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The article formulates a conceptual model of a closed-loop reinforcing dynamic of 
barriers to digital transformation of the agricultural sector, which differs from linear classifications 
by describing the system-dynamic character of interrelations between four groups of barriers — 
financial, infrastructural, human-capital, and institutional — through three reinforcing feedback 
loops (R1 financial-technological, R2 human-operational, R3 institutional-financial). The theoretical 
framework rests on four established paradigms: System Dynamics (Forrester, Senge), Theory of 
Constraints (Goldratt), TOE Framework (Tornatzky, Fleischer), and Digital Divide Theory (van 
Dijk). For the first time for the Ukrainian agricultural sector, a "meta-barrier" is conceptualized — 
the absence of a regional digitalization strategy — as a second-order supra-structural constraint that 
keeps all four basic barriers in a stable closed loop. An original Technological Gap Index (TGI) is 
formulated as a quantification metric of structural polarization of the agricultural sector, correlating 
the digital maturity level of agro-holdings and small and medium-sized farms. Based on data from 
Kirovohrad oblast (8,517 agribusinesses, 1.8 million ha of cultivated land as of Q2 2025), the 
baseline TGI value for Ukraine is computed at approximately 8.2 with comparative reference to 

-image symmetry" concept of barriers and 
stimulating factors is proposed, in which each barrier has a corresponding antipair among 
stimulating factors, and breaking the closed loop is possible not only through barrier removal but 
also through activation of the corresponding stimulating antipair. Scientific novelty consists in 
integrating the closed-loop concept, the meta-barrier construct, and the TGI into a single system-
dynamic model with regional anchoring. Practical recommendations focus on the regional 
development strategy "ROCKET PLAN" of Kirovohrad Regional Military Administration as the first 
managerial intervention at the meta-barrier level.

digital transformation of agriculture, barriers to innovation adoption, closed-loop 
model, meta-barrier, technological gap index, system dynamics, theory of constraints, digital divide, 
Kirovohrad oblast. 
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