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Introduction 
 

Modern systems of dispatcher control (SDC) in 
management of energetic systems contain a large number 
of informatic subsystems with following tasks: a) 
automatic processing of operative and instructive 
information and b) providing of necessary information to 
dispatcher by automatic influence of the system or by 
defined call [1–6]. 

Informatical subsystem SDC informs the dispatcher 
about the work of whole energetic system or about some of 
its parts in normal regime, breakdown regime and regime 
of restauration (after the breakdown). Most often, the 
dispatcher receives information on operation of breakdown 
automatics of electric network 400 [kV] which has 
organizes central integral informatical system (CIIS). 
Information about the operation of separate devices of the 
system of automatic breakdown control and possible 
situation are submitted in CIIS by TT systems, and are 
processed in computer systems in the form that is suitable 
to dispatcher[7–9]. 

Given instruction must include advice to dispatcher 
for conversion of electrical network into complex situation 
and must be supported by documentation which is in 
nowadays mostly in electronic form. Informatical model of 
the system of automatic breakdown control (SABC) at 400 
[kV] must also contain the data on influence of relay 
protection of separate parts of electric network. Set of 
information on operation of SABC of given network is 
submitted to dispatcher through subsystems of 
telemeasuring and telesignalling [10–16]. 

Informatical model must contain the following: 
1) Influence of protective devices on elements of 

electric network; 
2) Increase of voltage in distributing plants above the 

tolerable values; 

3) Influence of system automatics sensitive to voltage 
increase; 

4) Breakdown disconnection of separate parts of 
electric network and instruction for substitution of 
arranged values of the system of automatic control (SAC) 
in that situation; 

5) Influence of SAC on forcing of device for 
transversal  compensation (DTC); 

6) Influence of SAC on discharging of transmission 
network; 

7) Influence of SAC for break of asynchronous 
operation of the generator; 

8) Influence of SAC on control of overload of DTC; 
9) Influence of SAC for prevention of power increase 

in transmission network; 
10) Influence of SAC against the frequency   

increase; 
11) Influence of SAC of frequent drive of generator 

in hydroelectric power stations; 
12) Origin of dangerous schemes for occurrence of 

dangerous conditions and pre-voltages on plant equipment; 
13) Influence of device for automatic reconnection 

(ARC) of electric network parts; 
14) Exceeding of tolerable values of active power on 

long-distance power lines. 
Mathematical basis of informatical model is logic 

signal processing on: 
- condition of breaker in electric networks (integral 

modelling of informatic logical structure of regime 
changes in electric network operation), 

- influence of protective devices and SABC 
devices, 

- exceeding of voltages and distribution of active 
power above tolerant values, 

- quantity of distributed powers in previous regime.  
In each of situation, on which occurrence dispatcher 

must be informed, must exist sufficient number of 
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information and analysed signals in the memory of the 
computer system. Informatical model should act 
automatically according to given priority in SDC. The 
simplified block of algorithm structures of informatical 
model, must follow the realization of sustained 14 parts of 
above given content. 

 
Modelling of informatical logic structures induced by 
changes of operation regime of electric networks 

 
Modern electric networks 400 [kV] with higher 

passing capacity, by the rule have system structure. Values 
in such networks are very high, for example, with respect 
to transferred power, so its stability is determined by the 
stability of network elements.  

In such conditions break in energy transmission can 
have serious consequences, for example, like overload on 
one of parallel lines in the network, asynchronous 
operation, increase of frequency in local parts of energetic 
systems or connections, etc. 

By studying of values of transferred electric energy 
on receiving and transmitting ends and branches which are 
connecting them, it is possible to create conditions for 
system automatics to preserve static and dynamic stability 
and appropriate levels of voltage and frequency.  

For realization of these tasks algorithms and 
computer programs for controlling microprocessors (CM) 
must be created. 

Without involving in the question of principle of 
usage of CM for analysis given transmission 
characteristics, here shall be considered structure of 
possible algorithm of intelligent model for energetic 
system control in example of electric network on Fig. 1. 
Elements 1–20 can influence the changes of transmission 
regime, and at the same time present integral components 
of system automatics. Arbitrary regime situation occurred 
in electric network on Fig. 1 can be presented by following 
logic operations: 

1) Operation of reception of operative information, its 
processing and protocol in CIIS. 

2) Operation of substitution in logic scheme and also 
change in regime of energy transmission on the basis of 
logic information analysis. 

3) Estimation of values of possible power shortage 
and application of measures for compensation by control 
system in regime of breakdown (against breakdown 
automatics). 

By informatical model of network mounted into 
memory are created possibilities for solving of this 
complex task for control of energetic system by intelligent 
model in normal regimes and breakdown regimes, 
possibility of realization of optimization tasks, ets.  

For realization of task of stability preservation the 
informatical-logic algorithm with completely defined 
information is needed, and possible solution will be 
presented additionally. 

First must be known data on generator nodes power, 
information on power flows trough parts of electric 
network, voltages on buses A , B , C , D  (Fig. 1). 
Second in a row are data on positions of all breakers (1-
20). The whole set of data must be submitted to energetic 
system dispatcher centre. Because of that in energetic 
system is used modern coding and telesignalling in digital 
nine degrees dual-tens code.  

Informatical model of network is conjugated with 
other blocks which are embodied in logic structure. Very 
important question that relates to IMN is question of 
mutual exchange of information from memory packages. 
In the phase of IMN creation, the following problems must 
also be solved: 

- determination of information volume,  
- their placement into appropriate memory 

packages, 
- linking of cassettes with data on algorithm of 

logical determined situations, LDS and ALG KRS and 
other.

 
Fig. 1. Connections in energetic system 

 
In order to minimal unit for information could be 

adaptable between energetic systems of neighbouring 
countries, certain regulation devices (RD), due to 
introduction into microprocessor sets, must be predicted.  

The first assumption is that all necessary information 
on electric network operation is in the memory of 
informatical model of network (IMN). It is necessary to 
see how to mark that or some other situation during the 
change of electric network scheme. Solution should be 
sought through the logically defining of situation (LDS). In 
defining of LDS structure, it is necessary to determine 
logic functions that fit that given or some other structure of 

plugged electric network elements. Logical function for 
example 1LPL  (long-distance power line 1), that relates to 
breakdown in transmission of power through power line is 
of form 
 ( )

4321432143211
bbbbbbbbbbbbDC

l ∨∨=φ , (1) 

where −b logical symbol of switch on position of breaker 

( 1=b  when breaker is switched on); −
−
b logical symbol of 

switch off position of breaker ( 1=
−
b  when breaker is 

switched off); −V symbol of logic addition 
(linking/concordance); −DC ddisconnection. 
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In analogue way for all other long-distance power 
lines can be created  logic functions ( ) ( ) ( )dc

LPL
dc

LPL
dc

LPL 432 ,, φφφ . 
Logic function of device of transversal compe- 

nsation (DTC) with disconnection of parallel branch is 

( ) ∨∨=
−−−−−−−−−

211211109211211109 bbbbbbbbbbpar
DTCφ  

 211211109
−−−−−

∨ bbbbb  (2) 

and for shunting (parallel connection) DTC is 

 

( )
9 1010 11 12 21 9 11 12 21

11 129 10 12 21 9 10 11 21

11 219 10 12 9 10 11 12 21

10 11 10 129 12 21 9 11 21.

sant b b b b b b b b b b

b b b b b b b b b b

b b b b b Vb b b b b

b b b b b b b b b b

ϕ
− −

− −

− −

− − − −

= ∨ ∨

∨ ∨ ∨

∨ ∨

∨ ∨

 

(3)

 

For each long-distance power line can be written a 
logic function that suits to normal regime of its operation; 
for example, for 1LPL  

 

( )

43214321

432143214321

4321432143211

−−−−

−−−−

−−

∨∨

∨∨∨∨

∨∨∨=

bbbbbbbb

bbbbbbbbbbbb

bbbbbbbbbbbbnor
Lφ

 (4) 

Analogous can also be written for other LPL  

 ( ) ____2 =nor
LPLφ , ( ) ____3 =

nor
LPLφ , ( ) ____4 =nor

LPLφ  (5) 

and for normal operation regime of transversal 
compensation the following logic function 

 

( )
21 9 219 10 11 12 10 11 12

10 21 11 219 11 12 9 10 12

12 21 9 11 219 10 11 10 12

9 12 21 10 11 2110 11 9 12

10 129 11 21.

nor
DTC b b b b b b b b b b

b b b b b b b b b b

b b b b b b b b b b

b b b b b b b b b b

b b b b b

ϕ
− − −

− − − −

− − − − −

− − − − − −

− −

= ∨ ∨

∨ ∨ ∨

∨ ∨ ∨

∨ ∨ ∨

∨

 

(6)

 

If logic functions of normal operation regimes of 
separate long-distance power lines are known, then logical 
functions of normal regime that fits to schemes of the parts 
can be obtained, for example, AB  and CD , namely: 

 
( ) ( ) ( )

( ) ( ) ( )
1 2

3 4

,

,

nor nor nor
AB LPL LPL
nor nor nor

CD LPL LPL

ϕ ϕ ϕ

ϕ ϕ ϕ

 = ∧

 = ∧

 (7) 

where −∧ symbol of logic multiplication. 
Normal operation regime of chosen model of electric 

network shall be completely determined by 

 ( ) ( ) ( ) ( )nor
DTC

nor
CD

nor
AB

nor φφφφ ∧∧= . (8) 
Disconnection of any part in the network model can 

be presented by following logic function: 

 
( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )
1 1 2 3 4

2 1 2 3 4

,

,

dc dc nor nor nor nor
LPL LPL LPL LPL DTC

dc nor dc nor nor nor
LPL LPL LPL LPL DTC

ϕ ϕ ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ ϕ ϕ

 = ∧ ∧ ∧ ∧

 = ∧ ∧ ∧ ∧

(9) 

where ( ) ( ) −disdis
21 ,φφ appropriate logic function of electric 

network in disconnection of only first, only second and 
only third, etc, long-distance power line. 

Maintenance regimes that can occur in electric 
network model with the influence of forced transversal 
(parallel) compensation DTC, are presented by logic 
function: 

   

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

1 1 2 3 4

2 1 2 3 4

3 1 2 3 4

4 1 2 3 4

,

,

,

,

mai dc nor par dc nor
LPL LPL DTC LPL LPL

mai dc nor par nor dc
LPL LPL DTC LPL LPL

mai nor dc par dc nor
LPL LPL DTC LPL LPL

mai nor dc par nor dc
LPL LPL DTC LPL LPL

ϕ ϕ ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ ϕ ϕ

 = ∧ ∧ ∧ ∧


= ∧ ∧ ∧ ∧

 = ∧ ∧ ∧ ∧


= ∧ ∧ ∧ ∧


(10) 

where ( ) ( ) ( ) ( ) −maimaimaimai
4321 ,,, φφφφ logic functions of 

disconnection of long-distance power lines due to 
maintenance according to following order: 1LPL , then 

2LPL , 3LPL , 4LPL . In such way logic determination of 
situation comes to presentation of set of logic functions 
that presents any change of scheme (regime) of chosen 
model of electric network according to information of IMN 
that influence on all parts of informatical-logic algorithm. 

Such influence provides following:  
- Presentation on display of changes of regime 

situation in electric network (on Fig. 2 this is presented by 
broken line); 

- Starting of appropriate algorithm that falls into 
algorithm complex of regime situation. 

Since operation of algorithm requires current 
information on electric network (Fig. 2), it can be 
determined out of algorithm of complex of regime 
automatics (AlCRA) and IMN.  

Determination of situation set up by logic connection 
with AlCRA (Fig. 2 AlCRA) is defined in further situation 
of algorithms or arbitrary set of algorithms that 
accomplished together with AlCRS (algorithm of complex 
of regime situation). In such way are also determined 
measures for influence in regimes of breakdowns (on Fig. 
2 punctuate line on AlCRA). 

The purpose of forming of algorithm complex of 
regime situation is estimation of predominant differential 
stability values (normal and maintenance regimes) and 
values of needed power of long-distance power lines. 

Illustrated complex presents a set of algorithms which 
number, in principle, should be equal to number of 
possible situation on electric network model.  

For considered model (Fig. 1) can be assumed that 
AlCRS is consited of algorithms presented on Fig. 3, 
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(situation of breakdown on network parts and full break  of 
power transmission and also short circuits have not been 
discussed). 

In given complex are present algorithms of normal 
regimes which fit to complete schemes AB and CD. From 
those schemes can be seen that both algorithms have 
informatic connection with IMN, and act if are activated 
by their logic functions in certain situation. 

 

 
Fig. 2. Functional scheme of informatical-logic algorithm 

For considered electric network model there are four 
cases of disconnection of long-distance power lines on 
different parts without full break of energy transmission, 
which is accomplished by algorithms Al 1LPL -Al DC 

4LPL . Each algorithm of that or other long-distance 
power line 1LPL - 4LPL  out of logic diagnostic is 
informatical connected with IMN and is only initiated by 
its logic function. In maintenance regimes can occur four 
cases of disconnection of different long-distance power 
lines on two parts determined by appropriate algorithms:  

(Al DC 1LPL  3LPL , Al DC 1LPL  4LPL , Al DC 
2LPL  3LPL  and Al DC 2LPL  4LPL ). 
It should be taken into account that each algorithm 

that falls into AL CRS is analogous to considered on Fig. 
4, in which is the structure of algorithm of normal regime 
and disconnection of one long-distance power line on the 
part AB  of network model. In illustrated structure is 
possible to see three types of informatic link. Al CRS has 
informatical connection with IMN, logic with certain 
situation and controlling with algorithm complex of regime 
automatics. 

 

 
Fig. 3. Block of algorithm complex of regime situations 

 

 
Fig. 4. Structure of algorithm of normal regime and 
disconnection of long-distance power line on parts AB 

 
In reality, for each of them comes information 

directly from IMN on values of voltages on buses A  and 
B , values on equivalent impedances of regime ( )( )nor

ABX  
and values of transferred power from both long-distance 
power lines 0P . Information is introduced into appropriate 
operator and is presented on display. 

Second type of connection dictates volume of 
information through logic diagnostic that shows regime 
changes on chosen model of electric network.   

 Along these connections are transmitted the values of 
equivalent impedances of maintenance regime ( )rr

ABX  
calculated values of predominant powers of normal and 
post-break (maintenance) regimes ( )nor

npracP  and ( )r.r
npracP . 
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The third type of connection is intended to prepare 
influence of Al CRA and presentation of situation change 
on display. In the structure of both algorithms is operator 
whose purpose is calculation of factual predominant 
stability in normal post-break regime directly according to 
current information. After that, factual predominant 
stability is introduced into conditional operator, in which at 
the same time, through LDS is introduced the value of 
calculated predominant stability. 

Calculated predominant stability is the value which is 
calculated according to certain computer program (it has 
been previously calculated and introduces into IMN). 
Conditional operator always at the input of next operator 
introduces the value: ( )nor

npP  or ( ).r.r
npP , if ( ) 0≠nor

npP , 
( ) 0≠.r.r
npP . 

In opposite case, in the next operator is introduced 
( ) ( ).r.r

nprac
nor

nprac PP =  

In the operator is estimated difference ( )P∆  for 
normal as well as for post-break (maintenance) regimes 
through calculated values: 

 
( ) ( )

( ) ( )
0

. . . .
0

,

,

nor nor
np

r r r r
np

P P P

P P P

∆ = −

∆ = −

 (11) 

where −0P value of required power transmitted via both 
long-distance power lines. 

In the last conditional operator presented structure 
comes from comparison of values ( )norP∆  and ( ).r.rP∆  
(calculated in %) with standard value of 20% for normal 
and 8% for post-break regimes. If ( )norP∆  and ( ).r.rP∆  
exceed the coefficient values, dispatcher must be informed 
and in opposite case control is transferred to algorithm 
complex of regime automatics.  

  
Conclusions 

 
In the paper are presented separated parts of the 

structure of informatical-logic algorithm for changes of 
regime in chosen model of electric network. Such approach 
does not have feature of versatility, but presents modest 
contribution which shows possibilities of such model 
application in analysis on more basic examples. By 
improving the procedure complex models of network can 
also be solved, as well as the determination of their optimal 
structure.  

In projecting and realisation of informatical model in 
energetic systems, there is a big problem in energetic 
systems in operation of secondary microprocessor systems 
in real time and in processing of huge quantity of 
informatic data. In such problems trivial solutions with 
series produced computers are not possible, so must be 
created microprocessor structures which have program and 
apparatus readiness for the purpose of creation of systems 
with high technical characteristics and insufficiently 
perfect data base. According to previous experience, 

analyses of research results and overview of literature, the 
following important principles can be formulated: 

- Apparatus/programme readiness predicts such 
organisation of secondary microprocessing systems that in 
a case of failure of apparatus/program support, obligations 
takes one of them or spare block. It is appropriate instead 
of term “failure” to use term “decrease/aggravation of 
quality”. 

- Principle of multiprocessing that related to usage 
of homogenous microprocessors for realization of 
structure, because in this way is possible to use their 
mutual influence in the same memory base or by similar 
TT channels and commutating structures.  

- Principle of modulation. This principle consists in 
independent influence of special one-type blocks-modules 
which can be replaced at any moment. This increases 
maintenance capability and reliability, concerning the 
possibility of replacement of defective modules with spare 
one. Modulation of program protection is achieved by 
separation of program modules which are invariant 
regarding their position in the memory of calculating 
machine. 

- Principle of functional decentralisation regards to 
division of functional tasks between processing systems, 
by which their parallelism in operation in real time is 
achieved. In that way in some processors can be increased t 
speed of influence and contracted the quantity of tasks.  

- Principle of unique data base characterises the 
system approach in information processing which leads to 
permanent increase and rehabilitation of data needed for 
system functioning. Identical information processed in 
different calculating modules, are introduced into system 
along the same channel, which simplifies transmission 
ways from primary (energetic systems) towards secondary 
(SAC) systems. 

Previously mentioned principles determine functional 
solutions and characteristics of the system. However, in 
creation of integral models and management of energetic 
systems computer complexes are needed, for which 
realization must be introduced principles that lead to 
simplification of process of elaboration, correction, 
adjustment and development. Those additional principles 
are:   

- Principle of complex projecting method. This 
principle could be applied on creation of secondary 
microprocessing system in the form of unique complex 
(states-Serbia and of West Balkans), which would be used 
for solving of secondary systems tasks of energetic 
facilities. In that case concrete equipment is not considered 
autonomously, but as an element (subsystem) of complex 
SAC. 

- Principle of continuous development of the 
system considers possibility of system structure change, 
increase of number of modules and function and 
modification of program support. This relates not only to 
easy change of program and subprogram, but also to 
criterion according to which tasks are set. 

- Principle of defining of new tasks predicts new 
complements in the algorithm system in accordance with 
new needs provided by computer technology and in that 
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way is achieved increase of level of technical improvement 
to scientific- researching level.  

Informatical model with the application of 
microprocessing systems comprises methods and 
procedures of operation with information which came into 
system from facility and preparation of this information for 
utilisation (processing), storage and exchange towards 
external systems. 

It is known that primary information is also called the 
data and that term comprises acquired knowledge on 
controlled facility and is expressed in the form of numbers, 
letters or special symbols. Analogue values (current, 
voltage) and direct values (condition of commuting 
equipment in every aspect) fall under those data in 
energetic system.  

Volume and frequency of data transmission are 
determined by algorithms realized by secondary systems. 
Primary information also comprises the instructions given 
in the case of operation regime changes in the system as 
well as during the time of system testing.  
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