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1. Y nuceprauiiiHiil pob0Ti BUpillyeThCsSI HAYKOBO-TE€XHIYHA 33a7ja4a — pPOo3poOKa MaTeMaTUYHOI MOJieJli, METOIiB Ta
[IPOTrPaMHUX 32CO6iB BU3HAYEHHS [1apaMeTpiB, IarHOCTUKY Ta BijlaroKeHHs KOMITI0TepHU30BaHOI CUCTEMH
VIPaBJIiHHS PEHTTeHIBCbKOIO YCTAHOBKOI. MeTa po60TH — MiABUILIEHHS SIKOCTi pEHTI€HOialrHOCTUYHUX [IPOoLeyp
3a paxyHOK 30iIbIIEHHS TOYHOCTI BUBHAYEHHS [1apaMETPiB KOMITIOTEPM30BAHOI CUCTEMU YIIPABJIiHHS
PEHTIeHIBCBKOI YCTAHOBKOIO. B poOOTi pO3rIsaloThCsl OCHOBHI METOM 3MEHILIEHHS! 1030BOr0 HaBaHTAXEHHS NP1
IPOBEIEHHI PEHTT€HOiarHOCTUYHUX NpoLenyp. BU3Ha4eHo, 10 OHMM 3 NIEPCIEKTMBHYX HANPSIMKIB PilIeHHS L€l
33/1aui € MifBUIleHHSI TOYHOCTI BUBHAUYEHHS 1,030 OPMYIOUMX IapaMeTpiB, AiarHOCTUKA Ta BiJIarO/I>KEHHS CUCTEM
VIPaBJliHHS PEHTTE€HOAiarHOCTUYHUMU KOMILIEKCaMu. [IpoaHasizoBaHO iCHYIOUi METOAU POPMYBaHHS €MiCilTHMX
XapaKTEePUCTUK PEHTIEHIBCLKOTO BUIIPOMIHIOBaYa J171 KOMII'IOTEPU30BaHUX CUCTEM YIIPABJIiHHA PEHTTEHIBCHKOIO

YCTaHOBKOI0. Briepie 3anrponoHOBaHO METO[, iHAVBiTyasti3allii y3arajJbHEeHUX TUIIOBUX €MiCITHMX XapaKTePUCTUK



PEHTTeHIBCbKOTO BUITPOMiHIOBA4a KOMITIOTEPU30BAHOI CUCTEMU YIPABJIiHHS PEHTI€HIBCbKOIO YCTAHOBKOIO, SIKUI Ha
BiMiHY BiJl BilOMUX I'PYHTYEThCS HA MaTeMaTUYHil fedopmaliii KOOPAUHATHOI IIJIOUMHY 3TiTHO 3 eMIIIPUYHUIMU
IaHuMU. lle 103BoJIse MiABUIIUTY TOYHICTh BU3HAYEHHS iHIMBITyalIbHUX €MICIHHNX XapaKTePUCTUK
PEHTTeHiBCbKOTO BUITPOMiHIOBAYa Y BCbOMY Jliala3oHi 3Hau€Hb aHOJHOI HaNpyru 1o 6,5 pasis, TOO6TO, OTpUMaTU
3MEHILIEHHS 3Ha4EeHHSI IOXMOKU YCTaBKM aHOJHOTO CTPYMy Ha 8,5%, y IOPiBHSHHI 3 BilOMUMHU METOJaMU, IO
0a3yI0ThCsl Ha allpOKCUMallii eKCIIepUMEeHTaJIbHUX JaHuX, 32 paxyHOK 30epeskeHHs1 GOpMU i BBaEMHOT0
pO3TallyBaHHSI KpUBUX CIMEICTBA, @ TAKOXK CKOPOTUTHU 4ac NPOBEIEHHS IPOLIeAYPU KaliOpyBaHHS Y IIOPiBHSHHI 3
IIPOLIECOM 6€3MI0CEPENHBOrO NeTAILHOTO BUMIPIOBAHHS €MiCIIHUX XapaKTE€PUCTUK. TOYHICTb pe3yJIbTaTiB
KaJ1ibpyBaHHS IIOBHICTIO BifITIOBiJla€ BUMOraMm [il04KX Ha CbOTOIHINIHIN IeHb CTaHaPTiB. YIOCKOHATIEHO
MaTeMaTU4Hy MOZEJIb BUMIPIOBAHHS iHIMBiyaIbHAX €MiCIMHUX XapaKTEPUCTUK PEHTTEHIBCbKOTO BUIIPOMiHIOBaYa
KOMITIOT€PU30BAHOI CUCTEMHU YIIPABJIiHHS PEHTT€HiBCbKOIO YCTAHOBKOIO, 32 PAXyHOK PO3POOKU MOJI€JIbHOTO
PIBHSIHHS, IO JaJI0 MOKJIMBICTh BUKOPHUCTOBYBATU OLiHKY 3HaY€HHSI HEBU3HAYEHOCTI B IKOCTi KpUTEPil0 BUGOPY
MiZMHOKXVHY €MITIPUYHUX TOYOK JIJIS1 PO3PaxyHKYy, 1O MiIBUILYE TOYHICTh OTPMMAaHUX PE3YJIbTaTiB. BilxuieHHs
AHOJHOTO CTPYMY PEHTTEHIBCbKUX TPYOOK BiJ] BCTAHOBJIEHOI'O 3HAUE€HHSI Ha I0YATKOBIM JisHI eKcrio3ulii (1o
BBIMKHEHHSI CUCTEMH aBTOMATHYHO] cTabinisalii cTpyMy) B fjianazoHi aHOJHOTO CTPyMy Bif, 25 1o 250MA 114
CTPYMy pO3kapioBaHHS Bifg 4 1o 6 A He nepesuinye 1,5 % rpy 3HaY€HHI OLIHKY HEBU3HAYEHOCTI 1711 CTPYMY
posaxapioBaHH4 Bif, 0,035 no 0,052A. Togi sIK IpY AOBiIbHOMY BUOOPI MIZMHOXUHYU EMITIPUYHUX JAHUX [J151
PO3PaxyHKY BiJXUJIEHHS aHOJHOTO CTPYMY Ha MOYATKOBIl IiSIHII CTaHOBUIIO 10 5%, 3HAUE€HHSI OL[iHKU
HEBU3HAYEHOCTI JJIs1 CTPYMY po3kaproBaHHs Konvanocs Big 0,118A no 0,18A. OuiHKa TOYHOCTI TPOBOAMIIACS T10
BCill MHOKWHi €MITIipUYHUX JaHUX Ta BiANOBIIHO 1O MIKHAPOJHUX BUMOT 100 BIIPOBAP)KEHHS B METPOJIOTIYHY
[IPaKTHKy YKpaiHU NIOHSTTSI HEBU3HAYEHOCT] BUMipPIOBAaHHS, 1O A€ MOXJIUBICTb IIMPOKOTO 3aCTOCYBaHHS
PO3pO6IIEHOTO aJTOPUTMY [1JIs1 HAJIAIITYBaHHS KOMITIOTEPU30BAaHUX CUCTEM YIIPABIIiHHS PEHTTe€HiBCbKUMU
ycTaHoBKaMu. Kpim Toro, B po60Ti yLOCKOHAJIEHO METO]] BUBHAUEHHSI [IapaMeTpiB, AialrHOCTUKYU Ta HaJIarOJyKeHHs
KOMII'FOT€pPU30BAHOI CUCTEMHU YIIPABJIiHHS PEHTI€HIBCbKOI YCTAHOBKOIO 32 PaXyHOK CTBOPEHHS MEXaHi3My
OJIHOYaCHOI B3aeMOJ|i AEeKiIbKOX IIPOrpaM 3 CUCTEMOIO, 1110 03BOJISIE 3MEHIIUTY BUTPATH 4aCy Ha IPOBEJI€HHS
POOIT 3 [iarHOCTHKY Ta HAJIAarOJKEHHS CUCTEMM Bifl 2 10 4 pasiB B 3aJIEXKHOCTI Bifl CKJIaIHOCTI TeXHIYHO]
HECIIPaBHOCTI IIPU 0OCJIyTOBYBaHHI IIPUCTPOIB )KUBJIEHHSI MEIMYHUX PEHTI€HIBChKUX anapaTiB JiarHOCTUYHOTO
IIPU3HAYEHHS, Ta, SIK Pe3YyJIbTaT, 3HU3UTHU BapTiCTh BUKOHAHHS JaHUX POOIT B MeXXax Bif 4 % 1o 35 %, 1m0
MigTBEPIKY€EThCS aKTaMU BIIPOBA/I)KeHHs NakeTy cepBicHux nporpaM «IEC FxTools v2.0». [laHnii maket nporpam
0yJ10 po3p006JIeHO HAa OCHOBI pe3yJbTaTiB AUCEPTALiHOTO LOCIIP)KeHHS Ta BIIPOBAIKEHO Ha 6araTbox
MiIPUEMCTBAX 3 METOI0 ONTUMi3alii IpoLeciB BU3HAUYEHHS IapaMeTPiB, iarHOCTUKU Ta BiJJ1aroIKeHHS
IIPOMUCJIOBUX 3Pa3KiB NPUCTPOIB >KUBJIEHHS /IJIs1 MEIMYHUX PEHTT€HIBCbKUX allapaTiB NiarHOCTUYHOTO
IIpu3HaYeHHs. Pe3ybTaTul IpOBeeHNX y pOOOTi JOCTiIKEHb CTaIl HAyKOBO-METOI0JIOTIYHOI0 OCHOBOIO /1J1S
MTPAKTUYHOTO CTBOPEHHS IPOrpaMHUX 3aC06iB BU3HAYEHHSI TTapaMeTpiB, KOHTPOJIIO 32 iX Bifl[TOBiTHICTIO
BCTAQHOBJIEHUM 3HAUYE€HHSIM, [iarHOCTUKM Ta BilJIar0JI)K€HHS Cy4aCHUX KOMII'IOTEPM30BAaHUX CUCTEM YIIPABJIiHHS, 110
€ HeoOXiTHOI0 YMOBOIO MiIBUILEHHS SIKOCTi MEANYHUX 00CTEKeHb, 3HIKEHHS I030BOr0 HaBaHTaXKEHHS Ha

HaceJIeHHs IIPU iX IPOBEeHHI Ta IOJOBKEHHS CTPOKY eKCILTyaTallil peHTTeHOiarHOCTUYHOTO 06J1alHaHHSI.

2. The thesis is devoted to the development of a mathematical model, methods and software for defining
parameters, diagnostics and debugging of a computerized X-ray control system. The purpose of the thesis is to
increase the quality of X-ray diagnostics by means of increasing the accuracy of determining the parameters of a
computerized X-ray control system. The main methods of the dose load reducing during X-ray diagnostic
procedures have been considered in the dissertation. It is determined that one of the perspective directions of
solution of this problem is to increase the accuracy of determination of dosimetric parameters, diagnostics and
debugging of control systems by X-ray diagnostic complexes. The existing methods of emission characteristics
formation of X-ray emitter for computerized control systems by X-ray installation have been analyzed. The
method of individualization of generalized emission characteristics of X-ray emitter of a computerized X-ray
control system has been proposed for the first time. The suggested method differs from the existing ones by being
based on the mathematical deformation of the coordinate plane according to the empirical data. It allows to



increase the accuracy of the individual emission characteristics determination of the X-ray emitter in the whole
range of values of the anode voltage up to 6.5 times. The value of the error of anode current setpoint can be
reduced by 8.5%, in comparison to the previously used methods based on the approximation of experimental data.
This can be achieved by means of the preservation of shape and position of the family of curves. Moreover, the
method usage allows to reduce of calibration time in comparison to direct detailed emission characteristics
measurement. The accuracy of calibration result fully matches to requirements of the cutting edge standarts. The
mathematical model for measuring individual emission characteristics of an X-ray computerized X-ray control
system has been improved by the development of model equation. It allowed to use the estimation of uncertainty
as a criteria for selecting a subset of empirical points for calculation. The accuracy of obtained results has been
increased. The application of this strategy ensures that the deviation of the X-ray tubes anode current from the set
value does not exceed 1.5% at the initial region of exposure (before the activation of the system of current
automatic stabilization) in the range of anode current from 25 to 250 mA for the incandescence current from 4 to 6
A. The incandescence current uncertainty estimation is from 0.035 to 0.052 A. Whereas for an arbitrary choice of a
subset of empirical data for the calculation of anode current deviation on the initial section reached 5% and the
value of uncertainty estimation for heating current fluctuated from 0,118A to 0,18A. The accuracy estimation has
been carried out according to international requirements to metrological measurements especially concept of
measurement uncertainty. This is in a good agreement with the concept of uncertainty of measurement
introduction into the metrological practice of Ukraine. It allows to use the developed algorithm for defining
parameters, diagnostics and debugging of a computerized X-ray control systems widely. The method for
determining the parameters, diagnostics and debugging of the computerized X-ray control system has been
improved by creating a mechanism for simultaneous interaction of several programs with the system. It allows to
reduce the systems’ diagnostic and debugging time from 2 to 4 times, depending on the complexity of technical
malfunction when servicing the power supply devices of medical X-ray machines, and, as a result, to reduce the
cost of these works performing in the range from 4% to 35%. The results of the study became a scientific and
methodological basis for the practical creation of software tools for determining parameters, monitoring their
compliance with the established values, diagnosis and debugging of modern computerized control systems of X-
ray installations. These tools usage is required for the X-ray diagnostics quality increasing by means of accuracy
increasing of medical research and reducing of dose load for the population as well as X-ray equipment lifetime
prolongation. The developed package of service programs "IEC FxTools v2.0" has been implemented for many
enterprises in order to optimize the processes of determining parameters, diagnostics and debugging of the
computerized control systems for medical diagnostic X-ray machines power supplies. It has been operated for
several years, that is confirmed by the acts of implementation. Keywords: mathematical model of measurement,
emission characteristics, X-ray radiator calibration, equipment diagnostics, computerized control system,
debugging software.

Jep>kaBHHH peecTpaliiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui# NpiopHTETHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:
IlizcyMKu BOCIIiAKEHHS:

ITy6osikamii:

HaykoBa (HayKOBO-TEeXHiYHa) IPOAYKILisi:
Comnia;ibHO-eKOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCepTalii:



3B'S130K 3 HAYKOBHMH TEMaMH:

VI. BizoMocTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

BaacHe IlpizBume Im's I1o-6aThKOBI:
1. CrepBoenoB Mukosa I'puroposud

2. Styervoyedov Mykola Grygorovych

KBasigikamis: . . u., 05.11.16
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3HaxoO KeHHSI:

dopma By1acHoOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiifiHuX ONOHEHTIB Ta PELeH3€HTiB
O@inifiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. MoxkaeB Onekcangp OneKkcaHIpoBUY

2. Mozhaev Olexander Olexandrovich

KBasmigikamis: 1. . 1., 05.13.05
InenTudikarop ORCID ID: He 3acrocosyetscs
HoparkoBa indpopmamnist:

IToBHe HallMeHYBaHHS IOPHIHNYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. Kpusyns I'enHaniit ®enoposuy

2. Kryvulia Hennadii Fedorovych



KBasigikamis: n. 1. 1., 05.13.00
InenTudikarop ORCID ID: He 3acrocosyerses
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma By1acHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acigaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

T'op6enko IBaH IMUTpOBUY

l'op6enko IBan IMUTpOBUY

FOpuenko T.A.



