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In traditional monitoring systems of industrial-technological complexes with non-stationary objects
of control the quality of casual time series (CTS) identi�cation and data accuracy increase up
to the required level is ensured by involving di�cult analytical relationships de�ned in the form
of di�erential, di�erence, recurrence equations, which are realized by high iterative algorithms.
Optimization of identi�cation and data processing is ensured by adjustment parameters of CTS
identi�cation model using di�cult recurrence relationships when conditions provide availability of
extensive prior knowledge.

The perspective approach to elimination of high-iterative method of calculation under a priori
insu�cient of data and uncertainty during developing mechanisms of regulatory and adjustment
of non-stationary objects parameters is to develop methods and models that combine opportunity,
properties and features of neural networks (NN) with mechanisms for extraction and use of useful
knowledge, hidden properties, speci�c characteristics of CTS. In this case the mathematical apparatus
of soft computing successfully completes composition of known methods and algorithms, constructed
on the basis of statistical and dynamic approaches, and also expands the capacity of existing toolkits.
The important task of NN using is training of the network, and known algorithms of forward and
back-propagation of errors are based on methods of least squares, gradient optimization and their
modi�cations that lead to labor intensive computing of precise values of the optimization functional,
especially when it is necessary to solve tasks with high dimensionality.

In this work the mathematical model of data processing optimization is formalized in view of
application the mechanism of adjustment, where the task of optimization of data processing is to
regulate the value of output result of identi�cation u(·) on the basis of selecting the suboptimal set of
NN training parameters.

Concept of probability, evolutionary computation, adaptation of parameters of computational
schemes of NN structural components are used for improvement and development methods to
optimization data processing and solution of tasks of search during NN training. Solution of designing
of adapted modi�ed computational schemes of NN structural components is to form a sub-optimal set
of parameters such as weights of neurons, synaptic connections coe�cients, type of activation function,
rational architecture, functional relationships

”
inputs and outputs“.

Use of NN radial-basis activation functions gives to network the feature of self-tuning and self-
adaptation, and allows to carry out dynamic adjustment of parameters of computational schemes of
NN structural components. The mechanism for use the methods of parameters adjustment on the
basis of selection fractal characteristics, segmentation, �ltering and analysis is proposed to empower
and improve the adequacy of models to describe objects with non-stationary components of CTS.

The developed program complex includes module of identi�cation and synthesis of dynamic models
described non-stationary objects, modules of modi�ed NN training on the basis of radial-basis functions,
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segmentation, CTS �ltering, adjustments of parameters, results of which testing are received at 538
training sets generated from set of CTS measurements.

The study showed that during implementation of developed methods and algorithms for the
identi�cation, the number of areas accounted for the change of quasi-stationary segments increased
on 10�12%, and the number of accounted classes of non-stationary events increases on 20�30% due to
determination and formation of sub-optimal sets, application of segmentation mechanisms, nonlinear
�ltering and NN training, and this undoubtedly proves obvious of optimization of data processing
based on synthesis of statistical, dynamical and neuro networking models.

Key words: non-stationary object, data processing, identi�cation, optimization, training of
neural network, adjustment of parameters, segmentation, nonlinear �ltration.
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Côîðìóëèðîâàíà çàäà÷à è ðàçðàáîòàíû ìåòîäû íåéðîñåòåâîé èäåíòèôèêàöèè íåñòàöèîíàð-
íûõ îáúåêòîâ ñ ìåõàíèçìàìè íàñòðîéêè ïàðàìåòðîâ ìîäåëåé îïèñàíèÿ ñëó÷àéíûõ âðåìåííûõ
ðÿäîâ (ÑÂÐ) è âû÷èñëèòåëüíûõ ñõåì íåéðîííîé ñåòè (ÍÑ). Ðàçðàáîòàí ìîäèôèöèðîâàííûé
àëãîðèòì îáó÷åíèÿ ÍÑ íà îñíîâå ñóáîïòèìàëüíûõ íàáîðîâ ïàðàìåòðîâ è ðàäèàëüíî-áàçèñíîé
àêòèâàöèîííîé ôóíêöèè. Ïðåäëîæåíû ïðîöåäóðû ïðåäâàðèòåëüíîé îáðàáîòêè ÑÂÐ, âêëþ÷à-
þùèå ìåòîäû ñåãìåíòàöèè è ôèëüòðàöèè íåñòàöèîíàðíûõ ñîñòàâëÿþùèõ. Ìåòîäû îáó÷åíèÿ
ÍÑ ñ óïðîùåííûìè ïðîöåäóðàìè ïîèñêà ãëîáàëüíîãî è ëîêàëüíûõ ýêñòðåìóìîâ ôóíêöèîíà-
ëà îïòèìèçàöèè, îïðåäåëåíèÿ ðàöèîíàëüíûõ ïàðàìåòðîâ ìîäåëåé îïèñàíèÿ ÑÂÐ, íåëèíåéíîé
ôèëüòðàöèè ñ çàäåðæêîé ïî âðåìåíè, àäàïòèâíîé ñåãìåíòàöèè ñ âûäåëåíèåì ôðàêòàëüíûõ
õàðàêòåðèñòèê, ôîðìèðîâàíèÿ ãðóïï êëàññîâ, íàñòðîéêè âû÷èñëèòåëüíûõ ñõåì ñòðóêòóðíûõ
êîìïîíåíòîâ ðàäèàëüíî-áàçèñíîé ñåòè ðåàëèçîâàíû â ñèñòåìàõ ìîíèòîðèíãà òåõíîëîãè÷åñêèõ
ïðîöåññîâ.

Êëþ÷åâûå ñëîâà: íåñòàöèîíàðíûé îáúåêò, îáðàáîòêà äàííûõ, èäåíòèôèêàöèÿ, îïòèìèçà-
öèÿ, îáó÷åíèå íåéðîííîé ñåòè, íàñòðîéêà ïàðàìåòðîâ, ñåãìåíòàöèÿ, íåëèíåéíàÿ ôèëüòðàöèÿ.

Àêòóàëüíîñòü òåìû. Ýôôåêòèâíîñòü ñèñòåì ìîíèòîðèíãà äåÿòåëüíîñòè
ïðîèçâîäñòâåííî-òåõíîëîãè÷åñêèõ êîìïëåêñîâ ñ íåñòàöèîíàðíûìè îáúåêòàìè óïðàâ-
ëåíèÿ â ðàçëè÷íûõ ñôåðàõ íàðîäíîãî õîçÿéñòâà, òàêèõ êàê ýêîíîìèêà, çäðàâîîõðàíåíèå,
ìåòðîëîãèÿ, ýêîëîãèÿ, çàâèñèò îò ïðèìåíÿåìûõ ïîäõîäîâ ê ïîâûøåíèþ êà÷åñòâà èäåí-
òèôèêàöèè, àïïðîêñèìàöèè, àíàëèçà, èíòåðïðåòàöèè ðåçóëüòàòîâ îáðàáîòêè äàííûõ,
ïðåäñòàâëÿåìûõ â âèäå ìíîãîêîìïîíåíòíûõ ñëó÷àéíûõ âðåìåííûõ ðÿäîâ (ÑÂÐ).

Â òðàäèöèîííûõ ñèñòåìàõ ìîíèòîðèíãà êà÷åñòâî èäåíòèôèêàöèè ÑÂÐ äî òðåáóåìîãî
óðîâíÿ îáåñïå÷èâàåòñÿ ïóòåì ïðèâëå÷åíèÿ ñëîæíûõ àíàëèòè÷åñêèõ çàâèñèìîñòåé, çàäà-
âàåìûõ â âèäå äèôôåðåíöèàëüíûõ, ðàçíîñòíûõ, ðåêóððåíòíûõ óðàâíåíèé, êîòîðûì õà-
ðàêòåðíà âûñîêàÿ èòåðàòèâíîñòü âû÷èñëèòåëüíûõ ïðîöåäóð [1]. Îïòèìèçàöèÿ îáðàáîòêè
äàííûõ ïðè ýòîì îáåñïå÷èâàåòñÿ çà ñ÷åò íàñòðîéêè ïàðàìåòðîâ ìîäåëåé èäåíòèôèêàöèè
ÑÂÐ ñ ïîìîùüþ ñëîæíûõ ìàòåìàòè÷åñêèõ ñîîòíîøåíèé ïðè óñëîâèè íàëè÷èÿ îáøèðíûõ
àïðèîðíûõ ñâåäåíèé.

Ïåðñïåêòèâíûì ïîäõîäîì ê óñòðàíåíèþ âûñîêîé èòåðàòèâíîñòè ðàñ÷åòîâ, àïðèîðíîé
íåäîñòàòî÷íîñòè äàííûõ è íåîïðåäåëåííîñòè ïðè âûðàáîòêå ìåõàíèçìîâ ðåãóëèðîâàíèÿ
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è íàñòðîéêè ïàðàìåòðîâ íåñòàöèîíàðíûõ îáúåêòîâ ÿâëÿåòñÿ ðàçðàáîòêà ìåòîäîâ è ìîäå-
ëåé, ñîâìåùàþùèõ âîçìîæíîñòè, ñâîéñòâà è îñîáåííîñòè íåéðîííûõ ñåòåé (ÍÑ) ñ ìåõà-
íèçìàìè èçâëå÷åíèÿ è èñïîëüçîâàíèÿ ïîëåçíûõ çíàíèé, ñêðûòûõ ñâîéñòâ, ñïåöèôè÷åñêèõ
õàðàêòåðèñòèê ÑÂÐ [2, 3]. Ïðè ýòîì ìàòåìàòè÷åñêèé àïïàðàò ìÿãêèõ âû÷èñëåíèé, îä-
íèì èç êîìïîíåíòîâ êîòîðîãî ÿâëÿåòñÿ ÍÑ, óäà÷íî äîïîëíÿåò ñîñòàâ èçâåñòíûõ ìåòîäîâ è
àëãîðèòìîâ, ïîñòðîåííûõ íà îñíîâå ñòàòèñòè÷åñêèõ è äèíàìè÷åñêèõ ïîäõîäîâ, ðàñøèðÿÿ
âîçìîæíîñòè ñóùåñòâóþùåãî èíñòðóìåíòàðèÿ [2, 4].

Âàæíîé çàäà÷åé ïðè èñïîëüçîâàíèè ÍÑ ÿâëÿåòñÿ îáó÷åíèå ñåòè, ïðè÷åì èçâåñòíûå àë-
ãîðèòìû ïðÿìîíàïðàâëåííîãî è îáðàòíîãî ðàñïðîñòðàíåíèÿ îøèáîê îñíîâàíû íà ìåòîäàõ
íàèìåíüøèõ êâàäðàòîâ, ãðàäèåíòíîé îïòèìèçàöèè è èõ ìîäèôèêàöèè, êîòîðûå ïðèâîäÿò
ê òðóäîåìêèì âû÷èñëåíèÿì òî÷íûõ çíà÷åíèé ôóíêöèîíàëà îïòèìèçàöèè, ñëîæíîñòü êî-
òîðûõ âîçðàñòàåò ñ óâåëè÷åíèåì ðàçìåðíîñòè ðåøàåìûõ çàäà÷ [4�6].

Â ñâÿçè ñ ýòèì, íèæå èçëàãàþòñÿ ðåçóëüòàòû ðàçðàáîòêè ìåòîäîâ îáó÷åíèÿ ÍÑ íà îñíî-
âå ïðîåêòèðîâàíèÿ ñóáîïòèìàëüíûõ íàáîðîâ ïàðàìåòðîâ, ìîäèôèêàöèè âû÷èñëèòåëüíûõ
ñõåì ñòðóêòóðíûõ êîìïîíåíòîâ ÍÑ è àëãîðèòìîâ ïîèñêà ãëîáàëüíîãî è ëîêàëüíûõ ýêñòðå-
ìóìîâ ñ óïðîùåííûìè ïðîöåäóðàìè, ïîçâîëÿþùèìè äîñòè÷ü áîëüøîé òî÷íîñòè îáðàáîòêè
äàííûõ âíå çàâèñèìîñòè îò ðàçìåðíîñòè çàäà÷ è ïðè óìåíüøåíèè âû÷èñëèòåëüíûõ, à, ñëå-
äîâàòåëüíî, âðåìåííûõ è ìàòåðèàëüíûõ çàòðàò.

Ïîñòàíîâêà çàäà÷è îïòèìèçàöèè îáðàáîòêè äàííûõ íåñòàöèîíàðíûõ îáúåê-

òîâ íà îñíîâå íåéðîííûõ ñåòåé. Ðåàëèçàöèÿ ìåòîäîâ îïòèìèçàöèè îáðàáîòêè äàííûõ
ïî ñóùåñòâóþùèì ïîäõîäàì òðåáóåò îáøèðíûõ ñâåäåíèé î ñïåöèôè÷åñêèõ ñòàòèñòè÷å-
ñêèõ è äèíàìè÷åñêèõ õàðàêòåðèñòèêàõ äàííûõ ïî êàæäîìó îáúåêòó èäåíòèôèêàöèè è íà-
áîðó ïàðàìåòðîâ [4]. Îäíàêî, ïðè ìàòåìàòè÷åñêîé ôîðìàëèçàöèè ôóíêöèé îïòèìèçàöèè
íåîáõîäèìî ó÷èòûâàòü óñëîâèÿ, êîãäà àïðèîðíàÿ èíôîðìàöèÿ çàäàåòñÿ â ÷àñòè÷íîì âèäå
èëè âîîáùå ìîæåò îòñóòñòâîâàòü è ïàðàìåòðû ìîäåëåé îïèñàíèÿ ÑÂÐ õàðàêòåðèçóþòñÿ
áîëüøîé íåîïðåäåëåííîñòüþ, ïðè÷åì ïîëó÷åíèå àäåêâàòíîé ìîäåëè èäåíòèôèêàöèè â ýòèõ
óñëîâèÿõ òàêæå íå âñåãäà ïðåäñòàâëÿåòñÿ âîçìîæíûì. Ïðîáëåìà îïòèìèçàöèè îáðàáîòêè
äàííûõ ïðè ýòîì ñòàíîâèòñÿ ñâÿçàííîé ñ ðåøåíèåì çàäà÷ íàñòðîéêè ïàðàìåòðîâ ìîäåëåé
îïèñàíèÿ ÑÂÐ, ñïîñîáíûõ ó÷èòûâàòü ñâîéñòâà íåñòàöèîíàðíîñòè äàííûõ, âëèÿíèå ñëó÷àé-
íûõ âñïëåñêîâ è âñïûøåê â äèíàìèêå ÑÂÐ è äðóãèõ ôàêòîðîâ âíåøíèõ âîçäåéñòâèé.

Ôóíêöèÿ îïòèìèçàöèè îáðàáîòêè äàííûõ, áàçèðóþùàÿñÿ íà ïðèìåíåíèè ìåõàíèçìà
íàñòðîéêè ïàðàìåòðîâ ìîäåëè îïèñàíèÿ ÑÂÐ, ôîðìàëèçóåòñÿ â âèäå

J = F (u(t−∆t),a, $),

ãäå u(t−∆t) � ðåçóëüòàò èäåíòèôèêàöèè ÑÂÐ; a � âåêòîð çàäàííûõ àïðèîðíûõ ñâåäåíèé
î äèíàìèêå ÑÂÐ; $ � âåêòîð íåñòàöèîíàðíûõ ñëó÷àéíûõ âîçìóùåíèé è ïîìåõ.

Çàäà÷à îïòèìèçàöèè îáðàáîòêè äàííûõ çàêëþ÷àåòñÿ â íàñòðîéêå çíà÷åíèÿ âûõîäíîãî
ðåçóëüòàòà èäåíòèôèêàöèè u(·) íà îñíîâå ðåãóëèðîâàíèÿ çíà÷åíèé ïàðàìåòðîâ ìîäåëåé
îïèñàíèÿ ÑÂÐ, âõîäÿùèõ â ñòðóêòóðó îïòèìàëüíîãî íàáîðà îáó÷åíèÿ. Äëÿ ýòîãî ïðèãîä-
íû ðàçëè÷íûå ïîäõîäû ê óñòðàíåíèþ íåñòàöèîíàðíûõ ñëó÷àéíûõ âîçìóùåíèé è ïîìåõ,
îñíîâàííûå íà ñòàòèñòè÷åñêèõ è äèíàìè÷åñêèõ ìîäåëÿõ, à ïåðñïåêòèâíûì íàïðàâëåíèåì
ñ÷èòàåòñÿ ïåðåòðàíñëÿöèÿ ñâîéñòâ äèíàìè÷åñêèõ ÑÂÐ íà ÍÑ, ïîçâîëÿþùàÿ èñïîëüçîâàòü
óíèêàëüíûå îñîáåííîñòè è âîçìîæíîñòè ñåòè. Ïðåäëàãàåìûé ïîäõîä ê îïòèìèçàöèè îá-
ðàáîòêè äàííûõ âêëþ÷àåò ýòàïû ïðåäâàðèòåëüíîé îáðàáîòêè äàííûõ, ñåãìåíòèðîâàíèÿ
ÑÂÐ, âûÿâëåíèÿ ñêà÷êîîáðàçíûõ èçìåíåíèé è íåñòàöèîíàðíûõ ñîñòàâëÿþùèõ, èäåíòè-
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ôèêàöèè è ñãëàæèâàíèÿ íà îñíîâå ìåõàíèçìîâ ðåãóëèðîâàíèÿ ïàðàìåòðîâ ñòðóêòóðíûõ
êîìïîíåíòîâ ÍÑ ñ ðàäèàëüíî-áàçèñíûìè àêòèâàöèîííûìè ôóíêöèÿìè [7�9].

Êëþ÷åâûì ìîìåíòîì íåéðîñåòåâîé èäåíòèôèêàöèè ÑÂÐ ÿâëÿåòñÿ îïòèìèçàöèÿ îáó-
÷åíèÿ ÍÑ, ÷òî â òðàäèöèîííûõ ìåòîäàõ ñ ïðÿìûì è îáðàòíûì ðàñïðîñòðàíåíèåì îøè-
áîê äîñòèãàåòñÿ èñïîëüçîâàíèåì òðóäîåìêèõ ìåòîäîâ ïåðåáîðà âñåâîçìîæíûõ âàðèàíòîâ,
îòæèãà, çàïðåòà, ñòîõàñòè÷åñêîãî ìîäåëèðîâàíèÿ ïðè ïîèñêå ãëîáàëüíîãî è ëîêàëüíîãî
ýêñòðåìóìîâ ãðàäèåíòíûõ ôóíêöèé [2, 6, 10].

Â ðàáîòàõ [3, 11, 12] äëÿ ñîâåðøåíñòâîâàíèÿ è ðàçâèòèÿ ìåòîäîâ îïòèìèçàöèè îáðà-
áîòêè äàííûõ è ðåøåíèÿ ïðîáëåìû ïîèñêà ïðè îáó÷åíèè ÍÑ èñïîëüçîâàíû êîíöåïöèè âå-
ðîÿòíîñòíîãî, ýâîëþöèîííîãî âû÷èñëåíèé, àäàïòàöèè ïàðàìåòðîâ âû÷èñëèòåëüíûõ ñõåì
ñòðóêòóðíûõ êîìïîíåíòîâ ÍÑ. Îïðåäåëåíî, ÷òî çàäà÷à ïðîåêòèðîâàíèÿ àäàïòèðîâàííûõ
ìîäèôèöèðîâàííûõ âû÷èñëèòåëüíûõ ñõåì ñòðóêòóðíûõ êîìïîíåíòîâ ÍÑ çàêëþ÷àåòñÿ â
ôîðìèðîâàíèè ñóáîïòèìàëüíîãî íàáîðà ïàðàìåòðîâ � âåñîâ íåéðîíîâ, êîýôôèöèåíòîâ
ñèíàïòè÷åñêèõ ñâÿçåé, âèäà àêòèâàöèîííîé ôóíêöèè, ðàöèîíàëüíîé àðõèòåêòóðû, ôóíê-
öèîíàëüíûõ çàâèñèìîñòåé

”
âõîäû�âûõîäû“. Â ðåçóëüòàòå ñèíòåçà ðåøåíèé ýòèõ çàäà÷ àë-

ãîðèòìû îáó÷åíèÿ ÍÑ ïðèîáðåòàþò áîëüøèå âîçìîæíîñòè ïðè ïîèñêå ãëîáàëüíîãî è ëî-
êàëüíûõ ýêñòðåìóìîâ ôóíêöèîíàëà îïòèìèçàöèè, à, ñëåäîâàòåëüíî, äîñòèæåíèÿ âûñîêîé
òî÷íîñòè îáðàáîòêè äàííûõ ïðè óïðîùåííûõ âû÷èñëèòåëüíûõ ïðîöåäóðàõ. Êðîìå òîãî,
óñòðàíÿåòñÿ ÷óâñòâèòåëüíîñòü àëãîðèòìîâ îáó÷åíèÿ ê ðàçìåðíîñòè çàäà÷ è ïîâûøàåòñÿ
èõ óñòîé÷èâîñòü [4, 6, 12].

Âàæíûì ïðèíöèïîì îïòèìèçàöèè îáðàáîòêè äàííûõ ÿâëÿåòñÿ òàêæå ñîõðàíåíèå íåîá-
õîäèìûõ ñâåäåíèé î ðåçóëüòàòàõ ïðåäûäóùåãî ïîèñêà (óñïåøíûõ è íåóñïåøíûõ), ñîêðà-
ùåíèå âðåìåíè ïðè íîâûõ èòåðàöèÿõ ðàáîòû ñèñòåìû, èñïîëüçîâàíèå áàçû äàííûõ (ÁÄ)
è áàçû çíàíèé (ÁÇ). Â ñâÿçè ñ ýòèì, íà àðõèòåêòóðíîì óðîâíå ïðîåêòèðóåìîé ñèñòåìû
ïðåäïîëàãàåòñÿ âêëþ÷åíèå ÁÇ, â êîòîðîé õðàíèòñÿ èíôîðìàöèÿ î ñâîéñòâàõ è îñîáåí-
íîñòÿõ ÍÑ; îíà ïðîòîêîëèðóåò âñå çàïóñêè, ñâÿçàííûå ñ ïîèñêîì ñóáîïòèìàëüíîãî íàáî-
ðà ïàðàìåòðîâ äëÿ íàñòðîéêè ìîäåëè íåñòàöèîíàðíûõ îáúåêòîâ è âû÷èñëèòåëüíûõ ñõåì
ñòðóêòóðíûõ êîìïîíåíòîâ ÍÑ âìåñòå ñ òàêèìè êîíå÷íûìè ðåçóëüòàòàìè, êàê èçâëå÷åíèå
ñòàòèñòè÷åñêèõ, ñïåöèôè÷åñêèõ õàðàêòåðèñòèê, äèíàìè÷åñêèõ è äðóãèõ ïîëåçíûõ ñâîéñòâ
îáúåêòîâ è çàêîíîìåðíîñòåé èç âðåìåííûõ ðÿäîâ [13].

Ôîðìèðîâàíèå ñóáîïòèìàëüíîãî íàáîðà ïàðàìåòðîâ íà îñíîâå ðàäèàëüíî-

áàçèñíûõ ôóíêöèé àêòèâàöèè íåéðîíîâ. Îñîáåííîñòüþ ïîäõîäà, ïðåäëàãàåìîãî â
íàñòîÿùåé ðàáîòå äëÿ îáåñïå÷åíèÿ êà÷åñòâåííîé èäåíòèôèêàöèè è òî÷íîé îáðàáîòêè äàí-
íûõ, ÿâëÿåòñÿ ïðèìåíåíèå ðàäèàëüíî-áàçèñíûõ ôóíêöèé àêòèâàöèè ÍÑ, êîòîðûå íàäå-
ëÿþò ñåòè ñâîéñòâàìè ñàìîíàñòðîéêè è ñàìîàäàïòàöèè, ÷òî ïîçâîëÿåò îñóùåñòâëÿòü äè-
íàìè÷åñêóþ íàñòðîéêó ïàðàìåòðîâ âû÷èñëèòåëüíûõ ñõåì ñòðóêòóðíûõ êîìïîíåíòîâ ÍÑ
[4].

Ñïðîåêòèðîâàííàÿ ðàäèàëüíî-áàçèñíàÿ ñåòü (ÐÁÑ) èìååò åäèíñòâåííûé ñêðûòûé ñëîé
ñ íåëèíåéíîé àêòèâàöèîííîé ôóíêöèåé. Äëÿ ïîñòðîåíèÿ ìîäèôèöèðîâàííûõ âû÷èñëè-
òåëüíûõ ñõåì ñòðóêòóðíûõ êîìïîíåíòîâ ÐÁÑ ââîäÿòñÿ ñëåäóþùèå îáîçíà÷åíèÿ ïàðà-
ìåòðîâ: c = c1, c2, . . . , cn � âåêòîð öåíòðà àêòèâàöèîííîé ôóíêöèè íåéðîíîâ ñêðûòîãî
ñëîÿ; σj � øèðèíà îêíà àêòèâàöèîííîé ôóíêöèè j-ãî íåéðîíà ñêðûòîãî ñëîÿ; f(X,c) =

e−
∑n

j=1(xj−cj)2/σ2

� ðàäèàëüíî-ñèììåòðè÷íàÿ àêòèâàöèîííàÿ ôóíêöèÿ íåéðîíà ñêðûòîãî
ñëîÿ; ωij � âåñ ñâÿçè ìåæäó i-ì íåéðîíîì èñõîäíîãî ñëîÿ è j -ì íåéðîíîì ñêðûòîãî ñëîÿ;
H � ðàçìåð ñêðûòîãî ñëîÿ ñåòè, ðàâíûé êîëè÷åñòâó òðåíèðîâî÷íûõ øàáëîíîâ Q.
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Äëÿ ðåàëèçàöèè âû÷èñëèòåëüíûõ ñõåì ÐÁÑ ïðè ââåäåííûõ ïàðàìåòðàõ òðåáóåòñÿ âû-
ïîëíåíèå ñëåäóþùèõ ïðîöåäóð èíèöèàëèçàöèè: ñèíàïòè÷åñêèå âåñà íåéðîíîâ â ñêðûòîì
ñëîå ïðèíèìàþòñÿ ðàâíûìè; öåíòðû àêòèâàöèîííûõ ôóíêöèé íåéðîíîâ ñêðûòîãî ñëîÿ
ðàçìåùàþòñÿ â òî÷êàõ, âõîäÿùèõ â íàáîð òðåíèðîâî÷íûõ øàáëîíîâ: cj = X̄j, j = 1,H;
øèðèíà îêîí àêòèâàöèîííûõ ôóíêöèé íåéðîíîâ ñêðûòîãî ñëîÿ σj, j = 1,H, âûáèðàåò-
ñÿ â ðàñøèðåííîì èíòåðâàëå

√
H/2 < σ < 3

√
H/2; äëÿ îïðåäåëåíèÿ âåñîâ íåéðîíîâ wij,

i,j = 1,H èñõîäíîãî ñëîÿ ïðåäúÿâëÿåòñÿ âåñü íàáîð òðåíèðîâî÷íûõ øàáëîíîâ.
Âûõîä i-ãî íåéðîíà, ïðåäúÿâëÿåìûé øàáëîíó äëÿ p-ãî âûõîäà ïðè îáó÷åíèè ÍÑ, îïðå-

äåëÿåòñÿ êàê

Yi = wi 1f(X̄p,c1) + wi 2f(X̄p,c2) + · · ·+ wiHf(X̄p,cH) =
= wi 1f(X̄p,X1)wi 2f(X̄p,X2) + · · ·+ wiHf(X̄p,XH) = D.

Âûõîäû ñåòè äëÿ âñåõ øàáëîíîâ çàäàþòñÿ óðàâíåíèÿìè, çàäàííûìè â ìàòðè÷íîé ôîð-
ìå

ΦwT = D,

ãäå Φ = ‖fij‖i,j=1,H � èíòåðïîëèðóþùàÿ ïîâåðõíîñòü ìàòðèöû fij = f(X̄i,X̄j); w
T =

‖wij‖i,j=1,H � ìàòðèöà ñèíàïòè÷åñêèõ âåñîâ èñõîäíîãî ñëîÿ ÍÑ; D = ‖dij‖i,j=1,H � ìàòðèöà
èñõîäíûõ øàáëîíîâ.

Ìàòðèöà ñèíàïòè÷åñêèõ âåñîâ íàõîäèòñÿ èç óðàâíåíèÿ

wT = Φ−1D,

è ðåçóëüòàòû ðåøåíèÿ óðàâíåíèé îáåñïå÷èâàþò ïðîõîæäåíèå èíòåðïîëÿöèîííîé ïîâåðõ-
íîñòè â ïðîñòðàíñòâå âõîäíûõ òðåíèðîâî÷íûõ øàáëîíîâ.

Îòìåòèì, ÷òî èçëîæåííûé ìàòåìàòè÷åñêèé àïïàðàò îáó÷åíèÿ ÍÑ îðèåíòèðóåòñÿ ëèøü
òîëüêî íà èäåíòèôèêàöèþ íåñòàöèîíàðíîãî îáúåêòà, â êîòîðîé ñîñòàâëÿþùèå ÑÂÐ ïðåä-
ïîëàãàþòñÿ ñòàöèîíàðíûìè. Íàðÿäó ñ ýòèì, ïðè äèíàìè÷åñêîé íåéðîñåòåâîé èäåíòèôè-
êàöèè íåîòúåìëåìîé ÷àñòüþ ðåøàåìîé çàäà÷è ÿâëÿåòñÿ îáðàáîòêà íåñòàöèîíàðíûõ ñî-
ñòàâëÿþùèõ ÑÂÐ. Îäíàêî, èñïîëüçîâàíèå äëÿ îïòèìèçàöèè îáó÷åíèÿ ÍÑ ïðè íåñòàöèî-
íàðíûõ ñîñòàâëÿþùèõ ÑÂÐ ÷èñëåííûõ ìåòîäîâ ñâÿçàíî ñ îïðåäåëåííûìè òðóäíîñòÿìè,
ê êîòîðûì îòíîñÿòñÿ ñëåäóþùèå: ðàñõîæäåíèå ðåçóëüòàòîâ ðåøåíèÿ çàäà÷ ïðèâîäèò ê
òîìó, ÷òî èñêîìûå ïàðàìåòðû ÍÑ íå îïòèìèçèðóþòñÿ; â ñëó÷àå îïòèìèçàöèè ïîèñêà íà
îñíîâå îâðàæíûõ ôóíêöèé èëè ôóíêöèé ñ íåñêîëüêèìè ìèíèìóìàìè, ê êëàññó êîòîðûõ
îòíîñÿòñÿ ðàäèàëüíî-áàçèñíûå ôóíêöèè, àëãîðèòìû îáó÷åíèÿ ÍÑ ñõîäÿòñÿ ìåäëåííî.

Â ñâÿçè ñ ýòèì, ñ öåëüþ ïîâûøåíèÿ óñòîé÷èâîñòè îáó÷åíèÿ ÍÑ ñ ó÷åòîì íåñòàöèîíàð-
íûõ ñîñòàâëÿþùèõ ÑÂÐ â ñîîòâåòñòâèè ñ ïðåäëîæåííûì ïîäõîäîì, ñëåäóþùåé çàäà÷åé
èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà ìåòîäîâ ñèíòåçà ïðîöåäóð ïðåäâàðèòåëüíîé îáðàáîòêè
äàííûõ, çàêëþ÷àþùèõñÿ â âûäåëåíèè ôðàêòàëüíûõ õàðàêòåðèñòèê, ñåãìåíòàöèè, ôèëü-
òðàöèè è àíàëèçà ÑÂÐ ñ ìåõàíèçìàìè íàñòðîéêè âû÷èñëèòåëüíûõ ñõåì ñòðóêòóðíûõ êîì-
ïîíåíòîâ ÐÁÑ [13, 14].

Îïòèìèçàöèÿ îáðàáîòêè äàííûõ íà îñíîâå ñåãìåíòàöèè è ôèëüòðàöèè ôðàê-

òàëüíûõ õàðàêòåðèñòèê ÑÂÐ. Ïðåäïîëàãàåòñÿ, ÷òî ÑÂÐ ïðåäñòàâëÿåò ïîñëåäîâàòåëü-
íîñòü íåóïîðÿäî÷åííûõ â ñëó÷àéíûå íåðàâíîîòñòîÿùèå ìîìåíòû âðåìåíè èçìåðåíèé ïî-
êàçàòåëåé, íàáëþäåíèé, ñèòóàöèé. Ñåãìåíòàöèÿ ïðåäñòàâëÿåòñÿ ôóíêöèÿìè, êîòîðûå èñ-
ïîëüçóþòñÿ äëÿ èçâëå÷åíèÿ ïîâåäåíèÿ è ñâîéñòâ ÑÂÐ ïóòåì ðàçáèåíèÿ âðåìåííîãî ðÿäà
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íà ó÷àñòêè, ñîîòâåòñòâóþùèå îïðåäåëåííûì ñòðóêòóðíûì åäèíèöàì, ïðèíÿòûì ïîñòîÿí-
íûìè [13, 14].

Êàæäûé îäíîðîäíûé ñåãìåíò îïèñûâàåòñÿ ìîäåëüþ

M(A,σ, Dn),

ãäå A � âåñîâûå êîýôôèöèåíòû; σ � îøèáêè ñåãìåíòàöèè; Dn � äèñïåðñèÿ îøèáêè ñåã-
ìåíòàöèè.

Îáíàðóæåíèå íàëè÷èÿ ñêà÷êà â íåñòàöèîíàðíîì ÑÂÐ â ìîìåíò t ïðîèçâîäèòñÿ ïóòåì
ïðîâåðêè óñëîâèÿ ïðåâûøåíèÿ çàäàííîé ïîðîãîâîé âåëè÷èíû D0.

Ïî àëãîðèòìó ñåãìåíòàöèè ÑÂÐ âûïîëíÿþòñÿ ñëåäóþùèå ïðîöåäóðû:
� êîãäà êîëè÷åñòâî ïðåäúÿâëåííûõ øàáëîíîâ â êàêîì-ëèáî îäíîðîäíîì ñåãìåíòå ìåíü-

øå, ÷åì â ìíîãîêîìïîíåíòíîé ÑÂÐ, òî îñóùåñòâëÿåòñÿ åãî ñëèÿíèå ñ ëåâûì ñåãìåíòîì-

”
ñîñåäîì“;
� ïðîöåññ ïðîäîëæàåòñÿ äî òåõ ïîð, ïîêà äèíàìèêà ñåãìåíòèðîâàííîãî ÑÂÐ íå ïåðå-

ñòàíåò èçìåíÿòüñÿ;
� ôîðìèðóþòñÿ ãðóïïû êëàññîâ äëÿ ïîñëåäóþùåãî àíàëèçà ñåãìåíòèðîâàííûõ ÑÂÐ;
� îáúåäèíÿþòñÿ è óêðóïíÿþòñÿ ðàçáèòûå ïî êëàññàì ñîâîêóïíîñòè âûäåëåííûõ ñåã-

ìåíòîâ íà ïðåäûäóùèõ ýòàïàõ;
� ðàñøèðÿåòñÿ êîëè÷åñòâî âûäåëÿåìûõ êëàññîâ äëÿ îáíàðóæåíèÿ ïåðåõîäíûõ ñîñòîÿ-

íèé íåñòàöèîíàðíîãî ïðîöåññà.
Òåïåðü îáó÷åíèå ÍÑ ñ íàñòðîéêîé ïàðàìåòðîâ ñòðóêòóðíûõ êîìïîíåíòîâ è ìîäåëåé

îïèñàíèÿ íåñòàöèîíàðíûõ îáúåêòîâ ìîäèôèöèðóåòñÿ â ñîîòâåòñòâèè ñî ñëåäóþùèìè âàæ-
íûìè ìîìåíòàìè îáðàáîòêè äàííûõ:

� îáëàñòü âîçìîæíûõ çíà÷åíèé âåêòîðà íàñòðîå÷íûõ ïàðàìåòðîâ ðàññìàòðèâàåòñÿ êàê
[0,C1]×[0,C2]×. . .×[0,Ci]×. . . , ãäå Ci � ðàçìåðíîñòü íàñòðîå÷íîé ìàòðèöû äëÿ âûäåëåííîãî
ñåãìåíòà;

� ïðè îïòèìèçàöèè ïîêàçàòåëÿ êà÷åñòâà îáó÷åíèÿ ÍÑ óìåíüøàåòñÿ îáëàñòü âîçìîæ-
íûõ çíà÷åíèé ïàðàìåòðîâ çà ñ÷åò îáúåäèíåíèÿ è óêðóïíåíèÿ êëàññîâ âûäåëåííûõ ñåãìåí-
òîâ.

Ðåçóëüòàòû ðåàëèçàöèè ìåòîäîâ è àëãîðèòìîâ îïòèìèçàöèè îáðàáîòêè äàí-

íûõ. Ðàçðàáîòàí ïðîãðàììíûé êîìïëåêñ, ðåàëèçóþùèé àëãîðèòìû îïòèìèçàöèè àíàëèçà
è îáðàáîòêè äàííûõ íà îñíîâå ñèíòåçà äèíàìè÷åñêèõ ìîäåëåé, àëãîðèòìîâ îáó÷åíèÿ ÍÑ,
ñåãìåíòàöèè, ôèëüòðàöèè ÑÂÐ, íàñòðîéêè ïàðàìåòðîâ.

Ðåàëèçîâàí àëãîðèòì âûáîðà àëüòåðíàòèâíîãî ðåøåíèÿ, êîòîðûé îñíîâàí íà îöåíêå è
ðàíæèðîâàíèè êàæäîãî âûõîäà ÍÑ. Ïðè ýòîì âûáîð ÍÑ ñ íàèáîëåå ñèëüíûì îòêëèêîì
ïîçâîëÿåò âûäåëèòü åùå íåñêîëüêî áëèçêèõ ê äàííîìó çíà÷åíèþ àëüòåðíàòèâíûõ ðåøå-
íèé.

Â òàáëèöå ïðèâåäåíû ðåçóëüòàòû òåñòèðîâàíèÿ, ïîëó÷åííûå ïðè 538 îáó÷àþùèõ íàáî-
ðàõ, ñôîðìèðîâàííûõ èç ìíîæåñòâà èçìåðåíèé ÑÂÐ.

Àíàëèç ðåçóëüòàòîâ èññëåäîâàíèé ïîêàçàë, ÷òî ïðè ðåàëèçàöèè ñèñòåì îáðàáîòêè äàí-
íûõ íà îñíîâå ãèáðèäíîé èäåíòèôèêàöèè êîëè÷åñòâî ó÷èòûâàåìûõ ó÷àñòêîâ ñìåíû êâà-
çèñòàöèîíàðíûõ ñåãìåíòîâ óâåëè÷èâàåòñÿ íà 10�12 %, à êîëè÷åñòâî êëàññîâ ó÷èòûâàåìûõ
íåñòàöèîíàðíûõ ñîáûòèé óâåëè÷èâàåòñÿ íà 20�30 % çà ñ÷åò îïðåäåëåíèÿ è ôîðìèðîâàíèÿ
ñóáîïòèìàëüíûõ íàáîðîâ, ïðèìåíåíèÿ ìåõàíèçìîâ ñåãìåíòàöèè, íåëèíåéíîé ôèëüòðàöèè
è îáó÷åíèÿ ÍÑ, ÷òî, áåçóñëîâíî, äîêàçûâàåò î÷åâèäíîñòü îïòèìèçàöèè îáðàáîòêè èíôîð-
ìàöèè íà îñíîâå ñèíòåçà ñòàòèñòè÷åñêèõ, äèíàìè÷åñêèõ è íåéðîñåòåâûõ ìîäåëåé.
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Òàáëèöà

Ðåçóëüòàòû òåñòèðîâàíèÿ ìåòîäîâ è àëãîðèòìîâ îáðàáîòêè äàííûõ

Çàäà÷è Ìîäåëè Òî÷íîñòü îáðàáîòêè
ìîäåëèðîâàíèÿ èäåíòèôèêàöèè äàííûõ â %

Ñåãìåíòàöèÿ ÑÂÐ Àâòîðåãðåññèîííûå ìîäåëè 61,9

Ìîäèôèêàöèÿ ñåãìåíòèðîâàíèÿ
ïóòåì ôèëüòðàöèè ÑÂÐ

Îðòîãîíàëüíûå ïîëèíîìû, ôèëü-
òðû Êàëìàíà

78,7

Èäåíòèôèêàöèÿ îáúåêòà
Äèíàìè÷åñêèå ìîäåëè íà áàçèñå
íåëèíåéíûõ ôèëüòðîâ

82,0

Èäåíòèôèêàöèÿ îáúåêòà ñ íà-
ñòðîéêîé ïàðàìåòðîâ

Ìîäåëè ÍÑ 69,0

Ãèáðèäíàÿ èäåíòèôèêàöèÿ ñ íà-
ñòðîéêîé ïàðàìåòðîâ

Ìîäåëè âûäåëåíèÿ ôðàêòàëüíûõ
õàðàêòåðèñòèê, ôèëüòðà Êàëìà-
íà, îáó÷åíèå ÍÑ ñ ðàäèàëüíî-
áàçèñíîé ôóíêöèåé

87,0

Çàêëþ÷åíèå. Ðàçðàáîòàííûå ìåòîäû îïòèìèçàöèè, èäåíòèôèêàöèè è îáðàáîòêè äàí-
íûõ íà îñíîâå ÐÁÑ, ìîäèôèêàöèè âû÷èñëèòåëüíûõ ñõåì ñòðóêòóðíûõ êîìïîíåíòîâ ÍÑ,
ðåãóëèðîâàíèÿ è íàñòðîéêè ïàðàìåòðîâ ñåòè è îïðåäåëåíèÿ ñóáîïòèìàëüíûõ íàáîðîâ íà
îñíîâå ñåãìåíòàöèè è ôèëüòðàöèè íåñòàöèîíàðíûõ ñîñòàâëÿþùèõ ÑÂÐ ðåêîìåíäîâàíû
äëÿ ðåøåíèÿ ðàçëè÷íûõ çàäà÷ ìîäåëèðîâàíèÿ, àíàëèçà è ñèíòåçà ñèñòåìû óïðàâëåíèÿ
íåñòàöèîíàðíûìè îáúåêòàìè, ôóíêöèîíèðóþùèìè â óñëîâèÿõ íåäîñòàòî÷íîñòè àïðèîð-
íûõ ñâåäåíèé è íåîïðåäåëåííîñòè.

Ðàçðàáîòàííàÿ ãèáðèäíàÿ ìîäåëü èäåíòèôèêàöèè ÑÂÐ ïóòåì ñèíòåçà àâòîðåãðåññèîí-
íûõ ìîäåëåé, íåëèíåéíûõ ôèëüòðîâ ñ çàäåðæêîé ïî âðåìåíè, àäàïòèâíîé ìîäåëè ñåãìåí-
òàöèè ñ ôîðìèðîâàíèåì ãðóïï êëàññîâ è ïðåäëîæåííûé àëãîðèòì îáó÷åíèÿ ÍÑ íà îñíîâå
ðàäèàëüíî-áàçèñíîé ôóíêöèè àêòèâàöèè ïîçâîëÿþò ýôôåêòèâíî ñãëàæèâàòü íåñòàöèîíàð-
íûå ñîñòàâëÿþùèå ÑÂÐ è àäàïòèðîâàòü ïàðàìåòðû â ðåàëüíîì ðåæèìå âðåìåíè.

Ïðàêòè÷åñêàÿ öåííîñòü ðåçóëüòàòîâ èññëåäîâàíèé îöåíèâàåòñÿ ïîêàçàòåëÿìè óâåëè÷å-
íèÿ êîëè÷åñòâà ó÷àñòêîâ ñìåíû êâàçèñòàöèîíàðíûõ ñåãìåíòîâ è êëàññîâ íåñòàöèîíàðíûõ
ñîáûòèé, ÷òî ïîçâîëÿåò áîëåå ïîëíî ó÷èòûâàòü ñòàòèñòè÷åñêèå, ñïåöèôè÷åñêèå õàðàêòå-
ðèñòèêè, äèíàìè÷åñêèå ñâîéñòâà è ñêðûòûå çàêîíîìåðíîñòè â äàííûõ äëÿ îïòèìèçàöèè
îáðàáîòêè íåñòàöèîíàðíûõ îáúåêòîâ.
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