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BU3HAYEHHA EOEKTUBHUX 103 ITAIIIECHTIB ITPU
HAWBLIBII NOIIMPEHUX PEHTTEHOT PAOTYHUX
JOC/IIKEHHAX METOJIOM ®AHTOMHOTIO
MOJEJIOBAHHA

MeTa. BusHayeHHs KOHBEpCiNHMUX KOedilLlieHTIB Bif BUMIpAHUX LO3UMETPUYHUX BEUYUH O eKBiBANIEHTHUX OpraH-
HUX/TKAHUHHUX J03 WNAXOM (hAaHTOMHOrO MOJENOBaHHA YMOB ONPOMiHEHHS Ta OUiHKA e(heKTUBHUX A03 «CTAHAAPT-
HUX» MALi€HTIB AN HaWbiNnbl MacoBMX BUAIB peHTreHorpadiyHmMx aocnimkeHb B YkpaiHi.
Marepianu Ta meToan. MofentoBaHHA YMOB OMPOMiHEHHA NALi€HTIB AN 7 HAMOiNbW nowunpeHux B YKpaiHi BUAiB
peHTreHorpadiuHmux gocnigxeHs i hntooporpadii npoBeaeHo Ha reTeporeHHoMy aHTPonoMopdhHOMY haHTOMi «CTaH-
LAPTHOT» NIOLUHM 3 BUKOPUCTAHHAM PEHTTeHIBCbKMX JiarHOCTUYHMX anapartiB ABOX rpyn: cyyacHi uudposi anapatu
Ta aHaNoroBi anapaTu 3i CTPOKOM ekcnnyatauii noHas 15 pokiB. BumiptoBaHHA BXiAHUX NOBEPXHEBUX i MOMMUHYTUX
[03 B OpraHax Ta TKaHWHax NPOBeJEHO METOAOM TEPMOJIIOMiIHECLLEHTHOT JO3UMeTPii.
Pe3ynbratu. 3a pesynstatamu haHTOMHOrO MOLENIOBAHHA BU3HAYEHO KoedilieHTV nepexofy Bif BXiAHOT noBepxHe-
Boi go3u (BI[) no ekBiBaneHTHUX 403 B OCHOBHUX OpraHax/TKaHWHaxX «CTaHAAPTHOrO» nauieHTa ans obpaHux BUAIB
peHTreHorpadiyHux gocnigxeHs. [poBeaeHo oUiHKM KoedilieHTiB nepexoay Bif 3HaveHb BI[ ao edekTMBHMX 103 B
Aiana3oHi 3HaYeHb aHOLHOT HANPYry, IKi BUKOPUCTOBYIOTLCSA HA PEHTIEHIBCbKMX anapatax ABOX Fpym Npu OKPeEMMUX
JaocnigpKeHHax. Ycboro npoeefeHo 116 haHTOMHUX MOAeNtoBaHb 3@ YyMOBM 2—3-KpaTHMX NOBTOPiB BUMiptoBaHb [is
KOXHOT MOAeni onpoMiHEHHS Ha KOXHOMY PEHTreHiBCbKOMY anapari.
BucHoBKK. OTpuMaHi 3HauyeHHA KOHBepCiliHMX KoediuieHTiB Big BI[ no ekBiBaneHTHMX Ta edeKTUBHUX [03
NayieHTiB MOXYTb OYTW BUKOPUCTAHI K A5 OLiHKM e(heKTUBHUX 403 CTAHAAPTHUX» MALiEHTIB 33 CEpPeAHIMU 3HAYEeH-
Hamu BI[ B okpemux kabiHeTax, Tak i AN OLUIHOK KONEKTUBHUX [03 Ta pafiaUiliHUX pU3MKiB HaceneHHs YkpaiHu 3a
PaxyHOK MacoBMX BUAiB peHTreHorpadiyHux AocnigxKeHs.
KniouyoBi cnoBa: peHtreHorpadis, haHToMHe MOAeNtOBaHHSA, KOHBEPCiHi KoedilieHTH, eKBiBaneHTHi Ta edek-
TUBHI 0O3MU.
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DETERMINATION OF THE PATIENTS’ EFFECTIVE DOSES
FOR MOST COMMON X-RAY EXAMINATIONS BY PHANTOM
SIMULATION

Objective. The objective of investigation is the determination of conversion factors from measured dosimetric
values to equivalent organ / tissue doses by phantom modeling of the exposure conditions and assessment the
effective doses of the «standard» patient for the most common types of radiographic examinations in Ukraine.
Materials and methods. The simulation of patients’ exposure for 7 most common types of radiographic exams and
fluorography in Ukraine was carried out on a heterogeneous anthropomorphic phantom of a «standard» person. For
phantom modeling two groups of X-ray units (modern digital and analogue units which have been in use for more
than 15 years) were used. The measurements of entrance surface and absorbed doses in organs and tissues were per-
formed using thermoluminescent dosimetry method.

Results. The conversional factors from the entrance surface doses (ESDs) to the equivalent doses for most radiosen-
sitive organs / tissues of the «standard» patient were determined for the selected types of radiographic exams from
the results of phantom simulations. The estimation of conversional factors from the ESDs to the effective doses was
carried out in the working range of voltage values of two groups of X-ray units for the same radiographic examina-
tions. A total of 116 phantom simulations were performed with 2-3 measurement repetitions for each irradiation
model on each X-ray unit.

Conclusions. The obtained values of conversion factors from ESD to the patients’ effective doses for selected types
of X-ray diagnostic exams can be used for assessing the effective doses of «standard» patients in the various X-ray
rooms and for assessing the collective doses and radiation risks of the population of Ukraine due to the most com-

mon radiographic examinations.

Key words: radiography, phantom simulation, conversion factors, equivalent and effective doses.
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BCTYII
3acTocyBaHHS JKepea i0Hi3yI04oro BUIIPOMIHEHHS ¥y
PEHTTEHOMIarHOCTUIII € OJHWM 3 HAWOUIbII 3HAYYIIAX
dakTopiB pagialiiHOro BIUIMBY Ha TtoguHY. OGrpyHTYBaH-
HSI Ta BUIIPABIAHICTh IPU3HAYEHHST PEeHTTEHOMiarHOCTIY -
HUX JOCTiIKeHb 0a3yloThCsl Ha OLIHII pamialiifHuX pu-
3WKIiB JOJATKOBUX BUITAIKIB OHKOJOTIYHUX 3aXBOPIOBAaHb
SIK Y OKPEeMOI JTIOAWHU, TaK i MOMYJIsILii HaceJeHHS IMPU Me-
JUYHOMY 1iarHOCTMYHOMY OIIPOMiHEHHI. ¥ rayysi papia-
LifiHO1 0e3MeKN Miporo BU3HAYEHHS padialliiiHOro pU3UKY
€ e(eKTUBHA [103a, sIKa BUKOPUCTOBYETHCS JUIST OLIIHKU
BIUTMBY OIIPOMiHEHHS BChOT'O Tijla JIIOAWHU 3 ypaXyBaHHIM
Pi3HOI PafiouyTIMBOCTI OKPEMHUX OPTaHiB i TKAHUH.
BignoigHo 10 BuMor OCHOBHMX CaHIiTApHUX MpaBWJI 3a-
Oe3neyeHHs pamialiitHoi 6e3neku Ykpainu (OCITY-2005)
B TPOTOKOJIi AiarHOCTUYHOIO OOCTEXKEHHS TallieHTa He-
00XiMHO peecTpyBaTH CyMapHy e(PEeKTMBHY H03Y OITPOMi-
HEHHS TaLliEHTA BiJl TPOBEAEHOIO PEHTIeHO-PaIiooTiYHO-
ro pmocmimkeHHs [1]. ¥ Hakazi MO3 Ykpainn Ne 295 (2001)

0« Larysa L. Stadnyk, e-mail: Istadnyk @ukr.net

INTRODUCTION

X-ray diagnostics is one of the most significant
factors of the human radiation exposure. The jus-
tification of X-ray diagnostic examinations is
based on the assessment of the radiation risks of
additional cases of oncology diseases in both
individuals and the population due to the medical
diagnostic irradiation. In the field of radiation
protection an effective dose is the measure for
determining of radiation risks. It is used to assess
the radiation exposure effect on the whole human
body, taking into account different radiosensiti-
vity of organs and tissues.

According to the requirements of the Basic
Sanitary Rules of Radiation Safety of Ukraine
(OSPU-2005), the protocol of the patients’ diag-
nostic examination has to include the total effec-
tive radiation dose of the patient from the per-
formed radiological examinations [1]. The ex-
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«ITpo CTBOpEHHST CUCTEMU KOHTPOJIIO Ta OOJIiKY iHAWBIAY-
aJbHUX 103 OIMPOMIHEHHSI HACEJIEHHS TIPU PEHTTEHO-
JIOTIYHUX TIpolieaypax» [2] HaBeldeHi 3HAYCHHS CepeIHiX
e(eKTUBHUX eKBiBaAJICHTHUX 103 [JIs1 Pi3HUX BUIIiB PeHTIe-
HOJiarHOCTUYHUX A0CTiKeHb. OqHaK (haKTUIHi e(PeKTUB-
Hi I03M CTaHIAPTHOTO IIAlliEHTa B OKPEMUX PEHTICHIBCh-
KMX KabiHeTax MOXYTbh 3HAUHO Bipi3HSTUCS Bill TaOYyJIbO-
BaHUX 3HaUYeHb eheKTUBHUX 103 i3 Hakazy MO3 Ne 295 3a
paxyHOK pi3HUX XapaKTEPUCTUK PEHTIEHiBCbKUX arapariB i
peXUMiB TPOBEACHHSI TOCiIKEeHb, SIKi BUKOPUCTOBYIOTHCS
B MPaKTULi pOOOTU PEHTTEHIBChKUX KaOiHETiB, TOMY 1i€ He
JIO3BOJISIE TIPOBOIUTM ONTUMI3AIlil0 pamialliiiHOi Oe3meKku
MAaliEHTIB TP MEAMYHOMY JiarHOCTUIYHOMY OIIPOMiHEHHI.

BinnosigHo 1o pexkomenpauiin MKP3, MAIATE,
€BpaToMa BU3HAYEHHsI KOJICKTMBHHUX €(eKTUBHMX 03
HaceJIeHHsI KpaiHU peKOMEHIOBAaHO IMPOBOAUTH, Oa3yio-
Y1Ch Ha JaHUX PENPE3EHTaTUBHOTO HAlliOHAJIbBHOTO aHKe-
TyBaHHS 103 MaLi€HTIB 3aJ€XXHO BiJ TUIIiB pEHTTeHoaiar-
HOCTUYHOTIO 00J1aflHAHHS Ta TEXHIKU IIPOBEAEHHS PEHTIe-
HOMiarHOCTUYHOTO AOCHimKeHHs [3—5]. ¥ pasi Hemoxiu-
BOCTi MPOBEACHHS HALliOHAJILHOTO OMUTYBAHHS JUIST YCiX
MEIWYHUX 3aKJIaliB KpaiH PEKOMEHA0BAHO MPOBEACHHS
JIOKQJIBHUX OIJISIAIB 03 3 MONAJIBIIOK €KCTPAIOJISLi€I0
pe3yabTaTiB Ha BCIO KpaiHy ab0 BUKOPMCTAHHSI 3HAYeHb
e(eKTUBHUX M03 TAIi€EHTIB 3a JAaHUMM IHIIUX KpaiH 3
GJIM3BKOIO 3a SIKICTIO CUCTEMOIO OXOPOHU 310poB’d [6, 7].

Bimomo, mo omiHka e(eKTUBHUX 03 MOXKE OyTH BU-
KOHaHa TiJIbKM PO3PaXyHKOBUM METOAOM Ha OCHOBI
(aHTOMHUX MOJEN0BaHb, OCKIiJbKWA MPOBEACHHS Mpsi-
MHUX BUMiplOBaHb €KBiBaJIECHTHUX A03 Ha BHYTPIllIHI Op-
raHu i TKAHMHUM TMalli€EHTa Ha MOPaKTULI HEMOXJIMBE.
3rigHo 3 pekomenaauisimu MKP3 ta €C s oliHKu
e(eKTUBHUX 103 JOLIJTbHO BUKOPHUCTOBYBATU JO3UMET-
PUYHI XapaKTepUCTUKM (BXiTHa MOBEepXHEeBa 403a, 100Yy-
TOK J103a—ILJIola TOLIO), sSIKi JIETKO BUMIpPIOIOTHCS Ha
MpaKTHUlli, i3 3aCTOCYBAaHHSIM KOHBEPCIHUX KoedillieH-
TiB 10 €KBiBaJICHTHMX OPraHHMX/TKAaHUHHUX Ta edeK-
TUBHUX 103 [3, 6].

JI1st BU3HAUEHHSI KOHBEPCIMHUX KOeilliEHTIB BUKOPHC-
TOBYIOTb JO3UMETPUYHI MaTeMaTU4Hi Ta (pi3n4uHi (PaHTOMU,
1110 T03BOJISIE OLIIHUTHU PO3IO/Ii €KBiBAJICHTHUX /103 32 Op-
raHaMM I TKaHWHAMU Ta BU3HAYNTH e(peKTUBHY m03y. Om-
HaK BUKOPHMCTAaHHS MaTeMaTMYHUX (PaHTOMIB OOMeEkeHe
pecypcaMu TIporpaMHOro 3a0e3reueHHsl, i pe3yabraTi po3-
paxyHKiB €KBiBaJICHTHUX J03 MOXKYTb 3HAYHO BiPi3HIATUCS
BiI (haKTUYHMX 3HAYEHb IS YMOB pealbHOro OMPOMiHEH-
Ha. Di3nyHi GaHTOMU J03BOJISIOTH ITPOBOAUTH MOIEITIO-
BaHHSI YMOB OINPOMIiHEHHSI «CTaHAAPTHUX» MALli€EHTIB MpU
PEHTIeHOIIarHOCTUYHUX MPOLIEAYpax 3 ypaxyBaHHSIM Xa-
PaKTEpUCTUK arapariB, peXXuUMiB AOCTIIKEHHS, TeOMETpii
OIMPOMIHEHHSI TAalli€EHTIB, SIKi BUKOPUCTOBYIOThCSI Ha MpaK-

pected average effective doses for patients from
X-ray diagnostic exams were specified by the
Ministry of Health of Ukraine in Order No. 295
(2001) «Establishment of a system for monitoring
and recording individual radiation doses in the
population during radiological procedures» [2].
However, the actual effective doses vary signifi-
cantly from the tabulated values of Order No. 295
due to the different characteristics of X-ray units
and the irradiation techniques, which are used in
the X-ray rooms practice. Therefore it does not
allow optimizing the radiation safety of patients
in diagnostic radiology.

According to the recommendations of the
ICRP, IAEA, EURATOM the evaluations of the
population collective effective doses in country
should be based on the data of representative
national survey of patients doses depending on
types of X-ray diagnostic equipment and X-ray
techniques [3—5]. In case it is impossible to make
national survey, it is recommended to carry out
the local dose surveys with subsequent extrapola-
tion of results to the whole country, or to use the
values the patients’ effective doses from other
countries with a similar health care system quali-
ty [6, 7].

It is known that the evaluation of effective doses
is performed using calculations based only on
phantom simulations. This is due to the fact that
the direct measurement of equivalent doses to the
internal organs and tissues of the patient is impos-
sible. According to the recommendations of the
ICRP and the EU the assessment of effective doses
should be carried out using measured dosimetric
characteristics (entrance surface dose, dose—area
product etc.), which are easily obtained in practice,
and the conversion factors to the equivalent doses
for organs and tissues and effective doses [3, 6].

Dosimetric mathematical and physical phantoms
are used to estimate conversion factors, to study the
distribution of equivalent doses in organs and tissues,
and to calculate the effective dose. However, the use
of mathematical phantoms is limited by software
resources, and the results of calculation of equivalent
doses can differ significantly from the actual values
under real exposure conditions. Physical phantoms
make it possible to simulate the radiation conditions
of «standard» patient exposure during X-ray diag-
nostic procedures taking into account the parame-
ters of X-ray units, examination techniques and irra-
diation geometry, which are used in practice.
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TUL. 3TiAHO 3 MiXHAPOTHWMU PEKOMEHAALISIMU OLIIHKU
JI03 TIALIIEHTIB MPOBOISITLCS a00 B yMOBax peajbHOI MpaK-
TUKU Ha NalliEHTaX «CTaHJApPTHOIO» PO3MIpy: CEpeaHS Ba-
ra (70 £ 5) kr, cepenniii 3pict — (170 = 10) cM, abo Ha
(hanTOMIi «CTAaHTAPTHOI» JTIOAWHMU [§].

BuszHaueHHs1 eKBiBaJIeHTHUX Ta e(EeKTUBHUX 103
«CTaHJAPTHUX» MALIIEHTIB 3a pe3yJabTaTaMU OLIHKU BXiJl-
HUX MOBEPXHEBUX 03 MALIIEHTIB 3 ypaxXyBaHHSIM BiJIl0-
BiTHUX KOHBEPCIAHUX KOeMIlliEHTIB U1l HAAOLIbIIT Ma-
COBUX i 1030(DOPMYIOUMX BUIIB peHTIeHOAiaTHOCTUYHUX
MOCIIXKEHb AO3BOJISIE TIPOBOIMTHU K 3iCTaBJICHHS O03
«CTaHAAPTHUX» MALiEHTIB B Pi3HUX PEHTreHOodiarHOC-
TUYHMX KabiHeTax, Tak i BA3HAUUTH KOJICKTUBHI eKBiBa-
JIEHTHi/e(DeKTUBHI MO3M, OLIHWUTU pamialliiiHi pU3NKU
HaceJIeHHsI KpaiHM Ta LUISIXM OITUMi3allil pamialiiiHol
0e31eKu TMali€HTIiB TPy MEAUYHOMY OIPOMiHEHHI.

META

Metoto pob6oTu OyJ10 BM3HAUEHHSI KOHBEPCIAHMX KO-
eillieHTIB Bil BUMipSIHUX TO3UMETPUYHUX BEJIUYMH 10
eKBIBaJICHTHUX OPraHHUX/TKAHWHHUX H03 IISIXOM
(aHTOMHOIr0 MOZCIIOBAaHHSI YMOB OIPOMiHEHHS Ta
OlliHKa e(PEKTUBHUX 103 «CTAHAAPTHUX» MAIIEHTIB IJIsI
HaMOIIBII MacOBUX BUAIB peHTreHorpadiyHux JOCTia-
JKeHb B YKpaiHi.

MATEPIAJIN TA METOJIHU
st BUBYEHHSI CTPYKTYpU PEHTTeHOIiarHOCTUYHMX
JOCJiJIXKeHb, BU3HAUEHHSI HaMOUIbII MAacOBUX BUIiB
JMOCIIIXKEHb i OLIHKM TapKy PEeHTTeHiBCbKOro oban-
HaHHS1 B YKpaiHi Y «IHCTUTYT MeauuHOiI paaioJiorii
im. C.I1. Ipurop’eBa HAMH VYkpaiHnu» npoBiB neKinbKa
HalliOHAJIbHUX aHKETYBaHb YCiX PErioHiB YKpaiHU B
paMKax mporpamu «310pOB’s Hallil» 3a ABOMa OIMTY-
BajbHMKaMU. 3a miarpuMkn MO3 Ykpainn aHkeTtu Oy-
JIn po3icnaHi B obyacHi JdemapTraMeHTH OXOPOHU 310-
poB’d, a 30ip iH(hopmallii TPOBOAUBCS Yepe3 PeHTIeHO-
palioyoTiuHi BimaiIeHHsI 00JlaCHUX JIiKapeHb i o0Jac-
HUX peHTreHoJsoriB. lLle m03BOJMIIO OTpUMATU peripe-
3eHTAaTUBHI JaHi 3 yciX perioHiB KpaiHu. Pe3ynbsraTi ga-
HOI poOOTHM BimoOpakeHi y 3BiTax IMpPO HAyKOBO-
pochigHi pobotu IHcTuTyTy «BCTaHOBIGHHS Halio-
HaJIbHUX PEKOMEHJ0BAHUX PiBHIB MEAUYHOIO OIPOMi-
HEHHSI MpPU PeHTreHiBChbKil miarHocTuii» (Ne Jlep:k-
peectpanii 0109U00063) Ta «Po3pobka mporpamu
KOHTPOJIIO SKOCTi y NpPOEKIUilHili peHTreHomiarHoC-
tuni» (Ne Hepxpeectpanii 0114U000059), a Takox y
okpeMux myouikauisx [9, 10].

BuBueHHsI BXiTHUX TTOBEPXHEBUX 103 OyJI0 MPOBEICHO
LIJISIXOM TIPSIMUX JO3MMETPUYHUX BUMipIOBaHb 103 Ha
MNalieHTaXx B YMOBax peajbHOI POOOTU PEHTIeHiBChKUX

According to international recommendations, pa-
tient dose assessments are carried out either in real
practice on patients of the «standard» size: average
weight (70 * 5) kg, average height — (170 £ 10) cm,
or on the phantom of the «standard» person [8].

Determination of equivalent and effective doses
of the «standard» patients according to the results
of evaluation of patient’s ESDs, taking into
account the appropriate conversion factors for
the most common and high dosage X-Ray diag-
nostic studies, allows to compare the doses for
«standard» patients in various X-ray diagnostic
rooms, estimate the collective equivalent/effec-
tive doses and radiation risks, evaluate the ways to
optimize the patients’ radiation safety from medi-
cal exposure.

OBJECTIVE

The objective of investigation is the determination
of conversion factors from measured dosimetric
values to equivalent organ/tissue doses by phan-
tom modeling of exposure conditions and assess-
ment the effective doses of the «standard» patient
for the most common types of radiographic exami-
nations in Ukraine.

MATERIALS AND METHODS
The Grigoriev Institute for Medical Radiology
(GIMR) has conducted the several national surveys
for all regions of Ukraine within the framework of the
«Nation Health» Program on two questionnaires to
determinate the structure of X-ray diagnostic exami-
nations and study the most common types of studies
and also to evaluate the types of X-ray equipment in
using. The survey was approved by the Ukrainian
Ministry of Health and two questionnaires were sent
to Regional Health Departments. The answers were
collected from Roentgen-radiology Departments of
Regional Hospitals and Regional chief-radiologists.
It allowed to obtain representative data from all the
country regions. The results of this survey are reflect-
ed in the reports on the research works of the
Institute: «Establishment of national reference levels
of medical exposure in X-ray diagnostics» (Registre
No 0109U00063) and «Development of the quality
assurance program in the projection X-ray diagnos-
tic» (Registre No 0114U00059) and also in some
publications [9, 10].

The evaluations of the patients’ entrance surface
doses were performed by direct dosimetric mea-
surement using the thermoluminescent dosimetry
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KabiHeTiB, a TaKOX OKpeMO 3a pe3yJbTaTaMu J10JaTKO-
BOTO HalliOHAJbHOTO aHKETYBaHHS 10O YMOB ITPOBE-
JIEHHSI HaWOIbII MacOBUX BUAIB PEHTIEHOAiarHOCTUY-
HUX JoctigkeHb. OcTaHHS aHKeTa Oyjia 3alporoHOBaHa
MATATE B pamkax BUKOHaHHsI PerioHaibHOTO MPOEKTY
RER/9/132 «Strengthening Member State Technical Ca-
pabilities in Medical Radiation Protection», po3paxyHku
BXiTHUX TIOBEPXHEBUX 03 MAalLi€HTIB MPOBOIMINCS 3a
dopmynamu, HaBeneHumu B I1yonikauii MATATE TRS
Ne 457 [11]. ¥ Buime3a3zHaueHoMy Ipoekti MATATE 1Y
«IactuTyT Meguunoi pamioinorii im. C. Il. Ipurop’esa
HAMH Ykpainu» OyB BiAlloBifaJbHUM 32 BUBYEHHS 103
OINMPOMiHEHHS TAali€HTIB MPU PEHTIeHOAiarHOCTUUYHUX
JOCTiIKeHHsIX. AHKeTa BKJIIoudana iHgopMalilo 10A0:
AHTPOITOMETPUIYHMX JAHUX MAlli€HTIB (BiK, Maca Tila,
3picT); reoMeTpii onmpoMiHeHHs (BiAcTaHb (hOKYC-CTil,
po3Mip Mo OMPOMIHEHHS); PEXWUMiB OMpPOMiHEHHS
(aHOmHA Hampyra, aHOTHUII CTPYM, 4ac OIPOMIHEHHS)
To1110. [I1s1 pOo3paxyHKiB 103 MaLiEHTIB 0YJ10 BUKOpUCTA-
Ho Oinbire 450 aHkeT, oTpuMaHuX 3 220 peHTTeHiBCbKUX
KabiHeTiB 17 perioHiB YKpaiHu, 3 MOBHUMM JAHUMM IIO-
0 PeXXMMiB MPOBEAECHHS 7 BUIIiB PEHTIEHOIiarHOCTUY -
HUX JOCHIIKeHb: peHTreHorpadiss opraHiB TpyaHOIL
KJIITUKM, IPUIATKOBMX Ma3yX HOca, IUAHOTO, TPYIHO-
ro, MoOIepeKoBOro BimmijiB xpebdTa i (arooporpadii, a
TaKOX ITPOTOKOJIM KOHTPOJIIO OCHOBHUX I030(hOPMYIO-
YMX HapaMeTpiB KOXXHOI0 PEHTIEeHiBCbKOIO arapary, siKi
Opanu yyacTb B aHKETYBaHHi.

TakuM 4MHOM, BXiIHi MOBEPXHEBi 103U OYJO OLIiHEHO
OinbL HixX 11t 11 TUCSY MaLiEHTIB: 3a pe3y/ibTaTaMu Tpsi-
MHUX BUMipioBaHb — 171 5400 mamieHTiB B 92 kadbiHeTax
9 obmacteit KpaiHM, 3a pe3y/bTaTaMy HallioHaIbHOTO aHKe-
TyBaHHS (pO3paxyHKM BXiIHOI ITOBepxHeBoi 1o3u, BIT/I) —
st 5800 mauieHTiB. ITpu mpoBeneHHi po3paxyHkiB BIT/I
BUKOPHUCTOBYBABCS MeTO (PiIbTpallii Malli€eHTiB 32 MacoiO
Tia Ta 3pOCTOM, 3alpPONOHOBaHUII y AoKymeHTax €C,
MATIATE, 1m0 gano MOXJ/IMBICTb OTPUMATU CEepelHi 3Ha-
yeHHs1 BIT/, sKi BinnoBinaloTh «CTaHAAPTHOMY» TALlIEHTY
[11, 12]. Pe3ynsratit BuBueHHs BI1/1 mrs HaitOiabmn Maco-
BMX BMIiB JTOCJTIIXKEHHSI TIPEACTaBIeHO B podoTax [9, 13].

st BU3HAYEHHST PO3MO/iNy eKBiBaJIEHTHUX 103 B Op-
raHax/TKaHMHaX «CTaHZApPTHOTO» IIAIliEHTA Ta OLIHKM
e(eKTUBHOI A03U OYyJI0 MPOoBeAecHO (PAHTOMHI MOIEITIO-
BaHHS YMOB OIPOMiHEHHS TMAalli€HTIB Ha TeTePOTeHHOMY
aHTporoMophHOMY (haHTOMi TOPOCIOL JIIOAUHU «CTaH-
naptHoro» poamipy (BupooHuk HIIIT «Atom», JlaTBis,
puc. 1). ®anTom mae 39 momepekoBUX IIApiB (3pi3iB)
TOBIIMHOIO 25 MM KOXHUM, B IKUX 3p00JIEHO OTBOPU JJIST
po3mitieHHs moHan 250 TepmosomiHecueHTHUX (TJI)
JIETEKTOPIB IIJIS BUMipIOBaHHSI IIOTIMHYTHUX 103 B Pi3HUX
opraHax i TKaHMHaXx 3TiTHO 3 aTJIacoM Ha (paHTOM.

(1) 184

method, as well as the calculation method based on
the results of additional national survey with ques-
tionnaire regarding the exposure conditions for the
most common types of X-ray diagnostic examina-
tions. This additional questionnaire was proposed
by the IAEA in the framework of the Regional
Project RER/9/132 «Strengthening Member State
Technical Capabilities in Medical Radiation
Protection». The calculations of patients’ entrance
surface doses were performed using the formulas
given in IAEA Publication TRS No. 457 [11]. In
this project Grigoriev Institute for Medical Radio-
logy was responsible for the collecting questionnaire
results and studying the patients’ doses during X-ray
diagnostic studies. The questionnaires included the
following information: patients’ anthropometric
data (age, weight, height); geometry of irradiation
(focus table distance, size of irradiation field); expo-
sure techniques (voltage, current, exposure time),
etc. For patient dose calculations about 450 forms
of questionnaire had been used that were received
from 220 X-ray rooms 17 Regions of Ukraine
including completed data about exposure condi-
tions for 7 types of X-ray diagnostic examinations:
chest X-ray, nose, cervical spine, thoracic, lumbar
spine, pelvis and fluorography, and protocols of
control the main dose-forming parameters for every
X-ray unit, which participated in the questionnaire.

Thus, the entrance surface doses were estimated
for more than 11,000 patients: for 5,400 patients in
92 rooms from direct TLD-measurements, and for
5,800 patients — from the national questionnaire
(ESD calculations). For ESD calculations the
method of filtering patients by weight and height
was used which was proposed in the EU and IAEA
documents. This allowed obtaining the average
values of ESD corresponding to the «standard»
patient [11, 12]. Results of the ESDs study for the
most common types of X-ray exams are presented
in some papers [9, 13].

The phantom simulation of the patient’s expo-
sure was performed on a heterogeneous anthropo-
morphic phantom of a «standard» person type
Alderson-Rando (ATOM, Latvia, figure 1) for
determination the distribution of equivalent doses
in the organs/tissues of the «standard» patient and
for evaluation of the effective dose. Phantom has
39 slices (sections) 25 mm in thickness, containing
holes for placing more than 250 thermolumines-
cent (TL) detectors to measure the absorbed doses
in various organs and tissues.
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NIOAUHU

«standard» man

ITpu BUMipIOBaHHSIX BXiTHUX MOBEPXHEBUX Ta IMOTIH-
HYTHUX 103 B OKpPEMUX OpraHaX/TKaHWHaX BUKOPUCTOBY-
Bau TJI-getekropu LiF:Mg, Ti Tumy MTS-N (Iactutyt
anepHoi dizuku AHII, m. Kpakis, [Tonbina). Bumipro-
BaHHSI CUTHAJIiB TEPMOJIIOMiHECLIEHIIii TeTeKTOpiB Mpo-
BemeHo Ha TJI-ycranoBui PCL-3 (dipma Fimel, ®pan-
10isT).

IpanyroBanus TJI-geTekTopiB Oy10 MPOBEAECHO Ha PO-
0OYOMY €TaJIOHi PEHTIeHIBCHKOT0 BUMTPOMiIHEHHS (yCTa-
HoBka PANTAK HFI160) npu sikocti (eHeprii) BuII-
pomintoBanHg — RQR 5 (manpyra U=70 kB, 3HaueHHs
mapy noinoBuHHOro ociaadnaeHHs (LLTTO) — 2,58 mm Al),
110 € peepeHTHUM 3HAYEHHSIM €HEprii JUIs pEHTTeHO-
rpacdii [11]. BuBueHHSI eHepreTMYHO1 3a/JeXKHOCTi OI-
pomiHeHHs1 TJI-geTekTOpiB MpoBeAecHO B Jiana3oHi
EHepriil peHTreHiBChKOTo BUITpOMiHEeHHS Bin 23 keB 1o
118 xeB 3rigHo 3 Bumoramu JICTY ISO 4037-1 [14].

ExBiBasieHTHa 103a B OpraHi 400 TKaHWHi BU3HAYaJIach
SIK JOOYTOK TOIJIMHYTOI J03M B OKpEeMOMY OpraHi Ha
panmiauiiiHu#i 3BaXKyBaJIbHUM (DaKTOpP:

PUCYHOK 1. leTeporeHHuit aHTponoMopHMI (haHTOM «CTAaHAAPTHOT»

Figure 1. The heterogeneous anthropomorphic phantom of the

The thermoluminescent detectors LiF:Mg,Ti
type MTS-N (Institute of Nuclear Physics of the
Academy of Sciences, Krakow, Poland) were used
for measuring entrance surface and absorbed doses
in separated organs and tissues. The measurements
of the signals of TL-detectors were carried out on
the TL —reader PCL-3 (Fimel, France).

The calibration of TL-detectors was carried
out on a working standard of X-ray radiation
(X-Ray machine PANTAK HF 160) at standard
radiation quality RQR 5 (anode voltage 70 kV,
half-value layer (HVL) — 2.28 mm Al). It is the
standard reference value for radiography [11].
The study of the energy dependence for TLD
was carried out at the range of energies from
23 keV to 118 keV in accordance with DSTU
ISO 4037-1 [14].

The equivalent doses in organs or tissues were
determined as the product of the absorbed dose in
a separate organ on a radiation weighing factor:

H. =D, -w, (1)

ne D; — cepenHs MOrJIMHYTa 1032 B OKPeMOMY Op-
rati, mIp;

Wr — pamiauiifHuii 3BaxXyBalbHMIT (pakTop, M3B/MID,
JUJISL CIIEKTPY PEHTT€HiBCHKOTO BUIIPOMiHEHHS wg =1.

where D; — average absorbed dose in a separated
organ/tissue, mGy;

wr — radiation weighing factor, mSv/mGry, for the
X-ray spectrum wg = 1.
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EdexTuBHa 103a po3paxoByBajiach sSIK cymMa J00YTKiB
€KBiBaJICHTHUX 103 B OKPEMMX OpraHax i TKaHMHaX Ha
BIAIMOBIIHI 3BaXKyBajibHi TKAHWUHHI (paKTOPU BiANOBiAHO
no Ilyonikanii MKP3 Ne 103 [3]:

The effective dose was calculated as the sum of the
products of equivalent doses in individual organs and
tissues for the corresponding weighing tissue factors
in accordance with ICRP Publication No. 103 [3]:

E=) H-w, )

ne H; — exBiBaJleHTHa 103a B opraHi abo TKaHMHI,
M3B;
Wr — TKAHUHHUWI 3BaxKyBaJbHUI (haKTop.

MoenoBaHHSI YMOB Ta PeXXUMIB OITPOMiHEHHSI «CTaHIa-
PTHOI» TIONUHY BUKOHAHO Ha (paHTOMi 1J1s1 7 BUIiB peHTTe-
HOJiarHOCTMYHUX JOCTIIKEHb: (hatooporpadis JIEreHis,
peHTtreHorpadis opraniB rpyaHoi KiiTku (OI'K), 3agHbo-
nepenxs (311) mpoexkitist, peHTreHOrpacdist yepera,/mpuaaT-
koBux rma3yx Hoca (I1TTH), 3I1-npoexuiist, peHTreHOrpadist
IIWITHOTO, TPYAHOTO Ta MOMEPEKOBOro BiMALIiB XxpedTa
(IOBX, I'BX ta IBX BinnosigHo, y nepenHbo3anHiit (I13)
ta 6iuHiit (b) mpoexirisix) Ta KicTok Tazy (I13 mpoexiris).

ImiTaiiss yMoB onpoMiHEHHSI MallieHTIB BUKOHAaHA Ha
9 peHTIreHiBChbKMX anaparax pi3HUX MoJesel, SIKi YMOBHO
OyJIM pOo3MOoAiJeHi Ha 2 TPyNHU 3a CTPOKOM €KCILTyaTallii:
> |-1l1a rpyna — aHaJIOroBi amapaTy cTapux Mofaeseit 3i
CTPOKOM eKcIUTyaTalii moHan 15 pokiB tury PYM-20,
PYM-20M, EDR-750B, TUR-D-800;
> 2-ra rpyna — cy4yacHi MojeJi anapatiB 3 LM(pPOBUM
npuitMadeM 3o06pakeHHst tuiry HF1500, MX HFS51-5,
OPERA, MEJIMKC.

I KoXHOro 3 o0paHUX BUJIB peHTTeHOIrpadhidyHUX
IOCITiIKeHb (paHTOMHE MOJIEIIOBaHHS OYJIO IIPOBEICHE B
poOoUYOMYy Jiana3oHi aHOAHOI HAMPYru, SIKUI 3a pe3yib-
TaTaMKU aHKETYBaHHS B paMKaX PerioHaJbHOIO MPOEKTY
MATATE € Hali0inabll po3MOBCIOIKEHUM IS 00paHOol
rpynu amnapariB. IcoMeTpis onpoMiHeHHs (paHTOMY (Bin-
CTaHb Bif (poKyca PEeHTreHiBChKOI TPYOKHM Ta TIOJIe OIl-
pPOMiHEHHS Ha BXiIHili MoBepXxHi (haHTOMY) BUOMpAIUCS
TaKMMHM, SIKi HaliyacTillle BAKOPUCTOBYIOTLCSI B IIPAKTHULII
po0OTH KabiHeTiB 3a JaHUMM MPOBEACHOIO aHKETYBaHHSI.

3HaveHHs KoedinieHTiB nepexoay Bix BIT/ mo ekBiBa-
JICHTHUX J103 iHBapiaHTHiI BiZHOCHO aHOJHOTO CTPYyMY,
TOMY TP ONPOMiHEHHI (paHTOMY OTO 3HaYEeHHS BCTa-
HOBJIIOBAJIMCS 3TiMHO 3 IIPOTOKOJIOM JOCIIIKCHHS Ja-
HOro KaOiHeTy, Ipu LIbOMY OIIPOMiHIOBaHHSI (haHTOMY
JUUISI OKPEMOT'O BUIY TOC/IiIXKEHHS IIPOBOAMINA HE MEHIIIEe
5 pasiB IJIsi OTpUMaHHS IOCTOBIpHUX pe3yJIbTaTiB
BUMipIOBaHb 103 B opraHax/TkannHax MmetogomM TJI/I.

Ycworo 6yi1o nipoBeaeHo 116 paHTOMHUX MOETIOBaHb
3a YMOBHU 2—3 KpaTHUX MOBTOPiB BUMipIOBaHb €KBiBaJjie-
HTHMX 03 B OpraHax i TKaHMHAaX «CTaHIApTHOI» JIIOAM-
HU JJISI KOXHOI MOJIeJli ONMPOMiHEHHS OOpaHUX BUIiB
JocaigkeHb y poOoYOMYy Jiara30Hi aHOAHOI HAlpyTH.

(1) 186

where H; is the equivalent dose in an organ or tis-
sue, mSv;
wr — tissue weighing factor.

The simulation of the conditions and regimes
of a «standard» patient’s exposure was per-
formed on a phantom for the 7 types of X-ray
diagnostic studies: lung fluorography, chest
radiography (AP projection), skull and nose
sinuses radiography (AP projection), cervical
spine, thoracic spine, and lumbar spine (PA and
LAT projection) and pelvis X-ray (PA projec-
tion).

The simulation of the patients’ exposure was per-
formed on 9 X-ray machines of different models,
which were conditionally divided into 2 groups:
> Group 1 — analogue units of older models with
a lifetime of more than 15 years of type: RUM-20,
RUM-20M, EDR-750B, TUR-D-800;
> Group 2 — modern models of devices with
digital image receiver: HF1500, MX HF51-5,
OPERA, MEDICS.

For each of the selected types of radiographic
exams the phantom simulation was performed in
the operating voltage range which is the most com-
mon for the selected group of X-Ray machines
according to the data of questionnaire in frame
TIAEA project. The phantom exposure geometry
(distance from X-Ray tube focus and irradiation
field on the phantom entrance surface) corre-
sponded to the practice of X-ray rooms by the data
of the questionnaire.

Since the values the conversional factors from
the ESDs to the equivalent doses are invariant with
respect to the anode current, its values were set in
real practice of different X-Ray diagnostic rooms,
and the phantom irradiations were carried out
5 times to obtain reliable results of the dose
measurements in organs/tissues by the TL
dosimetry method.

A total of 116 phantom simulations were per-
formed with 2—3 repetitions of equivalent dose
measurements in organs and tissues of a «standard»
person for each model of irradiation for the selected
types of examinations in the working voltage range.
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3HaueHHSI KOHBEPCIMHUX KOEMIIiEHTIB 10 eKBiBaJe-
HTHUX 7103 OyJIO OTPUMAHO SIK BiJHOIIEHHST BUMipSHUX
03 B OpraHax/TKaHMHAX IO BXiIHUX ITOBEPXHEBUX J03
JIJ1s1 0OpaHMX BUAIB peHTTeHOorpadiyHuX JOCTiIKEHb 3a-
JIEXKHO BiJ 3HA4Ye€Hb aHOMHOI HAIpyTW s ABOX IPYII
PEHTreHiBChbKUX anapatiB. BoHM Oy1u BUKOPUCTaHI ISt
BU3HAUCHHS €KBiBaJIECHTHUX OPTaHHMX/TKAaHMHHUX 103
3a pe3yJbraTaMM MOIepeaHiX OL[iIHOK CepeaHiX 3HaYeHb
BITJl «ctaHmapTHWX» MAalli€HTIB MPU OOpaHUX BUIAX
peHTreHorpadiuHux gocaigxkeHs [9, 10, 13].

VYci pesynbrat BUMiproBaHb 00pOOJISLIM METOAOM CTa-
TUCTUYHOTO aHaIi3y 3 BU3BHAYEHHSIM MiHiMaJIbHUX, MaK-
CUMAaJIbHUX, CepeAHiX 3HauyeHb i cepeaHbOKBaApaTHU-
HUX BigxuieHb BeInunHU. [ToxnbKa BU3HAUYEHHS 103 He
nepepuinyBaia + 20 %, 110 € IPUNHATUM TP BUMIpIO-
BaHHiI 103 TAL[i€EHTIB MpPU PEHTTeHOMiarHOCTUYHUX
nociimkeHHsx [11, 12].

PE3VYJIBTATU TA IX OBTOBOPEHHS

3a pesyabTaTaMM (PaHTOMHOTO MOJE/IFOBaHHSI YMOB OII-
poMiHeHHs mpu peHTreHorpadii OI'K/daooporpadii
nereniB, ITITH, IIIBX, I'BX, ITBX Ta KicToK Ta3y oTpu-
MaHO 3Ha4YeHHS KOHBEpCIMHMX Koe(dillieHTIiB BIf
BXiTHUX ITOBEPXHEBUX 03 «CTaHAAPTHOIO» MalliEHTa 10
BiMTOBiAHUX €KBiBaJICHTHUX A03 B PadiOYyTJIMBUX Opra-
Hax Ta TKaHWHAX, SIKi GOPMYIOTh €(PeKTUBHY 103y. 3HA-
yeHHS Koe(dillieHTiB HaBeneHi B Ta0J. 1 — miIg amapariB
MepIoi rpynu Ta B TabJ. 2 — [Jis anapariB APYroi rpyIiu.

Jo31 Ha KiCTKOBY CUCTEMY MpPUPIBHIOBAIN A0 A03 Ha
MOBEPXHIO KIiCTKM i BU3HAYaIM, BUXOISYM 3 ITOKa3aHb
TJI-perekTopiB, PO3MilllEHUX Y MICLSIX PO3TalllyBaHHSI
KicTok. o3y ycepenHioBanu 3a Bcima BuMipamu TJI.
IIpu po3paxyHkax e(heKTUBHUX 103 BUKOPHUCTOBYBAJIU
TKaHUHHMI 3Baxyrouuit paktop — 0,01.

Jlo31 Ha MO30K i CIMHHI 3aJ103U OLiHIOBAJIU TiJIbKU B
pa3i onpomiHeHHs ueperna Ta IIITH 3a moxazaHHsIMu
TJI, po3MmilmieHUMH B TOYKax pO3TallyBaHHS JaHUX
TKaHWH/OpraHiB a00 OJM3BKUX A0 HUX y 4depemi. Ilpm
IHILMX JOCHiAXKEHHSIX 40 iHIIMX OpTaHiB OyJIM BigHeceHi
Ti OpraHM, SIKi MOTPATISUIN B TTOJIe OTTPOMiHEHHS, aje He
OyJi1 BpaxoBaHi SIK OCHOBHi OpraHi.

3a gaHuMU (aHTOMHOIO MOJIEJIOBaHHS OyJ10 BCTa-
HOBJICHO, IO PO3IOIiA OpraHHUX H03 IpH (hI0OPO-
rpadii JereHiB BiAMOBiJa€ PO3MOIiNy OpTaHHUX 103 TIPU
pentreHorpadii OI'K 3a yMoBU BUKOPUCTaHHS OJHAKO-
BUX 3HA4YeHb aHOMHOI HAIIpyrd, TOMY UISI 000X IIMX
JIOCTIIKEeHDb ITPOIIOHYETHhCSI KOPUCTYBATUCS OTHAKOBH-
MM KOHBEPCIHHMMM KoedilieHTaMMu.

K BUAHO 3 HaBeeHUX TaOMILIb, J1s1 OLTBLIOCTI peHTre-
Horpa@iyHUX JOCTiIKEeHb 1030Bi HABAHTAXKEHHSI TMalli€H-
TiB (POPMYIOTBCS 32 PaXyYHOK OTIPOMIHEHHS 3—5 pamiodyT-

The conversion factors values were obtained as
ratio of equivalent organ/tissue doses to the
entrance surface doses measured on a phantom
surface for the selected types of X-ray examina-
tions, depending on the values of voltage for the
two groups X-ray units. They were used to deter-
mine the equivalent and effective doses of «stan-
dard» patients by the average values of ESDs,
which was obtained from previous research works
[9, 10, 13].

The results of measurements were processed by
statistical analysis with the definition of mini-
mum, maximum, average values and standard
deviations. The error of dose determination did
not exceed = 20%, which is acceptable at the
measurement of patient doses in X-ray diagnostic
procedures [11, 12].

RESULTS AND DISCUSSION

According to the results of phantom modeling of
exposure conditions for chest radiography/fluorogra-
phy of lungs, radiography of nose sinuses, cervical
spine, thorax spine, lumbar spine and pelvic the va-
lues of conversion factors from the entrance surface
doses of the «standard» patient to the corresponding
equivalent doses in the radiosensitive organs are obtai-
ned. The values of the coefficients are shown in
Table 1 for the X-ray units of first group and in Table
2 for X-ray units s of second group. The dose for bone
system was equated to dose of the bone surface and
determined based on the readings of TL detectors that
were located in bone points. The dose was averaged
over all TLD measurements, in calculating effective
doses a tissue weighting factor of 0.01 was used.

The doses for brain and salivary gland were evaluat-
ed only in the case of skull and nose sinuses exposure
according to the signals of TLDs, which were placed
at the locations of these tissues/organs or close to
them in the skull. For other examinations the remain-
der organs were those organs that were located in the
irradiation field but not considered as major organs.

According to the phantom modeling, it was
found that the distribution of organ/tissue doses in
fluorography of the lungs corresponds to the distri-
bution of organ doses in chest radiography using
the same values of anode voltage. So, it was pro-
posed to use the same conversion coefficients for
both of these studies.

As can be seen from the tables above, for the
most radiographic examinations the patients’
doses are formed by irradiation of 3 to 5 radiosen-
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Ta6nuusa 1
KoediuieHTn nepexopy Bia BxigHOi noBepxHeBOi A03M A0 €KBiBaJIGHTHUX A03 AJIA PEHTreHiBCbKMX anaparis
nepoi rpynu

Table 1
The conversion factors from the entrancet surface doses to equivalent doses for the first group X-ray units

Hi /BNA, (M3e/mrp) - 102 // Hi /ESD, (mSv/mGy) - 102

OGnacTb

peHTreHorpagiyHoro NMH WBX

BOCNiHKEeHHS OrK / Chest nose cervical IBX /thorax MBX/lumbar Ta3s / pelvis
Localization sinuses spine

Hanpyra, kB / Voltage, kV 60 70 80 60 70 8 70 8 90 70 80 90 70 80 90 70 80 90
OpraH / Organ

LLronogiGHa 3anosa / Thyroid 21 23 29 62 95 124 670 583 81,3 40 28 39 00 00 00 00 00 00
lpyaHa 3anosa / Breast 66 40 54 00 00 00 00 00 00 759 781816 00 00 00 00 00 00
Crpagoxin / Esophagus 71 76 94 30 59 105 9,1 167 169 96 7,3 116 00 00 00 00 00 00
Jlereni / Lung 19,8 224 248 48 60 7,7 84 99 120 143 13,1 170 02 04 08 00 00 00
Meuinka / Liver 35 53 64 00 00 00 00 00 00 238 253 30,3 56 143 176 41 42 41
ToscTuit KiweyHuk / Colon 00 00 00 00 00 00 00 00 00 02 03 04 114 148 223 166 193 20,2
LUnyHok / Stomach 1,7 35 36 00 00 00 00 00 00 333 366 428 65 257 341 152 16,6 17,7
Ceuoswmit Mixyp / Bladder 00 00 00 00 00 00 00 00 00 00 00 00 97 96 114 190 253 24,1
loHanu / Gonads 00 00 00 00 00 00 00 00 00 00 00 00 36 36 35 487 540 69,1
LLkipa / Skin 67 68 66 68 69 68 69 75 79 56 55 56 67 67 67 66 67 67
YKM / Red Bone 72 88 95 72 90 11,7 154 16,7 187 42 44 53 53 61 66 69 7,7 77
MoBepxHst kicTok / Bone surface 90 10,0 10,7 90 114 154 211 214 263 96 93 108 30 31 32 31 35 36
[HWi opranu / Remainder 87 144 151 00 0,1 01 331 207 288 10 12 13 03 03 03 04 05 06
Ta6nuusa 2

KoediuieHTn nepexopy BiA BxifgHOT NnoBepxHEBOT A03M A0 €KBiBaJIGHTHUX A03 AJIA PEHTreHiBCbKMX anaparis
Apyroi rpynu

Table 2
The conversion factors from the entrance surface doses to equivalent doses for the second group X-ray units

Hi /BNA, (m3s/mIp) - 10-2 // Hi /ESD, (mSv/mGy) - 10-2

OGnactb

peHTreHorpagiyHoro NMH WBX

BOCNiAKEHHS OrK / Chest nose cervical IBX /thorax MBX/lumbar Ta3s/ pelvis
Localization sinuses spine

Hanpyra, kB / Voltage, kV 60 70 80 60 70 80 70 80 90 70 80 9 70 80 90 70 80 90
OpraH / Organ

LLinTonopi6Ha 3ano3a / Thyroid 09 42 86 24 76 74 832921 99 48 43 47 01 03 03 00 0,0 0,0
lpyaHa 3ano3a / Breast 41 68 100 00 00 00 00 00 00 91,1 937 979 05 05 05 00 0,0 0,0
Crpasoxin, / Esophagus 76 125 173 1,1 12 09 136 150 151 115 128 139 03 03 03 0,0 0,0 0,0
Jlereni / Lung 26,4 372 432 05 07 08 84 83 87 171 187 204 11 09 12 00 0,0 0,0
Mevinka / Liver 35 41 48 00 00 00 00 00 00 285 303 364 195 23,7 335 02 04 04
ToBcTuii kuiweyHuk / Colon 00 00 00 00 00 00 00 00 00 00 00 00 128 16,2 251 16,8 224 24,1
LLinyHok / Stomach 23 47 48 00 00 00 00 00 00 400 439 513 249 285 280 06 0.8 09
Ceyouii Mixyp / Bladder 00 00 00 00 00 00 00 00 00 00 00 00 07 23 116 305 292 334
loHaam / Gonads 00 00 00 00 00 00 00 00 00 00 00 00 10 1,1 12 533 569 594
LLikipa / Skin 67 67 70 68 67 67 69 71 70 67 66 67 66 71 67 69 67 67
YKM / Red Bone 93 134 162 57 74 7,1 13,7 156 169 50 41 63 20 22 82 55 109 11,2
MoBepxHs kicTok / Bone surface 106 149 198 6,7 99 96 198 21,7 204 115 11,1 130 09 13 38 46 105 104
[HWi opraHu / Remainder 119 173 99 o1 0,1 0,1 121 140 142 12 12 15 09 10 09 10 23 26

JINBUX OpraHiB/TKaHUH, SIKi Oe3MocepeIHbO MOTPAIUISIIOTh  Sitive organs/tissues that directly fall into the field
B ITOJIE TIPSIMOTO PEHTIEHIBCBKOTO CTpyMeHs, To0To /g of direct X-ray exposure. For these organs the va-
HUX BeIMUYMHU KOHBEPCiiiHMX KoedillieHTiB MaloTh Haii-  lues of conversion factors have the highest values.
Oib1Ii 3HaYeHHs1. Jlo3u Ha iHIii pagiouyTiusi opranu, o The doses of radiosensitive organs that do not fall
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He TMOTPAIUIsIoTh y MoJie padiallifHOrO OMpPOMiHEHHS,
01M3bKi 10 (DOHOBUX 3HAYEHb, Y TAKOMY BUITAAKYy KOH-
BepciitHi KoeillieHTH TIPaKTUYHO JOPiBHIOIOTH HYJTIO.

Pesynbratu npoBeneHUX BUMiprOBaHb ITOKa3aju, 1110
3HAUYE€HHSI KOHBEPCIHUX KOeMilliEeHTIB IJIsg amapaTiB
1-1 rpynu ojist GifbLIOCTI pagioyyTAMBUX OpraHiB Ta
TKaHuH Oynu Ha 10—20 % HK4Ye MOPiBHSIHO 3 KO-
edilieHTaMu IJis0 anapaTiB 2 TPYNMU MPU OJHAKOBUX
3HAYEHHSIX aHOOHOI Hampyru. Lle mom’si3aHO 3 TUM,
1110 3HAYeHHSsI KoeillieHTiB 3ajiexXaTh Bil 1Iapy Mojo0-
BUHHOTO OCJIa0JIeHHsI €Heprii peHTreHiBCbKOro BUII-
pominioBaHHs (LUITO), 1mo BM3HAYAETHCS aHOIHOIO
HaMpyrolo Ta 3arajbHOI0 (ibTpali€lo anapary.

3a pe3yasraTaMM MPOBEACHUX BUMIpIOBaHb 1030(Op-
MYIOUNX XapaKTEePUCTUK OOCTeXKeHNX 92 peHTTeHiBCh-
KMX arapariB i aHaJli3y MPOTOKOJIiB KOHTPOJIIO XapaKTe-
pucTrK 220 peHTIeHiBChbKUX afapatiB B paMKax aHKeTY-
BaHHSI BCTAHOBJICHO, 1110 JIJIsI ariapaTiB 1-1 rpymu rpu pe-
KMMax TIPOBEICHHS PEHTreHOrpaiyHnX ITOCITIIKEHb
BuMipsiHe 3HayeHHs LITTO cknagano menue 2,5 mm Al,
a cepenHe 3HaYeHHS — (2,26 + 0,10) MM Al, Tomi sIK Ha
anaparax 2-i rpynu 3HadyeHHs IITTO cknanano Ginblie
2,5 mM Al, a cepente 3HaueHHS — (3,22 £+ 0,12) MM Al
Tob6T0, Ha amapaTtax 1-1 Tpynu 3Ha4eHHSI e(EeKTUBHOL
eHepril HXKYi, HiXK Ha araparax 2-i rpynu, 110 MpU3BOo-
IUTH IO OTPUMAaHHS OLTBII BUCOKUX ITOBEPXHEBUX 103
MAaLi€HTIB Ta OUIbII HA3bKUX NIMOMHHUX 1 BUXiTHUX 103
MpU OJHAKOBUX HAMpyrax, 10 CBIIYUTb MPO BHECOK
HU3bKOEHEPTreTUYHOTIO BUITPOMiHEHHSI.

Ha puc. 2, HaBegeHO po3noAiau KoedillieHTiB Iie-
pexony Big BII/l 10 ekBiBaJIeHTHUX 103 OpraHiB/TKa-
HUH IS peHTreHorpadii opraHiB rpymgHOIl KJTKHU i
MOIepeKoBOTo Biadiny xpebdra, K HaWOiAbII MOIIN-
peHi B peHTreHorpadii 3a JaHUMU aHKETYBaHHS, A5
arapariB JBOX IpyIl.

Sk BugHO 3 rpadikiB, HaBeAeHUX Ha pUC. 2, He3a-
JIEXKHO BiJl 3HAU€HHS aHOJHO1 HAMPYTry Ta TUIY anapa-
Ta XapakTep PO3MOIiTy €KBiBaJICHTHUX OPraHHUX 03
JUTSL pi3HUX TUMIB arapariB 3aJUIIAETHCS HE3MIHHUM,
OJIHAK 3HaYE€HHSI KOHBEPCIMHMX KoedillieHTiB 3pocTa-
IOTh TIpU 3017bIIEHH] aHOAHOI HAIIPYTH i 3aJIeXKaTh Bill
rpynu amnaparib.

BukopucrtaHHs OTpMMaHUX 3HaYe€Hb KOHBEPCiii-
HUX KoeillieHTiB i cepeanHix 3HaueHb BIT «cTanga-
PTHUX» TIALIEHTIB 3 YpaxXyBaHHSIM BillIOBITHOTO 3Ha-
YeHHS aHOIHOI HAaIIpyTU Ta TPYIIM arnapary T03BOJIU-
JIO po3paxyBaTW BiJIIOBigHI 3HAUYEHHSI €KBiBaJIeHT-
HUX 103 JJs OOpaHUX BUIIB PEHTIEHiBChKUX
JOCHiIKEeHb, OLIHUTU e(PeKTUBHI 403U Ta BUSHAYUTU
KoHBepciiiHi koediieHTu Big BIIJ no epekTuBHOI
JO3U.

into the field of X-ray exposure are close to back-
ground values, then the conversion factors are prac-
tically zero.

The results of the performed measurements
showed that the conversion factors for first group
X-ray units for the majority of radiosensitive organs
and tissues are at 10—20 % lower than the coeffi-
cients for second group of X-ray units with the same
values of the anode voltage. This is due to the fact
that the values of conversion factors depend on the
value of the half-value lay (HVL) or X-ray energy,
which is determined by the anode voltage and the
total filtration of the X-Ray tube.

According to the results of the measurements of
the dose-forming parameters for 92 examined
X-ray units and to the analysis of the protocols of
control the parameters for 220 X-ray units it was
found that for first group X-ray units the value of
the HVL was less than 2.5 mm Al at the X-ray
examinations, the mean value — (2.26 = 0.10) mm
Al, whereas for second group X-ray units, the value
of HVL was more than 2.5 mm Al, and the average
value was (3.22 = 0.12) mm Al. Thus, for the first
group X-ray units the values of effective energy are
lower than on the second group X-ray units. This
leads to higher surface doses of patients and lower
depth and output doses for the same voltages,
which indicates the contribution of low-energy
radiation.

Figure 2 shows the distributions of the conversion
coefficients from ESDs to equivalent organ/tissue
doses for chest and lumbar spine radiography
examinations, which are as the most common radi-
ography investigations according to questionnaires,
for two group units.

As can be seen from the graphs of Fig. 2 the type of
the equivalent organ doses distribution for different
groups of X-ray units remains unchanged regardless
of the anode voltage value and X-ray units, but the
conversion factor values are increased with in-
creasing anode voltage and depend on the group of
X-ray units.

The use of the obtained values of conversion fac-
tors and average values ESDs for «standard» patients
(taking into account the corresponding values of the
anode voltage and the X-Ray units group) allowed to
calculate the corresponding values of equivalent
doses for the selected types of X-ray diagnostic
examinations, estimate the effective doses and
determinate the corresponding conversion coeffi-
cients to effective doses.
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PUCYHOK 2. Po3nogin koediuientie nepexopy Big BN/l 40 eKBiBaseHTHUX 403 OCHOBHUX OPraHiB i TKAHUH Npu
peHTreHorpaiyHnx fJoCHifKeHHAX:

OrK (3M-npoekuiq): anapatu 1-irpynu (a) Ta 2-i rpynu (0)

NBX (N3-npoekuisa): anapatu 1-i rpynum (B) Ta 2-i rpynum (r)

Mpumitkun. 1 — wWmTonoaibHa 3ano3a; 2 — rpyaHa 3anos3a; 3 — cTpaBoxif; 4 — nerexi; 5 — nediHka; 6 — TOBCTUI KMLLEYHNK;

7 — WwnyHok; 8 — cevoBun mixyp; 9 — ronagm; 10 — wkipa; 11 — HKM; 12 — noBepxHSa KicTok; 13 — iHLWi opraHu.

Figure 2. The distribution of the conversional factors from ESD to equivalent doses for main organs and tis-

sues in radiographic examinations:

Chest (PA-projection): units of 15t group (a) and 2"9 group (b)

Lumbar (AP-projection): units of 15t group (c) and 2"9 group (d)

Notes. 1 — thyroid; 2 — breast; 3 — esophagus; 4 — lung; 5 - liver; 6 — colon; 7 — stomach; 8 — bladder; 9 — gonads; 10 — skin;
11 - red bone; 12 — bone surface; 13 — remainder.

B Tabn. 3 HaBeaeHO 3HAUEGHHSI KOHBEPCIMHUX Koedi- Table 3 shows the conversion factor values from
LIEHTIB BilI BXiTHOI ITOBEPXHEBOI 103U 10 epeKTUBHOI 10-  the entrance surface doses to the effective doses
3u (E/BII) mis obpanux BumiB peHtreHorpagiunux  (E/ESD) for the selected types of X-ray examina-
JOCTiIKeHb 3aJieKHO Bif 3HaYeHHsS aHomHOI Harpyru  tions, depending on the anode voltage value at the
MpU CTaHJIAPTHOMY MOJIi ONTPOMiHEHHS [JIs1 peHTreHiBch-  standard irradiation field for two groups of X-ray
KHX aIlapaTiB IBOX IpyIl. 3HAUeHHS KOHBepciitHnx Koedi-  units. The conversion coefficient values for fluo-
HieHTiB g ooporpadidyHnx JOCTimKeHb BimmmoBina-  rography studies correspond to values of coeffi-
I0Th KoedillieHTaM Jijis peHTreHorpadii opraHiB rpyaHoi  cients for chest radiography because the distribu-
KJTITKW, OCKIJIbKM PO3MOIij OpraHHUX 103 Aj1s1 oopor-  tion of organ doses for fluorography studies were in
padiuHNX OOCTIMKEeHb BiNMOBimaB posmnomity opraHHux line with distribution of organ doses in chest
o3 ipu peHrreHorpadii OI'K. radiography.

HeoOxigHo Binmitutu, mo B KepiBHunrei €C Ne 154 It should be noted that in EU Guidance No. 154
«European Guidance on Estimating Population Doses «European Guidance on Estimating Population
from Medical X-Ray Procedure» HaBeneHi koedimientn  Doses from Medical X-ray Procedure» there are
TIepeXoIy Bill BUMipIOBAaHUX JO3MMETPUYHUX BeTMYMH 10  values of the conversion factors from measured
e(eKTUBHUX O03 IJs Pi3HUX BUIIB peHTreHiBchbkux  dosimetric values to effective doses for different
JIOCITiIKeHb, OMHAK BOHM PO3paxoBaHi ISl «TeXHIKM BU-  types of X-ray examinations, but they are calcula-
COKOI HaIlpyI'W», 110 € TUIIOBOIO y KpaiHax €C, a came:  ted for «high voltage» techniques, which are typi-
Maifke I yCiX BUOIB IOCIimKeHb aHogHa Harpyra Mae  cal for EU countries, namely: for almost all types
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KouBepciinHi koediyieHTn Big BXigHOT NnoBepxHeBOi A03M A0 e(heKTUBHOT A03M ANA «CTAHAAPTHOI0» MalieHTa

ANA OCHOBHUX BUAIB peHTreHorpadiyHmx JocaigKeHb
Table 3

The conversion factors from the entrance surface dose to effective dose for the «standard» patient for the

common types of radiographic examinations

KouBepciiiHi koediuieHtn, (m38/mIp) - 102

Bup pocnipxeHHs AxopHa Hanpyra, kB Conversion factor (mSy/mGy) - 102
Examination Voltage, kV PenTtreniBcbki anapatu / X-ray units
1-wa rpyna / 1%t group 2-rarpyna / 2" group

OpraHu rpyaHoi knituHm / Chest 60 53 6,3

70 6,7 9,1

80 71 10,0
MpnpatkoBi nasyxu Hoca / Nose sinuses 60 2,5 1,3

70 3,3 1,5

80 4,0 1,7
LLnitHwii Binain xpebta / Cervical spine 70 1,7 8,3

80 8,3 9,1

90 9,1 10,0
IpynHwii Bipain xpebTa / Thorax 70 11,8 14,3

80 13,3 16,7

90 15,4 20,0
MonepekoBwii Biagin xpebta / Lumbar 70 53 71

80 7,1 9,1

90 9,1 1,1
KicTku Tasy / Pelvis 70 11,1 16,7

80 13,3 18,0

90 154 20,0

oytu 6inbin 80 kB, 3aranbHa dinsrpaliis oinbm 3,0 MM
Al [6]. Mixx TuM B YKpaiHi 3a JaHUMHM ITPOBEAEHOTO aHKe-
TyBaHHS OUTBIITICT peHTreHOTrpaivHUX JOCTiKEeHb B~
KOHYIOThCSI IIPU aHOAHII Harpy3i 60—80 kB, a 3arajibHa
dinsrpaiis anapariB ckiaagae 2,0—2,5 mm Al, ToMy po3-
paxyHOK e(eKTUBHUX A03 3 BMKOPUCTAaHHSIM KO-
ediuienTiB 3 KepiBaunrea €C No 154 He Oyae KOpeKT-
HUM.

V Tabi1. 4 HaBeIeHO cepeiHi 3HaYeHHST BXiTHUX TTOBEPX-
HEBUX 03 Ta BiAMOBIAHUX e(EKTUBHUX 103 (3a OAUH
3HIMOK) TIpM aHOJHOI HAaIpy3i Ta eKCITO3WIii, SKi
BiITIOBiNAaIOTh OOCTEXKEHHIO «CTaHAAPTHUX» IMAlliEHTIB
IUIST OOpaHUX BUAIB peHTreHorpadiyHuX AOCIiIKEHb Ha
araparax IBOX IpyTl.

Jl1s1 3HaueHb aHOMHO1 HAMIPYTH, SIKi BiITIOBiIAIOTh pe-
KMMaM OOCTEXEHHSI «CTaHIApTHOTO» IMallieHTa, aje
Mpu SIKWUX He MPOBOAUINCH (PAaHTOMHI BUMipIOBaHHS,
KOHBEPCiliHi KoedilliEHTH OTPHUMaHI LIJISIXOM allpOKCH-
Mallil BiZoOMUX 3Ha4eHb KOe(dilliEHTIB B 3aJ1€XKHOCTI Bif
HaIpyTH.

Ax BugHO 3 Ta0a. 4, e(eKTUBHI 03U «CTaHAAPTHO-
ro» maui€eHTa Ha amapartax 1-1 rpynu (aHajJoroBi cUC-
TemMn) B 1,1—5,5 pa3a Bumi MopiBHIHO 3 J03aMU Ha

of procedures the anode voltage should be greater
than 80 kV, the total filtration more than 3.0 mm
Al [6]. According to the survey in Ukraine many
radiographic examinations are performed at anode
voltage of 60—80 kV, and the total filtration
2.0—-2.5 mm Al, so the calculation of effective
doses using the coefficients from the EU
Guideline 154 will not be correct.

Table 4 shows the average values of the entrance
surface doses and the corresponding effective
doses (one image) at anode voltage and exposure,
which are corresponded to the examination of
«standard» patients for selected types of radio-
graphic exams on the two group X-ray units.

For the values of the anode voltage correspon-
ding to the examination modes of the «standard»
patient, but for which the phantom measurements
were not carried out, the conversion coefficients
were obtained by approximating the known values
of the coefficients depending on the voltage.

As can be seen from table 4, effective doses of
«standard» patient of the first group X-ray units
(analog systems) by 1.1-5.5 times higher than the
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Taoauuya 4

V3aranbHeHi peXxumMu npoBefeHHA aocnifKeHb Ta eeKTUBHI 4031 ANA HaMbiNbW NowMUpeHnx BUAIB peHTre-

Horpadii Ta dooporpadii
Table 4

Average values of parameters for irradiation technique and effective doses for the most common types of radi-

ography and fluorography

Anapartu 1-i rpynu / 15t Group units

Anapatu 2-i rpynu / 2" Group units

Bup, pocnipxeHHa Hanpyra Ekcnoauuis BN, MMp E, M38 Hanpyra Ekcno3suuis BN, MIp E, M38
Procedure kB MAc kB mAc

V°||:399 ExpoAs:re ESD, mGy E, mSv V°||:39e Exposure ESD, mGy E, mSv
dnooporpadis (3M-npoekuis) 75+5 85+ 10 43+1,1 1,10 £ 0,03 85+5 3b£15 06+0,2 0,20+0,07
Fluorography (PA)
PentreHorpadis / radiograpgy
> [K (3M1) / Chest (PA) 65+ 2 3H=+5 09+0,1 0,08+0,01 70+ 3 25+4 08+0,1 0,06+0,01
> [MH, (3MM) / Nose sinuses (PA) 65 +2 85+ 13 44+06 0,09+0,01 80+5 55+ 12 3506 0,06=0,01
> LLBX (N3) / Cervical spine (AP) 60 + 73+£13 23+£0,3 0,20 +0,02 70+ 4 25+6 1,4+04 0,13+0,04
> LLBX (B) / Cervical spine (Lat) 59+ 1 74+ 15 2204 0,19+0,03 76 +3 26+ 6 16+02 0,13+0,02
> LLBX (N3) / Cervical spine (AP) 70 + 103 + 13 88+15 1,27+0,21 75+ 4 100 + 11 6,710 098=+0,14
> LLBX (b) / Cervical spine (Lat) 74+3 140 = 17 12320 1.77+0,29 785 104 £ 13 7509 1,07=0,13
> [1BX (M3) / Lumbar spine (AP) 70+2 136 + 17 131+14 1,23+0,13 80+2 103 + 18 6,9+0,6 0,48 +0,04
> [1BX(B) / Lumbar spine (Lat) 75+3 230+ 35 21632 136+0,20 80+5 190 = 30 11,720 0,74+0,13
> Kictku Tasy ([13) / Pelvis (AP) 65+ 2 120 = 13 126+1,2 220+0,21 75+2 60 =10 38+03 0,63+0,05

amaparax 2-1 rpynu (uudpoBi cucTeMu), 1110 MOB’sI3a-
HO 3 Oinbll BUCOKMMU 3HaueHHsaMu BIITJ nns ama-
paTiB 1-i rpynu 3a paxyHOK BUKOPUCTAHHS OiJIbIlI BU-
COKMX 3HAYE€Hb €KCMO3MUIIii Ta HU3bKMX 3HAYE€Hb aHO/I -
HOI HaMpyTHu.

Tpeba 3a3HaUUTH, 11O OTPUMAHI 3HAYEHHS e(DEeKTUB-
HUX 103 He IMOBMHHI BUKOPUCTOBYBATUCS IJIsSI OLIIHKM
IHAWBiAYyIbHUX 03 Malli€HTIB, aJie 3HAueHHS KOH-
BepCiiiHUX KOoe(illiEHTB IJIsI PEHTTeHIBChbKUX arnapariB
JIBOX TPYI MOXYTh OYyTM BUKOPUCTAHi IJIS OLIIHKHU
e(EeKTUBHMX 03 «CTAaHIAPTHOrO» MAalliEHTa B OKPEMO-
MYy PEHTreHiBCbKOMY KaOiHeTi 3a oOpaHMMHU BUAAMU
peHTreHorpadiyHUX NOCTiIKEeHb, IKIIO 3a pe3yabTaTa-
MU KOHTPOJIIO XapaKTepUCTHUK arapaTy B paMmKax Mpor-
paMM KOHTPOJIIO SIKOCTi Oyau mpoBeaeHi ouinku BITJL
JUISI «CTaHAAPTHOIO» Malli€HTa [Jisl 1X 3iCTaBJIE€HHS 3
HallioOHaJTbHUMHU JiaTHOCTUYHUMU pePepeHTHUMU
PIBHSIMU.

TakuM YMHOM, pe3yIbTaTy BUBUCHHS €(DEKTUBHUX 103
«CTaHJAPTHUX» MALliEHTIB JO3BOJISIIOTH IIPOBECTU OLIiH-
Ky KOJEKTHMBHUX €KBiBaJIeHTHUX i €(EKTUBHUX 103
MAali€HTIB Bill MEAUYHOTO OIMPOMiHEHHS Ta PU3MKIB BU-
HUKHEHHS 10JaTKOBUX padialliiHO-iHIyKOBaHUX e(heK-
TiB OONpOMiHEHHSI HaceJleHHsI YKpaiHu 3a paxyHoOK
HafOiNbIl MOMIMPEHUX peHTTeHorpadiYHUX MOCHTiI-
KEeHb, IO Oyde CIPUSITA BCTAHOBJIEHHIO IUISIXiB OIl-
TUMi3alii pagialiiiHOl O6e3MmeKu Mpu MEAWYHOMY miar-
HOCTUYHOMY OIIPOMiHEHHI.

doses of second group X-ray units (digital sys-
tems), which is associated with higher ESD values
for first group X-ray units due to the using the
higher values of exposure (mAs) and lower values
of anode voltage (kV).

It should be noted that the obtained values
of effective doses should not be used in esti-
mation of individual doses of patients, but the
conversion factor values for the two groups of
X-ray units can be used to estimate the effec-
tive doses of a «standard» patient in the speci-
fic X-ray room for the selected types of X-ray
examinations. The assessment of ESDs for a
«standard» patients can be carried out from
the results of X-Ray unit characteristics within
the framework of quality control program for
comparison with national diagnostic reference
levels.

Thus, the results of effective doses study for
«standard» patients allow to evaluate the collec-
tive equivalent and effective doses of patients
and estimate the risks of additional radiation-
induced effects for population of Ukraine from
medical exposure due to the most common
radiographic examinations, will promote the
establishment of ways of radiation safety opti-
mization in the field of medical diagnostic ex-
posures.
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BUCHOBKU

1. 3a pe3ysibraTamMu TpoBeieHHS (PAaHTOMHUX MOJIETIOBaHb
Ha TeTepOreHHOMY aHTporoMop(dHOMY (paHTOMI «CTaHOa-
PTHOI» JTIOAWHU BU3HAUYEHO KOHBEPCiliHiI KoeilliEeHTH Bif,
BXiTHMX TTOBEPXHEBUX 103 10 €KBiBaJCHTHMX OpraH-
HUX/TKAHUHHUX Ta e(PeKTUBHUX 103 it 7 HalOIIbII MO-
IMUPEHNUX BUAIB peHTIeHOrpaiyHNX TOCTiKEeHb i (PIIF00-
porpadii 17151 anmapariB IBOX TPy, sIKi BUKOPHUCTOBYIOThCS
B MPaKTUILLi PEHTIEHOMIaTHOCTUYHWX KaOiHETiB YKpaiHu.
2. BcraHoBneHO, 10 e(DEKTUBHI 03U «CTaHOAPTHOTO»
MalieHTa I oO0paHMX BUIIB peHTreHorpadiyHuX I0-
CJiIKeHb Ha PEeHTreHiBChKUX arapaTax 3 aHaJOTOBUMM
cucteMamu (1-1ma rpymna) B 1,1—5,5 pa3a Bullli HOpiBHSIHO
3 CydaCHUMU LM(PPOBUMU anapaTaMu (2-ra rpyra).

3. BukopucranHsg 3HaYeHb €KBiBaJICHTHUX Ta e(DEKTHB-
HUX 103 JIJIs1 «CTaHAapPTHOI» JIOAWHMU 3a OJHY HPOLEAYPY
3a 00paHMMU BUAAMU PEHTIEHOAIarHOCTUYHUX TOCHTi/-
>KEHb JI03BOJIMTh MTPOBECTHU OLIIHKY KOJIEKTUBHUX edeK-
TUBHUX 103 MAlli€HTIB, BA3HAYUTHU PU3NKI BUHUKHEHHS
OHKOITATOJIOTIi Y HaceJeHHsT YKpaiHU i HaJmaTu oOTpyH-
TOBaHI peKOMEHaIlii 111010 TMTOAATBIIOI ONTUMi3allii Me-
JUYHOTO JiarHOCTUYHOTO OIIPOMiHEHHS.
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CONCLUSIONS

1. According to the results of phantom simulations
on the heterogeneous anthropomorphic phantom
of the «standard» person, the conversion coeffi-
cients from the entrance surface doses to the
equivalent organ/tissue and effective doses were
determinated for the 7 most common types of
radiography examinations and fluorography for
two groups X-ray units which are used in Ukraine.
2. It is established that the effective doses of the
«standard» patient for selected types of X-ray
examinations at X-ray units with analog systems
(first group) are 1.1-5.5 times higher than at the
modern digital X-Ray machines(second group).

3. The use of equivalent and effective doses for a
«standard» person from one procedure of selected
types of X-ray diagnostic examinations allow to
evaluate the collective effective doses of patients
and identify the radiation risks of oncology patho-
logy for Ukrainian population and to provide with
justified recommendations for further optimiza-
tion of medical diagnostic exposure.
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