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1. HocnimxeHHs i ceprudikatiis 6iomeqnyHuX iHpopMaLiliHO-BUMIPIOBaJIbHUX CUCTEM

2. Research and certification of biomedical information and measurement systems

Pedepar:

1. Incepratis npucBg4Y€Ha BUPIIEHHIO aKTyaJbHOI HAyKOBO-IIPUKJIAIHOI 3a[1a4i JOCTiIKeHHS iHpopMaLiliHO-
BUMiploBasbHUX cucteM (IBC) 6iomenyHOro npusHayeHHs Ta MeTOAMK Kiacudikalii 6iomeuyHux faHux, ix
BIOCKOHAJIEHHS Ta JOOIPALIOBAaHHA [J1s1 cepTu@ikalii Ta BIpOBaIyKeHHS y MEIUYHY IIPAKTUKY. Y AMCepTaLiliHil
POBOTI OTPUMAHO psif Pe3yIbTaTiB 3 PO3POGJIEHHS Ta BLOCKOHANIEeHHs 6iomenuyaux IBC Ha OCHOBI
HagnposinHukoBux CKBIJI-marniTomeTpis. Briepiie po3pobyeHo metonuky Kasniopysanns CKBII-
marHiTomeTpuuHoi IBC Ta npoBeneHo ii KanibpyBaHHS 3a AOIIOMOIO0 IOBipeHoi Mipu MarHiTHOI iHaykuii (MMI), mo

IO3BOJIMJIO JOCTOBIPHO OLIIHUTHA METPOJIOTIYHi MapaMeTPU BUMIPIOBAJIbHUX KaHAJIB Pi3HUX TUIIIB (peJIaKCalilHAX



Ta IOCTIMHOrO CTPyMy). TakoX BIeplie NpoBEIEeHO €KCIIEPMMEHTAJIbHI JOCIIIIPKEHHSI MarHiTHUX HAaHOYACTUHOK
(MHUY) 3a nonnomoroio CKBIJI-cacenTomeTpuyHoi IBC, 30Kkpema BUBYEHO BIUIUB PO3Mipy YaCTHHOK, iX KOHIEHTpaLii
Ta [TOKPUTTS Ha aMILIITyly CUTHAJIy, IO LO3BOJIMJIO IIPOBECTU IOCIIIKEHHS KOMIJIEKCIB HAHOYACTHUHOK 3i
CTOBOYPOBMMU KJIiITUHAMY, JIAOOPATOPHUX TBAPMH Ta iX Opraxis. Bnepie po3po6eHO aHaNITUYHY MOJIeJIb CUCTEMU
HaMarHivyBaHH4 arapary [IJis HU3bKO4YaCTOTHOI MarHiTHOI Tepartii, 1110 J03BOJIMJIO CTBOPUTH 3-KOMIIOHEHTHE
OPTOrOHAJILHE MArHiTHE I10JI€ i3 33J1aHO0 BEJIMYMHOIO Ta OJHOPIIHICTIO, PO3MICTUTH MAalli€HTa B JIiKyBaJbHIN
Kamepi 3 MiHiIMaJIbHOIO MacoI0 Ta PO3MipaMH KOTYIIOK HaMarHidyBaHHS. TaKoX yJJOCKOHAJIEHO METOAUKY
BUIIPOOYBaHb 9-KaHAJIbHOTO Kap1iOMarHiTHOTroO CKaHepa, 110 103BOJINJIO IPOBECTH OLHKY 0r0 BifTIOBiHOCTI
BHMMOI'aM TEXHIYHOTO perjJaMeHTy Ha MeIU4YHi BUpoOu. YIOCKOHaJIeHO MeTOOUKY Kiacudikarlii 6ioMmeauuHnx
IAQHUX, LUISIXOM BilOpaKyBaHHS HeiHGOpMaTUBHUX MarHiTokapaiorpadiuynux (MKT), 6ioxiMiuHux Ta iHIIMX
napameTpiB Ha OCHOBI cepiii 6aratroBuMipHux JIJJA TecTiB. lle 103BOINIO JOCIATTH TOUHICTb Kiacudikawii aas 2-X
TpyI nauieHTiB B giana3oHi 84-90 % Ta cepenHIo TOUHICTb 17151 4-x rpyn 81,3 % (cneuudivnicts 100 %, 4yTIUBiCTh
st IM - 81 %, miokapguty - 68,8 %, IXC - 66,7 %). OTxe, npu ki1acudikalii ABOX rpyn TOYHOCTI JOCTATHBO JJIs1
BIIPOBAPKEHHS Y MEIVYHY [IPAKTUKY, a IpU kiacudikauii 4-x rpyn — HeJOCTaTHbO 151 BUsiByieHHs1 IXC ta
Miokapguty. KpiM TOro po3BUHYTO METOJMKY PO3PAaxyHKy POOOY0i 06J1aCTi MArHITHUX alljlikaTOPiB Ha OCHOBI
eKCIepUMEeHTaJIbHUX BUMIPIOBAaHb MAarHiTHOTO IOJISI B aKCiaJIbHIil MJIOMKHI, 00YMCIeHHS Jgiarpam CIIpsSIMOBAaHOCTI
noJist Ta rpagieHTy. [linTBepIykeHo, 110 aIlikaTop CTBOpIoe rpazieHT noss 1,4 mTin/MM Ha BifcTasi 50 MM Bif
pobouoi nosepxHi, Ta 3,6 MTn/MM Ha BifgcTani 30 MM, IO JOCTAaTHBO 17151 yrpuManHs MHY B Tisi TBapuH
CEpPEeNHbOro po3Mipy. Briepiie oTpruMaHoO pe3ysbTaTu €KCIIEPUMEHTANLHUX HocaimkeHb MHY 3a nornomororo
CKBIII-cacentomeTpuyHoi IBC, 30Kpema OLIiHEHO BILJIMB PO3Mipy YaCTUHOK, iX KOHIIEHTpAallii Ta TUIly IOKPUTTS Ha
aMILIITYLy cCurHaiy. TakoxX IpoBeeHi NOCiIP)KeHHS KyJIbTyp CTOBOypoBUX KiliTMH 3 MHY Fe203, n1abopaTopHuX
TBApMH (KPOJIiB, lypPiB) Ta iX OKPEMUX OPraHiB, sKi NoKa3sany, wo us IBC npupgartHa a1s BuBdeHHs posnoginy MHY
Ta {X KOMIIO3UTIB 3 JIikaM! B TiJli 1abOpaTOPHUX TBAPUH, 30KpeMa [1Jis MyXJIMHHUX MOJieJiel i3 3aCTOCYBaHHSIM
MarHiTHoro ansuikatopa. Po3po6yieHo Ta yA0CKOHaJIEeHO KOHCTPYKTOPCHKY, €KCIIyaTalliiiHy, TEXHOJIOTIUHY Ta iHIIY
TeXHIYHYy JOKyMeHTalilo a4 psany 3paskiB MKI' cucrem Ta anapary « TYPBOMAI'». [IpoBeneHa ceprudikatis
anapary «TYPBOMATI'» (2010), nosipka MMI (2014) Ta Bunnpo6ysanHst MKI' cucremu B II1 «YKpMETPTECTCTaHIAPT»
(2016). Anapat marniTHoi Tepanii « TYPBOMAI'» QyHKIIiOHy€e B MeIUYHOMY LIeHTPi «|HCTUTYT KJIiHIYHOI MEeIULIMHU»
(2010), 4-kananpHa MKT cucrema — B ['0J10BHOMY BiliICbKOBOMY KJliHiYHOMY rocmirtasi (2010), 9-kaHanbHui
KapziomarHiTHUI ckaHep - y KHP Tta y Benukiit Bpuranii (2016-2020). YacTrHa po6iT BUKOHYBajlaCh B pamMKax
nepxaamonieHHss MOHY ta npoekTtiB YHTL] N2 3074, N2 4719, N2 P624. OTpumano 4 0OBiIKYU PO BUKOPUCTAHHS
pesynbTaTiB poboTu. Kito4osi cioBa: 6iomenuyHa anaparypa, iHpopmalliiiHo-BUMipioBajibHa CUCTEMA, MarHiTHa
Teparlisl, MarHiTHui amikatop, CKBIJI-marHiTromeTp, BUpilllyBajibHe ITPaBUJIO, Kacugikallis, KajiopyBaHHS,
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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