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ABSTRACT 

TMs work was partially sponsored by IAEA (Research Contract N* 5S26/RB. task 3.2). It 
can be divided Into two parts. The first part Is concerned with performing the appropriate 
calculations for the values, measured In critical assembly ZR 6. The Intercomparlson of seven 
different calculations with the experiments Is given In the second part. Criticality calculations, 
energy release distributions (2D and Intra-macrocell) and spectral parameters are compared. 
As a tool of the comparison, the computer code RFIT. based on strict statistical criteria has 
been used. The main conclusion of the paper Is. that the calculated and measured results are 
sufficiently close to each other, In most of the cases. 

Видовеки И., Керестури А.: Исследование решеток на основе Gd. KFKI-1991 -33/G 

АННОТАЦИЯ 

Работа, описанная е данном отчете поддерживалась частично МАГАТЭ (Research 
Contract No 5525/RB, task 3 . 2 ) . Она состоит из двух частей, а первую часть 
входя« расчеты переметров, измеренных на критической сборке ZR-6 , а во вто
рую часть входит сравнение результатов серии расчетов с результатами измере
ния. Сравнивались результаты расчетов критичности, распределения энерговы
деления (двумерные и внутри макроячеек ) и спектральных индексов. Сравнение 
проводилось с помощью программы RFIT на основе строгих статистических кри
териев. Вывод из отчета можно сформулировать так, что в большинстве случаев 
результаты расчетов и измерений достаточно близки. 

Vldovszky l„ Keresztúri A.: Qd rácsok vizsgálata. KFKI 1991 33/Q 
KIVONAT 

A jelen dolgozatban bemutatott munka részben a NAÜ (Research Contract N" 5525/RB, 
task 3.2) támogatásával készült. A munka kót fő részre osztható, az egyik a ZR 6 rácsokon 
mért paraméterek számítása, a másik hót különböző számítás eredményeinek összehasonlítása 
a kísérleti eredményekkel. Kritikussági paramétereket valamint energiákfválás eloszlásokat 
(kétdimenziós valamint makrocollán belüli) ós spektrálls indexekel hasonlítottunk össze. Az 
összehasonlítást az RFIT programmal, szigorú matematikai statisztikai lesztek alapján 
végeztük. A dolgozat fő következtetése az, hogy az esetek többségében a mérési és számítási 
eredmények kielégítő mórtékben megegyeznek 
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INTRODUCTION 

The present paper describes the results, as well as the procedure 
of intercomparison of experimental and calculational results. The 
details of the experiments are not described here. However, some 
brief information on the experimental conditions is given 
because no understanding of the results can be supposed 
otherwise. The brief description of the calculations is also 
given here. 

The comparison of the experimental and calculated results can be 
devided into four groups. The first group belongs to the 
comparison of criticality parameters (keff» buckling), the second 
group is related to the comparison of 2D distributions the third 
one relates the comparison of intra-aacroceJJ distributions, 
whereas the fourth group is given for the comparison of spectral 
parameters. The present paper is divided into chapters according 
to these groups. 

BRIEF DESCRIPTION OF THE CONSIDERED LATTICES 

The description of the experiments, including the characteristics 
of the investigated lattices is given in [1]. Only the main 
points are recalled in order to have a full picture for judging 
the results to be compared. The experiments were carried out in 
the critical assembly ZR-6. ZR-6 has been constructed for 
investigating WER type fuel lattices. 

Specification of the fuel rods 

Cladding : 
material - Zr(Nb) alloy (the Nb content is 1 w/o) 
inner radius 3.875 ± 0.025 mm 
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outer radius 
density 

4.525 ± 0.025 
6.55 g/cm« 

Esiiets : 
aaterial 
radius 
density 
enrichment 
height 

UOt 
3.800 i 0.025 ям 
10.56 ± 0.03 g/e»» 
3.6 ±0.18 a/o 
28 ± 1mm 

The fuel rods contain air gaps between the pellets, therefore the 
average UOa density for the rods is 10.28 1 0.05 g/cm*. 

Specification of the gadolinium absorber rods 

Cladding (the same as for the WER type fuel elements): 

Pellets : 
Matrix 
density 
radius 
height 

- AliOj 
- 3.7 g/c»3 
- 3.8 +0, -O.Oli 
- 50 ± 0.1m 

Content of OdtOj (the gadolinium is natural) in the matrir: 

Type Content 
Cw/ol 

I 0 
J 0 .2 
К 1.0 
L 2 .0 
M 5 .0 
N 7.5 

The pellets are carefully polished, the difference between pellet 
and rod densities is much less than in the case of fuel rods. 
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Lattice characteristics 

The lattice is hexagonal. The lattice pitch is 12.7 ± 0.02MS. The 
moderator is distilled water. The nominal temperature of the core 
is 2I*C. Thi» nrrnngement of the rods corresponds to the X7 
configuration, where X к1пгк1.ч for the type of absorber, i.e 
X=I,J,K,... The number 7 imliinlrs, that. i*v«>ry neventh fuel rod 
in the hexagonal lattice is changed for an absorber rod (see 
Fig.l). 

Macroscopic distribution» of energy release 

The macroscopic «1 ist ri but. inn of energy re lew не was measured in 
all the six different configurations of type X7. 

The energy release distribution was* determined on the basis of 
the measurement of the gamma activity of the fuel rods in the 
energy interval 500- 800 keV. The measured radial distributions 
can be decomposed fairly well to the macroflux J»(B rr) and the 
iut.ra-macrocel 1 distribution. The intra-macrocell distributions 
characterize the efficiency of the absorber rods. 

HRIKK DESCRIPTION OP THE CALCULATIONS 

AIL the Hungarian calculations were carried out in the KARATE 
program system [2J. The computation of the ZR-6 super-cells is 
performed in two stepH. As a result of the cell calculation, the 
homogenized 70 group (35 thermal and 35 epithermal) fuel cell 
ПГ08К sections are obtained in the first step. The method of this 
calculation ia described in the sect a.) in detail. The neutron 
flux in the cylindriculized super-cell is calculated in the 
second step using the multigroup cross sections originating from 
the firat step. The applied method is given in sect b.). 
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The two-dimensional power distribution calculations of the whole 
ZR-6 configurations was carried out also in two steps. The 
few-group constants of the fuel cells and cells containing 
gadolinium pin are obtained in the first step. In the case of the 
fuel cells we have used the results of the multigroup cell 
calculations (sect a.), but the spectral index correction is also 
introduced by an extra layer. The few-group constants of the 
gadolinium cells were obtained from the supereell calculations 
described above. A four group two-dimensional diffusion 
calculation was performed in the second step to obtain the power 
distribution. The description of the diffusion calculation is 
given in the sect c ) . 

a.) Fuel cell calculations 

The miltigroup collision probability equations are solved using 
the white boundary condition on the edge of the cylindricalized 
cell. 35 epithermal and 35 thermal groups are used, where the 
cut-off energy is 1.84 eV. For description of the anisotropic 
scattering effect, the transport correction method is applied. 
The multigroup cross sections in the library were calculated from 
the ENDF/B-1V file. 

In the epithermal resonance energy region, the resonance 
self-shielding is taken into account for three isotopes - U-235, 
U-238, Pu-239 - using the equivalence theory. The Dancoff factor 
ie calculated from the generalized first flight collision 
probabilities supposing black fuel pins. An intermediate 
rescnance treatment is used for the cladding materials rather 
than the narrow resonance approximation. Such scatterings are not 
considered first flight collisions. The method does the right 
calculation with heavy isotopes as cladding materials. On the 
level of the Dancoff factor calculations, the lattice can also be 
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hexagonal or square shaped. The Goldstein factors characterising 
the intermediate resonance were calculated in the approximation 
Forti and can be found in the resonance library. In this, library 
the cross-sections of the resonance isotopes and the Bell factors 
are tabulated as the function of the dilution cross section and 
the temperature. 

The group structure in the the thernal energy region is fine 
enough to calculate the shielding effect of the thermal 
resonances of the isotopes F'u-239 and Pu-240 correctly, however a 
special weighting Method has to be applied to integrate the 
Pu-240 reaction rates. The thermal scattering by the Hydrogen 
bound in water is modell ized by the synt.hesr.is method of Cadilhac 
using the temperature dependent "0" and "II" functions. This 
thermal i/.ation method gives almost the same results ав the Nelkin 
model. 

The usual regions in the cell are fuel, clad and moderator but 
optionally an extra mixture can be introduced in order to take 
into account the effect of lattice irregularities. This 
possibility is used to generate few-group constants depending on 
the spectral index. The leakage from the homogenised cell is 
treated in B-l approximation. Preserving the reaction rates, a 
realistic space dependent 70 group flux can be reconstructed from 
the B-l flux (belonging to the homogenized case) and from the 
space dependtmt flux belonging to the white boundary condition. 

b.) Super-cell calculation 

The super-cell calculations are very similar to the cell 
calculations, the only differences are as follows: 

- The usual regions of the cell calculations (fuel, clad, 
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moderator) are supplemented, with the region of the homogenized 
fuel material, which ia described by the homogenised multigronp 
cross-sections of the fuel cell originating from an 
*•) type calculation. 

The Dancoff-factor for the three resonance isotopes is 
calculated in cylindrical geometry. 

The multigroup collision probabability calculations are 
performed in cylindrical geometry with white boundary condition 
on the edge of the super-cell. Th" infinite diluted 
cross-secctions are used in the epithermal energy region for 
the Gadolinium isotopes since the influence of self-shielding of 
these isotopes has proved to be negligible. 

c.) Few-group diffusion calculation 

The usual finite-difference few-group diffusion equations are 
solved, but for the fuel cells in each outer iteration 
step the spectral index correction of the few-group constants is 
also applied. The spectral index dependent few-group constants 
for the fuel cells have been created in the course of cell 
calculations, while those of the Gadolinium cells are taken from 
the super-cell calculations. The few-group constants of the 
reflector region are computed in a special super-cell 
calculation, where the inner homogenized fuel region is 
surrounded by a water reflector region. 

Calculations compared 

Th« rn Ion JaUoriH compared with the measurements here were- car ri ml 
out in Muntfnry |3], Bulgaria [4J, India [S], Cuba [6], Germany 
17 J, YtigoHlnv'Mi 1Я] and Poland [91. They are referred to in this 
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paper by the letter» H. B, I, C, D, Y and P respectively. 

CRITICALITY 

The siaplest way to characterize criticality is to calculate the 
ke|»p values of the investigated lattices (i.e. to use the 
Measured bucklings in the calculations)! and to coapare the« with 
the value kej.̂ -= 1, which can be considered as a Measured value. 

The calculated * err values for the six investigated lattices of 
type X7 are given in Table 1. As one can see froa Table 1, soae 
of the calculated results are rather far froa unity. In Table 1 
the averages of keff end their variances are also shown. 
Especially good are the results calculated in Poland (by aeans of 
WIMS), and in Hungary (described here above) they do not differ 
froa unity by more than 0.25% in neither of the lattices. The 
average value in this case is the closest to unity. The variance 
is the saallest for the calculations carried out in Hungary, Cuba 
and Poland, 0.0012, 0.0013 and 0.0014 respectively. However, the 
calculations carried out in Cuba overestiaate the k#rr for all 
the lattices, the »elatively snail variance is due to uniforaity 
of the overestiaation. The other calculations яееа to be less 
accurate, they are within the liait of i 1% in Most of the cases, 
but in some cases the differences are in the range of • - 2%. The 
calculations giving a k«rr value over 1.01 can not be accepted, 
coneeqently the reason of this dicrepancy needs some aore study. 

2D DISTRIBUTIONS 

The 2D distributions of energy release have been calculated only 
in three countries: Hungary, Cuba and Poland. Six distributions 
according to six different gadolinium concentrations have been 
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compared. 

The measured distributions have been compared with the calculated 
ones using the code RFIT [10]. Based on the statistical tests, 
performed by means of RFIT one can draw conclusions in three 
fields: 
-global behaviour, 
-pointwise behaviour, 
-tendencies. 

The typical pointwise error of the experiments (lo) is 0.5%. The 
calculations typically have more uncertanties, therefore the 
global comparisons show some disagreement, i.e. the value Q/(n-m) 
characterizing the global agreement ( see [10] for more detail) 
is over 1 (which is the expected value) in all cases. The 
Q/(n-m) values vary from 4 to 18 in the particular cases. This 
means only that the difference between calculations and 
measurements is significantly bigger than the statistical error 
of the experiments. 

The pointwise Student test was also performed by means of RFIT. 
The Student test means, that the differences between calculated 
and measured values are analysed using the r *»erimetal errors and 
the global measure of difference (Q/(n-m)) as well. Thib test 
accepted the majority of the - us (about 99%) showing that the 
calculations of the 2D distributions are uniformly consistent. 

The tendencies in the distribution* can be analysed on the basis 
of the Student test as well. Tendencies mean regions, where the 
differences between calculated and measured vaiues are 
systematically positive or negative. A carefull analysis shows, 
that no real tendencies can be found, i.e. the calculations 
correspond to the measured field. The only tendency, which could 
be observed is, that the difference between calculated 
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distributions is maximal in regions near the reflector. As the 
analysis of the behaviour of the calculations in the vicinitj of 
the reflector is not part of our study, this discrepancy has not 
been analysed. The assumption that the calculations of the 2D 
distributions are uniformly consistent has been confirmed. 

Figures 2 - 7. illustrate the above made assumptions. Measured 
and calculated distributions along a given radius are shown in 
Figs. 2 - 7. As one can see from these figures, the agreement 
between the calculated and measured distributions is quite good 
in all the six cases. However, the calculated distributions are 
closer to each other, than they are to the measured distribution. 
The agreement between the calculated and measured distributions 
seems to be the same for all the lattices, i.e. it. does not seem 
to depend on the gadolinium content of the rods. 

As a conclusion one can say, that the 2D energy release 
distributions give a good possibility to compare calculations and 
measurement. Comparison shows, that the agreement between 
measurements and calculations is good in case of all the six 
different absorbers. 

INTRA-MACROCELL DISTRIBUTIONS 

The comparison was made for five different calculations only, 
because not the real geometry of the macrocell, but a cylindrical 
approximation has been set up in the case of two calculations. 
Six distributions according to six different gadolinium 
concentrations have been compared. The measured and calculated 
distributions are listed in Tables 2 - 7. As it can be seen from 
these tables, the overall agreement between the distributions is 
good. The measured and calculated distributions are shown in 
Figs. 8-13. 
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Aa one can see fro« Tables 2 - 7 and Figures 8-13, the aeasured 
points differ froa each other significantly only in the position 
closest to the absorber eleaent (i.e. in position 2 in the Tables 
and the aiost left position in the Figures). In other words, the 
distributions are rather flat. 

The typical pointwise error of the t*xpt>ri ments ( lo) is 0.2%. The 
calculations have acre unnertunties, therefore the global 
comparisons show some disagreement, i.e. the value Q/(n-m) 
characterising the glo'*tl ngreement ( KIM; 1101 for more detail) 
is in all the cases over 1 (which is the expected value of it). 
The Q/(n-m) values vary from 1.5 to 43 in the particular cases. 
If we take the simple average of the Q/n-m values for different 
type of lattices, 

17 4.93 i 1.86 
J7 6.71 ± 3.24 K7 9.80 i 3.27 L7 5.23 ± 4.45 M7 5.06 1 0.92 N7 21.40 ±15.86 

we can conclude, that the agreement for the absorbers ItJ,K,L 
and H is nearly the same, i.e. the values aie around 5 with a 
relatively high variance, but for the strongest absorber N, the 
disagreement between measurements and calculations is much bigger 
(21.4!).If we take the simple average of the Q/n-m values for 
different calculations, 

H 7.48 i 4.38 
в 6.44 1 4.06 I 10.77 ± 11.30 с 14.68 ± 14.24 D 4.91 ± 1.92 

we can conclude, that the agreement in case of the different 
calculations (H: calculation carried out in Hungary, B: in 
Bulgaria, I: in India, C: in Cuba, D: in Germany) is nearly the 
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ваше. The calculations carried out in India and Cuba see* to be a 
little bit in less agreement with the Measurements, than those of 
the other three calculations. 

The pointwise Student test was also performed by leans of RFIT. 
This test accepted the majority of the points, i.e all the points 
were accepted in 26 of the 30 investigated cases (6 lattices, 5 
calculations), and one point in each case was not accepted in the 
four remaining cases. 

The tendencies in the fields can be analysed on the basie of the 
Student test as well. Tendencies mean regions, where the 
differences between calculated and measured values are 
systematically positive or negative. The following table shows 
the particular differences between calculations and measurements, 
in the form a/b, where a is the number of points, where the 
difference is positive and b is the number of points, where the 
difference is negative (a+b=7 in all the оанея). 

17 
II В I С D 

17 4/3 3/4* 4/3 3/4« 3/4 
J7 4/3 5/2« 4/3 5/2» 3/4 K7 3/4 3/4 3/4 5/2 4/3 L7 3/4 2/5 Г./2 6/J« 4/3 M7 3/4 3/4 4/3 5/2 3/4 N7 5/2» 5/2« 5/2« 5/2« 3/4 

The cases, where a systematic difference between the р'иаре of the 
calculated and measured distributions can be observed (i.e. where 
the positive and negative differences are separated by the value 
of the radius) are marked by asterisks (*). One can see, that in 
case of absorbers 1,J,K,L and N only a few cases marked by 
asterisks can be seen, but in case of the strongest absorber N, 
in four cases out of five, the same systematic difference between 
the calulated and measured shapes can be observed. Regarding the 
calculatations, one can see that the calculatations carried out 
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in Cuba show distributions different in shape from the measured 
ones in four cases» whereas the calculatations carried out in 
in Germany agree in shape with the measured ones in all the six 
cases. 

As a conclusion, the intra-nacrocell distributions can be 
considered as a good measure of the gadolinium content of the 
rods. Comparison shows that the agreement between maesurements 
and calculations is good in case of five different absorbers, 
somewhat worse in case of the strongest absorber (N, 7.5XCd). 
There can be seen some differences between the different 
calculations. One should not overestimate the significance of the 
intra-macrocel1 distributions because of two reasons. The first 
reason is that the number of measured points (7) in a 
distribution is not large enough, the second one is that as it 
was mentioned earlier, the distributions are rather flat, i.e 
they give mainly information only in the position, closest to the 
absorber rod. 

SPKCTRAt. PARAMETERS 

Two spectral indices SI(Np/Ce) and SI(Np/Dy) have been measured 
in two lattices at the minimal and the maximal Gd content (J7 and 
N7). The definition of these spectral indices is given in (11]. 
To characterize the neutron spectrum, the spectral index 
SI(Np/Ce) is more powerful, as it has the important advantage, 
that it was measured activating only the internal elements 
(fuel), therefore no flux perturbation occurs in the case of this 
measurement. SI(Np/Ce) is mainly characteristic for the neutron 
spectrum in the epithermal energy range. 

Calculations of spectral indices have been carried out only in 
two countries, in Cuba and Germany. Table в contains the measured 
and calculated values of SJ(Np/Ce) for three position within the 
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aacrocell X7. As one can see froa Table 8, the aeasured and 
calculated values of SI(Np/Ce) correspond to each other within 
the limit of the experimental errors (la). 

Table 9 contains the Measured and calculated values of SI(Np/Dy), 
for the saae positions as SI(Np/Ce). Calculations of SI(Np/Dy) 
have been perforaed only in Germany. As it can be seen froa Table 
S, all the aeasured values are higher than the calculated ones. 
This underestiaation of the index SI(Np/Dy) is significant, but 
not too big, as the difference between calculated and aeasured 
values is about 2.5 tiaes the experimental error for the J7 
lattice and three tiaes for the N7 lattice. 

As only very few calculations of the spectral paraaeters have 
bee1? carried out, no detailed con I us ions can be drawn. Based on 
the few results available, no problem can be seen in calculating 
the above indices. 

CONCLUSIONS 

Criticality calculations show more discrepancy than expected. The 
reason has to be analysed. Other calculations give results near 
to the measured ones. More calculations arc expected from some 
countries, taking part in the CRP (Co-ordinated Research 
Program), organized by 1ЛКЛ. Finn! eons I unions can be drawn after 
extending the intercomparison, based on the supplementary 
calculations1 results. 

The main contusions of the paper can be summarized as the 
calculated and mesaurcd results are, sufficiently close to each 
uther in most of the cases. 
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Table 1 

Comparison of Calculated «eff values for X7 lattices 

Lattice H В I С D Y P 
17 J7 R7 L7 N7 N7 

0.9975 0.9968 0.9941 0.9949 0.9957 0.9957 

1.0108 1.0130 1.0077 1.0066 1.0110 1.0133 

1.0063 1.0090 1.0052 1.0047 1.0091 1.0108 

1.0116 1.0102 1.0083 1.0096 1.0111 1.0114 

1.0140 1.0159 1.0102 1.0089 1.0128 1.0148 

1.0180 1.0200 1.0139 1.0191 1.0088 1.0050 

1.0013 1.0010 0.9976 0.9985 0.9995 0.9994 

Average 0.9958 1.0104 1.0075 1.0104 1.0128 1.0141 0.9996 

Varianc 0.0012 0.0027 0.0024 0.0013 0.0027 0.0061 0.0014 
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Table 2 
Comparison of distributions within aacrocell 17 

Poa.* Measureaent H В I С D 
2 1.0632 ± 0.0019 1.0608 1.0485 1.0567 1.0465 1.0546 
3 1.0226 ± 0.0021 1.0122 1.0091 1.0132 1.0119 1.0192 
4 1.0134 ± 0.0021 1.0013 1.0020 1.0041 1.0020 1.0030 
5 1.0205 ± 0.0021 1.0190 1.0131 1.0172 1.0168 1.0263 
6 1.0105 ± 0.0030 1.0036 1.0020 1.0041 1.0040 1.0071 
7 1.0058 i 0.0025 0.9999 1.0000 1.0010 1.0010 1.0000 
8 1.0000 1 0.0025 1.0000 1.0000 1.0000 1.0000 1.0000 

Pos.: Position within macrocell X7 (see Fig.l.) 
Measureaent: the values, as well as all the calculated values, 

are normalized for position 8 
H : Calculation carried out in Hungary 
В : Calculation carried out in Bulgaria 
I : Calculation carried out in India 
С : Calculation carried out in Cuba 
D : Calculation carried out in Germany 

18 



Table 3 

Comparison of distributions within macrocell J7 

Poe.* Measurement H В 1 с D 
2 0.9835 1 0.0020 0.9985 0.9910 0.9960 0.9941 0.9805 
3 0.9915 i 0.0022 1.0011 0.9990 1.0000 0.9990 0.9922 
4 1.0050 i 0.0020 1.0002 1.0000 1.0000 1.0000 0.9981 
5 0.9966 1 0.0023 1.0012 0.9980 1.0000 0.9990 0.9893 
6 1.0039 i 0.0033 1.0005 1.0000 1.0000 1.0000 0.9961 
7 0.9998 i 0.0029 0.9999 1.0000 1.0000 1.0090 1.0000 
8 1.0000 i 0.0029 1.0000 1.0000 1.0000 1.0000 1.0000 

Pos.: Position within aacrocell X7 (see Fit;. I.) 
Measureaent: the values, as well as nil the calculated values» 

are normalized for position 8 
H : Calculation carried out in Hungary 
В : Calculation carried out in Bulgaria 
I : Calculation carried out in India 
С : Calculation carried out in Cuba 
D : Calculation carried out in Germany 
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Table 4 

Comparison of distributions within aacroceli K7 

Poe. ¥ Measurement H В I С 0 
2 0.9464 ± 0.0018 0.9504 0.9447 0.9524 0.9582 0.9390 
3 0.9901 1 0.0021 0.9916 0.9901 0.9911 0.9903 0.9744 
4 1.0083 ± 0.0020 0.9992 0.9980 0.9980 0.9990 0.9970 
5 0.9794 i 0.0020 0.9863 0.9852 0.9871 0.9864 0.9665 
6 1.0076 i 0.0029 0.9977 0.9970 0.9980 0.9971 0.9911 
7 1.0031 1 0.0026 1.0000 1.0000 1.0000 1.0000 1.0010 
8 1.0000 1 0.0023 1.0000 1.0000 1.0000 1.0000 1.0000 

Pos.: Position within aacrorell X7 (see Kig.l.) 
Measureaent: the values, as well as all the calculated values» 

are noranlizeit for position 8 
H : Calculation carried out in Hungary 
В : Calculation carried out in Bulgaria 
I : Calculation carried out in India 
С : Calculation carried out in Cuba 
D : Calculation carried out. in Germany 
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Table 5 

Coapariaon of distributions within aacrocell L7 

Poa.* Heaeureaent H В I С 0 
2 0.9346 ± 0.00» 0.9369 0.9321 0.9417 0.9477 0.9309 
3 0.9873 i 0.0020 0.9886 0.9872 0.9872 0.9874 0.9776 
4 1.0047 ± 0.0020 0.9989 O.9980 0.9970 0.9981 0.9951 
6 0.9807 ± 0.0020 0.9817 0.9813 0.9822 0.9816 0.9718 
6 0.9985 ± C.0030 0.9969 0.9970 0.9960 0.9961 0.9893 
7 1.0018 i 0.0026 1.0001 1.0000 1.0000 0.9990 1.0010 
8 1.0000 ± 0.0020 1.0000 1.0000 1.0O00 1.0000 1.0000 

Рое.: Position within aacrocell X7 (see Fig.l.) 
Heasureaent: the values, as well as all the calculated values, 

are noraalized for position 8 
H : Calculation carried out in Hungary 
В : Calculation carried out in Bulgaria 
I : Calculation carried out in India 
С : Calculation carried out in Cuba 
D : Calculation carried out in Germany 
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Table 6 

Comparison of distributions within •acrocell M7 

Ров.* Measureaent H В I С D 
2 0.9298 ± 0.0022 0.9234 0.9215 0.9320 0.9372 0.9302 
3 0.9832 i 0.0026 0.9853 0.9843 0.9852 0.9855 0.9777 
4 1.0023 ± 0.0025 0.9985 0.9971 0.9970 0.9981 0.9971 
S 0.9788 1 0.0024 0.9767 0.9764 0.9793 0.9787 0.9709 
6 0.9807 ± 0.0034 0.9959 0.9961 0.9961 0.9952 0.9922 
7 0.9988 ± 0.0030 1.0001 1.0000 1.0000 1.0000 1.0010 
8 1.00O0 1 0.0027 1.0000 1.0000 1.0000 1.0000 1.0000 

Ров.: Position within maorocell X7 (see Pig. I.) 
Measurement: the values, us well »я all the calculated values, 

are normalized For position 8 
H : Calculation carried out in Hungary 
В : Calculation carried out in Bulgaria 
I : Calculation curried out in India 
С : Calculation carried out in Cuba 
t) : Calculation carried out in Germany 
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Table 7 

Coaparison of distributions within aacrocell N7 

Pos.* Measurement H В I С D 
2 0.9056 ± 0.0016 0.9181 0.9176 0.9231 0.9325 0.9042 
3 0.9715 1 0.0019 0.9839 0.9833 0.9862 0.9826 0.9751 
4 1.0015 i 0.0018 0.9983 0.9971 0.9970 0.9971 0.9971 
5 0.9726 1 0.0018 0.9746 0.9755 0.9773 0.9759 0.9646 
6 0.9960 ± 0.0027 0.9954 0.9951 0.9951 0.9942 0.9914 
7 1.0029 ± 0.0023 J.0001 1.0000 1.0000 0.9990 1.0010 
8 1.0000 i 0.0020 1.0000 1.0000 1.0000 1.0000 1.0000 

Pos.: Position within macrocell X7 (see Fig. I.) 
Measurement: the values« ак well as nil the calculated values, 

are normalized for post linn 8 
H : Calculation carried out in Hungary 
В : Calculation carried out in Bulgaria 
I : Calculation carried out in India 
С : Calculation carried out in Cuba 
D : Calculation carried out in Germany 
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Table В 

Comparison of measured and calculated values of Sl(Np/Cc) 

Pos.» г 3 8 

J7 M e a s . 
С 
D 

3 . 4 50 i f).ü!>6 
3 . 4 51) 

3 . 3 4 0 i 0 . 0 5 8 
3 . 4 28 

.4 .348 i 0 . 0 5 5 
3 . 4 2 9 
3 . 3 « 4 

N7 M e a s . 
С 
1) 

3 . 6 R 8 1 O.OtJO 
3 . 6 2 8 

3 . 3 9 3 J 0 . 0 5 5 
3 . 4 КЗ 

3 . 3 7 1 1 0 . 0 5 9 
3 . 4 4 6 
3 . 4 5 0 

F'os. : Position within nmorocell X7 (sec Fig.l.) 
Moas.: Measured value 
С '. См 1 iMi lat ion carried out. in Cuba 
D : Calculation carried out in liermany 

Tabic 9 

Comparison of measured and calculated values of Sf(Np/Dy) 

P o s . « г 3 8 

J 7 Мпая. 
1) 

4 . 3 9 6 ± 0 . 0 8 3 
4 . 1 82 

4 . 3 4 « i 0 . 0 8 4 
4 . 1 5 3 

4 . 1 2 9 i 0 . 0 7 6 
3 . 9 1 9 

N7 Mens . 
I) 

4.<*>I2 1 0 . 0 9 8 
4 . 2 9 2 

4 . 3 5 4 ± 0 . 0 8 5 
4 . 2 6 4 

4 . 3 8 8 x 0 . 0 8 9 
4 . 0 4 2 

POR.: Position within nmcroeeJ I X7 (sec Fig.l.) 
Meas . .' Mcasurtfd value 
1) : Calculation car»-ind out in (íermany 
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