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Juceprauilo NpUCBIYE€HO BUPIMIEHHIO aKTyaJIbHOTO HAYKOBO-TIPUKJIAIHOTO 3aBJaHHS, SIKE N10JISITA€ B JOCIIiIKEHHI
BILJIMBY eJieKTpoMarHiTHoro (EM) BUIIpOMiHIOBaHHS Ha JIIOJCbKUM OPraHi3M y J1abopaTOPHUX YMOBAX y TEPMiHax
nuromoro Koedinienra nornunanH (ITIKII) (Specific Absorption Rate — SAR), 0 peasnizoBaHo WJSXOM 106YJ0BU
BiZTOBiTHUX €JIEKTPOIUHAMIYHUX MOJeJIeH, SIKi 1al0Th MOKJIUBICTh OLIIHUTY TaKWii BIJIUB, Ta PO3POOKHU
€KCIIepUMEHTAJIbHOI YCTAaHOBKH [1J151 BUMIPIOBAHHS TaKOTO BILJIMBY B JJA0OPAaTOPHUX YMOBax. Po3pobieHe

IIporpamHe 3a6e3re4eHHs Ja€ MOKJIMBICT OTPUMAaTH MOJEJIbHI pe3yJIbTaTH, SIKi BiNOBIIAIOTh peaslbHUM



($i3MYHMM YMOBaM, a Pe3yJIbTaT €KCIIePUMEHTAIbHUX BUMIPIOBaHb CJIYTYIOTh [7Is1 Mg TBEPAXKEHHS JOCTOBIPHOCTI
PO3pO6JIEHNX MOZIeNIel Ta 6e3[10CepeHbOr0 BUBHAUEHHSI KiJIbKICHMX XapaKTepPUCTHUK BIUIMBY. JlucepraniiiHa
poboTa CKIaA€eThCs 3i BCTYIY, YOTUPbOX PO37iJiB, BUCHOBKIB, CIIMCKY BUKOPUCTaHUX JI>KepeJl Ta NoJaTKiB. Y
[IEPLIOMY PO31iJli «AHaIi3 MigX0IiB 4O BUBYEHHS BIUIMBY €JIEKTPO—~MAarHiTHOIO BUIIPOMIHIOBaHHS Ha JIIOACHKUNI
OpraHi3m; MoJieJli Ta iIHCTPyMEHTAJIbHi 32C00M» BUKJIAI€HO Ta O6rOBOPEHO (Pi3nyHi KOHLEIL|] Ta TEOPETUYHi
OCHOBH OLiHKY BIIIMBY EM nosist pagioyactoTHoro gianazony (EMIT PIT) Ha opraHiam jsonuHu. HaBeneHo OCHOBHI
dbopmynn, 3a sskumu obumncmoetses [KII, okpecieHo ocHOBHI Qi3nyHi mapameTpy, sIKi CyTTEBO BIIMBAIOTh HA HOTO
3HaueHHs. [Ipyruit po3ais «EnekTpogHaMivHi BIACTUBOCTI JIIOCHKOrO TijIa HA OCHOBI MOAEJII LUIIHAPUYHOI
AQHTEHW» MPUCBSIYEHO NOCIiIPKEHHIO XapaKTEePUCTHUK BILJIMBY €JIEKTPOMArHiTHOrO BUIPOMiHIOBAaHHS [J151 BUMIAIKY
MpenCTaBIE€HHS JIIOACHKOTO Tijla SIK AieJIeKTPUYHOI UMIIiHIPUYHOI aHTeHu. [IpoBeieHo nepexif Bifl 3arajibHOroO
PazlioyacTOTHOrO BUNIPOMIiHIOBaHHS 0 Aiana3ony 4G/5G, TO6TO HMKHBOTO Jiana3ony ['T1 XBUib. Y TPETbOMY
po3paiii «Y3arajbHeHi Mmogeri BiiiuBy EM 110714 Ha Oprasism JII0JMHW» y3araJbHEHO MOZEJIb UMIIHIPUYHOI aHTEHU
Ha BUTIAJIOK [IOBLJILHOTO ITOJIOXKEHHS JIIOACHKOTO Tijla Ta Pi3HUX JKepeJs BUITPOMiHIOBaHHs. Po3pobiieHo BifnoBinHi
MOJIeJli Ta IPOBEeJIEHO MOPiBHSIHHS YMCIOBUX Pe3yJIbTaTiB, OTPUMAHUX 3 BUKOPUCTAHHSIM METO/Yy CKiIHUEeHHUX
pi3Hnp y yacosiit o6acrti (FDTD). Y yeTBepTomy po3aisni «ExcriepuMeHTaIbHe JOCHIIPKEHHS XapaKTePUCTUK
PO3CiIOBaHHS €M M0JIS B JIA0OPATOPHUX YMOBAX» PO3POOJIEHO eKCIIEPUMEHTaIbHE 00J1aiHAHHS 1J11 OL[iHKU BILJIMBY
BUIIPOMIHIOBaHHS Jianaszony 4G /5G npu HasIBHOCTI [I€KiJIbKOX JpKepes BunpoMiHioBanHs EM nosist. Ha ocHOBI
OTPHMMAaHUX MOJI€JIbHUX Ta €KCIIePUMEHTAJIbHUX JJAHUX PO3p00JI€HO peKOMeHallii 17151 ONTUMAIbHOTO PO3MillleHHSI
npuiagis, siki € gxepenamu EM BunpomiHioBaHHs. Pe3ysbTaty guceprauiiiHoi po60TH omy6s1iKoBaHo y 16 HayKOBUX
IpaLsx, cepel IKUX — OfHa CTaTTs y MDKHApOJHOMY BUCOKOPENTMHTIOBOMY KypPHAJIi, YOTUPY CTATTi y (haxoBUX
HAyKOBUX BUJIAHHSX YKpaiHM 3a creuiasnbHicTio 122 «KoMm'ioTepHi HayKu», BKJIIOYEHHUX [0 MePeJliKy HayKOBUX
(daxosux BugaHb MOH Ykpainu (kareropis b), micTh MaTepianiB Mi>KHAPOJHUX HAYKOBUX KOH(pEPEHLiH, SIKi
iHIeKCyIOThCS Y MiPKHapOOHUX HAayKo MeTpru4HUX 6azax Web of Sciences Ta Scopus, i Tpoe Te3 y maTepianax
MIXKHApOJHUX i BCeyKPaiHChKUX KOH(pEePEeHLil.

2. Nazarovets T.B. Modeling of electromagnetic radiation of the 4G /5G range and assessment of its impact on the
human body in laboratory conditions. - Qualification scientific work in the form of a manuscript. Dissertation for
the degree of Doctor of Philosophy in specialty 122 “Computer Science”. - Lviv Polytechnic National University,
Lviv, 2026. Abstract content. The PhD thesis is dedicated to solving a relevant scientific and applied problem,
which consists in studying the impact of electromagnetic (EM) radiation on the human body in laboratory
conditions in terms of the Specific Absorption Rate (SAR), which is implemented by building appropriate
electrodynamic models that allow assessing such impact, and developing an experimental setup for measuring
such impact in laboratory conditions. The developed software makes it possible to obtain model results that
correspond to real physical conditions, and the results of experimental measurements serve to confirm the
reliability of the developed models and directly determine the quantitative characteristics of the impact. The first
chapter presents and discusses the physical concepts and theoretical foundations of assessing the impact of the
radiofrequency electromagnetic field (RFEM) on the human body. The basic formulas for calculating the RFEM are
given, and the main physical parameters that significantly affect its value are outlined. A review of a number of
tools used in the process of experimental and field measurements is conducted. The second chapter is devoted to
the study of the characteristics of the impact of electromagnetic radiation for the case of representing the human
body as a dielectric cylindrical model. The transition from general radiofrequency radiation to the 4G /5G range is
carried out. Programs are developed to assess the impact of radiation parameters and physical and biological
characteristics of the human body. The numerical results are analyzed. The third section summarizes the model of
a cylindrical antenna for the case of an arbitrary position of the human body and the presence of several people
and different radiation sources. Appropriate models will be developed and numerical results will be compared with
those obtained in the previous section, which will allow establishing the real impact of radiation in laboratory
conditions. In the fourth chapter, experimental equipment is developed to assess the impact of 4G /5G radiation in
the presence of multiple sources of electromagnetic field radiation. Based on the obtained model and experimental
data, recommendations will be developed for the optimal placement of devices that are sources of electromagnetic



radiation. In the dissertation work, a model of EM radiation absorption by the human body based on the linear
antenna model has been developed. Using the results of previous research in this field, the model has been
adapted to real physical parameters in the case when a person is in a standing position. The developed model has
been generalized to the case of a sitting position, using both the axial current approach and the calculation based
on the finite difference time domain (FDTD) method. The developed experimental equipment allows for direct
determination of the values of the electromagnetic power radiation (EPR), and is also used to verify the adequacy
of the developed electromagnetic absorption models. The developed software for determining the quantitative
characteristics of the EPR makes it possible to model its influence in a wide range of EM radiation for different
positions of the human body and with different characteristics of its physical properties.

Jep>kaBHH peecTpaniiinuii Homep JiP:
IIpiopuTeTHHI HaNIPsAM PO3BHTKY HayKH i TEeXHIKH: [ndopMmaiiiHi Ta KOMyHIKaIiiiHi TeXHOOT]

CrpaTeriyHuii NpiopUTETHUH HaNIPSIM IHHOBALLiMHOI AisIJIBHOCTI: PO3BUTOK Cy4acHUX

iHopmaLiiHUX, KOMYHIKALITHUX TEXHOJIOTii1, pOOOTOTEXHIKA
I'Ii,llcyMKH IOCJIiIPKEHHSI: HoBe BUpilIEHHS aKTyaJbHOTO HAYKOBOTO 3aBJJaHHs

ITy6otikamii:

¢ 1. M. Andriychuk, T. Nazarovets. Evaluation of the EM Field Exposure in the Range of 4G Frequencies in the
Laboratory Environment. Compu-ter Design System. Theory and Practice. 2023. Vol. 5, no. 1, pp. 82-92. doi:
10.23939 /cds2023.01.082

e 2. T. Hazaposelp. EneKTpOMarHiTHi XapaKT€PUCTUKY BUIIPOMIHIOBaHHS JIIOICLKOTO OpraHi3amy Ha OCHOBI
BUKOPUCTaHHS MoJeJli iHiiiHOoI anTeHu. Pizuko-maTemMaTHyHe MOJIeI0OBaHHS Ta iHPOpMalliiiHi TEXHOJIOTII.
2024, Bur. 39, crop. 64-81. doi: 10.15407 /fmmit2024.39.064

e 3. T. Hazaposenp. Po3paxyHOK ycepeIHEHOI MIMTOMOI IIBUIKOCTI ITOTJIMHAHHS JIIOJICBKOTO OPTraHi3My Ha OCHOBI
mogei uunigpuyHoi antTeHu. Computer Design Systems. Theory and Practice. 2025, vol. 7, no. 1, c. 213-220.
doi: 10.23939 /cds2025.01.213

e 4. T. Hazaposenp, T. Ho3anse ExcriepyumMeHTanbHE NOCIIIKEHHS XapaKTEPUCTUK po3citoBanHs EM noss B
naboparopHux ymoBax. Computer Design Systems. Theory and Practice, vol. 7, No. 2, pp. 105-113, 2025. doi:
10.23939 /cds2025.02.105

¢ 5. M. Andriychuk, V. Tkachuk and T. Nazarovets. Measurement and Eva-luation of the EM Field Impact in the
Range of 4G /5G Frequencies. 2023 [EEE XXVIII International Seminar /Workshop on Direct and Inverse
Problems of Electromagnetic and Acoustic Wave Theory (DIPED), Thilisi, Georgia, 2023, pp. 129-132. doi:
10.1109 /DIPED59408.2023.10269532

¢ 6. M. Andriychuk, T. Nazarovets, V. Storozh, V. Tkachuk, and I. Popovych, Theoretical and Experimental Study
of a Focusing Radiating Linear Array, 2024 IEEE 19th International Conference on the Pers-pective
Technologies and Methods in MEMS Design (MEMSTECH), Zozuli, Ukraine, 2024, pp. 142-147. doi:
10.1109/MEMSTECH63437.2024.10620049

¢ 7. T. Nazarovets. Improved Cylindrical Antenna Model for Assessment of Influence of the EM field on a Human
Body, 2024 IEEE 29th International Seminar /Workshop on Direct and Inverse Problems of Electromagnetic
and Acoustic Wave Theory (DIPED), Thilisi, Georgia, 2024, pp. 186-189. doi:
10.1109 /DIPED63529.2024.10706186

¢ 8. T. Nazarovets. Impact of EM Field Radiation on the Human Body for the MHz Frequencies and Beyond,
2025 IEEE 30th International Semi-nar /Workshop on Direct and Inverse Problems of Electromagnetic and
Acoustic Wave Theory (DIPED), Thbilisi, Georgia, 2025, pp. 193-197. doi: 10.1109 /DIPED66951.2025.11194463

¢ 9. M. Andriychuk, T. Nazarovets. Modeling the Impact of EM Field Radiation on the Human Body in the Range
of MHz Frequencies. 2025 15th International Conference on Advanced Computer Information Technologies
(ACIT), Sibenic, Croatia, Sept, 17-19, 2025, pp. 83-87. doi: 10.1109 /ACIT65614.2025.11185616



¢ 10. Andriychuk M., Nazarovets T., Farmaha I. Measurement of EM field characteristics in laboratory buildings.
CAD in machinery design. Implementation and educational issues. XXXI International conference: collective
monograph. Biatystok: Oficyna Wydawnicza Politechniki Biatostockiej, 2024. P. 12-19.
https:/ /pb.edu.pl/oficyna-wydawnicza /wp-content /uploads /sites /4 /2024 /06 /CAD-in-Machinery-
Design.pdf

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILis: meTozy, Teopii, rinoresn

ComniasibHO-eKOHOMIYHA CIPSIMOBAHICTb: 3a6€3Me4eHHs IPOMUCIIOBOCT] Y/ HACEJIEHHS HOBUM BUIOM

iHopmaniitHO-KOMYyHIKaliTHUX [IOCJIyT

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBagKeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizoMocCTi Ipo HayKOBOT0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Auppiityyk Muxaiiio IBaHoBUY

2. Mykhaylo I. Andriychuk

KBasigikanis: 1. 1. u., npodecop, 01.05.02
ImenTudikarop ORCID ID: He zactocoyeTrbcs
JoparkoBa indpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT IPUKIIAZHKX IPOGIEM MEXAHIKM | MaTEMATUKY iM. 5.

C. [lipctpuraya HanjionanpHOi akagemii HayK YKpaiHu

Kopg 3a €IPIIOY: 03534430

Micue3Haxoa KeHHS: sy Haykosa, JIbBis, 79060, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHnanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I10o-6aTbKOBI:

1. €niceesa Hapig IlerpiBHa

2. Nadiia P. Yelisieieva
KBasigikanis: 1. ¢.-m. n., cr.u.c., 01.04.03
InenTudikarop ORCID ID: 0000-0002-3517-1374

JoparkoBa indpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: XapKiBCbKuil HallioHaMbHUT yHiBepcuTeT imeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micuesnaxon)KeHHﬂ: maipan CBoboau, XapkiB, XapkiBcekuii p-H., 61022, Vkpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's I1o-6aThbKOBI:

1. Kypunsk Jlosucnas borgaHnoBuy

2. Dozyslav B. Kuryliak

KBasigikanis: . ¢.-m. ., npodecop, 01.04.03

Inentudikarop ORCID ID: 0000-0002-8814-445X

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=6506358676

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI 0COOH: Disnko-mexaHiynmii inctutyT im. I. B. Kaprienka

HanionanbHoi akamemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534506

Micue3Haxoa KeHHS: By Haykosa, JIbBiB, 79060, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

ImentTudikarop ROR: 02jv3yx22

Penensentu

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. Augpymak Ha3sapiit AHarosiioBrud

2. Nazariy A. Andrushchak

KBasigikamis: . 1. 1., nou,, 05.12.20

InenTudikarop ORCID ID: 0000-0002-8248-404X

HoparkoBa indpopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanjionanbHuii yHiBepcuteT "JIbBiBCbKa MOJITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs1. Crenana bannepu, JIbBiB, 79013, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:



1. CrankeBud OneHa MuxanniBHa

2. Olena M. Stankevych

KBastidikamis: n.1.1., crapumit HayKoBuii criBpoGiTHYK, 05.02.10

InenTudgikarop ORCID ID: 0000-0002-5977-6351

JoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJiITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxoa KeHHS: By Crenana Banzepw, JIbeis, 79013, Vkpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104YHi BiZOMOCTI

Biacue IpizBume Im's I10-6aTbKOBI Coxkomnoscbkui fIpocnas IBaHOBUY
rOJIOBH pagu

Biacue IpizBume Im's [10-6aTbKOBI Cokosioscbkuit Spocnas [BaHOBIY
TOJIOBYIOYOTO Ha 3acCimaHHi

BiagmoBizasibHU 32 MiATOTOBKY Bikrop MuxaitnoBny XaBajiko
00JIiIKOBHX JOKYMEHTIB

Peectparop IOpueHko TeTsiHa AHaToOiiBHA

KepiBHuKk Bigginy YKpIHTEI, mo €
BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaToJiiBHA

OisIIBHOCTI




