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Nowadays, with the development of high-performance computer equipment, information systems
are an e�ective means of addressing systemic problems. The basic foundation of any information system
is a data model that describes the basic elements of the system, and domain. Software and hardware
information system � a set of information technology, which includes software and hardware complexes
of electric power information system, designed to automate the processes of collection, information
processing, information storage, access to it, its presentation and dissemination. This article discusses
the objects of complex information system for electric power systems. Currently, the major application
areas include system relaying data communication systems and automation, automated dispatching
and technological management of electric power facilities, as well as computer-aided calculation of
energy resources. Automatic control of excitation (ARV) synchronous machines is one of the most
e�ective ways to ensure the stability of power systems. However, the variety of possible options and
modes even in a single grid pose signi�cant obstacles to the development of the best means of ensuring
sustainability. Thus, the use of ARVs to ensure stability in some cases may not be su�cient. Therefore,
there is a need for the development of information systems. At the present stage of development of the
system of methods of development of information system there is a strong tendency to create uni�ed
data models: information systems built on this principle, have a greater ability to integrate with other
systems, they may be organized in a distributed network. One of the main methodological tools for
building domain models data is object-oriented analysis and his interpretation of the language � the
uni�ed modeling language UML. The article presents the class diagram, activity, sequences created
in the UML, which illustrate various aspects of the system. Provides global experience in developing
information systems and comprehensive information system for the EPS scheme. Mathematical models
of electric power systems. Math object is the essence of expressing some math category and component
object computing. The objects are the elements of the power system, vectors and matrices. Every
mathematical object has a set of mathematical signs, but by themselves they do not constitute a
computational problem, and is a tool to solve it. When implementing methods of classes attached
to each data structure, and their use is transferred to a virtual abstraction layer. In this case, using
calls to virtual methods, sophisticated organized computing processes are realized on the highest levels
of the class hierarchy of the signs to base class objects are called methods of those classes, to the
objects which he actually indicate. Under the computational algorithms of objects refers to methods of
computational mathematics and supporting information, which determines the conditions of their use
of algorithmic. Each algorithm is designed to solve one problem, but it can be used as a sub-task to
solve other problems. On the basis of a mathematical model of a numerical example that demonstrates
su�cient e�cacy of the proposed mathematical model. We give software screenshots. The program for
the numerical integration of the di�erential equation using the Euler method. In the program, you can
select one of two modes: with and without control.
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Èíñòèòóò èíôîðìàöèîííûõ è âû÷èñëèòåëüíûõ òåõíîëîãèé ÊÍ ÌÎÍ ÐÊ,
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Â äàííîé ñòàòüå ðàññìàòðèâàþòñÿ îáúåêòû èíôîðìàöèîííîé ñèñòåìû äëÿ ýëåêòðîýíåðãåòè÷å-
ñêèõ ñèñòåì (ÝÝÑ). Ïðèâîäÿòñÿ ìèðîâîé îïûò ðàçðàáîòêè èíôîðìàöèîííûõ ñèñòåì è ïîäðîá-
íàÿ ñõåìà èíôîðìàöèîííîé ñèñòåìû äëÿ ÝÝÑ. Ðàññìàòðèâàþòñÿ ìàòåìàòè÷åñêèå ìîäåëè ýëåê-
òðîýíåðãåòè÷åñêèõ ñèñòåì. Íà îñíîâå ìàòåìàòè÷åñêîé ìîäåëè ïðèâîäèòñÿ ÷èñëåííûé ïðèìåð,
êîòîðûé ïîêàçûâàåò äîñòàòî÷íóþ ýôôåêòèâíîñòü ïðåäëîæåííîãî ìåòîäà. Â íàñòîÿùåå âðåìÿ
ê îñíîâíûì îáëàñòÿì ïðèìåíåíèÿ ñèñòåì ïåðåäà÷è äàííûõ ìîæíî îòíåñòè ñèñòåìû ðåëåéíîé
çàùèòû è àâòîìàòèêè, äèñïåò÷åðñêîãî è àâòîìàòèçèðîâàííîãî òåõíîëîãè÷åñêîãî óïðàâëåíèÿ
ýëåêòðîýíåðãåòè÷åñêèìè îáúåêòàìè, à òàêæå ñèñòåìû àâòîìàòèçèðîâàííîãî ó÷åòà ýíåðãîðåñóð-
ñîâ. Àâòîìàòè÷åñêîå ðåãóëèðîâàíèå âîçáóæäåíèÿ (ÀÐÂ) ñèíõðîííûõ ìàøèí ÿâëÿåòñÿ îäíèì
èç íàèáîëåå ýôôåêòèâíûõ ñïîñîáîâ îáåñïå÷åíèÿ óñòîé÷èâîñòè ðàáîòû ýíåðãîñèñòåì. Îäíàêî,
ìíîãîîáðàçèå âîçìîæíûõ ïàðàìåòðîâ è ðåæèìîâ äàæå â îòäåëüíî âçÿòîé ýíåðãîñèñòåìå ñîçäà-
åò çíà÷èòåëüíûå ïðåïÿòñòâèÿ íà ïóòè ðàçðàáîòêè îïòèìàëüíûõ ñðåäñòâ îáåñïå÷åíèÿ óñòîé÷è-
âîñòè. Òàêèì îáðàçîì, ïðèìåíåíèå ÀÐÂ äëÿ îáåñïå÷åíèÿ óñòîé÷èâîñòè â ðÿäå ñëó÷àåâ ìîæåò
îêàçàòüñÿ íåäîñòàòî÷íûì. Ïîýòîìó ïîÿâëÿåòñÿ íåîáõîäèìîñòü â ðàçðàáîòêå èíôîðìàöèîííûõ
ñèñòåì.

Êëþ÷åâûå ñëîâà: èíôîðìàöèîííàÿ ñèñòåìà, ìàòåìàòè÷åñêàÿ ìîäåëü, ýëåêòðîýíåðãåòè÷å-
ñêàÿ ñèñòåìà, UML.

Ââåäåíèå. Â íàñòîÿùåå âðåìÿ, ñ ðàçâèòèåì âûñîêîïðîèçâîäèòåëüíûõ ñðåäñòâ âû-
÷èñëèòåëüíîé òåõíèêè, èíôîðìàöèîííûå ñèñòåìû ÿâëÿþòñÿ ýôôåêòèâíûì ñðåäñòâîì ðå-
øåíèÿ ñèñòåìíûõ ïðîáëåì. Âîïðîñàì ïðèìåíåíèÿ èíôîðìàöèîííîé ñèñòåìû â ñèñòåì-
íîì àíàëèçå ïîñâÿùåíû ðàáîòû Ì.Ê. ×èðêîâà, Ñ.Ï. Ìàñëîâà, Â.Í. Ïåòðîâà, Ä. Ìàðêà,
Ê. ÌàêÃîóýíà [1�3]. Âîïðîñû ðàçðàáîòêè èíôîðìàöèîííûõ ñèñòåì ðàçëè÷íîãî íàçíà÷åíèÿ
ìåòîäàìè ñèñòåìíîãî àíàëèçà ñ ïðèìåíåíèåì ñîâðåìåííûõ îáúåêòíî-îðèåíòèðîâàííûõ
ÿçûêîâ ïðîãðàììèðîâàíèÿ è òåõíîëîãèé áàç äàííûõ øèðîêî îñâåùåíû â òðóäàõ Ã. Øèë-
äòà, ×. Ïåòöîëüäà, Äæ. Ðèõòåðà, Â.Â. Êóëüáû, Ã. Õàíñåíà, Ò. Êîíîëëè, Ä. Ìàéî, Ì. Ëóò-
öåì, Â.Â. Âîðîíîâà, À. Ã. Ìàìèêîíîâà, Ò. Õàëüïèíà, Ò. Ìîðãàíà [4�9] è äðóãèõ. Â ìåíüøåé
ñòåïåíè ýòî êîñíóëîñü ïðîáëåì ñîçäàíèÿ ñïåöèàëüíûõ èíôîðìàöèîííûõ ñèñòåì äëÿ ýëåê-
òðîýíåðãåòè÷åñêèõ êîìïëåêñîâ.

Ðàáîòà âûïîëíåíà â ðàìêàõ ïðîåêòà � 3314/ÃÔ4 ãðàíòîâîãî ôèíàíñèðîâàíèÿ Êîìèòåòà íàóêè Ìèíè-
ñòåðñòâà îáðàçîâàíèÿ è íàóêè Ðåñïóáëèêè Êàçàõñòàí (2015�2017 ãã.).

Ïðîáëåìû èíôîðìàòèêè. 2016. � 4 57



58 Ïðèêëàäíûå èíôîðìàöèîííûå òåõíîëîãèè

Îòäåëüíûå àñïåêòû, ïîñâÿùåííûå ñîçäàíèþ è ðàçâåðòûâàíèþ èíôîðìàöèîííûõ ñè-
ñòåì ýëåêòðîýíåðãåòè÷åñêèõ êîìïëåêñîâ äëÿ òåõíîëîãèé Smart Grid, ðàññìîòðåíû â ðàáî-
òàõ Á.Á. Êîáåöà, È.Î. Âîëêîâîé, Á.Ô. Âàéíçèõåðà [10] è äð.

Áàçîâîé îñíîâîé ëþáîé èíôîðìàöèîííîé ñèñòåìû ÿâëÿåòñÿ ìîäåëü äàííûõ, îïèñûâà-
þùàÿ îñíîâíûå ýëåìåíòû ñèñòåìû è ïðåäìåòíîé îáëàñòè.

Ïðîãðàììíî-òåõíè÷åñêèå ñðåäñòâà èíôîðìàöèîííîé ñèñòåìû � ñîâîêóïíîñòü èíôîð-
ìàöèîííûõ òåõíîëîãèé, êîòîðàÿ âêëþ÷àåò ïðîãðàììíûå è òåõíè÷åñêèå ñðåäñòâà èíôîðìà-
öèîííîé ñèñòåìû ýëåêòðîýíåðãåòè÷åñêèõ êîìïëåêñîâ, ïðåäíàçíà÷åííûõ äëÿ àâòîìàòèçà-
öèè ïðîöåññîâ ñáîðà, îáðàáîòêè èíôîðìàöèè, õðàíåíèÿ èíôîðìàöèè, îáåñïå÷åíèÿ äîñòóïà
ê íåé, åå ïðåäîñòàâëåíèÿ è ðàñïðîñòðàíåíèÿ.

Â íàñòîÿùåå âðåìÿ ê îñíîâíûì îáëàñòÿì ïðèìåíåíèÿ ñèñòåì ïåðåäà÷è äàííûõ ìîæíî
îòíåñòè ñèñòåìû ðåëåéíîé çàùèòû è àâòîìàòèêè (ÐÇÀ), äèñïåò÷åðñêîãî è àâòîìàòèçè-
ðîâàííîãî òåõíîëîãè÷åñêîãî óïðàâëåíèÿ ýëåêòðîýíåðãåòè÷åñêèìè îáúåêòàìè (ÀÑÒÓ), à
òàêæå ñèñòåìû àâòîìàòèçèðîâàííîãî ó÷åòà ýíåðãîðåñóðñîâ.

Íà ñîâðåìåííîì ýòàïå ðàçâèòèÿ ñèñòåìíûõ ìåòîäîâ ðàçðàáîòêè èíôîðìàöèîííîé ñè-
ñòåìû ñóùåñòâóåò óñòîé÷èâàÿ òåíäåíöèÿ ñîçäàíèÿ óíèôèöèðîâàííûõ ìîäåëåé äàííûõ:
èíôîðìàöèîííûå ñèñòåìû, ïîñòðîåííûå ïî òàêîìó ïðèíöèïó, îáëàäàþò áîëüøèìè âîç-
ìîæíîñòÿìè èíòåãðàöèè ñ äðóãèìè ïîäîáíûìè ñèñòåìàìè, ìîãóò îðãàíèçîâûâàòüñÿ â ðàñ-
ïðåäåëåííûå ñåòè. Îäíèì èç îñíîâíûõ ìåòîäè÷åñêèõ ñðåäñòâ ïîñòðîåíèÿ ìîäåëåé äàííûõ
ïðåäìåòíûõ îáëàñòåé ÿâëÿåòñÿ îáúåêòíî-îðèåíòèðîâàííûé àíàëèç è åãî ÿçûêîâàÿ èíòåð-
ïðåòàöèÿ � óíèôèöèðîâàííûé ÿçûê ìîäåëèðîâàíèÿ UML. Ìåòîäèêà ïîñòðîåíèÿ UML-
ìîäåëåé äîñòàòî÷íî ïîäðîáíî ðàññìîòðåíà â ðàáîòàõ Ã. Áó÷à, Ä. Ðàìáî, À. Äæåêîáñàíà,
Ì. Áëàõà, Ì. Ôàóëåðà, Ê. Ñêîòòà, Ê. Ëàðìàíà, Ä. Øìóëëåðà, À.Â. Ëåîíåíêîâà [11] è
äð. Êîìïëåêñû UML-ìîäåëåé äàííûõ ïðåäìåòíîé îáëàñòè îáúåäèíÿþòñÿ â åäèíûå èí-
ôîðìàöèîííûå ìîäåëè, ñîäåðæàùèå èñ÷åðïûâàþùóþ èíôîðìàöèþ î ñòàòè÷åñêèõ è äè-
íàìè÷åñêèõ ñâîéñòâàõ ñèñòåìû. Â îáëàñòè ýëåêòðîýíåðåãåòèêè ñóùåñòâóåò áàçîâàÿ èí-
ôîðìàöèîííàÿ ìîäåëü, êîòîðàÿ îïèñûâàåò ìîäåëè äàííûõ äëÿ èíôîðìàöèîííûõ ñèñòåì
ýëåêòðîýíåðãåòè÷åñêèõ îáúåêòîâ.

1. Ìèðîâîé îïûò. Ñåãîäíÿ â îáëàñòè ìèðîâîé ýëåêòðîýíåðãåòèêè ïðîèñõîäèò íàñòî-
ÿùàÿ ðåâîëþöèÿ. Â ÑØÀ, Êèòàå, ßïîíèè, Åâðîïå ïîëíûì õîäîì èäåò ïðîöåññ âíåäðåíèÿ

”
èíòåëëåêòóàëüíûõ ñåòåé“ � Smart Grid.
Ìèíýíåðãî ÑØÀ îïðåäåëÿåò èíòåëëåêòóàëüíóþ ñåòü êàê ïîëíîñòüþ àâòîìàòèçèðîâàí-

íóþ ñèñòåìó, îáåñïå÷èâàþùóþ äâóñòîðîííèé ïîòîê ýëåêòðîýíåðãèè è èíôîðìàöèè ìåæäó
ýíåðãîîáúåêòàìè ïîâñåìåñòíî.

Åâðîñîþç äàåò ñëåäóþùåå îïðåäåëåíèå. Smart Grid � ýòî ýëåêòðè÷åñêèå ñåòè, óäîâëå-
òâîðÿþùèå òðåáîâàíèÿì ýíåðãîýôôåêòèâíîãî è ýêîíîìè÷íîãî ôóíêöèîíèðîâàíèÿ ýíåðãî-
ñèñòåìû çà ñ÷åò ñêîîðäèíèðîâàííîãî óïðàâëåíèÿ è ïðè ïîìîùè äâóñòîðîííèõ êîììóíèêà-
öèé ìåæäó ýëåìåíòàìè ýëåêòðîñåòè, ýëåêòðîñòàíöèÿìè, àêêóìóëèðóþùèìè èñòî÷íèêàìè
è ïîòðåáèòåëÿìè.

Îñíîâíûìè ïðèíöèïàìè, íà êîòîðûõ áàçèðóåòñÿ òåõíîëîãèÿ
”
Smart Grid“, ÿâëÿþòñÿ

íàáëþäàåìîñòü, àâòîìàòèçàöèÿ, êîíòðîëèðóåìîñòü, èíòåãðàöèÿ.
Ïî îáùåìó ïðàâèëó êîíöåïöèÿ Smart Grid âêëþ÷àåò â ñåáÿ ñëåäóþùèå ýëåìåíòû:
1) îáåñïå÷åíèå àâòîìàòèçèðîâàííîãî ó÷åòà ýíåãîðåñóðñîâ;
2) èíòåëëåêòóàëüíàÿ çàùèòà;
3) âêëþ÷åíèå â ñåòü ðàñïðåäåëåííîé ãåíåðàöèè ýíåðãèè àëüòåðíàòèâíûõ èñòî÷íèêîâ;
4) èñïîëüçîâàíèå ýëåêòðîìîáèëåé.
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Íà ñåãîäíÿøíèé äåíü íàèáîëåå àêòèâíî òåõíîëîãèÿ Smart Grid ðàçâèâàåòñÿ è ðàñïðî-
ñòðàíÿåòñÿ â Äàíèè. Ýòî ñâÿçàíî ñ òåì, ÷òî â ýòîé ñòðàíå çíà÷èòåëüíîå êîëè÷åñòâî ýíåðãèè
ïîñòóïàåò èç àëüòåðíàòèâíûõ èñòî÷íèêîâ (20% îò îáùåãî îáúåìà ýíåðãèè ñîñòàâëÿåò âåò-
ðÿíàÿ).

Â íåêîòîðûõ øòàòàõ ÑØÀ ïðîâîäèëèñü èññëåäîâàíèÿ ïî ââîäó
”
èíòåëëåêòóàëüíûõ“

ñåòåé. Â ðåçóëüòàòå ñíèçèëèñü ïèêîâûå íàãðóçêè íà ýëåêòðîñåòü. Â ñðåäíåì íà 10% óìåíü-
øèëèñü ñ÷åòà çà ýëåêòðè÷åñòâî, ïðè ýòîì åãî ñòîèìîñòü óâåëè÷èëàñü íà 15%.

Îäíàêî, â ñðàâíåíèè ñ äðóãèìè äåðæàâàìè, ÑØÀ íàõîäèòñÿ íà âòîðîì ìåñòå ïî êàïè-
òàëîâëîæåíèÿì â Smart Grid. Íà ïåðâîì ìåñòå � Êèòàé, íà òðåòüåì � ßïîíèÿ.

Â Ðîññèè è Êàçàõñòàíå íàáëþäàåòñÿ ïîâûøåííûé èíòåðåñ ê ðàññìàòðèâàåìîé òåõíî-
ëîãèè. Äëÿ îáîçíà÷åíèÿ äàííîé òåõíîëîãèè èñïîëüçóåòñÿ òåðìèí

”
àêòèâíî-àäàïòèâíàÿ

ñåòü“, êîòîðóþ îïðåäåëÿþò êàê òåõíîëîãèþ ñàìîäèàãíîñòèêè, àíàëèçà è îò÷åòà, ñîçäàí-
íóþ äëÿ ïîâûøåíèÿ íàäåæíîñòè ðàáîòû îáîðóäîâàíèÿ, âîçìîæíîñòè êîíòðîëèðîâàòü åãî
íà ðàññòîÿíèè.

Ïî ìíåíèþ ýêñïåðòîâ, íà ïåðâîì ýòàïå â Ðîññèè è Êàçàõñòàíå âîçìîæíà ðåàëèçàöèÿ
òîëüêî ïðèíöèïîâ íàáëþäàåìîñòè, àâòîìàòèçàöèè. Ýòî îçíà÷àåò, ÷òî, â ïåðâóþ î÷åðåäü,
áóäóò âíåäðåíû èíôîðìàöèîííûå òåõíîëîãèè.

Çà âíåäðåíèå àêòèâíî-àäàïòèâíîé ñåòè â Êàçàõñòàíå îòâå÷àåò Êàçàõñòàíñêàÿ êîìïàíèÿ
ïî óïðàâëåíèþ ýëåêòðè÷åñêèìè ñåòÿìè ÀÎ

”
KEGOC“.

ÀÎ
”
ÊÅGÎÑ“ êàê Ñèñòåìíûé îïåðàòîð îáåñïå÷èâàåò íàäåæíîñòü ôóíêöèîíèðîâàíèÿ

ÅÝÑ Êàçàõñòàíà è îêàçûâàåò ñèñòåìíûå óñëóãè ïî ïåðåäà÷å ýëåêòðîýíåðãèè, åå äèñïåò÷å-
ðèçàöèè, óñëóãè ïî îðãàíèçàöèè áàëàíñèðîâàíèÿ ïðîèçâîäñòâà/ïîòðåáëåíèÿ ýëåêòðîýíåð-
ãèè. Ïðè ýòîì òàðèôû íà óñëóãè ÀÎ

”
ÊÅGÎÑ“ êàê ñóáúåêòà åñòåñòâåííîé ìîíîïîëèè

ðåãóëèðóþòñÿ ÀÐÅÌ ÐÊ.
Îäíàêî, ïðîâîäèìûå ìåðîïðèÿòèÿ áîëüøå íàïðàâëåíû íà òåõíè÷åñêîå ïåðåâîîðóæåíèå

îáúåêòîâ ýëåêòðîýíåðãåòèêè, ìîäåðíèçàöèþ îñíîâíûõ ôîíäîâ. Íî íóæíî ïîíèìàòü, ÷òî
Smart Grid � ýòî êîíöåïöèÿ èííîâàöèîííîãî ïðåîáðàçîâàíèÿ ýëåêòðîýíåðãåòèêè â öåëîì,
à íå îòäåëüíûõ åå ôóíêöèîíàëüíûõ èëè òåõíîëîãè÷åñêèõ ñåãìåíòîâ.

Íåîáõîäèìî îòìåòèòü, ÷òî åäèíîé èäåîëîãèè è ïîíèìàíèÿ îæèäàåìûõ ýôôåêòîâ îò
âíåäðåíèÿ Smart Grid â Êàçàõñòàíå ïîêà ÷òî íåò.

2. Ïîñòàíîâêà çàäà÷è. Ðàññìîòðèì îáùóþ ìàòåìàòè÷åñêóþ ìîäåëü äëÿ ýëåêòðîýíåð-
ãåòè÷åñêèõ ñèñòåì. Ïóñòü óïðàâëÿåìàÿ äèíàìè÷åñêàÿ ñèñòåìà ñîñòîèò èç âçàèìîñâÿçàííûõ
l-ïîäñèñòåì è óðàâíåíèÿ âîçìóùåííîãî äâèæåíèÿ èìåþò âèä:

dδi
dt

= Si,
dSi
dt

= wi −KiSi − fi(δi), wi = C∗ixi, i = 1,l, (1)

dxi

dt
= Aixi + qiSi + biui +Ri(Si,xi), i = 1,l (2)

ãäå δi � óãëîâûå êîîðäèíàòû; Si � óãëîâûå ñêîðîñòè; xi−ni � âåêòîð ñîñòîÿíèÿ ðåãóëÿòî-
ðà; wi � óïðàâëåíèå âîçäåéñòâèÿ íà îáúåêòû óïðàâëåíèÿ; Ki > 0 � êîýôôèöèåíòû äåìï-
ôèðîâàíèÿ îáúåêòà óïðàâëåíèÿ; Ci,qi,bi � ïîñòîÿííûå ni-ìåðíûå âåêòîðû äëÿ êàæäîãî
i; Ai � ïîñòîÿííàÿ ìàòðèöà ïîðÿäêà ni × ni; Ai � óïðàâëÿþùåå âîçäåéñòâèå ðåãóëÿòîðà,
ñôîðìèðîâàííîå ïî ïðèíöèïó îáðàòíîé ñâÿçè; ôóíêöèè
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ψi (δi) =
l∑

k=1,k 6=i

pik (δi,k) , δik = δi − δk, i = 1,l (3)

õàðàêòåðèçóþò âëèÿíèÿ íà i-óþ ïîäñèñòåìó, îñòàëüíûõ l − 1 ïîäñèñòåì; fi (δi) � íåïðå-
ðûâíî äèôôåðåíöèðóåìûå ïåðèîäè÷åñêèå ôóíêöèè, óäîâëåòâîðÿþùèå óñëîâèÿì:

fi (δi) = fi (δi + 2π) , ∀δi ∈ E1, γ0i =
1

2π

∫ 2π

0

fi (δi) dδi ≤ 0,

fi (0) = 0,
dfi (δi)

dδi
|δi=0 > 0 , fi (δ0i) = 0,

dfi (δi)

dδi
|δi=δ0i < 0 , 0 < δ0i < 2π, i = 1,l

Äëÿ êàæäîãî ôèêñèðîâàííîãî i äèôôåðåíöèàëüíûå óðàâíåíèÿ âòîðîãî ïîðÿäêà (1)
îïèñûâàþò ïðîöåññû â i-ì îáúåêòå óïðàâëåíèÿ (âñåãî îáúåêòîâ óïðàâëåíèÿ), à âåêòîðíîå
äèôôåðåíöèàëüíîå óðàâíåíèå (2) îïðåäåëÿåò óðàâíåíèå äâèæåíèÿ ðåãóëÿòîðà i-ãî îáúåêòà
óïðàâëåíèÿ.

Â ÷àñòíîñòè, äëÿ ýëåêòðîýíåðãåòè÷åñêèõ ñèñòåì óïðàâëåíèÿ óðàâíåíèÿ (1) îïèñûâàþò
âðàùàòåëüíîå äâèæåíèå ðîòîðà i-ãî ñèíõðîííîãî ãåíåðàòîðà, âåëè÷èíà δi � ðàçíîñòü óã-
ëîâ âðàùåíèÿ ðîòîðà ïðè íîìèíàëüíîé ÷àñòîòå è ýëåêòðîäâèæóùåé ñèëå, âûðàáàòûâàåìîé
i-ãåíåðàòîðîì â îòíîñèòåëüíûõ åäèíèöàõ, ôóíêöèÿ fi (δi) îïðåäåëÿåò ìîùíîñòü i-ãî ãåíå-
ðàòîðà â îòíîñèòåëüíûõ åäèíèöàõ, ψi (δi) � âûðàæàþò âçàèìíûå âëèÿíèÿ ãåíåðàòîðîâ
äðóã íà äðóãà ÷åðåç îáùóþ ýëåêòðè÷åñêóþ ëèíèþ.

Óðàâíåíèÿ (2) îïèñûâàþò äèíàìèêó ïàðîâîãî êîòëà, ïàðîâîé òóðáèíû àâòîìàòè÷åñêî-
ãî ðåãóëÿòîðà ÷àñòîòû âðàùåíèÿ è ñèñòåìû âîçáóæäåíèÿ i-ãî ãåíåðàòîðà, wi � âîçäåé-
ñòâèÿ, âûðàáàòûâàåìîãî ðåãóëÿòîðîì äëÿ ñòàáèëèçàöèè âðàùàòåëüíîãî äâèæåíèÿ ðîòîðà
i-ãåíåðàòîðà, ui � óïðàâëåíèÿ, âûðàáàòûâàåìûå êîìïüþòåðîì ñ öåëüþ îáåñïå÷åíèÿ ñèí-
õðîííîé ðàáîòû âñåõ ãåíåðàòîðîâ, ðàáîòàþùèõ íà îáùóþ ýëåêòðè÷åñêóþ ñåòü.

Ðàññìîòðèì íåêîòîðûå ìåõàíè÷åñêèå è ýëåêòðîìåõàíè÷åñêèå ñèñòåìû óïðàâëåíèÿ.
Íà ðèñ. 1 ïðèâåäåíà ñòðóêòóðíàÿ ñõåìà ýíåðãîñèñòåìû, ãäå Ñåðâåð � âû÷èñëèòåëüíàÿ

ìàøèíà äëÿ ýêîíîìè÷íîãî ðàñïðåäåëåíèÿ íàãðóçîê, K � êîòåë, PK � ðåãóëÿòîð êîòëà,
ÀÐ×Â � àâòîìàòè÷åñêèé ðåãóëÿòîð ÷àñòîòû âðàùåíèÿ, T � òóðáèíà, Ã � ãåíåðàòîð, ÑÂ �
ñèñòåìà âîçáóæäåíèÿ, l � ÷èñëî ãåíåðàòîðîâ.

Ñ ãåíåðàòîðîì ñâÿçàíû òðè íåçàâèñèìûå ñèñòåìû óïðàâëåíèÿ. Ïåðâàÿ èç íèõ � ýòî
ñèñòåìà âîçáóæäåíèÿ, êîòîðàÿ ðåãóëèðóåò íàïðÿæåíèå íà øèíàõ ãåíåðàòîðà. Âòîðàÿ ñè-
ñòåìà � ýòî ñèñòåìà ðåãóëèðîâàíèÿ, êîòîðàÿ êîíòðîëèðóåò ÷àñòîòó âðàùåíèÿ òóðáèíû è
îïðåäåëÿåò ìåõàíè÷åñêóþ ìîùíîñòü. Òðåòüÿ � öåíòðàëüíàÿ ñèñòåìà óïðàâëåíèÿ, ñ ïîìî-
ùüþ êîòîðîé óñòàíàâëèâàåòñÿ ñîîòâåòñòâèå ìåæäó ãåíåðàöèåé è íàãðóçêîé è îáåñïå÷èâà-
åòñÿ ñèíõðîííàÿ ðàáîòà ãåíåðàòîðîâ ïîñëå àâàðèéíîé ñèòóàöèè ñ ïîìîùüþ óïðàâëÿþùèõ
âîçäåéñòâèé.

Ãåíåðàòîðû Γ − 1, . . . ,Γ − l � ñâÿçàíû ÷åðåç îáùóþ ýëåêòðè÷åñêóþ ñåòü è íàãðóçêè.
Óðàâíåíèÿ âîçìóùåííîãî äâèæåíèÿ i-ãåíåðàòîðà â êëàññè÷åñêîé ìîäåëè ýíåðãîñèñòåìû
[13] èìåþò âèä:

dδi
dt

= wHOMSi,
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Ðèñ. 1. Ñòðóêòóðíàÿ ñõåìà ýíåðãîñèñòåìû

Hi
dSi
dt

= −DiSi − fi (δi)−
l∑

j=1,j 6=i

fi,j (δi − δj) + PTi , i = 1,l,

ãäå fi (δi) = Pisin (δ0i + δi)− Pisinδ0i , Pi, δ0i � ïîñòîÿííûå,
fij (δi − δj) = Pijsin

(
δ0ij + δi − δj

)
− Pijsinδ0ij, δ0ij = δ0i − δ0j , Pij, δ0i � ïîñòîÿííûå. Çäåñü

δi � îòêëîíåíèå óãëà ìåæäó ý. ä. ñ. ãåíåðàòîðà è íàïðÿæåíèåì íà øèíàõ i-ãî ãåíåðàòîðà
îò åãî çíà÷åíèÿ â óñòàíîâèâøåìñÿ ïîñëåàâàðèéíîì ðåæèìå, δ0i , Si = (wi − wHOM) /wHOM ,
� îòêëîíåíèå óãëîâîé ñêîðîñòè (ñêîëüæåíèå) i-ãî ãåíåðàòîðà, Di � êîýôôèöèåíò äåìï-
ôèðîâàíèÿ i-ãî ãåíåðàòîðà, PTi � îòêëîíåíèå ìîùíîñòè òóðáèí îò èõ çíà÷åíèé PTi â
óñòàíîâèâøåìñÿ ïîñëåàâàðèéíîì ðåæèìå, Hi � ìîìåíò èíåðöèè ðîòîðà i-ãî ãåíåðàòîðà,
Pi, Pij � ýëåêòðè÷åñêàÿ ìîùíîñòü i-ãî ãåíåðàòîðà è âíåøíèé âçàèìíûé ïåðåòîê ìîùíîñòè
ìåæäó i-ì è j-ì ãåíåðàòîðîì.

Ñâÿçü ìåæäó óïðàâëÿþùèì âîçäåéñâèåì w = wi (t) è îòêëîíåíèåì ìîùíîñòè i è òóð-
áèíû PTi â ïðîñòåéøåì ñëó÷àå [14, 15] îïðåäåëÿåòñÿ äèôôåðåíöèàëüíûì óðàâíåíèåì

Tni
dPTi
dt

, TSi

dµi
dt

= −µi −
1

σi
Si +Kiwi,

ãäå µi = µi (t) � îòíîñèòåëüíîå ïåðåìåùåíèå çàñëîíêè, ïåðåêðûâàþùåé äîñòóï ïàðà, Tni �
ïîñòîÿííàÿ âðåìåíè, ïðåäñòàâëÿþùàÿ ñîáîé èíåðöèþ ïàðà â òðóáàõ ïàðîïåðåãðåâàòåëÿ,
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σi � êîýôôèöèåíò ñòàòèçìà i-ãî ðåãóëÿòîðà ñêîðîñòè (ÀÐ×Â), Ki � êîýôôèöèåíò óñè-
ëåíèÿ i-êàíàëà öåíòðàëüíîé ñèñòåìû óïðàâëåíèÿ, óïðàâëÿþùåå âîçäåéñòâèå çàâèñèò îò
ôàçàâîãî ñîñòîÿíèÿ âñåõ ãåíåðàòîðîâ (ðèñ. 1.).

Ìàòåìàòè÷åñêèé îáúåêò ïðåäñòàâëÿåò ñîáîé ñóùíîñòü, âûðàæàþùóþ íåêîòîðóþ ìà-
òåìàòè÷åñêóþ êàòåãîðèþ è ñîñòàâëÿþùóþ îáúåêò âû÷èñëåíèé. Â êà÷åñòâå îáúåêòîâ ðàñ-
ñìàòðèâàþòñÿ ýëåìåíòû ýíåðãîñèñòåìû, âåêòîðû è ìàòðèöû. Êàæäûé ìàòåìàòè÷åñêèé
îáúåêò îáëàäàåò íàáîðîì ìàòåìàòè÷åñêèõ ïðèçíàêîâ, îäíàêî ñàìè ïî ñåáå îíè íå ñîñòàâ-
ëÿþò âû÷èñëèòåëüíîé çàäà÷è è ÿâëÿþòñÿ èíñòðóìåíòàëüíûì ñðåäñòâîì äëÿ åå ðåøåíèÿ
[16�17].

Ïðè ðåàëèçàöèè êëàññîâ ìåòîäû ïðèâÿçûâàþòñÿ ê êàæäîé ñòðóêòóðå äàííûõ, à èõ
âèðòóàëüíîå èñïîëüçîâàíèå ïåðåíîñèòñÿ íà àáñòðàêòíûé óðîâåíü. Â ýòîì ñëó÷àå, èñïîëü-
çóÿ âûçîâû âèðòóàëüíûõ ìåòîäîâ, ñëîæíûå îðãàíèçîâàííûå âû÷èñëèòåëüíûå ïðîöåññû
ðåàëèçóþòñÿ íà ñàìûõ âåðõíèõ óðîâíÿõ êëàññîâîé èåðàðõèè, ïî óêàçàòåëÿì íà îáúåêòû
áàçîâîãî êëàññà âûçûâàþòñÿ ìåòîäû òåõ êëàññîâ, íà îáúåêòû êîòîðûõ îíè íà ñàìîì äåëå
óêàçûâàþò.

Ïîä âû÷èñëèòåëüíûìè àëãîðèòìàìè îáúåêòîâ ïîíèìàþòñÿ ìåòîäû âû÷èñëèòåëüíîé
ìàòåìàòèêè è âñïîìîãàòåëüíàÿ èíôîðìàöèÿ, îïðåäåëÿþùàÿ óñëîâèÿ èõ àëãîðèòìè÷åñêîãî
èñïîëüçîâàíèÿ. Êàæäûé àëãîðèòì ïðåäíàçíà÷åí äëÿ ðåøåíèÿ îäíîé ïðîáëåìû, îäíàêî
ìîæåò èñïîëüçîâàòüñÿ êàê ïîäçàäà÷à äëÿ ðåøåíèÿ äðóãèõ çàäà÷.

3. Ìîäåëèðîâàíèå ïðåäìåòíîé îáëàñòè. Åñëè ðàíüøå ïîëüçîâàòåëè îòïðàâëÿëè
çàïðîñ íà èçìåíåíèå ïðèëîæåíèÿ îáðàáîòêè äàííûõ è áûëè âïîëíå äîâîëüíû, êîãäà ïîëó-
÷àëè íîâóþ ïðîãðàììó ÷åðåç äâà ãîäà, òî ñåãîäíÿ èçìåíåíèå ïðîãðàììíîé ñðåäû äîëæíî
âûïîëíÿòüñÿ â òå÷åíèå äâóõ íåäåëü! Ñòàíîâèòñÿ ïðèâû÷íîé ðàçðàáîòêà â øåñòü íåäåëü;
åñòü äàæå êîíöåïöèÿ ýêñòðåìàëüíîãî ïðîãðàììèðîâàíèÿ (ÕÐ, extreme programming), ïî-
ñêîëüêó ëþáàÿ ñèñòåìà äîëæíà èçìåíÿòüñÿ î÷åíü áûñòðî.

Èìåííî ïîýòîìó óâåëè÷èâàåòñÿ ïîòðåáíîñòü â èñïîëüçîâàíèè UML (Uni�ed Modeling
Language � óíèôèöèðîâàííûé ÿçûê ìîäåëèðîâàíèÿ) � ïðîìûøëåííîãî ñòàíäàðòà äëÿ
íîòàöèè ìîäåëèðîâàíèÿ, ïðèìåíÿåìîé ïðè ðàçðàáîòêå îáúåêòíî-îðèåíòèðîâàííûõ ñèñòåì,
è îñíîâíîé ïëàòôîðìû äëÿ óñêîðåííîé ðàçðàáîòêè ïðèëîæåíèé (RAD, rapid application
development).

Ñóùåñòâóåò ÷åòûðå ôàçû ïðîåêòà: íà÷àëüíàÿ ôàçà (inception), óòî÷íåíèå (elaboration),
êîíñòðóèðîâàíèå (construction) è ââîä â äåéñòâèå (transition). Íà íà÷àëüíîé ôàçå ïðîèñõî-
äÿò ñáîð èíôîðìàöèè è ðàçðàáîòêà áàçîâûõ êîíöåïöèé. Â êîíöå ýòîé ôàçû ïðèíèìàåòñÿ
ðåøåíèå ïðîäîëæàòü (èëè íå ïðîäîëæàòü) ïðîåêò. Â ôàçå óòî÷íåíèÿ äåòàëèçèðóþòñÿ âà-
ðèàíòû èñïîëüçîâàíèÿ è ïðèíèìàþòñÿ àðõèòåêòóðíûå ðåøåíèÿ. Óòî÷íåíèå âêëþ÷àåò â
ñåáÿ íåêîòîðûé àíàëèç, ïðîåêòèðîâàíèå, êîäèðîâàíèå è ïëàíèðîâàíèå òåñòîâ. Â ôàçå êîí-
ñòðóèðîâàíèÿ ðàçðàáàòûâàåòñÿ îñíîâíàÿ ÷àñòü êîäà. Ââîä â äåéñòâèå � ýòî çàâåðøàþùàÿ
êîìïîíîâêà ñèñòåìû è óñòàíîâêà åå ó ïîëüçîâàòåëåé.

UML ïîçâîëÿåò ñîçäàâàòü íåñêîëüêî òèïîâ âèçóàëüíûõ äèàãðàìì. Rational Rose ïîä-
äåðæèâàåò ðàçðàáîòêó áîëüøèíñòâà ýòèõ ìîäåëåé, à èìåííî [18]:

à) äèàãðàììû Êëàññîâ (Class) è äðóãèå äèàãðàììû;
á) äèàãðàììû Äåÿòåëüíîñòè (Activity);
â) äèàãðàììû Ïîñëåäîâàòåëüíîñòè (Sequence).
Äèàãðàììû èëëþñòðèðóþò ðàçëè÷íûå àñïåêòû ñèñòåìû. Ó êàæäîé äèàãðàììû åñòü

ñâîÿ öåëü è ñâîÿ àóäèòîðèÿ. Íàïðèìåð, äèàãðàììà Äåÿòåëüíîñòè ïîêàçûâàåò, êàê äîëæíû
âçàèìîäåéñòâîâàòü îáúåêòû, ÷òîáû ðåàëèçîâàòü íåêîòîðóþ ôóíêöèîíàëüíîñòü ñèñòåìû.
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Ðèñ. 2. Äèàãðàììà ðàñïðåäåëåíèÿ ñîñòîÿíèé äåÿòåëüíîñòè ìåæäó ðîëÿìè

Äàëåå ðàññìîòðèì ïðåäñòàâëåíèÿ ôóíêöèé îðãàíèçàöèè â öåëîì, òî åñòü îïèñàíèÿ êîí-
òåêñòà ñèñòåìû è ôîðìèðîâàíèÿ îñíîâû äëÿ ðàçðàáîòêè äèàãðàìì.

Ñëåäóåò âíèìàòåëüíî ïîäîéòè ê âîïðîñàì àíàëèçà è ñîñðåäîòî÷èòüñÿ íà òîì, ÷òî ïðåä-
ñòàâëÿåò ñîáîé ïðîáëåìà, à íå íà òîì, êàê îíà áóäåò ðåøàòüñÿ. Ñîñòîÿíèå (state) � ýòî
íåêîå ïîëîæåíèå â æèçíè îáúåêòà, ïðè êîòîðîì îí óäîâëåòâîðÿåò îïðåäåëåííîìó óñëîâèþ,
âûïîëíÿåò íåêîòîðîå äåéñòâèå èëè îæèäàåò ñîáûòèÿ. Ñîñòîÿíèå îáúåêòà ìîæíî îïèñàòü
ñ ïîìîùüþ çíà÷åíèé îäíîãî èëè íåñêîëüêèõ àòðèáóòîâ êëàññà. Ñîñòîÿíèå îáúåêòà îïðå-
äåëÿåòñÿ ïðè èçó÷åíèè àòðèáóòîâ è ñâÿçåé, óêàçàííûõ äëÿ íåãî. Íà ðèñ. 2 ïðåäñòàâëåíà
äèàãðàììà ðàñïðåäåëåíèÿ ñîñòîÿíèé äåÿòåëüíîñòè ìåæäó ðîëÿìè.

Íà ðèñ. 3 ïðåäñòàâëåíà äèàãðàììà ïîñëåäîâàòåëüíîñòè ïðåöåäåíòà.

4. Ìîäåëèðîâàíèå êëàññîâ. Îáúåêò (object) � ýòî íåêàÿ ñóùíîñòü ðåàëüíîãî ìèðà
èëè êîíöåïòóàëüíàÿ ñóùíîñòü. Îáúåêò ìîæåò áûòü ÷åì-òî êîíêðåòíûì, íàïðèìåð ãðóçî-
âèê Äæî èëè ìîé êîìïüþòåð, èëè êîíöåïòóàëüíûì, êàê, íàïðèìåð, õèìè÷åñêèé ïðîöåññ,
áàíêîâñêàÿ îïåðàöèÿ, òîðãîâûé çàêàç, êðåäèòíàÿ èñòîðèÿ èëè ñòàâêà ïðèáûëè.

Îáúåêòîì íàçûâàåòñÿ êîíöåïöèÿ, àáñòðàêöèÿ èëè âåùü ñ ÷åòêî îïðåäåëåííûìè ãðà-
íèöàìè è çíà÷åíèåì äëÿ ñèñòåìû. Êàæäûé îáúåêò â ñèñòåìå èìååò òðè õàðàêòåðèñòèêè:
ñîñòîÿíèå, ïîâåäåíèå è èíäèâèäóàëüíîñòü.

Ñîñòîÿíèåì (state) îáúåêòà íàçûâàåòñÿ îäíî èç óñëîâèé, â êîòîðûõ îí ìîæåò íàõî-
äèòüñÿ. Ñîñòîÿíèå ñèñòåìû îáû÷íî ìåíÿåòñÿ âî âðåìåíè è îïðåäåëÿåòñÿ íàáîðîì ñâîéñòâ,
íàçûâàåìûõ àòðèáóòàìè (attribute), çíà÷åíèé ñâîéñòâ è îòíîøåíèé ìåæäó îáúåêòàìè.

Ïîâåäåíèå (behavior) îïðåäåëÿåò, êàê îáúåêò ðåàãèðóåò íà çàïðîñû äðóãèõ îáúåêòîâ
è ÷òî ìîæåò äåëàòü ñàì îáúåêò. Ïîâåäåíèå ðåàëèçóåòñÿ ñ ïîìîùüþ íàáîðà îïåðàöèé
(operation) äëÿ îáúåêòà.

Èíäèâèäóàëüíîñòü (identity) îçíà÷àåò, ÷òî êàæäûé îáúåêò óíèêàëåí, äàæå åñëè åãî
ñîñòîÿíèå èäåíòè÷íî ñîñòîÿíèþ äðóãîãî îáúåêòà.
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Ðèñ. 3. Äèàãðàììà ïîñëåäîâàòåëüíîñòè ïðåöåäåíòà

Êëàññ (class) � ýòî îïèñàíèå ãðóïïû îáúåêòîâ ñ îáùèìè ñâîéñòâàìè (àòðèáóòàìè),
ïîâåäåíèåì (îïåðàöèÿìè), îòíîøåíèÿìè ñ äðóãèìè îáúåêòàìè è ñåìàíòèêîé. Òàêèì îá-
ðàçîì, êëàññ ïðåäñòàâëÿåò ñîáîé øàáëîí äëÿ ñîçäàíèÿ îáúåêòà. Íà ðèñ. 4 ïðåäñòàâëåíà
äèàãðàììà êëàññîâ.

Íà ðèñ. 5. ïðåäñòàâëåíà äèàãðàììà ðàçâåðòûâàíèÿ ñèñòåìû.
5. ×èñëåííûé ïðèìåð. Îïòèìàëüíîå óïðàâëåíèå äâèæåíèåì äâóõ- è ìíî-

ãîìàøèííîé ýëåêòðîýíåðãåòè÷åñêîé ñèñòåìû. Îäíîé èç ìàòåìàòè÷åñêèõ ìîäåëåé,
êîòîðàÿ îïèñûâàåò ïåðåõîäíûå ïðîöåññû â äâóõ- è ìíîãîìàøèííîé ýëåêòðè÷åñêîé ñèñòå-
ìå, ÿâëÿåòñÿ ñëåäóþùàÿ ñèñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé:

dδ1
dt

= S1,

H1
dS1

dt
= −E2

1Y11 sin a11 − p1 sin(δ1 − a1)− P12 sin(δ12 − a12) + u1,

dδ2
dt

= S2,

H2
dS2

dt
= −E2

2Y22 sin a22 − p2 sin(δ2 − a2)− P21 sin(δ21 − a12) + u2,

δ12 = δ1 − δ2, δ21 = δ2 − δ1,
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Ðèñ. 4. Äèàãðàììà êëàññîâ

P1 = E1UY1,n,P12 = E1E2Y12,

δi � óãîë ïîâîðîòà ðîòîðà i-ãî ãåíåðàòîðà îòíîñèòåëüíî íåêîòîðîé ñèíõðîííîé îñè âðàùå-
íèÿ; Si � ñêîëüæåíèå i-ãî ãåíåðàòîðà; Hi � ïîñòîÿííàÿ èíåðöèè i-é ìàøèíû; ui = PT i �
ìåõàíè÷åñêèå ìîùíîñòè, êîòîðûå ïîäâîäÿòñÿ ê ãåíåðàòîðó; Ei � ÝÄÑ i-é ñèíõðîííîé ìà-
øèíû; Yij � âçàèìíàÿ ïðîâîäèìîñòü i-é è j-é âåòâåé ñèñòåìû; U = const � íàïðÿæåíèå íà
øèíàõ ïîñòîÿííîãî íàïðÿæåíèÿ; Yi,n+1 � õàðàêòåðèçóåò ñâÿçü (ïðîâîäèìîñòü) i-ãî ãåíåðà-
òîðà ñ øèíàìè ïîñòîÿííîãî íàïðÿæåíèÿ; Di = const > 0 � ìåõàíè÷åñêîå äåìïôèðîâàíèå;
aii,ai,aij � ïîñòîÿííûå âåëè÷èíû, ó÷èòûâàþùèå âëèÿíèå àêòèâíûõ ñîïðîòèâëåíèé â ñòà-
òîðíûõ öåïÿõ ãåíåðàòîðîâ. aji = aij.

Ïóñòü ïåðåìåííûå ñîñòîÿíèÿ è óïðàâëåíèå â óñòàíîâèâøåìñÿ ïîñëåàâàðèéíîì ðåæèìå
èìåþò ñëåäóþùèå çíà÷åíèÿ:

Si = 0, δi = δfi , ui = ufi , i = 1,2.

Óðàâíåíèå âîçìóùåííîãî äâèæåíèÿ:

dδ1
dt

= S1,
dS1

dt
=

1

H1

[−f1 (δ1)−N1 (δ) +M1 (δ) + u1] ,

dδ2
dt

= S2,
dS2

dt
=

1

H2

[−f2 (δ2)−N2 (δ) +M2 (δ) + u2] ,

ãäå
f1 (δ1) = P1

[
sin
(
δ1 + δF1 − α1

)
− sin

(
δF1 − α1

)]
,

f2 (δ2) = P2

[
sin
(
δ2 + δF2 − α2

)
− sin

(
δF2 − α2

)]
,

N1 (δ) = Γ1

[
sin
(
δ12 + δF12

)]
,
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Ðèñ. 5. Äèàãðàììà ðàçâåðòûâàíèÿ

M1 (δ) = Γ2

[
cos
(
δ12 + δF12

)]
,

δF12 = δF1 + δF2 Γ1 = P12 cosα12, Γ2 = P12 sinα12.

×èñëîâûå äàííûå ñèñòåìû

α1 = −0,052; α2 = −0,104; H1 = 2135; H2 = 1256; P1 = 0,85;

P2 = 0,69; P12 = 0,9; δF1 = 0,827; δF2 = 0,828, α12 = −0,078;

è íà÷àëüíûå óñëîâèÿ:

δ1 (0) = 0,18; δ2 (0) = 0,1; S1 (0) = 0,001; S2 (0) = 0,002.
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Ðèñ. 6. Ñêðèíøîò ïðîãðàììû
”
Oïòèìàëüíîe óïðàâëåíèå äâèæåíèåì äâóõìàøèííîé ñèñòåìû“

Ðèñ. 7. Ãðàôèêè ôóíêöèè δ1, δ2 ñ óïðàâëåíèåì

Ðèñ. 8. Ãðàôèêè ôóíêöèè S1, S2 ñ óïðàâëåíèåì
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Ðèñ. 9. Ãðàôèêè ôóíêöèè δ1, δ2 áåç óïðàâëåíèÿ

Ðèñ. 10. Ãðàôèêè ôóíêöèè S1, S2 áåç óïðàâëåíèÿ

а)

б)

Ðèñ. 11. Îòîáðàæåíèå ðåçóëüòàòîâ ðàáîòû ïðîãðàììû äëÿ 30 ãåíåðàòîðîâ
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Ñîãëàñíî òåîðåìå, îïòèìàëüíîå óïðàâëåíèå èìååò âèä:

u1 = − 1

w1

S1 −M1(δ),

u2 = − 1

w2

S2 −M1(δ),

ãäå w1 = 0,1, w1 = 0,1.
Àíàëîãè÷íî, ìàòåìàòè÷åñêàÿ ìîäåëü ïðèìåíåíà äëÿ 30 ãåíåðàòîðîâ.
Â ïðîãðàììå äëÿ ÷èñëåííîãî èíòåãðèðîâàíèÿ äèôôåðåíöèàëüíîãî óðàâíåíèÿ èñïîëü-

çóåòñÿ ìåòîä Ýéëåðà. Â ïðîãðàììå ìîæíî âûáðàòü îäèí èç äâóõ ðåæèìîâ: ñ óïðàâëåíèåì
è áåç óïðàâëåíèÿ. Ïîñëå âûáîðà ðåæèìà ïî íàæàòèþ êíîïêè

”
Âû÷èñëèòü“ ïðîãðàììà

ïðîâîäèò âû÷èñëåíèå è îòîáðàæàåò ðåçóëüòàòû â âèäå ãðàôèêà. Îòîáðàæàåìûé ãðàôèê
ìîæíî âûáðàòü ñ ïîìîùüþ êíîïîê, ðàñïîëîæåííûõ âíèçó ïðàâîé ñòîðîíû îêíà ïðîãðàì-
ìû.

Íà ðèñ. 7�11 ïðèâåäåíû ñêðèíøîòû ïðîãðàììû.
Çàêëþ÷åíèå. Â äàííîé ñòàòüå áûëè ðàññìîòðåíû îáúåêòû èíôîðìàöèîííîé ñèñòåìû

äëÿ ýëåêòðîýíåðãåòè÷åñêèõ ñèñòåì. Ïðèâîäèòñÿ ïîäðîáíàÿ ñõåìà èíôîðìàöèîííîé ñèñòå-
ìû. Ðàññìàòðèâàþòñÿ ìàòåìàòè÷åñêèå ìîäåëè ýëåêòðîýíåðãåòè÷åñêèõ ñèñòåì. Íà îñíîâå
ìàòåìàòè÷åñêîé ìîäåëè ðåøàåòñÿ ÷èñëåííûé ïðèìåð, êîòîðûé ïîêàçûâàåò äîñòàòî÷íóþ
ýôôåêòèâíîñòü ïðåäëîæåííîãî ìåòîäà.
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Êàëèìîëäàåâ Ì. Í.
÷ëåí-êîðð. ÍÀÍ ÐÊ, ä-ð ôèç.-
ìàò. íàóê, ïðîôåññîð îêîí÷èë
ôàêóëüòåò ìåõàíèêè è ïðè-
êëàäíîé ìàòåìàòèêè ÊàçÃÓ
èìåíè Ñ. Ì. Êèðîâà ïî ñïå-
öèàëüíîñòè

”
Ïðèêëàäíàÿ ìà-

òåìàòèêà“. Â 1990 ã. óñïåøíî çàùèòèë êàíäè-
äàòñêóþ äèññåðòàöèþ íà òåìó

”
Èññëåäîâàíèå

äèíàìèêè ìíîãîìåðíûõ ôàçîâûõ ñèñòåì“. Â
2000 ã. çàùèòèë äîêòîðñêóþ äèññåðòàöèþ íà
òåìó

”
Óñòîé÷èâîñòü è ìàòåìàòè÷åñêîå ìîäå-

ëèðîâàíèå íåëèíåéíûõ ìíîãîìåðíûõ ôàçîâûõ
ñèñòåì“. Ñ 1980 ïî 1982 ãã. ðàáîòàë èíæåíå-
ðîì ëàáîðàòîðèè ýêîíîìèêî-ìàòåìàòè÷åñêèõ
ìåòîäîâ Èíñòèòóòà ìàòåìàòèêè è ìåõàíèêè ÀÍ
ÊàçÑÑÐ. Ñ 1982 ã. íà÷èíàåò çàíèìàòüñÿ â îáëà-
ñòè òåîðèè óïðàâëåíèÿ. Ñ ýòîãî ìîìåíòà è ïî
íàñòîÿùåå âðåìÿ æèçíü è äåÿòåëüíîñòü Ì. Í.
Êàëèìîëäàåâà íåðàçðûâíî ñâÿçàíû ñ ÊàçÃÓ.
Çäåñü îí ïðîøåë ïóòü îò ñòàðøåãî ëàáîðàí-
òà, àñïèðàíòà, àññèñòåíòà, ñòàðøåãî ïðåïîäà-
âàòåëÿ, äîöåíòà êàôåäðû òåîðèè óïðàâëåíèÿ
äî ïðîôåññîðà êàôåäðû èíôîðìàöèîííûõ ñè-
ñòåì ÊàçÃÓ èìåíè àëü-Ôàðàáè. Îí ÿâëÿåòñÿ
àâòîðîì áîëåå 120 íàó÷íûõ ðàáîò, â òîì ÷èñëå
÷åòûðåõ ìîíîãðàôèé è ïÿòè ó÷åáíûõ ïîñîáèé
äëÿ âóçîâ è àáèòóðèåíòîâ, 1 ñâèäåòåëüñòâà î
ãîñóäàðñòâåííîé ðåãèñòðàöèè îáúåêòà èíòåë-
ëåêòóàëüíîé ñîáñòâåííîñòè, 2 ñâèäåòåëüñòâ î
ãîñóäàðñòâåííîé ðåãèñòðàöèè ïðàâ íà îáúåêò
àâòîðñêîãî ïðàâà. Â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ
ãåíåðàëüíûì äèðåêòîðîì Èíñòèòóòà èíôîðìà-
öèîííûõ è âû÷èñëèòåëüíûõ òåõíîëîãèé.

Åãî òåêóùèå èññëåäîâàòåëüñêèå èíòåðå-
ñû âêëþ÷àþò ðàçðàáîòêó èíòåëëåêòóàëüíûõ
èíôîðìàöèîííûõ òåõíîëîãèé è ñèñòåì; ñè-
ñòåì ðàñïîçíàâàíèÿ îáðàçîâ è ïðèíÿòèÿ ðåøå-
íèé; ïðîãíîçèðîâàíèÿ è óïðàâëåíèÿ ñëîæíû-
ìè îáúåêòàìè, êîìïüþòåðíûé ïåðåâîä; ðàçðà-
áîòêó ìåòîäîâ îïòèìàëüíîé ñòàáèëèçàöèè ìàê-
ðîýêîíîìè÷åñêèõ ìîäåëåé ñ ó÷åòîì íàó÷íî-
òåõíîëîãè÷åñêîãî ïðîãðåññà; ðàçðàáîòêà ëîãè-
÷åñêèõ èñ÷èñëåíèé, îïèñûâàþùèõ ïîâåäåíèå
èíôîðìàöèîííûõ ñèñòåì; ðàçðàáîòêó è èññëå-
äîâàíèå ñðåäñòâ îáåñïå÷åíèÿ èíôîðìàöèîííîé
áåçîïàñíîñòè, ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå.

Corresponding member of NAS RK, Dr.
Sc. (Phys.-Math.), Professor Kalimoldayev
Maksat Nuradilovich. In 1975�1980 studied
at the faculty of Mechanics and Applied
mathematics of the Kazakh State University
named after S. M. Kirov on the specialty

”
Applied

mathematics“. In 1990 he successfully defended
his thesis entitled

”
Study of the dynamics

of multidimensional phase systems.“ In 2000
he defended his doctoral dissertation on the
topic

”
Sustainability and mathematical modeling

of nonlinear multidimensional phase systems“.
From 1980 to 1982 worked as an engineer in
the laboratory of economic and mathematical
methods of the Institute of Mathematics and
Mechanics, Academy of Sciences of the Kazakh
SSR. From 1982 he began to study in the
�eld of control theory. From that moment to
the present MN Kalimoldaev's life and work
are inextricably connected with the Kazakh
State University. Here he was promoted from a



Kalimoldaev M.N., Abdildaeva A.A., Mamyrbaev O. Zh., Duzbaev T., Toybaeva Sh. Zh., Galieva F. 71

senior laboratory assistant, a graduate student,
an assistant, a senior lecturer, an associate
professor of management theory to professor of
the Department of Information Systems Kazakh
National University named after Al-Farabi. He
is the author of over 120 scienti�c publications,
including four books and �ve textbooks for schools
and students, 1 certi�cate of state registration
of intellectual property, 2 certi�cates of state
registration of rights to the object of copyright.
He is currently a Director General of the Institute
of Information and Computational Technologies.

His current research interests include
development of intelligent information
technologies and systems; pattern recognition
systems and decision-making; forecasting and
management of complex objects, computer
translation; development of methods for optimal
stabilization of macroeconomic models, taking
into account scienti�c and technological progress;
development of logical calculi, describing the
behavior of information systems; development
and research of information security, mathematical
modeling.

Ìàìûðáàåâ Î. Æ. îêîí-
÷èë ôèçèêî-ìàòåìàòè÷åñêèé
ôàêóëüòåò Àëìàòèíñêîãî ãî-
ñóäàðñòâåííîãî óíèâåðñèòåòà
èìåíè Àáàÿ. Â 2014 ãîäó óñïåø-
íî çàùèòèë äèññåðòàöèþ äîê-
òîðà PhD. Â 2000�2015 ãã. ðàáî-
òàë â Êàçàõñêîì íàöèîíàëüíîì
ïåäàãîãè÷åñêîì óíèâåðñèòåòå

èìåíè Àáàÿ. Â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ çà-
ìåñòèòåëåì ãåíåðàëüíîãî äèðåêòîðà Èíñòèòóòà
èíôîðìàöèîííûõ è âû÷èñëèòåëüíûõ òåõíîëî-
ãèé. Åãî òåêóùèå èññëåäîâàòåëüñêèå èíòåðåñû
âêëþ÷àþò ðàçðàáîòêó èíòåëëåêòóàëüíûõ èí-
ôîðìàöèîííûõ òåõíîëîãèé è ñèñòåì; ñèñòåì
ðàñïîçíàâàíèÿ îáðàçîâ è ïðèíÿòèÿ ðåøåíèé;
ïðîãíîçèðîâàíèÿ è óïðàâëåíèÿ ñëîæíûìè îáú-
åêòàìè, ìàøèííûé ïåðåâîä.

O. Zh. Mamyrbayev graduated from the
Physics and Mathematics Faculty of the Almaty
State University named after Abai. In 2014 he
successfully defended his Doctor thesis PhD. 2000
-2015 He worked at Kazakh National Pedagogical
University named after Abai. He is currently
a Deputy Director General of the Institute of

Information and Computational Technologies. His
current research interests include development of
intelligent information technologies and systems;
pattern recognition systems and decision-making;
forecasting and management of complex objects,
computer translation.

Àáäèëäàåâà À. À. îêîí-
÷èëà ôèçèêî-ìàòåìàòè÷åñêèé
ôàêóëüòåò Àëìàòèíñêîãî ãî-
ñóäàðñòâåííîãî óíèâåðñèòåòà
èìåíè Àáàÿ. Â 2007�2014 ãã.
ðàáîòàëà â Êàçàõñêîì íàöèî-
íàëüíîì ïåäàãîãè÷åñêîì óíè-

âåðñèòåòå èìåíè Àáàÿ. Â íàñòîÿùåå âðåìÿ ðà-
áîòàåò íàó÷íûì ñîòðóäíèêîì â ëàáîðàòîðèè

”
Ìàòåìàòè÷åñêîé êèáåðíåòèêè è âû÷èñëèòåëü-
íûõ òåõíîëîãèé“ Èíñòèòóòà èíôîðìàöèîííûõ
è âû÷èñëèòåëüíûõ òåõíîëîãèé. Åå òåêóùèå èñ-
ñëåäîâàòåëüñêèå èíòåðåñû � ðàçðàáîòêà èí-
ôîðìàöèîííûõ ñèñòåì è òåõíîëîãèé, òåîðèÿ
óïðàâëåíèÿ, ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå.

A. A. Abdildaeva graduated from the
Physics and Mathematics Faculty of the Almaty
State University named after Abai. From 2007 to
2014 she worked at Kazakh National Pedagogical
University named after Abai. Currently is working
as a researcher in the laboratory of

”
Mathematical

Cybernetics and computing technologies“ at
the Institute of Information and Computational
Technologies. Her current research interests
include development of information systems
and technologies, control theory, mathematical
modeling.

Äóçáàåâ Ò. îêîí÷èë
ìåõàíèêî-ìàòåìàòè÷åñêèé ôà-
êóëüòåò Êàçàõñêîãî íàöèîíàëü-
íîãî óíèâåðñèòåòà èìåíè àëü-
Ôàðàáè. Ñ 2014 ã. ðàáîòàåò
ìëàäøèì íàó÷íûì ñîòðóäíè-
êîì â ëàáîðàòîðèè

”
Ìàòåìàòè-

÷åñêîé êèáåðíåòèêè è âû÷èñëè-
òåëüíûõ òåõíîëîãèé“ Èíñòèòóòà èíôîðìàöèîí-
íûõ è âû÷èñëèòåëüíûõ òåõíîëîãèé. Åãî òåêó-
ùèå èññëåäîâàòåëüñêèå èíòåðåñû � ïðîãðàììè-
ðîâàíèå, ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå, òåî-
ðèÿ óïðàâëåíèÿ, ðàçðàáîòêà èíôîðìàöèîííûõ
ñèñòåì.

Duzbaev T. graduated from the Mechanics
and Mathematics Faculty of Al-Farabi Kazakh



72 Ïðèêëàäíûå èíôîðìàöèîííûå òåõíîëîãèè

National University. Since 2014 he has been
working as a junior researcher in the laboratory
of

”
Mathematical Cybernetics and computing

technologies“ Institute of Information and
Computational Technologies. His current research
interests include programming, mathematical
modeling, control theory, development of
information systems.

Òîéáàåâà Ø. Ä. îêîí-
÷èëà ôàêóëüòåò Èíôîðìàöèîí-
íûõ òåõíîëîãèé Êàçàõñêîãî íà-
öèîíàëüíîãî òåõíè÷åñêîãî óíè-
âåðñèòåòà èìåíè Ê. È. Ñàòïàå-
âà. Â 2005�2014 ãã. ðàáîòàëà â
óíèâåðñèòåòå Òóðàí. Â íàñòî-

ÿùåå âðåìÿ ðàáîòàåò íàó÷íûì ñîòðóäíèêîì â
ëàáîðàòîðèè

”
Èíôîðìàöèîííîé áåçîïàñíîñòè“

Èíñòèòóòà èíôîðìàöèîííûõ è âû÷èñëèòåëü-
íûõ òåõíîëîãèé. Åå òåêóùèå èññëåäîâàòåëüñêèå
èíòåðåñû � èññëåäîâàíèå è ðàçðàáîòêà àâòî-
ìàòèçèðîâàííûõ ñèñòåì, ñèñòåìû ìåíåäæìåíòà
êà÷åñòâà, ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå.

Toybayeva Sh. D. graduated from the
Information Technology Faculty of the Kazakh
National Technical University named after K. I.
Satpaev. From 2005 to 2014 she worked at Turan
University. Currently is working as a researcher
in the laboratory of

”
Information security“ at

the Institute of Information and Computational
Technologies. Her current research interests �
research and development of automated systems,
quality management systems, mathematical
modeling.

Ãàëèåâà Ô. Ì. îêîí÷èëà
ìåõàíèêî-ìàòåìàòè÷åñêèé ôà-
êóëüòåò Êàçàõñêîãî íàöèîíàëü-
íîãî óíèâåðñèòåòà èìåíè àëü-
Ôàðàáè. Â íàñòîÿùåå âðåìÿ ðà-
áîòàåò èíæåíåðîì â ëàáîðàòî-
ðèè

”
Ìàòåìàòè÷åñêîé êèáåðíå-

òèêè è âû÷èñëèòåëüíûõ òåõíî-
ëîãèé“ Èíñòèòóòà èíôîðìàöèîííûõ è âû÷èñ-
ëèòåëüíûõ òåõíîëîãèé. Åå òåêóùèå èññëåäîâà-
òåëüñêèå èíòåðåñû � ïðîãðàììèðîâàíèå, ìàòå-
ìàòè÷åñêîå ìîäåëèðîâàíèå, òåîðèÿ óïðàâëåíèÿ,
ðàçðàáîòêà èíôîðìàöèîííûõ ñèñòåì.

Galiyeva F. M. She graduated from the
Mechanics and Mathematics Faculty of Al-
Farabi Kazakh National University. She is
currently working as an engineer in the laboratory
of

”
Mathematical Cybernetics and computing

technologies“ Institute of Information and
Computational Technologies. Her current research
interests include programming, mathematical
modeling, control theory, development of
information systems.
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