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Pedepar:

1. Incepralist NpUCBsY€HA AOCIIIPKEHHIO Ta BUPIIIEHHIO TPO6JIeM METPOJIOTiYHOTO 3a6€31eYeHHS BUMipIOBaHb
XapaKTePUCTUK iOHiI3yI0UOro BUITPOMiHEHHS Ta MOZEPHi3allii eTasoHHOi 6a3u YKpaiHu Mif BUMOrY €BPOMNENCbKOro
Coro3y. Y nepiomy po3zisi po3risiHyTO YMHHI aClIEeKTU PO3BUTKY METO/IIB i 3ac06iB MeTpoJioriuHe 3a6e3eyeHHs
3aco06iB BUMIipIOBaHb i0Hi3yl0UMX BUITPOMiHIOBaHb. 30KpEMA, PO3IJISIHYTO OCHOBHI IIOHSITTS Ta JO3MMETPUYHI
BEJIMYMHY PafioMeTpii, Jo SKUX BiIHOCATHCS MEPIof HAMIBPO3IIaay i aKTUBHICTb Pafli0aKTUBHOI PEYOBUHMU.
[TpoxoIyKEeHHSs PEHTTeHiBChbKUX (O) TPOMEHIB, a TaKOX (0, 0 ~4aCTUHOK KPi3b PEYOBMHY CYIIPOBOMKYEThCS iOHi3allieto
aroMiB Liei peyoBuHu. Ilig yac ioHizalii BUIpOMiHIOBaHHS BTpayae YaCTUHY CBO€EI €HePrii, TOOTO BiiOyBa€eThCS
[IOTJIMHAHHS PEYOBUHOIO €HEPTii BUNIPOMiHIOBaHHsL. Lli siBUIA NOKJIaAEeHi B OCHOBY POOOTH JIiYMJIbHUKIB iOHI3yI0UMX
BUIIPOMIHIOBaHb, 4 TAKOX B OCHOBY POOOTH €TaJIOHIB BUITPOMiHIOBaHb, SIKi BUKOPUCTOBYIOTbCS Y CXEMi IlepelaBaHHs

PO3Mipy OMHUIIi BUTIPOMIHIOBAaHHS Bif] 3raJlaHOr0 €TajoHy Yyepe3 pobounii eTanoH a0 3BT. Ockinbku 1e -



BifIIpalibOBaHa METOTOJIOTIS, TO Hajlajli y po3ziji po3riasfaloTbCsl METOIOJIOTIS METPOJIOTIYHOTO 3a6€311€YEHHS
3ac006iB BUMIpIOBaHb i0HI3yI0OUMX BUIIPOMIHEHHS, a caMe YMHHA HOPMaTHBHA JOKYMeHTallid, sIK YKpainy, Tak i €C.
[Tpu poMmy, K 3acOOM BUMIipIOBAJIbHOI TEXHIKU aHaJi3yIOThCSI i OLiHIOIOTHCSI 32 METPOJIOTIYHUMU
XapaKTEePUCTUKAMU Came Halbisblll BUKOPMCTOBYBaHI B YKpaiHi JO3MMETPUYHI 3ac06M BUMIPIOBAIbHOI TEXHIKU. Y
IPyromy po3ijii BUBY4EHO METO0JIOTiI0 BUMipIOBaHb XapAaKTEPUCTHUK J03UMETPUYHUX BEJIMYUH, METOIU i 3ac00U ixX
CTBOpPEHH4. [leTajIbHO PO3IJISHAITHCS CTAHIAPTHI XapaKTEPUCTUKY PEHTT€HIBCLKOTO Ta FaMMa- BUIIPOMiHIOBaHHS,
sIKi iCTOTHO 3aJjie>XaTh IIPU [IepEHEeCEH] po3Mipy OJMHMULL - Bifl €TaJoHy 10 KOHKpeTHOro 3BT (no KoHKpeTHOi napTii
3BT) - BiJ KOHCTPYKTUBHUX OCOOJIMBOCTEN YCTaTKyBaHHS KaliOpyBaHHs, Bif po3MilleHHs KasiopoBaHux 3BT y 30Hi
OTIPOMiHEHHS Ta BiJ, HU3KU pOO0YUX [TapaMeTPiB i YNHHUKIB BIIJIMBY. TOMY y IaHOMY PO3ZiJi IIOCTiTOBHO
PO3IJISIAAI0THCST METOAU CTBOPEHHS (POPMYBaHHSI) CTaHIAPTHUX XapaKTEPUCTUK PEHTI€HIBCbKOTO Ta raMMa-
BUIIPOMIHIOBaHHS, aJI)K€ CaMe BiJj HUX 3aJIEKUTh TOYHICThb [I€PEaBaHHA PO3MIPy OJMHULI BUTIPOMIHEHHS.
JleTanbHO aHAMI3YIOThCS, 3 Pe3yJibTaTaMU MONEePeIHIX JOCiIKeHb, HAsIBHI IPOLielypy KalibpyBaHHs 3aC0O0iB
BAMIPIOBAJIbLHOI TEXHIKM PEHTI€HIBCHKOTO Ta raMMa- BUIIPOMIHIOBaHHS. Pe3ysibTaTy aHali3y CIpPUSIOTH iX
BIOCKOHAJIEHHIO Ta [IOKPAIIEHHIO METPOJIOTIYHUX apameTpiB KaniopysBaHHs 3BT. Ha 1iit oCHOBi po3IyISIHYTO
METOJMKY KaJliOpyBaHHS 1O3UMETPIB Ta BUMipIOBaiB IOTYKHOCTI 03U raMMa- Ta pEHTT€HiBCbKOTO
BUINIPOMIHIOBaHHS. Y TPETbOMY PO3Zisli aKIIEHTYETbCS Ha MUTAHHAX AOCIIIPKEHHS €TaJIOHIB TO3UMETPUYHUX
OJVHUILIb i0HI3yI0YOr0 BUITPOMIHEHHS: BOHM TapaHTYIOTh METPOJIOTIYHY HAlIMHICTb [I€peaBaHHs PO3MIpy OIUHULL
BUINIPOMiHIOBaHHSA. [Ipy 11bOMY, OKPEMO OLiHIOIOTLCS €TAJIOHHI YCTaTKyBaHHS KOJIIMOBAaHOI Ta HEKOJIIMOBAHOI
reomeTpii. Hacamnepes, 06roBopooThCsl 0COOGIMBOCTI NEPEAABAHHS PO3Mipy OAMHULIb TaMMa-BUIIPOMIHIOBaHHS
L7151 €TaJIOHHUX YCTaTKyBaHHS KOJ1iMOBaHOi reomeTpii. TyT 0C06IMBO BaXJINBUM € MiCLIe3HAXOIKEHHSI
KaniopoBaHux 3BT y nmpocTopi onnpoMineHHs.. BuzineHo 30Hy, y MexXXax sIKOi IPOCTOPOBUIA iMIIAKT-(paKTop €
MiHiManbHUM. TTOiIGHMM YMHOM OILiHEHO HasIBHICTH i 3HaYeHHs (aKTOPiB BIJIMBY IIPU IIepeJaBaHHi po3Mipy
OJVHUIIb FaMMa-BUIIPOMIHIOBAaHHS JIJIS1 €TAJIOHHUX YCTATKyBaHHS 3i CBUHIIEBUMU aT€HIOATOPaMU, SIKi BiTHOCSITBCH
IO YCTaTKyBaHHS HEKO0JIiMOBaHOI reoMeTpii. Taka ckylagHa TEXHIYHO i opraHizauiiHo poborTa, 110 6a3yeThCs Ha
ONTMMi3aLii 1031 OIIPOMIHEHHS OIEepPaTOPiB, IPAKTUYHO IPOBELEHA B YKpaiHi Biepuie. Pa3om 3 TUM, OHOYaCHO
OLIiHIOBAJIaCh CIIPOMOXKHICTb 3a3HaY€HUX YCTATKyBAHHS 3a0€311€YNTH BilTBOPEHHS CIelja/IbHUX BUMOT CTaHAAPTIB
€C npu kanibpysanHs crenjanbHux 3BT. Sk pe3ysbTat, iX IpUIATHICTD NifTBEpIyKeHa pe3ysibTaTaMy BUIIPOOYBaHb
Ta 3BipKU. Y 4ETBEPTOMY PO3[1iJli pO3IVISIHYTO aCleKTH IPUKJIAAHOTO BIIPOBAIPKEHHSI METO/IB i 3aCc00iB
METPOJIOTIYHOrO 3a0€3M1eUYEHHS NO3UMETPUYHUX BUMIPIOBaHb XapaKTEPUCTHUK i0HI3yl040ro BUIIpoMiHeHHs. Ha
OCHOBI JOCBiZly TONIEpEeAHbOI eKCIIyaTallil Ta 3AiICHEHHS MOJIEPHi3allii €TaJIOHHUX YCTaTKyYBaHHS PEHTTE€HIBCBKOTO
Ta raMMa-BUIIPOMiHIOBaHHS BUBYAIOTHCSI OCOOJIMBOCTI BUKOPUCTAHHS BUIIEBKAa3aHUX YCTATKyBaHHSI.
P0o3p06:1s110ThCS i BIOCKOHAIOIOTHCS METOIVKY Ka/liOpyBaHHS JO3MMETPIB 10Hi3alliiHUX BUIIPOMiHIOBaHb Ta
BUMIpIOBayiB 03 OIIPOMIHEHHS, SIK OCTaHHIl eTall epeaBaHHs po3Mipy oguHuLi. HeMasoBaKHUM 11711 pO60OTH
OCTaHHbOI € OIpalLllOBaHH4 PE3yJIbTAaTiB BUMIPIOBaHb, IKE BXXe TpuBanui yac y €C npoBoauTecd BinnosinHo GUM, a
y YkpaiHi - 3rigHo 3 JICTY ISO/IEC Guide 98-4 : 2018 ta ICTY ISO/IEC Guide 60 : 2007. OuiHioBaHHS
BignosigHocTi. Kogekce ycranenoi npakruky, 2008. BoHo ycnimHo peanizoBane B 11.4.4 - OnTuMisaliia npouenypu
PO3paxyHKY HEIMEeBHOCTI IIiJ1 4ac IpoBeieHHSs KalibpyBaHHS JO3MMETPUYHUX 3aC00iB BUMIPIOBAIbHOI TEXHIKY Ta

€TaJIOHHOT'O YCTaTKyYBaHHS.

2. The dissertation is dedicated to the research and solution of problems of metrological support of measurements
of the characteristics of ionizing radiation and modernization of the reference base of Ukraine according to the
requirements of the European Union. In the first section, the current aspects of the development of methods and
means of metrological support of means of measuring ionizing radiation are considered. In particular, the main
concepts and dosimetric values of radiometry, which include the half-life and activity of a radioactive substance,

are considered. The passage of X-ray (o) rays and (o, o -particles through a substance is accompanied by ionization of
the atoms of this substance. During ionization, the radiation loses part of its energy, that is, the substance absorbs
radiation energy. These phenomena are the basis of the work of ionizing radiation counters, and also the basis of

the work of radiation standards, which are used in the scheme of transferring the size of the radiation unit from

the mentioned standard through the working standard to the FTA. Since this is a tried-and-tested methodology,



the methodology of metrological support of ionizing radiation measuring devices is considered further in the
section, namely the current regulatory documentation, such as of Ukraine and the EU. At the same time, the most
widely used dosimetric measuring equipment in Ukraine is analyzed and evaluated according to metrological
characteristics. In the second chapter, the methodology of measuring the characteristics of dosimetric values,
methods and means of their creation are studied. The standard characteristics of X-ray and gamma radiation are
considered in detail, which significantly depend upon transferring the size of the unit - from the standard to a
specific HRT (to a specific batch of HRT) - on the design features of the calibration equipment, on the location of
the calibrated HRT in the irradiation zone and on a number of operating parameters and factors impact Therefore,
in this section, the methods of creating (forming) standard characteristics of X-ray and gamma radiation are
consistently considered, because the accuracy of transmitting the size of a radiation unit depends on them. Based
on the results of previous studies, existing calibration procedures for X-ray and gamma radiation measuring
equipment are analyzed in detail. The results of the analysis contribute to their improvement and improvement of
the metrological parameters of the calibration of the FTA. On this basis, the method of calibrating dosimeters and
dose power meters of gamma and X-ray radiation is considered. The third chapter focuses on research issues of
standards of dosimetric units of ionizing radiation: they guarantee the metrological reliability of transmitting the
size of the radiation unit. At the same time, reference equipment of collimated and non-collimated geometry is
evaluated separately. First, the peculiarities of transmitting the size of gamma radiation units for reference
equipment of collimated geometry are discussed. Here, the location of calibrated HRTSs in the irradiation space is
particularly important. The zone within which the spatial impact factor is minimal is highlighted. Similarly, the
presence and value of influencing factors when transmitting the size of gamma radiation units for reference
equipment with lead attenuators, which refer to equipment of non-collimated geometry, were evaluated. Such
technically and organizationally complex work, based on the optimization of the radiation dose of operators, was
practically carried out in Ukraine for the first time. At the same time, the ability of the specified equipment to
ensure the reproduction of the special requirements of the EU standards during the calibration of special FTAs was
simultaneously evaluated. As a result, their suitability is confirmed by the results of tests and reconciliation. In the
fourth chapter, the aspects of the applied implementation of methods and means of metrological support of
dosimetric measurements of the characteristics of ionizing radiation are considered. Based on the experience of
previous operations and modernization of X-ray and gamma radiation reference equipment, the peculiarities of
using the above-mentioned equipment are studied. Methods of calibration of ionizing radiation dosimeters and
radiation dose meters are being developed and improved, as the last stage of unit size transfer. The processing of
measurement results, which has been carried out for a long time in the EU in accordance with GUM, and in
Ukraine - in accordance with DSTU ISO /IEC Guide 98-4: 2018 and DSTU ISO /IEC Guide 60: 2007, is important for
the work of the latter. Conformity assessment. Code of established practice, 2008. It was successfully implemented
in item 4.4 - Optimization of the uncertainty calculation procedure during the calibration of dosimetric measuring
equipment and reference equipment.
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