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The article examines the issue of supply chain resilience in Ukraine's pharmaceutical market under martial
law. Pharmaceutical supply chains are considered critical infrastructure, exerting a direct influence on national
security, healthcare stability, and medicine availability. In the context of armed conflict, conventional management
methodologies become ineffective due to a multitude of factors, including infrastructure destruction, disrupted
logistics, energy instability, and shifts in medicine demand. The study reviews contemporary approaches to
resilience assessment, including risk-oriented management, logistics digitalization, and adaptive strategies. It notes
that most models are designed for stable conditions and do not sufficiently consider risks specific to warfare, such
as supply disruptions, cold chain failures, and delays. An authorial approach defines resilience as the system's ability
to anticipate, prevent, adapt to, and recover from military and logistics risks. FMEA is a method used to quantify
risks in leading pharmacy chains, thereby identifying critical threats. The enhancement of resilience can be achieved
through a variety of strategies, including supplier diversification, the implementation of alternative logistics routes,
the maintenance of safety stocks, and the utilization of digital monitoring systems.
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Y cTarTi gocnigpkeHo 0co6MBOCTI DOPMYBaHHS CTIMKOCTI TaHLIOMNB NocTavyaHHs Ha dapMaueBTUUHOMY PUHKY
YKpaiHu B yMOBax Orof10LLEHHA BOEHHOTO cTaHy. O6I'pyHTOBaHO, WO hapMaLeBTUYHI NaHLIOM NocTavaHHs € cknia-
[LOBOK0 KPUTUYHOI IHCPPaCTPyKTYpK Aepxasu, OCKISIbKY iX oyHKUIOHYBaHHA 6e3nocepeHbo BNMBae Ha HalioHaIbHY
6e3neky, cTabifibHICTb CUCTEMM OXOPOHW 340POB’A Ta AOCTYMHICTb NiKapCbKux 3aco6iB AN HaceneHHs. BctaHos-
NIEHO, WO B yMOBax MOBHOMACLUTA6HOI BiliHN TPaguLiiiHi NigXo4an 4O yNpaB/iHHA NaHLoraMu noctadaHHs BTpava-
0Tb €DEKTUBHICTb Yepes pyiiHyBaHHS iHDPACTPYKTYpK, NOPYLLEHHS TPAHCNOPTHO-MOMNCTUYHNX MapLLPYTIB, eHepre-
TUYHY HECTabiNIbHICTb Ta 3MiHY CTPYKTYPV MOMUTY Ha Nikapcbki 3acobu. MpoaHanizoBaHO CyyacHi HayKoBi Nigxoam
[0 OUiHIOBAHHA CTIKOCTi (hapMaLeBTUYHMX JIaHLIOMNB NOCTayaHHs, 30KpeMa PU3VK-OPiEHTOBAHE YNpaB/iHHS,
LMcppOoBI3aLlito TOrCTUYHMX NPOLECIB Ta 3aCTOCYBaHHA afanTMBHUX CTpaTeriii. BusHaueHo, WO BiNbLUICTb iCHYHUMX
Mogeneii OLiHIOBaHHS CTiiKOCTi OpieHTOBaHI Ha cTabisibHi EKOHOMIYHI YMOBU Ta HE4OCTATHbO BPaxX0BYHOTh CeLnivHi
PW3MKM BOEHHOIO Yacy, 30KpemMa nepebdoi y nocTavyaHHi akTVBHUX hapMaLeBTUYHMX IHTPELIEHTIB, NOPYLUEHHS X0M0-
[I0BOTO flaHuora Ta J/IoriCTUYHI 3aTPUMKKN. 3anpornoHOBaHO aBTOPCLKUIA NiAgXifd A0 BU3HAYEHHS CTIKOCTI dhapma-
LIeBTUYHOIO NaHufora noctayaHHs sk iHTerpoBaHoi 34aTHOCTI CUCTeMW MporHodyeartu, 3anobiratu, agantysatucs
Ta BiJHOB/IOBATM (DYHKLIOHYBaHHSA Nifg, BMIMBOM BiliCbKOBKX Ta IOFICTUYHMX pU3KKiB. Po3po6rieHo dhopmanizoBaHy
MOZe/b OLHIOBAHHSA CTIlKOCTI, WO 6a3yeTbCs Ha CyKYMHOCTI nmapamMeTpiB FHY4YKOCTi, AnBepcuddikalii noctadyaH-
HSl, NPO30POCTi iHthopmauiliHUX MOTOKIB, aAanTUBHOCTI YNPaBiHHA Ta LUBUAKOCTI BiAHOBMEHHS. [InS KifbkiCHOro
OL|iHIOBaHHA pu3MKiB 3acTocoBaHo Metod FMEA. MNpoBefeHO aHani3 pusukiB 1S NPOBIAHUX anTeuHUX Mepex
YKpaiHu, Wo A03BO/IMN0 BUSHAUUTY HAOBINbLL KPUTUYHI 3arpo3n — nepe6oi y nocTavyaHHi akTUBHUX hapmaueBTny-
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HWX IHTPEAIEHTIB Ta MOPYLUEHHS TEMMNEPATYPHOIO PEXMMY TPAHCNOPTYBaHHSA | 36epiraHHsa Nikapcbkunx 3acobis. [o-
BELEHO, LU0 NiABULLEHHS CTIAKOCTI (dapmMaLeBTUYHMX JTaHLIOTIB NOCTa4aHHs MOX/IMBE 3a paxyHoK auBepcudikawi
nocTavyanbHVKIB, PO3BUTKY aflbTEPHATUBHMX NOMICTUYHMX MapLUPYTiB, hOPMYyBaHHSI CTpax0oBuX 3anacis Ta BNpoBaj-

YXEHHS LMPOBOro MOHITOPUHTY PYXY MiKapCbKMX 3aco06iB.

KnrouoBi cnoBa: CTillKiCTb 1aHLorNB nocTta4aHHs, dapMaLleBTUYHNIA PUHOK, BOEHHWIA CTaH, PU3NK-MEHEMKMEHT,
FMEA, undopoBi3aLisi naHuoris noctavaHHs, dpapmaleBTMYHa N0TCTMKa, afanTMBHE YNpaBiHHA, XON040BUIA NaH-

Ltor, aAmBepcudikayis noctayaHHs.

Statement of the problem. Pharmaceutical
supply chains are classified as critical
infrastructure, with disruptions exerting a direct
impact on national security and public health.
In the context of global crises — including
pandemics, armed conflicts, and logistical
bottlenecks — the resilience of these chains
has become increasingly paramount.
A thorough scholarly examination of this domain
necessitates a transition from descriptive
frameworks to the formalization of resilience
indicators, the construction of composite indices,
and the application of multi-criteria evaluation
methods.

Analysis of recent research and
publications. Recent studies on the resilience
of pharmaceutical supply chains, both
internationally and in Ukraine, emphasize the
critical role of risk management, digitalization,
and adaptive strategies in ensuring continuity
of supply. In particular, Dienes, B. B., Qorri, D.,
and other [1, pp. 112-129] provide a systematic
review of resilience strategies in pharmaceutical
supply chains, summarizing key risk factors
and methods to strengthen supply chain
robustness. Gupta, H., and Kayande, R. A.
[2, pp. 987-1005] present empirical evidence
from multiple geographies, highlighting how
pharmaceutical companies adapted their supply
chains during the COVID-19 pandemic. Zhao
et al. [3] propose a simulation model assessing
impact factors and recovery capabilities in
a regional pharmaceutical supply chain,
providing a quantitative approach to resilience
measurement. A similar approach is taken in
a study Computers & Chemical Engineering
[4, pp. 106-118] which develops mathematical
models to analyze resilience and reliability
under global risks, offering tools for formalized
evaluation. Finally, Papalexi, M., Vafadarnikjoo,A.,
Bamford, D., and colleagues [5] investigated the
role of Industry 4.0 technologies in enhancing the
adaptive capabilities of pharmaceutical supply
chains, demonstrating how digital transformation
supports rapid response and recovery.

In the Ukrainian context, Nechyporuk, A.,
and Kochubei, D. [6, pp. 45-60] analyze
pharmaceutical logistics under martial law,

focusing on risks, disrupted infrastructure,
and adaptive logistics strategies. Kochubei, D.
[7, pp. 23-38] offers a theoretical framework
for the management of supply chain networks,
a concept that lends itself to application in the
context of pharmaceutical distribution. In their
research, Lisna, A. H., and Posilkina, O. V. [8; 9]
explore the digitalization of pharmaceutical
supply systems in healthcare, emphasizing its
potential to improve efficiency and resilience.
Krykavskyy, Y., Chornopyska, N., et al.
[10, pp. 12-30] present methodological
approaches to defining supply chain resilience
during wartime, establishing criteria and scales
for assessing adaptive capacity.

The collective findings of these studies
underscore the dynamic interplay among
theoretical modeling, empirical research, and
technological innovation in the context of
constructing resilient pharmaceutical supply
chains. Furthermore, these studies identify
significant gaps in the quantification of resilience
metrics and the integration of digital technologies
into practical applications.

Highlighting previously unresolved parts
of the overall problem. Despite the advances in
researchonsupply chainresilience, thereremains
a paucity of studies on pharmaceutical supply
chains in Ukraine under wartime conditions.
The ongoing war has caused persistent
disruptions, infrastructure damage, logistical
uncertainty, and security risks that existing
analytical models fail to fully capture.

Current frameworks for resilience are
predominantly designed for stable operating
environments and do not adequately account
for war-related factors such as restricted
regional access, destruction of transport
infrastructure, forced relocation of production
facilities, and abrupt changes in demand for
essential medicines. Furthermore, the indicators
of resilience employed in empirical studies are
often not aligned with the particular demands
of pharmaceutical logistics under wartime
conditions. These demands include the integrity
of cold chains, emergency stockpiling, regulatory
adaptations, and the role of humanitarian supply
channels.
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The economic efficiency of resilience-
enhancing measures, such as supplier
diversification, alternative logistics routes, digital
monitoring systems, and increased safety stocks,
also remains insufficiently quantified, thereby
limiting their practical applicability for decision-
making in the pharmaceutical sector.

These unresolved issues underscore the
necessity for an integrated, quantitatively
formalized approach to pharmaceutical supply
chain resilience that explicitly accounts for
conditions of martial law in Ukraine.

Formation of the objectives of the article
(task statement). The objective of this article
is to develop and substantiate an integrated
approach for the formation and assessment of
supply chain resilience in the pharmaceutical
sector under conditions of martial law in Ukraine.
The objective of this study is to address the
limitations of existing resilience models by
incorporating war-related disruptions, regulatory

constraints associated with martial law,
sector-specific pharmaceutical logistics
requirements, and economic  efficiency
considerations into a unified analytical

framework. In order to achieve this objective,
the article endeavors to systematize the
pivotal factors influencing pharmaceutical
supply chain resilience under conditions of
military and regulatory uncertainty. It seeks
to formalize a set of quantitative indicators
reflecting reliability, adaptability, risk exposure,
and inventory stability. Additionally, it integrates
risk assessment methods with multi-criteria
decision-making tools for resilience evaluation.
Finally, it assesses the economic effectiveness
of resilience-enhancing measures implemented
by pharmaceutical supply chain participants.
The research problem that is addressed in
this article is the lack of a comprehensive,
quantitatively formalized methodology capable
of supporting managerial decision-making with
the aim of ensuring the continuity, reliability, and
accessibility of pharmaceutical supplies during
the period of martial law in Ukraine.

Summary of the main research material.
Modern pharmaceutical supply chains are
characterized by amultifaceted network of stages,
encompassing research and development
(R&D), the production of active pharmaceutical
ingredients (APIs), the manufacturing of finished
dosage forms, distribution, and retail. Each
of these stages is of critical importance yet
inherently vulnerable, creating specific risks for
ensuring the availability and quality of medicines
on a global scale.

Active pharmaceutical ingredients (APIS)
constitute the fundamental components of
the majority of medicinal products, and their
production is geographically concentrated in a
limited number of regions worldwide. According
to an analysis by the U.S. Pharmacopeia (USP),
India accounts for approximately 48% of all
active APl Drug Master Files (DMFs). These
DMFs serve as an official indicator of production
capacity for the U.S. market and other regulated
jurisdictions. In 2024, China's share was around
18%, and the European Union and the United
States accounted for 16% and 8%, respectively
[U.S. Pharmacopeial Convention, 2024]. These
figures underscore a substantial concentration
of API production in Asia, particularly in India and
China [11].

It is noteworthy that in 2024 China surpassed
Indiain the number of newly registered API DMFs
for the first time, indicating rapid expansion
of its manufacturing capacity and its growing
role in the global pharmaceutical ingredient
supply chain.

The global structure of pharmaceutical
supply chains is the result of a long-term trend
toward the offshoring of production, whereby
manufacturers from Europe and North America
have gradually been overtaken by production
centers in Asia. The impetus for this transition
can be attributed to several factors, including the
reduction in manufacturing costs, the expansion
of a diverse supplier base, enhanced access to
vast markets, and specific regulatory incentives
that have prompted an influx of investment in
API production.

This situation creates both strategic and
operational challenges for healthcare systems,
governments, and the pharmaceutical industry.
The most significant vulnerability lies in the
geographic concentration of key production
elements, which generates considerable risks
in the event of geopolitical tensions, pandemic-
related disruptions, or logistical failures.

The pharmaceutical sector in Ukraine is
a strategically significant component of the
national economy, particularly in the context
of the ongoing full-scale war and heightened
macroeconomic risks. In 2024, the total
value of the retail pharmacy market reached
approximately UAH 194.7 billion, reflecting an
18.7% increase relative to 2023. Conversely,
the physical volume of packaged products
exhibited a marginal increase of 0.9%, while the
weighted average price per package amounted
to UAH 150.4. During the initial nine months
of 2025, the market value was approximately
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UAH 162.6 billion, indicating a 17.1% increase
compared to the corresponding period in
2024. However, when measured in physical
units, sales exhibited a 4% decline, suggesting
that the observed market expansion was
predominantly driven by inflationary pressures
rather than heightened consumer spending. As
of January 27, 2026, retail pharmaceutical sales
exhibited a 5.3% decrease in monetary terms
and a 12.3% decrease in physical volumes
year-on-year, compared to the corresponding
day in 2025, adjusted for the same day of the
week [12].

The largest pharmacy chain in Ukraine by
number of outlets is "Apteka Podorozhnyk,"
which operates over 2,000 pharmacies, enabling
nationwide coverage across almost all regions
of Ukraine. The second position is held by the
pharmacy chain Bazhayemo Zdorovya, which
operates a total of 1,475 outlets. The pharmacy
chains "Apteka 9-1-1" and "Apteka ANC" each
operate approximately 1,300 pharmacies.
In contrast, other market participants maintain
a more limited retail presence. The pharmacy
chains "Apteka Dobroho Dnia,” "Zdorova
Rodyna," and "3i Pharmacy" collectively operate
approximately 1,821 outlets, while FARMACIA
and "Med-Service" each operate approximately
400 pharmacies. The pharmacy networks with
the smallest number of outlets include "Lekfarm
36.6" with 32 outlets, "Pharmacies of the
Medical Academy" with 31, "OPT Pharmacy"”
with 24, and "Algo-Pharm," which operates only
10 pharmacies nationwide.

The highly differentiated retail structure
of the pharmaceutical sector, marked by the
predominance of large pharmacy chains
alongside numerous smaller  networks,
engenders both operational advantages and
systemic vulnerabilities within pharmaceutical
supply chains. In this context, the resilience
of pharmaceutical supply chains should be
understood as the integrated ability of pharmacy
retail networks to anticipate, absorb, adapt to,
and recover from disruptions while maintaining
continuous availability of medicines across
geographically dispersed outlets.

The ability of pharmacy retail networks to
maintain uninterrupted medicine availability
under conditions of supply disruptions, rapid
changes in demand structure, and logistical
limitations is predicated on the resilience of their
supply chains. To address these challenges,
it is imperative to implement multi-sourcing
procurement strategies, diversify distribution
channels, establish safety stock reserves

for critical medicines, and utilize alternative
logistics routes. Maintaining cold chain integrity
for temperature-sensitive pharmaceutical
products and ensuring real-time monitoring of
transportation and storage conditions are of
particular importance. These practices enhance
the adaptive capacity and operational stability of
pharmaceutical supply chains under conditions
of heightened uncertainty.

The ability of the pharmaceutical supply
system to withstand and recover from disruptions
caused by military risks, infrastructure
destruction, disruption of transport and logistics
routes, energy instability, and sudden changes
in demand is a complex property of the system.
This property is known as supply chain resilience.
It is defined as the ability of manufacturers of
active pharmaceutical ingredients and finished
medicinal  products, distributors, logistics
operators, and pharmacy chains to forecast,
prevent, absorb, adapt to, and rapidly restore the
functioning of supply chains.

In practice, such resilience is achieved
through the diversification of supply sources,
the development of multi-channel distribution
networks, the establishment of safety stock
reserves for critical medications, the utilization
of alternative logistics routes, digital monitoring
of pharmaceutical product movement, and the
assurance of the continuity of the cold chain for
temperature-sensitive medications.

From a systems approach perspective, the
resilience of the pharmaceutical supply chain
should be defined as the integrated capability of
the system to:

— withstand  external
environmental influences;

— adapt to structural and market changes;

— restore target operational parameters
(supply volume, delivery time, product quality,
and safety level).

This approach aligns with the contemporary
interpretation of resilience as the adaptive
capacity of a system to anticipate operational
disruptions, develop alternative response
solutions, and ensure rapid recovery after crisis
events.

A distinguishing characteristic of pharma-
ceutical supply chains is the high criticality of
the products, the strict regulatory requirements,
the necessity to maintain temperature-controlled
conditions, rigorous quality control, and full
product traceability. Furthermore, Ukraine's
substantial reliance on pharmaceutical imports
amplifies the system's vulnerability to logistics,
customs, and geopolitical risks.

and internal
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In this regard, the resilience of pharmaceutical
supply chains can be formalized through a
system of key parameters that characterize
the system’s ability to respond to operational
disruptions:

RSC=f(F,D,V,AT) (1)
where:

F (Flexibility) — supply chain flexibility,
reflecting the ability to rapidly modify supply
routes, inventory structures, transportation
solutions, and distribution channels;

D (Diversification) — diversification of suppliers
and logistics routes, which reduces dependence
on individual supply sources and lowers the risk
of shortages;

V (Visibility) — visibility (transparency) of
material and information flows, ensured through

digital technologies, tracking systems, and
integrated information platforms;
A (Adaptability) — adaptability of the

management system, manifested in the ability
to promptly reconfigure business processes in
response to changes in demand, the regulatory
environment, or risk events;

T (Time-to-Recovery) — recovery time
characteristics that determine the speed at
which the system returns to its target operational
parameters after disruptions.

The model can be interpreted as a multifactor
function:

RSC =0F +BD+yV +34+6T, (2)

where a,B3,y,0,6 are weights reflecting the

relative importance of each factor in the overall
resilience of the supply chain.

The determination of these coefficients
can be achieved through empirical means,
leveraging historical data, expert judgment, or
multi-criteria decision-making methodologies
such as FMEA, a technique that aligns with
the sophisticated approaches discussed in
your dissertation. The weighted sum of these
parameters is calculated to yield a composite
resilience score (RSCR), which can be utilized
for benchmarking, comparing resilience across
supply chains, or evaluating the effectiveness of
strategic interventions.

Inthe context of the ongoing war and instability,
pharmaceutical supply chains in Ukraine are
vulnerable to a multitude of risks that have the
potential to adversely impact the timely delivery
of medicines and the maintenance of their
guality. A formalized risk analysis necessitates
the implementation of the Failure Mode and
Effects Analysis (FMEA) method. This approach
facilitates a systematic evaluation of potential
failures and their consequences at all stages of
the supply chain (see Table 1).

The Risk Priority Number (RPN) is calculated
as follows:

RPN, =P, -S§; D, (3)

where: P, — probability of risk occurrence,

S, — severity of consequences, D, — likelihood of
detection.

The assessment indicates that the most
pressing risks in the pharmaceutical supply
chain are disruptions in API supply and cold
chain failures, each with an RPN of 60. These
risks are critical because they directly affect
product availability, safety, and quality. Logistics
delays, while slightly lower in RPN, still pose a
significant operational risk and require monitoring
and mitigation measures. We will perform
calculations for the pharmacy chains (Table 2).

An analysis of the top five pharmacy chains
in Ukraine reveals that APl supply disruptions
and cold chain violations are the most critical
risks across the networks. Specifically: The
highest RPN values (60) for both API disruptions
and cold chain violations are exhibited by
"Podorozhnyk" and "Apteka Dobroho Dnya,"
indicating that these networks are highly exposed
to supply interruptions. The RPN for "9 1 1" and
"Bazhayemo Zdorovya" is marginally lower for
cold chain violations (40), indicating enhanced
detection or reduced probability. However, API
disruptions persist as a primary concern with an
RPN of 60. The "ANC" demonstrates a high RPN
for both API supply and cold chain violations
(60) and a moderately elevated RPN for
logistics delays (48), indicating the necessity for
meticulous observation of delivery performance.
Logistics delays across all networks have

Table 1
Example of risk assessment in the pharmaceutical supply chain
Risk Type P S D RPN
Disruption of API supply 4 5 3 60
Cold chain failure 3 5 4 60
Logistics delays 4 4 3 48

Source: compiled by the author
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Table 2
Risk Assessment in Pharmaceutical Supply Chains of the Top-5 Pharmacy Networks in Ukraine
Pharmac Probg.fb Hlity Severity of Detection
y Risk Type Consequences | Likelihood | RPN
Network Occurrence
B (S) (D)
P)
Podorozhnyk API supply disruption 4 5 3 60
Podorozhnyk Cold chain violation 3 5 4 60
Podorozhnyk Logistics delays 3 4 3 36
9-1-1 API supply disruption 3 5 4 60
9-1-1 Cold chain violation 2 5 4 40
9-1-1 Logistics delays 3 4 3 36
ANC API supply disruption 3 5 4 60
ANC Cold chain violation 3 5 4 60
ANC Logistics delays 4 4 3 48
Bazhayemo . -
Zdorovya API supply disruption 3 5 4 60
Bazhayemo L
Zdorovya Cold chain violation 2 5 4 40
Bazhayemo -
Zdorovya Logistics delays 3 4 3 36
Apteka Dobroh . .
Dﬁyeaa obroho API supply disruption 4 5 3 60
Apteka Dobroho Lo
Dnya Cold chain violation 3 5 4 60
Apteka Dobroho -
Dnya Logistics delays 4 4 3 48

Source: compiled by the author

been shown to have moderate RPN values
(36—48), indicating secondary risks that still
require attention to maintain timely supply. The
assessment underscores the pressing necessity
for customized risk mitigation strategies, with
a particular emphasis on API supply and cold
chain management, to ensure the reliability of
pharmaceutical distribution.

Conclusions. The interplay among these
parameters contributes to the determination of
the overall resilience level of the pharmaceutical
supply chain. The enhancement of digitalization
and the integration of information systems has
been demonstrated to increase transparency
and manageability of logistical processes.
Consequently, this enhancement improves
the system's ability to respond rapidly to
environmental changes.

Moreover, contemporary approaches to
the digital transformation of supply chains
facilitate the transition from traditional linear
models to integrated digital networks. This
transition enables synchronization of information
flows, reduction of order fulfilment times, and
improvement of logistics service levels.

Therefore, the resilience of a pharmaceutical
supply chain is a multidimensional characteristic
shapedbyorganizational, logistical,informational,

and technological factors. Ensuring this
resilience necessitates the integration of
risk-oriented management practices, digital

technologies, diversification of supply sources,
and the development of adaptive management
models. This is particularly critical under
conditions of wartime and high external
uncertainty.
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