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The value of the per sonal dose equiv a lent at a 10 mm depth is to char ac ter ize the en ergy de po -
si tion of strong pen e trat ing ra di a tion in the hu man body and is de rived by mea sure ment of air 
kerma and ap pli ca tion of con ver sion co ef fi cients from the ISO re port. How ever, the con ver -
sion co ef fi cients de pend strongly on the pho ton en ergy and an gles of in ci dence for low-en ergy 
pho tons. In or der to over come the prob lem that the con ver sion co ef fi cient of low en ergy rays
changes greatly due to the small change of en ergy, a sec ond ary stan dard ion iza tion cham ber
was used to mea sure the per sonal dose equiv a lent di rectly. A matched ref er ence field was es -
tab lished with 20-250 kV X-rays and cor rec tion fac tors with the Hp(10) cham ber were cal cu -
lated un der these ra di a tion qual i ties with dif fer ent an gles of in ci dence. The re sults showed
that the dif fer ences were al most 22.7 % of cor rec tion fac tors for the low en ergy pho tons at
an gles of in ci dence 0°. With the con ver sion co ef fi cient rec om mended in ISO 4037-3-2019,
the  per for mance  of  the cham ber re sponse with re spect to Hp(10) in the en ergy range  from
33 keV to 208 keV was within about ±10 %, and in the en ergy range from 12 keV to 208 keV
and for an gles of in ci dence be tween 0° and 75° was within about ±19 %.
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IN TRO DUC TION

In the field of ra di a tion pro tec tion, the bi o log i cal 
ef fect pro duced by a cer tain ab sorbed dose is re lated to 
the type of ra di a tion, ir ra di a tion con di tions, ra di a tion
dose, bi o log i cal spe cies, and in di vid ual dif fer ences.
There fore, the same ab sorbed dose may not pro duce
the same de gree of bi o log i cal ef fect. In or der to com -
pare the dif fer ent bi o log i cal ef fects caused by dif fer ent 
types of ra di a tion and ex press the harm ful ef fects of
ra di a tion on the body, qual ity fac tors are in tro duced in
ra di a tion pro tec tion. When the ab sorbed dose is mul ti -
plied by these co ef fi cients, it be comes a new phys i cal
quan tity, called the dose equiv a lent, H [1, 2]. The dose
equiv a lent is used to com pare the bi o log i cal ef fects
caused by dif fer ent types of ra di a tion. Ac cord ing to
ICRU 57 [3] and ICRP 74 [4], the per sonal dose equiv -
a lent at a 10 mm depth, Hp(10) is used to ex press the
op er a tional quan tity for in di vid ual mon i tor ing with
the strongly pen e trat ing ra di a tion. For oc cu pa tional
ex po sure work ers, ICRP has set the rec om mended
dose limit. The av er age ef fec tive dose is 20 mSv a–1 in
a con sec u tive five-year pe riod, and it is fur ther stip u -
lated that the ef fec tive dose in any year should not ex -

ceed 50 mSv. Oc cu pa tional ex po sure work ers usu ally
wear per sonal do sim e ters to mon i tor the dose from ex -
ter nal ex po sure. There fore, it is im por tant for these
per sonal do sim e ters to mon i tor Hp(10) ac cu rately, and
they need to be cal i brated reg u larly [5].

There are three meth ods for de ter min ing the
con ven tional true value of Hp(10). The first method is
to cal cu late the con ver sion co ef fi cients and ap ply to
the mea sured value of the air kerma with an ion iza tion
cham ber. The con ver sion co ef fi cient is ob tained by a
suit able spec trom e ter ac cord ing to An nex B of ISO
4037-2 and cal cu lated from the mea sure ment of the
spec tral dis tri bu tion of the cor re spond ing se ries [6].
For monoenergetic pho ton ra di a tion of en ergy, E, the
con ver sion co ef fi cients hpK(10; E, a) from Ka to
Hp(10) for the slab phan tom with dif fer ent an gles of
in ci dence, a, are listed in ICRP 74 and ICRU 57. The
sec ond method is to mea sure the air kerma at each ir ra -
di a tion with the Ka sec ond ary stan dard cham ber and
ap ply ing the rec om mended con ver sion co ef fi cient.
How ever, this method re quires the ra di a tion field to
meet the re quire ments of matched ref er ence fields.
The last method is us ing a sec ond ary ion iza tion cham -
ber to mea sure Hp(10) in a slab phan tom di rectly
[7-11]. This ion iza tion cham ber has a flat en ergy and
an gle de pend ence and also has a great lin ear ity of the
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dose rate. The ad van tage of this method is that for the
ion iza tion cham ber once cal i brated, spec tro met ric
mea sure ments are un nec es sary, and no con ver sion co -
ef fi cients are needed.

In this work, some re quire ments and changes to
the new stan dard were con sid ered. The matched ref er -
ence fields were es tab lished and rec om mend con ver -
sion co ef fi cients were adopted for com par i son [12, 13] 
and cor rec tion fac tors were cal cu lated with the en ergy
from 16 keV to 208 keV. The Hp(10) ion iza tion cham -
ber will be used to di rectly mea sure the Hp(10) and it
will pro vide cal i bra tion for more per sonal do sim e ters
in this pho ton en ergy.

THE ORY AND METH ODS

Cor rec tion fac tors

For fil tered X-ray ref er ence ra di a tion qual ity, R,
the con ven tion ally true value of the per sonal dose
equiv a lent on the slab phan tom, Hp(10; R, a), at the an -
gle of in ci dence, a, is given by

H R N k R Q kp H R T P( ; , ) ( , ) , ,10 a a a= (1)

where QR,a is charge mea sured by the cham ber in ra di -
a tion qual ity, R, with an gle of in ci dence a, NH – the
cal i bra tion fac tor cor re spond ing to the ra di a tion qual -
ity N-60 and the an gle of in ci dence a = 0°, k(R, a) – the 
cor rec tion fac tor, and kT,P – the cor rec tion fac tor for
tem per a ture and pres sure, is given by
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where Ka,N-60 is the value of air kerma cor re spond ing to 
the ra di a tion qual ity N-60; hpK(10; N – 60,0°) – the
con ver sion co ef fi cient from Ka to Hp(10) for the slab
phan tom at the ref er ence ra di a tion qual ity N-60 and
the ref er ence an gle of ra di a tion in ci dence a = 0°.
QN-60,0° – the charge mea sured with cor rec tion by the
cham ber in ra di a tion qual ity N-60 with an an gle of in -
ci dence, 0°. With eqs. (1) and (2), the cor rec tion fac tor
k(R, a) for the ra di a tion qual ity R and the an gle of in ci -
dence, a, is also given by
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where hpK(10; R, a) is the con ver sion co ef fi cient from
Ka to Hp(10) for the slab phan tom at the ref er ence ra di -
a tion qual ity, R, and the ref er ence an gle of ra di a tion in -
ci dence, a, and Ka – the value of air kerma at the ref er -
ence ra di a tion qual ity, R.

Ex per i men tal equip ment

The Hp(10) ion iza tion cham ber used to mea sure
the Hp(10) di rectly, on a slab phan tom, is shown in fig.
1. The model of the Hp(10) ion iza tion cham ber is
TW34035, made in PTW-Freiburg, Ger many. The
cham ber con sists of a mea sur ing part and a back scat ter 
part which are com bined [14]. The out side di men sions 
of the mea sur ing part are 300 mm ́  300 mm with a to -
tal thick ness 31 mm. The ac tive vol ume is 10 cm3

which is cov ered in lay ers made of polymethil
methacrylate (PMMA). The high volt age elec trode is
made of graph ite with 100 mm in di am e ter and 40 mm
in thick ness. The back end of the ac tive vol ume of the
ion iza tion cham ber is the zero po ten tial. The back scat -
ter part is made of PMMA with a slab of the di men -
sions 300 mm ´ 300 mm ´ 120 mm. A sketch of the
Hp(10) ion iza tion cham ber with the back scat ter part is
shown in fig. 2. 

The ir ra di a tion fa cil ity in this study is based on
two dif fer ent X-ray units made by Yxlon. For the ra di -
a tion qual i ties N-20 to N-60, the MG165 tube was
used. For the ra di a tion qual i ties N-60 to N-250, the
MG325 tube was used. Both X-ray tubes have a tung -
sten tar get with a tar get an gle of 20°. The X-ray beams
were collimated by a tung sten al loy di a phragm and the 
beam di am e ter was 40 cm at 2.5 m for low en ergy and
60 cm at 2.5 m for me dium en ergy. The an gle con trol
of the ion iza tion cham ber for mea sur ing was through a 
ro tat ing plat form, us ing a step per mo tor to com plete
the ad just ment of the pos i tive and neg a tive di rec tion
an gle. The ad just ment ac cu racy is 0.05°. The di rec tion 
of 0° is that the X-ray beam was di rectly in ci dent on
the plane of the ion iza tion cham ber. Start ing from 0°,
the clock wise ro ta tion is de fined as the pos i tive di rec -
tion, +a. And con versely, the anti-clock wise di rec tion
is de fined as a neg a tive di rec tion, -a.

Mea sure ment pro ce dure

The ref er ence mea sure ment point was 2.5 m
from the fo cal spot. The air kerma was mea sured by a
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Figure 1. The sim u la tion struc ture of the Hp(10)
ion iza tion cham ber



par al lel-plate ion iza tion cham ber for low-en ergy and a 
spher i cal ion iza tion cham ber for me dium-en ergy. Two 
cham bers were trace able to the pri mary stan dard of
X-ray air kerma in the  Na tional In sti tute of Me trol ogy, 
China (NIM). The po ten tial volt age of the  Hp(10) ion -
iza tion cham ber was set to +400 V. The leak age cur -
rent of the cham ber was about 4×10–16 A. For ra di a tion
qual ity, R, and each an gle of in ci dence, with a charge
col lect ing time of 100 seconds were per formed. The
con ver sion co ef fi cient hpK(10; R, a), was taken from
ISO 4037-3. The cal i bra tion fac tor NH and the cor rec -
tion fac tors k (R, a) were valid for the ref er ence con di -
tions.

RESULTS AND DISCUSSION

Radiation qualities of the X-ray
and energy spectra

Ac cord ing to ISO 4037-1-2019, the nar row
spec trum se ries of the X-ray matched ref er ence fields
were es tab lished. The half value layer (HVL) of ra di a -
tion qual i ties were mea sured with a trans fer ion iza tion
cham ber at 2.5 m and the char ac ter is tics were listed in
tab. 1. The re sults of all mea sured HVL val ues met the
spec i fi ca tion re quire ments ex cept for N-250. There
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Fig ure 2. Sketch of the Hp(10)
ion iza tion cham ber with the
back scat ter part

Table 1. Radiation qualities of the X-ray narrow series from 20 kV to 250 kV

Radiation quality Tube voltage [kV]
Additional filter [mm] 1stHVL [mm]

Pb Sn Cu Al This work ISO |DDHVL, abs)|

N-20 20 – – – 0.99 0.365 Al 0.362 Al 0.003

N-25 25 – – – 1.98 0.679 Al 0.677 Al 0.002

N-30 30 – – – 4 1.190 Al 1.17 Al 0.020

N-40 40 – – 0.21 4 2.68 Al 2.65 Al 0.030

N-60 60 – – 0.60 4 0.238 Cu 0.235 Cu 0.003

N-80 80 – – 1.99 4 0.590 Cu 0.580 Cu 0.010

N-100 100 – – 4.98 4 1.128 Cu 1.09 Cu 0.038

N-120 120 – 1.00 4.97 4 1.739 Cu 1.67 Cu 0.069

N-150 150 – 2.49 – 4 2.424 Cu 2.30 Cu 0.124

N-200 200 1.03 2.97 2.01 4 4.097 Cu 3.91 Cu 0.187

N-250 250 3.00 1.99 – 4 5.316 Cu 5.08 Cu 0.236



were larger than rec om mended val ues due to the in flu -
ence of two fac tors. The one is that the prob a bil ity of
the Compton Ef fect in creases with the in crease of en -
ergy. For the mea sure ment of high en ergy X-ray HVL,
it is im por tant to limit the beam and con trol the ef fect
of scat tered ra di a tion. The pho tons ir ra di at ing the ion -
iza tion cham ber rods and other sup ports ob jects will
cause more scat ter ing. The greater the scat ter ing, the
larger the mea sured half-value layer. The other is the
fact that HVL val ues de ter mined us ing do sim e try are
about 2.5 % larger than the val ues de ter mined from the 
spec tra by cal cu la tion, and the rec om mended HVL
val ues are taken from Physicalisch-Technische
Bundesanstalt (PTB) cal cu lated re sults with the spec -
tra [15]. The mean en ergy was cal cu lated by en ergy
spec tra with the EGSnrc Monte Carlo sim u la tion pro -
gram [16]. The re sults of the en ergy spec tra of the nar -
row spec trum se ries of fil tered X-ray were shown in
fig. 3. A good agree ment for the mean en ergy was
found be tween the cal cu lated val ues and those given
by ISO for which the max i mum de vi a tion is 1.5 % in
tab. 2, re spec tively.

Electric field distribution of the
Hp(10) ionization chamber

In or der to study the ra di a tion char ac ter is tics of

the cham ber, it is nec es sary to form a re gion in the in -

ner space of the ion iza tion cham ber with the con di tion

of the charged par ti cle equi lib rium, the to tal en ergy

and en ergy spec trum dis tri bu tion of the charged par ti -

cles en ter ing the re gion and leav ing the re gion are bal -

anced. In or der to en sure the uni for mity of the elec tric

field dis tri bu tion, the elec tric field dis tri bu tion be -

tween the high volt age plate and the col lec tor plate in

the ion iza tion cham ber was stud ied. The fi nite el e ment 

method (FEM) was used to sim u late the cal cu la tion.

Elec tric field dis tri bu tion was cal cu lated through the

ANSOFT MAXWELL 2-D soft ware. The high volt -

age elec trode and col lec tor in the ion iza tion cham ber

were all com posed of graph ite. The re sult of the elec -

tric field dis tri bu tion of the Hp(10) ion iza tion cham ber

was shown in fig. 4. It showed that the po ten tial dis tri -

bu tion was uni form in the col lec tion area.
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Fig ure 3. Nor mal ized fluence
spec tra of the N-se ries

Ta ble 2. Cor rec tion fac tors k(R, a) for the ra di a tion qual i ties of the nar row spec trum (ISO 4037-3-2019)

Ra di a tion
qual ity

Eph [keV] ac cord ing to
NH [Sv·mC–1]

k(R, a)

This pa per ISO 4037 0° 15° 30° 45° 60° 75°

N-20 16.1 16.3

3.55

0.81 0.82 0.84 0.87 0.92 1.04

N-25 20.0 20.3 0.84 0.84 0.86 0.88 0.93 1.08

N-30 24.3 24.6 0.87 0.87 0.89 0.90 0.94 1.10

N-40 33.0 33.3 0.95 0.95 0.96 0.98 1.01 1.15

N-60 47.6 47.9 1.00 1.00 1.01 1.01 1.04 1.14

N-80 64.8 65.2 0.97 0.97 0.98 0.98 1.01 1.08

N-100 82.7 83.3 0.95 0.95 0.95 0.97 0.98 1.06

N-120 99.8 100 0.93 0.93 0.93 0.94 0.97 1.02

N-150 117.5 118 0.92 0.92 0.92 0.93 0.95 1.01

N-200 164.4 165 0.90 0.90 0.90 0.91 0.93 0.99

N-250 207.8 207 0.91 0.90 0.90 0.91 0.94 1.01



The results of k(R, a) calculated
from old and new ISO 4037

The hpK(10;R, a) was used based on old and new
ISO 4037-3 rec om men da tions. In ISO 4037-3-1999,
data for the an gle of in ci dence a = 15° and 75° are not
given [17]. There fore, the re spec tive mean value of  the 
hpK(10;R, a)  val ues  given  for  a = 10° and  a = 20° was
used as the con ver sion co ef fi cient for these ra di a tion
qual i ties. Also, the re spec tive mean value of the
hpK(10;R, a) val ues given for a = 70° and a = 80° was
used as the con ver sion co ef fi cient. Al though the ion iza -
tion cham ber was de signed sym met ri cally with a com -
bi na tion of mul ti ple PMMA parts, the small dif fer ence
of the thick ness of the PMMA and graph ite lay ers of the
cham ber may lead to dif fer ent mea sur ing re sults. To
ver ify and re duce this in flu ence for each ra di a tion qual -
ity, the cor rec tion fac tors k(R, a) were each de ter mined
at the an gle +a and –a, and the mean value of these two
val ues were cal cu lated. The cal i bra tion fac tor NH and
the cor rec tion fac tors k(R, a) with re spect to Hp(10) for
the ra di a tion qual i ties of the nar row spec trum are listed
in tabs. 2 and 3 and figs. 5 and 6.

For fil tered X ra di a tion, the rec om mend con ver -
sion co ef fi cients are listed in ISO 4307-3. Al though
the X-ray ra di a tion qual ity es tab lished by dif fer ent
X-ray fa cil i ties meets the stan dard re quire ments, the
spec tral dis tri bu tions will be a lit tle dif fer ent, es pe -

cially for low en ergy pho tons [18]. Be cause the
change of en ergy dis tri bu tion may have a great in flu -
ence on the value of the con ver sion co ef fi cient, it is the 
best way to mea sure the per sonal dose equiv a lent di -
rectly with a sec ond ary stan dard ion iza tion cham ber
which is cal i brated with out con sid er ing the in flu ence
of the low-en ergy pho ton spec trum in the range of un -
cer tainty. The mea sure ment re sults were shown in tab.
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Figure 4. Elec tric field
dis tri bu tion of Hp(10)

Table 3. Correction factors k (R, a) for the radiation qualities of the narrow spectrum (ISO 4037-3-1999)

Radiation
quality

Eph [keV] according to
NH [SvmC–1]

k(R, a)

This paper ISO 4037 0° 15° 30° 45° 60° 75°

N-20 16.1 16

3.53

0.66 0.68 0.68 0.68 0.68 0.80

N-25 20.0 20 0.79 0.80 0.82 0.82 0.85 0.91

N-30 24.3 24 0.85 0.85 0.87 0.88 0.90 1.00

N-40 33.0 33 0.93 0.93 0.94 0.94 0.98 1.17

N-60 47.6 48 1.00 1.00 1.00 1.00 1.03 1.09

N-80 64.8 65 0.97 0.97 0.98 0.98 1.01 1.05

N-100 82.7 83 0.96 0.96 0.96 0.97 0.99 1.03

N-120 99.8 100 0.95 0.93 0.94 0.95 0.97 1.00

N-150 117.5 118 0.93 0.92 0.93 0.94 0.96 0.98

N-200 164.4 164 0.90 0.90 0.91 0.91 0.94 0.97

N-250 207.8 208 0.91 0.91 0.92 0.92 0.94 0.98

Fig ure 5. Cor rec tion fac tors k(R, a) for the ISO ra di a tion 
qual i ties N-20 to N-250 at the an gles of in ci dence, a, of 0°, 
15°, 30°, 45°, 60° and 75° (hpK(10;R, a) taken from ISO
4037-3-2019)



2 and tab. 3 when dif fer ent hpK(10;R,  a) were con sid -
ered. In tab. 2, the ISO 4037-3-2019 rec om mended
con ver sion co ef fi cient was used. These data were ob -
tained from the PTB mea sure ment and cal cu la tion
with the un fold ing spec trum. Com pared to re sults in
tab. 2, the con ver sion co ef fi cients were taken from
ISO 4037-3-1999 and the re sults are listed in tab. 3.
These con ver sion co ef fi cients were ob tained by av er -
ag ing the spec trum dis tri bu tion based on the
monoenergetic data re ported in ICRP 74. In tab. 4, the
cal cu lated k (R, a) val ues at an gles of in ci dence from
0° to 75° show a mean de vi a tion from the ISO val ues
of no more than 5 % when the pho ton mean en ergy is
more than 33 keV. When the pho ton mean en ergy is
within 20 keV-33 keV, the cal cu lated k (R, a) val ues
show a mean de vi a tion no more than 10 % ex cept for
an gles of in ci dence 75° in N-20. In fig. 7, it is in di cated 
that the cor rec tion fac tors k (R,a) were changed a lot
es pe cially in the low-en ergy pho tons. The de vi a tion
would be al most 35.3 % if the mean en ergy is less than
20 keV. If we es tab lished the matched ref er ence fields,
it is nec es sary to adopt a new stan dard to cal cu late the
per sonal dose equiv a lent ac cu rately es pe cially in the
low en ergy pho ton range.

The dose rate dependence for
the Hp(10) chamber

The dose rate de pend ence of the Hp(10) cham ber 
was ex am ined by us ing three ra di a tion qual i ties of the
X-ray and chang ing the tube cur rent to get dif fer ent
dose rates. The dif fer ent val ues of Ka were mea sured
by the sec ond ary stan dard ion iza tion cham ber. For the
very low dose rate, the re sponse of the ion iza tion
cham ber will be very weak. From fig. 8, it was in di -
cated that the lin ear ity of the dose rate con formed to
the gen eral law.

The uncertainty of correction factors

The max i mum ex panded un cer tainty of the cor -
rec tion fac tors k(R, a) was cal cu lated to be 5.3 % (k =
2) de pend ing on the ra di a tion qual ity and an gle of the
ir ra di a tion di rec tion, which were cal cu lated in ac cor -
dance with the Guide to the Ex pres sion of Un cer tainty
in Mea sure ment (GUM) [19]. The re sults of the un cer -
tainty were listed in tab. 5. The ex panded stan dard un -
cer tainty (k = 2) of the con ven tion ally true val ues in -
creased with the de crease of pho ton en ergy and the
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Table 4. The deviation of correction factors  k (R, a)

Radiation qualities 0° 15° 30° 45° 60° 75°

N-20 22.7 % 20.6 % 23.5 % 27.9 % 35.3 % 30.0 %

N-25 6.3 % 5.0 % 4.9 % 7.3 % 9.4 % 18.7 %

N-30 2.4 % 2.4 % 2.3 % 2.3 % 4.4 % 10.0 %

N-40 2.2 % 2.2 % 2.1 % 4.3 % 3.1 % –1.7 %

N-60 0.0 % 0.0 % 1.0 % 1.0 % 1.0 % 4.6 %

N-80 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 2.9 %

N-100 –1.0 % –1.0 % –1.0 % 0.0 % –1.0 % 2.9 %

N-120 –2.1 % 0.0 % –1.1 % –1.1 % 0.0 % 2.0 %

N-150 –1.1 % 0.0 % –1.1 % –1.1 % –1.0 % 3.1 %

N-200 –1.1 % 0.0 % –1.1 % 0.0 % –1.1 % 2.1 %

N-250 0.0 % –1.1 % –2.2 % –1.1 % 0.0 % 3.1 %

Fig ure 6. Cor rec tion fac tors k(R, a) for the ISO ra di a tion
qual i ties N-20 to N-250 at the an gles of in ci dence, a, of 0°,
15°, 30°, 45°, 60° and 75°(hpK(10;R, a) taken from ISO
4037-3-1999)

Fig ure 7. Com par i son of cor rec tion fac tors k (R, a) for
the ISO ra di a tion qual i ties N-15 to N-250 at the an gles of
0°, (hpK(10;R, a) taken from ISO 4037)



in crease of an gle. In fact, the big gest in flu ence is the
un cer tainty in tro duced by the con ver sion co ef fi cient.
It could be more ac cu rate to use the spec tra mea sured
by the spec trom e ter in or der to cal cu late new stan dard
con ver sion co ef fi cients and mea sure the true value of
air kerma with the pri mary stan dard di rectly.

CONCLUSIONS

The X-ray per sonal dose equiv a lent was mea -
sured and cal i brated. The ref er ence ra di a tion qual i ties
of the X-ray from 20 kV-250 kV were es tab lished and
the HVL were mea sured by a do sim e ter. The en ergy
spec tra were sim u lated and the mean en ergy with each
ra di a tion qual ity was cal cu lated with en ergy spec trum
dis tri bu tion. A Hp(10) cham ber was used as a trans fer
sec ond ary stan dard cham ber. The FEM was used to
sim u late the elec tric field dis tri bu tion and the re sult in -
di cated that the elec tric field dis tri bu tion was uni form.
When the new stan dard was adopted, the per for mance
of the cham ber re sponse with re spect to Hp(10) in the
en ergy  range  from  33  keV  to  208  keV was within
±10  %,  and  in  the  en ergy  range  from 16.1 keV to
208 keV and for an gles of in ci dence be tween 0° and
75° was within ±19 %. It is pointed out that the Hp(10)
cham ber can di rectly mea sure the con ven tional true
value of Hp(10) in the large range of en ergy and dose

rate af ter cal i bra tion. The ex panded un cer tainty of the
cor rec tion fac tor k is 5.3 % (k = 2). It is con ve nient to
mea sure the per sonal dose equiv a lent di rectly for
more do sim e ters cal i bra tion and no con ver sion co ef fi -
cients are needed. Also, the cal i brated Hp(10) cham ber 
will be used di rectly to es tab lish the matched ref er ence 
ra di a tion field for more sec ond ary stan dard lab o ra to -
ries and it can quickly test the ra di a tion field changes.

DATA AVAILABILITY

The data used to sup port the find ings of this
study are avail able from the cor re spond ing au thor
upon re quest.
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Table 5. Uncertainty of the correction factors
of the Hp(10) ionization chamber

Source uA [%] uB [%]

Air kerma 1.5

Current 0.5

Temperature 0.1 0.05

Pressure 0.1 0.05

Position 0.2 0.1

hpK (10;R, a) 2

Long term stability 0.5

Uncertainty of the calibration
factor k (R, a)

5.3 % [k = 2]

Fig ure 8. Dose rate de pend ence for the Hp(10) cham ber
un der N-80 to N-120
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Jang SJU, @uej XAO

KALIBRISAWE  I  MEREWE  LI^NOG  EKVIVALENTA  DOZA
X-ZRA^EWA  Hp (10)  JONIZACIONOM  KOMOROM

Vrednost li~nog ekvivalenta doze na dubini od 10 mm karakteri{e deponovawe energije
prodornog zra~ewa u qudsko telo, a izvedena je merewem kerme u vazduhu i primenom koeficijenata 
konverzije iz ISO izve{taja. Me|utim, koeficijenti konverzije veoma zavise od energije fotona i
upadnih uglova za fotone niskih energija. Da bi se prevazi{ao prob lem znatne promene koe-
ficijenta konverzije niskoenergetskog zra~ewa usled male promene energije, kori{}ena je sekun-
darna standardna jonizaciona komora za direktno merewe li~nog ekvivalenta doze. Podudarno
referentno poqe uspostavqeno je sa X-zra~ewem od 20-250 kV, a korekcioni faktori komore Hp
(10) izra~unati su sa ovim kvalitetima zra~ewa pri razli~itim uglovima upada. Rezultati su
pokazali da su razlike korekcionih faktora bile skoro 22.7 % za fotone niskih energija pod
upadnim uglom od 0°. Sa koeficijentom konverzije preporu~enim u ISO 4037-3-2019, performansa
odziva komore u odnosu na Hp (10) u energetskom opsegu od 33 keV do 208 keV bila je u granicama oko
±10 %, a u energetskom opsegu od 12 keV do 208 keV i za upadne uglove izme|u 0° i 75°, bila je u rasponu
oko ±19 %.

Kqu~ne re~i: X-zra~ewe, li~ni ekvivalent doze, Hp (10) jonizaciona komora, faktor korekcije


