TpaHcopmarlliii Ta TOBOEHHOTO BiTHOBIEHHS MalOTh 0a3yBaTHUCS Ha 3aMKHEHOMY IIMKIIi
BUPOOHHUIITBA TMPOIYKIIi 3 JAOAAHOIO BApTICTIO Ha 3acalax IUPKYISAPHOI €KOHOMIKH, PO3BHTKY
IHTErpaliiHuX YTBOpEHb 1 BOJHOYAC — MIATPUMIN Mauoro Oi3Hecy, Opi€HTalii Ha 3I0pOBe
XapuyBaHHS Ta 3a0e3MeueHHs MPONOBOJIBUOI Oe3mekn. BakiamBuMu HampsiMaMu pPO3BHUTKY €
3aCTOCYBaHHS NPUHIMIIB «3€JIeHOT eHepreTuku» i Lean-meHemkmenTy, mudposoi tpancdopmarii
Oi3Hecy Ta iHmmx 3acax Agro 4,0 Ta Industry 5,0.
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DIGITAL TWINS IN THE COMMERCIAL ACTIVITIES OF
AGRICULTURAL ENTERPRISES: A RISK MANAGEMENT TOOL

Abstract. The paper substantiates the use of digital twins as a preventive risk management tool in the
commercial activities of agricultural enterprises. It is determined that the integration of data from
production (IoT) and management systems (CRM, ERP) allows modeling sales, logistics, and
contract execution scenarios in conditions of market volatility. The potential of technology for
optimizing logistics routes and substantiating pricing policy is considered. It is proven that the
transition to data-based management through digital models increases the adaptability of agribusiness
and minimizes operational losses.

Keywords. Digital twins, agribusiness, commercial activity, risk management, agrifood chain,
scenario analysis.

Modern agribusiness in Ukraine operates in conditions of increased uncertainty, which is
caused by climate change, logistical constraints, instability of sales markets and financial risks. Under
such conditions, traditional approaches to managing commercial activities are insufficient to ensure
the strategic sustainability of agribusinesses. This makes the search for innovative management tools
relevant, one of which is the concept of digital twins. From the analysis of literary sources [1, 2, 4, 5]
it can be said that a digital twin in the context of agribusiness is a virtual model of a real object,
process or value chain, which is updated based on data and used for forecasting, formulating
alternative scenarios (for example, product sales), assessing risks and assessing their impact on the
financial results of an agribusiness.

When it comes to the application of digital twins in commercial activities, it is worth focusing
on modeling sales processes, logistics, contract fulfillment, and market interaction, which will
contribute to better modeling of risk management, in particular, the risks of supply disruption, price
fluctuations, demand changes, payment delays, and logistics costs. Analysis of such risks in a virtual
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environment allows agricultural enterprises to adjust contract terms, optimize sales channels, and
make more informed management decisions.

Within the agri-food chain, this is impossible without data on production volumes, harvest
times, storage conditions, logistics routes, delivery schedules, and market demand, etc. Therefore,
from a technical point of view, a digital twin combines data from various sources in a single
information system — production (field sensors, yield accounting), warehouse, financial, and sales
systems (CRM, contract accounting), as well as external market data. These data are processed using
cloud platforms, analytical tools and modeling algorithms, which ensures synchronization of the real
and virtual environment and the possibility of operational scenario analysis.

Full-scale digital twin systems are mainly implemented by large agricultural holdings to
improve production process management. For example, the Ukrainian company NIBULON is
developing digital twins of fields for precision agriculture (differentiated sowing, in-depth analysis
of yield in correlation with soil parameters), optimization of the use of material resources, for stability
and predictability of production results [3]. For small and medium-sized agricultural enterprises, it is
possible to use simplified models created on the basis of available digital tools for analytics,
accounting and forecasting. Such solutions form the basis for the transition to data-oriented
commercial activity even in conditions of limited financial resources.

The use of a digital twin provides the ability to conduct scenario analysis of the “what i1f?” type,
which is critically important for agribusiness given the high price volatility. In particular, the
technology allows you to assess the feasibility of concluding forward contracts taking into account
forecast fluctuations in world prices, or determine the optimal moment for selling products based on
a comparison of storage costs, risks of spoilage and expected market conditions, and it is also possible
to model various scenarios of demand changes in domestic and foreign markets. As a result, the
company gets the opportunity to reasonably form a pricing policy and reduce the risk of loss of
income. In conditions of instability of transport infrastructure and changes in global agri-food chains,
logistics risk management becomes particularly important, in particular by modeling alternative
supply routes (in case of blocking key logistics nodes). It is important to assess the impact of
transportation delays on financial results and to forecast in advance the need for warehouse capacity
and optimize inventory levels, etc., which together provide increased flexibility and adaptability of
the supply chain.

It is important to assess the impact of transportation delays on financial results and to forecast
the need for warehouse capacity in advance and optimize inventory levels, etc., which together
provide increased flexibility and adaptability of the supply chain.

The combination of digital twins with machine learning algorithms transforms the approach to
risk management from reactive to preventive. The system is able to detect anomalies in commercial
flows (payment delays, changes in demand, deviations in commodity turnover); form forecasts of
customer behavior and market trends; automatically generate recommendations for adjusting the sales
strategy. This allows the enterprise to respond to potential threats in a timely manner, minimize their
negative impact, and can reduce operating costs by optimizing logistics and inventories, reducing
losses from unsold or spoiled products, and increasing the accuracy of forecasting income and cash
flows.

However, there are significant limitations, including the need to ensure high quality and
completeness of data; shortage of specialists with competencies at the intersection of agronomy,
commerce and data analytics; the need to implement cloud infrastructure and digital platforms; the
organizational complexity of integrating various information systems of the enterprise.

Digital twins are a promising tool for transforming the commercial activities of agricultural
enterprises, which allows to increase the validity of management decisions and ensure strategic
sustainability of the business. Their use contributes to the transition from intuitive management to
data-based management, which is especially important in conditions of instability of the market
environment. Further research should be directed at adapting digital twin technology to the operating
conditions of small and medium-sized agricultural enterprises, taking into account their resource
limitations and specifics of their activities.
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CBITOBI TEHJAEHIIII HA PUHKY IPSHOIIIB TA IX BILJIUB
HA EKOHOMIKY YKPAIHU

AHoramniss. B myOumikariii po3risHyTO MOTOYHY CHUTYAIlil0 3 peaii3allii OKpeMHUX BHIIB MPSHOIIIB Ha
azificbkomy puHKy. OCHOBHa yBara Oyina mpuiieHa puHKy B’eTHamy, SIKHil CHOTOJHI CIIPOMOYKHHIA
3a0e3rneunTH YKpaiHy TIEeBHUMH BUJAaMHU TPSHOIIIB 32 NMPUHHATHOK IiHOM. BpaxoBaHi OCHOBHI
daxTopu, SKi € I[IHOYTBOPIOIOUYMMH B a3iHCHKOMY PpErioHI Ta /O SKHX B IOJAIBIIOMY BapTO
NPUIMBIATACh. BuacHa 3akymiBisl a3iiChKUX TPSIHOIIIB BITYM3HSHHUMHU TOCTAYaJIbHUKAMHU 32
NPUIHATHUMHA I[[IHAMU JO03BJIMCH CTAOUT3yBaTH IIHM Ha el BUA mpoaykiii B YKpaiHi Ta
TIOKPAIIUTH €KOHOMIKY BUPOOHUIITBA B THX TaTy3sX, K BAKOPHCTOBYIOTh TPSTHOIII.

Kurouosi ciioBa: npsiHoii, a3iiickki puHKU, B’eTHaM, niepelib, 0a1bsiH, KOPHUIIS, EKOHOMIKA

PuHOK mpstHOIIIB B YKpaiHi 3HAUHOIO MIpOIO 3aJIEKHUThH BiJl TEHACHIIH Ha CBITOBOMY PHHKY,
ockiIbkH moHax 90% CBITOBOTO CHOYKMBaHHS NPSHOLIIB 3a0e3MedyroTh KpaiHu A3ii, cepen sKuX
OCHOBHHMMHU rpaBusiMu € [Hmis, Kurait, [anonesis, B'etnam ta Typeyunna. Takox 3Ha4HI M03HIIiT, TTO
OKpeMUX CHEeLiAX Ta NPSHOLIaxX, OCIIalTh Kpainu JIaTuHChKOT AMepUKH, AesdKi KpaiHu A(pHUKH Ta
€ponu.

AHa3yr4Y OCHOBHI TEHJCHIII HA PUKHY MPSHOIIIB BapTO BIJ3HAYWUTH, IO OCTAHHI POKHU
BiZIOYJIOCH 3pOCTaHHS MTONUTY HAa OPTaHiuyHy Ta HATYpaJbHY MPOAYKIIit0, OCKUIBKH CBITOBI CIIOKHUBaYi
BCce OLIbINE IIHYIOTh HATypajdbHI KOMIIOHGHTH 0€3 IITYYHHX KOHCEPBAHTIB, IO CTHMYJIIOE 0
PO3BHUTKY pUHKY opraHiku. KpiM TOTo pooBKye pO3BUBATUCH KYJIbTypa Xap4dyBaHHS Ta 3pOCTaHHS
ACOPTUMEHTY, 30KpEMa CIIOCTEpIraeThCsl PO3MIMPEHHS ACOPTUMEHTY Y HIllli TOTOBHUX CYMILIEH,
COYCIB Ta IIPUIIPAB, 1110 33J0OBOJIBHSE MOMUT K CEPEAHBOIO CIIOKMBAaYa TaK 1 CIIOKHUBAYIB MIPEMIyM-
CerMeHTiB. TakoXX BapTO BIJ3HAUMTU BIUIMB KIIMAaTHYHUX (PAKTOPiB, OCKUIBKH BUPOOHHIITBO
NPSTHOIIIB BPA3JIMBE 70 HECTIPUATIUBUX MOTOJHUX YMOB, TAKHX SIK TOCYXH, TIOBEH1, 3aMOPO3KH, 110
B CBOIO Uepry MpHU3BOJUTH IO HECTAOLIBHOCTI NMOCTABOK Ta 3pOCTAaHHS IiH. TOMYy pO3YMIHHS IMX
dakTopiB, aHaJI3 MOTOYHOI CUTYaIlll Ta TEHICHIIIM BUPOOHHUIITBA JO3BOJISIE TIEpeI0AYUTH TEHACHITI
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