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This study investigates magnetic system in the ST-40-type Hall-ef-
fect thruster and its modification with magnetic shielding of the accel-
erating channel. The task addressed relates to the lack of systematic
quantitative data on the influence of magnetic shielding techniques
on the topology of the magnetic field in the channel. The associated
parameters that affect the erosion of the walls and the stability of the
engine operating modes remain undefined.

This work reports mathematical modeling of the magnetic field
topology for the engine of the classical scheme and two variants
of magnetic shielding: with an external magnetic shield and using
a magnetically soft hollow anode. Spatial distributions of the radial
component of the field induction were determined and induction
gradients along the axis of the accelerating channel were derived.
It is shown that for the classical scheme the maximum induction gra-
dient is about 0.67 T/m. The external magnetic shield increases it to
1.17 T/m, and the hollow anode - to 1.29 T/m, that is, 1.7-1.9 times.

The results are explained by a change in magnetic resistance
and redistribution of magnetic flux, which leads to deformation of
the lines of force, their orientation along the dielectric walls of the
channel, and removal of the maximum magnetic field induction be-
yond the engine section. A distinctive feature of this study is a direct
quantitative comparison of the magnetic field topology for different
design schemes on a single geometric and current basis, which made
it possible to objectively assess the effectiveness of each variant of
magnetic shielding.

The implementation of results is possible in the design and
optimization of magnetic systems of Hall engines of medium power
class under conditions close to laboratory and ground tests. Their
application could contribute to reducing erosion, increasing discharge
stability, and increasing the resource.

Keywords: Hall-effect thruster, magnetic shielding, magnetic
field topology, acceleration channel, simulation.
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This study explores a rectangular metal waveguide with narrow
impedance walls, described by equivalent impedance-type boundary
conditions. The task addressed is to build an effective mathematical
model for analyzing waveguides with non-ideally conducting and
irregular boundary surfaces, by determining their dispersion charac-
teristics and wave propagation constants.

An approach based on the Fourier method and Leontovych
impedance boundary conditions has been proposed. This has made
it possible to avoid the complications associated with the vector
statement of the problem and obtain transcendental equations for de-
termining the propagation constants of bulk and surface waves. The
dispersion equation was analytically solved and the eigenwave para-
meters were calculated in a wide range of surface impedance values.

The analytical results made it possible to verify correctness of
the approach from a physical point of view; they could facilitate the
optimization of parameters for the basic structure to the requirements
of a specific microwave device. This is due to the use of an impedance
boundary condition model, which adequately takes into account the
influence of losses and reactive properties of the surface on electro-
magnetic fields and wave propagation processes in the waveguide.

In practice, the proposed approach could be used for the analysis
and design of complex periodic microwave structures, in particular,
filters, directional couplers, as well as power distribution elements
between phased array antenna elements. Through the generalization
of research results in the form of normalization of the impedance and
spectral characteristics of the basic waveguide structure, the obtained
characteristics could be used to design microwave devices in the range
from decimeter to millimeter wavelengths.

Keywords: propagation constant, boundary conditions, surface
waves, dispersion characteristics, surface impedance, filters of har-
monics.
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The object of the study is the REGFM-B1-based battery en-
ergy storage system (BESS) grid-forming inverter control system
operating in weak grids with a short-circuit ratio (SCR) below 2.0.
The work focuses on optimizing the virtual synchronous ma-
chine (VSM) controller parameters using an improved particle
swarm optimization with time-varying acceleration coefficients
(IPSO-TVACs). The primary challenge addressed is the failure of
conventional tuning methods to converge under three concurrent
hardware constraints, including current saturation at 1.2 pu,
measurement latency of 10 ms, and ADC quantization noise of
0.01 pu, which form a non-convex search landscape. The proposed
IPSO-TVAC is benchmarked against standard PSO (Std-PSO) and
gradient-based algorithms, which often converge to physically
infeasible solutions under the specified hardware restrictions. The
findings reveal that IPSO-TVAC greatly outperforms the standard
approaches, with integral of time-weighted absolute error (ITAE)
decreased by 16.1%, convergence standard deviation below 1 X 104,
and active power ripple lowered from 0.03 pu to below 0.005 pu.
These gains suggest that IPSO-TVAC is highly effective in robust
transient performance across all investigated constraint combi-
nations. The method’s major benefit lies in its fractional-order
inertia decay and derivative-penalized cost function, which enable
simultaneous management of current-saturation non-convexity
and ADC noise sensitivity within a single optimization cycle. The
findings imply that IPSO-TVAC is especially advantageous for
utility-scale battery storage in distant microgrids, island-grid and
offshore wind farms, where consistent frequency stability under
inverter overcurrent restrictions and ADC noise during grid tran-
sitions is critical.

Keywords: grid-forming inverter, REGFM-B1, IPSO-TVAC, Low-
SCR weak grids, BESS, hardware constraints.

References

1. Lin, Y., Eto, J. H., Johnson, B. B., Flicker, J. D., Lasseter, R. H.,
Pico, H. N. V. et al. (2020). Research roadmap on grid-forming invert-
ers. National Renewable Energy Lab. Available at: https://www.nrel.
gov/docs/fy21osti/73476.pdf

2. Integrating inverter-based resources into low short circuit strength
systems (2017). North American Electric Reliability Corporation
(NERC) Atlanta, GA, USA.

3. 2800-2022 - IEEE Standard for Interconnection and Interoperability
of Inverter-Based Resources (IBRs) Interconnecting with Associated
Transmission Electric Power Systems. https://doi.org/10.1109/ieeestd.
2022.9762253

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

. Zhong, Q.-C., Weiss, G. (2011). Synchronverters: Inverters That Mimic

Synchronous Generators. IEEE Transactions on Industrial Electron-
ics, 58 (4), 1259-1267. https://doi.org/10.1109/tie.2010.2048839

. Bevrani, H., Ise, T., Miura, Y. (2014). Virtual synchronous generators:

A survey and new perspectives. International Journal of Electri-
cal Power & Energy Systems, 54, 244-254. https://doi.org/10.1016/
j-ijepes.2013.07.009

. Alipoor, J., Miura, Y., Ise, T. (2015). Power System Stabilization Using

Virtual Synchronous Generator With Alternating Moment of Inertia.
IEEE Journal of Emerging and Selected Topics in Power Electronics,
3(2), 451-458. https://doi.org/10.1109/jestpe.2014.2362530

. Tang, W, Li, B., Shao, X., Ye, Y., Yu, Y., Chen, J. (2025). An Adap-

tive Inertia and Damping Control Strategy for Virtual Synchronous
Generators to Enhance Transient Performance. Energies, 19 (1), 204.
https://doi.org/10.3390/en19010204

. Roveri, A., Mallemaci, V., Mandrile, F., Bojoi, R. (2025). Enhanced

Virtual Synchronous Machine With Online Grid Impedance Estima-
tion. IEEE Open Journal of Industry Applications, 6, 427-444. https://
doi.org/10.1109/0jia.2025.3584050

. Baeckeland, N., Yang, B., Seo, G.-S. (2025). Transient Stability-En-

hancing Method for Grid-Forming Inverters Under Current Limiting.
IEEE Transactions on Power Electronics, 40 (5), 6714-6725. https://
doi.org/10.1109/tpel.2025.3532490

Elwakil, M. M., Zoghaby, H. M. E., Sharaf, S. M., Mosa, M. A. (2023).
Adaptive virtual synchronous generator control using optimized
bang-bang for Islanded microgrid stability improvement. Protection
and Control of Modern Power Systems, 8 (1). https://doi.org/10.1186/
$41601-023-00333-7

Baeckeland, N., Chatterjee, D., Lu, M., Johnson, B., Seo, G.-S. (2024).
Overcurrent Limiting in Grid-Forming Inverters: A Comprehensive
Review and Discussion. IEEE Transactions on Power Electronics,
39 (11), 14493-14517. https://doi.org/10.1109/tpel.2024.3430316
Oboreh-Snapps, O., She, B., Fahad, S., Chen, H., Kimball, J., Li, F.
et al. (2024). Virtual Synchronous Generator Control Using Twin
Delayed Deep Deterministic Policy Gradient Method. IEEE Transac-
tions on Energy Conversion, 39 (1), 214-228. https://doi.org/10.1109/
tec.2023.3309955

Kweon, J., Jing, H., Li, Y., Monga, V. (2024). Small-signal stability
enhancement of islanded microgrids via domain-enriched optimiza-
tion. Applied Energy, 353, 122172. https://doi.org/10.1016/j.apenergy.
2023.122172

Li, X., Clerc, M. (2018). Swarm Intelligence. Handbook of Metaheuris-
tics, 353-384. https://doi.org/10.1007/978-3-319-91086-4_11

. IEC 61400-1: Wind turbines — Part 1: Design requirements (2005).

International Electrotechnical Commission. Available at: https://cdn.
standards.iteh.ai/samples/12556/5a25eb41347f46b9b293e5f30c8eb7a4/
IEC-61400-1-2005.pdf

Buso, S., Mattavelli, P. (2006). Digital Control in Power Electronics.
Springer International Publishing. https://doi.org/10.1007/978-3-031-
02495-5

Nassef, A. M., Abdelkareem, M. A., Maghrabie, H. M., Baroutaji, A.
(2023). Review of Metaheuristic Optimization Algorithms for Power
Systems Problems. Sustainability, 15 (12), 9434. https://doi.org/
10.3390/su15129434

Rivas-Martinez, G. 1., Rodas, J., Herrera, E., Doval-Gandoy, J. (2025).
A Novel Approach to Performance Evaluation of Current Control-
lers in Power Converters and Electric Drives Using Non-Parametric
Analysis. IEEE Latin America Transactions, 23 (1), 68-77. https://
doi.org/10.1109/t1a.2025.10810402

1547-2018 - IEEE Standard for Interconnection and Interoperability of
Distributed Energy Resources with Associated Electric Power Systems
Interfaces. https://doi.org/10.1109/ieeestd.2018.8332112

Ratnaweera, A., Halgamuge, S. K., Watson, H. C. (2004). Self-Orga-
nizing Hierarchical Particle Swarm Optimizer With Time-Varying




Acceleration Coefficients. IEEE Transactions on Evolutionary Com-
putation, 8 (3), 240-255. https://doi.org/10.1109/tevc.2004.826071

21. Syed, D., Shaikh, G. M., Alshahrani, H. M., Hamdji, M., Alsulami, M.,
Shaikh, A., Rizwan, S. (2024). A Comparative Analysis of Meta-
heuristic Techniques for High Availability Systems. IEEE Access, 12,
7382-7398. https://doi.org/10.1109/access.2024.3352078

22. Teodorescu, R., Liserre, M., Rodriguez, P. (2010). Grid Converters for
Photovoltaic and Wind Power Systems. John Wiley & Sons. https://
doi.org/10.1002/9780470667057

23. Muiioz-Torrero, D., Garcia-Quismondo, E., Ventosa, E., Prodanovic, M.,
Palma, J. (2025). On the degradation of lithium-ion batteries over
a current ripple effect. Electrochimica Acta, 530, 146326. https://
doi.org/10.1016/j.electacta.2025.146326

24. Milano, F., Dorfler, F., Hug, G., Hill, D. J., Verbi¢, G. (2018). Foundations
and Challenges of Low-Inertia Systems (Invited Paper). 2018 Power
Systems Computation Conference (PSCC), 1-25. https://doi.org/
10.23919/pscc.2018.8450880

25. Xu, X., Yousefian, R., Elkhatib, M., Choi, B., Huang, L., Mao, Y.,
Berner, A. (2019). Automatic Underfrequency Load Shedding
Study of the PJM System. 2019 IEEE Power & Energy Society Gen-
eral Meeting (PESGM), 1-5. https://doi.org/10.1109/pesgm40551.
2019.8973420

26. Grigsby, L. L. (Ed.) (2017). Power System Stability and Control. CRC
Press. https://doi.org/10.4324/b12113

27. Ohuchi, K., Masod, A. F. B., Kato, S., Hirase, Y. (2023). Stability analy-
sis of virtual synchronous generator control in a high-voltage DC
transmission system using impedance-based method. Energy Reports,
9, 557-567. hitps://doi.org/10.1016/j.egyr.2022.11.077

DOI: 10.15587/1729-4061.2026.357609
CONSTRUCTION OF MATHEMATICAL MODELS
OF HEAT EXCHANGE IN ELECTRONIC
DEVICES WITH SEMI-THROUGH FOREIGN
ELEMENTS (p. 36-43)

Vasyl Havrysh
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-3092-2279

Svitlana Yatsyshyn
Ukrainian National Forestry University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0001-5200-4837

Lubov Kolyasa
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-9690-8042

Mykhailo Stepaniak
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-1859-4495

Andrii Kapustianskyi
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-2771-2505

This study investigates heat exchange processes in isotropic spa-
tial environments with foreign semi-through elements subjected to
external and internal thermal loads.

Significant temperature gradients arise as a result of the thermal
load. To establish and analyze temperature regimes for effective op-
eration of electronic devices, mathematical models for determining
temperature fields have been constructed.

Based on the formulated boundary value problems of thermal
conductivity, their analytical and numerical solutions have been
defined. Using these solutions, numerical calculations of the tem-
perature distribution in spatial coordinates for given geometric and
thermophysical parameters have been performed.

For an effective description of the thermal conductivity coeffi-
cient for inhomogeneous spatial media, asymmetric unit functions
were used. A technique for segment-constant approximation of tem-
perature as a function of spatial coordinates on the surfaces of foreign
elements has been introduced. As a result, second-order differential
equations with partial derivatives and discontinuous and singular
coefficients have been derived.

The numerical results reflect temperature distribution in the me-
dia in spatial coordinates for the given geometric and thermophysical
parameters. The number of partitions of the intervals (0; h), (-H; H),
(0; R) was chosen to be equal to 9. That has made it possible to ob-
tain numerical values of temperature with an accuracy of 107°. The
constructed mathematical models of heat transfer make it possible to
analyze spatial isotropic media with foreign through-going elements
in terms of their thermal stability.

Keywords: temperature field, thermal conductivity of the ma-
terial, thermal resistance of structures, heat transfer, semi-through
foreign elements.
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BUABJIEHHA BIIVIMBY CIIOCOBY MATHITHOI'O EKPAHYBAHHS HA TOIIOJIOI'TIO MATHITHOTO ITOJISA
B IIPCKOPHOBAJIBHOMY KAHAJII XOJIJTIOBCBKOI'O IBUT'YHA (c. 6-13)

O. M. IleTpeHKo, B. O. IlepepBa

O6’eKTOM JOCIIi/KEHHSI € MarHiTHa cucremMa X0JUIOBCHKOTO ABUTyHA TUIy ST-40 Ta 1i Mopudikaliisi 3 MarHiTHUM eKpaHyBaHHSIM IIPU-
CKOPIOBAJIBHOTO KaHaJTy. [Tpo61eMa, 110 po3B’s3yBasacs y poOoTi, OJIsTrae y BifICyTHOCTI CHCTeMaTH30BAHMX KiTbKiCHUX JAHUX I[O/[0 BILUIUBY
CrIoco6iB MarHiTHOrO eKpaHyBaHHsI Ha TOIIOJIOTiI0 MarHiTHOTro IoJisl B KaHasti. HeBHM3HaueHMMU 3a/IMINAIOThCS IIOB’sI3aHi ITapamMeTpH, L0
BILIMBAIOTh Ha €PO3if0 CTIHOK i CTIHKICTh pe)XMMiB po6GOTH /[BUTYHA.

¥V po6oTi BUKOHAHO MaTeMaTHYHe MO/IeJIIOBAHHS TOITOJIOTii MarHiTHOTO MOJIS JIst IBUTYHA KJIACUMYHOI CXeMH Ta ZIBOX BapiaHTiB MarHir-
HOT'O eKpaHyBaHHS: i3 30BHIIIHIM MarHiTHUM €KpaHOM i 3 BUKOPUCTAHHSIM MarHiToM sIKoro IoyIoro aHozia. OTpUMaHO ITPOCTOPOBi PO3MOAIIN
paziasibpHOI CKJ1aZ0BOI iIHAYKIII I10JIs1 Ta BU3HAYEHO IpajlieHTU iHAYKIiT B3/J0BXK OCi IIPUCKOPIOBAJILHOIO KaHasy. [Toka3aHo, 1110 11 KJIAaCUYHOL
CcXeMH MaKCUMAaJIbHUN I'pafiieHT iHAYKIil cTaHOBUTH 6s113bK0 0,67 T/M. 30BHILIHII MarHiTHUI expaH nifgBuiye foro g0 1,17 T/M, a Opox-
HUCTHI aHOZ — 710 1,29 T/M, To6TO ¥ 1,7-1,9 paza.

OTpUMaHi pe3y/IbTaTH MOACHIOITHCA 3MiHOI0 MarHiTHOTO OIIOPY Ta IIePepPO3IO0/iJIOM MarHiTHOTO TIOTOKY, 1110 TPU3BOAAUTE /10 AedopMariii
CHJIOBHUX JIiHIH, IX OpieHTAaIil B3/[OBXK JlieJIEKTPUYHUX CTIHOK KaHAJTy Ta BUHECEHHSI MAKCUMYMY iHAYKIIil MarHiTHOTO IT0JIs 32 3pi3 BUTYHA.
BinMiHHOIO PUCOIO JOCTIKEHHS € IIpsAMe KiJbKiCHe MOPiBHAHHS TOIOJIOTI MarHiTHOTO MOJIs /I Pi3HUX KOHCTPYKTUBHUX CXeM Ha €UHIlN
reOMETPHUYHIl Ta CTPyMOBIit 6a3i, 1110 J03BOJINIIO 06’ EKTUBHO OLIHUTHU e(heKTUBHICTh KOXKHOTO BapiaHTa MarHiTHOTO eKpaHyBaHHS.

IIpakTYHe BUKOPUCTAHHS OTPUMAaHUX Pe3y/IbTaTiB MOMUIMBE IIPU IPOEKTYBAaHHI Ta ONTHUMi3alil MarHiTHUX CUCTeM XOJUIOBCBKUX JBU-
T'YHIB CepeiHbOro KJIacy MOTYXKHOCTI 38 yMOB GJIM3bKUX /10 JTAGOPATOPHUX i HA3eMHUX BUNIPOOYBaHb. [X 3aCTOCYBAHHSI CIIPUSTHME 3HDKEHHIO
epo3ii, MABUIEHHIO CTIKOCTI PO3ps/Ly Ta 36iIBIIEHHIO pecypcy.

KorrouoBi croBa: X0J17I0BCbKUM IBUTYH, MarHiTHe eKpaHyBaHHsI, TOIIOJIOTisl MarHiTHOrO I0JIs, TPUCKOPIOBAJIBHUM KaHaJI, MOZIeTIOBaHHS.
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BU3HAYEHHS JUCIIEPCIMHUX XAPAKTEPHCTHK ITPIMOKYTHOI'O XBUJIEBOJY 3 BY3bKUMU IMIIEJAHCHUMH
CTIHKAMH (c. 14-24)

JI. M. JIorauoBa, T. I. Byrposa, M. II. YopHOoGoponoB, C. B. Mopiaska, H. I1. YopHoGopozoBa

OG6’eKTOM JJOCJI/PKEHHS € IPSMOKYTHUI MeTaJIeBUI XBUJIEBi i3 By3bKMMU iMIIEZJaHCHUMU CTiHKaMH, 110 OITHMCYEThCS €KBiBAJIEHTHUMU
rpaHUYHNUMHU YMOBaMM iMmefjaHcHoOro Tuiy. IIpo6sema, 1[0 po3B’si3yBajacs, Mojdraja B po3po61li eeKTHBHOI MaTeMaTUYHOI MoJiesti [y
aHaJIi3y XBUJIEBOZIB i3 HeiZleaIbHO IIPOBiJHUMU Ta HEPEry/IIPHUMHU TPAHUYHUMU IIOBEPXHAMU LIUIIXOM BU3HAYEeHHS iX JUCIIePCiifHUX Xapak-
TEPUCTUK i CTAJIMX MOUIMPEHHs XBUJIb. By/10 3aporoHoBaHo MijXiJy Ha ocHOBi MeTogy ®yp’e Ta iMIIelaHCHUX IPaHUYHUX YMOB JIeOHTOBUYA.
Lle 103BOJINJIO OMUHYTH YCKJIa/[HEHb, TIOB’I3aHUX i3 BEKTOPHOIO ITOCTAHOBKOIO 33/1a4i i OTPUMATH TPAaHCIEHAEHTHI PiBHAHHS /I BU3HAYEH-
HsI CTaJIMX IOLIMPEHHS 00’€MHUX Ta MOBEPXHEBUX XBUJIb. [IpOBe/IeHO aHAJITUYHHI PO3B’S30K JUCIIEPCiiTHOrO piBHSIHHS Ta PO3PaXxOBaHO
TapaMeTpy BJIACHUX XBWIb y IIMPOKOMY Jiialla30Hi 3HauY€Hb ITOBEPXHEBOTrO iMIieziaHCy. OTPUMAHO aHATITUYHI pe3ysbTaTH, AKi JA03BOJIUIN
BepuQiKyBaTH IPABUJIBHICTD MiIX0Ay 3 (i3WMIHOI TOYKM 30py. BOHM 3[]aTHI MOJIETIIMTH ONTHMI3aIlif0 mapaMeTpiB 6a30BOI CTPYKTYpH IIif
BHMOT'M KOHKPETHOTO MiKPOXBUJILOBOTO MPUCTPOIO. Ile 3yMOB/IEHO BUKOPUCTAHHAM MOZENi iMIeJaHCHUX TPaHUYHUX YMOB, AKa a/leKBaT-
HO BPAXOBY€ BILIMB BTPAT i PeaKTHBHHUX BJIACTHUBOCTEH IOBEPXHi HA €JIEKTPOMATHITHI IOJIA Ta MPOLECU IOMIUPEHHsI XBU/Ib y XBUJIEBOJI.
Ha mpakruii 3anporoHOBaHUN MifXiA MOXcHA 3aCTOCYBaTH ISl aHAJIi3y Ta MPOEKTYBAHHS CKJIAJHUX NepiofNYHUX MiKPOXBUJIBOBUX CTPYK-
Typ, 30KpeMa (iJbTPiB, CIIPIMOBAHUX BiJraay)XyBadiB, eJIEMEHTIB PO3MOZAIIY IMOTY)KHOCTeH Mi>K BUIIpOMiHIOBaYaMH (pa30BaHUX aHTEHHUX
penriTok. 3aB/AKY y3araJbHEHHIO Pe3YJIbTaTiB JAOCTiPKeHHS Y BUIVISZIi HOPMYBaHHS iMIIe[JAaHCHUX Ta CIIEKTPAJIbHUX XapaKTePUCTUK 6a30BOl
XBUJIEBOJHOI CTPYKTYPU OTPUMAaHI XapaKTEPUCTUKHA MOXXHA 3aCTOCOBYBATHU /ISl KOHCTPYIOBAHHS MiKPOXBUJILOBUX IIPUCTPOIB Y Jliaria3oHi Bif
JIeMETPOBUX JI0 MiJTiIMETPOBUX JOBXXUH XBUJIb.

Kirro4ogi cioBa: crasa nomMpeHHs, iMIeaHCHI rpaHUYHI YMOBH, IOBEPXHEBi XBUJIi, TOBEPXHEBUI iMIIe/laHC, PiIbTpU rapMoHiK.
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PO3POBKA IPSO-TVAC VI AJAIITUBHOT'O KEPYBAHHA MEPEXEYTBOPIOIOYMMH IHBEPTOPAMM B MEPEXKAX
3 HU3bKHM SCR 3 AITAPATHHUMHJ OBMEXXEHHSIMM (c. 25-35)

Pham Hong Thanh, Le Van Dai

OG’€KTOM /IOCTiZPKEHHS € CUCTeMa KepyBaHHs iHBepTOpoM, 110 dhopMye Mepexy, Ha 6a3i REGFM-BI1, 10 mparifoe B c1abKHUX Mepekax
3 koedirfienToM KopoTKoro 3amukanHs (SCR) Hibkue 2,0. Po6oTa 30cepepKeHa Ha ONTHUMI3allii TapaMeTpiB KOHTPOJIepa BipTya bHOI CHHXPOHHOI
mamHU (VSM) 3 BUKOPUCTaHHSIM TTOKPAIeHO] ONTUMI3aIlil poro YacTUHOK 3i 3MiHHUMU B Yaci koedinieHramu mpuckoperHst (IPSO-TVAC).
OCHOBHOIO ITPO6JIEMOI0, SIKY PO3IVISAAIOTh, € He3/IaTHICTh TPaAULIiIHUX MeTO/[iB HaJIalITyBaHHS CXOAUTUCS 32 TPhOX OFHOUACHUX allapaTHUX
06MeXeHb, BKIIOYA0UN HACUYEeHHS CTPyMy 1,2 071.0., 3aTPUMKy BHUMiproBaHHS 10 MC Ta IIyM KBAaHTYBAaHHS aHAJIOTO-IH(POBOTO IEPETBO-
proBaua (ALII) 0,01 B.o., siki hopMyIOTH HeomykInit JaHAmadT rnomyky. 3arnporonosana IPSO-TVAC nopiBHIOETbCS 31 CTaHJAPTHUMU aJIro-
putmamu PSO (Std-PSO) Ta rpafiieHTHUMH aJITOPUTMAMU, SIKi 9aCTO CXOJSAThCS 710 (hi3UIHO He3/AiiCHEHHUX pillleHb 3a 3a/JaHUX arlapaTHUX
06MeKeHb. Pe3ysIbTaTH JOCTiZPKEeHHS ITOKa3yoTh, 110 IPSO-TVAC 3Ha4YHO IepeBepliye CTAHAAPTHI ITXOAH, IIPH I[bOMY iHTerpasi abCoTI0THOI
TOXNOKH, 3BaykeHOI 3a yacoM (ITAE), 3MeHIuBcs Ha 16,1%, cTaHjapTHE BiXMJIEHHST KOHBEPIeHIIil CTaIo HIK4e 1 X 104, a MyJibcallii akTUB-
HOI MOTy>XHOCTI 3HM3MHCA 3 0,03 B.0. o Hipk4e 0,005 B.o. Ili mepeBarn cBigyats 1po Te, mo IPSO-TVAC e BHCOKOE(EKTUBHIM y CTiHKHX



TIepeXiJHUX TIpoliecax s BCIX AOCTiPKyBaHMX KOMOiHaIliii o6MeskeHb. OCHOBHA IepeBara MeTO/y IOJIATae B MOro JApo6OBOMY IOPSIKY
crnajy inHeprii Ta GyHkuii BUTpar 3i mTpadaMu 3a MoXiJHy, 10 03BOJISE OJHOYACHO KEPYBATH HEOITYKJIICTIO HACUYEHHs CTPYMY Ta UyT/IH-
BicTio 10 mrymy AIIII IpOTSATOM OHOTO IUKJIY ONTHMIi3ariiil. Pe3ysbTaTy ZOoC/IipKeHHS TOKa3yIoTh, 0 IPSO-TVAC 0co611BO BUTIIHUIM /17151
AKyMYJIITOPHMX HaKOIIM4YyBadiB KOMyHAJIbHOTO MAacIITa0y y Bi/jiajleHNX MiKpoMepelkax, OCTPiBHUX Mepe)Xax Ta MOPCHKUX BiTPOBHX €JIEK-
TPOCTaHIIifAX, Jie cTabijbHa cTabiIbHICTh YaCTOTH 3a YMOB OOME)XXeHb IlepeBaHTa)keHHs iHBepTopa Ta mryMmy ALITI mif yac mepexoziB Mepesxi
€ KPUTUYHO BOKJIUBOIO.

Kirrouosi ciroBa: inBeprop, 1o popmye mepexxy, REGFM-B1, IPSO-TVAC, cna6ki mepexi 3 Hu3pkuM SCR, BESS, anapaTHi 0OMe)XeHHs.
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PO3POBJIEHHA MATEMATUYHHWUX MOZEJIEN TEIUIOOBMIHY B EJIEKTPOHHUX ITPUCTPOSX 3 HAIIIBHACKPISHUMUA
YYXXOPIZHHUMHU EJIEMEHTAMM (c. 36-43)

B. I. TaBpun, C. I. AnpmauH, JI. 1. Kossica, M. B. CrenaHsak, A. O. KanmycTaHCbKUiL

O6’eKTOM JIOCJIPKEHHS € IIPOLIECH TeIJI00OMiHY B i30TPOITHUX IIPOCTOPOBUX CEPENOBUIIAX i3 Uy KOPIJHUMU HAIIBHACKPI3HUMHU eJIeMeH-
TaMHU, SKi MiJar0TbCSA 30BHILIHIM Ta BHYTPILIHIM TEIIJIOBUM HaBaHTaXKEHHAM.

BHac1iZiok TeII0BOro HaBaHTa)KeHH BUHUKAIOTh 3HaYHi TeMIlepaTypHi rpafiieHTH. [lJ1g BCTaHOBJIEHHS Ta aHAJIi3y TeMIIePaTyPHUX PeXu-
MiB eeKTHBHOI PO6OTH eJIeKTPOHHUX IPUCTPOIB PO3p06IeHO MaTeMaTUYHi MOZiesTi BU3HAYeHHs TeMIlepaTypHUX IO0JIiB.

Ha ocHoOBi chopMyIbOBaHMX KpailOBUX 3a/jad TEIUIONPOBIHOCTI BU3HAYEHO 1X aHATITUYHO-YMCIIOBI PO3B’SI3KH. [3 BUKOPUCTAHHAM I[HX
PO3B’sI3KiB BUKOHAHO YMCJIOBI PO3paxyHKHU PO3IOALLY TeMIIepaTypH 3a IPOCTOPOBUMU KOOPAUHATAMU /ISl 3aJaHUX FeOMEeTPUYHUX Ta TeILIo-
iznyHNX TapaMeTpiB.

Jlnst edpeKTHBHOTO OnUCy KoeillieHTa TeIIONpoBi{HOCTI /1711 HEOJHOPIZHHUX ITPOCTOPOBUX CePEZOBUIL BUKOPHCTAHO aCUMETPHYHI 01~
HUYHI QyHKII. 3ampoBajpKeHo CrIoci6 CerMeHTHO-CTaI0l allpOKCUMAILil TeMIlepaTypy sSIK (yHKIii TPOCTOPOBUX KOOPAMHAT Ha ITOBEPXHSIX
Uy)KOPi/THUX eJIeMeHTIiB. Y pe3y/bTaTi OTpUMaHO AMQepeHIialbHi piBHIHHS JPYroro MOPsS/JKY 3 YaCTKOBUMU ITOXiZIHUMHM i PO3PUBHUMH Ta
CHHTYJIAPHUMU KoedillieHTamMu.

OTpUMaHi YMCJIOBI Pe3yJIbTaTH Bi0OOpaYKarOTh PO3IIOALT TEMIIEPATypH B CEpefOBHUINAX 33 IIPOCTOPOBUMH KOOPAMHATAMM JJIs 3a/IlaHUX
TeOMETPUYIHUX Ta TerutodiznyHux napameTpi. Kinbkicts po3nutis inTepaiis (0; h), (-H; H), (0; R) BUGpaHO Takoro, 110 JopiBHIoE 9. Lle gano
3MOTY OTPUMATH YMC/IOBI 3HAYEHHST TEMIIEPATYPH 3 TOUHICTIO 107°. PO3p06IIeHi MaTeMaTU4YHi MOJe/Ti TETIO06MiHY JIal0Th 3MOTY aHaTi3yBaTH
IIPOCTOPOBI i30TPOITHI cepeAoBHUIIIA 3 UYXKOPIJHUMH HACKPi3HUMHU eJIeMEeHTaMU L[OZ0 iX TePMOCTiliKOCTi. BUKOPHUCTOBYIOUH 1ii MOJeJIi, MOYKHA
TIPOrHO3YBATH TeMIIEPATypHi peKUMU B €JIEKTPOHHUX IIPUCTPOSIX, 1[0 CTBOPIOE IIepelyMOBU AJIsl MiIBUIIEHHS 1X HaiiHOCTI Ta OBrOBIYHOCT].

KurrouoBi cyroBa: TemrepatypHe IoJIe, TeIUIONPOBIHICTE MaTepialry, TepMOCTIMKiCTh KOHCTPYKIIiii, TETUI00OMiH, HaIliBHACKPI3Hi dy»Ko-
pifiHi eJleMeHTH.



