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DIGITAL FMEA-BASED RISK MITIGATION IN SUPPLY CHAINS:
QUANTITATIVE ASSESSMENT AND CASE EVIDENCE

Abstract. In the current global context, supply chains are facing heightened exposure to risks
arising from political tensions, restrictive trade measures, and rapid technological shifts. Under
these conditions, effective risk management becomes not just a supporting function, but a key
element of competitiveness. The present study explores how digital solutions can be applied to
identify and reduce the most pressing risks in supply chain operations.

The research addresses both operational challenges within logistics processes and broader
strategic threats. Its primary aim is to demonstrate the contribution of digitalization to risk
reduction and overall resilience. For this purpose, a set of complementary methods was applied:
Failure Mode and Effects Analysis (FMEA) to detect weaknesses at the process level and
comparative assessment of key performance indicators (KPIs) drawn from real-world cases of
information system adoption.

The analysis showed that the most significant risks are concentrated in warehouse receiving
operations, where manual activities often lead to errors, and in order tracking, where insufficient
visibility creates delays and customer dissatisfaction. These issues were identified as top priorities
for corrective action. At the same time, the adoption of Warehouse Management Systems (WMS)
and monitoring platforms significantly reduced errors, accelerated operations, and lowered costs.
Comparative case analysis showed measurable improvements: inventory accuracy increased up
to 99%, order picking productivity doubled, and logistics costs were substantially reduced.

The study concludes that digital technologies not only address internal vulnerabilities but
also create conditions for long-term supply chain resilience. However, external risks such as cyber
threats and regulatory changes remain beyond the scope of technology alone and require
complementary governance measures. It is therefore recommended to combine technological
solutions with organizational practices, enabling companies to both prevent disruptions and build
sustainable development strategies.

Keywords: supply chains, risks, digital technologies, warehouse management, efficiency,
resilience, information systems.

Introduction.

The advent of Industry 4.0 has introduced sophisticated manufacturing paradigms, where
interconnected systems and ubiquitous sensor networks, particularly within supply chains,
heighten the potential for novel risks to emerge [1], [2]. While the benefits of digital technologies,
such as enhanced transparency and real-time data availability, are widely acknowledged, an
overemphasis on their positive impacts has led to a comparative neglect of the inherent risks
associated with their adoption in industrial operations [3].
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Specifically, the implementation of digital technologies often creates new vulnerabilities,
transforming existing supply chain risk profiles and necessitating a re-evaluation of traditional risk
assessment frameworks [3]. This necessitates a shift towards dynamic, digital-native
methodologies for risk identification, assessment, and mitigation to effectively manage the
complex interdependencies introduced by pervasive digitalization [4]. This paper addresses this
critical gap by presenting a novel digital Failure Mode and Effects Analysis-based framework
designed to quantitatively assess and mitigate risks within complex, digitally transformed supply
chains. This framework integrates advanced analytical techniques with digital twin and machine
learning capabilities to offer real-time monitoring and decision support, thereby enhancing supply
chain resilience [5].

Indeed, the increasing complexity and globalization of supply chains, coupled with intense
competitive pressures, necessitate robust risk assessment and mitigation strategies to ensure
operational continuity and prevent substantial losses [6], [7]. Despite the abundance of existing
operational risk management tools, a comprehensive system that synthesizes these methods into a
unified framework remains largely undeveloped [8].

This review systematically examines the existing literature on supply chain risk
management, emphasizing the influence of emerging digital technologies and their integration into
risk mitigation strategies [9]. The analysis reveals three primary research clusters: optimization for
supply chain resilience, technology adoption for supply chain resilience, and resilience strategies
against disruptions and risk management [5]. Within the context of Industry 4.0, technologies such
as digital twins and advanced optimization techniques are critical for not only automating
production lines but also for proactively resolving problems through in-depth analysis and minimal
human intervention [10]. Despite this, a significant challenge remains in systematically identifying
and prioritizing the diverse risks introduced by digital transformation within supply chains,
highlighting the need for robust analytical frameworks [4].

Failure Mode and Effects Analysis offers a systematic approach to identify potential failures
and their implications, which is crucial for evaluating the impact of such failures on larger
interconnected systems [11]. However, traditional FMEA often falls short in addressing the
complex, dynamic, and interconnected risk landscape of digital supply chains, which necessitates
the integration of real-time data analytics and predictive modeling [12]. Therefore, this paper
proposes an enhanced digital FMEA framework that integrates digital twin technology and
machine learning algorithms to address these limitations, enabling a more comprehensive and
proactive risk management approach for modern supply chains [12]. This integration allows for
the continuous synchronization of operational processes with market realities and provides
foresight into potential disruptions by simulating various scenarios and optimizing resource
allocation [13]. This approach extends beyond traditional risk assessment by offering a robust
decision-making framework for stress-testing and viability analyses within complex supply
networks, leveraging the capabilities of intelligent digital twins to improve supply chain resilience
[14], [15]. This is particularly vital in environments characterized by rapid changes and unforeseen
events, where traditional static analyses prove insufficient [14].

Moreover, the incorporation of advanced analytics, such as those enabled by digital twins
and loT, allows for the proactive identification of vulnerabilities and the development of
responsive strategies to mitigate potential disruptions [16]. Such intelligent digital twins, which
integrate human-Al systems to visualize physical supply chains and process data using analytical
methods, are crucial for mimicking human decision-making and creating new knowledge for
enhanced resilience and viability [15]. This integration facilitates monitoring, prediction of
disruptions, and event-driven responses, thereby establishing a proactive and adaptive perspective
on supply chain resilience and viability [15].

The advancement of Al-driven FMEA tools, particularly those incorporating large language
models, further streamlines this process by reducing manual effort and enhancing the accuracy of
risk assessments through real-time guidance and comprehensive failure mode generation [17],
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[18]. This capability is essential for transitioning from reactive to predictive and prescriptive
decision-making, optimizing efficiency, and mitigating risks within complex supply chain
networks [16]. This framework thus supports the development of sophisticated decision-support
systems that move beyond standalone models to incorporate continuous optimization and adaptive
strategies for navigating supply chain uncertainties [15]. The convergence of digital twin
technologies and Al-augmented predictive analytics is increasingly recognized as a transformative
strategy for achieving resilience and demand-driven orchestration in global supply chains, which
are frequently exposed to volatility from geopolitical tensions, climate disruptions, and fluctuating
consumer demand [13].

The aim of the study is to develop and test a quantitative risk management methodology for
supply chains based on the integration of classic FMEA analysis with digital process maturity
indicators for an objective assessment of the contribution of warehouse management systems and
digital platforms to improving the efficiency and sustainability of logistics operations.

The scientific novelty of the work lies in the introduction of a modified Digital-FMEA
approach using a digital control index (CI) to determine risk priorities, which allows for a
quantitative assessment of the impact of digital technologies on reducing vulnerabilities. For the
first time, a unified analytical model has been proposed that demonstrates the relationship between
digital transformation, RPN reduction and KPI improvement, confirmed by practical case studies.

Materials and methods.

To quantify the contribution of digital tools to risk mitigation, the classical FMEA structure
was extended by incorporating a Digital Control Index (CI), which reflects the effectiveness of
information systems (WMS/TMS, barcode scanning, dashboard visibility) in preventing or
detecting failures:

RPN,,,q =S-0-(1=CI)-D, (1)

here S — Severity, 0 — Occurrence, D — Detection, CI — Digital Control Index. A higher CI
value proportionally reduces the risk priority score, thus demonstrating the measurable influence
of digitalization on operational resilience.

A regression model of the impact of digital solutions on KPIs:

KPlyppr = a - Cl + - RPN,¢q + €, (@)
shows a direct mathematical relationship between technology and efficiency and sustainability.
To illustrate the use of this method, an FMEA was carried out on a set of warehouse and
information flow risks. The results are presented in Table 1, which summarizes the identified
failure modes, their effects, the assigned ratings, and suggested mitigation measures.

Table 1 — FMEA results for selected supply chain risks

Ne | Failure Effect Severity | Occurrence | Detection | RPN | Mitigation
mode (S) (O (D) measures

1 | Receiving Incorrect 8 6 7 336 | Barcode
errors inventory scanning
(manual) levels

2 | Delay in Increased 6 7 6 252 | Zoning,
SKU search | picking time slotting

3 | ERP/WMS | Inventory 7 5 6 210 | Automated
data discrepancies synchronization
mismatch

4 | Picking Returns, 9 4 5 180 | Pick-by-scan,
errors complaints QC checks
(mispicks)
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5 | Lack of Missed 7 6 8 336 Real-time
order SLAS dashboards
visibility

The analysis shows that manual receiving errors and lack of order visibility stand out as the
most critical risks, both with an RPN of 336. These failures directly compromise inventory
accuracy and service level agreements, making them priority areas for digital solutions.
Recommended measures include introducing barcode scanning at inbound operations and using
real-time dashboards to ensure transparency.

Moderate-level risks include delays in SKU searches (RPN = 252) and ERP/WMS data
mismatches (RPN = 210). While less severe, they still have a strong impact on efficiency.
Improvements such as zoning and slotting of inventory and automated system synchronization can
help to address these issues.

Finally, picking errors (mispicks) received the lowest score (RPN = 180), but they remain
relevant since they lead directly to customer dissatisfaction and product returns. Technologies like
pick-by-scan and additional quality checks can substantially reduce their occurrence.

Overall, the FMEA results make it clear that the most urgent risks relate to data accuracy
and process visibility. Focusing digital tools in these areas can bring the greatest improvement to
warehouse performance and resilience [9].

The final methodological step involved a comparative analysis of key performance
indicators (KPIs) across three case studies, as summarized in Table 2. This approach made it
possible to trace measurable improvements in both efficiency and cost performance, thereby
reinforcing the conclusions drawn from the FMEA regarding the effectiveness of risk mitigation
measures.

Table 2 — Summarizes the KPI data

Case KPI Before After Source
Linbis Inventory accuracy 86% 99.2% Linbis case
Linbis Order picking time 12 min 6 min Linbis case
Performance Bike | Picks per hour 50 100 enVista case
Bizerba Cost per Ib $0.20 $0.10 Kuebix case

As shown in Table 2, the comparative data indicate noticeable improvements in
performance, demonstrating that the introduction of digital tools had a tangible effect on both
efficiency and cost reduction. For example, Linbis improved inventory accuracy by 13 percentage
points, while Performance Bike doubled its picks per hour. Bizerba reduced logistics costs per
pound by half. Such improvements provide measurable evidence that digital tools not only address
operational risks but also enhance efficiency and resilience (fig. 1) [4], [8], [4].
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Selected case studies: before vs after digital tool adoption
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Figure 1 — Comparative performance metrics before and after digital tools implementation

Figure 1 highlights these improvements visually, confirming that gains were not case-
specific but consistent across different organizational contexts. This strengthens the argument that
digital technologies serve as effective instruments of risk mitigation and performance
enhancement in supply chains [6], [7], [10].

The integration of FMEA and KPI analysis created a comprehensive methodological
framework. FMEA provided structured prioritization of process risks and KP1 analysis empirically
validated the improvements achieved. Together, these methods offered a triangulated view that
balanced diagnostic, strategic, and empirical perspectives.

Nevertheless, certain limitations must be acknowledged. FMEA scoring relied on secondary
data and researcher judgment rather than company-specific expert input, which may introduce
subjectivity. Moreover, comparative KPI data were restricted to published case studies, which may
emphasize success stories. Despite these limitations, the triangulation of methods and consistency
of results across cases enhance the credibility and robustness of the findings.

In conclusion, the methodological design effectively identified, contextualized, and
validated risk mitigation strategies in supply chains. This provides a solid foundation for the
subsequent Results section, where the empirical implications will be analyzed in more detail.

Results and their discussion.

Building on the methodological framework described above, the empirical analysis
produced several important findings concerning risks in supply chain operations. The FMEA
application to the Linbis WMS case study revealed that manual receiving errors and the absence
of real-time order visibility generated the highest Risk Priority Numbers (RPN = 336). These two
risks proved to be the most disruptive, as they directly caused inaccurate inventory records, missed
service level agreements, and elevated customer complaints. Other failure modes, including
mismatches between ERP and WMS systems, delays in SKU searches, and occasional mispicks,
were also identified but classified as moderate or high rather than critical. To illustrate the relative
severity of risks, a risk criticality matrix was constructed (Figure 2).
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Figure 2 — Risk criticality matrix for warehouse operations with WMS integration.

This visualization demonstrates how receiving errors and lack of order visibility fall into
the critical zone, while ERP-WMS mismatches, cybersecurity threats, and regulatory instability
are positioned in the high-risk category. More moderate risks include SKU search delays, supplier
disruptions, and mispicks during order picking. A structured representation of these results is
provided in Table 3, which groups the identified risks by their likelihood and impact.

Table 3 - Risk criticality matrix for supply chain operations

Risk Category Likelihood Impact Criticality Zone
Receiving errors . . .
(manual entry) High High Critical
Lack of order . : -
visibility High High Critical
ERP-WMS Medium High High
mismatches
Cybersecurity threats | Medium High High
Regulatory instability | Low High High
Delays in SKU High Medium Moderate
searches
Supplier disruptions Medium Medium Moderate
(external)

M'Sp'cks qumg Medium Medium Moderate
order picking

As the table indicates, the most pressing vulnerabilities are tied to human errors in receiving
operations and the lack of system transparency. These issues demand immediate mitigation
through automation, barcode scanning, and real-time dashboards. Risks in the high zone-such as
data mismatches, cybersecurity incidents, and regulatory changes-require continuous monitoring
and resilience planning, while moderate risks call for process optimization rather than fundamental
transformation.
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The comparative KPI analysis further confirmed the positive impact of digital tools. Linbis
improved inventory accuracy from 86% to 99.2% and reduced picking times by 50%. Performance
Bike doubled its picking rate after implementing a new WMS, while Bizerba lowered logistics
costs per pound shipped by 50% through the adoption of a TMS. These measurable improvements
highlight that digitalization not only mitigates risks but also enhances efficiency and reduces
operating costs.

Taken together, the results show that the most severe vulnerabilities in supply chains are
linked to limited visibility and process control, both of which can be substantially improved by
digital technologies. WMS and TMS solutions provide automation, accuracy, and transparency,
reducing the probability of human error and enabling proactive risk management. However,
external challenges such as cyberattacks or regulatory instability remain only partially manageable
by technology and therefore call for broader strategic approaches. The evidence from case studies
suggests that companies integrating digital tools into their risk management frameworks become
more resilient, more efficient, and better prepared to withstand disruptions, thereby strengthening
their long-term competitiveness.

The results of the study clearly demonstrate that the most serious vulnerabilities in supply
chains appear where technological processes, human activity, and external market forces intersect.
Errors during the receiving stage and the absence of real-time visibility turned out to be the most
pressing problems, placing them in the “critical” zone of the risk matrix (Figure 2). This conclusion
is consistent with earlier research emphasizing the growing role of digital transparency and
integration in logistics operations [11]. At the same time, threats such as regulatory instability or
supplier unreliability cannot be fully solved by internal optimization alone; they require
coordinated, system-level responses that go beyond technology [12].

One of the central lessons is that risk management must combine digital instruments with
organizational and strategic measures. Warehouse and transport management systems
(WMS/TMS) undoubtedly improve control and efficiency, but they cannot guarantee resilience if
applied in isolation. Embedding them into a broader framework of governance - supported by
methods like Failure Mode and Effects Analysis (FMEA) and continuous monitoring of Key Risk
Indicators (KRISs) - enables a shift from reacting to failures toward preventing them altogether [13]
. For example, the application of FMEA to receiving processes helps companies highlight potential
points of disruption and prioritize corrective actions in advance.

The study also underlines the importance of data-driven decision making. Firms that
integrated WMS platforms achieved not only measurable cost reductions but also greater
operational agility, as shown by a reduction in mismatches and delays by more than 30% [14].
Predictive analytics further enhances this effect by identifying anomalies early — such as
abnormal supplier lead times or unusual demand fluctuations — and offering the possibility of
proactive scenario planning [15]. These tools therefore extend the scope of risk management from
immediate control to long-term resilience.

Nevertheless, digital transformation introduces new vulnerabilities. The growing exposure
to cyberattacks makes information security a central concern. Supply chain continuity is no longer
limited to physical operations; it now also depends on digital continuity. This requires embedding
cybersecurity standards such as 1SO 27001, ensuring real-time monitoring of digital flows, and
educating staff to recognize and respond to threats.

The human factor remains equally important. Some risks identified, like delays in SKU
searches or mispicks, stem primarily from human error. Technologies such as pick-by-voice or
augmented reality can reduce these mistakes, but they cannot replace a risk-aware organizational
culture. Investment in staff training, clear escalation procedures, and incentives for quality
assurance are relatively inexpensive measures that bring substantial results.

Conclusion.

This research addressed the issue of managing risks in contemporary supply chains by
combining structured analytical approaches with digital instruments. The analysis demonstrated
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that the most problematic areas—such as errors during manual receiving operations and the
absence of real-time order visibility—can be substantially reduced when Warehouse Management
Systems and similar digital platforms are deployed. At the same time, it became clear that certain
categories of threats, including cybersecurity risks and regulatory fluctuations, extend beyond the
scope of technological fixes and therefore demand broader governance mechanisms together with
proactive organizational measures.

From these results, several lessons of practical value can be drawn. First, methods of
structured assessment like FMEA retain their importance, since they help firms not only detect
potential failures but also assign priorities by means of measurable indicators such as the RPN.
Second, digital systems clearly improve accuracy and efficiency, but their benefits are amplified
when they are embedded into an organizational context that includes staff training, escalation
procedures, and ongoing monitoring. Finally, genuine resilience in supply chains cannot be
achieved by internal optimization alone; it presupposes active cooperation across the wider
network of partners, which becomes particularly vital when systemic risks are involved.

Overall, the research demonstrates that an integrated approach - linking classical risk
assessment, digital transformation, and organizational practices - offers a robust framework for
building resilient and adaptive supply chains. Future studies may expand on these findings by
exploring additional sectors and testing the long-term effects of digital adoption on both
operational efficiency and systemic risk exposure.
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)KETKI3Y TI3BBEKIHIH TOYEKEJJIEPIH IIM®PJIIK FMEA KOMETIMEH
A3AUTY: CAHABIK BAFTAJIAY K9HE KAFJAUJIAP

Anoamna. Kasipei scahanowix ocazoaiioa sxcemkizy mizoekmepi casicu MmYpaxcvl30vlk,
cayoaza uleKkmeynep JHCaHe HCbLIOAM MEeXHONOSUSIbIK 632epicmep CaloapblHaH mayeKkendepoiy
Kyuteroine man 6oavin omulp. Myrnoati sxcagoatioa mayexenoepoi 6ackapy KocblMula Kypai 2ana
emec, bacekece Kabinemminikmi QUKbIHOQUMbIH He2izel ¢haxmopza atinanaosl. byn 3zepmmey
JIOCUCMUKATILIK  yoepicmepoezi ey MaHbl30bl mayeKkenodepoi aublKmay MHCoHe aA3aumy YuliH
yughpvlk wewimoepoi Kon0any MyMKiHOIKmepin Kapacmulpaosi.

JKymvicma mamepuanoviy agulmoapoagvbl OnepayusiivlK aKkayiapmeH Kamap, HCemiizy
miz0e2iniy MYpPaKmolibl2blHA acep ememin CMmpameusivlK Kayin-xamepiep O0e maniodarHaobl.
3epmmeyoiy b6acmel  makcamel - YUPDPAAHOLIDYObLIY MAVeKeNoepoi MmeMeHOemyae MHCoHe
MYPaKmuliblKkmsl apmmoipyea Kocamwvin yaecin kepcemy. Ocvl maxcamma Oipreute 20icmep
Konoanwlnovl: FMEA (axaynap men onapoviy canioapvii manioay) onepayusivi oeyeetioei aicis
mycmapovl AHbIKMAY YUliH, COHOAU-aK aKnapammuix Jcyienepoi enzizyoiy HaKmvl MblCAlI0APbIHA
Heziz0eneeH Heeizei kopcemkiwumepoiy (KPI) canvicmuipmanvt 6agacul.

Tanoay Hnamuoicenepi kepcemkeHoel, eH eleyli mayeKenoep mayaprapovl Kaodwvlioay
yoepicmepinde woeblpianeat, cebedi KOIMeH HCaCAIamblH dpeKemmep JHCUi Kamenikmepee
aKenedi, COHOAU-aK MancoulpblCMapobl OAKbIIAYOA&bl HCEMKINIKCI3 aublKmblK Kidipicmep MeH
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MYMBIHYUBLIAPObIH HAPA3LLILIZLIH MYOblpadsl. byn macenenepoi wiyzvin mypoe weury Kaxcem
Hezizei bacbimovikmap peminoe aukbiHOanovl. COHbIMEeH Kamap KoUMa MeHeONCMeHMI HCylUenepin
(WMS) encizy men MoOHUmMOpUHZe KYpaioapvlH NAuoalany Kameiikmepoi azatmoln,
onepayusanaposvl  Jicedenoemin, ubleblHOapobl KblcKapmyea MYMKIHOIK Oepoi. Keiicmepoi
canvlemuipmanvl manoay ecenmiy 0anoiein 99%-ea delin apmmuipbin, MancvlpblCMapobl HCUHAY
OHIMOILNI2IH eKi ece2ce KOMEP2eHiH, A/l TI0SUCMUKATLIK UbIRLIHOAPObIY aumapiblKmai a3au2anbi
Kepcemmi.

Kopvimwvinovinaii kene, yughpivlk mexnono2usnap iwki ancizoikmepoi Jcoomen Kamap, y3ax
Mep3iMOi MYpaKkmuliblKKa He2i3 KalaumvlHbl aublKmanovl. [leceHmeH, Kubepxayinmep MeH
pemmeyuii o32epicmep CUAKMbL CbIPMKbL AKMOPAAP KOCLIMUIA OACKAPY WAPAaiapbii Kaxcem
emedi. Maxanaoa mexHONO2UANBIK Wewimoepoi YUbIMObIK Madicipubenrepmer yiiecmipy
YCOIHBLIbIN, OYN MACII KOMNAHUANLAPRA MeK Y3inicmepoi 6010bipMay2a eana emec, mypaxmol
oamy cmpamecusiColH Kypyea 0a MyMKIHOIK Oepemini aman omineoi.

Tyiiin co30ep: dcabovikmay mizdezi, mayexenoep, YUPpivlKk MexXHOLOUAIAD, KOUMAHbB
backapy, muimMOiniK, mypaxKmolivlk, AKnapammolx Jxcyuenep.

CHMXEHUE PUCKOB B IIEIIOYKAX IIOCTABOK HA OCHOBE
HUP®POBOI'O FMEA: KOIMYECTBEHHAS OHEHKA U TPUMEPHI U3
ITPAKTUKH

AHnHomauyun. B cospemenuvix ycio8uiax Mupoeas d3KOHOMUKA CIAIKUBAEMC s C YCUTIeHUeM
DUCKO8 6 Uensix NOCMABOK, CEA3AHHLIX C NOJUMUYECKOU HecmabulbHOCMbIO, MOP208bIMU
02paHUuUdeHUsMU U ObICMPBLIMU MEXHOI02UYECKUMU USMeHeHUuaAMU. B makotl cumyayuu ynpaenenue
PUCKAMU NPespaujaemcs He 80 8CHOMO2AMENbHYIO, d 6 KIOUe8YI0 (YVHKYUIO, ONpedensitowyio
KOHKYPEeHMOCnocobHocms — komnanuu. Hacmoswee uccnedoganue nocesaujeHo  aumanusy
NpUMeHeHUs. Yu@dposviX UHCMPYMEHMO8 OJisl BbIAGIEHUS U CHUMCEHUs Haubolee KpumuiHwlX
PUCKO8 8 102UCIUYEeCKUX NPOYeccax.

Paboma oxeamvieaem kak onepayuonuvie cOou 6 ynpagieHuu NOMOKAMU, MaxK u 6o.ee
wupokue cmpamezuyeckue yepo3svi. OCHO8HASA Yellb UCCIe008aHUSL — NOKA3AMb, KAKUM 00pa3om
yughposuzayus cnocoocmeyem CHUMCEHUIO PUCKO8 U NOBbIUEHUIO YCMOUYUBOCMU Yeneli
nocmaegok. s 9mozo 0vll UCNONIb308AH KOMNAEKC MemOoO08: aHAIU3 6U008 U NOCIe0CmBUl
omkazos (FMEA) ons evisisnenus ciabvix mecm Ha ypoHe Onepayuli, a makice CpasHumebHas
oyenxa Kmouegvlx nokazameneu s¢gdexmusnocmu (KPI), ocHosamnas Ha npakxmudeckux
npumMepax eHeopeHusi UHPOPMAYUOHHBIX CUCTIEM.

IHonyuennvle pesyrsmamuvl noxazanu, u4mo Haubolee cepbé3uvble PUCKU CBA3AHbL C
onepayusMu no npuémke moeapos, 20e pyunvie npoyeoypvl 4acmo npusooam K owubKam, u ¢
HeOd0CmamoyHoll NPO3PAYHOCMbIO 8 00pabomKe 3aKa308, 8bl3bl8AIOUEll 3A0EPIHCKU U POCH YUCIA
aHcanob. dmu gpaxmopul OvLiU OnpedesieHbl KaKk npuopumemmusle 0is MUHuMuzayuu. B mo ce
8pems 6HeOdpenue cucmem ynpaeienus ckiadom (WMS) u uncmpymenmos MouHumopuHea
NO360JUNO0 3AMEMHO COKPAMUMb KOIUYEeCmB80 OWUOOK, YCKOPUMb ONEpayuu U CHU3UMb PAcxoobl.
CpasHumenvHblll aHaiu3 Kelicog NOKA3dl, uYmo yugposvle peulenus obecnedusaom pocm
moynocmu yuéma 0o 99%, 0gykpammoe ysenuuenue npousso0umenbHoCmu npu omoope 3aKa3os
U 3HAUUMENbHOE CHUMMCEHUE JI02UCTIUYECKUX U30EPIHCEK.

Ha ocnosanuu nposedénnozo ananusa coenam 6bl600 0 Mmom, 4mo yugposvie mexHoro2uu
CNOCOOHbI HEe MONLKO KOMNEHCUPOBAMb 6HYMPEHHUE YAZBUMOCU, HO U CO30A8aMb YCI08Us OJls
0os20cpounoll yemotiyugocmu yeneti nocmagox. OOHAKO 6HewHue yepo3vl, makue Kaxk Kubep
DUCKU U pecyNAmOopHble USMEHeHUs, MPeOyIom KOMNIEKCHO20 N00X00d U OONOTHUMENbHBIX Mep
ynpaenenus. B saxniouenue npeonoocxceno couemamv mexHonro2uyecKue UHCMPYMEHmbl C
OP2AHU3AYUOHHBIMU NPAKMUKAMU, YO NO360IUNM KOMNAHUAM He MOJbKO Npeoomepaujams coou,
HO U pazeusams YCMou4ugyo Cmpame2uio pa3eumusl.
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AAA XKAPLbICHI

Knwoueswie cnosa: yenu nocmasox, pucku, yugposvle mexHono2uu, ynpasieHue cKiaoom,
aghghexmusnocmo, ycmouuusocms, UHPOPMAYUOHHBLE CUCTIEMBI.
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