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BUMOI' 10 IHANBIAYAJIBHOI'O JOSUMETPNUYHOI'O
KOHTPOJIIO ITPO®ECIMHOTO OITPOMIHEHHS:
CBITOBUI TOCBIJI TA YKPATHCBHKI PEAJIII

CTatTa MicTUTb aHani3 Ta y3arajbHEHHs CBIiTOBOTO I BiTYM3HAHOrO AOCBiAY i HOPMATMBHWMX BMMOF CTOCOBHO Op-
raHisauii Ta npoBefeHHs LO3UMETPUYHOTO KOHTPOO NpodecinHoro onpoMiHeHHs (nepcoHan kateropii A), Hanos-
HEHHs HalioHanbHUX [030BUX peecTpiB. oOKa3aHo, WO 3 NPAKTUYHKUX MipKyBaHb € LiJKOM BUNPABAAHMM BNPOBaf-
KEHHS CyLiNbHOrO iHAMBIAYANbHOTO AO3MMETPUYHOTO KOHTPOJTIO YCbOTO NMEPCOHANY KaTeropii A, He3anexHo Big ouiky-
BaHOi [,03M ONPOMiHeHHA. 3aBAaHHA CTBOPEHHA Ta (DYHKLIOHYBAHHS HALiOHANbHOIO A030BOM0 PEECTPY He MOBUHHO
3BOLMTUCH NNLLE O MeXaHIYHOro 300py Ta HAKOMUYEHHS JaHUX HErapaHToBaHOi AKOCTi. HaTomicTb, cknagoBumm cuc-
TEMMW KOHTpONIO Ta 061Ky 403 Ma€e CTaTu Nporpama KOHTPOJIO SKOCTi Ta HayKOBO-METOANYHMIA LeHTp, AKi MaloTb 3a-
6e3neyyBaTn AKiCTb i AOCTOBIPHICTb AaHMUX NPO [03M NpodecinHoro onpomiHeHHsA. Habip AaHUX NOBUHEH MicTUTH,
OKpiM BNacHe 3anucie Npo [o3u, iHhopMaLito Npo METOAUKM, WO BUKOPUCTOBYBANIUCh, XapaKTepUCTUKK YMOB npali,
Bi[LOMOCTi Npo cTaH 340poB's NpaLtoloymnx. IHhopmauinHa iHdpacTpyKTypa Ta NOAITUKA 3aXMCTy AaHWUX NOBUHHI Oyay-
BaTWCb BiANOBIAHO A0 3arafbHOAEPXKABHMX MiAXOMIB NMifj erigoto [Jep:KaBHOro areHTCTBa 3 NUTaHb €NEKTPOHHOIO yps-
ByBaHHA YkpaiHu.
KniouoBi cnoBa: 033, npodeciitHe onpoMiHeHHs, nepcoHan Kateropii A, peecTp, KOHTPONb AKOCTI, faHi, ioHi3ytoue
BUNPOMiHIOBaHHSA.
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THE REQUIREMENTS FOR INDIVIDUAL MONITORING OF

OCCUPATIONAL EXPOSURE: INTERNATIONAL EXPERIENCE
AND UKRAINIAN REALITIES

The article includes analysis and generalizations about international and national experience as well as regulatory
requirements for the organization and performance of occupational monitoring for radiation exposure (category A per-
sonnel), filling of the national dose registries. It is shown that for practical reasons it is justifiable to provide univer-
sal individual monitoring of category A personnel, regardless of the expected dose of radiation. The establishment and
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functioning the national dose registry should not be limited to the mechanical collection and accumulation of data of
non-guaranteed quality. Instead, both a quality management program and a scientific and methodological center
should become components of the dose monitoring and registration system ensuring the quality and reliability of data
on occupational exposure. Besides the dose records, the data sets should include information about methods used,
work conditions, employees’ health status. Information exchange infrastructure and data protection policies should be
built in accordance with national approaches under the auspices of the State Agency for E-Governance in Ukraine.
Key words: dose, occupational exposure, category A personnel, registry, quality control, data, ionizing radiation.
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BCTVYII
PanianiiiHi TeXHOJIOTI1 IOCiIal0Th 0COOIMBE MiCLIE y cydac-
HOMy cBiTi. OKpiM Han3BUUYAHOTO PO3MAITTS CITIOCO0IB
BUKOPHCTAHHSI pagioaKTHBHMX PEYOBUH, TeHEpaTOpiB
BUIIPOMIHIOBAHHS, SIAEPHOI €Hepril (MeAULIMHA, TTIPOMMUC-
JIOBICTb, HayKa, BiliCbKOBa CITpaBa), BU3HAYaJbHUM € Te,
110 BIUIMB LIMX TEXHOJIOTili CIIPUYMHSIE AOAATKOBE OIl-
POMiHEHHS 0Ci0, SIKi MatOTh IMPoheCciiHUI KOHTAKT 3 Ke-
penamu ioHizyroyoro BuripoMiHioBaHHd (I1B), nporte, 51K
BEJIMYMHA, TaK i LIUIIXW TAKOTO OMPOMIHEHHS € Hal3BU-
YailHO BiAMiHHMMU. 3a OYEBHMIHO HETNOBHUMM JaHUMU
HKJIAP OOH [1] B ychoMy cBiTi poeciiiHrii KOHTaKT 3
iOHI3YIOYMM BUIPOMiHIOBAHHSIM MalOTh MOHam 23 MJIH
oci0. Po3nois 3a rany3siMyu BUKOPUCTAHHS, HABeAEHUIA Ha
pucyHky 1 [1], mMae 3Ha4yHi BiIMiHHOCTI MiX pPi3HUMU
KpaiHaMmu Ta perioHaMu, OJIHAaK 3a YMCJIOM Oci0, 1110 3a3Ha-
[0Th NPO(ECiAHOro ONMPOMiHEHHS, IJI00ATBHO 3 BEJTUKUM
BiIpMBOM JIiAUpy€E MeAWLIMHA, HA APYTOMY MICLli — TeXHO-
JIOTii MaJIMBHO-EHEPreTUYHOTO LUKITY (BUIOOYTOK i Tiepe-
pobKa ypaHOBUX Py, 30araueHHsI ypaHy Ta BUTOTOBJIEHHSI
SAEPHOTO MajanBa, BAPOOHULITBO AaTOMHOI €HEPTil, TOBOA-
JKEeHHS 3 palioaKTUBHMMM Bigxomamu). Harra kpaina y 1b-
OMY CEHCi He € BUHSITKOM: B YKpaiHi MpaloioTh 15 eHep-
ro6sokiB Ha 4 mitounx AEC, BinOyBa€eTbcsl TTepeTBOPEHHS
Ha E€KOJIOTIYHO Oe3MeYyHy CHUCTeMY YHiKaJlbHOIO O0’€KTY
«YKpUTTS» 3 HOBUM 0e31eyHnM KoH(paitHMeHToM YopHo-
ounscbkoi AEC, 110 nepeOyBa€e Ha cTajii 3HSITTS 3 eKCILTY-
arallii, pamialiiiHi TeXHOJIOrii, 30KpeMa, HalcydacHilli
IIIPOKO BUKOPUCTOBYIOTHCSI B MEOUWIIMHI; 3a CTAHOM Ha
2017 pik 3apeecTpoBaHo 23 854 mkepena ioHi3yI0uoro BUTI-
POMiHIOBaHHS, 3 AKX 8 719 — pamioHyKIIiAHi ;Kxepea [2].
Bigrak, m1s1 oLiHKKM MOXJIMBOI IIKOAY 3A0POB’I0 TIpa-
LIOIOYMX Ta IXHiX HaIAAKiB, ONTUMi3alii i BMOCKOHA-
JIEHHSI palialiiHMX TEXHOJIOTii, MOJiMIIeHHs pania-
LiliHOrO 3axuCTy mpu TpodeciiHOMY OINpPOMiHEHHI
0CO0JIMBE 3HAYEHHS MAa€ KOHTPOJb 103 MpodeciitHoro
OIPOMiHEHHSI, KOHKPETHIIIIe — JO3MMETPUYHUMN KOHT-
poJib niepcoHaly. Lst raay3bp NpuKIagHOiI HayKu OTpUMa-
Jla 3HAYHUM TOLUTOBX ITiJl Yac peai3aiii BiiCbKOBUX
aTOMHUX TporpaM y cepearHi 1940-x pokiB, TOCSTHYB-
1LIM CTaHy 3piJiocTi Ao KiH 1950-x pokiB [3], ajie BiaTo-
JIi HIKOJIM HEe TIPUIKHSIA CBOIO PO3BUTKY Ta MOCTYITY.

INTRODUCTION
Radiation technologies occupy a special place in
today’s world. There is a huge variety in utilization
of radioactive substances, radiation generators,
nuclear energy (medicine, industry, science, mili-
tary). The crucial factor of these technologies is
that occupational exposure of personnel working
with ionizing radiation can come from many
sources, however, magnitude and pathways of such
exposure are quite different. According to
UNSCEAR [1], more than 23 million people have
professional contact with ionizing radiation around
the world, and these numbers could be incomplete.
The distribution of personnel by types of activities,
shown in Figure 1 [1], can differ significantly
depending on countries and regions, but the largest
number of employees qualified as professionals
come from medicine, the next field is fuel and
energy cycle (mining and processing of uranium
ores, uranium enrichment and nuclear fuel fabrica-
tion, nuclear power generation, and radioactive
waste management). In this sense, Ukraine is not
exceptional: it has 15 power units in 4 operating
NPPs, it transforms a unique «Shelter» Object into
an environmentally safe system with the New Safe
Confinement of the Chernobyl nuclear power
plant, which is at the stage of decommissioning, the
most modern radiation technologies, in particular
are widely used in medicine. By 2017, 23,854
sources of ionizing radiation have been registered,
including 8,719 radionuclide sources [2].
Therefore, to assess the possible health detriment
in workers and in their descendants, to optimize
and to develop radiation technologies, to improve
occupational radiation protection it is necessary to
control doses of professional exposure, more specif-
ically, to perform radiation monitoring of person-
nel. This field of applied science had received a sig-
nificant implementation boost due to military
nuclear programs in the mid-1940", reaching matu-
rity by the end of the 1950"[3]. However, it never
stopped developing and progressing since that time.
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BupobyTok Byrinns/ Coal mining

Buao6yToK iHWMX KOPUCHUX KONanuH (KpiM ypaHy)
Other mining (excluding uranium mining)

Ekinaxi nitakis/Aircrew

ApepHuit nanusuuit unkn/Nuclear fuel cycle
Mpomucnose BukopuctanHsa/ Industrial uses
BificbkoBa pisnbHicTs/Military activities
MepuyHe BukopuctaHs/Medical uses

PizHe/ Miscellaneous

PucyHoK 1. Po3nogin oci6, wo 3a3Hanu onpomiHeHHA Ha po6oumx MicusAax 3a BMAAMM RiANbHOCTI 3rigHo 3

paHumu onutyBaHHAa HKJAP [1]

Figure 1. Personnel exposed at workplaces distributed by types of activities according to UNSCEAR [1]

K10 TOBOPUTH TTPO CMOCOOM TO3UMETPUYHOTO KOHT-
poJto mpu npodeciiHOMYy OINpPOMiHEHHi, TpaauLiiiHO
PO3PI3HSIIOTh iHAUBIAYaIbHUI JO3UMETPUUHUIN KOHTPOJIb
(IOK) Ta KOHTpOJb OIPOMIHEHHS 3a pe3yJibTaTaMu
MOHITOPUHTY po6oumx Miclib. [lepimii crocio 3ade3nevye
Oi/IbLI TOYHI OLIHKM 103, SIKi OTPUMYIOTb MPEACTaBHUKU
nepcoHally; BoJHOYacC, BiH BUMAarae 3/iiiCHEHHsI BUMipIO-
BaHb TOKAa3HMKIB, sSIKi XapaKTepU3yIOTb OIPOMiHEHHS
KOHKPETHOI 0COOM — pe3y/bTaTiB BU3HAYEHHS 03U 30B-
HIillIHBOTO OMPOMiHEHHS 3a JOMOMOIOIO iHAMBIAYyaJIbHOIO
JI03MMETpa, BUBHAYEHHSI BMICTY pagiOaKTUBHUX PEUOBUH
metoaoM JIBJI-MoHiTOprHTY 200 KOHTPOJIIO HAIXOMKEH-
HS YW eKCKpelii ISl OLiHKM 103 BHYTPIilIHbOTO OIl-
poMiHeHHs [4, 5]. Hpyruii (MOHITOPUHT pOOOUYMX MiCLIb)
CITOCiO TIONSTAE y KOHTPOJIi HEMEepPEeBUIIEHHS TIOXiTHNX
PiBHIB (MTOTYXHICTh JO3U YW KOHILEHTpALlisl pamioaKTHB-
HUX PEYOBUH y pOOOYiil 30Hi) Ta 1a€ MOXJIMUBICTh TOCUTh
rpy0o OLiHIOBaTU 103U MpodeciitHOro onpomiHeHHs. Ta-
KMIA pO3IOAi 3HAMILIOB BigoOpaXkKeHHSI i B YKPaiHChKUX
ririeHiYHMX HopMaTuBax [0, 7], a caMe: TIPOIIOHYEThCS 3ac-
TOCYBaHHSI OKPEMUX BUIiB KOHTPOJIIO 3aJIEXKHO Bijl Xapak-
Tepy poOOTH Ta OUiKyBaHUX PiBHiB OIMPOMiHEHHSI IEPCOHA-
Iy (3a HOpMAaJTBHUX i aBapiifHIX YMOB OIIPOMiHEHHST).

Cnig Big3HAYMTH, 110 AilOYi HOPMHU ¥ MpaBujia He
BiApi3HSIOTHCSA AeTali3alli€lo, BCTAHOBJIOIOYMW JIUIIIE
iMIIepaTUBHI BUMOTH 10 IIPOBEICHHS KOHTPOJIIO, SIKi, Ha
Hallue IepeKOHaHHS, CJIiJ PO3IJIsgaTu SIK MiHiMaJslbHi,
Y3ro/KYIOUM MPaKTUKY iX 3aCTOCYBaHHSI 3 HasIBHUMM
pU3MKaMHM, TEeXHIYHUMU MOXKJIMBOCTSIMU Ta, 3arajioM,
NpPaKTUYHUMM MipKyBaHHSIMW CTOCOBHO paialliifHOTO
3aXUCTy 1 MO3UMMETpUYHOro KoHTpojtw. Llsg crarrs €

Traditionally, in monitoring of occupational
exposure there is differentiation between the
individual dosimetric monitoring (IDM) and
workplace monitoring approaches. The first
approach provides more accurate estimates of the
doses received by workers. At the same time, it
requires monitoring of parameters of irradiation
of a particular person: either doses of external
exposure measured with an individual dosimeter
or burden of radioactive substances by the whole-
body counting or control of retention or excre-
tion rates to assess the doses of internal exposure
[4, 5]. The second approach (workplace monitor-
ing) is to control the non-exceeding of the
derived levels (either dose rate or concentration
of radioactive substances in the working area). It
allows rough estimation of the doses of occupa-
tional exposure. The Ukrainian hygiene stan-
dards [6, 7] suggest application these specific
types of monitoring depending on type of the
work as well as the expected levels of personnel
exposure (under normal and emergency exposure
conditions).

It should be noted that the existing standards and
rules are not detailed, setting only imperative
requirements for control. These norms and rules
should be considered as minimal and their appli-
cation should be harmonized with existing risks,
technical means and, in general, practical consid-
erations regarding radiation protection and radia-
tion monitoring. This paper attempts to generalize
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CcIpo00I0 y3araJbHUTU CBITOBUI TOCBIA JO3UMETPUUYHO-
ro KOHTPOJIIO MpodeciiHOro onpoMiHeHHs i chopmy-
JIIOBAaTU OCHOBHiI BMMOTU 10 OITUMAJbHOI CUCTEMU
KOHTPOJIIO Ta 00JIiKY iHIMBiIyaTbHUX 103 B YKpaiHi.

MiniMabHi BUMOTH 10 00CATiB iHIMBiTyaJIbHOTO
JI03UMETPUYHOTr0 KOHTPO.JII0 npodeciiiHoro
ONpoMiHEHHS
MixHapoaHi pekomeHaauii [8, 9] Ta mpaBuia pagiauiiHOl
oe3neku [10] BCTaHOBIIIOIOTH 000B’SI3KOBICTh IPOBEICHHS
iHAMBIAYaJIbHOTO JO3UMETPUUYHOIO KOHTPOJIIO [IJIsI TIepCo-
Hasy KaTeropii A", To6TO THX 0ci0 3 YrcIia mepcoHaty, piudi
JI03U IKMX MOXYTb ITepeBUILyBaTH 6 M3B 1151 ONPOMiHEH-
Hs1 BChOro Tijla, 15 M3B 1151 OMpOMiHEHHS KpUILTAIMKa
oka yu 150 M3B utg mKipy abo KiHIiBoOK. /i1 perrmu ep-
COHAJTY iHIUBiTyaTbHUI TO3UMETPUIHUI KOHTPOJIb BUMAa-
Ta€eThCsl, MIpUHAKMHI, B 00csrax, JOCTATHIX JJIs1 TiATBEepA-
JKEHHS$I KOPEKTHOCTI BiITHECEHHSI 0OCOOM 10 KaTeropii A.
Bumoru BiTYM3HSIHUX HOPMATUBIB ACIIO BiAMiHHI I
nepeadavyaloTh TMPOBEAEHHS O0O0B’SI3KOBOTO iHIMBIIY-
aJIbHOTO JTO3WUMETPUYHOTO KOHTPOJIIO Mg OcCi0, 103U
SKMX 32 HOPMaJIbHUX Ta aBapiliHUX YMOB eKcCIulyaTauii
MOXYTh TiepeBuiryBaty 10 M3B Ha piK, a TAKOX ITOIITN-
pro1oTh 000B’s13k0BMit IJIK Ha okpemi KaTeropii mpairo-
ouux [7]:
> [IIK Ha AEC € 000B’s13KOBMM [Ji BCiX 0Ci0, 1110
BiZBiIYIOTb 30HY CTPOTOr0 PEXXUMY;
> [JK 30BHIIIHBOrO JIOKAJbHOTO Ta 3arajbHOro OII-
POMiHEHHSI 3 BUKOPMCTAHHSIM iHAWBIAyaJbHUX d03U-
METPiB ITOBUHEH ITPOBOAUTUCH IJIS 3KiHOK IiTOPOIHOTO
BiKy (1m0 45 pokiB), sIKi HaJlexkaThb J0 KaTeropii A, He3a-
JIEXKHO BiJl OUiKyBaHOI 103U OIIPOMiHEHHSI;
> B 000B’s13k0BOMY MopsaKy IJIK moBrHeH MpoBOIUTUCH
JIUIsST BCiX Kareropiii MEAWYHOIrO MEepCOHany, MisIbHICTh
SIKOTO TIOB’s13aHa 3 BUKOPUCTAHHSIM 3aKPUTHX i BITKPUTHX

the world experience of radiation monitoring of
occupational exposure and to formulate the basic
requirements for an optimal system for monitoring
and registration of individual doses in Ukraine.

Minimum requirements for coverage of
occupationally exposed personnel by

individual dosimetric monitoring

International recommendations [8, 9] and radia-
tion safety standards [10] establish obligatory
individual dosimetric monitoring for the category
A personnel”. This category includes workers
whose annual doses may exceed 6 mSv for the
whole body, 15 mSv for eye lens and 150 mSv for
either skin or extremities. For the rest of staff,
dosimetric monitoring is required only to confirm
the correctness of assigning a person in the cate-
gory A.

The requirements of the Ukrainian standards are
somewhat different: individual dosimetric moni-
toring is obligatory for workers whose doses may
exceed 10 mSv per year under normal or emer-
gency conditions of operation. Besides, these stan-
dards establish obligatory IDM for certain cate-
gories of employees [7]:
> [DM at NPPs is obligatory for all persons who
visit the controlled area;
> |[DM of both local and general external expo-
sure should be performed with individual dosime-
ters for female workers category A of childbearing
age (up to 45 years) regardless of the expected dose
of exposure;
> [DM is obligatory for all categories of health-
care professionals using either open or sealed
IRS?. In fact, according to OSPU-2005 [7],

DCrig 3a3HAYUTH, 1O PO3IOILI MPALIOI0YMX HA KaTeropii y BITYUM3HSIHIN Ta MiXKHApOAHii HOpMaTUBHili 0a3i CYyTTEBO
BiIPi3HSIETHCS: SIKIIIO Y MiXKHAPOAHIH Kilacudikallii BAKOPUCTOBYETHCS TO30BUIA KpUTEPiid (AMB. BUBHAYEHHS KaTeropii
Ay TeKCTi), TO y BITYM3HSHUX Tiri€HIYHUX HOPMATUBaX J0 KaTeropii A HajiexxaThb yci ocodu, 1110 MatoTh O6e3MmocepeaHii
koHTakT 3 JIIB, a kareropisi B cknagaeTbcst 3 oci0, podoTa sSIKMX He TTOB’s13aHa 3 BUkopucTtaHHsaM JII1B, ogHak yepe3
po3TalllyBaHHSI IXHiX poOOUYMX MiCllb BOHU MOXYTb OTPUMYBATH JOAATKOBE OMTPOMiHEHHSI.

DIt should be emphasized that the division of personnel into categories differs significantly between the Ukrainian and
international regulations: while the international classification uses a dose criterion (see definition of the category A in
the text above), the Ukrainian hygiene standards include into the category A all employees whose work involves direct
contact with ionizing radiation sources (IRS). The category B consists of persons whose work is not related to use of IRS,
but who may receive additional exposure because of the location of their workplaces.

23rinHo 3 1. 1.5 OCITY-2005 [7] «[Ixepena ioHi3ylouoro BUunpoMiHioBaHHs» (naii — [I1B) y pamkax Oymb-s1Ko1 mpak-
TUYHOI JiSUTLHOCTI, Ha IKY NOIIMPIOI0ThCs Bumoru I[1paBui, no 1B Bki1t04aOTh paioaKTUBHI peUOBUHU Ta IIPUCTPOI,
SIKi MICTATb palioaKTUBHI pe4OBMHU, a00 MPUCTPOI, 1110 CTBOPIOIOTH BUITPOMiHIOBAHHS, BKIIOYAIOYN CIIOXUBYY TTPO-
IYKIIil0, 3aKPpUTI JKepesa, BiIKpuTi JxKepelia, TeHepaTopyu BUITPOMiHIOBaHHSI, BKJIIOUAIOUX MepecyBHe paaiorpadiuyHe

oOJlafHAHHS».

YAccording to Section 1.5 of the Basic sanitary rules of radiation safety of Ukraine OSPU-2005 [7], «Ionizing radiation
sources» (IRS), in the course of any practical activity to which the requirements of this Regulation are applied, include
radioactive substances, devices containing radioactive substances, devices producing radiation, including consumer prod-
ucts, closed sources, open sources, radiation generators, including mobile radiography equipment».
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HIB?. ®aktnuHo, 3rimHo 3 OCITY-2005, IIK € 060B’s13-
KOBHUM JIJISI BChOTO MEIMYHOTO MEPCOHATY KaTeropii A.

Kpim toro, HemonmasHo nipuitHaTi depxkasnai CanlliH
«l'irieHiyHi BUMOTM 10 BJAILITYBaHHS Ta €KCILIyaTallil
PEHTreHiBCbKMX KaOiHETIB i MPOBEAECHHSI PEHTIEHO-
JoriyHux mpouenyp» [11] BM3HA4YaOTh, 110 ITPOTSITOM
NeplIoro poKy eKCIulyaTallii peHTTeHOCTOMATOJIOTiYHUX
arapatiB aaMiHicTpallisi IIOBMHHA 3a0€3MeUYUTU MpoBe-
JIeHHsI 1HAMBiAyaJbHOTO JIO3UMETPUYHOIO KOHTPOJIIO
MEAMYHUX TMpaliBHUKIB, SKi 6e3mocepeIHbO MPOBOISITh
PEHTIEeHOJIOTiIUHI MpOLEeAypU, ISl IMiATBEPIXKEHHS na-
HUX TIPO BiICYTHICTh MepeBUIlieHHS 103U 1 M3B/pikK.

B inmmx Bunaakax IJK He € 000B’SI3KOBUM i AOITyC-
Ka€ThCS 3IIMCHIOBATH JO3MMETPUYHUNM KOHTPOJIb IIep-
COHaJly uepe3 peryasspHuii MOHITOPUHT pafialliliHO-Ti-
TiEHIYHUX MapaMeTpiB HAa POOOYMX MICLISIX, Y TIPUMi-
ILIEHHSIX, Ha MTPOMMaiJaHUYMKY TOLLO.

ITpoTe Ha MpakTHli YaCTO BUSIBJISIETbCS 3PYUYHILIUM
3ailicHoBaTU cyuiibHuil IJIK mist ycboro mepcoHany
3aMiCTh TOTO, 1100 3arpoBaIKyBaTU JOCUTH TPOMI3IKY
nporpamMy paaialliilHOro KOHTPOJII0 POOOYNX MiCIb TS
OLIIHKM 103 OKPEMUX Tpyl MepcoHanty, ki ¢opMaabHO
He MiAnagalTh MiA 1il0 HAaBeISHUX BUILIE BUMOT.

[H11IMM MipKyBaHHSIM Ha KOPHCTb JOCTOBIpHOIO BU3HA-
YeHHs caMe iHIMBiAyaJIbHUX 103 OPOMiHEHHS MePCOHA-
JIy € Te, 110 HEBU3HAYCHICTh BEIMUMHHU 03U, SIKYy OTPU-
MY€E KOHKpeTHa 0co0a, 3aJIMILIAE MPOCTIp IJIsI MOXKIUBUX
CIEKYJSILi CTOCOBHO PiBHS ONPOMiHEHHS Ta MTMOBIpHOI1
IIKOAU [Jig 300pPOB’Sl, a TaKOX CYJOBMX IO30BiB IS
BiILIKOAYBaHHS ILIKOAM, 3aMOdisIHOI BIUIMBOM iOHi3yl0-
yoro BuIpoMiHIoBaHHS (cT. 20 3akony Ykpainm «I1po 3a-
XUCT JIOAWHU Bif BIUIMBY iOHi3yl0UOr0 BUIIPOMiHIOBAH-
Hs1» [12]). 3rimHo 3i cT. 21 3aKoHy, BillIKOAYBaHHS IIKO-
W, 3aloMdisiHOI BHACIIIOK BIUIMBY iOHi3YlOUOrO BMII-
POMiHIOBaHHSI, 3a0€3MeUYETHCS 32 PAXYHOK KOLITIB 10pU-
JIUYHUX Ta (Pi3MYHUX 0cCiO, y pe3ysbrari MpaKTUIHOL
JiSUTHOCTI SIKMX CTajJoCsl TEepeBUILEHHS JiMITy I03U.
Cnin Matv Ha yBasi, 1110 MpaBO Ha MOAAHHS MO30BY PO
BiIIIKOAYBAHHS SIIEPHOI IUKOAM, 3aIOisIHOI KUTTIO i
3I0POB’10 0COOM, HE OOMEXKYETHCS CTPOKOM IaBHOCTI (CT.
76 3akoHy Ykpainu «I1po BUKOpUCTaHHS s1AePHOI eHepril
Ta pagiauiiiHy 6e3mnexy» [13]).

Crig Big3HauYMTH, 110 TaKi MipKyBaHHS JaBHO TIpeBa-
JIIOIOTH Y CBITi P yXBaJIEHHI PillIeHHSI CTOCOBHO BU0OO-
py iHAMBINYyaJIbHOTO KOHTPOJIIO SIK METOMY KOHTPOJIIO
no3 mnpodeciiiHoro omnpoMiHeHHs. Y PO3BUHEHUX
KpaiHax JaBHO € yCTaJIeHO NMpaKTUKa, KOJIU iHAUBidY-
aJIbHI T03UMETPU BUIAIOTHCS BCIM 0cobaM, sIKi mpaliio-
10Tb 3 JIIB U1 MaroTh HaBiTh TUMYACOBUIT KOHTAKT 3 JI1B
(tabus. 1). HacninkoMm Takoro migxomy € Te, IO JOCUTH
3Hayny (Big 50 10 90 %) yacTKy BUMIpSTHUX 3HAYEHD 103

IDM is mandatory for all category A medical
personnel.

In addition, the recently adopted State
Sanitary Rules and Regulation «The hygienic
requirements for the installation and opera-
tion of X-ray rooms of X-ray procedures»
[11], requires that administration should
ensure the individual dosimetric monitoring
of medical workers during the first year of
operation of X-ray devices in dental practice
to confirm not exceeding the dose limit of 1
mSv / year.

In other cases, the IDM is not obligatory and it
is allowed performing the dosimetry monitoring of
personnel through regular control of the radiation
and hygienic parameters at workplaces, in premis-
es, at the industrial site, etc.

However, total IDM coverage of the personnel
could be more practical than a rather bulky pro-
gram of workplace radiation monitoring for
assessment of the doses of selected staff groups
which formally do not meet the above require-
ments.

One more reason in favour of using reliable
individual dose measurements for assessment of
personnel exposure is their lower uncertainty. It
would help to avoid possible speculation on lev-
els of individual doses as well as lawsuits for
compensation of damages caused by exposure to
ionizing radiation (Article 20 of the Law of
Ukraine «On Protection of the Person from the
Influence of Ionizing Radiation» [12]).
According to Art. 21 of the Law, compensation
for damage caused by the exposure to ionizing
radiation is provided at the expense of legal enti-
ties and individuals whose practical activity
resulted in exceeding the dose limit. In fact, the
right to seek compensation for nuclear damage
caused to life and health of the injured person is
imprescriptible (Article 76 of the Law of Ukraine
«On the Use of Nuclear Energy and Radiation
Safety» [13]).

It should be noted, that for a long time these
considerations had prevailed in the world practice
trending toward the choice of individual moni-
toring as a method of controlling the doses of
professional exposure. It is a well-established
practice in developed countries that individual
dosimeters are provided to all persons working
with ionizing radiation sources (IRS) or have
even a temporary contact with IRS (Table 1).
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CTAHOBJISITh J03M, SIKi HUXKYi 3a piBeHb peecTpalii abo
HaBiTh HE MEPEBUILYIOTh PerioHajibHe 3HAYEHHSI MpHU-
ponHoro papniauiiHoro ¢doHy. Takuit pesyabTar BBa-
JKAETHCS LITKOM TIPUAHSITHUM i CBiTUUTH TIPO BUCOKMIA
piBeHb pafdiallifHOro 3axucty Npu mnpodeciiHOMy OIl-
poMiHeHHi. BKIIIOUEHHST OO0 KOTOpTU OCiO, IS SIKUX
3mificHoeThes 1JIK, Takux mpodeciiiHux rpyr, IK CTO-
MaToJIOI'M, BETepUHAPU TOILIO, IPU3BOAUTD 10 3HAYHOTO
30iIbILEHHS YKUCa 0Ci0, 1715 IKUX OTPUMYIOTh Ta 301pa-
I0Th JaHi Opo 103U npodeciiiHoro onpomMiHeHHs. Boa-
Hoyac, Take 30LIbIIeHHS YKcia oci0, sIKi repedyBaloTh
Ha IJJK, BBaXXa€eThcsI LIIIKOM €KOHOMIYHO Ta COLiaJIbHO
BUMpPaBIAHUM.

Posrignaroun muTaHHS PO AOLUIbHICTh MPOBEICHHS
IIK, OepyTb 40 yBaru te, 110 JO03UMETPUUYHUI KOHTPOJIb
yepe3 MOHITOPMHT pOOOYMX MiCLlb TAKOX BUMarae Heaou-
SIKMX 3YCWIb i MaTepiaJlbHUX PEeCcypCiB: TaKUil KOHTPOJIb
TIOBUHEH MTPOBOJIUTUCH PETYJISIPHO 32 3a30AJIETiAb BU3HA-
YEHOIO MPOrpamMolo (KOHTPOIbHI TOYKH, TIEPIONNIHICTD Ta
BUAY BUMIipIOBaHb) 3 BUKOPMCTAHHSIM BiATMIOBIZHUM UK-
HOM BiIKaTiOpoBaHMX i METPOJIOTIYHO MOBIPEHUX IMPHU-
JIafiB CUJaMM CHelialbHO HAaBYEHOro Ta aTeCTOBAHOIO
nepcoHaiy. Ha npakTulii Lie o3Havae, 110 y HiICyMKY BUT-
patu Ha [JIK, axuii 3a3Buyait 30iiiCHIOETbCS CUIaMU He-
3aJIeXKHOI JtTabopaTopii (y MiKHapomHiiA TepMiHOJOrl —
«I1OCTaYaJIbHUK TEXHIYHMX TOCIIYT»), BUSBISIIOTHCS MEH-
LLIMMU Bif BUTpAT Ha OpraHizaliito Ta IIpOBeIeHHS KOHTPO-
JII0 METOIOM MOHITOPUHTY poOouMX Miclb. Take MipKy-
BaHHSI € TUM Oifibllie BUPIlIAIbHUM, SIKILO MIETHCS PO
aJbTepHATUBY Y BUIJISIAI 3MIlIAHOI CUCTEMM KOHTPOJIIO,
KOJIM 4YacTuHa IIepcoHally MiArnaga€e Imia Ailo BUMOTU
sniricHioBaty IJIK, a o151 pelutu mparioounx MoxKHa 00-
MEXYBaTUCh MOHITOPMHIOM POOOYHX MiCIlb — OUEBUIHO,
HepalLioHAJIbHUI BapiaHT 3 OIJISIAY Ha MOABOEHHSI 3yCUJIb
JUTSI OTPMMAHHSI TOTO 3K CAaMOTO pe3yJIbTaTy.

3a3HavyeHe € 11e OiJIbILI CIpaBeUIMBUM IS KOHTPOJIIO
BHYTPILTHBOT'O OITPOMiHEHHSI, OCKLTbKM BUMipIOBaHHSI MO-
XiTHMX PiBHIB (KOHLEHTpALiil pagioaKTUBHUX PEUOBUH Ta
iXHBO1 (Pi3MKO-XiMiYHOI (OPMU) € HETPUBIATLHUM 3
TEXHIYHOI TOYKM 30py 3aBAAHHSIM, BiTaK, MPOCTILLINM Pi-
IIEHHSIM € OpPTraHi3yBaTH IHAWBITyaIbHUI KOHTpOJb. [1pn
ouiHLi BiporigHux oo0csriB [JIK BHYTpillIHLOrO OMNpoOMi-
HEHHSI CJIil BpaxOBYBaTH, 1110 MPAKTUYHO OY/ib-sSIKE BUKO-
PUCTAHHS pafialliifHUX TEXHOJOTiA HEMUHYyYEe CYIpPOBOI-
JKYETBCSI 30BHIIITHIM BUMIPOMiHIOBAHHSM, HATOMiCTb BHYT-
PilIHE OMPOMiHEHHST MOXJIMBE JIUILIE HA POOOYMX MICLISIX,
JIe iICHYIOTb LLIJISIXYM HAJIXOKEHHSI paJiOHYKIIiiB 10 opra-
HizMmy moauHu (Bigkputi JIIB). Bigrak, KOHTpomO BHYT-
PIITHBOTO OMPOMIHEHHS TIOTPEOYE BiIIHOCHA MEHIIICTh
MnepcoHaTy Kateropii A — 3aJ1e>KHO BiJl yMOB ITpalii Ta HasiB-
Hux JIIB i iMOBipHUX LLUISIXiB iX HAIXOIKEHHSI.

This results in significant (from 50 to 90%) share
of doses below the registration level or even below
the local natural radiation background among all
measured dose values. However, this result is con-
sidered to be acceptable and it indicates a high
level of radiation protection in occupational
exposure. Inclusion of such professional groups
as dentists or veterinarians into the cohort of
monitored workers increases the number of per-
sons requiring collecting information on doses of
professional exposure. At the same time, such an
increase is accepted as economically and socially
justified.

Considering practicability of the universal
IDM, it should be noted that dosimetric moni-
toring by means of workplace monitoring also
requires substantial efforts and resources. Such
monitoring should be carried out regularly
according to a predetermined program (including
control points, periodicity and types of measure-
ments) with appropriately calibrated and metro-
logically verified devices by specially trained and
certified personnel. In practice, the cost of IDM,
which is usually carried out by an independent
laboratory (in international terminology, by a
«technical support organizations»), is less than
the cost of organizing the workplace monitoring
method. This reasoning is even more decisive,
when it refers to an alternative mixed control sys-
tem, with part of the staff required to be covered
by mandatory IDM, and the rest of personnel
may be covered by monitoring of workplaces.
Obviously, this is the least practical option result-
ing in doubling of efforts to obtain the same
result.

This is even more reasonable for monitoring
internal exposure, since measurements of derived
levels (concentrations of radioactive substances
and their physical or chemical form) are non-triv-
ial from a technical point of view, therefore, it is
easier to organize individual monitoring. Esti-
mating probable coverage of IDM we should take
into account that any use of radiation technology
is inevitably accompanied by external radiation. At
the same time, internal exposure occurs only at
those workplaces where there are pathways by
which radionuclides can be ihtaken (open IRS).
Therefore, internal radiation control is required
for relatively low number of category A personnel
depending on working conditions, concerned IRS
and possible intake pathways.

) 66



ISSN 2304-8336. lpobnemn paniauiiivoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2018. Bun. 23.

REVIEWS

HaBeneHi Bullle MipKyBaHHS Ta OaraTOpiyHUH yc-
MOillHUI OJOCBiA MepeaoBUX KpaiH BIUIMHYJIN Ha MigX0-
IV 10 BU3HAYeHHS HeoOxinHux obcsariB IIK, sxi
BIIPOBAKYIOTh KpaiHuW, IO MepeOyBaloTh Ha cTamil
CTaHOBJIEHHSI CUCTEMM KOHTPOJIIO Ta 00Ky 103 Mpo-
¢eciiiHOoro onpoMiHeHHs1. Y TabaMLli 2 HaBeAeHi AaHi
KpaiH-y4yacHULb perioHaibHOTO IpoekTy MAIATE
RER/9/140 «IlocuneHHs 3axucTy palialliiHUX
MpalliBHUKIB Ta MOHITOPUHTY NpOdeciiiHOTO Ompo-
MiHeHHs» [14]. I3 Tabauui BUXOAMTH, 11O 3HAYHAa
KiJIbKiCTh KpaiH cepeaHbOro piBHS COLiaJlbHO-EKO-
HOMIYHOI'O PO3BUTKY 3po0OuIM BUOIp Ha KOPUCTH
3aiiicHeHHs cyuiabHoro IJIK He3anexHo Bim ouyikyBa-
HoOl 103U omnpoMiHeHHs. KOHTpoJib MepcoHany BUK-
JIIOYHO KaTteropii A mpoBomsaTh juiie 4 i3 16 kpaiH,
OYEBUIHO 3 Pi3HUX MPUYMH.

B ykpaiHChKUX peajisix OO0 CYTO €KOHOMiYHMX YM
COlliaIbHUX apTyMEHTIB J0Jal0ThCs MipKyBaHHS e(eK-
TUBHOCTI pafialiifHOro 3axX1CTy Ipaloounx. CrpaBa B
TOMY, 1110 BCEOXOILTIO0YA Ta 1OCUTh €(DEKTUBHA CUCTe-
Ma CaHiTapHO-eITiIeMiOJOTiYHOr0 HarJsay, sika 3a0e3-
mevyyBajla IOTPUMaHHS yCiX TpPbOX IIPUHIIMIIIB
pamiamiifHOro 3axucTy (BUIIpaBIaHiCTb, HE IIePEBU-
IIeHHS, ONTUMi3allis]) OyJa OCTaHHIMU pOKaMU 3pyli-
HOBaHa, MOBHICTIO eJiMiHYyBaBIIM TOTOYHUI ca-
HemigHarjsa Ta CyTTEBO TpaHC(OPMYBaBIIU MTONEpPE. -
XKyBanbHUU Harnsig. ITopyd i3 He3aJgoBiIbHUM piBHEM
OCBiYEHOCTi mepcoHany KaTeropii A 3 MNUTaHb pa-
JialliiHOTO 3axMUCTY i, B3araji, HeOe3IleKU Ta pU3UKIiB,
SKi HecyTb 3 co0010 padialliiiHi TEeXHOJIOTI1, 1Ie MpU3Be-
JIO 10 TapajoKcajJbHOrO pe3yibraTy: iHAUBiAyaabHUMI
NO3MUMETPUYHMUIA KOHTPOJIb 3aJMINAETHCS UM HE OC-
TaHHIM 3aXMCHUM Oap’epoM Ta 3aCO00M OLIIHKHU edeK-
TUBHOCTI padiallifHOro 3axucTy # JXKEepeaoM JaHMX
IJIS OTNTWMI3allil pamiaiiHUX TexHoJjoriii. OcTaHHE
MOXKJIMBO peajli3yBaTH JIMIIE 3a HAasABHOCTI 3arajbHO-
Jep>KaBHOI CUCTEMU 00Ky iHAUBiAYyanbHUX 103 (Cuc-
TéMa) BKJIIOYHO 3 HalliOHaJbHUM J030BUM PEECTPOM
(PeecTp), ska gacTh 3MOTy BMBYATH TEHACHIIII Ta
MOPIiBHIOBATU DPiBHI OMPOMiHEHHS MepcoHaly pPi3HUX
MiAPO3iiB, IO BUKOPUCTOBYIOTh aHAJIOTiUHI TEXHO-
JIOTii, ajie MOXXYTb BiIPi3HATUCH €(PEKTUBHICTIO pa-
JiamiiHoro 3axucty. TakMM 4YMHOM, B YKpalHCHKUX
yMOBax HamnOiJIbII pallioOHAJbHUM € 3alpOBaJKEHHS
cyuinbHoro [/IK 30BHIllTHBOTO ONTPOMiHEHHS 151 BChO-
ro nepcoHany Karteropii A He3aJIeXXHO Bill OU4iKyBaHMX
piBHIB ONPOMiHEHHSI YU TEXHOJOTIi, 1110 BUKOPUCTO-
BYIOTbCs. [IpakTMYHUI Ta COLIIOEKOHOMIUHMI e(heKT
BiJl BIPOBAIXKEHHS TaKOro Miaxoay Oyne, 6€3 CyMHIBY,
TMO3UTUBHUM.

The above consideration as well as the successful
experiences of developed countries have determined
approaches to estimation of the required coverage of
IDM in the countries that are establishing their sys-
tems of monitoring and registration of doses of
occupational exposure. Table 2 shows the data of the
countries participating in the IAEA regional project
RER/9/140 «Strengthening Protection of Radiation
Workers and Occupational Exposure Monitoring»
[14]. As can be seen from the table, a significant
number of countries of medium level of socio-eco-
nomic development have opted for the implementa-
tion of universal IDM, regardless of the expected
dose of exposure. 4 out of 16 countries perform radi-
ation monitoring of category A personnel only,
apparently for various reasons.

In Ukrainian realities, purely economic or
social considerations are accompanied by the
arguments of the effectiveness of radiation pro-
tection for personnel. The point is that the com-
prehensive and effective system of sanitary and
epidemiological surveillance, which ensured
compliance with all general principles of radia-
tion protection (justification, optimization, limi-
tation), has been dismantled in recent years,
eliminating a current on-going sanitary-hygienic
surveillance and significantly transforming pre-
ventive supervision. The inadequate level of
training of the category A personnel in radiation
protection, dangers and risks of radiation tech-
nologies have led to a paradoxical result: individ-
ual dosimetric monitoring remains almost the last
protective barrier and the tool of evaluation of the
effectiveness of radiation protection as well as the
source of data for radiation technologies opti-
mization. It is possible to implement the latter
only if there is a nationwide system of registration
of individual doses (System) with the national
dose registry (Registry). It will allow studying
trends and comparing exposure levels of person-
nel from different departments that use similar
technologies, but may differ in the effectiveness
of radiation protection. Thus, under Ukrainian
conditions, the most rational is to implement
total/universal IDM of the external exposure for
all category A personnel, regardless of the expect-
ed levels of exposure or technologies used. The
practical and socioeconomic effects of imple-
menting such an approach will be undoubtedly
positive.
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Bumoru 10 HOMEHKJIATYPH J03MMETPHYHUX BEJIHMYHH,
110 KOHTPOJIIOIOTHCS
JlocuTh O4EBUIHOK BUMOTO10, Ha SIKili MOBCSIKYAC HAro-
JIOIIYIOTh MiXKHApOAHiI CTaHAAPTU Ta peKOMeHallii, €
3a0e3MedYeHHs BiIITOBIZHOCTI MiX HUISIXaMU 1 BUIaMU
OIIPOMiHEHHSI, SIKi BIUIMBAIOTh HA KOHKPETHY OCO0Y, Ta
BUJIAMU (CIToco0aMm) KOHTPOITIO. Y BUIIAAKY KOHTPOJTIO
30BHIIIIHBOTO OMIPOMiHEHHS, pOOOUMIi Hiara30H eHepriil
i 103, a TaKOX HOMEHKJaTypa BUMiplOBaHUX BeJUYUH
MOBUHHI BiIMOBiZaTW yMOBaM poOOTU Ta padialliiHUM
noJjisiM Ha pobouux micusgx. Hampukian, sKino udepes
0COOJIMBOCTI TEXHOJIOTIl Ta HassBHE pafialliliHe ToJjie Ha
poboyoMy Miclli Mpalo4Yuil 3a3HA€E OMPOMiHEHHS
HelTpoHamu, aas 3abe3nedeHHs [JIK HemocTaTHbO
BUMIpPIOBaTH JIMILIE 1031 raMMa-BUIIPOMiHIOBAHHSI.
Binpln mommpeHM NPUKIAIOM MOAI0OHOI XMOM € HaMa-
TaHHS BUMIpIOBaTH JO3U M’SIKOTO PEHTI€HIBCHKOTO OII-
POMiHEHHSI JO3UMETPaMU, TIPUCTOCOBAHUMU i Kaj1ibpoBa-
HUMU [1JIS1 BAMipIOBaHHSI XKOPCTKOTO raMMa-BUIIPOMiHIO-
BaHHs1. Pesynwratu Ilepioro HalioHaJbHOTO iHTEp-
KaniopyBaHHs Jladopatopiii IJIK (2014 pik) [15] cBinuaTh
Mpo Te, 10 HAKOLIbII NoIMpeHi B Hawii kpaiHi TJII-no0-
3MUMETPU MaKOTh CYTTEBI OOMEXEHHSI CTOCOBHO €Hepre-
TUYHUX i KyTOBUX 3aJIe;KHOCTE BilITYKY, a BiaTak — edek-
TUBHOCTI KOHTPOJIIO (DOTOHHOI'O BUIIPOMiHIOBaHHS [16].
TakuMm yrMHOM, NpU po3poOLIi ITPorpaM MOHITOPUHTY He-
00XimTHO OOOB’SI3KOBO 3a3dajierigb OIiHIOBaTH Habip
IIKiIJIMBUX YMHHUKIB (BHYTPIillIHE UM 30BHIIIIHE OII-
pOMiHEHHs1, 6eTa-, HEUTPOHHE UM M’siKe (DOTOHHE), Hall-
pUKIIan, Imig yac nacrnopru3sauii pooouux Micup. [TotiM, Ha
MiIcTaBi TaKoi OLIHKM CJ1il BU3HAYaTW HEOOXiaHi BUAM i
00CsTM KOHTPOJIIO i1 oTpuMyBaTu rocayru [IK nuie Big
JlabopaTopiii-rocTayaJbHUKIB TEXHIYHUX ITOCHYT, SIKi
CIPOMOXKHI 3AiliCHIOBAaTU HEOOXiTHi BUMipIOBaHHSI.
3aKOpIOHHWI MIOCBiJ CBiTUWTH, 110 OKpeMi BHUIN
BUMipIOBaHb OyBa€ HEJOLILHO BITPOBAIKYBATU JIOKATLHO
(4yepe3 HeBeIMKi 00CSITU Ta TEXHIYHY CKIIQAHICTh YU BUCO-
Ky BapTiCTb TEXHOJIOTi1) — Y TaKMX BUIIaAKaX 3AiACHEHHS
HEOOXiTHUX BUMipIOBaHb JENeTYETHCS TTPOMITEHIM J1a00-
paTopisiM, HaBiTh 3aKOPIOHHUM. SK MpUKIIaa, MOXHa Ha-
BECTH KOHTPOJIb FaMMa,/HEUTPOHHOT'O BUIIPOMiHIOBAHHST B
Hinepnanpax, Koau 103UMeTpyu (POTOHHOTO BUITPOMIHIO-
BaHHS (TaMMa- i peHTTeHiBChbKOTO) 3UMTYIOTLCS Y Miclie-
BUX JIabopaTopisix, a AETEKTOPU HEHWTPOHHOTO BUII-
POMIiHIOBaHHS (TOBCTOIIAPOBI SAEPHiI €MYJbCii) Biacuia-
IOThCS /151 aHaJTi3y B JJabopatopito y BennkoOpuTaHii.
OkpeMuM acmneKToM IIi€l mpobdeMn € BUKOPUCTAHHS
MOJBIHOI T1O03UMETPil 11T KOHTPOJIIO e(heKTUBHOI 103U
MpaliBHUKIB, IKi BAKOPUCTOBYIOTh 3aXUCHi OO0JaTyHKU
(baptyxu, KoMipu), 110 3a0€3MeUYyI0Th YaCTKOBE €Kpa-
HYBaHHS Tijla. Y TaKUX yMOBax PEKOMEHIOBaHO 3Miii-

Requirements for the system of monitored
dosimetric quantities

An obvious requirement, emphasized by internation-
al standards and recommendations, is to ensure con-
sistency between paths and types of exposure that
affect the individual and the types (methods) of con-
trol. In case of external exposure monitoring, the
operating range of energies and doses, as well as the
range of measured values, must be consistent with the
working conditions and radiation fields at the work-
place. For example, if an employee is exposed to
neutron radiation because of the technology and due
to the workplace radiation field may contain neu-
trons, it is not enough to measure the doses of gamma
radiation only to provide adequate IDM.

A more common example of such a shortcoming
is the attempt to measure doses of soft X-ray radi-
ation with dosimeters designed and calibrated to
measure high-energy gamma radiation. The
results of the First National intercomparison of
IDM laboratories [15] indicate that the most com-
mon type of thermoluminescent dosimeters
(TLD) have significant limitations in terms of
energy and angular response, and therefore in effi-
ciency of photon registration [16]. Thus, while
developing of monitoring programs it is necessary
to evaluate the types of a hazard (either internal or
external irradiation, beta, neutron or photon)
beforehand, for example, during the workplace
certification. Based on this evaluation the neces-
sary type and coverage of IDM should be deter-
mined as well as the range of technical service
providers that are capable to perform the required
measurements.

Foreign experience shows that certain types of
measurements can not be implemented locally
(due to small volumes and technical complexity or
high cost of technology). In such cases, the neces-
sary measurements could be delegated to appro-
priate laboratories, even be ordered abroad. For
example, in the Netherlands, local laboratories
read the dosimeters to monitor photon (gamma
and X-ray) radiation, but to monitor neutron radi-
ation they send nuclear track detectors (nuclear
emulsion plates with a thick emulsion layer) to the
UK for analysis.

A separate aspect of this problem is using double
dosimetry to monitor the effective dose of workers
who wear protective clothing (aprons, collars) that
provide partial shielding of the body. Under such
conditions, it is recommended to use several
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CHIOBAaTU KOHTPOJIb KiJIbKOMa JO3MMeTpaMu (ITif Ta Haf
daptyxoM), a OLIHKY e(pEeKTUBHOI AO3U 3AiMCHIOBATU
yepes 3aCTOCYBaHHSI IIEBHOTO A030BOT0 ajroputmy [17].
BignmoBigHO, mMpu HagBHOCTI TMOKa3aHb JJIS MOABIMHOI
JIO3UMETPil CJli 00O0B’SI3KOBO BUKOPHUCTOBYBATHU ILIieH
METO]l KOHTPOJIIO.

Bumoru 10 KOHTPOJIIO IKOCTi J03UMETPHYHIX
BUMIipIOBaHb
OueBMIHO, JIMLIE BHECEHHS A0 HallioHaqTbHOro 1030BOro
peecTpy naHmX (pe3yIbTaTiB BU3HAYECHHS iHAWBITyaTbHIX
JI03) rapaHTOBAHOI SIKOCTi Ta BiJOMOI TOYHOCTI Ma€ Mpak-
TUYHUMA ceHC. Y MPOTUJIEKHOMY BUMAAKY, KOJU 0 pe-
€CTPY MOTPATUISITUMYTb JaHi pi3HO1, MOAEKYI1, CyMHiIBHOI
SIKOCTi, MiABaXXYETHCSI TOCTOBIPHICTh YChOTO MAacCHUBY Ja-
HUX, a BCS TPYIOMiCTKa HisSTbHICTb i3 CTBOpEHHS Ta Ha-
TIOBHEHHSI PEECTPY OIIMHUTBCS ITiJI 3HAKOM 3aITUTAHHSI.
ITpobGiemaTrka 3a6e3MedyeHHsT BUCOKOI SIKOCTi BUMipIO-
BaHb iHAUBiIyaJdbHUX 03 € JOCUTh 0araTorpaHHOIO i He
0OMEKYETBCS JINIIE METPOJIOTIUHOIO MTOBIPKOIO OCHOBHO-
0 BHMIPIOBAJILHOTO OOJIAIHAHHS, SIK IIe XMOHO TpakK-
TYETBCS Y BITUM3HSHIN NpakTui. [le muTaHHs peTebHO
BifnpanboBaHe 3a KOPJAOHOM i 3HAUIIIO BiTOoOpaKeHHSs y
HU3LI MixkHapoaHuX ctaHaapTiB [18, 19, 20]. Cepen dak-
TOpiB, 110 BIUIMBAIOTh Ha KiHIIEBi SIKiCThb Ta HAAiAHICTb
pesynbrartiB [IK ciig BigzHauuTHU opraHizaliito pooouynx
npoueciB 'y jaaboparopii, CIHpaBHICTb 1 KOpPEKTHE
(yHKLIIOHYBaHHS 3aC0O0iB BUMipIOBaHHS Ta TOMOMIiXKHO-
ro obJlafHAHHS, HaOilHICTh MocTayajibHUKa OOJIaJHAH-
Hs1, TIpOLIEAYpU pearyBaHHsI Ha BUSBJICHI BiIXWJIEHHS i
Oararo iHIMX. 3arajJioM, KOHTPOJIb SIKOCTI — 1Ie OKpema
raay3b NMPUKIJIAAHOI HAYKU ¥ MPaKTUYHOI JisUTbHOCTI, TO-
My y 3actocyBaHHi 10 [JIK mpodeciiiHoro onmpomMiHeHHs
3YIMMMHUMOCH Ha IeSKUX IMTPaKTUIHUX aCTIEKTaXx.
JlaGopaTopii (mo3mMeTpu4Hi CIy:KOHu), SIKi MaioTh
HaMip 3IiliCHIOBAaTM BUMIipIOBaHHS Ta OILIHKY
iHAMBiAYyaJbHUX 003 MOBWHHI BiANOBiZaTH BUMOTraM
npodinbHoro cranaapty ISO 17025:2017 [19], 30kpe-
Ma, MaTH 4iTKO MPOMUCAHy NOJITUKY sIKocTi. Kpim To-
ro, SIKiCTb BUMiplOBaHb HEOOXiTHO Tepioau4YHO (He
piIllie OJHOTO pa3y Ha IBa POKM) IiATBEPIKYBATH Ue-
pe3 y4acTh y TaK 3BaHMX, «CJIINX TeCTaX» — OroJIOIIe-
HUX (YYacTh Y Mi>KHapOJTHUX iHTepKaJIiOpyBaHHIX [15,
21, 22]) ta HeorojolIeHUX (HANMpUKIAL, METOAOM
«(iKTUBHOTO KJliEHTa»). [locBim y4yacTi oKpeMux yK-
paiHCbKMX JabopaTopiil y MiXXHaApOAHMX iHTEp-
kajniopyBaHHsasx MATATE (1996—2005) ta €BPA1O3
(2008—2018), a Takox pesyabratu Ilepuioro
HallioOHaJbHOTO iHTepKaniopyBaHHS JlabopaTopiit [JIK
Ykpaiau (2014) cBimuMTh PO HAA3BUYAWHO BUCOKY
e(PEeKTUBHICTb LIbOTO 3aCO0y AJIs1 MiABUILEHHS SKOCTi

dosimeters (under and over the apron) and to
assess the effective dose by application of a special
dose algorithm [17]. Accordingly, under certain
circumstances, if there are indications for double
dosimetry, it is mandatory to use this method of
effective dose estimation.

Quality assurance and quality control in dosimetry
measurements

It is obvious, that the benefit of the National Dose
Registry could be derived only from recording of
individual dose measurements of assured quality
and known accuracy. Otherwise, filling the
Registry with data of variable, sometimes of dubi-
ous, quality could prejudice the reliability of the
entire data set, and thus all time-consuming activ-
ity on registry creating and data entry.

The problem of quality assurance of individual
dose measurements is quite complex and it is not
limited only to the problem of metrological cali-
bration of the main measuring instruments, as it is
misinterpreted often in domestic practice. This
question is thoroughly worked out in other coun-
tries and is described in series of international
standards [18, 19, 20]. The factors that affect the
final quality and reliability of IDM results include:
work process organization in the laboratory, prop-
er performance and correct functioning of the
basic and auxiliary equipment, reliability of the
equipment’s manufacturer, respond to review
finding and corrective actions, etc. In general,
quality assurance is a specific area of practical
activity, so let us consider some practical aspects
related to occupational IDM.

To provide adequate individual dose measurements
the laboratories and dosimetric services are to com-
ply with requirements of the core ISO standard
17025: 2017 [19], in particular, they are to have a
clearly documented quality system. In addition, the
quality of measurements must be verified periodically
(at least biennially) through the paricipation in the so
called «blind tests»: both declared ones, like participa-
tions in international intercomparisons [15, 21, 22],
and non-declared ones, such as dummy customer
type. The participation of Ukrainian laboratories in
several international intercomparisons organized by
IAEA (1996—2005) and EURADOS (2008—2018),
as well as the results of the First national intercompar-
ison of IDM laboratories in Ukraine (2014), indicates
extremely high efficiency of these tools for improving
the performance quality of dosimetric services as well
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poOOTH AO3UMETPUYHUX CIYKO Ta pe3yabTaTiB BU3HA-
YeHH$ iHAMBiAyadbHMX A03. [HIIMM YpOKOM LMX 3a-
XOJIiB € Te, 110 3AiMCHEeHHS 3aX0/diB KOHTPOJIIO SIKOCTI
Mae OyTU TMOCTiHHUM, a 3afiMaTuCs LIMM MOBUHHI Ipy-
nu daxiBLUiB, A1 SIKUX 1€ € OCHOBHUM BUJIOM dislJib-
HocTi. Bigrak, ctBopeHHs i (pyHKUioHYyBaHHS CucTe-
MU Ma€ CYIpPOBOIXYBaTHUCh pPO3POOKOI Ta pe-
ajizalli€elo €IMHOI IporpaMu SIKOCTi, a Jlabopatopii,
SIKi MPEeTEeHAYI0Th Ha ydacTh y CHucTeMi (ImocTadyaHHS
JO3UMETPUYHUX JaHMX IS BHeCeHHST 10 HamioHamb-
HOTO J030BOr0 PEECTPY), MOBUHHI AEMOHCTPYBaTU
BIAMOBIIHICTh BMMOTaM CTaHAApTIB, 30KpeMa, Ipu
KOHTPOJIi 103 30BHIIIHLOIO OIIPOMiHEHHS — KpU-
tepigM ctangapty ISO 14146:2000 [20]. BigmosigHo,
sl BUMOTra € OJIHI€I0 3 KJIIOUOBHUX Yy IlepeiiKy KBa-
JTigikauiiHUX KpuTepiiB gadbopaTopii — ydyacHUIb
CucrteMu, aje Hapasi B YKpaiHi BoHa He MponucaHa y
HOpPMAaTUBHUX JOKYMEHTAaX, a BiATaK — He € 000B’sI3-
KOBOIO 10 BUKOHAHHSI.

Ksanidikauiiini BuMoru 10 103uMeTpHYHUX JadopaTopiii-
NMOCTAYAJIbHUKIB TEXHIYHUX MOCJIYT Ta CUCTEMA
akpenuTauii 1is yyacti y €auniii nepxxasHiii cucremi
KOHTPOJIIO TAa 00JIIKY iHAMBiLyaJbHHUX 103

Crig Big3HAuYMTH, IO BUMOTU [0 jJabopaTopiii — ydac-
Hunp CucreMrd He OOMEXYIOTHCSI O3HAYCHMMM BHIIE
MUTaHHSIMHA KOHTPOJIIO SKOCT.

BuBueHHS 3aKOpAOHHOIO JOCBIAY Ta iCHYIOUMX HOP-
MaTUBHUX JOKYMEHTiB-aHaJIOTiB MoKa3alo, 1110 3a3B1-
yaif BUMOTH CTOCYIOTbCSI TAKMX aCIEKTiB (PYHKIIIOHY-
BaHHSI JO3UMMETPUYHOI CAyXOM Ta 3IiliCHEHHSI HElo
IAK mpodeciiiHoro ompomiHeHHs (IepcoHall KaTe-
ropii A):
> 3arajibHi BUMOTIH;
> BUMOTHU 10 SIKOCTi BUMipIOBaHb;
> BUMOTHU J10 HAiMHOCTI (DYHKIIIOHYBaHHS CITYXKO;
> BUMOTH 0 HOMEHKJIaTypU TO3UMETPUYHUX BEJIMUYUH
Ta METOMiB BU3HAYEHHS 103,
> BHMMOTHU J0 BU3HAYEHHS Ta IIOBTOPHOTO BU3HAYEHHS
IO
> BUMOTH A0 B3aEMO/Ii1 3 poOOTOAABLISIMY Ta MpaLliBHU -
KaMu;
> BUMOTH JI0 B3aEMOJIii 3 Iep>KaBHUM (HALliOHAJILHUM)
JI030BHM PEECTPOM;
> puMorHu oo 3aiiicHenHs IJIK y Bunaaky pamiartiii-
HoIl aBapii;
> BUMOTHM J0 OIIIHKUA 103 y HEeCTaHAAPTHUX CUTY-
alrisx.

IIpoexT HOpMaTWBHOro AOKyMeHTa «Bumoru mo
CJyX0 iHAMBIAYaTbHOIO AO03MMETPUYHOIO KOHTPOJIIO
(kBaidikamiiiHi BUmMorn)» [23], skuit 6ys0 po3po0aeHo

as for ensuring the results of individual dose measure-
ments. Another lesson of these actions is that the
operation of quality system should be permanent, and
there should be a special quality management group
responsible for the quality system implementation.
Therefore, the development and operation of the
System should be accompanied by establishing and
maintaining a uniform quality program, and the
dosimetry laboratories which are applying to be
included to the System (and planning to deliver IDM
data to the National Dose Registry) should demon-
strate compliance with the requirements of standards,
in particular, in case of external exposure monitoring,
with requirements of the ISO standard 14146: 2000
[20]. Accordingly, this requirement is one of the key in
the list of qualification criteria for laboratories partic-
ipating in the System, but it is not included currently
into the Ukrainian national standards, and therefore,
is not mandatory.

Qualification requirements for dosimetry laborato-
ries providing technical service and accreditation
system of participation in the United System for
Monitoring and Registration of Individual Doses
It should be noted that the requirements for labora-
tories participating in the System are not limited to
the above-mentioned quality management issues.
The study of existing systems worldwide and
similar regulations showed that, as a rule, the
requirements related to such aspects of the
dosimetry service operation and occupational
dosimetry monitoring (the category A staff) fall
into the following categories:
> general requirements;
> requirements for the quality of measurements;
> requirements for the reliability of services;
> requirements for the set of dosimetric quantities
and to the methods of dose assessment;
> requirements for dose estimation and repeated
estimation of doses;
> requirements for interaction with employers
and employees;
> requirements for interaction with the state
(national) dose registry;
> requirements for IDM in emergency exposure
situation;
> requirements for dose assessment in non-stan-
dard conditions.
A draft regulation «Requirements for individual
dose monitoring services (qualification require-
ments)» [23], which was developed in the framework
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Yy paMmKax «3arajlbHOAEp>KaBHOI COILliaJIbHOI MpOrpamMmu
MOJIIIIEHHS CTaHy 0e3MeKH, ririeHu Mpaii Ta BApOOHU -
yoro cepenonuiia Ha 2014—2018 pokn» BimoOpaxkae yci
nepesiyeHi BUIE acleKTU OLiHIOBAHHS KBamigikarlii.
st 3py4yHOCTi MpaKTUYHOTO BUKOpUCTaHHSI Bumoru
c(bopMyJIbOBAHO Y BUTJISAIi HYMEPOBAHOTO CIIUCKY i3 Ta-
KOIO CTPYKTYPOIO: «<BUMOTa» — «KpHUTEPii BAKOHAHHS» —
«TJIyMa4y€HHSI, KOMEHTapi Ta HOPMATWMBHI ITOCUJIAHHS
(Tam, oe € y uboMy norpeda)». Ilepesik Ta 3MicT KBa-
JidikauiiHuX BUMOT 0a3ylOThCsl HA HOPMATMBHO-IIpa-
BOBUX, HAYKOBO-METOAMYHMX HOKYMEHTaX i IPaKTUY-
HOMY JocBifi Ykpainu, €C Ta iHIIMX KpaiH i MiXkKHapo.I-
HUX OpraHi3zalliit.

Lleit HopMaTMBHUIA AOKYMEHT BM3HAYaTHME MiHiMaslb-
HSI, SIKUM MaloTh 3aJ0BOJILHATH CIYXXOM Ta J1aboparopii
iHaMBigyaJIbHOrO Jo3umeTpudHoro koHtpomo (I1K), o
3MilICHIOIOTh MOTOYHUIA KOHTPOJIb 103 MpodeciitHoro on-
POMiHEHHSI TIepCOHAJTy KaTeropii A i MaroTh Ha METi BKJIIO-
YeHHs1 10 €I1MHOI Iep>KaBHOI CUCTEMU KOHTPOJIIO Ta O0JIiKY
IHAVBIMyaJIbHUX 103 YKpaiHu SK eeMeHTiB Cucrtemu.

Crig HaroJIoOCUTU Ha TOMY, 11O Hapa3i Ha BiAMiHY Bif
PO3BUHEHMX KpaiH aHi TAKOro KJII0UOBOI'0 IOKYMEHTa, aHi
MpoLIeAYPU OLIIHIOBaHHS BiIITOBIAHOCTI J1abopartopii / 10-
3UMETPUYHOI CTY>KOU LIMM KPUTEPiSIM B YKpaiHi He iCHYE.
OckilbKM, Ha MepeKOHAHHsI aBTOPiB, 3aMOYaTKyBaHHS
Cucremu 6e3 HaIBHOCTI 3rafaHUX BUIIE KPUTEPIiB i TIpo-
LIeIypy HEMOXJIMBE, 1X 3aTBEPIKEHHS € 3aBIaHHSIM Mep-
II0YEPTOBOI BaXXJIMBOCTi. BripoBamKeHHS 00’€KTUBHOI
npoLeaypyu HaJaHHS MOBHOBaXkeHb 3milicHioBatu K
npodeciiiHOro ornpoMiHeHHsI Ha MiACTaBi BiIMOBiZHOCTI
YiTKO BMU3HAUYEHUM i HEABO3HAYHMM KBamiiKaiiiHUM
KpUTEPisIM TapaHTyBaTUMe €(eKTUBHE (DYHKIIOHYBaHHS
Cucremu Ta HarnoBHeHHs1 HalioHaabHOro m1030BOrO
PEECTPY JaHUMM BUCOKOI SIKOCTi Ta HaAiAHOCTI.

Bumoru 10 noBHOTH Ta 00CATIB JAHUX, 0 MAIOTh
30epiratucs y HanionansHomy 1030B0oMYy peecTpi
BaxnuBuM nUTaHHSM € BUBHAYEHHSI CKJIaay Ta 0OCsITriB
JaHMX, 110 MaloTh 30epiratuch y HauioHaabHOMY 1030-
BoMy peecTpi. MiHIMaJIbBHUI CKJIal MaHUX, SIKi CTOCY-
I0TbCS TTPOoeCiiiHOro OMpPOMiHEHHS MepCcoHally, HaBO-
INTHCS Y HA3II MIXKHApOIHUX peKOMeHIalliit |8, 9].

VY HalibinbIn 3aralbHOMY BUTJISIAL LIel mepestik BUKIIa-
neHo y Homatky X HQupektuBu €Bparom 2013/059 [10].
3rigHo 3 UMMM BUMOTaMU, JaHi HalliOHAJbHOTO J030BO-
IO PEECTPY MOBUHHI MiCTUTH, TIPUHANWMHI, TaKy iH(pOp-
Mallito:
> ineHTU(IiKaliifHi 1aHi mpaioJoro (Mpi3BUIIE, iM’4,
CTaTh, JaTy HAPOIKEHHS, TPOMAaISHCTBO Ta YHIKAJIbHUIA
ineHTHiKaLiTHIT HOMEp);

of the «National Social Program of the Improvement
of the Safety, Occupational Health and Work
Environment for 2014—2018», includes all above-
mentioned aspects of qualifications assessment. For
practical reasons, the Requirements are given in the
form of a numbered list of the following template: «a
requirement» — «performance criteria» — «interpre-
tation, commentary and references to regulations
(where necessary)». The list and essence of qualifica-
tion requirements are based on existing legal and reg-
ulatory frameworks, scientific and methodological
documents as well as practice of Ukraine, the EU
and other countries and international organizations.

This regulation will determine the minimum set
of qualification requirements and the criteria for
their implementation for the services and labora-
tories of individual dosimetric monitoring provid-
ing occupational individual dosimetry monitoring
for Category A personnel to meet to be included
into the United System for Monitoring and
Registration of Individual Doses.

It should be emphasized that currently, unlike in
the developed countries, neither such a key docu-
ment nor the procedures for assessing the compli-
ance of a laboratory / dosimetric service with these
criteria are in place in Ukraine. Since, the System
cannot be developed without these criteria and
procedures, their approval is a matter of critical
importance. Introduction of an objective proce-
dure for assessment of compliance with IDM
operational requirements based on clearly defined
and unequivocal qualification criteria will ensure
the effective operation of the System as well as will
provide the National Dose Registry with reliable
data of high quality.

Requirements for completeness and scope of data
to be stored in the National Dose Registry

An important issue is to specify the composition
and scope of data to be stored in the National
Dose Registry. The minimum set of data related to
occupational exposure is given in international
recommendations [8, 9].

In the most general form, this specification is
presented in Annex X of the Council Directive
2013/59/Euratom [10]. According to these requi-
rements, the national dose registry data shall
include the following information:
> data on the worker’s identity (surname, first
name, sex, date of birth, nationality, and unique
identification number);
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> NaHi MEIUYHOTO CIIOCTEPEXKEHHS MPAIIOI0Y0To;

> yCcTaHOBYi JaHi poboToaaBus (IMOBHA Ha3Ba, aapeca,
imeHTH(}IKAUiAHUI KOm — y HaIIOMYy BUMAIKy KOI
€JIPIIOY — €anuHoro AepxaBHOTO PEECTPY MiAIIpU-
€MCTB Ta opraHizauiii Ykpainu);

> BiIOMOCTI mpo poboTy ocobu (Ha3Ba, aapeca Ta iIeH-
TUdiKauiiHUA KOJ MiANpUEMCTBA, JaTU TIOYATKy Ta 3a-
BEpIIEHHS iHIUBiAyaJIbHOTO JO3MMETPUYHOTO KOHTPO-
JI0 0coOU, TpUHAIEXHICTb ocodou 1o KaTteropii A yu B —
ouB. D Ha c. 64);

> pesynsrati IJIK, gki moBMHHI BKTIouyaty oQilliitHIit
Jo3oBuit 3amuc (pik, edexkTMBHa nmo3a, Yy pasi
HEPiBHOMIDHOTO OMNPOMIiHEHHS — €KBIBAJICHTHi 03U
OKpeMUX YaCTWH Tijla UM OpraHiB, JJISI BHYTPilIHbOTO
ONpPOMiHEHHSI — O4iKyBaHY 103y BiJl HAAXOIXKEHHS Y M0~
TOYHOMY POI1li);

> KpiM TOro, MaroTh OyTH cOpMYIbOBaHi JOJATKOBI
BUMOTH JIO CKJIaly JaHUX, 110 CTOCYIOThCS 3aTy4YEHOTO
(TmimpsggHOTO) TIepcoHary: iH¢OpMallis PO CTaH 370-
pOB’s Ta IOMYCK A0 pOoOOTH, MEePioa BUKOHAHHS TTiaAPSII-
HUX POOIT, OLIHKU A03, OTPUMAHMX Mif YaC BUKOHAHHS
OiApsSIAHUX POOIT.

BonHouac, Garatuii MiXKHapOAHUI OOCBiA Ta Ipak-
TUYHI MipKyBaHHS CBig4aTh, 110 1€l MiHIMaJIbHUN TIe-
peJlik Ma€ OyTH A0 PO3LIUPEHUIA.

ITo-niepie, ineTbcs Mpo OOOB’SI3KOBY Ilepenady 10
HauioHanbHOTO J030BOTO PEECTPY peE3yJbTaTiB 3a
MiACYyMKaM1 KOXHOTO TIepioly MOHITOPUHTY (a He Cy-
MapHUX /103 3a MEeBHUI Mepiof, HaMpUKIad, 3a KaJleH-
JapHuii pik). Lli maHi MalOTh BKJIIOYATH, 3aJIEXKHO Bil
YMOB Mpalli Ta UUISIXiB OINPOMiIHEHHS, pe3yabTaTu
OLIIHKM 103 30BHIIlTHHOTO OINPOMiHEHHS, B TOMY YMCIi
Tam, Je 1ie MOoTpidHO:
> €KBiBaJIeHT iHAMBiIyaJlbHOI 103U JJI1 CUJIbHO MPOHMU -
Kar4oro BUmnpoMiHioBaHHs, Hp (10);
> GKBiBaJICHT iHAWBIAYaJbHOI J03U IJisI cJ1a00 MPOHU-
KaroyJoro BumnpoMiHioBaHHs, Hp (0,07);
> {HIII J030Bi BEJIMUMHMU, Y pa3i HEOOXiMHOCTI, HAITPUK-
nan, Hp (0,07), oTpuMaHOIO 3 JO3UMETPIB ST KiHIIIBOK,
Hp (3) nnis Xpuliltaauka oka, 3HadeHHs €(DeKTUBHOI 1031
Npu BUKOPUCTaHHI JEKiIbKOX JO3MMETPiB (HAMpPUKIIAMI,
JUIS1 TIOABIMHOI JO3UMETPii Y pas3i BUKOPUCTAHHSI CBUHIIE-
BOro (hapTyxa), 3HaUCHHS JO3U, pO3paXxOBaHi IIJITXOM MO-
JIeaIoBaHHS (HaNpUKJIaa, 103U, OTpPMMaHi YeHaMU eKira-
KiB MOBITPSTHUX CYJIEH Bifl KOCMiYHOTO BUTIPOMiHIOBAaHHS);
> pe3yJIbTaT! OL[iHKM 103 BHYTPIIIHHOIO OIIPOMIiHEHHS
1 METOAY OLIIHKU:

- ouiKkyBaHa edekTHUBHa 103a, E (50);

- 3HAYEHHS BUMIpIOBAHOI BEJTMUUHU (HATIPUKIIAMI, YTPU-
MaHHS1 200 1000Be 3HAYEHHS EKCKPeLlil) i AeTasli Moaenei,
10 BUKOPHUCTOBYIOTHCS [UISI OLIIHKM. 3aIlic, e MPUITHST-

> data on the medical surveillance of the worker;

> data on the employer (full name, address and
identification number, in our case the ID set by
EDRPOU, i.e. the National State Registry of
Enterprises and Organizations of Ukraine)

> data on the employment of the worker (the
name, address, and unique identification number
of the employer, the starting date of individual
monitoring; and where available, the end date, the
category of the worker — A or B, see " p. 64)

> the results of the IDM which shall include the
official dose record (year; effective dose; in case of
non-uniform exposure, equivalent doses in differ-
ent parts of the body; and in case of an intake of
radionuclides, the committed effective dose for
current year);

> in addition, the requirements for data on out-
side workers to be formulated: medical classifica-
tion and information on any restriction, the period
covered by the activity, an estimate of any effective
dose received by the outside worker (for the period
covered by the activity).

At the same time, the rich international experi-
ence and practical considerations indicate that this
minimal data set should be somewhat extended.

First, there should be a mandatory data transfer
at the end of each monitoring period (not only the
total doses for a certain period, for example, per
calendar year) to the National Dose Registry.
Depending on the working conditions and path-
ways of exposure, these individual monitoring data
should include the assessment of external expo-
sure, where appropriate:
> personal dose equivalent for high penetrating
radiation, Hp (10);
> personal dose equivalent for low penetrating
radiation, Hp (0,07),
> other dosimetric quantities, when necessary, for
example, Hp (0,07), measured by extremity
dosimeters, Hp (3) for eye lens, effective dose val-
ues estimated by multiple dosimeters (for example,
by double dosimetry in case of use of protective
lead aprons), dose values calculated by models (for
example, for air crew members’ exposure to cos-
mic radiation);
> results of assessment of internal exposure and
the methods of assessment:

- committed effective dose, £ (50);

- values of the measured quantity (for example,
retention or excretion rate values) as well as model
parameters used for estimation; where necessary,
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HO, Ma€ BKJIIOYATH Pe3YJITaTA BUMiPIOBaHb 3a TOITOMOTOI0
JIYMIIBHYMKIB YCBOTO TijIa, JIETeHb Ta/a00 IIUTONOMIOHOI 3a-
JIO3U 1 OLliHeHi 3HAaYeHHSsI O4YiKyBaHOI e(peKTUBHOI J03U;
-y pa3i HeoOXiZHOCTI (HaNpUKJaa, y BUNAAKY ITiIBUIIE-
HOTO OMNpPOMIHEHHS), OUiKyBaHy €KBiBaJ€HTHY O3y B
HaOiIbII ONpOMiHEHi TKaHMHI uu opraHi, H (50).

HeBu3zHaueHOCTI BUMIPSIHUX i pO3paXyHKOBUX 3HAYEHb
TaKOX MaloTh HamaBaTtucs 10 Peectpy pazom 3 Bizomoc-
TSIMU MPO CIOCiIO OLIHKK TaKO1 HEBU3HAYEHOCTI.

ITo-apyre, njs 3ade3ne4eHHST METOAUYHOL €AHOCTI J1a-
HHUX, 110 BHOCITHCS M0 HalioHaqbHOro 1030BOTrO pe-
€CTpY, Ta MOXJIMBOCTI MEPEOLIiHKU JaHUX MPO 03U Y
MaiOyTHROMY (HAMpUKIad, Y pa3i BIOCKOHAJEHHS Me-
TOAUK Ta MiIXOMiB A0 OLIIHKM A03), A0 PEECTPY MOBUHHI
nepenaBaTUCh iHILI peJieBaHTHI AaHi, 30KpeMa — IIpo
TUIIM BUMIipIOBAJbHOIO OOJIaMHAHHS, BiIMOBiIHI Kalli-
OpyBasibHi KoeiliEHTU Ta aJTOPUTMHU OLIIHKM 103, Me-
TOAUKHU TO3UMETPUYHOTO KOHTPOJIIO Ta iHTeprpeTauii
NepBUHHUX PE3yJIbTaTiB, BiZOMOCTI IIPO METPOJIOTiuHE
3a0e3reuyeHHs] (METPOJIOTiYHY MPOCTEKYBaHICTh), ITijl-
CYMKU KOHTPOJIIO SIKOCTi TOIIIO.

ITo-TpeTe, oLliHeHi 103U, SIKi 3aMilllalOTh BiACYTHi 3HA-
YeHHsI, apTeakTh ad0 CyporaTty, HallpMKJIa, Y BUIIa-
Ky BTpaTtu ab0 MOIIKOIKEHHS JO03UMETpiB, ab0 3pa3KiB
TMOBUHHI TepeaaBaTUCh O PEECTPY i3 BiAMOBITHUMM
MO3HAaYKaMM MpPO NPUPOIY TaKMX JaHUX Ta 30epiraTuch
y Takuii crocid, o0 ix 0yj10 MOX/IMBO OAHO3HAYHO BU-
OKPEMMUTH i3 3arajibHOr0 MacHUBY JaHMX.

OkpeMuM KOMITOHEHTOM JIaHux HallioHaJbHOro 1030-
BOro peecTpy € iHdopmalis Mmpo YMOBHU Mpalli Ta Kjia-
cudikarito mpamorounx. Li maHi MaroTh MiCTUTH OiTbIT
JIeTaabHy XapaKTepPUCTUKY SIK poOOTONABLS (HAIIPUKIIAMI,
BUJIM KEPeST Ta pafialliiiHUX TEXHOJIOTIH, IO BUKOPUCTO-
BYIOTBCS), TaK i KOXXHOTO Mpaliovoro (CreuiajlbHiCTh
3TiIHO 3 KacudikatopoM, BUIU JKepe, 3 IKUMU BiH/BO-
Ha Ma€ KOHTAKT, CTaxK poOOTU Ta 3MiHYy BUIiB pOOIT TOILIO).

IlepeniveHi Buie AaHi MalOTh OYTU MPUAATHUMU JTS
MEePEOLiHKM 1031 B MOAAILIIOMY. ¥YCi 1030Bi 3alMCH T10-
BMHHI MaTHW Y3rOJIXKEHICTh IMOJIiB JaHUX I TOro, 1100
3a0€3MeYNTU PEKOHCTPYKIIiI0 pe3yJbTaTiB B OyIb-IKUI
Oinpll BimmaseHuit yac. BoHM MaloTh MoOJieTIIyBaTH
3B’SI3yBaHHS 3 IHIIMMMW HEOOXiTHWMU 3amucamu (Har-
pUKIam, 3B’SI30K 3 JAaHWUMW MOHITOPUHTY POOOYOTO
MiCLIS YU 3 iHIIIMMU PEECTPAMM).

3abe3neyeHHs MX PO3MIMPEHUX BUMOT JAaCTh MOX-
JIMBiCTb MOBHOIO MipoOl0 peajidyBaTy MOTEHLial, 3aKia-
IEeHUI y 3araJbHOAEP:KaBHOMY JJT030BOMY PEECTDI:
aHaJli3 TeHJEHIIili Ta 3aKOHOMipHOCTEH, ONTUMi3allito
panmialiiiHOro 3axXMCTy Ta TEXHOJOTi, 3poOUThb AaHi
peECTpy MPUAATHUMU TSI BAKOPUCTAHHS y pamialliiiHo-
eMieMiOJIONIYHUX Ta MEAUYHUX JOCTIIKEHHSIX.

the results of whole body counter measurements
should be recorded, estimations of lung, thyroid or
effective doses;

- where necessary (for example, in case of
enhanced exposure), committed dose equivalents
in the most exposed tissues or organs, H (50).

The uncertainty of the measured and estimated
values should also be included to the Registry
along with information on how they are estimated.

Second, in order to ensure the methodological
uniformity of data included into the National
Dose Registry and to keep the possibility for dose
reassessment in the future (for example, with
improved methods and approaches to dose assess-
ment), other relevant data should be transferred to
the Registry: in particular, on type of equipment,
calibration coefficients and dose estimation algo-
rithms, methods of dosimetry monitoring and
interpretation of primary results, information on
metrological support (metrological traceability),
results of quality control, etc.

Third, doses estimates replacing missing values,
artifacts or surrogates, for example, if the dosime-
ter was lost or damaged, should be transferred to
the Registry with appropriate labels on the nature
of these data and stored in such a way that they can
be uniquely identified (separated) from common
arrays of data.

A separate component of the data of the National
Dose Registry is information on working conditions
and the category of workers. This data should include
detailed description of the employer (for example,
the types of sources and radiation technologies used)
and of each employee (occupation according to the
classifier, types of sources he / she is contacting with,
work experience and change of types of work, etc.)

The above-mentioned data should be suitable
for future dose reassessment. All dose records
should demonstrate consistency of the data
fields, in order to ensure the reconstruction of the
results in any distant time. They should facilitate
linking with other required records (for example,
linking workplace monitoring data or other reg-
istries).

Providing of these advanced requirements will
enable full operation and unveil the potential of
the national dose registry: analysis of trends and
patterns, optimization of radiation protection and
technologies, making the registry data suitable for
use in radiation-epidemiological and medical
researches.
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OKxpeMuM acleKTOM BUKOPUCTaHHS aaHux Hamio-
HaJILHOT'O JI030BOT0 PEECTPY MOXKE CTATU OL[iHKA iHIM-
BiIyaJlbHUX aTpUOYTUBHUX PU3UKIB [24] Ta TpOrHO3
HEeCIPUATINBUX HACTIIKiB MpodeciiHOro orpoMiHeHHS
Ha iHAWUBiAyaTbHOMY Ta TPYIIOBOMY PiBHSX.

3 TeXHIYHOI TOYKM 30py HAKOMWUYEHHS Ta 30epiraHHs
yci€l TTOBHOTM O3HaA4YeHOI BUINE iH(pOopMallil He cCTaHO-
BUTb MpOOJeMHU, OJHAK HaJaromXeHHS 300py He-
OOXiZHMX JaHUX MOTpedyBaTUME 3HAYHUX Op-
raHizaluifiHO-MeTOAMYHMX 3yCUIb, 30KpeMa — MpPaKTUY-
He TeCTyBaHHS Ta ONTUMi3alliio (popMarTiB i CITOCO0iB T1e-
penavi jaHux. Yce 1e — 3aBOaHHS IS CITUJIBHOI poOOTH
JIO3UMETPUCTIB-TIPAKTUKIB, PETYJISATOPIB, (haxiBIIiB 3 00-
POOKM TaHMX.

Bumoru 1o indopmaniiinoi indpacTpykTypn Ta 3aXucTy
JAHUX
BuBueHHs mocBiny (hyHKIIOHYBaHHSI HalliOHAJIbHUX 1030-
BUX PEECTPIB, AESIKi 3 SIKMX MalOTh OLIbII SIK IiBBIKOBUIA
JOCBIN OistIbHOCTI [ 14], CBimTYMTB ITPO Te, 1110 PU CTBOPEHHI
JlepkaBHOrO 030BOT0 PEECTPY B YKpaiHi € CEHC CKOpUCTa-
TUCh TM, 11O 11€ CTBOPEHHSI BiIOYBAETHCS «3 UNCTOTO apKy-
1y», TOOTO HeMa€e IOTpeOU BIPOBAIKYBATU 3a3lajeriab
3acTapisli TEXHIUHi pillleHHsT Ha KILTaIT Mepenadi JaHUX 10
peectpy Ha (Di3MYHMX HOCISIX AaHUX i3 BUKOPUCTAHHSIM
TeKcToBUX (haiitiB y opmati ASCII. HatomicTb, CTBOpEeH-
HsI OCTaHHIMM POKaMU 3aXUILEHUX MPOTOKOJIB Mepenadi
JaHUX, IIUPOKKUI JOCTYI 10 MepexXi [HTepHeTy, mMpUHLIUTIIB
aBTOpM3allii TOCTYITy Ta TapaHTYBaHHSI MPaBAMBOCTI JAaHUX
(BUKOpUCTaHHS OJIOKYEIH TEXHOJIOTI), BITKpUBAE IIUPOKi
MOKJIMBOCTI 1T 3a0e3MedyeHHs] Haa3BUYAHOI (PYHKIIIO-
HaJILHOCTI YCi€i CUCTeMM HapiBHi i3 BiTHOCHOIO IMPOCTOTOIO
ii peastizallii cydyaCHUMHU ITPOTrPaMHUMU Ta allapaTHUMMU 3a-
cobamu. Taki 3acobu gamyTh 3MOIy CTBOPUTH Oaratoruiar-
dopmue? IT cepemoBuile, sKe IOEIHYBATUME y COOi
pi3HOPIAHI pO3MOmiJieHi pecypcu Ta elaeMeHTH iHdop-
MalliiiHO1 iH(PACTPYKTYpH: CEPBEPHU, CXOBHUIIA AAHUX,
CTalliOHApHi TepMiHaIM TOCTYITY, MOOUIbHI AOAATKU TOILIO.
Hap3BuuaiiHO BaXXJIMBUM acCIEKTOM CTBOPEHHS i
¢yukuionyBanHs Cucremu Ta Peectpy € iHdopMaliiiiHa
Oesrieka it rapaHTyBaHHS 3axMCTy naHux. Lle muTaHHsa Ha
CbOTOJIHI B YKpaiHi BUYEPITHO perjaMeHTOBaHe, Mo3asik
npoOyieMaM 3axKUCTy MEePCOHAIbHMX NAaHUX IPUCBSIICHO
npodinbHUi 3aKoH YKpainu [25], a y GiIbII IITUPOKOMY
KOHTEKCTi — 3arajlbHUil pernaMmeHT 3axucty naHnx €C
[26] — HOpMa TipsiMOi il, SIKY OYJI0 BBEACHO Y IO B TpaBHi
2018 poky. Y KOHTEeKCTi crieiniuHNX acTIeKTiB, TIOB’ 132~
HUX 3i 300poM Ta 30epiraHHsIM JaHUX MPO iHAWBITYyaIbHi

A special application of the data of the National
Dose Registry could be the assessment of attribu-
tive individual risks [24] and possible adverse
effects of occupational exposure at individual and
group levels.

From the technical point of view, the accumula-
tion and storage of all the scope of information is
not a problem, but developing collection of neces-
sary data will require significant organizational
and methodological efforts, in particular, testing
and optimization of formats and methods of data
transfer. This task needs joint work of dosimetry-
practitioners, regulators, data processing special-
ists, etc.

Requirements for information infrastructure and
data protection

Experience of the functioning of national dose
registries (for some of them — for more than
half a century [14]) shows that in case of the
State Dose Registry in Ukraine, it makes sense
to take advantage of its creation «from
scratch», when there is no need in implementa-
tion of outdated solutions like data transfer by
physical data carriers using ASCII files.
Instead, use of modern secured data protocols,
Internet access, access authorization and data
integrity (the use of blockchain technology)
offers a wide range of opportunities to ensure
the extraordinary functionality of the whole
system, along with the relative simplicity of its
implementation with modern software and
hardware. Such tools enable developing of a
multi-platform¥ IT environment that combines
heterogeneous distributed resources and ele-
ments of the information infrastructure:
servers, data storage, stationary access termi-
nals, mobile applications, etc.

An extremely important aspect of the establish-
ment and operation of the System and the
Registry is information security and data protec-
tion. This issue is now fully regulated in Ukraine:
personal data protection issues are covered by the
Law of Ukraine [25], and, in the broader context,
by the EU General Data Protection Regulation
[26], which has been enacted in May 2018 and
has direct legal effect. The collection and storage
of data on individual doses has certain features.

YbaraToraTOpMHICTh — 11€ 3AaTHICTh CUCTEMU TIPAIIOBATH ITiJ] YIIPABIiHHSM Pi3HUX OTIEpAIliiHUX CUCTEM Ta Ha

pi3Hill MaTepiaJibHilf YaCTUHI.

YAbility of the system to operate under the control of various operating systems andthat different material parts.
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JIO3U, CJIi1 BiI3HAYUTH, 11O 3aXUCT MEPCOHATbHUX JO3U-
METPUUYHUX JAHUX Ma€ IeBHi ocobauBocTi. Hanpuknan,
Ha JaHi JO3UMETPUYHOTO MOHITOPUHIY HE MMOBUHHO I10-
LM PIOBaTUCH 0a30Be «ITPaBO Ha 3a0yTTI», TOOTO 3HUIIIEH-
HSI JaHVX Ha BUMOTY OCOOM-Cy0’€KTa IIUX JaHUX. B 11ii0-
MYy 3K BMKOHAHHSI BUMOI O3HAQUEHOIO 3aKOHOAABCTBA €
KOMIUIEKCHOIO TTpOOJIEMOIO, pO3B’sI3aHHS SKOI BMMAarae
CITIIBHUX 3ycWIb (baxiBLIiB y Taly3sx TpaBa, iH(popMaTH-
KU, Di3UYHOTO 3aXUCTY, KibepOe3rneku Ta JO3UMETPil.

Ha nepekoHaHHsI aBTOpiB, po3pooOKy IT ckiamoBoi
Cucremu ta PeecTpy, 3a0e3meyeHHS 3aXMCTy JaHUX He-
00XiIHO 3HifiCHIOBATM y paMKaxX 3arajibHOAEepKaBHOI
MOJITUKM Ta Min erimoto [ep:kaBHOro areHTCTBa 3 MU-
TaHb eJIEKTPOHHOTO YPSIAYBaHHS YKpaiHU SIK LICHTPaJIb-
HOTO OpraHy BUKOHABYOi BJIaAy, KOMIIETEHTHOTO Y 1IMX
MUTaHHSIX.

BUCHOBKU

BuBueHHs Ta y3arajJbHEHHSI CBITOBOTO JIOCBiAy B ranysi
KOHTPOJIIO Ta 001iKy 103 TpodeciiiHOro OnpoMiHEHHS
Yy 3aCTOCYBaHHi OO0 BIiTUM3HSIHMX peasliii Aajo MOX-
JIMBICTh 3pOOMTU TaKi MPaKTU4YHi BUCHOBKM Ta PEKO-
MEeHaALil:

1. € 1iJKOM OOI'pyHTOBaHUM Ta €KOHOMiIUYHO BUIIpaBIa-
HUM 3aMpoBaKeHHS CYLiIBHOIO iHAWBIAYaJbHOIO J10-
3UMETPUYHOTO KOHTPOJIO YCiX 0Ci0, 110 BiIHECEHi 10
nepcoHaly KaTteropii A, He3ajleXXHO Bil OUYiKyBaHUX
piBHIB OITPOMiHEHHSI.

2.Ilpy BU3HAYE€HHI BMAIB Ta METOMiB KOHTPOJIO
000B’SI3KOBO ITOBMHHI BPaXOBYBaTUCh IUISIXW Ta BUIU
OMNPOMiHEHHSI, BIUIUBY SIKMX 3a3HA€ KOxXHa ocoba. Taky
OLIIHKY (DaKTOpiB MOXKHAa 3[iliICHIOBATH y paMKax Iac-
nopTu3alii poboynx Micip, a 3acodu (MeToau, Mpuia-
aun) IIIK mMaloTh OXOIUIIOBAaTU YCi pesieBaHTHI LIJISIXU Ta
BUJIM ONPOMiHEHHSI.

3. JInme 1i maboparopii (ciyxx6m) 1K, 110 miarBepauin
CBOIO KOMIETEHTHICTb, MOXYTb CTBOPIOBATU Ta MOCTa-
yaTv AaHi Opo iHauBimyanabHi n1o3u no HauioHanbHOrO
030BOro peectpy. OILiHKY Ta BU3HAHHSI KOMIIETEHT-
HOCTi HEOOXiTHO 3AiliCHIOBAaTH Ha ITiCTaBi 4iTKO cop-
MYJIbOBAaHUX KBaTi(iKallitHUX KPUTEPIiiB.

4. Habip gaHux, sKi ciig HakonuuyBaTu y HauioHaib-
HOMY 1030BOMY PEECTPi He MOBMHEH 0OMEXXYBaTUCh JIU-
1Ie 3amucaMu TMpo A03Y, aje i MiCTUTH yCi pelieBaHTHi
JlaHi, 110 JAaCTb MOXJUBICTb 3AiMCHIOBATU MaiOYTHIO
nepeoLiHKy 103 (y pasi morpedu), BUBYATH TEHACHIII Ta
3aKOHOMIPHOCTI (aHAITUYHUI OJ0K), OOIPYHTOBYBATH
BEJIMYMHY paliallifHUX pU3MKiB Ta BUKOHYBAaTH HAyKOBIi
JOCIiIKeHHST 1 pOo3pO0OKM 3 BUKOPUCTAHHSIM HAasSIBHUX
JaHuX (MEIWYHi 1aHi, TepCOHAIbHI JaHi, HEOOXimHi A5
OLIIHKM iHAWBITYyaJTbHNX aTPUOYTUBHUX PU3NKIB TOIIO).

For example, the basic «right to be forgotten»
(i.e. the right for individuals to have their person-
al data erased by their request) should not be
applied to the data of dosimetric monitoring. In
general, the fulfillment of the legislation require-
ments is a complex problem, which requires the
joint efforts of specialists in law, computer sci-
ence, physical protection, cybersecurity and
dosimetry areas.

The development of the IT component of the
System and the Registry and implementation of
data protection solutions must be carried out with-
in the framework of national policy and under the
auspices of the State Agency for E-Governance of
Ukraine as the central executive body competent
in these areas.

CONCLUSIONS

Application of the international experience of
monitoring and registration of doses of occupa-
tional exposure to domestic realities gave an
opportunity to make the following practical con-
clusions and recommendations:

1. It is reasonable and economically justifiable to
introduce a total individual dosimetric monitoring
of all workers classified as category A, regardless of
the expected levels of their exposure (in the mean-
ing of Ukrainian legislation).

2. While determining the types and methods of
monitoring, it is mandatory to take into account
working conditions and pathways of exposure of
each individual. Assessment of operation conditions
can be carried out within the certification of work-
places, and the IDM means (methods, devices)
should cover all relevant paths and types of exposure.
3. Only those IDM labs (services) that have prove
their competence may feed the data on individ-
ual doses to the National Dose Registry.
Assessment and recognition of competencies
must be carried out on the basis of well-defined
qualification criteria.

4. The set of data to be accumulated in the
National Dose Registry should not be limited to
dose records, but also should contain all relevant
data that will enable future reassessment of
doses (if necessary), to study trends and patterns
(analytical unit), to justify values of radiation
risks, and to perform research and development
using available data (medical data, personal data
necessary for assessing individual attributional
risks, etc.).
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5. KirodoBoro jnaHKow €IMHOI JepXKaBHOI CUCTEMU
KOHTPOJIIO Ta 00JIiKY iHAMBiAyadbHUX 103 B YKpaiHi 1o~
BMHHA CTaTW MOCTIMHO Airoya IIporpamMa KOHTPOJIIO
SIKOCTI, sIKa BKJII04Yajia 6 B ceOe mMpoBeIeHHS PeryasapHUuX
«CJITUX TECTiB», KOHTPOJb METPOJIOTIYHOI MPOCTEXYBa-
HOCTi Ta METOJIMYHOI €IHOCTI BillIOBiTHMUX BUMipIOBaHb.
6. Ilpu cTBopeHHi iH(hOpMaIliitHOI CKJIaToBOi Ta iHTep-
(eficiB 0OMiHY/mOCTyNy HaHMX HEOOXiTHO CKOpMCTa-
TUCh CYJaCHUMM MOZKJIMBOCTSIMM Ta TEXHOJIOTISIMM: 3a-
xuiieHi IP-mportokonu, BeO-iHTepdeiicu mocTymy,
XMapHe 30epiraHHs JaHuX, 0J0KUYeH TeXHOJIOTil TOLIO.
7. IndopmarniiiHa ingpactpykrypa Cucrtemu ta Hario-
HaJBbHOTO T030BOT'0 PEECTPY IMTOBMHHA PO30yI0BYBAaTHUChH
Ha €IMHUX 3araJIbHOAeP:KaBHUX IIPMHIINIIAX Ta 3acauax,
BU3HAUCHUX IPO(]IILHUM IIEHTPaJIbHUM OPraHOM BU-
KOHaBYoOi Biaau — JlepXXaBHUM areHTCTBOM 3 IUTaHb
€JIEKTPOHHOTO YpsITyBaHHS YKpaiHU.
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