMCTBA J0 BIPOBALKEHHS LU(POBUX TEXHOJIOTI B yMoOBax
TpaHchopMalliitHoro cepenoBuiia. MeTonuka BKIIOYae OU(epeHIiiioBaHy CHUCTEMY
IHIUKATOPIB, 1[0 OXOIUIIOE piBeHb MHUGPOBOi  1HOPACTPYKTYPH, THYUKICTh
VOPABIIHCBKUX IMPOLIECIB, KAAPOBHI MOTEHLIA] Ta 1HBECTULINHY BIAKPUTICTH 0
udpoBuX pimmeHb. Po3pobieHo miaxia a0 oIiHIoBaHHS e(PEeKTUBHOCTI TpaHchopmarlii
(yHKLIOHATBHUX TMPOLECIB, IO 0a3yeTbCs HA CHCTEMI EKOHOMIKO-UIH(PPOBUX
IHAUKATOPIB.  3IIMCHEHO  CTPYKTypHU3allil0  KIIOYOBUX  MPOLECIB  JISTIBHOCTI
OyIiBEbHOTO TMIANPUEMCTBA, SIKI 3a3HAIOTh HAWOLIBIIOTO BIUIMBY BHACIIIOK
nugposizailii (30kpeMa, 3aKymiBesibHa JIOTICTHUKA, BAPOOHNYE TUIAHYBAHHS, MOHITOPUHT
BUKOHAHHS PpOOIT, YIpaBIiHHA BHUTpaTaMu). BH3HAYeHO TIOKa3HUKUA  OI[IHKH
pPEe3yNbTAaTUBHOCTI TpaHcdopmMallii, 30KkpeMa MPOAYKTHBHICTh, €HEProe(eKTUBHICTD,

nudpoBa IHTErPOBAHICTh, 10 JO3BOJIIE  BIICTEXKYBaTH JAMHAMIKY 3MIH Yy



(GyHKIIOHaTBbHUX OJOKaX MiAMPUEMCTBA. 3alIPONOHOBAHO CTPYKTYPHO-(YHKI[IOHATbHY
MOJICNTb €KOHOMIKO-IIM(POBOTO PO3BUTKY, KA BPAXOBYE OCOOJMBOCTI OpTaHi3aIliiHOl
OynoBH Oy/IBEJIBHOTO MIANPUEMCTBA, CHeNU(iKy HUGPPOBUX MPOIECIB 1 BUMOTH JO
aJalTUBHOTO  yOpaBliHHA. Mojaens TMpeAcCTaBIeHO SK IHTETPOBAHY CHUCTEMY
B3a€MOIIOB ’I3aHUX KOMIIOHEHTIB: IU(POBOTO aHali3y, CTPATEriyHOrO IJIaHyBaHHS,
VIPaBIiHHSA pECypcaMH, pPU3HK-MEHEKMEHTY Ta 3BOPOTHOIO MOHITOpMHTY. Ii
apxiTekTypa mepeadayae THYYKICTb ajanTaiii A0 3MiH PHHKOBOTO CEpEIOBHINA, a
TaKOXX BIJIKPUTE MIAKIIOYEHHS 10 Taly3eBUX 1HGOpMalIMHUX TIIaTdopM, IO Jajo
3MOTY 3aJaTh YiTKI MapaMeTpu MOJel s MNoJajiblIoro il anpoOyBaHHS Ta
aHAJIITUYHOTO CYMPOBO/TY Ha MOJAJBIINX €Tarax JTOCHiTKCHHS.

Y mpemwvomy po3oini nucepranii MpencTaBICHO NPAKTUYHI Pe3yIbTaTH OO
BIIPOBAKEHHSI PO3pPOOJEHOT E€KOHOMIKO-IIM(PPOBOI MOAENI B CUCTEMY YIPaBIiHHSA
PO3BUTKOM OyMIBEJILHOTO IMAMPUEMCTBA. 3alpOINOHOBAHO TIJAXIJ JO CHCTEMHOI
1HTerpaiii MoJiel B apXiTeKTypy YINpPaBIIHCHKUX pillleHb, IO Mepeadaydae ii moeramnHe
BKJIFOYEHHS B ICHYIOUI YNPABIIHCHKI KOHTYpH MiAnpueMcTBa. Ha oCHOBI MoJi€tOBaHHS
CIICHApIiB PO3BUTKY MPOJEMOHCTPOBAHO, SIK €KOHOMIKO-IIM(pOBa MOJEIb MOXE OyTH
ajanToBaHa [0 oOpraHizamiiiHoi cnenudiku TIANPUEMCTBA, 3 YpaxXyBaHHSM piBHS
udpoBoi  3pUIOCTI, AOCTYIMHOCTI pecypciB, THUMY OymiBENIbHOI ISIIBHOCTI Ta
cTpareriyHux 1uiei. Po3pobieno metonuky (GopmMyBaHHS y3roJKEHUX YMPABIIHCHKUX
pimieHs 'y uudpoBomy cepenoBuilli. Bona 0a3yeTbcs Ha OpUHOMNAX JAHAMIYHOTO
OaylaHCyBaHHSI KOPOTKO- 1 JIOBFTOCTPOKOBUX MPIOPUTETIB PO3BUTKY, 3acTocyBaHHs KPI-
IHIUKATOPiB, @ TaKOX I1HCTPYMEHTIB aJalTHUBHOIO IUIAHYBAaHHS. 3allpOIIOHOBAHO
QITOPUTM CHUHXPOHI3alli CTpPATEriyHUX OPIEHTHPIB 13 ONEPATUBHUMH IOKA3HUKAMHU
(GyHKITIOHYBaHHS, 110 JT03BOJIsIE 3a0€3MEYNTH KEPOBAHICTH IMporiecaMu TpaHchopmarii
Ta THYYKICTb Yy HPUHHATTI YNPaBIIHCbKUX pimeHb. OcoOiauBy yBary NpHIUIEHO
CTBOPEHHIO  €KOHOMIKO-aHAJITUYHOTO  IHCTPYMEHTapil0  OIIHKKM  €(EeKTHUBHOCTI
BIIPOBAKCHHSI IU(PPOBUX PIIIEHB, SKUW 1a€ 3MOTY KIJTbKICHO BUMIPIOBATH PE3YIbTaTH

mugpoBoi  TpaHchopmarii. [HCTpyMeHTapiii  BKJIIOYAE CHCTEMY MOPIBHSJIBHUX



THAMKATOPIB «JI0» 1 «IICIIs» BOPOBAIKEHHS HU(POBUX PIllIEHb, BPAXOBYE €KOHOMIYHY
JIOUITBHICTh, PpIBEHb aBTOMAaTH3allli MpPOLECIB, MiJBUIICHHS MPOAYKTUBHOCTI,
3MEHIIIEHHS BHUTpPAT, CKOPOYCHHS TEPMIHIB BHUKOHAHHS pOOIT Ta 1HII OIepalliiHi
edextu. IIpoBemeno ampoOarriro 3ampoNOHOBAHOI MOJENI HA TPHUKIAAI KOHKPETHUX
OyIiBEIbHUX IMIAMPUEMCTB, IO MIATBEPAUIIO i1 €()eKTUBHICTH 1 MPAKTUYHY LIHHICTD Y
Cy4acHUX YMOBaX (PyHKIIIOHYBaHHS Oy11BEIbHOI Taly3i.

Teopemuune 3HAYeHHs OMPUMAHUX pe3ybmamie TONATaE B MOTIHOJICHHI
HAyKOBUX  VySBJIGHb TMPO  E€KOHOMIKO-IIU(GPOBY  TpaHchopmalliro  OyaiBeIbHUX
MIAIPUEMCTB IUIIXOM YTOYHEHHS MOHATh, (JOPMYBaHHS CTPYKTYPHO-(PYHKIIOHAIBHOI
Mozieni 1U(GPOBOTO  PO3BUTKY Ta OOIPYHTYBAaHHS TMPUHIUMIB  Y3TOJKCHHS
YIOPABIIHCHKUX PIIEHb Y 3MIHHOMY cepenoBuil jaesenonMenty. CdopmoBaHo
KOHLIETITYaJIbHY OCHOBY JJIsl MOJAJBIINX AOCTIIKEHb y cepl nudpoBOoi €KOHOMIKH
OyIIBHUIITBA.

Ilpakmuune 3HaAYeHHA OMPUMAHUX pe3yIbmamie TOJSATaE y PO3pOOJICHHI Ta
BIPOBAPKCHHI  €KOHOMIKO-IIU(MpPOBOi  Mojeni, 1o  3abe3neuye  MiJBUILCHHS
e(heKTUBHOCTI yIPaBIIIHHS PO3BUTKOM OyIiBEITbHUX M ITPUEMCTB y
TpaHc(opMaliiiHOMY CepeoBUILll. 3aMpOlOHOBaHI METOJUKHU OIIHIOBaHHSA HU(POBOi
TOTOBHOCTI, aJaNTUBHOCTI Ta €(PEeKTUBHOCTI TpaHC(HOPMAIIITHUX MPOIECIB anmpoOoBaH1
Ha pealbHUX MIANPUEMCTBAX 1 MOXKYTb OYTH BHUKOPHUCTaHI JUIsl BIOCKOHAJICHHS
CTPAaTETIYHOTO Ta ONEPATHBHOTO YIPABIIHHS, 3HWKEHHS BUTpAT, ITiIBUIICHHS
IPOIYKTUBHOCTI Ta CTIMKOCTI JIO PU3HUKIB.

KiarwuoBi ciaoBa: OyjaiBelbHE MIANPUEMCTBO, JIEBEJIONMEHT, JI€BEIONEPCHKUMA
POEKT, EKOHOMIKO-LIM(PpoBa Mozenb, uuppoBa TpaHchopmallis, 1HHOBALIHHUI
PO3BUTOK, OIllepalliiHa CHUCTeMa MIANPUEMCTBA, CTpATErisi PO3BUTKY, OIIHIOBAHHS
e(eKTUBHOCTI, 1H(pOpMalliifHE MOJENIOBaHHS  Oi3Hec-mpoueciB, 1H(opmaliiiHe

MOJIETIOBaHHS (BIM), YIpaBITIHHS 1 ITPUEMCTBOM.
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INTRODUCTION

Relevance of the topic of the dissertation. The current stage of economic
development is characterized by profound transformational shifts, which are due to the
influence of global digital trends, increased uncertainty of the external environment,
increased requirements for competitiveness and innovation of enterprises, especially in
the construction sector. Construction enterprises play a strategic role in the socio-
economic development of states, ensuring the implementation of infrastructure, housing
and industrial projects.The relevance of the dissertation topic is due to the rapid growth
of the role of digital technologies in the formation of new models of economic
development, especially in the construction industry, which is at the same time one of
the most resource-intensive and dynamically changing spheres of the economy. In the
conditions of digital transformation and the constant complication of the external
environment, construction enterprises are faced with the need for rapid updating of
management approaches, increased adaptability to changes and the implementation of
innovative digital solutions. However, the lack of comprehensive economic and digital
models capable of ensuring sustainable development and strategic stability of
enterprises in such conditions makes it necessary to scientifically understand new
methodological principles and applied mechanisms for managing the development of
construction development entities.

The scientific problem is to form an integrated economic and digital model that
would not only coordinate digital tools with traditional management processes, but also
ensure the effectiveness of transformational changes and innovative activity of
enterprises. Scientific works by Ukrainian and foreign authors examine individual
aspects of the digitalization of the construction industry, economic adaptation of
enterprises, the use of BIM technologies, and the formation of digital infrastructure.

The issues of forming economic and digital models of enterprise development,

digital transformation of management processes and adaptation of construction



companies to the challenges of the digital economy have been reflected in the scientific
works of many foreign researchers. In particular, an important contribution to the
development of theoretical and methodological foundations of digitalization and
economic adaptation of enterprises was made by such scientists as K. Schwab, M.
Porter, H. Chesbrough, T. Davenport, M. Fischer, R. Bolton, A. Hartmann, F. Haase,
K.Graft, P. Schumann, R. Grundemann, Shi Zhijun. Their works highlight aspects of
strategic management of digital innovations, the formation of digital architecture of
enterprises, the cost-effectiveness of implementing BIM technologies, the use of digital
platforms in construction, as well as approaches to harmonizing management decisions
in a changing environment.

In the context of the transformation of the modern economic environment and the
challenges of digitalization of the construction industry, leading Ukrainian scientists
focus on the issues of forming economic and digital models of development, improving
management processes and increasing the efficiency of the functioning of enterprises. A
significant contribution to the development of scientific and methodological approaches
to the modernization of management systems in the digital environment was made by O.
Amosha, S. Bushuyev, T. Goncharenko, G. Ryzhakova, A. Shpakov, N. Petrukha, O.
Khomenko, L. Zgalat-Lozynska, I. Novikova, D. Prykhodko, V. Pokolenko, O. Tugay,
R. Trach. At the same time, the issues of a comprehensive assessment of the digital
readiness of enterprises, the formalization of structural and functional models of
development in a transformational environment, as well as the assessment of the
efficiency of digital solutions taking into account economic indicators, remain
insufficiently studied. The lack of an established methodology for formalizing such
models, the insufficient level of justification of digital approaches in the context of the
economic development of construction enterprises, as well as the fragmentation of
digital transformation practices in the industry determine the need for comprehensive
scientific research, the results of which can be used both in the practical activities of

enterprises and in the development and implementation of management decisions



regarding the implementation of digital innovations at the level of individual
construction enterprises. Thus, the study devoted to the formation of an economic and
digital model of development of construction enterprises has important scientific and
practical significance, as it is aimed at improving management tools in the context of
profound changes in the external and internal environment of the industry.

The connection of the work with scientific programs, plans, topics. The
dissertation was completed within the framework of scientific research and scientific
search work, which was carried out with the participation of the author of the work at
the Department of Construction Economics of the Kyiv National University of
Construction and Architecture, namely: within the framework of the implementation of
the topic "Development of modern economic and analytical tools for development
management of contract construction” (state registration number 0115U000860) the
author improved the methodology for assessing the level of digital readiness and
economic adaptability of enterprises, proposed a system of economic and digital
indicators for assessing the effectiveness of the transformation of functional processes,
and also developed an analytical tool for implementing digital solutions in the
development project management system.;

The author's contribution to the implementation of the research topic "Digital
Transformation of Administration Processes in Construction Development:
Organizational, Technological and Economic-Analytical Approaches to Multi-Project
Activities of Enterprises” (state registration number 0124U005168) consists in the
formation of an applied model for integrating digital tools into the management system
of the multi-project environment of a construction enterprise. The author substantiated
the economic and analytical tools of digital transformation, which include assessing
adaptability, resource consistency and efficiency of the implementation of development
projects. Approaches to synchronizing strategic and tactical management decisions in a
digital environment have been developed, which allows increasing operational

flexibility, reducing the risks of project uncertainty and ensuring transparency of



administration in the conditions of a transformational economy. The results obtained can
be used to improve digital models of administration of development projects with a
multi-project structure.

The purpose of the study is to develop a theoretical and methodological basis
and applied tools for the formation of an economic and digital model of the
development of construction enterprises, taking into account the peculiarities of the
transformational environment and the need to ensure their competitiveness and
sustainable economic growth.

To achieve this purpose, the work solved a number of interrelated tasks aimed at
studying fundamental theoretical provisions, diagnosing existing barriers to
digitalization, formalizing key structural and functional components of the model, as
well as substantiating the mechanisms for its practical implementation:

1. To carry out a critical analysis of the evolution of scientific approaches to
building digitally-oriented economic models in the construction sector, taking into
account modern challenges of the transformational environment;

2. To identify institutional and economic prerequisites and key technological
factors that influence the formation of the digital architecture of construction
enterprises, in particular in the context of foreign experience (on the example of the
PRC);

3. To identify financial and resource limitations of digitalization and analyze
the cost parameters of implementing BIM technologies into the structure of the
economic and digital model of the enterprise;

4, To develop a methodology for assessing the digital readiness and economic
adaptability of a construction enterprise to operate in the conditions of digital
transformation;

5. To substantiate approaches to assessing the effectiveness of the
transformation of the functional processes of the enterprise based on economic and

digital indicators;



6. To form a structural and functional model of the development of a
construction enterprise, adapted to the conditions of the digital economy and
transformation challenges;

7. To substantiate the directions and tools for adapting the economic and
digital model into the strategic and operational contours of managing the development
of a construction enterprise;

8. To form analytical principles for ensuring consistency between the strategic
vision and tactical management actions in a digitally oriented environment;

Q. To develop an economic and analytical toolkit for assessing the
effectiveness of implementing digital solutions in the activities of construction
enterprises and confirm its applied effectiveness through testing at enterprises operating
in a transformational development environment.

Research methods. The study used a set of general scientific and special
methods, in particular: analysis and synthesis - to generalize theoretical approaches to
the digitalization of the economy and the construction of economic models of enterprise
development; a systemic approach - to determine the relationships between digital,
organizational and economic elements of the model; economic and statistical methods -
to assess the level of digital readiness, adaptability and efficiency of transformation
processes; modeling - to build a structural and functional architecture of the economic
and digital model of the development of a construction enterprise; expert evaluation - to
verify the applied tools of the model and justify management decisions in a
transformational development environment.

The scientific novelty of the results obtained is as follows:

Improved:

— the methodology for assessing the level of digital readiness and economic
adaptability of a construction enterprise. Compared with existing models of digital

maturity, the proposed approach integrates economic indicators of adaptability to



transformational changes and allows for a comprehensive diagnosis of the enterprise's
potential for innovative development;

— a structural and functional model of the development of a construction
enterprise. Unlike existing static management models, the study proposes a flexible
architecture of the model that takes into account digital vectors of transformation, the
level of resource availability and institutional conditions;

— applied approaches to integrating the economic and digital model into the
enterprise management system. The tools for adapting the model to the strategic and
operational levels of decision-making are substantiated, which increases the
effectiveness of managerial influence in the conditions of instability of the construction
enterprise's operating environment;

— mechanisms for coordinating strategic and tactical parameters of enterprise
development in the digital environment. Tools for harmonizing goals at different levels
of management have been developed, allowing to minimize organizational and
managerial imbalances in the process of implementing digital solutions;

— economic and analytical tools for assessing the effectiveness of digital
solutions. A combination of qualitative and quantitative approaches to assessing the
effectiveness of digital projects in construction has been proposed, which contributes to
more substantiated management analysis and planning.

have been further developed:

— the evolution of scientific approaches to building digitally-oriented
economic models in construction has been systematized and clarified. Unlike existing
approaches, where digitalization is considered fragmentarily (at the level of
technological solutions), the work has analyzed the integration of digital tools into the
general economic model of enterprise development at the micro level,

—  the understanding of institutional, economic and technological factors of
digital transformation of construction enterprises has been deepened through a

comparative analysis of the experience of the PRC in forming the digital architecture of



the enterprise and the feasibility of adapting individual elements with a focus on the
construction industry has been substantiated;

— the financial and resource barriers to digitalization and the economic
characteristics of the implementation of BIM technology have been clarified. Unlike
existing approaches that emphasize the technical aspect of digital innovations, the work
focuses on the cost structure, regulatory and institutional barriers and assessment of the
cost-effectiveness of the digital transformation of the enterprise's operating system;

— analytical support for assessing the effectiveness of digital transformation
of functional processes of an enterprise has been further developed. The proposed
system of digital economic indicators integrates financial, process and strategic
parameters in a changing environment, which distinguishes it from most existing models
focused on accounting only technical and technological indicators.

The theoretical significance of the dissertation work lies in the deepening,
systematization and further development of scientific provisions on the formation of
digitally oriented economic models of enterprise development in the construction sector.
The work first proposes a comprehensive interpretation of the "economic-digital model”
as a dynamic management circuit that combines economic development mechanisms
with digital tools, technologies and analytical platforms. Significant scientific
improvement has been made in conceptual approaches to structuring the digital
architecture of construction enterprises, taking into account the institutional and
economic environment; theoretical principles for assessing the digital maturity and
adaptability of enterprises; methodology for transforming functional processes in
construction through the integration of economic and digital indicators; understanding
the balance between strategic vision and tactical actions in the digital environment;
classification and typology of financial and resource barriers to digitalization in the
context of implementing BIM technologies.

The practical significance of the results obtained lies in the development and
testing of effective methodological approaches, tools, and applied solutions that can be



used by construction industry enterprises in the process of transitioning to a digital
development management model. The research results have significant practical value
for managers, consultants, digital strategists, and developers of innovative solutions
working in the field of construction development and related industries.

The practical value of the entire study and its individual conclusions and results
are confirmed by their implementation in the practical activities of construction
enterprises, in particular in the form of experimental use of the economic-digital model
in the processes of digitalization of production and management processes (Alfa-Service
LLC, Fomalhaut-Polymin LLC). In addition, some provisions of the work were used in
the development of KNUCA training courses in specialties 051 "Economics™ and 073
"Management".

The object of the study is the economic processes of development of
construction enterprises in the context of the transformation of their functional
environment.

The subject of the study is a set of theoretical, methodological and applied
principles for the formation of an economic and digital model of development of
construction enterprises, which ensures their adaptability, innovation and management
efficiency in the digital economy.

Personal contribution of the applicant. All provisions, results and conclusions
of the dissertation are substantiated by the author independently, based on her own
theoretical generalizations, critical analysis of sources, as well as empirical research.
The materials submitted for defense do not violate the copyrights of other persons and
do not contain unfair practices of scientific borrowing. The results of the verification
confirm that the applicant completed the dissertation work in compliance with the
principles of academic integrity, ensuring the appropriate level of scientific ethics,
reliability, originality and lawful use of information sources.

Publications. According to the results of the research, 18 scientific papers were

published, including: 9 articles in scientific specialized publications of category "B" of



Ukraine; 2 - in periodical scientific professional publications of other states that are
members of the EU; 7 publications of an approbatory nature in the form of abstracts of
reports at international and domestic scientific and practical conferences.

Structure and scope of the dissertation. The dissertation consists of an
introduction, three chapters, conclusions, appendices and a list of sources used. The full
volume of the dissertation is 197 pages of printed text. The total list of sources used is
175 names. The work was carried out at the Department of Management in Construction

of the Kyiv National University of Civil Engineering and Architecture.



CHAPTER 1. THEORETICAL FRAMEWORK FOR SHAPING THE
ECONOMIC AND DIGITAL DEVELOPMENT MODEL OF CONSTRUCTION
ENTERPRISES

1.1. Evolution of conceptual approaches to the creation of digitally-oriented

economic models in construction

The active displacement of traditional forms of doing business by new formats
based on the widespread use of information technologies (IT), knowledge and data in
digital form, indicates the high competitiveness of digital business models in modern
conditions. In this regard, the digital transformation (DTF) of construction enterprises
using traditional business models becomes a question of their survival in the new

conditions dictated by digital technologies (DT). (Figure 1.1).
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Figure 1.1 — Convergence of technologies and spheres.



The information, service, individual and «digitized» economy of the future must
be oriented towards satisfying the needs of each person. The creation of new value
should be based on an innovative mechanism for increasing the intellectual potential of
society to ensure the transition to sustainable development

The main task is to study the «structure» and capabilities of a person and copy
them in the form of model technical systems. A new stage of technological development
Is the reproduction of living nature systems. Based on atoms and bioorganic molecules,
the creation of technologies for atomic-molecular construction and self-organization.
The result of which should be biorobotic systems (Figure 1.2).

For the formation and effective functioning of the new economy, society itself
must be ready. There is a concept according to which the social layer must have the
characteristics of society 5.0 in order to effectively internalize the digital mentality
(Table 1.1).

Bio Nan
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Figure 1.2 — Evolution of systems in the new economy.



Table 1.1 — The essence, features and scientific and technological foundations of the

concept of «Society 5.0» in the context of the digital economy

Society 4.0

Society 5.0

From individual optimization to optimization of society as a whole.
Removal of various restrictions to solve social problems and ensure the well-being of society and its

citizens.

Information society.

Invention of the computer.
Beginning of the dissemination of
information.

Super Smart Society.
Internet of Things and Artificial Intelligence (Al).
Progress in Biotechnology.

Individual optimization.

Optimization of society as a whole through the
convergence of physical and cyber structures (general
optimization).

Optimal consumption of resources.

Effective handling of new resources — data.

A world bound by various restrictions
(temporal, spatial, etc.).

A world free from restrictions.

Solving individual problems.

Finding solutions to complex social problems.

Focus on increasing industry efficiency.

The main focus is the well-being of citizens and society as
a whole.

Reduction in the number of people.

Reduction in industrial competitiveness.

Increasing the intelligence of a society that develops
resilience in the context of population reduction to
emerging restrictions, which contributes to doubling the
gross product per unit of population.

Rapid aging of the population.
Infringement of women's rights in the
social world order.

Formation of a social order in which, among others, older
people and women take full part, maximizing the
development of each person's abilities. Gender and age
freedom from any restrictions.

Terrorist attacks.
Natural disasters.
Old infrastructure base.

Cybersecurity of society.

Minimizing physical damage due to cyber attacks, criminal
acts, man-made threats.

Relief from anxiety.

Uneven regional development.

Predominance of urban agglomerations.

Ensuring a high quality of life regardless of territorial
location.

Leveling the quality gap between regions, cities and
megacities

Environmental issues.
Resource deficit.

Ensuring harmonious economic development linked to the
state of the environment.

Reducing associated waste when consuming
resources/energy.

Overcoming environmental/resource constraints.




At the same time, a qualitative transition to a new format of industry is also
observed (Table 1.2).

Table 1.2 — Qualitative features of the new format industry

Activity aspects Traditional industrial structure Industry of a new format
Transformational | Globalization processes, increasing competition | Digital economy, principles of
factors in industrial segments, increasing financial sustainable development.

leverage over organizations, widespread
commaoditization of goods.

Raw materials

Consumption of renewable raw materials and
natural gas.

Ubiquitous use of data, focus
on maximum waste recycling,
hydrogen energy.

Technological
solutions

Use of gene and biotechnology in production
processes, individualization of production.

DTF of management and
business processes.

Research aspect

Convergent approximation of fundamental
educational and applied corporate research.

Focusing research on industry-
specific market conditions, big
data practices, joint projects.

Organizational
structure

Internationalization, specialization and
localization of production, development of
small and medium-sized businesses,
consolidation of markets through mergers and
acquisitions.

Development of flexible
network economic structures,
digital cooperation.

Product portfolio

Increasing the product selection and range
through highly specialized goods, taking into
account the individual specifics of the
consumer, developing the generics market,

replacing traditional materials with synthesized

structures.

Creation of new value in the
economy, prevalence of
complex solutions in the

market.

Safety and security
of activities,
ecology

Taking into account the environmental
component in the production process, food
safety ensured by eco-materials.

Prospective development based
on the triad model: economy,
ecology, society.

The transition of society to a global digital economy and the development of IT

also carry certain risks that should be taken into account when forming a digital

ecosystem in a particular country:

o the ability to control private life (movements, actions, purchases,

preferences, personal life);

o the use of personal data in fraudulent schemes (biometrics, card data, etc.);




o global competition and the absence of barriers - national economic systems
are becoming open to competitors from all over the world, which increases the
aggressiveness of competition, including the use of dumping;

o a threat to the country's "digital sovereignty"” - the possibility of electronic
espionage, cyber attacks;

o commercial (industrial) espionage — with the development of information
technology, it is becoming an increasingly popular tool among unscrupulous companies
(states);

o reduction in tax revenues — if goods purchased online from other countries
are not taxed, this actually contributes to an indirect outflow of money from the country;

o automation of labor using new technologies — frees up a large number of
labor personnel, whose place is taken by a digital algorithm or machine, thereby
increasing structural unemployment, reducing labor liquidity.

Thus, the transition of society to a digital economy will help reduce the above-
mentioned risks.

In this regard, it is proposed to supplement the system of indicators of the
company’s digital maturity with the indicators presented in Table 1.3.

An assessment of the holding’s level of digital maturity based on this system of
indicators is presented in Figure 1.3.

It should be noted that the above methods for assessing the level of digitalization
of industries and enterprises are applicable, first of all, for a qualitative analysis of
digitalization processes.

At the same time, an important element in developing DTF programs is obtaining
cost estimates of benefits and costs. One of the key indicators characterizing the impact
of digitalization on the efficiency of industrial enterprises is the change in productivity
[11].



Table 1.3 — Additional indicators of a company's digital maturity

Indicator

Purpose of the indicator

The indicator includes
performance indicators

DTF Management

The indicator is designed to quantitatively

Cost of implemented projects

System assess the state of the DTF management Expert assessment of the work
system. of the DTF management system
Data The indicator is designed to quantitatively Share of documents converted to

assess the state of DTF in the direction of
improving the quality of Holding

management through working with data and

supporting decision-making based on data.

electronic form

Share of employees entering
data into the corporate system
Share of production resources
providing data

Digital products

The indicator is designed to quantitatively
assess the state of DTF in the direction of
ensuring the Holding's competitive
advantages through the introduction of DT
into innovative products and services.

Share of digital products/digital
services in total sales

Digital processes

The indicator is designed to quantitatively
assess the state of DTF in the direction of
increasing the Holding's efficiency through
optimization and automation of business
processes.

Share of optimized business
processes
Share of automated business
processes

Personnel and
Culture

The indicator is designed to quantitatively
assess the state of DTF in the direction of
preparing and involving managers and
leaders in DTF.

Share of executives engaged in
DTF

Share of employees trained in
digital skills

Share of employees engaged in
DTF

IT infrastructure

The indicator is designed to quantitatively
assess the state of DTF in the direction of
introducing end-to-end DT into the

functioning of the Holding, as well as the

sustainable operation of management tools.

Share of production resources
connected to the system
Automation and communication
equipment utilization rate
Control equipment correct
operation rate

In modern scientific literature, there is no clear attitude towards the issue of

increasing the productivity of production processes as a result of DTF. In particular, the

question of whether digitalization has a direct impact on increasing productivity and

accelerating economic growth remains open.




DTF Management System

100

80
IT infrastructure 60 Data

4048

¥ 20 ._"ﬂ'

O ‘
< y. 4
Personnel and g Digital
Culture products

Digital processes

Figure 1.3 — Assessment of the level of digitalization based on additional indicators

The work [28] showed that investments in digital technology development are a
significant factor in economic growth in all OECD countries, although to varying
degrees. The positive impact of DT on economic growth was also confirmed in [34].

According to the China Academy of Information and Communications
Technology (CAICT), digital technology has become a key factor driving the country's
economic development in recent years.

Since 2003, China’s digital economy has grown at a faster rate than its overall
GDP, and since 2011, the growth gap has widened. As a result, DT contributed an
estimated 67.9% to the country’s GDP growth in 2018 [20]. According to CAICT’s
forecast, the integration of DT into other sectors of the economy will further increase
this influence in the coming decade.

At the same time, an analysis of statistical data for OECD countries, conducted in

[24], showed that aggregate productivity growth in many countries has slowed down



over the past decade, which contradicts the hypothesis of a positive impact of digital
technology development on productivity and economic well-being.

At the same time, an analysis of statistical data for OECD countries, conducted in
[24], showed that aggregate productivity growth in many countries has slowed down
over the past decade, which contradicts the hypothesis of a positive impact of digital
technology development on productivity and economic well-being.

In the work [161], the concept of the productivity paradox for a post-industrial
economy was introduced, according to which the introduction of individual technologies
in itself does not lead to an increase in the productivity of enterprises. Proponents of this
position argue that the impact of investments in DT on production is not as clear as
claimed, due to the fact that statistical methods for their assessment are not yet
sufficiently developed to accurately calculate such an impact. At the present stage, DT
are not yet mature enough to be effectively included in every stage of production and its
organization, as a result of which their impact on productivity will manifest itself with a
time lag [34].

Since the formulation of the productivity paradox, a number of studies have
emerged examining the relationship between the adoption of DT and productivity. M.
Porter [8] points out that investing in ICT development is not necessarily strategically
beneficial and can lead to a decrease in the competitiveness of enterprises. A positive
effect will be achieved only if the enterprise’s digital development strategy is consistent
with the overall business strategy.

In work [29], the explanation of the productivity paradox in relation to
information and communication technologies is based on the time lag between the
development of the technology and its practical implementation. In particular, it is
pointed out that the basic technologies of previous industrial revolutions (the steam
engine in the 18th century, electricity in the 19th century) took more than a century to
have a significant impact on economic growth. Therefore, assessing the relationship



between technological developments and economic growth based only on current
observable data may lead to an underestimation of the impact on productivity.

In work [3], the productivity paradox is explained by the S-shaped curves of the
development of new technologies (Figure 1.4). While overall productivity as a result of
successive changes in technological paradigms is characterized by an exponential
growth trend, each new technology goes through several stages in its development: slow

growth, rapid growth, and termination.
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Figure 1.4 — Exponential productivity growth driven by S-shaped curves of new

technology development

As a result, when the technological paradigm changes, productivity may not only
fail to increase, but also, apparently, decrease in the initial period of the technological
revolution.

The work [34] presents the theory of «creative destruction» of innovations, which
suggests that each technological innovation becomes the basis for the next one.

Although the next technological innovation begins when the first one reaches its
peak, it is characterized by a latent period during which its effects on the industry or the

economy as a whole do not become apparent.



In this case, the observed impact of the new technology in its initial stage on
productivity improvement may be significantly smaller than that of the existing one.

According to this theory, it is acceptable that the introduction of digital economy
technologies at the initial stage is accompanied by a decrease in productivity compared
to the technologies of the previous generation.

The work [24] indicates that the long-term benefits of investments in DT represent
not only the profit obtained directly from the growth of productivity, but also the
indirect ones associated with changes in technological systems and organization. The
accumulation of new technologies may eventually lead to disruptive innovations in
terminology [137] that yield significant productivity gains. However, this process may
be accompanied by implementation delays, additional costs for redesigning business
processes, and the need for expensive investments in intangible assets. Thus, even if
digitalization of production cannot improve current productivity, it should nevertheless
lead to productivity growth in the long term. This is illustrated, in particular, by the
widespread introduction of computer technologies into production processes in the
1990s, which resulted in a sharp increase in productivity in industrialized countries in
the 2000s [33]. Thus, during the relatively short «transition period», a positive
relationship between the development of computer technology and economic growth
was not observed.

In the work [94] a model of the innovation function was proposed, which
describes, by analogy with the production function, the dependence of the volume of
innovative products on the costs incurred by the enterprise on product innovations. The
possibility of alternating in this function sections characterized by decreasing and
increasing profitability from costs on innovations was shown, and a point of
technological optimum was identified, which characterizes the maximum average
productivity of innovative resources.

Summarizing the above concepts, it can be stated that the observed decrease in

returns in the digital economy at the initial stage is a natural part of its development,



since the production function with accelerating growth rates implies a slow growth rate
in the initial phase. This situation is almost identical to that which took place in the
initial period of the formation of industrial society. Skepticism about the industrial
revolution was widespread due to the low rates of production growth in the initial stages
of industrial society, but it later turned out that this was due to a lack of understanding
of the features of accelerating economic growth in industrial society.

An alternative approach to analysing the impact of DT on productivity is to use
microeconomic data. This is supported by earlier studies of ICT adoption in
manufacturing, which have shown that productivity gains are not uniform across firms
and depend on additional investments in skills, management and organisation [30].

An analysis of micro-level data on the impact of DT on the productivity of
individual firms suggests that their adoption may be associated with a widening
productivity gap between highly productive firms («digital champions») and other firms
with lower productivity growth rates. This situation is illustrated by Figure 1.5, which
shows the dependence of the increase in firm productivity upon the introduction of
various DT on the already achieved level of productivity [32]. The diagrams are
constructed on the basis of a sample containing more than 1.5 million observations on
the productivity of firms from 20 OECD countries operating in 22 industries in the
period 2010-2015. Here, the abscissa axis shows the quartile into which the company
falls according to its productivity level (the first is the least productive, the fourth is the
most productive), and the ordinate axis shows the increase in productivity when
implementing the corresponding digital technology in relation to the average level (in
percentage points).

It is clear that productivity gains are not evenly distributed. Highly productive
firms benefit significantly more from technologies such as broadband Internet access,
ERP and CRM systems.



At the same time, the implementation of cloud computing provides a greater
increase in productivity primarily for low-productivity firms, while for the other

quartiles it is approximately the same and below average.
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Figure 1.5 — Increase in firm productivity from the introduction of DT relative to the

average level (pp)

A possible explanation for these dependencies is that in order to benefit from the
implementation of DT, a fairly large amount of preparatory work is required, related to

the reorganization of production and management processes, and the development of



digital skills among personnel, which is more likely to be done in high-performance
firms.

At the same time, the benefits of digitalisation are also unevenly distributed
across sectors. In particular, the efficiency of digitalisation is generally higher in the

services sector than in industry (Figure 1.6).
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Figure 1.6 — Comparison of firm productivity gains (pp) from digital adoption in the

services and industrial sectors

These results are consistent with the hypothesis formulated above that the impact
of digital technology implementation is largely determined by the type of activity of the
firm and the characteristics of its organization.

By raising average productivity in industry, digitalization has led to increased
productivity inequality between firms and a slowdown in the growth of catch-up firms
in advanced economies in industries with higher skill levels and a higher proportion of
ICT specialists.

Overall, the analysis shows that the effects of DT implementation do not apply to

all industries at the same time. The readiness of companies to perceive them is a



multifaceted indicator, largely determined, along with technological and organizational
factors, by the development of digital competencies of employees. As a result,
traditionally organized firms, which often have less capacity to absorb new
technologies, may have greater difficulty catching up in sectors where technology and

knowledge matter most.

1.2. Institutional -economic foundations and technological determinants for

building the digital architecture of construction enterprises in China

A different concept for the development of the digital economy is determined by
the state policy of the People's Republic of China (PRC). Over the past decade, a
number of state plans and programs have been developed in the PRC covering all
aspects of the development of the digital economy, including: the Basic Plan-Strategy
for the Development of Information Technology, the State Strategy for Working with
Big Data, the State Strategy for Ensuring Information Security, the Program for the
Development of New Generation Artificial Intelligence, infrastructure development
strategies «Broadband China», «Internet Plus» and a number of others.

In accordance with them, the priority direction of scientific and applied research
in the coming years is the development and implementation of new generation digital
technologies in business and public administration, including cloud computing, the
Internet of Things, big data, and artificial intelligence. The Internet Plus strategy,
developed in 2015, aims to improve the efficiency of traditional industries in China by
integrating Internet solutions into their activities.

To this end, digital infrastructure is being intensively developed, forming the
basis of modern intelligent production, including new-generation information networks,
fifth-generation mobile communication technologies, cloud technologies, data

processing and storage centers.



Government support for digital technology and innovation development projects
has made it possible to significantly increase the size of the digital economy, which
reached 35.8 trillion yuan (5.5 trillion dollars) in 2019, which is more than a third of the
country's GDP.

In accordance with the State Strategy for Working with Big Data, digital data is
positioned as a strategic resource, the intensification of the use of which will contribute
to the further development of the country's economy, increasing the efficiency of
business and public administration.

The work [23] indicates that state regulation of digital industries in the PRC is
aimed at organizing the collection and extraction of maximum value from data. In the
PRC, a centralized system for collecting, extracting, processing and using big data is
currently being actively formed. In 2009, the PRC government established Global Tone
Communication Technology Co., Ltd. (GTCOM) to provide infrastructure for
collecting, processing and storing big data. GTCOM serves as the primary contractor for
the Chinese government and major Chinese private and public companies in the
construction and operation of digital big data platforms. According to experts, it is
currently one of the world's largest agencies working with big data [165].

The presence of a single platform for storing and processing big data creates the
preconditions for the formation of a monopolistic structure of power of the state and
large corporations in relation to the technical potential of big data [48]. The government
Is creating institutional conditions for collecting data from individuals and legal entities.
Technical support for the infrastructure for collecting and processing data is provided by
leading Internet companies, which, in addition to their own data collection mechanisms,
have the ability to use public sets of big data owned by the state. According to the
researchers, the implementation of this strategy opens up broad opportunities for the
introduction of data-driven management into public administration and business models,
and the transition to algorithmic responses to various problems and situations in the

future.



On the other hand, the monopolization of the use of the potential of big data and
other digital technologies by a relatively small number of large companies may lead to
an increase in the gap in operational efficiency with the rest of the market, which will
ultimately negatively affect the competitive environment and consumers of digital
products [25]. In this regard, an important element of public policy is to increase the
openness of the process of implementation and dissemination of digital technologies to
ensure an equal distribution of the benefits they provide.

A necessary condition for ensuring equal access to digital benefits is improving
the quality of human capital both within individual organizations and on the scale of the
economy as a whole. This can be achieved by implementing state educational programs
and professional retraining programs. The issue of developing digital competencies is
especially relevant for workers in economic sectors with a low level of digitalization.

In addition to specific measures aimed at stimulating the development of the
digital sector of the economy, industrial policy aimed at increasing the competitiveness
of markets continues to play a significant role, including developing access to capital for
innovative firms [79], reducing administrative barriers [46], increasing the efficiency of
the public sector and expanding the range of e-government services [53].

The work [108] identifies six aspects of effective public policy that contribute to
increasing competition in markets related to digital products and technologies:

— improving education and training in order to increase the supply and
guality of specialists in these fields;

— development of financing instruments for innovative firms at the initial
stages of their activities;

— incentive measures to ensure the potential return on entrepreneurial activity
when introducing innovative products and services to the market;

— reducing regulatory barriers and administrative burdens for startups;

— pro-competitive regulation of business activities, ensuring equal conditions

for doing business for firms entering and operating in the market;



— ensuring hedging of risks of innovative entrepreneurship, including the
effectiveness of bankruptcy procedures.

The development of competition in the markets is closely linked to state
innovation policy, which creates incentives for the development and implementation of
new technologies, and therefore its improvement can lead to positive effects in the
development of the digital economy.

One of the most important prerequisites for increasing the level of digitalization in

construction is the use of the most common digital technologies in organizations.
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Figure 1.7 — Index of digitalization and intensity of use of digital technologies in
organizations (as a percentage of the total number of organizations in the business

sector) (compiled according to [34])

Based on the results of the analysis, it can be concluded that there is a smooth but
fairly stable growth in the use of digital technologies.

The number of technologies today has created a certain critical mass that will
enable the digital transformation of the industry. These technologies include information
modeling, 3D printing, robotics and artificial intelligence, the creation of digital twins

and analytics.



The combination of these technologies initiates the digital transformation of

construction companies, as well as investment and construction design.
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Figure 1.8 — Construction industry organizations using CRM, ERP, SCM systems
(compiled based on data from [30])

It is necessary to highlight the following factors that influence the dynamics of the
level of digitalization in construction. These are the stage of the life cycle of the facility,
the availability of basic digital solutions, the number of options for using the

technology, and end-to-end technologies.
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Figure 1.9 — Areas of activity and technologies used (compiled based on data from [30])
Overall, according to The National Association of Builders, 20% of companies
use BIM (Fig. 1.10)
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Figure 1.10 — Implementation of BIM in organizations [3]

The corresponding object structure for the application of BIM is presented in
Figure 1.11.
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Figure 1.11 — Structure of the use of BIM technologies by type of objects (compiled
based on [16,17]



BIM technologies are most effective at the design stage due to the visualization of
design solutions, detailing, the possibility of multi-variant development and analysis,
reducing the number and likelihood of errors. There is also an indirect impact on the
cost of the construction investment project due to the minimization of errors and
optimization of design solutions, which in turn reduces unforeseen expenses and loss of

rhythm at the construction stage. These provisions confirm the results (Figure 1.12).
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Figure 1.12 — Distribution by types of activities of organizations using BIM [17]

The fairly active use of BIM technologies in the design of construction projects is
practically interrupted at subsequent stages of the life cycle of the facility due to the lack
of relevant state standards and classifiers, an outdated regulatory framework, and the
specifics of legal regulation of contractual relations between numerous stakeholders of a
construction investment project. It should be noted that the key target stakeholder of
BIM is the customer due to the ability to manage the complex multi-aspect process of
design, construction and operation of facilities with maximum efficiency, taking into
account the optimization of inter-subject relationships.

Based on the conducted analysis of statistics and the results of expert surveys, we

systematize the factors and results of digitalization of construction at the current time.



Table 1.4 — Systematization and assessment of the environment of the directions of digitalization of construction

Direction of
digitalization

Prerequisites for
digitalization

Conditions of
digitalization

Importance for
digital
transformation

Factors affecting the effectiveness of
digital transformation

Information modeling
of a construction
object

CAD, 3D modeling,
BIM design

Institutional risks,
diverse interests of
stakeholders, low density
of the institutional
environment

Key direction

External economic (dynamics of
investments in construction and
installation works, dynamics of
construction and installation works
volumes), internal economic (profitability
of enterprises, resources), external
institutional (regulatory support, state
regulation)

Creation and
operation of
information systems

Availability of a
number of IS

Fragmentation of
information systems, low
density of the
institutional
environment, small
quantity, low availability
and low quality of
information

Key direction

external institutional (regulatory support,
government regulation)

Use of automated

Fragmentary use of

Innovative inertia of the

Providing direction

External economic (dynamics of

equipment automated industry, low solvency of investments in construction and
equipment actors installation works, dynamics of
construction and installation works
volumes),
internal economic (profitability of
enterprises, resources)
Information Fragmented use of Fragmentation of IT and | Providing direction | External economic (dynamics of
technology and IT and software software, innovative investments in construction and
software inertia of the industry, installation works, dynamics of

low solvency of actors

construction and installation works
volumes),

internal economic (profitability of
enterprises, resources)




Additive technologies
in construction

R&D

Innovative risks, diverse
interests of stakeholders,
low density of the

institutional environment

Providing direction

Institutional (regulatory support,
government regulation)

Cloud data
management
platforms

Fragmented use of
cloud systems

High level of costs, risks,
resistance to change,
multidirectional interests
of stakeholders, low
density of the
institutional environment

Providing direction

External economic (dynamics of
investments in construction and
installation works, dynamics of
construction and installation works
volumes),

internal economic (profitability of
enterprises, resources),

external institutional (regulatory support,
government regulation)

internet of things

Fragmented use of
loT

High level of costs, risks,
resistance to change,
multidirectional interests
of stakeholders, low
density of the
institutional environment

Providing direction

External economic (dynamics of
investments in construction and
installation works, dynamics of
construction and installation works
volumes),

internal economic (profitability of
enterprises, resources),

external institutional (regulatory support,
government regulation)

Government
programs and projects

Implementation of a
number of programs
and projects

Low level of readiness,
regional differentiation,
presence of growth
points

Stimulating
direction

External institutional (regulatory support,
government regulation)

Digital environment
and digital platform

Lack of an industry
digital platform, low
density of the digital
environment, its
unevenness

Lack of a unified
information environment,
multidirectional interests
of stakeholders, low
density of the
institutional environment

Target direction

External institutional (regulatory support,
government regulation)




Based on the results of the analysis and systematization of the environment of

digitalization directions in construction, we conducted a PESTLE analysis of the

implementation of digital platforms based on BIM (table 1.5).

Table 1.5 — PESTLE analysis of the implementation of digital platforms based on BIM

POLITICIAN:

o Stability of political power and the
existing government

e Tax policy (tariffs and benefits)

e Support for IT technologies

e Trends towards regulation or
deregulation of the industry

e Probability of military action in the
country

e Desire for protectionism of the industry

e Future and current legislation regulating
work in the industry

ECONOMICAL.:

e Terms of remuneration

e Level of disposable income of
companies in the industry

e Credit-monetary and fiscal-budgetary
policy of the country

o Level of development and
competitiveness of products

SOCIO-CULTURAL.:

e Requirements for product quality and
service level

e Education, availability of qualified
personnel

e Trends in society

o Attitude to imported goods and services

e Attitude to work, career, leisure and
retirement

e Striving for sustainable development

TECHNOLOGICAL.:

¢ Level of innovation and technological
development of the industry

e Development and penetration of the
Internet, development of mobile devices

e Expenditures on research and
development

e Access to the latest technologies

e Legislation in the field of technological
equipment of the industry

e Degree of use, implementation and
transfer of technologies

LEGAL.:

e Elaboration of the legislative sphere
e Antitrust laws

e | aws regulating the sector

ECOLOGICAL:

e Energy Costs

e Moving Away from Paper

e Resource Consumption Management

Accordingly, a SWOT analysis was also conducted (Table 1.6).




Table 1.6 — SWOT analysis of the implementation of digital platforms based on BIM

STRENGTHS:

All interactions via the Internet (wide
geography, minimum documents, no
need for physical meetings)

Speed of decision-making and work
execution

Mobility of work places

Access to products from any device via
the Internet

Innovative solutions

State support

WEAKNESSES:

e Lack of qualified specialists

e Misunderstanding of the benefits of
the transition by construction process
participants

¢ Internet dependence

e Lack of a bright image

OPPORTUNITIES:

Weak competition in the market.

Prospects for rapid market development.

Increased availability of the Internet and
development of digital infrastructure.
Emergence of new devices.

Support and development of the
technologies used.

Possibility of introducing new
technologies.

Attracting investors.

Expansion of competencies.

Preferential tax system.

THREATS:

e Tightening of legislation on issues

related to IT business.

Risk of data loss.

Possibility of new competitors.

Risk of cyber attacks.

Aggressive actions of large

competitors in the industry.

Unfavorable political situation.

e Tightening of fiscal policy (increase
In tax rates, introduction of new
taxes)

Based on the results of the analysis and the conducted PESTLE and SWOT

analysis of digitalization in construction, it should be concluded that digitalization of

construction has a low rate of development. At the same time, the necessity and

feasibility of its activation is determined, and the target direction of digitalization is the

creation of a single digital environment and a digital platform that allows participants in

an investment and construction project to work together online in real time through

electronic document management.




1.3. Financial-resource constraints of process digitalization and value-
based aspects of BIM integration into the economic-digital model of the enterprise

The problem of high costs for the implementation of BIM technology seems to be

quite significant (Figure 1.13)
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Figure 1.13 — Structure of ICT costs, % (compiled based on data from [9])

The purpose of our marketing research is to assess the effectiveness of the use of
information modeling technologies by construction and design organizations based on
the identification of economic and non-economic effects for different stages of the life
cycle of a construction project. The study was conducted using the survey method
(questionnaire) and structured interviews with representatives of the construction

industry using BIM in their activities. Marketing analysis was conducted by means of an



expert survey of representatives of a number of construction complex organizations
listed in Appendix 2.
To assess the internal factors influencing the digitalization of construction

enterprises and organizations, an expert assessment was carried out (Appendix 2).

Table 1.7 — Analysis of the results of the expert assessment of the factors of

digitalization of construction enterprises

Digital technology factor Average rating Level of consistency
Field of activity 4,2 0,74

Enterprise size 3,8 0,65

Duration of digital tool usage 4,6 0,76

Number of implemented digital | 4,2 0,69

solutions

Customer requirements 3,7 0,81

Project complexity 4,7 0,94

Availability of a digital 4,5 0,88

environment

The vast majority of companies using information modeling in their activities are
in the field of design, engineering surveys and construction. It should also be noted that
information modeling technologies are mainly used by companies with experience in a
fairly large number of projects. A positive correlation is also observed between the use
of information modeling and the number of employees involved in the implementation
of projects. The use of information modeling is mainly used to implement projects for
the construction of administrative buildings and industrial buildings.

It is also necessary to note the positive correlation between the period of use of
BIM technologies and the magnitude of the effect.

The results of the expert survey on the issue of determining the advantages and

disadvantages of implementing information modeling are summarized in Table 1.8.




Table 1.8 — Results of the expert survey of ICP participants on the advantages and disadvantages of using BIM [32]

Advantage Percentage of those who identified an Average | Coherence
advantage in the questionnaire importance
1 2 3 4 5 6

1 | Improved understanding of the project by all participants 72,00 70,40 65,00 67,70 68,78 0,04
2 | Availability of information, fast data transfer and | 61,00 63,00 57,00 60,00 60,25 0,04

information exchange
3 DddexTuBHEE pacXoJ0BaHUE PECYPCOB 25,00 22,00 27,00 24,50 24,63 0,08
4 | 3D and 4D visualization of the construction site 36,00 74,10 54,50 64,30 57,23 0,28
5 | High quality of the project 74,00 70,40 59,30 64,85 67,14 0,10
6 | Reducing design time 46,00 74,10 53,70 63,90 59,43 0,21
7 | Reduction of construction time 24,00 22,20 20,70 21,45 22,09 0,06
8 | Cost reduction 33,00 18,50 22,80 20,65 23,74 0,27
9 | Increase profits and profitability 32,00 35,00 28,00 31,50 31,63 0,09
10 | Reducing design costs 41,95 48,10 35,80 41,95 41,95 0,12
11 | Ability to detect collisions in projects 69,15 74,10 64,20 69,15 69,15 0,06
12 | Reduction of the overall project implementation period 30,85 29,60 32,10 30,85 30,85 0,03
13 | Improving the quality of construction 25,95 22,20 29,70 25,95 25,95 0,12
14 | Reducing risks associated with supply chains during | 18,20 18,50 17,90 18,20 18,20 0,01

construction
15 | Reducing the timeframe for engineering surveys 11,85 14,80 8,90 11,85 11,85 0,20
16 | Reducing operating costs 10,65 11,10 10,20 10,65 10,65 0,03
17 | Reducing the cost of engineering surveys 9,40 11,10 7,70 9,40 9,40 0,15
18 | Reducing the timeframe for designing demolition and 7,75 7,40 8,10 7,75 7,75 0,04

disposal of buildings
19 | Reducing costs during demolition and disposal of a building 4,00 3,70 3,70 3,70 3,78 0,04
20 | Reducing risks in investment justification for CCPs 4,45 0,00 8,90 4,45 4,45 0,82
21 | Other 6,00 0,00 2,80 1,40 2,55 1,01




The study revealed that the use of BIM technology helps to increase the economic
efficiency of investment and construction projects, including:

Based on the analysis of empirical research data, it can be concluded that there are
three groups of key effects of digital transformation of construction at the micro level.
The first group should include indicators of growth in the quality of work, including due
to the coordination of organizations and specialists participating in the investment
construction project, leading to a reduction in the number of collisions and an increase
in labor productivity both due to automation and due to coordination. The second group
of effects consists of increasing production efficiency, which includes a number of key
aspects, including reducing lead times, reducing costs, increasing profitability and
increasing the competitiveness of works and construction products. The third group of
effects focuses on reducing risks by reducing transaction costs, increasing the accuracy
of cost calculations and timing calculations. It should be noted that the reason for
reducing risks is also the automation of processes, leading to increased productivity, as
well as the possibility of collaboration, leading to increased coordination between
organizations and specialists involved in the project.

The possibility of joint work and the corresponding increase in the coordination of
the participants of the ICP is realized during the development and use of a single digital
construction platform, created on the basis of a common data environment for electronic
document management and online interaction between all participants of the
construction market at all stages of the life cycle of the CCPs.

In order to analyze and evaluate the qualitative and economic indicators of the use
of digital platforms at all stages of the life cycle of the CCPs, we conducted an expert
survey [24]. The structure of the survey participants by type of activity of the

organization is presented in Figure 1.14.



= state/municipal institution
= educational institution

= designer

= architect

= customer

= material supplier

= contractor
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Figure 1.14 — Structure of survey participants by type of organization activity, %

(compiled based on the results of [24])

The respondents’ answers regarding the digital tools used in their practice were

distributed as follows (Figure 1.15).
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Electronic document management system (EDMS) I, 53
IMT I 35

Figure 1.15 — Use of digital tools in the practice of construction participants, %
(compiled based on the results of [24])



Based on the data in the figure, one can conclude that electronic document
management systems are used quite widely by organizations. At the same time, a high
share of IMT use is noted, not only by design organizations, but also by contractors and
operators. The high proportion of organizations using information systems in the
process of investment and construction activities is explained by the diversity of such
systems and the multiplicity of functions implemented with their help.

On the issue of the main problems of interaction in the process of implementing

investment and construction projects, the following results were obtained (Fig. 1.16)
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Lack of transparency of all data for each object _ 24

The time interval between the actual completion of

work and receipt of funds due to lengthy approval _ 47

and signing of documents

Document flow in paper form or in non-editable - 12
electronic form

Figure 1.16 — Problems of interaction in the process of implementing investment and

construction projects, % of respondents (compiled based on the results of [24])



Based on the results of the expert survey, the main problems of interaction
between participants in the implementation of investment and construction projects are
the duration of the procedures for coordinating and signing documentation, which leads
to delays in making changes to the project, and also leads to an increase in the time lag
between the actual performance of work and the receipt of financial resources. In turn,
these facts increase the time for correcting comments and, ultimately, the construction
time. Failure to meet construction deadlines is not only fraught with increased financial
costs, but also with failure to implement investment programs.

The fragmentation of existing information systems and databases, along with the
lack of transparency of data on objects, also negatively affects interactions in the
investment and construction process, as stated by more than 20% of respondents.

Thus, the main problem of interaction in the process of implementing investment
and construction projects was identified as the duration of the approval procedures,
project changes and document signing.

Accordingly, the effectiveness of introducing digital document management
between all participants in the construction market at all stages of the CCPs life cycle
was estimated at 7 points out of 10 possible.

However, there are a number of obstacles to the implementation of a digital
construction platform based on a common data environment for electronic document
management and online interaction between all participants in the construction market at
all stages of the CCPs life cycle (Fig. 1.17)
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Figure 1.17 — Results of the assessment of the main obstacles to the implementation of a

digital construction platform, % of respondents (compiled based on the results of [24])

The main obstacles to the implementation of a single digital construction platform
are the lack of preparedness of participants for digital interaction, insufficient software,
and the high cost of equipment and software. The problem of a shortage of qualified

personnel, which is relevant for any area of digitalization, also attracts attention.
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Figure 1.18 — Results of the assessment of the main effects of the implementation of the

digital construction platform, % of respondents (compiled based on the results of [24])

The main effects of the implementation of the digital construction platform (based
on the environment of common data for electronic document management and online

Interaction between all participants in the construction market at all stages of the life



cycle of the construction project) are the acceleration of interdepartmental interaction
and interaction of participants in the investment construction project, the corresponding
acceleration of the deadlines for the acceptance of completed work and further growth in
the pace of construction, as well as the minimization of investment risks due to the
accurate determination of the cost of the ISP, the correct calculation of resources, the
implementation of construction control in electronic form, and the reduction of
unforeseen costs.

The main effects of the implementation of the digital construction platform (based
on the environment of common data for electronic document management and online
interaction between all participants in the construction market at all stages of the life
cycle of the construction project) are the acceleration of interdepartmental interaction
and interaction of participants in the investment construction project, the corresponding
acceleration of the deadlines for the acceptance of completed work and further growth in
the pace of construction, as well as the minimization of investment risks due to the
accurate determination of the cost of the ICP, the correct calculation of resources, the
implementation of construction control in electronic form, and the reduction of
unforeseen costs.

Also, according to about 30% of respondents, the introduction of a digital
platform based on the CDE with the possibility of electronic document management will
allow for prompt monitoring and control of the implementation of investment projects
and programs, the development of financial resources, including budgetary ones, which
will lead not only to an increase in the efficiency of the implementation of the ICP, but
also to an increase in the transparency of investment and construction activities in
general and an increase in the efficiency of state investment policy. Also, almost 30% of
respondents expect an increase in the quality of construction products due to the
minimization of collisions and errors, optimization of design solutions, and

minimization of corrections in the project when implementing a digital platform.



Another group of effects from the implementation of BIM is connected to a
greater extent with the implementation of electronic document management through the
CDE of the project participants. As a result of the conducted marketing analysis for this
type of effect, the following results were obtained (Appendix 2).

Currently, the process of preparing executive documentation (from the formation
of a set of documentation to its signing) takes on average more than 30 days. For the
rhythmic flow of the process of implementing an investment construction project, it is
necessary to fill out and sign a total of more than 160 forms of documentation. The
problems of traditional paper document flow in construction include (according to the
results of expert assessment):

— unstructured technical archives, storing them in paper form;

— maintaining operational documentation in paper form;

— a significant portion of staff time is spent searching for technical
documentation;

— high probability of loss of documentation (about 20% of documentation,
clarified and corrected during the process of corrections and approvals, is lost).

According to the survey, the average costs of paper document management are
UAH 23,527 per 100 m? of investment and construction project. Accordingly, the
amount of savings from switching to electronic document management will be at least
UAH 20,000 per 100 m?, not including logistics costs for delivery and forwarding of a
set of documents, time spent on approvals, changes, etc.

The main way to solve the above-mentioned problems is the implementation of an
electronic document management system based on the CDE.

The common data environment (CDE) is a hardware and software complex
consisting of communication channels, server and software solutions, allowing for the
management of data and processes during the life cycle of a capital construction project,

and used by all participants as a single source of information.



The CDE is designed to coordinate the work of interorganizational teams,
synchronize their activities, and exchange data in the common digital space of the
project. The purpose of using the CDE is to reduce the time and costs of capital
construction projects.

Tasks that can be solved with the help of the CDE [3]:

° Formation and maintenance of an information model;

o Organization of engineering and technical document flow between project
participants in electronic form;

o Reduction of timeframes for the exchange of documents and information,
timeframes for approval and communication;

o Increasing transparency and controllability of processes;

o Reducing the number of errors in projects and collisions on construction
sites, reducing downtime;

o Assessment of the current state of the object and its compliance with the
plan;

o Control of construction processes and execution of works.

Within the construction industry as a whole, such an opportunity arises with the
creation of a single information space based on the creation of a digital platform that

ensures not only inter-company but also inter-departmental interaction.



Conclusions to chapter 1

The analysis of the impact of digital technology development on the efficiency of
construction companies carried out in this chapter allows to draw the following
conclusions.

1. The application of scientific approaches to building digitally-oriented
economic models in the construction sector, taking into account the modern challenges
of the transformational environment, is relevant. Although the development of digital
technologies leads to an increase in average productivity, its impact on the construction
industry and enterprises is uneven and is determined by a set of technological and
organizational factors, as well as employee competencies, which together describe the
readiness for their implementation.

2. The mechanisms of influence of digital technologies on the efficiency of
construction production are diverse and multifaceted. In addition to the automation of
business processes, they increase the flexibility and adaptability of a construction
enterprise, change the structure of relationships and the nature of interaction of the
enterprise with other stakeholders, the methods of competition of firms and functioning
of markets, the characteristics of resources used in the production process, and also form
new competitive advantages of the final product due to its intellectualization. As a
result, the methods and techniques of using digital technologies adapted to their main
production processes acquire a priority role in ensuring the efficiency of construction
enterprises.

3. The process of digital transformation of a construction enterprise is
multifaceted, and its effectiveness can only be assessed using a comprehensive system
of indicators that characterize its various aspects. The dissertation proposes using an
economic and digital model of the enterprise as such a system. It has been revealed that

the introduction of digital technologies into the production activities of construction



companies can lead to a qualitative change in the nature of business and provide
significant advantages in the competitive struggle.

4, It has been established that a negative factor accompanying the introduction
of digital technologies is inter-industry competition for highly qualified labor resources.
Due to the fact that traditional industries are characterized, as a rule, by less attractive
working conditions than the IT industry, there is a migration of professional personnel
from industry to the IT sphere. An important factor stimulating the digital
transformation of business is the implementation by the state of policies aimed at
supporting the introduction of innovative digital technologies, which is confirmed by the
experience of implementing relevant programs in foreign countries.

5. It is necessary to create a single digital platform based on a common data
environment and digitalization of document flow between all stakeholders of the
investment and construction project to eliminate conflicts in the business processes of
construction project participants and to improve the efficiency of a construction
company. Such a digital eco-platform can ensure:

- prompt receipt of data on risks and the status of investment project
implementation in online mode, based on objective, verified and machine-readable data
obtained through electronic document flow;

- reduction of communication times between construction participants during
investment project implementation due to digital information exchange on a single
platform;

- creation of a BIM model of an object at the construction stage in order to
completely switch to a digital format;

- elimination of excessive administrative burden on all participants in the
investment and construction process due to the digitalization of most procedures,

documents and data;



CHAPTER 2. STRUCTURAL-FUNCTIONAL ELEMENTS OF THE
ECONOMIC-DIGITAL MODEL AND METHODOLOGICAL APPROACHES
TO ITS DEVELOPMENT

2.1. 1. Methodological approach to evaluating digital maturity and economic

flexibility of construction enterprises in a dynamic environment

Based on the basic management scheme based on the process approach (Figure
2.1), the following significant elements of the management system are highlighted:
1. Conceptual model of the management system (MS) of a construction
enterprise (CE), corresponding to the elements in the diagram:
e "Management Process";
e "Managed Subsystem".
2. A Dbalanced scorecard for database management efficiency, which

corresponds to the element in the "performance indicators™ diagram.

_| Management process |e

Performance System for collecting, Performance
indicators processing and interpreting | indicators
management information

Managed subsystem
(business process hierarchy)

Entrance —» —  EXxit
Subprocess 1 Subprocess N

T

Resource



Figure 2.1 — Schematic diagram of management based on a process approach



Thus, it is a development of the methodological basis of process-oriented

management in relation to construction development company (CDC).

Within the framework of the conceptual model (Figure 2.2), the relationship

between the controlling and controlled elements of the MS CDC is formed, logically

justified, and also revealed. The area of conceptual design of the MS is defined through

the hierarchy and characteristics of organizational units.
The hierarchical ladder (Figure 2.3) in the MS CDC is divided into three levels in

two main management categories:

provide a characteristic of the conceptual model of the MS CDC.

— strategic:

> level | — general management;

> level Il — middle management;
— operational:
> level Il — line management.

It is advisable to provide a description (Table 2.1, Table 2.2, Table 2.3) and

Table 2.1 — Main attributes of level | management

Ne Attributes of an organizational management unit
Area_ OT . Powers/tasks Mana_gement Performance indicators
responsibility objects
1. | «President»
All business According to the = Vice Presidents by | Consolidated financial
activities of the company's charter area; statements indicators
enterprise. = financial reporting.

«Vice President of Co

nstruction enterprise (C

E) Main Activity»

Project portfolio
parameters and its
status (core
activity).

= Supervision of
project
implementation at
the portfolio
level;

= project
supervision
(sponsor

function);

» Project managers;
= project metrics.

Project portfolio
indicators.




= design and
strategic
development of
major CE,
ensuring their
implementatio.

«Vice President of Co

nstruction enterprise (C

E) auxiliary activities»

Auxiliary activities.

= Administration of
functions
supporting the
main activity;

= design and
strategic
development of
auxiliary
construction
enterprises,
ensuring their
implementation.

Functional
managers;
indicators of the
level of service of
individual
structural units that
support the main
activity

Aggregated service level
indicators of all structura
units supporting the core
business

«Vice President of Ce

nters of Advanced Competence»

Technologies and = Organizing and = Functional = Aggregated

competencies in administering manager for a indicators of

general, personnel knowledge specific personnel

development of the exchange competency; employment;

main activity. processes, " processes, » indicators of
improving work procedures for professional
methods; enriching and assessment of

= Monitors sharing personnel by types of

employee knowledge in competencies.
performance. groups.

«Project Management Expert»

Technologies and
competencies within
the framework of
core activities.

= Transfer of
information
about linking
processes
between projects;

= assisting the
process owner
with the
operations
director in daily
tasks of
optimizing
business
processes
(projects).

Processes for
documenting
project progress
and results.

= Expert assessments of
the state of
information regarding
projects.

It should be noted:




— Vice Presidents coordinate their policies through the Board of Directors,

the governing body of the organization, supplemented by a Business Process

Management Board; the Business Process Management Board consists of employees

from different levels of the hierarchy and serves as an advisory committee, which

discusses issues related to processes and the effectiveness of their management at the

highest strategic level.

Table 2.2 — Main attributes of level 11 management

Ne Attributes of an organizational management unit
Area of Powers/tasks Management Performance indicators
responsibility objects
1. | «Project Manager»
Project results as an | 1.Management of all = Business System of aggregated
end-to-end business | project processes; process project indicators.
process or group of | = Negotiations and managers;
business processes. | coordination of the = business
activities of employees at process
3 levels of the .
metrics.

management subsystem;
2. Coordination of the
allocation of employees to
the project, their effective
workload.

2. | «Functional manager»

Activities of an
auxiliary structural
unit.

= Administration
(control) of the work of
the entrusted auxiliary
structural unit;

= management of
material resources,
personnel.

= Activities of
experts and
function
specialists;

= indicators of
individual
functional
procedures.

Service level indicators
of the structural unit
(SLA).

3. | «Leader by function»

Human resource
development,
staffing of core

= Activities (processes,
procedures) for the
development and

Employees of
core business
process groups

Indicators of professional
assessment of personnel
by competence;




activities exchange of assessment of employee
professional efficiency.
competencies;

= decision-making on the
allocation of
employees to projects
(agreement of
priorities).

It should be noted:

— An essential condition for the successful implementation of a process
approach to CDC is the appointment of competent and authoritative employees as
project managers (investment and construction processes). By appointing the most
qualified employees to these positions, management emphasizes the high priority and
importance of the role of the owner of the entire process. The project manager is a
middle manager who is responsible for all processes within the project, but this does not
necessarily mean that all employees involved in the project are subordinate to him
alone. It only means that one manager is responsible and accountable for the
implementation of the processes within the project; that the assessment of the manager's
performance and the size of his incentive compensation depend on the successful
implementation of the project;

— The position of project manager combines 2 management roles: owner of
the investment and construction business process (within the framework of the process
approach), project manager (within the framework of the project approach);

— Since the position of project manager and the position of leader by function
are not held by the same employee, conflicts may develop. This is due to the fact that
project managers are deprived of the opportunity to exercise resource management, they
can try to shape management actions only due to their informal influence and authority.
In such cases, in order to avoid conflicts between project managers and leaders by
function, both parties must be inclined to compromise, especially project managers who

have:



e provide regular feedback, assessing the effectiveness of processes involving

accountable employees;

e reqgularly discuss with functional leaders and among themselves the

prioritization of necessary employees for the project.

Table 2.3 — Main attributes of level 111 management

Attributes of an organizational management unit

Area of
responsibility

Powers/tasks

Management objects

Performance indicators

1. | «Process or CE group owner»

Business Process(es)
of the core business.

= Ensuring
continuous
integration of
sub-processes and
the functioning of
the core business
process system;

= improving the
business
process(es)
through redesign.

Employees who are
part of business
process management
groups;

performance
indicators of
employees in business
process management
groups.

Business process
performance indicators.

It should be noted:

— Process groups are not groups of employees who hold specific positions,

but groups of employees who perform specific roles (functions) within the relevant

business processes. Groups can be formal or informal, with the former being

recommended:;

— for CDC, in accordance with the specifics of the main activity identified by

the results of management diagnostics, it is necessary to differentiate the elements of the

MS for the production and non-production subsystems at the third level of the

management hierarchy of the conceptual model - at the level of operational management

of business processes within groups. This is due to the fact that the methods of process

management of these subsystems are different, which requires an appropriate




distribution of powers and responsibilities between the management links of these
subsystems.

For each of the subsystems described above, the following subsections reflect the
integration of the process approach from the perspective of two aspects:

— the role composition of members of groups responsible for business
Processes;

— the duties of members of these groups based on the hierarchy of process
roles and job positions.

It should be noted that a role does not necessarily correspond to a group member

on a 1:1 basis. The same group member may be assigned multiple “roles”, and vice

versa.
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Let us consider in detail the theoretical and methodological basis of fuzzy sets
(fuzzy logic). The fuzzy set approach was first presented and outlined by Zede [157] in
1965, and this approach was subsequently supplemented by various applications of
fuzzy set theory. This theory describes how variables involved in the analytical
description of a model can take on linguistic values. Thus, any linguistic variable can be
characterized by a set of components 2 =[x, T, D] (where: x is the name of the variable;
T is a term set or a set of values; D is the domain of definition).

The use of fuzzy descriptions means the following [80]:

1. The expert constructs a linguistic variable with its term-set of values (T).
For example, on a scale: very low, low, average, high, very high.

2. In order to constructively describe a linguistic variable, the expert selects
the quantitative feature corresponding to it.

3. For each value of a linguistic variable, the expert associates a membership
function with a particular fuzzy subset.

Membership functions can be represented as piecewise linear functions, which are
convenient to use in practice, since they have an analytical representation in the form of
a mathematical function. These membership functions include triangular functions (1),
trapezoidal functions (I1), Z-shaped functions (I11), and S-shaped functions (IV) (Table
2.4).

To solve the economic problem, this paper uses a triangular membership function,
which allows us to describe how certain processes influence the formation of
digitalization processes in the construction complex of the region. Triangular
membership functions are quite accurate in describing economic processes. Thus, for the
purposes of a compact description, triangular membership functions p(x) are
conveniently described by triangular numbers of the following form (as, az, as) (where:
a1 and az are the abscissas of the lower base; a, is the abscissa of the upper point of the
triangle, defining p(X) in the region with non-zero membership of the support x to the

corresponding fuzzy subset).



Table 2.4 — Methodological basis of fuzzy logic

Ne Function Description
| s 0,ifx=a
XxX—a .
1.5 p Jfa<x<bh
fA(xGa,bc)=12_%
1 Afb<x<=rc
c—b f
0.5 - \ 0,ifc<x
0 where a, b, ¢ are some numerical parameters that
203 40 take arbitrary real values and are ordered by the
relation a <b <c
] ( 0,ifx=a
X—a
1.5 b_a.tfat::xﬂb
fm(Gabcd)=4,4_%
1 Jife<x=d
/ \ d—c f
0.5 \ U, lf d < x
0 —L A— where a, b, ¢, d are some numerical parameters
2 3 4 5 6
that take arbitrary real values and are ordered by
the relation a <b <c <d
11 lLifx=a
: b—x
” f.(Ga,b) = ifa<x<b
. 0,if b<x
0.5 .
where a and b are some numerical parameters
° 1 5 3 a that take arbitrary real values and are ordered by
the relationa<b
IV | 15 0,ifx=a
X—a
1
0.5

fGsab) = —ifa<x<b
—*d//r—— Lifb=x

2 3 4 where a and b are some numerical parameters




that take arbitrary real values and are ordered by

the relationa < b

Designations: I — triangular membership function; II — trapezoidal membership function; III — Z-shaped
membership function; IV — S-shaped membership function.

Having described a linguistic variable as discussed earlier, it can be applied in the
appropriate methods and operations.

Using 6 steps, it is possible to form an aggregated assessment indicator, namely:

Stage 1.1. Determination of the composition of quantitative and qualitative
indicators (factors) Xi, ..., Xn, Which characterize the aggregate indicator Y.

Stage 1.2. Introduction of the linguistic variable Y and formation of scales for
assessing the level of the indicator.

Step 1.3. Designation of the domain of definition of factors, set of values and
triangular numbers in the summary table.

Stage 1.4. Standardization of factors X; and formation of the matrix of factor
values. It is advisable to standardize factors using the formula:

X, - X
Xporm = —— (2.1)

noOTnt X

Stage 1.5. Formation of a matrix table of factor values based on the obtained
normalized levels with determination of the significance level. Factors are classified

according to Table 2.5.

Table 2.5 — Classification of factor levels

y-value interval Level Classification Membership Function
-1,0005Xnorm§'0,667 X1 (IOW) 1
X1 (low) A1=(-0,333 — x)/0,667

'0,667<Xn0rm<'0,333

Xz (below average) 1 —A1=4

-0,333< Xnorm <0,000 X, (below average) A2 = (0 — x)/0,667




X3 (medium) 1—-A=13
X3 (medium) A3 =1(0,333 — x)/0,667
0.000<X;,0rm<0.333
X4 (above average) 1 —A3=14
X4 (above average) A4=1(0,667 — x)/0,667
0.333<X;10rm<0.667 _
Xs (hlgh) 1—-24=25
0.667<Xnorm<1.000 Xs (hlgh) 1

Stage 1.6. Calculation of the aggregated indicator Y. The value of the integrated
variable can be calculated by moving from a set of individual factors X, ..., X, to a
single aggregated indicator Y, the value of which can be recognized using the formed

scale for assessing the level of variables (stage 2). To calculate this indicator, use the

5 N
Y = Z:L{r-z Tidij (2.2)
j=1 =1

Where: Aj — is determined from the matrix table of factor values (stage 5); y; —

formula:

nodal points of triangular numbers, which are calculated using the formula:
yi=0.833-0.167 x (j — 1) (2.3)
Where: j is the column number A.

To classify the aggregate indicator into groups, it is necessary to use Table 2.6

Table 2.6 — Risk profile level classification

y-value interval Level Classification Membership Function
0,000<Y<-0,167 Y1 (very low) 1
Y, (very low) ~0,333—y
0,167<Y<0,333 0,167
Y3 (low) 1-A=A




Y, (low) 2, = 0,500 — x
0.333<Y<0.500 0,167
X3 (medium) 1—-A2=13
Y3 (medium) 0,667 —x
0,500<Y<0,667 0,167
Y4 (high) 1—A3= A4
Y, (high) _ 0,833 —x
0,667<Y<0,833 * 0,167
Y (very high) 1 —A4= 15
0,833<Y<1,000 Y (very high) 1

The fuzzy set method allows for evaluating models and can be used to form a
consolidated aggregate indicator of «the level of readiness of a region for the digital
transformation of the construction complex», as well as to form a rating of subjects
according to this indicator. The method will allow for an assessment of the regional
construction complex using indicators of different properties and units of measurement,
which will simplify the analysis procedure, as well as classify the subjects of the
federation according to their level of readiness in accordance with the developed
recommended scale for assessing fuzzy values of variables.

The algorithm for calculating the rating when adjusting data depending on the
population size and area of the territory will be as follows:

Stage 2.1. Determine the groups (Y) of parameters that form the rating, collect
quantitative and qualitative parameters (X) in accordance with the groups. Collect
additional parameters: 1) area of the territory, thousand km?; 2) average annual
population, thousand people.

Stage 2.2. Perform normalization of the basic sample of parameters (X) of the
rating (according to stage 1.1) in the range [0; 1], as well as additional parameters

specified in stage 2.1 in accordance with formula 2.4:



N = X — Xma'n
 Xoax — X (2.4)

max min

ne: X — mapameTp perioHy; Xmin — MIHIMaJIbHHM TapaMmeTp i3 BUOIPKH IO
perioHax; Xmax — MAaKCUMaJIbHUHN TTapaMeTp 13 BUOIPKH 1O perioHax.

For correct subsequent calculation it is necessary that a unit be added to the
calculated standardized value of each parameter X, since at the next step the calculation
for the «zero» region will be impossible. Consequently, formula 2.4 will take the form
2.5:

X—-X

N = min +1
Xmax - Xma'n (25)

Step 2.3. Calculate the ratio of the basic rating parameters to the additionally
entered parameters (see step 2.1).

Stage 2.4. Perform normalization of the results of the obtained ratios in stage 2.3.

Repeat steps 1.3-1.6 used to calculate the base rating.

To classify the aggregate indicator Y being formed, it is proposed to use a 5-level
scale (see Table 2.7), in which level 1 is very low [0.000; 0.333], level 5 is very high
[0.667; 1.000].

Table 2.7 — Recommended scale of fuzzy values of the generated variable Y (compiled
by the author)

Multiple
Ne _ Level Name
meanings

The region's weak readiness for digital
1 | 0.000-0.333 | Very low | transformation of the construction complex is more

than 50% below the average level

The region's readiness for digital transformation of
2 | 0.167-0.500 Low the construction complex is more than 25% below

the average level.




) Average level of readiness of the region for digital
3 | 0,333-0,667 | Medium _ _
transformation of the construction complex.

The region's readiness for digital transformation of
4 | 0.500-0.833 High the construction complex is more than 25% higher

than the average level.

The region is highly prepared for the digital
5 | 0.667-1.000 | Very high | transformation of the construction industry, more
than 50% higher than average.

Each proposed level in Table 2.7 can be characterized as follows:

First level. In the region under study, the level of socio-economic development is
low, scientific, technological and innovative development is practically absent,
therefore, the basis for industry digital transformation has not been formed. The current
state and development of the region's construction complex is considered a threat to its
further socio-economic development. New construction is virtually non-existent, the
flow of investment inflows into the industry does not allow for the proper development
of the industry, and employment in the industry is low. Infrastructure development is
practically absent. Information technologies in construction production (BIM) are not
used. Regions from this group are not ready for the digital transformation of the
construction complex.

Second level. In the region under study, the level of socio-economic development
Is below average compared to other regions. There is scientific technological and
innovative development, but it is weak. The level of the current state and development
of the construction complex of the region is considered satisfactory, therefore, it is
difficult to maintain the existing level of socio-economic development. There is
virtually no new construction, the flow of investment into the industry does not allow

for the proper development of the industry, and employment in the industry is low.



Infrastructure development is limited. Information technologies in construction
production (BIM) are practically not used. Regions from this group are not ready for the
digital transformation of the construction complex.

Third level. In the region under study, the level of socio-economic development is
at an average level compared to other regions. There is scientific, technological and
innovative development in the region, but at an average level. The level of the current
state and development of the construction complex of the region is considered average.
There is new construction in the region, the flow of investment inflows into the industry
allows for partial provision of the industry's development, the employment in the
industry is average. Infrastructure development remains at the same level. Information
technologies in construction production (BIM) are used by a small number of
construction organizations. Regions from this group can be considered as potentially
ready for digital transformation of the construction complex.

Fourth level. In the region under study, the level of socioeconomic development
Is above average compared to other regions. Scientific, technological and innovative
development in the region is quite high. The level of the current state and development
of the construction complex of the region is considered as above average. There is new
construction in the region, the flow of investment inflows into the industry allows for
the development of the industry, the employment in the industry is above average.
Infrastructure development is possible. Information technologies in construction
production (BIM) are used by a small number of construction organizations. Regions
from this group can be considered as potentially ready for digital transformation of the
construction complex.

Fifth level. In the region under study, the level of socio-economic development is
high compared to other regions. Scientific, technological and innovative development in
the region is high. The current state and development level of the construction complex
of the region is considered high. There is new construction in the region, the flow of

investment inflows into the industry allows for the development of the industry, and



employment in the industry is high. Infrastructure development at a high level.
Information technologies in construction production (BIM) are used by many
construction organizations. Regions from this group are considered as potentially ready

for digital transformation of the construction complex.

2.2. Assessment of the effectiveness of functional process transformation

through economic and digital indicators

DEA (Data Envelopment Analysis) is a multivariate statistical analysis method
used to evaluate the performance of regions, companies, organizations and other
organizational units. The method was proposed in [147] and is based on the work [162].
DEA analysis is used to determine which units are using their resources most efficiently
and can be useful in making decisions about improving productivity.

In DEA analysis, each unit is valued using several parameters, which can be
either outputs (such as sales volume or revenue) or inputs (such as number of employees
or production volumes). The method allows one to determine how well each unit uses its
resources and to identify optimal resource management strategies.

DEA (Data Envelopment Analysis) is a nonparametric technique used to estimate
the relative efficiency of decision making units (DMU) that have the same inputs and
outputs. In other words, DEA analysis is used to determine which DMUs are performing
well and which are not, compared to their peers.

DEA analysis involves the use of linear programming to compare the
performance of each DMU with a «frontier» of the best DMUs. The inputs and outputs
used for each DMU may include metrics such as costs, production volumes, and quality
ratings. DEA analysis takes into account any trade-offs between inputs and outputs,
such as the fact that increased production may require more input or less quality.

The output of DEA analysis is a set of efficiency ratios for each DMU, allowing
managers to compare their performance with others in their industry or sector. DEA



analysis can be used to identify areas where DMUs can improve their performance, for
example by reducing costs or increasing production volumes. It can also be used to
determine how resources can be allocated more efficiently.

DEA analysis has a wide range of applications, including finance, health care,
education, and manufacturing. It is especially useful when traditional productivity
measures based on a single input or output are insufficient or inapplicable. DEA
analysis is becoming increasingly popular as firms and organizations seek to improve
productivity and reduce costs.

DEA analysis can be used to evaluate productivity in various sectors, including
regional economies. Using DEA analysis to compare regions helps to understand which
regions are performing more efficiently and to optimize resource allocation between
regions to improve overall efficiency.

When using DEA analysis for regions, input parameters may include factors such
as tax rates, investment levels, availability of skilled labor, and education levels of the
population. Output parameters can be factors such as economic growth, employment,
quality of life, and infrastructure. DEA analysis for regional economies can help
determine which regions are managing resources better and which aspects should be
improved to increase productivity.

The advantages and disadvantages of the DEA method are presented in Table 2.8.

Overall, DEA analysis is a useful tool for assessing performance and finding best
practices in a wide range of areas, from healthcare and education to finance and
manufacturing. Despite the limitations of DEA analysis, its advantages and usefulness in
assessing the performance of organizations and regions make it popular. The method
continues to be a useful tool for assessing performance, optimizing resource allocation,
and finding best practices across a wide range of sectors and industries.

As mentioned earlier, DEA analysis is a multiplicative mathematical optimization
method for measuring the relative efficiency of a DMU (Decision Making Unit). The



DEA method allows comparing the performance of several DMUs using similar input

and output parameters.

Table 2.8 — Advantages and disadvantages of DEA analysis

Advantages

Flaws

Relative Evaluation: DEA analysis
allows for comparison of the relative
performance of multiple decision
making units (DMUs) and identification
of best practices without the use of
established standards, making it more
flexible and adaptable to different
sectors and industries.

Sensitivity to model choice: DEA
analysis may vyield different results
depending on how the model is set up.
Model choice may influence the
assessment of the relative efficiency of
decision making units (DMUs).

Insensitive to outliers: DEA analysis is
robust to outliers and can account for
outliers that can significantly affect
other statistical methods.

Ranking Distribution: Sometimes DEA
analysis can produce ambiguous results
when two decision making units
(DMUs) have the same ranking (i.e.,
they can be considered better). This can
be problematic when making decisions
based on the results of DEA analysis.

Consideration of multiple input and
output parameters: DEA analysis allows
consideration of multiple input and
output parameters, which is especially
useful in areas where it is difficult to
measure performance using a single
metric.

Limitations in defining input and output
parameters: DEA analysis may be
limited in the selection of input and
output parameters for performance
evaluation. Some parameters may be
difficult to measure or estimate, which
may lead to distorted results.

Using networks: DEA analysis can be
used to evaluate performance in
complex systems, including networks
and groups of organizations.

Noise removal issues: DEA analysis
may not always properly account for
noise and errors in the data, which can
also lead to distorted results.

Simplicity: DEA analysis does not
require knowledge of unnecessary
statistical methods, making it accessible
and easy to use.

Low interpretability of results: DEA
analysis can be difficult to interpret and
explain, especially for those unfamiliar
with the method.

The steps of DEA analysis include [147]:




1. Definition of DMU (Decision Making Unit): DMU is the unit of analysis
that needs to be assessed. It can be a company, a firm, a branch, or an individual
employee.

2. Identifying Input and Output Parameters: Input parameters are the
resources that are used by the DMU to produce outputs. Output parameters are the
results that the DMU produces. Identifying the correct input and output parameters and
their levels is very important for calculating DEA.

3. Selecting a DEA model: There are several DEA models, including CCR
(Charnes-Cooper-Rhodes) and BCC (Banker-Charnes-Cooper). The choice of DEA
model depends on the purpose of the study and the characteristics of the data.

4, Defining the weighting matrix: The weighting matrix is used to evaluate
the relative performance of each DMU by determining what portion of each input and
output parameter of each URI can be attributed to efficiency and what portion cannot.

5. Solving the optimization problem: DEA analysis can be represented as a
mathematical optimization problem, which is solved using linear programming.

6. Evaluating DEA Results: DEA analysis provides results in terms of the
relative efficiency of each DMU. Typically, efficiency is expressed in terms of output
and input parameters. DEA can also be used to identify best practices by identifying
DMUs that are on the efficient frontier.

7. Interpretation of Results: The results of DEA analysis can be used to
optimize resource allocation and identify best practices.

In general, DEA analysis can be useful when there is a need to evaluate the
relative performance of several DMUs. One of the advantages of DEA is the relative
nature of the assessment, which allows comparison of DMU performance without the
use of established standards. However, as mentioned earlier, DEA has some limitations
and disadvantages, such as sensitivity to model choice and difficulty in interpreting

results.



The DEA method is a useful performance assessment tool that can be used across
a wide range of sectors and industries to optimize resource allocation and identify best
practices.

The CCR model is a widely used DEA model proposed by Charnes, Cooper, and
Rhodes. It assumes that all DMUs operate at constant returns to scale (CRS) and
measures technical and scale efficiency through an optimal value in the form of a ratio.
In the CCR model, efficiency scores range from 0 to 1, where a score of 1 indicates a
fully efficient DMU, while a score less than 1 represents an inefficient DMU. However,
the CCR model assumes that all DMUs have the same efficiency frontier and does not
take into account the impact of outliers or extreme values on efficiency estimates, which
may lead to biased results.

The CCR model is an input-driven model and seeks to find the optimal input
parameter weights for each DMU to use the minimum number of inputs to achieve a
given output level while remaining efficient compared to other DMUs in the same set.

To build a CCR model in DEA, these steps are typically followed [147]:

Define inputs and outputs: Define the input and output parameters that will be
used for evaluation. Inputs are the resources used in the production process, and outputs
are the products or services produced.

Data Collection: Collect data on inputs and outputs for each decision making unit
(DMU) in the sample. A DMU is a unit that produces outputs using inputs.

Data normalization: Scaling data so that each input and output is expressed in the
same units of measurement. This allows data to be compared on a common basis.

Formulating a Linear Programming (LP) problem: Using normalized data to
formulate an LP problem that will determine the optimal weights for the inputs.

Solving the LP problem: Solving the LP problem to determine the optimal
weights for each input.

Calculating Performance Scores: Calculating performance scores for each DMU

based on the ratio of its actual outputs to its weighted inputs.



Results Analysis: Results analysis to identify inefficient DMUSs that could benefit
from changes in their production processes.

The CCR (Charnes-Cooper-Rhodes) and BCC (Banker Charnes-Cooper) models
are types of data efficiency analysis (DEA) models used to compare the relative
efficiency of decision making units (DMUSs) based on the use of inputs to produce
outputs. The main difference between the CCR and BCC models is their treatment of
redundant outputs.

In the CCR model, excess outputs are not allowed, and excess inputs can be
calculated without taking output levels into account. This can lead to overestimation of
efficiency, since the model assumes that all output targets are achieved. On the other
hand, the BCC model takes into account both input and output excesses simultaneously,
which makes it more flexible and realistic, leading to more accurate efficiency
assessment. In addition, the BCC model allows for variable returns to scale, which
means that the relationship between inputs and outputs is not assumed to be constant,
and the model can better capture the actual production process. Table 2.9 presents the
advantages and disadvantages of the two models.

The BCC model is generally considered a more accurate and rigorous version of
the CCR model. However, the choice of model depends on the specific requirements of
the analysis, such as the nature of the input and output parameters, the availability of
reserves, and the scale of the operation.

In addition, the BCC model allows for the use of variable scales of production,
which can take into account the possibility of changing the relationship between inputs

and outputs with increasing funding.



Table 2.9 — Advantages and Disadvantages

are not on the edge of the
production function;

— the ability to assess the
efficiency of regions with
nonlinear production
functions;

— assessing the efficiency of
regions based on more
realistic and accurate data.

Model Advantages Flaws
Charnes- — the ability to take into |— limiting the maximum efficiency to
Cooper- account various input and |1, which may lead to underestimation
Rhodes output parameters; of regions that may exceed this value;
— performance assessment | — limitations related to the estimation
based on all available data | parameters;
sets; — sensitivity to the choice of input and
— the ability to use modern | output parameters, which can greatly
information technologies for | affect the results of the performance
reliable performance | estimation;
assessment. — limitations on the shape of the
model (e.g. convexity conditions),
which can cause problems in the
estimation of the efficiency.
Banker- — the ability to more|— the calculation of the maximum
Charnes- accurately assess the | efficiency of the output parameter
Cooper productivity of regions that | may be biased towards the assessed

regions that have a large number of
input parameters;

— the model may be less user-friendly
than the DEA CCR model, since it
has a more complex mathematical
formula;

— restrictions on the shape of the
model may lead to some limitations in
assessing the efficiency of regions.

Overall, the flexibility of the BCC model, its ability to handle multiple input and

output parameters, and the ability to account for variable production scales make it a

more suitable choice for assessing the effectiveness of using public subsidies to develop

digital and innovative processes in regions.

In the case of constant production scale, the output parameter changes

proportionally to the input factor. However, when the scale effect is variable, a change

in the input factor may lead to a disproportionate change in the output parameter.




This definition has an impact on the efficiency values. The variable scale effect

can be mathematically represented by adding a new variable u, to the objective function

of the original model (formulas 2.6-2.7).
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where U is the scale effect, if up < 0 — decreasing scale of production,

if up > 0 — increasing scale of production, if up = 0 — constant scale of production.

Mathematically, the input-oriented BCC model is represented as follows (Table

2.10):

Table 2.10 — Input-oriented BCC model

Direct Input-Oriented BCC Model
(BCCP-Input) with Backup Variable

Dual Input-Oriented Model BCCmodel
(BCCD-Input) with Backup Variable
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Source: Compiled by the author based on [147]




A comparison of the dual and direct methods in the BCC model is shown in Table

2.11.
Table 2.11 — Comparison of Dual and Direct Methods in the BCC Model
Linear programming form
Enclosing shape Restrictions | Multiplicative Multiplicative form Restrictions
form s
Variables

m=1Yjm Am — S5 = Yo pptize>0| L X =1 6
Xi000 — Xm=1XimAm —S;” =0 | g Z?Zl#jyjm — iz LiXjm +Xm=1Mo =0 | A

m=1Am = 1

Source: Compiled by the author based on [147]

In addition to the limitations of the formulation
minfy, A — e(X5=; s, + Xi=; ;7). condition is added X.7,-1 A,,, = 1, due to which the

convexity of the production function is achieved. It follows directly from this that one
region in the BCC model cannot be compared to other regions in the form of multipliers
or shares, but only as weighted sums of regions if the sum of the evaluation coefficients
is equal to 1 [147].

2.3. Formation of an economically justified structure of the enterprise

development model in the new digital environment

Assessing the level of readiness is the basis for sustainable development of
regions, since it allows for the creation of a basis for the formation and development of

the concept of digital transformation of the economic activities of subjects of the



construction complex of regions. In the long term, the level of readiness of the region
for the digital transformation of the construction complex can act as a driver for the
development of the RIS, which will have a positive impact on the overall innovative and
digital development of the subject. Therefore, considering the approach to assessing the
level of readiness within the framework of industry digital transformation, it will be
possible to determine the current state of the regions, as well as understand which
strategic initiative needs to be chosen when developing a particular territory.

Table 2.12 shows a selection of parameters (X) for the rating. The selection takes
into account both quantitative and qualitative parameters. When selecting parameters
(X), priority was given to availability, as well as annual updating of data. The sample is
based on groups (YY), which are components of the level of readiness (see paragraph
1.2.3): 1) socio-economic conditions for the implementation of industry digitalization of
regions; 2) development of science and innovation in the regions; 3) development of the
construction complex of the regions; 4) development of digital technologies of the
regions. The formation of groups in this way determines the set of parameters included
in them, as well as the subsequent calculation by forming aggregated indicators of
several levels - by groups and general, since determining the level of readiness of the
industry for digital transformation is possible by forming an aggregated indicator of the
rating of subjects — an index. When selecting parameters, the existing ratings analyzed
in section 2.1.1 were taken into account. In the part of the group “development of
science and innovation in the regions”, studies aimed at assessing the development of

RIS were taken into account in order to take into account frequently used indicators.



Table 2.12 — Indicators for assessing the level of readiness of regions for the digital

transformation of the construction complex (compiled by the author)

Group

Indicator

Indicator type

1. Socioeconomic
conditions for the
implementation of
industry
digitalization of
regions (Y1)

X1

Human Development Index by Region

Qualitative

2. Development of

science and
innovation in the
regions (Y2)

X2

Share of GRP by type of activity —
professional, scientific and technical,
% (in current basic prices; in % of the
total)

Quantitative

X3

Number of personnel engaged in
scientific research and development,
people

Quantitative

X4

Volume of innovative goods, works
and services, % of the total volume of
shipped goods, completed works and
services

Quantitative

X5

Patent applications filed, units

Quantitative

X6

Number of patents issued, units

Quantitative

X7

Developed  advanced  production
technologies, units.

Quantitative

X8

Advanced production
used, units

technologies

Quantitative

X9

The share of organizations
implementing technological
innovations in the total number of
surveyed organizations, % of the total
number of organizations

Quantitative

X10

Level of innovative
organizations

activity  of

Qualitative

3. Development of
the  construction
complex of the
regions (Y3)

Commissioning of residential and non-

X11 | residential buildings, total area of Quantitative
buildings, thousand m?
%12 Share of GRP by type of economic Quantitative

activity «Construction», % (in current




basic prices; in % of the total)

Distribution of the number of
enterprises and organizations by type
of economic activity Construction,
units

X13 Quantitative

Average annual number of people
X14 | employed by type of economic activity Quantitative
Construction, thousand people

4: pevelopment_of %15 Level _of digital literacy of the Qualitative
digital technologies population
(Y4) The share of organizations using

X16 | design programs, % of the total Quantitative
number of organizations

Share of GRP by type of activity in the
field of information and
communication, % (in current basic
prices; in % of the total)

X17 Quantitative

The proportion of organizations using
X18 | broadband Internet, % of the total Quantitative
number of surveyed organizations

Use of digital technologies in
organizations — Local area networks,

X19 in % of the total number of surveyed Quantitative
organizations
Use of digital technologies in
i 1 _ i in o
%20 organizations — «cloud» services, in % Quantitative

of the total number of surveyed
organizations

Each group of factors allows us to assess the region in accordance with certain
factors that form the basis for assessing the level of readiness of the region for the
digital transformation of the construction complex, including determining the presence
of digital potential in the subject for the development of technologies. Digital potential
is a set of factors that contribute to the development of digital technologies in a
region/municipality: personnel, scientific and technical equipment, innovation, general
socio-economic development, industry development. Parameters X2-X14 and X16-X20

are collected by the Federal State Statistics Service [21], which is quite convenient for



further calculation of the rating, since the parameters are accessible. Please note that the
rating is formed for the period 2021, since parameters X2, X12 and X17 are not
currently published for 2022.

Let us consider the group Y1 in detail. This group is filled with one parameter X1.
Parameter X1 reflects the socio-economic conditions of the regions from the side of key
characteristics of human potential. The integral indicator of the human development
index was chosen as a parameter, which reflects the ability of people to lead a long and
healthy life, receive an education and achieve an acceptable standard of living,
therefore, it allows us to assess the level of development of a particular subject of the
federation from the point of view of socio-economic development. The parameter is
calculated by the Analytical Center [69] using the adjusted methodology as the
geometric mean of three components: the income index, the education index, and the
longevity index. Each component is an index calculated in the range from 0 to 1, where
1 reflects a better situation in a particular area.

The second group (Y2) contains indicators reflecting the level of development of
science and innovation in the subjects of the federation. The indicators also form the
basis for assessing the level of development of RIS:

— X2 allows us to assess the contribution of professional, scientific and
technical activities to the total volume of GRP. The indicator is expressed as a
percentage of the total volume of GRP and shows what part of the economy is
associated with these types of activities.

— X3 reflects the number of people engaged in scientific research and
development. The indicator allows us to assess the scale of scientific activity in the
country and its impact on the economy and innovation potential.

— X4 allows to estimate the share of innovative products and services in the
total volume of shipped goods, performed works and services. The indicator reflects the
degree of innovation of the economy and its ability to create and implement new

products and services.



— X5 reflects the number of patent applications filed and is an indicator of
Innovative activity and interest in protecting intellectual property.

— X6 shows the number of patents issued, reflects success in protecting
intellectual property and innovative activity in the country.

— X7 reflects the number of developed advanced production technologies and
allows us to assess the innovative potential and the country’s ability to create new
technologies.

— X8 shows the number of advanced production technologies used, reflects
the degree of innovation in production and the efficiency of using advanced
technologies.

— X9 allows us to estimate the share of organizations engaged in
technological innovations in the total number of surveyed organizations. The indicator
reflects the scale and prevalence of technological innovations in the country's economy.

— X10 reflects the degree of use and development of new technologies,
products and services in organizations. The indicator is important for assessing the level
of development and competitiveness of the economy of a region or country, as well as
for determining the growth potential and modernity of enterprises.

The third group (Y3) contains indicators characterizing the development of the
region’s construction complex, namely:

— X11 reflects the number of new buildings that were constructed or put into
operation in a given period of time, taking into account the total area. The indicator is
important for measuring the volume of construction activity in a region or country.

— X12 reflects the percentage contribution of the construction industry to the
total Gross Regional Product (GRP) of the region. It shows how significant the
construction industry is for the economy and what percentage of its contribution is from

the total production volume.



— X13 indicates the number of enterprises and organizations engaged in the
construction industry. Allows you to assess the scale and competition in this industry,
and also gives an idea of the number of jobs created in construction.

— X14 reflects the average number of workers employed in the construction
industry during the year. Allows to assess the level of employment and the contribution
of the construction industry to job creation. This indicator can also serve as an indicator
for analyzing trends in the change in the number of workers in construction.

The fourth group of factors includes indicators of the development of digital
technologies in the territories of the constituent entities of the federation:

— X15 is a calculated indicator measured on a ten-point scale. Data collection
Is carried out as part of the Digital Dictation campaign.

— X16 reflects the share of organizations that use design programs in their
activities. The indicator allows you to assess the degree of penetration and use of
modern technologies in design.

— X17 reflects the share of GRP in the field of information and
communication in the total volume of GRP. The indicator allows us to assess the
contribution of the information and communication industry to the economy of a region
or country.

— X18 reflects the share of organizations that have access to broadband
Internet. The indicator allows us to assess the degree of availability and use of high-
speed Internet in the business sector.

— X19 reflects the share of organizations that use local area networks for their
work. The indicator allows us to assess the degree of use of network technologies to
ensure internal communication and information exchange in organizations.

— X20 reflects the share of organizations that use cloud services to store data
and perform various tasks. The indicator allows you to assess the degree of penetration

and use of cloud technologies in the business sector



It is assumed that the selected groups of indicators have a relationship, which is

presented in Figure 2.4,

The level of readiness of the construction enterprise
for the digital transformation

A y
Socio-economic Development of science
conditions for the and innovation
implementation of
industry digitalization

Development of Development of
L 5| the constrl_Jction digital _
| enterprise technologies

Figure 2.4 — Interrelation of groups of indicators «The level of readiness of the

construction enterprise for the digital transformation »

It will check the indicators and apply regression analysis to determine the level of
significance.

To conduct the regression analysis, we will take the basic selected indicators for
2019-2021 (Appendix B, Table B.1), as well as their reduced values using the natural
logarithm, which will allow us to compare the obtained result, since due to the strong
scatter of indicators during the first construction of the regression model, R? may be
low, and the standard error may be large, the confidence intervals may be erroneous.
Therefore, using the «regress» query in Stata software, we will calculate the linear
regression, the result of which is presented in Figure 2.5. Note that when calculating
multiple regression, the value of the ratio of GRP by the type of activity Construction to
the population will be taken as Y. In this regard, it is necessary to remove the indicator

X14 from the basic sample of parameters when conducting the analysis.



regress yl x1 x2 x3 x4 x5 %6 %7 xB =9 x10 x11 %12 x13 %15 x16 x17 x18 x19 %20
Source 55 df M5 Number of obs 254
F({l3, 234) 9.83
Model 757375.861 19 39861.8874 Frocbh > F 0.0000
Residual 949072.516 234 4055.8B6545 R-squared 0.4438
Bdj R-squared 0.3987
Total 1706448 .38 253 6744 .8B5525 Root MSE 63.6886
yl Coef. Std. Err. t F>|t| [95% Conf. Interwval]
#1 1471.02%9 219.5115 6.70 0.000 1038.558 1903.501
®2 -14.62861 4.221629 -3.47 0.001 -22.94587 -6.311355
®*3 .0014492 .0007579 1.91 0.057 -.000044 .0029423
x4 -2.093633 1.108958 -1.8% 0.0860 -4 278451 .0911848
X5 .0104045 0192395 0.54 0.589 -.0275003 . 04830592
X6 -.0230411 .0438508 -0.53 0.600 -.109434 .0633517
®7 -.0074223 .20987691 -0.04 0.972 -.4206996 .405855
ot .0012046 .0009713 1.24 0.216 =.000709 .0031183
x9 .0187537 .2490735 0.08 0.940 -.4719594 .5094668
x10 -.068894 1.182808 -0.06 0.954 -2.399208 2.26142
x11 -.0065676 .0034852 -1.88 0.061 -.013434 .0002989
x12 11.6185 1.906363 6.09 0.000 T7.B62676 15.37433
®13 -.002243 .0029431 -0.76 0.447 -.00B0413 .0035553
®15 -14.59465 12 .53886 -1.16 0.246 -39.29813 10.10884
xla 6.672367 2.028239 3.29 0.001 2.676425 10.66B831
x17 -.2693094 B.527171 -0.03 0.975 =17.06915 16.53053
x18 -.6741441 .4533711 -1.49 0.138 -1.567355 .2190666
x19 1.%00961 .B237996 2.31 0.022 L.2779493 3.523973
x20 -3.118136 1.011824 -3.08 0.002 -5.111585 -1.124687
_cons -1174.147 208.7857 -5.62 0.000 -1585. 487 -762.8072

Figure 2.5 — Multiple regression of selected indicators

As can be seen from Figure 2.5, due to the fact that the distribution of the base
values is not correct for the analysis, the value of R?=0.4438 and adjusted R?=0.3987
reflect the overall significance of the statistical relationship, which is low. The root
mean square error = 63.686, which also indicates a poor sample of the model. Analyzing
the result by indicators, let's consider the graphical interpretation in Figure 2.6, which

we will build using the query «cprplots, lowess».
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Figure 2.6 — Graphical interpretation of the results of regression analysis of selected

indicators

According to Figure 2.6, we note that the incorrect distribution of indicators was
confirmed, since there are leading regions in terms of indicators that significantly fall
outside the sample, therefore, the correctness of the interpreted result is violated. In this
connection, we will perform a new calculation of multiple regression on the given
values of the base sample using the natural logarithm. The calculation result is presented

in Figure 2.7.



regress y x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x15 x16 x17 x18 x19 x20

Source Ss df MS Number of obs = 243
F(19, 223) = 67.80

Model 91.5859466 19 4.82031298 Prob > F = 0.0000
Residual 15.8533073 223 .071091064 R-squared = 0.8524
Adj R-squared = 0.8399

Total 107.439254 242 .443963859 Root MSE - .26663
y Coef. Std. Err. t P>t [95% Conf. Intervall

x1 12.16716 .8432896 14.43 0.000 10.50532 13.82899

x2 -.106886 .0526289 -2.03 0.043 -.2105997 -.0031724

x3 .0258109 .0269185 0.96 0.339 -.0272361 .078858

x4 -.077581 .0183745 -4.22 0.000 -.1137908 -.0413712

x5 .0222291 .0579077 0.38 0.701 -.0918872 .1363455

X6 -.0920136 .0500174 -1.84 0.067 -.1905808 .0065535

x7 .0132895 .0155577 0.85 0.394 -.0173694 .0439484

x8 .1665676 .0323888 5.14 0.000 .1027403 .2303949

x9 .0132327 .0621281 0.21 0.832 -.1092006 .1356659
x10 .0207581 .0562102 0.37 0.712 -.0900131 .1315293
x11 -.1932703 .035412 -5.46 0.000 -.2630552 -.1234854
x12 1.013712 .0616904 16.43 0.000 .8921412 1.135283
x13 .142662 .0493671 2.89 0.004 .0453762 .2399477
x15 -.0180006 .39144595 -0.05 0.963 -.7894139 .7534128
x16 .042766 .0693989 0.62 0.538 -.0939956 .1795277
x17 -.3474621 .058197 -5.97 0.000 -.4621485 -.2327757
x18 -.0100558 .1378869 -0.07 0.942 -.2817838 .2616722
x19 .7126992 .1983609 3.59 0.000 .3217974 1.103601
x20 -.2448381 .1273356 -1.92 0.056 -.4957732 .0060969
_cons .5472569 1.04278 0.52 0.600 -1.507707 2.602221

Figure 2.7 — Multiple regression of selected indicators with given values using natural

logarithm (Source: Compiled by the author in Stata software)

According to the calculated indicators (Figure 2.7), it can be said that the given
sample of basic indicators is more correct, relative to the original one. R?=0.8524 and
adjusted R?=0.8399 reflect the overall significance of the statistical relationship, which
is high. The root mean square error = 0.2666, which indicates a good sample of the
initial data in the model. Analyzing the indicators tested by multiple regression, the

following conclusions can be made:



— Indicators X1, X8, X12, X19 fall within the positive confidence interval,
therefore, with an increase in these indicators, the Y under consideration will increase.

— Indicators X2, X4, X11, X17 fall into the negative confidence interval,
therefore, with an increase in these indicators, the Y under consideration will decrease.

- Indicators X3, X5, X6, X7, X9, X10, X13, X15, X16, X18, X20 fall within
the confidence interval, which includes the zero value, therefore, there is a connection,
but it is not very significant.

Let us consider a graphical interpretation of the results of the given sample of
initial data (Figure 2.8). When rebuilding the regression graphs, it is clear that the result
IS now more correct, a linear relationship is observed. Note that the greater the slope, the
more significant this or that indicator X is relative to the base Y, i.e. when X changes,

small changes in Y occur.
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Figure 2.8 — Graphical interpretation of the result of regression analysis of selected
indicators with given values using the natural logarithm
Source: Compiled by the author in Stata software



Next, it is necessary to form a rating in accordance with the methodology
described in paragraph 1.2.2, using the fuzzy set method. The basis for constructing the
rating will be the selected groups of indicators, including those that have little
significance.

The formation of a rating of the level of readiness of regions for the digital
transformation of the construction complex using the fuzzy set method is presented in
the study [].

Based on the selected indicators in Table 2.12 for four Y groups, we will
construct a basic rating of the level of readiness of regions for the digital transformation
of the construction complex for 2021 using the fuzzy set method. We will assign a
weight coefficient r;=0.25 to each group (Y1, Y2, Y3, Y4), since the groups have the
same impact on the developed indicator Y as the sample of factors included in these
groups. It should be noted that the X2-X20 data are available for the period under
review, the X1 data were published for 2019, therefore, when taking this parameter into
account when calculating the rating, the indicator was taken for 2019, taking into
account the % of its change over the previous 5 years, which is presented in the
document published by the Analytical Center [69].

To classify the developed aggregate indicator Y, we will use a 5-level scale,
where level 1 corresponds to very low [0.000; 0.333] and level 5 to very high [0.667;
1.000] (Table 2.7).

As an example, we will calculate the aggregated Y indicator for LLC "Alfa
service" with a detailed algorithm for the group «Development of digital technologies of
regions (Y4)». We will conduct an analysis that will allow us to form the Y4 indicator in
accordance with the stages established by the methodology.

Step 1. We introduce the linguistic variable Y4 «Development of digital
technologies in LLC "Alfa service" (Y4) ». The resulting scale of fuzzy values of the
introduced linguistic variable (Y4) was similar to the scale presented in Table 2.6.



Step 2. During the calculation, quantitative (statistical data [21]) indicators X16-
X20 and qualitative (Digital literacy level of the population) indicator X15 for 2021
were collected, which are characterized by the following values: X15=6.79;
X16=13.4%; X17=3.7%; X18=75.4%; X19=53.8%; X20=30.9%.

Step 3. The selection of the interval from the minimum value to the maximum
serves as the range for determining the factors, sets of values and triangular numbers of
the linguistic variable (Y4) (Table 2.13).

Table 2.13 — Range of determination of factors, sets of values and triangular numbers of
Y4 indicators for LLC "Alfa service”

Scale | T-numbers | X15 X15 X15 X15 X15 X15
-1.000 5.17 3.10 0.20 57.50 27.30 16.10
very -0.667 5.58 5.27 1.58 62.52 33.98 20.10
How -0.333 5.99 7.43 2.97 67.53 40.67 24.10
-0.667 5.58 5.27 1.58 62.52 33.98 20.10
Low -0.333 5.99 7.43 2.97 67.53 40.67 24.10

0.000 6.40 9.60 4.35 72.55 47.35 28.10
-0.333 5.99 7.43 2.97 67.53 40.67 24.10
Average 0.000 6.40 9.60 4.35 72.55 47.35 28.10
0.333 6.80 11.77 5.73 71.57 54.03 32.10
0.000 6.40 9.60 4.35 72.55 47.35 28.10
High 0.333 6.80 11.77 5.73 71.57 54.03 32.10
0.667 7.21 13.93 7.12 82.58 60.72 36.10
0.333 6.80 11.77 5.73 71.57 54.03 32.10
0.667 7.21 13.93 7.12 82.58 60.72 36.10
1.000 7.62 16.10 8.50 87.60 67.40 40.10

Very
High




Stage 4. When normalizing the coefficients using formula (2.1), the following
values were obtained: X15=0.062; X16=0.396; X17=-0.149; X18=0.039; X19=0.136;
X20=0.100. Table 2.14 shows the matrix of values of factors X15-X20 and their
significance level riy1=0.167 (stage 5); the range of values is from -1.000 to 1.000 (see
Table 2.10, T-numbers).

Table 2.14 — Matrix of factor values of the linguistic variable Y4 for
LLC "Alfa service"

Name of Subset scale
Significance
f;::)r AL(xi) A2(xi) A3(xi) A (xi) AS(xi) level ri
X15 0,000 0,000 0,407 0,593 0,000 0,167
X16 0,000 0,000 0,000 0,407 0,593 0,167
X17 0,000 0,224 0,776 0,000 0,000 0,167
X18 0,000 0,000 0,440 0,560 0,000 0,167
X19 0,000 0,000 0,295 0,705 0,000 0,167
X20 0,000 0,000 0,350 0,650 0,000 0,167

According to the aggregate indicator calculated using formulas (2.2) and (2.3), Y4
(stage 6) of LLC "Alfa servicet" had a value of 0.607 in the group «Development of
digital technologies of regions (Y4)». Comparing the obtained value with the scale
presented in Table 2.5, as well as the classification of the risk level in Table 2.6, we can
say that the development of digital technologies in LLC "Alfa servicet” is at level 4
(83%) and level 5 (17%). In this regard, the obtained value of the indicator can be
classified as approaching a confidently high level. In this study, the aggregate indicators
for groups Y1, Y2 and Y3 were formed similarly to the Y4 indicator and amounted to

0.598, 0.558 and 0.352, respectively. The final aggregate indicator Y, which determines



the level of readiness of the region for the digital transformation of the construction
complex, amounted to 0.529, taking into account the weighting coefficient ri=0.25.
Thus, according to the obtained indicator, LLC "Alfa service" was 83% ready for the
digital transformation of the construction complex at an average level and 17% at a high
level.

Digital transformation has a different impact on the areas of activity (design and
construction) of construction companies (operating in the market for the construction of
non-industrial facilities - residential buildings that combine the functions of a technical
customer and a general contractor); BIM modeling can be called a cross-cutting
innovation [190]. A BIM model or digital twin of a capital construction project is the
basis for the construction of objects, as well as for passing an examination [55, 30].
«The process of transition to BIM begins directly with the reorganization of the work of
the design department, where, in accordance with requests and technical equipment, the
interconnected activities of working groups in the areas (sections) of design in the BIM
context are organized. The main areas of design include: architectural solutions (AS);
design solutions (DS); water supply and sewerage (WS); heating, ventilation and air
conditioning (HVAC); electrical networks (EN); low-current networks (LCN); master
plan (MP); design (D); calendar-network schedule (CNS) including the construction
organization project (COP), as well as the work execution project (WEP)» [155].

The traditional approach to building design involves the following broad stages
[156]: formation of technical specifications — development of a draft design (concept) —
development of design documentation for the project (PD) — passing an examination and
obtaining a building permit — development of working documentation for the project
(WD) — construction site and logistics — construction of a capital construction project —
commissioning of the project. The design part includes everything up to the work on the
construction site. The development of project documentation is divided into two blocks
— PD and WD, therefore, when improving business processes, in accordance with the

stages of the life cycle of capital construction projects, this division can be abolished



with a complete transition to BIM modeling. Single-stage design will allow digital twins
to be created immediately with the required level of detail.

The purpose of the analysis and improvement of business processes of
construction companies should be the following five groups of indicators [78]:

1) business process efficiency;

2) business process cost;

3) business process time;

4) business process quality;

5) business process fragmentation.

When improving and further automating business processes of the design
department, focusing on the listed groups of indicators is of no small importance when
setting the task of transitioning to BIM, which subsequently guarantees the scalability of
the work [90].

During the initial examination of a construction company, business processes
must be described by forming an «as is» model, which will reflect the current state
within the organization. Next, based on the «as is» model, it is necessary to form a «as
should be» business process model, taking into account the adjustment for improvement
and the transition to single-stage design. The constructed business process models
should reflect the company’s high-level processes with the required input data, as well
as their interrelationships [155].

Figure 2.9 shows a step-by-step diagram of the survey of the design department of
a construction company. The diagram is built in relation to the stages of the survey of a
construction company with a focus on the design department:

1) Form an «as is» model;

2) Form a «as should be» model;

3) Conduct an analysis of directions; build high-level algorithms in directions;

4) Conduct a detailed analysis of directions; build decomposed algorithms into 1-

n levels:



5) Provide a text description at the lowest level of process decomposition in
directions.
Business process analysis consists a step-by-step decomposition of each design

direction to the lowest level.
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Figure 2.9 — Step-by-step diagram of the survey of the design division (department) of a

construction company

For further automation of business processes of design departments of a

construction company, it is possible to propose:



1) Restructure the work of the company's design department. Implement BIM in
the design areas (AS, DS, WSS, HVAC, EN, LCN, GP, D, CNS (COP, WEP)) taking
into account the specifics of the software.

2) Transfer the survey results to development for the purpose of debugging work
on design sections within the design department.

3) Writing plugins, add-ons, programs or unified software for design automation
in a construction company. Implementation of artificial intelligence.

4) Transition to the international standard for designing construction projects —
IFC, which will help to level out existing software on the market and quickly adapt the
work of the design department in accordance with the market situation.

«The considered option for improving business processes within the design
department of a construction company is quite relevant, since labor costs are reduced,
the cost of business processes is reduced, and quality is increased due to a
comprehensive transition to BIM modeling from two-stage to one-stage. The solutions
considered are applicable in construction companies of the designated type. Proposals
for the automation of business processes in construction companies will have a positive
effect when focusing on them in aggregate.

Next, it will consider the level from the perspective of the formation of a
management system for the construction complex in municipalities and regions of
Russia in the context of the digitalization of the economy.

Interaction with construction organizations at the municipal and regional level in
the digital environment plays an important role in ensuring the development of urban
space. It is in the digital environment that it is possible to exercise control over the
implementation of large-scale infrastructure projects, optimizing and balancing the
urban environment [170, 173]. «For this interaction, it is necessary to form and
implement an information system for managing urban development and municipal
space, which should be synchronized with the projects of objects under construction,

creating a digital analogue of the municipality/region. The information system will be



able to systematize data on construction projects, including energy consumption and
resources, as well as within the framework of forming project budgets. The process of
operation of this system should be organized from the stage of holding tenders for the
development of a capital construction project with the sending of requests to
construction organizations and enterprises. Next, it is necessary to validate projects at
the municipal level with further support for the optimal ones within the framework of
urban environment development. This system will be able to generate requests for the
development of projects in accordance with the developed urban development plan, as
well as conduct tenders remotely with the granting of the right to construction to a
particular construction organization based on the projects received in digital format. The
key condition for construction organizations should be the provision of information on
the planned facility in digital form, including with the application of a digital federal
model of the building (see Figure 2.10).

To move towards digitalization of investment and construction projects at the
municipal level, it is necessary:

1) Develop and implement a unified urban information system aimed at
monitoring and developing capital construction projects that shape the urban space.

2) Develop federal standards that will ensure encryption of elements of BIM
models of capital construction projects.

3) To form a unified pricing system that will correlate with the new BIM
design technology with an annually updated database. It is possible to introduce
adjustments to prices according to the «fair price» rule, depending on territorial
characteristics and the current economic situation.

«It is worth noting that at present the main drawback in the implementation of this
algorithm is the lack of state and municipal standards for BIM. It is also recommended
to form a new price base, updated annually, with correction factors in accordance with
the level of socio-economic development of the region.
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Figure 2.10 — General structure of regulation of investment and construction projects

A more detailed model of integration of digital transformation of an investment
and construction project with the municipal and federal levels is presented in figure
2.11. When forming a model for integrating the digital transformation of an investment
and construction project with the municipal and federal levels, an interpretative
approach was used [96], which allowed, based on approaches to the implementation of
construction complex management [83, 101, 109], as well as the possibilities for the
development of BIM technologies [103, 133, 134, 148], the formation of a logically

consistent model.
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Figure 2.11 — Model for integrating digital transformation of an investment and

construction project with the municipal and federal levels

«This model reflects the step-by-step process of implementing the project
development, the formation of project documentation at the PD and WD stage, and
passing the examination. The characteristic links reflect the steps, i.e. the sequence that
is necessary when implementing this algorithm. It should be noted that the red blocks
require development and implementation, the main blocks characterizing the activities
of the construction organization are placed on a blue background, the black arrows

indicate the first circle, the blue ones indicate the second, after the approval of the



design documentation, passing the examination, issuing a construction permit and
receiving the appropriate financing from the municipality» [156].

According to Figure 2.11, the «Municipality Information System” issues a
construction request to construction organizations, which, after processing the request,
begin the automated design process. As part of the automated design process, a 3D
model or “digital twin” of the future object is created, which is proposed to be done
based on Revit software, since this software allows for maximum coverage of design
processes by creating a single model of the future object (BIM 360) using cloud
services» [156]. Based on the created digital twin of the construction object, it is
possible to ensure the formation of estimate documentation for the project, which will
only be possible with the correct coding of the model elements. «It is also possible to
automatically upload the required documentation of the PD and WD stages.
Consequently, the state examination process is significantly accelerated and the model
together with the documentation is returned to the «Municipality Information System»,
the received projects are assessed and some projects are supported by investments. The
generated model can be used later on at the construction site when organizing
construction production, and by reading the erected building elements using a point
cloud, it will be possible to control the quality of construction. By organizing such an
approach, a visual and transparent system of external control over construction is
formed, and the modeled objects, with financial support, can become the basis for the
formation of a digital city» [156].

When implementing an information system for managing urban development,
including the construction complex, the following key problems can be identified:

1) lack of developed standards for regulating digital modeling of buildings;

2) low level of employees’ proficiency in software packages that form BIM at the
micro level,

3) need for continuous professional development of employees;

4) poor integration of some software products with each other, etc.



The problems are mainly related to BIM standards and the organization of
activities within construction companies and organizations; therefore, in order to
organize an information system for managing urban development, it is necessary to
ensure a comprehensive approach focused primarily on the micro level of this chain.

At this stage, the proposed system approach can be used as a basic structure for
managing the information space of construction complexes at the municipal and
regional levels. Moreover, using the proposed approach, it is possible to organize the
activities of a large number of stakeholders in accordance with the strategy of scientific
and technological development» [157].

In terms of technological development, it is possible to organize such a regional
information system in territories with a high and medium level of readiness at the
present time. Based on the results of this study, it will be possible to form the structure
of an information system for managing urban development and municipal space, which
will be linked to the strategy for developing the economic activity of the subjects of the

region’s digital potential.



Conclusions to chapter 2

1. Tools and methodological solutions have been developed for the practical
formation of an economic and digital model of the development of a construction
enterprise.

2. An author's methodology for assessing the level of digital readiness and
economic adaptability has been developed, which is based on a combination of
guantitative and qualitative indicators and allows for a comprehensive assessment of the
enterprise's ability to implement digital technologies in a transformational environment.
The methodology includes a differentiated system of indicators that covers the level of
digital infrastructure, flexibility of management processes, human resources potential
and investment openness to digital solutions.

3. An approach to assessing the effectiveness of the transformation of
functional processes has been developed, based on a system of economic and digital
indicators.

4, The key processes of a construction enterprise that are most affected by
digitalization have been structured, in particular, procurement logistics, production
planning, monitoring of work performance, cost management). The indicators of the
transformation effectiveness assessment are determined, in particular productivity,
energy efficiency, digital integration, which allows to track the dynamics of changes in
the functional blocks of the enterprise.

5. A structural-functional model of economic and digital development is
proposed, which takes into account the features of the organizational structure of the
construction enterprise, the specifics of digital processes and the requirements for
adaptive management. The model is presented as an integrated system of interconnected
components: digital analysis, strategic planning, resource management, risk

management and feedback monitoring. Its architecture provides for flexibility of



adaptation to changes in the market environment, as well as open connection to industry
information platforms, which made it possible to set clear parameters of the model for
its further testing and analytical support at subsequent stages of the study.

6. A methodology for creating a single digital space that ensures information
exchange and interaction both within the enterprise and with external stakeholders has
been developed and proposed. The architecture of a digital enterprise based on the
Smart Factory concept is described, including the enterprise's production facilities with
integrated automation and production process management systems, a digital twin of the
enterprise, and an integrated digital production platform. A structural-functional model
of economic and digital development has been developed based on an integrated digital
platform of Smart components: Product Lifecycle Management (PLM), enterprise
resource planning (ERP), business intelligence (Bl), customer relationship management
(CRM), and Quality Management System (QMS). The mechanisms of the impact of the
implementation of these stages on the efficiency of enterprise operations have been

determined.



CHAPTER 3. PRACTICAL GUIDELINES FOR EMBEDDING AN
ECONOMIC AND DIGITAL MODEL INTO THE DEVELOPMENT
ARCHITECTURE OF CONSTRUCTION ENTERPRISES

3.1. Systemic integration of the economic and digital model into the decision-

making architecture for the development of construction enterprises

Using the example of LLC " Alfa service" to manage operational activities based
on the proposed methodological approach using the procedure developed within the
framework of Section 2 of this work, the following process roles of business process

management groups should be created, which are presented in Fig. 3.1.
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Figure 3.1 — Role structure of the management group of LLC " Alfa service"

Table 3.1 systematizes the description of the above-mentioned roles and their
functional responsibilities in relation to the stages of the production subsystem
management procedure using building information modeling technology (BIM

technology).



Table 3.1 — Distribution of powers and responsibilities in managing the activities of

LLC "Institute of Local Development"

Stages of the
management
procedure

Process role

Responsibility and functional authority within the
framework of business process management

Step 1

Process Manager

Monitors the execution of the step.
Resolves any problems that arise.

BIM coordinator

Conducts an audit of the information model provided by
the designer

Controls the implementation of software settings for
further enrichment of the model.

Step 2

Process Manager

Controls the execution of the step.
Approves technical solutions.
Resolves emerging problems.

Analyst Engineer

Works with the organization's databases.

Works with the original information model of the
construction object.

Provides collection of unstructured data and its
processing.

Prepares proposals (and corresponding justifications) for
construction production technologies.

Step 3

Process Manager
(Chief Engineer)

Controls the execution of the step.
Approves technical solutions.
Resolves emerging problems.

Analyst Engineer

Provides preparation of engineering information from the
construction site in a structured form for further
development of the PPR in the information environment
and transfers it to BIM specialists.

BIM Coordinator

Audits the results of data enrichment of the information
model.

Performs the most complex parts of the work in the area
of interactive PPR modeling.

BIM Modeler

Enriches the information model with data from
interactive PPR according to the data provided by the
analyst engineer.

Step 4

Process Manager

Monitors the execution of the step.
Approves the basic work schedule.
Resolves any problems that arise.

Analyst Engineer

Under the guidance of the chief engineer, conducts
research on the operation of the "network™ of the
construction of an enriched information model under
various conditions.

Prepares a basic version of the work schedule, including
justification for the choice of the proposed option.

Step 5

Contractor

(by qualifications)

Provides production of construction and installation
works at the DB facility.
Performs continuous local optimization of entrusted




processes (works) when implementing environmental
uncertainty factors.

Step 6, 7 Process Manager

Monitors the execution of the step.

Reports to the project manager about changes in work
plans at the facility.

Resolves problems that arise.

Analyst Engineer

Provides a plan - a fact of analysis of the performance of
work and formulates proposals for making changes to
previously adopted technologies for performing work.
Evaluates the effectiveness of the work performed and
proposes measures to optimize the entire construction
"network”.

Performs analytical studies on the stability of previously
established forecasts, makes adjustments if necessary.
Updates construction plans.

Auditor Engineer

Provides visual control and registration of data on the
physical state of the progress of work on the construction
site.

Provides recording of the fact in the information model
of the site.

IT Specialist

Participates in all business processes within steps 1-4, 6,
providing technical support for the application of
information modeling software tools

In the professional space of the construction industry, an urgent demand has been
formed and there is an urgent need for a unified systematic approach to industry-specific
digital modeling technologies and the development of relevant state standards. The
development of technical and regulatory documentation in the field of information
modeling of capital construction objects is still carried out unsystematically and in a
fragmented manner. A single concept of data standardization has not yet been formed.
There are still no single directions and stages for solving practical tasks of
informatization of the construction industry. There are no specialized integrated

solutions. Further digital transformation of a construction company requires solving

problematic tasks (Fig. 3.2).
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Fig. 3.2 — Unresolved tasks of digital transformation of the construction company

management system

Consolidation of accumulated practical experience and professional competencies
allows the author to propose a system-technical scheme for the digital transformation of
a construction enterprise in terms of entity aggregation (figure 3.3), which will make it
possible to determine the feasibility (or infeasibility) of applying BIM technology in the
operational activities of a construction organization. The presented logical-semantic
scheme in the paradigm of cybernetics of problem-oriented modeling abstractly
highlights the main subject-object and object-subject horizontal connections of the
constituent elements, each pair of which is determined by the correspondence of its own
level of digital transformation.

In the system-technical scheme of digital modeling, seven levels are
distinguished, which correspond to six levels of aggregation of entities in terms of
subject-object (object-subject) relationships: "plan-goal”, "object-project”, "process-

time", "technology-economy", "system-resource”, "complex-convergence".



At the first (I) level of digital transformation, subject-object relationships are
formalized in a simple format that establishes a direct correspondence between a set of
plans and a set of goals. The inverse object-subject relationship assumes the influence of
goals on plans for their implementation, and the conditionally symmetric subject-object
relationship changes the priority scheme to the opposite one - a set of goals is associated
with a set of plans. For the conceptual general logic of the scheme, the presented system
technology of digital modeling establishes a conditionally direct correspondence of the
levels of digital modeling to the levels of BIM detail. Therefore, the first level of digital
modeling corresponds to the first level of BIM 1D.

At the second (Il) and third (Il1) levels, the design process formalizes two-
dimensional and three-dimensional models of the design object, respectively. The
inverse object-subject relationship assumes the influence of a set of design conditions
and constraints on the object itself, and the traditionally symmetric subject-object
relationship changes the correspondence priority scheme to the opposite when the object
Is created based on a design priority established for any reason (for example, using a
typical project).

It should be noted that the essence of the "object-project” relationship of the
second (I1) and third (111) levels of digital modeling is not limited to two- and three-
dimensional visualization of the object, but is the basis for automating the development
of project options for planning solutions and project parameterization. The second (1)
and third (111) levels of digital modeling are determined by the second (2D) and third
(3D) levels of BIM detailing, respectively.

At the fourth (IV) level, the process that defines a certain work is formalized with
the necessary deadline for its execution. Reverse object-subject communication assumes
the influence of time constraints on the processes under consideration, and conditionally
symmetric subject-object communication changes the priority scheme of compliance to
the opposite, when the set of processes is formed based on conditions and time

constraints (for example, fixed deadlines for commissioning critical for the



infrastructure object). The essence of the "process” in the scheme is reduced to their
exhaustive formulation of a specific set of tasks (production, organizational,
management processes, etc.). The fourth (IV) level of digital modeling corresponds to
the fourth (4D) level of BIM dimension.
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Figure 3.3 — System-technical diagram of the digital transformation of a construction

company in terms of entity aggregation



At the fifth (V) level, technologies are formalized by assessing the cost of their
application. Reverse object-subject communication assumes a direct influence of
economic conditions and constraints on the technologies used, and conditionally
symmetric subject-object communication changes the priority scheme of compliance to
the opposite, when technological schemes are formed based on financial conditions and
constraints (for example, the availability of technological equipment or financial
resources). The fifth (V) level of digital modeling is defined as the fifth (5D) level of
BIM dimension.

At the sixth (VI) level, objects, processes, and technologies are considered as
constituent components of the construction system, which are formalized by aggregating
all types of resource provision presented at the previous levels of digital modeling of the
economy and time. The inverse object-subject relationship assumes the influence of
resource conditions and constraints on the systems under consideration, and the
conditionally symmetric subject-object relationship changes the correspondence priority
scheme to the opposite, when the construction system itself is formed based on
conditions and resource constraints (for example, construction in conditions of
undersupply of building materials or lack of qualified personnel). The essence of the
"system" in the diagram corresponds to the definition of a "building system" as a finite
set of functional components (elements, objects, processes) and the relationships
between them, distributed according to a specific purpose during a certain time interval.
The essence of "resources"” is reduced to their exhaustive formulation for a specific set
of tasks (material, technical, labor, organizational, etc.). The sixth (VI) level of digital
modeling corresponds to the sixth (6D) level of the BIM dimension.

At the seventh (VII) level, building systems are combined into complexes that
additionally include qualitatively different systems (for example, urban and biosphere)
and represent a new class of digital modeling object from the point of view of
convergence. The reverse object-subject relationship assumes the influence of

qualitatively different systems in relation to the building on the complexes in which they



are considered, and the conditionally symmetric subject-object relationship changes the
scheme of priority of correspondence to the opposite, when qualitatively different
systems in relation to the building significantly affect the complexes of building
systems, regardless of their location in relation to the complex under consideration (for
example, the influence of the geopolitical situation on the course of construction
projects dependent on it). The seventh (VII) level of digital modeling is defined by the
extended seventh (7D) level of BIM detail, which provides for further abstraction of any
subsequent level of digital modeling of the qualitative convergence of system
components of different properties.

The described approach to building subject-object and object-subject direct and
feedback relationships at the model level makes it possible to correctly understand the
essence and reconsider the emphasis in many quite practical areas of innovative
development and regulation of the construction industry. In fact, it is necessary to
rethink the usual stages of implementing a construction project. In particular, the
"design” stage, which usually ends with the receipt of project documentation, will
culminate in the creation of a digital twin of the future real estate object, which has been
checked for collisions and other inconsistencies, supported by an appropriate library of
digital elements necessary for the implementation of the project, containing complete
information about all types of building materials, structures and engineering equipment.
This prototype of the construction project is a digital information model BIM. At the
same time, a digital model of a construction object can include all the comprehensive
information necessary not only for construction, but also for operation, modernization
and reconstruction (liquidation) of the object.

The emergence of new and transformation of old responsibilities are inevitable
when a construction company transitions to BIM management. Figure 3.4 presents a
model of organizational transformations in the project management system when BIM
technologies are implemented in construction projects. Recommendations for project

managers on monitoring project implementation are developed using BIM logic in



connection with the active development of the use of information technologies and

information about the object throughout its life cycle through the use of BIM models.
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Fig. 3.4 — Model of organizational transformations in the management system when

implementing BIM technologies in a construction company

Figure 3.5 shows the BIM model of the project management team. Before the

project begins, the project team defines an overall model development strategy, after

which the BIM manager prepares a project file for collaboration based on the created

template. It is the BIM manager who "launches"” the project for execution. Then other

participants connect to it, creating their local copies, linked by synchronization in the

Unified Information System.
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Figure 3.5 — BIM model of the construction company management team

BIM modeler. This specialist creates component libraries and, as needed,
reproduces data from 2D drawings into a 3D model. This specialist does not solve
engineering problems, but is responsible for creating components that fill the
information model. It should be noted that these functions can be performed by both the
BIM author and the BIM coordinator in parallel with the main responsibilities.

BIM author. This specialist develops the project, maintains the model, provides
technical coordination, performs engineering functions of the designer using BIM
software, and supports the BIM concept. The BIM author's qualifications in working
with software must correspond to his engineering competence and the complexity of the
design work assigned to him. The minimum qualification threshold for a BIM author is
basic knowledge of the software in which he will work, understanding of the principles
of collaboration in the EUS, and knowledge of the BIM standard.

BIM coordinator. This specialist develops a BIM verification and validation plan
for the project, conducts regular audits of the information model and checks it for
conflicts. This is the person responsible for the information modeling process in a BIM
project. The BIM coordinator does not make or approve design decisions.

BIM manager. This specialist is involved in developing a BIM process

management strategy, internal regulations, training methods, BIM implementation plan,



and information model audit. If the roles of BIM author and BIM coordinator are
inherent only to project organizations, then the BIM manager must interact with the
services of the technical customer and the general construction contractor. The
responsibilities of a BIM manager in a project organization differ from the
responsibilities of a BIM manager in a customer support service and a BIM manager in

a construction company.

3.2. Alignment of strategic and tactical development parameters of the

enterprise in the new digital environment

The transition of a construction company to management in a single digital space
Is not limited to changing organizational relationships between direct participants in the
interaction, but requires a radical change in the entire management structure of the
company.

The transformation of the management structure can occur in several directions:

1) First, the organization can focus on standardizing and formalizing
production tasks, introducing standards for their implementation. However,
standardization does not guarantee that tasks are performed correctly and on time, so the
organization “strengthens” horizontal connections between performers, introduces the
roles of the owner or coordinator of the process. This form is called a functional
management structure with a horizontal superstructure, as shown in Figure 3.6. Note
that the process owner cannot directly contact the performer, he must do so through the
appropriate functional manager, which significantly complicates management and
increases overhead costs.

2)  Secondly, the owner does not manage resources, he can independently
make a decision regarding the performer, but together with the functional manager. The
role of the owner turns out to be degenerate, reduced to coordination, has no real levers

of influence on the performer. Since appeals through the functional hierarchy are not



effective enough, the organization moves to a matrix organizational structure, as shown

in Figure 3.7.
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Figure 3.6 — Functional structure with horizontal superstructure.

In a matrix organizational structure, the performer finds himself in a double
subordination, firstly, on all current issues of performing operational activities within
the process, he reports directly to the process owner, and secondly, on other issues, he
reports to his immediate supervisor. The process owner is empowered to encourage and
punish the performer, therefore he has the levers of process management. It is important
to maintain a balance between the two branches of power. It is customary to separate the
relations of subordination and coordination, the former are depicted on the
organizational chart by solid lines, and the latter by dotted lines. In a matrix structure, an
employee is subordinate to a functional manager and coordinates work with the process

owner, which causes the shortcomings of the matrix management system.



Processes are most often differentiated by the product being produced, so
horizontal working groups are built on the product principle. At the same time, the
organization can use the territorial principle of dividing its activities, in this case the
matrix structure turns out to be three-dimensional, its creation and management are
complicated. The disadvantage of such a structure is the complexity of the division of

powers between the two branches of government and, as a result, possible conflicts.
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Figure 3.7 — Matrix organizational structure

To get rid of dual subordination, enterprises are moving to a process-based
organizational structure, which is shown in Figure 3.8.

In a process organization, all activities are built around the company's business
processes. First, the company's main processes are identified, each with a dedicated
owner assigned to it, who has sufficient resources to manage all the performers. All

performers are directly subordinate to him, which eliminates any ambiguity in the



relationship. To unite individual processes into a single system, the company creates a
process committee, which includes the owners of individual processes, they are
responsible for coordinating the implementation of individual processes. Each process is
associated with a competence center, its tasks are: continuous improvement of processes
and formalization of methods of performing work.

For example, if an enterprise is faced with the need to solve a new task for the
first time, it may be necessary to develop a new business process. The company may
retain functional support units, but only to solve corporate-wide tasks, for example, for
personnel management, payroll, and IT services, the latter being considered as services

provided to operational units.
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Let us consider in more detail the process organization shown in Figure 3.9, all its
activities are divided into areas, each of which has its own main production processes.
To coordinate the main processes of the company, a process committee is needed, which
unites the owners of all processes. Changes to processes and their interactions are
carried out with the participation of the company's process architect. For each area of
activity, a process competence center has been created, which, in addition to the owner,
includes: a technologist responsible for the correct execution of the production process,
an analyst responsible for process modeling, and process executors.

The disadvantage of a purely process-based organizational structure is the loss of
connections between employees who perform a similar function in different structural
divisions of the enterprise. Therefore, it is possible to envisage the roles of functional
managers who coordinate the work of specialists with similar functions, but in different
processes of the enterprise, in Figure 3.9 the connection is depicted by a dotted line.
Such a structure is usually called a process organization with a functional superstructure.

Directions of transformation of the organizational structure of an enterprise during
the transition to process management.

We conclude that the task of increasing labor productivity of non-industrial
enterprises requires a holistic approach to the reorganization of the entire complex of
organizational and economic relations of enterprises, including: transition to current
methods of organizing production; structuring the enterprise's activities around business
processes; restructuring the enterprise's management structure in accordance with the
selected forms of labor organization; introduction of new "horizontal" information

systems aimed at supporting new organizational and economic relations.
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Figure 3.9 — Process organization

The analysis showed the need for a comprehensive change in organizational and
economic relations at the enterprise, as a necessary condition for increasing productivity
and labor efficiency. Reengineering, structuring and improvement of the business
process system are necessary, but insufficient conditions for the transition to process

management. In order to realize all the advantages of process management, a transition



to flow production methods and a change in the structure of enterprise management are
necessary. Within the functional structure, process management is difficult due to the
conflict of interests of various structural units and the inability of the process owner to
directly dispose of the necessary resources, which is perhaps the reason for the failure of
business process reengineering projects. The organizational structure must be
transformed in such a way that it objectively reflects the management relations that
develop within the framework of a given production system.

We conclude that there is a need for new modern IT tools that connect employees
at the same level of the hierarchy, which provide management with control over the
progress of production tasks. To support process management at the enterprise, a new
class of "horizontal” information systems has been proposed, the task of which is to
automate the workflows of production tasks. Such systems perform transport and
coordination functions: they transfer tasks between participants strictly in accordance
with the developed regulations, notifying management of all violations, deviations and
exceptional situations. Such systems should not automate existing inefficient
information flows, but should be aimed at supporting new forms of production relations

within the enterprise.



3.3. Analytical instruments for measuring the economic impact of digital

technologies in construction business activities

Based on the results of the conducted research, a conclusion can be drawn about
the need to form a single digital space for the construction industry, the groundwork for
which is the development of leading domestic vendors in the development of TIM, the
formation of a common data environment, and standardization in the presentation of this
data regardless of the software. A single digital space will help coordinate actions and
technical solutions, form consolidated models created in different tools, carry out any
checks, maintain various documentation on digital models created on their basis, and
supplement it with other data.

When creating a unified digital environment for the construction industry, it is
necessary, firstly, to clarify the terminology of regulatory and technical documentation.
In the development of regulatory frameworks for the digitalization of construction, as
well as in its practical implementation, there is no consensus regarding the concepts and
correlation of terms and definitions of the digital environment, digital platform, digital
ecosystem.

Information space (information or digital environment), according to [27], is «a
set of information resources created by subjects of the information sphere, means of
interaction between such subjects, their information systems and the necessary
information infrastructure». Information infrastructure is understood as a set of
information systems, information technology objects, as well as communication
networks and Internet sites [26].

In a narrow sense, a digital platform can be understood as a group of digital
technologies used to create a digital interaction system [18]. The effects of the digital

platform should be considered as savings in transaction costs, increased labor



productivity, creation of favorable conditions for analytics, forecasting and
multifunctional services.

The digital economy ecosystem is, first of all, a partnership of organizations that
ensure continuous interaction of technological platforms, applied Internet services, and
information systems [27].

With such an interpretation of the terms platform and ecosystem, we have
implemented a fundamental scheme for digitalization of construction based on a single
digital platform, providing the possibility of interaction in electronic form based on the
CDE at all stages of the life cycle of the ICP (Figure 3.10)
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Figure 3.10 — Schematic diagram of digitalization of construction based on a common digital platform




where: Cs — customer, EA — executive authorities (regional, municipal), TPA — expert
organizations implementing technological and price audit of projects, D — designer, Cn
— contractor, Ex— state or non-state bodies of expertise of design and estimate
documentation (DED), En— engineering, expert organizations, S — suppliers of building
materials, structures, equipment, SB — state construction supervision bodies,
construction control and audit organizations, B— bank, Op — operating organizations, O
— owner (user) of the facility, PO — public organizations, public, PH — public hearings,
INJ — investment justification, TA — technical assignment, DD — design documentation,
WD - working documentation, EXOP— expert opinion, ES — expert support, CP —
construction permit, CMA- commodity and material assets, ED - executive
documentation, COC — conclusion on the compliance of the CCPs with the requirements
of the DD, SBA — separate bank account, PC — permit for commissioning of the CCPs,
CCPs — capital construction projects, UPP — urban planning passport, TA — technical
assignment, TDP — territory development program, AM — architectural model, KM
model of structures, MES — model of engineering systems, ToR — terms of reference,
TEJ — techno-economic justification, WEP — work execution plan, CMP — construction
management plan, FSIS — Federal State Information System, UPSIS — Urban Planning
Support Information System, GIS for UDS — Geoinformation System for Urban
Development Support, RTD — Regulatory and Technical Documentation, USRC —
Unified State Register of Conclusions, CP — Construction Pricing.

The most important characteristic of the digital transformation of construction
should be its omnichannel nature, that is, maximizing the integration and quality of
interaction across all available channels.

Considering that the services provided by the digital platform may be of a paid
nature, on the one hand, it is necessary to assume the possible multiplicity of digital
platforms for different categories of manufacturers and consumers in construction. On
the other hand, given the specifics of regulation and standardization in construction, it is

advisable to create a single common digital construction platform (Fig. 3.11)
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A number of models provide for the creation of ecosystems around a digital
platform [1] to ensure active interaction between industry entities and the development

of high-tech production (Figure 3.12).
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Figure 3.12 — Model of the digital ecosystem for lifecycle management of construction

facilities

In a number of cases [7,10] the ecosystem is identified with the information
environment integrating a number of information systems in construction (Figure 3.13),

which, in our opinion, is incorrect.
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We believe that information systems are the basis of a digital platform.
Information systems accumulate a set of information circulating between construction
management entities and are the basis of management in the digital economy. However,
as can be seen from the data in the figure, today in construction this information is not a

complete system, but represents an element of the information space.



The basis for communications in construction should be an information model of
the construction project, which is a shared information resource about the project, the
main function of which is to ensure the possibility of collective work on the project by
all participants in the investment and construction project at all stages of the life cycle of
the project [36]. The implementation of the main function of the information model is
possible only if the model is part of a single digital environment capable of ensuring the
continuous receipt, processing, recording and analysis of information from various
sources throughout the entire life cycle of the object.

The creation of a single digital environment is also of strategic importance due to
the need to reduce interaction procedures during the implementation of construction
investment projects. Thus, according to [22], from 129 to 139 procedures have been
established for housing construction.

The creation of a unified digital environment can be accomplished in several
ways:

1. Internal solution. Different schemes are used using network folders or some
software that ensures operation within the company itself. This method does not provide
basic functions of the CDE and cannot be considered as a way to organize the UIS.

2. Client-server solution. Specialized software is used. The scheme generally
looks like this: the company's server has software, and each user's PC has a client part.
Only the company that owns the system can take full advantage of the system.

3. Cloud solution. The most promising way to organize the CDE. The main
feature is that it provides full-featured operation of the CDE without being tied to
specific PCs. The project can have any number of participants. Teamwork is provided.

The advantages of cloud solutions are:

— systematization of interaction between ISP participants;

— improvement of work quality;

— possibility of instant access to current design documentation remotely;

— reduction of work deadlines and signing of executive documentation;



— accumulation of large volumes of data about the facility during the
construction period.

The final effects of the introduction of cloud technologies into the implementation
process are a reduction in the cost of work, the cost of the project and compliance with
the deadlines for the implementation of the ICP, or their reduction.

The advantages of creating a unified information system based on the CDE,
according to the results of the conducted marketing analysis, include:

— the possibility of joint work both within each organization participating in
the investment and construction project, and between organizations, government bodies
and local government bodies;

— legally significant technical document flow in electronic form between
organizations;

— project development control, analytics and reporting;

— prompt verification of the relevance of documents;

— creation of organizational structures of the organization and delimitation of
access rights;

— checking documents and models with the ability to compare versions and
make comments;

— coordination of sets of documentation for the custom procedure;

— signing of the full package of initial permitting documentation and as-built
documentation using digital signature;

— the ability to connect modules for the formation and maintenance of
information models with the assembly and verification of consolidated interdisciplinary
models from several files.

The main results and effects of creating a digital platform for organizing a single
digital space in the construction industry based on the CDE are the reduction of
construction times due to the optimization of administrative procedures and digital

construction management, attraction and turnover of investments, transparent



management and analytics on projected construction volumes, including unfinished
construction, analysis of resource needs, and assessment of regional urban development
potential.

The existing mechanisms for attracting investors and positioning the region
include the certification of regions and municipal districts, the presentation of regions,
sites, priority development areas and industries in need of priority investment, including
on the basis of public-private partnerships. The established practice of attracting
investment to the region also includes support by the executive bodies of state power of
the region of the procedures for reviewing, coordinating and monitoring the
implementation of investment projects in accordance with the one-stop-shop principle;
providing investors with curators (traditionally, specialized agencies), whose functions
include support of the investment project, aimed at its successful implementation, rapid
completion of administrative procedures and effective control.

At the planning stage of an investment project, investors focus their attention on
preparing and submitting documents to executive state authorities to consider the issue
of including the project in the list of particularly significant ones in order to receive the
corresponding benefits. For their part, executive government bodies must make
informed and balanced decisions regarding the criteria for including investment projects
in the list of particularly significant projects. We believe that in the current conditions of
economic instability, the issues of compiling a list of particularly significant projects
and assessing the need to include a specific investment project in this list are of primary
importance for executive government bodies in order to optimize the distribution of
budget funds and create appropriate benefits for investors.

In order to speed up the process of project evaluation and decision-making, it is
important not only to be able to submit documents electronically, but also to have the
UIS functioning, which will allow the accumulation of necessary information about
investment projects throughout the entire life cycle of their implementation, including

creating a single template for maintaining the project information model (BIM model).



As one of the most important areas of digitalization of the investment project
management system in the region, we have identified the creation of an interactive map
of the region, which is one of the elements of the digital platform, a digital service that
allows the investor not only to reduce the time spent on searching for information, but
also serves as a kind of digital assistant when choosing a site for the implementation of
the project, the type of project, assessing the possibility of its implementation on the
basis of public-private partnership, justifying the financing scheme, and a preliminary
assessment of the significance of this project for the region. Thus, the main result of
using the interactive map should be the creation of an investor roadmap, which will
outline all the necessary steps and relevant documentation for the implementation of the
selected project in the selected region.

We Dbelieve that the basis of digital online services should be regulatory
documentation, including the maximum amount of information about the region,
including strategic development documents, regional and municipal passports, ratings,
and so on. Also, the basis for creating an interactive map should be information systems
or databases reflecting the typology of investment projects in the region, priority
investment areas, including those based on PPP, platforms for implementing investment
projects in the region, containing an information system of regional legislation,
including existing measures of state support for investment projects and the possibility
of interactive interaction through a “single window” system.

All of the above leads to the conclusion about the need to integrate all disparate
elements of digitalization at the planning stage of an investment project by creating a
digital platform. Based on the conducted marketing analysis, we will present a digital
platform for planning, implementing and monitoring the implementation of investment
projects in the region as follows (Fig.3.14)

It is possible to broadly identify two groups of effects from the digitalization of

the process of implementing investment projects in the region.



For the investor, the main effects of digitalization will be a reduction in project
risk due to a more complete consideration of regional conditions, due to the elimination
of project collisions; a reduction in project costs due to the elimination of collisions at
the design stage, due to a more accurate calculation and planning of project resources,
due to a reduction in the time for preparatory, permitting and approval procedures
during the implementation of an investment project.

For executive government bodies, the main effects will be an increase in the share
of investment projects completed on time, a reduction in the time and costs of consulting
and project support, and an increase in the objectivity of including projects in the list of
particularly significant ones, which in total will lead to an increase in the efficiency of
spending budget funds. As a result, a synergistic effect of digitalization will also be
achieved, consisting in increasing the investment attractiveness of projects and regions,
and, accordingly, in increasing the efficiency of investment activities.

Based on the conducted analysis of the functions of existing mechanisms for
monitoring investment projects and the institutions implementing them, it is possible to
draw conclusions about the need for systemic integration of existing institutions into a
single effective mechanism that eliminates duplication of information flows and
distortion of information. As a result of digital transformation, the systemic integration
of institutions should be carried out on the basis of a single digital environment, an
information model of the project and digital platforms.

We believe that the solution to the problem of effective integration of mechanisms
for monitoring the implementation of investment projects in construction based on
digitalization will significantly improve the effectiveness of investment programs and

projects at all levels of the construction industry management hierarchy.
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Conclusions to chapter 3

1. A system-technical scheme for digital modeling of an everyday project has
been developed, which consists of seven levels, which represent six levels of
aggregation of entities in terms of the subject-object relationship (object-subject): “plan-
meta”, “object-project”, “process-hour”, “technology-economy”, ‘“system-resource”,
“complex-convergence”. Descriptions of the subjective-objective and objective-
subjective direct and reversal ligaments on the same model allow one to correctly
understand the essence, the completeness and the level advanced information modeling
technologies for developing digital BIM models of varying degrees of detail.

2. The need for transformation of the approach to the formation of teams for
managing live projects in the context of digitalization of live work based on modern
BIM technologies has been brought to light. As a result, two models of organizational
re-creation of the BIM-project management system and BIM-project management
teams, which are both the “brain” and the main resource, which represent the power of
management, were created. mutualism, encouragement and success of team work on the
project.

3. An approach to the systematic integration of the model into the architecture
of management decisions is proposed, which involves its gradual inclusion in the
existing management contours of the enterprise. Based on the modeling of development
scenarios, it is demonstrated how the economic and digital model can be adapted to the
organizational specifics of the enterprise, taking into account the level of digital
maturity, availability of resources, type of construction activity and strategic goals.

4, A methodology for forming coordinated management decisions in a digital
environment is developed, which is based on the principles of dynamic balancing of
short- and long-term development priorities, the use of KPI indicators, as well as

adaptive planning tools. An algorithm for synchronizing strategic guidelines with



operational performance indicators is proposed, which allows for the controllability of
transformation processes and flexibility in making management decisions.

5. An economic and analytical toolkit for assessing the effectiveness of the
implementation of digital solutions is created, which allows quantitatively measuring the
results of digital transformation. The toolkit includes a system of comparative indicators
"before” and "after” the implementation of digital solutions, takes into account
economic feasibility, the level of process automation, increased productivity, reduced
costs, reduced work deadlines and other operational effects.

6. The proposed model was tested on the example of a construction enterprise
Alfa-Service LLC, which confirmed its effectiveness and practical value in modern
conditions of the construction industry and allows us to recommend the developed
economic and digital model for implementation in the development management system

of a construction enterprise.



CONCLUSIONS

The dissertation solves the urgent task of forming an economic and digital model
of development of construction enterprises, which combines modern approaches to
economic diagnostics with digital management technologies to ensure adaptability,
innovative activity and sustainable functioning of business entities in the
transformational environment of modern construction development.

The significance of the dissertation results for science lies in the deepening,
systematization and further development of scientific provisions on the formation of
digitally oriented economic models of enterprise development in the construction sector.
The work first proposes a comprehensive interpretation of the “economic-digital model
as a dynamic management circuit that combines economic development mechanisms
with digital tools, technologies and analytical platforms. Significant scientific
improvement has been achieved in conceptual approaches to structuring the digital
architecture of construction enterprises, taking into account the institutional and
economic environment; theoretical principles for assessing the digital maturity and
adaptability of enterprises; methodology for transforming functional processes in
construction through the integration of economic and digital indicators; and
understanding the balance between strategic vision and tactical actions in the digital
environment. The proposed theoretical provisions form the scientific basis for further
research in the field of enterprise development management in the context of digital
transformation, and can also be used to clarify the terminology, develop classifications
and typical structures of digital management models.

The significance of the dissertation results for practice is due to the fact that the
results of the study can be used in the management activities of construction enterprises,
in particular in the form of experimental use of the economic-digital model in the

processes of digitalization of production and management processes. The research



results have significant practical value for managers, consultants, digital strategists, and
developers of innovative solutions working in the field of construction development and
related industries, namely:

1. A critical analysis of the evolution of scientific approaches to building
digitally-oriented economic models in the construction sector has been carried out,
taking into account the modern challenges of the transformational environment. The
conceptual foundations of the formation of an economic and digital model of the
development of construction enterprises have been improved - through a critical analysis
of the evolution of scientific approaches to building digitally-oriented economic models,
taking into account the challenges of the transformational environment, which made it
possible to identify chronological and functional trends in the development of digital
solutions in construction, in particular, their transition from the instrumental to the
strategic level of managerial application.

2. The institutional and economic prerequisites and key technological factors
influencing the formation of the digital architecture of construction enterprises have
been determined, in particular in the context of foreign experience (on the example of
the PRC). The institutional and economic platform for the formation of the digital
architecture of enterprises in the construction sector has been improved, which takes
into account the adaptability of management practices to foreign experience (on the
example of the PRC), which allowed us to detail the key external and internal factors of
digital transformation in the context of the national (Ukrainian) specifics of the market.

3. The financial and resource limitations of digitalization have been identified and
the cost parameters of implementing BIM technologies into the structure of the
economic and digital model of the enterprise have been analyze. The theoretical
justification of the financial and resource limitations of digitalization in the construction
sector has been further developed, with an emphasis on the cost aspects of implementing
BIM technologies, which made it possible to objectify the decision-making process



regarding digital investments, taking into account the profitability, payback period and
scalability of the implemented solutions.

4. A methodology for assessing the digital readiness and economic adaptability of
a construction enterprise to operate in the conditions of digital transformation has been
developed. Methodological provisions have been developed for assessing the digital
readiness and economic adaptability of a construction enterprise, based on a
combination of quantitative (digital maturity index, adaptability coefficients) and
qualitative (expert evaluation) indicators, which allows for a comprehensive
determination of the enterprise's potential for digital transformation in the face of risks
and resource constraints.

5. Substantiated approaches to assessing the effectiveness of the transformation of
the functional processes of the enterprise based on economic and digital indicators. An
approach to assessing the effectiveness of the transformation of functional processes of
a construction enterprise has been improved, based on the use of a system of economic
and digital indicators (digital asset productivity, digital flexibility coefficient, etc.),
which makes it possible to identify bottlenecks in digital integration in the enterprise's
internal processes.

6. A structural and functional model of the development of a construction
enterprise has been formulated, adapted to the conditions of the digital economy and
transformational challenges. The structural and functional model of the economic and
digital development of a construction enterprise has been further developed, which
combines modules of strategic planning, digital monitoring and operational
management, which allows the model to be adapted to different types of enterprises
depending on their digital maturity and market conditions.

7. The directions and tools for adapting the economic and digital model into the
strategic and operational contours of the development management of a construction
enterprise are substantiated. The directions and tools for integrating the economic and

digital model into the strategic and operational contours of enterprise management have



been further developed, revealing the features of implementing dynamic management
tools (BSC, OKR, digital KPIs) in the digital development environment.

8. The analytical principles for ensuring consistency between the strategic vision
and tactical management actions in a digitally oriented environment are formulated. The
analytical principles for ensuring the coherence of strategic vision and tactical
management actions in a digitally-oriented environment, based on the principles of
digital balance, information symmetry and adaptive synchronization, have been further
developed, which allows for effective management of changes in the digital context.

9. The economic and analytical tools for assessing the effectiveness of
implementing digital solutions in the activities of construction enterprises are developed
and their applied effectiveness is confirmed through testing at enterprises operating in a
transformational development environment. The economic and analytical toolkit for
assessing the effectiveness of the implementation of digital solutions has been further
developed, containing a set of indicators and methods (in particular, ROI of digital
projects, flexible efficiency index, digital payback ratio), confirmed by testing at
construction enterprises operating in a transformational environment.

The aim of the study is to confirm the quality and economic indicators when using
digital platforms at all stages of the CCPs life cycle, by conducting a marketing analysis
of construction industry enterprises for the implementation (use) of specialized software
and digital platforms. The study was conducted using a survey method (questionnaire)
and structured interviews with representatives of the construction industry who use BIM
technologies in their activities. Calculations were also made of the efficiency of using
BIM technologies (including the Electronic Document Management System, CDE and
digital platforms) using pilot projects in construction as an example.

The study revealed that construction requires the creation of a single digital
platform based on a common data environment and the digitalization of document flow

between all stakeholders of an investment and construction project, ensuring:



— prompt receipt of data on risks and the status of implementation of
investment projects in online mode, based on objective, verified and machine-readable
data obtained through electronic document management;

— reducing the time required for communication between construction
participants during the implementation of investment projects by exchanging
information in digital form on a single platform;

— creation of a BIM model of an object at the construction stage in order to
transition completely to a digital format;

— elimination of excessive administrative burden on all participants in the
investment and construction process by converting most procedures, documents and
data into electronic form;

— formation of objective analytical reports based on information contained in
a single repository of analytical information for their subsequent analysis;

— ensuring the completeness and reliability of information necessary for the
implementation of operational urban planning activities.

The study revealed that the use of BIM and digital platforms at all stages of the
CCPs life cycle contributes to increased economic efficiency of investment and
construction activities, including the following:

The use of BIM (including on the basis of the electronic document management
system of digital platforms) has the following systemic effects:

— increasing the accuracy of ICP cost estimates by 10-30%;

— 30% increase in construction rates;

— Reduction of collisions, requests for information and changes in the project
by 25-40%;

— reduction of transaction costs of interactions between ICP stakeholders by
20-30%.

The use of EDMS and digital platforms at the construction stage creates the

following effects:



— reducing the costs of construction support and control by 2 times;

— reduction of the time required to correct comments by 2-5 times;

— reduction of the time required to prepare executive documentation by 5
times;

— reduction of construction time by 20%.

In addition to the noted economic effects, the study revealed a number of non-
economic effects, including a reduction in ICP risks and an increase in the quality of
both the project and the construction site. The development and application of a single
digital platform for interaction between ICP stakeholders will improve the efficiency of
state investment policy and increase the transparency of investment and construction
activities.

The main problem of interaction in the process of implementing investment and
construction projects was identified as the duration of approval procedures, project
changes and document signing.

Accordingly, the effectiveness of introducing digital document flow between all
participants in the construction market at all stages of the CCPs life cycle is estimated at
7 points out of 10 possible.

The main obstacles to the implementation of a single digital construction platform
are the lack of preparedness of participants for digital interaction, insufficient software,
and the high cost of equipment and software.

The implementation of investment and construction activities is advisable on the
basis of digital interactions by implementing electronic document management within
the CDE on a single digital platform that has the ability to seamlessly exchange data
(including when using BIM and other digital technologies) at all stages of the CCPs life
cycle; using cloud solutions and optimal pricing policy; ensuring intercompany and
interdepartmental interaction and corresponding to information security criteria.

As a result of the study, the qualitative and economic efficiency of using digital

platforms at all stages of the life cycle of the CCPs was confirmed.
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22.11.2024 Neo 889-B
JOBIJKA
PO BOPOBAKEHHS PE3YIbTATIB IUCEPTALIHHOTO JOCITIIKEHHS

TOB Bb® «Ansda-CepBicy (kox €JIPIIOY 22965175), mo 3maificHiOE
JISUTBHICTB Y cpepi MPOEKTHOTO CYIPOBOJY, TEXHIYHOIO KOHTPOJIIO Ta OpraHizaiii
OyIiBETbHOTO  BHpPOOHMIITBA,  MIATBEPUKYE  BOPOBAKEHHS y  dopmi
€KCIIEPUMEHTAILHOTO BUKOPHUCTAHHS pe3yJbTaTiB AucepTaiiitHoi podotu LI3iH
[sap ©Ha Temy: «®DopMyBaHHS EKOHOMIKO-IIUPPOBOI MOAEII PO3BUTKY
OyIiBEIbHUX MIANPUEMCTB B YMOBaX TpaHC(HOPMAIIHHOTO CEPEeTIOBUIIIAY.

Y mepion 2023-2024 pp. pe3yabTaTd HAYKOBOTO JOCHIJDKEHHS Oyiau
BUKOPHUCTaH1 B paMKax MUJIOTHOTO MPOEKTY IU(POBI3allii BHYTPIIIHIX BUPOOHUUUX
1 yOpaBIIHCBKUX TIPOIIECIB MIAMPUEMCTBA. 30KpeMa, BIPOBAKEHO HACTYITHI
MiIX0M Ta IHCTPYMEHTH:

. CTPYKTYpHO-(DYHKI[IOHAJbHY MOJCNIb €KOHOMIKO-IIM(PPOBOTO  PO3BUTKY
HiAMPUEMCTBA, aJalITOBAHY JI0 PEATBHUX YMOB TOCTIOAPCHKOT AisSUTBHOCTI;

. METOAWKY  OIIHIOBaHHA  LMU(POBOi TOTOBHOCTI Ta  aJalTUBHOCTI
oTepaIifHuX MIAPO3ILIiB;

. IHAUKATOpU €(EKTUBHOCTI BIPOBADKCHHS HUGPOBUX PIIIEHb y KOHTYpI
CTPATETIYHOIO 1 TAKTUYHOTO YIIPaBJIIHHS;

. CHUCTEMY BHYTPINIHBOI aHAJITUKK HA OCHOBI TIOKa3HHUKIB IM(POBOL

MIPOJTYKTHUBHOCTI Ta THYYKOCTI (DYHKITIOHAJIBHUX ITPOIIECIB.

ExcneprMeHTanbHEe 3aCTOCYBAaHHS 3a3HAuCHUX PO3POOOK J1ajJo 3MOTY
MIABUAIIUTH KEPOBAHICTh MPOEKTHUMH IMKJIAMH, 3MEHIIUTH BUTPATH Yacy Ha
00pOoOKy TEXHIYHOI JTOKYMEHTAIli Ta TOKPAIIUTH IHTETPAIIII0 MK MIAPO3ILIaMu 3a
normoMoroo mudpoBux miathopMm (3o0kpema, anmanramis min BIM-pimenns). Y
pe3yNbTaTi BIPOBAKCHHS 3a3HAYCHHUX PIlIEHb MIIMPUEMCTBY BIAJOCS JOCATTH
BIIYYyTHOTO €KOHOMIYHOTO €(heKTy, 30KpeMa:

. 3MCHIIICHHS HETPOAYKTUBHUX BUTPAT HA OPraHI3aIifHO-TeXHIYHI MTOMIIKU
Ta IMMOBTOPHE BUKOHAHHS MPOEKTHUX eTaniB Ha 12,8%;

. CKOPOYEHHS CepeAHBOTO Yacy MOTOKEHHS YIPaBIIHCHKUX PIlICHb 3aBIISKU
udpoBiit inTerpaii Ha 18%;

. MIABUIIEHHS 3arajbHOl TPOAYKTUBHOCTI TIpari TEepCoOHATy B MexXax
MPOEKTHUX KoMaH Ha 15-17%;

. onTUMI3allisl BUTpPAT Ha 1HGOPMAIMHO-aHATITUYHY OOpOOKY JTOKyMEHTAallii

— eKOHOMist opieHTOBHO 140 Tuc. rpH Ha PiK.



Excrniepumenranbie 3actocyBaHHs po3po6ok L[3in L{sHb MIATBEPANIIO X
NPaKTUYHY NOUIMBHICTE Ta CTAIO OCHOBOIO IS MiATOTOBKM MIIaHy BIPOBAIKEHHS
1K(ppPOBOi MOz YNpPaBIiHHA Y MPOEKTH KOMIIAHIL, PesynpTati BrpoBapkeHHS
Oynu TMO3MTUBHO OLiHEHI yNpPaBNiHCHKAM MEePCOHANIOM MiANPHEMCTBA Ta
PEKOMEH/I0BaHI 10 MOETANHOTO PO3IUINPEHHS Ha iHIII TPOEKTH.

Jlana noBimka BuIaHa i mojaHHS 40 KHIBCBKOTO HALOHATLHOIO
yHiBepcuTeTy GyIiBHHLTBA i apXiTEeKTYpH 3 METOIO MiATBEpKEHHS MPAaKTHYHOTO
3HAYCHHS AMCEPTallifHOro HOCIiMKeHHS.

A.M. KpaBuenko
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ITpo pesysbTaTh 3acTocyBanus pesynbTaTis HAYKOBO-NIPHKJIAHHX
pocaipxens I3in Hsane B npakTani gisabHocTi KoMnawii «®omanbrayr-
noaiMiH»

Komnanist TOB «®omanerayr-noniminy creniamisyetses Ha BUPOOHUIITBI
OyniBenbHUX MaTepianiB Ta BIPOBaIKeHHI iHHOBALIMHMX TeXHOJOTIH B CHCTEMMU
JIOTICTUKM,  YNpPaBIiHHA  BHPOOHHLTBOM i MapKeTHHTY,  MiATBEPIKYE
BIIPOBA/DKEHHA Y  (OpMi eKCIIepPHMEHTANbHOrO0 BHKOPHUCTAHHS pe3yNbTaTiB
puceprauiiinoi podoru Lizin Lisns Ha Temy: «DopMyBaHHs €KOHOMIKO-LH(POBOT
MOJIeNli PO3BUTKY OyAiBENBHHX MiANPHEMCTB B ymoBax TpaHchopmariiiHoro
cepenosuinay.. Ha minnpuemcrsi snilicheHo BpoBamkeHH s OKPEMHX METOHUHMAX
pillleHb JUCePTallifHOrO NOCTiMKEeHHS B YIPaBIiHCBKI MpOLIECH, MOB’SI3aHi 3
uu(poBi3aLiero onepauiiHoi MisTbHOCTI, ONTUMI3amiero KOMYHiKaliHHUX MOTOKIB
Ta BIPOBA/UKCHHAM  IHAMKATMBHMX LH(POBUX Mojenell vy CTpaTeriyte
TIaHyBaHHSI. 3okpema, BUKOPHCTAHO:
- CHCTeMy OLiHIOBaHHA UHM(PoOBOI 3pinocti 6i3Hec-mpouecis MiANPHEMCTBA;
- METOAMKY ajantauii eKOHOMiKo-uMppoBoi Momeni 10 BHYTPIIIHIX
(QyHKIIOHATBHUX KOHTYpIiB BUPOOHMIITBA Ta MapKETHHTY;
- QHATHYHI IHAMKATOPU Pe3yJIbTaTMBHOCTI yNpPaBIiHChKUX il Ha ocHOBI KPI i
UG pPOBHX METPUYHHX MMOKa3HHKIB,;
- IHCTPyMEHTH NPOTHO3YBAaHHS eeKTHBHOCTI LMpPOBUX pillleHb y JOTiCTHL Ta
JUCTpUOYLIII.

PesynbraTom BripoBamkeHHs cTaso:

- CKOpOYE€HHS BUTpAT 4Yacy Ha BHYTPILIHE IOTOMKEHHS JIOTICTHYHUX |
BHPOOHMYMX omnepauiii Ha 17%;

- SMEHIICHHS BUTPAT, OB’ A3aHUX i3 TyOIIIOBaHHSM piteHb, Ha | 1,4%;

- MIABHIIEHHS e(heKTHBHOCTI CTpaTeriqyHoro MUIaHYBaHHS  3aBJSKH
BIIPOBA/DKEHHIO IIH(BPOBUX MOJIeseli KOHTPOJIIO 32 PECYPCHUMHU IOTOKAMH;

- piYHa €KOHOMisl KOLUTIB MijANpHeMcTBa CKiana opienToBHO 98 000 rpH.
Pesynbratu anpoGauii miaTBepwkyioTs npakTHuHY 3HAYYIIICTh JAUCepTalifHOl
pobdoru I[3in IlgHB Ta pekoMeHIOBaHi [0 NONATBIIONO MaciutabyBaHHSI B
KOPNOpaTUBHY LH(POBY-RHATGOPMY MiANpHeEMCTRA.
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JTOBIJIKA
PO BIPOBAHKEHHS PE3YJIbTaTIB AUCEPTALIAHOTO TOCIIKEHHS

TOB «ABH» mo 3a1iicHIOE AiSIBHICTE Y cdepl FeHMmIpsay Ta KOMIUIEKCHOI
peamizaiii TPOEKTIB y OYIIBHUITBI, MIATBEP/KYE BIPOBAKEHHS Yy dopmi
eKCIIEPUMEHTaJIbHOIO BUKOPUCTAHHS pe3yJbTaTiB AucepTaliiinoi podotu L[3in L{sHp
Ha Temy: «®DOpMyBaHHS EKOHOMIKO-IIU(GPOBOI MOJEN PO3BUTKY OymiBEIbHUX
HIIPUEMCTB B YMOBaX TpaHCHOPMAIIIITHOTO CepeIOBUIIIAY.

Ha 0a3i mianpuemcTBa Oysio MpoBEAEHO anmpoOalilo HAyKOBUX PE3YJIbTATIB Y
MeXax BHYTPIIIHbOTO MIJOTHOTO MPOEKTY 3 LU(pOBI3alii NpoUeciB KOOpAWHALIL,
IJIaHYBaHHS T4 MOHITOPUHTY B 1HBECTHULIITHO-0y11BEIbHIN A1SUIBHOCTI.

VY mporeci eKCHEepUMEHTAILHOTO 3acTOCYBaHHA Oyl BIPOBAKEHI Ta
MPOTECTOBaHI TakKi 1IXOTU Ta THCTPYMEHTH:
- €KOHOMIKO-IIU(GpOBa MOJIE€NIb PO3BUTKY MIAMPUEMCTBA, aalTOBaHA JI0 PEaIbHUX
BUPOOHUUUX 1 yIPaBIIHCHKUX YMOB Oy/1BEIbHUX MIPOEKTIB;
- METOJIMKa OI[IHIOBaHHS LU(POBOI 3pLIOCTI MPOEKTHUX KOMAaHJ 13 BUKOPUCTAHHSIM
KIIt0U0oBUX MOKa3HUKIB edextuBHOCTI (KPI) Ta xoedilieHTIB THYYKOCTI MPOIIECIB;
- aQHAMITUYHUNA MOJYJIb MOHITOPUHTY €(EKTUBHOCTI BIPOBAKEHUX IUPPOBUX
pimieHb  (30kpema enemeHTiB BIM-muiaHyBaHHST Ta BIJICTEKEHHS PECYpCiB);
- METOJMYHI MOJIOKEHHS 1010 CHHXPOHI3aIll1 ONEePATUBHUX YIPABIIHCHKUX PIIIICHB
31 CTpaTeriyHUMH LUISIMH TPOEKTY B YMOBax HECTaOLILHOTO 30BHIIIHBOIO
CepelOBUIIA.

VY pe3ynbTaTi BIOPOBAIKEHHS OyJIO JOCATHYTO HU3KY MO3UTUBHHUX €(QEKTIB,
30KpeMa:
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- ONTHMI30BaHO OMEpPaTHBHY KOMYHIKaUil0O MK MiApSAHUKAMH Ta
cybmniapsHuKamu (06¢sT ToKyMeHTooGiry 3HmKeHo Ha 30%);

- CKOPO4eHO 4Yac (popMyBaHHs TEeXHIUHOI Ta (piHAHCOBOT 3BITHOCTI MO MPOEKTAX
Ha 22%:;

- MiABUIIEHO Y3TO/UKEHICTh MK IUIAHOBUMHM Ta (PAKTHYHMMH MOKA3HUKAMH
BHUKOPHCTaHHS PeCypCiB;

- piuHa eKOHOMis Bin aBTOMaTH3awii Ta LMdpPOBI3aLil ckmana opieHTOBHO 165
000 rp=.

IlpakTiyHa WiHHICTH pe3ynbTaTiB AuceprauiitHoro mocmimkenus L[3in 1lsHb
MATBEP/UKEHA TEXHIYHHM KepiBHMUTBOM IiANpHEMCTBA Ta pPEKOMEH/IOBaHa 110
BUKOPHCTaHHS B iHIIUX iHppacTpykTypHEX npoektax TOB «ABH».

Jlana pnoBinka BumaHa I8 nogaHHS 10 KHIBCBKOro HalllOHAJILHOI'O
yHiBepcuTeTy OyAiBHMITBA i apXiTeKTypu 3 METOIO ITiATBEpIKEHHS [IPaKTUYHOTO
BIIPOBA/DKEHHSA pe3yJIbTaTiB AUCEPTALIHOrO J1OCIiKEeHHS.
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B HAYKOBO-OC/IiIHNIT Ta HABYATBHO-METO MY HHIH nponecu KHYBA

OkpeMi pesynbratn auceprauiiinoi poboru 13in Llsnp Ha Temy «DopmyBaHHs
CKOHOMiKO-LIpoBOi  Momei PO3BUTKY  OyHiBeNBHHUX  MiANPHEMCTB B YMOBax
TpaHcopManiitHoro cepeaoBuar BHKOPHCTOBYIOTBCSI B OCBITHBOMY Tpoleci KuiBchkoro
HAllIOHAIBHOTO  yHiBepcuTeTy GyaiBHMUTBA | apXiTeKTypu. 30Kpema, TeopeTHuHi
MONIOKEHHS, METOJMYHI MIXOAM Ta aHATITHYHI IHCTpyMeHTH, po3poGiieni 37106yBaukoio,
Oyiu ajanToBaHi /ISl BUKOPHCTAHHS NP BUK/IaaHHI HaBYATBHUX AMCUMILTIH: J{iukuTa-
MCHE/DKMEHT, EKoHOMiKa iHHOBamifiHOro PO3BHTKY miAnpueMcTBa, YnOpaBiiHChKMii
KOHCANTHHT 1Sl 3100yBayiB BUILOI OCBITH 3a criemiatbHOCTAMH 051 «Exonomika» ta (073
«MeHeKMEHT.

Pesyibratn 1ocmimkenns orpumano B paMKax peasisauii HayKoBO-A0CIiAHOT poGoTH
KHYBA «Po36yaoBa cyd4acHOro aHagiTH4HOrO IHCTPYMEHTApil0  IeBENONepeHKOro
YOPABIHHS — MAPAMHUM  GyIiBHHLTBOMY (lepXkaBHUH  peecTpawliiiHuii HOMEp
0115U000860). B mexax sxoi AMCEPTAHTKOI0 Oys10 3ificHeHo ajanramiio cyyacHux
UHDPOBUX  iHCTPYMEHTIB  cTpaTeriunoro [UIaHYBaHHA 10 motped  mignpuemcTs
OyIiBENBHOTO CeKTOpYy. ABTOpKa OOIPYHTYBajla JOLIIBLHICTS IHTerpatii eKOHOMiYHOro
aHalisy 3 HuGpOBUMH CHCTEMaMU ynpasiiHHs (30kpema ERP, BIM, CRM-mnatdopmamu) 3
METOI0 CTBOPEHHS LLIICHOT €KOHOMIKO-LHMPOBOT MoaE/T PO3BHUTKY, IO 311aTHA ONIEPaATUBHO
pearyBaT Ha 3MiHH TpaHC(hopMauiiiHoro cepeosuma.

Oxpemi nosnosxeHHs auceprauii chopmoBaHi y npoueci peanizauii Temu HJIP KHYBA
«P0O3BHTOK ynpaBiiHChKOT B3aeMOIii IHCTUTYLIMHUX YUaCHHUKIB ACBEIIONEPCHKUX TMPOEKTIBY
(meprxaBHUN peecTpaliiiinuii Homep 0121U111793). B sxiit [3in Lsus Opana ydacts npu
opmyBanni cucremuoro miaxoay 1o YHPaB/IiHHSA UHPPOBUMHU 3MiHAMU B JIEBEJIONEePChKUX
CIPYKTypax. Y LbOMY KOHTEKCTi aBTOPKOIO 3alpONOHOBAHO IHHOBALINHI pillleHHs 1010
CIPYKTYpyBaHHA LU(POBOI eKocucTeMH Gy IiBENBLHOrO MiANPUEMCTBA, @ TAKOK alrOPUTM
OLIHIOBAHHS €)EKTUBHOCTI LUDPOBHMX iHBeCTHLLIH 3 YpaxyBaHHAM MOKa3HHUKIB €KOHOMIUHO]
pPe3yJbTaTUBHOCTI Ta TEXHOIOTIGHOT 3pinocTi mianpuemMcTaa.
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Mepmii npopemrop Hennc YEPHUILIEB
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