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Summarizes the achievements of the author, obtained in the process of introduction of systems on the basis of information technologies-technologies of various types, including. CAD/CAM/CAE/PDM/ ERP//MES/SCADA/BPM/PPM. Taking into account the experience of work at different enterprises in different industries, as well as teaching experience.  
          INTRODUCTION
          The diversity of directions and terminology automation of a modern enterprise conditionally may be present figure 1. 
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Figure 1 - Trends of automation of a modern enterprise (CALS):
analyst for the top management of the enterprise - business performance management (BPM) - inst-the OLAP; automated control system (АСУ - ACS) of the enterprise as a whole at the level of business - processes (АСУП or ERP); automated system (АС - AS) technological preparation of production (ТПП), and as an extension - management of production as a whole at the level of the production processes (АС ТПП or MES) + Analytics shop management to control the efficiency of production (PPM); ACS of technological processes (ТП - TP) in real time (АСУ ТП - ACS TP or SCADA) system; automated design of the developer - designer (САПР-К or  CAD/CAM) and technologist (САПР-Т or CAE), as well as their respective engineering and technological knowledge base and the system of their management (PDM); external to the enterprise information systems (ERP-2): management relations with clients (CRM, including the electronic business of the B2B), supply chain management (SCM), the management of the lifecycle of manufactured products (PLM) and sales (SFM).
Used information technology (IT) can be divided into 3 large groups (see figure 1): engineering and technological base and system (depicted in the form of the shadow of the pyramid), the automated system (АС - AS) management within the enterprise (depicted in the form of a pyramid), and system management business enterprise outside (depicted in the form of clouds near the pyramid).  And all the system is composed of a comprehensive information system (КИС - CIS), i.e. CALS.  As it follows from the analysis of figure 1, the technology of CRM, SCM and PLM refer to "external" in relation to IT systems of the enterprise, and the system of PDM is a specific addition to the CAD/CAM/CAE - systems in case of availability of relevant knowledge bases.  I.e. the system of CRM, SCM and PLM and PDM can be considered as a "framing" of major it systems of the enterprise. The General formula of a CIS (КИС) «inside the enterprise», one can write:
                         OLAPBPM, PPM { ERP & MES & SCADA + [PDM] }                                      (1)
          1  THE  PROBLEM  OF  COMPLEX  AUTOMATION  OF  THE  ENTERPRISES
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          The problem of introduction of modern information technologies (IT) for enterprises undertaking can be considered from different points of view (see figure 1), and the broadly generalized in the form of a process can be represented as in figure 2.  
Figure 2 - The integrated approach to complex automation of the enterprise:
ACS - automatic control systems; CRM - management of relations with the client; SCM - supply chain management; CAD/CAM/CAE - systems of automation of designing and preparation of the production/ manufacturing (PDM - management of engineering knowledge bases); SCADA - automatic control systems of technological processes (ACS TP); АКИА - automated control and measuring equipment (as part of the SCADA); PMC (ФМК) - physico - mathematical complex (as an option АКИА for scaled down test the product); PLM - product lifecycle management/ product (since the release of the ready - to recycling); CALS continuous information support of the product life cycle (in the broadest sense: from marketing to recycling); marked as a dotted line elements - optional for the industrial enterprises.
Originally CALS (see figure 2) is interpreted as "complex support of supply" (Computer Aided Logistic Support), and at the present time as the "continuous information support of the product life cycle" (Continuous Acquisition and Life cycle Support). At the same time, there is the notion of "management of life cycle of production/ products" (PLM), which extends the life cycle of a product after its appearance: in this case, you can interpret all it components as the detail of the broad term of CALS. Thus, the tendency of integration of automated systems, as formalized in a set of models, methods, software and standards, received the name of CALS-technologies.
  

          Generalized structure of it, introduced at the production facilities, in figure 3.
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Figure 3 - The Generalized structure of information technologies enterprises.
          2  ANALYST  FOR  THE  TOP MANAGEMENT  OF  THE  ENTERPRISE  (BPM) 
          OLAP - Online Analytical Processing, that is, the operational analysis of data (see figure 1). This technology can be applied only in case of availability of reliable integrated data base (БД - dB), in the composition of the CIS (КИС). On who is the decision of the OLAP ERP: the Director General and his deputies/ sector heads (kilohms-commercial Director, Deputy General Director on economy and the personnel, financial Director, chief accountant). Examples in figure 4. 
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b)
Figure 4 - Analysis of multidimensional data of the ERP - system (BPM/ «arm Director»):
a - control of cash flows (ДС - CP); b - the control of accounts receivable (ДЗ - AR); actually implemented project on «НОК» (2004, - author).
          3  BUSINESS  PROCESS  MANAGEMENT (ERP)

          In the an aggregated form the structure of the ERP enterprises are encouraged to submit as in figure 5.
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Figure 5 - Basic structure ERP (АСУП) enterprise. 
          The whole system in the proposed concept consists of seven circuits, which are assigned № № 0,.., 6.  The core of the system consists of circuits with rooms: №№ 2, 3, 4, 5 and part of the №1. The main flow of information between circuits allocated thickened whether-in the Arctic, and the connection is implemented by means of a Central database (CdB). The "core" of the ERP should be implemented first. Circuit 5 can be implemented independently.  

          The next level of detail is shown in figure 6, where we can see the modules included in the circuit, as well as the integrated business processes". For example, a business process "sales of finished" (ГП)  presented modules "2.4 -- > 3.4 -- > 4.4", etc. 
          Detailed outline Planning and budgeting" in figure 7, from which it follows that the proposed allocation of the tasks of the cost accounting and calculation of cost (УЗКС - CACC) to the planned - economic Department (ПЭО - PED) of the enterprise, and of the whole circuit is only the task of "payment management" is attributed to "core" of the ERP. Figure 7 shows the contour of the number 0 and module №1.1, which could proposed attributed to the group of "production management".

          Detail of the loop, "the Prime record" in figure 8, where the primary accounting is divided for the main, auxiliary and non-core productions. It is proposed the task to decide in the form of an Autonomous software (ПО) with their own private database (ЧБД - pdB), figure 9.
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Figure 6 - Core ERP system and the allocation of the enlarged "business processes".
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Figure 7 - Detailed outline Planning and budgeting": ФП - financial plan; ДЗ/ КЗ - accounts receivable/ payable; budgets: БДР - income and expense, ББЛ - balance sheet, БК - the cash, БДДС - cash flow.   
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Figure 8 - Detailing loop "Primary accounting":
1.2.1, 2, 3, 4, 5.1, 5.2 - a "core" of the ERP - system; 6 - sixth circuit of the ERP - system.
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Figure 9 - The Concept of SC and definition of elements outside of replicable БПО ERP:
pdB (ЧБД) - private database; detail of the elements in figures 4 - 8.

The present structure (figures 4 - 9) is offered as a General structure of the ERP - system of industrial enterprise.
          4  MANAGEMENT  OF  THE  MAIN  PRODUCTION  IN  ERP (ERP & MES) 
          The management of the enterprise is proposed to implement in the form of three levels (global circuits): 1. The contour of the ERP - management of financial and economic activity of the enterprise (level of business processes), the inertia of the management of the day (t response ≥ 1 day); 2. The contour of the MES - the management of the enterprise on the level of productive processes, the inertia of control less than a day (t response < 1 day); 3. The contour of the SCADA/CAE - control of technological processes and technology, the inertia in the real-time mode. Production (operational) information of IP-benefits both for the management of production in a mode of "quasi real-time" (MES - system), and is used in the ERP system (for example: calculation of the cost price of products). From the position of MES - systems of the collection of occupational information it is proposed to classify as "Management of technology-keeping", but from a position of ERP - system as a "Primary account in the main manufacture". The module itself is gathering the initial information is offered consider, as an area «перекрываемости» (the intersection, Overlapping) ERP and MES (denoted as ERP & MES) - figure 10 (перекрываемость (the intersection, Overlapping) at the level of tasks for its implementation requires the appropriate information перекрываемости, i.e. перекрываемости (the intersection, Overlapping) at the database level).   
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Figure 10 - The Concept of перекрываемости (Overlapping) tasks ERP and MES:  CdB (ЦБД)- Central database systems; t r - inertia of the system of management of the respective circuit; "Парус-8"/Oracle - basic software for ERP - system (actually an embedded project on «НОК», 2003, - author). 
          Structure of КИС (CIS) - in figure 11, where the ERP + her перекрываемость (the intersection, Overlapping) with MES.  
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Figure 11 - The Structure of the КИС (CIS) on the upper levels of decomposition: 3 contour control {ERP & MES & SCADA + PDM} (compare figure 1); tasks, decomposition, numbering, processes, databases, перекрываемость (Overlapping), MRP-II; OLAP (BPM, PPM), PDM, WF; linking business units - to elements of КИС (the introduction of the «НОК», «ИЦ», - the author). 
          The concrete definition of the concept of management of the main production in ERP
          The ERP in the principle of management is built on the basis of financial indicators. Financial plans are the budgets, in the form of tables, in which the lines of planned/ analyzed parameters, and there are columns with planned and actual indicators, as well as with the analysis of deviations plan - fact (in real and percentage terms). 
          In the ERP management of the main production made in the Planning and budgeting», - the module «Management costs» (see figure 11), where the solution of the following main tasks of the congressional budget office (financial planning and management):

· compiling and maintaining financial plans  (ФП),

· compiling and maintaining the budget of income and expenses  (БДР).

Methodologically, the diagram of the process of financial planning consists of the following:

1 The setting on the selected planning period (e.g. a month) and setting the values of financial indicators at the beginning of the,

2 [image: image15.png]


Drawing up of the plan, the production and sale of goods for the period - figure 12.

[image: image16.bmp]
Figure 12 - Example of implementation of the «ИЦ» tasks ERP & MES «0.1.1 Daily report»: a plan - of ПЭО, fact - from the production of (the analysis and the deviation management); 2007, - the author.
3  On the basis of the compiled a «plan of production and sales» - are planned:

• cash received from buyers,
• as a consequence, - ДЗ/ КЗ,
• normative change in value of a stock of goods
• accrual of indebtedness of the budget on НДС and sales tax,
• translation cash in non-cash.

4  Filling out the «plan. » information on current expenditures,
5  Planning of calculation and payment of wages,
6  the Reflection of information:

• tax on the wage Fund,
• personal income tax,
• in depreciation and of intangible assets.

7  the Formation of the result of budget revenues and expenditures (cash-flow - БДР), which allows you to evaluate the planned profit and profitability, the stock of financial stability,
8  At this stage «plan» is still not completely tied to the actual flow of ДС and movement
of the goods (the proposed expenditures, and plan of sales):

• analyzes data on consumption of goods in accordance with the implementation plan and planned their supply (maintenance of the reserve needed to ensure trouble-free operation during the planning period),
• is an iterative planning process specific payments to suppliers, the budget and extra-budgetary funds (and as a result - ДЗ/ КЗ),

9  When making real «plans...» may be needed binding «payment plan» to the particular periods of planning,
10  If the enterprise was not regularly (not ensure that cash flows are sufficient for the timely repayment of debts), can require a different method of «Plan»,...
11  Operational control of the execution of the plan for the periods of planning,
12  Analysis of fulfillment of the plan for the the entire cycle of planning,
13  Analysis of financial condition (АФС) and the efficiency of work of the enterprise:

• Survey and trends (including ДЗ/ КЗ),
• Analysis of the profitability and efficiency of the fin. - economical activity (ФХД),
• Analysis of the business activity and the effectiveness of use of capital.

14  the Transition to the next planning period.
          As follows from the description, implementation plan and the production plan from the position of ФХД (i.e. financial plans - ФП) and are the main instruments of production planning. As an initial information («fact»), should be the primary information primary production (see figure 12), and of the commercial Department (from the database of MES and ERP, for example). 

          Given this analysis, you can make preliminary conclusions:

• The primary user of this module of the ERP - planned - economic Department (ПЭО) of the enterprise (or changing his support),
• clear specificity and orientation of the «management of the main production» in the ERP (work ПЭО), which, in the end, the office of the level Cash-flow,
• first of all it is necessary to develop a classification of "cost" (to use his ПЭО in the cash-flow - БДР), with the implementation of its synchronization with the classifier of items of income and expense» (ЭДР) (used ОУФ represent the cash flow - БДДС),
• as a consequence of this approach, financial plan (ФП) accompanies many forms at the junction of the commercial Department, accounting Department and of the main production (for the development of private op type «Plan of sales», «production Plan», etc., and this from a position of «money», i.e. ФП),
• all of the specifics of management the main production of the industrial enterprises, in view of its nature, characteristics, technologies, provision of materials, specifications, schedules, etc. - refers to the objectives of the MES (i.e., the boundaries of «purely ERP» correspond to the figure 11).
          5  MANAGEMENT  OF  PRODUCTION  PROCESSES  (MES) 
          5.1  Overlapping  with  MES  design - and-engineering  systems
          At the an aggregated level, the overall structure of the cross-cutting integrated system of automation of the industrial enterprises, with a focus on CAD/CAM/CAE - systems can be represented as in figure 13. 
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Figure 13 - General structure of the automation of the industrial enterprises:
АСНИ - the automated system of scientific research; АКИА - automated control and measuring equipment; ФМК - physico-mathematical complex. 

          In figure 13 introduced the concept of "core" (according to the technology as well as for ERP - see para. 3), which covers all the tasks CAD developer and designer (САПР-К), technologist (САПР-Т), technological preparation of production (АС ТПП) and part of the production of cycle (directly using these results).  

          Consolidated scheme of the "core" (БИ САПР) is shown in figure 14.
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Figure 14 - General structure of the «CORE» (БИ САПР).

          In the CAD (САПР-К) cross-cutting cycle forms the three main systems: 1. Design of electronic circuits; 2. Designing of printed circuit structures; 3. Design drawing-design documentation (КД). In case, if for all three of these systems creates a unified base (БД) of the results of design (i.e. a complete set of documentation on the product), it can be used in three directions: for the partial automation of the issue of a text document, for the implementation of search procedures (information search), as the primary information for the technological preparation production (ТПП).

          In CAD (САПР-Т) (see figure 14) there is no explicit end-to-end cycle, a "parallel" there have been three systems: 1. Preparation of information for machines with digital software control – DSC (ЧПУ) (drilling, milling, turning, electro, robots); 2. Equipment (production of technological documentation on technological and non-standard auxiliary equipment, including for the "progressive": dies, molds, die-casting); 3. Manufacturing technology (route technological processes, operating "roadmap").    

          The structure of the CAD (САПР-К), on the first level of decomposition, can be represented as in figure 15. The system comprises five stages of end-to-end cycle (numbers 1,.., 5), the CdB (ЦБД), the stage of the search for information in the CdB and the decision of tasks of the exploratory design (number 6), the stage of the simulation of mechanical units and details (number 7). In addition, the system of an extra zero phase (recommendatory), which provides electronic document circulation of the design (system, "overlapping" with CAD (САПР-К): "add-in" over the CdB for archive management and life cycle of documents).

          The databases contain accumulation in the form of primary components (chips, bolts, etc.) and the results of design (schematics, circuit structure, drawings, etc.). The CdB (ЦБД) integrates individual pdB (ЧБД), which allows, in addition to the standard search tasks, to solve the integrated tasks "experimental design".  Information on the stages 2, 3 - in the form of machine-readable media for machines with DSC (ЧПУ) (and other documentation), from the CdB (ЦБД) - in the form of information about the composition of the entire design documentation for the product, as well as the recommended information from stage 7, - serve as a basis for the chamber by the results of the design in CAD (САПР-К) (see figure 15).


Figure 15 - the General structure of the CAD (САПР-К): actually embedded project in НИИЭП (1990, - author).
          Draw a comparison, from a systemic point of view of developed schemes of the first level decomposition of the ERP (see figure 11) and CAD (САПР-К) (see figure 15):

· in ERP each element ("outline") has no alternative within the system, and works directly with the CdB (ЦБД) in a single integrated system;

· in the scheme of CAD (САПР-К) each element represents the Autonomous system, on the basis of his БПОі and its ЧБДі, i=1,7, and each element can be represented by different alternative БПОі, j/ ЧБДі, j, i=1,7, j=1,n, with its output data format Fi, j. 

          In accordance with the peculiarity of the scheme (the greater the autonomy of the elements), the entries in figure 15 will be called "subsystems" (in contrast to the "contours" of the ERP).      Developing proposed in paragraph 3 technology classification ERP: 
  система --- контур --------------------- модуль ------- задача ------------------------- подзадача -- 

  ERP . [2 Упр. коммерч. деят.] . [2.2 ОМТС] . [2.2.10 Журнал...] . [2.2.10.2 Факт. платеж] --

                                                                                                                                                (2)

it is proposed classification system in a CAD (on the example of the printed circuit boards):

  система --- подсистема --------------- модуль ------- задача ------------------------- подзадача -- 

  CAD . [2 Проектиров. ПС] .    [2.1  ДПП] .    [2.1.1 Сеточная трассир.] . [2.1.1.1 Алг. Ли] -- 

                                                                                                                                                (3)

Therefore, it is proposed uniform technology of classification of ERP and CAD: the classification of the seven, with a single approach to the formation of nesting levels, with the possible honors only the names of the second level ("circuit" -- > "subsystem").  

          5.2  Management of the main production in MES
          Taking into account the concept перекрываемости, the proposed generalized structure of MES - system is shown in figure 16. As can be seen from figure 11, 16, in the corporate information system (КИС) at the top level is introduced two automated working places (АРМ): Director and technologist (contours 6), which are outside the scope of the database (БД) and represent the "knowledge base" (БЗ) (model, analysis and search for solutions). T.O., the proposed architecture of the integrated management system of the enterprise ERP & MES contains preconditions to "search management" (similar to "exploratory design" in CAD/CAM - systems).  

          Thus, we can draw the following preliminary conclusions:

· ERP - system should not interfere in the solution of specific tasks of control of technological issues of production,

· management of resources, declared in the ERP must be understood as the management of the monetary and material resources at the level of financial and economic services of the company, without the intervention in the management of the main production,

· all of the specifics of management of the main production, the level of production processes, is concentrated in the MES - system,

· as part of the "primary process accounting" in the main production of MES - system overlaps with the "primary consideration in the main production" of the ERP - system,  

· the initial information for MES - system is the information from the databases of CAD, as well as information from the recording devices SCADA.

Figure 16 - the Structure of the automation of production management (MES) and overlapping MES - systems with other it systems: interfaces «an automated workplace (AW/ АРМ) of the technologist» and «АРМ Director»; actually embedded project on the «ИЦ» (2008, - author).
          6  INDUSTRIAL  AUTOMATION  (SCADA) 
          From the position of the integrated it system of the enterprise, SCADA - system (АСУ ТП) from the information point of view should be structured as has five levels system (process approach), figure 17.  


Figure 17 - The General approach to the five-level structure of the SCADA (АСУ ТП):  4 - sensors and actuators;  3 - coupling devices (УСО);  2 - controllers; 1 - the network layer (and here's the SCADA server);  0 - is the upper level (the level of КИС/ MES).
According to the principle of entry proposed structure of the six levels of nested (a structural approach):  

система --комплекс -- аппаратура -------- прибор ------------- блок --------------- субблок
SCADA . [1 Шкаф] . [1.1 Стойка 19"] . [1.1.1 Контроллер] . [1.1.1.1 Крейт] . [1.1.1.1.1 Модуль]
                                                                                                                                                (4)

Thus, in connection with the specifics of SCADA - systems as a hardware - software complex, in it it is offered to consider the structural decomposition in two aspects:

· decomposition (classification) at the information level, as in figure 17,

· decomposition at the hardware level, as in (4) and in figure 18.

In this case, as can be seen from the comparison of figures 17, 18 and (4), decomposition at the hardware level applies only to the levels of 2 - 3 decomposition of the information.


Figure 18 - The General structure of the SCADA (АСУ ТП):  0...4 - classification (decomposition) at the information level (5 levels);  1. - 1.1.1... - decomposition at the hardware level (6 levels). The structure of SCADA systems actually implemented projects on the НИИЭП (1980), on the «НОК» (2003) and on the «ИЦ» (2008), - author.
          7  INTEGRATED  INFORMATION  SYSTEM  (КИС) 

Figure 19 - Division of areas of responsibility and communication КИПиА and ОИТ and recommendations on the application of IT systems (ERP, MES, SCADA): from SCADA - operational real-time information (for operators shops, with the possibility of its use and engineers (ИТР), from the MES - information for ИТР (production management with Analytics in time: plan - factor analysis and management «deviation»);  а - the use of ИТР for management (PPM) results only MES;  b - the use of the ИТР of the results of MES and SCADA switched on 1 the terminal;   c - use ИТР 2 terminals for visualization of the results of MES and SCADA respectively; comments on «АРМ technologist» and «АРМ Director» in figure 20. Actually embedded project on the «ИЦ» (2010, - author). 
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Figure 20 - The Integrated information system (КИС) "ИЦ": the management of the top engineering («an automated workplace (АРМ) of the technologist»/ MES: PPM
)  

and the top management («АРМ Director»/ ERP:  BPM
): introduced (2010, - author).
-----------------------------------------------------------------------------------------------------------------------

SCADA - this is the level of operational information for the shop operators, for a specific control equipment at the current moment, i.e. control of technological processes; scale real-time database for a short period of time (the «ИЦ» - 7 days … 1 month), and no Analytics does not provide for,  

MES -   this is a tool to shop itd (leaders, masters, technicians, etc.) and engineers plant (chief engineer, technical Director, his Deputy, etc.), for the management of individual shops and production as a whole: here is another (more «rough») time scale, but the database long period of time (the «ИЦ» - 3 years), there is an analyst in time scheduling (APS), plan - fact analysis (office for deviation), etc., i.e., management of production efficiency (PPM),
ERP -  it is a tool of economic and financial management of the enterprise as a whole, i.e., business performance management (BPM).
Note A.1 - On «ИЦ» made the following delineation of areas of responsibility:
                  КИПиА - is responsible for the topicality, SCADA
                  ОИТ - responsible for all of the rest of the subjects of it, including MES, ERP, CAD, WF, LAN, WAN, CIS.

Note A.2 - If a particular specialist engineers (ИТР) is required in addition to the information/ analysts from the MES, - analyze and operational information from SCADA, then it needs to be connected to the terminals of 2 systems: MES and SCADA (alternately, or have in the workplace 2 computer).

                          Киселев Анатолий Георгиевич
                         [Kiselev  Anatoly  Georgievich]
к.т.н.,  с.н.с.    [Ph.D. in Engineering],
Автрский  сайт   http://a-kis46.narod.ru   [образовательный  портал].
--------------------------------------------------------------------------------------------
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3. Warehouse accounting
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0.1.1.  Daily report
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    Information on print structures, drawing design documentation - DD (КД)  








АС ТПП





CAD/CAM





CAM/CAE





CAE/ MES





SCADA





 CAM





АСУП





ERP





АСНИ








САПР-К





САПР-Т
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1. design documentation (КД) for the print structures (PS)





Accessories





Machines with DSC (ЧПУ)





Route manufacturing technology





Oil, gas, metal, etc.








Designing of printed circuit structures








Design drawing of design documentation - DD (КД)











schema design





The design of the text of design documentation - TD (ТД). dB (БД).  Search design.
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7. Analysis of mechanical constructions
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4. Design of a text document - TD (ТД)
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Many formats: DXF, DWG, SAT, WMF,  STL, 3DS, GIF, BMP, JPG, TGA, TIFF, DXB, DXX, IGES, IGS, STEP, GRB, EMF, BMF, CDW, FRW, KDW, SPW, KSF, AI  и  др.





Alternative software
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"Production management  (ERP)"
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0.3. In non-core production
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1.1. Cost management





1.1.1.  ТЭП  (planning)








1.1.2.  УЗКС  (cost)
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Controller 1





Controller N





Device pairing





Device pairing





Communication server





The local network of the enterprise





"The workshop" network SCADA (preferably duplicated)





Controllers SCADA 





Interfacing with sensors / actuators





Communication lines with sensors / actuators





sensors / actuators





In the simplest case - the integration into the controller and functions of interfacing
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The duty operator
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Communication server (duplicated)
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LAN Ethernet 100Mbps (network of the enterprise; copper / fiber)





Local (duplicated), the industrial network real-time Profibus - 12Mbps /or an Ethernet - 10Mbps ("workshop" network: communication between controllers; copper / fiber)
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1. Шкаф (№1)





1.1. Стойка (№1) ("equipment")





1.1.1. Контроллер ("device")








1.1.1.1.1. Модуль  ("sub-unit")








1.1.1.1. Крейт  ("block")








System bus controller





The communication module (duplicated gateway "shop" of the level)





1.1.2. Interfaced device ("device"): "blocks field interfaces"
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sensors / actuators
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Technological automated workplaces (SCADA): the main purpose - the task settings/ adjustments of technological equipment and processes.
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�





�





�
































� CALS is very broad, the CALS many aspects, and everyone chooses one aspect, which it is necessary to develop: in the works of the author of the study limited to the ERP (OLAP)/MES/ SCADA/ /CAD/CAM/CAE/PDM (and АКИА from the position of the architecture of SCADA), as well as problems of computer engineering (ВТ) and networks (LAN/WAN), i.e. the immediate automation of enterprises-ment, in this case, the research and development of specific systems is from a position of  "large systems".


� PPM  -  management of production efficiency (performance management  production - PMP/ «PPM»).


� BPM  -  business performance management.


� Links to the author's  site  � HYPERLINK "http://a-kis46.narod.ru" �http://a-kis46.narod.ru� .


� Materials from the author's site used, including, in other University (Novocherkassk) in the preparation of 2 training courses («Computer technologies in science and industry», «The Integrated systems of design and management»), on which there is a corresponding «АКТ of introduction of borrowed techniques and technologies» (2008).
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