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Probability structure of information authenticity is the main reason for complexity of solving the
problems of identi�cation of non-stationary objects; improve the performance of automated control
systems to technological processes, and also ensuring of e�ciency of data processing. Thus, signi�cant
factors that reduce authenticity of data transfer and processing become non-stationarity of processes,
insu�ciency of priory knowledge and large parametrical uncertainty in models to describing objects.

In this context, development of methodical bases to constructing methods and software-algorithmic
complexes for improve the authenticity of data processing, taking into account kind, properties,
distribution laws, regular error represent actual scienti�c and technical problem.

In traditional approaches to development of methods to improve the authenticity of information
the solutions of tasks are gotten on the basis of statistical and dynamic modeling, algorithmic
implementation and experimental studies with extensive a priory data. Thus the most typical statistical
characteristics of factors used for estimation of the regular error are mathematical expectation, mean-
squared deviation, distribution laws, and auto correlation functions, coe�cients of pair and mutual
correlation connections, other dynamic characteristics of random time series (RTS), describing non-
stationary objects.

Feature of the present issue is the development of methodical bases for multivariate analysis of
regular error function in methods of RTS' identi�cation and approximation on the basis of mechanisms
to revealing and use statistical, dynamic characteristics of information and probabilities of errors'
distribution with limited retrospective data of information process.

The o�ered approach to ensure the authenticity of data assumes search of extremum of in�uences
function, creating in future an opportunity to evaluate the minimal regular error of RTS identi�cation.
Thus the regular error of identi�cation on model of non-stationary objects is represented by the sum
of additional factor errors caused at each stage of information transformation.

The technique of multivariate analysis is developed on the basis of identi�cation of non-stationary
objects in view of estimates of in�uence degree on a regular error on all stages of information processes.
The structural components of the in�uencing factors are considered. The models and algorithms of RTS
identi�cation are developed on the basis of account of a regular error according to given technique.

Functions in the form of regression dependences are used as model of identi�cation and
approximations of non-stationary object and in them estimates of error are de�ned by parameters
of mathematical expectation and mean-squared deviation with the normalized level of in�uencing
factor coe�cient's sign.

The perspective and e�ective approach is o�ered to improve the authenticity of data processing by
overlapping opportunities of statistical and dynamic models of identi�cation with methods to estimate
in�uence factors on a regular error. Questions of synthesis of statistical and dynamic models for non-
stationary objects identi�cation are investigated as the basic fundamentals of methods to improve the
authenticity of non-stationary objects' data.
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With the purpose of a regular error reduction during RTS identi�cation the technique is o�ered to
use the method checking observance the balance ratio entered into structure of dynamic model of non-
stationary object. To optimize the analysis and processing of data in structure of dynamic model for
non-stationary object identi�cation the additional balance ratio are entered, and they are set based on
normative requirements revealed on a long enough time interval. The mathematical model is formalized
for identi�cation of non-stationary object with procedures of check of observance of balance ratio. The
check of observance of balance ratio in dynamic models of identi�cation of non-stationary object is
carried out by method of target shift of RTS sequence values inside a range of probability distribution
with account iteratively, conditions of non-stationarity and parametrical uncertainty.

The general solution of task is gotten in the form of continuous and di�erentiable by all variable
equations. The algorithm is developed for identi�cation of non-stationary objects by correcting balance
ratio with linear dynamic equations.

The method to dynamic identi�cation is investigated under various distribution laws for a regular
error and properties of RTS non-stationarity. The composition of speci�c characteristics of input
variable, models and algorithms to control of a regular error, adjustment and correction of parameters
of model are determined and also obtained estimates of minimization of RTS dispersion and target
parameters are investigated. It is proved, that realization of methods to synthesis models of multivariate
in�uences of a regular error with dynamic model of non-stationary object, methods to improve
information authenticity by check and correction of balance ratio contribute to achieving improve
the stability of identi�cation, and also e�ciency of data analysis and processing.

Key words: non-stationary object, hybrid identi�cation, authenticity, regular error, factors of
in�uence, multifactor analysis, dynamic model, balance control.
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Ñôîðìóëèðîâàíà çàäà÷à è ðàçðàáîòàíû ìåòîäû ïîâûøåíèÿ äîñòîâåðíîñòè èíôîðìàöèè íà
îñíîâå ñèíòåçà ìåòîäîâ ñòàòèñòè÷åñêîé, äèíàìè÷åñêîé, íå÷åòêîé èäåíòèôèêàöèè, ïîðîãîâîãî
êîíòðîëÿ, êîíòðîëÿ ïî ïðèðàùåíèÿì è ñ ïðåäñêàçàíèåì, îöåíêè âëèÿíèÿ ôàêòîðîâ íà ñè-
ñòåìàòè÷åñêóþ ïîãðåøíîñòü è ìåõàíèçìîâ íàñòðîéêè ïàðàìåòðîâ ìîäåëåé äëÿ îïòèìèçàöèè
îáðàáîòêè äàííûõ íåñòàöèîíàðíûõ îáúåêòîâ. Ïðåäëîæåíû ìåòîäû ìíîãîôàêòîðíîãî àíàëèçà
äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè èäåíòèôèêàöèè è àïïðîêñèìàöèè îáúåêòîâ, ïðåäñòàâëÿþùèå
äàííûå â âèäå ñëó÷àéíûõ âðåìåííûõ ðÿäîâ. Ðàçðàáîòàííûå ìåòîäû ðåêîìåíäîâàíû äëÿ ðåàëè-
çàöèè â âèäå ïðîãðàììíî-àëãîðèòìè÷åñêèõ êîìïëåêñîâ îáåñïå÷åíèÿ äîñòîâåðíîñòè îáðàáîòêè
äàííûõ íà îñíîâå ãèáðèäíîé èäåíòèôèêàöèè ñ ó÷åòîì íåëèíåéíîñòè âëèÿþùèõ ôàêòîðîâ è
íåîïðåäåëåííîñòè ïàðàìåòðîâ â äèíàìè÷åñêèõ ìîäåëÿõ.

Êëþ÷åâûå ñëîâà: íåñòàöèîíàðíûé îáúåêò, ãèáðèäíàÿ èäåíòèôèêàöèÿ, äîñòîâåðíîñòü, ñè-
ñòåìàòè÷åñêàÿ ïîãðåøíîñòü, ôàêòîðû âëèÿíèÿ, ìíîãîôàêòîðíûé àíàëèç, äèíàìè÷åñêàÿ ìî-
äåëü, áàëàíñîâûé êîíòðîëü.

Àêòóàëüíîñòü òåìû. Êà÷åñòâî ôóíêöèîíèðîâàíèÿ àâòîìàòèçèðîâàííûõ ñèñòåì
óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè, â òîì ÷èñëå ýôôåêòèâíîñòü ìåòîäîâ îáðàáîò-
êè äàííûõ, â áîëüøîé ñòåïåíè çàâèñèò îò äîñòîâåðíîñòè ñîîáùåíèé, ôîðìèðóåìûõ íà
ýòàïàõ èçìåðåíèÿ, ââîäà, ïåðåäà÷è èíôîðìàöèè. Âåðîÿòíîñòíàÿ ñòðóêòóðà äîñòîâåðíî-
ñòè èíôîðìàöèè ÿâëÿåòñÿ îñíîâíîé ïðè÷èíîé ñëîæíîñòè ðåøåíèÿ çàäà÷ èäåíòèôèêàöèè
è àïïðîêñèìàöèè íåñòàöèîíàðíûõ îáúåêòîâ ïðè íåäîñòàòî÷íûõ àïðèîðíûõ ñâåäåíèÿõ è
áîëüøîé ïàðàìåòðè÷åñêîé íåîïðåäåëåííîñòè ìîäåëåé, îáóñëîâëåííûõ âëèÿíèåì ôàêòîðîâ
â ñèñòåìàòè÷åñêîé ïîãðåøíîñòè íà âñåõ ýòàïàõ ïåðåðàáîòêè èíôîðìàöèè [1, 2].

Íåîáõîäèìî îòìåòèòü, ÷òî â ñóùåñòâóþùèõ ñèñòåìàõ óïðàâëåíèÿ òåõíîëîãè÷åñêèìè
ïðîöåññàìè ðàçðàáîòêà ìåòîäîâ ïîâûøåíèÿ äîñòîâåðíîñòè èíôîðìàöèè íåñòàöèîíàðíûõ
îáúåêòîâ íà îñíîâå èäåíòèôèêàöèè ïåðåõîäíûõ ïðîöåññîâ, îöåíêè âëèÿíèÿ ôàêòîðîâ íà
ñèñòåìàòè÷åñêóþ ïîãðåøíîñòü è ïîëó÷åíèå íà ýòîé îñíîâå ìåõàíèçìîâ îïòèìèçàöèè îá-
ðàáîòêè äàííûõ ÿâëÿåòñÿ ïåðñïåêòèâíûì íàïðàâëåíèåì èññëåäîâàíèé [2, 3]. Â ýòîé ñâÿ-
çè ðàçðàáîòêà ìåòîäè÷åñêèõ îñíîâ ïîñòðîåíèÿ ïðîãðàììíî-àëãîðèòìè÷åñêèõ êîìïëåêñîâ
ïîâûøåíèÿ òî÷íîñòè îáðàáîòêè äàííûõ äëÿ àíàëèçà è ïðîãíîçèðîâàíèÿ ñëó÷àéíûõ âðå-
ìåííûõ ðÿäîâ (ÑÂÐ) ñ ó÷åòîì âèäà, ñâîéñòâ, çàêîíîâ ðàñïðåäåëåíèÿ, ïàðàìåòðè÷åñêîé
íåîïðåäåëåííîñòè â ìîäåëÿõ èäåíòèôèêàöèè è ñèñòåìàòè÷åñêîé ïîãðåøíîñòè ïðåäñòàâëÿ-
þò àêòóàëüíóþ íàó÷íî-òåõíè÷åñêóþ ïðîáëåìó.
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Â òðàäèöèîííûõ ïîäõîäàõ ê ðàçðàáîòêå ìåòîäîâ ïîâûøåíèÿ äîñòîâåðíîñòè èíôîðìà-
öèè ïîëó÷åíû ðåøåíèÿ çàäà÷ ïðîåêòèðîâàíèÿ àäåêâàòíûõ ìîäåëåé èäåíòèôèêàöèè ÑÂÐ,
ïîâûøåíèÿ òî÷íîñòè èíôîðìàöèîííûõ ïðîöåññîâ íà îñíîâå ñòàòèñòè÷åñêîãî è äèíàìè÷å-
ñêîãî ìîäåëèðîâàíèÿ, àëãîðèòìè÷åñêîé ðåàëèçàöèè è ïðîâåäåíèÿ ýêñïåðèìåíòàëüíûõ èñ-
ñëåäîâàíèé ïðè îáøèðíûõ àïðèîðíûõ äàííûõ. Ïðè ýòîì íàèáîëåå òèïè÷íûìè ñòàòèñòè÷å-
ñêèìè õàðàêòåðèñòèêàìè ôàêòîðîâ, èñïîëüçóåìûõ äëÿ îöåíêè ñèñòåìàòè÷åñêîé ïîãðåøíî-
ñòè, à, ñëåäîâàòåëüíî, è ýôôåêòèâíîñòè àëãîðèòìîâ êîíòðîëÿ äîñòîâåðíîñòè èíôîðìàöèè,
ÿâëÿþòñÿ ìàòåìàòè÷åñêîå îæèäàíèå, ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå, çàêîíû ðàñïðåäå-
ëåíèÿ, àâòîêîððåëÿöèîííûå ôóíêöèè, êîýôôèöèåíòû ïàðíûõ, âçàèìíûõ êîððåëÿöèîííûõ
ñâÿçåé è äðóãèå äèíàìè÷åñêèå õàðàêòåðèñòèêè [3].

Îñîáåííîñòüþ ïðîâîäèìîãî â íàñòîÿùåé ðàáîòå èññëåäîâàíèÿ ÿâëÿåòñÿ ðàçðàáîòêà ìå-
òîäè÷åñêèõ îñíîâ ìíîãîôàêòîðíîãî àíàëèçà íåëèíåéíîé ôóíêöèè ñèñòåìàòè÷åñêîé ïî-
ãðåøíîñòè, ìåòîäîâ ïîâûøåíèÿ ýôôåêòèâíîñòè èäåíòèôèêàöèè è àïïðîêñèìàöèè íåñòà-
öèîíàðíûõ îáúåêòîâ, ïðåäñòàâëÿåìûõ â âèäå ÑÂÐ íà îñíîâå óñîâåðøåíñòâîâàííûõ ìåõà-
íèçìîâ âûÿâëåíèÿ è èñïîëüçîâàíèÿ ñòàòèñòè÷åñêèõ, äèíàìè÷åñêèõ õàðàêòåðèñòèê èíôîð-
ìàöèè è âåðîÿòíîñòåé ðàñïðåäåëåíèÿ ïîãðåøíîñòåé ïðè îãðàíè÷åííûõ ðåòðîñïåêòèâíûõ
äàííûõ èíôîðìàöèîííîãî ïðîöåññà.

Ìåòîäèêà àíàëèçà âëèÿíèé ñòðóêòóðíûõ ôàêòîðîâ íà ñèñòåìàòè÷åñêóþ ïî-

ãðåøíîñòü. Ïðåäëàãàåòñÿ ïîäõîä, ïî êîòîðîìó ïðåäïîëàãàåòñÿ ïîèñê ýêñòðåìóìà ôóíê-
öèè âëèÿíèé, ñîçäàþùèé â ïîñëåäóþùåì âîçìîæíîñòü îöåíèòü ìèíèìàëüíóþ ñèñòåìàòè-
÷åñêóþ ïîãðåøíîñòü èäåíòèôèêàöèè â ñèñòåìàõ àíàëèçà è îáðàáîòêè äàííûõ. Ñèñòåìàòè-
÷åñêàÿ ïîãðåøíîñòü èäåíòèôèêàöèè ïî ìîäåëè íåñòàöèîíàðíûõ îáúåêòîâ ïðåäñòàâëÿåòñÿ
ñóììîé äîïîëíèòåëüíûõ ôàêòîðíûõ ïîãðåøíîñòåé, âûçûâàåìûõ íà êàæäîì ýòàïå ïðåîá-
ðàçîâàíèÿ èíôîðìàöèè [4, 5].

Â [6] ðàçðàáîòàíû ìåòîäèêè äåòåðìèíèðîâàííîãî è ìíîãîôàêòîðíîãî àíàëèçîâ äëÿ
îöåíêè ôóíêöèé êàæäîãî èç âëèÿþùèõ ôàêòîðîâ ïîãðåøíîñòè. Âàæíûìè ðåçóëüòàòàìè
ðàáîòû ÿâëÿþòñÿ âûðàæåíèÿ îöåíêè êîýôôèöèåíòîâ ñòåïåíåé âëèÿíèÿ Ai è êîýôôèöèåí-
òîâ ýëàñòè÷íîñòè ôàêòîðîâ Ýi, ïîëó÷åííûå äëÿ øèðîêîãî ñïåêòðà àíàëèòè÷åñêèõ çàâèñè-
ìîñòåé.

Ïðåäëàãàåìàÿ â íàñòîÿùåé ðàáîòå ìåòîäèêà ìíîãîôàêòîðíîãî àíàëèçà îñíîâûâàåòñÿ
íà èäåíòèôèêàöèè íåñòàöèîíàðíûõ îáúåêòîâ ñ ó÷åòîì îöåíîê ñòåïåíè âëèÿíèÿ íà ñè-
ñòåìàòè÷åñêóþ ïîãðåøíîñòü íà âñåõ ýòàïàõ èíôîðìàöèîííûõ ïðîöåññîâ. Â ñâÿçè ñ ýòèì
ðàññìîòðèì ñëåäóþùèå ñòðóêòóðíûå ñîñòàâëÿþùèå âëèÿþùèõ ôàêòîðîâ:

� ïîãðåøíîñòü äàííûõ, ñâÿçàííàÿ ñ èñêàæåíèÿìè â èíôîðìàöèè íà ýòàïàõ èçìåðåíèé,
ââîäà è ïåðåäà÷è (ôàêòîð A1);

� ïîãðåøíîñòü, îáóñëîâëåííàÿ íåñòàöèîíàðíîñòüþ ÑÂÐ (ôàêòîð A2);
� ïîãðåøíîñòü èç-çà íåàäåêâàòíîñòè ìîäåëåé èäåíòèôèêàöèè è àïïðîêñèìàöèè, îáó-

ñëîâëåííàÿ íåîïðåäåëåííîñòüþ ïàðàìåòðîâ (ôàêòîð A3).
Îöåíêó ñèñòåìàòè÷åñêîé ñîñòàâëÿþùåé ïîãðåøíîñòè ìîäåëè èäåíòèôèêàöèè íåñòàöè-

îíàðíîãî îáúåêòà ñ ó÷åòîì ôàêòîðîâ A1, A2, A3 ïðåäñòàâèì êàê

∆ = ∆c = ∆(A1) + ∆(A2) + ∆(A3). (1)

Îòðàæåíèå âçàèìîçàâèñèìîñòè ôàêòîðîâ A1, A2, A3 îïðåäåëèì ÷åðåç íàçíà÷åíèå òðåõ
óðîâíåé âëèÿþùèõ ôàêòîðîâ, ñðåäè êîòîðûõ ïåðâûé ïðèíèìàåòñÿ êàê îñíîâíîé ïîñòîÿí-
íûé, à äâà îñòàëüíûõ ÿâëÿþòñÿ äîïîëíèòåëüíûìè ïåðåìåííûìè. Äëÿ ïîëó÷åíèÿ îöåíîê
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âëèÿíèé ôîðìèðóþòñÿ ìàòðèöû êîìáèíàöèé îðòîãîíàëüíûõ ïåðåñå÷åíèé ñ ó÷åòîì íåèç-
ìåíÿåìîñòè ïåðâîãî îñíîâíîãî ôàêòîðà.

Âîçìîæíûå êîìáèíàöèè çàäàþòñÿ äåâÿòüþ çíà÷åíèÿìè ïîãðåøíîñòåé, ãäå âåðõíèé èí-
äåêñ óêàçûâàåò óðîâåíü âëèÿþùåãî ôàêòîðà, à íèæíèé � íîìåð âèäà âëèÿþùèõ ôàêòîðîâ:
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1,A

′′
2 ,A

′′
3); ∆(A

′
1,A

′′
2 ,A

′′′
3 )

∆(A
′
1,A

′′′
2 ,A

′
3); ∆(A

′
1,A

′′′
2 ,A

′′
3); ∆(A

′
1,A

′′′
2 ,A

′′′
3 )

 . (2)

Óñðåäíåííîå çíà÷åíèå ïîãðåøíîñòè äëÿ ó÷åòà âëèÿíèÿ ïåðâîãî ôàêòîðà ïåðâîãî óðîâ-
íÿ, èñõîäÿ èç (1), âû÷èñëÿåòñÿ êàê

∆(A
′

1) =
1

3
[∆(A

′

1,A
′

2,A
′

3) + ∆(A
′

1,A
′

2,A
′′

3) + ∆(A
′

1,A
′

2,A
′′′

3 )]. (3)

Àíàëîãè÷íî âû÷èñëÿþòñÿ ñðåäíèå çíà÷åíèÿ ïîãðåøíîñòåé äëÿ âòîðîãî è òðåòüåãî óðîâ-
íåé îñíîâíîãî âëèÿþùåãî ôàêòîðà âëèÿíèÿ

∆(A
′′
1) = 1

3
[∆(A

′
1,A

′′
2 ,A

′
3) + ∆(A

′
1,A

′′
2 ,A

′′
3) + ∆(A

′
1,A

′′
2 ,A

′′′
3 )]

∆(A
′′′
1 ) = 1

3
[∆(A

′
1,A

′′′
2 ,A

′
3) + ∆(A

′
1,A

′′′
2 ,A

′′
3) + ∆(A

′
1,A

′′′
2 ,A

′′′
3 )]

(3′)

Äëÿ ðåäóêöèè èçáûòî÷íûõ ñâÿçåé ïðè ìíîãîôàêòîðíîì àíàëèçå öåëåñîîáðàçíî ïðè-
ìåíåíèå àáñîëþòíîé ðàçíîñòè äîïîëíèòåëüíûõ è îñíîâíîãî âëèÿþùèõ ôàêòîðîâ, êîòîðàÿ
îöåíèâàåòñÿ êàê [

∆(A
′′′

i )−∆(A
′

i)
]
−
[
∆(A

′′

i )−∆(A
′

i)
]

= ∆(A
′′′

i )− 2∆(A
′′

i ). (4)

Åñëè ðàçíîñòü (4) ïðè èçìåíåíèè âåëè÷èí îò A
′
i äî A

′′′
i íåñóùåñòâåííà, òî ôóíêöèÿ

ñèñòåìàòè÷åñêîé ïîãðåøíîñòè ñ ó÷åòîì âëèÿíèÿ i-ãî ôàêòîðà ïðåäñòàâëÿåòñÿ ëèíåéíîé
ñòîõàñòè÷åñêîé çàâèñèìîñòüþ ïåðâîãî ïðèáëèæåíèÿ

P (Ai) = K(Ai − A=i), (5)

ãäå A=i � íîðìàëüíîå çíà÷åíèå i-îé âëèÿþùåé âåëè÷èíû;
K � êîýôôèöèåíò êîððåêöèè ëèíåéíîé îöåíêè i-îé âëèÿþùåé âåëè÷èíû, êîòîðàÿ çà-

äàåòñÿ â âèäå

K̃ =
∑
m

∆(Ami )

Ami
,m = {′,′′,′′′}. (6)

Â ñëó÷àå íåëèíåéíîñòè ôóíêöèè âëèÿíèÿ ïðèíèìàåòñÿ, ÷òî

P (A
′

1,A
′′

1 ,A
′′′

1 ) = ∆(A
′

1,A
′′

1 ,A
′′′

1 )−∆c, (7)

è ðåçóëüòàòû íîðìèðîâàíèÿ êàæäîãî Ai ïðè ìíîãîóðîâíåâîì âëèÿíèè ïðåäñòàâëÿþòñÿ â
âèäå ñõåìû

lgP (A
′
1,A

′
2,A

′
3); lgP (A

′
1,A

′
2,A

′′
3); lgP (A

′
1,A

′
2,A

′′′
3 )

lgP (A
′
1,A

′′
2 ,A

′
3); lgP (A

′
1,A

′′
2 ,A

′′
3); lgP (A

′
1,A

′′
2 ,A

′′′
3 )

lgP (A
′
1,A

′′′
2 ,A

′
3); lgP (A

′
1,A

′′′
2 ,A

′′
3); lgP (A

′
1,A

′′′
2 ,A

′′′
3 )

 . (8)

Òîãäà ôóíêöèè îöåíêè âëèÿíèÿ äëÿ òðåõ ôàêòîðîâ âëèÿíèÿ Ai íà ïðèìåðå A1 ïðåä-
ñòàâëÿþòñÿ â âèäå
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P1(A
′

1) =
1

3
[lgP (A

′

1,A
′

2,A
′′′

3 ) + lgP (A
′

1,A
′′

2 ,A
′

3) + lgP (A
′

1,A
′′′

2 ,A
′′

3)];

P1(A
′′

1) =
1

3
[lgP (A

′

1,A
′′

2 ,A
′

3) + lgP (A
′

1,A
′′

2 ,A
′′

3) + lgP (A
′

1,A
′′

2 ,A
′′′

3 )]; (9)

P1(A
′′′

1 ) =
1

3
[lgP (A

′

1,A
′′′

2 ,A
′

3) + lgP (A
′

1,A
′′′

2 ,A
′′

3) + lgP (A
′

1,A
′′′

2 ,A
′′′

3 )].

Î÷åâèäíî, ÷òî ó÷åò ðàçíîñòè íîðìèðîâàíèÿ äëÿ êîìáèíàöèé (2) ïîçâîëèò ïîëó÷èòü
áîëåå òî÷íóþ îöåíêó ñèñòåìàòè÷åñêîé ïîãðåøíîñòè òðåõóðîâíåâûõ âëèÿíèé.

Â ñâÿçè ñ ýòèì çàäàäèì êîýôôèöèåíò C̄, êîòîðûé îïðåäåëÿåòñÿ àíàëîãè÷íî âûðàæå-
íèÿì (3), (4), èñõîäÿ èç ñõåìû

C(A
′
1,A

′
2,A

′
3); C(A

′
1,A

′
2,A

′′
3); C(A

′
1,A

′
2,A

′′′
3 )

C(A
′
1,A

′′
2 ,A

′
3); C(A

′
1,A

′′
2 ,A

′′
3); C(A

′
1,A

′′
2 ,A

′′′
3 )

C(A
′
1,A

′′′
2 ,A

′
3); C(A

′
1,A

′′′
2 ,A

′′
3); C(A

′
1,A

′′′
2 ,A

′′′
3 )

 , (10)

ãäå
C(Ami ) = lgP (Ami )−∆m

i , i = (1,2,3),m = {′,′′,′′′}.
Â ðåçóëüòàòå ñòîõàñòè÷åñêàÿ ôóíêöèÿ ñîâìåñòíîãî âëèÿíèÿ âñåõ ôàêòîðîâ íà ñèñòåìà-

òè÷åñêóþ ïîãðåøíîñòü îïðåäåëÿåòñÿ êàê

P (A) = C̄P1(A
m
1 )P2(A

m
2 )P3(A

m
3 ). (11)

Îòìåòèì, ÷òî â äîïîëíåíèå ê (11) â êà÷åñòâå ôóíêöèè ñòàòèñòè÷åñêîé çàâèñèìîñòè
òðåõóðîâíåâîãî âëèÿíèÿ ôàêòîðîâ P1(A

′
1), P2(A

′′
2), P3(A

′′′
3 ) ìîãóò ïðèìåíÿòüñÿ ðàçëè÷íûå

àíàëèòè÷åñêèå çàâèñèìîñòè, êîòîðûå ñïîñîáñòâóþò ïîâûøåíèþ òî÷íîñòè îöåíêè èäåíòè-
ôèêàöèè ÑÂÐ.

Ïðåäëîæèì îöåíêó êîýôôèöèåíòà ñòàòèñòè÷åñêîé çàâèñèìîñòè îñíîâíûõ ôàêòîðîâ îò
äîïîëíèòåëüíûõ âû÷èñëèòü êàê

P (Ai1,A
j
2,A

l
3) =

P (Ai1,A
j
2,A

l
3)

P (Ai1,A
l
2,A

j
3) · P (Al1,A

j
2,A

i
3)
. (12)

Òîãäà ðåçóëüòàòèâíàÿ ôóíêöèÿ îöåíêè ñòåïåíè âëèÿíèÿ òðåõóðîâíåâûõ ôàêòîðîâ ïî-
ëó÷àåòñÿ ïóòåì óñðåäíåíèÿ çíà÷åíèé ñîñòàâëÿþùèõ è ïðåäñòàâëÿåòñÿ äëÿ îïòèìèçàöèè
àíàëèçà è îáðàáîòêè äàííûõ â âèäå

P̃ (A) = C̄P̄1(A
m
1 )P̄2(A

m
2 )P̄3(A

m
3 ). (13)

Ïîêàçàòåëü òî÷íîñòè àíàëèçà è îáðàáîòêè äàííûõ îöåíèâàåòñÿ ïî êðèòåðèþ ìè-
íèìàëüíîãî ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ, êîòîðûé ÿâëÿåòñÿ ôóíêöèåé, çàâè-
ñÿùåé îò óñðåäíåííîãî êîýôôèöèåíòà C̄, ñòåïåíè âëèÿíèÿ P̃ (Ai) ïðè ôàêòîðàõ
P̄1(A

m
1 ), P̄2(A

m
2 ), P̄3(A

m
3 ).

Òåïåðü èçëîæèì ðåçóëüòàòû ðàçðàáîòêè ìîäåëåé è àëãîðèòìîâ èäåíòèôèêàöèè ÑÂÐ
íà îñíîâå ó÷åòà ñèñòåìàòè÷åñêîé ïîãðåøíîñòè ïî ïðèâåäåííîé ìåòîäèêå.

Àíàëèç è îöåíêà ñèñòåìàòè÷åñêîé ïîãðåøíîñòè íà îñíîâå ñòàòèñòè÷åñêèõ

ìîäåëåé èäåíòèôèêàöèè ÑÂÐ. Â êà÷åñòâå ìîäåëè èäåíòèôèêàöèè è àïïðîêñèìàöèè
íåñòàöèîíàðíîãî îáúåêòà èñïîëüçîâàíû ôóíêöèè â âèäå ðåãðåññèîííûõ çàâèñèìîñòåé, â
êîòîðûõ îöåíêè ïîãðåøíîñòè îïðåäåëÿþòñÿ ïî ñëåäóþùèì ïàðàìåòðàì:

� ìàòåìàòè÷åñêîå îæèäàíèå
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Òàáëèöà

Îöåíêà âëèÿíèé ôàêòîðîâ íà ñèñòåìàòè÷åñêóþ ïîãðåøíîñòü èäåíòèôèêàöèè

� Íàèìåíîâàíèå Íàòóðàëüíûå óðîâíè Íîðìàëèçîâàííûé

ï/ï ôàêòîðà íèæíèé âåðõíèé óðîâåíü

1 A1 � ïîãðåøíîñòü èçìåðåíèÿ ÑÂÐ 24,0 20,0 −1

2 A2 � ïîãðåøíîñòü ïåðåäà÷è èíôîðìàöèè 17,5 12,5 −1

3 A3 � ïîãðåøíîñòü èäåíòèôèêàöèè ÑÂÐ 20,4 26,4 +1

CMO = b0 + γ
∑

biAi + γ
∑

1≤i<j≤3

bijAiAj, (14)

� ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå

Cσ =

√
b0 + γ

∑
i≤3

biAi + γ
∑

1≤i<j≤3

bijAiAj, (15)

ãäå γ � íîðìàëèçîâàííûé óðîâåíü çíàêà êîýôôèöèåíòà âëèÿþùåãî ôàêòîðà.
Äëÿ òåñòèðîâàíèÿ ìåòîäèêè èäåíòèôèêàöèè íåñòàöèîíàðíûõ îáúåêòîâ ïðåäñòàâëåíû

äàííûå øâåéíîãî ïðîèçâîäñòâà äëÿ ïðîãíîçèðîâàíèÿ ïî÷àñîâîé ïðîèçâîäèòåëüíîñòè òåõ-
íîëîãè÷åñêèõ îáîðóäîâàíèé â çàâèñèìîñòè îò ìàòåðèàëüíûõ, ýíåðãåòè÷åñêèõ è ôèíàíñî-
âûõ ôàêòîðîâ. Ïðè îöåíêå ñèñòåìàòè÷åñêîé ïîãðåøíîñòè ìîäåëè îïðåäåëåíû òàêæå êî-
ýôôèöèåíòû ñòåïåíè âëèÿíèÿ è ýëàñòè÷íîñòè ôàêòîðîâ.

Â òàáë. ïðèâåäåíû ðåçóëüòàòû ôîðìàëèçàöèè ìíîãîôàêòîðíîãî àíàëèçà ïîãðåøíîñòè
ñ ó÷åòîì èññëåäóåìûõ óñëîâíûõ ôàêòîðîâ è èõ íîðìàëèçîâàííûå óðîâíè.

Äëÿ èññëåäóåìîé ïðåäìåòíîé îáëàñòè îöåíêè ñèñòåìàòè÷åñêîé ïîãðåøíîñòè ïðè ñòàòè-
ñòè÷åñêîé ìîäåëè èäåíòèôèêàöèè è àïïðîêñèìàöèè ÑÂÐ ïðåäñòàâëÿþòñÿ ïî ñëåäóþùèì
ïàðàìåòðàì:

� ìàòåìàòè÷åñêîãî îæèäàíèÿ

CMO = 0,64− 0,1A1 − 0,13A2 + 0,49A3; (16)

� ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ

Ck = tc
√

0,96 + 0,41A3 − 0,006A1A3 − 0,008A2A3. (17)

Òî÷íîñòü èäåíòèôèêàöèè, àïïðîêñèìàöèè, àíàëèçà, îáðàáîòêè äàííûõ îïðåäåëÿåòñÿ
ïî óïðîùåííûì îöåíêàì ïàðàìåòðîâ:

- ìàòåìàòè÷åñêîãî îæèäàíèÿ

CMO = 0,64 + 0,49A3; (18)

- ñðåäíåêâàäðàòè÷åñêîãî îòêëîíåíèÿ

Cσ =
√

0,96 + 0,41A3. (19)

Ñëåäóåò îòìåòèòü, ÷òî âûøåèçëîæåííûå ìåòîäû ìíîãîôàêòîðíîãî àíàëèçà ñòðóêòó-
ðû ñèñòåìàòè÷åñêîé ïîãðåøíîñòè èäåíòèôèêàöèè è àïïðîêñèìàöèè ÑÂÐ îáðàçóþò áàçî-
âóþ îñíîâó ìåòîäîëîãèè äàëüíåéøåãî ñîâåðøåíñòâîâàíèÿ è ðàçâèòèÿ ìåòîäîâ, ìîäåëåé
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è àëãîðèòìîâ àíàëèçà è îáðàáîòêè äàííûõ íåñòàöèîíàðíûõ îáúåêòîâ. Ïåðñïåêòèâíûì è
ýôôåêòèâíûì íàïðàâëåíèåì èñïîëüçîâàíèÿ ðåçóëüòàòîâ ïðîâåäåííûõ èññëåäîâàíèé ÿâ-
ëÿåòñÿ ðåøåíèå çàäà÷ ïîâûøåíèÿ äîñòîâåðíîñòè îáðàáîòêè äàííûõ ïóòåì ñîâìåùåíèÿ
âîçìîæíîñòåé ñòàòèñòè÷åñêèõ è äèíàìè÷åñêèõ ìîäåëåé èäåíòèôèêàöèè ñ ìåòîäàìè îöåí-
êè âëèÿþùèõ ôàêòîðîâ íà ñèñòåìàòè÷åñêóþ ïîãðåøíîñòü. Â ñâÿçè ñ ýòèì, â êà÷åñòâå
áàçîâîé îñíîâû ðàçðàáîòêè ìåòîäîâ ïîâûøåíèÿ äîñòîâåðíîñòè äàííûõ íåñòàöèîíàðíûõ
îáúåêòîâ èññëåäóåì âîïðîñû ñèíòåçà ñòàòèñòè÷åñêèõ è äèíàìè÷åñêèõ ìîäåëåé èäåíòèôè-
êàöèè íåñòàöèîíàðíûõ îáúåêòîâ.

Ïîâûøåíèå òî÷íîñòè èäåíòèôèêàöèè íà îñíîâå ñèíòåçà ñòàòèñòè÷åñêèõ è

äèíàìè÷åñêèõ ìîäåëåé. Â [7] ðàçðàáîòàíû ìåòîäû ïîâûøåíèÿ òî÷íîñòè èäåíòèôèêà-
öèè íåñòàöèîíàðíûõ îáúåêòîâ íà îñíîâå ïîðîãîâîãî êîíòðîëÿ, êîíòðîëÿ ïî ïðèðàùåíèÿì
è ïóòåì ïðÿìîãî è àäàïòèâíîãî ïðåäñêàçàíèé ÑÂÐ. Â ïðåäëîæåííûõ ìåòîäàõ êîíòðî-
ëÿ ïîãðåøíîñòè ó÷èòûâàþòñÿ âåðîÿòíîñòè îøèáîê, âîçíèêàþùèå ïðè èçìåðåíèè, ââîäå,
ïåðåäà÷å, õðàíåíèè, àíàëèçå è îáðàáîòêå èíôîðìàöèè, à òàêæå îñîáåííîñòè è ñâîéñòâà
ñòàòèñòè÷åñêèõ ìîäåëåé èäåíòèôèêàöèè. Ðåàëèçîâàííûå àëãîðèòìû óìåíüøàþò ñèñòåìà-
òè÷åñêóþ ïîãðåøíîñòü ïóòåì îòîæäåñòâëåíèÿ èñêàæåííîé èíôîðìàöèè ñî çíà÷åíèÿìè ïî-
ðîãîâûõ ãðàíèö êîíòðîëÿ, ñðåäíèìè çíà÷åíèÿìè, ïðåäûäóùèì îòñ÷åòîì è ïðåäñêàçàííûì
çíà÷åíèåì ÑÂÐ. Äëÿ ïîëó÷åííûõ îïòèìàëüíûõ ãðàíèö êîíòðîëÿ ïî âûðàæåíèÿì îöåíêè
ìèíèìàëüíîé ñðåäíåêâàäðàòè÷åñêîé ïîãðåøíîñòè îáðàáîòêè äàííûõ äîêàçàíà ýôôåêòèâ-
íîñòü àëãîðèòìîâ ïî êðèòåðèÿì âåðîÿòíîñòè íåîáíàðóæåííûõ îøèáîê, ìèíèìàëüíîé ñðåä-
íåêâàäðàòè÷åñêîé ïîãðåøíîñòè, òðóäîåìêîñòè è ñòîèìîñòè êîíòðîëÿ. Îïðåäåëåíî, ÷òî â
ðåçóëüòàòå ïðèìåíåíèÿ ìåòîäîâ òî÷íîñòü (äîñòîâåðíîñòü) îáðàáîòêè äàííûõ ïîâûøàåòñÿ
íà äâà ïîðÿäêà ïî ñðàâíåíèþ ñ èçâåñòíûìè ñòàòèñòè÷åñêèìè ìåòîäàìè òî÷å÷íîãî è èí-
òåðâàëüíîãî êîíòðîëÿ, çíà÷èòåëüíî ñíèæàåòñÿ äèñïåðñèÿ èñõîäíîãî èäåíòèôèöèðóåìîãî
ïðîöåññà, óñòðàíÿþòñÿ îòðèöàòåëüíî âëèÿþùèå íåñòàöèîíàðíûå ñîñòàâëÿþùèå è ñëó÷àé-
íûå âñïëåñêè â äèíàìèêå ÑÂÐ.

Â íàñòîÿùåì èññëåäîâàíèè ðàçðàáîòàíû ìåòîäû ïîâûøåíèÿ òî÷íîñòè èäåíòèôèêàöèè
íåñòàöèîíàðíûõ îáúåêòîâ íà îñíîâå ñèíòåçà äèíàìè÷åñêèõ ìîäåëåé ñ îòìå÷åííûìè àë-
ãîðèòìàìè êîíòðîëÿ äîñòîâåðíîñòè èíôîðìàöèè, ÷òî ïîçâîëèò ïîâûñèòü äîñòîâåðíîñòü
èíôîðìàöèè çà ñ÷åò äîïîëíèòåëüíûõ çíàíèé îá óñëîâèÿõ íåñòàöèîíàðíîñòè ïðîöåññà è
ïàðàìåòðè÷åñêîé íåîïðåäåëåííîñòè ìîäåëåé èäåíòèôèêàöèè.

Îäíèì èç ïîäõîäîâ ê óìåíüøåíèþ ñèñòåìàòè÷åñêîé ïîãðåøíîñòè èäåíòèôèêàöèè ÑÂÐ
ÿâëÿåòñÿ èñïîëüçîâàíèå ìåòîäîâ ïðîâåðêè ñîáëþäåíèÿ áàëàíñîâûõ ñîîòíîøåíèé, ââåäåí-
íûõ â ñòðóêòóðó äèíàìè÷åñêîé ìîäåëè íåñòàöèîíàðíîãî îáúåêòà. Äëÿ îïòèìèçàöèè àíàëè-
çà è îáðàáîòêè äàííûõ â ñòðóêòóðó äèíàìè÷åñêîé ìîäåëè èäåíòèôèêàöèè íåñòàöèîíàðíî-
ãî îáúåêòà ââîäÿòñÿ äîïîëíèòåëüíûå áàëàíñîâûå ñîîòíîøåíèÿ, êîòîðûå óñòàíàâëèâàþòñÿ
èñõîäÿ èç íîðìàòèâíûõ òðåáîâàíèé, âûÿâëåííûõ çà äîñòàòî÷íî äëèòåëüíûé èíòåðâàë âðå-
ìåíè.

Îïðåäåëåíî, ÷òî ìíîãîèòåðàòèâíûì ïðîöåññàì îáðàáîòêè äàííûõ ñâîéñòâåííû ïîòåðÿ
óñòîé÷èâîñòè äèíàìè÷åñêîé ìîäåëè íåñòàöèîíàðíîãî îáúåêòà è, êàê ñëåäñòâèå, íàðóøåíèå
óñëîâèÿ áàëàíñîâûõ ñîîòíîøåíèé âëèÿþùèõ ôàêòîðîâ è ðåçóëüòàòèâíûõ.

Äëÿ ïðîâåðêè ñîáëþäåíèÿ áàëàíñîâûõ ñîîòíîøåíèé â äèíàìè÷åñêèõ ìîäåëÿõ èäåíòè-
ôèêàöèè íåñòàöèîíàðíîãî îáúåêòà ïðåäëàãàåòñÿ ìåòîä öåëåâîãî ñäâèãà çíà÷åíèé ïîñëåäî-
âàòåëüíîñòè ÑÂÐ âíóòðè äèàïàçîíà âåðîÿòíîñòíîãî ðàñïðåäåëåíèÿ ñ ó÷åòîì èòåðàòèâíî-
ñòè, óñëîâèé íåñòàöèîíàðíîñòè è ïàðàìåòðè÷åñêîé íåîïðåäåëåííîñòè.
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Îïèøåì ìàòåìàòè÷åñêóþ ìîäåëü èäåíòèôèêàöèè íåñòàöèîíàðíîãî îáúåêòà ñ ïðîöåäó-
ðàìè ïðîâåðêè ñîáëþäåíèÿ áàëàíñîâûõ ñîîòíîøåíèé.

Ïóñòü çàäàíî óñëîâèå
Fj(X) = Fj(x1,...,xi,...,xn) = 0, (20)

ãäå X = (x1,...,xi,...,xn) � âåêòîð ðàçìåðíîñòè n, ñîñòîÿùèé èç çíà÷åíèé ôàêòîðîâ Ai,
âëèÿþùèõ íà ñèñòåìàòè÷åñêóþ ïîãðåøíîñòü ÑÂÐ, j ∈ 1,m, i ∈ 1,n, m � ÷èñëî óðàâíåíèé
áàëàíñîâ.

Ñ÷èòàåòñÿ, ÷òî áàëàíñîâîå ñîîòíîøåíèå â óðàâíåíèè (21) ñîáëþäàåòñÿ ïðè ïîäñòàíîâêå
â íåãî îöåíîê çíà÷åíèé ÑÂÐ â âèäå

xci = xi − |∆xi| , (21)

ãäå xci � çíà÷åíèå i-ãî èäåíòèôèöèðîâàííîãî ôàêòîðà; ∆xi � ñèñòåìàòè÷åñêàÿ ïîãðåø-
íîñòü èäåíòèôèêàöèè.

Ñèñòåìà óðàâíåíèé (20) ñ ó÷åòîì (21) çàïèøåòñÿ â âèäå

Fj(Xc) = Fj(x
c
1,...,x

c
i ,...,x

c
n) = ∆Fj, j ∈ 1,m, i ∈ 1,n. (22)

ãäå Xc {xc1,...,xci ,...,xcn} � âåêòîð çíà÷åíèé i-ãî èäåíòèôèöèðîâàííîãî ôàêòîðà; ∆Fj � íåáà-
ëàíñû, ýêâèâàëåíòíûå ñèñòåìàòè÷åñêîé ïîãðåøíîñòè.

Äëÿ íàõîæäåíèÿ îáùåãî ðåøåíèÿ çàäà÷è áóäåì ñ÷èòàòü, ÷òî óðàâíåíèÿ (20) ÿâëÿþòñÿ
íåïðåðûâíûìè è äèôôåðåíöèðóåìûìè ïî âñåì ïåðåìåííûì. Òîãäà èõ ìîæíî ðàçëîæèòü
â ðÿä Òåéëîðà ïî ñòåïåíÿì ïðèðàùåíèé ∆xi

Fj(X) = Fj(Xc) +
n∑
i=1

∂Fj(Xc)

∂xci
·∆xi + ... = 0. (23)

Ïðèíèìàåòñÿ äîïóùåíèå, ÷òî çíà÷åíèå ïàðàìåòðà ∆xi ïî ñðàâíåíèþ ñ èñòèííûìè çíà-
÷åíèÿìè îáðàáîòàííûõ âåëè÷èí ÿâëÿþòñÿ î÷åíü ìàëûìè.

Â ñâÿçè ñ ýòèì â (23) íå ïðèíèìàþòñÿ âî âíèìàíèå íåëèíåéíûå ÷ëåíû ðÿäà Òåéëîðà,
ñîäåðæàùèå â êà÷åñòâå ñîìíîæèòåëåé âåëè÷èíû âûñøèõ ïîðÿäêîâ (∆xi)

k, ãäå k = 2,3,....
Ñ ó÷åòîì âûðàæåíèé (22) è (23) ïîëó÷èì óïðîùåííîå âûðàæåíèå äëÿ ïðîâåðêè áàëàí-

ñîâûõ ñîîòíîøåíèé:

∆Fj +
n∑
i=1

aj,i ·∆xi = 0, (24)

ãäå aj,i =
∂Fj(Xc)

∂xci
� ÷àñòíûå ïðîèçâîäíûå ñèñòåìû óðàâíåíèé (22).

Îòìåòèì, ÷òî çàäà÷à îòíîñèòñÿ ê êëàññó çàäà÷ îïòèìàëüíîãî ðàñïðåäåëåíèÿ ïðè íàëè-
÷èè îãðàíè÷åíèé è ìîæåò áûòü ðåøåíà ìåòîäîì íåîïðåäåëåííûõ ìíîæèòåëåé Ëàãðàíæà.

Ðåøåíèå çàäà÷è ìåòîäîì íåîïðåäåëåííûõ ìíîæèòåëåé Ëàãðàíæà. Ïóñòü çíà-
÷åíèå ïàðàìåòðà ∆xi äëÿ ïðîâåðêè è êîððåêòèðîâêè áàëàíñîâûõ ñîîòíîøåíèé íàõîäèòñÿ
ïî ìåòîäèêå îïòèìàëüíîãî ðàñïðåäåëåíèÿ êîððåêòèðóþùèõ ïîïðàâîê.

Â ñèñòåìó óðàâíåíèé áàëàíñîâûõ ñîîòíîøåíèé ïðåäúÿâëÿþòñÿ îãðàíè÷åíèÿ â âèäå ðà-
âåíñòâ (23) ðàçìåðíîñòè m.

Â ñîîòâåòñòâèè ñ ýòèì êðèòåðèé îïòèìèçàöèè Ëàãðàíæà çàïèøåòñÿ êàê
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L =
n∑
i=1

pi ·
(

∆xi
xmax
i

)2

→ min, (25)

ãäå xmax
i � âåðõíèé ïðåäåë çíà÷åíèé äèàïàçîíà âåðîÿòíîñòíîãî ðàñïðåäåëåíèÿ i-ãî èäåí-

òèôèöèðîâàííîãî ôàêòîðà;
pi � âåñîâûå êîýôôèöèåíòû âëèÿíèÿ i-ãî èäåíòèôèöèðîâàííîãî ôàêòîðà xi íà ñèñòå-

ìàòè÷åñêóþ ïîãðåøíîñòü.
Âåñîâûå êîýôôèöèåíòû pi ðàññ÷èòûâàþòñÿ ïî ñëåäóþùåìó ñîîòíîøåíèþ:

pi =
1

δ2xi
/

n∑
i=1

1

δ2xi
, (26)

ãäå δxi � äîïóñêàåìûé ïðåäåë ê ãðàíèöàì âëèÿíèÿ ïîãðåøíîñòè ñòðóêòóðíûõ ôàêòîðîâ.
Ñ ó÷åòîì (26) ôóíêöèÿ îïòèìèçàöèè Ëàãðàíæà çàïèøåòñÿ â âèäå

L =
n∑
i=1

pi · (
∆xi
xci

)2 +
m∑
j=1

(
n∑
i=1

aj,i ·∆xi + ∆Fj) · λj → min, (27)

ãäå λj � ìíîæèòåëü Ëàãðàíæà, êîòîðûé íåîáõîäèìî îïðåäåëèòü.
Äëÿ ïîëó÷åíèÿ çíà÷åíèÿ ïàðàìåòðà ∆xi ïðîäèôôåðåíöèðóåì ôóíêöèþ Ëàãðàíæà ïî

ïåðåìåííûì ∆xi è λj è ïîëó÷èì (n+m) ñèñòåìó íåëèíåéíûõ óðàâíåíèé:

2 · pi
(xci)

2
·∆xi +

m∑
j=1

aj,i · λj = 0,
n∑
i=1

aj,i ·∆xi + ∆Fj = 0,j ∈ 1,m, i ∈ 1,n. (28)

Âåëè÷èíà ∆xi ïîëó÷àåòñÿ èç ïåðâûõ n óðàâíåíèé

∆xi = −(xci)
2

2 · pi
·
m∑
j=1

aj,i · λj. (29)

À èç îñòàâøèõñÿ m óðàâíåíèé ïîëó÷àþòñÿ çíà÷åíèÿ ïàðàìåòðà λj

bj,l · λl = −∆Fj, (30)

ãäå bj,l =
∑n

i=1 aj,i · al,i ·
(xci )

2

2·pi , j ∈ 1,m, l ∈ 1,m.
Çàäà÷åé àëãîðèòìà ÿâëÿåòñÿ ñâåäåíèå ê íóëþ íåâÿçîê ∆Fj, êîòîðûå îáóñëîâëåíû íåëè-

íåéíîñòüþ óðàâíåíèé. Äëÿ ýòîãî ïðåäëîæåí ìíîãîøàãîâûé àëãîðèòì ïðîâåðêè ñîáëþäå-
íèÿ áàëàíñîâûõ ñîîòíîøåíèé ñ ïîñëåäîâàòåëüíûì óòî÷íåíèåì íà êàæäîì øàãå èòåðàöèè
÷àñòíûõ ïðîèçâîäíûõ aj,i.

Ìíîãîøàãîâûé àëãîðèòì êîíòðîëÿ ñèñòåìàòè÷åñêîé ïîãðåøíîñòè. Âû÷èñëÿ-
þòñÿ âåëè÷èíû akj,i, ∆xki äëÿ k-ãî øàãà èòåðàöèè, è çàòåì êîððåêòèðóþòñÿ èõ çíà÷åíèÿ
äëÿ ñëåäóþùåãî øàãà àëãîðèòìà.

Èòåðàöèè àëãîðèòìà ïðîäîëæàþòñÿ äî âûïîëíåíèÿ óñëîâèÿ
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∣∣∆F k
j

∣∣ ≤ ε, (31)

ãäå ε� òî÷íîñòü èäåíòèôèêàöèè íåñòàöèîíàðíîãî îáúåêòà, çàäàâàåìàÿ áàëàíñîâûìè óðàâ-
íåíèÿìè.

Íà êàæäîì øàãå èòåðàöèè àëãîðèòìà îïðåäåëÿåòñÿ ðàçíîñòü ñêîððåêòèðîâàííîãî è èñ-
òèííîãî çíà÷åíèé ïåðåìåííîé ôàêòîðíîãî âëèÿíèÿ ∆xi â ñèñòåìàòè÷åñêóþ ïîãðåøíîñòü.
Ïðè ýòîì íàëè÷èå áîëüøîãî çíà÷åíèÿ ∆xi ñ ïîñòîÿííûì çíàêîì îçíà÷àåò çíà÷èìîñòü âëè-
ÿíèÿ ôàêòîðà.

Åñëè çíà÷åíèå ñèñòåìàòè÷åñêîé ïîãðåøíîñòè ñîîòâåòñòâóåò óñëîâèþ |∆xi| ≤ ∆x∗i , òî
çíà÷åíèÿ ∆xi ñëåäóåò êîððåêòèðîâàòü â ïðåäïîëîæåíèè, ÷òî ∆x∗i � äîïóñòèìîå çíà÷åíèå
ñèñòåìàòè÷åñêîé ïîãðåøíîñòè.

Ñèñòåìàòè÷åñêàÿ ïîãðåøíîñòü, îáðàçîâàííàÿ âëèÿíèÿìè âñåõ ñòðóêòóðíûõ ôàêòîðîâ,
ðàññ÷èòûâàåòñÿ êàê

∆xAi (N) =
1

N
·
N∑
j=1

∆xi(j · t), (32)

ãäå t � ïåðèîä âûïîëíåíèÿ ñèñòåìû àíàëèçà è îáðàáîòêè äàííûõ;
∆xAi (N) � óñðåäíåííîå çíà÷åíèå âëèÿíèÿ ôàêòîðîâ ïðè N ÷èñëå èòåðàöèé àëãîðèòìà.
Ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå îøèáîê àëãîðèòìà êîíòðîëÿ ïîãðåøíîñòè èäåíòè-

ôèêàöèè îöåíèâàåòñÿ ïî âûðàæåíèþ

σi(N) =

√∑N
j=1 (∆xi(j · t)−∆xAi (N))

2

N − 1
. (33)

Îòìåòèì, ÷òî ýôôåêòèâíîñòü ìåòîäîâ ïðîâåðêè áàëàíñîâûõ ñîîòíîøåíèé ïî êðèòåðèþ
(33) çàâèñèò îò õàðàêòåðà ìîäåëè èäåíòèôèêàöèè.

Íèæå ïðåäëàãàåòñÿ àëãîðèòì èäåíòèôèêàöèè íåñòàöèîíàðíûõ îáúåêòîâ ïóòåì êîððåê-
òèðîâêè áàëàíñîâûõ ñîîòíîøåíèé ñ ëèíåéíûìè äèíàìè÷åñêèìè óðàâíåíèÿìè.

Àëãîðèòì ïðîâåðêè áàëàíñîâûõ ñîîòíîøåíèé ïóòåì êîððåêòèðîâêè ïàðà-

ìåòðîâ ëèíåéíûõ äèíàìè÷åñêèõ ìîäåëåé. Äëÿ àëãîðèòìà ôîðìèðóþòñÿ ìàññèâû
ñëåäóþùèõ ïàðàìåòðîâ: xci � óñðåäíåííîå çíà÷åíèå âëèÿíèÿ ôàêòîðîâ; ∆F ∗j � äîïóñòè-
ìàÿ ïîãðåøíîñòü èäåíòèôèêàöèè ïî íåëèíåéíîé äèíàìè÷åñêîé ìîäåëè íåñòàöèîíàðíîãî
îáúåêòà; ∆x∗i � äîïóñòèìîå çíà÷åíèå ñèñòåìàòè÷åñêîé ïîãðåøíîñòè ñèñòåìû; pi � âåñîâûå
êîýôôèöèåíòû i-ãî ôàêòîðà xi âëèÿíèÿ íà ñèñòåìàòè÷åñêóþ ïîãðåøíîñòü.

Àëãîðèòì âêëþ÷àåò ñëåäóþùèå øàãè.
Øàã 1. Ââîä è èíèöèàëèçàöèÿ âõîäíûõ ïåðåìåííûõ, k = 0,m.
Øàã 2. Ïðîâåðêà íåáàëàíñîâ ∆Fj â ñèñòåìå óðàâíåíèé (22).
Øàã 3. Ïðîâåðêà óñëîâèÿ

|∆Fj| ≤ ∆F ∗j (34)

è ñðàâíåíèå ðàñ÷åòíûõ è äîïóñòèìûõ çíà÷åíèé ∆Fj.
Øàã 3.1. Åñëè âûïîëíÿåòñÿ óñëîâèå (34), òî ðåçóëüòàòû ðàñ÷åòà ïðèçíàþòñÿ äîñòîâåð-

íûìè. Îñòàíîâêà àëãîðèòìà è ïåðåâîä èíèöèàëèçèðîâàííîé ïåðåìåííîé íà ïåðâîíà÷àëü-
íîå ñîñòîÿíèå k = 0.

Øàã 3.2. Åñëè íàáëþäàåòñÿ íàðóøåíèå óñëîâèÿ (34) õîòÿ áû äëÿ îäíîãî óðàâíåíèÿ, òî
çàïóñêàþòñÿ ïðîöåäóðû íàñòðîéêè è ñîîòâåòñòâóþùèõ êîððåêòèðîâîê ïàðàìåòðîâ. Èíè-
öèàëèçèðîâàííîé ïåðåìåííîé k ïðèñâàèâàåòñÿ çíà÷åíèå 1.
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Øàã 3.3. Öèêë ïðîâåðêè íåáàëàíñîâ ∆Fj è ðàñ÷åò îöåíîê ïàðàìåòðà ∆xi.
Øàã 4. Âû÷èñëåíèå êîýôôèöèåíòîâ aj,i äëÿ ëèíåàðèçîâàííûõ óðàâíåíèé.
Øàã 5. Ôîðìèðîâàíèå ìàòðèöû êîýôôèöèåíòîâ aj,i ñèñòåìû ëèíåéíûõ óðàâíåíèé (22)

è ìàòðèöû-ñòîëáöà íåáàëàíñîâ ∆Fj.
Øàã 5.1. Åñëè ðàñ÷åò âûïîëíÿåòñÿ äëÿ ñëó÷àÿ n = m, òî àëãîðèòì ïðåêðàùàåò ðàáîòó.
Øàã 5.2. Åñëè n > m, òî â ìàòðèöó âêëþ÷àþòñÿ äîïîëíèòåëüíûå ñòðîêè.
Øàã 6. Çàäàåòñÿ àëãîðèòì ÷èñëåííîãî ðåøåíèÿ ñèñòåìû óðàâíåíèé (24) èëè (28).
Øàã 6.1. Ïîëó÷åíèå îöåíêè ñèñòåìàòè÷åñêîé ïîãðåøíîñòè äëÿ âñåõ óðîâíåé ôàêòîðíûõ

âëèÿíèé.
Øàã 7. Êîððåêöèÿ çíà÷åíèÿ

∣∣∆F k
j

∣∣ ïî ôîðìóëå (31).
Øàã 8. Âûâîä ðåçóëüòàòîâ ðàñ÷åòà è ïðåêðàùåíèå ðàáîòû àëãîðèòìà.
Äîêàçàíî, ÷òî ðåàëèçàöèÿ ìåòîäîâ ñèíòåçà ìîäåëåé ìíîãîôàêòîðíûõ âëèÿíèé ñèñòåìà-

òè÷åñêîé ïîãðåøíîñòè ñ äèíàìè÷åñêîé ìîäåëüþ íåñòàöèîíàðíîãî îáúåêòà ìåòîäàìè ïîâû-
øåíèÿ äîñòîâåðíîñòè èíôîðìàöèè ïóòåì ïîðîãîâîãî êîíòðîëÿ, êîíòðîëÿ ïî ïðèðàùåíèÿì,
àäàïòèâíûìè ìîäåëÿìè ïðåäñêàçàíèé, ìîäåëÿìè è àëãîðèòìàìè ïðîâåðêè è êîððåêöèè
áàëàíñîâûõ ñîîòíîøåíèé ñïîñîáñòâóþò äîñòèæåíèþ ïîâûøåíèÿ óñòîé÷èâîñòè âûïîëíå-
íèÿ ïðîãðàììíî-àëãîðèòìè÷åñêèõ êîìïëåêñîâ èäåíòèôèêàöèè, àïïðîêñèìàöèè, àíàëèçà
è îáðàáîòêè äàííûõ. Êðîìå òîãî, èçëîæåííàÿ ìåòîäèêà ëèíåéíîé äèíàìè÷åñêîé ìîäå-
ëè èäåíòèôèêàöèè èññëåäîâàíà ïðè ðàçëè÷íûõ çàêîíàõ ðàñïðåäåëåíèÿ ñèñòåìàòè÷åñêîé
ïîãðåøíîñòè è ñâîéñòâàõ íåñòàöèîíàðíîñòè ÑÂÐ. Îïðåäåëåíû ñîñòàâ ñïåöèôè÷åñêèõ õà-
ðàêòåðèñòèê âõîäíûõ ïåðåìåííûõ, ìîäåëåé è àëãîðèòìîâ êîíòðîëÿ ñèñòåìàòè÷åñêîé ïî-
ãðåøíîñòè, íàñòðîéêè è êîððåêöèè ïàðàìåòðîâ ìîäåëè, à òàêæå èññëåäîâàíû ïîëó÷åííûå
îöåíêè ìèíèìèçàöèè äèñïåðñèè ÑÂÐ è âûõîäíûõ ïàðàìåòðîâ.

Íèæå âîçìîæíîñòè ïðåäëîæåííîãî ïîäõîäà ðàñøèðÿþòñÿ ââåäåíèåì áëîêà íåëèíåé-
íîñòè, â êîòîðîì ýôôåêòèâíîñòü ìåõàíèçìà èäåíòèôèêàöèè íåñòàöèîíàðíûõ îáúåêòîâ â
óñëîâèÿõ ïàðàìåòðè÷åñêîé íåîïðåäåëåííîñòè ìîäåëåé äîñòèãàåòñÿ çà ñ÷åò ñèíòåçà íå÷åò-
êèõ óðàâíåíèé ñ àëãîðèòìàìè ëîãè÷åñêèõ âûâîäîâ.

Îïòèìèçàöèÿ èäåíòèôèêàöèè íåñòàöèîíàðíîãî îáúåêòà íà îñíîâå ñèíòåçà

íå÷åòêèõ óðàâíåíèé ñ àëãîðèòìàìè ëîãè÷åñêèõ âûâîäîâ. Â êà÷åñòâå óäîáíîãî è
ýôôåêòèâíîãî èíñòðóìåíòà îïòèìèçàöèè äîñòîâåðíîñòè îáðàáîòêè äàííûõ ìîãóò âûñòó-
ïàòü ãèáðèäíûå èíòåëëåêòóàëüíûå ìîäåëè èäåíòèôèêàöèè íåñòàöèîíàðíûõ îáúåêòîâ, â
êîòîðûõ ñèíòåçèðóåòñÿ ìàòåìàòè÷åñêèé àïïàðàò íå÷åòêèõ óðàâíåíèé, ëîãè÷åñêèõ âûâî-
äîâ, êîãíèòèâíûõ êàðò, íå÷åòêèõ êîãíèòèâíûõ êàðò [8]. Ïðè ýòîì ôóíêöèÿ ïîãðåøíîñòè
èäåíòèôèêàöèè ñ ó÷åòîì ñòðóêòóðíîãî âëèÿíèÿ ôàêòîðîâ ïðåäñòàâëÿåòñÿ â âèäå ìàòðè÷-
íîãî óðàâíåíèÿ

P̃ (Ai) = Pi(Ai) · wij. (35)

Òðåáóåòñÿ, ÷òîáû
P̃ (Ai) = min(Pi(Ai) · wij),

ãäå Ai � ôàêòîðû âëèÿíèÿ ñòðóêòóðíûõ ñîñòàâëÿþùèõ ñèñòåìàòè÷åñêîé ïîãðåøíîñòè;
wij � âåñîâîé êîýôôèöèåíò ñòåïåíè âëèÿíèÿ.

Ñèíòåçèðîâàííûå ìîäåëè, ìåòîäû è àëãîðèòìû ðåàëèçîâàíû ïðè äîïóùåíèè, ÷òî çà-
äàííàÿ ìàòðèöà ñîñòîèò èç íàáîðà ñòðîê, êàæäàÿ èç êîòîðûõ õàðàêòåðèçóåò àêòèâíîñòü
ôàêòîðîâ â t, t+ 1, t+ 2 ìîìåíòàõ âðåìåíè. Ðàçíîñòü çíà÷åíèé ôàêòîðîâ íà t-ì è (t+ 1)-ì
øàãàõ èòåðàöèè àëãîðèòìà ïðèíèìàåòñÿ â êà÷åñòâå ñîñòàâëÿþùåé ñèñòåìàòè÷åñêîé ïî-
ãðåøíîñòè èäåíòèôèêàöèè. Ïðîöåäóðû ïðîâåðêè, íàñòðîéêè è êîððåêòèðîâêè ïàðàìåò-
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ðîâ ìîäåëè èäåíòèôèêàöèè âûïîëíÿþòñÿ àíàëîãè÷íî ðàáîòå ïðåäûäóùåãî àëãîðèòìà ñ
ëèíåéíûìè óðàâíåíèÿìè.

Àëãîðèòì ãåíåðèðóåò âåêòîð ïðèðàùåíèé ∆xi äëÿ ïîëó÷åíèÿ îöåíîê Ai(t) � çíà÷åíèÿ
àêòèâíîñòè âëèÿíèÿ i-ãî ôàêòîðà ïîãðåøíîñòè â ìîìåíò âðåìåíè t, à òàêæå Ai(t + 1),
Ai(t+ 2) � çíà÷åíèÿ àêòèâíîñòè âëèÿíèé i-ãî ôàêòîðà â t, t+ 1, t+ 2 ìîìåíòû âðåìåíè.

Èñõîäíûé âåêòîð ïðèðàùåíèé â ìîìåíò âðåìåíè t çàäàåòñÿ êàê

∆xi =
Ai(t+ 1)− Ai(t)

Ai(t)
.

Ðåçóëüòèðóþùèé âåêòîð ïðèðàùåíèé â t+ 1 ìîìåíòû âðåìåíè îïðåäåëÿåòñÿ êàê

yi =
Ai(t+ 2)− Ai(t)

Ai(t)
.

Ýôôåêòèâíîñòü ìîäåëè èäåíòèôèêàöèè îöåíèâàåòñÿ ïî âåëè÷èíå

E(W ) =
1

2

K∑
t=1

N∑
i=1

(o(i)− y(i))2 → min, (36)

ãäå oi(t) � ïðèðàùåíèå i-ãî ôàêòîðà, ïîëó÷åííîå íà îáó÷àþùåì âåêòîðå x(t).
Êà÷åñòâî ðàñ÷åòîâ íà (i + 2) øàãå èòåðàöèè àëãîðèòìà ïîäòâåðæäàåòñÿ ðàñ÷åòàìè ïî

ôîðìóëå (35), çíà÷åíèÿ êîòîðûõ äîëæíû ñîâïàäàòü ñî çíà÷åíèåì, ïîëó÷åííûì â ïðåäûäó-
ùåì øàãå èòåðàöèè. Â îòëè÷èå îò ïðåäûäóùèõ ïîäõîäîâ, ðåàëèçîâàííàÿ ãèáðèäíàÿ ìîäåëü
èäåíòèôèêàöèè îòðàæàåò êàðòèíó âëèÿíèÿ ôàêòîðîâ íà ñèñòåìàòè÷åñêóþ ïîãðåøíîñòü íà
âñåõ óðîâíÿõ èíôîðìàöèîííûõ ïðîöåññîâ, à êîððåêòèðîâêà ïàðàìåòðîâ ìîäåëè ïðîèçâî-
äèòñÿ ïóòåì âíåñåíèÿ èçìåíåíèé â êîãíèòèâíûå êàðòû, ôîðìèðóåìûå èç èñõîäíîãî âåê-
òîðà ïðèðàùåíèé. Ðàáîòà ïðîöåäóð ïðîâåðêè è êîððåêòèðîâêè ïàðàìåòðîâ àíàëîãè÷íà
ðàáîòå ïðîöåäóð àëãîðèòìà ñ ëèíåéíûìè óðàâíåíèÿìè.

Çàêëþ÷åíèå. Ðàçðàáîòàíû ìåòîäè÷åñêèå îñíîâû ñîâåðøåíñòâîâàíèÿ è ðàçâèòèÿ ñó-
ùåñòâóþùèõ ìåòîäîâ ïîâûøåíèÿ äîñòîâåðíîñòè èíôîðìàöèè íà îñíîâå ñèíòåçà ìåòîäîâ
ñòàòèñòè÷åñêîé, äèíàìè÷åñêîé è íå÷åòêîé èäåíòèôèêàöèè ñ àëãîðèòìàìè ïîðîãîâîãî êîí-
òðîëÿ ïîãðåøíîñòè ÑÂÐ, êîíòðîëÿ ïî ïðèðàùåíèÿì è ñ ïðåäñêàçàíèåì, îöåíêè âëèÿíèÿ
ôàêòîðîâ íà ñèñòåìàòè÷åñêóþ ïîãðåøíîñòü, íàñòðîéêè ïàðàìåòðîâ ìîäåëåé äëÿ îïòèìè-
çàöèè îáðàáîòêè äàííûõ íåñòàöèîíàðíûõ îáúåêòîâ. Ïðåäëîæåíû ìåòîäû ìíîãîôàêòîð-
íîãî àíàëèçà äëÿ îïðåäåëåíèÿ ñòåïåíè âëèÿíèÿ ñîñòàâëÿþùèõ ñòðóêòóðíîé ïîãðåøíîñòè,
îïðåäåëÿåìûõ íà ðàçëè÷íûõ óðîâíÿõ èíôîðìàöèîííîãî ïðîöåññà äëÿ îáåñïå÷åíèÿ ýôôåê-
òèâíîñòè èäåíòèôèêàöèè è àïïðîêñèìàöèè ÑÂÐ.

Ïîëó÷åííûå ìåòîäèêè íà îñíîâå ãèáðèäíîé èäåíòèôèêàöèè ðåêîìåíäîâàíû äëÿ ðåà-
ëèçàöèè â âèäå ïðîãðàììíî-àëãîðèòìè÷åñêèõ êîìïëåêñîâ, â êîòîðûõ ó÷èòûâàþòñÿ âèä è
ñâîéñòâà çàêîíîâ ðàñïðåäåëåíèé, íåëèíåéíîñòü âëèÿþùèõ ôàêòîðîâ, íåîïðåäåëåííîñòü â
ïàðàìåòðàõ ìîäåëåé è ýôôåêòèâíî ïðîâåðÿåòñÿ ñîáëþäåíèå áàëàíñîâûõ ñîîòíîøåíèé â
äèíàìè÷åñêèõ ìîäåëÿõ äëÿ ïîâûøåíèÿ äîñòîâåðíîñòè èíôîðìàöèè.

Ïîëó÷åííûå ðåçóëüòàòû èññëåäîâàíèé ïîäòâåðæäàþò ïåðñïåêòèâíîñòü äàëüíåéøåãî
ñîâåðøåíñòâîâàíèÿ è ðàçâèòèÿ ãèáðèäíûõ ìîäåëåé èäåíòèôèêàöèè íåñòàöèîíàðíîãî
îáúåêòà ñ öåëüþ óìåíüøåíèÿ ñèñòåìàòè÷åñêîé ïîãðåøíîñòè è ïîâûøåíèÿ òî÷íîñòè
àíàëèçà è îáðàáîòêè äàííûõ íà îñíîâå ìàòåìàòè÷åñêîãî àïïàðàòà ìÿãêèõ âû÷èñëåíèé,
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à èìåííî ñèíòåçà ìîäåëåé íå÷åòêîé ëîãèêè, àëãîðèòìîâ îáó÷åíèÿ íåéðî-íå÷åòêèõ ñåòåé,
ìåòîäîâ ïîèñêà ïî ìàòðèöå íå÷åòêîé êîãíèòèâíîé êàðòû è ãåíåòè÷åñêèõ àëãîðèòìîâ.
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