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Pedepar:

1. B YkpaiHi 3arajyibHa KiJIbKiCTb BUIIAJIKiB OHKOJIOTTYHOIO 3aXBOPIOBAHHA CATHYJIA NoHazA 106 Tucay 3a 2022 pik, a
4acTKa XBOPHUX, 1110 He MPOXUIN OJHOTO POKY, 3 YKCJla BIleplle BUSIBIEHUX NepeBuluia 23%. Haiibinbia yacTka y
HO30JIOTIYHIN CTPYKTYPi 3apeeCTPOBaHUX BUIIAJIKIB Y KiHOK IIpUIIaia€ Ha 3JI08KiCHI HOBOYTBOPEHHS IPYAHO]
3aJ1034, 3 IKMMH TOB'sI3aHO Maiike 15% ycix cmepTeil Bifj 3/105IKiCHUX HOBOYTBOPEHb. IHIyKIIiliHA rineprepmis
BUKOPUCTOBYETBCS [1J151 JTiKyBaHHS BiTHOCHO HEBEJIMKUX LiJIbOBUX 00'€MiB, TAKUX SIK IEPBUHHA [TyXJIMHA, TPyIa
perioHapHux JiM(aTUYHUX BY3JiB ab0 cosliTapHuUil BigganeHuit meractad. OfHaK 0OMeXXEeHHS 1[bOTO IiX0/Ay BCe
1le 3a/IMLIAI0ThCS [IOB'SI3aHUMMU 3 JIOKAJIbHAM BIIJIMBOM Ha NyXJIMHY, T€TEPOTE€HHICTIO, IPUTAMAHHOIO 3/I05KiCHUM
IyXJ1HaM, i 106iYHMMY e(deKTaMu MiBUIIEeHHS TeMIIepaTypPy y HaBKOJIMIIHIX TKAHUHAX. BUKOPUCTaHHS MarHiTHUX

HAaHOYACTMHOK y KOMOiHalii 3 iHAYKIiIIHOO [TIOMIPHOIO rillepTepMielo OXOIJII0E LIMPOKUI CIIEKTP 3aCTOCYBaHb ISl



MO€HAHHS [IIarHOCTUKMU Ta JIIKYBAHHS — TEPAHOCTUKU 3JI05IKICHMX HOBOYTBOPEHb. MarHiTHi HAHOYaCTUHKY,
IIOCTaBJIEHI IO MyXJIMHY Mif, BIIJIMBOM IIOCTITHUX MArHiTHUX I10JIiB, MiIBUILYIOTh KOHTPACTHICTb MEOUYHOTO
300pa>KeHHS 3aBJIIKM Pi3HULi B IHTEHCUBHOCTI CUTHaJy IIPY MarHiTHO-PEe30HAHCHI Tomorpadii, eXoreHHOCTi 1
SKOPCTKOCTI IIpY yJIbTPA3ByKOBOMY IOCJIiIPKEHH], PEHTI€H-IiJIbHOCTI ITPY PEHTTEHIBChKIN Bidyasisalii MixK 30HOIO
iHTepecy MyXJIMHU Ta HABKOJIMIIHIMY TKAHUHAMU, a TAKOXK TapTeTHO iHIliI0I0Th IPOTUNYXJIMHHU BIJIUB Ha
3JI05IKiCHi KJIITUHU 32 paXyHOK MarHiTo-MexaHOXiMiYHUX i TerysoBUX ePeKTiB Iif Aielo oCTiHOro MarHiTHOro Ta
€JIEKTPOMarHiTHoro noJis. [Ipu iboMy, LIiIbOBa TEMIIEPATypa, HEOOXiHA 17151 IPOTUITYXJIMHHOTO BILJIMBY ITPU
iHAYKUiiHINA TOMIpHIii rinepTepmii 3 MArHITHIMU HAHOYACTUHKAMMU, € 6JIM3bKOIO 1O 3HAYEHHSI 60JIbOBOTO IOPOTY,
CIIPUYMHEHOT0 HarpiBaHHSAM M'SKUX TKaHUH Y IPYAHIN KiIiTLi oguHu. JJocimKeHHs 30cepepKeHi Ha KoMbiHaii
MarHiTo-MexaHOXiMiuHUX i Tern10BUxX ePeKTiB JEMOHCTPYIOTh IEPCIEKTUBY [1JIs1 MOAAJbLIOL TPAHCIISIL{l Y KIiHiYHe
3acTtocyBaHHs. Cuiy, SIKi CTBOPIOIOTh MAarHiTHI HAHOYACTHUHKMY IIif, €10 MMOCTIMHOrO MArHiTHOrO I10J14, € 3Ha4YHO
MEHIIMMH 32 KOMIIPECiiHy cuiy mif yac mamorpadii, 1[0 BUKJIMKaE 6ifib y )XiHOK, IPOTE L[UX CUJI JOCTATHbHO [1JIs
BIJIBY Ha 3JI0SKICHI KJIiTMHU. [lepcoHasnizoBaHe NjiaHyBaHHS iHAYKUIMHOI TOMipHOI rineprepmii 3 MarHiTHUMU
HAaHOYAaCTUHKAaMU JJ1s1 KOSKHOTO NallieHTa BUMarae BU3HA4€HHS PO3MO/Iily MarHiTHUX HAHOYACTUHOK Ta
6iomMexaHiYHMX NTapaMeTpiB NyxJIuHU. BogHouac Binomi 6ioiH>keHepHi 3aco6u JOCTaTHBO OOMEsKEHI [0/10
MOYKJIMBOCTI IlepcoHasiizallii MarHiTo-MexaHOXiMiYHUX e(eKTiB y 37105KiCHUX NyXJIMHAX, 110 IPU3BOIUTH 10
3BY)KEHH$ 00J1aCTi BUKOPUCTaHHSI MarHiTHOI HAHOTEPaHOCTUKMU 3JI0SIKICHUX HOBOYTBOPEHb. MeTo10 poboTH 6yj10
OOI'PYHTYBAaTU Ta PO3POOUTH Gi0iHXEHEpHi 3aCO0M 3 MarHiTHMMU HaHOYACTUHKaMU JJ1s1 peasisalii
IIPOTUIYXJIMHHOIO BIUIMBY i PafioJIOriyHoi Bidyastisalii eKCIIiepUMMEHTAIbHOI 3JI0SIKICHOI TyXJIMHMU. [IJ151 HOCATHEHHS
IIOCTaBJIEHOI MEeTU OyJI0 BUPill€HO HACTYIHI 3aBfaHHs. 1. [IpoaHasnizyBaTu HAyKOBY Ta NAaTEHTHY JITEpaTypy L1010
MarHiTo-MexaHOXiMiYHUX e(eKTiB, iHil[ilOBaHMX BIIJIMBOM MarHiTHUX HAHOYACTUHOK 3 €JIEKTPOMAarHiTHUM
OIPOMiHEHHSIM, i PaJIi0JIOTiUHOI Bidyasisalii 3/7108KiCHUX MyxJIKH. 2. PO3pooUTH NM3aliH NIPUCTPOIO AJIs peecTpalii
Ta JOCIIANTH MEXaHOJIIOMIHECLIEHIIIIO 3/I04KiICHUX KJITUH, iHIlliMOBaHY BIIJIMBOM MAarHiTHUX HAHOYACTHUHOK i
poTaliiiHoro Mar"iTHoro noJs. 3. Po3pobuty au3ailH TKAHUMHHOEKBIBaJIEHTHOTrO (paHTOMa IPyIHOI 3aJ103H,
IIPOBECTHU MOTO PalioJIOrivyHy Bidyasisallilo Ta TEKCTYPHUI aHajli3 OTPMMaHUX 300paKeHb JIJIsl IEPCOHAJII30BaHOTO
[IJIaHYBaHHA IHAYKUIMHOI ITIOMIPHOI rineprepmii 3 NOCTIMHMM MAarHiTHUM I10JIEM | MArHITHUMY HAHOYACTUHKAMU. 4.
JocninuTy KOMGIHOBaHUM BIIMB iHAYKLIMHOI IOMIpHO] rinepTepmii, IOCTIHHOTO MarHiTHOTO MOJIs 3
3aCTOCYBaHHSIM MarHiTHO-AUITOJIbHOTO aIljlikaTopa Ta MarHiTHMX HAHOYAaCTUHOK Ha PafioJIoriuyHy Bidyasisaliio,
TEeKCTyPHi NapamMeTpu OTPUMaHUX 300pa’keHb, PEJIOKC-CTaH i KIHETUKY POCTY €KCIIEpUMEHTAaIbHOI MOMIEi
37105IKiCHOI yxyinHU. Yriepie po3po6yIieHO IIPUCTPIl Ta IPOBELEHO PeeCTPaLLilo iHil[ii0BaHOI BIIJINBOM MarHiTHUX
HAHOYAaCTUHOK i POTALlitHOrO MarHiTHOTrO IMOJISI MEXaHOJIIOMiIHECLEHIIii 3JI0SKiCHUX KJIITUH KapLUUHOCAPKOMU
rpyAHOI 3271031 Yokep-256 y piikomy cepenoBulli. Yiepiue po3pobieHo (paHTOM IPyAHOI 3271034 3i 37109KiCHUMU
KJIITUHAMU aJleHOKapLUMHOMU rpyaHoi 3an03u MCF-7 nj1s nepconasnisatiii njiaHyBaHHS iHOYKUIAHOI ITOMIPHOI
rinepTepMii 3 MOCTIMHUM MarHiTHMM I0JIEM Ta MarHiTHUMY HAaHOYaCTUHKAMHU, [IPOBELEHO MOro PafiosoriyHy
Bizyaslizallilo i3 3aCTOCyBaHHSIM TEKCTYPHOTO aHajli3y PO3IOAiNy KJIaCTepiB MarHiTHUX HAHOYACTMHOK Ha OTPUMaHUX
300pakeHHSX. YIeplle AOCTiI)KeHO BIJIMB MarHiTHUX HAHOYaCTUHOK Ha OCHOBI OKCHY 3aJli3a i 30710Ta,
HaBaHTaXeHUX [IPOTUIYXJIMHHYUM IIPernapaToM JOKCOPYOilMHOM, y KOMOiHaLii 3 MarHiTHO-IUIIOJIbHUM
aIuIiKaTOPOM [ iHIYKUiAHOI IOMIPHOI rineprepmii Ha paziosoriyHy Bidyasisallilo, TEKCTYpHI TapaMeTpH, PiBHi
ybicemixiHOHY, CyIIepOKCUAHOrO pajguKasa, OKCUIy a30Ty Ta KIHETUKY POCTy KapLIMHOCapKOMU YoKep-256.
OTpumaHi pe3ysbTaTH LONOBHIOIOTH CyYacHi 6i0iH>)KeHepHi pilleHHs o0 nepcoHati3alii Maraito-
MeXaHOXiMiYHOro eeKTy MarHiTHUX HAaHOYaCTUHOK I1iJ] BIVIUBOM €JIEKTPOMAarHiTHOrO OIIPOMiHEHHS IIPU

TEPaHOCTHL 3JI0SKICHUX ITyXJIVH.

2. In Ukraine, the total number of cancer cases exceeded 106,000 in 2022, with over 23% of newly diagnosed
patients not reaching one-year survival. Amongst women, the largest proportion of cases was attributed to breast
cancer, accounting for nearly 15% of all cancer-related deaths. Results from previous clinical trials have shown
higher response and survival rates in patients with breast cancer after receiving chemotherapy combined with
regional inductive moderate hyperthermia (< 42 °C) than in those given chemotherapy alone. Inductive
hyperthermia is used for relatively small target volumes, such as a primary tumour, group of regional lymph nodes,



or solitary metastasis. However, limitations to this approach are associated with the targeted drug delivery,
inherent heterogeneity of malignant tumours, and appreciable rises in the temperature of the surrounding tissues.
The application of inductive moderate hyperthermia with magnetic nanoparticles offers a theranostic approach
that combines cancer diagnostics and therapeutics into a single platform. When magnetic nanoparticles are
delivered to the tumour under the influence of stationary magnetic fields, they enhance the contrast in medical
images due to differences in signal intensity on magnetic resonance imaging, differences in echogenicity and
stiffness on ultrasound imaging, or differences in radiodensity on medical X-ray imaging between the tumour and
the surrounding tissues. At the same time, magnetic nanoparticles initiate magneto-mechanochemical and thermal
effects on cancer cells in response to stationary magnetic and electromagnetic fields. Nevertheless, the target
temperature required to cause cancer cell damage and death is close to the heat pain threshold in soft tissues of
the human chest. Combining the magneto-mechanochemical and thermal effects is promising for clinical
translation, as the compression force during mammographic examinations, which causes pain in women, greatly
exceeds the forces needed to affect tumour cells. Personalised treatment planning involves determining the
magnetic nanoparticle clustering patterns and biomechanical properties of the tumour for each patient. Yet
previously designed bioengineering devices lacked the ability to personalise the magneto-mechanochemical
effects initiated in malignant tumours, thereby limiting progress in translating cancer magnetic nanotheranostics
into clinical practice. This thesis aims to justify and develop designs for biomedical devices with magnetic
nanoparticles to initiate antitumor effects and enable radiological visualisation of an experimental malignant
tumour. To achieve the aim, this work addressed the following tasks. 1. Survey the research and patent literature
on magneto-mechanochemical effects initiated by magnetic nanoparticles under the influence of electromagnetic
irradiation, as well as radiological visualisation of malignant tumours. 2. Develop a device design for detecting and
studying mechanoluminescence in cancer cells initiated by magnetic nanoparticles and a rotating magnetic field.
3. Develop a breast-mimicking phantom design and analyse texture parameters in acquired radiology images for
personalised planning of inductive moderate hyperthermia with a stationary magnetic field and magnetic
nanoparticles. 4. Investigate the combined effect of inductive moderate hyperthermia, stationary magnetic field
using a magnetic-dipole applicator and magnetic nanoparticles on radiological visualisation, texture parameters of
acquired tumour images, redox state and growth kinetics. This research proposes a new experimental design for a
mechanoluminescence detection device that analyses liquid samples containing Walker-256 breast
carcinosarcoma cells with the medium by using magnetic nanoparticles in response to a rotating magnetic field.
The developed breast-mimicking phantom design with MCF-7 human breast adenocarcinoma cells for
personalised planning of inductive moderate hyperthermia combined with a stationary magnetic field and
magnetic nanoparticles has enabled radiological visualisation and texture analysis of nanoparticle clustering
patterns in acquired images. This work investigates the effects of inductive moderate hyperthermia using a
magnetic-dipole applicator in combination with Fe304-Au magnetic nanoparticles loaded with antitumour drug
doxorubicin on radiological visualisation, texture parameters, as well as superoxide radical, ubisemiquinone, nitric
oxide levels, and Walker-256 carcinosarcoma growth kinetics. These results contribute to personalising magneto-
mechanochemical effects initiated by magnetic nanoparticles under the influence of electromagnetic irradiation
for cancer theranostics.
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IIT MixkHapo[iHa HayKOBO-TeXHiYHa KOH(epeH1is «CyyacHi TexHoorii 6iomennyHoi imkenepii», 8-10 TpaBHs
2024 p., Opeca, YkpaiHa. C. 41-42. JIOCTyIIHO 32 [IOCUJIAHHSIM:!
https:/ /press.vntu.edu.ua/index.php /vntu/catalog/view /830 /1450 /2721-1

e Open B.B., legxos A., Opexn B.E., JactokeBuu O., Puxanscekuii O., [JoCIiI>)KeHHs BIVIUBY iHAYKLIHOI TOMipHOi
rineprepMii Ha reteporeHHicts MPT-300pakeHb capkoMu-45. XI MibkHapogHa KoHpepeHLis «MennyHa
¢i3uka - cyyacHuUM CTaH, pobsemu, IUISIXM PO3BUTKY, HOBiTHI TexHOJOrii», 25-27 BepecHst 2024 p., Kuis,
Ykpaina. C. 275-280. DOI: 10.17721 /304101491 /2024.11036. IOoCTYIIHO 3a IOCUJIAHHSM:
https:/ /conference.rb.knu.ua/all_book_2024.pdf

HayKOBa (HayKOBO—TeXHi‘{Ha) HpO,ILyKILiH: IIPUCTPOi; TEXHOJIOTIi; METOIU, TEOPii, rinoresun
Conia;ibHO-€KOHOMIYHA CIPSIMOBAHICTb: NOJINIEHHS SKOCTI XUTTS Ta 37I0POB'S HACEJIEHHS,
e(EeKTUBHOCTI AiarHOCTUKY Ta JIiIKyBaHHS XBOPUX
OxopoHHi gokymeHTH Ha OIIIB:
Bunaxopay, KOpUCHI MOJeJIi, MPOMUCIIOBI 3pa3Ku
Open B.E.; Opexn B.b. [latenT YKpainu Ha KOpUCHY Mogenb «[IpucTpiii 11 MarHiTHOI HaHOoTepamii» N2 79982,
Homep 3asBku: u201212717, Ony6sikosano 13.05.2013, 61071. N2 9 /2013. Open B.E.; laciokeBud o,
Puxanbscokuii O.10.; Opesn B.B., [larenT Ykpainu Ha BuHaxig, «Cucrema 1j1s1 LOCIiIKeHb y mapax GpaHnToma
rpynHoi 3ano3u» N2 127977, Homep 3asBku: a202103794. Ony6ikoBaHo 28.02.2024, 61041. N2 9 /2024.
BrnpoBazkeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'A30K 3 HAYKOBHMH TeMaMH: 0120U002186, 0123U100711, 0123U100713

VI. BizoMocCTi Ipo HayKOBOr0 KePiBHUKa /KePiBHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBuuie Im's I1o-6aTbKOBI:

1. T'ankin Onekcanpap IOpintoBruy



2. Oleksandr Y. Galkin

KBasigikamis: 1. 6. 1., npodecop, 03.00.20
ImenTudikarop ORCID ID: 0000-0002-5309-6099
JoparkoBa iHdopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im's I10-6aTbKOBI:

1. Yymaxk AHarosiii AHIpiOBUY

2. Anatolii A. Chumak

KBasidikamnis: 1. men. 1., npodecop, 14.03.08

InenTudikarop ORCID ID: 0000-0002-2117-6174

JopaTrkoBa indpopmamnist:

TloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHa ycTaHOBa "HalioHaIbHUIA HAYKOBUI LEHTP

pagiauinnoi MmenunyHaM HatioHanbHOI akagemil MeIu4YHMX HayK YKpainu"
Kopg 3a €IPTIOY: 04837835

Micue3HaxoaKeHHS: ByJ. lOpig Innenka, 6yz. 53, Kuis, 04050, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazieMis MEIMYHUX HayK YKpaiHu

Inentudikarop ROR: He zacrocosyerscs

BaacHe IlpizBume Im's I1o-6aThKOBI:
1. Mertenuus Jlapuca OsnekciiBHa

2. Larysa O. Metelytsia
KBasigikanis: 1. 6. u., npodecop, 02.00.10
InenTudikarop ORCID ID: 0000-0002-9876-6076

JoparkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IHcTUTYT 6ioopranivyHoi ximii Ta HadToXiMii im. B. TT. Kyxaps

HanjjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 03563790

MicueSHaxo,q)KeHHﬂ: ByJI. AKazemika Kyxaps, 6yn. 1, Kuis, 02094, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Hactenko €BreH ApHOJIbIOBUY

2. Yevhenii A. Nastenko

KBasigikanis: 51.6.1., npodecop, c.H.c., 03.00.02
InentTudikarop ORCID ID: 0000-0002-1076-9337
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainm "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. BoromosioB Mukosna ®enopoBuy

2. Mykola F. Bohomolov

KBasigikanis: k. 1. u., nouenrt, 05.11.07
Imentudikarop ORCID ID: 0000-0002-4351-527X
JonaTkoBa iHdopmaris:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

Inentudikarop ROR: He zacrocosyerscs



VIII. 3akr04Hi BimoMocTi

Bsacue I'Ipi3que IM'ss I[To-6aTBKOBI [InukoB Biagycnas BajeHTUHOBUY
rOJIOBH pagu

Bnacue IlpizBuie Im's [10-6aTbKOBI [InvkoB Biagucias BajieHTHHOBUY
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Open Basepiit binrosuy

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




