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INTRODUCTION 
 

Relevance of the topic. Nowadays the space exploration is the one of the 
priorities for the most developed countries of the world. Operating conditions 
and the presence of external radiation exposure factors impose stringent re-
quirements on the equipment and element base of systems for special purposes 
(rocket and space technology, communication systems, physical experiment, 
etc.), which hampers the development and use of onboard equipment spacecraft. 

With current microelectronics development level, increasing packaging 
density of the circuitry and decreasing design rules of sensitive element place-
ment on a chip we have a problem of evaluating results effects of individual 
charged particles of high energy on the functioning equipment in outer space. Of 
particular interest is the consideration of single effects in semiconductor elec-
tronics products (SEP), as there is an urgent need to review approaches to the 
construction of spacecraft, making the design of additional means of ensuring 
reliability, taking into account information about the technology, the topological 
dimension of sensing elements, critical parameters SEP.  

Complexity of the integrated mathematical simulation and evaluation of 
hardness characteristics of equipment to the single effects under the influence of 
charged space particles is the lack of special purpose hardware designer unified 
software environment modeling and design. Software complexes to model the 
processes and make the calculations to assess the hardness of onboard equip-
ment (OE) spacecraft (SC) and SEP accessories are not widespread and virtually 
inaccessible. 

The solution of this problem is to develop the software complex for 
evaluation of hardness onboard equipment based on special mathematical mod-
els intended for implementation as part of software algorithms. This model is 
based on the experimental data on the hardness of SEP with different design 
technology and data on the characteristics of the flow of charged particles (CP). 

Thus, the relevance of this research topic is a result of the need to develop 
mathematical and software tools to obtain the data of hardness individual SEP, 
OE blocks in general and verify configuration of spacecraft for compliance with 
the correct choice of the circuitry. 

Contents of the task. In the first chapter we’ve analyzed the problems of 
local simulation radiation effects from the charged space particles. The substan-
tiation of the need to develop a system of special mathematical and software 
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tools for determination of hardness characterization equipment to the single ef-
fects under influence the separate charged particles (CP) of the space. The re-
quirements for the system are set out herein. 

In the second chapter, the special adaptive mathematical model is devel-
oped. This model takes into account the mass-energy characteristics of the af-
fecting charged particles in the space and product structure of semiconductor 
electronics (SEP) on the basis of system analysis under creating the software 
complex calculation of hardness to the single effects for the onboard equipment 
(failures and faults). The model described is based on the experimental data on 
the SEP hardness with the different process layouts and data on the characteris-
tics of the charged particle flow.  

The third chapter describes a modular structure of the automatic informa-
tion system of simulation and evaluation of hardness characteristics radioelec-
tronic equipment. In addressing issues of automated calculation of hardness for 
the semiconductor elements SEP following results were obtained: 

− the structure of software complex is proposed; 
− generalized structure of an integrated database SEP is described; 
− the composition, requirements and purposes of the developed software 

are defined. 
The fourth chapter describes software implementation of complex evalua-

tion of hardness radioelectronic equipment to the single effects from exposure to 
charged space particles. This section includes: 

− the main purposes of the project technical implementation; 
− the methodology for calculating the characteristics of equipment toler-

ance to the single effects under the influence of separate charged particles (CP) 
of the space, based on the virtual OE block including the sensitive semiconduc-
tor products. 

Conclusion includes the basic scientific and practical results of the disser-
tation research. 

The annex contains the tables of comparative analysis and reference mate-
rials for experimental and calculated data about the hardness of SEP, implemen-
tation acts and the approbation examples of hardness evaluation for the different 
types of SEP to the influence charged space particles. 
 

*** 
The body text of the monograph is written by Russian. 
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