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1. IlpomeHeBa Teparlid 1oJgrae y BUKOPMCTaHHI i0HI3yI040ro BUITPOMIHIOBAHHS 11714 JIIKyBAaHHS 3JI0KiCHUX Ta
IesIKUX NOOPOSIKICHUX HOBOYTBOPEHb. Pa30M i3 XipypriuHuM BTpy4YaHHSIM Ta XiMioTepari€elo, TpOMeHeBa Tepartis €
OIHUM 3 HalOIbII e(DEKTUBHUX METOMIB 60POTHOU 3 OHKOJIOTIYHUMU 3aXBOPIOBAHHSIMU. 3a CTATUCTUKOIO, 6JIM3BKO
70% ycix OHKOJIOTIYHMX MALliEHTIB OTPUMYIOTh IIPOMEHEBY TEPAIIilo IIPUHAVMHI Ha OHOMY 3 €TalliB JIIKyBaHHS.
OpHak, OCKiJIbKY BUITPOMIHIOBaHHS BIVIMBA€ HE JIAIIE HA PAKOBI KJIITUHY, a 11 HA IIPUJIETJIi 3M0POBi TKAHMHY, iICHYE
PH3UK iX [TOIIKOIPKEHHS Ta PO3BUTKY IIPOMEHEBUX yCKIaAHEHD. He3Bakaloun Ha YMCIIEHHI JOCIIIPKEHHS Ta
PO3po6KHU y ranysi pagianiiiHoi oHkoJiorii, mpo6aemMa epeornpoMiHeHHS 30POBUX TKAHMH JOCI 3a/IMIIAETHCS He
BUpilleHolo. [luceprauiiiHa po6oTa NpUCBSUYeHa po3pood1Li Pi3NKO-TEXHIYHUX OCHOB IIPOCTOPOBO (PPaKiioOHOBAHO]
papiauiiiHoi Teparnii ([IOPT) - nepcneKTUBHOro MeToAy JiKyBaHHS 3/105IKiCHUAX MYXJIMH. Y NepIIOMY po3zii

HaBeJEHO JeTaJbHUI aHajli3 eNileMioJIOriYHUX JaHUX 00 3aXBOPIOBAHOCTI Ta CMEPTHOCTI Bif, paKy B YKpaiHi Ta



cBiTi. [lokasaHo, 10 He3BaXXal04X Ha JOCSTHEHHS B [NiarHOCTUL Ta JIIKYBaHHI, AJ1s1 JESIKUX TUIIB ITyXJIMH, 30KpemMa
ry1i0671aCTOM I'OJIOBHOTO MO3KY, pe3yJIbTaTH Teparlii 3aMIaioTbCs He3anoBiibHUMU. [1'ITHpiuHa BUKUBAHICTD
XBOPHX Ha I1i06/1aCTOMU CTAaHOBUTS Jiuile 6J113bKO 5%. Lle 3yMOBJIIO€ TOCTPY HEOOXiAHICTb MIOIIYKY HOBUX
e(EeKTUBHMX METO/IiB IPOMEHEBOI TepaIlii 3 METOI0 PO3IMPEHHS "TEPANleBTUYHOTO BiKHA". [leTaibHO
IpoaHasizoBaHo ¢i3n4Hi Ta 6i0JIOTiYHI OCHOBYM TPAAMLIMHOI TPOMEHEBOI Teparlii 5K MeToAy JIiKyBaHHS 37108KiCHUX
HOBOYTBOPEHb. PO3IJISIHYTO MOHATTS TEPANEBTUYHOTIO iHAEKCY Ta (PAKTOPH, 10 HA HBOTO BIIJIMBAIOTh. [Ioka3aHO
POJIb IPOMEHEBOI Tepallii y KOMIIJIEKCHOMY JIiKyBaHHI OHKOJIOTTYHUX XBOPUX. HaBejeHO IPYHTOBHUI aHaJIi3
JIiTepaTypHUX JAHUX 1010 BUHUKHEHHS Ta po3BUTKY Metoay [TIOPT. OxapakTepu3oBaHO 10ro QizUKO-TeXHi4YHi
MIPUHIIMIN, [IEPEBAry Ta HEOJIIKY y IOPIBHSHHI 3 TPAIULIIMHOI0 IPOMEHEBOIO Teparielo. [IpoaHanizoBaHO
pe3yJsbTaTy KiliHiyHOro 3actocyBaHHs [IOPT rpu jlikyBaHHi paKy rojioBu Ta mui. BogHOYac KOHCTaTOBaHO
0OME>XEHY KiJIbKiCTb JaHUX IOJI0 ONTUMAJIbHUX CXeM (PPaKLiOHyBaHHS. 3p006JIEHO BUCHOBOK ITPO HEOOXIiIHICThb
NOJAJbIINX KOMITJIEKCHUX JOCIIiIKEHD [17151 YIOCKOHAJIEHHS! IPOTOKOJIiB OTIPOMiHEHHSI Ta PO3POOKM HOBUX
texHoJioriit I[IOPT. Y npyromy po3zisi ornrcaHo CTBOPEHHSI 6araTokaHajbHOI JeTeKTOPHOI CUCTEMHU Ha OCHOBI
[I0€JHAHHS MeTajleBUX MikpocTpinosux gerekropis (MM]I) Ta enexrponiku Sens-Tech XDAS. Taka cucrema
IO3BOJISIE 3MiMCHIOBATY MOHITOPUHT PO3MNOAiy NPOQiss My4KiB iOHI3yI0UOr0 BUIIPOMiHIOBAHHS 3 BUCOKOIO
TOYHICTIO. TeOpeTUYHO po3paxoBaHO rpaHUYHi yMOBU 3acTocyBaHHSI MM]I, BU3HaUeHO MakCHUMaslbHi (III0eHCH
IIPOTOHHMUX Ta €JIEKTPOHHUX ITy4KiB 3a IKUX JE€TEKTOPU 30€PiraloTh Npane3gaTHicTb. EKcriepuMeHTanbpHO
[IPOJIEMOHCTPOBAHO €(EKTUBHY peecTpaliio Npo@isis iOHiI3yl040ro BUIIPOMIHIOBaHHS 3a JOIIOMOTOI0 PO3PO6JIEHO1
128-KkaHanbHOI IETEKTOPHOI CUCTEMU. [JOCATHYTO MOHITOPUHT IIPOCTOPOBOIO PO3IOLINY Ta iIHTEHCUBHOCTI O-
BUIIPOMiHIOBaHHS Pu-239 B pesxumi peasibHOro yacy. Ha ocHOBi IpoBeieHUX JOCiKeHb PO3PO6IEHO
KOHCTpYKIiio npodinomeTpiB Ha ocHOBi ceHcopiB MM]] 128 Ta enexkrpoHiku Sens-Tech XDAS V3 1151 MOHITOPUHTY
npodinto miHi nyukis y I[IOPT. V TpeTbOMy pO3/isi HaBEeJ€HO pe3yJIbTaTH eKCIIEPUMEHTAIbHUX PE3YyJIbTaTiB
¢dpakiionyBaHHs ramMma-KBaHTIB 6MeB Big meguuHoro npuckopiosaya Varian Clinac iX 3a 0noMoroo JaTyHHOTO
Ta CBUHLeBOro KosimaTopa. [TpoBeneHi MoHTe-Kapsio cumyssnii y nporpamuux nakerax GEANT4 ta Fluka siki
[IOBTOPIOIOTh €KCIIEPUMEHT Ta BepUQIKyIOTh oAb pe3ynbTatd MoHTe-Kapio cumysauniit. [TposegeHi MoHTe-
Kapno cumynaunii y nporpamHomMy naketi GEANT4 171 BU3Ha4YeHHS Kpaloro MaTtepiany 11 KojiMaropa 3a
rapameTpoM MOTJIMHAHHS BUITPOMIHIOBaHHSI, HAMKpalliM MaTepiaioM BUSIBUBCS BoJb(dpam. [IpoBeneHi MoHTe-
Kapso cumynduii y nporpamaomy naketi Fluka mpouecis kosimaunii Ta ppaxijionyBaHHS Iy4KiB raMMa-KBaHTIB
eHeprii 25 MeB i esiexTpoHiB 18 MeB 3a 01OMOro0 BobPPaMOBUX KOJTiMATOPiB. BCTaHOBIEHO ONTUMAJIbHY
TOBILMHY KOJIIMaTOPiB AJ1s1 epeKTUBHOrO (PpaKLioOHyBaHHS ITy4YKiB Pi3HUX eHeprii. [lokazaHo HeoOXinHICTh
301JIbIIEHHS TOBIIMHY KOJIIMAaTOPa y 2 pa3y MOPiBHSAHO 3 TOBLUIMHOIO IIOBHOTO MOTJIMHAHHS [J1s1 ONITUMAIbHOTO
(dpakuionyBaHHs Nyyka. [[pogeMOHCTPOBAHO MOXKJIMBICTb JOCATHEHHS BUCOKUX IIOKA3HUKIB (PPAKLiOHYBaHHS
(PVDR nonag, 10) ajist orlpOMiHEHHSI HETJIMOOKUX MyXJIMH K OTOHAMMU, TaK i eJIeKTpOHaMu. BolHOUac BCTAaHOBJIEHO
IIBUJIKE PO3MUBAHHS (PPaKL[iOHYBaHHS 3 IMIMOUHOIO Yepe3 iHTeHCUBHE PO3CiloBaHHS My4KiB. [IokazaHO KJIIOYOBY
POJIb BTOPDMHHYX €JIEKTPOHIB Yy (POPMYBaHHI IIPOCTOPOBOTO PO3IOLiNy 03U Bifl ppakiioHOBaHUX raMMa-Iyukis. Lle
iCTOTHO BIIJIMBa€e Ha Npodisb 103U Ta OOMEXYye IITMONHY IPOHUKHEHHS (PPAKLiOHOBAHUX MiHi-TIy4KiB. Ha 0CHOBI
aHaslizy eKcleprMeHTaIbHUX Pe3yJbTaTiB Ta pe3yabTariB MoHTe-Kapiio cumyssaiiii po3pobsieHo Tpu Bepcil
KOHCTPYKIIiil MOJIyJIbHUX BOJIbGpaMoBux KosimaTopis aJig [TIOPT. [TokazaHa MOKJIMBICTb THYYKOTO HaJIAlITYyBaHHS
reomeTpii Ta mapamMeTpiB KOJIiIMaTOPIiB Iif, pi3Hi yMOBU ONIpOMiHEHHS. OTpUMaHi pe3yyIbTaTy € 3HAYHVMM BHECKOM Y
PO3BUTOK (i3uKo-TexHiuHUX 3acaf [IOPT Ha OoCHOBI raMma- Ta €/1IeKTPOHHUX My4KiB. PO3po6ieHi METOANKY Ta

TEXHIYH] pillleHHs CTAaHOBJISATD MiATIPYHTS AJIS IOJAJBIIOTO PO3BUTKY LIbOTO METOLY.

2. Radiotherapy consists in the use of ionizing radiation for the treatment of malignant and some benign
neoplasms. Along with surgery and chemotherapy, radiation therapy is one of the most effective methods of
fighting cancer. According to statistics, about 70% of all cancer patients receive radiation therapy at least in one of
the stages of treatment. However, since radiation affects not only cancer cells, but also adjacent healthy tissues,
there is a risk of their damage and the development of radiation complications. Despite numerous researches and
developments in the field of radiation oncology, the problem of over-irradiation of healthy tissues still remains
unsolved. The dissertation is devoted to the development of the physical and technical foundations of spatially



fractionated radiation therapy (PFRT) - a promising method of treatment of malignant tumors. The first chapter
provides a detailed analysis of epidemiological data on cancer incidence and mortality in Ukraine and the world. It
is shown that despite advances in diagnosis and treatment, for some types of tumors, in particular glioblastoma of
the brain, the results of therapy remain unsatisfactory. The five-year survival rate of patients with glioblastoma is
only about 5%. This leads to an urgent need to find new effective methods of radiation therapy in order to expand
the "therapeutic window". The physical and biological bases of traditional radiation therapy as a method of
treatment of malignant neoplasms are analyzed in detail. The concept of therapeutic index and the factors
affecting it are considered. The role of radiation therapy in the complex treatment of cancer patients is shown. A
thorough analysis of literature data on the emergence and development of the PFRT method is presented. Its
physical and technical principles, advantages and disadvantages compared to traditional radiation therapy are
characterized. The results of the clinical application of PFRT in the treatment of head and neck cancer were
analyzed. At the same time, a limited amount of data on optimal fractionation schemes was ascertained. It was
concluded that further comprehensive research is needed to improve irradiation protocols and develop new PFRT
technologies. The second chapter describes the creation of a multi-channel detector system based on the
combination of metal microstrip detectors (MMD) and Sens-Tech XDAS electronics. Such a system allows
monitoring the profile distribution of ionizing radiation beams with high accuracy. The limiting conditions for the
use of MMD were theoretically calculated, and the maximum fluences of proton and electron beams at which the
detectors maintain their performance were determined. Effective registration of the profile of ionizing radiation
using the developed 128-channel detector system was experimentally demonstrated. Real-time monitoring of the
spatial distribution and intensity of o-radiation of Pu-239 was achieved. On the basis of the conducted research, a
design of profilometers based on MMD 128 sensors and Sens-Tech XDAS V3 electronics was developed for
monitoring the profile of mini beams in PFRT. The third section presents the results of the experimental results of
fractionation of 6MeV gamma quanta from the Varian Clinac iX medical accelerator using a brass and lead
collimator. Monte Carlo simulations were carried out in GEANT4 and Fluka software packages, which repeat the
experiment and verify the further results of Monte Carlo simulations. Monte Carlo simulations were carried out in
the GEANT4 software package to determine the best material for the collimator based on the radiation absorption
parameter, tungsten was the best material. Monte Carlo simulations of the processes of collimation and
fractionation of 25 MeV gamma-quantum beams and 18 MeV electrons using tungsten collimators were carried out
in the Fluka software package. The optimal thickness of collimators for effective fractionation of beams of different
energies has been established. The need to increase the thickness of the collimator by 2 times compared to the
thickness of complete absorption for optimal fractionation of the beam is shown. The possibility of achieving high
fractionation rates (PVDR over 10) for the irradiation of shallow tumors with both photons and electrons has been
demonstrated. At the same time, a rapid erosion of fractionation with depth due to intense scattering of beams
was established. The key role of secondary electrons in the formation of the spatial distribution of dose from
fractionated gamma beams is shown. This significantly affects the dose profile and limits the penetration depth of
the fractionated mini-beams. Based on the analysis of experimental results and results of Monte Carlo simulations,
three versions of designs of modular tungsten collimators for PFRT have been developed.
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