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Svaraary

AD, original aethod for calculating the neutron «lowing

down length, uaLng a generalized mul t i gro up approach* i s

pro seated» Unlike other mul t i group methods, tills aethod

takes Into account all tha basic phenomena Involved in

the neutron transport, i .e . the elastic scattering, the

inelastic scattering and the neutron absorption.

The procedure for calculating Lg for polyenergetic aeu-

tron source i s given together with i t s theoretical глЬ=

stantiation* The prooodura applies for soils and rocks

of any oaeialcaL composition and for al l neutron eouroas

which energies do not exceed 10,5 **®V. The ЮИТкАН

programs for computations ar® enclosod.

Results of calculations the media being water»saturated

sandstone and limestone of different porosity (froa 0 %

up to 100 % ) are presented for nonoenorgetde neutrons

and for radio!sotove Ba-Be and Pu-Ba noutroa acure**»

A good F-Ŝ eament between the calculated Ł values and

available osqperiiLontal value a of other authors can be

observed both for water end for weakly slowing down me-

dia, i .e . dry sandstone and dry 1 inert one. Vox the media

containing r&latively caall (mounts of hydrogen, а шш-

monotonic dependence of the slowing down length o& the

neutron initial energy has been observed.



W pracy przedstawiono orygir.eliią metodę obliczania dłu-

gości spowalniania neutronów, opartą aa wlelogrupow@4

t e o r i i transportu neutronów* Pozwala ©na, та odróżnieniu

od dotyebcaaa stosowanych metod "sielogrupowyeh, uwsględ-

nić rozproszenia sprę&yete n& wodorze, гоаргооааи-ia nie—

sprężyste, oras abaorpcję neutronów prędkich.

Podano i us&eadniono teorotycani© sposób obliesenia

długości ąpowsUKiania aeutroaów dla źródeł polienarge-

tycesyeh* Opisano procedurę oblicaaaia L dla dowoluego

okładu chemicznego skał i gsrunt6ws oraz do solnego źródła

noutroaów w sete-oalo energii do 1085 Me¥0 Załączone

so stały prograsy o&liśsseń utsaerycznych napisana w języku

FORTRAH» Ninie^ieaR psaoa zesriere wyniki obliczeń dla

plaekowoa i wapienia o różiKsj porowatości w sairesia

0-100 R̂e nasyconego wodą, dla neutronów Honoenargo-

tyoznyeii i &a?ó&®ł radioiaotopowych Ra-Ba i Pu-Бе»

U skakano usbrą agodaośó obliczonych wartości Ł_ г do»

atępnymi daoy&i doswiadesssalnyiai innych autorów, zarówno

dla wody, jak i dla ośrodków ałabo spowalniających (эг»»

ehego piaskowca i wapienia ) .

Stwierdzono 9 ż@ w praypadku ośrodków aa^iera^ącjoh aało

wodoru zależność długości spowalniania neutronów od ich

początkowej nie j e s t aonotoniczncu»



Резюме .

В работе представлено оригинальный метод расчёта длины

(Замедления нейтронов, базирующий на многогрупповой те-

ории переноса . В отличие от применяемых до сих пор

многогрупповых методов, разрешает он учитывать упругое

рассеяние на ядрах водорода, неупрутое рассеяние и захват

быстрых нейтронов. Приведено способ расчёта длины заме-

дления нейтронов полкенергетических источников. Изложено

процедуру расчёта длины замедления для произвольного хи-

мического состава грунтов и произвольного источника ней-

тронов в диапазоне энергии до 10,5 Мэв. Приложено вычи-

слительные программы на языке TORTRAH 1900. Приведено

результаты вычислений для песчаника и известняка насыщен-

ного водой, с пористостью изменяющей,в диапазоне 0- 00 %

для моноэнергетических нейтронов, а также Ra-Вэ и Ри-Ва

ИСТОЧНИКОВ. Получено величины хорошо совпадающие с экспе-

риментальными значенный других авторов.

Результаты расчётов указывают, что зависимость длины

замедления нейтронов от их начальной энергии не всегда

монотонная.
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1 f Introduction

Duping recent years some works have been carried

on in th© Geophysics Departament of Institute of Nuclear

Techniques (Academy of Mining and Metallurgy, Cracow )

conosrnlns calibration of neutron gauges for deternr'aiDg

moisture content. The vrorks atm at creating a siemi-

empirieal calibration method, based on a theory of the

neutron transport which could describe in a possibly

moat faithfull manner the neutron transport in the media

ono deals usually with to. the geophysical practx-a, i.t=.

vory heterogeneous from the point of view of their chem-

ical composition. A great deal of importance is there-

fore attached to the question of a proper method to cal-

culate the neutron parameters of the media. These para-

meter 8 play the most important and conspicuous part in

any theory which lies at the basis of calibration

methods for calibrating the neutron moisture gauges*

The following paper is the result of investigations

for a proper procedur*» to calculate the neutron slowing

down length, for rocks and «oils* The widely used multi-

group approach for calculating the neutron slowing down

length has been here criticized and a generalization of

this method has been proposed,, '.Где generalization makes

possible to take into account & greater number of phye-

i oal phenomena accompanying the neutron slowing down
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process ia the media. 1QRTRAS computer progi.«a* for

direct computations of neutron Blowing domu length пат»

been elaborated, allowing to obtain the neutron slowing

down length Talue for 007 geological ие-Ниш «ad for any

type of neutron radioisotope source*

On* of the no at efficacious methods for
the neutron transport problems in the stationary case
i s the multigroup method» At i t s baeie l i es the neutron
ftsansport equation in the diffusion approximations

B(r,u) , (1)

«here u la the neutron letergy, q(z*,u) is the neutron

al.owing down density, $(r.;u) i* the neutron fluxs S a(u)

ia Ш е neutron nacroseopic abaorption croee section

of the givtm medium, B(u) 1» the neutron diffusion

coefficient end 6(reu) it a function representing the

neutron sources*

The Kultleroup^approaeh eonaiets ia dlrLding the

whole rang© of the neutron letargy Into many in terra! a

(energy groups). Integrating th© diffusion equation

over th« separate interval 0 one obtains the following

system of equations (cf Bakurts [1], p.164)s



*(r,u)du - /

i
с / S(r,tt)du i (2)

fos? i i 1,2, ,», S, where û  Is the lower boundary of

the i-th ener^ g^oup, N 1B the number of groups*

Aeeinaine that tor each group Ф^(г,и) а *^(г)

the ff^itea (2) can be rewritten In the form :

% ( p ) - 4 - 1 ( r ) * S a , i * l C r ) ~ V * i ( r ) = S i ( r ) •

where

/ du

du

du

1
/ S(r,u) du ,

4-1
^ i s the macroscopic tranepoxt croee section.

In the multigroup approach one assumes that the

neutron belonging to one of the energy groups undergoes
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within i t s limits the diffusion process without any

change of i t s energy. The slowing down process i s thus

considered as the transfer of the ueutron from the

higher group lato the lower on®. In equation (3) the

neutron inflow into the l»th group froa higher energy

groups i s represented by til© difference of the neutron

slowing down densities : <1̂ Си) " q^^^C")• TŁs energy

losses due to the neutron collisions with hydrogen

nuclei and due to the neutron inelastic scattering

processes correspond to the neutron transfers down by

a number of groups. Thus the slowing down dencity q*(r)

can be split up into the sum of the contributions duo

to the neutrons falling eat all higher groups :

i
q/r) = S а, Ф.(г) , (5)

where a^ ^ play the role of the macroscopic cross sec-

tions for slowing down the neucron from the k-th group

to a value of the letargy u ё ц .

Making use of (5) we obtain :

( 6 )

i a L A le Ш© aacroecopic oroes section fbr

the neutron Blowing down out Bide the i-th group,
S ~ ^ i i s t n e macroscopic его ее
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section for the neutron slowing down from the k-th

group into the i—th group.

faking into account (6) aud introducing the neutron

dlffunion length J"'i ^ e l l the energy groups, the

(3)

bj M i(r) - S^s) + -*=3 — = 0 , ( 7 )

,2 _ i ,

As ths f i rs t step in aolvlng the system of equa-

tions (,"?) on© has to establish the aroraged values of

th« neutron macxosoopie ero as eectlons, according to the

formulas ( 4 ) 9 Hh&n. the equations of the syetem (7) can

be solved one by one, atarting from the f i r s t equation,

ол eaeh next equation makes use of the preceding eolu-

tione. The eolution of each equation of (7) i s <&̂ (г)

and at the end the flux of the alowed down neutrons

tjf(r) i e constructed*

Шм system of equations (7) undergo©» a serious eLapll»

П oat Ion fos the case of a point Bonoenergetic neutron

source situated in an inf inite, non-absorptive Medium,

containing neither hydrogen nor any nuclei which inter-

act with the neutrons in inelast ic col l is ions. In this
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case Е
й i = °i s i^ r > • 6 < г ) » S l ( s ? ' = ° f o r 1 Ф 1 № d

S . . . ., e O for b*l-1 s *&» latter meaning that a l l Vne
SL\JCp X)

neutrons in the Blowing down process ps.es subsequently

through all the energy groups. Under the assumptions

formulated above an interesting relationship oan be

observed (cf BBKURTS [ i ] B p.166) s
•a

L? a S Ł? , (8)
0 1

«here L. i s the neutron slowing down length.

The аЬото relation beiag Шэ consequence of tb®

partloular «aete of the BUltigroup theory of the neutron

teaneport i s applied in the» so «oiled, sultigroup ж©°

thods of eeloulation of the neutron alowiag dowa length

(cf references [2,3,4] ) . Those methods» al l of th««

basing on the relation (8), cannot be right 1л Ш9 Q&m

of a aedlu» coatainlBg great amounts of hydrogcsit ®v

when inelastic scattering tnd fast neutron absorption

occur. Xhe true value of Ъщ should hare been calculated

directly from i t s definition, after having solved tho

syste» (7). However, the solution of the systcK (7)

being a result of digital eooputatloasg there i e no

possibil ity of introducing a general formula whleh. could

be used to calculate L@»

Such, a formula,, ooasietent with the eystes of

tions (7) has been fouad as a result of some element wry
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up brea tb® definition @f the

dmra Issgth»

«1Ш the help of tiia second moK«Bts <J?^>, of

о'

/ fft(«)

1

t

1

J

f

1

f

\ 1

\

}

(
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Let ив have a closer look at t^e alowing down process

in the multigroup pattern, A neutoon can be slowed desna

from i t s i n i t i a l energy (letargy uQ) into a letargy

u > u™ in шду different manners, each of thorn CO^e-

ą>onding to a different pattern of the energy groups

travelled by the neutron (of ffig„1e)° Denoting by M

the number of these combinations and by § ^.(г) ^ е

flux of the mutrone which have boen aLowed. й.от& t r a v -

el l ing by the k-th pattern of the diffusion gj?oups we

can write down an evident re lat ion :

о
(p) = E * л Лт) . (Ю)

Introducing (10) into the definition (9) ̂e get

dr

о ( ) dr
о

The idea of the slowing down length con be introduced

separately for each slowing down hi story o Denoting by

L e ^ the slowing down length corresponding to the

k-ta Blowing down pattern то have

CD .

1 / *- k(r) 4«r
ł dr

L2 _ & о °'к , (12)
в,к « P

/ ф

л v(
r) ̂ r a*о ° s

and the definition C11) becomes
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L s = ~

M э

E Lgi.k *̂ o.i
1 0 '

0

00

The integral / * o ( r
0

output (cf BSKTRTS [1
00

0.
CO

I I

0

O j k ^

»0(r)

2

Ą-Tsr d r

2 ,4nr dr

) 4itr dr

]« P-» 31*) i

Q p ,

d r

represents the source
ą SO

1С % s (1

» " p o

j^ Is tho probability that the neutron uould be
doisa in the к th history s p i s the probability

that Ше nautroB would be slowed domi ixi any history
(tfc.at i t would be not captured during tt« slowing down
process) and Q i s the fast nsutron source output»

Substituting (13) into (14) oas obtains

L s * * L s к 4 * - •
Let

2 K к 2
L B к = *1 L i •

8 i=1кAA = 1 i f the k-th slowing down history contains
•fcha i- th gro up,

Ал = 0 i f the neutron undergo in© Ше k-tb. slop-

ing down history passes tho i - t h group byo
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(15) aeeordiag te Шо f©m of (16) one

finally a generalized formula wfcleh cen be used

t© salcal ate L g i

L! . ? ( ? jf i? ;, JŁ- = ? ь| с ? 4 -i-) -
8 к*Ч 1=1 A Ł p o 1=1 i 1 ^ 1 ^ - p o

кE i t Рь. Is the probability that the n*u-

i t s el owing down history р&шэв through

the 1-th group.

Let us tui®, ошг attention to th@ problem ©f deter-

Th© probability that iSie aLowiag down hiflto«

ry incsliŁdos the i°th. ©norgy gro op cen be represented

as th© pxoduot o£ tno probabi l i t ies s R «̂ that the

tron emitted feoia tb.Q source enters the 4<-Ш esroup,

X.- that the neutron bdlongLng s i ready to the i~th

b® slowed

W i a \ x i •

Both tU<? ppobabilitioe R̂  and X^ can be «s^reeeod i n

terms of the appropriate aaeroacopio neutron oross

sections :

(19)
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where 1Ц = 1 end X^+^ = 1 .

From the ergvmentatloa presented above i t follows

immediately that p Q * Ŵ  = X̂  ,

4„ The procedura fbr calculation of ŁQ

** 1 • GaloiŁlatioas ofthe^yąlueia of neutron

огоав

The method for ceJ culating the neutron

domi length, presented io the proceding chapter requires

the knowledge of the appropriate set of averaged micro-

scopic neutron ©roe sections cr̂  ^, sr r̂ ^, ^ ^ ( ^ ^)

for all Шз elements which ar© to Ъе mot in the consid-

ered medium,, Buch. a materiel has been gathered from the

tables of neutron group constants of ABAGYAN et al [5].

Ttoeo tables cover the neutron «norgy rango fully ade-

quate for the ease of «ay neutron radloiaotope source

(from 0,215 «V to 10,5 UeT ) . The entire energy range

Is split up into 25 intervals» The echema of this «ner-

gatic division i s presented in Btól* I , (Che tables [5]

contain the averaged values of the saioroeoopic neutron

cross soot ions relative to the fundamental neutron

interactions, for different elements and for each ener-

gy group. The formulas for calculating томе other mi-

oroBOopic cross sections, used in various multigroup

calculation Bchemas, can be also found in the tables.
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ТЪе microscopic neutron cross section, necessary for

calculations of L_ ,

following formulas s

calculations of L_ , were calculated according to the
3

tr . i =

sl(i,k) ,k) * 0 i n ( l , k )
Ы

with A < 20 and

A ё 2 0 '

= °
for the elementa

elements with

• a i n , i »

vcduss end they are to be found directly la the tables

by ABAGIM et al [5] .

i e cross section Ibr transfer froa theCTefi k)
i-th group to the k-th group eau**d by el«etio

scattering,
а з1(э) i i 0 t h e e i a B ł : i o f-lowi»e ćLoim oroee section,
a ^ ± i s the inelastic scattering оговв eectioa,
а1л(1 i ) i o t h o i a e l a s t l c scattering ero a в section

at which trie neutron remains in the group,

aQ Ł i s th@ capture crose sactLon»

o*Q ^ is the elastic scattering cross Motion,
o k) i s ^ в с г о н в зве^оь of inelastio transfers

the i-th group to the k°»th group,



- 15 -

и is the average cosine of the elastic
e, i

scattering angle,

u. /, ,\ ie the average values of cosine of inelastic

scattering angle in a transfer from the i-th

- group to the k-th. groups

On the basis of cheaicol analyses of different

soils (cf references [2,6,?]) i t has been assumed that

in oelculationa of LQ values the following 13 elements

should be taken into account :

H, E9 C, N, Oj Na, Mg, Al, Si, K, Ca, Ti, Pe .

The group wluea of the cross sections о * , cr. . ,

° a l ( i k1) ^ o r ^ e ®^ ж т в п * а l isted above Ь&в been stored

«ith the help of the program Ж01 (cf Appendix I ) s on

a magnetic tape. Thee© data have boon used by the pro-

gram Ж03 (cf Appendix II) calculating L ,

'йкэ macro soopic cross sections £„ ą , E.„ . , Ь п / . v >

for media of a given uhemieal composition and d«*nelfcy

have been calculated using the well known formula

n v
£ a pK E — A - <*, , (21)

° J=1 Aj *

where E ie the macroscopic егоев section, о. i s the

microscopic cross section for the j - th constituent

«le&ent, A. i s the atomic maas of the j»th element,

v . ie the waig&ft percentage of the ,j~th eleaont, p i s



th© medium densityt, HQ i s the Avogadro'a nuaber and

n ia &9 aumber of Шэ constituent element® in the me-

dlm. (la ошг ease a n 13).

The mLues of eĄ were cal oil at ed directly from

th© formulas (20), without intajoduoing any correction

factors for salf-shie.ldifflg of facto (this being equiva-

lent to the assumption that the cxoaa section relative

to all the other constituent elements comprised in the

medium is infinitely great in comparison with a.,).

e2o Calculation off L for monoenejgetic neutron gources

The group TQluas of the neutron cross sections

prepared as described above, шако possible to calculate

the values of L for neutrons which ini t ia l energy does

not overooae 10e5 MoV. Depending on neutron init ial en-

a. different number of energy groups is used in the

calculations of L_, becauce the splitting into the en-

ergetic groups pattern never changes (cf Table I ) .

For example , if the init ial energy of neutrons i в

4,0 MeV, the two highest groups drop out from the calcula-

tions and the L value is calculated according to the

formula

b\ = 4 -Ji- Lf . (22)
8 i=3 W 3 i
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Table I

Division into the energetic groups uaed in the

Abagyan's tablet, [5]

1

1
2

5
4

5
6
7
8
9

10
11
12
13
1 4

15
16
17
18
19
20
21
22
25
24

25

E i

6,5 - Ю,5 MeV
4,0 - 6,5 Me?
2,5 - 4,0 MeV
1,4 - 2,5 MeV
0,8 - 1,4 MsV
0,4 - 0,8 MeV
0,2 - 0,4 MeV
0,1 - 0,2 MeV

46,5 - 100 keV
21 r5 - 46,5 keV

Ю - 21,5 keV
4,65 - 10 fceV
2,15 - 4,65 beV

1 - 2,15 fceV
465 - 1000 eV
215 - 465 eV
100 - 215 eV

46,5 - 100 eV
21,5 - 46,5 eV

10 « 21,5 ©V
4,65 - 10 eV
2,15 - 4,65 eV

1 - 2,15 oV
0,465 - 1 eV
0,215 - 0e465 eV

0,48
0,48
0,48
0,57
0,57
0,69
0,69
0,69
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
0,77
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For toe case when the i n i t i a l energy of neutrons EQ

does not correspond to any of the boundary values in

the energy sp l i t t ing pattern, the L has to be calcui»

lated ч-wice for two boundary energies, one of them

being smaller and the another being bigger than EQ i

the value L„ Ел has to be .found by means of the

interpolation.

Let us assume that i 0 i s the aumber of the highest

energy group which i s being taken into account in calcu-

l a t i o n of L_. The schema of t h i s calculation i s follow1-

ing: f i r s t l y , the macroscopic group cross sections E j t

^ t r i a a d S s l ( l k) a a v e *° ^e determined, according to

the formula (2*1) 8 for l e i , and than the group values

of diffusion lengths L. should be calculated according

to tiie formula (7).The next step in the calculations

consist в in determination of the W., according to the

formulae (18) and (19). Introducing the calculated values of

values of 1^ and Wi into the formula (17) one obtains

the value of the Blowing down length for monoenergetic

neutrons

3 = Л Li "*r * C25)
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4.5. C^uulatioa_of j j for pglignergetic neutron sources

Any radiolsotope neutron source is characterized

by continuous energy spectnm. This continuous spectrum

-|Я- can be approximated by a spectrum which contains

a finite number of discrete energy values, so the condi-

tion

q a / - | | _ dB . ^ • ^ (24)

i s fullfilled (Q^ being the partial neutron output» cor-

responding to ta© !-•& energy value) о Let us return once

aos* to the d«£Lnition (9) of ^ V « Intvodueing the quan-

tity $^(r) vhieh we shall call the partial neutron flux,

originated by the neutron of the initial energy Б. ,

we have

ł(p) ш S 8,(r) . (25)
1=1 x

For each separate energy value in the discrete spectrum

we oandefxne the value

/ г 2 Фт (г) *nr2 dr
< P | \« -2— i- • (26)

/ Ф, (Г) 4ТОГ Or
о А

Subetituting the relations (55) and (26) into (9) we

obtain
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2 \ r£> / *i^.r) 'ист* dr
00 Q

/ Ф(г) Aur dr
о

On the basis of an argumentation analogical to that

used in the chapter 3 one can write

со • p

0

where p, ie the probability that the neutron of Ше

i n i t i a l energy К has been efLowed down (has not been

captured).

from t h i s one comes to the evident conclusion that

m 2
S L , Q.P,

L2 - 1=1 S ' J - -1- •*• , (26)
s m

1=1

where L , is Ше slowing ćUrait length of the

getic neutrons of in i t ia l energy 3^.

The argumentation presented abore eetabliah the

way of calculation of Lfl for a neutron touroe of any

emerge spectrum. Pirat of all the actual energy dis-

tribution has to be approximated by the sum of mono em-

erge t i о neutron aources each of them having the output

Q̂  and fee init ial energy being ono of the boundary

energies in Table I . In this paper i t bus been decided
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to use the following set of init ial energy values :

10,5 » 6,5 f 4B0 , 2,5 . 1,4 • 0,8 , 0,4 , 0,2 M©Y,

Than the values of L„ л have to be calculated, accord-

ing to Ше procedure given In the section 4.2.» It can

be easily seen that the probabilities p-̂  are equal bo

Ше quantities W1 , which one has to determine ©

ealtulating L

5. Resultв of calculations

The applicability of the presented procedure for

calculating the neutron slowing down length has been

tested in calculations of neutron slowing down length

the medium b^ing sandstone and limestone of different

poroeltieSj saturated with water. The choice of tfea me-

dia have been stimulated by the faot that they constitute

most widely met compounds of soils and rocke and, on the

other hand, cmly for these nedia some experimental data

are available» HhQ celculfttiona неге led both for the

monoenergetic mettfcrons (of different energies) and for

Ше radloisotop© routron sources Ra-Be and Pu-Be, for

the final «nergy of slowed down neutrons equal to 0,215

©VB !Ehe continuoue energy spectra of the isotope sources

have been apgroaimated with the di seret dens rgy spectra

listed in the Tcibie I I . The results of these calculations

are presented in th» Fig.2,5 and 4 and in the Table III

and IV.
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Table II

Discrete energy spectra of the гас1 ioi so tope neutron

sources Ra-Be end Pu-Be (the aeoond and third column

represent tiie neutron output in the relative units )

ane:

10

6

4

2

1

0

0

0

301.

PKS

.5

so
,5

• *

i *

»2

irce

^

MeV

MeV

MeV

MeV

MeV

MeV

MeV

MeV

*
Ra-Be

0,04

0,27

0,52

0,22

0,12

0,02

0,01

0,00

Pu

o,
o,
o,
o 9

o,
o,
o,
o8

- Be

07

52

28

1?

08

oe
05

01

* After the spectrum given in the Bak's paper [Ю].

** After the spectrum given in the Amal&l's paper [11].



Table III

Neutron slowing down length (assuming final energy of

slowed down neutrons equal to 0,215 eV ) for the water-

saturated sandstone of different porosity, calculated

for different initial energy of nsutrons*

i t y

0,00

0,01

0,02

0,03

0,05

0S10

0,15

0,20

0,25

0,30

0,35

0,40

0,45

0,50

0,70

1,00

10,5
MeV

30,16

26,31

23,95

22,30

20,11

17,20

15,65

14,64

13,92

13,37

12,93

12,57

12,28

12,02

11,32

10,77

6,5
MeV

30,35
2£,48

24,08

22,59

20,11

16,98

15,23

14,04

13,16

12,47

11,91

11,44

11,04

10,69

9,66

8,73

L s [can

4,0
MeV

29,

25,

23»

2".,

1 8 ,

15*

13 ,

1 2 ,

1 1 ,

1 0 ,

10,

9,

9,

9,

7,

6,

54

56

08

32

94

65

80

55

63

90

31

82

40

03

96

97

]

2,5
MeV

28 ,

24,

22,

20,

17,

14S

12,

11

10

9

8

a

68

58

02

20

72

.31

,40

,11

,17

,43

,84

,34

7,93

7

6

5

,57

,51

,56

Ea~Be

29,

25 ,

22 ,

2 0 ,

1 8 ,

15,

13 ,

12,

11 ,

1 0 ,

10,

9,

9,

8,

7,

7S

19

18

68

92

53

27

46

24

35

66

10

64

24

91

92

04

Pu-Be

29

25

22

20

18

15

13

12

11

10

Ю

9

9

9

a
7

,19

,18

,69

,93

,55

,31

,53

,33
,46

,78

,23

,77

,39

,06

,10

,26
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Table IV

Neutron aL owing down length (assuming final energy of

slowed down neutron equal to 0,215 eV ) for the watsr-

saturated limestone of different porosity,, calculated

for different initial energy of neutrons.

—г

Poro з-
ity

0,00

0,01

0,02

0,03

0,05

0,10

0,15

0,20

0,25

о,зо
0,35

0,40

0,45

0,50

0,70

1,00

10,5
MeV

25

2?

21

20

18

-Б

14

13

13

12

12

1?

11

11

11

10

,76

,31

,65

,42

,69

.24

,87

,96

,31

,81

,42

,10

,35

,64

,08

,77

6,5
MeV

2 6 ,

23,

2 1 ,

20,

18,

16,

14,

13,

12

12

11

11

10

10

9

8

02

54

8 4

58

76

10

.53

,45

,65

,02

,50

,07

,71

,40

,49

,73

L 3
fern'

4,0
MeV

25,

23,

21,

20,

18c

15,

13

12

11

10

10

9

9
8

7
6

65

10

34

02

11

25

,54

,35

45

,74

,16

,68

,27

,92

t88

,97

2,5
MeV

2 4 ,

2 1 ,

19,

18,

16,

13,

12,

10,

10

9
8

8

7

7
6

5

42

80

99

63

68

79

09

,92

,0?

,34

,77

,30

,90

,55

,51

,56

Ra-Be

2 4 ,

2 2 ,

2 0 ,

19,

Vi

1 4 ,

13 i

11,

11

10

9

9

9
8

7

7

i

98

42

65

33

44

66

,03

91

,07

,42

,89

,45

,03

,76

,83

,04

Pu»

24

22

20

19

17

14

J\ Л

11

to

9

9

9
8

8

7

-Be

,94

,38

,62

,51

.4-3

967

„07

*97

,15

,51

,99

,56

,20

,89

„00

,26
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Ths r e s u l t s represent a material on the basis of wfcdcb

some dependences of Шэ neutron slowins бота, length on

thu neutron energy,, moisture content of the medium,, and

ths chemical composition of the medium matrix can "••«» i n -

'•©atigatedo As i t follows from the obtained data, che

sloping dom length in media with a re la t ive ly lo?r cioie-

tura content i s not а «кшо tonic function of the neutron

energy, having a maximum in the region of the interme-

diate energies betwasa 6 aid 10 '!©¥<> This i s probably

du© to the incre&etbag role of the i a e l a s t i e scattering

in tha aLoffing dowa pj?ocsss at tha higher neutron ш е г -

I t i s ŝoj'fcii to b© noticed that t^ie curvas giving

the dap©ad©ns«< of L yarauo the :aoisture content, for r a -

di©isotope souroaa in ter s sc t tihe raep©ctive curves

for monoOB.G3?getic xneuiacons» Thus the poatulation of

EOZHBVNIKOV [12] 9 oaaaeerajjag a proper way of taking into

account Ш© xteutsos. energy spectrum in calculatioae of L,

for polysmergotio soiroc©®;! i s fully confirased, "Ehe dif~

fersneoa iB Ш® ahap© of th© energy spectrum of isotope

sources tnflue&co more strongly the values of L_ calcu-

latod for ®ater or for fully water aafcurated media

1±Lf№, Ш© №>rr®opondiBg TaLuea of L_ for the case of dry

madiao This can be easi ly seen when оде compares the

value® of Lo calculated for the same akedium but for two

diff©r©nt radiolaotope eources (cf Tables I I I and IY) „

The chemicel composition of the dry matrix of the medium



can influence the L„ value to a great extent, which i s

to ввел in Fige4.

Рог the савь of water, dry sandatone and. limestone

a comparison between the theory and Ше experiment could

have been done. For the media mentioned above the values

of L have been calculated for th© neutron energies oho-
В

sen in such manner that taey would match the neutron en-

ergies for which some experiments bad been carried out.

The coroparison essjjot however be a fully significant one

aa the energy spectra of the aouroes which had been

used in the experiments are not exactly known, eo the

calculations could hav» b«en carried out actually for

some different souree spectra, Th© discrepancies between

the theory and the asperisent in the oa.se of water are

moot probably due to that fact . On the other hand i t

seems that t h i s effect does not manifest i t s e l f in a

significant faefoion in the case of dry SiO2 and CaCO,.

Ml Ше experimental dat» together «tlth the theoret ical

resul ts are l i s ted in Table V.
Finally, a comparison of the values of Lo» com-

s

puted according to tiie method proposed in t h i s paper

with the values of L obtained tilth the help of other

mulfeLgroup methods, developed by various authors, haa

been carried out.. The corresponding data for the water-

saturated sandstone of different porosity are presented

in Table VI.
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Table V

Comperisoa of the neutror. slowing down length values

calculated in th i s paper with the experimental data pub-

lished by different authors-. The L s valuea ( in em) cor-

reepond to Шв el owing down to the final energy 1,46 eV

(water) and 196 eV (SiO2 and CaCO~).

source

Ra-Be

Pu-Be

mediuffi

Author

J.Tittman

B.Munn »
A»M.Pontecorvo

*
D.Piano

J.H.Rtaah*

V.P.Duggal

Ш1в ршр«г

•*•
F*V*lente
R*SulJ.l?en

this paper

H 2°

-

6,80

6,96
7,09
6,95
6,75
7,57
6,99

7,27* 0,17

7,21

8iO2

26,52*0,63

27,56

21947t0,54

23,82

• Aftea? AMALDI

•• After BBKUHT8 [1]

••• After KOZHKVNIEOV [12]

•••* The values of L s for the energies 1,46 eV end 1,6 eV

ha.ro been obtained by means of the interpolat ion between

the valuee of L 0 calculated for 1,0 eV end 2,15 eV.
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Table VI
Neutron alowing down length for water-saturated send-
atone of different porosity t calculated with the help
of multlgroup methods developed by different authors
(the column heads include author's name, type of the
neutron source or the ini t ia l neutron energy and the
final energy of alowed down neutrons). All the vaiuas
of La are given in em.

Poros-
ity

0*00
0901
0,0?

0,05
0,10

0,15
0e20

0*30
0,50
1,00

jftLGAAED*

4 , 5 MeV

4'
55*20

29*09

24e75

22,24
17,64

15,59
15,81

11,75
8,807
7,16

SEMMLMR

5 , 0 MeV
1B44 e?

58,90
5494
28 B8

25,4

20,2

17,5

15,5
12,8

10,0

6,98

GARDNER*

5,0 M&V
1,44 »V

42,10
5792

51,1
27,4
21,8

18,7

16>5
15,8
10,8

7,63

this
paper
Ra-Be

0,215eV

29,19

25,18

20,92

18,55
15,27

13,46
12,24

10,66"

8,91
7,04

this
paper
Pijp.Be

0,215©V

29,19
25,18

20,95

18,55
15,51

13,55
12,55
10,78

9,06

7,26

After Czubek [9j e

Tn i s the thermal neutron temperature In Ше Medium.



Figo2. Slowing Длят lengths >">f neutroae in the water-

aatusabed ааайв^оа® csJ.c^ilated &>.v different i u i t i a l

energy of aeutrona (aaeuaijitf. thaix f iaal energy equal

to 0e215 eV).
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CaCQ3(1-m)*mH2O

20 26
L, [cm]

Fig.5, Slowing down lengths of neutrons In the water-

suturated limestone calculated for different in i t ia l

energy of neutrons (asaiming their final energy equal

t» 0,215



Lf[cmJ

» SLeeiag down lengths of neutrons In th* wateor-

saturated. sasdetone and lisas atone eolsulated for radio-

isotope neutron Bowoa Pu-Be (asBuming the final energy

of rwutrone equal to 0,215



- зо -

6. Qoncluoions

The presented sethod of calculations of the neutron

slowing down length allows to take into account all Ше

fundamental phenomena which together form the siowing

down process in rocks and eoils t nam&LyB the elastic

scattering (including scattering on hydrogen nuclei),

the inelastic scattering oru tha ts^'-tron absorption*.

The method, can be auocesfully us»d for any geological

media for the whole range of neutron energise which one

can meet in practice. The applicability of the method i s

affiraed by the excellent agreement of the computed L@

values with the experimental, data both for water and

eome weakly slowing down media.

The procedure of computation o£ LQ in Ше сове of a

polyenergetic source allows fbr the energy spectrum of

any radloisotope eource. The elght-oaeargieo schsraa fox

approximating a eontinuoue energy tc>ecta?xm (arising

from the energy pattern of the tables cf neutron group

constants) i s perhaps not entirely adequate but i t

seems to approximate th« energy spectra in a sufficient

fashion ( i t should be noted that in praotioe an energy

spectrum depends on the way the source has been manu-

factured and i t i s usually known only In an approximative

way). One of the undeniable advantages of t * method

is thus i t s universality.
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Si» resu l t s of the eosputatioas confirm a frequently set

oondusion that when calculating the neutron slowing

dami length on© cannot t r e a t the polyeaergetic source as

isonoaaergetio one with m ©ffeotive energy.

On th© basis of the resu l t s obtained here ono can form a

conclu^Ltm that L_ i s not always a monotonie function of
0

I n i t i e l one^gy of n®utx<m@e For the media containing

aamll quanti t ies of hydrog«& end being at the same time

tfeo effcotiva inelaat ic sea t te rer s of neutrons the de-

of L "тогвив the energy roaches a maximum in

&»10 Mo¥ energy rogion0
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Дрреш&х I

The computer prop-am Ж>1 i s written in TORTRMT 1900

language* Tim pro gran i s used exclusively for creating

Шв eoaplate data system» which Ł© used in the procedure

for calculating LQ. She execution of the program requires

oo additional external data, a l l data being already

stored in tii® program's internal structure» Running the

program resul t s in creating on a magnetic tape a f i l e

comprising properly ranged values of A, a^T ^ , aT ^

a -, tt 1 \ for differsnt chemical olemento. Then the f i l e

can be used by fte program №03» The store space used by

the program Ж01 i s 24946 words and the time needed for

the execution of the program i s very short. Program FK01

simplifies to a great extent hand! Ing the large sot of

the neutron group constants (about 10 000 nunbara).

Below the full H a t i n g of the progrm» БК01 ia given.
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L I S T I L P )
PROGRAM ( F K O 1 )
CREATE 3 = M T I ( F K O l )
END
MASTER DANE

DIMENSION A ( U ) , ' i ' H U 8 7 ) , T B 2 ( H 9 ) , T R 3 ( n 9 ) , U 1 ( 8 7 ) , U 2 ( 1 1 9 ) ,

t U 3 < 1 1 Э > , S ( 1 3 , 2 5 , 2 5 )
DATA A / 1 . 0 0 8 , 1 0 . 8 2 , 1 2 . 0 1 , 1 4 . 0 1 , 1 6 . 0 , 2 2 . 9 9 , 2 4 . 3 2 , 2 6 . 9 7 ,

1 2 8 . 0 8 6 , 3 9 . 1 , 4 0 . O B , 4 7 . 9 , 5 5 . 8 5 /
DATA T R 1 / . 4 , . 9 0 7 , . 8 5 2 , 1 . 0 7 7 , . 8 5 2 , 1 . 3 , 1 . 2 0 4 ,

1 1 . 2 5 5 , 1 . 2 1 5 , 1 . 7 П , 1 . 7 7 3 , 1 . 7 1 7 , 1 . 7 4 4 , . 5 5 , .95 ,
2 1 . 1 8 5 , 1 . 2 6 8 , 1 . 0 9 6 , 1 . 4 7 5 , 1 . 4 4 1 , 1 . 3 8 8 , 1 . 4 0 8 , 1 . 8 9 6 ,
3 2 . 0 5 3 , 1 . 9 2 2 , 2 . 0 4 1 , . 7 3 3 , 1 . 1 7 6 , 1 . 8 4 , 1 . 3 4 5 , 1 . 4 0 9 ,
4 1 . 8 2 , 1 . 5 3 3 , 1 . 7 3 9 , 1 . 5 6 , 2 . 2 2 4 , 2 . 2 4 , 2 . 2 1 8 , 2 . 4 3 5 ,
5 1 . , 1 . 7 3 5 , 1 . 6 0 2 , 1 . 7 0 3 , 1 . 4 8 8 , 2 . 1 7 7 , 1 . 9 4 , 2 . 1 ,
6 ^ . 1 9 4 , 2 . 1 8 9 , <!.Qb8, 2 . 3 2 2 , 2 . 5 3 5 , 1 . 3 6 5 , 1 . 9 5 7 , 2 . 2 1 8 ,
7 1 . 1 7 3 , 3 . 9 5 6 , 2 . 7 7 1 , 2 . 0 8 4 , 2 . 3 1 , 2 . 3 0 4 , 1 . 5 2 3 , 2 . 6 2 4 ,
8 2 . 4 8 4 , 2 . 2 9 7 , 1 . 8 9 8 , 2 . 5 3 9 , 2 . 7 2 8 , 2 . 1 8 J , 4 . 3 1 2 , 4 . 1 5 1 ,
9 3.3 , 3 . 2 0 1 , 3.01 , 1.557, 2.407, 2 .302, 3.152, 2,697,
A 3.486, 3.68 , 3.042, 3.686, 3.761, 6.88 , 3.472, 4.929/

DATA TR2/ 1.98 2, 2,639, 2 .516, 2.757, 3 .663, 3.627, 3 .999,
1 3.896, 3-36 , 3.649, 4 . 5 1 2 , 4.891, 2 .565, 2.337, 1.94 ,
2 3.014, 3 .512, 4.662, 3 .743, 4.23 , 4 . 7 5 1 , 3.408, 5 .143,
3 8 .245, 4 . 8 0 2 , 1.94 , 2.82 , 1.47 , b .724, 5.138, 5-528,
4 3 . 9 3 1 , 4 .324, 5.797, 3.456, 4.174, 3.08 , 7 И 7 4 , 1.568,
5 2 .692, 1.47 , 25.756, 14 .227, 6 .161, 4 . 2 8 8 , 4*418, 6 . 8 4 2 ,
6 3.504, 4 . 8 5 b 3.88 , . 9 8 1 , 1.764, 1.945, 1.47 , 60.41 ,
7 3 .955, 6,427, 4 .812, 4.41BP 7.888, 3 .552, 7 . 7 6 1 , 3 .395,
8 2.549, 2.45 , 3.63 , 1.662, 15.89 , 8 .32 , 6 . 5 6 1 , 5 .534,
9 4 . 4 1 8 , 8 .356, 3.60 , 97.1 , 3.395, 1 .373, 2.45 , 4 . 3 1 6 ,
A 2.45 , 23.786, 5.842, 6 . 6 6 1 , 6.595, 4 . 4 1 8 , 8 .643, 3.6 ,
В 6 . 0 2 4 , 3.395, 1.373, 2.45 , 1.969, 2 . 8 4 2 , 4 .584, 7 .422,
С 6 . 6 9 5 , 8 .076, 4.418, 8 . 9 3 2 , 3.6 , 3 .206, 3.395, 1,373,
D 2 . 2 5 4 , 1.973, 2.94 , 4 . 2 9 2 , 9.915, 6 .73 , 10.076, 4 . 4 1 8 ,
E 9„023, 3.6 , 3.013, 3 .396, 1.374, 2 .156 B 1.978, 2.94 /

DĄSA TR3/ 4,209, 10.918, 6 . 7 3 1 , 13.451, 4 . 4 1 8 , 9 .144, 3.6 ,
1 3.014, З.Э96, 1.375, 2.156, 1.987, 2.94 , 4.234, 11.323,

2 6 . 7 6 6 , 1 8 . 1 0 6 , 4 . 4 1 8 , 9 . 2 5 , 3 . 6 , 3 . 0 1 7 , 3 . 3 9 6 , 1 . 3 7 7 ,



3 2 . 1 5 6 , 2.0 , 2.94 , 4 . 2 6 9 , 1 1 . 3 3 9 , 6 . 7 6 9 , 2 4 . 7 5 6 , 4 . 4 1 8 ,

4 9 . 3 6 2 , 3.6 , 3 . 0 2 2 , 3 . 3 9 7 , 1.379, 2 . 1 5 6 , 2 . 0 1 8 , 2.94 ,
5 4.32 , 1 1 . 3 5 8 , 6 . 7 7 4 , 3 5 . 0 1 6 , 4 . 4 1 8 , 9 . 3 8 7 , 3.6 , 3 . 0 2 9 ,
6 3 . 3 9 8 , 1 . 3 8 2 , 2 . 1 6 6 , 2 . 0 4 5 , 2.94 , 4 . 3 9 7 , И . 3 9 1 , 6 . 7 8 ,
7 49.Ь46, 4 . 4 1 8 , 9 . 4 2 2 , 3.6 , 3 . 0 3 9 , 3 . 3 9 9 . 1.387, 2 . 1 6 6 ,

8 2.09 , 2.94 , 4 . 5 0 9 . 4 . 4 4 , 6.79 , 7 1 . 3 0 6 , 4 . 4 1 8 , 9 - 4 7 5 ,
9 3.6 , 3 . 0 5 3 , 3 . 4 0 1 , 1 . 3 9 3 , 2.176, 2.14 t 2.94 , 4 . 6 7 ,
А 1 1 . 5 0 6 , 6 . 8 0 4 , 1 0 3 . 2 3 , 4 . 4 1 В , 9 . 5 5 2 , 3.6 , 3 . 0 7 5 , 3 . 4 0 4 ,
В 1 . 4 0 3 , 2 . 1 7 6 , 2.23 , 2.94 , 4 . 9 1 7 , 1 1 . 6 1 6 , 6 . 8 2 4 , 1 4 9 . 7 7 6 ,
С 4 * 4 1 9 , 9 . 6 6 4 , 3.6 , 3 . 1 0 3 , 3 . 4 0 8 , 1 . 4 1 8 , 2 . 1 8 6 , 2.36 ,
D 2.94 , 5 . 2 6 8 , 1 1 . 7 7 6 , 6.8511,216.276, 4 . 4 i 9 , 9.83 , 3.G ,
Е 3 - 1 5 4 , 3 . 4 1 4 , 1.439, 2 . 2 0 6 , 2.54 , 2.94 , 5 . 7 7 8 , 1 2 . 0 0 6 /

DATA U l / 1.04 , . 8 8 2 , . 7 0 3 , . 8 9 5 , .642., . 9 3 4 , 1.01 ,
1 1.012, . 9 9 8 , 1.276, 1 . 3 1 8 , 1.349, 1 . 4 5 7 , 1.36 , . 6 1 5 ,
2 . 6 4 4 , . 7 6 2 , ,46 , . 7 9 5 , . 9 0 2 , . 8 7 1 , . 9 5 3 , .936
3 . 9 8 2 , 1.215, 1.317, 1.74 , . 5 5 8 , . 7 2 6 , . 5 8 9 , . 4 2 2
4 . 6 7 8 , .В50, . 7 8 8 , .7G7, . 5 5 1 , . 3 1 9 , . 9 2 7 , ' 1.066
5 2 . 2 8 , . 5 9 4 , . 4 7 4 , . 4 9 , . 3 2 5 , . 5 2 4 , . 6 1 6 , - 6 6 7
6 . 3 7 9 , . 2 6 6 , . 1 8 4 , . 6 5 1 , . 8 5 5 , 3 . 1 2 , . 6 5 4 , . 6 5 3
7 . 4 5 4 , . 8 6 8 , . 7 2 0 , .)\Ь, . 4 1 2 , . 2 8 8 , . 1 6 0 , . 2 3 1 ,
8 . 3 2 3 , . 4 8 4 , 4 . 1 3 . . 7 4 7 , . 6 6 5 , . 4 8 8 , . 7 7 9 , . 6 4 0 ,
9 .4 , . 3 4 3 , . 3 1 , . 1 1 9 , . 1 7 5 , . 1 5 1 , . 1 6 7 , 5 . 8 7 ,
А 1 . 0 5 , . 8 9 9 , . 6 3 3 , . 6 8 8 , . 4 7 6 , . 8 3 4 , . 3 7 2 , . 5 0 8 /

DATA U 2 / . 1 5 1 , . 1 9 2 , . 1 5 6 , . 1 4 8 , 7 . 9 7 , 1 . 1 8 , . 9 7 2 ,

1 . 8 0 9 , . 6 0 9 , . 4 6 1 , . 5 4 7 , . 5 2 6 , . 2 6 5 , . 1 8 , . 1 4 1 ,
2 . 1 8 8 , , 1 8 7 , 9 . 7 7 , 1 . 2 3 , . 9 2 3 S

 а « 4 , . 5 5 3 , . 5 8 4 ,
3 . 8 9 9 , . 4 6 2 , . 1 8 , . 1 9 7 , .С"?Ь, -1S*., . 2 4 5 , 1 1 . 6 ,
4 1 . 4 4 7 , . 9 4 4 , 1 . 0 8 2 , . 5 6 1 , , 4 7 4 , . 4 2 1 , . 6 9 3 , . 1 4 6 ,
5 Л 9 3 , . 0 9 6 , 1 . 4 0 8 , . 6 7 4 , 1 2 . 9 , 1 . 7 6 5 , . 9 6 4 , 1 . 2 7 2 ,
6 . 5 6 9 , . 5 5 0 , . 4 2 ! , - 0 9 5 , . 1 6 3 , . 1 3 5 , . 0 9 6 , 3 . 2 8 ,

7 . 1 8 В , 1 3 . 5 , 2 . 2 5 4 , . 9 6 4 , 1 . 4 7 3 , . 5 7 7 , . 8 7 9 , . 3 6 9 ,
8 . 2 9 8 , . 2 2 7 , . 2 7 3 , . 1 2 1 , . 9 0 4 , . 3 8 9 , 1 3 . 8 0 1 , 2 . 9 3 3 ,
9 . 9 6 4 , 1 . 5 5 5 , . 5 8 4 , 1 1 . 0 7 , . 1 6 9 , . 1 3 2 . 2 2 7 , . 4 7 5 .
л . 1 6 , 1-Ь 7 , . 2 8 1 , 1 4 . 0 0 1 , 3 . 9 6 8 , . 9 6 4 , 1 . 6 1 8 , . 5 8 4 ,
В . 6 9 , . 3 6 9 , . 1 3 2 , . 2 2 7 , . 1 4 , . 1 8 5 , . 2 7 6 , . 4 4 5 ,
С 1 4 - 0 0 2 , 5 . 4 3 5 , . 9 6 4 , 1 . 6 7 1 , . 5 8 4 , . 3 6 7 , . 3 6 9 , . 1 3 2 ,
D . 2 0 8 , . 1 4 4 , . 1 9 2 , . 2 6 5 , . 4 7 4 , 1 4 . 1 0 3 , 7 . 6 0 6 , . 9 6 4 ,
Е 1 . 6 9 7 , . 5 8 4 , . 3 4 6 , . 3 7 , . 1 3 3 , . 1 9 9 , . 1 4 9 , . 1 9 2 /



DATA U 3 /
1 .37 ,
2 1 5 . 4 5 2 ,
3 . 1 7 1 ,

. 5 8 4 ,

. 5 9 5 ,

. 1 4 1 ,

. 9 6 4 ,

. 2 2 2 ,

. 3 8 6 ,

A 1 4 . 2 4 4 ,
В . 2 0 1 ,
С 2 . 0 8 4 ,
D 1.334,
Б . 3 8 8 ,

DO 1 1=1
DO 1 KB1
DO 1 L=1

. 2 7 5 ,

. 1 3 4 ,

. 9 6 4 ,
. 2 0 2 ,

. 3 5 5 ,
1 4 . 2 1 4 ,

. 2 ,
1 . 8 4 2 ,

. 5 7 5 ,

. 3 7 5 ,
1 0 0 . 7 2 1 ,

• 4 0 1 ,
. 5 8 4 ,

1 . 0 1 3 ,
• 1 9 в ,

, 2 5
, 2 5

5 3 2 , U . 1 0 4 , Ю . 7 9 Й , . 9 6 4 , 1
. 1 9 9 , . 1 5 8 , . 1 9 2 , . 3 ,

1 . 7 4 5 , . 5 0 4 , . 3 5 , . 3 7 ,
. 3 3 5 , . 5 7 6 , 1 4 . 2 0 9 , 2 2 . 1 0 3 ,
. 3 " M , . 1 3 8 , . 1 9 ? , . 1 8 9 ,

3 2 . 3 6 3 , . 9 6 4 , 1 . 8 0 7 , . 5 8 4 ,
. 2 1 6 , . 2 1 2 , . 4 6 3 , . 6 2 8 ,
• 5 8 4 , . 3 7 2 , . 3 7 3 , . 1 4 6 ,
. 6 7 7 , 1 4 . 2 3 , 6 8 . 6 5 2 , . 9 6 4 ,
. 1 5 2 , . 2 0 1 , . 3 1 1 , . 2 3 2 ,
. 9 6 4 , 1 . 9 7 2 , . 5 8 4 , . 4 0 8 ,
. 2 5 2 , . 9 8 3 , . 8 5 3 , 1 4 . 2 6 4 ,
. 4 4 1 , . 3 8 2 , . 1 7 7 , . 2 0 2 ,

1 4 . 2 9 3 , 2 1 3 . 6 2 , . 9 6 5 , 2 . 2 5 ,
. 2 0 4 , . 7 1 1 , . 3 1 2 , 1 . 8 4 4 ,

. 7 2 / 1 . . 5 B 4 . . 3 4 / ,
. 5 6 , 1 4 . ^ 0 6 ,

. 1 3 6 , . 1 9 9 ,

. 9 6 4 , 1 . 7 0 2 ,

. 2 0 2 , . 3t-6,

. 3 6 2 , . 3 7 2 ,
1 4 . 2 2 , 4 6 . 9 9 2 ,

. 2 , . 2 6 1 ,
1 . 8 9 5 , . 5 8 4 ,

. 7 3 6 ,

. 3 7 8 ,
1 4 7 . 1 2 ,

• 5 3 1 ,
•584,,

1 . 2 4 3 /

. 7 4 3 ,

. 1 6 2 ,

• 9 6 5 ,
. 2 7 2 ,
• 4 8 7 ,

0 , 1 0 ) , S ( U , 1 , 1 ) , S ( 1 1 , 6 , 6 ) = . 1 7 6
S ( 1 , 1 , 4 ) , S ( 1 1 , 9 , 9 ) , S ( 1 1 , 1 0 , 1 0 ) , 5 ( 1 1 , 1 1 , 1 1 ) = . O 9 6
S ( 1 , 1 , 5 ) = . O 6 4
S ( 1 , 1 , 6 ) , S ( 1 , 1 1 , 1 8 ) 1 S ( 2 , 2 , 4 ) = . O 3 2

S ( 1 , 1 , 7 ) , S ( 1 , 7 , 1 4 ) , S ( 1 , 1 2 , 2 O ) , S ( 1 , 1 3 , 2 1 ) , S ( 1 , 1 4 , 2 2 ) = . O 1 6
S ( 1 , 1 5 , 2 3 ) , S ( 1 , 1 6 , 2 4 ) , S ( 2 , 2 , 6 ) = . O 1 6

, , , ,
S ( 1 , 5 , 1 4 ) , S ( 1 , 6 , 1 5 ) , S ( 1 , 7 , 1 6 ) = . O O 4
S ( 1 , t , l O ) , S ( ł , 2 , U ) , S ( l , 4 , 1 3 ) = .

S(1,2,3),S(7,4 e 4)=.375
S(r,2,4),S(1O,1,1)=.2O5

S(1,2,6)>.«68

S<1,2,7),S(1,13,2O)=.O34



S(1,2,9)|S(1,8 t 17),S(2,3,6)-.OO8
S(t ,3,3),S(2,10,10)-=.767

S ( 1 , 3 , 6 ) l S ( 7 , 1 . 2 ) , S ( t 3 | 3 . 4 ) - n 3 9
8 ( 1 , 3 , 7 ) . 8 ( 3 . 1 . 2 ) , 8 ( 4 , 1 * 4 ) 1 8 ( 8 , 2 , 5 ) , 3 ( 2 , 1 , 2 ) , S ( 1 2 , 2 t 6 ) - . 0 T
S(1,3,8)"».Q37
S(1,3,12)e.OO2
S(1,4,4)°.975
S ( 1 ( 4 , 5 ) , S ( 2 , 6 , 6 ) 1 S ( 3 , 5 , 5 ) « . 6 5
S ( 1 t 4 , 6 ) l S ( 9 . 4 . 4 ) - . 3 2 5
S ( 1 , 4 , 7 ) t S ( 1 , 1 6 , 2 1 ) , S ( 1 , n , 2 2 ) , S ( 9 . 1 1 | 1 1 ) , S ( 1 2 , 1 , 1 ) = .163
S ( 1 ( 4 > e ) c ° 0 6 7
d ( 1 , 4 l 9 ) , S ( 6 , 3 , 6 ) , S ( e l 1 l 6 ) l S ( 8 , 3 , 6 ) , S ( . 9 , 3 , 5 ) , S ( 2 , 2 , 3 ) - . O 4
S ( 1 0 , 1 , 6 ) , S ( l O f 2 , 6 ) , S ( 1 2 s 5 , 7 ) , S ( 1 3 s 1 , 7 ) = « 0 4
S ( 1 , 4 , 1 0 ) e . 0 1 9
S(1,5,5)«=1.558
S ( 1 , 5 , 6 ) , S ( 5 , 6 , 6 ) , S ( 2 , 1 1 , 1 1 ) = . 7 7 9
. S ( 1 , 5 , 7 ) , S ( 4 , 3 , 3 ) n i 3 8 9
S ( 1 , 5 , 8 ) , 3 ( 9 , 1 5 , 1 5 ) = . 2 0 9
8 ( 1 , 5 , 9 ) » . 0 9 7
S(1,5,10)=.045
S(1,5»M) = .O21
S ( 1 , 5 , 1 2 ) , S ( 1 , 9 , 1 8 ) , S ( 2 , 3 , 4 ) l S ( 2 , 3 , 5 ) , S ( 3 , 1 , 6 ) , S ( 3 , 2 , 6 ) = . 0 1
5 ( 4 , 2 , 3 ) , 3 ( 5 , ' , 6 ) , 5 ( 6 , 1 , 7 ) , 3 ( 6 , 2 , 7 ) в З ( 6 , 3 , 7 ) , 3 ( 6 , 4 , 6 ) , 3 ( 6 , б » в ) = . 0 1
S ( 7 t 1 , 7 ) , S ( 7 , 2 , 7 ) , S ( 7 e 4 » 7 ) . S ( e , 1 , 7 ) , S ( e , 2 , 7 ) , S ( 8 t 3 , 7 ) , S ( 8 , 5 , 8 ) = . 0 1
S ( 9 , 1 , 7 ) , S ( 9 , 2 l l 7 ) , S ( 9 , 4 , 7 ) , S ( 1 0 , 1 , 7 ) , S ( 1 0 , 2 , 7 ) . S ( U , 3 B 7 ) = . 0 1
S ( 1 2 , 2 , e ) , S ( 1 2 , 3 t 6 ) , S ( 1 3 , 1 , 8 ) , S ( l 3 , 2 , 8 ) , S ( V 3 , 4 , 7 ) , S ( i 3 , 5 , e ) = . O 1
S ( 1 , 6 , 6 ) - 2 . 0 6 5
8(1,б,7Ы.ОЗЗ
S ( 1 l l 6 , 8 ) , S ( 5 , 9 , 9 ) , S ( 7 , 3 , 3 ) » . 5 5 3
8 ( 1 , 6 , 9 ) * . 2 9 7

S(1,ft,14)>.Q06
S(1,7,7)«2.936
S ( 1 , 7 , 8 ) B 1 . 5 7 2



- 59 -

S(1,7 ,9)* .732
S d , 7,10) tS(13,1,4) ,8(13,14.14) = .338

S(1,7,11>=.157
Sd,7,12)».O73
S(1,7,13),S(2,2,5)B .O34
S(1,7,15)e.OO7
S(1,8,8)«»4.27
S(1,8,9)C1<.984
S(l ,8 ,10)».919
S d , B , U ) , S U , 5 , 5 b . 4 2 7
S(1,8,12),S(1Q,4,4)°.199
S(1,8,13) ,S(2,1,4)».092
S(1,8,14)^.043
S(1 ,8 ,15 ) ,S{3 ,1 ,5 ) ,S (3 ,2 ,5 ) |S (4 ,1 ,6 ) ,S (5 ,1 ,2 ) ,Sd0 ,3 ,6 )= .02
G(11,1 ,7 ) ,S(11 ,2 ,7 ) ,S(H,3 ,5 ) |S(11 ,3 ,6 ) ,S(12 ,1 ,7 ) ,S(12 ,4 ,6 )= .O2
S(12,5,8)=.O2
SH,9 ,9 )=5 . ? 38

S( l ,9 ,12) ,S(e,8 ,8)=.524

S d , 9 , H ) = . 1 U
S(1,9,15)=.052
S d , 9 , l 6 ) , S ( 2 , 1 , 6 ) = .O24
Sd,9,17) ,Sd,1O,V9)«.O11
S(1,10,10)=6.21

Sd,10,12)'»1.338
8(1,10,13)^.621

Sd ,10 ,14 ) ,S(9,5,5) ,5 (11,1 ,4) ,Sd2,1,4>= -288
S(1,10,15) ,SdO,5,5)° .134
S(1,10,16) ,S(2,1,5)» 062
S(1 tf'O f1'/)".O29
S d , 1 0 t t O ) , S d , 1 1 , 2 0 ) , S d , 1 2 , 2 1 ) - . 0 1 3
Sd,11,11)«=6.921

S d „ 5 1 f 1 4 ) . 3 ( 6 , 5 , 5 ) ^ . 6 9 2



S U , П , 1 6 ) , S ( 6 , 1 , 4 ) , S ( 8 , 1 , 2 ) , S ( 1 0 , 1 , 2 ) , S( 1 0 , 2 , 4 ) , S( 1 3 , 5 , 6 )
S ( 1 ? , 7 , 7 ) » . U 9
3 ( 1 , П , 1 9 ) = . О 1 5
S ( 1 , 1 2 , 1 2 ) » 7 . 2 2
S ( l , 1 2 , 1 3 ) - = 3 . 3 5
S ( 1 , 1 2 , 1 4 ) , S U , t 3 , U ) c 1 . 5 5 6
S ( 1 , 1 2 , 1 5 ) » . 7 2 2
S ( 1 , 1 2 , 1 6 ) = . 3 3 5
S ( 1 , 1 ? , 1 7 ) = . 1 5 6
S ( 1 , 1 2 , 1 8 ) = . O 7 2
3 ( 1 , 1 2 , 1 9 ) » . 0 3 3
S ( 1 , 1 3 , 1 3 ) ^ 7 . 3 6 9
S ( 1 , 1 3 , 1 4 ) ° 3 . 4 2
S ( 1 , 1 3 , 1 5 ) = 1 . 5 8 8
S ( l , 1 3 , 1 6 ) = . 7 3 7
S ( 1 , 1 3 , 1 7 ) , S ( 8 , 6 , 6 ) = . 3 4 2
S ( 1 S 1 3 , 1 8 ) , S ( 7 , 1 , 4 ) , S ( 1 2 , 4 , 5 ) = . 1 5 9
S ( 1 , 1 3 , 1 9 ) = . O 7 4
S ( l , 1 3 , 2 2 ) , S ( 1 , 1 4 , 2 3 ) , S ( 1 I 1 5 , 2 4 ) , S ( 1 , 1 6 , 2 5 ) = . O i 4
S ( 1 , 1 4 , 1 4 ) = 7 . 4 8 2
S ( 1 , U , t 5 ) = 3.472
S ( 1 , 1 4 , 1 6 ) , S ( 4 , 1 4 , 1 4 ) = 1 . 6 1 2
S ( 1 , 1 4 , 1 7 ) = .748
S ( 1 , 1 4 , 1 8 ) = . 3 4 7

49

S ( 1 , 1 4 , 2 0 ) , S ( l , 1 5 , 2 1 ) = . 0 7 5
S ( 1 , U , 2 1 ) , S ( 1 , 1 5 | 2 2 ) , S ( 1 , 1 6 , 2 3 ) , S ( l , 1 7 , 2 4 )
S ( 1 , 1 5 , 1 5 ) = 7 . 5 2
S ( 1 , 1 5 , 1 6 ) = 3 . 4 8 9
S ( 1 , 1 5 , 1 7 ) = 1 . 6 2
8 ( 1 , 1 5 , 1 8 ) - . 7 5 2
S ( 1 , 1 5 , 1 3 ) = .349
S ( 1 , 1 5 , 2 0 ) , S ( 1 3 , 6 , 6 ) = . 1 6 2
S ( 1 , 1 6 , 1 6 ) , S ( 1 , 1 7 , 1 7 ) = 7 . 5 5 7
S ( 1 , 1 6 , i 7 ) , S ( 1 , 1 7 , 1 8 ) = 3 . 5 0 6
S ( l , i 6 , t 8 ) , S ( 1 , U , 1 9 ) = 1 . 6 2 8
S ( 1 , 1 6 , 1 9 ) . S ( 1 , 1 7 , 2 O ) = . 7 5 6
S ( 1 , 1 6 , 2 0 ) , S ( 1 , 1 7 , 2 1 ) , S ( 3 , 1 , 1 ) = . 3 5 1
S ( 1 , 1 6 , 2 2 ) , S ( 1 , 1 7 , 2 3 ) , S ( 1 , 1 8 , 2 4 ) = . O 7 6



B U , U t 2 5 ) , S ( 4 , 2 , 6 ) , S ( 5 , 1 , 5 ) , S ( 6 , 1 , 6 ) , S ( 6 r 2 l 6 ) , S ( 6 , ' - . 1 6 } = . 0 3

S ( 6 t 6 , 7 ) , S ( 7 , 1 , 6 ) , 3 ( 7 , 2 , 6 ) , S ( 7 , 3 , 5 ) ^ 3 ( 8 , 2 , 6 ) , S ( e , S , \ S ( 9 , 1 , 6 ) = . O 3

S ( 1 3 , 4 , 6 ) « . O 3

S ( 1 , 2 3 , 2 3 ) , S ( 1 , 2 4 , 2 4 ) = 7 . 5 9 4

8 ( 1 , 1 8 , 1 9 ) , S( 1,1 9 , 2 0 ) , S ( 1 , ? 0 , 21 ) , S ( 1 , 2 1 , 2 2 ) , S ( l , •;<-, 2 3 ) - 3 * 5 2 4

S ( l , 2 3 , 2 4 ^ = 3 . 5 2 4

S ( 1 , 1 8 , 2 O ) 1 S ( 1 , 1 9 , 2 1 ) , S ( 1 , 2 O , 2 2 ) , S ( ' , 2 1 I 2 3 » , S ( 1 , 2 2 , 2 4 ) = 1 . ' ) } 6

S ( l , 1 8 , 2 1 ) , S ( 1 , 1 S , 2 2 ) , S l 1 , 2 0 , 2 3 ) , S ( 1 , 2 i , ^ 4 ; = . 7 5 9

S ( 1 t 1 B » 2 2 ) , S ( 1 , 1 9 , 2 3 ) r S ( 1 , 2 C , 2 4 ) = . 3 5 2

S ( 1 , 1 8 , 2 3 ) , 8 ( 1 , 1 9 , 2 4 ) - = . 1 6 4

? ( 1 , 1 8 , 2 5 ) « ! . O 6 6

S ( 1 , 1 9 , 2 5 ) - » . 1 4 2

S ( 1 , 2 0 , 2 5 ) = . 3 r 6

S ( 1 , 2 1 , 2 5 ) = . 6 5 8

S ( 1 , 2 2 , 2 5 > = 1 . 4 W

S ( 1 , 2 3 , 2 5 ) = 3 . D 5 3

S ( 1 , 2 4 , 2 5 ) = 6 . 5 7 7

S ( 1 , 2 5 , Z 5 ) « 1 4 . 1 7 1

S { 3 , 1 l 4 ) , S V 3 , 2 , 4 ) , S ( 4 , 1 , 5 ) , S ( 4 , 2 , 4 ) , S l , ' . 3 ) . ' . ; Ł. , ' . , * ) . ' i ' ; , 2 , 5 ) = . 0 5

S ( 1 3 , 3 , 6 ) , S ( 1 3 , 5 , 7 ) = . O 5

S ( 7 , 2 , 5 ) , S ( 7 , 4 , 6 ) , S ( 8 , 5 , 6 ) t S ( 1 O , 3 . 5 ) , i ; i ,1 , ' .•.-••.: ,1 , 6 ) = . 0 6

S ( 4 , 2 , 5 ) = . O 6

S ( 4 , t , 2 ) , S ( 6 , 1 , 5 ) , 6 ( 9 , 1 , 5 ) ,S< 9 , 2 , 4 ) , a ( • . . . , % , : - • . > 0 , i , 4 ) - . O 8

S ( 1 1 , 2 , 6 ) , S ( 1 2 , 5 , 6 ) , S ( 1 3 , 1 , 6 ) = . O 6

S < 7 , 2 , 4 ) , S ( e , 1 , 5 ) , S ( 8 . 3 , 5 ) , S ( 1 U , l , 5 ) , . v . '

S ( 4 , 1 , 3 ) , S ( e , 2 , 4 ) , S ( 9 , \ , 2 ) , £ i M i i , 3 , 4 ) - - - - . I

S ( 6 , 2 , 3 ) , S ( 7 , 4 , 5 ) , S ( ) 1 , 2 , 3 ) = . : T

S ( 8 , 1 1 4 ) , S ( 9 , 1 , 3 ) , S ( 1 1 l l ( 5 ) , i i | • : 2 , 2 , 5 > , . Г . ,

S ( 1 3 , 8 , B ) e . 1 8

2 , 8 , e ) = „ I B

3 ( 8 , 2 , 3 ) , S ( 1 3 , 1 , 5 ) = . 2 2

S ( 8 , 1 , 3 ) , S( 1 0 , 1 , 3 ) , S ( 1 2 , U , U ) ( ó ( U , 4 , 5 ) - . 2

S ( 7 , 3 , 4 ) , S ( 1 2 , 2 f 4 ) , S ( 1 3 , 5 , 5 ) , S ( 1 3 , 1 3 , 1 3 ) Ł . 2

S ( 1 1 , 1 , 3 ) , S ( 1 2 , l , 3 ) F S ( 6 , 1 5 , 1 ' j i , S ( 6 , 2 , 2 > ^ . 1 c



S(8,4,5),S(10,1,4),S(lQ,9,9),S(13,1,2)n.19

S(2,2,2)°.436
S(2,3,3)=o482

S(2,4,4)=.537
S(2,5.5)».612
S(2,7,7)=.879
S(2,8,8)=.876

S(2,9,9)=.774

S(2,12,12)».791
5(2,13,13)=.805
S(2,14,14)=.B14
S(2,15,15)=.B18
DO 2 1=16,25

2 S(2,I,I)=.823
SO,2,2) = .544
SO,3,3)=.726
SO,4,4) = .474
SO,6,6) = .665
SO, 7, 7)"=.899
SO,B,8)=.972
SO,9,9)=.923
SO,10,10) = .944
DO 3 K=t1,25

3 S(3,K,K)=.964
S(4,1,1)=.315
S(4,2,2)^.392
S(4,4,4)=.4O5
S(4,6,6)=,443'
S(4,7,7)=.631

SU,9,9)".883

S(4,15„15)"ł.66
S(4,16,16)>>1.68

00 4 K*19,25
4



S(5,5,5)=.868
S(5,7,7)=.688
S(5,8,8)<*.609
S(5|IO,tO)=.561
3(5,11,11)=.569
S ( 5 t ' 2 , 1 2 ) - . 5 7 7
DO 5 K»U,25

5 S(5,K,K)»=.584

S(6,3,3)=.448
S(6,6,6)=.6
S(6,7,7)=.475
S(6,8,8)e.46
S(6,9,9)=.582
S(6,1IO,1O)

S(6,12,12)«.879

DO 6 K=16„25

S(7,2,2)=.569
S(7,5,5)=OU
S(7,7,7)=.834
S(7,8,8)a.547
S(7,9,9>°.895
S(7,10,10)=.421
S(7 ( n f 11)a.«2t
DO 7 №12,25

7 S(7,K,K)».369

SC8,2,2)«.4O8

S(897»7)°.371



S ( 8 , 9 , 9 ) * . 4 6
S ( S , 1 0 , 1 0 ) = . 6 8 7
S ( 8 , t 1 , 1 1 ) = - 0 9 4

DO 8 K=13,25
6 S(8,K,K)-=.13'i

S ( 9 , 1 , 1 ) = . 1 5 B
S ( 9 , 2 , 2 ) = . 5 4 3
S ( 9 , 3 , 3 ) - - 4 6 7
S ( 9 , 3 , 4 ) = . 2 6
S ( 9 . 4 , 4 ) = . 2 5 9
S ( 9 , 6 , 6 ) = . 3 1
S ( 9 , 7 , 7 ) = . 5 O 8
S ( 9 , 8 , 8 ) = . 2 6 5
S ( 9 , 9 , 9 ) = . 1 7 9
S ( 9 , 1 O , 1 O ) = . U 5
Ю 9 K=12,14

Э S ( 9 , K , K ) = . 2 2 7
DO 10 K=1ó,2 5

10 S ( 9 , K , K ) = . I 9 9

S ( 1 0 , 2 , 2 ) = . 2 3 6

S ( 1 0 , 6 , 6 ) = . 1 1 6

S ( 1 O , 7 , 7 ) = . U 7

S ( 1 O , 1 3 , U ) = . 2 7 5

DO 11 K=14,25

11 S(10 ,K ,K)= .131

S ( 1 1 , 2 , 2 ) = . 2 3 2

S ( 1 1 , 2 , 4 ) = . 2 6

S ( 1 1 , 3 , 3 ) = . 2 6 9 -

S ( n , 4 , 4 ) = . 1 8 4

S ( H , 5 , 5 ) = . 2 3 1

S ( 1 1 , 7 V 7 ) = . 1 9 2

S ( 1 1 , 8 , B ) = . 1 4 1

DO 12 K=15,25
12

S ( 1 2 , 2 , 2 ) ^ . 3 6 5

S ( 1 2 , 3 , 3 ) = . 7 7 4



S(12 ,4 ,4 )= .469
8 (12 ,6 ,6 )» .147
S(12 ,9 ,9 )= .47
S(12 ,10 , 1 0)=1 .39
S(12,11,11)=3.26
SC\2,12,12)=.854

S(12 ,13 ,U>=1 .25
. S(12 ,15 ,15)= .23

DO 13 K=16,25
13 S(12,K,K)=.224

S(13,2,2)=.3O2

S(13 ,2 ,3 )= .31
S(13 ,2 ,4 )= .33
S(13 ,2 ,5 )= .23
S ( 1 3 , 3 i 3 ) « . H 4
S(13,4 ,4)= .562
S(13 ,7 ,7 )= .142
S ( 1 3 , D , 9 ) « 2 3 8
S(13,1O,1O)=.657
S ( 1 3 , 1 1 , n ) = . 1 8 3
S(13,12,12)= .385
S(13,15,15)» .459
DO U K«16,25

U S(13,K,K)=.523

WBXTB(3) A,TR1,TH2,TH3,HI,U2,U3,S
EUDPILE 3
STOP

FINISH
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Appendix II

Program FKO3

The computer program FKO3 Is writtea in FORTRAN 1900

language. It is uaed for computing the neutron slowing

down length, according to the procedure presented in

chapter 5 of this report. The program makes use of the

data file which haa to be created with the help of the

program FK01. The other data which should be also given

at the input are: the chemical composition and the den-

sity of Ш е medium and the energy spectrum of the neu-

tron source. The chemical composition is to be detei>-

miiB d by giving the values of wight percentages of the

following elements:

H, B, C, N, 0, Na, Mg, Al, Si, K, Ca, Ti, Fe .

The neutron energy spectrum is to be given as it is

shown in Table II. The program structure allows to oal-

culate the values of L_ for given chemical composition

of the dry matrix and for 16 different values of ®oie-

tuxe content. The latter has to be expressed in units of

g/cm . The mixture of the dry skeleton with water can bo

realized in two different ways.First of them consists in

changing the density of the dry skeleton and assuming

the complete saturation of the medium with waters in the»

second сазе the density of the dry skeleton is kept

constant whereas the moisture content varies.
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Ail those ^.ata have to be iatroduced on punched cards

trash© following sequence :

1. 14 numbers in K)RMA3J(7FP,4). The f i r s t quantity i s

to© d©nsLty of the dry skeleton (in the f i r s t case i t

ie the miBsralogical density), the following 1J quan-

t i t i e e are the weight percentages of the constituent

elements.

2„ 24 numbers in FORMAT(8P5-2). The f i r s t 8 quantit ies

determine the neutron source energy spectrum, the fol-

lowing 16 rumbers are the moisture content values which

can be choosen in an arbi trary ^&y«

3. One integer number in FORMAT(H). If i t i s equal to

1 th© f i r s t variant of the program will be эхе cut od,

if the number I s equal to 3 the second variant « i l l be

«xouted.

As the output of the рго&лш FKO3 the values of the neu-

tron slowing down length ( in cm), are obtained together

KLth the neutron slowing down probabi l i t ies for the

given dry okeO-oton end for the different values of mois-

ture oontento

The store space used i s 26052 words. The execution%
в.

time for oms complete set of i a t i a l data i s about 4 mi-

nutes for ODRA 1304 computer»
^ Below th© full l i s t i n g of th© program Ш03 i s givea.



LIST (LP)

PROORAM IFK03)
INPUT l=MT1tFK01)
INPUT 2=CR1
OUTPUT 3=LPi
END
MASTER SPOWALNIACIE
INTEGER SWITCH
REAL MPTB.MPU.MPSP
DIMENSION Л(1 Э),COUP( U ) , PTR( 1 Э, 25 ),PU( 1 3 , 2 5 ) , P S P h 3 , 2 5 , 2 5 ) ^ ( 1 6 ) ,

1 M P T R ( 2 5 ) , i i P U ( 2 5 ) , M P S P ( 2 5 , 2 5 ) , P U 2 5 ) , P 2 ( 2 6 ) , W I E K ( 8 ) , Q ( 8 ) - , T a ( 2 5 ) ,
2 D L S ( i 6 ) , H 2 O T H C 2 5 ) , H 2 O U t 2 5 ) , H 2 O S C 2 5 , 2 5 ; , P ( 8 ) , D L ( 8 ) , U ( 2 5 ) , S P ( 2 5 , 2 5 ) ,
3ESC(16)

KEWIND 1
READ(1)A,PTlt,PU,PSP

HEAD(2,2)Q,W

KEAD(2,11) SWITCH

1 3 FORMAT(H)

1 POBMAT(7P8.4)

I FORMAT(BF5.2)

DO 3 K=1,13

3 СОМР(К)=СОМР(К)*0.60<гЗвЮ/А(К)

CH=0.6023*0.1119/A(1)

CO=0.6023*0.88b1/Av5)

DO 5 J=1,25

H2OTR(J)=CH*PTR(1,J)+CO*PTR(5,J)

H2OU(J)=CH*PU(1,J)+CO»PU(5,J)

UPTR(J)=0.

MPU(J)=0.

DO 4 K=1,13

MPTRtJ)=kPTR(J)+COMP( K)*PTRlК,J)

4 MPU(J)=UPUU)+COUP(K) ePU(K,J)
DO 5 K=1,J
MPSP(K,J)=0.

H2OS(K,J)=CH*PSP(1,K,J)+CO<*PSPt5,K,J)
DO 5 L= 1 ,1 3

5 MPSP(K,J)=MPSPtK,J)+COMP(L)*PSPlL,K,J)



DO 12 И=1,16

IF(SWITCH-2)15,15,1b

15 CO 20 J=1,25

TR(J)=MPTRlJ)»U.-«KM))+H2OTiUJ)»WlMi
U(J)=HIPUlu)«' 1 .-WlM))+H2OUU)»W(M)
DO 20 K=1 ,J

20 SPU,J)=UPSP(K,J) l l t1.-W4

QO TO 25
U DO 21 J = 1,25

TMJ)=MFTiiU)+H20ThU)»W(U)
U(J)=MFU(J)+H2OU<J)»'*4M>
DO 21 K=1,J

21 SHK,J)=MPSP'.K,J)+H2OSIK,J)
25 AGE=0.

WAGA=0.
DO 11 N=1 ,b

PUN) = 1 .
DO 6 J=N+1,N+10
P 1 ( 0 ) = 0 .
DO 6 K=N,J-1

6 P1(J) = P1(J)+PHK)»SP(K,J-1)/UU)
DO 7 J=N+11,25
P1(J)=O.

DO 7 K=J-10,J-1
7 P1U)=PUJ)+PUK)*SP(K,J-1

P2(26)=1.0
DO 8 J=2,10
P2C27-J)=O.
DO 3 K=1,J-1

8 P2(2 7-J)=P2^2 7-o)+?2U7-K)
DO 9 J=n,27-N

DO 9 K = J - 1 O . J - t

9 P2(2 7-.J)=P^(2 7-
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P ( N ) = P 2 ( N )

DO10J=N,25

10

WAGA=WAaA+C(N)»P<.'(N)

П AQE-AQE+WIEK(N)»Q(N)*IV(NJ

ESC(M)=WAGA

AGE=AGE/WAGA

12 OLS(M)=SQKTtAG£)

WRITE(3,100)

100 FORMAT(////1H ( 1 H W , 1 5 X , 2 H L S , 1 5 X , 1 H P / / )
4 l B I T E ( 3 , 1 0 1 ) ( W ( K ) , D L S ( K ) , E S C ( K ) , K = 1 , 1 6 )

101 FOBMAT(/1H , P 5 . 2 , B X , F 1 C . 4 , 8 5 C , F 1 0 . 4 )

0 0 TO 55

STOP

END

F1HT.SH


