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Abstract. The substantiation of the conceptual properties of complex technical 

systems (CTS) requires the use of knowledge of many engineering disciplines 

and the involvement of specialists from various subject areas. These properties 

are used for the implementation of the main functions, reliability and safety of 

CTS and can be substrate on the basis of the principle of self-organization. The 

technique of rule-based knowledge bases can be used for its implementation. 

The mechanism of self-organization involves the creation of a new computa-

tional structure for each object of investigation and interdisciplinary task to be 

solved. 
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1 Introduction 

The substantiation of conceptual properties of Complex Technical Systems (CTS) at 

the initial stages of creation, which provide the principal possibility of implementing 

functions, reliability and safety, requires the use of knowledge of many engineering 

disciplines and involvement of specialists in various subject areas [1-3]. The proper-

ties of CTS are characterized by parameters of technical state, reliability and safety 

that change during CTS operation. These changes reflect the dynamics of properties 

and require the prediction of possible damage and planning adequate methods and 

means for monitoring and diagnosis. So, the problem of creating modern CTS has a 

transdisciplinary character and includes a set of interdisciplinary and disciplinary 

tasks. A significant part of these tasks can be solved on the basis of heuristics [4]. The 

effective use of expert knowledge, as well as the involvement of experts of related 

subject areas to the forming and solving problems, requires: improvement of methods 

and models for knowledge representation; development of knowledge bases (KB) and 

expert systems (ES); processing large amounts of information [5-7]. 

The most important technical solutions are substantiated at the early stages of the 

CTS creation on the basis of conceptual properties. In turn, the formation of these
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properties requires the combination of knowledge from different subject domain and a 

generalized formulation of interdisciplinary objectives and tasks. Thus, these general-

ized objectives and tasks allow to a wide range of experts to participate in the substan-

tiation of new technical solutions. In this paper we make an attempt to present a set of 

interdisciplinary tasks for the substantiation of properties of technogenic safety IDTDS 

and reliability IDTIL. The principle of self-organization implemented in the form of 

rules and KBs is used as the basis. Thus, we expand the area of application of the self-

organization principle [8-13]. 

2 The Conception of Self-organization Properties 

One of the forms of implementation of the self-organization principle is the local rules 

[8]. So, we propose to use local rule-based models that reflect a set of relevant KB 

and computational modules (CM) intending for solving interdisciplinary tasks. 

The principle of self-organization of CTS conceptual properties and their compo-

nents and elements is a process of formation of properties providing effective func-

tionality, reliability and safety on the basis of activation of relevant KBs and adequate 

rule-based models necessary for realization of algorithm of calculation. Missing or 

incomplete KBs and rules are created and supplemented directly in the process of 

solving problems by a team of experts, both related branches of knowledge, and with 

the participation of any expert. A special tool can be used for this purpose [14]. 

The mechanism of self-organization consists in the use of the "intelligent sched-

uler" that forms a set of relevant and adequate KBs and CMs. This set depends on the 

object of investigation and the certain interdisciplinary task and forms the self-

organizing behavior [15]. The computational structure is determined by its own in-

formation space, including ontology of subject and problem areas, databases and KBs, 

as well as software [16-18]. 

The main interdisciplinary objectives and tasks for the formation of the properties 

of CTS at different stages of their existence and information levels are represented by 

local rules that determine the principal composition of the required KBs and rules. 

The model of the transdisciplinary tasks that uses the principle of self-organization 

presented in figure 1, where IDTDS 1 - IDTDS N are the interdisciplinary tasks for 

stages of dynamics of the state to substantiate the safety properties for the discrete 

values of time (examples of IDSs: "to determine the nature and probability of possible 

catastrophic failures"; "to calculate the possible consequences"; "to calculate the risk", 

and etc.); IDTIL1 – IDTIL M are interdisciplinary tasks of the information level to 

substantiate the properties of structural, strength and physical reliability and other, 

and valid parameters of degradation processes; IDT*ClS1.1 – IDT*ClS K. M  are inter-

disciplinary tasks of critical states classes. 

Let’s consider the content of KBs of the intelligent scheduler. The hierarchy of 

KBs corresponds to the hierarchy of selected tasks (Fig.1). These hierarchies are used 

for controlling the algorithms for creating and solving tasks: 

KB_TDT → {KB_IDTIL1, …, KB_IDTIL М, KB_IDTDS1, …, KB_IDTDS K }, 

KB_IDTIL i → { KB_IDTIL ClS 1 i, …, KB_IDTIL ClS K i}, 



 

KB_IDTDS k → { KB_IDTDS ClS k1, …, KB_IDTDS ClS kM}, 

KBs for interdisciplinary tasks interact with KBs for disciplinary tasks: 

KB_IDT* k i → {KB_DT* k i j}, where → – means the interaction, * – indexes IL 

or DS. 

Fig.1. The model of the transdisciplinary tasks (TDT) for the substantiation 

of CTS properties 

The objectives and content of the tasks without detail are presented in the table 1. 

The knowledge bases listed provide: 

- to define the hierarchy of subtasks for certain task;

- to formulate the task, i.e. to describe all elements, according to the proposed

structure; 

- to coordinate experts’ opinions for the hierarchy of tasks and the formulations of

tasks; 

- to define algorithms for solving tasks at all levels, etc.

KBs of the transdisciplinary task (TDT) describe the methodology for the design of

new technical systems in general. 

Let's consider examples of KBs for solving interdisciplinary tasks of different lev-

els. Let’s solve IDT* 2.1, consisting of DT* 2.1.1 = {DT* 2.1.1.1, DT* 2.1.1.2, ...}. 
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These tasks are semi-structured and can be solved with the rule-based expert systems 

technique. 

Table 1. A fragment of the model of the transdisciplinary task for the substantiation of CTS 

properties  

Transdisciplinary objective is to substantiate the properties of CTS 

Transdisciplinary task (TDT) is to substantiate the properties of elements, components and 

CTS 

Composition and structure of 

objectives and tasks 

Interdisciplinary objectives for the state dynamics 

stages are to substantiate safety properties that pro-

vide an acceptable risk for each state stage, IDODS 

Interdisciplinary tasks of the stages, IDTDS 
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IDTIL-1. 

To substantiate 

the requirements 

for reliability that 

ensure properties 

of effective func-

tioning 

To calculate parameters for functional properties of 

safety 

for operational 

state 

IDT*ClS-1.1 

… … for non-operational 

dangerous state 

IDT*ClS-1.4 

IDTIL-2. 

To substantiate 

the technical 

requirements that 

ensure the re-

quirements of 

reliability 

To calculate parameters for technical properties of 

safety 

for initial state 

IDT*ClS-2.1 

… … for failure state 

IDT*ClS-2.4 

IDTIL-3. 

To substantiate 

the physical re-

quirements that 

ensure technical 

requirements 

To calculate parameters for physical properties of 

safety  

for fixed state 

IDT*ClS-3.1 

… … for fracture state 

IDT*ClS-3.4 

… … … … … 

KBs for IDT * 2.1 contains information about the possible sequences of solving its 

subtasks and recommendations for effective solving. 

To solve any task the researcher has to create a KB by team of experts or to use the 

existing one. If the researcher wants to obtain new results for a task then he/she has to 

expand the existing KB. 

Let’s consider IDT*ClS 2.1: "to substantiate the technical requirements that provide 

the properties of mechanical reliability for the initial state", MDT*ClS 



 

2.1  MDTIL 2.1. Now this task is solved by means of solving a set of disciplinary 

problems, one of which is the task: " to substantiate and choose the material" – 

DTIL 2.1.1. This task includes subtasks DTIL 2.1.1 = {DTIL 2.1.1.1, DTIL 2.1.1.2, DTIL 

2.1.1.3 …}, where DTIL 2.1.1.1:  "to prove the required strength of the material", 

DTIL 2.1.1.2: "to substantiate the material residual life", DTIL 2.1.1.3: "to identify 

material properties which can change during operation”, and others. To obtain new 

results of collective solving of this disciplinary task, it is necessary to change the ex-

isting objective and algorithm by presenting them in the form of the interdisciplinary 

task IDTIL ClS 2.1.1, for example: "to substantiate the set of material properties to en-

sure mechanical reliability of the element is to select or create a new material". In this 

case, the previously formulated disciplinary problems will be solved on the basis of a 

single objective, in particular, in the aspect of mechanical reliability of the material, 

which will necessitate discussing the causes and possible consequences, that is, the 

causal complex of changes in the properties of the material and the object, and find a 

solution in this generalized aspect. 

An example of a rule-based model of the set of KBs and CSs for IDTIL ClS 2.1.1 (the 

local rule of self-organization): 

IF  

The criterion of "leak before failure" must be provided»  

(KB of fracture mechanics)  

AND it is required to minimize the probability of through cracks  

(KB of strength and resource at variable loads)  

AND volumetric stress state (one tensile stress)  

AND no stress concentration  

(KB of strength under static loads)  

AND variable loads (1 cycle / minute at high average cycle voltages) 

(KB of  strength and resource at variable loads)  

AND the medium temperature is not more than 300С
0

(KB of long-lasting strength)  

AND the technological environment is moderately active  

(KB of corrosion resistance)  

AND section thickness more than 30 mm  

(KB of dependence of strength on scale factor)  

AND the stress intensity Factor К1С is less than [A]  

(a computational module)  

AND the j-integral is less than [B] (computational module)  

AND the fatigue crack growth rate is less than [G]  

(computational module)   

THEN  

low alloy steel 30CrNiMoV8 or 25ХСНВФА or 15H1M1F  

(BD of steels) 

Let’s consider IDTDS 2.1: "to calculate the parameters of the technical safety prop-

erties for the initial state". Now this problem is solved by solving a set of disciplinary 

tasks, one of which is the task: "to assess the risk of emergency in the operable initial 



 

state" - DTDS 2.1.1. This task includes subtasks DTDS 2.1.1 = {DTDS 2.1.1.1, 

DTDS 2.1.1.2, DTDS 2.1.1.3…}, where DTDS 2.1.1.1:  " to substantiate the probability 

of brittle fracture of material in construction", DTDS 2.1.1.2: " to substantiate the 

properties excluding the danger of brittle fracture", DTDS 2.1.1.3: "to calculate the 

consequences of failure due to brittle fracture in the initial state", and etc. 

To obtain new results for the disciplinary task: "to assess the risk of emergency in 

the operable initial state» DTDS 2.1.1 = {DTDS 2.1.1.1, DTDS 2.1.1.2, DTDS 2.1.1.3…}, 

we have to edit an existing objective and algorithm and present them in the form of 

interdisciplinary tasks IDTDS ClS 2.1.1, for example as followings "to substantiate the 

set of safety properties of the object in violation of operating conditions and deviation 

of the properties of the object from the technical requirements". In this case, the pre-

viously formulated disciplinary tasks will be solved in the aspects of technogenic 

safety and accepted properties of the object (IDTIL ClS  2.1.1). 

This fact demands to discuss the possible causes and consequences, that is, the 

causal complex of safety violations at the initial state, and find a solution in this gen-

eralized aspect. 

An example of a rule-based model for a set of KB and CSs of IDTDS ClS 2.1.1 (a lo-

cal rule of self-organization): 

IF  

Failure of the element may cause emergency  

(KB of causes and factors of emergency)  

AND the technological medium is dangerous  

(DB of hazardous substances)  

AND the element must ensure the tightness of the medium  

(KB of ways to ensure tightness)  

AND it is required to eliminate the danger of brittle destruction 

(KB of fracture mechanics)  

THEN 

the criterion of "leak before failure" must be provided  

(KB of fracture mechanics). 

Thus, the intelligent scheduler forms a set of relevant and adequate KB and CM for 

this task on the basis of the considered interdisciplinary tasks and their rule-based 

models. 

3 Conclusion 

The principle of self-organization is represented by local rules in the form of rule-

based models reflecting the composition and purpose of a set of relevant KBs, which 

are necessary for solving interdisciplinary problems. Local rules are formed in ac-

cordance with the facts reflecting the objective of the task. The model of transdisci-

plinary task of substantiation of CTS conceptual properties is represented by a set of 

conceptual interdisciplinary tasks solved at the initial design stage. The main objec-



 

tives and tasks for the formation of properties at different stages and information lev-

els of the CTS existence are substantiated. 

The principle of self-organization of CTS conceptual properties, components and 

elements is the process of forming properties that provide effective functionality, 

reliability and safety, based on the activation of relevant KB and adequate rule-based 

models. Missing or incomplete KB and rules are created and supplemented directly in 

the process of solving problems by a team of experts, both related branches of 

knowledge, and with the participation of any expert. A special tool can be used for 

this purpose. 

Local rules implement processes of selection and interaction of KB and CM, which 

are designed for solving interdisciplinary tasks of different expertise and specializa-

tion. 

The mechanism of self-organization consists in the use of the "intelligent sched-

uler" that forms a set of relevant and adequate KBs and CMs. This set depends on the 

object of investigation and the certain interdisciplinary task and forms the self-

organizing behavior. 

4 Acknowledgments 

The reported study was partially supported by RFBR projects 18-07-01164, 18-08-

00560. 

References 

1. Mahutov N.A. Criterion base of strength, resource, reliability, survivability and safety of

machines and man-machine complexes. Problems of mechanical engineering and reliabil-

ity of machines 5, 25-36 (2013). (in Russian)

2. Mahutov N.A., Reznikov D.O., Petrov V.P. Features of ensuring the safety of critical in-

frastructures. Safety in the Technosphere 3(1), 3-14 (2014). (in Russian)

3. Mahutov N.A., Berman A.F., Nikolajchuk O.A. Some principles of self-organization for

risk management of man-made disasters. Problems of risk analysis 12 (4), 34-45 (2015).

(in Russian)

4. Berman A.F. Computer Science Disasters, Emergency Problems 3, 7-37 (2012). (in Rus-

sian)

5. Ohtilev M.Yu., Sokolov B.V. Yusupov R.M. Intellectual technologies for monitoring and

managing the structural dynamics of complex technical objects. Moscow: Nauka. 2006.

410 p. (in Russian)

6. Berman A.F., Nikolajchuk O.A., Yurin A.Yu. Transdisciplinary model of the problem of

substantiating the properties of materials and structures. Bulletin of the Irkutsk State Tech-

nical University 22 (8), 17-25 (2018). (in Russian)

7. Berman A.F., Nikolaychuk O.A., Yurin A.Yu. Intellectual data system for analyzing fail-

ures. Journal of Machinery Manufacture and Reliability 41(4), 337-343 (2012).

8. Novikov D.A. Organization Management Theory. Moscow: Fizmatlit, 2007. 584 p. (in

Russian)



 

9. Kornienko S.V., Kornienko O.A. Artificial self-organization and collective artificial intel-

ligence: on the way from the individual to the society. From behavioral models to artificial

intelligence. URSS, 2010. 456 p. (in Russian)

10. Kolesnikov A.V., Kirikov I.A., Listopad S.V. Hybrid Intelligent Systems with Self-

Organization: Coordination, Consistency, Dispute. Moscow: IPI RAS, 2014. 189 p. (in

Russian)

11. Knyazeva E.N. Transdisciplinarity: in search of the foundations of the synthesis of scien-

tific knowledge. Pp. 280-301. Bazhanov V., Sholc R.V. in Transdisciplinarity in philoso-

phy and science: approaches, problems, prospects. Navigator. 2015. 564 p. (in Russian)

12. Porus V.N. From interdisciplinarity to transdisciplinarity: bridges between the philosophy

of science and the philosophy of culture. Pp. 416-432. In Bazhanov V., Sholc R.V. Trans-

disciplinarity in philosophy and science: approaches, problems, prospects. Navigator.

2015. 564 p. (in Russian)

13. Kalyaev I.A., Gaiduk A.R., Kapustian S.G. Self-organization in multi-agent systems.

Izvestia SFU. Technical science. Thematic issue 3, 14-20 (2010). (in Russian)

14. Berman A.F., Grischenko M.A., Nikolajchuk O.A., Yurin A.Yu. Problem-oriented editor

of production knowledge bases. Software products and systems 2, 13-19 (2015). (in Rus-

sian)

15. Mahutov N.A., Berman A.F., Nikolajchuk O.A. Algorithm of the self-organizing process

of justifying the properties of the technical state of complex hazardous objects. Proceed-

ings of the 10th international conference “Management of development of large-scale sys-

tems” MLSD2017. Moscow, October 2-4, 2017, vol. 1, 98-101 (2017). (in Russian)

16. Berman A.F., Nikolaychuk O.A., Yurin A.Yu., Pavlov A.I. A methodology for the investi-

gation of the reliability and safety of unique technical systems. Part O: Journal of Risk and

Reliability 228 (1), 29–38 (2014).

17. Berman A.F., Nikolaychuk O.A., Pavlov A.I., Yurin A.Yu. Provision of Safety for Tech-

nological Systems with the Aid of Case-Based Reasoning. In Case-Based Reasoning: Pro-

cesses, Suitability and Applications (Editors: Antonia M. Leeland). NY. Nova Science

Publishers. 2010.

18. Berman A.F., Nikolaychuk O.A., Yurin A. Y. Intelligent Planner for Control of Failures

Analysis of Unique Mechanical Systems. Expert Systems with Applications 37(10), 7101–

7107 (2010).


