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This study develops a conceptual algorithm for the strategic management of labor market
adaptation, viewed as a complex socio-economic system undergoing non-linear digital
transformation. A systemic approach is implemented to synthesize a decision-support framework
that bridges the gap between autonomous Al evolution and human capital management.
The author applied a modified Bellman-Zadeh decision-making scheme, which allows for
integrating additional objectives and constraints into a single weighted aggregation model.
The developed model integrates conflicting systemic parameters-including labor productivity
as a performance metric, social stability as a system constraint, and budget availability as a
resource limit-into a unified analytical framework. The findings confirm the systemic hypothesis
that a synergistic configuration of human-machine interaction yields higher global efficiency
than isolated automation or rigid administrative restrictions. The internal consistency of the
expert-knowledge base is mathematically verified through a consistency ratio analysis, ensuring
the structural integrity of the weight coefficients.The scientific novelty lies in the transition
from static planning to an adaptive modeling paradigm. The study proposes a roadmap for the
systemic expansion of the algorithm through the integration of dynamic feedback loops, such
as personnel psychological readiness and tax-induced investment variability in the IT sector.
This architectural flexibility allows the model to maintain high predictive accuracy amidst
the stochastic fluctuations of Ukraine's digital economy. The proposed framework serves as a
scalable computational foundation for optimizing the evolution of labor market structures in the
era of pervasive artificial intelligence.
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Heoena 1. M. Heuimke moodeniosannus cmpameciii adoanmauii punKy npayi 00 eKcnaucii
WIMYYHO020 IHmeneKmy

Y emammi poszensoacmuca axmyanoha HayKO8O-NPAKMUYHA 3a0a4a MOOETIO8AHHS CIMpame-
2iti adanmayii HayioHarbHO20 PUHKY npayi 00 GUKTUKIG, 3YMOGNEHUX MACOBUM BNPOBAONCEHHAM
mexnono2ii wnyurozo inmenexkmy. O6'€kmom 00ciodxHcents € npoyecu mpancopmayii 3atims-
mocmi ni0 6nAUBOM YUPPOGI3ayil, NPEOMEMOM — MAMEMAMUYHULL IHCMPYMEeRmapii oorpynmy-
BAaHHA YNPABNIHCOKUX piuiens y yill cghepi. Mema pobomu nonseac y po3pooyi Komyenmydaisb-
HO20 aneopummy eubopy ONMUMAIbHUX Cmpamezitl a0anmayii puHKy npayi Ha OCHO8I Memoois
CUCMEMHO20 aHANI3y Ma meopii HeuimKux MHONCUH. ABMOPOM 3ACMOCOBAHO MOOUDIKOBAHY
cxemy nputinamms piwenv benimana-3ade, sika 0oszeonsic inmezpysamu cynepeunusi yini ma
00MeNCEHHS 8 EOUHY MOOEb 36ANCEHO20 acpecy8anHs. 3anponorHosanuil nioxXio epaxo8ye Hemi-
Hitinutl xapaxmep enaugy LIl na exonomiuni cucmemu ma 6a3yemovcs HA AKMYATLHUX NPOSHO3-
HUX CYeHapisx po3sumxy ekoHomiku Ykpainu na 2025 — 2027 pp. 3a pezyromamamu mooento-
6aHHA i0enmu@ixoeano mpu 06a306i cmpamezii: iHmMeHCUHe NepeHAsuanHs, 2i0pUOHA MOO0elb
63aeM00ii ma Hopmamuere oomedncenus. Bepugirayiro pezynomamie npoeedero 3a 00noMo20H
PO3PAXYHKY BIOHOUWEHHSL Y3200HCEHOCTI eKCNEPMHUX CYOdHCeHb Ma n00Y008U NeTtoCmKo8UX did-
2pam nopisHAILHUX npoghinie cmpamezi. Haykosa HosU3Ha nonsieae 6 nepexoodi 6i0 CMamuyHo2o
nranyeanns 0o adanmuenoi napaouemu mooemosants. Copmynvosano pexomendayii wo0o
NOOANLULO2O PO3ULUPEHHSL HADOPY MONCIUBUX PIUUEHb ULIAXOM THmMe2payii 6 MoOenb 000amKO8UX
OUHAMIYHUX NApPaMempie, MAaKux sk iHOeKC NCUXONL02IYHOL 20MOBHOCME NEPCOHANY 00 YUPpo-
BUX 3MIH Ma MIHIUBICIE NOOAMKO8020 Hasanmavicents 6 IT-cekmopi. Lle niosuwums adanmue-
HICMb 3aNPONOHOBAHO20 ANIROPUMMY 00 HENIHIUHUX KOMUBAHb 8 eKOHOMIUHIN cucmemi YKpainu.
3anpononosanuii pperiMeopx ciyeye Macuimado8ano oOUUCTIOBANLHOIO OCHOBOI0 0I5l ONIMUMI-
3ayii egomoyii cmpyKkmyp puHKy npayi 6 enoxy noscioOH020 WniyyHo2o iHmenekmy.

Knrouoei cnosa: punok npayi, wmyyHuil inmenekm, Heuimke MoOent08anHs, mooenv beniva-
Ha-3ade, cucmemHull aHanis, cmpameiyne ynpagiinms.

Formulation of the problem. Modern socio-economic systems are complex high-
level active systems whose internal goals may conflict with external management fac-
tors. In current realities, such factors include global technological shocks caused by the
widespread integration of artificial intelligence (Al). This creates a situation of critical
uncertainty, where traditional deterministic models are unable to adequately describe
the complex processes of labor market transformation and the dynamics of human capi-
tal development. The problem stems from the need for a strategic choice between alter-
native scenarios to ensure socioeconomic stability under conditions where information
regarding the consequences of digitalization is subjective, imprecise, or lacks unam-
biguous quantitative assessments. Given that the reaction of active market actors to the
implementation of intelligent systems is often unpredictable, there is an urgent need to
employ methods of systems analysis and fuzzy set theory. This approach enables coor-
dinated decision-making as a rational compromise between the strategic goals of the
system and actual resource and time constraints.

Analysis of recent research and publications. The problem of decision-making
in complex socio-economic systems under uncertainty has been a subject of profound
scientific research over the last decades. The fundamental principles of modeling sys-
tems with fuzzy logic were established in the works of L. Zadeh and further developed
by R. Yager [1-4], who demonstrated the superiority of fuzzy models over traditional
logical systems in describing human reasoning processes.

The methodology of multicriteria analysis, based on subjective judgments and the
use of the pairwise comparison scale, is substantiated in detail in the works of T. Saaty
[5]. His approach allows for the transformation of qualitative characteristics and hierar-
chical structures into numerical priority vectors, which is critically important for assess-
ing such intangible factors as social risks and technological shocks. Research by Nobel
laureate D. Acemoglu [6] confirms that the implementation of Al necessitates a funda-
mentally new analysis of labor operations. In his work, he mathematically substantiates
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that the impact of Al on productivity may be limited, as a significant portion of tasks are
«non-routine» and require human judgment. These elements are most effectively for-
malized through the framework of fuzzy set theory. According to the World Economic
Forum report [7], large-scale structural changes and the transformation of approxi-
mately 92 million jobs necessitate the development of effective algorithms for selecting
reskilling strategies. The works of E. Brynjolfsson, D. Li, and L. Raymond [8] highlight
the «skill compression» effect, which acts as a significant constraint in personnel man-
agement optimization models. Given the assessments by PwC Ukraine [9] regarding the
rapid digitalization of the domestic market, the systemic optimization of labor resource
adaptation strategies using fuzzy logic inference methods becomes highly relevant,
which determines the direction of this research.

Formulation of the purpose of the article. The purpose of the research is to develop
a conceptual algorithm for selecting optimal scenarios for labor market adaptation to
digital transformation, utilizing a systems analysis approach. The achievement of this
goal involved solving the following tasks:

1. Choice Modeling: to adapt the Bellman-Zadeh fuzzy scheme for evaluating labor
market adaptation strategies in response to the expansion of artificial intelligence.

2. Scenario Analysis: to substantiate the selection and formalize the parameters of
three core adaptation strategies:

— Reskilling (intensive retraining) strategy;

— Human-AlI Collaboration (hybrid human-machine interaction) strategy;

— Regulatory Limitation of automation strategy.

3. Verification: to ensure the reliability of the simulation results, the consistency
ratio of the pairwise comparison matrices was calculated.

Presentation of the main material. The justification of labor market adaptation
strategies in response to the expansion of artificial intelligence occurs under conditions
of vague goals and constraints, which necessitates the use of multi-criteria analysis.
The proposed approach is based on a modification of the Bellman-Zadeh fuzzy deci-
sion-making scheme, adapted by the author [10, 11] specifically for active socio-eco-
nomic systems. The modeling process assumes that the choice of the optimal scenario
a from the set of available alternatives 4= {a,,a,,+,a, } is determined as the result
of the intersection of fuzzy goals G and constraints C. This intersection forms a fuzzy
decision set D =G N C, whose membership function represents the degree of suitabil-
ity of each strategy, taking into account all specified conditions. In the context of labor
market transformation, goals reflect the desired indicators of socioeconomic stability,
while constraints characterize resource, time, and technological barriers. Functionally,
this is represented by the minimization operator (1), which enables finding a strategic
option that, in the worst-case scenario, satisfies the system's requirements at the maxi-
mum possible level:

uD(a):IrI{ijn{uGI(a), uc/(a)},i:1+n;j—1+m (D)

At the same time, the specifics of the current digitalization stage dictate the need for
a differentiated approach to criteria evaluation, as certain factors exert a dominant influ-
ence on adaptation processes. To address this, a weighted aggregation model is applied,
where the priority of each criterion is determined by a corresponding weight coefficient.
Unlike the classical approach, the proposed transition to a weighted additive model (2)
allows for incorporating the hierarchical structure of goals and implementing a mecha-
nism for partial compensation of criteria values.
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where w,, v, —normalized weight coefficients obtained on the basis of expert estimates
according to the method of T. Saati [5]. The optimal strategy is considered to be one that
satisfies the condition:

a =argmax i, (a), 3)

where 4 is the set of available labor market adaptation alternatives.

The determination of weight coefficients w;, v > as well as the values of the criteria
membership functions, is carried out based on expert judgments. A detailed description
of the ranking procedure for qualitative characteristics and the algorithm for calculating
the priority vector was presented by the author in [11]. The information base for forming
expert assessments consisted of analytical data from the Inflation Report of the National
Bank of Ukraine [12] and operational labor market reviews by the Ministry of Economy
of Ukraine [13]. In light of the limited access to comprehensive statistical reporting under
martial law, the parameterization of fuzzy sets in this study was conducted based on a
synthesis of the aforementioned reports and labor market development forecast scenarios
for 2025 — 2026. Specifically, the recorded labor shortage (ranging from 20-30% in criti-
cal sectors) and stringent budget constraints determined the priority of time and resource
availability criteria. The declared deficit of financial resources formed the basis for the
parameters of constraint C , while the critical lack of skilled personnel necessitated the
high significance of goal G, regarding the preservation and adaptation of human capital.

Three strategies were selected for evaluation:

a, Intensive Reskilling strategy;

1
a, — Human-AlI Collaboration (hybrid human-machine interaction) strategy;

az — Regulatory Limitation of automation strategy.

Based on the construction of pairwise comparison matrices, the weight coefficients
for goals (w, ) and constraints (v) were determined, with priority given to labor produc-
tivity and the preservation of human capital (Table 1)

The parameterization of membership functions was carried out on a scale from 0
to 1 (where 1 corresponds to the maximum degree of criterion satisfaction) based on a
synthesis of expert survey results and analytical data [12, 13]. The assessment reconcili-
ation procedure was performed using the algorithm described in [11], which allowed for
minimizing subjectivism in the formation of the fuzzy knowledge base.

Table 1
Parameterization of membership functions and strategy evaluation results
. - Weight e a,(Hybrid a.(Automation
Selection criteria () a, (Reskilling) inzterac tion) 3 limits)
Goals (G)
G, — Labor productivity 0,35 0,80 0,95 0,40
G, Social stability 0,25 0,60 0,80 0,90
Constraints (C)
C,: Budget availability 0,20 0,40 0,70 0,80
C,: Speed of implementation 0,20 0,50 0,85 0,30
Result Hn(a) 1,00 0,61 0,85 0,59

Source: Compiled and calculated by the author.
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The highest priority (0,35) was assigned to labor productivity (G,), as the efficiency
of existing resource utilization becomes critical under conditions of labor shortages.
Specifically, the high rating of strategy a, regarding criterion G, (0,95) is driven by the
synergistic effect of Al-tool integration. Conversely, the low rating for a, (0,40) reflects
the deceleration of technological progress due to regulatory constraints. This aligns with
the 2026 digitalization forecast scenarios concerning the necessity for rapid labor mar-
ket adaptation [13].

The final strategy rating p,, (a) was calculated as a weighted sum using formula
(2). As the calculation results indicate, the most rational scenario is strategy a, (1, (a)
=0,85). This is explained by the high compensatory capacity of the model: a significant
increase in productivity and moderate costs for integrating Al as an assistant (0,70) off-
set the risks associated with the technological transition.

To visualize the multi-criteria evaluation and provide a clear comparison of strat-
egy profiles, a radar chart (Fig. 1) was constructed. The graphical representation of the
results confirms that strategy a, (Human-Al Collaboration) forms the most balanced
and extensive contour. It demonstrates superiority over alternatives across the combined
parameters of productivity and implementation speed, while maintaining a high level
of social stability. This makes it the optimal choice under the conditions of the current
labor market transformation.

G1 - Labor productivity

1
0,9

0,
~C2: Speed of @ G2 -Social stability
implementation ‘

C1: Budget availability
= Weight (w,v) ===al (Reskilling) ====a2 (Hybrid) ==a3 (Limits)

Figure 1. Comparative evaluation of labor market adaptation strategies
based on a multi-criteria fuzzy model

Source: Compiled and calculated by the author
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To verify the obtained data, the consistency ratio of the pairwise comparison matri-
ces was calculated. The resulting value of CR = 0,076 < 0,1 confirms the logical con-
sistency of expert judgments, the adequacy of the selected weight coefficients, and the
reliability of the final strategy ranking.

Conclusions. The study implements a systems approach to addressing labor market
adaptation amidst the expansion of Artificial Intelligence. The application of a mod-
ified Bellman-Zadeh fuzzy model enabled the formalization of the decision-making
process, integrating conflicting economic and social criteria into a unified analytical
system. Based on the calculated membership function values, Strategy a, (Hybrid inter-
action) was identified as the most rational scenario with a score of 0,85. This confirms
the hypothesis that the synergy between human capital and Al ensures maximum labor
productivity while maintaining a high level of social stability. Visualization via radar
charts confirmed the resilience of the selected strategy and its superiority over alterna-
tive scenarios (such as intensive reskilling or administrative constraints) across a set of
resource and time parameters.

The scientific value of this work lies in the potential for further expanding the set of
possible solutions by integrating additional dynamic parameters into the model. Specifi-
cally, future research should focus on incorporating an index of personnel psychological
readiness for digital change to better assess resistance to innovation, as well as account-
ing for tax burden variability in the IT sector, which directly influences the investment
attractiveness of automation. Such an expansion will enhance the predictive accuracy of
the algorithm amidst the non-linear transformation of Ukraine's digital economy.
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