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Ðîçãëÿíóòà çàäà÷à ñèíòåçó â ðàìêàõ ë³í³éíî¿ òåîð³¿ äèñêðåòíîãî ðåãóëÿòîðà
äëÿ êåðóâàííÿ àïåð³îäè÷íèì íåïåðåðâíèì òåõíîëîã³÷íèì îá�ºêòîì ç çàï³çíþâàííÿì
â êàíàë³ êåðóâàííÿ. Ïîêàçàíå ôîðìóâàííÿ ðåêóðåíòíîãî ñï³ââ³äíîøåííÿ ó âèãëÿä³
ð³çíèöåâîãî ð³âíÿííÿ, ÿêå äîçâîëÿº îá÷èñëèòè çíà÷åííÿ êåðóâàëüíîãî ä³ÿííÿ ó áóäü-
ÿêîìó òàêò³ êâàíòóâàííÿ.

Êëþ÷îâ³ ñëîâà: äèñêðåòíèé ðåãóëÿòîð, z-ïåðåòâîðåííÿ, çâîðîòíèé çâ�ÿçîê,
ñèíòåç êåðóâàííÿ, ïåðåäàòíà ôóíêö³ÿ, êàíàë êåðóâàííÿ, çáóðåííÿ, ðåêóðåíòíå
ñï³ââ³äíîøåííÿ, ð³çíèöåâå ð³âíÿííÿ.

Ðàññìîòðåíà çàäà÷à ñèíòåçà â ðàìêàõ ëèíåéíîé òåîðèè äèñêðåòíîãî
ðåãóëÿòîðà äëÿ óïðàâëåíèÿ àïåðèîäè÷åñêèì íåïðåðûâíûì òåõíîëîãè÷åñêèì
îáúåêòîì ñ çàïàçäûâàíèåì â êàíàëå óïðàâëåíèÿ. Ïîêàçàíî ôîðìèðîâàíèå
ðåêóððåíòíîãî ñîîòíîøåíèÿ â âèäå ðàçíîñòíîãî óðàâíåíèÿ, êîòîðîå ïîçâîëÿåò
âû÷èñëèòü çíà÷åíèå óïðàâëÿþùåãî äåéñòâèÿ â êàêîì-ëèáî òàêòå êâàíòîâàíèÿ.

Êëþ÷åâûå ñëîâà: äèñêðåòíûé ðåãóëÿòîð, z-ïðåîáðàçîâàíèå, îáðàòíàÿ ñâÿçü,
ñèíòåç óïðàâëåíèÿ, ïåðåäàòî÷íàÿ ôóíêöèÿ, êàíàë óïðàâëåíèÿ, âîçìóùåíèå,
ðåêóððåíòíîå ñîîòíîøåíèå, ðàçíîñòíîå óðàâíåíèå.

The task of synthesis within the framework of linear theory of discrete regulator is
considered for a management a aperiodicheskiy object continuous technological object with
a delay in the channel of management. Forming of recurrent correlation is shown as raznostnoe|
equalization which allows to calculate the value of managing action in some time of quantum.

Keywords: discrete regulator, z-transformation, feedback, synthesis of management,
transmission function, management channel, indignation, recurrent correlation, raznostnoe
equalization.

Á³ëüø³ñòü òåõíîëîã³÷íèõ îá�ºêò³â êåðóâàííÿ â õàð÷îâ³é ïðîìèñëîâîñò³ º àïåð³îäè÷íèìè
³ ñòàòè÷íèìè. Äëÿ íèõ â³äîì³ ðîçâ�ÿçêè çàäà÷ ñèíòåçó êåðóâàííÿ çà óìîâè â³äñóòíîñò³ çàï³ç-
íþâàííÿ ó êàíàë³ êåðóâàííÿ àáî çà óìîâè àïðîêñèìàö³¿ äèíàì³÷íèõ âëàñòèâîñòåé àïåð³îäè÷íîãî
îá�ºêòà ç çàï³çíþâàííÿì àïåð³îäè÷íîþ ëàíêîþ äðóãîãî ïîðÿäêó [1], ïðè ÿê³é ðåàëüíå òðàíñïîðòíå
çàï³çíþâàííÿ â êàíàë³ êåðóâàííÿ çàì³ùóºòüñÿ íà ïåðåõ³äíå, à ñèíòåç êåðóâàííÿ çàëèøàºòüñÿ â
ìåæàõ ë³í³éíî¿ òåîð³¿.

Òóò ïîêàæåìî, ÿê çà äîïîìîãîþ z-ïåðåòâîðåííÿ ÿê îñíîâè àíàë³çó äèñêðåòíèõ ñèñòåì
çä³éñíèòè â ðàìêàõ ë³í³éíî¿ òåîð³¿ ñèíòåç (àíàë³òè÷íå êîíñòðóþâàííÿ) äèñêðåòíîãî ðåãóëÿòîðà
äëÿ êåðóâàííÿ àïåð³îäè÷íèì îá�ºêòîì ç çàï³çíþâàííÿì â êàíàë³ êåðóâàííÿ.

Íåõàé òåõíîëîã³÷íèé îá�ºêò êåðóâàííÿ ÒÎÊ ìàº äèíàì³÷í³ âëàñòèâîñò³, ÿê³ â³äîáðàæàþòüñÿ
çà êàíàëîì çáóðåííÿ àïåð³îäè÷íîþ ëàíêîþ ïåðøîãî ïîðÿäêó

© Á.Ì. Ãîí÷àðåíêî, Î.Ï. Ëîáîê 2011







ÏÐÎÖÅÑÈ ÒÀ ÎÁËÀÄÍÀÍÍß

326 ÕÀÐ×ÎÂÀ ÏÐÎÌÈÑËÎÂ²ÑÒÜ ¹ 10, 2011

Íà ðèñóíêó 4 çîáðàæåíà â³äïîâ³äíà ñòðóêòóðíà ñõåìà äèñêðåòíî¿ ÑÀÊ ç àíàë³òè÷íî
ñêîíñòðóéîâàíèì äèñêðåòíèì ðåãóëÿòîðîì D(z). Íà ñõåì³ çîáðàæåí³ ³ ³ìïóëüñí³ åëåìåíòè ç
ïåð³îäîì êâàíòóâàííÿ Ò ³ Z-çîáðàæåííÿ â³äïîâ³äíèõ ñèãíàë³â ³ ä³ÿíü.

Êîðèñòóþ÷èñü ñòðóêòóðíîþ ñõåìîþ äèñêðåòíî¿ ÑÀÊ (ðèñ. 4) ïðè F(p) = 0 çà ïðèíöèïîì
ñóïåðïîçèö³¿, íàïèøåìî ð³âíÿííÿ ÑÀÊ â³äíîñíî Z-çîáðàæåíü:

y(z) = W0K(z) D(z) [g(z) � y(z)],  (10)

äå 
0K

0K

W (p)z 1
W (z) [ ]

z p  � äèñêðåòíà ïåðåäàòíà ôóíêö³ÿ ÒÎÊ çà êàíàëîì êåðóâàííÿ.

Ç âèðàçó (10) âèïëèâàº, ùî äèñêðåòíà ïåðåäàòíà ôóíêö³ÿ àíàë³òè÷íî ñêîíñòðóéîâàíîãî
äèñêðåòíîãî ðåãóëÿòîðà ÒÎÊ áóäå:

        
0K

y(z) / g(z)
D(z)

W (z) [1 y(z) / g(z)] .  (11)

Î÷åâèäíî, ùî âèðàç y(z)/g(z) º ïåðåäàòíîþ ôóíêö³ºþ çàìêíåíî¿ ñèñòåìè êåðóâàííÿ,
ÿêó ìîæíà âèçíà÷èòè, çàñòîñóâàâøè äî âèðàçó ¿¿ ïåðåäàòíî¿ ôóíêö³¿ (5) Z-ïåðåòâîðåííÿ. Òîä³:

(k 1)3
1

3

1 ay(z)
Ô(z) z

g(z) 1 a z ,  (12)

äå à
3
 = exp(�T / T

3
).

Ï³äñòàíîâêà â³äïîâ³äíèõ âèðàç³â W
ÎÊ

(z)
 
(4) òà Ô(z) (12) ó âèðàç D(z) (11) äàº ð³âíÿííÿ

àíàë³òè÷íî ñêîíñòðóéîâàíîãî äèñêðåòíîãî ðåãóëÿòîðà ÒÎÊ:
1

3 p

1 (k 1)
0 p 3 3

(1 a ) (1 a z )
D(z)

k (1 a ) [1 a z (1 a ) z ] ,  (13)

ùî ïîâí³ñòþ â³äïîâ³äàº ïåðåäàòí³é ôóíêö³¿ ÄÐÄ (Äàë³íà) òèïó ²²² [2], ³ç ðåàë³çàö³ºþ ÿêî¿
â äèñêðåòí³é ôîðì³ íå âèíèêàº æîäíèõ òðóäíîù³â.

Â [2] äëÿ òàêîãî ðåãóëÿòîðà áóëî íàâåäåíå ðåêóðåíòíå ñï³ââ³äíîøåííÿ ó âèãëÿä³ ð³çíèöåâîãî
ð³âíÿííÿ, ÿêå äîçâîëÿº îá÷èñëèòè â n-íîìó òàêò³ (íà nT-êðîö³) çíà÷åííÿ êåðóâàëüíîãî ä³ÿííÿ:

0 1 1 2u(nT) a e[nT] a e[(n 1)T] b u[(n 1)T] b u[(n k 1)T] .  (14)

Ç îñòàííüîãî âèðàçó î÷åâèäíî, ùî äëÿ îá÷èñëåííÿ êåðóâàëüíîãî ä³ÿííÿ íà n- íîìó
êðîö³ ïîòð³áíî:

1. Îá÷èñëèòè íåóçãîäæåííÿ e(nT) íà êðîö³ n ³ çíàéòè éîãî çíà÷åííÿ, ÿêå áóëî íà êðîö³
(n�1), òîáòî å[(n�1)T], à òàêîæ ìàòè çíà÷åííÿ êåðóâàëüíèõ ä³ÿíü u[(n�1)T] òà u[(n�k�1)T], ÿê³
áóëè îá÷èñëåí³ íà êðîêàõ (n �1) òà (n�k�1);

2. Ïåðåìíîæèòè çíà÷åííÿ çì³ííèõ å(nT), e[(n�1)T], u[(n�1)] òà u[(n�k�1)T] íà â³äïîâ³äí³
êîåô³ö³ºíòè à0, à1, b1 òà b2.

3. Äîäàòè (ñêëàñòè) îäåðæàí³ ðåçóëüòàòè.
Î÷åâèäíî, ùî îá÷èñëåííÿ êåðóâàëüíîãî ä³ÿííÿ íàéäîö³ëüí³øå çä³éñíèòè ó âèãëÿä³

êîìï�þòåðíî¿ ïðîãðàìè, ùî ðåàë³çóº â³äïîâ³äíå ðåêóðåíòíå ñï³ââ³äíîøåííÿ.
 Àíàë³òè÷íå êîíñòðóþâàííÿ äèñêðåòíîãî ðåãóëÿòîðà äëÿ êåðóâàííÿ

àïåð³îäè÷íèì ç çàï³çíþâàííÿì îá�ºêòîì ç çàñòîñóâàííÿì z-ïåðåòâîðåííÿ â³äáóâàºòüñÿ â ðàìêàõ
ë³í³éíî¿ òåîð³¿. Ñèíòåçîâàíèé ðåãóëÿòîð äîçâîëÿº êåðóâàòè íåïåðåðâíèì îá�ºêòîì çà çàêîíîì
äèñêðåòíîãî ðåãóëÿòîðà Äàë³íà òèïó III [2], ç ðåàë³çàö³ºþ ÿêîãî ó âèãëÿä³ êîìï�þòåðíî¿ ïðîãðàìè
ðîçâ�ÿçàííÿ ð³çíèöåâîãî ð³âíÿííÿ íå âèíèêàº æîäíèõ òðóäíîù³â.
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