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The object of this study is an 870 MWy, small modular boiling
water reactor (SMR-BWR) core that is expected to operate for 12 years
without refueling. The main issue addressed is conventional BWR
designs’ limited fuel cycle duration, typically requiring refueling
every 2-3 years. This short refueling period increases operational
costs, leads to more extended maintenance downtimes, and gener-
ates larger volumes of spent fuel waste. This study examines the
neutronic performance of thorium-based fuels, namely (Th-2°U)
0, and (Th-?*U)0,, and compares them with standard UO, fuel
in an SMR-BWR core configuration. The reactor core is a heteroge-
neous core consisting of 3 fuel zones. To control reactivity, a burn-
able poison in the form of B4C is also added to the fuel. Neutronic
calculations are performed using the standard reactor analysis code
(SRAC) system with the JENDL-4.0 nuclear data library. The SRAC
code uses the PIJ module for fuel cell level calculations and the
CITATION module for reactor core level calculations. The results
show that (Th-?33U)0, offers the most stable Keff over a 12-year
operating period, consistently remaining above the criticality thresh-
old at all fuel volume fractions. In addition, this fuel type exhibits
the most uniform power density distribution and the lowest PPF
values, reducing the potential for thermal hotspots. (Th-?**U)0,
fuel can achieve a burnup level of around 50,000 MW/ton,
which aligns with SMR-BWR standards. UO, and (Th-?*U)0, fuels
show a more pronounced K,y decrease and less favorable power
distribution characteristics. These findings underline the potential
of (Th-?33U)0; as a promising candidate for long-cycle, continuous
SMR-BWR applications without refueling.

Keywords: thorium fuel, extended fuel cycle, neutronic perfor-
mance, 23U, K¢, burnup level, power density distribution, PPF.
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The object of this study is the process of automated analysis of
the electrocardiographic signal (ECS) during long-term monitoring in
real time, carried out by mobile wireless systems.

The study considers the problem related to the insufficient ac-
curacy of automated diagnostics during long-term monitoring of
the electrocardiogram (ECG) under conditions of limited computing
resources and the presence of noise.

A modified Pan-Tompkins algorithm for determining the bound-
aries of the QRS system has been developed. Based on this algorithm,
the PCard software module for the hardware and software system
was implemented, enabling high-quality automated diagnostics both
under the standard mode and during long-term ECG monitoring
in 12 leads in real time. The PCard software module allows for ECG
registration, digital filtering, measurement and calculation of elec-
trocardiographic parameters, automatic determination of diagnostic
criteria and diagnostic conclusions, formation of a general diagnostic
conclusion of ECG, as well as medical processing of ECG.

The high quality of the diagnostic analysis was confirmed by
the obtained accuracy rates of the algorithm for determining normal
complexes - 99.99%, for determining ventricular complexes — 99.90%,
for determining various pathologies — 98.43%. The ECG processing
time was about 4.7 seconds for a 40-minute record. The proposed
method for determining the boundaries of QRS complexes is based
on the finite difference method, which distinguishes it from common
methodologies using spectral analysis, wavelet transforms, or Fourier
transforms. This methodology simplifies determining the parameters
of the basic ECG elements and significantly reduces the amount of
calculations, which generally increases the processing time and re-
duces the required volume of system resources.

Keywords: electrocardiogram, Holter monitoring, automated
analysis, Pan-Tompkins algorithm, ESP32, QRS complex.

References

1. Global Effect of Modifiable Risk Factors on Cardiovascular Disease
and Mortality (2023). New England Journal of Medicine, 389 (14),
1273-1285. https://doi.org/10.1056/nejmoa2206916

2. Setiawidayat, S. (2023). Discrete electrocardiogram T amplitude
detection based on cycle duration. Eastern-European Journal of En-
terprise Technologies, 3 (9 (123)), 94-105. https://doi.org/10.15587/
1729-4061.2023.282759

3. Liu, F, Liu, C, Jiang, X., Zhang, Z., Zhang, Y., Li, J., Wei, S. (2018).
Performance Analysis of Ten Common QRS Detectors on Different
ECG Application Cases. Journal of Healthcare Engineering, 2018,
1-8. https://doi.org/10.1155/2018/9050812

4. Attia, Z. 1., Noseworthy, P. A., Lopez-Jimenez, F., Asirvatham, S. J.,
Deshmukh, A. J., Gersh, B. J. et al. (2019). An artificial intelligence-
enabled ECG algorithm for the identification of patients with atrial
fibrillation during sinus rhythm: a retrospective analysis of outcome
prediction. The Lancet, 394 (10201), 861-867. https://doi.org/10.1016/
50140-6736(19)31721-0

5. Havranek, S., Stekla, B., Vesela, M., Holub, J., Miksova, L., Kvas-
nickova, K. et al. (2025). Artificial intelligence in resting ecg: higher

accuracy in the interpretation of rhythm abnormalities. Europace, 27.
https://doi.org/10.1093/europace/euaf085.029

6. So-In, C., Phaudphut, C., Rujirakul, K. (2015). Real-Time ECG Noise
Reduction with QRS Complex Detection for Mobile Health Services.
Arabian Journal for Science and Engineering, 40 (9), 2503-2514.
https://doi.org/10.1007/s13369-015-1658-1

7. Xiang, Y., Lin, Z., Meng, J. (2018). Automatic QRS complex detection
using two-level convolutional neural network. BioMedical Engineer-
ing OnLine, 17 (1). https://doi.org/10.1186/s12938-018-0441-4

8. He, R, Liu, Y., Wang, K., Zhao, N., Yuan, Y., Li, Q., Zhang, H. (2021).
Automatic Detection of QRS Complexes Using Dual Channels Based
on U-Net and Bidirectional Long Short-Term Memory. IEEE Journal
of Biomedical and Health Informatics, 25 (4), 1052-1061. https://
doi.org/10.1109/jbhi.2020.3018563

9. QRS Detection Based on Discrete Wavelet Transform for ECG Signal
with Motion Artifacts (2024). Journal of Advanced Research in Ap-
plied Sciences and Engineering Technology, 40 (1), 118-128. https://
doi.org/10.37934/araset.40.1.118128

10. Khan, N., Imtiaz, M. N. (2023). Pan-Tompkins++: A Robust
Approach to Detect R-peaks in ECG Signals. https://doi.org/
10.32920/22734308

11. Abd Al-Jabbar, E. Y., Al-Hatab, M. M. M., Qasim, M. A., Fathel, W. R.,
Fadhil, M. A. (2023). Clinical Fusion for Real-Time Complex QRS
Pattern Detection in Wearable ECG Using the Pan-Tompkins Algo-
rithm. Fusion: Practice and Applications, 12 (2), 172-184. https://
doi.org/10.54216/fpa.120214

12. Fariha, M. A. Z., Ikeura, R., Hayakawa, S., Tsutsumi, S. (2020). Analy-
sis of Pan-Tompkins Algorithm Performance with Noisy ECG Signals.
Journal of Physics: Conference Series, 1532 (1), 012022. https://
doi.org/10.1088/1742-6596/1532/1/012022

13. Félix, R. A., Ochoa-Brust, A., Mata-Lépez, W., Martinez-Peldez, R.,
Mena, L. J., Valdez-Velazquez, L. L. (2023). Fast Parabolic Fitting:
An R-Peak Detection Algorithm for Wearable ECG Devices. Sensors,
23 (21), 8796. https://doi.org/10.3390/s23218796

14. Belkadi, M., Daamouche, A. (2020). Swarm Intelligence Approach to
QRS Detection. The International Arab Journal of Information Tech-
nology, 17 (4), 480-487. https://doi.org/10.34028/iajit/17/4/6

15. Zhao, K., Li, Y., Wang, G., Pu, Y., Lian, Y. (2021). A robust QRS detec-
tion and accurate R-peak identification algorithm for wearable ECG
sensors. Science China Information Sciences, 64 (8). https://doi.org/
10.1007/s11432-020-3150-2

16. Ribeiro, L., Rosa, M. M. A., Soares, R., Costa, E. (2024). Exploring
Approximate Adders for an Energy-Efficient Pre-Processing Pan-
Tompkins Algorithm VLSI Design. 2024 37th SBC/SBMicro/IEEE
Symposium on Integrated Circuits and Systems Design (SBCCI), 1-5.
https://doi.org/10.1109/sbcci62366.2024.10703995

17. Waleed, R. (2024). Real-time processing stages of electrocardiogram
signal: a review. Journal of Modern Technology and Engineering,
9 (1), 39-54. https://doi.org/10.62476/jmte9139

18. Gerasimova, Y., Ivel, V., Moldakhmetov, S., Petrov, P. (2024). Hard-
ware-software implementation of a local Wi-Fi network for the
transmission of biomedical signals. Eastern-European Journal of
Enterprise Technologies, 4 (9 (130)), 34-43. https://doi.org/10.15587/
1729-4061.2024.309387

19. Ivel, V. P, Gerasimova, Y. V., Moldakhmetov, S. S., Petrov, P. A., Gera-
simov, I. A., Zainchkovskaya, K. V. (2019). Wireless three-channel Holter
monitoring system. IOP Conference Series: Materials Science and Engi-
neering, 537(3),032090. https://doi.org/10.1088/1757-899x/537/3/032090

20. Database ROHMINE. ROHMINE. Available at: http://rohmine.org/
baza-dannykh-rokhmine/

21. LeVeque, R. J. (2007). Finite difference methods for ordinary and
partial differential equations: steady-state and time-dependent
problems. Philadelphia: Society for Industrial and Applied Math-
ematics (SIAM).




22. Manikandan, M. S., Soman, K. P. (2012). A novel method for detect-
ing R-peaks in electrocardiogram (ECG) signal. Biomedical Signal
Processing and Control, 7 (2), 118-128. https://doi.org/10.1016/
j-bspc.2011.03.004

23. Hossain, M. B., Bashar, S. K., Walkey, A. J., McManus, D. D.,
Chon, K. H. (2019). An Accurate QRS Complex and P Wave Detec-
tion in ECG Signals Using Complete Ensemble Empirical Mode
Decomposition with Adaptive Noise Approach. IEEE Access,
7, 128869-128880. https://doi.org/10.1109/access.2019.2939943

24. Arzeno, N. M., Deng, Z.-D., Poon, C.-S. (2008). Analysis of First-
Derivative Based QRS Detection Algorithms. IEEE Transactions on
Biomedical Engineering, 55 (2), 478-484. https://doi.org/10.1109/
tbme.2007.912658

25. Benitez, D., Gaydecki, P. A., Zaidi, A., Fitzpatrick, A. P. (2001). The
use of the Hilbert transform in ECG signal analysis. Computers in
Biology and Medicine, 31 (5), 399-406. https://doi.org/10.1016/s0010-
4825(01)00009-9

26. Li, Q. Liu, Y., Zhao, N., Yuan, Y., He, R. (2023). A Novel ECG QRS
Complex Detection Algorithm Based on Dynamic Bayesian Network.
https://doi.org/10.36227/techrxiv.22791089

27. Lai, D, Zhang, F., Wang, C. (2015). A real-time QRS complex detec-
tion algorithm based on differential threshold method. 2015 IEEE In-
ternational Conference on Digital Signal Processing (DSP), 129-133.
https://doi.org/10.1109/icdsp.2015.7251844

28. Neri, L., Oberdier, M. T., Augello, A., Suzuki, M., Tumarkin, E.,
Jaipalli, S. et al. (2023). Algorithm for Mobile Platform-Based Real-
Time QRS Detection. Sensors, 23 (3), 1625. https://doi.org/10.3390/
523031625

29. Gradl, S., Kugler, P., Lohmuller, C., Eskofier, B. (2012). Real-time ECG
monitoring and arrhythmia detection using Android-based mobile de-
vices. 2012 Annual International Conference of the IEEE Engineering
in Medicine and Biology Society, 2452-2455. https://doi.org/10.1109/
embc.2012.6346460

DOI: 10.15587/1729-4061.2025.338091

DESIGN OF A MAGNETIC ACTIVATOR TO PREVENT
SCALE FORMATION ON THE SURFACE OF TUBULAR
ELECTRIC WATER HEATERS (p. 28-38)

Aliya Alkina

Abylkas Saginov Karaganda Technical University, Karaganda,
Republic of Kazakhstan

ORCID: https://orcid.org/0000-0003-4879-0593

Ali Mekhtiyev

Abylkas Saginov Karaganda Technical University, Karaganda,
Republic of Kazakhstan

ORCID: https://orcid.org/0000-0002-2633-3976

Yelena Neshina

Abylkas Saginov Karaganda Technical University, Karaganda,
Republic of Kazakhstan

ORCID: https://orcid.org/0000-0002-8973-2958

Yermek Sarsikeyev

S. Seifullin Kazakh Agrotechnical Research University, Astana,
Republic of Kazakhstan

ORCID: https://orcid.org/0000-0002-7209-5024

Tatyana Gerassimenko

S. Seifullin Kazakh Agrotechnical Research University, Astana,
Republic of Kazakhstan

ORCID: https://orcid.org/0000-0001-5704-5419

Ruslan Mekhtiyev

Abylkas Saginov Karaganda Technical University, Karaganda,
Republic of Kazakhstan

ORCID: https://orcid.org/0000-0001-5416-3444

Oxana Aldoshina

Abylkas Saginov Karaganda Technical University, Karaganda,
Republic of Kazakhstan

ORCID: https://orcid.org/0000-0001-5700-2793

The object of this study is the processes of scale formation in elec-
tric water heating systems when using water of increased hardness.

The paper reports the design and testing of a magnetic activator
to prevent scale formation on tubular electric heaters under hard wa-
ter conditions without the use of chemical reagents. The device with
neodymium magnets is installed on the supply pipeline of the water
heater and solves the problem of scale formation without the use of
chemical reagents.

The experiment was conducted for 90 days on a laboratory bench
simulating the operation of a domestic water heater. Magnetic treat-
ment of water reduces the overall hardness by 15-20%, the content of
Ca?*+ and Mg?+ ions by 35-50% and forms predominantly an aragonite
modification of calcium carbonate, which is less prone to strong ad-
hesion to the heating surface. The thickness of the scale layer on the
heating element is about 0.5 mm versus 2 mm in the control sample,
which reduced additional energy costs from 13% to 3%.

The effect is attributed to the action of magnetic field on the
hydrate shells of hardness ions, which contributes to the formation
of a less durable aragonite modification of calcium carbonate and
disruption of the conditions for the crystallization of durable calcite
on the heating surface.

A unique feature of the device is a combination of internal and
external magnetic activators based on neodymium magnets that gen-
erate a stable magnetic field with high induction, as well as the pres-
ence of a sump and design solutions that prevent contact of the magnets
with water. This enables a long-term and targeted effect of the field on the
water flow, which improves the efficiency of treatment. The magnetic ac-
tivator is effective in domestic and industrial water heating systems with
hard water; it increases the service life of the equipment, reduces energy
consumption, and decreases the need for chemical reagents.

Keywords: magnetic field, hardness salts, energy efficiency, wa-
ter treatment, electric heater, magnets, calcium, magnesium.

References

1. Lin, L., Jiang, W., Xu, X., Xu, P. (2020). A critical review of the appli-
cation of electromagnetic fields for scaling control in water systems:
mechanisms, characterization, and operation. Npj Clean Water, 3 (1).
https://doi.org/10.1038/s41545-020-0071-9

2. Alabi, A., Chiesa, M., Garlisi, C., Palmisano, G. (2015). Advances in
anti-scale magnetic water treatment. Environmental Science: Water
Research & Technology, 1 (4), 408-425. https://doi.org/10.1039/
c5ew00052a

3. Naderi, M., Past, V., Mahvi, A. H. (2024). Magnetic treatment as
a suppressive method for CaCO3 scale deposition in hard waters
in the presence of air bubbles. Desalination and Water Treatment,
318, 100249. https://doi.org/10.1016/j.dwt.2024.100249

4. Alimi, F. (2024). Influence of Magnetic Field on Calcium Carbon-
ate Precipitation: A Critical Review. Magnetochemistry, 10 (11), 83.
https://doi.org/10.3390/magnetochemistry10110083

5. Martinez Moya, S., Boluda Botella, N. (2021). Review of Techniques to
Reduce and Prevent Carbonate Scale. Prospecting in Water Treatment
by Magnetism and Electromagnetism. Water, 13 (17), 2365. https://
doi.org/10.3390/w13172365

6. Lin, L., Xu, X., Papelis, C., Xu, P. (2017). Innovative use of drinking
water treatment solids for heavy metals removal from desalination
concentrate: Synergistic effect of salts and natural organic matter.
Chemical Engineering Research and Design, 120, 231-239. https://
doi.org/10.1016/j.cherd.2017.02.009

7. Padilla Gonzalez, P., Bautista-Capetillo, C., Ruiz-Canales, A.,
Gonzalez-Trinidad, J. et al. (2022). Characterization of Scale Deposits



in a Drinking Water Network in a Semi-Arid Region. International
Journal of Environmental Research and Public Health, 19 (6), 3257.
https://doi.org/10.3390/ijerph19063257

. Poirier, K., Lotfi, M., Garg, K., Patchigolla, K., Anthony, E. I.,
Faisal, N. H. et al. (2023). A comprehensive review of pre- and post-

treatment approaches to achieve sustainable desalination for different
water streams. Desalination, 566, 116944. https://doi.org/10.1016/
j.desal.2023.116944

. Kozisek, F. (2020). Regulations for calcium, magnesium or hardness

in drinking water in the European Union member states. Regulatory
Toxicology and Pharmacology, 112, 104589. https://doi.org/10.1016/
j-yrtph.2020.104589

. Naderi, M., Nasseri, S., Mahvi, A. H., Mesdaghinia, A., Naddafi, K.

(2021). Mechanical trajectory control of water mineral impurities in
the electrochemical-magnetic reactor. Desalination and Water Treat-
ment, 238, 67-81. https://doi.org/10.5004/dwt.2021.27756

. Miranzadeh, M. B., Naderi, M., Past, V. (2021). The interaction effect

of magnetism on arsenic and iron ions in water. Desalination and Wa-
ter Treatment, 213, 343-347. https://doi.org/10.5004/dwt.2021.26712

. Gholami, S., Naderi, M., Yousefi, M., Arjmand, M. M. (2019). The elec-

trochemical removal of bacteria from drinking water. Desalination and
Water Treatment, 160, 110-115. https://doi.org/10.5004/dwt.2019.24181

. Mysliwiec, D., Szczes, A., Chibowski, S. (2016). Influence of static

magnetic field on the kinetics of calcium carbonate formation. Journal
of Industrial and Engineering Chemistry, 35, 400-407. https://doi.org/
10.1016/j.jiec.2016.01.026

. Wang, J., Zhang, J., Liang, Y., Xu, Y. (2024). Application of excitation

current to characterize the state of calcium carbonate fouling on heat
transfer surface under alternating magnetic field. International Jour-
nal of Heat and Mass Transfer, 224, 125304. https://doi.org/10.1016/
j-ijheatmasstransfer.2024.125304

. Amer, L., Ouhenia, S., Chateigner, D., Gascoin, S., Belabbas, I. (2021).

The effect of a magnetic field on the precipitation of calcium carbonate.
Applied Physics A, 127 (9). https://doi.org/10.1007/s00339-021-04860-8

. Loureiro, J. B. R., Martins, A. L., Gongalves, A. S., Souza, B. G. B,

Schluter, H. E. P., Santos, H. F. L. et al. (2022). Large-Scale Pipe
Flow Experiments for the Evaluation of Nonchemical Solutions for
Calcium Carbonate Scaling Inhibition and Control. SPE Journal,
28 (1), 201-214. https://doi.org/10.2118/209476-pa

. Roi, I, Vaskina, I., Jozwiakowski, K., Vaskin, R., Kozii, I. (2020). Influence

of the Magnetic Field Gradient on the Efficiency of Magnetic Water
Treatment. Advances in Design, Simulation and Manufacturing IIL
Springer, 387-395. https://doi.org/10.1007/978-3-030-50491-5_37

18.

19.

20.

21.

22.

23.

24,

25.

26.

21.

Ghernaout, D., Elboughdiri, N. (2020). Magnetic Field Application:
An Underappreciated Outstanding Technology. OALib, 7 (1), 1-12.
https://doi.org/10.4236/0alib.1106000

ElMassalami, M., Teixeira, M. S., Elzubair, A. (2025). Investigating the
Antiscale Magnetic Treatment Controversy: Insights from the Model
Calcium Carbonate Scalant. Scientific Reports, 15 (1). https://doi.org/
10.1038/s41598-024-82048-9

Hamdi, R., Tlili, M. M. (2023). Influence of Foreign Salts and Antis-
calants on Calcium Carbonate Crystallization. Crystals, 13 (3), 516.
https://doi.org/10.3390/cryst13030516

Matsuura, T., Okazaki, T., Sazawa, K., Hosoki, A., Ueda, A,
Kuramitz, H. (2024). Fiber Optic-Based Portable Sensor for Rapid
Evaluation and In Situ Real-Time Sensing of Scale Formation in Geo-
thermal Water. Chemosensors, 12 (9), 171. https://doi.org/10.3390/
chemosensors12090171

Tang, C., Godskesen, B., Aktor, H., Rijn, M. van, Kristensen, J. B.,
Rosshaug, P. S. et al. (2020). Procedure for Calculating the Calcium
Carbonate Precipitation Potential (CCPP) in Drinking Water Supply:
Importance of Temperature, Ionic Species and Open/Closed System.
Water, 13 (1), 42. https://doi.org/10.3390/w13010042

Zhang, Z., Jia, Y., Zhao, J. (2020). Effect of Magnesium Ion Concen-
tration on the Scale Inhibition of Heat Exchanger in Circulating
Cooling Water under Alternating Electric Field. Applied Sciences,
10 (16), 5491. https://doi.org/10.3390/app10165491

Van, H. T., Nguyen, L. H., Nguyen, V. D., Nguyen, X. H., Nguy-
en, T. H., Nguyen, T. V. et al. (2019). Characteristics and mechanisms
of cadmium adsorption onto biogenic aragonite shells-derived biosor-
bent: Batch and column studies. Journal of Environmental Manage-
ment, 241, 535-548. https://doi.org/10.1016/j.jenvman.2018.09.079
Chang, B, Li, G., Guo, E,, Lu, S., Peng, Y., Hou, J. (2024). Research on
Carbon Dioxide-Assisted Electrocoagulation Technology for Treat-
ment of Divalent Cations in Water. Water, 16 (12), 1715. https://
doi.org/10.3390/w16121715

Mekhtiyev, A. D., Sarsikeyev, Ye. Zh., Atyaksheva, A. V,
Atyaksheva, A. D., Gerassimenko, T. S., Alkina, A. D. (. Method of pre-
venting deposits on the inner surface of circulating water pipelines of
ferroalloy electric furnace cooling systems. Metalurgija 60 (2021) 3-4,
321-324. https://hrcak.srce.hr/256098

Mekhtiyev, A., Sarsikeyev, Y., Gerassimenko, T., Alkina, A.,
Mekhtiyev, R., Neshina, Y., Kirichenko, L. (2024). Development of a
magnetic activator to protect an electric water heater against scale
formation. Eastern-European Journal of Enterprise Technologies,
6 (1 (132)), 95-102. https://doi.org/10.15587/1729-4061.2024.314957



DOI: 10.15587/1729-4061.2025.335730
OIIIHKA ITAJIMBA HA OCHOBI TOPIIO JIJIA 12-PTYHOI EKCILUIVATAIIIT MAJIMX MOAY/IbHUX PEAKTOPIB 3
KUIIA4Y0I0 BOAOIO BE3 IIEPE3AIIPABKH (c. 6-14)

Boni Pahlanop Lapanporo, Zaki Su'ud

OG’€KTOM LIHOTO JOCTI/PKEHHSI € aKTMBHA 30HAa MaJIOT0 MOAYJIBHOIO peakTopa 3 KUILIT4or Bogoro (MMPKB) moryxHicTio 870 MBT,
siKa, K OYiKyeThCsl, IpamfoBaTHMe 12 pOKiB 6e3 Iepe3aBaHTa)XeHHs NManuBa. OCHOBHOIO IPOGJIEMOIO0, IO PO3IVISAAEThCS, € OOMEeXeHa
TPUBAJIICTh NAJIMBHOTO IIUKJIY TPAAUIIMHIX KOHCTPYKIill peakTopiB 3 KUILITY0I0 Bogolo (PKB), sika 3a3BHUYail BUMarae nepe3aBaHTaKEHHS
TTaJIvBa KOXKHi 2-3 poku. Lleil kopoTkuii epiof epe3aBaHTa)KeHHs TATMBA 30ibIIye eKCIUTyaTalliiiHi BUTpaTH, IPU3BOAUTH [0 TPUBAJIIINX
IIPOCTOIB Ha TeXHiuHe OOCIyrOBYBaHHS Ta IeHepye OiLIbIIi OOGCATH BifIIpalibOBAaHOTO IIAJMBA. Y IIbOMY AOCITIPKEHHI pO3IVISAAIOTHCS
HEWTPOHHI XapaKTEPUCTUKHU TaIMBa Ha OCHOBI Topito, a came (Th-2**U)0, ta (Th-2*3U)0,, Ta MOPIBHIOIOTLCS 3i CTAHAAPTHUM MATUBOM
UO, y xoHdiryparii akrusHOi 30HM MMPKB. AKTHBHA 30Ha peaKTopa € TeTepPOreHHOI0, 10 CKJIAIAETHCS 3 3 MAJIMBHUX 30H. [lJIT KOHTPOJIIO
PEeaKTUBHOCTI 10 MaJIMBa TAKOX JI0IA€ThCsl roproda oTpyTa y BUursfi B,C. HeliTpoHHi po3paXxyHKU BUKOHYIOTBCS 3a JJOIIOMOT'0I0 CTaHZapTHOL
cucreMu Koxy aHautizy peakropa (CKAP) 3 6i6riotexoro sigepHux gaHux JENDL-4.0. Kog CKAP BukopucTtoBye Moxy b PIJ fuist po3paxyHKiB
piBHSI MAJIMBHUX eJIeMeHTIB Ta Mogy/ib CITATION zyisi po3paxyHKIiB piBHSI aKTMBHOI 30HU peakTopa. PesyibraTil 1oKasyioTs, mo (Th-233U)0,
TIPOIIOHYe HaiicTabinpHilmMit mokasHUK K MpoTarom 12-piuHoro nepiofy eKcrutyarariii, ocTiiiHO 3aIMIIal0diCh BUILE TOPOTY KPUTUYHOCTI
TS BCiX 06’ €MHHMX 9acTOK nayinBa. KpiM Toro, meii THII masiiBa IEMOHCTpYe HalipiBHOMIPHIIITHT PO3MOALT TYCTHHU ITOTY)KHOCTI Ta HAMHIDKYI
3Ha4eHHs KoediuienTa nikosoi norysxkuocti (KIIIT), 10 3MeHIIye MOTEeHIia] TEIUIOBUX rapstaux To4oK. ITanuso (Th-233U)0, Moxke gocsartu
piBHsI BUropaHHsi 6u3bko 50 000 MBr/ToHHY, 110 Bimnosizae crangapram MMPKB. Hamusa UO, ta (Th-233U)0, AeMOHCTPYIOTH GLIbLI
BUPKEHE 3HKEHHS Koy Ta MEHII CIIPUSTINBI XapaKTEPUCTUKU PO3IIOAITY TTOTY>KHOCTI. 11i pe3ysibraTyl MmiIKpeC0I0Th MOTEHI il (Th-2*U)
O, sIK TIepCIIeKTUBHOIO KaHANUJaTa /ISl TPUBAJIOLMKIIOBUX, Ge3repepBHUX 3acTocyBaHb MMPKB 6e3 nepesapspraHHs.

KUIr04oBi c10Ba: TOpieBe IMaJnBO, POMMPEHUI TAJTUBHUI MK/, HEHTPOHHO-eMICiiHi XapakrepucTuky, 233U, K,q, piBeHb BUTOPaHHS,
PO3IIOAI I'YCTUHU MOTYkKHOCTi, KIIII.
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ABTOMATH30BAHA JIATHOCTHUKA EJIEKTPOKAPIIOTPAM ¥V PEXKMMI PEAJIBHOI'O YACY HA OCHOBI
MOIHPIKOBAHOI'O AJITOPUTMY ITAHA-TOMIIKIHCA J1JIs1 CUCTEM TPUBAJIOTO MOHITOPUHTY (c. 15-27)

Yuliya Gerassimova, Fatimah Sidi, Victor Ivel, Vladimir Avdeyev, Lili Nurliyana Abdullah, Sayat Moldakhmetov

OG6’eKTOM JIOCTIKEHHSI € TIPOIieC aBTOMaTHU30BAaHOTI0 aHai3y esekrpokapiocuraany (EKC) miz yac TpuBajoro MOHITOPHHTY B peXXUMi
peasIbHOTO Yacy, 10 37iiICHIOETbCS MOGITBHIMY OG€3Z[pOTOBUMU CUCTEMAaMU. Y TOCTi/PKEHH] PO3B’I3y€eThCs IIPo6IeMa HeloCTaTHBOI TOYHOCTI
ABTOMATHU30BAHOI JIiarHOCTUKU IIPU TPUBAJIOMY MOHITOpHHTY estekTpokapziorpamu (EKI') B yMOBax 06MeXKeHUX 00YHMC/IIOBAIBHUX PecypciB
Ta HasIBHOCTI IIyMiB.

Po3po6seHo mopudbikoBanuil aaroputm Ilana-ToMmmkiHca A1 BU3Ha4deHHs Mexx QRS-xomruiexcy. Ha OCHOBI LIbOro aaropurmy
peastizoBaHO TIporpamMHuit Moay/s PCard auist amapaTHO-IIPOrpaMHOT0 KOMIUIEKCY, 1110 3abe3Ieuye sIKiCHy aBTOMAaTH30BaHy /[iaTHOCTUKY 5K Y
CTaHJAPTHOMY PEXUMI, TaK i ImiJ) yac TpuBazoro MoHitopuHry EKI'y 12-Tu BiiBEIEHHSX Y PEXKUMI peasIbHOI'O 4acy.

ITporpamuuii moapynb PCard gmo3Bossie 3zificHioBatu peectpanito EKC, mudpoBy dinbrpariito, BUMipioBaHHS I pO3paxyHOK
eJIeKTpokapyiorpadiyHIUX IapaMeTpiB, aBTOMAaTHYHEe BU3HAYEHHS /AiarHOCTUYHUX KPUTEpiiB i BHUCHOBKIB, (pOpPMyBaHHS 3arajbHOTrO
niarHocTuyHOro BUcHOBKY EKT, a Takox Jlikapcbky 06pooky EKT.

BHCOKy SIKIiCTh AiarHOCTUYHOIO aHajIi3y IiATBEPPKYIOTH OTPUMAaHi IMOKAa3HHMKHM TOYHOCTI aJrOPUTMY: JJI BU3HAYEHHS HOPMaJIbHHUX
KOMILIEKCIB — 99,99%, /151 BUSHAUEHHST [IIJIYHOUKOBUX KOMILIEKCIB — 99,90%, JIs1 BUSIBJIEHHS pi3HUX natosoriii — 98,43%. Yac 06po6xu EKT
CTaHOBUB GJIN3BKO 4,7 CeKYHZM JIJIs 3aIIUCY TPUBAICTIO 40 XBIJINH.

3aIporoHOBaHa METOMKA BU3HAYEHHS MEX KOMILIEKCIB QRS I'PYHTYeThCA Ha BUKOPMCTAHHI METOY CKiHUEHHUX Pi3HUIIb, 110 BUTIZTHO
BifIpi3Hsie i1 Bij| momMpeHNX METOAMK 3i ClleKTpaJibHUM aHaJli30M, METOZIOM BeiiBjIeT-TiepeTBOpPeHb UM nepeTBopeHHs Pyp’e. Takuit migxiz
CIIpollye BU3HA4YCHHs IMapameTpiB oCHOBHMX eseMeHTiB EKI' i cyTTeBo ckopodye o6CST OGUMC/IEHB, IO B IIJIOMY MiIBUIINYE IIBHUJKICTH
00pOOKY Ta 3MEHIIIye TIOTpedy B CUCTEMHHX pecypcax.

Korro4oBi ciioBa: ejeKTpoKapziorpaMa, XoATepiBCcbKe MOHITOpPYBaHHS, aBTOMATU30BaHUI aHasi3, anroput™ Ilana-Tommkinca, ESP32,
QRS-komiekc.
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PO3POBKA MATHITHOI'O AKTUBATOPA JJIA SAIIOBITAHHA YTBOPEHHIO HAKHITY HA IIOBEPXHI
TPYBYACTHUX EJIEKTPUYHUX BOAJOHATPIBAYIB (c. 28-38)

Aliya Alkina, Ali Mekhtiyev, Yelena Neshina, Yermek Sarsikeyev, Tatyana Gerassimenko, Ruslan Mekhtiyev, Oxana Aldoshina

O6’eKTOM [IOCTIKEHHST OY/IN IIpOliecH YTBOPEHHsI HAKUITy B eJIeKTPUYHMX BOZOHATPiBaJIbBHUX CUCTeMax 32 BUKOPUCTAHHS BOAU IiiBU-
L[EHOI JKOPCTKOCTI.



JlocJtipKeHHS IIPUCBSIUeHO Po3poOLi Ta arpoballii MarHiTHOro akTUBATOPA JJIs 3a1106iraHHs yTBOPEHHIO HAKUITY Ha TPYOUaCTHX eJIeKTPO-
HarpiBaJyax y )KOpCTKiii Bozii 6e3 3acTOCYyBaHHS XIMIYHUX peareHTiB.

TIpuctpiii 3 HEOAVMOBUMH MarHiTaMH BCTAHOBJIIOETBCS Ha ITOJAI0YOMY TPYOOIIPOBOZi BOZOHArpiBada Ta BUpIlye IpobseMy HAaKUIIO-
YTBOpeHHsI 6e3 BUKOPUCTAHHS peareHTiB. ExcriepyMeHT TpuBas 90 AHIB Ha JIaGOPATOPHOMY CTEHZ, 110 iMiTyBaB poGOTY IT0GYTOBOIO BOJO-
HarpiBayva.

MarsiTHa 06po6Ka BOAY 3HUSKJIA 3aTaJIbHY KOPCTKICTh Ha 15-20%, BMicT ioHiB Ca?’ Ta Mg?" — Ha 35-50%, & TAaKOK CrIpusiia GOpMyBaHHIO
TepeBaKHO aparoHiTHOI Mofudikamii kap6oHATy KasbIlifo, MEHII CXUJIBHOI /10 MIIIHOTO 34YeIIEHHS 3 ITOBepXHelo HarpiBy. TOBIMHA IIapy
HAaKWITy Ha HarpiBaJbHOMY eJIeMeHTi CKIasia 611M3bK0 0,5 MM ITPOTH 2 MM Yy KOHTPOJIBHOMY 3pa3Ky, 1[0 3a6e3eYrI0 3MeHIIeHHS OJaTKOBUX
€HeproBuTpar i3 13% 10 3%.

EdeKT NosICHIOETHCS JIi€f0 MarHiTHOTO TI0JIsT Ha Ti/[paTHi 060JIOHKH i0HIB YKOPCTKOCTI, 10 CIIPHMsI€ YTBOPEHHIO MEHII MII[HOI aparoHiTHOI
Mozndikanii kKap6oHATy KaJIbIIii0 Ta MOPYLIye YMOBY KPUCTali3allii CTIKOro KasIbIIUTy Ha HAarpiBasbHiil IOBepXHi.

VHiKaJIPHOI OCOOIMBICTIO TIPUCTPOI0 € KOMOiHaIlis BHYTPIilTHBOTO Ta 30BHIITHBOTO MAarHiTHHUX aKTHUBATOPiB Ha OCHOBI HEOJUMOBHX
MAarHiTiB, [0 CTBOPIOIOTH CTa0iIbHE MarHiTHe I10JIe 3 BUCOKOIO iH/IYKIIi€0, @ TAKOXK HasIBHICTh BiJICTIIIHMKA Ta KOHCTPYKTUBHUX pillleHb, SKi
3a106iraroTh KOHTAKTy MarHiTiB i3 Boo1o. Lle 3a6e31meunio TpuBaIy Ta CIIPIMOBAHY Zif0 ITOJIsI Ha MOTiK BOAH, L0 MiABUINIIO e(eKTUBHICTh
06POOKH.

MarHiTHuUi1 akTUBaTOp ePeKTUBHUN y ITOOYTOBUX Ta IIPOMUCIOBUX CHCTEMAaX BOAOHATPIBY 3 )KOPCTKOIO BOJOI0, 301/IbIIIy€e TEPMiH CIIy)KOU
006J1a/IHaHHS, 3HIDKYE €HePrOCIIOKMBAHHS Ta 3MEHIIIye MOoTpedy B XiMiYHMX peareHTax.

Kirro4oRi coBa: MarHitHe 1oJie, coJii XKOPCTKOCTi, eHeproeeKTUBHICTb, BOJOMI/IrOTOBKA, €JIeKTPOHArpiBay, MarHiTu, Kaablliii, Maraii.



