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Pedepar:

1. Incepraist NpUCBs4Y€HA BUPILIEHHIO aKTyaJlbHOI HAyKOBO-TIPUKJIANIHOI 334a4i JOCIiI>)KeHHs iHpOopMaLiliHO-
BUMiploBasipHUX cucteM (IBC) 6ioMmennyHOro npusHadyeHHs Ta MeTOAMK Kiacudikanii 6iomenIHNx faHux, ix
BJOCKOHAJIEHHS Ta JOOIpaLloBaHHS 115 cepTudikaliii Ta BipoBamyKeHHs y MeIUYHY IIPAKTUKY. Y AucepTaLiliHii
POOOTI OTPUMAHO psiJi Pe3yJbTaTiB 3 PO3pO6JIEHHS Ta BAOCKOHAIEeHHs 6iomenuyHux IBC Ha OCHOBI
HagnposigHukoBux CKBIJI-marnitomerpis. Briepiie po3po6yieHo MeTonuKy Kaniopysanus CKBII-
marHiTomeTpuyHoi IBC Ta nnpoBeneHo ii KanibpyBaHHS 3a LOIIOMOTIOIO OBipeHoi Mipu MarHiTHOI iHgykii (MMI), mo
I03BOJIMJIO JOCTOBIPHO OLIIHUTH METPOJIOTiYHi MapaMeTpy BUMipIOBaJIbHUX KaHaJiB Pi3HUX TUIIIB (pesakcalifHux
Ta IOCTIMHOrO CTpyMy). TakoX BIeplie NPoOBENEHO €KCIIEPMMEHTaJIbHI JOCIiIPKEHHSI MarHiTHUX HAaHOYACTUHOK
(MHY) 3a nonomororo CKBIJI-cacentomerpuuHoi IBC, 30KkpeMa BUBYEHO BIIJIMB PO3Mipy YaCTUHOK, iX KOHLIEHTpalLii

Ta [MOKPUTTS HA aMILIITYly CUTHAJIy, IO LO3BOJIMJIO IIPOBECTU NOCJIKEHHSI KOMIJIEKCIB HAHOYAaCTUHOK 3i



CTOBOYPOBMMHU KJIITHHAMU, 1JaOOPAaTOPHUX TBAPUH Ta iX OpraHis. Briepiie po3po6sieHO aHaliTUYHY MOJIeJIb CUCTEMU
HaMarHivyBaHHS anapary A8 HU3bKOYaCTOTHOI MAarHiTHOI Tepartii, 1110 J03BOJIUJIO CTBOPUTH 3-KOMIIOHEHTHE
OPTOrOHAJILHE MArHiTHE I10JI€ i3 3aJ]aHO0 BEJIMYMHOIO Ta OJHOPIIHICTIO, PO3MICTUTH MallieHTa B JIiKyBaJIbHIN
Kamepi 3 MiHIMaJILHOIO MAacOI0 Ta PO3MipaMy KOTYIIOK HaMarHidyBaHHS. TaKOX yJJOCKOHAJIEHO METOAUKY
BUIIPOOYBaHb 9-KaHAJIPHOTO Kap[iOMarHiTHOTO CKaHepa, 10 J03BOJIMIIO IIPOBECTH OLiHKY 0r0 BiAOBiTHOCTI
BHMMOIaM TEXHIYHOTO perjaaMeHTy Ha MeJU4YHi BUpoOU. YIOCKOHaJIeHO MeTOUKY Kiacudikallii 6ioMmeauyHux
IAHUX, LIUISIXOM BiI0OpaKyBaHHS HeiH(GOpMaTUBHUX MarHiTokapaiorpadiynux (MKT), 6ioxiMiuHux Ta iHIIMX
napaMeTpiB Ha OCHOBI cepili 6araTroBumMipHux JIJIA Tectis. Lle 103BOINIIO LOCATTH TOYHICTDb Kiacudikanii nys 2-x
rpy1 nanieHTiB B fgianazoHi 84-90 % Ta cepenHio TOYHICTh A 4-X rpy1 81,3 % (cneuudiunicts 100 %, 4yTaUBICTD
n7st IM - 81 %, miokapguty - 68,8 %, IXC - 66,7 %). OTxe, npu kiacudikallii ABOX rpyn TOYHOCTI JOCTATHBO JJIs1
BIIPOBAJPKEHHSI Y MEJJMYHY NPAKTUKY, a TPU Kiacuikauii 4-x rpyn — He1oCTaTHbO Ais BUusiBeHHs IXC Ta
MiokapauTy. KpiM TOro po3BuHyTO METOAMKY PO3PaxyHKy po604oi 0671aCTi MarHiTHUX arulikaTopiB HA OCHOBI
eKCIIepUMEeHTAaJIbHUX BUMIPIOBAaHb MArHiTHOTO I0JISI B aKCiaJIbHIl MJIOMKHI, 00YMCIeHHs Jgiarpam CIIpsSIMOBaHOCTI
nosist Ta rpagieHty. [linTBepIpkeHo, 10 alllikaTop CTBOPIoe rpazieHT noss 1,4 mTi /MM Ha BifcTasi 50 MM Bif
pobouoi nosepxHi, Ta 3,6 MTn/Mm Ha BifgcTrani 30 MM, IO JOCTATHBO 1711 yrpuMaHHs MHY B Tisi TBapuH
CcepeIHbOro po3Mipy. Briepie oTpumaHO pe3yJibTaTy eKCIIepUMEHTaNbHUX Jochimkenb MHY 3a jonomororo
CKBIII-cacentomeTpuyHoi IBC, 30Kpema OLiHEHO BILJIMB PO3Mipy YaCTUHOK, iX KOHLIEHTpAllii Ta TUIY IIOKPUTTS Ha
aMILIITYLy CUrHaily. TakoxX MpoBeeHi NOCiIP)KeHHS KyJIbTYp CTOBOypOBUX KiliTH 3 MHY Fe203, nabopaTopHux
TBapyH (KPOJIiB, IypiB) Ta iX OKpeMUX OpraHis., sKi mokasanu, mo us IBC npupgatHa a1si BuUB4YeHHSs posnogniny MHY
Ta {X KOMIIO3UTIB 3 JlikaM! B TiJli 1abOpaTOPHUX TBAPUH, 30KpeMa [1Jis MyXJIMHHUX MOJieJiel i3 3aCTOCYBaHHSIM
MAarHiTHOTO arulikaropa. Po3po6yieHO Ta y,0CKOHAJIEHO KOHCTPYKTOPCEHKY, €KCIUIyaTalliliHy, TEXHOJIOTIYHY Ta iHIIy
TeXHIYHYy JOKyMeHTalilo 14 psany 3paskiB MKI' cucrem Ta anapary « TYPBOMAI». [IpoBeneHna ceprudikatis
anapary «TYPBOMATI'» (2010), nosipka MMI (2014) Ta Bunipo6ysanHst MKI' cucremu B II1 «YKpMETPTECTCTaHIAPT»
(2016). Anapat marniTHoi Tepanii « TYPBOMAI'» QyHKIIiOHYye B MEIUYHOMY LIeHTPi «IHCTUTYT KJIiHIYHOI MEIULIMHU»
(2010), 4-xanansHa MKT cucrema — B [0J10BHOMY BiliICbKOBOMY KJIiHiYHOMY rocmirtasi (2010), 9-kananbHui
KapziomarHiTHu# ckaHep - y KHP ta y Benukiit Bpuranii (2016-2020). YacTrHa po6iT BUKOHYBajlaCh B pamMKax
nepxaamoniieHHs: MOHY ta npoektiB YHTL] N2 3074, N2 4719, N2 P624. Otpumano 4 JOBiIKYU IPO BUKOPUCTAHHS
pesysabTaTiB poboTu. Kito4osi cioBa: 6iomenuyHa anaparypa, iHpopmaliiiiHo-BUMipioBajlbHa CUCTEMA, MarHiTHa
Tepanis, MarHiTHUH ansikatop, CKBIJl-MarHiToMeTp, BUpilllyBajibHE NIPaBUJIO, Kiacuikallis, KaaiopyBaHHS,
ceprudikaris.

2. The dissertation is devoted to the decision of the actual scientific and applied problem of research of
information and measuring systems (IMS) of biomedical application and methods of classification of biomedical
data, their improvement and completion for certification and introduction in medical practice. In the dissertation
work a number of results on development and improvement of biomedical IMS based on superconductive SQUID-
magnetometers are received. For the first time, a method of calibration of the SQUID-magnetometric IMS was
developed and its calibration was performed using a calibrated measure of magnetic induction (MMI), which
allowed to reliably estimate the metrological parameters of measuring channels of different types (relaxation and
direct current). The test procedure of the 9- channel cardiomagnetic scanner was also improved, which allowed to
assess its compliance with the requirements of the technical regulations for medical devices. Calibration of several
samples of SQUID magnetometers was performed using the measure of magnetic induction. For the first time, an
analytical model of the magnetization system of the apparatus for low-frequency magnetic therapy was developed,
which allowed to create a 3-component orthogonal magnetic field with a given size and homogeneity, the
possibility of placing the whole patient's body in the treatment chamber at minimum weight and size of
magnetization coils. The method of classification of biomedical data have been improved by rejecting non-
informative magnetocardiographic (MCG), biochemical and other parameters based on a series of
multidimensional LDA tests. This allowed achieve the accuracy of classification for 2 groups of patients in the
range of 84-90% and the average accuracy for 4 groups of 81.3% (specificity 100%, sensitivity to MI - 81%,
myocarditis - 68.8%, coronary arthery disease - 66.7%). Thus, in the classification of two groups, accuracy is



sufficient for implementation in medical practice, and in the classification of 4 groups - not enough to detect
coronary heart disease and myocarditis. The method of classification of biomedical data has been improved by
rejecting non-informative magnetocardiographic (MCG), biochemical and other parameters based on a series of
multidimensional LDA tests. This allowed to achieve the accuracy of classification for 2 groups of patients and. In
addition, a method for calculating the working area of magnetic applicators have been further developed based on
experimental measurements of the magnetic field in the axial plane and calculation magnetic field and gradient
coverage diagrams. This made it possible to accurately calculate the position and size of the working area of the
applicator. It was confirmed that the applicator creates a field gradient of 1.4 mT/mm at a distance of 50 mm from
the work surface, and 3.6 mT /mm at a distance of 30 mm, which is sufficient accumulation of magnetic
nanoparticles (MNP) in the body of laboratory animals of medium size (rabbits). Also, for the first time, the results
of experimental studies of MNP using SQUID saseptometric IMS were obtained, in particular, evaluation of the
effect of particle size, concentration and coating typeon the signal amplitude was evaluated. Experimental studies
of Fe203 and Fe304 MNP were performed. The optimized frequency band of magnetization of nanoparticles in
which the maximum signal is observed and the concentration calibration was performed for solutions of MNP
Fe203 and Fe304 in gelatin and heptane. Studies of stem sells cultures with MNP Fe203, laboratory animals
(rabbits, rats) and their isolated organs have also been performed, which have shown that this information and
measuring system is suitable for studying the distribution of MNPs and their composites with drugs in the body of
laboratory animals, in particular for tumor models and magnetic applicators. The design, operational, technological
and other technical documentation for a number of samples of MCG systems and the "TURBOMAG" device were
developed and improved. Certification of the device "TURBOMAG" (2010), verification of MMI (2014) and tests of
the MCG system in SE "Ukrmetrteststandard" (2016) were performed. The "TURBOMAG" magnetictherapy device
operates at the Institute of Clinical Medicine (2010), a 4-channel MCG system at the Main Military Clinical Hospital
(2010), and a 9-channel cardiomagnetic scanner at the People's Republic of China and the United Kingdom
(2016-2020). Part of the work was performed within the framework of the state order of the Ministry of Education
and Science of Ukraine and Science and Technology Center in Ukraine (STCU) projects 3074, 4719, and P624. 4
certificates on the implementation of the results of the dissertation research were obtained. Keywords: biomedical
equipment, information-measuring system, magnetic therapy, magnetic applicator, SQUID magnetometer,

decision-making rule, classification, calibration, certification.
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