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METHODS FOR SOLUTION OF SEVERAL SELF-ADJOINT
MULTI-PARAMETER SPECTRAL PROBLEMS FOR ODE SYSTEMS !

A. A. Abramov, A. L. Dyshko, N. B. Konyukhova,
T. V. Levitina, and V. I. Ulyanova

Computing Cenler,
Russtan Academy of Sciences,
Vavilova str. 40,

117967 Moscow GSP-1, Russia
e-mail: alalabr@ccas.ru

A short survey of results [1-6] is given.

Evaluation of the Lamé angle wave functions is an important example of the problem
under consideration. In [1} the method allowing evaluation of these funct ons in a wide
range of parameter variations is elaborated. The method is based on a globzlly converging
iterative procedure, which provides the convergence to the solution specified by given
function numbers. The method of [1] has been extended in [2] to the case of several
non-linear two-parameter problems, and in {1, 3] to n—parameter problems arising, if
the Fourier method is applied in its simplest form. Modifications of the method in (1]
proposed in [4, 5] enable us to solve several tree-parameter problems, in particular, to
carry out calculations of free acoustic oscillations inside a triaxial ellipsoid. 1n [6] a method
for solution of n-parameter weakly connected systems of equations has bezn devised via
introduction of a parameter. ) )

In order to solve numerically most of the problems considered above, standard pro-
grams have been designed, in particular, for multi-processor computers.

The algorithm proposed in [1] is involved in the survey [7].
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ON NUMERICAL-ANALITIC INVESTIGATION OF SCALAR
SCATTERING BY IDEAL PROLATE SPHEROIDS AND TRIAXIAL
ELLIPSOIDS !

A. A. Abramov, A. L. Dyshko, N. B. Konyukhovz,
and T. V. Levitina

Computing Center,
Russian Academy of Sciences,
Vavilova str.40,

117967 Moscow GSP-1, Russia
e-mail: alalabr@ccas.ru

The exterior Dirichletrand Neumann problems for the Helmho tz equation are’
considered for scatterers of a shape pointed out in the title. The problems are solved
by the Fourier method via separation of variables either in the prolate spheroidal or
in the ellipsoidal coordinate system respectively (see [1-3], and alsc literature cited
therein). In so doing, complicated special functions arise, which a-e calculated by
means of amplitude-phase methods proposed in [4-6]. The methods allow us to
carry out calculations for the listed above classical scattering proslems in a wide
range of parameter variations (see [6]).

Calculations of distinct terms in the Fourier series are independeat of each other,
therefore they can be done in parallel. In [6] the calculations for a :riaxial ellipsoid
have been carried out on a multiprocessor computer, based on a net of trasputers.

The algorithms proposed in [4-6] are involved in the survey [7].
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SOLVING LINEAR DIFFERENTIAL EQUATIONS IN SOME POWER
SERIES CLASSES !

Sergei A. Abramov

Computer Center of the Russian Academy of Science,
Vavilova 40, Moscow 117967, Russia. e-mail: abramov@ccas.iu

Marko Petkov

Department of Mathematics,
University of Lyubljana.
Jadranska 19, 61111 Ljubljana. Slovenia.
e-mail: marko.petkovsek@mat. uni-lj. si

The talk is mainly a survey of some results of [1, 2, 3].

Let a linear homogencous ordinary differential equation Ly = 0 wi'h polynomial
coefficients be given. Our goal is to find all points e (ordinary or s ngular of the
given equation) and all formal power series

Yaol) = i an(x —a)*

n=0

which satisfy Ly,(z) = 0 and whose coefficients a, have a “nice” exglicit represen-
tation in terms of n. We consider the cases where a,, 1s a polynomia or a rational
function of n, and where a, is a hypergeometric term (i.e. a,41/a, is a rational
function of n). Hypergeometric series are in the latter class of power series.
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DYNAMICS OF CHERN-SIMONS FIELDS: COLLAPSE VERSUS
TURBULENCE !

Larisa A. Abramyan

Institute of Applied Physics, Russian Academy of Sciences §6 Uljanov Street, Nizhny Novgorod
603 600, Russia
e-matl: abr@appl.sci-nnov.ru

Multiconnection of two-dimensional space, the definition space of field distributions is
the essential fature of the 2 + 1 D systems. The existence of topological peculiarities
in spatial two-dimensional systems may be taken into account [1-3] by means of Chern-
Simons (CS) «.ction in the long-wave limit. The goal of the present paper is the study
of the temporil evolution of C-S gauge fields as well as field distributions in the gauge
nonlinear Schridinger model

1 .
{0 + 140V = —E(V-i,A}Z\II—gl\PIZ\I’ (1
with the equation of motion (EM) for the C-S gauge fields
kP934, = 5. (2)

Here j = ImV¥*(V — iA}¥, j© = |¥|2. Let us write down the EM using dimensionless
variables as fo lows

0,8 — Oy = —a? |

Oy + gy = 2Ba?

0B+ 0y = —2aa? |

Aa:?cas-}-(az-}-[}z-}-‘y)a, (3)

where ¢ = —k¢ and the fields ¥ = aexp(ip), Az = a+ 0, Ay = B+ 0yp, Ao = v+ .
Numerical simulation of Eqs.(3) in the paper has been performed for two cases.
(1) The first three equations of the system (3) are equivalent to the EM for linked loops
in two-dimens'onal ideal fluid. This is valid for the functions o and 8 containing only the
vortex part of the phase dynamics.
(it) Let the fur ctions a and  have a potential part in addition to V. This is essential for
the descriptior of collapse [3] of strongly correlated wave beams. The numerical simulation
of the latter equation in Eqs.(3) describing the structure of a zero mode permits to find the
critical power and the effective width of the field distribution. The simulation is based on
the method of the stabilizing Petviashvili’s multiplier [4] generalized in the present paper
to the case of the polynomial type of nonlinearity.
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STABLE REGULARIZING NUMERICAL METHOD FOR SOLVING
THE INVERSE PROBLEM OF QUANTUM SCATTERING THEORY !

Zhidkov E.P., Airapetyan R.G., Busha J.

LCTA JINR, Dubna, Moscow reg., Russia
e-mail: airapetyan@mainl.jinr.dubna.su

The problem of the numerical reconstruction of potential by scattsring data is
well known and important from the mathematical point of view and fcr such phys-
ical applications as the analysis of a nuclear interaction potential by experimental
data. The main approaches to the theoretical investigations of the problem are
well-known Gelfand-Levitan, Marchenko and Krein methods reducing the problem
to the families of integral equations. '

At the same time the development of the corresponding numerical methods is
sufficiently complicated by the reason of the ill-posedness of the mentioned inverse
problems. As it is known, their solutions are nonstable with respect to perturbations
of input data. The nonstability of the problem strongly restricts the applications
of the methods in the physical investigations and forced many authors to use the
procedure of the substitution of a few parameters in the beforehand choised form of
the solution instead of solving the problem. On the other hand the algo ithms based
on the Tikhonov method of regularization of incorrect problems are considerably
more effective. There is a series of the papers devoted to the applications of the
Tikhonov method to the numerical solving of the inverse problems.

In this report the rather different regularizing method for the inverse scattering
problem in the matrix case is suggested. It is based on the Marchenko’:: and Krein’s
methods and on the analysis of the asymptotic behaviour of the phase shift and the
module of the Jost function for high energies. As usually the regularization assumed
some a priory information about the smoothness and integrability of an unknown
potential and of corresponding phase shift.

In the frame of the suggested method the stable numerical algorithm is con-
structed and the theorem establishing the stability of the method is proved. The
results of the numerical calculations shows the high accuracy of the algorithm as
well as its stability with respect to perturbations of input data.

'This work was supported by the Russian Foundation for Fundamental Reseacch, Grant No.
95-01-01467a.
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SELF-EXCITED MULTIPETAL WAVES IN 2D OPTICAL SYSTEM WITH
LARGE SCALE FEEDBACK INTERACTIONS !

I. G. Akimova, A. V. Razgulin

119899, Russia, Moscow, Vorob’evy gory, Moscow State University
Computational Mathematics and Cybernetics dept.
e-mail: razgulin@cs.msu.su

Recent advances in the potential to control light using light allow us to consider
spatially distributed (2D) feedback optical systems as a promising tool for optical
information srocessing. The significance of these nonlinear systems is that the
external feedsack configuration enables ready control of system dynamics through
large scale interactions resulting in excitation of optical patterus, phase switching.
waves, rotating multipetal waves (reverberators), spiral waves etc.

Here we present a mathematical analysis of self-excited multipetal waves in the
nonlinear Kerr slice - feedback mirror type optical system under diffraction and
particular type of large scale feedback interactions - transverse coordinate rotation.
Nonlinear phase modulation u(r,t) in the system is governed by the equations [1]

du+u=DAu+ K (JA(Gr,z=Lu)* + A2), Bulpjer =0,
6tA +i1AA = 0, A|Z=0 = AO exp(iu(r,t)), aTA||T|=To = Oa

where @ = [r = (2,y) € R® : |r| < ro}; A - Laplacian with respect to (z,y);
D - diffusior coefficient; K - bifurcation parameter; Ao > 0 - incident spatially
homogeneou: field; A(z = !} - outgoing feedback field, [ - feedback length. Transverse
spatial coordinate rotation by the angle § is accounted by means of the operator

. Gr=G(z,y) = (zcosé — ysind,zsiné + y cos ).

We have proved that under some conditions spatially homogeneous solution
us = 2K+ loses stability through Andronov-Hopf bifurcation then K > K,,
K. = K.(6,D,l,ro, Ao) is a critical value. Corresponding time-periodic solution
is obtained n the form of small parameter (K — K.)/? expansion. The prin-
cipal nonhoriogeneous member appears in the form of multipetal rotating wave
Jalpinm|7l/r¢) cos(wnmt —nb + 8y) where § - polar angle of r, 8 - arbitrary phase
shift, J, - Bessel functions, J) (gnm) = 0. The number n of petals and the temporal
frequency wy, ,, are determined from bifurcation conditions as functions of angle é
as well as a 1'loquet stability conditions of the rotating wave.
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SOME APPLICATION OF THE CONTINUATION METHOD FOR THE
NUMERICAL SOLVING OF THE THREE-DIMENSIONAL POLARON
PROBLEM

Akishin P.G., Puzynin 1.V.; Smirnov Yu.S.

LCTA JINR, 141980 Dubna, Russia
e-mail: akishin@Icta28.jinr.dubna.su, puzynin@lctals.jinr.dubna.su,
smirnov@lcta6.jinr.dubna.su

An iterative r1ethod for numerical investigation of the spherically-nonsymmetric
polaron in the limit of strong coupling is proposed. An expansion in spherical har-
monics is used for an approximation of the solution. An originality of the method
consists in creating an iterative newtonian scheme with an additional parametriza-
tion of the initial equation, such that a transition from a simple linear problem to
the initial nonlinear one is fulfilled. A classification for solutions of the problem is
constructed in accordance with a numeration of the spherical harmonics. The test-
ing calculations for various parameters of the problem and a comparison of obtained
results with famous ones _confirm the efficiency of the elaborated algorithms.
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ON NEW NONLINEAR SYSTEMS WITH SUPERPOSITION
PRINCIPALS '

Alexander A Alexeyev

Russtan University of Peoples™ Friendship, Moscow, Russia
c-mail: alex@alczen.msk.ru

A new class of nonlinear ordinary differential equations with superposition prin-
cipals is considered. In contrast to previous works, it describes the systems of N?
ODEs associated with &V linear equations. The latter (or more precisely, its fun-
damental set of solutions) can he used to derive the general solution of the related
nonlinear sys.ems. While the projective Riccati equations [1,2] can be obtained from
them as some reduced cases and is of direct linearization.

The abov - systems arise and play an important role in chemical kinetics and
plasma physi -s.

References
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BEHAVIOUR OF SOLUTIONS OF THE SINGULAR PERTURBED NFINITE
DEGREE DIFFERENTIAL EQUATION

LV. Amirkhanov, S.A. Vasilyev, E.P. Zhidkov, L.E. Zhidkova
JINR, Dubna, Russia

We have the pleasure of bringing to your notice results of an investigat on of Kady-
shevsky equation [1] of the form

[2ey/4% + m3e? — H3 - V(r)]@a(r) = 0, (@)

th d ) mch?l(1 + 1) <1h d)

cdr m2r2c + ih? medr
where V(r) is a quasi-potential. It is the relativistical analog of Schrodinger equation
because if ¢ — oo we obtain non-relativistical Schrodinger equation [2]. L>t [l =0and
¢ = & then equation (1) has form

H“‘d = 2mc® ch (

[ch (ie%) V() = QYou(r) = 0

The availability of infinitely small values ¢ makes possoble to consider it as
a singular perturbed differential equation [3]. In this case a specjal interest ;zenerates the
asymptotic behaviour of solutions with the proviso that ¢ << 1.

We applied analytical and numerical methods solving of Kadyshevsky :quation and
examined asymptotic behaviour of solutions to the Cauchy problem and to the boundary
value problem.
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NUMERICAL INVESTIGATION OF QUANTUMFIELD MODEL OF
STRONG-COUPLING BINUCLEON !
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RAN ¢ omputer Center (IMPB), 142292 Pushchino, Moscow Reg., Russia
e-mail: LAK@impb.serpukhov.su

The quantunield binucleon model [1] for the case of the nucleon spot interaction
with the scalar and pseudoscalar mesons fields is considered. For the strong cou-
pling limit tt e nonlinear equations describing two nucleons in the meson field are
developed. It is shown that the model considered can be reduced to the following
eigenvalue problem for nonlinear system of equations:

Ap = dp+ (Vi + BV3)p =
AW, - k12V1 = _|‘P|27 (])
AVs — k3Vs = —(0V, )|l

Some alternatives for the statement of the boundary problem for the system (1)
in the specia case of axial symmetry, namely for the cylindrical and the spherical
coordinates are discussed.

The algor thm suggested in [2] was used for solving the problem. This algorithm
is based on the combination of continuous analogue of the Newton’s method [3] and
the continuation method and allows to reduce solving of the complicated system of
nonlinear equ ations to the sequential solving of the relatively simple linear problems.
The results of numerical investigation are presented.
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ON SOME PROBLEMS OF INVESTIGATION OF EIGENVALUE
PROBLEMS IN MOMENTUM SPACE !

1.V.Amirkhanov, I.V.Puzynin, T.P.Puzynina, T.A.Strizh, E.V.Zemlyanaya
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Numerical investigations of the Schroedinger equation relativistic generalization
in momentum space for some modifications of coulomb and linear po:entials using
continuous analogue of the Newton’s method [1] are presented. The efliciency of
method is demonstrated for one QCD model [2] computing. Codes SLIPH4 {3] and
SYSINT(SYSINTM) [4] are applied for this investigation.
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NONLINEAR DYNAMICS OF PARTICLE BEAMS WITH SPACE CHARGE

Serge N. Andrianov

St. Petersburg State University, St. Pelersburg, Russia
e-mail: serge@asn.apmath.spb.su

This paper is devoted to modelling of nonlinear dynamics of particle beams with space
charge. For sonie models of space charge distribution functions [?] the necessary motion
equations are written. For solving of these equations the matrix formalisin [?] for Lie
algebraic tools is used. This approach permits to obtain solutions of the motion equa-
tions in symbol ¢ forms. These solutions have forms of block-matrices (solution matrices)
which can be cieated for advance for different control beam systems and the distribution
functions. All symbolic information about model distribution functions and solution ma-
trices form is involved to some base-dates. In this paper we suggest two methods of space
charge descript ons: the nonlinear rms-envelope matrices language and the distribution
functions language [?]. For modelling of beam dynamics it is more convenient to use
the rms-envelof e matrices approach as it requires more less computer resources than the
second approach. But for some problems it is very important to calculate the time evo-
lution of space -harge distribution functions. An analytical technique using matrix forms
for these distribution functions is described. This approach is one of direct methods of
time evolution :alculations. In particularly, the problem of making designed distribution
functions (for ¢xample, the uniform distribution function) is solved as a nonlinear pro-
gramming problem for some parameters which describe desired functions. The necessary
symbolic compitations are done with the help of computer algebra codes REDUCE and
MAPLE.
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DYNAMIC MODELING PARADIGM AND COMPUTER ALGEBRA

Serge N. Andrianov

St.Petersburg State Universily, St.Pelersburg, Russia
e-matl: serge@asn.apmath.spb.su

In this report we propose ideas and concepts of a new paradigm of compu er simulation
of particle beam dynamics - dynamical modeling, which accommodates the most of
achievements of modern computer simulation: object-oriented programm ng, data and
knowledge bases, computer algebra and expert systems. According to this paradigm one
can by following way:

¢ - to define an initjal set of decisions (preliminary judgements of a desgn problem);

¢ - to applicate one or more mathematical models of various properties of she dynamical
system;

o — to analyse of the solution and then accept or reject corresponding 110del, and, in
the later case, define a new set of decisions and return to the second step.

In the frame of this approach the mathematical models are regarded as objects, which
have such very important characteristics as the inheritance and polymorphism. It is ob-
viously that an assemblage of different effects, the problems of particles beam modelling
and optimization require flexible and effective approaches. For the realization of dynamic
modeling paradigm we suggest to create data—bases which contain sets of matrices which
describe both dynamical equations (or Hamiltonians) and corresponding solutions. These
matrices have to be calculated in symbolic forms. Such form of represen:ation of nec-
essary information guarantees more comfortable and effective process of niodelling. An
extraction from these data-bases corresponding matrices is carried out with the help of
an oriented graph according to a desired structure of dynamical system -1onlinearities.
In another words in the frame of the dynamic modeling paradigm one can manipulate
multiple models, each of them correspond a set of some matrices. The use of symbolic
form of solution representation gives a possibility to set up the used matr ces according
to selected model. The use of group-theoretical methods and the methods cf Lie algebras
allows the compact codes (for example, on REDUCE or MAPLE codes) 10 be created.
These codes can generate the numerical codes automatically after choosing 1he dynamical
system under study. One of the main difficulties is the creating the semantic networks,
rules, procedures, which maintain the necessary connections between dynamical charac-
teristics of the particle beam control system and corresponding matrices. O this step the
role of the experts has much significance. There are two principal assets of s1ch approach:
the uniformity of data bases elements (matrices) and the use of algebraic calculations only.
These properties permit to fill up up the data-bases (and correspondingly the knowledge
bases) step by step, including new effects in the form of corresponding matrices. At last,
one of the part of any expert system — an appropriate human-machine interface — makes
the system easily accessible to different researchers. Now the prototype of elements for the
describing expert system is creating. The effectiveness of used matrix fornialism for Lie
algebraic tools is verified on some practical problems, including of space-charge problems,
synthesis of transport and focusing systems with desired characteristics.
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CALCULATIONS OF CONTRAST STRUCTURES
IN SINGULARLY PERTURBED EQUATIONS AND SYSTEMS !

Anikeeva V.A.
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This paper presents some techniques and examples of the numerical solution
of nonlinear singularly perturbed equations with internal transitional layer, named’
contrast structure. These techniques are based on the combination of numerical
and asymptotical methods. The latter ones allow us to make up the good qualita-
tive comprehension of the solution being searched and to choose the most effective
numerical method and suitable initial values.

Following problems are considered.

I. The parabolic equation
Uy — EUne = f(u,z,t)

is investigatel on D = {(0 < ¢ < 1) x (¢ > 0)} with initial value u|=o = sinmx
and boundar:” conditions u|s—g = u|z=1 = 0. Here € > 0 is the small parameter and
f{u,z,t) is priodic on .

The calcilation results of so-called variable structure solutions are given for
€=10"% and f(u,,t)=(1 - u?)(u—0.5sin7z +0.73sinat + 0.25).  Solutions
u{z,t,€), which are settled on the big values of ¢, are described too.

II. For several systems of type

e = F(u,v,z,¢)
2.,

e = G(u,v,z,¢€)
with boundary conditions of first or second kind the calculations of contrast struc-
tures are made as in the case when their existence is proved, so when it is not done.
Results are represented by graphs.

'supported :n part by the RFFI (grant N96-01-00694)
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TAKING INTO ACCOUNT THE FINITE STATISTICS OF MONTE
CARLO SIMULATION FOR PARAMETERS ESTIMATION FROM
EXPERIMENTAL DATA !

Anykeyev V.B, Popov A.V.,|Zhigunov V.P.

IHEP, Protvino, RUSSIA, 142284
antkeev@mz.ihep.su, popov_al.mz.ihep.su

One of the most important problems in modern high energy physics experiments
on measuring cross sections is the problem of parametric analysis, wiich includes
testing the hypothesis about agreement, between some parametric mod:l and exper-
imental data. In this problem we must take into account statistical fluctuations in
Monte-Carlo sample, that is used for correcting experimental data by limited accep-
tance and finite resolution of the detector. These fluctuations lead to tl e distortions
of the final distribution used in x? criterion (because of these fluctuatins, the final
distribution, used in the criterion, differs from the x? distribution). In this report we
propose the method to take into account these fluctuations and, as a -onsequence,
correction of the final distribution, that allows to use the Y2 criterion correctly in
the problem of the hypothesis testing. Qur numerical experiments show that this
method provides significant improvement of the final distribution and i:'s proximity
to the corresponding true x? distribution.

!supported by the RFFI grant 96-02-16495-a
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METOJ] VUETA CUJIbHOM AHU3O0TPOIIUU PACCEAHUA B
YPABHEHHWMU TIEPEHOCA.

E.H. Apucrosa, B.fI. T'oasauu.

Hucmumyn mamemamunecxoeo sodeauposanus PAH, 125047 Mocxea, Muyccxas na. fa

Bo MHorux 3ajlauax mepeHoca M3/IydYeHWA WM YACTHLl BaHYIO POJIb MIPAeT ydeT aHu3o-
TponuM pacced inA. CTallMOHAPHOE ypaBHEHHe IepeHoca B OJJHOMEPHOH [JI0CKOiA reoMeTpuu
JUIA OMHOM rpy LIkl ¢ y4eTOM aHU30TPOIIMHU PAaCCesHMA B CTAHAAPTHRIX 0003HAUEHUAX HUMeeT

BUA:
1 27

dy Os
— +op=— d z, i )dy' s |
po, tow 2W//w(uo)xw( s + gz, p1), (1)
-10
rae KOCHHYyC Yij1a Mexay HarlpaBJ'leHPlﬂMH nazjarwunx u paccem{ux HaCTHULL

po = p' + /(1 — p?)(1 — p'2) cos. (2)

Wunukarpy cht paccesHHA w(fo) M3BECTHH MM M3 SKCIEPUMEHTa, MM M3 JIOCTATOUHO
TPYIOEMKHX Pz CcUeToB. [IpH cuIBHON aHM3OTPONHM paccesHua w(jg) MOKET UMeTh OCObeH-
HOCTb, 6JM3KY W) K §-(YHKIMU OPU fip — 1, 2 TAKIKe MOMET OLITh HOUTH pa3phiBHOM QyHKLMeN.
JTH 06CTOATENLCTBA 3ATPYAHAOT BRHIUMCIEHMe MHTEerpajia B npasoit yacru (1), kpoMe Toro,
CWJIBHO YCJIONHAETCA UTEPAIIMOHHKA Ipollecc pellleHUA MHTerpo-aud¢epeHIMalbHOro ypa-
sHenuA (1). TlpuMmeHenre kBasuMGdy3HOHHOro MeToAa BKYNe € YACTHIHRIM Pa3JioMeHHeM
VHIMKATPUCH PACCeAHMA 10 moArHoMaM Jlexanapa pemaeT npobieMy CXOAMMOCTH UTCPaLM
IIPH CHIbHOM aHu30Tponuy [1, 2]. OnHaro MpAMOe UHTErpUPOBAHHUE OCTATKA OT PA3JIOMEHUs
MHIMKATPUCH DaccesHUA No nowHoMam JlemaHIpa ocTaeTcs A0POrMM B BHIYUMCIMTENBHOM
OTHOIIEHMH 32 CYeT HAJNMUUA Pa3phiBoB U 6-ocobeHHOCTH.

1) IIpennaraeTca 3aMeHa MmepeMeHHHX B HHTerpajie paccefHHA, YIpolUlaloulas 3ajauy
BEIUMCJICHMHA MIITerpaia 0T"0CTaTKa PA3jioieH s HHAMKATPHCK: OT [IepeMeHHEX X, i’ cllenat
nepexojl K mep *MeHHLIM X, ig.

2) Jra 3aveHa NepeMeHHRIX [03BOJAET KOPPEKTHO BRAETUTh M YyUecTh 0-06pa3Hyw 0co-
OeHHOCTh MH/IF KATPUCHl PACCEAHUA B OKPECTHOCTH 3HAUeHUd fo = 1 .

3) MHTerpaa paccesHHs OT OCTATKA Da3JOmeHHA UHAMKATPUCH CBOAMTCA K UHTErpaly
CrumnbTbeca, KOTopbid Gojiee NpUroseH AiA GaKTUUECKAX PAcdeToB MpH HaIWIMK OOMbIIMX
I'PA/IMEHTOR (NOYTH Pa3phiBOB) WHAMNKATPHCH PacCefsHMA.

[TpenBapw enbHble pacueThi MoKasaky 3¢ ¢peKTUBHOCTh MeTola [IPM OUeHh CHJIbHOW aHU-
30TPONIMU pacteAHuA [3].
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AUTOMATIC PROCESSING OF FILM INFORMATION.

A.V.Artemov, V.M.Evlentyev, L.V.Ivanov, V.A.Karasev, V.V.Kulikov,
M.A.Matsuk, V.M.Polikarpov.

Institute of Theorelical and Ezperimental Physics,
117259 Moscow, Russia
e-mail: matsyuk@uzilep.ilep.Tu

Hardware and software system for real time processing of film information is described.
The system is based on upgraded flying spot digitizer PSP-2 on-line to E 60 computer
which controls the hardware and stories the measured coordinates in its nemory. E-60
is memory mapped into the memory of PC AT-286 which filters, checks, compresses and
writes done the information. The PC finds fiducial marks, sparks, dashed iidicators etc.
Used algorithms and real implementations is discussed. Special attention hav: been paid to
opted friendly interface.The high level automatization have been reached, th: intervention
of operator was really needed only for initialization or to change films.

The system was disined for measurement of films from 3-meter spectrome ter with opti-
cal spark chambers which is used for experiments in intermediate energy physics on ITEP
10 GeV synchrotron. The measurement started in may 1993. 700000 event: measured to
the end of the year.
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SPLINE APPROXIMATION AND SMOOTHING USING ADAPTIVE
PROJECTIV FILTERS

M.V.Avdeev, N.D.Dikoussar
JINR, Dubna, Russia

A new algorithm for determining the adaptive cubic spline (ACS) which approximates
or smoothes a function on a given interval, is proposed. The automatic search of the
spline nodes is realized in this algorithm. To search the spline nodes, the local one-
parameter three-point cubic splines [1] are constructed and fitted tc a given function
using the adaptive projective filters [2]. The boundary points of the iitervals, on which
the function is approximated sufficiently well by the local splines, are chosen as the nodes
of the global spline, whicll is further determined by the two- or three-point model. The,
first version of the library in C++ for working with (ACS) is presented. The examples of
the treatment of model and experimental data are given.
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COMPUTER ALGEBRA APPLICATIONS
IN QUADRATIC GRAVITATIONAL THEORIES

0.V. Babourova, B.N. Frolov, E.A. Klimova

Moscow Stale Pedagogical University, Math. Dpt., Krasnoprudnaya 14,
Moscow 107140, Russia
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It is well-known that one of the usual technical problems in the theory of gravity is the
calculation of the various geometrical and physical quantities and equaticns. The task
may be simplified by using the suitable system of the computer symbolic algebra. We
have experience of application of the computer algebra to the investigation in the theory
of gravitation with the Lagrangians which are quadratic in the irreducible pieces of the
curvature and torsion in a Riemann-Cartan space-time, in particular, to the investigation
of the solutions for the plain general pp-waves {1] and the generalized conforinal invariance
in the gauge theory of gravity {2]. The field equations of such theories cont.in operations
of dualization, covariant exterior differentiation, etc. The algorithm of testing is well
defined but numerous indices, components and contractions make these cal:ulations very
tedious that may lead to mistakes, Computer algebra system GRG [3] can perform these
calculations. Although GRG has not the built-in mechanism for the so ution of field
equations but it can help to transform them to the more simple form. The main steps of
user to solve the problem with the help of GRG are : . .

1) to set the coordinates, tetrads, metric;

2) to set the components of torsion as arbitrary functions of coordinate.;

3) to set the field equations.
GRG calculates the components of all necessary geometrical objects, substit'1tes them into
the field equations and gives the answer in the form suitable for further analysis. The same
instruction for GRG may be used for the search of exact solutions of field equations in the
quadratic theory of gravitation. When the field equations in the quadratic gravitational
theory are obtained, one can investigate different types of exact solutions without wasting
time for the intervening calculations. The only modification that the user must do is
to change the metric and tetrads in the GRG task. It is clear that such lomputa.tlonal
approach can play an important role in the progress in this area.
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COMPUTER-AIDED INSTRUCTION UROK/MPGU WITH SYMBOLIC
COMPUTING

0.V. Babourova, B.N. Frolov
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Moscow 107140. Russia
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Computer-iided instruction (CAI) UROK/MPGU is intended for a development, de-
bugging and p-oduction run of the computer controlled teaching lessons for a wide range
of physical anl mathematical branches of science. It consists of the data base (text of
lessons) and t1e softwear allowing to create the structure of teaching lessons and then
to realize the >ducational process and perform the statistical data collection . Both the
creating of the computer controlled lessons and the educational process have an interactive
character and are realized on menus, which provide the user with total control over the
way the program proceeds. CAI UROK/MPGU users need not to use any programming
or author langnages. At the same time CAI permits to use some educational modules
created with the help of the appropriate programming languages, in particular, graphic
modules. ,

CALI realizos the adapted educational strategy that permits the education to be in-
dividual and ¢t the same time standardized. For this purpose CAI includes the spacial
educational modules, which realize the "standart methodical situation” created by the
sophisticated 1eachers.

CAI realizs the analysis of the pupil answers in the form of a number, symbol ex-
pression, key ‘vord, set of symbol expression, set of key words, mathematical expression.
Besides, CAI contains the special module ”Task Solver” which can solve the mathematical
problems with the help of the symbolic computing and compares the results with the pupil
answers. - -

CAT lets t> teachers the powerfull and comfortable instrument for the realization of
the verious ecucational purposes and can be applied both in secondary school and in
university.
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ELASTIC AEEM APPROACH FOR DRIFT TUBE IN MAGNETIC FIELD !

Baginyan S.A., Ososkov G.A., Panebratsev Yu.A., Shimanskiy S.S.

LCTA JINR, Dubna, Moscow reg., Russia
e-mail: dbaginyan@mainl. jinr.dubna.su

The detection sy:tem based on the drift tubes working in a uniform magnetic field is ~
widely used in high energy physics experiments. In this work an algorithm for recognition
of tracks, detected by drift tubes system, is developed.

Measurements corresponding to each event look as a set of anode wire (z;, ¥;)-coordinates
of tubes hitted by particles, noise signals and r;—drift distances between the particle track
and the anode wire. In this case conventional methods of track recognition are not efficient
enough.

The suggested algorithm consists of two stages.

At the beginning we have to divide the set of measurements into subsets S; = {z, yi;ri,i =
1, N} which are rollections of coordinates and drift distances probably belonging to the
same track of the event. With this aim the method of serial histogramming - our modifi-
cation of the Hough-transformation method [?], have been applied.

At the second stage, we to find a track in the form of a second-ord:r curve, in particular,
a circle (a,b; R), which is tangent to as much as possible circles (2, %;; r;) of the subset
S;. Let us define the degree of tangency of two circles on the plane as a minimal distance
between intersect on points of these circles with the straight line cornecting the centres of
circles. It is clear, that if two circles are tangent to each other then a degree of tangency
is equal to zero. 7'hus, we must find a circle (a,b; R), which minimiz:s a sum of the degree
of tangency of this circle with all circles from the subset §; = {z ,y;r,i = 1, N}. In
other words, the problem is reduced to searching the global minimum of corresponding
functional. We propose our modification of the Deformable Templa.e Method [?] applied
for solving this p-oblem and, therefore, for solving the problem of track recognition and
track parameter (etermination. }

The efficiency of this algorithm tested on Monte-Carlo events is 96%.
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METOJ ®UKTUBHBIX OBJIACTEN PEIIEHUA
HECTAIITMOHAPHBIX 3AJAY '
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IIpm pemenrn HecTanEOHAPHHX 3339 B 0GIACTAX CHONHOK (POPME MOMKET HCIOIB30-
Barsca clieyfomu# Meron. CucreMa ypaBHEHHH, BO3HMKAIOUAf NPH PEEHUH NPO-
GneMBEl ¢ MOMONIBIO HEABHOU Pa3sHOCTHOM CXEMH, mpofoskaeTcA B Gosbuiyto obusiacthb
Opocro#t (popMH TaK, YTOOH pENIeHEEe HEKCTOPOH KPAEBOH 3a/auM A IIPOJ0JIKEHHON
cucTeMH 1o 6IM3KO K penieHnio mexonuoit 3anagn. [lox "npocroroi” dopmu obaactu
HOHAMAETCH BO3MOMHOCTE GHCTPOrO pPelleHuA KpaeBol 3a1auM JJIA CHCTEME ypaBHEH Ik
C NOCTOAHHHMHA K03(DHALACHTAMA.

Jlanee mpuMeHseTCA UTEPANMOHHNN METO PElleHHA HOBOH 3alla4d €O CKOPOCTHIO
CXOOMMOCTHA He 3aBHCALIeH OT BpEMEHHOTO ara i NapaMeTPOB IIPOACIIKEHHS.

[locneanae Tomi Takue MeTOAH GHIM NPEJIONEHH W 0GOCHOBAHMH M HECTAlHo-
HapHHX 3219 1addysur, yOpyrocTd u cHcTeMH ypasHeHu# CToKca B ciydae rpa-
HAYHHX YCJ)OBHH# IEpBOro poia @iy B Cllydae IpaHUYHHX YCJIOBHI BTOPOTO poja IpH
TIOCTOAHHKX Ko3(pdHUNUeHTaX B HCXOAHON 3ajiade.

B macros mee BpeMs Ipesiokena MOIM(AKATIHA STOTO METONA A CIyuas TPaHKy-
HEIX yCJIOBHi{ BTOPOT'0 POjia NPH MepeMeHHHX K03 GHIACHTAX B HCXOAHOH 3a71ade.

CymecTro MeToa COCTORT B TOM, 9TO UCXOAHAA CHCTEMA yPaBHEHHR 3al¥CHBAETCA
B BHJIE CHCT¢:MH ypaBHEHHMU OTHOCHTENBHO "ICEBAOMOTOKOB” - 3HAYEHMU MPOM3BOTHBIX
pelleHAs U 1(POU3BEICHAA PEliCHAA Ha HEKOTODHH 6oibuIod NapaMeTp, U Jajee CTpo-
ATCH ATEPANUOHHKA METOJ PEUIeHHS [ONyIHBIIERCA CHCTEMH ypaBHEHHH.

Ob6ocroBaHe paBHOMEPHO! CXOMMMOCTH 10 yKa3aHHKM BHIlE MapaMeTpaM MOTpe-
60BaJsIo [OKa3aTENbCTBA HOBHX TEOPEM O NPOAO/LKeRAN GyHKIUH Yepes rpaHUILy obna-
CTH.

Jlureparypa

(1] N.S.Bakhvalov. Iterative Methods for Stiff Elliptic Problems
B ¢6. Advanced Mathematics: Computations and Applications, NCC Publisher,
Novosioirsk, 1995, pp. 26-31.

1Pa6ota pumosnHeHa NpH puHAHCOBOM nomepsike Poccniickoro ¢honza GbyHAAMEHTANLHEX Hecle-
mosaumit, rpant 96-01-01394. i
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SPOEKTUBHBIE CBOMCTBA KOHCTPYKIIMM C
TOHKOCTEHHBIMH BKJIIUYEHUAMMN !

Baxsanos H. C.,9rmur M. 3.

Mcch. & Math. Fac., MSU, Moscow
' c-mail: bakhvalo@mech.math.msu.su

B pabore BuiBoaaTcs ABHHE npubmmKenHne GopMyan anA 3ddeKTuBHH < Ko3ddunm-
€HTOB TENJONPOBOAHOCTH KOHCTPYKUHM M MaTepHasioB ¢ BKJIIOYEHHAMH E BHJE NEpHO-
JMYECKOH CHCTEMH B3aMMHO NepNeHANKYJIAPHHX CTeH U CTCpKHeH, OTHOIL EHHH TOJIIUHH
KOTOPHX U KO3 PUUUEHTOB TENNONPOBOAHOCTH YAOBJIETBOPHIOT HEKOTOPHM YCJIOBHAM.

Jlis npuMepa paccMOTpEM npouece nepejadd Tenja B KOHCTPYKIW Nepuopnde-
CKOMl CTPYKTYpPU ¢ A4elKoll N1epHOAMYHOCTH B BHAe TpPeXMepHoro kyba co cTopoHoit €
co crenkaMd toammaolt pe. Ilycrs KoaddUUMEHT TENIONPOBOIAHOCTH BHYTPEHHOCTH
Kyba paBeH Gy, CTEHOK — @. .

ObnacTbio NEpHOAMYHOCTH OTHOCHTEIILHO [epeMeHHUX y; = &, /¢ Oyl eT ABAACTbCH
exrananni ky6 I1:0 < yy,...,y3 < 1. Ilocae raxoil 3aMenn nepeMen ibX TOJLIMHA
"creHok” OyNeT PaBHATHCA f.

B[ 1], nonyuenn ouenku s 3¢heKTHBHOrO 3HaUeHHA Ko3(ppUNKEH A TEIIONPO-
BOJHOCTH @ . .

a <a<at,
a” =<<<a >y, at =<<<a >y >y,

ajech < . >; obo3HavaeT WHTerpHpoBaHme 0o y; B npetenax [0, 1].

OxasnBaercs, 4To B cjydae Ma/hX /i BEJUYMHR @~ M a¥ coBNAfaloT ¢ TOYHOCTLIO
JI0 UJIeHOB BRICUIEro [OPAIKA, a HMEHHO

2 by + 2
0= 22 L o), ot = 2224 o),
a; + aop by + apput
0 _ ap+2ap
TCIOfa ciaesyer paBedcTBo @ = ——(1 + O(p)).
ay + aopp

ap+ a
——(1 + O(p)).
a1 + aopt

AHaJIOI‘H‘{HhIe COOTHOWECHHUA BHBOJATCA B CJlyyae Pa3dHHNX TOJIIHH CTEHOK IO pas-
JMYHBM HallpaBJ€HMAM M PasIMYHHX KO3(hGIHIHEHTOB TEMJIONPOBOAHOCTH B pa3zjni-
HAHIX CTEHKaX B UX COYJIECHEHHUAX.

TouHo Tawe B IByMEpHOM Cllydae UMEeM 4 =

JIureparypa

[1] Baxsanos H. C. Ocpennenne ypapuennit ¢ yacTHnMu npoussonumu// B c6.: Co-
BpeMenHbe NpobieMbl MaTeMaTHYeCKOH (PU3HKM M BHUHCIATEIBHOM MATEMATHKH.
Mocksa: Hayua, 1982, 38-47.

'Pabota sunonuena upy drnancopolt oasepike Poccutickoro hokna yHaaMen anbHRX Ucce-
nosaumit, rpant 96-01-01394.
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HEJIMHEV HAA MOHTE-KAPJIOBCKAA MOJEJIbL 3JIEKTPOAAEPHOTO
PEAKTOPA

Bapawenxos B.C.

Dbsedunennmi uncmumym sdepunir uccaedoganui, Jybua, Poccus
e-mail: barashenkov@lcta30.jinr. dubna.su

B JIBTA OMNAMU coznan nporpaMMHBIA KOMIUIEKC, MONEJMPYIONIHA B €IHHOM IMKJle
MeANePHBIH TpaHCnoOPT YacTHIL U BHYTPUALEPHble KaCKa I, MHAULMMpYyeMhle TepBUYHON BH-
COKO3HepreTHYECKOM! yacTHielt (IPOTOHOM, HEHTPOHOM, ME3OHOM HMJIH TAMKENBIM HOHOM) B r'e-
TepPOreHHON neNANICHCA cpelle C Hele/ALIMMHCA KOHCTPYKTHBHBHIMH 3jieMeHTaMU. AJroputM
YYUTHBaeT He.ldHeliHble 3¢ deKTh, 06yc/oBleHHbe H3MeHEHHEM CBOHCTB cpexnl (HaKomle-
HUeM JIerKoAe I illIMXCA 3JIeMeHTOB, 3alllIakoBbBAHUEM ) 110 AeHCTBUEM PACNPOCTPAHAIO UMK
B Heli uanyueruit. PaspaboraHHaa MaTeMaTHueCKad MoJeJb [O3BOJIAET AT 32 HIAIOM [1Po-
CMOTpeTh ~aHz TOMHIO” MPOUCXOAANIMX B Cpele MPOLeCCOB, PACCUXTATh MONHBIA BHIXOL HEld-
TPOHOB, UHTEHCHBHOCTh MOTOKOB JAPYTMX YaCTHIl, UX 3HepreTHUECKMe W MPOCTPAHCTBEHHhe
pacripefejienni. Mozenb no3BojAeT TaKiKe PaccUATaTh MPOCTPAHCTBEHHOE paclpelielieHye
TernJla, BHACNAOLIEIOCA B pe3y/bTaTe MOHMU3AUMOHHBIX [10Tepb 3apAieHHHX YacTHIL ¥ aKToB
JleJleH]A, M paclipe/le/leHnuA 06pa3ylonxcy B Cpelle HyKJAWI0B. BhonHeHn MaTeMaTHUeckie
IKCIIEPUMEHTH [10 CPaBHEHHIO YPaHOBRIX M TOPUEBBIX 3JIEKTPOANEPHBIX CHUCTeM, Mo Bh6OpY
THMIIA M SHEPruM fyuka 6ombapmupyronmx yactull. Ocoboe BHUMaHMe yaeleHO MaTeMaTHue-
CKOMY MOJeJIN}»0OBaHMIO YIIPABJIAEMBIX YCKOPUTe/eM MTOAKPUTHUECKMX 3JIeKTPOANCPHRIX peak-
TOPOB U CEKIMOHMPOBAHHBIX (BEHTUNLHBIX) CUCTEM, ABJIAIONMXCA Haubomee GesonacilkiMu B
IKCIITyaTallMi ¥ MO3BOJIAIOIIMX, KaK MOKa3blBAKT MaTeMAaTUUeCKHe SKCIepyYMeHTHl, [OJYYUTh
3HAUMTEbHO GO/BIIMIM BBIXOA HEATPOHOB U, COOTBETCTBEHHO, 6oJiblllee KOJMYECTBO 3HEPTHH,
yeM JeHCTBYIOUIMe aTOMHble 3/1eKTpocTaHIMU. (Co3faHHRIA MPOrpaMMHEIA KOMILIEKC MOMeT
CHY®RHATh OCHOL O JULH MaTeMaTHHYeCKOro MOAENMPOBAHUA TP2HCMY TALMH  BBIKUT2HHUA ) JIONTO-
HUBYILUMX Ra/HOAKTUBHBIX ,0TX0/0B ATOMHBIX 3JIEKTPOCTAHIMHA U MepepaboTie HaKoUIeHHOro
OpY#eHHOro 11.1yTOHHA.
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INFORMATION SYSTEM ”"SPACECRAFTS AND FIELDS IN THE
NEAR-EARTH SPACE”

A.A. Beliaev, A. Dmitriev, D.V. Kalinin, M.I. Panasyuk

D. V.Skobeltsyn Institute of Nuclear Physics, M.V.Lomonosov Moscow Slate l'niversity
e-mail: alezey@srdlan.npi.msu.su

The information system (IS) has been developed, which includes database cn spacecrafts
(SC) trajectories, set of models for converting SC coordinates and physicil models for
several of near-Earth’s space (NES).

The IS includes:

- available and regularly updated data on trajectory parameters of active SC;

- program for calculations of SC geographical coordinates in arbitrary time period,
which accounts for orbit elements precession and upper atmosphere drag; '

- program for geographical coordinates transformation to physical (L, 13) coordinate
system, which accounts for Earth inner magnetic field sources;

- programs to estimate fluxes of charged particles in the Earth’s radla.tmn belts as on
of important factors in SC environment. Programs use empirical NASA trapped radiation
models AP8/AES and models, developed in the Institute of Nuclear Physics Moscow State
University.

The results of the calculations can be presented as plots of SC trajectorie:; in geograph-
ical and physical coordinates as well as particles spectra (protons and electr>ns) averaged
along the SC trajectory during given orbit. These spectra can be used for coraparison with
experimental data (direct measurements of particle fluxes) during new modelling and to
estimate radiation environment on the SC trajectory. Trajectory data can be also used
to select SC, which are located in a given regions of NES (magnetotail, South-Atlantic
anomaly) in a given period of time.

The method of user-defined orbit selection has been implemented to perform fluxes
and fluences modelling for future missions, and allows to perform calculation:; for arbitrary
region of the near-Earth space. .

Program modules from IS are also used in SC DB for coordinate calcul:tions.

Program interface was developed as hypertext forms, conforming to Hype: Text Markup
Language (HTML). IS can be accessed via Internet as hypertext document

http://www.npi.msu.su/wheresat /wheresat

Developed IS was used to calculate time dependence of particle fluxes for "MIR” orbital
station and ” Coronas-I” satellite. the comparison with measured fluxes valves shows that
calculated data were in reasonable agreement with observations.
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ENERGETIC PARTICLE FLUXES DATA BASE OF THE SPACECRAFT

A. Beliaev, A. Dmitriev, S. Kuznetsov, O. Nechaev, M. Panasyuk
NPI MSU, Russia

e-mail: dalez@srdlan.npi.msu.su

The data bas¢: of primary spacephysical data obtaining on spacecrafts (SC DB) oriented on
archiving and primary analysis of large sets of data containing information about particle
fluxes in the 1 ear Earth space. SC DB software is used to perform detail scientific analysis
and interpretation. The system is integrated with UNIX based software "Model SC and
Physical Fields in the NES DB” [Beliaev, this issue].

Primary «ata are archived to binary files in predefined SC DB format. Data files
contain the time ordered information about particle fluxes and spacecraft orbital elements
(geographic coordinates, B and L-shell} and local time (LT and MLT). Orbital elements
appended to lata on the stage of data conversion.

The primary analysis includes:

- data val dity cheeks;

- detector calibration and parameters;

- on line calculating of magnetospheric and heliospheric physical parameters.

The physical parameters values and diagnostic messages are presented in terminal of
SC DB operator.

The additional SC DB software packages may be used by scientists to perform mul-
tidimensional graphic analyses of data in interactive regime and to develop various semi-
empirical mo lels of space environment. The flexible SC DB structure permits to develop
the software “or additional data processing.

0S DOS und high level programming languages (PASCAL, FORTRAN) were used to
develop the £ C DB software. The SC DB is currently used to perform data analysis for
data obtainec. on CORONAS-I satellite and MIR station.

40



CALCULATION OF DECAY RATES OF THE 3*He¢''2Hyu SYSTEMS.

V.B.Belyaev, O.I.Kartavtsev, V.I.Kochkin, E.A.Kolganova

Joint Institute for Nuclear Research, Dubna, 141980 Russia
e-mail: BELYAEV, OIK, KEA @ thsunl. jinr.dubna.su ; CKOCH @ cv.jin . dubna.su

Study of long-lived exotic molecular systems He Hu is important for the understanding
the muon kinetic in hydrogen media and nuciear interaction at very low energies. The
method of hyperspherical "surface” functions has been applied to the cal:ulation of the
nonstable three-body systems He Hp, contained the 3*He and 2H isotspes. Energies
of these systems, radiationless decay rates and y-ray spectra of radiative d2cay have been
obtained and compared with the recent experimental data.
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GAMMA-RAY ENERGY DETERMINATION BY NEURAL NETWORK
TECHNIQUES
IN A SILICON IMAGING CALORIMETER

R. Borisyuk, M. Casolino, M. P, De Pascale, A. Morselli,
A. Ogurtsov, P. Picozza, M. Ricci, R. Sparvoli

Dept. of Physics, II Univ, of Rome “Tor Vergala™.
Via della Ricerca Scientifica 1, 1-00133 Rome (Iialy)
National Institute of Nuclear Physics, Sec. Roma II, [aly
e-mail SPARVOLIQROMAZ2.INFN.IT

To detect gamma radiation in space, the RIM collaboration has suggested the adoption
of a silicon calcrimeter, composed of 20 planes 50x50 cm? wide, consisting of 8x8 modules;
each module is made of two layers with 16 silicon strips implanted, mounted in mutually
perpendicular X and Y directions. The aim is to investigate gamma rays in the energy
range between 100 MeV and 100 GeV through the detection of the electromagnetic shower
produced in the calorimeter by the incoming particle. In total we have 5120 energy and
pointing signas about the gamma ray, corresponding to the shower deposits in 128x2
strips along th» X and Y axis in each of the 20 planes of the detector.

The classification problem consists in reconstructing the gamma ray energy using its
complete pattern. A hierarchical neural network classifier is used to solve this problem. At
the first level cf the hierarchy, a B.P. neural network performes a rough classification into
six classes of energy; at the second level, a modified back-propagation algorithm is applied
1o classify the ¢nergy in each of the 6 groups into other 5 or 6 classes. To accurately specify
the gamma ra)" energy, a weighted sum of the output of each activated neuron is finally
performed. We used simulated data sets obtained with the Geant 3.15 code to train and
test the neural network.

Optimized discriminating parameters have been used as input neurons for the nets.
For the B. P. algorithm wé considered the following seven functions:

- the total ‘mergy released in the calorimeter;

- the total vumber of hit strips;

- the maxirnum energy released in one plane;

- the summ <[ the energy released till the plane with maximum deposit;

- the "lenglh” of the shower, from the interaction plane to the one with maximum
deposit;

- the number of hit strips from the interaction plane to the one with maximum deposit;

- the mean width of the shower.

The results of the analysis obtained by the back propagation neural network algorithm
have heen compared with the classification obtained by classic statistical algorithms. The
improvement ¢f the N. N. classifier is evident: the number of correct energy classifications
is 30% improved.
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A SIMPLE IBM PC/AT MEMORY-MAPPED CAMAC BRANCH INTERFACE.

Yu.A.Borodin, N.A.Zarkevich, V.V.Kulikov, M.A.Matsuk, A.ILKhanov.

Institute of Theoretical and Ezperimental Physics,
117259 Moscow, Russia
e-matl: matsyuk@vzitep.itep.ru

An interface between the IBM PC/AT compatible computer and the CAMAC branch
is developed. ‘The interface meets most of the requirements of EUR-4600 standard for
the multi crate CAMAC system with A-type crate controller. The interface maps 16-bit
CAMAC registers onto the PC address space and occupies 8 Kilobytes. The CAMAC
operations look like computer memory read/write commands, hence no software driver is
necessary. The CAMAC functions are determined by state of the interface int >rnal register.
With fixed CAMAC functions the interface allows full throughput of the CAMAC system
{up to 2 Mbytes/sec). Time parameters of CAMAC exchange supporting software (written
in C and Modula-2) are discussed.
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THE HALL EFFECT IN TWO-DIMENSIONAL MHD-PROBLEMS WITH
TRANSVERSE MAGNETIC FIELD

K.V. Brushlinsky, T.A. Ratnikova
Keldysh Institute for Applied Mathematics RAS, Moscow, Russia

Mathema :ical models, based on the MHD-approach, are successfully used in solving
pure and applied problems in the hot and dense plasma physics, including nuclear fusion
and astrophysics. But investigation of some phenomena, e.g. interaction of plasma flows
with the elecirodes, need more complicated models, because the MHD-equation cannot
recognize the electrode polarity. We consider a modified MHD-model, taking into account
the Hall effect. It can distinguish among the ion and electron velocities, describes the
electric curre 1t and magnetic field interaction in the Ohm’s law and identifies the current
direction relative to electrodes. The MHD-equations with the Hall effect are generally'
quasilinear, second order, but they degenerate to a first order nonlinear sytem in two-
dimensional Hroblems with transverse magnetic field. The paper presents conditions of
this system 1o be hyperbolic (evolutionary) and characteristic velocities in the case of
week Hall effict.

The mod:l is realized in investigations and computations of axisymmetric flows in
coaxial chantels of high-current plasma accelerators with azimuthal own magnetic field.
Two regimes of electric current transfer in the channel are considered and analyzed: by
electrons and by ions. :

Special attention is called to Hall boundary layers along the electrodes. To investigate
them the finize high plasma conductivity is entered into the model.

There are obtained in computations steady-state flows with regular current distribution
and effective plasma acceleration in the channel, as well as unstable ones with explosion
type singularities near the electrodes. The instability is developed in the boundary layers
and it reflec's a gap between the equipotential boundary condition and the Hall flow
nature. Parameter value regions, corresponding to the both flow regimes, are indicated.
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A PRACTICAL APPROACH TO SOLVING KINEMATICAL ANALYSIS
PROBLEMS HELP OF LOBACHEVSKY VELOCITY SPACE
QUASI-CONFORMAL MAPS

E.G.Bubelev, L.K.Lytkin, V.M.Severyanov
LCTA, JINR, 141980 Dubna, Russia

When analyzing kinematics of muitiparticle reactions in high energy physics, physicists
traditionallv use the energy-momentum langiage. In the same time, as it is well known,
velocities in they totality constitute a space (velocity space) having non-Euclidean geom-
etry, namely, Lobachevsky geometry, with the speed of light as the charact »ristic constant
determining space curvature. As it has been shown elsewhere, relativistic kinematics "co-
incides” with Lobachevsky geometry. It turns out that the language of vel)city space can
give an additional insight into relativistic kinematics and even into dynamics, because
it is the only one conserving all symmetries of kinematic information about investigated
physical objects. :

N.A.Chernikov and E.G. Bubelev have given correspondingly the thecretical and the
applied framework that, together, open a way to practical use of this feature. So called
conformal and quasi-conformal velocity maps conserve the main reaction’s symmetries
and permit, in particular, to visualize (in an "half-invariant formn) statistical pattérns for
partial physical channels as well as kinematic pictures for individual multiparticle events.

The usage of this new point of view on kinematics, apart from the traditional way of
thinking, looks perspective. Taking that considerations as the starting point, we try to
make this approach constructive.

In this work we use the so called transverse (to reaction axis) map of dot bled transverse
"half-velocities” and azimuthal angles, based on the known Poincaré conformal mapping,
and a new longitudinal quasi-conformal map with the samme transverse coordinate and
longitudinal rapidity (coincid'mgawith known Feinman variable "y} as longitudinal one.

A first prototype program, based on an early written model Fortrar text, is under
development now in the Windows 95 environment with the use of the C+ + language and
the object oriented programming style. The current version of the program is capable
to build above mentioned velocity maps for every event providing for the physicist a
possibility to settle questions about sought for kinematical syminetries »ased on visual
information.

In the future it will be possible to work with the prograin interactively forming and ver-
ifying statistically compatible hypothesis on qualitative kinematical type of event or/and
its likeness to compatible physical reaction channels. Of course, the ulti nate functional
filling of our program system will strictly depend on the requirements of the working
physical groups interested in having such a practical tool.

At the present time our program is at the beginning of its life. The intention is to
develop it up to the complete form of a software system product that could be used by
a physicist for himself, without the necessity to get every day support from the authors.
The program system is to be portable. At least, it is planned to implement also a Unix
version of it.

As a preliminary name for this project we take the "LoVeHEP” abbre siation meaning
"Lobachevsky Velocity space usage in HEP”.
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NUMERICAL MODELLING PHYSICAL PROCESSES AND PHENOMENA
USING DIFFERENTIAL EQUATIONS WITH HIGHER-ORDER DERIVATIVES

R.Bun

Institute for Physics and Mechanics
5, Naukova str., Lviv-53, 290053, Ukraine
e-mail: bun@fmi.lviv.ua

In many aieas of scince and technology the mathematical models of the objects under
investigation can be represented as systems of non-linear differential equations containing
not only first-crder derivatives of the unknowns, but also higher-order derivatives. To solve
such equations, one can use the well-developed numerical methods of the Cauchy problem,
but the syster1 of higher-order equations must then be reduced to first-order equations,
which increases the dimensions of the system. A more serious drawback of this approach is
that it cannot be used in cases when the given system of equations is not able to be solved
explicitly with respect to the derivatives of the highest order. Existing numerical methods
for solving higher-order differential equations are, in principle, applicable to equations
of special forri. The approach proposed in the report, which is based on polynomial
interpolation vwith multiple nodes, is free from the above drawbacks [1,2].

To solve the equations which make the mathematical model numerical methods are
suggested based on the approximation of the unknown variables by interpolation polyno-
mials with multiple nodes. These methods do not require preliminary transformation of
the initial equitions to those with derivatives of the first order only. When implementing
the given methods, the discrete values of all the derivatives are represented in the form
of linear comb nations of the approximate discrete values of the unknown ones and some
of their deriva .ives found at the previous steps, and the unknown values of the functions
corresponding to the current integration step.

The proposed methods are implicit many-step methods which makes it possible to
solve systems of equations that are not reduced to normal form, as well as stiff systems of
equations. Th» highest order of the derivatives can be different for each of the variables
in eqiations solved by these methods. One can also solve algebraic-differential equations
with highest-o-der derivatives. For these methods there is no characteristic initialization
procedure, which is inherent in the majority of multi-step methods and which consists in
the fact that so-called ”starting points”, which can be obtained by another, most frequantly
one-step, method, are necessary for the method to work.

References

[1] R. Bun, .attern Recognition and Image Analysis 4, (3) pp. 298-305, 1994.
[2] R. Bun, and Ye. Vasil’ev Comput. Math. Math. Phys. 32, (3) pp. 317-330, 1992.
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NEURAL NETWORKS AND CELLULAR AUTOMATA FOR PARTICLE
IDENTIFICATION AND FILTERING

M. Casolino*, M. P. De Pascale, A. Morselli,
P. Picozza, R. Sparvoli

Dept. of Physics, II Univ. of Rome “Tor Vergata”, Via della Ricerca Scientifica 1, I-00133 Rome

(Italy)
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Neural Networks are now currently being used in several applications of particle recog-

nition. In this work a neural network is employed to discriminate between different classes
particles interacting with a cosmic ray detector. Due to the different and o:ten contradic-
tory behaviors the particles have in their interactions with the detector, the use of boolean
logic cuts may result in very complicated algorithms where the purity of the sample is ob-
tained at the expense of a low classification efficiency. The architecture pror osed performs
particle identification using a stochastic preprocessing to a neural network. "‘ests were per-
formed on simulated (Geant 3.21) and experimental data obtained with Silicon Tungsten
electromagnetic calorimeter, particularly suited for cosmic ray research. T\ie input space
consists of two matrixes in which the interaction of the particle in the calorimeter is
stored. According to the nature of the particle, different interaction topologies may occur
(e.g. electromagnetic or hadronic showers). These different, energy dependent interaction
topologies require particle identification algorithms able to take them int> account and
filtering processes that are able to cope for induced noise.
Noise removal and track restoration techniques have been carried out using Cellular Au-
tomata, well known for their versatility and speed. One of the main adva1 tages of these
procedures lie in the fact that their are entirely automatic and allow for the same archi-
tecture to be used on different particle classes and on different energies.
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UNDERGROUND CAVE FORMATION MODELING WITH CELLURAR
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Underground :ave formation is a process mostly due to solution of limestone by water.
However, mecianical abrasion of the rocks and tectonic causes, such as faults or stress
release, are of en of significant importance; in vastly eroded areas there is also the phe-
nomenon of rcck collapse which may alter both the underground and the external land-
scape. In a typical cave it is often possible to recognize the effect of these different causes,
from chemical reactions to the collapse of rocks of up to several meters size, taking place
over spatial ler ght scales of several orders of magnitude. Due to the phenomena originating
its formation, 1 cave may have greatly varying shapes and size, ranging from the relatively
simple vertica. pits or underground rivers to majestically large environments of several
kilometers, deseloping on several levels at different dephts. Any attempt to simulate and
reproduce sonie or all these effects must therefore face both the typical computational
problems and the complexity arising from the different physical processes involved.

Here a model simulating the formation of caves caused by rock fall is studied: for their
simplicity and speed Cellular Automata (CA) have been used. To speed up calculations
and to employ a binary state (rock/air) CA, all water erosion processes in limestone have
been neglected in the present application: therefore only structures whose formation is
due mainly to mechanical causes or where the role of water at a given stage of its history
can be neglected are considered. The limestone removal role of water has been assumed
to have taken place before the start of the Ca evolution; as initial conditions a percentage
P = 30% of erapty (air) sites has been assumed. In our case the two states that each site
(or cell) of the binary automaton can assume represent, respectively, the presence (State 1)
or absence (Stite 0) of rock. Vertical cave profiles were simulated in order to compare them
with those of real caves. The evolutionary rules have been devised to take into account
gravity and mechanical interaction among nearby rocks. In spite of the approximations
used there is ¢ good agreement between simulated and real data.
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NOISE FILTERING APPLICATIONS USING CELLULAR AUTCMATA
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Two applications of the noise filtering capabilities of a cellular automaton are analyzed.
Due to the "local” nature of the algorithm used (since the status of each cell depends only
on the neighboring ones), cellular automata are a powerful tool for removing noise in par-
ticle tracks and restore segmented images. The first application concerns on tests carried
forth on experimental and simulated events of particle tracks in a segmentec calorimeter.
Simulated (noise-free) data show how the c.a. affects very little the track, leaving the
physics of the event essentially unmodified. On the other hand, on experimental data,
spurious hits are removed and segmented tracks are restored. Discriminating parameter
ditributions after filtering are much closer to Montecarlo values. To improve :he quality of
the filtering and the recognition processes, a different approach may be used to remove one
of the limitations of cellular automata, namely the fixed rules that are used to determine
the evolution of the cells. This results in some particular noise patterns or track degra-
dations that are not recoverable. With a neural network, however, it is possible to define
several evolutionary rules and evolve the start track according to all of th>m. The NN
has the task - at each iteration - to select.only the most suitable ones untill convergence.
This procedure allows the automata to choose the optimal evolutionary rules and results
in a good filtering quality and a higher classification efficiency.

A second application is centered to the image filtering of autoradiographic DNA images:
a proper choice of CA rules can be employed to increase the signal to ncise ratio and
enhance the enzyme bands. After convergence of the systemn each band receives its own
colour and is easily segmented from others. This allows an eased and faster sequencing by
either human or automathic methods.
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ON THE MODEL OF NONLINEAR 2-D OPTICAL SYSTEM WITH
CONTROLLED FEEDBACK FILTRATION !

K. A. Chechkina, M. M. Potapov

Russia, Moscow 119899, Vorob’evy Gory, M. V.Lomonosov Moscow State Universily, faculty of
Compulational Mathematics and Cybernelics
e-matl: chechkin@glas.apc.org, potapov@cs.msu.su

To describe the light field dynamics in the feedback optical system with :he spaitial filter
we propose the following differential equation of the diffusion type for phase modulation
u=u(t,z,y):

2
Tu+u = DAu+ [\"(IAO exp(ig,o(z,y))l
- . 2
+] 2 A 09 ex0(in) cos(mma /1) cos(any 1| ),
mn
i>0, (z,y) €= (0711) X (0712)

Which is complemented by initial and boundary conditions:

ou
o= wole ), wyen, 2

=0,t>0.

(z,y)€09
Here D, 1, K are characteristics of nonlinear medium, ¢(z,y) is the stationary input phase
modulation, Ag is constant amplitude of input field, A,,.(1) are Fourie- coeflicients of
the light field before filtration A(t,z,y) = Aoexp(ip(z) + u(t,2,y)), Prin and ¢, are
amplitude and phase characteristics of filter.

In contrast to the [1] where transverse plane of the light beam Q = R?, in our model
2 is the bounded rectangular domain and the right part of our equation is presented by
the Fourier series. The problem of input phase-distortion ¢(z,y) supressioit by the control
of the filter parameters py, and ¢m, is posed in the form of extremal problem, which is
solved by gradient method. The problem of existence and uniqueness of the solution and
its differential propeties are studied.
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MATHEMATICAL MODELLING OF INVESTMENT PROBLEMS IN
ECOLOGY

Cherny A.lL and Krianev A.V.
L'ept of Applied Math Phys, MEPHI, Moscow, Russia

Principal protlem of the mathematical investment theory is the optimal distri-
bution of funds ir objects of the investment or the problem of investment portfolio
optimization.

Mathematical models of investment portfolio optimization problems usually are
the linear prograrnming problems

(X,d) — max
f—A%X<0
or quadratic programming problems
(wX,X) — min
f-AxX <0
where % is a vector of the distribution of funds in objects of the investment.

In this time t1e mathematical model of investment portfolio optimization prob-
lem in the ecology is the problem of nonlinear programming (nonconvex).
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THE TEN DENCIES OF CENTRALIZED COMPUTING AND NETWORKING
AT PETERSBURG NUCLEAR PHYSICS INSTITUTE
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Alexander Lodkin, Sergei Nikolaev, Anatoly Oreshkin

PNPI, St.-Petersburg, Russia
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This paper is intended to summarize main results in PNPI networking and centralized
computing.

The prob em of restructuring the computer resources and importance of the networking
was recognized at the Institute in 1990 [1].

In January of 1993 we finished with a closing of a range of the old fashion mainframes
(ES-1046, E€-1060, BESM-6, etc.).

In May of 1993 we put into operation a first segment of TCP/IP on the base of thin
Ethernet (10 Mbit/sec). Total number of all type computers in that network was in limit
of 10. At that time we had only way to communicate with the colleagues: e-mail over
dial-up telep 10ne line and UUCP.

In March of 1994 we have realized the first Institute IP channel to ITEP (Moscow) and
later to NPT MSU (Radio/MSU - Moscow) over switched telephone line ISKRA-2 with
channel capacity about 12 Kbit/sec. The network traffic by month over that line is shown
in the table ..

[ Table 1.. The External PNPI Network Traffic by Month ]

Year Month Traffic in bytes
1994 March 22,824
N April 51,136,349
May , 127,018,780
November 250,045,736
December 506,406,294
1995 |~ April 1,079,912,000
September 2,684,354,138
1996 || January 10,243,529,900

In seconc half of 1994 we began to build internal institute network structure. First
reasonable result came with putting into operation first Institute fiber optic line between
two large bu ldings. Many people obtained the possibility to receive an information from
the Internet and many people became interested for the same.

In Septernber of 1995 we installed the satellite IP channel to DESY (Hamburg, Ger-
many) in according to the project INTAS-93-56. That channel gives us 64 Kbit/sec. On
the first stajse of our network development it was important the support we obtained
from DESY in according to the experimental program HERMES [2] where Institute was
involved.

Meanwhile internal Institute network structure was developed as well. Already several
Institute bui dings are connected to the Institute network centre by the fibre optic cables.
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In total Institute has about 3 Km FO lines. Everyday Institute IP external traffic exceeds
300 MB (about 1 GB for three days). Approximately 40% of total external network traffic
is outgoing from the Institute and 60% of total external network traffic is ingoing to the
Institute. Our network is part of Russia High Energy Physics network (R UHEP-Radio-
MSU) [3]. More than 300 scientists have an access to the Internet. The nstitute LAN
consists of more than hundred computers.

PNPI has now several www and ftp servers: main server - "http://www.pnpi.spb.ru/".
main ftp server - "ftp.pnpi.spb.ru” and news-server.

We think that an information interchange is the driving wheel for intellzctual work of
any type. To participate in the information exchange anybody should follow one of the
known scenario. There are several scenarios which are supported by appropriate technical
tools. I mean the following: e-mail, ftp, www, netnews, telnet, irc, talk, white-board (the
component of MBONE [4]), etc. All of them are available in PNPI. :

Last time we undertook several experiments with a realization of an audio graphic
channel over the Internet. In particular we used satellite 64 Kbit/sec channel PNPI-
DESY. It was found out that audio was of acceptable quality. The quality of the video
images were less acceptable with low frame rate (about 0.2-0.5 frame/sec).

The obvious Institute requirements in the information area are as followed:

¢ to increase the IP channel banwidth at least to 128 Kbit/sec;
e to disseminate the consistent information about the Institute scientif ¢ works;

e to give the physicists intellectual tools to search the required information in the
Internet; ’

e to build (to adopt) a distributed computing model to analyse the exprimental data
in remote research centres from PNPI terminals.

Some useful information on PNPI networking can be found in our www-pzge [5].

All these things gives us the idea that the Institute is an organization for transfor-
mation of the information from one form to another one. From this pont of view all
the data required for the Institute should be in electronic computer readable form. That
means main difficulties in computing are in transition from the hardwar: and softwarc
architecture to the data architecture.
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OPERATOR-SPLITTING SCHEMES FOR THE INCOMPRESSIBLE
NAVIER-STOKES EQUATIONS WITH CONSIDTENT APPROXIMATION OF
OPERATORS

A.G. Churbanov, A.N. Pavlov, P.N. Vabishchevich, V.V. Chudanov

Institute for Mathemastical Modelling Russian Ac.Sci.
4 Mwusskaya Square, Moscow 125047, Russia
e-mail: churg#i@mamod.msk.su

New impli:it finite difference schemes to solve the time-dependent incompressible
Navier-Stokes :quations using primitive variables and grids of various types are developed
in this work. Methods are implemented on non-staggered (colocated), partially staggered
(ALE-type) and fully staggered (MAC-type) grids and a comparative study of these grids
is conducted. The main feature of the methods is the fact that the discrete equations
are essentially consistent with the initial differential equations in operator properties. A
priori estimates are derived for the discrete solution of the methods. The estimates are
similar to the corresponding ones for the solution of the differential problem and guarantee
boundedness of the solution. To handle complicated computation domains, the fictitious
domain metho1 was employed.

To evaluate efficiency and accuracy of methods developed, a comparative study has
been conductel for the above grids of various arrangement. Three test problems have
been predicted in the 2D case: a lid-driven cavity flow, a buoyancy-driven flow in a cavity
with insulated top and bottom and side walls of different temperature as well as free
convection of iv heat-generating fluid. All prediction are performed on the sequence of
grids 21 x 21,41 x 41,81 x 81 and 161 x 161 in order to evaluate asymptotical accuracy of
the techniques.

It was founl that the method on the fully staggered grid of MAC-type provides much
more accurate results in compare with two other grids. In all problems the method on
this grid has indicated the second asymptotical order of accuracy.

The methotls on the basis of the regularizing operator and second order approximations
lead to similar -esults on non-staggered and partially staggered grids. It is interesting that
on a lid-driven cavity flow these methods demonstrate practically the first asymptotical
order of accuracy whereas in the problem of a heat-generating fluid there is obtained the
second order fcr both techniques. A possible explanation of this fact is in peculiarities of
the pressure for this problem and the fact that the pressure is included into the regularizer.
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AN INVERSE PROBLEM OF PARTICLE SIZE MEASUREMENT ‘WITH A
LASER BEAM

Chuvachev S.N., Timofeev B.I., Timofeev L.B.

Moscow State University, Moscow, RF
e-mail: ardel @ cs.msu.su

New methods of ecology, medicine, veterinary medicine, agriculture and pharmacology
. demand accurate measurement of size and time distribution function f(r,t) o microscopic
" particles (e.g., human, animal, or plant cells) at the process of their sticking into clusters.

The devices and mathematical methods available now [1,2], do not provide the necessary

resolution. They are based on an extraction of f(r,t) from a measured angular distribution

of a scattered sounding light (wavelength A) intensity I(6,t)

1(r,0,)) = / ®(r, 6, \) f(r, t)dr,

here ®(r,6,A) is an individual scattering function for particles r. A simple enhancement
of the angular measuring points number @ (usually, @ < 50) is not enough.

A method is developed and realized that provides: conservation of the total particles
number N, §N/3t=0; the absence of f(r,t) negative values; discrete set of dispersing objects
volumes ( V, 2V, 3V_.., here V is a particle volume); and some other conditious. It is based
on an explicit computation of f(r,t) with the least mean squates approxiriatjon of the
experimental I(4,t) and the said conditions (with arbitrary weight factors). For ®(r,6,A)
specification, the traditional simplification (r>> A) is not used.

The cycle of computation by IBM PC AT 386 with ©@=2700 provides a real time
data processing with the measurement time steps At >5 s, which is sufficient for the
applications.
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CALCULATION OF CANONICAL NORMAL DISTRIBUTIONS ON THE
GROUP 50(3) AND THEIR APPLICATION

E.A.Davidzhan, T.I.Savyolova and T.M.Ivanova
MEPHI, Moscow, Russia

The orientation distribution function (ODF) of a polycrystalline sample is of
special interest in texture analysis, but the ODF is seldom if ever determined in a
direct manner. Some integral projections of the ODF (so-called pole figures (P1"s))
are measurec. with the help of diffraction experiments. The mathematical problem
of quantitative texture analysis is to calculate the ODF from experimentally ob-
tained PF’s. With any sets of PF’s the solution of this problem is non - unique.
ODF determ ned from PF’s by classical spherical harmonics method can have ghosts
effects and re gions of negative values which are caused by the loss of information on
the "odd” part of ODF. Therefore additional information about ODF structure is
necessery. We consider ODF as superposition of the canonical normal distribution
(CND)on the rotation group SO(3) [1].

The exaniples of CND on the group SO(3) and their PF’s for quartz are calcu-
lated.
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NUMERICAL SOLUTION OF REISSNER-MINDLIN PLATES WITH
HIERARCHIC FINITE ELEMENTS
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1-27100 Pawa, Halia

The Reissner-Mindlin model is widely used for thin to moderately thick plites. Despite
its simple formulation, the numerical approximation is not straightforward. When stan-
dard low order finite elements are used for the approximation the solution degenerates
very rapidly for small thickness (locking phenomenon). To overcome such a behavior non
standard formulations of the problem are usually combined with low order finite elements
to weaken or possibly eliminate the locking of the numerical solution.

In recent years high order finite elements, both as separate elements or in the.so-called
p version of the finite element method, have been introduced and succesfuly applied in
several fields, e.g., for elasticity and Kirchhoff plate problems. Following this way we have
introduced a family of hierarchic high order finite elements to solve the Reissner-Mindlin
problem in its plain formulation. Our numerical results indicate that high order elements
are able to strongly weaken the locking phenomenon for a wide range of thick 1esses. Based
on the suggestions of Refs., we have developed a family of finife element <f Serendipity
type, i.e., elements with the minimum number of degrees of freedom in order to minimize
the dimegsion of the final stiffness matrix. A natural extension was the addition of a
suitable number of degrees of freedom for comparing the performances of the two classes
of elements. The comparison between Serendipity and bubble-plus famili>s has shown
that, when the error vs. number of degrees of freedom is considered, the latter outperform
the former. Moreover, at least for rectangular decompositions, no lockin;; appears for
elements of degree p > 3. The numerical experiences are carried out on classical benchmark
problems with distributed load.
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FUNCTION PARAMETRIZATION BY USING 4-POINT TRANSFORMS

N.D.Dikoussar
JINR, LCTA, Dubna, Russia

A continuous parametrization of the smooth curve f(z) = f(z;R) is suggested on a
basis of four-point transformations. Coordinates of three reference points of the curve are
chosen as parameters R. This approach allows to derive a number of advantages in function
approximatior and fitting of empiric data. The transformations have made possible to
derive a new (lass of polynomials (monosplines} having the better approximation quality
than monominls {z"}. A behaviour of an error of the approximation has an uniform
character. A three-point model of the cubic spline (T PS) is proposed. The model allows
to reduce a namber of unknown parameters in twice and to obtain an advantage in a
computing aspect. The new approach to function approximation and fitting are shown
on a number of examples. The proposed approach gives a new mathematical tool and a
new possibility in both practical applications and theoretical research of numerical and
computationa methods.
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USING ”TG GSS” DIALOGUE-GRAPHICS PLATFORM FOR PRC CESSING
THE COSMIC GAMMA-RAY SPECTRA IN CORONAS-I SPACE
EXPERIMENT.

A.V.Dmitriev!, S.N.Kuznetsov!, S.P.Ryumin', P.N.Zaikin?, T.B.Podosenova®,
LI Petsilyak?, Yu.D.Kotov®, A.S.Glyanenko®

UNPI, Moscow State University, Russia, dalez@srdlan.npi.msu.su
2CMC, Moscow State University, Russia, pnz@cs.msu.su
3 MEPI, Russia, kotov@mz.iki.Tssi.ru

The results of cosmic gamma-ray spectrum processing by means of CAS) ( computer
applied software environment ) technology are presented. The gamma-ray spectra are de-
tected by the SONG-instrument ( SOlar Neutrons and Gamma-rays ) onboarc. CORONAS-
I satellite. This computer technology is an example of screen editing the sul ject area and
software and allows to form the intellectual work station (IWS) for experimental data
processing and operating with their graphical imaging.

The particle acceleration, propagation and absorption on the Sun and otl er astrophys-
ical objects are investigated by the SONG-instrument. One of the investigation methods is
analysis of gamma-ray lines formed in nuclear interactions between the accelerated parti-
cles and environment matter. Gamma-ray lines are observed from Solar Flares, gamma-ray
bursts and in Galactic centre spectrum. These phenomena are detected simultaneously
with gamma-ray on-orbit background associated with galactic cogmic ray interactions with
Earth atmosphere, spacecraft and detector material.

The IWS for physicist-investigator was created by means of TG GSS platform. The
main goal of the IWS is the recovery of gamma-ray spectrum from SONG-instrument
data. This recovery procedure includes: gamma-ray background analysis, ¢stimating in-
strument calibration time dependence, computer searching solar and celestiil gamma-ray
lines, study of its spectral and intensity dynamics.

The linear-exponential dependence is used as the mathematical model of calibration
function approximation. The algorithms of searching and estimating of the resonance inho-
mogeneities (lines) are based on the original version of methods using the int er-covariance
function analysis.

The data processing is realised in the form of expert prepared software i etastructures
which include, in particular, the data editing and running utilities. The operator has a
possibility to check and control the main analysis stages and to get a con puter system
dialogue. The computer system allows in many cases to avoid the spectrum distortions
caused both by external apparatuses and by own instrument electronic curctits. The IWS
possibilities were presented and discussed last year in following centres:

- Navy Research Laboratory, Maryland, Washington DC, USA.

- Marshall Space Fly Centre, Space Sciences Laboratory, Huntsville, Al: bama, USA.
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KOHIZNIIINA ®POPMUPOBAHNA OFBEMHEIX CIIEH HA OCHOBE
SKCINNEPUMEHTAJIBHHIX JAHHREX

Ho6punaun B.H., Mazunii I'.J1., IIporysosa T.B., Tpodumosuu 3.9., Yepemucuna
E.H.

Mexncdynapodnniti ynuaepcumem npupodvt, obuecmea u uedosexa ”ybua”

B noxnaze paccMaTpuBawTCA ClemyIONIMe TEMHE:

1. Tormoioruveckde KNACCH TeOMETPAUYECKUX OOHEKTOB, MBIAIOIMECA 3EMeHTaM# Upo
CTPaHCTBEHHOU ClieHH;

2. DKcne pUMeHTaNbHbE SaHHEE U coco0n IpeACTaBIeHNA UX B JOPME IPOCTPAHCTBEH
HOY CIIEHH;

3. T'eome rpuueckuit 06beKT — MHTEPNIPETAIMOHHKN CHMBOI;

4. Teom:Tpuueckuit o6beKT — MHTerpUpoBaHHEIK uHTepdelic yIpaBIeHUA [TPOLIECCON
penleHnA Hay YHO-IIPaKTHYECKNX 3a/1ay;

5. Jleren1a o6beMHOM CIIeHH;

Bce paccMaTprBaeMble TeMW oObeuHEHH €IWHON TeOPETHMKO — KOHCTPYKTHBHON Ko
[ellyeif, conepikanye KOTOPoit B cledyIolleM:

1. OcHoB ¥ TeOMeTPUUIECKOT'0 06BEKTA ABIAETCA MHOT006pa3He;

2. KauecrBeHmnle cBOMCTBA 3KCIIEPUMEHTAJIBHKX JaHHHX 00€CTeUHBAIOT yCTAHOBJCIH
CIIeIYIOIIAX :00TBeTCTBHM:

JaHHBIE - TOIOJOTMYEeCKHI poJ reoMeTpUUeckoro obbeKTa,

JaHHHE — TOIOJOTHYECKUN BUI reoMeTpMiecKoro obbexTa,

JIaHHKe - TeOMeTPUYeCKMit T 06beKTa (THIl XapaKTepH3yeT MeTPUUECKUe CROKCTBA 06T
eKTa);

JaHHEE —~ TOMONOIMYECKUA Poj, BUI ¥ TUN obberTa.

3. WuTepupeTanya reoMeTpHUecKoro obbekTa 6a3supyeTcd Ha TapaJUrMe:

METOI-CP¢ACTBA-HOTaLMA.
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VISUALIZATION IN RELATIVISTIC STRING THEORY !

Dyachin V.V., Klimenko S.V., Nikitin I.N.

Institute for High Energy Physics, 142284, Protvino, Russia
e-mail: Klimenko@mz.ihep.su

Relativistic string is a curve, which moves according to the following princi-
ple: a surface spanned in motion of the string through the space-time should have
an extreme area. The physical destination of string theory is the description of
strongly interacting particles (hadrons), which are treated as strings with character
size 107" cm and tension 10 tons. Strings with smaller size and greate - tension are
also used in Grand Unification Theory. .

Interesting property of classical string theory in the space-time witl low dimen-
sion (3 and 4) is a presence of topologically stable singular points. Singularities on
strings have a form of cusps, where the linear density of energy infinitcly increases.
In 3-dimensional case cusps behave like point particles on the string they move
with a speed of light, scatter or annihilate in collisions, can form couplzd states. In
4-dimensional case cusps appear only for one instant, periodically in the same place
on the string. These phenomena were described in [1].

In works {2] the exotic sector of classical string theory was considere, containing
strings with negative energies and negative square of mass. Such extraordinary
phenomena as creation/annihilation of strings in vacuum and ultra-light average
motion of system with sub-light motion of parts are observed in this sector.

In the cited works specially developed programs for string visualization [3] were
used. These programs generate the images of string evolutionary surfices and also
represent string dynamics as interactive computer film.
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ON A VARIANT OF DOMAIN DECOMPOSITION METHOD FOR SOLUTION
OF MATHEMATICAL PHYSICS PROBLEMS

Egorov A.A.

Byelorussian State Universily
Skoryna av., §, Minsk 220050, Belarus
e-mail: Karzyuk@FPM.BSU. Minsk. By

The domain d :composition methods are used widely in the solution of partial differential
equations in o-der to reduce the problem to some separate problems in more simple sub-
domains. Suct methods are especially effective when they are realized on multiprocessor
parallel comp1 ting systems. Two main approaches are considered in this method. The
first one is connected with using implicit difference schemes which are solved by iterative
processes like component-wize splitting-up method, alternating direction method and oth-
ers. The second approach is characterized by constructing noniterative methods directed
to nonstationary problems. In both cases it seems most perspective to use multicompo-
nent alternating direction schemes [1,2], which have several advantages in comparison with
classical schemes. .

In this repcrt the new method of net domain decomposition is suggested. It involves the
construction o1 the explicit iterative schemes with the improved convergence conditions in
each subdomains. Multicomponent alternating direction method is used for this goal. By
virtue of their intrinsic structure these algorithms do not demand the sweep method and
give high degree of parallelizing. Convergence of the iterative procedures are investigated.
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APPROXIMATE FORMULAE FOR FUNCTIONAL INTEGRALS BASED ON
INTERPOLATION OF MEASURES

Egorov A.D. and Zherelo A.V.

Institute of Mathematics, Academy of Sciences of Belarus
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In this report appoximate formulae for computation of functional integrals with respect
to a class of quasimeasures are given. The integrals are defined on a space of functions
X = X[0,T] and the quasimeasures have characteristic functional of exponential form with
some special symmetric 2p- linear form as a power.The formulae are based on interpolation
of quasimeasure and generalize analogue formulae for integrals w.r.t. gaussian measures
[1,2]. '

More exactly, we exploit the formula

J Heu@) = [ fe)dpala) +

w0 [ [ 8- Bo)t, st

Xf(ZP)(I; t, ...,tgp)dtl LR dtzpdﬂsds,

where f(3?) is the functional derivative of f(z), B(t1,...,t2p) is the kernel cf above men-
tioned symmetric 2p- linear form, in order to receive an expansion including integrals on the
space X[O,T/2l] = 1,2, .... Here (B et Bo)(tl, ...,tgp) = .B(tl7 ...,tgp) - Bo(il, ...,tgp), Hs

is the quasimeasure like p with B(%;, ...,t2y) replaced by By(t1,...,t2p) = sE'(ty, ..., 12) +

(1 —8)Bo(ty,...,t2p). Special choise of the kernel By = By(ty, ..., t3,) corresponding to o

is used.

The integrated functionals have the form f{z(-)) = exp {fOT V(z(r)) dr} where V(y), y €

R, is a sufficiently smooth function. Functional quadrature formulae similir received in

[1] are applied to evaluate integrals on X[0,7/2".
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CRITICAL-COMPONENT METHOD
SOL' JTIONS OF ILL-POSED LINEAR ALGEBRAIC EQUATIONS

G.A.Emel’yanenko, T.T.Rakhmonov, E.B.Dushanov

Joint Institute for Nuclear Research (Dubna)
Laboratory of computing techniques and aulomation

In the report, a new effective critical-component method, offered in refs. {1, 2, 3] for the
inversion of tae Cs-tridiagonal matrices of the general form, and solution of the systems
of the linear cquations C3- X =Y;Cy- X = f; A- X = F, where C; — two-diagonal and
A - complete y filled quadratic matrices of the general form, is considered.

The analysis of the numerous calculations on IBM (including the known ill-posed
matrices Cy, C3, A) with the use of the new programs created on the base of the al-
gorithms of tie critical-component method indicates, that in the case of Cs-tridiagonal,
C,-two-diagonal matrices, these programs generally exceed, in most respects, any of known
programs of the similar type. In the case of A-matrices new programs, having generally
better precisi»n characteristics, concede only to DEQN - the best program among the
known ones o CERNLIB-CERN program library (Short Writeups). Application Software
Group Computing and Networks Division. CERN, Geneva, Switzerland (May, 1993).
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ORTHOGONAL WAVELETS ON LOCALLY COMPACT ABELIAN GROUPS

Yu.A.Farkov

Higher Mathematics and Mathematical Modelling Department, Moscow State Geological
Prospecting Academy, Moscow, 117873 RUSSIA
e-mail: kochel@fly.triniti.lrostsk.nu and dyner@glas.apc.org

Let G denote a locally compact Abelian group. We write L%(G) = L* G, 1) where p
is the Haar measure on G. Suppose that H is a discrete subgroup of G such that G/H
is compact and there exists an automorphism A of G such that A(H) C H. Let us say
that a pair (G, A) is admissible if (i) G is metrizable and second countabl: and (ii) 4 is
continuous and its inverse A~! is a contraction. For this kind of (G, A) th2 concept of a
multiresolution and the semiorthogonal spline wavelets were studied in [1].

Let s = card(H/A(H)). Using the concept of QMS-systems (see [2] for the deﬁnmon)
we give the general scheme to constract the orthogonal wavelet bases {1;(A’-—h)|1 < i <
s—1,j€Z,h € H}in L% G). We show that for the admissible pairs (G, A) cur scheme can
be realized in the cases related to some recent generalizations (see [3]) of t1e Schoenberg
interpolating theorem and the Shannon-Whittaker—-Kotel’nikov sampling theorem. The
corresponding generalizations of the classical Littlewood—Paley decomposition will also be
presented.
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THE APFLICATION OF THE COUPLED-CHANNEL CODE TO THE
NUMERAL ANALYSIS OF THE NUCLEAR REACTIONS WITH
RADIOACTIVE BEAMS
S.A.Fayans

RSC' Kurchatov Institute, 123182 sq.1.V.Kurchatova, Moscow, Russia
e-mail: fayans@cpuvl.net.kiae.su

O.M.Knyazkov

Physical Research Institute, Sankt-Petersburg State University
198904 Uljanovskaja 1, Sankt-Petersburg, Russia
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Joint Institute for Nuclear Research
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141980 Dubna, Moscow Req., Russia
e-mail: kuchtina@lcta7.jinr.dubna.su

The modified version of the ECIS code (1] is applied to the analysis of the reac-
tions with nuclear radioactive beams. Both quasielastic scattering angular distribu-
tions and total reaction cross sections at different energies are under consideration.

The coupled-channel calculations have been performed for the elastic scattering
of light exotic nuclei on stable target-nuclei. A fairly good description of the known
experimental data [2-5] is obtained within a rather restricted range of the two free
parameters for volume and surface absorption. The influence of these parameters on
the total reaction cross sections is investigated for different systems. The performed
analysis copfirms the long neutron tail (halo) in ''Li and supports a rather thick
proton skin in B and, to a lesser extent, in "Be.
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ON CORRECTNESS OF THE SYSTEM OF NONLINEAR
OPERATOR-DIFFERENCE SCHEME !
Fugeny M. Fedotov
Kazan State Universily, Kazan, Russia

e-mail: Eugeny. Fedotov@ksu.ru

We consider the system of nonlinear operator-difference scheme (ODS)

v+ A (X, D(5,9)) = ¢(t)
xe = P (x9, D(v,9))
y(o) = Yo, X(O) = Zo,
where wr = {Oa Tyeu- 7T}7 (% X)(t) € Hh = Hl,h ® H2,h7 X(Uo):UOX + (1 - UC)X’ (;.'/0,10) €
Hp, and D, A, P are nonlinear operators: D: Hyp — Hyp, A: Hy — Hypu P: Hy —

Hap )
Let form D(y,v) be

» tew =0 \{T}, (1)

D(y,v) = /01 D(owv+ (1 - ox)y), or D(y,v)= ZlkD(okv+(1- o)),
k=1

where o, I €0,1): Sl =1, . .

Proved: Let operator D be strong monotone and potential, operators A and P be
satisfied of some assumptions of smooth and A(wv,%) is monotone in 7, when arguments of
all operators are in locality of some fixed element of H,. Then there is sol'ition (y,x)(t)
of ODS (1).

The results on the local correctness of ODS (1) is applied to study the solvability and
convergence of special difference schemes for the nonstationary Navier-Stokes problem in
Lagrange variables in assumptions of existence of a smooth solution of taie differential
problem and sufficiently general assumptions on functions which equations contaim.

encouraged and supported by Russian Foundation of Basic Research under Grant 9:-01-00400.
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SOME DIRECT AND INVERSE PROBLEMS FOR ONE THREE-PARAMETER
COMPLEX POISSON DISTRIBUTION

Galkin V.Ya.

MSU, Moscow, Russia
e-mail mechen@cme.msk.su

The direct and inverse problems for three-parameter complex Poisson distribution with
generating function

k
P(z; X, e,k) = exp(A Z((l —e+ez)V 1))

v=1

are solved.

Three proabilistic problems are possed that result in such
distribution. ;ome properties of it are ascertained such as the explisit form of the proba-
bility functiors P, and distribution F'(z), moment characteristics (cumulants and central
moments), recursive relations between them, derivatives of any order of the probability
function with respect to continual parameters A and « .

Direct prcblems - calculations of P,(F(z)) and of different moment characteristics
with given parameters are solved by recursive relations per n and k. The examples of
calculations a-e given as well.

The inverse problems - of point éstimation of parameters A, € and k under sample of
the finite size ire set and solved. The estimates of the moments method of all the variants
of A, € and k estimation are received and investigated. The asymptotic shifts and the
dispersions of the moments method estimates are put down. The system of the equations
of maximum ikelihood is also put down. In particular case (k=2) one its integral is
recieved. The model problem is numerically solved.
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NONLINEAR DYNAMICAL MODEL OF EVOLUTION OF A 3-COMPONENT
SYSTEM CONSERVING TOTAL NUMBER OF OBJECTS

A. G. Galperin!, V.M. Dubovik?, V.S. Richvitsky®

JINR, 1 - LHE, 2 - LTPh, 3 - LCTA, Dubna
e-mail: galperin@main].jinr.dubna.su

A mathematical model, allowing to forecaste the distribution of vote's, casted for
some candidates to the post, has been studied. The model offered here is a modification
of Volterra-Lottka nonlinear differential equation system, and closer to one was used by
D.S. Chernavsky et al [1]. Let us considered this problem for simple most and frequently
appared situation: to select one of the two candidates, having its groups of supporters at
present and remaining voters, who make their decision during the election campaign as
a result of interaction of the three groups mentioned. Let us write the equation for the
change of number of supporters of groups 1 and 2 for 1 day denotes éa; & fa; respectively

bay A1 X a; X (1 = (a1 + a2)/A) — & X a1 X az,

6(12 /\QXGQX(I—(GI+(12)/A)+KXG.|Xﬂ.g.

The new number of supporters for the next day will be

a1 + 6aq, .

ag + (5(12.

a

a

On the plane with orthogonal co-ordinates al & a2 we are looking for the solution in the
domain to be an triangle a; > 0, a; > 0, a9 > 0,(A — a; — a3 > 0). The solution of the
system satisfies

a+a+a; = A,
af xayM xay! = C.

where A and C are constants. There do exist some characteristic regimes of oscillation
of number for each group: from near harmonic to relaxational one, and also aperiodic
stationary solutions depending on the value of the parameters. Let us note that the
model considered differs from the usual dynamical population model "preda.or - sacrifice”
the Malthus - Verhulst [2] and from the equation of chemical reaction ir the problem
of chemical kinetics due to the fact that in our case the ”voters conservation law”( the
whole number of objects remain unchanged in the system) fulfills. It is expressed by the
constrain equetion and corresponding antysimmetry of the matrix coefficients.
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AADPO®Y3IUOHHAA MOIAEJIb JUHAMWEKMN AYKCHYHA

Feappana E.B., Jauunauua E.D., Jémun O.B., JIo6auor E.A., Pusunuenxo I.IO.

119899, Mocxea, Bopobvéaw 2opvi, MI'Y, Buosaoeunecxui $-m
e-mail: riznich@orgmath.msk.su

HUssecTHo, '1T0 B MepucTeMax ( 30HaX JejeHns U $popmoobpasoBaHus ) y pacreHHA us-
MeHeHWe KOHIIE ITPAIIMM ayKCHHA MMeer KollebaTenbHH xapakrep. B Hacrosutee BpeMa Het
©IMHHOTO MHEHWA 0 TOM, KakHe peaJjibHble [IPOLIeCCH B PACTEHHMAX BHOCAT OCHOBHOMW BKJIaJi B
BO3HUKHOBEHHME TaKOTr0 peKuMa.

Jlna onucaliMd u3MeHEHMA KOHUEHTPAIMM ayKCUHa B MePUCTeMaX HaMM ITpe/liaraeTcs
1 dy3NOHHAR MOJEb, KOTOpaA OT/IMYaeTcA oT OOWUHRX ypaBHeHHMH ~peakuus - Huddy-
3uA” HeJMHEHHOH 3aBUCHMOCTEIO KO3 pHUIMeHTa U] Py3uH ayKCUHa U MpelcTaBageT coboii
KBasMJIMHENRHYW) cucTeMy Mapabonmdeckoro Tuna. Kpome 3Toro, B aaHHOW MoZesi¥ yuTeln
aBTOKATaIMTUY 3CKU CHUHTe3 ayKCHHa u/WiH ero unruburopa [1].

du partial ou

T fak (u,¢) + fin(u,¢) + TDI (u) e
de partial _ Oc
37 = Yak (u, )+ gin(u,c) + —O:C—_ng:—c—’

rae u(z,t),c(z,t) -- COOTBETCTBEHHO KOHUEHTPAIMK ayKCHHa U MHrubutopa,

fak (U, C) 3 fin (U, C) yGak (U, C) s Gin (U, C)

~(byHKIIMH, O CHBAKILHUe [IPOLIECCH aKTUBAIVKM M MHAKTHBALIMM ayKcHHa H MHTUOMTOpa.

B oTcyTcTBitM MHTHOMTOpa pellleHHeM I1epROTo ypaBHEeHWA CHCTeMHl fABJAeTcA bGerymas
BojiHa. B cBow ouepedn, pellleHHe BTOpPOTo ypaBHEHHA CHUCTEMB TOXE MOMKeT ABAAThCA Oe-
ryuei sonnei { Tuna Koamoroposa - [lerposckoro - [Tuckynosa unm 3ennaosuda - Ppank-
Kamenerkoro ). JlanHad MoJenh No3BojiAeT He TOJBKO OLEHUTb pa3Mep MepHUCTeMaTH4eCKoH
30HK, HO M ONPCEUTh BKJIA/J MOJETbHHX KOMNOHEHTOB, BJMAIONMX Ha KMHETUKY ayKCHHA.
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QUARK AND GLUON JET SEPARATION USING NEURAL NETWORKS

FOR THE SOLENOIDAL TRACKER AT RHIC
G. L. Gogiberidze

Joint Institute for Nuclear Research, Particle Physics Laboratory,
141980 Moscow region, Dubna, Russia, E-mail: goga@sunse.jinr.dubna.su !,

This paper presents an application of the quark-gluon jet separation using neural nets
for the RHIC STAR Detector. The discrimination is possible due to the diflerence of the
branching of quarks and gluons according to QCD. That displays in visible variables such
as the part of momentum, which carries the leading particle of the jet, the jet "width”
and the number of particles in jet cone.

Picking out of the following processes (as qg — qg) in polarized protons will help to
obtain information on the gluon spin distribution. i

Jets were generated with PYTHIA subprocesses f;f; — fif; and gg—gg with -.6 <
abs(n) < .6 and range off allowed 72 = v/3 € [60.,80.] GeV for interacting partons.

For each event were selected charged particles (that can be detected by TPC) and =°
(which can be calculated using energy deposition by « in electromagnetic calorimeter) with
Pr > 0.5 GeV. Jets were recognized by a cone-type jet-finding algorithm. If transverse
energy of jet is greater then 20 GeV, and n;e; € [-0.6,0.6] the jet was accep ed for future
consideration, In total, 9000 jets of each type were generated; 7000 of them were used for
training and 2000 for test purpose.

Our strategy was to use such variables that describe jet, az a whole object.-The main
information for neural network is the concentration of the jet energy - numb:r of particles
N¢ needed to collect significantly large part E¢ of jet energy. Three vilues of Ep -
60% , 80% and 90% were used. The jet transverse energy, the minimum and maximum
second moments of the jet in (¢ — 8) plane, and the part of the energy in Y semicircle,
which belongs to jet, we also use as input variables When input variables h:.ve essentially
different magnitude the network concentrates at the variable with the larzest one, and
hardly learnsz the others. To prevent such defect all input variables were moved to a "flat”
form X = 1325 i

. dx
ZImin

The neural network was the feed forward type with 7-10-1 architecturc in JETNET
package frame. After 60 epoch of training the probability of the correct id2ntification of
the jet type reaches 75%.

! Permanent address: Institute of Physics, Georgian Academy of Sciences, GE-380077 Tbilisi, Georgia

71



STABILITY CRITERION FOR DIFFERENCE SCHEMES WITH VARIABLE
WEIGETS FOR 2-DIMENSIONAL HEAT CONDUCTION EQUATION.

Alexei V. Goolin and Sergei L. Degtyarev

M.V. Lomonosov, Moscow State Universily
e-mail: VECHMET@cs.msu.su

The differ :nce scheme with variable weights is studied for equation
du 0 Ju a Ou
o2k il 2k el
ot 0z, ( 1(11’12)311) t Oz, ( 2(11712)312)

with first typ: boundary condition in G(0 < z, < ly, & = 1,2). The rectangular nonuni-
form grid are supposed for space variables and constant time step. The stability criterion
of difference scheme is obtained with respect to initial data. We formulate theorem here
for case k;=k;=1 and uniform grid with steps h, in the direction of z,,a = 1,2 for the
sake of brevity. The difference scheme

y?j+1 — Y n’+1 n
St = 0 Any 4 (1 05) Any; (1)
(l,]) cw,w= {(27])|2 = 1527'"9Nl - 17] = 1a2’"'7N2 - 1}»
¥ = 0,(4,5) € Ow,n=0,1,...
has been stud ed where Ay is flve-point Laplace operator, yf; = y(zi, a:';, ty), ot = ihy, z% =
= jh27 o =nr.
Let us associate with scheme (1) the eigenvalue problem

YVa(pio15%i-15 + pir1iYivrs) + v2(pi—19i-1 + i1 ¥4 )+
+(q = 2(n + 72)ps — Dyi = 0, (5,5) € w, (2]
¥i; =0, (4,5) € 0w,

where 7, = 7/hk,a = 1,2, p;; = o;; — 0.5.

Let us denote by [ly™|| the grid L;—norm of 7.

Theorem 1. If scheme (1) is stable in some norm, then all eigenvalues of the
problem (2) cre nonnegative. Conversely, if the minimum eigenvalue of problem (2) i
nonnegative then the inequality

“Ahy'"-+IH S ”Ahy‘nllvn = 03 17

takes place, s> that scheme (1) is stable.

The solution of the problem (2) can be obtained in explicit form only for some special
sets of o;;. In the general case the smallest eigenvalue of the problem (2) can be calculated
numerically.
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ABOUT THE METHOD FOR A SUBAPERTURE TESTING INTERFEROGRAM
REDUCTION

V.B. Gubin

Russian University of Peoples’ Friendship, Moscow, Russia

For a long time was clearly, that the shape of an optical surface can be controlled
by several interferograms representing overlapping parts of the same sur’ace, and the
technique of determination of the shape was correct in the beginning [1,2]. 1'or this, there
was required to minimize the deviation of the polinomial approximation from a whole
data set by varying of a set of coefficients, relating to the shape of a surface, and sets of
coefficients, relating to orientations of a surface at different measurements. However in
the beginning of the 1980’s this algorithm was replaced faulty. On the basis of formal-
mathematical reasons the authors [3-5] etc. have omitted the necessary requirement of an
overlapping of the measuring areas. Basis of their reasons was that the Zernthe polynomial,
the radial part of which is present a combination of degrees of a radius-vector, on a greater
circle is presented by a combination of the Zernike polynomials with degrees, not exceeding
an initial maximum. If the real surface was really presented precisely by :. combination
of finite set of polynomials, and if there was not measuring errors, this conclusion was
justified. But the shapes of real mirrors are not analytical functions and are not described
precisely by the finite polynomial sets. Therefore the mutual connection of slgpes of the
parts of the surface, testing in different measurements, can not be confidently established
by the continuation of approximation of one area to another. Second, it is “equired more
polynomials for approximate of the greater area than for approximation v/ith the same
accuracy of the smaller area, but the authors of a "modernized” method take - hese numbers
equal on the mentioned above basis. So, the error occurs because of mixing; of analytical
properties of the approximation and of the real surface.
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TWO-DIM ENSIONAL STEFAN PROBLEMS IN GROUND FREEZING AND
RELATED TOPICS.

Yuri Hohlov

Steklov Mathematical Institule, Russian Academy of Sciences
Moscow, 117966, Vavilova Sir., 42, Russia.

Konstantin Kornev

Tte Institule for Problems in Mechanics, Russian Academy of Sciences
Moscow, 117526, Prosp. Vernadskogo, 101, Russia.

The lecturz is aimed to review an effective technique developed recently for solving
the problem eititled and to study in detail the physical effects which appear during the
solidification cf liquid under the hydrodynamic field. The main efforts will be directed to
analysis of twq, dimensional one-phase Stefan problems (dendrite growth in porous media
or in the Hele-Shaw cells and so on) and peculiarities of limiting two-phase free boundary
problems.

The problem admits a formulation in terms of non-local Léwner-Kufarev type PDE for
analytical func tions which gives a useful tool for study the nontrivial effects. We shall show
that mathematical formulation of some physical problems coincides with that of the well
known Hele-Sliaw problem, in particular, the evolution of solitary dendrite is described by
the Polubarinova-Galin equation.

Two-phase problems can be also reduced to a system of nonlinear equations of the same
kind, however the straightforward mathematical analysis of such problems becomes hin-
dered. At the same time, in most physically interesting situations the problems mentioned
above have steady limiting statement in terms of free boundary problems. Fortunately,
these free boundary problems are reduced to some boundary value problems for analytic
functions and can be effectively solved by technique of the boundary integral equations.
We shall demonstrate in detail the methods proposed.
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CALCULATIONS OF ENTROPY AND CRITICAL PHENOMENA BY MONTE
CARLO METHODS !

Chin-Kun Hu

Institule of Physics, Academia Sinica, Taipei 11529, Taiwan, ROC
FEmail: huck@phys.sinica.edu.tw

Calculations of Entropy and Critical Phenomena are challenging problem: in computa-
tional physics, which have attracted the attention of many researchers. We have proposed
histogram Monte Carlo simulation methods (HMCSM) [1, 2, 3, 4], which :re useful for
solving these problems. There are two versioiis of the HMCSM: simple sampling (SS) [2, 5]
and important sampling (IS) [3, 4]. Our SS-HMCSM is simpler than our I$-HMCSM; it
may be applied to random percolation models on very large lattices and corielated perco-
lations corresponding to spin models or hard-core particle models [6, 7] on not too large
lattices. Our IS-HMCSM may be applied to correlated percolation on larg: lattices and
it is still simpler than the method of Ferrenberg and Swendsen [8]. Our IMCSM may
be applied to calculate very accurate entropy of phase transition models with relatively
little effort. The HMCSM may also be combined with a percolation renormalization group
method [9] to obtain very accurate critical point, critical exponents, and th:rmodynamic
order parameter of phase transition models [1, 5]. Recently, we applied ou* HMCSM to
calculate the existence probability E,, the percolation probability P, and tl e probability
W,, for the .appearance of n, n = 1, 2,..., top to bottom percolating clusters on finite
square (sq), planar triangular (pt), and honeycomb (hc) lattices. Here E,(G,p) is the
probability that the system percolates and P(G, p) is the probability that & given lattice
site belongs to a percolating cluster. We found that, by choosing appropriat : aspect ratio
for each lattice and nonuniversal metric factor for each model, E,, P, and W, for six
percolation models on planar lattices have universal scaling functions [10, 11, 12, 13].
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AN APPLICATION OF TOEPLITZ MATRICES FOR QUANTUM CHEMISTRY
PROBLEMS

I. V. Ibraghimov, E. E. Tyrtyshnikov

e-mail: tghiz@inm.ras.ru, lee@inm.ras.ru

Nowadays the one of significantly problem of quantum chemistry is a search of global
minima of interaction of two or more atoms. There are many methods for the different
conditions anc properties of atomic systems which applied to solve this problem.

So general and at the same time significantly accurate methods based on Hartree-Fock
equations of Density Functional Theory are reduced to solution of variational problem for
nonlinear operator. It leads to nonlinear polinomial eigenvalue problem.

Good selection of basis for this variational problem is the open question now. At the
present a widely used basises are based on particular solutions of Schroedenger equation.
However, in tae cases the problem have two or more too proximal eigenvectors corre-
sponded to lov-est eigenvalues it is necessary to strongly increase the total number of basis
functions. It eads to computational costs to K* times for an extension of basis to A
times.

It is suggested an approach with regular basis set. The problem becomes so lattice-
ordered and some special computational methods should be used. Thus nonlinear eigen-
value problem might be represented in matrix terms as finite sum products of toeplitz and
sparse band m atrixes. Only taking into consideration mentioned above properties yields
the reducing :. computational cost of each iteration more then hundreds and thousands
times. So a deendence of the computational cost increases as about K log, K times where
K is the total number of basis functions. Moreover in some particular cases this nonlinear
eigenvalue problem might be reduced to a problem for linear equation system with several
right hand sid2s. The total size becomes nonsignificant greater (only to constant times).

This approach was tedted on several examples for determine an interaction of atoms

in crystalline lattice for widely used chemical systems. Good results of accuracy was
obtained.
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RADIO WAVE PROPAGATION IN NON-HOMOGENEOUS SPACE
WITH ROUGH INTERFACE BETWEEN TWO MEDIA

A.S.Ilinski, T.N.Galishnikova

Facully of Computational Mathemalics and
Cybernetics, Moscow Stale Universily,
Vorobievy Gory V-284 Moscow GSP 119899 Russia
e-mail: celd@cs.msu.su

We consider the practical problem of the diffraction of the electromagne :ic field which
coming into existence when radio-locating sounding of the sea water. The dependence
between the reflected electromagnetic field and the configuration of the reflected surface
is investigated. '

The most burning problem for practical applications is the inverse problem, that is
reconstruction of the electrodynamic and geometric parameters of the earth’s surface in
question by the measured characteristics of the reflected electromagnetic feld.- To solve
the inverse problem of the determination of the parameters of the reflected surface it is
necessary to have the effective numerical solution for the direct problem.

The direct problem is limited to problem in which the surface impedarnce concept is
applicable. The surface iinpedance concept is appropriate when the tang:ntial electro-
to-magnetic field ratio at the boundary is approximately independent of he, particular
excitation, as in the case of propagation over good conducting earth. At the interface
between the two media which is suitable for sea water we impose the exact boundary
conditions for electromagnatic fields.

The mathematical statement of the direct problem is the solution of Maxwell’s equa-
tions in the half-space with unregular boundary. The boundaries under cons deration may
be periodic in one direction or unperiodic. These boundaries assumed to be cylindrical
and either conducting or the interface between two semi-infinite media cheracterized by
permittivity and permeability.

The vector electromagnetic problem for these boundaries is reduced to two separate
scalar problems corresponding to E- and H- polarization respectively. The diffraction
problem is reduced to the sistem of integral equations. We constructed “he numerical
regularization algorithm based on explicit representation of the logarithmic singularity
contained in the equation kernels and to study the reflect field for the differ »nt electrody-
namic parameters.
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METHODS AND SOFTWARE
FOR SPACE ALIGNMENT OF COORDINATE DETECTORS !

Z.M.Ivanchenko, I.M.Ivanchenko, N.N.Karpenko
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The contemporary position-sensitive detector modules allow to register the co-
ordinates of @ point of a particle trajectory in its own local system of coordinates.
It is necessary to determine the parameters of the corresponding transformation for
integrating tt e measuring modules into the unified system for registration of the
trajectory information. The results of the geodesy measurements and of the particle
trajectory registration (the special test-calibrated and working physics information)
are used as the initial data. The mathematical model of the problem (an overdeter-
mined system of the nonlinear algebraic equations taking account of the stochactical
nature of the initial data) is formulated in the report and the method for the de-
cision of this problem is described. The application of the geometrical corrections
improves the precision of the trajectories and events parameters estimation and rad-
ically decreases the statistical errors of the first and second kind at all stages of the
trajectory information recognizing and analyzing.

The program CORPAR is based on the algorithm considered. Several dynam-
ically selected regimes, each of which allows the external parametric tuning, were
realized. It is possible to determine the angular and linear corrections for a local
coordinates svstems. The program CORPAR is a component of the software for
experiments carried out on the EXCHARM spectrometer on the 70 GeV acceler-
ator (Protyino, Russia)., The results of the discrete detectors (MWPC) geometric
parameters definmition are used for simulation, mathematlcal processing and physical
analysis of ex »erimental information.
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IMAPAJIJIEJIbHAA CUCTEMA JJIA MACCOBOM OBPABOTKM
QKCIIEPVMEHTAJIbBHBIX JAHHBIX (ITAPUC-96) !

N.M.NBanuenko, }0.A .Kperon

JIBTA OUAH, /lybna, Poccus
e-mail: kretovyu@dct119.jinr.dubna.su

PaspaboTka 3¢p(PeKTUBHEX METONOB ¥ CPEJCTB 06paboTKU NaHHKX 31(CIEPAMEHTOB
B QU3MKe BHCOKUX SHEPTHil JOKHA MPAMO YUIHTHBATh NHKJIONUYECKHE ¢ BBHEME SKCITe-
PUMEHTANbHEX JaHHKX, TPeOYIOMAX OrPOMHOIO KOIMYecTBa BHYHUCIenal. Hanpumep,
B nurie skcnepumertoB EXCHARM (V-70, Ilporsrro) ana o6paborky sngoro daiina
IaHHHX, PErHcTpUpyeMHX B Tedenue 18-20 MAHYT peanbHOro BPEMEHI, TOJIBKO JUJIA
neppudHOil 06paboTru Tpebyerca oxono 10 4acoB nponeCcOPHOrO BpPEM *HHM Ha caMoi
mongoit UNIX-9BM obwenucraryrcroro nonszoBanud. Qo U3 HaupaBIeHHN [OBH-
UIEHHA [IPOM3BONUTENLHOCTE B 3G PEKTHBHOCTA CACTEM MaccoBoif obpal.oTKM CBA3aHO
C pacnapanneiuBaHEeM nponecca obpaborku.ViMenno sToT moaxon HoncKeH B OCHOBY
cosnanus [1Apamnensuoit Pacumpaemo#t Murerpuposannost rereporensoit Cucremn
(ITAPHC-96). OcuoBoit napamiennsma B pacCMaTpHBAEMOW . CACTEME .IBJIAETCA pac-
napamiendbanne AanuHix. CozfaBaeMaf CACTEMa BHJIIOYA€T PAa3NAYHKE KOMIbIOTEPH
mox OC UNIX, cpasannue vepes cers ETHERNET (II9BM, soxan,uue paboune
CraHOud, HeHTpanusoBanHie KoMubioTephl). Hiacrep ITAPUC cospactca mo cxeme
xiarert/cepsep. CepsepoM aBiferca BaieneHas# koMubiotep nox OC LINUX, npe-
mocTaBAOLMY KieHTaM(pabounM MakpOMOny/LAM) TaKUe PecypCH, Kak obniee AMCKO-
BO€ IIPOCTPAHCTBO ¥ IIPOrPAMMY-MOHATOP [JIA JOCTyNa K OUepE/AM BBOLL/BHBOMIA JaH-
HHX. YTpaBieHHe BCeM KJIacTePOM JOKAIM30BaHO Ha cepBepe. KimeHti mcmombayroT
coberernuit 11 nua o6paborka undbopMannu, a gaHHHEe 6epyT C cepBepa. 3amyck
YOANEHHHX 3a/lAHUH Ha KOMIbIOTEPaX-KIMEHTaX IPOU3BOIUTCA aBTOMATI{YECKH CIEMH-
ampHOM pe3sHIEHTHOM! IPOTpaMMoOl, KOTOpas BHIOIHAETCA Ha cepBepe. Bce ycrpolicrsa
sHemnelt namaty (crpuMepn Tunra EXABYTE) nopxitouenu k cepsepy, 103ToMy THTa-
baiTHHE HHGOPMANHOHHKE IOTOKH JOKAIA30Banl. Maxpomonyad cucre Mu b6iarogapa
UX MyJIBTHIPOrPAMMHOCTE MOTYT HCIOJb30BAThCA B MHTEPAKTHBHOM DeEHME JJIA MO-
HUTODHMHTA, aHAld3a JAHHKX , IOATOTOBKM IPOIPAMM M T.N. Ha (hOHE IPOXOHJEHHA
OCHOBHOTO IIPOIEcCa-aBTOMaTHIeCkol MaccoBoi obpaborkn namunx. O-:HoBHHe CBoif-
CTBA CHCTEMH: BRICOKaf IPOU3BOAMTENHHOCTD; MaCIITABMPYEMOCTh; HEBHOKHE 3aMPOCH
pecypcos pabounx Mouysell (MHTEHCHBHO Hclons3yeTca Toabko LIIT); BosmoxHOCTS HC-
HoJb30BaHMA yaaneuunx YBM, Tak xak WHTEHCHBHEN 0OMEH ¢ BHEIIHMMH HOCHTEIAMHA
JOKAJIM30BaH BHYTPH CEPBEpPa; BHCOKAA HAJEKHOCTb; BHCOKAM YPOBEHh aBTOMAaTH3a-
LHH.
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FAST COMPUTATIONS WITH DISCRETE POINCARE-STEKLOV
OPERATORS FOR THE BIHARMONIC AND LAME EQUATIONS.

B.N. Khoromskij, E.G. Nikonov

JINR, Dubna, Moscow region, 141980 Russia
e-mail: nikonov@cv.jinr.dubna.su

Fast iterative solvers for the first biharmonic boundary value problem (BVP) and for the
Lamé equation are presented. A biharmonic BVP is solved by the conjugate gradient (CG)
method with spectrally equivalent interface preconditioner based on an almost optimal al-
gorithm of a matrix-vector multiplication for the matrix which corresponds to the discrete
biharmonic Po ncaré-Steklov operator [3]. This algorithm was applied to solving the two-
dimensional L:mé equation. For a particular harmonic BVP, the cascadic CG[4] and CG
with the multi.evel preconditioner on the refined interface [1, 2, 5] are used. Results on
comparative analysis of both algorithms and computing tests are presented.
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B-CONVERGENCE OF L-DECREMENTED ROW METHODS. !

Kochetkov K.A.
Shirkov P.D.

Institute for Mathematical Modelling. Russian Academy of Science, Miusckaya sq. 4-4
Moscow, 125047, Russia
e-mail: kkiridll@imamod.msk.su
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Many applied problems lead to the Stiff Ordinary Differential Equaiions (SODE)
systems. Among them there are chemical-kinetic problems. transitional processes
in electrical circuits and some other problems. for example, heat coduction and
diffusion problems which can be transformed to SODE by method of lines. These
applications are very important, therefore a lot of special methods and program
codes (such as BDF- and ROW-methods., Gear code, LSODE. RO ete) were
produced by different authors. But most of these methods and codes are insufli-
ciently universal and necd considerable expenditures for adoption t¢ problems of
different types.

ROW methods, which will be discussed, seem to be more efficient in comporison
with Rosenbrock schemes with complex coefficients and IRK ones becwuse they use
only real arythmetic, do not need iterations and Richardson extrapo ation for the
error cstimation and time step control. There are found some schemes which allow
to make an exact calculation of the main term of truncation error {(¢nd time step
cvaluation) and satisfy to additional properties of A-stability and L-stability.

There was done theoretical and numerical investigations of B-convergence this
methods on typical model problems usually used in ODIS theory ( Kaps, Prodero-
Robinson, Van der Pol problem). There was shown that effective order of B-
convergence of L-decremented shemes is at least just the same as for DIRK methods
while the real accuracy is better.

Lencouraged and supported by grants of RFFR N94-01-01618, N94-01-00490A wnd Minestry of

Science of Russian Federation.
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DERIVATIVES OF THE DIGAMMA AND COTANGENT FUNCTIONS FOR
RATIONAL ARGUMENTS

K.S. Kolbig
CERN, CH-1211 Geneva 23, Switzerland

It is well-kr.own that, for rational arguments z = p/g, the digamma function ¥(z) =
dlogI'(z)/dz can be expressed in terms of trigonometric functions and logarithms. This
is a classical result which goes back to Gauss.

Using prop:rties of the polylogarithm function Li,(z) on the unit circle, in partic-
ular the invers'on formula which relates Li,(2) to Li,(2~1), it is shown that the higher
derivatives of 4 (2),1.e. the polygamma, function (*}(z), can be expressed, for rational ar-
guments z = p,'q, in terms of trigonometric functions and the Clausen function Clg4i(7z)
for rational z =: j/¢(0 < j < ¢ — 1). The formula for ¥(z)(k = 0) is then a special case.

With the help of the reflection formula for (¥ (z), which relates ¥(¥}(p/q) and »*¥}(—p/q
via the higher .lerivatives of the cotangent function cot 7z for rational z = p/q, formulae
for the values of ¥(¥)(p/q) in terms of trigonometric function and Bernoulli numbers are
established.

By using tliese results and certain special values of the Clausen function, the even
derivatives of 1/(z) forz =a and z = 1 —a, where @ = ! and o = %, are shown to be

6
expressable in 1he form

(2k)
{ z(%)g(;)_ a) } = —r{(2k+ 1) F rpV3nt,

where ((n) is tt e Riemann zeta function and r; > 0, r3 > 0 are rational numbers which de-
pend on « and &; in particular 75 is a weighted sum of Bernoulli numbers Bg (0 < & < k).

In this cont:xt, formulae for the derivatives 111(")(1) atr = ;—, z = % are given in terms
of Bernoulli nurabers, Euler numbers, the Riemann zeta function {(2k+1), and the related
series of reciprccal powers of integers G(2k).

Finally, by ising certain of the values of ¥{¥)(p/q) so obtained, a few special cases of

the generalized hypergeometric function g4 Fy((a),b; (a+1); 1) with rational a,b € @ are
given in closed form.
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THREE-BODY RESONANCES IN FRAMEWORK
OF THE FADDEEV CONFIGURATION SPACE APPROACH
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The present work (see details in [1]) is devoted to developing a numerica. algorithm to
search for three-body resonances on the base of recently found explicit representations [2]
for the three-body T-matrix in unphysical energy sheets as well as analogous represen-
tations for the scattering matrix and resolvent. QOur method is based o1. a statement
following from the representations [2], that three-body resonances in an un>shysical sheet
Il; are actually those values of energy z for which a suitable truncation S;(.z) of the total
scattering matrix S(2) considered in the physical sheet, has eigenvalue zero.

In the work we utilize a code based on the finite-difference algorithm |3,4], for com-
putations of s-state nnp resonances situated in the unphysical sheet Il(g ;) connected with
physical one by crossing the spectral interval (Fy4, 0) between the deuteron energy z=Eq
and breakup threshold z=0. We solve the two—dimensional Faddeev integro—differential
equations [4] with (2 — 2, 3) asymptotical boundary conditions at complex :nergies z and
extract the scattering matrix truncations So;(2) = 1 + 2ia(z) with a, the amplitudes of
elastic nd scattering in the physical sheet. The nnp resonances in the steet Il(g,) are
searched for just as the roots of the function Soi(2). The algorithm developed is also
applied to search for the resonances in a model three-boson system [1].
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TRANSITICNS FROM PERIODIC TO GLASS-LIKE STRUCTURES IN FOAM
SATURATED CAPILLARIES
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Kazan University, Russia

The proble n of foam distribution in porous media exites interest due to wide applica-
tions of foams in different technologies, begining with oil and gas recovery and ending at
medicine (Hansen, 1992; Kovscek and Radke, 1994). It is found (Hanssen, 1992; Kovscek
and Radke, 19%4) that a foam-saturated sample can withstand a finite pressure differential
in the absence of motion, if all active channels are blocked by foam lamellae. This issue is
of interest for Letter understanding of initial penetration of the externally applied pressure
difference into a porous sample saturated by gas and foam.

If compres:ibility of the gas in bubbles is not accounted for, to increase the pressure
by a factor of .Ap in a sample with macroscale L it is required to overcome the very large
capillary barrier Ap = oL/r?, where o is the surface tension and r is the pore size. The
experimental values are essentially lower than this estimate. It turns out that allowance
for the gas compressibility offer a clearer view of how the capillary barrier is broken.
Notice, that the mathematical statement of the problem is close to that of the problem of
the critical fiell determination for vortex creation in a Josephson superconductor (Hansen
and Lindelof, ® 984; Kornev, 1995).

We consider the 1D model of foam in porous medium as a bubble chain immersed
in capillary wi:h wavy crossectional area. The model is close to the Ulam mapping and
the problem of determination of the critical pressure drop required to shifting the bubble
train is rediiced to analysis of transition regular-chaotic regime for this mapping. Using
the computer experiment based on the theory of dynamic system we find the critical
pressure drop ¢s a function of input parameters such as surface tension, gas compressibility
and number of lamellae in train. Conditions for transition from periodic to glass-like
distributions o foam lamellae is found and comparison with existing experimental data is
presented.
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MODELLING OF TOROIDAL PLASMA EQUILIBRIUM EVOLUT!ON WITH
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The work is devoted to mathematical modelling of phenomena in toroidal systems with
magnetic plasma confinement, such as tokamaks.

In “quiet” regimes the tokamak plasma is in a near-equilibrium statc. This state,
however, does not remain unchanged. On the one hand different plasma processes lead to
a slow rearrangement of magnetic field, by changing the pressure and curre1it, and on the
other hand these plasma processes are themselves influenced by the magne:ic field. Thus
there is self-consistent evolution of the plasma column and its gradual trans:ition from one
quasi-equilibrium state to another.

Most existing models give either too general a formulation, which is very difficult to
implement, or concentrate on one or other particular aspect of the prolblem, ignoring
the others. In particular they do not allow accurate self-consistent description of some
important phenomena, such as externally driven non-chmic currents.

The problem of toroidal plasma equilibrium evolution with account of non-ohmic cur-
rents is considered. With the help of a special choice of phase space var ables and the
introduction of special unknown functions, the problem is reduced to the coupled solution
of (i) the system of two, strongly non-linear equations involving the partial derivatives
for the magnetic field and (ii) the system of four non-linear transport eque tions that de-
termine the evolution of quantities like the spatial distribution of plasma pressure. The
mathematical formulation of the problem is given with discussion of its sp>cific features.
A complicated numerical algorithm was developed, and the code SCoPE was written to
solve the problem. Results of numerical modelling for tokamaks plasma of different ge-
ometries are presented. It is shown that the intrinsic pressure-gradient-driven currents
can play an important role in the evolution process. In particular, these cuirents can lead
to the current density being greatest away from the plasma centre, which may indicate
how improved plasma confinement regimes could be obtained.

Formulation and solution of the current profile control problem using ex :ernal current-
drive systems is presented. Examples of maintaining a given radial profile in the case of
strong time-variation of plasma parameters are given.

An eventual aim of replacing transport equations with more accurate k'netic (Fokker-
Planck) equations is discussed.

'The UKAEA work was jointly funded by the UK Department of Trade and Industry and by Euratom.
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THE NUMEERICAL METHOD OF SOLVING CHARGED PARTICLES MOTIONS
FORMATION PROBLEM

E. D. Kotina

S1.- Pelersburg State Universily
S1.- Petersburg, Russia

The charge1 particles motions formation in axially simmetric magnetic field in accor-
dance with the preassigned velocities field is considered. The problem of magnetic field
finding, initiati g the preassigned charged particles dynamics can be reduced to the solving
of Goursat proslem for the system of quasi-linear differential equations of the first order
[1]. We consider the way of solving this system on the base of characteristic method. For
the construction of numerical solution of Goursat problem we substitute the differential
equations of characteristics for corresponding finite difference equations. The problems of
characteristics aetwork construction, those of initial conditions choice are discussed. The
algorithm and the formulas for calculation of magnetic field components, providing needed
particles dynanics are proposed.
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NUMERICAL SOLVING OF THE TRANSPORT THEORY INVERSE
PROBLEMS BY CONJUGATED FUNCTIONS.

Krianev A.V., Vdovina O.P.

MEPHI, Dep. of Applied Math. Phys.,
115409 Moscow, Kashirskoe sh. 31

The statement of the transport theory inverse problems for the reconstraction of envi-
ronment characteristics and independent source distribution function is considered.

Conjugates equations relatively mesured values of the leaving radiation stream on a
boundary environment are used [1}, [2].

Continious establishment approaches and discrete iterative analogues are suggested for
a numerical solution of linear and nonlinear transport theory inverse proble ns.

Analysis of the stability and the precision of constructed numerical a gorithms are
carred out.
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NONLINEAR WAVES IN ACTIVE - DISSIPATIVE DISPERSIVE MEDIA

N.A. Kudryashov and E.D. Zargaryan
Moscow State Engineering Physics Instilute, Russia

Nonlinear viaves which are described by the generalized Kuramoto-Sivashinsky equa-
tion are considered [1-2]. It is shown that this equation does not pass the Painleve property
and It can not e integrable in the general case. The exact solutions in the form of solitary
waves, kink-sh¢ ped waves and cnoidal wave are presented at concrete values of parameters
of problem. Tc study the nonlinear waves in the much more general cases the difference
equation are used. Numerucal results of interaction of solitary waves with another solu-
tion are discus: ed. It is observed that the solitary wave which describes by exact solution,
interact elastically with other disturbances and behaves like a solution. Therefore the
generalized Ktramoto-Sivashinsky equation has the soliton-like solution, but only one.
However another disturbance alters with time and its amplitude increases. The process of
increasing takes place independently of the solitary wave in active-dissipative dispersive
media at differont initial condition. Other peculiarities of solitary waves were investigated.
The evolution of the periodical solution in the model also is considered. Formation of a
row of saturated soliton like pulses in nonlinear system have been observed.
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THE NEW ANALYTIC TOOLS OF THE SPASE R"

Yu. I. Kuznetsov
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The concept of R™-structure, which includes the strongly nonsingular sy nmetric matrix
A, the indecomposable Hessenberg matrix 7" and the system of biorthogonal polynomials.
is introduced. The biorthogonality nodes are eigenvalues of matrix T end the column
space the triangular matrix R (A = RTR) is the Krylov space. generatec by the matrix
T. R™-structure has only n{n + 3)/2 degrees of freedom.

The matrix 7' is symmetrix and the biorthogonal polynomials are ortl ogonal in espe-
cially important case of positively definite Hankel matrix A ( Hanke! R"-structure). The
number of freedom’s degrees is reduced to 2n — 1. It is proved that the os-illation system
with n degrees of freedom is involved in Hankel R™-structure with positively (semi-)definite
matrix 7.

The new properties of Hankel R™-structure are obtained. The conception of comple-
mentness for Jacobi matrix is introduced. It’s connected with representa ion the system
of polynomials as a function of two variables, one of which being intege-. The class of
pseudoorthogonal polynomials is described also. These polynomials have a single real
roots that is supported by weak separation of the roots of neighborhood pclynomials. The
ordering waights of pseudoorthogonal polynomials have one cliange of sign.
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AJITEBPANYECKHWE AJIFTOPUTMH OJIA YUCJIEHHOIO PEHIEHNA
O/1Y BTOPOI'O IriIOPANJKA C ITIOJIMHOMMWAJNBHBRIMHA
KO3®PUNIIMEHTAMHA

B.Jlaii, C.FO.CaasaHos

CITY, d-m evinucaumenvnott fusuxy, 198804 Canxm ITemepbype, YVavanoacxas 1
e-mail: slav@slav.usr.pu.ru

UucnenHnit pacdeT penteHui mMHeHKX ypaBHEHUH BTOPOro NOPALKA C I1OJIMHOMMAAILHHMH
K03 drImeHTaMu ( MUMEIOTCH 0COBKE TOYKM KaK PeryiapHhe, Tak U MpPeryiApHLe CBOAATCA
(Touno!!) K pemeHMI0 Pa3HOCTHHX ypaBHEHW, SKBHBaJICHTHHX HCXOTHHM UG ¢epeHIH-
JMBHHM ypaBHCHHAM. ['paHWumHKe yC/IOBHA IUIA Pa3sHOCTHHX ypaBHEHWNM CTaBATCA B COOT-
BETCTBHM C TeM, KAKOTO COpTa pelleHHe UG depeHIMaTbHOrO ypaBHEHMA Pa3biCKUBAETCH.
STo MOMeT 6H’'b pellieHHe, 3aJJaHHOE CBOMM Ipele/bHBHM MoBeleHHeM B 0co6oit TOUKe, 3To
MoxeT 6uTh pemenne Pioke, coxpaHAwuiee CBOX xapakrep npu obxone oco6oit TouKM, 31O
Moiker ORITbL codcTBeHHan ¢GyHKImMA 3agaum [ltypma-JluyBuiina, 3afaHHad CBOMM NOBese-
HHeM B IByX 0200nx TouraX. (cHOBHOM ymop Nenaercd Ha cobcTBeHHEe (yHKIMM 3anad
I typMa-Jluysuanna.

[lepexon K pasHOCTHHM ypaBHEHMAM IIPOM3BOTMTCA pasinoxendeM B pax Tsitnopa mo
cTeleHAM He3alMCHMON IepeMeHHoOIt pellileHWi IpellBapUTelbHO ~MOATOTOBAeHHON” mudde-
peHIlManbHOHK 3aau.

ITpennarae 461t MeTON BKIKOYAET

e IIpeo6paioBanue uHTepBaia paccMorperus aubo B [-1,1] mubo B [0,1] 6es raxwx mmbo
MHHIX 0COORIX TOUeK KPOMe, BO3MOMKHO, KOHIIOB MHTepBaja, BHyTPH eJIAHMUHOr0 Kpyra.

¢ [IpeobpasoBanme 3ameHoit 3aBMCHMOI mepeMmeHHOM HcXomHOro AMd¢epeHIHMaIbHOrO
ypaBHeHI A K dopMe, Tlle MCKOMEle pellleHNA MMET KOHedHhe Ipefielll B IPaHNYHbX
TOYKaX W iTepBajia.

e [IpeobpasoBanue guddepeHIMaNbHOTO YPABHEHUA B PAsHOCTHOE yPaBHEHHWe [JA KO-
3¢ duuMe HTOB pAna Tsitiopa, mpeAcTaBiAwIIEro penieHye.

o [locranonka M HccienoBaHMe IpaHMYHOR 3aJaYd JJiA PA3HOCTHOrO yDaBHEHWSA, IKBH-
BaseHTHOM HMcxoxno# 3amave lltypma-Jluysuana. [lokaszaTenbCTBO CXOMUMOCTH PAja
Tattnopa

¢ O6pe3aHite pa3HOCTHOIO ypaBHEHWA, YTO HPUBOMUAT MCXOTHYIO 3aJady B MaTPHYHHIL
BH/ C JIEHTOYHONA MAaTpHIIeH.

e Uucsnennje penreHne nuHeiHoM anrebpamveckoit 3aJayd CTaHJAPTHHMM [JIA JIEHTOY-
HARIX MAT]HIl METOIAMH.

B xauecTBe mpuMepos cHemudUYECKHX BapHMAHTOB DealM3aIllMM MeTOAAa PacCMAaTPUBAIOTCA
OuKoHII0eHTE 0e ypaBHenue [oftHa, mBakIE KOH(IWEHTHoe ypaBHenue ['oifHa M TPHKOH-
dawenTHoe ypasHenmne [oitHa. [lepBoe ¥ TpeThe M3 ITHX ypaBHeHWH MCIOJNb3yeTcA MIJiA
Mojieslelt B KBalTOBOM MeXaHMKe, BTOpOoe ypaBHEHHe B TEODMHM YePHRIX IBID.
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ON ILL-POSED MIXED PROBLEM FOR LAPLACE EQUATION

E.B. Laneev

Russian Universily of Peoples’ Friendship, Moscow, Russia
e-mail: maslennikova@udn.msk.su

The problem of analytic continuation of stationary temperature field in cylinder from
its base may be reduce to ill-posed mixed problem for Laplace equation with Cauchy
data on the base of cylinder. Stable solution may be obtained with reductin to integral
equation of first kind and application of Fourier method and Tikhonov scheme.
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USING 4PS TECHNIQUE FOR APPLIED MATHEMATICAL ANALYSIS
PROBLEMS

A_.A . Letichevsky *, P.N.Denisenko **, V.LBilenko ***, V.A.Volkov *.

* Glushkov Institute of Cybernetics, Kiev, Ukraine
** Kirovograd Technological Institute, Ukraine
*** Kiev International Universily of Civil Aviation, Ukraine

The Algetraic Programming System APS, developed in Glushkov Institute of Cyber-
netics, is based on rewriting rules mechanism. However, in distinction from traditional
approach, it is possible in APS to combine arbitrary systems of rewriting rules with dif-
ferent strategies of rewriting which may be specified explicitly by means of procedural
definitions. The, separation of equational definitions in the form of rewriting rules from
the strategy cf rewriting essentially extends the possibilities of rewriting technique enlarg-
ing the flexibility and expressibility of it.

The APS integrates four main programming paradigms (procedural, functional, al-
gebraic and logic) by adjusted use of corresponding computational mechanisms. This
approach allows the algebraic specification environment for a large class of mathematical
problems. The well-developed theory of algebraic computation may be successfully applied
to the algorit 1ms which are expressed by means of rewriting rules.

The APS basic tools for computer algebra computations were used for analytical re-
search of app ied mathematical analysis problems. In particular, modification of Dzyadik
method for solving Cauchy problem for linear differential equations with a polynomial’s
coefficients LDEPC (LDEPC' with a singular point) and LDEPC with algebraic non-
linearities is cieveloped in this methodology.

Especially, the advantages of APS-approach appeared in implementation of Buch-
berger’s algorithm. This one with a set of different heuristiques has simple and expressive
algebraic programming répresentation.

Some more efficient programs have been also developed in C. This programming lan-
guage was usad for implementation of interpreter of Algebraic Programming Language.
The program:; of APS were used as prototypes.

Dzyadyk :nethod provides the best approximation in Chebyshev metric for one dimen-
sional case. [t is similar to a well-known Lanzosh 7 - method but in the difference of
that one (7 - method is empiric) Dzyadyk method has a good theoretical background (for
instance, the Existence Theorem for approximation polynomials is proved).

Our method is more simple algorithmically than Dzyadik one. The modified method
eliminates the computation of a kernel and polynomials of the integral equation that
models LDEP'C Cauchy problem. The accuracy of solution approximation is better than
Lanzosh or Viller methods.
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NEW APPROACH IN THE METHOD OF PARAMETER EVOLUTION

Svetlana P. Litvintseva

Institute of Mathemalical Modelling Rus. Acad. Sct.
4-A Miusskaya Sq., Moscow 125047, RUSSIA
e-mail: svetlana@imamod.msk.su

The Method of parameter Evolution (MPE) was suggested by 1.D. Rodionov and developed
by him with co-authors as an effective numerical method for solving m:.ny-parametric
spectral boundary value problems of mathematical physics [1-2]. The MPE belongs to
continuation methods; its formulation on the functional level, evolution (continuation)
scheme and procedure of dimension de- creasing are given in [1]. The theorem about
convergence of the MPE is proved in [2]. Numerical algorithms were deve oped in detail
for various classes of spectral boundary value problems.

However, in previous works all numerical algorithms essentially used the logarithmic
derivatives of eigenfunctions, that is functions of the kind of D(x) = (1/u( £))(du({x)/dx),
where x is spatial variable and u(x) is eigenfunction. It is clear, that zeros f u(x) are the
poles of D(x). The necessity of accurate calculation D(x) has made the method elaborators
expend many efforts and display some inventiveness [1-2].

In this work a new variant of MPE is suggested. The new approach is jased on using
phase variables, that is eigenfunction and its derivative are presented via smooth functions
- amplitude and phase [3]. It appears that under such approach the calculation of Evolution
Operator requires the same number of arithmetic operations while appropriate functions
do not have any poles. Using extrapolation on embedded grids makes possible to reduce
the general number of operations. Besides under phase approach the poss bility to jump
from one mode to another during calculating is practically excluded, because a number of
eigenfunction zeros (i.e. mode number) is fixed by phase-function conditions.

In present work the MPE in phase variables (PhV-MPE) is developed f>r solving one-
dimensional Sturm-Liouville spectral problem, the Evolution Operator is constructed. the
Newton correction is given and the numerical algorithmn is is considered in ia detail. PhV-
MPE is generalized for the case of non-self-conjugated spectral boun- dary value problem
for second-order ordinary differential equa- tion.

The accuracy orders of six evolution schemes are studied on a simple Sturm-Liouville
problem. It is shown that the classical cvolution scheme used in previous works is not
optimal in sense of accuracy improvement with the help of extrapolation on embedded
grids. The optimal schemes are indicated.
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INVESTIGATION OF A VARIATIONAL INEQUALITY
ARISING IN NON-LINEAR NON-STATIONARY

FILTRATION THEORY !
Ljashko A.D., Pavlova M.F., Maiorova M.E.

Kazan State Universily, Kazan, Russia

e-mail: Maria. Pavlova@ksu.ru

We study tie solvability in the class of non-negative functions and finite difference
methods for the following evolutionary variational inequality:

T T
/ <a¢(u),v—u>dt+/ < A(w,Vu),v —u>dt >
0 ot 0

T
>/ < f,v-u>dt, Vv e K. 1)
0

The degeneration of the coefficients in this problem is possible both in solution ((£) =
0 for £ = 0) an1in its gradient ( coefficients k;(z, £) can be equal to zero for some £ € R").

Existence of a non-negative solution for variational inequality (1) is proved under
sufficiently general assumpions on the input data. Semidiscretisation in time and penalt
method is used in proof.

Then we ccnsider two explicit finite difference schemes with penalty operators ap-
proximating the problem (1). In the first finite scheme we use the penalty operator

B = —} u |2 u~ while in the second one the penalty operator is the grid approxi-
i 3 (~-u— _9 8(-u—
mation of 37, —E:_.“ _(__la;“ -2 !a;' 2).

The convergence of the discrete solution to a solution of (1) is established. The first
finite difference scheme is proved to be convergent if supplementary condition k;(z,§) =
gi(z,6)&, giz,&) > 0 is valid. The convergence for the second finite difference scheme is
proved under the same assumptions on the data as for the solvability of (1).

!encouraged ard supported by Russian Foundation of Basic Research under Grant 95-01-00400.
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ON SOME APPLICATION OF NUMERICAL FUNCTIONAL
INTEGRATION METHOD IN QUANTUM PHYSICS !

Lobanov Yu.Yu., Shahbagian R.R. and Zhidkov E.P.

Laboratory of Computing Techniques and Automation
Joint Institute for Nuclear Research, Dubna, Russia
e-mail: lobanov@Ictadl.jinr.ru
zhidkov@Icta4l.jinr.ru
ruben@Ictadl.jinr.ru

The method of computation of characteristics of quantum systems with many
degrees of freedom on the basis of representation of the matrix element of evolution
operator in the form of path intergral is developed [1].

The approximation formulas for the multiple functional integrals with Gaussian
measures in complete separable metric spaces exact on a class of polynomial func-
tionals of a given total degree [2] are applied to numerical investigation of 3D Bose

gas.

References

[1] Yu.Yu.Lobanov, E.P.Zhidkov Physics of Particles & Nuclei 27, pp. 72-99, 1996
(2] Yu.Yu.Lobanov, E.P.Zhidkov, R.R.Shahbagian, Journal of Computational &
Applied Math 69, 1996

lencouraged and supported by the RFBR, Grant No 95-01-01467

95



CODES PACKAGE FOR THE RFQ DYNAMICS & OPTIMIZATION !

A. Loukianova

St. Petersburg State University, Russia
e-mail: anna@apmath.spb.su

Mathema jical methods of control and optimization are extensively used in many
fields of scierce and engineering. Development of specialized software for various
applications becomes of increasing importance.

Special cliss of problems attracting attention of numerous researcher is the con-
trol and optimization. The proposed paper develops the optimization methods in
this direction for the dynamic systems of the special form. The problem of control
is set as a problem of trajectory ansemble control.

The comguter codes has been developed for the RFQ ion linac design and analy-
sis. The paclage consists of the three levels codes as well as linac designing process
has three main stages: channel choose, exact calculation, simulation and optimiza-
tion. The first level can be used for accelerating/focusing RFQ channel calculation
and help use- in choosing the best channel version. The second is the program for
the simulaticn of the charged particles beam dynamics. By using this mathemat-
ical model it is possible the problem of the optimization for the RFQ parameters.
New classes of functionals are introduced for estimation of beam dynamics. The op-
timization methods are developed for the presented functionals and mathematical
models.

lencouraged and supported by the Russian Foundation for Fundamental Researches 96-01-00926
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HYDRODYNAMICAL APPROACH TO MODELLING A DYNAMICS OF
SEA-WAVES GENERATED BY A HURRICANE

V.N.Maslennikova and M.E.Bogovskii

Russian Universily of Peoples’ Friendship
117923 Moscow, Ord:honikidze 8
e-mail:maslennikova@udn.msk.su

We are studying a new mathematical model describing a dynamics of waves generated
by a hurricane moving over a sea-surface. This model is based on the initial value problem
for the Navier-Stokes equations taking into account a heat transfer. A time-dependent
impermeable surface is dividing the space R3 into two parts: the atmosphere and the sea.

This surface, taken to be of the form w3 = ¥ (zy.z.t) with unknow1 ¢, represents
itself a surface of internal discontinuity in the air-water medium at which stresses from
the both sides are equal, and tangent stresses are proportional to differer ces of tangent
velocities (the latter together with impermeability are usually referred to as the Navier
boundary conditions). Heat fluxes from the both sides are equal and proportional to the
differences of temperatures at the surface of discontinuity.

The function ¢ is being approximated by a linear combination

n
Yr==) CrYi(enzant) .
j=1

with respect to some given set of wave-like functions 7;, and with unknown coefficients
(7. For a given set of C}' the above initial boundary value problem with iiternal discon-
tinuity is being solved by modified Galerkin’s approximations. To determine coefficients
C7 we are making use of the free boundary equation, minimizing in a suit ible functional
space a discrepancy between normal velocity of the air-water medium at the surface of
discontinuity and normal velocity of the surface itself. Modification of Galerkin’s approxi-
mations in the evolutionary problem under consideration implies time-indep endence of the
Galerkin’s coefficients with respect to time-dependent basic vector-functions. Existence
of the generalized solution in anisotropic Sobolev space Wzl"f_, is established for any given
Lipschitz 1. Heattransfer is taken into account via the usual convective heat equation
and via the balance of forces rather than some state equation, namely, tl e temperature
gradient is being considered responsible for a surplus acceleration of the medium.
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COMPUTATIONAL SIMULATION OF MICROCHIP HOT-WIRE FLOW
SENSOR.

L.F.Matsyev

Institute for Mathemastical Modelling Russian Ac.Sct.
4 Miusskaya Square, Moscow 125047, Russia
e-mail: sveta@imamod. msk.su

Last years various microchip hot-wire flow sensors with floating imembrane have been
developed and «pplied in many applications. Their application demands for consideration
the specific physical factors, which influence on forming output signal dependence on flow
value. Due to 1onlinearity and inertia of such sensors additional expensive experiments,
calibration and electronic tricks are often necessary to achieve desired accuracy. So com-
putational modelling of gauge based on such sensqrs to evaluate its performance before
construction is juite useful.

Flow sensor described in [1] is considered as a representative of its family. The sensor
is silicon chip covered by silicon nitride layer of 0.1 mcm thickness with three separate
nickel resistors formed on it. Silicon is removed from area under formed resistors, so
they are hanging on thin membrane of silicon nitride. Thickness of nickel resistor is also
about 0.1 mcm. character width is 20 mcm, length is Imm and resistance is about 150
Ohm. Sensor ciip is placed in flow channel (20x4x1mm) formed inside standard DIP24
package so that flow direction is perpendicular to resistor. Each resistor can be used as
hot-wire thermoanemo- meter itself or some of them can be used as flow heaters and flow
temperature seisors or various bridges like [2] can be constructed. Here one resistor is
considered.

When electiic current heats the resistor, heat balance is established when elec- tric
power becomes equal to heat leakage through resistor terminals and through air around
resistor. Heat lcakage through thin silicon nitride membrane is neg- ligible in fist approx-
imation due to its low heat conductivity. The resistor temperature is equal to product of
electric power by heat resistance caused by mentioned factors. The resistance increases
with the tempe-ature due to the tem- perature coeflicient of nickel and changes the elec-
tric power emitted as heat. The dependence of resistance changing on applied voltage,
heat resistance and material temperature coefficient can be expressed by transcendental
equation.

The heat resistance, caused by heat transfer throughout surrounded air depends on
average velocit:” of the flow passing over the heated resistor. To find this dependence
the stationary >roblem for heat transfer equation in moving substance has been solved
numerically at different flow velocities. The geometry of the resistor and flow channel
makes possible to consider twodimensional problem. The fact that working temperature
of resistor is on y 10-15C over the flow tem- perature gives possibility to state that flow is
not disturbed considerably pas- sing near the resistor. The experiments with sensor have
shown that turbulence takes place at Re>100-150, where sensor is not used. At lower Re
values the flow is viscous with parabolic velocity distribution across the flow. Boundary
conditions for teat transfer equation define temperature on the walls of flow channel. A
few parameters of nonlinear model connected the heat resistance and average flow velocity
has been found by the regression of the numerical modelling results of the flow of dry air.
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Finally the resistor model could be represented as 4-pin pole with two pins fcr input average
flow velocity and other two pins for connection to any measurement system. This model
is not specific to concrete way of measurement, for example, it can be used to calculate
output signal dependence for ”constant power” and ”constant temperature” circuit and
for any other one. The model version suitable for PSPICE circuit simtlation package
is available. The direct experimental measurement has been compared with calculation
results, good accuracy has demonstrated.
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PASBHOCTHBIE CXEMBl HA HEPABHOMEPHBIX CETKAX JIJsA
MHOTOMEPHBIX YPABHEHHH

Maryec INL.II.

Hucmumym smamemamuxu AH Beaapycu, Muncx

I[Tpw umcire HHOM MOJEIMPOBAHKH COBPEMEHHBIX 32 4a4 HaYKH M TeXHHUKH ¢ 0COBeHHOCTAMH
(ynapHule BoMEH, IOFpaHMUHbeE CJIOM M /P.) YaCTO MCIOJBb3YIOT HepaBHoMepHEe ceTkd. Kax
[IPaBUIIO, IPK 3TOM MOPA/IOK JOK2IBHON aIIPOKCHMAIK OO6KYHO I1afiaer.

B [1] mocTpoeHs cXeMH MOBHIIEHHOro OPANKA AIMIPOKCAMALMHA AL OONKHOBEHHOIO 1ud-
(epeHIMaILHC [0 yPaBHEHUA BTOPOTO MOPAJIKA € [lepeMeHHEIMH K03 () QULIMeHTaMu, JJIA OTHO-
MepHEX mapaforuueckux ¥ runepboimuecknx ypasHenuit. IlomydeHm coorBeTcTByIOWIME
OLIGHKH TOYHOC ¥ Pa3HOCTHEIX PellleHNH C ACI0Ib30BAHUEM TeXHHKH OlePaTOPHO- Da3HOCTHHIX
CXeM ¢ mepeMcHHHMM BecOBRMH MHOmUTewamu [2,3]. B [4] monyuennne B [1] pesymbraTn
obobmarwrca Ha p-MepHoe ypasHenue Ilyaccona. CooTBeTcTByIONad MOHOTOHHAA KOHCEPBa-
THBHAA CXeMa BTODOTO IIOPAIKA AIIIPOKCUMAIMHM Ha HEPaBHOMEPHOM! CeTKe MMeeT BUJ

r r
S Y WAy, A s )z0se = — (&), &= (£1,%2, .1 8p),
a= k=1,k#a

e Zo = To + Ray Ba = (Ray — ha)/3, hE = 0,5(h % |hal).

B JaHHOM COOﬁHIeH.PH{ 6yILYT OpuBeAeHb Pa3HOCTHAIE CXEMRI IMOBRIIIEHHOI'0 MMOPAJ/Ka TOY-
HOCTH Ha He€P< BHOMEDHRX CETI§aX A KBa3WIMHEHHRIX OQHOMEPDHHIX Hapaﬁom«l‘{ecmx H Irn-
HepﬁOJIH‘IECRH < ypaBHEHPIﬁ, a TaKiKe /i MHOT'OMEPHOI'0 YpaBHEHHA TENJIONIPOBOAHOCTH.
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METHODS OF CONFLUENCIEL ANALYSIS

Mechenov A.S.

Moscow State l/niversity.
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i. In the rapport is resolved a capital problem of algebra and regresiional analysis
“How to calculate pseudo solution in the case of passive erratic measire of matrices
and right part?” It is demonstrated the following result: [1]

e For the square matrix, all vector columns or part of him is measuring with
errors, the classic method of Creamer of calculating of solution s right.

e For the rectangular matrix, all vector columns or part of him is 11easuring with
errors, It is constructed the method of least distances. which demonstrate that
the utilisation of traditional Gauss transformation is errata.

2. It was demonstrated the methods to calculate normal pseudo solutisn of irregular
systems of linear algebraic equation in the case of passive erratic measure of matrices
and right part.

3. The tesults was developed to the case of the active part of matrizi and complex
experiences.

e In this case the Cramer method to calculate solution for squzre matrix and
Gauss transformation for rectangular matrix was erata. It is nec ssary to apply
the maximum likelihood method.

This results have the large field of applications.
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ELECTRICAL ACTIVITY
OF THE SENSORY AFFERENT PATHWAY
IN THE ENTERIC NERVOUS SYSTEM !

R.N. Miftakhov, G.R.Abdusheva and 1.B.Badriev

Kazan State University, Kazan, Russia
e-mail: Guzel. Abdusheva@ksu.ru

In this work we develop a mathematical model for the electrical activity of the
afferent pathway, formed from the coupled primary and secondary sensory neurons.
The primary sensory neuron possesses the electrical properties of AH neurons; the
secondary sensory neuron displays the tonic type of electrical behavior. Free nerve
endings of the mechanoreceptor form the receptive field of the pathway. Based on
the general principles of the Hodgkin-Huxley description of excitable cells, the model
simulates the ollowing sequence of events: stretch of the receptive field initiates the
dendritic potential at the mechanoreceptors; the excitation causes the soma action
potential development at the primary sensory neuron which is followed by soma
action potential generation at the secondary sensory neuron.

Mathemat cly this problem is described by three systems of nonlinear differential
equations. The system of equations was solved numerically using the Runge-Kutta
and Victorri et all {1] methods. Numerical calculations have shown that the model
is capable of reproducing different electrical patterns within the pathway under
normal physiclogical conditions and after treatment with charybdotoxin, iberiotoxin,
tetrodotoxin, v - conotoxin GVIA, A1-A2 purinoceptor agonists, a protein kinase C-
activator, and a é-opioid receptor agonist. Comparison of the computational results
with experiments condugted on the neurons of the submucous and myenteric plexi
of the small bowel demonstrate their good qualitative and quantitative agreement.
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MO3AWNYHEHIE ATIITPOKCUMAITIM JUCKPETHRIX AHAJOI'OB
OIIEPATOPOB KAJIBJAEPOHA-3UT'MYHJA

Huxonait Muxakaoncknin

Institute of Numerical Mathematics of Russian Academy of Sciences,
Leninsky prosp., 32a e-mail: nickm@inm.ras.tu

IlocTaHoBKW 3a/1aU MaTeMaTHUeCKOU GU3UKA B BU/le MHTErpajlbHLX ypaBHeHNH [T0cje almipo-
kemManuit Tuna [anepruna-IleTpoBa B KOHEUHO3/MEMEHTHEX 6a3Mcax MPUBOLIT K INIOTHEIM
marpuiaM. K cokaseHnio, cymecTByomme MeToMh AIITPOKCAMAIMY [JIA CIO)XHEIX BEKTOD-
HLX TPeXMEepHHIX 33]1a4 UMeIOT HeBHICOKMI ITOPANOK M, KaK cllef[CTBHe, TPebyIo ® BRIUNCIeHUA
O( 10 — 109) MaTpUYHHX 3JIEMEHTOB HECMOTDA Ha TO, YTO [IaPpaMeTPHl, OIIMCHIB: I0LIFe I'eoMe-
TPHIO PACCMATPHUBAEMOI'0 TeJIa MM 00IacTH Haike B Hanbosiee CIOMHRX MHKeHe YHRIX 3aadax
MCUMC/IAIOTCA BCEro JIMNIb COTHAMM. 3HAUMT, eCTh Bce OCHOBAHMA HoJorath, 410 O(N?) ame-
MEeHTOB IIJIOTHON MaTpPHIIH ABAAIOTCA He 09eHb CIIOKHRMHA (QyHKIMAMY 3HAUMTETbHO MeHbIIero
YHCJla [1apaMeTpoB. .

Jlns cxaTA TaKUX IVIOTHRIX MATPUIl YHUBEDCAIbHEHN U 3D PEeKTUBHRIN MET(I MO3GUUHBIT
annpoxcumaruii 681 npemnokeH E.E. TwprumaukopaM. B HeM MaTpuma p:36mBaeTcd Ha
610KM, KadAnd U3 KOTOPHX ANIPOKCHMHpPYETCH MATpHlieit Majoro panra. B raHHOH cTaThe
MHI CTapaeMci ¢ eIMHON TOUKM 3peHuA ITpoaHaM3upPoBaTh Pa3IMUHEe MO3aMdHble aIIIPOKCH-
MalVy JMCKPETHHX aHajoros oneparopos Kamnepona-3urmyHaa. Mur ynydm: eM OIleHKM Ha
MO3aMYHble PAHTH U1 M3BeCTHHX MO3aWYHEIX [TOKPHTHIA, a TaKkJKe IpejlaraeM F OBEe MO3aMy-
Hele OKpuTHA. JIpH 3ToM acMMIITOTHYeCKad CJIOKHOCTh YMHOMEHHUA Ha AMCKPETHEEe aHaJIord
onHoMepHHX omepatopos Kanbnepona-3urmMynaa oxasusaercsa pasHoit O(NIn Nlne¢), rme €
~— TOYHOCTb AIITPOKCHMAIVH, UTO yIyuniaeT U o600maeT U3BeCTHEE OIIEHKM.

103



STANDARD BASES IN NON-COMMUTATIVE ALGEBRA
Alexander A. Mikhalev

Department of Mechanics and Mathemaltics
Moscow State University
e-matl aamikh@cnit.math.msu.su

Non-comniutative algebras given by generators and defining relations are under con-
sideration. T 1e main point of the research is the canonical bases of ideals of a relatively
free algebra. [f it is possible to construct such bases then it is possible to solve a number
of algorithmical problems for factor algebras. In the report we present general results on
canonical bases. We touch carefully associative and Lie algebras and superalgebras and
discuss some non-associative examples. A series of algorithms with the use of canonical
bases are presented.
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PRIMITIVE ELEMENTS OF FREE LIE ALGEBRAS

Alexander A. Mikhalev, Andrej A. Zolotykh

Department of Mechanics and Mathematics
Moscow State University
e-mail aamikh@cnit. math.msu.su

A system of elements of a free algebra is primitive if it is a part of some set of free
generators of this algebra. We give matrix criteria for a system of elements of the free
Lie algebra to be primitive. Algorithms to recognize primitivity of a system of elements
arc constructed. We present also algorithms to construct a complement of a primitive
system of elements with respect to a free set of generators. Some problems concerning
primitive elements of the polynomial and free associative algebras are unde- consideration.
We observe primitive elements of free groups.
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HEKOTOPRIE ACITEKTEI MOAEJIMPOBAHUA
ITO3HABATEJIbBHHEIX IMTPOLJECCOB ITP OBYUEHMU

Mikheev V.1I., Tolmachev I.L.

Russian Untversily of Peoples Friendship
117198, Micluho-Maklaya sir.,6, Moscow, Russia
Tolmachev@UDN.MSK.SU

Taking into account the leading role of feed back we must emphasise the importance of
modelling oper¢tions of the learner. Their valuation is one of the fundamental tasks in
building educational systems. A very careful analysis of the main factors, which influence
on the whole process of forming of learner’s operations, finding out dominating motiva-
tions and set-ups, and also researching new methods and means of valuing their formation
and progress is needed. Content of our method in solving the given modelling problem of
a educational system is defined by the limits of given problems. Elaboration of the limits
needs special formalize methods of pedagogical meanings, which characterise structure of
such qualities o” knowledge as completeness and efficiency, where in the basement for the
education modelling method the idea of formalization such definitions as "knowledge”,
"problem solvir g skill” is suggested and defined. This definitions are fundamental defi-
nitions, that characterise educational operations of the learner in the process of solving
problems by hiin, where regarding of its main components while modelling the education
is not limited only by describing "condition” of the process. With the help of an expert (a
group of teachers) description is made in the form of structural linguistical model, which
is also a special object of elaboration [1]. So, we think that there are computers with large
memory storag: and software, which allows us to make an active dialogue in question -
answer mode by the charts "instructed - PC”, expert - PC” etc. This structure of system
blocks allows us to objectify expert’s knowledge in the way of treatment his conception
about education process, about structure of main psycho - pedagogical concepts, about the
field of problems and education aims, this gives us an opportunity to model in the language
of software not only concepts of the subject field, which compose ”learner’s knowledge”,
but also impor:ant mechanisms, that determine learner’s operations for solving typical
problems. And this compose co-ordinate "learner’s skill”. We shall try to give formal def-
initions of used terminus: APPROACH TO FORMALIZATION OF SOME CONCEPTS,
ESTIMATION OF LABOUR-CONSUMING TASK, PROCESS OF MAKING SKILLS,
SOME ASPECTS TO FORMALIZATION OF ESTIMATION OF COMPLETENESS OF
LEARNER’s KNOWLEDGE. At first we must limit the subject field of knowledge and
skills, in the lin its of which the education process takes place. The rate of formalisation of
used terminus ust be really high, because only in such conditions in realisation of these
processes with the help of a PC needed rate of feed back will be received.

References

[1] P. Atkuncon, I'. Baysp, 3. Kporepc, M: Mup, 1969.
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NUMERICAL ANALYSIS OF GEOMETRY OF A GAP IN SOLID BOUNDED
BY TWO RANDOM SURFACES

V.V.Mourzenko*, J.-F. Thovert**, P.M.Adler***

* Inst. for Problems in Mech. of RAS, Moscow, Russia,
kidin@ipm.msk.su
** LPTM/CNRS, Chasseneuil du Poilou, France,
ifl@n32.rhea.cnusc.fr
*** Inst. de Physique du Globe de Paris, Paris, France,
adler@néb.rhea.cnusc.fr7

The geometry of fractures in rocks and rocks materials is analyzed by using a numer-
ical model where a fracture is represented as a void volume between two rzndom surfaces
numerically generated. Each surface is described by its heights with respect to a given
reference plane. The heights are assumed to be normally distributed with a given standard
deviation. The distance between the average planes of each surface is the mean aperture of
the gap. The heights of one surface may be assumed to be spatially correlated; a particular
correlation function has been chosen which contains two parameters, the correlation dis-
tance and a characteristic exponent. The method of random surface genera:ion with given
statistical properties is described. A spatially periodic stochastic field is ;;énerated on a
unit cell by the method of Fourier transforms. Various macroscopic geometiic entities such
as number of contact zones, close and open fracture volumes, percolatior threshold are
studied as functions of independent parameters of fractures. Some analytical expressions
for the mean contact area and the mean fracture volume are presented. A Monte-Carlo
approach is used to obtain mean characteristics of fractures by numerical generation of
great number of statistically equivalent gaps. The influence of the form of the correlation
function on the distribution of contacts is studied. The percolation problem on a discrete
lattice which represents void volume of a fracture is analyzed. Percolation properties and
the structure of the percolation cluster are considereed for various correlstion functions.
Critical exponents near the percolation threshold are calculated.
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DEFORMABLE TEMPLATES FOR CIRCLE RECOGNITION

L.Muresan, R.Muresan, G.Ososkov, Yu.Panebratsev

JINR, Dubna, Moscow region, 141980' Russia

An algorithm for the circle recognition using deformable templates was carried out and its
performances was studied. The displacement of the points from circles and the presence
of noise that appear in real situations were taken into account. The deformable templates
algorithm are iiitialized by Hough transforms. These two methods complement each other.

The coventional Hough transform procedure performs a low resolution search for cir-
cles. It provides the approximate number of circles and a rough evaluation of centers and
radii. However the existence of non - perfect circles and noise points makes the standard
Hough transform less effective. Therefore a new fast Hough transform procedure was
proposed. It consists of two steps: first, the coordinates of centers are found and then
the corresponcing radii are determined. In order to automatical chose the appropriate
cut on histogrims and to handle the problem of splitting peaks we use local averages on
histograms. ‘

Having the approximate number of arms and the corresponding initial values of the
parameters frcm the Hough transform as input, a neural network finds circles with high
resolution. To avoid getting stuck into local minima we decrease the interaction between
the arms and nse the simulated annealing procedure where the system is allowed to ther-
malize for a se juence of temperature according to the Boltzmann distribution. Besides we
penalize the cise in which an elastic circle stopped its evolution having not enough points
on it. ‘

This technique was explored in a number of different situations ranging from sets of
simulated circles to real data obtained in lead-gold interactions from the RICH detectors
used in CERES / NA45 experiment. We studied the efficiency of the algorithm in depend-
ing of such*factors as the foise level, displacements of the points from circles, the number
of points per circle and the distance between the centers of two overlapped circles. Re-
sults shows the satisfactory robustness of our algorithm to background contaminations.
It can be usec in many data handling problems that appear in high energy physics like
Cherenkov ring recognition and track reconstruction.
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ON A NEW THEORY OF HYPERGEOMETRIC SERIES AND ITS
PROSPECTIVE USAGE FOR. COMPUTER-AIDED ANALYTICAL
TRANSFORMATIONS

A.W. Niukkanen

Vernadsky Instilute of Geochemistry and Analytical Chemisiry, RAS,
Moscow 117 975, Kossygin street, 19. Tel. 137-63-71
e-mail: elkor@geokhi.msk.su

The vast majority, up to 95%, of the special functions involved in description of
fundamentally important processes are connected with hypergeometric series which
thereby give us a key to a substantial part of applied mathematics really needed by
numerous users . It suggests that along with elementary functions higher :ranscendental
functions of hypergeometric type will inevitably turn into an obligatory component
of modern software especially for the new computer generation with pravailing role of
" intellectual ” interactive symbolic analysis over purely numerical computations.

The report is aimed at giving account of recent progress in building uj- a new theory
of hypergeometric series based on the operator factorization method which uses a new
binary analytical operation < wxv |z >= u(d/ds)v(zs)|,_o [ 1,2]. The operation allows
any hypergeometric series (in any number of variables ) to be expressed through simpler.
eventually, simplest series of the same hypergeometric type ( closeness property ). Uti-
lizyng known properties of the simple series any property of the initial con plicated series
can be established with the help of convenient operator technique. In practice this very
simple idea works with striking effectiveness . -

Many properties of the series including functional expansions, recurrenc » relations, lin-
earization theorems, addition and multiplication formulas, generating functions. etc. were
investigated in detail. Most general relations covering a great number of particular linear
and quadratic transformations and analytical continuation formulas have been obtained
and prepared for coding. The algebraic structure of the new method was found to be
sufficiently simple, universal and algorithmically efficient to permit comyuter-aided an-
alytical transformations of numerous higher transcendental functions to Fecome feasible
and very promising for the first time in their history. Execution of the project may give us
a useful and sophisticated superstructure over existent computer algebra systems . The
total outcome of the project is expected to exceed in power all known meaas of analyzing
special functions. Moreover the projected interactive knowledge-based Spocial Functions
Adviser is expected to acquire essentially new faculty of synthesizing neccssary relations
at the moment they are needed by the user.

Inquiries about technical details of the project are invited to be sent tc the author by
the above working address or residence address: Russia 300 062, Tula, Gorky st., 11, 304.
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EXPERIENCES WITH PARALLEL MONTE CARLO CODE MCNP4 ON SUN
WORKSTATIONS NETWORK AND CONVEX EXEMPLAR SPP1000 SYSTEM

Klaus Noack
Forschungszenirum Rossendorf e. V., Institut fur Sicherheitsforschung (FVS)
FPostfach 510119, Dresden, Germany, e-mail:noack@fz-rossendorf.de

A.D. Rogov

Frank Laboratory of Neuiron Physics, JINR, 1{1980, Dubna, Russia
e-mail: rogov@nf.jinr.dubna.su

The Monte Carlo code MCNP4 [1] has been implemented on Sun workstation network (in
FLNP, Dubna) and on Convex C3220 (HERA), Convex C3820 (RHEA), Convex Exemplar
SPP1000 (VES TA), IBM RISC System/6000-550 (RITA) (in Research Center Rossendorf)
to allow scalar and parallel computing of Monte Carlo n - v transport processes. This has
been achieved by means of the communication tool PVM (Parallel Virtual Mashine){2].
The software ackage PVM is a public domain UNIX-based code Qak Ridge National
Laboratory an1 is available via http://www.NETLIB.org/pvm3/.

Experience; are described and problems are explained. The efficiency of the scalar and
parallelized M(CNP4 is assessed for two realistic problems: upgrade of the IBR-2 reactor
in Dubna and neutron load of the reactor pressure vessel at the Rheinsberg nuclear
power plant, C ermany.

Table 1 corapares scalar and parallel calculations for sample problem.

[: Computer | Time calc. | Opt. Level |
[(:3220(Convex 0S 11.0) | 55.53 no opt
| :3820(Convex 0S 11.0) | 23.27 no opt
| (!3820(Convex 0S 11.0) | 21.57 -03
* ¢:3820(Convex 0S 11.0) | 17.60 .02
| (:3820(Convex 0S 11.0) | 17.48 -01
| :3820(Convex 0S 11.0) | 17.17 -00
| BM (AIX XL v.3.1) 25.30 default
| Sun 20(Sun 0S 4.1 ) 15.66 default
[sun’s 10,20 6.49 PVM(4 proc)
| HP 9000(UNI Leipzig) | 7.25 default
| VESTA(SPP UX 3.1 ) 11.51 no opt
| VESTA(SPP UX 3.1 ) 9.00 -00
| VESTA(SPP UX 3.1 ) 4.04 -00 + PVM(4 proc)
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ON NUMERICAL SOLVING OF DIRECT REGULATOR PROBLEM
A. D. Ovsyannikov
Sl. Pelersburg Stale Universily, St. Pelersburg, Russia

ITER tokamak plasma shape control problem is investigated.

System of the form
dz

E:Az+Bu, y = Cz, (1)
where A, B and C are matrices given, and asymptotic observer equation
dz *
i Az+ Bu+ H(y—Cz), uw=K(z-z")

are considered. Transient processes of (1) closed with controls of v = }/(z — z*) and
# = K(z - z*) are known to be equal if A — BH matrix is Hurwitz and z(0) = 2(0). (Here
z* is a constant vector.) :

Transient process analysis problem is reduced to the analysis problem of system (1)
closed with « = K (z — z*) control. Matrix K is chosen to provide eigenvilues given for
A+ BR matrix. i ’

The algorithm of matrix spectrum assigning for closed system based on :xploitation of
special orthogonal transformation is proposed. The corresponding computer programme
is composed. . .
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MATHEMATICAL MODELS OF NON-STATIONARY INTERNAL WAVES IN
STRATIFIED FLUIDS

Yuri Dmitrievich Pletner and Alexei Georgievich Sveshnikov

Moscow State University
e-mail: sveshnikov@math.phys.msu.su

Several ma;hematical models for the internal waves in incompressible inviscid rotating
and stratified ‘luids described by non—classical initial — boundary value problems for the
differential equ ation of composite type are considered. The fundamental solution of the
equation is obtained in a simple explicit form and its properties are studied. On the base
of these results the explicit solution of the Cauchy problem is obtained, and its asymptotic
behavior at la-ge times is investigated. The existence of steady regimes is proved. The
phenomenon ¢f quasifront propagation in incompressible stratified and rotating fluid is
described. The theory of dynamic potential is developed and applied to prove the classical
solvability of initial — boundary value problems describing the exitation of the internal
waves. ]

The problems of excitation of internal waves by the curves (the analog of the classical
problem of Ke.dysh—Lavrent’ev—Sedov for the Laplace equation) are studied. On the base
of the theory «f dynamic potentials the classical solvability of these problems is proved. In
some special cases the explicit solutions of the problem are constructed and the limiting
regimes at lar:se times are studied.

112



COMPUTER ALGEBRA ALGORITHMS FOR SELECTING THE FORM OF
APPROXIMATION EXPRESSIONS AND SPLINES

Bogdan A.Popov

Instilute for Physics and Mechanics of Ukrainian Academy of Sciences
5, Naukova str., Lviv, 290053, Ukraine
e-mail: bogdan@popov.lviv.ua

Let a function f(z) be approximated in the interval [a, b] by one of the expressions
Fi(A,I):F,‘((l(),(l],....(lm;.’t),i:],2,....8. (1)

or by balanced approximation by splines with r links of form (1). Balanced approximation
is the approximation with equal error on each subinterval. If there are seve el approximat-
ing expressions or splines then it is logically to use the one that gives the east maximum
error in ' norm with the number of (m + 1) parameters.

The simplest way to choose the optimal approximating expressins or spline from s given
in to build each approximmation and take the one that given the least erro1. Such method
is time consuming. Particularly much time is need to find the balanced approximations
by splines. Therefore it is proposed to select approximating expressions or splines from
CITOT expressions

= m (/ [ f(x), F; )/w(z)l'"+lda'>m+l [1 +0 (ﬁ;_“)] (2)

Here n(f, F;} = n(f(z), F;) — error kernels with respect to exproximating expressions
(1), w(x) > 0 — weight of approximation. Kernels depend forin function f{z) derivatives.
Algorithmes are programmed as procedures in algebra computer syste n Maple V R3.
They include the formulas for kernels withdrawals and numerical value (2 computations.
The general properties’ of kernels are used as basis for the kernels withdrawals formulas.
Procedure selection ( f, m,a, b, w) selects the optimal number of £ and { and the analytic ex-
pression for kernel if approximating expression is rational polynom Ry (x) = Pu(x)/Qi(r)
and k 4+ ! = m. To speed up the evaluation in (2) instead of kernel the expression we
use its series expression in the neighbourhood of the point & = (b + a)/:. If the fourth
argument is absent then z = a, if the third argument is absent then » = (.
Example 1. Find the optimal k,{ and kernel for f(z) = e, m = 9.
> selection (exp,9);
54 ez
5,4, 1‘26(’ .
Example 2. Find the optimal k,! and kernel for f(z) = I'(x), x € [1,2]}, m = 2.
> selection(GAM M A,2,1,2);

0,2,T(z)(¥(2,2) + ¥(z)® — 3¥(z)¥(1,2))

Known results and numerical experiments confirms the correctness of procedures.
B
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ON MODELING OF PROCESSES CONTROLLED
BY TRANSFORMS OF INDEPENDENT SPACE VARIABLES

IN NONLINEAR OPTIC EQUATION !

M. M. Potapov

Russta, Moscou 119899, Vorob’evy Gory, M.V.Lomonosov Moscow State Universily, facully of
Computational Mathematics and Cybernetics
e-mail: potapov@cs.msu.su

We offer a ir athematical description variant for wide class of pointwise field transforms
f(z) in transverse light beam section {2 realized in the feedback loop of nonlinear optical
© system:

Tu +u = DAu+ Fuj, t>0, z€QC R?

Bul  —9,¢>0, u‘t=0= uo(z), z € Q. .

€3N

Here v = u(t,2) is an additional phase modulation generated by the nonlinear optical
element, F(u) i; a functional acting as

(Fape) = [ Flue)e(f(e)) da .
{z€fllf(z)et}

This approach defines more precisely the base equation from [1] in case of smooth re-
versible transforms f(z) with determinant |f'(z)| # 1 and allows to describe arbitrary
nonsmooth and irreversible transformations f(z) from the class of measurable functions.
The existence, 1niqueness of the solution u(t,z) and its differentiability as a function of
transform f are investigated. Some states of optimization problems with transform f as
a control are ccnsidered. Opportunities to solve these problems numerically by iterative
gradient procedures are discussed.
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ITERATIVE NEWTONIAN PROCEDURES FOR SOLVING NCNLINEAR
EQUATIONS OF PHYSICS !

1.V.Puzynin

Joint Institute for Nuclear Research
Laboratory of Computing Techniques and Automation
141980 Dubna, Moscow Reg., Russia
e-mail: puzynin@letals.jinr.dubna.su

The talk presents results of development and application of a class of iteration
schemes for numerical analysis of modern mathematical models of physics. The
object of the numerical analysis is nonlinear boundary and spectral problems for
differential, integro-differential and integral operators and systems of boundary and
spectral problems arising from the study of critical or bifurcating behavior in physical
systems. The continuous analogue of Newton’s method and its generalization serve
as a unified basis for constructing the iteration schemes.

Further analysis is restricted to iteration schemes with optimal perameters [1]
and with the optimal control function [2]. These iteration schemes can be applied to
the solution of evolution equations as well [3]. The relation is established between
the iteration methods obtained and a number of standard methods. The questions
of software including that for vector- parallel computational systems aie considered
[4]. Applications to the problems of nuclear physics and condensed mtter physics
are given [3]-[8].
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THE COMPUTATIONAL METHODS OF THE DETERMINATION OF
SCATTERING POTENTIAL OF MOLECULES

R.J.Rakauskas, J.Sulskus

Faculty of Physics, Vilnius University, Lithuania -
e-matl: rimantas.rakauskas@ff vu.lt, juozas.sulskus@ff vu.lf

R-matrix, lin:ar algebraic and continuum multiple scattering methods are mainly used
for solving of the electron-molecule, positron-molecule and other scattering problems .
All these me hods require a single-center expansion of the interaction potential (static,
exchange and polarization). The expansion of static interaction potential can be obtained
by solving th: Poisson equation assuming the electron charge of molecule is expressed in
the same way.

In the nunerical approach molecular orbitals and electronic charge density are tabu-
lated on a grid and integrated the product with spherical harmonic. The double quadrature
may be perfcrmed using Gauss-Legendre quadratures. Single quadrature is used in the
case of linear molecule. Though numerical integration allows the efficient application of
vector processors our investigations show that for small and large distances from the cen-
ter of mass and for ! > 20 the accuracy of the radial part of the expansion is lost. For
this reason tie development of the analytical methods of determination of expansions is
sensible.

The tran:formation matrixes from Cartessian Gaussian functions into spherical Gaus-
sian function: were determined. The analytical expansion of spherical Gaussian functions
in the case o' linear molecules’ was achieved using formulas.

The computer algebra system REDUCE for determination of radial part of the expan-
sion was usec.

116



YCJIOBUSA BO3HNKHOBEHUSA KOJIEBAHUM KOHLIEHTEFALIUN
AYKCHUHA B 30HE POCTA CTEBJIA

Pusanucuko [LYO., Jauumna E.9., Feaspann E.B., Fopauesa E.A., Koaynaes A.I.

119899, Mocxaa, Bopobvéan 2opvt, MI'Y, Buosoeuvecxuii ¢-m
e-matl: riznich@orgmath.msk.su

AYKCHH - 0HO M3 BOXKHEHIIMX FOPMOHALHBIX BEIECTB pacTeHUWA, IPUHUMUoILIee YUACTHe
B pocToBhX U dopMoobpasopaTenbHRX npolteccax. Puanonoruueckoe Jeid “TBUE ayKCHHA
3ABACAT OT ero JIOKANbHOW (HaNpuMep. BHYTPUKIETOUHOM ) KOHLIEHTPALIMHU 11 JMHAMHWKU €6
M3MCHCHUNS, UMelolllel BhpaneHHH KonebatenbHuil XapakTep. (' 110MOUBIO M ATEeMATHUECKON
MOJICIA UCCIelOBaHRl YCJIOBUA BO3BHUKHOBEHUA KoJleDaTeJbHONH KMHeTHUKH.

3ona pocra crebia B Mozenu npeicranifer coboil PaHKUPOBAHHKIN 110 0f/LEMY PAL Kie-
TOK, CBA3AIHKX MeX Uy 060 notokoM aykcuna. Cornacuo nanubM nutepartyaut (7. 7] Buje-
JieHbl 0CHORBHKE (AKTOPLI, BIMAKIIME HA U3MCHCHHE KOHLIGHTPAUMWK DUTOrOp MOHA B KJIeTKe:
HpoUeces aKTUBANMY (QBTOKATANN3) M MHAKTUBAUMKY (B32UMOJEHCTBHe ¢ MHI NBUTapaMH), a
TaKke IPUTOK U3 NpeAblayniedl KJIeTKN ¥ OTTOK B CJeAYIOHLY10.

B obmem Buse mMaTeMaruueckasn MoLesib UMeeT CHENYIOUIMH BUL:

dLI,‘i

di - Jin (J"i—l(")7 ”Ui(t)) + fak (Zlfi(t)) + fin (.’II,‘(f),Ii(f. - T)) + Juul (T,(f). Ui(")) -

mie vi(t) - 0bbheM i—i wieTkW, x;(t) - KOHLEeHTpaLMA aykcuHa B I—i kierwe. fu ¥ fin
(YUK, ONUCKBAIONIHE TIPOLIECCH AKTHBAUMKU U MHAKTUBAIWMU, Jiy U Jou( - IPATOK M OTTOK
aylicuna.,

UYncnenHoe nccheloBaHMe MOJeM 103BOJIMIIO ONPENCNUTh 3HAYEHUC 11a DAMCTPOB. 1ipH
KOTOPHIX M3MeHEHWe KOHIIEHTPAUMH ayKCHHA nMeeT KosiebaTenbunil xapaktep. Takas JuHa-
MUKa PuToropMoHa HabillomaeTcs, eciid KOHUEHTpalluA WHIMOMTOpa MaKcuy aibHa B KOHIle
30HBI PocTa crefin. JTOT pesyNbTaT XOPOIIO COTNAcyeTcs ¢ IKCIICPUMEHTAIIL! bIMU JIAHHBIMY,
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COMPUTER ORIENTED METHOD FOR SOLVING
PARTIAL DIFFERENTIAL EQUATIONS !

Robuk V.N.

Laboratory of Computing Techniqués and Automation
Joint Institute for Nuclear Research
141980 Dubna
RUSSIA
e-mail: robuk@Icta.jinr.dubna.su

Based on tie Wahlquist-Estabrook technique(l] a new method for construction

of a wide class of solutions of partial differential equations in two independent vari-
ables is presented. This method is reduced to a large number of routine algebraic
manipulations with non-commuting variables. Therefore, there is a need to use
computer alge>ra methods and software. In spite of the fact that there may arise
infinitely dimensional Lie algebras[2, 3, 4], and at some intermediate steps we use
the Baker-Canipbell-Hausdorf sum, in some particular problems, one can proceed
algebraically up to the very end. The new approach is demonstrated by example of
linear diffusion equation and Burgers equation.
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MODERN NUMERICAL METHODS IN QUANTUM CHEMESTRY AND
THEORETICAL SPECTROSCOPY

Andrey V. Romanets

Moscow Instilule of Physics and Technology,
Moscow Region, 141700 Dolgoproudnyi, MFTI-7, Russia

In modern quantum chemistry all numerical methods, which may be used, may be
separated by two types of features:
a) by used mathematical approaches;
b) by used physical approaches.

From the mathematical point of view all methods may be divided to inethods of di-
rect calculation and algebraic one, and also on one-step and iteration one. All algebraic
methods base on the theorem about presentation of function from L, as a sum of Furier
row of some ortonormal full system of functions. And this methods also base on the varia-
tion principle. Iteration procedures establishes on the principle of compres:ed reflections.
Methods of direct calculation are standard numerical methods of solutio1 the problem
with boundary conditions.

Among physical approaches well known:

1) the Born-Oppenhimer approach;
2) the one-electron approach;
3) the approach of harmonic nuclei motions. .

In difficult cases this approaches may be uncorrect, but this trouble may- be remove by
using of special combinations of different mathematical methods. In repoit I use results
of real molecular systems investigations.

119



MATEMATUYECKHWE MOAEJIU, AJITOPUTME 1 YUCJIEHHLIE
PEINEHMUA KOHTAKTHAIX 3A/TAY, BOBHUKAIOIIIUX ITPU
KOMITEFDTEPHOM MOAEJIMPOBAHWU ITPOILIECCOB OBPABOTKMU
METAJIJIOB JABJIEHUEM.

C.H.Pomaunriok

Omdea evivucaumesvunis memodoa BI] PAH, Mocxea
e-matil: rose@ccas.Tu

B noriazne 16cy:aaroTcd mocTaHOBKA M PellleHMe KJACCa 3a/aY, BOHUKAIOLMX [IPH MaTe-
MaTH4YeCKOM M(AeNVPOBaHMM TEXHOJOTHYECKMX Iporeccos obpaboTku MeTansioB maBieHueM.
PaccmarpuBae ca ciyvait a6CoOMOTHO HEeCTKHX MHCTPYMEHTOB, ABHIKYUIMXCA COMJIACHO 3ajla-
BaeMKIM 3aKOH: M, U IedOopMHAPYeMOro TBEPAOro Teja ¢ PUBMUeCKH HejMHEeWHKIMM oIIpenesid-
lonmmy cooTHomeHuaMy. O671acTH KOHTaKTa 3arOTOBKM ¢ MHCTDYMeHTaMH, a Takike pasbue-
HHe 3THX obacTedt Ha nozobiacTy crieneHUA ¥ TPOCKAB3HBAHUA, TIOMJIEKAT OTPeIe/IeHUI0
B XoZle pemieHMA. B 30HaX IpoCKaJb3HBaHUA AeHCTBYeT TpeHHe, OLUMHAIONEECA OHOMY M3
HM3BECTHHX 3aKOHOB. llpemiiaraloTca KiaccHdecKaa W o606mEeHHaA ITOCTaHOBKM OMMCAaHHOM
BRIIe 3afladd. XapaKkTepHO# 0CO6EHHOCTHI0 KIACCHYECKOM MOCTAHOBKH ABIACTCA GOPMYIH-
pOBaHMe HEKOTODHX T'PAHUYHHIX YCJIOBHH B BHIE HEPABEHCTB. JTo MPUBOANT K TOMY, UTO B
Kag i PuKck poBaHHEH MOMEHT BpeMeHM 3ajada ONMCHBAaeTCA MaTeMaTHUUeCKUM 00beKToM
THIIa KBa3WBapHUallMOHHOI'0O HepaBeHCTBa, 3KBMBAJIEHTHOrO B pale cilydaeB 3aJlade MUHUMHU-
3army Heand ¢ epeHIApyeMoro ¢GbyHKIMOHAIA Ha 3aMKHYTOM BRITYK/IOM MHOMeCTBe. AHaim-
3UPYIOTCA aJib1 epHATUBHEE IyTH pelleHuA:

¢ HeIlocpe) CTBEHHOEe pelleHWe 3aJau ¢ OLHOCTOPOHHMMH OI'paHUYCHUAMU;

¢ pemenne amIpoxcmmpymmeﬁ IIoCJae0BaeTeJbHOCTH 3aJa4 ¢ JIBYXCTODOHHMMM Orpa-
HUYEHWA 1H.

[Tocie muckpeIU3alMA 10 TPOCTPAHCTBEHHRM IT€PEMEHHNM PEIIaeTCA KaK HemocpeCTBEHHO
BapHaIlMOHHOE HEPaBEHCTBO, TaK M II0CeJ0BaTebHOCTS AIIIPOKCHMHUDY IOIIAX BAPHAITMOHHOE
HepapeHCTBO BAPHAIMOHHHX ypaBHeHwi. OueHuBaercs 3¢ ¢eKTHBHOCTh, TOUHOCTH M Liee-
€006pa3HOCTD JICMOJIb30BAHMA TaKOW ANITPOKCHMALIMH JAJA PA3NHYHKEX 3aZad, MpeCTaBiflo-
IMuX NpakTHde KK WHTepec. [l HEKOTOPHX M3 MCIONL30BAHHHX MOCTAHOBOK IPUBOIATCA
pesyisTaTH 06:eTeop eTHIEeCKOro UCCIe0BAHMA (CYMECTBOBAHME penieHHA, ero eIMHCTBeH-
HOCTb, CXOAMM(/CTh UTEPAITMOHHRIX [TPOLENYP ).
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THE MAPLE-PACKAGE TO SOLVE LINEAR DIFFERENTIAL
EQUATIONS IN SOME POWER SERIES CLASSES '

Anna A. Ryabenko

Department of Computational Mathematics & Cybernetics,
Moscow State University,
Moscow 119899, Russia.
e-mail: abramov@ceas.ru

An implementation of the algorithms of [1] is proposed. Given I near homoge-
neous ordinary equation Ly = 0, the program finds all points a and all solutions
o2 pa(n)(x — a)® such that a(n) is a hypergeometric term (i.c. a(n + 1)/a(n) is a
rational function of n). The case where a(n) is a polynomial or rational function of
n is considered as well.

The program choses the candidats for ¢ as in [2]. Then it constructs a lincar
recurrence for coefficients a(0), a(1},... and solves the recurence.
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HWTEPAIITMOHHOE PEINEHMUE PETPOCIHEKTMBHON OBPATHOM
3AJAYH TEIIJOIIPOBOOHOCTH

A.A.Camapckuii, [1.H.Ba6mnepnu, B.1.Bacnasen

Hucmumym samemamuxecxozo sodeauposanus PAH, Mocxea, Poccus
Axymcexui 2ocydapcmeennwvil ynusepcumem, Axymcex, Poccus

Cpean obparHbIX 3ala4 TelnoobMeHa MOKHO BHIEMMTh PETPOCHEKTHBHYIO 06paTHYIO 3a-
layy IO omnpene/ieHHI0 Ha4aJIbHOI'C TeMIIEpaTypPHOr0 COCTOAHMA 10 TeMIlepaTypPHHIM W3Me-
PEHUAM Ha KOHCYHBI MOMeHT BpeMeHH. /[lnA ee NMpHO/IMMEHHOTO yCTORYMBOrO pemleHWA
HCHOJB3YIOTCA pa3jiMuHHe noaxons. Cpenyu oCHOBHBIX MOMHO OTMETHUTh METONH C BO3MYIIe-
HUEM HCXOJHOI0 ypaBHEHWA —— MeETO/h KBa3HoOpallleHWA B pa3/IMIHKIX BapHaHTaX. Bropo#t
K/IaCC METOIOB (BA3aH C BO3MYyIIeHHMeM HaudaJbHRIX yciaoBuid. Takolf moaxon peaimsyercs
NP MCIO0IB30BAaHNH (GOPMYIMPOBKM 3aJauM KaK 3alauM ONTHMAJBbHOrO ylpaBjeHnA. AHano-
rMYHaA Npolelypa PpaKTHIeCKd MOPOMHAAETCA [TPH MCII0JIb30BAaHUM MPOLIEYP HENIOKANIbHOI0
BO3MYTUIEHMA Hat aJIbHHEIX yCJIOBUM.

B HacTosmec BpeMA B T€OpHM NMpPUOIMKEHHHWX METONOB PELIEHNA HEKOPPEKTHHIX 3aljay
c¢hopMHpOBAJIOC, HallpaBleHHMe HCCIe0BaHUM, KOTOpOe CBA3aHO C MCIIOIb30BaHHUEM HTepa-
1MoHHKX MeToacB. Ilpm TakoM momxoze B KauecTBe MapaMeTpa perylApHU3alldd BRICTYIaeT
YHCJI0 UTepal|il, KOTOpOe COTJIacyeTcd C IMOTPEIHOCTbIo BXOAHWX RaHumX. [Ipu pemenun
o6paTHBIX 3afay JJLA ypaBHeHUI MaTeMaTHUecKo# GH3UKM IIMPOKO UCIONL3YIOTCA TpajyeH-
THHIE UTE€DAalMOHHRIE MeTO[hl [PX BapualMOHHOK ¢dopMyimpoBke obpaTHOM 3asayu.

B noknage ;A mocTaBneHHo#t obpaTHOW 3aauM MTePalMOHHO yTOYHAETCA HadalbHOE
yCJIOBHE, T.e. Ha Kaj[OA MTepalld¥ pellaeTcA obn'Had KpaeBas 3ajaya JJLA ypaBHeHHA Te-
rsonposogHocTd. Ha ocHoBe ofleit TeopHM UTepaIlMOHHKIX METONOB pellleHHA ollepaTOPHBIX
ypaBHeHHWH ycTa 1aBJMBalOTCA NOCTATOYHREE YCJIOBUA CXOAUMOCTH MTepPallMOHHOIO IIpoliecca,
IIPOBOAMTCA BHIO )P MTepanMOHHHX Mapamerpos. IlpmBeneHnl mpuMepn pacdeToB, KOTOphie
IeMOHCTPUPYIOT BO3MOMKHOCTH HCIIOIh3yeMOro BHYMC/INTENbHOr0 aJropHTMa.
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OPERATOR-DIFFERENCE SCHEMES FOR PROBLEMS OF MATHEMATICAL
PHYSICS

A.A. Samarskii, P.N. Vabishchevich

Institute for Mathemastical Modelling Russian Ac.Sci.
4 Miusskaya Square, Moscow 125047, Russia
e-mail: samarskii@imamod.msk.su, vab@imamod.msk.su

General problems of approximate solving transient problems are considered for partial
differential equations. After discretization in space (via finite differences or finite elements)
a set of ordinary differential equations is obtained. The corresponding Cauchy problem is
considered as a problem for an evolutionary equation in a Hilbert space. Discretization in
time leads to operator—difference schemes.

In the present work there are formulated general criteria of stability with respect
to the initial data and right hand side for two- and three-level difference schemes with
selfadjoint and non-selfadjoint operators. The study of operator-difference schemes for
unstable problems is based on the conception of p-stability of difference schemes. To
construct schemes for ill-posed problems, the regularization principle is employed.

A general idea is considered for additive operator-difference schemes, where the prob-
lem operator can be represented as a sum (operator-splitting schemes). The emphasize is
on unconditionally stable schemes with splitting onto three or more operators. Schemes
similar to locally one-dimensional ones are constructed on th¢ basis of tl e summarized
approximation conception. Additive averaged schemes seem to be preferanle for modern
parallel computers. At present time unconditionally stable vector additive schemes are
being studied intensively. These schemes are full approximation schemes.

Possibilities of the theory of operator-difference schemes are demonstri.ted on a tran-
sient convection-diffusion problem (a parabolic equation with a non-selfidjoint elliptic
operator). In particular, the stability restrictions are formulated for weighted schemes as
well as explicit-implicit schemes. Next, there are constructed the following basic classes of
additive schemes: locally one-dimensional schemes, schemes with splitting; onto physical
processes, domain decomposition schemes.
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NUMERICAL SOLUTION OF VOLTERRA INTEGRAL EQUATIONS OF THE
FIRST KIND BY IMPLICIT RUNGE-KUTTA METHOD OF HIGH ACCURACY

A.O. Savchenko
Computer Center of SB RAS, Novostbirsk

The considered analog of implicit Runge-Kutta method, applied for the solving of
Volterra integral equations of the first kind, allows to obtain a high accuracy results under
a sufficient sim plicity and stability of used algorithm.

The estimation of numerical results for a fixed time step is performed. A special choise
of integration’s nodes and quadrature coefficients makes possible to get the estimation of
error, decreasing exponentially under increasing the number of method’s stages. That do
create a good remise for using of high accuracy method and do permit to integrate with
a big time step.

The stabili:y of method to variations of kernel and right side of equation is proved.

The above theoretical conclusions are confirmed by numerical experiments for Volterra
equations of the first kind with different type kernels and equivalent Volterra equation of
the second kind.
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ANALYTICAL STUDY OF THE GARY SCHEME ON P C.
DISPLACEMENT OF OVERLAPPING GRIDS GIVES THE STABILITY

Svetlana Serdyukova
JINR, Dubna. Russia
Michael Thuné

Uppsala Universily, Sweden

By using the computing algebra systems REDUCE and MAPLE the Gaty scheme with
initial, complementary boundary and overlap conditions on substructured domains is stud-
ied. In the case of two different grids without displacement a power instubility in space
L, is proved:||G™|| grows at least as \/n, when n — oc. Here (i is operator of .transition
from the layer ¢ = nt to the layer t = (n + 1)7. It is an example of interesting instability
phenomenon. The instability is observed in calculations, if only the overlipping interval
for the outflow problem has an even number of full steps. We consider A = 2hy: the
overlapping interval has two steps for the outflow problem. In the case of two grids with
displacement (A = 2.5h¢) the stability in L, is proved. The principal point of the proof is
verification, if the spectrum lies in the unit disk |z] < 1. The spectrum of the considered
problem is described by a system of seven polynomials equations with seven variables. We
introduce new variables, which are symmetrical functions of initial ones. Using in addi-
tion symnietry properties, we reduce the problem to solving a‘polvnomial of dne variable
(of the 900th and 924th degrees respectively with huge integer coefficients). The power
instability in the first case is given by the unique (in |z| > 1) generalized ;pectrum point
zp = 1. In the second case the spectrum is strictly contained inside the unit circle. This
and the stability of the Cauchy problems corresponding to the different grids imply the
stability of the considered problem with initial, complementary boundary aad overlap con-
ditions in space L,. Previous attempts to study the stability of the Gary scheme under
such nontrivial conditions have been based on numerical approaches.
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EFFECTS35 OF SOLID SHADOWING IN THE VACUUM SPUTTERING
PROCESS OF THIN FILMS IN FRAME OF COMPUTATIONAL EXPERIMENT

L.A. Sevastianov

Russian Universily of Peoples’ Friendship, Moscow, Russta
e-mail: alez@alezcn.msk.ru

The researc subject of this paper is the description of the process of vacuum sputtering
of thin dielectri: films throw the solid mask, exactly - mathematical modeling of shadowing
effects in such i process.

Till now there are a number of mathematical models describing these effects [1-5].
While first three of them were concerned as self-independent, the further were considered
and formed in {rame of computational experiment. Such a conception permitted not only
to range all incicated models in a series of stages of the computational experiment, but
also to find a batter method of regularization - a sort of the Tychonov’s regularization for
this non correct inverse problem for the integral equation of the first kind. The method
of constructing of the compact regularizing set with the help of the cone of convex non
negative continuous functions [6] eliminated the regularization error from the total error
of constructing of the approximate solution of the inverse problem of describing shadowing
effects in the vicuum sputtering process.
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SMALL VARIATIONS OF THE SHADOWING MASK PROFILE CONNECTED
WITH SMALL VARIATIONS OF THE SPUTTERING FILM THICKNESS IN
FRAME OF A LINEARIZED MODEL

Sevastianov L.A. and Marchouk A.N.

Russian Universily of Peoples’ Friendship, Moscow, Russia
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In Sevastianov’s paper (ibid) a method of mathematical modeling of shidowing effects
in the vacuum sputtering process of the dielectric films is proposed. After manufacturing
of the solid shadowing mask with computed in frame of proposed mathematical model
parameter, then after executing of the sputtering experiment we get the film differing by
thickness Ak from planned because of errors of manufacturing, errors of the sputtering
experiment itself, errors of measuring of the film thickness A. .

It was shown in practice that the difference of |Ah|/|A| in C-metrics s rather small.
So it is valuable to use the first variational difference of the full nonlinezr model on all
stages except regularization. This linearized model permits much more simple computer
realization, economizes the volume and the time of numerical experiments.
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A CONSTRUCTIVE APPROACH TO THE INTERPLAY BETWEEN FRACTALS
AND NEURAL NETWORKS

V.M.Severyanov

Laboratory of Computing Techniques and Automation,
Joint Institute for Nuclear Research,
141980 Dubna, Russia

As we understand today, Nature abounds with non-Euclidean structures. Fractal objects,
exhibiting in the general case a ragged shape, represent a broad class of them. The
Universe itself night be seen as a big fractal. From scales of galaxies and their clusters up
to subnuclear s:ales one can easily trace the realm of fractal geometry. It becomes evident
that fractal sets.and fractal functions constitute an important part in its own right of the
common langu:ge of science. Therefore, the appropriate tools are now required to describe
and to process fractals. N

Mathematically many fractals can be represented (in a very concise, seed form) by
so called Iteraied Function Systems. An iterated function system (IFS) is a structure
(X, f1, f2y .-, f17) consisting of continuous functions f;, : = 1,..., N, acting on a complete
metric space (.(,d), with metric d. In the case when functions f; are contractions (hyper-
bolic IFS), there is a set A C X, such that f;(A) C A, Vi € {1,..., N}, which is called the
attractor of the IFS. Operator F' = Ufil fi acts on another complete metric space, namely,
on the space H(X) of compact subsets (fractals, in the general case) of X, (H(X),k) be-
ing complete viith respect to the Hausdorff metric h. Therefore, we have a dynamical
system (H(X), F), where F(B) = UY, f:(B),YB € H(X). The attractor of the IFS is an
attractive fixed point of the dissipative dynamical system (H(X'), F). Realizing somehow
the dynamics cf an IFS, one can extract a (usually!) complex structure from the original
simple formula; of the IFS.

An Iteratec function system embodies another peculiar feature — as well as being a
kind of genetic code for a fractal, it in the same time contains information on the synaptic
matrix of an asymmetrical binary neural network. In such a case, the neural network
fulfils the role of morphological realizator for the genetic code.

If we restri:t our attention to the particular case of a two-dimensional X space and
an affine IFS, we obtain the chance to construct interactively a desired fractal and the
corresponding FS, solving in this manner the inverse problem. The collage theorem enable
us to reach the required accuracy.

It makes sense to mention yet another direction of investigations attributed to measures
on fractals, each one being the fixed point (the invariant measure) of a Random IFS (an
IFS with probe.bilities), as opposed to Deterministic IFSs considered up until this point.
Again, it may be constructed a neural network formulation of a random IFS but in this
situation we heve to deal with Markov chains and analogue linear networks.
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BINARY NEURAL NETWORKS HELP TO DO FRACTAL FUMNCTION
INTERPOLATION

V.M.Severyanov

Laboraiory of Computing Techniques and Aulomation
Joint Institute for Nuclear Research,
141980 Dubna, Russia

When processing experimental information (for instance, some spectrometric data).
often we have to deal with ragged shapes, more suited to be approxima.ed by fractal
structures rather then by ordinary differentiable functions, fractal dimension of the latter
being always integer-valued. On the other hand, fractal function interpolation of a set
of cxperimental data yields new intermediate points reflecting the global structure of
the data. Furthermore, one can control the value of fractal dimension of the fractal
interpolation function, so derived. It is hoped that these features might be used for better
subsequent smoothing of the original data. An additional point to emphasize is that fractal
functions are an important part in its own right of the common language oi science. since
fractal geometry is intended to describe a broad class of non-Euclidean objects, of greatest
abundance in nature.

Given a set of data points {(z;, f(z:))},i=1,..., N, 2y < &3 < ... < zn, il is possible
to construct a so called Hyperbolic Iterated Function System F' = {fi. f2,.... [N}, fi - a
shear transformation, whose attractor (a fracral set, in the general case) jasses through
the given data points. The attractor is the graph of the fractal interpolition function
interpolating our data. Fractal dimension of the function could be controlled through the
medium of a parameter of the iterated function system F so that it will azree with that
of the original data.

As it has been found comparatively recently, do not only iterated fuiction systems
describe (in a concise, seed form) fractals (compact subsets of a complete metric space).
but they also permit to build the synaptic weight matrix of an asvinmetrica binary neural
network, realizing the dynamics of the iterated function system.

In a recent work of the author, it has been shown how a binary neural retwork can be
efficiently used to construct a fractal set (in fact, an approximation of it), defined by an
iterated function system given in advance or generated interactively. Thi: report shows
how this approach could be applied to fractal function interpolation.
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GRID APPROXIMATIONS FOR SINGULARLY PERTURBED PARABOLIC
EQUATIONS WITH DISCONTINUOUS COEFFICIENTS AND
CONCENTRATED FACTORS !

G.I. Shishkin
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S. Kovalevskaya str., 16, Ekaterinburg, 620219, Russia
e-mail: sgi@egmph.imm.iniec.Tu

One-dimens onal singularly perturbed parabolic equations with mixed boundary con-
ditions are considered on composite domains. The perturbation patameter £?, i.e. a
parameter multiplying the highest derivative, takes arbitrary values in the half-interval
(0,1]. For € = 0, the reduced equation contains the time derivative only. The coefficients
and right-hand side of the equation have discontinuities of the first kind on the interfaces
of the subdomains. ”Almost concentrated” sources act in the é-neighbourhood of these
interfaces. Here the parameter é can take any value in the half-interval (0, dg) where dg
is the minimal width of these subdomains. This problem is a model for diffusion (or heat
conductivity) p-ocesses in inhomogeneous media and with complex exchange conditions
on the interface of medium.

It is shown that, for mixed boundary conditions, the discrete solution by a usual,
classical scheme may increase without bound for certain relations between ¢ and the step
of the space grid. However, for a Dirichlet problem, the approximate solutions remain
bounded unifor nly with respect to the parameter ¢ (see, e.g., [1, 2]). The ratio of the
space derivative of the solution for the boundary value problem to the difference derivative
of the discrete solution may unboundedly increase as the grids are refined.

For these boundary value problems, using special piecewise uniform grids that con-
dense in the- boundary and interior layers, we construct finite difference schemes which
do converge uniformly with respect to the parameters ¢ and §. The approximations of
normalized diffision fluxes, i.e. the products of ¢ and the first-order derivative, in z, of
the solutions for the boundary value problems, are studied.
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WHP®OPMALIMOHHAA MOAEJIb TEOPHUH CHELIMAJBHEX & YHKIIUIA

C.JO.CnaBauos, A.M. Axoman
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CrenvansHble QyHKIMM MaTeMaTHUeCKON QU3MKN MOMKHO Pa3fleMTh Ha QYHE MM, 3aJaBae-
Mble: 1) suddepeHIMaNbHEMY YPABHEHMAMM, 2) PA3HOCTHRIMM yDaBHEHMAMII, 3) MHTErpa-
JlaMH.

JinddepenrmansHule ypaBHEHNA € [OJMHOMHANBHEMYA K03d UIMEHTAMY MOMKHO KJac-
CHOHLMPOBATH 110 MPHHALISKHOCTH: 1) X KAaccy, 2) k THOy, 3) K opMe.

Knacc - naubosnee obmmit MHQOPMAIMOHHKN 06HEKT, THI IO CYNIECTBY 3:apaKTepHU3yeT
KOHKDETHOe ypaBHeHHe, popMa BHIE/AET ypaBHEeHHE U3 MHOMKECTBA eMy IKBY BaJeHTHEIX.

Ipocreitmne cremmanbiile GYHKIMA MaTeMaTHUecKod GU3UKNA, 3ajaBaeMiie TuddepeH-
LMaJbHEIMK ypaBHEHHAMM, NPHUHALIEKAT OAHOMY M3 TPEX KIaccoB: 1) TMmepreoMerpude-
CKOMY Kaaccy, 2) kraccy loitna, 3) wnaccy Ilennene.

[TepBrie nBa KiTacca COCTaBAAIT IUHERHKE YpaBHEHWA, TPETHI Kiacc — Hel umeﬁHHe ypa-
sHeHNA. COOTBETCTBEHHO MOXHO TOBOPHTSH O crellGyHKIMAX MMIEPreOMeTPHU :CKOTO KIIAcca,
cnendynrmmax riaacca lo#tia, u "HemmHelHNX” crendyHkimax knacca Ilepmese. ”Cyme-
CTBEHHO pasJWYHLIX THIOB ypaBHEHWH — 5 B runepreoMerpmveckoM kiacce u 10 B kiacce
loitna, riacce IleHieBe Takke MOEHO BhAe/UTs 10 TUIIOB ypaBHEHMIA.

Mesiny ypaBHeHAMH, OPUHAJIERAMMMYE K 3TUM TPEM KIACCAM YCTaHAB.IMBAKWTCA Cle-
JyIouIMe COOTHOIIeHNA (BO3MOMHE MCKmoueHun) 1) nobasienne ocoboii Tourm B B ypaBHe-
HHUe THIIEPreoMeTPHYECKOro Kiacca IIepeBOIHT ero B kiace [ofiHa, 2) ypaBHerme Kiaccuye-
CKOro JBMMeHMA JJIA MaMWJIbTOHMaHa, OTBeUalOMero ypaBHeHHI0 Kiaacca [oif 1a, mpuHapIe-
#HT Kraccy [leHnese, 3) JMHeapWsauma ypaBHeHHMA M3 Kiacca lleHieBe 1epeBOIUT €ro B
yPaBHeHHe TMIIePreOMeTPUUYECKOro Kiacca.

Knaccudpuramma ypaBHeHMIt ¢ HOIMHOMUAILHNME KO3( QUIIMEHTaMA MO:keT GHTh Hpo-
U3BelleHa Ha OCHOBE XapaKTepH3yIOMMX UX 0cobnx Todek. Camu ocoke TOUNU IOApa3eid-
loTca Ha: 1) peryidpHue ocobule TOUKM, 2) MPPEryLAPHEE 0cO6HE TOYMKM C 1ieJ KIM S-PaHToM (
HeBeTBAMMeCA UPPETY/LAPHEE 0CODEHHOCTH ), 3) K UpperyiapHie 0cobhe TOUK 1 ¢ TOTIY eI THM
S-paHTOM ( BeTBAMIMECA UPpeETyLAPHHE 0CO6EHHOCTH),

B coorBercTsuM ¢ Kiraccudukarmedf 0co6rX TOYeK, ypaBHEHUA ¢ IIOJIWHOM WA JIBHREIMUA KO-
3 PUIMeHTaMI MOT'YT OHTH pasiefeHH Ha: 1) Ha (QYKCOBH ypaBHEHMA (10IBKO C pery-
NAPHEIMH 0COBHMY TOUKAMH ), 2) Ha KOH(IIOEHTHHE ypaBHEHUA, Y KOTOPHX HpperyiipHHe
0COOkIe TOUKHM MOTYT ORITH TONBKO C I(€JEIM S-PaHTOM, 3) Ha pejyI[MpOBaHHEe ¥ OH()ITIOCHTHEE
ypaBHeHHA, Iie 0643aTeLHO €CTh npperymipm.le 0cobHe TOYKM € IOJNYIeNhM S-PaHTOM.

Ilepexon o ypaBHeHMN, OTHOCANMXCA K OZHOMY BHUAY K ypaBHEHWAM JAPYCOTO BHJA OCY-
HIECTBJIACTCA € MOMOMBIO IIporeccoB 1) KoHdumoeHMK ((PyKCOBO ypaBHEHMe — KOHQIIOEH-
THOe ypaBHeHUe JNG0 KOHGIIOGHTHOE YpaBHeHHe — IPYroe KoHQIoeHTHoe 'paBHeHKe), 2)
crnaboit koHMoeHIMH (pYKCOBO ypaBHEHMe — BeTBAMICECA KOH(QIIOEHTHOE y )aBHeHMe Jubo
KOHQIIIOCHTHOe ypaBHeHMe — BeTBAIleecA KOHQIIOGHTHOe ypaBHeHZe), 3) p2AyKUmH (KOH-
(JI0eHTHOe ypaBHEHWE — BETBANEECA KOH(IIOEHTHOE Y PaBHEHHE ).

Pemtenvin paccmatpuBaeMux ypasHeHu# (cremvansHe (yHKIMA I0Lpas; e/AI0TCA Ha 1)
JOKaMbHKeE pelieHdA ( pelieHdd, 3aJaHHke IToBeIeHueM B ocoboii Touke), 2) cobcTBeHHNE
GYHKUMM, 3) KBa3UIIOMMHOMMAIbHEIE PENICeHNA.
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B teuemnme panxa et Ha 6ase omMcaHHOU MHGOPMAIIMOHHON MoOfeIH CO34aeTCAd MPOrpaMm-
MHaA cucTema — 6a3za sHaHwit no cnenMaipHeM GyHkimaM. [IporpamMuil NpoAyKT pas-
pabaruBanca noa omeparmonHylo cucremy MS Windows 3.1 ¢ ucnombssoBanmueM A3biKa ITpo-
rpamvupoBaana Borland C++ 3.1 u 6mbmmorex Object Windows for Borland C++ 3.1.
W cnoms3opanu:: onepaumonHoi cuctemu Windows 3.1 nossommio obecriesmts ynobHuif rpa-
duueckmit MHTpdeiic u rubkylo padory ¢ mamatsio. Ilommaopatenscruii uHTEp delic no3BO-
JLAET BUAETH HilL 3KPaHe OKHO C TEKCTOM M rpaduKodf, a Tarke NMMHAMHWUHO I1€PeKJI0YaThCA
MEeXIy 3TAMHU (KHaM¥, BHOMpas COOTBETCTBYIOIIME NYHKTH MeHIO.

Basa panmix 6ymeT ciaymuTh y4yebHEIM 06ydyalommM cpeACTBOM AJA CTYAEHTOB, H3y4dalo-
NIMX TEOPHIO CjleHMaJbHBIX QyHKIMN.
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MASSIVELY PARALLEL VLSI ALGORITHM OF MULTIDIMENSIONAL
DISCRETE FOURIER TRANSFORM

P.I. Sobolevsky and A.A. Tiountchik

Academy of Sciences of Belarus Institule of Mathematics
Surganova str.. 11, Minsk 220072 BELARUS
e-mail: imanb%imanb.belpak.minsk.by@demos.su

An m-dimensional discrete Fourier transform (m-DFT) is of practical significance in
analyzing multidimensional signals in different physical systems. For instar ce, the 1-DFT
and 2-DFT are needed in tomography and spectrum analysis, the 3-DFT is applicable in
nuclear magnetic response imaging algorithms, the 4-DFT is used for frequ oncy represen-
tation of signals, etc.

The m-DFT is known to be computationally intensive algorithm, although it requires
a very high throughput in many applications. A vast amount of computations to be per-
formed for the implementation of the m-DFT, when m is large, is an imnpor ant restriction
for the possibility of the practical use.

One of the ways out is the development of parallel algorithms for the n:-DFT and the
design of special-purpose multiprocessor devices for the efficient implemcutation of the
algorithms. One of the most promising multiprocessor architectures is systolic one [1]:
computations are performed by simple identical processor elements that are connected in
regular [attice by local interconnections. ) )

The design of the systolic arrays needs the construction of special par:llel algorithins
that are to meet some additional restrictions (these restrictions are caused by the topol-
ogy of the array). Different approaches to the construction of systolic oriented paralle]
algorithims for the m-DFT are known: the reduction of the m-DFT calculation to the
sequential calculations of the 1-DFT [2,3] and the reduction of this problem to the matrix-
vector multiplication [2]. The drawback of the former approach is that it lea:ls to structures
with global interconnections, the drawback of the latter one is that every oatput demands
N2m multiplications.

We propose a systolic algorithm for the m-DFT with mN"*! multitlications. The
algorithm can be mapped onto 1- and 2-dimensional systolic arrays with cnly local inter-
connections.
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ATLAS MAGNETIC FIELD SIMULATION

Titkova 1.V.”, Vorozhtsov S.B.**
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3D Magnetic ficld map generation for the Hadron scintillator calorimeter (TileCal) of
the ATLAS General-Purpose pp Experiment at the Large Hadron Collider at CERN is
described.

The results irom the simplified TileCal magnetic field calculations are presented. The
effects of glue gips, end plates, front plates, laminated layer near girder, 2mm iron layers
between tiles ha /e been estimated. This results were obtained with the help of the TOSCA,
OPERA-2D anc POISCR calculations.

Some proposals for the general ATLAS magnetic field map calculation are given.

For the magietic field map construction the result from the VF software TOSCA and
OPERA-3D cal:ulation of the General 3D Computer Model (G3DCM) of the ATLAS
magnetic field distribution was used.

The TileCal magnetic field map generation method is demonstrated. For the interpo-
lation process tl e finite element method was applied.
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CODE LIBRARY FOR THE NUMERICAL SIMULATION OF HIGHLY
CHARGED ION ACCUMULATION AND PRODUCTION IN THE FCR SOURCE

N.Tokareva, G.Shirkov, E.Shirkova

Joint Institute for Nuclear Research
e-mail: tokareva@sunse.jinr.dubna.su; shirkov@sunse.jinr.dubna.su

The electron cyclotron resonance ion source (ECRIS) is one of the most widely used ion
sources with step-by-step ionization by electron impact for accelerator and atomic physics
application. The mathematical description of ionization processes of neutral atoms and
charge changing transitions in plasma and in ion sources with electron impact ionization
can be described with a set of nonlinear differential balance equations. If steady-state
processes are considered, then the set of balance equations transforms into the set of
nonlinear algebraic equations [1].

A new library of the computer codes for MS-DOS-PC was created for the numerical
simulation of heavy ion production to interpret the experimental results anc to predict new
regimes of the ECRIS operation. About one hundred nonlinear algebraic or differential
equations are used in these codes. The codes of the library were succe:sfully used for
numerical testing and examining of some ways of the ECRIS improvemen [2].

The library includes the follows:

1. A data base of the atomic and ionic ionization potentials for the inost important
gaseous and metallic atoms [3]. . .

2. A set of computer codes to simulate the static regime of ECRIS operation for the
mixture of two different elements in the ECRIS. The special mathematical methods are
used for the solution of nonlinear algebraic set of equations in these code. 'The mathemat-
ical simulation of ion cooling method with this code showed a good agre:ment with the
experimental data [1,2].

3. A code of the numerical simulation of heavy ion production in the (ynamic regime
for the mixture of two ion components in the ECRIS. The use of different.al equations in
this code enables not only to look for stationary solutions, but, what is more important,
also to simulate the dynamic or fast changing processes. The mathematical simulation of
afterglow regime in the ECRIS with different operation conditions was fulfilled with this
code [2/4].
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SOVEREIGH VELOCITY SCHEME FOR FREE CONVECTION PROBLEMS

V. Tsybulin

Dep. of Comput. Mat)t., Rostov State University,
344104 Rostov on Don, Zorge 5, Russta e-mail: tsybulin@ns.unird.ac.tu

Computations of fluid flow and heat transfer in irregular-shaped domains are often
performed by the finite-element or boundary- element methods. In present work the finite-
difference method assigned to problems of complex geometry is described. The primitive
variables equations of incompressible viscous thermoconductive fluid are used. The main
features of the 1nethod are:

e the discrerization uses the nodes of several types,
¢ number of neighboring nodes fixes,
¢ simple for nulae is applied for calculation of higher derivatives.

In the case of 2-D problem the mesh consists of the nodes of three types: each component
of velocity vector is defined at own nodes and pressure and temperature are defined at
individual node:. So it implies the first order difference operators defined on three nodes.
The capabilities of the proposed scheme are demonstrated by its application to several
different example problems. The numerical solutions are compared with the results of
known numericil investigations. The comparisons are quite encouraging.
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A DIFFUSION MODEL OF ION-IMPLANTED ARSENIC IN THE
POLYSILICON-SILICON SYSTEM

0. 1. Velichko, A. N. Muchinskii, V. A. Tsurko

Institute of Mathematics BAS. Belarus, 220072 Minsk, Surganova 11
e-mail:imanb%imand. belpak. minsk.by@demos. su

At present, ion implanted layers of polysilicon as a source of impurity diffusion are
used for the VLSI fabrication processes [1]. Doped polysilicon diffusion al ows to design
heavily doped layvers with small degree of lattice defect and small junctio depth. since
radiation defects remain in the polysilicon. Availability of the polvsilico layer causes
the impurity segregation on the polysilicon-silicon interface. 1t complicates the process of
the thermal diffusion. Therefore, the development of a model of impurity ciffusion in the
polysilicon-silicon system is very important.

Proposed model for the transfer of the impurity atoms in the system 5i-$¢* under
rapid thermal annealing take into account nonhomogeneity of distribution ¢f ponit defects
near interface of the phases. It allows us to describe phenomena of impurity segregation
on the polysilicon-silicon interface. The defect diffusion equations are prosented in the
form that allows the analytic solution.

The conservative nonhomogenecous difference schemes for quasilinear diffusion equa-
tions and iterative process for solving the system of non-linear algebraic equations are also
proposed. : )

The comparison of the results of numerical computations and the experimental data
demonstrates the adequacy of the proposed diffusion model and the efficiency of the devel-
oped mathematical software. 1t allows us to use this model as a basis for the development
of the simulation of VLSI fabrication technology with doped polysilicon. Moreover, the
proposed model and software can be used for the description of other trasfer processes
on the interface of two phases, for example, for simulation of the process for the lattice
disorder in the complex semiconductors [2].
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NUMERICAL EVALUATION OF INVERSE AND ILL - POSED
PROBLEMS USING INVARIANCE PRESERVING TECHNIQUES '

R.C. Venkatesan
Distributed Algorithms Corporation Pune 411007, INDIA

The presert work primarily addresses the issue of the formulation of a finite
difference ansatz to compute discrete operators (stencils) from measured non-exact
data (grid points), based upon invariance criteria. This is described within the
context of constructing a dynamical model from a given set of observational data
using an optimal finite difference approximation. The criterion for optimality of a
given stencil i¢ dictated by the preservation of invariance at the grid point values
of the discrete group generator when acting on the finite difference ansatz, which
approximates the dynamical system.

An error-control paradigm is presented which enables the preservation of in-
variance at the grid point values, within a prescribed tolorance. This error-control
paradigm is closen to be a function of the step size. Generic issues of sensitivity,
stability and convergence of the stated numerical model are treated. The use of the
evolutionary representation of the vector field to achieve computational efficiency is
also demonstreted.

In order to further demonstrate the efficacy of the present numerical paradigm,
a methodology for the numerical differentiation of non-exact data is presented. The
invariant numerical differentiation scheme is then analyzed with respect to com-
peting schemes, by virtue of simple numerical examples, for the case of low order
derivatives.

A case study that demonstrates the actual implementation of the numerical tech-
nique presentel herein, to a specific example of PRACTICAL IMPORTANCE, is
described. This involves the development of a grid control mechanism for an adap-
tive grid modei. Herein, a refinement procedure for evolving source or driving terms
{operators) is presented. Numerical examples for exemplary cases are provided,
along with estimates of the performance of the numerical model when implemented
on generic dist -ibuted computing platforms.

'This work ha:. been partially performed under the auspecies of STR&DF contract CSM 03-95-
20101-1961.
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ON SOME NONLINEAR SINGULAR PROBLEMS
IN RELATIVISTIC COSMOLOGY MODELS !

VYoronov N. A.*, Dyshko A. L., Konyukhova N. B., Staroverova I. B.
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B. Cheremushinskaya 25, 117259 Moscow, Russia

Global behaviour of positive solutions to the second order nonlinear ordinary differ-
ential equations with singularities has been investigated. These equations arise in some
models of relativistic cosmology : the equations of motion of spherical infinitely thin bubble
in the Minkowski, Friedmann and de Sitter spaces. This object is investigited in the field
theory with two degenerated vacuums. The equations are of the type P(:,u,u’,u") = 0,
where P is a polynomial with respect to u,u’,u”; they degenerate for ¥ = 0 and with
respect to ¢ in finite or infinite singular points. The following approach is used for analysis
of solutions: theory of singular Cauchy problems and methods for constru:tion of smooth
one-dimentional nonlinear manifolds generated in the equation phase space by the solu-
tions bounded in a singular point. It is shown that only in the de Sitter space the bubble
does not collapse if the initial radius is large enough. This case is the riciest in content:
there are two families of solutions, which are divided by ”critical” curve; the transition
to the critical solution is singular with respect to the pa.ra.meters for tte fa.mlly of the
solutions bounded in the singular point the disconnected set is formed in t.1e cross—section
of an integral funnel. For the equations in the Friedmann space behaviou- of solutions in
a neighborhood of a singular initial point is the most interesting.
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PIXEL DECIMATION MOTION ESTIMATION USING WAVELET
TRANSFORM
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Traditional »xhaustive Block Matching motion estimation is difficult to achieve in real
time. Several riethods had been proposed in order to simplify the whole process while
at the same timr e maintaining good matching performance. Uniform pixel decimation [1]
is one of the m:thods. The disadvantage of it is some crucial pixels in a block may not
be selected for ~he motion matching criterion, resulting in inaccurate motion vectors. To
overcome this problem Chan and Siu [2] proposed an adaptive pixel decimati on method.
However this method is still containing non-high activity pixels at the beginning of the
pixel selection stage, and since this method employs different number of pixels in each
block which is :onsidered not adequate for hardware implementation. In this paper, we
use Wavelet Transform to extract the high activity pixels and adaptively select a fixed
number of thos: most representative pixels for the matching criterion. This is due to the
fact that high «wctivity in luminance s ignal such as edges an Adaptive Pixel Decimation
using wavelet t1ansform: Wavelet Transform had been proved [3] & [4] to be very useful on
extracting edge and texture features. We used Daubechies’ 4 tap wavelet’s high pass filter
to process the urrent frame along both vertical and horizontal direction in parallel and
retain every siigle output coefficients. This give the horizontal and vertical edge maps
respectively. By combining these two maps together, the final edge map was obtained
for this image. The pixel values within a block will be sorted in descending order. (The
higher the value, the higher the activity of the pixel) Depending on the requirement of
computational reduction, a certain number of pixels with the highest activity will be
selected for motion estimation. For instance a 75 Experiment Results and Discussions: A
series of experiraents had been carried out to evaluate the performance of the above method
using MPEG ercoder and decoder. The results showed that much better performance were
obtained than the uniform pixel decimation with similar computation reduction. The
picture quality is indistinguishable when compare to MPEG.
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DATA DISTRIBUTION AND COMMUNICATION SCHEMES FCR LEAST
SQUARES PROBLEMS ON MASSIVELY PARALLEL DISTRIBUTED MEMORY
COMPUTERS

Tianruo Yang
Department of Compuler Scicnce, Linkoping [University
58183 Linkoping, SWEDEN

email: liaya@ida.liv.se

In this paper we study the parallelization of PCGLS, a basic iterative method whose main
idea is to organize the computation of conjugate gradient Method with preconditioner
applied to normal equations. Two important schemes are discussed. What is the best
possible data distribution and which communication network topology is most suitable for
solving least squares problems on massively distributed memory computers. A theoretical
model of data distribution and communication phases is presented which allows us to give
a detail execution time complexity analysis and investigate its usefulness. I- is shown that
the implementation of PCGLS, with a row-block decomposition of the coe ficient matrix.
on a ring of communication structure is the most efficient choice. Performance tests of the
developed parallel PCGLS algorithm have been carried out on the massively distributed
memory system ParsytecGC/PowerPlus and experimental timing results are compared
with the theoretical execution time complexity analysis.

141



LINEAR OPERATOR INTERPOLATION IN A SPACE OF FUNCTIONAL
MATRICES

L.A. Yanovich

Institute of Mathematics, Academy of Sciences of Belarus
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Let X be the space of continuous on [a,b] of square matrices of dimension n and
F:X—X.
Theorem |. The matrix

224, ~ Ao); A — Ag)dr,

J Lo
LiiA) = Fldo)+ 5= [ oFldo + T

where é6F[A; h] is the Gateaux differential at the point A in the direction k, is a linear
interpolation matrix polynomial for the operator F(A) with respect to knots Ay and 4.
If the F(A) is ¢. matrix polynomial of the first order, then Li(A4) = F(A) (4 € X).

In the class of continuously differentiable matrices, some of formula of linear interpo-
lation are determined by the following

Theorem . Linear matrix polynomial

Lio(:1) = F[Ao(-)] + [A(a) — Ao(a)]A1(a) ~ Ao(a) ' F(-) — F[Ao(-)[+

1 b
+b—j;/a &F[g(r,"); A(") = Ao(-) — A(a) + Ao(a)] dr,

where b
T—a T —
= At t
b—a 1)+ a— b( )
are interpolation matrix polynomials of the first order in the space of continuously differ-
entiable on [¢,!] matrices.
The polynoinial Lo(A) is equal identically to the F(A) if

(I) = AO(t) + Al(a’) - AO(”‘)v g(T’ t)

F(A) = Ko + A(a)Koo + /b A'(t)Kqo(t) dt,

where Ky, Koo and K o(t) are arbitrary given matrices.

Other formulas of linear interpolation for matrix-valued functions are also given. In
particular, when X = CP(T) is the space of functional matrices that have continuous
derivatives up to p -th order (p > 1) on T = [a, b] and F(A) is an operator mapping C?(T)
into another space of functional matrices.
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VICCJIEJOBAHUE ABEPPALIMM TPETBETO ITIOPS IKA
B ®JIEMEHTAX MATHUTHOM OIITUKN

WN.I1. Oauu, B.B. Auapees
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e-mail: yudin@lcta.jinr.dubna.su

PaccMoTpensl BO3MOWKHOCTH aHAJIMTHYECKOTO MOAXOMA IpH HCCIEAosaHAM abeppa-
Ui 10 TPeTbero NopA/lKa BKIIOUHATEIbHO B PAJIE 3JIeMEHTOB MAaTHATHONW ONTAKA NYy9YKOB
3apAMKEHHHX YACTHAI, & AMEHHO B IATIONBbHEX MarHUTaX, COJEHONIaX B F IIPOMEKY TKaX
YCKOPEHHA.

ITocTpoers cooTBeTCTBYONIME HeMHel Hhle ypaBHEHNA JBAKEHHAA Ye CTAI C YIETOM
ux pasbpoca no uMoynbcaM. B paMKax MaTpmuHOTro ¢popMann3Ma oLy IeHH aHAJHATH-
decKkre HOpMYIIh A K03 HUUAEATOB XpoMaTHIecKol 1 ceprieckot abeppanuit.

Uccnenopann ¢usndeckne sdpderrtu ¢GHOKYCHPOBKH B paclpejielielnd - IIOTHOCTHE
TOKa YacTHL B MyUKe.
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COTVIACOBAHWE ®A30BHX OB‘EMOB 1 OITTUMHM3AITUA
VIIPABJIAIOIIUX TTOJIEM B KAHAJIAX OIITUKH ITYUYKOB !

HN.I1. Oauu

O6sedune nHoili unemumym deprviz uccaedosanuii, Jyéna, 141980, Poccus
e-mail: yudin@Icta.jinr.dubna.su

Jlana MaTer armueckan nocraHoBKa IpobieMH coracoBauns ¢hasoBHX 00HEMOB IpH
TPAHCHOPTHPOBKE 3aPAKEHHNX YACTHI B YCKODHTENAX H APYTHX 3JIeKTPOdH3UUECKUX
yCTaHOBKAaX. .

Ilpu maBecranx GeTaTpoHHHX GYHKIEAX B Hadalle I KOHIE COMMACYIOIIEro TPaKTa
TOJyYeHH aHaldTHYeCKre HOPMYIH JI/IA BEIUYME JJIMH IPOCTPAHCTB Apelida u nosnei,
HEeOOXOJMMEIX JI/1f Peai3anil NOCTaBJeHHON ONTHMHU3annoHHOH npobieMu corlacoBa-
HUA ha30BHX 03>HEMOB.

IlpuBenenn dusmdeckrme TpEMepH peaM3aqUd NPeJIOKEHHOTO METONA.

1Pabora BHIIO THEHa NpY moigepskke Poccuitckoro dponna byHAaMEHTalLHEX HCCIEX0BaHHM,
rpauT 95-01-073" .
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ON THE PROPERTY OF 5, TYPE FOR THE DEGENERATING
OPERATOR. '

Oleg A. Zadvornov

Kazan State University, Kazan. Russia
c-mail: Oleg. Zadvornov@ksu.ru

Let 2 be a bounded domain in £" with smooth boundary such that there are
hold embedding theorems of S.L. Sobolev, V' is a closed subspace of the space | '],I(Q)

such that Wp' (V. p>1.
We define the operators A, B : V' — V= induced by the respective forms

< Auyv >= / g V) - (| Vu ™' Ve Vo) dr
Ja

< Bu,v>= [ o, u,Vu)-vde
Ja

where the function ¢(t) satisfies the following conditions
g{t) is continuons, g(t) = 0 for + < 1, g(¢) strictly increases for + > 1,
there are exist p > 1, ¢, 63, ¢3 > 0 such thet for £ >0
gy <o 7N gyt > ey - 17 — s

We also assume that the function b, &y, &, ..., &) satisfies ty (Caratheodory’s
conditions and moreover there is exist s € [1,4+00) such that for any u € W) -
b u, Vu) € Ly () and
W)(Q) compactly embedded in L () . 5% = s/(s — 1).
Enfine let the operator T': V' — V* is the sum T'= A + B.

It is hold the next result. The proof of this resultis carried out by analogy with
the proof of the proporty S, (see [1]).

Theorem. Let the sequence 1t weakly converges to win V' oand Tin < Tul. uf —
4 >< 0 as 1 — +o0o. Then ' strongly converges to u in WS (u)). where Q(u) =
{reQ:|Vulz)|>1}
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ALGEBRAIC PROPERTIES OF LIOUVILLE EQUATIONS FOR
DENSITY-MATRIX '

M.V.Zaicev

Lepartment of algebra, Faculty of mathematics and mechanics
Moscow State University, Moscow, 119899, Russia
e-mail: zaicev@nw.math.msu.su

We consider a Liouville equations

i~ ) (1)
for density-matrix p which describe an evolution of N-level quantum system. It is
well-known that a solution of (1) has constants of motion of the type tr p™ and
more complicated type provided that quantum system possesses some additional
symmetry [1]. In previous paper [2] author shown that construction of same integrals
is a purely algebraic task. It was given a formal algorithm for obtaining invariants
of motion. A lot of papers (see, for example, [3] was devoted to finding a linear
change of variables such that the initial system (1) decomposes to two or more
independent subsystems. But it was unknown the general criteria of possibility of
such decomposition and regular methods of searching of required change of variables
was absent. In present work we give an explicit solution of these problems. The
general idea i to pass from Hermitian operators H and p to some skew-hermitian
analogues what allows us to use the Lie-algebraic methods. So, the problem of
decompositior of equation (1) is reduced to technical task of constructing some
Lie subalgebra in su(N) and decomposing su(N) to irreducible submodules as an
L-module.
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”TG-GSS” MANAGER TO GENERATE APPLIED SOFTWARE FOR ANALYSIS
OF DATA LIKE SET OF TIME SERIES AND ILL-POSED INVERSE PROBLEMS

P.N.Zaikin

Russta, MSU, CMC,
e-mail: pnz@cs.msu.ru

The principal problems of creating software manager for computer-aide¢ procedure of
simulating applied software for some typical kind of science investigations and industrial
technologies, where images of observed data are like sets of digitised time series, are
discussed.

Nowadays the situation around the using of computers and especially ol personal ones
has lead in many cases to necessity of essential reconstruction of methods, devices, sim-
ulating models, tools and numerical methods in applied systems of science investigations
and industrial technologies. The red-lines of using computer-aided techno.ogies are: the
including of computer processors into detectors and devices, the using of data banks and
data knowledges banks, of dialogue-graphics tools of representation of subje:t area objects
and operating with their screen images, and at last giving to experts - knowledge engineers
- the possibilities of planning the computer data processing and the choice o:'final solution.

Notice that the enough reach software and experience of its using is accumulated in each
subject area. Therefore the last years the CASE (computer applied software env1ronment)
technology is widely using. .

In our subject area the observed data may be represented by unique digital functions
like time series. The mathematical model of phenomenon under investigation consists
of two kinds of functions: one is enough smooth function, another part is a set of local
resonances. The cause-consequence relations here are enough complicated and involve
a non-linear calibration function, an efficiency function, a non-linear main dependence.
Therefore the problems of data analysis are ill-posed ones. The top idea cf regular algo-
rithms in our subject area consists of computing, firstly, the most stable part of solution
in that way then the model is nearly according to experimental data. The computing of
other part of solution is possible only by taking into account whether tirie dependence
in model whether another strategy of conducting experiment, detecting lata and data
processing. The non-unique models of experimental data interpretation tike place also.
The user has a possibility to get information from estimated data bank aid data expert
knowledge base.

Notice that the representing the screen objects images and operating under them are
not so simply and are realised by using of special algebra. The special metalanguage was
created in "TG GSS” to write the main calculating structures such as consequence, loop,
switch etc.

The described methodology is realised in " TG-GSS” monitor to generate applied soft-
ware to process, in particular, alpha and gamma spectra in elements analysis of samples.
Other example of using " TG GSS” is analysis of cosmic gamma-ray spectra in CORONAS-
I space experiment.
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MATHEMATICAL MODEL OF RELAXATION EFFECTS IN A
NON-HOMOGENEOUS DEFORMABLE SOLID AT NON-STATIONARY
THERMOMECHANICAL INFLUENCES !

V. S. Zarubin, G. N. Kuvyrkin

MGTU, Moscow, Russia
e-matl: postmaster@interd. bmgtu.msk.su

At construction of model it is supposed, that the condition of each component of non-
homogeneous ¢olid is described by four thermodynamic functions: by free energy, entropy,
stress tensor anid vector of density of a heat flow. Arguments of these functions are absolute
temperature, strain and strain speed tensors and internal parameters of a condition [ 1, 2
], the physical sense of which consists in following.

Alongside with absolute temperature, used for description of equilibrum thermody-
namic processes, in case of nonequilibrum (or local nonequilibrum) processes it is entered
scalar internal parameter of a condition — thermodynamic temperature, conterminous
with absolute temperature at zero speed of its change. Other scalar internal parameter
characterizes non-regularity or change of a structure of non-homogeneous solid owing to
phase transitions. For the description of process of distribution of heat are used vecto-
rial internal pirameters of a condition, associated with vectors of density of flows fonons
and electrons at heat conduction. At last, the viscous properties of non-homogeneous
solid characteize tensor internal parameters of a condition describe microgear of viscous
internal fricticn and molecular interaction.

It is supposed, that in each point of solid the laws of preservation and second law
of thermodynamics are executed, which permits to formulate restrictions on a kinetic
equations for internal parameters of a condition. Such approach enables to construct in
the reasonabl’ common form of mathematical models of specified processes, taking into
account cross offects and phenomena of delay. Concretization of such models for proceeding
simultaneousl processes of heat conduction, diffusion and deformation permits to study
a feature of bzhaviour of non-homogeneous solid at highintensive influences by methods
of computing 2xperiment and to establish the area of parameters, in which the account of
cross effects and phenomena of delay is necessary.
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THE CONTINUQOUS ANALOGUE OF NEWTON’S METHCD AND
NUMERICAL SOLUTION OF SCHRODINGER EQUATION

ZHANLAV T, BATGEREL B AND ENCHBAJAR

A National university of Mongolia
numelect@magicnetl. mn

Well known that most of used method for solving nonlinear problem: is the Newton
method. The convergence theorem for the Newton's method presupposed the existence of
a good initial approximation to desired solution. In order to extend a range of convergence
of this method were suggested a different modifications.

Among them the particular role play the continuous analogus of Newton’s method
(c.a.N.m) which is developped by E.P. ZHIDKOV, I.LA.PUZYNIN and their pupils.

Our report is consists of two parties. The first of them is devoted to the convergence of
c.a.N.m. The optimal choice of iteration parameters allows us to prove tie automatically
convergence of method. However the convergenve rate of c.a.N.m is linear, when the
iteration parameters are far from 1. It is desirable to further acceleri.te this process.
We are giving a several variants of acceleration procedure. The effectiveness of these
procedures is illustrated by means of various examples.

The second part of this report is concerned with the numerical solut on of the cigen-
value problem for the one-dimensional Schrodinger equation. The last years have seen
considerable and fruitiful research in constructing a last antl higher orler”accuracy al-
gorithms for giving problem. Here wea re given an nonstandard three point difference
scheme with 2nd order of accuracy on a nonuniform mesh. The obtained system of non-
linear defference scheme preperable 1o solve by c.a.N.m of shooting metl od. We are also
presenting numerical results and comparison with a different methods.
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YHNCJIEHHOE MOJAEJIMPOBAHWME HEKOTOPBIX MAT'THUTHHIX
CHUCTEM COJIEHOUIJAJIBHOI'O TUITA

E.I1. ¥ KXuaxos, PB IMonaxosa, M.II. FOauu

Obvedune unsiii uncmumym sdepuviz uccaedosanuil, Jybna, 141980, Poccus

[IpoekTHpoBaHy €, ONTHMH3AUMA M CO3JAHAE MHOIMX MarHATHHX CHCTeM, BHJIO4as
TPAKTH JIMHEHRH X YCKOpHTeJeH, COBPEMEHHNX HCTOYHMKOB HacTHI M Jp., HapALy C
[POLECCOM JITH1E€NLHOrO M TPYAOEMKOro (PH3HYECKOro MOAEIEPOBAHHA B 3HAYHTEIbHOMN
Mepe OMMHpaeTcs Ha YHCJIEHHOE MOJENUPOBaHUe paclpeleeHus MOJA COJCHORIaMbHbX
MarguToB B pafovedl 061acTH yCTaHOBKA. 3HAYMMOCTb UHCJIEHHOrO MOJIENHPOBaHMA
OpH KOHCTPYHPOBAHHH PacCMaTPHBAEMbIX MAarHMTHRIX CHCTEM ONpeJesAeTcA He TOJNbKO
H3BECTHBIMH JI0C TOMHCTBAMH BHYHCIATENIbHOPO 3KCIIEPHMEHTA, HO # TEXHHYECKMMHE 0CO-
GEHHOCTAMHA KOHKPETHOH YCTAaHOBKM, HapAMEp, HaJHYHEM KPHOrEHHHX TeMIepaTyp,
3aTPYAHAIONKHX [POBEJEHNE U3MEPEHHH MarHATHOro mojiA. DBiaromapsa poctatodnoi
TOYHOCTH BHIOp:.HHOM MaTeMaTHYECKOH MOJEJH, C MOMOLIbIO BHYHCIHTENbHOIO JKCIIE-
pUMeHTa pemasach npobieMa BuOopa M onTHMH3aluH (OPMH MArHATHHX IOJOCOB.
[Tonyuennse pscipeeseHus MarHUTHOPO NOJA 1A HIKPOKOro Habopa pacueTBHX CH-
cTeM IpejJlaraioTa JUIA HCIOJb30BAHNA B KauecTBe " 3aroToBOK” IpH KOHCTPYWPOBaBHH
3JIEKTPOA3KYE SKEX YCTAHOBOK, COJEPIKALNX COJEHONINL.
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ON INCREASING OF THE ACCURACY OF
APPROXIMATE SOLUTIONS
OF THE BOUNDARY PROBLEM ON HALFLINE !

E.P.Zhidkov, A.G.Solovjev

Laboratory of Computing Techniques and Automation, JINR, Dubna
e-mail: solovjev@main!. jinr.dubna.su

There is considered the boundary problem on halfline for the second crder ordinary
differential equation. The problem of this kind appear in the quantum mechanics,
in the theory of radiowaves and in the gas dynamics. For numerical solving of the
boundary problem on halfline [zq,00) the last one is replaced by ciosed interval
[zo, R]. The condition in the point R is chosen by using of asimptot ¢ behavior of
the solution for £ — oo. Then one has to solve the problem on this closed interval.
The replacement generates an error which tends to 0 for R — oo [1 - 2],

In this report the method increasing the accuracy of approximatz solutions of
the boundary problem on halfline is suggested. This approach is similar to the
Richardson method. It is based on multiply solving of the problenr on different
closed intervals. Then the combination of the obtained solutions gives 1he solution of
higher accuracy. The corresponding algorithm based on this method is constructed.
It allows to find the solution with required accuracy. The numerical festing has
shown the high accuracy of the results.
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ON PARALLEL CONSTRUCTION AND INTERPRETATION OF
MULTIDIMENSIONAL CHAINS OF RECURRENCES '

Eugene V. Zima

Comput. Math. & Cybernetics dept.,
Moscow State University,
Moscow 119899, Russia.
e-matl: zima@cs.msu.su

We consid:r a way to expedite the computation of a multivariate closed form
functions over the regular intervals. Computational tasks like this appear in such
applications a;s plotting mathematical curves and surfaces, animation of plots, signal
processing and so on. In order to expedite the needed computations a technique
based on chains of recurrences (CR) can be used [1, 2, 3, 4]. The application of this
technique consists of two steps: (an algebraic) conversion of the initial computational
scheme into CRs; and than (a numeric) interpreting the chain based computational
scheme.

In this paper we define multidimensional chains of recurrences (MCR), consider
the general in:erpreting scheme of MCRs and show that MCR construction can be
done in parallel without symbolic tools. Additionally we give parallel algorithms,
which allows ;0 get MCR for a multivariate polynomial in c - d - n parallel steps,
where d is the number of variables, n is the maximum of degrees of variables and
the constant ¢ is reasonable small.
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