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a query over the database. as a consequence, the 
distro opens the relevant documents and allows the 
computational experiments on them using appropri-
ate mathematical packages.

below the internal architecture of program 
complex is shown: “tS maSter”, mathematical 
package, SQl Server, remote data module, kernel 
for open computer models with variable structure 
and distro for the kernel, which is three-tier client / 
server application for conducting of distance learn-
ing in the local computer network.

Shown in figure open three-tier virtual math-
ematical laboratory with variable structure consists 
of three parts:

– Client part consists of the kernel and distro 
to it, as well as the corresponding mathematical 
package. kernel contains the objects of support of 
dataSnap technology on the client side (the objects 
encapsulated from the class tclientdataSet) and 
objects of socket programming tcp / ip (objects 
encapsulated from the class tSocetconnection) 
for its connection with the server part. to optimize 
queries to the server the language SQl is used. dis-
tro is a user interface and interacts with the kernel 
through a data source from the class tdataSource. 
objects that make up this distro allow to visualize 
the working with documents. among them objects 
encapsulated from the class twebbrowser are sig-
nificant. They allow to use components from librar-
ies of corresponding mathematical packages.

– Application server runs on the server side. 
it is mechanism of connecting of client application 
with SQl Server. it is also designed to minimize the 
load on the SQl Server. its kernel consists of the re-
mote data module (remote data module – rdm). 
rdm contains objects of support of dataSnap tech-
nology on the server side (the objects encapsulated 
from the class tdataSetprovider) and objects that 
support ado technology to access SQl Server, 
which works with the database that stores the table 
with the routes of access to documents (the content 
of lectures, laboratory works, exercises and tests). 
Due to the flexibility of technology ADO, there is 
an easy opportunity to optimize the operation of the 
three-tier virtual mathematical laboratory, replacing 
the database server by more powerful system with 
an appropriate choice of iSp connection. rdm is 
registered to the server SocetServer and runs for 
each access of client to the server.
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the development of aviation and space technol-
ogies require reliable data on the aerodynamic and 
aerothermodynamic characteristics of hypersonic 
vehicles in the whole range of flow regimes, i.e., 
from the continuum flow regime up to the free-mo-
lecular regime. during de-orbiting, the spacecraft 
passes through the free molecular, then through the 
transitional regime and the finalized flight is in the 
continuum flow.

It is well known that for flight in the upper at-
mosphere, where it is necessary to take into account 
the molecular structure of gas and using boltzmann 
equation and corresponding numerical methods of 
simulation [1]. while aircraft are moving in low 
atmosphere, the problems are reduced to the prob-
lems that can be solved in the frame of continuum 
theory or, to be more precise, by application of the 
navier-Stokes equations and euler equations. it is 
natural to create engineering methods, justified by 
cumulative data of experimental, theoretical and 
numerical results, enabling the prediction of aero-
dynamics characteristics of complex bodies in the 
transitional regime [2]. 

computer modeling allows to quickly analy-
sis the aerodynamic characteristics of hypersonic 
vehicles by using theoretical and experimental re-
search in aerodynamics of hypersonic flows. The 
basic quantitative tool for study of hypersonic rare-
fied flows is direct simulation Monte Carlo meth-
od (dSmc) [3] and it is required large amount of 
computer memory and performance and unreason-
able expensive at the initial stage of spacecraft de-
sign and trajectory analysis. the solution for this 
problem is the approximate engineering methods. 
the monte carlo method remains the most reli-
able approach, together with the local engineering 
methods, that provides good results for the global 
aerodynamic coefficients. In the work of [2, 12] in-
dicated that local engineering methods could have 
significant effect on aerodynamic characteristics of 
various hypersonic vehicles. 

at the department of aeromechanics and 
flight engineering (dafe) of moscow institute of 
physics and technology (mipt) was developed the 
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information technology project “adanat” (aero-
dynamic analysis of ensuring the establishment of 
aviation and Space techniques) by professor yuri 
ivanovich khlopkov. many research grants from 
the russian foundation for basic research (rfbr) 
supported this project. the parallel calculation 
center of dafe mipt is equipped with the modern 
cfd software. dafe with the famous organiza-
tions of russia “tsagi, tsiam, dorodnicyn com-
puting centre of the russian academy of Sciences, 
institute for problems in mechanics of the russian 
academy of Sciences, Sukhoi aviation Holding 
company, engineering company teSiS, etc” was 
defined many fundamental problems in the field of 
creation of new generation of aviation and space 
techniques. development of the center allowed pro-
moting in the solution of the most complex chal-
lenges of computing in aerothermodynamics prob-
lems. Some of these are the problems of hypersonic 
aerothermodynamics, rarefied gas dynamics and 
task about flows in turbojets, etc. Under the projects 
some books were published [4-12, 2].

The reported study was supported by Russian 
Foundation for Basic Research (RFBR) (project 
№ 14-07-00564-а).

References
1. Kogan N.M. Rarefied Gas Dynamic, New York, Plenum, 1969.
2. belotserkovskii o.m., khlopkov yu.i. monte carlo 

Methods in Mechanics of Fluid and Gas, World Scientific Pub-

lishing co. new jersey, london, Singapore, beijing, Hong 
kong, 2010. – 268 p.

3. bird g.a. molecular gas dynamics and the direct Sim-
ulation of gas flows, oxford university press, 1994.

4. khlopkov yu.i., Zharov v.a., gorelov S.l. guidelines 
for computer analytics. moscow, mipt, 2000. – 118 p.

5. khlopkov yu.i., Zharov v.a., gorelov S.l. coherent struc-
tures in a turbulent boundary layer. moscow, mipt, 2002. – 268 p.

6. khlopkov yu.i. Statistical modelling in computational 
aerodynamics. moscow, mipt, 2006. – 158 p.

7. belotserkovskii o.m., khlopkov yu.i. monte-carlo 
Methods in mechanics of fluid and gas. Moscow, Azbuka-2000, 
2008. – 330 p.

8. khlopkov yu.i., Zharov v.a., gorelov S.l. renormali-
zation group methods for describing turbulent flow of an incom-
pressible fluid. Moscow, MIPT, 2006. – 492 p.

9. khlopkov yu.i., Zharov v.a., gorelov S.l. lectures 
on theoretical research methods turbulence. moscow, mipt, 
2005. – 178 p.

10. belotserkovskii o.m., khlopkov yu.i., Zharov v.a., 
gorelov S.l., khlopkov a.yu. organize structures in turbulent 
flows. Moscow, MIPT, 2009. – 303 p.

11. afanasyev l.a., khlopkov yu.i., chernyshev S.l. in-
troduction to the speciality. The aerodynamics aspects of flight 
safety. moscow, mipt, 2011. – 184 p.

12. khlopkov yu.i., cernyshev S.l., Zay yar myo myint, 
khlopkov a.yu. introduction to speciality ii. High-speed air-
crafts. moscow, mipt, 2013. – 192 p.

the work is submitted to the international Sci-
entific Conference “Fundamental research”, DO-
minican republic, april 13–22, 2015, came 
to the editorial office оn 07.04.2015.


