ENIAEMIOJNIOrNIA

TA AO3SUMETPIA

ISSN 2304-8336. Mpobnemn pagiaviiiHoi meauwkm Ta pagiobionorii. 2013. Bun. 18.

YK 614.876.000.7:615.849.114:621.386.86

A. O. Mopryu't<t, B. B. Yymak!, O. B. baxanosa', B. M. Boaocekuii', C. M. ®ypka.o?,
O. A. Baacenko?, I1. A. Tnaany?, O. I'. Boponinuuk!, H. I1. IensueHko!

lepucasna ycmanosa “HauyionanvHuil Haykosuii yenmp padiayiiinoi meduyunu Hauionanvnoi akademii
meduunux Hayk Ykpainu”, eyn. Meavnuxkosa 53, m. Kuie, Ykpaina, 04050
2Hauionanvruit incmumym xipypeii i mpauncnaanmonoeii im. A.A. Illasimoea HAMH Ykpainu

METOANYHUMA X 10 PO3POBKU AJITOPUTMIB
IMMOJABINHOI TO3UMETPII TA TOT'0 3ACTOCYBAHHA 1JI4
THTEPBEHIIIMHUX KAPIIOJIOTIB

MeTa pocnigeHHA: po3pobuTH HOBMIA aNTOPUTM ANs iHTEPBEHLiHUX KapAioNoriB, Wo Nig Yyac onepauiit BUKOpPUCTO-
BYIOTb PEHTTEHO-3aXMUCHUII OAAT, AKUI BpaxoByBaB Ou cneuudiyHi yMOBYM ONPOMiHEHHS B iHTepBEHLiHii Kapaionorii.
Marepianu Ta MmeToAU BOCNiAXKEHb: MOAENIOBAHHSA TUNOBMX YMOB ONPOMiHEHHSA iHTEPBEHLiiHOrO Kapgionora y 3a-
XUCHOMY 0Af31 Nif Yac onepauii Ta BUKOHAHHS MeTogomM MoHTe-Kapno komn'toTepHUX po3paxyHKiB 03 HAa OpraHu Ta
nokasaHb [O3UMeTpiB.

Pe3ynbraTu: po3paxosaHo metofom MoHTe-Kapno napuianbHi 3Ha4eHHA 03 LA BCIX MOXIMBUX CUTyaLid onpomi-
HEHHs 1 BiHOCHI 4acTOTHi BaroBi KoediUi€eHTU KOXHOT cuTyauii onpomiHeHHs. 064yncneHo edekTUBHI 003K Ta
MOPiBHAHO iX 3 EKCMEPUMEHTANIbHUMMU.

BUCHOBKM: p03p06EHO FHYYKY Ta MPAKTUYHY METOLO0/ONi10 BUBEEHHSA aNropUTMy M OePIKaHO aNropuTM, 3aCTOCOB-
HWUIA AN TUMOBMX YMOB OMPOMiHEHHS MeLUYHOro NepcoHany nif 4yac NpPoBeAeHHs THTEPBEHLIAHUX KAapaioNoriyHmx
onepauiii. byno nokasaHo, Wo oaepxaHuit anroput™m fobpe Y3rogKYeETbCA 3 pe3yibTaTaMu eKCnepuMeHTaNbHUX
BMMiplOBaHb Ta Bii3HAYAETHCSH MEHLIOK KOHCEPBATMBHICTIO NOPIBHSAHO 3 THWUMK anropuTMamu.
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Methodological approach to developing of double dosimetry algorithms and
its application in the interventional cardiology

Study objectives: to develop taking into account the specifity of exposure conditions a new algorithm for interven-

tional cardiologists who use the X-ray protective clothes.

Materials and methods: modelling of the typical conditions of radiation exposure of interventional cardiologist

wearing protective clothes during the interventions, providing Monte-Carlo computations of organ doses and

dosimeters readouts.

Results: partial dose values for all possible radiation conditions and relative frequency weight coefficients for each

condition were obtained by Monte-Carlo method.

Conclusions: flexible and adaptive methodology for algorithm developing was proposed, a more specific algorithm

was obtained for typical radiation conditions occuring under the interventional cardiology procedures. This algo-

rithm well corresponded to experimental measurements demonstrating at that less conservatism comparing to other

known algorithms.
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InTepBeHLiliHA paaiosoris — rajy3b MEAULUHMU, 110 Y-
K€ IIBUAKO MOILIMPIOETHCS B YKpaiHi i € 0CO0IMBOIO 3
TOUKM 30py pafialliiiHOl Jo3uMeTpii. MennuHuit mepco-
HaJl i yac MpOBeIeHHs orepalliii BUKOPHUCTOBYE CIIe-
IiaIbHUM PEHTTeHO-3aXUCHUI ofsar (¢hapTyx, Komip),
SKMIA YaCTKOBO €KpaHYE TiJo JiKaps, i TOMy Tpaauiliii-
HUIA METOJ IHAMUBIAYaJIbHOI AO3UMMETpPil 3 BUKOPUCTAH-
HSM OJHOTO JO3MMETpa IJIsl OLiHKM e(EeKTUBHOI J03U
crtae HenocToBipHUM. IlonBiiiHa MO3WMETpist — OUIBII
afeKBaTHMIA Miaxim 10 po3B’sa3aHHs i€l mpobaemu. [Tpu
TaKOMY HiAXOAi MeAUYHi MpaLiBHUKKA HOCSITh OTHOYACHO
JIBa TO3MMETPHU, KaJliOpoBaHi y TepMiHaX iHAMBiTyaJIbHO-
ro exksiBajieHTy A03U. OOUH 3 ABOX AO3UMETPIB PO3-
MIIYEeThCSI HaJl 3aXUCHUM OISITOM JIJISI OLIIHKY PiBHSI OIT-
POMiHEHHSI HE3aXMILEHUX YaCTUH Tija, iIHIIUI po3Tallo-
BYEThCS TIiJ 3aXMCHUM (PapTyxoM 3 METOIO0 BpaxyBaHHS
3aXMCHUX BiacTUBOCTeil oxdry. Toni edpekTuBHA go3a E
OOUMCITIOETBCS SIK JIiHiIMiHA KOMOiHallisl MmoKa3aHb 000X
nosumetpis, HY ta HY, nix i Hax papTyxoM BiANOBigHO:

Interventional radiology is an extensively develop-
ing health sector in Ukraine and is quite peculiar
in terms of radiation dosimetry. Medical staff
when making the interventions wears the protec-
tive gears that partially shield the body, so a tradi-
tional personal single-dosimetry method of effec-
tive dose estimation becomes inappropriate.
Double dosimetry is a well established approach
to address this problem. In this case medical staff
wears two dosimeters calibrated in terms of an
individual dose equivalent. One of two dosimeters
is worn over a protective garment for estimation of
exposure of unshielded parts of body and another
is placed under the protective apron in order to
take into account protective properties of the gar-
ment. Than effective dose F is calculated as a lin-
ear combination of both dosimeters readouts HY
and HY over and under the protective apron
respectively:

E=aH"+pH° (1)

Ha pganwnii yac He icHy€ 3araJibHOBM3HAHOTO i yHiBep-
CaJIbHOTO JITOPUTMY, SIKUi1 3a1a€ KoedillieHTH o i B as
MeToay MoABiiiHOI go3umeTpii. KpiM Toro, okpemi 3
BiJOMMX aJITOPUTMIB MPETECHAYIOTh HA YHiIBEPCAIbHICTb,
a TOMY, MalOTh 3HAUHUI 3a1ac KOHCepBaTUBHOCTI [1].

META TOCIII2KEHHSA

Mertolto AoCiIKeHHs 0yJI0 po3pOOUTH HOBUIA alTOPUTM,
SIKMIA, 3 OIHOTO OOKY, OyB OU pO3po0JIeHUI 3a 10IIOMOIOI0
YHiBEpCaIbHOTO ITiIXO/Y, a 3 iHILIOT0, OiILIIIO0 MipOIO Bpa-
XOBYBaB OM crelu@iyHi YMOBA OMPOMiHEHHS B iHTEp-
BEHLiiHiN Kapaiosorii. 7151 1boro HeobXxigHO 0yJ10 BU3HA-
YUTU Ta 3BMOJEIIOBATH TUIIOBI YMOBH OIPOMiHEHHS iHTep-
BEHLIIITHOTO Kapiojora y 3aXMCHOMY OJS3i ITif Jyac orie-
parlii Ta BUKOHaT MeTonoM MoHTe-Kapio KoM 1oTepHi
PO3paxyHKU 7103 Ha OpTraHu Ta MoKa3aHb JO3UMETPIB.

MATEPIAJIN TA METOJIN TOCIIIZKEHHA
Binomuii pakTt, 110 OCHOBHMM (PaKTOPOM, SIKWI BILIH-
Ba€ Ha OMPOMIiHEHHS Xipypra, € TeoMeTpisl OIPOMiHEH-
H$I, 30KpeMa BigHOCHE po3TalllyBaHHsSI YCiX 4YacTUH
aHriorpadiyHoi CUCTEMU, IO XapaKTePU3YEThCS TaKM-
MU TTapaMeTpaMHU SIK BHCOTa CTOJa, BiICTaHb MiX JIXKe-
peJsioM i aeTeKTopoM, MoJiokeHHsT C-apku (IpOoeKIlis),
dJKa BM3HAYAEThCS IBOMa KyTramMu (puc. 1), a Takox
iHTEeHCUBHICTh PEHTIEHIiBCHKOIO IMy4yKa, 10 3aJIeXKUTh
Bin mouts 3opy (FOV — field of vision), Hampyru Ta cTpy-
My Ha Tpy6ui [2]. KoMbiHaLilo “mpoekilisg-Hanpyra-mo-
JIe 30py” Ha3BeMO CHUTYaIli€l0 OIIPOMiHEHHSI.

(1) 128

Currently there is no common and universal
algorithm that defines o and P coefficients for the
double dosimetry method. Moreover the existing
algorithms claim for universality so they possess
some extra conservatism [1].

STUDY OBJECTIVE

The study objective was to elaborate a new algorithm
which should be based on some universal approach
and could at that account for more specific conditions
of exposure in the interventional cardiology. Thereto
it was necessary to determine and model some typi-
cal exposure conditions for an interventional cardi-
ologist wearing protective garment during an inter-
vention and to provide the Monte-Carlo com-
putations for organ doses and dosimeters readouts.

MATERIALS AND METHODS

It’s well known fact that a relative position of all
parts of the cardiovascular angiography system
such as operation table height, distance between
source and detector, position of the C-arm
(projection) which is defined by the two angles
(Fig. 1), and also the field of vision (FOV), tube
voltage and current are the main factors that
have an influence on surgeon’s exposure [2].
The “projection-voltage-FOV” combination is
accepted to be called the “irradiation condi-
tion”.
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PucyHoK 1. InlocTpauis yMOBHUX NO3HAaYeHb KyTiB
noBopoty C-apku (npoekuyin).

Figure 1. Radiographic projection angles and their
names.

s BU3HAUEHHST HAMOUIBII TMOIIMPEHUX CUTYaLLiid i
yac MpoBeJICHHS orepalliii i aiarma3oHy BapiaTUBHOCTI OC-
HOBHUMX BaroMMx IlapaMeTpiB MOJIiB OMpPOMiHEHHSI OyJI0
MPOBEACHO EKCIIEPUMEHTAIbHI JOCIIIKEHHS T Jac Tpo-
BEICHHS MPOLIETYP Y PEHTIE€H-OIepalliitHiil KiMHaTi BUIILTY
€HJI0BACKYJISIpHOI Xipyprii Ta aHriorpadii HauionansHoro
IHCTUTYTY Xipyprii i TpaHcIaHTojorii iM. A.A. [IaniMoBa
HawionanpHoi akagemii MeAWYHUX HayK YKpaiHu Ha
aHriorpaciyHiit cucteMi Toshiba Infinix CS (model INFX-
8000F). BripomoB:k 1BOX KaJeHAApHUX MICSILIB B ONepalliii-
HilA KiIMHATi CUMETPUYHO A0 TOJOXEHHS Xipypra 0yB po3-
mimeHuit pantom Ty RANDO-Alderson 3 no3umeTpamMu
BcepenrHi (haHTOMY [UT BU3HAYE€HHST €(heKTUBHOI TO3U.

B pesynbrati 118 noaanablioro KOMIT I0TePHOTO MOJIe-
JIIOBaHHSI OyJiM BUOpaHi HACTYITHI TUITOBI 3HAYECHHSI:

1) eneprisa ¢otonis: 30, 40, 45, 50, 55, 60, 65, 70, 80, 90,
100, 110 xeB (12 3HaueHb);

2) kytu C-apku (mpoekuis): 0 (BeptukanbHa), RAO90
(6oxoma), CAU20, RAO30-CRA20, LAO35, RAO30,
CRA20, RAO35-CAU30, LAO35-CRA30 (9 3HayeHb);
3) nosne 3opy (FOV): 15x15, 20x20, 25x25, 30x30 cm? (4
3HAYEHHS);

4) Bucora ctona: 80 cMm (ikcoBaHa);

5) BimcTaHb MiX qkepesioM i getekTopom: 80 cM (pikco-
BaHa).

st agekBaTHOI MoOjedi YMOB OIPOMiHEHHS JiKapsi
OyJIO TIPUMHSTO PpillleHHS MPOBOAUTUA MOJEIIOBAHHS
Momnre-Kapao mis cepii mapiiadbHUX CTATUYHUX CUTY-
aliii o KOXHoi KoMOiHallii BeJIM4YuH ‘“eHepris ¢o-
TOHIB, €”, “kKytu C-apku, Q” i “nons 3opy, FOV” (Bcb-
oro 432 okpeMux po3paxyHKH).

PUCYHOK 2. 3aranbHuit BUrnag reometpii moge-
nioBaHHA MoHTe-Kapno (BepTukanbHa npoekiuis).

Figure 2. Geometry model used in Monte-Carlo
simulations (elevation view).

Firstly the experimental investigations were held
at the A.A. Shalimov National Institute of Surgery
and Transplantology, National Academy of
Medical Science of Ukraine equipped with
Toshiba Infinix CS Cardiovascular Angiography
System (model INFX-8000F) in order to deter-
mine the most common conditions during inter-
vention and variability of all significant parame-
ters. During two calendar months the physical
RANDO-Alderson phantom with dosimeters
positioned inside for an effective dose assessment
was placed in the operational room symmetrically
to the surgeon’s position.

As a result of this investigations the following
typical values were selected:

1) photon energy of 30, 40, 45, 50, 55, 60, 65, 70,
80, 90, 100, 110 keV (12 values);

2) C-arm angulation (projection) as 0 (vertical),
RAO90 (side), CAU20, RAO30-CRA20, LAO35,
RAO30, CRA20, RAO35-CAU30, LAO35-
CRA30 (9 values);

3) field of vision (FOV) as 15x15, 20x20, 25x25,
30x30 cm? (4 values);

4) table height 80 cm (fixed);

5) source-detector distance 80 cm (fixed).

To reconstruct adequately the surgeon’ real-life
exposure conditions if was planned to perform
Monte-Carlo calculations for a set of partial static
radiation scenarios for each combination of “pho-
ton energy €”, “C-arm angulation Q” and “field of
vision FOV” (432 single calculations in total).
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TeomeTpist MomenoBaHHS cKJIaganach i3 HACTYIMHMUX
YacTUH (pUC. 2): TOUKOBE IKepeso, KOJAiMOBaHE B ITy4OK
y dopMi mipamigym KBagpaTHOTO Tepepildy (TUIoma Iie-
pepi3zy panTomoMm € nosiem 3opy FOV); miacumoBay 300-
paXkeHHs1, peICTaBlIeHUIA TTapasie/ieITinea0M, 110 MOrI1-
Hae BCi (POTOHMU, SIKi 1O HHOrO MOTPAILISIOThH; (haHTOM
naii€eHTa, 110 JeXuTh nepen daHTomMoM Xipypra. Ilpu
MOJIEIIOBaHHi SIK Malli€HTa, Tak i Xipypra 0yB BUKOPHCTa-
HUIl aHTpornoMopgHUii rereporeHHUl pantom ADAM
[3], ane daHTOM Xipypra 0yB MOAM(]IKOBAaHUI 10JaBaH-
HsIM (apTyxa i KoMipus (3 €KBiBaJIECHTHOI TOBLLIMHOIO
cBuHLO 0,35 MM). [lo3u oOuKcIoBaNnCs B opraHax Jlika-
psg i B 22 CIpoOIllIeHUX O03MMeTpax, 110 MOAETIOITh
iHnMBinMyanpHUN eKBiBasieHT 03U Hp(10): 16 cniepeny (6
Hanmi9 ming apTyxoM, po3TallloBaHUX Ha PiBHI MOSICY, XK1 -
BOTA i Tpy/eit, i TaKOXK OIMH Ha KOMipLi) i 6 33aay (3 Hax
i 3 mix paptyxom). Bci oOumcaeHHST MPpOBOAWINCS 3a J10-
nomoroto nporpamHoro naketry MCNP-4B [4].

PE3VJIBTATU TA OBTTOBOPEHHS

Marouu 3azfgajieriib po3paxoBaHi MeToaoM MoOHTe-
Kapsio mapuianbHi 3HaueHHs 103 IS BCiX MOXJIMBUX
CUTYyallili ONIPOMiHEHHSI, CIIEKTP PEHTIE€HiIBChbKOI TPYOKU
i BIIHOCHI 4acToTHi BaroBi koediuientu w(Ui, Qj, FOV)
KOXHOI CUTYallii opoMiHEHHS (TOOTO, KOMOiHallil HaTI-
pyru Ha tpy6ui U, mpoekuii C-apkm €j, TIoynst 30py
FOVk), oTpMaHi 3 eKCTIEpUMEHTY, MU MOXEeMO 009MC-
JINTU 3arajbHi 1031 E 9K 3BaXeHYy CyMy MapliailbHUX
3Ha4YeHb £

The calculation geometry consisted of the fol-
lowing elements (Fig. 2): point source — colli-
mated to square cross-section of the irradiation
field (beam) representing FOV. Detector was
modeled as a parallelepiped absorbing all in-
coming photons. Patient phantom was placed
horizontally in front of the surgeon phantom.
An antropomorfic phantom ADAM [3] was
used for both patient and surgeon but the sur-
geon’s one was modified by adding a wrap-
around lead apron and a collar (0.35mm thick-
ness). Doses were calculated in doctor’s organs
and in 22 simplified Hp(10) dosimetersi.e. 16 in
front (6 over and 9 under the apron, arranged in
three levels, and 1 over the collar) and 6 from
behind (3 over and 3 under the apron). All sim-
ulations were provided by means of MCNP-4B
software [4].

RESULTS AND DISCUSSION

Having partial dose values in advance calculated by
Monte-Carlo method for all possible radiation
condition, x-ray tube spectrum, and relative fre-
quency (weight) w(U;, Qj, FOVi) of each irradiation
condition (i.e. combination of tube voltage U, C-
arm projection Qj, and FOVk) derived from experi-
ment we can calculate total doses E as weighted
sums of partial values £’ obtained from Monte-
Carlo simulations:

E=Y E'(U,Q;,FOV,)w(U,,Q,;,FOV,), 2

i,j.k
a 3 ypaxyBaHHSIM CIIEKTPaJbHOIO CKJamy ITydka PEHT-
Te€HiBCbKOTO BUIIPOMiHIOBAHHSI:

E'U,Q;,FOV, )= 4
!

ne A; — iHTEHCUBHICTb, a & — eHepris 1-1 JiHii crnekTpy
BUITPOMiHIOBAaHHS TPYOKM.

OCHOBHMM KPUTEPIEM ONTUMAILHOCTI KOedillieHTiB
Olopt, Popr @TTOPUTMY OyJia MiHiMi3allisi CyMU BiIXuIeHb
MiX olLliHeHOW edeKTuBHOW a0300 E (1) i ToyHOIO
e(eKTUBHOIO 103010 FEycyp, pPO3paxoBaHOI IIPU
MopeaoBaHHI MeTogoM MoHTe-Kapno 3a gozamu Ha
OKpeMi OpraHu Jisl BCiX yMOB OIPOMiHEHHSI:

then taking in account the x-ray tube spectrum
composition:

E(e.Q.FOV, ), 3)

where A; is an intensity, €& — an energy of I-th tube
emission spectrum line.

The principal criteria of optimal algorithm coeffi-
cients Oy, Popr Was @ minimal sum of deviations
between estimated effective dose £ (1) and precise
(conventionally true) effective dose Eucnp, calculat-
ed using Monte-Carlo from the organ doses for all
variety of irradiation conditions:

{6017!’6011!}: Z (6.HU+6'HO_EMCNP)2_)Min @)

U,Q,Fov

bynu ogepxxaHi onTuManabHi 3HAYEHHST KOe(dilliEHTiB
AJITOPUTMY JIJTSI YCiX MOKJIMBUX ITap JO3MMETPiB HaJ-TIi
dapryxom (Bcbhoro 120 nap), 6a3yrounch Ha BArOBUX KO-
edimiedTax i crekTpax TPYOKM, oAepKaHUX IIiJ 4ac

The optimal algorithms were identified for all
possible “under-and-over-apron” pairs of dosime-
ters (120 pairs in total) based on the relative
weights and tube spectrums derived during experi-

(1) 130
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Ta6bauuya 1

OnTUManbHi Micus po3TawyBaHHA nap go3umeTpie i BignoBigHi KoediyieHTM anroputmy ouiHku edeKTUBHOT

Ao3u (dopmyna 1)
Table 1

Optimal positions of dosimeter pairs and corresponding optimal algorithm coefficients for an effective dose

assessment (1)

Ne PosrawyBaHHa gosumeTpa nig papTyxom
# Dosimeter position under apron

Po3rawysaHHs posumetpa Hap, ¢apTtyxom KoediuieHTn anroputmy
Dosimeter position over apron

Algorithm coefficients

1 Ha piBHi nosicy 3 60Ky xepena
Belt level from the side of the source

Ha piBHi rpyaeit 3 60Ky NPOTUNEXHOrO Bifl [kepena
Chest level from the side away from source

a=0,216 b=0,023

2 Ha pieHi rpyneii 3 6oky mxepena
Chest level from the side of the source

Ha komipui
Collar level

a=0,300 b=0,042

3 Ha pieHi nosicy 3 60Ky mxepena
Belt level from the side of the source

Ha piBHi rpynein nocepeauHi
Chest level in the middle

a=0,237 b=0,017

4 Ha piHi rpyneii 3 6oky mxepena
Chest level from the side of the source

Ha piBHi rpyneit 3 60Ky, MPOTUAEXHOTO Bif, Axepena
Chest level from the side away from source

a=0,253 b=0,026

5  Ha pieHi nosicy 3 60Ky mxepena Ha piBHi rpyneit 3 6oky mpxepena a=0,261 b=0,008
Belt level from the side of the source Chest level from the side of the source
6  Ha piBHi rpyzeii 3 6oky axepena Ha piBHi rpyneit nocepemuHi a=0,281 b=0,019

Chest level from the side of the source

Chest level in the middle

NpoBeNeHHs Bullie3ragaHoro exkcriepumenty y HIXT. 13
BCbOr0 HabOpy Iap H0o3UMeTpiB Oyau BuOpaHi 6 map
(Tabn. 1), 9Ki BUSIBUIUCH KPAIIUMHU 32 HACTYITHUMU KPU-
TEPisIMU:
> TIapd JO3MMETPIB 3 HAaMEHIIIO CYMOIO BiIXWJICHB
MiX OIIIHEHOIO i TOYHOIO e(PEKTUBHUMMU JO3aMH;
> TIapy JO3UMETPIB, SIKi 3 MPAaKTUYHUX MipKyBaHb 3py4-
HO HOCHUTH JiKaplo;
> 3a/J0BiJIbHA BilMOBIAHICTb €KCMEPUMEHTAIbHUM pE-
3yJibTaTaM, OJepXXaHUM MiJ 4ac in Sifu ONPOMiHEHHS
¢danTomy Tuny RANDO-Alderson.

OnepxaHUii aAITOPUTM TaKOX OYJIO TTIOPiBHSIHO 3 aHa-
JIOTIYHUMU aJITOPUTMaMU iHIINX HAayKOBUX TPYIT HA THX
caMMX eKCTIepUMEHTAIbHUX JaHUX (Tao. 2).

Ta6nuua 2

mental investigations at NIST mentioned above.
As a result the six different pairs of dosimeters were
picked from the entire set (Table 1) being optimal
from the point of view of the following criteria:
> pairs of dosimeters with minimal sum of devia-
tions between estimated and precise dose;
> pairs of dosimeters being comfortable to wear by
a doctor;
> satisfactory matching to the experimental
results, obtained by irradiating RANDO-Alderson
phantom in situ.

Algorithm also was compared with similar algo-
rithms from the literature sources using the same
experimental data (Table 2).

NopiBHAHHA pe3ynbTaTiB 3acTOCyBaHHA Po3po6NAEHOro anroputmy 3 iCHYOUMMM aNropuTMamu Ha

eKcnepuMMeHTaNbHUX pe3ynbTaTtax AaHoi po6oTu.
Table 2

Results of the developed algorithm application vs. existed algorithms based on experimental data from the

current work.

Ne AsTOpM anroputmy KoediuieHtn anropurmy Mepeouinka epeKTUBHOT [03U
# Source Algorithm coefficients Effective dose overestimate ratio
1 [lana poGora a~0,25 b-0,02 Ean/Eexcn-1,4
This paper Ealg / Eexp ~1,4
2 KoHcepBatuBHi yHiBepcanbHi anroputmi [1] a~099 b-~0,01 Eanr/Eexcn~T7
Conservative and universal algorithms [1] Ealg/ Eexp~ 7
3 Anroputm NCRP 122 (1995) [5] a=05 b=0,025 E anr/E exen ~ 2,1

Aigorithm by NCRP 122 (1995) [5]

Ealg/Eexp - 2,1

MpumiTka. Egqr — epexTvBHA [034, OLHEHA 33 anroputMoM, Egxcn — epexTBHA [03a, BUMIDSIHA €KCTIEPUMEHTAIIBHO.
Note. Ealg — effectiove dose, assessed by algorithm, Eexp — effective dose, obtained experimentally.
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