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The object of this research is the decision-making process in the 
context of selecting recipients of social services using a semi-automa-
ted expert system. The main focus is on improving the mechanisms of 
assessment and selection of candidates eligible for assistance, in order 
to ensure a more efficient and objective allocation of resources.

The problem addressed in this study is the need to improve the 
accuracy and efficiency of decision-making processes in social servi-
ces through the implementation of semi-automated systems. In par-
ticular, reducing subjective influence in selection processes, as well 
as reducing the time and resources required to process applications.

The study shows that the introduction of a semi-automated system 
can significantly reduce the response time to applications, increase the 
accuracy of candidate selection and ensure greater transparency in the 
decision-making process. The system, based on data analysis algorithms 
and production rules, is able to adapt to changing conditions and re-
quirements, providing solutions based on up-to-date information.

The effectiveness of the semi-automated system is due to the use 
of modern technologies for processing large volumes of data and the 
use of complex mathematical models for the analysis of this data. The 
implementation of a modular system with individually adjustable para-
meters allows the system to accurately evaluate each case based on the 
expected criteria, ensuring a high level of adaptability and accuracy.

The results of the research can be applied in practice in various 
social security institutions, where there is a need to automate the 
processes of selection and decision-making. Important conditions for 
the effective implementation of the system are the availability of suf-
ficient technical support, a high level of qualification of the personnel 
engaged in putting the system into operation, as well as a clear under-
standing of the rules and procedures that regulate social protection. 
In addition, to guarantee the successful application of the system, it 
is necessary to ensure compliance with all regulatory and legislative 
requirements, especially regarding the protection of personal data.

Keywords: expert decision-making block, expert system, produc-
tion rule, social sphere, social service.
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The object of research is the process of automating systems for 
structuring data from several sources. The subject of the research 
is methods and algorithms for implementing a complete system for  
automated and parallel processing, validation and structuring of 
data. One of the most problematic areas is the merging of databases 
with different structures and several common fields into a genera-
lized structure. The research was aimed at developing a system to 
increase the efficiency of automation of big data processing.

As a result of the work, optimization methods were studied, 
the influence of their internal parameters on the operation of algo-
rithms was analyzed, their main advantages and disadvantages were 
determined, and software was developed in which the correspond-
ing methods were implemented. An algorithm for structuring data 
before processing has been obtained. Data structuring is achieved 
by performing the «mapping» operation. Mapping can take place by 
indexes of already cleaned data or using a defined dictionary with  
a given set of keys, which allows not to care about the sequence of 
storing values and their possible shift.

The practical significance of the developed system lies in the 
improvement of methods of collecting and processing information 
for the purpose of its further validation, cleaning and accumulation in 
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the following categories: geographic addresses and geo-coordinates, 
validation and automated addition of a mobile phone number to 
the international format, processing of car numbers (in modern and 
outdated format), VIN code of the engine and car brand, validation 
of urls of social networks, passport data and processing of personal 
data. Compared to similar methods for processing large volumes of 
data, the possibility of splitting the input file or stream into separate 
parts was used, the cleaned data from which is combined at the end 
of the system operation. Thanks to this, it is possible to process data 
whose size exceeds the available volume of the device’s RAM, and the 
method of working with loosely structured text files in CSV format 
has been improved.

Keywords: validation, intelligent system, unstructured data, 
JSON, CSV, crowding, ETL, ELT, automated system.
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The object of this study is the assessment of the level of enterprise 
bankruptcy risk. It is a critical component in assessing the financial 
condition of an enterprise, and also serves as an indicator that allows 
the management team to reduce potential risks and develop their own 
strategies to strengthen the financial condition of the enterprise. One of 
the most challenging aspects of bankruptcy forecasting is the complex 
financial situations of bankrupt companies. By accurately predicting the 
risk of bankruptcy, businesses can take preventive measures to mitigate 
financial difficulties and ensure long-term sustainability. Previous me-
thods, such as Altman’s Z-score, are not accurate enough, as presented 
in the study. The paper investigates a modern approach to bankruptcy 
prediction based on a neural network with complex neural elements, 
namely neural arithmetic logic units (NALUs) and a custom phasing 
layer. This layer can process complex raw numerical values, such as 
financial indicators relevant to the analysis of a company’s bankruptcy. 
Compared to Altman’s Z-score, the developed method demonstrates  
a better F1 score in bankruptcy classification (48 %). On the raw data, 
the neural network demonstrates an improvement in the F1 score by 
about 40 % compared to the classical multilayer perceptron (MLP) with 
linear layers and nonlinear activation functions. A modern replacement 
for ReLU called Mish was used, which achieves better generalization. It 
was also assumed that the addition of new neural elements, which pro-
vide the neural network with arithmetic capabilities, contributes to the 
performance of processing non-normalized input data. This work high-
lights the importance of using advanced neural network architectures 
to improve the accuracy and reliability of forecasting in financial risk 
assessment. Using the parameters presented in the study, managers of 
enterprises will be able to more accurately assess the risk of bankruptcy.

Keywords: statistical model, bankruptcy risk assessment, neural 
arithmetic, machine learning.
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The object of the study is a patient health monitoring system 
that uses service-oriented architecture (SOA) and artificial intel-
ligence (AI) to integrate and analyze medical data. Such a system 
integrates data from a variety of sources, including medical devices, 
health apps, electronic health records, and wearables and physiologi-
cal performance recorders, providing a comprehensive approach to 
health monitoring. Thanks to SOA, the system is able to process 
large arrays of data in real time, providing the opportunity to quickly 
process and analyze them. This allows medical professionals to get  
a comprehensive picture of patients’ health, taking into account both 
long-term trends and real-time indicators.

One of the most challenging areas is ensuring effective integra-
tion and processing of disparate data from various medical devices 

and applications for accurate diagnosis and prognosis of diseases.  
It is also important to create a system that is easily scalable and can 
be adapted to the needs of different medical facilities and various 
monitoring systems.

As a result of the research, it is concluded that the use of SOA 
allows creating flexible and scalable systems capable of integrating a 
wide range of medical devices and applications. The use of AI in these 
systems makes it possible to automatically detect deviations in health 
indicators, recognize pathologies in the early stages and predict the 
possible development of diseases. This is due to the fact that the pro-
posed architecture has a number of features, in particular, the ability 
to collect, process and analyze large volumes of medical data in real 
time. Artificial intelligence algorithms provide high accuracy of diag-
nosis and forecasting thanks to the ability to quickly process complex 
data and find hidden patterns. Thanks to this, it is possible to obtain 
accurate and reliable indicators of the state of health of patients. 
Compared to similar known systems, it provides such advantages as 
increased efficiency of medical care, reduced risk of complications, 
early detection of diseases and a personalized approach to patient 
treatment, as well as the concentration of all data in one system.

Keywords: SOA, medical data processing, AI, edge computing, mi-
croservice architecture, data classification, medical Internet of Things.
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The object of the research is relationships in non-commutative 
two-operand two-bit CET-operations of a double cycle when operands 
are permuted. The article is devoted to studying the results of the coml-
putational experiment, which is in building a model of relationships in 
non-commutative two-operand two-bit CET-operations of a double 
cycle with the operands permutation in order to ensure the possibility 
of building cryptographic systems with XOR sequence encryption. The 
theoretical and practical results of the work are obtained on the basis of 
the computational experiment data. The results of researching the CET-
operations data make it possible to build cryptographic systems with 
XOR sequence ciphering and to improve the quality of low-resource 
stream encryption systems. The mathematical description of the com-
putational experiment results made it possible to establish relationships  
between pairs of non-commutative two-operand two-bit CET-oper-
ations of a double cycle when operands are permuted. The possibility 
of constructing a group of commutative two-operand two-bit CET-
operations of a double cycle based on the modification of a known two-
operand operation by one-operand operations to within the permutation 
of the crypto-transformation results has been studied. The correctness 
of constructing a group of CET-operations, both without operand per-
mutation and such that allow operand permutation, has been verified. 
The model for building a group of asymmetric two-operand two-bit 
CET-operations of a double cycle, which allow the operands permuta-
tion is proposed. Applying the substitution model made it possible to 
obtain pairs of interrelated operations in this group. The obtained pairs 
of interconnected operations provide a description of modification for 
direct and inverse non-commutative CET operations when permuting 
the operands. The obtained results provide the possibility of building 
cryptographic systems that encrypt both the input open information un-
der the control of the XOR sequence and the XOR sequence under the 
control of the input open information. Further research will be aimed 
at establishing relationships in non-commutative two-operand two-bit 
CET operations of the triple cycle when operands are permuted.

Keywords: cryptographic coding, low-resource cryptography, CET-
operations, asymmetric operations, operands permutation, stream  
ciphering.
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The object of research is a bracelet that uses the electromyogra-
phy (EMG) method to control a bionic prosthesis. In the conditions 
of the development of modern biomedical technologies and robotics, 
such a system becomes key to improving the quality of life of people 
with disabilities, providing efficient and accurate control of prosthe-
ses. The problem addressed in the research is the development and 
analysis of a bionic prosthesis control system using a bracelet using 
the EMG method. The main focus is on the optimization of data col-
lection and processing processes, as well as the development of ma-
chine learning algorithms for gesture recognition in order to improve 
the accuracy and efficiency of prosthetic control.
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The essence of the obtained results is the development and 
testing of a new bionic prosthesis control system that uses EMG 
signals obtained with the help of a bracelet. The study showed that 
the classifier based on the support vector method outperforms other 
algorithms such as neural networks and decision trees, achieving 
an average accuracy of 90 %. The obtained data were successfully 
filtered and subjected to feature extraction, which allowed to create 
effective gesture recognition algorithms. The system was tested in 
real time, which confirmed its high accuracy and efficiency.

The proposed system includes an innovative bracelet for collect-
ing EMG data, which are then processed and analyzed using modern 
machine learning algorithms. The innovativeness of the proposed 
approach lies not only in the high accuracy of gesture recognition, 
but also in the possibility of adapting the system to different types of 
bionic prostheses and operating conditions. This is achieved by using 
a classifier based on the support vector method, which demonstrates 
significantly higher accuracy compared to other algorithms such as 
neural networks and decision trees. The test results show an average 
accuracy of 92.5 %, which confirms the high efficiency of the system.

The use of this system involves the intensive use of EMG sensors, 
which allows more accurate determination of the user’s intentions 
regarding the control of the prosthesis. This, in turn, contributes to 
the improvement of the quality of life of users, providing them with 
greater functionality and convenience in the use of bionic prostheses.

Keywords: bracelet, electromyography, bionic prosthesis, data 
acquisition system, signal processing, machine learning algorithms.
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The object of the study is the logistics of goods delivery by 
ports. This study presents a methodology designed to improve the 
efficiency of goods delivery logistics at the Bejaia port (Algeria).  
It prioritizes the optimization of empty container allocation to the 
ZEP zone, taking into account the geographical accessibility of the 
Tixter area, aiming to reduce the high costs linked with goods trans-
portation. At the core of this strategy lies the use of simulation tech-
niques to optimize truck fleets, ensuring maximum utilization rates 
and effective management of delivery operations by the Bejaia Medi-
terranean Terminal (BMT) for its clients. Addressing this challenge, 
the study offers an exhaustive analysis, integrating truck assignment 
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models and accessibility assessments of logistic zones. The results 
highlight the paramount significance of optimal resource allocation 
and synchronized client coordination for achieving streamlined 
goods delivery. It becomes apparent that employing these methodo-
logies can yield substantial productivity improvements, emphasizing 
their pivotal role in strengthening the port’s logistical infrastructure.

Via rigorous analysis and insights derived from data, this study 
elucidates avenues towards achieving operational excellence within 
the logistical infrastructure of the port. By harnessing innovative 
strategies to confront persistent challenges, such as optimizing truck 
fleets and strategically allocating resources, the research anticipates 
a profound transformation in the efficiency and cost-effectiveness of 
goods delivery operations. Ultimately, the integration of these me-
thodologies holds the potential to propel the port of Bejaia towards 
enduring success and a competitive edge in the ever-evolving land-
scape of global trade. Through extensive efforts, this strategy can be 
extended to other national and international ports operating under 
similar conditions, as it provides valuable information and metho-
dologies to optimize logistics and transportation operations.

Keywords: goods delivery, goods delivery logistics, port logistics, 
transport problem, accessibility matrix.

References

1. Raja Santhi, A., Muthuswamy, P. (2022). Pandemic, War, Natural Ca-
lamities, and Sustainability: Industry 4.0 Technologies to Overcome 
Traditional and Contemporary Supply Chain Challenges. Logistics,  

6 (4), 81. doi: https://doi.org/10.3390/logistics6040081
2. Foster, M. N., Rhoden, S. L. N. H. (2020). The integration of auto-

mation and artificial intelligence into the logistics sector. Worldwide 

Hospitality and Tourism Themes, 12 (1), 56–68. doi: https://doi.org/ 
10.1108/whatt-10-2019-0070

3. Dalaklis, D., Nikitakos, N., Papachristos, D., Dalaklis, A. (2023). 
Opportunities and challenges in relation to big data analytics for the 
shipping and port industries. Smart Ports and Robotic Systems: Navi-

gating the Waves of Techno-Regulation and Governance, 267–290.  
doi: https://doi.org/10.1007/978-3-031-25296-9_14 

4. Chen, W., Botchie, D., Braganza, A., Han, H. (2022). A transaction 
cost perspective on blockchain governance in global value chains. 
Strategic Change, 31 (1), 75–87. doi: https://doi.org/10.1002/
jsc.2487

5. Sheikh, W., Chowdhury, M. M. H., Mahmud, K. K. (2023). A com-
prehensive performance measurement model for maritime Logistics: 
Sustainability and policy approach. Case Studies on Transport Policy, 

14, 101097. doi: https://doi.org/10.1016/j.cstp.2023.101097
6. Havenga, J., Simpson, Z., Goedhals-Gerber, L. (2017). International 

trade logistics costs in South Africa: Informing the port reform agen-
da. Research in Transportation Business & Management, 22, 263–275. 
doi: https://doi.org/10.1016/j.rtbm.2016.08.006

7. Guajardo, M., R nnqvist, M. (2015). A review on cost allocation 
methods in collaborative transportation. International Transactions in 

Operational Research, 23 (3), 371–392. doi: https://doi.org/10.1111/
itor.12205

8. Aloui, A., Hamani, N., Derrouiche, R., Delahoche, L. (2021). Sys-
tematic literature review on collaborative sustainable transportation: 
overview, analysis and perspectives. Transportation Research Inter-

disciplinary Perspectives, 9, 100291. doi: https://doi.org/10.1016/ 
j.trip.2020.100291

9. Kondratyev, M., Garifullin, M. (2009). Parallel Discrete Event 
Simulation with AnyLogic. Parallel Computing Technologies. Berlin, 
Heidelberg: Springer, 226–236. doi: https://doi.org/10.1007/978-3-
642-03275-2_23

10. Borshchev, A. (2014). Multi-method modelling: AnyLogic. Discrete-

event simulation and system dynamics for management decision mak-

ing, 248–279. doi: https://doi.org/10.1002/9781118762745.ch12

11. Khanna, S., Dholakiya, T., Prakash, S., Gupta, S., Jain, U. (2021). 
Application of the hungarian assignment method in the aviation 
industry. International Journal of Innovative Science and Research 

Technology, 6 (10), 300–305.
12. Murugesan, R., Esakkiammal, T. (2020). Direct methods for finding 

optimal solution of assignment problems are not always depend-
able. Applied Mathematical Sciences, 14 (17), 823–830. doi: https:// 
doi.org/10.12988/ams.2020.914284

13. Murugesan, R., Esakkiammal, T. (2020). TERM – a very simple 
and efficient method to solve assignment problems. Applied Mathe-

matical Sciences, 14 (17), 801–809. doi: https://doi.org/10.12988/
ams.2020.914275

14. Patel, R. G., Patel, B. S., Bhathawala, P. H. (2017). On optimal solu-
tion of a transportation problem. Global Journal of Pure and Applied 

Mathematics, 13 (9), 6201–6208.
15. Hoff-Hoffmeyer-Zlotnik, M., Sprodowski, T., Freitag, M. (2021). 

Revisiting order assignment problems in a real-case vehicle com-
pound scenario. 2020 6th IEEE Congress on Information Science and 

Technology (CiSt). IEEE, 395–400. doi: https://doi.org/10.1109/
cist49399.2021.9357210 

16. Kachar, K. G., Gorodetsky, A. A. (2022). Dynamic Multiagent As-
signment Via Discrete Optimal Transport. IEEE Transactions on 

Control of Network Systems, 9 (1), 151–162. doi: https://doi.org/ 
10.1109/tcns.2022.3141024

17. Goldman, T., Gorham, R. (2006). Sustainable urban transport: Four 
innovative directions. Technology in Society, 28 (1-2), 261–273.  
doi: https://doi.org/10.1016/j.techsoc.2005.10.007

18. Boukebbab, S., Boulahlib, M. S. (2015). The spatial interactions 
using the gravity model: application at the evaluation of transport 
efficiency at Constantine city, Algeria. Theory and Engineering of 

Complex Systems and Dependability: Proceedings of the Tenth Inter-

national Conference on Dependability and Complex Systems DepCoS-

RELCOMEX. Brun w: Springer International Publishing, 35–44.  
doi: https://doi.org/10.1007/978-3-319-19216-1_4

19. Mercier, A., Souche-Le Corvec, S., Ovtracht, N. (2021). Measure of 
accessibility to postal services in France: A potential spatial accessi-
bility approach applied in an urban region. Papers in Regional Science, 

100 (1), 227–250. doi: https://doi.org/10.1111/pirs.12564
20. Kapatsila, B., Palacios, M. S., Gris , E., El-Geneidy, A. (2023). Re-

solving the accessibility dilemma: Comparing cumulative and gra-
vity-based measures of accessibility in eight Canadian cities. Journal 

of Transport Geography, 107, 103530. doi: https://doi.org/10.1016/ 
j.jtrangeo.2023.103530

21. Rodrigue, J. P. (2020). The geography of transport systems. Routledge. 
doi: https://doi.org/10.4324/9780429346323

22. Jamei, E., Chan, M., Chau, H. W., Gaisie, E., L ttman, K. (2022). Per-
ceived Accessibility and Key Influencing Factors in Transportation. Sus-

tainability, 14 (17), 10806. doi: https://doi.org/10.3390/su141710806
23. Chang, Z., Chen, J., Li, W., Li, X. (2019). Public transportation and 

the spatial inequality of urban park accessibility: New evidence from 
Hong Kong. Transportation Research Part D: Transport and Environ-

ment, 76, 111–122. doi: https://doi.org/10.1016/j.trd.2019.09.012
24. Pineda, C., Cort s, C. E., Jara-Moroni, P., Moreno, E. (2016). Integra-

ted traffic-transit stochastic equilibrium model with park-and-ride 
facilities. Transportation Research Part C: Emerging Technologies, 71, 
86–107. doi: https://doi.org/10.1016/j.trc.2016.06.021

25. Luo, D., Cats, O., van Lint, H., Currie, G. (2019). Integrating 
network science and public transport accessibility analysis for com-
parative assessment. Journal of Transport Geography, 80, 102505.  
doi: https://doi.org/10.1016/j.jtrangeo.2019.102505

26. Lei, D., Cheng, L., Wang, P., Chen, X., Zhang, L. (2024). Identifying 
service bottlenecks in public bikesharing flow networks. Journal of 

Transport Geography, 116, 103830. doi: https://doi.org/10.1016/ 
j.jtrangeo.2024.103830



ABSTRACTS AND REFERENCES: SYSTEMS AND CONTROL PROCESSES

60 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 3/2(77), 2024

ISSN 2664-9969

27. Google Maps. Available at: https://www.google.com/maps/place/ 
Parc+BMT/@36.7082458,5.0493869,307m/data=!3m1!1e3!4m 
14!1m7!3m6!1s0x128d330031b521cb:0x188620e4f4470c4e!2sZone+ 
Idustrielle+Ighil-Ouazoug-BEJAIA!8m2!3d36.7312059!4d5.0596578 
!16s %2Fg %2F11lcl_12yf!3m5!1s0x128d333b0e5b393d:0x7 Last acF-
cessed: 19.03.2024

28. Pereira, R. H. M., Andrade, P. R., Vieira, J. P. B. (2022). Exploring 
the time geography of public transport networks with the gtfs2gps  
package. Journal of Geographical Systems, 25 (3), 453–466.  
doi: https://doi.org/10.1007/s10109-022-00400-x

DOI: 10.15587/2706-5448.2024.307213

CREATION OF AN IDENTIFIER DATABASE FOR THE 
AMMONIA SYNTHESIS COMPUTER CONTROL SYSTEM

pages 49–52

Anatolii Babichenko, PhD, Associate Professor, Department of 

Automation Engineering Systems and Environmental Monitoring, 

National Technical University «Kharkiv Polytechnic Institute», Kharkiv, 

Ukraine, ORCID: https://orcid.org/0000-0002-8649-9417

Igor Krasnikov, PhD, Associate Professor, Department of Automa-

tion Engineering Systems and Environmental Monitoring, National 

Technical University «Kharkiv Polytechnic Institute», Kharkiv, Ukraine, 

e-mail: ihor.krasnikov@khpi.edu.ua, ORCID: https://orcid.org/0000-

0002-7663-1816

Juliya Babichenko, PhD, Associate Professor, Department of Heat 

Engineering, Thermal Engines and Energy Management, Ukrainian State 

University of Railway Transport, Kharkiv, Ukraine, ORCID: https://

orcid.org/0000-0002-5345-7595

Oleksandr Dzevochko, PhD, Associate Professor, Department of 

Automation Engineering Systems and Environmental Monitoring, Na-

tional Technical University «Kharkiv Polytechnic Institute», Kharkiv, 

Ukraine, ORCID: https://orcid.org/0000-0002-1297-1045

Ihor Lysachenko, PhD, Associate Professor, Department of Automa-

tion Engineering Systems and Environmental Monitoring, National 

Technical University «Kharkiv Polytechnic Institute», Kharkiv, Ukraine, 

ORCID: https://orcid.org/0000-0002-3723-8587

The object of research is the control system of the synthesis 
department of the large-tonnage ammonia production unit of the  
AM-1360 series. An analysis of the functioning conditions of the syn-
thesis department was carried out. The significant influence of the 
content of inerts in the synthesis cycle on the energy efficiency of am-
monia production is shown, the optimal value of which depends both 
on the accepted level of prices for energy carriers and on the method 
of using purge gases. The need to create a computer-integrated 
control technology to optimize the use of purge gases is established. 
The function of the identifier of such a control technology is defined, 
namely, continuous refinement based on current information about 
the state of the main sections of the synthesis department, such as 
the synthesis column, primary and secondary condensation. The op-
eration of these stations takes place in the conditions of seasonal and 
daily changes in the heat load, which causes parametric uncertainty 
of such parameters of the connection of the mathematical model as 

the concentration of ammonia in the circulating gas at the outlet of 
the stations listed above. Numerical assessment of these uncertainties 
according to the results of analytical studies for such technologi-
cal objects is most often performed using stochastic approximation 
methods. Let’s note that the significant inertia of the objects of the 
synthesis department under certain conditions makes it impossible to 
adapt the parameter to its actual value.

An algorithmic base has been created for the formation of an 
information array of the identifier of the computer-integrated control 
technology of the ammonia synthesis department, which ensures the 
separation of transient modes under conditions of uncertainty and 
allows to perform the task of identifying processes in the synthesis 
column, in the primary and secondary condensation units. The pro-
posed algorithm allows to perform convergence in the department 
both on the general and on the component material balances. The 
algorithm is implemented in the MatLab application program pack-
age and tested by means of simulation based on experimental data 
of industrial operation of AM-1360 series ammonia synthesis units.

Keywords: algorithmic database, identifier, computer-integrated 
control system, ammonia production.
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