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EHEPIT'ETUYHI TA KYTOBI SAJIEZAKHOCTI IIOIIUPEHUX
THUIIIB IHAUBIAYAJIbHUX JO3SUMETPIB Y JI3EPKAJII
IHEPHIOTO HAIIIOHAJIBHOTO IHTEPKAJIIBPYBAHHA
JIABOPATOPIM IHIUBIAYAJIbHOI'O TO3UMETPUYHOIO
KOHTPOJIIO YKPATHU

MornuGnexuit aHanis pesynsratie lepuworo HalioHanbHOro iHTepkanibpysaHHsa nabopatopiit IAK Ykpainu nossonus
BMBYUTU EHEPreTUYHi Ta KyTOBI 3aNeKHOCTi Hanbifbl NOWKUPEHUX TUNIB iHANBIAyaNnbHUX AO3UMETPIB Ta JO3UMETPHY-
HUX cucTeM. Bcboro naboparopii-yyacHuui iHTepkanibpyBaHHA BUKOPUCTOBYIOTb 9 Pi3HUX TUMIB JO3UMETPUYHUX CUC-
TEM — aBTOMATUYHUX, HANTBABTOMATUYHUX Ta PyYHUX. ByNo BCTAHOB/IEHO, WO EHEPreTUYHI 3aIEXKHOCTI MOWUPEHUX B
YKpaiHi TMNiB [03MMeTpiB B OCHOBHOMY BifiNOBiAaloTh NiTepaTypHUM AaHMM Ans BignoeigHux matepianis T peTek-
Topis (LiF:Mg,Cu,P, LiF:Mg,Ti Ta Al,05:C), ane, 3aBasku ocobnnsocTam kopnycis (pinbTpiB) AO3UMETPIB Ta JO30BUX aN-
rOpUTMiB, ANA OKPEMUX CUCTEM Lii eHepreTUyHi 3aNeXHOCTi MOXHa nokpawuTn (komneHcysatun). KyTosi 3anexHocTi
BiATYKY BUSBMANCH GiNbl CUAbHO BUPAXEHUMM: TiNbKW ABi CUCTEMU MPOAEMOHCTPYBANU CNAbKy 3aNeXHicTb Bifryky
Bif, KyTa ONPOMiHeHHs, ANA PelTN CUCTEM NpU BENWUKUX KyTax nafiHHA (0=60°) BiAMiYaeTbCcA 3aBULIEHHA MOKa3iB
iHAMBIAYaNbHUX AO3UMETPIB.
KntoyoBi cnoBa: iHTepkanibpyBaHHs, iHAMBiAYaNbHUI LO3UMETPUYHUIA KOHTPOb, EHEPreTUYHI 3aN€XHOCTI BifryKy Ao-
3MMeTpiB, KYTOBi 3aN€XHOCTi BifiryKy fO3UMeTpiB.
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Energy and angular dependences of common types of personal dosemeters
in the mirror of the First national intercomparison of individual dosimetric
monitoring laboratories in Ukraine

In-depth analysis of the results of the First National Intercomparison of individual dosimetry laboratories in Ukraine
has revealed energy and angular responses of the most common types of personal dosemeters and dosimetric systems.
Participating laboratories use 9 different types of dosimetric systems — automatic, semi-automatic and manual. If was
found that energy dependences of the most common dosemeter types in Ukraine generally correspond to the litera-
ture data on respective TLD materials (LiF:Mg,Cu,P, LiF:Mg,TiandAl,0s:C), however, due to peculiarities of holders (fil-
ters) and dose algorithms, for some dosimetry systems the energy dependences can be improved (compensated).
Angular dependences proved to be more pronounced: only two systems revealed weak dependence of response on the

incident angle, for other systems at large angles (0=60°) dosemeters overestimate true dose values.
Key words: intercomparison, individual dosimetric monitoring, energy dependence, angular dependence.
Problems of radiation medicine and radiobiology. 2015;20:257-268.

BCTYII

IHpuBinyaneHUit 1o3uMeTpUYHU KOoHTpob (1K) 3miii-
CHIOETKCS JlabopaTtopisimu uu ciryxkbamu /1K i3 BUKopuc-
TaHHSM Creliali30BaHMX iHAUBITyaIbHUX J03uMeTpiB. He
BCi I03UMETPUYHI CUCTEMU, 1110 BUKOPUCTOBYIOTHCSI HUHI
B YKpaiHi, € CydaCHUMM i 6arato 3 HUX pO3pOOJISUIUCH 3a-
JIOBIO IO BIIPOBAIKCHHST KOHIIETIIN Ta JO3MMETPUIHIX
BEJIMYMH, SIKUMU KOPUCTYETHCS BECh CBIT 3apa3. ToMy y
paMKax 3araJbHUX 3yCWJIb i3 MiABUILEHHS PiBHS patialliii-
HOTO 3aXMCTy Opu MpodeciiHOMY OINpPOMiHEHHi IOCTae
npuYKJIagHa 3agadya OLiHWMTU YU BiANOBigalOTh Cy4aCHUM
BUMOTaM JTO3MMETPUYHi CUCTEMHU, SIKi IIIMPOKO BUKOPUC-
TOBYIOThCSI B YKpaiHi. baratopiyHuii JOCBiA TepeaoBUX
KpaiH CBiAYMTD, 1110 OAHUM i3 HAHOLIbII €(PEKTUBHUX CIIO-
C00iB 00’€KTMBHOTO KOHTPOJIIO SIKOCTi MisUTBHOCTI CITYKO
Ta Jaboparopiit 11K € mpoBemeHHsS Tak 3BaHUX iHTEP-
KaniopyBaHb [1]. IHTepkaniOpyBaHHS — CIIMMIA TECT, i
yac SIKOro 103MMETPUYHI J1abopaTopii-ydyacHU1i iHTepKa-
JIIOpyBaHHSI BU3HAYalOTh 03U Y JO3UMETpax, OIpOMiHe-
HUX Y Pi3HUX MOJISIX BUTIPOMiHIOBaHHSI, Ta 3 103aMU, 3a3/1a-
JIETiIb HEBITOMUMM UTS YYACHUKIB TECTY, i CITiIBCTABIISIOTh
ix i3 pedepeHTHUMU (YMOBHO iCTUHHUMM) 3HAYEHHSIMU
103. Y 2014 p. y pamkax “3aranpbHOmepKaBHOI COLiaTbHOL
MporpaMu TIOJIMIIEHHsI cTaHy Oe3IeKu, Tiri€eHu Tpalli Ta
BUpOOHUYOro cepenonuiia Ha 2014—2018 poku™, 3a-
TBepIXeHoi 3akoHoM YKpainu Bia 04 kBiTHs 2013 poky
3a Ne 178-VII Brepiire B YkpaiHi 0yno rposeaeHo “Ilep-
e HauioHanbHe iHTepkaniopyBanHs” (ITHI), y sskomy
HHIIPM Buctynas y pojni KoopauHatopa. AHani3 pe-
3yabTaTiB Ilepllioro HaliOHAJIBLHOTO iHTepKaJIiOpyBaHHS
(ITHI), oxpiM BHCHOBKY BiIZHOCHO BiIIOBITHOCTI SIKOCTi

INTRODUCTION

Individual dosimetric monitoring (IDM) is carried
out by IDM laboratories or services using specialized
individual dosemeters. Not all dosimetric systems,
which are used currently in Ukraine are modern and
many of them had been designed well before imple-
mentation of the concepts and dosimetric quantities
which are used now worldwide. That’s why within
the general efforts to increase the level of radiation
protection for occupational exposure some particu-
lar problem appears — to evaluate if dosimetric sys-
tems widely used in Ukraine meet the modern
requirements. Years of experience of advanced
countries shows that one of the most efficient ways
to objectively control the quality of IDM laborato-
ries and services is to implement so-called intercom-
parisons [1]. Intercomparison — a blind test for dosi-
metric laboratories-participants by measuring doses
in dosemeters, that were irradiated in various radia-
tion fields with doses that are not known to partici-
pants beforehand, and comparing them (results)
with the reference (conventional true) doses. In 2014
under auspices of the “National social program of
improvement of the safety, occupational health and
professional environment for 2014-2018”, approved
by the state law of Ukraine Ne178-VII from April 4th
2013, the “First national intercomparison” (FNI)
where NRCRM acted as the Coordinator had been
performed for the first time in Ukraine. Analyses of
the FNI results, in addition to the general conclu-
sion if results are matching requirements of the stan-

(1) 258



ENIAEMIOJNIOrNIA

TA AO3SUMETPIA

ISSN 2304-8336. lpobnemn paniauiiinoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

BUMipIOBaHb BUMOTaM CTaHIAPTY, JO3BOJISIE TAKOXK OLIiHM-
TU Psf crielU@iYHUX XapaKTePUCTUK JTO3UMETPUUYHUX
CUCTEM, 30KpeMa PO3IJISIHYTU Y KOMILJIEKCI poOOTy J03U-
MeTpa (Martepialy JeTeKTopa Ta KOpITyCy), OLIiIHUTU HOro
E€HepreTUYHi Ta KyTOBi 3aJIeXKHOCTIi, MepeBipUTU TOUYHICThb
KaliOpyBaHHSI JO3UMETPiB, y3arajJlbHUTU pe3yJibTa-
THUBHICTh BU3HAYEHHSI J03.

META

MeTo10 JaHOro IOCHiIKEeHHs OyJ10 Ha OCHOBI JaHUX
ITHI pgocniguTu KyTOBiI Ta €HEPreTUYHi 3aJIeXKHOCTI
BiITYKY MOIIMPEHUX B YKpaiHi TUIIB iHOAUBiTyaJIbHUX
JO3UMETPiB.

MATEPIAJIN I METOJIN

B ocHoBy muzaitny Ilepiioro HaiioHaabHOTO iHTEp-
KaniopyBaHHs Jaboparopiit IZIK 6yno moknageHo noope
anpoOoBaHMii nu3aiiH iHTepKaniopyBanb €BPAJIO3 [1,
2|, axuii 3arajoM BiImnoBimae BUMOTraM MiXXHapOITHOTO
crangapty ISO 14146 [3]. Mix TUM, CJlig 3ayBasKUTH, 1110
Ha BimMiHy Big pekomenpgauiii ISO 14146, mosumerpu
JUIST KOHTPOJILHOTO OMNPOMIHEHHSI He Bimbupanucs
npeactaBHUKoM KoopauHaTopa y BUIIAAKOBUI crociO
i3 HaroJlocoM Ha Te, 1100 J1abopaToPiIMU-YIaCHULISIMU
He BXHUBaIUCSA OyAb-sIKi KPOKU IS CIelialbHOTO
Binbopy (HalKpallyx) 103MMETPIB Ta iIXHbOI OOPOOKHU y
0Cco0NMBUIA €cOCIO, 110 BiIpPi3HSIETbCS Bif 3BUYAMHUX
npouenyp. Kpim toro, KoopnuHartop iHTepkaniopyBaH-
Hs HE MaB IMMOBHOBaXXEHb Ta HE BUKOHYBaB (hYyHKIIii Op-
rany akpeautauii. Hatomictb, 3aBmanHsM KoopauHaro-
py Oy7o 3a0e3meynT 00’ eKTUBHE i 6€3CTOPOHHE BUKO-
HaHHS TIUJIaHy iHTepKaJliopyBaHHS Ta TIPOBEASHHS
aHali3y W y3araJlJbHEeHHs pe3yJbTaTiB IHTepKaniopyBaH-
HsI Ha OCHOBi 00’€KTUBHMX KpUTepiiB. OLIiHIOBaHHSI pe-
3yJIbTaTiB, MPOJEMOHCTPOBAHUX J1abOpaTOpisSIMU-ydac-
HULSIMU, 30iAACHIOBAJIOCH HA OCHOBI BUMOT MiXXHapOJ-
Horo ctaHmapty ISO 14146. YcmimHuM BBaXaBcsl pe-
3yJIbTaT JJabopaTopii, IKIo He MeHIe, HixX 90 % pe3yiib-
TaTiB BUBHAYEHHS 103 MOTPAIUISIIO V “TpyOy JOIMYCKiB”:

2H,

dard, allow to evaluate a number of specific charac-
teristics of dosimetric systems, in particular to
overview overall performance of a dosemeter (detec-
tor material and holder), to evaluate its energy and
angular dependences, to check the accuracy of
dosemeter calibration, to generalize efficiency of
doses determination.

OBJECTIVE
The objective of this study was to investigate angu-
lar and energy dependences of response of the

widespread individual dosemeters in Ukraine by
the FNI data.

MATERIALS AND METHODS

Well tested intercomparison design of EURADOS
[1, 2] which in general matches the requirements
of the international standard ISO 14146 [3], was
used as a basis of the design of the First national
intercomparison of IDM laboratories. Meanwhile
it should be mentioned that unlike the ISO 14146
recommendations, the dosemeters for the test irra-
diations were not picked by a Coordinator agent
randomly in order to prevent any attempts for
laboratories-participants to choose (best) doseme-
ters and to process them in a special way that dif-
fers from standard procedures or protocols.
Moreover, the Coordinator of the intercomparison
had no authority and didn’t serve as the accredita-
tion body. In turn, the task of the Coordinator was
to provide unbiased and impartial following the
intercomparison schedule and to carry out the
analyses and generalizing of the Intercomparison
results by objective criteria. An evaluation of
results showed by the participants was preformed
basing on the requirements of the international
standard ISO 14146. The result of the laboratory
was assumed to be successful if not less than 90%
of results fall get into “trumpet curve”:

il—i 3R3F1+i (1)
F H,+H, 2H,+ H_

ne R — BimHOIIIEHHS BUMipsIHOTO 3HaYeHHs 103U Hs 1o
YMOBHO iCTUHHOTI'O 3HaYeHHs1 H¢

(R=

F — mapameTp, 1110 xapaKTepu3ye MaKCUMaJIbHE BiJHOC-
He BiIXMJIEHHs IMPY BUCOKUX m03ax; 3rigHo 3 ISO 14146
[3] Ta MKP3 75 [4], F=1,5,

where R — ratio of measured dose value Hsto con-
ventional true (nominal, reference) value Hc

H
73),
H,

F — parameter that show maximum relative
deviance for high doses; according to ISO 14146
[3] and ICRP 75 [4], F=1.5,
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Hy — HXHS Mexa Aiana3oHy J03, 110 BUMipIOIOTHCS;
srigHo 3 ISO 14146, Hy=0,2 M3B.

VYV zaranbHOoMy BuUrisai BeauuuHa Hy oOupaeTbcs
BiIMOBIAHO OO TPUBAJIOCTI Mepiogy MOHITOpuHTY. Ha-
MPUKJIAA, JUIS TIepiomay OOUH MicS1b HIDKHST MeXKa TTOBUH-
Ha OyTu He MeHIe HixX 1 M3B (piBeHb peecTpariii) / 12
(TIepiodiB MOHITOPUHTY TIpoTaroM poky) = 0,085 m3B.
CamMe Take 3HAYEHHS 3a3BUYaii 3aCTOCOBYEThLCS TIPU Olli-
HIOBaHHI pe3ysbratiB iHTepKaitiopyBanb EURADOS [1].
Mix TiM, B YKpaiHi 4acTo nepioa MOHITOPUHTY CTAHOBUTh
1 xBapTaj (YOTUPH TEePioaN MOHITOPUHTY TIPOTSITOM PO-
KY), TOMY aJIsTepHAaTUBHMM 3HAYEHHSIM MMapaMeTpy MOxKe
oytu Hy=1wm38B /4 = 0,25 M3B. Ha puc. 1 mpoimtoctpoBa-
HO BIUIMB BeJIMYMHU napaMeTpy Hy Ha “CTpOricTb” BUMOT
JI0 TOYHOCTI BU3HAYEHHS H03. BHIHO, 110 YMM OiJIbIIe
3HaueHHs Hy, TUM MEHIII CTPOTUM € KPUTEpiii, 0COOIUBO
y perioHi MeHIuMx 103. OcKibki B YKpaiHi MpaKTUKY-
I0TbCS 00MJBA MOIIMPEHUX MEepiogd MOHITOPUHIY —
Mmicsraamii (mepconan AEC, momeKynm sKiHK1 BiKoM 10 45
POKIB y iHIIIMX Taly3sX) Ta KBapTaJbHUI (pellTa rmepco-
HaJly KaTeropii A) — HaMM ISl po30yaoBU “TpyOu HIO-
MycKiB” Oys10 00paHo MpoMixkHe 3HaueHHs Hy = 0,2 M3B,
sKe BUTUIMBAE 3 pekomeHaawin 1ISO 14146.

KoHTposbHI ONMpoMiHEHHS O03UMETPiB 3MiliCHIOBA-
JUCh B aKpeAUTOBAHMX METPOJIOTIYHUX JabopaTopisix
Ykpainu (AIT “KwuiBobiacraHaapTMeTposoriss” — j1abo-
paropist Ne 1) Ta benprii (benbriiicbkuii IEHTP SIASPHUX
npocnimkeHb SCK-CEN — na6oparopisg No 2) y moJisix
(oToHHOro (ramMmma-/peHTreHiBCbKOT0) BMIIPOMIiHIO-
BaHHS B OJMHMLSIX €KBiBaJIEHTY iHIMBiIyaJabHOI AO3U
Hp(10) ta Hp(0.07) 3rinHO 3 MiKHapOAHUM CTaHIApPTOM
ISO 4037 [5]. nst orpoMiHeHHsT OyJIM BUKOPHMCTaHi Ha-
CTYITHI SIKOCTi oripoMiHeHHs 3rimHo 3 ISO 4037 [5] Ha mxe-

Hy — lower limit of the dose range, that can be
measured; according to ISO 14146, Hy/~=0.2 mSv.

In general the value Hp is chosen according to
the duration of the monitoring period. For exam-
ple, for one month period the lower limit should be
not less than 1 mSyv (registration level) / 12 (mon-
itoring periods within one year) = 0.085 mSv. This
is the value that is usually used for evaluating of the
EURADOS intercomparisons [1]. Meanwhile in
Ukraine the monitoring period is often equals to
3 months (four monitoring period for one year),
so alternative value of the parameter can be
Ho=1 mSv / 4 = 0.25 mSv. Fig. 1 illustrates the
effect of the magnitude of the value Hy on the
“strictness” of the requirements for accuracy of
dose defining: one see, that the higher value of Hy,
the less strict is the criterion, especially in a range
of low doses. As both common periods are prac-
ticed in Ukraine — monthly (NPP staff, women
aged under 45 in other areas) and quarterly (rest of
the category A staff) — we used intermediate value
Hy = 0.2 M3B to build “trumpet curve”, that fol-
lows from ISO 14146 recommendations.

Control irradiations of the dosemeters were pro-
vided by authorized metrological laboratories of
Ukraine (SOE “KuiBo06cTaHaapTMETPOJIOTIS” —
laboratory #1) and Belgium (Belgian nuclear
research centre SCK-CEN — laboratory #2) in
photon fields (gamma/x-ray) radiation in units of
personal dose equivalents Hp(10) and Hp(0.07)
according to international standard ISO 4037 [5].
Radiation qualities according to ISO 4037 [5] that
were used for irradiation were as follows (Table 1):

2.00

1.00

@ 1.00 -

Ho =0,2
— — — -Ho=0,25
....... Ho = 0,085

0.50

0.1

HominanbHa go3a, m3B
Nominal dose, mSv

PucyHok 1. Tpy6u ponyckis ans pisHux 3HayeHb Ho

Figure 1. Trumpet curves for different Ho values
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BUMIpIOBasibHa kKamepa
measuring chamber

IKEepeno BUNPOMIHIOBaAHHS
radiation source

[O3VMETP Ha OCi nyyka
dosimeter on the beam axis

HEe MeHLle 2 M
not less than 2 m

[03IMETPK rno3a BiCCIO nyyka
dosimeters outside the beam axis

PucyHoK 2. Cxema onpomiHeHHA f03MMeTpiB Npu KyTax Ot = 0°, 45°, 60°

Figure 2. The scheme of dosemeters irradiation for angles 0. = 0°, 45°, 60°

pesax peHTTeHiBCHKOTO BUIIPOMiHIOBaHHS (Taoum. 1): N-40
(2 Toukn), N-60 (7 TO4OK NnpH KyTax onpoMiHeHHsT oi=0°,
45°, 60° puc. 2), Ta isoronmHux mkepenax S-Cs (12 Touok),
S-Co (3 Touku), orpoOMiHEHHSI 3AiMCHIOBAIOCH HA CTaH/a-
pTHOMY BogHOMY (aHToMi ISO [6]. YMOBU onpoMiHEHHST
00MpaIMCh TAKUM YMHOM, 11100 BOHU BimoOpaxkajay TUIOBI
YMOBM OIPOMiHEHHSI TIEPCOHAJTY KaTeropii A B YKpaiHi.

PE3VYJIBTATU TA OBI'OBOPEHHS

BigHomenHs “pesynsrar”’/ “HomMiHanbHa mo3a” (R) mo-
BUHHO ITOTPAIUIITH Y TPyOy JOMYCKIiB 3TiAHO 3i cTaHmap-
toM ISO 14146 [3]. Ha puc. 3 nokasaHi yci pe3yabraTu
(He3alexXXHO Bim mo3W Ta SKOCTI ONMPOMiHEHHS), IJIst
KOXHOTO 3 YYaCHMKIB i3 MO3HAUYEHHSIM JO3MMETPUUHOL
CUCTEMHU, 1110 HUM BUKOPUCTOBYBaJIaCh (BChOI'O yUaCHU-
KM BMKOPHUCTOBYIOTh 9 Pi3HMX TUIMIB JO3UMETPUYHUX
CHCTEM — JIWB. TaOII. 2).

Ha pucyHky pesynbratu jJabopatopiii-ydyacHMIb Bil-
COPTOBAHO 3a HACTYITHUMM KPUTEPiSIMU: BiJICOTOK ITOT-
paruIssHHS pe3yJbTaTiB 10 “TpyOU AOIYCKiB”, MOTIM —
TOYHICTh BiATBOPEHHS pe3ynbTaTiB (KoedillieHT Bapi-
ailii) mpu onpoMiHeHHi Ha mxkepeni S-Cs. BizyanbHo yci
JlaHi Ha puc. 3 MOXXHa pO3IMOIITUTA Ha 3 TPy
> TaKi, 110 3aJ0BOJbHAI0TE BuMoram ISO 14146 — 06-
JIacTh A;
> Taki, 110 He 3aJ0BOJbHAIOTH BuMmoram ISO 14146,
OMHAK BiIXWJEHHSI He MOB’s3aHi 3 JIOACBKUM (PaKkTo-
POM, a CKOPpIIII i3 00OMEXEHHSM ITeBHUX TO3UMETPUIHIX
cucreM — ooiacth b;
> Taki, fKi XapaKTepu3ylOThCsI BEJIMKOIO AMCIIepCielo
pe3yJibTaTiB, 04eBUAHO, Uepe3 BaM 3aCTOCYBAHHS 103U~
METPUYHUX CUCTEM — 00J1acTh B;

PosrnsitHeMo 6inbii goknagHo pesyiastatu [THI y pospi-
3i cucrem, 110 BUKOpUCTOBYIOThes 11 IJIK mepconany.
Y aBromMaTMUHUX cuctemax Tvity Harshaw BukopucroBy-
IOTbCS TTOAiIOHI 32 CBOIMM METPOJIOTIYHMMM MOKa3HMKaA-
mu 3untyBadi moneseit 6600, 6600plus ta 8800 i3 neTekTO-

N-40 (2 points), N-60 (7 points for irradiation
angles a=0°, 45°, 60° Fig. 2), and isotope sources
S-Cs (12 points), S-Co (3 points), irradiation were
conducted on the standard ISO water phantom
[6]. The irradiation conditions were selected this
way to represent typical irradiation conditions for
category A staff in Ukraine.

RESULTS AND DISCUSSIONS

The ratio “result” / “nominal dose” (R) has to get
into the trumpet curve according to ISO 14146
standard [3]. Fig. 3 shows all results (irrespective to
dose and radiation quality), for each of the partic-
ipants with the marks about dosimetric system that
one used (overall there were 9 different types of
dosimetric systems used by participants — see
Table 2)

On the figure the results of the laboratories-partic-
ipants were sorted by the following criteria: percent-
age of the results got into “trumpet curve”, next — an
accuracy of results reproducing (variation coeffi-
cient) for irradiating with S-Cs source. Visually all
data on the Fig. 3 can be divided into 3 groups
> those who match the requirements ISO 14146 —
region A;
> those who does not match the requirements
ISO 14146, but deviations are not related to
human factor, but rather caused by the limitations
of a certain dosimetric system — region B;
> those who is characterized by high variance of
the results, obviously, due to errors in dosimetric
systems application — region C;

Let’s consider more precisely results of FNI in
the context of the systems used for occupational
IDM. For automatic systems like Harshaw similar
in performance (reader models 6600, 6600plus and
8000) with detectors based on LiF:Mg,Ti are used,
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3umeTpuyHOi cuctemu. MopoxHi (He 3achap6oBaHi) TOUKM — pesynbTarT, WO He NOTpanus Ao Tpy6m gonyckis ISO
14146. MoACHeHHA TUNIB JO3UMETPUYHUX CUCTEM — AUB. TaO. 2.

Figure 3. Results of all laboratories (ratio “result” / “nominal dose”) depending on the dosimetric system.
Empty (not colored) points - result, that did not get into trumpet curve ISO 14146. Explanation for dosimet-
ric systems types - see Table 2.

Ta6nuua 1
fIkocTi onpomiHeHHA [5] Ta HOMiHanbHi fo3u, AKi 6ynu 3acTocoBaHi NPU KOHTPONLHOMY ONPOMiHeHHi fo3uMeTpiB

Table 1
Radiation qualities [5] and nominal doses that were used for test irradiation of dosemeters

; AKicTb ONPOMiHEHHS Kyt naginns HomiHanbHe 3HaYeHHa . . .
Cepin Ne 3rigHo IS‘:O 4037a onyr:omiﬂeum Hp(10), m3B Kinbkicts gosumetpis

; Radiation quali Incidence Nominal value of
Series # according to I%O 4tg37* irradiation angle Hp(10), mSv Number of dosemeters

1 S-Cs 0 0.5 2

2 S-Cs 0 2 3

3 S-Cs 0 4

4 S-Cs 0° 20 2%

5 S-Cs 0 60 1

6 S-Co 0 5 3

7 N-60 0 5 3

8 N-60 45 5 2

9 N-60 60° 5 2

10 N-40 0° 5 2

Mpumitka. * — xepena sunpomitioatHs (ISO 4037): N-40: peHTreHiBCbke BUNPOMIHIOBaHHS, Cepisi By3bkoro criekTpa, E = 33 keB; N-60: peHTreHiBchke BUNpPOMIHIOBaHHS, Cepis
BY3bKOro criekTpa, E = 48 keB; S-Cs: mxepeno '¥'Cs, E= 662 keB; S-Co: mxepeno °Co, E=1250 keB.
** — OMPOMIHIOBA/ICh Y [BOX Pi3HVX METPONOriYHIX NabopaTopisx.
Note. * — Radiation sources (SO 4037): N-40: x-rays, narrow spectrum series, E = 33 keV; N-60: x-rays, narrow spectrum series, E = 48 keV; S-Cs: ''Cs source, E = 662 keV;
S-Co: 8Co source, E =1250 keV.
** — irradiated in different metrology laboratories.
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Ta6nauuysa 2
Tunu BO3MMETPUYHUX CUCTEM, AKi B3aau yyacTb y Mepwomy HauioHanbHoMy iHTepKani6pyBaHHi
Table 2
Dosimetric systems types, that took part in the First national intercomparison
Cuctema (3umtyBay) Marepian getekropy Tun kopnyca J[lo3umeTpuyHuin YMoBHe
aNropuT™ nosHa4yeHHs (puc.3)
System (reader) Detector material Holder type Dosimetric algorithm Symbol (fig. 3)
Harshaw 8800 TLD-100 Harshaw 8814/1111 - H8814x2
Harshaw6600 TLD-100 Harshaw 8814/0110 NVLAP H8814x4
Harshaw 6600 TLD-700, TLD-600 Harshaw 8814/7776 DOELAP H8814 x3
Harshaw 6600 TLD-700, TLD-600 Harshaw 8825/7776 HANFORD/DOELAP H8825x4
KOT-02 AI203:C Anr-03 - KDT-02M
any LiF:Mg,Ti ATy 01 DTU-01M
JBr LiF:Mg,Ti ATy 01 DVG+DTU
Rados RE-2000 LiF:Mg,Cu,P Alnor RE-2000+MCP
Rados RE- 2000 LiF:Mg,Ti Alnor RE-2000+oldLiF

pamu Ha ocHoBi LiF:Mg,Ti, ane 3ycTpiuatoTbcs Bapiallii B
TUTaHi TUITY KOPITYCY (a BinTak — Habopy (iJIETPiB), pi3HO-
Buay ocHoBHoro Matepiany (TLD-100, TLD-600 a6o
TLD-700), Ta aaroput™my, 10 BUKOPUCTOBYETHCS ISt
OLIIHKU JO3UMETPUYHUX BEIUYUH — AUB. TAOJI. 2.

Ha puc. 4 300pakeHi eHepreTUIHi 3aJIEXKHOCTI Pi3HUX
BapiaHTiB cucteMHarshaw, 1o Opanu y4acTb B iHTep-
KajiopyBaHHi. s ycyHeHHST HMOBIpHUX pO30ixKHOCTEM
3yMOBJIEHUX Pi3HUM KaJliOpyBaHHSIM, JaHi OyJad HOPMO-
BaHi 110 cepeanHboMy Ry Touni S-Cs [5]. MoxHa rmobauu-
TH, 1110 iICHYIOTh 3HAYHi pO30i>KHOCTI pe3yJIbTaTiB Pi3HUX
YYaCHMKIB JU1s1 HU3bKMX eHepriit (33keB ta 48keB), Ha-
TOMICTb JJII BUCOKMX €Hepriii (KiJibka coTeHb KeB)
PO30iXKHOCTI € HECYTTEBUMM.

3 puc. 4 BUOHO, 1110 HaliKpalluM € pe3yJbTaT Jjabopa-
Topii 23 3 nosumerpom Harshaw 8825/7776. lle 3ymoB-
JIEHO TUM, 110 AaHUii Kopnyc (Tun 8825) MiCTUTh A01aT-
KOBUIT (DinbTp 3 0J10Ba, a IJI OL[iHKU JO3U BUKOPHCTO-
BYEThCS CHeELialbHUI anropuTt™. YuacHuku 23 Ta 34,
1110 BUKOPUCTOBYIOTh OJHAKOBU HA0ip N€TEKTOPIB (TUI
7776 o3Hauae, 10 BUKOPUCTOBYIOThCS TPU AETEKTOPU 3
matepiany TLD-700 ta ogun 3 matepiany TLD-600)
MPOJEMOHCTPYBAJIM JOCUTh BiIMiHHi €HEpreTUyYHi 3a-
JIEXKHOCTi, OYEBUIHO BUKJIIOYHO 32 paXyHOK Pi3HUX KOp-
MyCiB Ta aJITOPUTMIB OLIHKU 103. ITOopiBHSIHHS pe3y/ib-
TariB yyacHuUKiB 51 Ta 24 (0gHAKOBi JO3MMETPHU, Pi3HI
34MTyBayi) BKa3y€e Ha BiICYTHICTb BILIMBY TUITY 3UYMTYyBa-
ya Ha pe3yJbTaTu BU3HAYEHHS 103.

VY cucremax JATY Takox BUKOPUCTOBYETHCS MaTepiai
nerektopiB LiF:Mg,Ti, ane Big iHILIOro BUpOOHMKA Ta
BUpOOJIeHU B iHIIMIA crioci6. Tak, mo3umerpu Harshaw
MICTSITh I€TeKTOPH, BUpPi3aHi 3 MOHOKpuUcTany, a B ATY
JNeTeKTOPH 3p00JIeHi 3 IPECOBAHOIO MOJiKPUCTATIYHOTO
LiF:Mg,Ti, 110 TakoxX BigoOpaXka€TbCsl HA JO3UMETPUY-

but some variances in terms of the holder type
occur (and therefore — a set of filters), variety of
dosimetric material (TLD-100, TLD-600 or
TLD-700), and an algorithm that is used for dosi-
metric quantity estimation — see Table 2.

Energy dependences for different versions of the
Harshaw systems that took part in the intercompar-
ison are illustrated on Fig. 4. To remove possible
divergences caused by different calibration, this data
was normalized by mean R at the S-Cs point [5].
One can see, that considerable divergences exist for
results from different participants for low energies
(33 keV and 48 keV), in turn for high energies (few
hundreds of keV) divergences are not significant.

Fig. 4 shows that the result of the laboratory 23
with Harshaw 8825/7776 dosemeter is the best.
This is due to use of particular older type (type
8825) that includes additional tin filter, and a spe-
cial algorithm is used for dose estimation.
Participants 23 and 34, who use the same set of
detectors (type 7776 indicates that three detectors
made of material TLD-700 and one of material
TLD-600 are used), showed rather different ener-
gy dependences, obviously exclusively due to a dif-
ferent holders and algorithms of doses estimation.
Comparison of the results of participants 51 and 24
(same dosemeters, different readers) shows that
the type of a reader has no influence on the results.

For DTU systems LiF:-Mg,Ti detectors are also
used, but from another manufacturer and manufac-
tured in a different way. So, Harshaw dosemeters
include detectors cut from a single crystal, and for
DTU detectors are made from pressed LiF:Mg,Ti
polycrystalline material, that is also appears in dosi-
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Prxroi

A 51 - Harshaw 8814/1111

M 23 - Harshaw 8825/7776

Yy

X 24 - Harshaw 8814/0110
X 34 Harshaw 8814/7776

@ 22- Harshaw 8814/1111
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PUCYHOK 4. EHepreTuuHi 3anexHocti go3umetpie Tuny Harshaw

Figure 4. Energy dependences of Harshaw type dosemeters

Hux xapaktepuctukax. JITY — pyuyHa cucrema, ae BU3-
HayeHHs J03M BiIOYBAETHCS MO MAKCUMYMY aMILTITyau
MiKy KpWBOI BUCBITIIOBaHHS (ITIKOBMUII MeTOHd), Ha
BimMiHy Big aBTomatnyHux cucrem (Harshaw, RADOS),
JIe PEECTPYETHCS CBITJIOCYMa B NMEBHOMY Aiala30Hi TEM-
nepatyp (iHterpajibHuii MeTod). Bimomo, 110 miKoBUi
METOJ, € MEHII CTIMKMM [0 LIYMiB Ta Pi3HOIO TUILY
¢rokTyalliii, BiaTak, 3 L€l MPUYUHU IJII JO3UMETPIiB
takoro tuny (JATY) criocTepiraeTbcsl BEIUKMIA PO3KU/L
pe3yabrartiB. Jlabopatopist 42 s 34ATYBaHHS 03U~
metpiB A TY BUKOpUCTOBYE HalliBaBTOMAaTUYHY CUCTEMY
BT, B sKili pe3yabrar — iHTerpaj KpuBOi BUCBIT/IIOBAH-
HSl, 1110, K i OUiKY€EThCS, MOKPAIILy€E TOUHICTh BU3HAYEH-
Hs 103 Ta BiATBOPIOBAHICTb pe3y/bTaTiB. ¥ JaHOMY BU-
najaky, MMOBIpHO, BiIMIHHOCTi 3yMOBJIEHI BUKOPUCTAH-
HSIM JETEeKTOpiB Pi3HUX BUPOOHUKIB Ta NIETEKTOPiB
pi3HMX TapTiii (pi3HMISI, HaNpUKIad, B KiJIbKOCTI
JOMIIIOK).

JIBi 3 TpbOX JIaOOpATOPii 3 aBTOMATUUHUMU CUCTEMAMU
RADOS BUKOpHUCTOBYIOTH OibllI Cy4yacHMIA MaTtepiaa
LiF:Mg,Cu,P, me omHa kopuctyerbcsa LiF:Mg, Ti po-
CilicbKOro BUpoOHMLTBA. K i 04iKyBalOCh, IJ11 HU3bKUX
eHepriii pe3ynbraté 3HayHO Kpamli mig LiF:Mg,Cu,P,
1110 LIIJIKOM CITiBMIaAa€ 3 JiTepaTypHUMM JaHUMMU [7].

HocuTh 1iKaBUMMW BMSIBUJIMCH PE3yJbTaTH Jlabopa-
TOpiii, 110 BUKOPpUCTOBYIOTh cuctemy KIT-02 3 no3u-
metpamu JAI1T-03 (matepian nerexktopa Al,O3:C). Tak,
ojiHa 3 yabopartopiit mokasajga 100 % nmoTparuistHHS 10
TpyOM JOITYyCKY, iHIIA X MOKa3aja He3ad0BiIbHUN pe-
3yJbTaT y PerioHi HU3bKUX €HEPTili BUTIPOMiHIOBaHHSI.
Po306ixkHicTh MixX ABOMAa, 3a PELITOI IMOKA3HUKIB —

) 264

metric characteristics. DTU is a manual system,
where dose determining is made by the amplitude
maximum peak of the glow curve (peak method),
unlike automatic systems (Harshaw, RADOS),
where the amount of light in certain temperature
range is scored (integral method). It is known that
the peak method is less resistant to noise and fluctu-
ations of various types, so for this reason, for this
particular type of dosemeters (DTU), the great vari-
ation in the results is observed. Laboratory 42 used
semiautomatic DVG for reading DTU dosemeters
in which the result — the integral of the glow curve,
as it’s expected, improves accuracy of dose and
reproducibility of the results. In this holder, proba-
bly, the differences are caused by the use of detec-
tors from different manufacturers and detectors of
various production batches (the difference, for
example, in the amount of impurities).

Two of the three laboratories with automatic
RADOS systems use more modern material
LiF:Mg,Cu,P, another one uses LiF:Mg,Ti of
Russian production. As expected, for a low ener-
gies results for LiF:Mg,Cu, P are significantly bet-
ter, which is consistent with the literature [7].

The results of laboratories that use the system
KDT-02 with the dosemeters DPG-03 (detector
material is Al,O3:C) were quite interesting. For ex-
ample, one of the laboratories showed 100% fit into
the trumpet curve, while the other showed unsatis-
factory results in the range of low-energy radiation.
According to the rest of characteristics, the discrep-
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iTEHTUYHUMHU, JTaOOPaTOPisIMU TOJSIra€ B TOMY, IO
oAHa (MeHII yCMillHA) Hajajda IJIsl ydacTi y iHTep-
KaJiopyBaHHI J03UMeETpu O€3 aJlloMiHi€BOI 3allilKM-
TpuMaua, a iHma (ycmiliHa) BUKOPUCTOBYBajia J03M-
METPHU Y IITaTHil KoMIuiekTallii. O4eBUaHO, 3alllilKa
notpibHa He JIMIe IJIs1 MEXaHIYHOI'0 CKPITlJIEHHSI KOP-
nycy ao3umeTrpa, aje i 3abe3rnedyye HeOoOXiIHY KOM-
MeHcallilo BKJIaAy B 103y BiJl 3BOPOTHOTIO PO3CiSTHHS Ha
TiJIi TIOAUHMU.

IIle omHOIO BaXXJIMBOIO XapaKTEPUCTUKOIO JO3UMET-
pu4yHOro obJialHAaHHS € KyTOBa 3aJIeXXHICThb Biaryky. Ha
puc. 3 300pakeHi KyTOBi 3aJIeXKHOCTiI JO3UMETPUIHUX
CHUCTEM, IO B3SJIM y4yacTh B iHTepKaliOpyBaHHi. s
i301bOBaHOI OLIIHKM KYTOBOiI 3aJ€KHOCTI BiTyKy, AaHi
OyJIM BiZIHOPMOBAHI Ha MOKA3HUKU JJIsI HOPMAaJIbHOTO
nafiHHg BUMIpoMiHioBaHHS (o, = 0° — quB. puc.2).

BuaHo, 1110 17151 GifbIIOCTi JO3UMETPiB CIIOCTEPIra€Th-
Cs1 3aBUILIEHHS 103U MPpU 301JIbIIEHHI KyTa. BUHITKOM €
nmosumetpu JI1T-03, g9Ki HaBiTh Ha BETMKMX KyTax ITOKa-
3yI0Th rapHi pe3yabratu. CUILHO BUpaXKeHi KyTOBi 3a-
JIEXXHOCTI MOXYTh OyTM CHPUYMHEHI HEJOCKOHAIOIO
KOHCTPYKII€I0 KOPIYCY, SIKY MOXKHa 100pe MPOiTIOCTPY-
BaTu Ha npukiani nosumetpy ATY (puc. 6a). Tak, npu
BEJIMKUX KyTaX OMPOMiHEHHSI OCHOBHUI (DiJILTp PEHT-
reHiBChbKOr0 BUIIPOMiHIOBaHHS (€J€MEHT 2, puc. 60) He
3a0e3nevye eKpaHyBaHHS 1ETEKTOPIB.

[1pu Ginbmmx eHeprisx edeKT Qinprpaliii aToMiHiEBIM
(iaBTPOM BiTHOCHO 3HMKYETHCSI, & OCHOBHMI (DiBTP 3
TUTaCTUKY 3a6e3Ieuye TOCTaTHIO i30TPOITHICTh (pibTpaltii
y LLIMPOKOMY Jliara30Hi KyTiB MadiHHs BUITPOMiHIOBAHHSI.

TakuM ynMHOM, NOIATKOBUI aHaji3 pe3yabTaTiB Ilep-
IIOr0 HaliOHAJILHOI'O iHTepKajiOpyBaHHS JTO3BOJIMB
BU3HAYUTH 0a30Bi JO3UMETPUUYHiI XapaKTepPUCTUKU OC-
HOBHMX TUMIB a03uMeTpuuHMX cucteM IJIK, 110 BUKo-
PUCTOBYIOThCS B YKpaiHi ST KOHTPOJIO MPodeciitHOTO
OINMPOMiHEHHS TepcoHany KaTeropii A. fIK BUIUIMBaE 3
IIbOTO aHAJTi3Y, Pi3Hi TUITX TO3UMETPUIHUX CUCTEM (YChO-
ro 9 pi3HUX TUIIiB) HE € PiIBHOLIHHUMU, ACSIKi 3 HUX Ma-
I0Th TPUHLUIIOBI Baau, SIKi 3HAYHO 3BYXYIOTb Tanay3b
3aCTOCYBaHHSI 1IbOTO O0JIaIHAHHSI.

3 TOUKHU 30py EHEPTETUYHUX 3aJI€KHOCTEN BiATyKy IO-
3UMETPiB (OYEBUAHO, HANOIIbII BaXKIUBUI MapaMeTp 3
TOYKM 30PY BUKOPMCTAHHS IO3MMETPIB y IIMPOKOMY
CMEeKTPiB YMOB ONPOMiHEHHS Ha pPOOOYMUX MiCILISIX),
HaWOIIBII YHiBEpcaTbHUMU BUSBWINCA (1) mo3umeTpu
Ha ocHoBi TJIJI matepiany LiF:-Mg,Cu,P, (2) nosumeTtpu
Ha OCHOBI KJlacuyHoro marepiany LiF:Mg,Ti, ane y Kop-
Mmycax BiJlTOBiZHOI KOHCTPYKIIii, sIKi pa3oM i3 3aCTOCY-
BaHHSM JO3MMETPUUYHUX AITOPUTMiB, JO3BOISIIOTh KOM-
MEHCYBAaTH €HEePreTUYHY 3aJIeKHICTh LIbOTO MaTepiaiy, a
TaKoX, K He TuBHO, (3) mo3mMetpu A I1I-03 (maTepian

ancy between these two identical laboratories is that
the one (less successful) provided dosemeters without
its aluminum latch-holder for the participation in
intercomparison, and the other one (successful) used
the dosemeters in standard assembly. Obviously
latch-holder is needed not only for mechanical fas-
tening the holder of dosemeter, but also provides the
necessary compensation for the contribution to the
backscattering dose from the human body.

Another important characteristic of dosimetric
equipment is angular dependence of the response.
Fig. 3 shows the angular dependence for dosimetry
systems that participated in intercomparison. For
separate estimation of angular dependence of
response the data was normalized by the values for
normal incidence radiation (o = 0° — see. Fig. 2).

It is seen that for the most of the dosemeters
overestimating of the dose while increasing the
angle is observed. The exception is dosemeters
DPG-03, which, even at high angles show good
results. Strongly expressed angular dependence
can be caused by imperfect holder design, which
can be well illustrated by the dosemeter DTU (Fig.
6). So at high incident angles the main X-ray filter
(item 2, Fig. 6b) does not provide shielding of the
detectors.

For higher energies the filtering effect with alu-
minum filter is relatively reduced, and main plas-
tic filter provides sufficient isotropy of filtration in
a wide range of angles of incidence of radiation.

Thus, additional analysis of the First National
Intercomparison made it possible to determine the
basic dosimetric characteristics of the main types
of IDM dosimetry systems used in Ukraine for
monitoring of occupational exposure category A
personnel. As it follows from this analysis, differ-
ent types of dosimetry systems (9 different types in
total) are not equal, and some of them have funda-
mental flaws that significantly narrow application
scope of this equipment.

In terms of energy dependences of the doseme-
ters (obviously, the most important parameter in
terms of the use of dosemeters in a wide range of
exposure conditions at the workplaces), the most
universal were (1) dosemeters based on TLD
material LiF:Mg,Cu,P, (2) dosemeters based on
classical material LiF:Mg,Ti, but in holders of
appropriate design, which along with the use of
dosimetric algorithms, are able to compensate
the energy dependence of the material and, sur-
prisingly, (3) dosemeters DPG-03 (detector
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51 - Harshaw 8814/1111
23 - Harshaw 8825/7776
24 - Harshaw 8814/0110
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PucyHoK 5. KyTtoBi 3aneHOCTi f03MMETPUYHMX CMCTEM NpU ONpPOMiHeHHi y cepii peHTreHiBCbKoOro

onpomiHeHHa N-60

Figure 5. Angular dependences of dosimetric systems for irradiation by x-ray radiation N-60 series

6/b

PucyHok 6. [losumetp ATY-01: 1 - petekTopy, 2 — antomiHieBui ¢inbTp, 3 — eNneMeHT Kopnycy, 4 — 3awinka.

Figure 6. DTU-01 dosemeter. 1 - detectors, 2 — aluminum filter, 3 - holder part, 4 - holder

nerexktopa Al,O3:C) 3i ckinany MopaibHo 3actapiyiol TJI/I
cuctemu KJIT-02.

Haitkpamumu (HaiicmabmmMmy) KyTOBUMM 3aJIeKHOC-
TSMU XapaKTepU3YIOTbCS T03MMETPU HOBOIO THMILY
RADOS, sxi BukopuctoBytoThcs st [JIK nepcoHamy
nBox AEC Vkpainu. /Ins apromatnynux TJIJI cuctem He
OyJIO BUSIBJIEHO BIUIMBY 3UMTYBadiB pi3HUX MoOAEJeil Ha
TOYHICTh pe3yJIbTaTiB, TPUYMHA PO30iXKHOCTEH Y BilTBO-
PIOBAHOCTi pe3y/abTaTiB pyYHUX Ta HamiBaBTOMATUYHUX
CHCTEM OJHO3HAYHO HE BU3HAYEHA — WMOBIpHUM €
BILIMB IIOIIEPEIHHOTO COPTYBAHHS IETEKTOPIB 3a Kjaca-
MU iHAMBiAyaJbHOI YyTIIMBOCTI (Y aBTOMAaTUYHUX CUCTE-
Max Bapiallil YyTJMBOCTi OKPEMUX E€TEKTOPiB BPaXOBY-
IOThCS aBTOMATUYHO Yepe3 3aCTOCYBAHHS iHIMBIdyaslb-
HHUX KaniOpyBalbHUX KoedillieHTiB), ab0o ampiopHO

material Al,O3:C) from the obsolete TLD system
KDT-02.

The new type of dosemeters RADOS, which are
used for IDM for staff of two NPPs in Ukraine, have
demonstrated the best (weakest) angular depen-
dences. For automatic TLD systems the effect of the
different reader models on the accuracy of the results
has not been found, the cause of differences in
reproducibility of results of manual and semi-auto-
matic systems was not clearly defined — the impact
of preliminary sorting detectors by classes of individ-
ual sensitivity is probable (in automatic systems vari-
ations of the sensitivity of individual detectors are
taken into account automatically by applying indi-
vidual calibration coefficients), or the higher a priori

(1) 266
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OiJblIa TOYHICTh iHTErpajibHOTO METOMY 3YMTYBaHHSI
(IBT") mopiBHsiHO 3 ikoBuM MetoaoM (ATY, KJT).
BaxiuBUM NpakTUYHUM pe3yJIbTaTOM iHTepKaliopy-
BaHHS € TAKOX Te, 110 MPaKTUYHO Bci UMM cucteM IJIK
(3a BUHATKOM 3acTtapiyioi riiBkoBoi cuctemu IOK-Y) di-
TYpPYIOTh Cepell YCIIIHUX Jabopartopiii (Takux, LIO Bid-
nosinaoTh Kputepisim crangapty ISO 14146), a Bigrak, B
YMUIMX pyKax MOXYTb BUKOPUCTOBYBAaTUCH UIS SIKiCHOTO
JIO3UMETPUYHOTO KOHTPOJTIO TIEPCOHATY KaTeropii A.

BUCHOBKU

» Brnepiie B YkpaiHi 0yj10 3aificHeHO HauioHaibHe 1K
JlabopaTopiit iHAUBiIyaAbHOIO JO3UMETPUYHOIO KOHT-
poJifo, SIKE a0 MOXJIMBICTb, MOMiX IHIIMX ITOKa3-
HMKIiB, OLIHUTU KYTOBI Ta €HEpPreTUYHi 3aJeXKHOCTi
HaNOUIbII MOIIUPEHUX JO3UMETPUUYHUX CUCTEM.

» EHepreTW4Hi 3aJleXKHOCTi MOIIMPEHUX B YKpaiHi
TUIIIB TO3UMETPiB B OCHOBHOMY BilMNOBiIalOTh JliTepa-
TYPHUM JaHUM JJis Binomux matepiajiiB TJII getekTopiB
(LiF:Mg,Cu,P, LiF:-Mg,Ti ta AI203:C), ane, 3aBOsiku
0COOJIMBOCTSIM KOpPITYCiB ((hiIbTPiB) JO3UMETPIB Ta I0-
30BUX aJITOPUTMIB, JIJIT OKPEMUX CUCTEM 1Ii eHepreTUIHi
3aJIe3KHOCTI MOXKHA TTOKPAIIUTH (KOMIICHCYBATH ).

» BcTaHOBJIEHO, 110 KyTOBi 3aJIe;KHOCTI HAaliMEHII BU-
paxeHi musg go3umetrpiB JAIIT-03 3i ckimamy cucreMmu
KAOT-02 (marepian nerektopiB AlI203:C) Ta HOBUX KOp-
nyciB go3umerpiB RADOS (martepian geTeKTopiB
LiF-Mg,Cu,P). IH1i macuBHi MTO3MMETPUYHI CUCTEMU
MOKa3yloTh 3aBUILEHHS MNpu 30iJbIIEHHI KyTa OIl-
pomiHeHHs, 30kpeMa 1t ITY-01 BoHO 3yMOBJIeHE He-
BIAJIOI0 KOHCTPYKIIi€IO (hisIbTpa.

» Pe3ynabraTv OOCHiIXEHHS CBigyaTh PO Te, 10 OC-
HOBHi MOIIMpeHi B YKpaiHi TUITA iHAUBITyaIbHUX T03M-
MeTpiB, 3a BUHITKOM ATY i I®KY (mriBkoBuii 103u-
METp), MalOTh €HEPreTUYHi Ta KYTOBi 3aJIeXKHOCTI, IO
3a/10BOJIBHSIIOTH NMpaKTU4Hi norpedu IJIK y mupoxkomMy
niama3oHi yMoB IpogeciitHoro omnpomiHeHHs. Ti X 3
CHCTEM, IO ITOKa3aJy He3adOBiIbHI pe3yiabraTH, MO-
>KyTh BUKOPMCTOBYBATUCH Y OiIbII By3bKMX KJIacaX YMOB
OINMPOMiHEHHSI HAa po0OYMX MicUgX (HAmpUKIad, TiIbKU
MPU PEHTTEHiBCbKOMY OMTPOMiHEHHI).

» (OueBUAHO TIOraHi pe3yJbTaTh iHTEpKaliOpyBaHHSI,
MPOAEMOHCTPOBAHI OKPEMUMHU yUaCHUKAMU, 3yMOBJIEHI,
CKOpilll 3a Bce, BagaMMU METOIMK Ta JIFOACHKUM (haKTo-
pOM, a He HeOoJiKaMU T03UMETPUYHOTO OOIaTHAHHS.
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A. F. McWhan // EURADOS Report 2012-01. — EURADOS: Braunschweig,
2012. — 155 p.

accuracy of the integral method of reading (DVG)
compared to the peak method (DTU, KDT).

An important practical result of the intercom-
parison is the fact that virtually all types of IDM
systems (except the obsolete film system IFC-U)
appear among successful laboratories (those that
meet the criteria of ISO 14146), and then, in
skilled hands can be properly used for qualitative
dosimetric monitoring of category A staff.

CONCLUSIONS

» For the first time in Ukraine the national IC of
laboratories for individual dosimetric monitoring
had been implemented, allowing to evaluate,
among other indicators, energy and angular
dependences of the common dosimetric systems.

» Energy dependences of the common doseme-
ter types in general correspond to the literature
data for known materials of TLD detectors
(LiF:Mg,Cu,P, LiF:Mg,Ti and Al203:C), but due
to the peculiarities of dosemeter holders (filters)
and dose algorithms for some systems these energy
dependences can be improved (compensated).

» It was found that the angular dependences are
the least expressed for dosemeters DPG-03 from
the KDT-02 system (detectors material Al203:C)
and new holders for RADOS dosemeters (detectors
material LiF:Mg,Cu,P). Other passive dosimetry
systems demonstrate overestimation while increas-
ing inceident angle, particularly strongly for DTU-
01, obviously, due to fail filter design.

» Investigation results indicate that the common
types of individual dosemeters in Ukraine, except
DTU and IFCU (film dosemeter) have energy and
angular dependences, satisfying the practical
needs of IDM in a wide range of conditions of
occupational exposure. Those of the systems that
have shown poor results may be used in more nar-
row classes of exposure conditions at the work-
places (for example, restrictively for the X-ray irra-
diation).

» Obviously, poor results of intercomparison,
demonstrated by some participants are caused, by
the failing methods and human factor, rather than
by flaws of dosimetric equipment.
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