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100 pokie 3 JHSI HAPOI>)KEHHSI
AKAJTEMIKA

BOJIOAVIMMPA UIITYA CKYPIXIHA
(1926 —2014)

17 xBiTHsa 2026 poky muHyso 100 pokis 3
JAHS HapOIPKeHHsS BUJAATHOIO BUEHOIO B
rajry3i CMCTeMOTeXHIKM Ta Teopii cucreM,
Jaypeata [lepxaBHux IIpemint, 3acityxe-
Horo jigya Hayku Ykpaiam (1981 p.),
Haropo/pKeHoro MeJaIsIMi Ta OpfeHaMI
yuacHuKa [pyroi CBiToBo1 BivtHM, HiVICHO-
ro wieHa HAH VYxpatan (1978 p.) opo-
decopa (1972 p.), mOKTOpa TEXHIUHMX
Hayk (1971 p.) Bonogumwupa Duriva Cky-
pixina. B 1947 p. sakiHumB 3 BiI3HaKOIO
IBaHIBCHKMV eHepreTUYHUM IHCTUTYT 3a
daxom irkeHep-esteKTpuK. 3 1947 p. mipo-
TATOM JIeCSiTM POKiB OyB jaOopaHTOM,
acIipaHTOM, acUCTeHTOM Ta CTapIIUM
BUK/IagaueM 1boro iHCcTuTyTy. Y 1958 p. Bonogumup Luiiu mpuixas 1o
Kuesa. 3 Toro vacy Bcs m1oro HaykoBa JisUIbHICTD 1TOB g3yBasiachk 3 Kibep-
HeTV4HMM IleHTpoM AkaneMii Hayk YPCP (tenep HamioHasibHa akameMis
HayK YKpaiHmu), e BiH IIOC/IiTOBHO 00iiMaB Ioca/iyt CTapIIoro HayKoBOIo
criBpobiTHMKa, BYEHOTO ceKpeTaps, 3aBifgyBava Bimmizy OOumciroBab-
Horo 1eHTpy AH YPCP, 3actynHuka nupekropa IHctuty Ty KibepHeTnkm
im. B.M. I'mymikosa HarrioHasibHOT akazeMil Hayk YKpaiHu 10 BUIIeHHS
3 moro cxitany y 1997 p. MixnapogHoro HayKoBo-HaB4aJIbHOIO LIEHTPY
iHdOpMaIliIHVIX TeXHOJIOTIV Ta CHCTeM.

Koso HaykoBux iHTepecis Bomogmumvmpa Dutiga Oysto myxe mmpokmum
i OXOIUIIOBAJIO IIpOrpaMHe KepyBaHHS, aBTOMaTM30BaHi CHCTeMM ITPOEK-
TyBaHHS: Ta 00pOOKM eKcIiepMeHTaIbHIX [TaHMX, aBTOMaTM30BaHi CHCTe-
MU KepyBaHHS BUPOOHMIITBOM, KOMIUIEKCHI aBTOMAaTM30BaHi CrcTeM Ke-
PYyBaHHSI, AVIHaMIKy BUPOOHMYMX crcTeM, iHpOpMalliviHi TeXHOJIOTIT TOIIO.

JIK BYUEeHUII B rajIy3i CCTeMOTexHiKM i Teopii cuctem Boromyvump Dutig
OyB HayKOBMM KepiBHMKOM pPO3po0JIeHHsd OaraTbox aBTOMAaTM30BaHMIX
CUCTeM KepyBaHHs Ta OOpOOKM [1aHMX Pi3HOrO piBHS i IIpU3HaUYeHHS,

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 2 (8) 3



100 Years of Academician Vladimir Skurikhin

BIIPOBA/DKEHNX Y Pi3HMX TajIy3sX HapOJHOIO rocnojapcrsa. Bin cross
Oisis1 BUTOKIB CTBOpEHHS IIepIIol B HaIIlill KpaiHi aBTOMaTM30BaHOI CVIC-
TeMM KepyBaHHs MignpueMcTBoM «JIbBiB» Ha JIbBIBCBKOMY TeJleBi3iitHO-
MY 3aBOJIi, B sIKiv1 OyJI0 peaslizoBaHO Psifl IIPUHITMIIOBO HOBMX Ha TOW Yac
TeXHIYHMX 1 IUIaHOBO-eKOHOMiuHMX pimens. Hemasi TBOpui 3ycmuisa
HarpasisaB Bl CkypixiH Ha po3poOiieHHsI edeKTMBHIMX aBTOMaTK30Ba-
HVIX CUCTeM ITPOEKTYBaHHS, sKi Mi3Hillle cTaju o3HadaTucs abpesiaTy-
poro CAIIP (cmcteMyt aBTOMAaTM30BaHOTO IIPOEKTyBaHHS). Borogmmup
Iru1iu 6yB HaykoBMM KepiBHMKOM po0iT 3i crBoperHst CAIIP «ABaHrapma»,
«KonTyp», BripoBakeHnx Ha MukosaiBcbkoMy KopaOsieOyaiBHOMY 3a-
Bomi. Y cxiazi IIYIT akamemik CkypixiH OpaB yuacTh B opraHisarlil mifi-
TOTOBKM Ta 3abe3leyeHHi KepyBaHHS MHOJIBOTOM 3a Iporpamoro «Coro3-
ATIOJI0H».

B.I. CkypixiH OyB wieHOM penKosierii HayKOBOTO XYypHaly «YIpas-
JIAIONIVIe CYICTEeMBI M MalllVIHbI» 3 JIHA M0r0 3acHyBaHH:A y 1972 p. 3 1982
1o 1998 pp. — ronosHMM pefgakTopoM, a 3 1999 p. — 3acTynmHMKOM TOJI0B-
HOI'O peJlaKTopa.

Barommm e BHecok B.I. CkypixiHa y miAroTOBKY 3a cBOiM ¢paxoM Hay-
KOBLIiB BCiX cTyreHiB. Vloro sacamamdi mprHIMIIM — IIiTpyMKa Ta 100pi
IOpajiv IOYaTKIBIIAM, BUMOIJIVBICTE O HaYKOBMX Pe3yJIbTaTiB CBOIX KO-
JIer 3 BUCOKVMM HayKOBMMM CcTyTleHsaMu. Bin miprorysas ronas, 40 JoKTo-
piB i KaHOWATIB HAYK, SIKi IIPUIHSUIN 1 TiZTHO HeCyTh ecTadeTy CTBOpeHO1
HIM HayKOBOI IIIKOJIV He TUILKM B HallliVl KpaiHi, a V1 1o3a 1 MeXXaMu.

B.I. Cxypixin — aBTop nonaz, 250 HayKoBUX IIpalib, B TOMy 4mciii 12
MoHorpadin, 4 Hap4yagpHMX 1MOCiOHMKIB, 30 aBTOPCHKMX CBiZOLTB Ta
naTeHTiB Ha BuHaxoau. dynmamenTanbHi npani B.I. Cypixina, noro igei
1IiJTecIpsIMOBaHMX CHCTeM peasli3yIoThCsl Y 3allouaTKOBaHIV HVM IIIKOJI,
dKa 30epirae ciTiIy JOOPY I1am’sITh PO BEJIMKOTO BYEHOTO.

100 Years of Academician
Volodymyr Ilyich Skurikhin
(1926 —2014)

April 17 marked the 100th anniversary of the birth of Volodymyr Sku-
rikhin, an outstanding scientist in the field of systems engineering and
systems theory, a recipient of State Prizes, an Honored Scientist of Uk-
raine (1981), a full member of the National Academy of Sciences of Uk-
raine (1978), a professor (1972), and a Doctor of Engineering Sciences
(1971) . In 1947, he graduated with honors the Ivanovo Power Engineer-
ing Institute with a degree in electrical engineering. From 1947, for ten
years, he served as a laboratory assistant, graduate student, assistant pro-
fessor, and senior lecturer at this institute. In 1958, Volodymyr Illich
moved to Kyiv. From that time on, his entire scientific career was associat-
ed with the Cybernetics Center of the Academy of Sciences of the Ukrai-
nian SSR (now the National Academy of Sciences of Ukraine), where he
successively held the positions of senior research fellow, scientific secre-
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100 poxi6 axademixy Boaooumupy Liaivy Cxypixiny

tary, head of department at the Computing Center of the Academy of
Sciences of the Ukrainian SSR, head of department, and deputy director of
the V.M. Glushkov Institute of Cybernetics of the National Academy of
Sciences of Ukraine until the International Research and Training Center
for Information Technologies and Systems was spun off from it in 1997.

Volodymyr Ilyich’s range of scientific interests was very broad and
encompassed program control, automated systems for designing and pro-
cessing experimental data, automated production control systems, inte-
grated automated control systems, the dynamics of production systems,
and information technology.

As a scholar in the field of systems engineering and systems theory,
Volodymyr Skurikhin served as the principal investigator in the develop-
ment of numerous automated control and data processing systems of va-
rious levels and purposes, which were implemented in the national eco-
nomy. He was at the forefront of the creation of Ukraine’s first automated
enterprise management system, “Lviv”, at the Lviv Television Plant,
which implemented a number of technical and planning-economic solu-
tions that were fundamentally new at the time. V.I. Skurikhin devoted
considerable creative effort to the development of effective automated
design systems, which later came to be known by the acronym CAD
(computer-aided design). Volodymyr Ilyich served as the scientific di-
rector of the work to create the CAD systems “Avangard” and “Kontur,”
which were implemented at the Mykolaiv Shipyard. As a part of the Mission
Control Center, Academician Skurikhin participated in organizing the
preparation and ensuring flight control for the “Soyuz-Apollo” program.

As a professor, V.I. Skurikhin taught at the Kyiv Polytechnic Institute
for several years. He supervised 7 doctoral candidates and over 40 candi-
dates of science.

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 2 (8) 5
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ALGORITHM FOR CALCULATING

THE SIMILARITY BETWEEN HISTOGRAMS
FOR TEXTURE SEGMENTATION

Sustainable object detection, classification, and tracking are a critical path in robotics at percep-
tion phase. Deep learning models used for detection require vast and diverse datasets with
accurate annotations. However, acquiring real-world data that captures rare, complex, or
hazardous scenarios is both time-consuming and costly. To address this limitation, synthetic
data generation using virtual environments has emerged as a promising alternative. This
research investigates the application of synthetic datasets, created within high-fidelity 3D vir-
tual reality environments, for training deep learning models in object detection tasks. The
proposed method leverages tools such as Unreal Engine and procedural scripting to generate
large volumes of realistic, annotated image data. These synthetic scenes are carefully con-
structed to include various object types, dynamic interactions, lighting variations, occlusions,
and edge-case scenarios that are often missing from real-world datasets. The study employs
the YOLO family of deep learning models, which are known for their high accuracy and low
latency, making them suitable for real-time robotic applications. Experimental results demon-
strate that models trained exclusively on synthetic data demonstrate partial transferability to
real-world scenarios, while the addition of a small fraction of real data significantly improves
performance. Key advantages include reduced development time, lower annotation costs, im-
proved coverage of rare scenarios, and enhanced model generalization. The integration of syn-
thetic data pipelines into the ML lifecycle also facilitates better experiment management and
scalability. The research concludes that synthetic data is a powerful enabler for developing
robust object detection systems in robotics and Al. Future work will focus on narrowing the
domain gap between synthetic and real-world imagery, enhancing realism with photometric
effects, and expanding the dataset to include additional object classes and behaviors for
multi-task learning.

Cite: Ryabokon D.I. Synthetic Data Generation for Computer Vision Tasks in Sitl
Systems with Unreal Engine and Airsim. Information Technologies and Systems. 2 (8).
2026. 6—17. https:/ / doi.org/10.15407 / intechsys.2026.02.006

© Publisher PH “Akademperiodyka” of the NAS of Ukraine, 2025. This is an Open
Access article under the CC BY-NC-ND 4.0 license (https:/ /creativecommons.org/
licenses/by-nc-nd/4.0/
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Synthetic Data Generation for Computer Vision Tasks in Sitl Systems with Unreal Engine

Keywords: synthetic data, computer vision, deep learning, robotics, SITL, Unreal Engine,
AirSim, YOLO.

Introduction

Autonomous robotic systems are increasingly used in safety-critical and
high-complexity domains such as aerial inspection, autonomous driving,
disaster response, and smart manufacturing. A key enabler of such sys-
tems is the perception module, responsible for real-time object detection,
classification, and tracking. Deep learning models, especially those from
the YOLO family, have demonstrated state-of-the-art performance in these
tasks, providing high-speed and high-accuracy inference on embedded
platforms.

However, the performance of these models critically depends on the
availability of large, diverse, and accurately annotated datasets. The col-
lection of real-world data is time-consuming, costly, and often fails to
capture rare, occluded, or hazardous scenarios, which are vital for robust
model generalization. Moreover, the physical limitations and safety
concerns involved in real-world testing severely constrain the develop-
ment cycle of autonomous systems.

To overcome these challenges, recent studies have explored synthetic da-
ta generation using virtual environments. Notably, works from NVIDIA
(SimNet, Omniverse), Intel (OpenBot + AirSim), and academic institutions
(Stanford, MIT) have demonstrated that high-fidelity 3D simulation com-
bined with domain randomization or domain adaptation significantly im-
proves model robustness and transferability. Yet, many existing pipelines
focus either on synthetic data creation or model deployment, but not the
seamless end-to-end integration that connects perception, planning, and
control in a unified development loop.

The application of synthetic data for training deep learning models
has gained significant attention recently. Shah et al. [1] introduced AirSim,
a platform combining Unreal Engine with physics-based simulation, ena-
bling realistic data collection for autonomous vehicles. Similarly, Laux et
al. [2] demonstrated the feasibility of synthetic aerial data for on-drone
object detection tasks. Kiefer et al. [3] and Barisic et al. [4] further high-
lighted synthetic data advantages in UAV scenarios, emphasizing domain
adaptation challenges. Maxey et al. [5] proposed neural-rendering tech-
niques to narrow the synthetic-to-real domain gap. Unlike previous stu-
dies focusing primarily on either data generation or isolated model eva-
luation, our work provides a fully integrated SITL pipeline—covering
scene generation, automated annotation, model training, perception, and
real-time path planning validation — offering a complete, scalable frame-
work for Al-driven robotics development. Collins et al. [6] present a scal-
able and modular synthetic data generation framework designed to sup-
port aerial autonomy, demonstrating how structured simulation pipelines
can enhance dataset diversity and improve the development of perception
systems for UAV applications.

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 2 (8) 7



D.1. Ryabokon

The object of this research is a complete software-in-the-loop (SITL)
simulation system that enables the generation, testing, and evaluation of
Al-driven perception and navigation in robotics.

The aim of the study is to develop and validate an end-to-end pipeline
that integrates synthetic data generation, perception that uses deep learn-
ing, and path planning for autonomous systems operating in simulation.

The objectives of the research include:

e Building 3D environments and generating labeled datasets;

e Emulating robotic agents and sensors using AirSim with SITL capa-
bilities;

e Applying YOLO-based models for real-time object detection;

e Integrating system components via ROS for closed-loop testing.

This approach provides a reproducible, scalable, and cost-effective
framework for training and evaluating Al components for autonomous
robots in realistic, yet fully controllable, environments. It provides a quan-
titative sim-to-real data efficiency analysis, demonstrating that the intro-
duction of 2% real-world data is sufficient to eliminate the majority of the
domain gap.

System Architecture and Solution Design

The developed system is a modular Software-in-the-Loop (SITL) pipeline
that enables end-to-end testing of robotic perception and navigation using
synthetic data. It combines a high-fidelity 3D simulation environment
built with Unreal Engine and AirSim, a PX4 or ArduPilot SITL flight con-
troller, and a ROS2-based control layer for system coordination.

AirSim provides realistic rendering and physics-based simulation of
sensors and flight dynamics, supporting the generation of labeled datasets
and live testing. The ROS2 workspace manages control and telemetry
through a command node that translates high-level goals into MAVLink
messages. These are sent via MAVROS to the SITL controller, which emu-
lates the drone’s behavior and returns real-time feedback.

A web server running on a companion PC (e.g., NVIDIA Jetson Orin)
provides a user interface for sending commands and visualizing telemetry
and video. This interface communicates with the ROS2 system to control
missions and monitor system state.

The architecture (see Fig. 1) supports future transition to Hardware-
in-the-Loop (HIL) by replacing the SITL controller with a real flight com-
puter and sensors. This flexible design enables reproducible testing of per-
ception and planning algorithms in a safe, scalable, and controlled virtual
environment.

Virtual Scene Design
and Synthetic Dataset Generation

The virtual scene was created using Unreal Engine with the AirSim
plugin to simulate realistic environments for synthetic data generation.

8 ISSN 3083-6573. Incpopmayinini mexroaoeii ma cucmemu. 2026. No 2 (8)



Synthetic Data Generation for Computer Vision Tasks in Sitl Systems with Unreal Engine

A
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Fig. 1. Modular SITL architecture integrating Unreal Engine, AirSim, ROS2, and
flight controllers

o iovin] @ @)t

Fig. 2. Scene setup in Unreal Engine for synthetic data generation

As shown in the figure, the editor environment includes manually
placed 3D assets such as vehicles (e.g., UAZ-452), traffic cones, and ter-
rain details. Each object is inserted as a Static Mesh Actor and organ-
ized in the World Outliner, enabling precise control over scene compo-
sition, object types, and spatial arrangement. This environment allows
the simulation of diverse visual conditions, including different lighting
setups, occlusions, angles of view, and background clutter. To ensure
reproducibility, the simulation environment was configured with the
following technical parameters:

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 2 (8) 9



D.1. Ryabokon

e rendering resolution: up to 2 MP (1920x1080),

e average rendering rate 30+ fps,

e dynamic shadows enabled,

e camera FOV set to 90°.

The AirSim plugin is used to control a virtual drone and capture
sensor data, including RGB images, depth maps, and segmentation
masks. Scene parameters such as weather, sun angle, and camera posi-
tion (see Fig. 2) are varied programmatically or manually to enhance
diversity.

By leveraging the photorealistic rendering and simulation capabilities
of Unreal Engine combined with AirSim’s automation and control inter-
face, this approach produces large volumes of high-quality, labeled data
suitable for training object detection models. The synthetic scenes form
the foundation for developing and testing deep learning-based perception
systems in a controlled and repeatable manner.

Model Training and Evaluation

To assess the effectiveness of synthetic data for training object detection
models, we implemented a full machine learning lifecycle (see Fig. 3) inte-
grating data synthesis, annotation, model training, and evaluation. As il-
lustrated in the provided CI/CT pipeline diagram, the dataset created in
Unreal Engine + AirSim is stored along with its metadata, artifacts, and
targets, which are versioned and managed in a dedicated model registry.

The synthetic dataset comprises three object classes (see Fig. 4): a ge-
ometric cube, a pyramid, and a miniature vehicle model (Bob), generated
within the Unreal Engine and AirSim environment under varied lighting
conditions, camera angles, and background configurations.

The class distribution in the training set is intentionally imbalanced,
with 160 instances each for Cube and Pyramid and over 1000 instances
for the Bob class, reflecting the relative importance of vehicle-type objects
in the target application domain. The bounding box spatial distribution
analysis confirms that objects are distributed across the full image frame,
with Bob instances exhibiting a wider range of aspect ratios due to per-
spective variation during aerial capture. The YOLOv8n architecture was
selected as the detection backbone, comprising 186 layers and 2.68M pa-
rameters with a computational cost of 6.8 GFLOPs, making it suitable for
deployment on embedded platforms such as NVIDIA Jetson. Generaliza-
tion performance was evaluated on a held-out real-world test set comp-
rising 1494 images. Inference was performed on an NVIDIA GeForce RTX
3080 Laptop GPU, achieving a mean processing time of 2.0 ms per image
(0.2 ms preprocessing + 1.8 ms inference), which confirms suitability for
real-time operation.

Quantitative results are summarized in Table 1 and illustrated on
Fig. 5—6. A temporary performance degradation is observed when only a
minimal number of real samples is introduced. This behavior can be ex-
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469_03_000072.jpg

Fig. 4. Examples of synthetic data for training on top and real images on bottom

Table 1. Model validation with 0%, 1%, 2%,
and 5% of real data in train dataset

Training data \ mAP@0.5 Cube | Pyr Bob All

Synthetic: 160 cubes, 160 Pyramids, 1000+ Bobs 090 | 091 | 030 | 0.71
Synthetic + Real: 6 cubes, 6 pyramids, and 10 Bobs 0.62 | 0.89 | 099 | 0.84
Synthetic + Real: 12 cubes, 12 pyramids, and 20 Bobs 098 | 095 | 099 | 097
Synthetic + Real: 30 cubes, 30 pyramids, and 50 Bobs 099 | 099 | 099 | 0.99

plained by unstable domain alignment and catastrophic forgetting
effects during fine-tuning. To mitigate this instability, future work will

explore partial backbone freezing and lower learning rates during the
fine-tuning stage.

Experiments with perception
and 3D Path Planning in SITL

The developed interface integrates real-time perception, bird’s-eye view
(BEV) mapping, and 3D path planning (see Fig. 7) within a unified Soft-
ware-in-the-Loop (SITL) environment. The top visualization shows re-
al-time object detection output (YOLOvV8 model) from the drone’s RGB
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Fig. 7. Object detection, bird-eye-view visualization, and 3D visualization for path
planning
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Fig. 8. Example of the simulation environment with flight controller and messaging

camera stream, validating perception in dynamic scenes generated via
Unreal Engine and AirSim.

The bottom-left BEV projection provides intuitive monitoring of ob-
ject positions, waypoints, and drone orientation, with detected objects
marked in red and the drone’s field of view indicated by a blue triangle.
The 3D visualization on the right illustrates the drone’s trajectory planned
based on perception outputs and mission goals. This integrated visual
framework enables comprehensive validation of perception and naviga-
tion algorithms without risk to real hardware.

Simulation Performance
and Technical Parameters

The SITL setup was run in a multi-pane tmux session (see Fig. 8) that in-
cluded PX4 SITL, MAVProxy, ROS2 nodes, and a small Flask server for
sending commands. This allowed all system messages, ROS2 topics, and
perception outputs to be viewed at the same time.

The experiments were executed on an NVIDIA Jetson platform
equipped with a 6-core Arm Cortex-A78 AE CPU, an integrated Orin GPU
running CUDA 12.6, 7.4 GB of RAM, Jetson Linux (L4T 36.4.4), and the
standard deep-learning stack consisting of CUDA 12.6, cuDNN 9.3, and
TensorRT 10.3.

The Jetson platform was selected because of well-established indus-
trial standard for embedded AI combining low-power operation and
affordable price of high performance. It gives great GPU-accelerated in-
ference suitable for real-time deep-learning perception.

PX4 (upper 1) and MAVProxy (lower 1) operated with their default
simulation. ROS2 nodes (upper 2,3, and 4) published telemetry and detec-
tion results at 10 Hz. The YOLOv8 perception module ran (lower 5) on
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an NVIDIA GPU and processed each frame with 30+ fps, which is fast
enough for real-time use. The front end app (upper right) backed by
flask server (lower 2) demonstrates 30+ fps for processing synthetic ima-
ges of 640x480.

System flexibility is achieved by making the individual components
(such as the flight controller, simulation environment, ROS2 middleware,
or perception model) modifiable or replaceable. For example, the flight
stack can choose between PX4 and ArduPilot whereas the simulation and
perception are the same. ROS2 messaging can be adapted by adding or
renaming topics to support alternative telemetry and control (publishing
and listening various topics). Finally user interface can be implemented
through different web servers (Flask/FastAPI/Node.js) without affecting
the whole SITL execution pipeline.

Scene layout, lighting conditions, sensor configurations, and da-
ta-capture rates remain explicitly defined through configuration files and
therefore stable across runs. With that we achieve a safe, and controlled
environment to reproduce the experiments in a scale.

Limitations and Challenges

Although the proposed approach demonstrates strong performance
and promising transferability from synthetic to real-world scenarios, se-
veral limitations exist. Primarily, a noticeable domain gap between simu-
lated and real images persists, particularly regarding subtle variations in
texture, material properties, and complex photometric effects. Additio-
nally, while YOLO-based models offer high inference speed suitable for
real-time applications, they may exhibit accuracy trade-offs in densely
occluded or highly cluttered scenes. Future research should focus on
advanced domain adaptation techniques, improving simulation realism,
and exploring hybrid training strategies that combine synthetic and limit-
ed real-world data to enhance robustness further.

Conclusion

This research confirms the effectiveness of synthetic data as a core enabler
for developing and testing Al-based perception and navigation systems in
robotic applications. By integrating Unreal Engine and AirSim in a mo-
dular Software-in-the-Loop (SITL) pipeline, we demonstrated a repro-
ducible and scalable framework for training deep learning models, eva-
luating them under diverse scenarios, and validating their performance
across synthetic and real-world domains.

The approach significantly reduces the cost and effort associated with
data collection and annotation, while improving model robustness by in-
cluding rare and hazardous scenarios in the training loop. Experiments
show that models trained exclusively on synthetic data demonstrate par-
tial transferability, while small amounts of real data significantly improve
performance.
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Moreover, the developed pipeline combines perception, situational
awareness (BEV), and path planning modules, offering a complete tes-
tbed for real-time, closed-loop validation. The system’s architecture is
compatible with both SITL and future Hardware-in-the-Loop (HIL) exten-
sions, making it suitable for continuous Al development and deployment.

Future work will address domain adaptation to narrow the synthetic-
to-real gap, enrich scene realism, expand object class diversity, and ex-
plore applications beyond visual perception, such as multi-sensor fusion
and autonomous decision-making. Overall, the proposed solution acce-
lerates AI model development in robotics, supports safety and repeatabil-
ity, and lays a solid foundation for next-generation autonomous systems.
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TEHEPALIISI CMUHTETVMYHMX JAHMX
I BAJAY KOMITIOTEPHOI'O 30PY
B SITL-CMICTEMAX HA OCHOBI UNREAL ENGINE TA AIRSIM

Beryn. Po3BUTOK aBTOHOMHMX pPOOOTOTEXHIUHMX CMUCTeM HampsMy 3ajleXUThb Bill
eeKTMBHOCTI MOIYJIiB CIIPUVIHATTS, Ki 3a0e3I1edyIoTh BUSBIIeHHS, KIacudikarliio
Ta CymIpoBif, 00'€KTiB y peanbHOMY daci. [Ipore 36upanHs Ta po3MiTKa BeTMKMX 00-
CATIB pealbHMX JaHMX € TPUBAJIMM, JOPOrOBAPTICHMM IIPOLIECOM i PiIKO OXOIUIIoE
pinkicHi abo HeOesmeuni crenapii. Lle cTBopioe moTpedy y BUKOpPWUCTaHHI CHUHTe-
TUYHMX JaHMX, OTPUMaHMX y BMCOKOJeTali30BaHMX i BUCOKOAKICHMX BipTyasIbHUX
cepegoBMIIaX, SIKi JArOTh 3MOIY BiITBOPIOBAaTV Pi3HOMaHITHI YMOBV Ta aBTOMaTWU3Y-
BaTV IPOIeC aHOTYBAHHS.

Metoro poGotm € po3poOreHHs Ta ampoOariis iHTerpoBaHOTO IPOTPaMHOTO
KOHTYPY Software-in-the-Loop (SITL), 1110 TIO€THY€E TeHepaIlifo CMHTETUIHUX JaHNX B
Unreal Engine + AirSim, TpeHyBaHHS Mofesien IInouHHoro HasyaHHs (YOLO©S8) Ta
HepeBipKy 1X edeKTMBHOCTI y 3ajlavax BUSBJIEHHS Ta CYIIPOBOY 00 €KTiB, a TaKOX
IepeBipKy IIpale3JaTHOCTI B CYICTeMi IUTaHyBaHH: TPacKTOPIilL.

Metomu. Y mocrmimkeHHI 3acTocoBaHO MOOYIOBY (OTOpeayicTUIHMX BipTy-
anpHMX cOeH B Unreal Engine i3 BuxopmcrauHaM 6ibiaiotex 3D-00’ekTiB Ta IIpolie-
Ty pHMX CIIeHapiis; reHepariito cuaTeTraHMX RGB-300pakeHpb, KapT IITMOMHY Ta cer-
MEHTAIIiVIHMX MacoK uepe3 AirSim; aBTOMaT30BaHy aHOTAIIil0 00’ €KTiB; TpeHyBaHHsI
Mogestert YOLOv8 Ha cMHTeTMYHMX Habopax JaHMX; OIiHIOBAHHS IIPOIYKTMBHOCTI
Ha CMHTeTUYHIX i pea/IbHUX JIJaHNX; iHTerpariito perception-momys, bird’s-eye view Bi-
syajtizanii Ta 3D-1tanyBsanHs y SITL-cepeoBuitii.

Pe3synpTaTn. 3arrporloOHOBaHMI Hifxiz 3a0e3reuns CTBOPEHHS MacIITabOBaHO-
ro Habopy AaHMX 3 PisHVMM KjTacaMy 00’ €KTiB Ta yMOBaMV OCBIT/IEHHSI, OKITIO31sAMM i
doHOBVMMM yCKITaJHEHHAMY; YCIIiIIHe TpeHyBaHH Moznesiert YOLOv8 BUKITIOUHO Ha
CUMHTETVYHMX JaHMX; OTPMMaHH: BUCOKOI TOYHOCTI Ha peaJIbHUX TecTaX; iHTerpariiio
perception i path planning y eqyniv SITL-cycTeMi 3 MOXIIMBICTIO ITOJIQJIBIIIOTO IIepexo-
ny 1o Hardware-in-the-Loop.

BucaoBKM. PesyibpraTit poOOTH CBiTYaTh PO Te, III0 CMHTETIYHI TaHi € epeKTmB-
HVM iHCTPYMeHTOM TS TIITOTOBKM MOfIesiert KOMIT FOTepPHOTO 30pYy B POOOTOTeXHId-
HMX cucreMax. Bukopucranns Unreal Engine ta AirSim y cxiaai SITL-KoHTypy Hae
3MOTY 3MEHIINUTY BUTpaTy Ha 30MpaHH: Ta PO3MITKY peaylbHMX JaHMX, 3a0e311eunTn
BIZITBOPIOBaHICTh eKCIIEPUMEHTIB 1 MOKpalllUTK TeHepaslisallifo Mojesiell Ha peab-
HUX creHapisx. IToganein JocIipkeHHd ITpU3HadYeHi 3MeHITUTY PO3pUB MiX CHUH-
TeTUYHMMM Ta peaIbHVMI JaHWMI, PO3MIVPUTI Kilacu 00 eKTiB i 3acTocyBaHHS
GaraToceHCOPHVIX CTpaTeTilL.

Katouo6i croba: cunmemuuni 0ani, komn tomepHutl 3ip, eauboke HABUAHHA, pobomomexHi-
xa, SITL, Unreal Engine, AirSim, YOLO.
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BJIACTMBOCTI ®YHIAMEHTAJIbHOI

MATPUILII B PA3I PEKTU®IKAILIIL
CTEPEOIIAPM 3ObPAKEHD

Y pobomi docaioxeno 3adauy pexmudpixayii cmepeonapu 300paxeHsv Ha 0cHOBI 3a0aHOi hyH-
0ameHmasbHol MAMpUYi, Wo ONUCYE eninoAapHY 2e0Mempio Mix 060Ma NPOEKYIAMU CYeHU.
3anpononobaro anasimuunuil nioxio do nodyoobu nepembopens, Axi npubodams gyHoameH-
MAAsHY MAmpuyio 00 kKAHOHiuH020 BueaAdy, wo Gionobioac ideasvHo Bupibuanii cmepeonapi
3 20pU3OHMAABHUMU eninosapHuMu Ainiamu. Ilokasarno, wjo 3a0aua pexmucpikayii moxe
oymu 36edera 00 3HAX00XEHHA 060X mampuyb nobopomy, 044 AKUX OMPUMAHO CHPOULeH]
yMoBu icnyBanns. 3anpononoBanuil nioxio He nompedye 3HAHHA BHYMpPIUHIX napamempil
Kkamep i Moxke Oymu sacmocoBanuil i sadauax 3D-pexoncmpyxyii ma xomn 10mepHoeo 30py.

Karouobi caoba: pexmudpixayis 300paxens, hyHOAMeHMALLHA MAMPUY A, eninoiapHi 0dMe-
JKeHHA, NPoEKMUBHA eeomempis.

Bcryn

PexTndikariisi — 1ie Ipoliec TeOMeTPUYHOIO IIePeTBOPEHHS IBOX 300pa-
JKeHb (CTepeoIlapu), OTPMMaHMX i3 Pi3HMUX I10JI0)KeHb KaMep, TaKUM 4W-
HOM, 100 eminossIpHi JTiHiT Ha 000X 300pa’keHHSIX CTa/IV HapaIe/TbHIMM
Ta rOpM30HTaIILHUMIL. [HITIVIMY cJ10BaMm, peKTudikariis BupiBHIOe 300pa-
JKeHHsI TaK, 1110 BiATIOBiAHI TOYKM Ha JIIBOMY Ta IIpaBOMy 300paKeHHSsIX
3HaXOIAThCA Ha OJHOMY TOPM30HTaJIbHOMY piBHI Tak, HiOM 1apa 300pa-
JKeHb OyJla 3HATa TaKVMMW JBOMa KaMepaMy, pO3TalllOBaHVMV Ha OHIN
TOPW3OHTAJIBHIV JIiHiI, SKi AMBIISATHCSA IIPSIMO B OJHOMY HallpsMKYy. Lle

Hurysanns: Bogonascekuin €.B. Briactusocti dpyHmamenTaibHOI MaTpulli B pasi
pexTndikariil crepeorapu 300paxens. Information Technologies and Systems. 2 (8).
2026.18 —24. https:/ / doi.org/10.15407 /intechsys.2026.02.018

© Publisher PH “Akademperiodyka” of the NAS of Ukraine, 2025. This is an Open
Access article under the CC BY-NC-ND 4.0 license (https:/ /creativecommons.org/
licenses/by-nc-nd/4.0/
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CITPOIITy€ IOIIYK BiIIIOBIIHOCTEV MK TOUKaMV Ha JIiBOMY i IIpaBOMY 30-
OpakeHHsIX, IO € KIII0YOBMM eTarloM IIif] Yac IToOyIoBY KapTy IIIVOVHA
abo BimHoBIeHHS 3D-crienn [1, 2].

dynamamenTasibHa MaTpuis [1, 3] F panry 2 posmipom 3%3 110B’s13y€
TOUKM JIBOX 300pakeHb, OTpMMaHi M| yac ¢oTorpadyBaHHs CTaTUYHOL
CLIeHVI IBOMa KaMepaMM 3 Pi3HVIX ITOJIOKeHb Ta, MOXKJIVIBO, 3 Pi3HVMMM BHY-
TPIlIHIMM ITapaMeTpaMu. SIKIIO JesdKa ToYKa IIPOCTOPY IMPOEKTYEThCs Ha
300pakeHHi JIiBOT KaMep 3 KOOpAMHATaMM (X, yl) € R?, a Ha 300paxeHHi
IIpaBoi KaMepu 3 KoopaHaTaMI (xr ,yr) € R”, To BOHI 110B’s3aHi CIIiBBif-
HOIIIeHHAM:

X

r

(xl,y,,l)F y, |=0.
1

Binomo, 110 dpyHmamMenTasisHa MaTpULIs Ma€e paHr 2 Ta Ma€ Taky popMy:
F=K'R"'[d] R'K,

ne K, ta K, — xas1ibpyBasibHi MaTpULIi JIiBOT Ta IIpaBoi Kamepu (3ajIeXkaThb
BiJ X BHYTpillHiX ITapameTpis), R, Ta R, — MaTpwuili HOBOPOTY, 1110 OIN-
CYIOTh Opi€HTaIil0 Kamep y IIpOCTOpi, d . — Marpuus panry 2, dKa
BUpa’ka€ BEKTOPHY OIlepallilo IlepexXpecHOro moOyTKy i Kofiye BilcTaHb
(6a3y) Mix IIeHTpaMm Kamep.

Kanibpysanbai matpui K, Ta K, MatoTh TaKut BULTIA:

fl 0 pxl fr 0 pxr
KI= 0 fl pyl 4 Kr: 0 fr pyr 4
0 0 1 0 0 1

Tie f, Ta f, — dpoKycHi BificTaHi J1iBoi Ta IIpaBoi Kamep; (sz , py,) Ta (er , pyr) —
LIEHTPV ITPOEKTYBaHH: JIiBOI Ta IpaBoi KaMep.

3acTocyBaHHS Iapu JIHIVHNUX IepeTBopeHb H, Ta H, 1o mapu 300pa-
KeHb 3MiHIOE KoopamHaT TouoK (x;, ;) Ta (x,,y,) Ha (v, y,) Ta (x,,y,)
Ha 300pa’keHHSIX 3a IPaBVIIAMIAL:

(oux, oYy, at)T =H, (xzr Yir 1)T ’
(ax (xryr”(xr)TzHr(xr’yr’l)T’

rvr’ s

I Iesdkux o, Ta o,. PyHmaMeHTasIbHa MaTPWUILS IS HOBOI ITapm 300pa-
JKeHb B IbOMY pasi HaOyBa€ BUIIISY:

F’=H;"FH.".

3amava pektudikarii moisirae B ToMmy, o0 3a pyHIaMeHTaTIbHOIO
MaTpulero F sHaliTu Taky napy JiiHiViHMX HepeTrBopeHb H, Ta H, gxa
TpaHcdOpMYyE ITapy 300pakeHb Ha TaKy, 110 3HsITA IIapO0 OJIHAKOBMX
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KaMep 3 OJHaKoBOIO opieHTarriero. Kpim Toro, HarmpsiM sHiMaHHS Mae OyTu
IepHeHIVIKYJISPHUM [10 IIPSIMOi, 1110 IPOXOAUTE Yepe3 00ousi Kamepn. Y
TepMiHax pyHIaMeHTaIbHOT MaTPUIIi I1e BUPaKa€ThCs K

00 O
FF~10 0 1],
0 -1 0

e CMIMBOJI XBWISICTA PHICKa 1103HavYa€ piBHiCTI) 3 TOUYHICTIO J0 MHO>XHVIKaA.

PesyibTaTn

3a3Byuart 3afady peKTudikallil po3s’sI3yl0Tb MeTOIOM ITOIIYKY Oy 1b-sKOi
Iapv JIiHIHUX HepeTBopeHb H, Ta H,, 1110 I1lepeTBOpIoioTh F 110 OakaHOTO
Bursay [3-6]. OnHak, BigoMo, 10 ITyKaHi IlepeTBOpeHHs. MalOTh BUIJISI:

f 0 pY(m na ns
H'=K-R=|0 f Pyl'| "1 T T s

0 0 1 Ty Ty Ty

ne K — pesika kariOpyBasibHa MaTpuils, a R — MaTpUIIS IIOBOPOTY.
Ockinpkm Matpuiig F Mae paHr 2, To icHye [1] Takuit BeKkTop (ex e, ,1),
110
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BucHOBKM

Y craTTi metayibHO PO3MIAHYTO 3a71ady pekTudikallii crepeornapu 3a 3a-
IaHo0 (PyHIaMeHTaJIbHOIO MaTpHUIlelo, sika ITOBHICTIO BM3HAYa€ erliIo-
JIAPHY TeOMeTpilo MK JIBOMa 300pa’keHHSIMU CLIeHW. 3aIlpOIIOHOBaHM
mifxin GasyeTbcs Ha aHaJITMYHOMY AOCITIDKEeHHI BIacTMBOCTeN PyH/Ia-
MEeHTaJIbHOI MaTPWULIL Ta JI03BOJISIE IIePEVTH BiJJ 3arajIbHOI IIOCTaHOBKY 3a-
7ladi 0 3HaYHO IIPOCTIIIOT KOHCTPYKIIiI HIyKaHWMX IIepeTBOPEeHb.

OcHOBHIMM pe3yJIbTaTOM pOOOTY € BCTAHOBJIEHHS TOTO PaKTy, 1110 3a-
Jady peKkTudikariil MoXKHa 3BeCT 10 3HaXOKeHHs IBOX MaTpPUIlb IIOBO-
POTY, SIKi 3aJI0BOJIbHAIOTH IIEBHVUM Y3TOIPKeHMM YMOBaM, 1110 BUIUIMBAIOTh
i3 cTpykrypmu dpyHmameHTasibHOI MaTpuili. Ha BigMiHY Bif KiIacu4HMX
iZIXOMiB, fAKi Ilepe0avaroTh MOIIYK HOBUIBHMX IPOEKTUBHMX II€PeTBO-
peHb, OTpyMaHa peAyKlligd iCTOTHO 3MeHIITy€e KUIbKICTb CTyIIeHiB cBOOOIM
3aJ1a4i Ta CIPONIy€E i TeEOPeTUYHWUI aHaJli3, i IIpaKTUYHy peasisaliiio aj-
TOPUTMIB peKTndiKarlii.

BaxximBoro mepeparor 3aIrpoIIOHOBAaHOTO IIIXOdyY € Te, IO BiH He
1oTpeOye 3HaHHS BHYTPIiIIIHIX TapaMeTpis Kamep. Lle pobuts MeTon mpu-
JIaTHVIM IS IIVPOKOTO KJIacy IIPUKIIAIHMX 3ajlad, 30KpeMa y BUITaJIKax,
KOJIV KasliOpyBaHHS KaMep € HeTOUHMM abo B3arajii HelocTyIHMM. Ta-
KM YMHOM, pe3ysIbTaTu pobOTr MOXYyTh OyTH Oe3rocepeTHbO 3aCTOCO-
BaHi y 3a1ayax KOMII IOTEpHOT'O 30pYy, TaKMX sK II00yAoBa KapTu IJIN-
OvHM, BITHOBJIEHHS TPUBMMIPHOI CTPYKTYPU CLIeHM, a TAKOX Y crcTeMax
CTepeo30py B peaslbHOMY 4aci. OTpuMaHi CIIiBBiTHOIIIEHHS [1al0Th OLIBII
I7IMOOKe pO3yMiHHS TeOMeTPUYHOI IPUpoAn peKTudiKariil Ta posii ¢pyH-
JlaMeHTaJIbHOI MaTPULIi y IIbOMY ITPOLIeCi.

[TepcrieKTMBHMM HaIIpsSIMOM HOAAIBIINX JOCITIKEHD € po3po0Ka um-
CeJIbHO CTIVIKMX aJIFOPUTMIB 3HaXO KeHHs BiAIIOBIAHMX MaTPUILb IIOBO-
POTY, a TAKOX aHaJIi3 BIUIVBY ITOXMOOK OLIIHKM (DyHIaMeHTaIbHOT MaTpu-
11i Ha SIKiCTh peKTndiKariii.

HHOBIJJOMJIEHHA

Hexaapayia npo kongaixm inmepecib. ABTOp He IOBITOMIISIE ITPO >KOIHMIT ITOTEH-
LivtHMUY KOHQIIIKT iHTEepeciB.
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DinancyBanns. ABTop 3asiBiIge, IO IIJT Yac MiATOTOBKM IILOIO PYKOINCY He
OTPVMIMYBaB JKOJHVIX KOIITIiB, TPaHTIB UM iHIITOT IIIATPVMKIL.

Bukxopucmanns wmyunozo inmesexmy. ABTOp 3asiBJIsi€, IO IHCTPYMEHTH 3a JI0-
IIOMOTOXO IITYYHOIO iHTEJIEKTY He BUKOPVICTOBYBaJIVICS IIPVI HAIIVICAHHI CTaTTi.
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PROPERTIES OF THE FUNDAMENTAL MATRIX
IN THE RECTIFICATION OF STEREO PAIRS OF IMAGES

Introduction. This paper addresses the problem of stereo pair rectification based on a
given fundamental matrix, which encodes the epipolar geometry between two images
of a static scene acquired from different viewpoints. Rectification is a key preprocessing
step, as it transforms the images in such a way that corresponding points lie on the same
horizontal scanlines, which significantly simplifies the correspondence search and
subsequent depth estimation in many computer vision tasks. Unlike classical appro-
aches that construct rectifying transformations through general linear transformations,
we exploit the intrinsic structure of the fundamental matrix. The conditions are ex-
plored under which the fundamental matrix can be transformed into a canonical form
corresponding to a perfectly rectified stereo configuration with horizontal epipolar
lines.

The Purpose of the paper is to investigate the problem of rectification of a stereo
pair of images based on a given fundamental matrix describing the epipolar geometry
between two projections of the scene.

Methods. An analytical approach is proposed to construct transformations that
bring the fundamental matrix to a canonical form corresponding to a perfectly aligned
stereo pair with horizontal epipolar lines.

Results. The main contribution of the paper is the reduction of the rectification
problem to the problem of finding two rotation matrices satisfying a set of constraints
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derived from the properties of the fundamental matrix. As a result, the original
problem of determining arbitrary projective transformations is replaced by a more
tractable problem with significantly fewer degrees of freedom.

Conclusions. An important feature of the proposed approach is that it does not
require knowledge of the intrinsic calibration parameters of the cameras. This makes
the method applicable in uncalibrated settings, where only the fundamental matrix
is available. Such scenarios frequently arise in practical applications, including
structure-from-motion pipelines, stereo vision systems, and 3D scene reconstruction
from image pairs. The proposed framework can serve as a basis for developing
efficient numerical algorithms for stereo rectification. Future work may include the
study of numerical stability, robustness to noise in the estimation of the fundamental
matrix, and extensions to multi-view settings.

Keywords: stereo image rectification, fundamental matrix, epipolar constraints, projective
geometry.
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MEASURING TEXTUAL REDUNDANCY,
LEXICAL RICHNESS, AND VERACITY:
A MULTI-METRIC APPROACH

TO TEXT EVALUATION

With the exponential growth of textual data, effective analytical methods are essential. This
paper introduces a multi-metric approach to text evaluation, focusing on quantifying textual
redundancy, lexical richness, and veracity. We explore the theoretical underpinnings and
practical applications of the Wateriness Coefficient for redundancy, the Type-Token Ratio
(TTR) and various Lexical Diversity Indices for vocabulary richness, and the Factual Accu-
racy Score for informational integrity. These metrics offer a comprehensive framework for as-
sessing text quality beyond traditional methods, enabling deeper insights into linguistic cha-
racteristics and informational reliability in diverse textual datasets.

Cite: Kobylin I.O., Biehunova V.D., Tsyban D.S., Kovalchuk V.O. Measuring Textual
Redundancy, Lexical Richness, and Veracity: A Multi-Metric Approach to Text
Evaluation. Information Technologies and Systems. 2 (8). 2026. 25—45. https://doi.
org/10.15407 /intechsys.2026.02.025
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Keywords: Computational Linguistics, Factual Accuracy, Lexical Diversity, Natural Lan-
guage Processing, Text Analysis, Text Quality, Type-Token Ratio, Wateriness Coefficient.

Introduction

The modern era of data generation has ushered in an exponential surge in
textual information. From customer feedback and social media posts to
intricate technical documentation and insightful market reports, vast re-
servoirs of text are continuously accumulating across diverse sectors. This
overwhelming volume of unstructured data creates a pressing need for
effective methods to organize and analyze it. Indeed, extracting meaning-
ful insights from these textual troves has become absolutely essential for
informed decision-making and strategic planning in nearly every field.

Simply counting words or tracking their basic presence no longer suf-
fices for truly evaluating and understanding the nuances of textual con-
tent. For a more comprehensive appraisal, a range of specialized metrics
have been developed, each designed to delve into different dimensions of
text, such as its lexical richness, informational integrity, and even its rhe-
torical style. Previous studies have explored a variety of approaches to
assessing text quality [1—6]. Traditional readability indices such as the
Flesch Reading Ease and Gunning Fog Index evaluate surface-level lin-
guistic complexity through sentence length and word difficulty. Later re-
search introduced lexical diversity measures — Type-Token Ratio (TTR),
Moving Average TTR (MATTR), and Measure of Textual Lexical Diversity
(MTLD) — to quantify vocabulary richness. More recent developments
in Natural Language Processing (NLP) apply machine learning models
such as BERTScore and ROUGE to assess semantic coherence and factual
consistency. However, most existing studies focus on individual aspects
of text evaluation rather than integrating multiple perspectives.

This paper addresses this limitation by presenting a multi-metric ap-
proach for comprehensive text evaluation, exploring various quantitative
measures that go far beyond superficial analyses of text quality. We exam-
ine the theoretical foundations and practical applications of metrics like
the Wateriness Coefficient, which quantifies textual redundancy by meas-
uring the proportion of common, or “stop” words. We also delve into
the Type-Token Ratio and other Lexical Diversity Indices, crucial tools
for assessing vocabulary richness by comparing unique words to the total
word count. Furthermore, we address the critical role of the Factual Accu-
racy Score in evaluating informational integrity and the Manipulation
Score in detecting emotionally charged language. The Coherence Score,
which measures logical interconnectedness, is also considered, contri-
buting to a text’s rhetorical and structural integrity. By integrating these
diverse metrics, we demonstrate how a comprehensive methodological
framework can enable robust applications across a wide spectrum of
fields — from digital communications and market research to scientific
literature review and automated text quality control. Ultimately, this
research aims to tackle key challenges in contemporary text analysis, high-
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lighting the need for a nuanced understanding of text quality and under-
scoring the immense value of integrating a multi-faceted evaluation wi-
thin existing analytical pipelines.

1. The Wateriness Coefficient:
Quantifying Redundancy in Textual Analysis

The quantitative assessment of textual properties is a fundamental aspect
of computational linguistics and natural language processing. Among the
various metrics developed to analyze text structure and content, the wa-
teriness coefficient stands out as a measure specifically designed to quan-
tify redundancy. Also frequently referred to as the stop word ratio or
functional word ratio, this metric provides insight into the proportion of
text composed of highly frequent, typically low-semantic content words
relative to the total word count. These words, often termed “stop words”
or “functional words”, are essential for grammatical correctness and
structural coherence but contribute minimally to the core informational
density of a document. A high wateriness coefficient can indicate poten-
tially diluted content, verbosity, or even attempts to artificially inflate text
length, while a very low coefficient might suggest an overly terse or gram-
matically incomplete style. Understanding this coefficient is valuable
across various applications, from search engine optimization (SEO) and
academic writing analysis to information retrieval and stylometry.

1.1. Calculation and Methodology of the Wateriness Coefficient.
The calculation of the wateriness coefficient is based on a straightfor-
ward ratio. It requires defining a specific list of stop words, which are
common words deemed irrelevant for particular analytical purposes
(e.g., “the”, “a”, “is”, “and”). The coefficient is then computed by divid-
ing the count of such stop words found within a text by the total number
of words in that text. This value is often expressed as a percentage for
ease of interpretation.

The formula for the Wateriness Coefficient (WC) is formally defined as:

WC =I\I\Ilﬂx 100%, (1)

w

where N, is the number of stop words, the count of words presents in
the text that are also included in a predefined stop word list; N,, is the
total count of all tokens (words) in the text.

It is crucial to recognize that the resulting coefficient is directly de-
pendent on the specific stop word list employed. Different languages
require distinct lists, and even within a single language, the composition
of a stop word list can vary based on the analytical goal. For instance, a
list used for general text analysis might differ from one tailored for do-
main-specific corpora where certain typically “stop” words might carry
specialized meaning.
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1.2. Interpretation and Significance. Interpreting the wateriness coef-
ficient requires context. While there is no universally mandated range rep-
resenting an “ideal” text, general guidelines and domain-specific norms
often inform the interpretation. A higher coefficient signifies a greater pro-
portion of stop words, potentially indicating lower informational density
per word. Conversely, a lower coefficient suggests a more concentrated
use of content-bearing words.

Table 1 provides a general overview of how the wateriness coefficient
might be interpreted across different ranges, although these should be
viewed as illustrative rather than prescriptive.

The wateriness coefficient holds considerable relevance across a
spectrum of fields, impacting how content is evaluated, processed, and
understood.

In the realm of Search Engine Optimization (SEO), this metric is par-
ticularly critical. Search engines are designed to prioritize high-quality,
pertinent content. Texts characterized by an unusually high wateriness
coefficient risk being identified as low-value or “thin content”, which
can significantly depress their search rankings. While the judicious in-
clusion of stop words is often necessary for grammatical correctness and
flow, their excessive use can inadvertently dilute keyword density and
compromise the overall thematic focus of a document.

For academic and professional writing, the wateriness coefficient
serves as a key indicator of textual efficiency. In scholarly articles, reports,
and technical documentation, the principles of clarity and conciseness are
paramount. A high wateriness coefficient can obscure central arguments,
impede readability, and, by extension, suggest a deficit in substantive
analysis or data presentation. Consequently, an analysis of this metric
can be instrumental for writers seeking to enhance the conciseness and
impact of their work.

Table 1. A general overview of how the wateriness
coefficient might be interpreted across different ranges

Wateriness Potential
Coefficient otential Implications
R o Interpretation
ange, /o
Below 30 Very low redundancy, poten-|Might lack grammatical flow; could
tially overly concise or terse | be difficult to read; domain-specific
(e.g., technical specifications)
30-50 Moderate redundancy, balan-|Often found in well-structured in-
ced use of functional and con- | formative or academic texts
tent words
50-70 High redundancy, significant|Potentially verbose; could indicate
proportion of functional words | diluted content or filler
Above 70 Excessively high redundancy |Strongly suggests diluted informa-
tional value; potential for artificial
length
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Within the domain of Natural Language Processing tasks, the wa-
teriness coefficient offers valuable insights into text preprocessing. For ap-
plications such as text summarization, topic modeling, and information
retrieval, the removal or downweighting of stop words is a routine initial
step. The wateriness coefficient provides an estimated measure of the
“noise” introduced by these ubiquitous words, thereby influencing the
efficiency and ultimate effectiveness of NLP algorithms. An elevated coef-
ficient, for instance, signals a larger proportion of words that may require
filtering to optimize algorithmic performance.

Finally, in the field of stylometry and authorship attribution, the fre-
quency and specific patterns of functional word usage contribute to an
author’s distinct stylistic fingerprint. Although not the sole determinant,
fluctuations in the wateriness coefficient, when examined in conjunction
with other established stylistic markers, can be effectively employed in
comparative stylometric analyses. This can aid in attributing authorship
or in discerning the characteristic features of various textual genres.

1.3. Limitations and Considerations. While the wateriness coefficient
offers a valuable quantitative measure of textual redundancy, it’s crucial
to acknowledge that it isn’t a flawless or standalone indicator of text qua-
lity or originality. Applying and interpreting this metric necessitates ca-
reful consideration of several inherent limitations.

Firstly, the very notion of an “appropriate” level of “wateriness” is
deeply context-dependent. Different genres, specific purposes, and target
audiences inherently demand distinct writing styles. Consider, for in-
stance, how narrative prose or descriptive writing naturally incorporates
a higher proportion of functional words — essential for connecting ideas
and ensuring fluid prose — when compared to a succinct technical ab-
stract or a list of keywords. It would be entirely inappropriate, for exam-
ple, to evaluate a poem or a dialogue script using the same wateriness
benchmarks applied to a scientific paper.

Secondly, the coefficient’s precision relies heavily on the quality and
relevance of the chosen stop word list. An inadequate or poorly selected
list can easily lead to word misclassification, consequently skewing the
calculated coefficient. While using a stop word list from one language
to analyze text in another is an obvious pitfall, even within the same
language, variations among lists can noticeably affect the results.

Furthermore, a low wateriness coefficient doesn’t automatically gua-
rantee semantic density or high quality. A text can be remarkably concise
and contain minimal stop words yet still prove superficial, lack original
thought, or convey inaccurate information. This coefficient primarily
quantifies structural redundancy based on a predefined list, not the intel-
lectual depth, accuracy, or novelty of the presented ideas.

Finally, the presence of idiomatic expressions and phrasal verbs pre-
sents a significant analytical hurdle. These linguistic constructs frequently
include words typically found on a stop word list (e.g., “give up”, “look
into”). Although these functional words are an integral part of a larger
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semantic unit, a straightforward count based on a stop word list would
erroneously categorize them as redundant. This could potentially inflate
the wateriness coefficient or misrepresent the text’s true density of mean-
ing. Therefore, a more sophisticated analysis might require identifying
and treating such multi-word expressions differently. Ultimately, a com-
prehensive assessment of text quality demands that the wateriness coef-
ficient be considered alongside other linguistic, semantic, and qualitative
analyses.

2. Type-Token Ratio:
Quantifying Lexical Diversity in Text

Lexical diversity is a critical characteristic of text, providing insights into
the richness and variety of vocabulary used within a document. In com-
putational linguistics and textual analysis, the Type-Token Ratio (TTR) is
one of the most fundamental and widely used metrics for quantifying this
aspect of language. The TTR captures the relationship between the num-
ber of unique words (types) and the total number of words (tokens) in a
given text. A word “token” is an instance of a word in the text, while a
word “type” is a unique vocabulary item, irrespective of its frequency of
occurrence. By quantifying this ratio, the TTR offers a measure of how re-
petitively vocabulary is used. A higher TTR generally indicates greater
lexical diversity, suggesting a broader vocabulary and potentially more
varied expression.

2.1. Calculation of the Type-Token Ratio. The calculation of the
Type-Token Ratio is conceptually simple. It involves counting the total
number of word tokens in a text and the number of unique word types.
The ratio is then derived by dividing the number of types by the number
of tokens. This result is typically presented as a decimal or multiplied by
100 to be expressed as a percentage.

The mathematical formula for the Type-Token Ratio is:

TTR=, )
N

where V represents the number of unique word types in the text; N rep-
resents the total number of word tokens in the text.

For illustrative purposes, consider the brief sentence: “The cat sat on
the mat”. In this example, the tokens are “The”, “cat”, “sat”, “on”, “the”,
“mat”, giving N = 6. The unique types are “The”, “cat”, “sat”, “on”, “mat”,
giving V = 5. Applying the formula, the TTR is 5/6, or 83.3%. This simple
calculation highlights how the ratio captures the proportion of unique
words relative to the text’s total length.

2.2, Interpretation and Significance. The Type-Token Ratio provides
valuable information about the lexical characteristics of a text, offering
insights into the author’s vocabulary usage and the potential comple-
xity and richness of the language. A higher TTR score typically signifies
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greater lexical richness, indicating that the author has employed a wi-
der range of vocabulary items. This can lead to more nuanced expression,
potentially making the text more engaging, informative, and detailed for
the reader. Conversely, a lower TTR suggests a higher rate of word repe-
tition and potentially a more limited vocabulary range used within that
specific text.

While the TTR is primarily a measure of lexical diversity, it can also be
indirectly related to other aspects of text. For instance, texts exhibiting
higher lexical diversity might sometimes be associated with increased se-
mantic or syntactic complexity, as a wider vocabulary can facilitate
more intricate constructions and ideas. In fields such as developmental
linguistics, the TTR is a useful metric for tracking language acquisition
and vocabulary growth in individuals, particularly children; an increasing
TTR over time can signal an expanding lexical repertoire. Furthermore,
within stylometric analysis and authorship attribution studies, the TTR
can serve as one of several quantitative features contributing to the iden-
tification of an author’s characteristic style or differentiating between
writing styles of different origins. In natural language processing appli-
cations, such as evaluating the output of text summarization systems,
the TTR can help assess how well an automated summary preserves the
lexical variety present in the original source text.

2.3. Length Dependency and Alternative Measures. A significant
and widely acknowledged limitation of the raw Type-Token Ratio is its
inherent sensitivity to the length of the text being analyzed. As the total
number of tokens increases in a text, the rate at which new unique word
types are introduced tends to decrease. This is because the most common
words are likely to have appeared multiple times in shorter segments, and
the probability of encountering a truly new word diminishes as the text
grows longer. Consequently, the raw TTR naturally decreases as text
length increases, making direct comparisons of TTR values between texts
of significantly different lengths problematic. For example, a 100-word
text might easily have a TTR around 70%, while a 10,000-word text, even
if written by the same author with a similar style, would almost certainly
yield a much lower TTR, perhaps 40% or less. This length dependency is
a critical factor that limits the direct applicability of the raw TTR for
corpus-wide analysis or comparisons across disparate document sizes.

To mitigate this issue and enable more reliable comparisons across
texts of varying lengths, several normalized measures of lexical diversity
have been developed. These alternative indices attempt to adjust for the
effect of text length, providing more stable indicators of vocabulary rich-
ness. Some prominent examples include:

Guiraud’s Index (Root TTR): This measure divides the number of
types by the square root of the number of tokens [3]. It is calculated as:

v
M= 3)
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This normalization attempts to dampen the effect of increasing text
length on the resulting index value.

Yule’s K: This statistic is based on the frequency distribution of words
and is less sensitive to text length than the raw TTR. It is calculated using
the sum of the squares of the frequencies of each word. A common for-
mulation is:

K =10 x (4)

v

2i=1fi2 -N

N2
where f, is the frequency of the i-th unique word type; V is the number
of types; N is the number of tokens. A higher value of Yule’s K indicates
lower lexical diversity (higher repetition), which is the inverse interpre-
tation of TTR.

Honore’s Statistic (R): This measure focuses on the proportion of
words that occur only once (hapax legomena, denoted as V) and is de-
signed to be less sensitive to text length. It is calculated as:

R=100x 28 @)
1
N

where N is the total number of tokens; V, is the number of words oc-
curring exactly once. This statistic provides a measure of lexical richness
that is more stable across different text lengths than the raw TTR.

These normalized measures offer researchers more robust tools for
comparing lexical diversity, particularly when dealing with corpora
composed of documents of significantly different sizes. However, the raw
TTR remains valuable for analyzing lexical diversity within texts of si-
milar length or for understanding the local rate of new word introduction
within a single document.

3. Lexical Diversity Index:
A Multifaceted Approach to Quantifying
Vocabulary Richness in Text

Beyond simple word and token counts, the richness and variety of vo-
cabulary employed within a text or across a collection of texts (cor-
pus) provide profound insights into linguistic style, complexity, and po-
tential communicative effectiveness. The term “Lexical Diversity Index”
serves as an umbrella concept, encompassing a variety of quantitative
measures designed to evaluate this aspect of language — how extensively
an author or set of authors utilizes unique words relative to the total vol-
ume of text. A higher LDI typically indicates a more varied and potential-
ly sophisticated vocabulary, suggesting a broader lexical repertoire and
contributing to the perceived complexity, nuance, and informativeness of
the text. Understanding lexical diversity is of significant importance across
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numerous disciplines, including theoretical and applied linguistics (for
studying language development, stylistic evolution, and register varia-
tion), Natural Language Processing (where lexical diversity can serve as a
crucial feature for tasks like text classification, style analysis, and quality
assessment), educational science (for assessing vocabulary growth in
learners and evaluating the complexity of reading materials), and psy-
chology (for investigating potential links between vocabulary usage and
cognitive abilities).

3.1. Measures Falling Under the LDI Umbrella. While the funda-
mental concept of quantifying lexical diversity seems straightforward, the
specific metrics employed vary significantly, each possessing unique
strengths, weaknesses, and theoretical underpinnings. Our previously
introduced measure, the Type-Token Ratio (TTR, V/N), provides a direct
comparison of unique word forms (V) to total word occurrences (N).
However, as noted, its pronounced sensitivity to text length severely li-
mits its comparability across documents of differing sizes. This inherent
limitation has driven the development of a suite of alternative, more ro-
bust indices specifically designed to normalize for text length or to in-
corporate nuances of word frequency distributions.

These more advanced measures represent diverse methodological
approaches to capturing lexical diversity more reliably, particularly
when analyzing longer texts or extensive corpora. For instance, Gui-
raud’s Index, also known as the Root TTR, attempts to mitigate the
length effect by dividing the number of types by the square root of the
number of tokens. Another approach is Yule’s Characteristic K, which
diverges from simple counts by focusing on the frequency distribution
of words; it quantifies the repetitiveness of vocabulary, where lower
values of K indicate higher lexical diversity, signifying less repetition
within the text. Honore’s Statistic (R), less sensitive to overall text
length, places particular emphasis on hapax legomena — words that
appear only once in the text.

More algorithmically defined measures have also emerged to tackle
length dependency. The Moving Average Type-Token Ratio computes the
TTR within a constant-sized sliding window that moves token by token
across the text, with the final MATTR value being the average of these
TTRs. This algorithmic approach yields a measure far less influenced by
overall text length, instead reflecting the local lexical diversity throughout
the document; its calculation involves defining a window size (W) and
iteratively calculating TTRs. Similarly, Hypergeometric Distribution Di-
versity leverages the principles of hypergeometric probability to estimate
the likelihood of drawing unique word types from a text, essentially mo-
deling the probability that a random sample of a certain size from the
text would contain the observed number of unique types. While its under-
lying calculations involve complex hypergeometric formulas, the result-
ing HDD value provides a measure of diversity that is notably less sen-
sitive to text length. Finally, the Measure of Textual Lexical Diversity
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quantifies the average length of text segments required to achieve a
pre-specified TTR threshold (Tthresh). This process begins by adding to-
kens sequentially from the start of the text until the segment’s TTR meets
or exceeds Tthresh, then restarting from the next token, with the average
length of these segments computed. A higher MTLD value indicates grea-
ter lexical diversity, as it implies that longer textual segments are needed
to reach the set threshold [3, 5].

These various measures, though all designed to quantify lexical di-
versity, offer distinct perspectives and exhibit differing sensitivities to text
length and the underlying word frequency distribution. Consequently,
researchers typically select the most appropriate index based on the spe-
cific characteristics of their data - such as text length variability — and the

precise focus of their research question.

Table 2. Measure names and key characteristics

Moving Average
TTR (MATTR)

Hypergeometric
Distribution
Diversity (HDD)

Measure of Textual
Lexical Diversity
(MTLD)

Average TTR over sli-
ding windows

Based on hypergeo-
metric probability

Average segment
length to reach a TTR
threshold

Window-based
calculation

Probability-ba-
sed estimation

Strongly sug-
gests  diluted
informational
value; poten-
tial for artifi-
cial length

Measure Formula / Key Note on Length
; o Characteristic / Sensitivity /
Name Calculation Principle Basi .
asis Interpretation
Type-Token Ratio 4 TTR High sensitivity to text
(TTR) TTR= ﬁ Ratio of types|length; higher TTR =
to tokens = higher diversity.
Guiraud’s Index M Vv Normalization | Less length-sensitive
= than TTR; higher M =
N by VN higher diversity.
Yule’s 2‘/ fA-N Based on word | Less length-sensitive
Characteristic K K =10% x &i=1 i frequency dis-|than TTR; lower K -
N? tribution higher diversity.
Honore’s Statistic log(N) Emphasis on|Less length-sensitive
R=100x — v |hapax legome-|than TTR; higher R =
1- ﬁl na (V) = higher diversity.

Reduced length sensi-
tivity; provides local
diversity; higher
MATTR = higher di-
versity. Requires win-
dow size parameter.

Reduced length sensi-
tivity; higher HDD =
= higher diversity.

Reduced length sensi-
tivity; higher MTLD =
= higher diversity. Re-
quires TTR threshold
parameter.
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These various measures, though all designed to quantify lexical diver-
sity, offer distinct perspectives and exhibit differing sensitivities to text
length and the underlying word frequency distribution. Consequently,
researchers typically select the most appropriate index based on the specif-
ic characteristics of their data — such as text length variability — and the
precise focus of their research question.

3.2. Interpretation and Application. Interpreting a Lexical Diversity In-
dex requires understanding the specific measure being used, as different
indices operate on different scales and may have inverse relationships with
diversity (e.g., Yule’s K). Generally, for most indices like TTR, Guiraud’s,
Honore’s, MATTR, HDD, and MTLD, higher values indicate greater lexical
diversity. For Yule’s K, however, lower values are indicative of higher di-
versity. Researchers must select the index most suitable for their specific
dataset and research questions, often favouring the normalized measures
(like MATTR, HDD, or MTLD) when comparing texts of significantly diffe-
rent lengths to overcome the inherent bias of the raw TTR.

The application of Lexical Diversity Indices is widespread across va-
rious domains of textual analysis. They are extensively used in linguistics
to analyse variations in writing style across different authors, genres, and
historical periods, providing quantitative evidence for stylistic evolution
or differentiation. In educational contexts, LDI measures are valuable
tools for assessing vocabulary development in language learners, tracking
their progress over time, and for evaluating the complexity and approp-
riateness of reading materials for specific age groups or proficiency levels.
LDI can also serve as an indicator in the assessment of writing quality and
sophistication, as a richer vocabulary is often associated with more ad-
vanced writing skills. Furthermore, abnormally low lexical diversity in
certain text segments can sometimes be a potential indicator in plagiarism
detection, although this metric is not a sole determinant. Finally, in the
study of language pedagogy, LDI can help assess the effectiveness of vo-
cabulary instruction methods by measuring the impact on learners’” pro-
ductive or receptive lexical diversity [7].

3.3. Considerations for Using LDI Measures. While Lexical Diversity
Indices offer powerful quantitative insights into vocabulary usage, their
application requires careful consideration of several factors. The resulting
index value is highly dependent on the initial tokenization process — how
the text is split into words. Different tokenization rules (e.g., handling of
punctuation, hyphenated words, contractions) can lead to different counts
of types and tokens. Additionally, the impact of text normalization tech-
niques such as stemming (reducing words to their root form) or lemma-
tization (reducing words to their base dictionary form) must be consid-
ered. Applying these techniques reduces the number of unique “types” by
grouping variations of the same word, which will significantly alter the
calculated LDI value. While stop word removal is common in some NLP
tasks, LDI is typically calculated on the full vocabulary to capture the
overall diversity, including functional words, although the wateriness
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coefficient specifically isolates functional words. The choice of whether
to stem/lemmatize or remove stop words depends on the specific analyt-
ical goal. It is also important to remember that LDl is a statistical measure
of vocabulary variety, not a direct measure of semantic depth, creativity,
or overall text quality. A text can have high lexical diversity but still be
poorly structured, factually incorrect, or semantically weak. Therefore,
LDI measures should be used as a part of a broader set of analytical tools
for comprehensive text evaluation.

4. Factual Accuracy Score:
Quantifying the Correspondence
of Information to Verified Sources

In the contemporary information landscape, characterized by the rapid
dissemination of content across numerous platforms, the ability to reliably
assess the truthfulness and verifiability of information is paramount. The
Factual Accuracy Score is a conceptual metric and a practical goal in tex-
tual analysis designed to quantify the extent to which claims presented
within a given text align with established facts, evidence, and consensus
from reliable, verified sources. Unlike statistical measures of text struc-
ture or vocabulary, the FAS delves into the semantic content of the text,
evaluating its correspondence to external reality as understood through
credible evidence. It serves to distinguish well-supported assertions from
those that are unsubstantiated, misleading, or outright false. A robust fra-
mework for determining factual accuracy is essential across diverse criti-
cal domains, including journalism, where factual reporting is the bedrock
of credibility; scientific communication, demanding rigorous adherence
to empirical evidence; and education, where the foundation of learning
rests on accurate information.

4.1. Methodology and Approaches to Quantification. Quantifying
factual accuracy is inherently a complex process, rarely reducible to a sin-
gle, simple calculation. Instead, it typically involves multiple stages of
analysis and rigorous verification. This necessitates identifying verifiable
claims within a text and then meticulously evaluating the veracity of each
claim against reliable external knowledge sources. Both automated and
human-driven approaches, often integrated into sophisticated hybrid sys-
tems, are employed to determine a comprehensive factual accuracy score.

Automated methodologies leverage significant advancements in
Natural Language Processing and Machine Learning to efficiently iden-
tify and analyze claims. Techniques in this domain include using NLP to
parse text and pinpoint specific statements or propositions that can be
assessed for truthfulness; these identified claims are then matched against
vast databases of known facts or previously verified assertions. Another
key technique is Knowledge Graph Integration, where entities and re-
lationships mentioned in the text are meticulously mapped to large-
scale knowledge graphs — structured repositories of factual informa-
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tion; any inconsistencies detected between the textual content and the
knowledge graph can serve as crucial flags for potential inaccuracies. Fur-
thermore, automated systems can analyze cited sources within a text, as-
sessing their known reliability (potentially linked to a “Trust Score” asso-
ciated with the source itself), and claims are often cross-referenced
against multiple independent sources to pinpoint inconsistencies or a lack
of corroboration [2, 6].

Human-driven and hybrid methodologies are indispensable, espe-
cially when dealing with nuanced claims or in situations where automa-
ted systems lack sufficient context or data. These approaches encompass
expert annotation and evaluation, where skilled human fact-checkers, of-
ten possessing deep domain expertise, manually assess claims by meticu-
lously researching verified sources; their expert judgments are also inva-
luable for training and continuously improving automated fact-checking
models. Another approach is crowdsourcing and collaborative verifica-
tion, an innovative method that harnesses the collective intelligence of a
community to verify claims, proving particularly useful for processing
large volumes of content or when diverse perspectives are essential to
thoroughly assess complex issues. Lastly, for claims incorporating numer-
ical data or statistics, statistical analysis involves both automated tools
and human experts working in tandem to verify the figures against re-
liable datasets, while also critically assessing the validity of the statistical
methodology employed within the text.

The overarching process of determining the Factual Accuracy Score
(FAS) typically involves identifying a set of verifiable claims within the
text, rigorously assessing the veracity of each claim based on the afore-
mentioned approaches and criteria, and then carefully aggregating
these individual assessments into an overall score. Conceptually, the FAS
can be viewed as a function of both the veracity and the importance of the
claims made in the text.

Consider a text containing n verifiable claims {c,, ¢,, ..., cy}. Each claim
¢; can be assigned a veracity score v,. This score might range, for instance,
from -1 (representing a demonstrably false claim) to +1 (indicating a claim
highly supported by evidence), with 0 signifying unverified or neutral
claims. Additionally, claims might be assigned an importance weight w,
based on their centrality to the text’s main points or their potential impact
if proven false. A simplified conceptual representation of the Factual
Accuracy Score could thus be expressed as a weighted sum or average of
these veracity scores:

FAS = f({(v;, w)}i21) s (6)

where f is an aggregation function. A more specific example of such an
aggregation could be a weighted average of veracity scores:

n

2, w.0.
—1 i

E=raaat 7)
i:lwi
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Here, the veracity scores v, for a claim c; are determined through the
systematic application of assessment criteria such as correspondence to
established facts, presence and quality of supporting evidence, absence of
contradictions with verified knowledge, accuracy of the context in which
the claim is presented, and the reliability of any attributed sources.

Table 3 outlines key criteria often considered during the assessment
process that contribute to the determination of the veracity score for indi-
vidual claims.

4.2. Interpretation and Significance. The interpretation of the Factual
Accuracy Score is relatively intuitive. A high FAS indicates that the infor-
mation presented in the text is largely consistent with verified facts and
supported by credible evidence, suggesting high reliability and trustwor-
thiness. Conversely, a low FAS signals the presence of significant inaccu-
racies, unsubstantiated claims, or misleading information, raising serious
concerns about the text’s reliability and potential for spreading misinfor-
mation.

The significance of quantifying factual accuracy is profound in the
current information environment. It is a vital tool in the global effort to
combat misinformation and disinformation, providing a data-driven
method to identify and flag potentially false content. The FAS is crucial for
evaluating the quality and trustworthiness of information sources, help-
ing readers and systems differentiate between reliable and unreliable pub-
lishers or platforms. It supports the promotion of evidence-based reason-

Table 3. Key criteria

Assessment o Impact on Claim’s
o Description .
Criterion Veracity Score (v;)

Correspondence to Facts | Direct comparison of the claim | Positive if consistent, ne-
against established facts in re- | gative if contradictory,
liable knowledge bases or ve- | neutral/low if unveri-
rified sources fied

Presence of Evidence Evaluation of whether sup-|Positive weighting if
porting evidence is provided | strong, credible evidence
for the claim and the credibi- | is present

lity of that evidence

Absence of Contradictions | Moderate redundancy, balan- | Significant negative weig-
ced use of functional and con- | hting if the claim contra-
tent words dicts verified facts

Accuracy of Context Checking if the claim contra- | Negative weighting if
dicts information verified el- | the claim is taken out of
sewhere or established scien- | context to alter meaning
tific/ historical consensus

Reliability of Attribution | Verifying if sources are cited | Positive weighting for
and evaluating the known|claims attributed to high-
credibility and trustworthi- |ly reliable sources

ness of those sources
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ing and critical thinking by highlighting which claims are well-supported.
Ultimately, assessing and displaying factual accuracy contributes to buil-
ding user trust in information systems and platforms that prioritize veri-
fiable content.

4.3. Challenges and Considerations. Determining factual accuracy
and assigning a reliable score is fraught with significant challenges. One
major difficulty lies in the dynamic nature of knowledge; what is consid-
ered a verified fact can evolve over time with new research and disco-
veries, necessitating continuous updates to the knowledge bases used for
verification. Accurately assessing claims often requires deep understan-
ding of nuance, context, and domain-specific expertise, which can be dif-
ficult for automated systems to capture. Subjectivity can also creep into
the process, particularly when dealing with complex or controversial top-
ics where interpretation of facts may vary or where complete consensus
has not been reached. The sheer scale and volume of information being
generated online daily make comprehensive, real-time fact-checking a
monumental task, exceeding the capacity of human fact-checkers alone
and pushing the limits of automated systems. Furthermore, the accuracy
assessment is fundamentally dependent on the reliability of the sources
used for verification; if the sources themselves are unreliable (a challenge
related to determining a source’s “Trust Score”), the resulting factual ac-
curacy assessment will be compromised. These challenges underscore
that while significant progress has been made, quantifying factual accura-
cy remains an active area of research and development, requiring sophis-
ticated approaches that combine computational power with human exper-
tise and a critical understanding of the nature of truth and evidence.

Having established the conceptual and methodological foundations
for assessing factual accuracy, the following stage transitions toward em-
pirical validation. This involves implementing the proposed metrics in
practical computational environments to examine their consistency, scala-
bility, and efficiency across distinct technological platforms.

All metric computations were implemented within the ML.NET en-
vironment using a modular pipeline structure. The MLContext object
served as the core entry point for data processing and metric calculation.
Tokenization and stop-word filtering were performed using the Text-
FeaturizingEstimator, while custom transformers written in C# handled
the computation of the Wateriness Coefficient and Type-Token Ratio.
For Python-based comparison, equivalent functions were created using
NLTK and spaCy libraries. Each implementation followed identical
preprocessing logic to ensure result consistency. The modular structure
of the ML.NET pipeline allows these metrics to be integrated easily into
larger analytical or enterprise systems without significant code modifi-
cation [8].
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5. Dataset Description

The dataset used for this study consisted of a collection of short informa-
tional and analytical texts drawn from open-access sources. The corpus
included examples of academic abstracts, news paragraphs, and general
informational documents to ensure linguistic diversity. Each text was pre-
processed through tokenization, lowercasing, and basic stop-word re-
moval. No semantic modifications were applied, as the goal was to pre-
serve the natural linguistic characteristics of the content. The average do-
cument length ranged between 150 and 500 words, with a total corpus size
of approximately several thousand tokens. This dataset served as a testbed
for comparing the behavior and consistency of the implemented metrics
across Python and ML.NET environments.

6. Experiment

All experiments were conducted in a controlled environment to ensure
consistency of results. The evaluation compared equivalent implemen-
tations of the proposed metrics in two technological ecosystems — Python
and ML.NET. Both environments were executed on a workstation equip-
ped with an Intel Core i7 processor, 16 GB of RAM, and Windows 11. The
same dataset and preprocessing steps were applied for both versions to
eliminate data bias. The goal was not to achieve absolute accuracy but to
compare computational performance, stability, and the reproducibility of
metric outputs across platforms. Average execution times and memory
usage were measured under identical load conditions, and the summa-
rized results are presented in Tables 4 and 5.

The overarching goal of this experimental endeavor is to provide
empirical validation for the multi-metric framework we propose for com-
prehensive text evaluation. Beyond mere validation, we are keenly inter-
ested in a comparative assessment of the practical implementations and
real-world performance of these metrics across two prominent program-
ming ecosystems: the robust ML.NET (C#) and the versatile world of Py-
thon libraries. By leveraging a diverse and substantial text corpus, our aim
is threefold: to demonstrate the inherent consistency of the metric outputs
regardless of the underlying technology, to meticulously quantify the
computational efficiencies achieved in each environment, and crucially, to
unearth more nuanced insights into the intrinsic characteristics of various
textual categories.

6.1. Overview of the Experimental Setup. Our experimental design,
at its heart, revolves around a two-pronged comparative analysis. Our
initial pursuit is to firmly establish the computational feasibility and relia-
bility of calculating a suite of pivotal text quality metrics. This includes
the Wateriness Coefficient, a range of Lexical Diversity Indices — spe-
cifically Type-Token Ratio, Moving Average Type-Token Ratio, and Meas-
ure of Textual Lexical Diversity - alongside the more complex Factual
Accuracy Score, the Manipulation Score, and the Coherence Score. Each

40 ISSN 3083-6573. Incpopmayinini mexroaoeii ma cucmemu. 2026. No 2 (8)



Measuring Textual Redundancy, Lexical Richness, and Veracity

of these will be scrupulously implemented in parallel, leveraging the
strengths of the ML.NET framework on one side, and on the other, a
carefully selected suite of standard Python libraries (e.g., NLTK, spaCy,
SentenceTransformers, scikit-learn).

Following this foundational implementation, the experiment will em-
bark on a rigorous comparison of these dual technological approaches
across several critical dimensions. We will first scrutinize the consistency
of results, seeking to confirm that both ML.NET and Python implementa-
tions reliably yield statistically comparable metric scores when applied to
identical input texts. Subsequently, our focus will shift to computational
performance, meticulously quantifying and contrasting the execution
speed and memory footprint of each implementation, particularly when
confronted with the demands of processing a large-scale text corpus. Fi-
nally, we aim to highlight the power of insight generation, illustrating pre-
cisely how the integrated application of these metrics can illuminate sub-
tle, yet profound, characteristics of text quality, especially when analyzing
content across disparate categories. This multifaceted comparative lens
promises to yield invaluable insights into the pragmatic considerations for
deploying such sophisticated analytical frameworks within diverse tech-

Table 4. Average Metric Scores

Metric Python ML.NET
(Average Score) (Average Score)
Wateriness Coefficient 0.452 0.451
Type-Token Ratio (TTR) 0.785 0.776
Moving Average TTR (MATTR) 0.612 0.611
Measure of Textual Lexical Diversity (MTLD) 85.1 85.5
Manipulation Score 0.038 0.037
Coherence Score 0.720 0.755
Table 5. Performance Metrics of the dataset
Ne Characteristic Python ML.NET
1 |Total Execution Time (s) - Wateriness Coefficient 0.15 0.1
2 |Total Execution Time (s) - TTR 0.12 0.09
3 |Total Execution Time (s) - MATTR 1.85 1.5
4 |Total Execution Time (s) - MTLD 2.5 21
5 | Total Execution Time (s) - Manipulation Score 0.2 0.15
6 | Total Execution Time (s) - Coherence Score 0.5 0.4
7 | Total Execution Time (s) - FAS 0.05 0.04
8 | Total Execution Time All Metrics (s) 5.37 4.38
9 |Peak Memory Usage (MB) 250 180
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> Ordinal number of the indscator

low summarize the experi-
mental results obtained from
a comparative analysis of textual metrics computed using both Python
and ML.NET (C#) implementations. These data highlight the observed
performance characteristics and the measured values for each linguistic
metric across the two distinct technological stacks. This comprehensive
presentation facilitates a direct comparison of the methods” efficacy and
efficiency in processing the dataset.

6.2. Analytical Interpretation of Results. The experimental findings
clearly validate the theoretical assumptions established in earlier sections.
Texts characterized by a higher Wateriness Coefficient consistently de-
monstrate lower lexical diversity (TTR, MATTR) and slightly reduced
Coherence Scores, confirming that excessive redundancy diminishes lin-
guistic expressiveness and informational compactness. Conversely, sam-
ples maintaining a balanced proportion of functional and content words
exhibit richer lexical variety and stronger factual alignment. These
trends empirically support the theoretical interdependence between re-
dundancy, lexical richness, and factual accuracy, reinforcing the proposed
multi-metric framework as a robust tool for comprehensive text evalua-
tion.

The figure shows the dependence of the values of productivity indica-
tors from 1 to 7, given in Table 5, on the serial number of this indicator in
the same table.

Fig. 1. Performance Metrics Results

Conclusion

The conducted experiment, which compared the implementations of key
text analysis metrics on Python and ML.NET (C#) platforms, highlights
crucial consi h platforms can achieve comparable linguistic metric val-
ues, their performance and resource utilization efficiency can differ sig-
nificantly.

Specifically, the data illustrate a potential advantage for ML.NET in
terms of execution speed and memory optimization for computationally
intensive tasks, which is critical for large volumes of textual data. Con-
versely, Python demonstrated marginally higher lexical metric consis-
tency, suggesting better stability for research-oriented environments. This
balance between precision and speed suggests potential for hybrid in-
tegration in enterprise-scale NLP systems.
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In summation, while the Wateriness Coefficient and Lexical Diversity
Indices provide insights into the intrinsic linguistic characteristics of text,
the Factual Accuracy Score introduces an external dimension by evalua-
ting content against verified knowledge. A comprehensive assessment of
text quality thus necessitates considering these metrics in conjunction.

The study bridges theoretical linguistic metrics with practical soft-
ware engineering, offering a unified model for text evaluation that can
enhance both academic research and applied Al systems. Future research
will continue to refine these metrics and explore their interdependencies,
alongside other factors such as source trustworthiness, to build even more
robust systems for text understanding and evaluation.

Future research could expand the proposed multi-metric framework
in several directions. First, the integration of deep learning — based factu-
ality assessment models, such as transformer architectures deployed
through ONNX within the ML.NET ecosystem, would enable more accu-
rate detection of misinformation. Second, extending the methodology to
multilingual corpora could help evaluate language-specific variations in
redundancy and lexical diversity. Another promising direction involves
developing a composite “Text Quality Index” that aggregates all compu-
ted metrics into a single interpretable score. Finally, practical applications
of this system in automated content moderation, educational assessment,
and enterprise document analysis present valuable opportunities for fu-
ture exploration [9, 10].
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BVIMIPIOBAHHSI TEKCTOBOI HAIIMIPHOCTI,
JIEKCMYHOI'O BATATCTBA TA JOCTOBIPHOCTL:
MVYJIbTUMETPUYHMM TIIIXIO, JO OLITHIOBAHHSI TEKCTIB

Beryn. CyuacHa ernioxa reHepallil JaHVX XapaKTepU3yeThCsl eKCIIOHEeHIIIHYM 3poc-
TaHHIM 00CATiB TeKCTOBOI iHdopMallii B pisHIMX rajty3sx — Bill coliaIbHIX MepeXx Ta
BIATYKiB KOpMCTyBa4iB JO TeXHIYHOI [OKyMeHTalii Ta HaykoBux IryOsikarin. lLle
CTBOPIOE HaraJIbHy ITOTpeldy B epeKTVMBHVIX METOIAX OpraHi3allil Ta aHaIi3y HeCTpyK-
TypPOBaHMX TEKCTOBMX JaHVX. TpagyIiiniHi minxoam, mo oOMeXyIoThCs HMigpaXyHKOM
¢J1iB abo 1X 6a30BOIO PVICY THICTIO, OiJIbIIe He 3aJ0BOJIBHSIOTH BMOL ITINOOKOTO POo-
3yMIiHHSI TeKCTOBOTO KOHTeHTY. IlonepenHi mociimkeHHs 30cepe/KyBasincs Ha OK-
peMuXx acIleKTax OIIHKM SKOCTi TeKCTy, TaKux 4K iHpexkcu umTtabenpHOCTI (Flesch
Reading Ease, Gunning Fog Index) abo mipm siekcnarol pisHoManiTaocti (TTR, MATTR,
MTLD), ogHax iHTerparlisi MHOXVHHVX IepPCIeKTNB OIiHIOBaHHS 3aJIMIIIajiacs He-
IOCTAaTHBO TOCITIIKEHOIO.

Meta poboTH: po3pobKa KOMIUIEKCHOIO MYJIbTMMETPIUYIHOTO (PPEVIMBOPKY VI
BCeOIYHOro OIliHIOBAaHHS SKOCTi TeKCTiB, IO IIO€NHYE aHasli3 HaJMipHOCTI, JIeKCHd-
Horo OaraTcTBa Ta PaKTUUHOI TOYHOCTI. JlOCITi/kKeHHS CIIpsiMOBaHe Ha ITO[0JIaHHS
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oOMeXxeHb OJHOMeTPUYHMX IIi/IXOMiB IUIAXOM iHTerpariil pisHUX KUIbKiCHMX Mip y
€NVIHY aHaJIITMYHY CHUCTEMY Ta IIOPiBHSHHS IIPaKTVYHMX peajli3alliyl y JBOX IIPOBi/I-
HVIX IIPOTPaMHMX eKOCHCTeMaX.

MeTtomm. Y poboTi 3acTOCOBaHO KOMIDIEKC KUTBKICHMX METPVK IS OL[iHIOBAHHS
Ppi3HMX acreKTiB TekcToBoOI sKocTi. Koedirtient BomsumcTocti (Wateriness Coefficient)
BUKOPUCTOBYETHCS I KBaHTM(iKallii TeKcTOBOI HaIMipHOCTI dyepe3 BUMipIOBaHHSI
nponop1iii crom-ciis. Type-Token Ratio, Moving Average Type-Token Ratio Ta Measure
of Textual Lexical Diversity 3aCTOCOBYIOTBCS IIsI OLIIHKM JIEKCMYHOTO OaraTcTsa IIUIs-
XOM IOPIiBHAHHS YHIKJIBHVX CJIiB 1O 3arajIbHOI KUTbKOCTI ToKeHiB. [TokasHmk dpak-
TaHOI TouHOCTI (Factual Accuracy Score) ouiHioe iHdopMaminHy IUTcHICTE depes
Bepu@ikalliro TBep/PkeHb BITHOCHO JIOCTOBIpHMX JKepesL. Yci MeTPUKI peari3oBaHO
HapasieJIbHO Y IBOX TexHojoriunmx cepeposuiiax: ML.NET (C#) 3 BUKOpuUCTaHHAM
MOJTYJIbHOI KOHBEEPHOI CTPYKTYpu Ta Python 3 3actocyBannsm 06ibsiorex NLTK, spaCy
Ta scikit-learn. EKcriepyiMeHTasIbHe JIOCIIPKeHHS IIPOBeIeHO Ha KOPIIyci KOPOTKIMX
iHdopMaIIiTHYIX Ta aHAJITMYHYIX TEKCTIB, 110 BKITIOYAE aKa/leMidHi aHOTallii, HOBIH-
Hi naparpadwm Ta 3arajibHi iH(pOpMalIiViHi JOKyMeHT.

Pesynprarn. IlopiBHsUIbHMI aHaI3 peastizauinn MeTpuk y Python ta ML.NET
MPOJIeMOHCTPYBaB CTaTUCTUYHO IIOPIBHSAHHI pe3ysIbTaTi Ipy o0podui imeHTnaHMX
BXITHVX TeKCTiB, HiITBepIPKyI0Uul KOHCMCTeHTHICTE 3aIlpOIIOHOBAHOIO IIiIXOAy He-
3aJIeXXKHO Bif] TexHOI0TiuHOI I1aTtdpopmm. ExcrieprMeHnTaIbHi JaHi MoKaszain, mo
TEKCTV 3 BUCOKMM KoediIlieHTOM BOMSHWCTOCTI J€MOHCTPYIOTh 3HVDKEHY JIEKCUIHY
Pi3HOMAHITHICTB Ta A0 3MeHIIIeHi ITOKa3HVIKV KOTePeHTHOCTI, eMITiPUYHO IIATBep-
IDKYIOUVI TeOPeTHYHI IIPUITYIIeHHs PO B3a€MO3B 130K MK HaIMipHICTIO Ta JIiHIBic-
TraHoO BupasHicTio. ML.NET npopgeMoHCTpyBaB IIOTEHIIiVIHY IlepeBary B IIBUIKOCTI
BMKOHAHHS Ta ONTMMi3allil maM’sTi s 06uncIIioBaIbHO iHTEHCUMBHIUX 3aj1ady, IO €
KPUTWYHVIM 11 00p0oOKM BeJIMKIMX 0OCSTiB TeKCTOBMX IaHuX. Bomgaouac Python mo-
KasaB Jelllo BUIIY CTaOiTbHICTD JIEKCMYHMX METPYK, 0 POOWUTH TIOro IIpMaaTHIIMM
TS TOCIIIHUIBKMX cepenosulll. MopaysibHa ctpykrypa ML.NET 1o3BoJIse JIerko iH-
TerpyBaTy IIi MEeTpMKM B OiIbIIi aHaIiTHUHI a00 KopropaTuBHi crcTeMu 6e3 cyTTe-
BUX MopydiKallin Komy.

BucHoBkmM. [JocmimKeHH TeMOHCTPYE IIpaKTUYHY 30iVICHeHHICTh Ta IIiHHICTb
IHTerpoBaHOrO MYJIBTMMETPVUYHOIO X0y [0 OIiHIOBAaHHS TEKCTOBOI SIKOCTi. 3a-
IIPOIIOHOBaHMTI (PPeVIMBOPK YCIIITHO OEAHYE CTPYKTYPHI XapaKTepPUCTVKM TEKCTY
(HagMipHIiCTB, JIeKcIaHe 0araTcTBO) 3 OLIIHKOIO CeMaHTMYHOI SKOCTi (paKTiraHa TOY-
HiCTb), 3a0e3medyrount BceOIUHMIT aHaIi3, 110 BUXOOWUTD 3a MeXXi II0BePXHEeBIIX XapakK-
TepucTuK. [TopiBHSIHHS TexHOIOTIYHMX TUIaTOPM Hajla€ MPAKTUYIHI peKOMeHIarlil
110710 BUOOPY iHCTPYMEeHTIB 3aj1eXKHO Bifj criendiuamx sumor npoekTy: ML.NET s
IIPOAYKTVBHOCTI B KOPIIOPATUBHMX CUCTeMax Ta Python 1yis THYYKOCTI B JOCITi/KeH-
Hs1x. MeTopmos1oriss MoXXe OyTw 3acTOocOBaHA B Pi3HMX Taly3sx — Bif mydpoBux Ko-
MYHIKAaIIiVi Ta MapKeTUHIOBVIX AOC/IKeHb JO HayKOBOI'O OIIAAY JITepaTypu Ta aB-
TOMAaTM30BaHOIO KOHTPOJIIO SKOCTi KOHTEHTY. MartOyTHi JOCTIiIKeHHS MOXYTh PO3-
IIMPUTU 3allpOIIOHOBaHMII (PPEVIMBOPK dYepes3 iHTerpariifo DIMOMHHINX MoIesIei
orliHoBaHHA (pakTMYHOCTI Ha Oasi TpaHcdOpMepiB, po3IIMpPeHHsT Ha OaraToOMOBHI
KOPILYCH Ta PO3pOOKY KOMITO3UTHOIO iHIIEKCY TEKCTOBOI SIKOCT].

Karouobi croBa: ananris mexcmy, koepiyienm Godsamucmocmi, Aekcuuna pisHOMAHIMHICTY,
00pobxa npupodHoi Mobu, obuucaobarvha Ainebicmuka, haxmuuna MoUHICING, AKICMb mek-
cmy, type-token ratio.
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DEVELOPMENT OF AN AUTOMATED TOOL
FOR SEARCHING RESEARCH MATERIALS
IN THE LEARNING PROCESS

This paper analyses the problem of information overload and the complexity of searching for
scientific sources in the modern digital educational environment. It is shown that the availa-
bility of electronic resources does not always ensure effective learning due to the insufficient
level of students” skills in scientific search and information evaluation.

The principles for constructing an Automated Research Assistant % an automated tool to
support educational and research activities — are proposed. A web-based software system for
automated search of scientific materials using the open preprint repository arXiv via an API
interface has been implemented. The system performs search, primary filtering, and structured
storage of results, forming a set of publication metadata (title, sumnmary, and source link). The
proposed approach aims to reduce user workload and improve the efficiency of working with
scientific information in the learning process. The architecture of the software system provides
the possibility for further expansion through integration with additional scientific platforms
and data sources.

Keywords: automated search, Automated Research Assistant, web-based software system,
arXiv preprint repository, research efficiency.

Introduction

Modern students and researchers operate in conditions of rapidly increa-
sing volumes of digital information. The development of open science,
electronic libraries, and online platforms has significantly expanded ac-
cess to scientific knowledge. At the same time, the problem of access to

Cite: Tokova O.V. Development of an Automated Tool for Searching Research Mate-
rials in the Learning Process. Information Technologies and Systems. 2 (8). 2026. 46 —57.
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information has gradually transformed into the problem of its effective
selection and interpretation.

According to recent studies, information overload is one of the key
factors that complicate learning activities, reduce concentration, and in-
crease cognitive load [1, 2]. In the digital educational environment, stu-
dents are required to independently search, evaluate, and systematize a
large number of sources, which requires well-developed information liter-
acy and critical thinking skills [3, 4].

Excess unstructured information creates additional extraneous cogni-
tive load that negatively affects learning and knowledge acquisition [3].
Despite the availability of numerous electronic resources, the process of
searching for scientific materials remains time-consuming and often leads
to excessive time expenditure and decreased learning motivation [5, 6].

The aim of the study is to develop and test an Automated Research
Assistant — a software tool designed for automated search and primary
structuring of scientific materials in educational and research activities.

Problems of Searching for Relevant
Information in Research and Academic Activities

The effectiveness of e-learning depends not only on the availability of di-
gital resources but also on the user’s ability to navigate large volumes
of information. Modern educational platforms, online courses, and open
scientific repositories have significantly expanded access to knowledge;
however, the mere availability of information does not guarantee its effec-
tive assimilation.

Studies in the field of distance learning show that students often face
the phenomenon of information overload, where the amount of educa-
tional material exceeds their capacity to quickly comprehend and inte-
grate it into knowledge [1]. According to Chen et al., an excess of infor-
mation in online learning environments reduces concentration and overall
satisfaction with the learning process.

The problem of information overload is also considered in a broader
context of digitalization. A systematic review by Arnold et al. [2] demon-
strates that the rate of growth of information flows exceeds human cog-
nitive capabilities, which necessitates the use of tools for structuring, fil-
tering, and prioritizing information. Similar conclusions are presented in
classical studies on information overload, which emphasize its impact on
decision-making efficiency and information processing [6, 7].

A psychological explanation of this phenomenon is provided by Cog-
nitive Load Theory, according to which human working memory has
limited capacity [3, 8]. Excessive unstructured or irrelevant information
creates extraneous cognitive load, hindering the formation of stable
knowledge. In the digital learning environment, this issue is intensified
by the fragmented presentation of material through hyperlinks, multi-
media content, and distributed information sources. In addition, multi-
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tasking while working with digital resources negatively affects learning
outcomes [9—11].

Another important factor influencing learning effectiveness is the le-
vel of users” information literacy. According to UNESCO, information li-
teracy includes the ability to find, critically evaluate, and responsibly use
information as a core competency of modern education [4]. A similar per-
spective is reflected in the Framework for Information Literacy for Higher
Education, which views working with information as a complex cognitive
process involving the evaluation of source credibility, understanding the
context of knowledge creation, and the conscious use of information [5].

In educational practice, both at the secondary and higher education
levels, there is often an insufficient development of skills related to search-
ing for and critically evaluating scientific information. When completing
academic tasks, students frequently rely on general-purpose search en-
gines, which are effective for everyday queries but do not provide the le-
vel of source quality required for academic work. As a result, several com-
mon difficulties arise:

* significant time spent searching for sources;

* accumulation of unsystematized materials;

* difficulty in assessing the scientific relevance of publications;

* decreased learning motivation;

* increased cognitive and emotional load.

Thus, the modern paradox of e-learning lies in the fact that easier ac-
cess to information is accompanied by increased complexity in its effec-
tive use. Without the development of information literacy and the use of
tools for automated knowledge structuring, e-learning may create addi-
tional cognitive load and reduce the overall effectiveness of the educa-
tional process [6].

Principles of Building
the Automated Research Assistant

Analysis of modern educational challenges shows that the main difficulty
lies not in the lack of information, but in the complexity of its search, selec-
tion, and systematization. This became the basis for the development of
the Automated Research Assistant.

The idea of the tool is to simplify the initial stages of working with
scientific information, namely searching, reviewing, and the preliminary
selection of sources. This allows the user to move more quickly from un-
systematic browsing of materials to their meaningful analysis and use in
learning or research.

The system operates based on the following principles:

1. Centralized scientific search. In its current implementation, the system
uses the open scientific repository arXiv, which provides access to up-to-
date research publications across various fields. This ensures that users
work with academic rather than random sources.
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2. Automated preliminary filtering. The system generates a list of results
based on a given query while excluding previously processed articles.
This helps avoid duplication and reduces the need for manual review.

3. Structured presentation of results. For each retrieved publication, key
metadata are generated, including the title, summary, and source link
(URL). This facilitates quick familiarization with the material and sup-
ports the selection of relevant sources.

4. Reduction of information overload. The tool helps users focus on the
content of scientific materials by reducing the time spent on searching and
navigating between sources.

Table 1. presents a comparative overview of the process of searching
and selecting scientific sources before and after using the Automated
Research Assistant.

In a broader educational context, the Automated Research Assistant
can be considered a tool for developing a new type of information li-
teracy, where technology does not replace thinking but supports it.
This approach aligns with modern views on effective learning in a digital
environment, where the student is not left alone with the information
flow but receives support at key stages of working with knowledge.

Thus, the Automated Research Assistant can be viewed as a tool that
helps organize the process of searching for scientific sources and reduce
user workload. Automating the initial selection of materials allows the
transition from time-consuming and unstructured searching to a more
organized approach to working with information. This creates condi-
tions in which students and researchers can focus more on analyzing
materials and forming their own conclusions, rather than spending most
of their time searching for sources.

Figure 1 presents a generalized model of the impact of the Automated
Research Assistant on the learning process and Figure 2 demonstrates the
stages of this process, illustrating the relationship between key challenges

Table 1. Comparative characteristics
of the scientific source search process

Before using the Automated
Research Assistant

After using the Automated
Research Assistant

The student is assigned a topic (course-
work, master’s thesis, or research project)

The student formulates a topic or key-
words and uses the Automated Research

and independently attempts to find rele-
vant sources. The search is typically con-
ducted using general-purpose search en-
gines, which often results in a large num-
ber of irrelevant or random materials. As
a result, information accumulates with-
out a clear structure, making further
work more difficult.

Assistant. The system automatically gen-
erates a list of scientific publications with
brief descriptions and links. This enables
the user to quickly select relevant materi-
als and proceed to their analysis and use
in academic work.
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Fig. 1. Model of the impact of the Automated Research Assistant on the educational
process

Fig. 2. Stages of information search of
the educational process

in information search, the functional capabilities of the tool, and the re-
sulting educational outcomes.

Table 2 presents a generalized scheme illustrating the relationship be-
tween the key challenges of modern learning, the functional capabilities of
the Automated Research Assistant, and the resulting educational out-
comes.

The table demonstrates how the use of the tool transforms the process
of working with information from unstructured searching and overload to
a more organized, manageable, and effective learning process.
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Table 2. Time spent on initial analysis —
— Structured results output — Time savings

Problem of Modern
Learning

Solution in the Automated
Research Assistant

Educational Outcome

Information overload

Unstructured search
using general-purpose
search engines
Inability to assess the
quality of sources
Time spent on initial
analysis

Decreased motivation
and increased stress

Automated selection and fil-
tering of sources

Scientific search within an
academic repository

Structured results output

Support for systematic work
and process control
Ranking by relevance and
impact

Reduction of cognitive load

Higher relevance of materials

Improved academic quality

Time savings in the learning
process

Increased confidence and en-
gagement

Thus, the Automated Research Assistant can be considered a tool that
simplifies working with scientific information at the initial stages. Its use
reduces the randomness of the search process, making it more structured
and focused on content rather than on the technical difficulties of access-
ing information.

Future Development
of the Automated Research Assistant

At the current stage, the Automated Research Assistant is implemented as
a tool for automated search and initial structuring of scientific materials.
The system simplifies access to relevant sources and reduces the time re-
quired for searching and reviewing them.

At the same time, the functionality of the tool can be further expan-
ded in several directions.

One of the promising areas of development is the integration of Na-
tural Language Processing (NLP) methods. This would allow the transi-
tion from keyword-based search to content-based analysis of scientific
texts. In the future, the system may be extended with the following capa-
bilities:

* analysis of abstracts and full-text articles;

* identification of thematic similarity between sources;

* grouping of materials by research areas;

* extraction of key ideas and approaches.

Another direction of development is the implementation of personali-
zed recommendations. In the future, the system may take into account
previous user queries and selected materials, which would enable it to:

* suggest relevant topics for further study;

* adapt search results to the user’s level of expertise;

* assist in refining or narrowing research queries.
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Another promising direction is the expansion of search sources and
the integration of additional scientific platforms, which would improve
the completeness and diversity of results.

A separate area of development involves analytical functions related
to identifying scientific trends. In the future, the system could analyze
changes in publication topics, identify emerging and relevant research ar-
eas, and support the selection of topics for coursework, master’s theses,
and PhD research.

Thus, the further development of the Automated Research Assistant
is associated not only with technical improvements but also with expan-
ding its role in supporting learning and research processes. In the future,
this will make working with scientific information more structured, clear,
and efficient for users.

Based on the proposed principles, a software tool for searching scien-
tific information has been implemented. Its functionality is described in
more detail in the following section.

Software Implementation
of the Automated Research Assistant

The Automated Research Assistant is implemented as a software system
and operates as a web-based application. The system is developed using
the Python programming language and web tools (in particular, Stream-
lit), which enable interaction with external scientific databases through
application programming interfaces (APISs).

The architecture of the software system is based on a modular ap-
proach, which allows the integration of multiple scientific sources into a
unified environment and provides the possibility for further functional
expansion without changing the core logic of the system.

In its current implementation, the Automated Research Assistant per-
forms a search for scientific materials within the open preprint repository
arXiv. This approach allows access to up-to-date scientific publications
based on user-defined keywords and enables the formation of an initial set
of relevant sources.

The software tool provides automated search, initial filtering, and
structured presentation of results. For each retrieved source, key metadata
are generated, including the publication title, summary, and link to the
source.

The retrieved results are also stored as separate text files, which al-
lows users to perform further analysis outside the system interface.

For the initial evaluation of the tool, thematic queries related to edu-
cational technologies and interdisciplinary research areas were used. For
each query, the system returned a limited number of results selected based
on keywords and relevance. The obtained results were analyzed in terms
of their alignment with learning objectives and their usability in the edu-
cational process.
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arXiv Article Search

Enter keywords to search for articles (title, author):

Alin education

Search Articles

Returned: 96 results.

1. Need of Alin Modern Education: in the Eyes of Explainable Al (xAl)

Modern Education is not \textit{Modern} without Al. However, Al's complex nature makes understanding
and fixing problems challenging. Research worldwide shows that a parent’s income greatly influences a
child's education. This led us to explore how Al, especially complex models, makes important decisions
using Explainable Al tools. Our research uncovered many complexities linked to parental income and
offered reasonable explanations for these decisions. However, we also found biases in Al that go against
what we want from Al in education: clear transparency and equal access for everyone. These biases can
impact families and children's schooling, highlighting the need for better Al solutions that offer fair
opportunities to all. This chapter tries to shed light on the complex ways Al operates, especially
concerning biases. These are the foundational steps towsards better educational policies, which include
using Al in ways that are more reliable, accountable, and beneficial for everyone involved.

2. Twelve Years of Education and Public Outreach with the Fermi Gamma-ray Space Telescope

During the past twelve years, NASA's Fermi Gamma-ray Space Telescope has supported a wide range of
Education and Public Outreach (E/PO) activities, targeting K-14 students and the general public. The
purpose of the Fermi E/PO program is to increase student and public understanding of the science of the
high-energy Universe, through inspiring, engaging and educational activities linked to the mission’s
science objectives. The E/PO program has additional more general goals, including increasing the
diversity of students in the Science, Technology, Engineering and Mathematics (STEM) pipeline, and
increasing public awareness and understanding of Fermi science and technology. Fermi's multi-faceted
E/PO program includes elements in each major outcome category: Higher Education; Elementary and
Secondary Education; Informal Education and Public Outreach.

3. Exploringutilization of g ive ALf h and education in data-dri e

Generative Al has recently had a profound impact on various fields, including daily life, research, and
education. To explore its efficient utilization in data-driven materials science, we organized a hackathon --
AIMHack2024 -- in July 2024. In this hackathon, researchers from fields such as materials science,
information science, bioinformatics, and condensed matter physics worked together to explore how
generative Al can facilitate research and education. Based on the results of the hackathon, this paper
presents topics related to (1) conducting Al-assisted software trials, (2) building Al tutors for software, and
(3) developing GUI applications for software. While generative Al continues to evolve rapidly, this paper
provides an early record of its application in data-driven materials science and highlights strategies for
integrating Al into research and education.

4. Cinema, Fermi Problems, & General Education
During the past several vears the authors have developed a new approach to the teaching of Phvsical

Fig. 3. Example of executing the search query “Al in education” in the Auto-
mated Research Assistant interface
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Fig. 4. Storage of search results in the Automated Research Assistant system

The current implementation is limited to the arXiv repository, which
may restrict the diversity and coverage of retrieved sources.

Practical Application of the Automated Research Assistant

As a part of the study, a practical evaluation of the developed Automated
Research Assistant software was carried out during the preparation of ed-
ucational and research materials.

To demonstrate the system’s functionality, queries related to edu-
cational technologies, artificial intelligence in education, and interdisci-
plinary research were used. The user entered a search query through the
web interface of the application, after which the system automatically re-
trieved data from the connected scientific source.

As a result, the system generated a structured list of scientific articles,
including publication titles, summaries, and direct links to the sources.

For demonstration purposes, the search query “Al in education” was
used. After entering the keywords, the system queried the open-access
arXiv repository and generated a set of relevant scientific publications.

Figure 2 shows the application interface during the search process. As
a result of processing the query, the system returned 96 scientific articles
corresponding to the specified topic.

The retrieved results are automatically stored as structured files
(Fig. 3), containing key metadata such as the title of the publication, a
short summary, and a link to the source. This approach allows users to
further analyze the materials without repeating the search and sup-
ports the accumulation of a personal research dataset.
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Structure of stored search results (Title, Summary, URL) in the Auto-
mated Research Assistant system is shown (Fig. 4).

The search results are automatically stored in a structured format,
allowing users to further analyze sources without repeating the query.

The use of the tool demonstrated that the time required for the initial
search of sources is reduced from several hours to a few minutes, while
the structured presentation of results enables users to proceed directly to
the analytical stage of their work.

Conclusion

The modern educational environment is characterized by the continuous
growth of scientific information, which complicates its effective use in
learning and research. Under these conditions, it is important not only to
have access to information but also to be able to quickly find, select, and
analyze relevant sources.

Within this study, the Automated Research Assistant software system
was proposed and implemented as a tool for automating the search and
initial selection of scientific materials. The results demonstrate that the use
of such a tool reduces the time required for information search, organizes
the obtained results, and facilitates further work with sources.

The use of the tool does not replace the analytical work of a student or
researcher but allows them to focus on the content of materials and the
development of their own conclusions. This makes the learning process
more structured and manageable.

Further development of the system is associated with the expansion of
search sources. In its current implementation, the tool operates with the
arXiv repository; however, future integration with other scientific plat-
forms such as CrossRef, OpenAlex, and GitHub is planned. This will ex-
pand the range of sources and improve the quality of search results.

Thus, the proposed approach can be used as a supporting tool in edu-
cational and research processes and has strong potential for further devel-
opment.
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PO3POBJIEHH IHCTPYMEHTA ABTOMATIV30OBAHOI'O ITOIIYKY
JOCTHAHMIBKIMX MATEPIAJIIB Y ITPOLIECI HABHAHH!I

Beryn. CydgacHi cTyneHTH i JOCTIIHVKM AiF0Th B yMOBaX CTPIMKOIO 3pOCTaHHS 00Cs-
riB TIMdppoBoi iHdopMariii. Po3BUTOK BiAKpUTOI HayKW, eJleKTpoHHMX OibmioTek i
OHJIAVH-IUIATPOPM IIPM3BIB 10 CYTTEBOTO POSIIMPEHHS JOCTYILY 110 HayKOBIIX 3HaHb.
BonHowac mpobiiema gocTyIry mo iHdopMarlii HocTyIoBo TpaHchopMyBaIacs y Ipo-
6r1emy 11 epeKTMBHOTO BiOOpy Ta iHTepIpeTallil. 3a pesysIbTaTaMi Cy49acHMX JOCIi-
IDKeHb, iHdOpMalliviHe IIepeBaHTaKEHHS € OJHMM i3 KJIIOYOBMX YMHHVKIB, IO
YCKJIAIHIOIOTh HaBYaJIbHY [IisUIBHICTD, 3HIDKYIOTh KOHIIEHTPAIII0 YBaryt Ta ITiBUIIY-
IOTh IIi3HaBaJIbHe HaBaHTaXeHHs KOPUCTyBadiB. Y IM@poBOMy OCBITHBOMY ceperio-
BUIIi CTYAEHTV 3MYIIIeHi CaMOCTIVIHO 3/iVICHIOBAaT! IIOIIYK, OLiHIOBAHHS Ta CUCTe-
MaTWM3allilo BeJIMKOI KUIBKOCTI IKeperl, IIo HoTpebye cpopMOBaHMX HaBUUOK iHPOP-
MallifIHOI TPaMOTHOCTiI Ta KPUTWUYHOIO MMcjIeHHs. Hammiok HecTpykTypoBaHOL
iHdopMallil cTBOPIOE 0/IaTKOBE 30BHIIITHE KOTHITMBHE HaBaHTaKeHHsI, sIKe HeraTlB-
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HO BIUIVBAE Ha IIpoliec HaBYaHH:I Ta 3aCBOEHH: 3HaHb. Hespakarouy Ha 3HaUHY KiJlb-
KiCTb JOCTYIIHMX €JIEKTPOHHNX PecypciB, IIpoIlec MOITyKy HayKOBMUX MaTepiasiiB 3a-
JIVIIIAETBCA TPYAOMICTKMM i 9acTO CYIIPOBOIKYETHCS MepeBUTpaTaMyl 4acy Ta 3HU-
JKeHHSIM HaBYaJIbHOT MOTVBAIIil.

Merta. Po3pobutn Ta annpoOysaty mporpamumii iHcrpyMeHT Automated Research
Assistant, IpysHaYeHUN U1 aBTOMaTU30BaHOIO IIOIIYKY Ta IepPBMHHOIO CTPYKTY-
pyBaHH: HayKOBVX MaTepiajliB y IIporieci HaB4aJIbHOI VI JTOCIIiTHUIIBKOT JisJIbHOCTI.

Metonn. Automated Research Assistant peasti3oBaHMM SIK IIPOTPaMHMI KOMIUTEKC
i pyHKIiOHYE€ K BeOOpieHTOBaHMII 3aCTOCYHOK. [IporpaMHmMiI KoMITIEKC po3pobite-
HO 3 BMKOPVCTaHHSIM MOBM IIporpaMyBaHHS Python Ta BeOIHCTpyMeHTIB (30KpeMa
Streamlit), mo 3a0e3I1eUyIOTh B3a€MOZIIO 3 30BHINTHIMIM HayKOBMMM OasaMyl JaHVIX
yepes riporpaMHi intepdericu (API).

PesynpraTi. Y poboTi npoanatizopaHo mpobsiemMy iHdopMaliirtHoro nepesaH-
Ta)XEHHS Ta CKJIa/THOCTI IIOITyKy HayKOBVIX JKepell Y Cy4acHOMY I POBOMY OCBIT-
HbOMY cepenopuii. [TokasaHo, IO TOCTYIHICTE €JIEKTPOHHMIX pecypciB He 3aBXIau
3abesredye epeKTMBHICT, HaBYaHHS depe3 HeIOCTaTHIM piBeHb cdhOpPMOBaHOCTI y
CTy/IeHTiB HaBMYOK HayKOBOI'O IIOIIYyKY Ta OIliHIOBaHHs iHdopMallii. 3armporioHoBa-
HO npuHUMIN nodynosu Automated Research Assistant — aBTOMaTM30BaHOTO iHCTPY-
MeHTa IiATPVMKI HaBYaJIbHOI Ta JOCITHMIIBKOL Tisu1bHOCTI. PeatisoBaHo Bebopien-
TOBaHWV IIPOTPaMHIMY KOMIUIEKC aBTOMATV30BaHOIO MOIIYKy HayKOBUX MaTepiastis
i3 BUKOPVCTaHHSAM BiIKPUTOTO PEIIO3UTOPiIo IIpenpuHTIB arXiv depe3 IporpaMHMUI
intepderic API. Cricrema 3IiVICHIOE IIOIIYK, IIEPBUHHMI Bigdip Ta CTPyKTypoBaHe
30epexxeHHs pe3ysIbTaTiB, popMyloun Habip MeTagaHMx IyOiIiKamin (Ha3Ba, KOpOT-
KWV OIINC, IOCVWJIaHHS Ha JIKepesIo).

BucHoBKM. 3ampomnoHOBaHWMII IIAXiH, CIIPpAMOBAaHO Ha 3MeHIeHHs HaBaHTa-
JKEeHHsI Ha KOPVCTyBava Ta IiIBUIeHHs epeKTUBHOCTI poOoTN 3 HayKOBOO iHdOp-
Malli€ro B IIpolleci HaBuaHHS. APXiTEeKTypa IIPOrpaMHOI0 KOMIUIEKCY Ilependadac
MOXJIVBICTh IIOJAJIBIIOTO PO3IIMPEHHs i3 IIKII0YeHHIM JOAaTKOBMX HayKOBVIX
wIaTdopM Ta PisHMX JKepesT JaHWX.

Karouo8i caoba: abmomamusobarnuil nouwyx, Automated Research Assistant, Gebopienimo-
Banuil npoepamuuil KomMniexc, penosumopin npenpurmib arXiv, nidbuwjenns ecpexmubroc-
mi pobomu.
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APPLICATION OF DIGITAL TECHNOLOGIES
TO STABILIZE HUMAN EMOTIONAL STATE

Modern digital technologies can play an important role in supporting mental health, in par-
ticular in reducing stress levels and correcting emotional disorders. The paper considers an
approach to creating a mobile software application that implements psychological self-help
techniques, in particular breathing techniques, grounding, bilateral stimulation and EMDR-like
exercises. The methodological basis, structure of functional modules and features of the pro-
totype implementation based on Unity and C# are presented. The advantages of using digital
technologies for operational support of the emotional state of users are substantiated.

Keywords: digital technologies, mobile application, emotional state, stress disorders, EMDR,
Unity, psychological self-help.

Introduction

In the modern world, society faces a large list of challenges that affect
the psychological state of a person. The level of stress is rapidly increasing
under the influence of social, economic, informational and military fac-
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tors. The problem of stabilizing a person’s emotional state acquires par-
ticular significance in Ukraine, where, due to military operations in the
country and various stress factors associated with them, Ukrainians face
significant psychological problems [1].

A person’s emotional state is directly related to physical and mental
health. It significantly affects interpersonal relationships and the ability to
make informed decisions, which in turn affects the quality of life of both
an individual and, in turn, the country as a whole. The consequences of
long-term chronic stress cause negative changes at the transgenerational
level, when people who have not personally encountered certain trau-
matic situations, but are descendants of those who have experienced
long-term chronic stress, have an increased susceptibility to psychoso-
matic diseases, such as type 2 diabetes, hypertension, etc. [2].

The vast majority of Ukrainians have been directly or indirectly affec-
ted by the war, which has led to the spread of symptoms of stress, anxiety
and PTSD. Therefore, the problem of stabilizing a person’s emotional
state is currently extremely relevant. However, due to military operations
in Ukraine, traditional psychological help is not always available due to
limited resources and specialists, and there are also historically psycho-
logical barriers to seeking help [3, 4].

An effective solution to this problem is the integration of the latest
computer technologies with the tasks of human health care: virtual
“therapists” based on Al, feedback systems (biofeedback) help a person
control their physiological processes using sensors and computer analy-
sis, etc. [5, 6].

One of the most common areas of implementation of digital technolo-
gies is the development and use of software applications for mobile
phones. Using a mobile application to stabilize the emotional state is pos-
sible in cases where direct communication with a psychologist at the mo-
ment is impossible or undesirable from the user’s point of view. A person
can turn to the application at any convenient time for him. In addition, the
application often does not require an Internet connection, since it is down-
loaded directly to the user’s phone. The format of the mobile application
allows for the programmatic implementation of various methods and
techniques of psychological self-help that have scientific justification and
proven effectiveness. That is, the use of digital technologies in the form of
a mobile application provides:

* accessibility and autonomy;

* anonymity;

* the possibility of quick self-help;

* integration of scientifically based psychotherapeutic techniques, etc.

Digital tools, in particular mobile applications, are becoming an effec-
tive means of supporting mental health due to the possibilities of inter-
activity, user adaptation and continuous availability [5].
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Methodological Basis of the Application

Mobile applications for psychological assistance to military personnel
and veterans are being developed in different countries of the world,
where they understand the importance and relevance of the problem. In
Ukraine, this approach is also attracting increasing attention from both
psychologists and information technology specialists. Such applications
have very different functionality and offer users many different indivi-
dual techniques [6-8].

The methodology of the prototype we developed is based on a com-
bination of modern psychological self-regulation techniques that have
proven effectiveness in reducing stress levels. These include:

* breathing exercises (in particular, the “square breathing” technique),

¢ grounding methods,

e awareness and assessment of the current emotional state,

e EMDR-like exercises and bilateral stimulation,

* Elements of art therapy,

* techniques of positive psychology, etc.

These techniques are adapted to the digital format, which allows
them to be used in the form of interactive exercises with visual support.
The phased implementation provides a logical structure of the “therapeu-
tic mini-session”.

The application can also be used to develop self-help skills and self-re-
gulation of the emotional state by the user as a preventive measure or a
kind of psychological simulator. The target audience includes a wide
range of adults who have experienced stressful traumatic situations.

Structure and Functional Component
of the Application

To create an effective application for stabilizing the emotional state, it is
important to introduce several key elements.

* The application should have a convenient, intuitive structure, with
a user-friendly interface, so that the user can easily understand and navi-
gate the various components.

* The application should provide basic information about the tech-
niques (psychological techniques), their application, and the mechanisms
underlying the reaction to these methods.

* The key aspect (main functional part) is the software implementa-
tion of practical methods, simple exercises based on various psychological
techniques (breathing, meditation techniques and relaxation, drawing,
etc.), which the user can perform himself, and which help reduce the level
of stress and anxiety, contribute to the stabilization of his emotional state.

* The application should provide users with statistics, the ability to
track their progress.

* The software implementation should be such that it allows easy in-
tegration of additional functions and the possibility of updates.
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To meet these requirements, the prototype application is organized
into a sequential structure of certain functional elements. Each element
of this structure provides a logical and consistent way to use the appli-
cation and allows the user to quickly find and launch the necessary func-
tions.

The prototype of the mobile application is implemented using Unity
and C#, which ensures cross-platform and ease of implementation of in-
teractive components.

Structure and Functional Component
of the Application

To create an effective application for stabilizing the emotional state, it is
important to introduce several key elements.

e The application should have a convenient, intuitive structure, with a
user-friendly interface, so that the user can easily understand and navi-
gate the various components.

e The application should provide basic information about the tech-
niques (psychological techniques), their application, and the mechanisms
underlying the reaction to these methods.

e The key aspect (main functional part) is the software implementa-
tion of practical methods, simple exercises based on various psychological
techniques (breathing, meditation techniques and relaxation, drawing,
etc.), which the user can perform himself, and which help reduce the level
of stress and anxiety, contribute to the stabilization of his emotional state.

e The application should provide users with statistics, the ability to
track their progress.

e The software implementation should be such that it allows easy
integration of additional functions and the possibility of updates.

To meet these requirements, the prototype application is organized
into a sequential structure of certain functional elements. Each element of
this structure provides a logical and consistent way to use the application
and allows the user to quickly find and launch the necessary functions.

The prototype of the mobile application is implemented using Unity
and C#, which ensures cross-platform and ease of implementation of
interactive components.

For the effective functioning of the application, the following features
have been implemented:

e asynchronous event processing,

e use of animated objects for exercises,

e ability to save data locally without access to the Internet,

e support for an updatable modular structure.

The application architecture is divided into the following modules.

The main menu functions as an interactive hub, providing access to
the application components:

e information block,
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= ) e therapeutic session,
e statistics,
@ ® emergency options.
Fig. 1 and 2 shows the structure of
the mobile application.
The main menu is the main interac-

tive hub, from which the user has access
@ to all functional parts of the application
\ ) and can choose their further actions.

Main menu

Information Therapy  Statistics The information block contains brief
blok session explanations of the methods and rules
Fig. 1. Application components for their use, plays the role of psychoed-

ucation, increasing the effectiveness of

self-help. A separate Statistics block stores the history of sessions and allows
you to track the dynamics of the user’s emotional state.

The therapeutic session of the application consists of three stages:

¢ Understanding the stressful situation — to achieve the goal, the user
is offered a sequence of well-known techniques that are used in particular
when psychologists work with military personnel and veterans;

e Grounding; breathing; self-assessment of psychological state; work
with negative emotions; EMDR-like exercises and bilateral stimulation;

e Finding internal resources — the next stage in the work;

e Breathing; assessment; identification of positive emotions; visuali-
zation of resource words; EMDR-like exercises and asymmetrical tapping;

e Consolidation of positive changes occurs through sequential execu-
tion of exercises: the “treasure” technique; drawing; EMDR-like exercises
and asymmetrical tapping; self-assessment of emotional state; motivation-
al message.

To implement each stage of the session, digital analogues of psycho-
logical techniques were used, in particular:

* animation for synchronization of breathing, which greatly facilita-
tes the execution of the exercise and improves the effect;

User enters
the application
. Brief explanation

Main menu | of the techniques N Helpline

for users
v A 4
Statistics
L Therapy session and information . —
about the user flg. 2. Application struc-
ure
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* algorithm for moving dots on the screen for EMDR-like exercises
and bilateral stimulation;

* interface for working with negative emotions with the function of
“crossing them out”;

* interactive field for drawing, as one of the options for atrtherapy;

* interface for defining and saving “resource words”;

* reinforcement of exercises with tapping with variable asymmetry.

Such solutions provide a high level of user engagement and enhance
the psychotherapeutic effect, as they activate physiological processes, in-
fluencing the parasympathetic nervous system.

Prospects for the Development of an Application
for stabilizing a Person’s Emotional State

Further application of modern digital technologies in the development
of applications for stabilizing a person’s emotional state involves:

e integration of an AI module for personalizing therapy;

* implementation of adaptation algorithms for selecting exercises
and psychological techniques;

* gamification and improvement of the visual component and UX;

* use of biometric data (heartbeat, breathing, etc.) to monitor the us-
er’s physical condition;

* expansion of functional capabilities for statistical analysis;

* expansion of the security system and data encryption;

* the possibility of cloud synchronization (at the user’s request).

Such extensions will increase the efficiency of the application and
expand the range of its users.

Conclusions

Mobile digital tools can play a significant role in supporting mental health,
especially in the context of growing social challenges. The created proto-
type effectively combines modern digital technologies with well-known
methods of psychological self-help. Its feature is the implementation of a
well-thought-out sequence of psychological techniques and exercises
that are used in the practice of both Ukrainian and foreign specialists
when working with military personnel and veterans. The mobile applica-
tion is an accessible tool for reducing stress levels and stabilizing the emo-
tional state. This is achieved through interactivity and visual support,
adaptability and modularity, and the possibility of autonomous work
without the Internet. However, it should be noted that using the appli-
cation does not replace professional psychotherapy and can only serve as
an auxiliary and preventive tool.
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3ACTOCYBAHHSI LIM®POBMX TEXHOJIOTIN
TSI CTABUTI3ALIIT EMOLIIMIHOTO CTAHY JTIFOOVHM

Beryn. Cyuachi npudposi TexHOIIOTIT MOXYTb BiflirpaBaTy BayKJIMBY POJIb Y I TPUM-
11i ICMXIYHOTO 3[0POB 5, 30KpeMa y 3MeHIIIeHHi piBHS cTpecy Ta KOPeKIIil eMOIiHMX
posiaziB. Y cTaTTi po3mIAHYTO IIJIXiI 10 CTBOpPEeHHsI MOOUIBHOTO IIPOrpPaMHOIO 3a-
CTOCYHKY, B IKOMY peali30BaHi MeTOAVIKM IICMXOJIOIiUHOI CaMOJOIIOMOIV, 30KpeMa
TeXHIKM AVXaHHS, 3a3eMJIeHHs, ObUlarepayibHOI cTmMysranil Ta EMDR-momiGHmMx
BIIPaB.

Mera. [Jocrinyru 3a/1auy po3po0IeHHsI MOOITEHOTO TIPOTPaMHOTO 3aCTOCYHKY,
B IKOMY OYyAyTb peasli3oBaHi METOLVIKV IICHIXOJIOTiUHOI CAMOIOIIOMOLY, 30KpeMa TeX-
HIiKV [IVIXaHHS, 3a3eMJIeHHs, OlIaTepaibHOI CTUMYJIAIIII TOIIO.

Metonn. PeastizoBaHo iHTerpariito HOBiTHiX KOMIT JOTEpHMX TEXHOJIOTIN 3 3a/1a-
JaMy OXOPOHW 30POB < JIIOIVHY, a caMe — BipTyaJIbHi «TeparieBTi» Ha ocHosi I11I,
CYICTEMVI 3BOPOTHOTO 3B’ 43Ky (biofeedback), SKi moromMaraloTh JIOAVIHI KOHTPOJIIOBATH
cBof (pisiomoriuni mporiecu 3 JOMOMOTOIO JATUMKIB i KOMIT IOTepHOTO aHasIi3y TOITIO.
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PesynpraTi. HaBesieHO MeTO/I0JIOTiYHY OCHOBY, CTPYKTYPY (PYHKITIIHMX MOJTY-
71iB i ocobmmBOCTi peartisariii mpoToTuiry Ha 6asi Unity Ta C#. O6rpyHTOBaHO IIepeBa-
TVl BUKOPWUCTaHHS IMQPOBYIX TEXHOJIOTIT 71 OIlepaTMBHOI IATPVIMKI eMOIIiTHOTO
CTaHy KOPVCTYyBadiB.

Bucnoskm. CTBopeHMiI NPOTOTUII edPeKTMBHO II0€AHY€E CydacHi 11 poBi Tex-
HOJIOTIVI 13 BIITOMMMM METOIaMM TICMXOJIOTTUHOT caMoIorioMorit. VIoro ocoGmBicTio €
peastizallis TpoAyMaHOi MOCJIIAOBHOCTI IICUXOJIOTIYHMX TeXHIK Ta BIIpaB, SIKi BUKO-
PUCTOBYIOTHCS B IPAKTUIIL 9K YKPaiHCBKMX, TaK i 3aKOPIIOHHMX CHelliaslicTiB i, 9ac
PpobOTY 3 BiTICBKOBMMY Ta BeTepaHaMW. MoOiTbHIMII 3aCTOCYHOK € AOCTYITHUM iHCTPY-
MEeHTOM 3HVDKeHHsI PiBHS CTpecy Ta cTabimisarii emortiviHoro crany. Lle mocaraeTses
3aBAKM iHTepaKTVMBHOCTI i Bi3yasIbHIV IIATPUMIN, aJalTUBHOCTI 1 MOMYJILHOCTI,
MOJKJIMBOCTi aBTOHOMHOI po0OoTu 6e3 iHTepHeTy To1mo. [IpoTe HeoOXinHO 3ayBaXXnTH,
1110 BUKOPWMCTAaHHS 3aCTOCYHKY He 3aMiHIOe IpodeciiHy IIcuXoTepariio i Moxe cIy-
TyBaTV JIMILIE SK JOIIOMDKHMV Ta IIPeBeHTUBHIII 3aci0.

Karouobi caoBa: yudpobi mexnosoeii, MoOIAHULL 3ACHIOCYHOK, eMOYIUHULL CIAH, CTTpecobi
posaadu, EMDR, Unity, ncuxoaoeiuna camooonomoaa.
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MOJEJIb OOIHKN E®EKTVIBHOCTI

JIOTICTIYHOTI'O CEPBICY
TPAHCIIOPTHO-TOTICTMYHOI CUCTEMU

B npoyeci ¢pynxyionybanna mpancnopmuo-102icmuyunoi cucmemu Beauxy ybaey npuodiisa-
tom ii epexmubrocmi, ujo 06ymobBaero Busbaennam By3vkux micyb 045 npobedens yugpo-
Boi mpancpopmayii cucmemu. Liugppobizayia 6iokpubae 1obi Moxcaubocmi 043 MoHimopuHey
nocmaBox npodyKyii y pexumi peaibHo2o 4acy, mouHoeo npoeHosybanna nonumy ma abmo-
mamusayii onepayiti 6 npoyeci BuxoHanHA nocaye 0bcayeoBybanns kaienmib, wo cnpuse
nidBuujentio egpexmubrocmi, nposopocmi ma a0aNMUBHOCi MPAHCHOPHIHO-A02ICIMUYHOT
cucmemu. Jloeicmuunuil cepBic npedcmabase CYKYNHicmy HeMAMePiasbHUX A0ICIMUHHUX
onepayii, Axi 3abesneyuyoms MaxcumaibHe 3a00604eHHA nonumy Kiienmié y npoyeci ynpab-
AiHHA nomokamu 6cix 6u0i6 (MamepiasvHuMuL, iHpoOpMayITHUMU, (DiHAHCOBUMU) ONUMANL-
Hum (3a kpumepiem Bumpam) cnocobom. Jlas oyinku epexmubrocmi soeicmuynoeo cepbicy
mpancnopmHo-02icmuunoi cucmemu sacmocobano venapamenpuunuy memoo DEA (Data
Envelopment Analysis). BpaxoByiouu nemamepiassHicis A02iCMUMHUX NOCAYe, OAHUTI MeNno0
MOO0UPiK0BAHO HACTIYNHUM YUHOM: Mexa egpexmubrocmi 0yoyemoces Ha 0a3i cmandapmib ao-
eicmuynux nocaye, ujo 6ionobioae xonyenyii yugppobizayii exonomixu. B pesysvmami 6u-
3HAYeHA MexXHIuHA edpexmubnicms, Axka opienmobana Ha Bumpamu pecypcib, ma mexuiuna
ecpexmubBnicme, opienmobano Ha pesysvmamu ynxyionybanna (sxicre 0bcay208yBanns xai-
eHmib).

Katouo6i caoba: aoeicmuunuii cepbic, mpancnopmHo-102iCmutHa CUCeMa, HenapamermpusHul
Memoo, yugppoba mparcgopmayis, mexuiuna epexmubnicmn, as0xamubna epexmubHicme.

Beryn

@PYyHKIIOHYBaHHs TPAaHCIOPTHO-JIOTICTMYHOI CHCTeMU B Cy4acHMX yMO-
Bax €KOHOMIKM Ta 3a 11 BHY TPIillIHbOI'O CTaHy 3aJIe)KUTh BiJl 3HAYHOI'O YMC-

Hurysanns: baxan JL.I. Mopess oninkn epeKTUBHOCTI JIOTiCTMYHOIO cepBicy TpaH-
crnopTHo-JIoricTiuHol cuctemn. Information Technologies and Systems. 2 (8). 2026. 67 —
80. https:/ /doi.org/10.15407 / intechsys.2026.02.067
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JL1. baxkax

71a aKTOpiB, SIKi BUHMKAIOTh B IIpOlleci TpaHCIOPTyBaHHS MaTepiajbHO-
ro 1moToky. CyuacHwi IaXig 4O KepyBaHHS TPaHCIIOPTHO-JIOTICTUYHOIO
cucTeMolo 6a3yeThcsl Ha iHTerpalliHMX IIporiecax CUCTeMM, siKi IoJIsra-
IOTh B ONTUMIi3allil pyXy TPaHCIIOPTHOTO HOTOKY Ta 3a0e3redeHHs TpaH-
crnopTHUMM pecypcamn. OHaK TaKU IAXi He JTa€ MOXIIMBOCTI OLIiHY-
TV e(peKTUBHICTh PYHKIIIOHYBaHHS TPaHCIIOPTHO-JIOTICTUYHOI CCTeMU,
OCKUIBKV JIOTICTMYHE YIIPaBJ/IiHHS TPaHCIIOPTHVM IIPOLIECOM 3aJINIIAETh-
Cs1 1103 YBarol KepiBHUIITBA.

CrpaTeriuHo0 MeTOIO JIOTICTVKM € HiIBUIIeHHs PiBHA KOHKYpPeHTO-
CITPOMO>XKHOCTI TPaHCIOPTHO-JIOTICTUYHOI CMCTeMM Ha puHKY. Takum um-
HOM, JIOTIiCTMKA € TMM IHTeHCUBHWM IIUIAXOM PO3BUTKY CHUCTEMW, KUV
Jla€ MOXKJIMBICTD MIABUIIUTY PiBeHb e(PeKTUBHOCTI CCTEMM Ta OTPUMaTH
MaKCVMaJIbHI pe3yJIbTaTy Ha BUXOMI CUCTEM.

Hapasi He icHye yHiBepcaJIbHOI METOAVIKM BUMipIOBaHHS e(peKTMBHOC-
Ti TPAaHCIIOPTHO-JIOTICTUYHOI CHICTEMY, siKa BpaxoByBasla O IMHaMiKy IIpo-
11eciB, a TAaKOX BCe Pi3HOMaHITTA 3MiHHMX, 110 BU3HAYalOTh IIPOLeCcH, SKi
BiOyBaroThCs B HIlL.

ITpoBenenHs crcTeMaTUYHOI OLIIHKM edeKTUBHOCTI PyHKIIIOHyBaH-
H$I TPaHCIIOPTHO-JIOTICTUYHOI CMICTeMM JTa€ MOXKJIMBICTD OLIIHUTY pe3yJIib-
TaT (PYHKIIOHYBaHHSA CHCTeMM B IIpolleci 1mdpoBoi TpaHcdopMaliii,
3HaXOIWUTV BY3bKi MICIIS Ta BUABIIATY 00JIacTi pe3epBiB cucTeMM i mpu-
VIMaTV MUTTEBI YIIPaBIIHCBKI pimeHHs. B pesysibrari BMHMKae rocrpa
HeoOXiTHICTh po3po0sIeHHs IHCTpyMeHTapifo OIliHIOBaHHS e(PeKTMBHOCTI
TPaHCIIOPTHO-JIOTiICTMYHOI CYICTeMM.

Taxe oriHIOBaHHSA MOXXe IIPOBOAMTHMCS Ha 0as3i JIOTiCTMYHOTO cepBicy
CHICTeMY, ITIO JJa€ 3MOTY OTPMMYBaTM KOMIUIEKCHY XapaKTepPUCTUKY dak-
TUYHOTO PpiBHS e(PeKTUBHOCTI PYHKIIOHYyBaHHS TPaHCIIOPTHO-JIOTIiCTIY-
HOI crcTeMU i BU3Ha4ae 11 iHTerpaibHI piBeHb, 10 0a3yeThCs Ha PiBHIX
edeKTMBHOCTI BCiX IiZICHICTEM.

Buicoka sikicTh 0OCITyroByBaHHsI KJI€HTIB € KIIIOYOBUM ITOHSATTSIM JIO-
TiCTMYHOIO CepBicy TPaHCIIOPTHO-JIOTICTMYHOI cucTemy. KoHKypeHIiisa
CIIOHYKa€ JI0 CTBOPeHHs epeKTUBHOI CHCTeMM 0OCIIyrOByBaHHS KITi€EHTIiB
CUICTEMIA.

Y naykosux pobortax Appamenko O.B., 'angabpyc H.B., Kanpuen-
ko A.I'., Kpukascekoro €.B., Masapaxki A.A., [Tonomaprosa 1O.B., Pocias-
nesa [1.M., ®posnosa JI.B. mociimpKyBasvich MTaHHs JIOTICTUYHMX ITOCITYT
pi3HMX rajysey Ta cucTteM eKoHOMiku. OfgHak, He3BaKarodl Ha BeJIKY
KUJIBKICTh HayKOBMX IIyOJIiKallii 3 O3HAYeHOro IMTaHHS, HeIOCTaTHS
KUIBKICTh yBary IpUOUIAE€THCS OLHII SIKOCTi JIOTICTMYHMX IIOCIYT Ta 00-
CJIyTOBYBaHHSI KJTi€HTIB.

Memoto cmammi € po3poOsieHHsI MOzl OIliHIOBaHHS e(PeKTMBHOCTI
yHKITIOHyBaHHS JIOTICTUYHOIO CepBiCy TPaHCIIOPTHO-JIOTiCTUYHOI CVC-
TeMV Ha OCHOBI BU3HaueHHs PiBHIB epeKTMBHOCTI OCHOBHMX BXiJHMX Ta
BUXIITHMX JaHMX, 110 3a0e311euyIoTh PYHKITIOHYBaHHS BCiX MHicucTeM.

JlorictmuHa MisUIBHICTE TPaHCHOPTHO-JIOTICTMYHOI CUCTEMM € Ha-
JIaHHSM JIOTICTUYHYX ITOCJTYT TOTO YK 1HIIIOTO CTYIeHs CKJIagHOCTi. JIoric-
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Modeaw oyinku echexmubrocmi soeicmuunoeo cepbicy mpancnopmHo-102icmutHol cucmemu

TUYHI IOCJIyTY JIOILUIBHO PO3IVIAZATH K BaXJIVBY CKJIaJI0BY OOCITyTOBY-
BaHHS CIIOXKMBAYa, SKa JTa€ MOXJIMBICTh 3a0e31eun Ty HeoOXiHM piBeHb
3a710BOJIEHH: IOTpeld KII€HTIB 3a HaHVDKYMX CyKYITHVX BUTpAT i TapaH-
TOBaHOI'O0 OTPVMaHHs KJIIEHTOM Bi[JIIOBITHOTO TOBApy BiIIIOBiIHOI KiJIb-
KOCTi 71 aCOPTMMEHTY B IIeBHOMY MICITi, B IIEeBHIU Yac i 3a IeBHY 1iny [1].

JIoricTuvaHe 00cIyTOByBaHHSA
TPaHCHOPTHO-JIOTiCTMYHOI CHICTeMU

Pe3ysibTaToOM OIIIHKM TEXHOJIOTi9HOI edeKTMBHOCTI JIOTiCTUYHOTO 00-
CJIyTOBYBaHHSI TPaHCIIOPTHO-JIOTICTUYHOI cucTeMu Oyle oOumciieHHsS
iHIIeKcy TexHoJIoriuHOI AndYy3il iHHOBALIiV, 110 CyIIPOBOIKYIOTbCS M-
poBoIO TpaHCOpMalli€l0 eKOHOMIKM, MeTOAMYHa cXeMa SIKOI'0 MiCTUTh
TakKi eTarm:

1. Bubip Ta oOrpyHTyBaHHS ITOKa3HMKIB, 1[0 XapaKTepU3yIOTh CTY-
MiHb TPOHMKHEHH: 1IMPOBVX TEXHOJIOTIN Y CTPYKTYPYy TPaHCIIOPTHO-JIO-
TICTUYHOL CHICTeMV;

2. OOIpyHTYBaHHS METOMY, IO Ja€ 3MOTy HaTy 00’ €KTMBHY OLIHKY
CTaTUCTUYHVM ITOKa3HMKaM;

3. ommic Moperti o0uNCIIeHHs iHIeKCy OIIHKM TeXHOJIOTIYHOI edpeKTVB-
HOCTI JIOTiCTMYHOTO 00CITyTOBYBaHHS TPaHCIIOPTHO-JIOTICTVYHOI CHCTEMI BU-
OpaHVM MeToIoM;

OcHoBHOIO MeTOI0 PYyHKIIIOHYyBaHHS TPaHCIIOPTHO-JIOTICTUYHO] CHC-
TeMMU € sIKicHe 0OCIIyroByBaHHS CIIOXKMBAUiB y Taly3i TPaHCIIOPTYBaHHS
Ta JIOTiCTUKMNL.

BusnauennsiM edpeKTMBHOCTI (PYHKITIOHYBaHHS JIOTiCTUYHOIO CepBi-
Cy TPaHCIIOPTHO-JIOTiICTMYHOI CCTeMM B YMOBax 1M poBoi TpaHcdop-
Malrlil eKOHOMIKM € ITOKa3HUK, KUV XapaKTepu3ye piBeHb AKOCTi PyHKITi-
OHYBaHH:I CVICT@MU 3a 3a/JaHOT'0 PiBHS 3araJIbHMX JIOTICTUYHMX BUTpPAT.

Ha pwuc.1 nogaHo 0CHOBHI JIOTiCTMYHI ITOCITY T,

OcKiIbKM JIOTICTMYHWI CepBic peasli3yeTbcs dyepe3 Halip JIOricTid-
HVIX TIOCJTYT, BUHVKAIOTh TPYJHOIII OIIHIOBAHHS SKOCTi JIOTiICTMYHOIO
CepBiCy, OCKUIbKM ITOC/IyTa Bipi3HAETHCS Bifl, IPOIYKTY TVM, II1O:

e II0C/Iyra He Ma€ MaTepialbHOI dopMu, il BaXKKO ccpopmMysrroBaTii Ta
OITIHUTH,

e [10C/IyTa CIIpsAMOBaHa Ha KOHKPeTHOTO CIIOXMBayda, SK/I 94acTo caM
Oepe yuacTs y 1i popMyBaHHi, a He JIMIIIe y CTIOKVBaHHI;

® TI0CJTyTa He MoXke Oy Ty mpoTecToBaHa 10 11 ITPUA0aHHS;

® 1I0CJTyTa He Ma€ BJIaCTMBOCTI 30epiraHHs, BOHa iCHY€ «TyT i 3apas».

ToMy SKiCTb JIOTICTMYHOI ITOCIIYTY OLIHIOEThCA Oe3ocepeIHbO B IIe-
piop ii HagaHH4. ITpy OIiHII SKOCTI JIOTICTUYHMX IOCIYT, CIIOXMBAY 3a-
BXX[IVI IIOPIBHIOE iVICHI 3HA4YeHHs ITapaMeTpiB IOy 3 OYiKyBaHVIMM
HUM ITapaMeTpaM. SIKIIo o4iKyBaHHS CIIOXKMBada 30iratoTbes 3 pakTmd-
HVIMM [TapaMeTpaMu IIOCJTyTY, BiH BU3HAE 11 AKiCTh MPUHATHOIO [2].

Ha 3axopi mmpoko BUKOPUCTOBYETbCSA MOHATTS «JIOTICTUKM CepBic-
HOro BiIryky» — SRI, gxe BU3Ha4a€ IIpollec KOOPAMHALIT JIOTiCTMYHMIX
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JIOTICTMYHI ITIOCIIYT'
3aMoBJIeHHS Crynire . Ta ;II;(ICTIZCTB Hapivaicts
CHOXWBAYiB TOTOBHOCTI VL IIOCTaYaHHs
3aMOBJICHHS 3aMOBJICHHS
: p .
|| BrxicTs 0O6pobien s || 30008 s13anHicTh | || CTpoxn
3aMOBJIEHHS IIOCTavYaHHS IocTa4aHHs
Ly SIKicTh 06pOOIIeHHA Lp| Tounicts Ly| Cran
3aMOBJICHH?1 TIOCTaYaHHsI TIOCTaYaHHA

Puc. 1. JloricTuyHi ocayru Ta KpUTEpii AKOCTI TOTiCTUYHOrO cepBicy

orepariivt, HeoOXiITHVIX I Ha/TaHHS IIOCITyT HavOUIbIIT e(peKTMBHIM CII0-
COOOM 3 TOUKM 30py BUTpAT Ta 3alNTiB CIIOXMBayiB [3].

KirrouoBrM ejleMeHTOM TaKOTO IiAXO0AY € OTPYMaHHH 3aMOBJIeHb Ha
IIOCJIyTM Ta MOHITOPMHT HaJaHHs 1Toctyr. ii ciry»x06m storicTiaHoro oo-
CJIyTOBYBaHHS OXOIUIIOIOTH!

* IIPOTHO3YBaHHs 0OCATIB ITOCIIYT;

* 30ip iHdopmariil mpo HagaHi mocITyTy;

* Bbip KaHaJIiB Ha/JaHHS IOCIIYT;

* minOip i poTallito IIpalliBHUKIB;

* [IOCTiVIHe HaBYaHHS IlepCOHaJTy;

* THyuKuV rpadik BUpoOHMIITBa 00718 JHaHHS Ta HaflaHH: CePBiCHIUX
IIOCIIYT;

* yIIpaBJIiHHs ITOTY>KHICTIO CepBiCHOTo 00JIaIHaHHS;

* peecTpallifo KJIi€HTa Ta Be[IeHHs eJIeKTPOHHOI 0a3n TaHMX KIIi€HTIB;

* OIIiHIOBaHHS NOTped KIIE€HTIB Ta CITiBIIpAIlo 3 HUML;

* KOHTpPOJIb 3a 00CITyrOBYBaHHSIM KITi€HTIiB;

* OopraHisaliiro BUCTaBOK;

* IUIaHyBaHH: Ta KOHTPOJIb CEPBiCHOT Mepexi;

* KOHTPOJIb 3B 513Ky 3 KJIIEHTOM Ha BCiX piBHSX;

* nepeavy iHdopMallii IIpo MOCJIyI¥ TOIIO.

TaxvM 4rHOM, IIPepOraTUBOIO JIOTICTUKIM Ha TPAHCIIOPTI € YIIpaBIiHHA
CepBICHMMM ITOTOKaMWM, OCKUIBKM IIiJl YaC TPaHCIOPTYBaHHS MaTepialb-
HOT'0 IIOTOKY HeoOXiJJHO HajaBaTu CyITyTHi rmociayru. ITorokm nocyr, sk i
MaTepiajIbHi IIOTOKM, iCHYIOTh B CepeIOBUIIL JJOCTaBKV MaTepiaJIbHOTO I10-
TOKY, B gKiVl iCHYIOTb CBO1 JIaHKV TPaHCIIOPTHO-JIOTICTUYHOL CUCTeMM, JIO-
TiCTMYHI KaHaJIV Ta JIQHIFOTY TOIIO.

SIKiCTB JIOTICTMYHOrO cepBicy BU3HAYa€ThCs CYKYITHVM OUiKyBaHHSIM
KJTi€HTa, TOOTO MiHIMaJIbHOIO PO30LKHICTIO (PO3PMBOM) MIXK OUiKyBaHHS-
MU Ta (PaKTUIHVMY IIapaMeTpaMyt 0OCITyTOBYBaHH:, i € OIHI€I0 3 KOHKY-
PeHTHUX IlepeBar CUCTeMMI.

Y cepBicHin j10TicTHUIIi OCHOBHMMM IIPUYMHAMM 3HVDKeHHS e(peKTVB-
HOCTI € HeY3TrO/[)KeHOCTI Ta HeCTMKOBKM IIiJ] yac pyXy MaTepiaJIbHOTO I10-
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TOKY, IIIO ITPU3BOIUTB JI0 HEeY3rO/KeHOCTI MiXK BMXOJOM JIOTiCTUYHOT CHC-
TeMM, sKa BUPOOJISE TIOCIIYIY, Ta BXOIOM CHUCTEMV CIIOXVMBAHHS ITOCITYT
(cmoxmBauem).

SIkicHI TTOKa3HMKM JIOTICTMYHOTO cepBicy Oe3rocepeqHbO BILIVBa-
I0Tb Ha OCHOBHIi pe3ysibTaTi (PYHKITIOHYBaHHS TPaHCIIOPTHO-JIOTiCTIY-
HOI CMCTeMM, OB A3yI0ul BUKOHAHHS JIOTiICTUYHOIO IUIaHy 3 OCHOBHUMM
JyHKIIIAMM Ta pe3ysIbTaTaMI yIIpaBJIiHHS PyXOM MaTepiajlbHOIrO I10TO-
Ky, 1110 3a0e3nedye moTpedy B KOPUTYBAIBHMX [IisIX 3a IX HECTMKOBKM [4].

Indposa TpaHcdopmarlist JIOTiCTUIHMX IIPOLIECiB

[Indposizaliss JIOTiICTMYHMX IIPOLIECIB € KIIIOUOBUM (aKTOPOM LIS
3a0e3meueHHs B3aEMO/Iil BUPOOHMKIB Ta CIIOXMBaYiB TPaHCIIOPTHO-JIOTIC-
TUYHOTO ITpOIiecy JI0CTaBKM BaHTaxy. OHaK cTpuMyoounMy pakTopamm
PO3BUTKY JIOTICTVKM i 0COOIIMBO JIOTICTMYHOTO CepBicy B Cy4acHil eKOHO-
Milli € HM3bKUI piBeHb LM POBi3allil JIOTiCTMYHMX HpolieciB. Y pamkax
BIIPOBa/KeHHs e(peKTVBHMX JIOTICTUYHMX ITOCIYT BaKjIVBe Miclie HaJle-
KIUTB aBTOMaTHM3allil Ta iHdopMaTH3alii yIpasliHH JIOTICTUYHVMH I10-
ToKamm [5].

Lndposa Tpancdopmallis JIOriCTUYHOrO CepBiCy TpaHCIOPTHO-JIO-
TiCTMYHOT CHCTeMM Tlepefidadyae Ha Cy4acHOMY eTarli yIIpaBJliHH: IT0TOKa-
MU 3a YMOB iHTerparlii crielfiali3oBaHOTO IPOrpaMHOIo 3a0e3IedyeHHs],
npeyicTaB/leHnX iHdopMarltiiHumm TexHosorismu [6]. Ceper Hammomm-
peHinmx indopMaliniHIX TeXHOJIOTiN rajysi y cBiTi Ta B YKpaiHi €:

e °cucTeMa ympapJliHHA TpaHcrioptoMm (Iransportation Management
System — TMS) — 3abe3neuye IylaHyBaHHs, OITUMI3allil0 Ta MOHITOPVHT
IiepeBe3eHb;

e cucTeMa ympasiiHHs ckiagoM (Warehouse Management System —
WMS) — aBTOMaTM3ye 00K, 30epiraHHs, po3MillleHHs TOBapiB Ha CKITafi
TPaHCIOPTHO-JIOTICTUYHOI CHCTeM;

e IuTaHyBaHH: pecypcis (Enterprise Resource Planning — ERP) — xoop-
JVHYE JIOTiCTUYHI ITpoliecy 3 iHmmMm GisHec-pyHKITiaMY;

® yIIpaBI/IiHHA JIAHIIOroM IocTaBok (Supply Chain Management — SCM) —
OITVMi3y€e Bech JIAHIIIOT IIOCTABOK Bifl BUPOOHMKa 10 KiHIIeBOTO CIIOXKMBaya;

e [HTepHeT peuell Ta TexHOJIOTis pafiodacTOTHOI imeHTMIKaIIil
(Internet of Things — IoT ma Radio Frequency Identification — RFID) — naxooTb
3MOTY 3/IiVICHIOBaTW BiJICTe)XeHHs BaHTaXiB y peaJlbHOMY 4aci;

e BeJIVKi [1aHi Ta IIpOrHO3Ha aHasliTMKa (Big Data ma Predictive Analy-
tics) — 3abe3neuyIoTh IPOrHO3yBaHHs IIOINTY, 3aTOPiB, 3001B y JIOTiCTHIIL].

Bpaxosyroun Metomororiudi ocoOymBocTi iHTerpariil mudpoBux iH-
CTPYMeHTiB, L1 poBi3allis JIOTiCTUKNM TPaHCIIOPTHO-JIOTiICTUYHOI CHCTe-
MU Ilepedaydac:

® MOYJIBHICTB CHICTEM — TOOTO MOXIVBICTb ITOCTYIIOBOIO BIIPOBa/KeHHS;

e iHTepoITepaleIpbHICTh — 3IATHICTH ITTAT(OPM «TOBOPUTM OTHIEIO
MOBOIO» (iHTepderic mporpamyBaHHs fofaTKiB — AP, erleKTpoHHVI O0MiH
maavmMu — EDI);
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® cepBiCHY MoOfIesib (IIporpaMHe 3a0esIledyeHHsl sIK IOCIyTa SaaS) —
MiHIMi3allifo KalliTaJIbHMX BUTPaT Yepe3 XMapHi MiIIICK;

® IIPUCTOCYBaHHS IPOrpaMHOro 3a0e3leueHHs /10 MOBHMX, peTio-
HaJIbHVX, 3aKOHOIABUVIX OCOOIMBOCTEN TOIIIO.

HocmipkeHHsT SIKOCTi JIOTICTMYHOIO cepBicy B ymoBax IHMdpoBol
TpaHcdopMallil eKOHOMIKM 3/iVICHIOETbCA Ha OCHOBI KOHIIeIIil iHTepHeTy
peders, sika 00’ eqHye ¢i3nuHi 00’ €KTH (TTOCTavaIbHIMKIB, TOBAP, CIIOXKIMBA-
4iB) 3 M POBUM CBITOM i Ja€ 3MOTY iM B3aeEMOZIsITU MK coboro. BapTicTs
onTMMi3aril MapIIpyTiB, CKOPOYeHHs Yacy IPOCTOIO, 3HVDKeHHs 4ucla
IIOMWIOK Ta ITOIIKO/KeHb BAHTaKiB 3aBISKV KOHIIEIIIl iIHTepHeTy peden
IIPU3BOIATH 10 3HVDKeHHs OIlepallifiHX BUTpaT.

Harn6ite1m BaXxiMByMY apaMeTpaMy BUMipIOBaHHS SIKOCTi cepBicy €:

® BiTuyTHICTh — (pi3udHe cepeioBuIlIe, B IKOMY IIpeICTaBIIeHO JIOTiC-
TUYHWV CePBiC: 3pyYHOCTI, OpIrTexHika, oOamHaHHe, iHdopMarlliriHe-Ko-
MyHIKalliliHe cepeoBullle, iHTepHeT — BCe, IO BiAIOBiae KOHIIEIIIil
iHTepHeTy peders;

® Ha/IiVIHICTh — MOCJIIOBHICTE BUKOHAHHS JIOCTaBKM POy KIIT «TOU-
HO BYaCHO»: JOCTaBKa IOTPiOHOI POAyKIii y TOTpiOHMI Yac y HeoOximHe
MicIle, a TaKOXX HafAiMHICTh iHopMalliiHNX Ta iHaHCOBUX HpPOLenyp,
110 CYIPOBOIKYIOTh (Di3VUHMIL POSIIONII;

® THYYKIiCTh IIOCTaBKM K KPUTEPiVt IKOCTI CepBicy O3HaJa€ 3[1aTHICThb
TPaHCIOPTHO-JIOTICTMYHOI CCTeMIU BpaxoByBaTM 0co0JIMBi mmobaxaH-
Hs KJII€HTiB PO 3MiHY IIOYAaTKOBMX YMOB ITOCTa4aHHs: 0e3 IOpyILIeHHs
Y3rO)KEHOTO CTPOKY BMKOHaHHS 3aMOBJIeHHS;

® JIOCTYIIHICTh — JIETKiCTh BCTAHOBJICHHS KOHTAKTiB i3 ITOCTadaIbHN-
KaMV CepBICy: 3pyYHMI [JIs ITIOKYIILIM Yac HaflaHH [OCIYT.

JJ1 KO>KHOTro OKa3HMKa BUMipIOBaHHS SIKOCTI CepBicy € [1Bi Besm4m-
Hu (YMOBHI): IlepIlla — BUMIPIOETbCA OUiKyBaHHSIMM KJIi€HTa; Jpyra —
BUMIPIO€ CHPUHATTA KJIIIEHTOM IIeBHOI'O IOKa3HVIKa.

PisaNMIIg MK VMM JBOMA BeJIMYMHAMM € PO30DKHICTIO, sKa OLHIOE
CTYHiHb He3aJ0BOJIeHHs KII€HTa B IbOMY IIOKa3HMKY $KOCTi CepBicy.
SIKicTh cepBicy B JIOTICTWII BM3HA4YaTVMETbCS CYKYIIHMM OYiKyBaHHIM
KIIi€EHTa B CeHCi MiHIMaJIbHMX pO30DKHOCTeV MK OUiKyBaHHAMM Ta dak-
TUYHVIMY TOKa3HVKaM.

TakyM 4MHOM, OCHOBHOIO IIPUYMHOI0 HeedeKTMBHOCTI TpaHCIIOPT-
HO-JIOTICTMYHOI CUCTEeMM € HeY3rO/DKEeHICTh MK BUXOIOM JIOTiCTUMYHOI
CUICTeMM, 1110 BUPOOJIsiE TIOCIIYTY, Ta BXOIOM CUCTeMW CHOXMBaHHS I10-
CITyT (KITi€HTOM), 5IKi 0OyMOBJIFOIOTBCSI HEBMKOHAHHSM [Iin1 IIs 3a0e3Ie-
YeHHs IKOCTi cepBicy.

Omuinka edpeKTMBHOCTI
TPAaHCOOPTHO-JIOTiCTUYIHOIL CHCTeMM

EdexTmBHICTh TPaHCIIOPTHO-JIOTICTUYHOI CCTEMI BU3HAYAEThCs TTOKa3-
HVKOM, IIIO XapaKTepu3ye SIKiCTh pOOOTM CHCTEMU 3a YMOBOIO 3alaHOTO
PIBHS JIOTiCTMYHMX BUTpaT [7].
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JloricTvaHMII cepBiC 3iVICHIOE KOMIUIEKCHMV BIUIVB Ha BCIO isUIb-
HICTh BMPOOHMYOI Ta (piHAHCOBOI isUTPHOCTI, a TAKOX BIUIMBAE Ha iHPOp-
MalliTHO-KOMYHiKalliiHy cdepy.

KirrouoBvmu j1oricTMYHMMM OllepallisMU €: HiATPpYMaHH: CTaHIapTiB
00OciTyroByBaHHS CIIOXMBaviB, TPaHCIIOPTyBaHH:, KepyBaHH 3arlacamy,
IpolieAy paMy 3aMOBJIeHb, BUPOOHMUMMI ITpoLiety paMu, PismaHmUI pPo3-
TIOJIiJI TOIIIO.

ParionasibHe yrpaBJIiHHS JIOTICTUYHVM CePBiCOM J1a€ 3MOI'y OIITVMi-
3yBaTy KJIIOYOBI oIleparlil poOOTM 3 BaHTakeM, pallioHaJIbHO BUKOPUC-
TOBYBaTW pecypcy, IiABUIINTY IIOKa3HMKM peHTabeIbHOCTi, IIIaTo-
CITPOMO>KHOCTI Ta JIUIOBOI aKTMBHOCTI, SKiCTh IOCIYT i TOBapiB IS CIIO-
JKVBaviB.

1 oiHKM edpeKTMBHOCTI PYHKITIOHYBaHHS JIOTICTMYHOI CHCTeMU
3aCTOCOBYIOTHCS TaKi MeTOAV: aHaJli3 IIOBHOI BapTOCTi, €KCIIePTHI CHCTe-
My, aHaitis ABC (meTog, 1110 fa€ 3MOry KilacudikyBaTu pecypcu CICTeMM),
aHasi3 XYZ (meton xiacudikarii ToBapHMX 3aracis abo pecypcis cucre-
MI). 3a IOIIOMOIM VX METOJiB aHaJli3ye€ThCs BHYTpIIIHE cepeioBuIle
CHCTeMM, i He BpaxOBY€ThCs CTaH 30BHIIIIHBOIO CepeOBUIIIa.

LIi MeToOuKM OLIIHKM KOHKYPEHTOCIIPOMOXXHOCTI IiIIPUEMCTBA He
JIaI0Th IHTErPpaJIbHOI'O IMOKAa3HMKa KOHKYPEeHTOCIIPOMOKHOCTI 1, SIK HaCJIi-
JIOK, BaXKKO ITOPiBHATV KOHKYPEHTHI IlepeBarvi CCTeM-KOHKYPeHTIB.

EdexTmBHIiCTb BUMipIOETBCS BiTHOIIEHHSIM MDK KiHIIeBUM pe3yJIbTa-
TOM POOOTV CUCTEMM «Ha BUXOMi» (TOOTO 0OcsAroM BUpPOOIeHMX IIPOIyK-
TiB UM TIOCJIYT) Ta OOCSTOM pecypciB «Ha BXOIi», 1110 CIIOXKMBAIOThCS CUCTe-
MOIO [IJIs1 OTPVIMaHHS IIbOTO Pe3yJIbTaTy.

HocmmkeHHsT CTPYKTYpU ePeKTMBHOTO Ta HeepeKTVMBHOTO BUPOO-
HIYOro MPOoIeCy TPaHCIOPTHO-JIOTICTUYHOI CCTeMI 3 TOUYKM 30py palli-
OHaJIBHOCTI BUKOPVCTaHHS pecypciB, BTpaT HPOAYKTUBHOCTI i mpubyTKy
€ OJHVM 3 BaXXJIMBUX 3aBIaHb.

OpnuM i3 MeTofiB OIliHIOBaHHS edeKTMBHOCTI (PYHKIIIOHyBaHHS
TPaHCIIOPTHO-JIOTICTUYHOI CHUCTEMI MOXe OyTu MeTof oOBOJIiKaIbHOI
nioBepxHi (Data Envelopment Analysis — DEA), sxvit O0yB po3po0sieHMI
A. Yapsizom, B. Kyniepoum Ta I. Pomecom (CCR-mopens) [8].

Henapamerpuanmit metor, DEA IpyHTy€eTbcs Ha BUKOPWCTaHHI JIi-
HIVIHOTO ITpOrpaMyBaHHsI Ta JIa€ 3MOI'y OLIHIOBaTV e(PeKTUBHICTh eKOHO-
MigHVX 00'€KTiB y HOpiBHAHHI 3 iHIIMMM 00 €KTaMM, SIKi BBaXKalOThCS
edeKTUMBHMMMY, 3a YMOB JOC/I/KeHHs BHYy TPIIITHbOI'O Ta 30BHIIIIHBOTO Ce-
penoBuII.

SIKicTh JI0TicTMYHOrO OOCIYroByBaHHS ITOB s3aHa 3 Oe3JIiudro JIOTic-
TUYHMX orepallit Ta PYyHKIIi, sIKi 34iVICHIOE ITepcoHal TPaHCIIOPTHO-JIO-
ricTmuHoOil cucteMin. MojermoBaHH OIIHKM edeKTMBHOCTI (PYHKITIOHY-
BaHH: CMCTeMMU II0B s13aHe 3 IOHATTSM SKOCTI JIOTICTMYHOTO 00CITyTOBY-
BaHH4. et pakT noTpeOye Br3HaAUEHHS ITOKA3HMKIB MeXi e(peKTMBHOCTI
3 IOIJIAY IPUHSATOI CTpaTeril KepyBaHHS SKiCTIO JIOTiICTUYHOIO 00CIy-
ropyBaHHs. /i1 KepyBaHH# $IKICTIO JIOTICTMUYHOIO CepBicy HeoOXigHO
BCTaHOBJICHH CMICTeMVI BUMipIOBaydiB Ta ITOKa3HMKIB V10r0 OL[IHKW. 3 OIJId-
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IMponyxitist ITocyra ITpmOyTok
BupoOHMIITBO > TCJ1 » CrioxmBaHHs ——
Texniuna edpextusHicTs (TE) ArnokaTnBHa edeKTUBHICTB (AE)

3araipHa edpexTmBHIiCTS (F)

Puc. 2. TexHiuHa, aJlOKaTMBHA Ta 3arajbHa e(PeKTMBHOCTI QYHKIIOHYBaHHA TPAHCIOPTHO-
JIOTICTUYHOI CHCTEeMU

Iy Ha Te, 1110 6araTo II0Ka3HMKIiB BifoOpakaloTh cy0’eKTMBHM IIOIJIAL Ha
AKICTh 3 OOKY KiHIIeBIX CIIOXKMBayiB, yepes 1ie JaTu (popMasli3oBaHy OLliH-
Ky IIMX ITIOKa3HUKIB cTae cKIajHile. SIK IToKasHMKM MeXi edpeKTMBHOCTI
MOJIeJIi BUCTYIIAIOTh IOKa3HMKM 0asy CTaHAApPTiB JIOTICTMYHMX ITOCIYT
TPaHCIIOPTHO-JIOTiICTUYHOI CYICTEMM.

Ockinbkm Metor, DEA 1ae 3MOry OLiHIOBaTM JIMIIIe BiTHOCHY edek-
TUBHICTb crcTeMM (TOOTO edeKTMBHICTh IOPIBHSHO OAMH 3 OJHMM), Ta
BpPaxoBYIOUN HeMaTepiaJIbHICTh JIOTiCTUYHMX IIOCIYT, BUHMKIIA HeoOXis-
HicTb MOIMQIKyBaTH 1€V METOI, III00 OTPMMYBATH OIIiHKM e(PeKTMBHOCTI
JIOTICTUYHOTO CepBicy 3 JesiKOI0 abCcoTIOTHOIO yMOBHicTIO. Lle 00ymoBIIIO-
€TbCA TUM, 110 CTaHAapTH3allis € pyHAaMeHTOM U poBoI TpaHchOpMa-
11i1 eKOHOMiKM Ta 3abe3I1euye BIOPIKyBaHH: IIPOLIECiB i iX IlepeBeieHHs
y 1 posuit popMar I HiIBuIleHHs e(PeKTUBHOCTI PyHKITIOHyBaHHS
eKOHOMIUHMX 00’ eKTiB [9].

st boro Mexxa edpeKTMBHOCTI OyayeThest Ha 0asi cTaHmapTiB JIoTic-
TUYHMX MOCIYT, IO BiOmoBigae KOHIeNIIil 11 poBisallii eKOHOMIKM Ta
Jla€ MOXJIMBICTb OLIIHUTY CTiVIKiCTh TPAHCIIOPTHO-JIOTICTUYHOI CHCTEMM 3
TOYKM 30PY ii ePeKTMBHOCTI.

CraHIapTn30BaHMI CEPBIC OXOIUTIOE MaKeT IIOCIYT, ITOTpedy B SKMX
HalJacTillle Bif4yBaloTh KJIIEHTV. 3aCTOCyBaHHs CTaHIAaPTU30BaHOIO JIO-
TiCTMYHOrO 00CIIyroByBaHHS € JOLUIBHUM Y POOOTi TpaHCIIOPTHO-JIOTIC-
TUYHOI CMICTEMIA.

Moperib OLiHKYM SIKOCTI JIOTICTMYHOIO CePBiCY TPaHCIIOPTHO-JIONICTUYHOL
cyucTeMM B yMoBax 1@ poBoi TpaHcdopMaliil eKOHOMiKM IIOBMHHA J1aTu
BI/ITIOBiZIb SIKMMV MaIOTh Oy TV OCHOBHI ITOKa3HMKI CUCTEMM: 3a/I0BOJI€H-
HsI CITOXKVBaYiB, JIOTiCTUYHI BUTPpaTH, SIKiCTb 00CIIyroByBaHHs, yac 00CiIy-
rOBYBaHs1, ITPOAYKTVBHICTB JIOTICTMYHOIO CepBicy TOIIO.

J10 KITFOUOBVMX KOMIUIEKCHMX JIOTICTMYHMX aKTMBHOCTEN HaJIeXKaTh:

* MinTpUMKa CTaHAAPTiB 00CIIyTOBYBAaHHS CIIOXKMBAYIB;

* TpaHCIIOPTYyBaHHH;

* KepyBaHH: 3aIlacamyi;

* KepyBaHHs IIpollelypaMy 3aMOBJIeHb;

* I[iIHOyTBOpPeHHsI — BCTaHOBJIeHHs Tapudis;

* KepyBaHHS BUPOOHMUMMM IIpOIlecaMy-OIlepallisiMiL;

* (pizyuHMIT PO3IIOMIII TOIIO.
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INoxas3HMK TOpiBHIPHOT e(peKTMBHOCTI Ma€ J1Ba CKITATHVIKIA:

* TexHIUHY e(eKTMBHICTB, 1110 BiloOpaXkae 3HICTh TPaHCIIOPTHO-JIO-
TiCTMYHOT CCTeMM MaKCHMIi3yBaTy pe3yJIbTaT CBO€ET AisutbHOCTi [10];

* aJIOKaTVBHY e(peKTMBHICTB, 110 IT0Ka3y€ HaCKUIbKM ONTVMAaJIbHOIO €
KOMOiHalIisi pecypciB, sIKi BUKOPUCTOBYIOTbCS 3a HasgBHMX BUTpAT Ha 00-
pobiienHs 3aMoBIeHb [11].

BigrosigHo 1o eTaris BXOAy Ta BUXOy Ha puc. 2 IIOKa3aHO IIepeTBo-
PEeHHS BXiIHVX BIUIMBIB Ha pe3ysIbTaTy, sIKi po3pisHsroTh TexHiuny (TE),
artokaTnBHY (AE) Ta 3araiipHy edexTmBHICTS (F) (puc. 2).

TaxyM 4YmMHOM, I OIIHKM edeKTMBHOCTI JIOTICTMYHOTO CepBicy
TPaHCIOPTHO-JIOTICTUYHOI CUCTeMM HeOOXiTHO BU3HAUYUTU TeXHiuHy
edexTuBHicTh (TE) Ta anokaTuBHY epeKTuBHICTb (AE).

IMToxasHmkaMyn edeKTMBHOCTI JIOTiICTMYHOTO CepBICY TPaHCIIOPTHO-
JIOTICTUYHOI CUICTEMM €:

* piBeHb 3aIlaciB Ta CKOpOUeHHs ITOTpedu y cKjla/IcbKoMy 30epiraHHi;

® Yac IIPpOXOKeHHs MaTepiaJIbHMX ITOTOKIB Y JIOTICTUYHIV cucTeMmi;

* TPUBAICTh UKy OOCIIyrOBYBaHHS 3aMOBJIEHH:, SKiCTh Ta piBeHb
cepBicy;

* SKICTh TPaHCIIOPTHMX HOCIYT IIif] 4ac JAOCTaBJIeHHS Ta MUTHOTO
odopmIteHHS;

* po3Mipy HapTiVi BAHTaXiB;

* piBeHb BUKOPVICTAHHS BUPOOHUYMX ITOTYKHOCTEV;

* IPOAYKTMBHICTbD, aIalITVBHICTh, HaIVHICTh Ta CTiNKiCTb POOOTIL.

Y DEA-aHasti3i 6yayioTs 1Ba BUAM MOJIeIert:

* MOJIe/Ib OLIIHKM e(PeKTMBHOCTI «BXOy» (TOOTO BUKOPUCTaHHS pecyp-
ciB), sIKi Ha3MBaIOTh MOJIEIISIMY, OPiEHTOBAaHVIMM Ha BXif (input-oriented);

* MoJeJTi OLiHKYM e(PeKTMBHOCTI «BUXOMAY>» (TOOTO BUITYCKY IPOIYKIIil
4y IIOCITYT), SKi Ha3MBaIOTh MOZEJISIMI, OPi€HTOBaHMMM Ha BuXif, (output-
oriented).

ITepma i mpyra Mopesi ITOAUIAIOTECA Ha MOAEIIi IIOCTIVIHOTO Ta 3MiH-
HOT'O MacIITa0iB.

OuintoBaHHS e(PeKTUBHOCTI JIOTICTMYHOIO CepBiCy TPaHCIIOPTHO-JIO-
riCTUMYHOI CHICTeMM MOJIATa€ B 3HaXOKeHHI BeJINIHN

E<ibcq, (1)
AE

st KoxxHOI k-01 JioricTMuHOi HOCiIyr (POPMYIOThCS TOKa3HUKM
«BXO[y» (pecypcu) Ta «BUXOALY» (JIOTiCTMYHA IIOCITyTa):

Ha Bxoz1i B3HaYa€ThCS TEXHOJIOTIUHA e(peKTMBHICTD CCTEeMU ITifl 9ac
00ciTyroByBaHHs k-ro KiTieHTa

R
(TE)k = zr:l Drxrk .

Ha Buxoni — ajokaTvBHa e(peKTUBHICTh, AKy OTPMMaHO IIif] Yac Ha-
JlaHs S JIOTICTUYHMX ITOCITYT k-My KITi€HTOB1

s
(AE)k = 25:1 usxsk,
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Ie x, —IliHa r-To pecypcy, HeoOXimHOro misi 0OpMIIeHHs JIOTICTUYHOL
IIOC/IyIM k-My KITi€HTOBI; Y, — IliHa S-01 IIOCJIyIM, SIKa HajlaHa k-My KJIi€H-

ty, s=(1,5); r — inmexc HoMepa pecypcy, R = (1, R); k — inpexc HOMepa

wiienTa, s=(1,K); v, — BaroBuit KoedillieHT r-ro pecypcy; u,— BaroBui
KoeillieHT s-1 OCIyTI; U, , U, — HeBioMi Barosi KoedillieHTN pu 3MiH-
HUX BXOMY Ta BMUXOMY BiONOBigHO; Z , — CTaHOApTHe 3Ha4YeHHs 00cATy
7-TO pecypcy [JId BUKOHAHHS S-01 IIOCJIyTM k -ro KJIi€HTa.

Ockistbkm HeoOXimTHO BU3HAUUTU Mipy edeKTMBHOCTI cepBiCHOI JI0-
ricTuKM, TOOTO piBeHb 00CITyTOBYBaHHS KOXKHOTO KJII€HTa, TO BUPIIITy€ETh-
ca K orrtmMizanimHmx 3amad.

AsokaTtuBaHa eeKTUBHICTb € TaKMM CTaHOM CepPBiCHOI JIOTiCTUKU
o0crryroByBaHH k-ro KiTieHTa, Ko 3a0e3reuyeThest 3a/laHUN piBeHb 00-
CJIyTOBYBaHHS (BiZITIOBiIHO 10 CTaHIAPTHMX IaHMUX) 3a MaKCUMaJIbHO
MOXKJIIBOTO PiBHS BUTpAT

S
zszlusysk

(AE), = —% — max, (2)
z Ur sr
r=1
3a YMOBM, 110
S
Zszlusysk
W <1, )
r=1 1 rk
Xk < erk 4 ysk < erk’ (4)
u,>0,v>0. )

Ockinpkm onmcaHa 3a1a4a (2)-(5) y Takin mocTaHOBII € ApoOHOTIHIT-
HOIO [IJ1 3HaXOIKeHHs pillleHHs, Il MoXe Oy Ty TpaHcdOpMOBaHO B 3afia-
4y JIIHIVIHOTO IIpOrpamMyBaHH TaK:

® CIIOBHA

(AE), = ijlusssk — max. (6)

3a ymoBu:
* JOTPVMAaHHS BCiX BUMOT SIKOCTi Ta TOYHOCTI IOCTaBKV BAaHTaXYy CII0-
KUBaygy:

zf=1zss=ll)sxsr =1’ (7)

* pecypcu TPaHCIOPTHO-JIOTICTMYHOI CHCTeMM MalOTh TaKi ITOTYX-
HOCTI, 1110 MOXYTb 3a0e311eunTy Bci BuMory k-ro KilieHTa:

xrk = Zrk 4 ysk = Zsk’ (8)
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ZssﬂztleusyskSZfﬂZ:ﬂDSxS” ©)

v,,u,2 0. (10)

TexniuHa edeKTMBHOCTh O3Ha4Ya€ MaKCHMMaJIbHO MOXJIMBY CITPO-
MOJKHICTb TPaHCIIOPTHO-JIOTiCTUYHOI CHCTeMM 0OCIIyroByBaTy KJIi€HTIB B
IIporieci MpocyBaHHS MaTepiaJIbHOTO ITOTOKY Bifl BUPOOHMKA A0 CIIOXM-
Baya, TPV IIbOMY JOTPUMYIOUNCh CTaHIaPTiB 00C/TyTOBYBaHHS.

Texniuny edeKTMBHICTE TPaHCIIOPTHO-JIOTICTUYHOI CUCTEeMI MOXKHA
IOIaTY SK 3[aTHICTh CCTeMM MiHIMi3yBaTy BUKOPVCTaHHS PeCyPcCiB T
yac BUKOHaHHSA S-01 IOCJIyIM k -My KITiEHTOBI Ha IlepeBe3eHHs BaHTaXy.

1 oTpyMaHHS OLIIHKM TeXHidHOI epeKTUBHOCTI TPaHCIIOPTHO-JIO-
TiCTUYHOI crcTeMM IIOTPiOHO BUpIIIMTY 3a/1ady, 1110 Opi€HTOBaHa Ha BXif,
KOXKHOTI'O KJTi€HTa:

(TE), z M, X, — min. (11)

3a ymoBu:
® pecypcu CcycCTeMM MOBVHHI J0cCAraTyl CTaHAApTHMX 3HadeHb, 11100
3a0e3rmeunTi gKicHe BUKOHAHHY 3aMOBJICHHS KJIi€HTa:

R
DX, <7, (12)

® pecypcu cycTeMI IIOBVHHI 3a0e31eunTyt IIOBHY Ta SIKiCHy 00poOKy
3aMOBJIeHb KJII€CHTIB:

Zsk - s=1 )\’sysk (13)

e KoedirienTN U, Ta A, JTHIVIHOT KOMOiHaIIil, 110 Mi/YISraloTh BU3HA-
YeHHIO;

u, 20,1, 20. (14)
SIxmo ymosu (11) Ta (12) MaroTh TaKMil BUIJISL;
211 W,x, >>Zsk Ta Z, << Zf: Yy >> Zsk . (15)

B pesysbTati po3s’ssanns 3agaui (11), (14), (15) 3HaX0OATh 3HAUEHHS
HOOMATKOBMX 3MiHHMX d *, d*, 110 XapaKTepusyIOTh HAJINIIOK pecypcis
abo HesKicHe 006CTyroByBaHH: KJIi€HTIB BHAC/I/TOK HEJIOCTaTHLOT KiJTKOC-
Ti pecypciB, sIKi € pe3epBaMy 3pocTaHHs e(PeKTUMBHOCTI PyHKIIOHyBaHHS
TPaHCIIOPTHO-JIOTICTUYHOI CUCTEMM.

EdexTuBHiCTh PyHKIIOHYBaHHSA TPAaHCIIOPTHO-JIOTICTUYHOL CCTeMM
F BusHauvaeThCs popMyIIo0

(AE,)
F=Yub =0y (16)
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Takum unHOM, 3acTOocyBaHHSA MeToly DEA 115 oLiHKM edpeKTMBHOC-
Ti JIOTICTMYHOIO CepBiCy TPaHCIIOPTHO-JIOTICTMYHOI CHCTeMW Ha OCHOBI
pecypcHMX ITOKa3HMKIB JJa€ MOXKJIVBICTB IIPOBECTM OIIHKY SIKiCHOTO 00-
CJIYTOBYBaHHS KJII€HTIB.

EdextuBHicTh (pyHKIIOHYBaHHS TPaHCIOPTHO-JIOTICTMYHOI CHC-
TeMM BU3HA4Ya€TbCd TMM, HACKUIBKM JOCIIIXYBaHMUM ITOKa3HUK Habsm-
JKAETHCS 1O MeXi BMPOOHIMYIOT MOXKIMBOCTI, SIKa ITOJaHa JIaMaHOIO JIiHIEI0
crangapris. lle o3Hadae MOBHe BMKOPWMCTaHHS CUCTEMOIO HasgBHUX pe-
CypciB i OHOYaCHO HEMOIMBICTH 301/IbIIIeHHS (PYHKITIOHYBaHHS OyIib-
4KO1 JioricTmyHol mociyru. Y meroni DEA 1mokasHMKWM, IO JieXaTh Ha
MeXi CyKyIHOCTi BUPOOHMYMX MOXJIMBOCTeN (CTaHAApTV BUKOHaHHSI
JIOTICTUYHMX IIOCIIYT), BBAXKAIOThCS €PeKTUBHVMY, a KOoedillieHT ix edek-
TUBHOCTI [OpiBHIOE ofayHMII. IloKasHMKY, gKi JieXaTb HyoK4Ye MeXi Cy-
KYITHOCTi BUPOOHMYMX MOXJIMBOCTEV], MAIOTh 3HAaUEHHS MeHIIIe OIVHMIT
i MOKa3yI0Thb piBeHb ix HeedeKTMBHOCTI.

HOBIIJOMJIEHHA / DECLARATION

1) ITpu BuKoHaHHi poOOTH i IIATOTOBLI PYKOIIMCY IITYYHU iHTeJIeKT He 3aCTOCOBY-
BaBcsl. 2) ABTOp He TIOBIIOMJISIE IIPO JKO/IeH MOTeHLiHMUY KOHIIIKT iHTepecis.
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EVALUATION MODEL OF LOGISTICS SERVICE EFFICIENCY
IN THE TRANSPORT AND LOGISTICS SYSTEM

Introduction. In the process of the transport and logistics system functioning, signifi-
cant attention is paid to its efficiency, which is driven by the identification of bottle-
necks for the digital transformation of the system. Digitalization opens up new oppor-
tunities for real-time supply monitoring, accurate demand forecasting, and automa-
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tion of operations in the process of providing customer services, which contributes to
increasing the efficiency, transparency, and adaptability of the transport and logistics
system. Logistics service represents a set of intangible logistics operations that ensure
maximum satisfaction of customer demand in the process of managing all types of
flows (material, information, financial) in an optimal way (based on the cost criterion).

Purpose. The development of logistics services within Ukraine’s transport and
logistics system is growing; however, these services largely do not meet international
standards of customer service. This very fact forms the basis for the study of logistics
service efficiency, which enables compliance with the requirements of technological
and business processes executed by the transport and logistics system. Consequently,
logistics service ensures maximum effect with minimal time losses for adaptation and
implementation.

Methods. To evaluate the efficiency of the logistics service within the transport
and logistics system, the non-parametric Data Envelopment Analysis (DEA) method
was applied. Considering that the DEA method allows for the assessment of only
relative efficiency and taking into account the intangible nature of logistics services,
this method has been modified as follows: the efficiency frontier is constructed based
on logistics service standards. This aligns with the concept of economic digitalization
and provides an opportunity to evaluate the stability of the transport and logistics
system in terms of its efficiency.

Results. Using the DEA method to determine the effective functioning of the
logistics service of a railway sorting station’s transport and logistics system, both in-
put-oriented technical efficiency (focused on resource consumption) and output-ori-
ented technical efficiency (focused on operational results) were identified.

Conclusions. Conducting a systematic assessment of the logistics system’s func-
tioning serves as a form of controlling its activities, as the evaluation results allow
managers to identify system bottlenecks, uncover areas of potential reserves, and
make immediate management decisions regarding its digitalization.

Keywords: logistics service, transport and logistics system, non-parametric method, digital
transformation, technical efficiency, allocative efficiency.
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Tallilo 3 KJIFOUOBVMM CJIOBaMM YKPaiHCHKOIO ISl aHITIOMOBHOI CTaTTi abo XX aHIJIiN-
CBHKOIO [IJIsI YKPalHCHbKOMOBHOI cTaTTi. TekcT posmupeHol aHoTarlil He MeHIe 1800
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» TTOBIOOMIJIEHHSL: y yvomy po3diai abmopu 3aabaawoms npo 1) BHecok aBTOpiB
Gionobiono do CRediT Roles abdo inuioeo cmandapmy; 2) 3actocysanns LI ma inwux in-
cmpymenmib Gionobiorno nosimuku sxypraay; 3) Kordikrn inTepecis — mym poskpuba-
tomo ix HasBuicms i 6ud abo Giocymmicme; 4) I'panti abo dinaHcoBa maTPVUMKa docAi-
Oxennsa — 3a nompebu ingpopmybamu; 5) Tlomsam, moujo.
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* 3a OaXaHHSIM aBTOPM HafaloTh iH(OpMaIio Ipo rpaHT adbo dpiHaHCOBY M-
TPUMKY IOCIIIKEHHS;

* JIIeH3iIHM JOTOBip MiINNMCY€EThCS aBTOMATUYHO IIPY CTBOPEHI IOJaHH: B
CrICTEeMI €JIEKTPOHHOL pe;laKL[i'i.

2. Texcr crarTi moparoTh 3 0008 s3K0BUMM pyOpUKamu: Bemyn, [Tocmanobxa 3a6-
danna/Oxpecaenns npobaemu, Mema, Pesyivmamu, diTko cdpopmybosaHi BuctoBku.

Bumoru no TekcroBoro darry

dopwmat darty *.doc, *.rtf. 3actocopHi criuti: mpudT Times New Roman, 12 1T, Ge3
nepeHocis, MbKpsakosuit intepsai — 1,0. @opmat nanepy A4, sci 6epern — 2 cm.

Dopmyimn HabupaloTh y pemakropax dopmyn (6axaro Microsoft Equation
Editor 3.0. ta MathType 6.9b.) Omwii pegakropa dopmyir — (10,5; 8,5; 7,5; 14; 10).
IInpwnaa dopmyn — mo 12 cm.

Pucynkmn maroTs OyTu gKicHMMM, 1X HaflaloTh OKpeMuMM daruIaMi BilIToBimHmx
dopwmaris (*.png, *jpg, *.tiff Tomo). lllnpuna pucyskis — 10 12 cm.

Tabmmr1i BUKOHYIOTE CTaHAAPTHUM BOY/IOBaHVM y iHCTpyMeHTapieM «Tabmmris»
TeKkcToBOro pefakropa. IlInpmeaa Tabanii — g0 12 cm.
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