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Abstract

Alekseev A.G. et al. Dose Characteristics of the IHEP Neutron Reference Fields: THEP
Preprint 93-43. — Protvino, 1993. - p. 15, figs. 3, tables 5, refs.: 13.

The reference radiation fields are used for calibration and obtaining some metrological
characteristics of various neutron dosimeters. The dose characteristics investigation of the
THEP reference radiation fields has been carried out using different methods.

The linear energy transfer (LET) spectrometer on the base of tissue-equivalent propor-
tional counter, component remmeter based on ionization chambers with different sensitivity to
neutrons and photons, thermoluminescent detectors have been used for the measurements. The
calibration of the detectors was fulfilled on the basis of the National primary standard neutron
field of dose-equivalent rates.

The measurement data are given for the standard calibration system UKPN-1M, reference
calibration fields on the base of Pu — Be, 23?C f neutron sources and 252C f with moderators
made of iron and polyethylene.

AHHOTAMA

Anexcees A.I'. u np. Ilo30BEle XapakTepUCTHKH HEHTPOHHEIX onopubix noned UPBO: Ilpe-
npurT UPBO 93-43. - lIporsuto, 1993. - 15 c., 3 puc., 5 Tabmn., 6ubnuorp.: 13.

TIpoBeneno rccnenoBanue NO30BEX XapaKTEPUCTUK HEHTPOHHEIX OLOPHLIX ONEH, HCIIONb3Y-
emux B UPBD nns kanubposky, NCCIeNOBaHNS METPOIOTHYECKUX XaPAaKTEPUCTHK PAa3IUYHBIX
[03MMETPOB HEUTPOHOB.

B u3MepeHHMAX MCHONB30BANINCh CIIEKTPOMETP IMHEHHON Nepefady SHEPTUH Ha OCHOBE TKa-
He3KBHBAJICHTHOrO IPOIOPIHOHAIILHOTO CYETYMKa; aHAJIOTOBEIM KOMIIOHEHTHHIH 63pMeTp Ha
OCHOBe Habopa MOHM3ANMOHHEIX KaMep, MMEIOIIMX M3GMpaTelbHYIO YyBCTBHTENBHOCTH K (o-
TOHaM M HEHTDPOHaM; TEPMOIIOMUHECLUEHTHEIE NeTEKTOPEL. IIpencTaBiennl pe3ysbTaTH Kaiiu-
6pOBKM IETEKTOPOB Ha FOCYNapCTBEHHOM IIE€PBUYHOM 3TalIOHE MOLIHOCTH SKBUBAJIEHTHOM U IO-
[JIOINEHHON 103 HeHTPOHOB. Pe3ynbTaThl M3MepeHMit NPUBENEHBI IJA ONOPHEIX HONEeH: CTaH-
naprusobanHo# ycranosku Y KITH-1M, pannonyxmunueix ucrounukos Pu — Be u 52C f u nns
PaMONyKITMIHOTO UCTOYHHKa 2°2C f, IOMEIEeHHOTO B CTAIIbHOM M IONMITHICHOBLI 3aMemLH-
TemH.
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INTRODUCTION

The THEP reference fields (RF) are used for calibration and investigation
of a neutron detector energy response. Last time they were used for the inter-
comparison of personnel neutron dosimeters and area neutron dosimeters.

The experimental investigation of the RF neutron spectra has been carried
out by Bonner multisphere spectrometer [1]. This paper describes the dose char-.

" acteristics of neutron reference fields and their standartization for metrological

sertification by National standard of calibration structure (GOST 8.347-79).

1. EXPERIMENTAL PROCEDURE

The nonstandartized detector system of IHEP has been applied to obtain
the dose characteristics of the reference fields.

1. The linear energy transfer spectrometer (SLET-03) on the base of low-
pressure tissue-equivalent proportional counter (TEPC) [2] is able to determine
doge equivalent and absorbed dose of penetrating radiation of any kind. The
energy responses have been calculated for neutrons in energy range from 0.01
to 100 MeV [3]. The systematical uncertainty of the neutron dose equivalent
measuring may be decreased to 10% by the method of correction.

The charge produced in the cavity and event spectrum are being measured
simultaneously. The tissue kerma and dose equivalent are then calculated ac-
cording to ‘

KI' = Rph" q, (1)
K,.=A'ZN,'-5, (2)
Kph = KT - Km | (3)
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H,=A-B, ¥ N;-Q(i), (4)
" Hph = Kph - Bya, )]
Qn =Hn/Kn 'Bm (6)

where Ry, and A are the calibration factors; ¢ is the charge produced in the
cavity; N; is the total number of events in i-th channel of the pulse-height
analyzer.

The Q(7) functions were chosen to simulate the quality factor dependence
from linear energy transfer L.

Kpp and K, are the photon and neutron tissue kerma, respectively; Ky and
H,, are the photon and neutron dose equivalent, respectively; By, is the phantom
conversion factor from neutron kerma to neutron dose equivalent. By is the
same value for photons.

The events with pulse height above 6 keV/um (in units of linear energy y)
are included to obtain K, and H, values. ) '

The National Norms and Rules of Radiation Protection NPRB-76/87 re-
quires the ma,mmal-m-huma.n-body dose equivalent (MDE) to be used as oper-
ational qua.ntlty for area monitoring. The International Commission on Radi-
" ological Protection (ICRP) introduced new operational quantities such as am-
bient dose equivalent H*(10). This operational quantity depends on the form

of the phantom simulating the human body. H*(10) and MED have different

energy dependence for neutrons as well as for photons.

The dose equivalent could be obtained by using the phantom factor B,
and kerma. The phantom factor depends on the neutron spectrum and on the
type of operational quantity (H*(10) or MDE). B, may be in the range from
1.0 to 1.5. '

The phantom factor By is obtained from the calibration of TEPC in refer-
ence field. The values of B, are different for MDE and H*(10).

The dependence of B, on the type of neutron spectrum has not been taken '

into account in the present measurements.

The factor Rpp (in units of tissue kerma, Gy/C) is obtained by calibration
with 137C's photon source. The factor A is derived from the counter sensitive
volume size. This factor converts the event pulse height into tissue kerma units.
Primarily the factor A can be calculated on the base of geometrical dimensions
of the counter and additionally — from the calibration in the neutron reference
field. For calibration of the event spectrum in units of linear energy (y) a
built-in a-source is used. In the present measurements the conversion phantom
factor By from kerma to H*(10) obtained for '¥C's photon radionuclide source
is equal to 1.094.
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ence fields. These errors are admitted for detector ca.hbratlon for the radiation

measurements. \

The certified reference neutron fields form the basis for standartization of
radiation measurements for IHEP accelerator radiation control purposes.

This work has been inspired by the program of Committee on high energy
radiation measurements and metrology of the MAEI of Russia.

We thank V.N.Lebedev and V.N.Kustarev for suppoit of our work,
N.N.Baranenkov for measurements by IKS, A.P.Silchenko and E.V.Kosianenko
for help in measurements, A.V.Sannikov and V.T.Golovachik for remarks and
criticism of this paper.
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2. The analog component remmeter (ACR) [4] includes three high-pressure
(11 torr) ionization chambers (IC) with volume about 1000 cm3, namely: argon-
filled ionization chamber permitting to measure the contribution of photons and
charged particles (generally) into the total dose, tissue-equivalent ionization

" chamber for measurement of photon and neutron kerma, 3 He-filled ionization

chamber allowing us to measure the neutron contribution into the total dose
equivalent. For minimization of the neutron dose equivalent measurement error
the correction method based on additional information about behaviour of the
IC neutron response in different neutron spectra is applied.
The following processing is applied after the readings of the chambers ¢*",
E and ¢H¢ are measured.” The ratios ¢7%/¢4" and ¢¥¢/¢4" are calculated. If
the ratio g”¢/¢4" is in the limits:

» R qH e RH [
Rﬁ' < T , )

. then photon dose H, neutron kerma K, and neutron dose K, equivalent H,

could be calculated (K}, H, are original estimations of values) as

qAr _ (RAr/RHc) . qu

th = . "Iz.:’;- = ) (8) A
He _ RHe, RAr . gAr
H:,: q ( ,};hH/e ph) q , 9)
I(:‘ _ TE . R:’r - qAr . R;‘%E ’ (10)
RIF-Rf - RY - RLp

where R}, is the sensitivity of the i-th ionization chamber (i = TE, Ar, He) to
photons (C /Sv); Ri is the sensitivity of the i-th jonization chamber to neutrons
in tissue kerma units (C/Gy); Rj, is the sensitivity of the i-th ionization chamber
to neutrons in dose equivalent units (C/Sv).
If the following relation is true:
TE TE

: 7 |
- pr <5R (11)

_ then corfection cannot be applied, i.e.:

+

- H,=H.



In case when relation (11) is false, the correction could be introduced as:
where @, = H, /K.

The function k(@) has been calculated using the detector energy responses; °

the analysis of measurements in various neutron fields has also been involved.
Finally, there are two boundary cases: ‘
1) photon dose is neglected, i.e.:
He

q .
& > RI°/RY; (12)

2) neutron dose equivalent is neglected, i.e.:

He

Z—A—; < RE¢/RA. ‘ - (13)
For the first case we use
' qu
IIph = 0; Hn = ﬁF,
a.1.1d for the second case PR
th = R_;f,{" H,, =0.

3. The linear energy transfer spectrometer of charged particles (SLETCP)
is able to determine the absorbed dose of photons and charged particles at
high level of neutron radiation. SLETCP detector is a spherical aluminium
(2 mm wall thickness) proportional counter. It is filled by argon at pressure of

0.7 torr. The sensitive volume diameter is 10.8 cm. The measurement pfocgdure_

for SLETCP is analogous to SLET-03.
The total kerma is obtained as:

Kr = Ry - q, ) (14) -

the photon kerma is given by
Kpn = K1 — K,, (15)
where K, is the neutron kerma for argon:

K,=A- [ E-N(E)dE,
Ea

TR L

s Y S s T

2% A

TEPC are in a good agreement (within 15%) with ACR experimental values
for UKPN fields. It may be explained by the fact that the main contribution to
photon dose is produced by photons with energy above 200 keV. The deviations
of the values H,, K,, Ky» measured in UKPN fields from the ones measured

" in RF-1 and RF-2 are explained by difference of low energy scattering compo-

«nents in the rooms. The low energy scattering component of neutron fluence for
UKPN has been measured by cylindrical multienergy counter. This compenent
is equal to 38% for UKPN and 16-18% for the reference fields [1].

The expert estimations of the dose characteristics from Table 5 have been
calculated as average value between TEPC, ACR and [1] data. When estimating
expert neutron data the ACR results are not included for **?Cf 4+ Fe and
%20 f + CH, fields. The TEPC data are preferable in case of neutron kerma.
The photon kerma expert data are calculated as average from TEPC, ACR,
IKS, SLETCP, but the photon ACR and TEPC resuits are not included for
B2Cf + Fe field expert estimations.

-Traditionally, the fluence-to-dose equivalent conversicn factors are the same
for sources of the same type. The errors in brackets given in Table 5 for UKPN
correspond to the case when average conversion factor is used for different
sources. The calculations of these errors took into accout the difference be-
tween VNIIFTRI and IHEP data for UKPN. Maximal error arises when the
same conversion factor ”fluence-to-photon kerma” was used for different sources
(30%). The difference of the other individual conversion factors for all sources
is smaller than 11% {for conversion factor ”fluence-to-neutron dose equivalent”
and smaller than 14% - for conversion factor ”fluence-to-neutron kerma”.

As it is seen from Table 3 the 8Py — Be data for H, and K, are larger
than 9Py — Be data. It may be explained by the difference in the masses of
neutron sources rather than neutron spectra. because according to data [14] the
neutron spectra of these sources are negligibly different.

The results show that ACR may be used as a standard dositeter for UKPN
and ®2Cf, Pu — Be fields only.

4. SUMMARY

The calibration of TEPC and ACR by the National primnary standard neu-
tron field in terms of neutron dose equivalent has allowed us to organize metro-
logical certification of IHEP reference neutron field.

The standartization of IHEP reference neutron fields was carried out ac-
cording to the National standard of calibration structure. The analysis of the
resulttshows that systematic errors of Hy,, i’ are smaller than 15% for all refer-

13



Table 5. The dose characteristics of the reference fields (expert estimation).
Source - H, Qn K, - Kon
10710 Sv . cm? {107 Gy - ecm? | 10~ Gy - cm?
9Py — Be 3.61+£ 10% |79+2% | 3.84% 9% 1.64+14%
(UKPN-1M) (£11%) (+2%) (£ 14%) (£ 18%)
¥py—Be (RF-1)| 345+9% |82+2% | 36+9% | 1.29+20%
WO f 3.2540% | 8.5+ 2% 3.4 £9% 2.114+10%
(UKPN-1M) (£11%) (£3%) (£12%) (& 32%)
®of (RF-2)| 316+12% [86+2%| 3.0+9% | 1.56+15%
B0f+CH, (RF-3)| 046+9% |9.1+2%| 041 +9% | 177+ 10%
¥Cf+Fe -(RF-4)| 239+9% |97+2%| 211+9% | 0.6+ 15%

The ambient dose equivalent H*(10) and MDE are calculated using the
neutron spectra-data [1] and the fluence-to-dose equivalent conversion factor
given by [10,11]. The values of MDE/H*(10) are equal to 1.007 (Pu — Be),
0.99 (2Cf), 0.98 (P2Cf + CH,), 0.91 (32C f + Fe). The neutron kerma data
for soft tissue was taken from [12].

The calibration of TEPC and ACR has been camed out by using Pu — Be

and »2Cf neutron sources. The value MDE/H*(10) is equal to 1 for these
source, therefore, detectors have been calibrated in terms of H*(10) and MDE,
simultaneously.

The TEPC results show that there are no s1gmﬁca.nt (maximum 11%) devi-
ation from values calculated in [1]. Taking into account that the contribution of
intermediate neutrons into neutron dose equivalent is about 10% for B2Cf+Fe

“and %2C'f + CH, fields and the fact that TEPC has low sensitivity to neutrons
with energy below 50 keV, we can explain why TEPC results are smaller values
than those of [1]. An additional source of errors anses from using the same
factor B, for all reference fields.

Comparing the neutron doses measured by ACR in the B2Cf + CH, field
with those measured by TEPC one can see that ACR doses are greater (about
30%). Because of great contribution of photons in the total dose the ACR
correction method couldn’t be applied in this field (see ref.11). On the contrary,
the reference field 2Cf + Fe has low contribution of photons i in total dose and
the errors of measurement by TEPC and ACR are not satisfied. The IKS
detectors and SLETCP have lower neutron sensitivity, therefore, then' results
have been preferred to obtain photon doses

All detectors (TEPC, ACR, SLETCP and IKS) have strongly different pho-
ton energy responses in energy range below 0.5 MeV, nevertheless, the devia-
tions of the results from photon dose are within 20%. The doses measured by

12
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where N(E) is event distribution; E is the energy absorbed in the detec-
tor volume; A is the conversion factor from the pulse height to tissue kerma
(Gy/MeV); E, is the level for separation of the photon events. As for SLET-03,
the event pulse height scale is calibrated in energy units by using the a-source.

4. The aluminium-phosphorus glass IKS [5,6] has been used to obtain the
‘photon doses. The IKS-C reader used for IKS-detector rea.dmgs treatment has
metrological certification given by VNIIM.

2. DETECTOR CALIBRATION

The detector calibration in terms of the photon kerma was carried out on

~ the basis of a standard calibration system using l37Cs source with certified

uncertainty 4%.
 The calibration of the detectors in terms of neutron kerma and in terms
of neutron dose equivalent was carried out in the National primary standard
neutron field of dose equivalent rate on the base of VNIIFTRI [7].
This standard field is used for the absorbed dose measurements in neutron
energy from 0.05to 14 MeV, and the dose equivalent measurements in neutron
energy range from 0.01 to 14 MeV. The National primary standard neutron field

- consists of the standard calibration system UKPN—IM with the set of ionization

chambers, the system on the base of a cylindrical polyethylene proportional
counter and the system on the base of Rossi-type spherical tissue-equivalent
proportional counter. The set of tissue equivalent phantoms is used for obtained
phantom factor B,. Two types of neutron source were considered: 2Py —
Be and ’Cf. The neutron absorbed dose is obtained with 5% systematic
uncertainty and with relative standard deviation range 2%. The neutron dose
equivalent is measured with 8% uncertainty when using the instruments of the
National Standard field.

The calibration factors (R, and A for TEPC and calibration factors R for
ACR) have been obtained in the field. Table 1 shows the results of measuring
dosimetric characteristics of the Natjonal Standard field by the IHEP systers.
The phantom factor B, for TEPC is equal to 1.20 for Pu — Be and 1.14 for
B2Cf. The phantom factor for MED in a plane tissue-equivalent phantom
according to the measurements of [7] is equal to 1.17, i.e. coincides with the
average one for TEPC.



Table 1. Results of neutron and photon dose equivalent and kerma measurements by TEPC Table 4. Dose characteristics of the IHEP reference fields. Norma.hzatlon is the same as in

Rt et

and ACR in the national primary standard neutron fields. The results are normalized Table 3.
by VNIIFTRI data. ,;
i Pt Neutron | Neutron | Neutron®| Photon | Source
l TEPC l “ACR g Source, dose equi- | quality | kerma, | kerma, flux,
W8Py _ Be | B2Cf | 8Py — Be | 23C f xf detector valent, H,, | factor, K,, Kp | Y., 100
K., relative| 0.96 1.03 I. 0.80 F relative | Qn, | relative | relative | n/s
- units . . ‘ {" unit relative unit unit
MED, relative |  0.99 1.02 0.93 0.75 }; unit
units 8 RF 1 ®°Pu - Be
Ko, relative|  0.92 1.03 0.94 1.07 ‘ TEPC 1.00 82 | 100 | 101 | 533
units ‘ ACR 1.00 - 1.18 0.83
] : e 7 0.99 8.8 0.99 -
, . : SLETCP . ) ) 117
’ , . ' o IKS - - - 0.98
The photon energy responses of TEPC and ACR detectors in energy range RFZ *iCf
from 29 to 114 keV have been investigated on the National secondary standard : ' TEPC 0.95 8.6 1.00 090 |- 492
field of absorbed dose rate (VET 38-4-85, VNIIFTRI). The measurements were ot ACR 0.99 - 111 0.85
fulfilled in wide beam of z-ray radiation. The standartized Robotron 27012 o (1] 1.06 9.7 1.01 -
dosimeter was used as a monitor. Table 2 contams the experimental values of ?II(‘g‘TCP ) . - igg
phOton dose. . . | S RF 3 *2Cf + CH, ‘
, ; ; o TEPC 0.95 9.1 1.00 1.07 | 492
Table 2. Results of exposure dose X, field dose or kerma K and ambient dose equivalent mea- . - ACR 1.63 - 0.51 0.99
surements by TEPC and ACR. The results are normalized by the monitor readings. [1] 1.04 8.9 1.06 -
_ Sye! 'SLETCP - - - 0.99
Effective TEPC [ : ACR & IKS - - - 0.93
photon X | K | H(10) TE-chamber |  Ar-chamber P . RF4™Cf 4 Fe \ ‘
energy, keV X K | H*(10)| X | K | H*(10) “ ' . : TEPC 1.00 9.7 1.00 0.80 49.2
114 [Li12[112] 084 |090 001|068 [31[31]| 23 i ACR 0.75 - 0.83 | 0.00
64 |134|142| 092 |061(065] 042 |63|67| 43 i 0.99 10 | 118 -
29 |093]119] 1.02 |021]027] 0238 |56]|72] 6.1 ISII;SETCP - - }?g

The experimental data in comparison with photon energy responses cal-
culation are represented in fig.1 (in kerma units).. The detector composition,
detector wall thickness and size of sensitive volume are taken into account in
‘the calculation. The dose overestlmatlon by ACR detectors in photon range g
from 30 to 100 keV is "payment” for its high absolute sensibility. One can .
see from fig.1 that the detectors have different energy responses at the photon &
energy below 200 keV. The detectors with different energy response allow one
to estimate the mean energy of photon spectrum.




Table 3. Dose characteristics of some source applied in the UKPN-1M system measured by
various methods. Values are normalized by the expert data from Table 5.

Neutro}x Neu- | Neutron | Photon | Source
Source, dose equi- | tron tissue kerma, . flux,
detector valent H,, | qual. | kerma, K, | K, |Ya,10°
relative | factor | relative |relative| nfs -
unit (9 unit unit :
9Py — Be ‘
TEPC 1.03 7.9 1.04 1.12 53.7
ACR 1.04 - 1.17 0.95 \
IKS - - - 0.94
9Py — Be
TEPC |- 098 7.9 1.00 1.13
ACR 1.02 - 1.17 0.88 53.3
IKS - .- 0.98
2Py — Be . '
TEPC 1.11 7.8 1.14 1.12 2.25
ACR 0.98 - 1.04 1.22
228py — Be 1.23 7.3 1.37 0.65 48.2
(VNIIFTRI) ;
w20 f v
TEPC 1.04 8.5 1.00 1.01 '49.2
ACR 0.96 - 0.96 0.91
1IKS - - o 1.09
252Cf
TEPC 1.09 82 | 1.08 1.07 |° 157
ACR 0.99 - 0.99 0.97 |
520§
(VNIIFTRI) 1.03 8.7 0.98 0.75 4.73
10
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Figure 1. Calculated {curves) and experimen-
tal (symbols) data of normalized
photon energy responce for TEPC
(o), SLETCP, IKS, Ar (¢) and TE

10’1 L —— (O) ionization chambers. For com-
- 10’2 10’1 o 1 parison, tissue kerma-to-ambient
: dose equivalent conversion factors

Eph.MeV H*(10)/K are given (thick line).

The experimental data in Table 2 are given by

_ Rph,x‘ q
| X - Xg ) (16) ’
— Ronk - g
K - Xo R a:’ ~ (17)
* R b '
H*(10) = XP"—”C,‘-’ (18)

where g is the detector reading value (C/s); Rpp x is the dosimeter calibration
factor in terms of exposure dose for 1¥7C's source; Rph i is the dosimeter cali-
bration factor in terms of tissue kerma for 13C's source; Ry is the dosimeter
calibration factor in terms of ambient dose equivalent for 37C's source; X, is
the exposure dose measured by the monitor; Cy is the conversion factor from
the exposure to tissue kerma for effective photon energy; Cj is the conversion
factor from the exposure to ambient dose equiVa.lent for effective photon energy.

The energy dependence of H*(10)/K ratio is also given in fig.1. It is clear

that TEPC could measure H*(10) after the corresponding calibration.

J



3. CALIBRATION RESULTS O — — 5"
. : . : 1 <€

Using the calibration coefficients obtained as described above, the dose char- € o[B8 o 4 10y A A ]
acteristics have been measured for the following IHEP reference neutron fields: § £ °a n—u 7 T oo .o ____— |

1. The standard calibration system UKPN-1M. The commercial system (11} P e 3
UKPN-1M designed by VNIIM has a container with polyethylene collimator § 12 _ i 1 ‘::: 13¢ ° JF
with 3% of 1°B [8]. The %2Cf and 2* Pu — Be sources are involved in measure- - T T e 1 < o a1
ments. at: 10 p20"— ——B'u—i— —1 - & - . 3 -

2. Reference fields: 9 B * e P e —_:A. _:_6: AR

- 29Py — Be (RF 1), | 1 T . T LT o )

- 252Cf (RF 2), N , ¢ , - 12 :-;"-0“; ------ 1 T =

- B2Cf into 30 cm diameter spherical polyethylene moderator (RF 3), -é 10 __.___:;:_';"-_--: .§1.2 e T e o

- B2Cf into 30 cm diameter spherical iron moderator (RF 4). ‘ s | @ P T s T,

The irradiation geometry in the ﬁeld is the same as it was described in ;E‘ 08 I — s [ 9_——0__-:_’_ TTTTTT
papers [1,9]. . , g 1 xog | ___O__ o o

Tables 3,4 and Tigures 2,3 reflect the measurement results obtained by vari- S 1 2.3 ? 123 L 2 3 .
ous methods. For comparison the VNIIFTRI dose data and the doses obtained e Lt L s !
from spectra [1] have been included. In Tables 3,4 and in Figures 2,3 the values Purse UKPN_szZCf Pude By SZC“CHZZSZC”Fe
are normalized by mean data from Table 5. The expert estimations of doses T
are given in Table 5.

The values in Table 5 are normalized by factor ¢ = _Rf Y;,, where R is - . ]
the distance between the source and detector (cm); Y, is neutron source ﬂux, ) igure 2. gz::'?‘l’mg}g;s;lts_g ?e““g'“ Figure 3. Normalized results of measure-
1/s. This normalization allows one to compare the measured doses for various' and ’5’2’ f sourcven H, ; (_neue ) E:ﬁt ﬁf;rdsI.HEII()e;:ef efiﬁ;;‘g
sources with different contribution of secondary radiation. X i . tron dose eqmva.lent), K, (new- - data; (O) ACR data; (A) val-

For TEPC the errors of the neutron measurements are estimated to be less 5 tron tissue kerma), Kpi (pho- ues from (1]; (*) SLETCP data;
than’8% (for kerma) and less than 9% (for dose equivalent). The photon kerma ﬁ ;Z':i:;::’tilkgra?:)ofléegpg) (eE)l() (¢) data of IKS; (- - -) errors of
was obtained with 9% error (except the case of %2C'f + Fe field, where it is ¥ experimental data of ACR; (o) : expert data.
60%). For other IHEP systems (ACR IKS, SLETCP) the uncerta.mtles of 3 experimental data of IKS; (z)
photon kerma measured are in the limits of 6-10%. , data from [7]; (- - -) errors of

The value of the source flux with sertified uncertainty of 5% was given by : 3] ::::c’: data; (1,2,3,4) number of

VNIIM. For TEPC the value of 1.17 for the phantom factor B, was taken. The
measurements have been carried out for different types of sources and different
sources fluxes. The influence of these source parameters on dose characteristics

is considered.



