Male Wiy~

N/
3\ -
%[/E Snezhinsk=D6G

.

Russian Federal Nuclear Center —
All-Russian Research Institute of Technical Physics

Abstracts

Joint Conference on Computational
Mathematics

May 20-25, 1996

Snezhinsk, Chelyabinsk Region,
Russia




R greTe—— 50 G ﬂ}@@

TRANSITIONS, TURBULENCE, AND TRANSMUTATION

Gary D. Doolen

Co..iplex Systems Group
Theoretical Division

Los Alamos National Laboratory, Los Alamos, New Mexico, USA

A brief overview will be giver of multiphase flow simulations bascd on a method derived {rom the

Bolizmann equation.
Reccent results of high-resolution (512x512x512) spectral calculations of homogencous, isotropic

wurbulence will be reviewed.
A strategy for the trunsmutation of actinides in reactor spent fucl will be discussed.

AB INITIO CALCULATIONS FOR CONDENSED MATTER PROPERTIES

B.1. Bennett and D.A. Liberman

Nuclear and Hydrodynamic Applications
Theoretical and Computational Physics Division

Los Alamos National Laboratory, Los Alamos, New Mexico, USA

Calculations are shown for an "atom-in-jellium" model (INFERNO) for the 3-d serics clements
The INFERNO model is a relativistic self-consistent field method that computes equation of state anc
optical propertics of condensed matter at widely varying densitics and temperatures. Comparisons ar
shown between it ane Thomas-Fermi-Dirac and Augmentea Plane Wave results for the zero temperatur:
cquation of staie of copper. The lowest lying bound states for the 3-d series elements are shown and thei
variation with compression are shown for copper along with its bound-free cross sections.

An appendix shows the computational mecthod by which sclf-consistent continuum clectroni

states are obtained.
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AN EXPONENTIAL DISCONTINUOUS SPATIAL DIFFERENCING
SCHEME FOR THE DISCRETE-ORDINATE EQUATIONS

Todd A. Wareing

Scientific Computing Group, CIC-19

Los Alamos National Laboratory, 1.os Alamos, New Mexico, USA

A new nonlincar spatial differencing scheme for solving the discrcte-ordinate equations will be
described. This scheme, entitled the exponential discontinuous scheme, is particularly accurate for difficult
deep-penctration transport problems and produces stictly positive angular
fluxes given a positive discrete-ordinate source. This scheme b s been devcloped, implemented and tested
in one, two and three dimensional geometries. The method for solving the cxponential discontinuous
equations will also be described. Numerical results will be presented which demonstrate the accuracy and
positivity of the exponential discontinuous scheme.

PARALLEL ALGORITHM DEVELOPMENT

Thomas F. Adams

Computing and Computational Physics Program

Los Alamos National Laboratory, Los Alamos, New Mexico. USA

Rapid changes in parallel computing technology are causing significant changes in the stratevies
being used for parallel algorithm development.

One approach is simply to write computer code in a standard language like FORTRAN 77 or C
with the expectation that the compiler will produce exccutable code that will run in parallei  An
alternatives is to build explicit message passing dircctly into the source code. Another is to write source
code without explicit reference to message passing or parallelism, but use a general communications
library to provide efficient parc'lel exccution. Application of these strategies is illustrated with examples of

codes currently under development.
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A FAST METHOD FOR MAPPING INFORMATION FROM ONE
3-DIMENSIONAL GRID TO ANOTHER

James M. Ferguson
Lawrence Livermore National Laboratory, USA

Many Computer Modecling Applications rcquire mapping information from one mesh
representation to another. Often this necds to be only done a few times, and speed and efficiency-are not
of concern. However in some applications the remapping is done many times in a single run. and the
computational burden becomes very large, particularly in 3-dimensional modeling with arbitrary grids.
We have found that available remapping codes are often incfT ~icnt, and can require as much of an hour
of computing time, even on very fast computers. For this reason we have devised a fast remapper for
moving zone-averaged quantities from an arbitrary (connected or unconnerted) grid to a Cartesian gnd.
The computational burden is quite modest, even for 3D problems with millions of zones. While our
algorithm is quite specialized, it could cnsily be cxtended to more gencral applications. We will describe
the method in detail.

A QUADRATIC FINITE ELEMENT METHOD FOR SOLVING
THE LINEAR BOLTZMANN EQUATION

James M. Ferguson
Lawrence Livermore National Laboratory, USA

The lincar Boltzmann equation is used in a varicty of computer modcling applications, most nota-
bly for the transport of particles or photons in matter. Both stochastic (Monie Carlo) and non-stocnastic
(deterministic) methods are used to do the computer simulation. The deterministic methods typically use
second-order differencing algorithms, or Finite Element Method (FEM) algorithms using clements lincar
in each dimension. We will present an algorithm using a quadratic FEM, and will show that, at least for
Cartesian grids, the method gives fourth-order accuracy. The mcthod uses a version of the well-known
"Serendipity Set" of clements. We will compare the efficiency of this mecthod with more conventional

methods, and discuss the advantages and disadvantages of the algorithm
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RECENT EXTENSIONS TO THE DYNAMIC ADI " THO!

Dennis W. Hemwet?

Institute for Scientific Computing Resecarch

Lawrence Livermore National Laboratory, USA

Alernating Direction Implicit (ADI) have proven extremely uscful iu recont computer modeling
activities at Lawrence Livermore National Laboratorics. ADI methods offer advantages such as stability
to large time steps m time splitting algorithms and relativdly simple splittmg operafions for matsix
mversion. Until recently, we have found ADI relatively slow to converge in cfliptic applications. The
Dynamic AD1 method (DADI) dramatically snproves this situation while by adaptivdy sclecting the
"acceleration” or iteration parameter. In addition, recert ADI extensions offer these same rapid
convergence advantages with new curved internal boundaries and massively paralicl capabilities. We will
present these concepts starting with the basic DADI extension to ADI and progress 1o our recent
successes with DADI applied to strongly coupled equations, occurring in low-{requency dectiomagnetic
applications. The Coupled Equations DADI method not only has provided solutions m excess of 500
times {aster than compeling methods but also shows much promisc in similar problems i other
disciplines.

THE EMBEDDED CURVED BOUNDARY TECHNIQUE IN MASSIVELY
PARALLEL AIM

Dennis W. Hewetl

Institute for Scientific Computer Rescarch

Lawrence Livermore Nationa! Laboratory, USA

Although the Alternating Direction Implict (ADI) method has demonstrated very excting
convergence properties for strongly coupled effiptic systems of gencral intecrest m plasma asd floid
stmulations, it has untl recently sot been convenient to implement on Massively Paraflel Processimp
(MPP) computers. Further, the apparent inabdlity of ADI to address more than the simplest "stairstep”
internal boundaries have resulted in the dechne of the popularity of ADI. We report here our recent
extension of AD! to address both of these problems: 13 We bave recently invented a new techmique to
solve banded linear systems efficienly on MPP hardware. When implemented in AD1 elliptic methods.
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we find the further advantages that, not ouly docs the domain assigned to cach processor does not have to
be adjusted for cach alternate direction i an iteration, but the domains can be laid out in an optimal
pattern for the remainder of the code that this solution technique supports.  2) We have recently.
implemented an Licbedded Cusved Boundary (ECB) technigue thai integrates well with the basic MPP-
capable ADI method. The ECB techuigue allows boundarics consisting of connecling picce-wise-linear
boundary clements 1o influence neurby clliptic equation finite-difference cocfficients so that most of the
fidelity of finitc clements methods can be achicved while retaining the speed of the MPP ADI method.
Results demonstrating these capabilitics will be presented.

SOLUTION OF SN RARIATION TRANSPORT USING UNSTRUCTURED
GRIDS ON PARALLEL COMPUTERS

Niel K. Madser, Bill Eme, Dale E. Nielsen, Ir.
Lawrence Livermore National Laboratory, USA

There are scveral dilferent  approaches to  parallelization of Sn Radiation  Transporu
decomposition over cnorgy groups, decomposition over angles, and decomposttion over the spatial
domain. The [irst two approaches mc casy v apply and provide excellent speed-ups with minimal
communication overhead. The latter approach is more difTicult: sign’icantly maore interprocessor
comnunication is required, and optimally decomposing the spatial domain in a manner which minimizes
communication 18 non-triviil.

To decomposc the spatial domain we usc a recursive spectral bisection micthod (H. Simon. et.al)).
This method is closc to optimal and is quite cfTicient for grids which are not extremely large.

A mmultilevel iterative method with difTusion or low-order Sn acceleration is the method used for
solving the nonlinear Sa radiation transport equations. Interprocessor communication is required after
swecping the grid for all angles to calculate the angular fluxes.

Reasouable scaling and specd-ups with increasing numbers of pracessors are obtained until the
number of spatial grid cells being computed by cach processor becomes relatively small. The scaling
results have been performed on the LLNL 224 node Mciko CS-2 computer.
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HIGH END COMPUTING AND ITS ROLE IN STOCKPILE STEWARDSHIP

Dapid A. Nowak
Lawrence Livez_more National Laboratory, USA

The recent decision 1o pursue stockpile stewardship within the constrains of zero yield testing has
led to an increased emphasis on numerical simulations as the indispensable Iink between archived test
data, modern laboratory experiments, surveillance datz and the enduring stockpile. The shift from single
processor vector supercomputers to massively paraliel platforms offers the opportunity to remove many
of the approximations which have hampered the fidclity of numerical simulations. Thesc approximations
include: the overall simplifying assumption of cylindrical symmetry; scparate numerical simulation codes
for the different stages or physical regimes: and oversimplified modcls for complex physical processes. The
situation is further complicated by the requirement for phenomenological models to normalize individual
steps to experimental data. We will discuss the applications, hardware, and softwarc challenges to
achieving sustained TeraFLOPS computing capability in support of stewardship.

THE MACRO RESPONSE MONTE CARLO (MRMC) METHOD FOR
ELECTRON TRANSPORT

M_M. Svatos, J.A. Rathkop{
Lawrence Livermore National Laboratory, Livermore, CA, USA

Traditionally, electron transport m Monte Carlo codes is accomplished using condeased history
methods. These methods use appreximations to represent the net result of many individual interactions on
an clectron's state. It is not practical to perform an analog simulation of every mteraction due to their
extremcly large cross sections. Although condensed history algorithms are reasonably fast, the
approximatioris used can lead to inaccuracies at low encrgics, high atomic number materials, and medium
boundaries. ,

The Macro Response Monte Carlo method achieves electron transport results that have the
accuracy of analog methods at a speed comparable to condensed history methods. The global electron
distribution is determined by stepping through the medium with a series of spheres or "kugels™. At the end
of each step, probability density functions (PDFs) describing the outgoing phasc space are sampled from a
library which has been pre-computed using a single scatter (analog) code, CREEP. CREEP models all
ionization, elastic scattering, and bremsstrahlung events individually by sampling from LLNL databascs.
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A version of CRLULP for slab goannetries v biing veleased publicly. Denchimarks aud results highlighting
the accuracy of this code will be shown togethier with plans for efficient MRMC implementation.

PEREGRINE: AN ALL PARTICLE MONTE CARLO CODE FOR
RADIATION TREATMENT DOSE CALCULATION

1.A. Rathkop], W.P. Chandler and C.I.. Hartmann Siantar
Lawrence Livermore National Laboratory, USA

The vast majority of plans for the treatment of cances ith radiation are made with the assistance
of computer programs that solve rough approximations of the transport equation. Errors in the solution
often tead to low delivered dose resulting in survival of tumors or high ddlivered dose resulting in damage
to healthy tissuc and uadesired complications. PEREGRINE is an cffort to apply the Monte Carlo
picthad, a method unhampercd by th2 conventional approximations, to the calculation of dose to
radiation treattuent paticnis. To be uscful in the ficld, the dose calenlation must be  cefficient.
PEREGRINE has been designed and written for the specific parpose of particle transport through the CT
scan of each individual paticnt. Complete coupling of the transport and production of many particies
{(clectrons, positrons, photons, neutrons, and pr stons) is accounted for. We will present the goals and
aims of the PEREGRINE project, how they were accomplished, and examples of dose PEREGRINE
dosc caleulations compared to conveational mcthods. '



____‘j;fg thﬂ@]
C IOCCETA |

COLLABORATIVE COMPUTING AT SANDIA NATIONAL LABS

Joseph Durant

Sandia National Laboratories, USA

The Internet has recently t_come the hot technology, highlighting the power of networked
computers. At Sandia we have been exploring utilization of networked computers to enhance existing
processes. Networking allows (theoretically) scamless usc of the right computer for the right job. Small
desktop machines can be outfitied for multimedia applications and used for collaborative computing,
linking workers at distant locations together. Database servers can be linked into the mix, giving the
workers immediate access to necessary information. Expert systemis can be used to both catalog existing
information and producc new information on an Bbas neededB basis. Compute intensive tasks, such as
modeling, can be distributed to remote high-cnd raachines which possess the optimum hardware, software
and system load to do-the required calculations. And computer-controlled manufacturing cclis can allow
designers to produce a machined part without leaving their office. Progress at Sandia aimed at realizing
this scenario will be discussed.

PARALLEL COMPUTING ON DISTRIBUTED
NETWORKS OF COMPUTERS

Joseph Durant
Sandia National Laboratories, USA

During the last scveral years we have been exploring the usc of distributed networks of computers
as paralicl-computational platforms. The existence of portablec message passing protocols, such as PYM
and MPI, has considérably added our construction of bvirtual parallcl computers 3 We have extended
the development software basc by producing POET, a Parallel, Object-oricnted Eunvironment and
Testbed. The philosophy behind POET 1s to provide a robust, extensible framework for the solution of
scientific problems using cfficiently implemented parallel algorithms.  Application of POET to specific
problems requires ‘creation of small blocks of serial codc which instantiatc the detailed physics of the
problem. Tﬁus, the scientist is shiclded from the details of creating code to run on what can be a varicty of
platforms and architectures, while still producing very cfficient codc. Our experience using POET on
HEAT (Hecterogencous Environment And Testbed), an array of 50 different gvorkstations networked
together, and DAISY (Distributed Array of Inexpensive Systenis), an array of 16 Pentium computers will
be discussed.

10
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3D SIMULATION OF INTENSE CHARGED PARTICLE BEAMS AND
MAGNETICALLY INSULATED

Power Flow, Mark L. Kiefer

Computational Electromagnetic and Plasma Physics Department

Pulsed Power Sciences Center, Sandia National Laboratories, USA

The QUICKSILVER code was developed at Sandia to address generation and acceleration of
terawatt charged partick beams, as well as magnetically insulated power flow at the terawatt level. It
employs fundamental solution of Maxwell's cquations in the time-domain for the electromagnctic ficlds
sel{-consistently coupled with the motion of charged particles duc to these ficlds using particle-in-cell
methods. An overview of the algorithms and meshing techniques will be given.

Application to ton beams for Inertial Confincment Fusion and magretically insulated power flow
systenss for X-ray source accclerators will be described. Planned improvements to QUICKSILVER will
be bricfly described.

LOAD BALANCING AN ELECTROMAGNETIC PARTICLE-IN-CELL
SIMULATION CODE ON A PARALLEL COMPUTER

Mark L. Kiefer

Computational Llectromagnetic and Plasma Physics Department

Pulsed Power Sciences Center, Sandia National Laboratories, USA .

Sandia's QUICKSILVER code, a 3D clectromagnetic particle-in-cell simulator, was designed for
shared-memory, vector computers. Future applications requirc computers capable of at least 100
GigaFLOPs of actual performance. However, achicving such performance in the near future will requjre
im-plcmcntiitg QUICKSILVER with very good load-balancing on computers with at least 1,000 CPUs.
Various schemes which are being explored 16 solve this difficult problem will be described. The simutation
of the generation and acecleration of terawatt-level ion beams for Inertial Confinement Fusioa, will be
used to iflustrate the load-balancing difTiculties.

11



'USING HYBRID MESHES IN 3D ELECTROMAGNETIC
P ARTICLE-IN-CFLL SIMULATION

Mark L. Kicfer

Canventional dectromagnctic particle-in-ccll simulation wtilizes rectilincar gridding. Althoush
Sandia's QUECKSILVER code improves in many ways oa parcdy cubical- ccll grids, #t has busitations
such as “stair-stepped. surfaces and unnccessartly small cdl sizes in areas of the grid that do sot require
fine levcls of grdding. Based on work at Lawrence Livermarc National Laboratorics on uestructured
meshes for electromagnetic simmulation in the lime-domzin and for particle-in-ccll simulation, we  arc
developing the capability te embed blocks of unstructured meshes within the rectiincar grid. This has the
advantage of using the effi-ciont rectiincar mesh wherever possible while applyisg unstructured meshes
near complex surfaces and in regions requiring very small cells. The current status will. be described, as
well as the advantages of using only tetrahedral cells in the unstructured region. '

SHOCK PHYSICS CODE RESEARCH AT SANDIA NATIONAL
LABORATORIES; MASSIVELY PARALLEL COMPUTERS

by Mike McGlaun and lames Peery
‘Computational Physics Research, Development and Applications

Sandia National Laboratories. USA

Massivdly paraflct computers present bath tremendous opportunitics and chafienges. They have

‘much morc memory and speed than traditional supercomputers. For  example, Sandia's Paragon

computer kas 1840 1860 CPU's, 2 peak paforamance of 147 GFLOPs and 37 Gbytes of memory. DQE's

ASCY ¥FLOP computer will be iastaliod at Sandia in 1997, will have 9000 Peatium Pro CPU's, a peak

performance of 1.8 TFLOPs and has 316 Gbytes of memory. These computers are orders of magnitude

larger than traditional supacomputers- and offer tremendous opportunitics. for predictive modeling of
’ Fhere asc two challcepes in developing software for these computers.

12



1. Wie must write the code to usc a distributed mesh. The global mesh is decomposed imto numerous
ssbmcshes. Each CPU has its ewn submesh and a copy of the code. The code explicitly passes
informatian to neighboring submeshes as necded.

2. We must write the codes using different algorithins than we used i the past for vector computers.
Massively parallel computers are buill {[rom rmnniodi{y CPU's with hicrarchical {cache) memories. Vector
computers, sach as Crays, have single-level memorics with wery fast bandwidth to memory. Cache
memories have a very high bandwidth to cache, but the bandwidth to miain memory is. too slow to keep
the CPU busy. We are desigamg the codes to perform as much work as possible on data in cache before
wiriting # back to memory.

SHOCK PHYSICS CODE RESEARCH AT SANDIA NATIONAL
LABORATORIES; ADVANCED ALGORITHMS -

by Mike McGlaun and James Peery
Compatational Physics Research, Development and Applications

Sandia National Laboratories, USA

. We are focusmg our algorithm rescarch on mesh management rather than better approximations
to the governing equations. We arc also using finitc-clement techaiques rather than finite-difference or
fanite-volume techniques. The ALEGRA code pses {inite-clement methods, an arbitrary-connectivity mesh
and an Arbitrary- L agrangran-Eulerian (ALE) formulation where the mesh can move to improve the
accnracy. For example, part of the mesh may move with the body (Lagrangian mesh), another part may
be space-fixed (Eulcrian) and another part may move arbitrarily.-

We are also addimg hp-adaptive meshing to ALEGRA. H-adaptive meshes can dynamically refine
of coarsen a mesh depending on some criteria. For example, a single hexahedral elcment may divide into
eipht hexahedra, We usc h-adaptive methods to resolve discontinuities such as shocks, material interfaces
and shear flow. P-adaptive methods change the order of an clement to better resolve smooth flow. For
example, an clement may change from a second-order element to a fourth order element Lo better resolve
a rarefaction wave. \

Onc of the biggest challenges s developing hp-adaptive methods that run efficiently on massively
paraliel eonrputers. Work must dynamically migrate between processors to load- balancc the work over
the compater.

13
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KOHCTPYHPOBAHUE PASHOCTHBIX CXEM /LI PACYHETA
MHOI'MOEPHBIX HECTAITNMOHAPHBLIX YHHPYI'G-ITUTACTHYECKHMX
"I'EqEHI/H‘/'I HA OCHOBE 3AKOHA B3AUMHOI'O IIPEBPAHIEHMUSA

.- " KHHETHYECKO1 1 BHYTPEHHE DHEPT I

B.H. Jleaos, O.B. Cenurosa, H JI. Cogppornos

Poccuiickuii penepanuHblit AIepHbIA HEHTP — Beepoccuiickuit HayuYHO-HCCIENOBATENBLCKUH
HHCTMTYT 3KCHEPUMCHTANLHON GU3HKH, I. Ap3aMac—16

B moxiaje Ope/UIoXKeH NOIXOJL K KOHCTPYHPOBAHMIO KOHCCPBATHBHLIX ubdepeHiMamHo-
PAa3sHOCTHBLIX NPEACTABACHIIN YPABICHUHA, ONHCLIBAICIMX HCCTAIMOUHAPHBIC  YIIPYIO JLIACTHUYCCKHE
TeyeHHs B nepemeinpix Jlarpanxa. MisiaracMmas Mero,pika SBISCTCS PA3BAINCM JIBYMCPHOH MCTO/IHK]
[OCTPOCHHSA NPOCTPAHCTBCHHLIX ANIPOKCHMAIH ypaBHCIIMEA JIBHXCHHS rasosoit qunamuxu {1}, [2] mis
CIy4as YOpyro-riiacTHYCCKUK CPEll.

B npesicrasisemMoil pabore MarpHila KHHCTHUYCCKONH JHCPIHM, ONPSIUCISEMan cnocod alporcn-
MRIMH TpajMcHTa JaBicHds Ocperes B KaHoudcckol dopMe, KoTopus TpajHIMONIO HCHIOib3CTCS B
{430 MHAMUSCCKHX MCTOIMKAX.

B xoxiajie NPHBOIALCSA pasoCcTiLic POPMYIIbl Uit KOMIIOUCHT TCU30pa CKOPOCTCi jredopMatui
1 AOMYYCHHBIC TIO HHM Pa3HOCTHBLIC aNNpOKCMMAUMK A4 BLIMMCIHCHHUS [POH3BO/HBIX 01 KOMIOHEHT
CBHATOPA HANPSOKCHUH.

Coobmiacrest 0 peayiLIatax pacdcToR J10 PA3UOCTHLIM CXCMaM, B KOTOPLIX CCIOYIOC PACIpC/ic-
JIeHHUC BOIMYMI [0 BpPCMeliy Oeperest KAk 310 npHHaro B Mcrojmre “J” [3] u npoussojgiag o BpeMenu
anmnpoKCHMUPYCTCS €O Brophid nopsaxkoM. Ha 3ajauc o KoachaHmax yipyroi MeMOpabl 1H0Ka3aHLl fic-
COMHCHHDIC NPCHMYMCCTEZ NOJYYCHHLIX PA3OCTHLIX CXCM I1O CPABHCHMIO € XIACCHUYCCKOR cxemoit YLl
KHHCA.

JIUTEPATYPA

1.cacs BH., Codponos M. /1. KoucrpynpoBauue qUcKpeTHBIX MOAC/ICH YPABIICHHM Ta30BON MIHAMHKH
Ha OCHOBC 3aKOHOB B3aMMHOI'O NIPCBPALICHISA KHHCTHYCCKOR ¥ BHYTpelHeH sueprul cisoniHo# Cpejp!.
BAHT. Cep.MCTOMKH ¥ NPOrpaMMLI UCTEHHOTO PEMICHHA 3afay MaTeMaTUdecKoi ¢usuku, 1984
Bb'1.1(15), c.3-7.% ‘ ‘ : : .

2. Jlenos B.H., HUcaes B.H., Codpouos M. JI. KoncepsaTupunic ¥ Musapuatimie 1ud¢epcHimamHo—
PA3HOCTHLIC MPEACTABICHMS YpaBUCHMH [a30BOH JMHAMHUKH B OCCCUMMCIpHYHOM ciaydyae. BAHT.
Cep.Meromuxu W nporpaMMbLI YHCICHHOTO pPelicHHS 3ajayd MarTeMmaTHuyeckod dusuku, 1987, Boin.l,
c.3-10.

14
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3. Amutpuee H.A., Jmurpucsa JI.B., Maimnosckag E.B., Codpoinos U J. Merojuxa pacuera Hecra-
MOHAPHLIX ABYMEPHLIX 3al@a4 ra3oBoH JMUAMUKH B jIarparbkesLix nepeMcHibix B kH.: Teoperuycckue
OCHOBBI H KOHCIPYMPOBAHMC HHCICHULIX AWOPHMIMOB 3aja4 MaTemarHyeckod ¢usuxu. Ilox
pen.Baberxo K.M.; M.: Hayka, 1979, ¢.175-200.

PA3PABOTKA MYJILTUITPOUECCOPHBLIX BLIYMCIUTEILHLIX
CHCTEM C MACCOBBIM TITAPAJUIEJIM3MOM HA OCHOBE
THIIEPKYBUYECKOW APXUTEKTYPHI

B.A. Hoeosuxur, A.B. ﬂacmyxoé, B.A. I'yces, AM. Jlakuwes,
F.A. Honosuduexuko, A.A. Pynuu, H.J]. Copponoa, C.A. Cmenanenxo,
B.H. Tumuenxo, AA. ¥Yaenyos, A.A. Xorocmose

Poccubickuit peaepanbibii saepHbiH HCHTP — BeepoCCHACKHH HAYYHO-UCCIEAOBATENILCKHH
BRHCTHTYT 3KCHEPHMEHTANbHOH QU3UKH, I'. Ap3amac—-16

My miaponceccop MIT X xiracca VIVD (pasiinic MOTOKM KOMMAL Haj{ PasibIMi OTOXAMU
AAnHBIX) K3 2¥*X [IpOIIecCOpUbIX CAMEUTOB SBIACTCE (yIIIIHONANLHBIM MOYICM, APEIA3HAYCHHBIM
18 BBIIOSIHCHAR NAPASLICILHBIX BHIYHCICHHA.

B ocnoge npockra MIT X ciciyrouiue xoicmms:

—  KoMITicKcuponalnie Mysbruipoticccopa MIT X ¢ ymisepewmuoit DBM Y (HOST-manmnon), nosso-
JIRIOHICC COBMCCTH b HPCHM YIICCTEA HAPALICILHON, BCKTOPHOR 1 CKAIAPHONA 00palO kN NPH BLITO -
HEHUM HPpOrPaMM COUCPRKAIMX HC PACAPAIVICIMBACMDBIC YHACTKH;

- aJANTHPYCMOCTh CTPYKTYPLl CBA3CH MYTLTUIIpOUCCCOpa (PHNEPKYD) K ajrOpUTMAM PCIIACMBIX 3a/1ay
(mporpaMMiIag 3MYJISIIMA PATEIYHLIX CTPYKTYP MCKIPOIICCCOPHDLIX CBS3CH);

—  MOJIYILHOCTE KOHCTPYKIMHU, YTO RO3BOJIACT HAPAINMBATL BLIYUCIKTETLHYIO MOIIHOCTL B COOTBCTCT-
BHM ¢ BOTPCOHOCTAMH IOML3OBATEHA H YOPOIACT [ICPEXOj HAa HOBLIC MMKPOMPOLCCCOPHI U HOBBIC
TEXHOJIOTKH oOMeHa cOOBTIICHHAMH,;

- annapaTHas NOJACPAKKa AITOPUTMOB MADHIPYTHM3ailMH JI18 HOBLILUCHHS MNPOU3BOIMTCILHOCTH CCTH
MEXTIPOLIECCOPHOTo obMeHa,

- nosblulenuas orkazoycroifynsocTh MIT-X obyciosnernas pescpBHpPOBaHHEM;

— OPHCHTALMSA HAa PACIIPOCTPAHEHHLIC A3bIKH [IPOIPAMMHUPOBAHHA ¢ NOIICPKKOH CTAHIAPTHLIX B JaH-
HOH 00NaCTH CPCACTB CO3ARNMUA NAPAINEHLHbIX HPOIPAMM.

Obnacr Haubosce sddexrvsroro npumedcuns MIT-X-Y: MHoromepunle 3ajayd MatcMa-
TH4ecKoH GHU3UKH, 331a4H AaBTOMATH3AIMK ITPOCKTHPOBAaHNS, 00pabOTKH H30OPAXKCHIE, HCKYCCTBCHIOTO
HHTCIUIEKTAa H JPYTHC, PCIRCHUC KOTOPBIX Tpebyer NpC/ciibiio BO3MOXHOIO iR JAHHOrO Kjacca
BBIMHCITUTEIbHBIX MAIMH Y KOIIM4ECTBA OCpaly.
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Hapoxetsbic KOHLUCTIIMY IPUMEHCHD! B CO3JaHHbIX Moneaax MIT-0, MIT-3 u nostoxeus! B ocHo-
BY TEXHMYCCKOro npockTa MIT-7.

Onmcaya ieMcHTHasA ©d3a CYHICCTBYIOIMMX H NPOCKTHPYCMLIX MojeicH psaa MIT X, a taxxe
nporpaMMpoc obecricyeHMe, UCNOL3YCMOE NPH CO3JaHHKM Mapa LICILHBIX nporpamM. [lpusoastcape-
3YJBTaTh] BHINOIHEHHUA PSla TECTOBLIX 324349 Ha PATHYHLIX THOAX aHLIoTHYHLIX DBM, Brrnoyas MIT-0
H MII-3.

J oKl CONPOBOXKAAETCA IWLTOCTPALMAMHI U ACMOHCTpAUKER ACHCTBYIONIMX obpa3ios.

METOAUKA H ITPOIPAMMA OINPEAEJEHUSA OBUHIEINO OB bEMA
MEPECEYEHMS JIBYX ITPOU3BOILHO PACIHOJIOXEHHBIX B
ITPOCTPAHCTBE IHECTHIPAHHMKOB C HEILIOCKHMMH I'PAHAMU

B.H. llearcs, JI. B Inumpues, B.B.Caduukoe

Poccuiickuii Qeaepanbiblii AHEPHBIH HEHTP - BCePOCCHUCKHT HAYUHO- HCCICNOBATSILCKHH
HHCTUTYT 3KCNCPUMERTAARHON QUIHKH. I'. Ap3amac--16

JOK1a1 HOCBALICH OMMCAHHIO MCTOMKH, paspadoTatiHof [UI8 pPCilcHMs NpocIpalicrBcHHON 3a-
241 O CYINECTBOBAIIMK NEPCCCUCHUA [IBVX NMPOMIBCILID PACHOIOACHHLIX B {IPOCTPRRCTBC MICCTHI Pati-
HMKOB € HCTLIOCKHMH [PRlISIMM H HAXOAJICHUIO MX OOUIEro 00beMa MCPCeCCiCHMS ¢CiH OHO HMCCT MCCTC.
{lorpeOHOCTL B CO3JaHMM B CO3JAHUM [OJI00HOI0 POdd @ IfOPHIMOB Ji LIPOVPAMM  BO3HMKXIACT, E
UQCTHOCTH, TIPM PACuCTax 3a/1ay ra3oMuaMiiki 8 Jlarpaicxkesex koopauparax  Mssecrio, 4o B 310M
cyyae B NPOLICCCEe YHUCICHHOIO PCHICHMS CIOAHBIX 33,134 BO3ZHHKACT ROTpeOBOCTL B pa3’oBoil nepe-
CTPOMKHM CCTKH M NCPCCYeTe BCIMYMH Hi HOEYIO CCTKY M3 -32 HCBO3MOMKHOCTH NPOIOIIKCHHS cycra. Takue
CHTYallM{ BO3HUKAIOT, HATIPUMEP, NpH COILIINXY MCKAKEIHAX CYCTHBIX CCLOK, NCPCCHITHAX PUIKICCKUX
obacTeli, 06pa’oBAHUH MCIIKOMACIUTAOHBIX CIPYHIILIX 1 CUCHIH.

CTaIXHBaTbLCS ¢ PElUEHHEM PaccMalpHBACMLIX B [IOKI3IC 3271a3 MPHUXOJAMICH M MPH CO3TAHUK
JlarpanxceBo-DHICPOBBIX METOAMK LISt PCIUCHKH 33124 Mmexannky cromuoi Cpeabt ¢ 60 bIMMY Jc-
dopmanmaMu. [Tomumo 3Toro, nogobHoro poja ajaropHTMLl KpaitHe HCOOXOAMMBL LIS CO34HMS Ipa-
(PHYCCKHUX NIAKETOB H NPOrpaMM, OPHEHTHPOBAHHLIX Ha paboTy ¢ TPEXMCPHBIMHM [€OMETPHUYECKHMY 001.-
eKTaMH.

PemeHue -3aja9u  CBOAMTCH K HaXOXJICHMIO TOYHOTO 0ObCMa  MEpeceycHHs  BYX
YETHIPCKTPAHHHKOB [IPOH3BONbLHO PACMNOSIOKEHHBIX B POCTPAHCTEE.

PaccMaTpHBalOTCH CIOCO6L Pa3bHCHUA MIOTOTPAHHHKOB HA 2TEMCHTAPHLIC YCTHIPEXTPAHHUKK U
OCHOBHBIC OCOOEHHOCTH peaiH3alidd NPCATOXKEHHLIX aJropUTMOB B Buic nporpamM. Coobuaercs o
HaHOOMNCE 3KOHOMMWYHLIX C FOUKH 3PCHHS BPCMEHHM pacdcra criocodax pasbucHus MHOIOrPaHHHMKOB, HE
MIPHBOJAUIMX X JOTOTHHTCIILHLIM NOTPCIIHOCTAM B [Tpoliecce BhIYMCIICHUH.
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B Itok:iajle npuBoig1ca pesy fbTaTbl TECTOBBIX PACUYCTOB [ICPECCYEHNUS TUCCTHUIPAHHHKOB C I paHa-
MU, ABBHOITIMMKCS TIOBCPXHOCISMH BIOPOLO HOPSIKA  I'HIICPOOIMYCCKIMHE Mapaboaon[a MU, KOTOpbie
HCMOIL3YIOTCH B TPEXMCPHOR MeTo ke [l

YCTOHYHBBIE CXEMDI ITAPAJIEILHOIO HOOBLJIACTHOIO CYHETA
A1 YPABHEHHUS TEIUIONPOBOJIHOCTH

b.Jl. Boponun, AM. Epogees

Poccuickuii qeaepanbhblii saepHLIE HEHTP — BCepOCCHRCKUA HaYyUHO—HCCIIEA0BATE IbCKH
WHCTUTYT 3KCIEPUMEHTANBHOW QU3NKH, I'. Ap3amac-16

B wsacrosigec  BpeMms  HAMOOIIEC  MPOW3IBOIMTEILHLIMH - AB/IOTCS  BLICOKOMAPALIC ILHBIC
BhIYMCIMTCILHBIE CHOTEMBI ¢ BOIILINMM KO IT4ecTBOM Npotieccopos. 18 ddPCKTHBHOIO HCNO IL30BATIHS
D0 ILIIOH NOTCHIIMA TLHOR MOIIIOCTH TAKUX CUITCM HCOOXOIMMI pa3paboTka NEpa LIChHbIX MCTOI0B
PELICHMS CIIORHLIX MHOIOMCPHBIX 33,134 [IpHMCPOM 1aKMX 32124 ABIACTCS PCHICHUC 3 X MCPHOI'O YPaR-
HeRUR TerrionpopotHocTi. O/IM M3 CMOcOOOB pelIcHs MHOIOMCPHOI'O YPaBHCHHS 1CIIIONPOBO, HOCTH
ABIACTCA MCIO/ PACHICILICHHS 110 HANPABICHHMAM B COYCTallMM ¢ HesiBHOM cxemoi. [lorywacmbie B pe-
3V:ILTATC YPABHCHHUS PCIIAIOTCS NMPOIOHKOH.

Hawnbo.ice ccTeCTBCHIILIM T10,1X0,10M PACTapa LICCIMBAHMS YHCIICHHOIO PEHICHNS TaKUX 3a,(44 1B-
JRC1CH FCOMCTPHYCCKHH ¢rtocod. Korta ob.1acrs pelncHus pa3dupactcs Ha No100.1aCTH, KaAlas U3 Ko10-
PhIX PUCCUMTRIBACTCS Ha CBOEM Mpollcccope. Bonpocam opranmsaidy rnoodIacTHOIO CUeTd NOCBIICHO
muoro padot. K HactosuieMy BpeMCHH pa3spadoTaHo J0CTATOYHO MHOI'O CXCM MMOCIEI0BATCILHOIO [O-
ob:1actioro cucra. flepBoé M3 TakMX cxem Onila cxema 3aryckuna Bl Kosapaimora B.E. 3avem ps-
J0M aBTOpOB OLLIH pa3paboTaHbl CXCMLI ¢ OO ILIIMM 3aMACOM YCTOHYHBOCTH.

B J1annoi paboTc paccMOTpeHbl HCKOTOPLIC CXCMDLl NApalIcIbHOTO 1000.14CTHOIO  CHCIaL,
BKUOYAS CXCMY MCMO.Th3YIOIYIO aIIOPUTM PaCnapaLIc IMBaHUA NPOTOHKH, NPe;LI0KCHHBLIM B O;IHOH 13
pabort Aneriko H.H. Hecaeiosann Bonpochl yCroHYHUBOCTH M TOYHOCTH CHeTa, CICTAHBL BIBOIL O BO3-

MOKHOCTH UCMNOIILE3BOAHNS DTHX CXCM L1 OpraHii3allMY MACCHBHO NApaLIC IbHLIX BLIMMCICHHH.
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PEIHEHHME 110 ITPOI'PAMMAM KOMILUIEKCA MHUMQO3A
JAJAYH BE3VA “PHOT'O HEOI'PAHHMYEHHOI'O CKXATHUHA TA3A
B ILIOCKOM CIIYYAE

B.A. Capaes

Poccuiickull ¢enepanbibiil aacpiil HeHTP — Bcepoccuiick il B3y YHO-HCCAECAOBATENILCKH#H
BHCTHTYT 3KCIEPHMEHTAILHON QU3HKH, I'. Apsamac—-16

OunuchiBacTCH [IOCTAHOBKA H CNIOCOOL! MPOBCACHUS PacycTOB NO HPOTPaMMaM KOMILUICKCA
MHUMO3A [1] zanaud 0 GC3y apHOM HCOIPAHWYCHLIOM CKARTHM B IUIOCKOM CIYH3c, NPCAIORKCHHOR
.A.®.Curoposbim B [2]. D1a 3412192 HMLECT aHAMMYCCKOC PCIICHUC H MOXET CHYXHTL B KAYCCFBC TECTOBOH
JUIS TIPOBCPKM YHCJICHHLIX MCTOROB M {IPOrpaM, CO3IAHHBIX JUIR PCUNCHHUS JIBYMCPIHIX 32424 rajoBo#
JDAHAMHKH.

Panec ary 3apausy pemam Hepsunerso H.B., Anyuyun M.T. u ipyrne mo KXoMIUICKCY ImporpamMu
TUT'P, 3], lesos B.M. & Apyruc no nporpammau xomiuicxkca [ [4] 4, 3wymxo B.B. no nporpamMmam
kommiexca MMMO3A Ha narpadxeBoli cerke.

OcoOCHHOCTBLIO OOCYAAEMbBIX 3,{€Ch PACYUCTOB ITOH KC 331a4H, HPOBC/ICHHLIX O HPOrHipaMMam
xoviuieckca MHUMO3A, sBisictes 10, Y10 B LPOUECCE CYETa [IPOK3BOWIMCH [ICPCCTOCHUA CCTKH # Re-
pecueT BESMYHH € OJHON CCTKH Ha PYTYIO N0 AOKAJLHLIM AINOPHIMAM HA KAXUHOM [Bare RO BPCMCHH H
Mo AMMOpHTMaM 6e3 orpalilycHiil Ha CMCIHCHME Y330B CCIXH (TI00ANBLHLIM) OpPH BIIOTHCHHH HEKOTO-
PhIX YCHOBUH B COOCTOSHHM CCTKH, 32 TAKXKE HCPC3 33J2HHOC YUCIO NIa10B HO BPTMCHH.

B pacyctax HCOQB30BANICK GHCPATOP CIIaxUBAHUS OIS CKOPOCTTH, NPe/UtokKeHHbIN B {5].

B Taxoil mocTasoBKe yAAOCH OOCIUTATHL 5TY 3ajady A0 Bpemcii 1 = 0.999785, npr xoropom
MaKCHMaThHad [WIOTHOCTL ROCTArACT 3#aveHuH Oamsknx Kk 300000, 4cro He ylaBanoch B MPOBCACHHLIX
patee pacucrax. [pu sTom kagsecrseuo npodwIh IUIOTHOCTH B HMCIICHIIOM PCIICHUH XOPOUIO BOCIPO-
H3BOJMTH HpodgiUib AUIOTHOCTH B AHATMTUYCCKOM PCIICHHMH Ha OCH CHMMCTPHM M Ha IPaHHIEC C DOpIl-
HEM, 2 MaXCHMAILHOS 3HAYCHHE [UIOTHOCTH B YHCICHHOM PENICHMU OTIMYACTCH OT COOTBETCTBYIOIHETO
3HAYCHHS B AHATMTHYCCKOM POIBCHHAY MeHbHIC, HeM Ha 4 Co.
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1. Cogponoe U.A., Adanacvrena E.A: Bunokypos O.A., Bopomunos AH., Imymxo B.B., [Lierice
¢ A., PuGaucuxo I[1.B., Capacs B.A. Coxonopa HB., IHampace b.H. Komn:iierc mporpamm
MHUMO3A i peticHUS MHOTOMCPHBLIX 3a[@4 MCXAHUMKH CIUIONIION Cpempt Ha IBM “Oui6pye 2.
BAHT, ccputa “MaTemaTugeckoc MojIcMpoBaiue usugcckux npoucccor”, 1990, sumyck 2, crp.3-9.

2. Cunopos A . HexoTophic OIIeHKH CTCICHH KYMYIIRIMY SHEPIHU OPHA [UIOCKOM H IIPOCTPANCTBCHHOM
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“THUIP” a1 pacycra AByMCpULIX 3ajiad MatcMaTudcckol ¢uzuxu.BAHT, cepus: Meromuxn u npo-
FpaMMLIL SUCICHHONO PCUICHM 33124 MaTeMaTHeckoi §usuxu, 1984, e 3(17), cpr.34-41.

4. Aprembes A0, Aaior B.U., Ammpucsa J1.B., Coedpouos HN.J. Hucnocuuoe mojpesmposanue
6e€3yIapHOIO HCOTPAlMUCIHIIOND CKATHA ra3a B fepeMenunix Jlarpanxa o Meromuke J. Joknan ha
Mcxﬁympomxoﬁ INKOJIC--CCMUHAPE “AHANHTUYCCKMC MCTO/IM H ONTHMH3ALUA NPOLIECCOB KUIKOCTH U
rasza”. '

5. Chan RK.-C.I gencralized arbitrary Lagrangian-Eulerian method for imcompressible flows with sharp
interfaces& J Comp. Physics, 1975, v.17, Ne3, p.311.

METOIbI PACHIAPAJUIEJIMBAHUSA U ITAPAJUIEJILHAS ITPOTPAMMA
YHCJIEHHOI'O PEIHEHMA TPEXMEPHOI'O YPABHEHUA
TEILTIOBIPOBOHIOCTH HA BLIMHCHHTEALHLIX CUCTEMAX (BC)
C PACHPEJEJEHHO! HAMSTLIO. PE3YJIBTATHl UHCJIEHHBIX |
IKCIIEPHUMEHTOB HA BC MI1-3 1 MEIKO

H/ ]Jl. Co¢pponos, b5.J1. Boponuu, OH bymues, A.H. Bukos, C.H. Ckpunnuk

Poccuiickuit benepanbibii aepHbIi HeHTP — Beepoccuickiii HayYyHO-HCCAEA0BATENbCKHH
HHCTUTYT 3KCHECPUMEHTANLHON Pu3uku, r. Apsamac-16

D Nielsen, Jr., D Nowak, N.Medsen, R.Evans
LLNL

Y HCIICHIIOC PEIUCHEC TPCXMCPIILIX 34/ia4 1pedyeT NPEACLHLIX BLIMHCIU T bIbIX PCCypPCOB, KOTO-
phbic NIPSIOCTABIAIOT MACCHBIO TAPAILICHLILIC BLIMHCIMTCILILIC CUCTCMBI ¢ PACTIPEACICHIION MAMATLIO.
Y eremoe BenoinL30Banue 00iLIOH NOTCHINALILION MOIUHOCTHM TAKHTX CHCTCM LI PCIIeHUsS OmioN
34JL34H BO3MOXHO L 1Tocie i)a3p360'r1<n NPYIEILLEHOT0 (POIPAMMHEOTO OOCCIIRCHMS, qu'mBaxo‘mcm
ApALICIILHYIO 00padoTKy HitpOpMALIH.

B iowiiaJic TipUBCHCUL] Pe3yiniatihl paboTh 110 pacnapaluic BBAHMIO quncnémm NpY PCUICHHH
TPCXMCPHOIO YpPaBHEHHsS TCIEIONPOBOMIOCTH. OCHOBHLIM MCPO/IOM YHCICHHOTO PCIUCHUS CUCTCM TPCX-
MCPILIX HCABIILIX KOHCYIO PA3HOCTHLIX YPABIHCHH SABIACYCS MCYOJ] PacCTUICHHA MO HanpaéneumM.
Meroy pacigeivicing (o HANPABICUINM IO3BOIACT PCAYIIHPORATL CIOXKIYIO MUIOI'OMEPHYIO 3aJ[a4y Ha
COBOKYTIHOPCTL B05Ice POCTHX MOLAAIOUIMXCS Peaii3alHe Ha MapaUIcLHLIX npouccecax. Paspaborano
ABa NPHHLMIMILIO PASIKYHBIX [I0JIX04d K OPratiM3aliyu MACCHBHO-TMAPAIUICHULIX Bhiducaenni. [lep-
EBLIH MOJ{XO0J{ UCTIONL3YCT MCPECTPAMBACMYIO HA BPSMCHHOM LIEATC JICKOMITOZUIMIO TPCXMCPHOH MaTpHLIb]
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LAHHbIX M SBIMCTCS pa3sBHTHEM ATOPUTMOB pACHApAIUICTMBAlMA  JUid MHOT'OIIpUICCCOPHBIX
BBIYMCIIHTENLHBIX CHCTCM € O0UIeH ONCPATHBHON 11aMATLi0. Bropofl mo X0 ocHOBJH HA HCTIO "L30BAHHH
HeNepecTpanBacMof B MpelellaX BPCMCHHOrO MIAra NCKOMITO3HIHH TPCXMEPHON MaTPULIHI A2HHBIX.

Paspaborauimie amopurMsl 6500 peam3oBalfbl B BIAC NapalUlehHOH NPOrpaMMBl JUIS MacCHB-
HO-NApaUIbEHbIX BIYHCITHTEILHEIX CHCTCM ¢ PACHPCICIICHEOR MaMIThIO.

[locpecTBOM ceprH pacyeToB NPOBEICHO YUCICHHOC HCCIICNOBaHNE > (PCKTUBHOCTH paciiapaimie-
JTMBAHHS JUIH PALIMYHBIX CIIOCOBOE reOMCipUYCCKOl ICKOMIO3HIMH 3a/Ia9H, JUIS ABYX PCKHMOB 3arpys-
KH OPOLECCOB H B 33BHCHMOCTH OT ¢C YTHOLIEHHR apHMCTHICCKON ¥ KOMMYHHMKaIMOLoil paboT.

[IpuBencHbI KOMYECTBCHHbBIE OICHKH dP(CKTUBHOCTH paclap«/UIcin“BaHus pa3paboTaHHbIX ajt-
COPUTMOB, MOJYSCHHBIC HA BBIYHCIIMTEILHBIX cucTemax MIT-3 u Meiko.

[TIPOI'PAMMA PATBIJI JIJIS UM CIEHHOIO MOJIETMPOBABISA
ABAPHI HA SITEPHLIX QHEPTETHYECKHUX YCTAHOBKAX

O.A. Bopornosa, I''T. Heanosa, M.C. Camuzyrun, B.H. Copponos, B.A.Ycmunenko

Poccuiickuii peaepanbHblil SHEPHBIR HEHTP --— BeepoccHCkHE HayYHO-HCCIEAOBATENBCKUH
UHCTHTYT 3KCNIEPUMEHTaNbHOH GU3HKH, I'. ApzaMac—16

[Mporpamma PATBDJI npeauasnaucHa Ui YHCICHHOIO MOJICTIPOBAIIMA HOPMATBILIX U aRapUH-
HBIX PEXMMOB paboThl SACPHBIX JHCPIETHHCCKHX YCTanoBok (AOV) H TepMOIMJ[PaBIHYCCKHX CHCTCM
pa3IMYHOroO THIIA. B nporpamsc co3jlad JAOCTAaTO4IIO HIHPOKHH H YHHBCPCaInliblil Habop MojeicH dc-
MCHTOB OGOpYAOBaHMS, KOTOPbI NO3BOJIACT CO3AdBa1., PACYETHLIC MOAEIIH CHCTCM IICPCUMCIICHHOTO TH-
rna. MaTteMaTHICCKME MOMACTH NPOLCCCOR, MOITOXCHHLIC B OCHOBY MPOrPaMMLl, MO3BOIIIOT MOJICIHPO-
BaTL: TCYCHHC JIBYX(A3[Oro TelIOHOCHICISI B JABYXCKPOCTHOM, JIBYXTCMIICPATYPHOM W TCPMOTHJIPAB-
JM4eckoM NpubmkeHnH, fAchopmuposatine TBDJloB B o;ioMeplio YIIPYTOILIACTHYCCKOM IIPHOIIMIKC-
HHUH, [iepereKaHue rasa B 3asopax TBOJlos u oxucincumc odosouck TBDJlos B napo-LHpKOHHCBOIL pe-
aKUWH.
B joxiajie onucannh! MaTeMaTHUECKHC MOACTH fIPOHCCCOB, MOJCHH JJICMEHTOB ODOPY/IOBAHHSL,
Pa3HOCTHbBIC CXCMbl B McTOjbl perueing. OCHOBHOC BHHMAIIMC. V/ICACHO immox-m‘pzu'mn BO3MOXHOCTCH
MPOrpaMMLI B ONMKMCAHMH MPOLCCCOB, XapaKTePHLIX I8 arapuit Ra SIDVY. B wactHocTh, NpHBOSTCS pe-
3YJILTaThi MOJCITHPOBAHHS.
~ akcnepuMenta Marviken Test N24 (CIIIA) no #3y4enio npoiiccca HCTCUCHHS [P pasTepMCTH3AIIIH,
- 5Kcncpm&cxrros na creaje KC (PHI*Kypyarosekuif HHCTHTYT”) 0O MOAGIMPOBAIHKIO NpOIICCCa
06E3BOKHBANHE TEXHONOTHICCKOro  KaHa'Ia pcakropa PBMK npu orcyrereumn  pacxopa
TEIUIOHOCHTES,

~ 3IKCHECPHMEHTOB Ha HMNyiTbcHOM peakTope NCRR (Snonug) nmo usydenuio noscjecuus TBDJIos npu
HMITYJIBCHBIX Harpy3Kax, OJH3KHAX K HOPOTY Pa3pyuICHUS.
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PEKOMEIUIALIMH TIO BLIBOPY HEHTPOHHO-SIEPITLIX JIAHHBIX
JUISL YMCJIEHHOTO MOJIEJIMPOBAHUS ITPOLIECCOB HAKOILIEHH St
AKTAHWJIOB B TOTUIUBE DHEPTETUYECKHX PEAKTOPOB

C.H. Abpanosuu, B.Il. I'opesos, A.H. I'pebennukos, b.5. 'yxoackui,
r.r. @apapornmos, B.H. Havun

Poccuiickuil penepanibHbiH AAEPHLIH LeHTP — Beepoccuiickuii Hay9HO-HCCIEN0BAaTeIbCKUH
HHCTHTYT 9KCIEPUMEHTANLHOH PHU3MKH, I'. Ap3aMac—16

B npouecce paGoTh! 3HEPreTHUCCKOro SIEPHOro peakTopa COCTaB TOIUIMBA MPETCpneBaeT Hempe-
PHIBHBIC H3IMCHCHMSA KaK H3--33 PaJHOAaKTMBHLIX PACTAfOB €0 KOMIIOHCUT, TaK U W3-3a MpEeBpallCcHuii,
00y CIIOBNCHHDBIX B3aHMMO/ICHCTBHAMY HCHTPOHOB ¢ JTHUMH KOMIIOHEHTAMH: PEaKUMH [ICJICHUS, pajMaiH-
OHHOI'O 3aXBaT4 H pcaximid (n,2n) u (n,37). B pesyibrate wmrenbHold padoThl pecakTopa B TOPIMEC MO
CPaBHEHHIO C €ro MNCpPBOHAYANLHLIM COCTABOM MOSBIAIOTCS HOBbIC ACIA: lHecs sipa, HanpuMep, BU,
235Pu, 27Np H T.A., pa3sbiBaCMbIC B JAJLHCHIICM aKTHHHIAMHU. DTH S{pa BHOCAT CBOH BKi1a] B dHCPrOBbLI-
JeJICHMC, W YYeT MX HAKOIUIEHHUS 11COOXOAMM Kak /UIR NPaBHIILHOIO MPOTHO3HPOBANMA XaPaKTCPHCTHE
peaKTopa Ha pas3HbIX JTanax ero padoTbhi, TaK W VIS 3HAHMA COCTABa BbIIPYKAecMoro orpadorasiiero
TOIUIMBA.

Ang MO/JCIMPOBaHMS HPOIICCCOB HAKOMUICHHA AKTMHHIOB B TOIUIMEC PCAKTOPOB HCIOIL3YIOT
YPABHCHHS KMHETHKH COCTaBa TOILIHBA. IlpM 11poyYMX paBHLIX yCIOBHSX JOCTOBEPIIOCTDL Pe3yALTATOB,
MOJIYMaeMbIX IPH YHCIICHHOM PCIICHHH 2TMX YPABHCHMH, 3aBHCUT OT K24YCCTBA MCIOIL3YEMBIX B HHX Xa-
PAKTCPHCTHK B3AUMOICUCTEHS HCHTPOHOB ¢ fApaMu akTHHKIoB. K HacrodIiueMy BpcMeHH B MUpe HKO[I-
Jied bombuIol o0LeM MI(OpMAITHH O TAKHX XapaKTCPHCTHKAX, H /L1 oTOOpa U3 3T0ro odbeMa OTHOCH-
TEILIO HARCKHLIX JaHHAIX TpeOycTcd IpCIBapUTCIbHbIA aHATIHS.

B JamioM JOKIAAC AAHBI PCKOMCIUIALHK O BHIGOPY YKA3AHILIX XAPAKTEPMCTHK [UTS SICp
23'_',233Th' 23l~233Pa’ 232~239U’ 237»239Np, 236'238'239PU, 241<244Am, 22m24mAm U 242-249Cm_ R xauecree Cpag]]”_
BacMLIX HCHOEL30BATHCL GUOIHOTEeKH oneHennbix Janupix ENDL-82(CU1A), JENDL -3GIITOHHM A,
ENDF/B%;(CUIA) ¥ BROND-2(Poccug, Baiopyccus), KoTophic 0O COCTOSIMIO IS HA CCrOHALIHMIL
JICHL MOXHO CYHTATb OMHHMH U3 CaMbIX cOBpcMeHHbIX. B KayccTse xpuTepus nipy BLIpaboTKe peroveH-
JAfHii b1 BLIGPAH YPOBellh COISIACHS  OLCHCHHBIX 3HAYCHHI CCYCHMIl 3aXBaTa W jcieius  1ipu
E=002535B ¢ NpHOpHTCTOM y BONLINEH MO BCIMYMIC W3 HA3BAIIILIX XapaKTEPUCTHK W PE30OIIaHCHBIX
HITCIPANIOB 33XBaTa M JCICIHS, NOJYUCHIILIX ¢ HOMOIILIO Ha3BAHHAIX BLIIIC BCPCHHE OLIGHCHNLIX MAHHbIX,
C TAKMM XK€ IPHOPUTCTOM C PEOMCH/IOBANHLIMI ILH H3IMCHCHHBIMM 3Ha4CHHAMU. B OTACLHBIX Ciryyanx
K Ha3BaHHOMY KPHTCDHIO NPHCOCIHHANOCHL W TPCOOBAHHC COIIacHS PACYCTHLIX CCYEHHH NTNeHMs, cpelt-
HHMX [0 CHEKTPY HCHTPOHOB CIIOHTAHWOrO jciieHMs 232Pa, 239U, B38Np, 24Py, 2442-2"4mA‘m H 249Cm MBI He
HMCJIM JIbTCPHATUB, TAaK KaK PACTIONATATH JIMIUL KAKOH--u100 ojiHoM 13 paCCMOTpCHHb;X OLCHOK.

PexoMcraoBaHIbIC XapaKTCPUCTHKY B3aMMILICHCTBUS HEATPOIOB C #/1paMH aKTHHHMIOB MOTYT
ObITb HCIOIL30BaHBl NPU HOArOTOBKE MIIOIOIPYIIOBBIX HEHTPOHIILIX KOUCTAHT LA ripxmcucmm B
YP4aBHEHHAX KHHCTHMKH COCTaBa TOLIMBA PCaKTOPOB.
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Haxoren, yxaxeM, 9T0 HacTh Pe3yibTaToB [0 CPABHEHHIO PA3TUHUHLIX BC, CHH ONCHCILILIX AZH-
HEIX 78 OPENCTABICHHOIO BHIEC CIMCK2 aKTHHMAOB, HCKDOYas 36Pu, mcnomm3oBap.IMXCH HaMY B Ha-
CTOSINEM JOXIAfE NpH BHpaboTKe pexoMeHzapid, coobmanmuck na MoxaynapoaioH kouepeHIiay B
Jlac-Berace.

BA3A JAHHBIX JULS YN CJIIEHHOI'O MOJEJINPOBAHHSA
HAKOILUIEHMA OCKOJKOB B TOILTNBE DQHEPI'ETHUYECKHX
PEAKTOPOB

C.H. A6pamosuu, B.Il. [opescs, A.A. lNopuwuxun, A.H. 'pebenrnuxos,
r.r. ®apagoumos, B.H. Hasvun

Poccuiickui denepanbHbli SACPHBINA HEHTP -— BCEpOCCUICKHE HAYHHO-HCCIEOBATENLCKHH
HHCTHUTYT 3KCNIEPUMEHTAILHOH PU3HKH, I'. Ap3amac—i6

B HacTosieM JOKJALC NMPOBEISHO obcyxiacHMe Da3sbl HalHbLIX, HCODXOMMMLIX JUIS PACYCTOB Ha-
KOIUICHUS OCKOJIKOB OMHAPHOro ACNCHUS B TOILIMBE ACPIeTHICCKUX SUICPHBIX PEaKTOPOB.

Bcro cOBOKYIMHOCTb OCKQJIKOB MPEIOKEHO IMPEICTABHTL Habopom M3 17-H HeCTaOWILHLIX, 32
HCICTIOYCHHEM 4°Sm, OCKOJIKOB, ONPEREIsIONIMX JKONOIHYECKYIO OllacHOCTH OTpaboTaBINero sSaepHOro
TOTUIMBA M OTBCTCTBCHHBIX 32 IIPOSARJICHUA H3BCCTHLIX B PH3UKE peakTopoB 3¢¢deKTOB "KCCHOHOBOIO -" U
"caMapUeBOro OTPaBICHHA", IPYNIOH H30MCPOB HEKOTOPBIX OCKOJIKOB, @ TAKXKC JBYMS Ipylmiaxid cTa-
OWJILHBIX OCKOIKOB C MacCOBLIMHM YHCHAMH M3 MHTepBainoB 72 < 4 < 115 U 116 € 4 < 167, razBannbIx
YCJIOBHO JICTKHMH H TSXCIbIMU LLIaKaMK. B cBoio oucpean, KaxAylo M3 HOCICIHHX rpynn Gosminoro
KOJIMYECTBa SAeP MPCLIOKEHO 3aMEHHTL OHHM dPQCKTHUBHBIM OCKOIKOM, JIETKHM CTaOHILHLIM OCKOJ-
KOM—1111aKOM H TSKCTbIM CTa0HIIbHLIM OCKOJIKOM - fIUIAKOM.

JlaHbl pCKOMCHIAUMH 110 HCIIOTH30BAHUIO OIICHCHHBIX XapaKTCpl THK B3aHMOJICHCTBHS HeHTpoO-
HOB C BBIICICHHBIMH OCKOJKaMH. B KayecTBC cpaBHHBACMBLIX HCOIL30oBAIMCHL Bepeuu JENDL--1,
ENDF/B-6 u BROND-2 oilcHeHHbIX HCHTPOHHBIX JAHHDBIX, 2 B K24CCTBC KPHTCPHR Ul 0100pa M3 3THX
JaHHBIX HCIOIbL30BAIOCH COITIACHE MOMYYACMbIX C MX [OMOINLIO XAPAKTCPHCIVK C M3MCPCHHLIMM WM
PCKOMEHOBAHHLIMH 3HAYCHUSIMH CCYCHUHM NOrNOHICHUS B TCILIOBOH TOYKC M PC30OIAHCHBIX HHTCTPANIOB
NOIJIOHIEHHMS .

Jing 6ompuioro Habopa JesaRuxcs sACp MPUBCACHB! TaOIMIIL! BLIXOHOB BLUIECICHILIX OCKONKOE,
H30MEPOB, CYMMAPHbIX BLIXOH0B ICIKHX M TSACILIX HUIAKOB M BhIXONOB 3(PQCKTUBHLIX JICTKOTO M TIXKE-
JIOTO OCKOJIKOB-1IUIAKOB, [IPHYCM MBI PAcHoIAIasIM Toiahko oncukoil ENDF/B-6 BLixoioB oTHeILHLIX
sacp. Kpoue Toro, B HatgeM pacnoToxcHMY Ouuid  mudiun oucHkd ENDF/B-6 xapakTepucTHE B3anuMo-
ACHCTBHS HEUTPOHOB ¢ OOJILINKM KOJIMICCTBOM CTalbHILHLIX OCKOMKOB-HUIAKOB M3 YKa3aHHLIX BLIIC

IBYX rpyml.
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PexkoMetyioBalibIe XapaKICpHCTHKN B3aMMO,ICHCTBHA HCHIPOHOB € OCKOIIKAMH JACIIEHHS MOTYT
BbiIh UCMOML30OBAHL] TIPU MO 'OTOBKE MHOIOI'PYIMIOBLIX HCATPOHHLIX KOHCTAHT JUIA MPUMCHEHUS B
YPaBHCHHUAX KMBCTUKH cOCTaBa TOIUIMBA PCAKTOPOB. ‘

Haxkowucly, 3aMCTHM, YTO XKCIaHHe DOMOMIHTL TPYINY JKOJC. MYCCKM ONMACHBIX OCKOIIKOB JOMNOJI-
HUTCILHBIMU SUIPAMK HE BLI3OBCT NPHHLMITHALHLIX TpYHocreH. {13 9Toro HCOOXOAMMO TOJILKO pac-
FOJIAMA L OICHKAME XAPaKTEPHCTHK B3aUMOIEHCTBHA HCATPOHOB ¢ BHOBb BBCICHILIMH OCKOJIKAMH U HX
BLIXOJIOB. NPOM3BCCIY MPOCTON MepecucT TPeOYeMbIX BbIXO0B LIS dPHEKTUBHLIX. OCKOIKOB , a 3aTeM
BOCIO TL30BATHCA NPOrPAMMON LI NCPCCYCTa XapaKTCPUCTUK B3AUMOJICHCTBHS HCHTPOHOB ¢ 3 PeKTHB-
HBIMH SICTKUM M TSKCIHIM OCKOIKaMI- HUIAKAMHU. TaK e MOJXKHO BBCCTH B PaCCMOTPCHHC W I'PYHILI Bbi-
ACTICHHLIX OCKOJIKOB [PCAUICCTBCHHMKOB 3aMa3/IbIBAIOIIMX HCHTPOHOB 18 TCX aKTHHIJIOR, U1 KOTOPKIX
K HaCTOSIIICMY BPCMCHH HAKOIIACHA 10CTATOMHAS HIIPOPMALIHS O XapaKTCpHCTHKAX IPEINCCTBCHIHKOB.

AHATMTUYECKOE U YHCJIHEHHOE UCCIHENOBAHUE -
PRJIEN-TEHJIOPOBCKON HEYCTOMYBOCTH
TOHKOI'O XKUJKOIO CJIos

C.M. baxpax, Il Cumonos

Poccuiickuii PpenepanbHbiil AA€PHLIA NCHTy -— BCEpOCCHACKNN HayYHO—MCCNCIOBATENbCKHH
HHCTUTYT KCNICPHMEHTAIILHON QU3HKY, I'. Ap3amac—16

Hcnoawsys npciactaeicnye Jlarpanxa L ypaBrucHUE JUHAMHUKH YCKOPACMOI'O TOHKOIO AU, KO-
ro ¢jios, NoIy4cHbl aaI{IUYCCKHE pernctdd 3ajadM o Peieit TeittopoBekoit BeycrofyHBCCTH HA HC M-
HEeHNIOA B HpoCTpaHcTBe Habimojateid CI3jidK npoilecca. PaccMOTpeHa IBO.LOIMA pasIHYHOIO B
BO3IMYIICHHA B QOPMC €10 ¥ B CKOpOCTSIX ero 3:ieMcirros. JTokasano, 4To cyHiccTByIOr KaK dKCIIOHCHIH-
aJLHO PACTYINME, TAK H OUPAHAYCHHDIE, OCHILTHPYIOHIUC pCIHCHUA. ‘

JaHnniil aHH3 Baked M 1pu paceMorpeiii Peireit- TeRIopoBeKo#i HeycTOHYHBOCTH OTHOCH-
TCABLIO TOJCTOIO CION. 3TO MOJIIBCPASIICICH PCIYIALTATAMH YMCICHHBLIX UCCICAOBANNET IBO LIOUHY BO3-
MYIICHHI KOHTAKTHON IPAMIfilhl NOTYNPOCTPANCTBA CRHMACMON MICAILION AMIKOCTH. Orvcuactes,
470 MENTY ClyYasMH 3aldHHs BOIMYIUICHIH B GOpMC KONTAKTHON 1'PAHHILI FTOTYIPOCTPUHCTBA U B BILIC
HA421bHLIX CKOPOCTCH HMCIOTCS KA9ECTBCHILIC O T IMYHUS.
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PE3YJbTATBI CPABHUTEJNBHLIX HEITPOUHLIX PACUETOB PEMK,
IMPOBEJIEHHDLIX C UCHIOJIB30OBAHMEM KOJ10OB BHUHD®

A.H. I'pebennuxos, A.K. Xumnuxk, O.A. 3senuzopodcrasn, A.B. Kykywgun,
Al Jlazyma, IO.M. Mamsees, A.B. Hukugoposa, A.B. lestuyrui,
H E. llornamapes, BA. Tapacos, I'.I. Papagonmos, J.I1. Pedomosa,
P.M. Hlazaruee, B.A. Hlyuuarun

Poccuitckuit penepanbhbiil saepHbli HeHTP — Beepoccuiickuil HAyYHO—HCCNEAOBATENLCKHA
HHCTHTYT 9KCIICPUMEHTaNbHON PU3ukH, r. Ap3amac-16

B nacrosiice BpeMs Bo BHUMHO® paspaboraiia | ouepein naxkera Juid MOAC/HPOBAHHS B Palib-
HbIX MHOIOMCPHbBIX TCOMEIPUSX NPOLCCCOB, NPOICKAIOIMX B SJICPHLIX HICPIrCTHYCCKHUX YCTAHOBKAX
(AA2VY).

JaHHLII NaKer OpHEHTHPORAll Ha CTALMOHAPIILIC K HCCTALHOIAPIILIC PACUCTLI KAK HOMMHA IHIBLIX
peXHMOE padorht A3V, Tak K HayalLHbIX CTAHMA padHYnoro THNa asapui, BILIOTL JIO HAYala paspy-
INCHHS DICMCHTOB KOHCTPYKI[HH AKTHBHOR 30Hb. B J0KI13,1c KPATKO M3JIOKCHLI HCKOTOPHIC 0COBeH-
noc i merouk 1 nporpam IKPAH u KOPAT 3] yxazaunoro naxera. Iporpasata DKPAI nosgonser
MpOBOHTL pacyeThi dGPCKTUBHOTO KOIPPUIMCHTA PAIMHOKLINS M CNCKIPA HCATPOUCB JUIS pCaxiop-
HHIX JHCPICTHYECKHX YCTAHOBOK B MHOI'OUPYIfIOBOM /IBYMCPHOM KHHCTHYCCKOM NIPHOIIHACHIY.

[Iporpamma KOPAT 3 /1 npejHasiayucHa JUIs YiHCICHIOIC MOACIMPOBalilis HCIIPOHHBIX  [IpoJice-
COB B CTATHYCCKHX U IHHAMUYECKHX PeXHMax paboThl sy(CPHBIX DHCPICTHUCCKHX YCTAHOBOK B TPCXMCP-
HOM TPYNIOBOM [IpPy3HOIIIOM MPHOIHKCIIHH.

ITpuBOIATCE HCKOTOPDBIC PC3YILTATH CPABHMTCIBILIX HCHTPOIHLIX pacucroB peaktopa PBMK.,
BBIMIOSTHEHHLIX B paMKaX KOHTpakTa ¢ Jloc-AnaMocckoR HaumoHaibHON saboparopucii. Pacdcis Bbl-
MOJIHEHB! ¢ HCMONb3OBAHUEM [IBYX OTMCYCHHBLIX MporpamMM, a Tamke npoipamvm WIMS u C-90
(Moute-Kapno BHUUD®). B fowiai BIITIOUCHLI PE2yIbTAThl JBYMEPHBIX PACUCTOB MO MPOrpaMMaM
WIMS, 3KPAH u C-90 syeex pcaxropa PBMK, pacucios xoMmauuu, a Takxe TPCXMCPHBIX PacucTOB
CTaTHYECKUX COCTOSIHUE M HEHTPOHHOW KHHETHKHU 1o niporpamyvc KOPAT--3D.
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YUCAEHHBIE UCCIIEJOBAHUS AJITOPUTMOB
PACHAPAUIEAMBAHUS TPEXMEPHBIX 3AIAY JJHOOY3HU
IEPEHOCA HEMTPOHOB B KOMILIEKCE CATYPH HA
MHOTOITPOLIECCOPHBIX IBM

A.B. Asexcees, H.[]. Cogpponos, J1.I11. dedomosa, P.M. Hlazarues

Poccuiickuil dpenepanbHblid saepHbIH HEHTP — BCEpPOCCHACKHN HAYyYHO—-HCCIIEAOBATEILCKUH
MHCTHTYT JKCTIEPUMEHTANbHOH GUIUKH, I. Ap3amac-16

B pabore paccMaTpuBacTcs aNrOpHTM PacnapajUIC/MBAHNMS  PCIHCHUS TPCXMCPHBIX [PYNMOBbIX
3a7a4 JUGdy3MM ¥ NCPCHOCa HCHTPOHOB Ha Muoronponeccopubix IBM ¢ pacnpejenetnoi namMarbio.
JlaHHble ITOpATMBI pcai3oBanst B Komruiexce CATYPH, npenazHadeiHoM L1 YHCICHHOTO petieHis
TPCXMEPHbIX CTHIMOHAPHBIX M HCCTALMORAPHAIX 32744 HEHTPOHHO-AICPIIOr0o B34WMOACHCTBUA H Iepe-
HOCa HCHTPOHOB B I'PYIIOBOM JMOPYIMOHHOM M KMHCTHYCCKOM NPHOIIOKEHHH.

AIHOpHTM pacnapa’UIcIIMBaHUs ypasHenus mMddy3uu ocHoBaH Ha pasOMCHMH CHCTEMb (10 Npo-
CTPAHCTBY Ha MOA0OIACTH, ¢ HCMOIL30BAHHCM WTEPAIIMOHHOIO MPOIICCCa MO BHYTPCHHMM MPaHUYHBIM
YCIHOBHAM CTElHalILHOIO Bi/Ia, 00CCNeYHBAIOLIMM OC3YCIIOBHYIO CXOAMMOCTb HTEPALMOHHOIO MPOLECCa.

AJITOpHTM pacnapaliic;IMBasus YPaBHCHHUSA OCPCHOCA ABJISCTCA OE3HTEPALMOHHLIM M OCHOBAH Ha
KCMOL3OBAHHY CXEMbl KOHBCHCPHOIO THIIA C MOCIICOBATENLHON 3arPy3KOH MPOLIECCOPOB.

~ Npueoagrcs pesymuTarthl TCCIMpOBalMs AWOPHTMOB DPAaclapa’LIC/MBAHMA HAa OTECECTBCHHOW
§--nmpoueccoprort cucteme MII3, a Takxke Ha 3apyOCKHBIX MHOFOMPOIECCOPHBIX (JIo 256 MPOLECCOPHbIX
WIEMEHTOB) CHCTEMAX C pacnipedc/icHHOR namsteio: Cray T3D v IBM SP2.

PACYETHBIE HCCIIEJOBAHUA MHUIIIEHN
C CHMMETPU3YIOLLMMHU SKPAHAMMU

B. Bamyaun, I. Pemuaoa,'. P. Hlazaaues, JI. Baxaamosa,
O. Bunoxypos, H. Pabuxuna

Poccuiickuil denepanbHblifi AAEPHLIA HEHTP — BcepoCcCHRCKHA HayyHO—UCCIeNOBATENbCKH
HHCTHTYT 3KCIIEPHMEHTANbHON PU3HKH, I. Ap3amMac—-16

JlasHbIE JOKIaA NOCBANLLCH KPAaTKOMY H3JI0XKEHHIO BO3MOMKHOCTEH 1O MOACTHPOBAHHIO MPOLIEC-
COB [epPEeHOCa M3ITy4eHHUS M JHCPIUM B JIBYMCPHBIX 33/1a4aX TEPMOSICPHOIO CHHTE3a, peaTA30BAHHBIX B
pamkax cBmsH koMruickcos CATYPH u MUMO3A u ux npuMeHCHHIO JUIS peUleHUs OJTHOrO Kjacca 3a-
a4 TAKEJTOKOHHOIO TEPMOSIEPHOIO CHHTE3A.
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B xomuniekce CATYPH y4uTL.BaIOTCS ClICOYIOMHKE MPOLECChl:
1. IlepeHOC crIeKTPAILHOTO PEHTTEHOBCKOro H3MYYCHHA H B3aMMO/ICHCTBHC M3TYUCHHS CO CPCiLoH.
2. Ilepenoc 3HepruH JIEKTPOHAMH € YYETOM HEPaBHOBECHOCTH CPEIIb.
3. Hepenoc sHepruH TSOKENIBLIMH HOHAMH M [TOTIIOMICHHE ITOH SHEPIUHM CpEeAoH B 33Aa4aX TIHKCIOHOHHOIO
CHHTE32.

‘B pamkax xommickca MUMO3A paccumThiBacTed Ta30MHAMIYECKOE (BHXEHHE cpell.i. Peam-
30BaHBI CBA3H KoMLiekcos CATYPH 1 MUMO3A 5 nporpaMMe POMHUM, gwTo no3BONSET NPOBOIHTE
PpacdeTsl MPOLIECCOB NEPEHOCA € YYE1 UM IBUIKEHHUS CPe/Ihi.

ITo yka3aHHBIM MporpaMMaM K HACTOSINEMY BPEMEHH ITPOBCNICHB HCCIIEJOBAHHA PAa KOHCTPYK-
LIMH JUIS TEPMOSIEPHOTO CHHTE3A.

B noxiaje mpUBedeHB! pe3yibTaThl YHCICHHBIX HCCIICIOBAHHHE MBYMCPHBIX BO3IMYINCHMH B pac-
NPEICTICHHM PEHTTCHOBCKOTO M3Ty9€HUS HA MOBEPXHOCTH KancCy.Ibl UUIMNICOUNANLHON MHINCHH U TS
JKETOHOHHOIO TEPMOSAEPHOTO CHHTe3a. KOHCTPYKUMA MUIICHH TpeioXeHa yucHbIMH Ppatkdyprcko-
ro yHMBepcHTeTa #H HHCTHTYTa GS1.

HMccitenosanus npoBeicHbl B JBYMEPHOM KUHCTHYECKOM NIPHOMMKCHHH KaK B HETIOJBHXHOH reo-
METPHH, TaK H C Y4CTOM ra30JHHAMHYCCKOro IBWXKEHUS cpcabl. B mepBoM ciiygae Henosb3oBaHb! Opo-
rpamma @O-202 xommrekca CATYPH, Bo BropoM — nporpamma GOMHUM.

B cepuH pacdeToB HecTanMOHapHble NpOLECCChl MEpeHOoca M MOITIOHICHHS HOTOKA 3apPSAKEHHBLIX
YacTHIl B JBYMEPHOH [cOMETpHH KOHBEPTOPa YYHTHIBAIHCHL MO MOJCIH MOLNOHICHAE HOHOB, PEaTH30-
BanHo#l B MeToauke KOHBEPTOP xomrickca CATYPH.

Pesy:ibTaThl pac4eToB AEMOHCTPHPYIOT YYBCTBHTEILHOCTh MapaMETPOB MHINEHH K PalIMHOIO
POIa MOTAPHKALIMSIM 66 KOHCTPYKITHH.
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OINPEJEJNEHUE ABTOKOPPEJISIIMOHHO ®YHKILIMU
PACIIPEJAEJEHUS IVIOTHOCTH BEIIECT3A B IIOIIEPEYHOM
CEYEHUWHU I'PAHUIIBI TEPEMEIIBAHUS
10 MPOEKITMOHHBLIM JJAHHBIM

I1.J1. Boaezos

Poccuiickuil peiepaibHbIi SAEPHBIH UEHTP — BCepOCCHHCKMI HayYHO—UCCIIENOBATENbCKHEH
KHCTUTYT TexHu4eckon ¢pusnky, r. CHexunck, Poccus

»

PaccmoTpelio [Ba MOIXOAa K ONPCACICHUIO ABTOKOPPEIAIMOHHON (YHKUMH pacHpeielietts
[UIOTHOCTH BCHIECTBA 1O NPOCKIIUOHHLIM JaHHBIM:
1. TTo HecKONBLKHM MMPOCKIMAM BOCCTRHABIMBACTCS pachpe/ic;icHHe FEIOTHOCTH BCIAECTBA B [IOMEPETHCM
CCYCHUH, & 3aTCM [0 BOCCTAHOB.ICHIIOMY PACIIPEIEICHUIO OTPEALIIAETCS ABTOKOppeisSHoHHas GYHKIMS.
2. ApToKoppeiaIHontiasg QYHKIHA pacupeAcicH s TLTIOTHOCTH BEIIECTBA HEMOCPEICTRCHIIO ONPEIeIACTCS
o npoexiaM (B IPCACTLIOM CITydae 10 O/11I0H MPOeKIHHU), HCXOAI M3 MPOCKIIMONHON TcopeMn! {1], Ko-
Topas cBa3biBaeT Pyphe NpcoSpa3oBalis NPOCKIIMOHHBIX JAHHBIX H 300paskeHus.

Jina BoccTaHOBIICHHS PAcHpe/ICICHUS A )THOCTH BCIUICCTBA B [OMCPEYHOM CEYCHHH [10 HCCKO:Ib-
KMM MPOCKIMAM (MCXOIS M3 BO3MOXHOCTEH JKCIICPHMEHTa M0 4 [POCKIMAM) HCIOMBL30BATICS METO]l
MAKCUMYMa JHTpoNuU (MYILTHILTMKATUBHBIN aJIrOpyUTM anrebpandeckoil peKoHCTPYKIHH) [2].

[IpoBeneHHble MOJicTbHBIE PACIeThl HA JAHHbIX THIMIHLIX UL JKCTIEPHMEHTOB HCCIEA0BAHHIO
PaBUTAIHOHHON HCYCTOMIMBOCTH MOKA3aiIH, YTO 003 MeTo/la MO3BOJAIOT JOCTAaTOYHO TOYHO OIpec-
JUTb paJHaTbHYIO KOMIIOHEHTY aBTOKOPPESILIHOHHON (BYHKIMH PaclpeAcsiCHIS ILIOTHOCTH BELCCTBA B
nonepedHoM ceucHUM. HyKHO OTMCTUTB YTO BBIYHMCIIMTENLHBIE 3aTPaThl BO BTOPOM METOJE CYUICCTBCH-
HO MCHBITIC 9eM B [IEPBOM.

JTUTEPATYrA
1. Yair Censor "Finite Series-Expansion Reconstraction Methods”, IEEE Proc., v. 71, Ne 3, March 1983.

2. Robert M. Lewitt "Reconstruction Algorithms: Transform Methods", IEEE Proc., v. 71, Ne 3, March
1983.
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DETERMINATION CF AUTO CORRELATION FUNCTION OF
DISTRIBUTION OF MATTER DENSITY IN CROSS SECTION OF
INTERFUSION BORDER ON PROJECTION DATA

P.L. Volegoo

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

Two approaches to determination of auto correlation function of distribution of matter density on
projection data is considered:

i. Using several projections (views) of object under study, distribution of matter density in cross section
is reconstructed, and then using reconstructed distribution, auto correlation function is determined.

2. Auto correlation function of distribution of matter density is directly detcrmined from projections (in
limiting case from one projection), procceding from projection theorem [l], which connects Fourie
transformation of projection data and image.

For reconstruction of distribution of matter density in cross section on several projections
{proceeding from experiment on 4 projections), method of a maximum cntropy (iultiplicative algorithm
of algebraic reconstruction) [2] was used.

Conducted calculations on data typical for experiments on research of gravitationalinstability
have shown, that both methods permit to determine rathcr accurately radial component of auto
correlation function of distribution of matter density in cross section. It is necessary to note that the
computing costs in second method much less than in first.

REFERENCES
I. Yair Censor "Finite Scries—Ex;Sansion Reconstraction Mcthods", IEEE Proc., v. 71, Ne .3, March 1983.

2. Robert M. Lewitt "Reconstruction Algorithms: Transform Methods", IEEE Proc. v. 71, Ne 3, March
1983.
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CTAIMOHAPHOE PEINEHHE I CTPYKTYPBI XI/H\'BOHH
TUTOCKOM AETOHALIMOHHOM BOJMHBI

10.A. Amunos, H.C. Ecoexos, FO.P. Huxumenko, [.H. Perxosanos
« ;
Poccuiickuil pepcpajibHbIH AAEPHBIH LEHTP — Beepoccuiickuil Hay YHO—HUCCNEA0BaTENbCKYU it
HHCTUTYT TexHu4eckoi pusukH, r. CHexuHck, Poccus

B pabote npoBoHIcg CpaBHUTEIBHbIHA alIAIN3 NPUMEHUMOCTH PajIHYHBIX MOACIICH -Pa3/IOKEHUS
reTepOrcHHbIX KOHACACHPOBaHHbIX BB 114 ofiMcaHMg cTPYKTYpbl 30HB PCaKIMH ILIOCKOH cTal{HOHapHOMH
JeroHaionHoH Boimbi. [lapamerpst pearupyitouicro BB onpeaeicHbl 4UCICHHLIM METOAOM Ha OCHOBC
PCILICHHS CHCTCMbl aIeOpauyecKHX yPaBHCHME COBMCCIHO ( 3aJaHHBLIM 32aKOHOM pasjokeHus BB u
YPaBHCHUSMH COCTOSHHS HCXO/HOIO BEHICCTBA M MPOJYKTOB ACTOHALMH. AJNTCOPAUYCCKHC ypaBHCHHS,
cBa3biBatolmc napaMerpst BB u I1B, noiyyeHs! uHTErpHpoOBaHUCM cucre: 1 uddepeiaiibibiX ypas-
HEHUH raso80M JHHAMMKH. .

PaccMoTperHble TONYyIMAMPHIC KUe MOJCIH MakKpOKMHCTHKH jcroHaimuu BB [1-4] orkasiubpo-
Baiibl, B OCHOBHOM, HO 3KCTICPHMEHTAM ¢ HCCTAIUOHAPHONM HCTOHAIWICH M HEIUIOXG GITMCHLIBAIOT MpOLICC-
Cbi MHHUIIMHPOBAHHUS U Pa3BHUTUA JCTOHAIMK NPH yJApHO-BOHOBOM Harpyxesiin. Ha npumepe Hekoro-
pbIX THIOB rereporednbix BB nokasano, 4ro pacyertas 3aBUCHMOCTDL JIaBICiiMs -OT NPOCTPAHCTBCHHOMN
KOOPJMHATHI HC BC:. A4 COOTBCTCTBYET TEOPETH (CCKHM OPEACTABICHHAM M JKCIICPUMCHTAILHbIM aH-
HBIM, JIAKC ECITH pacyeTHoe 3HaYEHHE HIHPHIbl XHM3OHDLI COMIACYETCA € IKCHEPUMCHTATbHbIM. DKCIEpH-
MCHT@JIbHbIE Mpodwi {5}, Ucnonb3oBaliHbie K18 CPAaBHEHHS € pacyeTHBLIMH, [1O;Ty4YeHbl IO pa3padoTaH-
Hoit 8o BHUMT® MetosmKe.
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STATIONARY SOLUTION OF A REACTION ZONE STRUCTURE OF
PLANE DETONATION WAVE

Yu A Aminoo, N.S.Es’kov, Yu.R Nikitenka, G.N_.Rykovanoo

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

This work presents the comparative analysis of applicability of various decompaosition models of
heterogeneous condensed explosives for description of rcaction zone structure of planc stationary
detonation wave. The reacting HE parameters arc dctermined by a numercal method on the basis of
solving algebraic equation system together with the given law of explosive decomposition and equations
of state of a initial explosive and the reaction products. The algcbraic equations, connecting parameters
of explosive and reaction products parameters, are received by integration of a gas dynamics differential
equations system. '

Considered half-empirical macrokinetics models of HE detenation [1-4] were calibrated, basically,
on experiments with non-stationary detonation and describe well processes of initiation and development
of detonation on shock loading. For some types of heterogeneous explosives it is shown that the
calculated dependence of pressure on space coordinate not always corresponds to theoretical
representations and experimental data, even if the calculated value of the reaction zone width will be
agreed with experimental. The experimental profiles [5] used for comparison with calculated ones were
received using a technique developed at VNIITF.
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HEKOTCPBIE CAYYAK MHTEIPHPYEMOCTU NHBAPRAHTHEIX
YPABHEHUM I'A3OVHAMUKH ‘

O.HU. Mopo3sos

Poccuiickuii dpenepanbHblii ANepHbIH HEHTP — BCepOCCHHCKHI HAYyYHO—HCCNENOBATENLCKH
HHCTHUTYT TeXHHYecKol u3uxu, r. CHexuHck, Poccus

HayualoTes ciydau HUTCIPHUPYSMOCTH B KBAApaTypax HHBAPUAHTHLIX YPABIHCHH . O/(IOMEpHOI
JIACPAIDKEBOH JIMHAMUKH noauTponHoro rasa. HHrerpuposatiiie Takux ypaBHelHH cBOAMTCT K mi’rcrpu—
popatimio ypasreHns Abemst eroporo poaa. Jdis nomyvatoluxcst TakUM obpasoM ypaeuciuil Abeas me-
CACIYIOTCs CTy4all MPUBOAMMOCTH K JIMHEHIILIM ypapuenuaM H ypasucuusm bepiyarm. Kpose toro
M3YHArOTCs ClyMaH CYNICCTBOBAUMS JTHIIEIHbIX PCIUSRMIf DTHX ypabicHui. Ji Bcex molyyenunix penie-
nuii ypapncHmi ASCH HAXOAATCS COOTECTCTBYIONIKE PCIICHIIA YPABHCHUT 130 iMHaMuK. 21 peinciin
APCACTABIZIOTCS B BHAC MAAPAMCTPHUYCCKH 3aJaHHLIX QyNKIufi. B nexer DLix crydasx onM cocpxa:
HCOMPC/CICILIC MITCIPAILI 0T HZBECTHLIX QYHKIIHH.

HonyucHsinie anCIMITINCCKAS PLLICHMS, TOMUMO HNOCPCICTBCHHOTO [HTCPecy, MOFYT OniTL tc-

OOIL3CBAHLE /LT KOHTPO:iA DLICOKOTOUNRLIX HCICHIILIN MCTO OB PCUICHIA )’pHBIiClII{f} Taso, (HIIANMHKHK.

SOME CASES OF INTEGRABILITY OF INVARIANT
GASDYNAMIC EQUATIONS

0O.1. Morozou

Russian Federal Nuclear Center.— All-Russian Scientific Research Institute of Techhical
Physics, Snezhinsk, Russia

Cases of integrability arc studied in quadraturcs of invariant equatic-is in one-dimensional
Lagrangian dynamics of polytropic gas. Integration of these equations is reduced to integration of Abel's
equation of the second kind. Abcl's equations obtaincd in this manncr arc examined on reducibility to
linear equations and Bernoulli cquations. Besides, the cases of existence of linear solutions for these
equations are studicd. For all obtained solutions of Abcl's equations, the appropriate solutions of
gasdynamic cquations are detcrmined. These solutions are presented in the form of functions defined
parametrically. In some cases they contain indefinite integrals of known functions.

In addition to direct interest, obtained analy'ical solutions can be used for control over high-
accuracy numerical techniques of solving gasdynamic ecquations.
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TPUMEHEHHE METOA XAPARTEPHCTHYECKHX HAIIPABIEIHIA
C BLLIEAEHKHFM OCOBEHHOCTEN TEYEHHS ISt PACYETA
YPABHEHHH FA30BOMH JJMHAMUWUKH C TEILUIOIPOBOHOCTHIO

A .H. bokos, HH. boxos

Poccuiicknil genepaiibhblil sOepHblil HeHTp — BeepoccHiCKH HayHHO—NCCASA0OBATE ILCKH I
MHCTUTYT TeXHH4eckoli du3nku, r. CrexXHHCK, Poccus

B npescrapienioii padore NPHUBOISICS OCHOBIHLIC YPABICHHA MCTO/12 XQPAKTCPUC IHYCCKIX Ha-
ﬂpaB,[C[ﬂIﬁ H &‘U‘Op!f[’ﬂ“:l BLLICIICHHA CHILHLIX H c1adLIx p43pLIBOB. Oﬁcyﬂ{,}ﬂ”()'l'cﬂ OCO()’CHHOCTH pcruae-
Iills ]UHCPE}‘QJH‘{CCKKK COCTABIAKOIIIUX CHCTCMLL )’pEBHC‘UHﬂ, OHHCI)lBLUOIHCﬁ HCBSI3KOC IBIUKCHHC TCI 10~
TIPOBO.1HOTO 1232 ‘

OCHOBHOC O1.IHUHE OF NMPOKO HIBCCTHLIX CCIOMHO XAPAKTCPHCTHICCKIX MCTO 10, H3.[0KCHHBI
2 Mool padii [1], COCTONT B [OM, Y10 PCILCHIC CTPOHICA HA YCILIPCX HE3UBHCHMDIX CCTOYILIX MIIOKC-

JTE

L

|

2l 1cpoRa ceixa Had o Jens;

CUTK XapaKTTPHC THK, COOTBCICTBYIOHIAS COOCTECHIIOMY uHCTy (4 — a),

SULRE NAPAKTCPHOTHR. COUTBCTCIBYONAN COGC[SL‘HHOM}' YHCTY W

CUiXa XapaxTCPHCIHK, COOTBCTCIBYIOHIag cOOCTBCHIMOMY HBC Ty (1+ a).
icpBO€ MHOKCCTBO MOACT O1CYICIBOBuTh.

Onpeicgionian cHeTeMa pa3iOCTHBIX YPUBICIIMH 3AIMChIBACICS B BILIC KOHCUHLIX PHPAIGCHUE
{OHCCPBATHBHLIX 32BHCHMDIX NCPEMSILIX BJOIb XApParICpHCIHYCCKiX vanpasacinit. T .kag dopua
IPEICTABICHMA PCLUCHHA HC MPHBO,MT K MOSBICHIIO OVPAHHUCHMIT 113 BPEMCIHIONA Al THIIA yCIOBHA
Kypabta 4 10380:1cT NpOocIe T 00pa30BaHIE 1 IBO:OIHIO CHIILIHbBIX Pa3phIBOB.

O.iMyHC OT KJIaCCHYCCKOIO MCETO.{d XAPAKTCPHCIUK [2] COCTOMT B TOM, Y10 PACCMATPHBAIOTCS
[(POU3BOIbHbLIC YPABHEHHS COCTOSHHUA H CCTOUHOT PCINCIHIC CTPOUTCS HA OJMH MOMCHI BpCMCIH. D10
NO3BOILCT MPUMCHSTh HCIBHDLIC MCTOAb! PELIEHHS Nap:iGo IHUCCKHX COCTABIIOMIMX HCXO/HOW CHCTeMbI
ypaBHEHHIL.

JTUTEPATYPA
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APPLICATION OF METHOD OF CHARACTERISTIC DIRECTIONS WITH
DISTINGUISHING FLOW PECULIARITIES TO CALCULATE EQUATIONS
OF GAS DYNAMICS WITH HEAT CONDUCTIVITY

D.N. Bokou, N.N. Bokou

Russian Federal Nuclear Center — All-Russian Scientific Reseafch Institute of Technical
Physics, Snezhinsk, Russia

The paper presents major equations of characteristic directions method and algorithms of
distinguishing strong and weak breaks. Peculiaritics are discussed of solving hyperbolic components of
system of equations describing non-viscous motion of heat conducting gas.

A main dissimilarity from the widc known mesh—characteristic methods described in monogra}ih.
[1]involves the fact that the solution is constructed on four independent nfesh sets:

- Eulerian observation mesh; '
- mesh of characteristics corresponding to cigennumber (4 - a);

- mesh of characteristics corresponding to eigennumber u;

- mesh of characteristics corresponding to eigennumber (¢ + a);

The first set can be absent.

The determining system of differcnce equations is written in the form of ﬁmte increments of
conservative dependent variables along the characteristic directions. Such form of presenting solution
doesn't lead to emergence of limitations on time step of Gurrant condition type and enables to track
formation and evolution of strong breaks. '

Dissimilarity from the classical method of characteristics [2] is that arbitrary, equations of state are
considercd and the mesh solution is constructed for one time moment. This enables to apply implicit
methods of solving parabolic components of initial systcm of equations.

- REFERENCES
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Problems of Gas Dynamics", Proceedings of MIAN USSR, v.58.



2 m—u@l . \i/
| JOCCORIA : ﬂ)ﬁe
JEgERT—— 1IN

O BOBMOKHOCTAX CHUAKEHHA 1 HIEHTUDOHKALIUH
CENCMHUYECKOI'O CUTHAJIA TT1OJI3EMHOI'O SI/IEPHOI'O B3PbIBA

B.A. Buuenxos, H.C. XKuaseaa, I'.B. Kosarenko, H.H. Kysneyosa,
B.®. Kyponamenro, A.B. Cxosnens, JI.B. Xapduna

Poccuiickuii ¢penepanbHblil AAepHBIH HeHTp — BceepoccHiickuii HayYHO-HCCIEOBATENILCKHH
AHCTUTYT Texauueckoil ¢usuxu, r. Crexunck, Poccus

[MpeacTaBiaIoTCs Pe3ybTaThi PACUeTHO-TEOPETHUYCCKOTO HCCIICAOBAHUS CEMCMHMICCKOTO BO3CH-
CTBHS KaMy(QJIETHOTO MOA3EMHOrO SACPHOrO B3pbiBa (Ha Oa3c pacyeTOB ¢ CHCPUYECKH-CHMMETPUIHON
MCCTaHOBKE) B: BO3YIMHDIX MOJIOCTAX; MATKOM [OPHCTOM IPYHTC THIIA & CUOBHUA; fI0IOCTH, 3aMOIHCHHOM
TTOPUCTHIM MaTepHAIIOM, TPagHTOM, B YaCTHOCTH.

Mony4enn! cileayrouide’ HoBble pe3yibTarbl. CylecTBYeT Ppajdyc BO3IYUIHONK [1OJIOCTH,
~ 32 M/KT'3, ocrabisiomicH ceicMH4CCKHI CHPHAT MaKCHMAILHbIM obpasoM. B eilyuae yBeauucHus pa-
IfHyca TONOCTH K0d(dHUIMEHT ACKAIUIMHIA CIIKACTCS OTHOCHTCILHO Cr0 MaKCHMATLHOrO 3HadYcHHS, B
npejiesie — Ao 2.5 pa3. Takas aHoMams odbacHACTCS CIOXKHDLIM XapaKTepoM noseieHus xoadduiienra
I'prouaitseHa Bo3jryxa. [1per1okeHa MoIcTb 0cIadICHHON B OKPECTHOCTH MOJIOCTH TOPHO# NOPOJIBI, M10-
3BOAIOINAN YJIOBICTBOPHTCIBHO ONHcaTh JlaHHbic daMcepHKaHcKUX {Commou/CrepnuHr) M COBCICKMX
{AIII/AIII-2) saepHbIX B3PBIBOB B COMIM M COJIHBIX Kynosax. [TokasbisacTes, 4To BO3MOXHLI TakHe yc-
JJOBHS MPOBEJEHHS B3pbIBA B AJLTIOBUH, IPH KOTOPbIX CEHCMMYECKHIA CUTHAT Ha MajbIX YacTOTaX Mpax-
1H4YecKH HcdesaeT. CeHcMUYecKue HCTOYHUKH SCPHOIO M XMMMUCCKOI'O B3pbiBa B CKATLHBIX H MONY-
CKAIbHBIX TOPHBIX MOPOJaX MPaKTHYecKH HepasmuuuMbl. OJ(HAKO, NPH B3pbIBE B a/UNOBMH JTH HC-
TOYHHKHM MOTYT CYIICCTBEHHO pa3nyarbes. CyuiecTBYyeT cxema pasmeiicHus rpaduta ¢ nepeMenHo
[LIOTHOCTBIO B MOJIOCTH, Maccod ~ 16 T, No3BOJMIONIAS CHUBHTEL CCHCMHYECKOC BO3ACHCTBHC SICPHOIO
B3pbiBa B MOJIOCTH pamdycoM ~ 7 M/KT3 B ~ 6 pa3 (oKpyxalolias cpciia — rpanur). ['padur ¢ niotHo-
ctoio 0.01 r/fcM3 B nonoctH paauycoM 15 M/KT!? ocnabisier ceHcMH4ecKyio 3PQEeKTUBIIOCTL B3PHIBA B
rpanute 6osiee yeM B 50 pas. .

Pa6ota BoinosiHeHa B paMkax npoekta MHTL] 001.94. Pacuerst ObUIM npoBeeHbI MO [IPOrpaM-
mam CITPVYT [1} u BOJTHA {2]. B noxiaa BunoyeHbl HCKOTOPLIC pe3ysLTaTsl U3 pabotsl [3).
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ON REDUCTION AND IDENTIFICATION OF SEISMIC SIGNAL
OF UNDERGROUND NUCLEAR EXPLOSION

V.A. Bychenkou, N.S. Zhilyaeva, G.V. Kovalenko, I.I. Kuznetsova,
A.V. Skouvpen’, L.V. Hardina

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

The results are presented obtained in the course of theoretical-simulation study of seismic effects
of a contained underground nuclear explosion (on the basis of simulations for spherically symmetric
(ormulation) in: air cavitics; in soft porous grounds of alluvium type; in cavities filled with porous
material, in particular, with graphite. The following main results have been obtained. Air cavity
exists which reduces the seismic signal maximally and its radius is =32 m/kt!?. When the cavity radius
increases, decoupling factor decreases with respect to its maximum value by'a factor of maximum 2.5
times. Such anomaly is explained by complicated nature of air Gruneizen coefficicnt behavior. The modci
of weakening of rock in cavity neighborhood is proposed. This model allows to describe satisfactorily the
data of American (Salmon/Sterling) and Soviet (AIII/AIII-2) nuclear éxplosions in salt and salt cupolas.
The feasibility is demonstrated of conducting an explosion in alluvium so that scismic signal at jow
frequencics practically vanishes. In rocks and semi-rocks seismic signals from nuclear and chemical
explosions practically can’t be disciminated. However, if-explosions are carried out in alluvium they could
be essentially different. The scheme exists for emplacement of =16t of graphite with variablc density in a
cavity which allows to reduce the seismic cffect of the nuclear explosion in cavity with the radius of
~ Tm/kt'3 by a factor of ~6 (with granite as a surrounding medium). Graphite of 0.01 g/cm? density in
cavity of 15 m/kt'3 radius reduces seismic effectiveness of explosion in granite by a factor of more than 50
times.

The work was fulfilled in the framework of ISTC Project 001.94. -

SPRUT (1] and VOLNA (2] codes were used for simulations. The paper includes some results
from Ref. 3.
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KOHEYHO-PASHOCTHAS METOJAMKA PEIHEHUA
YPABHEHHA BJIACOBA

0.C. upoxoscxkan, E.B. lusnkosa

Poccuiickuil penepanbHbiil iaepHbIi UEHTP — BcepocCHACKHHE HayYHO—MCCREN0BATENLCKHI
HHCTUTYT TexHu4ecko# ¢usuku, r. CHexuuck, Poccus

[MepBhic MyOAMKALMH, OTHOCSUIMECH K YMCICHHOMY MOJCIHPOBAHHIO ILIA3MCHHBLIX MPOHECCOB.
noasuach B 1956 rogy. UHrepec k gu3uke niiasmpl nepexisi cBoi nux B 60- 70 rogax u3--3a 3a1ad4, cBg-
3aHHBIX € [POrPaMMOHl HCMOIL3OBAHUA SHEPIHH YNPABIACMOIO TCPMOAICPHOIO CHHTE3Aa H H3YHYCHHSA
\{ATHUTHOI'O HOJIA B OKOsI03eMHOM npocTpaHctse. B 80-90 ro/mi paspaboTaliHbic paHee METOIMKH ObLTH
NpHMeHeHbI TIa MoJepoBamus IMHU, KoTopblil 0Ka3LIBACT 3HAUMTEILHOE BAMSHHE HA YICKTPOHUKY
KOGCMHYECKOH TEXHHKH.

J1a mpoBeicHUS YMCIEHHBIX HcciacloBaHuii asiicaus OMU Bo BHUHT® 6bu1 paspabotan
BuITHCTTUTeMbHb koMmuieke EMC2D. Tporpasva EMC2D npeHa3sHaucHa 118 caMoCOrIacoBaHHOIO
YMCIICHHOTO PEIICHHUS CHCTeMbI YpaBHeHHI MakcBeria—-Biacona.

B aanHO#H pabote H3NOXKEHA KOHCTIIO—-PA3HOCTIlds MCTOAMKA pelicHdA ypaBHeHus Briacopa.

Ypapueaue Bracosa B ABYMEpHOH fIOCTPAHOBEC NPHBCICHO K AUBEPrEHTHOMY BHITY.

H3iokeHa yucieHHas NOCTAHOBKA 3aJa4U, OCOOCHIIOCTH I'PAHHYHBIX YCUTOBUIH B Pa3sHOCTHOH MH-
TepripeTaiidu. JUIS yMeHbieHus HOTPEHIHOCTY HCMOIIL30BAlA CHMMCTPH30BAaHHAS CXCMA PacHCIUICHUS.
PassoctHoe npubauxkenue BgdepcHUNATLHBIX ONCPAaTOPOB NPHBCICHC K NMOTOKOBOMY BUIY. XapaKkTep-
HOMY [UIS JMBCPreHTHBIX ypaBHcHHH. [IOTOKH IIPOCTPaHCTBEGHHBIX ONRECPATOPOB HCIQNILIOBAHLI 1%
pacyeTa TOKOB Ha IPaHsaX g4ecK.

MpuBeaeunt napamerpsl 6a30soit cxembt TANa TVD TpeThero nopsiika TOYHOCTH, HCMOIL3OBAH-
HO# TpH MOJEIMPOBAHUH OTIICIUICHHLIX YPAaBHCHUH.

BLiGop c4eTHOUO 1Hara NpousBOAMTC, HCX0ad U3 yciioBua KypanTa s NpoctpaHCcTBEHHBIX Ofic-
paTopoB. Jlua Bbino:aHeHus yciosus KypaHTa B npocTpaHCTBE HMITYJILCOB NPCXYCMOTPCHO JPOOJICHHT
BPEMCHHOI'O IATa.

INpusefchn! oJHOMEpHLIH H HBYMCPHbEd HHCIICHIBIC TeCThl, NOTBEPKIAIOUIHC YAOBICTBODH-
TeJIbHble CBOACTBA Pa3HOCTHOIO MCTOMA.
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MOJIEJIMPOBAHUE YITPYTO-TUIACTUYECKUX JE®OPMALIMI B
JIATPAHIKEBBIX KOOPJIUHATAX

C.K. Bypyuenko

Poccuiickuit denepanbHblii SAEPHBIA UEHTP — Bcepoccuiickuil Hay YHO—HCC/IeAOBATENbCKU
HHCTHUTYT TeXHUYeCcKkO# pusuxu, r. CHexxuHck, Poccus

PaszpaboTana BbIMUCIMTCIbLHAS OPOrpaMMa JUIS YMCICHHOTO MOCIMPOBAHHS 3324 MCXaHHUKH
CIETOMIHBIX CPE/l ¢ YYCTOM GOJILUMX YIPYrOMIaCTHUCCKUX jedbopMatyil. [l peuicins 3ajauy  HCno:-
3yeTcs ABHbI JMarpamxeBbi  MCTOJl KOHECYHLIX 3CMEHTOB. AJTOPHMTM MNePeCTPOCHHS KOHTaKTHBIX
I'PAHUI] [O3BOJIACT B JIANPAHIKCBBIX MCPCMCHHLIX MOICIMPOBAThL 33a4H BHICOKOCKOPOCTHOIO COYape-
tus. Tpueeedbl pe3yIbTaThl pacyera HCCKOMIBKHX 33/a4: MPOOMTHE CO CKOPOCIBIO 5 KM/C OCKOIIKQM
Operpabl; BHCAPCHHC MyJH B MHOIOCIIOHIIYIO Mperpady; y/Aap KOCMMUCCKOTO amIiaparta O Mperpaiy.
Pe3yipTaThl pacyeTOB CPaBHUBAIOTCA € JAHHBIMH JKCIIEPUMCHTOB. '

OIIBLIT CO3JAHMA ITAPAJUIEJILHO ITPOTPAMMBI JJ19 PEHIEHA
3AJIAY MAT®U3HUKM B PACIIPEJJEAEHHON
BBIYUCJIHUTEIbHON CPEIE

A.M Anukun, A.IO. Bucapun, H A. Fopbamosa, B.M. I'pu6os, A.B. Kux

Poccuiickuii penepanbHbIi sAEpHBIN HEHTP — Beepoccuiickuii HayyHO—HCCNENOBATENbCKHH
HHCTHUTYT TeXHHYECKOM Pu3nk#, r. CHexunHck, Poccus

B nacr smee Bpems OBM Mano#i u cpeaHedt TpOH3BOMTEILHOCTH OOL.4HO OOBE;MHAIOTCS B |
JoKanbHble BhlyuomTenbHbie cetH (JIBC). Kaxayio Takylo cerb MOXHO paccMaTpHBATL KAK C/L.iiblil
BLIMUCITUTEIILHBIA pecypc, B Y4eM—TO aHANOTHYHLIA MHOTOMpPOLICCCOPHOH napaticibHol DBM. Anatoru
MPOIIECCOPOB — 3TO YIbI ceTH. JlaHHas 3aj1aya 3aClyKHBacT BHUMaHMs B CHY IHHPOKOH pacmpocTpa-
HeHHocTH JIBC M nocTosHHOTO HapaliMBaHHs KaK MOIIHOCTH OTHOCHUTEIBLHO ACUICBLIX €C KOMIIOHCHT,
TaK H NPOIYCKHOM CIIOCOOHOCTH KOMMYHHKAIIMOHHbBIX CPE/ICTB.

ABTOpaMH JaHHOH paGoﬁl 6bUTH co3qaHbl 6a30BbIC CPEACTBA IS OPraHM3alMH NMapa vIeIbHbIX
Boryucitenuii B JIBC Ha pasmuunbix THnax OBM non ynpasienuem OC Unix. Habop Takux cpeiacre
IIaeT BO3MOXHOCTb pacyeTa 3a/ila4 B MapaUIETbHOM PEKHME, a TaK K€ NPOU3BOAMTH OT.IAJKY HOBbIX Ma-
PAUIC/ILHBIX [IPOrPaMM, [IPCAHA3HAYCHHBIX [ HCMOIL3OBAHHS Ha PEIbHBIX  MIIOTONPOUECCOPHBIX
OBM c pacrnipesiesieHHol namaTbio. MHTepdeiic mpukiaHLIX IporpaMM Ha ocHoBe THe3d Bepkm pea-
-m3o0BaH Ha 13bike Cu 1 opopMIIeH B BUe OUOIMOTEKH MPOLETYP.
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C H“cnosL30BaHHCM JAHIIONO 11.KCTA CO3/IaH KOMITIEKC MPOrpaMM jUISt pacycTa JABYMCPHbIX 3ajay
1 230BOIl (MHaMHKHU C TCILIONPOBOIHOCTBIO B 06JIACTAX €O CIOKHON rcoMeTpuch. JLng pacnapasviciusa-
Hidd BLIYMCICHMH [IPMMCHCH MCTOJX [COMCIPMYECKOH JCKOMIO3HMIMH ¢ BBCJICHUCM BHYTPCHHMUX Ipa-
HHB1bIX YCIOBHH.

B sox1ajge npuBogarcs KodpOHIMCHTb! YCKOPCHHS M 3QQCKTUBHOCTH HCMONIL30BAHUA pacripe-
JICCICHHOM BBIYHCGIMTEILHOH CHCTeMbl IpH pacueTax B JIBC ¢ pasHbIM 4HMCIOM U . UNIAMU Y3JIOB.

EXPERIENCE OF CREATION OF THE PARALLEL CODE FOR THE
SOLVING OF MATHEMATICAL PHYSICS PROBLEMS IN DISTRIBUTED
COMPUTING ENVIRONMENT . |

A M. Anikin, A Yu. Bisyarin, I .A. Gorbatova, V.M. Gribov, A.V.Kim

Ryussian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk. Russia

At present computers of small and average productivity arc usually united in computer local-area

Each nctwork can be considered as a united computing resource, that is similar in

~mivihing to multiprocessor parallel computer. Units of a network arc analogues of processors. The given

sooriony deserves  attention because widespread of LAN and permanent increasing as capacity of its

clv cheap components, and as channel capacity of communication hardware.

Base means for organization of parallel calculations in LAN on varicus types of computers under
33 Unix management was created by authors of given report. The set of such mcans makes possitic
~oth calculations in a parallel mode, and debugging of the new parallel programs, intended for the use
on real multiprocessor computers with distributed memory. The aplicated programs interface on the basis
of Berkley Sockets is realized on the language C and is made out in the form of library of procedures.

The program for calculations of two-dimensional problems of gas  dynamics with
heatconductivity in the complex geometry domains is created with the usc of a given library. For
narallelizing of calculations a method of gecometrical decomposition with the introduction of internal
boundary conditions is applied.

Factors of acceleration and efficiency of the use of a distributed computing system in calculations
on LAN with different number and types of units are represented in the report.
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PACYET KPUBBIX ILIABJIEHVS Y1 IAPAMETPOB YJIAPHOI'O
CXKATHSA XJIOPITPOM3BOAHBIX METAHA

B.B. Jlpemos. J.T. ‘Modecmoe

Poccuiickuit denepanbHblit saepHbIi HeHTPp — Beepoccuiickuii Hay4HO-HMCCIIEIOBATENBLCKH
HHCTUTYT TexHHU4Yecko#l pusuky, r. CHexuHck, Poccus

MoenbHoe ypaBHEHHE COCTOSHUS XJIOPITPOM3BOAHBIX METAHA CTPOHTCA HAa OCHOI ¢ BApHAIMOH-
Hoit Teopym Bosmymenmii [I]. Hemocpeacrsenno i pacycTos HCTIONL3yeTes npeToxkeiHoe PoccoM
pazioxenuc cBoboHOM JHEepruu ¢ 6a30BbIM NOTEHUHAIOM TBEp/IHIX cbep ¥ ¢ KOPPEKTHPOBKOIL Ha CO-
[JIACHE C PC3YIBTATAMH KOMIIBIOTCPHOTO MOJICHHMPOBAHMS CHCTEMbI YACTHL B3aUMOICHCTBYIOUIMX I1O-
cpesicTBoM noTenimana R-12 [2]. Jing onucanus B3aMMOACHCTBUS MEXIy MOJIEKYIAMH B XaHHOM pabore
MCTIONL30BANIC MoTeHHUal exp—6 [3], KOTOpblf XOpouIo™ OMHCHIBAET HaHHBIA Kiiacc semects.  Jias
pacyeTa KpUBbIX [UIABJICHHUS MCIIONL3YeTCS aHaIol 3aKOHa IUiapienus JIui icMana, a MMCHHO, MOCTOSH-
CTBO MapaMETPa YNAKOBKH BJOIb KPUBOMH ILIaBJICHUA (BepHEE WIS XHUIKOCTH HYXKHO FOBOPHTb O KPUBOI
satBepacBaHus) [4]. B pabote npoBomuTcs cpaBHeHHE € SKCMIEPHMEHTATLHBIMU JAHHBIMH [10 TLIABJICHHIO
XJIOPIIPOM3BOHBIX MCTaHa NIPU HU3KHX JaBieHusXx. [TokasaHo, yTo [mxiopMeTaH U X;1opodopM ocTaroT-
¢l KHIKHMH NpU yIapHOM CXKATHH, 9TO KACACTCH YETHIPEXXIOPUCTOTO YIIIEpO/ia, TO Yke NPH HUIKHX
JABICHHMAX OH MCPCXOJHMT B TBEPOC COCTOSHHE H  [UTABHTCS TONLKO TIPH  JABJCHHAX MOpSIKa
25-30 I'Ma. :

JAna omacanus 3KCTICpHMCHTaJIbelX JAaHHBIX 10 YIAPHOMY CKAaTHIO [S5] MpU BLICOKHX JaBIEeHHAX
rJic yrapHbie agabaThl XIIOPHPOU3BOJHBIX METaHA UMEIOT H3JIOM B MOJIETh ObUIa BBEACHA JIMCCOIIIALUS.
JUla onucaHus MHOTOK( IIOHEHTHOH cMecH GbUIa MCMONML30BAHA OJHOXUJKOCTHAS MOJENh BaH-Aep-
Baambca (cM. Hanpumep {3]). [ToxasaHo, 4To B 067aCTH M30OMa IKCHCPUMEHTAILHBIX YAAPHLIX agHabat
CYUIECTBEHHYIO POJib HIpacT HePaBHOBECTHOCTh. CpaBHEHHE C IKCTIEPHMEHTANILHLIMH 3HAYCHUSAMH TEM-
nepatTypbl yaapHoro $bpoHTa [6] nokassiBaeT , KpoMe TOro, BIMSHHE KoJebaTeLHOM peraxcaluy Ha pe-
3yJIbTaThl H3MCPCHHI. IPH HUSKHX TeMIiepaTypax. [IpuBoauTcs TakiKe CpaBHEHHE PACUYCTHOMN U IKCIICPH-
MCHTAIbHOH C"OPOCTH 3BYKa [6] 3a ¢ppoHTOM yIapHOH BOJNHEL

. _
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CALCULATION OF MELTING CURVES AND PARAMETERS OF SHOCK
COMPRESSION OF METHANE CHLORINE DERIVATIVES

V.V.Dryomov, D.G.Modestoo

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

Model equation of state for methane chlorine derivatives is constructed on the basis of variation
theory of perturbations {1]. Directly for the calculations we use proposed by Ross decomposition of free
energy with base potential of solid spheres and with correction for agreement with results of computer
modelling of a system of particles interacting through potential R-12 [2]. To describe interaction between
molecules potential exp—6 was used in this work {3] which describes this class of substances well. To
calculate melting curves analog of Lindeman's law of melting is used, namely, constancy of package
parameter along the melting curve (for liquid we must speak about solidification curve) {4]. The paper
provides comparison with experimental data on melting of methane chlorine derivatives under low
pressures. It is shown that dichloromethane and chloroform are liquids under shock compression. As to
carbon tetrachloride, even under low pressures it transforms into solid state and melts only under
pressures on the order of 25-30 GPa.

To describe experimental data on shock compression [5] under high pressures where Hugoniots of
methane chlorine derivatives have a break, dissociation was introduced into the model. To describe a
multi-component mixture we used one-liquid Van der Waals's model (see, e.g., [3]. It is shown that in the
region of experimental Hugoniots breaks a considerable role is played by disbalance. Comparison with
experimental values of shock front temperature [6} besides that shows influence of oscillatory relaxations
upon measurement results under low temperatures. Comparison is also given of calculated and
experimental sound velocity [6] behind the shock front.
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HEYCTONYMBOCTDL U TYPEYJEHTHOE ITEPEMEININBAHUE
ABJIITUBHO YCKOPSEMOI'O TOHKOI'O CJIOA

B.E Hegsaxaes, B.A Jlnxoe, E.A JIazuna, B.A.Mypawxuna, A.®_Hodkopamosa,
B Jl Dposoe, A.H llyuirebun

Poccriicknit Geaepanbablil saepHBIA [IeHTp — Beepoccuiickait HaydHO—HCCIeNOBATENLCKHA
HHCTHTYT TexXHHYeckol (usuxu, r. CHexuHck, Poccus

JBymeprnic pacternt no xoxy TUI'P noxrsepiuim OCHOBHOM pe3y/IbTaT TEOPETHYECKHX HCCIe-
JloBaHHH o0 OrpaHUICHHH POCTa BO3IMYIHCHWN Ha (PPOHTE MCHAPEHHUS, KOTOPOE BO3HHUKAET B IUTOCKHX
MHIEHAX, ~5Ty92eMbIX IOTOKOM JJA3EPHOLO CBETa B PEAKHME YCKOPCHHOTO IBHKCHUS GpOHTa abIAuHH.
Pacaerio moka3aHo, T10 MHKPEMEHT ¥, XApaKTCPU3YIONUiA pOCr BOIMYINCHUH, JOCTUIAET CBOETO MAKCH-
MAILHOIO 3HAYCHHA Y, MPH HEKOTOPOM 3HA4YCHHM BOJHOBOIO 4HCJIA K,, OMPEICIAEMOro MCXOJHBLIMU

_ MapaMETPaMH 3a/1a94 — YCKOPEHMEM Ha (PPOHTE UCHapeHHst g M CKOPOCTbE UCTIapeHus u,. Kagectienno
M KOIMICCTBCHHO 3TO COLJIACYETCH € TCOPCTUICCKHMH pe3yIbTaTaMH, MOJYYCHHBIMY paHee PSAIOM aBTo-
poB. PacuerHo nokasaHo, 9ro-npA k > Kk, KaK 3TO H CJICAYET H3 TCOPHHM, HMECT MECTO yMeHbIIeHHE
HMHKPEMEHT2 BIUIOTH O HYJICBOTO 3HAYCHHS.

OcymecTriesio MONeIMpOBaHHE TYPOYJIEHTHOrO rnepeMeinnBaHua Ha Oase KE — wmoaemn. [Ipu
OBy eHMH TUTIOCKOH IUIACTHHB! YCTRHORICHO, YTO y4eT ¢popMymbl Takabs B MojeiM TypOyJeHTHOrO ne-
PEMCIIMBaHMA CYIIECTBCHHO BIMAET Ha MpOLECC MEPEMEIIHBaHMUA, 3¢pdeKTUBHO yMeHbInasi Koaddum-
€HT a; B hopmMyle mepeMemuBanus L = a g1? B 25 pas.

HpoBeicHO TCOPCTUIECKOE H THCTICHHOE HCCIICIOBaAHUE BIMAHHA TYPOY;ICHTHOIO NEpPEMEIIMBAHHUS

.

Ha COCTOSHHE CXATOM YaCTH IIIACTHHBL

INSTABILITY AND TURBULENT MIXING IN ABLATIVELY
ACCELERATED THIN LAYER

V.E. Neuvazhaev, V.A. Lykoo, E.A.,Lyagind, V.A. Murashkina, A.F. Podkorytova,
V.D. F(alov, A.N. Shushlebin

Russian Federal Nuclear Center — AI]—RL‘I.SSL“:I‘I‘I} Scientiﬁé Researcli: iiistitute of Technical
Physics, Snezhinsk, Russia '

Two—dimensional calculations of TIGR code -erified the basic result of theoretical investigations
related to the limitation of perturbation growth at the evaporation front which occurs in the foil exposed
to a laser flow in the mode of accelerated movement of ablation front. Calculations show that increment y
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characterizing perturbation growth rcaches its maximum value y,, for some valuc of wave number %,
which is determined by problem initial parameters — acceleration on evaporation front g and cvaporation
velocity u,. This is in good qualitative and quantitative agrecment with theorctical results obtained carlier
by a number of authors. Calculations show that for A>£,, increment decrease down to zero takes place as
it follows from the theory. Simulation of turbulent mixing o:: the basis of KE -model was accomplished.
While exposing a plane plate, it was ascertained that account for Takabe for.ula in turbulen. mixing

model affects substantially mixing process, reducing effectively coeflicient a, in the formula of mixing

0

L=aogt:' by a factor of 25. Theoretical and numerical investigations vere pursued related to turbulent

mixing influence upon the state of compressed part of the plate.

MATEMATHYECKOE MOJAEJINPOBAHUME TYPBYJEHTHOI'O
HNEPEMEINIMBAHNMS I'PAHUIL PA3JIEJIA C UCITOJIB3OBAHUEM
HOJYIMIIEPUYECKUX MOJIEJIEN

B.E Heysaxcaes

Poccuiickuil penepaibHbIA aAepHbIA HEHTP — Bcepoccuiickuit Hay4HO—-HCCIENOBATEIILCKUH
HHCTUTYT TeXxHu4ecko pusuku, r. CHexuHck, Poccus

PaccmaTpuBaroTcs TedeHUs HEBSA3KOH COKMMAcMOil TCITIONPOBOAHOM JKMIKOCTH, OMHChIZaEMbIC
YPaBHEHHAMU ra3oBOH JMHAMHMKH ¢ HEIMHEHHOH TerulonposojiocTbio. MMeloTcs rpaHMip! paspena c
PC3KO H3MEHSIOMUMHUCH PU3HICCKUMH CBOHCTBAMM, TaKWe KaK YyAaplible BOTHBI, (PPOHTHI UCTIApCHUA,
KOHTAaKTHbIEC PAaHULbl. DTH IPAHHIL] MOIYT CIyAKHMTH HCTOYHHKOM HEYCTOWYUBOCTH, IIPHBOJIAIMM K
PaspYLUICHHIO U PasMbITHIO. 3aJa9H NOXOOHOrO pojia BO3HUKAIOT, HanpuMep, B npodieme JITC npu cxa-
THH CIOMCTHIX MUIIEHEH, a TAKXKE B aCTPOPH3IHKE.

[MpsaMoe yKciicHHOE MOIETMPOBAaHHE HATAJIKMBACTCA Ha TPYAHOCTH, CBS3aHHDIC C ONTMCAHUECM BCe-
ro CreKkTpa BO3MYLICHHH, OCOOEHHO €ro KOPOTKOBOJIHOBOH YacTH, KOTOpas MOXKCET MI'PaTh CYINECTBEH-
HYIO POJIb B DOPMUPOBAHHH OCHOBHOTO TeYCHHs. B 5THX Clydasx, Korja cTeneHb HeyCTOHYHBOCTH JIBH-
KEHUS ONpeAesIseTcs KOPOTKOBOIHOBBIMU BO3MYLICHUSIMM, OCHOBHbBIC YPABHEHUN JBVDKCHUS JIOMOJNHS-
IOTCS HOBbIMH JMCCUNATHBHBIMHU IIPOLICCCaAMHU, MTOIYYCHHBIMH TyTeM OCPEJHEHUS UCXOIHBIX YPaBHCHUMA.
JTH npolieccsl aHATTOIMYHbI BA3KOCTH, TEIUIONPOBOIHOCTH U Juddy3un ¢ KooQdHIIMCHTAMH, UL ONpe-
JieJIEHHS. KOTOPbIX BBIBONATCA CHELMANbHBIC YPABHCHHs, OCHOBAHHBIC HA 3aKOHAX COXpaHEHHd JUIA Typ-
oynenrHoro tedcHuss — KE ypaBHeHus. B jmoxiiage Ha pslic TcCTOBBIX 32/[@a4 U3Y4aIOTCH OCODECHHOCTH
[peiaracMo# MOJIEJIM, TEM CaMbIM YCTaHABIMBAIOTCS TPaliMUbl €€ IPUMCHUMOCTH.

42



S P )
e gacamiot-ng 20
P03 = =

\ .
EN Focmme

MPOI'PAMMBI BOCCTAHOBJIEHMS TOMOTI'PA®UYECKOI'O
U30BPAKEHS 10 HEITOJHOMY HABOPY ITPOEKIIMOHHBIX
JAHHBIX METOJAMU MAKCHUMYMA DHTPOIIMU U
CUHI'YJISIPHOT'O PA3JIOKEHUS] OIIEPATOPA PAJIOHA

I11.JI. Bosezos, C.B. Hosuykuii

Poccuiickuii deepanbHblil ANEPHBIH UEHTP — Beepoccniickuii HayYHO-UCCIENOBATENbCK 1
MHCTHTYT TEXHUYECKO#H (u3ukH, r. CHeXHHCK, Poccus

IpencrasisioTcs [Ba alrOPUTMAa H COOTBETCTBYIOWME MPOrpaMMbl BOCCTAHOBICHHA TOMOIpa-
$uyeckoro H3odpaxxeHHs MO HEMOJIHOMY Habopy NPOEKLIMOHHLIX JAHHBIX.

Obcyxaercs chepa MPUIOKEHHS JaHHBIX AOPUTMOB. PaccMaTpyBacTes cxeMa CKaHWPOBAHys
o6beKTa JUIS MOTyYeHHs MPOCKIIMOHIBIX NaHHbIX U [OHSTHE MOHOTBI HaGopa ni)ocxuuolmmx IAHHBIX,
BIIHSIONICE HA KAUECTBO BOCCTAHABIMBACMOI0 H300paKeHHS.

KpaTtko onMchiBacTc aJIrOpUIM CHHIYJIAPHOrO pa3ljlokeHus ouicpatopa Panona [2], naercsa xo-
HeuHas (opMyiia BOCCTAHOBIICHHMS U300paxcHus, oOCYyKAal0Tcs AOCTOMHCTBA M HCJIOCTATKH JAaHHOIO
MCTOJIa 10 CPABHEHHIO ¢ APYTHMH JITOPUTMaMH.

OnuceiBaeTcd alropuTM MaKCHMYMa JIITPONUH, COACPXKALUMH MY.ILTHTLIMXKATHBHLIM A ITOPHITM
anrcOpanyeckol pekoHcTpykuuu (MAAP) [1].

[IpuBogaTCS CpaBHUTEILHBIC PE3YJILTATHI TCCTHPOBAHUS {IPOIPAMM, PCATHIYIOUIMC JIAHHbIE al-
TOPUTMbI, peSIbHLIMH MPOCKLHOHIBLIMH JaHILIMH C IIPHIOKCHHEM COOTBETCTBYIONIMX BOCCTAHOBICHHDIX
H300paxkeHuil. JlcnaroTcs BBIBOABI O KauecTBC NOJLy4elHbIX H300paketuii (ypoBeHb apTedakToB, paspe-
IleHKHE, BLICOKOYaCTOTHBIE LIYMbI).

JIUTEPATYPA
1. S1.Hencop "Merompl peKOHCTPYKIMM H300pakeHHi, OCHOBaHHbIC Ha pazﬂoxccﬁnn B KOHEYHbIE pSIbi".
TUUDP, 1.71, Ne 3, mapr 1983. :

2. }O.E.Bocko6oiHUKOB Y CTOHYHBBINA ATOPUTM BOCCTAHOBIICIIMS H300pakeHHUs I10 HEMOJIHOMY Habopy
NPOEKIMOHHBIX TaHHBIX". ABTOoMeTpHA. 1995. Ne-l.
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fWO PROGRAMS FOR TCAOGRAPHY IMAGES RECONSTRUCTION BY
MAXIMUM ENTHROPY AND RADON'S OPERATOR SINGULAR
DECOMPOSITION TECIHINIQUES FGi& NOT COMPLETE SET
OF PROJECTION DATA

P.Volegouv, S.Noviisky

Russian Federal Nuclear Center — All-Russian Scientific Resecarch Institute of Technical
Physics, Snezhinsk. Russia

We present two techniques and corresponding tomography image  reconstruction programs for
1ol complete set of projection data.

The scope of application of the techniques is discussed. We take a look at object scanning scheme
for projection data reception. and concept of complete set of projection data, that affect to tmage
reconstruction quality.

The Radon's operator singular decomposition technique [2] is briefly discussed. There is image
reconstruction eventual formula. Quality and demerits of the technique with cemparison another oncs are
discussed.

Maximum enthropy technique, based on Multiplicative Algebraic  Reconstruction Technique
{MART) is described [1].

Comparative results of lests of the programs, which realiz the deseribed techniques, by real
projection data, with coresponding reconstruction's images are given. Therce were made conclusions about
reconstruction's images quality (level of artefacts, resolution, high -{requency noiscs).
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HOCTPOEHUE OIITUMANLHLIX MHOT'OJAUATOHAJILHBIX
METO/IOB PEINEHUSA 3AIAY ITEPEHOCA H3JIYUEHUS B
CHEKTPAJILHOM KBA3U NP ®Y3INMOHHOM ITOCTAHOBKE

H.I. Kapawxanos

Poccuiicknii gesepansHbiid AACPHBIA HEHTP — Beepoccuiickuit Hay $1HO—-HCCIIE0BATENbCKHI:
HMHCTHTYT TeXHH4Yecko# ¢uanku, r. CHexusck, Poccus

PaceMaTpHMBaIOTCH HEKOTOPbIC HOIXO/Ib K [IOCTPOCHHIO MTEPALMOHHLIX MCTOIOB PeilieHUs 33124
NEPCHOCa HNYYCHHS B CCKTPATbHOM Kpa3zHIH(PYIMOHHOH MIOCTaHOBKE.

B nmannc# paboTe npoBeAcHa KakK OPaKTHYCCKAsA, TakK H TCOPCTUYCCKad OLEHKA CKOPOCTH CXO/IH-
MOCTH Npe/UIaracMbiX HTCPANMOHHLIX IMPOLICCCOB, HCCIEOBaHbI 00/ACTH MX MPHMEHUMOCTH M JaHbl
OpakTHIecKye peKoMeHaanuy. Jis MUHHMHA3AIMY BpeMcHY cyeTa BeeH 33/la4H B Liej1oM npejiaraetes U
0BOCHOBDIBACTCH AJMOPUTM 3BTOMARTHYCCKOrO BbIOOpAa ONTHMANLHOIO KOJMYECTBA JMaroHated Tis

pacueTa KOHKPECTHOIO BAPHAHTA.

DEVELOPMENT OF OPTIMAL MULTIDIAGONAL TECHNIQUES
FOR SOLVING THE PROBLEMS OF RADIATION TRANSFER IN
PECTRAL QUASI-DIFFUSION CONFIGURATION '

N.G. Karlykhd:wn :

Russian Federal Nuclear Center — All—Russran Scientific Research Insmute of Technical
Physics, Snezhinsk, Russxa - ST

Some approaches are considered related to development of iterative techniques for solving the
problems of radiition transfer im spectral quasi-diffusion configuration. The paper presents both
theoretical 2nd practical estimates of convergence velocity of the proposed iterative processes. Areas of
their application are examined, practical recommendations are given. To minimize time required for
calculation of the whole problem, algomhm for automated selection of the opumai number of diagonals
for calculation of a particular vartant is proposcd and validated.
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MATEMATHYECKOE MOJAETHPOBAHUE ITPOLLECCOB
TYPBYJIEHTHOI'O IEPEMEINNBAHHS BERMECTB B PAMKAX
METOJUKHU PACM

B.®. Kyponamenko, JI.[1. Bpeszuna

Poccuiickuii penepajibHbIi AAEPHBIH HEHTP — BcepoccHiiCKHM HAYyYHO—-UCCENOBATENLCKHH
HHCTHUTYT TexHu4eckoi ¢pusnku, r. CHexuHck, Poccus

SiBHas uHciedHas Meroauka PJICM  cosjaHa jr1s pacucTa OJHOMEPHLIX HEYCTAHOBHBLIMXCH
TE€YCHHI B MHOTOCIOMHBIX CHCTEMAaX, [J€ B KA4YECTBC CIIOCB JOMYCKAIOTCA MO0 OHOPOIHbIC BCUICCTBRA,
;o cMecH aByx BetiecTs [1]. B paMkax ykasanuHof MCTOJMKH peaTH30BaHa MO/I¢Ib TYPOYIICHTHOrO
ricpeMCIIMBAHUA BCIUCCTB € HIZIMBHIY A ILHBIMH XapaKTEPUCTHKAMH LI KaXK10i1 KOMIOHEHTHI [2].

B 1oki1ajic MPUBOAATCA OCHOBHLIC YPaBHEHHS MATEMaTrHYeCKOW MOCIIH, IPOBOIHMTCA CpaBHeHHE
HX ¢ U3BeCcTHBIMU ypaBHeHUsMu /1. SlHrca. VkaspiBacres Ha 0/1M30CTL paccMaTpHBacMbIX MOJICICH U
COT THYHE NOIXO/iOB B OMMCAHHH CHIIOBOI'O H JMICPIETHUCCKOIO B3AUMO,ICHCTBUS KOMITOHEHT.

MMocTpoeHo unciiendoc pellcHHC 33 H%MM  MPABMTAIHOHHOO IMCPCMCHIMBAHAS HCCKHMATMbIX
Al IKOCTCH Ha aBTOMOACILIION cra;mu. [lokasano npeiMyilcciBo [IoKaiLHoH GyHKIMH, Xapakrepu-
3VIOUIe HHTCHCUBHOCTL CHIIOBOIO B3aMMOICHCIBIS KOMITOUCHT, HCIMOIL30BAIHC KOTOPOH M03BOISET ¢
XOpollleii TOYHOCTBIO OMMCATL aBTOMOICIbIbIA Npodilh OObLCMHON KOHICHTPAIMH THKCION KOMIIO-
HCHTbI.

Hznararores pe3yibTaTl YHCICHHOIO pacucTa 33,3y [epeMelllMBallg BCINCCTB B ycIoBusx Pe-
1eH- Tel-TopoBCKOM HeycTOMYHBOCTH B noctanoBke dkcnepuMed1oB HO.A. Kyuepcitko. Hokasauo, yro
HMeeT MECTO YAOBICTBOPHTCILHOE COTTIACHC Pe3Y ibTaTOB PACYETOR M IAHHLIX IKCTICPUMEHTOR HO BaX-
HCHUIMM MHTErPa bHBIM XapaKTepHUCTHKAM. .

ObGcyxaaloTes npodiieMi! ofIHCAHHS B PaMKaxX paccMaTpHBAacMOH MO/ICIH NCPCMCIIMBAHUS BC-
LIECTB B YCIOBUAX HeycToHyuBocTH PUxTMalkicpa Meciukoga.

[MpuBoaaATCcs pE3y-TbTATHI YUCICHHBIX IKCIICPHMCHTOB 1O MO/ICIHMPOBAHHIO MCPCMEIIHBAHKS [a308
MIpH COBMECTHOM JACHCTBHH UMMNYILCHOIO H MOCTOSHIOI ¢ YCKOPCHHH.

JIUTEPATYPA

I. Kyponarenko B.®., bypsxos O.B., Mycradpun B.K., bpesruna JLI1., JomonnoBa M.B. Mecrojuka
nacyera HECTAHHOHAPHBIX TCYEHHH B MHOIOCIONHBIX HEPABHOBCCHBIX cMecAX BeiecTB. Martema-
THYeCKOE MojierTupoBanue, 1992 . 1. 4, Ne §.

2. Kyponartenxo B.®. HeycranHosupuirecs TeYcHUS MHOIOKOMIIOHCHTHBIX cpeAd. MaTemMaTHyeckoe Moe-
smposanue, 1989 ., 1. 1, Ne 2.
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MATHEMATICAL SIMULATION OF MATTER TURBULENT MIXING
PROCESSES WITHIN THE FRAMEWORK OF RDSM TECHNIQUE

V.F Kuropatenko, L.P.Brezgina

Russian Federal Nuclear Center —AII—R.us\siar‘l Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

The explicit numerical MMiun{DSM has been created for calculating 1D non-steady flows in
multi—laycred systems where either homogcneous matters or mixtures of two substances serve as the
laycrs [1]. Within the framework of this lcchmque the model of turbulent mixing of substances with
individual characteristics for each component is implemented [2].

The paper presents major equations of the mathematical model and compares them with the
known equations of D.Youngs. Similarity of the models under consideration is pointed out, as well as
difference in approaches in describing force and energy interaction of the components.

Numerical solution of the problem of gravitational mixing of non—compressible liquids at sclf
similar phase is constructed. Advantage of the local function characterizing intensity of component force
interaction is shown. Its usc enables to describe the seclf-similar profile of heavy componcent bulk
concentration with high ‘accuracy.

Results arc described of numerical calculation of problems of matter mixing under conditions of
Rayleigh-Taylor instability for configuration of cxperiments performed by Yu.A Kucherenko. It is shown
_that the calculation results agree well with the experimentation data for the most important integral
characteristics.

Problems are discussed of describing the matter mixing under Richtmyer—Meshkov instability
within the framework of this model. Results of numerical cxpenm"nls are given on simulating gas mixing
under joint impact of impulse and constant accelerations.

REFERENCES

1. V.F.Kuropatenko, -O.V.Buryakov, V.K.Mustafin, L.P.Brezgina, M.V. Dodonova Method of
Calculating Non-Steady Flows in Mulati—Laycrcd Disbalance Mixtures of Substances.
Matematicheskoye Modelirovanie, 1992, v.4, Ne9. ’

2. V.F Kuropatenko. Non-Steady Flows of Multi-component Media. Matematicheskoye Modeclirovanie.
1989, v.1, \e2.
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YHCIHEHHAS METOJHUKA MYCTAHI VISt PACHETA KPUTUYECKHUX
NAPAMETPOB T°PEXMEPHBIX HEUTPOHHO-1/1EPHBIX CHCTEM
METOJQOM YCTAHOBJIEHHUSA

C.b. Cepos

Poccuiickuit penepayibHbI A4€pHbII USHTP — BcepoccHiCkHil HayYHO—HCCIeIOBATENLCKUT
HHCTHTYT TeXHH4ecko# ¢usukHu, r. CHexuHck, Poccus

O.1H0H U3 aKTYAThHbIX 32734 ABISACICA pacyeT KPHTHYCCKHX NapaMeTpOB TPCXMEPHBIX HEHTpOH-
HO-SUIEpHbIX cucteM. B jlokiajde npejnoxena umciensas Mcrogiwka MYCTAHT, koropas npeana-
3HAYCHA I HAXOXIEHHS BPCMCHHOMN NOCTOSHIION pasMIOKCHHA HCHTPOHOB A MCTO;10M YCTaHOBIICHUS.
B ocHoBe MCTOIWKH JIC/KHMT YHCIICHHOC PCLICHUC TPCXMCPHOI'C HECTAlMOHAPHOIO KHHETHYECKOre ypas-
HCHEMR B KPHBOIMHCHHOIH JILICpOBO- jlarpallkeBo cHcreMe koopaHat Tuna TUIP.

MeroJ ycTaHoB IeHHs peau3oBaH B nporpaMMe MYCTAHT e aByx suiax:

TP BMIHOHHOM ¥ §a3HPYIOUICMCS Ha PCUICHHM YPaBHCHHS [CPCHOCA B KBAa3HPCIYIAPHOM PCKMME.
HaxexJeHle KpUTnapaMeipa A Ha OCHOBE PClUEHHA KHHCTHYCCKOI'O YPABHCHHS B KBA3HUPECIVIAPHOM pe-

1M OKaspiBacerces dolee JOKOHOMHYHO, HCM pacHer A CrafJapTHLIM MCTOI0M YCTAHOBICHHA.

THE MUSTANG NUMERICAL TECHNIQUE FOR CALCULATION OF 3-D
NEUTRON-NUCLEAR SYSTEM CRITICAL PARAMETERS WITH
STABILIZATION METHOD

S.B. Serov

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

Calculation of critical parameters of the 3-D neutron-nuclear systems is one of the actual
problem. The report presents the MUSTANG numerical technique calculating the ) neutron
multiplication time constant with the stabilization method. The technique is based on solution of 3-D
nonstationary kinetic equation in the TIGR-type curvilincar Eulerian-Lagrangian coordinates.

The stabilization method was realized in the MUSTANG code in two manners — traditional and
that based on solution of transport equation in quasircgular mode. Calculation of the A critical parameter
through solution of kinetic equation in quasiregular mode turned more efficient than that with the
traditional stabilization.

&
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DD-CXEMA C KOPPEKIHE IMTOTOKA JUJ1S1 YMCJIEH .00 PEHIEHH St
YPABHEHHS IIEPEHOCA

0.C. Hlupoxosckax, JI.B.Coxoaos

Poccuiickuil penepanbubiil AOepHbIA HEHTPp — BCepOCCHACKHH HAay4YHO—HMCCNIE0BATENLCKHH
. MHCTHTYT TexHu4ueckoii pusukH, r. CHexunek, Poccus

Ha ocnose DSn-Mmcroja mnocrpoena HespHas KOHCCpBaTHMBHas MOHOTOHHas cXeMa I
YHCICHHOTO pellicHHA ypaBHeHHs nepeHoca. Cxema MMeeT BTopoi MOPAI0K aNipOKCHMAalMK Ha [CIaIKOM
PEICHHH, TIPH KOPPCKUMH PCUICHHA B OKPCCTHOCISNX JKCTPCMYMOB, Pa3PbIBOE H GOIIbUIMX Fpa;iMCliToB
MOPSZOK AMMPOKCHMAIIHH CHUKACTCS 10 NMCpBOI0. PackcThl TeCTOBBIX 34,134 MOKa3bIBAIOT, Y4TO Py IbTi-
Thi, NOTYYECHHBIC 10 NPELIaracMoil cxeMe, HaXoJATCA Ha YPOBHC Pe3y.IbTaTOB M3BCCTHBLIX ABHLIX MOt{O-
TOHHBIX CXEM BTOPOI0 NOpsiiKa ¢ koppekiich notoka (.0pan, Jx.bopye, Yncicnnoe Mo temposanue
pearupyloniux notokos, "Mup", 1990, crp 332 336). [IpcumyniccrBo Hpe;LIOKRCHION CXEMLI COCTOHT B
TOM, YTO OHa SABILACTCA HEABHOH M 1T03BOIACT BECTH Pacycibl ¢ 9ic.10M KypaHta Go.Iblile e (HHE b

DD-SCHEME WITII FLOW CORRECTION FOR NUMERICAL SOLUTION
OF TRASNPORT EQUATION

0.S. Shirokovskaya, L.V. Sokolov

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

On the basis of DSn--method an implicit conservative monotonous scheme was constructed for
numerical solution of transport equation. The scheme is of thc second order of approximation on a
smooth solution. In the case of the solution correction in the vicinity of the extremums, discontinuities and
large gradients the approximation order decreases down to the first one. Calculations of test problems
show-that the results obtained with the scheme proposed are at the level of those for known explicit
monotonous schemes of the second order with flow correction (E.Oran, J.Boris, Numerical Simulation of
Reacting Flows, "Mir", 1990, p.332-336). Advantage of the proposed scheme is that it is implicit and
enables to perform calculations with Courant's number more than one.

19




K S
6 mucvticn-pe Y

TICCITE | | ‘%)%"
i L rvsre— A

HESBHBIE KOHCE, BATHBIILIE MOHOTOH 150 CXEMELI
ITOBLIIEHHOTO HOPSAKA C KOPPEKIINE ICTOKA JINd
. PEHIEHNS VPABHEHYA HHIEPEHOCA

0.C. Hlupokosckasn, JI1.B.Cokoros

Poccuiickuii ejlepalnbiiblit xAepHblil UCHTP — BeepoccHiickul HayyHO-HCCNEA0BATE IbCKHIT
HHCTHTYT TeX .:tueckoil dusukn, r. CHexnHck. Poccu?

HOCTPOCHL! HCABIILIC KOHCCPBATIBIHDLIC MCLOTOMILIC CRCMLI TPCTLLIO I MCTBCRTONO [OPHTWA
TOYHOCTH [L14 pCHICHHA YPABHCHILT Aepdijoca. Mosuuncuie HOPA RS QIHIPORCHMAITHNE JOCTHIACTCH] eV
SO OPH KOHCTPYHPOBANLL PCHICHNA B PJCOMATTPHBIACM Ol a4Ciine ORURIACRUO ICA SIUCng perjcyia 8
JABYX CMCRULIX auclinax CicBa M cnpani . Mersnnermif NAGLACH TOTHIOMTH Ol acTeg TOALKO [ia
72, i OM PCHICITHH.

Oﬂpb'l ACHDY PPRIHISD W3IMCHOHNS HCKOMSGI'O PULCHH. M0 OILOAILIO JpOBOLTL KOPPCOKTh-
POBKY plncCiiiid DOBLILISHIGIO IOPAika B GE(].‘)C(‘ii‘.OC! AN SRCTPCMYNOD, pasphiBes Y GO LERIX ipauen
TOB, ApY KOPPSRTHPOBKNC HOPA WOK GUIPCRCLN A FHEXQUICT 0 DepBeby, 1IN BritcHie 00 ACT Choil-

CTBOM MOHOTOHHOCTHU

HPI‘IBO[IHI(‘S PC3Y ILTATBE TCCTOBLIX 38, {d4.

IMPLICIT CONSERVATIVE 3IORNOTONCUS SCHEMES
OF HIGHER GRDER WITH FLOW CORRECTION FOR
SOLVING TRANSPGORT EQUATION

0.S. Shirokouvskaya, L.V. Sokolov

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

Implicit conservative monotonous schemes of the 3rd and 4th order of accuracy arc constructed to
solve the transport equation. Elevation of the apprdximaliou ordér is achieved by the following: while
configuring the solution in a cell under consideration we cnlist values of the solution in two adjacent cells:
left-hand and right-hand. The higher accuracy order is achicved only for the smooth solution.

Bounds of the solution are determined. This cnables to carry out correction of solution of higher
order in the vicinities of extremums, discontinuitics and large gradients; during the correction the
approximation order decrcases down to the first one, but the solution posscsses the property of
monotony.

Results of test problems are given.

tn
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ABYMEPHBIE PACUETBI C:KATHSA U TOPEHUA MUIHEHEN U4
JTC C HENPSIMBIM BO3IJAEVMCTBHEM IO KOMILUIEKCAM THTP-3T
' U THT'P-OMET'A-3T

AH. Mlyuaeburn, KA. Mycmagun, B A. Jluikos, A.JO. Bucapun, P.T. Jurduna,
H.A Kysuenenkosa, EJI. JInzuna, B.P. Hadmouwui, C.5. Cennucxos,
K. H Cxapnoaa JI.B. Coxoso0s, B A.Ppoaroe

Poccuiickuii demepanbHbii S1epHb NEHTP — Beepoccuiickuii HayYHO-HCCIIEAOBATENLCKH
HHCTHTYT TeXHH4Yecko# puasuxa, r. CHexHACK, Poccus

Tlo mporpamman THIP-3T u TUT'P-OMETI'A-3T npoBelieHL! IByMEPHBIC PacicThl, B KOTOPHIX
MOJCSHPOBANHCH MPOICCCh JUHAMHKH CKaTUS ¥ TEPMOSIEPHOTO FOPEHUA C HETIPAMbIM BO3ACHCTBHCM B
sucuax pig JITC. B pacaerax 9McICHHO MOACIHPOBATACh HECHMMETPHA CKATHS MyTeM 3aJaHHs HeO I -
OPOIHOCTH B IJIOTHOCTH R reoMerpud DT-npaa B Buie BTOpoH rapMoHuxu. B uncieHHbIX skcnepu-
MCHTAaX HCTIOILE30BANACH MMIICHL, KOTOPas NPCICTARMCT cobol CEAyIoy0 KOHCTPYKIIMIO: BHENIHSSA
cTexnsHnas obosodxa, 3aTeM ofonouka u3 DT-mbaa, BHyTpH KoTopoit DT-ras.

TWO-DIMENSIONAL CALCULATIONS OF CONIPRESSION AND
IGNITION OF INDIRECTLY DRIVEN TARGETS FOR LTF BY TIGR-3T
AND TIGR-OMEGA-3T COMPLEXES

A_N. Shushlebin, KA. Mustafin, V.A. Lykovo, A.Yu. Bisyarin, R.T. Dyldina,
I.A. Kuznechenkooa, E.L. Lyagina, V.R. Nadtochiy, S.Ya.. Sennikou,
K. I. Smirnova, L.V. Sokolov, V.D. Frolov

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technicai
Physics, Snezhinsk, Russia

Two-dimensional calculations of simulatiing processes of dynamics of compression and
thermonuclear ignition in indirectly driven targets for LTF have been conducted by TIGR-3T and
TIGR-OMEGA-3T codes. Nonsymmetry of compression was simulated numerically in the calculations
by the representation of nonuniformity in density and gecometry in DT-ice in the form of second
harmonics. In the numerical experiments the target of the following design was used: outer glass shell,
then DT-ice shell filled with DT-gas.
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HEJHHEAHAS CTAAL A PA3BUTHSI BOSMYIUIEHUIT I'PAHHULIBI
PA3JIEJIA TIPU IIPOXOXKIEHUU YIAPHONM BOJIHBI

B.E Heisaxaes, H.3 Ilapuykos

Poccuiickuii penepanbHbli aaepHblil REHTPp — BeepoccuiickuF Hay4YHO—HCCNEeAOBATENbLCKU
HHCTHTYT TeXHHYeckoi u3uxu, r. CHexuuck, Poccus

3a71aya O pa3sBUTHH BO3MYLUEHMH I'PAHHILI pasicila Mocle NPOXOXKIACHHS 4YCpC3 HCC yJapHOH
BO.IHi! PACCMATPHBACTCH B NPHONMAKEHHH BO3JICHCTBHA HMITY.ILCHOI'O YCKOPCIHA Ha [IOBEPXHOCTH pas-
JIC13 MICaIbHDBIX HCCOKUMAEMbIX AKIIKOcTeH. [l 9HCICHHOrO H3y4eilds 3a/1a4M MCNOHL3YCTCA BUXPCBOH
Meroa [1].

Ha ocHOBaHUM pacycTOB yCTAHOBIIEIL! 3dKOHOMCPBOCTH PasBUTHA I'PAHMIILI pa3ficiia Ha HCAH-
HCItHOM cTa, T4, ONpe/Ie e MbIC YHCIIOM ATBYAa A Y aMITIMTY, 108 HA4:UILHOTO BOIMYUICHHUS.

B nauiHoii padoTe obcy#Ial0Tca pe3y ibTaTsl padotsl (2], riie no yrBcpXACHHIO aBTOPOR BIICPBbIC
JOCTHIHYTO KOITMUCCTBCHHOC COFTIICHE PACYETHBIX Y DKCMNECPHMCHTAThiIbIX PE3Y.IbTATOB. -

Ormedacres, 4TO U8 6071ce TOUHOI'O ONMPCACICHHS MOMCHTA OTX0,12 0T AMHEHHOR TCOPHH JKCIe-
PHMEHT, PACUeT H TCOPHIO CIICIyCT CPABHMBATL {10 AMITIMTYaM NHMKA H MY3LIPH, a 1IC TOHLKO M0 NOAHO#M
aMILIMIY,IC, OCOOCHHO APY 3HAYEHUIX YMciIa ATBy/@a 0.M3kHX K 1. JlaHa koaHuccTBeHas OLlCHKa rpalu-
1{h! TPHUMCHHMOCTH JIMHCHHOW TEOPHH.

1. Heysaxaes B.E., [Tapiiykos U.2., Moaeauposanuc B mcxanuke t 5, Ne 2, 81-100 (1991).
2. Grove J.W.et.al., Phys.Rev.Lett.71, 3473-3476 (1993).

NON-LINEAR PHASE OF INTERFACE PERTURBATION EVOLUTION
UNDER SHOCK WAVE

V.E. Neuvazhaeo, I .E. Parshukov

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

Problem of interface perturbation cvolution afier a shock wave propagates through an interface is
considered in approximation of pulse acceleration effect on the interface of ideal incompressible liquids.
Vortex method is applicd for numerical studying of the problem.

On the basis of calculations, regularitics of interface cvolution determined by the Atwood number

and initial perturbation amplitude were ascertained for non-lincar phase.
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This paper also discusscs results presented in paper by J.W. Grove, et al. (Phys. Rev. Lett.7], 3473
(1993)) where, according to the authors’ statement, quantitative agreement between calculated and
experimental results was achieved for the first time. . '

It is noted that to determine more preciscly the moment of deviation from linear theory,
experiment, calculations, and theory should be compared with respect to not only total amplitude but to
peak and bubble amplitude, especially when Atwood number is close to 1.

PACUYETHI CBEPXCXKATHSA I'A3A 110 KOMILIEKCY ITPOI'PAVIM I'PAJT

A.K0.Adadypos, A.A.Bpazun, B.A.Cyuxos

Poccuiickuil denepanbHbiit aaepHblil LeHTp — BcepoccHiickuit HayyHO—HCIEIOBATENbCKHIT
HHCTHTYT TEXHHYECKOH PusukH, r. CHexuHcks Poccus

3axaun HeorpaHuueHoro 6esyaaphoro cxkartus rasza (HBCT) umeror Sombiioe 3HageHHe mpu
u3yyetuu obxatus mucHeii B JITC [1f. B pabotax [2) Cugopos A.®P. nocTpou:1 aBTOMOICIIbIILIC peHile-
tusg HBCI™ B ByMepHOM ¥ TPeXMCPHOM CIIy4asix: 3TO TOYHBIC PCHICHHUS 331a4 O C:KaTHH ra3a MopliHeM
B NpU3ME U TCTPAdIPe ¢ HETIO/(BUKHBIMU CTEHKAMH M NPHOIHIKCHHBIC PelIcHUs [UI OCCCHMMCTPHYHOIO
CXKaTHs ra3a B KOHHYCCKOM 00beMe H B 3aMKHYTOM 00beMe criclMaTbiiod fopMbl. TodHbIC peniieHis 1714
OPH3MBI M TETP2d]pa BLIPAKAIOTCA MPOCTHLIMH AHATHIHICCKUMH dopmysamu. Jis occcxm\mpmuoro
CJTyHasi NOCTPOCHRI NPHOAKEHHbIE 3aKOHbI JBHAKEHUS TOPULHS, HCCIIEI0BAHbI OCOGEHHOCTH KoHH4eCKHX
TeudcHHi rasa, HaiJIcHbI CTeTTeHN KYMYIISUHH [UIOTIIOCTH H SHEPTHH.

B mowiazie paccMaTpuBaroTcs [OCTAHOBKH H pe3yJIbTaThbl pacdera 3THUX 3aAay no Meroanke [PA[]
[3]. Pacuer Bcex 3aRa9 NPOBOMIICA B OJMHAKOBOH MaHepe JUIS HACATLHOTO raza ¢ KoddqbHiMeHTOM no-
sTpormt 5/3. Pe3ynbTaThl 9HCICHHDBIX PEllleHHH CPaBHMBAIOTCA ¢ 0606MEHHBIMH TOYHBIMH PCILICHHAMH
Ha paxIM4HBIC MOMEHTH BpemeHH. Ocoboc BiMMaliMe MpH CPAaBHCHHH YCISCTCR M3YUCHMIO MOBEICHHS
SHPONMKHON GYHKUIUH JUIS YACTICHHBIX PAa4cTOB. B aBTOMOJEIILHDIX pelleliUsiX OHa NOCTOSHHA.

OcHOB.:ag UeNlb OPOBEJCHHON pabort! — BbipaboTka ONTHUMAILHON N TOYHOCTH H 3KOHO-
MHYHOCTH TEXHOJIOIHH CYCTa MHOIOMCPHBIX 3a]a4 O CBCPXCXKATHH MHINEHEH M0 KOMILICKCY MpPO. pamMm

'PALL
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GAS SUPERCOMP IESSION CALCULATIONS USING GRAD
PROGRAM COMPLEX

A.Yu Adaduroo, A.A.Bragin, V.A.Suchkov

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

Problems of unlimited shock—free gas compression (USFGC) arc of great importance for studying
target compression in LTF {1]. In Ref. 2 A_F Sidorov devcloped sclf-similar solutions of USFGC for 2-
and 3-dimensional cases and these are precise solutions of the problems of gas compression with a piston
in a prism or tetrahedron with motionless walls and approximate solutions for axisymmetrical gas com-
pression in a conical tank and a closed tank of a specific shape. The precise solutions for prism and tetra-
hedron are in the form of simple analytical formulas. For the axisymmectrical case approximate laws of
piston motion were developed, peculiaritics of conical gas flows were cxamined. and degrees of density
and energy cumulation were determined.

This paper describes these problems and results calculated according to GRAD procedures [3]. Ali
problems were calculated in the similar manner for ideal gas with polytropic cxponent equal to 5/3. The
results of numerical solutions arc compared with generalized accurate solutions at different moments of
time. Special attention in comparison was paid to studying behavior of entropic function for numerical
calculations. It is constant in self-similar solutions.

The main goal of the work done was to develop technology optimal in accuracy and efficiency for
calculating multi-dimensional problems of target supcrcompression using GRAD program compicx.

REFERENCES

1. E.I. Zababakhin, [.E.Zababakhin. Phenomena of Unbounded Cummulation. M.:Nauka, 1988
(in Russian)

2. AF.Sidorov. DAN, 1991, v.318, Ne3, pp. 548-552.; DAN, 1993, v.329, Ne4, pp. 444-448_; DAN, 1994,
v.335, Ne6, pp.732-735.

3. A.ABragin, B.A Suchkov, A.SShnitko. GRAD Methods and Program Complex for Calculating
Three—dimensional Gasdynamic Flows in Lagrangian-Eulerian Variables. “Zababakhins’ Scientific
Talks” Proceedings. Chelyabinsk-70, Kyshtym, VNITF, 1992, p.40,41.
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7
O BOSMOXHOCTAX PACIHIAPAJUIENIMBAHHWSA HA COBPEMEHHBIX

CYTIEP-3BM (SPP-1000, C-4, CRAY-T3D, J-916, SP-2) METO/IA
YACTUIL IIPH PACYETE CAMOCOTIJIACOBAHHBIX
' IMEKTPOMATHUTHBIX [IOJIEN

A.B. Adees, I B. Baiidun, B A.Pomesxo

Poccuiickuii denepanbHbIH ACPHbIA USHTP — BCepOCCHECKHA HAYYHO—-HCCIIEIO..aTeNIbCKUH
MHCTHTYT TexHHuecko# ¢u3ukn, r. Crexunck, Poccus

NpusoasTcd pe3yIbTaTH TECTHPOBAHMSA HA3BaHHLIX .cynep-IBM, Ha KOTOphIX NMpOBOIMITMCH
PacHCThl CaMOCOTTIaCOBARHAIX VIEKTPOMArHHTHBIX BOJICH METO.OM TaCTHIL

B Tectupyemo#l 3a/iate pacCIMTLIBACTCE [BHKEHHE 3apSXKEHHBIX 4acTHL B 3fnc1pouammou
none. [pn mevokenmu YacTHIN 0O6pasyioT TokH. CyMMapHbIH TOK [O/Jac: s B ypaBHCHHEe MakcBeLia,
OTKYJZIa HOJTydacM HOBhIC MAarHWTHBIC MO, T.€. HOBbIE YCJIOBMA JBMKCHHA 4acTHU. MeToj perieHus —
MCTOJ 93cTHI] B SYcHKE € NOWAroBOH B, cMEHHORK THCKPCTH3AIMMEH.

Jeemag ronse pacaeros { ~97%) npuxoMTCE 346Ch Ha MOACIAPOBAHUE YaCTHI, KOTOPbIC MOXHO
CYMT2Th HE3aBHCUMO IPYT OT Jpyra. Bce nokoslense 9acTHIl AEMTCE Ha FPYMNbl, Ha KaXIOM Ipouec-
copaox anemenTe (II3) npa ceere mara obcauThIBaeTCs OHa rpynna Jactill. B xowuue mara ot Beex [12

cobmpaioTcs ToxH. YHUI0 MOAETMRpYEMBIX Hac1 il iocTogHHO { ~100000), Tax 4To BpeMs CYeTa YacTHL
JOIDKHO YMEHLINATHCH (TCOPETHICCKH) MPONOPIMOHATLHO KomdecTBy 113, T.K. o6MeHa JaHHBIMH MEX-
oy [TD ner.

Orrceaxs BpeMEHH C9€Ta OPOBOJHIHCYH NTPH MOACIIHPOBAHAM YaCTHIL T.O., YTO B ITOM TECTE BbIAB-
JBUBACH SHCTO HAKIAJHEE, "MalIMHHLIE" PACXO/Thl HA PacnapaUieHBaHHe. ’

Oncpatopsl BapamICALHOIO CYCTA BCTARILUUMCh MPH HHCTAIMIMHM Tecra Ha KOHKpeTHoH JBM, -
AITOPHTM! MOJCIRPOBAHHN JACTHI HE MEHUIMCD.

INpueoasTct npomomnmaom Bcex OBM no OTHOIICHHIO K OJHOMY 9 cucremst CRAY

L Y-MP natbc}:ermnmmpamapammmamm BILIOTH 0 512 T3 Ha CRAY-T*D
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ON CAPABILITIES OF PARALLELING THE PARTICLE-IN-CELL
METHOD FOR CALCULATING SELF-SIMILAR ELECTROMAGNETIC
FIELDS ON MODERN SUPERCOMPUTERS
(SPP-1000, C4, CRAY-T3D, J-916, SP-2)

A V. Adeev, G.V. Baidin, V.A.Rot’ko

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

This paper presents results of testing the above mentioned supercomputers used for calculation of
self-similar electromagnctic fieids using the particle mcthod.

The test problem calculates motion of charged particles in electromagnetic ficld. Moving particles
generate currents. Total current s introduced in the Maxwell equation, thus. new magnetic ficlds are
calculated defining new conditions of particle movement. Particle-in-cell method with stepwise time
quantization is used for solving.

In this method major calculations ( =97%«) are associated with particles modcling which can be
computed independently from each other. The whole gencration of particles is divided into groups, every
processor unit {(PU) calculating onc group of particles at every step. Al the end of the step calculated
currents are gathered from all PUs. Since the number of modcled particles is constant (= 100.000), and
there is no data exchange between PUs, time required for particle calculation should decrease
(theoretically) proportionally to the number of Pus.

While modeling the particles. time cuts—oflf were performed so that only overhcad “computer”
expenses (losses) on paralleling were revealed.

Operators of paraliel calculations were inserted in the course of test installation on the specific
computer, algorithms of particle modeling were not changed.

This paper presents performance of every computer in comparison to one CRAY Y MP PU and
effectiveness of paralleling for every computer, cven for 512 PUs of CRAY-T3D.
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HPOBLJIIEMA KOHCEPBATHUBHOCTH PAZHOCTHDIX
3AKOHOB COXPAHEHUA

B. ¢ Kyponamenxo

3

Poccuiicxuii denepanbHu#l s1epHBIHA HieHTPp — Beepoccuiickuit HayYHO—HCCIIEOBATENLCKHA
HHCTHTYT TeXHH4ecko# usuxn, r. Cuexusck, Poccus

Pa3HoCTHBIC YPaBHCHHA ra3oOBOH JHHAMHKH NpHOIHKEHHO YIOBJICTBOPSEOT TpeOOBaHMAM JO-
KaJILHOM KOHCEPBATUBHOCTH, BCIICACTBMHM 4ETO ¢ TCICHHEM BPEMEHH TIPOHCXOIMT HeoOpaTHMOe H3MEHe-
HHC BCIMIHH, XOTOpPbie JONKHL O6ITh HCH3MCHHBIMH.

Hpeniaraerca cnocob HecnieNOBaHMA MCCHNATUBHBLIX CBOHCTB PasfiOCTHLIX YPaBHEHHH a3oBOH
JMHAMWKH, HCOOL3YIOTCE NONATHE M— B S—KOlCepBaTHBUOCTH, CHILHON H c1a6o#l IMCCHNATHBHOCTH.
HeoOXomMMOoCTb HCCTIC/[OBAHNS CBOCTB CXCM H2 KOHCTHOM CETKE MPUBCIA K BBCACHMIO HOHSTHH AUBCP-
FCHIHOCTH, KOHCCPBATHBHOCTH W MOJHOMN KOHCEPBATHBHOCTH. [loImyusini mMMpoKoe paclpocTpaHcHHe
DOHBITKM CBA3ATL CBOJCTBA PA3iIOCTHBIX YPaBHCHHE ¢ HX (GOpMOH (IMBCPreHTHOCTL 6€3yC.i0BHO WM
YCIOBHO OTOKICCTBIACTCA ¢ KOHCEPBAaTHBHOCTLIO). ANnams paboT, MNOCBAIMICHHBIX HUCCICAOBAHHIO
CBOHCTB Pa3HOCTHLIX 33KOHOB COXPaHEHUS, YKa3bIBACT HA HC3ABCPUICHHOCTh TCOPHHM alipHOPHOrO UCLIC-
[OBaliHS KOHCEPBATHBHOCTH CXEM H POTHBOPCYUBOCTL ONICHOK, #O0 GOJBUIHHCTBO aBTOPOB Ul ypaB-
HCHHA SHEPIHU CYHTAET NPCIUIOYTUTEILHON JUBEPIeHTHYIO GOpMY, a 711 YPABHEHHUS COXPAHCHHSE MacChl
— HEAMBCPTEHTHYO (IVIOTHOCTL paBHAa Macce, AC/icHHOH Ha obbem). Ilpumenen meroa uccienoBanus
JOKATLHOH Eo&i—fcpsamnocm Pa3HOCTHBIX CXCM /IS OIPEACTICHHS AUCCUNIATUBHBIX CBOHCTB HEKOTOPbIX
M3BECTHLIX YCIOBHO MM GesyciioBHo ycroHuuBbix cxem. Pacomorpeun! mupdepennnaimmbic ypaBHeHUS
MCXaHHKH CIUIOINHBIX CpPell, BO3MOXHBIC CHCHCTBHA M3 HHX, Pa3HOCTHbIE ypaBHeHUA B MuddepeHnnaib-
Roil dopme, HX ApeodpasyeMocTh. JlokazaHul TeopeMbl H HCCICAOBAHB JHCCHIIATHBHBIC CBOXCTBAa HEKO-
TOPHIX PASHOCTHLIK CXCM.

PROBLEM OF CONSERVATISM OF DIFFERENCE
LAWS OF CONSERVATION
V.F. Kurapatenko

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

Gasdynamic difference equations mect approximately the requirements of local conservatism, and this

causes irreversible changes of values which should be constant in time. The way of studying dissipative
properties of gasdynamic difference equations is proposed and the notions of M-and S—cosservatism,
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strong and weak dissipativity are used. Necessity of studying scheme properties on finite grid led o
introduction of divergence, conservatism and total conscrvatism notions.  Attemipts to combine
properties of differcnce equations with their forms became widespread (divergence is identificd with
conservatism conditionallty or unconditionally). Analysis of papers devoted to studying the properties
of difference law of conservation indicates incomplcte state of the theory of 2 priori study of scheme
conservatism and indicates contradictions in estimations since most of authors prefer divergent form for
energy equation and non -divergent form for the equation of mass conscrvation (i.c., density is equal to
mass divi.dcd by volume). Mecthod of studying local conservatism of difference schemes was applicd to
determine dissipative properties  of some known conditionally ¢r unconditionally stable schemes.
Differential cquations of continuum mechanics and their possible conscquences were  considered  as
well as difference equations in differential form and their transformability. Theorems were proved and

dissipative properties of some difference schemes were examined.

HESIBHBIM KOHEUYHO-PAZHOCTHLINA METO/L “POME”
YUCIEHHOIC PEIHEHI IBYMEPHBIX YPABHEHIIH F'AZOBON
JIMHAMUKH HA HPOI3BOJLIILIX JARTPAHKERBO-DHIEPOBLIX

YETBLIPEXYTOILHBIX CETKAX

A M. Fadxues, C.I10. Kysvsuun, C.IH. Jle6edes, B.H. fTucapes, A.A llecmakos

Poccuiickuil ¢penepaibHbii AAEPHBIR HEHTP — BCEPOCCHIICKHM HUYYHO—HCCICHOBATEALCKHR
MHCTHTYT TeXHHueckoi husukn. r. CHoxmnack, Poccus

HesaBHbic KOHCYHO --— PA3HOCTHBLIC MCTO/b! PCIUCHHS JIBYMCPHLIX YPiBHCHHH MaTcMaTHUCCKOH
du3HKM, OCHOBAHHBIC HA aNNpOKCHMaluH "pombuuyeckoro” THOZ M HX NPUMCHCHUE MpH MareMa-
THYECKOM MOICTHPOBAHHH MCXaHUKH CILIONTHON Cpeabl M KHHCTHUECKUX RPOLICCCOB.

[Tpr coBMecTHOM MOIETIHMPOBAHUY JAIPUHACBON I'HPOIMHAMUKY 1 JPYIHX QU3MYECKHX NpoIlCcc-
COB, pPa3HOCTHas €€1Ka CTAHOBUICH CHILHO HCOPTOTOHAILHOH. D¢deKTHBHOCTE YUCICHHRX METOI0B
pellicHHs NMOJOOHOrc poja 327134 3aBUCHT OT TOYHOCTH MCHOIL3YEMLIX PasHOCIHAIX LWOPHIMOB lia
HCOPTOTrOHAIBLHBIX CETKAX, OT CIOCODOHOCTU 3TUX a:IFOPUTMOB 0OCCIICUMBATL MPHEMIICMYIO TOYHOCTL Ha
ceTKax ¢ OombLIIMMH JeopMaLHsIMH.

B HacTrosinee BpeMs JOCTaTOYHO XOPOINO H3Y4CHbLI HEOCTATKH TPAMIIMOHHOH ACBSTUTCYCIIOH
PasHOCTHOH cXeMbl IS pelleHHs ypaBHeRHH Mbdy3HOHHOTO THIA. AJNf 5THX METOJMK [POHCXOAUT
ObicTpas HOTeps TOYHOCTH [0 MEPC HAPACTAHHS HCOPTOIOHAILHOCTH CCTKH. D70 CIASACTBHE TOrO, 4TO
W3 JBYX OMEPaTOpOB JUBCPreHIIEH M [PA;(MEHTA ML10OX0 dIIIPOKCUMHPYETCS ONCpaTOP FpajHeHTa.

K HacrosniemMy BpeMeHM MPELIOKCHO HCCKOIbKO MOIXO/10B MOCTPOCHUS PAIHOCTHLIX CXCM,
obecnedMBalOIHKUX  YAOBICTBOPHTCILHYIO TOYHOCTL peulciiMg JHdY3IHOHILIX ypaBHEHHIH HAa HEOPTOo-
rOHATLHLIX ceTxax. Har moaxof, OcCHOBAHILIM HA alpoxcHMaiMu "pombyucckoro™ THNA, TIPMMCHHM
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K HIXPOKOMY KJaccy ypasHeHMH MaTgun#ku. B MeToauxax storo Tuma o6a oncpaTopa AMBEPTeHIIMA U
[PAHCHTA aIHIPOKCHMUPYIOTCE B PAMKaX MAHHOH SYCHKH, HCTIOIML3YS JHAYCHHA CKOPOCTH H JAABIICHHC
Ha rpansx. Mecroms "POME", ocHOBamHbIC HA TaKOM NOAXORC DPOCTH! B KOHCTPYHPOBaHKH, 3KO-
HOMIHN B 06713 1210T YEOBICTBOPHMTE/EAOH TOIHOCTLIO Ha HEOPTCIOHATLIEIX CCTKAX.

B ofzope paccsatpusacrcs Merof "POMB™ [ peureHus ypasueHus TEIUIOIPOBOJHOCTH,
mypwmﬁmcpmxlpmmjcpzmmnﬁ MOJC/H, YPaBHCHHH ra3’oguHaMHuXH, rmiepbo-
JHFICCKHMX CHCTCM YPaBHCHMM oOINero BU/IR, YPABHEHMN Neperoca B m(y3HorHoM M P1 - npubmxe-
HHAX, ypmmcmm NIEPEHOCA B auéconpmou BMEE.

B o630pe NpHBOIATCA PE3YILTATH YMCIECHHLIX IKCIICPHMCHTOB.

IMPLICIT FINITE DIFFERENCE TECHNIQUES FOR SOLUTION OF
TWO-DIMENSIONAL EQUATICNS OF MATHEMATICAL PHYSICS
BASED ON DIAMOND-TYPE APPROXIMATION AND THEIR ‘
APPLICATION IN MATHEMATICAL SIMULATION OF CONTINUOUS
MEDIA MECHANICS AND KINETIC PROCESSES

A D Gadzhiev, S.Yu Kuzmin, S.N.Lebedeo, S.N.Pisareu, A.A.Shestakouv

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk

When couple simulation of the Lagrangian hydrodynamics with other physical processes, the
difference grid becomes significantly nonorthogonal. The efficiency of numerical techniques solving such
problems depends on the accuracy of the nonorthogonal difference algorithms applied and on their ability
to ensure adequate accuracy on the grids with strong deformations.

The himitations of traditional nine—dot difference scheme for solving the diffusion-type equations
are rather well known at present. The accuracy rapidly decreases when nonorthogonality of a grid
increases. This follows from the fact that from among two operators — divcrgencé and gradient — the
gradient operator is poorly approximated.

By now some approaches have been proposed for designing difference schemes ensuring adequate
accuracy when solving difference equations on nonorthogonal grids. Our approach bascd on the
diamond-type approximation is applicable to a wide class of equations of mathematical physics. In these
techniques both divergence and gradient opcrators are approximated within a preset grid cell, the face
values of velocity and pressure being used. Based on the above approach the ROMB-type techniques 4re
casily designed, efficignt, and ensure adequate accurncy on nonorthogonal grids.

The review considers applications of the ROMB technique to: heat conductivity equation, system
of equations for energies in the threc—temperature model, gas dynamics equations, hyperbolic systems of
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general equations, transport cquation in both diffusion and P1-approximaticns, sclfajoin d transport

equation.
Results of numerical cxperiments arc presented.

HOBLIA MOHOTOHHM3ATOP LIS IOCTPOEHISA PASHOCTHDLIX
CXEM, AITNPOKCHUNHMPYIOIHUX YPABHEHME ITEPEHOCA C
[NOBBIIIEHHOW TOYHOCTBIO

B.IO. I'yces, M.I0. Kosmanoa, H.SI. Moucees

Poccunickuii deaepasibHbIH SAEPHBIH HEHTP — BCEpOCCHRCKHE HAYUHO--HCCAELOBATEILCKHAM
¢enep PHBIH LCHTP po y dat
HHCTHTYT TexHudeckon ¢pusuku. r. CHexuHck, Poccus

Paccmorpcn OAMH H3 BApHAHTOB HOBOI'O MOHOTOHH3ATOpa, OCHOBAHHOI'O Ha NPUHIINATIE MAKCH-

vMvMa. TIpiMeHseTcs I8 MOHOTOHU3AIMU PCIICHHS Pa3HOCTHLIX YPAaBHCHHH, NOPOXTACMLIX SBHBLIMH
CXeMaMH BLICOKOTO MIOPS,IKa TOUSIOCTH (BTOPOI'O M BbIIGC), ANIIPOKCUMHPYIOUIMMH YPABHCHHC IEPCHOCA C
MIOCTOSHHBIM K033 OUIMEHTOM. )

B [1] MOHOTOHHBIMM Pa3HOCTHBIMH CXCMUMH U1 YPABHCHHS TCILTONPOBOAUOCTH OhUIM H23Balbl CXCMb,

Y;IOBJICTRBOPSIOUKC OPUHIMITY MaKCHMyMa. AHAJOTHYHOE ONpCACiIeHHe ObLTo HcHoTh30BaHo B (2], [3]
JUIS  CHCTeMbl M3 YPaBHEUHS ICPCHOCA HITYYCHHMS H YpuBHcHHS oucprui. Hacrosmas pabora sBnscrcs
JaTHHEHIHM PasBUIHEM NOIX0da U3 [4] K MOHOTOHH32IIMH pCIICHHS.

CyTh mper1aracMoro MoIXo;1a 3aiUN04acTcs B TOM, YT0Ob! [IOTOKH, Bhi%HCICHHLIC DA ITANC PEIMKTOpa
715 CXEMBI BBICOKOI'O NOPAIKa TOYHOCTH, obccneunBaiy BLIOIHEHKHE HNPpHHUANZ MaKCHMYyMd, 2 HMCHHO!

J , A - . . ; -
u . <u < U .- 3aech u H U .. - ITO JOKAULHLIC MMHHMYM H MAKCHMYM THHCICHHOIO PCLICHMS Ha

™min

MOMCHT BpPCMCHH I" B OKpPECTHOCTH TO4YKH X i ¥’ - 4YHCIIEHHOC PERICIIHC B MOMCHT BpCMCHH In+'[ B

TOYKE X ;- Ecim 3To HCPABCHCTBO HapylnaceTcs, TO [I0TOKH BLIMHODUOICE H3 YPAaBHCHHS, 3a{IHCAlTHOTO Ha

OCHOBE JTOI'O HEPaBEHCTBA /L1 JICBOH WM NpaBOH I'PAHHLILI C 3aMCHOM K’ BbIPAKCHHCM A3 UCXOAHOIO
PasHOCTHOrO YPaBHCHHS.

C noMoum©o MOHOTOHMU3ATOPA HA OCHOBC CXCM M3 [5,6] no:ryucHLl MOHOTOHHbIC CXEMBI BTOPOIO, TPCIhLE-
[0 H YCTBCPTOrO MOPSIKOB TOYHOCTH, HMEIONINC B [1C:10M NOPSIOK BLIILIC [ICPBOro H AAIOIUNC IUCIICHHLIC
pelicHuR ¢ BecbMa Madoit AuddysHcl no cpaBHCHHIO ¢ SBHOH MOHO10MHONA CXCMO#l NCPBOTO HMOPAIKZ
TOYHOCTH, YTO HOATBEPEKIAACTCE PCIYILTATAMH YHCICHHOIO PCIUCHHS PasiHYHbIX MOJSLHBIX 3a449.
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COIJIACOBAHHAS ATITIPOKCHUMAIINA B PASHGCTHBIX CXEMAX
TUIIA TOJIYHOBA 171 PEHIEHUS O/THOMEPHBIX 3AJIAY
T'A30BOI JUHAMHKU

H.5 . Moucees

Poccuitckuii penepanbibiii AACpHBIA HEHTP — BcepoccHHCKHil HayYHO-1ICCIeNOBAaTENbCKU T
HHCTUTYT Texru4eckoil ¢pusnky, r. Cuexunck, Poccus

PaccMoTpeHa annpoKCHMAaNHsl YPaBHCHHI BHYTPCHHE JHEPIHH M JIBHIKCHHMS B PA3HOCTHBIX CXe-
max tuna [oxynoBa [1], nocTpoeHimiXx Ha OCHOBC 32KOHOB COXPAaHCHHS MACCHl, MMOY.ILCA U NOIMON
3HEPIHH, C OJIHOI HPOCTPAHCTBEHION MCPEMCHIION JUTIS CTy4acs M MHIPHYECKOH W chepHUCCKOH CHM-
merpuH. loxazaHo, 9T0 TOMIOCTL SHCICHHBIX PACIETOB KHHETHYCCKON U BUYTPCIHCH JHCPIHM 3aBUCHT
OT anmpOKCHMAIIHY RABJICHHA B I[IPaBOH YacTH ypaBHEHMS HMITyIhca. Ecm annpoxcuManus fasiicHus
HCCOIIACOBAHHA € AMNPOKCUMALMCH NPOUSBOLHLIX TIO MPOCTPAHCTBY, TO MOIPSIIHOCTL YHCJICHHOIO pe-
IIICHHS 3ABHCHT OT PACCTOSHMA LICHIPOB TYCCK 1O OCH (ueﬂipa) cmmcrpuu.' 3Ta 3aBHCHMOCTb yCTpans-
ercsd [pH COIVIACOBAHHON aNiIpOKCHMAIHHM, COINIACHO KOTOPOW JaB/ICHHC 8 NPaBoOl HacTH ypaBHCHHS
HMITY/IbCA TI0IAracTcs paBiibiM NOMyCyMMe JABICHRUN, HAMICHITLIX H4 JTare npearxTopa merogom Nomy-
HOBa [2] Wi npyruM KakuMm--mibo MeToaoM Ha pedpax Adcex.

Ha npumMcpax pacucToB MOASILHBLIX 33,144 10 MO (HPHUIIMPOBAHHONW CXEME € COlTaCOBaHHOH an-
OpOKCUMMAaMCH fIOKA3aHO, MTO TOYHOCTH PAacyYCTOR KHHCTHYECKOH ¥ BHYTPCHHCH 3HEPriii No cpaBHEHHIO
co cxemoifi ['oIyHOBa MOBBICHIACH, HC 3ABHCHT OT NaJHYCOB LICHTPOB S4YECK, B WHCICHHOM PpeIlCHHUU
IPAKTHYCCKM OTCYTCTBYCT “odipexT” NCpeKaykH 4acTH KHHETHYCCKOM DHCPIHE BO BHYTPCHIEIO H pelle-
HHA, DOoyYcHHBIC 110 cxeme NogyHoBa, cXoasTesa K pelIcHUIO o MOINPUIIMPOBAHHOH CXeMe.
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HESIBHBII KOHEYHO-PA3HOCTHbBIA METO/] "POMB"
YMCJIIEHHOIO PEHIEHUS IBYMEPHBIX YPABHEHMIT I'A30BON
lH/IHAPvﬂ'IKl:i HA ITPOM3BOJLHLIX JAIPAIDKEBO-DMIEPOBBIX
YETBIPEXYT'OJILHLIX CETKAX

AJl. Fradxues, C.JO. Kysvsunu, C.H. Jlebedea, B.H. lMucapes

Poccuiickiii pepepaibHbId SAEPHLIH UEHTP -~ BeepoccHCKHNA HAayYlIO- -HCCIIRIOBATEALCKU I
HHCTHTYT TexHuueckoi ¢usukn, r. Cuexnuck, Poccus

B noiorajic Mbl paccMaTpHBacM HCEBHYIO KOUCYHO-Pa3loCTHY0 Mcroguky "POMB"” s penic
HUS CUCTEMbi YPaRHCHU I'aszoBo# JuniaMukH. [TepeuncniM oCHOBILIC OCOOCHIIIOCTH ITOH METOMKH.
1) Hcnonb3yroTes OpousBolLHLIC HAIPAHACBO--3ICPOBLI CETKY H3 YCTHIPCXYTOTLHHKOB.
2) PasgocTHas cXeMa SBIECTCS HESBHOM, 5e3yciionio YeroHuHMBOil H NO3BOICT MOACTUPOBATL TCHCHHS
KaK cNabockHMaeMbIX, TaK H CHTLHOCKHMMACMLIX CpCL 321MCTHM, Y0 He BCHKAaS HCARHAS MCTOMMKA
NO3BOILCT MOACIMPOBATL TeYCHNSA CHAB0CKHMACMBIX (T
3) g cOlLB0 CHHMACMLIX TCHCHHH, KOF(a pa3ilocilias Coliil CIalIOBMICY HCOPTOrOUANLIION, OUCHS
aKTyaJIbLHON CralOBHTCA 334442 60 YJCBICTBOPUTCILIOH TOYHOCTH pasHOCTHLIX annpoxcumanmii. Kak
Y3BECTHO, OCHOBHON APHYUNIOH HU3KGH TCUHOCTH TPRAULMOHHBIX J{CBITHTOUCYHIX CXCM COCTOHT B IIC
YAOBIICTBOPHTCHLHOA ANMPOKCHMANKHA ONEPATOPA IPAINCIITA B YPABIISHHM JBIDECITHA NPH OTIOCHTCN
HO YopoiicHl aNNpoKCHMAIM OlICP2TOPa JMBCPICHIRA

B scronc "POMB" oba oncparopa rpajHeira # JHMECPICHIM ATHIPOKCHMHUPYIOTCS B IICHTPA
RUCEK [0 3HAYCIIMEM CKOPOCINW R J4BJICHMI Pa  Tpalsax 4 310 obccncuuBact yIOBICTBOPHICTLIIYK
TOYHOCTL Ha REOPTOrOHAILHEIX CETKAX.
4) ur pelreiind cHCTCMLE ABYMEDHBIX PAZIOCTHLIX YPABHCIMH APMMCHACTCS HTEPANMOIHLIA MC10,
crabwnssupyroumest noupasxy (MMCT), woroptill cBO/MT JBYMCPDHYIO 33/a€y K CCPHHM OTUOMCPHLI



3324, peacMLIX AporomxaMmi go KaxHanam. MMCII ssiscrca skoHOMUYHBIM MCTONOM, 2 mOrpeml-
HOCTH PCIICHMA IPH CXOMMMOCTH MCTOAA CTPEMHTCH K HYIHO. '

5) Hexomuas cxema "POMDB" erpostcs BMICIPO — MITTCPHOIAIMOHALIN MCTQJIOM Ha ocuose HHTCIPY-
poBating fo JAHHOA TICHKE CHCTCMBI YPaBACHWHE r23080# MTHAMEKY, 3AMHCAHHOHA B GOopMC HHTCTPTh-
KEIX 3axouoB coxpaticnaud. [lonyucHuas Taxiw oOpasoM cXxeMa SBIIRCTCH KOHCEPBATHBHOM, HO, KakK
GKA33TIOCH, BC YROBIICTBOPACT TpcboBanmo mBapHasTHOCTH (OOccHCUCHNC B IBYMEPHOM pacyere cfe-
PEMCCKOH CHMMCTDHH TN OJHONCPHBIX CHEPHUCCKH — CHMMCTPHELIX 327a1). A AoCcTHXCHHA HH-
BApEANTHOCTH B UCXOMHYIO cxemy "POMB" mocurcs nonpaska BToporo nopsjka Manoctd. [Toanpas-
nem TaKuM 06pason mcTog "POMB" ¢ $BIBCFCS KOUCCPBATUBHLIM B0 YPABHCHUIO HMITYbCa IS
GCECHMMCTPHIHBIX ABFMIKCHMH, HO COXPAafAfCT KOHCCPBATHBHOCTL MO YPIBHCHHMIO HCPA3pLIBHOCTH H
YPAEHCHIIO MICPrHM. IR PACCMaTPHUBACMOM CXEMEL MOXKHO JOGHTHLC H IOJHOH KOHCEPBATMBHOCTH 0O
YPaBHCHHIO JHCPIHUN, TaKOHd BAPHAHT CXCMbI IPUBEACH B ROKIAIE.

B noxaac NpHBORSTCE Pe3yibTaTh TUCIICHHBIX PACYCTOR MOJCTLHLIX 3a/a4.

METOAUKA YHCJIEHHOIO PEHIEHHMS CUCTEMbI YPABHEHHA,
OIMCLIBAIOIHINX PACITPOCTPAHEHUE 3ATPA3HEHHNSA B
OPUCTOH CPEJE

K H. Camouncsa, AA. Hlecmaxos

Poccuiickui pegepambablil aaepHbiil HeHTp — Beepoccniicknii HayuHO-HCCIEAOBaTENbLCKUH
BHCTHTYT Texaudeckoil puzuku, r. CrexuHck, Poccus

B manuoit paboTe paccMaTpuUBacTCs OJHOMCpHas HicIeHHAd Meronkxﬁ IUI pCUICHUs CHCTEMbI
YPaBHCHHH, OMIMCHIBATONHX QHILTPITHIO U MHIPALMIC NPUMECEH B BOJOHOCHBIX [UIacTax.
OcHOBHOH OCOBERHOCTEIO HDM PCHICHMH COBMCCTHOH CHCTCMBl YPaBHCHMHA ~QHILTPAIMH H MHIpa-
HMY, BO MHOTOM OUPEICImOMCH 'maﬁop MCTOJa WX PpCIlEHHA HA MOJCIAX, SBIRETCS HATHYHE KOH-
BEKTHBHOH COCTABINIOMCH HEpeHOca, KOTopas K TOMY Xe Hﬁpl:mco 3HAYHTENLHO [PEBOCXOIUT
mddysnoiaiyo xoumnoucHTy. Flps Jocratouno MambiX 2HadYeHHAX napaverpa [lewie s 3amaq
MHIPAUMH DPHMCHMMLI OPAKTHICCKHM T€ K€ METOHbl MOJEIMPDOBAHHN, YTO H I 3ajad (GHILTpa-
pud. ORHaKO B HPOTUBHOM clydac Takolf OONXOA HATAIKHBacTCcs Ha PAd  NPUHHUIHAUBLHBIX
TPYMIOCICH, OOCYCHOBNCHHLIX B obiReM clydac HEOOXOMIMOCTHIO AIHIPOXCHMAMH HA peaslbHOH
PA3HOCTHO# CCTKC KOHBCKTUBHO# COCTABIBHOIHCH NCPEHOCA. JTH TPYAHOCTH CBA3AHLI € HaTBITMEM
paspLiBOB MpH " YMCTO” KOHBCKTMBHOM ncpeHoce (D=0) M ¢ BLICOKMMH €€ T[pajMeHTaM#d B
3aja9aX ¢ guddysHommbM  wicsoM. /UM yCTpaHEHHS HEXEIATeIbHbIX YHCHCHHBIX  3¢dexToB
(ocipUIanHA B PCHICHUA) OPM  OBIOBPEMEIIOM COXPAHCHHH OHOPDOJHOCTH  pa3HOCTHOM cXeMbl
HHOr /12 OOpaMAIOTCA. K AITOPUTMAM ¢ HACKYCCTBEHHOH BA3KOCTHIO.
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B 1annoi padore MOCTPOCHBI OJHOPOUBIC MOHOTCHNLIC PA3HOCTHRIC CXCMbL LIS PCHICHHA  YPaBH-
HUS MHIpailHn oc3 BBCICHMHA HCK)"CC'!'BCHHOFI BA3KOCTH, OO0 [, [d10IHKC fICPBLIM TOPAIKOM  alNpPOk-
CHMAUHH MO BPEMCHU M BTOPbIM NOPATROM MO MPOCTPAHCTBY.

TOYHBLIE PEHIEHUSA 3AAY PI'A C YHETOM CIHEKTPAILHOI'O
NEPEHOCA H3JIVUEHUSA

A A lllecmakos

Poccuiickuii desepaiibHbli SICPHBIR USHTD - BCEPOCCHUCKHHM HAYUHO- HCCACAOBATEALCKHIA
UHCTHTYT TeXHHYECKOH du3nku. r. CHexunHck. Poceus

B nocicauuy 100 B CBA3M € PARBHIMCM BLINHC D11CIHHON TOXHMKY BCC OO THHICC JHAYCHHUL FIPK-
o5peTaeT HOBBIM K1aCC VPaBHCHMH MalcMaTHUCCRO PHIMKH HITICIPO MG CPSHIIMA TLHLIC YPaBHC-
HHS pAMALHOHHOH 1a3080H IMHavukH (PI1) CoiosHocrs 3108 32.1@41 APSAIC BCSI'G OMIPC I ISE] O
HIOOXOIMMOCTLEC YEC13 00 [LIO1Q KO IMHCCTBA GM3ngeckuy npolicccor  HMavdenne 2108 apos iovi;
F:09e10CEHE B HAYAIC HATTORUICI O C1OICTHSA K NPSI0.LRACICH IO CHX Top. [ 1o 1HOC peHcHre cucteMal PE
SHIC HC HAIIEHO [10 KONA, XO [ HMCNO.IL30BAHHC coBpovaenixy IBM 110380 1801 Haxo ML NPpHO.IHACH -
1LIC PCIICHHMS YTIIPOIICHHDBIX BAPHAHTOE 2 10H 34.1a4#

B 1aHHO# padoTc pacCMOIPCHLL HCh TOPLIC 10WiLiC peiucHis wday PITL e vioroMepitov neera-
(ptouapHoM cilvuae. Tlpeanoiaracics. 910 MUHICHCHMEHOC L HALIVICHMS MOWKHO NIPCICIABKTL B BILIC [IDO-
ipcieHus OvHK!MU [l1aHKa Ha HEKO1OpYI0 QYHKINMIO PACIPCIC/ICHHS. 3ABUCHIIVIC TOILKS Ol {1pC-
CTPAHCTBCHHLIX KOOP,IMHAT M HANPABICHHS N0.1c13 o ronos. HiLlika1puca puccestns [akKAe NPCiciab-
JAS€TCS B BW.IC MPOMIBCACHHS JIBYX QYHKIMIT. O/H2 13 ROIOPLIX SB.I1SCTCH DVIKIMCIL, O0ODaIHOK h PVHK-
LHE PACOPEICIICHNS W 34BHCHT O PAIMYC BOKIODL M HATPARICHHR 110.1€12 (GO TOHCR O CIOIRNOBCHHE ¢
YACTUIIAMHM BEUICCTBA, 3 BIOPAS  MPCICTABIACE (0B [Lil0 CIOAHOC BhipaKcHME, COACpAailee hoIDPu-
HHERTbE paccestHHK, noijomenns, dyukino Thianka it oo npoiriro.uibic Takok cioAHBI BILT HILIHKAT-
PHCbl paccesHHs YIIPOINACT PCHICHME YPABHCHMS NCPCHocd 13 3 HCHHSA NPCBPAHIER €0 B TOALCT (BS H
MO3BOMIECT BLIOHPAThL PAMYHLIC QOPMYIILL LI NOCIPOCHiHg hovGPUIIMSHTE NOIIOIICHHS U DVHRIIMK
pacnpeleiicHus. B ypaBHCHUAX 230 MHAMUKH YUHTIIBACICA UMNY.ILC HLIYICHHS, 3 ;1aBICHHS NPCICIaE-

8€1CA B BLWIE MTPOU3BCICHHS [MIOTHOCTH W I'eMNICpaTyphi, BO3BCICHHLIX B COOTBCTCIBYICIHINAC CiChiCHIM
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METOJUKA YU CIHIEHHOI'O PELHEHHU A ABYMEPHOI'O YPABHEHUS
HEPEHOCA U3JIYYEHHUSA B MHOTOI'PYIHIOBOM
P1IIPUBJIXEAMHU

A/l Iadxues, A.A. [Hlecmaxos

Poccuiickuil denepanbibiii saepHbId UEHTPp — BCepOCCHHCKHE HayUHO—HCCNIEJOBATENbCKHR
HHCTHTYT TexHHuyeckoH ¢u3uku, r. CrexuHcx, Poccus

Pabota noceanicHa paipadoTke H COIZAHUIO HOBOH YHCIICHHOH METOIMKU PClOCHHUS CHEKTpaTTh-
HbIX YPaBHCHUI NICPCHOCA JIYHMCTOH JHCPIHY B MHOTOTpPYyINosoM MbdysuounoM H Pl -npubiauxenusx
Ha CIOXHbBIX HCOPTOTOHAThHbIX Pa3HOCTHRX CCTKaX.

PemieHmio ypaBHCHHS HCPCHOCA JHCPTHM M3.TYYCHUCM [IOCBSINEHO JOCTAaFOYHO OOMbUIOe YHCIO
padoT, o/THaKo pa3paboTKa HOBbIX MCTOMMK, 0013aJAIOIUX BHICOKOH TOYHOCTHIO H OOJBLIION CcKOpoO-
CTHI0  €XOJMMOCTH uTcpéumm{bxx APOLICCCOB B UIMPOKOM HANMAa30HE W3MCHCHHA ONTHYECKOH IMIOT-
HOCTH BCUICCTBZ [O-[PEKHEMY SABARCTCE aKTyaTbHO# 3a/aveH.

AXTYa THOCTD 3332%1 TAaKKC OfIPCACIACTCS 1CM, YTO PACCMOTPCHHAS METOIHKa OPHEHTHPOBAHA
Ha JBHMXYUWYXO CpCAy C HCNOML30BAHUCM HCOPTOTOHATILHLIX CETOK. NPETEPHCBAIOHIMX CO BpEMEHEM
ciTbHbie JedopManud. Tlpu co3dauMM Takux METOIMK TPYAHOCTH BOSHMUKAIOT KaK NPH MOCTPOCHHUHM
PA3HOCTHOH aNNPOKCHMAINHH H3-3a CYIIECTBCHHOR HCOPTOTCHATHLHOCTH CETKH, TaK H NPH COBMCCTHOM
PCHICHHH BETMHCHHOHR CHCTCOMbI PA3HOCTHBLIX YPABHCHHH JHCPIHH U [ICPCHOCA HITYYCHHA

" B ocnosy Pa3HOCTHOH MCTOMKH AOSJOXKCHA IBYXTOucwiias cxeMa "PomG" |, xopoino 3apexkoMen-
jloBaBuAR ccOS NPy PCOICHUH JSYMEPHLIX 3234 TCILIOTIPOBOIIOCTH HA CCTKaXx ¢ OoimbinuMu Jdedopma-
M. B paboTe pocTpocHa HOBas pasHOCTHAE CXEMa H3 flapaMCTPHYecKoro cemciciBa cxeM "Pomd”
IR pelCHUS CHCTEMBLI HEPCHOCA JTYYHCTOW DHCPIud B m«p(pymouﬂou H Pl-nput:mxeHusx: Cxema
yCcTOHIMBA, oOecneyuBacT BTOPO# NOPAIOK TOYHOCTH B MOHOTOHHOCTD .

JI8 COBMCCTHO!'O PElliCHHSA HEMIICHAON cHCTeMbl Pa3HOCTHLIX YPABHCHHI JHEPIMM H MepcHoca
H3JTYSCHMA NPEUIOKEH HOBBIA MTEPAIBIOHIbIH METO{, OCHOBAHHbIA Ha MCTOJE BhLICICHHMSA JAMAroHaTh-
HBIX JJCMEHTOB.



NOCIAEXOBATEILHDBIE ITPUBJTHKEHMSA
C NOKOMITOHEHTHDBIM OCTAHOBOM

A.A. Maasrees

Poccuiickuil genepanbHbiil AACPHLIR HEHTPp — BeepoccHHCKHE HAyYHO—-HCCIEIOBATENLCK M
HHCTHTYT TexHH4eckofi QusHkH, r. CHexXuHCcK, Poccus

Hcnoym3oBamidc Ha naparicibiol eslgxciHte mioll cicreMe (TIBC) urepanmoustoro nporecca
(AID), w15 ocTanoBa KOTOpPOro TpedyeTed poryaspiibii oOMen HubOopMalucH MCKLY BECMU HPOIICCCOpa-
sy TIBC, moxer 3HaYHTE LHC CHM3HTL 2QPCKTHBEHOCTL ¢rfo pacnapaulicauBanus. [lootomy na [IBC
MOKET OK433aThcq 0OZlee BLIIOZHLIM Keriormiosath HMIT, [y oc1anosa KoToporo Tpedyceres TOALKO J0-
KaIbKag HHQOpMAIHUS.

B pabote BEOUHTCE OAPCACICHUC &G OPHTMA NOCTICIOBA LOTLILIK MPHE IIKCHMA ¢ NTOKOMIIOHEHT-
HeIM ocTtanosoyM (AIIC). nocipoennoro na 6u3e Heunehinoro M1, v oupcaciienue HopuaskHoro 3asep-
1eHEs ¢ o paborpl. GOpMYIIHPYCTCS 1COPCMA, JUIOMMAR AOCTATOTHOS YCIOBHE /IR HOPMATLHEOIO 3aBCp-
iteiing pabdoret AM10 B cramodapioy cryqac. BLIBOMMICA OHCHEA MAaKCHMATILHON0 KOBYCCTBA H1epa-
11, HEOOX O MMOro U1 HOPMAJILIIOTO 3aBeplietiis ero paboThi.

Pacomarpuracres ATIO, 118 KOToporo [lOCTITOUHOE VCIGBHE MOKCT HC BLIMOAHSThes. s
A0, nocrpociiioro na daic cauMaiofiicro M1, dopuMy:nmyeres icopeva, KOropas Xapakepuszyer no-
pegenHe Af1O B aToM cIydac.

Onpegenenuc AITO, nocipocsiioro na tase «iaimonapuore I, obodmacies na cayvafl gHecra-

MAOLHM, TO Ha cooiBerersyomyit ATTO nepouocktcs DOslbUGHHCILO POIY/H. 14TOB, JOKA3AHHRIX 1S
CIalHOHAPHOTO CIyqas.

SUCCESSIVE APPROXIMATIONS UNBDER COMPONENT-WISE STOP!

A A. Maleev

Russian Federal Nuclear Center — All-Russian Scientific Research Institute of Technical
Physics, Snezhinsk, Russia

Use of iterative process (1P) on parallel computer systern {(PCS) requiring regular informaton
exchange between all PCS processors for stopping can reduce considerably the cffectivencss of its
paralleling. Therefore, it may be beneficial to apply on PCS the IP requiring only local mformation for
stopping. ‘
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The paper introduces a definition of algorithm of successive approximations under component-
wise stop (ACS) based on non-linear IP and a definition of ACS normal completion. Theorem is stated
giving a sufficient condition for ACS normal completion for a stationary casc. Estimate of a maxim\'xm
number of iterations required for ACS normal completion is derived.

ACS is considered for which thc sufficient condition can be not met. For ACS based on
contsactive [P, theorem is stated which characterizes ACS behavior in this case.

Definition of ACS bascd on stationary IP is gencralized for the case of non-stationary IP. It is
shown that if basic IP ts consistent and contractive then most of results proved for stationary case are
vafid for the appropriate ACS.

Ithis activity is partially supported by ISTC Project # 031-94.

2D " 3D BH3Y AJIHBALHHI PE3YJILTATOB MATEMATUYECKOI'O
MOAEJMPOBAHMS CAOXKHDBIX ON3HYECKHX CMCTEM

B .M Kproxos, . B.Mozurenckux, B.B.dbedopos

Poccuiicknil denepanbibii SACPHLA HCHTP — BCCPOCCHMHUCKHHA HAYUIIO--HCCICAOBATEILCKUN
HHCTHTYT TexHHueckoil ¢pu3nkH, r. Cuexuuck, Poccus

C nposuiicHHCM BLICOKOTIPOH3BOMTCILILIX DBM npoucXoaur nepexo K MacCOBhIM pacucTaMm o
TpeKMEPHLIM McrofuKaM. O0beMbl JaHHDBIX, ITOJIY4YacMbiX B PE3YibTaTe MOICIHPOBAHHS, OIrPOMIIb! H
TPAAHIMMOHHbIC MCTO/IB] 2LATH3A DTHX JAIHIbIX cTanopalcs Magod(gdexiupubiMu. B ¢B3H ¢ 3THM craia
akTyajibHa pa3paborka cMcTeM Hay$oH BH3yaM3allu.

Hanu+se TEXHAYCCKHX CPEACTB € XOPOILHMH CPCACTBAMH BH3YIM3aLMH AUH TOYOK K pa3spa-
0OTKe CHCTEM MpPSACTABICHHA Pe3yibTATOB MATEMATHUYSCKOIO MOZCIHPOBAHUNA B BHIAC JBYMCPHBIX M
TPEXMEPHBIX H300paskeHHA.

CHcreMB! BH3YAHM3AIHH [OBLIBIAOT npomao;[mcnbuocrb TPYAA IPH aliuTi3e pe3yIbTaTOB H
J2I0T BO3MOXHOCTL, CBOEBPEMEHHOIO OOHAPYXKCHHA OCOOEHHOCTCH B XOJIC pellieHUs COKHBIX JBY— H
TPEXMCPHBIX 32134.

IIpemnaraercs cucrema 2D u 3D Busyasmsaiy, KoTopas NpCOCTABIET YIOOHbIH MHCTPYMEHT
aHa/P3a HPOINCOCA TCKYLUCTO CETa H OKOHYATEILHBIX PE3y/IbTaTOB C4€Ta B paboTe yYeHbIX.

PaccmoTpeHst octioBHbIC HanpasieHus 3D Buzyarm3aisu: : S
— pPE3VIILTATOB MOJCHMPOBAHUA, OIMCAHHBIX ABYMCPHLIMHM M TPCXMCPHBIMH CETKaMH
- YHXUHE JBYX HCpEMEHUBIX
-- TPEXITAPAMETPUYCCKHX JAHHBIX
— JAHHbIX, 00JACTE OofpeesicHHs KOTOPhIX HC PA3BOPavMBaeTCAd B IITOCKOCTH
— TPEXMEPHBIX TPAcKTOPHH.

{Ipemnaraercs IMHPOKUH CEKTP obJiacTel NpUMEHCHHA CUCTEM HAaYYHOH BU3YaJIM3aillMH.
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Kparo moxenal 2moprnd 31D By a sz e
- FBOOPAERCIEC TPCXMCPHLIX OOLOKTAB B BMAC KAPWaca
- FOBCPXNOCTs ODLLETR KB CPUIbI DPCIACTIRASCIC B BANC NICMCHTIPHR [LIOHIA KK
- AFopaTMed 3D BOYa BAHY TPCXAAPAMETPRFICCERY TaHHAIX.

Barrerpanks aactes 2D ¢ 3D susyamm3aipm ApRIACT HOMOTY BOZMOXMHOCTEH o OPIaHNIHYyIo
32 HMCIHHOCT, CHCTCME B3V B3I .

B aokmzar ormacanii HASHAMCHEC, OCHOBHLIC QYEXIR®, ROCTIHOBKA 33434, LHOPHTML! peipe-
HHS, MHTCPPEHC, QYHKIHOHATLHLIE BO3MOKHOCTH, TCXHUTICCKOC OOCCHCHCHHIC, BCPCHCKTIBH PasasTHs
cucTeM BaywEoH 3D sesya R

Hmecrcs KTBOCTPaLIHOHILI MaTEpHaTl.

2D AND 3D VISUALIZATION OF MATHEMATICAL MODELING
RESULTS FOR COMPLEX PHYSKCAL SYSTEMS

V.M Kryukov, D .V Mogilenskikh, V.V Fyodorev

Russian Federal Nuclear Center — Al-Russian Screntific Research Institute of Technical
Physics, Snezhinsk, Russia

With advent of high- performance compulers 3D techniques are being more and more used for
simulations. Data amounts obtained as a resull of modehng are immensc and the conventional
techniques of data analysis are becommng incfTicient. Therefore, development  of scicntific visualization
systems is of vital importance.

Availability of hardwarc and appropriatc softwarc gave mpetus for development of systems
presenting results of mathematical modefing in the form of 2D and 3D pictures. Visualization systems
increase productivity of results analysis and cnable timely detection of pecuharntics in the course of
solving complex 2D and 3D problcms. 2D and 3D visualization system s proposed, which gives
a convenicnt instrument for analyzmg current calculations and final results of simulations.

Main directions of 3-D visualization are the following: '

- simulation results described by 2D and 3D grids;

- functions of two arguments;

- 3-parameter data;

_ da.a with definition area that cannot be transformed into a planc;
— 3-D trajectorics.

A wade range of scientific fields is proposed where scientific’ visualization systems can be applied.

3D visualization algerithms are briefly described:

- plotting 3D objects as frames;

- presentation of an object or medium surfaces as a set of elemental plaiforms;
— algorithms of 3D visualization of 3--parameter data.
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. imtegration of 2D and 3D visuafization systemys makes the vismalization systcm completc and
dimerse. Purpesc, mam functions, mﬁ&mmmmm functionalities,
mmw dmﬁ)mmmmﬁndmﬁcw

mmpmtsd

PACQEIHPM DCECHEMMET
BASEEPAX

PocomiicEwi deacpantAnE sAcpHoil renTp — Boepoctaiicknil HIyIHO—MCUIEROBATENILCKHHR

€ moxocmsw werogms THEP-M, pponFasBascnoil g peritcuus Apymepisix MIJ 3anaq, npo-
BEfICHL WACTICHHTIC PacICThl 80  paisuTuld  OCCCHMMCTPIFIHbIX  BOZMYMICHHH IpaHwipd (THOA
"BcpersAxa”) ANIIMCHRLIX IHHYPOB M JBOHHLIX NIaswchHbix akmepos [l Anx Z-numda Geum pac-
mmmmmmmmnmmpxmnchl,ZAa
Taxake xoporxcsomioesix (k—=30). B wmcmcrmyio MOAS/IL BRCACH YUCT PavIHIHbIX GH3HNICCKUX Hpollec-
COB.  WEXTPOMINIX BPOBOAMMOCIN H TCIDIOMPOBOCAMOCTH TNASMLl, JAMFHHICIHOCTH TPaHCROPTHLX
xonddusmcrros, soHwsasy, >ddoxra Xoma, DysHCTONS TCHIcO0McHa ¥ 1.5, JJMHHOBOHOBLIE BO3-
MYIBCH CRAA] ¢ BT RUILHOR K ipHIYPanKeH IU1a3ML 30 HA1aHa HPOTCKAHHA o HeH Toxa. [Ho mpo-
rpansc THIP-M pposcientl pacicTsl HaDBONACNOro B IKCACPHMCHTAX C ABYXKACKAIFHLIM TLTa3MEH-
i RiSepon - “7Appering’ - ®pOHoETa, Eamore © RIGXTLHLIM HCOSNOPONHMM PaCHpCACTICHHEM
EI23MLE, BORYSCHITIM B PCYELTATE HHAKCKIWE T332 M3 Frasoporo CofEaa.

mmsmmmnmammmmmamm
mmmammémwmm

Kposmc Toro, ¢ Boscnmo pacseros #o THTP-M noxasano crabuBaRpyiomee BISHHC BHEIIHE-
FO aXCRAIREGFO MATHNTHOTO BOJIS H2 OMIOPOASOCTL CXATHS HaHHCPa H HA PA3BUTHE OCCCHMMETPHYHLIX
HEeyCTaHERROCTSR. Pmmmmnm OCYIHCCTBIICHHN PCaKUMH TCPMOAACPHOTO CHHTE3A
HpH ISEBUIHMEPOSAIRN TCPMOSACPHOTO [OPCHRS BORL MHYPA [EOTHOE MRA3IMM OT m.woxm*cumpa'ryp-
- BoR {2 §0x0%) obracTs Ha och ("ropasic Toww'), MWMWWM
T FCPCTRAIH. :

l. ADZubov, G.A Adamkevich, 1V.Glaryrin. Nemerical Simulation of Axizisymmetric MHD

instabilities Development in £ mmmmwmmrm {16-28 Qct.
1995, Snczhiask, Chclyabinsk Region), pp.144-145.
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NUMERICAL STRULATION OV EVOLUTION OF AXISYMMETRICAL
MHD-INSTAFILITIES IN Z-PINCIIES AND PLASMA LINERS

A.D. Zubov

Russian Federal Nuclear Center — All-Russian Scientific Rescarch Institute of Technical
Physics, Snezhinsk, Russia

Using TIGR- M mecthods intended for solving two dimensional MHD-problems, numerica
simulations were performed related 1o cvolution of axisymmctrical perturbations at the boundarics o
pinches and double plasma hners [1}. For Z pinch, diffcient forms of specifying initial boundan
periurbations were comsidered. namely in the form of harmonics with £A=1,2,4 as wecll as short wave ons
(k=30). Numerical sinndation takes into account different physical processes: clectron conductivity anc
heat conduction of pilasma, magnetization of transpottation cocflicients, ionization, Hall effect. radian
heat transfen, cte. Long wavclength perturbations are asseciated with the nitial plasma configuration

-':i'or': current propagation. Using TIGR M program, zppering effect obscrved in cxperimeits witd
two--cascade plasma lincr was calculated. This cffect ts associaled with initial non homogencouw:
distribution of plasma duc to gas injection from the gas nozze. Note, that gas injection {rom the nozzle:
and subscquent lincr contraction caused by current were calculated in the course of simulation. Besides
sipniations performed by TIGR--M showed dubilizing effect of external axial maganctic ficld o

smogencity of liner contraction, and on evoluion of axisynunctrical wstabilities. Foasibility o
thermonuclear fusion is considered when thormoniuclear burning aleng o pinch of dense plasina is initiatec
by high{empcrature (2...10 keV) region of the axis (*hot spot™) urising in the course of cvolution o

instability of necking type.

1. A.D. Zubov, G.A. Adamkevich, I.V. Giazyrin. Numerical Simulation of Axisyminctric MHIL
Instabiliity Developnient in Z -pinch and Plasmu Liners. IV Zababakhins’ Scientific Talks, (16 20 Oct
1995, Snezhinsk, Chelyabinsk Region), pp. 144 -145.
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