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Abstract: The interaction of an industrial enterprise as a system with the state economic 
system as a supersystem has been analyzed.  The information flow at an operating 
enterprise has been analyzed in compliance with the recommendations of ISO 9000.   We 
tried to formalize competitive indices of products produced by industrial enterprises. A 
scheme of expanding (developing) product quality characteristics into the parameters of 
technological processes is presented. We have also tried to formalize the components of 
the model that guarantees product quality. The article presents a scheme of model 
algorithm for control and management of quality. 
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1.     Introduction 

Due to scientific and technological progress, the developed countries today build a new 
type of economy – knowledge-based economy.  In the organizational structure of 
industries, significant changes are taking place. The characteristics of this process are 
concentration of resources, vertical and horizontal integration of activities, formation of 
regional production structural clusters. Industry, being one of the major fields of economy 
that creates the basis of scientific and technological transformations, the economy of 
growth and social progress, fully reproduces system transformations that can occur in the 
country due to changes in the structure of the economy.    
     The developed countries of the world are widely using the possibilities provided by 
post-industrial innovative economic development. The analysis of this issue demonstrates 
its complexity. The solution of the problems posed by innovative economic development 
sets a number of national priorities. The strategic goal is to enhance economic 
competitiveness and to make industrially developed regions a part of the community of 
developed countries, to build an up-to-date industrial complex able to develop 
innovatively and to integrate into the global production. Therefore designing and building 
such modern innovative models of industrial complexes based on quality-providing 
technologies in compliance with ISO 9000 are relevant.   

2. The Problem of Industrial Products Quality   

The present-day industries are using methods of systems analysis. An enterprise is 
considered to be a system, the structure and management methods of which reflect the 
operating environment and are connected with this environment through certain links and 
parameters. 
        The theory of systems analysis provides many formulations of the systems concept 
depending on the purpose of operation. In our case, the notion of “system” S can be 
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represented by a set of elements which, via interconnections, realizes certain purpose of 
this system; this can be presented in the following way:   
                                          S →  (E, ST, B, А),                                                (1) 
where     E  is the subsystem of system elements; 
               ST is the structure; 
               B   is the  behavior; 
               А  is the operating environment [1]. 
Elements of subsystem E are components of the enterprise that create its structure ST.     
В  is behavior, or the enterprise operating method, that complies with the demands of the 
operating environment or the economic model A (a supersystem). In other words, an 
operating enterprise as a system is characterized by these four categories. 
The analysis of interaction of the environment as a supersystem with the enterprise as a 
system shows that certain events that change the environment characteristics (laws, 
forcemajore, etc.) affect the enterprise. It is obvious that any changes in the environment 
disturb the balance of system S, the system becomes unstable and requires certain actions 
over its structure and management method.  
     Market environment envisages competition. The general concept of competition can be 
interpreted as the fight of typical subsystems for survival, for the influence on other 
systems, for resources. 
     The issue of construction of a model of an innovative industrial complex that meets the 
demands of the competitive environment and is able to produce high-technology 
competitive (of high quality) products is urgent. 
     We will assume that “the enterprise competitiveness” is its ability to produce products 
with the technical characteristics that make them demanded by the market environment 
and having advantages over similar products present in the environment. International 
standards ISO 9000 “Quality Management Systems” [2, 3] are intended for supporting the 
quality of products manufactured by industrial enterprises. The Quality Management 
System (QMS) arranges monitoring of all aspects of operation affecting quality. It 
comprises description of an organizational structure, planning, design of processes, work 
with resources and documents to achieve particular quality goals and satisfy the 
customer’s requirements. In compliance with ISO 9000,  the quality management system 
has two major aims: 

- ensuring quality; 
- enhancing customer satisfaction.  

 An organization (or an enterprise) that wants to use QMS must arrange certain 
components of the system. 
     The organization must establish, document, implement, and maintain the quality 
management system and continuously monitor the effect of its implementation. 
For this purpose it is necessary: 

- to determine quality management processes; 
- to determine their succession and interaction; 
- to establish criteria and methods necessary for these processes to take place; 
- to provide necessary resources and information support; 
- to organize monitoring and analysis of these processes indexes. 

 All these processes must be manageable. The organization must determine and realize 
effective measures for maintaining contacts with the customer, namely: 

- to inform the customer about production processes and changes that occur in        
them; 

- to arrange feedback with the customer. 
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QMS embraces two major parts: product design and its production (technology). 
During managing the process of designing a product there must be determined: 

-  stages of planning and development; 
-  analysis of  characteristics at every  stage of  product design.  

While managing production it is necessary to provide: 
- availability of the information describing the product; 
- availability of appropriate operation instructions; 
- availability of criteria for measuring and approving particular processes; 
- availability of appropriate equipment, its approval and certification of  
   personnel; 
- application of particular methods and procedures; 
- registration of the protocol of requirements. 

The organization must: 
              - analyze deviations, if any;  

- take actions on them; 
- write  down the actions as the result of the analysis done.  

 Thus, ISO of 9000 series emphasize major positions present in QMS. 
 But information is the main product ISO 9000 standards are dealing with. The 
information flows are fixed in the corresponding protocols. This is necessary for 
controlling and correcting processes parameters in an overall cycle. 
The simplified scheme of information flows movements for managing quality in 
compliance with ISO 9000 is presented in Fig. 1. 
 

 

 
Figure 1: The Simplified Diagram of the Flow of Information in Compliance with ISO 9000 

In general, the production process begins with the requirements from the customer 
formulated as a technical task. The process comes to an end when the customer is satisfied 
with the finished product. ISO standards are based on the concept of “process approach” 
to the overall cycle of the enterprise operation.   When the process approach is used, the 
overall operation cycle is considered as a single complex process consisting of numerous 
interconnected processes. This allows us to determine their interaction and provides 
possibility to manage them [4]. The advantage of this approach is that it allows us to 
control the parameters of various processes, their input/output parameters.   With the 
process approach, a single process is an operation unit.  This unit is being  analyzed, 
corrected, designed.  The processes, witch are  united into a group to perform a strictly 
determined task present  as a phase of cycle, and the integration of phases presents a full 
operation cycle of an enterprise (or an overall operation process).    
The following groups of processes have been determined with reference to Fig.1: 
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1) processes associated with the customer; 
2) processes associated with the design stage; 
3) processes associated with the production (technological) stage. 

 ISO 9000 formalizes certain conditions for every of these groups. 
Conditions for the customer: 

1) the customer must formulate his requirements to the product cleary; 
2) the requirements must be entered into a protocol. 

This protocol is considered to be the input data for the design stage.  
Conditions for the design stage are the following: 

1) the input data for the development stage must be identified and recorded in the 
protocol; the protocol must contain functional, operational and other 
characteristics of products; the output data must be presented in the protocol in 
the form that will allow us to check them; 

2) the criteria of products approval must be distinctly defined.  
Conditions for production (technological) stage: 

1) output data from designing stage are taken as input data for production stage; 
2) the information describing product characteristics must be formalized; 
3) criteria for analysis and approval of production processes must be determined. 

Characteristics of the production must be included into the protocol.  
When the production cycle is over, the following information  must be analyzed: 

 1) concerning consumer’s satisfaction; 
 2) compliance with the demands to this product; 
 3) origin and tendencies of the final product parameters’ deviations from the 

assigned parameters. 
But standards introduce the concept of quality loop (or product life cycle, LCP).  This is a 
conceptual model of interconnected types of activities ( phases ) in the whole process: 
from the formulated demands to the product to complete satisfaction of these demands.  
The quality loop is presented in Fig. 2, [5].   

 
Figure 2:  The Quality Loop Phases According to ISO 9000 

LCP contains the following phases: marketing, designing, preparation of production, 
production, material and technical supply, package and storage, metrology, sale, 
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operation, technical service, utilization, etc.   The product is created when it goes through 
different phases of production cycle, each phase having its characteristics that form 
characteristics of quality product. As we have already stated, we consider the 
competitiveness of the product to be  its quality;  the quality, in its turn, being interpreted 
as a set of product technical  data. Thus, the concept of “quality” Q of a product can be 
presented as a set of technical data (characteristics), which describe the product: 

                                                 Q ={ qi }, і= 1, ... n,                                       (2) 
where, qi  is  the  i th characteristic of the product , 
          n is the number of characteristics. 
Each of these characteristics is created by particular technological process/processes at a 
particular phase. Each technological process has its peculiarities – its parameters.  These 
parameters (Pp), in their turn, are regulated by corresponding standards, i.e., they are 
standardized. Compliance of the parameters of technological processes taking place at a 
real enterprise (Pt)   with the parameters set by the standards (adherence to the accuracy of 
standardized parameters) is the quality of processes PQ at the enterprise. Every 
technological process is described by a set of parameters that can be presented as follows: 
                                          PQ  =  { р j }, j = 1, ..., k,                                                    
(3)  
where,  р j  is the  j th    parameter of  the process , 
        k   is the number of parameters. 
Thus, the quality of processes is transferred to the quality of the product; in other words, 
the quality of processes ensures the quality of the product.  
The quality of products Q depends on the quality of technological processes PQ , i.e. , it is 
its function, and this relation is: 
                                                    Q = f (PQ )                                                          
(4). 
There exists a scheme of expanding (developing) quality of a product (its characteristics) 
into the quality of a technological process ( into its parameters) – the scheme developed  
by L. Sendkholm [5,6]. The scheme is presented in Fig.3. 
 

                           
Figure 3:  The Scheme of Expanding (Developing) 

characteristics into technological processes parameters. 
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The scheme of expanding (developing) quality characteristics into technological processes 
parameters allows us to control current parameters of technological processes Pt  
regarding standardized parameters  Рр  for those processes. 
Continuous monitoring of parameters allows us to control the product quality 
characteristics: if the values of current parameters  Pt  comply with the standardized 
parameters  Рр , i.e., 
                                          Рр  =  Рt   or    Рр  -  P t = 0 ,                                                  (5) 
we will receive the characteristics of the product of the specified quality. 
If the balance is violated  and  
                                     Рр  ≠  Pt    or   Pp  -  Pt  = Δ P,                                               (6) 
i.e., there is a difference  Δ р   between  the value of the  current parameter and  the 
standard, the scheme provides  a feedback, and the current parameter  is to be corrected. 
 If the absolute value | Δ р | of this deviation exceeds the allowed value ε    (| Δ р |> ε ),  
the process with such parameters is to be statistically processed, analyzed for further 
correction and elimination.  If there is no deviation in parameters, the process continues.  
        The created mechanism for monitoring parameters of technological processes ensures  
obtaining quality characteristics of products being manufactured.   But the whole process,  
i.e., product life cycle (LCP), is characterized not only by quality characteristics. Let us 
describe the cycle with the following components: cycle phases, duration of each phase in 
a cycle (phase time interval), quality characteristics of each phase and the cost of each 
phase. Those characteristics are connected with each other, and the life cycle of a product 
can be presented as a model  MLCP : 

                                       MLCP = <F, Q, T, С> ,                                                
(7)  

where      F  is the number of phases in a cycle; 
             Q   is the set  of  data of quality ( quality characteristics ); 
             T    is the time of duration  of  the phase of the cycle; 
                   C    is the cost of the phase.  
It is possible to formalize those characteristics in the following way in the whole cycle: 

F  = fi,   і  =  1 ,…, n, 
where      fi  is the  name of the phase in a cycle; 
            n   is  the number of phases in the whole cycle (in our case n = 10),  
thus,   i  =  1, …, 10; 

Q = qk ,  k  = 1 ,... , Nl , 
where      qk  is  the quality characteristic for each  phase; 
                Nl   is the  number of quality characteristics for each phase; 

T ∈ [ti min;   ti max],  і  =  1, … , n, 
where  ti min,  ti max is the time of duration of each phases ( time interval)  in the whole 
cycle; 
                                           C = ci ,    і  = 1, …, n, 
where  ci  is  the cost of each phase in the whole cycle. 
All those components are monitored during information flow.  

 3.   Organization of Quality Management Model 

A quality management model based on the process approach in accordance with ISO 9000 
has been developed. The model is organized in a such way that it allows us to monitor the 
operation of whole components. The scheme of L. Sendkholm  ( Fig.3) allows us to 
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manage only technological parameters. But the model must control the other 
characteristics of the whole life cycle: duration of each phase and its cost. The 
management is executed through the feedback between controlled parameters of 
technological processes for each phase,   time of duration  ( time intervals ) of each phase, 
and the cost of each phase. Here the cost of each phase is the criterion of achieving the 
assigned characteristics for each phase. 
If at any phase there are deviations of controlled quantities from their assigned values, the 
cost of this phase is reduced by the established value in automatic mode.  The recorded 
deviations are automatically entered into a special protocol and analyzed for further 
elimination. The performance  algorithm of such a model  is  presented  as a scheme  in 
 Fig. 4. [7]. 
                                                                                                   

 
Figure 4:  The Scheme of Algorithm of Quality Management Model 

Thus, the LCP-based quality management model algorithm for an industrial enterprise  
has been formalized. The algorithm  integrates quality characteristics,  time of cycle 
duration, and cycle cost. The model of the innovative production complex based on this 
algorithm has been developed and implemented using information technology tools. 
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