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AUTOMOTIVE INDUSTRY 4.0: PRECONDITIONS FOR THE ECONOMIC
EFFECTIVENESS OF COLLABORATIVE AND MOBILE ROBOTICS

Abstract

Amid Kazakhstan’s accelerated digitalization and national smart-manufacturing agenda, this paper presents a
practice-oriented economic framework for evaluating, at the pre-design stage, the feasibility of deploying collaborative
and mobile robotics in the automotive industry. The goal is to align engineering choices with production economics
before on-site trials, reducing the risk of inflated expectations and showcase-only pilots. Methodologically, the
framework combines conceptual modeling with quantitative screening: it decomposes total cost of ownership into
capital and operating elements; maps operational effects across body/assembly stations, quality control, and in-
plant logistics; and ties these effects to measurable KPIs — overall equipment effectiveness (and its Availability-
Performance-Quality factors), cycle time, defect rates, planned/unplanned downtime, and safety incidents. A
distinctive feature is the explicit integration of infrastructure constraints and risk factors — precision and calibration
requirements, connectivity and communication quality, safety for human — robot collaboration, cybersecurity
exposure, and workforce acceptance — into both the economics and a managerial go/no-go checklist. The framework
yields (i) a reproducible pilot — expand — scale pathway with milestone metrics, (ii) a structured data package to
enable subsequent statistical verification and learning across pilots, and (iii) adaptable accounting rules that fit local
procurement and budgeting practices. By making trade-offs transparent and context-aware, the approach supports
Kazakhstani automotive firms in selecting viable use cases, sizing investments, and sequencing deployments in line
with national digitalization priorities.

Keywords: robotization, collaborative robots, mobile robots, automotive industry, overall equipment
effectiveness, total cost of ownership, return on investment, Industry 4.0.

Introduction

Amid global digitalization and rapid technological change, Kazakhstan’s automotive industry
faces the need to adapt to the challenges and opportunities associated with Industry 4.0. The transition
to smart manufacturing based on the integration of cyber-physical systems, the Internet of Things
(IoT), artificial intelligence (Al), and robotics opens new horizons for enhancing competitiveness,
optimizing production processes, and reducing costs.
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Within the Industry 4.0 context, particular attention is paid to collaborative and mobile robotics,
which are becoming key elements of modern production lines. Collaborative robots (cobots) that
operate in close interaction with humans provide flexibility and safety on the shop floor, while
mobile robots enable the automation of intralogistics processes, which is especially relevant for large
automotive plants.

According to the International Federation of Robotics (IFR), the global industrial robot market
continued to expand in 2023, with more than 600,000 new installations projected by 2025 [1]. The
automotive industry remains one of the main drivers of this growth and accounts for about 30 percent
of all industrial robots. IFR forecasts also indicate that the global stock of collaborative robots will
increase by about 40 percent by 2025, reflecting growing interest in this technology. The IFR 2023
report further notes rising adoption of cobots by small and medium-sized enterprises, which is pertinent
for Kazakhstan where such firms play a significant role in the economy.

For Kazakhstan, where the automotive sector is strategically important, the deployment of these
technologies can become a decisive step toward technological modernization and higher economic
efficiency. Successful implementation, however, requires not only investment in equipment and
infrastructure but also the preparation of qualified personnel capable of working with new technologies.

In recent years, Industry 4.0 and robotics have been extensively examined in the scholarly
literature. Studies by Lu and Xu et al. [2-3] underscore the importance of digital transformation for
strengthening the competitiveness of industrial firms. Lu, in “Industry 4.0: A survey on technologies,
applications and open research issues,” identifies the core technologies of Industry 4.0-such as
the Internet of Things (IoT), artificial intelligence (AI), and robotics-and analyzes their effects on
production processes. Xu et al., in “Industry 4.0: State of the art and future trends,” emphasize the role
of cyber-physical systems (CPS) in enabling flexible and adaptive production lines.

Research by Wang et al. and Lee et al. [4-5] highlights how CPS and smart factories underpin
flexible, adaptive manufacturing. Wang et al., in “Current status and advancement of cyber-physical
systems in manufacturing,” propose a CPS architecture suitable for integrating robotics into automotive
production with a high degree of automation and control. Lee et al., in “A cyber-physical systems
architecture for Industry 4.0-based manufacturing systems,” stress the importance of integrating loT
and Al into production workflows.

Within collaborative robotics, Ionescu and Negulescu and Kriiger et al. [6—7] demonstrate
how human-robot interaction can improve both productivity and safety. lonescu and Negulescu, in
“Collaborative robots in automotive industry: A review,” argue that collaborative robots are particularly
effective in tasks requiring high precision and repeatability, making them well suited to automotive
manufacturing. Kriiger et al., in “Cooperation of human and machines in assembly lines,” show how
cobots can enhance human-machine cooperation on the shop floor.

Regarding mobile robotics, Bogue and Khamis et al. [8-9] examine how mobile platforms
optimize intralogistics, reducing downtime and raising overall efficiency. Bogue, in “Growth in
e-commerce boosts the market for mobile robots in warechouses,” notes that surging e-commerce
demand has accelerated adoption of mobile robots - a trend that is relevant to automotive plants
where logistics is a critical lever. Khamis et al., in “Mobile robot navigation and collision avoidance
in dynamic environments,” investigate navigation, perception, and collision-avoidance capabilities
under complex production conditions.

The objective of this article is to examine the preconditions for the economic effectiveness of
collaborative and mobile robotics in Kazakhstan’s automotive industry and to identify the key barriers
and opportunities for their adoption. The analysis covers global trends, international experience, and
the specific features of the Kazakhstani market in order to formulate recommendations for further
sectoral development under ongoing digital transformation.

Materials and methods
This article draws on international research on the adoption of collaborative robots (cobots) and
on the economics of their deployment, on the literature measuring manufacturing performance through

Overall Equipment Effectiveness (OEE) and related indicators, and on studies of how robotization
affects productivity, labor investment, and organizational outcomes.
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At the techno-economic assessment (TEA) stage, prior to field data collection, we employ a
“conceptual-quantitative” approach that comprises: (a) decomposition of Total Cost of Ownership
(TCO) into capital expenditures (CAPEX: equipment, systems integration, infrastructure, training)
and operating expenditures (OPEX: technical maintenance, software, calibrations, commissioning
and stabilization downtime, energy, workforce upskilling); (b) mapping of operational effects by
process area (assembly, quality inspection, in-plant logistics); (c) alignment with Key Performance
Indicators (KPI), with Overall Equipment Effectiveness (OEE) defined as OEE = A x P x Q, where
A denotes equipment availability, P performance, and Q quality; (d) a managerial go/no-go checklist
for implementation conditions that includes information-technology and operational-technology
integration (IT/OT), safety of human-robot collaboration (HRC), a workforce training program, and a
Service Level Agreement (SLA).

Results

Technological and organizational prerequisites for the effect

The deployment of collaborative robots (cobots) and mobile platforms in automotive manufacturing
creates new opportunities to increase flexibility, repeatability, and overall process efficiency. The
success of such initiatives, however, depends on a set of technological and organizational factors that
must be addressed at both the planning and execution stages.

Collaborative robots differ from traditional industrial robots through their ability to work in close
proximity to humans, which makes them well suited to tasks that require flexibility and adaptability.
Cobots can execute tasks with high repeatability, reducing human-factor errors and improving product
quality. In automotive settings, for example, cobots can be applied to small-parts assembly, painting,
or quality inspection where accuracy and repeatability are critical [10, 11].

Key success factors for cobots include careful task selection, since not every operation is
appropriate for cobot automation. Priority should be given to tasks that demand high precision and
repeatability yet do not require complex dexterous manipulation that traditional robots might handle
better. Another factor is the design of human—robot collaboration zones (HRC), which must ensure
both safety and throughput, including the configuration of speed profiles, safety boundaries, and visual
and acoustic alerts. A third factor is the standardization of work. To realize the full benefit of cobot
deployment, operations should be standardized to minimize variability and to stabilize execution [12].

Mobile robots play a central role in optimizing intralogistics. They automate the transport of
materials, parts, and finished goods between production areas, which reduces waiting and movement
losses. This is particularly important at large automotive plants where logistics flows are complex and
multi-layered.

The advantages of mobile platforms include continuous, around-the-clock operation that shortens
transport times and minimizes idle periods. Logistics automation helps level the production flow,
which is critical in processes where bottlenecks can trigger delays. Mobile robots also reduce work-
in-process inventory, with a positive impact on overall manufacturing efficiency [4, 7].

The effectiveness of both cobots and mobile platforms depends strongly on data quality and
on integration with other production-control systems. Stable telemetry, batch-level traceability, and
synchronization with a Manufacturing Execution System (MES) and an Enterprise Resource Planning
(ERP) system are necessary conditions for realizing maximum benefits. Data streamed from robots
must be accurate and timely to support effective process control, and end-to-end tracking of each
batch of materials and parts across all stages helps minimize errors and improve quality. Seamless
integration with MES and ERP enables automated planning, control, and reporting, which raises
overall production efficiency [8, 9].

Successful adoption is not possible without workforce engagement. A clear role model and a
structured training plan are required to unlock the full effect, encompassing operator instruction on
new equipment and the involvement of engineers and managers throughout deployment. Without staff
buy-in, projects risk resistance, underutilization of equipment, and diminished efficiency [5, 13].

The maturity of a firm’s robotization practices is a critical success factor. Evidence from samples
of Italian manufacturing enterprises indicates that higher robotization maturity is associated with
deeper integration of processes and competencies. This encompasses not only technical facets but
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also organizational change, including the introduction of standard work and systematic workforce
training. A key aspect is end-to-end process integration, whereby all robot-related activities are
embedded within the overarching production-management system. Such integration helps prevent
supply-chain discontinuities and raises overall efficiency. Equally important is workforce readiness
for new technologies, which requires continuous learning and skills development.

Robot deployment frequently necessitates adjustments to organizational structure and managerial
processes, and these shifts should be anticipated and budgeted at the planning stage [14].

Infrastructure limitations and risks

The deployment of collaborative robots and mobile platforms in the automotive industry entails
a set of infrastructure constraints and risks that can materially affect both economic viability and
project success. These constraints are technical and organizational in nature, and neglecting them
may lead to cost overruns, productivity losses, and schedule slippage. A review of recent literature,
including Silva et al. (2024), Polonara et al. (2024), and Titu et al. (2024) [10-12], indicates that
the principal infrastructure risks comprise precision and calibration of equipment, connectivity and
communication quality, workspace organization and safety, cybersecurity and software updates, and
workforce acceptance of new technologies. Each factor warrants careful analysis and explicit planning
during both the design and implementation phases.

One of the infrastructure constraints and risks concerns precision and calibration of equipment.
Effective operation of collaborative and mobile robots depends on high-accuracy sensors, cameras,
and fiducials together with timely calibration of all measurement and actuation subsystems. Even
small deviations propagate into execution errors, higher defect rates, and increased operating costs.
Calibration and metrological control should therefore be budgeted within operating expenditures,
including allowance for the downtime required to perform these procedures [4, 10].

Another constraint and risk relates to connectivity and communication quality. Reliable data
exchange among robots, peripheral devices, and supervisory control systems requires an industrial
network with predictable latency and stable radio coverage. The use of industrial wireless, fifth-
generation cellular networks, and industrial Ethernet becomes a necessary condition, since
electromagnetic interference, shielding structures, and long distances degrade quality of service and
can cause task delays and a decline in overall manufacturing efficiency [11, 12].

Another significant infrastructure constraint and risk concerns workspace design and safety. The
width of aisles, the configuration of work zones, and the correct setting of speed profiles for mobile
platforms directly determine route capacity and actual takt time. Technical and organizational safety
measures such as visual and acoustic alerts, zone marking, slow-down and stop scenarios, and codified
rules for human—robot co-working reduce the risk of collisions and injuries and prevent bottlenecks
and unplanned delays [7, 10].

Cybersecurity and software updates also constitute important constraints and risks. Growing
digital connectivity increases exposure to unauthorized access, which calls for a hardened architecture,
formal vulnerability-management procedures, and planned maintenance windows for updates with
pre-deployment testing and rollback options. Even beneficial patches can cause unplanned downtime,
so update cycles must be coordinated with production schedules to preserve operational stability and
the expected economic benefits [8, 9].

Finally, workforce acceptance of new technologies and adherence to occupational health and
safety regimes is a decisive constraint and risk. The economic return depends on staff engagement,
a structured training program, clear role delineation, and consistent managerial support. In the
absence of these conditions, equipment underutilization and organizational drift are likely. Systematic
briefings, drills, and compliance monitoring for safe human-robot collaboration help sustain the effect
and prevent incidents [5, 13].

Methodological framework for economic evaluation (TCO/ROI)

To evaluate the economic effectiveness of deploying collaborative and mobile robots in the
automotive industry, we adopt a methodological framework based on Total Cost of Ownership (TCO)
and Return on Investment (ROI). The framework accounts for both capital expenditures (CAPEX)
and operating expenditures (OPEX) and links them to production Key Performance Indicators (KPI).

Total Cost of Ownership is the overall cost of owning and operating equipment over its life
cycle, encompassing both capital and operating outlays. On the CAPEX side, the analysis includes a
cobot or manipulator with peripheral equipment such as end-of-arm tooling, cameras, and sensors; a
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mobile platform with navigation systems and sensors; guarding, scanners, and other safety devices;
systems integration and commissioning; information- and operational-technology infrastructure
including networks, servers, and software; and training for operators and engineers. On the OPEX
side, the analysis includes scheduled and unscheduled maintenance; software licenses and updates;
regular calibrations and metrological control; consumables and replacement of wear parts; energy
consumption; commissioning and stabilization downtime; and additional workforce training [14, 15].

The deployment of collaborative and mobile robots generates both direct and indirect benefits
across production stages. Direct benefits include improved assembly and inspection due to higher
repeatability and lower defect rates, which contributes to the quality component Q, and faster in-plant
logistics through reduced transport and waiting times, which raises equipment availability A and task
performance P. Indirect benefits include enhanced workplace safety and ergonomics, lower injury
rates, and higher employee retention, all of which have a positive effect on overall manufacturing
efficiency [16, 17].

Key Performance Indicators are used to evaluate the effectiveness of robotization, with Overall
Equipment Effectiveness (OEE) taking a central role and defined as the product of availability (A),
performance (P), and quality (Q), that is, OEE = A x P x Q. The accounting rules include establishing a
baseline from average per-shift indicators over no fewer than four weeks prior to deployment, excluding
extreme shifts and anomalous events, setting a stabilization window to capture the transition to
steady-state operation, logging all equipment events and synchronizing telemetry with Manufacturing
Execution Systems (MES), and conducting sensitivity analysis with respect to the discount rate in the
range of 8—15 percent, equipment utilization, the workforce learning curve, and the share of unplanned
downtime [18, 19].

Before implementation begins, several conditions must be confirmed. Information-technology and
operational-technology integration has been completed, and data exchange has been tested. Human-
robot collaboration zones comply with safety requirements. The route network for mobile platforms
has been designed and throughput tested. Training cards and a workforce training plan have been
developed and approved. Service Level Agreements are in place for service and metrology. The KPI
set is measurable, technically implementable, and agreed with management [20, 21].

For successful adoption, a pilot project of eight to twelve weeks is recommended. Week 0 covers
baseline diagnostics and equipment preparation. Weeks 1-3 cover tuning and testing. Weeks 4-8
cover steady-state operation and data collection. The effect is assessed by comparing pre- and post-
deployment indicators. Where a comparable control area is available, a difference-in-differences
approach can be applied, and external validity is supported through benchmarking against industry
data [22, 23].

Thus, the TCO and ROI-based evaluation framework structures costs, operational effects, and the
conditions for a managed pilot, linking engineering choices to manufacturing performance metrics.

Discussion

Modern research confirms the economic potential of collaborative and mobile robotics, but
emphasizes the dependence of results on organizational maturity, data quality, and the proper design
of experiments. The effect is heterogeneous across operation types and contexts: in some cases,
productivity and quality gains are achieved without increasing employment, while in others, roles and
competencies are redistributed. The actual return is determined by the company’s ability to maintain
a stable cycle time, manage variability and data discipline (MES/ERP/SCADA), and adhere to OEE
and related KPI accounting rules.

In the Kazakh context, the window of opportunity is expanding due to the political and institutional
agenda of digital transformation [24]: the declared course toward a “fully digital nation” in 2025—
2027, the development of a “Digital Code,” the formation of a unified Digital Qazagstan strategy, and
the creation of a specialized body for artificial intelligence and digital development set the framework
conditions — rules, institutions, priorities, and pilot sites (including the Alatau City project). This
architecture reduces transaction costs for enterprises, simplifies access to supporting infrastructure
(data, connectivity, computing power), and increases the predictability of return on investment.
However, the presence of “rules of the game” is no substitute for operational readiness: cobots and
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mobile platforms only deliver sustainable results with standardized operations, qualified personnel,
and managed IT/OT integration.

The country’s current robotics footprint is still limited. According to estimates, there are fewer
than 5 industrial robots per 10,000 workers (around a hundred devices for several dozen enterprises),
significantly below the level of leading countries. This is due to relatively small serial production
volumes, fragmented automation, a shortage of personnel for operation and maintenance, and
insufficient data and process preparation for a sustainable cycle. For the automotive industry, this
means that an economically viable start is not with “continuous” automation, but with targeted tasks
with high repeatability, a risk profile, and measurable returns: “heavy” and monotonous assembly
and quality control operations (contributing to Q and P), intra-production logistics in bottlenecks
(contributing to A and P), and ergonomic risk nodes (reducing injuries and indirect costs).

Sectoral cases in related industries (rail logistics, marshalling hubs, healthcare, mining, and
energy) demonstrate that with data discipline and well-thought-out integration, digital solutions are
scalable and deliver economic benefits. For automakers, this translates into a prioritized “digital loop™:
equipment telemetry, batch and component traceability, end-to-end product identifiers, a library of
standard operations, shift and changeover procedures. It is the “data loop” that transforms a cobot
from a standalone device into a production tool for variability management, and a mobile platform
into a resource for flow alignment.

The key constraints on scaling are infrastructure risks and organizational readiness: accuracy
and calibration (regular metrology as an element of OPEX), connectivity and connection quality
(predictable latencies, stable coverage), layout and security (aisle widths, speed profiles, HRC modes),
cybersecurity and update management (patch management with “windows,” testing, and rollbacks), as
well as staff acceptance and HSE compliance. In practice, this means that the “project economics” must
include a risk reserve (10-15% CAPEX/OPEX) and a managed stabilization plan (at least 4-8 weeks
after launch), and the target model must include a training and certification program for personnel
(operators, setup technicians, metrology engineers, information security specialists).

National institutions and partnerships act as ecosystem elements accelerating implementation:
technology parks and accelerators (Astana Hub), research and education centers and workshops
(including international ones), specialized training programs (Tech Orda, Industrial PhD), international
cooperation (China, Germany, France, USA), and emerging robotics competence centers. In the
automotive industry, it would be appropriate to establish an industry-specific Competence Center
based at leading production sites and corporate universities. This would consolidate standard process
routes, a library of HRC tooling and scenarios, calibration and metrology methods, as well as TCO/
ROI calculation templates and data packages for statistical validation.

Finally, the specific nature of the Kazakhstani market - a significant share of small- and medium-
volume products — dictates specific design requirements: modular cobot cells with quick changeovers,
lightweight visual inspection, and mobile transport and logistics scenarios based on a fleet of
autonomous platforms compatible with existing infrastructure. This fits into the logical sequence
“pilot — expand — scale”: pilots in high-risk areas with controlled variability, subsequent expansion
to related operations, and scaling to product families where OEE, quality, and safety benefits have
been proven.

Conclusion

This paper develops a replicable economic framework for the preliminary assessment of
collaborative and mobile robotics implementation in the Kazakhstan automotive industry. The
framework includes a total cost of ownership structure, an operational benefit map, rules for
accounting for and validating impacts, and a list of go-no-go conditions. The data-driven approach
links engineering decisions with operational performance metrics, reducing the risk of showcase pilots
and making management decisions more predictable.

Considering national digital transformation priorities, a practical roadmap for automotive
companies consists of three stages.

1) Quick wins. Six to twelve-month horizon. Cobot cells for highly repeatable operations with
significant ergonomic risks. Visual quality control for critical tolerances. Autonomous intra-plant
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logistics on narrow routes. KPI targets include an increase in overall equipment efficiency by five
to eight percentage points, a reduction in defects by twenty to thirty percent for critical items, and a
reduction in cycle time by ten to fifteen percent for selected operations.

2) Scaling. Time horizon: twelve to twenty-four months. Transferring proven templates to related
operations and product families. Consolidating data loops across MES, ERP, and SCADA systems.
Implementing predictive maintenance for bottleneck nodes. Unifying human-robot interaction modes
and metrology procedures.

3) Institutionalization. Timeframe: 24 months or more. Establishment of an industry-specific
center of excellence based on leading platforms and corporate universities. Localization of service
competencies and some components. Joint projects with universities in the Industrial PhD format.
Combination of funding sources and application of tax incentives for robotics.

Critical prerequisites for success include data and measurement discipline, managed integration
of information and operational technologies, targeted personnel training, and a well-developed risk
framework for calibration, connectivity, cybersecurity, and occupational health and safety requirements.
When these conditions are met, the total cost of ownership and return on investment methodology and
the step-by-step logic of the pilot expand scale create a realistic path for Kazakhstani automotive
companies to increase sustainability, productivity, and quality, and at the industry level, to strengthen
technological sovereignty, increase highly skilled employment, and grow added value.

Funding information. This study was funded by the research project BR24992947 — Development
of Robots, Scientific, Technical and Software for Flexible Robotization and Industrial Automation
(RPA) in Automotive Industrial Enterprises in Kazakhstan Using Artificial Intelligence.
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IKOHOMMUKAJIBIK TUIMAIJIIT'THIH AJIFBIINAPTTAPBI

AHngarna
KazakcTanHbIH sxenest mudpiiaHybl MEH YJITTBIK Smart-eHIipic KYH TopTiOi asichiHAa OyJl Makajia aBTOKeJiK
OHEPKACiOiH/Ie KOJUTadOpaTUBTI XKoHE MOOWIIBAI POOOTTap/bl EHTi3ydiH jK00ajay aijbIHJIaFbl Ke3eHIHAE XKy3ere
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achIPBUIATHIH, TXKipuOere OarbITTalFaH SKOHOMHKAJBIK Oarajay mHieHOepiH yCbIHagbl. Makcar — WHKEHEpIiK
mIenriMaep/ai OHIIPICTIK SKOHOMHKAMEH allIbIH ajla YHJIECTIpy apKbUIbI OPBIHCHI3 KYTUIIMIEp MEH «BUTPHHAIIBIK)
MUJIOTTApBIH TOYCKENiH a3alTy. OJicTeMeNiK TYPFbIIAH IIeHOEP KOHLENTYalabl-CaHIBIK TOCUII KOJJaHabl:
nerepiikTiH ToiblK KyHBH (TCO) kamuTangslk KOHE OMEpaIlsUIBIK KypaMmaacTapra Oejerni; JeHe/KHHaKTay
CTaHIUSUTAPBI, CamaHbl OaKplIay YKoHE HEXINIJIiK JOTUCTHKA OOMBIHINIA OTEePaIMsUTBIK ocepiep/i KapTara Tycipei;
onapasl KPl-napmen OaiinanbicTbIpabl-ka0abIKThIH kannbl TriMaitiri (OEE) xone onbiH A-P-Q kypamuapsi,
IUKJI YaKbITBl, aKayjap YJeci, KOCIapJbl/KOCIapJaH ThIC TOKTAll Kally, Kayilci3mik okuranapbl. Epexmeniri —
MHPPaKYpBUIBIMABIK IIEKTEyJIep MEH ToyeKenaepai (Ioymik meH KanuOprey, OailaHbIc/KOMMYHHKAIMS Carachl,
agaM-po0oT e3apa 9peKeTTECYiHICTI Kayilci3miK, KHOepKayinci3aiK, KaapaapablH KaObIIIaybl) SKOHOMUKAIIBIK CCETIKE
TiKeJIel eHTi3y KoHe OacKapyIIbIIBIK g0/N0-go YeK-TiziMiHe Kerripy. HoTmke perinae (i) KOpCeTKIMTiK MeKeIepMeH
«IHIOT — KEHEeWTy — MacmTadTay» TpaeKTopusachl, (ii) KeHiHT1 CTaTHUCTUKAIBIK Bepu(UKAlUIFa apHaIFaH
KYPBUIBIMJIAJIFAH JIEPEKTep MakeTi xaoHe (iii) )KepriIiKTi caThill ally MEH OIOJKeTTey TaKipuoenepine OeiiMaereTiH
€CeNTIK Karuaaiap KaJblITaCThIPbUIabl. ¥ CHIHBUIFAH TACUT Ka3aKCTaH/IbIK aBTOKOIIK KQCINOPBIHIAPBIHA KapaMIbl
KOJIIaHy KeWCTepiH TaHJall, HHBECTUIIMS KOJEMIiH JIaNl Oaraiayra skoHe YITTHIK HU(pIaHappy 0ackIMABIKTapbIHA
caif eHTi3y peTiH XKocmapiayFa MyMKIHIIIK Oepe/ti.

Tipek ce3aep: poOOTTaHIBIPY, KOIIAOOPAaTUBTI poOOTTAap, MOOWUIBAI POOOTTAp, ABTOKOIIK ©HEPKICiOi,
JKAOIBIKTHIH JKaJIIbl THIMAUIITT, HSJICHY/IIH TOJBIK KYHbBI, HHBECTHIIUSIIAPAbIH KalTapbIMIbUIBIFbI, HHIYCTpHs 4.0.
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WHAYCTPUS 4.0 B ABTOIIPOME:
INPEANTOCBIJIKH DKOHOMUYECKOU SPPEKTUBHOCTH
KOJTJIABOPATUBHOU U MOBNJIBHOU POBOTOTEXHUKHA

AHHOTANUA

Ha done yckopenHoit n¢ppoBoii rpanchopmanmn Kazaxcrana n HallMoHaIbHOM MOBECTKH CMapT-IPON3BOJICTBA
CTaThsI NpeAJIaraeT NPaKTHKO-OPUEHTHPOBAHHY IO SKOHOMHYECKYIO PaMKy JUIS TPEANTPOEKTHON OLICHKH IeJiecoo0pas-
HOCTH BHEJPEHHMS KOJIIaOOPATHBHBIX M MOOMIIBHBIX pOOOTOB B aBTOMOOMIECTpoeHHH. Llens — 3apanee BBIPOBHATH
WH)XCHEPHBIC PELICHUsSI C TIPON3BOACTBEHHON YKOHOMUKOHM, CHU3MB PUCK 3aBBIIMICHHBIX OXHUIAHUN M «BUTPHHHBIX)»
MHJIOTOB. MEeTO0N0rHueCcKH IPUMEHSIETCSI KOHIETITYalbHO-KOJIMIEeCTBEHHBIHN MOAXO0/]: OJIHASI CTOUMOCTD BIIaJCHUS
(TCO) nexoMIo3upyeTCst Ha KalUTaJIbHBIC U ONCPALMOHHBIC JICMEHTBI, OnepaloHHbIe 3()(EKTh B 30HaAX COOPKH,
KOHTPOJISI Ka4eCTBa U BHYTPHU3aBOACKOM JIOTHUCTHKU KapTUPYIOTCs U cBsizbiBatoTcst ¢ KPI — o6mieii ahpexkTnBHOCTHIO
obopynosanust (OEE) u ee cocraBnstomumu A-P-Q, BpeMeHeM IUKIIa, ypoBHEM Je(heKTOB, IIIaHOBBEIMU/BHEIUIAHO-
BBIMH TIPOCTOSIMH M TIOKa3arensiMu Oe3omacHocTH. KiroueBoe ommune — siBHas MHTErpanust HHQPACTPYKTYPHBIX
OTpPaHUYCHUH M PUCKOB (TOYHOCTH W KadMOPOBKA, KAYECTBO CBSA3M W KOMMYHHUKAITUH, TpeOOBaHMS OE30MacCHOCTH
HRC, xkubepbe30macHOCTh, IPUHATHE CO CTOPOHBI MEPCOHANA) KaK B IKOHOMHUYECKHE pacueThl, TaK M B YIIPABIICH-
YeCKUH YeK-JIMCT go/no-go. Pesynmbrarom BeicTynaroT: (1) BOCIPOW3BOAMMAS JIOTHKA ITMJIOT — pacIIMpPEHUE —
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MacuItab», NpuBsI3aHHasi K KOHTPOJIBHBIM MeTpukam; (1) CTPYKTypHUpPOBaHHBIM MaKeT JaHHBIX ISl ITOCIEIYIOMIei
CTaTHCTHYECKOW BEpUPHKAIIMN U 00yUIeHHsI MEK Ay muinotamu; (iii) arantupyemble MpaBiiia yaeTa, COBMECTHMBIE C
MECTHBIMH TPAKTHKAMHU 3aKYIOK U Oto/pKkeTHpoBanus. [Tonxon aenaetT KOMIPOMHCCHI PO3PAYHBIMH M KOHTEKCTHO
qyBCTBHUTEIBHBIMHU, IIOMOTasi Ka3aXxCTaHCKUM aBTOIPEANPHATHAM BBIOMPATh JKM3HECIIOCOOHBIC KEHCHI, OLICHUBATD
MHBECTULIMY U IUIAHUPOBATh [I03TAIIHOE BHEIPEHUE B PyClie HALMOHAIBHBIX IPHOPUTETOB U (POBU3ALIIH.

KirwueBrbie ciioBa: podoTH3anus, KOJUTA0OpaTUBHBIC POOOTHI, MOOMIILHBIC POOOTHI, AaBTOMOOHIIBHAS TPOMBIIII-
JICHHOCTb, 001as 3pPEKTHBHOCTh 000PYIOBaHUs, 00IIas CTOUMOCTD BIIAJICHUS, OKYIIAaeMOCTh WHBECTUIUH, HHIY-
ctpus 4.0.
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