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REVIEW OP THE NEUTRON DATA EVALUATION ACTIVITIES, THE
IMPORTANT EVALUATION NEEDS AND THE ASSESSMENT OP

THESE HEEDS IN IAEA MEMBER STATES

T,A. Byer and J.J. Sohmidt
Nuclear Data Section

Division of Research and Laboratories
International Atomic Energy Agency

Abstract

On the basis of a survey performed by the IAEA the neutron data
evaluation activities and needs in IAEA Member States are reviewed. The
evaluation activities planned in those Member States with significant
fast breeder reactor development programmes are discussed in addition to
the steps being taken to facilitate the automatic conversion of data
between different evaluated data libraries. The review then focusses attention
on the organizational procedures which have been adopted in different States
towards assessing and fulfilling their needs for evaluated data, as well as,
the degree to which existing and available, evaluated data libraries satisfy
the needs of users. The paper concludes by outlining the types of problems
encountered in manipulating large data libraries and generating multigroup
cross section sets with limited computer facilities such as exist in certain
developing countries.

!• Introduction
At the outset of reviewing the neutron data evaluation activities, the

important evaluation needs and the assessment of these needs in IAEA Member
States it is necessary to establish an appropriate definition of what is
meant by the term "neutron nuclear data evaluation". A generally accepted
definition was provided by one of us ~l_whioh states that: - Neutron data
"evaluation denotes the comparison and critical assessment of the compiled
experimental data and the selection "by some appropriate averaging procedure



of a complete and self-consistent set of preferred values* Much more than
that, the requirement of completeness, particularly for reactor physios pur-
poses, involves the necessity of using appropriately parametrized nuclear
theories 'and considerations of nuclear systematics to fill in gaps and to help
to remove inconsistencies in the available experimental information." On the
basis of this definition it is evident that the activity of neutron nuclear data
evaluation forms but one element in what might be called the "neutron nuclear
data cycle" which is depicted in Pig. 1* This figure reveals that the neutron
nuclear data cycle may be decomposed into five basic componentst - firstly, the
formulation of requests for new measurements by the users of neutron data;
secondly, the measurement and compilation of the experimental neutron data?
thirdly, the evaluation of the compiled experimental data; fourthly, the testing
of the evaluated data and the establishment and maintenance of evaluated neutron
data libraries? and finally, the use of these libraries by a large user community
ranging from reactor physicists and designers, shielding and safety specialists
to areas such as space science and bio-medical research* In direct analogy to the
situation regarding the commercial nuclear fuel cycle, it is eminently clear that
only those States which are very advanced in nuclear technology can be expected
to possess all of the component activities that go to make up the completely
integrated neutron nuclear data cycle shown in Pig. 1* This distinction is
important to bear in mind since in this paper the evaluation activities and needs
of some 23 Member States, at different levels of nuclear development, are being
reviewed and therefore in order to facilitate our analysis we have chosen to
separately group those States with a fully integrated neutron nuclear data cycle
and those without*

This review is based on the material which was supplied to the Agency in
response to a Circular Letter dated 11 May 1971 (see Annex 1 ) which was
directed to the relevant scientists in 35 Member States and replies were
received from the experts in 23 States*

II. The Neutron Bata Evaluation Activities in Member States with a Fully
Integrated Neutron Data Cycle.
Under this item four basic questions were raised which are given in

Annex II of the 11 May Circular Letter (Annex I of this review)* With regard
to the first enquiry concerning the neutron data evaluation activities in
progress at present and those activities which will be started within the next
six months, the situation is summarized in Table I in which the nuolide being
evaluated, the cross section type and energy range, the Member State and
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evaluator's name(s) sre given. As one may expect, due to Past Reactor Prograssafcs.
a major effort is being expended in France, the Federal Bepublic of Germany,
Italy, Japan, the U.S.A., U.K. and U.S.S.R. on the evaluation of the U~235»
U-238, Pu-239, Na~23, Fe, Cr and fission product cross sections. In addition
to the evaluations on Li-6, C, Cr, Mo and Pu-240 which are in progress or planned
in the United Kingdom (U.K.)» a considerable effort is underway there for
converting a number of files for specific nuclides from the EKDF/B to the UKBNL
format. A computer programme has been developed fcr this work and though
operational it is not yet fully tested. The materials for which these conversions
are being carried out ars given in Table 2.1 of the paper ty J.S» Story (t". sse
Proceedings)«

Our second enquiry concerned the computers, the computer pro&ramzaes and
coaes available for performing "valuations and for handling evaluated data
libraries. The computers used for evaluation and handling of the evaluated data
libraries are given in Table II. Jn particular, in the U.S.A. two computer
systems bavs been developed for performing evaluations , namely, SCORE-II. in
interactive neutron evaluation system /~~2_7and ACSAP, an automated cross section
analysis "rograxao /~~3.JJ The evaluated neutron (iafca libraries available in
Member States are given in Table III* The principal library in use in the U.K.
is the United Kingdom Nuclear Data Library (UKNDL) for which the format has been
described in reference /~4_7- la the case of the U.S.A. the Evaluated Nuclear
Data ?ile (ENDF) was developed and is extensively used, with its format being
described in the report given in reference /75_7" Two different evaluated
data libraries are maintained, ENDF/A and BKDF/B. The BNDF/A library contains
either complete or incomplete data sets (incomplete meaning that not all major
neutron cross sections for a given nuclide are contained) and it may also contain
several different evaluations of the cross sections of a given nuclide. The
ENEF/B library, on the other hand, contains only one evaluation of the cross
sections for each material in the library, however, each material contains cross
sections and related parameters for all the significant reactions. The data set
which is selected for inclusion in the BNBP/B library is the set recommended by
the Cross Section Evaluation Working Group (CSEWG). Another evaluated data
library maintained in the U.S.A. is that of the Lawrence Livermore Laboratory
(LLL). The LLL format and evaluated data file are less extensively used than
the BNDF/B format and data file, hô rever, the LLL library is up-dated semi-
ainually and the format is oriented to description by reaction rather than by
material. While in most oases a complete evaluation is included for the isotopes
or elements contained in the libr--ary, the orientation by reaction permits
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inclusion of evaluations of, for example, activation reactions where the amount
of material to be activated is neutronically insignificant and complete
evaluations are, therefore, not required* The format of the LLL library and
all relevant details are described in reference

In the Federal Republic of Germany the evaluated data file KBDAK is mainly
used and its format is described in reference //7_7" °̂  these four evaluated
data libraries use is made in the U.S.S.R. of the KEDAK library, whose complete
contents are available to the IAEA, and certain data files of the UKJTDL which
are available to the Agency* Work is presently underway in the U.S.S.B. on
establishing their own evaluated neutron data library on the basis of a format
developed in the Soviet Union and which was described at the Soviet-Belgian-
L'utch Symposium held in Melekess during February 1970, /~8» 9_7» With the aim
of establishing this evaluated data library much effort is being spent in the
U.S.S.R. on evaluating the nuclear physics characteristics for a considerable
number of nuclei (given in 'fable I) , as well as developing the necessary
computer programmes for servicing, handling and using such a library*

Regarding the contents of the evaluated data libraries, BNDF/B, KEDAK,
UKNDL, and the LLL these are given in Tables!!!. 2, III. 5, III. 1 and III. 3
respectively, of Section II. B, Annex III, of these Proceedings. The contents
of the second version of the BNDF/B library as of January-February 1971 were
listed in the National Neutron Cross Section Center (NNCSC) Newsletter 71-1 (1971)
whilst those of KEDAK are given in reference /~1°._7» The contents of the
UKNDL library were last published in reference [^lljvndi an indication of some
of the recent additions to this library are given in Table I.I of the paper
by J.S. Story (these Proceedings). More detailed information on the contents
of these three libraries as of October 1970 is given in reference V2.j[»
In the U.K., in addition to the extensive use of the UKNDL there is a series
of programmes associated with the GENBX data library which contains tapes of
rssonance cross-section data in very great detail (about 120,000 energy points)
over the range 0 .4 eV to 2]> Key for a few fertile and fissile materials, such as,
~-<i35» U-238; Pu~239« Pu-240 and Pu-241. Theoe data are presented in binary
"ors-iai. and details are given in reference /~13_7» The -principal programmes
associated with the GENEX library are RESP and GENBX. The programme RESP
c-cnerates a sequence of resonance parameters by Monte Carlo selection from
appropriate distributions, whilst GENEX generates Doppler broadened cross-
sections for capture, fission and scattering in a standard energy mesh, using
the resonance parameters supplied by RESP. As is evident from Table II 1* in



France, Italy and Japan, all of the three data libraries, ENDF/B, UKDNL and
KEDAK are available and evaluated data produced in these countries are
generated i» one of these formats*

An evaluated data library requires a large number of programmes for
different operations, which include, programmes for establishing, checking,
editing, updating, and maintaining the library itself, processing programmes
which use the data in the library (e.g. for the generation of multi-group
cross-section sets) and programmes "vhich are used to analyze and calculate
cross sections during the actual process of evaluating the experimental neutron
data. The coaputer programmes and codes which are available in Member States
for the handling of evaluated data libraries are given in Table IV* whilst
those for analyzing and calculating cross sections are given in Table 7*

The existence of the four different evaluated neutron data libraries,
2NDF/3, UKNDL, KEDAK and LLL and the present development in the U.S.S.R. towards
eotablishing their own evaluated data library necessarily gives rise to one
of the most important technical problems connected with the exchange of these
libraries, namely, the conversion from one format to another. This question
is dealt with in greater detail in Section II«D of these Proceedings, however,
at this juncture it would be beneficial to summarize the status of the computer
programmes for format conversion from one evaluated data library to another
- this is done in Table VI* From this Table it is evident that considerable
progress has been and is being made in overcoming the translation problem*
Indeed, translation programmes now exist or are being developed for all the
major libraries, except for translation from the UODL to KEDAK and from the
U.S-S.R. format to ENDF/B, KEDaK and UKDNL. 1'he translation programmes which
have either just been completed or are nearing completion include those to
translate from BNDF/B to KEDAK, from ENDF/B to UKNDL, from KEDAK to the U.S.S.R.
format and from ENDF/B to the Swedish SPENO library which contains effective
group and point cross sections and which is discussed below. In addition, format
conversion programmes exist for translation from the UKDNL to the LLL, from
LLL to UKIDL, from ENDF/B to LLL and from the LLL format to the ENDF/B format.

Our third enquiry was aimed at determining the Institutes which were
involved in the evaluation effort was well as the organization and coordination
of this effort between these laboratories. These Institutes are listed in
Table VII and in Figs. II—V charts depicting the organization and coordination
of the national evaluation effort in the U.K., France, U.S.A. and Japan are
shown•



With regard to the collaboration between States in coordinating, organizing
and performing evaluations, some significant progress has been made in that a
partial measure of multi-national cooperation has been achieved between the4 «* *«»E.N.E.A. Member States through meetings of the E.A.N.D.C. - E.A.C.R.P* .
Joint Sub-Committee on Nuclear Data Evaluation* This has so far initiated, in
Europe, the series of Neutron Nuclear Data Evaluation Newsletters (NNDEN) which
has been very successfully organ'zed and edited by Dr. P. Ribon of Sac lay, France*
The U.K., U.S.A., Japan, Italy, Federal Republic of Germany and France all make
regular contributions, on a triannual basis, to this Newsletter* In addition,
this Joint Sub-Committee has been instrumental in promoting the exchange of

iHtffttevaluated data files between the O.E.C.D. Member States through the data
centres at Saclay and Brookhaven* Furthermore, the Joint Sub-Committee is
presently exploring whether a closer coordination of evaluation efforts can be
usefully and effectively promoted, particularly in Europe, through small
specialists meetings on specific topics* Added to its participation in the
Joint Sub-Committee and exchanging evaluated data and test results with the*E.W.B.A* Neutron Data Compilation Centre at Saclay, the U.S.A. pointed out
that the coordination of its evaluation efforts with other Jtates as also
facilitated by the bi-monthly publication of the NNCSC Newsletter.

III • The Neutron DataJBvaluation Activities in Member States without a
Fully Integrated Neutron Data Cycle*
For those States without a fully integrated neutron data cycle one clearly

cannot expect that they will be as active in the field of evaluating neutron
data as those States with a fully integrated neutron data cycle. In the cases
of Argentina, Finland, Greece, Norway, South Africa, Switzerland and Turkey
there are no formalized and coordinated programmes of neutron data evaluation
at present or planned for the near future* Indeed, the circumstances of some
of the above States were aptly summarized by Dr. G.H. Bicabarra (Argentina)
when he stated that with regard to data evaluation Argentina's "position
reflects more or less the situation of many developing countries, and in this
sense the I.A.E.A. must be specially interested and concerned of its unique
responsibility in transferring nuclear information to the developing countries,
rather than being only a network center for the communication of nuclear

* E.W.E.A. - The European Nuclear Energy Agency*
** E.A.N.D.C. - The European- American Nuclear Data Committee.
***E.A*C«R»P. - The European-American Committee for Reactor Physics*
****0*B.C.D* - The Organization for Economic Co-operation and Development*



information among the nuclear ly developed countries*11 On the other hand,
in Australia, Belgium, Bulgaria, Denmark, Hungary, India, Israel, the Nether-
lands, Sweden and Romania neutron data evaluations are being performed and
focused on small specialized areas where it is believed that significant
contributions can be made. Though work has not as yet commenced in India on
the evaluation of experimental cross-section data, it is expeeted that a limited
evaluation programme may be started in the near future* However, evaluations
of "point cross sections" using the optical and statistical models have already
been done at the Bhabha Atomic Besearch Centre for q̂  ̂ > C n and
by S.B. Garg for Cr, Pe, Ni-58, Ni-60, Mr, Cd, Pb, Th, U-235, U-238 and Pu-239
from 0*1 - 10 Mev. In the cases of Australia, Bulgaria, Hungary, Israel, the
Netherlands, and Romania their present evaluation activities are summarized in
Table I« In addition, evaluations on the Pu-isotopes and C may be performed
in Australia in the near future but in all cases they will probably restrict
themselves to 1 or 2 elements so as not to duplicate activity elsewhere* In
Sweden the main effort in the area of evaluation is presently devoted to the
"estimation" of the contents of the SPENG library ""Hjin relation to adjustments
of neutron oross section data by means of least-squares fitting of the calculated '
quantities to the results of macroscopic experiments. This library is in free
format and a description of the "element data" is given in reference $- ~[
which describes the SPBNG programme (part of the report in reference /14_7
is reproduced in Annex II of this Review). The library contains effective
group cross sections generated by the IE approximation programme DOR1X
^ 15,16_y in the 4 ey_ to 30 Kev region and point cross sections everywhere
else between thermal energy to j.b or 1'̂  Mev. The isotopes or elements
contained in this library are given ir fabie 1.4 of Section If, B, Annex T,
of these Proceedings.

The computer faciljtien available for performing evaluations and/or
handling evaluated dat.-i libraries in these States are siven ir Table 13 f whilst
^n ?able 111 the evaiuacea d.-ica libraries which are available and/or used in
these States are listed* In Denmark, the Atomic Energy Commission's Research
Establishment at Ris^ possesses a resonance parameter library - R3SAB -
and a 10 group fission product cross section library - PI PC. Regarding the
computer programmes and codes avai table for evaluated data handling and the
timilysis and calculation of cross sections, ther.e are summarised in Tables IV
and V respectively. Although no evaluation work per se in at present in
progress ir. Belgium, they h-we concentrated their efforts on translating



existing data libraries from one format to another and have just completed
a conversion programme to translate from the E N D F / B to the K E D A K library.
Similarly in Sweden a conversion programme, EPOS, has just been completed
to translate from the E N D F / B to the CPEKO library. The Institutes in those
states without a f u l l y integrated neut ron data cycle are given along wi th
those in states w i t h a f u l l y integrated neutron cl-ita cycle in Tab le VII., and
in f i g s . V-l and VII the charts showing the organization of evaluation
activities in Australia arid Sweden respectively are shown.

Concerning the oi lateral or m u l t i l a t e r a l collaboration between these
states in coordinating and porforiPin/-: ovaluat iono, Hustra lJa indicated that
though evaluated data have r>een obtained and exchanged on bilateral basia
as part of ftener«l bi la teral agreements, it has no formalized collaboration
agreements concerning d-nta evaluations. Australian staff have, however,
contributed to evaluations done in othrr states during an attachment to some
roup in those countries. The Joreq Nuclear Research Centre (1'srael ) has an

active collaboration with the K e r n f o r a c h t i n z e n t r u m karisruhe through &
research contract which includes the complete evaluation of Pu-?40, Fu~P41
and Pu-242 cross sections for the KBDAK library. Jn the case of Sweden,
it participates in the E.A.N.D.C. - E.A.C.R.P. Joint Sub-Committee of Neutron

Data Evaluation and contributes to the NNDEN Newsletter, furthermore, '.Sweden

indicated that though their evaluations are often documented as internal
reports, these as well as copies of files of the SPENG library would be made
available on request. The other Scandinavian countries, Norway, Denmark and
Finland participate in the annual meetings of the Scandinavian Data Committee
thereby exchanging information in the field of nuclear data. On the other hand.
Bulgaria participates with other States through the Joint Institute of
Nuclear Research (JIKR) at Dubna and the Council for Economic Aid for East-
European Countries, whilst the Reactor Centrum Nederland has informal contacts
with the Centre di Calcolo at Bologna, Italy. However, for the other States,
Belgium, India, Turkey, Greece and South Africa there is no bilateral or
multilateral collaboration in coordinating and performing evaluations due, in
large part, to the fact that no evaluations per se are presently being
performed in these States.



IV. The Important Neutron Data Evaluation Weeds and the Assessment of
these Meeds in Member States*
The needs for evaluated neutron data and the necessity to perform

evaluations clearly depend on a nation's programme as well as on the adequacy
of the available and existing evaluated neutron data. It is furthermore evident
that central to the question of assessing ooth the needs for performing
evaluations and for evaluated data is that of* who are the users of evaluated
neutron data. These users cover a broad spectrum of disciplines, however,
the replies from virtually all States indicated beyond doubt that the most
important group of users were the thermal and fast reactor physicists and
engineers, as well as reactor design personnel. Added to this body of users
were those physicists engaged in shielding, dosimetry and radiation damage
calculations, the health and safety specialists and scientists involved in
fuel-element fabrication and testing. Nuclear physicists involved in both
experimental and theoretical work formed yet another large group of users,
as did space scientists, bio-medical researchers and those engaged in
developing techniques ana instruments for nuclear safeguards. In addition to
these user groups the U.K. pointed out that recently fusion reactor physicists
have begun to use the UKNDL ana also to make contriubtions to it.

Regarding the assessment of the neutror. data evaluation requirements within
states, for Japan the proolems associated with evaluation activities are
assessed at meetings of the Japanese Nuclear Data Committee (JJTOC) which acts
as a Steering Committee so that the requirements for evaluation are discussed,
assessed and identified by the Evaluation Working Group of the JJJDC.

In contrast, in the Federal Repuoiic of Germany requests for evaluations
are usually given directly to the evaluation group at Karlsruhe. The existing
evaluated data libraries and available evaluations are then checked as to
whether or not they fulFii the requirements specified by the requestors. The
remaining requests are then reviewed and assigned priorities, this being done
in close collaboration with the main users of evaluated data in Germany. In
assigning priorities to requests for evaluations account is taken not only
of the importance, urgency and amount of evaluation work which may be involved,
but also of the evaluations planned or in progress at other Institutes and,
in this context, the Newsletters NNDEK and that of the NNCSC are felt to be of
special usefulness.

In the U.S.S.R. the requirements and needs for the evaluation of neutron
data are determined by the Nuclear Data Centre (Centr po Jadernysn Dannym) at
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Obninsk in collaboration with the laboratories responsible for reactor and
shielding calculations. The requests which are submitted to the Nuclear Data
Centre ar* then considered and approved by the USSR Central Nuclear Data Corn-
mission and its Sub-Group on Data Requirements. Methods are presently being
devised for determining the data needs and two papers ^\li~l-&J have recently
been published in this connection. Furthermore, the Nuclear Data Commission and
the Nuclear Data Centre bear the main responsibility for organizing and
coordinating the evaluation work between the various U.S.S.R. Institutes* In
France, requests for evaluations are first compiled by the group in charge
of evaluation and then examined, on a national basis, by the Committee on
Nuclear Data, and are subsequently compiled for all Buratom States and re-
examined within the Joint EUHATOM Nuclear Data and Reactor Physics Committee
(JENDRPC). For the U.S.A. data requirements are not always neatly separated
in-fo evaluations and measurements* The measurement requests are sent to the
A.B.C.'s Neutron Cross Section Advisory Committee (NCSAC) and are reviewed
for possible inclusion in the international request list, RENDA* However,
evaluation requests are sent to the Chairman of the Cross-Section Evaluation
Working Group (CSEWG) and are subsequently reviewed for possible inclusion
in the CSEWG evaluation programme. In addition, some evaluations are requested
and performed in channels other than CSEWG and, in particular, most requests
for evaluations and evaluations performed at LLL originate in other than
CSEWG channels.

In the case of the U.K. there are at present three bodies concerned
with differential nuclear data. The Nuclear Data Working Party (NDWP)
which meets on an ad hoc basis to collate and screen the U.K. nuclear
data Request List so as to keep it up-to-date and make recommendations
on the priorities of new differential measurements. This body acts in
an advisory capacity to the Physics of Heactors Research Committee which is
responsible for the formal approval of the Request List and for the
evaluation/measurement programme. The Nuclear Data Piles Working Party
(NDFWP) on the other hand, has the main task of coordinating the U.K.
evaluation work, particularly as it applies to the generation of computer
files of nuclear data* The third body is the U.K. Nuclear Data Committee
(UKNDC) whose main task is the coordination of the differential data
measurement programme« This Committee also organises an annual Nuclear
Data Forum, a one day symposium, which convenes at each of the centres
of measurement or user activity* As a result of the increased use of and
the development of the UKNDL, users' requirements for new neutron data are
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most frequently requirements for new or revised evaluations in the standard
UODL format. New experimental data may also be needed but provision of
these goes only part of the way towards meeting the users' requirements*
This has therefore resulted in a shift of emphasis towards new evaluation
work even at the expense of new measurements* Simultaneously* ther Bequest
List has now been split into two parts relating to new measurements on the
one hand, and new evaluation requirements on the other* The methods
whereby the accuracy requirements for cross-section data for thermal and
fast reactors were determined were given in the papers in references
/~19»20_7* However, since some of the most important cross sections cannot
yet be measured to sufficient accuracy by differential methods, it has been
felt necessary to institute a programme for data adjustment which takes
account of both differential and integral data and their uncertainties to
improve the accuracy of fast reactor performance predictions* This
development has alleviated the demands for differential cross-section data
of very high precision and is described in the paper by Campbell and
Rowlands given in reference

Most of the other States which need evaluated data essentially go
about identifying their neutron data evaluation requirements in the manner
outlined above for France, the Federal Republic of Germany, Japan, U.K.,
U.S.A. and U.S.S.B., though the procedures and channels employed for
this purpose are primarily ad hoc and not on a formalized basis* In the
case of Sweden their evaluation requirements mainly arise from A3
Atomenergi ( AVB * ) and the Research Institute of the Swedish National
Defense (F.p»A« )* Within AB Atomenergi these requirements are forwarded
to the Cross Section Data Committee where they are discussed and
eventually the need for a new evaluation is assessed, however, the P.O. A.
usually satisfies its own requests for evaluations. An A.E. - P.O. A.
Contact Group on cross sections and basic nuclear data has recently been
established and the data evaluation needs will be discussed within that
Group* Other organizations in Sweden which use evaluated data are
Vattenfall, Oskars-Lamns Kraftgrupp AB and Aaea-Atom, though they mainly
require data in group structures and these are generally furnished to
them by AB Atomenergi •

Our final question was aimed at determining the degree to which the
existing evaluated data libraries satisfied the needs of the users in
each State, as well as the needs for evaluated data in those States that
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do not possess a neutron data evaluation programme. In this context,
the U.S.S.R. pointed out that since the existing evaluated libraries
are accessible to U.S.S.R. scientists only partially and not in up-dated
form, it was very difficult to judge to what extent these libraries
satisfied the needs of those in the U.S.S.R. requiring evaluated data
in their work; however, 3t could be stated that probably their current
needs were only satisfied to a very limited extent and therefore, the
U.S.S.H. was establishing its own evaluated data library. In the case of
Italy* it was felt that for thermal reactors the completeness of the
existing libraries was good and regarding the accuracy of the data, this
was satisfactory* However, for fast reactors the completeness was fairly
good but the accuracy was unsatisfactory, particularly an the few Key
•"* few Jiey energy regions for almost all nuclei of interest. The reply
from the U.S.A. indicated that a definite and objective answer to the
question of the degree to which the existing libraries met the users'
needs was probably not possible. This was especially due to the fact that
an analysis of this question is complicated by the fact that the needs
of users and the data files available are continually changing with time.
However, the rate at which the data needs were defined appeared to be
reasonably well matched by the rate at which new evaluations were
undertaken. In the case of the Federal Republic of Germany, the existing
data libraries meet the needs of their users as far as quantity is
concerned, with the exception of requests for nuclear data of a number
of actinides and some fission products which are fulfilled neither by the
existing libraries nor by existing evaluations* Since the majority of
German users of evaluated data depend on the processing programmes, such
as for the generation of group constants, they are restricted to the
contents of the KEDAK library, this therefore means that requests for
evaluations arise both from the limited number of materials available
in the KEDAK library and also from the inadequate quality of some of the
data contained in the library. The first problem can be overcome by
incorporating into the KEDAK library some of the evaluated data sets
originating from other libraries and this therefore will necessitate a
close collaboration between the evaluators. However, regarding the second
problem, the inadequate quality of the evaluated data stored in the KEDAK
library, this must be attributed to the lack of sufficient manpower to
regularly update the contents of the library. In his reply, Dr. P. Sibon
(France) noted that the existing evaluated libraries meet the needs of
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French reactor physicists up to a certain point, but they still wished
to have much better accuracy for these data. However, the needs of those
involved in shielding studies were often very badly satisfied by the
existing lioraries, since when an evaluation is being performed to satisfy
reactor needs one aims at establishing a good value of ̂ CT~^» whereas,
for shielding, one needs a good value for<̂ l/̂ y)>. Furthermore, because
of the very varied nature of requests for evaluated data originating
from those involved in the field of dosimetry, their needs were inadequately
satisfied.

For the U.K., Mr. J.S. Story indicated that data files are available
in the UKNDL for almost all materials of current interest for the U.K.
reactor programme. Considering the most important materials, the evaluations
are up-to-date to within about 1 year and the accuracy of this grojp of
data files is essentially limited by the uncertainties in the basic
experimental data, at least for the principal reactions. However, multi-
group cross-section seta in up to 2000 groups have been and are being
produced from these files and are usually adjusted to give improved
agreement with integral experiments. In Taoie 1.1 of the paper by
J.S. Story (these Proceedings) a rather detailed review of the degree
to which the UJCNJXL meets the current needs of U.K» users is given. The
data files for some structural materials still are in need of improvement,
for example, for Cr ana Mo. In addition, many fiJes of fission-product
capture cross-sections are available? but have not yet been extensively
tested; many of these files require improvement and there is a need for
average data on other reactions in bulk fission products, elastic and
inelastic scattering for example, and perhaps also for the (n,p) and
(n, cO reactions.

In the case of Japan it is considered that the existing evaluated
data files are satisfactory for reactor design up to about 73$f however,
neutron data for nuclides such as Ar-40, Co-59, Np-239 and the fission
product nuclides are either not found or are unsatisfactory in the
existing evaluated data libraries. Fn addition, not only is the accuracy
of the existing evaluated data for the heavy nuclides not sufficient to
meet the needs of the users, but there is no existing evaiuted neutron
data file including such data as K-ray spectra from (n, Y) and (n, n* )
reactions which are required for shielding calculations.
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The degree to which the needs for evaluated data are met by the
existing data libraries was one of the questions presently under discussion
in Sweden in the Joint AB Atomenergi - P.O.A. Contact Group. Generally,
the updating of existing evaluated cross sections is undertaken at
AB Atomenergi in connection with adjustments resulting from macroscopic
experimental results. However, it is felt that the needs for evaluated
data other than (n, Y) on the fission products are not met by the existing
evaluated data libraries and, in addition, data on fission product decay
and resonance parameter sets are not always available in the evaluated
data files* Accompanying its reply to our Circular Letter, Sweden submitted
a preliminary list of requests for data evaluations which is given in Annex
III*

In the case of lndiar the EKDP'/B and KEDAK libraries are available,
however, the processing computer codes are yet to be commissioned* Once
this is accomplished, the libraries and codes will be used extensively*
Their needs for evaluated neutron data arise from their reactor programme
in which special materials have been used. For example, the Indian Pulsed
Past Reactor uses copper as a reflector and their Fast Breeder Test
Reactor (40 MWt) uses a thorium blanket and nickel reflector. They
therefore require evaluated data for Cu, Th, Ni and U-233* In contrast.
Israel, Finland and Greece felt that the existing evaluated data libraries
were adequate to satisfy the needs of their users, whilst Denmark had
a need for evaluated data at some elevated temperatures, especially
for the fissile nuclei, and the Netherlands considered that the existing
evaluated data sets were more than sufficient to satisfy their needs,
except in the case of the fission products. South Africa stated that
its evaluated data requirements were small and therefore reasonably
well met by the existing data libraries, and Belgium considered that its
limited needs for evaluated data were fulfilled to a large extent by the
existing libraries, except in the case of tantalum for which it was
felt that a revision of the existing data was required.

There are some needs for evaluated neutron data at the Federal
Institute for Reactor Research (Switzerland). Phe ENDF/B library,which
the Institute has largely satisfies their present needs, however, their
additional needs for evaluated data refer to data on He~4, Be (n,2n),
B-ll, Si and Ca. At present, this Institute only uses data libraries2such as GGC-3, PD-2, PD-4, Mural-b'resco and Thermos since their Me
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programmes are not as yet ready to manipulate the evaluated data* They
experience some restrictions due to the limited memory of their computers
(CDC-6500), however, they expect that even after completion of their2own Me version programmes the use of effective group cross-section sets
will in most oases be sufficient* though their present needs are in the
main satisfied, they expect an increased interest in evaluated data in the
future* Australia has access to the ENDP/B and UKHDL libraries and their
limited experience to-date with these libraries has indicated that the
required information can be provided* though the adequacy and accuracy
of the data are often in doubt, i'he complete contents of KSD«K and
some files from, the UKNDL are available in Hungary, and an his reply
Dr. P. Vertes (Hungary) noted that the assortment of the nuclei in the
KEDAK and UKNDL libraries was not satisfactory* In addition, they needed
a. higher upper energy boundary in order to meet the requirements of
shielding calculations and activation analysis* In Norway the need for
evaluated data for their reactor calculation code systems is felt very
strongly and this wilJi be even more so in the future, however, the
full utilization of the existing data liDraries is hampered by the lack
of suitable codes for processing the data libraries. Turkey felt that
their existing data Jiixraries. which contained a very limited amount
of rare element total neutron cross section calculational codes and
experimental data* satisfied their needs for the time being* however,
more up-to-date neutron cross section data for the materials present in
thermal reactors are needed.

FinaJly, in the case of Argentina, there is an interest to use
evaluated neutron data to generate multigroup crons sections for reactor
and neutronics calculation. This interest hnn emcro-ed due to the gradual
shift in thsir interests towards fast reactor physics. They are at
present using the multigroun cross-section set from Karlsruhe, but,
in the future, they wish to generate their own multigroup cross sections.
This desire however does have its associated problems since the computers
needed to handle the service programmes and the raultigroup generation
programmes must be sufficiently large and secondly, the computational
effort required to make a system such as this operational must a]so be
rather sizeable. In conclusion, Dr. G.H. Uicabarra (Argentina) pointed
out that their main interest is in using the evaluated data produced
by the exchange through the 4-Centres rather than in evaluation per se.
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though this did not exclude the possibility thai some limited evaluation
work may be done in the future in Argentina*

V. Conclusions*
This review has aimed at assessing the evaluation activities and

the needs for evaluated neutron data for a broad spectrum of Member States
at different levels of nuclear development* However, despite this wide
scope there are four important points which have clearly emerged* In the
first place, for most of those States with a fully integrated neutron
nuclear data cycle and which are particularly active in performing
evaluations, the establishment of the Neutron Nuclear Data Evaluation
Newsletter (NHDEJi) by the E.A.N.B.C. - E.A.C.K.P. Joint Sub-Committee
on Nuclear Data Evaluation, has led to some significant progress in
achieving, at least, a partial degree of multi-national cooperation amongst
the contributing States*

Secondly, considerable progress is being and has been made in
overcoming the major problems of translating from the format of one
evaluated data library to another* Indeed, at present, conversion programmes
either exist or are being developed for most of the major libraries*
Thirdly, in the replies from several States special attention was given
to the question of the inadequacy of the existing evaluated data libraries
both with regard to the number of materials contained in the libraries
(i.e. the quantity of data), and also the insufficient accuracy (i.e. the
quality) of the data contained therein*

Finally, for most of those States not possessing a fully integrated
neutron nuclear data cycle, it is evident that their efforts in the field
of performing evaJuations will necessarily be focused on snail specialized
areas where it is felt that significant contributions can be made* In
addition, in relation to their needs for evaluated data, the immediate
problem for these States is not really that of being able to gain access
to evaluated neutron data libraries since, at least, one such complete
library is already available through the Agency* However, their real
problems in dealing with evaluated data are related to the limitations
they experience in not being able to automatically handle the large
evaluated data files and their accompanying editing and processing
programmes, because their computer facilities must not only be sufficiently
large but also the computational effort required, for example, to generate
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thoir own multi-group cross-section sets, is considerable* It is important
to recall that these States include not only the developing countries, but
also some of the economically developed States. 'Phis therefore implies
that in considering the needs and interests of these States attention should
also be given to the possibility of assisting them in gaining access to
well updated sets of multi-group cross sections.
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Table I
Neutron Data Evaluation Work in Progress ' and Planned

to be Started During the Nest 6 Months

Kuclide Cross Section Type Energy Range Member State Evalviators' Names (Laboratories)

CO

H
* H
D
T

(I)
(I)

He-3
Ee-4

(I)

(l)

Li-6(I)

Li-7 (I)

All Reaction I
All Major Reaction Types
All Kajor Reaction Types
All Major Reaction "types
All Kajor Reaction Types

All Major Reaction Types
All Major Reaction Types,
especially

All Major Reaction Types
All Major Reaction Types
All Major Reaction Types
Thermal Scattering Law,
effect of anisotrojy of

graphite crystals

O,? Mev - 15
icf 5 eV - 20 Mev
1<T5 eV - 20 Kev
10 eV - 20 Kev
10*"5 eV - 20 Mev
10~5 eV - 20 Kev
10 Kev - 500 Kev

10~5 eV - 20 Kev
Thermal -

10~5 eV 20 Mev
20 Mev

Thermal - 15
1C~5 eV

Fed.Rep.Germany
U.S.A.
U.S.A.
U.S.A.
U.S.A.
U.S.A.
Prance

U.S.A.
U.K.

U.S.A.
U.S.A.
U.S.A.
U.K.

Meyer (G.f.K.)
Stevartf La Bayw* Young TL.A.S.L.)
Stevart (L.A.S.L.)
Stevart (L.A.S.L.)
Stewart (L.A.S.L.)
Stevart (L.A.S.L.)
Meaza, Bibon (C.S.K./Saclay) and Port

( C * 2 . K. /'Cadarache)
Stevart. (L.A.S.L.)
Uttley and Sowerby (A.E.R.S.)

Stewart (L.A.S.L.)

Perkins j,nd Eoverton (L.R.L.)
Perey (O.B.K.L.)
Butland (A.2.3.W.)



Buclide Cross Section Type Energy Range Member State Svaluators1 Names (Laboratories)
* N
0'

*n(J)

Na(ID

Sa(I)

Mg
* Al

(ID

S-32

(I)

(I)

Ca
Cr(ID

:r(H)

All Reaction Types
All Reaction Types
All Reaction Types
All Reaction Types
All Major Reaction Types

All Reaction Types
All Reaction Types
All Major Reaction Types
All Major Reaction Types

All Major Reaction Types

ICfeV - 20 Mev
Thermal - 15 Kev
10~5 eV - 20 Mev

Thermal - 15 Kev
Thermal - 15 Mev
Above threshold

of inelastic
scattering pro-
cess - 15 Mev
8-14 Mev

10~5 eV - 20 Mev
1C*"5 eV - 20 Mev
Thermal - 15 Kev
Thermal - 15 Mev
1 Mev - 10 Mev

Thermal ~ 15 Kev

Above threshold
of inelastic
scattering pro-
cess - 15 Kev

100 eV - 1 Mev

U.S.A.
U.S.S.R.
U.S.A.

U.S.S.R,
U.S.A.
Fed.Re p«Germany

Italy

U.S.A.
U.S.A.
U.S.A.
U.S.A.

Romania

U.S.A.
Fed .Re p . 3e rmany

France

Young and Foster (L.A.S.L.)

Young and Foster (L.A.S.L.)

Pitterle (V.A.R.D.) and Perey (O.R.8.L.)
Meyer (G.f.X.)

Benai et al (C.D.C,)

Kowerton (L.L.L.)
Young and Foster (L.A.S.L.)
Kinsey (B.K.L.)
Drake (B.K.L.)
(I.F.A.)

Perey (O.R.K.L.)
Meyer (S.f.K.)

Le Joq (C.S.N./Saclay)



Nuclide Cross Section Type Energy Range Member State ^Valuators* Haaes (Labora-tories)

too

Cr«

* F*W .

Pe-

Fe'1'

Co'11'

K1(ID

NI-WW

As-75(ll)

&;&) ^jT

Lll Reaction Types

*

OT _ CC -71

6.1 1 Heacti on Types

fy

2
'

°C „» 0C r" 0T ,yijn n^n n»p

<,.

8 Kev - 15 Kev

Resonance fiegion

10~5
 9V - 20 Mev

Above threshold
of inelas-cic
scattering pro-
cess — 15 Kev

100 eV - 1 Xev

S Kev - 1} Kev

Thermal - 15 Kev

i Kev - 10 Kev

ICC eV - 1 Kev

Above threshold
of inelastic
scattering pro-
cess - 15 Mev

1 Xev - 10 Mev

1 Kev - 10 Mev

Romania

U.K.

U.S.A.

Fed « Re p « Ge rmany

Prance

Romania

U.S.S.R.

Romania

Prance

Fed « Re p . Ge rrcany

Romania

Bomania

(I.F.A.)

Koxon (A.E.R.S.)

Youn^ and Foster (L.A.3.L.)

Meyer (G.f.K.)

Le Coa (C.S..',, 3aclayx

(I.F.A.)

(I.F.A.)

Le Oo^ (C.Z.i:., 3acla.y)

Meyer (G.f.K.)

(I.F.A.)

(I.P.A.)



Kuclide Cross Section Type Energy Range Member State ^valuators' Names (Laboratories)

Mo'11'

Mo'1'

natural
isotopes

Au-197

All Major Reaction Types
All Major Reaction Types

n,Y
All Major Reaction Types
All Reaction Types

All Major Reaction l̂ pes

All Major Reaction Types
All Major Reaction Types
All Major Reaction Types
All Major Reaction Types

Above threshold
of inelastic
scattering pro-
cess - 15 Mev

Fast Region

Thermal - 15 Mev
Thermal - 15 Mev
200 eV - Mev region

Thermal - 15 Mev
1 Kev - 10 Mev

1 Kev - 10 Mev

Thermal - 15 Mev
1 Kev - 10 Mev

Thermal - 15 Mev
Thermal - 15 Mev
Thermal - 15 Mev
Thermal - 15 Mev

Thermal - 10 Mev

Fed « Re p • Germany

U.K.

U.S.A.
U.S.A.
Italy

U.S.A.
Italy

Romania

U.S.A.
Romania

U.S.A.
U.S.A.
U.S.A.
U.S.A.

U.S.S.R.

Meyer (G.f.K.)

Douglas (A.ff.R.E.)

Bhat (B.M.L.)
Bhat (B.N.L.)
Benzi et al (C.D.C.)

Bhat (B.tf.L.)
Benzi et al (C.D.C.)

(I.P.A.)

De.vaney (L.A.S.L.)
(I.P.A.)

Alter (A.I.)
Alter (A.I.)
Alter (A.I.)
Alter (A.I.)



Nuolide Cross Section Type Snergy Range Member State Bvaluators1 Names (Laboratories)

toto

Fb'1'

Pa-233

U-235
(II)

(II)

U-235(I)

U-235

U-235

U-235

U-235

U-235

U-238

(I)

(II)

(I)

(I)

(I)

(II)

U-238

U-238

(II)

(ID

All Major Reaction types

All Reaction types

All Major Reaction types

a

Resonance Parameters

All Reaction types

All Reaction Types

All Reaction types

Thermal - 15 Mev
6 Kev - 500 Kev

Thermal - 15 Mev

Thermal - 15 Mev

200 eV - 15 Mev

eV range up to
15 Mev

Thermal - 15 Mev

100 eV

Thermal - 15 Mev

Thermal - 15 Mev

Kev - Mev region

Kev - Mev region

Thermal - 15 Mev

U.S.A.

Japan

Japan

U.S.A.

Fed.Re p•Germany

Fed.Rep « Germany

France

France
U.S.S.R.
Japan

Fed.Rep.Germany

Italy

U.S.S.R.

Perey (O.R.tf.L.)
Ohta (Kyushu Univ.)

Hishimura, Igarashi,
ffakasima (J.A.E.R.I.),
Matsunobu (Sumitomo), lijima (N.A.I.G,
KandaT(Kyushu Univ,) et al

Smith (I.F.C.), Pitterle (W.A.R.D.)
and Alter (A.I.)

Hinkelmann (G.f.K.)

Hinkelmann (G.f.K.)

Le Coo and Hibon (C.E.N./Saclay)

Le Cog and Ribon (C.E.N./Saolay)

ffishimura, Igarashi and
Hakasima (J.A.S.R.I.),
Mataunobu (Sumitomo), lijima (H.A.I.G
Kanda (Kyushu Univ.) et al •

Sinkelraann (G.f.K.)

Zuffj et al (C.D.C.)



ffuclide Cross Section "Type Snerey Range Member State Evaluators1 Names (Laboratories

o»

* Pu-239

Pu-239*

Pu-239(ll)

Pu-239

Pu-239

Pu-240

* Pu-240

(I)

(II)

^

Pu-241(ll)

All Major Reaction Types

All Major Reaction Types

All Major Reaction types

All Reaction Types

All Reaction Types

All Reaction Types

Pararcetriaation of
neutron cross sections

All Reaction lypes

All Reaction 7-jpes

All Reaction Types

All Reaction lypes

Thermal - 15 Mev

30 Kev - 1 Mev

Thermal - 15 Mev

Thermal - 15 Mev

10~5 eV - 20 Mev
1 eV - 100 eV

Thermal - 15 Hev

Thermal - 15 Kev
Thermal - 15 Kev

Thermal - 15 Mev
20 Mev
15 Mev
15 Mev

10""5 eV

Thermal

Thermal

U.S.A.
Japan

U.S.A.
U.S.A.

U.S.A.
Australia

Japan

U.S.S.R.
Bulgaria

Israel
U.S.A.
Israel
Japan

Pitterle (W.A.R.D.)
Qhta (Kyushu Univ.)

(L.A.S.L.)
Smith (I.N.C.), Pitterle (ff.A.R.D.)
and Hut china (A.lTJ
Young and Foster (L.A.S.L.)
Cook and Bertram (A.A.S.C.)

Nishimura. Igarashi and
Makasima ( J«A«S. R»I»),
Matsunobu (Sumitomo), lijima (K.A.I.3.)
Kanda ufrushu Univ.)

laneva (B.A.S.)

Yiftah and .Caner (S.lf.R.C.)

Young and, Fpster (L.A.S.L.)

Yiftah and Caner (S.K.R.C.)

yishimura* Iffarashi and
Hakasiaa (J«A.H.R.I.),
Matsunobu (Sumitomo), lijiraa (N.A.I.O.)
Kanda (Kvushu Univ.) et al



Muclide Cross Section Type Energy Range Member State v̂aluators* Names (Laboratories)

Fission Products

Fission Products

Fission Products

Fission Products
Fission Products
Many Nuclides'1'

(I)

(I)

(II)

(I)

(I)

Many'1)

Nearly AID Stable

Nearly All Stable
Nucleii*-1'

All Reaction Types

Major Reaction Types

All Major Reaction Types

Charged particle emis-
sion - systematic
analysis of experi-
mental data avail-
able

Capture Y-rays

V Recommendation ofn»«&i ^ -, -^-imost probable
values and syste-
matics of (n,2n)
cross sections
based on N— Z
dependence

U T Investigation of
n> fine and gross

structions

Thermal - 15 Mev

1 Kev - 10 Mev

1 eV - 10 Mev

Ocl Kev - 15 Mev

0.001 eV - 15 Mev

Thermal - 15 Kev

Mev region

Kev Neutron capture

14 Mev

13 - 15 Mev

Israel
Italy

Netherlands

Japan

Australia
U.S.A.
Italy

Australia
Hungary

Hungary

Yiftah and Caner (S.N.R.C.)
Benzi et al (C.D.C.)

Lautenbaoh (R.C.N. )

lijima (N.A.I.G.)

Cook and Clayton (A.A.S.C.)
(B.N.L.), (B & W) and (W.A.D.C.O.
Reffo et al (C.D.C.)

Bird,_Alien and Kenny (A.A.B.C.)
BSdy and Csikai (l.E.P.)

Angeli and Csikai (l.E.P.)

* includes Ĵ -ray production cross sections.
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List of Laboratory Abbroviationa Used in Table I»

State Laboratory
Code

Laboratory

Australia

Bulgaria

Fed* Be p. Germ.

France

Hungary

Israel

Italy

Japan

A«A'E«C«

B.A.S.

C.f .K.

C.E.N/

l.E.P.

S *N «R.C •

C.D.C.

J. A. E.R.I.
N.A.I.G.
M.A.P.I.
Sunlit oroo

Australian Atomic Energy Commission Research
Establishment

Bulgarian Academy of Sciences •» Institute of
Physics and Nuclear Research Centre

Ccsellechaft fdr Kernforschung m.b.B«,
Institut fOr Keutronenphysik and Beaktor—
technik

Centre d1 Etudes Hue lead res/

Institute of Experimental Physics, Kossuth
University

Soreq Nuclear Research Centre

Centre di Calcclo

Japan Atonic Energy Research Institute
Nippon Atonic Industry Croup Co., Ltd*
Mitsubishi Atomic Power Industries, Inc.
Sumitomo Atonic Energy Ltd*

Netherlands B«C.K« Stichting Reactor Centrun KederJand

Romania I.P.A. Institute of Atomic Physios

U.K. v p. 4J « n * -
A»S»E.

V p* « » A . i

Atonic Unor&y Beaoarch Ivstablishat&nt, Harwell
Atomic Sner^y Sstabliohr?;cnt, WinfritL
Atomic Weapor.n Eer.oaroh stablishment,

U.S.A. L,A,3.L,

L.L-.L.

O.R.K.) , .

U.A.R.I).

Alazsos Scientific Laboratory
Lawrence Liv-vrmore Laboratory
Oak Rid~e I.'atinr.Rl Laboratory

.-.u Advanced Raactoru Division
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U.S.A. (cont'd) B.1T.L.

B & W

W.A.D.C.O,
A.I.
I.K.C.

Brookhaven National Laboratory
Babcock and Wilcox Inc.

Atomics International Inc.
Idaho Nuclear Corporation
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TaVle II

The Computer Facilities Aballable for Perfprrrinfi
Evaluations and for Handling Evaluated Data Libraries

Member State I

Argentina

Australia

Belgium

Bulgaria

Denmark

Franoe

Fed. Rep* Germany

Greece

Hungary

India

Institute(s)

1* Centro Atonnco - Bariloche
2* Comision Kacior.al de Energia

Atomica - Buenos Aires«

1* Australian Atoxic Energy
Commission*

1« Centre d1 Elude de itEnergie
Nucl4aire, Uol.

2* Liege*

Bulgarian Academy of Sciences,
Institute of Physics and Nuclear
Research Centre

Atonic Energy Commission,
Research Establishment Riso

Centre d* Eludes Nucleairea de
Sac lay

Kernforschungfazentrum Karlsruhe

Nuclear Research Centre,
Democritos

1* Institute of Experimental
Hiysico, Kosauth University

2« Hungarian Acadeny of Sciences.
Central Research Institute for
Physics

Bhabha Atomic Kcnearch Centre

Computer Facilities
and Systems

A computer with 32 K total
memory •
I hK- 360/65, total memory 160 K.

IBK-360/SOI, with disk packs,
tape drivers, etc*

IBM-360/44

IBH-360/65

1CL and Gier computers

IBM-360/65, IBL-7094,
Burroughs — 6500

IBX-360/91 and CDC-6600

IBH~360~65/85

CDC-3300

ODRA - 1204 and ODRA - 1013

1CL - 1905, 3? K memory.

CDC-3600, 32 K memory
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Israel 1. Soreq Nuclear Research Centre
2. Weizman Institute, Rehovot

with terminal at Soreq
3* Israel Institute of Technology,

Technion

IBM-360/65 and Fhilco - 212
IBM-370/165

IBM-370/165

Italy Comitato Nazionale per 1'Energia
Nucleare - Centro di Calcolo

IBM-7094/7040 coupled system,
32 K memory. IBM-1401,
IBM-360/75. IBM-1627 Data
Plotter and IBK-2250/1
Display Unit

Japan Japan Atomic Bnergy Research Institute,
Tokai Research Establishment

CDC-6600, IBM-360/75
PACOM-230/60, etc.

Netherlands 1. Reactor Centrum Nederland
2. University of Delft

Slectrologica-X8. After
July 1972 a CDC-6600.
IBM-360/65

Norway Institutt for Atomenergi, Kjeller CDC-3600. Will be replaced by
a new machine in one year

Romania Institute of Atomic Physics Access to IBM-360/40 and
Elliott-4100

Sweden 1. Research Institute of the Swedish
National Defense

2. AB Atomenergi-Studsvik

IBM-360/75

Access to a CDC-6600 with a
terminal in Studsvik

Switzerland Institut Federal de Recherches en
KatieTe de Reacteurs, Wttrenlingen

CDC-6500

Purkey Istanbul Technical University IBM-1620

J.S.A. 1. Los Alamos Scientific Laboratory
2. Lawrence Radiation Laboratory
3« Oak Ridge National Laboratory
4. Brookhaven National Laboratory
5» Atomics International
6. Westinghouse Advanced Reactors Div,
7« Babcock and ffilcos Co.
8. W.A.D.C.O.
9. I.N.C.

The computer facilities are
very varied. Two systems are
used for the evaluation of
cross sections:
1. SCORB-II - An Interactive
Neutron Evaluation System,
by C.C. Dunford et al,
AI-AEO-12757 (1969)
2. ACSAF - The Automated
Cross Section Analysis Pro-
gram, by N.H. Marshall et al.
Third Conf. on Neutron Cross
Sections and Technology,
Xnoxville (1971)
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U.K. 1. Alderraaaton n'eapons Research
Establishment,

Atonic Enerpy Research
Establishment,
Atomic Energy Establishment,
Winfrith.

IBK-J60/75f an IBJJ-2250 CHT
console is linked to the com-
puter* A Perranti Atlas compu-
ter is also available an-i is
used sometimes by ^valuators
to generate input for a C3?
plotter.
IBM - 360/755 a Calcoro CRT
plotter is available.
KDF-9 and 1CL-4/70; an I3Jr:-360/
is used for tape copying /30
and mode conversions and to pro
vide a link to the Harwell com-
puter.

U.S.S.B. 1. Nuclear Data Centre, Obninsk,

Computer Centre, Institute of
Physics and Power Engineering,
Obninsk,
Institute of Theoretical and
Experimental Physics (I5ooco-.v),
The Institute of Nuclear Research
of the Ukrainian SSH Academy of
Sciences (Kiev),
Institute of Nuclear Energy of
the Byelorussian SSR Academy of
Sciences (Uin:;V).

11-222 conputor to be used
in conunction with a Benaon
graph plotter.
M-220 computer

The computers at the other
Institutes include "Uir",

etc.
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Table III

Evaluated Neutron Data Libraries Available in Member States

Libraries developed in a specific Member State are denoted by an asterisk̂ *)

Member State

Argentina
Australia
Belgium
Drazil
Bulgaria
Czechoslovakia
'onmark

?inland
France
?ed .Rep • Germany

Greece
Hungary
India
Israel
Italy
-Tapan
'Coroa, Rep» of
Ictherlands

Jorway

Evaluated Data Library Used

KEDAK and certain files of the UKNDL
UKNDL and SNDF/B
UKNDL, KEDAK and 3NDF/B
Certain files of the UKNDL
None at present
Certain files of the UKNDL
UKNDL, RESAJT - A resonance parameter library

and PIPO(*) - A 10 group
fission product cross section
library

KSDAK and certain files of the UKJSDL
UKNDL, ENDP/B and KEDAK

— .„_._ ——————— fa* ——
K3DAKV ; and EHDP/B. The format of KEDAK is

given in the report KPK-880
None at present
KEDAK and certain files from the UKNDL
KSDAK, ENDP/B and certain files of the UKNDL
UKNDL, KEDAK and ENDP/B
ENDF/B, KSDAK and UKNDL

ENDP/B, KSDAK, UKNDL, ENDF/A (old)

KSDAK and certain files of the UKNDL
UKNDL, BNDP/B and KEDAK will all "be available
at Delft in the near future
UKNDL and ENDP/B are to be acquired
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Member State

Romania

South Africa

Sweden

Switzerland

Turkey

U.S.S.R.

U.K.

U.S.A.

Yugoslavia

Evaluated Data Library Used

KEDAK and certain files of UKNDL

K3DAK and certain files of the UKNDL

UKNDL and ^NDF/B. The SPENG^ library (in free
format) which contains effective group cross
sections in the 4, ...eV to about 0 Kev region and
point cross sections elsewhere from thermal to
about J -18 Mev. A description of the "element
data" in given in the AB Atomenergi Internal /4\
Report, AE-RPN-279 (1967) describing the SPSBG^ '
library - (see also Annex II of this Review)

SNDF/B

None at present

The complete KEDAK library is available and
certain filea from the UKJSDL.
Work is in progress on establishing a USSR
Evaluated Neutron Data Library ^ / based on a
format developed in the US3R and described at the
Soviet-Belgian-Dutch Symposium held at Helekess
(U.S.S.R.) in February 1970. (See Reports
INDC(FR)-2/L by P. Ribon and INDC(CCP)-13/L by
V.K. Kolessov and M.N. Mikolaev (1971 )•

UKNDL^*' SNDP/B and GESBX™. The library GEUSX
contains resonance cross section data in great
detail (120,000 energy Dointn) from 0.4, eV to
?.% Kev for a few fertile and fissile materials
U-2V>, U-23S, Pu-2^9, Pu-240 and Pu-241. The data
are in binary format, see Report AtJEW-R-622 (1968).
The format of the UKNDL i« {jiven in the Report
AWR3-0-70/6,J by K. Parker.

jSlfDP/A^*% sJNDFVV , KSDAK,UKNDL. The 3NDF format
io desor-ibed in the Report KMDP-102 (BNf,-b0274).
LLl.(*J the l.LL Format is described in
UCRL-S0400, Vol. IV.

KKDAK and certain files of the UKMDL
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Table IV

_KroErojt-oos __and Cod^.r. for Evaluated Data

Codes dcycilopejS i» a. spoolfic K.epiber_..Stato are donotod "by an aeteriok.C*)

Member State Programmes and Codes Available

Australia

Belgium

Denmark

Fed«Hop•Germany

France
Hungary

India

Israel

The normal SKDF/B programmes for editing, checking ?.nd
updating. Small local programmes'*' for various minor
featuros*
Ko special programtr.es for evaluated data handling have been
developed ut the C.B.K./Kol, but several programmes
developed elsewhere are available.

(MSIGMAN ' - an Algol version of GALAXY for editing and
updating group crons section on the basis of new UKKDL
versions.

(*)1. For retrieval of K DAK data - KDPX programme package.
2. KEDABS^ ' ~ Updating mutually dependent cross section

typos consistently for the KEDAK library.
(*)3. SGIPAJr ' - Printing inelastic excitation cross sections

from KSDAK.
(*)4* SELDIFV ' - Printing of the differential elastic

scattering cx̂ oss sections.(#)5. A programme^ for printing all microscopic data for a
given material in a given energy range.

(*)6. XEHAV ' - for updating the KEDAK library? e.g. for
deletion, insertion, chango of records.

(*)7. SELPLOV ' - A programme for plotting the elastic
scattering angular distributions.

(*)A programme ' to verify the UKNDL format,
(*}1. PRODGROUPV ' - A programme for the production of multi-

group reactor constants from the evaluated
nuclear data available from the IASA,
Report KFKI-71-4.

(*)2. A KUPTX ' typo 40 group constant library,
Report IBDC (HUB)-4/G.

The codes CR3CT.CBBCKaH.m'GSL,DICTIOM and SLAVS (see U.S.A.
for descriptions).

(*}1. CIICKV ' - A code for checking the EKDP/B, Ui:«DL and
KBDAK \ibrarios,

2. CK«CT (sec U.S.A. for description).
3. PLOT - Graphical representation of data for J5NDF/B,

ffiSDAK, and UKKDL librarier..
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Member State Programmes and Codes Available

Italy

Japan

Ne thorlands

Norway

Sweden

U.S.A.

1. PRKCOD^*'} 2000; 3000; CODUK^** - An automated chain
of cotloK for Generating a UK Nuclear Data File,

(*)2. Wltl1! 2 ' - A programme for producing an interpolated
list of ERDF/B-TI resonance data,

3. C1J :CkKtt,IU>F PRINT, IDA (UKNDL) .

4. Thu code u doncribud in thu report MUDF-liO.

(*>Dat»-proce»?oi.ne codew arc prudently being prepared snci
•will bo completed at the end of March 1972,

Tho processing eodeo devolojxjd at tlie Inwti tutec; in other.
KembcT States*

Only codes for lifting the con Ion lo of the UKTIOL, "but no
codco for procyt-.siiii; the contontc of the

1. All UNDF/B procooain« codec and prof,'raEine» arc avail-
able, howevur only Mfci-ii;1!' (see U.S.A. for deacription)
has been \iucd »

(*\2. For procesning the SEENG library a programme J)SPjSHGv '
±& used.

The following data handling codes are used and documented in
the report KNDP-110 (to bo issued as a BBL roport):-

(*)
1. CRBCTX ' - Corrects data on an KllDF/B BCD card imago tape.

(*)2. CiiJCK4!iRx y - Checks ctructuro, formats and consistency
of data on an ~a&lDV/B BCD card iraaee tape.

3« RIGKL

4. PLOTI-1B

(*)

(*)V ;

5. LISTPC(*)

(*)

- Re trieve«, merges, changes mode or
of the data on SNDF/B tapes. Thia code
replaces DAHMjST.

- Interprets data from BCD or Binary ENDF/B
tapes and produces edited listings and/or
Calcomp plots.

- Produces interpreted listing of data from
an ENDF/B, BCD card image tape.

6. DICTION* ' - Producer; a new section dictionary for an
EKDJ'/B BCD card image tape.

(*)7. SLAVE-3v ' ~ Retrieval {subroutines and selected avera^eo
of ENDV/B File 3 data.

( * )
B. 2LYDliv ' - Documented in UCBL-^0400 Vol. V. Processes data

from 11 ̂  file to group constants and transfer
matrices For unlimited number of groups and
arbitrary i'J order.
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Member State Programmes and Codes Available

U.S.S.R.

U.K.

Work is in progress on programmes bolh for establishing and
maintaining the USSR Svaluated Nuclear Data Library and for
using the data in the Library. At present, tho following
progra.nr.iO8 are in use:-

(*)1. A pro^amroe for printing out collections of information
from the evaluated nuclear data library in the form
required by tho user (e.g. several tabular arrangements
for presenting tho information).

(*)2. POSOQHOXV ' - A programme for chocking the information
presented in the format of the USSR
Evaluated JJuclear Data Library.

(*)3« A programme for correcting and making additions to the
information contained in the USSR Evaluated Bud ear Data
Library .

3.
4*

A number of other programmes
,(*)

4.

1. LCHECK

(*) for various purposes.

- Written in Egtran-2 ' language for the
KDF-9 Computer. Reads cards to tape with
elementary sequential check.

- Written in Fortran-4^2' for the IBM-360/75
computer. Checks format and arthiroetical
consistency of data files.

(*)CHECK-2 v ; - Written in Fortran-2 for the KDF-9 computer.
(*\ (#) (*\

AMSJWT ', JACKDAWV ', GRAFT-3 v ' - Written in Rgtran-2
for the KDF-9 computer. For amending and modifying data
files in various ways.

^1'- Written in Egtran-2' for the KDF-9 computer.
For merging files from various tapes to form a data
library.

(*\V '6. MI1IIGALV ' - Written in Egtran-2 v ' for the KDF-9 compater.
Conputes resonance integrals and fission-spectrum
averaged cross sections from a data file.(*}

7. GROD^ ' - Written in Fortran-4 for the IBM-360/75 computer.
Prepares tapes for graphical representation of

. data using a CRT plotter.
8. PAKDIT'*' - Written in Fortran-4^2' for the IBM-360/75

computer. For adjusting UKKDL data files
from calculated adjustments to group cross
sections^*'.

9. GALAXT(*) Written in Egtran-2yj-/ for the KDF-9 computer
and in Fortranw}A2) for the I3M-360/75 compater.
Principal users' programme for computing multi-
group cross sections from the UKNDL.
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(1), Kctran-2 is a dialect of Fortran-2 developed for
tlio KD11'-;) computorti*

(2)» Conversion of ther.o progrH&mum to Portran-4 io in
progro !*.;*•

It should bo enrph;u*.iaed that adjustinentn of this kind
have; not boon made to ar$> of bho bauic dala fileu in
the UKHDL.
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Table V

Computer^Progra^mea and Coder; /*<»" thr Analysis uni
Calculation of Crofu-. Sfol^

CodeisL d o l o p g d i n a senific Member State nro dcnotod h.

Member State

Australia

Belgium

Prance

Code

Fed.Rop« Germany

1. COMPOST
2. OUNYA

3. RISP and OBNI5X

4. COD1LLI

SHAPTRA(*)

3.

2. FISJNOA,

etc*
3. KAOAM, GENOA, )

ABACUS, etc. )

4. BC1S70,
JUPTTOR

1, KBARRBX

Brief Description of Code

Optical Model Code "based on Percy and Buok«
Cross~section fjonoraticn codes for thermal
and resolved ivxp.oimncc i%e&ion» Uees F.ir>gle-
level Broit-ULcnor formulation and troata
unresolved ret-'ornuicce up to d-vaves.
The UK/ISA cross unction generation codea -
Vogl> raulti 1 evo 1 formulation*
Adj.ov "baoed fitting and croas section
Generation code.
Similar to Ad3o.p|» "but faster than
COJ^ILLI, based on theory by
J. Cook (A.AJi.C.).

Total cross-section analysis Jn terwo of
single level Dreit-^ignor rarametero -
contains several options and improvements
over earlier programmes of thio kind. A
scattering crooo-oection programne is
also being developed but not yet operational

(*)Programmes to analyze re»onances»
Programmes based on the statistical model*

Programmer based on the spherical optical
model«
Programmes based on the deformed optical
model*

Calculates radiative capture, fiosion,
compound elastic and inclautic neutron
cross sections and proton induced average
cross sections ut,ing Hauner-Foshbacli theory.
Optical model code baoed on Porey and Buck*
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Member State Code

Hungary

India

Israel

Italy

(*)

2.

(*)1. CARBFRBiT '

2. CCMPUSX

3. IBKA

4. IXISRVKRE

5. NJLBV

(*)6. IfiClMIKP

7. NJKARKEX,MC ,
ABACUS,TEMPO

1. ABACUS-2/NEARREX
2. coMijco
3. NANICK

1, For Radiative
Ifeutron Capture^~_

A. FISPRO-IIV ;

(*)B. SAUD^ '
C. DIRCO^ '
D. Kir;s(*)
E. SPiiC

Description of Code

for production of
reactor conotaiits rrom the evaluated
nuclear data available* froia the lAl^A*
Report KJ''KI~71~4.

f*)A KUFP typo /jO-group oou-.tnnt library,
Report IBDC(UUJO~4/G

Code for calculation of point cross
sections ac a function of tcmperatua-o fron
single level Brci t-Wignor formulae .
Calculates neutron cross.-, suctions of
ficwionabJe elencntfc for 'S'j intorforiKg
roconances per spin state miing conylex
polcu of the colldsion matrijf .
Calcxi'latos S-wavo rcsoiiRTtcu crooo ycctiona
for fissionable elements with a given yet
of R-taatrix
Calculations} cro«s sections and cor.»]i3ex
partial •widths for intorforJnc rcc-onancos
fif.ra a given cct of R~matrix paraaiotc-rrj.
Calculates crorjp sections for mixture c of
non-fissile aootopes of an clement from
resonance parameters usin^ reulti~lev«l
Brcit~V?igner fornulation.
Code to evaluate S-vave neutron resonance
crocs sections for the fiy:-i enable
elements from a civen set of S-roatrix
paranselei's,

optical model and statistical theory.
Resonance cross sections.
Multigroup cross section sot from EKTXP/B
libraries.

Compound and estimate for direct and
collective.
Compound} 1 «= 0,1.
Dipolo direct and collective,
Quadrupole direct.
7—ray spectra croas-compound capture,
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Koraber Stale Code "Der.c-rjpi.ion of Code

Italy (ctd.)

Japan

Romania

To
A. SASS1V '

(*)B. EX02USV '
(*)

C. JJBK/.ar ;

D. IIASK^)

ABACUS

3. CplicaT KcJ.ol.— —————
A. SKOO
B.
C. ADAPE)*)

KJKOCV *
E. JUFITOR,

2-P1US

A. sum-1J'T
f ciion

A*
B.

3LF.S1GPLOT

1. ULTrfoii-i & il

2. JUFl'lVH-1

}. N01.DOR

Hanser-Foohhpoh (n ,n ' ) wilh sphoracal
optical rr.odc-1 vonntrabi li tins.
Stiirc ao SASST> / i'or unresolved ii?c)asti<
ficultoriu^ croaa r>r>ctions,
jrfvapora.li.on nodot,
Mvaporalion Model for (n,a,"b,c) m-utrono

optical model.
Rotational cvon-ovon nvclcji
Dcformud nuclcii; uai&Latio*
Bven-cvon micleii with jnicror>copic
doocriptjon of tar^ot states*

Coupled channel - ORO partiole-onc hole
contd nuuci approximation«

Ix>vol density paraiuotor from Doba.

Bli«*«e-J! (Ue port JA14HI-n6^,196b) Optical
model , Haut?«>r~P<'shbacb and Moldau^r

io., art- us»d in XH
- in*>laiitict wcat-

turinf-7 cro'ss* auction on baaic of ooupJod-
ohanno 1 ma thod .

"Surveys ^y«tr>inatios of optical potential
pararot- t.ors.
3 AJRJ -Mwmo- \VX»( \9o'^^ oalculaleu
(n,"Y) CITU-H .-ec-tion on statistical and
dir<?ct in

b. TO PA I,

6. RACY

7. STKVlS, otc.

Frograrotae for a local optical model with parameter selecting*
Programme based on HauHer-Keshbach-Moidauer calculations.

for calculating elastic cross sections being
» loped*

for calculation local parameters on basis of
mulfci-level K-matrix th«ory»
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Member State

bwcden

Sweden (old*)

U.S.A.

U.S.S.R<

U.K.

Code flrief Description of Codo

1. KLAMCLS-U

2. BTOX

}. ABACUo/N-JARRiiX

4. ___

u DOKlX-S'tLKC

6. SDK-Co'"'

3.
2.

PISPHO-I i

i.

1.

2.

3. TOR*
4. PIXSB

J>. SOLOK*
« (*6« OL31*

:(*)

7, BEXCOJT

{ Couc to proce.-.f, thermal neutron scattering
< data from the "KDF/B library.
\| Code to calcuJate ̂ roup constants for

nuclear reactor calculations.
Report Bin,')̂ 1002.
—— — 7 inelastic crot>s sections and

{ angular distribution calculations.

A progra::rje for optical model calculations
of nou-r.t.horical nucloii by P. PaVory ang
L, Zufi'i.

Coni],utalion of rosonrynae acroonod cross
sections and neutron cjoctrum.
Report A3-334 U96&) by H. H!l,«-rbiom.

A oeini-direct radiative capture code by
J« RpIksson.

Optical mocol-pphcrjlcal potential.

Optical nodol-couplcd cliannol.

Compound nuolevo.

The above arc- rrpretentative of tho codos
uct-d in U.S.A. laboratories.

(x )
rronrammos for calcwlaling cror.a eectior:
on the baoi., of stata'otacal theory and the
optxcal model.

Procramn.er, for calculating orons section:
in the a3lovcd-rosonancc region on the
baais of tho r>-r»atrix and R-raatrax
formalisms.
, (*)A programme ' for calculating the moan
structural characters ntics of cross?
eectxons in the forbidden-resonance region,
etc.

Written in Fortran-4 for ICL-4/70 computer.
Calculates Lhor»nal ocattcring law from
phonon frequency function in incoherent
model.

Written in Ejrtran-2^1' for KDF-9 computer,
and in Fortran-4 for ICL-4/70 computer.
Written in Fortran-/! for ICL-4/70 computer

PTXSE,SOIOS and GL3N calculate inelastic
cross sections from ocatierang law.
Written in Egtran-2 for the KDF-9
couiputor. Calculatoc coherent elastic
scattering of jnonatoiuc hesaconal crystals.



Member State

U.K. (eld.)

C;«3o

8. SIGAR(*)

9. K

10. TKMFO

11. K),CSCX

(*)

12.

13. STCAV(*)

(*)14. CWPV ;

1>. OPW^*'

16. H p j r ^

17. SCORE

BrU'f IK !.(':• i j'txori of

-s'1'
computer. Calculate:;
Written in Bfctran-2*1'' for the KDP-9

-^ »' *•*I

n,T' n,n* i,
multilevel BroSt-Wi^nor formaliom for
1 a 0 to fj. Doppler broadened output in
UOPL format.

Written in ^irar-S^ * for the 1H'~9
computer. Ca leu la LOR ,n> c" ^t .'"J" v*

Jtl j l JflfH ' ny I

(""" by Jioich-Kooro method, for i •••• 0 only.
Frovidec in rut to TSKPO.
Written in HKlran-a ' ' for the KJM>~9
cobpuler. ;>oi-pl<?r hco<^">-inff of arbitrary
crofts ooctioiu. with output i» Ui>'!:'"'T. format.

Written in Kortran-4 for tho
con:j uter. I-.a 1 ti -J ovol
calculation in R-tnntrix formalj rm for
1 &. 0 to 3 i«j th Dopploi' broadcni iii> Oivoo

r; ,_. ,-r , . v but not in Un'UDl* format.*• n, T n,» n,Y
Written in Kortran-4 for tho inK-360/7'j
computer. Similar to Hl-OSC and includes
••: ' for 1 ••- 0 only.
Written in KRtran-2^2' for tho KJ)J-'-y
computer. Caloulatoo avc-raged . ' .p,
/ . "" , from rcnorjanei! *n,n n ,> '
statioticaJ viirametorsj for 1 « 0 to 4 >
at present oirty for apin 0 target nuclidou.

• i \ * )Writ ten In Kfjtran-^ ' for the
computer. Culcula l<»H coulomb penetration
and shift factor for 1 -• 0 to vj*
Written an S~2 * ' for tho IBM-7030 computor.
Optical ciodel \ includeo a fast ooarch
routine for parameter fitting.

(2\Written in S-i?v ' for the IBM-7030 computer,
llanuer»-Pc;i>,hb«'iyh caloulationo with option
for Moldauer correction.
Written in Fortran-4 for the IBK-360/75
computer. Uyer, IBH-2i'!iO CBT conoolo for
computer-.! ntoractivo-ijj-aphic display of
KWJDADA and 1SNDP/B data files with output.
in UKNDL format.

40

(1). JBgtran-2 ic a dialect of Fortran-2
developed for t]ie KDF-9 computers.

(2). S-2 io a dialect of Portran-2
developed fyr the old IBM-7030
computur. The prof^raiomoo ORJ and IIPK
have probabJIy been converted to
Fortran-4 for the JBK-3"0/7%



Table VI.

Computer Programmes Pror Format Conversion FromOne Evaluated Data Library to Another

Programme

UKTOA
UKB

KTOE
ETOS

UTOE
UK-LRL
LRL-UK
BNDP-LRL
UKEL

————
—————— ———— ___

——————————————

—————————————

—————————————

——————————————

Translation
Prom To
ENDF/B
UKNDL
UKNDL

KEDAK
ENDF/B

UKHDL
UKSDL
LLL
BNDF/B
LLL

KBDAK
ENDP/B

UKNDL

KEDAK

EHDP/B

SPENG )
KEDAK )
EHDP/B

KEDAK
ENDP/A
ENDF
Formats
EHDP/B
SPMO

ENDP/B
LLL
UKNDL
LLL
ENDP/B

UKNDL
UKNDL

U.S.S.R.
Format
U.S.S.R.
Format
U.S.S.R.
Format

UKNDL

Member State (Laboratory) of Origin

Belgium (C.E.N./Mol). Programme just completed
Japan (J,A.E.R.I.). Report JAERI-Memo-3162.
U.S.A. (O.R.N.L.). Report ORNL-TM-2880

(ENDP-134)*
Italy (C.D.C.). Programme operational.
Sweden (A.E. ). Converts from ENDF/B to the

Swedish SPEHO library which
contains effective group and
point cross sections. This
programme has just been completed.

Italy (C.D.C. ). Programme operational*
U.S.A. (L.L.L.)
U.S.A. (L.L.L.)
U.S.A. (L.L.L.)
U.S.A. (L.L.L.). This programme is a modified

and extended version of the
UKE code.

Prance
U.K. (A.W.R.E.). Development and testing of

programme continuing.
Programme is in Fortran-4
for the IBM-360/75 computers.

U.S.StR. Programme completed.

U.S.S.R. Programme nearing completion.

TI.S.S.H. Work just begun on this programme.

U.K. Various programmes have been written ad hoc,
to perform piecemeal conversions from these
libraries to the UKNDL format.
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Table VI I.

Inst i t j t e s Jnvolved in ihe Bvgluat ion Effort.

Member States

Australia

Belgium

Canada

France

Fed. Rep. Oeruany

Hungary

India

Israe'i

Italy

Japan

TnMi tul es

1. Austral ian A t o m i c Snerory Comniscion's Research Rstabl,
?. Univers i ty of Melbourne
">. "ntversify of Woilongonp-

Centre d'Bt»«le«? Mol

Bulgarian Aca^pmy of ISciennea, Institute of Physios and
Nunlear Hesearoh Centre

Atomic Knergy o* Canada ltd. (Ohalk Biver)

1. Centre d'Bt'ides Nucleai res, Saclay
2. Centre d1Etudes NuclSaires, Cadarache
•*,, Centre d1 Etudes Nuoleaires^ Limeil
4. Centre dfEtudes Nuoi6airesf F.A,B.

Geaellsch-ift fJir Kernforschung 0,m.b.H.y Karlsruhe

1. Institute of Experimental PhyptcSj Koss-ath lTnjversity
2. Central Keaearoh Institute for Physios, Budapest

Bhahha Atomic Research Centre

1. Soreq Nuclear Bese« rch Cent re
?, Israel Tnstituie of Technology, Technion

Centre di Caloolo, Bolovna

1. Japan Atomic Energy Research Institute
?. Vitsubishi Atomic Power Industries Inc.
"i. Nippon Atomic Industry Oroup ltd,
4. Sumitomo Atomic Energy Ltd.
e>, Kyushu University
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Netherlands

Romania

Sweden

Reactor Centrum Nederland

Institute of Atomic Physics

1. AB Atomenergi
2. Research Institute of the Swedish National Defense

U.S.A.

U.K.

1. Atomics International Inc.
2. Los Alamos Scientific Laboratory
3. Lawrence Livermore Laboratory
4. Oak Ridge National Laboratory
•?. Brookhaven National Laboratory
6. Westinghouse Advanced Reactors Division Ltd.
7. Babcook and Wilcox Inc.
8. Idaho Nuclear Corporation
9. W.AoD.C.O.
10. Argonne National Laboratory
11. General Electric (San Jose1)
1?. Gulf General Atomic Co.
1\* Batelle North-West Laboratories

1. Atomic Energy Establishment, Winfrith
2. Atomic Weapons Research Establishment, Aldermaston
i. Atomic Energy Research Establishment, Harwell

U.S.S.Ro 1. Institute of Physics and Power Engineering, Obninsk
2. Institute of Theoretical and Sxneriroental Physics,

Moscow
"*. Institute of Nuclear Research of the Byelorussian SSR

Academy of Sciences, Minsk
4. Institute of Nuclear Research of the Ukrainian SSR

Academy of Sciences, Kiev.
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Pig. 1.

The geutron Kuclear Data Cycle*

Bequest* forMeasurements from Users

Applications
Users

Measurements -Experimental Data Compilation ofExperimental Bat-a

Evaluation of CcarpiledExperimental Data

"•sn+al Testing •.
_Jof Evaluated 3s.J

Tested Sraluated
Data Entered into
Evaluated B&ta
Library

Aijuctff-ents of



Uni t e jl Kingclor; of Q Northern lrl nd

.lsr^?.'FUfU'JLj Q~P't>'iHn'V1'-' f-'V.o* the
n«tlo»pl uv

iVI', identifier, fonnral wcnci-rcment
and oval»i»>tion necOs

UKNDC, mainly concerned with
progress of differential
measurement programme

KDb'/f5, id^nt-3J'5o8 chert r&nge
ovaluation pi'onrainme and
co-ordinstts the work

Evaluation groups

T
CCDN

BDBP - Nuclear Data VJorltintf Party
Nuclear Data Pilws '..'or): in,';
EJKEA Neutron l>tta Compilation Centre, &-.clay
United Kingdom nuclear J".\:>. Comusiltce

CCDM -
UKNDC -
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Organisation ami C'.o-ortlinalion of National E .a lua t ion T-'ffort.

sV.tiondl I
KSKR - 1
M*> flb II»MI ^H <MV*J

1SY.
USJ

National
USKJ< - 2

National
USER n

Mi I • II * «...«4X« I,i

laboratory I
pcr/orminj; j ~~* """~" — — — —
evaluation

'^Comilc dcs
Cons tunf es

Goitre tie
Compilation

Nuflcaircs

C C D N

Others evulxuttion groups in the wovsld, mainly in Euroj>
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Fig. IV.

INTERNATIONAL
NEUTRON DATA

CENTERS
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PROCESSING
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I DATA
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i
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EVALUATED
DATA

LIBRARY

OF DATA:
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EXPERIMENTER,
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OTHER DATA
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(
NEW

EVALUATION

TESTED
EVALUATION

OTHER
CENTERS

EVALUATOR

• CROSS SECT«ON
. ' EVALUATION
I' WORKING

GRO'JP

SKCSC - National Heutron Cross Section Center



Mg. V.

Organization and (.'o-orcHnal ion of Nat ional Evaluation I -i' Fort .

CCDN JAI.RI

JNW:

Evaluation
Group

Nuclear Data
Lalxmitory

Co -ord 'mating
Committee

Snh-Ci'oup
in NIJSC:

JNDC
NDSC

RCSC

JAUR1 (Japan Atomic Energy Research Institute)

JNDC (Japanese Nuclear Data Commitloe)

NDSC (NucJear Data Sub-Committee)

RCSC (Reactor Constant Sub-Committee)
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OVERSEAS NEUTRON
DATA

EXPERIMENT
A.A.E.C. DATA
EXPERIMENT

A.A.E.G.
EVALUATION

Fig. VI - Australia

MULTIGROUP DATA LIBRARY

to
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I.N.D.C. - International Suclear Data Cosir.itt<



Fig. VII.

Sweden

"I Eva] ua tor

____ • f»J___ «__ WHK

Asea-Atom \ OKC
_.»*-! I U — .««. -I

I VatteufallI

AE - AB Atomonergi
FOA - Research Institute of the Swedish National Defense
TDK - Cross Section Data Committee
OKC - Oskarshurons Kraftgrupp AB
CCDN - ENEA Neutron Data Compilation Center, Saclay

50



ANKEX I

Circular Letter of 11 May 1971

Dear
In accordance with the recow.cndation of xhw International

Nuclear Data Committee, the Interim cional /.tĉ ic Energy Agency will
convene a panel of experts on the rubject of Heutron l.'uclcar 1)at&
Evaluetion at the Agency's Kesd<iUart3rs in Vienna from 30 August to
3 September 3971. Too objectives of the p<*j.el are to review the
methods, qiiolity and prcc-ent status of neutron nuclear iivla evaluation,
as well as to examine the basic requircwenta aud probl OK-C essocSeted
with establishing and exchanging evaluated neutron data libraries*
The panel will be asked to report to the Director General of the Agency
on the current statua of the topics <discue.r:o.d and Ho recommend guide-
lines for the Agency's future p..ugrnreroe an this vegurd. The Provisional
Agenda for tbe panel is attached.

For tbe first item of the Provisional Agenda, tlM Nuclear Data
Section will prepare a review of the neutron data evaluation activities,
the important evaluation needs and the oo«essroent of these needs in
Member States. The success of this review clearly depends upon the
relevant information being made available to the Agency, In this con-
text we would greatly appreciate if you could complete the questionnaires
in Annexes I and il and supply any other purtinont information on the
evaluation activities and/or evaluation needs in your country. If you
are not in a position to cupply us with the relevant information, we
vould greatly appreciate if you forward this letter to the appropriate
pereon(s) for action,

So as to allow sufficient time for the completion of this review
prior to the panel, we would urge you to send us your reply as soon as
possible so as to reach us not later than 9 July 1971, If you need any
further clarification regarding the contents of Annexes I and IT, please
feel free to contact us immediately.

Thanking you for your cooperation,
Yours sincerely,

Enclosures

J.J, Sohroidt, Head
Nuclear Data Section
Division of Research

«wid Laboratories
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Annex T

Tho Information required xmder this itoin is related to the
following four questions:

1. Bow does your country &o about identifying its neutron data
evaluation requirements ?

2. Vho are the users of evaluated neutron data in your country ?
3. Bow far do the existing evaluated neutron data libraries

meet the needs of the users in your country ?
4« For those Member States that do not have a neutron data

evaluation programme, what a«*e the needs for such dutu in
your country ?

JJ

. Ijif?. %utron^ Hucleor T>ata Ky ii 1 u» t i on^Ac VI y j 1 5 g s
^ jy^ to?;

Under th5s itew inforisntion reljited to four basic queutiona is
required!

1. The neutron data evalimtion work in )>roRrt>»» at present and
that which vil] be started bofore the end of 1971 ? -

on reply fjJven in ablo Jj , l ) »

2. The computer programmes and codes available ? -
specifications: civcn in yablo T'J,?),

3. Tho I/aborntories/lnstitutOB involved in tho evaluation
efforl (̂ Hbl op JI..JI aml^ ?Tr y) ; the organism! ion and co-
ordination of the evaluation Kork between there Laboratories/
Instilxiti'S (Tabjc TT^»^) and the total wr.ni-ower available for
tho evaluation effort (TaMe ̂ I3«Jj) ?

4» Does your country collaborate, bilaterally or multilateral ly,
with other States in co-ordinating, orfconissinff and performing
evaluations ? If so, please indicate in what form (e,c«,
contract*;, committees, newsletters) and on what subjects does
this collaboration manifest itself.
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Teb3e 71.1

Work in Pror;reg.r ^ ' and Work Planned \ ^d i i r ing the next 6 roonihs.

Nuclide

iw* »>
U-2J8 (n)

Au~197 (I1^

Fission Products

Cross Section Type

a, v, ef

All reaction types

*«,Y
All reaction types;

a

Energy Bange

Thermal - 15 KeV

1 KeV - 20 MeV

1 KeV - 10 KeV

1 KeV - 15 KeV

1 KeV - 30 KeV

Evaliiators1

Kanes
(Laboratory)

• *.*». \ » • « /

• •..*• v » • « /

...... (...)
4

...... (...)

...... (...)

Table IT..?

A. What coJTirutor facilities are available for
evaluations and for handling evaluated data libraries ?

B. What evalufttcd neutron data libraries are uoed in your
country and what ore their formats ?

C. What are the contents of these libraries ?

D. What computer programmes and calculational codes are
available for*
1. Evaluated data handling (e.g. , checking, editing,

updating, etc.) ?
2. The analysis and calculation of cross-sections ?
3» Pon&at conversion from one evaJuated data library

to another ?
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Effort
and

Laboiv.iory/Insti tute Total Kanpowor Aval1KbTo
for Evaluation
(man»j!ffj)ihPr of TtoRt-rraduatc fit.iiff)
at present in 1972
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TaMe II. 4

and Co~ordina.tjl on of National aluatiors Effort.

The chart below gives a schematic outline of a possible organization
of a national neutron data eva]uation programme. We would appreciate
it if you could draw up the chart valid for your country.

Data Centre
supplying basic
experimental
data

Laboratories
performing
evaluations

Co-ordinating
Corf jn it tee

Sub-Group
to define
evaluation needs
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Annex II.

Extract Submitted "by Sweden from the Reports -
w A Computer Programme for Calculation of Neutron
Spectrum and (Past Reactor) Group Cross Sections
in a Finite Homogeneous Medium wt

*y K. flyman, AE-RKN-2?9 (1967).

General ruJcs for punching data are given in the section
"General Rules for Input Data".

If generation or updating of the library data tape is included
in the run the corresponding data must be stacked first in
the data deck. The principles for arranging data for a
type I or a type 2 phase differ somewhat from the
rules for the other phases. Therefore the description of
the input data etc for these phases is contained in a separate
chapter, and the description for the other types oi phases
forms the next chapter.

111. 1. Geilyral Rules for Input Data

The input to Spong is format-free. That means that the
position of a quantity (a number or a word c-lc) on the card
is unimportant, as is the number of cards used. The only
requirements are 1) that the quantities should be punched
in the correct order, and 2) that they shall be separated
from each other by at least one blank. A quantity cannot
extend over two cards (the code puts a blank in an imaginary
column 81). There arc a few exceptions to this. The
current input card image, is lost, when a new program
link is entered in the computer storage. Therefore the
punching must start on a new card af ter each data group,
that causes such a change of program link. The occations
are few and are expressly stated in the sections, that deal
with the arrangement of the data.
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A comma affects that everything punched to the right of it
is ignored. This fact can be used to insert notations on the
data cards. E g the notation for the element could be
punched after a comma on each card containing microscopic
data for that element. The insertion of a comma after the
last significant information on a card also releases the code
from converting the rest of the card from BCD to binary
and thus saves computer time.

Five types of quantities appear in the data:

1. Integers An integer consists of decimal digits without
a decimal point, it may be signed or unsigned.

2. Real numbers A real (floating point) number consists of
decimal digits. It may include a decimal
point at the beginning, at the end or between
two digits, A real number can be followed
by a decimal exponent that is written as the
letter E followed by the exponent. There
must bo no blank field between the real
number and the lottor E. Blanks may,
however, separate the letter E and the
exponent. A number that is not explicitly
classified as an integer in this description
is a real number.

3. Words A word is a combination of letters. Only the
first six characters of a word are significant
to the code, but the remaining characters must
all be letters too. The words are used as
directives or headings in the data. In some
cases a directive is formed by writing two or
more words as one word. (E g TRANSPORTGROUPS
must not be written as TRANSPORT GROUPS but
can be shortened to TRANSP).
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4. Special words
or notations guch & notaljoll js tl combination of letters and
for elements
;or isotopes and figures with a letter as the first character.
for materials EgAlAl, FE26B. Only the first six characters

5.

are significant.

x The asterisk.

The exact images of all input cards arc printed successively as
they are read. Each occupies one line, which ends with the
words "DATA CARD". Thus all input data arc recorded.

III. 2. Restrictions and Krror Messages

Some restrictions on the length of data arrays are indicated
in the following sections. If such a restriction is violated-
the programme prints an error message and the run is
automatically interrupted.

The programme also tests for and prints error messages
at a large number of other data errors. Normally then ihe
execution is stopped. But if an error is detected when
reading data for an element or an isotope the input of
data continues with the data for the next element instead.

A syntactical error in the data is almost always detected
by the programme.

The amount of element data (see below) that can be stored
is limited by the capacity of one magnetic tape. This
capacity depends upon the effective length of the tape and of
the character density used. The magnitude is of the order
of one or two million numbers.

The neutron spectra are aUo all stored on one magnetic
tape. Only a very sarnll portion of a magnetic tape will
ever be made use of for that purpose. The monitor system
provides a test and prints an oj-ror message if the "end of
tape condition" is encountered.
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III. 3... Preparation of Data for the Generation or the
Updating of the Element Data tape etc.

The library data tape holds the atomic weights, microscopic
crossections and all other data specific to elements, that
are needed for the calculations. A joint name for these data
in this report is "element data".

The tape is generated and updated by the programme and
during a calculation the cros section values etc are always
taken from the data tape.

The bulk of the data for a generate or an update phase are
a number of data docks, each holding the element data for
one element. Punching specifications for such a deck are.
given in the first sub -chapter.

A few data groups or directives are also needed to control
the execution of a generate or an update phase. They are
described in the next sub chapter. Finally the arrangement
of the data for a generate or an update phase is specified
in one sub-chapter.

In this sub-chapter all data groups that belong to a data
deck for an element are described in the same order as they
shall be stacked within the deck.

ELEMENT idc a bnn bn2n ann
an2n cl c2 . . . . . . . ck

ide is the notation for the element. It is a combination of
letters and figures with a letter first - a type 5 quantity.
E g FE26 or U28B2. There must be no blank between the
first and the last character of the notation.

a is the atomic weight.

bnn and bn2n are the thresholds for the nn'- and the n2n-
reaction respectively, ann and an2n are parameters in
a statistical model for nn'- and n2n-scattering.
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cl, c2, . . . . ck arc classification numbers (integers)
for these and only these crossoclions, which are tabulated
under the heading "CROSSECT1ONS" below. Their
interpretations arc: 1 (one) total crossection, 2 (two)
elastic-, 4 (four) total nn ' - , 16 (sixteen) n2n- , 18 (eighteen)
fission- and 101 (one hundred and one) capture-crossection.

The classification numbers are punched in the same order
as the corresponding crosscc.lion values are given later on.

TEMPERATURES t,

This d.ita group is necessary only if temperature dependent
crossections occur under "CROSSECT1ONS" (see below),
t,, t.., . . . . t are the temperature values in degrees

\ Cf p

Kelvin in ascending order.

Restriction: The number of temperatures must not exceed 6.

DACKGROUNDVALU1CS b, b2 . . . . b

The heading shall be punched as one word. This data group
shall be included if and only if (temperature- and background-
dependent) effective crossections occur under "CROSSECTIONS"
(see below), b., b,, . . . . b are the background values

I CJ
in barns, in ascending order.

Restriction 1: The number of background values must not
exceed 12.

Restriction 2: The maximum number of shieldablc elements
in one mixture is 6.

THRESHOLDS e, e-> . . . . . « t

This data group is necessary if partial nn' -crossections for
separate levels will be given under "CROSSECTIONS".

e. are the levels in MeV in ascending order.
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Restriction: The number of levels must not exceed 15.

FISSILE

See below.

I
(FERTILE

The element shall be classified as fissile or fertile, if
the fission crosscction is non-zero.

NUMBEROFNEUTRONSPERFISSION e} v(e1)
e2 v(ez) . . . . . . en v(en)

The heading is punched as one word. This data group shall
be included, if and only if the fission crossection is non-zero.
v(e) is the number of neutrons per fission at energy e.

Restriction: The number of energy values must not exceed 25.

DELAYEDNEUTRONYIELD dny

The heading is punched as one word. This data group shall
be included, if and only if the fission crossection is non-zero.
One value dny represents the delayed neutron yield for all
energies.

CROSSECTIONS

Crossection values for one energy point or one fine-group
j at a time in order of decreasing energy. The data for each
'.energy point or energy group being arranged as described
' below.

If a kind of crossection (say the n2n-crossection} is included
in the table, the corresponding classification number
(16 for n2n) must occur above under "ELEMENT" and vice versa.

The table must cover the energy regions, that will be concerned
in the calculations. If a calculation of a neutron spectrum
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or of group crossections will be performed for &min <a E a E
max»

it is required, that the crosscction tables for all
elements, that are concerned, extend up to 1.001 x &ma^
and down to 0. 999 x Emin-

For most energies temperature independent crossection
values are accurate. But the crossections at an energy or for
a fine group in the resonance region may also be represented
by temperature dependent functions or by temperature - and
background dependent effective values,

Energy values are given in MeV, crossection values in barns
and temperature values in degrees Kelvin.

A minus sign before an energy value indicates that the crossec-
tion values that follow are "group crossections". The minus
sign and the energy : value must not be separated by
intervening blanks. The group extends from the energy
value, that precedes the crosscction values, up to the next
higher energy value, that precedes the preceding set of
crossection values in the table. The absence of a minus sign
before an energy value indicates, that the crossection values that
follow are "point crossections". The table must start with
a positive "energy" value.

The number of energy-points or fine-groups is limited only
by the fact that one magnetic tape must take all the data for
all elements.

Two tests are done on the consistency of the crossections.

1. At each point of tabulation the code checks whether
ito(TOTAL) - a(ELASTIC) - c (N .N ' ) -o(N,2N) - a(FISSION) -
-o(CAPTURK) 3/o (TOTAL) j < 0.0001

2. If a -values are given at the point of tabulation or at a
higher energy, the code checks whether

o. ofN.N-) < 0.0001
i«1 ei

If the tolerance is exceeded, an error message is printed
and the data are not stored.
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1. Temperature independent crosscctions.

c2/ v ck,

The crossoction values are given in the same order as the
corresponding classification numbers.cl, c2, . . . . . . ck
are given above under "ELEMENT".

Me is a positive number the a :s are interpreted as
"point crossections" at energy e . If en is a negative
number the o :s arc interpreted as "group crossections".
Then /e / is the lower group boxmdary, and the upper
boundary equals the next higher'energy value /e ,/ in
the table. This may be cither the lower boundary of
another group or - if e . is positive - the energy
corresponding to "point crossections" .

If partial nn' - crosscctions for separate levels arc known
at this energy, they may be specified - preceded by an
asterisk - after the other crossections. Thus

cl, » ck/ x ele n ° <ej ' - • • • < > <e
n) * o

e2/ v et/ »a (en) . . . . a (en)

The crossections are punched in order of increasing energy
of the levels e and one value must correspond to each level,
that is specified under "THRESHOLDS".

If <7nn» (e ) is non-zero, and if partial nn' -crossections
given fo:

they must also be specified for e
are given for a higher energy than e (for this element).

n
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2. .Temperature dependent crossections.

T
en

n
ck / . %o (Vt2)

The letter "T" indicates that the crossections at the energy
e or - if e " 0 - for the fine- group (v / _ E _ / e

n_j/
are tabulated as temperature dependent functions.

l i i t , , . . , t are the temperature values. They shall1 * P
equal in number, order and - within a small tolerance -
in magnitude the values, that are given under "TEMPERATURES".
The same value cn shall be repeated before each temperature
value.

Only the total-, the elastic-, the capture- and the fission-
crossectitm may vary with the temperature. If the nn'-
and/or the n2n-crossection is (are) punched the same
value(s) must be repeated for each temperature value.

If partly partial nu* -crossvctions are specified for a higher
energy than /e / for this elem
these data shall be followed by
energy than /e / for this element and partly °nn'(en^
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3. Temperature- and background-dependent effective
crossections.

» TB
I <-l X.L.
i e t, bil

en h bZ

en

bi

bq

If partly partial nn'-crossections are specified for a higher
energy than /cn/ for this element and partly a ,(e )^ 0,
these data shall be followed by

x

The "TB" indicates that the crossections for the finergroup
/«„/ ̂  E ̂  An_1/ or - if cn > 0 - at the energy en are
tabulated as temperature and background dependent functions.
No blank may separate the letters. Background dependent
crossection values may occur in the tables only in the energy
region 1 eV - 100 keV.

t are the temperature values and
bj' b 2 ' • • • • « • b a r e t he background values. They
shall equal in number, order and - within a small tolerance -
in magnitude the values that are given under "TEMPERATURES"
and "BACKGROUNDVALUES" respectively. The same value
en shall be repeated before each pair of values t and b. The
serond. third etc o -value and the t- and b-valucs are onlyn '
used to check the internal order of the cards.
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The crosj>ection values shall be given in the same order
as the corresponding classifu atiou numbers cl, c2,
. . . . . , ck are given under "KLEMENT". Only the
total-, the elastic-, the capture- and the f i & s i o n -
crossectkm may va ry wi th the tempera ture and the back-
ground value. The s.ime nn' -v.ihie and the same ruin-vahie
must be repeated for each pair of \a lucs t and b, if these

crossed ions are included in the crossect ion table.

It is checked during inpxtt of the data , that the crosseition
values do not decrease with increasing background value.
During a calculation it is checked, that the effective crossec
lions do not decrease with rising temperature.

j JJSGENDKECOEFFICIKNTS k

'I M°l) f^G\) • • • - • fk( l ' i) e2

2\e2' • • • • • n l*en' 2^ n' " ' ' " ' k^ n'

The heading is punched as one word, k is the number of
coefficients (an integer). The energies e. should be given
in McV in monotonously decreasing order. The relative
coefficients f in the legendre expansion of the angular
distribution of clastically scattered neutrons shall be
given in the centre of mass system. The tabulation of
the legendre coefficients must extend up to 1.001 times
the highest energy, that will be concerned in the calculations.
It is interrupted when all coefficients equal zero.

Restriction 1. The number of coefficients must not exceed 10.

Restriction 2. The number of (non-zero) values in the whole
table is restricted by the inequelity

n
En + E k. ^ 990

i = 1 '
Here k. _; k is defined by

= k.
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fje.) = 0 for t> k.

Note. If a crossection or a. legendre-coefficient etc is zero,
it is sufficient to punch only the figure "0".

The directive word END ends the data for one element.

Arrangement of the Data for one Element or Isotope

The internal order of the directives and the data groups within
a data deck for one element shall be

"ELEMENT e t c . . . . . . . . . . "
"TEMPERATURES etc . . . . . . . " (see below)
"BACKGROUNDVALUES etc . . . . " (see below)
"THRESHOLDS etc . . . . . . . . . " (see below)
"FISSILE" or "FERTILE" (see below)
"NUMBEROFNEUTRONSPERFISSION etc ... " (see below)
"DELAYEDNEUTRONYIELD etc ... " (see below)
"CROSSECTIONS e tc . . . . . . . . "
"LEGENDRECOEFFIC1ENTS etc . .. "
"END"

Data group "TEMPERATURES etc ... " shall be included
(only) if some crossections are temperature dependent.

Data group'BACKGROUNDVALUES etc . . . " shall be included
(only) if background dependent effective crossection values occur
under "CROSSECFIONS",

Data group "THRESHOLDS etc ... " must be specified if
nn'-crossections for separate levels are tabulated.

Data groups "FISSILE" or "FERTILE" and
"NUMBEROFNEUTRONSPERFISSION" etc . . ."and
"DELAYEDNEUTRONYIELD etc . . ."'shall be included,
if and only if the element has a non-zero fission crossection.
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Annex 111.

Preliminary List of Bequests for Neutron Data Evaluations

Submitted by Sweden*

AB.. AtonenqrgjL
Isotope or Priorlly
Element

P
Si

Si(n, Q)

3Ji46(n,p)

MnfRI abs)
(thermal)

Fe

Hi

Cu

III
II

III

II

III

Ag(RI absj
(thermal

Pu239
Pu240

II

II
II

.Type of evaluation roQtiCJstod arid copiment

All cross sections taking in consideration
weaknesses found in ENDF/H da La for oxygen

Ctui probably wait evaluation
in progress at BNL
Best value of (n, c) curve considering recent
measurements
(Griiaes for instance)
Best value of (n,p) curve considering recent
measurements
(Lukic HSB 43, 233, Ghoray BAPS JI5., 1329)
Best
value

abs. cross section and R I abs.

Assemble a. "best" data set from existing
evaluations, including a set of resonance
parameters to calculate cr^ss sections in
resonance region
Specially (r.,o) evaluation including set of
resonance paramours to calculate cross.
sections in resonance region
(Moxon eval. extends up to 200 keV )
reevaluation in resonance region specially
considering recent measurements at
Geel and KPK
Best thermal absorption and HI value for use
with activation detectors
Set of p-wcve resonance puramexers
Set of p-wave resonance parameters

FOA
N
0

11 ]II J
\-production
thermal to 15 MeV
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Neutron data evaluation studies in the United Kingdom
in the second half of 1?71

•J.S.Story
Fast Reactor Physics .Division.
A.E.E., Winfrith.

Abstract

A brief outline of the organization of the neutron data evaluation
and measurement programme in the United Kingdom is presented* The paper
then summarizes in a qualitative manner the degree to which each of the
complete files of the U.K. Nuclear Data Library (UKNDL) meets the current
needs of users in the U.K. A more detailed review of the present and
planned U.K. evaluation activities is subsequently presented along with a
summary of the principal computer programmes used for the manipulation of
evaluated data, as well as for the analysis and calculation of neutron cross
sections*

1. Review of the important neutron data evaluation needs and the assessment
<>f these needs in 1;he United

(i) At the present time there are three bodies in the United Kingdom
dealing with differential nuclear data. The Nuclear Data Working
Party (NDWP), chaired by C. G, Campbell of the Reactor Group, AEE
Winfrith, meets on an ad hoc basis to collate and screen the UK
nuclear data "Request List", to keep it up-to-date and to make
recommendations on the priorities of new differential measurement
work. It acts in an advisory capacity to the Physios of Reactors
Research Committee which is responsible for formal approval of the
Request List and for the measurement/evaluation programme. The
membership of the NDWP is drawn from the UKAEA staff exclusively.

The Nuclear Data Files Working Party (NDFflP) , also chaired by
C. G. Campbell, has the main task of co-ordinating the UK evaluation
work, especially as it applies to the production of computer files
of nuclear data.

The UK Nuclear Data Committee (UKNDC) under the chairmanship
of B. Rose, AERE Harwell, has the main task of co-ordinating the
programme of differential data measurements. Host of the members
of this committee are drawn from the UKABA* the National Physical
Laboratory is represented and other bodies, such as university
departments, may be represented when appropriate. The UKNDC
organises a Nuclear Data For urn, a one day symposium, once a year and
taking place in turn at each of the various centres of measurementor user activity.
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As an outcome of the development and growing use of the UK
Nuclear Data Library (UKNDL) it has become increasingly recognised
that users' requirements for new neutron data are most often require-
ments for new or revised evaluations in the UKMDL standard format.
New experimental data may be needed also, but provision of these
goes only half way towards meeting the users' requirements. Recently
therefore there has been sonu; shift -in emphasis towards new evalua-
tion work even at the expense of new measurements. It is expected
that this will bring abo.'t an improved awareness of the main short-
comings in the data available and that it will benefit the experi-
mental programme jn the longer term. Vt the same time our nuclear
data "Request List" has been split into two sections relating to
new measurements and to new evaluation requirements, as a reflection
of concern for improvement of evaluate/I data files.

The methods used to determine the accuracy requirements for
cross-section data for thermal and fast neutron reactor calculations
were described by •;. II. Kinchin and ft. D. Smith at the IAEA Paris
conference on nuclear data for reactors in 1966. Some of the most
important cross-sections cannot yet be measured to sufficient
accuracy by differential methods, and it has proved necessary to
institute a programme for data adjustment, which takes account of
both differential and integral data to improve the accuracy of fast
reactor performance predictions. This development was described
by C. G. Campbell and .T. L. Rowlands at the IASA Helsinki Conference
in 1970, and has much alleviated the demands for differential cross-
section data of very high precision.

(ii) The main users of evaluated neutron data in the United Kingdom
are the thermal and fast neutron fission reactor physicists and the
Authority Health and Safety Branch. Some use of the data is being
made for shielding calculations, and for radiation damage calcu-
lations. Recently too the fusion reactor physicists have begun to
use the UK Nuclear Data Library, and to contribute to it.

(iii) Taking account of work in progress, data files are available
in the UKNDL for almost all materials currently of interest for the
UK reactor programme; for the most important materials the evalua-
tions are up-to-date to within about 1 year - the accuracy of this
latter group of data files is limited in the main by the
uncertainties in the experimental data, at least insofar as the
principal reactions are concerned. Multigroup cross-section sets
in up to ?OOC groups have been and are being produced from these
files and are generally adjusted to give improved agreement with
integral experiments.

Table 1.1 gives a somewhat more detailed view of the measure
in which the UKNDL meets our users* current needs. Data files for
some structural materials still need improvement, Cr and Mo for
example. Many files of fission-product capture cross-sections are
available, but they have not been extensively tested* many are
known to be in need of improvement, and there is a need for average
data on other reactions in bulk fission-products, elastic and
inelastic scattering for example, and perhaps also for (n.p) and
(n,a) reactions. Improved evaluations would be desirable for Am
and Cm isotopes though it is probable that inadequacies in the
experimental data are t>ie main limitation. For many other
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materials of lesser importance the data files stand much in need of
careful revision and up-dating, and particular attention is called
to the need for more careful assessments of the contributions by
missed p- and d-wave resonances to neutron capture by elements in
the low mass range, A * 20 to 100.

2, Review of neutron nuclear data evaluation activities in the United
Kingdom

(i) A considerable programme of evaluation work initiated towards
the end of 1970 is nearing completion, but there remains much
consequential "tidying-up* to be done - documentation, tape
manipulations and checking, and so on. There are plans for
converting a number of ENDF/B files to the UKKDL format: a computer
programme has been developed for this work and is operational, butit is by no means fully tested yet, so that at present each conver-
sion is still a laborious task involving much tape manipulation,
checking and correction. With so much residual work to be accom-
plished, the programme of further data assessment work for the
remainder of 1971 has not yet been formally identified, though workis in progress on 14.°, Cr, Mo, and Pu240. Table 2.1 sets out our
aspirations, however.

On the new evaluations or recent revisions mentioned in Table
1.1 the following comments may be of interest :-

The new file for D in DgO follows, in the intermediate energy
range, the conclusions presented by Story (AEBW) at the IAEA
Helsinki conference on nuclear data for reactors ±, 721 (.Tune 1970)
see Fig. 3 of that paper. ""

The new file for C follows a complete re-evaluation over the
whole energy range 0.0001 eV to 15 MeV, by Douglas, Porter & Wyld
(AIRS): documentation is in progress.

Work on Pe represents a complete re-evaluation of the resonance
range, mainly by Pope & Story (AEEW). Parallel work on Ni has been
carried out bv Moxon (AERS). He concludes that the estimated
uncertainty of the total cross-section is small in the range up to
about 200 keV, and in the peaks of s-wave resonances the uncertainty
is mainly that of the potential cross-section which is j. 0.5 barns
at 1 eV and 2.0 barns at about 100 keV. The uncertainty in the
capture cross-section varies from 5$ in the 1/v region to between
1 CpS and * 30$ in the vicinity of p- and d-wave resonances and

about 5C9& in the s-wave resonances. Above 40 keV the average
capture is given to about

The capture cross-sections of Kr83 and Pm^7 were obtained from
evaluations in the resonance range by Hammond & Story (A5EW) , and at
higher energies by Beazi et al. (CNM, Bologna) .

For U235, U238 and Pu239 nu-bar has been re-evaluated over the
whole energy range by Hather & Bampton (AWE); see AWRE 0-44/71
and 0-86/70 for U238 and Pu239 respectively. Above about 25 keV
the fission cross-sections and the U238 capture cross-section have
been revised using the "simultaneous fit* by Patrick & Sowerby (AERE)
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and Mather (ASRE), of which a. preliminary account was reported by
Patrick & Sowerby at the I ASA Helsinki conference j?, 703 (1970).
The &ENEX tapes for these materials have also been"brought into
agreement with the "simultaneous fit" in the energy range below

•25 keY. The inelastic cross-section data for U?3^ and Pu239 and
the (n,i>n) and (n,3n) cross-sections of U23# have been re-evaluated
by Douglas & Wylcle (AWRE). Documentation of this work has been
started.

(ii) ?he computer facilities and the principal programmes used for
neutron cross-section data evaluation, and for handling evaluated
data libraries are listed in Table ?,2.

In addition there is a suite of programmes associated with the
GJ5NBX data library; for details see Brissenden & Durston
ABBW-R 622 (1968). The principal programmes are RBSP and G-ENEX.
HBSP generates a sequence of resonance parameters by Monte Carlo
selection from appropriate distributions. G-ENEX generates Doppler
broadened cross-sections for capture, fission and scattering in a
standard energy mesh, using the resonance parameters supplied by
RBSP, These programmes have been converted to Fortran-4 for the
ICL-4/70 computer.

(iii) The laboratories, and graduate manpower available for neutron
nuclear data work in the United Kingdom are presented in Table 2.3.
In assessing the evaluation effort we have included data library
maintenance work (format manipulations, checking, editing and so on),
and associated computer programming; on the other hand we have
attempted to discriminate against

(a) An experimenter's normal level of work on the
analysis of his own measurements.

(b) Derivation of multigroup cross-sections, testing
against complex integral data, and related data
"adjustment" work.

The committees and working parties involved in the organisation
of the national neutron nuclear data measurement and evaluation
programme have been briefly described in section 1 above. The
organisational scheme, is approximately as shown in Table 2.4.

(iv) The UK Atomic Energy Authority has played an active role in
promoting co-operation between evaluators. A loose measure of multi-
national co-operation has been achieved between the ENBA member
countries through meetings of the EANDC-EACRP Joint Sub-Committee
on Nuclear Data Evaluation, This has initiated in Europe the series
of Neutron Nuclear Data Evaluation Newsletters which has been very
successfully organised and edited by Ribon at Saclay. The United
Kingdom makes regular contributions to this newsletter.

The Joint Sub-Committee has also been instrumental in promoting
the exchange of evaluated data files between OECD member countries
through the data centres at Saclay and Brookhaven. The current
interest of the Joint Sub-Committee is to explore whether a closer
co-ordination of evaluation efforts can be usefully and effectively
promoted, especially in Europe, perhaps through small specialist
meetings on specific topics. It is too early to say what the out-
cone will be.
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TABLE 1.1

Evaluations needed for the TJK reactor programmer
a brief review of the relevant data files

Material

H

D

He*
Id*
Id?

Be?

B"
C
N
0

K.23

Kg

Si

Cl
Cl37

I

Ca
Ti

^•V^PI^MHBBMWNMPM

par
901

905
220D )

221D )
2140
21 5D

50A

90A
49A

902A
259
33»

(93)*

-

35B

25D

1MD
( >

8U

138D
190A

Comments

Adequate - H in HgO; could be improved

Recently revised - D in DgO.
Believed adequate. ENDP/B file MAT-1038
m^r be micpglnAlTy bfrtrfre** •for natural H*
and is being converted to BKHDL format.
An old file; revision in progress.
An old file; probably adequate for
the present.
Seasonably satisfactory, but virtually
no requirement.
Anew file.
Probably adequate, but could be improved.
A new file.
Probably adequate, but could be improved.
Believed adequate - mainly BWDF/B MAT-1013;
LASL revision above 6 MeV to be incorpor-
ated in due course.
ENBP/B file MAT-1059 converted to UKNDL
format and is probably adequate for the
present.
Not required and no complete file avail-
able.
Probably adequate - revision desirable,
especially <ry in the resonance range.
Very old file - ov, needs improvement in
the resonance range.
Very old file.
Preliminary new file - improvements needed
for p-wave neutron capture.
Probably adequate for the present - mainly
GA file MAT-5005.
Very old file.
May be adequate - mainly QNC evaluation.
The new ENDF/B file should be better but
further revision in the resonance range may
be needed, especially <ry.

*tfaeable, but some format oorreotions still in progress.
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Material

V

Cr

^
Fe

Co59

Ni

Cu
Ga

Zr

Nb

Mo

Cd
Cd113

Ta18l

W

Pb

DFN

(952)

45D

(88)*

(906)

235A

(907)

73
105A

82A

79A

81 A

70 )
71A )

4B

328A
21 3A
222D

26B

Comments

ENDF/B file MAT-1017 being converted to
UKNDI format and may be adequate - but
see comments for Ti.
Elderly file of French origin available;
revision is needed, especially of ay in
resonance range.

ENDF/B file MAT-1019 converted to UKNDL
format and believed adequate.

Newly revised in resonance range.
file MAT-1124 is being converted to UKNDL
format and will be used above 330 keV.
Capture cross-section only - an old file;
no requirement however.
Revision nearly complete in resonance
range. ENDF/B file MAT-1123 is being
converted to UKNDI format and will be used
above 240 keV.
Probably adequate.
Very old file; may be adequate but revision
in the resonance range is desirable,
especially er .
Probably adequate; could be further
improved in the resonance region.
Mainly ENDF/B file MAT-1024: probably
adequate but MAT-1112 may be better.
Mainly ENDF/B file MAT-1C25« Revision of
fast neutron cross-section is in progress,
but revision in the resonance range is
needed also - especially cr .

Recent compilations, believed adequate.

Believed adequate - extends to 1 keV
only. DFN-750, giving or only from
0.0001 eV to 10 MeV, needs revision.
Believed adequate.
Probably adequate.
Complete revision of a desirable,
especially in resonance range, as refer-
ence standard; but no reactor requirement.
ENDF/B file MAT-1037 might be a better
basis for such a revision.
Very old file, probably adequate.

*Useable, but some format corrections still in progress.
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Material
Th232

Po?33

0235

0236

U238

Pu239

Pu240

DFN

22A

86
87A
74A

271A

75A

272

216D
269A

402A
403A

(953)

(954)

•M

(955)

nts

Very old file - complete revision desir-
able. For fission cross-section only,
BPW-332 is preferred.

May be adequate.
A fairly new file, adequate for the present.
Covers range 1 keV to 15 MeV only.
Conversion of ENDP/B file MAT-1043 proposed.
Recently revised above 25.5 keV, using
older file DFN-66A at lower energies; un-
bar revised over whole energy range. A
GENEX file spanning the range 0.4 eV to
25 keV is available also; it is more up-
to-date than DFN-66A and is being further
revised.
Covers range 1 keV to 15 MeT only.
Conversion of ERDP/B file MAT-1046 proposed.
Recently revised above 25 keVj using at
lower energies older French file DFN-401A.
A new GENEX file is available also spanning
the range 0.4 eV to 25 keV after a detailed
review, especially of oy.
Fission cross-section file; needs revision
especially in resonance range. The new
2KDP/B file would probably be the best
basis for such a revision.
May be adequate for the present.
Recently revised above 8.5 keV, using older
file DFN-65A at lower energies; nu-bar
revised over whole energy range. The new
French file DFN-404A is also available and
graphical comparisons are in progress. A
new &BHEX file is available also from
0.4 eV to 25 keV.
New French data file; probably adequate.
New French data file; probably adequate.
The BNDF/B file MAT-1055 is being converted
to the UKNDL format and will probably be
adequate.
See comment for Pu242; HAT-1056 being
converted.
Long term requirement;
See comment for Pu242;
converted.

no file available.
MAT-1057 being
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Material

Fission
products

DPN

(956)

701-
778

Comments

Long term requirement.
See comment for Pu?J|2;
converted.

MAT-1058 being

Piles of capture cross-section data are
available and may be adequate, but
revisions are desirable especially in the
resolved resonance range and representative
scattering data are needed for bulk
fission products. New capture cross-
section files have been compiled recently
for Kr83 (DFN-904) and PnW (DFN-903).
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TABLE 2.1

Work in rogress andas i rations for the remainder of 191

Material

He (H)

Li6 (I)

(n)

(n)

Cr

(n)

(I)

(II)

(I)

(I)

Ni (I)

Mo (I)

Reactions

(n,n) (n,p)

All; esp .
(n,n) (n,t)

TSL

All

All

All

All

(n,n) (n,y)

An

All

All

(n,n) (n,

I
Comments

ENDP/B file MAT-1088 to be converted to
UKHDL format: Hammond (AEKW).
Uttley (AERE) has reviewed cross-sections
and elastic angular distributions below
500 keV. Uttley & Sowerby (AERE) are
extending the evaluation to 5 MeV.
Investigation of effect of anisotropy of
graphite crystals on thermal scattering
law; But land (AEEW).
Existing conversion of BNDP/B file
MAT-1059 to UKNDL format (DFN-93) does
not yet satisfy all -isual format conven-
tions. and is to be regenerated: Pope

First steps have been taken in conversion
of ENDP/B file MAT-5002 to UKNDL format -
very low priority; Pope (AEEW).
EHDP/B file MAT-1017 converted to UKNDL
(DFN-952), but many format corrections
needed; Hammond (AEEW).
Conversion of ENDP/B file MAT-1019 to UKNDL
format does not yet satisfy all usua3 format
conventions, and is to be regenerated;
Pope (AEEW).
Evaluation in resonance range has been
started; (Moxon (AERE).
Newly revised in resonance range (DPN-906).
ENDP/B file MAT-1124 converted to UKNDL
format for use above 330 keV, but many
format corrections still needed, and modi-
fication of the representation of inelastic-
to-continuum secondary neutron energy distri-
bution; Hammond & Spanton (AEEW).
Revision nearly complete in resonance range
as DPN-90?: Moxon (AERE) and Pope (AEEW).
ENDP/B file MAT-1123 is beinp converted to
UKNDL format for use above 2M) keV;
Hammond (AEEW). The (n,a) cross-section
is under review by Douglas (AWRE).
Conversion of ENDP/B file MAT-1112 to UKNDL
format may be attempted.
Evaluation in progress in fast neutron energy
range; Douglas (AWRE)
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Material
Th232

U235

U234U236
PU242
Am241
Am243
Cm244

Reactions
All

(n,f)

All )it
n
H
n
n

Comments

Conversion of ENDP/B file MAT-111? to the
UKNDL format may be attempted, with low
priority.
GENEX file to be forced into agreement
with "simultaneous fit" in the range 0.1 eV
to 25 keV; Macdougall (AEEW).

Conversion of ENDF/B files MAT-1
-1046, -1055, -1056, -1057, -1058 to
UKNDL format has been started; Cameron
(AWRE) , Dean & Hammond (ABEW) .

TABLE 2.2
Computer facilities and programmes used for ̂ ygluation work and

handling; evaluated data librarieŝ

A) The following computers are used for those purposes:
At Aldermaston; IBM-360/75; an IBJ-2250 CRT console
is linked to this computer. A Perranti Atlas
computer is also available, and is sometimes used
by evaluators to generate input for a CRT plotter.

At Harwell; IBW-360/75; a Calcomp CRT plotter is
available.

At KDP-9 and ICL-4/70; an IBM-360/30 is also

B)

used for tape copying and mode conversions, and to
provide a link with the Harwell computer.

The UKNDL is the principal nuclear data library in use in the United
Kingdom. The format has been described by Parker in A7JBE 0-70/63, and
the last published summary of the contents is that of Norton ASEW-M 824
(1968); Table 1.1 gives some indication of recent additions.
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The GERBX data library contains tapes of resonance cross-section data in
very great detail (about 120,000 energy points) over the range 0.4 eVto 25 keV for a few fissile and fertile materials U235, U238, Pu239,
Pu240 and Pu241. The data are represented in a binary format; see for
example Brissenden & Durst on AEEW-R 622 (1968).

C.1) Following are brief details of the principal computer programmes used for
manipulation of evaluated data.

Purpose
Heads cards to tape with
elementary sequential check.
Checks format and arithmetical
consistency of data files.

For amending and modifying
data files in various
ways.

For merging files from various
tapes to form a data library.
Computes resonances integrals
and fission-spectrum averaged
cross-sections from a data file.
Prepares tapes for graphical
representation of Data using a
CRT plotter.
For adjusting UKHDL data files
from calculated adjustments to
group cross-sections./^
Principal users' programme for
computing multigroup cross-
sections from UKNDL.

* Egtran-2 is a dialect of Fortran-2 developed for the KDF-9 computers.

Conversion of these programmes to 'ortran-4 is in progress.

^ It should be emphasised that adjustments of this kind have not been made
to any of the basic data files in the UKNDL.

Programme

LCHBCK

CHECK-1
CHBCK-2
MEND

JACKDAW
GRAFT-3

EDIT

MINIGAL

GROD

PANDIT

GALAXY

Language

Bgtran-2*

Fortran-4
Fortran-2
Egtran-2

«
N

Egtran-2

Egtran-2

Fortran-4

Fortran-4*

Egtran-2

Fortran— 4

Computer

KDF-9

IBM-360/75
KDF-9
KDF-9n

n

KDF-9

KDF-9

IBM-360/75

IBM-360/75

KDF-.9

IBM-360/75
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2) Following are brief details of some of the principal computer programmes
used for analysis and calculation of neutron cross-sections:

Proiqramme

LEAP
SLAB

TOR
PIXS2

SOLON
rtlJBN

HEXCOH

SIG-AR

REMO

TEMPO

MLCSC

....

SJGAV

C/fF

CRY

HPW

SCORE

Language

Fortran -4
n
ir

Efrfcran-2
Fortran-4
Portran-4

n

Egtran-2

Egtran-2

Bgtran-2

Egtran-2

Fortran-4

Fortran -4

Eprtran-2

E(H;ran-?

S-2*

S-2*

Fortran -4

Computer Purpose

ICI.-4/70n

«»

KDF-9
ICJ.-4/70
ICL-4/70

n

KDF-9

KDP-9

KDF-9

KDF-9

IBH-360/73

IBM-360/75

KDP-9

KDF-5'

TRK-7030

IBM-7030

IBM-360/75

) Calculate thermal scattering
) law from phonon frequency func-
) tion, in incoherent model.

\ Calculate thermal inelastic
( cross -sect ions from scattering
< law.

Calculates coherent elastic
scattering of m on atomic hexagonal
crystals .
Calculates otj.^ an, o in multi-
level Breit-Wigner formalism, for
1 = 0 to 5. Doppler broadened
output in UKNDL format.
Calculates oj, 0n, CL,, o™ by
Reich-Moore method, for 1 = 0
only. Provides input to TEMPO.
Doppler broadening of arbitrary
cross-sections with output in
UKKDL format.
Multi-Level Cross-section
Calculation in H -matrix forma-
lism for 1 2 0 to 3, with
Doppler broadening. Gives o«j.,
°h> °v» ̂ u* no* ̂  UKNDL format.
Similar to MLCSC, includes op,
for 1 -3 0 only.
Calculates averaged o>p, an. oy
from resonance statistical para-
meters, for 1 -. 0 to 4* at
present only for spin 0 target
nuclides.

Calculates Coulomb penetration
and shift factor, for 1 = 0 to 5.
Optical model* includes a fast
search routine for parameter
fitting.
Hauser-Feshbach calculations,
with option for Moldauer
correction.
Uses IBM-2250 CRT console for
eonputer-interactive-Kraphic
display of N.-JUDADA and ENDF/B data
files with output in UKNDL format.

S-2 is a dialect of Portran-2 developed for the old IBM-7030 computer.
The programmes OPvV and HF.7 have probably ber>n converted to Fortran-4
for the IB'7-360/75.

80



C.3) A programme for conversion of ENDP/B files to UKNDL format has recently
been developed by Gamer on (ATSKE), in Fortran-4 for the IBM-360/75 computers;
it is now being tested in use.

The programme SCATTER written in Egtran-2 for the KDP-9 computer, generates
normalised tabular angular distributions in the centre-of-mass frame,
from Legendre polynomial series representations in either frame.
Output is in UKNDL format.

Various programmes have been written ad hoc, from time-to-tirae, for piece-
meal conversions from SPEWS, KEDAK, END?/B, and other formats into the
UKNDL format.

TABLE 2.3

laboratories involved in neutron nuclear data evaluation, and
the graduate manpower involved

Laboratory

ABE, Winfrith

ABIE, Harwell

ARRIS, Aldermaston

graduate manpower for
evaluation

About 30 man months in 1971
Perhaps 40 man months in 1972

About 30 man months in 1971
Perhaps 20 man months in 1972

About 36 man months in 1971
Perhaps 7 man months in 1972
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APPLICATION OP EVALUATED NUCLEAR DATA FILES AVAILABLE AT IAEA
FOR REACTOR CALCULATIONS

Peter Vertes
Central Research Institute for Physics, Budapest, Hungary

Abstract
A program system lias been developed for handling of evaluated
data file* KEDAK and UKAEA and for calculation of aultigroop
constants from them* Method of production or reactor group
constant libraries Is dieeussed and aoae test calculations
are presented.

1. Introduction
The recent development of reactor calculations in our

country [l] has required a reliable set of group constants. In
the published literature there can be found some sets of
microgroup constants, as e.g. [2] , [3], etc. These constants
have been produced from evaluated nuclear data which originally
resulted from nuclear theory and experiments. The group constants
sets have been published over a relatively long period of time
and they are not flexible enough as far as the calculation methods
and special cioumstances are concerned, e.g. diffusion, transport
and Monte Carlo calculation, heterogeneous systems, shielding
calculations, etc.

Recently, evaluated data of some isotopes which are
important in reactor physics have become available at IAEA on
magnetic tape file. It is hoped that in the future the accuracy
of the nuclear data and the assortment of material -available at
IAEA will grow, thereby satisfying requirements concerned with
the group constants in reactor physics calculations.
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In order to make use of the IAEA nuclear data service
a system of programs has been developed for the ICL-1905 com-
putdr to produce multigroup constants for reactor and shielding
calculations. The main programs o this system are: PRODGROUP,
ZUBRA-I, ZEBRA-2. Besides those programs, there are smaller
programs for data tape testing, library editing, and so on.
2* yj?o j-yffl̂ ffly,.î ĝggg

PRODGROUP program [4] is composed of three stages
connected to each other by magnetic tape interface. The most
important is the first stage producing the DF1 interface magnetic
tape file. DPI contains fifteen data types for each element in
strict order and format. An effort has been made to render DF1
independent of the source of evaluated clata, i.e. the form of
.;,"?. data sets of any element on DF1 should not on whether KJ3DAK
or UKAEA data have been used. This and the strict order of data
types render the DF1 a very convenient starting point for any
further calculatj on.

The second stage of PRODGROUP produces DF2, which can
be considered as a library tape for multigroup macro-constant
calculations. The cross-sections are stored on DF2 so that the
energy argument corresponds to an ultrafine-mash energy-group
system. This system is independent of elements.

The third stage of PRODGROUP produces shielded multigroup
macroconstants for mixtures of elements by making use of DF2.

The second and third stage of PRODGROUP are mathe-
matically tested, however they have not yet been used for
practical purposes because a calculation with satisfactory accuracyivsacivrequires too much computing time on our computing facility.

3. ZEBRA-1 program

ZEBRA-I Jj>3 produces a MUFT-typo forty-group constant
library from DF1. This library can be directly used by the program
GRACE \f] , which is a multigroup fast neutron spectrum code. GRACE
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calculates few-group macroconstants for 2~D diffusion calculations
by the code SXS1PHUS [7J

The constants produced by 2EBRft.-I are used above the
thermal region, except in the resonance region of heayy elements.
The resonance integxals for heavy elements in a cylindrical cell
and in ho«K>geneous mixtures can cither be calculated by the
programs RIFFRAFF and RA.Q4 [s] ., respectively, or by the so-
called BIGG-type resonance treatment, which is a semiempirical
method. RIFFRAFF and RAO4 iv-alie use of the resonance parameters of
heavy elements /U235, U238, Pu239/ given in the KEDAK data.

In order to test our library, we have recalculated the
results of NORA critical experiments [9] /see Table/H,

4. ZEBRA-2 program

The program ZEBRA- 2 produces multigroup constant sets
/up to 26 groups/ for the program I4USHPALB [iqj, which calculates
the spectrum of neutrons transmitted through multilayer shielding.
ZEBRA-2 also starts out from DPI the finel product of its job be-
ing a library tape whose format is the same as that originally
produced from ABBN data 0.1J [12].

ZEBRA-2 mainly based on ZEBRA-I. The difference is
in the calculation of the clastic transfer matrix, which has been
taken over from PRODGROUP

Testing of ZEBRA-2 is in progress. A preliminary result
is shown on the figure. The experimental curves are taken from [is].

5. Evaluated nuclear data and integral nuclear data requirements

Most users of nuclear data in the field of reactor
physics require integral quantities derived from cross-section

"Recently an error has been detected in GRACE. This is why our re-
sults differ slightly from those reported in fel
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curves rather than the ccoys-section curves themselves. By the
term "integral quantities" we mean here:

a/ Multigroup constants for general reactor calculation
b/ Removal cross-sections and other constants for

shielding calculation.
c/ Spectrum-integrated activation cross-sections for

experimental reactor physics and isotopic production
d/ Spectrum-integrated activation cross-sections for

activation analysis.

These integral nuclear data can, of course, be obtained
f'uom evaluated nuclear data by means of standard computing tech-
niques. Hov/evcr the transporting of the enormous quantity of
nuclear data is often inconvenient and their handling requires a
special program system which is not available everywhere. This is
why il would bo desirable that the nuclear data centers, and above
all the Nuclear Data Section of IAEA, could undertake the job of
producing at least a part of the integral data requested by the
\."crs. The staff of our laboratory - within the limit of our possi-
bulities - is ready to ewtsLst the Nuclear Data Section in -ttwra' work,

REFERENCES

1. Z.Szatmary, J.Valko, P.Vcrtes, Conference on Research Reactors,
Warsaw, 1968.

2. Group Constants for Nuclear Reactor Calculations, edited by
I.I.Bondarenko.I.I.Dondarenko. Consultant Bureau, New York, 1964

3. ANL-5800
4. P.V rtes, Report KFKI-71-4 /1971/
5. P.Vertes
6. Z.Szatmary, J.Valk6, GRACE - a multigroup fast neutron

spectrum code KFKI-7O-14 RPT /197O/
7. Z.Szatmary, J.Vigassy, SISYPHUS - a code for the solution

of few-group diffusion equations in two dimensions
86



8. Z.Szatmary, A.Bagyinszki, Calculation of resonance integrals
- Cod RIFFRAFF and RAO4, KFKI-12 RPT /1970/

9. Reactor Physics Studies of n^ofD2O - Moderated UO^ Cores: a
NORA Project Report, IAEA, Vienna, 1966.

10. P.Vertes, Report KFKI-70-37 RPT /197O/
11. L.P.Abagyan et. al. Group Constants for Reactor Calculation,

Atoinizdat, Moscow, 1964
12. P.Vertes, Report KFKI-14/196,8
13. A.P.Veselkin et. al. Atomnaya Energiya, 26. 523. /1969/

87



Comparison with NORA, experiments
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REVIEW OF NUCLEAR DATA WORK FOR REACTORS IN INDIA

B.P.Rastogi & B.O.Huria
Bhabha Atomic Research Centre

Bombay, India

A B S T R A C T

This paper reviews the nuclear data work done in India in

connection with the Indian Nuclear Power Programme. The work done

on data evaluation and preparation of multigroup cross section

libraries has been discussed. Some of the difficulties experienced

in the adaptation of evaluated nuclear data libraries are also

discussed. A specific surpeqtion has also been made to the Agency's

NIB to obtain and make available a few multigroup cross section sets*

The Indian Nuclear Power Programme is based mainly on heavy water
moderated reactors in the first stape and fnst breeder reactors in the
second stage. Of the first category, two units of 200 fcfV(e) each are in
the final stages of construction while two other stations of same capacity
are in the initial stages. A 500 MV/(e) system in the same category is in
the planning stages. Towards the development of fast reactors, it is
proposed to build a 40 l"<Y(ih) Fast Breeder Test Reactor and a Fast Pulsed
Reactor and its associated critical facility the latter one intended mainly
for Physios experiments* The Reactor Engineering Division of Bhabha
Atomic Research Centre has been entrusted with the responsibility of detailed
physics design of -Hie afore mentioned reactor concepts and -this naturally led

l
to the evaluation of nuclear data for the materials of interest in our
programme. The following paragraphs present the work don<» in this direction*
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KVAIUATION OP CROSS SECTIONS

Because of the limited experimental f.~cilities, there has been no

contribution to -fee evaluation of energy point cross-sections from experiments,

However, we undertook theoretical^evaluation of point cross-sections for

certain materials in the energy ranpe 0.1 KeV to 10 KeV. The materials

evaluated were Cr, Pe, Hi-58, Hi-60, Mo, Cd, Pb, Th, U-2J5* U-2J8 and Pu-259

for"total, elastic and inelastic scattering cross-sections. These cross-

sections were not stored as evaluated data libraries but were immediately

used to generate group cross-sections for multigroup schemes for neutronio

analysis of fast reactors*

To supplement our work we have acquired EBDF/B from U.S.A, and KEC&K

and U.K.Nuclear Data Libraries through the courtesy of IAEA* However,

adaptation of these libraries and their associated data processing codes has

encountered some difficulties 'because of the limited computer memory at our

disposal (j? K of CDC-3600). We would very much appreciate sharing the

experiences of other member countries in this direction. Moreover, exchange

of these and other evaluated date libraries involves some technlal difficul-

ties also mainly In that only seven track tapes can be read by CEC-3600.

EVALUATION CF GROUT CROSS SECTIONS

Consequent on the difficulties met with in the adaptation of evaluated

data libraries, we are concentrating more on the preparation of multigroup

cross-section libraries and modification of the existing ones. To this end

following work has been donei

a. A 26-group cross-section set with the weighting spectrum of a

typical large fast power reactor has been generated with parti-

cular emphasis on resonance region. The latest evaluation of

CTc for U-238 and of for Pu-2J9 have been recently incorporated

to update the cross-sections for these materials*
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b. The 26-group Russian set has been extensively modified in view

of the recent data generated by experimentalists and evaluators.
In particular, the group fission cross-sections of Th-232,

U-233t U-234t U-235» u-2#» Np-257, U-2J8, Pu~239» Pu-240,

Pa-241 and Pu-242 and capture cross-sections for Mo, TT-238

and Pu-239 have been regenerated.

o* Por the physios calculation of Fast Breeder Test Reactor

the 25-group Cadarache Version II library is used* Thorium

self-shielding factors in this library have been modified

based on the latest resonance parameters*

d. For thermal reactor calculations, a 26-group library in the

fast and resonance energy ranges is beinf developed. Group

resonance integrals as functions of background cross-section

and temperature for IT-238 have been generated with resonance

parameters from Sehmidt and Bjri-325. It is planned to supple-

ment this with Th-232, 11-233, U-?35 and Pu-239. Also available

at present are the group cross-sections for H-1, D-2, 0-16,

Al-27 and Zr based on MOFT cross-sections. It is also intended

to cross-check the resonance croup cross-sections using para-

meters from ENDP/B, XEDAK and UK Nuclear Data Libraries,

REWIREHEMTS

The recently measured and evaluated cross-section data for light elements

(Ha, Or, Pe, Hi and Cu), and heavy elements (Th-232, U-233, U-234, U-235» U-236,

fl-238, Pa-239, Pa-240, Pu-?41 and Pu-242) along with their recossnended resonance

parameters are required for Uw correct prediction of neutronic characteristics

of fast reactors. As we have initiated preliminary studies on MSBR, updated

data for 11-7 and F-19 are also needed.
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CONCUJSIOH

In view of the problems faced in the adaptation of evaluated nuclear

data libraries arising from the computer at our disposal, preparation of

multigroup cross-section sets assumes a greater importance for the prediction

of physios performance of fast and thermal reactors* To check ifre suitability

and correctness of the cross-section sets generated by us, inter-comparison

of our predictions with those from other available libraries is highly

desirable* V/e would, therefore, like to make a specific request to the Agency

to use their good offices to make available to us the updated multigroup

cross-section sets like TOS, ,GAM, METHUSELAH and SNEAK Modified 26-Group Set*

These would in fact render more help than the evaluated point cross-section

libraries.

REFERENCES

1. Prediction of neutron cross-sections in the enerpy range 1.0 to 10.0 JJeV.
- S.B.Garp °nd B.r.Rastoei

Procoedinfs of IAEA Symp. Fast Reactor Physics * Related Safety
Problems (1968)

2. A 26-group cross-section set for Past Reactor Analysis,
- V.K.Shukla and S.B.Carg
Internal Note (196?) ,

3« Self-shielded cross-sections for 1he main fertile and fissile nuclei*
- R.Shnnkar Singh

AEET-272 (1966)

4. Evaluation of neutron cross-sections on the basis of opticc.1 and
statistical models.
- 8«B,Garg et al.

BAKC-279 (196?)

5. A re-evaluation of some of the group cross-sections of interest for
Fast Reactors.
- S.K»Kapil

BARC/I-96 (1970)

6. Status of Fu-2^9 capture to fission ratio measurements.
- S.K.Kapil and B.P.Rastogi

Procf-edinea of Symp. Nuclear Physios & Solid State Physics,
Kadurai (1970)

94



7* 26-eroup fast and resonance cross-sections for thermal reactor
calculations.
- H.C.Huria and K.R.Srinivasan

Unpublished

8* Temperature dependent raultigroup capture cross-sections of Thorium.
- R.Shankar Singh

Proceedines of Syrap, Nuclear Physics & Solid State Physics,
Bombay (1966)

95



"Heutron; Nuclear Data Evaluation Activities in jJ apart "

by
Sin-iti Igarasi

Japan Atomic Energy Research Institute

Tokai Research Establishment

Abstract

This ia a brief description of the neutron nuclear data
evaluation activities in Japan, as of August 1971* As an example,
the evaluation work on fission product data is briefly introduced
here*

Works on neutron nuclear data in Japan have been perfoimod under coordi.!ii»Uf..
of JNDC (Japanese Nuclear Data Committee). JKDC organizes two working gro;rt̂
in order to find solutions of existing problems on the nuclear data. One of
the two working groups is Reaetor Constants Working-Group, in which the workers
engage in investigating the problems on the reactor constants. The other wor!.ia-'
group is Nuclear Data Working-Group, in which the members collect and review
the nuclear data obtained experimentally. Works on the evaluation of the nucic:.r
data in JN'DC are pcrfojmcd by souc members of the Nuclear Data Korking-Grou^.

Some works on compilation and review of neutron nuclear data have been
completed recently. As mentioned in Neutron Nuclear Data Evaluation Newsletter,
compilations of neutron elastic and inelastic scattering cro«;s-section data
of Na and 0 have been finished in the energy region of )0 kcV to 15 MeV.
Report on compilation and review of the data for U, * U, *Pu and Pu
will be published in thu near future. Numerical data u^ed in these works
have been collected mainly fro;.' NTUDADA file*, by the request to CC!)N> and
the other data have been obtained by surveying published reports.
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Evaluation of the total neutron cross section of carbon up to 2 MeV
ami evaluation of Al(n,a), Fe(n,p), Cu(n,2n), Cu(n,?n) from threshold'
to 20 McV have boon completed, and the reports of these works arc now in the
press,

In JNDC, there arc some prô rarts on the neutron nuclear Data evaluation.
These arc evaluations for 235U, 238U, 239Pu. 241Pu, 233Pa, 239Np and fission
products. As an example of evaluation activity in JNDC, evaluation on
fission product data is briefly introduced here. After surveying decay-chain
of fission products and the life-times, 177 nuclei are selected as the
important nuclei. These consist of 142 nuclei selected by Benzi et al. and
additional 3S nuclei. Experimental data for the 177 nuclei are collected
by the request to CCDN and by surveying published literatures. In this work,
quantities studied mainly arc fission product yields, neutron capture oo:.s-
sections and inelastic scatU<iing cioss-scctions.

In the mass region of the fission products, there arc many nuclei of
which data are not measured yet. Therefore, it is necessary to look for
some possible sys tenuities of the data on mass number and/or on the incident
neutron energy. For fission product yields, calculations are performed by
usin;; copiputcr progran STAF, and Jesuits of the calculations are compared
hith the experimental data to look for the above mentioned systenatics.

Neutron capture cross-sections evaluated by Ben?.! ct al. are adopted
in the present weak. Syi.to:.rtlic$ of the neutron capture cross-sections arc
studied based on Bcn-i's evaluated data and exist5nj; experiment.a 1 data.
Calculations arc also pcrforj'ed by usjnj-, the computer code R\CY, in order
to survey some possible trends of the parai-nMurs involved in the computer
code.

To obtain the inelastic scattering cross-section, many calculations
arc needed, since thcie arc scarcely any expurimental data available in the
mass region of the fission products. The optical potential parameters
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are required in order to estimate the inelastic scattering cross-section.
The systematic trend of the optical potential parameters are searched for
by fitting the total cross-sections of several nuclei. The calculations
are performed by using computer code TOTAL. These works are now in progress
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NUCLEAR DATA ACTIVITIES IN ROMANIA
by

S.Rtpeanu

Abstract

The paper brieflv reviews the measurement, and evaluation activities
in the field of neutron data in Romania with special emphasis being^ given
to the generation of multigroup constants from evaluated data libraries.

i , - .The present demands of nuclear energy in Romania writ"
setting up libraries of nuclear data and group constants for reac-
tor calculations.

Nowadays, the activity in this field is perfoming on within
three groups, under the general supervision of the SCNE (State Com-
mittee for Nuclear Energy) :

a) a group whose task is to set up the nuclear data libra-
ry; this group has carried out a general study on the present status
of evaluated data available in several centers as well as on the
methods of obtaining and storing the nuclear data in our own li-
brary. At the same time, this group is also involved in problems
of evaluation and compilation.

b) a second group is involved in nuclear physics, both
experimentally and theoretically. Further details on its activity
can be found out in Annual Report - INDC (RUM-2/G), compiled by
dr.A.Berinde. From this, worth mentioning is the work "Absolute mea-

239surement of Pu fission cross-section", performed under the re-
search contract RB-422, sponsored by the IAEA. There could be also
mentioned the works of some cross-sections evaluations for S , Ni °
Fe, Cr, As , Ca, Ta in the range 1 KeV-15 MeV as well as certain
computer codes in this field.

This group has at its disposal the following facilities :
- a research reactor WRS
- a few subcritical assemblies
- a cyclotron U-12o
- a betatron of 25 MeV of our own construction
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- a significant contribution will be brought by the accelera-
tor Van der Graaf tandem FN-15

- a lot of auxiliary devices, of which we mention the
multichannel analyser with 4o96 channels.

c) a third group involved in the creation of a group cons-
tants library to meet our specifical demands. This group has been
founded at the end of 1971 and carries on its activity within the
Institute for Nuclear Tehnology (ITN), whereas the first two groups
belong to the Institute for Atomic Physics.

Because of the handling difficulties of a data library the
activity aiming to create sets of group constants will not be able,
in the first stages, to rely on a nuclear data library. In the fur-
ther stages we think necessarily that our own data library should
have codes for the automatization of group constants production as
well as codes for internal check up, by means of self-consistency
controls and comparison with integral experiments.

A sharp question is the possibility to obtain some nuclear
data libraries.and the possibility of an international cooperation.
There arises rather often the question whether a data library may be
a matter of free exchange; in our opinion a data library is a matter
ofnuclear physics, even if its final task is an applied one.

As to the computing codes it often arises the situation
that starting up from the same physical theory, say the same mathe-
matical formulae, the results obtained in several countries with se-
veral codes are dissimilar. The initiative of IAEA to list and compare
the codes is very valuable. However, the nuclear research centers
from different countries could coordinate their plans in order to
avoid parallel work. Surely, one cannot completely avoid the parallel
work but it is worth diminishing it.

Alike the previous cases it appears necessary that IAEA
should stimulate the listing of group constants sets presently
existent and assure their free exchange. To the same effect it appe-
ars necessary to analyze each such a set of group constants by means
of comparison with similar sets and integral experiments. The discre-
pancies between the group constants obtained on the basis of the
same data library should be analyzed and, starting from this analy-
sis, recommendations on how to calculate the group constants should
be made. To this aim the creation of working groups is to be recommer-
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ded. The conclusions of these working groups could be gathered within
a reactor group constants handbook, whose usefulness is obvious.
&C.NA& should like once again to underline the valuable efforts

of S0fr~iAEA, to achieve a broad international cooperation in this
field of activity.
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ÀÂÒÎÌÀÒÈÇÀÖÈß ÏÐÎÖÅÑÑÀ ÏÐÎÂÅÐÊÈ ÈÍÔÎÐÌÀÖÈÈ
ÄËß ÁÈÁËÈÎÒÅÊÈ ÐÅÊÎÌÅÍÄÎÂÀÍÍÛÕ ßÄÅÐÍÛÕ ÄÀÍÍÛÕ,

ÏÐÎÃÐÀÌÌÀ ÏÎÑÎØÎÊ

Â.Å. Êîëåñîâ, À.Ñ. Êðèâöîâ, Í.À. Ñîëîâüåâ
À Í Í Î Ò À Ö Ë ß

Îïèñûâàåòñÿ Ïðîãðàììà Îáíàðóæåíèÿ Ñëó÷àéíûõ ÎØèáÎÊ (ÏÎÑÎØÎÊ ),
ñîñòàâëåííàÿ íà ÿçûêå ÀËÃÎË-60 ïðèìåíèòåëüíî ê âû÷èñëèòåëüíûì ìàøè-
íàì òèïà Ì-220, Ïðîãðàììà ÏÎÑÎØÎÊ ïðåäíàçíà÷åíà äëÿ ïðîâåðêè ïðàâèëü-
íîñòè ïðåäñòàâëåíèÿ è ñàìîñîãëàñîâàííîñòè ÷èñëîâîé èíôîðìàöèè,ñîäåð-
æàùåéñÿ â Áèáëèîòåêå ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ ÔÇÈ.

Â ïðîöåññå ðàáîòû ïðîãðàììà ÏÎÑÎØÎÊ ïðîâåðÿåò:
1) ïðàâèëüíîñòü íóìåðàöèè ïåðôîêàðò â ñåêöèè è ñåêöèé â ôàéëå;
2) ñîîòâåòñòâèå èíôîðìàöèè, âêëþ÷åííîé â íóëåâóþ ñåêöèþ,çàãîëîâ-

êàì è ôàêòè÷åñêîìó ñîäåðæàíèþ ïîñëåäóþùèõ ñåêöèé Ôàéëà;
3) ñîãëàñîâàííîñòü ìåæäó ðàçëè÷íîãî ðîäà çàãîëîâêàìè è ôàêòè÷åñ-

êèì ñîäåðæàíèåì ìàññèâîâ äàííûõ âíóòðè ñåêöèè, êîòîðûì ýòè çàãîëîâêè
ïðåäïîñëàíû;

4) äîïóñòèìîñòü çíà÷åíèé äëÿ òåõ èëè äðóãèõ âåëè÷èí, èñõîäÿ èç
èõ ôèçè÷åñêîé ïðèðîäû èëè ñïîñîáà îïðåäåëåíèÿ;

5) óïîðÿäî÷åííîñòü äàííûõ â ïðåäåëàõ íåêîòîðîãî ìàññèâà;
6) íåïðîòèâîðå÷èâîñòü äðóã äðóãó ðàçëè÷íûõ âåëè÷èí, åñëè îíè

ñâÿçàíû ìåæäó ñîáîé îïðåäåëåííîé çàâèñèìîñòüþ;
7) ïðàâèëüíîñòü íîðìèðîâêè óãëîâûõ ðàñïðåäåëåíèé è ýíåðãåòè÷åñ-

êèõ ñïåêòðîâ âòîðè÷íûõ íåéòðîíîâ;
8) ïëàâíîñòü õîäà íåéòðîííûõ ñå÷åíèé è ñïåöèàëüíûõ âåëè÷èí,çà-

äàííûõ â âèäå äåòàëüíîé ýíåðãåòè÷åñêîé çàâèñèìîñòè (ïðîâåðêà íà "âû-
áðîñû11)»

Âñå îáíàðóæåííûå â ðåçóëüòàòå ýòèõ ïðîâåðîê îøèáêè è íåñîîòâåò-
ñòâèÿ âûäàþòñÿ íà ïå÷àòü â ñòàíäàðòíîì êîäèðîâàííîì âèäå*

Îïèñûâàåìûé çäåñü âàðèàíò ïðîãðàììû èìååò äåëî ñî ñëåäóþùèìè
êëàññàìè ÿäåðíî-ôèçè÷åñêèõ äàííûõ:

à) íåéòðîííûå ñå÷åíèÿ,
î) óãëîâûå ðàñïðåäåëåíèÿ âòîðè÷íûõ ÷àñòèö,
â) ýíåðãåòè÷åñêèå ðàñïðåäåëåíèÿ âòîðè÷íûõ ÷àñòèö,
ã) ñïåöèàëüíûå âåëè÷èíû äëÿ íåéòðîíîâ
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1, Ââåäâÿàå

Äëÿ ðàñ÷åòîâ ÿäåðâûõ ðåàêòîðîâ òðåáóåòñÿ áîëüíîå êîëè÷åñòâî ðàç-
âîîáðàýâûõ äàííûõ» õàðàêòåðÿçóèèõ âçàþþäåâñòââå íåéòðîíîâ ÿ ãàøà-
êâàíòîâ ñ ÿäðàì* òîïëèâíûõ ýëåìåíòîâ, çàèåäëÿòåëåÿ ÿ êîíñòðóêöèîííûõ
èàòåðÿàëîâ. Âîçíèêàåò âàñòîÿòåëøàÿ ïîõðåäÿîñò* âàêàøøìò* • õðàíÿòü
òàêîãî ðîæà æàøþå ñ òåì, ÷òîáû çàìø èñïîëüçîâàòü ÿõ ë ðàñ÷åòàõ. Äëÿ
ýòèõ ïåëà! ñîçäàåòñÿ ñäåöââëüâø ììèïÿèà Îÿáëäîþò ðåæîìâÿäîâàââûõ
êäàðäàä äàïøñ {I ] .

Ò»êàå áÿáëÿîòåÿÿ ñóöâñòâåâÿî ðàñÿèðÿèò âîçÿîÿÿîñï ïîäãîòîâêà âñ-
õîäàîé ÿâôîðìàîõÿ äëÿ ðåàêòîðÿî Äøþ÷àöèÿé ðàñ÷åòîâ. Îì ïîçâîëÿþò â
çâà÷ëòåëüèî* ñòåïåíÿ àâòîìàòíçÿðîâà» îðîöàîñ âåðåðàáîòï ðâÿîìåÿäîâàâ~
íèõ ÿäåðâìõ äàâÿêõ â ãðóïïîâèå êîàîòàâòæ â äðòþòÿîÿûþÿ àâåðãåõïåîêÿì
ðàýâÿåâÿâì ÿ, òàÿò îáðàçîì, äàåò þâøÿÿîå» ÿââîåðâäîñâàÿÿî ñâÿçàòü
çòîò êðîÿâåå î ïðîöâîñîí ðàñ÷åòå ÿäàðÿìñ ðàìõîðø • ðààÿâïñ øòîäâ

Íåéòðîííûå ñå÷åíèÿ è äðóãèå ÿäåðíî-ôèçè÷åñêàå äàííûå, ðîêîìñíëîâà«~
ÿûå äëÿ ðàñ÷åòîâ ÿäåðíûõ ðåàêòîðîâ» õðàíÿòñÿ èç ëåðôîêàðòâõ ÿ «àãíèõíûõ
õåâõýõ â ñòàíäàðòíîì ïðåäñòàâëåíèè» óäîáíî» äëÿ îáðàáîòêà ýòèõ äàííûõ
âà ÇÂÌ. Îïèñàíèå îáùåé ñòðóêòóðû è ôîðìàòîâ áèáëèîòåêè ÿäåðíûõ äàííûõ,
ïðèíÿòûõ â Ôèçèêî-ýâåðãåòè÷åñêîê èíñòèòóòå, ñîäåðçèòñÿ â ðàáîòå [^] .

Ñ áèáëèîòåêîé ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ ñâÿçàâ öåëûé êîìïëåêñ
ïðîãðàìì ðàçëè÷íîãî íàçíà÷åíèÿ. Ñþäà îòíîñÿòñÿ:

-'ïðîãðàììû, èñïîëüçóþùèåñÿ äëÿ ñîçäàíèÿ ñàìîé áèáëèîòåêè ðåêîìåí-
äîâàííûõ ÿäåðíûõ äàííûõ ÿ ïîääåðæàíèÿ åå â ðàáî÷üè ñîñòîÿíèè, ÿ

- ïàçíîãî ðîäà îáðàáàòûâàþùèå ïðî.ãðçøø, êîòîðûå ïðè ñçîåé ðàáîòà
èñïîëüçóþò äàííûå, õðàíÿùèåñÿ â áèáëèîòåêå ÿäåðíûõ äàííûõ.

Â äàííîé ðàáîòå îïèñûâàåòñÿ Ïðîãðàììà Îáíàðóæåíèÿ Ñëó÷àéíûõ ØèáÑÆ
(ÏÕØÎÊ), ñîñòàâëåííàÿ âà ÿçûêå ÀËÃÎË-60 ïðèìåíèòåëüíî ê âû÷èñëèòåëü-
âûè ìàþèíàö òèïà Ö-220. Ïðîãðàììà ÏÎÑÎØÎÊ ïðåäíàçíà÷åíà äëÿ ïðîâåðêè
ïãàâêëüíîñòè ïðåäñòàâëåíèÿ ÿ ñàìîñîãëàñîâàííîå™ ÷èñëîâîé èíôîðìàöèè,
ñîäåðæàùåéñÿ â Áèáëèîòåêå ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ ÔÝÈ,

Àâòîðû ñ÷èòàþò ñâîèì äîëãîì âûðàçèòü èñêðåííþþ ïðèçíàòåëüíîñòü
Â.Ã.Çîãîòóõèíó ÿ 1Ë,Í. Íèêîëàåâó çà íåèçìåííûé èíòåðåñ â âíèêàíèå ê íàñòî-
ÿùåé ðàáîòå íý âñåõ ñòàäèÿõ åå âûïîëíåíèÿ.

2. Îáùàÿ õàðàêòåðèñòèêà ïðîãðàììû : .ÏÎÑÎØÎÊ

Ïåðåä òåì .êàê âêëþ÷èòü â áèáëèîòåêó íåêîòîðûå íîâûå ÿäåðíî-ôèçè-
÷åñêèå äàííûå ÿ òåè ñàìèì ââåñòè èõ â ïîñòîÿííîå óïîòðåáëåíèå, ñëåäóåò

Àï à^Íâï ^ãàïâÕà-Ûîï îÃ -ÜÛç ðàðåã 1â àóàÍàÛå, èðîï

Ããîãà ±Úå ÒÀÐÀ Êèñ1åàã ÂÛà Çåï-Ûîï, àð Äîñèòåï-Ü Ø1Þ(ÑÑÐ)-2^/Â
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óáåäèòüñÿ â ïðàâèëüíîñòè èõ ïðåäñòàâëåíèÿ ãà ïåðâè÷íûõ íîñèòåëÿõ, êàêî -
âûþ îáû÷íî ÿâëÿþòñÿ ïåðôîêàðòû. Ïðè áîëüøîé îáúåìå äàííûõ, êîãäà â
îáðàùåíèå âêëþ÷àåòñÿ çíà÷èòåëüíîå êîëè÷åñòâî ïåðôîêàðò, íåëüçÿ èãíîðèðî-
âàòü âåðîÿòíîñòü ïîÿâëåíèÿ ñëó÷àéíûõ îøèáîê, ñâÿçàííûõ ñ ðàçíîãî ðîäà
ïåðåïèñêàìè, ààáÿâêîé è ò.ä. Â òàêèõ ñëó÷àÿõ ïðîâåðêà ïðàâèëüíîñòè ïðåä-
ñòàâëåíèÿ äàííûõ âà ïåðôîêàðòàõ ïðèîáðåòàåò îñîáó» àêòóàëüíîñòü.

Ïàäåæâàÿ ïðîâåðêà ïðàâèëüíîñòè íàáèâîê èîãåò áûòü îáåñïå÷åíà ïóòåé
âåïîñðåäñòçþçâîãî ñðàâíåíèÿ ñîäåðæàíèÿ âçáèòûõ êàðõ ñ äèñòàøö ïî êîòî-
ðûè ïðîèçâîäèëàñü âàáèâêà äàííûõ íà ïåðôîêàðòû» Íî ïðè áîëüøîì îáçåàâ
èíôîðìàöèè ïðàêòè÷åñêàÿ ðåàëèçàöèÿ òàêîé ïðîâåðêè ïðåäñòàâëÿåò ñîáîé
«ðóäçó» çàäà÷ó, ïîñêîëüêó âèçóàëüíàÿ ïðîâåðêà ïåðôîêàðò èëè ïîëó÷åííûõ
ñ ß2Õ ïå÷àòíûõ òàáëèö ÿâëÿñ^òñÿ ÷ðåçâû÷àéíî òðóäîåìêîé è óòîàèòåëüâîé
ïðîöåäóðîé. Ïðîâåðêó äàííûõ îäíàêî èîçøî ïðîèçâîäèòü ñ ïîèîùüâ Ýéâ.,èñ-
ïîëüçóÿ äíÿ ýòèõ öåëåé ñïåöèàëüíûå ïðîãðàøø.

Ïðîãðàììà ÏÎÑÎØÎÊ ïðåäñòàâëÿåò èç ñåáÿ òàêîãî ðîäà ïðîãðàììó, ïðåä-
íàçíà÷åííóþ äëÿ ïðîâåðêè áèáëèîòå÷íûõ äàííûõ. Îíà ïîçâîëÿåò â çíà÷èòåëü-
íîé ñòåïåíè àâòîìàòèçèðîâàòü è òåõ ñàìûì ñóùåñòâåííî îáëåã÷èòü ïðîöåññ
ïðîâåðêå ïðåäñòàâëåíèÿ ««ôîðìàöèè íà ïåðôîêàðòàõ èëè ìàãíèåâîé äåâ».
Àíàëèçèðóÿ äàííûå, ïðåäñòàâëåííûå â áèáëèîòå÷íîì ôîðìàòå, ïðîãðàììà ïðî-
èçâîäèò íàä íèìè áîëüøîå ÷èñëî ðàçíîãî ðîäà ëîãè÷åñêèõ è àðèôìåòè÷åñêèõ
ïðîâåðîê. Âñå îáíàðóæåííûå â ðåçóëüòàòå ýòèõ äåéñòâèé îøèáêè • '«ñîîòâåò-
ñòâèÿ âûäàþòñÿ íå ïå÷àòü â ñòàíäàðòíî» êîäèðîâàííîì âèäå.

ìàøèííàÿ ïðîâåðêà äàííûõ çàñëóæèâàåò âíèìàíèÿ íåñìîòðÿ âà òî, ÷òî
òðåáóåò âêëþ÷åíèÿ â áèáëèîòåêó â íåêîòîðîì ñìûñëå èçëèøíåé èëè ïîâòîðÿþ-
ùåéñÿ èíôîðìàöèè. Òàêàÿ ïðîâåðêà îêàçûâàåòñÿ ïîëåçíîé â, êàê ïðàâèëî,
ýôôåêòèâíîé*

Ïðîãðàììà ïðîâåðêè ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ â ïðîöåññå ðàáîòû
èìååò äåëî ñ îãðîìíûìè ìàññèâàìè äàííûõ, äîñòèòàýäÿìì â íåñòîÿùåå âðåìÿ
îáúåìà 40-50 òûñÿ÷ ÷èñåë äëÿ îäíîãî ÿäðå îïðåäåëåííîãî ñîðõà. Ê òîìó æå
ñàìà ïðîãðàììà, ââèäó ëîãè÷åñêîé ñëîæíîñòè è çíà÷èòåëüíîãî ÷èñëà ïðîâî-
äèìûõ ïðîâåðîê, èìååò îîëüøîé îáúåì è çàíèìàåò â ïàìÿòè êàøøí ìíîãî
ìåñòà. Âñå ýòî íàêëàäûâàåò îïðåäåëåííûå òðåáîâàíèÿ âà ïðîãðàììó è âû÷èñëè-
òåëüíóþ ìàøèíó, âà êîòîðîé äàííàÿ ïðîãðàììà ðàáîòàåò* Ðåâàâäóâ ðîëü ïðè
ýòîì íà÷èíàåò èãðàòü îáúåì îïåðàòèâíîé ìàøèííîé ïàìÿòè, à òàææå ðàçâè-
òîñòü ñèñòåìû âíåøíèõ çàïîìèíàþùèõ óñòðîéñòâ (êàãèÿìøå áåðå&øê, äèñêè,
ìàãíèòíûå ëåíòû è äð.)

Îïòèìàëüíàÿ îðãàíèçàöèé ïðîöåññà ïðîâåðêè áèáëèîòå÷íîé èíôîðìàöèè
òðåáóåò äëÿ ñâîåé ðåàëèçàöèè ÝÂÌ ñ áîëüøîé îïåðàòèâíîé ïàìÿòüþ äëÿ òîãî,
÷òîáû â òå÷åíèå âñåãî ïåðèîäà ðàáîòû ïðîãðàììû ïîñòîÿííî õðàíèòü à ÌÎÇÓ
ÊÐÊ ñàìó ïðîãðàììó, òàê è íåîáõîäèìûé îáúåì ïðîâåðÿåìîé èíôîðìàöèè.
Òàêèì ñïîñîáîì îñóùåñòâëÿåòñÿ ïðîâåðêà â âàðèàíòå ïðîãðàììû ÑÍÅÑÊ [
äëÿ ìàøèíû 1Âì 7030. Äëÿ õðàíåíèÿ îáðàáàòûâàåìîé èíôîðìàöèè çäåñü ðåçåð-
âèðóåòñÿ 70 òûñÿ÷ ÿ÷ååê ïàìÿã» â ÞÇ?.

Îäíàêî â òåõ ñëó÷àÿõ, êîãäà îïåðàòèâíàÿ ïàìÿòü ìàøèíû íå ñòîë» âå-
ëèêà, îðãàíèçàöèÿ ïðîöåññà ïðîâåðêè äàííûõ â áèáëèîòåêå ïðåäñòàâëÿåò èç-
âåñòíûå òðóäíîñòè. Çäåñü ïðèõîäèòñÿ èñïîëüçîâàòü ïðè ðàáîòå ìàãíèòíûå
áàðàáàíû, ëåíòû èëè äðóãèå íîñèòåëè è ïðèìåíÿòü èõ äëÿ õðàíåíèÿ êàê
ïðîâåðÿåìîé èíôîðìàöèè, òåê ÿ ñàìèõ ïðîãðàìì ïðîâåðêè. Âîå ýòî, åñòåñò-
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âåÿíî, óñëîæíÿåò ðàáîò? " çàñòàâëÿåò ñóùåñòâåííû* îáðàçîì ó÷âòûââòü ïðì
ñîçäàåì* ïðîãðàììå âîýìîìâîñòì â ðåñóðñû «ñåêðåòíûõ ìâàû.

Îïèñûâàåìûé çäåñü âàðèàíò ïðîãðàììû àðîâåðêâ íàïèñàâ âà ÿàûêå
ÀËÃ01-60 ê ñòðàíñëèðîâàí äëÿ ìàø<ø ì-220 òðàíñëÿòîðîì ÒÀ-2 |×] , «ìå-
ðÿé ýêñïëóàòèðóåòñÿ â ÔÇÈ í èñïîëüçóåò âðÿ ñâîåé ðàáîò ñîîòâåòñìóøàå
ìàòåìàòè÷åñêîå îáåñïå÷åíèå, îò÷åñòâ òàê» ñîçäàííîå â Ô9É« Âñå ïî,
êîíå÷íî, âàëîíÿëî îïðåäåëåííûé îòïå÷àòîê íà ïðîãðàììó ÿ ÿâ òå àõãîðÿïø
ïðîâåðÿâ, êîòîðûå ëåãëÿ â åå îìîâ?*

8 ïðîãðàììå ïðèíÿò òàêîâ àëãîðèòì ïðîâåðêè, îðè êîòîðîì â îïåðîòÿâ-
âîÉ ïàìÿòè ìàøèíû â êààäàé äàííûå ìîìåíò âàõîçäòñÿ ñðàçõÿòåëüíî ÿçáîëü-
øîé ñãýíäýðòíîðî ðàçäîðà ïàññèâ ïðîâåðÿåìûõ äàííûõ. Êàðòû â ûàññê?å ïðî-
âåðÿþòñÿ ïîñëåäîâàòñëüâî îäíî àç äðóãîé. Ýòî äàåò âîçìîæíîñòü áåò» ñïåöè-
àëüíîãî ïðåäâàðèòåëüíîãî ðàñïðåäñëåâåÿ îïâðâã/âÿîé ïçêÿòâ ïðîèçâîäèòü
ïðîâåðêó ûîññèàîâ, âóåùâõ ïåðåìåííóþ äëêÿó, äàæå â òåæ ñëó÷àÿõ, êîãäà
îíè íå ïñêåöýþòñÿ â ÊÎÇÓ äåëèêîê.

Â ïðîöåññå ðàáîòû ïðîãðàììà ÏÎÑÑéÑÊ ïðîâåðÿåò:

1) ïðàâèëüíîñòü íóìåðàöèè ïåðôîêàðò ? ñåêöàè ÿ ñåêöèé â ôàéëå;
2) ñîîòâåòñòâèå èíôîðìàöèè, âêëþ÷åííîé â íóëåâóþ ñåêöèþ, çàãîëîâ-

êàì â ôàêòè÷åñêîìó ñîäåðæàíèþ ïîñëåäóþùèõ ñåêöèé ôàéëà;
3) ñîãëàñîâàííîñòü ìåÿäó ðàçëè÷íîãî ðîäà çàãîëîâêàìè è ôàêòè÷åñêèì

ñîäåðæàíèåì ìàññèâîâ äàííûõ âíóòðè ñåêöèè, êîòîðûé ýòè çàãîëîâêè ïðåä-
ïîñëàíû;

4) äîïóñòèìîñòü çíà÷åíèé äëÿ òåõ èëè äðóãèõ âåëè÷èÿ, èñõîäÿ èç èõ
ôèçè÷åñêîé ïðèðîäû èëè ñïîñîáà îïðåäåëåíèÿ;

5) óïîðÿäî÷åííîñòü äàííûõ â ïðåäåëàõ íåêîòîðîãî ìàññèâà;
6) íåïðîòèâîðå÷èâîñòü äðóã äðóãó ðàçëè÷íûõ âåëè÷èí, åñëè îíè ñâÿçà-

íû ìåæäó ñîáîé îïðåäåëåííîé çàâèñèìîñòüþ;
7) ïðàâèëüíîñòü íîðìèðîâêè óãëîâûõ ðàñïðåäåëåíèé è ýíåðãåòè÷åñêèõ

ñïåêòðîâ âòîðè÷íûõ íåéòðîíîâ;
8) ïëàâíîñòü õîäà íåéòðîííûõ ñå÷åíèé è ñïåöèàëüíûõ âåëè÷èè, çàäàí*

âûõ â âèäå äåòàëüíîé ýíåðãåòè÷åñêîé çàâèñèìîñòè (ïðîâåðêà íà "âûáðîñû").

Ïðîãðàììà ÏÎÑÎÏÞÕ îáðàáàòûâàåò èíôîðìàöèþ, ïðåäñòàâëåííóþ â ôîðìà-
òå áèáëèîòåêè ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ, êîòîðûé ïðåäëîæåí â ðàáî-
òå [ã] . Îïèñûâàåìûé çäåñü âàðèàíò ïðîãðàìèü: èìååò äåëî ñî ñëåäóþùèìè
êëàññàìè ÿäñðëî-ôèçè÷åñêèõ äàííûõ:

à) íåéòðîííûå ñå÷åíèÿ (ÍÎÊ à 01)»
á) óãëîâûç ðàñïðåäåëåíèÿ âòîðè÷íûõ ÷àñòèö (ÍÎÊ » 02),
à) ãàåðãåòè÷åñêèå ðàñïðåäåëåíèÿ âòîðè÷íûõ ÷àñòèö (ÍÎÊ â 03),
ã) ñïåöèàëüíûå âåëè÷èíû äëÿ íåéòðîíîâ (ÍÎÊ â 05).

Äõê óêàçàííûõ ÍÎÊ ïðîãðàììà îõâàòûâàåò âñå îñíîâíûå ÍÒÏ, ðåêîìåâäî-
âàíâûå à ðàáîòå[ç] è èñïîëüçóåìûå â íàñòîÿùåå âðåìÿ íà ïðàêòèêå*

Â ïðîãðàììå ïîêà íå ïðåäóñìîòðåíà ïðîâåðêà äàííûõ ïî ýíåðãî-óãëîâûì
ðçñïðçäîëåàèÿí ðàññåÿíèÿ òåïëîâûõ íåéòðîíîâ (ÍÎÊ = 04), ôîðìàò õðàíåíèÿ
êîòîðûõ îïèñàí â [2] . Ýòî ñâÿçàíî ñ òåì îáñòîÿòåëüñòâîì, ÷òî â íýîäø
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ðàñïîðÿæåíèè íå áûëî òàêèõ.äýíêûõ. Äðóãèå çíà÷åíèÿ ÍÎÊ â [2] àå îïðåäå-
ëíâí. Â ÷àñòíîñòè,âå îïðåäåëåíû ÍÎÊ, îòíîñÿùèåñÿ ê äàííûé äî âçàèìîäåé-
ñòâèþ ôîòîíîâ ñ âåùåñòâîì* Ðåêîìåíäîâàííûå ÿäåðíûå äàííûå òàêîãî ðîäà
òàêæå îòñóòñòâóþò.

Ñ ïîÿâëåíèåì íîâûõ ÍÎÊ èëè îòäåëüíûõ íîâûõ ÍÒÎ äëÿ óõå èçâåñòèòå
ÍÎÊ ïðîãðàììà äîëæíà áûòü ðàñøèðåíà. Â ÷àñòíîñòè, âñå áîëüâóþ ðîÿ» æ
áóäóùåé áóäóò èãðàòü âñåâîçìîæíûå ïàðàìåòðè÷åñêèå ïðåäñòàâëåíèÿ äåéòà,
íàïðèìåð, ïðåäñòàâëåíèÿ äàííûõ ñ ïîìîùüþ ðåçîíàíñíûõ ôîðìóë â îáëàñòè
ðàçðåøåííûõ ðåçîâàíñîâ èëè ñ ïîìîùü» ñòàòèñòè÷åñêèõ äàííûõ äëÿ ñëó÷àâ
íåðàçðåøåííûõ ðåçîâàíñîâ*

Ñòðóêòóðà ïðîãðàììû ÏÎÑÎØÎÊ ëåãêî ïîçâîëÿåò ïðîèçâîäèòü òàêîå ðàñ-
øèðåíèå. Êðîìå òîãî,èìååòñÿ âîçìîæíîñòü èñïîëüçîâàòü óæå ãîòîâûå áëîêè
ïðîãðàììû ïðîâåðêè íåéòðîííûõ äàííûõ äëÿ ïðîâåðêè äàííûõ ïî âçàèìîäåé-
ñòâèþ ôîòîíîâ è ôîòîííûì ïðîäóêòàì, åñëè ðàçóìíî ïîäîéòè ê âûáîðó ñîîò-
âåòñòâóþùèõ ôîðìàòîâ ïðåäñòàâëåíèÿ, ïðèíÿâ èõ, íàïðèìåð, ïîäîáíûìè ôîð-
ìàòàì äàííûõ äëÿ íåéòðîííûõ âçàèìîäåéñòâèé»

Êàê â ëþáàÿ ìàøèííàÿ ïðîãðàììå ïðîâåðêè äàííûõ, ïðîãðàììå ÏÎÑÎØÎÊ
èìååò îïðåäåëåííûå ïðåäåëû ïðèìåíèìîñòè. Îíà â ñîñòîÿíèè âûÿâèò» òîëüêî
ðàçíîãî ðîäà íåïîñëåäîâàòåëüíîñòè â äàííûõ è ïðîòèâîðå÷èÿ â ôîðìàòå.
Íåêîòîðûå îøèáêè â ÿäå;çûõ äàííûõ ïîýòîìó àå áóäóò îáíàðóæåíû ïðîãðàììîé
ïðîâåðêè ÿ ìîãóò áûòü çàìå÷åíû òîëüêî ñ ïîìîùüþ âèçóàëüíîé ïðîâåðêè*
Òàê, íàïðèìåð, ïðîãðàììà â ñîñòîÿíèè íàéòè íåâåðíî çàïèñàííîå ñå÷åíèå
â âèäå îòðèöàòåëüíîãî ÷èñëà, îäíàêî îíå íå ñìîæåò óêàçàòü íà îøèáêó à
âåëè÷èíå (^ , åñëè, ñêàæåì, âìåñòî ïðàâèëüíîãî çíà÷åíèÿ 3,607 îøèáî÷-
íî íàáèòî 3.067.

Ïîýòîìó ïîòðåáèòåëè áèáëèîòå÷íûõ äàííûõ âñåãäà äîëæíû ó÷æòêâàõü
âîçìîæíîñòü ïîÿâëåíèÿ îøáîê, êîòîðûå äî ñèõ ïîð îñòàâàëèñü âåýàÿå÷åâ-
âûìè. Íåîæèäàííûå âåëè÷èíû, ïîëó÷åííûå äëÿ ãðóïïîâûõ ñå÷åâèé, êîãóò
ÿâèòüñÿ ñëåäñòâèåì îâàáîê â áèáëèîòå÷íûõ äàííûõ, èñïîëüçîâàíèþ: äàí óñ-
ðåäíåíèÿ ãðóïïîâûõ êîâñòàÿò.

3» Ñòðóê±ö0 ïðîãðàììû.

Ïðîãðàììà ÏÎÑÎØÎÊ â íåñòîÿùåå âð^ìÿ âêëþ÷àåò > ñåáÿ õðà áëîêà,
äàé èç êîòîðûõ ïðåäñòàâëÿåò ñîáîé àâòîíîìíî ðàáîòàîäî ïðîãðàììó*
ðÿþùóþ äîííûå ñ îïðåäåëåâââä ÂÑÅ:

1. Áëîê ÏÍÑ - ïðîâåðêè íåéòðîííûõ ñå÷åèÿé (ÍÎÊ * 01). Ýòîò âçÿâ
ïðîâåðÿåò òàêæå èíôîðìàöèþ äî ñ&àöâàëûøì âåëè÷èíàì äíÿ
íî-â (ÍÎÊ = 05). Êðîìå òîãî, â íà÷àëå áëîêà èìååòñÿ îñîáàÿ âîä-
ïðîãðàììà äëÿ ïðîâåðêè êóëåâîé (çàãîëîâî÷íîé) ñåêöèÿ ôîÿÿà*

2. Áëîê ÏÓÐ - ïðîâåðêè óãëîâûõ ðàñïðåäåëåíèé (ÉÎÊ = 02),
3. Áëîê ÏÝÐ - ïðîâåðêè ýíåðãåòè÷åñêèõ ðîñêðî-äåëâàâé (ÈÑÊ « 03).

Âñå áëîêè ïðîãðàììû ÏÎÑÎØÎÊ çàïèñàíû íà îòäåëüíîé ëðîãðããçäãîÿ êýãêèñíîé
ëåíòå (ÃÎ5Ë). Äîííûå, ïîäëåõàùèå ïðîâåðêå, õðîíÿòñÿ íà îñîáîé -
îâíîé ìàãíèòíîé ëåíòå (ÆË) â ïîñåêòîðíîé çàïèñè.
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Ðàáîòà áëîêîâ ïðîãðàììû ïðîâåðêè â âóæãþõ ïîðÿäêå îçäøñòàëéåòñÿ ñ
ïîøùûî ñïåöèàëüíîé ïðîãðàììû ^óíðýóëåíèÿ ðîáîòîâ áëîêîâ - ÏÓ?Á, êî÷îðçÿ
ñàâäâ çàïèñàíà íà Ï*Ë. Ñ åå ïîìîùüþ ïðîèçâîäèòñÿ ïîèñê òðèáó^«îãî áëîê÷
âç ÏÈË, ïåðåïèñü åãî âà ìàãíèòèêå áàðàáàíÿ è íàñòðîéêà íà ãóäçèïêê ðîæè»
ðàáîò» à òýêÿå îñóùåñòâëÿåòñÿ ïîäâîä î÷åðåäíîãî ñåêòîðà >?.Ë ñ -ãàçíûìè
äëÿ ïðîâåðêè. Ïðîãðàììà ÂÓÐÁ â òå÷åíèå âñåãî âðåìåíè ðàáîòû ;.; ../ðàõèû
ÏÎÑÎØÎÊ ïîñàîã.ííî íàõîäèòñÿ â ØÝÇÓ è íàïèñàëà â êîäàõ Ê9íèç><ñ ü-1.20.

Äëÿ ñ÷èòûâàíèÿ ïðîâåðÿåìûõ ÿäåðíî-ôèçè÷åñêèõ äîââèõ ñ ^ëë â Ø)ÇÓ å
äàâ âûáîðêè çàòðåáîâàííîãî êîäà èñïîëüçóåòñÿ ýäìëíèñòðýòèýëýÿ ñèñòåìà
(ÀÑ) [4] . Ïîñêîëüêó â ïðîãðàøãå ÏÎÑÑí,ÑÊ îáðàáîòêà èíäîðóçöàÿ ÈÄÓÒ ïî-
ñëåäîâàòåëüíî êàðòà çà êàðòîé â ïîðÿäêå ÿõ ñëåäîâàíèÿ, òî ïðèìåíåíèå
ÀÑ îêàçûâàåòñÿ âåñüìà ã^^êòèâíû».

Êàæäûé áëîê ïðîãðàôè ÏÎÑÎØÎÊ, â ñâîÿ î÷åðåäü, ñîñòîèò èç ðÿäà íà-
ïèñàííûõ íà ÿçûêå ÀËÃÎË è îòäåëüíî ñòðçíñÿèðîçýøãàõ ïîäïðîãðàìì, ðåáïòð
êîòîðûõ â íåîáõîäèìîé ïîñëåäîâàòåëüíîñòè îáåñïå÷èâàåòñÿ ñ ïîõîåäüÿ ïðîöå-
äóðû - êîäà „ ÌÅÕÒ . Â îïèñûâàåìîì çäåñü âàðèàíòå ïðîãðàììû
ÏÕÎØÎÊ îñóöåñòâëåíî ñëåäóþùåå ðàçáèåíèå áëîêîâ âà îòäåëûøå ïîäïðîã-
ðàììû:

Áëîê ÏÍÑ

ÏÝÑ - ïðîâåðêà çàãîëîâî÷íîé (íóëåâîé) ñåêöèÿ
ÎÄÑ - îáùàÿ ïðîâåðêà ñåêöèé
ÎÑÈ - ïðîâåðêà ñîãëàñîâàííîñòè ìàññèâîâ
ÏÊ2Ï - ïðîâåðêà ÍÞ

Åäîê ÏÓÐ

ÎÒÎ ~ îáùàÿ ïðîâåðêà ñåêöèé
ÎÑÛ ì .ÑÂÒÎ - ïðîâåðêà ñîãëàñîâàííîñòè ìàññèâîâ ê ÍÒÏ.

Åëîê ÏÇ?
ØÑ - îáùàÿ ïðîâåðêà ñåêöèé
ÑÑÍ - ïðîâåðêà ñîãëàñîâàííîñòè ìàññèâîâ
ØËÈ - ïðîâåðêà ÍÒÏ.
Áëîê-ñõåìû ïðîãðàììû ÏÎÑÎØÎÊ äåâû â ïðèëîæåíèå I* Àëãîëüÿûå õåêîø

âñåõ ïîäïðîãðàìì ïðèâîäèòñÿ â ïðèëîæåíèè Ï. Òàí æå ïðââåäåâà ^êîäîâàÿ
ïðîãðàììà ÏÓÐÂ.

Äåëåíèå ïðîãðàììû ÍÎÑØÎÊ âà áëîêè* à áëîêîâ íà îòäîÿüâûî ïî/ûðîã-
ðàê^û éûýèý1:0 ìàë÷'ì îáúåìîì îïåðàòèâíîé ïàìÿòè òîãî êëàññà ìåíÿí, äíÿ
êîòîðûõ ýòà ïðîãðàììà ïðåäíàçíà÷åíà. Òåì àå ìåíåå îïèñàííàÿ çäåñü ñâäê~
òóðç ïðîãðàììû è ñâÿçàííîå ñ ýòèì òðåõñòóïåí÷àòîå èñïîëüçîâàíèå àâïîìÿ-
íàþùèõ óñòðîéñòâ îáåñïå÷èâàåò áîëåå èëè ìåíåå îïòèìàëüíóþ îáðàáîòêó áîëü-
øèõ ìàññèâîâ èíôîðìàöèè íà ÝÂÌ ñî ñðàâíèòåëüíî íåáîëüøèì îáúåìîì ÊÎÇÓ»
Êðîìå òîãî, è ýòî î÷åíü âàõíî äëÿ áóäóùåãî, òàêàÿ ñòðóêòóðà äàåò âîçìîæ-
íîñòü ïîäñîåäèíÿòü ê ïðîãðàììå íîâûå áëîêè è âêëþ÷àòü îòäåëüíûå íîâûå
ïîäïðîãðàìì* âíóòðü óæå ñóùåñòâóþùèõ áëîêîâ, åñëè â ýòîì âîçíèêíåò, ïîò-
ðåáíîñòü, áåç îñîáîé ïåðåñòðîéêè âñåé ïðîãðàììû.
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Ñëåäóåò òàêæå îòìåòèòü, ÷òî ðåàëèçîâàííàÿ äëÿ öåëåé ïðîâåðêà ñòðóê-
òóðíàÿ ñõåìà ïîçâîëÿåò, íàðÿäó ñ ïðîãðàììîé ÏÎÑÎØÎÊ, ýâñøãàòÿðîââõ» «àé-
âå ÿ íåêîòîðûå äðóãèå ïðîãðàììû èç êîìïëåêñà îáñëóæâçàùèõ áèáëèîòåêó
ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ ïðîãðýøè Â ÷àñòíîñòè, óõå ã âàîõîÿàþ
âðåìÿ â àòó ñèñòåìó âêëþ÷åíà ïðîãðàììà ïåðåâîäà äàííûõ íà ôîðìàòà áÿáëÿ-
îòåââ «ÀÔÜ [5] â ôîðìàò, ïðèíÿòûé â ÔÝÉ.

4. Ðåñóðñû ïàìÿòè êàÿèââ

Ïðåäïîëàãàåòñÿ» ÷òî îëåðàòèââàÿ ïîìÿòü ìàøèíû ñîñòîâò âý îäíîãî
êó*ý åìêîñòüþ 40% ÿ÷ååê â ðàñïðåäåëÿåòñÿ äëÿ ïðîãðàììû ÏÎÑÎØÎÊ ñëåäóþ-
ùèì îáðàçîì (óêàçàíû âîñüìåðè÷íûå àäðåñà ÿ÷ååê ÍÎÇÓ) :

0000-0012 - ðàáî÷åå ÿ÷åéêè.
0013*0143 - ïðîãðàììà ÀÑ.
0144-6553 - ïîäïðîãðàììà* ðàáîòàþùàÿ â ÊÎÇÓ, ðàáî÷åå ïîëå ÀÑ* ïîëà

7ëÿ ïåðåìåííûõ è ìàññèâîâ. Ôàêòè÷åñêîå ðçñàðåäåàþâââ
ýòîãî îáúåìà 1*037 ïðîèçâîäÿòñÿ òðàíñëÿòîðîì»

6554-6777 - ðàáî÷àÿ ïàèÿòü ïðîãðàììû, ðàñïðåäåëÿåìàÿ ïðîãðàâõâî-
òîì ñ ïîìîùüþ êîììåíòàðèåâ. Îïèñàíèå ÿäåâòèôàêîòîðàâ,
èñïîëüçóåìûõ â ïðîãðàììå ïåðîìçííêöäýâòñÿ â ëðòâî-
«åíââ Ï âìåñòå ñ òåêñòàìè ñîîòâåòñòâóþùèõ ïðîòðàâè

7000-7177 - óïðàâëÿùýÿ ïðîãðàììà ÏÓÐÁ.
7200-7777 - èñïîëüçóþòñÿ ïðè ðàáîòå ÉÑ-2

Ïðè ðàáîòå ïðîãðàììû ÏÎÑÎÂÞ1Ñ ìîãóò èñïîëüçîâàòüñÿ âñå ÷åòûðå èìåþ-
ùèõñÿ ââ ìàøèíå ìàãíèòíûõ áàðàáàíà åìêîñòüþ ïî 40?6 ÿ÷ååê êýêäûé3^. Íó-
ëåâîé ÌÁ îòâîäèòñÿ ïîä ÉÑ. Òðè îñòàëüíûõ áàðàáàíà ñëóõàõ äëÿ õðàíåíèÿ
ðàáîòàþùåãî â äàííûé ìîìåíò áëîêà ïðîãðàììû.

Ïîäïðîãðàììû áëîêà ðàñïîëàãàþòñÿ íà÷èíàÿ ñ ïåðâîãî !.'.Á è, åñëè òðå-
áóåòñÿ, ïåðåõîäÿò íà âòîðîå è òðåòèé áàðàáàíü:. Ïðê ýòîì òðåáóåòñÿ, ÷òîáû
áëîê ïðîãðàììû öåëèêîì ïîìåùàëñÿ íà äîïøòíèõ áçðýáàíýõ. ß÷åéêè ñ àäðåñà-
ìè 7640-7777 íà ÈÁ-3 çàèêìýþòñð ïàñïîðòîì ðàáîòàþùåãî áëîêà. Òàêîé ïàñ-
ÿîðü ôîðìèðóåòñÿ âî âðâõÿ çàïèñè áëîêà íà Ê.:Ë è èñïîëüçóåòñÿ äëÿ îðãàíè-
çàöèè ïîî÷åðåäíîãî âûçîâà ñ ÌÁ â ÊÎÇÓ ïîäïðîãðàìì äàííîãî áëîêà ñ ïîìîùüþ
ùõùâäóðí-êîäý „ À/ÅÕÒ ' .

Äëÿ ñâîåé ðàáîòû ïðîãðàììà ÏÎÑÎØÎÊ òðåáóåò äâå ëåíòû: ÏÈË, êóäà çà-
âèñ îÿí áëîêè ñàìîé ïðîãðàøçû, âêëþ÷àÿ óïðàâëÿþùåþ ïðîãðàììó ÏÓÐÁ, â Ø1Ë,
ãäå â ïîñåêòîðíîé çàïèñè õðàíÿòñÿ ôàé:ø ïðîâåðÿåìûõ äàííûõ, èíôîðìàöèÿ
âà ìàãíèòíûõ ëåíòàõ (êàê íà ÏÌË, òàê ÿ íà 1Ø) õðàíèòñÿ ñòàíäàðòíûìè çî-
âàìè ïî 129 êîäîâ â êàæäîé.

Ïîä áàðàáàíîì ïîíèìàåòñÿ çäåñü ÷åòâåðòàÿ ÷àñòü ïîëíîãî (íóëåâîãî) áà-
ðàáàíà åìêîñòüþ 16384 ÿ÷åéêè.
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Ïðîãðàììíàÿ ìàãíèòíàÿ ëåíòå ðàçìå÷åíà íý ñòàíäàðòíûå çîíû, íóèåðý-
öâÿ êîòîðûõ íà÷èíàåòñÿ ñ åäèíèöû, Â ïåðâóþ çîíó Ï&Ë çàïèñûâàåòñÿ óïðàâ-
ëÿþùàÿ ïðîãðàììà ÏÓÐÁ. Âòîðóþ çîíó ýàøøýåò ïàñïîðò ïðîãðàììû (ñèñòåìû
áëîêîâ), à â çåâû íà÷èíàÿ ñ òðåòüåé çàíèñüãâý'îòñí áëîêè ïðîãðàììû â ïîðÿä-
êå èõ ñëåäîâàíèÿ. Âñÿêèé íîâûé áëîê ïðîãðàììû ïèøåòñÿ ñ íîâîé çîíû. 3
êîíöå áëîêà ìîãóò áûòü îñòàâëåíû ïóñòûå çîíû, êîòîðûå îêàçûâàþòñÿ ïîëåç-
íûìè â òîí ñëó÷àå, êîãäà âîçíèêàåò íåîáõîäèìîñòü ïåðåçàïèñè áëîêà åäÿ
âíåñåíèÿ â íåãî âîçìîæíûõ èñïðàâëåíèé.

Ïàñïîðò ñèñòåìû áëîêîâ ôîðìèðóåòñÿ â ïðîöåññå çàïèñè áëîêîâ âà
1Ø. Êàæäûé áëîê â òàêîé ïàñïîðòå õàðàêòåðèçóåòñÿ êîëîé ñëåäóþùåãî âèäà:

Î 52 0000 ×ÇÁ ( I ) 0000,

ãäå Ã×ÇÁ ( Ú ) âîñüìåðè÷íîå ÷èñëî çîí, îòâåäåííûõ äëÿ 1 -ãî áëîêà ïðîã-
ðàììû. Ïàñïîðò ïîçâîëíåò îïðåäåëèòü êåñòîïîëøãåíêå ëþáîãî áëîêà ïðîãðàì-
ìû âà ÏÈË, Îðÿ ðàáîòå ïðîãðàììû ÏÎÑÎØÎÊ ýòî äåëàåòñÿ ñ ïîìîùüþ óïðàâëÿþ-
ùåé âðîãðàâäø ÏÓÐÁ,

Â ñâåñ î÷åðåäü êçàñäûß áëîê ïðîãðàììû íà ÏÈË íà÷èíàåòñÿ ñ ïàñïîðòà
áëîêà, êîòîðûé çàíèìàåò ïåðâóþ çîíó, îòâåäåííóþ ïîä äàííûé áëîê. Äàëåå
ñëåäóåò ïîäïðîãðàììû ýòîãî áëîêà, êàæäàÿ èç êîòîðûõ íà÷èíàåòñÿ ñ àîâîâ
çîâè.

Ïîäëåæàùèå ïðîâåðêå ÿäåðíî-ôèçè÷åñêèå äàííûå õðàíÿòñÿ íà èâôîðÿàøòîâ-
íîé ìàãíèòíîé ëåíòå ÿ ïðåäñòàâëåíû â ôîðìàòå Áèáëèîòåêà ðåêîìåíäîâøàíõ
ÿäåðíûõ äàííûõ ÔÇÈ [2] . Ïðåäïîëàãàåòñÿ, ÷òî ÈØË ðàçáèòà âà ñåêòîðà,
êàæäûé àç êîòîðûõ, â ñâîþ î÷åðåäü, ðàçìå÷åí íà ñòàíäàðòíûå âîäà ñ «ïî-
ïîííîé íóìåðàöèåé, Ïîñåêòîðíàÿ âàëèñü äàåò âîçìîæíîñòü îáðàùàòüñÿ î ñåê-
òîðàìè êàê ñ íåçàâèñèìûìè ìàãíèòíûìè ëåíòàìè. Êðîìå òîãî ââåäåò* îåæòî-
ðîâ ïîçâîëÿåò ñóùåñòâåííî óâåëè÷èòü ñóììàðíîå êîëè÷åñòâî àñå «à
ëåíòå, íå îãðàíè÷èâàÿ ïðè ýòîì ðàáîòó ÄÑ, êîòîðàÿ, êàê è&âåñòâî
òðåáóåò, ÷òîá» ÷èñëî ñòàíäàðòíûõ çîí íý ÍË àå ïðåâûâàëî îïðåäåëâàâîãî

Êàæäìé ôàéë äàâàø: çàíèìàåò îòäîäüÿûé ñåêòîð ëåíòà. Â ïåðøè ñåêòîð
çàïèñûâàåòñÿ çàãîëîâîê äñëíîÂ Ø. Çàãîëîâîê ñîäåðæèò ñâåäåíèÿ î êîëè-
÷åñòâå ôàéëîâ íà äàåòå ÿ, âîçìîæíî, íåêîòîðóþ äðóãóþ âêôîðìâö*» î êàæäîì
«ç âåõ. ââîä ÿäåðâûõ äàÿâûõ ñ ïåðôîêàðò â ÌÎÇÓ è çàïèñü øõ àà ØË äðîìà-
âîäâòñÿ ñ ïîìîâäî ñîåîæàëüíîé ïðîãðàììû.

5. Íà÷àëüíàÿ èíôîðìàöèÿ

Äæÿ ðàáîòû ïðîãðàììû ÏÎÑÎØÎÊ äîëæíà áûòü çàãîòîâëåíà íåêîòîðàÿ
àà÷àëüâàà èíôîðêàöèÿ, êîòîðàÿ íàáèâàåòñÿ âà ïåðôîêàðòàõ à ðàñïîæàãâåÿñÿ
ïðè ââîäå â åÿåäóøÿåê ïîðÿäêå:

1. Ñòàèäàðòíàÿ êàðòà âûçîâà ÈÑ-2.
2. Êàðòà âûçîâå ÏÓÐÁ ñ ÍÌË.

112



3* Âñõîäíåÿ èíôîðìàöèÿ äâà ðàáîòû:
«) Î ÑÎ ×Ô 0000 0000
á) ØÄî

Äàëåå äëÿ êàæäîãî I -ãî ( 1 & * 4 ×Ô ) ïðîâàøìøîãî
ôàéëà ñ äàííûìè çàäàåòñÿ:

à) 0 00 ÍÑ ( ã ) 0000 0000
Ääÿ êàæäîãî åëåäóùåãîï ôàéëý, ïîäëåæàùåãî ïðîâàðêå.

äàííûå ïóíêòà "â* ÏÎÂÒÎÐßÞÒÑß

4è Êîíòðîëüíàÿ îóøþ «ñõîäíîé èíôîðìàöèè äì
Çäåñü ×Ô - êîëè÷åñòâî ïîäëåõàäõ ïðîâåðêå ôàéëîâ,«Ø( Ú ) - èíôîðìàöèÿ äëÿ ïîäâîäà ñåêòîðà, â êîòîðîé íàõîäèòñÿ

0 V -é ïî ïîðÿäêó §çéë èðîâñðÿåûíõ äàííûõ (ÿç îáöàãî ÷èñ-
ëà ,×Ô ôîéëîâ),

ÂØÄ - ïðèçíàê âÿäà ïðîâåðêè äàííûõ.
Çíà÷åíèÿ ×Ô è ÍÑ ïðåäñòàâëÿåò ñîáîé âîñüìåðè÷íûå ÷^ñäà» ïðîáèòûå

âî ïåðâîìó àäðîñ.ó. Ïåðâûé ðýç|>«ä ÷èñëà ÍÑ îòâîäèòñÿ èîä ïðîãðàêêëêé èî-
èåð ìàãíèòîôîíà, à òðè îñòàëüíûõ êëýäøèõ ðàçðÿäà îï'ð»»äåëÿ»ò ïîð÷ëêîë÷é
íîìåð ñåêòîðà íà «ýãíèòêîë ëîèòî. Äåñíòè÷è&ê êîüñòàÿòç ÏÍÖä íìâåò ñëåäóþ-

çíà÷åíèÿ:
ÏÂÏÄ æ Î - ïîëíàÿ ïðîâåðêà,

•à. I - òîëüêî îîâþÿ ïðîâåðêà.

Êàðòà âûçîâà ÏÓÐÁ ñ ÏéË ìàññò âèä:
0
0
0
0
0
0

ê
,00

16
23
16
75

0000
0020
0021
7000
ÍÁ
7042 ̂  ÍÁ

0020
ÎÐ-Ï
7500
0001
7001
6524

0000
0000 ÊÀ
7610
7176
7000
6006 ÊÑ

'Çäåñü ÍÁ - âîñüìåðè÷íûé íîàåð áëîêà, êîòîðîé äîëõñâ áûòü âûçâàí
äëÿ ðýáîõû ïåðâûì.

6» Ðàáîòà ïðîãðçöø â ïðîöåññå »ÐÎÁÑÎÊÉ

Ïðîâåðêà äàëèûõ ëþáîãî ôàéëà ïðîâîäÿòñÿ ïî ñåêöèÿì â ïîðÿäêå èõ
ñëåäîâàíèÿ. Äëÿ êàæäîé ñåêöèè ïðîâåðêà ïðîèñõîäèò â äâà ýòàïà:
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ïåðâûé ýòàï - îáùàÿ ïðîâåðêà*
âòîðîé ýòàï - äåòàëüíàÿ âðî?~ðêà.

Íà ïåðâîé ýòàïå ðàáîòàåò ïîäïðîãðàììà îáâåé ïðîâåðêè ñåêöëè; ïðè
ýòîé âûÿâëÿåòñÿ ëèøü òå îøèáêè, êîòîðûå ÿå ñâÿçàíû'ñ îïðåäåëåííû» òèïîì
ðåàêöèè. Òàêèå îøèáêè áóäóò, íàçûâàòüñÿ îáåèìè î;«èáêçìè. Íà âòîðîì ýòàïå
8 ðàáîòó âêëþ÷àþòñÿ äðóãîå ïîäïðîãðàììû, êîòîðûå îñóùåñòâëÿþò äåòàëüíóþ
ïðîâåðêó äàííîé ñåêöèè.

Äëÿ ëþáîé ñåêöèè ñíà÷àëà ïðîèçâîäèòñÿ îáùàÿ ïðîâåðêà. Çàòåì, åñëè
ÂÊÏÄ â âûõîäíûõ óííøõ òðåáóåò ïîëíîé ïðîâåðêè è åñëè ïð÷ îáùåé ïðîâåð-
êå ñåêöèè íå âñòðîòÿ-ÿîãü îøèáîê, êî òîðíå ìîãóò ïðèâåñòè ê íåöåëåñîîáðàç-
íîñòè äàëüíåéøåé íðî¸-«;ãè ñîñòàâèì* ÷íñãñé ýòîé ñåêöèè, ïðîèñõîäèò ïåðå-
õîä ê äåòàëüíîé ïðîâåðêå ÀÌÉÎÉ ñåêöèè, Â ïðîòèâíîì ñëó÷àå ïðîèñõîäèò
ïåðåõîä ê ïðîâåðêå ñëåäóþùåé ñåêöèè.

Ïðîáîäåíèå ï^îññ-ðêè â äâà ïòçëà öåëåñîîáðàçíî ïî ñëåäóþùèì ñîîáðà*
Æ1.-ÍËËÌ. Ïîñêîëüêó êîèñê âñåõ ñøèáîê èäåò ïàðàëëåëüíî ïî êàðòàì, òî ìîæåò
îêâýóãüñí, ÷òî øþ1ìñ îçÿáíè îáùåãî õàðàêòåðà, âëèÿþùèå íà õîä ïîñëåäóþ-
ùåé ïðîâåðêè è äåëàþùåé òàêóþ ïðîâåðêó íåöåëåñîîáðàçíîé, áóäóò îáíàðóæå-
íû â ñýä'îì êîíöå ïðîâåðêè. Â ýòî» ñëó÷àå áóäåò ïðîäåëàíà çàâåäîìî áåñïî-
ëåçíàÿ ðàáîòà è âèäàíà îáøèðíàÿ èíôîðìàöèÿ î ôèêòèâíûõ îøèáêàõ, êîòîðàÿ
íå ìîæåò áûòü èñïîëüçîâàâ äëÿ âûÿâëåíèÿ èñòèííûõ îøèáîê*

Ïðîöåññ ïðîâåðêè äàííûõ ïî ïðîãðàììå ÏÎÑÎÓÎÊ ïîëíîñòüþ àâòîìàòèçè-
ðîâàí, ñîïðîâîæäàåòñÿ ïåðèîäè÷åñêîé âûäà÷åé ðåçóëüòàòîâ ïðîâåðõø âà ïà-
÷åòü è èäåò áåç âìåøàòåëüñòâà îïåðàòîðà. Îïèøåì â îáùèõ ÷åðòàõ èîñëâëî-
âàòåëüíîñòü ðàáîòû ïðîãðàììû ÏÎÑÎØÎÊ â ïðîöåññå ïðîâåðêè äýàâíõ (ñì.
ïðèëîæåíèå I).

Âûçâàííàÿ ñ !Ø â ØÇÓ óïðàâëÿþùàÿ ïðîãðàììà ÏÓÐÁ îñóùåñòâëÿâ» âõîæ
íåîáõîäèìîé äëÿ ðàáîòû èñõîäíîé èíôîðìàöèè, ïî èìåþùåìóñÿ â íåé íîìåðó
ÍÑ(1) ïîäâîäèò ñåêòîð ÍÌË ñ ïåðâûé ïî ïîðÿäêó ôàéëîì ïðîâåðÿåìûõ äåÿÿíõ,
à çàòåì âûçûâàåò ñ 1ØË íà èàãíèòíûå áàðàáàíû áëîê ïðîãðàììû, âîìåð êîòî-
ðîãî óêàçàâ â êàðòå âûçîâà ÏÓÐÁ. Ïðè ðàáîòå â ðåæèìå ïðîâåðêè ýòî áóäåò
ïåðâûé áëîê ïðîãðàììû ÏÎÑÎØÎÊ - áëîê ÏÍÑ, êîòîðûé çàïèñàí â íà÷àëà ÏÌ&.

Åñëè îäíàêî ïî êàêèì-ëèáî ïðè÷èíàì â íà÷àëå ðàáîòû ïðîãðåòîé ÏÈ×»
òðåáóåòñÿ âûçâàòü íà ÌÁ íå ïåðøè ïî ïîðÿäêó áëîê, çàïèñàííûé íà ÏÈË, à
áëîê ñ áîëåå âíñîêèì íîìåðîì, òî èìåííî ýòîò íîìåð è ñëåäóåò óêàçàòü â
"Êàðòå- âûçîâà ÏÓÐÁ ñ ÏÛË". Òàê, íàïðèìåð, ïðè ðàîîòå â ðåæèìà ïåðåâîäà
ïåðâûì äîëæåí âûçûâàòüñÿ íà÷àëüíûé Îëîê ïðîãðàììû ïåðåâîäà. Äëÿ ïðîã-
ðàììû ïåðåâîäà äàííûõ èç äþðìýòý ÓÙ, Ã5} â ôîðìâò ÔÝÈ òàêîé áëîê çâïêñàâ
âà 1ØË ÷åòâåðòûì, âñëåä çà òðåìÿ áëîêàìè íðîã" ...ìû ÏÎÑÎØÎÊ. 2 äåíâîì ñëó-
÷àå â êàðòå âûçîâà ÏÓÐÁ óêàçûâàåòñÿ âîìåð 'òîãî áëîêà.

Âûçîâ ñîîòâåòñòâóþùåãî áëîêà ñ ÍÌË ø .æçâîäíòñÿ ñëåäóþùèì îáðààîí.
Ñíà÷àëà ñ ëåíòû â ÊÎÇÓ ñ÷èòûâàåòñÿ ïàñïîðò ñèñòåìû áëîêîâ è àî çàäàààäæó
íîìåðó áëîêà îòûñêèâàåòñÿ íà÷àëî íóæíîãî îëîêà íà ÏÈË. Çàòåì â ÏÎÇÓ ñÿø-
ñûâàåòñÿ ïàñïîðò áëîêà, ñ åãî ïîìîùüþ ïåðåïèñûâàþòñÿ âà íàãâèòàûà áàðà-
áàíû âñå ïîäïðîãðàììû äàííîãî áëîêà, à òàêæå ñàì ïàñïîðò áëîêà, • ïî
êîäó * Ë^ÕÒ ï ñ ÌÁ â ÊÎÇÓ äëÿ ðàáîòû âûçûâàåòñÿ ïåðâàÿ ïî ïîðÿäêó
ïîäïðîãðàììà áëîõà.
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Ïðîãðàììà ÏÎÑÎØÎÊ âñåãäà íà÷èíàåò ñâîþ ðàáîòó ñ âûçîâà â 13037 å
ðåáîòàã, ïîäïðîãðàììû ÏÇÑ ïåðâîãî áëîêà ïðîãðàììû (áëîêà ÏÍÑ), ïîñêîëüêó
ïðåäïîëàãàåòñÿ, ÷òî â ëþáî» ïðîâåðÿåìîé ôàéëå äîëèíà èìåòüñÿ çàãîëîâî÷-
íàÿ (âóäâçàÿ) ñåêöèÿ, ðàñïîëîæåííàÿ â íà÷àëå ôàéëà. Ïðè ïîâòîðíûõ îáðà-
ùåíèÿõ ê çãîè7 áëîõó â ïðåäåëàõ äàííîãî ôàéëà ïîäïðîãðàììà ÏÇÑ âûçûãüåò-
ñÿ, âî íå ðàáîòàåò è óïðàâëåíèå èç íåå ïåðåäàåòñÿ íà âûçîâ ñ ÖÁ ñëåäóþùåé
ïîäïðîãðàììû äàííîãî.áëîêà - ïîäïðîãðàììû ÎÏÑ.

._ Ïî îêîÿ÷àâèè ïðîâåðêè íóëåâîé ñåêöèè ïðîèñõîäèò íàñòðîéêà ïðîãðàììû
âà ïðÎÅÇðêó ñëåäóþùåé ñåêöèè. Òàêàÿ íàñòðîéêà âêëþ÷àåò â ñåáÿ âûäåëåíèå
â àíàëèç ÈÑÊ ïîäëåæàùåé ïðîâåðêå ñåêöèè. Åñëè ïðè ýòîì îêàæåòñÿ, ÷òî
ë ïðîãðàììå èìååòñÿ ñîîòâåòñòâóþùèé áëîê äëÿ ïðîâåðêå äàííûõ ñ òàêèì ÍÎÊ,
âî ýòîò áëîê íå íàõîäèòñÿ â äàííûé ìîìåíò âà Ø>, òî ïðîèñõîäèò âûçîâ
ýòîãî áëîêà ñ ÏÈË. Âî âñåõ îñòàëüíûõ ñëó÷àÿõ äëÿ ïðîâåðêè î÷åðåäíîé ñåê-
öèè èñïîëüçóåòñÿ áëîê, íàõîäÿùèéñÿ âà ÖÁ. Âûçîâ íîâîãî áëîêà ñ ØÀË âà
ÌÁ îñóùåñòâëÿåòñÿ ÷åðåç ïîñðåäñòâî óïðàâëÿþùåé ïðîãðàììà ÏÓÐÁ.

Ïðè âûçîâå ëþáîãî íîâîãî áëîêà ðàáîòà åãî íà÷èíàåòñÿ ñ ïåðâîé ïî
ïîðÿäêó ïîäïðîãðàììû. Íàïðîòèâ, â òîì ñëó÷àå, êîãäà äëÿ ïðîâåðêè ïåðâîé
ñåêöèè îñòàåòñÿ áëîê, óæå íàõîäÿùåéñÿ íà ÌÁ, ê ðàáîòå ïðèñòóïàåò ñëåäóþ-
ùàâ ïîäïðîãðàììà ýòîãî áëîêà. Òàêèì îáðàçîì, ïîñëå ïðîâåðêè çàãîëîâêà
ôàéëà ÿ'âûïîëíåíèÿ ñîîòâåòñòâóþùåå çàñòðîéêè ïðîãðàììû íà ïðîâåðêó ñëåäóþ-
ùåé ñåêöèè* â ðàáîòó âñåãäà âêëþ÷àåòñÿ ïîäïðîãðàììà ÎÏÑ òîãî èëè èíîãî
áëîêå ïðîãðàììû ÏÎÑÎØÎÊ. Íà÷èíàåòñÿ ïåðâûé ýòàï ïðîâåðêè - îáùàÿ ïðîâåð-
êà äàííîé ñåêöèÿ.

Âîäè äëÿ ôàéëà òðåáóåòñÿ ëèøü îáöýÿ ïðîâåðêà (ÏÂÏÄ » I), ïåðåõîä
ê ïðîâåðêå ñëåäóþùåå ñåêöèè ïðîèñõîäèò íåïîñðåäñòâåííî âíóòðè äàííîé
ïîäïðîãðàììû ÎÏÑ. Â ðåçóëüòàòå îáùàÿ ïðîâåðêà âñåõ ñåêöèé äàííîãî ôàéëà
áóäåò ïðîèçâåäåíà îäíîé ïîäïðîãðàììîé, ïîñòîÿííî íàõîäÿùåéñÿ â 1*037,
áåç îáðàùåíèÿ ê ÛÁ èëè ÛË,.÷òî ïîçâîëÿåò ñóùåñòâåííî ñîêðàòèòü îáùåå
âðåìÿ ðàáîòû ïðîãðàììû. «

Íàïðîòèâ, êîãäà äëÿ ôàéëà íåîáõîäèìà ïîëíàÿ ïðîâåðêà (ÏÂÏÄ * 0), âî
â ñåêöèÿ ïðè îáùåé ïðîâåðêå âñòðåòèëèñü îøèáêè, âëèÿþùèå íà õîä äàëüíåé-
âåé ïðîâåðêè, îñóùåñòâëÿåòñÿ ïðåäâàðèòåëüíàÿ íàñòðîéêà ïðîãðàììû íà ïðî-
âåðêó ñëåäóþùåé ñåêöèè, êàê ýòî áûëî îïèñàíî âûøå. Åñëè ïðè ýòîì, îêà-'
æàòñÿ, ÷òî ñîîòâåòñòâóþùèé ýòîé ñåêöèè áëîê ïðîâåðêè óõå íàõîäèòñÿ íà
ÈÁ, òî îáùàÿ ïðîâåðêà òàêîé ñåêöèè òàêòå áóäåò ïðîèçâîäèòüñÿ ïîäïðîãðàì-
ìîé ÎÏÑ,â äàçâûé ìîìåíò íàõîäÿùåéñÿ â ÊÎÇÓ.

Íàêîíåö, â òîì ñëó÷àå, êîãäà ïðèçíàê ÏÂÏÄ òðåáóåò äëÿ ôàéëà ïîëíîé
ïðîâåðêè è ïðè ðàáîòå ïîäïðîãðàììû ÎÏÑ â ñåêöèè íå áûëî îáíàðóæåíî îçí-
áîê, âëèÿþùèõ âà ïðîâåðêó, òî ñ ïîìîùüþ è ÌÁ X Ò* * âûçûâàåòñÿ â
ÏÎÇÓ ÿ ïðåñòóïàåò ê ðàáîòå ñëåäóþùàÿ ïî ïîðÿäêó ïîäïðîãðàììà äàííîãî áëî-
õà - ïîäïðîãðàììà ÏÎÄ»

Ïîäïðîãðàììû ÏÑÌ ÿ ÏÍß! ëþáîãî áëîêå îñóùåñòâëÿþò âòîðîé ýòàï ïðî-
âåðêà - äåòàëüíóþ ïðîâåðêó ñåêöèè. Â ïðîöåññå ýòîé ïðîâåðêè îíÿ ïîî÷åðåä-
íî âûçûâàþòñÿ â ÌÎÇÓ ñ ÌÁ è âûïîëíÿþò ñâîè ôóíêöèè äî òåë ïîð, øîêå íå
áóäóò ïîëíîñòüþ èñ÷åðïàíû âñå èìåþùèåñÿ ÍÒÎ ïðè âñåõ òåìïåðàòóðàõ Ñãöóâ-
ïàõ âòîðè÷íûõ ÷àñòèö) è äëÿ âñåõ ýíåðãåòè÷åñêèõ èíòåðâàëîâ äàííîé ñåâ-
öèÿ. Ïðè ýòîì êàæäîå îáðàùåíèå ê ïîäïðîãðàììå ÏÍÒÏ ÿ ïðîâåðêå îøáîê äâà
ñîîòâåòñòâóþùåãî ÍÒÎ ïðîèñõîäèò òîëüêî â òîì ñëó÷àå, êîãäà ñ

115



ïîäïðîãðàììû ÏÑÛ ïðåäâàðèòåëüíî ïðîâåðåíà ñîãëàñîâàííîñòü âñåõ
âíóòðè êîòîðûõ ðàñïîëîæåí äýíâûé ìàññèâ ÍÒÎ, âêëþ÷àÿ òàêæå ïðîâåðêó
ëýñîââèíîñòè â ñàìîãî ìàññèâà Í'Ø, è ïðè òàêîé ïðîâåðêå âå âñòðåòèëîñü
îøèáîê, âåäóùèõ ê ïðåêðàùåíèþ äàëüíåéøåé ïðîâåðíè êàêîãî-ëèáî íà
ìàññèâîâ. Åñëè ïðîâåðåèâàÿ òàêèì îáðàçîì ñåêöèÿ íå áûë* ïîñëåäíåé â
ïðîèçâîäèòñÿ íàñòðîéêà ïðîãðàììû âà ïðîâåðêó ñëåäóþùåé ñåêöèÿ • îñóùàñòâ-
äÿåòñÿ ïåðåõîä ê ïîäïðîãðàììå ØÑ ñîîòâåòñòâóþùåãî áëîõà.

Ïî îêîí÷àíèè ïðîâåðêè ïîñëåäíåé ñåêöèè äýââîãî ôàéëà ïðîèñõîäèò
îáðàùåíèå ê óïðàâëÿþùåé ïðîãðàììå ÏÓÐÁ äëÿ ïîäâîäà î÷åðåäíîãî ñåêòîðà ñ
íîâûì ôàéëîì ïðîâåðÿåìû., äàââûõ è, åñëè ýòî íåîáõîäèìî, äëÿ âìàîâà î
ÎØ âà ÌÁ òðåáóåìîãî áëîêà ïðîãðàììû. Ðàáîòà ïðîãðàììû ÏÎÑÎÊÅ ààÿàãà-
âååòñÿ ïîñëà òîãî, êàê áóäóò ïðîâåðåíû âñå ôàéëû, äëÿ êîòîðûõ â íîõîäèîÀ
èíôîðìàöèè çàäàíû íîìåðà ñîäåðæàùèõ èõ ñåêòîðîâ.

7. Êëàññèôèêàöèÿ îøèáîê

Ëþáàÿ îøèáêà â áèáëèîòå÷íûõ ðåêîèåâäîâààâûõ äàâàíõ, êîòîðàÿ
àèðóåòñÿ ñ ïîìîùüþ ïðîãðàììû ÏÎÑÎØÎÊ, õàðàêòåðèçóåòñÿ ñâîèì
êîäîâûì ÷èñëîì - Íîìåðîì Òèïà Îøèáêè (ÍÒÎ). Â òàêîì çàêîäèðîâ!
ïîä ñîîòâåòñòâóþùèìè ÍÒÎ îøèáêè âûäàþòñÿ ìà ïå÷àòü â êà÷åñòâå ðåàóëì
òîâ ïðîâåðêè*

Âñå ïðîâåðÿåìûå ïðîãðàììîé ÏÎÑÎØÎÊ îøèáêè ðàçáèâàþòñÿ àà äâà âàÿàòî-
ðÿÿ.

1. Îøèáêè,»å âëèÿþùèå ââ õîä ïðîâåðêè ÿ
2. Îøèáêè, êîòîðûå äåëàþò íåöåëåñîîáðàçíîé ïîñëåäóþùóþ âðîâåðèó

êîãî-ëèáî ìàññèâà äàííûõ.

Äâà îäíîòèïíûõ ìàññèâà èíôîðìàöèè, íàïðèìåð äâå ñåêöèè
ìàññèâà ñ äàííûìè äëÿ îïðåäåëåííûõ ýíåðãåòè÷åñêèõ èíòåðâàëîâ, áóÿìè íà-
çûâàòü ìàññèâàìè îäíîãî â òîãî æå ðàâãà. Íàïðîòèâ, åñëè êàêîä-ëìáî
ñèâ ïîëíîñòüþ âêëþ÷àåò â ñåáÿ îäèâ èëè íåñêîëüêî äðóãèõ ìàññèâîâ,
äåëî ñ ìàññèâàìè ðåçâûõ ðàíãîâ. Ïðè ýòîì îõâàòûâàþùèé ìàññÿâ áóÿà*
áîëåå âûñîêèé, à âëîæåííûå èçîñèïû áîëåå íèçêèå ðçêãè. Ðàíãè êýññêâîâ
ìîãóò îòëè÷àòüñÿ íà îäíó èëè íåñêîëüêî åäèíèö. Òàê, ÿàïðèäåð, ðàíãè
28 è ñîäñðõîäîèñÿ â íå» ñåêöèè îòëè÷àåòñÿ íý åä-.'íÿöó, à ðåíò ãàéëà è
âõîäÿùåãî â ýòó ñåêöèþ íåêîòîðîãî ýíåðãåòè÷åñêîãî èíòåðâàëà îãìè÷àþòñÿ íå
2 âäàêèöí.

Ñðåäà îûÿáîê, âëèÿþàäõ ÿý äîëüïîéèóþ ïðîâåðêó,àîõêî âèäêëèòü ñëåä./þ-
ùèå êëàññû îøèáîê.

. À. Îøèáêè, ïîÿâëåíèå êîòîðûõ òðåáóåò ïðîêå?Ð.ÉÉß òîëüêî îáïåé ïðî-
âåðêè äàííîé îåêøø ñ äàëüèåëàèè ïåðîõîëî».' íà ïðîâåðêó ñëå/^ç/÷îê ñåêöèÿ.

Á* Î&ÿáêÿ, òðåáóþùèå ïðîëåðêè òîëüêî êèíêèüëûþ äîïóñ1';;:'01×) ÷èñëà
(îäíîãî-äâóõ) î÷åðåäíûõ ìàññèâîâ, ïîñëå ÷åãî îñóöåñòâëÿýûàå ø>ðåõîä ê
ïðîâåðêå ñëåäóùåãî ìàññèâà áîëåå âûñîêîãî ðàíãå.
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Â. Îøèáêè, ïðåêðçøçþ-äíå ïðîâåðêó äàííîãî ìàññèâà è òðåáóþùèå ïåðåõî-
äà ê ïðîâåðêå ñëåäóþùåãî ìàññèâà òîãî àå èëè áîëåå âûñîêîãî ðàíãà»

ÍÒÎ óêàçàííûõ êëàññîâ îøèáîê î'óäóò â äýëúêåéïåì ïðèãîäèòüñÿ âìåñòå
î ñîîãâåòñòâóõùâìè áóêâà«è, ïîä êîòîðûìè îèõ ñòîÿò â äàííîé ïåðå÷èñëåíèè.

Öåëûé ðÿä ÍÒÎ êàñàþòñÿ ñòðóêòóðû îòäåëüíûõ ïàññèâîâ è óñòàíàâëèâàþò
ñîîòâåòñòâèå ìåæäó èõ ñîäóðêàíÿåì è çàãîëîâêàì». Îïðåäåëèì íåêîòîðûå ôîð-
ìóëèðîâêè, îòíîñÿùèåñÿ ê òàêîãî ðîäà îøèáêàì. Áóäåì ãîâîðèòü, ÷òî:

à) ìàññèâ âåñîâìâåòåï. åñëè ÷èñëî âõîäÿùèõ â íåãî ïîäìýññèâîâ åå
ðàëãî çíà÷åíèþ ýãîË âåëè÷èíà, äîâåäåííîìó â çàãîëîâêå ìàññèâà,

á) ìàññèâ ïðîòèâîðå÷èâ. åñëè ÷èñëî êàðò, ñîäîðààöèõñÿ â äàííîì èàñ-
ñèâå, ÿå ðàâíî çíà÷åíèþ ýòîé âåëè÷èíû, ïðèâåäåííîìó â çàãîëîâêå ìàññèâà,

â) ïàññèâ íå ñîãëàñîçàí. åñëè ÷èñëî êàðò, ñîäåðæàùèõñÿ â äàííîé
ìàññèâå, âî ðàâíî çíà÷åíèþ ýòîé âåëè÷èíû, îïðåäåëåííîìó äëÿ ìàññèâà
çàãîëîâêàìè âñåõ âõîäÿùèõ â íåãî ÏÎÄÓÝÑÑÊÂÎÂ, ÷èñëî êîòîðûõ óêàçàíî â
çàãîëîâêå ìàññèâà.

Íåò» äàåòñÿ îïèñàíèå ÍÒÎ, èñïîëüçóåìûõ äëÿ êîäèðîâàíèÿ îøèáîê, ïðî-
âåðÿåìûõ ïðîãðàììîé ÏÎÑÎØÎÊ. Äàííûå ïðåäñòàâëåíû â âèäå òàáëèöû, â êî-
òîðîé ïðèâîäÿòñÿ çíà÷åíèÿ ÍÒÎ è èõ ðàñøèôðîâêà.
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Òàîëèèà

Îïèñàíèå îâìáîê,
ïðî "?ðèåìâä ïðîãðàììîé ÍÎÑÎÂÎÅ

I) Îà.èÎ.êè. ÍÐ ñêíýàèííê ñ îïðåäåëåíèåì òèïîì ðåàêöèè.
(Îáøèå îøèáêè)

ÍÒÎ I Ðàñøèôðîâêà

10 &

11 À

15
«ý êàðòå Ï

14
íà êàðòå /2-

15
íà êàðòå Ë
(óíîêêýàåòñâ íî-
«Ô^ )

16
•à êàðòå Ï.

( óïîìèíàåòñÿ
âîìâð Ë }

17

20

Çíî÷åíèå ÍÒÎ â çàãîëîâêå ñåêöèè íå ðàâåî É'ÃÐ, îïðåäåëåâ-
íîìó äëÿ :^òîé ñåêöèè çû-îëîâêîë ôàéëå (íóëåâîé ñåêöèåé).
ÍÎÊ â çàãîëîâêå ñåêöèé íåäîïóñòèì ( 0>ÂÎÊ>6 èëè
ÍÎÊ = 4;.
Ö×Ê â çàãîëîâêå ñåêöèè íå äîüóñòèì (0 > Í×Ê > 108)
Âåëè÷èíó ÛØ1Ñ*" * ïÑ â êîëå àåòîê êàðòû Ë íå ðàâíà
àÿà÷&Í"!Î çòîé «ã- àåëè÷ê^û àà ïåðâîé êàðòå ñåêöèè.
Âåäè÷èâà ^ÏñÞ** •«• ÍÑ â âîëå ìåòîê êàðòû Ï, åå ðàâíà
çíà÷îâéî ýòîé âå âåëè÷èíû èà ïðåäûäóùåé êàðòå ñåêöèè.

Íîìåð êàðòü (.ËÎ , óêàçàííûé ã ïîëå ìåòîê, èå ðàâåí ïî*-
ðûëêîâîì? íîìåðó Ï- ýòîé êàðòû â ñåêöèè. (Ïîðÿä-
êîâûé íîìåð íà êàðòå åå âåðåè).

Íîìåð êàðòû •& * óêàçàííûé â ïîëå ìåòîê, âå ðàâåâ
óâåëè÷åííîìó àà åäèíèöó çÿà÷åÿèü ýòîé èå âåëè÷èíû íà
àðåäàäóèåé (Ï.- Î êàðòå ñåêöèè. (Íå ìîèîòîâëØ ðîåò
âîìåðîâ êàðò â ñåêöèè).
×èñëå êàðò â ñåêöèè èå ðàââî ÷èñëó êàðò^êàçàââîìó æ»
çòî» ñåêöèè â çàãîëîâêå ôàéë». (Ñåêöèÿ ïðîòèâîðå÷èâà).

**ñäî êàðò â ñåêöèè àå ðàââî ÷èñëó êàðò, îàðåââíâèâîèöã
äëÿ ýòîé ñåêöèè çàãîëîâêàìè âñåõ âõîäâíÿõ â èâå
òí÷åñêâõ íâòåðâàëîâ. (Ñåêèèÿ âå ñîïàñîâàâ»),

×11ÄÈÙÍ1 Â×èñëî ýíåðãåòè÷åñêèõ èíòåðâàëîâ ( Ä& ),
ñåêöèþ, àå ðàââñ ÷èñëó ä/Ã , óêàâàââîè^ â
ñåêöèè. (Ñåêèèÿ âå ñîâìåñòèâ).

×èñëî êàðò â ôàéëå àå ðàâíî ïîëíîìó ÷èåâó êàð* õèè
äà, óêàçàííîìó â åãî çàãîëîâêå. (Ôàéë âðîñââîðâ÷ââ)
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ÍÒÎ Ðàñøèôðîâêà

×èñëî ñåêöèé â ôàéëå íå ðàâíî ÷èñëó ÍÒÐ, óêýçýíêîêó âà
ïåðâîé êàðòå çàãîëîâêà ôàéëà. (Ôàéë íå ñîâìåñòåí).

áèèáêè â çàãîëîâêå Ôàéëà (â íóëåâîé ñåêöèè)

ÊÒÎ Ðàñøèôðîâêà
50

51

çã

53 IÎâÊÖÈß V
(óïîìèíàåòñÿ

íîìåð [.» )

55

Àòîøøé íîûåð Í ý çàäàííûé íà ïåðâîé êàðòå, îòðèöàòå-
ëåí ( 2<0).
Àòîêíûé (êîëåêóÿÿðíöé) âåñ À, çàäàííûé íà ïåðâîé êàðòå,
îòðèöàòåëåí èëè ðîâåí íóëþ ( À ̂ 0)*
×èñëî ÍÒÐ è ÷èñëî êàðò ã íóëåâîé ñåêùø, çàäàííûå íà ïåð-
âîå êàðòå, íå ñîâìåñòèìû.
Íîìåð ñåêöèè (I*) , óêàçàííûé â çàãîëîâêå ôàéëà, íå ðå-
âåâ ïîðÿäêîâîìó íîìåðó I ñëåäîâàíèÿ ýòîé ñåêöèè
â òî» æå çàãîëîâêå. (Ïîðÿäêîâûé íîìåð ñåêöèè â çàãîëîâêå
ôàéëà íå ãîðåâ).
×èñëî êàðò â íóëåâîé ñåêöèè íå ðàâíî ÷èñëó êàðò, óêàçàí-
íîìó äëÿ ýòîé ñåêöèè âî ïåðâîé êàðòå. (Íóëåâàÿ ñåêöèÿ
ïðîòèâîðå÷èâà).
Ïîëíîå ÷èñëî êàðò ôàéëà» óêàçàííî? â çàãîëîâêå, íå ðàâ-
íî ñóììå ïðèâåäåííûõ â òîé àå çàãîëîâêå ÷èñåë êàðò äëÿ
ÿñåõ âõîäÿùèõ ã ýòîò ôàéë ñåêöèé. (Ôàéë íå ñîãëàñîâàí).
×èñëî ÍÒÐ äëÿ âåùåñòâà, óêàçàííîå âà ïåðâîé êàðòå çàãî-
ëîâêà ôàéëà, íå ñîâïàäàåò ñ êîëè÷åñòâî» ÍÒÐ» ïåðå÷èñëåí-
íûõ â íóëåâîé ñåêöèè.

3) Îøèáêè â äàííûõ ïî íåéòîîðíû÷ åå÷åÿêÿê (ÍÎÊ=01) è ñïåöâàëüçûì

ÍÒÎ
_ùÿ íåéòðîíîâ (ÍÑ« ñ ,05)

Ðàñøèôðîâêà

101 Çíà÷åíèå Î, äëÿ ïîëíîãî ñå÷åíèÿ èëè ñå÷åâëÿ óïðóãî-
ãî ðàññåÿíèÿ, ãåäàííîå âà ïåðãîé êàðòå ñåêöèè, îòëè÷íî
îò àóëå* .
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ÍÒÎ Ðàñøèôðîâêå

ÞÇ
íà êàðòå Ï.

104Á
âà Ë

105Â
88 êàð» Ï

106
èç êàðòå Ë-

(óïîìèíàåòñÿ
êàðòà /Ï)

107íà êàðòå Ï
(óïîìèíàåòñÿ

êàðòà /77 )

108
•8 êàðòà Ï

ÃÎ9Á
âà êàðòå ï

ÍÎÂ
âà êàðòå Ï.

111Â
âà êàð» Ë

112Á
«8 êàðò» Ë

ÈÇ
âà êàðòå Ë

Âû÷èñëåííàÿ äëÿ äàííîé ðåàêöèè ïîðîãîâàÿ ýíåðãèÿ ïðå-
âûøàåò íèæíþþ ãðàíèöó ïåðâîãî ë È «

Íèæíÿÿ ãðàíâöà À ß" , çàäàííàÿ íà êàðãè ï, , ìåâûå
âåðõíåé ãðàíèöû ïðåäûäóùåãî ë& (ïåðåêðûâàíèå ýíåðãå-
òè÷åñêèõ èíòåðâàëîâ)*

×èñëî òåìïåðàòóð äëÿ
ìåâûþ I.

, óêàçàííîå íà êàð» /Ã ,

Âàññèâ (ñàãîäîâî÷íýÿ êàðòà ë ) íå ñîãëàñîâàâ*

Òåìïåðàòóðà Ò âà êàðòå Ï îòëè÷íà îò íóëÿ, õîòÿ ÷èñëî
òå«øâðà"7ð, óêàçàííîå â çàãîëîâêå À& (êàðòå /ÿ ),
íå ïðåäàîäàãàåò ñóùåñòâîâàíèå òåìïåðàòóðíîå çàâèñèìîñòè
(÷èñëî Ò ðàâàî I).
Òåìïåðàòóðà Ò íà êàðòå Ï ðàâíà íóëþ, õîòÿ ÷èñëî òåìïå-
ðâòóð, óêàçàííîå â çàãîëîâêå Ë^Ã (êàðòà /ï ), ïðåäïî-
ëàãàåò ñóùåñòâîâàíèå òåìïåðàòóðíîé çàâèñèìîñòè (÷èñëî
Ò ïåíüþ I).

Òåìïåðàòóðà Ò, çàäàííàÿ âà êàðòå Ï. , îòðèöàòåëüíà.

×èñëî ÈÃË äëÿ òåìïåðàòóðû Ò , óêàçàííîå íà êàðòå Ï ,
ìåíüøå I.

Öýññàâ òåìïåðàòóðû Ò (çàãîëîâî÷íàÿ êàðòà Ï- ) âå
ñîãëàñîâàâ.

ÉÒÏ âà çàãîëîâî÷íîé êàðòå Ï âå äîöóñ

âà êàðòå Ï

Äîÿ ÍÒË 9 Þ1 ÷èñëî çíà÷åíèé ÍÒÎ, óêàçàííîå â ààòîëîâ-
õå äëÿ Ò (êàðòà ï )* áîëüøå I.

×èñëî êàðò äëÿ ÍÒÎ = 101, óêàçàííîå åå êàðòå Ë , ì
ðàâíî I»

Íèæíÿÿ ãðàíèöà Ë /Ã , çàäàííàÿ äëÿ ÍÒÎ = 101 âà êàðòå
Ï. • åå ïîëîæèòå ëüâà.
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ÍÒÎ Ðçñâçôðîâêà

115
âà êàðòå Ï>

116Â
ÿà âåðþ Ï.

117Â
èâ êàðòå /&.

î
«>

° Ï8Â
íà êðòå Ï.

Øÿà êàðòå /&(óïîëàøåòñÿ

120â òî÷êå 5(êàðòà ë )
121

â òî÷êå $
(êîðêà ï )

122
â òî÷êå $
(êàðòà /ã)

125
â òî÷êå ^
(êàðòà /ã. )

ÎÄ
âà êàðòå

(óïîìèíàåòñÿ

«6 êàðòà /ã
(äîîõãêãåãñÿ

õîð» Ë1 )
126Â

íà êàðãå ï

Íèæíÿÿ ãðàíèöà Ë & , çàäàííàÿ äëÿ ÍÒÎ = 101 ÿà êàðòå
Ï , áîëüøå (èëè ðàâíî) åãî âåðõíåé ãðàíèöû.
×èñëî êàðò â ÷èñëî çíà÷åíèé & , ïðèâåäåííûõ äëÿ •
ßÒÏ = III â çàãîëîâêå (êàðòà /ã), íå ñîâìåñòíû.
×èñëî çíà÷åíèé & äëÿ äàííîãî Ø, óêàçàííîå ïà êàð-
òå Ï , ìåíüøå 2 (äëÿ ÍÒÏ ø III) èëè ïåíüêå I (äëÿ
Ø * Ø). '
Ìàññèâ ÍÒÏ « 121 ( çàãîëîâî÷íàÿ êàðòà ï- ) íå ñîãëàñî-
âàí.
Ïåðâîå çíà÷åíèå & äëÿ äàííîãî ÍÒÎ (êàðòà /ã ) íå
ñîâïàäàåò ñ íèæíåé ãðàíèöåé 4/Ã , çàäàííîå âà êàðòå /77 .

Ýíåðãèÿ ^Ã â òî÷êå 5 (íà êàðòå ï. ) íå ïîëîæèòåëüíà.

Çíà÷åíèå Å â òî÷êå 5 (íà êàðòå /ã ) íå âõîäèò â
ìîíîòîííî âîçðàñòàþùóþ ïîñëåäîâàòåëüíîñòü çíà÷åíèé ýíåð-
ãèé äëÿ äàííîãî ÍÒÏ.
Ñå÷åíèå
íî.

â òî÷êå $ (âà êàðòå /ã. ) íå ïîëîæèòåëü-

Çíà÷åíèå (5 â òî÷êå & (âà êàðòå ë. ) âûïàäàåò èç
ïëàâíîãî'õîäà ýíåðãåòè÷åñêîé çàâèñèìîñòè ñå÷åíèé äëÿ
äàííîãî ÍÒÏ ("âûáðîñ" * ýòî çíà÷åíèå á* ïîäîçðåâàåòñÿ
âà îøèáêó).
Ïîñëåäíåå çíà÷åíèå & äëÿ äàííîãî ÍÒÏ (êàðòà ï. ) íå
ñîâïàäàåò ñ âåðõíåé ãðàíèöåé 2!/Ã , çàäàííîé íà êàðòåëò,
×èñëî ïîäãðóïï ïðè ýíåðãèè Á, çàäàííîå âà êàðòå ï. ,
íå ðàâíî ÷èñëó ïîäãðóïï, óêàçàííîìó â çàãîëîâêå ÍÒÎ
(êàðòà ò ), åñëè ÷èñëî ïîäãðóïï âå çàâèñèò îò <Å .

×èñëî ïîäãðóïï äëÿ äàííîãî Á, óêàçàííîå âý êàðòå ï.
ìåíüøå I .
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Ðåñøâôðîâñå

12? *• ïîäãðóïïå 2
(êàðòà ãã )

â ïîäãðóïïå *
(êàðãà ï. )

129
â ïîäãðóïïå ã
(êàðòà ë-)

130

Äîëÿ ÎÖ äëÿ ïîäãðóïï» * (àà êàðòà /ã.) ÿà ïîëîæÿòàëú-
ââ.

Ñå÷åíèå á,- äëÿ ëîäãðóøø * (âà êàðòà /ã ) âå âîõî-
æâòåëüâî»

Áâà÷åíâå 6,' äëÿ ïîäãðóïïû ã (ÿà êàðòà ë ) âà âõîäèò
â ìîíîòîííî âîçðàñòàþùóþ (óïîðÿäî÷åííóþ) ïîñëåäîâàòåëü-
íîñòü ïîöòðóïïîâûõ ñå÷åíèé ïðè äàââîì Å.

Ñóììå &4 ïî âñåì ïîäãðóïïàì äëÿ äàííîãî Å îòëè÷àåò-
ñÿ îò I âà âåëè÷èíó áîëüøóþ, ÷åì 0,5 .̂10 , ãäå/Ó-÷èñ-
ëî ïîäãðóïï.

4) Îøèáêà â äàííûõ ïî ÓÃËÎÂÛÌ ðàñïðåäåäåâèÿì âåàòðîâîâ
(ÍÎÊ à 02)

ÍÒÎ Üåñèèôðîâêà

ãîî

201
ÿà êàðòà ß.

202
âà êàðò» ï,

203
âà êàðòå ï

âà êàðòà Ï,

âà êàðòà Ï.

Çíà÷åíèÿ âåëè÷èÿ À â çàãîëîâêå äàííîé ñåêøè» â â àà-
ãîëîâêå ôàéëå íå ðàâíû äðóã äðóãó.

Íèæíÿÿ ãðîíâöå ïåðâîãî Ë Å» âåäåííàÿ íà êàðòå ï , âå
ïîëîæèòåëüíà.

Íèæíÿÿ ãðàíèöå Ë Ü, ýâäâÿâåÿ íå êàðòå Ï * áîëû*
(èëâ ðàââà) åãî âåðõíåé ãðàââöû.

Íèæíÿÿ ãðàâèèâ ÄËÃ , çàäàêÿàÿ âà êàðòà ï. . íàâüâå
^åðõíåÂ ãðàíèöû ïðåäûäóùåãî &.Å (ïåðàêðûâàÿâà àâàðãå-
òâ÷åñþà èíòåðâàëîâ).

Çíà÷åíèÿ ãðàíèö ËÅ , ààäàÿâûà âà êàðòà Ï. » óõààê-
âàþò âà âîçìîæíîñòü òîãî» ÷òî äàâÿûâ && ââ âõîäÿò à
óïîðÿäî÷åííóþ ïîñëåäîâàòåëüíîñòü ëˆ äëÿ ñàêöââ (âîâ-
«îæíîå ïåðåïóòûâåâèå ýâåðãåòâ÷àåêâõ ââòàðâàäîâ).

×èñëî ãðóïï âòîðè÷íûõ ÷àñòèö äëÿ À!: , óêàâàÿÿîà âà
êàðòà Ë , ìåÿüèå I.
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206Â
íà êàðòå ï.

ã07Â
âà êàðòå ï

×èñëî ïðîâåðåííûõ (âêëþ÷àÿ äàííóþ) ãðóïï, âòîðè÷íûõ ÷àî»
«è* äëÿ &Å ìåíüøå òîãî çíà÷åíèÿ, êîòîðîå óêàçàëî â
çàãîëîâêå ýòîãî äÅ (êàðòà Ë ), âî ÷èñëî êàðò, îïðåäå-
ëåííîå çàãîëîâêàìè ïðîâåðåííûõ â äàââîì -4-^" ãðóïï,áîë*-
ÅÂ (ÈËÈ ðÝÂÍÎ) ×ÈÑß8 Ê8ðÒ ÄËß À^Ã » ÓÊÝÇâÂÂÎÃÎ Â 6ÃÎ
çàãîëîâêå*
×èñëî êàðò äëÿ & , óêàçàííîå â åãî çàãîëîâêå
(êàðòà à. ), ââ ðàâíî ÷èñëó êàðò, îãðàäà ëåâÿîìó äëÿ
ýòîãî 4 ^çàãîëîâêàìè âñåõ âìåíèòñÿ â âåí ãðóïï âòîðè÷-
íûõ ÷àñòèö, ÷èñëî êîòîðûõ òàêèå óêàçàíî â çàãîëîâêå äàâ-
âîãî

208 Óñëîâíîå ÷èñëî ãðóøø âòîðè÷íûõ ÷àñòèö, çàäàííîå âà êàð-
íà êàðòå ï òå ë , íå âõîäèò â óïîðÿäî÷åííóþ ïîñëåäîâàòåëüàîñòü

çíà÷åíèé ýòîãî ÷èñëà äëÿ äàííîãî

21ÑÁ
âà êàðòå ï-

2ÈÂ
âå.êàðòå ï.

212Â
âà êàðòå ï-

213Â
âà êàðòå /*•

Ñóøà-óñëîâíûõ ÷èñåë, îòîæäåñòâëÿþùèõ ãðóøø âòîðè÷íûõ
÷àñòèö äëÿ &Å , âå ñîãëàñóåòñÿ ñ ÷èñëîì âòîðè÷íûõ ÷àñ-
òèö â äàííîé ðåàêöèè, îïðåäåëÿåìûì ÂÒÐ.

×èñëî ÍÈ äëÿ ãðóïïû ÷àñòèö, óêàçàííîå íà êàðòå Ë ,
ìåíüøå I.

ÍÞ âà çàãîëîâî÷íîé êàðòå ï, âå äîïóñòèì*

×èñëî ïðîâåðåííûõ (âêëþ÷àÿ äàííûé) ÍÒÎ äëÿ ãðóïïû âòî-
ðè÷íûõ ÷àñòèö ìåíüøå òîãî ýâà÷åâèÿ, êîòîðîå óêàçàíî â
çàãîëîâêå ýòîé ãðóøø (êàðòà ï ), âî ÷èñëî êàðò, îï-
ðåäåëåííîå çàãîëîâêàìè ïðîâåðåííûõ â ãðóïïå ÂØ, áîëüøå
(èëè ðàâíî) ÷èñëà êàðò äëÿ ýòîé ãðóøø, óêàçàííîãî â
åå çàãîëîâêå.

×èñëî êàðò äëÿ ãðóøø âòîðè÷íûõ ÷àñòèö, óêàçàííîå â åå
çàãîëîâêå (êàðòà ï- )» íå ðàâíî ÷èñëó êàðò, îïðåäåëåÿ-
âîìó äëÿ ýòîé ãðóøø çàãîëîâêàìè âñåõ îòíîñÿùèõñÿ ê
âåé ÍÒÎ, ÷èñëî êîòîðûõ òàêæå óêàçàíî â çàãîëîâêå äàí-
íîé ãðóïïû ÷àñòèò
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êòî Ðàñøèôðîâêà

214
íå êàðòå /I

315
àà êàðòå Ï,

2ÊÁ
åå êàðòå ï.

217Â
âà êàðòå ë-

Óñëîâíîå ÷èñëî ñèñòåìû îòñ÷åòà, çàäàííîå äëÿ ÍÒÏ ÿà
êàðòå ë , íå äîïóñòèìî.

Äëÿ ÍÒÏ â 101 åäÿ ÍÒÎ ** 201 óêàçàííîå â çàãîëîâêå, ãðóå-
îû âòîðè÷íûõ ÷çñòèö (êàðòå /ã ) ÷èñëî ÍÒÎ áîëüøå I*

×èñëî çíà÷åíèé Å äëÿ äàííîãî ÍÒß, óêàçàííîå â åãî çàãî-
ëîâêå íà êàðòå ï- « ìåíüøå 2.

×èñëî ïðîâåðåííûõ (âêëþ÷àÿ äàííîå) çíà÷åíèÿ Å äëÿ
ÍÒÏ ìåíüøå òîãî çíà÷åíèÿ* êîòîðîå óêàçàíî â çàãîëîâêå
ýòîãî ÍÒÏ (êàðòà ë ), íî ÷èñëî êàðò, îïðåäåëåííîå çà-
ãîëîâêàì» ïðîâåðåííûõ â äàííîì ÍÒÏ çíà÷åíèé Á, áîëüøå

(ÿëÿ ðàäèî) ÷èñëà êýðò äëÿ ÍÒÎ» óêàçàííîãî â åãî çàãî-
ëîâêå.

218Â
âà êàðòå ï

Ë9
íà êàðòå Ï>

(óïîìèíàåòñÿ
êàðòà ò )

220
âà êàðòà ï.

âà êàðòå ï

222
88 êàðòå ë-

(óøàäàâàåçâÿ
êàðòà ÿò )

223Á
àà êàðòå /ã.

224Â
âà êàðòå Ë

×ÿñëî ÷åðò äëÿ ÍÒÏ, óêàçàííîå â åãî çàãîëîâêà (êàðòà ëü ),
âå ðàâíî ÷èñëó êàðò, îïðåäåëåííîìó äëÿ ýòîãî ÍÒÏ ààãî-
ëîâêàìâ âñåõ âõîäÿùèõ â íåãî çíà÷åíèå «Ã * ÷èñëî
êîòîðûõ òàêêå óêàçàíî â çàãîëîâêå äàââîãî ÍÒÂ.

Ïåðâîå çâà÷åâèå Å äëÿ äàííîãî ÍÒÏ (êàðòà ë- ) à» ñîâ-
ïàäàåò ñ íèæíåé ãðàíèöåé À^Ã , çàäàííîé âà êàðòå /ï .

Ýíåðãèÿ Á äëÿ ÍÒÏ, çàäàííàÿ íà êàðòå ï.
òåëüíà-

àà ïîëîæâ-

Çèà÷åíèå Á íå êàðòå à-
òàþùóþ ïîñëåäîâàòçëüíîñòü
äëÿ äààâîãî ÍÒÄ*

âå âõîäèò â ìîíîòîííî âîçðàî-
ýíåðãèé, ààäàààøñ

ÏÚñëåäÿåå çâà÷åíÿà Â äîÿ äýàíîãî ÍÒÇ (êàðòà Ï. ) âà
ñîâïàäàåò ñ âåðõíåé ãðàíèöåé ÀÑ , çåäààâîà âà êàðï /Ï+

×èñëî çíà÷åíèé à äëÿ äàââîãî Å (èëà. ÂÒÊ),
â ñîîòâåòñòâóþùåì çàãîëîâêå âà êàðòå 1, ìåâüøå I ÿì
Å (èëè ìåîäþ ã äëÿ ÍÒÏ)*
×âñëî ïðîâåðåííûõ (âêëâ÷àÿ äåííîå) çíà÷åíèå à äà 1
(èëè äëÿ ÍÒÏ) ìåíüøå òîãî çíà÷åíèÿ, êîòîðîå óêàààÿî â
ñîîòâåòñòâóþùåì çàãîëîâêå Å (âëâ ÍÒÏ) ââ êàðòå ÿ, ,
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ÝÄÎ _____________________ Óàñàíôðîâêà __________
âî òåñëî êàð?, îïðåäåëçøþå ççãîëîà-êààã âðîàåðåâüòãõ ãÿÿ
äàâíåãî Å (ÍÕÇ) àâà÷ñ.÷èé & , áîÿüÿå (âë« ðàåâî)
÷âñäà 1»ðò äëÿ ýòîãîñÅ (ß7Â), óêàçàííîãî ê åãî çàãîëîâêå.

225Â ×âñëî êàðò ëÿÿ Â (èëè äíà ãÃÞ„ óêàçàííîå ÿ ñîîòâåòñòâóþ»
àþè çàãîëîâîê (êàðòà /I- }, íå ðàçíî ÷èñëó êàðã, îïðåãå-

àâ êàðò? Ï, Ë88îöó 4 .̂ë ýòîãî Á (åëà ÂßÇ) çâãîëîúê íå âñåõ î??îñ!ï;àõ~
ñÿ ê âåù àêâ÷ââè?. Ë , ÷õñõî êîòîðûõ \-êà?çÿî * çäãîõîý-
» 2 (ÍÈ),

226 Ë>àä ðàîïðâäåëåâãâ À « îòìâñé<ãåãîñÿ õ àââêîóó 2
þ êàðò» /â- (èëè Í2Ï), çâäâââåè «å ýþòÿîâî÷þî»: êàðòå ãü , åå ïîëî-

õèòåäüèñ.
227Å ×èñëî çíà÷åíèé .ë (ÿëâ Ññ/ ), óòàýýââîå íå åîîòÿåòñò-

ê* ïðè» ßã âóøåÂ êàðãå «. , êåÿüïå 2.

228 Ïåðâîå çâà÷åâàå ëñ (êàðòà /ò- ) ÿå ðàâíî - 1.
ï õàðõå /Ñ-

229 Çÿà÷åøå ë â òî÷êü 5 (íà êàðòå ë ) íå âõñäàò
> òî÷êå á â ÂÎ1Ø7ÎÈÂÎ âîçðàåãåæ .̂ãü àîñëåäîââòåëüíîãò* ýÿå÷åÿâã. ë .
(þðòâ Ï. )

230 Ýèâ÷åâèå -^Ãê) * *î÷êñ $ (âà êàðòå ë. ) âå àûãîãê-
• òî÷êå 4 õåÿã>èñ.
(þîòà ë. )

251 Ïîñëåøòå çÿâ÷åíêå óè (êàðòà «. ) èâ ðåÿÿî •» X.
â» êàðòå À

232 Ñóø» À âî âãåó ÷àãæ÷àø ðàñïðåãåëåÿêÿê â
êîêîâàâàõñ ìÿ äàííîãî 5 (êÿå Í7Ï) îãç«ïàåòñÿ î? I ÿü
«ëè÷èíó áîëüæó/^÷åê ^,5/Ë2Ñ"*, ãäå Ë' - ÷ÿåàî ðàñïðå-

' Ê â êîêîââàøê.
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5) Îøèáêè â äàííûõ ïî ýíåðãåòè÷åñêèì ðàñïðåäåëåíèÿì âòîðè÷íûõ
íåéòðîíîâ (ÈÑÊ * 05)

ÍÒÎ Ðàñøèôðîâêà
301

88 êàðòå ë-
ÇÎÂ

åå êàðòå ë
303

åå êàðòå 1
30*

íà êàðòå Ï

305Á
ÿà êàðòå 1

306Â
íà êàðòå ë

307Â
âà êàðòå Ë-

308
âà êàðòå

309

Íèæíÿÿ ãðàíèöå ïåðâîãî
íå ïîëîæèòåëüíà.

« çàäàííàÿ âà êàðãå

ÖÈÊÁßß ãðàíèöà Ë/Ã , çàäàííàÿ ÿà êàðòå
(ðëè ðàâíà) åãî âåðõíåé ãðàíèöû.

áîëüøå

Íèæíÿÿ ^ðýèèöà Ë ̂  » çàäàííàÿ âà êàðòå ë , ìåíüøå
âåðõíåé ãðàíèöû ïðåäûäóùåãî À & (ïåðåêðûòèå ýíåðãåòè-
÷åñêèõ èíòåðâàëîâ).

Çâà÷â! )ÿ ãðàíèö äÅ , çàäàííûå âà êàðòå /ã , óêàåì-
ãàþò íà âîçìîæíîñòü òîãî, ÷òî äàííûé À.& íå âõîäèò â
óïîðÿäî÷åííóþ ïîñëåäîâàòåëüíîñòü &Å äëÿ ñåêöèÿ (âîçìîø-
íîå ïåðåïóòûâçâèå ýíåðãåòè÷åñêèõ èíòåðâàëîâ).

×èñëî ãðóïï âòîðè÷íûõ ÷àñòèö äëÿ
êàðòå /ã , ìåíüøå I.

óêàçàííîå íà

×èñëî ïðîâåðåííûõ (âêëþ÷àÿ äàííóþ) ãðóïï âòîðè÷íûõ ÷åî-
òèö äëÿ Ë Å ìåíüøå òîãî çíà÷åíèÿ» êîòîðîå óêåçàâî â
çàãîëîâêå 6^Ã (êàðòà Ï, ), íî ÷èñëî êàðò , îïðåäåëåí-
íîå çàãîëîâêàìè ïðîâåðåííûõ â &Å ãðóïï, áîëüøå (èëà
ðàâíî) ÷èñëà êàðò äëÿ ýòîãî && , óêàçàííîãî â åãî »à-
ãîëîâêå.

×èñëî êàðò äëÿ Ä^Ã , óêàçàââîå â åãî çàãîëîâêå (êàð*
.•à Ï ), íå ðàâíî ÷èñëó êàðò, îïðåäåëåââîìó Äÿÿ ýòîãî
äÅ. çàãîëîâêàìè âñåõ âõîäÿùèõ â íåãî ãðóïï âòîðø÷ÿøñ

÷àñòèö, ÷èñëî êîòîðûõ òàêæå óêàçàÿî â çàãîëîâêå 4 /Ã «

Óñëîâíîå ÷èñëî ãðóïïû âòîðè÷íûõ ÷àñòèö, âåäåííîå ÿà §»«-
òå ï. , íå âõîäèò â óïîðÿäî÷åííóþ ïîñëåäîâàòåëüíîå»
çíà÷åíèé ýòîãî ÷èñëà äëÿ äàííîãî À {•; •
Ñóììà óñëîâíûõ ÷èñåë, îòîæäåñòâëÿþùèõ ãðóïïû âòîðè÷ÿíõ
÷àñòèö äëÿ Ä Å , íå ñîãëàñóåòñÿ ñ ÷èñëîì âòîðè÷åí»
òèö â äåííîé ðåàêöèè, îïðåäåëÿåìûì ÍÒÐ.
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ÍÒÎ Ðàñøèôðîâêà

íà êàðòå /ã/
311Â

íà êàðòå Ï,

312Â
íà êàðòå ï,

313Âíà êàðòå ï,

314Á
åå êàðòå /ã-

315Â
âà êàðòå ï,

316Â
âà êàðòå

ÇÏ
ââ êàðòå /ú
(óïîìèíàåòñÿ
êàðòà /ï )

318
âà êàðòå /ã

×èñëî ÊÒÎ äëÿ ãðóïïû ÷àñòèö, óêàçàííîå èà êàðãå /ã- ,
ìåíüøå I.
ÍÒÍ âà çàãîëîâî÷íîé êàðòå /ã, íå äîïóñòèì.

×èñëî ïðîçåðåííêõ (âêëþ÷àÿ äýèííé) ÍÒÏ äëÿ ãðóïïû âòî-
ðè÷íûõ ÷îñòèö. ìåíüøå òîãî çíà÷åíèÿ, êîòîðîå óêàçàíî â
çàãîëîâêå ýòîé ãðóïïû (êàðòà ï- ), íî ÷ÿñëî êàðò, îï-
ðåäåëåííîå çàãîëîâêàìè ïðîâåðåííûõ â ãðóïïå ÍÒÏ, áîëúâå
(èëè ðàâíî) ÷èñëà êàðò äëÿ ýòî» ãðóïïû, óêàçàííîãî â
åå çàãîëîâêå .
×èñëî êàðò äëÿ ãðóïïû âòîðè÷íûõ ÷àñòèö, óêàçàííîå â åå
çàãîëîâêå (êàðòà /ã- ), íå ðàâíî ÷èñëó êàðò, îïóåäåëñí-
íîìó äëÿ ýòîé ãðóïïû çàãîëîâêàìè âñåõ. îòíîñÿùèõñÿ ê íåé
ÍÒÏ, ÷èñëî êîòîðûõ òàêæå óêàçàíî â çàãîëîâêå äàííîé òðóï
ïû ÷àñòèö.
×èñëî çíà÷åíèé Â
çàãîëîâêå íà êàðòå

äëÿ äàííîãî ÍÒÏ, óêàçàííîå â åãî
/ã. , ìåíüøå 2.

×èñëî ïðîâåðåííûõ (âêëþ÷àÿ äàííîå) çíà÷åíèé Å0 äëÿ ÍÒÎ
ìåíüøå òîãî çíà÷åí/ÿ, êîòîðîå óêàçàíî â çàãîëîâêå ýòîãî
ÍÒÏ (êàðòà /ã. ), íî ÷ÿñëî êàðò, îïðåäåëåííîå ççãîëîâêà-
øã ïðîâåðåííûõ â äàííîé ÍÒÏ çíà÷åíèé =̂0 , áîëüøå(ÿëå ðàâíî) ÷èñëà êàðò äëÿ ýòîãî ÍÒÏ, óêàçàííîãî â åãî
çàãîëîâêå . î
'×èñëî êàðò äëÿ ÍÒÏ, óêàçàííîå â åãî çàãîëîâêå (êàðòà /&•)«
íå ðàâíî ÷èñëó êçðò, îïðåäåëåííîìó äëÿ ýòîãî ÍÒÏ ýýãîëîý-
êýèà âñåõ âõîäÿùèõ â íåãî çíà÷åíèé Å0 , ÷èñëî êîòîðûõ
òàêæå óêàçàíî â çàãîëîâêå äàííîãî ÉÒÏ.
Ïåðâîå çíà÷åíèå &* äëÿ äàííîãî ÍÒÏ (êàðòà /ã- ) ââ
ñîâïàäàåò ñ íèÿíåé ãðàíèöåé Ë Â , çàäàííîé íà êàðòå ò*

Ýíåðãèÿ -.ã» äëÿ ÍÒÏ, çàäàííàÿ âà êàðòå /ã. , àñ ïîëî-
æèòåëüíà.
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ÍÒÎ Ðàñøèôðîâêå
319

íà ï.

320
íå êàðò» /2-

(óïîìèíàåòñÿ
êàðòà /ß- )

521Åíà êàðòå /ã-

322Â
íà êàðòå /&

323Â
íà êàðòå Ï,

324Â
ðå êàðòå ï.

3215
êàðòå /Ã

326
íà êàðòå Ï

çã?â
åå êàðòå È

Çíà÷åíèå Å9 äëÿ ÍÒÎ, çàäàííîå íà êàð^å ï. , âî âõî-
äèò â ìîíîòîííî âîçðàñòàþùóþ ïîñëåäîâàòåëüíîñòü çíà÷åíèé
ýíåðãèè äëÿ äàííîãî ÍÒÏ.

Ïîñëåäíåå çíà÷åíèå Å0 äëÿ äàííîãî ÍÒÎ (êàðòà ï, ) íå
ñîâïàäàåò ñ âåðõíåé ãðàíèöåé À & , çàäàíÿîÿ íà êàðòå/ãã-

×èñëî ðàçëè÷íûõ çàêîíîâ â ëèíåéíîé êîìáèíàöèè äëÿ äàâíîã*.
ß0 (èëè ÍÒÎ), óêàçàííîå â ñîîòâåòñòâóþùåì çàãîëîâêå âü
êàðòå ã * ìåíüøå I (èëè ìåíüâå 2).

Íîìåð çàêîíà äëÿ äàííîãî Å* (èäè ÍÒÎ) â
ùåû çàãîëîâêå (êàðòà ï. ) íå äîïóñòèì.

ñîîòâåòñòâó»1-

×èñëî ïðîâåðåííûõ (âêëþ÷àÿ äàííûé) çàêîíîâ äëÿ ,̂
äëÿ ÍÒÎ) ìåíüøå òîãî çíà÷åíèÿ, êîòîðîå óêàçàíî â ñîîò-
âåòñòâóþùåé çàãîëîâêå Å0 (èëè ÍÈ) àà êàðòå Ï, , ê
÷èñëî êàðò, îïðåäåëåííîå çàãîëîâêàìè ïðîâåðåííûõ äëÿ ñü;—
íîãî ^ë (ÍÒÏ) çàêîíîâ, áîëüøå (èëè ðàâíî) ÷èñëà êàðò äã.ã.
ýòîãî ^„ (Í1Ï), óêàçàííîãî â åãî çàãîëîâêå.

×èñëî êàðò äëÿ ß„ (èëè äëÿ È'Ø), óêàçàííîå â ñîî<!>*<<».
ñòâóîäåì çàãîëîâêå (êàðòà ï* ), íå ðàâíî ÷èñëó êàð?, îï-
ðåäåëåííîìó äëÿ ýòîãî Å0 (èëè ÍÒÎ) çàãîëîâêàìè âñåó
îòíîñÿùèõñÿ ê íåìó çàêîíîâ, ÷èñëî êîòîðûõ óêàçàíî â ç&:-ñ—

"äîâêå ÅÚ (ÍÒÎ).

Íîìåð äöâÿîãî çàêîíà äëÿ Å0 (ÊÒÏ) àà çàãîëîâî÷íîé êüðòå-
/ã àå èýõîäèòñÿ â óïîðÿäî÷åííîé ÿîñëåäîâàòâæúéîåòê íîìå-
ðîâ çàêîíîâ, âõîäÿùèõ â ëèíåéíóþ êîìáèíàöèþ äëÿ ýòîãî
Å. (Í!Ø).
Âåðîÿòíîñòü çàêîíå â ëèíåéíîé êîìáèíàöèè äëÿ Å„ (úõõ
ÈÃÎ), çàäàííàÿ íà êàðòå /ã » åå ïîëîæèòåëüíà.

×èñëî çíà÷åíèé àðãóìåíòå (äèñêðåòíûõ ýíåðãèé, «òåê ñïåêò-
ðà è ò.ä.), óêàçàííîå õ ñîîòâåòñòâóþùåì àâãîçøâêà (êàðòü /I ),
ìåíüøå I.
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ÍÒÎ Ðàñøèôðîâêà
328

â òî÷êå 5>
(êàðòà ï, )

329
â òî÷êå ^
(êàðòå . ï )

330
â òî÷êå' &
(êàðòà ÿ. )

331
â òî÷êå 3>
(êàðòà ë

332

333
âà êàðòà

334

Çíà÷åíèå àðãóìåíòà â òî÷êå
æèòåëüíî.

(íà êàðòå ï, ) íå ïîëî-

Çíà÷åíèå àðãóìåíòà â òî÷êå X (íà êàðòå /ã ) íå âõîäèò
â ìîíîòîííî âýçðàñòáüöó» (óïîðÿäî÷åííóþ) ïîñëåäîâàòåëü-
íîñòü çíà÷åíà è ýòîãî àðãóìåíòà.
Äëÿ çàêîíà 2 âåëè÷èíà Ë â òî÷êå /> (íà êàðòå /ã- )
íå óäîâëåòâîðÿåò óñëîâèþ 0 < Ê ̂  I.

Çíà÷åíèå âåðîÿòíîñòè ð â òî÷êå
ïîëîæèòåëüíî.

(íà êàðòå /Ú ) íå

Ñóøà ð , ñîîòãåòñòâóàïèõ âñåé çíà÷åíèÿì àðãóìåíòà äëÿ
çàêîíîâ I èëè 2, îòëè÷àåòñÿ îò I íà âåëè÷èíó, áîëüøóþ,
÷åê 0,5 ^/ ÄÎ""6, ãäå /V - ÷èñëî çíà÷åíèé àðãóìåíòà.

Äëÿ çàêîíîâ 3 èëè 4 çíà÷åíèÿ âåëè÷èÿ À è Ñ èëè
çàäàííûå íà êàðòå Ï- , íå ïîëîæèòåëüíû.
Ñóøà âåðîÿòíîñòåé çàêîíîâ, âõîäÿùèõ â ë;;èåéí./þ êîìáèíà-
öèþ äëÿ äàííûõ ÍÒÏ èëè ß"0 , îòëè÷àåòñÿ î; I íà âåëÿ÷è-
âó áîëüøóþ?÷åê Î.Ç̂ Ó.Þ"6, ãäå ^/ -÷èñëî çàêîíîâ â
êîìáèíàöèè.

8« Âûäà÷à ðåçóëüòàòîâ

Ðåçóëüòàòû ðàáîòû ïðîãðýäîû ÏÑÑÎéØ âûäàåòñÿ âà øèðîêóþ ïå÷àòü. Âûâîä
ïðåäñòàâëÿåò ñîáîé ñïèñîê ÍÒÎ, îáíàðóãåÿíûõ ïðè ïðîâåðêå îøèáîê. Âî âñåõ
ñëó÷àÿõ, êîãäà ýòî íåîáõîäèìî, îïðåäåëÿåòñÿ àåñòîíîëîæâèå îñÿáêè â ìàññè-
âå ïðîâåðÿåìûõ äàííûõ. Óêàçûâàåòñÿ âîêåð êàðòû êëê âîèåðà òî÷êè â êàðòû,
ãäå îáíàðóæåíà îøèáêà. Â ðÿäå ñëó÷àåâ äàåòñÿ äîïîëíèòåëüíàÿ ññûëêà âà íî-
ìåð êàðòû èëè íîìåð ýíà÷åâàÿ âåëè÷èíû, î êîòîðûõ èìååòñÿ óïîìèíàíèå â ðàñ-
øèôðîâêå ÊÒÎ. Â îòäåëüíûõ ñëó÷àÿõ, êîãäà ýòî öåëåñîîáðàçíî, â ïå÷àòíîé âû-
äà÷å ïðèâîäèòñÿ òàêíç ñààî çíà÷åíèå îøèáî÷íîé âåëè÷èíû.

Îøèáêè ãðóïïèðóþòñÿ ïî ìàññèâàì ïðîâåðÿåìûõ äàâíèõ â ñíàáõàþòîÿ ñî-
îòâåòñòâóùèìè çàãîëîâêàìè. Êàæäûé òàêîé çàãîëîâîê îïðåäåëÿåò òîò ìàññèâ
èíôîðìàöèÿ, âíóòðè êîòîðîãî ýòè îøèáêè îáíàðóõâàû.

Íàðÿäó ñ îøèáêàìè ïå÷àòàþòñÿ ñóììû âåðîÿòíîñòåé è èíòåãðàëû íîðìèðî-
âàííûõ óãëîâûõ è ýíåðãåòè÷åñêèõ ðàñïðåäåëåíèé. Ê òàêîãî ðîäå äàííûì íåîá-
õîäèìî îòíîñèòüñÿ ñ îñòîðîæíîñòüþ, ïîñêîëüêó îáíàðóæåííûå ïðè ïðîâåðêàõ
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íîðìàëèçàöèè ðàñõîæäåíèÿ íå âñåãäà óêàçûâàþò íà íàëè÷èå îøèáîê* Ïîýòîìó
âûäàííûå íà ïå÷àòü çíà÷åíèÿ íîðìèðîâîê äîëæíû áûòü òùàòåëüíî ïðîàíàëèçèðî-
âàíû, ïðåæäå ÷åì íà èõ îñíîâå áóäóò ñäåëàíû çàêëþ÷åíèÿ î íàëè÷èå èëè îòñóò-
ñòâèè òàêèõ îøèáîê.

Ïðèìåð ïå÷àòíîé âûäà÷è ðåçóëüòàòîâ ïðîâåðêè íåêîòîðîãî ôàéëà äàåòñÿ â
ïðèëîæåíèè Ø. Òàê æå ïðèâîäèòñÿ ðàñïå÷àòêà ýòîãî ôàéëà ñâìåùèìèîÿ â íåì
îøèáêàìè.

. Âñïîìîãàòåëüíûå ïðîãðàììû

Ê íèê îòíîñÿòñÿ ïðîãðàììû, îñóùåñòâëÿþùèå ïðåäâàðèòåëüíóþ çàïèñü íà
ìàãíèòíûå ëåíòû ïðîãðàììû ÏÎÑÎØÎÊ è ÿäåðíî-ôèçè÷åñêèõ äàííûõ, ïîäëåæàùèõ
ïðîâåðêå. Òåêñòû ñîîòâåòñòâóþùèõ ïðîãðàìì äàþòñÿ â ïðèëîæåíèè Ï.

9Ë. Ïðîãðàììà çàïèñè áëîêîâ íà ëåíòó (ÇÁÄ)

Îðãàíèçàöèÿ ðàáîòû ïî íàõîæäåíèþ ñëó÷àéíûõ îøèáîê â áèáëèîòå÷íûõ äàí-
: ûõ ïðåäïîëàãàåò, ÷òî ïðîãðàììà ÏÎÑÎØÎÊ óæå çàïèñàíà íà 1ØË. Äëÿ ïðåäâàðè-
òåëüíîé çàïèñè åå íà ëåíòó ñëóæèò ñïåöèàëüíàÿ ïðîãðàììà ÇÁÄ - "Çàïèñü Åè*~
êîâ íà ëåíòó"* Ïðîãðàììà ÇÁÄ íàïèñàíà â êîäàõ ìàøèíû ì-220 è ïðè ðàáîòå
ðàñïîëàãàåòñÿ â ÌÎÇÓ, íà÷èíàÿ ñ àäðåñà 5747, çàíèìàÿ 256 àäðåñíûõ êîäîâ.

Äâà ðàáîòû ïðîãðàììà ÇÅË ââîäèòñÿ â ÌÎÇÓ ñ êàðò. Ìàññèâ ïåðôîêàðò
ôîðìèðóåòñÿ ñëåäÿùèì îáðàçîì:

1. Ñòàâäàðòâåÿ êàðòà âûçîâå ÈÑ-ã.
2. Êàðòå ââîäà ïðîãðàììû ÇÁË.
3. Êîëîëà ïåðôîêàðò ïðîãðàììû 8ÁË.
4. Èñõîäîâ èíôîðìàöèÿ äëÿ ðàáîòû.

à) ÏÐÐÁ - ïðèçíàê ðåæèìà ðàáîòû ïðîãðàììû ÇÁ1 (âîñüìåðè÷åí! õîä).
ÈÐÐÁ * 0 00 0000 0000 0000 - ðåæèì ïåðâîíà÷àëüíî* çàïèñè ñèñòå-

ìû áëîêîâ íà Ø11.
ÏÐÐÁ * 0 00 0000 0000 0001 - ðåæèì äîïèñûâàåò áëîêîâ àà Ø.
ÏÐÐÁ « 0 00 0000 0001 0000 - ðåæèì ïåðåçàïèñè îòäåëüíûõ áëîêîâ

íà ÎÌÀ.
Â ðàêøå ïåðåçàïèñè äëÿ êàõäîãð ..áëîêå ,_ êîòî !'.̂ _ |̂Ñíãé .» .̂ .òü_øè;îý àíê-

ñàê, çàäîåòñä;

0) èíôîðìàöèÿ äëÿ ïåðåçàïèñè ñ«;«. îäíîãî îëîêà íà ï:;.Ë

. Î 00 ÍÅ 0000 0000,

ãäå ÍÁ - âîñüìåðè÷íû» êîðÿäêîâü-é íîìåð èñðîççíèñûäîñêîãî áëîêà.

Äëÿ êàæäîãî îäå äóþëåãî áëîêà ,__ èîëäãñàïöðãð Ï1?;1ñ_à»»ï;ó_ïà _Ä9Íÿ_ê^ ïóíêòà
ÏÎÂÒÎÐßÞÒÑß. ÏÐÈ äðó ãøñ ðåä>èì.ýõã ðàáîòû ^^1è»»å ãïóÿêé-8 *$"_
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5» Êîíòðîëüíàÿ ñóêò èñõîäíîé èíôîðìàöèè äëÿ ðàáîòû.
á. Êîëîäà ïåðôîêàðò ïðîãðçøø ÏÓÐÁ (òîëüêî â ðåæèìå ïåðâîíà÷àëüíîé

çàïèñè) »

Äàëåå, äëÿêçàäîãî âíîâü çàïèñûâàåìîãî ÿì. ïñðåý.î.ïêñûàýåàðãî áëîêà
âåäàåòñÿ;

•?, Êîëîäà ïåðôîêàðò ñ ïðîãðàììàìè äàííîãî áëîêà.
8, Ïðèçíàê êîíöà áëîêè

7 7? 777? 7777 7777
7 7? 7777 7777 7777 ÊÑ.

Äëÿ êàæäîãî ñëå'ëóþàåãð áëîêà 1À ïîäëåæàùåãî çàïèñè èëè ïåðåçàïèñè,
äàííûå, óêàçàííûå â ÏÓÊÊÒßÕ 7 ê 8.

Áëîêè â ïàññèâå ñ äàííûìè ðàñïîëàãàþòñÿ â òîé ïîñëåäîâàòåëüíîñòè , â
êàêîé; îíè äîëæíû áüïü çàïèñàíû íà Ï!Ë.

6 ðåÿèìå ïåðâîíà÷àëüíîé çàïèñè â ïåðâóþ çîâó ÏÃ.Ë çàïèñûâàåòñÿ óïðàâ-
ëÿþùàÿ ïðîãðàììà ÂÓÐÁ, à â çîíû, íà÷èíàÿ ñ òðåòüåé, çàïèñûâàþòñÿ áëîêè ïðîã-
ðàììû ÏÎÑÎØÎÊ â òîé ïîðÿäêå, â êàêîé- îíè ñëåäóé? â ïàññèâå äàííûõ äëÿ ïðîã-
ðåþò ÇÈË. Ïàðàëëåëüíî ñ ýòèì ôîðìèðóåòñÿ ïàñïîðò ñèñòåìà áëîêîâ (ïàñïîðò
ïðîãðàììû),' êîòîðûé çàòåè ïîìåùàåòñÿ âî âàîðóþ çîíó Ø.1Ë.

Â ðåâèìå äîïâñûâýâèÿ ïðîãðàììà ÇÁÄ ïî äàñïîðòó ñèñòåìû áëîêîâ íàõîäèò
ïîñëåäíþþ çàíÿòóþ áëîêàìè ïðîãðàììû çîíó ÍÌÄ â â ïîñëåäóþùèå ñãîîîäíûå ýî-
âê ïðîèçâîäèò çàïèñü äîïîäíàòåë&íûõ áëîêîâ' â ïîðÿäêå âõ ñëåäîâàíèÿ â ìàñ-
ñèâå äàííûõ äëÿ ðàáîòû îðîãðýøû ÇÁË. Ïðè ýòî» ïðîèñõîäèò òàêæå âíåñåíèå
äîïîëíåíèé â ïàñïîðò ïðîãðàììû, õðàíÿùèéñÿ âî âòîðîé çîíå ÏÊË.

Ïðè ðàáîòå â ðåêøå ïåðåçàïèñâ ñ ïîìîùüþ ïàñïîðòå àðîãðàþø àâõîäà»-
ñÿ íå ÍÌË òå áëîêÿ » íîìåðà êîòîðûõ óêàçàíû â ÿåõîäàîé þëþðêâôþ äàâ ðâáî-
òû ïðîãðàììû ÇÁË, è íà èõ «åñòî çàïèñèâàêÿñÿ ââîäøøå å ïåðôîêàðò áÿîø
â òîí ïîðÿäêå, â êàêîì îíÿ ñëåäóþò â ìàññèâå çàäàâàåìîé ÿâôîðêàøø. Ïðæ
ýòî» íåîáõîäèìî ñëåäèòü çà òåì, ÷òîáû îáúåì ââîäèìîãî î ïåðôîêàðò áëîêà
íå âûõîäèë çà ïðåäåëû òîãî îáú^èà ÌÇÓ, êîòîðûé áèê î*â8^ââ ïîä ðåâåâ àå-
ïèñàííûé áëîê ïðîãðàììû. Âàæíîå çíà÷åíèå ìîãóò çäåñü èìåòü ñâîáîäà» ðåååðâ-
âûå çîíû, îñòàâëåííûå ïðè ïçðÿîíà÷àëüâîé çàïèñè áëîêîâ.

Â ïðîãðàììà 8ÁË ðààëèçîçàÿ ñëýäóøèß ïîðÿäîê ðåáîòâè Ïîîÿå ââîäå î
ïåðôîêàðò ÿ çàïèñè (èëè ïåðå ãà ËÈÑÅ) íå ëåíòó î÷åðåäíîãî áëîêå ïðîãðàììå
âûõîäÿò íå "Îñòàíîâ". Ââîä ñëåäóþùåãî áëîêà îñóùåñòâëÿåòñÿ íàæàòèåì êíîïêè
"Ïóñê* íà ïóëüòå óïðàâëåíèÿ. Â ñëó÷àå ñáîÿ ïðè ââîäà êîëîäà êàðò âìåñòå
ñ ïðèçíàêîì êîíöà áëîêà ñòàâèòñÿ â ÷èòàþùåå óñòðîéñòâî åàå ðàç ÿ ïðîèç-
âîäèòñÿ ïîâòîðíîå íåæåòàå êíîïêè "Ïóñê".

9.2. Ïðîãðàììà çàïèñè äàííûõ èç ëåâòó (8ÄÄÇ

Ïðè ðàáîòå ïðîãðàììû ÏÎÑÎØÎÊ ïðåäïîëàãàåòñÿ, ÷òî ïîäëåæâìÿå ïðîâåðêå
ÿäåðíî-ôèçè÷åñêèå äàííûå íàõîäèòñÿ íà ØË. Ïîñêîëüêó ââîä ñ ïåðôîêàðò è
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çàïèñü íå ëåíòó áîëüøèõ ìàññèâîâ èíôîðìàöèè ñâèâ ïî ñåáå âñÿ» ðàáîòå òðó-
äîåìêàÿ è êðîïîòëèâàÿ, òî ýòó ðàéîíó öåëåñîîáðàçíî ïðîâååò* çàðàíåå ñ ïî-
ìîùüþ ñïåöèàëüíîé ïðîãðàììû ÇÄÄ - "Çàïèñü Äàííûõ íå Ëåíòó*.

Ïðîãðàììà îÄË íàïèñàíà ë êîäàõ -Æ è çäíèìàå? ïðè ðàáîòå â ËÎÇÓ 140
àäðåñíûõ êîäîâ, íà÷èíàÿ ñ àäðåñà 6775. Çàïèñü èíôîðìàöèè ïðîèñõîäèò â
ïðã äîðíòåëûþ ðàçìå÷åííûå ñ ïîìîùüþ îñîáîé ïðîãðàììû ðàçìåòêè ñåêòîðà
«II.

Ìàññèâ ïåðôîêàðò äëÿ ðàîîòû ïðîãðàììû ÜÄË ñîñòàâëÿåòñÿ ñëåäóþùèì îá-
ðàçîì.

1. Ñòàíäàðòíåå êàðòà âûçîâà ÈÑ-2.
2. Êàðòà ââîä-2 ïðîãðàììû ÇÄÕ.
3. Êîëîäà ïåðôîêàðò ïðîãðàììû ÇÄÄ.
4. Èñõîäíàÿ èíôîðìàöèÿ äëÿ ðàáîòû:

à) èíêàðíàöèÿ î êîëè÷åñòâå çàïèñûâàåìûõ ôàéëîâ ñ äàââøâ
Î 00 ×Ô ÎÎÎÑ 0000,

ãäå ×Ô - ÷èñëî ïîäëå/ ß-ÍÓÕ ñîèèñè ôàéëîâ (âîñüìåðè÷íîå ÷èñëî, ïðîáèâàåìîå
ïî ïåðâîìó àäðåñó).

á) ÈÐÐÄ - ïðü-^àê ð^èêà ðàáîòû ïðîãðàììû ÇÄ1 (âîñüìåðè÷íûé êîä).
ÏÐÐÄ = 0 00 0001 0000 0000 - ðåæèì çàïèñè èíôîðìàöèè

ñ ïåðôîêàðò íà ÃÎÍ ñ ïîñëåäóþùåé âûäà÷åé åå
íà ÀÖÏÓ.

â 0 00 0000 0001 0000 - ðåõêà çàïèñè èí^îðèàöè* ñ ïåð-
ôîêàðò íà ÍÌË áåç âûäà÷è íà ïå÷àòü.

ÏÐÐÄ * 0 00 0000 0000 0001 ~ ðñõèì èâ÷ñòê çîèèñîííîé ð^âåå
èâôîðìàöêè ñ ïî«îã1ûî ÀÖÏÓ.

Äëÿ êàæäîãî ä&ìð.ñöâîåêîãî^ä'ÿÓëà ^ïíóõ__ç.î!äàîãòñ_ÿ:

^) êàôîðèàöèÿ ê ïîäâîäó î÷åðåäíîãî ñåêòîðà ÍÌË

Î 00 ÍÑ ( I ) 0000 0000,
• *

ãäå ÈÑ ( I ) - âîñüìåðè÷íîå ÷èñëî, ïðîáèòîå ïî ïí ðàñòó <;ëðãñó, òðè èëàä-
øèõ ðàçðÿäà êîòîðîãî îáðàçóþò íîóîð ñåêòîðå ëåíòû, êóäà
äîëêñâ áøü^ çàïèñàí î÷åðåäíîé I -È ïî ïîðÿäêó <{à{:ë ñ äàí-
àûûÿ (1^ Ç^×Ô) , à ÷åòâåðòûé ñòýðãøé ðàçðÿä îòâîäèòñÿ ïîä
ïðîãðàììíûé íîìåð èàãíèòñèðîíà.

Äëÿ êïà äðãî ãñëî .̂ ó ìêå ãî ô<?/. ë ý < ïîäëî ÷»ó.å ãî Äâ^èñèä1.äã«ø»<å
äîçòîððìòñÿ.

5. Êñ÷õðîëüêàÿ ñóììà èñõîäíîé èí^þðêàëèè äëÿ ðàáîòû.
Çàòåì çèÿ___êàæä^>ãÿ^àïóäûäî



á. Êîëîäà'êàðò ñ èíôîðìàöèåé I -ãî ôàéëà, êîò-îðíé äîëãå» áûòü çà-
ïèñàâ â î÷åðåäíîé ñåêòîð ØË. Â êîíöå ôàéëà (ïåðåä ïîñëåäíåé êîíòðîëüíîé
ñóììîé) ñòàâèòñÿ ïðèçíàê êîíöà ôàéëà

* '00 0000 0000 0000

Äëÿ êàæäîãî ñëåäóþùåãî Ôàéëà, ïîäëåæàùåãî çàïèñè» ïîäêëàäûâàþòñÿ äàâ-
ÿìå, óêàçàííûå â ïóíêòå 6.

Êîëîäà ïåðôîêàðò ëþáîãî ïðèãîòîâëåííîãî äëÿ çàïèñè ôàéëà ÿäåðíûõ äàí-
íûõ äåëèòñÿ íà ïàññèâû ïî 320 êàðò.*Êàæäàé òàêîé íàñåÿâ çàêàí÷èâàåòñÿ êîâ*
«ðîëçäîé ñó.1øî8. Â ïîñëåäíåé ïàññèâå ôàéëà «îêåò áûòü ëþáîå, íå ïðåâûøàþ-
ùåå 320, ÷ÿñëî ïåðôîêàðò, Â êîíöå ýòîãî ïîñëåäíåãî ìàññèâà, ïåðåä åãî êîíò-
ðîëüíîé ñóììîé, ïîäêëàäûâàåòñÿ ïðèçíàê êîíöà ôàéëà.

Ââîä õ çàïèñü êîëîäû êàðò ôàéëà ïðîèñõîäèò äîñåèâàþ,ñ âûõîäå» 00
"Îñòàíîâ" ïîñëà çàïèñè êàæäîãî î÷åðåäíîãî ïàññèâà. Ïåðåõîä íà ââîä ñëåäóþ-
ùåãî èàññèâà ïðîèçâîäèòñÿ ;*ççñýòÿåì êíîïêè "Ïóñê". Â ñëó÷àå ñáîÿ ïàññèâ åùå
ðàç ñòàâÿòñÿ â ÷íòçýäåå óñòðîéñòâî ÿ ïðîèçâîäèòñÿ ïîâòîðíîå âàààòíç êíîïêà
•Ïóñê*. Òàêàÿ ïðîöåäóðà îðãàíèçàöèè çàïèñè äàííûõ íà ëåíòó ìåíåå êðïòè÷ÿà
ê ðàáîòå ââîäíûõ óñòðîéñòâ è â íåêîòîðûõ ñëó÷àÿõ îêàçûâàåòñÿ îïòèìàëüíîé.

I 1 Ò Å Ð À Ò Ó Ð 1

ààé Ðãîñåçç1ï5 î* ßèñ1åàã Âà*à <îã Íâàî*îã
îïâ.Äîêëàä À/ÑÎÏ̂ . 28/Ð/168 íà Òðåòüþ Ìåæäóíàðîäíóþ êîÿôåðåââø âî
òîìó èñïîëüçîâàíèþ àòîìíîé ýíåðãèÿ (ìàé 1964).

2. Â.Å.Êîëåñîâ, Ì.Í.Íèêîëàå»» Ôîðìàò áèáëèîòåêà ðåêîìåíäîâàííûõ ÿäåð-
òõ. äàííûõ äëÿ ðàñ÷åòà ðåàêòîðîâ. Äîêëàä íà Ñîâåòñêî-áåëüãèéñêî-ãîëëàìä-
îõîì ñåþñíàðå Íåêîòîðûå âîïðîñû ôèçèêè áíñòðèõ ðåàêòîðîâ*,
ôåâðàëü 1970.

3. Ü.ß,Â1î«, Ê.Ðàã! ýã. ÑÍÂÑÑ. Äï 1ÂÈ 7030 82 (Ðîã1ãàà)
Ãîã ÑÚåñ!ñ1ï$ *Üå Çå1Ã~îîïâ181;åïñó î! ßåèÚãîï Ñãî»»-8âñ*1îï
ÎÊÀÅÀ Âèñ1åàã Âà*8 ÛÚãàãó. ÀÂÂß-Ì347, Ëè1ó 1964.

4. Òðàíñëÿòîð À1ÃÎË-60, Îïèñàíèå áëîêîâ. Ìîñêâà, ÿçä. Êîøþåÿâ ïî
æñïëóàòàöíæ âí÷ÿñëÿòåëûøõ ìàëøãà ÀÍ ÑÑÑÐ, 1969.

5. Ê.Âû&åã. ÒÍå ÌàåïâàâÚîï Ïèâ1åàã Þà*à ÌÜòàõó ÿë ÿË éöã 1963.
À«ÂÂ 0-70/63, Çåð«åàÚåã 1963.

6. Áèáëèîòåêà ñòàíäàðòíûõ ïðîãðàìì. Ïîä îáùåé ðåä.
Ìîñêâà, èçä. ÖÁÒÉ Âîñãîðñîâíàðòîçà, 1961.
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ÞÞÊ-Ø×× ÃÛ
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Îáùàÿ áëîê-ñõåìà ðàîîãè «ðîãðçãøû

Âûçîâ ÏÓË'Á â 1103Ó
ñ ßØÅ

I
Ââîä íåõîäêîé

ääÿ ðàáîòû

I * 1, ×Ô

Ïîäâîä ñåêòîðà é.ÚÒ
î I -è ôåéëîû ïðîâñðëîøõ äàííûõ

Âûçîâ ñ ÏÌË
ñîîòâåòñòâóùåãî áëîêà ïðîãðàììû

Ïðîâåðêà î÷åðåäíîé ñåêöèè
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íà ïðîâåðêó ñëåäóþùåé ñåêöèè

Î Ñ Ò À Í Î Â
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Annexes II and III

Hote A detailed listing of the programme, POSOSHOK, has not "been
included in Annex II since some parts were not legibly reproducible.
Howeverf upon request, the IAEA Nuclear Data Section can supply
copies of the listing as well as copies of Annex III, in which an
example of the Print-Out is given.



Comparative Analyoia of Jj a a t e d Mucloar Data Fi 3 o a P h i l o s o h

S. Yiftah
Israel Atomic Energy Commission

Soreq Nuclear Research Centre, Yavne, Israel

Abstract

"Hie paper outlines the steps which will be undertaken in performing
a cooperative analysis of four evaluated neutron data libraries, UKSDL,
ERIF/BI, M1F/BII and KEMK. This study is aimed at shedding some light on
the basic problem of whether the physics parameters of the fast breeder
reactors presently being designed are a function of the specific evaluated
data file used in the calculations* The types of comparative analysis which
will be undertaken in this study are summarized*

In the framework of a scientific cooperation with the Karlsruhe nuclear
research centre on "Special Topics in Past Heactor Physics", a study has been
undertaken on a comparative analysis of several relatively available evaluated
nuclear data files* For the time being, the American ENDF/B I and EHDF/B II,
the German KEDAK and the British UKNDL fjles will be studied and compared.
Later, other files could be included in the study*

These basic evaluated nuclear data files of the various countries serve
as the major source of input for the calculations in the framcvork of the big
and expensive fast reactor programs* Now every country uses naturally its oi:n
evaluated file and the question that conies to mind inrniodiately is the following;
Are the physics parameters of the fast reactoro being calculated and designed a
function of the specific evaluated data file that is used in the calculations?
In other words, would these physics parameters remain the same were the calcula-
tions to use as input a different evaluated data file?

The above mentioned study has been undertaken to try and shed some light
on this problem.

Following several discussions on how to usefully tackle the problem of
comparing different evaluated files, the philosophy which has evolved aims at
performing-the comparative analysis on several levels, namely
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a) Comparison of selected important basic microscopic data of the
files (for instance ̂, ̂  , ̂  , 4-- ,, of 239Pu, 24°Pu, 241Pu,242Pu,
o-ig 2V>3 U, ^U, d"-" and^r /> of Na and Fe to be extracted front the file andn,n n,n t
plotted) "by the computer, so as to show on the same graph for certain
energy ranges the data of the different files* Analysis, if possible,
of the sources and reasons of the differences).

b) Comparison of the multigroup sets obtained from the basic evaluated
files using the same techniques and the same averaging fluxes* This
will be done for, say, 26 groups and also possibly for few groups for
two and throe dimensional calculations*

o) Comparative analysis of the physics parameters of three different
systems, namely critical-assembly cizc systems prototypo-size
systems and 1000 Kwe-size systems*
The first oritjcal-assembly si/.o systems will enable comparative
analysis between the different files and also between the calculated
and experimental results*
The protot.ype-»iao systems, of about 3000-litor cores, will be
systems typical of the sovoral prototype fast reactors being built
today (Britinb 2^0 Mwe TFH, French 2^0 Mwe Phenix), or to be built
in the future* (German-Benelux American and Japanese prototypes)

The 1000-Kwo size systems, of about 6000~7000 liter cores, are

typical of the target 1000 Mwe fast power reactors being designed today
by the major countries having an active fast reactor program*

The throe types of systems will be calculated using the same
multigroup codes with the different multigroup sets as input. The
calculations will be performed in two cteps:

1) One-dimensional 26-gronp computations using "appropriate"
spherical models of the actual systems;

2) Two-dimensional 5-group and pocnibly 26-^roup computations
of the rsaroe systems*

The phy«jonl paramoters to be computed are: critical masses,
reaction rates (ZPR's), breeding ratios, Doppler coefficients, sodium void
coefficients* Other physical parameters could be added later*
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Pcol irolna^y. Graphical. Ana3,ysiB of seJocioJ T>3 u toniton isotope a
cross sections of The BNDP/B-I and II. i'igJDAIC and UKHD1» i'iloo

< by
D» Jlbcrg and S. Yiftah

Israel Atomic Energy Commission
Soroct Nuclear Reseaxch Centre, Yavnc, Israel

Abstract

Within the framework of the comparative analysis of evaluated neutron
data libraries) the paper presents preliminary graphical results for a few
important cross sections of fast reactor materials obtained from the UKNDL,
KSMK, BSFIF/B I and EHIF/B II libraries.

In the framework of a general coiaparativw analyst* of evaluated nuclear
data filer; a preliminary attempt has boon done to look at the comparison
of the filoc on tho first level of roicroscouic cross sections.

A fov? pertinent crocs sections of fast reactor materials in the range 0.1
to 10 Mov have been chosen for this preliminary comparison.

In order to read the EKDF/B I and IT, XEDAK and UK1VDL special formats,
four computer programs have been prepared* To each program was added an
identical subroutine for plotting the results by tho computer Calcorap plotter.
Each of the four programs can plot all tho smooth crocs sections of all the
isotopes present on its library tape in a single run.

The somilog scale was found to be tho best tool for comparison. Strictly
speaking, this is not the right procedure for tho UKKDL Pile which waa pre-
pared for linear extrapolation on a lô -log ocale. However, the data points
are close enough to permit the semi-log graphical comparison. For the EKDF/B
we chose a small constant lethargy ntcp (small enough not to be recognized on
the graph) and computed the cross sections at each lethargy according to the
proper extrapolation scheme given by tho library.

239 240The elastic scattering} fission and capture cross sections of Pu, Pu,
Pu and. ̂ Pu in the energy range 0.1 to 10 Wev a-s plotted by the computer-1 s

plotter from the evaluated files are shown on figures 1«-12.
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A few preliminary remarks follow:!̂ PU
KEDAK calculates fr< as the difference between CF? and all other cross

sections. The BWDF/B II data include the calculation of Prince (BKL) using
Jupiter and Abacus-Nearrex optical model codes,

^Pu

Davey's '2) revised curve for 235U has altered the 24°Pu fission
cross section in the Mev region, as can be seen especially on the EUDF/B II
curve above 6 Mov.

At In the region 0.1cE^O,8 Mev, tbo difference is due to the use of
different statistical modolo*

In the reckon 0,8̂  E 1.3 Mov, the difference must be the result of the
fast rise of tf^ ( Pu threshold),

Wo »<*vi measurements vere published in the years 1967-1 970> so thero ia
no change in the BKDF/B 11 with rocpect to EimP/B I curves.

EJJDK/B I follows the ro trait a of 3)utlcr^' evaluated by Davey^4' up
240to 1«7 Kov« Above this energy it follows Pu as recommended by Davoy.

KEDAK takes the same approach up to 1,7 Mev, Above this energy it follows
f\ JL f\

exactly the Pu fission crosH section.
While K5)J)AK follows the < < curve of 23 U, EKDP/B 1 uses deformed

6A
optical model calculations. There are no measured points in this energy region,

The difference in the two curves is duo to the use of differentc
statistical models*

References
(1) Yiftah S., Comparative analysis of evaluated jmclear data files/Philosophy,

these proceedings, page »,..
(2) Davov, W.O,, NSE ̂2, 35 (19&8).

(3) Butler, D.K., Phys. Rev, 137» 1305
(4) Davey, H.O., USE 26, 149 (1966).

142



10 I I I jI I I I |

239

1 I I j I i 11

Pu

8

D

. 4

—————— ENDF/BH
—————— ENDF/B1

KEDAK
UK FILE

r

o \ \ i i I I I ( I i M

ICT 10°
log. E (eV)

10

143



oa

0

T——i—i

239Pu

—————— ENDF/BU
—————— ENDF/BI

—— 'KEDAK
——— UK FILE

i. t I

10°
log. E (eV)

144



I < I I I I I I I I I I I I I

ENDF/BB
ENDF/BI
KEDAK
UK FILE

10 10
log. E (eV)

145



20 1 I « » I I I I T T

18

16

14

240Pu
—————— ENDF/BH
—————— ENDF/BI

KEDAK
UK FILE

12

10

8

r i I i i •! i I" i i i I i i i

10" 10°
log. E (eV)

1C

146



! I I I I

ENDF/BI
——— > —— ENDF/BI

KEDAK
UK FILE

> I i i i ii i i t i l l *

10
log. E (eV)

147



I I I 1 I I I I

240

I I I I I I I

Pu
•———— ENDF/BE
—————— ENDF/BI

• " • • • " " KEDAK
—————— UK FILE

i I i - I I I I-

10
log. E (eV)

148



I I I I I I i I

8
ENOF/BI
KEDAK
UK FILE

I I I I I

0
10*

1 I t I I I I I I I I

10°
log. E (eV)

10'

149



3.0 I I I I I I I | I I I I I I I I

241Pu

2.0

1.0 ENDF/BI
KEDAK
UK FILE

0.0 j___i i I i I I t i l l

10'
log E (eV)

ISO



.3

CJ>

-pp

241

T — — — I — — | — t i l l

Pu

ENDF/BI
KEDAK
UK FILE

10
log E (eV)

10

151



20 i i I I ii i i I I I I I T

18

16

14

242Pu

ENDF/BI and fl
KEDAK

12
c*_a
2 10

8

I____l_ I I I I I I I I I I

10' I06

log E (eV)

152



ENDF/BI and H
KEDAK

L-. I I I J .1 i I
10 10

log E (eV)

153



0.4 .j—^— j j" 1 T T"f 1 I I I I TTT

0.3

O

0,2

O.I

0.0

Pu

tNDF/BI and H
KEDAK

1 I I I I I I I t I I

iov
10'

log E (eV)

154



THB EQLE OF P3TBICAL 5BSH1B IN

J.Gsikai, I»Angeli and
Institute of Experimental Physics .KossutJb. University,

Debrecen, Hrngary

Different trends and tendencies ara surveyed
for /n, total/, /n,an/, /&»T/» /n,p/ and /n,«t/ cross
sections with special emphasis on the first two eases*
She observation and interpretation of suck trends has
great scientific interest and can serve as a golds in
checking * &&& &*&&.; also, it can be used in the
estimation of cross section values that nave not been
measured* For /n, total/ cross sections no definite
odd-even and N-Z effects were observed* the existence
of a fine structure for light nuclei «as established
and described by a simple formula /"binding energy
effect"/. In the case of /n,2&/ cross sections at
constant excess energy above threshold there exists a
definite N-3 dependence* She odd-even and shell effects
observed previously, are mainly due to the threshold
energies*

For fast neutrons most of the cross section
measurements can be found around 14 MeV. Previous
investigations l-17/S of eross section systeoaties
for /n,total/, /nt2n/, /n, ̂/, /n,p/ and /n,oC/
processes suggest that shell structure, N-Z symmetry
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parameter, odd-even and mass number effects exert
a strong influence on the data at 14- MeV. The
observation and interpretation of tendencies in
the cross sections has not only scientific interest*
such tendencies can serve as a guide in checking
the reliability of the data and in estimating cross
section values that have not been measured. At present
according to our survey of fast neutron reaction cross
sections, only about ?0 per cent of the measurable
data are known. The great number of unknown data
can be explained by the unfavourable decay schemes
because the reaction cross sections have been
measured with a few exception by activation method*
The lack in data and the gross disagreements among
the existing data make more difficult the revealing
of tendencies and checking the applicability of
nuclear theories* More detailed trends can only
be revealed from data measured by the same author
where the relative accuracy is higher. Using
up-to-date values, a review is given on some
tendencies in total and reaction cross sections
and their role in the evaluation of cross section
data.
TOTAL KEOTRON CROSS SECTIONS

Among fast neutron data the total cross
sections are the most complete and accurate, so
they give reliable information on the average
properties of nuclei. Furthermore it seems worth
while to search for such systematic behaviour in
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total cross sections as have been found in reaction
data* In our investigations at 1 MeV total oross
sections were measured under the same circumstances
to improve the relative accuracy, and the best
averages of literature data for the 13-15 MeV
interval were calculated using a statistical
procedure jfisj.

In our experiments the choice of the samples
was subordinated to the aim of observing possible
H-Z or odd-even effects. E.g. to check the H-Z
dependence, the A-Ca isobaric pair were measured,
too* Though for some pairs significant deviations
were observed, these can not be definitely attributed
to odd-even or H-Z effect*

.In order to search for fine structure in
the mass number dependence of the cross sections,
the experimental data were divided by the black
nucleus formula, accepting ro • 1.4 f , ̂ > 1*22 =J* f
and R * r0 AX/5.
The results are shown in Fig.l. /Grossest present
work, circles: averages of literature data/*
Aa it can be seen, the reduced oross section values
show a sinusoidal form in the function of A1̂ .
It was found that -the data in Fig*l* can bo well
described by the following empirical expression
/dashed curve/)

In general the good fit of this simple formula to
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the experimental data for medium and heavy nuclei
suggests that if exists any systematic trend in
total neutron cross sections, superimposed on this
gross structure, its magnitude does not exceed a
few per cent. Expression. /I/ can be used for the
calculation of unknowr total cross sections in the
mass number region mentioned above* Similar
expressions can be used also for neutron energies
between 0.5 and 42 MeVj only the numerical parameters
should be changed. As for light nuclei the dashed
curve does not fit well to the reduced experimental
cross sections although its shape is similar. As
it was shown in our earlier paper fl9» & correlation
exists between rQ and the binding energy per nucleon.
This suggests that the higher rQ values in this
region are in connection with a loose nuclear
structure, resulting in a higher cross section* fhe
deviations for pairs measured can be mainly explained
by the binding energy effect.
/n,2n/ CROSS SECTIONS

Various trends have been observed in /n,2n/
reaction cross sections versus mass or neutron
number for 14 MeV neutrons. Barr et al. ?J observed
a tendency of (N-2)/A dependence in the ratio
where 6̂ ^ and <S~n0 are th& neutron emission
and nonelastic cross reactions, respectively* The
results of Pearlstein ,[20 jj and Breunlich et al.
support the observation of these systematic deviations
between the theoretical and experimental cross

158



sections as a function of (H-Z)/A as well as N-Z.
Hear threshold the value of the /n,2n/ cross sections
strongly depend on the difference between the
bombarding and the threshold energy. At a given
bombarding energy the Q value markedly influences
the reaction yield. For this reason it seemed
interesting to examine the behaviour of /n,2n/
cross sections for a constant bombarding - threshold
energy difference. The cross sections determined
in this way at 3 MeV excess energy were found to
diffar markedly for different nuclei of the same
target neutron number N, and no significant shell
effect could be recognized {21]. Plotting these
values against N-Z at given H or 2, the data
lie on a straight line, independently of '2 or N
being even or odd /Pig.2/. The straight lines for
different N or Z are parallel to each other in
good approximation, except for N=28. 2nis means
that a simple formula can be given for calculating
/n,2n/ cross sections in the'interval 30*N* 120
investigated,
cffz t #Z,N)« ̂(ẑ vj) *? ̂(Ê } AT /%(

For B6atc as 3 MeV one finds */Eexc/ * 231 mb.
This empirical formula can be applied also to
other energies by using the Weisskopf estimate
for the energy dependence*
On the bases of the above mentioned and in the
knowledge of /n,2n/ cross sections of some nuclidea
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data for further nuclides could be estimated by
interpolation and extrapolation. Owing to the fact,
that 1/he linaar H-Z dependence holds either for
constant IT or for constant Zt there are cases
where the sy&temetics gave the same cross sections in
two independent ways. Such examples are given in
Table I. in order to show the inner consistence of
the- systematics. Finally, the cross sections for
elements have also been calculated at 14.7 MeV by
average ing over isotopic abundances. As it can
be seen in the Fig»3» the tendency of the original
experimental data is fairly well followed by the
values for which the N~Z systematics was taken into
account* In the case of light nuclei the odd-even
effect can be woll observed; this - similarly to
the shell effect ~ is probably caused by the
variation in the threshold energies. Using the H-2
tendency, an empirical analytical expression for
calculation of /n,2n/ cross sections has been given
by Adam and Jeki 223. 5?he agreement between
measured and predicted values is fairly good for
nuclei with 4 S-2 ̂  21.

CROSS SBOTIOHS
Only a few published data are available

concerning capture cross sections for neutrons
above 1 MeV [lO, II, 23, 24]. The examination of these
seems to show some regular behaviour, which may
suggest new indicative measurements. Most of the
data refer to unraoderated fission neutrons.

J60



target neutron number dependence of these data
shows a definite shell effect; in addition, aft
increase in the neutron number for N^60 is
accompanied by an increase in the neutron capture
cross sections, while for N?60 a saturation can
be observed /Pig.4./. In order to complete existing
data and to check the energy independence of the
observed tendencies, further measurements at 3
and 14 MeV were carried out by activation method
25,26,273.
She measurements, especially at 14 MeV, were
difficult because of the low cross section values
and of the concurrent reactions* Figs. 5 and 6*
show the capture cross sections at 3 MeV and 14,?
MeV as a function of target neutron number and
includes the results of other published measurements.
The data show a trend similar to that observed by
Hughes et al. at 1 MeV. At the magic neutron numbers
the cross sections are small in comparison with those
of neighbouring nuclei* Cross section measurements
on additional nuclei with non-magic N, performed to
confirm these minima, unfortunately were not
successful due to competitive /n,2n/ reactions at
14 MeV*
A decreasing trend of cross sections as a function
of N-Z can be observed at a given neutron or proton
number for the energies mentioned above.
The increasing trend of the 14 MeV cross sections
for the N=82 nuclei Ba, La and Pr and for the H«126
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nuclei Pb and Bi is similar to that found at 1 MeV«
2?hus the treads observed in the /n, JV cross
sections at 1 MeV retaaln valid at higher neutron
energies, they seem to be independent of the
number of possible reaction channels. According
to our investigation the /n, f/ cross sections
are proportional to A^ at 1, 5 and 14- MeV /see e.g.
Fig*?./

Longo and Soporetti l2] plotted the
logarithm of experimental /n, ft/ cross sections at
14 MeV for nuclei with proton numbers Z >28 in
the function of (H~E)2/A. Cross sections for nuclei
with neutrons in the saute shells are on straight
lines : In (Toe- (N-z) /A, suggesting that for a
given neutron shell the /n,/ cross sections
decrease exponentially with the increase of .the
parameter (K-Z)2/A, /Fig.S./
Further measurements are needed to check the
mentioned /n, ̂/trends*
/n,p/ AKD /n,cx/ CROSS SECTIONS

For fast neutron reactions most of the data
refer to /n,p/ cross sections around 14 MeV. Plotting
the /n,p/ values in the function of mass number
Gardner 28] found that for each element the cross
section of an isotope is about half of the preceding
one» A semilogarith&ic plot shows that the distance
between lines of different elements is «about the
same for a wide range of atomic number. Using this,
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simple empirical expressions could be given for the
Z and A dependence of <57n,p/*

where m=4.6 and 0=6,6 for the light and heavy
elements respectively* Another empirical formula
for /n,p/ cross sections has been given by
Iievkovskii [l6J:

<roz, A)
Values calculated by this expression agree well
with those determined by /?/»
About SO per cent of the cross sections can be well
approximated by these empirical formulae, hence
they can be applied to estimate unknown data*
Deviations occur mainly at closed proton and
neutron shells which could be interpreted by
variations in the Q-value, level density and pairing
energy around the closed shells*
Analysing /n,p/ cross sections Chatterjee [l?.] found
that for reactions leading to magic residual nuclei,
a minimum in the 67n,p/ values should appear*
Unfortunately, at those nuclei experimental data
are rather scanty* Our measurements [29] lead to
the following conclusions: The data obtained for the

ftCisotopes "so and Oa at Zg * 20 do not confirm the
proton-shell effect in the dependence of <57n,p/
on Zg. $he applicability of the empirical formulae
relating to the dependence of <J/n,p/ on the mass
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number for a fixed were confirmed by the data
measured for the micloi ̂ 2»^3» Ĉa arid 188»19%S.
According to our measurements, the absolute cross
section values agree in all cases with those
calculated froia the empirical equations /L6,28/
relating to <T/Z,A/ within a factor of two* (Ehe
agreement is especially good in the case of nuclei

As for the Z dependence of /n,c</ cross
section values one can conclude, that the cross
sections generally decrease from "̂ 100 mb to
ssto from the lightest to fche heaviest elements.
Two definite maxima can be seen, one in the region
from Na to 01 />100 mb/, the other in the rare
earth region /«•*» 10. mb/» At the magic neutron number
50 the cross sections are considerably higher than
for the neighbouring nuclides. Gardner and Yu-Wen
Yu [JA] gave an empirical expression for /n,o</
cross sections which can be usefully applied to
estimate unknown dafea, The agreement between measured
and calculated data is not so good as in the case
of /n,p/ cross sections.

The spread in the present data is caused
mainly by the different experimental circumstances*
23ierefore it would be profitable to recomraend
standardised conditions for the irradiations and
activity rneasui-0;aents using modern experimental
techniques. These could perhaps be developed~under
the auspices of She Agency-by the institutes that
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have traditions and current work for neutron data
measurements, A great number of data measured by
the same method and under the same circumstances,
would be of great help to check the validity of
tendencies and also to investigate nuclear structure
and reaction mechanism*
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Table I.

Data obtained from the N-Z trend both for constant H
and Z at 3 MeY excess energy, Estimations from using
isotonic and isotopic lines /independent data/ agree

veil with each other*

liuclide

Cr-54
Zn-68
Ge-72
Mo-94
Mo-96
Mo-98
8e-78
Se-80
Sr-88
Ru-102
3?e~130
Sr-162
Sn-118
Hf-176
Hg~196
Sm-152

8 *
6>b
870
1050
790
765
900
1030
965
1160
1300
1060
1470
2020
1190
1820
2000
1710

constant
) A&

70
80
40
70
60
100
40
180
130
70
120
200
80
120
150
170

Z - constant

830
845
800
710
1030
1320*
950
1030
1320
1020
1310
1820
1310
1840
1820
1490

130
60
30
70
100
130
40
660
130
90
90
140
80
120
150
140
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Fig. 9. Isotope effect in /n,p/ reactions. The
solid lines are from Gardner and the
dashed lines are from Levkovskii.
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Z*S«86dy, J.Csikai and Iflngeli
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Debrecen̂ Huagary

origin and the role of different errors in
the measurements are discussed with particular interest
concerning their possible elimination or correction*
With a generalized averageing procedure most probable
values were calculated for /n, total/ and /n,2n/ cross
sections using experimental results from the literature*
In the case of /n,2n/ crass sections further values
«ere obtained by inter- and extrapolation using H-Z
dependence previously observed} the cross sections for
elements were also calculated by averageing over isotopic
abundances *

While the spread lu tae totr>l cross section
data measured by different authors is approximately
consistent with the given errors, the <57n,2n/
values have gross desagreemeats ranging up to a
factor of ten [ij. On the bases of several papers
for /n,2n/ cross sections the different sources of
errors are presented in Table I. The main part of
the errors comes from the magnitude and angular
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dependence of the flux and also from the uncertain
decay schemes. The expected values of the systematic
errors can be seen from the fact that the errors
given by different authors amounts to 5-15 %% while
the spread in the cross sections can reach an order
of magnitude /Fig* I./*
It is useful to divide the errors into two groups:

I*/ The errors of the measuring methods and
instruments as well as evaluation procedures which
may be called internal errors*

2./ Errors of the literature data used for
evaluation /e.g. decay-scheme, half-life, standard
cross sections, etc./ these may be called external
errors.

She values of internal errors can be decreased
by the authors using improved techniques for irradiation
and activity measurements* On the other hand, the
external errors can be corrected later by users,
if the values and role of external data are given in
the original article*
Valuable informations can be contained in papers
giving a great number of cross section measurements
even if the absolute values do not seem reliable»
In some cases the «at.airectional deviations can be
corrected by an appropriate factor. As an example
a set of measurements is given in Table II.

To obtain more reliable data a further
possibility is the averageing of the available
values. In this paper an averageing procedure is
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given which was used to estimate the most probable
values for the /n,2n/ and /n, total/ cross sections*

Let us suppose we nave a number of cross
section values /x̂ / and their errors /ŝ /
measured by different authors. following l2fj a
statistical model and &n averageing procedure is
given. The set of instruments /that is a number
of parameters characterizing the measurement of
the instruments/ used by different authors is
considered as a statistical ensemble. The results
obtained by each instrument is also considered as
forming a statistical ensemble. One can say that
the instruments constitute a macro-ensemble while
the results of measurements by a given instrument
constitute a micro-ensemble. So, there ia only one
macro-ensemble but there are as many micro-ensembles
as instruments* The error associated with each
instrument is split into two partst systematic
and statistical /random/ errors. The systematic
error is the same for every element of a given
micro-ensemble while the statistical error fluctuates
in a random manner. In the macro-ensemble, however,
the systematic error has a random distribution, i. e.
the systematic errors of the micro-ensembles appear
as a statistical error in the macro-ensemble*
Further error which would be present in the macro-
••ensemble and would have a systematic character is
excluded by assumption. All the distributions of
errors are supposed to be Gaussian with zero means;
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the statistical and systematic errors are taken to
be independent* Using this model and the maximum
likelihood principle the most probable value m
can be calculated from the equations JJL2TJ

*_
_ *? *m. --sJ

W

' •*•*••«*

and

/a/

where j is *»• variance of the distribution of
the systematic error and N is the number of
measurements* The root mean square error &M of
m is

/i
171117j ̂ . $ii^r3*

If Eqs. /!/ and /2/ have no solutions with
then Eqs. /!/ and /?/ give the results with
y = 0* One can see that when systematic errors
are negligible compared with the statistical errors
/y /Q2 —> °/> the present method reduces to thesiwell known expressions giving the weighted mean
using reciprocal square of the errors:
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Z V ', .*_
t.i. J* • - • ' • - A -14m —> -TrmrzL.

- -. /*/«?-*•$t
If statistical errors are negligible compared
with the systematic errors /s|/ 2 ~> o/ the present
method reduces to one giving the simple arithmetic

\,\

33ie most probaole values for /n,2n/ cross
sections at 14,7 MeY obtained by this averageing
procedxire are presented in Table III. for those
nuclei where measurements are difficult to perform
tfc& cross sections were estimated using N-Z
syetematics flj] /see Table IV/*
So, having known the cross sections for isotopes
the (J7aj2n/ values for elements /Table V«/ were
calculated by averageing over isotopic abundances*

The operational scheae was the following;
collecting individual measurements froa literaturei : ". i . ..... ...........most probable values by ata./l~3/_j»gabl» III
converting CTvaluea to constant excess energy

by Weisskopf formula
MnrrrratT'TrirTi- in _j|iTMni . i .nnin i ^_.ur ___- . . - . , . . ._• n "n umai IIB..jiTTi_ai.- _I_MIII i i n - i i_ i i in i >i i LT — LXUTI u~i ' •-•—"—_^^^» .̂,»_»osrtra- and interpolating new 6"values at constant
_______excess energy by N-Z dependence_____
oonverting new 6"values to 14.7 MeV by

Weisskopf formula_________——^ Taible

| aver ageing over isotopic abundances I—:—> Table 7.
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The averageing procedure applied to total cross?
sections in the energy internal 15-15 Me7 was essentially
the same as for /n,2n/ data. The total cross section
values measured by different authors are approximately
consistent with the given errors* Although there are
some exceptions, on the average th* inconsistency
does not exceed 1 per cent. The grand means and their
errors for various elements and isotopes are indicated
in Table VI. For each atomic number the first .line
refers to the natural element.

"
TI IT"

H rump sj 9 a oats irnta

rs

*
I

-fr-

z»2tn»»B»tr»i9 » z

Fig.l. Activation cross section for /rf,2n/ reactions
around 14 MeV. The points for each nucleus
show the experimental values obtained by
various laboratories.

178



References

J« Csikai, M« Buesk6, Z. B6dy and A* Demeny,
Atonic Energy Sev. 2A969/93
B. Mitra and A.M. Ghose, Nuc.l. Phys. 82/1966/157
H. Liskien and A. Paulsen, Nukleonik f/1966/315
H. Listen and A. Paulsen, Nuol. Pnys. 62/1965/593
H* Liskien and A. Paul sen, J. Nuol. Energy A/BI9

A965/73
Wen-deh Lu, N. BanaEumar and R.W. Pink, Pnya* Rev.

SLsl A970/350
Y. Kaada, J. Pnys, Soc« Japan JJ&/1968/17

[8j H.O. Menlove, K.L. Goop and H.A. Grench, Phys. Rev*
163/1967/1508

[9j H.L. Pai, Can. J. Phys. fŴ 1966/ 2337
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Table X.
ef $s?2?03?j? of e?d&$ sections, in per cent

| QuantityN^H e f e r e n c e s
I

i

1
bo

SAMPLE
i

r magnitude
/ ' fluctuation
I angular dependence

\. sample geometry
/ scattering by holder
I energy spread /KeV/

x statistics

I efficiency
V. self -absorption
t weight
1 chemical purity
f Balf-life
< schemes

Measuring of time, dead time
Total uncertainty
Reprodue&llity

M
5

•' 5

Mr

100

}.
~*

—

6-11

DO
5

&0.1
2.5
2.5

100-
J_200

2,5-7.0

J.
•*•

n e
5-6

W

2.5
5

0.5
110-

2

1.7

IS M
4 6

0.1
2.5

1.7-5*8 -
0.5

110- 500
470
0,6- 1
2.0

U.5- 5
J2.5 1-2

C?1
s

500

V

C83
7

0.5-1.5
•*»

400-

1
'S

*3
^ 0»1 <0.1 «-
«• 0.3 -

g 1 i
6-7

-

g i b 1 e t
6

1

8

O 0
-

•M

2.6-
4

Cfl

4-8
M»

J-

1

200-
300

1

2

^0.5-
J2.0

—

tioj

1.4
0.5

200

1

5
0.7

—

1*5

t h e r s
9-5 «* 4.6

- ^2 - ^0*7 - - - 2



Sable II.
A set of cross sections measured by the same author
compared with the average values. 3?he ^rGQVf * 1*176""»

where 1.1? is the average of the fourth column.

Nuclide Cf/mV
ref. [llj

I4H 5.4
l% 38,9
nSc 130

^"Ojifi* *l *» «»3Jx 13.3
*0u 409

^an 105
«9* 755
r7tk<n *7Q3lJBT /"?5
92Mo 106

107A« 73*
PP 1240

+ 0,46

± 2»3
±7.8

± I-!
± 2*. 6

± 7
±V44

± 48

i 7.5
± 4^
±74

average

6.31
51.5
137
13.8

473
120

830
847
137
838

1663

± 0.9
±4«8

± 8
±0.9
± 22
±5.3
±50
± 28
± 1°
±54

± l44

(5"

1.17
1.32
1.05
1.04

1.16

1.14

1.13
1.07

1.29
1.14

U3*

<w>»/
6.3

45.5
152
15.6

478
123
860
928
124

859
1450



Table III.
2?he aost probable values of (n,2n) cross sections

at 14.7 MeV.

Z
7
9
11
15
17
19
20
21
22
24
24
25
26
26
27
28
29
29
50
50
50
51
51
52
52
55
54
54
54
55

A

14
19
25
51
55
59
48
45
46
50
52
55
54
56
59
58
63
65
64
66
70
69
71
70
76
75
74
76
82
79

<Vmb/
7.67
55.9
45.5
10.5
9.2
4.74

940
526
50.4
29.7
552
896
14.5
490
885
52.9
558
965.2
190.7
742.4
1307
1060
1262
665
1511
1111
442
957
1400
1069

/U%b/
0.7
5.6
9
0.9
0.7
0.2
74
16
3.9
1.8
66
44
7
56
87
1.4
11
5.2
15.5
82
130
52
447
10
49
34
10
70
150
59

Z

35
36
36
37
57
58
58
39
40
40
42
42
44
44
44
45
46
46
47
48
48
48
48
49
49
50
50
50
51
51

A
81
78
80
85
87
84
86
89
90
96
92
100
96
98
104
103
102
110
.107
106
108
110
116
113
115
112
114
124
121
123

OT/mb/
1141
245
810
1438
1833
234
971
900
818
1456
194
2000
640
1169
1440
895
637
2050
1470
885
865
1221
1566
1742
1746
1489
1550
1447
1722
1643

4<T/mV
50
20
60
95
530
75
194
120
12
80
12
115
120
91
80
100
45
470
150
42
100
150
40
62
70
55
250
110
80
188

182



I'ai/le iii. /cont«/

52
52
52
53
5*
5*
54
54
54
55
56
56
58
53.58
59
60
60
60
62
62
64
64
66

120
122
12*
127
124
12t>
128
134
156
153
130
132
136
140
142
141
142
148
150
144
154
154
160
160

12«M
1444
14*;-
!&•>?
11?0
i;;v1530
it.- j>O
1700
1572
1371
1574
1318
1730
1820
i?b?1745
1893
1964
1557
1670
1855
1662
2015

!;,!
170
55
hf>
110
lop
17u
170
100
70
70
100
90
70
80
112
118
250
300
105
330
140
108
120

67
68
68
6S
69
70
70
71
72
73
74
74
75
77
78
79
80
81
81
82
83
88
90
92

165
162
166
170
169
170
176
175
176
181
182
186
187
191
198
197
2O4
203
205
204
209
226
232
238

2170
1870
1965
1895
2000
2080
1810
1940
2220
2220
2200
2290
1568
2100
2300
2122
2234
1704
1990
1833
2214
1600
1280
683

300
300
115
135
115
110
130
150
115
370
100
230
112
140
230
180
123
170
280
180
100

, 200
80
30



Table IV«
(n,2n) cross sections at 14«7 MeV pbtained from

N-2 systematic 8

Z

20
20-
2C
23
20
22
22
22
22
22
23
24
24
25
23
2C
2f
2C
23
30
3C
32
32
32
34
34
34
35

• 36
33
35
OS
38
43
43
4C
41
42
42
42
42
42
44
44
44
44
44 '
46
45
45

j! <T/mb/ 4<57rab/

44
45
43
42
4',
'*5
.4?
43
42
52
51
53
34
57
52
SO
51
52
54
57
58
72
73
74
77
73
S3

•52
C3
84
85
5?
82
S1
92
54
S3
54
55
55
?7
S8
S3
59

ioa
101
132
1C2
104 '
135

512.3
742.:
rr / t".'r* ~

23C.8
«?.?
30. •'

»<*o x%p «*.*}
5 *»j% a«*.««.
Trn v»vj.»-i

553.1
552*3
8C2.3

111 5.f
SSW

1C55.3
43C.1
7'1 <!iw i. o
AA* C
CV-.l

1105; ?iv'jj.i
ic:vj
1155.5
CSUS

I.**?.:
1147.C
113 V2
11K̂
124-^5
7:4,̂

1<«•»•• a.-j*;
«|n^/* ••
li'.v ,J

2212.3
147: .S
1411,3
115'..4
1255.2
134C.1
1C52.D
S7S.2

1:27*2
11̂ 7
12S3.5
143*2 '

•4S.3
232.5
SS3.3

111C-.1
1255.2
817.2
S45.S

127S.4

42,7
SW
C3.2
57.0
74.0
3.?

50»7
42.:
7-L7
55.1
C4.S

141.C
131.5
15C.4
•130 "
Iw>*Vt

2P.3
K.4
r^ H
*-^ 4

2C^S
79.S
C3.7

52.0
rw
513
31*1
M ̂ .W

•)•''» 1
l-i.»«-

.77.5
125,'?
151.5
1S2.2
124.S
107.C

43.5
«.5
SW
25.1
?4^

ic? :̂
121.7
13W
1S2.5

54.3
35.4
8S.1

1J7.1 •
72.4
75.J

112,4
141.7

Z

45
45
47
4G
43
4S
43
43
5C
53
50
53
52

-50
SO
52
52
52
52
52
52
54
S4
54
54
54
54
55
S'i
55
55
55
53
57
5?
S3
50
W
SO
S3
52
62
52
52
S2
53
63
54
84
54

A 07mb/ /3<T/mb/

1C5
1C8
132
135
111
112
113
114
115
115
117
113
119
-120
122
122
123
124
125
125
138
12.4
125
129
.135
151
132
152
134
155
135
137
133
139
135
133
1<3
144
145
14S
147
148
149
150
152
151
155
152
155
156

1428.3
173?. 3
1442.1
425.3

12SS.4
1594. S
1357.3
1451.5
15C4.2
1552.7
1527.3
1433.3
1475.1
1434.7
1432,2
",274.2
122?.3
1343.0
133S,5
1424.4
1SC2.7
1423.3
147S.5
1325.3
1572.3
1554.3
1527.1
143VI
1S47.1
1533.$
15c3.5
1356.7
1721.3
'(731.8
1225.0
1522.2
1723.5
1727.1
1774,5
1S45.5
152,1.5
1823.3
1585.3
1543.5
178S.8
1575.0
1S82.?
1792.4
1783,4
17S7.C

150..7
202.6
173.1

&5»1
174,fi
235^
229^3
177.C
11̂ 7
117.3
115. >
117,1
114,1
11S.3
US. 5
81.1
79.3
31.2
75. 1

115̂ 0
11-'u3
114̂
114.S
115.1
115,2
112.2
115..?
114̂

S1.7
112*1

S1.5
111.S
114̂ 0
132.5
75,4
8S.4

1C2r5
112.3
102^2
1TL7
153.̂
157,1

•152.3
153*5
157.3
167*5
13-3.5
224,C
^C.-5
133.9

184



Table 17,/cont./

Z A

$4
$4
65
65
66
$6
65
J5
56
68
68
68
69
73
7J
70
75
70
7C-
72
72
72
72
72
72
74
74
74
72
75
75
75
73
75
73
76
78
72
76-
75
78
75
CO
S3
82
SC
«s
so
77
e2
62
11

157
156
159
15G
158
1S1
162
163
164
162
1*4
157
1S6
1S3
170
171
172
175
174
174
175
17?
178
179
1C?
12:
1d5
134
1S7
114
is;
1 7
1?C
-,es
1CO
152
1S3
152
1S4
135
1SS
185
195
138
159
2CC
2J1
2C2
12
2CS
227
2:5

1725*6
173?.0
1874*6
17SC.O
19J7*S
2047.2
2157*5
2130.4
234.9.3
2GC1.4
1254.2
121C.4
1327.9
1847*4
2247.5
1-7C.8
133̂ 7
1c :,5
1 Sf,5
2C41.3
^<*r" <:
*-» v *V

1Cc *1
137o.2
2C75.5
2234*5
2-5 C.4
217-:,:
225 J.2
22:0*1
21*2*7
2142*1
nf *^ 2
•»« «*vW

2141.4
9*V» *
*»»»v« v

2142.3
2147*7
1SCC*2
2075.8
2152.7
2142*1
22w»5
217C.5
KH3
2C11.4
2C21.7
2SS1.4
2CG3.2
2139.3
2152*5
1S13..C
152S.8
1i';4.3

150*3
132.9
144-2
1S?.2
139.5
13W
132*2
129.5
154.7
155.5
\̂ .2
11M
12C*5
27S.6
11C*1
125*2
111.5
4** **v
<4>ww

•5C.2
131*7
.??*4

-»A> a
4»V«V

14^*2
158.5
151 C
15},:
1SS*4
15-̂ 5
i5i*e
1-2*1
•*•••* ?•j«*.'
152*;
*c« <>
ij«.4>

15C*5
151*5
131*5
1SM
1̂ *3
1S2»3
15W
151*2
151*2
131. C
15'̂
15C*3
•320*3
137*5
1SJ*5
151*3
14S.C
1 S*2
152.2

185



Cn,2n) cro&fc sections of elements at 14.7 MeV.

/Data i'oi- H, Li aQd Be were taken from ref* [l5l/

Z

1
5
4
7
9

11
15
20
21
22
23
24
25
26
27
23
29
50
51
52
55
54
55
56
57
56
59
40
41
42
44
45
46

47
48
49

H
Li
Be
N
tf
Na
P
Ca
Sc
fi
V
Cr
Mn
Fe
Co
Ni
Cu
Zn
Ga
Ge
AS

Se
Br
Kr
Rb
Sr
Y
2r
Kb
Mo
Ru
Rh
Pd

Ag
Cd
In

CVKb/

<C*t>

oO
?;U>

7.67
V,.9
45*
10.5
15

32b
341
565
407
89b
4'/4

8«5
183
684
5t>5

1140
982

1111
1076
1105
1520
1548
1366
900

1053
1082
mo
1155
895

1491
IH%
1414
l?40

dc,/w
3

10
100

0.7
5.b
9
0.9
L.5

16
45
55
70
44
35
87
15
10
48

210
40

34
94
45

145
160
117
120
33
86

117
90

100
200

IbO
150
70

1 tt

2

50
51,
52
53
54
55
56
57
58
59
60
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
85

90
92

Sn
Sb .
Te
J
Xo
Cs
Ba
La
Ce
Pr
Nd
3m
Eu
Gd
Tb
Py
Ho
Er
aim
Yb
Lu
Hf
Ta
W
RO
Os
Ir
Pt
Au
Hg
Tl
Pb
Bi

OJh
U

07mb/ A
1494
1688
1495
1655
1597
1572
1694
1732
1739
1787
1795
1668
1784
1741
1875
2193
2170
1933
2000
1915
1940
2090
2220
2231
1791
2136
2125
2177
2122
2100
1906
1953
2214

1280
688

fS7mb/

115
126
90
55

120
70

110
103
72

112
130
196
180
127
144
124
300
120
115
130
150
144
370
164
150
160
155
165
180
160
250
157
100
80
50



Table VI
The most probable values of /n,total/ cross sections

between

z
1
t1
1
.'I
2
3
3
3
4
5
$
S
6
7
8
8
9

10
11
12
13
14
15
13
17
18
1S
19
22
29
20

.21
22
23
24
.24
25
25
27
28
23
23
28
28
29

A <5/

10001
2.COCC
5.500'J
4.CS09
3.C3C3
S.S225
5.20"C
7.0303
S.CC09

1C'.CC?7
1C.C503
110CCO
12,C1?3
KOfcS
13.3S43
1S.COCC
1S.-3DC0
20,'175S
23.CCOS
24.5252
27. X:?C
2?»1?57
51C3H
32.CS14
35.t443
33. 5:
3?.'157Q
3?,CCC9
4C.1125
42,809
44^003
4S.CCCD
47.S227
SG.S973
$2.3555
52.2309

.55.0COC'
55.9101
5S.OC80
S3. 7715
58, CCCvJ
SC.CCCO
S2.03C3
S4.CC03
53.5154

•«v i*
C.S35
O.CC21
C.?775
1.355
114CO
1CSS
1.4i55
14323
1.4574
1.3713
14351
1.4145
15317
1.573?
15229
1.4215
17423
1 " 23
1.7555
17S25
174«5
1.7425
18234
«* *A» J '

2.02??
2.J5C3
2.127S
2.2I-?
2.is:-5
2̂ 1314
2.1731
2.3SCO
2.3421
2.4165
2.45CC
2.54S5

2.S373
2.5704
2.7:10
2.744C
2.7S3C
2.«3«
2*3572

7»V
O.C54S
2.C149
O.C113
O.C1S2
S.9714
3.«230
C.C1CO
i«.c:o5
C.S120
3.C142
O.C14D
C-.22Q4
C.OC37
C.;-175
0.5184
•V!$48
C.C17C
C« IE25
0,013C
C.CC-S1
o!oi55
0.«'I223
S.3214
C.C125
C.C121
C.05SS
D.S13
Q.C7CS

C.342S
3.C374
S.C333
C.C159
C.C311
C.0222
O.C645
3,3313
C.C133
a.K92
3.̂ 213
0.^555
0,354
C.C5SC
C.(3!3
O^CITS

Z
30
3d
30
33
33
30
31
52
33
34
35
33
38
32
43
41
42
42
43
45
47
47
47
46
48
48
48
48
4S
43
48
48
49
58
50
SO
53
50
50
SO
50
50
51
51
51.

A (Ty
.•3.451?
!J4,U}CC
S$.CC 3
57.UCCO
S3, 999
70. ."JCO
SD.7S53
72.3530
7S.CCOC
7S.3BS
7S.CS72
S3.C845
37.7C92
82.'tX?C(?
S13125
92.a-C3
95.3J91
9S.C300
S2.c:w

ID -•• j^44
13/.9712
1J7.COC3
1'.S.«2JO
112.513S
HvvCOQ
<rn fi.'nn2 *.v.^wwU

11?«rC/C9

mrcco
112.CCCO
11v«-J32l)
114.CC3C
113.2039
114.5151
He.573
112.CCOO'
115.«3CO
117 .̂Cv20
113.TOC9
11S».OCCO
12C.3CCO
12L3CC9
124. SCO
121S335
121.̂ 3CC
123.2COO

tob/
2.S012
2.9553
3.C113
2.2929
3.0513
5,113)
i,1224
3.3%09
3,4S54
3,473
3.4S20
3.77S7
JLSS60
5»c545
3.7441
4.C333
4.CI128
4.C4M
4.1S&5
4.27S8
4,527
4,3403
4.3SCS
4.4455
4.25C3
4.53C3
4.5400
4,443C
4*55 C3
4.530C
4,5433
4.5S09
4.5303
4.5353
4.410G
4.4300
4^5400
4»75s,'3
4.4603
4,3500
4»39CC
4.71»J9
4..5S47
4.55C-0
4.6808

^^"/mb/
O.C22D
C..339&
9.S401
'9,3539
C.3405
0.0422
C.0443
C.OS4
v»1CCC
9,0391-
C.W52
0,07SS
C»D755
.9.C457-
C.'2G07
C.C444
0,0*43
S.1334
9,C531
C.C4CS
0.0537
C.C734
O.C53S
C,3i9
C.1129
0,1153
C,3834
C.C844
C.9753
O.C750
9.C554
3.0753
0^552
(L331
0.0741
G 1̂243
2,0954
C.117S
C.144S
3.98SS
O.CSS3
0.1071
9.C382
G.C555
C.075C
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Table Vl./cont./

z
52
52
52
52
52
52
52
53
54
55
57
58
59
S3
51
62
53
54
55
55
57
63
39
72
71
72
75
74
74
74
*
76
77
78
79
oe
81
82
82
82
82
82
82
83
39
92
92
94

A <57mV d<r/mb/
127.7154
122*COOO
124. .'SCO
12C.CS30
125. «.'. CO
123,3353
i5c.crx)
127.2.30
121.2534
fc7.42.i3
15S,:?31
14 J. 2531
1tt.a90
144.3205
44:.CO:;0
15C.41E?
152»:454
157.S281
1r;S.-;?CG
132.5703
1S5. -COO
157.5271
158.5350
173.rS52
175. 33
173.55C5
121.JGO-)
1 3.̂ -31
182.53C9
1c'5.C^J
133.2577
1?3.:7S3
192.2291
155.1177
1S7.CC30
2CO.J251
204,4C32
2C7. 2418
2C4.CCCO
255.CCOO
2C7»COOfl
2oe.ooco
295.3CaS
25S.9S30
252.:cco
257.9783
255.TJCO
259.C-J03-

4. 0375
4.55UO
4.J1CO
4.SSG3
/"*"•*'*V»lk>i /U

4.75'0
4,2100
4.7i27
5.C4CC
W?M
4.S146
5.0:07
4.-S331
S.SKC
5.5iS2
5*1755
5̂ 1252
5.2511
5.2035
5^2350
5.2347
5.5S44
5.*:45
S»»35C
5»J232
5.5447
S.25S7
5,i355
5.4257
5.5121
5,1254
5.1543
5.2554
5.3701
5.3138
5.3473
5.4124
'5.'4S73
5.4C49
5,4154
5*3463
5,2553
5,2?43
5»4224
S.<i344
5.74S3
5.79CO
5.83CO

0,0545
0.0355
o.cy-50
C.C3S9
CWS73
fl,077o
0.0581
D.OS45
0.1320
CU5D9
0.2750
0.3535
C.0574
O.C549
C.1425
3.0522
0,0809
0.0484
0.0752
0.0716
0,05«
0,C541
C.3711
?.37S4
O.C774
0.2395
C.C473
8.C552
0*0774
&0733
3,C621
D.0817
C,C825
tt.0728o;c452
(UCSC2
0,2491
0,0323
QJJ934
O.CS49
0.0847
O.C812
C.CSS7
0.03S4
0.129S
0,0549
(L.1273
C.1383
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Interpretation of trends in total neutron cross sections

I» Angeli and J» Csikai
Institute of Experimental Physics, Kossuth University,

Debrecen

Abstract

For medium and heavy nuclei, it is shown that
the smooth dependence of the total neutron cross sections
on mass number can be explained by a simple semi-classical
picture, the so-called "nuclear Ramsauer effect*' with
reasonable values of the real optical potential depth and
surface thickness* At 14 MeV neutron energy data seem to
suggest a strong surface absorption. Extending the
investigation to different energies, it was found that
the above picture can be applied to the interpretation
of the total cross sections for E > lo MeV only, though
a simple formula of practical interest holds also for
lower energies. Some refinement can be attained using a
corrected form of the blanck nucleus formula.

For light nuclei, a correlation between the
nuclear radius parameter r , and the average binding energy
per nucleon E/A, was found. Besults of Hartree-fock
calculations for light nuclei also show this correlation.
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The cotal neutron cross sections for A*?-

aad 0.5> .< & •*"- ^2 i eY can be described by a simple

empirical exrsreso.ioa [ l*^ j of the form?

CL. - 2'F(R, X )? f cl - P crs (l A* - *•)] (

where H * roAl/'\ X s 1*22 -^-^~ f. The values
of a, > a»d r parameters for different energies

are given in lif s. 1-3. As an illustration "figs. 4»5»

show the ^./C^ clata and the calculated values
/dashed line/ a& a fia^ction of AIv/^ for E^ » 5» W-

and 24.8 McV«
T&® sinasoidal forai -oan "be explained using the

general formulae for the cross sections

where -o; / a exp (if^} * /l^ being the phase shift
*c*

between the wave, txuversing the nucleus and that

abound i\;»

Assuming- ",-? ~ ^ ss <p exp ( i<| / for

^ < •!? T» '' ^ -' . ««. /
v " f«ax

aad -1-? =r I for / > 0 where
*%,-• ^^ ^"W.f '* u

O a e.;..4> , - la* '} jsa <i = He ̂  , we have
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rcs a-trfR + ̂ f 4 -/«*< ) 30

If > * 0, <5 « <5 aad for .
the "black nucleus" formula. or > ̂ o an
oscillating term spp .'ears bot A in the scattering
and total cross sections, and 6"̂  ̂6̂
It should be noted, that expressions similar to
egs. 3&) and (5̂ ) have been used in
ref » ̂  ̂j to describe the scattering of 90 Me?
neutrons* According to the measurements of McGregor
et al* Ĉ 3 tiie nonelastic cross sections are
close to the geometric values, and so the oscillation
of total cross section is caused only by the elastic
scattering process*
. * She phase shift 6 can be determined from
the nuclear Earasauor effect, that has been successfully
used for the location of maxima and minima in neutron
total cross sect ion a\5] , and also for calculation
the difference in the total cross section due to.
nuclear orientation \&]» The phase shift caused
by a sphere of radius and index of refraction
is [5]

where the average chord length C is proportional
to JL*'** (Che good fit of the calculated curve to
the experimental data suggests that n is independent
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of A.. For example at 14 MeV, equating the const* in
eq. (4) to the frequency constant q of the
empirical formula (l) , we get n « 2.015 for the
index of refraction end an optical potential depth
0 s 42,8 MeV.

The phase const sxrtt r In the empirical formula
(l) can also be explained* Assuming that a surface
thickness t exists in which the index of refraction
changes, we have for the phase shift

where n is the average value of the index of
refraction within t, It can be seen that a new term
appears in the phase shift and this is independent
of the mass number* Supposing that the potential
decreases linearly in the surface region, the
value of t can be calculated from the observed
phase constant . Performing this, a value of
t as 1.6 fm was found for 14 MeV.

It should be noted that a simple volume absorption
would result in an exponentially damped oscillation
of CT,r/<5""Bi,j in tlie function of A '̂. The nearly
constant amplitude of oscillations, however,
suggests that absorption on the surface is much
stronger than in the volume* Assuming the same
surface thickness t s 1.6 fm for absorption as
for the phase shift, from the 14 MeV data we have.
WY?^2 MeV and Wg«*40 MeV for the volume and
surface imaginary potential, respectively.
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The value of the parameter a is about unity
for neutron energies higher than 10 MeV, while for

< 10 MeV it drops with decreasing energy. Shia
can be seen in Fig.l.; here E ' 2 is used as
independent variable, "becaus-* '•his seems to be
the appropriate quantity a the nuclear Esmeauer
picture.

Ho similar behaviour can be found in the
amplitude of the oscillation, j> /see Fig*l./. There
seems to be only a slight, approximately linear

1/2decrease with increasing B ' *
The values of the frequency parameter are

plotted in Fig* 2. A monotonic decrease with increasing
1/2' can be esqolaineci easily, using the nuclear
Ramsauer picture, because - a? shown in ref»
this is essentially proportional to

~
A more detailed invest lotion of the parameters
shows that the nuclear Eeaisauer effect can be
applied to the interpretation of the total cross
sections for E'210 MeV only.

It should be noted however, that using
parameters as shown in Figs. 1-3, (l) describes
t̂ e cross sections also for lower energies* This
is extremely useful from the practical point of
•view, because it gives a possibility to describe
the gross structure of the GTp (A,E) surface
- found by Barschall et al. ref . [?] - by a
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simple formula in a considerable energy and mass
number interval. In addition to the practical
importance, tne sinusoidal form of the (5~y/ <5~"jjff
plots for energies lower then 10 MeV, leaves open
the possibility of further improvements on this
simple model.

One such improvement may be the use of a
better approximation for the black-nucleus formula*
Supposing that only those partial neutron waves
interact with the nucleus, for that the kinetic
energy is not lower than the centrifugal potential
barrier, we have:

« V* (?)
this, tno corrected black-nucleus formula la

T- i
If R2 ̂  ( /(/<?) ?" we have

i.e. smaller than that used generally. Using (8).
as CTgjj we B̂ / lower black-nucleus values, i»e#
higher ĵ/CTgij ratios, and so the parameter a
increases especially for low energies. Crosses
in Pig.l. stand for these new values.

In the. region of light nuclei there are
considerable deviations from the "black nucleus**
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formula. In order to perform, a systematic investigation,
total cross sections weae measured under the same*

experimental conditions {XI* Measured total cross
. sections, together with data from other sources, were
divided by the *fblack nucleus" formula using ro=; 1,4- f
and /̂  « 1*2 f and are plotted .in Fig*?* as a
function of 2 /filled circles/,

As can be seen in the figure, the reduced
cross sections show a decreasing tendency for
increasing Z, with definite deviations for some nuclei.
This structure can be caused by a variation either
in ro or in the "opacity * of the nuclei* 5Jhe question
ia answered by plotting the normalized electric charge
radii [9] *o & / fo dfotty (>? *&* light nuclei /crosses
in Fig.?./. One can conclude that the deviations
observed in total neutron cross sections are caused
by r0, i»e« the average distance between nucleons in
light nuclei varies significantly*

These variations in rQ should be connected
with other average properties of nuclei, e«g. to
the binding energy per nucleon, ; an increase in
?o should cause a decrease in . To confirm this
assumption, the values of 'vff were also plotted
ClO] /circles in Pig*7»/* In calculating the
average \ for an element, the isotopic values-
were weighted with the isotopic abundances. ' he insert.
part of Jig. 7 shows the values of (*
against 2, verifying that the relation
is approximately valid. /(-fp-fc)̂  * 11*55 MeV.fm from
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measurements, and ̂  ̂  \ r=.10*87 MeV.fm from
electric charge radii*/

p
The two- and three-nucleon systems, like H,

% and %e are exceptions. 3lhe relation ro (lto)s
s !!/ ( Mev) obtained above, gives an exceptionally
high PO value, although the correlation between
rQ and exists for these nuclei, too*
It is interesting to note that ro and .
values deduced from the results of Hartree~Fock
calculations also show this correlation. Results
Trom density dependent effective interactions
and the Bl force of Briok~Boeker D-2]
presented in Fig. 8* As it can be seen, the ro«&
product is approximately constant for both calculations,
but their absolute values differ significantly*
Arrows show results for identical nuclei, i.e« the
strength of forces can be checked by this correlation.
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Establishment of Computer Libraries of Evaluated Data and Associated
Computer Frograms

by
Sol Pearistein

Nacional Noutron Cross Section Center
Brookhaven National Laboratory

Upton, New York 11973 USA

Abstract

The preferable features of a computerized library for evaluated data
are reviewed. The importance of checking and editing codes operating
on the data library is discussed with examples given of their use*
Format problems and their influence on the exchange of evaluated data
libraries are also appraised.

Int rpduct i on
In order for a computerized library to be considered reliable and therefore

enjoy widespread use the following conditions should be satisfied.
1. The format should be adequate for storage of all pertinent

information and flexible enough to be extended to all new types
of information.

2. The format should be compatible for use on a wide variety of
computers to allow exchange of information.

3. The format should be relatively efficient and well documented in
order for data to be processed without confusion.

4. For important reactions the library should contain suitably ref-
erenced data files that are consistent with the best differential
and integral data available.

5. Checking codes should be available to test the internal consistency
and the physics content of the files to not only assist in the
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initial preparation of en or- fr*«> data sars butt to ascertain

whether errors are 3nadvfcVten« Jy introduced af- & tutuze time

(quality control) .

6. A good c«>a«B»»icat:Lon U:?k should b<> «'StabHfched between

evaluator, an.i user to ensure that new data and data to -a ting experi-

ence are factored Into revisions to the evaluated data Library.

md

The formats should be adaptable to coropucer processing. Useful features
are separation of text from numerical information, indices to indicate length
of tables to be processed, cotuputer \ ndepevwient file indicators, etc. lh<»
formats should be ilexible enough to aiiotf the ovaluator suffiCLent choice
for the entry of data but not so flexlble as to reqm/e a large pt ogramming
efiorf to 3ccomod«f« an ?xi-cssive iuwab.-ir of for roar, pt/jjsibilitios in applicjf ion
studies. The construction of n«w fornnats shoujd be based OH experience gained
through rhu use of older format^,.

Editing of the data files into various output forms should be provided.
jbi stings and graph*, should be furnish?'* which require, no Knowledge of thf
format for comprehension oi thv data, i.e. intern/ij nuta.».rical equivalents of
reactions and units are translated into readable forms. The computation of
additional basic quantities should be possible such as cross section averages
over specific ranges of a MaxweJ Itan, 1/K, and fission spectrum; neutron ago in
pure itjaterials; alpha, if oniy the capture and fis^iot> cross section are provided;
etc. It .should also bo pot,siblt to convert data to x'avious output forms* as in
the case of converting Jfcora re^nn^nce paraiaetcts to Doppler broadened tables, and
the application of various resolution functions ro the evaluated data for com-
parison with the measurements,

Programs should be written that directly couple the library format to the
Input stage of major application codes to facilitate the processitig of data.
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A universal preprocessing code is probably not possible because of the often

different library requirements of diffusion theory, transport theory, and

Monte Carlo codes.

Practical Problems of Representing Evaluated Data

Data representations should have one and only one possible interpretation*

The documentation describing the library format should explain factors affecting

both the programming and physics use of the format and sufficient examples

should be included in the documentation to assist both those who are entering

data and those who are using data.

The data representation should be fairly compact and should use such

techniques as resonance parameters instead of large tables of cross sections

at many temperatures and Legendre coefficients instead of tabulated angular

distributions* It is recognized that tabular representations rather than

resonance parameters may result in a net savings of computer time and may

be more convenient to use* Similarly, Legendre polynomial representation

may not be appreciably more compact than tabulated angular distributions

and the latter may be appreciably more convenient in some applications,

e.g. Monte Carlo techniques. Representations should also be compatible

with current usage of data in application programs. For example, even

though Bessel functions can represent angular distributions reasonably,

only Legendre coefficients are widely used in reactor physics codes.

Wherever practical, representations that are mathematically convenient

and also relate to physical theories should be used, as in the case of

resonance parameters in the resonance region and nuclear temperatures in

secondary energy distributions, but in no case should good representation

of the physics be subordinated to mathematical convenience.
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Data sets must be both internally and externally consistent.
The individual data sets should be properly normalized so that differential

cross sections and spectra are compatible with integral values, partial cross
sections add up to the total cross section, fission yields sum to the proper value,
etc. The cross section should be continuous and single valued at boundaries
where the representation changes such as between an energy region described
by resonance parameters and a region described by tabulated values.

The cross sections for individual materials must be consistent with pertinent
information for other materials. Cross sections for separated isotopes must
agree with data available for the natural element. The cross sections of in-
dividual data sets should not only be consistent with absolute measurements

for that material, but with measurements of cross section ratios between
different materials. Wherever feasible, widely accepted compilations of
nuclear masses isotopic abundances, decay constants, 2200 M/S cross sections,
etc., should be used as source material for the evaluated data library.

Adequate checking codes are required both to assist in the initial
preparation of data sets and to determine whether the data sets are accidentally
changed in the future. The data sets should be checked for numerical consistency
and physical content. Format checks and numerical consistency checks such as
for deviant points and agreement between indices and length of files are
necessary for reliable processing of the data by computer codes. The per-
formance of physics checks on the data will not only assist the computer

*processing of the library but will provide information about the quality of
the data sets. Examples of physics checks are the comparison of reaction
threshold energies given in the file with calculated thresholds from a stored
mass table and the comparison of the 0° differential elastic scattering cross
section with Wick's limit. In addition, the calculation of various quantities,
such as resonance integrals from the microscopic data, for comparison with
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integral measurements will help determine with what confidence the data set
can be used.

Technical Problems Connected With the Exchange of Evaluated Data Libraries-
Conversion from One Format to Another

Experience with the exchange of experimental neutron data has shown that
use of a common format facilitates the entry of data into each center library
and the answering of requests for information. However, several formats are
extensively used to store evaluated data. These libraries have some important

differences in format and content. Each format is probably uniquely coupled
to a set of major processing codes. These factors inhibit the ready adoption
of new and different formats.

The conversion of one format to another is a major programming effort
and can be made increasingly difficult by lack of proper format documentation.
Technical decisions must be made when a one to one correspondence does not
exist between library formats as occurs in the representation of secondary
energy distributions in several major formats. In addition, the nonuniform
use of representations may weaken the incentive for translating data from one
format to another such as the use of tabulated data in the resonance region
in one format where resonance parameters are favored in the other format.

The exchange of evaluated data will depend therefore on the ability
to define acceptable formats for the exchange of data, the availability of
programming effort for necessary format conversions, and the degree to which
tested data sets exist in the various Libraries to stimulate the exchange
of evaluated data.
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Technical Comments and remarks about ESDP/B,
KEDAK and UKUDL

T. Our and S. Yiftah,
Israel Atomic Energy Commission, Sore? Huolear

Besearch Canter , Yavne, Israel*

Ape tract

Some of the technical problems encountered in automatically handling
evaluated data libraries arc discussed. The paper also presents recommendations
for allieviating some of these difficulties*

1» Redundant information - Sometimes redundant information is given in
the file* In KEDAK, for exanplel nuolear data in the
resonance region is represented by resonance parameters
as well as by tables of the cross sections as a function
of energy* The nuaoer of fission neutrons is represented
by a lengthy table as well as by a polynomial representa-
tion and so on* Since an evaluated library should give
its user only a "single best** value, the library itself
should contain soae sort of a priori ty control..„nur.ber
for suoh redundant files* so as to enable an autonatio
coda to ignore the redundant information and chose one
preferred set of data*

2« Assessment of srrorg.ofnevaluated data — If errors or ranges of
uncertainty for evaluated data are assessed they should
be documented on the library tape itself* This should be
done in an alphanumeric filo (suoh as file 1 in SIIDP/3).
These estimated errors should also be included in the
beginning of each subfile or data table so as to enable
an automatic code to use it* This can be done by a table
suoh as SHR(I), SL(I), BH(I), SR8(a), 2L(2), EH(2),-r».
where ERE(I) is estimated error in the I-th energy range
and EL(l)» EH(l) are lower and upper limits of that range*

3» User programmes - User programmes for correcting, updating, plotting
the data of any cross section of any isotope at any
requested energy range and the associated programmes
for the production of multitrroup cross sections should
form an î ntegral partiTof the "package" library:•.Some of these user programmes require huge computers
(65 K words) with many tapes and long running times*
This reduces the possible use of these programmes in
centers having moderate computer facilities*
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The IAEA should gather information about the existftnge
of economic and efficient service programmes that oouldbe used by centers with moderate computer facilities*

4* Head cards for subfilea*- In writing an\l automatic code that processes
"" "" la library tape an extreme care should be'taken not to

lose the information written on the first oaxd of thesubfile. This is somewhat difficult because the code
does not "know" which subfile is started until it has
already read the first card* The simplest way to avoidthis difficulty is to insert a head card that containsno information save that of the subfile identification
numbers. These numbers should pass control to the appro*
priate section of the automatic code, and processing of
the subfile is continued* This will also make the library
much more flexible because the orderof the subfiles willlose its importance, and additional subfiles could be
added at the end of the existing file*

5« "Standard blocks*1 at the, beginning of library tapes - A library tape
written in one country might bo rejected as "faulty"by a tape reader if the synchronization between the
writing tape recorder and the reading tape recorder is
poor* In order to establish the synchronisation between
the tape reooaders, some standard blocks (for instance
an accordance with IBM technical specifications) should
be written on the tape just before copying the library*
These blocks will serve as a standard in case of diffi-culty *

6* Order of subfiles - Conversion from one format to another will be rela-
tively easy if the order of the subfiles will be the
same in all libraries* If this oould not be agreed upon
because of the changes needed in some of the existing
libraries, at least comment 4} en head cards for sub-
files should be adopted*

?• Resolved and unresolved regonanoog - The fitting of resonances data toa single level Ureit-tfigner formalism should be given
in all cases* If better fits to the Adler-Adler or
R»ich-J.'.oore formalisms are available, they should be
given in "redundant" information* Estimated errors,
if possible, should also be included*
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REMARKS ABOUT UKNDL, ENDF/B-II AND KEDAK LIBRARIES
G.C. Panini.

Comitato Nasionale Energia Nuclcare, Centre di Calcolo, Bologna, Italy

ABSTRACT

Some notes on the nuclear data collections merging up from a daily
familiarity with the relate data files are listed.

This writing would plead assiduous customer's cause in daily using the
computer libraries, roaming to-day about, the world, concerning evaluated nu-
clear data. UKNDL, ENDP/3-1I and KEDAK are generous mines of information,
which many people work around both in trying to improve and in using them
properly and easily. Their efficacy is well known, but we wish to list some
small disadvantages occurred to a continuous user with a view to both adver-
tising the people in order to avoid surprises and obtaining help from he who
has already got over the handicap. The topics arc shared among the three
above mentioned nuclear data libraries (which will be thus abbreviated:
IMQKNDL, EMSNDF/B-II,, KHKRDAK) and are grouped under three subjects.
1. FORMATS, EDITING AlIB USER PROGRAMMES
1.1. Formats
I). This format is unchanged from birth, which is very advantageous from the

point of view of the computer programmes written or planned to accept
this file; on the othor hand the amount of new data requires new sections
to be added to the existing ones in order to allow, for example, move in-
elastic levels and the resonance parameters. In addition, it seems not
to be negligible the missing, within each DFK, of an item unequivocally
establishing whether a material in an isotope or an element or a mixture.

E. This collection would spate more computer time if an index of contents
were included nt the top of each tape.

K. Retrieving a material from a ta->e is difficult and time vasting. Several
sequential functional values might be avoided whon zeroes.

^•2« Editing and user _progcf-ia.r.es
U. NDF PP1KT, IDA ai>d CHECK sc«-.i To ha still todny up-to-date enough, while

other codes, such as TEMPO, need some improvements.
E. The equipment is various and abcnivl'iig in codes, but not all programmes

run the first fcirie we put ibex, into our computer. In addition Iho last
reJease of so."", codes is not cow>lc>rejy chcfchcd.

K. No attached codv.s are release'"! fcr thin m>cl<»ar da.tr file.

2. PRACTICAL PROBLEMS OF REPRESENTATION 01? JiVALUATEl) DATA
In general, as far as the Doppler broadening problem is concerned, a

good improvement should be that of giving tabulated cross' section curves
together with the resonance parameters; in addition the averaged parameters
in the unresolved region must exactly reproduce the tabulated cross section.
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U. a) No information is given in the nuclear data file concerning the sources
and the methods adopted for the evaluation.
b) More significant figures would be necessary to represent the energies,
mainly ia the resolved resonance range.
c) Legendre coefficients should be very appreciated to describe angular
distributions if cross section positive values were assured over the whole
angular range.

E, No criticism from this point of view.
K. a) See 2.U.a and 2.U.C.

b) Angular distribution normalization to unity would conform to the gen-
eral rule adopted by several computer programmes.
c) Secondary energy distribution laws, although announced in the intro-
ductory report, are not given in this release.
d) An accurate description of the interpolation criteria is missing.
e) The label field of the card image format (cols. 73-80) is not suffi-
ciently descriptive of either the nuclide or the reaction.

3. TECHNICAL PROBLEMS CONNECTED WITH THE EXCHANGE OF EVALUATED DATA
LIBRARIES-CONVERSION FROM ONE FORMAT TO ANOTHER
In general it would be very useful to adopt a unique energy unit for

the three sources in order to simplify the comparison and th« translation
from one format into another.

The problem of exchanging data from one areato another where a dif-
ferent format is in use, has been met with effort by several people: two
years ago, owing to our laboratory's needs, we also were entrusted with such
an enterprise and two programmes were the result of the work: UTOE for UKNDL
into ENDF/B and KTOE for KEDAK into ENDF/B translations. Being interested
in cross sections and angular distributions only, we met the problem of trans-
lating the secondary energy distribution laws (0 into E only) in a very rough
and provisional way; but we had the opportunity to find that point to be the
big problem of a translation because of different law numbers, different law
structure, different energy units, different array sizes. To-day codes such
as UKE, LATEX, LUTE seem to have settled the question in the U into E sense,
at least, and viceversa. Attempts concerning the K into E direction are be-
ing developed. Finally, our mind is that the best way to solve the problem
sparing computer time is planning production programmes accepting the three
sources (and others which are horning) directly as input.
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ÔÎÐÌÀÒ ÁÈÁËÈÎÒÅÊÈ ÐÅÊÎÌÅÍÄÎÂÀÍÍÛÕ ßÄÅÐÍÛÕ
ÄÀÍÍÛÕ ÄËß ÐÀÑ×ÅÒÀ ÐÅÀÊÒÎÐÎÂ
( ñîñòîÿíèå íà ìàðò 1971 ã.)

Â.Å.Êîëåñîâ, Ì.Í.Íèêîëàåâ

À Í Í Î Ò À Ö È ß
Îïèñûâàåòñÿ ôîðìàò õðàíåíèÿ èíôîðìàöèè â Áèáëèîòåêå ðåêîìåíäî-

âàííûõ ÿäåðíûõ äàííûõ ÔÝÈ. Åãî âàæíàÿ îñîáåííîñòü çàêëþ÷àåòñÿ âî
ââåäåíèè ñïåöèàëüíîé êëàññèôèêàöèè äàííûõ ïî òèïó ïðåäñòàâëåíèÿ* Ýòî
ïîçâîëÿåò ðåàëèçîâàòü ðàçëè÷íûå ñïîñîáû çàäàíèÿ äàííûõ äëÿ îäíîãî è
òîãî æå òèïà ðåàêöèè è, òåì ñàìûì, ñóùåñòâåííî ðàñøèðèòü âîçìîæíîñ-
òè ñèñòåìû õðàíåíèÿ ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ*

Â áèáëèîòåêå ïðåäóñìîòðåíî õðàíåíèå íåéòðîííûõ äàííûõ â ïîäãðóï-
ïîâîì ïðåäñòàâëåíèè ñ ðàçëè÷íûì ÷èñëîì ïîäãðóïï íåéòðîíîâ» Ïîäãðóøþ-
âîå ïðåäñòàâëåíèå ÿâëÿåòñÿ óäîáíûì ñïîñîáîì çàäàíèÿ äàííûõ â îáëàñòè
íåðàçðåøåííûõ ðåçîèàíñîâ.

Èçëàãàåìûé çäåñü ôîðìàò õðàíåíèÿ äàííûõ ÿâëÿåòñÿ äàëüíåéøèì ðàç-
âèòèåì ôîðìàòà, îïèñàííîãî â äîêëàäå, ïðåäñòàâëåííîì íà Ñîâåòñêî-
áåëüãèéñêî-ãîëäàíäñêèé ñåìèíàð ïî íåêîòîðûì âîïðîñàì ôèçèêè áûñòðûõ
ðåàêòîðîâ ( Ûåëåêåññ, ôåâðàëü 1970 ã.)

Â íàñòîÿùåå âðåìÿ îñíîâíàÿ êàññà ðàñ÷åòîâ ÿäåðíûõ ðåàêòîðîâ îñóùåñò-
âëÿåòñÿ ñ ïîìîùüþ ìíîãîãðóïïîãûõ ìåòîäîâ è, âåðîÿòíåå âñåãî, òàüîå ïîëîæå-
íèå ñîõðàíèòñÿ åù¸ äîñòàòî÷íî äîëãî. Åù¸ íåäàâíî ïîäãîòîâêà ñèñòåì èíîãî-
ãðóïïîâûõ êîíñòàíò òðåáîâàëà íàñòîëüêî çíà÷èòåëüíûõ çàòðàò òðóäà â âðåìå-
íè,÷òî ïðàêòè÷åñêè âîçìîæíûì áûëî èñïîëüçîâàíèå ñèñòåì êîíñòàíò ñ ôèêñè-
ðîâàííûì ðàçáèåíèåì îáëàñòè ýíåðãèé íåéòðîíîâ â ñîîòâåòñòâèÿ ñ òèïîì ðàñ-
ñ÷èòûâàåìûõ ðåàêòîðîâ. Âìåñòî ñ òçì òàêîìó ïîäõîäó ïðèñóù ðÿä î÷åâèäíûõ:
íåäîñòàòêîâ, âûòåêàþùèõ êàê èç íåóíèâåðñàëüíîãî õàðàêòåðà ïîëó÷àâøèõñÿ òà-
êèì îáðàçîì ñèñòåì êîíñòàíò, òàê è òåõíè÷åñêîé ñëîæíîñòè âíåñåíèÿ â íèõ
èçìåíåíà*.

Ðàçâèòèå âû÷èñëèòåëüíîé òåõíèêè ïîçâîëÿåò â çíà÷èòåëüíîé ñòåïåíà
àâòîìàòèçèðîâàòü ïðîöåññ ïåðåðàáîòêè íàáîðà ðåêîìåíäîâàííûõ ÿäåðíèê äàí-
íûõ ñ òî÷å÷íûé ïðåäñòàâëåíèåì âåëè÷èí â ãðóïïîâûå êîíñòàíòû ñ ïðîèçâîëü-
íûì ýíåðãåòè÷åñêèì ðàçáèåíèåì ÿ íåïîñðåäñòâåííî ñâÿçàòü ýòîò ïðîöåññ å
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èñïîëüçîâàíèåì ìíîãîãðóïïîâûõ ïðîãðàìì ðàñ÷åòà, ðåàêòîðîâ. Îñíîâó òàêîé
ñèñòåìû îáðàáîòêè èíôîðìàöèè ñîñòàâëÿåò áèáëèîòåêà ðåêîìåíäîâàííûõ ÿäåð-
íûõ äàííûõ .

Ñóùåñòâóþùèå â íàñòîÿùåå âðåìÿ áèáëèîòå÷íûå ôîðìàòû ðåêîìåíäîâàííûõ
ÿäåðíûõ äàííûõ [2,4,ç) ïîçâîëÿþò õðàíèòü â óäîáíîì äëÿ ïðàêòè÷åñêîãî èñ-
ïîëüçîâàíèÿ âèäå áîëüøîé îáúçì ðàçíîîáðàçíîé èíôîðìàöèè. Â ÷àñòíîñòè,îíè
òè.ëò âîçìîæíîñòü âêëþ÷àòü â áèáëèîòåêó äàííûå ïî âçàèìîäåéñòâèþ íåéòðîíîâ
è ôîòîíîâ ñ ÿäðàìè ðàçëè÷íûõ âåùåñòâ ÿ. äàííûå ïî ãåíåðàöèè ôîòîíîâ. Òàêàÿ
èíôîðìàöèÿ ïîçâîëÿåò ðåøàòü íà ÝÂÌ øèðîêèé êðóã çàäà÷, ñâÿçàííûõ ñ ïåðå-
íîñîì íåéòðîíîâ è ôîòîíîâ.

Îäíè è òå æå ÿäåðíî-ôèçè÷åñêèå äàííûå ìîæíî çàäàòü ðàçëè÷íûì îáðàçîè.
Òàê, íàïðèìåð, â ðåçîíàíñíîé îáëàñòè ñå÷åíèÿ ìîãóò áûòü ïðåäñòàâëåíû
ëèáî â âèäå äåòàëüíîãî ýíåðãåòè÷åñêîãî õîäà, ëèáî â âèäå çàäàíèÿ ðåçîíàíñ-
íûõ ïàðàìåòðîâ,ëèáî,íàêîíåö,â ôîðìå ïîäãðóïïîâîãî ïðåäñòàâëåíèÿ ñ ðàçíûé.
÷èñëîì ïîäãðóïï. Äèôôåðåíöèàëüíûå ñå÷íèÿ óïðóãî ðàññåÿííûõ íåéòðîíîâ òåí-
ãå ìîãóò áûòü çàäàíû ðàçëè÷íûìè ñïîñîáàìè : â âèäå óãëîâîé çàâèñèìîñòè
èëè â âèäå ðàçëîæåíèÿ ïî ïîëèýäðàì Ëåæàíäðà. Çäåñü òàêæå âîçìîæíî ïîäãðóï-
ïîâîå ïðåäñòàâëåíèå äàííûõ.

Èñïîëüçîâàíèå òîãî «ëè èíîãî òèïà ïðåäñòàâëåíèÿ äàííûõ íà ïðàþ
îïðåäåëÿåòñÿ ðààäí÷íøù ïðè÷èíàìè : õàðàêòåðîì çàäà÷è, ñîîáðàæåíèÿìè óäîá-
ñòâà, èìåþùèìèñÿ â ðàñïîðÿæåíèè ïðîãðàììàìè è ò.ê. Ïîýòîìó æåëàòåëüíî ïðå-
äóñìîòðåòü â áèáëèîòåêå âîçìîæíîñòü õðàíåíèÿ èíôîðìàöèè â ðàçëè÷íûõ äðåâ»
îòäåëåíèÿõ* Äëÿ ýòîé öåëè óäîáíî ââåñòè ñïåöèàëüíóþ õàðàêòåðèñòèêó -
«• âîìåð òèïà ïðåäñòàâëåíèÿ.

Â íàñòîÿùåé ðàáîòå îáñóæäàþòñÿ ôîðìàòû õðàíåíèÿ ðçêîàåí-îâàâí^ ÿäåð-
íûõ äàííûõ äëÿ ðÿàêòîðíûõ ðàñ÷åòîâ. Îíè ïðåäñòàâëÿþ; ñîáîé ñáîáäçíëÿ ê
äàëüíåéøåå ðàñøèðåíèå àíãëèéñêèõ ôîðìà-þâ, îïèñàííûõ â [2}ê èñïîëüçóåìûõ
â ðÿäå çàðóáåæíûõ ëàáîðàòîðèé» Çàçíàÿ îñîáåííîñòü ïðåäëàãàåìûõ çäåñü ôîð-
ìàòîâ çàêëþ÷àåòñÿ âî ââåäåíèè ñïåöèàëüíîé êëàññèôèêàöèè èíôîðìàöèÿ ïî òè-
ïó ïðåäñòàâëåíèÿ. Ýòî äåëàåò áîëåå ãèáêîé ñèñòåìó õðàíåíèÿ ÿäððüèõ äàííûõ
õ ïîçâîëÿåò ïîëíåå èñïîëüçîâàòü âîçìîæíîñòè ñîâðçìåÿÿèå ÝÇé»

Íàëàãàåìûé çäåñü ôîðìàò õðàíåíèÿ ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ ÿâëÿ-
åòñÿ äàëüíåéøèì ðàçâèòèåì ôîðìàòà, ïðåäëîæåííîãî â ðàáîòå

I. ÊËÀÑÑÈÔÈÊÀÖÈß ßÄÅÐÍÛÕ ÄÀÍÍÛÕ

Åëàññíôèêàøø áèáëèîòå÷íûõ ÿäåðíûõ äàííûõ ïðîèçâîäèòñÿ ïî òðåì ïðèç-
íàêàì: ïî ñîñòàâó âåùåñòâà, ïî òèïó ïðîèñõîäÿùåé â âåùåñòâå ðåàêöèè è ïî
ñïîñîáó ïðåäñòàâëåííûõ äàííûõ.

Ïðåæäå âñåãî, âõîäÿùèå â áèáëèîòåêó äàííûå ïîäðàçäåëÿåòñÿ ïî âåùåñòâàì,
ê êîòîðîì îíè îòíîñÿòñÿ. Êàæäûé íàáîð äàííûõ äëÿ âåöåñòâ îïðåäåëåííîãî
ñîñòàâà õàðàêòåðèçóåòñÿ èäåíòèôèöèðóþùèé ÿäåðíûé íîìåðîì (ìßÍ) ê ñîñòàâëÿåò
áîëåå èëè êåíåå ñàìîñòîÿòåëüíûé ìàññèâ èíôîðìàöèè. Äàííûå, èìãþäèå îïðåäå-
ëåííûé ÈßÍ, êëàññèôèöèðóþòñÿ äàëåå ïî âîçìîæíûì òèïàì ðåàêöèé, ïðîèñõîäÿ-
ùèõ â ýòîì âåùåñòâå, ñ ïðèñâîåíèåì ñîîòâåòñòâóþùèõ íîìåðîâ òèïà ðåàêöèÿ
(ÍÒÐ). Íàêîíåö, ÿäåðíî-ôèçè÷åñêçå äàííûå êàêîãî-ëèáî ôÿêñèðîâàíêîãî ÍÒÐ
õëàîñèôèöèðóâòñÿ ïî ñïîñîáàì èõ ïðåäñòàâëåíèÿ â áèáëèîòåêå, îòëè÷àÿñü
íîìåðàìè òèïà ïðåäñòàâëåíèÿ (ÏÒÏ)«
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IË'Èäãâóèôÿãîïçóþà^ãé ÿäåðíûé ̂ îèåð (ÈßÍ,).

Êàæäàÿ ÈßÍ êæåò îõâàòûâàòü äàííûå êàêîãî-ëçáî îïðåäåëåííîãî èçîãîíà,
âëåìåíòà, õèìè÷åñêîãî ñîåäèíåíèÿ, ñìåñè â ò.ä. Êëàññèôèêàöèÿ äî ÈßÍ íîâ-
âîëÿåò òàêæå âêëþ÷àòü â áèáëèîòåêó ðàçëè÷íûå íàáîðû äàííûõ äëÿ îäíîãî
• òîãî æå âåùåñòâà. Ýõî ìîãóò áûòü,ÿàïðïèåð, äàííûå ðàçíûõ êîìïèëÿöèé
òò äàííûå, ïîëó÷åííûå àç îñíîâíûõ áèáëèîòå÷íûõ äàííûõ ñ ïîìîùüþ ðàçëåò*
âàñ îáðàáàòûâàþùèõ ïðîãðàìì. Äëÿ âêëþ÷åíèÿ òàêèõ äàííûõ â áèáëèîòåêó â*
ïðèñâàèâàþòñÿ íîâûå çíà÷åíèÿ ÈßÍ. Òàêèõ îáðàçîê, ÈßÍ õàðàêòåðèçóåò ðàç-
ëè÷íûå ñèñòåìû áèáëèîòå÷íûõ äàííûõ êàê äëÿ ðàçëè÷íûõ âåùåå», òàê â äëÿ
îäíîãî ÿ òîãî æå âåùåñòâà.

Íàìè ïðèíÿòà ñëåäóþùàÿ ñòðóêòóðà ÈßÍ, ÈßÍ ïðåäñòàâëÿåò ñîáîé äåâÿòè»
çíà÷âîå öåëîå ÷èñëî: ÌÉÉ ÿ ò, ï^ï^ò» ̂ /ÿ«/ï?ë»,/#ì
ïîñëåäíèå òðè ðàçðÿäà ò, ò, ò3 . êîòîðîãî èñïîëüçóåòñÿ ò ÿàÿâîà
àòîìíîãî ïîìåðç èçîòîïå Ä , à ðàçðÿäû «ì, è, ̂  ~ äÿÿ çàäàîâ çàäàâ»»
âîãî ÷èñëå 2. « Åñëè íàáîð äàííûõ îòíîñèòñÿ õ åñòåîòâåâíîé îìåîâ þî»
ãîäîâ, òî â ðàçðÿäàõ ÿ*, ò? ò, ïðîñòàâëÿþòñÿ àóë». Åñëè íàáîð äàâ-
íûõ îòíîñèòñÿ ê õèìè÷åñêîì; ñîåäãøåâèâ, òî âóëè ïðîñòàâëÿþòñÿ â ðîòðèþñ
òã è- ò, , à ðàçðÿäû íö >è, ì. ^9 èîïîäþóþòåÿ äëÿ ààøìÿ

ïîðÿäêîâîãî âñÿåðå-õèìè÷åñêîãî îîåäöÿåâèÿ*
Âåðø» ÷åòûðå ðàçðÿäà èñïîëüçóþòñÿ äëÿ îáîçíà÷åíèÿ ïîðÿèþþãî

ðà íàáîðà äàííûõ â áèáëèîòåêå îöåíåïíûõ äàííûõ.
Ïåðâóþ òûñÿ÷ó íîìåðîâ ðåøåíî ñåé÷àñ îñòàâèòü à ðåàåðÿå. Âþðì

|ðîâ (ñ 1000 äî 1999) îòâîäèòñÿ äëÿ çàïèñè íàáîðîâ äâíàûõ òîàõî
îá îòäåëüíûõ ðåàêöèÿõ, èëè äåííûõ, îòèîñÿäèõñÿ V îãðàâè÷åäàèÿÃ
ãîòè÷åñêèì îáëàñòÿì. Ýòà èíôîðìàöèÿ àíàëîãè÷íà èíôîðìàöèè, õðàíèëî* â
àéçðéêàêñêîé - áèáëèîòåêå Å/^ÂÃ//? â èñïîëàóåòîà äì ñîçäàíèÿ

ïîëíûõ íàáîðîâ äàíèíõ, íåîáõîäèìûõ äëÿ ðââêòîðâî-ôìàâ÷åñêèõ ðàñ÷åòîâ»
Äíÿ ìóìàðààäè íàáîðîâ äàííûõ òàêîãî òèïà îòâîäÿòñÿ âòîðàÿ òûñÿ÷à âîìåðîâ.

Íîìåðà íàáîðîâ äàííûõ, îòíîñÿùèõñÿ ê ðîýëÿ÷òø èçîòîÿàì, àÿåìààòàì
èëè õèìè÷åñêèì îîåäøåèèÿì íå ìîãóò ñîâëàäåòü .ìåæäó ñîáîé. Òàêèå îáðàçîì
íå ìîàåò âêò-ü äâóõ íàáîðîâ äàííûõ å* ñîâïâäàùèìè ïåðâûìè ÷à«ûðûì âÿàâ»-»
ìâ 2ßÍ (äàìå åñëè ïîñëåäóùèñ çíàêè ðåçëè÷àþòñÿ). Òàêèì îáðàçîì, ïÿòü
ïîñëåäíèõ ðàçðÿäîâ ÈßÍ èñïîëüçóþòñÿ ëèøü äëÿ óäîáñòâà èäåÿòÿôèêàâèÿ âà-
áîðà äåííûõ, òîãäà êàê ïåðâûé ðàçðÿä Ø îïðåäåëÿåò òÿî äâøìÿñ («I, «I
íåâîäèëè íàáîð; -ò, » 2 - ïîëíûé íàáîð äàííûõ; ñìûñë îñòàäüìûõ *
íèõ çíà÷åíèé «æ â èàñòîÿöââ âðåìÿ íå ôèêñèðîâàâ).

1»2. Íîìåð òèïà ðóóÊéÅ1!

ââøîÿÿà îäåâ â òîò æå ÈßÍ, ïîäðàçäåëÿþòñÿ ïî òèïó
äÿõÿõ â âåöååòâà ðåâõàâé* Íîìåð òåïà ðååêàìâ (8Í») èçîáðàæàåòñÿ ïÿòè-
àìà÷èûì äåñÿòè÷íûì ÷àñÿîì â ðàçáèâàâ «ñÿ íå äâå ÷àåò: äâóõçíà÷åí! âîìåð
îáÿàé êëàññèôèêàöèÿ (ÆÆ) è ñëåäóàäèé çà íèì òðåõçâìøò âîìåð ÷åñòíîé
õààññèôâêââëâ (ÈÊ),
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Êîíñòðóèðîâàíèå ÈÒÐ èç ÂÑÆ. è Í×Ê ïðèäàåò ñèñòåìå «âññèôèêàöâè ÿäåð-
âûõ çàâíûõ ïî ðåàêöèÿõ áîëüøóþ ãèáêîñòü. Ñ ïîìîùüþ ÍÒÐ èîààî, íàïðèìåð,
îî*åãèé;:òü â îäèí íàáîð, õàðåèòåðèçóåöûé íåêîòîðûì ÈßÍ êàê ÿâßòðîííûå
äàííûå, òàê ê äàííûå ëî îáðàçîâàí..» ôîòîíîâ è âçàèìîäåéñòâèþ æ ñ âåùåå*-
âîé* Ëè ïðàêòèêå îäíàêî ïðè õðàíåíèè ýòèõ òðåõ òèïîâ äàííûõ «àåì áûâàåò
óäîáíåå èñïîëüçîâàòü òðè ðàçëè÷íûõ çíà÷åíèÿ ØØ, ÷åì áîëåå ýäî ÿìèäîîÿû
ýíåðãèé äàâ íèõ,êàê ïðàâèëî,åå ñîâÿâäàþã..

Òàêèê îÑÜàýîí, ïîã^æãåòñÿ âî?óñãíîñòú ðàñäã÷èîé êîèïîÿîãêè äàííûõ
3 áèáëíîã-çêã ñ ïîìîöûý 1ÃË1 ÿ ÏÒÐ. Òãêãÿ ^îçûî^îñòü áóäåò ü äç

çà ñ÷åò çâåä&õèç íîèåðý ÿñïý àðåäñòýâëãíéÿ (ÍØ)«

åáäåé, êã8Ñ?é;-éêâäèè (ÊÎÊ)

äî ÍÑÍ ëåëêò äàëëûå ñ ëþáûì 15ßÍ íà ãðóïø â ççâÿñè-
êîñòè îò âõ âèäà. Äâà âåàòðîâèûõ äåííûõ ïðãøÿòû ñëåäóþäèå çíà÷åíèÿ ÍÎÊ:

01 ~ ââéòðîÿøå ñå÷åíèÿ.
02 - óãëîçûå ðàñïðçäçëåíèÿ àòîðï÷âûõ ÷àñòèö.
03 - çêåðãåòé÷åñêèå ðýñïðåõàëåïã.ÿ âòîðê÷âêõ ÷çñòâä.
04 - ýïâðãî-óãëîÅèç ðçîïðåäîëçèèÿ ïðè ðàññåÿçèè ãåïëîðûõ íåéòðîíîâ
ÑÜ - ñïåèã.àëûøå âîë^÷ààí äëÿ íåéòðîíîâ ( "̂  , ñ< » Ò) , (Ü. "• ç*Ä*)«, Ò! , Ñ>^

Îñòçëüäêå çíà÷åíèÿ ÈÑÊ â êàñòîïùåå âðåìÿ íå èäââòèôèâäðîâàíè. Â
å ããäîàçÿôèöèðîãàïû ÍÎÅ» îïðãäåëÿçãèå êîâñ^çíãè âçîèèîäçéñóâà

ôîòîíîâ ñ àñöåñòâîè â ñâÿçè ñ îòñóòñòâèå!! â âàãåè ðîñïîðÿÿåíèè òàêîãî
ðîäà ðåêîûýíäîãàíâøñ

1.4» .Í01ÞÐ.÷àñòíîé êëãññê^èêàñèÿ (Ê×Ê)

Íîíåðý ÷àñòàîÂ êëàññèôèêàöèè äåòàëèçèðóþò ïðîöåññû ÿäåðíûõ âçàèìî-
äåéñòâèé. Êýàäûé Í×Ê îòîíäáñòçëÿåò îäèí ëç òàêèõ âîçæøøõ ïðîöåññîâ,
ïðîòåêààêÿõ ï?ÿ ñãîëêíîãåïêè êåãòðîéç èëâ ôîòîíà ñ âåùåñòãîè. Íèãå äàåò-
ñÿ ñïåöèôèêàöèÿ ÍÝÄ äëÿ íåéòðîíîâ, îñíîâàííàÿ íà àíãëèéñêîé êäçññèôêêå-
ùø.

001 -
002 — óïðóãîå ðàññåÿíèå
005 — êåó ïðóòîâ
004 - êåóöðóãîà ðãññåÿíèå ( ï,ï')
005 -014 - âåóëðóãîå ðçññåÿâàå ñ âîçáóãäåéèåì ã -òî óðîâÿÿ ÿäðå-

(ã - 1*2 ..»., 10)
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01? - âçóïðóãîå ðàññåÿíèå ñ çîççóêäåíèåà ïðî÷èõ ( "íåðàçðåøåííûõ")
óðñââåÿ ÿçðý-èçàãåâÿ

015- ( è, ßï )
017- 1 *ã,3ï )
018 - äåëåíèå Ù$) *Ö«'*) * (*×*ÈÎ + — 3
019-
020-
021-
022 -
023-
024-
025-
026 - ( ï , 2 ï ) èçîìåðíîå ñîñòîÿâÿå
027 - 100 - ðåçåðâèðóþòñÿ äëÿ äðóãèõ âîçìîæíûõ ïðîöåññîâ, ïðèâîäÿùèõ

ê âîçâÿêÿîâåíèî âòîðè÷íûõ ÷àñòèö òîãî æå òèïå, ÷òî â ïâ1-
âå÷íûå

Þ1 - ïîëíîå ïîãëîàåââå (âñå ïðîöåññû, íå ïðèâîäÿùèå ê âûëåòó ÷ýñçÿö
ãàäà ïåðâè÷íûõ)

102- (è, *)
103- (*»,ð)
ÒÎ*- (*»,<*)
Þ5- (è ,*)
106- <ï ,Íå*)
107- («,<()
106- <Ë,2«Î
Þ9-150 - ðåçåðâèðóþòñÿ äíÿ äðóãèõ âîçìîæíûõ ïðîöåññîâ ,âå ïðèâîäÿùèõ

ê âîçíèêíîâåíèþ çòîðâ÷àûõ ÷àñòèö òîãî ò òèïå, ÷òî â ïåð-
âè÷íûå

151 - 200 - â àíãëèéñêîé áèáëèîòåêå èñïîëüçóåòñÿ äëÿ êëàññèôèêàöèÿ
èíôîðìàöèè äî ðàçðåëåàíûê â ñòàòèñòè÷åñêèì ðåçîíàíñå*.
Äåòàëèçàöèÿ Í×Ê çäåñü âåøþðåäñòâåââî ñâÿçàíà ñ ôîðìîé
ïðåäñòàâëåíèÿ äàííûõ. Íàìè ýòà Í×Ê ïîêà íå èñïîëüçóþòñÿ*

201 - 999 - ðåçåðâèðóþòñÿ äàâ ðàâíîãî ðîäà äðóãèõ äàííûõ, êîòîðûå ìî-
ãóò ïîòðåáîâàòüñÿ èäÿ áóäóò ïîÿâëÿòüñÿ â äàëüíåéøåì.

Êàê âèäíî,ñýëüÿîå ÷âñëî Í×Ê ïîêà îñòàâëåíî ñâîáîäíûì äëÿ óäîâëåòâî-
ðåíèÿ äàëüíåéøèõ ïîòðåáíîñòåé áèáëèîòåêè ðåêîìåíäîâàííûõ ÿäåðíûõ ä&íàûõ,

Â àíãëèéñêîé êëàññèôèêàöèÿ Í×Ê » 201-208 èñïîëüçóåòñÿ äëÿ èäåíòèôèêà-
öèè òàêèõ õàðàêòåðèñòèê êàê òðàíñïîðòíîå ñå÷åíèå, ñå÷åíèå óâîäà, 4î>
ÿ íåêîòîðûõ äðóãèõ ïðîèçâîäíûõ âåäè÷ÿâ. Íîìåðå ñ 301 ïî 450 îòâîäÿòñÿ äíÿ
ïàðàìåòðîâ òèïà ( <ï, Åü )« õàðàêòåðèçóþùèõ ñêîðîñòü ààåðãîâûäåëåàèÿ,
ãäå ¨* ~ ñðåäâÿÿ ýÿåðãèÿ, âûäåäÿùàÿîÿ â ïðîöåññå Ü.» Ýòÿ âåëãàøû òàê-
æå ÿâëÿþòñÿ ïðîèçâîäíûìè îò âåëè÷èí å Í×1 îò 001 äî 150; ñîîõâåúçýäãùâ*
ïðîöåññ èäåíòèôèöèðóåòñÿ ïóòåì âû÷èòàøø ÿç ýòîãî Â×Å ÷âñëâ 300* Òàêÿê
îáðàçîì, íàïðèìåð, Í×Ê à 31)1 îçíà÷àåò ïàðàìåòð ñêîðîñòè ïîëíîãî àÿåðãîâû-
äåëåíèÿ, à Í×Ê « 302 - àíàëîãè÷íûé ïàðàìåòð ÿ ñëó÷àå óïðóãîãî ðàññåÿíèÿ.
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Ïðîèçâîäíûå âåëè÷èíû îáû÷íî íå ñîäåðæàòñÿ â áèáëèîòåêå ðåêîìåíäîâàí-
ÿäåðíûõ äàííûõ, âî ìîãóò áûòü ëåãêî ïîëó÷åíû ñ ïîìîùüþ îñîîíõ ïðîãðàìì.

Êîõåîòâåâíî ïîýòîìó åå ôèêñèðîâàòü äëÿ íèõ Í×Ê (ïî êðàéíåé èåðç,â íàñòñé*-
â*å âðåìÿ}* Òàêîãî ðîäà âåëè÷èíû»øíâèäèêîìó, óäîáíåå âêëþ÷èòü â áèáëèîòå-
êó ãðóïïîâûõ êîíñòàíò» êîòîðàÿ áóäåò ñîçäàâàòüñÿ íà îñíîâå âàñòîÿûåÂ áèá-
ÿâîòåêâ äåòàëüíûõ äàâøåå î ïîìîùü» ñïåöèàëüíûõ îáðàáàòûâàþùèõ ïðîãðàìì.

Ñïåöèôèêàöèÿ ðåàêöèé òàêîâà, ÷òî Í×Ê ïîçâîëÿåò îäíîçíà÷íî óñòàíîâèòü
èä ïðîäóêòîâ ðåàêöèè. Òåõ, íàïðèìåð, äëÿ ÿäðå Ñ* ðåàêöèÿ ÑàÎöè')3«1
ÿìüàò Ø » 023, â «î âðåìÿ êàê ðåàêöèÿ Ñë(ï,ï»)Ñï*(%)Ñë - Í×Ê « 5,
åîäè ðàññìàòðèâàåòñÿ ïåðâîå âîçáóæäåííîå ñîñòîÿíèå 4»43 èçâ. Àíàëîãè÷íî
ÄËß Ö** Í×Ê » 016 îçíà÷àåò» ÷òî êîíå÷íûìè ïðîäóêòàìè ðåàêöèè áóäóò
/Óð**%2ï • Òàêèì îáðàçîì,ïðè ëþáîì ÿäåðíîì ïðåâðàùåíèè èìååòñÿ âîçìîæ-
íîñòü ïî Í×Ê îïðåäåëèòü ÿåê âèä îñòàòî÷íîãî ÿäðà, òàê ÿ âèä âûëåòàþùèõ
÷àñòèö»

Ïðèìåòà ÈÃÐ

01001 » ïîëíîå ñå÷åíèå âçàèìîäåéñòâèÿ íåéòðîíîâ:
0X002 - ñå÷åíèå óïðóãîãî ðàññåÿíèÿ íåéòðîíîâ;
020X8 - óãëîâûå ðàñïðåäåëåíèÿ ìãíîâåííûõ íåéòðîíîâ äåëåíèÿ;
030X6 '•» ðàñïðåäåëåíèå ïî ýíåðãèÿì íåéòðîíîâ, âîçíèêàþùèõ â ðåçóëü-

òàòå ðåàêöèè ( ï,&1* }; —
050X8 - ñðåäíåå ÷èñëî íåéòðîíîâ íà äåëåíèå» >) .

1*5* Íîìåð òèïà äðàäñòàâëàíèÿ

Äîñêîëüêó äààâûå ìîãóò áûòü ïðåäñòàâëåíû â áèáëèîòåêå ðàçëè÷íûìè
ñïîñîáàìè, îÿâ êëàññèôèöèðóþòñÿ âî íîìåðó òèïå ïðåäñòàâëåíèÿ (ÍÒÏ).
Ââåäåíèå ÍÒé ïîçâîëÿåò ðåàëèçîâàòü ðàçëè÷íûå ñïîñîáû çàäàíèÿ äàííûõ â
ïðåäåëàõ îäíîãî ÿ òîãî æå ÈÃÐ, ñóùåñòâåííî ðàñøèðÿÿ òåì ñàìûì âîçìîæíîñòè
åâåãàìû õðàíåíèÿ ðåêîìåíäîâàííûõ ÿäåðíûõ äàííûõ.

Èîââî óêàçàòü âà ñëåäóþùèå ñïîçîîû ïðåäñòàâëåíèÿ äàííûõ â áèáëèîòåêå:

- ïðåäñòàâëåíèå äàííûõ â âèäå äåòàëüíîé ýíåðãåòè÷åñêîé èëè óãëîâîì
âàââîâèîñòâ;

- ïàðàìåòðè÷åñêîå ïðåäñòàâëåíèå, íàïðèìåð, ñ ïîìîùüþ çàäàíèÿ êîýô-
ôâïâåâòîâ ðàçëîæåíèÿ ïî ïîëèâîìàì Ëåõýàäðà â ñëó÷àå óãëîâûõ
ðàñïðåäåëåíèé;

- ïîäãðóïëîâîà ÿðåäñòàâëåÿâå äàÿÿâõ [$] á ðåâëâ÷ÿûè ÷âñÿø ëîâ»

Îðâ ÿîäãðóëëîâîõ äðåäñòåâëåââÿ ÿåËõðîì â äåâÿîé ââàðãâåÈ
ñÿ ÿà íåêîòîðîå êîëè÷åñòâî ( Ê ) íîäãðóëà. Êàæäàÿ «åêàÿ ëîäòïóïïà (*1 ),
õàðàêõåðâçóåìàÿ ñâîÿê çÿà÷åââåì îå÷åâÿÿ 0*«, , âââå» ÿâââ Î,^ , õåê
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Ïîäãðóøòîâîå ïðåäñòàâëåíèå ÿâëÿåòñÿ óäîáíûì ñïîñîáîì çàäàåì äàÿâûõ
â îáëàñòè íåðàçðåøåííûõ ðåçîâààñîâ. Â àòîì ñëó÷àå &„ ìîõå* ðàññìàòðè-
âàòüñÿ êàê âåðîÿòíîñòü òîãî, ÷òî ïîëíîå ñå÷åíèå ïðÿ ðàññìàòðèâàåìîé ýíåð-
ãèè Å áóäåò ðàââî á'* . Ïîäãðóïïîâîå ïðåäñòàâëåíèå ìîæåò ïðèìåâí»-
ñà òàêæå â â ñëó÷àå ðààðøåââûõ ðåýîâââñîâ, åñëâ âîò íåîáõîäèìîñòè èìåòü
äåòàëüíûé õîä ÿäåðíûõ äàâÿûõ ë ýòîì ýíåðãåòè÷åñêîì èíòåðâàë*.

Íàñòîÿùèé ôîðìàò ïðåäïîëàãàåò» ÷òî ìåæäó ïîëíûì â ïàðöâàëüâøø ïîä-
ãðóïïîâûìè ñå÷åíèÿûâ ñóùåñòâóåò äîëâàÿ êîððåëÿöèÿ, ò.å. íåéòðîíû äàèÿîé
ïîäãðóïïû È èìåþò âå òîëüêî îäèíàêîâîå ïîëíîå ñå÷åâàå ÑÃ„ , âî •
îäèíàêîâûå ïàðöèàëüíûå ñå÷åíèÿ <Ã„, . Åñëè èñïîëüçîâàâ!» ýòîãî äðÿáëÿ-
õåâèÿ âå îïðàâäàíî, ìåòîä ïîäãðóïï ñòàíîâèòñÿ âåëðàêòì÷ââàè

Äëÿ óãëîâûõ â ýíåðãåòè÷åñêèõ ðàñïðåäåëåíèè âòîðè÷íûõ ÷àñòèö ìîãóò
áûòü èñïîëüçîâàíû ðàçëè÷íûå çàêîíû ïðåäñòàâëåíèÿ äàííûõ, îòðàæàþùèå òå
èëè èíûå ìåõàíèçìû ïðîòåêàíèÿ äàííîãî ÿäåðíîãî ïðîöåññà* Êëàññèôèêàöèåé
ÍÒÎ ïðåäïîëàãàåòñÿ êîíñòðóèðîâàíèå óãëîâûõ ÿ ýíåðãåòè÷åñêèõ ðàñïðåäåäîâèé
â ãèäå ñóïåðïîçèöèè òàêèõ çàêîíîâ ñ çàäàííûìè âåðîÿòíîñòÿìè äëÿ êàæäîãî
âç âåõ.

Êðîìå ýòîãî,ñ ââåäåíèåì ÍÞ ïîÿâëÿåòñÿ âîçìîæíîñòü áîëåå ãèáêîé êîì-
äîâîâêè äàííûõ, õðàíÿùèõñÿ â áèáëèîòåêå» Â ÷àñòíîñòè,ñòàíîâèòñÿ âîçìîæ-
íûì èçìåíÿòü ïî æåëàíèå êîëè÷åñòâî ÿ ïîðÿäîê ïîä÷èíåííîñòè ïåðåìåííûõ
^ïàðàìåòðîâ),îò êîòîðûõ çàâèñÿò ïðåäñòàâëÿåìûå áèáëèîòå÷íûå äàííûå.

ÍÒÎ êîâñòðóèðóåòñÿ òàêèì îáðàçîì, ÷òîá» ìîæíî áûëî îñóùåñòâèòü ò
ïðàêòèêå .íàðÿäó ñ ðàçëè÷íûìè ñïîñîáàìè çàäàâàÿ äàííûõ (â äèñêðåòíûõ òî÷-
êàõ, ïàðàìåòðè÷åñêè è ò.ä.) .òàêæå ðàçëè÷íûå ïîðÿäêè ñòàðøèíñòâå ïåðåìåí-
íûõ, îò êîòîòûõ çàâèñÿò ïðåäñòàâëÿåìûå äàííûå. Ñòðóêòóðà ÍÒÎ, âîîáùå ãî-
âîðÿ, çàâèñÿò îò ÍÒÐ è îïðåäåëÿåòñÿ ÍÎÊ. Ïðèíèìàåòñÿ» ÷òî äëÿ ëþáîãî
ÍÎÊ â êà÷åñòâå Ø äîñòàòî÷àî âçÿòü òðåõçíà÷íîå äåñÿòè÷íîå ÷èñëî

ÍÒÏ - Ï ,*.Ï ,«
ðàçðÿäû êîòîðîãî â çàâèñèìîñòè îò ÈÑÊ ìîãóò èìåòü ðàçëè÷íûé ñìûñë. Â
ðÿäå ñëó÷àåâ ïðèâîäèòñÿ äîïîëíèòåëüíàÿ èíôîðìàöèÿ, óòî÷íÿþùàÿ ñìûñë Ø.
Èäåíòèôèêàöèÿ ðàçðÿäîâ ÍÒÏ è äîïîëíèòåëüíîé èíôîðìàöèè áóäåò ðàññìîñðâÿà
ïðè îáñóæäåíèè ôîðìàòîâ ïðåäñòàâëåíèÿ äàííûõ äëÿ ñîîòâåòñòâóþùèõ ßÊ.

1.6. Ïðåäñòàâëåíèå ñå÷åíèé î ïîìîùüþ ðåçîíàíñíûõ
ïàðàìåòðîâ,

Â íàñòîÿùåå âðåìÿ îïðåäåëÿåòñÿ ëèøü ôîðìàò çàïèñè äàííûõ äëÿ áðåéò-
âèãíåðîâñêèõ ïàðàìåòðîâ ðåçîíàíñîâ. Ôîðìàòû çàïèñè ïàðàìåòðîâ,èñïîëüçóå-
ìûõ â äðóãèõ ôîðìóëàõ, áóäóò ðàçðàáàòûâàòüñÿ ïî ìåðç òîãî,êàê áóäóò ñîñ-
òàâëÿòüñÿ è-èñïîëüçîâàòüñÿ äëÿ ðàñ÷åòà ñå÷åíèé ïðîãðàììû âû÷èñëåíèé ïî
äðóãèì ôîðìóëàì.

Ïðè ðàçðàáîòêå íàæåãî ôîðèàòà ÿû îïèðàëèñü íà ôîð?ëàò,ïðèíÿòûé â
àíãëèéñêîé áèáëèîòåêà ðåçîíàíñíûõ ïàðàìåòðîâ ¹1.$, âèäîèçìåíèâ åãî â
ñîîòâåòñòâèÿ å îáùèìè òðåáîâàíèÿìè ôîðìàòà áèáëèîòåêè ÑÎÊÐÀÒÎÐ. Âíåñåí-
èè» æçìåàåíèÿ,îäíàêî,òàêîçû, ÷òî ÷èñëîâûå äàíííç î ðåçîíàíñíîå ïàðàìåò-
ðàõ ìîãó* áûòü ïîëíîñòüþ ïåðåâåäåíû èç îäíîãî ôîðìàòà â äðóãîé ñ ïîìîùü»
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ïðîñòîé ëðîãðàãâø» Õðàíåíèå âñïîéîãàòçëüêîé èíôîðìàöèè (ññûëêà êà îò÷åò
ïî îöåíêå «äàòà ê ìåñòî îöåíêè è äð. àëôàâèòíàÿ ÿêäîðäàöèÿ) â ôîðìàòå îñíîç-
íîé áèáëèîòåêè ÑÑßÐÀÒÎÐ, â îòëè÷èâ îò ÉÐË, íå ïðåäóñèàòðéâãåòñÿ; ãòà
èíôîðìàöèÿ ìîæåò áûòü ïîíåñåíà â ïàðàëëåëüíóþ îñíîâíîé áèáëèîòåêå áèáëèî-
òåêó òåêñòîâûõ êîøãåâòàðàåâ.

1*6.1» Ôîðìóëà Áðå?.òä-3àãê8ðç
Ñå÷çíàå îàññåÿíçÿ;è
åè(Å>»æ^^[^{^^ó^ÌÁ)[ã,ÿÃ^ Ñî, ã /ó
+ãà•&> ïÑ* • è* 2,òÃñÓ]( •«•.̈  àã(Å;[ñ.̂ -2(Å"^} âËè» +, „å-ã* /»< *• -»Ñå÷åíêå ----- '- "^ ^

</ _

" 'ÑÅ) (2)
Ïîëíîå ñå÷åêèã?

Çäåñü èñïîëúçîâàíè åëåäóðäêå. îáîçíà÷åíèÿ;

*̂ ã

/
- V Ñè^É^Åà'-̂ -òñ-

ÃÕ»ÄÅ> . ÏÎËÈ8ß íåéòðîííàÿ øèðèíå (8)

_ øèðèíå âåóîðóãâõ âçàèìî äåé-
ñòâà! (9)

. èîäàââ
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Å »_„.„. .-____.. . . . . _ _ _ . _ . . . . . . . . . ã

Äëÿ ^- Î 4å íå çàâèñÿò îò Å « Îáû÷íî 4« áåðóòñÿ ïîñòîÿííûìè • äëÿ
äðóãèõ ðåàêöèé. ã
Çîëÿ, êàê çäåñü ñäåëàíî* çàäàâàòü 4 ïðè Å â Å,. , òî Åã (Üã) = Áã
çñåãäà,à êàê ïðàâèëî* Å, « Å* * ïðè äðóãþñÅ,

Ïåðâàÿ ñóììà (ì × û,ÇÃ ) áåðåòñÿ ïî âñåì ñèñòåìàì óðîâíåé, êîòî-
ðûå íîãó ò äàâàòü .âêëàä â ñå÷âäèå*

Ñóøà ïî I áåðåòñÿ ïî âååê îðáèòàëüíûé ìîìåíòàì íåéòðîíîâ, êîòî»
ðûå ìîãóò îáðàçîâûâàòü ñîñòîÿíèÿ ñ äàâøè â Ì è.ÇÃ ;

âåëÿ

ãäå 5Ãõ - ÷åèîñòü îñíîâíîãî ñîñòîÿíèÿ ÿäðà ìââåââ,
Åñëè óñëîâèå ïî ÷åòíîñòè (13) äëÿ 1.& * îïðåäåëåííîãî ñîãëàñíî (12),
ÿ« âûïîëíÿåòñÿ» òî /., íà åäèíèöó áîëüøå, ÷åì ñëåäóåò íå (12).

åñëè

âëâ ââ åäêâàöó èåíüïâ, åñëè óñëîâèå (15) íå âûïîëíÿåòñÿ.
Èà-ýà óñëîâèÿ ñîõðàíåíèÿ ÷åòíîñòè

âàà÷åíèå ^ à ñóììå ïðè ïåðåõîäå îò îäíîãî ÷ëåíà ê äðóãîìó ìåíÿåòñÿ
íà 2»

Ïîñêîëüêó îáû÷íî

(èñêëþ÷çèèñì ÿâëÿþòñÿ âûñîêèå ýíåðãèé, êîãäà Üî,ý» 4 ), òî, êàê ïðàâèëî,
ìîæíî ïîëîæèòü 1,ã = 1,4 .

Ïðåäïîñëåäíèé ÷ëåí â (I) ó÷èòûâàåò ̂ ñãðåçîçàíñíóî èâòåðîåðîâèÿþ â
ðåéêàõ ïðèáëèæåíèÿ Åðåéòà-Âèãíåðç. Ýòîò ó÷åò þ÷åí/åñëè âûïîëíÿåòñÿ õîòÿáû îäíî èç ñëåäóþùèõ óñëîâèé:
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å) ðåçîíýíñû õîðîïî ðàçäåëåíû è èíòåðôåðåíöèÿ èññóøåñòÿîííà;
á) ñóäâñòâåâåâ òîëüêî îäèí íåéòðîííûé êàíàë (âçàèìîäåéñòâóþò òîëüêî 5-

íâÈòðîíû èëè òàêæå è íåéòðîíû ñ âûñîêèìè èîãåíòýãò, íî ñëèà ÿäðà
I * 0).

Ôàçîâûé ñäâèã Ô^ îïðåäåëÿåòñÿ ÷åðåç ðàäèóñ êàíàëà Î.™

Ì

Ì - êàññà ÿäðà (ïðèíèìàÿ èçññó Ñ'* « 12),

åñòü ýôôåêòèâíûé ðýäâóñ ÿäðå äëÿ äàííîãî êàïàëà. Åñëè çàâèñèìîñòü ÑÖ„
îõ ýíåðãèè ñóùåñòâåííà, òî â áèáëèîòåêå ïðèãîäèòñÿ ýòç çàâèñèìîñòü äëÿ
Î«÷ (à ÿå äëÿ äàñó ).

Ïîñëà äíø ÷ëåíû â (I) è (2) îïèñûâàåò âêëççä äàëåêèõ ðåãîûçíñîã, ã
òàêõå ïðîïóùåííûõ óðîâíåé. Ýòè ñå÷åíèÿ ëèáî çàäàåòñÿ ç òî÷êàõ, ë;?.îî ðàñ-
ñ÷èòûâàþòñÿ ïî ñðåäíèé ðåçñíàíñêûì ïàðçìåòðãì. Â ôîðèóëå (I) ýòîò ÷ëçâ
ìîõå ã áûòü êîððåêòíî ó÷òåç ÷åðåç ãë-'.çÿòÿâèûà ðàäèóñ <Õ . Äëÿ ýòîãî íåîá-
õîäçèî, îäíàêî, ÷àî&è ðçýîíààñêûâ ïçãàíåòðû îïðåäåëÿëèñü ñ ó÷åòîì èåãðåçî-

^ _, ïëàü , .Â8ÂÑÍÎÉ èíòåðôåðåíöèè. Áåëè ýòî íå òàê, òî (Ã ,̂ (Å)/«î ñóõà äàëåêîì-
ñûâàåò ðåçóëüòàò èíòåðôåðåíöèè ìíîãèõ óðîâíåé.

6.2. Ïðèáëèæåíèÿ ê ôîðìóëå Áðåéòà-Âèãíåðà

à) Ïðåèåáðåæåíèî ÷ëåèîêóîèèñûâçþçäèö èýæðåçîâàèîíóðèíòåðôåðåíöèð.
Ýòî, âîîáùå ãîâîðÿ, âåäåò ê ïîÿâëåíèþ îòðèöàòåëüíûõ ñå÷åçèÉ ìåæäó ðåçî-
íàíñàìè, åñëè íå äîáàâëåíî ïëàâíîå ñå÷åíèå. Ðåçîíàíñíûå ïàðàìåòðû îïðåäåëÿ-
þòñÿ, êàê ïðèâèëî, èèñèïî â ýõîì ïðèáëèæåíèè. Ïîñêîëüêó, îäíàêî, ïðè àòîì
ðàññìàòðèâàþòñÿ ëèøü îîëçñòè ðåçîíàíñíûõ ïèêîâ,íàéäåííûå â ýòîé ïðèáëèæå-
íèè ïàðàìåòðû äîñòàòî÷íî òî÷íû. Ðàäèóñ ÿäðà ïðè ýòîì ïîëó÷àåòñÿ, îäíàêî*
íåòî÷íî è íóæäàåòñÿ â ïîïðàâêå äëÿ òîãî, ÷òîáû ìîæíî áûëî èñïîëüçîâàòü
ýòè ïàðàìåòðû â ñòðîãîé ôîðìóëå.

5) ÐîèáäêæâííûÂ ó÷åò ìåó.ðîÿð÷àà.ñíðé èèòåðôåðâèäèè. îáåñïå÷èâàøââ
ïîëîæèòåëüíîñòü ðåøåíèÿ. Ýòîò ìåòîä ðåàëèçîâàí â ïðîãðàììå ÓÐÀÍ [83 * Îâ
çàêëþ÷àåòñÿ â òîì, ÷òî */^ó â êàæäîé òî÷êå Å â îêðåñòíîñòè äåííî-
ãî ðåçîíàíñà ã» çýìåíÿâòñÿ íà Ó^ , îïðåäåëåííîå òàê, ÷òîáû

Î»2

Ðàñ÷åò ïðîèçâîäèòñÿ ïî äþðìóëå (I) ñ îï>ñ.ãêíü.è öåæðåçîöàíñàûû ÷ëåíîì, âî
ñ èñïîëüçîâàí..åû Óü* ( Å ) üûåñòî '̂å÷ , ÷òî è îáåñïå÷èâàåò ïîëî-
æèòåëüíîñòü ñå÷åíèÿ.
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â) Ïðåíåáðåæåíèå ôàêòîðàìè .ñäâèãà . Ïîñêîëüêó 3,(Å) -êîíñòàíòà,
ýòî âàæíî ëèøü äëÿ I > 0 â ÿèêü âä&õì îò ðåçîíàíñå» Ïîýòîìó ïàðàìåòð*,
îïðåäåëåííûå â ýòîì ïðèáëèæåíèè, ìîãóò èñïîëüçîâàòüñÿ â òî÷íîé ôîðìóëå
íåïîñðåäñòâåííî.

ã) Ïðèáëèæåíèÿ äëÿ îáëàñòè íèçêèõ ýíåðãèé:

Åñëè ýòî ïðèáëèæåíèå èñïîëüçîâàëîñü ïðè îïðåäåëåíèè ïàðàìåòðîâ â òîé
îáëàñòè, ãäå îíî ïðèãîäíî, ïàðàìåòðû ãîäÿòñÿ V äëÿ èñïîëüçîâàíèÿ èõ â
îáùåé ôîðìóëå. _. ** — .

ä) Ïðåíåáðåæåíèå ôàêòîðîì Ì+1.0Ë6Ó â âûðàæéâø äà ê ,
Åñëè ïàðàìåòðû îïðåäåëåíû â ýòîé ïðèáëèæåíèè, òî è â èñõîäíûõ äàííûõ âíå-
÷åíèå Ì äîëéíî áûòü ïîëîæåíî äîñòàòî÷íî áîëüøèì, ñ òåì àäíõÇâ ýòîò ìøî-
æèòåëü áûë áëèçîê ê åäèíèöå. Òîãäà òàêèå ïàðàìåòðû ìîæíî áóäåò ÿñøëüàî-
âàòü è â îáäåÂ ôîðìóëå,

Ïðîíèöàåìîñòè è ðàçîâûå ñëâàãè äîëæíû îïðåäåëÿòüñÿ îäíèì èç òð¸õ ïó-òåé.
I) äëÿ íåéòðîííûõ êàíàëîâ ã^ è 5$ ðàññ÷èòûâàþòñÿ äëÿ ëðíìîóãîëü-

âîé 8Ø, Â ÷àñòíîñòè,

çëó

Äëÿ äðóãèõ ðåàêöèé áåðåòñÿ Ð&(Å)* 4 • ^«.(Å) ~ Î

ý5é ,ÐÜ è. Çã ìîãóò áûòü çàäàíû ñ òàáëè÷íîé ôîðìå â ôóíê-
öèÿ ýíåðãèè íåéòðîíîâ, áóäó÷è îïðåäåëåíû ýìïèðè÷åñêè èëè ðàññ÷èòàíû ïñ
òîß èäè èâîé òåîðåòè÷åñêîé èîäåëè (íýëðèèåð/äëÿ ñëó÷àÿ ðåàêöèÿ ñ æñèóñ~êàíèåè çàðÿæåííûõ ÷àñòèö).

3) ôàçîâûå ñäâèãè è ïðîíèöàåìîñòè ðàññ÷èòûâàþòñÿ ñî íåêîòîðîìó
àëãîðèòìó, íîìåð êîòîðîãî óêàçàí â áèáëèîòå÷íûõ äàííûõ.

Å* ÏÐÅÄÑÒÀÂËÆÅ Ä&ÍÍÛÕ ÍÀ ÊÀÐÒÀÕ

Ñîäåðæàùàÿñÿ â áèáëèîòåêå èíôîðìàöèÿ ïî ÿäåðíûì äàííûì ïðåäïîëàãàåò-
ñÿ èàáàòîà íà ñèìâîëè÷åñêèõ êàðòàõ. ê.âàëàü òàêàÿ êàðòà ñîäåðæèò îïðåäå-
ëåííîå êîëè÷åñòâî îñíîâàñé è ñëóæåáíîé ââôîðèýöýä. Îñíîâíàÿ ÿê$îðó.àöêÿ
âêëâ÷àåò â ñåáÿ ñîáñòâåííî ÿëçðíûå äàííûå â âèäå òàáëèö ÷èñëîâûõ çíà÷åíèå
ÿ âñïîìîãàòåëüíûå äàííûå, èãðàþùèå ðîëü çàãîëîâêîâ ê ãýáëÿèåì ÿäåðíêõ äàâ-
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âûõ â êîäèðîâàííîé ÷èñëîâîé âèäå. Ñëóæåáíàÿ èíôîðìàöèÿ ñîñòîèò èç ðëçíîãî
ðîäà êîÔîê, ïîçâîëÿþùèõ îòëè÷àòü êàðòû äðóã îò äðóãà. Íàëè÷èå ìåòîê îáëåã-
÷àåò òàêæå ïðîãðàììíóþ îáðàáîòêó áèáëèîòå÷íûõ äàííûõ.

Â êà÷åñòâå ñèìâîëè÷åñêîé êàðòû áåðåòñÿ ñòàíäàðòíàÿ 80-êîëîíêîâýÿ
ïåðôîêàðòà. Îäíàêî â çàâèñèìîñòè îò îñîáåííîñòåé âÿåàÿâõ óñ-ãðîçñòâ ÇÇÄ
ðàçÿçòïà åå ïðîèçâîäèòñÿ ðàçëè÷íûì îáðàçîì. Ñäåëàåì íåêîòîðûå îáùàå çàìå-
÷àíèÿ, êàñàþùèåñÿ ðàçìåòêè êàðò è êîäèðîâàíèÿ ðàñïîëàãàåìîé çà íèõ êíôîð-
ÊÇÖ32.

Â òîì ñëó÷àå, êîãäà äëÿ êîäèðîâàíèÿ èíôîðìàöèè èñïîëüçóåòñÿ 960 ïî-
çèöèé (12 ñòðîê õ 80 êîëîíîê), ðàçìåòêà ïåðôîêàðòà ìîæåò èìåòü, íàïðèìåð,
òàêîé âèä: 6 ïîëåé (ïî II êîëîíîê â êàæäîì), ðàçäåëåííûõ ìåæäó ñîáîé ïóñ-
òîé êîëîíêîé, îòâîäÿòñÿ äëÿ îñíîâíîé èíôîðìàöèè (ïîëÿ äàííûõ), å êîëîíêå
ñ 73 ïî 80 - äëÿ ñëóæåáíîé èíôîðìàöèè (ïîëå ìåòîê). Òàêîé âèä ðàçìåòêà
ïðèíÿò â àíãëèéñêîé áèáëèîòåêå ðåêîìåíäîâàííûõ ÿäåðíûõ äåííûõ*

Ïðè èñïîëüçîâàíèè ââîäíûõ óñòðîéñòâ ìàøèí òèïà ì-20 óäîáíåå ïðèíÿòü
äðóãîé âèä ðàçìåòêè ïåðôîêàðòû. Ü ýòîì ñëó÷àå ïîä îñíîâíóþ èíôîðìàöèþ îò-
âîäèòñÿ ü âåðõíèõ ñòðîê, à â ñëåäóþùèõ ñòðîêàõ ðàçìåùàåòñÿ ñëóæåáíàÿ èí-
ôîðìàöèÿ.

Îáà ýòè òèïà ðàçìåòêè îêàçûâàþòñÿ ýêâèâàëåíòíûìè â ñìûñëå ðàñïîëîæå-
íèÿ íàáèòîé íà ñèìâîëè÷åñêîé êàðòå èíôîðìàöèè ïðè âûâîäå åå íå ïå÷àòü ñ
ïîìîùüþ ñîîòâåòñòâóþùèõ âíåøíèõ óñòðîéñòâ. Ðîëü îñíîâíîé ñòðóêòóðíîé åäè-
íèöû èãðàåò ëèîî ïîëå, ë .áî ñòðîêà ñîîòâåòñòâåííî â ïåðâîì è âòîðîì ñëó-
÷àÿõ. 3 êàæäîì ïîëå ^ñòðîêå) ôèêñèðóåòñÿ îäíî ìàøèííîå ñëîâî (îäíî ÷èñëî).
Àëôàâèòíàÿ êîäèðîâêà â îñíîâíîé áèáëèîòåêå íå èñïîëüçóåòñÿ1'. Âèä ïðåä-
ñòàâëåíèÿ ÷èñåë îïðåäåëÿåòñÿ èõ ñìûñëîâîé íàãðóçêîé. Âñå ÿäåðíûå äàííûå
ïðåäñòàâëÿþòñÿ â äâîè÷íî-äåñÿòè÷íîì êîäå ñ ïëàâàþùåé çàïÿòîé.

Âî âòîðîì ñëó÷àå âîçìîæíà òàêæå íåñêîëüêî èíàÿ ôîðìà ðàçìåòêè ïåðôî-
êàðòû. Ó÷èòûâàÿ òîò ôàêò, ÷òî ÷èñëî çíà÷àùèõ öèôð â ÷èñëîâûõ äàííûõ, êàê
ïðàâèëî,íåâåëèêî, ñëóæåîíóø èíôîðìàöèþ ìîæíî õðàíèòü ïàðàëëåëüíî ñ îñíîâ-
íîé, îòâåäÿ ïîä íåå, íàïðèìåð, òðè ïîñëåäíèõ äåñÿòè÷íûõ ðàçðÿäå (òðåòèé
àäðåñ) êàæäîé èç øåñòè ñòðîê ñ îñíîâíûìè äàííûìè. Ïðè òàêîé ðàçìåòêå íà
îäíîé ñòàíäàðòíîé ïåðôîêàðòå ïîìåøàåòñÿ äâå ñèìâîëè÷åñêèõ êàðòû.

Äëÿ ëþáîãî âåÿåñòâà äàííûå, õàðàêòåðèçóåìûå íåêîòîðûì ÈÍÍ, ñîñòàâëÿ-
åò çàìêíóòûé ìàññèâ êíôñ-ðìãöèè â òîê ñìûñëå, ÷òî ýòà èíôîðìàöèÿ ìîæåò
àû-'ü èñïîëüçîâàíà â äàëüíåéøåì ñàìîñòîÿòåëüíî áåç ïðèâëå÷åíèÿ êàêèõ-ëèáî
äðóãèõ ìàññèâîâ ñ àíàëîãè÷íûìè äàííûìè äëÿ ýòîãî âåùåñòâà. Êîìïëåêò <
òàêèì çàìêíóòûì íàáîðîì äàííûõ áóäåì â äàëüíåéøåì íàçûâàòü ôàéëîì (î?
àíãëèéñêîãî $(. ßå. - êàðòîòåêà). Êàæäîìó ôàéëó ïðèïèñûâàåòñÿ îïðåäåëåí-
íûé áèáëèîòå÷íûé íîìåð (ÁÍÔ), êîòîðûé è ïðîñòàâëÿåòñÿ â ïåðâûõ ÷åòûðåõ
ðàçðÿäàõ ÉßÅ.

Ôàéë ðàçáèâàåòñÿ íà ñåêöèè ïî ÷èñëó òèïîâ ðåàêöèé, èìåþùèõ ìåñòî
äëÿ âåùåñòâà ñ äàííûì ÈÍÍ. Êàæäàÿ ñåêöèÿ âêëþ÷àåò â ñåáÿ êàðòû ñ ÿäåðíûìê
äàííûìè îïðåäåëåííîãî ÍÒÐ. Îäíîìó è òîìó æå òèïó ðåàêöèè â ðåçíûõ ôàéëàõ
áóäóò ñîîòâåòñòâîâàòü, âîîîøå ãîâîðÿ, ðàçëè÷íûå ñåêöèè. Ñîîòâåòñòâèå ìåæ-

Ïðåäïîëàãâåòñÿ, ÷òî ïàðàëëåëüíî ñ îñíîâíîé áèáëèîòåêîé, ñîäåðæàùåé «ê>-
ëîâûå äàííûå, áóäåò ñóùåñòâîâàòü áèáëèîòåêà òåêñòîâûõ êîììåíòâðâåâ õ
êàæäîìó ôàéëó . Ôîðìàò ýòîé áèáëèîòåêå â íàñòîÿùåå âðåìÿ åå äî-
ðàáîòàâ.
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äó âîìåðîí ñåêöèè ÿ ÂÒ? óñòàíàâëèâàåòñÿ èç ñïåöèàëüíûõ çàãîëîâî÷íûõ êàð*
*àõ, çàíèìàþùèõ êóëåâóþ ñåêöèþ ôàéëà. Âíóòðè êàæäîé ñåêöèè êàðòû èìåþò
ïîñëåäîâàòåëüíóþ íóìåðàöèþ. Íóìåðàöèÿ ñåêöèé â ïðåäåëàõ êàæäîãî ôàéëà çâ-
òîàîàçà.

Ïîðÿäîê ñëåäîâàíèÿ ñåêöèé äëÿ íåéòðîííûõ äàâíèõ îïðåäåëÿåòñÿ,â ïåðâóþ
.î÷åðåäü,Í×Ê, â ïðè îäèíàêîâûõ Í×Ê âåëè÷èíîé ÍÎÊ.

Ïðèìåðà íóìåðàöèè ñåêöèé

Íîìåð ñåêöèÿ ÍÒÐ Íàèìåíîâàíèå äàííûõ
00 Çàãîëîâî÷íàÿ èíôîðìàöèÿ
01 01001 Ïîëíîå ñå÷åíèå âçàèìîäåéñòâèÿ íåéòðîíîâ.
02 01002 Ñå÷åíèå óïðóãîãî ðçññåïèèÿ êîéòðîíîâ
03 02002 Óãëîâîå ðàñïðåäåëåíèå óïðóãî ðàññåÿí-

íûõ íåéòðîíîâ
04 0100? Ñå÷åíêå íåóïðóãèõ âçàèìîäåéñòâèé.
05 0100* Ñå÷åíèå ««óïðóãîãî ðàññåÿíèÿ
06 01005 Ñå÷åïëå íñóïðóãîãî ðàññåÿíèè ñ âîçáóæ-

äåíèåì 1-ãî óðîâíÿ ÿäðå
07 02005 Óãëîâîå ðàñïðåäåëåíèå íåéòðîíîâ,íåóïðó-

ãî ðàññåÿâøèõñÿ ñ âîçáóæäåíèå» 1-ãî
óðîâíÿ ÿäðà.

08 ' 03005 Ýíåðãåòè÷åñêîå ðàñïðåäåëåíèå íåéòðîíîâ,
ÿåóëðóãî ðàññåÿâøèõñÿ ñ âîçáóæäåííåé
1-ãî óðîâíÿ ÿäðà.

Êàê ñîäåðæàíèå, òàê ÿ ñàèî ðàñïîëîæèòå îñíîâíîé èíôîðìàöèè íà êàð-
òàõ çàâèñÿ? îò ÍÒÐ (ãëàâíûé îáðàçîê îò éÎÊ), à òàêæå îò ÍÒÎ, è áóäóò ðàñ-
ñìîòðåíû à äàëüíåéøåì ïîäðîáíî. ×òî êàñàåòñÿ ñëóõåîíîÿ èíôîðìàöèè, òî îíà
âêëþ÷àåò ã ñåáÿ ÈßÍ (Ø»),íîèåð ñåêöèè, ïîðÿäêîâûé íîäîü êàðòû â ñåêøè:
ÿ òàêàç öèêëè÷åñêóþ ñóììó èíôîðìàöèÿ, ïðîáèòîé ã ïåðâûõ âîñüìè ñòðîêàõ
ïåðôîêàðòû.

Â ñîîòâåòñòâèÿ ñ íàèáîëåå ðàñïðîñòðàíåííûì ñåé÷àñ ã ÑÑÑÐ òêïñè êàð-
òî÷íûõ ïåðôîðàòîðîâ ÿ ââîäíûõ óñòðîéñòâ íàäî ïðèíÿòà ïîñòðî÷íàÿ ðàçìåòêå
ïåðôîêàðò.

Ëääòàûõ øàñòâ ñòðîêàõ ïåðôîêàðòû çàïèñûâàåòñÿ îñíîâíàÿ îòöþð«ýöèÿ,
âñåãäà çàïèñûâàåìàÿ â äâîè÷íî-äåñÿòè÷íîé êîäå ñ ïëàâàâøåé çàïÿòîé ( â
òîì ÷èñëå ÿ öåëûå ÷èñëà). Ïîðÿäîê ïðåäñòàâëåíèÿ îñíîâíîé èíôîðìàöèè íà
ïåðôîêàðòàõ îïèñàí âèçå (ðàçäåë 0).

Â ñåäüìîé ñòðîêå íàñåâàåòñÿ äåâÿòèçíà÷íîå öåëîå ÷èñëî, äâå ìëàäøèå
ðàçðÿäà êîòîðîãî ïðåäñòàâëÿþò ñîáîé íîìåð ñåêöèé, â êîòîðîé ðàñïîëîæåíû
äçÿíûå ðàññìàòðèâàåìîãî òèïà*', ÷åòûðå ñòàðñâõ ðàçðÿäà è?ïîëüçóþòñÿ äëÿ
çàïèñè ÷åòûðåõ ñòàðòèõ ðàçðÿäîâ ÈßÍ (áèáëèîòå÷íûé âîêåð Ôàéëà - 5ÍÔ) â *
ðàññìîòðåííîì âûøå ôîðìàòå. 5-É, á-é ÿ 7-É ðàçðÿäû íå èñïîëüçóþòñÿ*

õ)ñâÿç* ìåæäó êîíå ðîì ñåêöèè ÿ ÍÒÐ îïðåäåëÿåòñÿ ã ïåðâîé çàãîëîâî÷íîé
ñåêøø ôàéëå.
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Â ...âîñüìîé ñòðîêå ïðîáèâàåòñÿ íîèâð ïåðôîêàðòû â ñåêöèè â âèäå ÷èñ-
ëà ñ ïëàâàþùåé çàïÿòîé. Íóìåðàöèÿ êàðò êàæäîé ãåêöø íà÷èíàåòñÿ çàíîâî ñ
ïåðôîêàðòû & I ( ñîäåðæàùåé âñåãäà çàãîëîâî÷íóþ «âäîïâàøø äëÿ äàííîé
ñåêöèè),

Äåâÿòàÿ ñòðîêà ñîäåðæèò öèêëè÷åñêóþ ñ?«ìó ÷êñåë, çàïèñàííûõ â ïåð-
âûõ âîñüìè ñòðîêàõ, îäíàêî ïðèçíàê êîíòðîëüíîé ñóèêû â ýòîé ñòðîêå åå
ï.Ê'Ñêâçàòñÿ. Ïîñëåäíåå öîççîäíåò íåéðåðäåâî çâîëêòú ñ ÝÆ «ýññêâ» ñîñòîÿ-
ùèÊ àü ìíîãèõ êàðò. Ïîñëå ââîäà äàâíèõ ñ íýìãâü* êîíòðîëüíîå ñ;«ì«û «î«å«-
áûòü ïóîüóðåíà ïðàâèëüíîñòü ââîç» ëíôîðêýöèé èâ ê&æëîÐ ïåðä÷ÿþðóå è çûÿ*~
äåâû äåôåêòíûå ïåðôîêàðòû.

Ø. ÔÎÐÖÀÒÛ ÏÐÇÄÑÇÎÄÇÄÈß ßÄÅÐÍÛÕ ÄÀÍÍÛÕ Ü
5É5ËÈÑÒÅÊÅ

Òàê êàê õàðàêòåð ÿäåðíûõ äàââêõ îïðåäåëÿåòñÿ âåäîì ðåàêöèè, ôîðìàòû
ïðåäñòàâëåíèÿ ýòèõ äàííûõ â áèáëèîòåêå çàâèñÿò îò ÍÒÐ, ã ïåðâóþ î÷åðåäü,
îò ÍÎÊ. Ôîðìàòû, åñòåñòâåííî, áóäóò çàâèñåòü òàþ» î? ÊØ. Ïðâõäå ÷à*
ðàññìîòðè âàòü êîíêðåòíûå ôîðìàòû äëÿ ðâàíûõ ØÆ, ñäåëàåì íâàîãîðìå çàìå-
÷àíèÿ îáùåãî õàðàêòåðà,

Îáëàñòü ýíåðãèé, ðàññêàòðèãâåèûõ äëÿ äàííîãî ÍÒÐ, â ñëó÷àå ÿåîîõîäÿ-
÷åñòÿ ðàçáèâàåòñÿ íà íåêîòîðîå ÷èñëî èíòåðâàëîâ» Ïðè ðàçáèåíèè íóæíî ó÷è-
òûâàòü ðÿä ñîîáðàæåíèé ̂ êäâ÷àÿ ñëåäóþùåå:

I. Íà îòäåëüíûõ ó÷àñòêàõ äàííûå ïðåíåáðåæèìî êàëû èäÿ ðàâíû íóëþ
(íàïðèìåð, ñå÷åíèÿ äî ïîðîãå ðåàêäÿâ).

2* Â íåêîòîðûõ èíòåðâàëàõ ñîîòâåòñòâóþùèå äàííûå åå çàâèñÿò îò ý»ð~
ãèè èëè ïðåäñòàâëÿþòñÿ îäèíàêîâû* îáðààî»è

3. Â ðàçíûõ ýíåðãâòè÷âñêêõ ìâòâðõàëâä äàâíìå èìàèò ðàçëè÷íûå ïðåä-
ñòàâëåíèÿ èäè ðàçëè÷åí» «èøàðâòóðâûâ àââÿñÿìîñõè,

Ðàçáèåíèå ýíåðãåòè÷åñêîé îáëàñòè íå èíòåðâàëû ïîçâîëÿåò â íåêîòîðûõ
ñëó÷àÿõ èçáåãàòü äóáëèðîâàíèÿ ðåçóäüòîòîâ» Ïðè üòîì ïî Åîàã.îëíîñòà íåñá-
õîäàèî ñòð<.:'òë>ñÿ ê èìê^êýëüïîèó ÷ëñëó éíòåðâü.1îâ» Äëÿ ðççõ«:÷íêõ Ê1? è
âðåäâëàã îëü îãî ÈßÉ ÷âñëî åíãåðâàëîà ìîæåò áèòü ðñç^èã:* Íà)-;<ïêçð, ïîàäîà
ñå÷åøþ ÿ ñç^å.÷çâ ïîðîã-îâîãî ïðîöåññà áóäóò ñïåòü ðàçíîå êèã. :÷ññãçî ïíòçð-

ÿü&î ëèåòü, ãâà ãäå ýòî êîçûîãíî, ÑÎßÏÇÀÇÃÑËÑ?
äïè üîëàîãî ñå÷å ËÅß â ñññòñã'ëÿê÷éõ åãî êãðöèàëüíèõ

3?î ìîàçò îáëåã÷èòü îÎââðóäåâèå ãðóÎèõ îøèáîê ñ ñîêîîüþ ñïåöèàëüíûõ ïðî-

Îîû÷âî éäçðíûå äàííûå çàäàþòñÿ â äàñêðçòâûõ ýíåðãåòè÷åñêèõ òî÷êàõ,
Áåëè, îäíàêî ,.â íàêîçîðîê èíòåðâàëå ýí?ðãèÐ. äîçíûå ïîñòîÿííû, îãà èîãóò
Îëçú çàäàíû ^ë» âñåãî çþãî èàòâðçàëà â äîëîé. Òàêàÿ âîçèî^èîñòü îñóùåñò-
âëÿåòñÿ ñ ÅÎÛÎÙÜÞ ñêåöèåëüâèõ ôîðìàòîâ, îðñäóñèîòðñííèõ êëüññê^ìêàöÿåé

Â òåõ ñëó÷àÿõ., êîãäà êäàðëûå äýÿíûå àâ äàþòñÿ äëÿ äèñêðåòíûõ çíç÷åíãé
ëåðçèâêíûõ, îò êîòîðûõ ýòè äàííûå çàâèñÿò, âûáîð ñîîòâåòñòâóã^èõ çíà÷åíèé
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ß388ÂÕÑßÌÊÕ ëåðåíåíâûõ äîëæåí óäîâëåòâîðÿòü îïðåäåëåííûé òðåáîâàíèÿì.
éäåâçãî çâà÷åíÿÿ ïåðåþåøøõ äîëæåí âûáèðàòüñÿ î òàêèì óñëîâèåì, ÷òîáì
çäá÷åââõ ñàìîå ôóíêöèè ïðè ëþáûõ ÿðñÿâæóêÿèûõ çíà÷åíèÿõ àðãóìåíòîâ ìîå-
âî áàäî å äîñõàòî÷âîé äîãà ïðàêòèêè òî÷íîñòüþ ïîëó÷àòü î ïîõîöüâ ââõåð»
ÿñééðîâýâèÿ ìåæäó åîñåäàèèâ,âìåâäèìâñÿ â áèáëèîòåêå, çâà÷åâÿ&ìÿ» Â íåêî-
òîðûõ ñëó÷àÿõ ïåëåñîîáðççâî èíòåðïîëèðîâàòü â ëîãàðèôìè÷åñêîì ìàñøòàáå
(åå÷åââÿ, ñÿåïÿàëûøå âåëà÷ââí äëÿ àåà òðîíîâ). Ñïîñîá ââòåðïîëÿùø â
ÿîðÿÿîê ââòåðàîëÿãøîââîãî êâîãî÷ÿåíà ëàÿ òåõ âëâ ââûõ ççîèñêãàåøîñ â
ëêîìâó ïàññèâîâ äàââûõ îïðåäåëÿòñÿ îäââøâêåìè ñ ó÷åòîì âîýêîÿâîîòåé
þøÿøÿõñÿ îéñàáàòûâàøéõ ïðîãðååì õ óêàçûâàåòñÿ â êà÷åñòâå äîïîõíèòåëúâîé
•âôîðìàøø â çàãîëîâêàõ «ÒÏ,

Âåêîâ èâôîðèàïèí ààäçåòñÿ â áèáëèîòåêå äåâÿòèçíà÷íûì ÷âñëîì ØÃ

Ñ ïîìîõüî ÷èñëà ÈÍÒ ìîæåò áûòü îïðåäåëåí çåêîâ èíòåðïîëÿöèè äëÿ
øø îäíîé, äâóõ õ òðåõ ïåðåìåèâøè

Òðè æëçäâàõ ðàçðÿäà «,<*«* îïðåäåëÿåò çàêîí èíòåðïîëÿöèè ïî
ìëàäøåé äåîåíåââîé; òðè ñëåäóòèõ ðàçðÿäà - */ **' × *~ 5Ëß ñâåäóùåé
ïî ñòàðàëÿñòâó; òðà ñòàðøèõ ðàçðÿäà.- *«"**'' */ - äëÿ îòàðîåé ïåðåìåí-
âîé» Äîðÿäîê åòàðøøñòâà ïåðåìåííûõ îïðåäåëÿåòñÿ ßÇÂ (îì. íèæå).

3 êàæäîé òðîéêà ÷èñåë «**%** ðàçðÿä -ñ, îïðåäåëÿåò ñïîñîá
èâòåðÿîëÿøþ. -ö « I îçâà÷àåò äèâåãíóî ââòåðïîëÿøø. Ñìûñë äðóãèõ çíà-
÷åíèé «6. ã âàñòîÿõàå âðåìÿ âå (ðÿññâðîâàâ. Äâà ñëçäóàâäõ ðàçðÿäà îï*
ðâäåëÿþò'ìàñÿò&á, â êîòîðîì äîëæíà ïðîâîäèòüñÿ èíòåðïîëÿöèÿ: **. - äî
âñÿ îðäîâàò (êàñÿòâî âÿòâðïîëàðóåìîé ôóíêöèè),
(ìàîâõàá àðãóìââòà)*

Ìàñÿòàá îïðåäåëÿåòñÿ ñõåäóùåé *àáõõö»ÿ:

• ïî îñè àáñöåññ

Çíà÷åíèå Ìàñÿòàá ïî ñîîòâåòñøó»-
õî! îåõ

Î
X
2
5

ëââåéâíé

êîðåââîé
êîñâíóñîèäâëìíé

â ààñòîÿõîå âðåìÿ âåÑìûñë îñòàëüíûõ ýââ÷åììé 4Ë » 4,
ñÿðîâàâ.

Ïðèìåðû: I. Ôóàêöèÿ îäâîé ïåðåìåÿâîé

ß ÈÒ * ** 09 Ø 000 000

îçâà÷àåò ëìàåéâó» ìÿòåðïîÿÿøþ ( 4*« I ) â äâîèìîì ëîãàðèôìè÷åñêîì
ìàñøòàáå ( -Ñ/ « <,* ÿ & ). Ýÿåðãìÿ Â çäåñü ÿâëÿåòñÿ åäèíñòâåííîé â
ïîýòîìó ñòàðÿâé ø>ðåìîâÿîé«
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2. Ôóíêöèÿ äâóõ ïåðåìåííûõ - ñïåêòð âòîðè÷íûõ íåéòðîíîâ »â çàâèñè-
ìîñòè îò àíåðãèè ïàäàþùèõ íåéòðîíîâ: | ( ˆ. , Å )•

ÌÍÒ » ++ 09 100 000 000

îçâà÷ýåò ëèíåéíóþ èíòåðÿîëÿøþ âåëè÷èíû ^ ïî êàæäîé èç ïåðåìåííûõ â
ÿââåéèîê ìàñøòàáå .

3^ ôèêöèÿ òð¸õ ïåðâìåíâèõ - ñóéåðïîçèöèÿ óãëîâûõ ðàñ ïðå äåëåíèé:
^(Å«)= ^×(Å)|ü(Å,â) ( Î* (Å) êîãó* èìåòü, íàïðèìåð, ñìûñë ýâ~
âèñÿÿÿõ îò ýíåðãèÿ äîëåé ïîäãðóïï, â. ^- ïîäãðóãàþâûõ óãëîâûõ ðàñïðåäåëåíèé),

ÈÍÒ = *+ 09 101 001 003

îçíà÷àåò ïðè ñòàðøèíñòâå ïåðåìåííûõ « ö Å , 0 , ÷òî <**(Å) äîëæíî
èíòåðïîëèðîâàòüñÿ äèíåéèî âà ãðàôèíàõ çàâèñèìîå» Î* îò
(4?õ1,<±õÎ, *,? * 4. ), äîëæíû èíòåðîîëèðîãâòëå* ïî ýíåðãèè
àíàëîïãàøø îáðåçîê ( *,'= I, ^ÿ î, *.,'ã \ ) * ëþåâíî ïî êîñèíóñó
óãëå 0 (V8!, *»*0, 1^»3 >•

"Åîãäî àîæíà òåàïåðàòóðíàÿ çàâèñèûîñòü ÿäåðíûõ äàííûõ, óêàçûâàåòñÿ çâà-
÷àèââ òâàïåð&òóðû, êîòîðîé îíè ñîîòâåòñòâóþò. Êîëè çàâèñèìîñòü äàííûõ îò
1âèïåðýò?ðû Ò èîæåò áûòü ó÷òåíà â ïðîöåññå ðàñ÷åòîâ àíàëèòè÷åñêè, çàäà-
âàÿ îäíîãî çíà÷åíèÿ Ò îêàçûâàåòñÿ äîñòàòî÷íûé. 3 ïðîòèâíî» ñëó÷àå ðåçóëü-
òàòà ïðèâîäÿòñÿ ïðè íåñêîëüêèõ ðàçëè÷íûõ òåìïåðàòóðàõ òàõèê îáðàçîè, ÷òî-
áû ìåòîäîì èàòâðïîëèðîâàèèÿ «îêíî áûëî ïîëó÷èòü äàííûå äëÿ ëþáîé íóæíîé
òâèïåðýòóðû.

»
Íàïâèèåî

ÈÍÒ * «- 09 102 000 000
îçíà÷àåò, ÷òî èíòåðïîëÿöèÿ äîëæíà âåñòèñü ëèíåéíî íà ãðàôèêå àåâèñèèàñòÿ
ñâ÷ýâèÿ îò >/Ò Ñ -ö"~ I , ^" = Î ó Ã,/ = 2, )•

Ñïåöèôèêàöèÿ ÉÒÐ òàêîâà, ÷òî îíà ïîçâîëÿåò îäíîçíà÷íî èäåíòèôèöèðî-
âàòü êàê âèä îñòàòî÷íîãî ÿäðà, òàê ÿ âèä ïðîäóêòîâ ëþáîé ðàññìàòðèâàåì)?,
ÿäàðíîé ðåàêöèè. Â ÷àñòíîñòè , âïîëíå îäíîçíà÷íî îïðåäåëÿåòñÿ ÷èñëå âòîðà÷-
ÿàõ ÷åñíèö, îáðãçóùèõñÿ â ðåçóëüòàòå ðåàêöèé-. Ïîñêîëüêó, îäíàêî, íåêîòîðûå
äàííûå, íàïðàèåð ýêñïåðèèåíòàëüíûå äàííûå íî óãëîâûê â ã»ðåðã9òè÷åñêèì ðàñ-
ïðåäåëåíèÿì, ìîãóò áûòü èçâåñòíû íå äëÿ êàäêîé âòîðè÷íîé ÷àñòèöû ïðîäóõ»
òñ* ÿäåðäîÐ ðåàêöèè â îòäåëüíîñòè, à âîçìîæíî, â íåêîòîðûõ ñëó÷àÿõ æãü
äëÿ îïðçäåëåàíûã ãðóïï ÷ãñòëö ïðñäó÷òîâ, â ñîîãâåòñòâóõèöèõ ôîðìàòàõ ïðå-
äóñìàòðèâàåòñÿ ñïåöèàëüíîå óñëîâíîå ÷èñëî, îòîæäåñòâëÿþùåå ãðóïïû ÷àñòèö*
äëÿ êîòîðûõ òàêèå äàííûå çàäàþòñÿ-,

ÁèÑëâçòÿ÷àûå ôîðäåãà ëðåäóñìàòðèýàîò õðàíåíèå èíôîðèàèÿè â âèäå îò-
äåëüíûõ ìàññèâîâ, êàÿäûé èç êîòîðûõ, â ñâîï î÷åðåäü, òàêæå ìîæåò âêëþ÷àòü
â ñàáÿ èàññàâû èåíêøåãî îáúåì. Ðàñïðåäåëåíèå äàííûõ ñî èàññèâàè ïðîèçâî-
äèòñÿ íà îñíîâå íàëè÷èÿ ó íèõ òåõ èëè èíûõ îáùèõ ïðèçíàêîâ, íàïðèìåð, ý»
ìîãóò áûòü äàââûå îäíîãî â òîãî æå ÊÒÐ èëè ÍÒÏ, äàííûå, îòíîñÿùèåñÿ õ îä-
íîìó ÿ òîìó æå ýíåðãåòè÷åñêîìó èíòåðâàëó, òåìïåðàòóðå â ò.ä.

Âñå ÊÇÑÑÉÅÛ ñíàáæåíû ñïåöèàëüíûìè çàãîëîâêàìè. Ëþáîé çàãîëîâîê ñîäåð-
æè* õàðàêòåðèñòèêó ìàññèâà è ñâåäåíèÿ î êîëè÷åñòâå è, âîçìîæíî, ðàñïîëî-
æåíèÿ âåïñå ðîäñòâåííî ïîë÷ÿàåíâèõ åèó áîëåå àåëêèõ ìàññèâîâ. Ýõî ïîçâîäÿ-
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åò èàâòü îîäàå ïðåëî ãàçÿçíëå î âíóòðåííåé ñîäåðæàíèè .ìàññèâà ïî îäíîìó
ëèøü çâãîäî-ãêó* áàç ðàñïàêîâêè ñàìîãî ìàññèâå*

Êåõäûé çàãîëîâîê íà÷èíàåòñÿ ñ íîâîé êàðòû. Ôîðäàõ äëÿ ëþáîãî ÍÎÊ
â ñåáÿ ñëåäóùõå çàãîëîâêà;

- çàãîëîâîê òêïç ðåàêöèé,
- ÐÂÃÎËÎÂÎÊ ýíåðãåòè÷åñêèõ èíòåðâàëîâ,
- çàãîëîâêè òåêïåðýòóðè (ÍØ - 01, ÅÎÊ = 04, ÍÎÊ » 05) èëè ãðóïïû

àõãðã÷íûõ ÷àñòà; (ÈÊÑ â 02, ÍÎÊ « 03),
- çàãîëîâêè òèïîâ ïðåäñòàâëåíèé»

Ïîðÿäîê ñëåäîâàíèÿ îñòàëüíûõ, âíóòðåííèõ ïî îòíîÿåíèâ ê äàííîìó
ïðâäñòåâëîâèé, çâãîëîâêîâ îïðåäàëÿåòåÿ ßÒß. Ê âèí îòíîñÿòñÿ, âàâðòåð,
ãîëîàãà ýíâðãè», ïîäãðóøò íåàõðîàî» æ ò«é»

Ïîëå åëè ñòðîêà â äàëüíåéøåì âààíààâòñÿ ïîçÿöèâè. Ïðÿ îîâñàíÿè
êðàòíûõ ôîðìàòîâ êàðòû íóìåðóþòñÿ ðøññêèø öèôðà», à âîàøðø æàðõâ,8àâÿ>
òûà ïîä îñíîâíóþ èíôîðìàöèþ - àðàáñêèì!. Â ïîýèöäÿõ, à» çàíÿòûõ ûôîðìâ-
öÿåà, ïðîáæâàâõîâ íóëÿ»

1.1. Çàãîëîâîê áàéòà

Çàãîëîâîê ôàéëà çàâÿìàåõ íóëåâóþ ñåêöèþ ÿ óñòàíàâëèâàåò ñîîòâåòñòâèå
ìåæäó íîìåðîì ñåêöèÿ, íîìåðîì òèïà ðåàêöèÿ ÿ õîëÿ÷åñòâîì çàíèìàåìûõ ñåê-
öèé êàðò. Ôîðìàò çàãîëîâêà èìååò âèä:
Òèï êàðò

I. õ. èçâ.
2. Ïîëíîå ÷èñëî êàðò â ýòîÿ ôàéëà, âêëþ÷àÿ êàðòû çàãîëîâêà.
3. ×èñëî êàðò ÿ íóëåâîé ñåêøèé
4. Àòîìíûé íîìåð 2 ýëåìåíòà (íóëü äëÿ õèìè÷åñêèõ ñîåäèíåíèé ÿ

ñìåñåé)*
5* Àòîìíûé èì ìîëåêóëÿðíûé âåñ À«
6. ×èñëî ðàçëè÷íûõ ÞÒ, èìåþùèõ ìåñòî äëÿ äàííîãî âåùåñòâà.

Ë. I* Íîìåð ñåêöèÿ.
2* Ñîîòâåòñòâóþùèé
2» ×èñëî êàð* â ýòîé ñåêöèÿ.
Â ñëó÷àâ íåîáõîäèìîñòè èíôîðìàöèÿ ïåðåõîäÿò íà ïîñëåäóþùèå äîàÿöÿè

ýòîé ÿ ñëâäóîââõ »à ÿåé êàðò â ôîðìàòå ïîçèöèé 1-3 êàðòû òèïà Ï.
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1.2. Íåéòðîííûå ñå÷àâàÿ (Í(Æ » 01)

Â áèáëèîòåêå ÷èñëîâûå çíà÷åíèÿ ñå÷åíèé õðàíÿòñÿ âìåñòå ñ ñîîòâåòñòâóþ-
ùèé çíà÷åíèÿìè ïåðåíåíàîé, îò êîòîðîé îíà çàââñÿõ. Â êà÷åñòâ» ïñðåìåââîÂ
þãóò âûñòóïàòü ýíåðãèÿ, òåìïåðàòóðà, íîìåð äîäãðóøø â äð. Ëààâûâ ïî
þ÷åâèÿì ïðèâîäÿòñÿ ÷ ïîðÿäêå åñòåñòâåííîãî ñëåäîâàâøè. ýâà÷åâèÿ ïåðåìåââîâ.
1ëÿ ýíåðãèè è òåìïåðàòóðû ýòî îçíà÷àåò èõ ìîâîòîââûâ ðîå»* Íóìåðàöèÿ ïîä-
ãðóïï ïðîèçâîäÿòñÿ â ïîðÿäêå âîçðàñòàíèÿ ñâ÷åÿêâ. Â àðøâÿòìõ ôîðìàòàõ
ââåðèò çàäàþòñÿ â Ìàâ, òåìïåðàòóðû - â ãðàäóñàõ Ê, à ñå÷åíèÿ â áàðíýõ.

Çíà÷åíèÿ ýíåðãèè â òåìïåðàòóðû âûáèðàþòñÿ ñ ó÷åòîì âîçìîæíîñòè ïîëó»
÷àÿëà ñå÷åíèé ìåòîäîì èíòåðïîëèðîâàíèÿ. Äëÿ ñå÷åíèé î÷åíü ÷àñòî èíòåðïîëè-
ðîààÿâå ïðîèçâîäèòñÿ â ëîãàðèôìè÷åñêîé ñêàëå. Â àòîì ñëó÷àå òðåáóåòñÿ,
÷òîáû âî âñåõ òî÷êàõ, âêëþ÷àÿ ãðàíèöû èíòåðâàëà, áûëè çàäàíû îòëè÷íûå îõ
íóëÿ çíà÷åíèÿ ñå÷åâèé.

Êëàññèôèêàöèåé ÍÒÏ ïðåäóñìàòðèâàåòñÿ òàêæå çàäàíèå ñå÷åíèÿ ñðàçó
äëÿ âñåãî ýíåðãåòè÷åñêîãî èíòåðâàëà, åñëè îíî â ýòîì èíòåðâàëå ïîñòîÿí-
íî*

Âîäíîå ñå÷åíèå â ñîñòàâëÿþùèå åãî ïàðöèàëüíûå ñå÷åíèÿ æåëàòåëüíî çü-
äàâàòü â îäíèõ â õåõ æå òî÷êàõ. Ýòî ìîæåò îáëåã÷èòü ïðîöåññ îáíàðóæåíèÿ
ãðóáûõ îøèáîê â äàííûõ ïî ñå÷åíèÿì ñ ïîìîùüþ ñïåöèàëüíûõ ïðîãðàìì ïðîâåð-
êè.

•• 2Ë, Êëàññèôèêàöèÿ ÍÒÎ äëÿ ßÎÊ » 01

Ñòàðøèé ðàçðÿä ÍÒÏ îïðåäåëÿåò ñïîñîá çàäàíèÿ äàííûõ ïî ñå÷åíèÿì â
ñîîòâåòñòâèè ñî ñëåäóþùåé òàáëèöåé

Ñïîñîá çàäàíèÿ ñå÷åâèé

Â äèñêðåòíûõ òî÷êàõ âî Â è Ò â ñîäãðóïïîâîì ïðåäñòàâëåíèè
Â äèñêðåòíûõ òî÷êàõ ïî Â â ïîäãðóïïîâîí ïðåäñòàâëåíèè ñ ïàðàìåò-
ðè÷åñêèì îïèñàíèåì òåìïåðàòóðíîé çàâèñèìîñòè ïîäãðóèïîâûõ ïàðà-
ìåòðîâ.
Ïàðàìåòðè÷åñêè ñ ïîìîùüþ ðåçîíàíñíûõ ôîðìóë äëÿ ðàçðåøåííûõ ðå-
çîíàíñîâ.
Ïàðàìåòðè÷åñêè ñ ïîìîùüþ ñòàòèñòè÷åñêèõ äàííûõ äëÿ íåðàçðåøåí-
íûõ ðåýîâàíñîâ.

Ïîñëåäóþùèå çíà÷åíèÿ Ï4 (5-9) ðåçåðâèðóþòñÿ äëÿ íîâûõ ñïîñîáîâ
çàäàâèë, åñëè òàêîâûå áóäóò ïîÿâëÿòüñÿ.

Ñìûñëîâàÿ íàãðóçêå ìëàäøèõ ðàçðÿäîâ ÍÒÏ» âîîáùå ãîâîðÿ, çàâèñèò îò
É4 » Äëÿ Ï4 * I îíè èìåþò ñëåäóàäêé ñìûñë:

Ïä - îçíà÷àåò ÷èñëî ïåðåìåííûõ èëè ïàðàìåòðîâ, îò êîòîðûõ ìîãóò çàâè-
ñåòü ñå÷åíèÿ,

Àý - îïðåäåëÿåò ïîðÿäîê ñòàðøèíñòâà ýòèõ ïàðàìåòðîâ äðóã îòíîñèòåëüíî
äðóãà.

230



Â ñëó÷àå äâóõ ïåðâûå«ðîç (ýëâðãêÿ 8 è íîìåð âîäãðóãàø
òèôèêàöâÿ ìëàäøâõ ðàçðÿä» ÍÈ îïðåäåëÿåòñÿ òàáëèöå!

) æäàâ-

Ê,*

01
è
12
ã!
ãã

Ñòåðøàÿ
íå ðåìåííàÿ

*»

Å
1
ˆ
*

Ìëåäàåÿ
ïåðåìåàÿàÿ

^
-

Å

Ñëó÷àé Ï, Ï« * 01 ñîîòâåòñòâóåò çàäàâèâ ñå÷åíàÿ ñðàçó äÿÿ âñåãî
ýíåðãåòè÷åñêîãî èíòåðâàëå*

Äëÿ Ï, à 2 ôîðìàò êàðå ÿ êëàññèôèêàöèÿ Ï» è. Ï, â àåñòîÿùåå
âðåìÿ àå îëðâäåëåâû»

Äëÿ Ö* * 3 âòîðîé ðàçðÿä Ø - Ïã îïðåäåëÿåò ÒËÅ ðåýîêàíåâî*
ôîðìóëû. Â ñîîòâåòñòâèè ñ ßÐÜ [?3 èðàííìàåì:

à « I äëÿ ôîðìóëû Áðåéòà-Âàãâåðà;
4 « 2 äëÿ ôîðìóë, îñíîââíàûõ àå ïðéâåäàèàîé & -èåòðàäå

Ï»* 3 äëÿ ß. -ìåòðè÷íîé ôîðìóëû Âðÿññåàäåàà-Äàðñïìì
Ïú* 4 äëÿ 5 -ìàòðè÷íîé ôîðìóëû Àäÿåðîâ;

Ã) ðàâíîå àóë» îçíà÷àåò, ÷òî ðåçîíàíñíûå ïàðàìåòðû â ñåêöàâ äÿÿ äåâàîãî
Í×Ê èå ïðèãîäÿòñÿ; áðàòü àõ âàäî èç ñåêòà äëÿ ïîëèîòî ñå÷åâàÿ (¹à«001).

Â ñåêöèè äëÿ ïîëíîãî ñå÷åíèÿ çàà÷åÿàå ö, * 0 äëÿ âàÿìåÿüÿåà àç
îðÿâîäàìûõ òåûÿåðàòóð íåäîïóñòèìî. Îåòâëûþå àÿâ÷åÿâÿ é« * 1,2,. ..,-9
îçíà÷àþò ÿîìåð ïðèáëèæåíèÿ ê îáùåé ôîðìóëå, êîòîðîå ðåêîìåâäóåòñÿ àîïîÿü-
àîâàòü ïðè ðàñ÷' òåõ ïî çàäàííûì ïàðàìåòðàì»

Ï, = I âñåðäî îçíå÷ýåò, ÷òî ïàðàìåòðû ðàññ÷èòàíû àà àðâìåàåààå îá-
øåé ôîðìóëû. Èðà Ïà, = 1 , Ï, - 2, îçíà÷àåò, ÷òî ðåêîìåíäóåòñÿ ïðèìå-
íÿòü ïðèáëèæåíèå, ðåàëèçîâàííîå â ïðîãðàììå ÓÐÀÍ {$3 • Ñìûñë äðóãèõ àÿå-
÷åÿàà È3 â íàñòîÿùåå âðåìÿ íå èäåíòèôèöèðîâàâ,

Ôîðìàò êàðò^äçÿ ÍÑÆ _» 01 ïðè çàäàíèè ñå÷åíèé
à äèñêðåòíûõ òî÷êàõ ïî Å â Ò ( »«» Ï.

X» ÂÈÐ.
2* ×èñëî ýíåðãåòè÷åñêèõ èíòåðâàëîâ ( äÅ ) äëÿ ýòîãî
3» ô ~ àâåðãèÿ ðåàêöèè (Êçâ).
î •]Ðåçåðâèðóâ1ñÿ äçÿ äîïîëíèòåëüíîé èíôîðìàöèè ýòîãî ØÐ
5.
áà
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Â» I» Åì - íèæíÿÿ ãðàíèöå Ë Å ,
2« Á» - âåðõíÿÿ ãðàíèöà À Å .
3* ×èñëî ñîðò äàí ïðåäñòàâëåíèÿ ñå÷åíèé â àòîì äÅ , âêëþ÷àâ

ÿâñòîÿùó» êàðòó.
4» ×âñëî òåìïåðàòóð Ò, ðçññìàòðíâýåøõ â àòîì ä Å .
5. ×èñëî ÈÍÒ » îïðåäåëÿþùåå çàêîí èíòåðïîëÿöèè ïî òåøøðýòóðî.
6. Ðåçåðâèðóþòñÿ äëÿ äîïîëíèòåëüâîé èíôîðìàöèè â ýòîì 4Å ,

Ê* I» Òåìïåðàòóðà Ò, êîòîðîå ñîîòâåòñòâóþò ñå÷åíèÿ.
2. ×èñëî ÊØ äëÿ ñå÷åíèé ïðè ýòîé ãåøëåðàòóðå»
3. ×âñëî êàðã äëÿ ïðåäñòàâëåíèÿ ñå÷åíèé ïðè ýòîé Ò, âêëþ÷àâ âàåòîÿ-

öóþ êàðòó.×5.̂ Ðåçåðâèðóþòñÿ äëÿ äîïîëíèòåëüíîé èíôîðìàöèè ïðè ýòîé Ò»
6.
ôîðìàò ïîñëåäóþùèõ êàðò çàâåñèò îò ÍÒÎ.
I) ñå÷åíêå â äàííîé À Å íå çàâèñèò îò ýíåðãèè (îäíà ïîäãðóïïà)*

Û. I» Ø * Ê)! .
2« Çíà÷åíèå ñå÷åíèÿ 0* .
2) ñå÷åíèå çàâèñÿò îò ýíåðãèè (îäíà ïîäãðóïïà)

Ï. I. ß*Ø ÿ III .
2. ×èñëî çíà÷åíèé ýíåðãèè .
3* ×èñëî êàðò äëÿ ýòîãî Ø «
4. ×èñëî ÈÍÒ » .îïðå äåëÿùåå çàêîí èíòåðïîëÿäââ ñå÷åíèÿ ïî

ýíåðãèè
5. Å.
6.
Â ñëó÷àå íåîáõîäèìîñòè èíôîðìàöèÿ ïåðåõîäèò íà ñëåäóþùèå êàðòû â ôîð-

ìàòå ïîçèöèè 5-6 êàðò 17.
3) ïîäãðóïïîâîå ïðåäñòàâëåíèå ñòðóêòóðû ñå÷åíèÿ äëÿ âñåãî

». I. ÍÒÂ • Ï2.
ã. ×èñëî ïîäãðóïï .ç. à< .
4. 0*4 .5. à*.

Â ñëó÷àå íåîáõîäèìîñòè èíôîðìàöèÿ ïåðåõîäèò íà ïîñëåäóþùèå êàðòû *
ôîðìàòà ïîçÿöâé 3-4 êàðòû 1Ò.
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4) ñå÷åþ» àââÿñÿ* î* ýèåðãÿÿ. Ïîäãðóïøâîå ïðåäñòààäåÿàà
îðÿ ôïîÿâîêèø Å »

I* ÂÏ «Ø .
ã» ×ÿñÿî çàå÷åâÿ! &.
Çè. ×ÿñëî êàðò äàþ ïðåäñòýâçâÿÿÿ îå÷åÿÿÂ «ÿì ßÇÂ, âêÿòÿÿ

4« ×ÿñÿî ÿâäâäÿÿ (âîäÿ ìî ÿå çàìþÿç î* Ë),
5* ×ÿñÿî ÈÍÒ, îÿðåäàÿïäî çàêîí ãàòåðïîëÿöèè ïî àíâðïø*
á. ×âñëî,îàðâäâëÿâââå êàêàÿ âåëè÷èíå äîëû» ïîäâåðãàåì

óñðâäâåèàé
à) åñëè âîçìîæíî íâïîñðâäñòàåââîâ óñðåäâåíøå <Ö • 0^ äï

âåâîãîðëõ âèìðàâÿîâ ^Å øø «Ê , àåõàöïñ âíóòðÿ •âïôââõâ {&•»ˆ«!
«î â «îé àîøîäï âðâÿîäååÿ äàáî ìàøìþÿûøé «âìðâåÿ «åõöðãø, äàì «î-
òîðîãî òâþ» óñðåëíåìì åäà äîýëøþò å éîñòàì÷àîé òîàäîñþûî îïðåäåëè»
ïîäãðóîïîâàâ «ðâêòâðÿñòÿê» (íðâëàîÿâÐââòñë, ÷òî ýòîò èþðìä äîââÿ
(ÿëñü ìåâüþ 2) ÿÿáî ìàêñèèýëüíûÌ øåðãåòõ÷åñêââ âàòåðâàà, âàÿÿ* ñî
ýâàêîõ ìèâóñ (èèíóñ ÿ ÿâëÿåòñÿ ÿðæïòèæ òîãî» «òî èíòåðâàë âåä» â

á) ååÿÿ â ýòîé ÿîàÿïÿÿ ñòîÿ* 2 , òå óñðâäâåÿÿ» äîõÿÿì ÿîäÿîâõììø

(âîëÿ Ã -

(«ñ» ã* <Ã*.~

ÑÅ)- ñïåêòð» ïî êîòîðîìó ïðîèçâîäèòñÿ óñðåäíåíèå).
Ïîäòðóïïîâûå ïàðýèýòðí äëÿ èíòåðâàëà ë I? îïðåäåëÿþòñÿ çàòåè ÿç

óñëîâèÿ àïïðîêñèìàöèè Ò̂  ("Ü) è Òö. (̂.) ñóììîé øþèèàõüíîãî ÷êñëà ýê-
ñÿîÿåàõ, îáåñïå÷èâàþùåãî çàäàííóþ òî÷íîñòü àïïðîêñèìàöèè:

% (1) «

*) âåëÿ â âòîé ïîçèöèè ñòîèò 3 , òî ðåêîèåâäóåûûé ìåòîä ïîëó÷åâèí
ïîäòðóøþâûõ õàðàêòåðèñòèê äëÿ èíòåðâàëîâ ñîñòîèò â âû÷èñëåíèè èîìåíòîâ
îâ÷åâÿÿ ^6'*^ ^®* Ú ^3/&ü5> ^*1/&'à'^> ^&* /ê* ^ (åñÿè ÷èñëî
âîäãðóø! * 2) ÿëâ òàêæå <.â×.à*>> ^±/0^^> è, 9̂-ö. <5×.)> (åñëè ÷èñëî
ïîäãðóïï » 3)» ÿëÿ, ââêîâåö, òçêçå <á^à> »<Ã4/(Ã1*^üñ^á-é. å^ã> (åñëâ

÷èñëî ïîäãðóïï * 4 ) ÿ ïîñëåäóþùåãî îïðåäåëåíèÿ ïîäãðóïïîâûõ ïàðàìåòðîâ
äëÿ èíòåðâàëà ïóòåé ðåøåíèÿ ñèñòåìû àëãåáðàè÷åñêèõ óðàâíåíèè
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ã
Ó Ëêåã1* ( ð * 2,3 ;Ú**Ú Ã .±1$

1Ñ»»
ã) öåëûå ïîëîæèòåëüíûå ÷èñëà, áîëüøèå 3 , ðåçåðâèðóþòñÿ äëÿ äðóãèõ

âîçìîæíûõ ñïîñîáîâ âû÷èñëåíèÿ âîäãðóïïîâûõ õýðàêòçð::ñòèê äëÿ èíòåðâàëîâ.
7* I. Á .

ã. ×èñëî ïîäãðóïï.
3. &4

Â ñëó÷àå âåîéõîÿéíîñòâ èâôîðõçèÿÿ ïåðñõîëèò â ëîñëåäóþàâå ïîçèöèè
çãîé â ñëçäóùâé àç å&à êàðò â îîãóçòå ïîç;ø;:é 3-4 êàðòû Ó»

Çòî! ôîðìàò, âîîáãà ãîâîðÿ* ïîçâîëÿåò çàäàâàòü ðàçíîå ÷èñëî ïîäãðóïï
äîÿ ðççäè÷çäõ Å. Íà ïðàêòèêå îäíàêî ÷èñëî ïîäãðóïï äëÿ âñåõ Ê â ïðåäåëàõ
äçÿèîãî ä Å îáû÷íî îäíî ÿ õîäå.

5) Ñå÷åíèå çàâèñèò îò ýíåðãèè. Ýíåðãåòè÷åñêàÿ çàâèñèìîñòü ïîäãðóïïå*
âûõ ïàðàìåòðîâ.

9. I. íòï « òàã.
2. ×èñëî ïîäãðóïï.
3* ×èñëî êàðò äëÿ ýòîãî ÍÒÏ.
4. Ðåçåðâ.
5. ×èñëî ÈÍÒ * îïðåäåëÿþùåå ç&êîí èíòåðïîëÿöèè ïî çâåðãèâ.
6. Óñëîâíîå ÷ ïåëî, îïðåäåëÿþùåå ñïîñîá ïîëó÷åíèÿ èíòåðâàëüíûõ

(ãðóëïîçèõ) ïîäãðóïèñéíõ ïàðîì?ãòðîâ (ñì. ïîà.6 êàðòû Ï
äëÿ ÍÞ > 121 ).

Ó. I. Íîìåð ïîäãðóïïû (ã, },
Å. ×èñëî çíà÷åíèé Å .
3. Ðåçåðâ.
*. Å^.
5.0÷,*

Â ñëó÷àå íåîáõîäèìîñòè èíôîðìàöèÿ ïåðåõîäèò íà ïîñëåäóþùèå êàðòû â
ôîðìàòå ïîçèöèÿ 4-6 êàðòû Ó.

Ôîðìàò êàðò äëÿ ÍÈ ñ È, * 2 â íàñòîÿùåå âðåìÿ íå îïðåäåëåí.
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*°Â*»* êàð» ÄÖ ïðåäñòàâëåíèÿ ìííùñ î
Ð8ÝÐ8ÈÂÍÈÛÃ àìäìèàà»

X» !• ØÂ
2,Ðâ»â
3« %þæî êàð* äëÿ äìâîãî 8Ø4

Ø

3« ×ßÑßÎ ÈÇÎÒÎß01.

á» Èíôîðìàöèÿ îá èçîòîïå

8* I. Àòîìíûé âåñ 1-ãî èçîòîïà.
2. Åãî ïðîäåâ òâîå ñîäåðæàíèå.
3* ×ÿñëî êàðò äëÿ ýòîãî èçîòîïà (âêëþ÷àÿ äàííóþ).
*• ± -ðàäàóñ íåéòðîííîãî êàêàëà (â ôçðêà) (ñî çíàêîè êè«óñ,âñëê

çàäàåòñÿ ýïäðãâòë÷åñêàÿ çàøñø?îñòü ðàäèóñà õëè åãî çàâèîêöîñòü
01^ Ê Ó ).

5. + I - ÷åòíîñòü è ñïèí ÿäðà-øèâåíè.
á> ×ÿñëî ðåçîâààñîâ äàííîãî èçîòîïà, ïàðàìåòðû êîòîðûõ ïðèâîäÿòñÿ.

27. I* ×èñëî ðåàêöèé, äëÿ êîòîðûõ äàåòñÿ ëàðàêåòðê.
2» Í×Ê ðåàêöèè óïðóãîãî ðàññåÿíèÿ = 002.
3. ß×Ê ðåàêöèè ïîëíîãî ðàäèàöèîííîãî çàõâàòà = 102.
4* Í×Ê ðåàêöèè äàëåíàÿ, åñëè îíî èìååòñÿ , - 019. Åñëè äåëåíèÿ íåò,

òî - íóëü»
5. Í×Ê 4-é ðåàêöèÿ, åñëè îíà åñòü, èëè 0.
á» Í×Ê 541 ðåàêöèé, åñëè îíà åñòü, èëè 0.
Îðÿ íåîáõîäèìîñòè èíôîðìàöèÿ ïåðåõîäÿò íà ïîñëåäóþùèå êàðòû â ôîðèà-

òå ïîà. 5,6 êàðòû 1Ó.
7» I* Ïðèçíàê íàëè÷èÿ íåðåçîèýíñíîãî ñå÷åíèÿ ðàññåÿíèÿ , íðð :

« 0 åñëè òàêîãî âêëàäà íåò;
« I åñëè îí çàäàí â ðÿäå ýíåðãåòè÷åñêèõ òî÷åê;

íðð * 2 åñëè îí äîëæåí ðàññ÷èòûâàòüñÿ ïî ôîðèóëàè, íå
îñíîâå ñðåäíèõ ðåçîíàíñíûõ ëýðýêåòðîâ;

íðð >2 åñëè îí äîëæåí ðàññ÷èòûâàòüñÿ íà ãíîÿ îñíîâå*
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2* Ïðèçíàê õàðàêòåðà ó÷åòà ïðîíÿöàåèîñòåà â ôàêòîðîâ ñäâèãà äëÿ
ââéòðîâíîãî êàíàëà, õóïí

õóïê « 0 åñëè ýòè ôàêòîðû ðàññ÷èòûâàåòñÿ îáû÷àûè ïóòåé;
õûïí= 1 åñëè îíè çàäýáû ïðè ôèêñèðîâàííûõ ýíåðãèÿõ;
ÕÓÎÍ* ã åñëè îíè äîëæíû ðàññ÷èòûâàòüñÿ ïî òåê èëè èíûì

ôîðìóëàì.
3. Ïðèçâàí âåëè÷èÿ âåðåçîâýíñíîãî ñå÷åíèÿ ðàäèàöèîííîãî çàõâàòå

(àâàëîãè÷íî ñîîòãåòñòâóâäåèó ïðèçíàêó äëÿ ðàññåÿíèÿ), íðç.
<>. Ïðèàààê õàðàêòåðà ó÷åòå ïðîåçäà «îñòåé è ôàêòîðîâ ñäâèãà äàâ

ðàäèàöèîííîãî çàõâàòà, õ»ïý

õóïý * 0,âåäÿ ýòè âåëè÷èíû âå çàâèñÿò îò ýíåðãèè (êàê îáí÷âî);

» - Õ.åñäà îø äåø îðà ôâäîèðîâàââûõ àâåðãàÿõ ìì
îÿìîåõâ îñ I .

* * 1/»ñÿ* îíì äàâè ïðè ôïþöðîâàøìõ ààåîãâþ. äø

ã,âåëà îâÿ äîäõø ðâîå÷òòèüåòüñÿ âî
5* Âðààâàê ààäÿ÷âÿ âàðààîâàâîâîãî îå÷àâÿÿ äàäÿâàÿ (àâàäîÿïÿî îîî*-

Äßß
á, Ïðâàâàõ õàðàêòåðå ó÷åòà âðîâàöààíîåòå! â ôàêòîðå* ñäâèãà äõÿ äåäå-

âêÿ (àààäîãí÷àî ñîîòâåèñòâóààäûó ïðâàâàõó ääÿ ààõâàÿ»)*ÿëâü Õîäÿ õðîìà
óïðóãîãî ðàññåÿíèÿ ,ààõãà.*à â äåëåíèÿ èøâòñÿ ê äþããÿå ðààêöãà^ââôîôàòöè!
î ÿàøïÿà ääÿ âåõ íãðåçîíàèîíîãî âêëàäà â î õàðàêòåðå ó÷åòà ïðîâêöààìåîìé
ë ôàêòîðîâ ñäâèãà çàëÿñíâàåòñÿ ÿà ïîñëåäóþùÿõ êàðòàõ â ôîðìàòà ëîàÿöâÿ
3*4 êàðï 1«

â* Çàäàââà îâäÿòñîâ âàâóðîââíõ êàâàäîâ

Ï« I* Ìàêñâíàä&âîå àâà÷åàø Ñ , äëÿ êîòîðîãî ààäâþõåÿ èì.
ã. áóäü, âåäÿ ðàäâóñà íââòðîâ.ìã âàâàäîâ ïðîâîäÿ-^ñÿ ââàà âðÿ

ôÿêåàðîâàÿâøñ âàçðãøã.
Âäèèàöà, åñëè âåëâ÷ÿàû ÑÖó ($} äîëæàÿ ðàññ÷èòûâàòüîò ïî
åðåäââí ðåçîíàíñíûå âàðýøòðýì ïðîïóùåíÿàõ óðîÿÿàé»

I. Âàðêîå àââ÷àâñà Ñ.
2* ×èñëî àíåðãèé, ïðÿ õîòîðíõ ààäàâòîÿ Ñ2^ ääÿ äàââîòî ' «
3. ×èñëî çíà÷åíèé ^ , ääÿ êîòîðûõ ààäàêïîÿ ï*ó ääÿ äàââîòî Â-
4. Ïåðâîå àâà÷àâÿâ 1 ääÿ äâààîãî & .
5* Âòîðîå àâà÷8ÂÂ8 × ääÿ äâÿâîãî ^ .
6. Òðåòüå àâà÷àâÿä V ääÿ äâààîãî 6- ÿ ò.ä.

Âîäÿ ÷èñëî àëà÷åâÿâ ^ äëÿ äàâÿîòî áîëüÿå 3, òî ââôîðíàöÿÿ
ïåðåõîäèò âà ïîñëåäóþùåå êçð-ø â ôîðìàòà ïîç, 4-< êàðò
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Æ» I* Å - «âåðòÿ* (* |-è âîëÿ ðàäèóñå ìäàþòâÿ àÿÿ î*èé
2« Î «* (Å) **« äåíèîãî Ö, • ïåðâîãî àâãàÿÿÿ ó ,
3» . à4 ÑÅ) Xì äìÿîãî .̂ ÿ âòîðîãî àÿòâÿì / ÿ «*ä.

(ñ ïåðåõîäàÿ ÿâ ÿîåëåäöÿðâ êàðòû âîëÿ ÷ÿîëî ÿþ÷ìíé Ó
«ïàò 5).

Êåðø òÿîà ßÖ II ÿ XX ëîâòîðÿâòîÿ äÿÿ ^ « Õ,2«»««»ˆ»««

ã« ðàäåíèå âåðåàîÿàíñíûõ ñå÷åâèê
(âîëÿ õîòÿ áû îäíî ÿâ àÿõ çàäàåòñÿ â âèäå òàáëèöû ñå÷åíèé ïðè ôèêñèðîâàâ-âûõ ýíåðãèÿõ).
È* I. Í×Ê äëÿ ïåðâîé ðåàêöèè, äëÿ êîòîðîé çàäàåòñÿ âåðåçîÿàâñíîå ñå-

2* ×èñëî ýíåðãåòè÷åñêèõ òî÷åê.
3* ×èñëî êàðò ñ äàííûìè äëÿ ýòîãî âå ðåçîíàíñíîãî ñå÷åíèÿ

(âêëþ÷àÿ äàííóþ),
4-6. Ðåçåðâ*

X. 1. Å4 •
2, Ñ', , è ò.ä.

Âðÿ àåîáõîäâæþòÿ èíôîðìàöèÿ ïåðåõîäÿò íà ïîñëåäóþùèå êàðòû â ôîðìà-
òå êàðòû Ï. Êàðòû òèïà X ÿ Ë ïîâòîðÿþòñÿ äëÿ êàæäîé ðåàêöèÿ, äëÿ êîòî-
ðîé çàäàåòñÿ àåðåýîâàâñèîå ñå÷åâèå,

ä. Çàäàíèå ïîî8èèàå»îñòàé ÿ Ôàêòîðîâ ñäâèãà

(âåëÿ õîòÿ áû îäíîé ðåàêöèè ïðîíèöàåìîñòè ÿ ôàêòîðû ñäâèãà çàäàþòñÿ â ââ-
äå òàáëèö ïðè ôèêñèðîâàííûõ ýíåðãèÿõ)

I. Í×Ê « 02 .
2* ×èñëî /• , äëÿ êîòîðûõ çàäàþòñÿ ýâåðãåòÿ÷åñêíå àýâèñèìîñòÿ

äðîâÿöàåìîñòåé ÿ ò«ï«
3* ×èñëî êàðò ñ äàâíèìè î ïðîçàöâçèîñòÿõ è ôàêòîðàõ ñäâèãà äëÿ

ðàññèàòðèâàåìîà ðåàêöèé.
4* Ïðèçíàê çàâèñèìîñòè äàííûõ îò /{= I).
5-6* Ðåçåðâ

ÕÏ. I. 1< .
ãËèñëî ýâåðãåòè÷åñêèõ òî÷åê- äëÿ äàííîãî I- ( » 4* )
3* ×íñëî êàðò ñ äàââûèÿ î ïðîíèöàåìîñòè • ôàêòîðàõ ñäâèãà äëÿ
äýâíîãî ̂ .

4-5» Ðåçåðâ.
Ï. I. Å4.
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Èíôîðìàöèÿ ïåðåõîäèò íà ïîñëåäóùèå êàð» â ôîðìàõ» êåðø Ë* Êåðø
òèïà ßØ è Ø ïîâòîðÿþòñÿ äíÿ âñåõ íóæíûõ (, .

Ïðîíèöàåìîñòè äëÿ îñòàëüíûõ ðåàêöèé» íå õàðàêòåðèçóþùèõñÿ îðáêèä»-.
äûì «øàòîê âûëåòàé»» ÷àñòèöû. ' " "" " """"

Ø. I. Í×Ê ñîîòâåòñòâóþùåé ðåàêöèÿ.
2. ×èñëî ýíåðãåòè÷åñêèõ òî÷åê.
3. ×èñëî êàðã ñ äàííûìè î ïðîíÿöàåìîñòÿõ • ôàêòîðàõ ñäâèãà äì

ðàññìàòðèâàåìîé ðåàêöèÿ*
4. Ïðèçâàâ íåçàâèñèìîñòè äàííûõ î* &(* - 1).
5-6, Ðåçåðâ,

ÕÓ, I. Á!.
2.
3.
*»
5.

Èíôîðìàöèÿ ïåðåõîäèò àà àîñëåäóàäèâ êàðòû â ôîðìàòå êàðò 17 .
Êàðòû òèïà ÕÏ-ÄÎ èë» Õ1Ó -ÕÓ ïîâòîðÿòñÿ äëÿ âñåõ ðåàêöèé, äëÿ

êîòîðûõ çàäàåòñÿ ýíåðãåòè÷åñêèå çàâèñèìîñòè ïðîíèöàåìîñòåé ôàêòîðîâ îäâê-
ãà. Ïðê ýòîì ïðîíèöàåìîñòè äëÿ ðåàêöèé, õàðàêòåðèçóþùèõñÿ îðáèòàëüíûì ìî-
ìåíòîì âûëåòàþùåé ÷àñòèöû, çàäàþòñÿ â ôîðìàòå êàðò ÕÏ -XIII, ãäå âìåñòî I
ïðîáèâàåòñÿ 1>* •

å) Ñîáñòâåííî ðåçîíàíñíûå ïàðàìå òäö

ÕÏ» I* Åã - ðåçîíàíñíàÿ ýíåðãèÿ 1-ãî ðààîèàâåà.
2. ±% ~ ÷åòíîñòü è ñïèí ñîñòàâíîãî ñîñòîÿíèÿ.
3. + V - ÿàèìåâûøé îðáèòàëüíûé óãëîâîé ìîìåíò âåéòðîÿîâ, êîòî-

ðûå-ìîãóò îáðàçîâûâàòü óêàçàííîå ñîñòîÿíèå. Íàáèâàåòñÿ
ñî çíàêîì ìèíóñ, åñëè ñîñòîÿíèå ìîþò îáðààîàûâàòüñÿ â
íåéòðîíàìè å áîëüøèì îðáèòàëüíûì ìîìåíòîì.

*• Ãã»«, (1Åã\) - íåéòðîííàÿ ìèðèìà.
5. Ãñó - ðàäèàöèîííàÿ øèðèíà *'.
á» ÃãÕ " äåëâòåëüíàÿ øèðèíà

Åñëè ïðîíèöàåìîñòü äëÿ-»êàêîé-ëèáî ðåàêöèè çàâèñèò îò ýíåðãèè,øèðè-
íà çàäàåòñÿ ïðè ýíåðãèè |ÅÈ •
Áîëåå 4-õ âõîäíûõ Ú ôîðìàòîâ âå ïðåäóñìàòðèâàåòñÿ.
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Åñëè 1.^0 , òî ñëåäóþùàÿ êàðòà èìååò âèä:

ÕÓË. I. ^ &*- ñëîäóýäèé óãëîâîé êîãëçíò íåéòðîíîâ, êîòîðûå ìîãóò îáðà-
çîâûâàòü äîííîå ñîñòîÿíèå (ñî çíàêîâ ìèíóñ, åñëè îí íå
ìàêñèìàëüíûé èç âîýêîõíûõ).

2. Ã-Ë^ÎÅ..!)- ñîîòçîòñòâóâäýÿ íåéòðîííàÿ øèðèíå.
3. + ^ ý (åñëè ^^ 0 ). Â ïðîòèâíîé ñëó÷àå â ïîçèöèÿõ 3*6

íàáèâàþòñÿ íóëè.
*• &-Ü ÎÌ) ÿ5« ^**9 (åñëè &, ^ 0 ). Â ïðîòèâíîì ñëó÷àå â ïîçèöèÿõ 5 * 6

íàáèâàþòñÿ íóëè.

Åñëè åñòü ðåàêöèè, îòëè÷íûå îò Ñë4«),^é,^} ,Ñë, ^ ) » òî
ÕÓÔ I. Í×Ê äëÿ ïîðâîé èç òàêèõ ðåàêöèé.

2« Ãìö(.\ÅË} - ñîîòâåòñòâóþùàÿ üèðø»â ïðè Å= 1ÂÃ1
3. ^' - îðáèòàëüíûé ìîêåèò üèëåòàñçññ ÷àñòèöû»
4. Î×Ê äëÿ âòîðîé èç òàêèõ ðçîêöêé
5. Ãøà.Ñ^Ï') - ñîîòâåòñòâóàäýÿ ã-éðêíà äëÿ Å=1ÅÈ
6. I' - îðáèòàëüíûé èîìåí? âûëåòàþùåé ÷àñòèöû.

Ïðè íåîáõîäèèîñòè èíôîðìàöèÿ ïåðåõîäèò íà êîñëåëóþ^èå êàðòû â ôîðèý-
òå êàðòû ÕÓ1.

Êàðòû òèïà ÕÓ1 ~ ÕÓØ ïîâòîðÿþòñÿ äëÿ êàæäîãî ðåçîíàíñà â ïîðÿäêå
âîçðàñòàíèÿ Åð «

Êàðòà òèïà Ø-ÕÓÏ ïîâòîðÿþòñÿ äëÿ êàæäîãî èçîòîïà.

Ø. ?.Ë. Ôîðìàò êàðò ëëÿ ïðîäñ.ò>âäîèââ. äîéíûõ î ñòàòèñòè÷åñêèõ
ïîðýìåòðîõ íåäïýðîøñííèõ .ðåýîè»èñîâ_.(ÍÎÊ-ó_1.01ã ï ,_» 4.).

à) Îáøàÿ èíôîðìàöèÿ

I. I* ÍÃÎ.
2. Ðåçåðâ.
3. ×èñëî êàðò äëÿ ýòîãî ßØ*

Ðåçåðâ.

Ï. I. Í è - íèæíÿÿ ãðàíèöà îáëàñòè, â êîòîðîé ðåêîìåíäóåòñÿ ïðîâå-
äåíèå ;àñ÷åòîâ ïî ïýðó*? òðîè øãðàýðåþåííûõ ðåçîíàíñîì.

2 Å» - âåðõíÿÿ ãðàíèöå ýòîé îáëàñòü,
3. Ðåçåðâ.
4. ×èñëî èçîòîïîâ.
5. Óñëîâíîå ÷èñëî õð , îèðå äåëÿùåå õàðàêòåð èçìåíåíèÿ ñðåäíèõ

ðåçîíàíñíûõ ïàðàìåòðîâ:
õð & 1,åñëè ýòè ïàðèêåòðû ïîñòîÿííû â èíòåðâàëå,
õð = 2, åñëè îíè ëèíåéíî ìåíÿþòñÿ îò îäíîé ýíåðãåòè÷åñêîé

òî÷êè ê äðóãîé,
õð « 3.. åñëè îíè ñ÷èòàþòñÿ ïîñòîÿííûìè â ïðåäåëàõ ïîäèèòåð-

âîëîü, íà êîòîðûå ðàçâêâ&îòñÿ èíòåðâàë .
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6» ×èñëî ýíåðãåòè÷åñêèõ òî÷åê (åñëè õð = 2) êëê ëîäèíòåðç&ëîâ
(åñëè äð ã 3} ãäå íóëü (åñëè õð â 1;.

6} Èíôîðìàöèÿ îá èçîòîïå

1. I. Àòîìíûé âåñ ïåðâîãî èçîòîïå.
2. Åãî ïðîöåíòíîå ñîäåðæàíèå.
3. ×èñëî êàðò ñ äýøøõè îá àòîì èçîòîïå.
4. Ðàäèóñ íåéòðîííîãî êçíãëà ã. ôåðì* (ïðîîèâàåòñÿ ñî çíàêîì ìèíóñ,

åñëè çàäàåòñÿ åãî ýíåðãåòè÷åñêàÿ çàâèñèìîñòü è (èäè) çàâè-
ñèìîñòü îò ^«.^ ).

5. 1 I - ÷åòíîñòü è ñëèâ ÿäðà-êèàâíè.
6* Ðåçåðâ.

ÒÓ. I. ×èñëî ðåàêöèé, äëÿ êîòîðûõ äàåòñÿ ïàðàìåòð*.
2» Í×Ê ðåàêöèè óïðóãîãî ðàññåÿíèÿ « 002.
3» Í×Ê ðåàêöèè ïîëíîãî ðàäèàöèîííîãî çàõâàòå * ßÌ.
4* Í×Ê ðåàêöèè äåëåíèÿ ã 019 (åñëè îíî èìååòñÿ) èëè 0.
5* Í×Ê 4-É ðçàêøø, åñëè îêà åñòü, èë;: 0.
6* Í×Ê 5-é ðåàêöèè, åñëè îíà åñòü, èäÿ Î,

Ïðè íåîáõîäèìîñòè èíôîðìàöèÿ ïåðåõîäÿò íà ñëåäóàäþ êàðòû òèïà 1Ó.

* I* Ïðèçíàê âîãè÷êÿ âåðåçîíýíñíîãî ñå÷åíèÿ ðàññåÿíèÿ íðð
íðð » 0, åñëè òàêîãî âêëàäà íåò
Íðð = I, åñëè îí çàäçâ ëðè äèñêðåòíûõ ýíåðãèÿõ èëè â ïîäûíòåðâà-

ëàõ âìåñòå ñî ñðåäíèìè ðåçîíàíñíûé» ïàðàìåòðàìè.
Èðð >1,åñëé îí äîëæåí ðàññ÷àòèçàòüñÿ ïî òåû ÈËÈ ÈÍ!-'è

ôîðìóëàì.
2. Ïðèçíàê õçðýõòåðý ó÷åòà ïðîíèöýçìîñòåé â ôàêòîðîâ ñäâèãà äëÿ

íåéòðîííîãî êàíàëà, õóïè .
± 0, åñëè ýòè ïðîø:öàñèîñòê ðåññ÷èòûãàîòñÿ îáê÷íèà ïóòåì,

Õ ,äñëè îíè çýäý.÷û ïðè äèñêðåòíûõ ýíåðãèÿõ àëà â ïîäûíòåð-
âàëàõ çèåñ?å ñî ñðåäíèé:) ðãçîíàíñàêì;; ï&ðýèåõðúêï.

îíè äîëãèé ðàññ÷èòûâàòüñÿ òåì èëè èüûè ôîðìóëàì,
5, Ïðèçíàêè íàëè÷èÿ íñðççîíàíñíîãî ññ÷åí;;ÿ ðàäõçöèîíèîãî çàõâàòà,

(àíàëîãè÷íî ñîîòâåòñòâóþùåìó ïðèçíàêó äëÿ ðçññåÿââí).
4* Ïðèçíàê õàðàêòåðà ó÷åòà ïðîÿèíèåèîñòåà è ôàêòîðîâ ñäâèãà äëÿ

ðàäèàöèîííîãî çàõâàòà , õóïç :
õ«ïç & 0, åñëè ýòè âåëè÷èíû íå ççç'ëñÿò îò ýíåðãèè (êàê îáû÷íî),
õ«äç=-1,åñëê äàíû âîññåâ ñî ñðåäíèìè ðåçîíýíñê1:::è ïãðçèåà-ðãêà

ïðè ôèêñêðÎÁÎëàûõ ýíåðãèèõ èëà â ïîäèíòåðççëäõ âíå çý-
âèñèìîñàè îò Â »

õàïý =•*•!, åå ë è îíè äàíè âêçñòå ñî ñðåäíèèè ðåçîíàíñíûìè ïàðàìåòðà-
ìè äëÿ ðàçíûõ & .

õóÿç>1,åñëè îíè äîë?.ú<ñ ðãññ÷::;ü'2"?üñÿ ïî òåì èëè èíûì ôîðìóëàì.

240



5. Ïðèçâàí íàëè÷èÿ íåðåçîâçíñÿîãî ñå÷åíèÿ äåëåíèÿ (àíàëîãè÷íî ñîîò-
âåòñòâóþùåìó ïðèçíàêó äëÿ ðàññåÿíèÿ), íð#.

6. Ïðèçâàí õàðàêòåðà ó÷åòà ñðîíâöàåèîñòåÇ è ðåàêòîðîâ ñäâèãà äëÿ
äåëåíèÿ- (àíàëîãè÷íî ñîîòâåòñòâóþùåìó ïðèçíàêó äëÿ çàõâàòà), õçï^.,
Åñëè êðîìå óïðóãîãî ðàññåÿíèÿ, çàõâàòà à äåëåíèÿ èèåîòñÿ è äðó-
ãèå ðåàêöèè, ìâôîðèàöêÿ î íàëè÷èè äëÿ íèõ íåðåçîíàíñíîãî âêëàäà
â î õàðàêòåðå ó÷åòà ïðîíâöàåõîñòîé è ôàêòîðîâ ñäâèãà çàïèñûâàþò-
ñÿ âà ïîñëåäóþùèõ êàðòàõ â ôîðìàòå ïîç. 3-4 êàðòû Ó.

â) Èí.]÷)ðìàèèÿ äëÿ ýíåðãåòè÷åñêîé òî÷êè èëè
*"" èíòåðâàëà "*"

Ó1. I. Á : åñëè õð « I, òî Å» Å« >
åñëè õð * 2, òî Å - ýòî ýíåðãåòè÷åñêàÿ òî÷êà, ïðè êîòî-
ðîé çàäàþòñÿ ñðåäíèå ðåçîíàíñíûå ïàðàìåòðû (ïåðâàÿ òî÷êà
äîëæíà ñîâïàäàòü ñ . Å„ * à ïîñëåäíÿÿ ñ Å» )•
åñëè õð « 3, òî Å åñòü âåðõíÿÿ ýíåðãåòè÷åñêàÿ ãðà-
íèöà ïîäèíòåðâýëà (äëÿ ïîñëåäíåãî ïîäûíòåðâàëà îíà äîëæíà
ñîâïàäàòü ñ 06 ).

2. Òà ÷åòíîñòü ñîñòàâíîãî ÿäðà, êîòîðàÿ ðàññìàòðèâàåòñÿ ïåðâîé
(+ I èëè -I). Áåëè çäåñü 0, òî äàííûå íå çàâèñÿò îò ÷åòíîñòè
ñîñòîÿíèÿ ñîñòàâíîãî ÿäðà.

3. ×èñëî êàðò äëÿ äîííîé ýíåðãåòè÷åñêîé òî÷êè (ïîäûíòåðâàëà), âêëþ-
÷àÿ äàííóþ êàðòó.

4. ×èñëî ðàññìàòðèâàåìûõ çíà÷åíèé × - ñïèíîâ ñîñòàâíîãî ÿäðà*
5-6. Ðåçåðâ. ^

Çàäàíèå ðàäèóñîâ íåéòðîííûõ êàíàëîâ
(åñëè ðàäèóñ î, â ïîç. 4 êàðòû & îòðèöàòåëåí)
ÓË. I. ˆ ì - ìàêñèìàëüíîå çíà÷åíèå ^ äëÿ êîòîðîãî çàäàþòñÿ

à. Ðåçåðâ.
3. ×èñëî êàðò ñ èíôîðìàöèåé î ðàäèóñå « âêëþ÷àÿ äàííóþ
. Ðåçåðâ.

7Ø. I. Ïåðâîå çíà÷åíèå $,- 1ò (íàèìåíüøåå).
2. ×èñëî çâý÷åíëé ^ , äëÿ êîòîðûõ çàäàåòñÿ Î-û äëÿ äàííîãî
3. Ïåðâîå (íãèûå^üøîå; çíà÷åíèå ^.
4. Ñëåäóþâåå çíà÷åíèå ê ò.ä.

Ïðè ÿåîáõîëèìîñòâ èíôîðìàöèè î çíà÷åíèÿõ ^ ïåðåõîäèò íà ñëåäóþ-
ùóþ êàðòó â ?ýðêàòå ïîã. 3-6 êàðòû 711. ÷

IX* I. Î*» äëÿ äàííîãî / î ïåðâîãî çíà÷åíèÿ
2. åè« äëÿ ÿâíîãî I â ñëåäóþùåãî çíà÷åíèÿ ó • ò.æ,

ïåðåõîäîì ïî ïîñëâäóþøèå êàðòû ,åñëè ÷èñëî çíà÷åÿâË
•å 6.

Êàðòû òèïà Ï ø IX. ÏÎÂÒÎÐßÞÒÑß äëÿ ^
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Çýäàíàî,êå^;åçî»àèñ¹õ ñå÷îäøé ðåàêöèé (åñëè õîòÿ áû äëÿ îäíîé èç ÿêõ,
ñîãëàñëî äçíéûö êàðòû Ó (ïîç. 1,3,5) è îäíîòèïíûõ ñ íåé êàðò, òàêîâîé
âêëàä èìååòñÿ).

X* 1. ×èñëî ðåàêöèé» äëÿ êîòîðûõ ïðèâîäÿòñÿ ÿåðåçîèàíñâûå âêëàäû*
2* Ðåçåðâ.
3. ×èñëî êàðò ñ èíôîðìàöèåé î íåðñçîâçíñíûõ âêëàäàõ â ñå÷åíèÿ*
4-6. Ðåçåðâ.

XI* I* ÈÎÄ 1-é ðåàêöèé, äëÿ êîòîðîé ïðîâîäèòñÿ âñðåçîààíñÿûé âêëàä.
2* Ñîîòâåòñòâóþùèé âêëàä â ñå÷åíèå .
3. Í×Ê 2-é ðåàêöèè ñ íåðåýîíàâñíøã âêëàäîì â ñå÷åíèå,
4. Ñîîòâåòñòâóþùèé âêëàä

â ò.ä. ñ ïåðåõîäîì çà ïîñëåäóþùèå êàðòû â òîé êå ôîðìàòå.

Çàäàíèåïðîèèöàåìîñòåé è ôàêòîðîâ ñäâèãå

(åñëè õîòÿ áû äëÿ îäíîé ðåàêöèè ñîãëàñíî äàííûì êàðòû 7 (ïîç. 2,4,6) ê
îäíîòèïíûõ ñ íåá êàðò, ïðåäóñìîòðåíî çàäàíèå ïðîíøøåèîñòåé è ôàêòîðîâ
ñäâèãà)
ÕÏ* I* ×èñëî ðåàêöèè» äëÿ êîòîðûõ äàþòñÿ ïðîíèöàåìîñòè è ôàêòîðû ñäâèãà.

2* Ðåçåðâ.
3» ×èñëî êàðò ñ èèôîðèàöèåé î ïðîíèöàåìîñòè* è ôàêòîðàõ ñäâèãà.
4-6» Ðåçåðâ.

ÕØ* I. Í×Ê 1-ÿ ðåàêöèè, äëÿ êîòîðîé ïðèãîäÿòñÿ ïðîíèöàåìîñòè è ôàêòîðû
ñäâèãà.

2. Ïðîíèöàåìîñòü äëÿ 1-ðåàêùø.
3* Ôàêòîð ñäâèãà óðîâíÿ 1-0 ðåàêöèè.
4* Í×Ê 2-É ðåàêöèè, äëÿ êîòîðîé ïðèãîäÿòñÿ ïðîíèöàåìîñòè è ôàêòîðû

ñäâèãà.
5* Ïðîíèöàåìîñòü äëÿ 2-é ðåàêöèè ,
6* Ôàêòîð ñäâèãà äëÿ 2-é ðåàêöèè.

Ïðè íåîáõîäèìîñòè èíôîðìàöèÿ ïåðåõîäèò íà ïîñëåäóþùèå êàðòû â ôîðìà-
òå êåðø ÕØ.

7. Èíôîðìàöèÿ äëÿ îïðåäåëåííîãî ñïèíîâîãî ñîñòîÿíèÿ

IX. I. × - ñïèí ñîñòàâíîãî ÿäðà (íà÷èíàâ ñ ÿàèèåíüøåãî) .
2. ä/' - ÷èñëî âîçìîæíûõ çíà÷åíèé -Ñ. äëÿ äàííûõ % *Ã •

*>Øàã èçìåíåíèÿ I- . ${ =
ëèøü óïðóãîå ðàññåÿíèå, òî
âîçìîæíî â Â & â I»

ˆò«-í ) / ( V- I )• »èÿ âîçìîæíî
=2- . Åñëè åñòü íåóïðóãîå ðàññåÿíèå, õî
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3. ×èñëî êàð* ñ èíôîðìàöèåé äëÿ äàííîãî íàáîðà
- íàèìåíüøåå çíà÷åíèå Ñ- äëÿ äàííûõ
- íýèîîëüøåå çíà÷åíèå 5- äëÿ äàííûõ ó, Ê, Â

6. Ý÷ * ñðåäíåå ðàñïðåäåëåíèå ìåæäó óðîâíÿìè äëÿ äàâíèõ

I. Ñðåäíÿÿ ðàäèàöèîííàÿ øèðèíà ,
Å« ×èñëî ñòåïåíåé ñâîáîäû äëÿ
3. Ñðåäíÿÿ äåëèòåëüíàÿ øèðèíå,
4. ×èñëî ñòåïåíåé ñâîáîäû äëÿ ,,
5. Ñðåäíÿÿ ïðèâåäåííàÿ íåéòðîííàÿ øèðèíà äëÿ 2~1„±„% Ãÿ

(**
6. ×èñëî ñòåïåíåé ñâîáîäà äëÿ

ÇÎËÈ *ò»ä ò^ï , ÒÎ Ä81ØÛ6 Î ã»,^ È ÑÎÎÒÂâÒÑÒÂÓÂÄÞÑ
÷èñëàõ ñòåïåíåé ñâîáîäû íàáèâàåòñÿ íà ïîñëåäóþùèõ êàðòàõ â ôîðìàì
ïîà. 5 è 6. êàðò XI»
XI. Äàííûå äëÿ ðåàêöèé, îòëè÷íûõ îò óïðóãîãî ðàññåÿíèÿ, ïîëíîãî ðàäèà-
öèîííîãî çàõâàòà â äåëåíèÿ (åñëè òàêîâûå ðåàêöèè âõîäÿò â ïåðå÷åíü, óêà-
çàííûé â êàðòå I? èäè ïîñëåäóþùèõ êàðòàõ òèïà 1Ó).

I» Í×Ê äåííîé ðåàêöèè»
2* ×èñëî çíà÷åíèé ˆ' , âîçìîæíûõ ïðè ýòîé ðåàêöèè ( » 1,åñäè

ðåàêöèÿ íå õàðàêòåðèçóåòñÿ îðáèòàëüíûõ ìîìåíòîì âòîðè÷íûõ íåéòðî-
íîâ).

3. Ïåðâîå .çíà÷åíèå (,( (åñëè â ëîç. 2 ñòîèò åäèíèöà, ýòà èíôîð-
ìàöèÿ íå èñïîëüçóåòñÿ).

4. Ñðåäíÿÿ ïðèâåäåííàÿ øèðèíà äëÿ äàííîé ðåàêöèè â ðàññìàòðèâàå-
ìîãî çíà÷åíèÿ Ñ' .

5. ×èñëî ñòåïåíåé ñâîáîäû äëÿ ýòîé ðåàêöèè ïðè ðàññìàòðèâàåìîì
çíà÷åíèè I' . ÅÑËÈ ïðèâåäåííàÿ øèðèíà êàíàëà äàííîé ðààêùø
ïðèíèìàåòñÿ íå ôëóêòóèðóþùåé, ÷èñëî ñòåïåíåé ñâîáîäà óåëîæâî
ïîëàãàåòñÿ ðàâíûì íóëþ.

á* Ðåçåðâ.

Åñëè ÷èñëî äîïóñòèìûõ çíà÷åíèé ^ áîëüøå îäíîãî, èíôîðìàöèÿ ïå-
' ðàõîäèò âà ïîñëåäóþùèå êàðòû â ôîðìàòå ïîç. 3,4 â 5 êàðòû XI.

'Êàðò Ê - XI ïîâòîðÿþòñÿ äëÿ êàæäîãî çíà÷åíèÿ *% þ5ñ ïðè äàÿ-
âîé ýíåðãèè (èëè äëÿ äàííîãî ýíåðãåòè÷åñêîãî èíòåðâàëà).

Êàðòû: Ó1 - XI ïîâòîðÿþòñÿ äëÿ êýêäîé ýíåðãèÿ (èëè ýíåðãåòè÷åñêîãî
èíòåðâàëà).

Êàðòû Â - XI ïîâòîðÿþòñÿ äëÿ êàæäîãî èçîòîïà.
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3. Óãëîâûå ðàîâòåäâëåâÿâ ÂÒÎÐÈ×ÍÛÕ ÷àñòèö (ÍÎÑ

Óãëîâîå ðàñïðåäåëåíèå âòîðè÷íûõ ÷àñòèö $ (â) , ïðåäñòàâëÿþ-
ùåå ñîáîé íîðìèðîâàííîå ðàñïðåäåëåíèå âåðîÿòíîñòè ðàññåÿíèÿ

4(î)=
ìîæåò çàäàâàòüñÿ êàê äëÿ íåêîòîðîãî ýíåðãåòè÷åñêîãî èíòåðâàëà â öåëîì,
òàê ÿ â åãî îòäåëüíûõ ýíåðãåòè÷åñêèõ òî÷êàõ* Ïðåäïîëàãàåòñÿ, ÷òî èìååò
ìåñòî ñëåäóþùåå óñëîâèå íîðìèðîâêè:

óñ
ëâ = 4.

Ïðåäóñìàòðèâàåòñÿ çàäàíèå óãëîâûõ ðàñïðåäåëåíèè â äèñêðåòíûõ òî÷êàõ ïî
ÀÑ , ãäå /ö= åî$ & , 6 - óãîë ðàññåÿíèÿ ( Ä - ïðåäñòàâëåíèå) ê

ïàðàìåòðè÷åñêè ïóòåì çàäàíèÿ êîýôôèöèåíòîâ ü> å, ðàçëîæåíèÿ ^ (#)
â ðÿä ïî ëîëèâîìàè Ëåãýâäðý ð, ( «^ © ) ((Î - ïðåäñòàâëåíèå)

Çíà÷åíèÿ /è çàäàñòñÿ â ïîðÿäêå èõ âîçðàñòàíèÿ îò - I äî + I. Óãîë
6 íîêåò áûòü âçÿò êàê â ñèñòåìå öåíòðà êàññ, òàê è â ëàáîðàòîðíîé ñèñ-
òåìå êîîðäèíàò. Ñâåäåíèÿ î ñèñòåìå îòñ÷åòà óêàçûâàåòñÿ â äîïîëíèòåëüíîé
ââôîðèàöèè çàãîëîâêà ÍÒÎ ñïåöèàëüíûé óñëîâíûì ÷èñëîì ñî ;

óñëîâíîå ÷èñëî ñèñòåìû îòñ÷åòà!00*1 - ™*ò* 8 ñèñòñìâ «åíòÐà «8ÑÑ»
(î>=2 - äàííûå â ëàáîðàòîðíîé ñèñòåìå»

Èñïîëüçîâàíèå òîé èëè èíîé ñèñòåìû îòñ÷åòà çàâèñèò îõ âìÿâ ðåøàò*
Â ñëó÷àå ïðîöåññîâ óïðóãîãî ðàññåÿíèÿ ÿ âåóëðóãîãî ðàññåÿíèÿ ñ âîçáóæäå-
íèåì îòäåëüíûõ óðîâíåé ÿäðà, êîãäà ñóùåñòâóåò ïðîåõàâ îãÿàü ìåæäó àâåðãìÿ-
ìâ ïåðâè÷íûõ è âòîðè÷íûõ ÷àñòèö, ïî-âèäèìîìó,öåëåñîîáðàçíî âûáðàòü ñèñòå-
ìó öåíòðà ìàññ. Äëÿ ïðî÷èõ íåóïðóãèõ ïðîöåññîâ äàííûå îáû÷íî çàäàåòñÿ ÿ
ëàáîðàòîðíîé ñèñòåìå. Ïðè ýòîì íåîáõîäèìî èìåòü» âèäó ñëåäóõÿðå. Â òåõ
ñëó÷àÿõ* êîãäà èìååòñÿ ïðîñòîå àíàëèòè÷åñêîå âûðàæåíèå, ñâÿçûâàøðå àâåðãî-
óãÿîâíå ðàñïðåäåëåíèÿ â ýòèõ äâóõ ñèñòåìàõ êîîðäèíàò, â ïðèâöèä* áåçðàç-
ëè÷íî â êàêîé ñèñòåìå áóäóò ïðèâåäåíû äàííûå â áèáëèîòåêå. Âîëí æå òàêàÿ
ñâÿçü ìåæäó ñèñòåìàìè äëÿ äàííîé ðåàêöèè îòñóòñòâóåò, ïðîèçâîëüíî âûáè-
ðàòü ñèñòåìó êîîðäèíàò íåëüçÿ. Ðåøàþùóþ ðîëü çäåñü íà÷èíàåò æãðåòü ôåêòî-
ðí íàëè÷èÿ äàííûõ â òîé èëè äðóãîé ñèñòåìå, òðåáîâàíèÿ ïðàêòèêà è âîçìîæ-
íîñòè îáðàáàòûâàþùèõ ïðîãðàìì.

Âûáîð çíà÷åíèé Â è ãö â ñëó÷àå Ì -ïðåäñòàâëåíèÿ äîëæåâ îáåñ-
ïå÷èâàòü äîñòàòî÷íóþ òî÷íîñòü ïîëó÷åíèÿ âåðîÿòíîñòè äëÿ ëþáîé ýíåðãþ

è óãëà ðàññåÿíèÿ ñ ïîìîùüþ èíòåðïîëèðîâàíèÿ ìåæäó èìåþùèìèñÿ â áèáäìîòåþ
âåëè÷èíàìè. Â ñëó÷àå ö) -ïðåäñòàâëåíèÿ íåîáõîäèìàÿ òî÷íîñòü îáâñïå÷ÿ-
âååòñÿ çàäàíèåì äîñòàòî÷íîãî ÷èñëà êîýôôèöèåíòîâ ðàçëîæåíèÿ (÷èñëî È ).
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Íåñìîòðÿ âà òî, ÷òî óãëîâîå ðàñïðåäåëåíèå çàäàåòñÿ íîðìèðîâàâøè
ôóíêöèåé âåðîÿòíîñòè, â òåõ ñëó÷àÿõ, êîãäà èñòèííîå óãëîâîå ðàñïðåäåëåíèå
* ð. -ïðåäñòàâëåíèè àïïðîêñèìèðóåòñÿ ïðèáëèæåíî, íàïðèìåð, ëíâåÿÿøø
îòðåçêàìè» ðåçóëüòèðóþùåå ïðåäñòàâëåíèå, âîîáùå ãîâîðÿ, óõå ÿå áóäåò àâð-
ìíðîâàâÿíì. Íà ïðàêòèêå ïîýòîìó â íåêîòîðûõ ñëó÷àÿõ ìîæåò ïîòðåáîâàòüñÿ
äîàîëÿíòåëüíàÿ íîðìèðîâêà óãëîâûõ ðàñïðåäåëåíèé, ïîëó÷åííûõ íà áÿáëèîòå÷-
âíõ Äàåâûõ.

Ôîðìàòû ïðåäóñìàòðèâàþò âîçìîÿâîñòü çàäàíèÿ ïîëíîãî óãëîâîãî ðàñäðå-
äüëåâèÿ ^ (â) â ãèäå ëèíåéíîé êîìáèíàöèè íåêîòîðîãî ÷èñëà ÷àñòè÷íûõ
ðàñïðåäåëåíèé 4;, (â) * âçÿòüå ñ îïðåäåëåííûìè âåñàìè

«*»
Îòäåëüíûå 4*4^) ìîãóò îïèñûâàòü, íàïðèìåð, ðàçëè÷íûå óãëîâ»
ðàñïðåäåëåíèÿ ïðîäóêòå* íåêîòîðîãî ÿäåðíîãî ïðîöåññà, êîòîðûé ïðîòåêàåò
ðàçíûìè ïóòÿìè è ïîýòîìó îïèñûâàåòñÿ ñ ïîìîùüþ ðåçâûõ ìåõàíèçìîâ . Óêàçàí-
íàÿ âîçìîæíîñòü äîçâîëÿåò òàêèå èñïîëüçîâàòü äëÿ îïèñàíèÿ ðåçîíàíñíî!
ñòðóêòóðû óãëîâûõ ðàñïðåäåëåíèÿ ïîäãðóøþâîå ïðåäñòàâëåíèå.. Â àòîì ñèó-
÷àå ÑÖ, èìåþò ñìûñë äîæè äîäãðóàÿ, à ^( &) õàðàêòåðèçóåò óãëî-
âîå ðàñïðåäåëåíèå äàííîé ïîäãðóïïû

Ïðèíÿòûå â íàñòîÿùåå âðåìÿ ôîðìàòû òðåáóþò» ÷òîáû àñå âõîäÿùèå â
ñóøó ^ñ (^) áêëè 33^àÁÛ â îäíîé è òîì æå ïðåäñòàâëåíèè (ëÿáî â
ì -ïðåäñòàâëåíèÿ, ëèáî â &> - ïðåäñòàâëåíèè) è îòíîñèëèñü ê îäíîà â
òîé ÿâ ñèñòåìå êîîðäèíàò. Ñòðóêòóðà ÍÒÏ ïîçâîëÿåò,îäíàêî,â ñëó÷àå íåîáõî-
äèìîñòè èçáàâèòüñÿ îò ýòîãî îãðàíè÷åíèÿ.

Âî âñåõ ñëó÷àÿõ ïîëíàÿ îáëàñòü ýíåðãèè, â êîòîðîé ðàññìàòðèâàþòñÿ
óãëîâûå ðàñëðåäåëåíèÿ, äîëÿâà ñîâïàäàòü ñ ýíåðãåòè÷åñêîé îáëàñòüþ çàäàíèÿ
ñîîòâåòñòçóãàèõ èíòåãðàëüíûõ ñå÷åíèé. Åñëè, äîïóñòèì, ñå÷åíèå óïðóãîãî
ðàññåÿíèÿ çàäàåòñÿ â îáëàñòè îò 0,001 ýâ äî 14 Öýâ, òîãäà â òî÷å÷íîì ïî
ýíåðãèè ïðåäñòàâëåíèè ïåðâîå óãëîâîå ðàñïðåäåëåíèå äîëæíî áûòü äàíî ïðè
ýíåðãèè 0,001 ýâ è ïîñëåäíåå - ïðè 14 Êýâ; äëÿ èíòåðâàëüíîãî ïðåäñòàâëå-
íèÿ ûêíÿÿ ãðàíèöà ïåðâîãî èíòåðâàëà äîëæíà áûòü 0,001 çâ, à âåðõíÿÿ ãðà-
íèöà ïîñëåäíåãî èíòåðâàëà - 14 Ûýâ. Ýòî îáñòîÿòåëüñòâî êîêåò îáëåã÷èòü
âûÿâëåíèå ãðóáûõ îøèáîê â çàäàâàåìûõ äàííûõ*

3.1» Êëçîñèåèêàöèÿ ÍÒÎ äëÿ ÍÎÊ « 02

Ñïîñîá çàäàíèÿ äàííûõ ÿî óõëëîâûì ðçñíðñäåëåíèÿì îíðåäåäÿåòñÿ îòàð-
âèí ðàçðÿäîì ÍÒÏ â ñîîòâåòñòâèè ñî ñëåäóþùåé òàáëèöåé.

1
2

Ñïîñîá çàäàíèÿ.óãëîâûõ ðàñïðåäåëåíèé

Â äèñêðåòíûõ òî÷êãõ ïî /è ( ì - ÿðåäñòçâëåÿèå),
Îàðãìåòðè÷åñêâ ïóòåì çàäàíèÿ êîýôôèöèåíòîâ ðàçëî-
æåíèÿ â ðÿä ïî ëîëïíî^àè Ëåæýâäðà ( è) -ïðåäñòàâëåíèå).
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Ïîñëåäóâäèå çíà÷åíèÿ ì4 (5-9) ðåçåðâèðóþòñÿ äëÿ íîâûõ ñïîñîáîâ, îñëå
òàêîâûå áóäóò ïîÿâëÿòüñÿ.

Äâà øåäøèõ ðàçðÿäà ÍÒÏ äëÿ è* - Ë. ú ï±~ &, èìåþò ñëåäóþùèé
ñìûñë:

Í^- îçíà÷àåò ÷èñëî ïåðåèåàíûõ èëè ïàðàìåòðîâ, îõ êîòîðûõ éîãóò çàâè-
ñåòü óãëîâûå ðàñïðåäåëåíèÿ,

Ï3 - îïðåäåëÿåò ïîðÿäîê ñòàðâèíñòâà ýòèõ ïàðàìåòðîâ îòíîñèòåëüíî äðóã
ÄÐÓÃ8.

Äëÿ äâóõ ïåðåìåííûõ (ýíåðãèÿ Å â âåðîÿòíîñòü óãëîâîãî ðàñïðîäåëåíèÿ
èëâ äîëÿ ïîäãðóïïû Î-(, ) èäåíòèôèêàöèÿ «ëýäàø: ðàçðÿäîâ Í*Ø îïðåäåëÿåò-
ñÿ òàáëèöåé

1

ãèÿ,
01
02
II
13
ã!
ãà

\
Ñòàðÿàÿ |

ïåðåìåííàÿ
*»

-
Â
î*
8
0-1

Ìëàäøàÿ
ïåðåìåííàÿ

«
-
ò.

-

0*,

ë

Ç.ã, »ÎÐ«ÎÒ êàðò äëÿ È(Æ * 02

I.

Ï.

1. Â1Ð.
2. ×èñëî À Å äëÿ ýòîãî ÈÃÐ.
3 Ë - çòîêíûÿ âåî

1. Å« -
2. Å. .
3* ×èñëî êàðò äëÿ ýòîãî 6 Å, ëêäþ÷àÿ äåííóþ.
4, ×èñëî ãðóïï âòîðè÷íûõ ÷àñòèö äëÿ êîòîðûõ çàäàþòñÿ óãëîâûå

ðàñïðåäåëåíèÿ â ýòî» À Å .
5-6.
1. Óñëîâíîå ÷èñëî, îòîæäåñòâëÿþùåå ãðóïïó âòîðè÷íûõ ÷åñ«è&.
2. ×èñëî ÍÈ óãëîâûõ ðàñïðåäåëåíèé äëÿ ýòîé ãðóøø ÷àñòè.
3. ×èñëî êàðã äëÿ ïðåäñòàâëåíèÿ óãëîâûõ ðàñïðåäåëåíèé ýòî* ãðóøø,

âêëþ÷àÿ äàâíóþ êàðòó.
×Ç.ãÐåçåðâíðóëòñâ äëÿ äîïîëíèòåëüíîé èíôîðìàöèè îá ýòîà ãðóïïå
6^) âòîðè÷íûõ ÷åñòèö.

Ôîðìåò ñëåäóþÿèõ êàðò çàëÿñèò îò ÍÒÎ.
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I) Óãëîâîå ðàñïðåäåëåíèå èçîòðîïíî â À Ê »

Â ýòîì ñëó÷àå âç êàðòå 17 óêàçûâàåòñÿ ëèøü íîìåð òèïå ïðåäñòàâàéòå
(Ø * ÂÄ äÿÿ /È -ïðåäñòàâëåíèÿ, ÍØ * 201 äàé & -âðåäîòàâëåÿÿÿ)
• óñõîàâîà ÷ÿñÿî åÿñòåìÿ îòñ÷åòà.

ÅÃ.

1Ó.

I. ÍÒß = 101 .
Å. Óñëîâíîå àäñäî ñèñòåìû

îòñ÷åòà, ñî.

ÕÓ. I. ÍÞ » 201.
2» Óâæÿìþå ÷èñëî ñèñòåìû

îòñ÷åòà,

2) ÓÃËÎÂÎÂ ðçñïðåäáëåòçå äëÿ âñåãî À Å,

I. ÍÒÏ ñ 102.
2» Óñëîâíîå ÷èñëî ñèñòåìû

îòñ÷åòå , ñ-î
3* ×èñëî çíà÷åíèé ëò

5.

. ×èñëî ÈÍÒ ,.'îïðåäåëÿþ-
ùåå çàêîí èíòåðïîëÿöèè
ÈÎ «4.

1Ó. 1.ÍÒÏ = 202.
2.Óñëîâíîå ÷êñëî ñèñòåìû

îòñ÷åòà, «-î.
3. ×êñëî çíà÷åíèé À/

4.

3) Óãëîâûå ðàñïðåäåëåíèÿ ïðè ôèêñèðîâàííûõ Â.

1. ÈÈ « III .
2» ×èñëî çíà÷åíèé Á .
3. ×èñëî êîðò äëÿ ýòîãî ÍÒÎ.
4. Óñëîâíîå ÷èñëî ñèñòåìû

îòñ÷åòà, ñ-0.
5» ×èñëî ÈÍÒ * îïðåäåëÿþ-

ùåå çàêîíû èíòåðïîëÿöèè
ïî Å â ì {*

6» ×èñëî çâý÷åâêé ̂Æ åñëè
îÿî îáöåå äëÿ âñåãî À¨,
èëè íóëü.

1. Ê .
2. ×èñëî çíà÷åíèé /ó
3. <

è.
2.
3»

5.

á.

ÿãà =
×èñëî çíà÷åíèé Á,
×èñëî êàðò äëÿ ýþãî
Óñëîâíîå ÷èñëî ñêñòåêê îòñ÷å

òà, ñî.
×èñëî ÈÍÒ » îïðåäåëÿþùåå
çàêîí èíòåðïîëÿöèè
ñè {, ïî â .
×èñëî çíà÷åíèé è) , åñëè
îíî îáùåå äëÿ âñåãî ë Å
èëè íóëü,

Ó, I. Å.
2. ×èñëî çíà÷åíèé
3. ñî*
ó. è^ è. ò. Ë

Ñóïåðïîçèöèÿ .óãëîâûõ ðàñïðå äåäå íà È. äëÿ âñå^ãî À 3.

ÈÃ. I. ÍÒÏ = 112 . 1Ó. I. ÍÒÏ = 212.
2* ×ÿñëî çíà÷åíèé <Õ . 2. ×êñëî çíà÷åí;̂  ÑÑ .
3. ×èñëî êàðò äëÿ ýòîãî ÍÒÏ. 3» ×èñëî êàðò äëÿ ýòîãî ÍÒÏ.
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4» Óñëîâíîå ÷èñëî ñèñòåìû
îòñ÷åòà, ñ <?,

5. ×èñëî ÈÍÒ » îïðåäåëÿþ-
ùåå çàêîí èíòåðïîëÿöèè

ëî /è

Ò. I. Î,.
2« ×èñëî çíà÷åíèé ì
3- /è, '

?(/«,)*• «- ã- Ý.

4. Óñëîâíîå ÷èñëî ñÿñòåø îòñ÷å-
òà, ñî.

5,6. Ðåçåðâ.

I. Ë,
2» ×èñëî çíà÷åíèÿ **>
3* ø*
V. ««>* «- *&

5) Ñóïåðïîçèöèÿ óãëîâûõ ðàñïèåäåëåíèé ïðè
øè ýíåðãèÿõ Â.,

1Ó„ I. Ø * Ø .
2. ×èñÿî çíà÷åíèé Å.
3. ×èñëî êàðò äëÿ ýòîãî ÍÒÏ.
4„ Óñëîâíîå ÷èñëî ñèñòåìû îòñ÷å

òå, ñî.
5. ×èñëî ÈÍÒ , îïðåäåëÿâøåå

çàêîíû èíòåðïîëÿöèè

åñëè6* ×èñëî çíà÷åâèÊ óì
îíî îáùåå äëÿ âñåãî
âÿè âóëü

Ï. I. ÍÈ = 221 .
2» ×èñëî çèà÷åÿèé Â .
3. ×èñëî êàðò äëÿ ýòîãî
4. Óñëîâíîå ×èñëî ñèñòåìû îòñ÷å-

òå ̂  ÚÎ.
5. ×èñëî ÈÍÒ , îïðåäåëÿþùåå

çàêîíû èíòåðïîëÿöèè à.($)ïà Â
«ñ <*>ãÎ?> I» Å.

6. ×èñëî çíà÷åíèé *> , åñëè
îíî îáùåå äëÿ âñåãî äÅ *

èëè âóëü.

I. Å .
ã. ×èñëî çèà÷åâêé î,,
3. ×èñëî êàðò äëÿ ýòîãî Å .
4Ò5. Ðåçåðâ.
6. ×èñëî çíý÷åèè> ^ , åñëè

îâî îáÿâå äëÿ âñåõ Î.
•ëè âóëü.

1. Å .
2. ×èñëî çíà÷åíèé Î..
3. ×èñëî êàðò äëÿ ýòîãî &,
4,5* Ðåçåðâ.
á. ×èñëî çíà÷åíèé è/ , åñëè

îíî îáùåå äëÿ âñåõ <ÿ. * èëè
íóëü.

Ï. I.
. ×èñëî àüäååíâ*

ýòîãî åé.
äëÿ

*•

I. à.
2. ×èñëî àíý÷åâèé

ãî &* .
3. Ö*
4. *î è ò.ä.

6) Óòàîâíå._ð8ñïðää9ä?åïèÿ.ñ ëàï íèì
çàà÷åûêÿõ Å

î; äëÿ ýòî-

1Ó. I. Ø * 122,
2. ×èñëî çíà÷åíèé Îò.
3. ×èñëî êàðò äëÿ ýòîãî ÍÒÏ

ïðè ðýàëä÷íûõ

1Ó. I. ÞË * 222.
2. ×èñëî çíà÷åíèé.
3. ×èñëî êçðò äëÿ ýòîãî ÍÒÏ
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Ó.

4» Óñëîâíîå ÷èñëî ñêñòçêí
îòñ÷åòà, ñî.

5. ×èñëî éÍÒ » îïðåäåëÿøåå
çàêîíû èíòåðïîëÿöèè è ÑÅ)

* Å -è

4. Óñëîâíîå ÷èñëî ñèñòåìû îòñ÷å-

6. ×èñëî çíà÷åíèé Á , åñëè
îíî îáùåå äëÿ âñåõ î. »
èëè íóëü .

1. Î..
2. ×èñëî çíà÷åíèé Å .
3. ×èñëî êàðò äëÿ ýòîãî
4-5. Ðåçåðâ.
6. ×èñëî çíà÷åíèé /V ,

îíî îîøîå äëÿ âñåõ Å
âóëü*

åñëè
, èëè

71. 1. Å.
2. ×èñëî çíà÷åíèé
ç. /ö,

òà, ñî.
5. ×èñëî ÈÍÒ * îïðåäâëÿøêå

çàêîíû èíòåðïîëÿöèè à,(Å) «;Å
ì Â.

6. ×èñëî çíà÷åíèé Å* îñëè îâî
îáùåå äëÿ âñåõ ä, , èëè
âóëü.

2. ×èñëî çíà÷åíèé Å.
3* ×èñëî êàðã äëÿ ýòîãî î*.
4-5. Ðåçåðâ .
6. ×èñëî çíà÷åíèé <*> , åñëè

îíî îáùåå äëÿ âñåõ Å ,
èëè íóëü*

1. Å.
2. ×èñëî çíà÷åíèé è/
3. <*><
V.

Âî âñåõ ðàññìîòðåííûõ çäåñü ÍÒÏ äëÿ èëëþñòðàöèè ôîðìàòîâ ïîçèöèé,
íåïîñðåäñòâåííî çýàÿò-êõ ïîä äàííûå ïî óãëîçüãì ðàñïðåäåëåíèÿ», ïðàâåäåí
íèâèèîëüÿûé îáúåà èÿôîðèýøø: îäíà ïàðà ( óè, •$¹) )* îäíî çíà÷åíèå
«7 . Ïðåäïîëàãàåòñÿ» ÷òî â ñëó÷àå íåîáõîäèìîñòè ýòà èíôîðìàöèÿ ïåðåõîäèò
à ïîñëåäóþùèå ïîçèöèè òîé ÿå ñàìîé êàðòû èëè ñëåäóþùèõ ýý íåé êàðò ã
óêàçàííûõ âûøå ôîðìàòàõ.

4. Çíåðãåòê÷åîêêå ðàñïðåäåäåíÿÿ âòîðè÷íûõ
÷àñòèö (ÍÎÊ « 05)

Êîãäà èçâåñòíà àíàëèòè÷åñêàÿ çàâèñèìîñòü èåêäó ýíåðãèÿìè ïåðâè÷íûõ
ÿ âòîðè÷íûõ ÷àñòèö,íåò «åîîõîäàìîñòâ ççäýâîòü ýíåðãåòè÷åñêîå ðåñïðåäåëåéâå
âòîðè÷íûõ ÷àñòèö; îèî ëåãêî èîíåò Îûòü ïîäñ÷èòàíî ñ ïîìîàüî ñïåöêàëüéêõ
ïðîãðàìì îáðàáîòêè äàííûõ* 6 ïðîòèâíîì ñëó÷àå äîëãîâ áûòü óêàçàâ ààêîâ
ðàñïðåäåëåíèÿ âòîðè÷íûõ ÷àñòèö ïî ýíåðãèÿì.

Â íàñòîÿùåå âðåìÿ ïðåäóñìàòðèâàåòñÿ çàäàííî èíôîðìàíò äî ýââðãâÿ-
÷âñêèì ðàñïðåäåëåíèÿì â ôîðìàòå ñëåäóþùèõ çàêîíîâ.

Çåêîâ I. Èñïóñêàíèå ÷àñòèö ñ èçâåñòíîé äèñêðåòíîé ýíåðãèåé (íàïðèìåð,
âûëåò çàïàçäûâàþùèõ íåéòðîíîâ äåëåíèÿ}»

Çàêîí 2. Èñïóñêàíèå ÷àñòèö ñ ýíåðãèåé Å * 1ñ (1=â - Ð«Î * ãäå
Å» - íà÷àëüíàÿ ýíåðãèÿ, Å 4 " íåêîòîðîå äèñêðåòíîå çíà÷åíèå ýíåðãèè,
Ê - êîíñòàíòà (êîýôôèöèåíò îñëàáëåíèÿ). Íåóïðóãîâ ðàññåÿíèå íåéòðîíîâ ñ
âîçáóæäåíèåì îòäåëüíûõ óðîâíåé ÿäðà âõîäèò ñþäà êàê ÷àñòíûé ñëó÷àè; ïðè
ýòîì Ê ó÷èòûâàåò ñðåäíè») ïåðåäà÷ó ýàåðãèè ÿäðó îòäà÷è.
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Çàêîí 5. Íåçàâèñÿùèé î* íà÷àëüíîé ýíåðãèè íåïðåðûâíûé ÿîðèèðîâåâÿûé
ñïåêòð íåéòðîíîâ äåëåíèÿ âèäà

ãäå À,Â,Ñ - íåêîòîðûå ïîñòîÿííûå.

Çåêîâ 4, Ñïåêòð íåéòðîíîâ äåëåíèÿ, ó÷èòûâàþùèé çàâèñèìîñòü îò ÿå-
÷âëüíîé ýíåðãèè íåéòðîíà â ñâîéñòâ äåëÿâþãîñÿ ÿäðå, çàäàåòñÿ íîðìèðîâàâ
íîé ôóíêöèåé âåðîÿòíîå**

ãäå
& = à.*

Çäåñü à? |? ñ - êîíñòàíò»; $ - ñðåäíåå ÷èñëî íåéòðîíîâ äåëåíèé,
Å - ïîðîã ðåàêöèè ( ÿ, ï* + Â. - èç÷àäúàâÿ ààåðãèÿ,

í ' ^-) ) è ( È, Ä,ï ^- >• Ý^îò ýçõîà ïîõàîñòüþ îïðåäåëÿåòñÿ çàäà-
àèåì ÷åòûðåõ ïàðàìåòðîâ: î., 4», ñ, Å^. Ñîñìõûþå âåëè÷àâû ìîãóò Îûòü
âçÿòû èç èåññèâîâ áèáëèîòåêå).

Çàêîí 5.6,7» Ñãþêòð âüøåòàââäõ ÷àñ-ãàè îïèñûâàâ»» àîðâäðîâàâíîé
ôóíêöèåé âåðîÿòíîñòè ñâåäóùåãî âæàâ:

ãäå , - íà÷àëüíàÿ ýíåðãèÿ, Å - ýíåðãèÿ Áûëåòàþäî ÷çñòÿö. Ïýðýìîòð
Î. ïðèíèìàåò çíà÷åíèÿ

0 äëÿ çàêîíà 5,
ÄËß ÇÇÊÎÍ8 6»

I äëÿ çàêîíå ?{
Çàêîí á âêëþ÷àåò â ñåáÿ ñïåêòð èñïýðýíÿÿ.

Îýêîâ 8«Ñïåêòð âûëåòàþùèå ÷àñòèö ççä&åòñÿ ïðîèçâîëüíîé ôóíêöèåé
íà÷àëüíîé (Âî ) è êîíå÷íîé ( Å. ) ýíåðãèé â äèñêðåòíûõ òî÷êàõ
(åñëè íåò çàâèñèìîñòè îò Å« , ýòîò çàêîí áóäåò ñîâïàäàòü ñ çàêîíîì 5}*

Äëè çàêîíîâ 5-7 äàííûå ïî ýíåðãåòè÷åñêèì ðàñïðåäåëåíèÿ;! çàäàþòñÿ ïý-
ðàìè âåëè÷èí (àðãóìåíò Õ= Å /Åå*' • ñîîòâåòñòâóþùàÿ ñêó âåðîÿòíîñòü ð^õ.)
Ñ'- òàêèì ðàñ÷åòîì, ÷òîáû ëþáûå ïðîõÿçõóòî÷íûå ýíý÷åíàÿ âåëè÷êí â õîðîïåì
öðèáëèàåíèà ìîãëè áûòü ïîëó÷åíû èíòåðïîëèðîâàíèåè ñîñåäíèõ,õðàíÿùèõñÿ â
áèáëèîòåêå,çíà÷åíèé. Ñëåäóåò çàìåòèòü, ÷òî õîòÿ ôóíêöèè âåðîÿòíîñòåé â
ñëó÷àå çàêîíîâ 5-7 íîðìèðîâàíû âíóòð» îáëàñòè çàäàíèÿ àðãóìåíòîâ (ñ îïðå-
äåëåííîé ñòåïåíüþ òî÷íîñòè), ìîõåò ñëó÷èòüñÿ, ÷òî íåêîòîðûå çíà÷åíèÿ ýðãó-
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ìåíòîâ áóäóò íåäîñòóïíû íà ïðàêòèêå â ñèëó çàêîíå ñîõðàíåíèÿ ýíåðãèÿ
(íàïðèìåð, éîãå ò îêàçàòüñÿ, ÷òî ïðè çàäàííîì çíà÷åíèè àðãóìåíòà ýíåðãèÿ
âòîðè÷íîé ÷àñòèöû áóäåò áîëüøå íà÷àëüíîé ýíåðãèè}* Â òàêèõ ñëó÷àÿõ, êàê
ïðàâèëî, áóäåò íåîáõîäèìà äîïîëíèòåëüíàÿ ïåðåíîðìèðîâêà ôóíêöèè ðàñïðåäå-
ëåíèÿ âåðîÿòíîñòè.

Òàêæå êàê è â ñëó÷àå óãëîâûõ ðàñïðåäåëåíèé» ôîðìàòû ïðåäñòàâëåíèÿ
ýíåðãåòè÷åñêèõ ðàñïðåäåëåíèé âòîðè÷íûõ ÷àñòèö ïðåäóñìçòðîîàò çýäçàéå
ðåçóëüòèðóþùèõ ðàñïðåäåëåíèé â âèäå ñóïåðïîçèöèè íåêîòîðîãî ÷èñëà çàêîíîâ
ñ ÿê âåðîÿòíîñòÿìè. Êàæäûé çàêîí â ýòîé ñëó÷àå îòâå÷àåò îäíîìó èç âîçìîæ-
íûõ ìåõàíèçìîâ ïðîòåêýâèÿ ÿäåðíîãî ïðîöåññà. Óêàçàííóþ âîçìîæíîñòü çäåñü
ãåþ» ìîæíî èíòåðïðåòèðîâàòü êàê ïîäòðóïïîâîå ïðåäñòýãëñêêå ýíåðãåòè÷åñ-
êèõ ðàñïðåäåëåíèé âòîðè÷íûõ ÷àñòèö; ïðè ýòîì âåðîÿòíîñòè çàêîíîâ áóäóò
èãðàòü ðîëü äîëåé ïîäãðóïï, à ñàíè çàêîíû õàðàêòåðèçîâàòü ýíåðãåòè÷åñêèå
ðàñïðåäåëåíèÿ äëÿ ñîîòâåòñòâóþùèõ ïîäãðóïï âåé òðîíîâ.

ÎñîáíÈ ñëó÷àé ðàññåÿíèÿ íåéòðîíîâ ïðè òåïëîâûõ ýíåðãèÿõ áóäåò ðàñ-
ñìîòðåí îòäåëüíî.

. Êëîñèèêýöèé ÈÒß äëÿ Í Î Ê à 03

Ñïîñîá çàäàíèÿ äàííûõ ïî çêçðãñòà÷åñêéê ðàñïðåäåëåíèÿì âòîðè÷íûõ
÷àñòèö îïðåäåëÿåòñÿ ñòàðøèé ðàçðÿäîê ÍÒÏ â ñîîòâåòñòâèè ñî ñëåäóàäå¨ òàá
ëèöåé.

Ñïîñîá çàäàíèÿ ýíåðãåòè÷åñêèõ ðàñïðåäåëåíèé

Â ôîðìàòå çàêîíîâ, êîãäà íà÷àëüíàÿ ýíåðãèÿ ÿâíî íå
çàäàåòñÿ*
Â ôîðìå çî.êîíîâ, êîãäà íà÷àëüíàÿ ýíåðãèÿ çàäàåòå!.
ÿâíî.

Ïîñëåäóþùèå çíà÷åíèÿ È, (3-9) ðåçåðâèðóþòñÿ äëÿ äðóãèõ ñïîñîáîâ
çàäàíèÿ, åñëè òàêîâûå áóäóò ïîÿâëÿòüñÿ»

Äâà ìëàäøèõ ðàçðÿäà ÍÒÎ èìåþò ñëåäóþùèé ñìûñë:

01 * 49

50

ï ï*ë*

- ðåçåðâèðóþòñÿ äëÿ ãàäàíèÿ ðàñïðåäåëåíèÿ îäíèì çàêîíîì
è îçíà÷àþò íîìåð ñîîòâåòñòâóþùåãî çàêîíà,

- ðåçåðâèðóþòñÿ äëÿ çàäàíèÿ ðàñïðåäåëåíèÿ ñóïåðïîçèöèåé
çàêîíîâ â ñëåäóþùèõ ñëó÷àÿõ:

- ÿââî íå çåëåíî Å, ;
~ ÿñâ Ý8ÊÎÉÛ "×* Äàâèîê Å* "«
- âñå ñ. Äÿ« äàííîãî çàêîíà.

4.2. Ôîðìàò êâîò äëÿ ÈÎÊ » 03

I. I. ÂÒÐ.
ã. ×èñëî
Ç-á. Ðåçåðâ

äëÿ ýòîãî ÍÕÐ.
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Á* I. Íè .
2. å».
3» ×èñëî êàðò äëÿ ýòîãî *¨ « âêø÷àÿ äîîä/â.
4. ×èñëî ãðóïï âòîðè÷íûõ ÷àñòèö, äî êîÿîðâõ ýàäàìåÿ ïìäîÿÿ»

÷åñêèå ðàñïðåäåëåíèÿ 1 ý*îí À Á .
5,6.

Ø. I. Óñëîâíîå ÷èñëî ãðóïïû âòîðè÷íûõ
2* ×èñëî ÍÒÎ ýíåðãåòè÷åñêèõ ðàñïðîäìâââ* ÝÒÎÉ çäøø ÷àñïö»
3* ×èñëî êàðò äëÿ ïðåäñòàâëåíèÿ ýíåðãåòè÷åñêîãî ðàñïðåäåëåíèÿ åãî!

ãðóïïû, âêëþ÷àÿ äàííóþ êàðãó.
4-6. Ðåçåðâ.

Ôîðìàõ ïîñëåäóþùèõ êàðò çàâèñèò î* ß1&«

I) çàêîí I.

1Ó, I. Ø * 101 .
2. ×èñëî çíà÷åíèé äèñêðåòíûõ ýíåðãèé Å„ * ñ êîòîðûìè èñëóñêà-

• ñòîÿ ÷àñòèöà.
3* Çíà÷åíèå Å„
4. Ñîîòââòñòâóþè,óÿ âåðîÿòíîñòü Ð (Åã»)

ýàêîà 2.

I. íòà * þã .
2. ×èñëî ðàññìçõðèâàîêûõ ïàð (Å^, Ê)
3» Ðåçåðâ.
5. Ê .
6. Ñîîòâåòñòâóþùåå çíà÷åíèå âåðîÿòíîñòè Ð .

3) çàêîí 3 è 4.

1Ó. I. Ø * 103 . 1Ó. I. ÍÒÏ * 104
ã. ß ñ. à
3; 6 3. ^
4. Ñ 4« ñ
5 Ë 5. Å*

6. Íóëü

4) çàêîíû 5>,á,7__

1Ó. I. Í-Ø • 105 (106 èëè 107).
2. ×èñëî òî÷åê ñïåêòðà »
3. Ðåçåðâ .
4. ×èñëî ÈÍÒ * îïðåäåëÿâøåå çàêîí èíòåðïîëÿöèè ðÃ*) ïî
5» Ïåðâîå çíà÷åíèå ë- « Å/̂ *1.
6. Ñîîòâåòñòâóþùàÿ åìó âåðîÿòíîñòü ð(*).
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5) Äèíåéíýÿ êðèáèíàñêÿ çàêîíîâ { ÿçíî íå çýäýèî)
Ï. I» ÍÒÎ « 150

2. ×èñëî ðàçëè÷íûõ çàêîíîâ â ëèàîÂèîé êîìáèíàöèè.
3. ×èñëî êàðò äëÿ ýòîãî Í'Ø*
4-6. Âåýåðü»

Ôîðìàò êàðòû Ó çàâèñèò îò íîìåðà çàêîíà â ìêîñò âàä:
à) Äëÿ çàêîíîâ I • 2«

Ó. I. Íîìåð çàêîíà * 01•
2. Âåðîÿòíîñòü ýòîãî çàêîíà.
3. ×èñëî äèñêðåòíûõ
×5Ë Ðåçåðâ.

.•}.4.Ë

Ó. 1. Íîìåð çàêîíå » 02.
2. Âåðîÿòíîñòü ýòîãî çàêîíà*
3* ×èñëî ïàð
5. 1ñ
6. Çíà÷åíèå

á) Äëÿ çàêîíîâ 3 è ^ .

Ó. I. Íîìåð çàêîíà â 03.
2. Âåðîÿòíîñòü ýòîãî çàêîíà*
3. Ë
4. Â
5. Ñ
6. Íóëü

â) äëÿ çàêîíîâ 5 (6*71

I. Êîìàð çàêîíå * 04.
2» Âåðîÿòíîñòü ýòîãî çàêîíà,5, à
4. I
5» Ñ

1. Íîìåð çàêîíà * 05 (06 èëè 07)
2. Âåðîÿòíîñòü äàííîãî çàêîíå
3. ×èñëî òî÷åê ñïåêòð»
4. ×èñëî ÈÍÒ » îïðñä&äÿîäàå çàêîí èíòåðïîëÿöèÿ ð(õ> **
5. X .
6* ðÑòÎ.

6) çàêîí 8«

Ï. I, Í'Ø = 206,
2. ×èñëî çíà÷åíèé Å*
3. ×èñëî ê~ðò äëÿ ýòîãî ÍÒÎ •
4. ×èñëî È Í Ò ' , îèðåä»ÿÿ1«5åå çàêîíû èÿòåðÿîäÿøì» .

ÏÎ Å, è. (*(Å»,6) »*0 6 .
5*6, Ðåçåðâ

Ó. I* Å.
2. ×èñëî çíà÷åíèÿç. å.
4.

93ÎÌ
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?) Äèà«?ßíýÿ êîêáèÿàïù çàêîíîâ (âñå çàêîíû ïðè äàííîì .Å« )
IV, I, ÍÒÏ * 251 .

2. ×èñëî çíà÷åíèé Å « .
5. ×êñ*î êàðò äëÿ ýòîãî Í'Ø.
4, ×èñëî ÈÍÒ «îïðåäåëÿþùåå çàêîí èíòåðïîëÿöèè âåðîÿòíîñòè

çàêîíà ïî íà÷àëüíîé ýíåðãèè Â« •
ëã,á.Ðåãåðâ. ñ

V. I. Âñ
2» ×èñëî çàêîíîâ ïðè ýõîè Å.«
3» ×èñëî êàðò äëÿ ýòîãî Åå
4-6. Ðàçå?*.

Ôîðìàò ïîñëåäóþùèõ êàðò çàâèñèò îò íîìåðà çàêîíà è øãååò âèä:

à) Äëÿ çàêîíà 8»

Ï. I. ßîü'áð çàêîíà = 08 .
2* Âåðîÿòíîñòü ýòîãî çàêîíà»
3. ×èñëî çíà÷åíèé Å .
4» ×èñëî ÈÍÒ » îïðåäåëÿþùåå çàêîí èíòåðïîëÿöèè Ð(2>
•>. Ê .

á) äÿÿ çàêîíîâ 1-7 ôîðìà? êàðòû Ó1 ÍÒÎ « 251 ñîâëàäàåò ñ ôîðìàòîì
Ó ÍÒÏ = 150.

8) Ëèíåéíàÿ êîèáèíàøø çàêîíîâ (âñå ñ» äëÿ äàííîãî çàêîíà ̂

1Ó. I. ÍÈ * 252
2» ×èñëî ðàçëè÷íûõ çàêîíîâ,
3» ×&þëî êàðò äëÿ ýòîãî ÍÒÏ.
. Ðåçåðâ.

Ó» I. Íîìåð çàêîíà »
2. ×èñëî çíç÷çâÿé Å* •
3« ×èñëî êàð? äëÿ ýòîãî çàêîíà»
4. Âåðîÿòíîñòü ýòîãî çàêîíà
5» ×èñëî ÈÍÒ » îïðå äåëÿùåå çàêîí èíòåðïîëÿöèè âåðîÿòíîñòè

çàêîíà íî íà÷àëüíîé ãàåðãëï Åå ,^,ãñäé òðåáóåòñÿ, çàêîí
èíòåðïîëÿöèè ð(Å«,Å> ïà Å«, «õ ð(Å^^) êî Å*

6. Ðåçåðâ. *
Ôîð»ÿò ïîñëå ÖÓÉÇßÕ êàðò çàçêåâò îò âîçàåðý çàêîíà â èêâåò âàä:

8) Äëÿ çàêîíà I á) Ääí üàäî^ü .2

Ï. I. Å. . Ï. 1»Å.â .
2» ×èñëî äèñêðåòíûõ Å* . 2» ×èñëî ìåð (Å^ ÷ ê '
3. Å4 . 3. Ðåçåðâ
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«. Ò.ä.

Â) ÄËß ÇÎÊÎÍ8 Ú

Ë. I. Å..
ã. ë.
3. Â.
4. Ñ.
5 .,6. èóäà.
ä) Äëÿ çàêîíîâ 5 { â. 7)

Ï. I. Å..
2, ×èñëî òî÷åê ñïåêòðå
5. X,

5. õõ

4. Åå*.
5. Ê.
î. ð.

ã) ÀÄÉ ãàêîàå

Ó1. I. Å..
2. ñè.
3. ^.
4. Ñ.
5. Á*
ð. Íóëü.

2» ×èñëî ü
ýõîì Í ñ

3. Å,
«• ð Ã Å . )
5. Üã
6. ðÃÅ? ') è ò »'.

5. Ýíåðãî~óãëîâàå ðàñïðåäåëåíèÿ òåïëîâûõ
{ÈÑÊ = 04)

Äàííûå ïî ýÿåðãî-óãëîàêè ðàñïðåëåëåâèÿõ ðâññåÿâ^â ò
õàðàêòåðèçóþò âýàè»þäåéñòâèå áâéòðîÿîâ ñ ç^ñüâûø ÿäðàìè :• îîëüñòê Çã
ÐÈÉ, ãäå ÿåîáõîäàèî ïðèíèàçòü âî ââÿèýíÿá îòíîñèòåëüàîå äâèæåíèå êåéòã:"6
â ÿäðà è âçàèìîäåéñòâèå çòñìîã ;ýô9åê?û õèìê÷&ñêîé ñâÿçè ê .òñ.) Òüêñê-
ðîäà àâôîðèàöâÿ ìîæåò áûòü çàäàíà ðàçëè÷íûì» ñïîñîáàõ». Â êçñòîêàåå âð^è?
ôîðìàòàìè ïðåäóñìàòðèâàåòñÿ ïðåäåòçÿëñàâå ãàåðãî-óãëîçìõ ;,àñëðåäåëñ1:?.'-
òåïëîâûõ íåéòðîíîâ â âèë«: ûî?ðèöû äçýëëû äêôôåðåààäîÿüÿüà ñå÷åêèê è >1 Ôñã>-
íå çàêîâà ðýññåÿíèâ,

Â ïåðâîé ñëó÷àå çàäàåòñÿ ìàòðèöà ÷õñëñüïõ çíà÷åíèé ôóíêöèè
ÑÃ < Å 9 — » Å ^ 6 > ) , ïðåäñòýâëÿùñé ñîáîé ãåðîÿòàîñòü äëÿ íåéòðîíà, éêåþ
öâãî íà÷àëüíóþ ýíåðãèþ Å« « ðàññåÿòüñÿ èç óãîë 6 ê ê;;ñòü ïîñëå ðçñ
îåÿíèÿ ýíåðãèé Á . Äíñêðñòíüþ çíà÷åíèÿ ëñðñêçûèêõ ( Å,, Á» á ).
î* êîòîðûõ çàâèñèò ôóíêöèÿ âåðîÿòíîñòè ðîññîïíèï òåïëîâûõ èîéòðîíîâ, âû-
áèðàþòñÿ ñ òàêèì ðàñ÷åòîì, ÷òîáû ëí^êå òðåáóåìûå çíà÷åíèÿ ôóíêöèè ìîãëè
áûòü î õîðîøåé òî÷íîñòüþ ïîëó÷åíû ñ ïîìîùüþ èíòåðïîëÿöèè ñîäåðíý-äèõñÿ â
èâòðèöå âåëè÷èè»

Â þì ñëó÷àå, êîãäà ýâåðãî-óãëîâîå ðàñïðåëåëåèèå òåïëîâûõ íåéòðîíîâ
îïðåäåëÿåòñð. çàêîíîì ðàññåÿíèÿ, çàäàñòñÿ ìàòðèöà çíà÷åíèé 5
ïðè äèñêðåòíûõ çíà÷åíèÿõ ïåðåìåííûõ.
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à

Çäåñü Å» - íà÷àëüíàÿ ýíåðãèÿ íåéòðîíîâ, Ñ ** êîíå÷íàÿ àíåðãèÿ,
Î -óãîë ðîñññÿíêÿ â ëçÎîðàòîðíîË ñàñòåêå, ß Ò ~ òåìïåðàòóðà ü ý^åð-
ãîòè÷åñêèõ åäèíèöàõ, À' - îòíåñåíèå ÓÝÑÑÊ ÿäðà ê êàññå íåÃ.õðîÿà (ýòî
îïðåäåëåíèå ìîæíî ðàñïðîñòðàíèòü ê üî ñëó÷àé èîëå êóë) « Ïàðàìåòðû ñ^ â |5,
«àêèê îáðàçîì, ñâÿçàíû ñ ïåðåäà÷åé ÊÎÓÎÈÒÎ « ýíåð)'èè â ðåçóëüòàòå ñ?îàêíî~
âåíèÿ. Âûáîð çíà÷åíèé íåðåûåíêûõ îá â ^ äîëÿñï îñåñëñ÷è^çóü âîç-
èîæíîñòü ëîëó÷åíÿÿ î äîñãè^î÷íîé ñòîíèêüú òî÷íîñòè ë-îÇûõ çíà÷åíèé
$ Ñ «^ , /Ú ) íåòîäîì èíòåðïîëèðîâàíèÿ.

Âíðçêîòèèå äëÿ ñå÷åíèÿ ïðîöåññà, â ðåçóëüòàòå êîòîðîãî íåéòðîí î
âà÷çëüâîé ýíåðãèåé Åâ ðàññååòñÿ íî óãîë & â ëàáîð&óîðíîé ñèñãåäå
êîîðäèíàò è îóäåò îáëàäàòü ýíåðãèåé Ñ , èìååò âèä

Çäåñü á ~ ñå÷åíèå äëÿ ñçÿççèèîãà

< ã ^ /
«', - ñå÷âíèå äëÿ ñçîáîëíîãî àòîìà.ç?

Äëÿ îäíîàòîêíîãî ãàçà, êîãäà ýôôåêòû õèìè÷åñêîé ñâÿçè àå èãðàþ* ðîäà,
ôóíêöèÿ ðàññåÿíèÿ $(^À îïðåäåëÿåòñÿ âûðàæåíèåì

Ïðèáëèæåíèå ãàçîâîé ìîäåëè ÷àñòî èñïîëüçóåòñÿ äëÿ çàäàíèÿ ôóíêöèè
5 (<^-)0) â òîõ ñëó÷àÿõ, êîãäà îòñóòñòâóåò äðóãàÿ èíôîðìàöèÿ ïî çàêîíó
ðàññåÿíèÿ òåïëîâûõ íåéòðîíîâ. -

Êîãäà 5(<^, è) èìåâ? îñîáåííîñòü ïðè â=î â âèäå ä -ôóíê-
öèè, åå «îêíî ïðåäñòàâèòü ñëåäóþùèé îáðàçîì

Â ýòîê ñëó÷àå ìåñòî ñ ì * ^ , ) â áèáëèîòåêå çàíèìàåò 5
à âåëè÷èíà çàäàåòñÿ íà êàðòàõ çàãîëîâêà ÍÒÎ â âèäå äîïîëíèòåëüíîé
èíôîðìàöèè* Çäåñü ãåå çàäàþòñÿ:

à.< * » - ñå÷åèìå äëÿ ñâîáîäíîãî àòîìà, åñëè îíî ïîñòîÿííî,
- âåëè÷èíà, îòâå÷àþùàÿ íèæíåé ãðàíèöå ñïðâââäÿèæõÿâ

ñòàòè÷åñêîé ìîäåëè óïðóãîãî ðàññåÿíèÿ,
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Åé,- âåðõíÿÿ ãðàíèöà ïîñòîÿíñòâà 0*̂ . ; âûøå ýòîãî çíà÷åíèÿ âåîÎõîäè~
êî ó÷èòûâàòü ýíåðãåòè÷åñêóþ çàâèñèìîñòü ñå÷åíèÿ (Ãàã , ïîëàãàÿ åãî ðàã-
ííû, íàïðèìåð, èìåþùåìóñÿ â áèáëèîòåêå ñå÷åíèþ óïðóãîãî ðàññåÿíèÿ
(ÍÒÐ â Ñ1Ø2) è ëðåíåÎðåãàí âêëàäîê íåóïðóãîãî ðàññåÿíèÿ èç-çà åãî ìàëîñòè,

Ë'- 04-ôåêòèâíîå îòíîøåíèå êàññå àòîìà (ìîëåêóëû) ê êàññå íåéòðîíîâ; äëÿ
êîë-êóë ýòà âåëè÷èíà â èçâåñòíîé ìåðå óñëîâíà è îáû÷íî âûáèðàåòñÿ èñõîäÿ
èç àíàëèçà ýêñïåðèìåíòàëüíûõ ðåçóëüòàòîâ.

5*1* Êëàññèôèêàöèÿ äëÿ ÍÎÊ • Î*

ÇëîñîÑ çàäàíèÿ äàííûõ ïî ýíåðãî-óãëîçüæ ðàñïðåäåëåíèÿì òåïëîâûõ íåé*
òðýäîâ îïðåäåëÿåòñÿ ñòàðøèé ðàçðÿäîì ÍÒÏ â ñîîòâåòñòâèè ñî ñëåäóâäåé òàá-
ëÿöåé:

Ñ/þñîÑ ...çàäàíèÿ ýèåðãð^óãäîâûõ ðàåäãðåäåëåíèé

Â ââäå
Â âèäå

Äâà êëàäÿèõ ðàçðÿ7;8
äàííîì çíà÷åíèè ï «

âåðîÿòíîñòåí ðàññåàâêà
ôóíêöèè ðàññåÿíèÿ

ïðç

5,2, Ôîðãã,? êàò? ëëí 1Þ:ñ = 04

I. I. ÍÒÐ.
2» ×èñëî ðîññëñîòðëâîåèêõ
3» Ðåçåðâ.
4. ×àñÿî ÈÌÒ , î»ðîëåëÿ!ã::;î& çîíîé ê);5-ñã::î."íùò

5Ñ«^,É,Ò) ïî òåìïåðàòóðå Ò.
â >Á , 6?,Ò)

Ï. I» Òåêïåðçòóðà, êîòîðîé ñîîòâåòñòâóþò äýâêíå.
2» ×èñëî ÍÒÍ ïðè ý?îß òîèïåðàòóðå.
3. ×àñëî êçðò äëÿ ç'ãîé òñêïåãàò/ðè, âàëâ÷îÿ êàñòîÿ^-þ êàðãó

Ðåçåðâ

Ôîðìàõ ñëåäóþùèõ êîðò ÇÝÇÓÑÉÕ îò ßÒÏ.
I) ÍÒÏ * 100

Ø. I. ÍÒÏ « 100 .
2. ×èñëî çíà÷åíèé ¨« .
5, ×èñëî êàðò äëÿ ýòîãî ÍÒÏ.
4; ×èñëî VI ÊÒ * îïðïäåëÿåò'öåå çàêîíû èíòåðïîëÿöèè

Â» » ïî Å ' «*- íî Î.
5,6, Ðåçåðâ.

ïî
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I. Å. .
2* ×èñëî çíà÷åíèé Å ïðè ýòîì Å
3. ×èñõî êàðò äëÿ ýòîãî Á, .
4-6. Ðåçåðâ.

*•

I. Å.
2» ×èñëî çíà÷åíèé á ïðî ýòîé Å
3. â.

2) èòà = ãîî
Ó. I. ÍÒÎ * 2ÑÎ. 3. ×èñëî êàðò äëÿ ýòîãî ÍÒÎ

2. ×èñëî çíãëîêàé È 4.. X.
I * 5. «V,..

6. <Á,

I*. I. Ã ò.
2 ^\ 9• È
3. Ðåçåðâ.
4. ×èñëî ÈÍÒ » îïðåäåëÿþùåå çàêîíû èíòåðïîëÿöèè

5,6. Ðåçåðâ
Ó. I. /*•

2. ×èñëî çíà÷åíèé îá ïðè ýòîì á
3. ̂  }

4.

6» Ñÿå̂ éà%!̂ öÁàäè÷èèí̂  äëÿ íåéòðîíîâ,—Ó* « > Ï
è ò>ä. 1ÍÎÊ » 05)

Ê òàêèì âåëè÷èíàì îòíîñÿòñÿ:
- ÷èñëî âòîðè÷íûõ íåéòðîíîâ íà ñòîëêíîâåíèå (óïðóãîå ÿ íå.óêðóãîâ)

È - ÷èñëî âòîðè÷íûõ íåéòðîíîâ íà íåóïðóãîå ñòîëêíîâåíèå
1= (^' +*.*** 4-Çî-3ë * ?ˆ> +.,.

îÑ- îòíîøåíèå ñå÷åíèÿ çàõâàòà ê ñå÷åíèå äåëåíèÿ

- ñðåäíåå ÷èñëî âòîðè÷íûõ íåéòðîíîâ íà äåëåíèå.
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3 äàëüíåéøåì ìîæåò âîçíèêíóòü íåîáõîäèìîñòü â îïðåäåëåíèè àíàëîãè÷-
íûõ âåëè÷èí äëÿ íåêîòîðûõ äðóãèõ äàííûõ.

Òðè ïåðâûõ âåëè÷èíû ÿâëÿþòñÿ ïðîèçâîäíûé» âåëè÷èíàìè è ïîýòîìó ìîãóò
áûòü âû÷èñëåíû ïî ñîîòâåòñòâóþùèé ôîðìóëà»; çàäàíèå èõ â áèáëèîòåêå â ýòîì
ñëó÷àå íå îáÿçàòåëüíî» Íàïðîòèâ» Ò èçìåðÿåòñÿ íåïîñðåäñòâåííî â ýêñïå-
ðèìåíòå è äîëæíî áûòü çàäàíî äëÿ âñåõ äåëÿùèõñÿ ÿýîòîàî» ÿäåð*

Ñïîñîáû ïðåäñòàâëåíèÿ ñïåöèàëüíûõ íåéòðîííûõ âåëè÷àâ àíàëîãè÷íû ñïî-
ñîáàì ïðåäñòàâëåíèÿ ñå÷åíèé. Ïîýòîìó ñîõðàíÿþò ñèëó âñå óäåýàâÿÿ, ñäåëàí-
íûå ïðè îáñóæäåíèè Çþðìçòà äëÿ ×ÎÊ ~ ÎÕ* Îáðàòèì âíèìàåò ÿèë íà ñëåäóþ-
ùåå îáñòîÿòåëüñòâî. Âåëè÷èíû ^ ìîãóò çàäàâàòüñÿ â *î÷êàê,ââ ñîâïàÿàâäõõ
5 òî÷êàìè çàäàíèÿ äðóãèõ ñç÷åíèé, â ÷àñòíîñòè,ñå÷åââé äåäåøè* Ïîýòîìó
ñëåäóåò òðåáîâàòü» ÷òî^û ñîâïàëà ñåäûå êðàéíèå (ââêìåÿìþÿ â ìàÿáîëüøâÿ)
ýíåðãåòè÷åñêèå òî÷êè, â êîòîðûõ çàäàí» Ò â &+ . Â ìîè ñëó÷àå ìîæâî
áóäåò íàõîäÿò* çíà÷åíèÿ ^ è. «^ , íåîáõîäèìûå äëÿ âû÷èñëåíèÿ âåëè÷èÿ
Ò 5*4 * ïÓòåì èíòåðïîëèðîâàíèÿ.

6Ë» Êÿàîåèóèêàöèÿ ÊÒÎ äëÿ ÍÎÊ = 05

Êëàññèôèêàöèÿ ÍÒÎ äëÿ ñã.åø-.àëúëûõ íå? òðîí íèõ âåë/.÷èí àíàëîãè÷íà ñîîò-
âåòñ.âóþêåé êëàññèôèêàöèé äëë íåéòðîííûõ ñå÷å ê;; Ë (ÈÑÊ = 01).

6,2» »ÎÐÓÇÒ êîðò äëÿ ÍÎÊ « 05

Ôîðìàò êàðò äëÿ ïðåäñòàâëåíèÿ ñëåïÿîëüíûõ íåËòðîïâûõ äåëè÷èà ñîâ-
ïàäàåò ñ ôîðìàòîì ïðçäñòàçëåíèÿ íåéòðîííûõ ñå÷åí'/ë! (ÍÎÊ = 01), çà àñõëêü-
÷åâèåè òîãî, ÷òî ã ïîçèöèè 5 êàðòû I äëÿ ÍÎÊ à 05 íè÷åãî íå ïðîéøÿåòñÿ.

Ë È Ò Å Ð À Ò Ó Ð À

!• Êîãèîï Â.Â. ÒÜå ÎÊÀÁÀ Èèñ1âàò Âàñ à èÚã÷ãó. ÀÊÅÍ~Ê 824,
196Â.

2» ßÜã)ñåã Ê. ÒÜå À1äåãòàâ«îï Êèå1åàã Ôà«à ÛÚãàã! àâ à« Ìàã 196$.
ÀÆÅÅ 0-70/63, ÇâðÑâøÚâã 1965-

Í.Ñ. ÅÇØÐ/Â~8ðåå1̂ 1ñà1;1îà8 1îã àï Åóà1èà«*é Èèî1»àã

ÂåàñÚîã Àðð11îà<:1îï8.ÂÍÚ 50066,ÅØ)Ü, 102, Ìàó Õ966(ßå?1à«ä $\éó 196?

àïÄ

*« Øî11 1>» Ñàãè 1þàåå Ðîòâàú î! ÜÚå Êàã1àãèÜå Åóà1èà6â<5 Êèñ1«àã

ÐÈå ÊÅÁÀÊ.ÊÐÊ 880ãÁÀß1Þ-Å-112 "èè,Å1Ø 4160å,Ðåå0øÜåã 1968. ~̂
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5. Ì.Í.Íâêîëàåâ. Îáåñïå÷åííîñòü àåÿòðîíêíõ ðàñ÷åòîâ Îäîöìõ ðåàêëîðî
ãðóïïîâûìè êîíñòàíòàì, äÿãÿî-ñîâåòñêèé ñåìèíàð "Ääåðÿíå äààïíå äàâ óìíè
òîðîâ", Äóáâà, õøü 1368.

6. Â.Ê.Êîäåñîâ» È.Í.Íõõîÿàåâ. Ôîðìàò «Ñêâïþòñþ ðåêîìåíäîâàÿâíõ ÿÿ»ð
íèõ äàâíèõ äëÿ ðàñ÷åòà ðåàêòîðîâ. Ñîâåòîêî-áåëüãèÉñâî-ãîëààíäñþØ îåøøàð
Íåêîòîðûå âîïðîñû ôèçèêè áûñòðûõ ðåàêòîðîâ*, Ìåëâêåññ, ôåâðàÿü 1970.

?. äãàøåâ ».?• Íâîîäàîâïéâà ÓîÿòÎàâ âàë& ÓîïèêÜå *îã » Âå0îà«ïî«
ÒÄÚòåãó ÄÆÏÐÕ 6& * 1968.

8. 1,Í.Àî*àãÿâ, è.Å.ßèêîõàåâ, Ë.Â.Ïåòðîâà. Áþëëåòåíü Èÿôîðìàùþàíîãî
öåâòðà ïî ÿäåðíûì äàííûì, âûï. II, ñòð. 392. Ê. ,Àòîõÿçäàò, 1967.
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ÏËÀÍÈÐÎÂÀÍÈÅ ÎÏÒÈÌÀËÜÍÎÉ ÑÎÂÎÊÓÏÍÎÑÒÈ ÌÈÊÐÎÑØÈ×ÅÑÆ
ÝÊÑÏÅÐÈÌÅÍÒÎÂ È ÎÖÅÍÎÊ ÎÁÅÑÏÅ×ÈÂÀÞÙÅÉ ÇÀÄÀÍÍÓÞ ÒÎ×ÍÎÑÒÜ

ÐÀÑ×ÅÒÀ ÐÅÀÊÒÎÐÍÛÕ ÏÀÐÀÌÅÒÐÎÂ

Óñà÷åâ Ë.Í*, Áîáêîâ Þ*Ã.

À Í Í Î Ò À Ö È ß

Èçó÷àåòñÿ âîïðîñ î ïîòðåáíîñòÿõ â òî÷íîñòè ìèêðîñêîïè÷åñêèõ
ÿäåðíûõ äàííûõ, îáåñïå÷èâàþùèõ çàäàííóþ òî÷íîñòü ðàñ÷åòà ðåàêòîðíûõ
ïàðàìåòðîâ. Â ýòîé ñâÿçè ðàçâèò îáùèé ìåòîä ó÷åòà êîððåëÿöèé ïîãðåø-
íîñòåé ìèêðîñêîïè÷åñêèõ âåëè÷èí, îòíîñÿùèõñÿ ê ðàçëè÷íûì ïðîöåññàì,
ðàçëè÷íûì ýíåðãåòè÷åñêèì ãðóïïàì è ðàçëè÷íûì èçîòîïàì* Ïîãðåøíîñòü
ðàññìàòðèâàåòñÿ ñîñòîÿùåé èç êîìïîíåíò, îòëè÷àþùèõñÿ îäíà îò äðóãîé
êîððåëÿöèîííûìè ñâîéñòâàìè» Áëàãîäàðÿ òàêîìó ðàçáèåíèþ è ïîëó÷àþòñÿ
ïðîñòûå ôîðìóëû äëÿ ñâÿçè ýòèõ êîìïîíåíò ïîãðåøíîñòåé ñ òðåáóåìîé
òî÷íîñòüþ ðåàêòîðíîãî ïàðàìåòðà*

Äàëåå èñïîëüçîâàíû ìåòîäû "ïëàíèðîâàíèÿ ýêñïåðèìåíòîâ11 äëÿ ìà-
òåìàòè÷åñêîé ôîðìóëèðîâêè çàäà÷è î íàèìåíåå äîðîãîé ñîâîêóïíîñòè
ýêñïåðèìåíòîâ îáåñïå÷èâàþùèõ çàäàííóþ òî÷íîñòü ðàñ÷åòà ðåàêòîðíîãî
ïàðàìåòðà* Ðåøåíèå çàäà÷è ïîëó÷åíî â âèäå ïðîñòûõ ôîðìóë.

Âû÷èñëåíû òðåáîâàíèÿ íà âñå êîìïîíåíòû ïîãðåøíîñòè* Ïîêàçàíà
âîçìîæíîñòü ñìÿã÷èòü òðåáîâàíèÿ ïðè èçìåðåíèè ïîòîêà íåéòðîíîâ îä-
íèì è òåì æå ìåòîäîì â ýêñïåðèìåíòàõ ïî á/, è Îñ *

Ïîêàçûâàåòñÿ îñîáàÿ âàæíîñòü ïîãðåøíîñòè â íîðìèðîâêå êðèâîé
è ïîä÷åðêèâàåòñÿ îñîáàÿ ðîëü îöåíêè â îïðåäåëåíèè ýòîé ïîãðåøíîñòè»

I.

à) Âàðèàöèÿ ðåàêòîðíîãî ïàðàìåòðà êàê ôðàêöèè
âàðèàöèé ìèêðîñêîïè÷åñêèõ (ãðóøþâûõ) âàäîòà

Ðàñ÷åòåîå çÿç÷åàèå êàæäîãî ðåàêòîðíîãî äàðãçäõðà "ñ", íàïðèìåð 8ô-
ôâêãíâíîãî êîýôôèöèåíòå ðãçêâîõâíèÿ, êîýôôèöèåíòà âîñïðîèçâîäñòâà ÅÂ ÿ
àåâÿñè îõ áîëüøîãî ÷èñëà ðàçëè÷íûõ êíêðîñêîàê÷åñêèõ âåëè÷èÿ õåøà
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àôôåêòèâíûå ñå÷åàâÿ âçàèìîäåéñòâèÿ ïðè ðåçâûõ ýíåðãèÿõ ââéòðîâîÿ, «êø
âæîðà÷âíõ âåâòðîâïâ äåëåíèÿ è ò.ä. Îáèòîå ðåå÷«òà ääîïþà à ðàòÿõ
ïîâîé êîäýäè, Îçäàãõæòîëüçêå âàðèàöèè ãðóïïîâûõ âåëè÷èÿ (ã . , )**] , ñý-
îþççþÿçóþâäà* ÿåëÿ÷ççå òèïå " ñ* * ÿçîòîäà ï I * ÿ ãðóø» I
«Øðåäåëÿ»* îçæîñâòîëüàó» âàðèàöèÿ ðåàêòîðíîãî ïàðàìåòðà
ÕÂ38ÂÂ08

Âîà^ôèäèåàõä ýòîãî ñîîõñîøààâÿ Î «* * ë çàçûâàåìûå êîýôôàöÿåâòâ»
ãÅ, ýû÷ÿñëÿþãñÿ î ïîèîùüý îáîáùâàçîé õâîðàé àîçêóöåøé

0) Ïîñãàÿîàâä à ðîèåâëà çàäà÷* îá îîðåäàëââþ! ÿâîáþäèêàõ
êîíñòçí.1 â äðåäàåñòâóùèõ ðàáîòàõ

Äâà îïðåäâ-åàâÿ ïîãðåøíîñòè â ðåàêòîðíîì ïàðàìåòðå-"Ñ" çàäî åäå ëåÿ»
î òîê, êàê ñêëàäûâàþòñÿ âêëàäû îò ìíîãèõ ïîãðåîâîñòåË

âõîäÿùåå ç ôîðìóëó (I). Åñëè ïðàâèòü, ÷òî àòâ âêëàäà ÿâëÿþòñÿ ñëó÷àéàûàä
ýåëè÷ââàèã, àçñêîððåëèðîâàâÿàèà ìåæäó ñîáîé, òî, ã ñîîòâåòñòâèÿ î ïðçâèëâ-
êâ ìàòåìàòè÷åñêîé ñòàòåñòéêâ, äèñïåðñèÿ èëè àâà÷å êâàäðàò ñòçíäàðòàîãî îí-
õîâåâêÿ ðåàêòîðíîãî- ïàðàìåòðà "Ñ* -2>ã (3>* çý ($'%)*) âíðàêàâòñÿ_ ÷åðåç
äàñïåðñèà ãðóïïîâûõ ìèêðîñêîïè÷åñêèõ âåëè÷àâ «{*..

ñÿçäóîãçãà îáðàçîì: 3) —
Òàêîå ïðåäïîëîõåâïå áûëî èñïîëüçîâàíî â ðàáîòå Ìóðõýäà [ 21 , êîòîðûé

ãû÷âñëÿë êñç^ãäâåâòè ÷óâñòâèòåëüíîñòè ïðÿèíê ðàñ÷åòîì ç ïÿòè-ãðóïäîâîâ
ïîäåëè, Ãðàáëàð,. Õàòïèàñ ã Äàèôýðä [ 3 3 ïîñòàâèëà âîïðîñ î ãçæÿîñòâ à
ðàññêçòðàâàåèîç çàäà÷å ó÷å^à êîððåëÿöèÿ â ïñãðåïøîñòÿõ. Îíà âûñêàçàëà ìâå-
âíå, ÷òî ðîàëüâî ïî÷òè âàãäîé ÿäåðíîé êîíñòàíòå èîãíî ñîïîñòàâèòü 2-3
êîððåëÿöèîííûõ èâòãðçàãà èà âñåé ýíåðãåòè÷åñêîé îñã. Çäåñü èîãâî îòìåòàòü,
÷òî ã ðàîîòå [ 2 ] ôàêòè÷åñêè âñãîëüàîâààî 5 êîððå^-:öàîíàûõ âàòåðâàëîâ^ò^õ*
âñïîëüçîçàâ 5~ãÿ ãðóïïîâîé ðàñ÷åò*

Çàðàäàêé â Òðîêàîç Ñ^Ç ïðîâåäÿ î÷åâü ïîäðîáíîå èññëåäîâàâèå ðàññìàòðà-
âààèîãî âîïðîñà, ðçñ÷àòàëÿ âãêðîëèà êëàññ áûñòðûõ ðåàêòîðîâ ñ ãñïîëüçñâçââåõ
îáîáùâýàîé òåîðèè âîçèóÿçíèé â 13-òÿ ãðóïïîâîé ìîäåëè è ïðîâåëè ñðççíèòåëü-
ÿûà ÿññëýäîâààÿÿ âåîáõîäàìîé òî÷íîñòè êîíñòççò äëÿ âñåõ ýòèõ ðåàêòîðîâ. Àç-
òîðà âûïàñàëè ãàçãç ôîðöóëê äëÿ íåîáõîäõäîõ ãî÷íññãåé êîíñòàíò, ëðèçîäÿ'äèõ
ê âçäçÿçîé òî÷àîñòÿ ðåççãîðÅîãî ïçðçóçòðç êàê äëÿ âåêîððåëèðîâàÿâûõ êîà-
ñòàåò, òàê ê äëÿ êîâãçàí? ñêîððåëèðîçãèíèõ à ïðåäåëàõ íåêîòîðûõ èíòåðâàëîâ*
Ïðà ýòî» äëÿ ðàñïðåäåëåíà òðåáîâàíëà âå ïîãðåøíîñòè ðççëã÷êèõ âåëà÷ÿâ ë
îðàâîé ÷àñòè ôîðìóëû (2) ïîõðñáîçîç îäèíàêîâûé âêãàä îò ðàççûõ èñòî÷íèêîâ
âîãðåÿâîîòåé, ò.å. ââëîæåàî òðåáîâààâå:

ñ î »»**
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Â ïîñëåäíåé ðàáîòå Çàðèöêîãî, Íèêîëàåâà» Òðîÿâîâà [53 îáîñíîâàëî òðå-
áîâàíèå âà 1% òî÷íîñòü â Êýôõ â 2% òî÷íîñòü â ÊÂ. ÂûðàÑëâèí òåõ» òðåáñ-
âàâÿà 88 òî÷íîñòü èçìåðåíèé áîëüøîãî êðóãà ìàêðîñêîïè÷åñêèõ âåëÿ÷âà â»
îñâîâå ïðåäïîëîæåíèÿ î ñòàòèñòè÷åñêîé íåçàâèñèìîñòè ïîãðåâàîñõâ â õàÿëî!
•à 18 ãðóïè Ïðè ýòîì ïðîèçâåäåíî íåêîòîðîå îòñòóïëåíèå îò üðââöâïà ðàââî-
ãî âêëàäà ðàçëè÷íûõ êîíñòàíò (Ç÷ èñõîäÿ èç èíòóèòèâíûõ ñîîáðàæåíèé î îðàâ-
ââòåëüàîÂ äîñòèæèìîñòè òî÷íîåòîé ðàçëè÷íûõ êîíñòàíò, ÷òî äåëàëîñü ìåòîäîâ
ïîäáîð» â ïîñëåäîâàòåëüíûõ ïðèáëèæåíèé,

Â ýòîé ðàáîòå îñîáûé èíòåðåñ ïðåäñòàâëÿåò ìûñëü î âûðàáîòêå òðåáîàà-
âåé àà òî÷íîñòè îòíîøåíèé âåëè÷èí ê ñòàâäàðòàè òàêèì êàê V Ñ|-252 â
åå÷åíâå äåëåíèÿ óðàâà-ã35, à òàêæå íà òî÷íîñòü ñàìèõ ñòàíäàðòîâ* Òàêèå
òðåáîâàíèÿ âûðàáîòàíû, âî âà îñâîâå òîãî õå ïðåäïîëîæåíèÿ î âåõîððåäâðîâàâ-
àîñòâ îøèáîê â 18 ãðóïïàõ.

â) Êðèòèêà ïðåäøåñòâóþùèõ ðàáîò è íåîáõîäèìîå»
êîððåêòíîãî ïîäõîäå ê àíàëèç; ñòðóêòóðû

ïîãðåøíîñòåé

Ñîïîñòàâëåíèå ðåçóëüòàòîâ îïèñàííûõ âûøå ðàáîò Ñ2-5.3 ïîêàçûâàåò» ÷ÿî
ïðè îïðåäåëåíèè íåîáõîäèìîé òî÷íîñòè ñóùåñòâåííîå âëèÿíèå íå åå âàëà÷ââó
îêàçûâàåò ïðåäïîëîæåíèå î êîððåëèðîâàííîåòü èäè íåêîððåëèðîâàííîñòè îûâáîõ.
Â ðàáîòà Ã 31 ýòî âëèÿíèå îöåíèâàåòñÿ ôàêòîðîì 3*-5. Áîëåå òîãî â çàâèñèìîñ-
òè îò ó÷åòà êîððåëÿöèÿ Ã 2,3,43 èëè íåó÷åòà èõ [53 òðåáîâàâââ âà òî÷âîîòü
ìèêðîêîíñòàâò èåâÿîòñÿ îò íåâûïîëíèìûõ * îáîçðèìîå ïðåâ» äî ïî÷ò óõà âûàîà-
âàââíõ.

Îîñêîëüêó ðåâåâèå ýòîãî âîïðîñà ñóîàñòâåàâî âëèÿåò àà îïðåäåëèì» åå»
ó÷íîé ïîëèòèêè, ïðåäñòàâëÿåòñÿ íåîáõîäèìûì ðàçâèòü áîëåå êîððåêòíûé ïîäâîä
õ àíàëèçó êîððåëÿöèé ïîãðåøíîñòè •» è â öåëîì ê ðåøåíèþ çàäà÷è î ïëàâèðîâåâàâ
ñîâîêóïíîñòè ìèêðîñêîïè÷åñêèõ ýêñïåðèìåíòîâ.

Îñíîâíûì íåäîñòàòêîì âñåõ óêàçàííûõ ðàáîò, óñòðàíåíèþ êîòîðîãî ïèñâà-
âåâà äàííàÿ ðàáîòà, ñ âàøåé òî÷êè çðåíèÿ ÿâ.äàåòñÿ òî, ÷òî ïîãðåâàîîòü õàõäîÈ
âåëè÷èíû ðàññìàòðèâàëàñü êàê öåëîå íå èìåþùåé ñòðóêòóðû â ñ÷èòàëàñü ââáî
îâëâêîì ñêîððåëèðîâàÿíîé ñ ëîãðåàâîñòÿèà ñîñåäíèõ âåëè÷àâ ëèáî öàëâêîÿ âå-
ñêîððåëèðîâýííîé. Íî ïðè áîëåå ââÿêýòåëúíîì ðÿññìîòðåüäå ñòàíîâèòñÿ ÿñâûê,
÷òî íàäî ó÷èòûâàòü ñòðóêòóðó ïîãðåîåîñòâ, îòäåëüíûå êîèïîâåâòí õîõîðîÌ
ëè÷àâòñÿ îäíà îò äðóãîé êîððåëÿäèîââøø ñâîéñòâàì.

2. ÊÎÃÎÎÍÅÍÒÛ ÎÒÍÎÑÈØØÏ ÏÎÃÐ21ÍÎÇÒÉ ÃÐÓÏÏÎÂÎÉ
Í1ÊÐÎÑÊÎÏ2×2ÑÊÏ8 ÂÅËÈ×ÈÍÛ È ÈÕ ÑÁËÇÜ Ñ ÏÎÃÐ/]ÏÊÎÑÒÜÎ

ÐÅÀÊÒÎÐÍÎÞ ÏÀÐÀÉÅ1ÐÀ

à) Ñáîãâç÷åÿéÿ â ïîíÿòèÿ
Îòíîñèòåëüíàÿ ïîãðåøÿîñòü ãðóïïîâîé êçõðîñêîïè÷åñêîß âåëè÷èíû

8 ñîîòíîàåÿèå (I) îéýçïà÷çèç âüãøç [& àó \ - •\ * â" 1 Ë 1 ä
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Èíäåêñû:
I' - êîäåð àçîòîçç
^ • âîçäð ãðóïïû
<& - çñâðýêãèðèçóåò âîëè÷àíó ë ïðèíèìàåò ýèà÷åâéí, îïðåäåëÿåìûå

òâáäêâÿé:

Âåëè÷èíà Èíäåêñ âìåñòî

Ñðåäíåå ÷èñëî âòîðè÷íûõ íåéòðîíîâ äåëåíèÿ V
Ñå÷åâàå äçëåâ:ç {
Ñå÷åíèå ðàäèàöèîííîãî çàõâàòà Ñ
Äîëÿ ñïåêòðà äåëåíèÿ â ãðóïïó "ê* *•
Ñå÷åíèå ïåðåõîäà â ãðóøãó "Ê*
Òðàâñëîðòâîå ñå÷åíèå

Ïîãðåøíîñòü. îïðåäåëÿåìàÿ èç ìàêðîñêîïè÷åñêîãî ýêñïåðèìåíòà âåëè÷èíû
õàðàêòåðèçóåòñÿ ñ^ýñëçèòâêè îòêëîêåíèçè " î< ; ] ", âåðîÿòíîñòíûé ñøñë
êî*îðîã*> îïðåäåëèâ ãåÿ óîðõóÿîÛ ^

/
— V (4)

ðäà \ <> /<ã)^1] ðçññèàãðèçýåþé õýê ñäó÷àéâàÿ âåëà÷èâà, à ÷åðòà
óñðåäíåíèå êî áîëüøîìó ÷èñëó âüèåðîàèé. Îäíàêî îïðåäåëåííîå â ñîîòâåòñòâèå
î(*)> ò.å. ïî ðààáðîñó àêñÅéðê^îêò^üêûõ çâå÷åíèé â êîíêðåòíîì îïûòå, ñòàí-
äàðòíîå îòêëîíãàèå ßÓÄ×8ÒÑß ëè-ü ñòçòããòà÷àñêîà êîèïîíåâòîé ïîãðåþèîñòâ.
Äåëî â òî», ÷òî » îïûçãå îáû÷íî ïðîâã»îäêòñÿ ïðèâÿçêà ê íåêîòîðîìó ñòàíäàðòó.
Ïîýòîìó äåéñòâèòåëüíàÿ ïîãðåøíîñòü äîëæíà âêëþ÷àòü â ñåáÿ âàðâäó ñî ñòâòþ-
òè÷åñêîé ñíå òåìàòè÷åñêóþ ïîãðåøíîñòü ìåõîë ëðíâÿýêø ÿÿø ÿ âàÿþ! äåðíè äåëåí
ãèè - ïîãðåøíîñòü íîðìèðîâêè, à òàêæå ïîãðåøíîñòü ñàìîãî ñòàâäàðòà* Ñøñë
ââåäåííîãî â Ôîðìóëó (5) âåêòîðà Ñ] ^Äâò ïîÿñíåí íøæâ. Òàêèì îáðåçîê:

Îáû÷íî ëðè âû÷èñëåíèè ..îëïîâ îøèáêè îïûòà âñå -;ðâ /êðçàââûâ êîþîÿââ-
òû ïîãðåøíîñòè ñ÷èòàþòñÿ íåêîððåëèðîâàííûìè ìåæäó ñîáîé ÿ ñêëàäûâàþòñÿ
êâàäðàòû ñòå"äàðò"ûõ îòêëîíåíèÿ, ñâÿçàííûå ñ (&â/ã; ôîðìóëîé (÷)

Ïðè ýòîì ñòàòèñòè÷åñêèé ñîäñë "ö.} â & ÿñåâ. î^ö îï-
ðåäåëÿåòñÿ â ñàìîê ðàññìàòðèâàåìîì îïûòå, 9 ñ!0 "̂* áåðåòñÿ âà ïàñïîðò-
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íûõ äàííûõ ñòàíäàðòà èëè ñòàíäåðòèîé ìåòîäèêè. ×òî æå êàñàåòñÿ ñìûñëå
<^!ÃÃ* * *° îâ ïîÿâëÿåòñÿ .«èøü ïðè ðàññìîòðåíèè íåêîòîðîé ìûñëèìî* ñîâîêóï-
íîñòè ýêñïåðèøíòîâ, ïðîâîäèìûõ ðýç»"ÿè ìåòîäàìè, ïî êîòîðûé â ñîîòâåòñòâèè
ñ îïðåäåëåíèå» (4) ìîæíî ïðîâååòå óñðåäíåíèå. Îòñþäà ÿñíî, ÷òî îöåíèòü
èç îïûòà ïîãðåøíîñòè ïðèâÿçêè èëè íîðìèðîâêè êðèâîé èîÿíî òîëüêî íå îñíîâå
àíàëèçà íåñêîëüêèõ íåçàâèñèìûõ ïî ìåòîäà è ýêñïåðèìåíòîâ, ò.å. â ïðîöåññå
îïåíêà ÿäåðâãõ äàâíèõ.

á) Êîððåëÿöèîííûå ñâîéñòâä,êîàøîíîíò ïîãðåøíîñòè

Ðàññìîòðèì êàæäûé âç òðåõ ÷ëåíîâ ïðàâîé ÷åñòè ñîîòíîøåíèÿ (5). Ïåðâûé
÷ëåí èìååò ÷èñòî ñòàòèñòè÷åñêóþ ïðèðîäó ÿ âåêîððåëèðîâàâ ëè ñ äðóãèìè ýíåð-
ãåòè÷åñêèìè ãðóïïàìè, ÿê ñ äðóãèìè òèïàìè ïðîöåññîâ, âè ñ äðóãèõ» âýîòîïåêê.
ÅÑËÈ â ï; çäåäåõ îäíîé ãðóïïà èèñå^ñÿ ï ýêñïåðèìåíòàëüíûõ òî÷åê ñî ñòà-
òèñòè÷åñêîé ÎØÈÎÊ02 Ê82ÄÎÉ ÈÇ «ÈÕ Ñ^ . ÒÎ

Ñîîòíîøåíèå (?) íàäî èèåãú ã ãèäó ïðè ðàññóæäåâêÿõ î âåëè÷èíå äîïóñòè-
ìîé ñòàòèñòè÷åñêîé îøèáêà.

Òðåòèé ÷ëåí ïîñãîëàåâ /ãëÿ âñåõ òåõ ãðóïï, âåùåñòâ è òèïîâ âåëè÷èÿ, ïðè
èçìåðåíèè êñòñðèõ ïðâ«îààåòñÿ ðçñãìçòðèâàåìûé ñòàíäàðò* Òàêàé îÎðààîì, àñå
êîìïîâîíãç âîãðîààññòè ïîøþñòüî ñêîððåäêðîâîêà â îáëàñòè ïðèèåíåíèÿ ñòàà-
äâðòå. Óêàãâ« âç äâà ãô^èñð^. Åñëè îðè èçìåðåíèÿõ ñðåäíåãî ÷èñëà âà-îðè÷èêõ
âåêõðîÿîç íññîëüçóåòñÿ êà^ðîàêà ïî ê^ëÿôîðí»», òî (^%- )* *í"" ÿâëÿåòñÿ
ïîãðåïâîñòúâ â çíà÷åíèè V êàëèôîðíèÿ 252. Ðåëè ðàññìîòðåòü ñîâîêóïíîñòü
èçìåðåíèé ðàçëè÷íûõ ñó÷åíèé, ã êîòîðûõ ïîòîê <;çéòðîíîâ êçèåðÿåòñÿ ñäíèè è
òåíãå ñâîñîáîè, òî ïîä{^9î-)"ëíà" ñ'ëåäóåò ïîàèèýòü ñèñòåìàòè÷åñêóþ îîèá-
êó äààâîãñ ìåòîäà ^çèñðñâé.^ ïîòîêà*

Âòîðîé ÷ëåí ïðîäñòÿâëÿïõ êîèïîâåâòó ïîãðåøíîñòè* ñêîððåëèðîâàâíóþ â
ðàýëè÷âûõ ýêåðãçòà÷ññêçõ ãðóïïàõ, ò.å.*îë1áõó ç íîðóêðîâêå êðÿâîé. Ïðè
èçêâðâí÷ÿõ ñå÷åâêé ýòà êîèïîëåèòà ïîãðåøíîñòè èîàåò ïðîèñòåêàòü, èýïðïêåð,
îò îøèáêè â îëðâäåëîàè" êîëè÷åñòâà èññëåäóåìîãî âåùåñòâà â ñëîå, îò ñâñòå-
íàòè÷åñêîé îøèáêè ïðè äîòàêòèðîâàíèè ñîáûòèé, ñîîòãåòñ;âó»ö»ã èýöåðÿåèîé
âåëè÷èíå, îò îñèáõè â âçìåðåïëè àáñîëþòíîãî ïîòîêà íåéòðîíîâ, èëè â ýòàëîí-
íîì ñý÷àêéè, ïî êîòîðîìó îïðåäåëÿëñÿ ïîòîê íåéòðîíîâ, åñëè ýòà îïèá: à íå
ó÷èòûâàåòñÿ â òðîòüåö_÷ëåíå.

Ïðè èýèåðåâèÿõ >) íî êçëèôîðíêàâîèó ñòàíäàðòó ðýññèýòðêâîâààÿ
êîíøâåãòà ïîãðåñãåîñòè ^îíåò ïðîëñãåêàòü, â ÷àñòíîñòè, .îò ðàçëè÷èÿ â ãåñò-
êîñòÿõ ñïåêòðîâ äåëåíèÿ Ñ^-252 è âåñëå äóã àîãî èçîòîïà, êîòîðîå êîçå^
ïðèâåñòè ê ðàçëè÷èâ â ýôôåêòèâíîñòè* ðåãèñòðàöèè íåéòðîíîâ.

Ïðè âåëè÷èè âåñÁîëüêèõ âåçàâèñêøëñ ïã^ðåïíîñòåé ñ îäèíàêîâûìè êîððåï-
öèîííàìè ñâîéñòâàìè èõ êîãíî îáúåäèíèòü ïî îáû÷íîìó ïðàâèëó êâàäðàòè÷íîãî
ñëîæåíèÿ.

Èíîãäà âîçìîæíî ââåñòè ðàñ÷åòâóî ïîïðàâêó íà ñèñòåøýòè÷åñêó» ïîãóåò-
çîñòü. Òîãäà ïîãðåøâîñçü»Å âîðìèðîâõå îñòàíåòñÿ ïîãðîãøîñòü ýòîé ïîïðàâêè.
Â ïîäîáíûõ ñëó÷àÿõ ø êîãåí ñäåëàòü ççêëýòåâàå î õîäå ýòîé ïîãðåøíîñòè ñ
àîûåðîì ãðóïïû*
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Äîÿ îïèñàíèÿ çõîãî õîäà ââåäåí âçêòîð , ðàâíûé åäèíèöå ç ãðóï-
ïå å ìàêñèìàëüíîé îøèáêîé, íóëþ èëè îòðèöàòåëüíîé âåëè÷èíå â òåõ ãðóïïàõ,
ãäå ðîññìýòðèâàçìàÿ ñèñòåìàòè÷åñêàÿ îïèáêç èç ôèçè÷åñêèõ ñîîáðàæåíèé äîëÿ-
âà îáðàòèòüñÿ â íóëü èëè èçìåíèñü çíàê.

Íåîáõîäèìî îòìåòèòü, ÷òî ñå÷ñâÿÿ â ïîòîêè íåéòðîíîâ â ðàçíûõ îáëàñòÿõ
àââðãêè èçìåðÿþòñÿ ðàçèøü êåòîäàêê. Ïîýòîìó â êà÷åñòâå îäíîãî èç âàðÿûòîâ
ñëåäóåò ïáðàòü ñîîòâåòñ7âåâíî ýòè., î^ëýñòÿÿ à êîððñ-ëÿöèîèçêå èíòåðâàëû, â
êàæäîì èç êîòîðûõ ñïðàâåäëèðî ñîîòíåñåíèå (5), à ìåæäó ñîáîé îíè íå ñêîð*»
ðàäèðîâàíû.

â) Êîððåëÿöçÿ äîãðåàíîñòåé îöåíåííûõ äàííûõ

Îäåâêà äàííûõ äåëàíà ïðîèçâîäèòüñÿ ñ ó÷åòîì êîððåëÿöèîííûõ ñâîéñòâ
ïîãðåøíîñòåé ýêñïåðèìåíòàëüíûõ äçâøõ. Â ÷åòíîñòè, íàïðèìåð, îããáõà â
âîðìèðîâêå êðèüîé ñå÷åíâÿ ïðâ âàëè÷èè íåñêîëü"èõ ýêñïåðñèåíòàëüâûõ ðàáîò
äîëæíà áûòü îïðåäåëåíà èç èõ ñîâîê;,*>. >ñòâ. Òàêèì îáðåçîê, â ïðîöåññå îöîøø
ýòà îøèáêà îïðåäåëÿåòñÿ, à íå èñ÷åçàåò, øê ýòî, ïî ñóùåñòâó, ïðàäïîãàãàåò*
ñÿ â ðàáîòå Ã5}.Ïîýòîìó ïðè âûðàáîòêå òðåáîâàíèé ê òî÷íîñòè îöåíåííûõ» ðå-
êîìåíäîâàííûõ äàííûõ ñëåäóåò ó÷èòûâàòü êîððåëÿöèîííûå ñâîéñòâà ïîãðåøíîñòåé,
îïèñàííûå âûøå,

ã) Ïîãðåâøîñò! â ãîàêòîðâîì ïàðàìåòðå, â çàâèñèìîñòè
îò êîìïîíåíò ïîãðåøíîñòåé ìèêðîâåëè÷èí

Èç ñêã÷àÿíî-'î âûøå íñíî, ÷òî åñëè ïî ôîðìóëå (î) èç êîìïîíåíò
íîñ'åé îáðàçîâàòü åäèíûå ïîãðåøíîñòè «^ * •. ] , òî îíè îêàüèëèñü áí ÷àñ-
òè÷íî ñêîððåëèðîâàííàøà. Ïîýòîìó ïåðåõîä îò ôîðìóëû (I) ê ôîðìóëå (2) íå
ÿâëÿåòñÿ êîððåêòíûì.

Â äàííîÐ ðàáîòå ïðåäëàãàåòñÿ åñòåñòâåííûé ïóòü ïðåîäîëåíèÿ ýòîé òðóä-
âîñòè. À èìå^.0, â ñîîòíîøåíèå îáîáùåííîé òåîðèè âîçìóùåíèé (I) ïðåäñòàâëÿ-
åòñÿ ïîêîìïîíåíòíîå ïðåäñòàâëåíèå ïîãðåøíîñòè (5) è ãðóïïèðóþòñÿ ÷äåèû ñ
îäèíàêîâûìè

Ïåðâûé è âòîðîé ÷ëåíû ïîëó÷åíû áåç êîíêðåòíûõ ïðåäïîëîæåíèé, òðåòèé
- _; ïðåäïîëîæåíèè èçâå ðåÿèé V âñåõ äåëÿùèõñÿ èçîòîïîâ âî âñåé îáëàñòè
ýíåðãèé ïî -:àëèôîðâ íåêîìó ñòàíäàðòó, ÷åòâåðòûé - â ïðåäïîëîæåíèè åäèíîãî ìå-
òîäà èçìåðåíèé ïîòîêà ïðè èçìåðåíèÿõ ñåÿíèé ðàäèàöèîííîãî çàõâàòà è äåëå-
íèÿ âñåõ èçîòîïîâ, ïî êîòîðûì ïîäðàçóìåâàåòñÿ ñóììèðîâàíèå ïî èíäåêñó I •
Â ïîäó÷åííîì ñîîòíîøåíèè óæå êîãäçÿ îòíîñèòåëüíàÿ ïîãðåøíîñòü íâêîððåëèðî-
âàíà ñ äðóãèìè. Åñëè ïðåäïîëçæèòü ñóùåñòâîâàíèå ò êîððåëÿöèîííûõ èíòåð-
âàëîâ, î êîòîðûõ ñêàçàíî â ïîñëåäíåì îáçàöå ðàçäåëÿëà á) , òî âòîðîé ÷
÷åòâåðòûé ÷ëåíû ïðàâîå ÷àñòè äîëæíû áûòü ðàçáèòû íà ñîîòâåòñòâóþùèå ÷àñòè
ñ íåçàâèñèìûìè îòíîñèòåëüíåé ïîãðåøíîñòÿìè
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ï„ â ãà« íîìåðà ïåðâîé è ïîñëåäíåé ãðóïï Ê -ãî êîððåëÿöèîââîãî øõåðââ-
äà* Ïðàâóþ ÷à^òü ïîäó÷åííîãî ñîîòíîøåíèÿ ïåðåïèøåì â âèäå îäèíàðíîé ñóì-
êè îò åäèíèöû äî V , ãäå Ü/ - ÷èñëî íåçàâèñèìûõ ïîãðåøíîñòåé '(*%•) •
Ëåâûé âåðõíèé èíäåêñ I ïðèâÿèç^ã çíà÷åíèÿ îò I äî Ê/ . Êîýôôèöèåíò ïå-
ðåä *(*%) îáîçíà÷èì 2.1 , Î÷åâèäíî, ÷òî

(3)

Ïîñêîëüêó âñå ( /«•/ ñëó÷àéíûå íåêîððåëèðîâàííîå âåëè÷èíû, ïîëó÷àåì äëÿ
äèñïåðñèè ðåàêòîðíîãî ïàðàìåòðà âíðÿÿå.÷èå ÷åðåç äèñïåðñèè ñîîòâåòñòâóþùèõ
âåëè÷èí: ,

*" Åå ñ!å (Þ)

ãäå ß * Ã /Ñ / -*ˆ= I /<ã/ (ñì. ðàçäåë 2à)

Â ñîîòíîøåíèé (10) ó÷åò êîððåëèðîâàâ .þñòè ê-øòîâåâò ïîãðåïøîñòåé âû-
ðàæàåòñÿ â òîì, ÷òî êîýôôèöèåíòû ïåðåä îòäåëüíûé» ñðåäíèêè êâàäðàòè÷íûìè
îøèáêàìè îêàçûâàþòñÿ õâàäðýòàèè ñóèì êîý^^êèèåíòîâ ÷óâñòâèòåëüíîñòè.

3. ÍÈÍ2ÊÈÇÀØ ÇÀÒÐÀÒ ÍÀ ÑÎÂÎÞÒÍÕÒÜ Ü'ÉÊÐÎÑÊÎÏé×ÅÑÊÈÕ
5ÊÑÏÅÐØÅÍÒÎÇ Ê ÎÖÅÍÎÊ, ÍÅÎÁÕÎÄ13.:ÛÕ ÄËß ÄèÑØÅÍÈß

ÇÀÄÀÍÍÎÉ ÒÎ×ÍÎÑÒÈ ÐÅÀÊÒÎÐÍÛÕ ÐÀÑ×ÅÒÎÂ

ñ) Òåîðèÿ â ôîðìóëû

Â àòîì ðàçäåëå êâ áóäåì ïîëüçîâàòüñÿ ïîíÿòèåì ñòàòèñòè÷åñêîãî âåñà
àêñãîðã þâòç ÿëè ñîâîêóïíîñòè ýêñïåðãìåâòîõ;, ðàâíîãî îáðàòíîé âåëè÷èíå ñðåä-
íåêâàäðàòè÷íîé îïÿáêè

ë / .*
(È)
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Ñòîèìîñòü Å -òî ýêñïåðèìåíòà ñ÷èòàåòñÿ, êàê ýòî ÷àñòî äåëàåòñÿ *
•ïëàíâðîâçâèè ýêñïåðèìåíòà", ïðîïîðöèîíàëüíîé ñòàòâåñó â -çâíîé Õ^^
ãäå Ë( -ÊÎÂÑÒ8ÍÒÇ, âÿâþãöýÿ ñìûñë ñòîèìîñòè ïîëó÷åíèÿ åäèíèöû ñòà„âåñà
âðæ îïðåäåëåíèè ^ -ñ;: âåëè÷èíû.

Ñîîòâåòñòâåííî ýòîìó îáùàÿ ñòîèìîñòü ñèñòåìû «ýêñïåðèìåíòîâ ïî èýìåðå-
ââþ ìèêðîñêîïè÷åñêèõ êîíñòàíò, îáåñïè÷è^ýêè÷èõ çàäàííóþ òî÷íîñòü ðàñòåòå
ðåàêòîðíîãî ïàðàìåòðà, ñêëàäûâàåòñÿ èç ñòîèìîñòåé êýæäîãî èç íåîáõîäèìà*
ýêñïåðèìåíòîâ, à òàêæå ñîâîêóïíîñòåé ýêñïåðèìåíòîâ*

ã/
Îáùàÿ ñòîèìîñòü ã Ò \ã \À^ (12)

Ûû çàèè?ñòåñîâàíû ç äîñòèæåíèÿ ìëëÿìàë^íûûè çà.ðàòàø' çàäàííîé òî÷íîñ-
òè ðåàêòîðíîãî äåîàêåòðà $.ã , êîòîðàÿ òàêæå âûðàæàåòñÿ ÷åðåç ñòà*~
âåñà, åñëè â (10) ïîäñòàâèòü (II)

ý ^ ã. À×= 3) = ÅÀ/ -.4. */

Çàäà÷à íà àèíèìóì âûðàêåíèÿ (12) ïðè äîïîëíèòå ëüíîì óñëîâèè (Ò>) ðå-
øàåòñÿ èçâåñòâûê ìåòîäîâ íåîïðåäåëåííûõ ìíîæèòåëåé Ëïãðàâæà, â êîòîðîì
èùåòñÿ ýêñòðåìóì âûðàæåíèÿ

ãäå X - íåîïðåäåëåííûé ìíîêèòåä» Ëàãðàíæà.
Ïðèðàâíèâàÿ ÷àñòíûå ïðîàçâîäíêå ïî "̂ ã ïóëþ, ïîëó÷àã÷ ñèñòåìó Ë/ óðàâ-
íåíèé ~ V \ 7. IÀ, - Ë *» . î; õ *' " '
Èñêëþ÷àâ '/õ , ïîëó÷àåì N - I óðàâíåíèé

Ïîëüçóÿñü ýòîé ñîîòíîøåíèåì è âûðàæà. <=>]> ÷åðåç ^^ â ñîîòíîøå-
íèè (13), êîòîðîå ÿâëÿåòñÿ Ë/ -íûì ïî ñ÷åòó, çàïèñûâàåì:

Èç ïîñëåäíåãî ñîîòíîøåíèÿ îïðåäåëÿåì î, , à èç ñîîòíîøåíèÿ (14) òî÷íîñòè
ñ^å âñåõ îñòàëüíûõ ýêñïåðèìåíòîâ.

ßà ñëó÷àé âñëê âû÷èñëåííûå ïîãðåøíîñòè íåêîòîðûõ âåëè÷àé îêàçûâàþòñÿ
áîëüøèìè ÷åì èõ çíà÷åíèÿ, ïðåäïîëîæåííûå äîñòèãíóòûìè, â ïðîãðàììå ðàñ÷åòà
ñëåäóåò ïðåäóñìîòðåòü áëîê ñî ñëåäóþùèé ôóíêöèÿìè, âûÿâëÿþòñÿ âñå ( òâîþ
÷ëåíû, âû÷èñëÿåòñÿ èõ âêëàä â îîàäî ïîãðåøíîñòü ïî ôîðìóëå ËÅ^å^â***.
ýòîò âê^ãàä âû÷èòàåòñÿ èç &« è ïîñëå ýòîãî âñÿ ïðîöåã.'ðà*ïðîâîäé*ñÿ
ñíîâà äëÿ îñòàâøèõñÿ ÷ëåíîâ. Ñëåäóåò ïðåäóñìîòðåòü âîçìîæíîñòü èòåðàù!
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äî ïîëíîé ñõîäÅ4îñòã 1.'ëîãî ïðîöåññà, Òàêàì îáðàçîì íàõîäÿòñÿ òðçáóåìûå òñ÷
âîñòà âñå™ âõîäÿùèõ â ðàñ÷åò âåëè÷èÿ, äîñãêçåâèå êîòîøõ îáåñïå÷èâàåò âí-
àîäååíçå òðåáîâàíèÿ ê þ÷âîñòã ðàñ÷åòà ðå& .{ãîðíîãî ïàðàìåòðà ïðè èèíèìàäü-
âûõ çàòðàòà? «

á) Îïðåäåëåíèå îòíîñèòåëüíîé ñòîèìîñòè ýêñïåðèìåíòîâ àà îñíîâå
î ðàâíîé "ïðîáèâíîé ñïîñîáíîñòè" ýêñïåðèìåíòàòîðîâ

Äëÿ îïðåäåëåíèÿ îòíîñèòåëüíåé ñòîèìîñòè ýêñïåðèìåíòîâ» ò.å. îòíîøåíèé
êû ïðåäï^äîêèè» ÷òî äëÿ ïîëó÷åíèÿ ñòýòâåñîâ âî âñåõ ýêñïåðèìåíòàõ,

âûïîëíåííûõ ê âýñò^ÿöåüó âðåêåíÿ áûëî çàòðà÷åíî îäèíàêîâîå êîëè÷åñòâî
ñðåäñòâ. Èíûìè ñëîâàìè ìû ïðåäïîëàãàåì, ÷òî ðàçíûìè èç^ðåíèÿìÿ â ñðåäíåé
ïî ðàçíûì èíñòèòóòàì à ñòðåíãè, çàíèæàëèñü ýêñïåðèìåíòàòîðû ñ ðàâíîé åëî-
ñîîíîñòüþ "ïðîáèâàòü11 ñðåäñòâà íà ýêñïåðèìåíò è ðàçëè÷èå â äîñòèãíóòîé
òî÷íîñòè õàðàêòåðèçóåò ñðàâíèòåëüíûå îáüåêãèâüü'å òðóäíîñòè ïðîâåäåíèÿ ýêñïå-
ðèìåíòîâ. Òåêèë îáðàçîê:

Çàäàâàÿ äîñòèãíóòûå ê âçñòîÿñåíó âðåìåíè ã »ê ìû ïîëó÷àåì îòíîâå-

Èîãâî áûëî áû ââåñòè ê "êîýééöèåíò âíèèñíèÿ" ê âåëè÷èå ÒÑ" - ÊÂÂâ äëç
îïðåäåëåíèÿ Õ«Ë âñïîëüçîçåòü

â) ?8ñ÷èòàâíûå òðåáóåìûå òî÷íîñòè

Êîýôôèöèåíòû ÷óâñòâèòåëüíîñòè âçÿòû äëÿ ðåàêòñîà íà îêèñè ïëóòîèèÿ-
239 â óðýíå-238 îÑ^åìîì 5 òûñ. ëèòðîâ àç ðàáîòû [ 4 3 .

èðâíÿòèå íàìè äëÿ îïðåäåëåíèÿ ñðàâíèòåëüíîé ñòîèìîñòè ýêñïåðèìåíòîâ
ïðåäïîëîæåíèÿ î äîñòèãíóòîé òî÷íîñòè ïðèâåäåíû â òàáëèöå. Ïðèâåäåíû ðåçóëü-
òàòû, ñîîòâåòñòâóþùå Êý*ô =+0,01. Ýòà òî÷íîñòè îáåñïå÷èâàþò à

ÊÂ • * 0,02. *

ã) Îáñóæäåíèå ðåçóëüòàòîâ

Ïðåäïîëîæåíèå î ÷èñòî ñãýòêñ*ÿ÷«ñêîé ïðèðîäå îøèáîê ïðèâîäèò ê ñóñåñò-
çâåââîé íåäîîöåíêå íåîáõîäèìûõ òî÷íîñòåé ýêñïåðèìåíòà. Â ýòîì ïðåäïîëîæåíèÿ
äîñòèãâóòàï òî÷íîñòü óçà óäîâëåòâîðÿåò òðåáîâàíèÿì,

Ââåäåíèå â ðàññìîòðåíà* âîçìîæíîñòè îøèáîê â âîðìèðîâêã êðèâûõ ò.å.
Ñèñòåìàòè÷åñêèõ îøèáîê, ñðàçó äåëàåò òðåáîâàíèÿ î÷åíü æåñòõèèã à òðóäíî üûïîë-
âõøøÿ ë áäâçàÈøåå âðåìÿ, îñîáåííî, èìåÿ ââã.äó òî÷íîñòü 0,7^ â <^ ïëóòîêèÿ
• 1*1%- â ñå÷åâèè çàõâàòà óðçíý-233. Ïðè ðàçáèåíèè âñåé ñþëçñòè ýíåðãèè íà
«ðÿ êîððàëíöèîêâüõ èíòåðâàëà %Ã> 1,4 Êýâ >Å", > 0,1 éýý * Å» óêàçàííûå òðåáî-
âààâÿ íåñêîëüêî ñìÿã÷àåòñÿ äî 1,1$ â 6} ïëóòîíèÿ è äî 2,4$ â ñãå óðýèý-238.
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ñîîî

Ïðåäïîëîæåí
äîñòèãíóòî^
òî÷íîñòè %
Ñòàòíî- Ã
òè÷åñêàÿ >

Âåëè÷èíà êîìïî- \
âåíòà I I
ïîãðåø- ü
èîñòè | ñ

I '

! _! .
Ñå÷åíèå Ðè 259 I 2
Äåëåíèÿ è 2 ) < I 2

æå î Ñóììà 2 2 õ Êã, îïðå-
! äåëÿùàÿ ñðåäíèå ïî ýíåð-

ãèè äîïóñòèìûå ïîãðåøíîñò
1îãðåø- |12 íåñ- |~ Ïîãðåø-]ç ÊÎÒ)_
.îñòü â !êîððåëè-! íîñòü [^ìï*-
þðìâ" {ðîâåí- } ñêîððå-|îíÿûõ

þâêå !íûõ ëè*)ÎÂ8"^èíòåð-
1ëè â 'ãðóïï íà âî |ð8Ë8
!òàí- âñåé
1åðòå îáëýñ-

! òè
| ýíåðãèé

Âêëàäñèñòå-
ìàòè-
÷åñêîé'ïîãðåø-
íîñòèè ïî-
ãðåø-
íîñòèñòàí-äàðòà ñ»â *»

390 3850 1690 0.138
28 66,5 66,5 0,018

Ñå÷åíèà Ðè *** 2 10 3,8 31,2 21,5 0,062:
Çàõâàòà è **» 2 5 88 758 426 0,152

_. Ðî235 î,5 I
V è 23* 0,5 I

V Ñ? *»2 - I

Ïîòîê íåéòðîíîâ - 5

750 7450 7«0 0,096
700 180 180 0,015

10000 10000 0,112

1400 50? 0,208

ã- ... ——— .. —————— .. ————
Ïîãðåøíîñòü â $, îáåñïå÷èâàþùèå Ê^ * ±1%
óñðåäíåííûå ïî âñåé îáëàñòè ýíåðãèé, îïðåäåäåà-

íã9 ïî ôîðìóëå ñ! & Ó *"* *à/ã ã*' * *
×èñòî! Ïîãðåøíîñòü '! Ðåàëèñòè÷åñêèé âàðèàíò
ñòà- < ñêîððåëèðîçà- 13 êîððåëÿö. èíòåðâàëàòèñ- 1 íà ïî âñåé 1
òè÷åîã» 22Ë8ÑÒ× , (
ÏÏÐ- Ïîòîà {Åäèíûé Ïîòîê15ò*. â êà«--ìåòîä â êàê-
íîîòü Ä°û èçìåðå- äîìèîîõ* îïûòå íèÿ îïûòå

% èçìå- ïîòîêà èçìåãÿ*ãðëåò- 4èÎðì. åòñÿ )•ñÿ íå- èëè íåçàâè-.çàâè- <) ñòåíä ñàìî ,>ñè÷2 » <

2,6 0,^5 0,6 1,1
3,5 2,0 1,6 2,0

17 5,5 4,4 6,7
5,7 õ,7 1,4 2,'>

1,6 0,36 0,36 0,36
2 0,91 0-91 0,91

0,33 0,33 0,33

- 1,2 -

Åäèíûé ìåòñäèçìåðåíèÿ ïîòîêà
• «I íîðí. * , ——— .

ÈËÈ } ( ,*.!»• 4 *:òààä.» ÷^^^ãì»

0,9 2,2
1,6 2,6

5,4 5,7
1,9 2,8

0,36 0,5
0,91 I

0,33

2,0

ÏÐØ1Â×ÀÍÈß: õ) â âàðèàíòàõ íå ÷èñòî ñòàòèñòè÷åñêèõ ÿã $. * I 0,8 ÿäàõ âý ñèñòåìàòè÷åñêèå îøèáêà à îøÿáêè
â ñòàíäàðòà.:, 0,1 èäåò íà ñòåòèñòè÷åñèå îøèáêè , 0,1 îñòàâëåíî íå âêëàä ïîãðåøíîñòåé íåó÷òåííûõ âåëè÷èí.

**' Â âàðèàíòàõ áåç ïîòîêà â êàëèôîðíèåâîãî ñòàíäàðòå àõ âêëàäà ïåðåðàñïðåäåëÿþòñÿ ïî äðóãèì âåëè÷àâåé*



Óêàçàííûå ïîãðåøíîñòè âêëþ÷àþò è ïîãðåøíîñòè àáñîëþòíîãî «çèåðçàèÿ ïîòîêà V
ïîãðåøíîñòè èç-çà îñòàëüíûõ ïðè÷èí» âåäóùèõ ê ñèñòåìàòè÷åñêîìó ñìåùåíèþ âå-
àè÷êâí.

. Âçèåðàíêå ïîòîêà íåéòðîíîâ â èêñïåðèêîíòàõ ïî ñå÷åíèÿì çàõâàòà â äåëå-
ÂÅß åäèíûé èñòîäîì ââîäÿò êîððåëÿöèþ ïîãðåøíîñòåé ðàçëè÷íûõ ñå÷åíèé, êîòîðàÿ
â îòëè÷àÿ î? êîððåëÿöèè êåõäó ïîãðññøîñòàèè â ñîñåäíèõ ýíåðãåòè÷åñêèõ òðóï-
ïàõ», çàìåòíî îñëàáëÿåò òðåáîâàíèÿ íà òî÷íîñòü. Òàê äëÿ ñ^ Ð« * òåïåðü
òðåáóåòñÿ òî÷íîñòü äëÿ äâóõ îáñóæäàåìûõ âàðèàíòîâ ñîîòâåòñòâåííî âìåñòå ñ
ïîòîêîè 1,45? à 2,2$, à äëÿ <ãñ è * - 2,2$ ê 2,8$.

Èí ñ÷èòàåì, ÷òî ïðåäïîëîæåíèå î òðåõ êîððåëÿïèîíçûý? èíòåðâàëàõ ÿâëÿåì-
ñÿ ðåàëèñòè÷åñêèì, ò.å. âààáîëåå áëèçêèé èç ðàññâîò^çííûõ âàðèàíòîâ ê ðåàëü-
íîé ýêñïåðèìåíòàëüíîé ñâòóàöâã.

Ïîýòîìó» èìåííî äëÿ ýòîãî ñëó÷àÿ ìû ñäåëàëè ñëåäóþùèå ðàñ÷åò». Âî-ÿåð-
âûõ, òî÷íîñòü, êîòîðàÿ ïðåäïîëîæåíà äîñòèãíóòîé äàåò ÊÝ(,,ô * + 1|8$«
Âî-âòîðûõ, ðàñ÷åò íà îñíîâå òðåáîâàíèé ê òî÷íîñòè ðàáîòà Ñ 5] äçåò
± 1,5/6, à íå ò, 1%, êàê ýòî ñ÷èòàëè àâòîðû ðàáîòû»

Ýòî ïîêàçûâàåò, ÷òî âàÿé òðåáîâàíèÿ íà òî÷íîñòü â ñðåäíåé â 1,5 ðàçà
áîëåå æåñòêèå. Ðàçëè÷èå âå áîëüøå ïî òîé ïðè÷èíå, ÷òî â ðàáîòå [5] õîòÿ
õ èâ ïðåäïîëàãàëîñü îñèáîê ã íîðìèðîâêå, ÷òî ýêâèâàëåíòíî íåêîððåëèðîâàííîñ-
òè ïîãðåøíîñòåé â ðàçëè÷íûõ ãðóïïàõ, íî ñêîððåëèðîçãííîñòü îâàáîê îò ñòàí-
äàðòîâ Ñ/ 2 5 2. è ñå÷åíïÿ óðýíã-235 áûëà ó÷òåíà.

ÂÛÂÎÄÛ

Èç ðåçóëüòàòîâ ðàáîòû íîãòÿ î ñäåëàòü ñëåäóþýäå âûâîäû. Òðåáîâàíèÿ èç
ÒÎ×ÍÎÑÒÜ ÊÎÊÍÎ 7«9ßÜØÈ7Ü ðÇØØÍÝËÜØ-:» Â':áÎðÎÊ Êîððåëÿöèè Â Ð53ÊÜ1.-1;ÊÈßÕ. ÏÎÄÎ
ñòðåìèòüñÿ ñõîððñëãðîâçòü èãìåðåíèÿ çàõâàòà è äåëåíèÿ ðàçíûõ êçñòîïîç èíåÿ
ââåäó ðÿççûå çíàêè êîãô$^äêåç;îâ ÷óâñòâàòåõëèîñ.^. Òî æå ñàìîå ñëåäóåò ñ«å-
õàòü ÿ â ïðîöåññå îñãããêè ÿäåðíûõ äàííûõ. Íî è ïðè ýòîé äëÿ âûïîëíåíèÿ ýòèõ
«ðçáîâàíêé òð-áóåòñÿ åõå î÷çíü áîëüççç ðýîîòý. Ýòî ïðåõäå âñåãî îòíîñèòñÿ ê
òðýáîâçâèý èçàçðãíèé àáñîëþòíîãî ïîòîêà íåéòðîíîâ ñ òî÷íîñòüþ 2^, àáñîëàòâî-
ðî çíà÷åíèÿ Ó Ñ? 252 ñ òî÷^îñ^üî 0.33!* V ëëóòîÿèÿ -239 îòíîñèòåëüíî
êàëèôîðíèÿ ñ òî÷íîñòü» â âîð1ãÿðîâ»:å 0,3ˆ4. çàõâàòà è-*58 ñ ñâñòåêçòà-
÷åñêîé ïîãðåøíîñòüþ ïç ïãîç;;"8ê::î? 1,57?.

éàäî îòìåòèòü íåîáõîäèìîñòü äàëüíè /ñåãî àíàëèçà òðåáóåìîé «èøîñì
ìèêðîñêîïè÷åñêèõ êîâñòçíò íà îñíîâå ðàçâèòîãî âûøå ìåòîäà. Íàäî ÂÅËÂ×ÂÒÜ â
ðàññìîòðåíèå äðóãèå èçîòîïû è äðóãèå ñå÷åíàÿ êðîìå ðàññìîòðåííûõ. Â äåííîé
ðàáîòå îââ ó÷òåíû ðåçåðâèðîâàíèåì 0,1 èç &* = I. Ýòî ïðèáëèçèòåëüâî âåð-
âî. êàê ìîæíî çàêëþ÷èòü èç ðåçóëüòàòîâ ðàáîòû [5].

Èç âñåãî ðàññìîòðåíèÿ ñëåäóåò ïîñòàíîâêà òðåáîâàíèé âà ðàáîòû ïî îöåâ~
ê*.

Â ýòèõ ðàáîòàõ äîëæíû áûòü ïðîçíàëèýããîâàíû âñå îæèäàåìûå âûþ êîìïî-
íåíòà ïîãðåøíîñòè ÿ äàíû îöåíêè èõ âåëè÷èí. Òîëüêî â àòîì ñëó÷àå ìîõâî îïðå-
äåëèòü ïîãðåøíîñòü ðàñ÷åòà ðåàêòîðíîãî ïàðìåòðç çà ñ÷åò îöåíèâàåìîé âåÿâ-
÷àíû â ïîòðåáíîñòü â äàëüíåéøåé ðàáîòå ïî åå èçìåðåíèÿì â îöåíêå.

Íàèáîëåå âàæíàÿ ïîãðåøíîñòü â íîðìèðîâêå êðèâûõ ìîæåò áûòü îáúåêòèëâî
îïðåäåëåíà òîëüêî â ïðîöåññå îöåíêè ïðè àíàëèçå ðàáîò, âûïîëíåííûõ ðàçâûìâ
ìåòîäàìè. Îïðåäåëåíèå ýòîé ïîãðåøíîñòè âå ìåíåå âàæíî, ÷åì îïðåäåëåíèå ñðåä-
íåé âåëè÷èíû..
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8 çàêëþ÷åíèå àâòîðû âûðåçàþò ãëóáîêóþ áëàãîäàðíîñòü Ì.Ô. Òðîÿÿîâó,
ÇÄÄóàúìâíîâó, Ã.Í.Ñèèðåâêøó, Â.À.Òîëñòâêîâó àà îáñóæäåíèå ðàáîò •
Äàâëåòâèíó À.Í. çà ïîìîùü â ðàñ÷åòàõ.
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ROLE AND EFFICIENCY OF NUCLEAR THEORY IN EVALUATION
RESOLVED AND UNRESOLVED RESONANCES

by
Pierre PIBON

Centre d'Etudes flucl&cdres de Saclay, France.

Abstract

In this paper, we briefly examine various topics linked with the theories
used to describe or to calculate the neutron cross section in the field of
resonances.

The varJous* formalisms utilized have specific fields of application ; com-
parisons, betvcen the results of different formalisms are difficult, and dan-
gerous .

The theories prcdictii'g the statistical distributions of partial widths and
of level spacings arc v?eli known and verified, vith soiue. tmcertainty on the
number of degree of freedom, v ; but, the existence of correlations is generally
not well established. The only one which is certain (between spacing) has probnbly
little importance for reactor physics j we try to give some figures of the in-
fluence of v and of- these correlations on th« calculated cross sections in the
unresolved energy range.

The problem of the representation of the data in this unresolved energy rarfci*
is depende.nt on the variations with energy of the average data, and on the exis-
tence of intermediate struct vires. Several vc-Uiods can be considered, the proba-
bility distributions of crof«s sections being ;»robably a ve.ry convenient one, if
reactor physicists tan use theia.
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*• FORMALISMS UTILIZED
In the formalisms currently utilized in low energy nuclear physics, the

neutron cross sections are related to a matrix element U by the following
formulae :

o - IT Jn,a g|U tSl na1

O - IT Xn,n l - Unn (l.b)

O.e)

with :
23+}8 " 2(21+1)

»*' 651000
E

A+l

(s * neutron spin » 1/2)

2 *in barns, E in eV)

where : a denote the channel ; I, J are respectively the spin of the target and
compound nuclei ; E is the energy in the laboratory system.

The factor A+l **should not be omitted as it happens frequently . The sum
are over all the possible values of :

J the spin of the compound nucleus
s,s' the channel spins
&,&' the angular momenta

1 eV
I arau
neutron mass

» The factor 65! 000 is based on (Ta 69) : *
h * 6.626 196xlO~34 sec. (relative error * 7.6 x 10 )

1.602 1917 x 1Q-19 , (relative error - 4.4 x io~6)
1.660 531 x 10~27 kg (relative error » 6.6 x 10~6)

1.0086652 amu (relative error » 0. I x
*• This factor should be (̂ .-P0.8665)2. Its approximation by introduces

«.an error which is maximum for light nuclei. It is worth 8.8 x J0~ for
Li, 1.7 x for and 0.35 for
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The total cross section in equation (l.c) can be expressed as a linear func-
tion of U only if U is unitary.n,n
1.1. The "Breit and Wigner" single level formula which dates from 1936 (Br 36}
can be deduced from all the known rigorous formalisms in the approximation : F « D.
For the total cross section, it consists of the first 3 terms of equations (13) or
(16). It is the most widely used formula because it is easy to handle and gives
a sufficient accuracy in many cases.

1.2. The "R matrix" formalism has been developed in the years about 1947 by
Wigner and Eisenbud (wi 47J. It has been reviewed in 1958 by Lane and Thomas
|jLa 58J and there have been few evolutions in it since that time. The expres-
sions of the R matrix elements are very simple :

a) Physical meaning of YJ, and E. : it is necessary to introduce a boundary
between an "internal region" and an "external region". This boundary consists of
the "channel surfaces", characterized by channel radius a . The E. are the eigen
values, solutions of the Schrodinger wave equation in the internal region : HX. -j
E.j XXJM* where X._ is the internal eigenfunction. The quantities ŷ a (reduced
width amplitude) and 6. (see [la 58J) are respectively proportional to the va-
lues of the internal eigenfunction X. _. and of its derivative on the channel
surface ; they are related to the boundary condition parameter B by :

Act „
^̂ M̂̂ V ̂  JJ

YAa a

The quantities Ê , 5. and y% are real, energy independent and have a
physical meaning, from which the resonance parameter distribution laws may be
deduced. But they depend on a and B which are more or less arbitrary ; the
main criticism against the R matrix formalism is the necessity to introduce
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these boundary conditions. However it gives automatically the unitarity condi-
tion on the U matrix.

b) Fortnal esxcet sxpression of r/ f . The matrix U is related to the a matrix by

(the notations are those of Lane and Thomas |\a 58] ) :

0-0 P l / 2 (l-FL0)""1 (1HRL0*) P~1/2 ft
(3)

- n [i * $l/2<i-M,°rl R $1/2 w] a

It is possible to split the W matrix in two parts :

R - R° + R»

where ft0 is supposed to contain the contribution of distant levels, and is expec-
ted to vary smoothly with energy. Tt is possible to introduce a level matrix A
taking into account the levels which are included in the matrix R1. The inverse
of A is defined by :

°and U can be expressed as a function of K° and A :

U - fi {1 + ^[(l-lfL0)'1 *° + I |ax> <aj||AX|i] (J1/2 w} ft (5)

with :

It appears that the calculation of U implies the inversion either of
(1-FL*) , or of A , whose elements may vary rapidly with energy ; these inver-
sions are laborious and time consuming.

o) Simplification. All the practical applications of this theory suppose that :

P*L° - R°(L-B) - 0. (6)
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This can be justified by implicit adequat choice of the &a and BO boundary con-
ditions at a given energy ; but condition (6) will not be fulfilled at another
energy. With this simplification, the equation (5) can be written :

(7)

1.2.1. Exact calculations. It is necessary to perform a matrix inversion, either
A"1 or (1-RL*).

The first method used by Vogt in 1958 [Vo 58} implies the inversion, at
M»teach energy, of the matrix A whose order is equal to the number of levels con-

sidered - which may be great.

In the second one, known as the "Reich Moore formalism" Qte 58, Mo 6Cfj the
order of the matrix to be inverted should be equal to the total number of channels.
But it is possible to share the matrix in a similar way to the channel elimination
method of Teichmann and Wigaer [La 58j ; then by using the simplification resul-
ting from the statistical hypothesis -for the radiation widths, the order of the
matrix to be inverted is reduced to the number of retained interfering channels.
In practice, several codes are running at present with three channels (one for the
neutron, two for the fission widths) and the matrix inversion can be easily written.

This second method is .»ow much i.v*e used *h:;.i the -:irst one ; it is provided
in the ESDF library (j3n 7CQ . These two methods are exact and use the same parame-
ters ; but it is obl'.p-sd to ofo numerical Doppler and resolution broadening.

2.2.2. Case of one channel. If there is only scattering, the R matrix reduces to
a function :
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an<1 U can be expressed by :

J -2ika I+ikaRj..u « e 1-ikaR,

then :

°a-0t 7 e fl - tT2ika H-ikaK.TT
* gj|_ I-ikaRjj

(9)

(10)

2.2.3. Approximate formulation. It is known since many years that the A matrix
can be expanded in series jWl 46, La 58J.

A = D + DN""1 D D •*• . . . (1!)

—1where matrices D and N are respectively the diagonal and the non diagonal
part of matrix A~ . This expression (11) converges more or less quickly according
to the values of :

I
1/2r1/21x« rx'J

The U matrix can be expressed as a sum over the resonances :

ft
$ i (12)

This matrix is no more unitary if the expansion is truncated.

Tf one takes only two terms of the expansion (II), there is only one term
in the expression of U. The total cross section, for instance, can then be writ-
ten as :

°t" g. i+x:

sin24>«

with
E-E,

(13)
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This expression of ot can be written as :

•t - "*2 ,ill** -sin TI \r\
X lr >* I +

Where C.. and C,. are energy independent functions of $. and of the parameters
of all the resonances taken into account.

This method, with 4 terms of (II), has been used at Saclay to analyze
the 2350 data JRr 70J. It has the inconvenience to be approximate, and'then not
valid for all the levels. But it may be interesting for reactor physics :. it
allows a better description of the cross sections with simple formulae, and has
been recommended for this purpose in UK. It has the advantage to allow one to
calculate Doppler effect and resolution broadening with the well known if>, <J»
functions.

The "Multilevel Breit and Wigner" ox> Bethe formulae. These were established in
the years 1937. If one retains just the first term of expansion (11), the ele-
ments of U can be simply written :

n,a

i

6 - i Ina (

1/2 1/2-1

E -
(14)

with : ex - Ex + Ax - ̂  A

The partial cross sections are of the form :

n,a I
'Xn rXa

X (E-e,)

l/2 1/2 -»l/2 l/2

(15)
^

which are essentially the formulae of Bethe [Be37]. The second term of (15) introduces
some interferences between resonances which cancel each others in the case of
capture (many channels - statistical hypothesis). As in the preceding case, the
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U matrix is not unitary, due to the truncation process used. The total cross section
is calculated from the sum of partial cross sections :

O - '— *2
, -*^ I **C js* '

:r«
x ^ i" K * xl^T.* cos 2 $. ) hHi T + sin 2 *

xx

T. f rT1 / 2 fr l f / 2> /frl1'2 fr ll/2>1
'rnl fM V flrn-i LrJ ) ftrj ^aj )|rlx lnx. * i I—*——) I——'——JJXX XX' * '

X X A (i+x2) (I-t-X2t)
(16)

The first part of the 4th term represents a scattering interference between
resonances. These formulae are sometimes used for non fissile nuclei, taking in
account only the resonance scattering interferences - as in the program MLBW (ftr 65).

1.2.4. Calculation by matrix diapanalisation. Several attempts have been done to
diagonalize the matrix to be inverted in order to have an easy inversion ; as a fact,
this is the method used by Adler and Adler to derive their formalism (see below). But
the F matrix parameters are then lost. Some researches are being done at Saclay on a
similar method which would allow to determine directly the R matrix parameters from
a least square calculation (see annexe).

1.3. The "Kapur-Peierls" formalism was the first rigorous one [ka 38]. It allows to
express IT as a sum over the resonances :

-X X
where 6̂  and H^ can be obtained from YX and B^ by a matrix transformation and are
implicitly energy dependent ; for this reason the R matrix formalism has been pre-
ferred for a long time.

But since 1963 Adler and Adler JAd 63] have been proposing a modified form of
this formalism which is suitable for fissile nuclei resonance analysis. With this
"Adler Adler formalism" the analysis of cross section of fissile nuclei is easier
than with others ; it is not necessary to define the interfering levels. There is
no simple relation between the parameters, and it is difficult to extract the R ma-
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trix parameters. A method is being developed which allows one to obtain the * matrix
parameters at least for a few levels (Ad 70] ; but it is not clear how well the

interfering levels can be assessed.
1.4. The "S matrix formalism" developed by Humblet and Rosenfeld [HU 6l]} following
Siegert [si 39] has the great advantage to give a "natural" definition of resonances
with energy independent parameters, and simple formulae. But it does not give an
automatic unitarity, which has to be introduced by conditions between parameters.
Furthermore, the partial widths are such that : T . < r .Q OtA A

1.5. Last, we must mention the phase shift analysis method. When there is only one
channel : D ,. •• e .

It is not at present utilized to represent evaluated data, but is being used
to analyze experimental data (scattering mainly) for light and medium nuclei, and
cannot be ignored by evaluators.

II. APPLICATION OF THESE FORMALISMS.

According to the nucleus in question, a limited number of formalisms are used.
1). The "Breit and Wigner single level formula" is used as a first guess in nearly

all the cases. It represents a good approximation for nuclei with 7/1) < 0.1, which
is the most common case. It does not work properly for fissile nuclei and in the
ten keV range (for light and medium nuclei like Fe, Ni, Cr ...).

2). The approximate formulae (13 and 16) are used to improve the analysis for
nuclei with r/D < 0,1. In particular, by taking into account the scattering inter-
ferences, they allow some spin identification. For instance, Hibbon [Hi 59J has ana-
lyzed, with the MLBW formula, the total cross section of Al and Na up to <v 400 keV
and has obtained some "appreciable mutual interference effects". It is probably a
limiting case : for Al, he obtained for many couples of levels /f. T_ /( «- .) * 0.6
to 0.7. A better approximation is probably necessary in such cases.
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3), The exact R matrix formulae for one channel is commonly used for nuclei with
T « f » such as structural materials. However the capture cross section of these
materials, though it is small compared with the scattering, is important for reactors.

4). Since a few years the multilevel formalisms (Reich Moore or Adler Adler) are
intensively used for fissile nuclei data analysis. But in most cases the application
of the Reich Moore formalism, which requires an explicit definition of the inter-
fering levels, is done with only one fission width for each level. In most of the
analysis done in Los Alamos, the resonances are classified in 4 groups. The fission

2widths of each group should follow a x law with v=1. In fact, it is experimentally
found that they are distributed according to x laws with v=3 to 5 JRi 70}« This
means that the multilevel description is not physically meaningful.

5). The Bumblet Kosenfeld formalism was used a few years ago for the analysis of
light nuclei data. But it has never been used for evaJuat'ion, and recent studies, on
Li for instance, are made in the frame of the 1? matrix formalism.

III. METHODS USED TO EVAIUATF THE RESONANCE PARAMSTEHS.

The natural way is to use the published resonance parameters. This supposes
at least that the various authors : i) use the same formalism, ii) identify at least
the same prominent levels (there may be some differences for small ones).

This is obviously not the case for the fissile nuclei. The comparison - and
then the direct evaluation - of the parameters is in practice possible when :

- either the Breit and Wigner single level, or the MT,BW formalism are used (their
results can be compared) ;

- or there is only one channel and the data are analyzed with the same formalism.

In the other cases, which are mainly the fissile nuclei, the evaluator have
the choice between two solutions : i) to adopt one of the existing sets, without
taking the others into account ; ii) to reanalyse the data from various laboratories.
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Even if several authors are using the same formalism to analyse the same
data for fissile nuclei, it is possible to obtain different sets of parameters.
This is due to the "mm uniqueness" of the multilevel fits. It is generally
accepted that this "non uniqueness" is due to uncertainties in the experimental
data and to the fact that the distance levels are not taken into account ; but
according to recent calculations by Auchampaugh JAu 1\] its origin could be more
fundamental : it could exist even for few levels without experimental errors.

In all the cases the evaluator have to check the average cross sections
calculated from the parameters with the experimental average values.

IV. THEORIES USED IN TSE INTERPRETATION OF RESOLVED RESONANCE PARAMETERS

The analysis of the resonance parameter distributions allows us to check
the theoretical laws and to determine the average parameters. These laws and the
consequent average values are useful in the statistical model calculations. The
laws are well known.

IV. 1. Spacing.

Many studies have been made in past which all conclude that the Wigner law :
2

p(x) dx " I X e~1f/4 * dx

with x • D/D is a very good approximation of the spacing distribution law. The
problem rather concerns the existence of correlations between spacings which are
predicted by theories and have been experimentally observed. For the commodity of
discussion, we can share these correlations in two categories :

a) The short range correlation. The correlation between two adjacent spa-
cings (D. and !>•+,) is about - 0.2. The effect of this correlation will be to
narrow the distribution of the spacing between levels X and A+2. Is it important
to take this correlation into account in simulating cross sections ? It has not
been done up to now. As there exists always a superposition of many independent
populations of levels with different spins and parities, one may expect that the
influence of this correlation will be of the second order.
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b) The long range correlation. There exists a negative long range correla-
tion ; its effect is to regularize the number of levels in a given energy range.
According to Dyson and Mehta [by 63J, the variance of the number of levels in a
given energy range is :

I Log Y ~ .206 og (2irN) + 0.343J ;

The following table gives some values.

Average number N of levels
in energy range AE

re
la

ti
ve

 s
ta

n-
da

rd
 d

ev
ia

ti
on

on
 N

 a
cc

or
di

ng
to

the Wigner law without
any correlation
Dyson and Mehta 0>y63]

2a x law - distribu-
tion with v«l .

10

16,57.

9,5%

44,7%

30

9,5%

3,5%

25,8%

100

5,2%

1,17%

14,1%

300

3,0%

0,42%

8,2%

1000

1,65%

0,136%

4,5%

From this we may conclude that the fluctuations of average cross section
will be due mainly to partial width fluctuations.

IV. 2. Widths.
2 2The reduced width y is distributed according to a x law with one degree

A*of freedom. This is usually the case of the neutron reduced width F̂  .
The other partial widths are generallv the sum of several (or many) reduced

2widths having different average values. They are distributed according to a x law
only in the case where all the reduced widths have the same average value. This
never happens in practice. Then the usual way to describe a partial width distri-

Obutton by a x law with v degrees of freedom is lust a convenient one and does
"

not correspond to the number of channels which is always greater than vg .

fc JIt has to be noticed that T ' for . > 1 may result from the addition of two
or more reduced widths corresponding to different channel spins.

284



We can consider two problems :
a) Ntanben* of degrees of freedom. It is commonly accepted that v is equal to

1 for a partial width. Indeed many analyses givey for the neutron width distribu-
tion, a value of v which is slightly greater than 1 , but there is not enough evi-
dence to conclude on this problem. On the other hand there are great discrepancies
on the value of v for the fissile nuclei according to different experiments.

It is known that :

- 13 -

Cf ** --— -I*- 5n,a -r n,a

with :
Sn,a

n a
r

Let us suppose that we know exactly the average values of the parameters ;
the error on ais due to the error on S then to the errors on the distribu-te* n,a
tion laws. We can ask two questions :

1) What is the variation of S if v, for the neutron width distribution
law, is not exactly equal to 1 ? The table 1 gives an answer to this question.
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Table 1
Influence of the exact value of v (number of degrees of freedom of the reduced
neutron width distribution) on the values of S (upper value) and S (lowern,n n,o
value).

n

Vn

v« = '

v a - 4

v ** «•a

0.01

0.04

1

2.78

0.555

2.14

0.714

1.85

0.786

1.2

2.71

0.573

2.05

0.738

1.75

0.812

0.06

0.04

1

1.330

0.505

1.252

0.622

1.213

0.681

1.2

1.314

0.529

1.231

0.654

1.189

0.716

0.21

0.04

1

1.081

0.577

1.063

0.671

1.054

0.716

1.2

1.075

0.606

1.056

0.706

1.047

0.754

It appears that a 20% increase on v induces a 1 to 5% decrease on S and an n,n
4 to 6% increase on Sn,Y

2) What is the variation of S with the number of degrees of freedom forn yCt
a fission width distribution law ? An answer is given in the next table.
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Table 2
Influence of the equivalent number of degrees of freedom for the fission width
distribution on the value of Ŝ  , S - and S . We suppose that r « 0.04 eVn,n n,r n,y Y
constant, v neutron = I.

? (eV)

rn (ev)

2 1

S for v. • 3n,n f
4

2

S . for v- »3

4

2

c
n,Y for vf * 3

4

0.02

0.01

2.123

2.102

2.090

0.708

0.740

0.759

0.866

0.854

0.848

0.1

1.199

1.197

1.196

0.622

0.639

0.648

0.692

0.688

0.687

0.1

0.01

3.033

2.863

2.766

0.725

0.774

0.802

1.180

1.099

1.054

0.1

1.496

1.473

1.461

0.589

0.621

0.639

0.788

0.764

0.751

0.5

0.01

5.333

4.462

4.017

0.835

0.882

0.905

1.979

1.616

1.435

0.1

2.576

2.406

2.313

0.669

0.712

0.736

1.201

1.080

1.015

From this table we can see that if the exact value of v has only a small
importance when rf is small, the effect cannot be disregarded when F, is great.

b) Influence of correlations. Let us suppose that there is an "important"
correlation between r and r , for instance that :Y n

T - constant + e I* .Y n

In this case the correlation coefficient r is always equal to 1 whatever
may be e( > 0). The knowledge of the correlation coefficient is not sufficient
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to determine the importance of a correlation. It is necessary to introduce a
quantity such as :

{var r. var
Acor rJ2

2If the distribution of the width is described by x law , the amplitude
of correlation is :

Acor V2
Of course, this is an extreme case. Let us consider the following more

realistic case. We suppose that :

r - v + erY n

where V is a random quantity, independent of rft, and distributed according a
2y law with v degree of freedom ; r follows the same law with 1 degree of
freedom. In the table 3 we consider four values of the couple (I* , T ) chosen
in such a way that :

"f
- — %— « constant - 0.0075 eV.

We give the value of S when there is no correlation between T and r
(e « 0), and when there is a correlation <Sn ). The values of r, r , V and en,y « T
are such that :

r(F , T ) • constant » 0.326.

We characterize the distribution of the radiation width by

V
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Table 3

Value of S with and without a realistic correlation (r(F , T ) = 0.326). Alln,Y n Y
the widths are expressed in eV.

vv
A(W
Veq

•a

U-lo
CO

31-1

r - 0.04n
7 - 0.00923

T * 0.02n
r - 0.012

T - o.oin
TY - 0.03

T" - 0.008
7 » 0.12

5.02

0.818

5.98

V - 0.008
e - 0.0307
SC - 0.689n,Y
Su - 0.673
n,Y

V « 0.0104
e » 0.08
S°' - 0.658

n,Y
S^ - 6.641

V - 0.026
e - 0,4
S° - 0.752
n,Y

Sjj - 0.711

V - 0.104
e - 2

U f. «xc

n.Y*'

23.3

0.409

23.9

V - O.OOS62
c - 0.0153
SC - 0.707
n,Y

Su - 0.697
n,Y

V - 0.0112
e « 0.04
Sc - 0.680
n,Y

Su - 0.670

V - 0.028
e - 0.2
Sn Y' °'769

s:(T- °-7"
V • 0.112
C* ** I

Sc «• 1.057
n,Y

SU - 0.89-fin,Y

100

0.2045

95.6

V - 0.00892
e * 0.00769
S^ - 0.709

S^ - 0.704

V = 0.0116
e - 0.02
SC - 0.682

S^ - 0.680

V - 0.029
e = 0. 1

Sjj - 0.757

V - 0.116
e - 0.5
Sc - 0.996

Su - 0.901n,Y

413.9

0.1023

383

V « 0.00908
e - 0.00384
SC - 0.708n,Y
SU - 0.706n,Y

v - 0.0118
e • 0.01
S^ - 0.682

S^ = 0.680

V - 0.0295
e - 0.05
Sc - 0.765n,Y

SU - 0.759n,Y

V • 0.118
e - 0.25
Sc - 0.955

S^ - 0.885

We can see that the effect of a correlation between T and T upon SY n * n,Y
is important when either the variance of the r width distribution or the ratio
ry'n are 8reat« Then such a correlation may have important consequences for p
wave or d wave neutrons.
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V. DEPENDENCE ON &, J and E OF THE AVERAGE PARAMETERS
This is a very wide matter which cannot be considered here, We shall just

note a few points :
V.I. Strength functions.

a) It has to be remembered that, for A 2- I, they are meaningless if the
nuclear radius used is not defined.

b) Some spin dependences have been claimed by various authors ; but most
of the time the differences observed can be explained only by the sampling
errors, without taking into account the experimental ones.

c) Variation with A. The optical model predicts the gross variation. But
some fine variations have been observed for Sn, Xe, Te which can be explained
by shell model (Sh 63] or by introducing an isospin potential terra jjite ?f).

V.2. Spacing.

According to the frame of present theories, the knowledge of the variation
— 2of D with J is limited by the one of o , the spin cut off factor ; and, with

energy, by the knowledge of a. The average spacing is not correctly predicted,
at present time, by theories.

V.3. Radiation width.

It is usually accepted that it is independant of spins and parities. But
there is some evidence of a spin (or parity) effect mainly in the case of even-
even compound nuclei, which have a simpler level scheme than the other nuclei.

V.4. Fission width.

Until the year 1968, many works have been done to interpret the fission
width distribution by the channel theory of Bohr and Wheeler. Some reviews of
the interpretation were presented at Conferences in 1965 [pr 65, Ly 65\ and 1966
jlty 66J. Since that time the discovery of the subthreshold fission has changed
considerably the nature of the problems to be solved and has increased the inte-
rest of nuclear physicists in fission.
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VI. UNRESOLVED RESONANCES - ANALYSTS AND INTERPRETATION

It is common sense that the average experimental cross sections have to
be equal to the calculated ones. If it is not so, this signifies that the avera-
ged parameters utilized are not correct ; up to now it has not appeared that
there were some important reserves on the theoretical background (except of course
for non statistical effects).

But what does "average" mean ? It is obvious that if the averaging is done
on a too small energy range there will be some fluctuations which are meaningless
for the average cross section. These fluctuations are related to the statistical
laws, and can be compared with their predictions.

The first attempt in this sense is probably the one by Egelstaff in 1957
[Eg 57j|. Several studies follow this method, in particular to set up evidence
for correlations. But it has been shown JFe 69] that we have to be very cautious
in the interpretation of the correlogramms.

A new approach to the study of the cross section fluctuations has been
recently given by James ; it is based on "Wald and Wolfowitz" distribution free
statistics,and was applied to resonance parameters as well as to cross section
data points [ja 70,?fj •

It is possible to conceive another way to approach this problem ; the pro-
bability distribution of cross section, P(o), (see VII), for various temperatures
can be obtained directly from experimental data by artificially broadening the
resolution. This distribution can be characterized by its first momentum, whose
theoretical values can be calculated from distribution laws.

Intermediate structures.

Since the beginning of the years 60 it has become usual, for nuclear
physicists, to claim that their results show some "possible" doorway state or
intermediate structure.
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On the other hand, Mahaux et al. [Ma 69\ concluded that "the experimental
data themselves contain no information which could indicate that a doorway state
mechanism is actually operative. There exists no way of analyzing the fine struc-
ture nor the energy averaged data which could prove or disprove the presence of
a doorway state. This corresponds to the fact that the definition of a doorway
state is model dependent".

They concluded that, for instance, there is no proof of the existence of
such structures in the reactions Fe(n,n) and Pb(p,n). They recognized that
intermediate structures exist with certitude in a few cases :

- the photonuclear giant resonance
- the isobaric analogue resonances
- the subthreshold fission resonances grouping ( Np, Pu).

Many cases of intermediate structures have been obtained in fission
234 239( U, Pu). But it is necessary to be very careful before accepting them.

VII. IMPORTANCE OF INTERFERENCES MD INTERMEDIATE STRUCTURES FOR KEACTORS

Let us suppose that the average cross section is well evaluate in all the
cases. Then the fact of taking into account the interferences or structures will
only change the shape of the cross sections, and may introduce some variations in

- self shielding
~ Doppler effect.

There are only a few studies on these problems.

Inter>fevenee8. One may expect that there will be only a small change of the self
shielding.

The influence on the Doppler effect has been studied by Menapace et al.
(Me 67] in a simple case : only two interfering levels for a fissile nuclei, and
an isolated level for a fertile nuclei. They had many parameters : spacing d
between the 2 fissile levels, spacing D between che fertile nuclei level and
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one of the fissile nuclei levels, etc ... They calculated the variation of the
effective integral I between T » 300° K and T - 600°K -for 1 keV neutrons, gave
the relative value of this change versus D for 1 or 2 values of d, and averaged

233 232over D in one case ( U - Th). But they normalized the variation of I to an
unknown quantity lo, and they did not integrate over all the probability distri-
butions of all the parameters and one can hardly conclude on the effects of the
interferences .

Fluctuations and intermediate structures. Let us suppose that, at a given energy
E, we know the experimental average cross section o*~ . It is generally different
from the one which is calculated from the average parameters , <o > and from then, ct
others which may be calculated from various sets of random parameters* drawn up
by using these average parameter values. Is it necessary to adjust these average
values to adjust the calculated cross sections to the experimental value ?

A possible answer may be :
- if we know that the experimentally observed fluctuation is not due to an

intermediate structure, but just to statistical fluctuations, then we have to use
the average parameters.

- on the contrary, if we know that there is an intermediate structure, we
have to modify in consequence the average parameters.

Intermediate structures. We shall refer to the stuty by L'Heriteau and Neviere
7l3 who considered the effect of possible sub-threshold fission in Pu and

For Pu the variation of the self shielding coefficient for fission is
small (2% at 300*K for a dilution of 50 barns) while the Doppler effect coefficient

239for fission increases by 40%. For Pu, the self shielding coefficient changes
by less than 1.5% but the introduction of the intermediate structures increases
slightly the Doppler effect for capture (! or 2%) and decreases significantly
the one for fission (10 to 30%).
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ConelMaion. We cannot conclude on the effect of interferences ; the effects of
intermediate structures may be important on Doppler effect. In both cases more
studies are necessary.

7ZTJ. KEPEESENTATIOtt OF RESONAVCF! DATA

The reactor physicist is interested by the distribution of probability
P(0 ) of o at given energies and temperatures. Tt can be formaly relatedn, ot n, ot
to cr(E) by :

I o P(c ) do « J I cr <*-, J, sum over levels) Pj n,a n,a ĵ J n,a ' d(par.) (par.)
parameters

where a (*»J, ) is the cross section taking intp account many levels. Thenn,a x
we can, in principle, represent resonance data (both in resolved and unresolved
range) by three methods :

a) by giving o_(E) = f (E) (T is for temperature)
b) by giving the resonance parameters
c) by giving the P,T ̂  (c) law.

First method. OT(E) » f(E)
It is of course temperature dependent, and requires a great number of points.

a) It can be used in the resolved resonance range, because the data are meaningful
and the number of resolved levels is limited (< 300). At Saclay we give this curve
for a T » 0°K temperature with 13 points by resonance.
b) In the unresolved field it is necessary to draw out random parameters (from
the known statistical laws) and to compute the cross section a_,(E) which is only
statistically meaningful : the calculated cross section is generally not equal to
the actual value. According to the research accuracy, it can require a great num-
ber of levels and many more data points for each temperature and each energy
considered.
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This representation, which is not convenient, is not very much used ; we
must notice, nevertheless, that it is utilized in UK in the GENEX system.

Second method. Resonance parameters. They are essentially temperature independent.
a) It is the most natural representation in the resolved energy range,
b) In the unresolved field, the parameters of individual resonances are

necessary if one wants to compute the cross sections and constitute a sufficiently
compact representation of the information - which can be extracted only by compu-
ting the cross sections (except if one is only interested in the average - but
then it is not necessary to draw up the random parameters).

Third method. It is a temperature dependent, but very compact way to represent
the data.

a) This compactness is probably not true if one requires a great accuracy
in the resolved resonance range, especially at low energies.

b) The advantage of this method exists mainly in the unresolved range.

CcnoTueion, It seems that the resonance representation can be better made :
a) in the resolved resonance range, by utilizing the individual resonance

parameters.
b) in the unresolved range, by utilizing :

- the average parameters and their statistical laws
- for several temperatures T, the probability of o.

The problem is the calculation of P(o).

Remarks on P(a). The representation of the cross section fluctuations by P(a) is,
in fact, the basis of the "sub groups" method of Nikolaev et al« (Ni 70, Ni 7f}. .

The calculation of P(o) is probably impossible ; but this distribution can
be characterized by its momentum, which may be calculated from the probability
distributions of the resonance parameters - at least in the case of the Breit
and Wigner single level formula.
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ANNEXE
•\

On peut montrer que l' l ment U de la matrice de collision, en tenantnot
compte des interf rences entre les niveaux, est de la forme :

DUn«

I Y«y VWX

V . et 9. sont respectivement les composantes du vecteur propre \ et la
^ t

valeur propre correspondante de la matrice de niveaux A l' nergie E-0. Ces
quantit s sont ind pendantes de l' nergie, tout au moins si T et les l ments
non diagonaux di
peut s' crire :
non diagonaux de A sont ind pendants de l' nergie. Ainsi la section efficace a

C,„ « c y _x«• « zv*
o C. est ind pendant de 1* nergie.

Pour l'analyse par moindres carr s des sections efficaces mesur es, on est
amen calculer les d riv es des sections efficaces.

Si on utilise la propri t suivante :

SA . 8A"1
3x ~ " 8x A

o A est une matrice d pendante du param tre x, on montre que cette d riv e peut
s' crire :

.JL « —— H • _g •«• ———~rj + complexe conjugu
JE XX*X (3.-E) '

CD. et GDD̂  sont ind pendants de l' nergie ; x est un des param tres de la
matrice R : E., F , Y°» Y« •••A t Zl J.

*v
Ainsi, les formes analytiques de o et y tant simples, il est facile de

convoler ces fonctions par les fonctions repr sentant l' largissement Doppler
et la r solution.
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Les param tres utilis s sont ceux de la matrice R. Ce sont eux qui sont
ajustes par moindres carr s. Les param tres 8̂ , 3̂  ne sont consid r s que comme

aitdes interm diaires de calcul. Le calcul des coefficients CD. et CDD. de -r— est
assez compliqu mais certaines approximations peuvent tre faites, compte tenu
des approximations inh rentes la m thode de moindres carr s.
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IJNLRGY IUIGJOIJ or RiiDOLvu) AND UMJ:SOU'W KLSOUA^CJIS
THE ACTIVITY OF TUB CNEN KUCLliAR DATA CROUP IN BCJ OCNA, ITALY

M. Motta
Comitato Nazionale Energia Nucleate, Centre dl Calcolo, Bologna, Italy

Abstract
The CNEN Italian activities concerning the resonance region of the

neutron cross sections are shortly summarized.
Some critical questions and needs are also pointed out, involving

the experimental and theoretical analysis of the resonances and the
problems of the multilevel representation.

1. PRESENT STATUS AND FtWMAUSMS USED
The activity of the CNP.N Nucle.tr Data Group for the evaluation of neu-

tron cross sections in the resonance region includes some studies on the
multilevel formalism and its consequences in the calculations of the Doppler
effect in fast ropetors.

The shielding effect among resonances of fissile and fertile materials
was early studied in connection with the problem of thrf temperature varia-
tion of the resonance integral. A two-level formula was adopted for the
case of two interfering resonances of the fissile material overlapping with
one resonance of the fertile matetial.

The temperature variation of the resonance Integral resulted to be
not very largely influenced by the formalism [l]. However, the calculation
with a two-level formalism showed that the change in the resonance integral
due to the attribution of a constructive or destructive interference between
levels greatly overcomes any change due to the temperature effect [2].

The fact seemed relevant enough to encourage deeper studies on the
role played by all the possible combinations of interference in the mathemat-
ical expression of a multilevel formalism.

The Reiclr-Moore and Adler-Adler 'formalisms did not seem easy to handle
for a study on the effect of a large number of interference combinations
among resonances.

The origin of a. proper type of interference in a multilevel cross sec-
tion representation lies mathematically in the fact that the reduced width
parameters are signed quantities. Our effort was therefore devoted to the
preparation of a multilevel two-channel formula, suitable for computer cal-
culations of the interferential effects among resonances as generated by the
sign attribution. The requirement was attained to reproduce some formulas
of the above mentioned formalisms, in known cases.

The approach has successively been extended to the multilevel many-
-channel case [3J. However, a good settlement of such work would require
further criticism and discussions.
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2, EXPERIENCES, LIMITATIONS AHD ACHIEVEMENTS IN THE APPLICATION OF THEORY
TO RESOLVED RESONANCE
In order to estimate the unknown resonance, parameters of some isotopes,

the up-to-date values of T and D observed for nuelides with mass number
between 45 and 210 wore collected,

The I>ojjs values will be used to compile a systematics of the level
density parameter "a", of a Fermi &as formula. Such a work is now in prog-
ress taking into acccunl. the rotational energies of the miclei.

For what concern n the analysis of the experiment--)! data, it in our
opinion that a greater attention must be pr.id to rhe evaluation of the re-
spouse function oi thy experiment*?*) appar«U'& «r.id the criticism ou the un-
folding method.

For a better resolution of tin* widely overlapped resonances tlu; shape
analysis \jould bo prof ..r.-sblo to the area aval yds, in oruer to avoid too
large errors in the (.•vf.lnHtion, especially of the neutron widths.

Any effort for the improvements of the theoretical approximation (Breit-
-Wigner, multilevel, etc.,) would be unfruitful if the above conditions were
not satisfied.

3. ENERGY AND SPlH-nEPBNUEKCB AND SYSTEMATICS OF AVEBACK RKSONAKCE PARAHBTERS
The spin-depeudonc.c of the level mean spacing in hafnium isotopes has

been recently studied by resonance neutron capture experiments [4 J .
In order to check the spin-dependence of the s-vavc strength function,

its valû «.s v/exe determined, as deduced f roin_ the analysis of the low energy
data in the 177 and 179 Hafnium isotopes

No definite conclusions were reached about the. question (which was
also touched upon last year at the Helsinki Conference), especially for the
mentioned uncertainties in the r measurements,

4. IMPORTANCE OF RESONANCE INTERFERENCE AND INTERMEDIATE STRUCTURE IN FISSION
ON THE DOPPLER EFFECT
Following the criteria mentioned in 1, an application was made of the

multilevel two-channel formula in order to determine the effect in the cross
section value due to the signs of the reduced width amplitudes [6J,

The fortran code PIUME JY] is now available for the calculation of the
two-channel case. It utilizes the input real parameters of the R-matrix for-
malism. For a direct comparison of the results, it would be desirable to
have Reich-Moore and Adler-Adler tested codes.

It is also our need to have. the. original conversion programs of para-
meters for the different formalism, as for example the Gamp lex code (Helsinki
Conf. 1970).

In the evaluation of the importance of resonance interference, single
and two-level formulas were used in some of the codes set up in Centro di
Calcolo, which calculate group cross sections in resolved and unresolved
region. The detailed description of the codes will be found in the reportsra. M.
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5. REPRESENTATION OF RESOLVED AND UNRESOLVED RESONANCE DATA
The resonance cross section representation in the Nuclear Data Files

is generally provided cither in tabulated form or through the parameters
of a specified formalism.

The tabulated form sometimes requires a very high number of points,
with some difficulties for the Doppler broadening by numerical methods
(e.g. TEMPO code) in the resolved region. Moreover, the temperature depen-
dence in the unresolved region cannot be calculated. The repetition of da-
ta for different temperatures would probably enlarge too much the Nuclear
Data File.

The parameter representation, in many cases, implies the addition of
a background value, step-variable. For a correct calculation of the cross
section temperature dependence the handling criteria of such background da-
ta in the Doppler broadening must be given or the determination method ex-
plained.

When a choice of the representation is possible, the preference for
a parameter representation depends, in our opinion, upon the availability
of standardized codes for the Doppler broadening. An agreement upon the
procedure for the generation by the mean parameters of the temperature de-
pendent cross sections in the unresolved region would be desirable.
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RESEARCH OF THE BEST RUNNING CONDITIONS 0? NUCLEAR CODES
FOR COUPLED CHANNEL CALCULATION 0? NEUTKOW IMIERACTIQN

WnW IEAVY DEFORMED NUCLEI

Y. KIKUCU1

D partement de Physique Nucl aire

Centre d'Etudes Nucl aires de Saclay

B.P. 2t 91 - Gif-$w?-Yvette ; Franco

Abstract : The effects of various physical appropriations in the coupled
channel optical model and the errors due to the uncertainty in the defer"

motion parameters were examined.

As for the shape of potential, we must consider the deformation

of imaginary potential but can neglect the deformation of spin-orbit

coupling potential. The deformed potential should be expanded with Legendre

polynomials at least up to \ - 4.

When the energy of the incident neutron is less than 1 MeV3 the

coupling of 3 levels seems most reasonable except for the inelastic scatte-

ring* The errors in cross sections are less than 3 % with this condition.
For calculatirig the inelastic scattering to the n-th state* the coupling to

the (n+l)-th state is required. If the neutron energy is higher than 1 MeVt

the adiabatic approximation is highly recommended* because more precise

results can be obtained with much less computing time.

In the coupled channel model, we must consider the contributions of

high angular momentum which arc negligible in the spherical optical model.
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The uncertainties of the deformation parameters cause considerable

errors. The uncertainty of B2-value is ± 10 % and that of $4--»alue is a

complete open otuestion. Hence the errors due to these uncertainties are

inevitable^ even if the errors due to the physical approximations can be

removed. The errors are estimated to be 3 % for the reaction and the elas-

tic scattering cross sections* S % for the*strength functions and 20 % for

the inelastic scattering cross sections, respectively.

I - INTRODUCTION

The optical model is often used to analyze cross sections,
angular distributions, polarizations and strength functions and also
to obtain the transmission coefficients needed for the statistical

model calculations* The best set of the optical model parameters is
searched for in order to obtain the best fit of the experimental data.
Before doing so, however, we must check the reliability of the calcu-
lated results and know the limit of the errors. The purpose of this
report is to examine these problems which must be solved before sear-
ching for the best optical model parameters.

Two types of errors can be considered. The first one is the
error due to the numerical calculation in the program, such as the
truncation error, the round-off error and the error due to the finite
matching radius. The conditions of numerical integration must be chosen
very carefully. The basic physical constants, such as the neutron mass,
the conversion constant between energy and wave number must be also
checked. These problems were examined for the spherical optical model
code in the preceding report and the best conditions were recommended,
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The second type of error is caused by various physical assumptions
adopted in the calculation. This type of error is much more complicated
in the coupled channel optical code, because we have so many optional
assumptions. Hence we mainly discuss the effects of these various physical
assumptions in this report.

The effects of the values of deformation parameters are also
discussed, because these values are generally assumed before searching
for the best optical model parameters. The uncertainty of the defor-
mation parameters causes considerable errors on the results. This
uncertainty seems to be ignored in most of the present analyses.

The general coupled channel optical model codes available at
Saclay are ECIS 70 and JUPITOR (3). The ADAPE code, the pro-
gram using the adiabatic approximation is also available. The results
of these 3 codes were compared and were proved to agree with one
another when the appropriate conditions are used (see section II. 5 and
appendix )).

In the present examination, our efforts are devoted only to
ttie interaction of 238U with neutrons whose energies are 0.1, 0.6 and
2 MeV. However the present conclusion may be applied to the other
heavy deformed even-even nuclide for reaction with neutrons whose
energy is less than 15 MeV.

Raynal recently developed a new code ECIS 71 in which the automatic
search is possible. However the principal part for solving the coupled
equations is the same as ECIS 70.
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II - EFFECT OF VARIOUS PHYSICAL APPROXIMATIONS

We must choose the following physical approximations :
1} choice of imaginary potential (deformed or spherical) ;
2) order of Legcndre expansion of the deformed potential ;
3) choice of spin-orbit coupling potential (deformed or spherical) ;
4) number of coupled levels (for non-adiabatic case) ;
5) adiabatic approximation.

Among these five, 'the most interesting problems are the condi-
tions 4) and 5), i.e., the influence of the numbers of the coupled le-
vels for non-adiabatic case and the validity of adiabatic approximation.
Therefore we will first discuss the conditions 1), 2} and 3) briefly
and discuss the conditions 4) and 5) more precisely. The ECIS 70 code
is mainly used for non-adiabatic case, because this code was found to be
more rapid than the JUPITOR code. The comparison of these two codes
will be discussed in appendix 1.

The parameters of the optical potential are tabulated in
table I. The mesh interval and the matching radius in the numerical
calculation are taken O.I fm and 15 fm respectively. This condition was
proved in ref.l to give the precision of 10~3 in C matrix coefficients
for a program with single precision on an IBM.360/9I computer.

We examine the effects of various approximations on the follo-
wing values :
t) C matrix coefficients ;
2) s and p wave strength functions ;
3) integrated cross sections (reaction, elastic and inelastic scattering) ;
4) differential cross sections (elastic and inelastic scattering) ;
5) polarizations.
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In order to compare the differential cross sections and pola-
rizations, we define the relative deviation as :

U /(A<e) - Ast(o))2de
• „, st \-2———-—— , (0/(ASt(8>) dO

where A is a set of differential cross sections or polarizations, and
stA the value of the standard set. This relative deviation is consi-
dered to be a good measure of the differences under various conditions.

In the following tables, values of C matrix coefficients are
given only for the standard set and absolute differences from the
standard values are given for the other sets in order to make compa-
rison easier.

The so-called "standard set" varies from case to case according
to the properties to be checked ; it will be defined in each case.

JJ.J Effect of deformation of vmaginayy potential

The effects of deformation of the imaginary potential were
examined with the coupling of 2 levels and with P4 expansion for in-
cident neutrons with energy of 0.6 and 2 MeV.

The results with the spherical and the deformed imaginary po-
tential are compared in table 2. The results with the deformed imagi-
nary potential arc taken as standard values.

The absolute errors in the C matrix coefficients are of the
order of 1(T2. The relative errors on the strength functions and on
the total reaction and clastic cross sections are less than 10 %.



Differential scattering cross sections and polarisations at 2 MeV
are shown in fig.l. Considerable differences (factor of 2) are ob-
served in the case of elastic scattering for 8 > 120°.

On the other hand, the difference of the tiwe for computation
is less than 20 %.-Hence we conclude that the deformed imaginary po-
tential should be employed.

JJ. 2 Effect of order of Lcgendre expansion

The deformed potential is expanded with Legendre polynomials.
The order of expansion should be 2 * I, if the spin of the highest
coupled level in the ground state band is 1.

JUPITOR and ADAPE allow the expansion up to 4, though EC1S 70
allows a higher expansion. Here we compare the results with P2 (A = 2
only), P4 (X » 2 and 4) and P6 (X « 2, 4 and 6) expansion with the
coupling of 3 leVels (0*, 2* and 4*) at 0.6 MeV and 2 MeV. They are
tabulated in tables 3A and 3B in which P4 expansion is taken as the
standard.

The absolute differences in the C matrix coefficients are of
the order of 10~"2 between P2 and P4 and less than 10~3 between P4 and
P6. The differences in the cross sections and the strength functions
are several percents between P2 and P4 and less than 1 % between P4
and P6. The differential scattering cross sections and polarization
are shown in fig.2. A considerable difference is observed between P2
and P4 but very little difference between P4 and P6. The difference of
the computing time is less than 15 %.
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As a conclusion, P2 expansion should be abandoned, because
it causes a considerable error. Theoretically the higher expansion
should be recommended, but P4 expansion seems sufficient. In the
following comparison, we will use P4 expansion in order to compare
the results with those of JUPITOR and AOAPE in which the expansion
is allowed up to X » 4.

JJ. 3 Effect of deformation of spin-ovbit coupling potential

The spin-orbit coupling potential (V ) can be deformed inoL
ECIS 70. The effects of this deformation are shown in table 4 and
fig.3. The effects on the C matrix coefficients are of the order of
10""3 and those on the cross sections and the strength functions are
very weak (less than 1 %). Only the effects on the polarization are
significant.

We will assume a spherical spin-orbit coupling potential in
the following discussion, because JUPITOR and ADAPE adopt the sphe-
rical approximation and because the effects on the cross sections
are negligible.

JJ.4 Effect of number of coupled levels

The most interesting point is to know how many levels should
be coupled. This must depend on the relation between the energy of
incident neutron and the energies of levels. Hence we examined this
problem by doing the calculations with various couplings (up to 5
levels) at the energy of 0.1, 0.6 and 2 MeV. These energies are chosen
so that i) in the first case (0.1 MeV) there are some subthreshold
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levels, i ) in the second case (0.6 MeV) all the levels arc open but
are of the same order as (.he neutron energy, ill) in the loot case
(2 McV) the neutron energy is much higher than the energies of The
levels.

The results seem to converge with oscillations when the
number of coupled levels increases. Therefore we take the results
with coupling of 5 levels as standard values. The results are given
in tables 5A, SB and 5C for energies 0.1, 0.6 and 2 MeV respectively.
The coupling of 1 level means that the potential is deformed but
that no coupling is considered.

II.4.A ~ C matrix coefficients.

The differences of the diagonal C matrix coefficients from
the standard values are given in tables 5A, 5B and 5C. Some of them
are shown in figs.AA, 4B and AC. The convergence with oscillations is
very clear. The foilowings can be said on the diagonal coefficients ;
1) without coupling (coupling of 1 level), the results are very diffe-
rent from the other cases. The errors are of the order of JO""1 and of
.'the same order as the errors due to the spherical approximations, though
the potential is deformed in this case.
2) when 2 levels are coupled, the results are drastically improved. The
errors become less than 5 * 10~2.
3) with coupling of 3 levels, the errors are less than 10~2.
4) with coupling of 4 levels, the errors become very small (less than
2 x 10~3) and comparable with the errors due to the numerical integration.

At 0.1 MeV the absolute errors with coupling of 2 levels seem
smaller than those at 0.6 and 2 MeV. This may be explained by the fact
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that the third level of 238U (4* ; E » 148 keV) is energetically closed.
However, the relative errors are not always small, as the value of C
matrix coefficients for p-wave is also small at this energy because of
the centrifugal force.

The convergence of the off-diagonal C matrix coefficients is
generally much, slower than the diagonal coefficients. This should be
kept in mind in the discussion on the elastic scattering.

II.4.B - Strength functions

The relative errors on the s-wave and p-wave strength functions
are shown in fig.5. The p-wave strength function at O.I MeV has very
large error (20 %) with coupling of 2 levels. This might seem inconsis-
tent with the fact that the absolute errors in C matrix coefficients
are small at 0.1 MeV. As we discussed previously, however, the relative
errors of C matrix coefficients for p-wave are not small at this energy,
because the value itself is also small. Without this exception, the
relative errors are respectively less than 1 %, 5 % and 10 % with cou-
pling of 4, 3 and 2 levels.

Without any coupling the s-wave strength function is smaller
and p-wave strength function is greater at any energy.

II.4.C - Integrated cross sections

The reaction cross section and the clastic scattering cross
section converge well with increasing number of coupled levels. The
relative errors are respectively less than 0,5 %, 2 % and 10 % with
coupling of 4, 3 and 2 levels.
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As for inelastic scattering, a transition to the highest of
the levels taken into account is always overestimated (about 50 Z),
because there is no competition with higher levels. This is also the
case for the elastic scattering without coupling. The cross section
to the second highest level is also overestimated (less than 20 %).
This overcstimation may be avoided by introducing the "fudge factor"
for higher levels as the JUPITOR-code does. However this introduces
new ambiguous parameters and causes another uncertainty on the results.
The ECIS 70-code does not have this option.

II. 4. D - Differential cross sections and polarizations

The differential cross sections and the polarizations of elastic
scattering and inelastic scattering to the 2 and 4 state are shown in
figs. 6, 7A, 78, 7C, 8A, 8B and 8C with the results calculated by the
ADAPE-code.

The symbols used in these figures are as follows :

—— • : coupling of 5 levels
A : coupling of 4 levels
0 : coupling of 3 levels
o : coupling of 2 levels
_ , . _ , , , (without coupling butV : coupling of 1 level deformeS po?ential)
—•— : spherical approximation
• — : adiabatic approximation (calculated by ADAPE)

the relative deviations defined by eq.(l) are given in tables 5A, 5B
and 5G.
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If there is no coupling, the results are like those of the
spherical approximation. At 0.1 McV the curves with coupling of J l^svel
deviate even more than those with spherical approximation. Therefore
the most important factor in the coupled channel calculation is not
the deformation but the coupling of levels.

II.4.E - Time consideration

The CP running time is also given in tables 5A, 5B and SC.
The time for computation increases very rapidly with increasing
number of coupled levels and with increasing maximum angular momentum.
It should be noted that more memories are required for calculating
the coupling of 5 levels.

II.4.F - Conclusion

Considering experimental errors and the time for computation,
we can conclude as follows :
1) coupling of 2 levels might be enough for the reaction cross section,
the integrated elastic scattering cross section and the strength
function. The errors are less than 10 % for the cross sections and
the s-wave strength function and less than 20 % for the p-wave strength
function at low energy.
2) coupling of 3 levels should be used for calculating the differential
elastic scattering cross section. If we need a precise p-wave strength
function at low energy, this coupling should be taken. The errors in
the integrated cross sections and the strength functions are less than
3 % with this coupling.
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3) if we need the inelastic scattering cross section to the n-th level,
a coupling up to the (n + J)~th level is necessary. This needs a very
long time for computation. In this case, the adiabatic approximation
seems more convenient. We will discuss this problem in the next section.

JJ.5 Adiabatic approximation

The adiabatic approximation can be used if the energy of the
incident particle is much higher than the energies of the ground-state
rotational band and if we consider only couplings on the ground state
rotational band. With this approximation, the coupling of all levels
of the ground-state rotational band is considered automatically and
therefore quite accurate results can be obtained. This approximation
diminishes the number of coupled equations and saves the computing
time*

We used the ADAPE code for this approximation. The JUPITOR
code has also an option for the adiabatic approximation, but this
option does not work with the Saclay version of the code. However,
the results of ADAPE were compared with those of JUPITOR by Benzi * '
and the agreement was reported to be very good.

The results of ADAPE are compared with those of ECIS 70 (with
coupling of 5 levels) in table 6. The differential cross sections are
also given in figs.6, 7A, 7B, 7C, 8A and 8C with dashed lines. The
agreements for the total and the elastic scattering cross sections are
very good even at 0.1 MeV. As for the inelastic scattering cross sections
to the 2 state, however, the disagreement increases with decreasing the
incident energy. This suggests the failure of the adiabatic approximation
in the low energies, because the results of ECIS 70 converge with coupling
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of 5 levels. On the other hand, the disagreement exists even at 2 MeV in
the inelastic scattering cross section to the 4 state. This can be
explained by the fact that the inelastic scattering to the 6 state does
not yet converge with coupling of 5 levels, as we can see from the
figures.

The CP running time of AOAPE is much shorter and same as
the running time of ECIS 70 with coupling of 3 levels. Considering
its short computing time and its theoretically accurate results for
the inelastic scattering, the adiabatic approximation is very useful
in the case where the energy of the incident neutron is higher than
I MeV.

It is difficult to calculate the strength function with the
adiabatic approximation. However this problem is not severe because
the strength functions are required at low energies.

Ill - REASONABLE CONDITION FOR NUMERICAL CALCULATION

The errors due to the various physical approximations were
found to be considerably large ; with coupling of 3 levels, for
.example, the error on the C matrix coefficients is less than I0~2.
On the other hand, the precision of C matrix coefficients is less
than 10~3 with the present condition of numerical integration (mesh
interval « 0.1 fm). Hence in order to save the computing time, we
try to decrease the number of mesh points at the slight expense of
the precision of the numerical integration.

see appendix 2



In order to find the optimal mesh interval, we calculate the
case of 3 levels coupling at 0;6 MeV with changing the mesh interval
(0.1, 0.3, 0.5, 0.75 and I fm). The results are given in table 7 and
fig.9. The standard values are the results with 0.1 fm, and can be
referred in table 4B. The computing time becomes half (40 sec to 20 sec)
but the errors are still negligible with increasing the mesh interval
to 0.3 fm (50 steps). With the mesh interval of 0.5 fm (30 steps)
the computing time is further improved, but the error becomes si-
gnificant in the inelastic scattering. With larger mesh interval,
the error becomes very large.

The mesh interval of 0.3 fm (50 steps) can be recommended
to be the most reasonable from this examination.

IV - EFFECT OF DEFORMATION PARAMETERS

The deformation parameters are the key parameters in the
coupled channel calculation. The uncertainty on these values and the
error caused by this uncertainty will be discussed in this section.

IV. 1 Quadrupole deformation

The $2-value is fairly well determined from the experiments,
and is believed to be between 0.22 and 0.26 for 238U. Here we examine
the effect of this uncertainty. Assuming the coupling of 3 levels,
we calculated three cases (with 62 "* 0.22, 0.24 and 0.28) at 0.6 and
2 MeV. The results are given in tables 8A and 8B and figs.lOA and 10B.
The case of 02 « 0.24 is taken as the standard.
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The errors caused by the uncertainty of i.8 % in 82-value cannot
be neglected. The absolute errors on the C raacrix coolficionts are
less than 2 * J0~2. The relative errors OR the reaction cross sections
and the elastic scattering cross sections are less than 2 % and the
errors on the strength functions arc less than 5 %. The errors on the
inelastic scattering are much larger (up to 30 %).

It should be noted that the error due- to the. uncertainty in
$2-value arc o the same order as those caused by assuming the coupling
of 3 levels.

IV. 2 Octupole'do formation

The 8,.value is an open question. This is considered to be
small and generally assumed to be zero in most of present calculations.
The effects of this parameter are examined by doing calculations for
various Bi»-value (0, 0.05, 0.1 and 0.?) with the coupling of 3 levels.
The same 8?-value ("* 0.24) is used for all the cases. The results are
given in tables 9A and 95 and in figs.HA and HB. The standard is the
case with fa - 0.

The effects are considerably large even with 84 = 0.05. The
errors on the C matrix coefficients reach 5 x 10~"2. The relative errors
on the reaction cross section, the elastic scattering cross section and
the strength functions are several percents. The effects on the inelas-
tic scattering are much larger. The errors show some saturation or os-
cillation with increasing $H~value.

The actual Bt,-value might be smaller than 0.05, and it might be
impossible that 8i»-valup is as much as 0.2. However, we must still keep
it in mind that considerable errors can be caused by our neglecting 0j».



V - CONCLUSION

The analysis of nuclear data with the coupled channel optical
'model is a very complicated work. From various discussions in this
report, we can recommend the optimal physical approximation and show
the limit of possible errors.

As for the shape of the optical potential, we must consider
the deformation of the imaginary potential as well as that of the
real potential. The deformed potential should be expanded with
Legendre polynomial at least up to A » 4. We can neglect the defor-
mation of the spin-orbit coupling potential, unless we are inte-
rested in a very precise polarization.

When the energy of the incident neutron is low (less than
I MeV), the coupling of 3 levels seems most reasonable for calcula-
ting the reaction cross section, the elastic scattering cross section
and the strength functions. If the inelastic scattering to the n-th
state is required, the coupling to the (n-H)-th state is necessary.
The errors with these conditions are less than 3 % for most of values.
The error in the inelastic scattering to the n-th state is still about
20 %.

If the energy of the incident neutron is higher than 1 MeV,
the adoption of the adiabatic approximation is highly recommended.
More precise results especially for the inelastic scattering are
obtained with much less computing time with this approximation.

In the coupled channel model, we must consider the contribu-
tion of neutrons with a high angular momentum which can be neglected
in the spherical optical model (see appendix I).
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The uncertainty of the deformation parameters causes
considerable errors. The uncertainty of P^-valuc is ± 10 % and
that of 0i,-value is a complete open question. Hence the errors
due to these uncertainties are inevitable, even if the errors due
to the physical approximations can be removed. The errors of the
calculated results are estimated to be 3 % for the reaction and
the elastic scattering cross sections, 5 % for the strength functions
and 20 Z for the inelastic scattering cross sections. We must keep
these errors in mind in analyzing the nuclear data with the coupled
channel optical model, whichever parameters of optical potential we
nay choose.

ACKNOWLEDGMENT

The author thanks Dr. P. Ribon for his helpful discussions and
suggestion. He also acknowledges Dr. J. Raynal for his advice about ECIS 70.
He thanks Prof. Benzi and his collaborators at Bologna for their sending
'ADAPE and their discussions. The preparation of tables and figures by Mrss
'Laurent-Guy and Benard is very much appreciated.

REFERENCES

(1) Y. K1KUCHI, Comparison of spherical optical model codes and proposition
of standard values for testing a code, Note C.E.A. N-1532, INDC(FR)-3/L
(1972).

(2) J. RAYNAL, Unpublished.
321



(3) T. TAMURA, Rapport ORNL-4152.

(4) F. FABBRI and L. ZUFFI, A Fortran program for the adiabatic coupled
channel calculation of nuclear particle scattering by rotational nuclei,
RT/FI (69) 7, (1969).

(5) V* BENZI, Private communication.

322



Table !

Optical model parameter and assumed level scheme

V<r) » VR x
1 + exp

4a.X

e-a
d_
dr

1 + exp /̂ R̂A
V ai H

<Ldr t«

V » 49.3 MeV
W - 5.75 MeVS
V • 5.5 MeVSL

r -
a

1.25 fm
0.65 fm
0.7 fm

e2 - 0.24
B, « 0

except
section IV

Assumed levels of

I'
0*
2*
4*
So
0+O

Energy (MeV)
0
0.044
0.148
0.309
0.523
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Table 2

Difference between deformed and spherical
imaginary potential with coupling of 2 levels

Energy
Ws

or 0*)
0ei (mb)
°in(2*) ̂ mb^
ˆ0 (KIO"*)
C, (*10~4)

Cl
1
0

1

2

3

4

j*
l/2+

1/2"
3/2"

3/2*
5/2*

5/2"
7/2"

7/2*
9/2*

0
• « do
> g d8
•O •-«
« w P

5 3 ~ do
•« "» *<>! dft
rt C "̂̂  1>M r

Time (sec . )
Memory (K byte*

0.6 MeV (Jmaj « 4.5)
Deformed

(standard)
4148
4761
171.7

1.256
1.988

Value

Real
-0.0562
-0.2422
-0.2H9

-0.0653
-0.0559

-0.0017
-0.0012

Imag.
0.8066
0.2675
0.2882

0.0583
0.0626

0.0064
0.0100

8.2
245

spherical

4175 (+0.65%)
4957 (+4.1%)
182.8 (+6.1%)

1,279(+1.8%)
2.006(+0.9%)

Difference from
standard

Real
-0.0276
-0.0117
-0.0212

+0.0086
+0.0079

+0.0009
-0.0014

Imag.
-0.0110
+0.0249
-0.0220

+0.0034
-0.0008

+0.0008
<io-«

0.06
0.30
0.16
0.50

8.1
245

2 «eV WMX - 6.5)
Deformed

(standard)
4296
3471
368.4

0.890
.1.282

Value

Real
0.1849
-0.0722
-0.0199

-0.2591
-0.2504

-0.0660
-0.1188

-0.0056
-0.0101

Imag.
0.3658
0.5830
0.5683

0.3892
0.3943

0.1738
0.2195

0.0389
0.0421

•

12
245

spherical

4363 (+1.6%)
3523 (+1.5%)
407.5 (+11%)

0.930 (+4. 4%)
1.256(-2..%)

Difference from
standard

Real
-0.0080
+0.0285
+0.0157

+0.0275
+0.0335

-0.0223
-0.0109

+0.0088
+0.0028

Imag.
+0.0238
+0.0314
+0.0369

-0.0131
+0.0008

-0.0002
-0.0175

+0.0035
+0.0089

0.02
0.49
0.13
0.39

10
245
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Table 3A

Effect of order of Lcgendrc expansion at 0.6 MeV
•with coupling of 3 levels

Legendre
expansion

max

ar

°el

(mb)

(mb)

ain(2+) <mb)

in(

*o

S,

4+} (mb)

(xlO~4)

(*l<f4)

c{

I

vfi

2

3

de
vi

at
io

n
R

el
at

iv
e

Time

.ir

1/2*

1/2"
3/2"

5/2+

7/2"

•2 42.« dat«
5 p

da
_ d f l

O 4-
•H cv p
u •*. r
<&
JS da
8<r da
H S»

w P

(sec.;
Memory

(K bytes)

P2

4.5

3996 (-3.4%)

5475 (+3.5%)

121.9 (-0.16%)

8.52 (-7.2%)

1.240 (-0.32%)

1.878 (-6.2%)

Difference from P4

Real Imag.

- 0.0123 - 0.0010

- 0.0221 + 0.0092
- 0.0220 + 0.0035

+ 0.0034 - 0.0019
+ 0.0050 - 0.0001

- 0.0010 <10"4

- 0.0009 - 0.0005

0.34

0.58

0.008

0.14

0.10

0.59

38

245

P4 (standard)

4.5

4137

5288

122.1

9.18

1,244

2.004

Value

Real Imag.

- 0.0399 0.8115

- 0.2576 0.3209
- 0.2488 0.3179

- 0.070C 0.0595
- 0.0679 0.0598

- 0.0032 0.0079
- 0.0031 0.0103

42

245

P6

4.5

4138 (+0.02%)

5283 (-0.09%)

120.9 (-0.98%)

9.26 (+0.87%)

1.242 (-0.16%)

2.009 (+0.25%)

Difference from P4

Real Imag.

+ 0.0004 + 0.0005

+ 0.0007 - 0.0006
+ 0.0010 - 0.0002

- 0.0002 - 0.0001
- 0.0002 - 0.0002

<10~4 <10~4

+ 0.0009 <10~4

0.002

0.057

0.0)0

0.010

0.011

0.027

4i

245
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Effect of order of Legendre expansion at 2 MeV
with coupling of 3 levels

Legend re
expansion

max

or (rob)

ocl (mb)

in(2 )
o. / /+s (rob)

'o
5, (xlO )

«!
1

0

1

2

3

4

Jn

1/2*

1/2"
3/2

3/2*
5/2*

5/2"
7/2

7/2*
9/2*

X 12.g S dn
*r4 CO U
4J -4 ^
(0 W
>
0)•o

R
el

at
iv

e
In

el
as

ti
c

do
+~ dfl

. P

_do
^ ds;
^ P

Time (sec.)
Memory

(K hvt rO

P2

6.5

4006 (-1.7%)

3695 (+2.0%)

262.7 (+6.1%)

63.46 (+2.0%)

0.861 (+2.4%)

1.218 (-2.6%)

Difference from P4

Real

- 0.0006

+ 0.0037
- 0.0055

+ 0.01)3
+ 0.0161

- 0.0112
- 0.0032

+ 0.0032
+ 0.0004

Imag.

+ 0.0144

+ 0.0305
- 0,0268

- 0.0068
- 0.0002

- 0.0066
- 0.0106

+ 0.0021
+ 0.0040

0.018
0.30

0.075
0.11

0.11
0.35

64

245

P4 (standard)

6.5

4013

3621

247.7

62.20

0.841

1.250

Value

Real

0.2009

- 0.0438
- 0.0185

- 0.2812
- 0.273U

- 0.0913
- 0.1242

- 0.0085
- 0.0048

Imag.

0.3488

0.629)
0.6037

0.3876
0.3705

0.1686
0.2039

0,0327
0,0377

73

245

P6

6.5

4012 (-0.03%)

3617 (-0.11%)

244.9 (-1.1%)

62.73 (+0.85%)

0.839 (-0.20%)

1.250 (+0.06%)

Di.f fercnce from P4

Real

+ 0.0008

- 0.0005
<io~4

- 0.0005
- 0.0004

+ 0.0008
+ 0.0002

- 0.0001

Imag.

- 0.0002

- 0.0147
- 0.0007

- 0.0003
- 0.0006

+ 0.0001
+ 0.0006

- 0.0002

0.001
0.020

0.011
0.096

0.014
0.045

69
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Effect of deformed spin-orbit coupling force with coupling of 3 levels

Energy

S-L force

0r (mb)
aftl (mb)
ain(2+) (mb)

°in(4*) <*>
CQ (xlO~4)
Cj (xio""4)

ci
I

0

.1

2

3

4

f

1/2*

1/2"
3/2
3/2*
5/2*

5/2~
7/2"

7/2*
9/2*

o
g 'S daU « da
0} W p

•rt *510 V" da
«, o 2 dfl
> «r4 p
•*4 4J *
4J COfO flJ
7? *« ,-v d<?
* iS *sr d«^ p
Time (sec.)
Memory

(K bytos)

0.6 MeV (J - 4.5)max
Spherical

(standard)
4137
5288
122.1

9.18

1.244
2.044

Value

Real

-0.0399

-0.2576
-0.2488

-0.0706
-0.0679

-0.0032
-0.0031

Imag.

0.8115

0.3209
0.3179

0.0595
0.0598

0.0079
0.0103

42
245

Deformed

4108 (-0.70%)
5292 (+0.07%)
120.9 (-0.98%)

9.10 (-0.87%)

1.243 (-0.08%)
K986(-0.90%)

Difference from
standard

Real

+0.0007

+0.0015
-0.0035

-0.0003
-0.0007

+0.0002
+0.0001

Imag.

0.0004

-0.0011
-0.0015

-0.0010
+0.0001

+0.0002
-0.0003

0.019
0.46

0.022
0.24

0.006
0.19

44
245

2 MeV <Jmax " 6'5>
Spherical

(standard
4013
3622
247.6
72.2

0.84)
1.249

Value

Real

0.2009

-0.0435
-0.0183

-0,2812
-0.2729

-0.0913
-0.1241

-0.0085
-0.0048

Imag.

0.3487

0.6293
0.6039

0.3876
0.3705

0.1686
0.2039

0.0327
0.0377

73
245

Deformed

4022 (+0.22%)
3605 (-0.47%)
247.3 (-0.12%)
72.1 (-0.22%)

0.840(-0.11%)
1.251 (+0.1 4%)

Difference from
standard

Real

+0.0016

-0.0007
-0.0049

+0,0003
-0.0007

+0.0015
+0.0031

+0.0010
-0.0010

Imag.

+0.0001

-0.0073
+0.0009

-0.0027
-0.0006

+0.0053
-0.0023

-0.0010
+0.0007

0.003.
0.16

0.016
0.36

0.008
0.29

72
245
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Table 5A-1

Effect of number of levels at 0.1 MeV (J «= 4.5)max

«r (mb)
o . (mb)

°in(2+) <mb)
tfin(4+) (mb)

?0 (xlO~4)
C, (xlO~4)

Cl
i •'1 J

0 1/2+

1 "2~
3/2~

2 3/2+
5/2+

. 3 do
* 3 d«
* M P
fl> .......
•5 • dow m .:.-«* at /-x d l1-1 1-1 h
O 01 CM p"* tS ̂
Time (sec . )
Memory

(K bytes)

5 Levels (standard)

4874
7776

9.57
0

1.576
3.006

Value

Real Imag.

- 0.3903 0.3607

- 0.0475 0.0369
- 0.0486 0.0367

- 0.0013 0.0012
- 0.0012 0.0013

303
401

4 levels

4861 (-0.27%)
7788 (+0.15%)

9.61 (+0.41%)
0

1.567 (-0.6%)
3.002 (-0.2%)

3 levels

4963 (+1.8%)
7779 (+0.04%)

9.67 (+1.04%)
0

1.613 (+2.4%)
3.043 (+1.2%)

Difference from standard value

Real

- 0.0006

<io"4
- 0.0006

<io"4

Imag.

+ 0.0002

- 0.0001
- 0.0001

+ 0.0001

0.002
0.376

0.007
0.084

126
245

Real Imag.

+ 0.0021 + 0.0009

- 0.0041 + 0.0008
- 0.0022 + 0.0007

<10~4 + 0.0001
-4 -4<10 H <10

0.017
1.30

0.042
0.568

38
245
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Table 5A-2

Effect of number of levels at O.I MeV * 4.5)

or (mb)
o . (mb)
o. f2+. (mb)

0̂ (xlO~4)
*»A

i
i
0

i

2
ol-»

9 U5 8
•O fts "

R
el

at
i

In
el

as
 .

JW

1/2*

1/2"
3/2"

3/2*
5/2*

dada
P

^ P

Tine (sec.)
Memory

(K bytes)

2 levels

4403 (-9.7%)
7552 (-2.9%)
16. (+67%)

1.544 (-2.0%)
2.520 (-16%)

1 level

6582 (+35%)
8343 (+?3%)

0.938 (-41%)
5.958 (+98%)

spherical

6284 (+29%)
8164 (+5.0%)

0.839 (-47%)
5.836 (+94%)

Difference from standard value

Real

+ 0.0005

+ 0.0037
- 0.0086

+ 0.0001
+ 0.0002

Itnag.

- 0.0068

- 0.0094
- 0.0049

<!o-4
0.075
7.21

0.695
0.439

7.3
245

Real Iraag .

- 0.0275 - 0.0305

- 0.0107 + 0.0411
- 0.0236 + 0.0389

+ 0.0001 - 0.0005
+ 0.0002 - 0.0006

0.295
11.2

*v 2
245

Real Iroag.

- 0.0319 - 0.0341

+ 0.0058 + 0.0319
- 0.0063 + 0.0369

- 0.0001 - 0.0006
+ 0.0002 - 0,0007

0.176
3.49

/̂ i 2
245
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Effect of number of levels at 0.6 MeV (J » 4.5)max

ar (mb)

ffin(2*) <mb)

"inM*) *mb^
t0 (xlO"A)
Cj (xlO~4)

4
I

0

1

2

3

ia
ti

on

E
la

st
ic

S•K»
04) -rl

> W•rl Wy tdn) ^r-i <o« C

.w

1/2*

1/2"
3/2*"

3/2*
5/2*

5/2"
7/2"

dodap
^da
•̂* ' P

S
N-. P

Time (sec . )
Memory

(K bytes)

5 levels (standard)

4144
5225
106.6
6.51

1.220
2.043

Value

Real Imag.

- 0.0445 0.8156

- 0.2451 0.3162
- 0.2421 0.3148

- 0.0701 0.0575
- 0.0658 0.0592

- 0.0027 0.0077
- 0.0027 0.0104

'317
401

4 levels

4140 (-0.01%)
5224 (<10"2%)
103.6 (-2.8%)
6.72 (3.2%)

1.212 (+0.7%)
2.048 (+0.9%)

Difference from

Real

- 0.0004

+ 0.0001
+ 0.0017

- 0.0004
+ 0.0001

<l(f4
+ 0.0002

Imag.

+ 0.0015

- 0.0009
- 0.0002

- 0.0001
- 0.0004

<,<r4
<ief*

0.002
0.22

0.029
0.019

0.025
0.88

133
245

3 levels

4137 (-0.17%)
5288 (+1.2%)
122.1 (+15%)
9.18 (+41%)

1.244 (+2.1%)
2.004 (-1.9%)

standard value

Real

+ 0.0106

- 0.0125
- 0.0067

- 0.0005
- 0.0021

- 0.0005
- 0.0004

Imag.

- 0.0041

+ 0.0047
+ 0.0031

+ 0.0020
+ 0.0006

+ 0.0002
- 0.0001

0.020
0.98

0.15
0.35

0.41
1.77

42
245
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uaoie

Effect of number of levels at 0.6 MeV (J » 4.5)max

or
0el

(mb)
(mb)

°in(2+) <mb>
t i+j (mb)

CQ <*10~4)
C, (*1 0~4)

c
1
0

1

2

3

g "J•rl
*J r
« C

<U•o
2 <•rl
«J
« rr-«<s >
Time

Memory
(K

J

.IT

1/2*

1/2-
3/2~

3/2+
5/2+

5/2"
7/2"

I dft
d P
i)

do
u c* p
r* *~s f

U
0

iC®-« -' P
(sec.)

bytes)

2 levels

4148 (+0.01%)
4761 (-8.9%)
171.7 (61%)

1.256 (+30%)
1.988 (-2.7%)

1 level

4263 (2.9%)
7307 (40%)

0.815 (-33%)
2.543 (+24%)

Difference from standard

Real Imag.

- 0.0117 - 0.0090

+ 0.0029 - 0.0487
+ 0.0302 - 0.0266

+ 0.0048 + 0.0008
+ 0.0099 + 0.0034

+ 0.0010 - 0.0013
+ 0.0015 + 0.0052

0.10
3,34

0,67
0.32

8.2
245

Real Imag.

- 0.0635 + 0,0576

+ 0.0396 + 0.1536
- 0.0038 + 0.1707

+ 0.0074 - 0.0218
+ 0.0134 - 0.0216

+ 0.0003 + 0.0107
- 0.0087 + 0.0058

0.43
9.53

1.6
245

spherical

4201 (1.4%)
6737 (37%)

0.734 (-40%)
2.708 (+32%)

value

Real Imag.

- 0.0689 + 0.0690

+ 0.0710 + 0.1058
+ 0.0332 + 0.1384

+ 0.0062 + 0.0269
+ 0.0111 - 0.0276

+ 0.0017 + 0.0070
- 0.0057 + 0,0052

0.29
11.3

v2
245
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Table 5c~l

Effect of number of levels at 2 MeV (J « 6.5)max

or (mb)

0ftl (mb)

°in(2*) <1Bb>
Cin(4*) (mb)

eo (xio""4)
C, (xlO~4)

cj
i
0

J
fc

2

3

4

u•ri
g *{

*rt <d
4J •-<qj pq

>
•o

o
4) 'H
> 4J

•H 10
4J 0)
flj .-1

r-4 4)
Q) f«

W M

.IT

1/2*

1/2"
3/2

3/2*
5/2*

5/2"
7/2"

7/2*
9/2*

da
da
p

da
+"* d«
Ci P

^ da
sr dft
^ P

Time (sec.)
Memory

(K bytes

5 levels (standard)

4072

3586

233.6

43.04

0.852

1.257

Value

Real

+ 0.2021

- 0.0392
- 0.0168

- 0.2761
- 0.2652

- 0.0879
- 0.1253

- 0.0070
- 0.0051

Imag.

0.3591

0.6226
0.5990

0.3807
0.3735

0.1721
0.2065

0.0328
0.039)

746
401

4 levels

4075 (+0.07%)

3579 (-0.2%)

225.7 (-3.4%)

46.38 (+7.8%)

0.853 (+0.07%)

1.257 (+0.05%)

3 levels

4013 (-1.5%)

3621 (+0.98%)

247.7 (6%)

62.20 (45%)

0.841 (-1.3%)

1.250 (-0.6%)

Difference from standard value

Real

+ 0.0009

+ 0.0002
+ 0.0008

- 0.0006
+ 0.0018

- 0.0002
- 0.0005

+ 0.0001
+ 0.0003

Imag.

+ 0.0010

- 0.0010
- 0.0002

- 0.0015
- 0.0008

+ 0.0005
+ 0.0004

- 0.0002
+ 0.0001

0.002
0.045

0.033
0.14

0.079
0.63

285

245

Real

- 0.0012

- 0.0046
- 0.0017

- 0.0051
- 0.0078

- 0.0034
+ o.oon

- 0.0015
+ 0.0003

Imag.

- 0.0103

+ 0.0065
+ 0.0047

+ 0.0069
- 0.0030

- 0.0035
- 0.0026

- 0.0001
- 0.0014

0.003
0.15

0.067
0.13

0.40
0.78

73
245
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Table 5U-

Effect of number of levels at 2 HeV (J =6.5)max

«r Gab)
o . i[mb)
o. , +» (mb)
a. ,.«K (mb)

0̂ (*10~4)
, (*ICf4)

Cl
1

0

1

2

3

4

c
rs 4jO 0.•̂  cd
4.' r-4cd Ws
•0

0
0» «H
•H W
Cd r-4
At <JJ
«2 M

,tr

I/2+

1/2"
3/2

3/2*
5/2*

5/2~
7/2~

7/2*
9/2*

f

da
d»
P
da
da
P

do
dP.
P

Time (sec.)
Memory

(K byte?

2 levels

4295 (+5.5%)
3471 (-3.2%)
368.4 (+58%)

0.890 (+4.5%)
1.282 (+2.0%)

1 level

3822 (-6. 1%)
3540 (-1.8%)

0.683 (-20%)
1.091 (-13%)

Spherical

3424 (-16%)
3629 (-12%)

0.617 (-28%)
1.176 (-6.4%)

Difference from standard value

Real

- 0.0172

- 0,0330
- 0.0031

+ 0.0017
+ 0.0148

+ 0.0219
+ 0.0065

+ 0.0014
- 0.0050

Imag.

+ 0.0067

- 0.0396
- 0.0307

+ 0.0035
+ 0.0208

+ 0.0117
+ 0.0130

+ 0.0061
+ 0.0030

0.016
0.40

0,57
0.72

12
245

Real

+ 0.0971

+ 0.2021
+ 0.2008

- 0.0096
+ 0.0210

- 0.1019
- 0.0980

+ 0.0130
+ 0.0222

Imag.

+ 0.0475

- 0.0430
+ 0.0242

- 0.0845
- 0.0931

+ 0.0849
- 0.0107

- 0.0077
- 0.0028

0.11
1.80

1.6
245

Real

+ 0.1174

+ 0.1566
+ 0.1664

- 0.0326
- 0.0067

- 0.0714
- 0.0828

+ 0,0053
- 0.0174

Imag.

+ 0.0364

- 0.0627
+ 0.0015

- 0.0935
- 0.1047

+ 0.0756
- 0.0098

- 0.0137
- 0.0117

0.16
1.71

2.1
245
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Table 6

Comparison between the results of ADAPE and those of ECIS70
with coupling of 5 levels

Energy (MeV)

Code

°ei (mb)

°in(2*) <mb)
o. + (mb)
aT (mb)

ve
 

de
vi

at
io

n

«H
atr-4

u
4Jto
r-tpa

o
w
r-l

da
d8

V* dc
C d«

•̂  da

Time (sec.)
lemory (K bytes)

0.1

ADAPE

1 «9max
7782
19.4

ECIS70

max*"
7776 (-0.1%)

9.6(-50%)

12651 1 2650 (-0.01%]

0.001

1.03

46
180

303
245

0.6

ADAPE

1 «9max

5230
113.6
10.1

9359

ECIS70

J «4.5max
5225 (-0.1%)
106.6(-6.2%)
6. 5 (-36%)

9369 (+0.1%)

0.002

0.061

0.51

50
180

316
245

2

ADAPE

1 »12max
3583
237.6
47.4

7651

ECIS70

J =6.5max
3586 (+0.1%)
233. 6(- 1.7%)
43.0(-9.3%)

7658 (+0.1%)

0.002

0.018

0.10

98
180

746
245
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Table 7

Effect of mesh interval at 0.6 MeV
with coupling of 3 levels (J » 4.5)

Mesh interval
(fro)

°r
e'
°i,

(mb)
L (mb)

1(2*} WO
0 . e , +N (mb)in(4 )
Cn
c,

(xlO"4)
(xlO"4)

c{
i
0

1

2

3

R
el

at
iv

e 
d

ev
.

E
la

st
ic

In
el

as
 .

jw
1/2+

1/2"
3/2"

3/2+
5/2+

5/2"
7/2"

da
P

^ p

Time (sec . )
Memory (K bytes)

0.3

4137 (<0.02%)
5290 (+0.04%)
121.9 (-0.16%)
9.18 (<0.05%)

1.244 (-0.04%)
2. 003 (-0.05%)

0.5

4135 (-0.05%)
5298 (+0.19%)
121.2 (-0.74%)
9.17 (-0.11%)

1.241 (-0.30%)
2. 004 (<0. 05%)

0.75

4125 (-0.3%)
5326 (+0.7%)
118.8 (-2.7%)
9.08 (-1.1%)

1.227 (-1 .52)
2, 003 (-0.05%)

1.0

4096 (-1.0%)
5388 (+1.4%)
112.7 (-7.7%)
8.73 (-4.9%)

1.186(-4.6%)
2. 004 (<0. 05%)

Difference from the value with mesh interval o 0. 1 fa

Real
-4<10 *

-0.0001
-0.0001

<
<!o-*
0.0003
0.0014

0.002
0.003

Imag.

+0.0001

-0.0001
+0.0001

<,o-4
<w-*

<l

20
•245

Real

+0.0004

-0.0003
-0.0003

<!o-«
<io-*

+0.0001

0.0015
0.006

0.008
0.012

Imag.

+0.0007

+0.0004
+0.0003

<!°-4
<!?

16
245

Real

+0.0024

-0.0008
-0.0009

+0.0002
+0.0003

•KJ.0001

0.005
0.019

0.032
0.052

Imag.

+0.0037

+0.0010
+0.0008

-0.0002
-0.0001

<10"4
<10~4

H
245

Real

+0.0002

+0.0008
-0.0012

+0.0006
+0.0010

+0.0001

0.010
0.047

0.097
0.191

Imag.

+0.0122

+0.0019
+0.0012

-0.0007
-0.0007

«!?

10
243
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Table 8-A

Effect of B.-value at 0.6 MeV with coupling of 3 levels (J « 4.5)i max

«2
or (mb)
ff , (mb)

°in(2*) <mb)

"in(4*) <
C0 (xl

mb)

o"4)
C, (*10~4)

ci
I

0

1

2

3

4

ri
at

io
n

E
la

st
ic

•3
0
> 0

«t 0)r-« at

.IT

1/2*

1/2"
3/2

3/2*
5/2*

5/2"
7/2"

7/2*
9/2*

01

+~

da
dfi
P
da
dS2
P

da
P

0.22

4140 (+0.07%)
5346 (+1.1%)
118.6 (-2.9%)
7.12 (-22%)

1.192 (-4.2%)
2.087 (+4.2%)

Difference from
standard

Real

- 0.0198

+ 0.0077
+ 0.0068

+ 0.0036
+ 0.0053

+ 0.0001
- 0.0002

Imag;
+ 0.0072

+ 0.0055
+ 0.0090

- 0.0050
- 0.0032

+ 0.0004
+ 0.0004

0.013
0.33

0.059
0.17

0.24
0.24

0.24 (standard)

4137
5288
122.1
9.18

1.244
2.004

Value

Real

- 0.0399

- 0.2576
- 0.2488

- 0.0706
- 0.0679

- 0.0032
- 0.0031

Imag.
0.8115

0.3209
0.3179

0.0595
0.0598

0.0079
0.0103

0.26

4093 (-1,1%)
5276 (-0.2%)
120.7 (+1.7%)
11.3 (+23%)

1.269 (+2.0%)
1.924 (-4.0%)

Difference from
standard

Real

+ 0.0196

- 0.0075
- 0.0068

- 0.0050
- 0.0059

- 0.000!
+ 0.0002

Imag.
- 0.0029

- 0.0048
- 0.0080

+ 0.0042
+ 0.0016

- 0.0003
- 0.0004

0.010
0.15

0.089
0.13

0.2&
0.19

336



Table 8̂

Effect of 32~value at 2 MeV with coupling of 3 levels (J « 6.5)

»»
or (mb)
oel (mb)
ain(2*) (mb)

°in(4*) (mb)

So (xlO~4)
5, ("1Cr*)

<1
1

0

1

2

3

4

/i
 at

 io
n

E
la

st
ic

<u•u
<u o
4J 0)
r-4 r-1
fl> 41
4-4 C

f

I/'2*

1/2"
3/2

3/2*
5/2*

5/2"
7/2

7/2*
9/2*

+~
*-*

+7

da
dQ
P
do
P
da
P

0.22

4034 (+0.5%)
3554 (-1.9%)
248.0 (+0.2%)
49.96 (-20%)

0.835 (-0.7%)
1.260 (+0.9%)

Difference from
standard

Real

+ 0.0117

+ 0.0144
+ 0.0189

+ 0.0045
+ 0.0072

- 0.0032
- 0.0098

+ 0.0028
+ 0.0023

Imag.

+ 0.0123

- O.OJ09
- 0.0047

- 0.0154
- 0.0097

+ 0.0075
+ 0.0023

- 0.0004
+ 0.0006

0.020
0.14

0.20
0.17

0,2!
0.10

0.24 (standard)

4013
3622
247.7
62.20

0.841
1.250

Value

Real

+ 0.2009

- 0.0438
- 0.0185

- 0.2812
- 0.2730

- 0.0913
- 0.1241

- 0.0085
- 0.0048

Imag.

0.3488

0.6291
0.6037

0.3870
0.370i

0.1686
0.2039

0.0327
0.0377

0.26

3973 (-1 .0%)
3693 (+2.0%)
239.3 (-3.4%)
74.36 (+20%)

0.842 (+0.1%)
1.234 (-1.2%)

Difference from
standard

Real

- 0.0019

- 0.0133
- 0.0183

- 0.0066
- 0.0067

+ 0.0025
+ 0.0093

- 0.0024
- 0.0018

Imag.

- 0.0117

+ 0.0108
+ 0.0056

+ 0.0130
+ 0.0077

- 0.0069
- 0.0027

-4<10 *
- 0.0008

0.017
0,13

0.37
0.17

0,2?
0.11
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Table 9-A

Effect of B,~value at 0.6 MeV with coupling of 3 levels
0.24, J - 4.5)' max

64

ar
ffel
°in
°in

*0

(2*)
(4*)

(mb)
(mb)
(mb)
(«tb)

(*10~4)

cj
1

0

1

2

3

4

R
el

at
iv

e 
de

vi
at

io
n

E
la

st
ic

[n
el

as
ti

c

.IT

'2*

i/2~
3/2~

3/2*
5/2*

5/2"
7/2"

7/2*
9/2*

-*

ft
da

do
P

0 (standard)

4137
5288
122.1
9.18

K244
2.004

Value

Real

-0.0399

-0.2576
-0.2488

-0.0706
-0.0679

-0.0032
-0.0031

Imag.

0.8115

0.3209
0.3179

0.0595
0.0598

0.0019
0.0103

0.05

4023 (-2.8%)
5297 (+0.2%)
104.8 (-14%)
13.17 (+43%)

1.213 (-2.5%)
1.947 (-2.8%)

0.1

3856 (-6.8%)
5365 (+1 .5%)
89.1 (-27%)
13.84 (+51%)

1.148 (-7.7%)
1.910 (-4.7%)

0.2

3970 (-4.0%)
5357 (+1.3%)
136.6 (+12%)
10.77 (+17%)

1.258 (+1.1%)
1.894 (-5.5%)

Difference from standard

Real

+0.0406

+0.0033
-0.0021

-0.0158
-0.0133

+0.0003
+0.0011

Imag.

+0.0086

-0.0091
-0.0127

+0.0047
-0.0015

-0.0003
-0.0005

0.019
1.04

0.29
0.33

0.43
0.98

Real

+0.0204

+0.0060
-0.0052

-0.0228
-0.0202

+0.0005
+0.0018

Imag.

+0.0200

-0.0140
-0.0188

+0.0031
-0.0055

-0.0002
-0.0009

0.030
1.81

0.56
0.59

0.49
1.18

Real

+0.0165

+0.0026
-0.0172

-0.0202
-0.0223

+0.0004
+0.0017

Imag.

-0.0010

-0.0050
-0.0097

+0.0054
-0.0034

+0.0015
-0.0004

0.022
2.22

0.69
0.73

0.18
1.15
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Table 9-B

Effect of 0,-value at 2 MeV with coupling of 3 levels
<02-0.24.

04
ar

°el

(«tb)

L <«b)
Cin(2*) <mb)
airi(4*) (mb)

c, (*io~4)
CJ

1

0

1

2

3

4

at
lv

e 
de

vi
at

io
n

&

E
la

st
ic

0
*uwrt
c

f

1/2*

1/2-
3/2

3/2*
5/2*

5/2"
7/2

7/2*
9/2*

dor
dft
P

do
+~ dfl
CM p

~ 5!°.
*"" P

0 (standard)

4013
3622
247.7
62.20

0.841
1.250

Value

Real

+0.2009

-0.0438
-0.0185

-0.2812
-0,2730

-0.0913
-0.1241

-0.0085
-0.0048

Imag.

0.3488

0.6291
0.6037

0.3870
0.3705

0.1686
0.2039

0.0327
0.0377

0.05

3891 (-3.0%)
3718 (+2.7%)
205.2 (-17%)
83.73 (+35%)

0.788 (-6.3%)
1.236 (-1.1%)

0.1

3789 (-5.6%)
3799 (+4.9%)
167.1 (-33%)
96.27 (+55%)

0.780 (-7.3%)
1.214 (-2.9%)

0.2

3810 (-5.1%)
3942 (+8.8%)
228.6 (-7.7%)
95.92 (+54%)

0.808 (-3.9%)
1.179 (-5.7%)

Difference from standard

Real

-0.0099

-0.0246
-0.0375

-0.0266
-0.0252

+0.0092
+0.0236

-0.0055
-0.0037

Imag.

-0.0347

+0.0032
-0.0037

+0.0224
+0.0105

-0.0100
+0.0020

-0.0033
-0.0042

0.016
0.27

0.18
0.37

0.40
0.36

Real

-0.0178

-0.0429
-0.0699

-0.0440
-0.0410

+0.0136
+0.0444

-0.0082
-0.0057

Imag.

-0.0569

+0.0045
-0.0035

+0.0327
+0.0174

-0.0150
+0.0024

-0.0067
-0.0074

0.028
0.49

0.34
0.60

0,64
0.70

Real

-0.0463

-0.0521
-0.0999

-0.0413
-0.0047

+0.0023
+0.0551

-0.0087
-0.0068

Iraag.

-0.0645

+0.0068
+0.0078

+0.0437
+0.0343

-0.0050
+0.0022

-0.0091
-0.0094

0.077
0.80

0.26
1.40

0.60
0.95
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APPENDIX I

COMPARISON BETWEEN EC1S ?0 MD JUriTOR

The results of the JUPITOR code arc compared with those of ECIS 70
under various conditions* They are given in tables Al, A2, A3 and A4. They
agree very well with each other except in the case of spherical imaginary
potential approximation in table A4. This error is not severe, however, be-
cause this approximation should be abandoned according to the discussion in
section II.I.

The computing time of JUPITOR seems much longer than those of ECIS
70. This difference is very interesting and we will discuss it here.

Generally in the coupled channel model we roust consider the contri-
butions of a high angular momentum which arc negligible in the spherical
approximation. This can be understood as follows : without coupling the neu-
tron which enters with a high angular momentum ( -value) must go out with the
same high angular momentum. The scattering matrix element is small in this
case because the centrifugal force reduces it for both the incoming and out-
going channels. In the coupled channel case, however, the neutron can go out
with a lower -value, leaving the rest of the angular momentum in the target
nucleus. Hence the effect of the centrifugal force is weaker in this case and
the contributions of higher angular momenta cannot be neglected.

At 2 MeV we did not calculate the inelastic scattering to the A+ state in order
to save the computing time. Hence the time at 2 MeV cannot be compared with
those at 0.1 and 0.6 MeV.



There is some difference between ECIS 70 and JUPJTOR in controlling

the maximum value of the angular momentum. In the ECIS 70 code the maximum
value of the total angular moment uin of thu system (J ) is controlled by the

ttlvlX

input data. All the possible values of the orbital angular momentum ( ) are
considered in the coupled equations for any J (̂ J _) . In the JUTITOK code,max
on the other hand, it is the maximum value of the optical angular momentum of
neutrons ( ) which is controlled by the input. The coupling to the states
whose t-value is higher than I is ignored in the coupled equation.

Without coupling one J -value corresponds to one -value. Therefore
we can put «= J +• 1/2. If the coupling with some excited levels ismax max °
considered, on the other hand the contributions oC high -values o.xist in
the coupled equations for a low J-value, and contributions of low X,-values
exist for a high J-value. Hence the relation between and J is not^ max max
simple.

From our experience at O.J MeV, we must increase J from 2.5 toID33C

4.5 in ECIS 70 with coupling of 3 levels (0*, 2+ and 4*). In JUP1TOR we must
increase & from 3 to 8 in order to obtain the same results as ECIS 70. Inmax
this case, JUP1TOR calculates coupled equations for very high J-values, which
are not significant, and needs more computing time.

As a conclusion, we must increase X, more than J with increasingmax max
number of coupling at least for even-even nucleus.



Table A-l

Comparison of JUPITOR with ECIS70 at 0.1 MeV

Coupling

max
or (mb)
CT (mb)

C0 (xlO-4)
C, (xlO~4)

cj
1 j*
0 1/2+

3/2"

*> vf <C

.«*
u

. «r4 .> w do

« w P
»H •
ft *& *-* do
a* <» <M dQ015 5 ~ P

Time (sec.)
Memory (K bytes)

2 levels

9
4406 (+0.07%)
11961 (+0.05%)

1.544 (<0.05%)
2.523 (+0.12%)

3 levels

9
4977 (+0.28%)
12730 (-0.09%)

1.620 (+0.43%)
3.052 (-0.30%)

Error «= value with JUPITOR - value with ECIS70

Real

- 0.0001

+ 0.0001
+ 0.0001

<10~4
<io-4

Imag.

+ 0.0001

<.o-*
<icf4
<IO~4

- 0.0001

0.0003
0.0035

0.0024
0.0048

18
183

Real Imag.

+ 0.0006 - 0.0005

+ 0.0004 + 0.0001
+ 0.0004 + 0.0001

<10~4 <10~4

0.0037
0.0048

0.0037
0.023

87
183



Table A~2

Comparison of JUPITOR with ECTS70 at. 0.6 MeV

Coupling

max
ar
°T
Co
«!

(tnb)
(mb)

(xlO~4)
(xlO~4)

Cl
1

0

1

2

3

*•a

14J

2

E
la

st
ic

m«
CM

j*
1/2*

1/2"
3/2"

3/2*
5/2*

5/2~
7/2"

do
dft
P

r*
^ P

Time (sec.)
Memory

(K bytes)

2 levels

9

4149 (+0.02%)
8907 (-0.02%)

1.256 (<0.05%)
1.990 (+0.10%)

3 levels

9

4138 (+0.02%)
9423 (-0.02%)

1.244 (<0.05%)
2.005 (+0.05%)

4 levels

9

4140 (<0.02%)
9362 (-0.02%)

1.212 (<0.05%)
2.0'49 (+0.05%)

Error « value with J UP 3 TOR - value with ECIS70

Real

- 0.0002

+ 0.0002
+ 0.0003

+ 0.0001
+ 0.0001

«.'

Imag.

- 0.0001

- 0.0001
- 0.0001

- 0.0001

<!o-4
0.0008
0.004

0.0007
0.008

17
183

Real

- 0.0001

+ 0.0001
+ 0.0002

<io-4
<,o-4

+ 0,0001

3Jnag.

- 0.0001

- 0.0001
- 0.0001

- 0.0001

<10~4

0.0007
0,008

0.0008
0.004

81
183

Real

- 0.0001

+ 0.0002
+ 0.0002

+ 0.0001

<!o-4

Imag.

- 0.0001

- 0.0002
- 0.0001

<,<r4
- 0.0001

0.0001
<,0'4

0.0006
0.047

0.0008
* 0.026

244
183

S62



Table A-J

Comparison of JUP1TOR with ECIS70 at 2 MeV

Coup] ing

max
o (mb)

j (*10~4)

Cl
1

0

1

2

3

4

R
el

at
iv

e 
de

v.
E

la
st

ic

OT<u
r-t
«l
M

5"
1/2*

1/2"
3/2"

3/2*
5/2*

5/2"
7/2~

7/2*
9/2*
do
dQ
P

^ P

Time (sec.)
Memory

(K bytes)

2 levels

9

4297 (<0.02%)
7767 (+0.01%)

0.890 (<0.01%)
1.284 (+0.14%)

3 levels

9

4020 (-0.17%)
7640 (-0.08%)

0.841 (+0.01%)
1.251 (+0.14%)

4 levels

9

4068 (-0.17%)
7654 (<0.01%)

0.853 (<0.01%)
1.259 (+0.15%)

Error » value with JUPITOR - value with ECIS70

Real

+ 0.0001

+ 0.0001
<io"4

+ 0.0001
<io-4

+ 0.0001
- 0.0001

+ 0.0001
+ 0.0001

Imag.

+ 0.0001

- 0.0001
- 0.0002

- 0.0001
- 0.0001

+ 0.0001
<JO

<10

0.0003
0.005

0.009
0.04)

15
183

Real

+ 0.0001

<10~4
<io-4

<10"4
+ 0.0001

+ 0.0001
+ 0.0001

+ 0.0010
- 0.0025

Imag.

+ 0.0002

- 0.0002
- 0.0001

- 0.0001
- 0.0001

<!o-4
+ 0.0023
- 0.0009

0.002
0.083

0.017
0.182

63
183

Real

+ 0.0001

- 0.0001

+ 0.0002
- 0.0040

- 0.0014
- 0.0006

+ 0.0004
- 0.0018

Imag.

+ 0.0001

- 0,0002
+ 0.0002

- 0.0049
- 0.0041

- 0.0005
- 0.0004

+ 0.0026
- 0.0012

0.002
0.058

0.035
0.280

Ml
183

36S



Table A-4

Comparison of JUPITOR and EC1S70 at 0.6 MeV
with coupling of 2 levels with special conditions

Condition

1max
or
°T
co
<i

(mb)
(mb)

(x!0"4)
C*10~4)

Cl
1

0

1

2

3

R
el

at
iv

e 
d

ev
.

E
la

st
ic

In
el

as
 .

j"

1/2*

1/2"
3/2~

3/2*
5/2*

5/2"
7/2"

do
dft
P

~ 4

Time (sec.)
Memory (K bytes)

Spherical iroag, pot. P 4

9

4221 (+1.1%)
9294 (+1.7%)

1.273 (-0.47%)
2.019 (+0.65%)

Deformed imag. pot. P 2

9

4053 (+0.03%)
8883 (-0.02%)

1.235 (+0.08%)
1.929 (+0.05%)

Error - value with JUPITOR - value with KCIS70

Real

+ 0.0087

- 0.0030
- 0.0036

- 0,0029
- 0.0033

- 0.0002
- 0.0004

Iraag.

0.0036

0.0072
0.0076

0.00)6
0.0015

0.0003
0.0004

0.032
0.082

0.068
0.053

15
183

Real

- 0.0001

+ 0.0003
+ 0.0003

+ 0.0001
+ 0.000)

+ 0.0001

Imag.

- 0.0001

- 0.0002

- 0.0001

<10~4

0.001
0.004

0.001
0.008

16
183

HfM



APPENDIX II

The ADAPE-code was originally written at Bologne for an IBM 7094.
This program uses two scratch tapes in order to. save the size of memory.

One of these scratch tapes records all the C-matrix coefficients
after solving the coupled equations and are reread at the stage of calculating
the cross sections.

In the actual calculation this scratch tapes is reread so often
(theoretical maximum : 40,000 times) that not only the I/O time but also the
CP running time increases very much.

Running this program on an IBM 360/91 computer at Saclay, we tried
to avoid this scratch tape by keeping all the C-matrix coefficients in the
core memory. The improvement of computing time is very important though we must
increase the size of core memory from 130 K bytes to 190 K bytes. For example,
with neutrons whose energy is 14 MeV and with 1 * 15 the CP running time is
improved from 900 sec to 200 sec and the I/O time from 7600 sec to 30 sec.
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«COMPARISON OF SPHERICAL OPTICAL MODEL CODES
AND

STANDARD VALUES FOR NUCLEAR DATA EVALUATIONS
Y. KIKUCHI

D partement de Physique Nucl aire»
Centre d'Etudes Nucl aires de Saclay»
BF a* 2 ~ 91, Gif-sur-Yvette, France

ABSTRACT
In order to examine the reliability of the results calculated with

different spherical optical model codec an'l to find the betit conditions of

numerical integration, six codas (MAGAL2, GENOA, KOVAC, ABACUS-?,, JWITOR

and ECIS 70) were colored with the some optical model parameters for neu-

trons whose energies are O.G, 4.75 and 14.1 U&V.

The number of meshes in the numerical integration should be deter-

mined to optimize both truncation error and pound-off error. The beet value

should fall between 100 and 200 for a code with single precision in IBM-360.

An .insufficient matching radius causes considerable errors (as in the case

of GENOA). On the other hand, a slight difference of the physical constants

used in the programme, such as the neutron mass and the conversion constant

between energy and wave length, causes a fairly big error on the results

(as in the case of AMCUS-2). Taking these conditions into aonsidcrc.tion,

we found that the results of these six codes agree Vary well with each other.

It seems very dangerous to use sonia coda ao a black l»ox without

careful examination about these conditions. Hence we propose those present

results as some standard values to chock other codes.
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I INTRODUCTION
We have a project to evaluate the strength function, the

angular distribution and the inelastic scattering cross section
systematically for various nuclei whose experimental data are not
sufficient for the reactor calculation* The optical model is a
very useful tool for this project.

There are mamy optical model codes and the results of
one code do not always agree with those of other codes* It was
recently pointed out that the results of the sane program were
considerably different for IBM-360 and for CDC-6600* Hence we
must know at first the reliability of various optical model pro-
grams, the limit of errors, and the best conditions of numerical
calculation*

Most of the nuclei are not spherical and the coupled
channel calculation is required* In this note, however, we shall
discuss the spherical case only* The same type of examination is
now under work for the coupled channel codes*

II COMPARISON OF THE PRESENT CODES.
The optical model codes that we use are shown in table 1*

These codes are written by different authors and can be considered
independent, except MACALI and ECIS70, which were written by Raynal
with the same numerical integration method* Though ECIS70 and
JUPITOR are the coupled channel codes, we use them as spherical
codes without any coupling*

With these 6 codes, C-inatrix coefficients, s- and p-wave
strength functions, differential elastic cross sections, polariza-
tions, total reaction cross sections and total elastic cross sec-
tions were calculated for 40Ca and 2J8U at 0.6, 4*75 and U.I HeV.
The optical potential used in this test in shown in Table 2*
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In order to check the round-off error, vhose significance
will be discussed in section III, 54 bits CDC-6600 was also used
for the programs with single precision. The conditions of numeri-
cal integration are according to the recommended values in the
manual (for GENOA and JUPITOR) or to the values usually used at
Saday (for MAGALI and ECIS70). These conditions are tabulated
in Table 3*

As all the cases have the same tendency, we will discuss
here the results of ' U at 4*75 HeV. The results are tabulated
in Table 4* On this table we take the results of >1AGALI as stan-
dard values, because they are found the most reliable from the
following discussions on the mesh interval and the precision*

A) C-matrix coefficients :
Th« values of C-matrix coefficients are given for MAGALI

and the differences from the values of MAGALI are given for the
other codes*

The differences of GSNOA-IBMjGSHOA-CDC, KOUAC-CDC,
JUPITOR-IBH, JOPITOR-CDC and ECIS70 are less than 10~3. The
differences of KOUAC-CDC seem the smallest of these six and those
of GENOA-IBM the largest. The differences of KOUAC-IBM is of the
order of 10"*̂  and larger than the preceding six. The results of
ABACUS are very different from the others and the errors are of
the order of 10"* but seem very random with 3* value.

B) Total cross sections :
Only the results of ABACUS deviate by \% from those of

the others* The deviation of ABACUS seems surprisingly small, con-
sidering the large deviation in the C-matrix coefficients* The
random signs of the deviation in the C-matrix oust cancel each
other*
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C) Strength function :
S-wftve and p-wave strength functions are calculated from

the C-asatrix coefficients. The results of ABACUS deviate from the
others by 3 to 4$ ; among the others the error of KOUAC~IBM is tho
largest* Considering the large experimental errors of the strength
function, we can say that the results of all the codes except
ABACUS agree very well.

D) Pif f or e n 11 al e last 1 o c ros s sections and po. 1 arlz.ft t ion :
The differential elastic cross section and the polariza-

otion are calculated from 2« to 180* with 2° intervals, and the \ -
value from the results of MAGALI are given* From these values, we
can conclude the following tendency very easily :
t) The results of ABACUS deviate very much*
2) The results with CDC-6600 deviate less than those with IBM-360.
3) This difference (between CDC 6600 and IBM 360) is very large
for KOUAC and ABACUS whose mesh interval is small, and small for
GENOA and JUPITOR whose mesh interval is large* This tendency can
be interpreted as due to the round-off error and will be discussed
in next section*
4} Tho deviation of GSNOA is larger than thoso of KOUAC-CjDC and
JUPITOR. This can be interpreted as due to the small matching ra-
dius and will be discussed in next section*

E) Time consi de rat ion :
Computer times are given in the table* These values are

those necessary to calculate the three energies (0*6, 4*73 and
14*7 MeV) at the same time* Computer time depends strongly on the
mesh interval. Hence it is difficult to compare these given values.



Ill ERROR DISCUSSIONS.
Before diocusoine the results of this comparison, we will

discuss tho main origins of errors, i.e., the truncation error,
the round-off error find the error due to tho finite Matching
radius*

A) Truncation erro.r and _round-qf f error :
These two errors depend on the mesh interval. If we take

a smaller mesh interval, the truncation error decreases but the
round-off error increases and vice versa. We examined thcae errors
by changing the mesh interval in KOUAC-code.

Fixing tho matching radius as 16 frn, we chose the mesh
of 400, 200, 100 and 50 steps, i.e., the mesh intervals of 0.04,
0.08, 0.16 and 0.32 fm respectively, and calculated with both
CDC-6600 and Ibi-i 560. We take the results with the smallest mesh
interval (0.04 fa) in CDC-6600 as the standard values, as the
round-off error can be neglected in CDC-6600.

The differences of sone C-raatrix coefficients are shown
in Pigs. 1A and IB. The increasing error in CDC-6600 with decrea-
sing steps can be interpreted as due to the truncation error. This
error is negligible with more than 100 steps but becomes large
with 50 steps. On the other hand, in IBM-360, the error is the
largest with 400 steps, is smallest when the number of steps
between 200 and 100 and increases again with 50 steps. The large
error with 400 steps is interpreted as the round-off error in this
case. The error with 50 steps agrees well with the error in
CDC-6600. This suggest that the round-off error becomes very small
with 50 steps.



o
The same tendency is obtained in tho \ - values

Of the d i f ferent ia l cross section and of tho polarization. They

are shown in Fig. 2«

Prora these roaalts, we con conclude :

1) In order to keop the precision of the C-m&trix coefficients of

tho order of 10 , the wesh step should be between 100 and 200

for the code with the single precision in IBM-^60.

2) For the code wi th the double precision or for tho codo in
-4CDC-6t>00, we can keep the precision of the order of 10 by using

a mesh of more than 200 steps*

3) The recommended nteoh interval (0.1 fm) for JUPITOR and GENOA

ie proved to be reasonable.

4) The mesh interval of 0.04 fm (400 steps) for KOUAC and ABACUS

is too small for IBM-560 and results in the large round-off error.

B) T_h_o error duo to the fi niAg^riatchjn/y radius :

The C-aatrix should be calculated theoretically at r = <*>
but is actually calculated at tho point beyond which the effect of
the nuclear potential is negligible* The matching radius is :

(1) given as input in ECIS-70 and ABACUS
(2) calculated froa the potential strength in HAGALI, KOUAC

and JUPITOR
(3) calculated from the geometrical parameters in GJBNOA.

In order to exaaine this error, the C-matrix coefficients
are calculated at various distances and are compared with the va-
lues at r = 17 fm« The absolute values of the error are shown in
Pig* 5. We used KOUAC with CDC-6600.



For small -value, the error is small enough (10** ) beyond
a -414 fw* For large t-valuo, the error is still of the order of 1-0

at r = 15 fa. Considering their (2& + 1) weight in the contribu-
-4 6tion to the cross section, an error of 10 for v= 6 corresponds

to an error of 10""' for 6= 0.
From this examination, the matching radius for U

should be more than 15 fm. The matching radius of GSNOA (1J*6 fm)
may be too small*

17 PHYSICAL CONSTANTS.
Among 6 codes, only ABACUS gives different results from

those of the other codes* As we put the same conditions of nume-
rical integration as KOUAC, this error is not due to the three
origins discussed in section III*

(1)Benzi and Fabbriv ' pointed out that ABACUS code has a
different conversion constant between energy and wave number and
that this made a considerable difference in the results* We will
discuss this point in this section*

The wave number k is defined as :

ft

where p is the reduced mass and E_M is the energy in the center of

mass system. If we use the units of ( fm)~ for k, the atomic mass

unit for jx and MeV for 0M» k is expressed as ;

k = 0.2187315

with*8) 1 eV = 1.6021917 x 10~12 erg

« =s 1.0545919 x 10~27 erg. sec

l.a.m.u- ss 1.660551 x 10~24 g (C12 standard).
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This relation can be rewritten as j

1C « 0.2187315 /? faZ-;;} ̂ ^ , (A)

where m is the macs of the incident particle, H the mass of the
target nucleus and E.̂  the energy in tho laboratory system.
Putting m ~ 1.0066652 for the neutron aaes, we obtain the relation
for neutron :

Those two expressions (A) and (B) give the same results, if the
correct a -value (1.0086652) is used. However when the approxima-
tion of m « 1.0 is used, the expression (B) gives a much more
precise k-value than (A), because the error due to fm is 0.43$
and the error due to U| "+' p'J ie» on the other hand, 0.04# for
M a 20 and 0.004̂  for M = 200.•

The type of expression and the conversion constant used
in the present si-* codes are tabulated in Table 5* Only ABACUS
code has type - B expression and all the others have type -A*
The conversion constant are nearly 0.2167 for all but ABACUS and
are a little lower than the value in equation (A). The constant
Of ABACUS is based on the old neutron mass data (m = 1.008982}
and higher than the value in equation (B).

From this discussion, we get a very ironical conclusion :

1) The results of all the other codes are not correct in apite of
their good agreement because the inappropriate combination of
type -A expression and ai -1.0 approximation is used.

2) The results of ABACUS are not correct, because it has old phy-
sical constants.
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In order to examine this problem, we compare the results
calculated with KOUAC with the following four conditions.

fi«
1
2

5
4

conversion constant

0.2178 (original)
0.2178J15

H

0.2196770

can
1.
1.

1.0086652
1.

Typo

A
A
A
B

The results are given in Table 6, from which we conclude :

1) With a change of 0.015$ of the conversion constant between (l)
and (2), the maximum change of C-raatrix coefficient is \% and the
changes in strength functions are about 0.\%*
2) With type-A expression, the use of approximation mn = 1 (0.87/5)
induces changes of the C-natrix-coefficients which are loss than
10$ and changes of the strength functions whoso values are about 2.5$
(from (2) and (5)).
>) With type -B expression, on the other hand, the use of approxi-
mation m = 1 makes little error (from (l) and (4))*

We modified the conversion constants in ABACUS and cal-
culated with the same conditions as (5). The results are also gi-
ven in Table 6. Agreement is now sufficient.

Hence we can conclude now that the disagreements between
ABACUS and the other codes are due to adoption of different con-
version constants between k and E.



V CONCLUSION.
The results of all the codes except ABACUS agree well with

each other, if wo choose the appropriate condition for the numeri-
cal integration*

The results of the code with the double precision or of the
code for C0C~6600 are better than those with the single precision
for IBM-^60« However the result a with tho single precision for
IBH-560 can sufficiently precise (of the order of 10*** in the
C-matrix coefficients) for the actual calculation, if the juesh
steps are taken between 100 and 200.

The reeultu of GENOA are a little bit deviated from the
others. This saay be duo to its email matching radius. GENOA code
is, however, unpublished and we are not allowed to modify it*

The results of ABACUS seem to be deviated from those of
the others. But it is found that this deviation is caused by the
different values of thft physical constants, and that the results
agree well with those of the others with the same constant.

The physical constants such as neutron mass and the conver-
sion constant between energy and wave number should be checked
carefully. Different values of physical constants change the
results considerably. If type-A expression is used in the pro-
gram, the approximation of \a&. = 1 raakes the maximum error of **>

in C-matrix coefficient and an error of*v2.*$ in strength
function.

VI STANDARD VALUjSS FOR TESTING A CODE.
KAGALI, GENOA, XOUAC, ABACUS and JUPITOR are made by

different authors and can be considered to be independent of
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each other. The results of these independent codes agree well
with each other, if we use the appropriate conditions for nume-
rical integration and the same physical constants* Heaco we can
rely on these results*

On the other hand, however, it is also found that even
a good code can give false results with inadequate usage. Hence
It is very dangerous to use a existing code ao a black box
without careful examination*

We tabulated hero the results for Ca (light nuolide)
and 2J00 (heavy nuclide) at low (0.6 MeV), aedium (4*75 MeV)
and high (14.1 MeV) energies. They are calculated wich CDC-6600
by KOUAC with tho optical model parameters given in Table 2 with
the ideal conditions, i.e. 200 stops of numerical integration,
m = 1.0086652 a«m.u. and k = 0.2187315 \Tu5.n «

The limits of error are estimated from comparison of the
results of MAGALI, KOUAC-CDC, JUMTOR-CJMJ and ECIS-70, whose con-
ditions of numerical integrations were found sufficiently adequate.

We propose these values as the standard values and it is
recommended to check a program with the same conditions of these
values before using it as a black box*
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TABLE 1 SPECIFICATION OF CODES COMPARED IN THIS NOTE

NAHE

«.«!<«>

6*HOA<2>

KOUAC^

ABACUS-^

JUPITOR^5 '

ECIS 70**)

CHANNEL
COUPLING

single

n

n

n

coupled

M

PRECISION

double

single

single

single

single

double

AUTOMATIC SEARCH

at each energy point

at many energy points

no

at each energy point

no

no
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TABLE 2 - OPTICAL MODEL PARAMETER

v(r) = V x
exp(~- —— r)

2 V d
dr 1.

Kr ' Ri = ro

V = 49O HeV ; W = 5.75 MeV j V = 5 . 5 HeV j
X* S S

r = 1.25 fra ; a ss 0.65 fm ; a. = 0.7 fm.o r i



TABLE 3 CONDITION OP NUMERICAL'INTEGRATION

For238 U at 4,75 Mev

OSo
mesh interval

<fn)

matching radius
(fa)

MAGALI

0.04

15.5

'GENOA

0.1

13.6

ABACUS

0.04

16

KCtTAC

0.04

16

JU?ITOR

0.1

15

ECIS 70

0.1

15



TA1UZ 4A

The results of
various code fo
23% at 4.75 Me

CO
00

SAME

KACH1XK

A&tx
r (tab)

•

C-Sl (R&)
trt. (rJ>)

C° <xl°-4)
*! (xlO a)

C5 ><|r

o i*

i

2** *

3

™ •

3

* «•
1
T.
3""w

• ?*1
5*
I

"I"

7"
2.

"1

9*
2

" 9~
I
n"

fe
X •» value idft

computer tine v
r,e:sory

MACALI (Standard;

ISK 360 \<iou^ie .precision)
9

3221
4141-
7362

0.5181
0.5986

VALUE
Real

- 0.2214

- 0.1242

- 0.1015

- 0.1792

- 0.1968

- 0.1937

- 0.2740

0.0000

* 0.0338

- 0.0793

- 0.0433

I«ag.
0.3451

0.3092

0.2694

0.6940

0.6267

0.7002

0.6781

0.2250

0.3494

0.0700

0.0560

3.80
250 K &4*e. ,&j

GENOA

IBM 360

9
3215 (-1.86%)
4139 (-0.05%)
7354 (-0.11%)
0.5183 (0.04%)
0.5932 ^-Q-Q7 ) U1U

ERROR
Real

+ 0.0006

+ 0.0008

+ 0.0002

- 0.0003

- 0.0002

- 0.0006

- 0.0004

+ 0.0005

+ 0.0002

<}0~*

- 0.0001

Inag.
- 0.0006

- 0.0005

- 0.0003

- 0.0005

- 0.0006
-4< 10 *

- 0.0001

* 0.0004

* 0.0003

- 0.0005

- 0.0005

3.13
0.26

1.9
i *

C»C 6600

9
3213 (- 0.25%)
4142 (+ 0.02%)
7^55 t- O.l<vn

0.5182 (0.02%)
ft ^OSJ f— O«09rt)

ERROR
Real

+ 0.0001

- 0.0003

- 0.0004

+ 0.0001

< 10"*

- 0.0002

- 0,0001

- 0.0003

- 0.0004

«- 0.0005

- 0.0008

laag.
<10~"4

- 0.0002

- 0.0001

- 0.0002

- 0.0001

+ 0.0005

-o 6.0006

- o.ooot
<JO-4

- 0.0005

- 0.0005

1.62
0.21

4.3
135.4 K words



TABLE 43
The results of
various code foi
23% at 4.75

>9

urn
MACHINE

*c*x
«? (rf>)
<TSl (»b)
<rt. (sfc)
C *"4\
5J (xKf4)

0 ^ **

1

2

3

A

5

»*7ri
3~

* 3*

5*
m

7~
^ 2 .N ?+

f9
2
' 9"
I

11
.T

f . ̂ ^
CL(T^

dQ.
P

computer tine ,(sec,
«**ory

MAGALI (Standard)

IBM 56° preoiaion) ,
9

3221
414)
7362

0.5)8)
0.5986

VAUJB
Real

- 0.2214

- 0.1242

- 0.1015

- 0.1792

- 0.1968

- 0.1937

- 0.2740

0.0000

+ 0.0338

- 0.0793

- 0.0433

lasag
0.3451 - -

0.3092

0.2694

0.6940

0.6267

0*7002

0.6781

0.2250

0.3494

0.0700

0.0560

3.80
250 Kfc&«* $u j

KOUAC

IBM 360

10
3229 (+ 0.25*%)
4136 (- 0.12%)
7365 (-"0.04%)

0.5173 {- 0.16%)
ft 5981 f— ft \.&9\ '

ERROR
Heal

- 0.0007

•*> 0.0012

* 0.0014

- 0.0003

- 0.0006

- 0.0010

- 0.0007

-!• 0.0040

- 0.0018

•»• 0.0027

+ 0.0021

Xaag.
<10~**

- 0,0011

- 0.0009
«
+ 0.0003

- 0.0002

- 0.0012

- 0.0015

4- 0.0013

+ 0.0008

+ 0.0001

+ 0.0001

4.58
0.77

7.2
180 K «*fe» ty-tij

CDC 6600

10
3222 (* 0.03%)
4140 (- 0.02%)
7363 (- O.om

0.518) (0.00%)
A 5?ft< (ft 007) nit

ERROR
Real

- 0.0001

<10~*

•<30"^

<10*^

- 0.0001

<10~4

<10*4

<10"A

.

xlO

+ 0.0001

* 0.0001

laag.
•»• 0.0001

<10*"*
* 0.0001

<10*4

«»-*
<io"4

<io"4

<io-4

+ 0.0001

+ 0.0001

+ 0..0001

0.23
0.01

5.6
133.6 K words



TABLE 4CThe results of
Various code for
2380 at 4.75 MeV

KAME

MACHTNK »

ftnnx-
*? (rib)'
crSl (job)
°"t. (nib)
*o (xlO~A)
ˆ1 (xlO~A)

* •

0 »*
*

1

2•• •

3

*
4

5

. *„1
I
3*

• 3*

5*
2

•3"
2
7"

m*+
I
9*
2

" 9"
2
if

."T

2 (&:X - value | *a

computer ciccUec,

MAGALI (Standard)

precision)
9

3221
4141
7362

0.5181
0.5986

VALUE
Real

- 0.2214

- 0.1242

- 0.1015

- 0.1792

- 0.1968

- 0.1937

- 0.2740

0.0000

* 0.0338

- 0.0793

- 0.0433

Imag.
0.3451

0.3092

0.2694

0.6940

0.6267

0.7002

0.6781

0.2250

0.3494

0.0700

0.0560

3.80
aecory I 250 K bitg-fttftj

1 m

ABACUS
HIM 1«0

13
3274 (+ 1.65%)
4015 (- 3.04%)
7288 "r 1.00%)

0.5364 (+ 3.66%)
0.5803 (~ 3.06%)

ERROR
Real

+ 0.0244

•*• 0.0174

+ 0.0221

- 0.0068

+ 0.0012

- 0.0250

- 0.0175

+ 0.0173

- 0.0043

+ 0.0147

* 0.0177

Icag.
- O.OJ23

- 0.0247

- 0.0201

- 0.0289

- 0.0337

- 0.0067

- 0,0180

* 0.0245

+ 0.0191

- 0.0038

+ 0.0020

62.36
8.64

10.0
1 62 K Wta "fy&J

CDtt 6600

13
3257 (* 1.12%)
4058 (- 2.00%)
7315 {- O.MJn

0.5356 (* 3.37%)

ERROR
Real

+ 0.0216

+ 0.0120

+ 0.0154

- 0.0030

* 0.0033

- 0,0187

- 0.0123

* 0.0067

- 0.0094

+ 0.0038

* 0.0056

Inag,
- 0.0097

- 0.0213

- 0.0173

- 0.0232

- 0.0275

- 0.0011

- 6.0094

+ 0.0222

+ 0.0330

- 0.0024

- 0.0020

30.80
8.13

14.1
66.3 K words



'ABLE 40
The results of
various code fo

at 4.75 MeT

NAME

MACniNK

*s*x
°"r (rib)'
<T&\ (nfe)
°7. (cib)
Co (xlO~4)
Cl (xlO 4)

^J

* \+

.

2

3
*

*

5

3"

2^
5

•I-
I
7"

\
9*
I

"
ii

2 f&:
3C - value Ua

IP
cooputcr time(sec
ncnory

KAGALI (Standard)
' IBM ?^n (doubleIBH ^60 precision)

9
3221
4141
7362

0,5)8)
0.5986

VALUE
Real

- 0.2214

- 0.1242

- 0.1015

- 0.1792

- 0.1968

- 0.1937

- 0.2740

0.0000

* 0.0338

- 0.0793

- 0.0433

Xctag.
0.3451

0.3092

0.2694

0.6940

0.6267

0.7002

0.6781

0.2250

0.3494

0.0700

0.0560

3*80
250 K-WH»fu/5{

JWITOR

IHM 360

9
3222 (+ 0.03%)
4139 (- 0.05%)
7361 C- 0.01%)

0.5)80 (- 0.02%)
0.5985 <- 0.02tt

ERROR
Real

+ 0*000!

+ 0.0001

+ 0.0002

- 0.0002

- 0.0002

•0.0003

- 0.002

+ 0*0003

- 0.0001

* 0.0001

+ 0.0001

Imag.
- 0.0001

- 0.0002

-0.000!

- 0.0003

- 0.0003

<10^

- 0.0002

+ 0.0002

+ 0.0005

* 0.0001

<io-*
1.50
0.10

14.0
183 K tt*e fa fa

CDC 6600

9
3221 (0.00%)
4)40 (-0.02%)
736) (-0.01%)

0.5)8) (0.00%)
O.SQfiS f-O.62#>

BRRt
Real
<10~4

«i<f4

<io-4

- 0.0001

- 0.000!

- 0.0002

-0*0001

<10'4

- 0.0001

<|0-4

- 0.0001

)&
Itasg

<»o-*
- 0.000!

<io-4

- 0.0001

- 0,0002

•»• 0.0001

<io"4

* 0.0001

* 0«0003

<j0-4

<JO"4

0.26
0.07

8.7
103.6 K words



TABLE 4EThe results ofvarious code for
U at 4,75 KeV.

eo00en

NAME

MACHINE
I.jsax

w * (tab)
•

«el (n:b)
<rt. (rib)

*1 (xlO~S
*•. «v

i»T.

* *

2

3

*

5

I
7.
!>

•3*

1*
2

•3-
7
7
I_ +7
|.9
I*i"
!i"

2 (427
X - value I da

I?
computer tiae ,

HAGALZ (Standard)

9
3221
4141
7362

0.5181
0.5986

VALUE
Real

- 0.2214

- 0.1242

- 0.1015
t

- 0.1792

- 0.1968

- 0.1937

- 0.2740

0.0000

* 0.0338

- 0.0793

- 0.0433

Imag.
0.3451

0.3092

0.2694

0.6940

0.6267

0.7002

0.6781

0.2250

0.3494

0.0700

0.0560

3.80 .

ECIS. 70
TKt «6n (doubleIBrf 360 preci8ion)

9
3221 (O.OOZ)
4140 (-O.OiZ)
7361 -(-0.01%)

0.5181 (0.00%)
0.5985 (-0.02X)

ERROR
Real

<io"
<10'4

+ 0.0001

- 0.0001

4- 0.0001

-0.0002

-0.0001
*

. «10 *

dlO"4

<io-4

<10~4

Xotag.
*io"

- o.oboi
- 0.0001

- 0.0001

- 0.0002

r 0.0001
«*A<10

* 0.0001

+ 0,0003

<10'4

+ 0.0001

0.23
0.06

5*4 ^



TABLE 5 - CONVERSION CONSTANT USED III EACH PROGRAM

Name

HAGAJ-T

GENOA

KOUAK

ABACUS
j

JUPITOR

ECIS 70
1

Xype

A

A

A

3

4

A

1
Conversion constant

0.2187

0.2187006

0.2187

0., 21 98788

0.2187071

0.2187

3 86



«A8M8 6 COHJPARISOB YUUW9 IKiSICAl, fOK 238« ** •».?$

25

••
*w

conr«r*i0a ooaatoat

••
^»«

<rr <•»)
«efc («*)
rf (»»)

*
«/
A „ 0

4. i

« 2

*-3

t» 4

*»s

e. 6

i«7

1.0 .
. (x 10 7t» 1

4T
1/8*

t/2-

5/2"
3/«*

5/2*
5/2-
7/2-

?/«*

9/2*

9/2-

11/2"

M/2*

U/2*

U/2-

15/2-

KOUAC-1

.(A)

0.2178

l«0

10

9222

4t4f

7J6J

0.5180

0.5986

R*al

-0.22 IT
-0.1242

-0.1015
•0. 1792

-0.1969
-0.1958

-0.2741

-0.0000

0.0338

-0.0793

-0.0433
0.0150

0.00279

0.00124

0.0292

XBA<

0.3452

0.3092

0.2694
0.6940

0.6267

0.7003
0.6781

0.2250

0.3495
0.0701
0.0561

0.0269
0.0561

0.00178

0.00236

KOffAC-2 KOWAC-3

(A) U)

0.2178315 0.2178315

1.0 1.0086652

10 10

3223 >«51
4139 4075
7362 7326

0.5185 0.5320
0.5981 • 0.53 to

Real

-0.2209

-0.1239
-0.1001

-0.1793
-0. 1 968

-0.1943
-0.2744

0.00018

0.0336
-0.0792

-0.0432

0.0150

0.00262

0.00125

0.00293

Xa«c

0.3449
0.3066

0.2690

0.6934
0.6260

0.7003

0.6779
0.2256

0.3504
0.0700

0.0561
0.0270

0.0562

0.00178

0.00237
»

2«ftl

-0.2045

-0.1149

-0.0895

-0.1817

-0.1943
•0.2090

-0.2841

0.0056

0.0266

-0.0763
-0.0388

0.0153

-0.00258

0.00138

' 0.00318

r •*
0.3375
0.2921

0.2554

0.6754
0.6048

0.6996

0.6707

0.2430

0.3765
0.0680

0.0596

0.0297

0.0581
0.00190

0.00258

JCOtAC-4

(»)

0.21 967'!
1.0

to
3251

4075
L7326

0.5321
0.5842

X«al

-0.2045

-0.1149

-0.0895
-0. 1816

-0.1943
-0.2090

-0.2841

0.0056

0.0265

•0.0763

-0.0387

0.0153
-0.00261

0.00138
O.OOJ18

Zm«g
0.3375
0.2920

0.2553
0.6754
0.6046
0.6996

0.6707

0.2431
0.3766

0.0680

0,0576

0.0297
0.0581

0.00190

0.00259

A3ACWS*

(«)

0.2196771

1.0086652

12

3248

4074
7322

0.5318

0.5847

S«al

-0.2039

-0.1143
-0.0888

-0. 1820

-0,1948

-0.2080

-0.2837

0.0050

0.0274

-0.0765

-0.0392

0.0153
-0.00177

0.00139
0.00318

Za««

0.3365
0.2923
0.2556

0*6763
0.6057
0.6992

0.6708

0.2408

0.3734
0.0682

0.0573

0.0295
0.0578
0.00188

0.00255

this condition i« «x«otl? tfc» •«e« *• (3)



TABLE 7A S2AHDAHD VALUES FOR 4°Ca

(the limit of error in C~natrix coefficients is +, 0.001)

Energy (HeV)

^•»BX
<rr <«*)
ruC"*)
<rtot Ub)
f 0 (x 10"4)

| 1 (x 10"4

V
t

0

1

2

3

4

5

f
t*

1/2*

1/2*

3/2~

3/2*

5/2*

5/2-

7/2-

7/2*

7/2*

9/2-

11/2"

to3§ kr
5g ,„ , .„„„,
158 r
a

0,6

3

1514 i 5

1 922 5

3436 10

1.486 +. 0.005

1.527 *, 0.005

Real

-0.8428

-0.1785

-0.1700

0.00 J8

-0.0075

0.0001

-0.0000

Xtt&g

0.3884

0.1189

0.0934

0.0084

0.0134

0.0004

0.0002

2.5

15

4.75

7

*56l ±5

1996 *. 5

3557 + 10

0.654 i 0.005

0.543 ± 0.005

Real

-0.1026

-0.1140

-0.1769

0.0459

0.0093
-0.0618

-0.0027

0.0162

0.0043

0.0014

0.0028

Iinag

0.6>50

0.7903

0.7735

0.3644

0.5205

0.0845

0.0789

0.0220

0.0468

0.0014

0.0018

6

12.8

14.1

10

1306 + 5

1029 ± 5

2335 ± 10

0.317 + 0.005

0.311 ± 0.005

Real

0.2253
0.2880

0.2837

0.1666

0.2543

-0.1653
0.0181

-0.1511

-0.1863

0.0080

0.0548

Imag

0.6198

0.4649
0.5410

0.3647

0.4838

0.2848

0.2784

0.4325

0.2416

0.1206

0.2930

9

11.2
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TABLE 7B STANDARD VALUES FOR 258.

(the lisit of error ia C-aatrix coefficients is +, 0.001)

Energy (HeV)

*T»ax
<rr Ub)
<re(«b)

<Ttot <»»
f 0 (x 10"4)

f 1 (x 10-4

et*t F
0

1

2

3

4

5

1/2*

1/2-

5/2*

3/2*

5/2*

5/2-

7/2-

7/2*

7/2*

9/2-

tl/2-

Is **
3S -
4> 0) *
(4 fca

0.6

5
4110 i 5

6871 * 5

10981 + 10

0.756 .* o.ooi
2*607 i 0.001

Real

-0.1194

.0*1916

-0.2297

-0.0617

-0.0522

-0.002J

-0.0097

0.0000

0.0001

0.0000

-0.0000

Imag

0.8794

0.4368

0.4615

0.0514

0.033,1

0.0155

0.0148

0.0002

0.0002

0.0000

0.0000

3

17*7

4.75

10

3251 ± 5

4075 i 5

7326 + 10

0.532 * 0.001
0.584 ± 0.001

Real

-0.2045

-0.1149

-0.0895

-0.1817

-0.1943

-0.2090

-0.2841

0.0056

0*0266

-0.0765

-0.0588

Imag

0.3375
0.2921

0.2554

0.6754

0.6047

0.6996

0. 6707

0.2430

0.5765

0.0680

0.0576

7.5

15-7

14.1

16

2858 ± 5

2987 *. 5

5845 ± 5

0.317 ±, 0.001

0.287 i 0.001

Real

0.2058

0.2791

0.2642

0.2402

0.2408

0.2165

0.2562

0.0970

0.2207

-0.2111

-0.0641

Imag

0.6486

0.5866

0.6255

0.5045

0.5819

0.5185

0.4055

0.2865

0*5555

0.4024

0.5122

12.0

14.6
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On the Computer Codes Based on Statistical

Optical and Direct Interaction Models

Sin-iti Igarasi

Abstract

This is a brief introduction of computer codes in JNDC based on
statistical, optical and direct interaction models. In this report, following
seven computer codes are presented; ELIESE-3, JUPITOR-1, TOTAL, RACY, STAF,
TRANCE and WAFFLE. Functions of these codes are briefly represented. On
ELIESE-3 and JUPITOR-1, some problems are discussed concerning with their
applications.

1. Introduction
In JNDC (Japanese Nuclear Dat<i Committee), many computer codes arc

prepared for the purposes of micloar data analyses and evaluations. nLIESJi^3_
is extended from KI,lESr-2 ' . JJW^'OR-r ' is a program for analyses of

jnclastjc scattering cross-nection on the basis of the coupled-channel method.

TOTAj. ' is a program by which the optical potential parameters are searched

for automatically over a wide range of the neuirop energy. B-^P* calculates

the (n,*y) crosb -section based on statistical and direct-interaction models.

STAJ^ is a proj.j-iira for nna3yr.es of yields, angular distributions, etc. of

the fission products. Other small progress are M.idf in order to investigate

some physical problems or in order to prepare the input <h»t» for other programs.

Follows ngs arc brief explanations of these counter codes. Some

problews concerning with the.se codes arc also discussed.

II. ELICS12-3

ELIESE-3 is a program which calculates the total cross -sect ion, the

compound nucleus formation cross-section, the elastic scattering cross -
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section (shape and compound clastic scattering cross-sections), the pola-
rizations of the scattered particles, the inelastic scattering cross-section,
some reaction cross-sections via compound nucleus, and the angular distri-
butions for emitted particles. Coefficients of J.egendre expansion are
also calculated in the center of mass system as well as the laboratory
system. Calculations arc applicable to the incident and emitted particles
with spin 0, 1/2 and 1. The optical model, the Hauscr-Fcshbach and Moldaucr
theories are used in this program.

The optical potentials used in the LLIESB-3 arc conventional local
complex potential, non-local and equivalent local potentials for Gaussian and
Yukawan type kernels. The potential strengths are written in the forms of
second order polynomials of the energy. Automatic search for the potential
parameters are possible for 3 to 15 parameters at one time.

Scattering and reactions via compound nucleus arc analysed by using
the Hausor-Feshbach and Moldaucr theories. In the case of using the Hauscr-
Fcshbach theory levels in discrete and continuum regions of the residual
nuclei arc both available as the final states. In the case of Moldauer's
theory, several lower excited stales arc taken as the residual states.
Parameter Q which represents the resonance interference effect, is internally
calculated or given as the input data. Competing processes are considered
by using additional parameters, when their cross-sections or transmission
coefficients cannot be calculated by the OL1F.SE-3.

Output data of this program are as follows.
i) The total cross-section, the compound nucleus formation cross-section,
the shape and the compound elastic scattering cross-sections, angular
distributions of the elastic scattering, the transmission coefficients
and the coefficients of the Lcgcndre expansion of the angular distributions,
ii) The inelastic scattering (or reaction) cross-sections, the inelastic
scattering (or reaction) cross-sections to each discrete level of residual
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nuclei and the angular distributions. Energy and angular distributions of
the inelastic scattering (or reaction) cross-sections at each mesh point
in the continuum region.
iii) The polarizations of the scattered particles, i.e. polarization,
rotation and asymmetry. Tensor polarizations are added to these outputs
in the case of spin 1 particles.
iv) The phase shifts of the scattered waves and the scattering amplitudes.
v) Graphic plotting is available for the angular distributions and polari-
zations .
Computer time estimated by the IRM 360/75 is about 0.5 to 2 sec for each
discrete level or for a mesh point in the continuum region. Even in the
case of iterative procedure to be needed, it is not required so much coasputer
time.

Unrealistic change appears in the calculated inelastic scattering
(or reaction) cross-section in a joint region (intermediate energy region)
of discrete and continuum regions. The cross section in the intermediate
energy region is calculated by using the conventional level density forjmtla,
since no-information exists about discrete levels. In t?tc intermediate region,
population of the levels is not so dense as the level density formula is
applicable, i.e. the level density fonnula gives overestimate on to the population
of the levels in this region. Therefore, the excitation functions for the
discrete levels are abruptly decreased in the intermediate and continuum
regions. This implies that some appropriate way is needed to estimate the
population of the levels in the intermediate energy region. This improvement
is still an open question.

III. JUPITOR-1 (Revised Version)
Program JUPJTOR-1 is a revised version of T. Tamura's original program

for coupled-channel. This revised program is for IBM 360/75 and FACOM 230-60
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computers. Contents of the original piograrn arc completely included in the

revised version. In addition to the original version, the revised one has

a subroutine which calculates the integration of the angular distributions.

Detailed descriptions about physical and mathematical meanings have been

given in Rev. Mod. Phys. 37.679 (1965) and ORXL-4152 (1967) by T. Taroura.

Then, these arc not repeated here.

Following? are some remarks in the use of .1UPITOK-1. Jn practical

calculations, jni'fTOK-1 ha& a l i m i t in the cj>?e of non-adiabatic calcu-

lations; number of H-vels available is at most six. This re strict ion cowes

from saving tJic computer tinv. For heavy eK-in-ints, this restriction is

si*iJou:>. Though a d t a b a l i c approxhi'-'t ion can be m>cd in this progra'n for

well deformed nuole-i <PK< high energy nylon, fio I'her improvement is highly

dfsir.ibjc for wide nuclei and )r/.: en^j-jjy r«-^io;i .

Knergy depondrnl form of t l i c optical polcnl i;.i1 j).irnmetc.rs is not

considered. The cnt-r^y dfpciidrnco of the optical potential comes m«'mJy

from coupling hot ween fin t ranee ch t inn t l am! r.iniy othr-r channels. Jn JUPJ'iOK 1,

coupling bvtv\oen cni r.ince channel and a few c-i-li-'r ch;nmc1r i:. only considyi-.sd.

Therefore, the otter"}1 dtju-ndc-nc^ of the j » f > i c a l i a l j)ajyi:"/ters s t i l l remains

as a result of coupl ing w i t h other channel -., whic l i arc not considered in the

calculations. Concerning wi th this point as veil as sow othei points,

modificat ion J'or input form of Jt^i 'JOH-l is desirable- .

There is a serious problin about rcJ f t iou }jet»;ecn tho .sjJjcrical optical

potential and the potential used in the- coupled -chunm-1 calculations. For

example, the inelastic scattering cross-sections arc sun.s of oners via coin-

pound nucleus and those via channels coupled with other channels. The formers

arc calculated by using the ll;tu.<c-r-}:cshbach theory or Moldaucr's theory

based on the spherical optical potential. The latters arc obtained by the

coupled-channel calculations. If both calculations were performed by the use

of the same potential parameters, except for the coupling parameters P's in
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the coupled-channel calculations, the total cross-sections obtained would be
different with each other. Even if the different nuclear models were used,
the same value of the total cross-section is, at least, a guarantee for
the result of the inelastic scattering cross-sections.

IV. TOTAL
Program TOTAL is prepared for surveying the systcmatics of the optical

potential parameters in the wide energy range of the incident neutron.

Almost all of the subroutines aro taken from 1:1,1 liSE-3. Main control routine,

input and output subroutines are revised.

Program TOTAL is able to calculate the total cross-section, the compound

formation cross-section and tho s-wave strength function up to a hundred

energy points at one tiroc. Automatic parowctcr search is performed in the

same way as the F.LIF.SI;-3. Graphic plotting facilitates showing of the

calculated and experimental cross-sections. Gross trend of the potential

parameters is obtained by the fitting of the total cross-section. Fine

systematics of the potential parameters w i l l bo looked for by the fitting

of the angular distributions of the clastic scattering. This wi l l be per-

formed by using the KL1ESH-3.

V. RACY

Program RACY is composed of RACY-S (statistical treatment) and RACY-1)
(direct capture and collective capture). RACY-D is used to calculate the
direct capture cross-section and the collective capture cross-section.
Theoretical bases of RACY-D arc given by Lanc-Lynn (Nucl. Phys. 11 646
(1959)), Brown (Nucl. Phys, S7_ 339 (1964)) and Clement ct al. (Nucl, Phys.
66 272 (1965)).

Parameters concerning with the compound nucleus are the level density
and a strength function for the gamma ray widths. In the program RACY, the
strength function at the neutron binding energy is used as an adjustable
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parameter. This parameter is determined by fitting the calculated cross-
section to the experimental data at one energy. In practical calculation,
the iterative procedure is used to determine the parameter.

VI. STAF
Program STAF has been developed for calculations of various quantities

concerning with fission fragments, based on the statistical Model. The
following quantities arc obtained;

i) charge distributions of the fragments,
ii) mosr. distributions of the fragments,
iii) total and average kinetic, energies of the fragments,
iv) ani.soi.ropy of the fragment distributions,
v) average excitation energy of the fragments,
vi) average number oT prompt neutrons.

Because of many kinds of integrations, this piograw requires long
computer time. In the case of average, angular viowentum & 3, mesh size of
integration for square angular monentujn & 2.5 and mesh sixc of integration
for angled0.314 rad, it is estin.ited for )iUi 360/75 about 4 or 5 win.

Vil. Other Programs
A few small programs are prepared for calculations of some physical

quantities. For examples, transmission coefficients and strength functions
arc calculated by TRAXCE. ' The transmission coefficients obtained arc

g-iused as input data for KACY-S program. Program KAFFL1: • shows wave functions
by using the graphic plotter.
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1) S. Igaraii, to be published.
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NUCLEAR MODEL COOES USED BY THE CNEN NUCLEAR DATA GROUP
V. Benzi

Comitato Nazionale Knergia Nucleare, Centre di Calcolo, Bologna, Italy

ABSTRACT.

A brief outline of nuclear model codes used by the Nuclear Data
Group of the CNEN Computing Centre (Bologna) is provided. Some
of the results obtained by using different codes,approximations
or computers are sometimes compared.

1. INTRODUCTION
The use of nuclear models and electronic computers for the calcula-

tion of nuclear data was started at the CNEN Computing Centre (Bologna)
since the establishment of the Centre itself (July 1960). This activity
was initially undertaken with the limited aim of estimating neutron capture
cross-sections in the unresolved resonance region for fission product nuclei
of importance for fuel cycle calculations. However, the role of the nuclear
models for the evaluation work (especially in connection with the nuclear
data requirements for fast reactors) was soon recognized. It was therefore
decided to establish a permanent full-time group working on the development
and applications of nuclear model codes. During this decennial activity var-
ious home-made codes, some of which are now obsolete, have been produced and
used. Codes developed elsewhere have been used too, sometimes introducing
changes to implement the codes on the computers available at the Centre.

A short account of the codes now in use is given in the following.
When not otherwise stated, the programmes are written in FORTRAN IV for the
IBM-7094 and/or IBM-360/75 computers.

2. STATISTICAL MODEL CODES
a) SAW) [ij. This code was devised in order to calculate (n,y) cross-sec-
tions by statistical model in the framework of the Lane-Lynn formalism [2].
It was originally written for the IBM-650 and its performances are therefore
rather limited. Neutron s- and p-waves only are taken into account, and the
competition of the inelastic scattering with the capture process is not con-
sidered. The Porter-Thomas distribution is assumed for the reduced neutron
widths of both angular momenta ( =0,1). This implies numerical computations
of the error-function, which in the original version (written in BELL) was
approximated using a recipe given by Hasting |YJ. Such an approximation
does not hold whenever very.small values of the strength-functions are in-
volved. Recently, the programme has been modified in order to adopt the usu-
al computer subroutine for the error function (IBM-360/75 version). The in-
put parameters required are, among the others, the average radiation width,
the average spacing of JO compound nucleus levels and the strength-func-
tions §o , S. . The target nucleus spin I can be 0 or a half-integer up
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to 9/2. Typical running times are -»0.25 sec for 20 energy points (IBM-360/75
version) ,

More recently (1969) a very similar programme was written by Bhat [4] .
Tliis programme, named AVERAGE, calculates not only the capture but the com-
pound elastic scattering and fission cross-sections as well. It is written
in such a way that the unresolved resonance parameters given in ENDF/B, File 2,
can be fed in directly as input data. Results provided by SAUD and AVERAGE
were compared at our Centre for a number of cases. It was found that the re-
sults for the l*>0 component were nearly identical, but those for Jt=l showed
very large discrepancies. After inspection of the formulae contained in
AVERAGE (version distributed by the ENEA CPL-Ispra), it turned out that the
number of accessible reaction channels etL is probably missing in AVERAGE 1̂'.
In Table I the results of a sample calculation for 197Au are shown. The
adopted parameters are those of ENDF/B-II.

As one can see by comparing columns A (SAUD) and B (AVERAGE), the two
programmes agree quite well for ftO , but they are strongly in disagreement
for &<*1 . Column C shows the results obtained by introducing in AVERAGE the
number of accessible reaction channels e*?. . With such a modification the
results given by SAUD and AVERAGE show a much closer agreement, differences
being very likely due to the different methods adopted in performing the
Porter-Thomas average.
k) FISPRO {sj . This code was written in order to quickly car̂ y out a large
amount of neutron radiative cross-section calculations. The availability of
a very fast code is of primary importance when the gross behaviour of the
capture cross-section for bulk fission product nuclei has to be evaluated.
In such a circumstance, in fact, an estimate of several thousand cross-sec-
tion values is required. The model adopted in FISPRO is essentially the
Hauser-Feshbach one as developed by Margolis [6] , In addition, the code
allows for a rough estimate of the cross-sections for the following processes:
i) one-photon "evaporation"
ii) two-photons "evaporation"
iii) direct and semi -direct capture.
In the last version (FISPRO-II), two different formulae can be selected for
the energy dependence of TY , based on the so-called "Weisskopf" and "Axel"estimates respectively. A (2J+1) law is adopted for the spin dependence
of the level density.

As far as the choice of the neutron penetrabilities T. is concerned,
there are three options:
1) The Tg are computed according to the strong interaction model ( 54) .
2) The T. are computed by means of the spherical optical model (&<9) •

The following optical potentials are allowed (without spin-orbit coupling):
Saxon-Woods, Buck-Perey, Gauss and square-veil.

3) The T are given in input
One of the main deficiencies of the programme is due to the fact that

the Porter-Thomas distribution of the reduced neutron widths is not taken in-
to account. In the version for the IBM-7094, typical running times range
from 0.5 to 10 sec per energy point, depending on the adopted option.

For some nuclei, Gardner [?] compared the results given by FISPRO
with those given by ABACUS -NEARREX. Unfortunately the adopted T- were not

O> In the formula for the elastic scattering a summation too seems to be
missing*
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the same in both cases, so that definite conclusions cannot be drawn concern-
ing the observed differences. Cross-sections for the photon "evaporation"
process in 127I neutron capture were calculated by Sperber [8J and compared
with those given by F1SPRO. Discrepancies of about a factor three at -5 MeV
up to 2-3 order of magnitude at ~14 MeV were found, Sp'erber's values being
always larger. These discrepancies were explained mainly in terms of the
different level density formulae adopted. The formula used by Sperber, in
fact, assumes a more sophisticated spin dependence than the (2J+1) one. It
is not clear, however, whether or not the competition of the (n,yn*) process
is taken into account by Sperber̂ 2). It is obvious that if such a competi-
tion is ignored, the calculated cross-sections are those for all radiative
processes which, at high energies, are in general much larger than those for

capture process only.
c) MAKE [9] . This programme was written in order to estimate the cross-sec-
tions for reactions induced by particles of several MeV kinetic energy. The
theoretical background is provided by the evaporation model and the Blatt-
Ewing formula. The programme gives the cross-sections for (x;a), (x;a,b),
(x;a,b,n) processes, where the symbols x , a and b represent neutrons,
protons, alpha or gamma rays indifferently. It is assumed that compound nu-
cleus processes only take place and that no more than three successive par-
ticle emissions are energetically allowed. Typical running times are ~3 sec
for an (x;a,b) reaction (one energy point) on the IBM-360/75.
d) SASSI [lo] . This programme calculates the J spin neutron scattering
cross -sect ions by a spherical potential with a spin-orbit term. The pro-
gramme outputs are the total and reaction cross-sections, as well as the an-
gular distributions for shape-elastic and compound nucleus processes (elas-
tic and inelastic) . The theoretical backgrounds are provided by the spher-
ical optical model and the Hauser-Feshbach statistical model as modified by
Goldmann and Lubitz [ll] to include spin-orbit effects. Porter-Thomas fluc-
tuations and competition of reactions other than (n,n) and (n,n*) are not
considered. In the IBM-360/75 version, angular momenta up to *50 are al-
lowed, and the maximum number of excited levels admitted is 100. No option
for automatic 'search for best fit parameters is provided.

SASSI is very similar to the well known ABACUS, whose numerical results
have been found to be well in agreement with those given by SASSI. In Table II
an example of such an agreement is given. The numerical results are those of
SASSI and ABACUS-II (GE-625 version) for the sample problem reported in GEMP-447,
e) JjSQSjiM [12] .. This programme was written to calculate the cross-sections
for compound nucleus neutron radiative capture processes leading to isomeric
states. The theoretical backgrounds are given by the Hauser-Feshbach and
Huizenga-Vandenbosch [l3] theories. This programme has not yet been fully
tested .

3. OPTICAL MODEL CODES
a) SMOG [14] . The mathematical aspects of this programme, whose first ver-
sion was written several years ago for the IBM-704 computer, are very simi-
lar to those of the well known SCAT programme [l5J . It was included in SASSI
(see above) to carry out the spherical optical model calculations required by

Our attention on this point was called by D.6. Gardner (private communication),
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that programme, so that the reader can refer to SASSI for a short descrip-
tion of its performances.
b) ADAPE [l6], This programme can calculate the total cross-section and
the total and differential elastic and direct inelastic scattering cross-
sections for 0 or $ spin nuclear particles from a rotational permanently
deformed nucleus of either even or odd A. The theoretical background is
provided by the coupled channel theory in adiabatic approximation. Numeri-
cal results were found to be in close agreement with those given by the re-
vised version of JUPITOR (see below). Typical running times are of the or-
der of 5 min on the IBM-7094 and "1 min on the IBM-360/75 computer,
c) DUMBO [17] and DANGFASI [18]. These programmes, written in FORTRAN II,
belong to the series of generalized optical model codes for even-even nuclei,
like the 2-PLUS code written by Dunford [l9J.

DUMBO (1963), calculates the 0 spin neutron scattering from target
even-even collective nuclei with a coupled channel method. Only the coupling
between the ground state and the first 2 oxcited state of the target is
taken into account. The 2* target level can be either of vibrational or of
rotational kind. The programme outputs are constituted by the total cross-
section, the reaction cross-section, the total and differential shape elastic
and direct 2* inelastic cross-sections, the strength functions and penetra-
bilities. Typical running times are of the order of 1 rein,

DANGFASI is an extension of DUMBO to the case of | spin incident neu-
trons. In addition, the programme calculates the elastic scattering phase-
shifts as well as the polarization of the scattered neutron. Typical running
times are of the order of 2 min on the IBM-7094. Numerical results agree
very well with those given by 2-PLUS (see Table III-B). It has to be noted
that in these two programmes the interaction potential is developed (to the
first order) in powers of the deformation parameter. Such a feature must be
taken into account whenever comparing numerical results of DUMBO and DANGFASI
with those given by other programmes using a Legendre polynomial expansion.
d) "JUPITOR". A version of the JUPITOR code [20] for CDC computers, kindly
provided to the CNEK Computing Centre by the author T. Tamura, was checked (3)
in almost all its parts and implemented ̂  for the IBM-7094 and IBM-360/75
computers. Several clerical errors were found and some incompatibilities be-
tween CDC and IBM FORTRAN languages were removed. As stated above, the nu-
merical results obtained whenever the adiabatic approximation is used are in
very good agreement with the results given by ADAPE. An example is given in
Table III-A, where results of ADAPE and "JUPITOR" are compared for the case
of 7.5 MeV neutrons scattered by l65Ho.

The following set of parameters was adopted;
*v * avso " °-58MeV a - 0.35
rOV " rOWD = rOVSO

V * 45.5
W0 » 5.75 \ MeV «fcm 'w - 0.35 ^ fm
VSO » 10
with 8=0.30 and Jl_̂  * 8 . The adopted level spins and parities were
7/2*, 9/2*, 11/2*.

To further test the code, calculations were carried out assuming the

By F. Fabbri and P.L. Ottaviani.
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deformation parameter 0=0 . In this way the optical potential is reduced
to the spherical one, and it is therefore possible to compare the numerical
results obtained with those given by other codes. Table III-B provides an
example of such a comparison among the codes SASSI, 2-PLUS and "JUPITOR".
The calculated cross-sections are those for 1 MeV neutrons interacting with18i*W. The adopted parameters were:

av * avso " °*̂MeV avro 0.47 fm
rOWD " *OVSO " l'25

V * 45.05
WQ * 6.68
VSO - 6.20
with 3̂35 - 5 .
The adopted level scheme was: 0,(0+); 0.111(2+); 0.364(4+}; 0.750(6+);
0.904(2*).

In Table III-B a comparison among 2-PLUS, "JUPITOR" and DANGFASI for
the same case but with «0.24 is also shown. The rotor model was assumed,
with a deformed potential developed in powers of (3 up to the first order.
Obviously, only the coupling (0+,2+) was considered in "JUPITOR". The small
differences among the numerical results are almost entirely due to the fact
that "JUP.ITOR" uses an integration method with variable mesh, whereas in
2-PLUS and DANGFASI a fixed mesh method is adopted.

4. DIRECT INTERACTION CODES
a) DISCO [2l]. This programme calculates the dipole radiative capture of
nucleons by nuclei in the framework of the "direct" and "collective" models.
In particular, the direct and collective capture cross-sections for individ-
ual single-particle bound states are calculated for a given incident nucleon
energy. The total cross-section is then given as the sum of the contribu-
tions over all possible final states. The incident particle and the target
nucleus are assumed to interact through a spherical optical potential in-
cluding the spin-orbit interaction. The target nucleus is assumed to have
zero-spin. The interference between the two capture processes is taken into
account in the calculations. The programme has a vast flexibility as to the
shape of the interaction that can be used. The programme outputs are the
cross-sections and the radial integrals for individual transitions. Option-
ally, cross-sections (total, direct, collective and interference), wave-
functions, and radial integral squares can be plotted vs. the incident nucleon
energy.
b) KISS [22]. This code was written to calculate the cross-section for qua-
drupole direct radiative capture of nucleons by nuclei. Its performances and
outputs are very similar to those of DIRCO.
c) PRODE [23]. This code calculates the cross-section for direct (n,p) re-
actions. The physical background is given by the Brown-Muirhead fj24j| model,
which assumes a Fermi-.gas representation of the nucleus. The programme cal-
culates the probability that a proton is knocked-out by the impinging neu-
tron without further collisions. From this probability, the cross-section
for the (volume) direct (n,p) reaction is easily obtained. The outputs are
the cross-section as well as the energy distribution of the emitted protons.
Typical running times are -0.5 sec for one energy point on the IBM-360/75,

407



5. MICROSCOPIC MODEL CODES
a) SURF [25]. The output data of this programme are the dipole photoreac-
tion cross-sections of doubly closed shell nuclei in the one particle-one
hole continuum approximation* The Schrodinger equation of the system is
solved in the coordinate space by means of the coupled-channel method, taking
into account the isospin mixing between the T*l and T=0 states.
b) MIDI [26]. The programme calculates the dipole radiative capture cross-sections of nucleons by even-even nuclei using a coupled-channel method. The
model assumes that the incident nucleon interacts with the target through a
Woods-Saxon potential taking into account the target excitations in the giant
resonance region. The spectrum of the target can be described by means of a
collective model (phonon excitations) or by a microscopic model (Ip-lh exci-
tations in Tamm-Dancoff or RPA approximation).
c) MIMOC [27]. The code can calculate the elastic scattering phase-shifts
and cross-sections for incident nucleons on even-even nuclei with a micro-
scopic description of target states. The wave-equation is solved in the
framework of the coupled-channel theory.
d) RES [28). This programme allows to extract the spectroscopic parameters
(resonance energy, total and partial widths, configuration mixing coefficients)
of a resonant cross-section calculated using a microscopic coupled-channel
model.
e^ JVPITOR MICRO [29]. Tamura's JUPITOR code was extended to the case of
odd-deformed nuclei to allow for the presence of several rotational bands,
A nuclear level of given angular momentum is described as a sum of nuclear
levels of equal angular momentum belonging to different bands (band-mixing).
The excitation of rotational bands other than the fundamental one is obtained,
even in absence of band mixing, by introducing a microscopic nucleon-nucleon
interaction allowing the transition of the bound odd nucleon to different
orbits. The different intrinsic levels of the various bands are thus gener-
ated. Space-exchange effects between the projectile and the odd-target nu-
cleon are ignored.

6. MISCELLANEA
Many auxiliary programmes developed at the CNEN Computing Centre are

strictly connected with the use and development of nuclear model codes.
Among the others, it is worthwhile mentioning the following:
a) SPEC [30]. It calculates the Y~*ay spectra from radiative nucleon cap-
ture reactions in the MeV nucleon energy range according to direct and col-
lective mechanisms. To compare calculated and measured spectra, the programme
relies on DIRCO to calculate the cross-sections spreading them over an energy
interval corresponding to the resolution of the spectrometer.
b) LILABNER [31]. Calculating the level density parameter ji of the Fermi-
gas model.Eight different expressions of the level density formula are con-
sidered by the programme.
c) FGETA |32J. This subroutine calculates the regular and irregular Coulomb
functions and their derivatives.
d) BOSTAW [33]. The programme calculates the normalized eigenfunctions for
a nucleon bound in a Woods-Saxon well. If the potential well is known, the
programme provides the eigenvalues and viceversa.
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e) flAFF [34J . Radial form factors suitable for inelastic scattering calcu-
lations can be obtained through this programme. The single-particle wave
functions used in the calculations may be eigenstates either of a Woods-Saxon
potential well or of an oscillator potential well. Gaussian, Yukawa or
Coulomb radial dependence can be used for the two-body interaction.
f ) EXODUS [35] . An IBM-360 system code analysing inelastic scattering
continuum spectra on the basis of H.F. theory. The code takes advantage of
the IBM-2250 Display Unit. By using SASSI, the code calculates:
- the usual quantities of the (spherical) optical model;
- the excitation functions of the various levels in the framework of the
conventional H.F. theory;
- a gaussian convolution of groups of inelastic differential cross-sections
at a given angle.

The average cross-sections observed are thus simulated. The results
of the calculation are plotted on the Display Unit, together with the exper-
imental data. Through a conversative interaction, it is possible to modify:
i) the optical model parameters;
ii) the target nucleus level scheme (energies, spins and parities);
until a reasonable fit is achieved for the experimental data. As an example,
the figure shows the results of a preliminary analysis of the Perey-Kinney
data at 8.56 MeV for 23Na (ORNL-4518). At this incident neutron energy more
than 50 levels can be excited; for most of them, however, the spin and parity
assignment is unknown. The experimental data refer to 90* degrees in the
Lab. system and are in unit of mb/sr/25 keV. The energy spread is approxi-
mately gaussian with -160 keV F.W.H.M. - The excitation energy of the resid-
ual nucleus ranges from ~5.5 MeV up to ~7 MeV.

Picture a) shows the theoretical result (continuous curve) obtained
by assuming an arbitrary spin and parity assignment for the unknown levels.
Picture b) shows the final result, after the unknown quantities have been
selected on the basis of a trial- and error procedure. Both pictures have
been obtained directly by taking a photograph of the D.U. screen.
8) yiLSSON [36]. This progranme calculates the eigenvalues and the eigen-
functions of the hamiltonian of a single $ spin particle subject to a Nilsson
potential, i.e. an axial ly deformed harmonic oscillator potential plus l.s
and . contributions. As in Nilsson 's work, the representation chosen
for the diagonalization of the total hamiltonian is the isotropic-oscillator
one where A2 and iz , sz (the orbital and spin angular momentum compo-
nents along the axis of symmetry) are diagonal. However, the eigenf unctions
are also expressed in the representation where the total angular momentum
ĵ fc+s and its component along the axis of synmetry jz are diagonal. Majorshell mixing is allowed. For each orbit the intrinsic quadrupole moment, the
mean value of the potential and of r2, r1*, r**Y (6) as well as the orbital
density, are calculated. The decoupling parameter is calculated for orbits
having the component of j, equal to J. The programme can also be used to
study the properties of different intrinsic states of a nucleus. For each
single combination of occupied levels the total energy, the intrinsic quadru-
pole moment of the matter distribution, the mean value of r2, r*1, ̂  (6)
are calculated, along with the density, if requested.

Performing the calculation for different values of the potential de-
formation, the energy minimum and the equilibrium deformation of each intrin-
sic state can be found.
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7. CONCLUSIVE REMARKS
The main features of the nuclear model codes in use at the CNEH Com-

puting Centre are summarized in Table IV, In spite of the fact that these
codes appear to be useful in the study of a number of problems, it is clear
that a substantial effort is still necessary in order to face the various
needs of the nuclear data evaluation work. For example, no codes dealing
with the fission process have yet been developed or used by the Nuclear Data
Group, and no self-consistent, comprehensive nuclear theory calculation sys-
tem is, as of now, available at the Bologna Centre»

Last, but not least, it should be noted that the nuclear model codes
are of little use if they are not supported by good sets of parameters. A
large amount of analyses is still necessary in this field to improve the
present unsatisfactory situation.
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TABLE I
A comparison between SAUD and AVERAGE for 197Att

^^>^^^ a(n,y)
EnH*-*^i(bam)

(keV) ^^^^

1
2
3
4
5
6
7
8
9

10

I « 0

A

7.849
4.392
3.106
3.422
1.994
1.700
1.483
1.318
1.187
1.081

B

7.875
4.404
3.113
3.428
2.000
1.703
1.482
1.321
1.190
1.083

t • 1

A

0.148
0.248
0.295
0.331
0.358
0.379
0.396
0.410
0.421
0.429

B

0.109
0.151
0.181
0.204
0.222
0.237
0.249
0.259
0.267
0.274

C

0.163
0.226
0.271
0.305
0.333
0.354
0.372
0.387
0.399
0.409

TABLE II

A comparison between SASSI and ABACUS-II (Sample problem)

Quantity
(barn)

aT
as.el.
aR
CTs.el. (0*>
°s.el. (9°0)

s. el.
"c.el. <«•>
"c.el. W>')

SASSI
(IBM-7094)

5.615
3.221
2,394
1.5720438
0.0780441
0.1233591
0.0866189
0.0634759

ABACUS-II
(GE-625)

5.6149
3 .2208
2.3941
1.5721
0.07843
0.12336
0.0867005
0.0635335
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TABLE

A comparison between ADAPE and "JUPJTOR" for 165Ho

Quantity
(barn)

°T

°s.el.
"d.in. <9/2>
°d.in.<ll/2)

ADAPE
IBM-7094

4.905742
2.452888
0.274836
0.120244

IBM-360/75

4.909581
2.446848
0.275864
0.121650

"JUPITOR"
IBM-7094

4.90773
2.48620
0.27559
0.12127

IBM-360/75

4.90756
2.48610
0.27563
0.12162

TABLE III-B

A comparison among SASSI, 2-PLUS, DANGFASI and "JUPITOR"
for spherical and non-spherical cases

Quantity
(barn)

a

"R
°se
ace
aci (1*)

°ci (2*>
aci (3°)

"el <4°>
oci (total)
adir.inel.

SASSI

7.2782
3.4566
3.8216
0.7950
1.8105
0.4154
0.0023
0.4334
2.6616

™*

2-PLUS
(3-0)

7.2763
3.4541
3.8222
0.7947
1.8095
0.4149
0.0023
0.4337
2.6594

— *

"JUPITOR"
(0-0)

7.2947
3.4673
3.8274
0.7975
1.8172
0.4162
0.0023
0.4341
2.6699

**

2-PLUS
($-0.24)

6.6632
3.2068
3.4564
0.7582
1.4766
0.3783
0.0021
0.3549
2.2119
0.2367

"JUPITOR"
($-0.24)

6.6724
3.1986
3.4738
0.7695
1.4787
0.3805
0.0021
0.3575
2.2188
0.2367

DANGFASI
(8-0.24)

6.6645
3.2055
3.4590

-
-
-
-
-
-

0.2367
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TABLE IV

Nuclear model code in use at the CHEN Computing Centre

Name

SAUD
FISPRO
MARE
8ASSI
ISOSTA

SMOG
AD APE
DUMBO
DANGFASI
"JUPITOR"

DIRCO
KISS
PRODE

Comments

A) STATISTICAL MODEL CODES
o(n»v) by Lane-Lynn method; no competition by (n,n') or other processes; asO,l
a(n,y) by H.F. theory; competition by (n,n!) only; no fluctuations; i<9
o(x;a); o{x,a,b), o(x;a,b,n); (x,a,b)->(n,p,a,y); evaporation model
cr(n,n') by H.F. theory; no fluctuations or competition by other processes, 150
o(n,y) fo* isomeric states; H.F. * Huizenga-Vandenbosch model
B) OPTICAL MODEL CODES
Spherical o.m. ; many types of potential are possible
Deformed o.m.; adiabatic approximation
o-(n,n),o(n,nf) for 2-»-0 transitions in deformed nuclei; no spin orbit coupling
As DUMBO + phase shift analysis; spin-orbit coupling
Revised version of JUPITOR1 in use at the CSEN Computing Centre
C) DIRECT INTERACTION CODES
Dipole direct-collective a(n,y), <np,y) with interference; plotter optional
Quadrupole direct o(n,y), O(P,Y)» plotter optional
Direct o°(n,p) based on Fermi -gas model; energy spectrum of protons

CT(a)

A;B
A;B
A;B
A;B
A

A;B
A;B
A
A
A;B

A;B
A;B
A;B

w.u.?<b>

yes
yes

in press
yes
no

yes
yes
yes
yes
no

in press
in press

no

CPL? (c)

yes
yes
no
yes
no

yes
no
yes
yes
yes

no
no
no

COMP?(d)

yes
yes
no
yes
no

yes
yes
yes
yes
yes

no
no
no

(continues)



TABLE IV (continued)

Name

SURF
MIDI
MIMOC
RES
JUP. MICRO

SPEC
LILABNER
FGETA
BOSXAW
RAF?
EXODUS
NILSSON

Comments

D) MICROSCOPIC MODEL CODES
a for doubly closed-shell nuclei; isospin mixing
Dipole a(N,y) for e-e nuclei; coupled channel method
a(N,N) and phase shift for e-e nuclei
Extraction of res* spectroscopic parameters; coupled-channel method
o(N,N); 0(N,Nf); nucleon-nucleon interaction + collective potential
E) MISCELLANEA
y-ray spectra from direct and collective capture
Level density parameter _a of Fermi -gas model; eight options
Regular and irregular Coulomb functions and derivatives
Eigenvalues or eigeaf unctions for a nucleon bound in a W.S. well
Radial form factors for microscopic model calculations
(n,n') spectra analysis; H,F. theory; up to 100 exct. Ivls.; Display Unit requir*
Eigenvalues or eigenfunctions for a nucleon bound in a Nilsson potential

CT(a)

A;B
A;B
A
A;B
A

A;B
A
A;B
A;B
A

d B
B

U.0.t*>

yes
no
yes
no
no

in press
no
yes
yes
yes
no
no

CPL?*C*

no
no
no
no
no

no
no
no
no
no
no
no

COMP?(d)

no
no
no
no
no

no
no
no
no
no
no
no

01

a) IBM computers for which the programme has been developed: A * IBM 7094; B « IBM 360/75; b) W.U, « write up available;
c) Availability through ENEA Programme Library - Ispra; d) COMP * compared with similar codes.
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•Votes on the Availabilityt Quality and Comparison of Nuclear Model Codes"
by V* Benzi

Abstract
The paper briefly sets forth a number of points which should be considered
in examining the quality, availability of and comparison of computer codes
used for the calculation of neutron cross sections.

The Provisional Agenda of the Panel, under item 5-II considers the
following subjects:
A. Availabi-lity, quality of and estimated cwjpufor tine for computer t>ode&.
B. Physical adequacy end convenience of data, ivr-wucfiUitioti.

C. Comparison of computer codes - possible reasons for discrepant-result?,,
In accordance with the above subjects, a certain number of points ought
to be taken into consideration.
i) Availability. A list of existing model codes should be prepared,

subdivided according to the isodel adopted (e.g.: Spherical optical
model, statistical model, etc.}. Such a list should be sn up-dating
of the tables provided in the paper MA Brief Outline of Methods of
Calculation of Neutron Cross-sections" by M.F. Jaaes (EKBA Computer
Programme Library - 1966). See Annex 1 for a specimen.

ii) Quality. Whenever possible, a short comment concerning the codts
appearing in the above mentioned list should be provided with regard
to the flexibility (e.g., types of optical potential allowed} and
the degree of sophistication (spin-orbit coupling, Porter-Tbonas
corrections, etc.).

iii) Computer t&no. Sufficient material will hopefully be presented by
the experts allotting some conclusions «*bout this subject.

iv) Physical ad^^tGcy. The Units of applicability of the various models
should bs discussed from the point, of view of those aspects which are
relevant for evaluation purposes. The status of the systematics of
the pare:.iotcrs require-.! by the models should al&o be considered. An
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estimate of. the confidence limits of the theoretical results would
bo of great importance. The feasibility of the "Pearls toin experiment"
should be diseased in this context (Sec Annex II),

v) Convenienas of cLiia vepvcccnlation. The term "convenience" is referred
to evaluation needs. In particular, tho role of Display Units and
conversative interactions should be examined.

vi) Comparison of cctrputer codas - possible reasons for discrepant results.
Here again, as for point iii), some material will hopefully be
presented by the experts. Ariong the possible reasons for discrepant
results, the following should be examined:
a) Computer used.
b) Physical limits adopted (e.g., R, .1 _ , etc.).maX flluX
c) Numerical methods.
d) Fundamental constants (e.g., neutron mass).
The possibility of some concerted effort on international basis to
test the various codes should also be considered.
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ANNEX 1

TABLE 4. PROGRAMMES TOR USE IN THE OPTICAL MOOEL REGION. (A) OPTICAL MODEL PROGRAMMES

KAMB AUTHOR (S) COMMENTS IN U3HAKY?

ABACUS 2

OPW

2 PLUS

SUEZ

SMOG

DUMBO

DANG

CLISSCI

ELIESC 2

OpUccrl Model Para-
meter Search 64

INS AND CLASTIC
SCAT

AUERBACH, BNL,
UAA.

WJLMORE. HARWELL,
U.K.

LU3ITZ7 KAPL,
U.S.A.

CNI:N
Doloana
Italy

PANINI
ZUFFI

BEN?,!' I CNEN
FABBiU { Bologna
SARU1S I Italy

FAUBH1 }
SAHUJS }

CNCN

Holy

PABBRI
SARUIS

) CMCN
\ Bolajno

Italy

Japanese Nuclear Data
Commiltoo, Japan

Japanese Nuclnar Data
CommtUoc, Japan

HILL, Oxford University
U.K.

MITSUJI KAWAl, Tc'--yo
Institute of Technology,

Japan

Combined optical modol and Havinor-F cohbnch caJculatlonB.
Includ<?« a filling proccsJuro.

Includes a fast search routine for parameter fitting; will
calculate equivalent local potential from nonlocal paramo*
tcrs.

a deformed (non-spherical) nucleus, but only
considers 2-l'-*0+lror.smons. M^y be available through DUN-
FORD, of Atomics International.

Aaaumes a equaro well potential.

Many types of potential are possible.

),{n,i>h and reaction cross -nocllons (or 2'*"-«0'*"lranat-
tlonn in a deformed nucleus. No fipin-orb;t coupling.

Optical inodf*! 4- {{ause^Fushbach theory. CcJculttou (n,n),
(n,nM« (n«p) ond compound lor mot Ion cross-sectiona.

As ELICSC-I, but with automatic aearch voutln?;andabili*
ty to calculate (n,a) crtns-scclions.

In Altos Autocode. ProbaMy very similar to OPW-H4FW.
See BNL«I08. poae 39.

Calculation of diffcivntial eross-accliOKfc of (n.nj and of
polam-ation of ucottc.-od neutrons. Sen BNi.9103, paq.-s 47.

Will bo sent

Yea

Yes
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ANNEX II

PROPOSAL FOR A "PEARLSTEIN EXPERIMENT"
V. Benzi

During the AEC-EXEA Seminar on Evaluation, held at Brookhaven in
1965, in summarizing one of the Seminar Sections, S, Pearlstcin stated:

r\
"J would like to chare one experiftenee with you that is related to theij,
work of the evaluator. Three weeks ago an engineer ccona into my office
to say 'Because you are an expert in neutron cross-sections> I want to
ask you a. question1. I am going to ask you the scone question he asked
me since you are experts in neutron crocs-sactions too. The question is:
'Can you give me the cross-seat Ion information I need to hioiu for a
nucleus that has not been measured if I give you tv>o facts,, the atomic
number and the atomic mass?'" After some comments on how life is,
Pearlstein concluded: "In essence he was asking whether we }iave observed
sufficient systematic behaviour among nuclei that would enable us to
predict with confidence cross-sections where measurements have not been
performed. So I think it was a fair question".

In the last years some improvement has been obtained both in
modelistic and systematics. However, a large degree of arbitrariness
still exists in selecting models and parameters whenever a theoretical
estimate of an unmeasured cross-section is required. For this reason,
it seems it would be interesting to compare the results obtained by
evaluators from different Laboratories estimating the unknown cross-
sections of a given nucleus. Such a comparison should provide us with
some feelings concerning the degree of convergence (or divergence)
obtainable whenever evaluating cross-sections on almost purely theoretical
basis.'

Calculations should be carried out over the 1 fceV-:-15 MeV energy range.
Volunteers should be asked, on a world-wide basis, to produce a model-

evaluated data file together with a report describing the models and
parameters adopted. An informal final report comparing the obtained results
should be compiled (for instance, by the MS-IAEA).

The Xe-135 nucleus seems to be appropriate for such an experiment.
In fact, Xe-135 is an important nucleus for reactor calculations, but only
the total cross-section below 0.5 eV has so far been measured (see CI1?DA 71).
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I. Fast Neutron Cross Sections of Elemental Titanium
Microscopic Measurement and Interpretation

Physical Studies by:

E. Barnard, J.A.M. de Villiers and D. Reitmann
South African Atomic Energy Board

Pelindaba
Transvaal, Republic of South Africa

and
A. B. Smith, E. M. Pennington and J. ?. Whalen

Argonne National Laboratory
Argonne, Illinois

ABSTRACT

Neutron total, and elastic- and inelastic-scattering cross sections
of natural titanium were measured. Total cross sections were determined
over the interval 0.1 to 1.5 MeV with resolutions of 1.5 keV. Differen-
tial elastic and inelastic neutron scattering angular distributions were
measured from 0.3 to 1.5 MeV with resolutions of 5 keV. The cross sec-
tions for the inelastic neutron excitation of states in "*6Ti (889.2 keV),
***Ti (983.5 keV) and lf7Ti (159.6 keV) were determined. The energy-averaged
behavior of the measured results was described in terms of optical- and
statistical-models.

A. Introduction

It was the objective of this work to; a) provide a detailed and
internally consistent set of experimental fast neutron cross sections of
titanium specifically meeting requests for basic data and providing a
foundation for thorough evaluation, and b) test the validity of nuclear
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models and reaction mechanisms with particular attention to the concurrent
description of a number of facets of the neutron-nucleus interaction.

The isotopes of titanium lie near the 3S peak of the 4 » 0 strength
2function distribution. The measured strength functions in this region

3have been veil described by selected optical-potentials but the descrip-
tion of measured partial neutron cross sections at higher incident energies
is uncertain due, in part* to a lack of detailed experimental information.
Reported fast neutron total neutron cross sections of titanium display con-

4siderable structure well into the MeV region. Physical understanding of
this structure is not unambiguous. The even-isotopes of titanium are known
to be deformed with collective-vibrational (2+) first excited states. In-
elastic neutron excitation of these states can be experimentally observed
with a precision suitable for a quantitative assay of the effects of de-
formation on neutron processes at energies of one MeV and above. This study
relates to all of these physical characteristics.

B. Experimental Method

The total, elastic-scattering and broad-resolution inelastic-scattering
neutron crosa sections were measured at Argonne. Fine resolution inelastic-
scattering neutron cross section measurements were made at Pellndaba. The
methods employed at both laboratories have been extensively described else-

f. -* Qwhere and will not be further defined herein. * ' The total cross sec-
tion values were deduced from transmission measurements. All scattering
measurements were made relative to the known differential elastic scatter-

qing cross sections of carbon. Where appropriate, "in-scattering,"
multiple-scattering and beam attenuation corrections were applied to the
measured values. These corrections were generally small. The measurements
were made using high-purity samples of the natural element. All measured
cross sections are expressed in units of barns referenced to the natural
element.
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C. Experimental Results

1. Total Neutron Cross Sections

Total neutron cross sections were determined from 0.1 to 0.45 MeV and
from 1.025 to 1.475 MeV with incident energy resolutions of 2.0 keV. From
0.45 to 1.025 MeV the experimental velocity resolution was ̂  0.01 nsec/meter.
The absolute energy scale was determined from known reaction thresholds,
for example, Li7(p,n)Be7, and from a comparison of neutron velocity with
that of light. The absolute energy scale was believed known to within
t> 8 keV. The experimental results, summarized in Fig. 1, were consistent

4 *-.•,'with previously reported values but displayed a great deal more structure
due to improved experimental resolution. Resonances were evidently inter-
t erring when from a single isotope, overlapping when. from various isotopes
and merged when averaged to give the appearance of an intermediate reso-
nance structure.

2. Elastic Scattering Cross Sections

Differential elastic scattering cross sections were measured at inci-
dent neutron energies from 0.3 to 1.5 MeV and at eight scattering angles
approximately equally distributed between 25 and 155 degrees. The incident
neutron energy resolution was ̂  20 keV. The measured differential cross
sections were least-square fitted with the expression

• fc &
where o (elastic cross section) and w coefficients were obtained from then
fitting procedure and F were Legendre polynomials expressed in the labora
tory coordinate system. The uncertainties in the individual differential
cross section values .were i« 10%. The "goodness" of the fit was indicated
by the uncertainties in the respective w coefficients deduced from the
fitting procedures.
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The experimental elastic scattering results are summarized in Figs.
2, 3 and 4. They are relatively consistent with the measured total neutron
cross sections when the different energy resolutions *nd small variations
in absolute energy scale are considered as shown in Fig. 1, Comparable
previous measurements of elastic scattering from titanium are largely con-

•* A "I O 1/1fined to energies near 1.0 MeV. »i-5»1* These are compared with the re-
sults of the present work in Fig. 3. The agreement with the results of

12Walt and Barschall is good. Below the inelastic thresholds the present
elastic scattering values are consistent with the total neutron scattering

Qdistributions reported by Langsdorf et al. The agreement with the values
of Refs. 13 and 14 is less satisfactory.

3. Inelastic Neutron Scattering Cross Sections

Natural titanium consists of the isotopes 46 (7.93%), 47 (7.28%), 48
(73.942), 49 (5.51%) and 50 (5.34%).5 Of these titanium 46, 47 and 48 made
the major inelastic contributions in the present work. The inelastic neutron
excitation of states at 889.2 + .2 and 983.5 + 0.2 keV was clearly observed
and attributed to known 2+ states in titanium -46 and -48, respectively.
In addition the excitation of a 159.6 + 2 keV state was observed and associ-
ated with the reported 160 keV (j -) state of titanium -47. The energy
scales were established by careful observation of gamma-rays emitted sub-
sequent to inelastic neutron scattering. Cross sections were determined
for the excitation of the 889.2 and 983.5 keV states. Those of the 159.6
keV state were small (< 3 nb/sr).

The angular distributions of inelastically scattered neutrons were
determined with incident neutron resolutions of «\» 20 keV. Generally these
distributions were isotroplc to within the experimental uncertainties as
shown in Fig. 4. Differential inelastic cross sections were determined with
"fine" incident resolutions (5 to 10 keV) at a scattering angle of ninety
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degrees. In view of the observed isotropy, the inelastic excitation cross
sections were obtained from the averaged angular distribution measurements
or fine resolution ninety degree values by multiplying the averaged
values by 4w. The results are summarized in Fig. 5. The broad and the
fine resolution results are relatively consistent though the latter show
appreciably more structure. The illustrated uncertainties in the measured
cross sections were obtained from subjective estimates of the cumulative
errors inclusive of; statistical uncertainties, the effects of experimen-
tal resolutions and backgrounds and uncertainties in the carbon reference
standard.

Previously reported Inelastic cross sections of titanium in the energy
region of the present experiment are sparse. However* the results ob.tained
by Beyster and Walt near 1.0 MeV using threshold techniques are consistent
with the total inelastic cross section deduced from the present work.

D. Interpretation and Discussion

The experimental values were compared with those calculated from
17 18optical-model and statistical theories. ' The majority of the calcula-

tions employed a spherical potential consisting of; a Saxon-Woods real form,
a Gaussian surface-imaginary form and a Thomas spin-orbit term. Non-local-

19ity was approximated with energy dependent parameters. The effects of
deformation and direct reactions were assayed using a non-spherical optical
potential inclusive of two-channel coupling to the first excited state of

20the even nuclei.
An initial estimate of potential parameters was obtained from a com-

21parison of measured and calculated total neutron cross sections. Sub-
sequently, small adjustements were made to give improved agreement with the
measured elastic angular distributions* The resulting "selected" parameters,
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given in Table 1, were based entirely upon comparisons with the present
experimental results. The parameter selection was by subjective judgement.
numerical procedures, such as x̂ -squared fitting, led to parameters strongly
associated with energy-local structure and not representative of the entire
experimental energy range. The total neutron cross sections calculated
from the spherical potential and parameters of Table 1 were descriptive of
the energy-averaged experimental total and angle-integrated elastic cross
sections as indicated in Fig. 1. The agreement between calculated and
measured elastic angular distributions varied as the structure of the meas-
ured results changed with energy. For example, calculated and measured
values were similar at 1.0 MeV, as shown in Fig. 3, but differed appreciably
at 1.45 MeV, as indicated in Fig. 4. Over the full measured energy range
the calculated elastic scattering generally followed the measured elastic
cross sections as shown in Fig. 2.

Inelastic neutron excitation cross sections were calculated using the
18above "selected" spherical potential and the Hauser-Feshbach formalism.

The calculations explicitly considered the excitation of the 983.5
889.2 (**6Ti) and 159.6 (**7Ti) keV states assuming the former two are 2+ con-
figurations and the latter a 7/2- state. The calculated cross sections for
the excitation of the 2+ states tended to be slightly smaller than the ex-
perimental values as shown in Fig. 5. The calculated excitation of the
7/2- state was i» 3 mb/sr, consistent with the marginal experimental observa-
tion. Calculated inelastic angular distributions were nearly isotropic and
qualitatively consistent with the measured values as illustrated in Fig. 4.

The even isotopes of titanium are deformed with two-photon (24-) vi-
<y*\brational first-excited states. Of these the 983.5 keV state in **8Ti

was the major contributor to inelastic neutron processes. The excitation
of these vibratlonal states and the effect of deformation was examined

20using a non-spherical optical-model with two-channel coupling. The
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shape-factors and the parameters of the non-spherical potential were iden-
tical to those employed in the spherical calculations, above. The nuclear
deformation was varied between 0.0 and 0.3, with 0.2 being selected as con-
sistent with the present experiments and with values reported in the litera-
ture. Elastic angular distributions obtained with the deformed potential
differed from those of the spherical potential and tended to give better
agreement with experiment as Indicated in Figs. 3 and 4. The deformed cal-
culations also lead to improved agreement with measured Inelastic cross
sections as illustrated in Figs. 4 and 5. The resulting calculated inelas-
tic angular distributions showed a small assymetry about ninety degrees
(a few mb/sr) due to the direct excitation of the 2+ vibratlonal state.
The effect was too small to be observed in the present measurements.

Calculations using the above "selected" potential were qualitatively
descriptive of measured elastic angular distributions at 3.2 and 4.1 MeV '
particularly when deformation was considered. Total cross sections were
calculated at neutron energies to 10.0 MeV using the potential energy

19dependence suggested by Engelbrecht and Fiedeldey. The calculated total
4cross sections became progressively smaller than experimental values with

increasing energy with an '*> 20% difference at. 10.0 HeV.
In the low energy limit the "selected" potential with either spheri-

cal or deformed calculations resulted in i « 0 strength functions (see
Table 1) a factor of five or more smaller than generally found in this mass

2region and/or as deduced from resonance experiments. This was -in contrast
to results obtained with potentials emphasizing strength functions rather
than total cross sections and angular distributions as in the present case.
For example, the potential of Moldauer (PAM), defined in Table 1, well
describes the mass dependence of Jt » 0 strength functions in this'toass re-
gion. However this particular potential did not reasonably represent the
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total and elastic scattering cross sections of the present work (see Figs.
1, 2, 3 and 4)* The differences may, in part, be due to peculiarities in
the structure of the cross sections of the titanium isotopes in the present
energy range. Inelastic scattering cross sections determined from the PAM
parameters and the Hauser-Feshbach formalism were appreciably larger than
the measured values as shown in Fig. 5. However, Moldauer has pointed out
the importance of resonance width fluctuation and correlation effects in

25the mass region of titanium. He derived a "corrected" transmission
coefficient dependent on the overlap parameter, Q» where Q varies from 1
(isolated resonances) to 0 (strongly overlapping resonances). When this
correction was applied to the PAH results for the two limiting cases
(Q « 0, Q » 1) a relatively good agreement between measured and calculated
inelastic scattering cross sections was achieved as illustrated in Fig. 5.
Thus, in the context of inelastic scattering, the choice of potential
parameters was appreciably influenced by resonance width fluctuations and
correlations. This influence was not as great in the area of elastic
scattering cross sections.

The experimental results, particularly the total cross sections,
were characterized by pronounced and partially resolved resonance struc-
ture (see Fig. 1, for example). When averaged over energy intervals of
20 to 100 keV this structure displayed a characteristic intermediate
resonance behavior. This intermediate structure is evident in the elas-
tic scattering cross sections measured with a 20 keV resolution shown in
Fig. 1* Intermediate resonance structure of this type has been interpre-
ted in terms of quasi-particle processes and of fluctuations in compound-

11 ?fi 9 7nucleus resonance properties. " * The intermediate resonance struc-
ture observed in the present experimental results was compared to that

28deduced from a statistical R-matrix formalism. The cross sections cal-
culated from the statistical R-matrix and averaged over increments equiva-
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lent to those of the experiment were qualitatively similar to the measured
values. Furthermore, the auto-correlation functions determined from the
calculated and the measured cross sections were similar. It was concluded
that the apparent intermediate structure observed in the experiment was
consistent with that deduced from compound-nucleus processes by means of
the statistical It-matrix. The details of this statistical interpretation

29are discussed elsewhere.

II. Utilization of Experimental and Calculational Results
in the Evaluated File

30The Evaluated Nuclear Data File-B (ENDF/B) contains titanium
(material 1016). This evaluation was prepared by Pennington and was

31largely based upon prior evaluated data sets. In order to make avail-
able the results of the present work and other recent experimental values
in useful form and to provide for the request for basic titanium cross
section data, the previous titanium ENDF file was modified and updated to
include the most recent experimental values. Modifications were confined
to incident energies above 0,1 MeV. Values at all lower incident energies
were retained from the original file. The modification emphasized experi-
mental values and used the model-calculations outlined above to extrapo-
late the measured quantities where necessary. The file requires internal
consistency which is not available in detail from the experimental values
primarily due to the different experimental resolutions employed in the
various measurements. Thus construction of the file requires appreciable
extrapolation and interpolation of measurements. Generally, the modifica-
tion procedures were as follows:
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A. Total Neutron Cross Sections

Total cross section values in the energy range 0.1 to 1.5 MeV were
taken explicitly from the experimental results of the present work. Above

32an energy of 1.5 MeV experimental values from Schwartz, Barschall et
33 «ial.» and Foster and Glasgow were used. Above 10.0 MeV the measured

values were extrapolated with model calculations using the potential des-
cribed above normalized to experimental values at lower energies. Where
necessary the measured total cross sections were linearly interpolated in
energy so as to assure that the energies of the partial cross sections were
a sub-set of the total cross section energies. The final evaluated total
cross section is indicated in Fig. 6.

B. Elastic Neutron Scattering Cross Sections

The evaluated elastic scattering cross section was calculated directly
from the evaluated total cross section and the non-elastic cross section.
The non-elastic cross section was constructed from the various partial cross
sections and linearly interpolated to the more detailed energies of the total
cross section file. In this manner the resulting evaluated elastic cross
section retained the detail of the high-resolution total cross section file
and maintained internal consistency. When averaged over corresponding
energy Increments the evaluated elastic scattering cross sections were in
good agreement with those measured in the present work. The resulting elas-
tic evaluated file is shown in Fig. 6.

The elastic scattering angular distributions were expressed as f.(E)
coefficients as defined by the ENDF format. At neutron energies of <, 1.5
MeV these coefficients were taken explicitly from the present experimental
results. Additional experimental results were used at 3.2 MeV and 4.0

24MeV* Model-calculations, normalized to available experimental values*
were used to interpolate the measurements and extrapolate the f«
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coefficients to higher energies. The f0(E) values obtained in the abovext

manner provide a good representation of the best available experimental
information. However, they are generally based upon measurements with
approximately an order of magnitude poorer resolution than that employed
in total cross section studies. Thus fft(E) values will not display as de-Jb

tailed an energy dependence as either the total or elastic cross sections
of the file.

C. Inelastic Neutron Scattering Cross Sections

The inelastic neutron scattering cross sections were assumed entirely
due to the even isotopes of titanium (88% abundant). At incident neutron
energies of <_ 1.5 MeV the experimental results of the present work were
explicitly used. Their components plus the cross sections due to the ex-
citation of known states at 2.32, 2.40 and 3.2 MeV were extrapolated to
incident neutron energies of ̂  7.0 MeV using the calculation and the poten-
tial described above normalized to the measured values. At higher energies
the continuum inelastic distributions and nuclear temperatures of the origi-
nal evaluation were retained. The resulting partial and total inelastic
neutron scattering cross sections are shown in Fig. 7.

D« Non-Neutron Exit Channels

Radiative capture cross sections and (n:X) reaction cross sections
where X j neutron were retained from the original evaluation without modifi-
cation as the present experimental results did not directly define these
quantities. These non-neutron reaction cross sections were incorporated in
the non-elastic cross section used to obtain the elastic file as des-
cribed above. Where necessary various partial cross sections were inter-
polated in energy-magnitude in a linear manner.
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The revised and updated ENDF file deduced in the above manner was
30verified using the check routine CHECKER and the physical content in-

spected with suitable graphical procedures. The final result is an evalu-
ated file in the widely used ENDF format fully contemporary with available
microscopic cross section information and largely meeting the needs of the
initial user request.

III. Tabulated Evaluated File in the ENDF/B Format

The complete revised and updated file, derived in the manner des-
cribed above, is listed in the appendix.
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TABLE It OPTICAL POTENTIAL PARAMETERS

Parameter Potential
Selected . _...__PAM_

Real Well
Depth, MeV
Radius, F
Diffuseness, F

Imaginary Well
Depth, MeV
Radius, F
Diffuseness, F

Spin-Orbit
Depth, MeV

j
Deformation Parameter

A» 0 Strength Function X 10

44.5
4.543
0.62

9.0
4.797
0.50

7.0
0.2a

0.52b

46.0
4.815
0.62

14.0
5.316
0.50

7.0
_ •»
4.1

0.74'

Applicable only to the deformed calculations.

Spherical calculations.
cDeforoed calculations.

rhe direct-well was set equal to the real-well.
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FIGURE CAPTIONS

Fig. 1 Measured total and elastic scattering cross sections of
titanium. The solid curve indicates the results of calcula-
tions using the "select" optical potential of Table 1 as des-
cribed in the text. The dashed, PAM, curve was obtained from
the potential of Ref. 3.

Fig. 2 Differential elastic scattering cross sections of titanium
expressed in the format of Eq. (1). The measured values are
indicated by crosses. The solid and dashed curves indicate
the results of calculation based, respectively, on the spheri-
cal and deformed potentials of Table 1. The dashed-dotted
curve indicates the results calculated from the potential of
Ref. 3.

Fig. 3 Differential elastic scattering cross sections of titanium
at 1.0 UeV. Solid data points indicate the present results,
open circles those of Ref. 12 and squares those of Ref. 13.
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Solid and dashed curves were obtained by calculation using
the spherical and the deformed potentials of Table 1* respec-
tively. The dashed-dotted curve was calculated from the poten-
tial of Ref. 3.

Fig. 4. Differential scattering of 1.45 HeV neutrons from titanium.
Circular data points indicate measured elastic cross sections,
squares inelastic cross sections. The curves were, obtained by
calculations as follows: 1) solid curve spherical potential of
Table 1, 2) dashed curve deformed potential of Table 1,
3) dashed-dotted curve potential of Ref. 3 with no fluctuation
correction, 4) dashed-dotted-dotted curve potential of Ref. 3
with fluctuation correction and overlap parameter Q » 0.0,
5) dashed-dotted-dotted-dotted as per 4) but with Q » 1.0.

Pig. 5 Cross sections for the inelastic neutron excitation of 889.2
and 983.5 keV states in titanium. Crosses indicate results of
fine resolution measurements, boxes broad resolution results.
Curves indicate the results of calculation as follows: 1) solid
curve; spherical potential of Table 1, 2) dashed curve deformed
potential of Table 1, 3) dashed-dotted curve; the potential of
Ref. 3 with no fluctuation correction, 4) dashed-dotted-dotted
curve as per 3) but with fluctuation correction and overlap
parameter Q » 0.5.

Fig. 6 Evaluated total and elastic-scattering cross sections of titanium,
0.1 to 18.0 MeV.

Fig. 7 Evaluated inelastic-scattering, (n,Y>, (n,p), (n,2n) and (n,o)
cross sections of titanium; 0.01 to 18.0 MeV.
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Appendix{

Notes The complete revised and tabulated evaluated file for Titanium
in the ENBF/B format has not been reproduced in this Appendix
but is availablef on request, from the IAEA. Nuclear Data Section,
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Fast Neutron Cross Sections of 2<*°Pu; Measured Results and a Comparison
with an Evaluated File

A. B. Smith, P, P. Lambropoulos and J. F. Whalen
Argonne National Laboratory

Argonne, Illinois

Abstract

Fast neutron total cross sections and elastic- and inelastic-scatter-
ing cross sections of 2I|0Pu are reported. The total cross sections are
measured from neutron energies of 0.1 to 1.5 MeV in increments of •»» 25 keV.
The elastic-scattering cross sections are measured at <v 50 fceV intervals
from incident neutron energies of 0.3 to 1.5 MeV. The inelastic neutron
excitation cross sections of states at 42+5, 140 ± 10, 300 ± 20, 600 ± 20
and 900 + 50 keV are measured. The experimental results are discussed in
the context of the optical, compound-nucleus and direct-reaction nuclear
models including the effects of resonance width fluctuations and the fission
process. The measured results are critically compared with the corresponding
quantities in the evaluated nuclear data file ENDF/B.

I. INTRODUCTORY REMARK

The isotope 2lf0Pu is a major constituent of many fast-breeding
reactors wherein the plutonium fuel may consist of '20 percent 2lf°Pu.
Therefore fast neutron interactions with this isotope are a considera-
tion in the neutronic design of these systems. Despite this applied
importance the experimental microscopic fast neutron cross sections of
2tf°Pu are relatively unknown and a number of requests for measured in-

2 vformation are outstanding. Major reliance continues to be placed upon
evaluated data sets based largely on nuclear-model estimates.
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The fission neutron cross section of 2tf°Pu has been reasonably well
345measured. ' * It is large with a relatively low energy threshold. At

low energies the fission cross section is of interest in the context of
fission theory due to its sub-threshold characteristics. Experimental
total cross sections and elastic** and inelastic-scattering cross sections
of 2i*°Pu above * 100 keV are experimentally essentially unknown. This
ignorance is, in part, due to the limited availability of suitable samples
and to experimental problems associated with the high spontaneous fission
rate of the material. The present work was undertaken in an effort to
generally improve experimental understanding of the fast neutron cross sec-
tions of 2lf°Pu by direct measurement of total and of scattering cross sec-
tions to ̂  1.5 MeV and to specifically satisfy requests for fast neutron
2<*°Pu data. It was also the objective to; provide a reasonable experimen-
tal foundation for the nuclear models employed in the interpolation and ex-
trapolation of measured quantities, and to obtain additional insight into
nuclear structure and fission properties in the trans-uranium region*

II. EXPERIMENTAL METHODS

The experimental measurements were made possible through the avail-
ability of a 54 gm sample of plutoniura t 100% enriched in the isotope
2<*0pu, >j>he material was a metal foil 98.7 weight-percent plutonium and
1.3 weight-percent aluminum. It was formed into a cylindrical sample 2.0
cm in diameter by pressing the foil into a 0.013 cm thick stainless steel
can. The uniformity of the sample density was governed by the pressing
procedure. The sample was, in itself, an appreciable fast neutron source
due to spontaneous fission.

Total neutron cross sections were deduced from the observed trans-
mission of essentially mono-energetic neutrons through the 2t*°Pu sample
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assuming a uniform sample density. The measurements were made at * 5 keV
intervals with «v 5 keV resolution from incident neutron energies of 0.1
to 1.5 MeV. Sample transmissions were * 75%. The statistical precision
of the measured cross sections was -v 1%. Small corrections were made for
"in-scattering" and background contributions and the fidelity of the
apparatus verified by determination of the well known total neutron cross

3 8sections of carbon. *
The neutron scattering cross sections were measured using the pulsed-

beam fast time-of-flight technique. The apparatus consisted of collimated
detectors which concurrently measured neutrons scattered at eight labora-
tory angles. The 7Li(p,n)7Be neutron source was so arranged as to provide
an incident neutron resolution at the scattering sample of * 20 keV. The
scattered neutron velocity resolution was generally ̂  1.5 nsec/M. All
scattering cross sections were determined relative to the known differ-

gential elastic scattering cross sections of carbon and corrected for
multiple-scattering and other experimental perturbations.

The specific details of the total and scattering apparatuses and
methods are described elsewhere. *

III. EXPERIMENTAL RESULTS3

A. Total-Neutron Cross Sections

The measured total cross sections displayed considerable energy-
dependent structure which was well correlated with known prominent reso-
nances in the total cross section of aluminum. The primary results were
corrected for the 1.3 weight-percent aluminum content of the sample using

A numerical tabulation of all measured values is given in the Appendix and
all experimental results have been transmitted to the National Neutron
Cross Section Center, Brookhaven National Laboratory.
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12aluminum total cross sections measured at this Laboratory and smoothed
by averaging the corrected values over 25 keV intervals. The final cor-
rected and averaged results are shown in Fig. 1. The remaining structure
near 530 keV is believed a residual artifact due to uncertain corrections
for the effects of the large aluminum resonance in this region and to have
no physical significance. The errors associated with the results were
largely of a systematic nature and, particularly, are due to the uncertain
transmission-density of the sample. The combined total-cross-section error
was conservatively estimated at five percent and the mean deviation of the
measured values for a smooth curve was generally appreciably less.

No previously reported total cross sections of 2t»°Pu in the energy
range of the present experiments were found in the literature. The meas-
ured partial elastic- and inelastic-scattering cross sections (see below)

3were combined with the reported fission cross section for comparison
with the directly measured total cross sections. As shown in Fig. 1, the
agreement was good with no discrepancy greater than •*• 300 tub. This con-
sistency indicates that both total and partial cross sections have been
reasonably determined.

B. Elastic-NeutrQn-Scatterinfi Cross Sections

The differential elastic-scattering cross sections were deduced from
the measured time-of-flight (TOF) spectra with careful attention to back-
ground effects. Each TOF distribution was corrected for non-sample associ-
ated backgrounds inclusive of contributions due to the sample container
using direct experimental measurements. After this correction there re-
mained an appreciable fission-neutron background, time-uncorrelated from
2l*°Pu spontaneous fission and time-correlated from neutron-induced fission.
Both fission-neutron backgrounds were estimated using a least-square fitting
procedure. Time intervals were selected from each TO? distribution in such
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a manner that elastic- and/or inelastic-scattered neutrons were either
physically inadmissable (for example, at times before detection of the
elastic event) or were judged to make no significant contribution to the
selected interval. The measured data in these selected time intervals was
fitted with a low-order power series in time (usually quartic) which rea-
sonably interpolated the fission-neutron background over the entire TOP
distribution. The fission-neutron contribution determined from the fitting
procedure was subtracted from the measured TOF spectra.

The 2l>0Pu elastic-scattering component was obtained in such a manner
as to include neutrons elastically-scattered from the aluminum contaminant
of the sample. At forward scattering angles (i> 30 deg.) the aluminum
contribution was indistinguishable from the primary 2t*°Pu elastic events.
At backward scattering angles ('v 155 deg.) and, particularly, at higher
energies the two elastic components were well separated due to the differ-
ent energy transfer to the recoiling nucleus. In these instances consid-
erable attention was given to the correct evaluation of the aluminum elas-
tic contribution in the presence of inelastic neutrons resulting from the
excitation of the 42 and 140 keV states in 2lf0Pu.

The combined 2**°Pu and aluminum differential elastic scattering cross
sections were determined from incident energies of 0.3 to 1.5 MeV in incre-
ments of A, 50 keV and at eight scattering angles between «v 25 and t 155
degrees. The measurement angles varied slightly from distribution to dis-
tribution but were typically 28, 38, 53, 68, 84, 114, 128 and 154 degrees.
The resulting differential cross sections were least-square fitted with
the expression

- fc « + «A> a)

where a (angle-integrated cross section) and w, coefficients were deter-
mined from the fitting procedure and P. are Legendre polynomials expressed
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in the laboratory system. The differential elastic-scattering cross sec-
tions, expressed in the form of Eq, (1), were corrected for the aluminum
contamination using the aluminum elastic-scattering cross sections of
Ref. 13. The scattered neutron resolution was not generally sufficient at
incident energies of * 1.0 MeV to differentiate the elastic neutron group
from inelastic neutrons resulting from the excitation of the 42 keV state
in 2t*°Pu. Careful measurements at selected angles with an improved resolu-
tion of i> 0.75 nsec/H qualitatively established the inelastic component to
-v 1,3 MeV. Assuming an isotropic inelastic neutron distribution and inter-
polating and extrapolating measured inelastic values with theoretical guid-
ance (see below), the measured elastic cross sections were corrected for
inelastic neutron contributions above i> 1.0 MeV. This correction was small
at forward scattering angles but appreciable at large scattering angles.
However, uncertainties in the inelastic correction procedure did not sig-
nificantly contribute to errors in the angle-integrated elastic scattering
cross section values.

The fully corrected results were well described by Eq. (1) throughout
the measured angular interval. However, extrapolation of the measurements
beyond this interval, particularly to backward angles» may not be reliable
and may even lead to illicit cross sections. Uncertain behavior of Eq. (1)
beyond the measured interval did not appreciably effect the deduced angle-
integrated cross sections nor were they significantly influenced by alter-
nate termination of the series of Eq. (1) at i • 4 or 5.

Representative differential elastic-neutron-scattering angular dis-
tributions are shown in Figs. 2A and 2B. Due to the complexities of the
correction procedures, outlined above, the uncertainties associated with
the measured differential cross sections were based on subjective judge-
ments. It was estimated that the error in the measured differential values
varied from 5-10% at forward angles to as much as 30-50% at extreme back-
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ward scattering angles. These uncertainty estimates included errors associ-
ated with the carbon reference standard. The behavior of the elastic scat-
tering results over the entire measured energy range is summarized in Fig. 3
in the format of Eq. (1). The uncertainties associated with the angle-inte-
grated elastic cross sections were estimated to be 8-10% and the illustrated
uncertainties in the omega coefficients are indicative of the quality of
the fit of Eq. (1) to the measured data.

Elastic-scattering cross sections of 2t*°Pu have apparently not been
previously measured at the energies of the present experiments. However*
the present elastic-scattering results are reasonably consistent with the
measured total and inelastic-scattering neutron cross sections as discussed
above.

C. Inelastic-tteutron-Scatterinfi Cross Sections

The differential inelastic-neutron-scattering cross sections were
determined from the respective neutron groups observed in the TOP spectra.
The background and other experimental-correction procedures were generally
carried out as out-lined above in the context of elastic scattering. In-
elastic measurements were made concurrently with elastic-scattering deter-
minations. However, at some incident energies and scattering angles the
experimental results associated with the excitation of low energy excited
states were rejected because of undue contributions from neutrons elastically
scattered from the aluminum contaminant of the 2<f°Fu sample. This contami-
nant effect was most troublesome at incident energies *> 700 keV with the
consequent increased uncertainty in the measured values in the higher
energy region. The second neutron group from the 7Li(p,n)7Be source reaction,
elastically scattered from the sample, distorted,inelastically scattered
neutron components corresponding to reaction Q-values of *> -500 keV. No
prominent inelastic component was experimentally observed in this region
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but a small contribution would have been so masked as to escape notice.
Where reasonably defined the observed inelastic angular distributions were
essentially isotropic. Thus the angle-integrated inelastic neutron excita-
tion cross sections were obtained from a simple average of the measured
differential values multiplied by Aw. Throughout the work the experimental
emphasis was on inelastic cross section magnitudes for applied use rather
than on nuclear structure information often better obtained by other means.

Inelastic-neutron-excitation cross sections corresponding to states
at 42 ± 5, 140 ±10, 300 + 20, 600 + 20 and 900 + 50 keV were observed.
Further, neutrons corresponding to the excitation of states at energies
•v 1.0 MeV were qualitatively observed but subject to large background
effects which made quantitative interpretation unreliable and therefore
the respective cross sections are not reported here. The excitation
energies were determined from the neutron flight-times and verified by
observation of well known inelastic-neutron processes (for example,
56Fe Q « -850 keV). The energy uncertainties associated with the
various neutron groups reflect estimates of experimental accuracy and the
apparent contribution to some of the inelastic groups of several compo-
nents. The observed structure is summarized and correlated with more de-
tailed information reported in the literature in Fig. 4.

The above excitation cross sections associated with the above
neutron groups are outlined in Fig. 4. The indicated uncertainties are
based upon estimates inclusive of experimental errors and those associated
with the carbon reference standard. Ho comparable microscopic cross sec-
tions have, apparently, been previously reported. However, the magnitudes
of the measured inelastic cross sections are consistent with the total and
elastic-scattering cross section results described above.
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IV. CALCULATION AND DISCUSSION

The interpretation of the experimental results was primarily based
upon optical- and statistical-nuclear models. * The point of departure
was an optical potential of the form

V(r) • - Vf(r) - iWg(r) - V h(r) A-0, (2)so — — •
where f(r) was of the Saxon form, g(r) a guassian surface form, and h(r)
a Thomas form. Over the energy range of the present experiments the
potential parameters were assumed energy- independent . Compound-nucleus
processes were calculated using the Hauser-Feshbach formula with fluctua-
tion corrections

cc * ccic"Tc"
where T are conventional transmission coefficients and F , the resonance-c cc
width-fluctuation correction. Fission was considered but radiative cap-
ture was assumed small and ignored. 2l*°Pu is known to be appreciably de-
formed and thus the basic spherical potential of Eq. (2) was extended to

18 19 20include the effects of collective deformation. *
The fission cross section of 2**°Pu rises from lot* sub-threshold values,

through a threshold at 600 - 800 kcV to large values of ~ 1«5 b at * 1.0
3MeV and above. Compound-nucleus decay through fission will be prominent

over much of the energy range of the present experiments* The initial ob-
jective was the determination of a neutron model descriptive of total neutron
cross sections throughout the measured interval and of partial reaction
cross sections below ̂  600 keV where fission contributions were small.
Using this neutron model attention was given to partial reaction cross
sections, including fission, at incident energies above i» 600 keV. Param-
eters suitable for the description of fast neutron processes in the similar
nucleus 238U were taken as the starting point with adjustments to achieve
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21a "good" description of measured values. The selected spherical poten-
tial parameters are summarized in Table 1. Deformation was introduced for
values of the parameter 3 <. 0.3 using the spherical potential in a rota-

20tional coupled-channel model.
Calculated total-neutron cross sections are compared with the corres-

ponding measured values in Fig. 1. The spherical (0 * 0.0) results agree
with or are slightly smaller («v 250 tab) than the measured values. The cal-
culated values increase with 0, becoming as much as 600 mb larger than the
experimental values for S » 0.3. The g of 2t*°Pu reported from studies of

18other nuclear processes is in the range 0.2 to 0.3 and generally resulted
in calculated total cross sections appreciably larger than the experimental
values.

Calculated and measured differential elastic-scattering angular dis-
tributions at 400 keV are compared in Fig. 2A. Both spherical and deformed
calculated results are inclusive of compound-nucleus contributions with
fluctuation and overlap corrections. The latter were determined using
Moldauer's transmission coefficients, G , with overlap parameter Q * 0.5
as defined in Eq. (4).17

8«"T«+F C l~ < L - W 2̂ (4)
a

Where T is the transmission coefficient of Eq. (3).
The results were not strongly dependent on the choice of Q and its

selection was primarily governed by fission considerations (see below).
The calculated and measured distributions of Fig. 2A are in qualitative
agreement, with discrepancies of the same magnitude as those resulting
from changes of Ag by -v 0.1. These comparisons tended to indicate a 3
of *> 0.2.

Measured and calculated inelastic excitations of the 42 keV (2+)
state below ̂  600 keV were in qualitative agreement as illustrated in
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Fig. 4. At these lower energies the calculated cross section increased
with deformation primarily due to larger calculated reaction cross sec-
tions with little contribution (< 100 mb) from direct processes. Concur-
rently, large deformation generally led to calculated total cross sections
appreciably larger than the experimental values as is evident in Fig. 1.
The omission of the fluctuation and overlap effects led to calculated
values rather higher than indicated by experiment.

Calculated A * 0 strength functions determined with both spherical
(g * 0.0) and deformed (& « 0.1, 0.3) potentials are outlined in Table 1.

22 23Comparable values deduced from resonance measurements and systematics '
are reported in the range *> 1-2 x 10~\ again indicating 6 -v 0.2.

It was concluded that the above neutron model, summarized in Table 1,
was a suitable basis for subsequent calculations at higher energies where
the fission process is pronounced.

Fission was introduced by means of transmission coefficients (see
Eq. (3)) and the respective cross sections calculated using the computer

19program NEARREX. The fission transmission coefficients, Tf, were assumed
to rise to a value close to unity above the fission threshold and the over-
lap parameter Q was adjusted to obtain agreement between calculated and

3measured fission cross sections. Concurrently, agreement with the observed
inelastic excitation of the 42 keV (2+) state was sought. The latter ob-
jective was restrictive as choices of Tf and Q describing fission often
led to smaller excitations of the 42 fceV state than observed experimentally.
Generally, the best low-energy <> 700 keV) agreement with experiment was
obtained assuming fission was predominently in the J - 1/2+ channel. How-
ever, even when saturated, this channel did not account for the large fis-
sion cross sections above threshold. Thus additional J * 1/2- and 3/2-
flssion channels were Introduced at an incident energy of "v- 600 keV. With
these additional fission channels calculated fission cros's sections were «
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similar to the experimental values. Interestingly, the measured 2t*°Pu
fission cross section shows structure near 600 keV, the energy where the
model introduces additional fission channels. The selection of fission
transmission coefficients was sensitive to the choice of the overlap param-
eter, Q» with Q * 0.5 giving the best overall agreement with experiment.
The fission model outlined above is not inconsistent with either the double
barrier concept of fission or the results of experimental studies of reso-

25nance structure in sub-threshold fission both of which suggest a J » 1/2+
fission channel at low energies.

Calculated inelastic excitation cross sections corrected for fission,
fluctuation and overlap effects, were in reasonable agreement with the meas-
ured values as illustrated in Fig. 4. The excitation of the 42 keV state
calculated using the spherical potential was marginally lower than the ex-
perimental values over the entire energy range. The deformed potential
with channel-coupling and & * 0.2 or 0.3 gave results very similar to the
experimental values. At higher energies (~ 1.0 MeV) the direct process
makes a significant contribution to the inelastic cross section Cv 200 mb)
with resulting cross sections higher than those obtained without deforma-
tion. The somewhat better agreement between measured and calculated in-
elastic excitations of the 42 keV state obtained with larger B's was not
without detrimental consequences in the area of total cross sections (see
Fig. 1). The excitation of energy states above 42 keV inclusive of states
to * 1.5 MeV was calculated only with the spherical potential using spin
and parity assignments of Ref. 7 as shown in Fig. 4. In these cases the
agreement with experiment was good particularly in view of the available
experimental resolution and of uncertainties in the excited structure that
has been reported for 2<f°Pu or as can be deduced from the present measure-
ments. There was no experimental evidence for the state reported at *> 740
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keV. This was not surprising as, with the reported spin of this state, the
calculated cross sections were small.

Calculated and measured angle-integrated elastic-scattering cross
sections were similar (see Fig. 1) with discrepancies within the range of
reasonable uncertainties in 3, and experimental values* Calculated elas-
tic-scattering angular distributions at energies above * 1.0 MeV were less
satisfactory as illustrated in Fig. 2B. The difference between calcula-
tion and experiment was particularly evident in the Legendre format of
Eq. (1) (see Fig. 3). The discrepancies are larger at backward scattering
angles and for small deformations. At energies t> 1.0 MeV the calculated
distributions consist essentially of shape-elastic scattering. For small
3 values the shape-elastic distribution has low minimia not experimentally
observed. For larger 3 (~ 0.2-0.3) the calculated results' at backward
angles were more similar to the experimental quantities but the forward
angle values tended to be too large. A compromise choice of 0 * 0.2 seemed
most desirable in the context of the elastic-angular distributions.

The calculations assumed a constant overlap parameter* Q, for all chan-
nels. Perhaps more desirable would be a large Q in the fission channels
with smaller values in neutron channels. The option of variable Q was not
available in the computational framework. Very likely improved agreement
with experiment could be obtained by detailed adjustments of the potential
parameters using a specifically selected $ value. Generally it was felt
that the Q uncertainty, experimental uncertainties, possible alternative 3
values and uncertainties in fission-transmission coefficients were such
that a more detailed potential parameter adjustment to possibly achieve a
better description of the experimental results was not warranted.

The above procedures, while having physical merit, are costly and
complex and involve the selection of a number of uncertain parameters.
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From a pragmatic point of view a simpler statistical adjustment of partial
reaction cross sections to account for known fission cross sections, as
described in Ref. 21, can give essentially the same numerical results as
obtained above. The simpler calculation may be more convenient for pro-
viding numerical values for applied purposes.

V. COMPARISON WITH THE ENDF/B EVALUATED FILE

The results of the above experiments are quantitatively compared
25with the relevant contents of the BNDF/B evaluated file.

The measured and evaluated total-neutron cross sections are in rea-
sonable agreement over the entire experimental energy range as illustrated
in Fig. 5. The discrepancies near 500 keV are not judged significant as
they could be attributed to experimental errors as discussed in Sec. Ill,
above. At energies above 1*0 MeV the evaluated results tend to be sys-
tematically larger than the measured values but the difference is small,
less than 300 mb.

Measured and evaluated elastic-scattering cross sections differ from
one another in both shape and magnitude as shown in Fig. 5. The evaluated
quantities are slightly larger than the measured values near 500 keV and
pronouncedly lower at 1.0 MeV and above. At the higher energies the dis-
crepancies are a full barn.

Evaluated cross sections are given for the excitation of states at
43, 142, 296, 599, 863, 903 and 945 keV. These energies are very similar
to those measured in the present experiments with the latter three being
experimentally observed as a composite state with an average excitation
energy of 900 keV. The evaluated and measured inelastic-excitation cross
sections are compared in Fig. 6. Below 500 keV the evaluated results for
the excitation of the 42 keV state are in agreement with experimental ob-
servation. However, at higher energies the evaluated results are much
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larger than either the corresponding experimental values or those deduced
from the model discussed in Sec. IV, above. Moreover, the energy depen-
dent shape of the evaluated cross section is not consistent with measure-
ment or microscopic calculation. This is puzzling. As discussed in Sec.
IV, the competition from fission will appreciably reduce this cross sec-
tion above the fission threshold and lead to a characteristic shape of the
excita.tion function near the fission threshold. The shape is qualitatively
evident from even simple-model considerations. The evaluated and measured
cross, sections for the excitation of the 140 keV state are similar. The

. agreement .is not so good for the excitation of the 300 keV state but the
cross sections are small and as a consequence experimentally uncertain
and of minor importance in the context of applied use. The agreement be-
tween measured and evaluated cross sections for the excitation of the 600
keV state is fairly good with the evaluated result tending to be somewhat
loyer. The combined evaluated cross sections for the excitation of the
863, 903 and 945 keV should be compared with the single observed composite
state.at an average energy of 900 keV. These combined results are about
twice as large as the experimental values. This is difficult to explain
unless the spin and parity assignments used in deducing the evaluated
quantities differed appreciably from those used here and defined in Fig. 4
or the measured values are in appreciable error. Alternate choices of
spin and parity can be questioned in the context of other experimental
evidence.

Generally, it is concluded that the evaluated file is reasonably
descriptive of the measured total-neutron cross sections. In the areas
of elastic- and inelastic-scattering cross sections there are appreciable
discrepancies between the measured and evaluated results. These will, of
course, be reflected in discrepancies in associated quantities such as the
non-elastic cross section as internal consistency of the file is manditory.
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It is suggested that the observed discrepancies may be due to inappropriate
consideration of the fission process in the calculations from which the
file was largely deduced.

VI. CONCLUSION

The experimental results reasonably defined total and elastic- and
inelastic-scattering neutron cross sections of 2tt°Pu over a region of
previous uncertainty. The experimental results directly pertained to re-
quests for nuclear data and suggested some revision in widely used evalu-
ated cross sections particularly in the area of neutron scattering. A
neutron-optical model was proposed based largely upon measured total-neu-
tron cross sections and partial-neutron cross sections below the fission
threshold energy of *v» 600 keV. The model was inclusive of fluctuation and
overlap corrections and of nuclear deformation. The model was extended to
include major contributions from the fission process near and above the
threshold. Comparison of calculated and measured fission cross sections
and inelastic excitations of the 42 keV (2+) state suggest that fission
near and below threshold is predominently in the J « 1/2+ channel with
additional fission-channels opening as the incident neutron energy passes
across the fission threshold. When inclusive of fission processes the
model was reasonably descriptive of total and angle-integrated elasticrr
and inelastic-scattering experimental cross sections throughout the meas-
ured energy range and provided a suitable framework for interpolation and
extrapolation. The model was less successful in the area of differential
elastic cross sections at energies ̂  1.0 HeV.
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TABLE Is OPTICAL MODEL POTENTIAL PARAMETERS

V (real depth), MeV 41.5
Rj (real radius), F 8.20
a (real diffuseness), F 0.47

W (imaginary depth), MeV 6.14
R2 (imaginary radius), F 8.20
b (imaginary width), F 1*00

V (spin-orbit depth), MeV 7.5SO

Q (overlap parameter) 0.5
0 (deformation parameter)3

case a, (spherical) 0.0
case b, 0.1
case c, 0.3

So ( » 0 strength function) x 104*
case a, (spherical) 0.73
case b, 0.91
ease c, 2.37

Direct well assumed equal to real well.
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FIGURE CAPTIONS

Fig. 1 Measured total (crosses) and elastic-scattering (boxes) neutron
cross sections of ''t0Pu. Solid curve indicates the total-scat-
tering cross section deduced from the present measurements.
Dashed curves show results of model calculation as discussed in
Sec. IV of the text.

Fig. 2 Measured and calculated differential elastic scattering cross
sections of zl|0Pu at 400 (A) and 1200 (B) keV. Curves indicate
calculated results as described in Sec. IV of the text. Data
points are measured At or near the stated neutron energies.

Fig. 3 Differential elastic scattering cross sections of 2 f°Pu expressed
In the format of Eq. (1). Crosses are results deduced from meas-
ured values. Curves are derived from calculations (see Sec. IV
of the text).

Fig. 4 Inelastic neutron excitation cross sections of 2lf°Pu. Crosses
indicate measured cross sections and associated errors for the
individual excited states. Curves result from calculation as
described in Sec. IV of the text. The insert correlates the re-
ported excited structure of 2**°Pu with that observed in the
present measurements (boxes). The energy dimensions of the boxes
indicate the effective experimental resolutions and the brackets
associate the experimental results with reported structure.

Fig. 5 A comparison of measured total- (crosses) and elastic-scat-
tering (boxes) cross sections with comparable quantities from

25the ENDF evaluated file (curves).
Fig. 6 A comparison of measured inelastic neutron excitation cross

sections (crosses) with the respective quantities of the ENDF
file (curves)25
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Appendix; Numerical Tabulation of Experimental Results;
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.5652E«01

.10056 00.15396 00

.79136-01

.47106*01,41206-01

.53386*01

.60296*01.1046E 00

.4490E-01.5577E.01

.89496*01.76876*01

.98476*01

.3894E-01
79QOOOO
9000E9000690006
90006
96006
90006
90006
9000E90006
90006

BL0CK

0000
00000000
000000
00

.90006-01.50QOE-01.90006-01

.50006-01.50006-01

.90006-01.90006-01

.$0006-01.50006-01

.50006-01

.23866,25546.21106

.26856.16876

.15546.16156.35426.17276

.1162E

0000
00
00Off00
000000
00

.11936 00.76626*01.63306*01

.80546*01.50606*01

.46636*01.48456*01

.10636 00.51816-01

.34856*01

.1193E 00.76626*01.63306*01

.80546-01,50606*01

.4663E-01.48456*01

.1063E 00.51816*01

.34856-01

PU*240 SET *»»••••••*

PU-240PU-240PU-240PU-240
PU-240
PU-240
PU-240PU-240
PU-240PU-240
PU-24QPU-240PU-240
PU-240PU-240
PU-240
PU-240
PU-240
PU-240
PU-240
PU-240
PU-240
PU-240PU-240
PU-240
PU-240PU-240
PU-240
PU-240PU-240
PU-240
PU-240
PU-240PU-240
PU-240PU-240
PU-240PU-240
PU-240PU-240
PU-240PU-240
PU-240
PU-240
PU-240
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