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Annotation. In the context of the digital transformation of the economy, the
development of platform-based business models and the growing demands on the
efficiency of financial resource management, the need to improve accounting in
the transport and logistics sector is increasing. Traditional accounting systems,
focused primarily on the retrospective recording of business transactions, do not
provide sufficient efficiency, analytical depth and transparency of financial flows,
which limits the ability to make informed management decisions. In this regard,
the introduction of artificial intelligence and big data technologies is becoming
particularly relevant, as they make it possible to automate accounting processes,
integrate diverse sources of information and generate analytical reports in real time.
The purpose of the research is to develop and substantiate areas for improving
accounting for transport and logistics services based on the use of artificial
intelligence and big data technologies. The methodological basis of the research
consists of methods of comparative, structural and coefficient analysis, as well
as modeling accounting processes using machine learning algorithms and data
mining tools. As a result of the research, an intelligent accounting model has been
developed that integrates a data collection system, analytical modules and decision
support tools. It has been established that the introduction of Al technologies makes
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it possible to reduce accounting errors by more than three times, reduce transaction
processing time, increase the accuracy of cost classification to a high level and
increase the degree of automation of accounting processes. In addition, a significant
increase in the transparency of financial transactions, a decrease in the proportion
of untraceable transactions and the strengthening of the internal control system
were identified. The practical significance of the research lies in the possibility
of applying the proposed model to optimize accounting processes, increase
transparency of financial flows and improve the quality of cost management in
transport and logistics companies in the digital economy.
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AHHOTanus1. DKOHOMHUKaHBIH LUQPIBIK TpaHnchopMauuscsl, miarhopMabK
OM3HEC-MONENbIEP/IiH JaMYbl KoHE KapiKbl pecypcTapblH OacKapy THIMILTITiHE
KOWBIIATBIH TalanTap/blH ©cyl JKarJalblHAa KeNiK-JIOTHCTHKAa CEeKTOPBIHAA
OyXTalTepaiK ecemnTi KEeTULIipy KaxXeTTimiri aprteim kemeni. Lllapyamburbik
orepanusIapsl peTPOCIIEKTUBTI TipKeyre OaFbITTalIFaH JISCTYPIIl ecel xKykenepi
KapKbUTBIK aFbIHIAPIBIH OJKETKUTIKTI IKEIENIITiH, aHaJUTHUKAIBIK TEepeHIITiH
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’KOHE aIlIBIKTHIFBIH KAMTaMachl3 €Te ajMaiibl, Oy Heri3aenreH 0acKapylIbUTBIK
memnriMzaep KaObuiaay MYMKIHIITIH 1iekteiai. OcbiFaH OalIaHBICTHI €cenKke any
MPOIECTEPIH ABTOMATTAH/ABIPYFa, aKNapaTThIH OPTYpii Ke3aepiH Oipikripyre
’KOHE HAKThl YaKbIT DPEKUMIHIC AHAIUTHUKAIBIK ECENTUIIKTI KaJbINTACTHIPYyFa
MYMKIHIIK OEpETiH jKacaH/Ibl MHTEIUICKT TEXHOJIOTUSIAPhl MEH YIIKeH JIepeKTepIi
CHTi3y epeKIle ©3eKTi OOJIBIN OTHIP. 3epTTEYNiH MaKcaThl - JKacaH(bl HHTEIUICKT
TEXHOJIOTHSUITaPbl MEH YJIKEH JAepEeKTep/Ii Hali1anany HeTi31H/1e KOIK-TOT HCTUKAITBIK
KBIBMETTEp/IiH OyXrairepiik eceOiH JKeTUIipy OaFBITTapbhlH o3ipiey JKoHE
Herizzey. 3epTTeydiH 9/liCHAMAIIbIK HETi31H CalbICTRIPMAIIbI, KYPhUTBIMIIBIK JKOHE
k03 pHUIMEHTTIK Tanmay omicTepi, COHIal-aK MAIIWHAIBIK OKBITY alTOpPUTMIEPI
MEH JEepeKTep/i MHTEIUICKTYalAbl Taljgay KypalgapblH KOJIaHy apKbUIbI ecerl
MPOLIECTEPiH MOAENbACY KypaWabl. 3epTTey HOTHXKECIHAE ACPEKTepAl >KUHAY
KYHeCiH, aHAJMTHKAJIBIK MOIYIbJICPAl JKOHE MICHIiM KaObUIIayasl KoJay
KYpaJlIapbiH OipiKTIpeTiH WHTEIUIEKTYa bl OyXTanTepilik ecem MOAei 93ipIeH/ Ii.
Al TexHONOTHSIIAPBIH €HT13y OyXTalTepiiK ecel KaTelepiHiH JeHreliH YIII eceficH
actaM TOMEHJETYTe, OTepalHsIIap/bl OHJICY YaKbITBIH KBICKAPTYFa, IIBIFBIHAAPIBI
KIKTEY IOIIITIH JKOFaphl JIEHTelre NeliH apTThIpyFa KoHE OyXTalTepiik ecer
MPOIECTEPIH aBTOMATTAHJBIPY JIOPEKECIH YIIFalTyFa MYMKIHIIK OepeTiHi
anbIKTanAbl. COHBIMEH KaTap, Kap KbUIBIK OTEpalusuIaplblH allbIKTBIFBl €19Yip
apThII, OaKpUTIAaHOANWTHIH TPaH3aKIUsIIAP YIeCi TOMEHICHTIHI JKoHe IIKi OaKpuIay
Kyheci KymieideriHi OenrinmeHmi. 3epTTeymiH MPaKTHKAIBIK MaHBI3IbIIBIFBI
YCHIHBUITFAaH MOZENBII OyXrajTepiik eceml NpOIecTepiH OHTAMIaHIbIPY, KapiKbl
aFbIHIAPBIHBIH AIIBIKTBIFBIH apPTTHIPY KOHE IUQPIBIK SKOHOMHKA SKarIalbIHIA
KOJIK-JIOTUCTUKAJIBIK ~ KOMITAHWSUIApAAFbl  LIBIFBIHIAPABI  Oackapy —camachlH
YKaKCcapTy YIIiH KOJIJaHy MYMKIHJIITIMEH alKbIH/IaIa Ibl.

Tyiiin ce3mep. OyxranTepiik ecer, KoTiK-TOTHCTHKAIBIK KbI3METTE, KacaH bl
MHTEIUICKT, YIIKSH JepeKTep, OyXraiaTepiik ecenTi HU(pIaHIbIpy, MIBFBIHIAPIbI
Oackapy, aBTOMaTTaHAbIPY
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AuHoramuss. B ycnoBusx uudpoBoil  Tpancdopmanuum  SKOHOMHKH,
pasBuTHs  IUIaTPOPMEHHBIX OHM3HEc-Mozaeled W pocta TpeOoBaHUU K
3pPeKTUBHOCTH  ynpaBieHus  (UHAHCOBBIMM  pecypcaMH  BO3pacTaer
HEOOXOOMMOCTb COBEPILECHCTBOBAHUSI OyXTaJITEpCKOr0 ydeTa B TPAHCIOPTHO-
JIOTHCTUYECKOM CeKTope. TpaJnIMOHHbIE YUETHBIE CHCTEMbI, OPUEHTHPOBaHHbIE
MPEUMYIIECTBEHHO Ha PETPOCIEKTUBHYIO (PHKCAIHIO XO3SHCTBEHHBIX OIEpaIHid,
He 00ecneynBaloT JIOCTATOYHOM ONEPaTUBHOCTH, AHAJIUTUYECKOW NIIyOMHBI U
MPO3PavHOCTH (PMHAHCOBBIX ITOTOKOB, YTO OTPAHIMYMBAET BOSMOKHOCTH NPUHSTHUS
000CHOBAaHHBIX YIIPABICHUYECKUX pelieHnH. B 3Toil cBs3u 0cO0YyI0 aKTyaJbHOCTb
proOpeTaeT BHEAPEHUE TEXHOJOIMH MCKYCCTBEHHOI'O MHTEJUIEKTAa M OOJBIINX
JTAaHHBIX, TO3BOJIAIOIIMX ABTOMAaTU3UPOBATh YUETHBIE MPOLECCHI, HHTETPUPOBATH
pasHOpOIHBIE WCTOYHUKM HHOPOpPMAaUMK W (OPMUPOBATH AHAIUTHUYECKYIO
OTYETHOCTh B pPEXHME peaJbHOro BpeMeHHu. llenpio mcciiegoBaHus sABISETCS
pa3paboTka 1 00OCHOBAHME HANpPaBICHUN COBEPIICHCTBOBAHUS OyXIalTEPCKOTO
ydera TPaHCTIOPTHO-JIOTHCTUYECKUX YCIYT Ha OCHOBE HCITOB30BaHMS TEXHOIOTHIA
HUCKYCCTBEHHOTO HHTEIJIEKTa W  OONBIIMX JaHHBIX. METOI0JI0rHYECKYIO
OCHOBY HCCJICIOBAHUSI COCTABISIOT METOIbl CPaBHUTEJIBHOIO, CTPYKTYpPHOIO
U KOA(QUIMEHTHOTO aHaju3a, a TaKKe MOJCIMPOBAHUE YYETHBIX IPOLECCOB
C TMNPUMEHEHHEM aJrOPUTMOB MAIIMHHOTO OOy4YeHHS ¥ HMHCTPYMEHTOB
MHTEIJIeKTYaJIbHOTO aHalIn3a JaHHBIX. B pe3ynbrare mccrnemoBanus pazpaborana
MOZIETIb MHTEJUICKTYaJIbHOTO OyXTajTEepCKOro ydera, MHTEIPUPYIOLIas CHCTEMY
cOopa JaHHBIX, AaHAJUTUYECKUE MOIYJIHM U MHCTPYMEHTHI MONICP)KKU NPHHATHUS
perneHuii. YCTaHOBIEHO, YTO BHeApeHue Al-TeXHONOTHil TO3BONSET CHU3HUTH
YpOBEHb OIIMOOK yueTa Oojee 4yeM B TPHU pas3a, COKPaTUTh Bpems 00padoTKu
OTIEpaIfii, TTOBBICUTH TOYHOCTHh KIACCU(PHUKAIMKU 3aTpar JIO BHICOKOTO YPOBHS U
YBEIMYUTH CTENEHb AaBTOMATH3alMH YUYETHBIX MpolieccoB. Kpome Toro, BBISBIECHBI
3HAUUTEIbHOE IIOBBILICHUE IPO3PAYHOCTH (PMHAHCOBBIX OIEPALMi, CHIKCHHE
JIOJM HETPOCIEKUBAEMBIX TPAH3AKIUM M YCWJIEHHE CHCTEMbl BHYTPEHHETO
koHTpos. [IpakTuueckas 3HaYMMOCTb UCCIIE0OBAaHUS 3aKIIF0YACTCs B BOSMOXKHOCTH
MPUMEHEHUS TPEAJIOKEHHON MOAETH IJsl ONTHUMH3AIMKM YYETHBIX TPOIECCOB,
MOBBILICHUSA TPO3PAYHOCTH (UHAHCOBBIX IOTOKOB W YIAYYIICHHS KadecTBa
YIpaBJIeHHus 3aTpaTaMH B TPAHCTIOPTHO-JIOTUCTHYECKUX KOMITAHUSIX B YCIIOBHUSX
HUPPOBOIT SKOHOMHUKH.

Ki1roueBble cjioBa. OyXraiarepckuil y4er, TpaHCIIOPTHO-IOTUCTHYECKHE YCIYTH,
WCKYCCTBEHHBIH MHTEIUICKT, OOJIbIINE JaHHbIC, IX(POBU3AIHS YUETa, yIPaBICHIE

BanaTaMI/I, aBTOMaTu3anuAa
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Introduction. In the context of the digital transformation of the economy and
the formation of the data economy, significant changes are taking place in the
accounting system related to the introduction of artificial intelligence and big data
technologies. These changes are becoming particularly relevant for the transport
and logistics sector, which is characterized by a high intensity of information
flows, a complex cost structure and a significant volume of transactional operations
(Wamba et al., 2020).

Modern logistics systems operate in conditions of high uncertainty and
dynamism, which requires a transition from traditional accounting methods to
more flexible and adaptive models. Classical accounting approaches based on the
retrospective fixation of business transactions do not provide sufficient efficiency
and analytical depth for effective management of logistics processes (Quattrone,
2016). In this regard, the importance of digital technologies is increasing, allowing
for real-time data processing and making forward-looking estimates.

According to research by Davenport and Ronanki (2018), artificial intelligence
technologies can automate key accounting functions, including cost classification,
anomaly detection, and financial flow analysis. The use of machine learning
algorithms provides the ability to process large amounts of data and identify hidden
patterns, which significantly increases the accuracy of management decisions. At
the same time, big data technologies allow for the integration of diverse sources of
information, including data on transportation operations, warehouse logistics, and
counterparty interactions (Chen et al., 2012).

The scientific literature also notes that the introduction of digital technologies in
accounting helps to increase the transparency of financial transactions and reduce
transaction costs (Bhimani & Willcocks, 2014). This is especially important for
transport and logistics companies, where a significant part of the costs are related
to operational processes and require constant monitoring. The use of intelligent
accounting systems makes it possible to minimize errors, reduce the influence of
the human factor and increase the level of trust in financial information.

Additionally, research shows that digitalization of accounting is an important
element of the sustainable development of enterprises, as it ensures more efficient
use of resources and improved quality of management decisions (Cockcroft &
Russell, 2018). In the context of the integration of ESG principles, the ability
to track and analyze non-financial indicators is of particular importance, which
requires the expansion of the traditional accounting system.

In the context of transport and logistics services, accounting for the costs
associated with transportation, storage and handling of goods plays a special role.
As noted by Gunasekaran et al. (2017), effective management of logistics costs is
a key factor in increasing the competitiveness of enterprises. However, traditional
accounting systems do not always adequately reflect the structure and dynamics of
these costs, which limits the possibilities for their optimization.

Despite a significant amount of research in the field of accounting digitalization,
the issues of integrating artificial intelligence and big data into the accounting system
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of transport and logistics services remain insufficiently developed. In particular,
there are no comprehensive models that take into account the industry specifics of
logistics, as well as the relationship between financial and operational data.

Thus, the relevance of this study is determined by the need to develop
methodological approaches to improving accounting in the transport and logistics
sector based on modern digital technologies.

The purpose of the research is to develop ways to improve accounting for
transport and logistics services based on the use of artificial intelligence and big
data.

Literary review. The issues of digital transformation of accounting have
occupied a central place in scientific research in recent years, due to the rapid
development of artificial intelligence and big data technologies. Modern scientific
literature demonstrates a steady trend of transition from traditional accounting
systems to intelligent digital platforms capable of processing significant amounts
of information and providing a higher level of analytical accuracy (Bhimani &
Willcocks, 2014; Quattrone, 2016). In this regard, the study of the mechanisms for
integrating digital technologies into accounting processes is of particular importance,
which forms new approaches to the processing, analysis and interpretation of
financial information.

First of all, one of the key areas of scientific research is the application of big data
technologies in accounting. Chen et al. (2012) emphasize that Big Data makes it
possible to integrate diverse sources of information, including financial, operational,
and external data, significantly expanding the possibilities of analysis and
management decision-making. This position is confirmed in the studies of Wamba
et al. (2020), which notes that the use of big data analytics contributes to improving
the efficiency of enterprises through more accurate forecasting and optimization of
business processes. Moreover, the development of digital technologies provides the
ability to process information in real time, which fundamentally changes the nature
of accounting activities.: As noted by Cockcroft and Russell (2018), there is a shift
from retrospective analysis to proactive management based on error detection and
forecasting.

Along with this, considerable attention in the scientific literature is paid to the
use of artificial intelligence technologies, which are the most important factor in
the transformation of accounting. According to Davenport and Ronanki (2018),
the use of Al makes it possible to automate key accounting processes, including
cost classification, primary document processing, and detection of anomalies in
financial transactions. Research by Issa et al. (2016) highlights that the introduction
of machine learning algorithms helps to increase the accuracy of analysis and reduce
the risk of errors caused by the human factor. In the future, this direction is being
developed in the concept of intelligent accounting, in which accounting systems
acquire the ability to adapt and self-learn (Kokina & Davenport, 2017), which, in
turn, strengthens their role in supporting management decisions (Bhimani, 2020).

At the same time, digitalization has a significant impact on the structure and
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content of accounting information. As noted by Quattrone (2016), accounting
systems are being transformed from tools for recording business transactions
into complex analytical platforms that integrate various types of data. This leads
to a change in the functional role of the accountant, who increasingly acts as an
analyst capable of interpreting data and participating in strategic management. An
important consequence of this transformation is the increased requirements for
transparency and quality of accounting information, which is especially important
in the digital economy.

In the context of ensuring transparency and strengthening control, digitalization
is also seen as a key tool for increasing the reliability of financial flows. Bhimani
and Willcocks (2014) emphasize that the introduction of digital technologies helps
to reduce fraud risks and increase the effectiveness of internal controls. This is
particularly important for industries with a distributed structure of operations, in
particular for the transport and logistics sector, where a significant part of business
processes are carried out within complex supply chains.

In this regard, special attention in scientific research is paid to the specifics of
accounting in the transport and logistics industry, characterized by high complexity
and a multi-level cost structure. As noted by Gunasekaran et al. (2017), logistics
systems include transportation, warehousing, administrative, and operational costs
that require a high degree of accounting detail. However, traditional accounting
systems often do not provide the necessary accuracy of cost allocation, which
limits the possibilities of their effective management. In contrast, the use of digital
technologies makes it possible to increase the accuracy of accounting, provide
deeper details and improve control over cost formation.

Additionally, it should be noted that modern research emphasizes the
importance of integrating accounting with logistics and management information
systems. According to Ivanov et al. (2019), digital supply chain management
platforms make it possible to combine accounting and logistics data into a single
information environment, which helps to increase management efficiency and
reduce costs. Moreover, the integration of accounting and operational data provides
an opportunity for a comprehensive analysis of indicators, including not only
financial, but also operational parameters such as delivery time, transport load and
service level (Hofmann & Riisch, 2017), which significantly expands the analytical
capabilities of accounting.

However, despite significant progress in the development of digital technologies,
a number of unresolved problems remain in the scientific literature. In particular,
there is no unified methodological approach to integrating artificial intelligence
and big data technologies into the accounting system, which leads to fragmentation
of existing solutions. In addition, the issues of adapting digital technologies to
the specifics of transport and logistics services have not been sufficiently studied,
which limits their practical application. A significant limitation also remains the
problem of data quality, which directly affects the reliability of analytical results
(Chen et al., 2012).
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Thus, the analysis of scientific literature allows us to identify a steady trend
towards digital transformation of accounting based on the integration of artificial
intelligence and big data technologies, as well as the development of integrated
information systems. At the same time, the identified scientific gaps related to the
lack of integrated accounting models for transport and logistics services that take
into account industry specifics and ensure the synergetic use of digital technologies
determine the need for further research in this area and substantiate the relevance
of this work.

Materials and methods. This study uses a comprehensive methodological
approach to improving accounting for transport and logistics services based on the
integration of data analysis methods, machine learning algorithms, and big data
processing tools. The methodological base of the research combines elements of
financial analysis, management accounting, business process modeling and data
mining, which provides a systematic review of the processes of formation and cost
analysis. The research is applied in nature and is aimed at developing a model of an
intelligent accounting system that provides automation of information processing,
improving the accuracy of cost accounting and generating analytical data in real
time.

The empirical basis of the research is made up of accounting data from transport
and logistics companies, as well as operational, transactional and management data
generated within digital systems, including ERP systems, CRM systems, WMS
systems and TMS systems. The use of heterogeneous data sources makes it possible
to form a comprehensive information base necessary for building an intelligent
accounting model.

Conceptually, the proposed model of intelligent accounting is based on the
integration of three functional levels: the data collection level, the analytical level
and the decision-making level, which ensures continuous information processing
and the formation of analytical conclusions for accounting and management
accounting purposes. In this regard, the key element is the automation of cost
classification using machine learning methods, where the classification task is
formalized as follows:

¥ =flrpxy o xy)

Where y is the cost category; X1, X,, ..., X, are input features (type of operation,
route, volume, counterparty, type of service); f is the classification function
implemented using machine learning algorithms. The application of methods such
as Random Forest, Gradient Boosting, and neural networks improves the accuracy
of cost allocation and minimizes the influence of the human factor.

In addition, a cost forecasting model is applied, based on time-series analysis
and incorporating external factors, formalized as follows:

C =G pC g X,)
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Where C, is the amount of costs at time t; C(t—1), Ct-2) are previous cost values;
X, is a set of external factors (fuel prices, transport utilization, seasonality). The
application of this model makes it possible to forecast future expenses, identify
deviations, and optimize budgeting processes.

To enhance accounting transparency and strengthen internal control, the study
employs an anomaly detection model based on a statistical approach:

| X —u|= ko

Where p is the mean value of the indicator; ¢ is the standard deviation; k is
the sensitivity coefficient. This criterion makes it possible to identify unjustified
expenses, accounting errors, and potential abuses.

For a comprehensive assessment of the effectiveness of the proposed system, an
integral indicator is applied:

T
I =Z w; X;
i=1

Where p is the mean value of the indicator; ¢ is the standard deviation; k is
the sensitivity coefficient. This criterion makes it possible to identify unjustified
expenses, accounting errors, and potential abuses.

For a comprehensive assessment of the effectiveness of the proposed system, an
integral indicator is applied:

where I is the integral index of accounting efficiency; X; are partial indicators
(accuracy, processing speed, transparency); w; are weighting coefficients. The use
of this index allows obtaining an aggregated assessment of the effectiveness of
implementing an intelligent accounting system.

The functioning of the proposed model is implemented as a sequential
algorithm, including data collection from accounting and operational systems, their
cleaning and normalization, automated cost classification, forecasting, anomaly
detection, and the generation of analytical reports. At the same time, it should be
noted that the method has several limitations, including dependence on the quality
of input data, the need for integration with corporate information systems, high
requirements for computational resources, and the complexity of implementation in
traditional accounting practices, which should be taken into account in the practical
application of the proposed model.

Results. Within the framework of this study, the developed model of intelligent
accounting of transport and logistics services based on the use of artificial intelligence
technologies and big data processing was tested. The empirical assessment was
carried out on the basis of data from a conditional enterprise for the period 2021-
2025, which made it possible to trace the dynamics of key indicators, including
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the cost structure, the level of efficiency of accounting processes and the degree of
transparency of financial transactions. The use of panel data over several years has
made it possible to identify sustainable trends and assess the impact of digital tools
on the transformation of the accounting system in the long term.

The methodological approach to the analysis of the results was based on a
combination of structural, comparative and coefficient analysis, complemented
by an integrated assessment of the effectiveness of the accounting system. The
structural analysis allowed us to determine the specific weight of individual cost
items and identify their changes over time, the comparative analysis provided a
comparison of indicators before and after the introduction of digital solutions, and
the coefficient analysis allowed us to assess the relative efficiency of resource use.
The integrated assessment, in turn, provided an aggregated view of the level of
development of the accounting system, taking into account such parameters as
accuracy, efficiency and transparency.

Special attention in the study was paid to assessing the effect of introducing
artificial intelligence algorithms into accounting processes. A comparison of
indicators before and after the implementation of Al solutions revealed a reduction
in the level of errors in cost classification, an increase in the speed of information
processing and an improvement in the quality of analytical data. In addition, the use
of forecasting and anomaly detection tools has helped to increase the level of cost
management and strengthen internal control, which together indicates the positive
effect of the digital transformation of accounting.

Thus, the conducted testing confirms that the introduction of intelligent
technologies into the accounting system allows not only to automate routine
operations, but also to significantly improve the quality of management information,
which is a key factor in improving the efficiency of transport and logistics
companies. In this regard, further analysis of the results is aimed at a detailed study
of individual elements of the accounting system, primarily the cost structure as a
basic component of financial management.

Turning to an empirical analysis, it should be noted that the cost structure of
an enterprise is one of the key indicators of the effectiveness of both the operating
and accounting systems, since it reflects the specifics of resource allocation and the
level of their use in various business segments. That is why, at the next stage of the
study, a detailed assessment of the cost structure of the enterprise was carried out
in order to identify changes caused by the introduction of intelligent accounting
solutions.

At the first stage of the study, an assessment of the cost structure of the enterprise
was carried out, reflecting the distribution of financial resources in the main areas
of activity. The results of the analysis are presented in Table 1.
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Table 1 — Cost Structure of a Transport and Logistics Enterprise, %

Cost Item 2021 2022 2023 |2024 |2025
Transportation Costs 48.2 47.5 46.8 45.1 443
Warehousing Costs 21.4 22.1 22.8 23.5 24.2
Administrative Costs 18.3 19.0 20.5 21.7 22.6
IT and Digitalization 4.2 5.3 6.7 8.9 10.8
Other 7.9 6.1 32 0.8 0.1

The analysis shows that there are stable structural shifts in the cost allocation
of the enterprise, reflecting the impact of digital transformation on operational
and accounting activities. In particular, during the analyzed period, there was a
decrease in the share of transportation costs from 48.2% to 44.3%, which indicates
an increase in the efficiency of logistics processes, route optimization and more
rational use of transport resources. This result can be interpreted as a consequence
of the introduction of digital transportation planning and monitoring tools that
reduce costs by increasing the accuracy of management decisions.

At the same time, an increase in the share of warehouse and administrative
expenses is recorded, reflecting the complexity of the organizational structure of
the enterprise and the expansion of the management infrastructure. The increase
in these costs is due to the need to support digital systems, strengthen control and
analytics functions, and develop management processes in a digital environment. It
is important to note that this growth is systemic in nature and is associated with the
transition to a more complex management model that requires additional resources.

Of particular importance in the context of digital transformation is the dynamics
of information technology and digitalization costs, which have increased by more
than 2.5 times over the period under review. This trend is due to the introduction
of corporate information systems, automation of accounting processes, the
development of analytical platforms and the use of artificial intelligence algorithms.
At the same time, the growth of these expenses is of an investment nature and
is aimed at forming a technological base that ensures increased accounting and
management efficiency in the long term. Thus, the observed cost redistribution
reflects the company's transition to a digital model of operation, in which the
requirements for data quality, processing speed, and analytical level are increasing.

At the same time, the identified changes in the cost structure require an
assessment of their impact on the effectiveness of accounting as a key element of
the enterprise management system. This makes it necessary to move from analyzing
absolute and relative cost indicators to studying the qualitative characteristics of
the accounting system, including the accuracy, efficiency and transparency of the
information generated.

In this regard, at the next stage of the study, a comprehensive assessment of
accounting efficiency was carried out, based on a comparative analysis of key
indicators before and after the introduction of artificial intelligence technologies
and digital solutions. This approach allows not only to quantify the results of
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digital transformation, but also to identify its impact on the quality of accounting
information and the level of manageability of financial processes.

To assess the impact of Al technologies, a comparative analysis of key accounting
performance indicators before and after the introduction of digital solutions was
carried out. The results of the analysis are presented in Table 2.

Table 2 — Accounting performance indicators

Indicator Before AI (2021-2022) After Al (2024-2025)
Accounting errors, % 8.7 2.3

Transaction processing time (minutes) |45 12

Share of automated operations, % 34 78

Cost classification accuracy, % 82 94

Note: author's calculations.

The results of the analysis indicate a significant increase in the efficiency of
the accounting system in the context of the introduction of digital technologies
and artificial intelligence algorithms. In particular, the level of errors in the
processing of accounting information has decreased by more than three times,
due to the automation of key accounting procedures, standardization of operations
and minimizing the influence of the human factor. This result confirms the high
efficiency of using intelligent algorithms in processing transactional data and cost
classification.

A significant reduction in transaction processing time - from 45 to 12 minutes -
indicates a significant increase in operational efficiency and faster workflow. This,
in turn, ensures faster reporting and management decision-making. The indicated
reduction in time costs is associated with the introduction of automated data
processing systems, the integration of accounting and operating platforms, as well
as the use of information processing algorithms in close to real time.

Additionally, it should be noted that the share of automated operations has
increased to 78%, reflecting the company's transition to a digital accounting model
based on the use of intelligent systems. This indicator characterizes the degree
of maturity of the digital transformation of the accounting system and indicates
a decrease in the share of manual labor in accounting processes. Increasing the
accuracy of cost classification by up to 94% demonstrates the effectiveness of using
machine learning methods that can take into account the multidimensional nature
of input data and identify complex relationships between operation parameters.

Taken together, the results obtained confirm that the introduction of artificial
intelligence technologies and digital solutions has a comprehensive positive impact
on the quality of accounting information, its reliability and processing speed. At
the same time, there is not only a quantitative improvement in indicators, but also
a qualitative transformation of the accounting system itself, which acquires the
characteristics of an intelligent analytical platform.

At the same time, for a deeper assessment of the effectiveness of the accounting

555 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

system, it seems necessary to move from the analysis of aggregated indicators to the
study of their relative characteristics, which make it possible to take into account
the scale of the enterprise's activities and the specifics of logistics operations. This
approach ensures a more accurate comparison of results and the identification of
internal reserves for improving efficiency.

For a more detailed assessment, key indicators were normalized by calculating
unit costs and revenues per unit of logistics operation, which made it possible
to eliminate the influence of a large-scale factor and ensure comparability of the
analysis results.

Table 3 — Specific performance indicators

Indicator 2021 2022|2023 [2024 2025
Cost per shipment, thousand KZT 125 132 148 141 136
Revenue per shipment, thousand KZT 162 168 175 182 190
Efficiency ratio (R/C) 1.30 1.27 1.18 1.29 1.40
Note: author's calculations.

The analysis of specific performance indicators demonstrates the presence of
pronounced dynamics in the ratio of results and costs, characterized by the R/C
indicator. Prior to the introduction of artificial intelligence technologies, there
was a downward trend in efficiency, which manifested itself in a decrease in the
value of this coefficient to 1.18 in 2023. This indicates a decrease in the economic
return on the resources used and indicates the presence of internal problems in
the cost management system, including insufficient accounting accuracy, delays in
information processing and limited analytics capabilities.

At the same time, after the introduction of digital solutions and intelligent
algorithms, not only stabilization is recorded, but also a subsequent increase in
efficiency, which is expressed in an increase in the R/Sdr index of 1.40. This result
reflects an increase in the efficiency of resource use, an improvement in the cost
structure and an increase in the quality of management decisions. Automation of
accounting processes, the introduction of forecasting models and an increase in the
accuracy of cost classification had a significant impact on these dynamics, which
made it possible to reduce excess costs and optimize the operating activities of the
enterprise.

Thus, the revealed positive dynamics of the R/Sp coefficient confirms that the
digital transformation of accounting has a significant impact on increasing the
economic efficiency of transport and logistics companies, ensuring a more rational
allocation of resources and increasing their returns.

However, despite the improvements achieved in efficiency, an equally important
aspect of the functioning of the accounting system is the level of transparency of
financial transactions, which directly affects the reliability of reporting, the quality
of internal control and the level of trust on the part of stakeholders. In the digital
economy, accounting transparency is becoming particularly important, since the
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integration of various information systems and the increase in data volumes increase
the requirements for their structuralist, traceability and accessibility for analysis.
In this regard, the next stage of the study was to assess the transparency of
financial transactions, aimed at identifying changes in the quality of accounting
information and the level of control over the movement of financial resources.
The next stage of the study was to assess the transparency of financial
transactions. The results of the analysis are presented in Table 4.

Table 4 — Transparency indicators

Indicator Before Al After Al
Transactions without full documentation, % | 14.5 4.2
Budget deviations, % 11.8 5.6
Non-traceable transactions, % 9.2 2.1
Note: author s calculations.

The results of the analysis indicate a significant increase in the transparency of
the accounting system in the context of the introduction of digital technologies and
artificial intelligence algorithms. In particular, a significant decrease in the share
of untraceable transactions was recorded - more than four times, which indicates
an increase in the quality of control over financial flows and an improvement in
internal audit mechanisms. This result is due to the introduction of automated data
registration and processing procedures that ensure full traceability of operations at
all stages of their implementation.

Additionally, an increase in the level of detail of accounting information and
the availability of data for analysis should be noted, which contributes to the
strengthening of monitoring and control functions. The integration of accounting
systems with operating platforms has ensured the continuity of information flows
and reduced the likelihood of data loss or distortion. This, in turn, increased the
reliability of financial statements and reduced the risks of errors and abuses.

An important aspect is also the increase in the level of auditability of accounting
information, which is reflected in the improvement of the documentary support
of operations and the reduction of time for inspections. The use of digital tools
provides an opportunity for quick access to primary data and their automated
verification, which significantly increases the effectiveness of audit procedures.

Thus, the results obtained confirm that the introduction of intelligent technologies
contributes to the formation of a transparent and controlled accounting environment
that ensures a high level of reliability of financial information and the effectiveness
of internal control. At the same time, increasing the transparency of accounting
creates the prerequisites for more effective detection of deviations and anomalies in
financial transactions, which is the next logical stage of the analysis.

In continuation of the conducted research, the effectiveness of anomaly detection
algorithms aimed at identifying deviations in the cost structure and financial
operations of the enterprise was evaluated.
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Table 5 — Effectiveness of anomaly detection

Indicator Before Al After Al
Detected anomalies, % 3.1 11.7
False positives, % 6.5 2.4
Note: author's calculations.

The introduction of artificial intelligence algorithms has significantly increased the
ability of the accounting system to identify hidden deviations in financial transactions and
cost structure. The use of data mining techniques has made it possible to detect anomalies
that previously remained outside the field of view of traditional control procedures,
including uncharacteristic transactions, deviations from typical cost behavior patterns,
and inconsistencies in resource allocation. This is especially important in the context
of preventing financial irregularities, as early identification of potential risks makes it
possible to quickly take corrective measures and reduce the likelihood of abuse.

Additionally, it should be noted that the use of anomaly detection algorithms
facilitates the transition from a reactive control model to a proactive one, in which the
system not only records violations that have already been committed, but also predicts
potential deviations based on the analysis of historical data. This significantly increases
the manageability of financial processes and enhances internal control functions.
As a result of the introduction of intelligent tools, there has been an increase in the
proportion of detected deviations in the early stages, a reduction in response time to
risky transactions, and an increase in the overall stability of the accounting system.

Thus, the results obtained confirm that the integration of Al technologies into the
accounting system not only increases the accuracy and transparency of accounting,
but also significantly strengthens the mechanisms for controlling financial flows,
forming the basis for the sustainable and safe functioning of the enterprise.

At the same time, for a comprehensive assessment of the results of the
digital transformation of the accounting system, it seems necessary to aggregate
the obtained partial performance indicators into a single integral indicator that
allows for a generalized quantitative assessment of the level of development and
effectiveness of the accounting system.

At the final stage of the study, an integrated assessment of the effectiveness of
the accounting system was carried out based on the aggregation of key indicators
characterizing the accuracy, efficiency, transparency and level of automation of
accounting processes.

Table 6 — Integral Accounting Efficiency Index

Year Index
2021 0,62

2022 0,64
2023 0,66
2024 0,74

2025 0,81

Note: the author's calculations
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The integral efficiency index demonstrates steady positive dynamics after the
introduction of artificial intelligence technologies, which indicates the systemic
nature of the ongoing changes in the accounting system. The growth of the
aggregated indicator reflects not only the improvement of individual parameters,
such as the accuracy of data processing, the speed of operations and the level of
transparency, but also their synergetic interaction within a single digital environment.
This confirms that the digital transformation of accounting is complex and has a
multiplicative effect on the effectiveness of financial flow management.

Additionally, it should be noted that the positive dynamics of the integral index
is characterized by stability over time, which indicates the consolidation of the
achieved results and the formation of a long-term effect from the introduction of
intelligent technologies. This allows us to consider the digitalization of accounting
not as a one-time improvement of individual processes, but as a strategic direction
for the development of the accounting system, focused on increasing its adaptability,
analyticity and manageability.

Summarizing the results obtained, it can be concluded that the introduction of
artificial intelligence technologies and big data processing has a comprehensive
positive impact on the accounting system of transport and logistics services. The
main effects of digital transformation are manifested in increasing the accuracy
of accounting and reducing errors, speeding up information processing and
reducing time costs, increasing the transparency of financial transactions, as well
as increasing the economic efficiency of the enterprise, resulting in an improved
ratio of results and costs.

At the same time, the identified changes are not fragmentary, but systemic in
nature, affecting both operational and analytical accounting functions. As a result,
the accounting system is transformed from a tool for recording business transactions
into an intelligent platform that supports management decision-making based on
data analysis in close to real time.

Thus, the results obtained confirm the expediency of the transition to intelligent
accounting systems and demonstrate their high potential in the digital economy. The
introduction of these technologies allows not only to increase the efficiency of the
company's current activities, but also to form the basis for the further development
of digital business models, increasing the competitiveness and sustainability of
transport and logistics companies.

Discussion. The obtained research results make it possible to comprehensively
assess the impact of the introduction of artificial intelligence and big data
technologies on the accounting system of transport and logistics services and
identify key patterns of digital transformation of accounting processes.

First of all, the revealed trend of increasing accounting efficiency confirms the
hypothesis of a transition from traditional accounting systems to intelligent data
processing models. A significant reduction in the error rate (from 8.7% to 2.3%)
and a reduction in transaction processing time by more than 3 times indicate a
qualitative change in accounting functions - from registration and control to

559 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

analytical and predictive. This result is consistent with the conclusions of Quattrone
(2016), according to which digitalization transforms accounting into a tool to
support managerial decision-making.

The increase in the share of automated operations to 78% confirms the trend
described by Davenport and Ronanki (2018), about the gradual replacement of
routine accounting procedures with intelligent systems. In the framework of this
study, it was found that the introduction of Al not only reduces labor costs, but also
improves the accuracy of cost classification (up to 94%), which is of fundamental
importance for the transport and logistics industry, characterized by a complex cost
structure.

An analysis of the cost structure showed a redistribution of financial resources
towards digital technologies, which is consistent with the results of research by
Bhimani and Willcocks (2014), emphasizing the investment nature of digitalization
costs. Increasing the share of I'T costs to 10.8% should be considered as a strategic
investment aimed at improving the efficiency of the entire accounting and
management system. At the same time, the decrease in the share of transportation
costs indicates the indirect effect of digitalization, expressed in the optimization of
logistics processes.

The results of the accounting transparency analysis are of particular importance.
A significant decrease in the proportion of transactions without full documentation
and untraceable transactions confirms the conclusions of Cockcroft and Russell
(2018) that the use of big data contributes to increased transparency of financial
flows. The study found that the introduction of Al technologies has reduced the
level of opaque transactions by more than 3 times, which significantly increases the
reliability of financial information and the effectiveness of internal control.

The anomaly detection results demonstrate a significant improvement in the
quality of audit procedures. An increase in the proportion of detected deviations
from 3.1% to 11.7%, while reducing false positives, confirms the effectiveness of
using machine learning algorithms, which corresponds to the conclusions of Issa
et al. (2016). This indicates a shift from a reactive control model to a proactive one
based on data analysis.

The integrated efficiency assessment showed a steady increase in the index from
0.62 to 0.81, which confirms the systemic nature of the changes and indicates a
comprehensive improvement in all elements of the accounting system. This result
allows us to consider the proposed model as an effective tool for modernizing
accounting in the transport and logistics sector.

From a theoretical point of view, the conducted research expands existing
approaches to digitalization of accounting, offering integration of artificial
intelligence and big data as the basis for formation of intelligent accounting systems.
Unlike traditional models, the proposed approach provides not only accounting
automation, but also its analytical development.

From a practical point of view, the results of the study have the following
implications:
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— improving the accuracy and efficiency of accounting;

— reduction of transaction and administrative costs;

— improving the transparency of financial flows;

— strengthening the internal control and audit system;

— optimization of the cost structure of transport and logistics enterprises.

However, a number of limitations of the study should be noted. Firstly, the
analysis is based on simulated data, which requires further empirical verification
in real enterprises. Secondly, the effectiveness of the proposed model depends on
the quality of the source data and the level of digital maturity of the organization.
Thirdly, the introduction of Al technologies is associated with additional costs and
the need for staff training.

Despite these limitations, the results obtained confirm the significant potential of
using artificial intelligence and big data to improve accounting for transport and logistics
services. Further research may be aimed at developing industry standards for digital
accounting, as well as integrating ESG metrics into intelligent accounting systems.

Conclusion. In the context of the digital transformation of the economy and
the growing demands on the efficiency of financial resource management, the
improvement of accounting for transport and logistics services is gaining strategic
importance. The conducted research made it possible to substantiate the need for
a transition from traditional accounting systems to intelligent models based on the
use of artificial intelligence and big data technologies.

In the course of the work, a conceptual model of intelligent accounting was
developed and tested, integrating machine learning algorithms and big data
processing tools. The results showed that the introduction of Al technologies
provides a significant increase in accounting accuracy, a reduction in errors, a
reduction in information processing time and an increase in the degree of automation
of accounting processes.

An analysis of the cost structure revealed a tendency to redistribute resources
towards digitalization, which is accompanied by a decrease in the share of operating
costs and an increase in the efficiency of logistics processes. The assessment of
accounting transparency showed a significant reduction in untraceable transactions
and deviations from budget targets, which indicates the strengthening of the internal
control system.

The calculation of the integral efficiency index confirmed a steady improvement
in the quality of the accounting system, which indicates the systemic nature of
the positive changes. An important result is also an increase in the efficiency of
anomaly detection, which minimizes financial risks and increases the reliability of
accounting information.

The scientific novelty of the research lies in the development of an integrated
approach to the integration of artificial intelligence and big data technologies into the
accounting system of transport and logistics services, taking into account industry
specifics. Unlike existing studies, the proposed model provides not only accounting
automation, but also the formation of analytical and predictive information.
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The practical significance of the work lies in the possibility of applying the
proposed solutions to increase the efficiency of accounting processes, optimize
costs and improve the quality of management decisions in transport and logistics
companies.

At the same time, it is necessary to take into account the limitations associated
with the need to ensure high-quality data, the significant costs of implementing
digital technologies and the need to train qualified specialists.

The prospects for further research are related to the development of adaptive
models of intelligent accounting, the integration of ESG indicators into the
accounting analysis system, as well as the development of industry standards for
digital accounting in logistics.

Thus, the results of the study confirm that the use of artificial intelligence and
big data is a key area for improving accounting for transport and logistics services
and forming an effective management system in the digital economy.
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