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ÄÂÍÇ «Óêðà¿íñüêèé äåðæàíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò», ì. Äí³ïðî, Óêðà¿íà

Ñòàòòÿ ïðèñâÿ÷åíà ïðîáëåìàì ñèíòåçó ñèñòåì àâòîìàòè÷íîãî ðåãóëþâàííÿ, ùî çà-

áåçïå÷óþòü çàäîâ³ëüíó ÿê³ñòü ôóíêö³îíóâàííÿ â óìîâàõ ñóòòºâî¿ íåâèçíà÷åííîñò³

³íôîðìàö³¿ ïðî ïàðàìåòðè îá’ºêò³â ðåãóëþâàííÿ. Çàóâàæåíî, ùî âèêîðèñòàííÿ òðà-

äèö³éíèõ ìåòîä³â ñèíòåçó ìîæå ïðèçâåñòè äî òîãî, ùî ñèíòåçîâàíà ñèñòåìà íå

çàäîâîëüíÿº ïîñòàâëåíèì äî íå¿ âèìîãàì. Ïîêàçàíà äîö³ëüí³ñòü âèêîðèñòàííÿ â

òàêèõ óìîâàõ ðåãóëÿòîð³â, ùî âèêîðèñòîâóþòü ëîã³êó íå÷³òêèõ ìíîæèí. Âèð³øóºòü-

ñÿ çàäà÷à ñèíòåçó íå÷³òêîãî ðåãóëÿòîðà òåìïåðàòóðè ðåàêòîðà ïîë³ìåðèçàö³¿ ïîë³-

ìåòèëìåòàêðèëàòó. Ñèíòåçîâàí³ òðàäèö³éíèé àíàëîãîâèé ïðîïîðö³éíî-³íòåãðàëü-

íèé ðåãóëÿòîð ³ íå÷³òêèé ðåãóëÿòîð. Äëÿ íå÷³òêîãî ðåãóëÿòîðà ó ïàêåò³ Fuzzy Logic

Toolbox ñèñòåìè Matlab ñòâîðåíà ñèñòåìà íå÷³òêîãî âèâîäó, ùî âèêîðèñòîâóº äâ³

âõ³äí³ ë³íãâ³ñòè÷í³ çì³íí³. Ïåðøîþ º ïîìèëêà ðåãóëþâàííÿ, äðóãîþ – ³íòåãðàë ö³º¿

ïîìèëêè. Äëÿ öèõ âõ³äíèõ çì³ííèõ ³ äëÿ âèõîäó ðåãóëÿòîðà çàäàí³ ôóíêö³¿ ïðèíà-

ëåæíîñò³. Ñôîðìîâàíà áàçà ïðàâèë, ÿêà äëÿ êîæíî¿ êîìá³íàö³¿ çíà÷åíü âõ³äíèõ

çì³ííèõ âèçíà÷àº íàéá³ëüø ïðàâäîïîä³áíèé òåðì âèõ³äíî¿ çì³ííî¿. Äëÿ ïîð³âíÿëü-

íîãî îö³íþâàííÿ ñèíòåçîâàíèõ ðåãóëÿòîð³â ñòâîðåíà Simulink-ìîäåëü, ÿêà âêëþ÷àº

îáèäâà ðåãóëÿòîðè. Äëÿ âèçíà÷åííÿ ðîáàñíîñò³ ðåãóëÿòîð³â çì³íþâàëèñü ïàðàìåòðè

îá’ºêòà ðåãóëþâàííÿ â³äíîñíî òèõ, äëÿ ÿêèõ ðîçðàõîâóâàëèñü ïàðàìåòðè íàëàøòó-

âàííÿ. Â ðåçóëüòàò³ ìîäåëþâàííÿ îòðèìàí³ ïåðåõ³äí³ ïðîöåñè ðåãóëÿòîð³â äëÿ äâîõ

ðåæèì³â – ðîçðàõóíêîâîãî ³ ïðè ñóòòºâèõ â³äõèëåííÿõ â³ä ðîçðàõóíêîâèõ óìîâ.

Âèÿâëåíî, ùî çì³íà ïàðàìåòð³â îá’ºêòà ðåãóëþâàííÿ ñóòòºâî ïîã³ðøóº ÿê³ñòü òðà-

äèö³éíîãî ðåãóëÿòîðà, òîä³ ÿê ÿê³ñòü íå÷³òêîãî ðåãóëÿòîðà çàëèøàºòüñÿ çàäîâ³ëü-

íîþ. Òîáòî âèêîðèñòàííÿ ñèñòåì ðåãóëþâàííÿ ç âèêîðèñòàííÿì íå÷³òêî¿ ëîã³êè

ï³äâèùóº ðîáàñí³ñòü óïðàâ-ë³ííÿ.

Êëþ÷îâ³ ñëîâà: Matlab, Simulink, ë³íãâ³ñòè÷íà çì³ííà, íå÷³òêèé ðåãóëÿòîð, Ï²-ðåãó-

ëÿòîð, ñèñòåìà àâòîìàòè÷íîãî ðåãóëþâàííÿ, ôóíêö³¿ ïðèíàëåæíîñò³, ÿê³ñòü ðåãó-

ëþâàííÿ.
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Ïîñòàíîâêà ïðîáëåìè
Òðàäèö³éíî â ñèñòåìàõ àâòîìàòè÷íîãî ðå-

ãóëþâàííÿ (ÑÀÐ) ïàðàìåòð³â õ³ì³êî-òåõíîëîã³-
÷íèõ ïðîöåñ³â (ÕÒÏ) âèêîðèñòîâóþòü ïðîïîð-
ö³éíî-³íòåãðàëüí³ (Ï²) àáî ïðîïîðö³éíî-³íòåã-
ðàëüíî-äèôåðåíö³þâàëüí³ (Ï²Ä) ðåãóëÿòîðè. Ïðî-
òå ¿õ âèêîðèñòàííÿ ïîâ’ÿçàíå ç íèçêîþ ïðîáëåì.

Ïî-ïåðøå, ³ñíóþ÷³ ìåòîäè ðîçðàõóíêó íà-
ëàøòóâàíü ðåãóëÿòîð³â íå çàâæäè çàáåçïå÷óþòü
íåîáõ³äíó ÿê³ñòü ðåãóëþâàííÿ. Ïðàêòèêà ïîêà-
çóº, ùî âèêîðèñòàííÿ ìåòîäó Êîïåëîâè÷à ³íîä³
ïðèçâîäèòü äî îòðèìàííÿ íåñò³éêî¿ ÑÀÐ. Á³ëüø
äîñêîíàë³ ìåòîäè Ziegler-Nichols, Cohen-Coon,
Chien-Hrones-Reswick õî÷ ³ çàáåçïå÷óþòü

ñò³éê³ñòü, àëå ÷àñòî íå äàþòü îïòèìàëüíî¿ ÿêîñò³
ðåãóëþâàííÿ. Ïî-äðóãå, íàÿâí³ñòü íåâèçíà÷å-
íîñò³, ÿêà ìàº ì³ñöå ïðè äîñë³äæåíí³ òåõíîëî-
ã³÷íèõ ïðîöåñ³â ÿê îá’ºêò³â óïðàâë³ííÿ, ïðèçâî-
äèòü äî òîãî, ùî ñèíòåçîâàíà çà óñ³ìà ïðàâèëà-
ìè ÑÀÐ ìîæå âèÿâèòèñü íåä³ºçäàòíîþ â ðåàëü-
íèõ óìîâàõ âèðîáíèöòâà. Öå âèêëèêàº íå-
îáõ³äí³ñòü ñèíòåçó ðîáàñíèõ ÑÀÐ, ÿê³ ÿê³ñíî
ïðàöþþòü ïðè çíà÷íèõ ôëóêòóàö³ÿõ ïàðàìåòð³â
ÕÒÏ.

Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é
Ïèòàííÿì ïðîåêòóâàííÿ ñèñòåì óïðàâë³í-

íÿ â óìîâàõ íåâèçíà÷åíîñò³ ïðèñâÿ÷åíà çíà÷íà
ê³ëüê³ñòü íàóêîâèõ ïóáë³êàö³é. Îäèí ç íàéá³ëüø
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ïîâíî îïðàöüîâàíèõ ï³äõîä³â äî âèð³øåííÿ çàâ-
äàííÿ ñèíòåçó ðîáàñíèõ ñèñòåì âèêîðèñòîâóº
ïîíÿòòÿ ñèñòåì ç ïàðàìåòðè÷íîþ ³íòåðâàëüíîþ
íåâèçíà÷åí³ñòþ [1]. Ó òàêèõ ñèñòåìàõ ïàðàìåò-
ðè çàäàþòüñÿ íå ÷èñëàìè, à ä³àïàçîíàìè ¿õ ìîæ-
ëèâèõ çíà÷åíü – ³íòåðâàëàìè. Àíàë³ç ³ ñèíòåç
³íòåðâàëüíèõ ñèñòåì âèêîíóºòüñÿ øëÿõîì äîñë³-
äæåííÿ ïîâåä³íêè ñèñòåìè ïðè ð³çíèõ êîìá³íà-
ö³ÿõ ãðàíè÷íèõ çíà÷åíü ïàðàìåòð³â.

Íåäîë³êîì ³íòåðâàëüíèõ ìåòîä³â º òå, ùî
âîíè íå ãàðàíòóþòü ðîáàñíî¿ ñò³éêîñò³ ³ îïòè-
ìàëüíî¿ ÿêîñò³ óïðàâë³ííÿ.

²íøèé ï³äõ³ä äî âèð³øåííÿ çàäà÷ óïðàâë³-
ííÿ â óìîâàõ íåâèçíà÷åíîñò³ – ³íôîðìàö³éíèé
ïðîïîíóºòüñÿ ó ðîáîò³ [2]. Òóò îá´ðóíòîâóºòüñÿ
äîö³ëüí³ñòü âèêîðèñòàííÿ ³íôîðìàö³éíî¿ íåâèç-
íà÷åííîñò³ â çàäà÷àõ ³äåíòèô³êàö³¿ îá’ºêò³â óï-
ðàâë³ííÿ.

Â.ß. Ðîòà÷ [3] ñòâåðæóº, ùî âèð³øèòè çà-
äà÷ó ñèíòåçó ÑÀÐ íåäåòåðì³íîâàíèìè îá’ºêòà-
ìè ÷èñòî ôîðìàëüíèìè ìåòîäàìè çàçâè÷àé âçà-
ãàë³ íå âäàºòüñÿ – äîâîäèòüñÿ çàëó÷àòè, îñîáëè-
âî íà ïî÷àòêîâîìó åòàï³ ôîðìóâàííÿ ñòðóêòóð ³
àëãîðèòì³â ôóíêö³îíóâàííÿ ðåãóëÿòîð³â, äóìêè
äîñâ³ä÷åíèõ åêñïåðò³â. Çàì³ñòü ìåòîä³â òåîð³¿
éìîâ³ðíîñòåé çàñòîñîâóþòüñÿ ìåòîäè òåîð³¿ íå-
÷³òêèõ ìíîæèí. Ñèíòåç íå÷³òêèõ ðåãóëÿòîð³â
ðîçãëÿäàºòüñÿ, íàïðèêëàä, ó ðîáîòàõ [4,5].

Ó ñòàòò³ [6] ðîçãëÿäàºòüñÿ ã³áðèäíà ñòðóê-
òóðà ñèñòåìè óïðàâë³ííÿ, ÿêà ïîºäíóº â ñîá³
åëåìåíòè òðàäèö³éíîãî ³ íå÷³òêîãî óïðàâë³ííÿ.
Òóò çàïðîïîíîâàíèé óí³ô³êîâàíèé àëãîðèòì
ñèíòåçó ñòàòè÷íî¿ çâîðîòíîãî çâ’ÿçêó ïî âèõîäó,
çàñíîâàíèé íà âèêîðèñòàíí³ àïàðàòó ë³í³éíèõ
ìàòðè÷íèõ íåð³âíîñòåé, äëÿ ïîáóäîâè âíóòð³ø-
íüîãî «÷³òêîãî» ³ çîâí³øíüîãî «íå÷³òêîãî» êîí-
òóð³â óïðàâë³ííÿ.

Ôîðìóëþâàííÿ ö³ëåé ñòàòò³
Ìåòîþ íàøèõ äîñë³äæåíü º ïîð³âíÿííÿ

ðîáàñíîñò³ Ï²-ðåãóëÿòîð³â, ñèíòåçîâàíèõ òðàäè-
ö³éíèì ìåòîäîì ³ ç âèêîðèñòàííÿì íå÷³òêî¿ ëî-
ã³êè ïðè ñóòòºâ³é íåâèçíà÷åíîñò³ ïàðàìåòð³â
îá’ºêòà ðåãóëþâàííÿ.

Âèêëàä îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ
ßê îá’ºêò ç íåâèçíà÷åíèìè ïàðàìåòðàìè áóâ

âèáðàíèé ðåàêòîð ïîë³ìåðèçàö³¿ ïîë³ìåòèëìåòàê-
ðèëàòó, ìàòåìàòè÷íà ìîäåëü ÿêîãî îïèñàíà ó
ñòàòò³ [7]. Ñòàíäàðòíèìè ìåòîäàìè äëÿ íüîãî
ñèíòåçîâàíèé ðåãóëÿòîð òåìïåðàòóðè ó ðåàêòîð³.

Äèíàì³êà îá’ºêòà íàäàíà àïåð³îäè÷íîþ ëàí-
êîþ ïåðøîãî ïîðÿäêó:
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äå Kp=4,22; Ti=140,86 ñ.
Ìîäåëþâàííÿ ÑÀÐ âèêîíóâàëîñü ó ïàêåò³

Simulink, â ÿêîñò³ ðåãóëÿòîðà áóâ âèêîðèñòàíèé
áëîê Fuzzy Logic Controller. Äëÿ âèêîíàííÿ
ôóíêö³é Ï²-ðåãóëÿòîðà íà âõ³ä áëîêà òðåáà ïî-
äàòè, êð³ì ñèãíàëó ïîìèëêè ðåãóëþâàííÿ, ùå é
ñèãíàë ïðî³íòåãðîâàíî¿ ïîìèëêè. Òàêèì ÷èíîì,
ñèñòåìà íå÷³òêîãî âèâîäó âèêîðèñòîâóº äâ³ âõ³äí³
ë³íãâ³ñòè÷í³ çì³íí³ Å1 ³ Å2 òà îäíó âèõ³äíó U,
ùî º íàïðóãîþ, ÿêà ïîäàºòüñÿ íà åëåêòðîíàãð³-
âà÷ ðåàêòîðà.

Ñèíòåç íå÷³òêîãî ðåãóëÿòîðà çä³éñíþºòüñÿ
ó ïàêåò³ Fuzzy Logic Toolbox ñèñòåìè Matlab. Âè-
êîðèñòîâóºòüñÿ ïðîãðàìà Fuzzy Logic Designer,
ÿêà çàïóñêàºòüñÿ êîìàíäîþ fuzzy.

Ó â³êí³ Fuzzy Logic Designer ó ïîë³ Name
çàì³íþºòüñÿ ³ì’ÿ çà çàìîâ÷óâàííÿì input1 íà E1.
Ó ìåíþ Edit â³êíà âèáèðàºòüñÿ îïö³ÿ Add variable
– Input. Çàì³íþºòüñÿ íîâå ³ì’ÿ íà E2. Òðåáà òà-
êîæ çì³íèòè ³ì’ÿ âèõ³äíî¿ âåëè÷èíè. Äëÿ öüîãî
êëàöíóòè ìèøåþ ïî ïðÿìîêóòíèêó, ï³ä ÿêèì
íàäïèñ output. Ó ïîë³ Name ñòàâèòüñÿ U. Çáåð³-
ãàºòüñÿ íå÷³òêà ñèñòåìà ï³ä ³ì’ÿì PI (êîìá³íà-
ö³ÿ êëàâ³ø Ctrl+S).

Ó ìåíþ Edit â³êíà ïðîãðàìè âèáèðàºòüñÿ
îïö³ÿ Membership Function (ôóíêö³¿ ïðèíàëåæ-
íîñò³). Ó â³êí³ Membership Function Editor äëÿ
âõîäó E1 âñòàíîâëþºòüñÿ ä³àïàçîí çíà÷åíü Range,
ð³âíèé [–5, 5]. Ââîäÿòüñÿ ôóíêö³¿ ïðèíàëåæíîñò³
äëÿ öüîãî âõîäó çã³äíî ç ðèñ. 1.

Ðèñ. 1. Ôóíêö³¿ ïðèíàëåæíîñò³ äëÿ âõîäó Å1

Òåðìàìè ë³íãâ³ñòè÷íèõ çì³ííèõ áóëè
âèáðàí³ çíà÷åííÿ: NB – íåãàòèâíî âåëèêå,
NM – íåãàòèâíî ñåðåäíº, NS – íåãàòèâíî ìàëå,
ZE – áëèçüêå äî íóëÿ, PS – ïîçèòèâíî ìàëå,
PM – ïîçèòèâíî ñåðåäíº, PB – ïîçèòèâíî âå-
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ëèêå. Â³äïîâ³äíî òðåáà ââåñòè 7 ôóíêö³é, ùî
â³äïîâ³äàþòü òàêèì çíà÷åííÿì âõîäó.

Äëÿ ââîäó ôóíêö³é â ìåíþ Edit âèáðàòè
îïö³þ Add Custom MF, ó â³êí³ Custom
Membership Function ó ïîë³ MF name ââåñòè ³ì’ÿ
ôóíêö³¿ ïðèíàëåæíîñò³, à ó ïîë³ Parameter list –
êîîðäèíàòè ïî÷àòêó, ñåðåäèíè ³ ê³íöÿ ãðàô³êà
ôóíêö³¿. Äëÿ ôóíêö³¿ NB ââåñòè êîîðäèíàòè
[–10, –5, –3.5] äëÿ NÌ – [–5, –3.5, –1.75] ³ òàê
äàë³. Äëÿ ôóíêö³¿ PB ââåñòè [3.5, 5, 10].

Ó â³êí³ Membership Function Editor âèáè-
ðàºòüñÿ âõ³ä E2, âñòàíîâëþºòüñÿ ä³àïàçîí çíà-
÷åíü Range, ð³âíèé [–100, 100], âèäàëÿþòüñÿ âñ³
ôóíêö³¿ ïðèíàëåæíîñò³ ³ ââîäÿòüñÿ çàíîâî çã³äíî
ç ðèñ. 2.

Ðèñ. 2. Ôóíêö³¿ ïðèíàëåæíîñò³ äëÿ âõîäó Å2

Ó â³êí³ Membership Function Editor âèáðà-
òè âèõ³ä U, âñòàíîâèòè ä³àïàçîí çíà÷åíü Range,
ð³âíèé [0, 100], âèäàëèòè âñ³ ôóíêö³¿ ïðèíàëåæ-
íîñò³ ³ ââåñòè ¿õ çàíîâî çã³äíî ç ðèñ. 3.

Ïðàâèëà ôîðìóâàííÿ U â çàëåæíîñò³ â³ä
çíà÷åíü Å1 ³ Å2 íàâåäåí³ íà ðèñ. 4.

Ðèñ. 3. Ôóíêö³¿ ïðèíàëåæíîñò³ äëÿ âèõîäó U

Ðèñ. 4. Ïðàâèëà ëîã³÷íîãî âèâîäó

Ïðàâèëà ôîðìóþòüñÿ çà ïðèíöèïîì: ÿêùî
âõ³ä E1 ïðèéìàº çíà÷åííÿ ç âåðõíüîãî ðÿäêà òàá-
ëèö³, à âõ³ä E2 ïðèéìàº çíà÷åííÿ ç ë³âîãî ñòî-
âï÷èêà, òî âèõ³ä ïðèéìàº çíà÷åííÿ, ÿêå çíàõî-
äèòüñÿ íà ïåðåõðåñò³ â³äïîâ³äíîãî ðÿäêà ³ ñòî-
âï÷èêà. Íàïðèêëàä:

if (E1 is NM) and (E2 is PS) then (U is NS).

Óñüîãî òðåáà ââåñòè 77=49 ïðàâèë.
Äëÿ ââåäåííÿ ïðàâèë ó â³êí³ Fuzzy Logic

Designer ó ìåíþ Edit âèáèðàºòüñÿ îïö³ÿ Rules. Ó
â³êí³ Rule Editor ç ïåðåë³ê³â çíà÷åíü âõîä³â E1 ³
E2, à òàêîæ âèõîäó U âèáèðàþòüñÿ çíà÷åííÿ
çã³äíî ç òàáëèöåþ ³ òèñíåòüñÿ êíîïêà Add rule.

Ðèñ. 5. Simulink-ìîäåëü äëÿ äîñë³äæåííÿ ðåãóëÿòîð³â
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Äëÿ ïîð³âíÿííÿ ðîáîòè òðàäèö³éíî¿ ³ íå-
÷³òêî¿ ÑÀÐ, ñòâîðåíà Simulink-ìîäåëü, ÿêà âêëþ-
÷àº îáèäâà ðåãóëÿòîðè ç âèâåäåííÿì âèõîä³â
ñèñòåì íà îäèí îñöèëîãðàô (ðèñ. 5).

Çä³éñíåíî äâà ñåàíñè ìîäåëþâàííÿ. Ïåð-
øèé ïðè âèùåíàâåäåíèõ çíà÷åííÿõ ïàðàìåòð³â
îá’ºêòà (ðèñ. 6), äðóãèé ç â³äõèëåííÿìè çíà÷åíü
ïàðàìåòð³â (ðèñ. 7). Ñóö³ëüíà ë³í³ÿ â³äïîâ³äàº
ãðàô³êó ïåðåõ³äíî¿ ôóíêö³¿ òðàäèö³éíîãî àíàëî-
ãîâîãî ðåãóëÿòîðà, ïóíêòèðíà – íå÷³òêîãî ðåãó-
ëÿòîðà.

ßê áà÷èìî, ó ïåðøîìó âèïàäêó ÿê³ñòü ðî-
áîòè òðàäèö³éíîãî ðåãóëÿòîðà âèùà, àëå ïðè
çì³í³ ïàðàìåòð³â îá’ºêòà ÿê³ñòü ñóòòºâî ïîðó-
øóºòüñÿ. Çá³ëüøóºòüñÿ ïåðåðåãóëþâàííÿ, ðåæèì
ðîáîòè ïðèéìàº êîëèâàëüíèé õàðàêòåð. Â òîé
æå ÷àñ ðîáîòà íå÷³òêî¿ ÑÀÐ çàëèøàºòüñÿ äîñòà-
òíüî ÿê³ñíîþ.

Âèñíîâêè
Âèêîíàíå ïîð³âíÿííÿ ðîáàñíîñò³ ñèñòåì

ðåãóëþâàííÿ, ñèíòåçîâàíèõ òðàäèö³éíèì ìåòî-
äîì ³ ç âèêîðèñòàííÿì íå÷³òêî¿ ëîã³êè. Äëÿ ïî-
ð³âíÿëüíîãî îö³íþâàííÿ ñèíòåçîâàíèõ ðåãóëÿ-
òîð³â ñòâîðåíà Simulink-ìîäåëü, ÿêà âêëþ÷àº
îáèäâà ðåãóëÿòîðè. Îòðèìàí³ ïåðåõ³äí³ ïðîöåñè
ðåãóëÿòîð³â äëÿ äâîõ ðåæèì³â – ðîçðàõóíêîâîãî
³ ïðè ñóòòºâèõ â³äõèëåííÿõ â³ä ðîçðàõóíêîâèõ
óìîâ. Ðåçóëüòàòè äîñë³äæåííÿ ïîêàçàëè, ùî íà-
ÿâí³ñòü íåâèçíà÷åíîñò³ ïàðàìåòð³â îá’ºêòà ðåãó-
ëþâàííÿ âïëèâàº íà ÿê³ñòü ðîáîòè íå÷³òêîãî
ðåãóëÿòîðà çíà÷íî ìåíøå ó ïîð³âíÿíí³ ç òðàäè-
ö³éíèì ðåãóëÿòîðîì.

Òàêèì ÷èíîì, äëÿ çàáåçïå÷åííÿ ðîáàñíîñò³
â óìîâàõ ñóòòºâî¿ íåâèçíà÷åíîñò³ ïàðàìåòð³â
îá’ºêò³â ðåãóëþâàííÿ äîö³ëüíî âèêîðèñòîâóâà-
òè ÑÀÐ, ùî âèêîðèñòîâóº íå÷³òêó ëîã³êó.

Ðèñ. 7. Ïåðåõ³äí³ ôóíêö³¿ ðåãóëÿòîð³â ïðè ñóòòºâèõ â³äõèëåííÿõ â³ä ðîçðàõóíêîâèõ óìîâ (Ko=0,83; To=2500; tau=200)

Ðèñ. 6. Ïåðåõ³äí³ ôóíêö³¿ ðåãóëÿòîð³â ïðè ðîçðàõóíêîâèõ óìîâàõ (Ko=0,83; To=1188; tau=59)
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ÏÎÂÛØÅÍÈÅ ÐÎÁÀÑÒÍÎÑÒÈ ÑÈÑÒÅÌ
ÐÅÃÓËÈÐÎÂÀÍÈß Ñ ÈÑÏÎËÜÇÎÂÀÍÈÅÌ ÍÅ×ÅÒÊÎÉ
ËÎÃÈÊÈ

Ëèõîëàò Â.Ñ., Ìàíêî Ã.È.

Ñòàòüÿ ïîñâÿùåíà ïðîáëåìàì ñèíòåçà ñèñòåì àâòîìà-
òè÷åñêîãî ðåãóëèðîâàíèÿ, îáåñïå÷èâàþùèõ óäîâëåòâîðèòåëüíîå
êà÷åñòâî ôóíêöèîíèðîâàíèÿ â óñëîâèÿõ ñóùåñòâåííîé íåîïðå-
äåëåííîñòè èíôîðìàöèè î ïàðàìåòðàõ îáúåêòîâ ðåãóëèðîâà-
íèÿ. Çàìå÷åíî, ÷òî èñïîëüçîâàíèå òðàäèöèîííûõ ìåòîäîâ ñèí-
òåçà ìîæåò ïðèâåñòè ê òîìó, ÷òî ñèíòåçèðîâàííàÿ ñèñòåìà
íå óäîâëåòâîðÿåò ïîñòàâëåííûì ê íåé òðåáîâàíèÿì. Ïîêàçà-
íà öåëåñîîáðàçíîñòü èñïîëüçîâàíèÿ â òàêèõ óñëîâèÿõ ðåãóëÿ-
òîðîâ, èñïîëüçóþùèõ ëîãèêó íå÷åòêèõ ìíîæåñòâ. Ðåøàåòñÿ
çàäà÷à ñèíòåçà íå÷åòêîãî ðåãóëÿòîðà òåìïåðàòóðû ðåàêòîðà
ïîëèìåðèçàöèè ïîëèìåòèëìåòàêðèëàòà. Ñèíòåçèðîâàíû òðà-
äèöèîííûé àíàëîãîâûé ïðîïîðöèîíàëüíî-èíòåãðàëüíûé ðåãóëÿ-
òîð è íå÷åòêèé ðåãóëÿòîð. Äëÿ íå÷åòêîãî ðåãóëÿòîðà â ïàêå-
òå Fuzzy Logic Toolbox ñèñòåìû Matlab ñîçäàíà ñèñòåìà íå-
÷åòêîãî âûâîäà, èñïîëüçóþùåãî äâå âõîäíûå ëèíãâèñòè÷åñêèå
ïåðåìåííûå. Ïåðâîé ÿâëÿåòñÿ îøèáêà ðåãóëèðîâàíèÿ, âòîðîé –
èíòåãðàë ýòîé îøèáêè. Äëÿ ýòèõ âõîäíûõ ïåðåìåííûõ è äëÿ

âûõîäà ðåãóëÿòîðà çàäàíû ôóíêöèè ïðèíàäëåæíîñòè. Ñôîð-
ìèðîâàíà áàçà ïðàâèë, êîòîðàÿ äëÿ êàæäîé êîìáèíàöèè çíà÷å-
íèé âõîäíûõ ïåðåìåííûõ îïðåäåëÿåò íàèáîëåå ïðàâäîïîäîáíûé
òåðì âûõîäíîé ïåðåìåííîé. Äëÿ ñðàâíèòåëüíîé îöåíêè ñèíòå-
çèðîâàííûõ ðåãóëÿòîðîâ ñîçäàíà Simulink-ìîäåëü, êîòîðàÿ âêëþ-
÷àåò îáà ðåãóëÿòîðà. Äëÿ îïðåäåëåíèÿ ðîáàñòíîñòè ðåãóëÿòî-
ðîâ èçìåíÿëèñü ïàðàìåòðû îáúåêòà ðåãóëèðîâàíèÿ â îòíîøå-
íèè òåõ, äëÿ êîòîðûõ ðàññ÷èòûâàëèñü ïàðàìåòðû íàñòðîéêè.
Â ðåçóëüòàòå ìîäåëèðîâàíèÿ ïîëó÷åíû ïåðåõîäíûå ïðîöåññû
ðåãóëÿòîðîâ äëÿ äâóõ ðåæèìîâ – ðàñ÷åòíîãî è ïðè ñóùåñòâåí-
íûõ îòêëîíåíèÿõ îò ðàñ÷åòíûõ óñëîâèé. Âûÿâëåíî, ÷òî èçìå-
íåíèå ïàðàìåòðîâ îáúåêòà ðåãóëèðîâàíèÿ ñóùåñòâåííî óõóä-
øàåò êà÷åñòâî òðàäèöèîííîãî ðåãóëÿòîðà, òîãäà êàê êà÷å-
ñòâî íå÷åòêîãî ðåãóëÿòîðà îñòàåòñÿ óäîâëåòâîðèòåëüíûì. Òî
åñòü èñïîëüçîâàíèå ñèñòåì ðåãóëèðîâàíèÿ ñ èñïîëüçîâàíèåì
íå÷åòêîé ëîãèêè ïîâûøàåò ðîáàñòíîñòü óïðàâëåíèÿ.

Êëþ÷åâûå ñëîâà: Matlab, Simulink, ëèíãâèñòè÷åñêàÿ
ïåðåìåííàÿ, íå÷åòêèé ðåãóëÿòîð, ÏÈ-ðåãóëÿòîð, ñèñòåìà
àâòîìàòè÷åñêîãî ðåãóëèðîâàíèÿ, ôóíêöèè ïðèíàäëåæíîñòè,
êà÷åñòâî ðåãóëèðîâàíèÿ.

INCREASING THE ROBUSTNESS OF REGULATION
SYSTEMS USING FUZZY LOGIC

Likholat V.S., Manko G.I.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

The article is devoted to the problems of synthesis of automatic
control systems, which provide satisfactory quality of functioning in
the conditions of significant uncertainty of information about the
parameters of control objects. It is noted that the use of traditional
methods of synthesis can lead to the fact that the synthesized system
does not meet its requirements. The expediency of using regulators
based on logic of fuzzy sets in such conditions is shown. The problem
of synthesis of fuzzy temperature controller of polymerization reactor
of polymethyl methacrylate is solved. Traditional analog PI controller
and fuzzy controller are synthesized. The fuzzy controller in the
Matlab Fuzzy Logic Toolbox package has a fuzzy output system that
uses two input linguistic variables. The first one is the regulation
error, the second one is the integral of this error. These input variables
and the controller output have accessory functions. A rule base that
defines the most plausible term for the output variable for each
combination of input variables is formed. For comparative evaluation
of the synthesized regulators, a Simulink model was created, which
includes both regulators. To determine the robustness of the controllers,
the parameters of the control object were changed relative to those
for which the adjustment parameters were calculated. As a result of
the simulation, the transients of the controllers for the two modes are
obtained – the calculated mode and the mode with significant
deviations from the calculated conditions. It is found that changing
the parameters of the control object significantly degrades the quality
of the traditional controller, while the quality of the fuzzy controller
remains satisfactory. That is, the use of control systems with fuzzy
logic increases the robustness of control.

Keywords: Matlab, Simulink, linguistic variable, fuzzy con-
troller, PI controller, automatic control system, membership func-
tions, quality of regulation.
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