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METHODS FOR SOLUTION OF SEVERAL SELF-ADJOIHT 
MULTI-PARAMETER SPECTRAL PROBLEMS FOR ODE SYSTEMS 1 

A. A. Abramov, A. L. Dyshko, N. B. Konyukhova, 
T. V. Levitina, and V. I. Ul'yanova 

Computing Center, 
Russian 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 Lame angle wave functions is an important example (If 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 glob< Uy 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 'ase of several 
non-linear two--parameter problems, and in [1, 3] to n-parameter probl•·ms arising, if 
thP Fourier method is applied in its simplest form. Modifications of the method in [1] 
propose•1 in [4, 5] enable us to solve several tree-parameter problems, in particular, to 
carry out calculations offree acoustic oscillations inside a triaxial ellipsoid. ln [6] a method 
for solution of n-parameter weakly connected systems of equations has be~n 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 rRIAXIAL 

ELLIPSOIDS 1 

A. A. Abramov, A. L. Dyshko, N. B. KonyukhovE., 
and T. V. Levit ina 

Computing Center, 
Russian Academy of Sciences, 

Vavilova str.40, 
117967 Moscow GSP-1, Russia 

e-mail: alalabr@ccas. ru 

The exterior Dirichle~and 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 pro Jlems in a wide 
range of parameter variations (see [6]). 

Calculations of distinct terms in the Fourier series are independent 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 SOMI: POWER 
SERIES CLASSES 1 

Sergei A. Abramov 
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Marko Petkov 

Department of Mathematics, 
University of Ljubljana. 

Jadranska 19, 61111 Ljubljana. Slovenia. 
e-mail: mar·ko.pdkovsek@mat. uni-lj.si 

The talk is mainly a survey of some results of [1, 2, :1]. 
Lt·t a linear homogem·ous ordina.ry differential equation Ly = 0 wi h polynomial 

coefficients be given. Om goal is to find all points a (ordinary or s ngula.r of the 
given equation) and all formal power series 

00 

Ya(.r) = L a,(.r- a)" 
n=O 

which satisfy Lya(x) = 0 and whose coefficients an have a ''nice'' explicit n'presl'n­
tation in terms of n. We consider the cases where a, is a polynomia or a rational 
function of n, and where a, is a hypfTgeometric term (i.e. a,+J/a, is a rationa.l 
functwn of n). Hypergeometric series are in the latter class of powf'r series. 
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DYN \MICS OF CHERN-SIMONS FIELDS: COLLAPSE VERSUS 
TURBULENCE 1 

Larisa A. Abramyan 

lnsltlule of A]. piled Phystcs, Russwn Academy of Sciences 46 U/janov Street, Nizhny Novgomd 
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e-mail: abr@appl.sci-nnov. ru 

Multiconnecti<•n of two-dimensional space, the definition space of field distributions is 
the essential f ~ature of the 2 + 1 D systems. The existenrP of topological peculiarities 
in spatial two-dimensional systems may hP takPn into account [1-3] by means of Chern­
Simons (CS) ;.ction in the long-wave limit. Th<~ goal of the present paper is the study 
of thP tempor d evolution of C-S gauge fields as well as field distributions in the gauge 
nonlinear Schrodinger model 

i(8t + iAo)'ll = -~(V- iA)2 '11- gl'lll 2 '11 (I) 
2 

with the equal ion of motion (EM) for the C-S gauge fields 

kc"'fJ"~{)fJA-y = j". (2) 

Here j = lrn~•*(\7- iA)'II, j 0 

variables as fo lows 
1'111 2 . Let us write down the EM using dimensionless 

Ox/3 - Oya = -a2 
, 

OtD: +Ox/ = 2{3a2 
, 

' 2 8tf3 + 8y! = -2o:a , 

~a = 2ca3 + ( o: 2 + /3 2 + 1 )a , ( :3) 

when' r· = -k.<' and the fields 'II = a exp( i<p ), Ax = a+ Ox'f?, Ay = {3 + Oy<p, Ao = 1 + Ot'f?· 
Numerical f>imulation of Sqs.(3) in the paper has been performed for two cases. 
(i) 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 f3 containing only the 
vortex part of the phase dynamics. 
(ii) Let the fur ctions a and f3 have a potential part in addition to V' <p. This is essential for 
thP descriptior of collapse [J] of strongly correlated wave beams. The numerical simulation 
of the latter e~ nation in Eqs.(3) describing the structure of a zero mode permits to find the 
critical power 'l.nd 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• rase of Lhe polynomial type of nonlinearity. 
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STABLE REGULARIZING NUMERICAL METHOD FOR SOLVING 
THE INVERSE PROBLEM OF QUANTUM SCATTERING THEORY 1 

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 scatt,~ring data is 
well known and important from the mathematical point of view and fc r such phys­
ical applications as the analysis of a nuclear interaction potential by f!Xperimental 
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 
~ufficiently complicated by the reason of the ill-posedness of the mentio:p.ed 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 authOJ s to use the 
procedure of the substitution of a few parameters in the beforehand ch,>ised 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 applic.ttions 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 lhift and the 
module of the Jost function for high energies. As usually the regulariza~.ion 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. 

1This work was supported by the Russian Foundation for Fundamental Resea~ch, Grant No. 
95-01-01467 a. 
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SELF-EXCITED MULTIPETAL WAVES IN 2D OPTICAL SYSTEM WITH 
LARGE SCALE FEEDBACK INTERACTIONS 1 

I. G. Akimova, A. V. Razgulin 

11 !1899, Russia, Moscow, Vorob 'evy gory, Moscow State Univer8ity 
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 )rocessing. The significance of these nonlinear systems is that tlw 
external feed Jack configuration enables ready control of system dynamics through 
large scale interactions resulting in excitation of optical patt.erus, phase switching. 
waves, rotati 1g multipetal waves (reverberators), spiral waves etc. 

Here we r'resent a mathematical analysis of self-excited multipetal waves in th<' 
nonlinear Kerr slice - feedback mirror type optical system under diffraction aud 
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] 

8tu + u = D~u + K ( lA( Gr, z = l; uW + A~), 8rullrl=•·o = 0, 

8tA + i~A = 0, Alz=o = Ao exp(iu(r, t)), 8rAIIrl=ro = 0, 

where n = [r = (x, y) E R2 
: lrl < r0 }; ~ - Laplacian with respect to (x, y); 

D - diffusior coefficient; I{ - bifurcation parameter; A0 > 0 - incident spatially 
homogeneow field; A(z = l)- outgoing feedback field, l- feedback length. Transverse 
spatial coordinate rotation by the angle 8 is accounted hy means of the operator 

Gr = G(x,y) = (xcos8- ysin8,xsin8 + ycos8). 

We have proved that under smile conditions spatially homogeneous solution 
U 8 2K~c5 loses stability through Andronov-Hopf bifurcation then K > K., 
K. = K.(8, D, l, r 0 , A0 ) is a critical value. Corresponding time-periodic solution 
is obtained n the form of small parameter (I< - K.) 112 expansion. The priu­
cipal nonhonogeneous member appears in the form of multipetal rotating waVl' 
ln(/ln,mlrlfr<) cos(wn,mt- nO+ Bo) where()- polar angle of r, Bo- arbitrary phase 
shift, ln - Bessel functions, J~(fln,m) = 0. The number n of petals and the temporal 
frequency w, ,m are determined from bifurcation conditions as functions of angle b 
as well as a Floquet 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 I.V., Smirnov Yu.S. 

LCTA JINR, 141980 Dubna, Russia 
e-mail: akishin@lcta28.jinr.dubna.su, puzynin@lcta15.jinr. dubna.su, 

smirnov@lcta6.jinr. dubna.su 

An iterative nethod for numerical investigation of the spherically-nonsymmetrir 
polaron in the limit of strong coupling is proposed. An expansion in spheriral har­
monics is used fc•r 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 classifiration for solutions of the problem is 
constructed in accordance with a numeration of the spheriral 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 l\ EW NONLINEAR SYSTEMS WITH SUPERPOSITION 
PRINCIPALS 1 

Alexander A Alexeyev 

Uussimt Fnil'frsily of Pmplrs" l<'r-ifnrl.~hip. Mosr·ow. Hussia 

r -mail: aln;qalr lTn.msk.ru 

A new class of nonlinear ordinary differential equations with superposition prin­
cipals is cousidert>d. In contrast to previous works, it describes the systems of /11 2 

ODEs associ<Ltf•d with iV linear equations. Tlw latter (or mow precisely, its fun­
danwntal set of solutions) can hP used to dPrive the general solution of tlw related 
uonliuear sys .ems. While the projective Rircati equations [I ,2] can be obtained from 
them as sonw reduced cases and is of direct linearization. 

The abov · systems arise and play an important role in cht~mical kiudics ami 
plasma physi -s. 
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BEHAVIOUR OF SOLUTIONS OF THE SINGULAR PERTURBED :NFINITE 
DEGREE DIFFERENTIAL EQUATION 

I.V. Amirkhanov, S.A. Vasilyev, E.P. Zhidkov, I.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 

[2cJq2 + m2c2 - H0ad- V(r)]<llqt(r) = 0, (4) 

Hrad 2 h ( ih d) mch
2
1(l + 1) ( ih d) 

0 = 2mc c -- + exp --
me dr m2r2c + ih2 me dr 

where V( r) is a quasi-potential. It is the relativistical analog of Schrodinger equation 
because if c --> oo we obtain non-relativistical Schrodinger equation [2]. L )t l = 0 and 
c = ::c then equation ( 1) has form 

The availability of infinitely small values c makes possoble to consider it as 
a singular perturbed differential equation [3]. In this case a special interest :~enerates the 
asymptotic behaviour of solutions with the proviso that c < < 1. 

We applied analytical and numerical methods solving of Kadyshevsky ~quation and 
examined asymptotic behaviour of solutions to the Cauchy problem and to 1 he boundary 
value problem. 
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NUMERJ CAL INVESTIGATION OF QUANTUMFIELD MODEL OF 
STRONG-COUPLING BINUCLEON 1 

I.V.Amirkhanov, I.V.Puzynin, T.P.Puzynina, T.A.Strizh, E.V.Zemlyanaya 
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e-mail: LAK@impb.serpukhov.su 

The quantumfield binucleon model [1] for the case of the nucleon spot interaction 
with the seal ar and pseudoscalar mesons fields is considered. For the strong cou­
pling limit tl e nonlinear equations describing two nucleons in the meson field are 
developed. 11 is shown that the model considered can be reduced to the following 
eigenvalue pnblem for nonlinear system of equations: 

{ 

/::;.c.p - >.c.p + (Vt + BV3)'P = 0, 
/::;. Vt - kiVi = -I'PI 2

, 

~::;.v;- k~V3 = -(a .. \7rYI'PI 2
· 

(I) 

Some alternatives for the statement of the boundary problem for the system (I) 
in the specia case of axial symmetry, namely for the cylindrical and the spherical 
coordinat~s are discusse!f. 

The algor thm suggested in [2] was used for solving the problem. This algorithm 
is based on the combination of continuous analogue of the Newt~n's method [3] and 
the continuation method and allows to reduce solving of the complicated system of 
nonlinear eq1 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 

I.V.Amirkhanov, I.V.Puzynin, T.P.Puzynina, T.A.Strizh, E.V.Ji,emlyanaya 
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Numerical investigations of the Schroedinger equation relativistic ~:eneralization 
in momentum space for some modifications of coulomb and linear po ;entials using 
continuous analogue of the Newton's method [1] are presented. Tht efficiency of 
method is demonstrated for one QCD model [2] computing. Codes SL IPH4 [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 Stale University, St. Petersburg, Rus.sia 
e-mail: serge@asn. apmaih.spb.su 

This paper is devoted to modelling of nonlinear dynamics of particle beams with spare 
charge. For some models of space charge distribution functions [?] thf' necessary motion 
equations are vTitten. For solving of these equations the matrix formalism [?] for Lie 
algebraic tools is used. This approach permits to obtain solutions of the motion equa­
tions in symbol r forms. These solutions have forms of block-matrices (solution matrices) 
which can be c1 eated 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 sorrw base-dates. In this paper we suggest two methods of space 
charge descript ons: the nonlinear rms-envelopP matrices language and the distribution 
functions langJjage [?]. For modelling of beam dynamics it. is more convenient to use 
the rms-envelor e matrices approach as it requires more less computer resources than the 
second approach. Hut 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 distrihution functions is described. This approach is one of direct methods of 
tim<' Pvolution :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 desirPd functions. The necessary 
symbolic comp'1tations are done with the help of computer algebra codes REDUCE and 
MAPLE. 
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DYNAMIC MODELING PARADIGM AND COMPUTER ALGEBRA 
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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 initial set of decisions (preliminary judgements of a des. gn problem); 
•- to applicate one or more mathematical models of various properties of ;he dynamical 

system; 
• - to analyse of the solution and then accept or reject corresponding nodel, 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 corre!rponding 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 modelling. An 
extraction from these data-bases corresponding matrices is carried out wi1 h the help of 
an oriented graph according to a desired structure of dynamical system ·wnlinearities. 
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 me 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) 1 o be created. 
These codes can generate the numerical codes automatically after choosing 1 he 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. OIL this step the 
role of the experts has much significance. There are two principal assets of s Ich approach: 
the uniformity of data bases elements (matrices) and the use of algebraic cal< ulations only. 
These properties permit to fill up up the data-bases (and correspondingly 1 he 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 el<>ments for the 
describing expert system is creating. The effectiveness of used matrix formalism 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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::::ALCULATIONS OF CONTRAST STRUCTURES 
IN SINGULARLY PERTURBED EQUATIONS AND SYSTEMS 1 
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This papEr. presents some techniques and examples of the numerical solution 
of nonlinear Eingularly perturbed equations with internal transitional layer, named· 
contrast strudure. These techniques are based on the combination of numerical 
and asympto,-ical methods. The latter ones allow us to make up the good qualita­
tive compreh•msion of the solution being searched and to choose the most effective 
numerical method and suitable initial values. 

Following problems are considered. 

I. The pa1 abolic equation 

EUt - E
2
Uxx = J( u, X, t) 

is investigatei on D = {(0 < x < 1) x (t > 0)} with initial value ult=O = sin1r.r 
and boundar:' conditions ulx=O = ulx=l = 0. Here c; > 0 is the small parameter and 
f(u,x,t) is p·~riodic on t. 

The calct lation results of so-called variable structure solutions are given for 
s=l0- 2 and f(u,x,t)=(l-u 2)(u-0.5sin7rx+0.73sinat+0.25). Solutions 
u(x, t,s), which are settled on the big values oft, are described too. 

II. For se,·eral systems of type 

c;2u11 
- F(u,v,x,s) 

s2v" G(u, v, x,s) 

with bounda1 y 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 r·~presented by graphs. 

1supported n part by the RFFI (grant N96-0 1-00694) 
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TAKING INTO ACCOUNT THE FINITE STATISTICS OF MONTE 
CARLO SIMULATION FOR PARAMETERS ESTIMATIOI' FROM 

EXPERIMENTAL DATA 1 

Anykeyev V.B, Popov A.V., I Zhigunov V.P.j 

IHEP, Protvino, RUSSIA, 142284 
anikeev@mx. ihep.su, pvpov_al. mx. ihep.su 

One of the most important problems in modern high energy physin experiments 
on measuring cross sections is the problem of parametric analysis. w 1ich includes 
testing the hypothesis about agreement between some parametric mod ,I and exper­
imental data.. In this problem we must take into account statistical fl11ctua.tions 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 y 2 criterion (because of these fluctuati ms, 'the final 
distribution, used in the criterion, differs from the y 2 distribution). In this report we 
propose the method to take into account these fluctuations and, a.s a ~onsequence, 
correction of the final distribution, that allows to use the y 2 criteri01: correctly in 
the problem of the hypothesis testing. Our numerical experinwnts show that this 
method provides significant improvement of the final distribution and i :."s proximit~· 
to the corresponding true y 2 distribution. 

1supported by the RFFI grant 96-02-16495-a 
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METO.LJ: Y"LIETA CHJihHOM AHH30TPOllHH PACCE.RHH.R B 
YPABHEHHH llEPEHOCA. 

E.H. ApHCTODa, B . .R. ronL)l;HH. 

l1><cmumyn MameMamu'lecx:ow Moaeo<iupoea><UJI PAH, 125047 Mocx:ea, Muyccx:a!l nA . .fa 

Bo MHOfHX 3a;[aqax rrepenoca H3JiyqeHHH HJIH qacTHU sanmy10 poiih HrpaeT yqeT amno­

TponHH paccen ·mH. CTaUHonapnoe ypauneHHe nepenoca B O.li.HOMepnoll: nnocKoi1 reoMeTp1111 

lli!H O.li,HOH rpy illhl C yqeTOM aHH30Tj)OilHH pacceHHHJI B CTaHnapTHhiX o603Ha'1e!UIJIX 11MPPT 

BH!l.' 
I 2,. 

fJ<.p Cfsjj I I ( J.Lf}z +cr<.p= 21r w(J.Lo)dx<.p(z,J.L)dJ.L +q z,J.L), (I) 

-1 0 

f!le KOCHHyC YI Jia MClK!lY HanpaBJieHHJIMH nanaiOll.{HX H paCC€JII!hiX '1aCTHU 

J.Lo = J.LJ.L
1 + /o- J.L2 )(1- J.L12

) cosA_. (2) 

11H!IHKaTpl Chi pacceHHHJI W(J.Lo) H3B€CTHhl HJIH H3 3KCIIepHMeHTa, HIIH H3 JIOC'faT01 lliO 

Tpy,noeMKHX p< C'1€TOB. IT pH CHIIhHOlf aHH30Tpomm pacceJIHHJI W(J.Lo) MOJKCT HMPTh oco6eH­

HOCTh, 6JIH3KYIO K b-<f>yHKUHH IIpH J.Lo ___, 1, a TaKJK€ MOJKeT 6h!Th 110'1TH pa3ph!BHOH <f>YIIKU11efi. 

'3TH 06CTOHTellhCTBa 3aTpy!lHJIIOT Bhi'1HCII€HI1e HHTerpaJia B npaBOlf 'laC'fH ( 1 ), KpOM<~ TOI'O, 

CllllbHO YCJIOJKIIJI€TCJI HTepaiUWHHhiH npouecc perneHHH HHTerpO-llH<f><f>epeHl(HallhHOfO ypa­

BH€HHJI ( 1 ). [] pHMCH€HHC KBa3H!IH<f><f>Y3110HHOf0 M€TO,Ua BRyne C 'laCTH'1HhiM pa3110lK€HI1eM 

11H!lHKaTp11chi pacceHHHn no noJIHHoMaM JleJKannpa pernaeT npo6JieMy CXO!IHMOCTI111Tepau.l1i1 

npH C11JihHoi1: a!UI30Tpomm [1, 2]. O.li.HaKo npnMoe HHTerpHposanHe ocTaTKa OT pa3JIOJKeHI1JI 

11H!lHKaTp11Chl JaCC€JIHI1H no nOJIHHOMaM JleJKaH!lpa OCTaeTCJI JIOj)OfHM B Bbl'lHCIIHTC~IlhHOM 

OTHOili€HH.If 3a C'l€T HaJI.If'l.lfJI pa3ph!BOB 11" b-oco6eHHOCTH. 

1) IT penna raeTcn 3aMena nepeMeHHhiX B HHTerpane pacceHHRII, ynpon~a10n~all 3a;~aqy 

Bbl'fi1Cil€HHJI l1l nerpa11a OT"OCTaTKa pa3110JK€HHJI HH!lHKaTpHChl: OT rrepeMeHHhiX \., }1
1 

CJ(PIIall 

nepexo;~ K nep ~MeHHbiM X, J.Lo. 
2) '+ra :Ja~< en a nepeMeHHhiX rro:JBoJIHeT KoppeKTHo Bhl!l€11HTh 11 yqecTb b-o6pa:lHyiO oco-

6eHHOCTh HIIJU K3Tj)I1Chl paCC€JIHHJI B OKpCCTHOCTlf 3H311€HRJI j.LO = 1 . 
;l) l1HTerp ill pacceJIHH/1 OT OCTaTKa pa3JIOlKCHI1H HH!IHKaT]J.IfChl CBO!IHTC/1 K HHTerpaiiY 

CTI1JihTbeca, K JTOphrll: 6onee rrpnro.nen !liiH <f>aKT.If'lecKHX pac'leTOB rrpH naJIH'Tifl1 6oJibiH11X 

rpa;meHTOB (II 0'1TI1 pa3ph!BOB) HH!IHKaTpHChl pacce/IHI1JI. 

IT pe,UBapliJ"'eJibHbie pacqeThl noKa3aJm 3<fJ<f>eKTHBHOCTh MeTo.na rrpH oqeHb cHJihHOH aHI1-

30TponHH pace enHI1H [3]. 
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1!11CrrepcHt.IMI1 •IaCTHUaMH, M., "MHp", 1971. 
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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 Theoretical and Experimental Physics, 
117259 Moscow, Russia 

e-mail: matsyuk@vxitep. itep. ru 

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 rr emory. 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 hdicators 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 spectrometer 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 approximatps 
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 givPn function 
using the adaptive projective filters (2]. The boundary points of the i 1tervals, on which 
the function is approximated sufficiently well by the local splines, are chosen as the nodPs 
of the global spline, which is further determined by the two- or three-point model. The 
first version of the library in C++ for working with ( AC S) is presented. The examplPs of 
the treatment of model and experimental data are given. 

References 

(1] ?reprint JINR E10-96-118, Dubna, 1996. 
[2] N.D.Dikoussar, Comput. Phys. Commun. 79 (1994) 39-51. 

32 



COMPUTER ALGEBRA APPLICATIONS 
IN QUADRATIC GRAVITATIONAL THEORIES 

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

Moscow State Pedagogical University, Math. Dpt., Krasnoprudnaya 14, 
Moscow 107140. Russia 

e-mail: baburova.physics@mpgu. msk.su, frolovbn.physics@mpgu. msk.1 u 

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 irreducibl€ piec.es of the 
curvature and torsion in a Riemann-Cartan space-time, in particular, to th1· investigation 
of the solutions for the plain general pp-waves [1] and the generalized conformal in variance 
in the gauge theory of gravity [2]. The field equations of such theories cont. tin operations 
of dualization, covariant exterior differentiation, etc. The algorithm of 1 esting 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 simpiP form. ThP main steps of 
usPr to solve the problem with the hPip of GRG arP : 

1) to set the coordinates, tPtrads, metric; 
2) to set the components of torsion as arbitrary functions of coordinatl',;; 
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 anal) sis. The sanw 
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 quadrati< gravitational 
theory are obtained, one can investigate different types of exact solutions without wasting 
time for the intervening calculations. The only modification that thP user must do is 
to change the metric and tetrads in the GRG task. It is clear that such ··omputationa.l 
approach ran play an important role in the progress in this arPa. 

References 

(1] W. Adamovich, Gen. Rel. Gra11. 12 (1980) 677. 
[2] B.N. Frolov, in Gra11ity, Particle and Space-Time (Eds. P. Pronin and G. Sar­

danashvily, World Scientific, Singapore, 1996) p. 113-144. 
[3] V. V. Zhyt~ikov Computer algebra system for differential geometry, gmt~ifation and 

field theory. Version 3.1 
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COMPU~'ER-AIDED INSTRUCTION UROK/MPGU WITH SYMBOLIC 
COMPUTING 

O.V. Babourova, B.N. Frolov 

Mr srow Stale Pedagogzca/ University, Math. Dpt., Kra.moprurlnaya 14. 
Mosrow 107140. Ru.•sza 

e- twil: baburova.physzcs@mpgu. msk.su. fro/ovbn.physzrsr<!mpgu. msk.su 

Computer- tided instruction (CAl) 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 an I mathematical branches of science. It consists of the data base (text of 
lessons) and t 1e 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 prognm proceeds. CAl UROK/MPGU users need not to use any programming 
or author lan~.uages. At the same time CAl permits to use some educational modules 
created with the help of the appropriate pro11;ramming languages, in particular, graphic 
modules. 

CAl realiz·~s the adapted educational strategy that permits the education to be in­
dividual and ;t the same time standardizPd. For this purpose CAl includes the spacial 
Pducational modules, which realize thP "standart methodical situation" created by tiH' 
sophisticatPd 1 eachers. 

CAl realiz ~s 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, CAl < ontains the special module "Task Solver" which can solve the mathematical 
prob!Pms with the help of the symbolic computing and compares the results with the pupil 
anSWPrS. 

CAl lets t > teachers the powerfull and comfortable instrument for the realization of 
the verious e< ucational purposes and can be applied both in secondary school and in 
university. 
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ELASTIC AI'M APPROACH FOR DRIFT TUBE IN MAGNETIC FIELD 1 

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

LCTA JINR, Dubna, Moscow reg., Russia 
e-mail: baginyan@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 'Vire (x;, y;)-coordinates 
of tubes hit ted 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; :::: { x;, y;; r;, i = 

l, N} which are •:ollections of coordinates and drift distances probably belonging to the 
same track of the event. With this a.im the method of serial histogn.mming - our modifi­
cation of the Hough-transformation method (?],have been applied. 

At the second >tage, we to find a track in the form of a second-ord.3r curve, in particular, 
a circle (a, b; R), which is tangent to as much as possible circles (:~ ;, y;; r;) of the subset 
S;. Let us define the degree of tangency of two circles on the plane as a minimal distance 
betw~n 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. 1 'bus, we must find a circle (a, b; R), whlch minimiZ•3S ~sum of the degree 
of tangency of this circle with all circles from the subsetS;= {x ,y;;r;,i = 1, N}. In 
other words, the problem is reduced to searching the global minimum of corresponding 
functional. We p1 opose 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 1letermination. 

The efficiency of this algorithm tested on Monte-Carlo events is 96%. 

References 

(1) R. 0. Duda and P. E. Hart, Pattern Classification and Scene '~nalysis, (Wiley, New 
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(2] M. Ohlsson et al., Track Finding with Deformable Te~plate,o: - The Elastic Arms 
Approach, L J TP 91-27. 
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05061. 

3S 



,..... 

r 

METO,LJ; <I>HKTHBHhiX OBJIACTEH PEIIIEHHH 
HECTAIJ;HOHAPHhiX 3A,l1;A'-I 1 

BaxBaJioB H. C. 

Mexa~w!W-.Mame.Mamu"tec~euu ifj-m MFY, 119899 Moc~eea 
e-mail: bakhvalo@mech. math. msu.su 

IlpH peruem .II HeCTai(HOHapHhlX 3a.ll:a'l B o6JiaCTJIX CJIO}!{HOJ:t <!JopMhl MO}!{eT HCIIOJib30-

BaTbCJI cJie_n:riOIIJHI:t MeTo.n:. CHcTeMa ypaBHeHHI:t, B03HHKaiOIIlaR rrpH perneHHH npo-

6JieMM C IIOUOIIJblO HeJIBHOJ:t pa3HOCTHOJ:t CXeMM, IIpO.ll:OJI}!{aeTCJI B 60JibiiiYIO 06JtaCTb 

rrpocTol:t <!JopMLI TaK, 'IT06M perueHHe HeKdTopoJ;t Kpaeao:ll 3a.n:a'IH .ll:JIJI npoJI,oJI}!{eHHOH 

cHcTeMM 6Mno 6JIH3KO K peruemiiO HCXOJI.HOI:t 3a.ll:a'IH. IIo.n: "npocToTo:ll" <!JopMLI o6JiaCTII 

IIOHHMaeTCJI B03MO}!{HOCTb fiMCTpOrO pelliCH.IIJI KpaeaoJ;t 3a.ll:a'IH JI,JIJI C.IICTeMM ypaBHCHIIH 

C ITOCTOJIHHMM.II K03<lJ<lJHII;HCHTaMH . 

.LJ:aJiee II]>HMeHJieTCJI llTepaii;HOHHhl:ll MeTO.ll: perueHllJI HOBO:ll 3aJI,a'lll CO CKOpOCTbiO 

CXO.ll:llMOCT.II He 3aBllCJIIIJeJ:t OT BpeMCHHOfO mara .11 napaMeTpOB IIpOJI.OJI}!{eHf!JI. 

IIocJie.n,JHie ro.n:M TaKne MeTO.ll:hl 6MJIH npe.n:JiollieHM n o6ocHoBaHbi .llJIJI aecTau;f!o­

HapHMX 3a.n:.t'l M<P<!JY3lln, ynpyrocTn .11 cHcTeMM ypaBHeHn:ll CToKca B cJiy'lae rpa­

HH'lHMX ycJI<lBHI:t nepBoro po.n:a HJIH B cJiy'lae rpaHll'lHMX ycJIOBH:ll BToporo poJI.a np11 

ITOCTOJIHHhlX K03<lJ<!Jnu;HeHTaX B HCXO.ll:HO:ll 3a.ll:a'le. 

B aacTOJ Illee BpeMJI. npe.n:JiollieHa MOJI.H<!JnKau;nJI 3Toro MeTo.n:a JI,JIJI CJIY'IM rpaa11 q .. 

HMX ycJioBnii BToporo poJI,a rrpn rrepeMeHHMX K03<!J<!Jnu;HeHTax B ncxo.n:ao:ll 3aJI,aqe. 

CyiiJCCTEO MeTo.n:a COCTOllT B TOM, 'ITO HCXO.ll:HaR CHCTeMa ypaBHeHHi:t 3aiiHChlBaeTCJI 

B BHJI,e CllCTt:Mhl ypaBHCHllJ:t OTHOCHTeJibHO "nceB.ll:OIIOTOKOB" - 3Ha'lCHll:ll IIpOll3BO)lHhlX 

perueHHJI n HpOH3Be.n:eHHJI perueHHJI Ha HeKoTopMI:t 6oJiblliO:ll rrapaMeTp, ll .uanee crpo­

HTCJI f!TepaUIWHHhli:t Me:I'O)l pelliCH.IIJI UOJIY'lHBlliCi:tCJI ClfCTCMhl ypaBHCHH:ll. 

06oCHOBaHHe paBHOMepHoJ:t CXOJI.llMOCTH IIO yKa3aHHhlM Bhlllie.rrapaMeTpaM !10Tpe-

6oBaJJO )lOKa3aTeJibCTBa HOBhlX TeopeM 0 IIpOJI,OJillieHHH <!JyHKII;H:ll "!epe3 rpaHHII;y o6Jta­

CTll. 

JlHTepaTypa 

[1] N.S.Bakhvalov. Iterative Methods for Stiff Elliptic Problems 

B (:6. Advanced Mathematics: Computations and Applications, NCC Publisher, 

Novosi lirsk, 1995, pp. 26-31. 

1 Pa6oTa BIHIOJIHeHa rrpH <fJHHaHCOBol!: rr<iAAepJKKe PoccHl!:cKoro <floHAa <fJYHAaMeHTaJihHhlX Hccne­

.l\OBaHHl!:, rpam 96-01-01394. 
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8«<>«<>EKTYIBHhiE CBo:ticTBA KOHCTPYKIJ;YIH 
TOHKOCTEHHhiMYI BKJIIQqEHYIRMYI 1 

BaxBaJJOB H. c.,8rJJHT M. 8. 

Mcch. f.i Math. Fa c .. !vl.'iU. Moscow 
e-mail: bakhvalocf!lmcch. math. msu.su 

B pa6oTe BhiBOJJ.RTCJI RBHhle npH6muKeuuwe !}lopMynw .D.JIR 3!}l!}leKTHBHid < K03!}J!}JIHUI­

enToB TE'llJIOIIpOBO.IJ.HOCTH KOHCTpyKU.Hfi H MaTepHaJIOB C BKJIIO'IeHHliMH E BH.IJ.E' rrepHO­

.IJ.ll'leCKOfi CHCTCMhl B3aHMIIO nepiiE'H.IJ.HKYJI11pHbiX CTE'H H CTPplKHE'fi, OTHOllCHHll TOJIIU.HII 

KOTOphlX H K03!}J!}JHU.HCHTOB TCllJIOllpOBO.IJ.HOCTH Y.IJ.OBJIE'TBOp11IOT HCKOTOpJ,JM YCJIOBHliM. 

lln11 npHMepa paccMoTpHM npou.ecc rrepe.n.a'IH Tenna B KOHCTPYKU.H 1 rrepHO.ll.H'Ie­

cKofi CTPYKTypw c R'lefiKolt rrepHO.ll.H'IHOCTH B on.n.e TpexMepuoro Ky6a co CTopouolt t 

CO C'fCHKaMH TOJIIIJ.HHOlt JU. flycTb K03tPtPHIJ.HCHT TE'llJIOIIpOBO.IJ.HOCTH BHyTpeHHOCTH 

Ky6a paoeu a0 , cTeHOK -- a 1 • 

06nacTbiO nepHO.IJ.H'IHOCTH OTHOCHTeJibHO rrepeME'HHhiX !h = .rJ If 6yJ .eT 11BJI11<'TbC11 

e;(Hilii'IHhlfi Ky6 n : 0 ::::: Yt' .... '!13 ::::: I. llocne TaKoii :laMellhl nepeMell lh!X TOJIII(HIIil 

"crenoK" 6y.n.eT paBH11ThC11 11· 
B [ I ], llOJJyqenhl ou.enRH .ll.Jlll 3!}J!}JeKTHBHoro 3Ha'leHH11 KO.'H1>tPHU.HE'H ra Tennonpo­

BO.ll.HOCTH a 
a- ::::: a ::::: a+' 

a-=<<< a-1 >]1 >2>3, a+=<<< a >2>~ 1 >] 1; 

3.1J.E'Cb < . >J o6o3Ha'!aeT HHTerpHposauHe no YJ B rrpe.n.enax [0, 1]. 
0Ka3h!BaeTC11, 'ITO B CJiyqae MaJih!X fL BCJIH'IHHhl a- H a+ COBlla)l.a!OT C TO'IHOCTI.IO 

/(0 'IJJeHOB llh!Clllero 110p11.UKa, a HMPHHO 

ao + 2atJ1 
0Tcio.n.a cne.n.yeT paBeHCTBO a= (1 + O(p)). 

a1 + aofl 
ao + atfl 

To•mo TaKJKe B .nsyMepnoM cnyqae HME'eM a = (I + O(lt)). 
a1 + aofl 

AHaJIOfH'IHhle COOTHOlllE'HHll BhiBOJJ.RTCl! B cnyqae pa3Hb1X TOJIIIJ.HH CTE'HOK 110 pa:I-

JIH'Illh!M HanpaBJIE'HHliM H pa3JIH'Illh!X K03!}J!}JHIJ.HCHTOB Tt'IIJIOllpOBO.UHOC fH B pa:!JIH'l­

Hh!X CTCHI{aX H HX CO'IJieHeHHl!X. 

JlnTepaTypa 

[I] BaxsaJioB H. C. Ocpe.nuenHe ypasHeHHfi c qacTHhiMH npoH3BO.IJ.HbiMH I I B c6.: Co­
opeMeHHhle IIp06JieMhl MaTeMaTH'IeCKOit !}JH3HKH H Bhi'IHCJIHTf'JlbHOfi MaTeMaTHKH. 

MoCI{Ba: Hayi{a, 1982, 38-4 7. 

1 Pafi<na BhlnonHeHa np11 <j>Hnancoooll no.zvtepJKKe PorrHIIcKoro <j>oH.na <j>yn.naMeW aJihHhlx HCCJI<'­

.nouaHHII, rpaHT 96-01-01394. 
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HEJIHHEt1 HAR MOHTE-KAPJIOBCKAR MO,llEJib 3JIEKTPOR,llEPHOrO 
PEAKTOPA 

BapaweHKOB B.C. 

J6~eauueuHbt1l uucmumym jjJepHbtx ucc.uJoaauuiJ, )Jy6ua, PocCU$1 

e-mail: barashenkov@lrta.10.jinr.dubna.su 

B JIBTA OHHH co3JiaH rrporpaMMHhiH IWMnJJeKc, MOJleJJHPYIOlllHH 8 eJIHHOM Il.l1KJIP 

MCJKJIJlCpHhiH "IpaHCIIOpT '13CTHU li 8H,YTp!i11JICpHbiC K3CK3Jlhl, liHHUHHpyeMWC nepBH'lHOH BW­

COK03HepreTW1CCKOH '13CTHUe~ (npOTOHOM, HC~TpOHOM, MC30HOM liJIIi TJIJKCJihiM HOHoM) II re­

TeporeHHOH JIEJIJIIUCHCJI cpeJie C HC)lCJIJIIUHMHCJI KOHCTp,YKTiiBHhiMH 1JI!'MCHT3MH. AJ!I"OpHTM 

yttHThiB3CT HC.IHHCHHhl!' 3<fl<fleKThl, 06,YCJIOIIJICHHhlP 113MCHCIIHCM CBOifCTB cpeJ~hl (HaH.OIIJIC­

HHCM JJefKO)leJIIIIUHXCJI 1JICMCIITOB, 33lllJI3K08hl83lllieM) 110)1 JICifCTBiiCM pacnpoc:rpaHJIIOIUHXCJl 

B Heii li3JI,Y'IC~·HH. Pa3pa60Tai!HaJI M3TCM3T11'1CCKaJI MO)lCJih II03BOJIJICT mar 33 lll3l'OM npo­

CMOTpeTb "aH<TOMiilO" 1Ip011CXOJ1JIIUHX B cpeJie HpOUCCCOB, paCClfHT3Tb IIOJIHblj,j BblXOJl Heif­

T(lOHOB, 11HTCHCHBHOCTb IIOTO!WB JipyrHX qacTHI(, HX 3HepreTH'IeCKI1C li 1IpOCTpaHC'f8CIIIIhlC 

pacnpeJieJieHH L MoJieJib II03BOJIJieT T3KJKe pacr'IHTaTh npocTpaHCTBeHHoe pacnpeJ(eJICHHP 

TCIIJia, BhiJlCJIJI!OIUCI"OCJI 8 pe3,YJihT3TC liOHH33UiiOHHhiX IIOTCpb 33p!llKCHHhiX 'laCTiill, It! 3llTOB 

J(eJJeHHJI, 1t1 pacnpeJieJieHHJI o6pa3,YIOIUHXCJI 8 cpeJie H,YKJIHJIOB. BwrronHeHw MaTeMaTHttecK!1e 

1KCIIepHMCHTbl ITO cpaBHCHHIO ypaHOBhiX H TOpHCBhiX 3JICKTpOJIJlCpHhiX CHCTeM, ITO BW6opy 

THna 1t1 3Heprltll1 nyttKa 6oM6apJIHp,YIOIUHX ttaCTHU. Oco6oe 8HHMaHHe yJieJJeHo MaTeMaTH'Ie­

CKOMY MO)lCJIH)'OBaHHIO ynpaBJIJICMhiX ,YCKO(lHTCJICM IIOJIKpHTH<IeCKHX 3JICKTpOJIJICpHWX peaK­

TOpOB 1i CCKlJ,ltiOHHp083HHhlX (BeHTlt!JihHhiX) CHCTCM, JIBJIJIIOIUHXCJI HaH60Jiee 6e30II3CilhiMH B 

1KCfiJiyaTal].l1ltl 11 fi03BOJIJIIOllJ,ltiX, K3K Il01{33hiB310T M3TCM3TH'!CCKHC 3KCIICpHMCHThl, fiOJJ,Y'!lt!Tb 

:JH3'111TCJihHO 60JibiiiHM UblXO)l HCHTpOHOB It!, COOTDCTCTBCHHO, 60JiblllCC KOJIH'ICCTDO :mepr111t1, 

'1eM Jieil:cTB,YIOU~He aTOMHhie 3JJeKTpocTaHUHH. Co3)laHHhl~ rrporpaMMHwj,j KOMIIJieKr MOJKeT 

CJJ,YIKiiTb OCHOlOH JIJIJI MaTeMaTH'!CCKOfO MO)lCJIHpOBaHHJI Tp3HCM,YT3UHH (BhiJKHraHHJI) )lOJII'O­

IKltiii,YlUltiX f13/Ul03KTI1DHhiX.OTXO)lOD aTOMHhiX 3JieKTpOCT3HUiij,j It! nepepa60TKe H3KOIIJICHHOf0 

Ofl,YIKPifHOfO ll.l,YTO!IHJI. 
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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 State l'niversity 
e-mail: alexey@srdlan. npi. msu.su 

The information system (IS) has been developed, which includes database c n spacecrafts 
(SC) trajectories, set of models for converting SC coordinates and physictl 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, B) coordinate 

system, which accounts for Earth inner magnetic field sources; 
- programs to estimate fluxes of charged particles in the Earth's radiation belts as on 

of important factors in SC environment. Programs use empirical NASA trapped radiation 
models AP8/ AE8 and models, developed in the Institute of Nuclear Physics \1oscow 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 (protorw; and electr )ns:) averaged 
along the SC trajectory during given orbit. These spectra can be used for cmrrparison with 
experimental data (direct measurements of particle fluxes) during new mo1lelling 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 r erform 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 calcuh.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:/ fwww.npi.msu.sufwheresat/wheresat 

Developed IS was used to calculate time dependence of particle fluxes for ''MIR" orbital 
station and "Coronas-!" satellite. the comparison with measured fluxes values 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, 0. Nechaev, M. Panasyuk 

NPI MSU, Russia 
e-mail: dalex@srdlan. npi. msu.su 

The data basE· of primary spacephysical data obtaining on spacecrafts ( SC [)B) 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 interpret ttion. The system is integrated with UNIX based software "Model SC and 
Physical Fields in the NES DB" [Beliaev, this issue]. 

Primary data 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 1-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. 

OS DOS .md 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. 
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Study of long-lived exotic molecular systems He H 11 is important for thE' understanding 
thE' muon kinetic in hydrogen media and nudE>ar interaction at very low energies. ThE> 
mE>thod of hypersphNical "surfacE>" functions has been appliE>d to the ral:ulation of th!' 
nonstablE> three- body systems He H /1. contained the 3 •4 He and 1•2 H isot )pes. EnE>rgies 
of thesE' systE>rns. radiationless dE>cay rates and 1-ray spectra of radiative d 'cay have hE>en 
obtain!'d and compared with thE' recent experimental data. 
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TECHNIQUES 
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A. Ogurtsov, P. Picozza, M. Ricci, R. Sparvoli 

Dept. of Physzr.s, Jl 1/niv. of Rome "Tor Vrrgata ". 
Vw della Ricerca .'.,'clfntzfica I, 1-001.93 Rome (Italy) 

National Institute of Nuclear Physics, Sec. Roma II, Italy 
e-mail SPARVOL!@ROMA2./NFN.JT 

To detect g'Lmma radiation in space. the RIM collaboration has suggested the adoption 
of a silicon calcrimeter, composed of 20 planes .50x!'i0 cm 2 wide, consisting of 8x8 modules; 
each module i, 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 thP energy 
range between I 00 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 signa s about the gamma ray, corresponding to the showPr deposits in 128x2 
strips along th' X and Y axis in Pach of the 20 planes of the detector. 

The classification problem consists in reconstructing the gamma ray energy using its 
complete pattPrn. A hierarchical neural network classifier is used to solve this problem. At 
the first level cf the hierarchy, a B.P. neural network performPs a rough classification into 
six classes of e11ergy; at the second level, a modified back-propagation algorithm is applied 
to classify the (•JJergy in each of the 6 groups into other .'j or 6 classes. To accurately specify 
the gamma ra." energy, a weighted sum of the output of each activated neuron is finally 
w·rformPd. W(· 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 thP nets. 
For thP B. P. olgorithrn we considered the following seven functions: 

- the total mergy released in the calorimeter; 
thP total 1umber of hit strips; 
the maxinum energy released in one plane; 
the SUIII < f the energy released till the plane with maximum deposit; 
the "length" of the shower, from the interaction plane to the one with maximum 

dPposit; 
- the numb·~r 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 

haw' been com [Jared with the classification obtained by classic statistical algorithms. The 
irn provement cf the N. N. classifier is evident: the number of correct energy classifications 
is :w% improvPd. 
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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.I.Khanov. 
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117259 Moscow, Russia 

e-mail: matsyuk@vxitep. 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 interfac'l 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 ofthe interface int ~rna! register. 
With fixed CAMAC functions the interface allows full throughput of the CA MAC system 
(up to 2 Mbytesjsec). 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 

Ke/dysh 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 astrophy ;ics. But investigation of some phenomena, e.g. interaction of plasma flows 
with the elec erodes, need more complicated models, because the MHD-equation cannot 
recognize the electrode polarity. We consider a modified MHD-model, taking into account 
the Hall effe( t. 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 curreut 
direction rel<J tive to electrodes. The MHD-equations with the Hall effect are generally 
quasilinear, Eecond order. but they degenerate to a first order nonlinear sytem in two­
dimensional >roblems with transverse magnetic field. The paper presents conditions of 
this system 1o be hyperbolic (evolutionary) and characteristic velocities in the case of 
week Hall eff· ~ct. 

The mod ~1 is realized in investigations and computations of axisymmetric flows in 
coaxial chamLels 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 a1 tent ion is called to Hall boundary layers along the electrodes. To investigatP 
them the fini;e 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 re.llec 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.Lytkiu, V.M.Severyauov 

LCTA, JINR, 141980 Dubna, Russia 

Whl'n analyzing kinematics of multiparticll' reactions in high l'nergy ph) sics, physicists 
traditionally use the energy-momentum langtiagl'. In thl' sanw time, as it is well known. 
velociti!'s in thl'y totality constitute a space (velocity space) having non-Euclidean geom­
etry. namely, Lobachevsky geometry, with thl' speed of light as the charact ~ristic constant 
determining space curvature. As it has bl'en shown elsewhere, relativistic l~ilwmatics "m­

inridl's'' with Lobachevsky geoml'try. It turns out that the languagl' of vel Jcity, span• ran 
givl' an additional insight into relativistic kinematics and even into dyn unics, becaus(' 
it is tlw only one conserving all symmetric.- of kinematic information about investigated 
physical objects. 

N .A.Chernikov and E.G. Bubelev have given correspondingly th(' th('c retiral and th(' 
applied framework that, together, open a way to practical liSP of this fl'aturP. So callPd 
conformal anrl quasi-conformal vl'locity maps consl'rve thl' main rPactio11's symuwt ril'~ 
and pl'rmit, in particular, to visualizl' (in an "half'-invariant form) statistL·al patt(>rn~ for 
partial physical channels as well as kinematic pictures for individual multipartirl(' ('V('nls. 

ThP usage of this new point of view on kinematics, apart from thl' trilditional way of 
thinking, looks perspective. Taking that consideratimis as thl' starting voint. Wl' try to 
makr this approach constructive. 

In this work we use the so called transverse (to reaction axis) map of dot bled transversl' 
"half-velocities" and azimuthal angles, baserl on the known PoincarP conformal mapping, 
and a new longitudinal quasi-conformal map with the same transversi' coorrlinate and 
longitudinal rapidity (coinciding with known Feinnian variable "y") a.s lm,gitudinal Oil('. 

A first prototype program, based on an early written model Fortra1 text. is undPr 
development now in the Windows 95 environment with the us(' of the C + t lauguagl' and 
the object oriented programming style. The current version of thl' prouam is rapablP 
to build above mentioned velocity maps for every event providing for the physicist a 
possibility to settle questions about sought for kinematical symmetries )ased on visual 
information. 

In the future it will be possible to work with thl' program interartivPly hrmiug and vPr­
ifying statistically compatiblP hypothesis on qualitative kinematical typ(' of l'V('nt or/ and 
its likeness to compatible physical reaction channels. Of course, thP ulti uatP functional 
filling of our program system will strictly depend on the rPquirPments of tlw working 
physical groups interested in having such a practical tool. 

At the pre5ent time our program is at thl' bl'ginning of its lifP. Th1 int('ntion is to 
develop it up to the complete form of a software system product that could lw used by 
a physicist for himself, without the necessity to get every day support fr•nn the authors. 
Thf' program system is to be portable. At least, it is planned to implement also a Unix 
version of it. 

As a preliminary nanw for this project we tak(' th(' "LoVeHEP" abbre;iation meaning 
"Lobadwvsky Velor.ity spare usagP in H EP". 
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NUMERICAL MODELLING PHYSICAL PROCESSES AND PHENOMENA 
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In many aJ eas 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-c rder derivatives of the unknowns, but also higher-order derivatives. To solve 
such equatiom, one can use the well-developed numerical methods of the Cauchy problem, 
but the syste~1 of higher-order equations must then be reduced to first-order equations, 
which increase; 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 hirher-order differential equations are, in principle, applicable to equations 
of special forr 1. The approach proposed in the report, which is based on polynomial 
interpolation \lith multiple nodes, is free from the above drawbacks [1 ,2). 

To solve tlte equations which make the mathematical model numerical methods are 
suggested has( d on the approximation of the unknown variables by interpolation polyno­
mials with multiple nodes. These methods do not require preliminary transformation of 
the initial equ;Ltions 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 prQpo ;ed method;; 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-a ·der derivatives. For these methods there is no characteristic initialization 
procedure, wh:ch 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. 
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NEURAL NETWORKS AND CELLULAR AUTOMATA FOR PARTICLE 
IDENTIFICATION AND FILTERING 

M. Casolino•, M. P. De Pascale, A. Morselli, 
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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 cif boolean 
logic cuts may result in very complicated algorithms where the purity of th~! sample is ob­
tained at the expense of a low classification efficiency. The architecture proJ 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:1e 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, eneygy depend~mtjnteraction 
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 usin:~ Cellular Au­
tomata, well known for their versatility and speed. One of the main advartages 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 :ave formation is a process mostly due to solution of limestone by water. 
However, mec lanical 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 r<·ck 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 lei 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, de reloping on several levels at different dephts. Any attempt to simulate and 
reproduce some 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 enpty (air) sites has been assumed. In our case the tw9 states that each sitP 
(or cell) of the binary automaton can assume represent, respectively, the presence (State I) 
or absence ( St,Jte 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. 

48 



r 
i 
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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 test~ 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 onP 
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 dPfine 
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 ronvergenrP. 
This procedure allows the automata to choosE' the optimal evolutionary ruks 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 system each band re(eives its own 
colour and is easily segmented from others. This allows an eased and faster fequencing by 
either human or automathic methods. 
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To descrilw the light field dynamics in the feedback optical system with :he spatial filter 
we propose the following differential equation of the diffusion type for phase modulation 
u = u(t,x,y): 

TUt + U D!1u + 1\ (lAo exp( i<p( x, y) Jj
2 

+ lfn Amn(t)Pmn exp( iqmn) cos( 1rmx / l!) cos( 1rnyj 12 )n, 
t > 0, (x,y) E !1 = (O,l!) X (0,/2). 

Which is complemented by initial and boundary conditions: 

ult=O= uo(x,y), (x,y) En, 8ul 
8n (x,y)E&fl = 0, t > O. 

f 

Here D, T, [( are characteristics of nonlinear medium, <p( x, y) is the station uy input phase 
modulation, A0 is constant amplitude of input field, Amn(t) are Fourie · coefficients of 
the light field before filtration A(t,x,y) = Aoexp(i<p(x) + iu(t,x,y)), Prm and qmn are! 
amplitude and phase characteristics of filter. 

In contrast to the [1) where transverse plane of the light beam !1 = R 2, in our model 
!1 is the bounded rectangular domain and the right part of our equation is presented by 
the Fourier series. The problem of input phase-distortion .p(x, y) supressio:1 by the con-trol 
of thP filter parameters Pmn and qmn is posed in the form of extremal pr•Jblem, which is 
solved by gradient method. The problem of existence and uniqueness oft lw solution and 
its differential propeties are studied. 
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2
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Principal pro\: !em 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 programming problems 

(x,a) ....... max 

or quadratic programming problems 

(wx,x) ....... min 

f-Ax~ o 
where x is a vector of the distribution of funds in objects of the investment. 

In this time t 1e mathematical model of investment portfolio optimization prob­
lem in the ecology is the problem of nonlinear programming (nonconvex). 
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THE TENDENCIES OF CENTRALIZED COMPUTING AND NETWORKING 
AT PETERSBURG NUCLEAR PHYSICS INSTITUTE 
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PNPJ, St.-Petersburg, Russia 
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This papHr 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 recogniz·~d at the Institute in 1990 [1]. 

In JanuaJ y 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 wne line and UUCP. 

In March of 1994 we have realized the first Institute IP channel to ITEP (Moscow) and 
later to NPI 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 .. 

I Table l. The External PNPI Network Traffic by Month I 
Year Month Traffic in bytes 
1994 March 22,824 

. April . 51,136,349 
May 127,018,78.0 

November 250,045,736 
December 506,406,294 

1995 April 1,079,912,090 
September 2,684,354,138 

'1996 January 10,243,529,900 

In secon< half of 1994 we began to build internal institute network structure. First 
reasonable r<•sult 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 SepteJaber of 1995 we installed the satellite IP channel to DESY (Hamburg, Ger­
many) in acwrding to the project INTAS-93-56. That channel gives us 64 Kbitfsec. On 
the first sta1~e 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 Krn FO lines. Everyd~y Institute IP external traffic exceeds 
300MB (about I GB for three days). Approximately 40% of total external !let work traffic 
is outgoing from the Institute and 60% of total external network traffic is ,ngoing 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:/ jwww. pnpi.spb.ruj". 
main ftp server- "ftp.pnpi.spb.ru" and news-server. 

We think that an information interchange is the driving wheel for intell~ctual 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, ire, 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 Kbitjsec; 

• to disseminate the consistent information about the Institute scientif c works; 

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

• to build (to adopt) a distributed computing model to analyse the exp'rimental data 
in remote research centres from PNPI terminals. 

Some useful information on PNPI networking can be found in our www-p<ge (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 pomt of view all 
the data required for the Institute should be in electronic computer readahle form. That 
means main difficulties in computing are in transition from the hardwar•' and software 
architecture to the data architecture. 
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OPER \TOR-SPLITTING SCHEMES FOR THE INCOMPRESSIBLE 
NAVIER-S1 OKES EQUATIONS WITH CONSIDTENT APPROXIMATION OF 

OPERATORS 

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

Institute for Mathemastzcal Modelling Russian Ac.Sci. 
4 Miusskaya Square, Moscow 125047, Russia 

e-mail: chur#5!@imamod. msk.su 

New impli :it finite difference :;chemes to solve the time-dependent incompressible 
Navier-Stokes ~quations using primitive variables and grids of various types are developed 
in this work. Hethods 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 estimatfs 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 metho 1 was employed. 

To evaluat•· efficiency and accuracy of methods developed, a comparative study has 
!wen conducte l 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 ;, heat-generating fluid. All prediction are performed on the sequence of 
grids 21 x 21,41 x 41,111 x 81 and 161 X 161 in order to evaluate asymptotical accuracy of 
the techniques. 

It was faun:] that the method on the fully staggered grid of MAC-type provides much 
more accur~te results in c_ompare with two other grids. In all problems the method on 
this grid has indicated the second asymptotical order of accuracy. 

The methods on the basis of the regularizing operator and second order approximations 
lr~ad 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 asyrnptotical 
ordf~r of accuracy whereas in the problem of a heat-generating fluid there is obtained the 
second order fc r both techniques. A possible explanation of this fact is in peculiarities of 
the pressure fo1 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 I.B. 

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

New methods of ecology, medicine, veterinary medicine, agriculture and pb.armacology 
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 mto clusters. 
The devices and mathematical methods available now [1,2], do not provide 1 he necessary 
resolution. They are based on an extraction off(r,t) from a measured angular distribution 
of a scattered sounding light (wavelength ..\)intensity I(B,t) 

I(r,B,..\) = j ~(r,B,..\)f(r,t)dr, 
here ~(r,B,..\) is an individual scattering function for particles r. A simple enhancement 

of the angular measuring points number e (usually, e < 50) is not enough. 
A method is developed and realized that provides: conservation of the total particles 

number N, fJN/ fJt=O; the absence off(r,t) negative values; discrete set of disp•)rsing objects 
volumes ( V, 2V, 3V ... , here Vis a particle volume); and some other conditions. It is based 
on an explicit computation of f(r,t) with the least mean squates approxinatjon of the 
experimental I(B,t) and the said conditions (with arbitrary weight factors). For ~(r,B,;\) 
specification, the traditional simplification (r>> ..\)is not used. 

The cycle of computation by IBM PC AT 386 with 0=2700 provide> a real time 
data processing with the measurement -time steps ~t ?:5 s, which is sufhcient for the 
applications. 
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CALCULATION OF CANONICAL NORMAL DISTRIBUTIONS ON THE 
GROUP 80(3) AND THEIR APPLICATION 

E.A.Davidzhan, T.I.Savyolova and T.M.Ivanova 

MEPHI, Moscow, Russia 

The orieHtation distribution function (ODF) of a polycrystalline sample is of 
special inten·st in texture analysis, but the ODF is seldom if ever determined in a 
direct manm r. Some integral projections of the ODF (so-called pole figures ( PF's)) 
are measurec with the help of diffraction experiments. The mathematical probk111 
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 n gions of negative values which are caused by the loss of information on 
the "odd" p;,rt of ODF. Therefore additional information about ODF structure is 
necessery. \\e consider ODF as superposition of the canonical 11ormal distributio11 
(CND)on the rotation group 50(3) [1]. 

The examples of CND on the group .5'0(3) and their PF's for quartz are calcu­
lated. 
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NUMERICAL SOLUTION OF REISSNER-MINDLIN PLATES WITH 
HIERARCHIC FINITE ELEMENTS 

Lucia Della Croce, Terenzio Scapolla 

Dipartimento di Matematica, Universita di Pavia, 
1-27100 Pavia, 1talia 

1stituto di Analisi Numerica del CNR, 
1-27100 Pavia, 1talia 

The Reissner-Mindlin model is widely used for thin to moderately thick pl1tes. Despite 
its simple formulation, the numerical approximation is not straightforward. When stan­
dard low order finite elements are used for the approximation the solutiolt 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 succesfu ly applied in 
several fields, e.g., for elasticity and Kirchhoff plate problems. Following thi' way we have 
introduced a family of hierarchic high order finite elements to solve the Rei::sner-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 Jesses. Based 
on the suggestions of Refs., we have developed a family of finite element d Serendipity 
type, i.e., elements with the minimum number of degrees of freedom in order to minimize 
the dimeiJsion 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 latt .. r outperform 
the former. Moreover, at least for rectangular decompositions, no lockin1~ 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 rontinu .. us parametrization of the smooth curve /( x) = f( x; n) is suggested on a 
basis of four-point transformations. Coordinates of three reference points of the curve are 
chosen as parameters n. This approach allows to derive a number of advantages in function 
approximatim and fittin11; of empiric data. The transformations have made possiblP to 
derive a new <lass of polynomials ( monosplines) having the better approximation quality 
than monomi.tls { xn }. A behaviour of an error of the approximation has an uniform 
character. A 1 hree-point model of the cubic spline (T P S) is proposed. The model allows 
to reduce a number of unknown parameters in twice and to obtain an advantage in a 
computing as:>ect. The new approach to function approximation and fitting an~ shown 
on a number •>f examples. The proposed approach gives a new mathematical tool and a 
new possibilit 'I 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 SP.\.CE 

EXPERIMENT. 

A.V.Dmitrievl, S.N.Kuznetsovl, S.P.Ryumin1 , P.N.Zaikin2 , T.B.Podosenova2 , 

I.I.Petsilyak2 , Yu.D.Kotov3 , A.S.Glyanenko3 

1 NPI, Moscow State University, Russia, dalex@srdlan.npi.msu.su 
2 CMC, Moscow State University, Russia, pnz@cs.msu.su 

3 MEPI, Russia, kotov@mx.iki.rssi.ru 

The results of cosmic ga.mma.-ra.y spectrum processing by means of CASl~ ( computer 
applied software environment ) technology are presented. The gamma-ray spectra. are de­
tected by the SONG-instrument (SOlar Neutrons and Gamma-rays) onboa.n CORONAS­
I satellite. This computer technology is a.n example of screen editing the sul:ject area. and 
software and a.llows to form the intellectual work station (IWS) for expelimental 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 ofthe investiga.tiom methods is 
analysis of ga.mma.-ra.y 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 co~mic ray int1·ra.<;tions 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 ga.mma.-ra.y spectrum from SONG-instrument 
data.. This recovery procedure includes: ga.mma.-ra.y background analysis, 1'stima.ting in­
strument calibration time dependence, computer searching solar and celesti.J ga.mma.-ra.y 
lines, study of its spectral and intensity dynamics. 

The linear-exponential dependence is used a.s 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 in: er-cova.ria.nce 
function analysis. 

The data. processing is realised in the form of expert prepared software rr eta.structures 
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 a.llows in many cases to avoid the spectrum distortions 
caused both by external apparatuses and by own instrument electronic curet its. The IWS 
possibilities were presented and discussed last year in following centres: 

- Navy Research Laboratory, Maryland, Washington DC, USA. 
- Ma.rsha.ll Space Fly Centre, Space Sciences Laboratory, Huntsville, Alc.ba.ma., USA. 
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KOHQ ~llQHR IDOPMHPOBAHHR OB'bEMHhiX CQEH HA OCHOBE 
9KCllEPHMEHTAJibHhiX ~AHHhiX 

~o6pLIHHH B.H., MaaHLIH I'.JI., llporyJIOBa T.B., Tpolf>HMOBH'I 9.9., l:.lepeMHCHHa 

E.H. 

M e:xcayHapoau'btii yHunepcumem npupoaw, o6UJecmaa u '<e.11one1w "J(y6ua" 

B .l(ORJia;:e paccMaTpHBaJOTCJI cJie.l(yJOJW{e TeMIU: 

1. TonoJ .orWieCirn:e KJiacch! reoMeTpR'leCKRX o6'beKTOB, JIBJIJIJOJWfeCJI 3JieMeiJTaMR upo­

cTpaHCTBeHH:>if cueHhl; 

2. 3KcnepwMeHTaJihHh!e .l(aHHhle R crroco6hl rrpe.l(cTaBJieHRJI RX B !~JopMe rrpoCTpaHCTBeH­

HOH cueHhl; 

3. feoMerpiDiecKR:lf o6'beKT -- RHTepnpeTaUROHHhl:if CRMBoJI; 

4. feoM•~TpH'IeCKR:if 06'heKT - RHTerpRpOBaHHhlH RHTep!~Je:lfC yrrpaBJieHRJI IIpOI~eCCOM 

perueHRJI Ha} '!Ho-rrpaKTWiecKRX 3a.l(a<I; 

5. Jleren 'la o6'beMHoif cueHhl; 

Bee paC( MaTpHBaeMh!e TeMIU o6'be.l(RHeHhl e.l(RHO:if TeopeTRKO - KOHCTpJKTii!BHOH KOH­

UeiiiJ;JileH, co.nepJKarme KoTopo:lf B cJie.l(yJOrueM: 

1. OcHOB )H reoMeTpWiecKoro o6'beKTa JIBJIJ!eTCJI MHOroo6pa3Re; 

2. Ra<Iec TBeHHhle CBOHCTBa 3KcrrepRMeHTaJihHhlX .l(aHHh!X o6ecrre'!RBaJOT ycraHOBJieHJile 

CJJe.l(y!OlliRX •·ooTBeTCTBRH: 

.l(aHHhie - ToiioJiorWiecKR:lf po.l( reoMeTpR<IecKoro o6'heKTa, 

.l(aHHh!e - TorronorWiecKR:lf BR.l( reoMeTpWiecKoro o6'beKTa, 

.l(aHHhle- reoMeTpWiecKR:if'TRII 06'beKTa (TRII xapaKTepR3JeT MeTpR'leCKRe CBOHCTBa Ofi'h-

eKTa); 

.l(aHHh!e - TOIIOJIOrR'leCKRH po.l(, BR.l( R Tli!II 06'beKTa. 

3. l1HTeprrpeTaURJI reoMeTpR'lecKoro o6'beKTa 6a3RpyeTcJI na rrapa.l(RrMe: 

MeTO.l(-Cpl.l(CTBa-HOTaURJI. . . 

60 



l 
l 

l 

VISUALIZATION IN RELATIVISTIC STRING THEORY 1 

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

Institute for High Energy Physics, 142284, P1'0tvino, Russia 
e-mail: Klimenko@mx.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 do~scription of 
strongly interacting particles (hadrous ), which are treated as strings with character 
size 10-13 em 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 with low dimen­
sion ( 3 and 4) is a presence of topologically stable singular points. Singularities 011 

strings have a form of cusps, where the linear density of energy infinitdy i1icreas('S. 
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 couphd states. In 
4-dimensional case cusps appear only for one instant, periodically in th<> same place 
on the string. These phenomena were described in [1]. 

In works [2] the exotic sector of classical string theory wa~ considered, c.ontaining 
strings with negative energies and negative square .of mass. Such el(traordinary 
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 SPctor. 

In the cited works specially developed programs for string visualiz~tion [3] were 
used. These programs generate the images of string evolutionary surf;cces 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 University 
Skoryna av., 4, 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. Sud 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 1 omponent-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 o( 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 degn e of parallelizing. Convergence of the iterative procedures are investigated. 
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APPROXIMATE FORMULAE FOR FUNCTIONAL INTEGRALS B o\SED ON 
INTERPOLATION OF MEASURES 

Egorov A.D. and Zherelo A.V. 

Institute of Mathematics, Academy of Sciences of Belarus 
Surganov str., 11 Minsk 220072, Belarus 

e-mail: imanb %imanb. belpak. minsk. by@demos.su 

In this report appoximate formulae for computation of functional integral~ with respect 
to a class of quasimeasures are given. The integrals are defined on a spac~ of functions 
X = X[O, T] and the quasimeasures have characteristic functional of exponen1ial 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 

fx f(x(·))dfL(x) = fx f(x(·))dfLo(x) + 

+ ((2p)!)-1 l fx loT ~2!') lT(B- Bo)(tl> ... ,t2p)X 

xf(2Pl(x; tl> ... , t2v)dt1 · · · dt2vdfLsds, 

where f( 2P) is the functional derivative of f( x ), B( t1, ... , t2v) 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/21] l = 1,2, .... Here (B- Bo)(tl> ... ,t2p) = B(t1, ... ,t2p)- Bo(tl> ... ,t2p), 1-Ls 
is the quasimeasure like jL with B(t1, ... ,t2p) replaced by B.(tl, ... ,t2p) = sli(t1, ... ,t2p) + 
(1- s)Bo(t1, ... ,t2p)· Special choise of the kernel Bo = Bo(ti, ... ,t2p) corresJ'onding to fLo 
is used. 

The integrated functionals have the form f(x( · )) = exp { J[ V(x( T )) dT} where V(y), y E 

R, is a sufficiently smooth function. Functional quadrature formulae simil<Lr received in 
[1] are applied to evaluate integrals on X[O,T/21]. 
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CRITICA,L-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 automation 

In the rep Jrt, a new effective critical-component method, offered in refs. [1, 2, 3] for the 
inversion oft 1e C3-tridiagonal matrices of the general form, and solution of the systems 
of the linear "quations C3 ·X= Y; C2 ·X = J; A· X= F, where C2 -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 C2, C3, A) with the use of the new programs created on the base of the al­
gorithms oft 1e critical-component method indicates, that in the case of C3-tridiagonal, 
C2-two-diagmtal 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 m characteristics, concede only to DEQN - the best program among the 
known ones o · CERNLIB-CERN program library (Short Writeups). Application Software 
Group Comp11ting and Networks Division. CERN, Geneva, Switzerland (May, 1993). 
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ORTHOGONAL WAVELETS ON LOCALLY COMPACT ABELlA!\ GROUPS 

Yu.A.Farkov 
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e-mail: kochet@fly. triniti.troitsk. nu and dyner@glas. ape. org 

Let G denote a locally compact Abelian group. We write L2(G) = L 2(G,p.) where p. 
is the Haar measure on G. Suppose that H is a discrete subgroup of G snch 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) A is 
continuous and its inverse A- 1 is a contraction. For this kind of (G,A) th~ concept of a 
multiresolution and the semiorthogonal spline wavelets were studied in [1]. 

Lets= card(H/A(H)). Using the concept of QMS-systems (see [2] for the definition), 
we give the general scheme to constract the orthogonal wavelet bases {v\(Ai · -h)l1::; i::; 
s -1, j E Z, h E H} in L2 ( 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]) oft 1e 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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NUME'tAL ANALYSIS OF THE NUCLEAR REACTIONS WITH 

RADIOACTIVE BEAMS 
S.A.Fayans 

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

O.M.Knyazkov 

J>hysical Research Institute, Sankt-Petersburg State University 
198904 Uljanovskaja 1, Sankt-Petersburg, Russia 

e-mail: knyazkov@phim. niif.spb. su 

I.N.Kuchtina 

Joint Institute for Nuclear Research 
Laboratory of Computing Techniques and Automation 

141980 Dubna, Moscow Reg., Russia 
e-mail: kuchtina@lcta 7.jinr. dubna.su 

The modiiied version of the ECIS code [1] is applied to the analysis of the reac­
tions with nu< lear radioactive beams. Both quasielastic scattering angular distribu­
tions and tota I reaction cross sections at different energies are under consideration. 

The coupl<!d-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 ·lata [2-5] is obtained within a rather restricted range of the two free 
parameters f01 volume and surface absorption. The influence of these parameters on 
the total reaction cross sections is investigated for different systems. The performed 
analysis copfii ms the long neutron tail (halo) in 11 Li and supports a rather thick 
proton skin in 8 B and, to a lesser extent, in 7Be. 
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ON CORRECTNESS OF THE SYSTEM OF NONLINEAR 
OPERATOR-DIFFERENCE SCHEME 1 

Eugeny M. Fedotov 

Kazan State University, Kazan, Russia 
e-mail: Eugeny.Fedotov@ksu.ru 

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

{ 
Yt+A(x(uol,~(y,y))=cp(t), 

( ( ) _ ) t E Wt = Wr \ {T}, 
Xt = p X UQ , D(y, y) 

y(O) = Yo, x(O) = xo, 

(1) 

where Wr = {0, r, ... , T}, (y, X)(t) E Hh = H1,h@ H2,h, X(uo)=uox + (1- uc )x, (yo, xo) E 
Hh, and D, A, Pare nonlinear operators: D : H1,h--> H 1,h, A: Hh--> H 1,h H P : Hh--> 

H2,h· 
Let form D(y, v) be 

q 

or D(y,v)= ElkD(ukv+(1- uk)y), 
k=l 

where D"k, lk E [0, 1]: L: lk = 1, 
Proved: Let operator D be strong monotone and potential, operators A and P be 

satisfied of some assumptions of smooth and A( v, 11) is monotone in 1/, when arguments of 
all operators are in locality of some fixed element of Hh. Then there is sohtion (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-Sto1es problem in 
Lagrange variables in assumptions of existence of a smooth solution of t 1e differential 
problem and sufficiently general assumptions on functions which equations contain. 

1 encouraged a.nd supported by Russian Foundation of Basic Research under Gra.nt 91-01-00400. 
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SOME DIR8CT AND INVERSE PROBLEMS FOR ONE THREE-PARAMETER 
COMPLEX POISSON DISTRIBUTION 

Galkin V.Ya. 

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

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

k 

P(z; A,E,k) = exp(>.. 2:)(1- E + EZY- l)) 
v=l 

are solved. 

Three pro >abilistic problems are possed that result in such 
distribution. :)orne properties of it are ascertained such as the explisit form of the proba­
bility functions Pn and distribution F( x ), moment characteristics ( cumulants and centr:tl 
moments), reo:ursive relations between them, derivatives of any order of the probability 
function with respect to continual parameters >.. and E • 

Direct prcblems - calculations of Pn(F(x)) 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 invene problems - of point estimation of parameters >.., E and k under sample of 
the finite size 1re set and solved. The estimates of the moments method of all the variants 
of >.., E 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 jkelihood 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-COHPONENT 
SYSTEM CONSERVING TOTAL NUMBER OF OBJECT~: 

A. G. Galperin1, V.M. Dubovik2, V.S. Richvitsky3 

JINR, 1 - LHE, 2- LTPh, 3- LCTA, Dubna 
e-mail: galperin@mainl.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 onf 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 ba, & baz respectively 

ba, AtXatX{1-(at+a2)/A)-K-XatXa2, 

6a2 A2Xa2x(l-{at+a2)/A)+K-xa,xa2. 

The new number of supporters for the next day will be 

a~ a1 +Oat, 

a~ a2 + 6a2. 

On the plane with orthogonal co-ordinates al & a2 we are looking for the solution in the 
domain to be an triangle a1 :::: 0, a2 :::: 0, a0 :::: 0, (A- a1 - a2 :::: 0). The s:>lution of the 
system satisfies 

ao + a1 + a2 A, 
a0 x a}.\2 x a~ 1 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 1lso aperiodir 
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 conserva1 ion law"( th(' 
whole number of objects remain unchanged in the system) fulfills. It is expressed by th(' 
constrain equetion and corresponding antysimmetry of the matrix coefficiettts. 
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.LJ: tf«ll«llY3HOHHAR MO.LJ:EJih .LJ:HHAMHKH AYKCHHA 

reJIL<JlaH~ E.B., .LJ:aHHJIHHa E.a., .LJ:eMHH O.B., Jlo6aHOB E.A., PH3HH'-IeHKO r.IO. 

119899, Moncaa, Bopo6be'aw zopbt, MFY, BuoAOW'Itec~euu ¢-m 
e-mail: riznich@orgmath. msk.su 

1-boecTHo, • ITo B Mep!iCTeMax ( Jon ax )leJieHiiH 1-1 <f>opMoo6pa3oBaH!iH ) y pacreH!iil 11:J­

Menenl1e Konue upaU!ili ayKclina HMeeT KoJiefiaTeJihHhlil xapaKTep. B HacTonrrtee opeMH BeT 

P.)ll1HIIoro Mllell fiJI 0 TOM, KaK!ie peaJihHhle npoUeCChl B pacTeHiiHX BHOCHT OCIIOBHOM BKJ!a/l B 

B03HHKHoBeH!ie TaKoro peJKI1Ma . 

.ll,nn ormcaJIHJI li3MeHeH!iH KonuenTpaU111i ayKcliHa B Mep11CTeMax naMH npe)lnaraeTCII 

M<f><f>Y3110HHaH MO)leJih, KoTopaH OTJIH'!aeTCH OT ofiW<JHhiX ypaBHeHiiM "peaKU11JI - M<f><f>y-

311H" HeJIHHeHH• lM 3aB!iCI1MoCThiO IW1<f><f>HU11eHTa )lliCP<f>Y31111 ayKCI1Ha 11 npe)lCTaBJII!eT cofioii 

KBa31iJ111Heilny~l clicTeMy napafionH<recKoro THIIa. KpoMe 3Toro, o )lannoil Mo)leJm Y'JTeHhl 

aBToKaTaJIIiTii<J ~CKiiH CI1HTe3 ayKCJ1Ha li/liJIIi ero !iHrl1fii1Topa [ 1]. 

au partial au at = fad u, c)+ fin ( u, c) + ~ D1 (u) ax, 

ac partial ac 
at= Yadu,c) + Yin(u,c) + ~D2ax' 

r)le u( X, t), c( X, t) -- COOTBeTCTBeHHO KOHL(eHTpaU!ili ayKCHHa 1i liHrHfiHTopa, 

fak ( u, C) , fin ( u, C) , Yak ( U, C) , Yin ( U, C) 

·<f>YHKIJ.I1'H, OIIHChJBaJOIUHe npoUeCChl aKTHBai_\HH li liHaKTiiBaUHH ayKC!iHa 11 HHrlifiliTopa. 

B oTcyTcTmm liHrHfiliTopa pemeHHeM nepooro ypaoneH!iH CI1CTeMhl JIBJ!HeTCII 6eryma11 

BOJ!Ha. B CBOIO o<repe)lh, pellieHHe BToporo ypaBHeHHH CliCTeMhl ToJKe MOJKeT HBJII!ThC/1 fie­

rymeii BoJIH8ii ( Tlina KonMOropooa - IleTpoocKoro - IlHcKynooa 11n11 3enL)loBH'Ia - <l>panK­

KaMeHeUKoro ) . .ll,anna11 Mo)leJIL rro3BonneT He ToJILKo oueHHTh pa3Mep Mep11CTeMaTH<recKoH 

:JoHhl, !10 11 o!Ip<•)leJIHTh BKJ!a)l Mo)leJILHhiX KoMTioHeHToB, BJIHHIOIIlHX Ha K!iHeTI1KY 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 1 , 

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 'ariables such 
as the part of momentum, which carries the leading particle of the jet, th·~ jet "width" 
and the number of particles in jet cone. 

Picking out of the following processes (as qg --> qg) in polarized proton> will help to 
obtain information on the gluon spin distribution. 

Jets were generated with PYTHIA subprocesses fdi --> fdi and gg->);g with -.6 ~ 
abs(17) ~ .6 and range off allowed m == ~ E [60.,80.} GeV for interacting p.trtons. 

For each event were selected charged particles (that can be detected by TPC) and 7r 0 

(which can be calculated using energy deposition by 'Yin electromagnetic calorimeter) with 
PT 2: 0.5 GeV. Jets were recognized by a cone-type jet-finding algorithm. If transverse 
energy of jet is greater then 20 Ge V, and '1/jet 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 objE ct.·The main 
information for neural network is the concentration of the jet energy - numb ~r of particles 
Nc needed to collect significantly large part Ec of jet energy. Three v;,lues of Ec -
60% , 80% and 90% were used. The jet transverse energy, the minimum and maximum 
second moments of the jet in ( </> - 9) plane, and the part of the energy in J: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 lar ~est one, and 
hardly learns the others. To prevent such defect all input variables were mored to a "fiat" r. d 
form X == I'm.:.'1 x dx 

The neu;~rnetwork was the feed forward type with 7-10-1 architectur<~ in .TETNET 
package frame. After 60 epoch of training the probability of the correct id~ntification of 
the jet type reaches 75%. 

1 Permanent address: Institute of Physics, Georgian Academy of Sciences, GE-380077 Tbilisi, Georgia 
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STABILITY CRITERION FOR DIFFERENCE SCHEMES WITH VARIABLE 
WEIGFTS FOR 2-DIMENSIONAL HEAT CONDUCTION EQUATION. 

Alexei V. Goolin and Sergei L. Degtyarev 

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

The differ mce scheme with variable weights is studied for equation 

au a ( au ) a ( au ) 
at = ax

1 
k1(x1, x2) ax

1 
+ ax

2 
k2(xh x2) ax

2 

with first typ l boundary condition in G(O < X a < la, a = 1, 2). The rectangular nonuni­
form grid are supposed for space variables and constant time step. The stability criterion 
of difference f cheme is obtained with respect to initial data. We formulate theorem here 
for case k1=k2=l and uniform grid with steps ha in the direction of Xa,a = 1,2 for the 
sake of brevit f. The difference scheme 

n+I n ) n 
Yij - Yij _ (]"·. flhyn+I + (1 - rJ"ij ilhYij, ~--- t) 1) 

T 

(i,j) E w,w = {(i,j)li = 1,2, ... ,N1-1,j = 1,2, ... ,N2 -1}, 

yij = O,(i,j) E aw,n = 0, 1, ... 

(I) 

has been stud ed where Llh is five-point Laplace operator, yij = y(xj, xi, tn), xj = ih1, x~ = 
= jh2,tn = nc. 

Let us associate with scheme (1) the eigenvalue problem 

l1(/1-i-1iYi-1i + /1-i+IjYi+Ij) + /2(/1-ij-1Yij-1 + /1-ij+tYij+J)+ 

+(q- 2(11 + 12)/1-ij- 1)Yii = 0, (i,j) E w, (2) 

Yii = 0, ( i,j) E aw, 

wher.e Ia = rlh"?x,a = 1,2,/1-ij = rJ"ij- 0.5. 
Let us deJLote by llYn II the grid L2-norm of yij. 
T h e o r e m 1. If scheme ( 1) is stable in some norm, then all eigenvalues of the 

problem .(2) ere nonnegative. Conversely, if the minimum eigenvalue of problem (2) is 
nonnegative t 'len the inequality 

llilhYn+III ~ llilhYnll, n = o, 1, ... 

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 rJ"ij. 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 INTERI'EROGRAM 
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]. For 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 reqt:irement of an 
overlapping of the measuring areas. Basis of their reasons was that thE' Zern!'l.e 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 c•mclusion 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 c«;mnection ol slqpes 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 \lith the samE' 
accuracy of the smaller area, but the authors of a "modernized" method take .hese num hers 
equal on the mentioned above basis. So, the error occurs because of mixin~: of analytical 
properties of the approximation and of the real surface. 
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TWO-DIM i:NSIONAL STEFAN PROBLEMS IN GROUND FREEZING AND 
RELATED TOPICS. 

Yuri Hohlov 
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Moscow, 117966, Vavilova Str., 42, Russia. 

Konstantin Kornev 

Tl e Institute for Problems in Mechanics, Russian Academy of Sciences 
Moscow, 117526, Prosp. Vernadskogo, 101, Russia. 

The lectur~ is aimed to review an effective technique developed recently for solving 
the problem e 1titled and to study in detail the physical effects which appear during the 
solidification c f liquid under the hydrodynamic field. The main efforts will be directed to 
analysis of tw<~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 problfm admits a formulation in terms of non-local Liiwner-Kufarev type POE for 
analytical fun< tions which gives a useful tool for study the nontrivial effects. We shall show 
that mathem<J tical formulation of some physical problems coincides with that of the well 
known Hele-Shaw problem, in particular, the evolution of solitary dendrite is described by 
the Polubarin•>va-Galin equation. 

Two-phas< 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 st~ady 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 effe"ctively solved by technique of the boundary integral equations. 
We shall dem•mstrate in detail the methods proposed. 
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CALCULATIONS OF ENTROPY AND CRITICAL PHENOMENA BY MONTE 
CARLO METHODS 1 

Chin-Kun Hu 

Institute of Physics, Academia Sinica, Taipei 11529, Taiwan, ROC 
Email: 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 'Lie useful for 
solving these problems. There are two versions of the HMCSM: simple sampling (SS) [2, 5) 
and important sampling (IS) [3, 4). Our SS-HMCSM is simpler than our IE -HMCSM; it 
may be applied to random percolation models on very large lattices and cor1 elated 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 HMCSM may 
be applied to calculate very accurate entropy of phase transition models v.ith 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 Ep, the percolation probability P, and tl e probability 
Wn for the .appearance of n, n = 1, 2, ... , top to bottom percolating clmters on finite 
square (sq), planar triangular (pt), and honeycomb (he) lattic~s. Here E,(G,p) is the 
probability that the system percolates and P(G,p) is the probability that 2 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, Ep, P, and Wn for six 
percolation models on planar lattices have universal scaling functions [10, 1 L, 12, 13). 
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AN APPLICATION OF TOEPLITZ MATRICES FOR QUANTUM CHEMISTRY 
PROBLEMS 

I. V. Ibraghimov, E. E. Tyrtyshnikov 
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Nowadays the one of significantly problem of quantum chemistry is a search of global 
minima of int•~raction 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 selertion 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 t :te 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 teads to computational costs to [( 4 times for an extension of basis to K 
times. 

It is sugge;ted 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 rr atrixes. Only taking into consideration mentioned above properties yields 
the reducing ;. computational cost of each iteration more then hundreds and thousands 
times. So a de Jendence of the computational cost increases as about K log2 K times where 
/( 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 sid ~s. The total size becomes nonsignificant greater (only to constant times). 

This appwach was te~ted 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 

Faculty of Computational Mathematics and 
Cybernetics, Moscow State University, 

Vorobievy Gory V-234 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 rellected surface 
is investigated. 

The most burning problem for practical applications is the inverse pn,blem, that is 
reconstruction of the electrodynamic and geometric parameters of the earl h 's surface in 
question by the measured characteristics of the reflected electromagnetic f eld. · 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 impedaJtce concept is 
applicable. The surface impedance concept is appropriate when the tang·•ntial electro­
to-magnetic field ratio at the boundary is approximately indeuendent 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 M.txwell'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 ch<.racterized 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 thP logarithmic singularity 
contained in the equation kernels and to study the reflect field for the diffPr •nt electrody­
namic parameters. 
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METHODS AND SOFTWARE 
FOR SPACE ALIGNMENT OF COORDINATE DETECTORS 1 

Z.M.Ivanchenko, I.M.Ivanchenko, N.N.Karpenko 

LCTA JINR, Dubna , Russia 
e-mail: ivanchenko_z@main l.jinr. dubna. su 

The conte;nporary position-sensitive detector modules allow to register the co­
ordinates of a point of a particle trajectory in its own local system of coordinates. 
It is necessar) to determine the parameters of the corresponding transformation for 
integrating tl e measuring modules into the unified system for registration of the 
trajectory information. The results of the geodesy measurements and of the particle 
trajectory reg1stration (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 decreas•~s the statistical errors of the first and second kind at all stages of the 
trajectory information recognizing and analyzing. 

The prognm CORPAR is based on the algorithm considered. Several dynam­
ically selected regimes, each of which allows the external parametric tuning, were 
realized. It i' possible to determine the angular and linear corrections for a local 
coordinates s:•stems. The program CORPAR is a component of the software for 
experiments carried out on the EXCHARM spectrometer on the 70 GeV acceler­
ator (Protyiw>, Russia) .• The results of the discrete detectors (MWPC) geometric 
parameters definition are used for simulation, mathematical processing and physical 
analysis of ex >erimental information. 
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IIAPAJIJIEJihHAH CHCTEMA .[I;JIH MACCOBOH OBPABOTRH 
8RCIIEPHMEHTAJlhHhiX .[J;AHHhiX (IIAPHC-96) 1 

H.M.HaauqeuKo, IO.A.RpeTOB 

JlBTA OH.HH, J(y6Ha, Poccu5l 
e-mail: kretovyu@dctll 9.jinr.dubna.su 

Pa3pa6oTRa 3<P<l>eRTHBHh!X MeTo,noa H cpe,ncTB o6pa60TRH ,naHHh!X 3HCrrepHMeHTOB 

a <l>H3HRe BhrcoRHX 3HeprHli ,noJIJKHa rrpHMO ytJ:HTh!BaTb U:HRJIOIIHtJ:eCRHe c 6'beMh! 3Rcrre­

pHMeHTaJibHh!X ,naHHhiX, Tpe6ywru:Hx orpoMHoro ROJIHtJ:ecTBa Bhl'IHCJieHHil. HarrpMMep, 

B U:HRJie 3RcrrepHMeHTOB EX CHARM (Y-70, IlpoTBHHO) ,nJIH o6pa6oTRH J,D;Horo <PaliJia 

,naHHh!X 1 perHCTpHpyeMh!X B TetJ:eHHe 18-20 MHHYT peaJibHOrO BpeMeHI! 1 TOJ!hRO ,ll;JIH 

nepBH'IHOfi o6pa60TRH Tpe6yeTCH OROJ!O 10 tJ:aCOB IIpOIJ;eCCOpHOrO BpeM ~HH Ha CaMOli 

MOlll;Hofi UNIX-8BM o6ru:eHHCTHTyTcRoro IIOJ!b30Bamm. O,n;Ho H3 HarrpaBJieHHH IIOBhl­

rneHHH IIpOH3BO,ll;HTeJihHOCTH H 3<l><l>eRTHBHOCTH CHCTeM MaCCOBOli o6pa(•OT.RH CBH3aHO 

C pacrrapaJIJieJIHBaHHeM rrpou;ecca o6pa60TRH.J1:MeHHO 3TOT ITO,ll;XO,ll; IIOJIC lKeH B OCHOBY 

co3,naHHH IlApaJIJieJII>Holi PacnnrpHeMoli llHTerpHpoBaHHOli reTeporeHHOli CHcTeMh! 

(IIAPllC-96). OcHoaoli napaJIJieJIH3Ma B paccMaTpHBaeMoli CHCTeMe IBJIHeTcH pac­

napa;meJIHBaHHe ,naHHh!X. C03,naaaeMaH CHCTeMa BRJIIOtJ:aeT pa3JIHtJ:Hhlt ROMIThiOTeph! 

no.n OC UNIX, CBH3aHHh!e -qepe3 ceTh ETHERNET (Il8BM, JIORaJI ,Hh!e pa6otJ:He 

CTaHU:HH, u;eHTpaJIH30BaHHhle ROMIIhiOTeph!). KJiacTep IlAPllC co3,nacTc~ no cxeMe 

RmreHTjcepaep. CepaepoM HBJIHeTCH Bh!,D;eJieHHh!H ROMI!biOTep no.n OC LINUX, npe­

.nocTaBJIHIOlll;HH RJIHeHTaM(pa60tJ:HM MaRpOMO,D;YJIHM) TaRHe pecypchl 1 RaR o6ru:ee ,ll;HCRO­

Boe npoCTpaHCTBO H nporpaMMY-MOHHTOp ,ll;JIH ,ll;OCTyna R O'lepe,D;HM BBO,n.t/BhlBO,D;a ,ll;aH­

Hh!X. YnpaBJieHHe aceM RJiacTepoM JIORaJIH30BaHo Ha cepaepe. KJIHeHT ,r HCIIOJih3YIOT 

co6CTBeHHhlli U:II ,ll;JIH o6pa6oTRH HH<l>opMaU:HH, a ,naHHh!e 6epyT c cepaepa. 3anycR 

y,naJieHHh!X 3a,D;aHH.l!: Ha ROMllbiOTepaX-RJI.IleHTaX IIpOH3BO,ll;HTCH aBTOMaTJ!tJ:eCRH CITeiJ;H­

aJihHOH pe3H,D;eHTHO.l!: nporpaMMOH, ROTOpaH Bh!IIOJIHHeTcH Ha cepaepe. Bee ycTpOHCTBa 

BHernHeli naMHTH ( cTpHMeph! THna EXABYTE) no,nRJIIOtJ:eHh! R cepaepy, U03TOMY rHra-

6aliTHh!e HH<l>opMall;HOHHh!e ITOTORH JIORaJIH30BaHh!. MaRpOMO,D;JJIH CHCTE Mhl 6Jiaro,napH 

llX MYJihTHIIporpaMMHOCTH MoryT HCIIOJ!b30BaThCH B HHTepaRTHBHOM peiKHMe ,D;JIH MO­

HllTOpHHra, aHaJIH3a ,naHHhlX , no.nroTOBRH nporpaMM H T.n. Ha <PoHe npoxoJK,neHU:H 

ocHOBHoro npou:ecca-aBTOMaTutJ:ecRo.l!: Maccoaoli o6pa6oTRH ,naHHhlx. O·:HOBHh!e cao.l!:­

CTBa CllCTeMh!: Bh!CORaH ITpOH3BO,ll;HTeJihHOCThj MaClliTa6upyeMOCTbj HeBbli:ORHe 3aiTpOChl 

pecypcoa pa6otJ:HX Mo,nyne.l!: (uHTeHCHBHO HCI!OJII>3yeTCH TOJihRO UTI); BO:IMOJKHOCTh HC­

IIOJih30BaHHH y,naJieHHhlX 8BM, TaR RaR HHTeHCHBHh!H o6MeH C BHelliHHMH HOCHTeJIHMH 

JIORaJIH30BaH BHYTPH cepaepa; Bh!CORaH Ha,neJKHOCTn; Bh!CORH.l!: ypoaeHo aaToMaTH3a­

U:HH. 

JlHTepaTypa. 
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FAST ,:;aMPUTATIONS 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 
Lame 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 m'Ltrix-vector multiplication for the matrix which corresponds to the discrete 
biharmonic Po .ncare-Steklov operator [3]. This algorithm was applied to solving the two­
dimensional L<.me 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 aHalysis of both algorithms and computing tests are presented. 
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13-CONVERGENCE OF t-DECREMENTED R.OW METH :JDS. 1 

Kochetkov K.A. 
Shirkov P.D. 
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r-mail: kkirilllriiimamod. msk.su 
shi1·km•<olimamod. msk. su 

Many applied problems lead to the Stiff Ordinary Differential Equa1 ions (SOD E) 
systems. Among t.hem tlwn, are chemical-kinetic problemo, transitional processes 
in electrical circuits and oonw other problems, for example, ilf'at co 1duc.tion and 
diffusion problems which can be transformed to SODE by method of lines. These 
applications are very important., thneforc a lot of special methods and progra Ill 
codes (such as HDF- and UO\V-nwtlwds. C:ear code, LSODE. 1{()~.1 et.c) \\TIT 

produced by different authors. But most of these methods and codt·s are insufli­
cicntly universal and need considerable exp<:>nditures for adoption t( problems of 
diffen·nt types. 

HOW methods, which will lw discussed, seem to be more efficif'nt. i ·1 comporiso11 
with Hosenbrock schemes with complex coefficit•nts and IHJ-i: ont•s bee IllS_<' tlw~· usc 
only real arythmetic, do not need iterations and Richardson extrapo at.ion for t.he 
error estimation and time step control. There are {ound some sche11w< which allow 
to ma.ke an exact calculation of the main term of truncation nror (< nd tinw step 
evaluation) and satisfy to additional properties of A-stability and L-s1 abilit.v. 

There was done theoretical and IIUillPrical investigatio11s of B-cmJwrgencc this 
md.hods on typical model problem~ usually used in ODE t.lwor.v ( 1\: tps, Prodcro­
Robinson, Van der Pol problem). There was shown t.hat dfectiw order of B­
convergence of L-decremented shemes is at least just the same a.s for D IH K methods 
while t.he real accuracy is better. 

1enrouraged and support.<'d by grant.s of RFFR N!l4-0I-0161K, N!l-1-0I-001!lOA Uld Mines1ry of 
Sr.ience of Russian Ft'derat.ion. 
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DERIVATI'/ES OF THE DIGAMMA AND COTANGENT FUNCTIONS FOR 
RATIONAL ARGUMENTS 

K.S. Kolbig 

CERN, CH-1211 Geneva 23, Switzerland 

It is we!l-kJ,own that, for rational arguments x = plq, the digamma function 1/J(x) = 
d log r( x) I dx can be expressed in terms of trigonometric functions and logarithms. This 
is a classical remit which goes back to Gauss. 

Using prop~rties of the polylogarithm function Lin(z) on the unit circle, in partic­
ular the inverson formula which relates Lin(z) to Lin(z- 1 ), it is shown that the higher 
derivatives of'lj(x),i.e. the polygammafunction 7j!(k)(x), can be expressed, for rational ar­
guments x = p,'q, in terms of trigonometric functions and the Clausen function C/k+J(7rx) 
for rational x = jfq(O::; j::; q- 1). The formula for 1/J(x)(k = 0) is then a special case. 

With the help of the reflection formula for 7j!(k)(x ), which relates 7j!(k)(plq) and 1/!(k)( -p/q) · 
via the higher ·lerivatives of the cotangent function cot 1rx for rational x = PI q, formulae 
for the values of 7j!(k)(plq) in terms of trigonometric function and Bernoulli numbers are 
established. 

By using tltese results and certain special values of the Clausen function, the even 
derivatives of v( x) for x = a and x = 1 - a, where a = ~ and a = ~, are shown to be 
expressable in 1 he form 

{ 
7j!(2kl(a) } 
7j!(2k)(l _a) = -r1 ((2k + 1) =f r 2v'J11'2k+J, 

where (( n) is tt e Riemann zeta function and r1 > 0, r2 > 0 are rational numbers which de­
pend on a and ~;in particular r 2 is a weighted sum of Bernoulli numbers B2h (0 :S: h :S: k ). 

In this cont·~xt, formulae for the derivatives 7j!(kl(x) at x = l, x = ~are given in terms 
of Bernoulli numbers, Euler numbers, the Riemann zeta function ((2k + 1 ), and the related 
series of reciprc cal powers of integers /3(2k ). 

Finally, by 1sing certain of the values of 7j!(k)(plq) so obtained, a few special cases of 
the generalized hypergeometric function q+l Fq( (a), b; (a+ 1 ); 1) with rational a, b E Q are 
given in closed form. 
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THREE-BODY RESONANCES IN FRAMEWORK 
OF THE FADDEEV CONFIGURATION SPACE APPROACH 

Elena A. Kolganova, Alexander K. Motovilov 

Joint Institute for Nuclear Research, 141980 Dubna, Russia 
e-mail: kea@thsunl.jinr. dubna.su, motovi/v@thsunl.jinr. dubna.su 

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 repn·sentations [2] 
for the three-body T-matrix in unphysical energy sheets as well as analo~ous represen­
tations for the scattering matrix and resolvent. Our method is based 01. a statement 
following from the representations [2], that three-body resonances in an un )hysical sheet 
Il1 are actually those values of energy z for which a suitable truncation S1(.~) of'the total 
scattering matrix S(z) considered in the physical sheet, has eigenvalue zero 

In the work we utilize a code based on the finite-difference algorithm 13,4], for com­
putations of s-state nnp resonances situated in the unphysical sheet II(o,l) c·mnected with 
physical one by crossing the spectral interval (Ed, 0) between the deuteron energy z=Ed 
and breakup threshold z = 0. We solve the two-dimensional Faddeev integra-differential 
equations [4] with (2 --> 2, 3) asymptotical boundary conditions at complex ~nergies z and 
extract the scattering matrix truncations S01 ( z) = 1 + 2ia( z) with a, the amplitudes of 
elastic nd scattering in the physical sheet. The nnp resonanc,l)s in the sleet II(o,l) are 
searched for just as the roots of the function S01(z). The algorithm developed is also 
applied to search for the resonances in a model three-boson system [1]. 
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TRANSITIC NS FROM PERIODIC TO GLASS-LIKE STRUCTURES IN FOAM 
SATURATED CAPILLARIES 

Konstantin Kornev and Valerii Mourzenko 

Institute for Problems in Mechanics RAS, Moscow, Russia 

Raphail Dautov 

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 (Han;sen, 1992; Kovscek and Radke, 1994). It is found (Hanssen, 1992; Kovscek 
and Radke, 19!14) 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 1·etter understanding of initial penetration of the externally applied pressure 
difference into a porous sample saturated by gas and foam. 

If compresdbility of the gas in bubbles is not accounted for, to increase the pressure 
by a factor of .~pin a sample with macroscale L it is required to overcome the very large 
capillary barri·~r t:!..p ~ uLfr2 , where u is the surface tension and r is the pore size. The 
experimental \alues 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 fiel•l determination for vortex creation in a Josephson superconductor (Hansen 
and Lindelof, : 984; Kornev, 1995). 

We considn 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 ol determination of the critical pressure drop required to shifting the bubble 
train is reduce:l 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 EVOLUT2 ON WITH 
ACCOUNT OF NON-OHMIC CURRENTS 1 

D.P. Kostomarov, F.S. Zaitsev, V.V. Nefedov, A.G. Shishki 1, 
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Moscow State University, 
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(Euratom/(/ KA EA Fusion Assoczation) 
e-mail: zaitsev1<j!cs. msu.stt, martin. obrien@ukaea. org. uk 

The work is devoted to mathematical modelling of phenomena in toroidal systems with 
magn<>tic plasma confinement, such as tokamaks. 

In "quiet" regimes the tokamak plasma is in a near-equilibrium stat(. This statP. 
however, does not remain unchanged. On the one hand different plasma processes lead to 
a slow rearrangement of magnetic fiPld, by changing the pressure and curre 1t, and on tlw 
other hand these plasma processes arP themselves influenced by the magne .ic field. Thus 
there is self-consistent evolution of the plasma column and its gradual transttion from one 
quasi-equilibrium state to another. 

Most. existing models give eithN too gPnPral a formulation, which is Vl'fY difficult to 
implement, or concentrate on one or other particular aspect of thP proJ,lem, ignoring 
the oth<'fs. In particular they do not allow accurate self-consi.stent d<>scription of somP 
important phenomena, such as externally driven non-ohmic currPnts. 

The problem of toroidal plasma equilibrium evolution with account of IJOn-ohmir cur­
rents is considered. With the help of a spPcial choice of phase space var abies and the 
introduction of special unknown functions, thP problem is r!'duc<>d to thP 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 eqm tions that de­
termine the evolution of quantities like the spatial distribution of plasma pressure. The 
mathematical formulation of the probiPm is given with discussion of its sp 'cific featurPs. 
A complicated numerical algorithm was developed, and the codP SCoPE •vas written to 
solve the problem. Results of numerical modelling for tokama.ks plasma <·f 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 cu1 rents can lead 
to th(' current density being greatest away from the plasma. cPnt.n'. whicl1 may indicatP 
how improved plasma confinement regimes could be obtained. 

Formulation and solution of the current profile control problem using ex .ern a! 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 nPtic ( Fokker­
Pianck) equati~ns is disn1ssPd. 

1The IJKAEA work was jointly funded by the UK Department of Trade and Industry and by Euratom. 
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THE NUMEF.ICAL METHOD OF SOLVING CHARGED PARTICLES MOTIONS 
FORMATION PROBLEM 

E. D. Kotina 

St.- Petersburg State University 
St.- Petersburg, Russia 

The charge i 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 1g the preassigned charged particles dynamics can be reduced to the solving 
of Goursat pro Jlem 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 ch uacteristics for corresponding finite difference equations. The problems of 
characteristics 1etwork construction, those of initial conditions choice are discussed. The 
algorithm and the formulas for calculation of magnetic field components, providing needed 
particles dynamics 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 con::idered. 

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 Institute, Russia 

Nonlinear Haves which are described by the generalized Kuramoto-Sivashinsky equa­
tion are considued [1-2]. It is shown that this equation does not pass the Painleve property 
and It can not Je 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. T<· study the nonlinear waves in the much more general cases the difference 
equation are u ;ed. 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 Kt ramoto-Sivashinsky equation has the soliton-like solution, but only one. 
However another disturbance alters with time and its amplitude increases. The process of 
increasing tak1 s place independently of the solitary wave in active-dissipative dispersive 
media at differomt 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 saturatE·d soliton like pulses in nonlinear system have been observed. 
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THE NEW ANALYTIC TOOLS OF THE SPASE R" 

Yu. I. Kuznetsov 

Computer Center, 630090 Novosibirsk, Russia 
e-mail:kuzw @comcen. nsk.su 

The concept of Rn-structur·e, which inrludPs thP strongly non singular sy ·nmetric matrix 
A. thP indecomposablP HessPnbPrg matrix T and thP systPrn of biorthogot1al polynomials. 
is introduced. The biorthogonality nodPs arP eigenvaluPs of matrix T c nd thP column 
space thP triangular matrix R (A = RT R) is the Krylov sparP. generate< by the matrix 
7'. R"-structurP has only n(n + 3)/2 dPgrPPS of frPedom. 

ThP matrix T is symmetrix and thP biorthogonal polynomials arP ortl ogonal in espP­
cially important rasP of positivPiy definitP HankPI matrix A (Hankel R"- ;fntcture). ThP 
nurnbPT of frPedom 's degrePs is reduced to '2n- 1. It is provPd that thP os ·illation systPm 
with n degrees of freedom is involvPd in HankPI R"-structure with positiwl~ ( sPmi- )dPfinitP 
matrix 7'. 

Tlw new properties of Hankel H"-stn1ctme are obtainPd. The conrPption of romple­
llH'HtnPss for Jacobi matrix is introducPd. It's conHPcted with rPpresPnta ion thP system 
of polynomials as a function of two variables, one of which being intPgP·. ThP class of 
pseudoorthogonal polynomials is d!'scribed also. ThPse polynomials ha··e a singiP rPal 
roots that is supported by weak separation of the roots of neighborhood pc lynomials. The 
ord{•ring waights of pseudoorthogonal polynomials have one cliangP of sig11. · 
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AJirEBPft.HqECKHE AJirOPHTMbl,li;JIJI qHCJIEHHOrO PEillEHHJI 
O~~y BTOPOrO llOPJI,li;KA C llOJIHHOMHAJihHbiMH 

K03cJ>cJ>HQHEHTAMH 

B.Jiau, C.IO.CnaBJIHOB 

cnrY, 4-m 8bt'tuC.4Ume.<bHOil tjJU3UICU, 198804 Cau!Cm llemep6ypz, YAbJIHOBC!CaJI 1 
e-mail: slav@slav.usr.pu.ru 

l!HcJieHHhl~ pa :tJ.eT peiiieHillt JIHHell:HJ..Ix ypaBHelill~ BToporo rropH.zuta c rroJIHHoMRaJihHhiMR 

K03<!>qHII!lleHTaMR ( HMe!OTCJI OC06h!e TO'IKH KaK peryJIHpHhle, TaK H HpperyJIHpHhle CBO,llJITCH 

( TO~o!!) K pt!IIIelUIJO pa3HOCTHhiX ypaBHeHillt, 3KBHBaJieHTHhiX HCXO,lJlihiM tlll<i><!>epeHI!ll­

aJ!hHhiM ypaBH•~HliHM. fpa~e YCJIOBHH .l{JIH pa3HOCTHhiX ypaBHeHillt CTaBJITCJI B COOT­

BeTCTBIDI c Te1;, KaKoro copTa peiiielille tlli<P<PepeHI!llaJ!hHOro ypaBHeHHH pa3h!CKHBaeTcJI. 

3To MO}!{eT 6h!~'h pernelille, Ja.naHHoe CBOHM rrpe.neJihHhiM IIOBe.neHl!eM B oco6o~ TO~e, no 
MO}!{eT 6h!Tb perneHl!e «l>JioKe, coxpaHHJOIIIee CBO~ xapaKTep rrpH o6xo.ne oco6o~ TO'IKH, 3TO 

MO}!{eT 6h!Tb C06CTBeHHa.JI <i>YHKIJllH 3a.l{a'lli lllTypMa-JIHyBHJIJ!H, 3a.l{aHHa.JI CBOHM IIOBe.l{e­

Hl!eM B .llBYX o :o6h!X To~ax. OcHOBHO~ yrrop .neJiaeTcJI Ha co6cTBeHHhle <l>YHKIJ.HH Ja.natJ. 

Ill TypMa- JIHyB ¥1:JIJIH. 

Ilepexo.n K pa3HOCTHhiM ypaBHelillHM rrpoH3BOtll!TCJI pa3JIO}!{elilleM B pH.n T3~Jiopa rro 

crerreHHM He3aliHCHMO~ rrepeMeHHo~ peiiieHillt rrpe.nBapHTeJ!hHO "rro.nroTOBJieHHo~" tlli<P<Pe­

peHI!llaJ!hHO~ n.na<rn. 

Ilpe.nJiarae .fld~ MeTo.n BKJIJOtJ.aeT 

• Ilpeo6pa10Balille HIITepBaJia paccMoTpeHHH JIH6o B (-1,1] JIH6o B (0,1]6e3 KaKHX JIH6o 

HHhlX OC06hlX TOtJ.eK KpOMe, B03MO}!{HO, KOHIIOB HHTepBaJia, BHyTpH etlliHlltJ.HOfO Kpyra. 

e f1peo6pa IOBalU!e 3aMeHO~ 3aBHCHMO~ rrepeMeHHO~ HCXO.l{HOfO tlli<P<l>epeHI!llaJ!hHOrO 

ypaBHeHLll K <t>opMe, r.ne HCKOMh!e peiiieHHH HMe!OT KOHetJ.Hhle rrpe.l{eJihl B rpalill'I.HhiX 

To~ax H{TepBaJia. 

e f1peo6pa IOBalU!e tlll<i><PepeHI!llaJ!hHOfO ypaBHeHHH B pa3HOCTHOe ypaBHelU!e .l{JIH K0-

3<l><i>HUHE HTOB pH.na T3~Jiopa, rrpe.ncTaBJIHJOIIIero perneHl!e. 

e IJocTaHOHKa H HCCJie.l{OBalU!e rpalill~O~ 3a.l{atJ.H .l{JIH pa3HOCTHOfO ypaBHeHHH, 3KBH­

BaJieHTHOH HCXO.l{HO~ 3a.l{atJ.e llfTypMa-JlHyBHJIJIH. )J;oKa3aTeJibCTBO CXO.l{HMOCTH pH.l{a 

T3~Jiopa 

e Q6p,e3aHJie pa3HOCTHOrO ypaBHeHHH, 'ITO IIpHBOtll!T HCXO.l{HYIO 3a.l{atJ.y B MaTp~~ 

BH.l{ C Jie!ITO~O~ MaTp.HIIe~. 

• l!HcJieHHJe peiiielille JIHIIe~o~ aJire6pa.HtJ.ecKo~ Ja.l{atJ.H cTaH.napTHhiMR .l{JIH JieHTOtJ.­

HhiX MaTJIHIJ, MeTO.l{aMR. 

B KatJ.eCTBe rrpHMepoB crreUH<t>HtJ.ecKHX BapHaHTOB peaJIH3aiJ,Ifil MeTo.na paccMaTpHBaJOTCH 

6HKOH<i>JIJOeHTI- oe ypaBHelU!e fo~Ha, .l{Ba}!{.l{hl KOH<i>JIJOeHTHOe ypaBHelU!e fo~a .II TpHKOH­

<i>JIJOeHTHOe yp aBHelU!e fo~a. IlepBOe H TpeTbe .113 3THX ypaBHeHillt HCHOJ!h3YeTCH .l{JIH 

MO.l{eJie~ B KBa!ITOBO~ MeXaH.HKe, BTOpoe ypaBHelU!e B TeOpiDI tJ.epHhiX .l{hlp. 
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ON ILL-POSED MIXED PROBLEM FOR LAPLACE EQUATION 

E.B. Laneev 

Russian University 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 reducti m to integral 
equation of first kind and application of Fourier method and Tikhonov scheme. 
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USING J,PS TECHNIQUE FOR APPLIED MATHEMATICAL ANALYSIS 
PROBLEMS 

A.A.Letichevsky •, P.N.Denisenko ••, V.I.Bilenko •••, V.A.Volkov •. 

• Glushkov Institute of Cybernetics, Kiev, Ukraine 
•• Kirovograd Technological Institute, Ukraine 

Kiev International University of Civil Aviation, Ukraine 

The Algel: raic Programming System APS, developed in Glushkov Institute of Cyber­
netics, is bas"d on rewriting rules mechanism. However, in distinction from traditional 
approach, it i > possible in APS .to combine arbitrary systems of rewriting rules with dif­
ferent strateg[es of rewriting which may be specified explicitly by means of procedural 
definitions. 1 he. 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 bgic) by adjusted use of corresponding computational mechanisms. This 
approach alloNS 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 oeveloped 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 r~presentation. 

Some mme efficient programs have been also developed in C. This programming lan­
guage was us~d 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 T - method but in the difference of 
that one ( r- 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 
eliminat~s the computation of a kernel and polynomials of the integral equation that 
models LDEJ'C Cauchy problem. The accuracy of solution approximation is better than 
Lanzosh or N iller methods. 
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NEW APPROACH IN THE METHOD OF PARAMETER EVOLUTION 

Svetlana P. Litvintseva 

Institute of Mathematical Modelling Rus. Acad. Sci. 
4-A Miusskaya Sq., Moscow 125047, RUSSIA 

e-mail: svetlana@imamod. msk.su 

The Method of parameter Evolution (MPE) was suggested by !.D. Rodionov and developed 
by him with co-authors as an effective numerical method for solving m;.ny-parametrir 
spectral boundary value problems of mathematical physics (1-2]. The M PE belongs to 
continuation methods; its formulation on the functional leveL evolution (continuation) 
scheme and procedure of dimension de- creasing are given in (I]. 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 tlw logarithmic 
derivatives of eigenfunctions, that is functions of the kind of JJ(:r) = (1/u( r))(du(.c)fdx), 
where xis spatial variable and u(x) is eigenfunction. It is clear, that zeros Jf u(x) are the 
poles of D( x ). ThC' 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 >ased on using 
phase variables, that is eigPnfunction and its derivative are pres~nted via. sn1oo~h funrt.ions 
-amplitude and phase (3]. It appears that under such approa.rh thP calcula.ti"n of Evolution 
Operator requires the same number of arithmetic operations while appropriate funrtiotJs 
do not have any poles. Using extrapolation on embedded grids makes pos ;ible to reducP 
the general number of operations. Besides under phase approach the poss bility to jump 
from one mode to another during calculating is practically excluded, becau ;e a number of 
Pigenfunction zeros (i.e. mode number) is fixed by phase-function ronditio!ls. 

In present work the MPE in phase variables (Ph V-MPE) is developed f >r solving one­
dimensional Sturm-Liouville spectral problem, the Evolution Operator is n•nstructed. th!' 
Newton correction is given and the numerical algorithm is is considered in h dPtail. PhV­
MPE is generalized for the case of non-self-conjugated spectral boun- da.ry value prohiPm 
for second-order ordinary differential equa- tion. 

The accuracy orders of six evolution schPmes are studied on a. simple Sturm-LiouviliP 
problPIIL It is shown that the classical evolution scheme used in prPviou' works is not 
optimal in sense of accuracy improvement with the help of extrapolation on embedd!'d 
grids. The optimal schemes are indicated. 

Referenees 
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INVESTIGATION OF A VARIATIONAL INEQUALITY 
ARISING IN NON-LINEAR NON-STATIONARY 

FILTRATION THEORY 1 

Ljashko A.D., Pavlova M.F., Maiorova M.E. 

Kazan State University, Kazan, Russia 
e-mail: Maria. Pavlova@ksu. ru 

We study t 1e solvability in the class of non-negative functions and finite difference 
methods for thE, following evolutionary variational inequality: 

{T ot.p(u) {T 
Jo <~,v-u>dt+J0 <A(u,V'u),v-u>dt2 

2fnT < j, v - u > dt, V v E /(. ( 1) 

The degene1 at ion of the coefficients in this problem is possible both in solution ( <p( 0 = 
0 for ~ = 0) an i in its gradient ( coefficients k;( x, 0 can be equal to zero for some ~ E Rn). 

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

Then we cc nsider two explicit finite difference schemes with penalty o~rators ap­
proximating the problem (1). In the first finite scheme we use the penalty operator 
{3 = - I u- IP -2 u- while in the second one the penalty operator is the grid approxi­

f f "n a (I a(-u-l lp-2 a(-u-l) 
rna lOll O L,i=l -ax, ax, ax, ' 

The conver1;ence 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;(x,O = 
g;(x,O~;, g;Jx,~) 2 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 ). 

1 encouraged ar d 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 1 

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@lcta41.jinr. ru 
zhidkov@lcta41.jinr. ru 
ruben@lcta41.jinr. ru 

The method of computation of characteristics of quantum system> 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 w 1th Gaussian 
measures in complete separal;lle metric spaces exact on a class of polyrromial func­
tionals of a given total degree [2] are applied to numerical investigation of 3D Bose 
gas. 
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CODES P,\.CKAGE FOR THE RFQ DYNAMICS & OPTIMIZATION 1 

A. Loukianova 

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

Mathema .ical methods of control and optimization are extensively used in many 
fields of scieitce and engineering. Development of specialized software for various 
applications hecomes of increasing importance. 

Special cl tss 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 pr•>blem of trajectory ansemble control. 

The comJ•Uter codes has been developed for the RFQ ion linac design and analy­
sis. The pad age 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 fin:t 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 simulatic n 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. 

1encourage,[ 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.Maslcnnikova and M.E.Bogovskii 

Russian University of Peoples· Friendshzp 
117923 Moscow. Ordzhonikidze 3 
e-mail:maslenmkova @udn.msk.su 

We are studying a new mathematical model describing a dynamics of v. aves generated 
by a hurricane moving over a sea-surface. This model is based on the initial value problem 
for tlH' N avier-Stokes equations taking into account a heat transfer. A time-dependent 
inqwrmeable surface is dividing the space R3 into two parts: the atmosph<'rP and the sea. 

This surfac<', taken to be of thP form :r3 = Jj>(:r 1.x2 ,t) with unknow1 ~·. represPnts 
itsp]f a surfacP of internal dismntinuity in tlw air-water medium at which stresses from 
the both sides are equal, and tangent strPsses are proportional to differez res of tangent 
velocitiPs (the latter together with impermeability are usually refprred to as the Navier 
boundary conditions). Heat fluxes from thP both sides are equal and proportional to thP 
differPnces of temperatures at the surface of discontinuity. 

The function V' is being approximatPd by a linear combination 

n 

1/J" == L Cj'V'j (xi, x2,t) 
j=l 

with respect to some given set of wave-like functions 1/Jj, and with unknown coefficients 
Cj. For a given set of Cj' the above initial boundary value problem with i Jternal discon­
tinuity is being solved by modified Ga.lerkin 's approximations. To determ llle coefficiPnts 
Cj' we are making use of the free boundary equation, minimizing in a. suit tble functional 
space a. discrepancy between normal velocity of the air-water medium at the surfa.cP of 
discontinuity and normal velocity of the surface itself. Modification of Gal<'rkin 's approxi­
mations in the evolutionary problem undPr consideration impliPs tinw-inder PndenrP oft hP 
Galerkiu's coefficients with respect to time-dependent basic vPctor-funrtions. ExistPncP 
of the generalized solution in anisotropic Sobolev space WL~.t is establishPcl for any giwn 
Lipschitz 1/J. Heattransfer is taken into account via the usual convPrtivP heat Pquation 
and via the balance of forces rather than some state equation, nanwly, tl P tPmpPTat un• 
gradient is being considered responsible for a surplus acceleration of tlw mPdium. 
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COMPUTATIONAL SIMULATION OF MICROCHIP HOT-WIRE FLOW 
SENSOR. 

L.F.Matsyev 

Institute for Mathemastical Modelling Russian Ac.Sci. 
4 Miusskaya Square, Moscow 125047, Ru.ssia 

e-mail: sveta@imamod. msk.su 

Last years >arious microchip hot-wire flow sensors with floating membrane have been 
developed and ;,pplied in many applications. Their application demands for consideration 
the specific phy>ical factors, which influence on forming output signal dependence on flow 
value. Due to r onlinearity 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 1uite useful. 

Flow sensor described in (1] is consi~ered as a representative of its family. The sensor 
is silicon chip wvered 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 1mm and resistance is about 150 
Ohm. Sensor c 1ip 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 se 1sors or various bridges like (2] can be constructed. Here one resistor is 
considered. 

When electlic current heats the resistor, heat balance is established when elec- tric 
power becomes equal to heat leakage through resistor terminals and througt\ air around 
resistor. Heat lPakage 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 tern- perature coefficient of nickel and changes the elec­
tric power emit ted 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 lroblem 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 tern- perature gives possibility to state that flow is 
not disturbed CJnsiderably 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 l eat 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 fer 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 siml lation package 
is available. The direct experimental measurement has been compared \1 ith calculation 
results, good accuracy has demonstrated. 
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PA3HOCTHhiE CXEMhl HA HEPABHOMEPHhiX CETKAX ,[(JIJI 

MHOrOMEPHhiX YPABHEHHH 

MaTyc n.n. 
IfHcmumym .Mame.Mamu~~:u AH Buapycu, MuHc!C 

IlpH 'IHCJieEIHOM MO,l(eJIHpOBamm COBpeMeHHhlX 3a,l(a'l HayKH H TeXHHKH C oco6eHHOCTJIMl! 

(y.ll:apHhle BOJIBhl, rrorpaHH'IHhle CJIOH H .li:P-) '!aCTo HCIIOJTh3YJOT HepaBHOMepHhle ceTKH. KaK 

rrpaBHJIO, IIpH noM IIOpJI,l(OK JIOKaJThHOi!: aiiiipOKCHMaiJ;HH 06h!'IHO IIa,l(aeT. 

B [1] rrocTpoeHhl cxeMh! IIOBh!llleHHoro rropJI.l(Ka arrrrpoKcHMaiJ;HH .li:JIJI o6h!KHOBeHHoro .rr.mj>­

<j>epeHII;IiiaJThHC ro ypaBHeirnJI BToporo rropJI.l(Ka c rrepeMeHHhlMH K03<j><j>HJUieHTaMH, .l(JJJI OliHO­

MepHhlx napa( OJJH'leCKHX H rHIIep6oJJH'leCKHX ypaBHeHHi!:. IloJiy'leHh! COOTBeTCTBYJOIIU1e 

Ol(eHKH TO '!HOC fH pa3HOCTHhlX perneHHi!: C HCIIOJTh30BaHHeM TeXHHKH orrepaTOpHO-pa3HOCTHh!X 

cxeM c rrepeME'HHhlMH B,ecoBh!MH MHOJKHTeJIJIMH [2,3]. B [4] rrony'leHHhle B [1] pe3yJThTaThl 

0606llla!OTCJI Ha p-MepHOe ypaBHeHHe IlyacCOHa. CooTBeTCTBY!OlllaJI MOHOTOHHaJI KOHCepBa­

THBHaJI cxeMa BToporo rropJI.l(Ka arrrrpoKcHMaiJ;HH Ha HepaBHoMepHoi!: ceTKe HMeeT BH.ll:: 

p p 

L L (y+htvx. +h/;Yx.haxa = -f(x), X= (Xt,X2, ... ,xp), 
a=: k=l,k#a 

r.l(e Xa = Xa + ha, ha = (ha+- h01 )j3, h~ = 0, 5(h01 ± lhal). 
B ,l(aHHOM :oo6lllemm 6y,!(JT rrpHBe.l(eHhl pa3HOCTHhle cxeMh! IIOBh!IlleHHoro rropJI.l(Ka TO'I­

HOCTH Ha Hep< BHOMepHhlX CeTKaX ,l(JIJI KBa3HJIHHei!:Hhlx OliHOMepHhlX rrapa60JIH'leCKHX H fl1-

rrep60JJH'leCKH { ypaBHeHHi!:, a TaKJKe ,l(JIJI MHOfOMepHOfO ypaBHeirnJI TeiiJIOIIpOBOliHOCTH. 

References 

[1] A.A. Ca,rapcKHi!:, II.H. Ba6HllleBH'l, II.II. MaTyc Il.II., ).lurprpepeHQHaJibHDie ypa­

BHeHHJI 3 ~' (2) C. 313-322, 1996. 
[2] Il.H. Ba5HllleBH'l, II.II. MaTyc II.II., ).loKJI. AH BeJiapycu 37, (6) c. 15-17, 1993. 
[3] II.H. BaliHllleBH'l, II.II. MaTyc II.II., B.C . .W:erJIHK, ).lurprpepeHQHaJibHDie ypaBHeHHJI 

30, (7) c. 1175-1186, 1994. 
(4] A.A. Ca..rapcKHi!:, Il.H. Ba6HllleBH'l, II.II. MaTyc II.II., ).loKJI. AH BeJiapycu, 1996, 

(B rre'laT r). 

100 



METHODS OF CONFLUENCIEL ANALYSIS 

Mechenov A.S. 

Moscow Stale /lniz•erszty. 
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e-mail:mech fl!t<!'cmc.msk.su 

I. In the rapport is resolved a capital problem of algebra and regres ;ional analysis 
''How to calculate pseudo solution in the case of passive erratic measme of matrices 
and right part'?'' It is demonstrated the following result: [I] 

• For th(' square matrix, all vector columns or part of him is nteasuring with 
('rrors, the classic method of CreamE'r of calculating of solution s right. 

• For the rectangular matrix. all wrtor columns or part of him is 1 1easuring with 
errors, It is constructed the method of least distances. which demonstrate 1 hat 
the utilisation of tr<tditional G<tuss tr<tnsformation is ('rrata. 

2. It was demonstrated the methods to ralrul<tte normal psPudo sol uti Jn of irregular 
systems of linear algebraic equation in th(' rase of passiv(' Nratir mPas lin' of mat ric('S 

and right part. 

:!. ThP i'('sults was dPv('lopPd to thP rasP of tlw activP part of matri:: and complPx 

experienrPs. 

• In this case tlw Cramer method to calcula.tP solution for squ< rP matrix and 
Gauss transformation for rN·ta.ngular matrix was erata .. It is nPr •ssary to apply 
thP maximum likelihood m('thod. 

This results have the large field of applications. 
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ELECTRICAL ACTIVITY 
OF THE SENSORY AFFERENT PATHWAY 

IN THE ENTERIC NERVOUS SYSTEM 1 

R.N. Miftakhov, G.R.Abdusheva and I.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 ~ensory neuron possesses the electrical properties of AH neurons; the 
secondary sen:;ory 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 devdopment at the primary sensory neuron which is followed by soma 
action potential generation at the secondary sensory neuron. 

Mathemat ely this problem is described by three systems of nonlinear differential 
equations. The system of equations was solved numerically using the Runge-Kutta 
and Victorri <tall [1] methods. Numerical calculations have shown that the model 
is capable of reproducing different electrical patterns within the pathway under 
normal physiological conditions and after treatment with charybdotoxin, iberiotoxin, 
tetrodotoxin, ,; - conotoxin GVIA, Al-A2 purinoceptor agonists, a protein kinase C­
activator, and a 5-opioid receptor agonist. Comparison of the computational results 
with experjmmts conduc;ted on the neurons of the submucous and myenteric plexi 
of the small bowel demonstrate their good qualitative and quantitative agreement. 
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M03AlPIHhiE AIIIIPOKCMMAQMM ,li;MCKPETHhiX AHAJJ oroB 
OIIEPATOPOB KAJib,li;EPOHA-3MrMYH,li;A 

HHKOJiaH MHXaHJIOBCKHH 

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

llocTaHOBKH 3a.n;aq MaTeMaTHtiecKo:l!: !}>H3mrn B BH.LJ:e mnerpamHhlx ypaBHemm rrocne annpo­

KCHMaUHii: THIIa raneprurna-JleTpOBa B KOHe'lllo:'lJieMeHTHhlX 6a3HCaX IIpHBOti)IT K TIJIOTHhlM 

MaTpHUaM. K coJKaJieHmo, cymecTBYJOIIJ;He MeTO)(hl annpoKcHMaUHH .n;Jlll cJIOJ£1HhlX BeKTop­

HhiX TpeXMepHhiX 3a.n;aq HMeJOT HeBhiCOKJi:l!: IIOpH.LJ:OK H, KaK CJie.LJ:CTBHe, Tpe6yw·~ Bhi'IHCJieHHJI 

0( 106 - 109 ) MaTpHqHhlX 3JieMeHTOB HeCMOTpH Ha TO, qTQ rrapaMeTphl, OTIHChlBilJOIIJ;He reoMe­

TpHIO paccMaTpHaaeMoro TeJia HJIH o6nacTH .n;aJKe B HaHfionee CJIOJKHhlX HHJKeHe JHhlX 3a.n;aqax 

l!CqJiCJIHJOTCJI BCero JIHIIIh COTHHMH. 3Ha'IHT, eCT:b BCe OCHOBaHHJI IIOJIOraTh, q10 0(N2) 3Jie­

MeHTOB IIJIOTHOH MaTpHUhl HBJIHIOTCJI He oqem CJIOJKHhlMH !}JyHKJlHHMH 3Ha'IHTeJI i>HO MeHbiiiero 

qHCJia rrapaMeTpOB. 

,Ll,JIH CJKaTHJI TaKHX IIJIOTHhlX MaTpHU yHHBepcaJThHhl:l!: H 3!}J!}JeKTHBHhlH MeT(•.lJ: .M03aU'l'H.biX 

annpo~<:cu.Mat(uil 6hlJI rrpe.n;JioJKeH E.E. ThlpThliiiHHKOBhlM. B HeM MaTpHUa p< 36HBaeTCH Ha 

6JIOKH, KaJK)(hl:l!: H3 KOTOphlX annpOKCHMHpyeTCJI MaTpHUe:l!: MaJIOro paHra. B l.3HHO:l!: CT3The 

Mhi cTapaeMCJI c e.n;HHo:l!: TO~ 3peHHH rrpoaHaJIH3HpoBaTh pa3JIH'IHhle M03aJiqflble annpoKCH­

MaUHH .n;HcKpeTHhiX aHaJioroa orrepaTopoa Kam.n:epoHa-3HrMyH.n;a. Mhl yny~<.eM oueHKH Ha 

M03aH'lllhle paHrH .n;JIJI H3BecTHhlX M03aH'IHhlx rroKphlTH:l!:, a TaKJKe rrpe.n:naraeM I oame M03aHti­

Hhle IIOKphlTHJI. JlpH 3TOM aCHMTITOTH'IeCKaJI CJIOJKHOCTh YMHOJKeHHJI Ha .n;HCKperHhle aHaJIOHI 

o.n;HoMepHhlX orrepaTopoB Kam.n:epoHa-3HrMYH.LJ:a oKa3hlBaeTcJI paaHoi!: 0( N ln N ln E), r.n:e E 
- TO'IHOCTh arrrrpoKCHMaUHH, qTo yny~aeT H o6o6maeT H3BeCTHhle oueHKH. 
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STANDARD BASES IN NON-COMMUTATIVE ALGEBRA 

Alexander A. Mikhalev 

Department of Mechanics and Mathematics 
Moscow State University 

e-mail aamikh@cnit. math. msu.su 

Non-commutative 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. [fit 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 pre::ented. 
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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 trycnit. math. msu.su 

A system of elements of a free algebra. is primitive if it is a part of s JllH' set of frf'E' 
gPnPrators of this algebra.. WE' givE' matrix criteria for a systf'm of elE'nH·nts of thE' frt>P 
LiE' algebra to be primitive. Algorithms to rE'cognizP primitivity of a syst~m of elements 
are constructed. WE' present also algorithms to construct a complt>ment of a primiti\'(' 
system of elements with respt>ct to a fret> set of generators. SomE' probkms concerning 
primitivP elPments of the polynomial and frt>e associative algebras are unde · consideration. 
WP ohsPrve primitive elements of free groups. 
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HEKOTOPbiE ACllEKTbl MO.LJ:EJUfPOBAHMR 
ll03HABATEJibHbiX llPOIJ;ECCOB llPM OBYl:.IEHMM 

Mikheev V.I., Tolmachev I.L. 

Russian University of Peoples Friendship 
117198, Micluho-Mak/aya str.,6, Moscow,Russia 

Tolmachev@UDN.MSK.SU 

Taking into ace Junt the leading role of feed back we must emphasise the importance of 
modelling operc.tions of the learner. Their valuation is one of the fundamental tasks in 
building educat:onal systems. A very careful analysis of the main factors, which influence 
on the whole pmcess 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 o.eeded. 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 moddling method the idea of formalization such definitions as "knowledge", 
"problem sol vir 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 him, where regarding of its main components while modelling the education 
is not limited o11ly by describing "condition" of the process. With the help of an expert (a 
group of teachers) description is made in the form of structurallinguistical 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 b;· the charts "instructed - PC", expert - PC" etc. This structure of system 
blocks allows u> to objectify expert's knowledge in the way of treatment his conception 
about educatioit process, about structure of main psycho- pedagogical concepts, about the 
field of problem i 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 ASPEC fS TO FORMALIZATION OF ESTIMATION OF COMPLETENESS OF 
LEARNER's 1\ NOWLEDGE. 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 must 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. 
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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 Poitou, France, 
jft@n32. rhea. cnusc.fr 

••• Inst. de Physique du Globe de Paris, Paris, France, 
adler@n6. rhea. cnusc.fr7 

The geometry of fractures in rocks and rocks materials is analyzed by nsing a numer­
ical model where a fracture is represented as a void volume between two rc.ndom surfaces 
numerically generated. Each surface is described by its heights with resr ect 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 molan aperture of 
the gap. The heights of one surface may be assumed to be spatially correlatnd;·a particular 
correlation function has been chosen which contains two parameters, the o:orrelation 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 :~enerated on a 
unit cell by the method of Fourier transforms. Various macroscopic geometJic 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 .. \. 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 correl< tion 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 br the circle recognition using deformable templates was carried out and its 
performances Has 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 i 1itialized by Hough transforms. These two methods complement each other. 

The coventional Hough transform procedure performs a low resolution search for cir­
cles. It provid( s 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 <Onsists of two steps: first, the coordinates of centers are found and then 
the corresponc ing radii are determined. In order to automatical chose the appropriate 
cut on histograms 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·1uence of temperature according to the Boltzmann distribution. Besides we 
penalize the c<se in which an elastic circle stopped its evolution having not enough points 
on it. · 

This techntque 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 noise level, displacements of the points from circles, the number 
of points per ·:ircle 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 usee in many data handling problems that appear in high energy physics like 
Cherenkov rin~ recognition and track reconstruction. 
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ON A NEW THEORY OF HYPERGEOMETRIC SERIES AND ITS 
PROSPECTIVE USAGE FOR COMPUTER-AIDED ANALY'I ICAL 

TRANSFORMATIONS 

A.W. Niukkanen 

Vcrnadsky Institute of Geochemistry and Analytical Chemistry. RA.•'. 
Moscow 117 975, /\" ossygin .<treet, 19. Tel. 1 :J7-6.'J- 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 
ther!'by givP us a key to a substantial part of applied mathematics really needed by 
numerous users . It suggPsts that along with ('lementary functions higher .rans·cPndental 
functions of hypergeometrir typ(' will inevitably turn into an obligator~· component 
of modern software esp('dally for tlw new computer generation with pPvailing rok of 
" intellectual" interactive symbolic analysis over purely numerical computations. 

The rPport is aimed at giving account of r!'cPnt progrpss in building UJ, a n!'w thPor~· 
of hypergeometric series basPd on thP opNator factorization mPthod whi< h usPs a new 
binary analytical operation < u * v I x > = u( dj ds )v( xs) ls=O ( I ,2). ThP operation allows 
any hypergeometric series (in any nnmbPr of variables ) to bP express('d through simpler. 
eventually, simplest series of the same hypergeometric type ( dos('n('SS propPrty ). Uti­
lizyng known properties of thP simple series any property of thi> initial mn plirated sPries 
can be established with thP help of convenient operator techniquP. In pre cticP this vpr~· 
sim piP idea works with striking effectiveness . 

Many properties of the series including functional expansions, r('currenr • relations, lin­
earization theorems, addition and multiplication formulas, genNating functions. Pte. wPn' 
investigated in detail. Most general relations covering a great numbPr of p 1.rticular lin Par 
and quadratic transformations and analytical contiimation formulas havP bPPn obtainPd 
and prepared for coding. The algebraic structur(' of the nPw mPthod wots found to IH' 
sufliciently simple, universal and algorithmically efficient to permit comJuter-aided an­
alytical transformations of numerous higher transcendental functions to ]·pcome fpa.siblP 
and very promising for the first time in their history. Execution of thP projo·ct may giv<• us 
a. useful and sophisticated superstructure over existent computPr a.l~<'hra systPms . Th<' 
total outcome of the project is expected to exceed in power all known lll<'a. ts of a.nal.vzing 
special functions. Moreover the projected interactive knowledgP-has<'d Sp.•rial Functions 
Adviser is expected to acquire essentially new faculty of syntlwsizing li<'C< ssa.ry rPlations 
at the moment they are needed by the user. 

Inquiries about technical details of the project are invited to bP sent t< thP author h~· 
the above working address or residenc(' address: Russia 300 062, Tula, Gorky st., II, :30-1. 
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EXPERIENCES WITH PARALLEL MONTE CARLO CODE MCNP4 ON SUN 
WORKSTA'IIONS NETWORK AND CONVEX EXEMPLAR SPPlOOO SYSTEM 

Klaus Noack 
Forsc~ungszentrum Rossendorf e. V., Institut fur Sicherheitsforschung (FVS) 

l'ostfach 510119, Dresden, Germany, e-mail:noack@fz-rossendorf. de 

A.D. Rogov 
frank Laboratory of Neutron Physics, JINR, 141980, 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 
SPPlOOO (VE~TA), IBM RISC System/6000-550 (RITA) (in Research Center Rossendorf) 
to allow scalar and parallel computing of Monte Carlon- 1 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 Oak Ridge National 
Laboratory ani is available via http:/ jwww.NETLIB.org/pvm3j. 

Experiencei are described and problems are explained. The efficiency of the scalar and 
parallelized M1~NP4 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 co~npares scalar and parallel calculations for sample problem. 

[ Computer I Time calc. I Opt. Level 

:3220(Convex OS 11.0) 55.53 no opt 
:3820(Convex OS 11.0) 23.27 no opt 
:3820(Convex OS 11.0) 21.57 -03 
:3820 (Convex OS 11. 0) 17.60 -02 
:3820(Convex OS 11.0) 17.48 -01 
:3820(Convex OS 11.0) 17.17 -00 
BM (AIX XL v .3.1) 25.30 default 
;un 20(Sun OS 4.1 ) 15.66 default 
;un's 10,20 6.49 PVM(4 proc) 
IP 9000(UNI Leipzig) 7.25 default 
'ESTA(SPP UX 3.1) 11.51 no opt 
'ESTA(SPP UX 3.1) 9.00 -00 
'ESTA(SPP UX 3.1 ) 4.04 -00 + PVM(4 proc) 

-------
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ON NUMERICAL SOLVING OF DIRECT REGULATOR PROBLEM 

A. D. Ovsyannikov 

St. Petersburg State University, St. Petersburg, Russia 

ITER tokamak plasma shape control problem is investigated. 
System of the form 

dx 
dt = Ax+ Bu, y = Cx, 

where A, B and C are matrices given, and asymptotic observer equation 

dz 
dt = Az + Bu + H(y- Cz), u = K(z- x*) 

(1) 

are considered. Transient processes of (1) closed with controls of u = r(z- x*) and 
u = K(x- x*) are known to be equal if A- BH matrix is Hurwitz and x(O) = z(O). (Here 
x* is a constant vector.) 

Transient process analysis problem is reduced to the analysis problem of system (1) 
closed with u = K(x- x*) control. Matrix K is chosen to provide eigenv:clues given for 
A + B K matrix. 

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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MATHEMAriCAL 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 rna ;hematical models for the internal waves in incompressible in viscid rotating 
and stratified luids described by non-classical initial - boundary value problems for the 
differential eq1 ation of composite type are considered. The fundamental solution of the 
equation is obl ained in a simple explicit form and its properties are studied. On the base 
of these resultE the explicit solution of the Cauchy problem is obtained, and its asymptotic 
behavior at la ·g~ times is investigated. The existence of steady regimes is proved. The 
phenomenon c f quasifront propagation in incompressible stratified and rotating fluid is 
described. Th•~ 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 c 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 laqe times are studied. 
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COMPUTER ALGEBRA ALGORITHMS FOR SELECTING THE FORM OF 
APPROXIMATION EXPRESSIONS AND SPLINES 

Bogdan A.Popov 

Institute for Physics and Mechanics of Ukrainian Academy of Sciences 
.5, Nau~·ot•a str., Lvit•, 290058. Ukrame 

e-mail: bogdan((l)popol•.lviv. ua 

LPt a function f( x) hP approximatPd in the interval [a, b] by onP of tlH expressions 

F;(A,x) = F;(ao,aJ, ... ,am;x), i = 1,2, .. . ,$, (I) 

or by balanced approximation by splines with r links of form (1). Balanced appr.oximation 
is thP approximation with equal error on earh subintPrval. If therP arP seve ·el approximat­
ing rxprrssions or splines then it is logically to usc the one that gives the rast maximum 
error in C norm with the number of ( m + l) parameters. 

The simplest way to choose the optimal approximating exprrssins or spli nr from s giv<'n 
in to build Pach approximation and takf' thr our that given thP least <'rrol. Such mPihod 
is t.imP consuming. Particularly much tim<' is need to find tlw balanrPd t.pproximations 
by splinE's. Therefore it is proposed to selPct approximating PXprPssions Jr splint's frotn 
error Pxpressions 

m-1 ( b . )m+l b 
/li = 22m+~(m + l)! 111J(f(x), F;)/w(x)l'"~' dx [1 + () (-~a)] (1) 

HPrf' TJU, F;) = 7](!( x ),F';) - error kernels with respect to <'X proximal ing expressions 
(I), w(x) > 0 -weight of approximation. Kernels depend form function j ( x) derivativPs. 

Algorithmes are programmed as procedurrs in algebra computrr syste n Maple V R3. 
They include the formulas for kernels withdrawals and numerical valuf' (2 computations. 
The general propPrties· of kernels are used as basis for the kernds withdn.wals formulas. 
ProcPdure selection (!, m, a, b, w) selects the optimal number of k and I and the analytic \'X­
pression for kernel if approximating expression is rational polynom llk,t(x) = Pk(:r)/CJt(.r) 

and k + l = m. To speed up the evaluation in (2) instead of kf'rtl!'l tlw exprPssiott W<' 

use its series expression in the neighbourhood of the point x = ( b + a )j:•. If the fourth 
argument is absent then x = a, if tlw third argument is absent thPtl .r = ( . 

Example I. Find the optimal k,l and krrnel for f(x) = e·, 111 = 9. 
> selrrtion ( exp, 9); 

r. 4 I X 
,), , 1261' 

Example 2. Find the optimal k,l and kPrnel for f(x) = l'(:r), :r E [1.::], m = 2. 
> sclrrtion(GAM M A, 2, 1, 2); 

0,2,I'(x){IJ!(2,x) + IJ!(x)3
- 31J!(x)IJ!(l,:r)) 

Known results and numerical expNiments confirms thP rorrPrt.npss of pr<H'Pdurl's. 
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ON MODELING OF PROCESSES CONTROLLED 
BY TRANSFORMS OF INDEPENDENT SPACE VARIABLES 

IN NONLINEAR OPTIC EQUATION 1 

M. M. Potapov 

Russia, Moscou 119899, Vorob'evy Gory, M. V.Lomonosov Moscow State University, faculty of 
Computational Mathematics and Cybernetics 

e-mail: potapov@cs. msu.su 

We offer a rr athematical description variant for wide class of pointwise field transforms 
f( x) in transverse light beam section !1 realized in the feedback loop of nonlinear optical 
system: 

ru1 +u= Dtl.u+F(u), t>O,xE!1cR2 , 

~u~ =O,t>O, ul =uo(x),xE!1. ·• 
n xE80 t=O 

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

(F(u),<p) = j F(u(x))<p(f(x))dx. 

{xEOif(x)EO} 

This approach defines more precisely the base equation from (1] in case of smooth re­
versible transforms f(x) with determinant lf'(x)l -cf 1 and allows to describe arbitrary 
nonsmooth and irreversible transformations f( x) from the class of measurable functions. 
The existence, miqueness of the solution u( t, x) and its differentiability as a function of 
transform f an investigated. Some states of optimization problems with transform f as 
a control are cc nsidered. Opportunities to solve these problems numerically by iterative 
gradient pro.cedures are dis.cussed. 

References • 
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ITERATIVE NEWTONIAN PROCEDURES FOR SOLVING NCNLINEAR 
EQUATIONS OF PHYSICS 1 

I. V .Puzynin 

Joint Institute for Nuclear Research 
Laboratory of Computing Techniques and Automation 

141980 Dubna, Moscow Reg., Russia 
e-mail: puzynin@lcta15.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 pb.ysics. The 
object of the numerical analysis is nonlinear boundary and spectral problems for 
differential, integra-differential and integral operators and systems of b.mndary and 
spectral problems arising from the study of critical or bifurcating behavi<•r 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 paameters [1] 
and with the optimal control function [2]. These iteration schemes can he applied to 
the solution of evolution equations as well [3]. The relation is establisb.ed between 
the iteration methods obtained and a number of standard methods. The questions 
of software including that for vector- parallel computational" systems aJ e c"onsidered 
[4]. Applications to the problems of nuclear physics and condensed m ttter physics 
are given [5]-[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-mail: rimantas. rakauskas@Jj. vu.lt, juozas.sulskus@Jj. vu.lt 

R-matrix, lin ~ar algebraic and continuum multiple scattering methods are mainly used 
for solving o~· 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 wa). 

In the nu nerical approach molecular orbitals and electronic charge density are tabu­
lated on a gri•l and integrated the product with spherical harmonic. The double quadrature 
may be perfc rmed 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 il nd for l > 20 the accuracy of the radial part of the expansion is lost. For 
this reason t 1e 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 used. 
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YCJIOBHR B03HHKHOBEHHR KOJIEBAHHH KOHL(EHTIAL(HH 
AYKCHHA B 30HE POCTA CTEBJIR 

PH3HH'IPHKO r.IO., ~aHHJIHHa E.8., reJII>!Jlau~ E. B., ropJI'IeBa E. A., ~ OJiynaeB A.r. 

11989.9. Moc~·ea, Bopo6be.ebt wpbt, MrY, Huo..tOl!t'tec!wi1 ,P-m 
e-mail: riznich<qorgmath.msk.su 

AyKcvru o.uno 113 naHmetiumx ropMonaJJhHb!X Bl'llli'CTB pacTPH11ti. np111111M<<IOlllPP y'larTI1P 

ll JlOCTOIIhiX 11 <jlopM006pa30B3TI'JihllhlX OpOUI'CCaX. <1>1131-!0J!Ofi-I'IPCKOP JLPM ."TBHP il,VKCI11lil 

:1a!HICI1T 01' t'I'O JIOKaJJhHOM (Ha11p11MI'Jl. DH,VTpi1KJJeTO'IHOti) KOHUeHTpilUHH II .11.HHaMHK11 PP 
11.'1MPHPH11JI, 11Me101Ueti llhlpaliWHHhlti KOJJP6aTPJ!bl!hiH xapaKTep. (' llOMOU~IO M i'feM3TWII'CIWM 

MO/(CJII1 11CCJII'.li.OBaHhl ,YCJJOBHJI B0311HKHOBI'HI1JI KOJJe6aTI'JihHOH K11HPTHKI1. 

:3oHa pona cre6JJ.R n Mo.uenH npP.UrTaDJI.ReT co6oti paHJKHponaHHhlti no of··heMy pHJ~ IUIP­

TOH, rumannwx MI'JK.li.Y co6oti noTOKOM ayKrHHa. Cornacuo .uaHHhiM JH:ITPpary Jhl [?. ?] BhlJLP­

JIPHhl OC!IOIIHhle <jla!tTOpbi, DJII1JIIOLILI1P Hi\ 11.'1MPIIPHHP KOHL(I'HTpaU1111 <jl11TOrop '10Ha II KJH'TIH'.' 

llJlOL(('CCbl ilWI'HBaL(HI1 ( aBTOKaTaJJH3) 11 11Hili{TI1DilUHH ( B3ai1MO.li.PtiCTHI1P r 111JJI1611TapaMI1 ), a 

Ta!OHP np11TOll 113 npe.uw.uymeti KJJeTKH 11 OTTOll B rne.uywm,yw. 

B o611LPM Bl1.li.P MaTeMaTWierKaJI MO.UCJJh 11MPPT r ne.uywn111ti 111111: 

dJ:; 
-l- =./in (J:i-I(t),v;(t)) + lak (:r;(t)) +lin (:r;(t),x;(l- r)) +.foul (x;(f), v;(l)). 
(/ 

. ' 

l'JW v,(t) 06'bCM i-ti I{JI!'TI{I1, :r;(t) llOHUP!JTpaUH.R ayKmHa II i-J! KJWTIH', lak 1-1 lin 
<jlyHKL11111, Olll1Ch!Da!Ollll1e np01~eccw aKnmau1111 11 HHaKTHD3U11H • .lin 11 .foul 
ayilCI1Ha. 

l!li1TOK H OTTO!i 

llHCJIPIIHOe 11CCJII'.li.OB3HI11' M0/1PJII1 llO.'liiOJI11JIO onpe.UeJJHTb 3Ha•!PHI1P llil :lilMPTpOB, 11p11 

IWTopwx 11:lMt~HeHHe KOHUeHTpaUHH ayKci1Ha 11MePT IWJIP6aTeJJhHhiH xa paKrPp. TaKaJI ;~11Ha­

M11Ka <jJI1TOI'OpMOHa Ha6JJIO.li.31'TCJI, I'CJJI1 KOHlli'HTp3UJ1JI HHrH6HTOpa MaJ[('I11V aJU,Ha II !WHUP 

.'IOHhl JlOCTa CTe6JJJI. 3TOT pe3yJJbT3T XOJlOIIIO COrJJacyeTCJI C 3KC11PpHMPHTilJlhl hiMH }(ilHHhlMI1. 
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COMPUTER ORIENTED METHOD FOR SOLVING 
PARTIAL DIFFERENTIAL EQUATIONS 1 

Robuk V.N. 
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Joint Institute for Nuclear Resem·ch 

141980 Dubna 
RUSSIA 

e-mail: robuk@lcta.jinr.dubna.su 

Based on t1e Wahlquist-Estabrook technique[1] 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 )fa 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-Campbell-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 Institute 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 methods of di­
rect calculation and algebraic one, and also on one-step and iteration one AUalgebraic 
methods base on the theorem about presentation of function from L2 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 solutio 1 the problem 
with boundary conditions. 

Among physical approaches well known: 
I) 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 rna~· be remove by 
using of special combinations of different mathematical methods. In report I use results 
of real molecular systems investigations. 
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MATEMATM"4ECKME MO,LJ;EJIM, AJirOPMTMhl M "4MCJIEHHhiE 
PEIIIEHMR KOHTAKTHhiX 3A,LJ;A"4, B03HMKAIO:ru;MX llPM 

KOMllb:DTEPHOM MO,LJ;EJIMPOBAHMM llPOQECCOB OBPABOTKM 
METAJIJIOB )J;ABJIEHMEM. 

C.H.PoMaHJOK 

Omae... BI>Ptuc.tumeAI>UbtX Memoaoe BI{ PAH, Moc!Cea 
e-mail: rose@ccas. ru 

B ~OKJia~e J6CylK,ll;a!OTCJI IIOCTaHOBKa H penreHHe KJiacca Ja~a'l, B03HHKa!Oll!HX rrpH MaTe­

MaTH'-!eCKOM M<,.n;eJIHpOBaHHH Te:piOJIOrH'leCKHX IIpOIJ;eCCOB o6pa60TKH MeTaJIJIOB ~aBJieHHeM. 

PaccMaTpHBae· 'CJI cJiy'la:l!: a6coJIJOTHO JlteCTKHX HHCTpyMeHTOB, .n:BIDKYlliHXCJI corJiacHo Ja~a­

BaeMhlM JaKoH<.1:f, :a .n;e<)lOpMHpyeMoro TBep~oro TeJia c <}>H3H'leCKH HeJIHHe:i!:HhlMH orrpe~eJIJl­

IOll!HMH COOTHOllleHHJIMH. 06JiaCTH KOHTaKTa JarOTOBKH C HHCTpyMeHTaMH, a TaKJKe pa36He­

HHe 3THX o6Jiac:Te:l!: Ha rro~o6JiaCTH cu;errJieHMJI H rrpocKaJTh3h!BaHMJI, rro~JieJKaT orrpe~eJieHHJO 

B xo~e pemeHHIL B 30Hax rrpocKaJTh3h!BaHMJI .n;e:l!:cTByeT TpeHHe, rro~'lHHllJOnreeCJI o~oMy H3 

H3BeCTHhlX 3aKJHOB. fipe~JiaraJOTCJI KJiaCCH'leCKaJI H o6o6nreHHaJI IIOCTaHOBIUI OIJMCaHHOM 

Bhlnre Ja~a'-!H. XapaKTepHo:l!: oco6ennocThJO KJiaccH'leCKOH rrocTaHOBKH JIBJIJleTcJl <}>opMyJIH­

poBaHHe HeKOTOphlX rpaHH'lHhlX YCJIOBHH B BH~e HepaBeHCTB. (ho IIpHBO~T K TOMY, 'ITO B 

KaJK~H <}>HKCI' poBaHHhl:l!: MOMeHT BpeMeHH 3a~a'la OIIMCh!BaeTCJI MaTeMaTH'leCKHM 06'heKTOM 

TMIIa KBa3HBapHaiJMOHHOro HepaBeHCTBa, 3KBHBaJieHTHOrO B pJI~e CJiy'laeB 3a~a'le MHHHMH-

3au;HM He~<}>¢ epeHD;HpyeMoro <}>yHKIJ:il:oHaJia Ha JaMKHyToM BhliiYKJIOM MHOJKeCTBe. AHaJIH-

3HpyiOTCH aJThT epHaTHBHhle IIYTH penreHMJI: 

• Herrocpe; ,CTBennoe penreHHe Ja~a'lH c o~ocTopoHHHMH orpaHH'leHMJIMH; 

e pemeHHe annpOKCM.MHpyronre:l!: IIOCJie~oBaeTeJIDHOCTH Ja.n;a'l C .ll:BYXCTOpOHHHMH orpa­

HM'leHHH .m:. 

IIocJie ~cKpeTH3au;HM rro rrpocTpaHCTBeHHhlM rrepeMeHHhlM penraeTCJI KaK Herrocpe~cTBeHHO 

Bapllau;HOHHOe HepaBeHCTBO, TaK H IIOCJie~OBaTeJThHOCTb aiiiipOKCHMHpy!Oll!HX BapHau;HOHHOe 

HepaBeHCTBO B ipHau;HOHHhlX ypaBHeHHti. Ou;eHHBaeTCH 3<}><}>eKTHBHOCTh, TO'lHOCTh M u;ene­

coo6pa3HOCTh JICITOJib30BaHMJI TaKO:l!: aiiiipOKCllMau;HM .ll:JIJl pa3JIH'lHhlX 3a~a'l, IIpe~cTaBJIHIO­

ll!HX rrpaKTH'le :KHH HHTepec. ,L(JIJl HeKOTOphlX H3 HCIIOJTh30BaHHhlX IIOCTaHOBOK IIpHBO.n;RTCJl 

peJym.TaThl o6· u:eTeopeTH'-!ecKoro :accne~oBaHMJI ( cynrecTBOBaHHe penreHHH, ero e~HCTBeH­

HOCTh, CXO~M<,CTb HTepau;HOHHhlX IIpou;e~yp ). 
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THE MAPLE-PACKAGE TO SOLVE LINEAR DIFFERENTIAL 
EQUATIONS IN SOME POWER SERIES CLASSE~ 1 
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An implementation of thf' algorithms of [!] is proposed. Givf'n ln<'ar homoge­
twons ordinary ('qnation Ly = 0, tl1f' program finds all points a an• I all solutions 
L::'=0 a(n)(x- a)" such that a(n) is a hypergeometric term (i.e. a(n + l)/a(n) is a 
rational fundion of n). The cas(' where a(n) is a. polynomial or ratio11al function of 
n is considered a.s well. 

The program choses the candidab for a as in [2]. Tlwn it cons1 ructs a litwar 
recurrence for coefficients a(O), a( l ), ... and solvPs tlw recun·nce. 
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HTEPAUHOHHOE PEIIIEHHE PETPOCllEKTHBHOH OBPATHOH 
3A~AliH TEllJIOllPOBO~HOCTH 

A.A.CaMapCKHH, n.H.Ba6ameBH'I, B.H.BacHJibeB 

11H( mumym MameMamuotec~>ow Mode.tupoeaHUJI PAH, Moc!>Ba, Poccu.11 
fl~>ymc~>uii zocydapcmeeuutnii yuueepcumem, fl~>ymc~>, Poccu.11 

CpelUI o6pa~HhiX 3a.Zia4 Terrnoo6MeHa MOJKHO Bhi.ZieJIHTh peTpocrrernHBHYJO o6paTHYJO 3a­

.Zia4y no onpe,lleJieHHIO Ha4aJihHOro TeMIIepaTypHoro COCTOHHHH no TeMrrepaTypHhiM H3Me­

peHHHM Ha KOH.,4Hh!H MOMeHT BpeMeHH. .LJ:JIH ee npH6JIIDKeHHOrO JCTOH4HBOro perneHHH 

HCnOJih3JIOTCH p l3JIH'!Hhle nO,liXO.llhl. Cpe,lUI OCHOBHhiX MOJKHO OTMeTHTh MeTO.llhl C B03MJI.Ue­

HHeM HCXO,liHOrO ypaBHeHHH - MeTO.llhl KBa3H06pameHHH B pa3JIH'lHhiX BapHaHTaX. BTopOH 

KJiaCC MeTO,liOB <:BH3aH C B03MJI.UeHHeM Ha4aJlhHhiX JCilOBHlt. TaKOH IIO,liXO,ll peaJIH3JeTCH 

npH HCnOJih30Bamrn $OpMJiiHpOBKH 3a,lla4H KaK 3a,lla4H OIITHMaJihHOrO yrrpaBJieHHH. AHaJIO­

fH4HaH rrpoUe.Ziy pa $aKTH'leCKH IIOpOlK,llaeTCH npH HCnOJih30BaHHH npoue.Ziyp HeJIOKaJihHOro 

B03MJI.UeHHH HaL aJihHhiX JCilOBHJt. 

B HaCToHI.Ue" BpeMH B TeopHH rrpH6JIIDKeHHhlx MeTO.ZIOB perneHHH HeKoppeKTHhiX 3a.Ua4 

C<jlOpMHpOBaJIOC, HanpaBJieHHe HCCJie,liOBaHHlt, KOTOpoe CBH3aHO C HCIIOJih30BaHHeM HTepa­

lJ;HOHHhiX MeTO,liC B. I1 pH TaKOM IIO,liXO,lle B Ka'!eCTBe rrapaMeTpa peryJIHpH3aUHH BhiCTyrraeT 

4HCJ10 HTepaUHil, KOTOpoe COrJiacyeTCJI C norpelllHOCThiO BXO,liHhiX ,llaHHhiX. IlpH pellleHHH 

o6paTHhiX 3a,lla4 ,liJIH ypaBHeHHlt MaTeMaTH4eCKOH $H3HKH lllHpOKO HCIIOiih3JIOTCH rpa,lUieH­

THhle HTepaUHOHHhle MeTO.llhl npH BapHaUHOHHOH $opMyJIHpOBKe o6paTHOH 3a,lla4H. 

B .ZIOKJia.Zie J .JIH rrocTaBJieHHott o6paTHott 3a,lla4H HTepaUHOHHO yTO'IHHeTcH Ha4aJihHOe 

JCilOBHe, T.e. Ha KalK,liOH HTepaUHH pelllaeTCH 06hi'!HaH KpaeBaH 3a,lla4a ,liJIH ypaBHeHHH Te­

IIJIOIIpOBO,liHOCTI1. Ha OCHOBe o6meti TeOpHH HTepaUHOHHhiX MeTO,liOB pellleHHH orrepaTOpHhiX 

ypaBHeHHH JCTa iaBJIHBaJOTCH ,liOCTaT04Hhle JCJIOBHH CXO,lUIMOCTH HTepaUHOHHOrO rrpouecca, 

IIpOBO,lUITCH Bhl6 >p HTepaUHOHHhiX rrapaMeTpOB. IlpHBell.eHhl npHMephl pac'leTOB, KOTOphle 

,lleMOHCTpHpJ.IOT B03MOlKHOC'I;H HCIIOiih3JeMoro Bhi'IHCJIHTeJihHOrO anropHTMa. 
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OPERATOR-DIFFERENCE SCHEMES FOR PROBLEMS OF MATHEMATICAL 
PHYSICS 

A.A. Samarskii, P.N. Vabishchevich 

Institute for Mathemastica/ 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 CaU<:hy 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 stabilit) 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 opero tors. Schemes 
similar to locally one-dimensional ones are constructed on th~ basis of tl e 11.ummarized 
approximation conception. Additive averaged schemes seem to be prefera.>le for modern 
parallel computers. At present time unconditionally stable vector additiYe schemes are 
being studied intensively. These schemes are full approximation schemes. 

Possibilities of the theory of operator-difference schemes are demonstrded on a tran­
sient convection-diffusion problem (a parabolic equation with a non-selhdjoint elliptic 
operator). In particular, the stability restrictions are formulated for weighced schemes as 
well as explicit-implicit schemes. Next, there are constructed the following basic classes of 
additive schemes: locally one-dimensional schemes, schemes with splittinL onto physical 
processes, domain decomposition schemes. 

123 



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, Novosibirsk 

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 sin plicity and stability of used algorithm. 

The estimation of numerical results for a fixed time step is performed. A special chaise 
of integration':: nodes and quadrature coefficients makes possible to get the estimation of 
error, decreashg 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 stel'· 
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 t],e first kind with different type kernels and equivalent Volterra equation of 
the second kin d. 
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ANALYTICAL STUDY OF THE GARY SCHEME ON P :::. 

DISPLACEMENT OF OVERLAPPING GRIDS GIVES THE ST\BILITY 

Svetlana Serdyukova 

J IN R. /Jubna. Russia 

Miehatel Thune 

lfPIJsala (!nit•ersity, Sweden 

By using the computing algebra systems REDUCE and MAPLE the Gaty scheme with 
initial, complementary boundary and overlap conditions on substructured d)mains is stud­
ied. In tlH• cas<' of two different grids without displacement a powPr inst;,bility in spacP 
L1 is proved:IIG"II grows at least as fo, wlwn 11 -+ oo. HerP G is opPrator of .transition 
from th<' layer t = nr to the layer t = ( n + I )r. It is an exam piP of intPresting instability 
phenomenon. The instability is observed in calculations, if only the owrl1.pping interval 
forth<' outflow problem has an even number of full steps. WE> consider tJ. = ·2h1 : tlw 
overlapping interval has two steps for thP outflow problem. In the rasP of two grids with 
displacenwnt (~ = 2.5ht) the stability in Lz is proved. ThP principal point of tlw proof is 
verification, if the spectrum lies in thP unit disk lzl :::; I. The spPrtrum of th<' ronsid<'r<'d 
problem is described by a system of seven polynomials equations with sPVell variables. \VP 
introduce new variables, which arP symmetrical functions of initial on<'s. Using in addi­
tion symmetry properties, WP rPducP th<' problem to solving a ·pol:·;nomial of onP varia hi(• 
(of thE" 900th and 924th degrPPS respPctivPiy with hugP intPg(•r cod!ici(•nts). Tlw powPr 
instability in tlw first casP is given by the uniqu<' (in lzl 2 I) gt>twralized ;pprtrum point 
z0 = 1. In thP second case the spectrum is strictly contained insidt> th<' u tit circle. This 
and the stability of the Cauchy problems corresponding to tlw diffPr<'nt );rids imply th<' 
stability of the considered problem with initial, complementary boundar:-· a :td ovt>rlap con­
ditions in space L 2 • Previous attempts to study the stability of tht> Gar~ scltPme umkr 
such nontrivial conditions havp been based on numerical approaches. 
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EFFECT 5 OF SOLID SHADOWING IN THE VACUUM SPUTTERING 
PROCESS OF THIN FILMS IN FRAME OF COMPUTATIONAL EXPERIMENT 

L.A. Sevastianov 

Russian University of Peoples' Friendship, Moscow, Russia 
e-mail: alex@alexcn. msk. ru 

The researct subject ofthis 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 a process. 

Till now there are a number of mathematical models describing these effects [1-5]. 
While first thne of them were concerned as self-independent, the further were considered 
and formed in lrame of computational experiment. Such a conception permitted not only 
to range all in< icated models in a series of stages of the computational experiment, but 
also to find a b ~tter 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 v;Lcuum sputtering process. 
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SMALL VARIATIONS OF THE SHADOWING MASK PROFILE OJNNECTED 
WITH SMALL VARIATIONS OF THE SPUTTERING FILM THICKNESS IN 

FRAME OF A LINEARIZED MODEL 

Sevastianov L.A. and Marchouk A.N. 

Russian University of Peoples' Friendship, Moscow, Russia 
e-mail: alex@alexcn. msk. ru 

In Sevastianov's paper (ibid) a method of mathematical modeling of sh tdowing 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 math•~matical model 
parameter, then after executing of the sputtering experiment we get the film differing by 
thickness t.h from planned because of errors of manufacturing, errors of the sputtering 
experiment itself, errors of measuring of the film thickness h. . 

It was shown in practice that the difference of lt.hl/lhl in C-metrics s rather small. 
So it is valuable to use the first variational difference of the full nonline;,r model on all 
stages except regularization. This linearized model permits much more simple computer 
realization, economizes the volume and the time of numerical experiment~. 

127 



A CONSTRUJTIVE 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 underst< nd 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 set 5 .and fractal functions constitute an important part in its own right of the 
common language of science. Therefore, the appropriate tools are now required to describe 
and to process fractals. . 

Mathemati•:ally many fractals can be represented (in a very concise, seed form) by 
so called Itera ;ed Function Systems. An iterated function system (IFS) is a structure 
(X, ft, h, ... , /J r) consisting of continuous functions /;, i = 1, ... , N, acting on a complete 
metric space (~C, d), with metric d. In the case when functions/; are contractions (hyper­
bolic IFS), the1e is a set A~ X, such that J;(A) ~ A, Vi E {1, ... , N}, which is called the 
attractor of the IFS. Operator F = Uf:1 /; acts on another complete metric space, namely, 
on the space h(X) of compact subsets (fractals, in the general case) of X, (1i(X), h) be­
ing complete v•ith respect to the Hausdorff metric h. Therefore, we have a dynamical 
system (1i(X), F), where F(B) = Uf:1 f;(B), VB E 'H(X). The attractor of the IFS is an 
attractive fixed point of the dissipative dynamical system (1i(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 Iterate< function S¥stem 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 • Jf 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 seJLse to mention yet another direction of investigations attributed to measures 
on fractals, ea< h one being the fixed point (the invariant measure) of a Random IFS (an 
IFS with prokbilities ), 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 h<.ve to deal with Markov chains and analogue linear networks. 
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BINARY NEURAL NETWORKS HELP TO DO FRACTAL FU!' CTION 
INTERPOLATION 

V .M.Severyanov 

Laboratory of Computing Techniques and A ulomatzon 
Joint lnstztute for Nuclear Research, 

141980 Dubna, Russia 

When processing Pxperimental information (for instance, somP spPctrometric data). 
often we have to deal with ragged shapes, more suited to lw approxirna .ed by fractal 
structures rather then by ordinary differentiable functions, fractal dimension of tiH' lattPr 
bein~?: always integer-valued. On thP otlwr hand, fractal function interpolation of a sPt 
of experinH•ntal data yields new intPrmediate points rPllectiH~?: the global structurl' of 
thP data. Furthermore, one can control thP value of fractal dimensioll of the fractal 
intPrpolation function, so derived. It is hopPd that these fpaturps might be 11sed for bPtter 
subsequent smoothing of the original data. An additional point to emphasize is that fractal 
functioHs arP an important part in its own right of the commou language ol science. since 
fractal geometry is intended to describe a broad class of non-Euclidean objeds, of grPatest 
abunda.ncP in nature. 

GivPn a set of data. points {(xi, f(x; )) }, i = 1, ... , N, XJ < :r 2 < ... < x N, it is possibiP 
to construct a. so called Hyperbolic Iterated Function Sy8tem F = {!J. h .... , /Iv }, /; a 
8hear transformation, whose at tractor (a fra.cral set, in the g<'JiPral case) 1 a.ss'ps through 
the given data points. The attractor is thP graph of thP fractal intPrpol ttion functiou 
interpolating our data. Fractal dinwnsion of thP function could bP control!! d through thP 
medium of a parameter of the iterated function system F so that it will a~ree with that 
of the original data.. 

As it has been found comparatively rPcently, do not onl~· iterated fu1 ction systPms 
describP (in a concise, seed form} fractals (compact subsets of a completP nlPtric span•). 
but thPy also permit to build the synaptic wPight matrix of an asymnH'trira binary nPural 
network, realizing the dynamics of the iterated function system. 

In a. recent work of the author, it has been shown how a binary n('ural r Ptwork can bP 
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' r('port. shows 
how this approach could be applied to fractal function interpolation. 
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GRID APPH.OXIMATIONS FOR SINGULARLY PERTURBED PARABOLIC 
EQU <\TIONS WITH DISCONTINUOUS COEFFICIENTS AND 

CONCENTRATED FACTORS 1 

G.I. Shishkin 

Institute of Mathematics and Mechanics, 
Ural Branch of Russian Academy of Sciences, 

S. Kovalevskaya str., 16, Ekaterinburg, 620219, Russia 
e-mail: sgi@eqmph. imm. intec. ru 

One-dimens onal singularly perturbed parabolic equations with mixed boundary con­
ditions are con ;idered on composite domains. The perturbation patameter t:2 , i.e. a 
parameter multiplying the highest derivative, takes arbitrary values in the half-interval 
(0,1]. Fort: = 0, the reduced equation contains the time derivative only. The coefficients 
and right-hand >ide of the equation have discontinuities of the first kind on the interfaces 
of the subdomains. "Almost concentrated" sources act in the 6-neighbourhood of these 
interfaces. Hen the parameter 6 can take any value in the half-interval {0, d0] where d0 

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 t: and the step 
of the space gr'd. However, for a Dirichlet problem, the approximate solutions remain 
bounded unifor nly with respect to the parameter t: (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 t: and 6. The approximations of 
normalized difft sion fluxes, i.e. the products oft: and the first-order derivative, in x, of 
the solutions fot the boundary value problems, are studied. 
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HHtllOPMAUHOHHA.H MO~EJih TEOPHH CllEUHAJihHhiX «NTHKUHM 

C.IO.CnaBJIHoB, A.M. AKOIIJIH 
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Crreu;l!laJihHhH' <j>yHKUI!ll!l MaTeMaTI!ltiecKotl: <j>l!l3HKI!l MOJKHO pa3.n;eJII!lTh Ha <j>ym Ul!fl!l, 3a.n;aBae­

Mhie: I) .n;H<j><j>epeHUI!faJihHhiMI!l ypaBHeHI!IHMI!l, 2) pa3HOCTHhiMI!l ypaBHeHI!lJIM]!, 3) l!lHTerpa­

JiaMI!l. 

,llJ!l<j>ljlepeHUI!faJihHhle ypaBHeHI!IH C IIOJII!lHOMI!laJihHhiMI!l K03<j><j>l!lUI!feHTaMl' MOJKHO KJiac­

Cl!l<j>l!li.J;l!lpOBaTb ITO IIpl!lHa.ll;JieJKHOCTI!l: 1) K KJiaccy, 2) K Tl!liiy, 3) K <j>OpMe. 

RJiacc ~ Hal!l6oJiee o6Il(l!lit l!lH<j>opMaUI!IOHHhiH o6'beKT, Tl!III no cymecTBY J:apaKTepH3yeT 

KOHKpeTHOe ypaBHeHHe, <j>opMa Bhl.ll;eJIHeT ypaBHeHHe H3 MHOJKeCTBa eMy 3KBl' BaJieHTHhiX. 

IlpoCTetinme crreu;HaJihHhle <j>yHKUHI!l MaTeMaTI!ltiecRotl: <j>H3HKH, 3a.n;aBaeMue .n;H<j><j>epeH­

Ul!laJibHhiMI!l ypaBHeHI!IHMI!l, rrpHHa.n;JieJKaT O.n;HOMY H3 Tpex KJiaccoB: 1) rl!liio!preoMeTpHtie­

cKoMy KJiaccy, 2) KJiaccy l'oiiHa, 3) KJiaccy IleHJieBe. 

ITepBhle .n;na KJiacca cocTaBJIJIJOT JII!lHeHHh!e ypaBHeHI!IH, TpeTHtl: KJiacc ~ HeJ[J!lHetl:Hhle ypa­

BHeHHJI. CooTBeTCTBeHHo MOJKHO roBopHTh o crreu;<j>yHKUI!fJ!X rl!liiepreoMeTpHti,~cKoro KJiacca, 

crreu;<j>yHKUI!IHX KJiacca l'oiiHa, H "HeJII!lHeHHhlx" crreu;<j>yHKUHJIX KJiacca IleEJieBe. "Cyme­

CTBeHHO pa3JII!ltiHhiX" Tl!IIIOB ypaBHeHHH ~ 5 B rl!liiepreoMeTpHtieCKOM KJiacce 1!1 10 B KJiacce 

roti:Ha, KJiacce fleHJieBe TaKJKe MOJKHO Bhl.ll;eJII!lTb 10 Tl!IIIOB ypaBHeHHtJ:. 

MeJK.n;y ypaBHeHJIMI!l, rrpl!lHa.n;JieJKall(HMI!l K 3THM TpeM KJiaccaM ycTaHaB. IHBe.JOTCJI cJie­

.n;yJOII(l!le COOTHOIIIeHI!IH ( B03MOJKHhl l!lCKJIJOtieHI!IH) 1) .n;o6aBJieHHe OC060H TO'lll!l B B ypaBHe­

Hl!le m:rrepreoMeTpHtiecKoro KJiacca rrepeBO.n;HT ero B KJiacc l'oHH:a, 2) ypaBHeEllie KJiaccHtie­

cKoro .n;nHJKeHI!IH .n;JIH raMI!lJihTOHHaHa, oTBetiawmero ypaBHeHHJO KJiacca l'oti Ia, rrpl!lHa.n;ne­

JKHT KJiaccy IleHJieBe, 3) JII!lHeapH3aUHJI ypaBHeHI!IH 1!13 KJiacca IleHJieBe rre peBo.n;HT ero B 

ypanHeHI!le rl!liiepreoMeTpHtiecKoro KJiacca. 

RJiaccl!l<j>l!lKaUHJI ypaBHeHHil: c rroJII!lHOMI!lamHhiMI!l Ko3<j><j>l!lUI!leHTaMI!l Mo; KeT 6h!Th rrpo­

H3Be.n;ena Ha OCHOBe xapaKTepH3YIOII(HX HX OC06hiX TOtieK. CaMI!l oco6hle TOtil\H IIO.ll;pa3.ll;eJIH­

IOTCJ! Ha: 1) peryJIHpHhle oco6hle TOtiKH, 2) HpperyJIHpHhle oco6hle TOtiKH c u;eJ hiM s-paHroM ( 

HeBeTBJ!Il(HeCJI HpperyJIHpHhle oco6eHHOCTH), 3) K HpperyJIHpHhle oco6h!e TOtiK i c rroJiyu;eJihiM 

s-panroM ( BeTBJ!Il(HeCJI HpperyJIHpHhle oco6eHHocTH), 

B COOTBeTCTBHH C KJiaCCH<j>HKau;Hetl: OC06hiX TOtieK, ypaBHeHI!IH C IIOJII!lH01:HaJihHhiMI!l K0-

3<j><j>Hu;HeHTaMI!l MoryT 6h!Th pa3.n;eJieHhl Ha: 1) Ha <j>yKCOBhl ypaBHeHI!IH ( 1 OJihKO C pery­

JIHpHhiMI!l OC06hiMI!l TOtiKaMI!l), 2) Ha KOH<j>JIJOeHTHhle ypaBHeHI!IH, y KOTOphiX l!lpperyJIHpHhle 

oco6hle TOtiKH MoryT 6h!Th TOJihKO c u;eJihiM s~paHroM, 3) na pe.n;yu;HpoBaHHhle 1 on<j>nweHTHhle 

ypanneHHJI, r.n;e o6JI3aTemno eCTh HpperyJIHpHhle oco6hle TO'IKH c rronyu;eJihiM s-paHroM. 

Ilepexo.n; OT ypaBneHHtl:, OTHOCJIII(HXCJI K o.n;HoMy BH.n;y K ypanneHHJ!M .n;pyC'oro BH.n;a ocy­

mecTBJIJieTCJI C IIOMOII(b!O IIpOIJ;eCCOB 1) KOH<j>JIJOeHUI!fl!l ( <j>yKCOBO ypaBHeHHf ~ KOH<j>JIJOeH­

THOe ypaBHeHHe JII!l60 KOH<j>JIJOeHTHOe ypaBHeHHe - .n;pyroe KOH<j>JIJOeHTHOe ;•paBHeHHe), 2) 
CJia6oti: KOH<j>JIJOeHUI!fl!l ( <j>yKCOBO ypanHeHHe - BeTBJ!Il(eeCJI KOH<j>JIJOeHTHOe y JaBHeHHe JII!l60 

KOH<j>JIJOeHTHOe ypaBHeHHe - BeTBJ!Il(eeCJI KOH<j>JIJOeHTHOe ypaBHeHHe), 3) p~.ll:YKUHI!l (KOH­

!lJJI!OeHTHOe ypaBHeHHe - BeTBJ!Il(eeCJI KOH<j>JIJOeHTHOe ypaBHeHHe). 

PerneHI!IH paccMaTpHBaeMh!x ypaBneHHtl: ( crreu;HaJihHhle <j>yHKUHl!l rro.n;pa3l ,eJIHJOTCJI na 1) 
JIOKaJibHhle perneHI!IH ( perneHI!IH, 3a.n;aHHhle rroBe.n;eHHeM B oco6oti TotiKe ), 2) co6cTBeHHhle 

<j>yHKUHI!l, 3) KBa3l!liiOJII!lHOMI!lamHhle perneHI!IH. 
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B Te'l:eHHe pll,ll;a JieT Ha 6a3e OIIHCaHHotl: HH<)>OpMaiUfOHHOtl: MO.ZJ:eJrn C03,n;aeTCJI rrporpaM­

MHaH CHCTeMa - 6a3a 3HaHiitl: no crreiJ;HaJThHh!M <PyHKIUf.HM. IlporpaMMHh!tl: rrpo.n;yKT pa3-

pa6aThlBaJICH no.n: orreparJ;HoHHyro cncTeMy MS Windows 3.1 c HCIIOJTh30BaHHeM H3hlKa rrpo­

rpaMMHposaHHH Borland C++ 3.1 H 6n6JrnoTeK Object Windows for Borland C++ 3.1. 
HcrroJTh30BaHHP orrepaiJ;HoHHotl: cncTeMhl Windows 3.1 II03BOJrn:JIO o6ecrre'l:HTb y.n:o6Hh!tl: rpa­

<PH'l:ecKHtl: HHT•lpq,ettc H rH6Kyro pa6oTy c rraMHTbiO. IloJTh30BaTeJThcKiitl: HHTepq,ettc II03BO­

JIHeT BH.n;eTb Ha 3KpaHe OKHO C TeKCTOM H rpa<PHKotl:, a TaiUKe .n;HHaMH'l:HO rrepeKJIIOLiaThCJI 

MeJK.n;y 3THMH (IKHaMH, Bhl6HpaH COOTBeTCTBYIOIIJ;He IIYHKThl MeHIO. 

Ea3a .n:ammx 6y.n:eT CJIYJKHTb y'l:e6Hh!M o6y'l:aiOIIJ;HM cpe.n:cisoM .n;JIH cTy,n;eHTOB, H3yqaro­

IIJ;HX Teopnro c1 reiJ;HaJThHh!X <PyHKIUitl:. 
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MASSIVELY PARALLEL VLSI ALGORITHM OF MULTIDIMEHSIONAL 
DISCRETE FOURIER TRANSFORM 

P.I. Sobolevsky and A.A. Tiountchik 

Academy of Sciences of Belarus lustitutc of Mathematics 
Surganova str .. 11, Minsk 220072 BELARUS 
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An m.-dimensional discrete FouriPr transform ( m- D FT) is of practical significancP in 
analyr.ing multidimensional signals in differPnt physical systems. For instal cP, the 1-DFT 
and 2-DFT are needed in tomography and spectrum analysis, the :J-DFT is applicable in 
nuclear magnetic response imaging algorithms, the 4-DFT is used for freqtency represPn­
tation of signals, etc. 

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

OnP of the ways out is the development of parallel algorithms for thP n•-DFT and the 
design of special-purpose multiprocessor dPvices for thP effici<'nt implenwntation of tlw 
algorithms. On!' of the most promising multiprocessor architectur!'s is svstolic one [1]: 
computations are performed by simple identical processor elements that a1 P connected in 
regular lattice by local interconnections. • · 

The design of the systolic arrays needs the construction of special pardlel algorithms 
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 o• iented par all PI 
algorithms for thP m-DFT are known: the reduction of the m-DFT cakulation to thP 
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· Is to structures 
with global interconnections, the drawback of the latter one is that every oJtput demands 
N 2

"' multiplications. 
We propose a systolic algorithm for the m-DFT with mN"'+1 multiiiications. Tlw 

algorithm can be mapped onto 1- and 2-dimensional systolic arrays with cnly local inter­
connections. 
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Titkova I.V.*, Vorozhtsov S.B.** 
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3D Magnetic fidd 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 Jrom the simplified TileCal magnetic field calculations are presented. The 
effects of glue gaps, end plates, front plates, laminated layer near girder, 2mm iron layers 
between tiles hare been estimated. This results were obtained with the help of the TOSCA, 
OPERA-2D anc POISCR calculations. 

Some propm als for the general ATLAS magnetic field map calculation are given. 
For the mag 1etic 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 dtstribution 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 :E;CR SOURCE 

N.Tokareva, G.Shirkov, E.Shirkova 

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

The electron cyclotron resonance ion source (ECRIS) is one of the most .videly used ion 
sourc!'s with step-by-step ionization by electron impact for accelerator and atomic physics 
application. The mathematical description of ionization processes of neucral 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 fOJ 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 algebrai( 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: 
I. A data base of the atomic and ionic ionization potentials for the most important 

gaseous and metallic atoms (3]. 
2. A set of computer codes to simulate the static regime of ECRIS OJ•eration 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. 'fhe 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 dynamic 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 mathematic tl 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. Math., Rostov State University, 
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Computatio 1s 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 equati >ns of incompressible viscous thermoconductive fluid are used. The main 
features of the Jaethod are: 

• the discre1 ization uses the nodes of several types, 

• number oJ 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 vect,>r 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 capabilitie~ of the proposed scheme are demonstrated by its application to several 
different example problems. The numerical solutions are compared with the results of 
known numeric;c] investigations. The comparisons are quite encouraging. 
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A DIFFUSION MODEL OF ION-IMPLANTED ARSENIC IN THE 
POLYSILICON-SILICON SYSTEM 

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

Institute of Mathematics BAS. Belarus. 220072 Minsk. Surgano!'a I 1 
c-mail:imanb %imanb. belpak. minsk. by1t:l!demos.su 

At presr>nt, ion implantr>d lay('rs of polysiliron as a sourrP of impurit~ diffusion ar<' 

usl'd for thP VLSI fabrication JHOcPssps [I]. Dopr>d polysiliron diffusio11 al ows to dPsign 
!wavily dopPd layPrs with small dPgrPP of !attire d('f('ct and small junctio 1 depth. sincP 

radiation dPf<'ct.s rPmain in th(' polysiliron. Availability of the polysiliro 1 layr>r caus<'s 
tlw impurity segrPgation on tlw polysilicon-silicon interfac('. It rompliratPs the prorpss of 
thP thPrmal diffusion. ThN('fOrP, tlw dr>v('lopmrnt of a mod('! of impurity riffusion in th(• 
polysiliron-silicon syst('lll is vrry important. 

Proposed mod<'! for till' transfPr of tlw impurity atoms in tlw systr>III Si-Si* undPr 
rapid thPrmal a11nealing takP into account non homogeneity of distribution cf poi1it d('fpcts 
near interfan• of the phases. It allows us to drscrib(' phenmn('na of impurity segr('gation 

on the polysilicon-silicon interface. ThP defPct diffusion equations arP pr •sentPd in tiH' 
form that allows tiH' analytic solution. 

ThP consPrvative nonhomog('neous diffPrPnce schemes for quasilinear diffusion Pqua­
tions and iterativ<' prorPss for solving th(' system of non-linear algPbra.ir equations arP also 
proposPd. 

ThP comparison of th(' r('sults of IIUIIlPrical computations and th1• !'Xp•·rimPntal data 

demonstrates the adequacy of the proposed diffusion modPI and thP PfliriPIH ~-of tiH' dP\"Pi­
opPd matiH•matical software. It allows us to usp this model as a basis for thP dPvPlopmPnt 

of tlw simulation of VLSI fabrication technology with dop('d polysilico11. Moreov<'r. t hP 
proposed model and soft warP can lw used for the description of othPr t ra 1sfPr prorPssPs 
on the interface of two phases, for exampl(', for siniulation of t.hP JHOC!'ss for thP Iattin· 
disorder in thP complex semiconductors [2]. 
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NUMEJtiCAL EVALUATION OF INVERSE AND ILL- POSED 
PROBLEMS USING INVARIANCE PRESERVING TECHNIQUES 1 

R.C. Venkatesan 

Distributed Algorithms Corporation Pune 411007, IN /J I A 

The preser t work primarily addresses the issue of the formulation of a. fin itt• 
difference ansatz to compute discrete operators (stencils) from measured noJH'Xa.ct 
data (grid points), based upon invariance criteria. This is described within the 
context of con ;tructing a dynamical mod<:> I 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 invariancP at the grid point values 
of the discrete group generator when acting on the finitE' difference ansatz, which 
approximates , he dynamical system. 

An error-control paradigm is presented which enables the preservation of in­
variance at th(· grid point values, within a prescribed tolorance. This error-control 
paradigm is d osen to b<:> a function of the step size. Generic issues of sensitivity, 
stability and c•mvergence of the stated numerical model are treated. The use of the 
evolutionary npresentation of the vector field to achieve computational efficiency is 
also demonstrc ted. 

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 num·~rical differentiation scheme is then analyzed with respect to com­
peting scheme::, 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. Thi; involves the development of a grid control mechanism for an adap­
tive grid mode:. Herein, a refinement procedure for evolving source or driving terms 
(operators) is presented. Numerical examples for exemplary cases are provided, 
aloug with esti :nates of the performance of the numerical model when implemented 
on generic dist ·ibuted computing platforms. 

1This 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 1 

Voronov N. A.*, Dyshko A. L., Konyukhova N. B., Staroverma I. B. 
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e-mail: nadja@ccas. ru 
• Institute of Theoretical and Experimental Physics, 
B. Cheremushinskaya 25, 117259 Moscow, Russia 

Global behaviour of positive solutions to the second order nonlinear •lrdinary differ­
ential equations with singularities has been investigated. These equation> arise in some 
models of relativistic cosmology: the equations of motion of spherical infini1 ely thin bubble 
in the Minkowski, Friedmann and de Sitter spaces. This object is investig<.ted 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 u = 0 and with 
respect tot 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 ric 1est 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 param~ters; for tl e f~mily of the 
solutions bounded in the singular point the disconnected set is formed in tte 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 nethods had been proposed in order to simplify the whole process while 
at the same tirre 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 decimation method. 
However this rr ethod is still containing non-high activity pixels at the beginning of the 
pixel selection ;tage, 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 l most representative pixels for the matching criterion. This is due to the 
fact that high ;,ctivity 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 sh.gle output coefficients. This give the horizontal and vertical edge maps 
respectively. E y 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 yalue, the high~r 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 experi1:1ents had been carried out to evaluate the performance of the above method 
using MPEG eHcoder 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 FC R LEAST 
SQUARES PROBLEMS ON MASSIVELY PARALLEL DISTRIBUTED MEMORY 

COMPUTERS 

Tianruo Yang 
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lu this paper we study the parallelization of PCGLS, a basic iteratiw nwth•ld whose main 
idea is to organizP the computation of conjugate gradient Method with preconditioner 
applied to normal equations. Two important schemes are discussed. 'A'I,at is the best 
possib!P data distribution and which communication network topolog~· is m•lst sl)itable for 
solvi11g least squares problems on massively distributed memory computers A t.heorPtical 
model of data distribution and commtmiratiou phasPs is presented which allows us to give 
n detail Pxerution tim<' complexity analysis ami investigate its usefulnPss. I is shown that 
t.hP imp!Pmeuta.tion of PCGLS, with a row-block decomposition of the• coe !icient matrix. 
011 a ring of communiratiou structure is the most t>ffirient choir!'. Performa·1ce• tests oft hP 
dPveloped parai!PI PCGLS algorithm have' IH•en carried out on thP massiv ·I~· distributed 
IIIPmory systPm Parsytt>cCC/PowPrPius and Pxperinwuta.l timiug rc•sult.s arP cotHparPd 
with t.hP thPoretical Pxecution time complexity analysis. 
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Let X be 1 he space of continuous on [a, b] of square matrices of dimension n and 
F:X-X. 

Theorem L. The matrix 

I rb T- a 
Lt:A)=F(Ao)+ b-a}a oF[Ao+ b-a(AJ-Ao);A-Ao]dr, 

where bF[A; h] is the Gateaux differential at the point A in the direction h, is a linear 
interpolation rr: atrix polynomial for the operator F( A) with respect to knots A0 and A 1 . 

If the F( A) is ; . matrix polynomial of the first order, then LJ( A) = F( A) (A E X). 
In the class of continuously differentiable matrices, some of formula of linear interpo­

lation are determined by the following 
Theorem :!. Linear matrix polynomial 

Lw("l) = F[Ao(·)] +[A( a)- Ao(a)]AJ(a)- Ao(a)-1 F(·)- F[A0 (-)]+ 

I rb + b _a Ja oF[g(r, ·);A(·)- Ao(·)- A( a)+ A0 (a)] dr, 

where 
T-a T-b 

(1)=Ao(t)+A 1(a)-Ao(a), g(r,t)= b-aA1(t)+ a-b(t) 

are intcrpol~tion matrix p~lynomials of the first order in the space of continuously differ­
entiable on [a,l] matrices. 

The polynomial Lw(A) is equal identically to the F(A) if 

F(A) = K0 +A(a)Koo+ l A'(t)K10(t)dt, 

where Ko, Koo and K10(t) are arbitrary given matrices. 
Other form11las 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 t J p -th order (p > 1) on T = [a, b] and F(A) is an operator mapping CP(T) 
into another sp.tce of functional matrices. 
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PaccMoTpeHhl B03MOJKHOCTH aHaJIHTH'lecRoro rro,nxo,na rrpH HCCJie,nojlaHHli a6eppa­

UHfi ,no TpeTbero IIOpJI,nRa BRJIIO'lliTeJibHO B pJI,ne 3JieMeHTOB MarHliTHO:li <liiTllRli IIY'IROB 

:lapJilKeHHh!X 'IaCTHU, a HMeHHO B .l(HIIOJibHhlX MarHHTax, COJieHOli,l(aX li I' rrpoMeJKyTRaX 

ycKopeHHR. 

J1onpoeHbl COOTBeTCTBYIOIUHe HeJIHHeil:Hh!e ypaBHeHliJl ,l(BliJKeHliJI 'lc CTliU C y'leTOM 

HX pa36poca no HMIIYJihCaM. B paMRax MaTpH'IHoro <lJopMaJIH3Ma rroJiy•reHhl aHaJIHTH­

qecKHe <lJopMyJihl .l(JIJI K03<lJ<lJHUHeHTOB XpOMaTH'leCRO:li li c<lJepH'IeCRO:li a6eppauH:tl:. 

I1ccJie.l(OBaHhl <lJH3H'leCRHe a<lJ<lJeRThl <lJoRyCHpOBRli li pacrrpe,neJieHliJl· IIJIOTHOCTli 

TOKa qacTHU B rry'IRe. 
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COrJIACOBAHME <I»A30BhiX OB'EMOB M OTITMMM3AI.J;MH 
YTIPABJifiiO:W:MX TIOJIEH B KAHAJIAX OTITMKM TIYqKQB 1 
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e-mail: yudin@lcta.jinr.dubna.su 

,l.(aHa MaTeN aT.I'!'IeCKaJI IIOCTaHOBKa rrpofiJieMh! COrJiaCOBaHHJI <1Ja30Bh!X ofi'beMOB llpM 

TpaHCIIOpTHpOBKe 3apJIJReHHhlX '-!aCTHU II ycKopHTeJIJIX H .n:pyrHX 3JieKTpo<lJH3HqecKMX 

ycTaHOBKaX. 

J1pH H3BeCTEihlX fieTaTpOHHhlX <lJYHKUHJIX B Ha'-!aJie H KOHUe corJiacyiDIUero TpaKTa 

IIOJiy'-IeHM aHaJI~TH'-!eCKHe <lJopMyJIM .ll:JIJI BeJIH'-IHH .ll:JlHH IIpOCTpaHCTB .n:pe.lf<lJa H IIOJieil, 

HeOfiXO.ll:liMhlX .!1:/lii peaJIII3aUHH IIOCTaBJieHHOH OIITHMH3aUHOHHOH rrpo6JieMh! COrJiaCOBa­

HHJI <lJa30BhlX 0 l'heMOB. 

llp:aae.n:eHM <lJH3H'-!eCKHe rrpiiMepLI peaJIH3aUHH rrpe.n:noJReHHoro MeTo.n:a. 

1 Pa6oTa BhiiiO ~HeHa rrpH rro.n.nepJKKe PoccHJ!:cKoro <t>oH.na <t>YH.llaMeHTaJihHhiX HCCJie.nouaHHJ!:, 

rpaHT 95-0 1-073~ . 
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ON THE PROPERTY OF S+ TYPE FOR THE DEGENERATING 
OPERATOR. 1 

Oleg A. Zadvornov 
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Let n be a bound('d domain in H" with smooth boundary such that tlwrP an· 
hold <·mlwdding tlwon·ms of S.L. Sohole1·, \'is a closed subspa<"<' of th< spare l\'1~(n) 

0 

such that \\-'1 ~ (H) <:,: V. Ji > I. 
We dditw the operators;\, H: F--> I'• induced by the n'S]Wctive forms 

<Au, I'>= r g(l \Ill ll. (I \7u l- 1 \lu, \lp) d.r .In 

< /Ju, I'>= r b(.r, II. \111) ·I' d.r .In 
when• the functiou g(t) satisfiPs the followiug conditions 
q(l) is coutiuuons, g(t) = 0 fort~ I, _q(t) strictly increases for I?.' I. 
there are Pxist p > I, c1 , c2 , c3 > 0 such thd for t ?.' 0 
_q(l) ~ Ct • tp-l , g(f) · f ?_> ('2 · fl'- C:l-

W<• also assume that the function b( .r. ~0 • ~ 1 .... , (n) satisfies t~· (' uatlwodor<s 
conditions and moreowr there is exist,..; E [l,+oo) such that for a11_1· 11 E 11'1~(0): 
b(:r,u, \lu) E L,(n) and 
W1~(n) compactly emlwdded in L_,.(H). s* = :-;j(s- 1). 
Enfine lf't. t.lw operator T: V --> \/* is the sum T = A+ H. 

It is hold the next result. The proof of this result is carried out b.v a.nalogy with 
the proof of the proporty S'+ (see [1]). 

Theorem. Lt't. th<' sequenn• ui weakly couvPrges to 11 in 1· and 11111 < Tu'.u'­
u. >~ 0 3$ i --> +oo. Then u.i strongly convPrgPs to u in H'1~(!1(11)), •vlwre H(u) = 
{.r En: I \7u(;r) I> I} 
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We consider a Liouville equations 

.dp = [H,p] 
z dt (I) 

for density-matrix p which describe an evolution of N-level quantum system. It is 
well-known Hat a solution of (I) has constants of motion of the type tr pm and 
more complic tted type provided that quantum system possesses some additional 
symmetry [1]. In previous paper [2] author shown that construction of same integrals 
is a purely al~ ebraic 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. ln 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 wh tt 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 subalgrtbr.t in .su( N} and decomposing su( N) to irreducible submodules as an 
L-rnodule. 
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"TG-GSS" MANAGER TO GENERATE APPLIED SOFTWARE FOil ANALYSIS 
OF DATA LIKE SET OF TIME SERIES AND ILL-POSED INVERSE PROBLEMS 

P.N.Zaikin 
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The principal problems of creating software manager for computer-aidec 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 oJ 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 know ledges banks, of dialogue-graphics tools ofrepresentation 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 softwan, environment) 
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 investi~:ation consists 
of two kinds of functions: one is enough smooth function, another part if a set of local 
resonances. The cause-consequence relations here are enough complicat! d 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. Th! computing of 
other part of solution is possible only by taking into account whether tine dependence 
in model whether another strategy of conducting experiment, detecting ia.ta and data 
processing. The non-unique models of experimental data interpretation t tke place also. 
The user has a possibility to get information from estimated data bank a1td 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 ofspecial algebra. The special metalanguage was 
created in "TG GSS" to write the main calculating structures such as comequence, loop, 
switch etc. 

The described methodology is realised in "TG-GSS" monitor to genera1 e 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 1 

V. S. Zarubin, G. N. Kuvyrkin 
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At construction of model it is supposed, that the condition of each component of non­
homogeneous wlid is described by four thermodynamic functions: by free energy, entropy, 
stress tensor a!ld vector of density of a heat flow. Arguments of these functions are absolute 
temperature, ~train and strain speed tensors and internal parameters of a condition [ 1, 2 
], the physical s.ense of which consists in following. 

Alongside with absolute temperature, used for description of equilibrum thermody­
namic process.,s, 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 !lOll-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 p.Lrameters 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 characte:ize tensor internal parameters of a condition describe microgear of viscous 
internal frictic n and molecular interaction. 

It is supposed, that in each point of solid the laws of preservation and second law 
of thermodyn tmics are executed, which permits to formulate restrictions on a kinetic 
equations for mternal parameters of a condition. Such approach enables to construct in 
the reasonabl:· common form of mathematical models of specified processes, taking into 
account cross dfects and phenomena of delay. Concretization of such models for proceeding 
simultaneous!:' processes of heat conduction, diffusion and deformation permits to study 
a feature of b~haviour of non-homogeneous solid at highintensive influences by methods 
of computing ~xperiment 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 CONTINUOUS ANALOGUE OF NEWTON'S METHC•D AND 
NUMERICAL SOLUTION OF SCHRODINGER EQUATION 
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Well known that most of used method for solving nonlinear problem> is the Newton 
method. ThP convergence theorem for the Newton's method prPsupposed the existenrP of 
a good initial approximation to dPsired solution. In order to extend a ran~ c of convergcncP 
of this method were suggested a different modifications. 

Among them the particular rolP play the continuous analogus of N pwton 's nwthod 
(c.a.N.m) which is developped byE.P. ZHIDKOY, I.A.PUZYNIN and tbPir pupils. 

Onr report is consists of two parties. The first of them is devoted to tlle convNgence of 
c.a.N.m. The optimal choice of iteration parameters allows us to prove f1e automatica.Jly 
convergence of method. However th€' convergE>nve rate of c.a.N.m is lmear, when the 
iteration parameters are far from I. It is desirable to furth<'f accPler<.tP this procPss. 
WP are giving a several variants of acceleration procE-dure. The pffect ivE>ness of thesP 
procedures is illustrated by means of various examples. 

The second part of this report is concerned with the numPrical solut on of tlw Pigen­
value problem for the one-dimensional Schrodinger equation. The last yPars have sPen 
considE-rablE> and fruitiful research in constructing a last antl higiiPr or ier· accurac~· al­
gorithms for giving problem. Here wea r€' given an nonstandard tlnPe point diffPr<'llrP 
schemP with :2nd order of accuracy on a nonuniform mE-sh. The obtained syst.Pm of non­
linear ddference scheme preperable to solve by c.a.N .m of shooting mPtl od. WP an• a.bo 
pres<>nting numerical results and comparison with a different nlPthods. 
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"tUfCJIEHHOE MO.l(EJil1POBAHl1E HEKOTOPbiX MArHl1THhiX 
Cl1CTEM COJIEHOl1.l(AJibHOrO Tl1TIA 

E.TI. lliH.llKOB, P.B. lloJIJIKOBa, l1.TI. lO)lHH 

06-oeauHeHHbtu uHcmumym Slaepubtx ucc.;~eaoeaHui1, ,4y6Ha, 141980, PoccuSI 

flpoeKT11pOBaH~ e, OUTI1MI13aU11JI 11 C03,llaHI1e MH01'11X MarHI1THbiX CI1CTeM, BKJIIO'IaJI 

rpaKThl JII1HeHH ,IX ycKOp11TeJieH, COBpeMeHHhiX HCTO'IHHKOB '!aCT11U 11 ,llp., Hap11.l1Y C 

UpOUeCCOM ,llJIH1 eJihHOfO H rpy,llOeMKOfO tPI13WieCKOI'O MO,llf'JIHpOBaHI1JI B 3Ha'II1TeJihHOi! 

Mepe OUHpaeTCJI Ha 'IHCJieHHOe MO,lleJIHpOBaHI1e pacnpe.lleJieHHJI UOJIJI COJieHOH,llaJihHhlX 

MafHHTOB B pa(ooqei! 06JiaCTH ycraHOBKH. :~Ha'IHMOCTh 'IHCJieHHOfO MO,lleJIHpOBaHI1JI 

Up11 KOHCTpyHpoBaHHH paCCMaTpHBaeMhiX MafHHTHbiX CI!:CTeM onpe,lleJIJieTCJI He TOJihKO 

1!:3BeCTHhiMH ,llOCTOHHCTBaMH Bhi'IHCJIHTeJibHOfO 3KCUepHMeHTa, HO H TeXHH'IeCKI1MH OC0-

6eHHOCTJIMH KOHKpeTHOi! ycraHOBKH, HaUpHMep, HaJIH'!HeM Kp11oreHHhiX TeMneparyp, 

3arpy.l1HJIIOillHX nposeaenHe H3MepeHHII MarHHTHoro noJIJI. BJiaroaapR aocraro'!Holl 

TO'IHOCTH Bbi6pLHHOH MaTeMaTH'IeCKOH MO,lleJIH, C UOMOillbiO Bhi'IHCJIHTeJibHOfO 3KCUe­

p11MeHTa pernaJ acb npo6JieMa Bbl6opa H OUTHMH3aUHH <lJopMbi MarHHTHbiX UOJIIOCOB. 

floJiyqeHHbie pacnpeaeJieHI1JI MarHHTHoro noJIJI .llJIJI rnHpoKoro Ha6opa pacqernwx cH­

creM npeaJiarai<JTJI .llJIJI HCUOJib30BaHHJI B Kaqecrse "3arorosoK" np11 KOHcrpyHposaHHH 

3JieKrpo<lJH3H'Ie :KHX ycraHOBOK, CO,llepJKailli1X COJieHOH,llbl. 
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ON INCREASING OF THE ACCURACY OF 
APPROXIMATE SOLUTIONS 

OF THE BOUNDARY PROBLEM ON HALFLINE t 

E.P.Zhidkov, A.G.Solovjev 
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e-mail: solovjev@mainl.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 quantu:n mechanics, 
in the theory of radiowaves and in the gas dynamics. For numerical ;olving of the 
boundary problem on halfline [x0 , oo) the last one is replaced by ecosed interval 
[x0 , R]. The condition in the point R is chosen by using of asimptot c behavior of 
the solution for x -+ 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 approximab solutions of 
the boundary problem on halfline is suggested. This approach is 'imilar to the 
Richardson method. It is based on multiply solving of the problem on different 
closed intervals. Then the combination of the obtained solutions gives 1 he solution of 
higher accuracy. The corresponding algorithm based on this method i> constructed. 
It allows to find the solution with required accuracy. Tlie numeric tl testing has 
shown the high accuracy of the results. 
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ON PAHALLEL CONSTRUCTION AND INTERPRETATION OF 
Ml LTIDIMENSIONAL CHAINS OF RECURRENCES 1 
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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:; :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 con~ ists 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 par: er 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 ;o get MCR for a multivariate polynomial in c · d · n parallel steps, 
where d is tht number of va,riables, n is the maximum of degrees of variables and 
the constant c is reasonable small. 
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