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in the parent company, and employees who are

not used to and cannot work independently

develop the spin-off project.

– The parent company does not provide enough

autonomy for the spin-off project, which

subsequently hinders its development.

Conclusions from the conducted research. The

solution of the problems discussed above will allow to

successfully implement the results of university

research in practice and provide the economy with new

developments and technologies, thereby stimulating the

flow of funds from material production to the scientific

and educational sphere. The priority directions for

initiating changes in this context in the coming years

are the formation of university innovation

infrastructure; training of qualified managers and

scientists with knowledge and skills of effective

commercialization of the results of educational and

scientific activities, management of innovative

companies and projects; establishing partnerships with

leading foreign business schools and organizing joint

programs in the field of innovative entrepreneurship.
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ðîìåðåæ âñåðåäèí³ ñèñòåìè êåðóâàííÿ òà äåòàëüíî îïèñóþòüñÿ ïðîöåäóðè ¿õ íàâ÷àííÿ. Àíàë³çó-
þòüñÿ ïåðåâàãè ³ íåäîë³êè îïèñàíèõ ìåòîä³â.
Êëþ÷îâ³ ñëîâà: øòó÷íèé ³íòåëåêò, íåéðîìåðåæà, ñèñòåìà êåðóâàííÿ, ïîõèáêà, çâîðîòí³é çâ’ÿ-
çîê, äèíàì³÷íèé îá’ºêò, àâòîìàòè÷íå êåðóâàííÿ, àäàïòèâíå êåðóâàííÿ.

НЕЙРОННІ МЕРЕЖІ У КЕРІВНИЦТВІ СКЛАДНИМИ ТЕХНІЧНИМИ СИСТЕМАМИ

NEURAL NETWORKS IN THE MANAGEMENT OF COMPLEX TECHNICAL SYSTEMS

Pantyeev R. L.
Kiev, Ukraine



69“Â²ÑÍÈÊ”. Âèïóñê ¹ 2 (40), ), ), ), ), 2019

Àííîòàöèÿ. Ðàññìàòðèâàþòñÿ ìåòîäû ïðèìåíåíèÿ íåéðîííûõ ñåòåé äëÿ ðåøåíèÿ çàäà÷ óïðàâ-
ëåíèÿ äèíàìè÷åñêèìè îáúåêòàìè. Äëÿ êàæäîãî âèäà íåéðîóïðàâëåíèÿ ïðèâîäÿòñÿ ñõåìû ñîåäè-
íåíèÿ íåéðîñåòåé âíóòðè ñèñòåìû óïðàâëåíèÿ è äåòàëüíî îïèñûâàþòñÿ ïðîöåäóðû èõ îáó÷åíèÿ.
Àíàëèçèðóþòñÿ ïðåèìóùåñòâà è íåäîñòàòêè îïèñàííûõ ìåòîäîâ.
Êëþ÷åâûå ñëîâà: èñêóññòâåííûé èíòåëëåêò, íåéðîìåðåæà, ñèñòåìà óïðàâëåíèÿ, ïîãðåøíîñòü,
îáðàòíàÿ ñâÿçü, äèíàìè÷åñêèé îáúåêò, àâòîìàòè÷åñêîå óïðàâëåíèå, àäàïòèâíîå óïðàâëåíèå.

Abstract. The methods of application of neural networks for solving the problems of control of dynamic
objects are considered. For each type of neural control, the circuits for connecting the neural networks
within the control system are presented and the procedures for their training are described in detail. The
advantages and disadvantages of the described methods are analyzed.
Key words: artificial intelligence, neural network, control system, error, feedback, dynamic object,
automatic control, adaptive control.

Ïîñòàíîâêà ïðîáëåìè. Íåéðîêåðóâàííÿ äèíà-

ì³÷íèìè îá’ºêòàìè º íîâèì ïåðñïåêòèâíèì íàïðÿì-

êîì, ùî çíàõîäÿòüñÿ íà ñòèêó òàêèõ äèñöèïë³í, ÿê

àâòîìàòè÷íå êåðóâàííÿ, øòó÷íèé ³íòåëåêò, íåéðî-

ô³ç³îëîã³ÿ. Íåéðîíí³ ìåðåæ³ ìàþòü ðÿä óí³êàëüíèõ

âëàñòèâîñòåé, ÿê³ ðîáëÿòü ¿õ ïîòóæíèì ³íñòðóìåí-

òîì äëÿ ñòâîðåííÿ ñèñòåì êåðóâàííÿ: çäàòí³ñòþ äî

íàâ÷àííÿ íà ïðèêëàäàõ ³ óçàãàëüíåííÿ äàíèõ, çäàò-

í³ñòþ àäàïòóâàòèñÿ äî çì³íè âëàñòèâîñòåé îá’ºêòà

êåðóâàííÿ òà çîâí³øíüîãî ñåðåäîâèùà, ïðèäàòí³ñòþ

äëÿ ñèíòåçó íåë³í³éíèõ ðåãóëÿòîð³â, âèñîêîþ

ñò³éê³ñòþ äî ïîøêîäæåíü ñâî¿õ åëåìåíò³â â ñèëó

ñïî÷àòêó çàêëàäåíîãî â íåéðîìåðåæåâîìó àðõ³òåê-

òóðó ïàðàëåë³çìó.

Àíàë³ç îñòàíí³õ ïóáë³êàö³é. Ó ë³òåðàòóð³ îïè-

ñàí³ ÷èñëåíí³ ïðèêëàäè ïðàêòè÷íîãî çàñòîñóâàííÿ

íåéðîííèõ ìåðåæ äëÿ âèð³øåííÿ çàâäàíü êåðóâàí-

íÿ ë³òàêîì [2], àâòîìîá³ëåì [3], ã³ðíè÷îçáàãà÷óâàëü-

íèì ïðîöåñîì [4], øâèäê³ñòþ îáåðòàííÿ âàëó äâè-

ãóíà [5], åëåêòðîï³÷÷þ [6], òóðáîãåíåðàòîðîì [7],

çâàðþâàëüíèì àïàðàòîì [8], ïíåâìîöèëèíäðîì [9].

²äåÿ çàñòîñóâàííÿ íåéðîííèõ ìåðåæ äëÿ êåðó-

âàííÿ äèíàì³÷íèìè îá’ºêòàìè âïåðøå áóëà âèñëîâ-

ëåíà Ó. Â³äðîó [10] ùå â 1964 ð, ïðîòå, ³íòåíñèâí³

äîñë³äæåííÿ öüîãî íàïðÿìêó ðîçãîðíóëèñÿ ëèøå â

ê³íö³ 80-õ ðîê³â ìèíóëîãî ñòîë³òòÿ. Îäèí ç ïåðøèõ

îãëÿä³â â îáëàñò³ íåéðîêåðóâàííÿ (1992) çãàäóº 5

ìåòîä³â íàâ÷àííÿ íåéðîìåðåæ³ äëÿ áåçïîñåðåäíüî-

ãî êåðóâàííÿ îá’ºêòîì. Ç òèõ ï³ð ê³ëüê³ñòü ìåòîä³â

íåéðîêåðóâàííÿ íàáàãàòî çá³ëüøèëàñÿ, ç’ÿâèëèñÿ

íîâ³ ð³øåííÿ íà îñíîâ³ áàãàòîìîäóëüíîãî ï³äõîäó ³

íàáëèæåíîãî äèíàì³÷íîãî ïðîãðàìóâàííÿ.

Â õîä³ ðîçâèòêó íåéðîêåðóâàííÿ, äîñë³äæóâà-

ëèñÿ ð³çí³ ñïîñîáè ïîáóäîâè íåéðîêîíòðîëåðà ³ç

çàñòîñóâàííÿì ð³çíèõ òèï³â íåéðîííèõ ìåðåæ:

ë³í³éíèõ òèïó «ÀÄÀË²ÍÀ», áàãàòîøàðîâèõ ïåðñåï-

òðîíîâ, ðåêóðåíòíèõ ìåðåæ, ìåðåæ ðàä³àëüíèõ

áàçèñíèõ ôóíêö³é [1] òà ³í. Íàéêðàù³ ðåçóëüòàòè îò-

ðèìàí³ ïðè âèêîðèñòàíí³ áàãàòîøàðîâèõ ïåðñåï-

òðîíîâ ç ë³í³ÿìè çàòðèìî. Ñôîðìóâàëèñÿ äâà îñ-

íîâíèõ íàïðÿìêè â çàñòîñóâàííÿ íåéðîííèõ ìåðåæ

âñåðåäèí³ ñèíòåçîâàíèõ ðåãóëÿòîð³â: ïðÿì³ ìåòîäè,

çàñíîâàí³ íà áåçïîñåðåäíüîìó óïðàâë³íí³ îá’ºêòîì

çà äîïîìîãîþ íåéðîííî¿ ìåðåæ³, ³ íåïðÿì³ ìåòîäè,

êîëè íåéðîííà ìåðåæà âèêîðèñòîâóºòüñÿ äëÿ âèêî-

íàííÿ äîïîì³æíèõ ôóíêö³é êåðóâàííÿ, òàêèõ ÿê

ô³ëüòðàö³ÿ øóìó àáî ³äåíòèô³êàö³ÿ äèíàì³÷íîãî

îá’ºêòà. Çàëåæíî â³ä ÷èñëà íåéðîííèõ ìåðåæ, ùî

ñòàíîâëÿòü íåéðîêîíòðîëåðà, ñèñòåìè íåéðîóïðàâ-

ëåí³ÿ ìîæóòü áóòè îäíîìîäóëüí³ àáî áàãàòîìîäóëü-

í³. Ñõåìè íåéðîóïðàâëåí³ÿ, ÿê³ çàñòîñîâóþòüñÿ

ñï³ëüíî ç òðàäèö³éíèìè êîíòðîëåðàìè, íàçèâàþòü-

ñÿ ã³áðèäíèìè.

Âèêëàä îñíîâíîãî ìàòåð³àëó. Êëþ÷îâîþ ïðî-

áëåìîþ ïðè âèð³øåíí³ çàäà÷ êåðóâàííÿ äèíàì³÷íè-

ìè îá’ºêòàìè º ðåàë³çàö³ÿ ìîäåë³ èíâåðñíîé äèíà-

ì³êè êåðîâàíîãî îá’ºêòà. Àíàë³òè÷íå ð³øåííÿ öüîãî

çàâäàííÿ íå çàâæäè ìîæëèâî, îñê³ëüêè ïîòð³áíî

îáåðíåííÿ ïðè÷èííî-íàñë³äêîâèõ çàëåæíîñòåé ïî-

âåä³íêè ðåàëüíîãî îá’ºêòà. Çàñòîñóâàííÿ íåéðîí-

íèõ ìåðåæ äîçâîëÿº çíàõîäèòè íàáëèæåí³ ð³øåííÿ

öüîãî çàâäàííÿ øëÿõîì íàâ÷àííÿ ìåðåæ³ íà ïðèêëà-

äàõ êåðóâàííÿ ðåàëüíèì îá’ºêòîì. Ïðè âèêîðèñ-

òàíí³ ïðÿìèõ ìåòîä³â íåéðîêåðóâàííÿ, çîêðåìà, â

ìåòîä³ óçàãàëüíåíîãî ³íâåðñíîãî íåéðîêåðóâàííÿ öå

äîñÿãàºòüñÿ øëÿõîì áåçïîñåðåäíüîãî íàâ÷àííÿ íåé-

ðîííî¿ ìåðåæ³ íà ïðèêëàäàõ ïîâåä³íêè êåðîâàíîãî

îá’ºêòà. Îäíàê, âèêîðèñòîâóâàí³ äëÿ òàêîãî íàâ÷àí-

íÿ ïîñë³äîâíîñò³ ïðèêëàä³â, îòðèìàí³ øëÿõîì çâåð-

íåííÿ ðåçóëüòàò³â ñïîñòåðåæåííÿ ðåàëüíèõ îá’ºêò³â

÷àñòî ì³ñòÿòü ïðîòèð³÷÷ÿ, ð³çêî çíèæóþòü ÿê³ñòü

íàâ÷àííÿ íåéðîííî¿ ìåðåæ³. Äëÿ âèð³øåííÿ ö³º¿

ïðîáëåìè çàïðîïîíîâàíî ðÿä ìåòîä³â.

Ó ìåòîä³ ñïåö³àë³çîâàíîãî ³íâåðñíîãî íåéðîêå-

ðóâàííÿ ³ äåÿêèõ âåðñ³ÿõ ñèñòåì àäàïòèâíî¿ êðèòè-

êè ïðîáëåìà íàâ÷àííÿ èíâåðñíîé äèíàì³ö³ âèð³-

øóºòüñÿ øëÿõîì àïðîêñèìàö³¿ àíàë³òè÷íî¿ ìîäåë³

êåðîâàíîãî îá’ºêòà ³ îá÷èñëåííÿ ëîêàëüíèõ çíà÷åíü

ÿêîá³àíà äëÿ ð³çíèõ îáëàñòåé ïðîñòîðó ñòàí³â. Ó

ìåòîä³ çâîðîòíüîãî ïîøèðåííÿ ïîìèëêè ÷åðåç ïðÿ-

ìèé íåéðîåìóëÿòîð äëÿ ôîðìóâàííÿ ëèíåàðèçîâàí-

íî¿ ìîäåë³ èíâåðñíî¿ äèíàì³êè îá’ºêòà âèêîðèñòî-

âóºòüñÿ çâè÷àéíà ñõåìà çâîðîòíîãî ïîøèðåííÿ

ïîìèëêè, ùî çàñòîñîâóºòüñÿ äëÿ íàâ÷àííÿ áàãàòî-

Neuro-management of dynamic objects is a new promising area that is at the intersection of such disciplines as 
automatic control, artificial intelligence, neurophysiology. Neural networks have several unique properties that make 
them a powerful tool for creating control systems: the ability to learn by example and to summarize data, the ability 
to adapt to changing the properties of the control object and the environment, the ability to synthesize nonlinear 
controllers, high resistance to damage elements due to the concurrently embedded neural network architecture. The 
author discusses the methods of using neural networks to solve the problems of managing dynamic objects. For each 
type of neuro-management, the circuit diagrams of the neural networks within the control system are given, and the 
procedures for teaching them are described in detail. The advantages and disadvantages of the described methods 
are analyzed. It is presented as a useful universal method of neuro-management - a method of adaptive criticism, 
which has been stated and developed relatively recently. PAHAC-type recurrent networks are shown to be best suited 
for modelling dynamic systems, leading to their proliferation as control object identifiers in indirect and predictive 
neuro-management methods. At the same time, all existing algorithms for learning recurrent neural networks are 
variations of the VRTT and YATT algorithms developed in the early 1990s, which are relatively slow in learning and 
require considerable computational resources.
Keywords: artificial intelligence, control system, error, feedback, dynamic object, automatic control, adaptive 
control. 
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øàðîâèõ ïåðñåïòðîíîâ. Ó ñèñòåìàõ áàãàòîìîäóëü-

íîãî íåéðîêåðóâàííÿ öÿ æ çàäà÷à âèð³øóºòüñÿ øëÿ-

õîì ïîä³ëó ïðîñòîðó ñòàí³â îá’ºêòà íà ëîêàëüí³

îáëàñò³, â ÿêèõ ³íâåðñí³ ìîäåë³ ïðåäñòàâëåí³ îäíî-

çíà÷íèìè ôóíêö³ÿìè. Äëÿ êîæíî¿ òàêî¿ îáëàñò³ âè-

ä³ëÿºòüñÿ îêðåìèé íåéðîííèé ìîäóëü. Ïåðñïåêòèâ-

íèìè äëÿ ìîäåëþâàííÿ èíâåðñíîé äèíàì³êè ìîæóòü

âèÿâèòèñÿ íîâ³ òèïè íåéðîííèõ ìåðåæ, ùî äîçâî-

ëÿþòü ìîäåëþâàòè áàãàòîçíà÷í³ ôóíêö³¿, çîêðåìà,

³ìîâ³ðí³ñí³ ìåðåæ³ Á³øîïà íà îñíîâ³ ñóì³øåé ãàóñ-

ñîâñêèõ ìîäåëåé (Mixture Density Networks).

Ñòðóêòóðà ñèñòåìè êåðóâàííÿ äèíàì³÷íèìè

îá’ºêòàìè

Â çàäà÷àõ íåéðîêåðóâàííÿ äëÿ ïðåäñòàâëåííÿ

îá’ºêòà êåðóâàííÿ âèêîðèñòîâóþòü ìîäåëü ÷îðíî-

ãî ÿùèêà, â ÿêîìó ñïîñòåð³ãàþòüñÿ ïîòî÷í³ çíà÷åí-

íÿ âõîäó ³ âèõîäó. Ñòàí îá’ºêòà ââàæàºòüñÿ íåäî-

ñòóïíèì äëÿ çîâí³øíüîãî ñïîñòåðåæåííÿ, õî÷à

ðîçì³ðí³ñòü âåêòîðà ñòàí³â çàçâè÷àé ââàæàºòüñÿ

ô³êñîâàíîþ.

Ðèñ. 1. Çàãàëüíà ñõåìà êåðóâàííÿ
ïî çâîðîòíüîìó çâ’ÿçêó

!

Äëÿ îö³íêè âåêòîðà ñòàíó äèíàì³÷íîãî îá’ºêòà

ìîæå áóòè âèêîðèñòàíà ìîäåëü íåë³í³éíî¿ àâòîðå-

ãðåñ³¿ ç äîäàòêîâèìè âõ³äíèìè ñèãíàëàìè (NARX).

Ñòàí äèíàì³÷íîãî îá’ºêòó ìîæíà òàêîæ ïðåäñòàâè-

òè ìèòòºâèì çí³ìêîì éîãî ôàçîâî¿ òðàºêòîð³¿.

Ïðè îïèñàíí³ êîíêðåòíèõ ñõåì íåéðîêåðóâàííÿ

áóäåìî â³ääàâàòè ïåðåâàãó ìîäåë³ (3). Íà ñõåìàõ äëÿ

ââåäåííÿ â êîíòðîëåð çàòðèìàíèõ äàíèõ çâîðîòíî-

ãî çâ’ÿçêó áóäå âèêîðèñòîâóâàòèñÿ ìîäóëü ë³í³¿ çà-

òðèìîê «TDL» (Tapped Delay Line). Äëÿ ñïðîùåí-

íÿ ìè áóäåìî ðîçãëÿäàòè ò³ëüêè îäíîêàíàëüí³ ñèñ-

òåìè êåðóâàííÿ (SISO), îäíàê, ùî çâîäÿòüñÿ

ñï³ââ³äíîøåííÿ ìîæóòü âèêîðèñòîâóâàòèñÿ ³ äëÿ

áàãàòîêàíàëüíèõ ñèñòåì (MIMO). Äëÿ öüîãî ñë³ä

ëèøå çàì³íèòè â ôîðìóëàõ ñêàëÿðí³ çì³íí³ íà âõîä³

³ âèõîä³ îá’ºêòà êåðóâàííÿ âåêòîðíèìè.

Íàñë³äóþ÷å íåéðîêåðóâàííÿ
Íàçâà «íàñë³äóþ÷å íåéðîêåðóâàííÿ»

(Neurocontrol learning based on mimic, Controller

Modeling, Supervised Learning Using an Existing

Controller), îõîïëþº ñèñòåìè íåéðîêåðóâàííÿ, â

ÿêèõ íåéðîêîíòðîëåð íàâ÷àºòüñÿ íà ïðèêëàäàõ äè-

íàì³êè çâè÷àéíîãî êîíòðîëåðà ïî çâîðîòíüîìó

çâ’ÿçêó, ïîáóäîâàíîãî, íàïðèêëàä, íà îñíîâ³ çâè-

÷àéíî¿ ïðîïîðö³éíî-³íòåãðàëüíî äèôåðåíö³àëüíî¿

(Ï²Ä) ñõåìè êåðóâàííÿ.

Ñõåìà íàñë³äóþ÷îãî íåéðîêåðóâàííÿ ïîêàçàíà

íà ðèñ. 2. Ï³ñëÿ íàâ÷àííÿ íåéðîííà ìåðåæà â òî÷-

íîñò³ â³äòâîðþº ôóíêö³¿ âèõ³äíîãî êîíòðîëåðà. ßê

ïðèêëàä äèíàì³êè êîíòðîëåðà ìîæå áóòè âèêîðèñ-

òàíèé çàïèñ ïîâåä³íêè ëþäèíè-îïåðàòîðà. Íàâ÷àëü-

íà âèá³ðêà äëÿ íåéðîííî¿ ìåðåæ³ ôîðìóºòüñÿ òàêèì

÷èíîì. Çâè÷àéíèé êîíòðîëåð ïî çâîðîòíüîìó çâ’ÿç-

êó (àáî ëþäèíà-îïåðàòîð) óïðàâëÿº îá’ºêòîì êåðó-

âàííÿ â øòàòíîìó ðåæèì³. Çíà÷åííÿ âåëè÷èí íà

âõîä³ ³ âèõîä³ êîíòðîëåðà ïðîòîêîëþþòüñÿ, ³ íà îñ-

íîâ³ ïðîòîêîëó ôîðìóºòüñÿ íàâ÷àëüíà âèá³ðêà äëÿ

íåéðîííî¿ ìåðåæ³.

Ï³ñëÿ íàâ÷àííÿ çà äîïîìîãîþ, íàïðèêëàä, ìå-

òîäó çâîðîòíüîãî ïîøèðåííÿ ïîìèëêè, íåéðîííà

ìåðåæà ï³äêëþ÷àºòüñÿ çàì³ñòü ñïðàâæíüîãî êîíò-

ðîëåðà. Îòðèìàíèé íåéðîêîíòðîëåð ìîæå çàì³íè-

òè ëþäèíó â óïðàâë³íí³ ïðèñòðîºì, à òàêîæ áóòè

á³ëüø âèã³äíèì åêîíîì³÷íî, í³æ âèõ³äíèé êîíòðî-

ëåð. Îñíîâíèì íåäîë³êîì öüîãî ìåòîäó º íå-

îáõ³äí³ñòü â ïîïåðåäíüî íàñòðîºíîìó âèõ³äíîìó

Ðèñ. 2. Ñõåìà íàñë³äóþ÷îãî íåéðîêåðóâàííÿ: ë³âîðó÷ – ðåæèì íàâ÷àííÿ íåéðîííî¿ ìåðåæ³;
ïðàâîðó÷ – ðåæèì êåðóâàííÿ.
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êîíòðîëåð³, ùî íå çàâæäè ïðåäñòàâëÿºòüñÿ ìîæëè-

âèì. Êð³ì òîãî, îòðèìàíèé øëÿõîì íàâ÷àííÿ íåé-

ðîêîíòðîëåð â ïðèíöèï³ íå ìîæå çàáåçïå÷èòè êðà-

ùó ÿê³ñòü êåðóâàííÿ, í³æ êîíòðîëåð, ùî êîï³þºòüñÿ.

Òîìó çàðàç íàñë³äóþ÷å íåéðîóïðàâëåí³å çàñòîñîâó-

þòü, â îñíîâíîìó, äëÿ ïåðâèííîãî íàâ÷àííÿ íåé-

ðîííî¿ ìåðåæ³ ç âèêîðèñòàííÿì ³íøèõ ìåòîä³â äëÿ

ïîäàëüøîãî äîíàâ÷àííÿ íåéðîêîíòðîëåðà.

²íâåðñíå íåéðîêåðóâàííÿ
Ïðè ³íâåðñíîìó íåéðîêåðóâàíí³ ôîðìóâàííÿ

èíâåðñíîé ìîäåë³ îá’ºêòà êåðóâàííÿ çä³éñíþºòüñÿ

øëÿõîì íàâ÷àííÿ íåéðîííî¿ ìåðåæ³. Â³äîìî ê³ëüêà

ð³çíîâèä³â òàêîãî íåéðîêåðóâàííÿ.

Óçàãàëüíåíå ³íâåðñíå íåéðîêåðóâàííÿ

(Generalized Inverse Neurocontrol, Direct Inverse

Neurocontrol), ïåðåäáà÷àº íàâ÷àííÿ ìåðåæ³ â ðåæèì³

îôô-ëàéí, íà îñíîâ³ çàïèñàíèõ òðàºêòîð³é ïîâåä³-

íêè äèíàì³÷íîãî îá’ºêòà. Äëÿ îòðèìàííÿ òàêèõ

òðàºêòîð³é, íà îá’ºêò êåðóâàííÿ â ÿêîñò³ êåðóþ÷îãî

ñèãíàëó ïîäàþòü äåÿêèé âèïàäêîâèé ïðîöåñ. Çíà-

÷åííÿ êåðóþ÷èõ ñèãíàë³â ³ â³äïîâ³äíèõ ðåàêö³é

îá’ºêòà ïðîòîêîëþþòü ³ íà ö³é îñíîâ³ ôîðìóþòü

íàâ÷àëüíó âèá³ðêó.

Ó õîä³ íàâ÷àííÿ, íåéðîííà ìåðåæà ïîâèííà âëî-

âèòè ³ çàïîì’ÿòàòè çàëåæí³ñòü êîíòðîëüîâàíîãî ñèã-

íàëó â³ä íàñòóïíèõ çíà÷åíü ðåàêö³¿ îá’ºêòà êåðó-

âàííÿ, ùî çíàõîäèòüñÿ ïåðåä öèì ó ñòàí³. Äëÿ

íàâ÷àííÿ íåéðîííî¿ ìåðåæ³ âèêîðèñòîâóþòü ìåòîä

çâîðîòíîãî ïîøèðåííÿ ïîìèëêè. Òàêó íåéðîííó

ìåðåæó íàçèâàþòü «³íâåðñíèé íåéðîåìóëÿòîð».

Ïðè óïðàâë³íí³ îá’ºêòîì, ³íâåðñíèé íåéðîåìóëÿòîð

ï³äêëþ÷àºòüñÿ ÿê êîíòðîëåð, ïðè öüîìó ìîæëèâ³ äâà

ñïîñîáè ï³äêëþ÷åííÿ: çàìêíåíèé òà ðîç³ìêíåíèé.

Ïðè çàìêíåíîìó ï³äêëþ÷åíí³, ñõåìà ÿêîãî ïî-

êàçàíà íà ðèñ. 3 ë³âîðó÷, íà âõ³ä íåéðîêîíòðîëåðà

ïîäàþòüñÿ ïîòî÷í³ çíà÷åííÿ óñòàâêè ³ âåêòîðó ñòà-

íó îá’ºêòó êåðóâàííÿ, ùî ïîñòóïàº ïî ëàíöþãó çâî-

ðîòíîãî çâ’ÿçêó. Çàâäÿêè ñòàá³ë³çóþ÷îìó âïëèâó

Ðèñ. 3. Ñõåìà óçàãàëüíåíîãî ³íâåðñíîãî íåéðîêåðóâàííÿ: ë³âîðó÷ – ðåæèì íàâ÷àííÿ
³íâåðñíîãî íåéðîåìóëÿòîðà; ñïðàâà – ðåæèì êåðóâàííÿ îá’ºêòîì

çâîðîòíüîãî çâ’ÿçêó, äîñÿãíóòî äîñèòü âèñîêî¿

ÿêîñò³ êåðóâàííÿ äèíàì³÷íèì îá’ºêòîì.

Ïðè ðîç³ìêíåíîìó ï³äêëþ÷åíí³ íà âõ³ä íåéðî-

êîíòðîëëåðà ïîñòóïàþòü ò³ëüêè çíà÷åííÿ óñòàâêè

³ç çàòðèìêàìè. Ïðè öüîìó ïåðåäáà÷àºòüñÿ, ùî ñôîð-

ìîâàíà ïðè íàâ÷àíí³ ³íâåðñíà ìîäåëü îá’ºêòó êåðó-

âàííÿ º àäåêâàòíîþ, îòæå, ñèãíàë êåðóâàííÿ, ùî

âèäàºòüñÿ íåéðîííîþ ìåðåæåþ, çàáåçïå÷èòü ïå-

ðåõ³ä îá’ºêòó â ïîëîæåííÿ, ùî çàäàíå óñòàâêîþ.

Ðîç³ìêíåíà ñèñòåìà íåéðîêåðóâàííÿ ìàº âèñîêó

øâèäêîä³þ, îñê³ëüêè íà âõ³ä íåéðîêîíòðîëëåðà íå

ïîñòóïàº çíà÷åííÿ ïîòî÷íîãî ñòàíó îá’ºêòó êåðó-

âàííÿ, îáðîáêà ÿêîãî âèìàãàº çíà÷íèõ ðåñóðñ³â.

Ïðîòå, ÷åðåç â³äñóòí³ñòü çâîðîòíîãî çâ’ÿçêó ÿê³ñòü

òàêîãî êåðóâàííÿ âèÿâëÿºòüñÿ íèçüêîþ.

Ïåðåâàãîþ óçàãàëüíåíîãî ³íâåðñíîãî íåéðîêå-

ðóâàííÿ º íàâ÷àííÿ íåéðîêîíòðîëåðà â ðåæèì³ îôô-

ëàéí ³ â³äñóòí³ñòü íåîáõ³äíîñò³ ó òî÷í³é ìàòåìà-

òè÷í³é ìîäåë³ îá’ºêòó êåðóâàííÿ. Äî íåäîë³ê³â ñë³ä

â³äíåñòè ñêëàäí³ñòü ôîðìóâàííÿ íàâ÷àëüíî¿ âèá³ð-

êè ³ç-çà íåîáõ³äíîñò³ ðåòåëüíîãî ï³äáîðó ³äåíòèô³-

êóþ÷îãî âèïàäêîâîãî ïðîöåñó, ùî ïîäàºòüñÿ íà âõ³ä

ñèñòåìè, à òàêîæ íèçüêó ÿê³ñòü ðîáîòè â òèõ âèïàä-

êàõ, êîëè ³íâåðñ³ÿ îá’ºêòó êåðóâàííÿ âèÿâëÿºòüñÿ

íåîäíîçíà÷íîþ ôóíêö³ºþ. Íåîäíîçíà÷í³ñòü ïðèçâî-

äèòü äî íàÿâíîñò³ ïðîòèð³÷ â íàâ÷àëüí³é âèá³ðö³,

ùî çàâîäÿòü ó áåçâèõ³äü ïðîöåñ íàâ÷àííÿ íåéðîí-

íî¿ ìåðåæ³.

Âèñíîâêè
Çà îñòàíí³ äåñÿòèë³òòÿ íåéðîêåðóâàííÿ îòðèìà-

ëî çíà÷íèé ðîçâèòîê. ßê áóëî ïîçíà÷åíî â îäíîìó ç

ïåðøèõ îãëÿä³â ç òåìàòèêè íåéðîêåðóâàííÿ â ÿêîñò³

ïåðñïåêòèâíîãî íàïðÿìó äîñë³äæåíü, äîì³íóþ÷à

äîëÿ óâàãè áóëà ïðèä³ëåíà çàâäàííÿì ðîçðîáêè íåé-

ðîñèñòåì äëÿ êåðóâàííÿ íåë³í³éíèìè äèíàì³÷íèìè

îá’ºêòàìè, îòðèìàíà áåçë³÷ ïðèêëàä³â óñï³øíî ïðà-

öþþ÷èõ ñèñòåì öüîãî òèïó. Â ÿêîñò³ óí³âåðñàëüíî-

ãî åôåêòèâíîãî ìåòîäó íåéðîêåðóâàííÿ áóâ çàÿâ-
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ëåíèé ðîçðîáëåíèé â³äíîñíî íåùîäàâíî ìåòîä

àäàïòèâíî¿ êðèòèêè.

Ïîêàçàíî, ùî ðåêóðåíòí³ ìåðåæ³ òèïó NARX

ÿêíàéêðàùå ï³äõîäÿòü äëÿ ìîäåëþâàííÿ äèíàì³÷-

íèõ ñèñòåì, ùî ïðèâåëî äî ¿õ ïîøèðåííÿ â ÿêîñò³

³äåíòèô³êàòîð³â îá’ºêò³â êåðóâàííÿ â íåïðÿìèõ ³

ïðîãíîçóþ÷èõ ìåòîäàõ íåéðîêåðóâàííÿ. Â òîé æå

÷àñ, óñ³ ³ñíóþ÷³ íà ñüîãîäí³ àëãîðèòìè íàâ÷àííÿ

ðåêóðåíòíèõ íåéðîìåðåæ º âàð³àö³ÿìè ðîçðîáëåíèõ

íà ïî÷àòêó 90-õ àëãîðèòì³â BPTT ³ RTRL, íàâ÷àííÿ

ÿêèõ ïðîõîäèòü ïîð³âíÿíî ïîâ³ëüíî ³ âèìàãàº çíà÷-

íèõ îá÷èñëþâàëüíèõ ðåñóðñ³â.

Â òîé æå ÷àñ, çàëèøàºòüñÿ ðÿä íåâèð³øåíèõ ïðî-

áëåì ó ñèñòåìàõ íåéðîêåðóâàííÿ, ùî çàâàæàþòü ¿õ

øèðîêîìó çàñòîñóâàííþ â ³íäóñòð³¿.

1. Âñå ùå â³äñóòíÿ óí³âåðñàëüíà ïðîöåäóðà àíà-

ë³çó ñò³éêîñò³ íåë³í³éíèõ íåéðîêîíòðîëåð³â. Áóëè

çàïðîïîíîâàí³ ëèøå ïðèâàòí³ ð³øåííÿ äëÿ îêðåìèõ

âèä³â íåéðîêîíòðîëëåð³â ïðè â³äîì³é ìàòåìàòè÷í³é

ìîäåë³ îá’ºêòó óïðàâë³ííÿ.

2. Êîíñòðóêö³ÿ ìàéæå óñ³õ ñõåì íåéðîêåðóâàí-

íÿ âèãëÿäàº çàíàäòî óñêëàäíåíîþ ³ç-çà íàÿâíîñò³

äåê³ëüêîõ íåéðîìåðåæ ³ íåòðèâ³àëüíî¿ ïîñë³äîâ-

íîñò³ ïðîöåäóð ¿õ íàâ÷àííÿ. Ïåðñïåêòèâíèì íàïðÿ-

ìîì äîñë³äæåíü º îòðèìàííÿ óí³ô³êîâàíîãî àëãî-

ðèòìó íàâ÷àííÿ ºäèíî¿ íåéðîìåðåæ³, ùî óïðàâëÿº.

3. Äëÿ ïîäàëüøîãî ðîçâèòêó ìåòîä³â íåéðîêå-

ðóâàííÿ, àêòóàëüíîþ ïðîáëåìîþ çàëèøàºòüñÿ ñòâî-

ðåííÿ íîâèõ ìîäåëåé äèíàì³÷íèõ íåéðîííèõ ìåðåæ

³ ñïîñîá³â ç íàâ÷àííÿ, îñê³ëüêè áàçîâèìè áëîêàìè

ïîáóäîâè áàãàòüîõ ìåòîä³â íåéðîêåðóâàííÿ º åìï³-

ðè÷íî îòðèìàí³ ìîäåë³ ïðÿìî¿ àáî ³íâåðñíî¿ äèíà-

ì³êè îá’ºêòó êåðóâàííÿ.
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ÌÅÒÎÄÈ×Í² ÇÀÑÀÄÈ ÏÐÈÉÍßÒÒß ÓÏÐÀÂË²ÍÑÜÊÎÃÎ Ð²ØÅÍÍß
²Ç ÇÀÑÒÎÑÓÂÀÍÍßÌ «ÊÂÀÄÐÀÒÀ ÄÅÊÀÐÒÀ»

Àíîòàö³ÿ: Ñòàòòÿ ïðèñâÿ÷åíà ïèòàííÿì çàñòîñóâàííÿ ìåòîäó «Êâàäðàòà Äåêàðòà» äëÿ ïðèé-
íÿòòÿ ð³øåííÿ, â òîìó ÷èñë³ ³ óïðàâë³íñüêîãî. Ó ñòàòò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåííÿ àâòî-
ðà, ïîâ’ÿçàí³ ç âèêîðèñòàííÿì çàïðîïîíîâàíîãî ìåòîäó ð³çíèìè â³êîâèìè ãðóïàìè òà àíàë³çîì
çàïîâíåíèõ íèìè êâàäðàíò³â ñèñòåìè êîîðäèíàò Äåêàðòà.
Êëþ÷îâ³ ñëîâà: ïðèéíÿòòÿ óïðàâë³íñüêîãî ð³øåííÿ, êâàäðàò Äåêàðòà, ñèñòåìà êîîðäèíàò, ³íñòðó-
ìåíòàð³é åêîíîì³÷íîãî àíàë³çó.

Àííîòàöèÿ: Ñòàòüÿ ïîñâÿ÷åíà âîïðîñàì ïðèìåíåíèÿ ìåòîäà «Êâàäðàòà Äåêàðòà» äëÿ ïðèíÿ-
òèÿ ðåøåíèÿ, â òîì ÷èñëå è óïðàâëåí÷åñêîãî. Â ñòàòüå ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ àâ-
òîðà, ñâÿçàííûå ñ èñïîëüçîâàíèåì ïðåäëîæåííîãî ìåòîäà ðàçëè÷íûìè âîçðàñíèìè ãðóïïàìè è
àíàëèçîì çàïîëíåíûõ íèìè êâàäðàíòîâ ñèñòåìû êîîðäèíàò Äåêàðòà.
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METHODICAL BASES FOR MANAGERIAL DECISION MAKING USING 
DESCARTES SQUARE

МЕТОДИЧНІ ЗАСАДИ ПРИЙНЯТТЯ УПРАВЛІНСЬКОГО РІШЕННЯ ІЗ 
ЗАСТОСУВАННЯМ «КВАДРАТА ДЕКАРТА»
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Abstract. The problem of managerial decision-making arises in the current environment.  Managers look for needed 
information, and they are limited with time, and with tasks that must be performed simultaneously. Particularly 
noteworthy is the issue of decision making for managers of enterprises and organizations. The purpose of the article is 
to analyze the methodological foundations of using Descartes Square as a technology for optimizing the process of 
managerial decision making. The author has elaborated the application of this technique on different age groups of 
people. The first group is students aged 18-20 years. The second group is persons who have experience in enterprises 
of different organizational and legal forms. This group includes persons from 30 to 45 years. The third group consists 
of persons with significant work experience, mainly in state-owned enterprises and in organizations engaged in the 
field of services. As a result of the research, the author concluded that the use of the Descartes Square method for 
analyzing problems and deciding on their solution is relevant for people of different ages. Each age group chooses to 
solve their problem, which is essential for it, and finds solutions to the problems facing the individual. This method is 
vital for solving problems in business, allowing to structure questions, to distinguish individual aspects, to determine 
the priority of solving problems that arise in a certain period of business operation. According to people in business, it 
allows increasing stress resistance in the uncertainty.
Keywords: acceptance of managerial decision, coordinate system, tools of economic analysis. 


