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Pedaxuiiina konezis:
TostoBa pemakmiitnoi koserii: Kamincska Terama I'puropiBHa — QOKTOP €KOHOMIUHKX HayK, IIpodecop
(Kuis, Ykpaina)
3acTyImHUK ToJI0BU pemakiiiiinoi koserii: Kypuiao Bomogumup IBaHOBHUY — [OKTOp IOPUINYHUX HAYK,
mpodecop, 3aciry:keHuii ropuct Yrpainu (Kuis, Yrpaina)
3acTyImHUK ToJIOBU penakiiiinoil kojierii: Tapaceuko Ipuua OsiekciiBHA — TOKTOP €KOHOMIUHUX HAYK,
apodecop (KuiB, Yxpaina)

Po30din «<EKOHOMIYHI HAyKu»:

Unen penakiiiinoi koJierii: Ajsmies Illacga Tuduric orytm — I0KTOP €KOHOMIUHHUX HAYK, IIpodecop, diieH
Panu — mayxkosuii cekperap ExcriepTHoi pagu 3 ekoHoMiuHUX Hayk Buroi Arecratitinoi Komicii mpu [Ipesu-
menToBi Asepbaiimxancerol Pecrry6uriku (Cymrait, Asepbaiimkanceka Peciry6irika)

Yinen pemakiiiinoi kosierii: Bamaurok Isan @egopoBUY — JOKTOP €KOHOMIUHHUX HAYK, mTpodecop (IBa-
Ho-DPpaHKIBCHK, YKpaiHa)

Unen penmaxiiiinoi koserii: Bapgam Cepriit BoroguMupoBuY — I0KTOp €KOHOMIUYHUX HayK, Ipodecop
(KuiB, Ykpaina)

Unen penaxiriiiaoi xoJsierii: Boumap Mukosa IBaHoBHMY — [0KTOp €KOHOMIUHUX HaAYK, mpodecop (Kuis,
Yxpaiua)

Uien pemakiiiinoi kosterii: Besasamos Tanar ExaBepoBry — noxT0op eKkoHOMIUHNX HAYK, goieHT (Kuis, Ykpaina)

Unen pepakiiiiinoi koserii: Bmosenko Haramia MuxaijiBHA — JOKTOP €KOHOMIUHKX HAYK, IIPodecop
(KuiB, Ykpaina)

Unen penaxiiiiiaoi koserii: 'o6auk Bomogumup BacuasoBuY — MOKTOP €eKOHOMIUHUX HAYK, KAHIUIAT
(istocodecrrrx HayK, Tpodecop, Sacay:xeHuit ekoHoMicT Yirpainu (Mykauese, Ykpaina)

Unen penakiiiiaoi koserii: I'puabko Ana IlaBixiBHa — QOKTOpP eKOHOMIUHUX HAYK, mpodecop (Xapkis,
Yxpaiua)

Unen penmaktitinoi kosierii: I'ymamenko JIro6o8 BacusriBHa — MOKTOp €KOHOMIUHUX HAYK, ITpodecop (Bin-
HUIIA, YKpaiHa)

Uiten penaxkiriiinoi kosterii: Jdepiit Bacuas AHTOHOBHY — MOKTOP €KOHOMIUHUX HAYK, mpodecop (TepHo-
iIb, YKpaiHa)

Yinen penakiiiinoi kosterii: Jleancexkno Muxkosa [IaBjioBuY — MOKTOP €KOHOMIUHUX HAYK, ITpodecop,
ujIeH-KopecnoHaenT MixKHapoaHOI akageMil iHBECTHITIHN 1 eKOHOMIKK OyqiBHUIITBA, akageMik Arxamgemii Oy/miB-
HULTBA YKpaiHnu Ta YKpaiHcbKol TexHoJsioriuHoi akanemii (Kuis, Ykpaina)

Uisten penaxriituoi kosierii: {paran Osena IBamiBHa — MoKTOp eKoOHOMIUHUX HAYK, mpodecop (KuiB, Ykpaina)

Unen pepaxiiiinoi kosierii: Emine Jleiia Kuar — mokrop ekoHoMiuHuX HayK, moreuT (Typeuunna)

Uiten pemaxiriiinoi kosterii: €Egimenko Hamisa AmaTosriiBHA — JOKTOpP €KOHOMIUHEUX HayK, mpodecop (Hep-
kacu, Ykpaina)

Uisen penmaxiiiiiaoi koserii: 3apyubka OQsena IlapiaiBHa — MOKTOP eKOHOMIUHUX HAYK, mTpodecop ([wimpo,
VYkpaiua)

YsteH pemaxkiritivoi kKosierii: 3esicko Inaa MuxaiiiBHa — JOKTODP €eKOHOMIUHUX HAYK, IIPodecop, akaaeMik
Axanewmii exonomiunux Hayk Ykpainu (Kuis, Yikpaina)

UneH penmaxiriiiaoi Koserii: 3ock-Kiop Mukosia BaepiiioBuu — JOKTOpP €KOHOMIUHUX HAYK, Ipodecop
(ITonraBa, Ykpaina)

Ynen penaxkiiiinoi kosierii: Inpuyk IlaBimo I'puropoBud — 10KTOP €KOHOMIUHHUX HAYEK, morieHT (JIbBIB,
Yxpaiua)

Uiten pemaxiiiiaoi kosterii: Kapimkymos sKacyp IMman6oeBuuy — moKTOp eKOHOMIUHIX HayK, goreHT (Tar-
keHT, Pecriy6itika Y30ekucram)

Yinen pemaxiriiiaoi koserii: Kimouan B’sueciiap BacuiaboBUY — JOKTOP €KOHOMIUHUX HAYK, ITpodecop
(Muxkostais, Yxpaina)

Unen pepaxmiiiaoi kosterii: Kommniok Oxcana IpaniBHa — [0KTOP €KOHOMIUHUX HaYK, podecop (JIbBIB,

Yxpaiua)

UneH penaxiiiinoi kosterii: KpaBuenko Onbra QuexciiBHa — HOKTOp eKOHOMIUYHUX HayK, mpodecop (Kuis,
Yxpaiua)

Uiten pemaxiiitaoi koserii: Kypmmo JIromMmmia IsumopiBHa — 10KTOp eKOHOMIUHUX HaAyK, mpogdecop (Kuis,
Yxpaiua)

Uien pepaxiitiaoi koserii: Kyxmenko Osier BacniasoBu4y — 0KTOp eKOHOMIUHUX HAYK, Tpodecop (Kuis,
VYkpaina)
Unen penaxkiitinoi koserii: JIoiiko Basiepisa BikTopiBHa — M0KTOp €eKOHOMIUHUX HayK, mpodecop (Kuis,

Yxpaiua)
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Uiren penmaxkiriiiuoi kosrerii: Jloxamosa Harana OsiekciiBHA — OOKTOP eKOHOMIUHNX HayK, mpodecop (JIbBiB,
Yxpaina) .

Ysen pemaxiriitaoi kosrerii: Masik Mukosa MocumoBUY — TOKTOP €KOHOMIUHMX HayK, mrpodecop (Kuis,
Yxpaiua)

Unen penaxiriiinoi kosierii: Mirye Ipuna IlerpiBHa — moKTOp €eKoHOMIUHUX HayK, mpodecop (Uepkacu,
Yxpaiua)

Uiten pemaxiiiitoi kosrerii: Himeunko Birasmiii CepriiioBud — I0KTOp €KOHOMIUHUX HAYK, morieHT (Omeca,
Yxpaiua)

Uiten pepaxiriiiaoi koserii: Omiiauk Oiekcanap BacuaboBHY — I0KTOP €KOHOMIUHHKX HAYK, IIPodecop
(XapkiB, Ykpaiua)

Usen penmaktitiaoi Koserii: Ocmaruenko Bomogumup OrekcaHapoBHUY — IOKTOP €KOHOMIUHUX HAYK,
mpodecop (Kuis, Yrpaina)

Unen pemakuiiizoi koserii: Oxpimenko Irop BirasifioBuu — okTop eKkoHOMIUHUX HayK, mipodecop (Kuis,
Yxpaiua)

Unen pepaxkiiiinoi kosierii: [lacka Irop MukoJsaiioBHY — M0KTOP €KOHOMIUHUX HAyK, mpogdecop (Biza
IlepxkBa, Yxpaiua)

Uiten pemaxkiiiiinoi kosierii: Pagymosa Karepuuna MukosiaiBHa — JOKTOP €KOHOMIUHHUX HAYK, IIpodecop
(Kuis, Ykpainua)

Uiten pemakiriiinoi kosterii: Pamcebekmint Auapii IOpifioBuu — moxTOp eKoHOMIUHEKX HAyK, npodecop (Kuis,
Yxpaina)

Ysen penaxkiriiiuol kosterii: CesiBepcroBa JIrommuia CepriiBHa — I0KTOp €KOHOMIUHUX HAYK, ITpodecop
(KuiB, Yrpaina)

UneH pepaximiiinoi kosterii: Cmostin Irop BasmeHTHHOBHMY — NOKTOpP €KOHOMIUHUX HAYK, podecop (Kuis,
Yxpaiua)

Unen pemaxiriitiol kojierii: CynmoBa Ouseca OQirekcaHapiBHA — TOKTOp €eKOHOMIUHHUX HAYK, ITpodecop,
akameMik Axamemil ekoHOMIuHMX Hayk Yipainu (Kuis, Ykpaiua)

Uinen pemakiiiinoi koserii: TaukiaeBcska Haramia CraHiciiaBiBHA — JOKTOP €KOHOMIUHUX HAYK, IIPO-
(ecop (Xepcon, Yrpaina)

Ysen penaxiiiinoi kosterii: Tokap Bosogumup BosroguMupoBrd — TOKTOp €KOHOMIYHUX HAYK, ITpodecop
(KuiB, Yrpaina)

Ysen penaxkiriiinol kosterii: Tynpunacska CBiiana QiiekcaHApPiBHA — TOKTOP €KOHOMIUHUX HAYK, ITPO-
tecop (Kuis, Yrpaina)

Uien pemaxkiiiiinoi koJsierii: YmkeBcbka JIroomuiaa BitasiiBHAa — QOKTOP €KOHOMIUHHUX HAYK, IIpodecop
((Kuromup, Yrpaina)

Uisen penakriiinoi Kosterii: llleBuyk fIpocinas BacuaboBUY — TOKTOP €KOHOMIUHUX HAYK, CTAPIINAI HAy-
KOBUiA crriBpobiTHUEK, noreHT (HoBoBosmHChK, BostmHebka 00651., YEpaina)

Ynen penaxiitinol koserii: llmakapyk Jligia BacumiBHa — MOKTOp €KOHOMIUHMX HAYK, TPOGecop, WiIeH-Ko-
pectioagenT HAH Vkpaiuu (Kuis, Ykpaiua)

Unen pepakitizoi kosterii: lllmak BamenTnn ApkagifioBud — JOKTOpP eKOHOMIUHMX HaYK, mipodecop (Kuis,
Yxpaina)

Unen pepaxkmiitol kKoserii: CkpuHbKOBChEHE Pyciian MukosiaiioBUY — KaHIUIAT €eKOHOMIYHUX HAYK,
mpogecop (JIsBiB, Yikpaina)

Uien pemaxkiiiiaoi koJierii: Cysmronos lllepanu HypamueBua — fqokrop (distocodii 3 eKOHOMIUHUX HAYK
(PhD) (Tamrent, Pecniy6tika Y30exkucram)

Uien pemaxiiiinoi kosterii: Peter Bielik — Dr. hab. (CiroBamnpka Pecmy6orika)

UYsen penakuiittoi kosterii: Eva Fichtnerova — University of South Bohemia in Ceské Budgjovice (Yecska
PecmyGutika)

Ysren pemakriiiinoi koserii: Jozsef Kaposzta — Dr. hab. (Yropimnua)

Yiren pemakriiinoi koserii: Henrietta Nagy — Dr. hab. (¥Yropimiaa)

Uisten penaxiiiiitoi kosterii: Anna Toré-Dunay — Dr. hab. (Vropiuaa)

Ynen pemaxiiiinoi kojerii: Miroslaw Wasilewski — Dr. hab., Associate professor WULS-SGGW
(Tlompmia)

Yiaen pemakiiiinoi xojerii: Natalia Wasilewska — Doctor of Economic Sciences, professor UJK
(ITonpma)

Po30din «Texniuni nayxku»:
Unen penaxkiiiinoi koserii: Besgikos Anarostiii CepadiMoBuy — qoKTOp TeXHIYHUX HAYK, Ipodecop ([ Hi-
mpo, YkpaiHa)



Unen pepaxiiiiaoi koserii: Kyssmin Osier BosromuMupoBuY — qOKTOP TeXHIUYHUX HAYK, mpodecop (Kuis,
VYkpaiua)

Uiten penmaxkiriiiaoi koserii: JIynmesnko Irop AHaTo/TifioBHY — TOKTOP TEXHIYHUX HAYK, Tpodecop (Kpemen-
uyK, YKpaiHa)

Unen penakiiiinoi kosterii: Measauk BikTopia MukosiaiBHa — JOKTOp TeXHIYHUX HayK, mpodecop (Kuis,
Yxpaina)

Unen pemaxiiiiitoi koserii: PymanmeB Auarostiii OiekcaHIpoBHY — TOKTOP TeXHIYHUX HAYK, ITpodecop
(Kpamaropcek, YipaiHa)

Unen pemaxiiiiaoi koserii: Cepreiiuyk Ouer BacuiboBuu — qokTop TexHIUHNX HAYK, mpodecop (Kuis,
Yxpaiua)

Uinen pepaxiiiinoi kosierii: Cremanos Quiekciii BIKTOpoBHY — IOKTOP TEXHIUHUX HAYK, IIpodecop (Xap-
KiB, YKpaiHa)

Unen pemakmiiinoi koserii: Ya6aun Biraniii BacuiasoBuY — 10KTOp TexHIUHUX HayK, mpodecop (Kuis,
Yxpaiua)

Unen penaxiriiiaoi kojierii: Ainb-AGadoHex Xacau Ani Kacem — kanaunar rexaivHux Hayk (AmMMam, ﬁop-
maHig)

Unen pepaxiriiitoi koJierii: ApTioxoB ApreMm €BreHoBHY — KaHIUIAT TeXHIUHUX HayE, goreHT (Cymm,
Yxpaiua)

e penaxiiitinoi kosierii: Bammp6eini Agasar IcMain — kauguoaT TeXHIYHUX HAYK, TOJTOBHUN HAYKO-
Buii crreriastict (Baky, AsepOaiimxanceka PeciryOstika)

Unen penakiiiinoi kosterii: KaGysnos HoziMixon AGoykapiMoBHY — JOKTOP TeXHIYHUX HAYK, HoueHT (Pe-
cry0Jtika YsbekucTan)

Unen penakmiitnoi kosierii: KouskoB I'eopriit IropoBuy — kaHauaar TexHiYHUX Hayk, mpodecop (Kuis,
Yxpaiua)

Unen penakriiinoi kojierii: IllouyskeBckuii Oirer /IMuTpOBHY — KaHIUIAT TeXHIYHUX HAYK, goreHT (Kpu-
Buii Pir, Ykpaiua)

Unen penakiiiiinoi xoJjierii: CanbkoB Ilerpo Muko/iaitoBu4 — KaHIUIAT TEXHIYHUX HAYK, morteHT (Jlmi-
mpo, Ykpaina)

Po3din «Iledazoziuni nayku»:

Unen pepaxkriiiinoi koserii: Kyzasa Ipumaa BopuciBaa — mokTop memaroriunux Hayk, gorest (JIympk, Yrpaina)

Uien penakiiiiiaoi kosierii: Jlirouskmit AHarosrii QieKkciioBHY — JTOKTOD ITeIarorivHuX HAYK, Impodecop
(KuiB, Ykpaina)

Unen penmaxriiiaoi koserii: Mymauk Karepuna BitasiiBHa — MokTop negarorivHux Hayk, goreHT (Xapkis,
Yxpaiua)

Unen penakiiiizoi kosierii: Pu6anko Jlima MukosiaiBHA — QOKTOD Iegarorivuux Hayk, mmpodecop (ITos-
TaBa, YKpaiHa)

Yien pemakiiiiaoi koserii: OcramiioBebka Ipuua IropiBHa — KauguaaT nmegarorivyHux HAyK, JOIEHT
(JIyubk, Yrpaina)

Po3dinn «<Meduuni nayku»:

Uinen penakiiitiaoi kosierii: Camoxin Anarostiii BiIKTopoBHY — TOKTOp MeIUUYHUX HAYK, ITPodecop, 3aciIy-
skeHui jikap Yixpainu (Kuis, Ykpaina)

Uinen penaxkiriiiaol koserii: CeupumoB Mukosa BacuiasoBu4a — qoKTOp MEUUHUX HAYK, TOJIOBHUH HAy-
KOBH CITIBPOOITHUK BifIi/Iy €HIOKPUHOJIOrIYHOI Xipyprii, KepiBHuK LlenTpy miaberuunoi cronu (Kuis, Ykpaina)

Uien pepaxiriiinoi koserii: Cre6aox BeeBosron BoroguMupoBuYy — QOKTOP MEIUUYHUX HAYK, IIpodecop
KPUMIHAJICTUEH 1 cyqoBol Mmequninun, Hapomuuii ['epoit Yrpaiuu, 3aciaysxkenunii gikap Yrpainu (Kuis, Yxpaina)

Yiren pemakiiiinoi kosierii: Kynpisanosa Jlapuca CepriiBHa — kaHIugaT MeIUYHUX HAYK, TOIEHT KPUMi-
HaJIICTUKHU Ta CyIoBoi ekcrieprosiorii (Xapkis, Ykpaina)

Po3din «DPinocoghcoki nayrku»:
Unen pepaxiiiiinoi kosierii: Imbina Auromina AnarostiiBHa — qokTop (istocodchbkux HAyK, moreHT (Kuis,
Yxpaiua)

Excnepmu:
JIromenko Auapiit Muko/1aiioBUY — MPOBITHUN 1H:KEHEP-HOCTITHUK, apXiTeKTOP MOOIJIBHUX CHUCTEM,
€KCIIepPT y MIPOEKTYBaHHI MacIITaboBaHUX MOOLIBHUX Ta po3mnomijeHux cucrem, wieH IEEE, aBrop HaykoBo-
TeXHIUYHUX cTaTell y rairysi MobisibHOI apxiTekTypu Ta high-load mmardopm, MmaricTp IpUKIagqHOT MaTeMATUKA
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Hosocea Cepriit BoromuMmupoBuy — mifmpuemers y cepi eiekrporaol koMmepirii, 7-figure Amazon FBA
wholesale mpogaserrs, crapmuii wien eCommerce & Digital Marketing Association (ECDMA), aBTop KHurH
«Amazon Wholesale Advantage: Winning Playbook», crrikep miskHapomuux koudepenrrii (CIIIA, €spona, Jla-
THUHCBbKA AMepuKa)

Cuporenko Auapiii BoroguMupoBuY — IIpoBiTHIIH 1HKEHEP-TOCIIITHAK, €KCIIEPT 3 IHyCTPiaIbHOI aHa-
srituky 1 Mmetpostorii, wieH IEEE, aBrop BuHaxXoiB 1 HAYKOBUX Ipallb y TaIy3i KOHTPOJIIO IIPOMUCIIOBUX BUKUIIB
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BUSINESS MODEL TRANSFORMATION
OF AUTOMOTIVE DEALERS IN THE CONTEXT
OF ELECTRIFICATION, DIGITALIZATION, AND
OEM TRANSITION TO DIRECT SALES

UHAVYH IHhIWOHOX3

Summary. The automotive retail sector is undergoing structural change driven by three converging forces: the rapid growth
of battery-electric vehicle (BEV) adoption, the digitalization of the purchase journey, and the adoption of agency sales models
by original equipment manufacturers (OEMs). This paper examines how traditional franchised dealerships can reconfigure
their business models to remain commercially viable under these pressures. Using a systematic literature review, comparative
case analysis of European OEM agency model rollouts (BMW, Mercedes-Benz, Stellantis), and content analysis of industry
reports, the study identifies four strategic response pillars: EV service capability development, omnichannel retail integration,
data-driven revenue diversification, and agency model contractual adaptation. The analysis finds that dealers relying on new
vehicle sales margins for more than 40% of gross profit face the steepest exposure, while those with developed service and
parts operations possess a natural transition advantage. The paper proposes an Integrated Dealer Transformation Framework
that maps pressure vectors to concrete operational responses. Findings will be of interest to dealership operators, OEM retail

strategy teams, and automotive industry researchers.

Key words: automotive dealer, business model transformation, electrification, agency model, digitalization, OEM direct
sales, dealer franchise, EV aftersales, omnichannel retail, automotive value chain.

ntroduction. The franchised automotive dealer

has operated within a broadly stable institutional
framework for more than a century. Under the franchise
arrangement, an original equipment manufacturer
(OEM) grants territorial exclusivity to an independent
dealer, who purchases vehicle inventory at wholesale
prices and resells it to retail customers at a negotiated
margin. Service and parts revenue supplements this
transaction income, while financial products such as
insurance and financing represent a third revenue
layer. This model has proven resilient through multiple
demand cycles, regulatory changes, and technology
shifts. The current decade, however, combines three
simultaneous disruptions of unusual depth, and the
combination presents a transformation challenge that
incremental adjustment cannot resolve.

Global sales of battery-electric vehicles reached
13.96 million units in 2023 and are estimated at 17.1
million units for 2024, representing a penetration
rate of approximately 18% of new passenger car sales
worldwide [1]. Projections by the International Ener-
gy Agency indicate that BEVs could account for over

50% of new passenger car sales globally by 2035 under
stated policies [1]. This shift carries direct revenue
consequences for dealerships because BEVs require
substantially less scheduled maintenance than in-
ternal combustion engine (ICE) vehicles: fewer fluid
changes, no timing-belt replacements, and regener-
ative braking that extends brake-pad life. Research
synthesized by Pizzichini et al. [2] estimates that the
per-vehicle service revenue from a BEV is approxi-
mately 30 to 40% lower than from a comparable ICE
model over a five-year ownership cycle.

In parallel, OEMs in Europe have begun migrat-
ing from the franchise model to an agency model in
which the manufacturer retains vehicle ownership and
concludes the sales contract directly with the custom-
er. The dealer becomes a commission-earning agent
rather than an independent retailer. Mercedes-Benz
initiated this transition in Germany in 2023 and tar-
geted more than 50% of European volumes under the
agency model by end-2023 [3]. BMW Group launched
its agency model for the MINI brand in Italy, Poland,
and Sweden on January 1, 2024, with full BMW brand

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by [4.0/)



// Mi>knapofHuit HaykoBui xxypHan «lHTepHayka» // N2 9 (188), 2026

// EkoHomiuHi Hayku //

// 1SSN 2520-2057 (print), ISSN 2520-2065 (online) //

rollout scheduled for 2026 [4]. Stellantis has piloted
the agency model in Benelux and Austria and signaled
broader European adoption thereafter [5].

Digitalization adds a third dimension. Consumer
research conducted by McKinsey in 2023 found that
fewer than 3% of consumers complete a vehicle pur-
chase entirely online, yet 29% use digital channels for
the majority of the research and configuration phase
[6]. This hybrid pattern forces dealers to maintain
physical showrooms while investing in digital retail
capabilities, online finance tools, and data analytics
platforms.

Despite the attention these individual disruptions
receive in the practitioner and industry literature,
academic research examining how dealerships should
configure their business models in response to all three
forces simultaneously remains limited. Most published
work addresses electrification and dealer aftersales [2],
or digitalization and omnichannel retail [7], or OEM
direct sales models [8] as isolated phenomena. The
combined, systemic impact on dealer business model
design has not been subject to integrated analysis.

The present study addresses this gap. The re-
search objective is to identify and synthesize the
strategic options available to franchised automotive
dealers as they respond to concurrent electrification,
digitalization, and OEM agency model adoption, and to
propose a structured decision framework that organiz-
es these options around four operational pillars. The
scientific novelty of the study lies in the construction
of the Integrated Dealer Transformation Framework
(IDTF), which synthesizes three separate disruption
vectors into a unified strategic response model ground-
ed in published evidence and OEM case data. The
working hypothesis is that dealers who proactively
realign at least three of the four IDTF pillars before
2027 will achieve gross profit resilience superior to
dealers that pursue single-axis adaptations.

Materials and Methods. The study adopts
a mixed qualitative methodology combining system-
atic literature review, comparative case analysis, and
content analysis of industry documentation. This ap-
proach is appropriate for a research context in which
primary data collection from dealerships across multi-
ple national markets would be logistically prohibitive,
and where the theoretical foundations are still being
developed through ongoing empirical observation.

A systematic literature review was conducted
across three databases: Scopus, Web of Science, and
Google Scholar. Search terms included combinations
of “automotive dealer,” “dealership business model,”
“electrification retail,” “agency sales model,” “OEM
direct sales,” “EV aftersales,” and “automotive digita-
lization.” The search was restricted to publications to
ensure relevance to the current technological context.

The source base was classified into three functional
categories. Theoretical and empirical academic litera-
ture provided conceptual grounding in business model
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innovation theory [9], value chain reconfiguration [10],
and ecosystem dynamics in automotive manufactur-
ing [11]. Market data sources, primarily IEA, NADA,
and OICA publications, supplied the quantitative
evidence base for EV sales trajectories, service reve-
nue benchmarks, and dealer financial profiles. OEM
case documentation, including press releases, official
announcements, and analyst briefings from BMW
Group, Mercedes-Benz, and Stellantis, furnished the
empirical material for the comparative agency model
case analysis.

The comparative case analysis followed the logic of
structured focused comparison [12]. Three cases were
selected on the basis of having completed or publicly
committed to agency model rollouts within the 2022 to
2026 window: Mercedes-Benz Germany, BMW Group
MINI in selected European markets, and Stellantis
Benelux pilot. Cases were analyzed against a common
protocol covering: the timing and geography of the
transition, the commission rate structure offered to
dealers, the technology infrastructure requirements
imposed on dealers, and the publicly reported dealer
financial outcomes where available.

Content analysis of industry documentation fol-
lowed established protocols for analyzing strategic
planning documents [13]. Coding categories were
developed deductively from business model canvas
components (value proposition, customer segments,
revenue streams, key activities, key resources, cost
structure) and inductively from recurring themes in
the literature. Inter-coder reliability was assessed
against an independent review of 20% of the coded
documents, yielding a Cohen kappa of 0.78, which is
above the threshold of 0.70 accepted for qualitative
research.

The IDTF was constructed through an iterative syn-
thesis procedure. Initial framework components were
drafted from the literature review, then tested against
the three OEM case analyses. Where case evidence
supported a component, it was retained and refined;
where case evidence contradicted or qualified a compo-
nent, the framework was revised. The final framework
represents the product of three revision cycles.

Results and Discussion. The growth trajectory
of BEV adoption is the foundational context for dealer
transformation analysis. Figure 1 presents global EV
sales data for the period 2020 to 2024, compiled from
IEA Global EV Outlook publications. The compound
annual growth rate over this period exceeded 50 per-
cent, though growth moderated to approximately 22%
between 2023 and 2024 as early adopter markets ap-
proached saturation in premium segments.

For dealerships, the revenue implication of this
growth curve is not primarily from the new vehicle
transaction itself. Under the traditional franchise ar-
rangement, a dealer purchasing an ICE sedan gener-
ates aftersales revenue over approximately five to sev-
en years of ownership through oil changes, spark plug
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Fig. 1. Global electric vehicle sales, 2020—2024 (million units)
Source: compiled by the author based on [1]

replacement, transmission service, exhaust system
work, and cooling system maintenance. A BEV owner
of the same vehicle segment requires, on average, 35%
fewer scheduled maintenance visits during the same
ownership window, based on Consumer Reports lon-
gitudinal data cited in the EV aftersales analysis by
Ragini and Priya [14]. The total labor and parts reve-
nue loss per BEV sold relative to an ICE equivalent is
estimated at between USD1,200 and USD1,900 over
five years, depending on the dealership labor rate and
regional driving intensity.

This revenue exposure is not uniformly distributed
across the dealer population. Large metropolitan deal-
ers with high new vehicle sales volume and relatively
lean service operations are more exposed than rural
or semi-urban dealers whose gross profit structure al-
ready relies heavily on service and parts. BCG analysis
of US dealer financial profiles from its 2025 survey
found that dealers with service and parts contributing
more than 45% of total gross profit entered the current
disruption period with a materially stronger balance
sheet position than peers for whom new vehicle sales
margins exceeded 40% of gross profit [6].

Concurrently, BEV aftersales presents genuine
growth opportunities in categories that did not exist
at scale under the ICE paradigm. Battery diagnostic
and reconditioning services, software update facilita-
tion, charging infrastructure installation and mainte-
nance, and high-voltage system repairs require both
capital investment in tooling and significant upskilling
of technicians. The global EV aftermarket is projected
to grow from USD99.28 billion in 2024 to USD434.40
billion by 2032, a compound annual rate of 17.23%
[14]. Dealers that build these capabilities early will

capture a disproportionate share of a market segment
where independent workshops lack the certifications
and equipment to compete effectively.

The agency model represents a more direct struc-
tural threat to dealer economics than electrification,
because it redesigns the entire revenue mechanism
rather than changing one revenue line. Figure 2, pre-
sented later in this section, maps the value flow differ-
ences between the two models. Before examining spe-
cific OEM cases, it is useful to clarify the mechanism
by which the agency model alters dealer economics.

Under a traditional franchise arrangement, a deal-
er acquires vehicles at invoice price (with holdback
arrangements), holds them in inventory, and sells
them at a retail price negotiated with each customer.
The gross profit per vehicle is the difference between
these prices, minus floorplan financing costs. A skilled
finance and insurance manager can add USD1,500 to
USD2,500 in backend profit per transaction through
product attachment. The dealer carries the full de-
mand risk: unsold inventory incurs floorplan interest
costs and eventual markdown exposure.

Under the agency model, the OEM retains vehicle
ownership, sets a fixed retail price, and pays the dealer
a commission of typically 5 to 8% of the vehicle’s list
price at the point of delivery or completion of the facil-
itation role. Mercedes-Benz set its initial commission
at 6.5% for Germany [3]. BMW has indicated that its
commission structure will be calibrated to preserve
dealer profitability while varying according to the deal-
er’s prior performance, though specific percentages
have not been disclosed publicly [4]. The dealer avoids
inventory carrying costs and demand risk, but loses
the ability to negotiate above the standard commission

11
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Table 1

Comparative analysis of OEM agency model implementations in Europe (2023-2025)

Criterion Mercedes-Benz Germany | BMW Group / MINI Europe Stellantis Benelux / Austria
Rollout start January 2023 January 2024 (MINI, 3 markets) Pilot 2023
Commission rate 6.5% of list price (initial) Not publicly disclosed; Not publicly disclosed

performance-linked

OEM price Fixed nationwide pricing Fixed nationwide pricing Fixed nationwide pricing
control
Dealer IT re- Integrated digital retail sys- | BMW Group unified IT platform | Pilot-specific system; broader roll-
quirements tem; CRM migration required out pending

Dealer resistance
level

Moderate; legal challenges in
some markets

Low; all European retailers
signed MINI contracts pre-

Moderate; timeline delays reported

launch

Status (as of
early 2025)

Over 100,000 direct sales
completed via agency by
mid-2025; Spain delayed to
late 2026

MINTI rollout extended to
Germany October 2024; BMW
brand from 2026

Broader European adoption
signaled; premium brands (Alfa
Romeo, Lancia) prioritized

Source: compiled by the author based on [3; 4; 5]

and loses the F&I attachment opportunity for products
the OEM does not include in its digital sales flow.
Table 1 provides a structured comparison of the
three principal European OEM agency model imple-
mentations examined in this study. The comparison
covers rollout scope, commission structure, technology
requirements imposed on dealers, and the degree of
dealer resistance encountered during implementation.
The case comparison reveals three significant pat-
terns. First, the implementation speed is slower than
originally announced for all three OEMs. Mercedes-
Benz has postponed Spain to late 2026, having

FRANCHISE MODEL

OEM
(manufacturer)

B

Wholesale price
v P

Dealer
(buys inventory, bears risk)

Retail price

N
J

Customer
(negotiates price)

-
.

v Transaction outcome
s N
Dealer economics

Profit = margin
(variable, negotiated)

originally targeted early 2024 [5]. This slippage sug-
gests that the operational requirements, particularly
uniform IT integration across dealer networks, are
more demanding than initial projections indicated.
Second, the dealer acceptance rate varies by the qual-
ity and specificity of the commission communication.
BMW MINI achieved full European retailer sign-on
before launch by being transparent about the tran-
sition logic and commission calculation methodology
[4]. Mercedes encountered more friction in markets
where commission structures were perceived as am-
biguous. Third, the agency model has not yet delivered
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Fig. 2. Franchise vs. agency model: value flow comparison
Source: compiled by the author based on [3; 4; 8]
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unambiguous financial improvements for dealers in
any of the three cases. The Mercedes-Benz Germa-
ny experience by mid-2025 demonstrates transaction
volumes consistent with agency operation, but dealer-
level profitability outcomes have not been published
in peer-reviewed form.

Figure 2 below illustrates the structural differ-
ence in value flow between the two models. Under the
franchise arrangement, pricing discretion generates
variable dealer profit, while under the agency model,
income predictability increases but the income ceiling
falls for high-performing sales staff.

The third pressure vector, digitalization of the pur-
chase journey, does not threaten dealer existence in the
way the agency model does, but it substantially chang-
es the cost structure and skill requirements of retail
operations. The evidence from McKinsey consumer
surveys indicates that while full online purchases re-
main marginal (under 3% of transactions in 2023), dig-
ital touchpoints now influence over 70% of new vehicle
purchase decisions before the first showroom visit [6].
This means that a dealer who lacks a functional digital
lead management system, online finance qualification
tools, and integrated inventory visibility is already
operating at a disadvantage in lead conversion.

More than 72% of dealerships in the United States
reported increased demand for digital tools to support
omnichannel vehicle sales and customer relationship
management, according to NADA data cited by Busi-
ness Research Insights [15]. The adoption rate for
dealer management system (DMS) upgrades capable
of supporting omnichannel workflows, however, is sig-
nificantly lower, with the US Small Business Adminis-
tration reporting that approximately 44% of small and
medium dealerships cite high implementation costs as
a primary barrier to DMS adoption [15].

The EY aftersales advisory framework identifies
online service scheduling, real-time vehicle status
updates, and personalized maintenance offer deliv-
ery through CRM platforms as the three digital ca-
pabilities with the clearest return on investment for
dealers operating in competitive urban markets [16].
These are not expensive to implement individually, but
they require backend system integration that smaller

dealership groups consistently find challenging. The
paper recommends that OEMs treat DMS integra-
tion support as a direct investment in agency model
success, because digital capability shortfalls in the
dealer network undermine the seamless omnichannel
experience that the agency model’s fixed pricing is
designed to deliver.

Table 2 presents a structured assessment of the
four digitalization capability dimensions that the pres-
ent study identified as most critical to dealer com-
petitiveness, mapped against their implementation
complexity, capital intensity, and return on investment
horizon.

The revenue structure transformation required
by the combined disruption is substantial. Figure 3
presents a schematic comparison of a representative
traditional dealer revenue profile circa 2019 against
a projected profile for 2030. The projection assumes
full agency model adoption for new vehicle sales, 40%
BEYV penetration in the new vehicle mix, and moderate
digitalization investment.

The projection in Figure 3 illustrates several direc-
tional shifts that are relevant to strategic planning.
New vehicle sales margins, which constituted approx-
imately 38% of gross profit in the traditional profile,
compressed to approximately 18% under the agency
commission model. F&I and subscription products
maintain roughly equivalent gross profit contributions
because the agency model does not eliminate dealer
ability to sell third-party insurance, service contracts,
or mobility subscriptions; it only relocates the vehicle
transaction. Service and parts grow from 28% to 35%
both because BEV-specific services create new cate-
gories and because dealers redirect investment from
inventory management to service bay capacity. A new
category, digital services (data analytics, telematics
resale, content subscriptions), accounts for a projected
12% contribution by 2030 for dealers that invest in
data infrastructure during the transition period.

These projections rest on several assumptions that
management teams should treat with appropriate
qualification. The 40% BEV penetration rate is con-
sistent with IEA stated policy scenarios for Western
European markets but is subject to policy revision and

Table 2
Digital capability assessment for automotive dealers
Digital Capability " Complesity | Intensity | - (years, |  Beneficiary

Online finance pre-qualification Low-Medium Low 1-2 New vehicle sales
Digital service scheduling + status tracking Low Low 1-2 Service department
CRM-driven personalized offer delivery Medium Medium 2-3 Sales + aftersales
Integrated DMS with OEM digital platform High High 3-5 Whole dealership
Real-time inventory visibility across chan- Medium Medium 2-4 Used vehicle + new
nels sales
Al-assisted lead response (after-hours) Low-Medium Low 1-2 New vehicle sales

Source: compiled by the author based on [6; 15; 16]
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Fig. 3. Dealer revenue structure: traditional (2019) vs. projected (2030)
Source: compiled by the author based on [6; 17; 18]

infrastructure development timelines [1]. The agency
commission rate of 18% contribution assumes an av-
erage commission of approximately 7% on new vehi-
cles with a modest reduction in transaction volume,
which is directionally consistent with Mercedes-Benz
early data [3]. The digital services category is the most
speculative component; the revenue realization de-
pends on dealers securing data licensing agreements
with OEMs, a commercial relationship that is still
being negotiated across the industry.

The Integrated Dealer Transformation Framework
(IDTF) proposed in this study organizes the required
response actions around four pillars that address the
four most consequential change dimensions identified
through the literature review and case analysis. Figure
4 presents the framework structure.

Pillar 1, EV service capability development, ad-
dresses the service revenue gap through proactive
certification of technicians in high-voltage systems,
acquisition of battery diagnostic equipment, and

Electrification
Pressure

Digitalization
Pressure

OEM Direct
Sales Pressure

3

J

4

Dealer Business Model Transformation

v v

v v

Pillar 1 Pillar 2
EV Service Omnichannel
Capability Retail

Pillar 3 Pillar 4
Data-Driven Agency Model
Revenue Adaptation

! !

! !

Outcome: Resilient, Profitable, Customer-Centric Dealership

Fig. 4. Integrated dealer transformation framework: pressure vectors and strategic response pillars
Source: compiled by the author based on [1; 6; 8; 20]
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partnership with charging infrastructure vendors.
Research by Pizzichini et al. [2] identifies a skills gap
of approximately 24% in current dealer technician
workforces when assessed against the competency re-
quirements for full BEV service capability, a figure
that implies material training investment for most
dealership groups.

Pillar 2, omnichannel retail integration, address-
es the digitalization pressure. The priority sequence
recommended by this study is: first, online service
scheduling (low cost, rapid ROI, customer-visible); sec-
ond, Al-assisted after-hours lead response (low cost,
addresses McKinsey finding that 37% of after-hours
leads receive no response within one hour [6]); third,
integrated DMS upgrade (high cost, but necessary
foundation for agency model compliance).

Pillar 3, data-driven revenue diversification, ad-
dresses the gross profit compression from both electri-
fication and the agency model by developing new rev-
enue streams. Subscription-based maintenance plans
provide revenue predictability and reduce the episodic
nature of service revenue. CRM-driven targeted offer
delivery increases service attachment rates. Telematics
data curation, where commercially permissible under
OEM agreements, represents a longer-term revenue
opportunity tied to vehicle data monetization.

Pillar 4, agency model contractual adaptation,
addresses the most direct financial change. It in-
volves three specific recommendations: negotiating
performance-based commission supplements within
the OEM contract framework; converting former sales
staff roles to customer experience and consultative
advisory functions that command a service fee under
the agency arrangement; and restructuring variable
compensation for sales teams around customer satis-
faction metrics and multi-product attachment rather
than per-vehicle gross profit.

Table 3 summarizes the four IDTF pillars with
their corresponding implementation actions, timeline
estimates, and measurable key performance indicators
that dealership management teams can use to track
progress.

The IDTF is descriptive in its structure but norma-
tive in its application. Based on the case evidence and
literature synthesis, the study offers the following rec-
ommendations for dealership operators planning trans-
formation initiatives over the 2025 to 2030 window.

First, the sequencing of pillar implementation mat-
ters. Pillar 2 (omnichannel integration) should begin
first because digital capability is a precondition for
operating within the OEM agency system and because
the ROI horizon is shortest. Pillar 1 (EV service capa-
bility) should begin no later than 2026 to position the
dealership for BEV fleet growth in the 2027 to 2030
service cycle. Pillars 3 and 4 can be developed in paral-
lel from 2026 onward, with Pillar 4 timed to the specific
OEM agency model rollout date in each market.

Second, the risk profile of the transition differs by
dealership size. Large metropolitan dealers with mul-
tiple franchises and diversified revenue already benefit
from internal cross-subsidization. The independent
single-franchise rural dealer faces a starker trade-off:
the capital required for DMS integration, EV tooling,
and technician certification may approach USD500,000
to USD800,000 over five years based on industry cost
estimates, while the revenue base to amortize this
investment is narrower. This study recommends that
OEMs develop tiered implementation support pack-
ages specifically for small and independent dealers,
covering financing assistance for DMS integration and
subsidized technician training, because the failure of
small dealers to complete the transition creates cus-
tomer service gaps in lower-density markets that OEM
direct channels cannot fill cost-effectively.

Table 3
Integrated dealer transformation framework: pillars, actions, and KPIs
Pillar Primary Focus Key Implementation Actions KPIs
P1: EV Service | Retain service rev- | HV technician certification; battery | % BEV-certified technicians; EV service
Capability enue in BEV-domi- diagnostic investment; charging |revenue per BEV in fleet; battery diagnos-

nant fleet

partner agreements; dedicated EV
service lanes

tic throughput per month

P2: Omnichan-
nel Integration

Capture digital-
influenced leads;
OEM agency system

Online scheduling deployment; Al
lead response tools; DMS upgrade;
integrated inventory display

Lead response time (target: under 30
min); digital service bookings as % of
total; DMS integration status

compliance
P3: Data- Diversify gross profit Subscription maintenance plan Subscription plan penetration rate; ser-
Driven Reve- away from vehicle | launch; CRM offer automation; F&I | vice retention rate; F&I gross per retail
nue transaction margin | product mix review for EV context; unit; customer lifetime value estimate
telematics partnership exploration
P4: Agency Protect profitabil- Commission supplement nego- Commission per unit vs. prior gross per
Model Adapta- ity under fixed- tiation; sales staff role redesign; unit; customer experience score; multi-
tion commission struc- | variable pay restructuring; delivery | product attachment rate; staff retention
ture experience investment rate

Source: compiled by the author based on [3; 6; 8; 16; 19]
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Third, the study identifies a gap in current busi-
ness model innovation literature regarding the dealer
as a data intermediary. Academic research on auto-
motive ecosystem governance [10] and mobility busi-
ness model transformation [7] addresses data mon-
etization at the OEM level but does not address the
conditions under which a dealer could negotiate and
capture value from aggregated local customer data.
Given the emergence of connected vehicle platforms
that generate real-time usage data, there is an un-
tapped commercial architecture in which dealers, as
the primary customer relationship holder in many
local markets, could serve as licensed data curators.
Developing this architecture requires both contractual
frameworks between OEMs and dealer networks and
potentially a regulatory clarification of data ownership
rights under existing automotive consumer protection
legislation in Europe.

Fourth, the workforce implications of the IDTF
have not been adequately addressed in the industry
literature. The transition from a sales-commission in-
centive structure to a customer experience and service
advisory model requires a fundamental change in tal-
ent acquisition criteria and training investment. Deal-
ers that begin this reorientation in 2025 to 2026 will
have three to four years to develop a revised workforce
culture before the agency model becomes universal in
European markets. Those that defer will face a com-
pressed talent transformation timeline that coincides
with peak business model disruption.

Conclusion. This study examined the transfor-
mation of the franchised automotive dealer business
model under three simultaneous disruptions: the
electrification of the vehicle fleet, the digitalization
of the purchase journey, and the OEM transition to
agency direct sales models. The research objective was
to identify the strategic options available to dealers
and to propose a structured decision framework. Both
objectives have been achieved.

The systematic review of 20 sources and the compar-
ative case analysis of Mercedes-Benz Germany, BMW
Group MINI, and Stellantis Benelux agency implemen-
tations confirm that the agency model reduces dealer

per-vehicle gross profit from transaction negotiation
but increases income predictability. The electrification
trend reduces ICE aftersales revenue by an estimated
30 to 40% per vehicle over five years but opens new
service categories in BEV diagnostics, charging infra-
structure, and high-voltage systems whose addressable
market is growing at approximately 17% annually. Dig-
italization raises the cost of customer acquisition and
retention for dealers that do not invest in omnichannel
infrastructure while reducing it for those that do.

The Integrated Dealer Transformation Framework
proposed in Section 3 organizes the required dealer
response around four pillars: EV service capability de-
velopment, omnichannel retail integration, data-driven
revenue diversification, and agency model contractual
adaptation. The framework is intended as a practical
planning tool rather than a theoretical model, and it
is grounded in the evidence base of the case analyses
rather than in theoretical assumptions alone.

The study’s practical significance extends to three
groups. Dealership operators will find in the IDTF
a structured checklist for prioritizing transformation
investments. OEM retail strategy teams will find in
the agency model case comparison a clear account of
where implementation friction originates and why
tiered support for smaller dealers is commercially ra-
tional for the OEM as well as the dealer. Automotive
industry researchers will find in the data intermedi-
ary gap identified in Section 3.5 a productive avenue
for future empirical work, particularly regarding the
contractual and regulatory preconditions for dealer
participation in connected vehicle data ecosystems.

The primary limitation of the study is its reliance
on secondary data. Dealer-level financial outcome data
for the agency model cases are not yet available in
peer-reviewed form, and the three cases represent the
European premium segment rather than the full diver-
sity of global dealer markets. Future research should
collect primary financial data from dealers operating
in agency model markets over a three to five year lon-
gitudinal horizon to test whether the IDTF pillars
deliver the gross profit resilience that the working
hypothesis predicts.

HJOIJATKOBA IHOOPMALIA
DOIHAHCYBAHHS: ABropu He 0TpUMYBAJIH (DiHAHCYBAHHSA [IJIA I[bOTO JOCITIKEHHS.
3ASABA ITPO JOCTYIIHICTD JAHUX: He 3acTocOoByeTHCA.
KOH®JIIKT THTEPECIB: ABTopu 3asABIATH IIPO BiCYTHICTh KOHQJIIKTY iHTEPECIB.
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A DATA-ORIENTED PERFORMANCE MANAGEMENT
MODEL FOR A CONSTRUCTION ENTERPRISE:
LINKING PROCESS OPTIMIZATION, INDIVIDUAL
PERSONNEL EFFICIENCY, WORK QUALITY,
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Summary. The construction industry remains one of the slowest-growing major sectors in productivity terms: global con-
struction labor productivity improved by only 0.4% annually between 2000 and 2022, compared with 2.0% for the total econo-
my [15]. This paper examines the structural relationship between data-oriented management practices, workforce performance,
construction quality control, and enterprise profitability. The study combines a structured literature review, comparative anal-
ysis of published sector statistics, case-study synthesis, and author-developed conceptual modeling. The resulting four-layer
performance management model treats traceable data flows as the connective mechanism among process control, personnel
performance, quality management, and financial decision-making. Evidence from Kazakhstan, the Asia-Pacific region, Ukraine,
and the United States is used to illustrate the model’s components. The reviewed evidence supports associations between more
structured measurement, quality-management practices, and improved operational or financial outcomes, but it does not es-
tablish a universal causal effect size. The framework is intended for mid-size and owner-led construction enterprises seeking a

scalable performance-management architecture that can be tested empirically in future research.
Key words: construction performance management, data-driven decision-making, labor productivity, quality management,
key performance indicators, process optimization, financial discipline, profitability, reinvestment strategy, owner-led enterprise.

ntroduction. The global construction market

reached US$11.39 trillion in 2024 and is projected
to expand to US$16.11 trillion by 2030 [7]. Yet output
growth coexists with a persistent productivity problem.
Mischke et al. [15] report that global construction pro-
ductivity improved by only 0.4% annually between 2000
and 2022, compared with 2.0% for the total economy. In
the United States, the latest BLS construction-industry
measures show marked variation even within resi-
dential construction: single-family labor productivity
increased by 6.1% in 2024, whereas multiple-family
residential productivity declined by 12.8% [22]. This
divergence illustrates why sector-level averages can
conceal materially different performance trajectories
across subsectors.

The more actionable management issue is not sim-
ply whether firms possess digital tools, but whether
data are captured consistently, integrated across func-
tions, and converted into timely decisions. In a 2024
study of 933 construction and engineering business-
es in the Asia-Pacific region, Autodesk and Deloitte

18

Access Economics [3] reported that each additional
digital technology used was associated with 1.4 per-
centage points higher annual revenue growth and 1.0
percentage point higher annual profit growth. These
are associations rather than causal estimates, but they
demonstrate the financial relevance of digital maturi-
ty. The RICS Construction Productivity Report 2026,
based on responses from nearly 3,000 professionals
across five regions, likewise documents fragmented
productivity definitions, low benchmark adoption of
only 5%-16%, and substantial differences in measure-
ment frequency; respondents rated workforce skills as
the strongest productivity lever across regions [19].
Together, these findings point to measurement dis-
cipline, workforce capability, and data integration as
complementary management priorities.

Scholarly attention to construction performance
management has expanded substantially. Abdelha-
meed et al. [1] identified 7,358 Scopus-indexed re-
cords on construction project performance published
between 1989 and 2023 and retained 276 publications
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Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by /4.0/)



// International scientific journal “Internauka” // N2 9 (188), 2026

// ISSN 2520-2057 (print), ISSN 2520-2065 (online) /

// Economic sciences //

for scientometric and qualitative analysis, document-
ing exponential growth in the field. At the project level,
Ibrahim et al. [11] argue that conventional financially
oriented measurement is insufficient and should be
complemented by non-financial performance mea-
sures. At the productivity level, the umbrella review
by Gutierrez-Bucheli et al. [10], which synthesized 46
reviews published between 2013 and 2025, highlights
persistent inconsistency in terminology and measure-
ment and calls for standardized, lifecycle-oriented
metrics. A gap therefore remains in translating these
strands into an operational framework that links pro-
cess, personnel, quality, and financial data in a form
usable by mid-size and owner-led firms.

The present study addresses that gap. The research
objective is to analyze the structural links among pro-
cess optimization, individual employee performance,
quality management, and enterprise profitability in
the construction sector, and to propose a data-oriented
management model that formalizes those links as an
actionable management instrument. The scientific
novelty of the study lies in the original synthesis of
a four-layer performance management framework that
treats continuous data flows as the connective tissue
among process, personnel, quality, and financial do-
mains in construction enterprises.

The working hypothesis is that construction en-
terprises with consistent performance-data collection,
structured quality management, and explicit capital-
allocation rules will exhibit more stable long-run op-
erational and financial performance than comparable
firms without those practices. Because the present
study is a synthesis and conceptual-modeling exercise
rather than a longitudinal firm-level test, the hypoth-
esis is evaluated for consistency with the reviewed
evidence rather than treated as causally confirmed.

The study has three principal limitations. First,
the review emphasizes English-language publications
and therefore may underrepresent evidence from non-
Anglophone regions. Second, the empirical material
is drawn from published studies and sector reports
rather than primary fieldwork, which limits the com-
parability and granularity of firm-level observations.
Third, the proposed four-layer model and the reinvest-
ment extension are conceptual; their causal pathways,
threshold values, and effect sizes require prospective
validation. These limitations are material to inter-
pretation and are reflected in the cautious wording of
the conclusions.

The findings are relevant to construction enterprise
owners and managers, project commissioners, inves-
tors, and researchers working at the intersection of op-
erations management and organizational performance.
The United States provides a useful scale reference:
construction spending exceeded US$2 trillion in 2024,
while sector employment reached 8.3 million in July
2024, above the previous 2006 peak of 7.7 million [14].
At this scale, management systems that improve the

traceability of process, quality, workforce, and finan-
cial information have practical significance even when
their firm-level causal effects remain to be established.

Materials and Methods. The methodology of
this study combines four complementary approaches:
a systematic literature review, comparative analysis
of sector statistics, case-study synthesis, and author-
developed conceptual modeling. Together, these ap-
proaches allow the study to triangulate between the-
oretical frameworks, quantitative sector data, and
practice-based evidence.

A structured search of Scopus and Web of Science
was conducted using combinations of the terms “con-
struction performance management,” “data-driven con-
struction,” “construction labor productivity,” “construc-
tion key performance indicators,” “quality management
construction profitability,” and “process optimization
construction.” The academic search focused on English-
language peer-reviewed journal articles and conference
proceedings published from 2020 through 2026. Full
texts were retrieved from publisher platforms including
SpringerLink, the ASCE Library, MDPI, Emerald, Tay-
lor & Francis, Elsevier, and IOP. Authoritative indus-
try and government reports were included selectively
when they supplied sector statistics or benchmarking
evidence not available in the academic corpus; these
sources were treated as contextual evidence rather
than substitutes for peer-reviewed research.

The PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) logic guided
screening and selection. The initial search and de-
duplication process produced 312 candidate items;
relevance, date, language, publication type, and direct
connection to the study’s four core constructs were
then assessed, resulting in a final evidence corpus of
22 sources used in the article. Each retained source
was coded by research method, geographic scope, per-
formance dimension, and type of measurement or data
instrument. Because the study combines academic
and authoritative gray literature, claims are report-
ed with attention to the evidentiary strength of the
underlying source.

Quantitative sector statistics were taken from
sources with transparent methodology and identifi-
able publication records. The U.S. Bureau of Labor
Statistics [22] provides construction labor-productivity
measures through 2024. Meisels et al. [14] provide
U.S. construction output, spending, and employment
indicators for 2024, while Deloitte [7] provides the
global construction-market size and 2030 projection.
Mischke et al. [15] are used for the global 2000-2022
productivity comparison and construction return-on-
invested-capital trend. The RICS [19] report is used
for cross-regional evidence on productivity definitions,
measurement frequency, benchmarking, and perceived
productivity drivers. Autodesk and Deloitte Access
Economics [3] provide the digital-adoption benchmark
used in the introductory and implementation analyses.
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Three publications provide particularly direct an-
chors for the model. Cheirkhanova et al. [5] analyze
2023 financial and operational data from 23 Kazakh-
stani construction companies using regression, mul-
tivariate analysis, and clustering to examine relation-
ships among quality-management variables, sales,
profitability, and customer satisfaction. Gutierrez-
Bucheli et al. [10] synthesize 46 construction-
productivity reviews and identify standardization,
lifecycle measurement, and dashboard-based bench-
marking as major needs. Breuling et al. [4] develop 14
application-specific KPIs for data-based construction
project management and describe their potential for
digital tracking of site status and optimization oppor-
tunities, while noting the need for further validation.
These studies are supplemented by the wider review
corpus in the comparisons and implementation recom-
mendations that follow.

The four-layer data-oriented performance manage-
ment model was developed by inductively organizing
recurring constructs in the reviewed literature into
a sequential decision architecture. The model layers
are: data inputs; process optimization and workforce
performance; integrated KPI analytics; and manage-
ment decision output. The architecture is intended to
make the provenance of each KPI visible from source
data through management action. The separate rein-
vestment cycle introduced later is an author-developed
extension intended to connect operational performance
with capital-allocation discipline. It is presented as
a testable managerial proposition, not as an empiri-
cally validated causal model.

Results and Discussion. Across the reviewed
literature, low construction productivity is associated

with several interacting constraints rather than a sin-
gle root cause. These include workforce skills, logistics
and coordination, rework, inconsistent measurement,
and delayed feedback [2; 19). The management impli-
cation is that performance systems should capture both
outcome measures and the operational conditions that
precede them. Retrospective reporting of cost overruns,
schedule delays, or defect totals remains useful for ac-
countability, but it is less useful for intervention when
the underlying event has already propagated through
the project. This distinction motivates the model’s em-
phasis on traceable, higher-frequency data flows.

Fig. 1 uses the latest BLS residential construction
measures to illustrate the heterogeneity hidden by
aggregate construction statistics. In 2024, labor pro-
ductivity increased by 6.1% in single-family residential
construction as output rose by 5.9% and hours worked
were essentially unchanged (—0.1%). In multiple-family
residential construction, labor productivity declined
by 12.8% as output fell by 12.2% while hours worked
increased by 0.7% [22]. The opposing directions within
closely related subsectors support the use of disag-
gregated performance measures rather than a single
sector-wide productivity signal.

The U.S. contrast sits within a wider structural
productivity gap. Mischke et al. [15] report that global
construction productivity improved by only 10% in
total, or 0.4% annually, between 2000 and 2022, com-
pared with 50% in the total economy, or 2.0% annually.
RICS [19] shows why cross-firm comparison remains
difficult: no single productivity definition reaches 30%
adoption in any surveyed region, and external bench-
mark use ranges from 5% to 16%. The same RICS sur-
vey identifies workforce skills as the only productivity

+6.1%

Labor productivity change (%)

__10 .

=15

-12.8%

Single-family residential

Multiple-family residential

Fig. 1. U.S. Residential Construction Labor Productivity Change in 2024
Source: compiled by the author based on [22]
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constraint rated as high impact across all five regions.
These findings suggest that data governance must be
developed alongside workforce and site-management
capability rather than treated as a technology-only
intervention.

The financial context reinforces the need to connect
operational measures with economic outcomes. Meisels
et al. [14] report that U.S. construction nominal val-
ue added increased by 10% and gross output by 12%
in 2024. At the same time, Mischke et al. [15] show
that post-tax return on invested capital for construc-
tion companies and raw-material suppliers decreased
by 0.5 percentage points globally between 2008 and
2023, whereas product suppliers gained 9.2 percentage
points. Rising output can therefore coexist with pres-
sure on capital returns. A performance-management
system should consequently show how schedule, pro-
ductivity, and quality deviations flow through to mar-
gin and capital-allocation decisions.

The principal contribution of this paper is the
four-layer data-oriented performance management
model shown in Fig. 2. The model is presented as
a data-flow architecture rather than an organiza-
tional chart. Its design premise is that site-level

measurements become more useful when they can be
traced through process, workforce, quality, and finan-
cial domains to an explicit management response. The
framework therefore emphasizes vertical traceability
from operational data to decision-making and horizon-
tal integration across performance domains.

Layer 1 (Data Inputs) captures five primary
streams: project cost and schedule tracking, worker or
crew output and time records, defect and rework logs,
client-satisfaction feedback, and financial statements
and cash-flow data. The purpose is not to maximize
data volume, but to establish ownership, frequency,
and traceability for each stream. Murguia et al. [16]
demonstrate the practical value of a data-to-dashboard
strategy that aligns metrics, digital tools, and analy-
ses, while also identifying multi-source integration
and conversion of information into decisions as im-
plementation challenges. Gutierrez-Bucheli et al. [10]
similarly emphasize the need for standardized mea-
surement frameworks that enable comparison across
projects and the broader value chain.

Layer 2 (Process Optimization and Workforce Per-
formance) receives Layer 1 data and applies them
in two parallel tracks. Process optimization uses
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Fig. 2. Data-Oriented Performance Management Model for a Construction Enterprise
Source: compiled by the author based on [4; 10; 16; 5]
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standardized workflow information and, where appro-
priate, Lean- or BIM-enabled monitoring to identify
recurring bottlenecks and deviations. The workforce
track uses task-appropriate worker- or crew-level indi-
cators to identify training, coordination, or allocation
needs without assuming that every construction activ-
ity can be fairly attributed to an individual. Breuling
et al. [4] developed 14 application-specific KPIs for
data-based construction project management and ar-
gue that such KPIs can support digital tracking of site
status, weak points, and optimization potential; the
authors also note that further validation is required.
The proposed model therefore treats KPI-based work-
force feedback as a management mechanism whose
effectiveness must be verified in implementation.

Layer 3 (Integrated KPI Analytics Dashboard)
consolidates the data streams into a compact set of
indicators: schedule variance (SV), cost performance
index (CPI), defect density or rework rate, labor pro-
ductivity, and net profit margin. The exact dashboard
composition can vary by project type. Ibrahim et al.
[11] emphasize that financial measures alone are in-
sufficient for construction performance assessment and
should be complemented by non-financial indicators,
while Abdelhameed et al. [1] show the centrality of
KPI-based performance assessment in the broader
construction-project-performance literature. The de-
sign rule in this model is therefore traceability: every
dashboard measure should be linked to an identifiable
source stream and to a defined management response
when a threshold is crossed.

Layer 4 (Management Decision Engine) converts
monitored deviations into documented management

responses. It combines alert thresholds, root-cause
investigation, and scenario analysis so that managers
can examine the operational and financial implica-
tions of a proposed intervention before committing
resources. This layer is likely to be organizationally
demanding because it requires clear decision rights,
data ownership, and response protocols. The model
does not require a single automated platform; its es-
sential requirement is a traceable link between a KPI
deviation, the diagnostic process, the selected action,
and subsequent performance review.

Performance management is weakened when KPIs
are read in isolation. A cost-performance deteriora-
tion may reflect rework, skills, logistics, coordination,
scheduling, or other operating conditions rather than
a purely financial cause. Cross-domain analysis is
therefore used here to generate plausible upstream ex-
planations before management selects an intervention.

Fig. 3 presents the author-developed KPI Interac-
tion Matrix as a structured diagnostic map across the
four core performance domains. The 16 cells include
four within-domain feedback relationships and twelve
cross-domain links. The matrix is intended to help
managers generate and test candidate upstream ex-
planations for an observed deviation; it does not assign
causal probabilities or estimate effect sizes.

The matrix should be interpreted as a conceptual
map of management pathways rather than as an esti-
mated causal network. Quality can influence financial
performance through failure and rework costs, while
workforce capability can affect both process reliabil-
ity and quality outcomes. Shafiei et al. [20], using
a system-dynamics case model, show that additional

Process Workforce Quality Financial
Optimization Performance Management Performance
Process Workflow feedback Work design shapes Process deviations may Schedule/cost variance
Optimization and standardization measured output precede defects affects project economics
Workforce Skill/coordination data Task/crew performance Training/experience are Labor productivity affects
Performance informs workflow review feedback candidate quality drivers cost exposure
Quality Rework data flags Defect patterns inform COQ and defect Failure costs affect
Management process bottlenecks training review monitoring margin
Financial Budget constraints shape | Training/resources depend | Quality investment depends Margin and capital-
Performance process investment on allocation on allocation allocation review

Fig. 3. Proposed KPI Interaction Matrix for Construction Enterprise Performance Management
Source: compiled by the author based on [9; 5; 20; 4]
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training and more experienced labor can reduce fail-
ure costs while increasing prevention costs, with an
overall reduction in cost of quality under the modeled
conditions. Assaad et al. [2] independently rank errors,
omissions, rework, inadequate training, and insuffi-
cient coordination among the most important adverse
labor-productivity factors in offsite construction. The
matrix formalizes these cross-domain relationships
so that managers can trace a KPI deviation upstream
before selecting an intervention.

Cheirkhanova et al. [5] provide construction-specific
empirical evidence for the quality-finance linkage.
Their analysis of 23 Kazakhstani construction com-
panies reports statistically significant relationships
between quality-management variables and sales per-
formance; the study identifies customer satisfaction,
product profitability, and the economic efficiency of the
QMS as important positive predictors, while emphasiz-
ing that quality-related expenditure must be optimized
rather than increased indiscriminately. This evidence
supports the model’s decision to connect quality indi-
cators to financial outcomes, but it does not by itself
establish the magnitude or direction of every pathway
shown in the KPI Interaction Matrix.

Table 1 presents an ideal-typical comparison of
three performance-management configurations syn-
thesized from the reviewed literature. The categories
are analytical constructs rather than mutually exclu-
sive industry classes, and the entries should not be
read as estimated performance effects. The comparison
focuses on data granularity, feedback cadence, KPI
scope, workforce visibility, financial linkage, and im-
plementation burden — the dimensions most directly
related to the proposed model’s architecture.

The principal distinction in Table 1 is architec-
tural. Retrospective reporting is primarily designed
for periodic accountability, whereas integrated KPI
systems are designed to shorten the interval between

observation and response and to make operational-
financial linkages explicit. Murguia et al. [16] illus-
trate the value and difficulty of moving from dispersed
digital measurements to a coherent dashboard, and
Breuling et al. [4] show how application-specific KPIs
can make site status and weak points visible. The
proposed model extends this logic by requiring each
operational metric to have a documented data source
and a management response, while treating capital
allocation as a separate, explicit decision rule rath-
er than as an assumed consequence of better project
performance.

Construction labor productivity is shaped by het-
erogeneous and interacting factors, which makes in-
dividual performance difficult to isolate from task de-
sign, logistics, coordination, and site conditions. Qi et
al. [18] extracted 591 construction labor-productivity
articles published between 1973 and 2023 and used
hierarchical topic modeling to demonstrate the breadth
and fragmentation of the research domain. For man-
agement purposes, this means that worker-level indica-
tors should be used only where attribution is technical-
ly and organizationally defensible; otherwise, crew- or
task-level measures may provide a more valid basis
for intervention.

Table 2 summarizes evidence that can be translat-
ed into measurable interventions within the proposed
model. The table deliberately distinguishes observed
findings from proposed management responses so that
the model does not convert measurement studies or
context-specific cases into unsupported universal ef-
fect claims.

The evidence in Table 2 supports two design choic-
es. First, productivity measurement should include
upstream conditions such as skills, logistics, rework,
and coordination rather than only output per labor
hour. Second, digital monitoring should be treat-
ed as measurement infrastructure, not as proof of

Table 1

Ideal-Typical Comparison of Construction Performance Management Configurations

Retrospective

Criterion Reporting

Project-Level KPI Track-
ing

Data-Oriented Integrated Model
(Proposed)

Data granularity | Aggregated project or firm

Project-level data with limited

Project-, process-, crew/worker-, quali-

completion outcomes

data disaggregation ty-, and finance-linked data where valid
Feedback ca- Monthly or quarterly Periodic project-control cycle | Higher-frequency updates with defined
dence reporting exception thresholds
KPI scope Primarily financial and Cost, schedule, and selected Cost, schedule, quality, productivity/

quality indicators

workforce context, and margin

Workforce visi- Indirect or limited

Mostly team/project level

Worker-, crew-, or task-level only where

bility attribution is valid
Financial link- Project accounting sep- Financial review tied to proj- | Operational KPIs linked to margin and
age arated from operating ect control explicit capital-allocation decisions
feedback
Implementation Low Moderate Moderate to high; depends on data inte-
burden gration and governance maturity

Source: author synthesis based on [11; 16; 4; 5]
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productivity improvement. Jacobsen et al. [12], for
example, achieved 90% activity-classification accuracy
and an F1 score of 0.876 in a kinematic monitoring
study, demonstrating the technical feasibility of auto-
mated work sampling; the study does not claim that
the monitoring system itself raises labor productiv-
ity. This distinction is important when translating
research prototypes into management KPIs.

Assaad et al. [2] provide a useful empirical bench-
mark for the workforce layer. Based on 100 completed
industry survey responses and 20 labor-productivity
risk factors in offsite construction, the five highest-
priority adverse factors were unskilled labor and im-
proper training, poor logistics, errors/omissions/rework,
work-area congestion and overcrowding, and insuf-
ficient coordination. Eighty percent of the assessed
factors fell into the high-overall-risk cluster. These
findings support a performance system that combines
labor-output measures with training, logistics, rework,
and coordination data instead of interpreting low out-
put as an individual-worker problem by default.

Quality management in construction is better treat-
ed as an economic optimization problem than as a com-
pliance cost alone. The Cost-of-Quality (COQ) frame-
work separates conformance costs, such as prevention
and appraisal, from failure costs, such as rework and
warranty-related losses. Shafiei et al. [20] model these
categories as an interrelated system and show in a con-
struction case simulation that greater training and
labor experience can increase prevention expenditure

while reducing failure costs and total COQ. The impli-
cation is not that prevention spending always produces
a fixed return, but that the balance between prevention
and failure costs should be measured explicitly.

Cheirkhanova et al. [5] reinforce this cost-benefit
perspective with firm-level data. Their regression and
multivariate analysis of 23 Kazakhstani construction
companies links QMS-related variables with sales,
profitability, and customer satisfaction and shows
that the economic efficiency of the QMS is financially
relevant. The study also cautions against poorly opti-
mized quality expenditure. For the proposed model,
the practical requirement is therefore to combine de-
fect or rework indicators with a COQ account so that
management can distinguish productive prevention
expenditure from cost growth that does not generate
commensurate performance benefits.

A systematic review by Sharma and Laishram [21]
further shows that construction COQ implementation
is hindered by inconsistent and insufficiently measur-
able cost factors. Their PRISMA-based review synthe-
sizes the literature into a structured COQ framework
and argues for clearer quantitative classification of
quality costs. Embedding a COQ module in Layer 2
and linking it to margin indicators in Layer 3 address-
es this measurement gap without implying that one
universal optimal COQ ratio applies across projects.

The proposed framework includes an explicit
capital-allocation extension because operational gains
do not automatically translate into durable enterprise

Table 2
Published Evidence on Labor Productivity and Corresponding Model Implications
E";‘:z:ce Published finding Evidence base Model implication
Skills and |Unskilled labor and improper training|Assaad et al. (2023): 100 |Layer 2 should connect productiv-
training were the highest-priority adverse pro-|completed survey respons- |ity deviations with training and
ductivity factor. es; offsite construction. skill data before assigning individ-
ual accountability.

Logistics, |Poor logistics, errors/omissions/rework, | Assaad et al. (2023): rank- | Layer 1 should capture rework and
rework, coor- | and insufficient coordination were among | ing of 20 labor-productivity | coordination events; Layer 2 should

dination the five highest-priority adverse factors. |risk factors. use them in root-cause analysis.
Workforce |In the reported COVID-19 case, adding | Corral et al. (2023): multi- | Use scheduling analytics as deci-
scheduling |employees increased extra-hours cost by | objective scheduling mod- | sion support; do not generalize the

up to 104.25%, illustrating material cost
sensitivity to scheduling choices.

el; context-specific case.

case percentage as a universal ef-
fect size.

Data-to-dash-

Digital measurement can improve the

Murguia et al. (2022):

Layers 1-3 should use common

site tracking

developed to support data-based project
management and digital tracking of site
status and weak points.

construction KPI frame-
work; further validation
required.

board mea- |timeliness and organization of perfor-|construction data-to-dash- |definitions, ownership, and data
surement | mance information, but multi-source data | board strategy. provenance.
integration remains a practical challenge.
Kinematic |Best activity-recognition model achieved | Jacobsen et al. (2023):|Layer 1 may automate work sam-
work mea- |90% accuracy and F1 = 0.876 for auto-|sensor-based study of con-|pling where justified; measure-
surement |mated work sampling. struction work activities. |ment accuracy is not equivalent to
a productivity gain.
KPI-based |Fourteen application-specific KPIs were | Breuling et al. (2025):|Layers 2-3 can use application-

specific KPIs, with local validation
before performance incentives are
attached.

Source: author synthesis based on [2; 6; 16; 12; 4]
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value. The literature reviewed here provides evidence
on financial management and real-estate development
outcomes, but it does not directly validate a universal
reinvestment cycle for owner-led construction firms.
The cycle in Fig. 4 is therefore presented as an author-
developed governance mechanism: a firm defines in
advance how a portion of distributable profit may be
retained for productive assets or business capability
after liquidity, debt-service, tax, and project-risk re-
quirements are satisfied.

Fig. 4 presents this reinvestment mechanism as
a closed management loop. Quality execution and cost
control protect project economics; retained earnings
create investment capacity; selected productive assets
or business capabilities can generate future cash flows;
and the resulting cash flows may support further re-
investment. The model is deliberately non-numeric
because appropriate allocation rates depend on firm
risk, leverage, liquidity, market conditions, and invest-
ment opportunity. Its empirical value should be tested
using longitudinal firm-level data rather than inferred
from illustrative percentages.

The available literature offers partial support for
the components of this extension, but not for the full
cycle as a causal mechanism. Geltner et al. [8] identify
a positive relationship between REIT valuation indi-
cators and the share of development assets, showing

that development activity can be connected to firm
value under specific real-estate market conditions.
Majaham et al. [13] identify financial management,
project-management competency, and human-resource
capability among the internal determinants of con-
struction-firm growth. These findings justify treating
capital allocation and organizational capability as
management variables, while remaining insufficient
to prescribe a fixed reinvestment percentage.

For implementation, the reinvestment rule should
be defined as a governance process rather than a target
return assumption. Management can establish a hier-
archy in which operating liquidity, committed project
obligations, taxes, and prudent debt service are funded
first; only residual distributable cash is then consid-
ered for reinvestment. Candidate investments should
be evaluated using the same data discipline as project
operations — documented cash-flow expectations, down-
side scenarios, decision thresholds, and post-investment
review. This preserves the conceptual link between oper-
ational performance and capital allocation without intro-
ducing unsupported market-value or return estimates.

Evidence from volatile construction markets re-
inforces the importance of disciplined financial man-
agement, while also underscoring the need for caution
in causal interpretation. Prokopenko and José [17]
examine financial statements from ten Ukrainian

Quality Execution

& Cost Control

Financial Governance

& Risk Controls

Future Cash-Flow

Generation

Traceable
Decision Loop

Retained Earnings

& Investment Capacity

Productive Assets /
Business Capability

Fig. 4. Illustrative Profit Reinvestment Cycle for a Construction Enterprise
Source: conceptual synthesis informed by [8; 13; 17]
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construction companies over 2019-2023 and discuss
revenue growth, profitability, cost management, and
operational efficiency as components of financial-
potential management. Majaham et al. [13] similar-
ly identify financial management as a core internal
growth factor. In the present model, these findings
support formalizing capital-allocation controls at the
management-decision layer; whether systematic rein-
vestment improves long-run firm performance is re-
tained as a proposition for future longitudinal testing.

Based on the evidence synthesis, four implementa-
tion recommendations follow. They are presented as
sequenced management practices rather than guaran-
teed performance interventions, because the reviewed
studies vary substantially in context, measurement,
and research design.

Recommendation 1: Begin with the data inventory,
not the dashboard. Before purchasing analytics soft-
ware, the firm should document which Layer 1 streams
are captured, who owns each stream, how frequently it
is updated, and how data quality is checked. Low-cost
digital logs, standardized defect records, structured cli-
ent feedback, and consistent financial coding can create
a usable baseline before more sophisticated analytics
are introduced. This sequence is consistent with the da-
ta-to-dashboard logic described by Murguia et al. [16].

Recommendation 2: Match performance account-
ability to the level at which work can be validly mea-
sured. Where individual task output is observable and
comparable, worker-level indicators can support target-
ed training and feedback. Where work is interdepen-
dent, crew- or task-level metrics are more defensible.
Assaad et al. [2] show that training, logistics, rework,

congestion, and coordination are major productivity
risks, so a fair workforce dashboard should make these
contextual factors visible rather than attributing every
variance to the worker.

Recommendation 3: Formalize a COQ account within
the management accounting system. Prevention and ap-
praisal costs should be distinguishable from internal and
external failure costs, allowing managers to test whether
additional quality expenditure is reducing total quality-
related cost. Shafiei et al. [20] and Sharma and Laish-
ram [21] provide the conceptual basis for this separation,
while Cheirkhanova et al. [5] demonstrate the relevance
of QMS economics to construction-firm performance.

Recommendation 4: Treat reinvestment as a pre-de-
fined governance rule subject to liquidity and risk con-
straints. Rather than selecting an arbitrary percentage
after profit is reported, management should specify the
decision hierarchy, eligibility criteria for investment,
approval thresholds, and conditions under which cash
must be retained. This recommendation is an author-
developed extension of the performance model and
should be evaluated prospectively; it is not presented
as a benchmark established by the cited literature.

Table 3 translates the conceptual model into
a phased implementation roadmap. The timelines are
indicative planning windows rather than empirically
estimated durations, and the expected outcomes are
operational milestones rather than unsupported fore-
casts of percentage improvement.

The roadmap reflects a recurring finding in the
digital-construction literature: technology adoption
is useful only when measurement practices, organi-
zational routines, and decision processes develop with

Table 3
Implementation Roadmap for the Data-Oriented Performance Management Model
Phase Indlca!;lve Key Actions Data Requirements Expecte'd Operational
Duration Milestone
Phase 1: Data 0-3 months |Audit data gaps; deploy ba-|Five Layer 1 streams:|Documented data owners,
Infrastructure sic digital logging; assign |cost/schedule, output/|update frequencies, defini-
data ownership and valida- | time, defect/rework, sat- | tions, and baseline KPI val-
tion rules isfaction, financial ues
Phase 2: KPI 3-6 months |ConFig. core KPIs; define | Validated Layer 1 out- |Recurring KPI review with
Dashboard thresholds; train managers | puts feeding dashboard | traceable exceptions and docu-
to investigate exceptions indicators mented management actions
Phase 3: Work- | 6-12 months |Add worker-, crew-, or|Disaggregated output|Performance feedback uses

force Integration

task-level views where at-
tribution is valid; connect
deviations to training, logis-
tics, and rework

plus contextual work-
force/process data

both output and root-cause
context; attribution rules
are documented

Phase 4: Quality
and Financial
Integration

12-24 months

Formalize COQ account;
connect quality indicators
to margin; define capital-
allocation governance

COQ categories, mar-
gin trend, liquidity and
reinvestment  decision
records

Quality costs are separately
visible and capital-allocation
decisions follow explicit ap-
proval criteria

Phase 5: System | 24+ months |Run scenario reviews;

Optimization benchmark externally; re-
calibrate thresholds and
definitions

Layers 1-3 plus validat-
ed external benchmarks

Annual model review with
documented revisions,
benchmark comparisons,
and data-quality checks

Source: author synthesis based on [16; 2; 4; 20; 5]
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it. Autodesk and Deloitte Access Economics [3] report
statistically significant associations between broader
digital-tool use and revenue/profit growth in a sur-
vey of 933 Asia-Pacific construction and engineering
businesses, while Murguia et al. [16] emphasize the
challenge of integrating multiple data sources into
decision-ready dashboards. Breuling et al. [4] like-
wise frame KPIs as instruments for data-based project
control rather than as outcomes in themselves. The
phased sequence therefore starts with data ownership
and baseline measurement, then adds dashboards,
workforce integration, COQ and capital-allocation
rules, and finally recurring model review.

The framework’s most distinctive element is the ex-
plicit connection between operational measurement and
capital allocation. Existing performance frameworks
commonly end at project or firm financial indicators,
whereas the proposed decision layer asks what manage-
ment should do with the resulting financial capacity.
The evidence reviewed from Prokopenko and José [17],
Majaham et al. [13], and Geltner et al. [8] supports the
relevance of financial management and investment de-
cisions, but it does not prove the proposed reinvestment
loop. Accordingly, the reinvestment component should
be understood as a testable extension whose value lies
in making the decision rule visible and auditable.

Conclusion. This paper investigated the structural
relationships among process optimization, individu-
al workforce performance, quality management, and
enterprise profitability in the construction sector, and
proposed an original four-layer data-oriented perfor-
mance management model that formalizes those re-
lationships as an actionable management framework.

The evidence is consistent with, but does not caus-
ally confirm, the study’s working hypothesis. Mischke
et al. [15] document a long-run construction productiv-
ity gap and pressure on construction-company returns;
RICS [19] demonstrates fragmented measurement and
low benchmark use; Cheirkhanova et al. [5] provide
firm-level evidence that QMS-related variables are
associated with sales and profitability; and Autodesk
and Deloitte Access Economics [3] report positive

associations between digital-tool adoption and finan-
cial growth indicators. Taken together, these sourc-
es justify a management architecture that connects
operational data, quality, workforce conditions, and
financial decisions, while leaving the magnitude of
firm-level performance effects for prospective testing.

The research objective — to analyze structural links
among process, personnel, quality, and financial do-
mains and translate them into an integrated manage-
ment model — was addressed through three author-
developed instruments: the four-layer data-oriented
performance model, the KPI Interaction Matrix, and
the illustrative Profit Reinvestment Cycle. The first
two organize measurement and feedback pathways
supported by the reviewed literature; the third extends
the framework into capital-allocation governance and
is explicitly identified as a proposition requiring lon-
gitudinal validation.

The practical significance of the work lies in its
modularity. A construction enterprise can begin with
a small number of traceable data streams and grad-
ually add KPI integration, workforce feedback, COQ
accounting, and capital-allocation controls as data
quality and management capability improve. This is
particularly relevant in large and competitive markets
such as the United States, where construction spend-
ing exceeded US$2 trillion and employment reached
8.3 million in 2024 [14]. The framework does not re-
quire a single software platform; it requires consistent
definitions, ownership, traceability, and decision rules.

Future research should prospectively test the
proposed model in defined firm-size and geograph-
ic settings, compare worker-, crew-, and project-level
measurement validity, and develop standardized in-
struments for the five Layer 1 data streams. Longitu-
dinal studies should estimate whether changes in feed-
back frequency, COQ visibility, and capital-allocation
discipline produce measurable effects on productivity,
quality, margin stability, and asset growth. Such stud-
ies are also needed to determine whether the proposed
pathways hold across different construction subsectors
and macroeconomic conditions.

JOJATKOBA IHDOOPMAI[IA
DOIHAHCYBAHHS: ABTopu He 0TPUMYBAJIH (PiHAHCYBAHHA [JIA I[HOTO JOCITIKEeHHS.
3AABA IIPO JOCTYIIHICTBb TAHMX: He 3acTocoByeThes.
KOH®JIIKT IHTEPECIB: ABropu 3asB/IAI0OTH PO BiICYTHICTH KOHQJIIKTY 1HTEPECIB.
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®OPMYBAHHSA CUCTEMU NOKA3HUKIB
OLIHIOBAHHA EOEKTUBHOCTI BUKOPUCTAHHS
CYUYACHUX TEXHOOTIN Y PECTOPAHHOMY
bISHECI YKPAIHU

FORMATION OF A SYSTEM OF INDICATORS
FOR TECHNOLOGY EFFICIENCY IN
THE RESTAURANT BUSINESS

AHoOTauif. Y CTaTTi goCnigxKeHo TeopeTnyHi Ta MPAaKTUYHI 3acagy PopmMyBaHHS CUCTEMU MOKA3HMKIB OLiHIOBAHHS eeKTyB-
HOCTi BUKOPUCTAHHS! Cy4aCHUX TeXHOJI02il y pecTopaHHoMy 6i3Heci YkpdiHu. OOFpyHTOBaHO HeobXigHICTb nepexogy Big ouiHio-
BAHHS OKpemux pe3y/ibTaTiB LMPPOoBi3aLii go KOMMNAEKCHO20 Migxogy, Kuii gae 3Mo_y BU3HAYMTH BII/IMB TEXHOMO02IYHMX PilLieHb
Ha (iHaHCOBI, OrepavifiHi, MapKeTUH20BI, KIIEHTCbKI Ta Op2aHi3aviiiHi pe3yabTaTy gisIbHOCTI MignpuemMcTBa. [[POaHaNi30BaHo
OCHOBHI HAMPsIMK TexHOI02i4HOI TpaHcopmawii pectopaHHoz20 bi3Hecy, 30kpema BUKOPUCTAHHS POS-cuctem, CRM-cuctem,
cMCTeM YnpasaiHHS 3aNacamu, OHAAMH-3aMOB/IEHHS Ta OPOHIOBAHHS, LMPPOBUX MeHI0, Npo2Pam 0sIbHOCTI, Bl-aHanituky,
MOOINbHMX 3ACTOCYHKIB, WTYYHOR0 iHTeNeKTy Ta aBTOMATM30BAHMX CUCTeM yNPABAiHHS. 3anpONOHOBAHO CUCTEMY MOKA3HMKIB
OLiHIOBAHHSI eQeKTUBHOCTI Cy4aCHNX TeXHOM02ik, CHOPMOBAHY 3a MATbMA PYHKLiIOHAAbHUMY BAOKAaMU: PIHAHCOBA ePekTuB-
HICTb, OrepavifiHa epeKTUBHICTb, MAPKETUH20BA TA K/TIEHTCbKA eeKTUBHICTb, epeKTUBHICTb YrpaB/iHHS PECypcamm Ta UMPpo-
BA OP20HI3ALifiHa eeKTUBHICTb. BU3HAYeHO MeToguuHuMiA nigxig go po3paxyHKy iHTe2panbHO20 NOKA3HUKA epeKTMBHOCTI Tex-
HO/102i3aLii pecTOpaHHo20 nigrnpuemctad. ObfPYHTOBAHO GOLiIbHICTb BUKOPUCTAHHS MOKA3HMKIB ROI, TCO, mpupocTy BUPYYKH,
NPOgyKTUBHOCTI NMPaLi, CepegHb0o20 Yekd, YacTOTH MOBTOPHMUX MOKYIOK, PIBHA XAPYOBMX BTPAT, TOYHOCTI MPO2HO3YBAHHSA MOMM-
Ty, WBMUGKOCTi 06C/1y20BYBAHHS T PIBHS LIMPPOBOI 3a/1y4eHOCTI KIEHTIB. 3anPONOHOBAHA CUCTEMA MOXeE BUKOPUCTOBYBATUCS
KepiBHUKaMU PeCTOPAHHUX MigNPUEMCTB g/t OOfDYHTYBAHHS IHBECTULLN y LIMPPOBI TEXHO/I02i, KOHTPOJIO Pe3y/ibTATMBHOCTI iX
BUKOPUCTAHHSA TA NPUAHATTA YNIPABAIHCbKMX PillieHb.

Kntouosi cnoBa: pectoparHuii bisHec, umngposizavis, Lundposi TexHooeii, apTomaTnaauis, edektusHicTb, KPI, POS-cucte-
ma, CRM, ungposa TpaHcopmadis, iHTeepanbHUi NoKAa3HMK, YpasaiHHS PECTOPAHOM.

Summary. The article examines the theoretical and practical foundations for developing a system of indicators to assess the
efficiency of modern technologies in the restaurant business of Ukraine. The necessity of shifting from the assessment of indi-
vidual digitalization outcomes to a comprehensive approach is substantiated, which makes it possible to determine the impact
of technological solutions on the financial, operational, marketing, customer, and organizational performance of an enterprise.
The main areas of technological transformation in the restaurant business are analyzed, including the use of POS systems,
CRM systems, inventory management systems, online ordering and booking services, digital menus, loyalty programs, business
intelligence analytics, mobile applications, artificial intelligence, and automated management systems. A system of indicators
for assessing the efficiency of modern technologies is proposed, structured into five functional blocks: financial efficiency, op-
erational efficiency, marketing and customer efficiency, resource management efficiency, and digital organizational efficiency. A
methodological approach to calculating an integral indicator of the technological efficiency of a restaurant enterprise is devel-
oped. The expediency of using such indicators as ROI, TCO, revenue growth, labor productivity, average check, repeat purchase

@ ® Copyright © The Author(s). This is an open access article distributed under the terms of the
P~ Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by [4.0/)
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rate, food waste level, demand forecasting accuracy, service speed, and customer digital engagement is substantiated. The
proposed system can be used by restaurant managers to justify investments in digital technologies, monitor the effectiveness of
their implementation and use, and support managerial decision-making.

Key words: restaurant business, digitalization, digital technologies, automation, efficiency, KPI, POS system, CRM system,
digital transformation, integral indicator, restaurant management.

yYacHUM pecTopaHHMUIl 6i3Hec (DYHKITIOHY€E B yMO-

BaX BUCOKOI KOHKYPEHIIil, HecTa01JIbHOT0 IOIIUTY,
3MIiHU CTIOXKUBUUX MOjIeJieli, 3pOCTAHHA BAPTOCTI pe-
CyPCiB Ta HEOOXIJHOCTI ITOCTIAHOTO ITiABUIIIEHHA AKO-
cTi o6csyroByBaHHA. [IJ1A mianpreMcTB pECTOPAHHOTO
rocriofiapcTsa YKpaiHnu 3a3HavueHi BUKJIMKU JOOATKOBO
TMOCUJTIOIOTHCA HACIIIKAaMU BOCHHUX [Iili, TIepedoaMu
B €JIEKTPOIIOCTAYaHHI, JIOTICTUIHUMU 00MEKeHHAMH,
mediUToM MepPCoOHAILY Ta HeoOXiaHICTIO 3a6e3TeueHHA
0e3IepepBHOCTI OIIePAaITiiHOI JiIAJIBHOCTI.

3a Takux yMOB TE€XHOJIOTIUHA MOAepHisallisa pec-
TOpaHHOTo Oi3Hecy cTae He JIUIEe IHCTPYMEHTOM IIifl-
BUIIIEHHA KOHKYPEHTOCIPOMOYKHOCTI, & ¥ BaYKJINBOIO
mepeayMoBoI0 3a6e3eueHHss eKOHOMIUHOI CTiHKOCTI
mignpuemcrBa. L{udposi TexHOIIOTIT JAI0TH MOKIIUBICTE
aBTOMAaTU3yBaTU 3HAUHY KiJIbKICTB OIleparriii, CKOpOTH-
TH Yac BUKOHAHHA PYyTUHHUX MPOIEAYP, ITiABUIIIUTH
TOUHICTB 00JIIKY, OIITTUMi3yBaTH BUKOPUCTAHHA MaTepi-
aJBHUX PecypciB Ta chopMyBaTH AKiCHO HOBUI (hopmar
B3aeMoil 31 CIIOKHBaAUYaMU.

CyuacHi OoCIIiIKeHHA YEPATHCbKHUX HAYKOBI[IB
Hpo6axa II.A., 3axaposa T.B., Pu6akora C.C., Mu-
ponoB [I. A. migTBepmKYOTh, 110 iIHQOPMAIliiiHI Tex-
HOJIOT11 y pecTopaHHOMY 6i3HeCi CHPUAIOTH MiABUIIEH-
HIO OIIEPATUBHOCTI yIPaBIiHHA, CKOPOUEHHIO BUTPAT,
MOKPAIIeHHI0 KOHTPOJII0 HAJ I0X0IaMU 1 BUTpaTaMu
Ta TIJABUIIEHHI0 eeKTUBHOCTI 00MiHY iH(pOpPMAIIieo
MUK CTPYKTYPHUMH ITiAPO3aiJIaMy HiIIIPUEMCTBA.

Bogrouac came 110 €061 mpuabaHHA IIPOTPAMHOTO
3abesneueHHA, 00IagHaHHA ab0 BIIPOBAIKeHHA -
POBOTO CepBicy IIfe He 03HAYAE ITIIBUIIEHHA e(eKTUB-
HOCTI mignpueMcTBa. TeXHOJIOTIYHI IHBeCTUIIT TOBUH-
Hi OI[IHIOBATUCA 3 TTO3UIlI1 OTPUMAHOT0 €KOHOMIUHOTO
Ta yIpaBJIiHCbKOT0 pesysbrary. Hampukiazg, BCTaHOB-
nenHa POS-cucremu Moike TpUCKOPUTH 0(DOPMITEHHA
3aMOBJIEHD [8], ajte AKIIO MiAIIPUEMCTBO He BUKOPUCTO-
By€ HAKOITMYEHI JaHi /1A yIIPaBIiHHA MEH0, IIepCOHA-
JioM i 3BamacaMu, 3HaUHA YaCTUHA TMOTEHIIay TeXHO-
JIoTii 3aJIMIIIA€THCA HEBUKOPUCTAHOIO.

IIpoGiiema moJsisirae B TOMY, 10 TPAIUIIIHI TTOKA3-
HUKHW JiAJIBHOCTI PECTOPAHY — BUPYYKA, IIPUOYTOK,
peHTabeIbHICTb, C00iBapTICTh, CEPeqHill UeK Ta KiJib-
KICTBh BiIBifyBauiB — He 3aBKIU JAIOTh 3MOTY BU3HA-
uuTH O6esrnocepenHiii e(peKT Bii BUKOPUCTAHHSA KOH-
KpeTHOI TexXHoJIoril. ¥ 3B'A3Ky 3 [[UM BUHHUKAE IMoTpeda
y hopMyBaHHI KOMILJIEKCHOI CHCTEMU TTOKA3HUKIB, AKa
I03BOJIATHME OI[IHIOBATU HEe TLIBKN (PIHAHCOBHUU pe-
3yJILTAT, a 1 oIepalfiiidi, MAPKETHUHTOBI, KJI1€HTChKI
Ta oprauisariiini epexru 1udpopisarrii.

MerToro cTarTi € OGI'PyHTYBAHHA CUCTEMU II0KA3-
HUKIB OI[IHIOBAHHA e(PeKTUBHOCTI BUKOPUCTAHHSA
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CyJacHHUX TEXHOJIOTIH y pecTopaHHOMY GisHecl YKpaiHu
Ta po3po0JIeHHA METOOUUHOTO MigXoay no ¢hopMyBaH-
HA 1HTerpaJIbHOI OI[IHKK TEeXHOJIOTYHOI e(peKTUBHOCTI
TiITPHUEMCTBA.

Hudposa Tpanchopmariis pecropaHHoro O6isHECY
nepenbadae He IPOCTO BUKOPUCTAHHA OKPEMUX IIPO-
rpaMHUX IIPOAYKTIB, a mepebyaoBy 0idHec-IpoIleciB
Ha 0CHOBI JaHUX, aBToMaTHU3allii Ta IudpoBoi B3aeMo-
il 3 KJIleHTaMMU.

CyuacHi TexHOJIOTII MOXKYTh OyTH iHTErpoBaHI
IIPAKTHUYHO B YCi OCHOBHI (PyHKITIOHAIBHI chepu pec-
TOPAHHOTO IIAIIPHUEMCTBA: 3aKyMHiBJIi, CKJIAACHLKUN 00-
JIiK, BUPOOHUIITBO, 00CIIyrOByBaHHA, IIPOJaKi, Mapke-
TUHT, (PiIHAHCOBUH KOHTPOJIb, YIIPABIIHHA TIEPCOHATIOM
Ta B3a€MOII0 3 KJII€HTaMU.

o 0CHOBHUX TEXHOJIOTIYHUX PillleHb, III0 BUKO-
PUCTOBYIOTHCA B PECTOPAHHOMY 0i3Heci, HaJIeXKaTh:

1. POS-cucremu — aBToMaTu3aIia MpoaakKis,
oopMIIEHHA 3aMOBJIEHB, PO3PAXYHKIB Ta (popMyBaHHA
YIOpaBJIiHCBHKOI 3BiTHOCTI [8].

2. CRM-cucreMu — HAKOIIMUYEHHA iH(popMAaLiii Ipo
KJIIEHTIB, CETMEHTAIliA ayINTOpii, HepCoOHAITI3aIliA Ipo-
HOBUIIH Ta yOPaBJIiHHA IporpaMamu JIOAIbHOCTI [7].

3. Cucremu yupasiIiHHA 3anlacaMy — aBTOMATH3a-
ITisl KOHTPOJIIO 3aJTUIIKIB, 3aKyIIiBeJib, CIIMCAHb TA BU-
KOPUCTaHHA CUPOBUHU.

4. CucremMu oHJIAH-3aMOBJIEHD 1 JOCTABKA — 3a0€e3-
IedYeHHA (P POBOro KaHAILY IIpoaakiB 0e3 Gesrmoceper-
HBOTO BiABIIYBAHHSA PECTOPaHY.

5. Cucremu oHJIAHH-OPOHIOBAHHA — ABTOMATHU3AIIIA
pe3epBYBaHHA CTOJIMKIB Ta yIPABIIIHHA 3aBaHTAKEH-
HAM 3aJTy.

6. ITudposi mento Ta QR-MeH0 — HATAHHSA KITIEHTY
iH(opMAaIlil TPO ACOPTUMEHT, CKJIAJ] TA BAPTICTH CTPAB
y g posomy dopmari [3].

7. Mob6isibHI 3acTOCYHKN — (DOPMYBAHHA IIPAMO-
ro Mu(POBOro KaHAJIy KOMYHIKAIlil Mi’K pecTopaHoM
Ta KJIIEHTOM.

8. Bl-cucremu Ta aHaJniTHYHI ILIATHOPME — IIEpe-
TBOPEHHS OlIepaIlifiHuX JaHuX Ha iHdopMalio s
OPUHHATTA YIPABIIIHCHKUX pimieHs [1].

9. IIlTyyHwuii iHTEJIEKT — OPOTHO3YBAHHA IOIIUTY,
TepCcoOHAaJTi3aIlid MapKeTUHTOBUX TPOMO3UILiil, aBTO-
MaTu3aIlisg KOMYHIKAIIN Ta MiITPUMEA YIIPABIIiHCHKUX
pimress [4].

10. ABromMaTn3oBaHe 06JIaJHAHHA — aBTOMATU3AIllA
BUPOOHUYUX 1 CEPBICHUX OIIePAaIliii.

HayxoBi mociimxeHHA BKasyiTh [5], 1110 aBToMA-
TH3aIlid PecTOPaHHUX IIPOIleciB MoKe 3abe3reuyBaTu
OiIBUIEHHA HATIMHOCTI OIlepaliii, EKOHOMiI0 pecypciB
Ta 3pOCTaHHA MPOLYKTUBHOCTI. BomHouac TexHOI0TIUHI
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pillieHHs MoTPeOyoTh SHAYHUX IIEPBUHHUX 1HBECTHIIII,
a ToMY iX BIPOBaKeHHSA [IOBUHHO CYTPOBOYKYBATHUCS
€KOHOMIUHOIO OI[IHKOIO.

Oco06sIMBO BaXKJIMBUM € TIepexif Bif (hparmMeHTapHOL
nudposisarlii 1o iHTerpoBaHoi cucteMu. Bukopucranaa
MEKUIBKOX He3aJIeKHUX TeXHOJIOTii 6e3 HaJIeKHOol iHTe-
rparfii Moske IIPU3BECTH 0 AyO0JIFOBaHHA 1H(pOopMAIiii, I1o-
SABU [OJATKOBUX OIepAIliii Ta YCKIaaHeHHA KOHTPOJIIO [6].

Omxe, eDeKTUBHICTD TEXHOJIOTINT BU3HAYAETHCA
He KUJTBKICTI0 BCTAHOBJIEHUX ITPOTPAM UM 00JIaHAHHA,
a 3IaTHICTIO (P POBOI CHCTEMU CTBOPIOBATH JOTATKOBY
IIHHICTD AJIA TiAIIPUEMCTBA Ta MO0 KJIi€HTIB.

EdexruBHicTs BUKOPUCTAHHA TEXHOJIOTIH y pec-
TOpaHHOMY 0i3HeCI JOIIJIBHO PO3IJIAIATH AK CITiBBII-
HOIIIEHHA OTPUMAaHOTr0 Pe3yJIbTaTy Ta pecypciB, BUKO-
PUCTaHUX [JIA CTBOPEHHA I[bOTO PE3YJILTATY.

¥ maiinpocrinoMy BATIIAMI eeKTUBHICTD MOXKe OyTHh
mpefcTaBieHa (popMyIoko:

E=P/B,
ne: E — eeKTUBHICTh BUKOPUCTAHHA TEXHOJIOTII,
P — oTrpuMmanuii pesysbrar,;

(D

B — BuTpaTy Ha BIPOBAKEHHS Ta eKCILIyaTaIliio
TEXHOJIOTI.

Opuak [Jis1 pecToOpaHHoTo 0idHecy Takoi (opMyJIu
HemocTaTHho. Pegysbrar 1miudposisariii mae 6araToBu-
MipHUI Xapakrep.

Hampurmang, CRM-cucrema Moxke He 3a0e3MeUUTH
6e31mocepeqHLOT0 CKOPOUEHHA BUTPAT, aJie ITiABUIIUTH
YacToTy IMOBTOPHUX ITOKYIIOK Ta cepenHiil uek. POS-cu-
cTeMa MOsKe He 301/IBIINTH BUPYUKY 6e3IocepenHb0, Of-
HAK CKOPOTUTH KLIBKICTh TIOMUJIOK TIEPCOHAITY Ta IIPU-
ckopuTu o6¢cyroByBanusa. CrucreMa mMpPOTrHO3YBAHHS
IIOIUTY MOKe He BIUIMHYTH Ha 00CAT IIPOJAXKiB, aje
3MEHIIIUTHU Xap4YoBi BTPATU Ta 00CAT CIIUCAHB.

IIpomroHyeThbcA BUAIIUTH ITATH OCHOBHUX OJIOKIiB
OITIHIOBAHHSA:

1. ®inanHcoBa e(eKTUBHICTD, AKA BimoOpakae 0es-
TmocepenHiii eKOHOMIUHUM pe3ysIbTaT BUKOPUCTAHHSA
TEXHOJIOTII.

2. Onepariiiina e(peKTUBHICTD, KA XapaKTepusye
3MIiHHU IIBUIKOCTI, TPOAYKTUBHOCTI Ta AKOCTI BUKOHAH-
HA 6i3Hec-IIPOIIECiB.

Tabnuys 1

CucreMa OKa3HUKIB OIiHIOBAHHA €(DEKTHBHOCTI BHKOPHUCTAHHS CYYACHHUX TEXHOJIOTIH

y pecropaHHoMy GizHeci
Biiok oniHIOBaHHSA Iloxkazauk Meron po3paxyHKy XapakTepucTuka
dinancoBuit ROI rexnostorii (JomarkoBuit mpubyTok — BuTpaTu | OKyIIHICTh TEXHOJIONIYHUX iHBEC-
Ha TexHoJIori0) / BuTparu x 100% TUIINA
TCO IlepBuHHI + MOTOYHI + CYIIyTHI BUTPATH | 3arajibHa BAPTICTh BOJIOIIHHSA
ITpupicT Bupyuru (Bupyuka micjisa — BUpyUKa 10) / BUPYU- | SMiHA JOXOILY
ka 0o x 100%
ITpupict npubytky | (IIpuGyTox micsig — npubyTok qo) / mpu- | 3MiHa GiHAHCOBOTO Pe3yJILTATY
6yTok 1o x 100%
Omneparmiiinuit Yac o6cayroByBanHa | CepenHiii uac BukoHaHHA 3aMoByieHHA | [IIBunkicTs cepBicy
IIponyxruBHicTh nipatti | Bupyuka / kisibKicTh mpaliBHUKIB PesynpratuBHicTb II€pCOHATY
Yacrra aBromarusoBa- | ABromarn3oBaHi omepariii / saraibaa | PiBenb aBromaTusarrii
HUX OIlepalrii KiIBKicTh X 100%
KinekicTs momMuiiok Kinpkicrs moMmuiikoBux orepariii / 3a- | AxicTs mporieciB
rajgbHa KiJIBKICTh
Pecypcunit Pisenn ciucanb Bapricts ciucans / 3akymisii x 100% | EdexkTuBHICTE BUKOPUCTAHHSA CH-
pPOBUHU
O6opoTHicts 3amacie | CobiBapricTh peasisatii / cepeni 3a- | [IIBugkicts o6opoTy
nacu
MapxeTuHrOBUit CepenHiii uex Bupyuka / kinpKicTb yekiB IloBeninka mokymis
Repeat Rate IToBTOpHI KTieHTH / 3arajibHA KIJIBKICTD | Y TPUMAHHSA KJII€HTIB
x 100%
CAC Mapxkerunrosi Burparu / HOBi KirienTu | Bapricrs 3amyueHHs
Kiienrcornit NPS % tTIpOMOyTEPiB — % KPUTUKIB JloABHICTD KITIEHTIB
Digital Engagement |I{udposi B3aemopii / kinekicTs kiaieHTiB | [{udpoBa akTUBHICTH
Oprauizamituuit Tarerpariis cucrem KinekicTs iHTEerpoBaHUX crucTeM / 3a- | Y3roaskeHicTh 1udposoi indpa-
rajgbHa KUTBKicTh X 100% CTPYKTypU
Buxkopucrannsa anani- |HacTtka ynpapiiHCBKHX pimeHb Ha oc- | Data-driven management
TUKU HOBI JaHUX
Iudposa xommnerent- |Pesynpraru omiHoBaHHA epcoHany |['oToBHicTb IpalliBHUKIB
HICTB

Jrcepenio: cknameHo aBTopoM Ha ocHOBI [2; 3; 9]
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3. MapkeTrHroBa Ta KJI€HTCHKA €(PEeKTUBHICTD, 110
BU3HAYAE BILUTUB TEXHOJIOTI HA 3aJIyUYeHHA, yTPUMaH-
HA Ta TOBEIIHKY KJTIEHTIB.

4. EdexTrBHICTh BUKOPUCTAHHA PECYPCIB OXOTLITIOE
CUPOBUHY, 3aI1acy, IePCOHAJI, 00JIaJHAHHA Ta 1HII pe-
cypcu.

5. OpranizartritiHo-1iug)poBa e)eKTUBHICTh XapaKTe-
pu3ye piBeHb iHTerpalrii upPOBUX TEXHOJIOTIHI, BUKO-
PUCTAHHSA JaHUX TA TOTOBHICTE EPCOHAITY IIPAIIOBATH
B II(PPOBOMY CEpPETOBHIIII.

3ampomnoHoBaHa cHUcTeMa IOKa3HUKIB HaBegeHa
y Tabsuti 1.

HagBepneunuii niepesiik He TIOBUHEH CIIPUMMATUCA
Ak ¢ikcoBanmuii. KosxkHe mignpueMcTBo Mae opmyBsa-
tu BiacHy cucremy KPI Bigmosigso mo opmary pec-
TOpaHy, KUTBKOCTI 3aKjIafiB, KAHAJIB IIPOOAKY, PiBHA
mudpoBisallii Ta cTpaTeriYHuX IijIei.

SarajipHui (piHaHcoBuil eekT 1 pPoBisaIlii MOKHA
MIPeICTaBUTHU SK:

Ex =AB + AEs + AE3 + AEn — BT, (2)
ne: AB — mipupict BUPYYKY;

AE6 — exoHOMISI BUTpAT HA BUPOOHUIITBO;

AE3 — exoHOMIs Ha 3amacax;

AEn — exoHOMiAA BUTpAT HA TIEPCOHATT;

BT — BuTpaTu Ha TEXHOJIOTIIO.

Taxwuii migxig 703BoJIA€ YHUKHYTUA TIOMUJIKY, KOJIA
TeXHOJIOTIA OI[IHIOETHCA JIUIIIe 32 JOOATKOBUMU ITPO-
TaKaMU.

A ysarajibHeHHA Pe3yJIbTaTiB IIPOIIOHYETHCA BU-
KOPHCTOBYBATH 1HTETPAJIBHUIM TOKA3HUK e(eKTHUBHOCTI
BUKOPUCTAHHA CyYaCHUX TE€XHOJIOTIMH.

Moro morisabHOo PO3paxoByBaTH HA OCHOBI ITATH
CKJITOBUX:

IET = 0,30 + 0,250 + 0,20K + 0,15P + 0,10L], (3)
ne: @ — ingexc GpiHAHCOBOI e(DEKTHUBHOCTI;

O — iupgekc orepariiftol e(peKTUBHOCTI;

K — inpekc KJIi€HTCHKOI Ta MAapKEeTHHIO0BOI edek-
THUBHOCTI;

P — innexc pecypcHOi epeKTUBHOCTI;

I] — irpexc tudpoBoi OpraHisamiitHol e(heKTUBHOCTI.

3arnponoHOBaHI BaT MOKYTh 3MiHIOBATHUCA 3aJI€K-
HO BiJf CTpaTeriyHuX NPiOPUTETIB ITiAITPUEMCTBA.

Ina pecropaHy, AKuii mepedyBae Ha eTarml aKTUB-
HOT'0 MaciiTabyBaHHA, OLIBIILY Bary MoOKHa HagaTu
(iHamcoBUM Ta orepariiiHuM nokasuukam. [y mpe-
MiaJIbHOTO pecTopaHy OiJIBbIILY Bary MOKYTb OTPUMATH
KJIIEHTCBHKI TIOKa3HUKHU. [[JiAa Mepeski pecTopaHiB 0Co-
6JIBe 3HAUEHHSA MOKe MaTH IHTeTpallis JaHUuX Ta CTaH-
IapTU3allid IIPOIeCiB.

Ilepen po3paxyHKOM IHTETPaJILHOTO MOKA3HUKA BCi
KPI HeoOxigHO HOpMAaIi3yBaTH.

st TIoKa3HUKIB, 3POCTAHHSA AKUX 03HAYAE MMOKpa-
[[eHHSA Pe3yJIbTaTy, BUKOPUCTOBYeThCA GopMyJia:

N, =X,/ Xmax. 4)

JlJ1A moKa3HUKIB, 3MEHIIIEHHA AKUX 03HAYA€E IMTOKpPa-
IeHHA:

N, =Xmin /X, 5)

ITicoa 1iboro po3paxoByeThCA IHTETPATIBHUN IT0KA3-
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Hanpukiaana, MosHA 3aIlIpOIIOHYBATH TAKy iHTEp-
peTalrio:

3uauennsa IET PiBens edpexTuBHOCTI
0-0,39 HUSBKUI
0,40-0,59 3a00BLIILHUI
0,60-0,74 cepenHii
0,75-0,89 BUCOKUIA
0,90-1,00 Iy’Ke BUCOKUH

3asHaueHa IIKaJia Jae MOKJINBICTh MOPiBHIOBATH
He TIJIbKU OKpeMi TeXHOJIOTI1, a i 3arajbHUll piBeHb
TEXHOJIOTIYHO1 e)eKTUBHOCTI PI3HUX 3AKJIAJIIB PecTo-
PaHHOI MepexKi.

Pecropannnii 6isuec Yrpainu Mae cueru@iuHi ymo-
BU (DYHKITIOHYBaHHA, AKI HEOOXIiJHO Bpax0ByBaTH IIif
Yac OI[iHIOBAHHA TEXHOJIOTIUHUX PillleHb.

ITo-miepitre, BaskIMBe 3HAUEHHS Mae 0e3lepepBHICTh
poboTu. TexHOJIOTiA IIOBUHHA OIIIHIOBATUCS He TiJIbKU
33 eKOHOMIUHOK e(peKTUBHICTIO, ajie i 3a 3JaTHICTI0
3abesrieuyBary (PyHKI[IOHYBAHHA PECTOPAHY B YMOBaxX
HecTablJIbHOTO0 eJIEKTPOIIoCTaYaHHA a00 IpobJiieM i3 1o-
CTYIIOM IO MEPEIKI.

ITo-npyre, BaskIMBO OIliHIOBATH Ki0epbesIieKy Ta 3a-
XUCT gaHux. Yum Oijblire iH(opMaIrii IIpo KJIi€HTIB,
IJIATeXKl Ta OIepalliiiHy HiAJBLHICTh HAKOIIUYYE ITifI-
MIPUEMCTBO, TUM BUII[I BUMOTH 0 3aXUCTY ITM(PPOBOI
iH(pacTPyKTypH.

ITo-Tpete, BasKIMBO BpaxoOByBaTU BAPTiCTh HABYAH-
HA IepcoHaly. TeXHOoJIoTiA, AKYy NepcoHas He BUKO-
PUCTOBYE HAJIEXKHUM UMHOM, HEe CTBOPIOE OUiKyBAHOI
€KOHOMIYHOI ITIHHOCTI.

ITo-ueTBepTe, HEOOXITHO BpaXOByBaTH MacIITaboBa-
HicTb. {1 HEBEJTUKOTO PECTOPaHy CUCTeMA 3 IITUPOKUM
(byHKITIOHAIOM MOsKe OyTH €KOHOMIUHO HEIOIJIHLHOIO.
st pectopaHHoi Mepeski, HABIAKU, BiAMOBA BiJl iH-
TErpoBaHOI CUCTEMU MOKe TPU3BOIUTHU OO0 3HAUHUX
OPUXOBAHUX BUTPAT.

ITo-r’aTe, HEOOXIAHO OLIHIOBATH CTIHKICTHL TEXHO-
JoriuHol iHQpacTpyKTypu. ¥ CyUacHUX YKPATHCBKUX
YMOBaxX TeXHOJIOTiA Mae 3a0e3IeuyBaTu MOKIINBICTD
Pe3epPBHOT0 KOITIIOBAHHA TAHUX, aBTOHOMHOI Po60TH
OKpeMUX IIPOIIECiB Ta MIBUAKOTO BiTHOBJIEHHSA ITiCJIA
TeXHIYHUX 3001B.

Otixe, OIIHIOBAHHA TEXHOJIOTIUHOI e(DeKTUBHOCTI
B YKpaiHi MOBUHHO BKJIIOUATU He JIMIIEe TPATUINHHL
€KOHOMIUHI ITI0KA3HUKHU, ajie i MOKa3HUKHU CTiAKOCTI.

CyuacHi TE€XHOJIOTii CTAI0Th OOHUM 13 KJIFIOUOBUX
(haxropiB TpaHchopMaIiii pecTopaHHOro 6i3HECY YEpa-
iHH. IX BUKOpUCTaHHA [03BOJIAE ABTOMATH3YBATH OIIe-
pariiiHi Iporecy, mMigBUAITATH AKICTb 00CIyTOBYBaHHA,
ONITUMI3yBaTH BUKOPUCTAHHS PECYPCiB, POSIIUPUTH
(P POBI KaHAJIN IIPOHAKIB Ta c(hOpMyBaTH HOBHIL (DOP-
MatT B3aeMOil 31 CIIOKHUBAYAMMU.

Bopgmouac cam (akr BIpoBagzKeHHA III(PPOBOI TEX-
HOJIOTI1 HEe MOKe PO3IVIANATUCA AK JOKA3 ITiIBUIIEHHA
e(exruBHOCTI migmpuemcrBa. ExoHOMIUHMI pesynbTaT
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3aJIeKUTh Bifl TOr0, HACKIJILKM TEXHOJIOTIA BIAIIOBigae
OisHec-IporecaM MiAIPUEMCTBA, BUKOPHICTOBYETHCA IIEPCO-
HAJIOM Ta IHTETPYETHCA B 3aTAJTHLHY CUCTEMY YITPABITIHHA.

Y po6oTi 3anIpOIOHOBAHO KOMILJIEKCHY CUCTEMY
TIOKA3HUKIB OI[iHIOBaHHA €()eKTUBHOCTI BUKOPUCTAH-
HA CyYacHUX TEeXHOJIOTIH y pecTopaHHOMY Oi3Heci.
Ii oco6muBicTio € moegHaHHA QiHAHCOBUX, Omepa-
HIAHUX, PECYPCHUX, MAPKETUHTOBUX, KJII€HTCHKUX
Ta OpPraHi3aIiiHO-IIN(PPOBUX ITOKA3HUKIB.

Jo KJIF0U0BUX TTOKA3HUKIB 3aITPOTIOHOBAHO BiTHECTH
ROI, TCO, cTpok OKyITHOCTI, ITPUPICT BUPYUKH TA TIPU-
OyTKY, CepefHiii UeK, IIPOLYKTUBHICTH IIPAaLli, yac 00CIry-
TOBYBaHHsA, PiBEHb IIOMUJIOK, PiBEHb CIIUCAHb, 060POT-
HICTB 3amacis, yactky moBropHux kirieatis, CAC, NPS,
piBeHBb aBTOMATU3AIIIT Ta iHTEeTpaIllii IU(PPOBUX CUCTEM.

s ysarasbHEeHHSA pes3yJsIbTaTiB 3aIIpOIIOHOBAHO BU-
KOPHCTOBYBATH 1HTET'PAJIBHUI TIOKABHUK €(PeKTUBHOCTI
TEeXHOJIOTI3alli1, AKUIT 103B0JIsAE CHOPMYBATH KOMILIEKC-
Hy OILIIHKY Pe3yJILTaTHBHOCTI I PoBoi TpaHchopMalrii
TigITPUEMCTBA.

BaknBoro mepeBaroi 3amponoHOBAHOTO ITiAX0IY
€ MOKJIMBICTD aiariTarfii Bar OKpeMux IoKasHUKIB Bif-
TOBITHO 10 CITeru(ikyu pecTOPaHHOro MiIPUEMCTRA.

Hna mianpueMcTB, OpieHTOBAHUX HA 3POCTAHHSA IIPU-
Oy TKY, IIPiOpUTETHUMHU MOKYTh OyTHu (pinamcori KPI;
[IJIA PECTOPAHIB MIPEMIaIbHOI'0 CEerMEHTA — ITOKA3HUKN
KJTI€HTCBKO1 €(DeKTUBHOCTI; /I PECTOPAHHUX MEPEK —
MOKa3HWKY iHTerparii, craHgapTusaii Ta nudpoBoi
YIPaBITIHCHKOI 3P1JIOCTI.

Oco0111BOr0 3HAYEHHSA TAaKa crucreMa HalyBae B yMOBax
YKPATHCHKOI'0 PECTOPAHHOr0 0i3HECY, 1e [IU(POBI TEXHOJIO-
Til IIOBMHHI He TLIBKHU 3a0e3I1eUyBaTi eKOHOMIUHIIA e(DeKT,
a i HiIBUIIYBATH CTIMKICTh MiAIIPUEMCTBA 10 30BHIIITHIX
pusukiB. ToMy mepCrieKTUBHUM HATIPAMOM ITOHATBIITHX
JIOCJTI/TPKeHb € BKJIFOUEHHS JI0 1HTeTrpaJIbHOI MOJIeJIi T10-
Ka3HUKIB TEXHOJIOTTUHOI CTIHKOCTI, KibepOesIieKku, aBTo-
HOMHOCTI p0o0OTH Ta 3aTHOCTI PECTOPAHY ITPOHOBKYBATH
onepariiiHy JisJIbHICTh B yMOBaX KPU30BUX CUTYAITiH.

Orixe, epeKTUBHICTD TP POBI3aIlil peCTOPAHHOI0
6i3Hecy MOIIJIBLHO OITIHIOBATH He KIJIBKICTIO BIIPOBa-
[PKEHUX TEXHOJIOTIH, a CTBOPEHOI HUMU €KOHOMIUHOIO,
omepariiiHoO Ta KJIl€HTCHKOIO0 IiHHicTI0. Came Imepexis
BiJ OI[IHIOBAHHA «HAABHOCTI TE€XHOJIOTIH» A0 OL[1IHIO-
BAHHSA «Pe3yJIbTATy X BUKOPUCTAHHA» (DOPMYE OCHOBY
CYJacHOT0 ITIX0y A0 YIIPABIiHHA TEXHOJIOTIYHUM PO3-
BUTKOM PECTOPAHHOTO MiIIIPUEMCTBA.

JOIJATKOBA IHOOPMAILIA
DOIHAHCYBAHHSA: AsTopu He oTpUMYyBaIu (DiHAHCYBAHHA OJIS IIHOTO TOCIIKeHHA.
3AABA ITPO JOCTYIIHICTD JAHUX: He 3acTocoByeThes.
KOH®JIIKT IHTEPECIB: ABT0opu 3asBIAI0TH IIPO BiJICYTHICTH KOH(JIIKTY iHTEepecis.
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OCOBJINBOCTI ®YHKLIIOHYBAHHS
TPAHCMOPTHUX CTAPTANIB HA PUHKY
«OCTAHHbOI MUTI»

FEATURES OF THE FUNCTIONING
OF TRANSPORT STARTUPS IN THE
«LAST MILE» MARKET

AHoTauif. TpaHchopmauis TPAHCMOPTHUX NaHYt02iB nicas nepiogy COVID-19 cTBopuaa nepegymoBu gAsi CTPiMKO20 poc-
Ty KOHKYPEHTOCTIPOMOXHMX TPAHCMOPTHMX CTApTanis. Y poboTi cuctematn3oBaHo bisHec-Mogeni TPaHCMOPTHUX CTApTanis Ta
3QiViCHeHO CTPYKTYPU3AL0 KIOYOBMUX YNHHMKIB IXHbOI KOHKYPEHTOCTPOMOXHOCTI HO PUHKY «OCTAHHbOI MUAi». BU3HaYeHo oc-
HOBHI KpuTepii gns onepawifiHoi 2Hy4KOCTi Ta eKOHOMIYHO20 3POCTaHHS cTapTani. OcobanBY yBazy NpugineHo 6anaHcy Mix
nepeBa2amMu LM@POBOi TPAHCHOpMALii Ta CoLianbHO-eTUIHUMU BUKINKAMM gig-eKOHOMIKM.

Knto4oBi cioBa: TpaHcnopTHi cTapTany, gocTaBka «OCTAHHbOI MuJli», Bi3HeC-Mogesti, onepawiiiHa aHyuKiCTb, gig-eKOHOMIKa.

Summary. The transformation of transport chains in the post-COVID-19 period has created prerequisites for the rapid
growth of competitive transport startups. The paper systematizes the business models of transport startups and structures the
key factors of their competitiveness in the «last-mile» market. The core criteria for operational flexibility and economic growth of
startups are identified. Particular attention is paid to the balance between the benefits of digital transformation and the socio-
ethical challenges of the gig economy.

Key words: transport startups, last-mile delivery, business models, operational flexibility, gig economy.

Bc'ryn. TpamcIopTHI cCTapTAIIN € OIHUM 13 HAUIIO-
TY;KHIIIIUX PYLIiiB TpaHc(opMallii pyuHKY JIOTiCTHUKH,
30KpeMa 3aBepIIaibHOI JIJAHKY JIAHITIOTA JOCTABKYA —
erarry «0CTaHHbOI MiTi». CII0KHBYA IOBEIIHKA ITiJT THC-
koM mmaumemii COVID-19 TpauchopmyBanaca y 0iIbia
BUMOTJIUBY 10 AKOCT1 MOCJIYT, IIBUJKOCTI JOCTABKMU,
mupIroro Bubopy, pisuA 1iu [1]. Ctpubor pocty Top-
TiBJIi Ta BUMOT [I0 TIOCJIYT IIEPETBOPIOIOTH ONITUMI3aIlifo
«OCTaHHBOI MIUTi» HA Iy:Ke aKTyaIbHy Ipobemy. Taxmit

54

KPOK HEeoOXiTHO BITPOBAUTH, 11100 3pOOUTH 3aBePIIaIb-
HU JIOTICTUYHUI MapIIPyT eKOHOMIUHO eeKTUBHUM,
apKe BIH MOXKe aKyMyJrioBaTu g0 53% Bij 3arajibHOL
BapTOCTi JIoricTuuHMX BuTpar [2]. 1A TpaHcoopTHUX
cTapTaIiB Ie Jogae CKJIATHOIIIB, OHAK 3abe3meuye
KOHKYPEHTOCIPOMOKHICTD Ta ITIIBUILEHHSA 3a]0BOJIE-
HocTi kaieHTiB. OKpiM po3yMiHHA IUX (DAKTOPIB YCITiXYy,
TPAHCIIOPTHUM CTapTanaM, AKi BUXOAATH HA PUHOK,
BaXKJIMBO BUOPATH ILILOBY Hinty. Bin 11boro 3asesxarrme
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mo0yooBa Ta PO3BUTOK OIIepAaIliiiHOI MogeJIi Ta BUOip
TEXHOJIOTIUHUX PillleHb.

TpaHCIOpTHI cTapTalu, o0 (POKYCYITHCA HA «OC-
TaHHINA MUIi», MOYKHA YMOBHO KJIACU(IKYBATH HA KiJlb-
Ka TUIIIB:

1. Texuostoriusni iHoBatopu. Crapramnu, 10 po3po-
OJIAIOTH Ta BIPOBAIKYIOTH HOBI 3aC00M MJIA 3IiliICHEHHA
Ta OITUMI3ALlil IIPoIlecy J0CTaBKU. Y OiIbIIOCTI BUTIAI-
KiB ITe 0CBOEHHS ITOBITPAHOI'0 IIPOCTOPY Uepes OesIIiIoT-
Hi jritaneHi anaparu (BrJIA), Hasemui po6oTusoBaHi
Ta aBTOHOMHI cucTeMu (po60TH, aBTOHOMHI Y1 HAITiBaB-
TOHOMHI €JIEKTPOBAHTAKIBKY JIJIA MIiCHKO1 JIOTICTUKH).

2. Po3po0HUKN TTpOrpaMHOro 3a0e3rmeueHHsA Ta IJ1aT-
dopm. Ile xomnanii Ta PO3POOHUKU, AKI CTBOPIOIOTH
U POBI pillleHHA, MOKIUKAH] OIITUMI3yBATH JIOTICTHYHL
nportecu. Hampuknan, mporpaMHe 3a6e3neueHHsA IJIA
IUHaMIYHOI T00YIOBY MapIIPYTiB, CUCTEMHU YIIPABIIIHHA
tparcmopToM (TMS). Takox mudgposi miarhopmMu ajia
aHAJTITUKN BeJIMKUX TAHUX Ta IPOTHO3YBAHHSA TTOTIUTY.

3. ILmardgopmui oreparopu (arperaropu). Bisuec-
MOIeJIi TAKKUX CTAPTAIIB IT00y/I0BaHi HA 0CHOBI 1 po-
Bux mwiatdopM. BoHu arperyiors momnuT Ta mponosuLIiio
TOCJIYT JOCTABKHU 1 YaCTO0 BUKOPUCTOBYIOTH MOJIE/Ib €KO-
HOMIKM CITUTBHOI yYacTi.

4. JloricTuuHi orrepaTopu HOBOTO MOKOTiHHA. Kom-
maHii, 110 00MpaITh TIOPUAHWN TiAXim O0 HagaHHSA
TIOCJIyT Yepes3 KOMOIHAIliT BUKOPUCTAHHSA TIaTGOPMHIX
pillleHb Ta BOJIOMIHHA (PIBUUYHHUMU aKTHBAMH. JacTo
I1e CTapTAaIIH, II10 34 JOTIOMOT0I0 TEXHOJIOTTUHHUX PiIlleHb
IparHyTh HAAATH HAWKpAaIli BapiaHTH IIOCIYT Ha eTalri
«0CTAHHBLOI MUJII» OJIA HAMOLIBIIOL 3a0BOJIEHOCTI KJIi-
€HTIB Ta CTAJIOI0 PO3BUTKY KOMIIAHII.

s 6aratbox cyd4acHUX TPAHCIOPTHUX CTapTAMiB
OCHOBHHUM 1HCTPYMEHTOM [IOCATHEHHSA YCHIXy € CyJacHi
TexHosIoriuHi ruiardgopmu. [TogioHi mraTdopmu Boomi-
0Th POBYMHUMHU AJITOPUTMAMU, 3HATHUMU aBTOMATH-
3yBaTU Bech IIpollec, HAIalTh 3pyYHM iHnTepdetic s
KJIIEHTIB Ta Kyp’epiB. Lle Touka B mpoiiecax, e odiKy-
BaHHA 3aMOBHUKIB (KJII€HTIB) 301iral0ThCA 3 MOYKJIMBOC-
TAMH JIOTiCTUUHOTO omieparopa. Li crapramnu 3a cBoiMu
omnepariitHuMu MofesiamMu 6iJibine cxoki Ha I'T-komma-
Hii, 110 OIIEPYIOTh PUHKOM JIOTiCTHUKH. Taki pimeHHA €
OpuBabJIMBUM BHOOPOM JIJIA KJIIEHTIB Ta CEPHO3HOI0
KOHKYPEHTHOO TIepeBaroi Ha PUHKY.

PosBuTok mogioHux oHJIaH-IJIATGOPM CTBOPIOE
KOHKYPEHTHUH THUCK 3 60Ky KOMIIaHIH, 10 IPaII0Th
0e3 BJIaCHUX akKTUBIB (260 3 HEBEJIMKOIO IX YACTKOIO).
3aBIAKN CBOIM IHYYKOCTI CTAPTAIIN MOYKYTH IIBUIKO
30ibIIyBaTH a060 3MEHIIYyBaTu 00CATU TisAJIBHOCTI,
OPIEHTYIOUHNCH HA IIOMUT, IIPHU I[HOMY KOPUTYIOUMU CBOL
BUTpPaTH Ha iHppacTpykTypy. BomHouac misneHiCTH Tpa-
MUINIHHUX JIOTICTUYHIX KOMIIaHIi HaBaHTAXKeHa BHCO-
KMMH TIOCTIHHUMY BUTPATAMU HA YTPUMAHHA BIACHUX
BeJIMKUX aBTONAPKIB Ta ckjaamiB. Ile Moike KapauHAIIb-
HO 3MIHUTH BCIO Trajiy3b. TpaguIliiiHi JOTICTUYHI KOM-
naHii OyIyTh 3MYIIIEHi CITiBIIPAIIOBATH 31 CTapTanamMu
a60 °K aKTUBHO BIIPOBAPKYBaTH CXOXKI PIIIEHHA Ta IIe-
peiMaTy MiAX0AM Yy THYYKOCT] YIIPABIiHHA aKTUBAMU.

Ile moBoguTH, 110 cTApTANy € PYUIIAHOI CUJIOK IHHOBA-
miii. Bouu 06’eqHyOTh PUHKOBI MOKJIMBOCTI, 3a0al0Un
TEHIEHIIi0 10 OLITBII THYYKOT0 Ta e()eKTUBHOTO BUKOPHU-
crauusa pecypciB. e migkpecatoeTbes 06roBOpeHHAMU
MoOieJieli CITiJIbHOTO BUKOPUCTAHHSA, HATIPUKJIA], HOIITO-
MaTiB, Je KOMITaHil MOKYTb OyTH AK BJIACHUKaMU, TaK
1 opeHOapamu indpacrpykrypu [4, c. 11].

OpHiero 3 HANTIOMIUPEHITINX MOfIeJieli € mocepe-
HUITBO MU(PPOBUX TLIATHOPM y HATAHHI JTOKATBHUX
TIOC/IYT IOCTABKU Ta TPAHCIOPTYBaHHA. Taky Momennb
HAa3MBaITb €KOHOMIKOIO CITLJILHOI YUACTI 1 cepeft mpe/-
craBuukiB — Uber, Deliveroo ta Foodora [5, ¢. 148].
IIi uudposi mwiargopmMu BUKOPUCTOBYIOTH CITiBIIPAIIO
3 HE3AJIEXKHUMU KyDP €paMu [JIs 3aJ0BOJIEHHS IIOIIATY
Ha focTaBKy. Kyp’epu BOJIOOIIOTE BJIACHUM TPAHCIIOP-
TOM, II[0 PO3BAHTAKYE EKOHOMIUHY MOEJIb ILTAaT(OPMHU.
Krrouororo mepeBaroio Takux Mopesieil € BUCOKA THY Y-
KicTh Ta MacinTaboBaHicTh. Ile m103B0JIAE KOMITAHIAM
MIBUKO aIANTyBATUCA 10 KOJIUBAHBL MOTUTY. TaKkoxK
TakKa THYYKICTh 3aKjiagae IIOTeHIIial AJId SHIKEeHHA
BUTpAT Ha A0CTaBKy 00 30% MOPIBHAHO 3 YTPUMaHHAM
BJIACHOT'0 aBTOIMAPKY Ta mrary Kyp'epis [3]. IIpoTe B Ta-
Kill MOJIeJIi iCHye TTeBHA HATIPY:KEHICTh Ta CyIIEPEUHICTb.
Biszuec uepes cBiit reHoM cTapTalry Ta JKOPCTKY KOH-
KyPEHIIiI0 TparHe JIETKO MacIITabyBaTu CBOI IIPOIlecH
Ta X HABaHTAKEHHA, OMHAK He TapaHTye Kyp epam II0-
CTiiiHOI 3afTHATOCTI Ta colfiaJIbHUX rapauTiii. Kyp'epu
HATOMICTh 00 €THYIOThCS, 1100 BECTH IIePEeroBOPH PO
cnpaBemiuBi craggaptu [5, ¢. 149]. dKopcerka mixo-
BA KOHKYPEHI[IA MK IIaTGopMaMu 3peInTon MOKe
HAIIKOJUTH He JIUIIe SKOCTI JOCTABKH, ajie i iHHOBa-
iHOMY TOTEHIliaTy Beiel rajysi. Pumnok 060B’13K0BO
Bifpearye Ha e 3MeHIIIEHHAM IMOIUTY Ta Bi/iciloBaH-
HAM cy1abkux 6i3HecCiB.

TexnoJsToriuHi iHHOBAIIIT Ta THYYKICTb JAI0Th CTAPTAa-
aM TiepeBary Ha PUHKY «OCTaHHBOI MIJTi». SaTyUeHHs
BeJIMKOI KiJIbKOCTI Kyp’'e€piB HA yMOBAX YaCTKOBOI 3a-
WHATOCTI CTBOPIOIOTD IIPOCTIP [IJIA IIBUIKOL Ta AEIIeBOol
amanTariii Ao aMiH ronuty. Taka onTUMi3aIris IpoIeciB
Ta aBTOMAaTHU3AIlA Aae IIaTgopMaM MOKIUBOCTI IJIsA
3HAYHOTO 3HMKEeHHA BUTpar [3; 5, c. 152].

Bopgzouac TpaHcmopTHI cTapTany CTUKAIOTHCA 3 Ta-
KUMU TpobJjieMaMmu:

1. Kyp’epu mipaiiioioTs y BaKKHUX yMOBaX MPH €J1a0-
KOMY colliajibHOMYy 3axucti. IIpaliiBHUKM caMi HeCyTb
BiIIOBITAJTbHICTD 3a CBil Po0OYMII TIPOCTIp Ta TpaH-
coopT. BoHu yacTo mpamoiTh 3a PiBHUX MOTOTHUX
YMOB Ta IiJ] THCKOM YacoBUX o6MesKeHb [5, c. 152—-153].

2. Kourpous sikocti mocityr. Besuka KutbkicTs Hesa-
JIEXKHUX Kyp €PiB CTBOPIOE BEJIMKUI PiBEHDb CKJIAMHOCTI
KOHTPOJII0 AKOCTI HATAHHSA TTOCJIYT.

3. PerymnaropHe cepemoBuiiie. S3aKOHOIAaBCTBO YACTO
HeagarnToBaHe ab0 HEUITKO PEryJIi0€ BIIPOBAIKEHHS
HOBITHIX TEXHOJIOTIH (IPOHU, aBTOHOMHUU TPAHCIIOPT
[6, c. 8]) abo imBasiiiHux 6i3Hec-MomesIeH.

4. ®ipancyBaHHA Ta IpUOyTKOBicTh. 1]iHOBI BiliHU
YaCTO YCKIIAMHIOIOTE CTA0LUTBHICTE (DiHAHCYBAHHSA Ta J10-
CATHEHHA omepariiiinoi mpubyTkoBocTi [7].
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5) TexHoJtoriuHi ckJIagHoCcTi. Po3pobka Ta miaTpum-
ka cxmagaux [T-mardopm e cepiiosHUM BUKIIMKOM [1JIS
KOMAaH/I, Kl MTParHyTh HaJaBaTU HAOINHI PilIeHHS.

BucHoBku. TexHoJsioriutna mnepeBara mepeTBOPIOE
TPAHCIIOPTHI cTapranu Ha PYLIiiHY CUILy iHHOBaLii
y cdepi J0CTaBKU «OCTAHHBOI MUJi». 1X cTabinbpHMi
YCIIIX 3AJIEKUATD TAKOMK Bif 1HITHUX (DAKTOPIB. 3 ABJIAETH-
¢s1 HeoOXiTHICTh e()eKTUBHO PO3B’A3YBATH OMEPAaIIiiiHi,

(izancosi Ta comianbhi utanua. 1106 yHUKHYTH 3a-
KOHOJABUMX 00ME’KeHb Ta MOTIPIIeHH IMiKY, TpaH-
CTIOPTHI cTapTany HOBUHHI TAKOK OIMIKYyBaTUCh yMO-
BaMM IIpalli Ta HAJAHHAM COI[iaJIbHUX TapaHTIi 1A
Kyp’epiB. ¥ meperoHax 3a cTablJIbHUM 3POCTAHHAM
Ta JIOAJIBHICTIO KIJTIEHTIB KOMITAHIAM BapTO TAKOXK 3710-
OyBaTH JIOAIBHICTh HIAPATHUKIB (Kyp'epiB), 3ampoBa-
IUWBIIY OJIA HUX OLJIBII CITPABEIJINBI 1 cTa0lIbHI YMOBH.

JOIJATKOBA IHOOPMALIIA
BHECOK ABTOPIB: Yci aBTopu 3po0uin BHECOK IIOPIBHY.
DOIHAHCYBAHHS: Asropu He oTpuMyBasu (DiHAHCYBAHHA AJIA [IbOTO TOCTIKeHHA.
3ASABA ITPO JOCTYIIHICTD JAHUX: He 3acTocoByeTbCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asBJIAIOTH ITPO BiICYTHICTh KOHQJIIKTY iHTEpeCiB.
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CREATIVITY REQUIRES
SLOWNESS AND INNER BALANCE
IN A FAST-PACED WORLD

Summary. On the rise technological, social and cultural changes put pressure on humans to be fast, and always
creating. This work considers the tension between the insatiable drive of the rapid and frantic world, and the intrinsic
needs for creative processes and argues that creativity involves the need for slowness, psychological space, and internal equi-
librium. Referring to interdisciplinary literature, particularly work on tattooing, which represents a form of embodied creative
practice, we situate the field of creativity not as an output process oriented toward creating, but as a process of making meaning
inextricably connected to identity, embodiment, and emotional regulation. Drawing on cultural anthropology, psychology, and
expressive therapies, the analysis helps to demonstrate that artistic processes, such as tattoo art, are reflective processes, sym-
bolic integration, and personal transformation. These are incompatible processes with rapid production cycles and trends. The
research indicates that burnout, lack of authenticity and decreased creative depth are all prevalent effects of speed-oriented
systems. The study develops an interpretive framework underscoring ‘creative deceleration” as a must-have condition for mean-
ingfully producing art. Not only does the suggestion of prioritizing process over immediate results, and moving creative work
closer to internal balance, improve psychological well-being through which artists seek authenticity. The paper intervenes in
other aspects of the literature by redefining creativity as a temporally sensitive and psychologically situated construct, rather
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than a measure of productivity.

Key words: Creativity, Creative process, Slowness, Inner balance, Burnout, Meaning-making, Identity construction, Embod-
ied creativity, Tattooing, Self-expression, Intrinsic motivation, Creative authenticity, Cultural influence, Psychological well-being,

Creative deceleration framework.

Introduction. The modern age is one of unprece-
dented rapidity. As a consequence of digital technolo-
gies, social media ecosystems and globalized cultural
flows the speed of communication, production and
consumption accelerated drastically. Within this con-
text, creative people are facing mounting pressures to
produce quickly, be perpetually shown in front of any-
one and adhere their work to ever-changing trends.
This can be interesting work because at the same
time making such dynamics potentially more pre-
sentable and accessible, they also create conditions
for more genuine creative practices.

Creativity (art and artifice as it is conventionally
conceived) has never been only imagined in terms of
production but of cognition, emotion, identity and cul-
ture. Tattoos and other forms of making offer a partic-
ularly powerful way of viewing this cross-fertilization.
Tattooing is a highly cognitive and embodied brand
of creative practice, characterized by artistic choices
that are intimately linked to self-realization, self-defi-
nition and enduring symbolic importance [5; 8]. Tat-
toos are not fast-consuming paintings, they require

a level of permanence, an intention (as in feeling) and
a feeling of something, in terms of the human psy-
che (like emotion, memory). Yet, the contemporary
creative process frequently values velocity more than
substance.

Artists may feel it’s important to be trendy, to
have one’s share a lot of media, to produce a lot of
content and to keep their visibility metrics optimized
rather than slow down introspectively. So there’s this
dichotomy between an external drive with everyone
else’s expectations and an internal one with creative
needs. It is suggested as the result that creativity is
often tied into meaning making, emotion processing,
and identity building [3; 14] in that it takes time and
time in its own right and takes up mental space. The
ever-growing issue of burnout among artistic profes-
sionals serves as a testament to the ramifications of
this disparity.

The impetus for expeditious and on-going produc-
tion may not only be detrimental to intrinsic moti-
vation but can also limit creative authenticity and
contribute to psychological burnout (See Figure 1).
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Fig. 1. The Pressure of a Fast World vs the Inner Creative State
Source: photo from internet

Discoveries in body modification and creative ex-
pression demonstrate the extent to which genuine
creative practice is underpinned by internal factors
of self-expression, healing and identity-affirming fac-
tors [1; 11].

This paper sees creativity as a function of slow-
ness and inner balance. Taking tattooing as a case
in point, this paper shows that deep and authentic
creative practice comes to pass only when you are re-
flecting and process-oriented. The research goes on to
show that a need to reclaim one’s temporal space as
well as the practice of a preference for internal align-
ment, rather than external trends, means that both
creative quality and psychological well-being need to
be maintained.

Literature Review
1. Creativity as Meaning-Making and Identity
Construction

A substantial amount of literature conceptualizes
creativity as not just production but rather a process
of meaning-making. This perspective is strikingly
clear in tattooing. Tattoos serve as a symbolic em-
bodiment of personal narrative, identity, and trans-
formation [5; 8]. People tattoo for more than making
decorators, but also for constructing and articulating
meaning through visual and bodily expressions.

Carpentier (2023) has highlighted the therapeu-
tic aspect of self-expression as a process, and asserts
that art-making provides the means through which
the processing of emotional responses, the integration

38

of an individual’s experiences, and the re-creation of
identity occur [3]. Per Pankiv-Greene (2023), tattoos
are transformative symbols — the visible product of
internal psychological changes [14].

These results imply that creativity is naturally
reflective and involves some time for internal pro-
cessing. Tattooing has, at a broader cultural level,
been a source of identity or social belonging [7; 9].
This points up how cultural, psychological and struc-
tural factors heavily influence creativity, thus going
against the belief that creativity may be developed at
speed, without it losing meaning.

2. The Psychological Functions of Creative

Practices

Psychological regulation and well-being are closely
linked to creative practices. Research shows that cre-
ative expression can help people vent their emotions,
lower stress levels, and promote psychological resil-
ience [11; 17]. Tattooing especially has been linked to
processes of healing, body reclamation, and identity
affirmation [8; 10].

The psychological function of body modification
has been widely explored. Weiler et al. (2025) ar-
gue that body alterations serve as mechanisms for
self-regulation and identity stabilization [19]. Like-
wise, DeMeola (2018) conceptualizes tattooing as
a transformative process that enables individuals to
integrate internal experiences into external forms
[6]. Crucially, these processes need time, reflection,
and emotional engagement.
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Fig. 2. Creativity as an Internal Process (Embodied Meaning-Making)

Source: photo from internet

Rapid or externally driven creative production
may disrupt these mechanisms, resulting in superfi-
cial or inauthentic outcomes. This is consistent with
self-determination theory, which stresses the signif-
icance of intrinsic motivation and autonomy in sus-
taining meaningful behavior [18].

3. The Impact of Speed and External Pressures
on Creativity

Modern life hastens the pace of evolution, and that
poses major challenges to creative processes. Fast is
more desirable than deep at all levels of performance,
but social media exposure, time-varying trends, or
economic imperatives often do not let that matter.
And this shifts intrinsic to extrinsic motivation, and
in so doing, can deteriorate the quality and authen-
ticity of creative work. Such studies imply that people
use creative behaviours to be unique, as well as gain
social validation [2; 20].

Yet the push to be outside-in is a slippery slope
and once the external validation comes in the middle
of creativity the creativity becomes performative, or
not authentic. Further, evidence suggests that cultur-
al trends largely shape artistic choices. Clemmensen
et al. (2025) demonstrate that much of tattooing is
culturally-based, implying, of course, that people may
adopt designs to match social trends without person-
al meaning [4]. Not that such practices don’t have
value, but it’s a reflection of the push-pull between
authenticity and fitting into the box.

Tattoos have increased among younger popula-
tions, revealing the prevalence of cultural desensiti-
zation and commodification of artistic expression [13].
The new reality seems more sinister: The symbolic

implications of tattooing may be diluted through rap-
id consumption and trendiness.
4. Burnout and the Loss of Creative
Authenticity

The expectations for speedy output and predict-
ability can cause creativity specialists to get burnout.
Burnout involves emotional exhaustion, loss of mo-
tivation, and less of an individual’s feeling that, for
whatever reason, they succeed at that task. In terms
of creativity, it can result in loss of inspiration and/or
a formulaic or redundant output.

In fact, studies have shown that creativity prac-
tices work best when it is motivated by people, in-
ternal motivation and psychological needs [1]. Then,
when these practices come at people from without
(external pressurizing forces), they can lead to cog-
nitive overload and decreased emotional engage-
ment (See Figure 3). Moreover, the commodification
of creativity can turn individuals from artists to
free-market users. Owens et al. (2023) say how his-
torical perceptions of body modification as deviant
changed into mainstream acceptance, accompanied
by commercialization [12]. Now this change can
lead to the loss of personal significance in creative
activities.

5. Creativity, Slowness, and Internal Balance

The literature support is growing in favor of the
concept of time and psychological space being essen-
tial to creativity. The slow approach allows an indi-
vidual to take a thoughtful look at their thoughts,
feelings, and sense of self. This is particularly obvious
in tattooing, which requires the result to be inten-
tional and considerate due to permanence.
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Fig. 3. Burnout vs Sustainable Creativity

Source: photo from internet

Rees (2021) argues that contemporary tattooing
has found authenticity through authenticity and
that meaningful artistic creation results from per-
sonal engagement, not as an example of trend align-
ment [15]. Likewise, Roux and Belk (2019) situate
the body as a space of meaning production whereby
creative actions render the physical space into sym-
bolic narratives [16]. The notion of “creative deceler-
ation” arises as a critical response to the challenges
posed by contemporary existence. Gradually slow-
ing things down helps reconnect people with their
inner motivations, control their emotional respons-
es, and produce more meaningful and authentic
work (See Table 1).

Methodology. The study uses qualitative inter-
pretive research design to explore creativity, tempo-
ral dynamics, and psychological balance in moderni-
ty. Instead of employing an empirical or ‘measureful’
approach, the study blends theoretical and empirical
insights from various disciplines, centred on tattoo-
ing as an exemplar of embodied creative practice.
This methodological focus is based upon conceptual
analysis and thematic synthesis. By analyzing these
key themes, the authors tried to uncover themes that
re-emerged on creativity, identity construction, psy-
chological regulation, and cultural influence. There
are three stages to the analysis.

The literature was initially grouped into thematic
clusters as follows: (1) creativity as meaning-making;
(2) psychological functions of creative practices; (3)
external pressures and acceleration; and (4) authen-
ticity and internal balance. The second step was to
interrogate and interpret these themes critically to
recognize patterns, contradictions, and gaps. Third,
an integrative framework was established to help
conceptualize the intersection of creative processes
and temporal conditions. The author’s contribution
entails elaborating the “creative deceleration” frame-
work that puts slowness and internal balance within
the context of meaningful creativity.

Drawing from and applying to the literature, this
framework provides a theoretical lens that can con-
textualize the influences of speed on creative practice
at present in contemporary creative spaces.

Results. The analysis uncovers five key findings
on the relation between creativity, speed, and psycho-
logical balance.

First, a process rather than an outcome must be
understood about creativity all through the years.
Creative processes (in particular, tattooing) are
linked with meaning-making, identity construction,
and emotional integration throughout the literature
[5; 8]. Processes like this take time and cannot best be
compressed into short, fast production cycles.

Second, psychological well-being is inseparable
from how well creative engagement performs. When

Table 1

Thematic Categorization of Sources

Theme

Key Sources

Core Contribution

Meaning-making & identity

Dann & Callaghan (2019); Ifrach (2025); Rees
(2021)

Creativity as identity construc-
tion

Psychological function

Carpentier (2023); McCandlish & Pearson (2023);
Solano-Ruiz et al. (2025)

Creativity as emotional regula-
tion

Cultural influence

Clemmensen et al. (2025); Palese & Valent (2025);

Creativity shaped by social

Ghosh (2020) trends
Body & transformation Lefebvre (2024); DeMeola (2018); Weiler et al. Embodied creativity and trans-
(2025) formation
Motivation & pressure Atli et al. (2022); Teixeira et al. (2020); Breivik et Intrinsic vs extrinsic drivers
al. (2022)

Source: author’s development
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creative practices are internally motivated and reflec-
tive, emotional regulation and emotional resilience
develops [11; 17]. Outside creativity — on the basis
of trends, or social affirmation — leads to superficial
results (and some psychological stress).

Third, the speed of contemporary life imposes
drastic disturbances on creative processes. We feel
pressure not to produce, and the results we get can
often look too shallow, not authentic enough, and
burnout is likely to be a result. This becomes all the
more clear when all this is done in environments fo-
cused more on being seen and output than quality
and purpose.

Fourth, there’s a twofold function of the cultural
and social. They are, they may put meaning and imag-
ination there and they may also constrain art making
as freedom is being stifled. The rise in normalization
and commodification of tattooing demonstrate the
ways that creativity can move from intimate acts of
creativity to commodities [4; 13].

The final message of the current findings is that
slowness and internal balance, which the study pres-
ents here, are critical to creative processes. Practices
that enable reflection, emotion and self-congruence
are more authentic and psychologically healthier.

The result of this study reveals a central incon-
sistency of contemporary creative settings, that the
creative process is slow, introspective and ultimately
self-driven, yet in contemporary institutions, we can
find more and more systems requiring speed, expo-
sure and external recognition. Such contradiction has
implications which are grave on the quality of cre-
ative output and the psychological health of people
with the creative potential. This is the core idea of
creativity as progression not result in the discussion
of creativity.

This principle is best illustrated by the use of
artistic and artistic arts like tattooing. Tattoos are
also not simply visual artifacts; they are products of
many years of self-reflection, emotional processing
and identity negotiation [8; 14]. Tattoos are perma-
nent objects of concern; the fact that they require

careful thoughtfulness, they’re not fit for quick fix
production.

This wisdom touches on creativity more general-
ly, not just tattooing. Creative work that is hastily
or imposed from outside, runs the risk of losing its
depth, and of losing its authenticity. The transforma-
tion of intrinsic to extrinsic motivation is also a big
issue. For self-determination theory, intrinsic moti-
vation is critical for maintaining engagement and
well-being [18].

When people produce only to satisfy societal stan-
dards, what it creates, their level of enjoyment in the
creative process decreases, which brings them into
greater difficulty with high level of burnout. Burnout
represents a key feature of fast-paced workspaces.
The relentless pressure to produce, along with pres-
sure to stay timely in rapidly evolving cultural envi-
ronments, results in a vicious circle of exhaustion and
stifled creativity. This is consistent with externalized
creative practices having less emotional involvement
and more psychological strain in humans [1]. The in-
fluence of culture also complicates this process. Cul-
ture can be an impetus towards creativity as well as
a bane to it. The normalisation/commercialisation of
tattoo shows how creative practices are standardized
and commodified [13].

In such cases, people may give preference to ad-
hering, and lose meaning. This proposal focuses on
these challenges and has led to the idea of what one
may call a “creative deceleration” framework, where-
by slowness serves to center our mind and body, en-
couraging balance within (See Table 2). The theory
posits that meaningful creativity demands inten-
tionally disconnecting from dynamic systems, and
instead engaging again in reflective, process-oriented
activities.

This framework also has some implications for cre-
ative individuals. At the very least, it promotes a pref-
erence for process ahead of results. To improve the
quality and authenticity of their work, people need to
concentrate on the process rather than the product.
Second, it emphasizes the necessity of psychological

Table 2

Comparison of Fast vs Slow Creative Paradigms

Dimension Fast Creativity

(Acceleration Model)

Slow Creativity
(Deceleration Model)

Primary Driver

External pressure (trends, visibility)

Internal motivation (meaning, identity)

Temporal Orientation

Immediate output, short cycles

Long-term process, reflection

Creative Depth

Superficial, repetitive

Deep, symbolic, original

Psychological Impact

Burnout, stress, detachment

Balance, fulfillment, resilience

Relationship to Trends Conformity, imitation Selective integration or rejection
Identity Integration Weak or fragmented Strong, coherent, embodied

Output Quality High quantity, variable quality Lower quantity, high authenticity
Sustainability Unsustainable long-term Sustainable creative practice

Source: author’s development
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harmony. Practices like reflection, mindfulness, and
purposefully staying away from outside pressures can
advance creative health and well-being.

Third, the framework resists typical stories of pro-
ductivity. In a culture that links speed to success, to
slow down seems wasteful. However, the study sug-
gests slowness is not a constraint. It is fundamental
to real creativity. Finally, the message of this discus-
sion is for systemic change to happen.

The focus on production and visibility is some-
thing that creative industries and platforms need to
move past. In this way they will be able to facilitate
greater sustainable and authentic creative activities
by developing environments of reflection and motiva-
tion from inside.

Conclusions. As this paper shows, creativity is
dependent on slowness, psychological space, and in-
ternal balance. To answer these, in contrast with the
pressure of modern society, effective creative process-
es cannot happen all at once; on a more thoughtful
and meaningful basis, they are only possible through

slow and thoughtful reflection, emotional involve-
ment, and identity integration. This investigation of
tattooing as an embodied creative practice illustrates
the richness of the creativity involved. This shows
that genuine creative expressions are based on in-
ternal motives and can never be boiled down to fast
production or trend alignment. But the rising need
to create quickly comes with its own set of risks in-
cluding burnout, loss of authenticity, and diminished
creative quality. The “creative deceleration” model
offered in the latter is a theoretical blueprint which
will aid in grappling with the challenges presented
in turn. It is a way for both creativity and well-being
to be sustained by focusing instead on process rath-
er than output and balance instead of the trends.
Finally, this paper urges us to rethink our views of
creativity in the contemporary world in order to re-
define creativity and practice as it is used to describe
human creativity. Slowing down isn’t a break from
productive activity but a precursor to meaning and
longevity in creative output.

JJOJATKOBA IHDOOPMAI[IA
DOIHAHCYBAHHS: Asropu He oTpuMyBau (DiHAHCYBAHHA OIS IIHOTO TOCIIIKEeHHA.
3ASBA ITPO JOCTYIIHICTD JAHUX: He 3acTocoByeTbCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asABJIAIOTE IIPO BiCyTHICTH KOHQJIIKTY iHTEpeciB.
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EVALUATION OF MODERN PERMANENT
MAKEUP METHODS IN ACHIEVING
NATURAL-LOOKING FACIAL AESTHETIC
ENHANCEMENT

Summary. Background: The central aesthetic goal of permanent makeup (PMU) is the simulation of natural facial en-
hancement — results that appear inherent to the individual rather than applied. Yet the techniques most widely practiced in
the field produce healed outcomes that routinely fall short of this standard: over-saturated, tonally shifted, gradient-absent
results that read as artificial. Objective: This paper evaluates the capacity of modern PMU methods to achieve natural-looking
facial aesthetic enhancement, with specific focus on permanent lip makeup. It examines the structural features of conventional
techniques that limit naturalistic outcomes and presents an evidence-based assessment of how a layered, parameter-governed
methodology addresses each limitation. Methods: The analysis draws on peer-reviewed literature in dermatology, aesthetic sur-
gery, and pigment science, integrated with clinical methodology developed by the author through more than eleven years of spe-
cialized practice and over 2,000 lip procedures. Results: Natural-looking outcomes in permanent lip makeup are determined by
four primary variables: tonal accuracy, gradient quality, border softness, and skin-tone adaptability. Conventional single-pass
techniques manage none of these systematically. Conclusion: Achieving natural-looking PMU results requires a methodology

that addresses each determinant of naturalism through structured, parameter-defined clinical protocols.
Keywords: permanent makeup, natural aesthetics, lip PMU, facial enhancement, pigment retention, gradient technique,

aesthetic outcomes, micropigmentation.

ntroduction. The concept of “natural-looking” is

the most frequently cited aesthetic goal in client
consultations for permanent makeup, and yet it is the
least operationalized concept in the field’s technical
literature. Clients who describe a desire for results
that appear as their own, enhanced but not visibly
treated, are articulating a standard that depends on
several specific technical variables: that the healed
color accurately reflects the intended shade rather than
shifting toward an unintended tone; that the transition
from pigmented to unpigmented tissue is gradual and
soft rather than abrupt; that the density of implanted
pigment is modulated across the treatment zone to
simulate natural variation; and that the overall result
is congruent with the client’s individual skin tone, fa-
cial anatomy, and natural pigmentation. Conventional
PMU approaches do not address these variables sys-
tematically, and the gap between the natural-looking
standard clients articulate and the results that stan-
dard techniques produce is a well-documented feature
of the field’s complication literature [10; 19].

The aesthetic stakes of this gap extend beyond
client satisfaction. Singh et al. establish through an

4y

empirical aesthetic database study that lip definition,
symmetry, and tonal quality are among the highest-
weighted contributors to perceived facial attractive-
ness, situating permanent lip makeup among the most
aesthetically consequential procedures in the cosmetic
domain [23]. Ebrahimzadeh Ardakani et al. demon-
strate that outcomes of minor facial cosmetic proce-
dures have measurable impact on self-esteem and
quality of life, with unsatisfactory results producing
statistically significant negative effects [7]. The com-
bination of high aesthetic significance and significant
psychosocial impact makes the question of how PMU
techniques achieve naturalistic outcomes a matter of
clinical importance, not merely technical preference.
The historical trajectory of permanent makeup
practice offers limited guidance on this question.
Zhitny and Iftekhar trace the origins of cosmetic
tattooing to ancient practice traditions, noting that
aesthetic standards and technical capabilities have
evolved substantially over centuries [27]. The contem-
porary field, however, has developed in a context of
rapid commercialization and limited academic over-
sight: technique proliferation has outpaced technical
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standardization, and the “natural-looking” standard
has remained an aspirational description rather than
a defined clinical target [14].

This paper addresses the naturalism gap through
a structured evaluation of modern permanent lip
makeup techniques against an explicit set of natural-
ism criteria. Drawing on the author’s “From Nude to
Lipstick” methodology [26], developed through more
than eleven years of clinical specialization and over
2,000 lip procedures, and situating it within the rel-
evant peer-reviewed literature, the paper identifies
the structural features of technique that determine
naturalistic outcomes and evaluates the degree to
which contemporary PMU methods succeed in pro-
ducing them. The aim is to establish a framework for
evaluating PMU naturalism that is both clinically
grounded and technically actionable.

Literature Review. Defining Natural-Looking
Outcomes in PMU: An Absent Standard. A founda-
tional observation of this analysis is that the concept
of “natural-looking” outcomes in PMU has not been
formally defined in the peer-reviewed literature. Gha-
fari et al., in the most comprehensive recent review of
PMU technique and complications, describe outcome
categories in terms of technique type, lip blush, ombré,
microblading, rather than aesthetic outcome criteria
[10]. Kerure et al. similarly review micropigmentation
without establishing a clinical standard for naturalis-
tic results [14]. The absence of a shared definitional
framework means that practitioners and researchers
lack agreed-upon criteria for evaluating whether a giv-
en technique’s outcomes qualify as natural-looking,
a gap that this paper addresses directly.

Singh et al. offer the most relevant empirical con-
tribution to defining naturalistic facial aesthetics,
establishing through a database study of aesthetic
attribute correlations that lip symmetry, definition
clarity, and color harmony are the strongest predic-
tors of perceived attractiveness [23]. These findings
provide an implicit framework for naturalism: a lip
PMU result that preserves or enhances symmetry,
produces a clearly but softly defined border, and
achieves color harmony with the client’s individual
complexion reads as natural; one that produces asym-
metry, a hard border, or a tonally incongruent color
does not. Kim and Kwon document that consumer
demand for PMU procedures has been substantial-
ly driven by a desire for effortless, maintenance-free
natural appearance, reinforcing that naturalism is
not a niche preference but the dominant aesthetic ex-
pectation in the current market [15].

Technique Variables That Determine Naturalistic
Outcomes. The dermatological and PMU technique
literature identifies four primary variables that de-
termine the naturalistic quality of healed permanent
lip makeup outcomes: tonal accuracy, gradient qual-
ity, border softness, and skin-tone adaptability. Each
is independently determinative, and conventional

technique approaches manage none of them system-
atically.

Tonal accuracy refers to the correspondence be-
tween the intended healed color and the actual
healed result. Andreou et al. document that PMU
pigment color shifts during healing through immune-
mediated encapsulation and UV-induced photodegra-
dation, processes that disproportionately affect warm-
toned pigments on cool-undertoned tissue [1]. Colboc
et al. establish at the chemical level that the dermal
microenvironment actively modifies implanted pig-
ment, with the optical filtering effect of melanin-rich
tissue producing the cool tonal shifts that are among
the most common sources of client dissatisfaction [5].
Rigali et al. demonstrate that the specific pigment
classes used in permanent makeup have differential
photostability profiles, with organic pigments prone
to color shifts that iron-oxide formulations resist [21].

Gradient quality refers to the smoothness and
naturalness of the tonal transition from the saturat-
ed lip center to the transparent vermilion border. In
living lips, this transition is anatomically inherent:
the pigmented mucosa of the lip body grades imper-
ceptibly into the thinner, more translucent tissue of
the vermilion border. Replicating this natural gradi-
ent in PMU requires deliberate technique architec-
ture, as Hvas and Serup establish, needle selection,
voltage, hand speed, and direction of movement each
independently influence the sharpness or softness of
tonal transitions in cosmetic tattooing [12]. Pacht-
en et al. document the mechanical properties of dif-
ferent needle configurations, confirming that round
liner needles produce softer, more diffuse pigment
deposition than round shaders or magnums, making
them the appropriate choice for border zone applica-
tion where gradient softness is the primary technical
requirement [18].

Border softness refers specifically to the definition
quality of the vermilion border, the line between the
lip and surrounding skin. Marwah et al. establish
that penetration depth and lateral pigment spread
are determined by applied pressure and needle geom-
etry, with over-penetration at the border producing
the migration and blur that is among the most visu-
ally disruptive failures of lip PMU naturalism [16].
Tomita et al. document border-related complications
in cosmetic tattoo procedures for the face, noting that
technique-anatomy mismatch at high-visibility zones
is a primary mechanism of outcome failure [25].

Skin-tone adaptability refers to the technique’s
capacity to produce consistently naturalistic results
across the full range of client phototypes and un-
dertones. Harvey et al. and Cohen et al. argue that
clinical tools for skin color assessment must extend
beyond broad Fitzpatrick categories to capture un-
dertone variability, which is the most clinically sig-
nificant pigmentary variable for PMU outcome pre-
diction [4; 11]. Farré et al. establish the genetic basis
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for phototype variability, underscoring that skin tone
is not a simple categorical variable but a continuous
biological characteristic with predictable implica-
tions for dermal pigment behavior [8].

The Psychosocial Dimension of Naturalism. The
clinical importance of naturalistic PMU outcomes is
not confined to aesthetics; it has a documented psy-
chosocial dimension that elevates its status as a clin-
ical concern. Ebrahimzadeh Ardakani et al. demon-
strate that satisfaction with minor facial cosmetic
procedures is directly linked to self-esteem and social
functioning, with unsatisfactory results producing
measurable negative impact across both domains [7].
Pidro et al. extend this finding to the removal context,
demonstrating through a WHOQOL-BREF-based
study that the persistence of unsatisfactory PMU,
and the experience of seeking its removal produces
quality-of-life decrements comparable to those asso-
ciated with more significant medical conditions [19].

These findings situate the naturalism standard
not as a cosmetic preference but as a clinical outcome
measure. A PMU result that fails the naturalism
test, one that is visibly artificial, tonally incongruent,
or technically imprecise, is not merely an aesthetic
disappointment; it is a clinical failure with measur-
able patient consequences. Piéro et al. establish that
pigment density and composition are primary pre-
dictors of removal difficulty, creating a direct clinical
incentive for naturalistic implantation parameters:
the low-density, zone-differentiated approach that
produces the most natural healed result is also the
approach that produces the most correctable one if
revision is needed [20].

Complications as Evidence of Naturalism Failure.
The complication literature provides a further line of
evidence for the clinical significance of naturalism fail-
ure. Dodig et al. document the full spectrum of adverse
reactions in cosmetic tattooing, distinguishing compli-
cations attributable to pigment chemistry from those
attributable to technique variables [6]. Ibraheim et al.
and Suleman et al. report granulomatous reactions in
PMU clients, establishing high implantation density
as a primary risk factor, directly linking the over-sat-
uration that produces non-natural results with an el-
evated complication profile [13, 24]. Chalarca-Canas
et al. provide a histopathological analysis of tattoo-
related complications, confirming that pigment den-
sity and depth are the primary tissue-level determi-
nants of inflammatory response [3].

Argobi et al. document safety and awareness defi-
cits among PMU practitioners [2], and Shishak and
Kuthial identify inadequate training as the primary
predictor of microblading complications, a finding ap-
plicable to lip PMU, where the relationship between
technique precision and clinical outcome is equally
direct [22]. Geisler et al. confirm that laser removal
of PMU is substantially more complex for high-den-
sity implantations and certain pigment classes,
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establishing a technical-correctability dimension
to naturalism that reinforces the clinical value of
low-density, parameter-governed application from
the outset [9].

Methodology. The evaluative framework of this
paper is built upon two integrated components. The
first is the author’s clinical methodology, “From Nude
to Lipstick” [26], which provides the primary techni-
cal comparator for the naturalism evaluation. Devel-
oped through more than eleven years of specialized
permanent lip makeup practice encompassing over
2,000 procedures, this methodology emerged from the
author’s direct clinical observation of the naturalism
failures produced by conventional PMU approaches
and from the iterative development of technique ar-
chitecture specifically designed to address them.

Four naturalism criteria, tonal accuracy, gradient
quality, border softness, and skin-tone adaptability,
were identified by the author as the primary deter-
minants of whether a healed lip PMU result reads as
natural or artificial. These criteria were derived from
clinical observation across a large and diverse client
population and are validated by the dermatological
and aesthetic literature reviewed in Section 2. Each
criterion maps onto a specific structural component
of the author’s methodology: tonal accuracy is ad-
dressed by the neutralization protocol; gradient qual-
ity by the three-layer implantation architecture and
formalized gradient construction layer; border soft-
ness by the anatomy-specific technique parameters
for the vermilion zone; and skin-tone adaptability by
the phototype-stratified neutralization framework.

The peer-reviewed literature serves as the exter-
nal validation framework for this analysis. Published
findings on pigment chemistry, tissue-anatomy in-
teraction, and complication profiles are examined for
their correspondence with the naturalism criteria
identified by the author and with the clinical princi-
ples embedded in the methodology. The five common
failure modes identified in the Findings section (Sec-
tion 4) were derived from the author’s clinical practice
and are cross-referenced against the complication and
outcome literature to establish their generalizability
beyond the author’s own caseload. The comparative
assessment presented in Table 1 draws on the author’s
direct technical knowledge of each technique category,
corroborated by the technique descriptions and out-
come data available in the published literature.

Results. Comparative Naturalism Assessment
Across PMU Techniques. Table 1 presents a compara-
tive assessment of four contemporary permanent lip
makeup technique categories against the four natu-
ralism criteria. The assessment draws on the tech-
nical descriptions and outcome data available in the
published literature and on the author’s clinical eval-
uation of each technique category.

The comparative assessment demonstrates
a clear performance gradient: standard lip blush and
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Table 1
Comparative Naturalism Assessment of Contemporary Permanent Lip Makeup Techniques
Technique Border Soft- Tonal Accuracy Gradient Qual- | Skin-Tone Adapt-| Overall Natu-
ness (healed) ity ability ralism
Standard Lip Low—Moderate Variable (cool shift | Minimal / absent| Poor (FP IV-VI) %k e e
Blush common)
Ombre / Aquarelle Moderate Moderate (undertone- | Moderate (sin- | Moderate (FP I-III Sk s
dependent) gle-pass) best)
Full-saturation | Low (hard bor- High initial / fades Absent Poor across all FP %k Yo e
(traditional) der typical) dense
From Nude to Lip- | High (1-2 mm | High (neutralization |High (formalized High (FP I-VI % %k %k ok
stick (layered) sheer zone) protocol) 3-layer) protocol-guided)

Source: Ratings reflect healed outcome quality across the four naturalism criteria. FP = Fitzpatrick phototype. Star ratings are
qualitative assessments based on published technique descriptions and clinical evaluation. “From Nude to Lipstick” ratings based on

Vasylchenko [26]

traditional full-saturation approaches consistently
produce the least naturalistic results across all four
criteria, while the layered methodology achieves high
performance across all. The ombré/aquarelle category
represents an intermediate approach that improves
gradient quality over standard blush but retains the
fundamental limitations of single-pass implantation,
particularly for darker phototypes where undertone-
related tonal shift remains unmanaged.

Naturalism Failure Modes and Their Structural
Origins. Table 2 presents the five most clinically prev-
alent naturalism failure modes identified through the
author’s clinical practice and corroborated by the lit-
erature, with their structural causes in conventional
technique and the specific methodological responses
developed to address them.

The five failure modes documented in Table 2
share a common structural origin: they are each pro-
duced by the absence of a specific clinical protocol in
conventional technique, not by technical error with-
in a defined protocol. This distinction is clinically

important: it means that the naturalism failures of
conventional PMU are not correctable through im-
proved execution of the same technique, but require
a fundamentally different technique architecture
(See Figure 1).

Discussion. Naturalism as a Clinical Standard,
Not an Aesthetic Preference. The central argument of
this paper is that natural-looking outcomes in perma-
nent lip makeup are not an aesthetic preference to be
balanced against other considerations, they are the
primary clinical standard against which technique ef-
ficacy should be evaluated. This argument is support-
ed by the psychosocial evidence reviewed in Section 2:
the documented negative impact of non-natural PMU
outcomes on self-esteem [7], quality of life [19], and
the clinical complexity of correction [9] establishes
that naturalism failure has consequences extending
well beyond aesthetic disappointment. A technique
that reliably produces non-natural results is a clini-
cally inadequate technique, regardless of its technical
simplicity or widespread adoption.

Table 2

Naturalism Failure Modes, Structural Causes, and Methodological Responses

blue, gray, or purple

. Clinical Structural Cause in .
Failure Mode Presentation Conventional Technique Methodological Response [26]
Tonal shift Healed color reads|No undertone assessment; warm pig- | Three-step neutralization protocol

ment optically neutralized by cool der-
mal melanin

before target shade

Over-saturation

Dense, opaque, artifi-
cial appearance

Single-pass high-voltage application;
no density modulation by zone

Three-layer = implantation  with

zone-specific density targets

Border blur / mi-
gration

Undefined vermilion
edge; pigment spread

Central-zone parameters applied to
thin border tissue; over-penetration

1003RL at 5.5-6.5V for border zone;
1-2 mm sheer gradient specification

Gradient absence

Flat, uniform satura-
tion; non-dimensional
result

No gradient construction protocol; in-
tuitive or absent transition zone

Formalized gradient construction
layer: directional, zone-specific,
parameter-defined

Asymmetry

Unequal saturation or
border definition bi-
laterally

No systematic sequence or execution
criteria per zone

Nine-step non-negotiable procedur-
al sequence with objective execution
criteria

Source: Failure modes identified from clinical practice [26] and corroborated by Ghafari et al., Chalarca-Canas et al., Dodig et al., and

Pioro et al. [3; 6; 10; 19]
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Conventional single-pass technique result

Layered technique result

Fig. 1. Clinical Lip Technique Comparison Diagram
Source: author’s development

The peer-reviewed literature has not previously
articulated this standard explicitly, naturalism has
been an implicit aspiration in PMU rather than a de-
fined clinical outcome measure. The four-criterion
framework proposed in this paper (tonal accuracy,
gradient quality, border softness, skin-tone adapt-
ability) represents an attempt to make this standard
explicit and evaluable, translating the aesthetic con-
cept of naturalism into clinical criteria that can be
operationalized as technique parameters, assessed
against defined failure modes, and transmitted
through structured professional training.

Why Gradient Construction Is Central to Natural-
ism. Of the four naturalism criteria, gradient quality
is the most technically distinctive, and the most consis-
tently absent in conventional PMU approaches. A nat-
ural lip has no hard edges: the transition from the pig-
mented body of the lip to the surrounding skin occurs
gradually, through a zone of progressively decreasing
pigment density that is anatomically inherent to the
vermilion border. Replicating this transition in PMU
is not a matter of artistic skill alone; it requires a de-
liberate, parameter-defined technique protocol.

The author’s formalized gradient construction
layer using 1205RS for center-zone directional depth,
transitioning to 1003RL for the border zone at reduced
voltage and increased hand speed, with all movement
directed from the saturated zone outward toward the
sheer edge, addresses this requirement precisely [26].
The non-intuitive aspect of this protocol is the direc-
tional constraint: hand movement must always pro-
ceed from the saturated zone toward the transparent
edge, never in reverse. This constraint is not aesthet-
ic preference; it reflects the mechanical reality that
reverse movement (from edge toward center) deposits
pigment at the border before the gradient has been
established, producing the abrupt tonal break that
distinguishes an artificial from a natural result.
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Hvas and Serup establish that hand speed and
direction independently influence pigment distribu-
tion in cosmetic tattooing, supporting the technical
rationale for the directional parameter [12]. Pachten
et al. document that needle configuration determines
the sharpness and diffusion radius of pigment deposi-
tion, confirming that the round liner’s smaller, more
precise deposition profile is the appropriate tool for
the border zone’s naturalism requirements [18]. To-
gether, these findings provide the mechanistic basis
for the gradient construction protocol’s specific pa-
rameters.

The Saturation Classification System and Natu-
ralism Across Outcome Levels. A distinctive feature of
the author’s methodology is the four-level saturation
classification system (Bare Veil, Silk Nude, Velvet
Tint, Signature Lip), which establishes that natural-
ism is not synonymous with minimal intervention.
A Signature Lip result, full-saturation, lipstick-
equivalent coverage, is fully compatible with natural-
istic outcomes if the healed color is tonally accurate,
the gradient is properly constructed, and the bor-
der is softly defined. Conversely, a Bare Veil result,
near-imperceptible second-skin effect, fails the natu-
ralism standard if the healed color has shifted toward
an unintended tone or the border has migrated.

This distinction has important clinical implica-
tions: it means that the naturalism standard is proce-
dure-type-neutral. Whether a client desires the most
minimal enhancement or the fullest lipstick effect,
the same four criteria apply, and the same technique
architecture, layered implantation, neutralization
protocol, anatomy-specific parameters, gradient for-
malization is required to meet them. This universal-
ity is what distinguishes a systematic methodology
from a collection of technique options: the methodol-
ogy’s structural components apply across all outcome
levels, not only in specific use cases [26].
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The Contribution of Reproducibility to Natural-
ism at Scale. The naturalism standard is not only
a single-procedure concern,; it is a field-level concern
with implications for how PMU practice is trained and
evaluated. Argobi et al. identify training adequacy as
a primary predictor of PMU outcome quality [2], and
Shishak and Kuthial establish that inadequate train-
ing is the principal mechanism of microblading com-
plications [22]. These findings apply with equal force
to lip PMU: a practitioner who has not been explicitly
trained in gradient construction, neutralization pro-
tocols, and anatomy-specific technique differentiation
cannot be expected to achieve consistently naturalis-
tic results, regardless of procedural volume.

The transmissibility of technique its capacity to
be taught, assessed, and replicated across practi-
tioners — is therefore itself a naturalism-relevant
variable. Intuition-based gradient construction can-
not be standardized; parameter-defined gradient
construction can. The difference between these ap-
proaches determines not only whether a single prac-
titioner’s results are natural-looking, but whether
the field as a whole can reliably produce them. As
Kim and Kwon (2023) document, consumer demand
for natural-looking PMU continues to grow in the
post-pandemic aesthetic market, making the field-
level implications of reproducible technique increas-
ingly significant [15].

Implications for Clinical Practice and Profession-
al Standards. The evaluation framework presented
in this paper, four naturalism criteria, five failure
modes, and a structured methodology that address-
es each, has direct implications for how permanent

Traditional
full-saturation

Standard
lip blush
S
Layered
methodology

mooth gradient

(1)

Tonal Accuracy -
healed color matches
intended shade

“Natural-Looking
! Result

Fig. 2. Naturalism Criteria for Permanent Lip Makeup
Infographic

Source: author’s development

lip makeup is practiced, taught, and assessed as
a professional discipline. At the practice level, the
framework provides a pre-procedure evaluation tool:
assessing each client against the four naturalism cri-
teria before beginning the procedure allows the prac-
titioner to identify which specific risks (tonal shift,
gradient failure, border migration) are most salient
for that client’s individual phototype and anatomy,

o Hard border

™ Abrupt erdge

o Partial gradient

Inconsistent
pigment distribution

Center-transparent

N\ /
Formalized gradient
"N 12 mm

sheer zone

Fig. 3. Clinical Lip Gradient Techniques Comparison Diagram
Source: author’s development
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and to select the appropriate protocol components ac-
cordingly (See Figure 2).

At the professional standards level, the framework
argues for the adoption of explicit naturalism crite-
ria as evaluative benchmarks for PMU training pro-
grams, certification examinations, and competition
judging criteria (See Figure 3). The author’s invita-
tions to serve as a judge at international PMU compe-
titions — including the PMU Skills USA Winter On-
line Tournament and the TB Championship — reflect
the field’s growing recognition that expert technical
evaluation requires precisely this kind of structured,
criterion-based assessment framework, as opposed to
purely subjective aesthetic judgment.

Conclusions. This paper has established that
natural-looking outcomes in permanent lip makeup
are determined by four primary variables tonal accu-
racy, gradient quality, border softness, and skin-tone
adaptability and that conventional PMU techniques
fail to manage any of them systematically. The struc-
tural origins of naturalism failure are not incidental
errors but predictable consequences of technique
architectures that lack the specific clinical proto-
cols required to address each variable: no undertone

assessment, no layered implantation logic, no formal-
ized gradient construction, no anatomy-specific pa-
rameter differentiation.

The author’s “From Nude to Lipstick” methodolo-
gy addresses each of these structural deficits through
deliberate design. Its components neutralization
protocol, three-layer implantation architecture, for-
malized gradient construction, anatomy-specific
technique parameters, and four-level saturation clas-
sification together constitute a framework in which
naturalistic outcomes are achievable as a reproduc-
ible, parameter-governed clinical standard rather
than an aspirational ideal.

The broader implication of this analysis is that the
permanent makeup field requires explicit naturalism
criteria as clinical standards defined, evaluable, and
transmissible through structured training. The psy-
chosocial evidence reviewed in this paper [7; 19] estab-
lishes that naturalism failure is a clinical failure with
measurable patient consequences. The adoption of sys-
tematic, naturalism-oriented technique frameworks is
therefore not merely a quality-of-practice concern but
an ethical imperative for a field whose primary prom-
ise to clients is enhancement that looks like their own.

JOJATKOBA IHOOPMAILIIA
DOIHAHCYBAHHS: Asropu He 0TpUMYBAJIH (PiHAHCYBAHHA [JIA I[bOTO JOCITIKEeHHS.
3AABA ITPO JOCTYIIHICTD JAHMX: He 3acTocoByeThbes.
KOH®JIIKT IHTEPECIB: ABTopu 3asABIAIOTE OPO BiICYTHICTH KOH(JIIKTY iHTEpECiB.
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SYSTEMATIZING ERROR WORK:
IMPLEMENTING THE FOUR-R PROTOCOL
IN STUDENT PRACTICE
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Summary. This article presents the Four-R Protocol, a structured four-stage approach to processing performance errors
developed within the Cognitive-Adaptive Piano Method. In most piano instruction, a wrong note or faulty passage is met with
an informal instruction to repeat the material until it improves, an approach that leaves the underlying cause of the error
unexamined and gives the student little practice in analyzing their own mistakes independently. The Four-R Protocol replaces
this ad hoc response with a repeatable sequence: Recognize, Reflect, Repair, and Reinforce. Through this sequence, a student
moves from simply noticing that something went wrong toward understanding why it happened, correcting it in an isolated and
targeted way, and consolidating the correction so that it holds under performance conditions. The article situates this protocol
within research on attributional beliefs about failure, deliberate practice, self-regulated learning, and the spacing and retrieval
effects that govern durable retention. Observations gathered across applied use suggest that structured error work of this kind
reduces the recurrence of the same mistake across sessions and, over time, shifts responsibility for identifying and diagnosing
errors from the teacher toward the student. The article closes by acknowledging the descriptive nature of this evidence and by
outlining the controlled comparison that would be needed to test the protocol’s specific contribution more rigorously.

Key words: Four-R Protocol, error correction, self-regulation, deliberate practice, piano pedagogy, attribution theory.

ntroduction. Mistakes are not an occasional inter-

ruption to learning a musical instrument; they are
one of its central raw materials. Almost everything
a piano teacher does in a lesson involves responding,
in one way or another, to something that has just gone
wrong. Yet the way this response is structured var-
ies enormously and is rarely made explicit. The most
common pattern, in the author’s experience across
three decades of teaching, is some version of “try that
again,” an instruction that gives the student another
attempt but no structured way of understanding what
specifically went wrong or why. Austin and Vispoel’s
research on how adolescents interpret success and
failure in classroom music shows that the attributions
students form about a mistake (whether they see it as
a fixed limitation or a fixable, specific problem) shape
their subsequent motivation and effort as much as the
mistake itself [1]. Dweck’s account of implicit theo-
ries of ability makes a closely related point: students
who are given the tools to see an error as informative
rather than defining respond to it very differently
over time [6].

Deliberate practice research adds a further di-
mension. Ericsson, Krampe, and Tesch-Romer’s
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foundational account of expert performance argues
that what separates productive practice from mere
repetition is precisely the deliberate, targeted identi-
fication of specific weaknesses [7], and Chaffin, Imreh,
and Crawford’s detailed study of a concert pianist’s
memorization process shows this principle in action:
expert practice is built around isolating and repairing
specific problem points instead of repeating a passage
from the beginning until it happens to go well [4].
Traditional pedagogical accounts of piano technique
discuss correction primarily as something the teacher
diagnoses and communicates verbally, with compara-
tively little attention to how a student might be taught
to carry out this diagnostic process independently [9].

The Four-R Protocol was developed within the
Cognitive-Adaptive Piano Method to close this gap.
It structures error correction into four sequential
stages: Recognize, Reflect, Repair, and Reinforce.
Through this sequence, the student is guided, over
time, toward increasing independence in identifying
and correcting their own mistakes. This article sets
out the theoretical basis for this structure, describes
its application, and reports the patterns observed
where it has been used.
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1. Motivation, Attribution, and Responses to
Error. The starting point for the Four-R Protocol is
research on how students interpret and respond to
their own mistakes. Austin and Vispoel’s study of attri-
butional beliefs in classroom music found that students
who attributed failure to specific, correctable factors
persisted more effectively than those who attributed
it to fixed ability [1], and Dweck’s broader research on
implicit theories of intelligence and skill provides the
general psychological mechanism behind this finding:
framing a mistake as informative, instead of as evi-
dence of a fixed limitation, is far more likely to prompt
productive effort [6]. Wigfield and Eccles’ expectancy-
value theory adds that a student’s willingness to per-
sist after an error depends on both their expectation
of eventual success and the value they place on the
activity [20], while Woody’s research on the motiva-
tions of accomplished musicians suggests that how
a student is taught to relate to failure early on can
shape the durability of their engagement with music
over the long term [22]. Ryan and Deci’s self-determi-
nation theory situates this within a broader account
of motivation, arguing that a sense of competence,
which depends heavily on believing one’s efforts at
correction are effective, is one of the central conditions
for sustained intrinsic engagement [17].

2. Deliberate Practice and Expert Error
Correction. A second strand concerns the internal
structure of expert and deliberate practice. Ericsson,
Krampe, and Tesch-Romer’s account of deliberate
practice identifies the precise, effortful targeting of
specific weaknesses as the mechanism that separates
expert-level improvement from ordinary repetition
[7], and Lehmann and Ericsson’s extension of this
research to amateur and student musicians confirms
that the same principle applies well below the level of
professional performance [12]. Barry and Hallam’s re-
view of practice research reaches a similar conclusion
from a different angle, finding that it is the organiza-
tion and quality of practice time, not sheer repetition,
that predicts improvement [2]. Chaffin, Imreh, and
Crawford’s study of expert memorization illustrates
what this looks like in practice: the performer they
studied built explicit markers around difficult passages
and returned to them individually instead of relying
on repetition of the whole [4]. Gruson found a closely
related structure in her comparison of more and less
competent young performers, where more competent
players broke difficult material into targeted segments
instead of repeating it undifferentiated [8]. Sloboda,
Davidson, Howe, and Moore’s research on the develop-
ment of performing musicians similarly found that the
quality and structure of practice sessions, including
how directly they addressed specific problems, distin-
guished more successful young performers from their
peers [19]. Drake and Palmer’s work on planning and
temporal control in skill acquisition adds a further

layer, showing that the ability to anticipate where
a difficulty is likely to arise, rather than only reacting
to it after the fact, is itself a component of skilled per-
formance [5], a capacity the Four-R Protocol aims to
build deliberately through its Recognize stage.

3. Retrieval Practice and Reinforcement of
Learning. A third relevant body of research concerns
how a correction, once identified, is best consolidated
so that it holds under later performance conditions.
Roediger and Butler’s review of retrieval practice
shows that actively producing a corrected version of
material, rather than passively repeating it, produces
more durable learning [16], and Kornell and Bjork’s
research on spacing demonstrates that revisiting
a correction after a delay, not only in the moment it is
made, strengthens retention relative to a single con-
tinuous repetition [11]. Both findings bear directly on
how the Reinforce stage of the protocol is structured.

4. Self-Regulated Learning, Reflective Prac-
tice, and the Rationale for the Four-R Protocol.
Self-regulation research supplies the final and perhaps
most direct theoretical foundation for the protocol as
a whole. Zimmerman’s account of self-regulated learn-
ing as a recurring cycle of goal-setting, monitoring,
and reflection [23], and Zimmerman and Risemberg’s
parallel account of the same cycle applied to writing
instruction [24], both describe a structure that the
Four-R Protocol adapts specifically to the moment of
error correction. McPherson and Zimmerman’s ap-
plication of self-regulation theory to music learning
[15] and McPherson and Renwick’s finding that it is
structured goal-setting, not instructional intensity
alone, that predicts sustained skill development [14]
both support treating error correction as a discrete,
structured sub-cycle within the larger arc of a stu-
dent’s self-regulated development. It is not merely an
incidental correction handled entirely by the teacher.

Locke and Latham’s goal-setting theory [13] rein-
forces this point at a more general level: specific, proxi-
mal goals (such as those the Reflect and Repair stages
generate for a given mistake) reliably outperform vague
instructions such as “try again” in sustaining focused
effort. Schon’s concept of the reflective practitioner
[18] provides the complementary teacher-side account,
describing expert teaching as a process of continual,
structured reflection on what a student’s error reveals,
which is precisely the disposition the Four-R Protocol
asks the student to begin developing for themselves.

Finally, research on performance anxiety, including
Kenny’s comprehensive account of its psychology [10]
and Wilson and Roland’s related work [21], suggests
that how a student has learned to relate to error in
ordinary practice may carry over into how threatening
a mistake feels under performance pressure, though
this connection remains an inference from adjacent
literature rather than a directly tested claim. Burwell’s
comparative study of how vocal and instrumental teach-
ers in higher education approach correction [3] further
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indicates that considerable variation exists in how ex-
plicitly teachers structure this process, reinforcing the
case for a protocol that makes the structure explicit
instead of leaving it to individual habit (See Figure 1).

9

Responsibility shifts from teacher to student over time

Fig. 1. The Four-R Protocol Cycle
Source: developed by the author

Methodology. This article draws on the applied
development and use of the Four-R Protocol across
a range of private studio and community-program
settings over an extended period, informed by the au-
thor’s three decades of piano teaching experience. The
protocol structures a student’s response to an identi-
fied performance error into four sequential stages. In
Recognize, the student is guided to notice precisely
where and how an error occurred rather than simply
that “something went wrong”; in Reflect, the student
and teacher jointly consider the likely cause of the
error: technical, attentional, or interpretive. In Re-
pair, a targeted, isolated correction is practiced apart

from the full passage; in Reinforce, the correction is
reintegrated into the fuller passage and revisited after
a delay to consolidate retention. Across a student’s de-
velopment, responsibility for the earlier stages is delib-
erately shifted from teacher to student as competence
builds, so that more advanced students eventually ini-
tiate the Recognize and Reflect stages independently.

As with the companion analyses of assessment and
lesson structuring presented elsewhere in this line of
work, the evidence available here is descriptive rather
than experimental, drawn from structured case docu-
mentation accumulated across a heterogeneous caseload
of beginning and intermediate students rather than
from a controlled trial with a comparison condition.
This limitation, and the research design that would be
needed to address it, is discussed further below.

Results. Table 1 summarizes the four stages of
the protocol as applied across the caseload informing
this article, along with the corresponding shift in re-
sponsibility from teacher to student that is expected to
occur as a student gains experience with the process.

Applied across a heterogeneous caseload of begin-
ning and intermediate students, several consistent
patterns emerged. First, students who were guided
through the full four-stage sequence for a recurring
mistake appeared less likely to reproduce the identi-
cal error in a subsequent lesson than when the same
mistake was addressed only through repeated practice.

Second, over repeated use of the protocol across
a term, more advanced students increasingly initiated
the Recognize stage themselves, identifying and nam-
ing an error before the teacher intervened.

Third, students who were guided to attribute an
error to a specific, correctable cause during the Reflect
stage appeared to show less visible frustration and
discouragement than when an error was addressed
without this step.

Finally, teachers using the protocol reported that
separating the Repair stage from full-passage practice
made it considerably easier to confirm that a specific
correction had actually been mastered, rather than
assuming this based on one or two apparently success-
ful repetitions embedded within the whole passage.

Table 1
The Four-R Protocol: Stages and Developmental Shift in Responsibility
Primary Actor Primary Actor
Stage T (Early Stage) (Advanced Stage)
Recognize |Precisely identifying where and how | Teacher points out the error | Student identifies the error inde-
the error occurred pendently
Reflect Considering the likely cause: techni- | Teacher proposes explanation, | Student proposes explanation,
cal, attentional, or interpretive student confirms teacher confirms
Repair Practicing a targeted, isolated correc- | Teacher designs the isolated | Student designs and tests own iso-
tion apart from the full passage drill lated drill
Reinforce |Reintegrating the correction and re-|Teacher schedules the fol-|Student self-schedules review as
visiting it after a delay low-up review part of practice planning

Source: developed by the author
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Table 2

Observed Contrast Between Ad Hoc and Four-R Structured Error Correction

Feature

Ad Hoc Correction
(“Try That Again”)

Four-R Structured Correction

Diagnostic step

Rarely made explicit

Explicit Reflect stage before repair begins

Location of practice
passage

Repetition embedded within the full

Isolated Repair stage practiced apart from the
passage

Confirmation of mastery
repetitions

Assumed after one or two successful

Confirmed through delayed Reinforce-stage
review

Locus of responsibility over time

Remains with the teacher

Deliberately shifts toward the student

Source: developed by the author

Table 2 summarizes the observed contrast between
this structured approach and the ad hoc correction
pattern it is intended to replace.

These findings support the central argument of this
article: that error correction, like assessment and lesson
structuring, benefits from an explicit, repeatable frame-
work rather than being left to a teacher’s informal,
in-the-moment judgment. The reduced recurrence of
errors observed here, in particular, is consistent with
the retrieval and spacing literature underlying the
Reinforce stage [11; 16]. The Four-R Protocol’s con-
tribution is not the observation that errors should be
analyzed instead of simply glossed over: that principle
is already implicit in deliberate practice research and

visible in how expert performers such as the pianist
studied by Chaffin, Imreh, and Crawford organize their
own practice [4]. The protocol’s contribution is to trans-
late that principle into a structure a teacher can use
deliberately with a student who has not yet developed
this diagnostic capacity independently, and to build
into that structure an explicit mechanism for gradually
transferring the capacity to the student over time.
The developmental shift observed in the Recognize
stage, with students increasingly identifying their own
errors before teacher intervention, is consistent with
the developmental shift in self-regulatory responsibil-
ity described by Zimmerman and by McPherson and
Zimmerman [15; 23], and is arguably the protocol’s
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Fig. 2. Error Recurrence Across Sessions (illustrative pattern based on observed case documentation,
not measured data from a controlled comparison)

Source: developed by the author
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most significant claim, since it connects directly to the
broader goal stated in this article’s title: that struc-
tured error work should build self-reflection and in-
dependent professional growth, not merely improve
accuracy on a given passage (See Figure 2). This aligns
closely with Zimmerman’s and Zimmerman and Ris-
emberg’s account of self-regulation as an internalized
cycle instead of an externally imposed one [23; 24], and
with Schon’s argument that reflective expertise devel-
ops through repeated, structured engagement with
one’s own performance rather than through instruction
alone [18]. If this pattern holds under more rigorous
testing, it would suggest that the protocol’s long-run
value lies less in any single correction it produces and
more in the metacognitive habit it cultivates.

The attributional finding (that framing an error as
specific and correctable during the Reflect stage ap-
pears to reduce visible frustration) is consistent with
the attributional research reviewed above [1; 6], though
it deserves a cautious reading. Austin and Vispoel’s and
Dweck’s research both concern how students interpret
failure in general, not the specific mechanics of a struc-
tured four-stage protocol [1; 6], so the connection drawn
here is an application of established principles rather
than a direct test of them. The same caution applies to
the discussion’s tentative link to performance anxiety:
Kenny’s and Wilson and Roland’s research addresses
the anticipation and experience of formal performance
specifically [10; 21], and while it is plausible that a stu-
dent accustomed to treating errors as routine, analyz-
able events in practice might experience less anxiety
when an error occurs during a performance, this article
does not present direct evidence for that connection and
it should be treated as a hypothesis for future research
rather than an established finding.

It is worth positioning the Four-R Protocol rela-
tive to more traditional accounts of piano pedagogy.
The classical Ukrainian piano pedagogical tradition,
represented in Vasyl Barvinsky’s teaching notes and
analyzed in Kashkadamova’s work on the Lviv piano
school [9], treats correction largely as an act of the
teacher’s musical and technical judgment communi-
cated to the student, with the student’s role remaining
comparatively receptive. This is not a criticism of the
Ukrainian conservatory tradition’s broader contri-
bution, which remains valuable on questions of tone,
technique, and interpretation; rather, it reflects a dif-
ference in what the two accounts are trying to achieve.
The Four-R Protocol is not a substitute for a teacher’s
musical judgment about what has gone wrong: the
Reflect stage explicitly depends on that judgment,
particularly early in a student’s development. It

does, however, insist that this judgment be exercised
through a structure the student can eventually take
over, instead of remaining permanently the teacher’s
exclusive domain. Burwell’s finding that considerable
variation exists in how different teachers structure
correction [3] suggests that this kind of explicit pro-
tocol may be particularly useful for less experienced
teachers, or for teaching contexts where consistency
across multiple instructors matters, such as commu-
nity music programs.

The methodological limitations of the evidence pre-
sented here are consistent with those noted through-
out this line of work. Because the observations are de-
scriptive and drawn from applied case documentation
rather than a controlled study, it remains possible that
the reduced recurrence of errors reflects the general
benefit of any structured attention to a mistake rath-
er than something specific to the four-stage sequence
proposed here. A useful next step would be a compar-
ative study contrasting error correction using the full
Four-R sequence against correction using only some of
its stages (for instance, Repair and Reinforce without
an explicit Reflect stage) tracked across several lessons
using measures such as error recurrence rate, time to
independent Recognize-stage initiation, and self-report-
ed frustration, informed by the retrieval and spacing
measures already established in the broader literature
[11; 16]. Such a study would help isolate which specific
stage or combination of stages is doing the explanatory
work, since it remains possible that not all four stages
contribute equally to the outcomes observed here.

Conclusions. This article has shown how the
Four-R Protocol puts that principle into practice, giving
piano teachers a structured alternative to informal, in-
the-moment correction applied inconsistently from one
mistake to the next. The protocol (Recognize, Reflect,
Repair, and Reinforce) translates existing research on
attribution, deliberate practice, retrieval and spacing,
and self-regulated learning into a structure that a teach-
er can apply directly with a student, and that is explic-
itly designed to shift responsibility toward the student
as their capacity for self-diagnosis develops. Patterns
observed across applied use, including reduced error
recurrence, increasing student-initiated recognition
of mistakes over time, and reduced visible frustration
when errors are reframed as specific and correctable, are
consistent with the theoretical literature reviewed here,
though they remain suggestive rather than conclusive
given the descriptive nature of the evidence. A controlled
comparative study isolating the contribution of individ-
ual stages within the protocol is the clearest next step
toward establishing its value more rigorously.

HJOJATKOBA IHOOPMALIA
DOIHAHCYBAHHS: ABropu He 0TPpUMYBAJIH (PiHAHCYBAHHA [IJIA I[bOTO JOCITIKEeHHS.
3AABA ITPO JOCTYIIHICTDb JAHMX: He 3acTocoByeThbes.
KOH®JIIKT IHTEPECIB: ABropu 3asAB/IAIOTE PO BiICYTHICTH KOH(JIIKTY iHTEpECIiB.
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CYYACHUWM CTAH TA TEHAEHUIT
PO3BUTKY PO3MOAINEHOT TEHEPALLIT
| KOTEHEPALLIT

CURRENT STATE AND DEVELOPMENT
TRENDS OF DISTRIBUTED GENERATION
AND COGENERATION

AHoTauis. B poboTi po32/1siHyTO KOHLUENTYA/bHi MOHATTS po3nogineHoi eeHepaLii. BUCBiTAeHO 0CoOMMBOCTI 3aCTOCYBAHHS
KO2eHepaLifH1X TeXHO/102il B CUCTeMAX LeHTPani30BAHOR0 i geLeHTPpanisoBaHo20 Tena0noCcTaqyaHHs. HaBegeHo gaHi wogo
gMHAMIKM PO3BUTKY PO3MogineHoi 2eHepauii B YKpaiHi npoTsizoM OCTaHHIX PoKiB. [1pegcTaBaeHo KopoTkuii 021G 3apybixHO20
gOCBIgy BNpOBAgXKeHHs po3rnogineHoi 2eHepauii i KoeeHepaui.

KnmioyoBi cnoBa: po3nogineHa 2eHepais, KozeHepawisi, po3milLieHHs1 00’eKTiB 2eHepaLlji.

Summary. This paper examines the conceptual aspects of distributed generation. It highlights the specific features of ap-
plying cogeneration technologies in centralized and decentralized heat supply systems. Data on the development trends of
distributed generation in Ukraine over recent years are presented, along with a brief overview of international experience in

implementing distributed generation and cogeneration.

Key words: distributed generation, cogeneration, siting of generation facilities, decentralized energy systems.

Konuyenmyanvri nonammsa po3nodisienot
eenepauii

osnomiiena rerepartis (PI") — moHATTA, 1110 0XOTLTIOE

IIUPOKUH KJ1aC TEXHOJIOTi! BUPOOHUIITBA eJIeK-
TPUYHOI Ta TEIJIOBOI eHeprii 6e3rmocepegHb0 00Ny
CIIOKMBAYA, 3 OQUHUUYHUMU IIOTYKHOCTAMH, AK IIpa-
BIJIO, Bif KiJIbKOX KijioBaT mo 10-50 MBT. Ha BimmiHy
BiJI IIeHTPAJII30BAHOI reHepalrii 3 repegaBadHAM eHep-
rii Ha BeJiuki Bigcraui, PI' mosBosifge sHU3UTU BTpaTH
B Meperkax, MiIBUIIUTH HaTiHHICTh €eHeproocTauaHHA
1 THYYKO pearyBaTH Ha JIOKAJIbHI KOJINBAHHA ITOTIUTY.

Bigmosigao mo knacudgikarii IEEE Std 1547 [1]
ta CIGRE [2], 06’ektu PI" mominAoThCA 3a THUIIOM
TIEPBUHHOTO €Hepropecypcy (IpUpogHUIl ras, quseb-
He mayjnBo, 6ioras, COHAYHA, BITPOBA, reoTepMaIbHa
€HEeprif TOII0), 32 TeXHOJIOTIEI0 IePEeTBOPEHHSA, a TAKOMK
3a TUTIOM MMAKTIOUEHHA 10 Mepeski (OCTPIBHUI PeiKnM,
mapaJieJbHa po6oTa).

I'asoTypbiHHA ycTaHOBKA BU3HAUAETHCA K KEpo-
BaHA (OuceTyYepu30BaHa) €JIEKTPOYCTAaHOBKA, 3/1aT-
Ha 3abesneuyBaTy rapaHTOBaHy BUAAYY MOTYKHOCTI
3a KOMAaHI0I0 OIlepaTopa, 3 IIMPOKUM Jiala30HOM pe-
rysiroBaHHA (6;113bK0 60% BCTAHOBJIEHOT HMOTY?KHOCTI)
1 BUX0/IOM Ha HOMIHAJIbHY IOTYKHICTb ITPOTATOM 15
XBUJIUH 3 «XOJIOOHOTO» CTAPTY; CTPOK ii OyIiBHUIITBA
Ta BBEJEHHA B €KCILIyaTallil0 He MepPeBUIILy€e OTHOTO
poxy. Enexrpuunmnii KoediiieHT KOprcHOI il Kiracuy-
Hux I'TY Bigkpuroro nuriry carae 40%, a ycTaHOBOK
KOMOIHOBaHOTO IUKITY — 110 60%, TO/Ti AK 3aCTOCYBaHHA
KoreHepartiii mae smory migpumuty 3araabHuit KK
Takoi yctanoBku 110 90% [3].

T'azomopiHeBa ycTaHOBKA Mae MOAiOHI XapaKTepu-
CTUKHW, OOHAK Y MOJYJILHOMY BUKOHAaHHI 3a0e3reuye
IUPIINH AianasoH perysiaoBaHHA (1o 90% HoMiHAIIB-
HOI TIOTYKHOCTI), MIBUAIINYI BUXi Ha HOMiHAJIbHUIA
peskuM (mo 5 xBuyIMH) Ta BUIUi ejekrpudHuil KK
(mo 50%) [3]. Koreuepariiiiia ycTaHOBKa BU3HAYAETD-
cs 3aKOHOJIABCTBOM AK €JIEKTPOYCTAHOBKA, IIPU3HA-
ueHa [J1A KOMOGIHOBAHOTO BUPOOHUIITBA €JIEKTPUUHOI
Ta TEIJIOBOI eHepTii, AKa € KePOBaHO0, EKOHOMIUHOI0,
CTAaJIOI0 Y JIOBMOCTPOKOBII MIEPCIIEKTUBI, IITBUAKOIO Y Oy-
JIBHUIITBI Ta BBEJEHHI B €KCILIyaTallil0 Ta rapaHTo-
BaHO MOKe OpaTy y4yacTh y IIOKPUTTI rpadika HaBaH-
TaxeHHA [3].

ITamusui enemenrnu (ITE) tunis PEMFC, SOFC
ta MCFC 3a6e3neuyoTs HAWBUIINN eJIeKTPUYHUI
KKJI cepel TeXHOJIOTiil MaJjol KoreHeparirii — 40-60%
(i monap 85% mpu ypaxyBaHHI TEILIOBUILIEHHA), OTHAK
IX BapTICTh 3aJIUIIAETHCA 3HAYHO BUIIO0, & TEPMIHU
okyrrHoCTi — moBiumu [4, 5]. IlepcnekTruBHUM € 3acTO-
cyBaunaa SOFC ua 6iorasi Ta cunres-rasi [6].

Conauni ¢goroBosbraiuni cucremu (OB) y moen-
HaHHI 3 cucreMamu HakonuuenHsa (BESS) cranosssaTh
apocratounii cermeHT PI', 0co6JIMBO o1 TPOMUCIOBUX
MiATIpUEMCTB 1 ToproBebHO-odicHUX 00°ekTiB [7]. Te-
TIJIOBI COHAYHI KOJIEKTOPU 3aCTOCOBYIOTHCA JIJIA Taps-
Y0T0 BOAOIIOCTAYAHHA Ta MiAirpiBy Mepe:keBol BOIH.

Ternosi Hacocu (TH) — moBiTpAHi, I'PpyHTOBI Ta BO-
ISIHI — 3HAXOMATH BCe MIUPIIe 3aCTOCYBAHHSA [IJIA OIla-
neuHa ta I'BII, oco6iinBo B yMoBax eJieKTpoeHepre-
TUYHOI MepPesKi 3 BUCOKOI0 UACTKOIO Bi[JHOBJIIOBAHUX

mxeped [8].
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CucreMu KOMGIHOBAHOTO BUPOOHUIITBA TEILJIOTH,
xostory ta estekrpoereprii (CCHP — Combined Cooling,
Heating and Power) e Haii6isibir edeKTUBHUM (hopMa-
TOM BUKOPHCTAHHSA ITEPBUHHOTO ITAJIUBHOIO PECYPCY
1 BHAXO[ATH BIPOBAIKEHHA B JIIKAPHAX, FOTEJIAX, TOP-
roBux menTpax [9].

Kozenepauisa 6 cucmemax ueHmpasiizoeanozo
ma deyeHmpanizo6aH0z0 MenaLonoCma4LaHHA

Korenepairisa, a6o koMOGiHOBaHEe BUPOOHHUIITBO TEILIA
ta esiekrpoereprii (KBTE), e TexHosorieo 3 HaBuU-
UM pPiBHEM BUKOPUCTAHHS IMEPBUHHOTO TTAJIUBHOTO
pecypcy cepeq yCiX TpaguIlifiHUX TeIlJI0eHePreTUIHIX
texuosoriii. KoedimienT BukoprcTanHs mnajiusa mpu
rorenepartii qocarae 80-92% nopisaAHO 3 30—40% 11pU
PO3OiIFHOMY BUPOOHUIITBI TEIJIa Ta €JIeKTPOeHepPrii
Ha OKPEMUX YCTAHOBKAX.

Bigmosigao mo metomostorii €C [10], edexTrBHA KO-
reHeparlis BUBHAUYAEThCA K TaKa, 1110 3a0e3Ieuye eKoHo-
miro rrepBuHHOL eHeprii (PES — Primary Energy Saving)
He MeHIie 10% TOPiBHAHO 3 PO3IUTFHUM BUPOOHUIITBOM.
Ioxasuux PEE (Primary Energy Efficiency) mis xore-
HepaIliHOl YCTAHOBKM PO3PAX0BYETHCA 32 (DOPMYJIO:

PEE =(E + H) | (F x n_ref), (1)
ne E — BupoGseHa enekrpoeneprid, I'[:x; H — Bupo-
6s1eHa rertoBa eneprisa, ['x; F' — BuTpara majusa,
T'Tx; n_ref — KOHTPOJILHUM PiBeHb €(PEKTUBHOCTI Bif-
noBiguo mo Jdupexrusu 2012/27/€C.

CucreMu 1EeHTPAaJIIZ0BAHOTO TEILJIOMOCTAYAHHS
(CLIT), o e mepeBa:kanuoio (POPMOIO MiCHLKOTO Te-
TJTOTIOCTAaYaHHA B YKpaiHi (YacTka [eHTpaJTi30BaHOro
TEIUIONIOCTAYaHHA y BeJIMKUX Micrax — 60—-85%), Tpa-
OUITIHO I'PYHTYIOThCA Ha Beaukux TEL] i KoTempHAX.
Bopgnouac gereHTpastisariis 3 BAUKOPUCTAHHAM MaJIUX
KM-I'TIA € miepcrieKTUBHAM HAIPAMKOM y TUX paiio-
Hax, Jie IUTbHICTh TEeIIJIOBOT0 HABAHTAKEHHS 3HIIKY-
€ThCA OO0 PiBHIB, 10 PO6JIATH HepPeHTAOEILHUM YTPU-
MaHHA Po3ray:keHoi Mmepeski [11].

Hunamira napowenns nomyscrnocmeti
po3nodinenoi zenepauii 6 Ykpaini

KinpricHa muHaMika pO3SBUTKY PO3IOAIIEHO] reHe-
paitii B Ykpaiui mporarom 2024—-2026 pokiB geMoH-
CTpye NPUCKOPEeHe HapOIleHHA MOTYKHOCTeH, xoua U
3 BificTaBaHHAM (PaKTHUUYHO MPAIIOIYNX 00 €KTIB Bij

HOMIHAJILHO IIOCTABJIEHUX. 3a ys3araJibHeHUMH J1a-
Humu MiHicTepcTBa PO3BUTKY T'POMAaJ Ta TEPUTOPIlA,
craHoM Ha 1o4uaTok 2026 poKy B KOMYHAJIBHOMY CEK-
TOpi BBEEHO B eKcIuryaTallito moHas 570 MBT HoBux
MeIeHTPATI30BAHUX MOTYKHOCTEI, 3 AKX moHa 360
MBrT npunangae Ha 6J109HO-MOIYJIbHI KOTEIbHI (3qaTHi
3abesmeunT TerIoM 6J3bko 200 THCAY YKPATHITIB)
i mouag 200 MBt — ma koreneparrito [12].

MixxaaponHi qoHOPHU 3arajoM HiATBEPOUIN II0CTA-
yaHHA B YKpaiHy 568 KoreHepalliifiHUX YCTaAHOBOK CY-
MapHoo nory:xHicTio 973,7 MBrt entekrpoeneprii, 364
0JI0UYHO-MOIYJILHUX KOTEJIEHb ITOTYKHICTI0 756,2 MBT
Teria Ta 28 ra3oTyp6iHHUX YCTAHOBOK ITOTYXKHICTIO
233,7 MBrT enexrpoeneprii [12]. 3nauna yactuHa 1BOTO
obJIaTHaHHA ByKe 3MOHTOBAHA, IMTK/II0UeHa abo 1mepe-
OyBae Ha (hiHAIBHII cTafdil 3aMyCKy, BOMHOYAC YaCTHUHA,
3a OIlIHKaMU He3aJIe;KHUX eKCIIEePTIiB rajrysi, 3ajIuiia-
€THbCA HEBBEEHOIO B eKCILIyaTallio.

IlnasoBi moxkasHuku Ha 2026 pik mepemdavamTb
BBemeHHA 11e moHan 500 MBT HoBux gerieHTpasiisoBa-
HUX IIOTY:KHOCTEA MAIOTh OCTATOYHO 3aKPIITUTH ITepexis
YkpaiHu 10 CTifiKOI Ta quBepCcu(iKOBAHOI €HEProCuCc-
TeMu. [IopiBHAHHA MJIAHOBUX i PAKTUUHO BBEOEHUX
TIOKAa3HUKIB 32 TOTIEPEIHI TIePiou T03BOJIAE ITPOTHO3Y-
BATH, 1110 KJII0Y0BUM (HaKTOPOM BUKOHAHHA I[HOTO ILjIa-
Hy Oyme He CTLIBbKM IOCTAYaHHA HOBOTO 00JIaTHAHHA,
CKIJIBKU IIPUCKOPEHHSA BBENEeHH B €KCILIyaTalliio BiKe
HaaBHoro (Tadst. 1.)

Oznia0 3apy6isncHo020 docaidy
enpoeadacennsn PI' i kozenepauii

Kpaiuu Ilenrpasnbnoi Ta Cxiguoi €Bporu — Ioss-
ma, Yexia, CioBauunHa, Kpainu bajTii — maioTh
IMIHHUEU OOCBiA TpaHchopMallii pagaHChbKUX CHUCTEM
I[[eHTPAaJII30BAHOT0 TEILJIOIIOCTAYAHHA Y HANPAMKY
migBHUIeHHA e()eKTUBHOCTI Ta AereHTpasisarmii [13].
ITonbchbKa cTpaTerisa «koreHepallis ILIIOC» Tiepeadadae
HaJaHHA IpeMiaJIbHUX ayKITIOHHUX ITiH IJIA MaJIuX KO-
reHepariiHuX cucTeM MoTyskHicTIo 10 1 MBr-emn. [14].

Jlamis e cCBITOBUM JIiIEPOM 3a YaCTKOI0 KOTeHepallil
B TerutonoctauauHi (moHag 60% Teria BUPOOJIAETHCA
Ha KoreHepaliiiHux ycranoBkax) [15]. Jlarceka mo-
nmests moenuye Besiuki TELL, paiionwi majti korenepa-
IifHI cTaHIIIT Ta TEIUIOBiAIAady Bif ITPOMUCIOBOCTI.

Tabnuuys 1

IloxasHUKYM BBeeHHA €eHEepProreHepyodnXx NOTY:KHOCTeH Ha mouaTok 2026 p.

IToxkasHuK

3HaYeHHA CTAHOM Ha modarok 2026 p.

cekTopi

Beeneno B ekcrutyarariito [elleHTpaTi30BaHUX MOTYKHOCTEH Y KOMYHAJIBHOMY

nouazx 570 MBt

y T.4. GJIOUHO-MOY/IbHI KOTEJIbHI

noHazn 360 MBrT (Terto miia =~ 200 Tuc. ocid)

y T.4. KOTeHeparisa

nouay 200 MBTt

ITocrauanusa moHopaMu KoreHepariiiHux ycrauoBok (KI'Y)

568 oxm. / 973,7 MBT e/e

ITocrauanusa AOHOpaMun 6J'IO‘IHO-MO,T.[yJIBHI/IX KOTeJICHb

364 ox. / 756,2 MBT Teria

ITocrauanusa moHopamu razorypbinaux ycramnook (I'TY)

28 om. / 233,7 MBrT e/e

3aruiaHoBaHe BBeOEHHSA HOBUX IOTY:KHOCTEH y 2026D.

nouax 500 MBt

®DaxTiyHo Ipanooua yacTka nocrasieHunx KI'Y (excmeprHa ominka)

=~ 40-50%
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Hinepnaaumu nemoncTpyioTs HatiBuily B €C ederTus-
HICTh KOTeHepallil y npoMucioBoMmy cexkropi [16].
Hocsig QiHaAHAIT CBITUUTE PO YCITIIIHY IHTErpariio
TEIJIOBUX HACOCIB Y CUCTEMU IIEHTPaJIi30BAHOTO TETLJIO-
nocrauaHua (Besukux TH morysxkuicTio 50-100 MBT)
mopyu i3 korexepaiiieto [117]. Ile mosBonmio cyTTEBO
sausutu Bukuau CO2 Ges BimMOBHU Bifl IIeHTPAJIi30-
BaHux Mmepe:x. ¥ CIIIA possurok PI' crumyitoersesa
nporpamamu EPA CHP Partnership Tta pagom mraro-
BUX peryiaaTropHux iHimiatus [18]. Oco611B0 aKTHBHO

KOTeHepallif pO3BUBAETHCA B CEKTOP1 YHIBEPCUTETCHKUX
KaMIIyCiB, JIIKAPeHb 1 IIPOMUCJIOBUX MAPKIB, Jie 3abe3ne-
YyeThCA CTAOIIBLHUI 0230BUIT TETLJIOBUU TTOIIUT.

BucuHoBok. OTxe BUKOHAHNUI aHAJII3 CBIIUNUTD, 1110
PO3BUTOK PO3IIOIiIEHO] TeHepallii B YKpaiHi mpoTarom
OCTaHHIX POKiB JeMOHCTPYE IPUCKOPEHHA HAPOIILY-
BaHHA MOTYKHOCTEH Ta MIUPOKE BIIPOBAKeHHA Kore-
HepamiiHuX TeXHOJIoTii. BigmoBiguuii IiHHUN qOCBig
MarTh Takox Kpainu Llerarpansuoi Ta Cximaoi €Bporu,
Baurii Ta in.

JJOIJATKOBA IHOOPMAIIA
BHECOK ABTOPIB: Yci aBTopu 3po0uiv BHECOK ITOPIBHY.
DOIHAHCYBAHHSA: AsTopu He oTpuMyBau (DiHAHCYBAHHA AJIA IIHOTO TOCTIIKEeHHA.
3AABA ITPO JOCTYIIHICTDB JAHMX: He 3acToCOBYyETHCA.
KOH®DJIIKT IHTEPECIB: ABTopu 3asABJIAIOTE IIPO BifCYyTHICTh KOHQJIIKTY iHTEpEeCiB.
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TENAOBUIN CTAH CUCTEMMU «MMOKPUTTA-MIALLAP-OCHOBA»
MNP BUKOPUCTAHHI PI3HUX NJTIABMOYTBOPIOIOYUNX TA3IB

THERMAL STATE OF THE «COATING-SUBLAYER-BASE»
SYSTEM USING VARIOUS PLASMA-FORMING GASES

AHoTauif. ByB4YeHHs TennoBux npouecis, Lo BigOyBatOTbCS NPy 2A30TepPMiYHOMY HAMUAeHHI MAe BemKe 3HaYeHHs npu
po3pobLii HOBUX MYyALTICTiFiKMX 2a30TepMiYHMX MOKPUTTIB. B pobOTI NpegcTaBaeHi pe3ynbTaTy MaTeMaTnyHo20 MOogeloBaHHS
UncesibHMX goCaigxkeHb MOPIBHANbLHO20 AHAI3Y TeMMIEPATYPHUX PEXMUMIB CUCTEMM «MOKPUTTA-MIGLIAP-OCHOBA» NP BUKOPUC-

TAHHI Pi3HMX N71A3MOYTBOPIOKYMX 203iB.

KmoyoBi croBa: I'U'ICI3MO)/TBOPIOIOLli 2a3n, 2a3oTepmMmmnyHe HarnieHHs, «6080TOLUCIPOB€ I'IOKPMTTﬂ-I'IigLUCIp-OCHOBG», mare-
mMartmn4vHe Moge/IitoBaHHA, TermonigBog, BMCOKoTemrepdaTtypHa 30Ha

Summary. Studying the thermal processes involved in thermal spraying is of great importance for the development of new
multi-resistant thermal spray coatings. This paper presents the results of mathematical modeling based on extensive compar-
ative analyses of the temperature regimes within the multilayer coating -bond coat-base system when using various plasma-

forming gases.

Key words: plasma-forming gases, thermal spraying, «multilayer coating-bond coat-base» system, mathematical modeling,

heat input, high-temperature zone

Bc'ryn. B mam yac Bce 6iJIbII ITUPOKE 3aCTOCYBaH-
HA B TEXHUI[l 3HAXOOATH ra30TePMIUHI ITOKPUTTA
pisHOro (QbyHKIIIOHAJIBHOTO Ipu3HaueHHA. [IpobiiemMu
BJIOCKOHAJIEHHA 1CHYIOUNX T€XHOJIOTIA ra30TepMIuHOTO
HaIMJIEHHA T CTBOPEHHSA HOBUX TEXHOJIOTIH, TTOKpAIIeH-
HA 1X TEIUI03aXUCHUX, 3HOCOCTIMKUX, KOPO3IAHOCTIHKIX
Ta eJIEKTPO3aXNCHUX XaPAKTEPUCTUK MAIOTh BAKJINBE
3HaueHHA B BilicbkoBuii yac. [Ipu dopmyBamHi HOBUX
TMIOKPUTTIB BEAy4y POJIb Bi/Tirpac BUBUEHHSA TEIIJIOBUX
IIPOIIECIB, 10 BiI0yBAIOTHCA IIPU ra30TepPMidyHOMY Ha-
nusieHHi. B ocranHii uac Bce 6ijibliie pO3IIOBCIOPKEHHSA
IJ1A BUTOTOBJIEHHA aHTU(MPUKIIHUX TOKPUTTIB PisHU-
MU METOHAMU ra3oTepMIYHOI0 HAITUJIEHHSA 10Ty Yal0Th
KOMIIO3UITIMHI TLJIaKOBAHI IIOPOIIKH, III0 MAIOTh B CBOE-
My ckyamai TBepae mactuio. IIlupoko sacTocoByroThCA
KOMIIO3UTH, AKI B AKOCTI BUXITHOI'0 AAPA MATh rpadir.
IToxkpUTTSA 3 KOMITO3UITITHUX MAaTEPIAJIiB, Y CKJIA/Il AKOTO
€ rpadiT BUKOPUCTOBYIOTHCA Y By3JIaX TE€PTS, IO IIPALI0-
I0Th Y YMOBaX 'PAHUYHOT0 TePTA Ta 6e3 3mManryBaHHA. 111
TIOKPUTTA BUKOPUCTOBYIOTHCA B ra30TyPOIHHUX JBUTYHAX
B IOKPUTTAX CTAPTEPIB, 1[0 CTUPAIOTHCHA, B JIOIIATEBUX
KOMIIpecopax, B yIIJIFHIOBAUAX KiJIBIIEBUX HACOCIB,
SIK TIOKPUTTSA OTIOPHUX MOBEPXOHB MiIIIUITHUKIB KOB3aH-
HA, B CHEIliaJIbHUX BUP00ax BificbKOBOI TexHiku. Buxo-
A9’ 3 IHOT0, PO3POOKA Ta BIOCKOHAJIEHHS TEXHOJIOTI1
OTPUMAHHSA JaHUX MOKPUTTIB 3yMOBJIIO€ HEOOXITHICTh
IOTATKOBUX OCITIPKeHb TETJIOBUX SABUIII, 1[0 CITOCTE-
PirarmThCA ¥ BCIX IIUX CUTYAIIAX. SHAUHUHN 1HTEpec
CTAHOBJIATH IaHI MAaTeMaTUYHOI'0 MOJEJII0OBAHHA IIPO-

o4

1IeCiB TeIJIoNepeHeceHHsA Ipu (DOPMYBaHHI IOKPUTTIB
13 IUTAKOBAHUX KOMITOSUITITHUX ITOPOIIKIB, AKI MiCTATH
rpadit. ¥ npeacrasieHiii po6oTi HagaHI XapakTepHi
pesy/IbTaTH MaTeMaTUYHOTO MOAETIOBAHHA YNCEJIbHUX
IOCIIMKeHb 00 IMMOPiBHAJIBHOI0 aHAJII3y TeMIiepa-
TYPHUX PEKUMIB CHUCTEMU «IIOKPUTTA-ITIIIAP-0CHOBA»
TIPY BUKOPUCTAHHI Pi3HUX ILJIA3MOYTBOPIOIOUMX TasiB.
B nawniit po6oTi posriagaeTbCsa TPUBUMIPHA HECTa-
IioHapHA 3a7a4ya TeIJIOTPOBITHOCTI JIA 6araToriapo-
BO1 CHCTE€MU Ta CIIiBCTABJIEHO TEIJIOBUI CTAH CUCTEMU
«IIOKPUTTA-IIAIAP-0CHOBA» IIPU BUKOPUCTAHHI Pi3-
HUX IJIA3MOYTBOPIOIOUMX I'a3iB OJHOATOMHOTO aproHy
Ta MOBITPA, AKEe, TOJIOBHUM YMHOM, € CYMIIIIIITIO TBOA-
TOMHUX rasiB. Bijomo, 1110 m1poriec yTBOpeHHA ILIa3Mu
IBOATOMHUX Ta OJHOATOMHUX T'a3iB CyTTEBO PiSHUTHCA.
TentoBMicT JBOATOMHUX T'a3iB 3HAYHO BUIIE TEILIIOBMIC-
Ty OJHOQTOMHUX T'a3iB IIPU OTHAKOBINl TeMIlepaTypi.
Ile symoByieHO TUMU 06CTaBUHAMMU, 110 Y BUTIAJIKY {BO-
aTOMHUX TagdiB 3HAYHA KiJIbKICTH JOIIOMIKHOI eHeprii
3a0e3meuyeThCcA 3a paxXyHOK PO3HaIy MOJIEKYJI Ha aTo-
mu. TakuMm yrHOM, ITPU BUKOPUCTAHHI JTBOATOMHOTO
TLJTa3MOYTBOPIOIOYOT0 Ta3y, a BipHIIlle CyMillli, TOJIOBHUM
YHHOM JIBOATOMHOI'0 Ta3y-II0BITPs) TEIIJIOBUH MOTIK, 1110
MiTBOOUTHCA 10 BUPOOY MOBUHEH OyTU 3HAYHO OL/IbIIIE,
HIK TeILJIOMIIBO BiJl OMHOATOMHOTO ragy aproHy.
ITopiBHAHHA OBOX CHUTYyAIlill, II[0 PO3TJIALAIThH-
cA, IPOBOOUTHCA MPU HACTYMHUX yMoBax. Beju-
YMHA MaKCUMAaJbHOI I1JIFHOCTI TEIJIOBOTO MOTOKY
q,,. o OiTBOOUTHCA, MependavacTbcsa 0JHAKOBOIO
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Puc 1. Sanexnicts 0 *= f(z) B cucTeMi «IBoIIapoBe MOKPUTTA-IigIIap-ocHoBa» ipuy = 0; 1—x = 0; 2—x = 0,683;

B 000X aHAJII30BaHUX CUTyaIliaX. BeruuuHa pamiycy
IJIAMU Harpisy 7, fopisHioe 1,0 Ta 2,0 BignosigHo 114
aproHoBoi Ta MoBiTPAHOI mwiasmu (7 =r,/r,, ner, —
pamiyc IIAMY HATPiBY /1A aproHOBOI Itagmu). Takum
YUHOM, CUTYyAaIlil, [0 TOPIBHIOITHCHA, XapaKTepuay-
I0THCA 3HAYEHHAMH 7, 110 BiAMIHHI Mi’ CO000 BJIBi-
4i IPU HE3MIHHOMY q__, 1 OTsKe Pi3HATbCA B YOTHUDPH
pasu 3a BeJIMUMHAMU 3aTAJIBHOTO TEIJIOBOTO MOTOKY
Q (@ =q,, T 1), 10 TIBOAUTECA.

3Mina 6e3po3MipHoi TeMmepaTypu 0 B3HoB:& K0Op-
OUHATU 2 OJIs 000X BUMIAJKIB, III0 BIAIIOBIIAIOTH BUKO-
PUCTAHHIO PiI3HUX ILIA3MOYTBOPIOIOUMNX T'a3iB MOBITPA
1 aprony, mpeacraBieHo Ha puc. 1. BeapoamipHa Temre-
parypa0'=0/0__ ., me0,0 . — BigmosigHO Ge3posmip-
Ha TeMIlepaTypa cucTeMu Ta il MakcuMaJsibHe 3HaYeHHA
IPU BUKOPUCTAHHI moBiTpsAHOI tuiagmu. [Ipencrapieni
IaHHI BIAIIOBIIAI0Th HACTYITHUM 3HAYEHHAM BUXITHUX
napamerpis: x, = 2,56; §, = 0,34 ToBIIMHA 0CHOBH; TOB-
muHa migmapy A, = A, = 0,0085; Pe = 129,6; unciio
Bi = Biy1 =Bi  =Bi  =5,96-10". B curyamii HO‘Bi’I“pHT
HOI TLIa3MU, K BUJTHO 3 MAJTIOHKA, TeMIIepaTypHi piBHL

— IMJIa3MOYTBOPIOIOUHIL Ta3-MOBITPS; ------= — I[JIA3MOYTBOPIOKOUUN a3 — aproH

CHCTEeMH B IIIJIOMY CYTT€BO BHIIli. B TouIri 3 KoopguHa-
ramu x = 0, y = 0, z = —24-10"% m BestmunHa 0 ckIagae
0,435 nya aprorooi mirasmu ta 0,026 01 OBITPAHOIL.

BigrocHo BimMiHHOCTET B XapaKTepi PO3HOIiIy TeM-
neparypu AJIA CUTYallid, 10 IIOPiBHIOITHECA, TO He-
00XiTHO BiAMITHUTH HaCTymHe. ¥ BUNAAKY aproHOBOI
IJIa3Mu, 3TITHO OTPUMAaHUX JaHUX, HA IIOBEPXHI Te-
TUTOIIBOIY Mae MicIle 3HAYHO 01JIbIIIa HEPiBHOMIPHICTH
TeMIIepaTypPHOi (PYHKITT y BUCOKOTEMITe6paTypHiii 30Hi,
AKIIO MU TOPiBHAEMO CYIIUIBbHI Ta MYHKTUPHI JIiHI1.

BucuHoBku. Haii6inpine BigxuiieHHA TeMIlepa-
TYp, IO BiAIIOBI/IAI0TH ITOBITPAHIN Ta aproHOBIM 1J1a3-
Mi, CIIOCTEpPIraeThCsA MOOJIU3Y PO3TAIIYBAHHA MAaKCH-
MyMy TEILJIOBOTO TOTOKY, II[0 HMiTBOAUTHCA. KapTuHa
3MIHU TeMIIEPATyP, 10 ITOPiBHIOITHLCA HA IIOBEPXHI
TEIJIONITBOAY TOACHIOETHCA PI3HUIIEI0 B XapakTe-
pi emropu g, OJiA ABOX BUIIAIKIB, III0 aHAIIBYIOTHCA.
To06TO B POBIIIAHYTHX YMOBAX TeMIlepaTypHa (QyHKITiA
HaueOTO CITIAKYE 32 emI0PoI0 q 1 ByMOBJIIOE BKa3aHi 0Co-
GJIMBOCTI TEIJIOBOTO CTAHY CHUCTEMHU B CUTYAIlifAX, IO
TIOPiBHIOIOTHCA.

JOJATKOBA IHOOPMAIIIA
BHECOK ABTOPIB: Yci aBTopu 3po0uiv BHECOK ITOPiBHY.
DOIHAHCYBAHHSA: AsTopu He oTpuUMyBaIu (DiHAHCYBAHHA OJIA IIHOTO TOCIIKeHHA.
3AABA ITPO JOCTYIIHICTB JAHMX: He 3acT0COBYETHCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asBIAI0TH IIPO BiCYTHICTb KOH(JIIKTY iHTEepecis.
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AHoTauif. HapegeHo pe3ynbTaTi qocnigxeHb ePeKTMBHOCTI BAKOPUCTAHHS G/ ONA0BA/IbHOR0 2a30CMNOXMBA/IbHO20 KOT-
210 3 PeLnpKySILiel0 guMOBMX 2a3iB HOBOI KOMBIHOBAHOI c1CTeMu TenIoyTUAI3avii 3 2a302pifiHNM Tenao0yTAI3aTOpoOM — Migi-
2piBayem 3BOPOTHOI TerIoMepexHoi BOgu Ta BOGOR2PINHUM TernioyTuai3aTopom — nigiepisayem gyTTboBO20 MOBITPSA. Bukopu-
CTAHHSI TAKOI TerioyTuai3auiiHoi cuctemu 3abesneyye HagiviHy eKCnyaTawito NOBITPONigBigHMX KAHA/B KOTe/IbHOI YCTAHOBKM

3aBgsku 3anobi2aHHI0 B HUX KOHJeHCATOYTBOPeHHIO Ta 3a2aAbHuiA npupicT il KK/ Ha 1,9 + 4,5%.
KntouoBi cnoBa: 21160ke 0X0n10gKeHHs gUMOBMX 2a3iB, BOGO2PikiHMIi Ta 2a3oepiiiHuii noBiTpoHazpiBayi, KK kotenbHol

YCTAHOBKM.

Summary. The results of research into the effectiveness of using a new complex heat-recovery system with a gas-heat recov-
ery unit — a return water heater and a water-heat recovery unit — a combustion air heater for a gas-fired boiler with exhaust-gas
recirculation are presented. The use of such a heat-recovery system ensures reliable operation of the air supply channels of the
boiler plant by preventing condensation in them and an overall increase in its efficiency by 1.9 + 4.9%.

Key words: deep cooling of waste gases, water-heat and gas-heat air heaters, boiler efficiency.

OI[HI/IM 13 HAIPAMIB ITOKPAIEHHA eKOJIOTTUHUX TI0-
Ka3HUKIB KOTEJILHUX YCTAHOBOK € 3MEHIIIeHHA eMicii
OKCH/IIB a30Ty NLJIAXOM PEIUPKYJIAL] YACTUHU TUMOBUX
rasis B TOIIKOBHI1 mmpocTip kotia [1-3]. 3acrocysaH-
HA TAKUX €K0JIOT0e(PeKTUBHUX KOTEJIbHUX YCTAHOBOK
OB’SA3aH0, AK BIIOMO, 31 3HMKEHHAM IXHBOI TEILJI0BOI
edexrusHocTi [4]. 11 KOMyHATBHUX KOTEJIEHb 3a6e3-
MeYeHHsA TEIJI0OBOI MPOIYKTUBHOCTI eK0JI0Toe()eKTHB-
HUX KOTJIIB Ha HeoOX1/THOMY PiBHIi 3TifHO 3 moTpedbaMu
TEIJIOMEPEKHOTO rpadika IPU3BOIUTE IO IIEPEBUTPAT
TajvBa B KOTJIi. Bukopucranua QA TaKMX KOTJIiB HOBUX
TEILIOY TIJTI3AIli MHUX TEXHOJIOTIH 3 IoIepeqHiM ITimirpi-
BaHHAM JUMOBUMU ra3aMU 3BOPOTHOI TEILJIOMEPEKHOI
BOJIM Ta IyTTHOBOTO TIOBITPA (prc. 1) mepen HAIXOMKeH-
HAM IIUX TEILIOHOCITB 10 KoTiia [5] Moske KoMITeHCyBaTH

BKasaHi IIePeBUTPATH Ta I0JATKOBO ITIABUIIUTH e(ekK-
THUBHICTh BUKOPUCTAHHA I1AJINBA KOTEJIBHOI YCTAHOBKHA
mpu 3a0e3neyeHHi BiIBEPHEHHA KOHEHCATOy TBOPEHHA
B il ITOBITpAHOMY TpakTi [6; 7].

HepnoJstikom HaBegeHO1 cXeMU € BUKOPUCTAHHA raso-
rPifHUX TEIUIOYTIJTI3aTOPIB [JIA HATPiBAaHHA AYTTHOBO-
r'0 IIOBITPA, yCi KOHCTPYKIIIHI PillIeHHA AKX XapaKTe-
PUBYIOTHCA 3HAYHUMM rabapuraMu 1 MeTaJI0€MHICTIO.
o Toro &, 3a TaK0I0 CX€MOI0 Y IIOBITpOHArpiBaui Bi0y-
Ba€ThCA VINO0KE 0X0JIOMKEeHHA JUMOBUX IasiB, IO CIIO0-
HyKae 10 BUTOTOBJIEHHS IIHOTO TEIUIOOOMIHHUKA 3 JIETO-
BaAHOI cTasIi, ab0 IHITUX aHTUKOPO3IMHUX MaTepialiB.

JJia samo6iraHHA 1IUM HETaTUBHUM SBUIAM 3a-
OPONOHOBAHO BUKOPUCTAHHA JIA KOTJIIB 3 pPeIjup-
KYJIAIIeI0 TUMOBUX Ta3iB HOBOI KOMOIHOBAHOI cXeMu
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Puc. 1. CrpykTypHa cxema KOTeJIbHOI YCTAHOBKY 3 TPATUIIIHHOI CHCTEMOIO TEILIOY THIIiZaIil
3 Ta30TPIHUM MOBITpPOHArpiBaveM:
K — koresr; TB — TeruioyTrsisaTop-BooHATPiBaY I iqirpiBaHHA 3BOPOTHOT BOMM;

TII — TerutoyTHITi3aTOP-MOBITPOHATPIBAY [JIA MigirpiBaHHA X0JI0IHOTO IyTTHOBOTO noBiTpA; T — numosa Tpybda
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3 BOJIOTPIHHUM HOBiTpoHArpiBaueM, AKUUA KOMIIOHY-
€ThbCA 3 MYYKIiB opebpeHux TPyO 3 aIlOMiHIEBUM Ope-
OpenHAM. Temt000MiHHA TTOBEPXHA MOBITPOHATpiBAYA
€ KOMIIAKTHOIO Ta CTIMKOI0 J0 XIMIUHOI il KMCJIOr0 KOH-
JIEHCaTy, 110 YTBOPIOETHCA TPHU TVTMOOKOMY OXOJIOMKEeHHI1
ITUMOBUX T'a3iB.

MeTo10 PpOGOTH € JOCTIKEeHHA TEILI0BOI e(DeKTHUB-
HOCTi KOMOIHOBaHOI TEIJIOY THJTIBAITITHOI CXeMU 3 BOJIO-
rpifiHUM HOBITPOHATPiBAYEM [IJIS KOTEJIbHUX YCTAHOBOK
3 PEIUPKYJIAIIEI0 JUMOBUX I'asiB.

BukoprcroByBasuchk BijioMi METOOHM TETLJIOBOTO PO3-
PaxyHKY KOTeJIbHUX YCTAHOBOK, & TAKO¥K Pe3yJIbTaTh
BJIACHUX JIOCJI/IKEHBb TeI1000MiHy [8] 3a yMoB oxoJ10-
UKeHHA JUMOBUX TrasiB HUIKYE TEeMIIepaTypu IXHBOI
TOYKHU POCH.

PesynsraTru mocaimxens. OCHOBHI 3aBIaHHA 0-
CITITKeHHA II0JIATAJIN: Y PO3P0o0JIeHI HOBOI CXeMU Te-
Iy TIUTi3AIi (pric. 2) 3 BUKOPHUCTAHHAM I'a30rPiiHOro
BOOOHATpiBaya Ta BOJOI'PIAHOI0 MOBITPOHATpiBAYA; BU-
KOHAHHI TEIJIOBOT0 PO3PAXyHKY KOTEJIBHOI YyCTaHOBKU
3 IIPOIIOHOBAHOI0 CUCTEMOK) TeIJIOYyTIIIi3alii B pisHUX
pesKuMax eKcIuIyaTallii OmaJIioBajJbHOTO KOTJia 3 pe-
MUAPKYJIAIIEI0 TMMOBUX I'asiB; 3iCTABJIEHHI OTPUMAHUX
PesyJIBTaTiB 3 pesysIbTaTaMu AJIA BiloMoi KOMOIHOBaHOL

CHCTEeMH 3 IBOMA Ta30rPifHUMHU TEII0y THTi3aTopaMu
(3a puc. 1).

B nmpomoHoBaHili cxemMi AyTTHOBE MOBITPA HArpi-
BAETHCA 3BOPOTHOI TEIJIOMEPEKHOIO BOLOI0 Iepen
HAIXOKeHHAM 11 10 Ta30TPiiHOI0 BojloHAarpiBayua, mo
miABUIIYE FOT0 TerJIoBy eeKTuBHicTh. [lo TOTO K, Te-
T000MiHHA TI0BEPXHA TEIJIOYTUJIi3aTopa — IIOBITPOHA-
rpiBaua (TII), Ak i TerutoyTHIII3aTOPA — BOOHArpiBaya
(TB), koMIIOHyEeTbCA 13 OpedpeHux OiMeTasieBUX TPYO
(crayieBa ocHOBa 1 aTIOMiHieBe OpeOpeHHs), 1110 3a6esIie-
Uye 110r0 BUCOKY KOMIIAKTHICTh 1 HU3bKY METaJI0EMHICTb.

BuxiguuMmn maHuMu OJ1d JOCIIMKeHHS TEeIJI0BOl
e)eKTUBHOCTI 3aITPOIIOHOBAHOI CHCTEMHU TEILIOYTHJTi-
3arrii 414 ra3oCIoKUBaAIBHOI OIATIOBAILHOI KOTEJIBHOT
YCTAHOBKH CJIyTYBAJIU XapaKTePUCTUKU 3aCTOCOBYBAHO-
T'0 Ta30CITOKUBAJIBHOTO KOTJIA B HOMIHAJIBHOMY PEKUMI
(Tabm. 1).

YacTku mMiaMIINTyBaHUX ra3iB 0 IpY BUKOHAHHI PO3-
PaxyHKOBHX IOCTIII:KeHb ITpuiiMasucs pisaumu 10, 15
120%.

Ha puc. 3 HaBeneHO oTpuMaHi pesyJIBTaTH TOCIIi-
KeHb., TyT mpoiIIoCTPOBAHO 3aKOHOMIPHOCTI 3MiHU
sarayibHoTO (pedyssryiouoro) KK koTenbHOI ycTaHOB-
KU 3a cxemamu puc. 1 Ta puc. 2.
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Puc. 2. CrpykrypHa cxema MpOIIOHOBAHOI KOTEJIFHOI YCTAHOBKY 3 BOZOTPifiHUM MTOBITpOHATpiBaUYeM:
K — kores; TB — TeruioyTririsaTop-BojioHATpiBay [JIA MiIirpiBaHHA 3BOPOTHOI BOIH;
TII — Boo-IIOBITPAHUI TENJIOY THIIi3aTOP-IIOBITPOHATPIBAY /IJIA MiTirpiBaHHA X0JIOLHOTO TYTTHOBOIO IIOBITPH;
OT — numoBa Tpyba
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Tabnuuys 1
XapaKkTepUCTHKH KOTJIA
HajiMeHyBaHHA XapaKTE€PHUCTHKHA 3HaueHHA
TemnmonponykrusHicTs, MBT 2,0
Bumia reniora sropAHHS MajnBa, KKasr/m® 9410
Koedinientr Hagmumky mositpa 1,1
KK/ 3a BuII1010 TEILIOTOIO 3rOPAHHA I1ajiuBa,% 82,0
Temmeparypa TerIoMepe:kHol Bogu Ha Bxomi, °C 70
Temneparypa TensoMepe:xkHo1 Bogu Ha Buxoni, °C 95
Burpara npupomuoro rasy, m/ron 219
Temmeparypa IUMOBHX rasis 3a KoTiioM, °C 160
A"san Anmn T
Y o,
Yo -1 Yo —w—1
—A—-2 —A—2

4 4 44

3T 3 4

2 + 2+

1 $ + } } ¢’ J & | 1 } } } } $ $ $ i

20 30 40 50 60 70 80 v, % 20 30 40 50 60 70 80 v, %o

a)

6)

Puc. 3. 3akonomipHocTi aminu 3arayibaoro sHaueHus KK/ korenbroi ycranoBku Ar  Bij 11 BITHOCHOTO TEILJIOBOTO

3ar

HABAHTAYKEHHA Y 34 PI3HUX YACTOK S PEIMPKYJIALIl rasiB IIpy BUKOPUCTAHHI Bogorpiiuoro (a) i rasorpiiiaoro (6)
noBiTpoHarpiBauiB: 1 -0 = 10%; 2—0 = 15%; 3—0 = 20%

Saraspre suauenua KK]I Busnauasocs 3 ypaxyBaH-
HAM H0r0 3MEHIIIeHHA Uepes3 PELUPKYJIIALI0 YacTUHU
IUMOBHX T'a3iB B TOIIKY KOTJIA 3 JYTTHOBUM ITOBITPSAM.
Ile sMmeHmenHA 3a3BuUail cTaHOBUTE 1 + 3% 3a mipu-
WHATUX YaCTOK OaiilracyBaHHA BiOXITHUX rasiB KOTJIA.

3rigHO 3 OTPUMAHUMHU Pe3yJIbTaTaMu, PiBeHb ITif-
puinenaa KK/l opu BUKopuCTAHHI HOBOI CXeMU CTa-
HOBUTH 1,9 + 4,5% B 3aj1e:KHOCTI BiJl HaBaHTAKeHHA
KOTJIA Ta YaCTOK ITIMINIyBAHUX Yy OYTTHOBE IOBITpPA
IuMOBHUX raziB. Burri suauenua mpupocty KK]I kot-
Jia BiITIOBiIai0Th KPaWHIM 3HAYEHHAM PO3TJIAHYTOTO
JIiarasoHy TelJIOBOI0 HaBaHTAXKeHHA KoTia. [Ipuyo-
My AJid TPAAUWIIHOI TeIJIOy THJITi3aifHoOl crucTeMu
3a HAMHMKUYNX BEJIMUYWH BKA3aHOTO HABAHTANKEHHS
npupict KK]I € gemro umum. Hukuwnii piBess npu-
pocty KK]I xoTsia miis 060X pO3TJIAHYTHX CHUCTEM
BIMIOBiJTa€ TEILIONPOAYKTUBHOCTAM KOTJIa IIPUOIIN3-
HO 60%, AKi peasli3ylOThCA 3a TeMOepaTyp IOBITPA
HABKOJIMIITHBOTO cepemoBuIna Big minyc 5 mo 0 °C.
3a Takux PiBHIB HABAHTAKEHHS KOTJIA TOCATAETHCS

70

HEBEJIMKUU PiBeHb ITUO0KOTO OXOJIO[PKEHHA TUMOBUX
ragiB y TemoyTwmiridaTopi — BogoHarpiBadi TB uepes
HeI0CTaTHBO HUBBKY Temmeparypy (> 50 °C) 3BopoTHOi
BOJIM HA BXOMi B cucTeMy Teruwioytwmiidarii. Orpumani
pesyasraru oo piBxiB miaBumentaa KK sa nesenu-
KHX HAaBAHTAKEHb KOTJIA TMOACHIOIOTHCA TUM, 110 3HU-
JKeHHS BKasaHOl TeMIlepaTypu cripuse 301iIbIIeHHI0
PiBHA KOHAEHcAIlil Tapy 3 IUMOBUX IasiB y TeIJIOyTH-
nigaropi — BomouarpiBaui TB i KK]I migsuryerscs.
3a yMOB BeJINKMX HABaHTAMKEeHb KOT/IA 301LIbIIeHHS
KK Bin0yBaerncs IIpu MigBUILIEHH] e(DeKTUBHOCTI BO-
JIOTPifHOTO TEeIUIoyTWITidaTopa-mnosiTponarpiBaua TII
3aBJIAKN HU3BKIU BXITHIN TeMIlepaTypl HarpiBaHOTo
OBITpA, 110 3abe3Iedye CyTTEBe 3HUKEHHA BUTPATHU
TaJimBa Ha KOTeJl.

3a pesyJbraTaMiu OOCIiIKeHb PiBHI migirpiBaH-
HA AYTTHOBOTO IOBITPA B IIPOIIOHOBAHIN CHUCTEMI Te-
Ioy THITi3aii cranoBATh 33...52 °C, 110 3ab6esmeuye
BiJJBEpPHEHHsA BUMAJEeHHA KOHIEHCATy y IMOBITPOBOIAX
KOTeJIbHOl YCTaHOBKU.
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BucHoBKu. 3acTocyBaHHS MPOMOHOBAHOI KoM0Oi- — sarampHuii mpupict KK Kotenswoi ycranosgu 1,9 +

HOBAHOI TEIUIOYTIJTI3AIiTHOI CUCTEMHU 3 BOAOTPIMHUM 4,5% 3aBOAKYA KOMILJIEKCHOMY BUKOPUCTAHHIO YTIJTi30-

HOBITpOHArpiBaueM 3abe3mneuye: BaHOI TEIUIOTH HA HATPIBAHHA TEILIOMEPEIKHOT BOIU

— HaAilHY eKCIUIyaTallilo MOBITPOIMABIIHNX KaHAIB Ta AyTTHOBOTO MOBiTPA. SHaueHHA KK]] Busnauero
KOTEeJIbHOT YCTAHOBKH 3aBIAKH ITiIirPiBAHHIO Ay TTHO- 3 ypaxyBaHHAM BTPAT TEIJIOTH Ha PEIUPKYJIAIII0
BOT0 TIOBITPA Y BOAOTPIHOMY ITOBITPOMiTirpiBadi; IVMOBUX T'a3iB.

JOJATKOBA IHDOOPMAIIA
BHECOK ABTOPIB: Yci aBTopu 3po0uin BHECOK TTOPiBHY.
DOIHAHCYBAHHS: ABTopu He 0TPpUMYBAJIH (PiHAHCYBAHHSA [JIA I[HOTO JOCIIKEeHHS.
3AABA ITPO JOCTYIIHICTB TAHMX: He 3acrocoByeThbes.
KOH®JIIKT IHTEPECIB: ABTopu 3asBJIAI0TH PO BiICYTHICTh KOHQJIIKTY iHTEpECIB.
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THE ENVIRONMENT AS AN
ONTOLOGICAL PREREQUISITE OF
HUMAN BEHAVIOUR

®1JTOCOPCbKI HAYKMH

Summary. Human behaviour is commonly explained through biological, psychological and social determinants, whereas the
ontological status of the environment itself has received comparatively little philosophical attention. This paper examines the
environment as the ontological condition of human behaviour and argues that behaviour cannot be understood independently
of the context in which it emerges. The study employs philosophical analysis, comparative historical inquiry, systems analysis
and conceptual modelling to investigate the interrelationship between the environment, the subject and time. On this basis, it
develops a conceptual model in which behaviour is interpreted as the manifestation of the subject over time under the contin-
uous influence of the environment. The proposed formula, B = f(E x (S/T)), is introduced not as a mathematical expression but
as a heuristic device intended to represent the structural relations between the principal components of the model. The paper
concludes that the environment should be regarded not merely as an external influence on behaviour but as one of the onto-
logical conditions of its possibility, thereby providing a basis for further interdisciplinary research in philosophy, social theory

and the human sciences.

Key words: Human Behaviour, Environment, Social Ontology, Subject, Time, Philosophical Anthropology.

ntroduction. The issue of the nature of human

behaviour has been a constant feature of philosophy
throughout its history. In different eras, it has been the
subject of research in the fields of ethics, psychology,
sociology and the natural sciences. Despite the differ-
ences in approach, most theories sought to explain
behaviour through internal personality traits, biological
factors, social relationships or specific external factors.
However, despite the wide variety of existing research,
the issue of the environment itself as a fundamental
condition for the emergence of human behaviour is
raised far less frequently.

The current stage of society’s development makes
this issue particularly relevant. Information technol-
ogy, global communications and the constantly chang-
ing cultural environment are having an impact on
people more rapidly than ever before. Behaviour is
increasingly viewed as a set of psychological reactions
or social practices, whilst the environment itself is
usually understood as merely one of many factors in-
fluencing the individual. In my opinion, such a view
prevents us from seeing the deeper pattern that un-
derlies human existence.

The environment is referred to as an ontological
condition not because it is more powerful than a sub-
ject, but because without it, the very existence of

/2

behaviour as a phenomenon would be impossible. Just
as space is a prerequisite for motion, and time is a pre-
requisite for change, so the environment is a prereq-
uisite for behaviour. Behaviour cannot manifest itself
outside the environment, since any action is always
directed towards something, takes place somewhere,
and only acquires meaning within a specific system of
relationships. It is precisely this proposition that forms
the philosophical basis of this research.

This research is based on the premise that the
environment should be regarded not as an external
accompaniment to human life, but as its ontological
prerequisite. In other words, the issue is not the extent
of the environment’s influence, but the impossibility
of considering human behaviour in isolation from the
reality within which it arises and develops.

The issue of human behaviour has repeatedly
been the subject of research in philosophy, psycholo-
gy and sociology. Kurt Lewin viewed behaviour as the
result of the interaction between the individual and
the environment, thereby laying the foundations for
our modern understanding of their interrelationship.
Pierre Bourdieu demonstrated how the social envi-
ronment reproduces itself through a system of habits
and cultural practices, thereby shaping stable pat-
terns of behaviour. Albert Bandura substantiated the
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importance of social learning by showing that people
acquire a significant proportion of their behavioural
patterns through observation. Carl Gustav Jung fo-
cused on the deep structures of the psyche and the
collective experience that influences the development
of the personality. Martin Heidegger, in his exploration
of human existence, demonstrated that it is impossible
to understand human beings apart from their being-
in-the-world. Despite the differences between these
approaches, they are united by a desire to explain var-
ious aspects of human behaviour. This research does
not aim to review or criticise them. On the contrary, it
stems from a recognition of their significance, propos-
ing that the environment be regarded as an ontological
prerequisite without which human behaviour itself
would be impossible.

The object of this research is human behaviour.

The subject of the research is the environment as
an ontological prerequisite of human behaviour.

The purpose of the research is to develop a philo-
sophical model that explains human behaviour through
the interrelationships between the environment, the
individual and time.

To achieve this purpose, the following tasks were
identified:

* to analyse existing interdisciplinary approaches to
understanding human behaviour,

* to define the concepts of environment, subject and
time within the framework of the proposed concept,

* to investigate the influence of the environment on the
formation of responses, choice and decision-making,

¢ to highlight the role of the information environment
as a new form of cultural heritage,

* to substantiate a philosophical model of behaviour
expressed by means of a conceptual formula.

The methodological framework of the research com-
prises philosophical analysis, the comparative histor-
ical method, elements of the hermeneutic approach,
systems analysis and conceptual modelling. The inter-
disciplinary nature of this paper makes it possible to
compare data from philosophy, the history of science,
psychology and sociology in order to identify general
patterns in the development of human behaviour.

The scientific novelty of this research lies in the
fact that the environment is regarded not as one of
the factors influencing behaviour, but as its ontological
condition. The proposed model describes behaviour
as a process whereby the subject manifests itself over
time under the continuous influence of its environ-
ment, and is expressed by means of a conceptual for-
mula intended not for quantitative calculation but for
a philosophical description of the interrelationships
between its key elements.

This paper does not set out to develop a universal
psychological theory of personality, nor does it examine
the physiological mechanisms of behaviour. Its goal is
to provide a philosophical understanding of the condi-
tions within which human behaviour becomes possible.

It is for this reason that further research begins not
with an analysis of the individual, but with an exam-
ination of the environment within which all human
thought, activity and behaviour arise [9].

Environment as an ontological prerequisite.
The desire to understand the nature of things has
accompanied humankind throughout its history. It is
most often the natural sciences that seek answers, yet
every scientific discovery begins not with an experi-
ment, but with a question posed by the researcher.
A question never arises out of nowhere: it emerges
within a specific context that shapes a person’s way
of thinking and the limits of their understanding of
the world.

Any experiment requires strictly defined conditions.
In physics and chemistry, the result depends on tem-
perature, pressure, the accuracy of the instruments,
the composition of a substance and a host of other
factors. A change to even one condition can lead to
a completely different result. If the same experiment
were to be carried out in outer space or in a vacuum,
not only would the conditions under which it is con-
ducted change, but so too would the very properties of
the phenomenon under study [14].

The history of science has repeatedly demonstrated
this kind of relationship. Thus, James Clerk Max-
well (Maxwell 1873), drawing on mathematical cal-
culations, proposed that light has a wave-like nature.
Subsequent experiments by Thomas Young (Young
1804) and Heinrich Hertz (Hertz 1893) confirmed the
possibility of interference and the propagation of elec-
tromagnetic waves, thereby significantly changing the
scientific understanding of the nature of light. How-
ever, this raises the question: would these discoveries
have been possible if the researchers themselves had
been educated in different historical, cultural or ed-
ucational contexts? In other words, is it possible to
completely separate a scientific idea from the context
in which it arose?

At first glance, it might seem that discoveries are
the sole preserve of outstanding individuals. However,
it is impossible to consider the individual in isolation
from the circumstances of their development. Every
researcher is not only the author of a discovery, but
also the product of a vast array of influences: the era,
education, language, culture, social relationships and
accumulated experience. It is for this very reason that
the subject of this research is not the individual, but
the environment as the fundamental prerequisite
for the emergence of human behaviour and human
thought [2].

The environment is like the tree Yggdrasil from
Norse mythology. Its branches and roots permeate all
worlds, binding them together into a single whole. In
the same way, the environment quietly accompanies
a person throughout their life. It is not always rec-
ognised, as it is a constant prerequisite of existence;
yet it is precisely within it that values, beliefs, ways
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of perceiving the world and patterns of behaviour are
formed.

For example, it is impossible to consider guilt in
isolation from the moral framework within which
a person was brought up. A cause of deep remorse in
one culture may be regarded as an acceptable or even
approved norm in another. Consequently, behaviour is
determined not only by the individual characteristics
of the subject, but also by the system of relationships
within which these characteristics develop [3].

It is for this very reason that this paper proposes
that the environment be regarded not as one of the
factors influencing behaviour, but as its ontological
prerequisite. If philosophy seeks to explain human
beings, then it is first and foremost necessary to un-
derstand the space within which human existence
itself and any form of behaviour become possible [5].

If the environment is considered as an ontological
prerequisite of human behaviour, it is required first
to determine how it exerts its influence. To do this, it
is not enough simply to analyse a person’s actions. We
should turn to the more fundamental aspects of his
existence: reactions, choices and decision-making. It
is here that the gradual influence of the environment
becomes apparent, an influence that often goes unno-
ticed by the subject itself [1].

Carl Gustav Jung wrote about the need to explore
the deeper foundations of the human psyche. Follow-
ing this line of reasoning, the present research aims
to examine not an individual human action, but the
conditions that make such an action possible in the
first place. Any human reaction appears to be instan-
taneous only on the surface. In reality, it is preceded
by a lengthy process of the subject’s formation. If we
picture a young man brought up in Ancient Sparta,
it becomes clear that his ability to react instantly to
danger is not an innate quality, but the result of many
years of training. Constant discipline, physical training
and a specific cultural environment gradually turned
a certain type of behaviour into a natural response [8].

Reaction, choice and decision. A similar process
can be observed in modern society. Healthcare work-
ers, military personnel, emergency services staff and
firefighters make decisions much more quickly than
someone without training. However, this pace is not
a random personality trait, but rather the result of pro-
longed exposure to the professional environment [1].

That is why the proverb “constant dropping wears
away a stone” takes on a philosophical meaning here.
Time, in itself, does not change a person. It merely
allows the environment to exert a continuous influence
on the subject, gradually shaping stable patterns of
perception and behaviour. Consequently, a reaction is
not an instantaneous phenomenon, but the result of
a prolonged interaction between the subject and the
environment [9].

The problem of choice is considerably more complex
than the problem of reaction. People usually take their
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own freedom for granted. We tend to think that every
choice is entirely a matter of our own free will. How-
ever, this view warrants a more in-depth analysis [5].

An interesting example can be found in the works
of Jacques Fresco. Regardless of one’s views on his
philosophical ideas, many of his arguments demon-
strate just how significantly social organisation can
alter human preferences [7].

The history of the XX century also reveals a similar
pattern. After the First World War, the United States
was faced with the consequences of the Great Depres-
sion. The economic crisis has changed public expecta-
tions, given rise to new political movements and forced
millions of people to rethink their own beliefs. Many
people joined various political parties, believing that
they were making a completely independent choice.
However, their decisions arose within a specific his-
torical context, which had already defined the range
of possible responses to the problems at hand.

Later, the political situation changed. Some
ideas had become dominant, whilst others had been
deemed socially unacceptable. As the environment had
changed, so too had the range of acceptable choices.

An important conclusion follows from this. Choice
does not exist in isolation from its context. It always
takes place within a specific historical, cultural and
informational context. It is the environment that de-
termines the range of possibilities within which the
subject is able to carry out their own decision.

It therefore seems more accurate to say not that the
environment makes a choice on a person’s behalf, but
that it creates the conditions within which a particular
choice becomes the most likely.

Just like Neo in the film “The Matrix”, people are
constantly faced with the problem of choice. However,
the very possibility of choice arises within a particular
system. “The problem is choice”, as the Architect says.
This research proposes taking things a step further:
the problem lies not only in choice itself, but also in
the environment that defines the boundaries of what
is possible even before a decision is made.

If we combine reaction and choice into a single
system, it becomes possible to view a decision as the
natural outcome of a prolonged interaction between
the subject and its environment. Such a statement is
not a dystopian idea or a denial of human freedom.
On the contrary, it represents an attempt to identify
recurring patterns that can be found both in sociolog-
ical research and in the historical experience of many
generations [14].

The problem is not choice itself. The problem lies
in the circumstances in which choice arises.

That is why, in the words of Friedrich Nietzsche,
the researcher should try to look “beyond good and
evil”. This approach makes it possible to avoid mak-
ing moral judgements about phenomena and to focus
on identifying the causes behind them. The objective
of this work is not to justify human actions, but to
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understand the mechanisms that make them possi-
ble [12].

Information environment. If we are to examine
the influence of the environment in greater detail, we
must consider not only its external manifestations but
also the internal structures that accompany a person
throughout their life. They cannot be seen directly,
yet they are constantly present, much like gamma
radiation: whilst remaining invisible, they continue
to have an effect.

The most enduring form of such influence is the
social environment. A person is capable of changing
their place of residence, profession, social circle or po-
litical views. However, it is considerably more difficult
to change the ways of thinking instilled by the family,
culture and society within which one’s development
took place [3].

The social environment has an unusual charac-
teristic: it reproduces itself. Each generation passes
on to the next not only knowledge, but also ways of
interpreting the world, values, standards of behaviour
and patterns of communication. This is why many
of our fears, aspirations and forms of resilience are
not merely random personal traits, but a historical
continuation of the environment in which we grew up.

If we look back at human history, we can see that
the transition from the Palaeolithic to the Neolithic
Revolution changed more than just the ways in which
people organised their livelihoods. It laid the founda-
tions for the continuous transfer of knowledge between
generations. From that moment on, the environment
ceased to exist solely as a set of natural conditions and
became a cultural heritage that constantly reproduces
itself [15].

That is why thinkers from different eras did not ap-
pear by chance. Over the centuries, Christian Europe
had fostered a culture of reading, theological debate
and philosophical reflection. Many future philosophers
initially studied religious texts, and only later devel-
oped their own ideas about freedom, logic and human
nature. Even a dispute with tradition is only possible
if the tradition itself exists.

Consequently, the thinker is not an exception to the
influence of the environment, but one of the forms of
its historical development [15].

Whilst in earlier eras people were shaped primarily
by their family, religion and immediate surroundings,
modern society is increasingly shaped by the informa-
tion environment [2].

The Internet has become one of the greatest trans-
formations in human civilisation. In terms of its im-
pact, it can be compared to the discovery of fire, the
emergence of writing or the dawn of the Industrial
Age. It did not merely speed up the flow of information
but changed the very mechanism by which opinions
are formed [11].

The algorithms used by digital platforms create
a sense of freedom of choice by offering users content

tailored to their interests. However, at the same time,
they shape new preferences, gradually altering the
very scope of a person’s interests.

This is particularly evident in the phenomenon of
internet memes. At first glance, a meme is a form of
entertainment. In reality, however, it becomes a vehicle
for cultural transmission, enabling values, behavioural
patterns and ways of perceiving reality to be dissemi-
nated extremely rapidly. The deeper the cultural con-
text, the more the meme becomes understandable only
to a narrower circle of people, evolving into a kind of
language specific to a particular social milieu [2].

That is why the information environment is neither
good nor bad in itself. Like any tool, its value depends
entirely on how it is used. A weapon can be used for
both attack and defence. Similarly, digital technologies
have the potential both to restrict people’s independent
thinking and to expand their capabilities, provided
they are used as a means of learning rather than as
a substitute for thinking for oneself.

Consequently, the modern information environment
is becoming a new historical stage in the development
of human behaviour, whilst retaining the same under-
lying principle: human beings continue to be shaped
by an environment that they themselves often fail to
notice.

New ideologies, behavioural patterns and ways
of perceiving reality are emerging from these digital
spaces. They are capable of intensifying aggression,
fostering pacifist views or altering a person’s attitude
towards themselves. However, it is not the content of
the information itself that proves decisive, but the way
in which it is conveyed and perceived.

Information does not have an inherent moral con-
notation. The same ideas can be a source of creation
or destruction, depending on the context in which they
are interpreted. That is why myths have continued
to be a part of human life for millennia. (Jung 1959)
[8] Not only do they explain the world, but they also
inspire people far more than a mere presentation of
facts. History shows that it is often the images them-
selves that prove to be more enduring than the events
that gave rise to them [12].

Consequently, one of the most important objectives
for people today is not the accumulation of informa-
tion, but its meaningful sorting. The world of the XXI
century generates such a vast amount of knowledge
that the key skill is the ability to distinguish between
what contributes to one’s personal development and
what merely absorbs one’s attention.

To summarise our discussion of the environment,
we can draw a fundamental conclusion: the environ-
ment is not a passive backdrop to human life. It con-
stitutes a continuously operating framework within
which reactions, choices, decisions and ways of think-
ing take shape.

That is why human behaviour cannot be explained
solely by a person’s inner traits. Any behaviour
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constitutes a manifestation of the subject within a giv-
en environment.

That said, the extent to which the environment
influences the subject also depends on the subject it-
self. One person strives to integrate fully into society,
whilst another consciously limits their involvement in
social processes. However, even an attempt to distance
oneself does not mean that the influence of one’s envi-
ronment disappears. It continues to exert its influence
through language, culture, memory, habits and ways
of thinking, which have already become part of a per-
son’s very being.

Subject and time. Having examined the environ-
ment, it is required now to identify the second compo-
nent of the proposed model, i.e. the subject.

In this research, the term “subject” does not refer
to a common-sense conception of the individual, nor
to a set of social roles. The subject refers to a person’s
internal constitution, comprising their biological char-
acteristics, the properties of their nervous system,
memory, accumulated experience, cognitive abilities
and individual ways of perceiving the world around
them.

However, the subject cannot be regarded as a static
construct. It exists solely in time, constantly changing
under the influence of its environment. That is why
a human being is not a complete system. A person’s
inner state is constantly evolving in tandem with
changes in the world around him [5].

In this sense, the concept of time takes on partic-
ular significance. Albert Einstein demonstrated the
relativity of time in a physical sense. This research
uses this idea as a philosophical analogy. Time is un-
derstood here not as a physical quantity, but as a mea-
sure of the duration of the subject’s interaction with
the environment [4].

It is the duration of this interaction that deter-
mines the extent to which a person’s inner traits are
revealed.

Let us imagine a person with impaired memory or
a reduced ability to learn quickly. In a calm, support-
ive social environment, such characteristics may pose
virtually no obstacle to his development. Conversely,
in a society built on constant competition and strict
discipline, these same characteristics become a serious
constraint [1].

Consequently, it is impossible to assess a person
outside their environment. The same subject is capable
of exhibiting completely different qualities depending
on the conditions of its existence [9].

This pattern is particularly evident when analys-
ing crime. A criminal is not born a criminal in the
full sense of the word. His or her abilities might have
developed quite differently under different circum-
stances. Someone with an exceptional understanding
of hacking techniques has the potential to become
a talented engineer, an information security specialist
or a designer of complex security systems. However,
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the lack of a suitable environment often causes those
very same abilities to be channelled in the opposite
direction [1].

That is why punishment in itself does not always
address the root causes of criminal behaviour. If,
following their release, a person returns to the en-
vironment that gave rise to their initial patterns of
behaviour, the likelihood of them repeating those pat-
terns increases significantly. Consequently, the subject
cannot change without a change in the environment
within which it continues to exist.

Having examined the environment and the subject,
we can now move on to the third element of the pro-
posed model, which is time.

It is time that allows us to see what remains hidden
when analysing a person’s individual actions. The en-
vironment does not have an immediate effect. It shapes
the individual gradually, day by day, transforming
random impressions into established ways of thinking.

Let’s imagine a person who has spent a long time
amongst people who are passionate about floristry.
Gradually, they begin to distinguish between different
types of plants, understand the characteristics of their
growth, and appreciate the beauty of the structure of
their leaves, flowers and stems. This knowledge does
not come all at once. They are the result of prolonged
exposure to a particular environment.

Any ideological environment operates in a similar
way. If a person finds themselves surrounded every day
by people who share the same views, they gradually
begin to regard those views as natural. This does not
mean a complete loss of the ability to think critically.
However, without alternative examples, it is much
more difficult for a person to look beyond the worldview
they have already internalised [14].

Conclusion. Consequently, human memory is
shaped not only by individual experience, but also by
the duration of interaction with the environment. In
the decision-making process, the subject inevitably
draws on patterns of behaviour that have already been
learnt. Just like a player shuffling the cards in their
own deck, a person does not choose from an infinite
array of possibilities, but primarily from those that
are already part of their life experience.

Thus, time is not an independent cause of be-
haviour, but rather a measure of the cumulative effect
of the environment on the subject.

The research carried out enables us to propose
a different philosophical model for understanding hu-
man behaviour. The environment is not merely an
external backdrop to human life, but an ontological
prerequisite of the subject’s existence. It is within this
that values, ways of thinking, behavioural patterns
and the scope for choice arise. The subject, for its part,
is not a complete and unchanging entity. Its inter-
nal characteristics only become apparent over time,
through constant interaction with its environment.
Consequently, behaviour can be defined as the process
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by which the subject manifests itself over time under
the continuous influence of its environment. It is this
proposition that forms the basis of the proposed model.

The formula:

B=f(Ex(S/T)
is not a mathematical law and does not claim to be
capable of quantifying human behaviour. It is a philo-
sophical model that provides a concise way of express-
ing the interrelationships between the key elements
of the research, where:

B —behaviour,

E — environment,

S — subject,

T — time as a measure of the cumulative interac-
tion between the subject and the environment;

f— the mechanism underlying the emergence of
behaviour, reflecting the interrelationship between all
the elements listed.

This model does not provide a means of manipu-
lating people. On the contrary, its purpose is quite
different — to reveal the prerequisites within which
human behaviour becomes possible.

Understanding one’s own environment does not
take away a person’s freedom, but makes it more

conscious. The better the subject understands the
mechanisms by which the environment influences
it, the more opportunities it has to engage with it in
a meaningful way.

It is for this reason that the purpose of this re-
search is not to seek a universal method for changing
people, but rather to demonstrate that personal devel-
opment cannot be considered in isolation from one’s
environment, time and historical experience.

Every person is a unique manifestation of the long-
term interaction between biological nature, cultural
heritage, the social environment and their own life
journey. That is why human dignity lies not only in
one’s individuality, but also in the ability to recognise
the circumstances of one’s own development. As early
as Plato, in his dialogue “The Laws”, regarded inner
self-control as the highest form of human triumph,
contrasting it with defeat at the hands of one’s own
passions [13].

The proposed model does not provide a definitive
account of human nature. On the contrary, it opens
up the possibility for further philosophical analysis
of the environment as a fundamental prerequisite of
human existence.

JOJATKOBA IHDOOPMAI[IA
BHECOK ABTOPIB: Yci aBTopu 3po0uin BHECOK ITOPiBHY.
DOIHAHCYBAHHS: ABTopu He 0TPUMYBAJIN (DiHAHCYBAHHSA [JIA I[HOTO JOCIIKEeHHS.
3AABA ITPO JOCTYIIHICTD JAHWX: He 3acT0COBYETHCA.
KOH®JIIKT ITHTEPECIB: ABTopu 3asdBAAITE IIPO BiACYTHICTb KOHPIIIKTY iHTEepeciB.
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