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1. B YkpaiHi 3arajibHa KiJIbKiCTb BUIIAJIKiB OHKOJIOTIYHOTO 3aXBOPIOBAHHS CATHYyJIA NoHaA 106 Tucsad 3a 2022 pik, a
4aCcTKa XBOPUX, 110 HE MPOXXUJIM OJHOTO POKY, 3 UMCJIa BIIEeplle BUSBIEHUX NepeBuimia 23%. Haiibinbina yacTka y
HO30JIOTIYHIN CTPYKTYPi 3apeeCTPpOBaHUX BUIIAJKIB Y KiHOK IIpUIAJA€ Ha 3JI0KICHI HOBOYTBOPEHHS IPYAHO]
3aJ103H, 3 IKMMHU TIOB'sI3aHO Maiixke 15% ycix cMmepTeii Bifj 3710IKiCHUX HOBOYTBOPEHb. IHOyKLifHA rineprepmis
BHUKOPHCTOBYETHCS [1J1s1 JIIKYBaHHS BiJHOCHO HEBEJIMKUX LiJTbOBUX 00’€MiB, TaKuX SIK IE€pPBUHHA IIyXJIMHA, TPyIa

perioHapHux JiM(aTUYHUX By3J1iB ab0 COJlTapHUI BigganeHuil metactad. OJHaK OOMEXXEHHS L[bOTO MifX0Ay BCE



1[€ 3aJIMIIAI0THCS MOB'SI3aHMMHU 3 JIOKAJIbHUM BIIJIMBOM Ha MYyXJIMHY, T€TE€POr€HHICTIO, IPUTAMAHHOIO 3J105IKiCHUM
IyXJIMHAM, i TO6iYHUME edeKTaMu MiABUIEHHS TeMIlepaTypy Y HaBKOJIMIIHIX TKaHMHAX. BUKOpHUCTaHHS MarHiTHUX
HAaHOYACTMHOK y KOMOiHallii 3 iHAYKIiIiHOO TIOMIPHOIO rillepTepMielo OXOIJII0E MPOKUI CIIEKTP 3aCTOCYBaHb 1Sl
[IO€JHAHHS OiarHOCTUKU Ta JIIKyBaHHS — TEPAHOCTUKU 3JI0KiCHUX HOBOYTBOPEHb. MarHiTHi HAHOYaCTUHKH,
IOCTaBJIEHI 40 MYXJIMHU MiJI BIUIMBOM IIOCTIMHUX MAarHiTHUX I0JIiB, MigBUIIYIOTh KOHTPACTHICTh MEIUYHOTO
300pa’KeHHS 3aBJIIKM Pi3HULIi B IHTEHCUBHOCTI CUTHaJy IIPY MarHiTHO-PEe30HaHCHI Tomorpadii, eXoreHHOCTi 1
SKOPCTKOCTI IIpY yJIbTPA3BYKOBOMY IOCJIiZIPKEHH], PEHTI€H-IiJIbHOCTI ITPY PEHTTEHIBCbKIN Bidyasisalii MixK 30HOIO
iHTepecy MyXJIVMHY Ta HABKOJIMIIHIMY TKAHUHAMU, a TAKOXK TapreTHO iHILiI0I0Th NPOTUNYXJIMHHU BIJIUB Ha
3JI05IKiCHI KJIITUHY 32 paXyHOK MarHiTo-MexaHOXIMIYHUX i TeryIoBUX eeKTiB Iif Ai€eio oCTiiHOro MarHiTHOTo Ta
eJIeKTpoMarHiTHoro noJis. [Ipu 11boMy, LiIbOBa TeMIIEPATypa, HEOOXiNHA 1J1s1 IPOTUITYXJIMHHOTO BILJIMBY ITPU
iHOYKUiMHINA TOMipHI rineprepMii 3 MarHiTHUMY HAHOYACTUHKAMU, € 6JIM3bKOIO0 O 3HAY€HHSI 60JIbOBOTO IOPOTY,
CIIPUYMHEHOT0 HarpiBaHHSAM M'SKUX TKaHUH Y IPYAHIN KiIiTLi oguHu. [JocimKeHHs 30cepekeHi Ha KoMOiHaii
MarHiTo-MexaHOXiMiYHUX i TeNsoBUX ePeKTiB eMOHCTPYIOTh IEPCIEKTUBY [JIsl IOAAIbLIOL TPAHCIISIL{l Y KIiHiYHe
3acTtocyBaHHs. Cuiy, SIKi CTBOPIOIOTh MAarHiTHI HAHOYACTUHKMY I1if, Ti€10 MMOCTIMHOrO MArHiTHOrO I10J14, € 3Ha4HO
MEHIIMMH 32 KOMIIPECIIHY cuiy mif yac Mmamorpadii, 1[0 BUKJIMKaE 0ilb y XKIHOK, IPOTE LIUX CUJI JOCTATHLO [1JIS
BILJIUBY Ha 3JIOSIKICHI KJIiTHHU. [lepcoHasnizoBaHe NsiaHyBaHHS iHAYKLIMHOI TOMipHOI rineprepmii 3 MarHiTHUMU
HaHOYaCTUHKAMHU [1JIs1 KOXKHOTO IaljieHTa BUMarae BU3HAYEHHS PO3IIOLily MarHiTHUX HAaHOYaCTUHOK Ta
6ioMexaHIYHMX TapaMeTpiB NyxJIuHU. BogHouac BigoMmi 6ioiH>keHepHi 3acobU JOCTaTHBO OOMEKEHI 1010
MOYKJIMBOCTI IlepcoHasizanii MarHiTo-MexaHOXiMiYHNX e(EeKTiB y 37105KiCHUX NyXJIMHAX, 110 IPU3BOIUTH 110
3BY)KEHH$ 00J1aCTi BUKOPUCTaHHS MarHiTHOI HAHOTEPaHOCTUKHU 3JI0SIKICHUX HOBOYTBOPEHb. MeTo10 poboTH 6yj10
OOI'PYHTYBaTU Ta PO3POOUTH 6i0iHXEHEpHi 3aCO0U 3 MarHiTHUMU HaHOYAaCTUHKaMU JJ1s1 peasisanii
IIPOTUNTYXJIMHHOTIO BIIMBY i PafioJIOriyHOI Bidyastisalii €KCIIepUMEHTAIbHOI 3JI0SIKICHOI TyXJIMHMU. [IJ1S1 HOCATHEHHS
[IOCTaBJIEHOI MeTU OyJI0 BUpilI€HO HACTYIHI 3aBfaHHs. 1. [IpoaHasnizyBaTy HAyKOBY Ta MAaTEHTHY JITEpaTypy L1010
MarHiTO-MeXaHOXiMiYHUX edeKTiB, iHillilloBaHUX BIJIMBOM MarHiTHUX HAHOYACTUHOK 3 €JIeKTPOMAarHiTHUM
OIPOMiHEHHSIM, i PaIi0JIOTiuHOI Bidyasisalii 3/7104KiCHUX NyxJIuH. 2. PO3pobUTH N13aliH NIPUCTPOIO AJIs peecTpallii
Ta JOCJIAUTA MEXAHOJIIOMIHECLIEHIIIIO 3JI0SKICHUX KIIITHH, iHIL[iMOBaHy BIIJIMBOM MarHiTHUX HAHOYACTUHOK i
poTaliiiHoro MarHiTHoro noss. 3. Po3pobutu au3aiiH TKAHUHHOEKBiBaJIeHTHOTro paHToMa IpyiHOi 3a7103H,
IIPOBECTHU MOTO PaJlioJIOTivyHy Bidyasisallilo Ta TEKCTYPHUI aHaJjli3 OTPMMaHUX 300paKeHb J1JIsl IEPCOHAJII30BaHOTO
[IJIaHYBaHHA IHAYKLIMHOI TIOMIPHOI rineprepmii 3 NOCTIMHUM MarHiTHUM I0JIEM | MATHITHUMU HAHOYACTUHKAMU. 4.
JocminnTy KOMGIHOBaHUM BIIMB iHAYKLIAHOI TIOMIpHO] rineprepmii, IOCTIHHOTO MarHiTHOTO MOJIs 3
3aCTOCYBaHHSIM MarHiTHO-AUITOJIbHOTO aIljlikaTopa Ta MarHiTHMX HAHOYACTUHOK Ha PafioJIoridHy Bidyasisaliiio,
TEKCTYPHi NapaMeTpU OTPUMaHUX 300pPa>Ke€Hb, PELOKC-CTaH i KIHETHKY POCTY €KCIIEPUMEHTAJIbHOI MOJIeJli
37105IKiCHOI yxJyinHU. Yriepiue po3po6yIieHO IIPUCTPIl Ta IPOBELEHO PEeCTPALLilo iHil[ili0BaHOI BIIJIMBOM MarHiTHUX
HAHOYACTUHOK i POTALitHOTO MAarHiTHOTO MOJISI MEXaHOJIOMiHEeCLeHIIii 3/I0SKiCHUX KJIITUH KapLUHOCAaPKOMU
IpyJHOI 3271031 YOKEP-256 y piAKoMy cepenoBullli. Yiiepiie po3pobieHo (aHTOM IPyHOI 3271031 3i 37105KiCHUMU
KJIITUHAMU aJleHOKapLUUMHOMU rpyaHoi 3an03u MCF-7 nJj1s nepconasisatiii niaHyBaHHS iHOYKUIMHOI TOMIpHOI
rinepTepMii 3 MOCTINHUM MarHiTHMM I0JIEM Ta MarHiTHUMY HAaHOYaCTUHKaMHU, IIPOBEAEHO HOTo pagiosoriyuHy
Bidyasrizallilo i3 3aCTOCyBaHHSIM TEKCTYPHOTO aHaJIi3y PO3IOiy KJIaCTEPiB MarHiTHUX HAHOYAaCTUHOK HAa OTPUMAaHUX
300paKEHHSIX. YIIeplle NOCiIP)KEHO BIIJIMB MarHiTHUX HAHOYACTMHOK Ha OCHOBI OKCUAY 3aJi3a i 30J10Ta,
HaBaHTAKEHUX NIPOTUIYXJIMHHUM IIPENapaToM JOKCOPYOILMHOM, y KOMOiHallii 3 MAarHiTHO-IUIIOILHAM
aIuIiKaTOPOM [ iHIYKUiAHOI MOMIPHOI rineprepmii Ha paziosoriyHy Bisyasisallilo, TEKCTypHi TapameTpH, PiBHi
ybicemixiHOHY, CyIIepOKCUAHOr0 pajguKasa, OKCUy a30Ty Ta KiHETUKY POCTy KapIIMHOCapKoMU Yokep-256.
OTpuMmaHi pe3ysibTaTH IOMOBHIOIOTH CyYacHi 6ioiH>)KeHepHi pilleHHs o0 nepcoHati3alii Mar"ito-
MeXaHOXIMIYHOro e(peKTy MarHiTHUX HAaHOYACTHHOK IIiJi BIZIMBOM €JIeKTPOMArHiTHOTO OIPOMIHEHHS [1py
TE€PaHOCTHL 3JI0SKiICHUX 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.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:
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[a6iit O.; Open B.; aciokeBuu O.; Puxanbcbkuii O.; lenkoB A., [HIYKTUBHA rinepTrepmis 37105KiCHUX MyXJIMH.
IIT MixkHapo[iHa HayKOBO-TexHiyHa KoHJepeH1is «CyyacHi TexHosorii 6iomennynHoi inkenepii», 8-10 TpaBHs
2024 p., Opeca, YkpaiHa. C. 41-42. [JOCTyIIHO 3a ITIOCUJIAHHAM:

https:/ /press.vntu.edu.ua/index.php /vntu/catalog /view /830 /1450 /2721-1

Open B.B., Ienxos A., Opexn B.E., [lactokeBuu O., Puxanscbkuii O., [loCiI>KeHHs BIVIUBY iHAYKLiIMHOI TOMipHOi
rineprepmii Ha reteporeHHicTb MPT-300pakeHb capkoMu-45. XI MibkHapogHa KoHpepeHLis «MenruyHa
¢isuka - cyyacHuil CTaH, Npobsemu, IUISIXM PO3BUTKY, HOBITHI TexHOJOrii», 25-27 BepecHst 2024 p., Kuis,
Ykpaina. C. 275-280. DOI: 10.17721 /304101491 /2024.11036. JJoCTYNHO 32 OCHAJIAHHSIM:!
https://conference.rb.knu.ua/all_book_2024.pdf

HaykoBa (HaYKOBO—TEXHi‘{Ha) Hpo,uyKuiﬂ: [IPUCTPOI; TEXHOJIOTIi; METOAY, TEOPIi, rinore3n

ConiaJIbHO-€EKOHOMIYHa CHpﬂMOBaHiCTb: TIOJIIIIEHHS SIKOCTI )XUTTS Ta 34,0POB'Sl HACEJIEHHS,

e EeKTUBHOCTI AiarHOCTUKY Ta JIiKyBaHHS XBOPUX

OxopoHHi gokymeHTH Ha OIIIB:

Bunaxopau, KOpUCHI MOJieJIi, MPOMUCIIOBI 3pa3Ku

Open B.E.; Open B.b. IlateHT YKpaiHy Ha KOpUCHY Mozeb «IIpucTpiii 1y MarHiTHOI HaHOTepamnii» N2 79982,
Homep 3asBku: u201212717, Ony6stikosano 13.05.2013, 6101, N2 9 /2013. Open B.E.; Jlaciokesuy O.IA.;
Puxanbcokuii O.10.; Opesn B.B., [latenT Ykpainu Ha BuHaxif «Cucrema 1j1s1 LOCIiIKeHb y mapax GpaHnToma
rpynHoi 3ano3u» N2 127977, Homep 3asBku: a202103794. Onyo6sikosaHo 28.02.2024, 6101. N2 9 /2024.

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH TeMaMH: 0120U002186, 0123U100711, 0123U100713

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTaHTA)



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. T'ankin Onekcanpap KOpintoBuy
2. Oleksandr Y. Galkin

KBasidikamis: 1. 6. 1., npodecop, 03.00.20
InenTudikarop ORCHID ID: 0000-0002-5309-6099
JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHiBEepCHTETChKUI

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta PELl€H3€HTIiB
OdiuiiiHi oIOHEHTH

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Yymaxk AHatosiil AHIpioBUY

2. Anatolii A. Chumak

KBasigikamis: 1. men. u., npodecop, 14.03.08

InenTudikarop ORCHID ID: 0000-0002-2117-6174

HoparkoBa indpopmamnist:

IToBHe HaﬁMeHyBaHHﬂ IOpI/IJ.II/I‘-IHOi 0COOM: Jlep>kaBHa ycraHoBa "HaljioHa/bHUY HAyKOBUM LIEHTP

pagianiiHoi MeguuyHu HanioHanbHOI akageMii MeIMYHUX HayK YKpaiHu"
Kopg 3a €IPTIOY: 04837835

Micue3HaxoaKeHHS: ByJ. lOpis InneHnka, 6yx. 53, Kuis, 04050, Yxpaina
dopma ByTacHOCTI:

C(])epa yIIpaBJIiHHﬂ: HanjionanbHa akageMis MEIUYHUX HAYK YKpaiHU
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkafemivyHui1

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Merenuus Jlapuca OsnekciiBHa

2. Larysa O. Metelytsia



KBasigikanis: 1. 6. u., npodecop, 02.00.10
InenTudikarop ORCHID ID: 0000-0002-9876-6076
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOH: [HCTUTYT GioopraHiuHOi ximii Ta HadTOXiMil iM. B. TT. Kyxaps

HaujonanbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03563790

Micuesnaxo,qx(eﬂna: ByJI. AKanemika Kyxaps, 6y, 1, Kuis, 02094, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHSA: HaujoHasbHa akajieMis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafemivyHmi1

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Hacrenko €Bres ApHOIb0BUY

2. Yevhenii A. Nastenko

KBasigikamis: 1.6.1., npodecop, c.H.c., 03.00.02
InenTudikarop ORCHID ID: 0000-0002-1076-9337
JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT bepecTeiichkuii, oyz. 37, Kuis, 03056, Ykpaina
dopma ByTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKH YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHIBepCUTETCHKUIL

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. BoromosioB Mukosna Qenoposud

2. Mykola F. Bohomolov

KBasigikamis: . r. u., gouenrt, 05.11.07
InenTudikarop ORCHID ID: 0000-0002-4351-527X
JonaTkoBa iHdopmarist:

IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN IHCTUTYT imMeHi Irops Cikopcpkoro”



Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IlpizBuie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpizBuine Im'sa Ilo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCimaHHi

BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBnHuKk Bigginy YKpIHTEI, mo €
BiZNOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi

OisIIBHOCTI

[IInukoB BnanucnaB BaneHTUHOBUY

[IInukoB BnanucnaB BaneHTUHOBUY

Open Banepiit binrosuy

VKpIHTEI

Opuenko TersiHa AHaToOJIiBHA



