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ÌÎÄÅËÞÂÀÍÍß ÏÐÎÖÅÑÓ ÑÈÍÒÅÇÓ ÀÖÅÒÈËÅÍÓ Â CHEMCAD ÒÀ
ÎÑÎÁËÈÂÎÑÒ² ÇÂ’ßÇÊÓ Ç² SCADA ÇÀ ÄÎÏÎÌÎÃÎÞ ÒÅÕÍÎËÎÃ²¯ OPC

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

Ó äàí³é ñòàòò³ äîñë³äæóþòüñÿ îñîáëèâîñò³ ïîáóäîâè ìàòåìàòè÷íèõ ìîäåëåé ó ñó÷àñ-

íèõ óí³âåðñàëüíèõ ìîäåëþþ÷èõ ïðîãðàìàõ ³ ïîäàëüøå ¿õ âèêîðèñòàííÿ çà äîïîìî-

ãîþ òåõíîëîã³¿ OPC â ñèñòåìàõ êåðóâàííÿ õ³ì³êî-òåõíîëîã³÷íèìè ïðîöåñàìè íà

áàç³ SCADA ñèñòåì. Ìåòîþ º äîñë³äæåííÿ îñîáëèâîñòåé ³íôîðìàö³éíîãî îáì³íó çà

äîïîìîãîþ òåõíîëîã³¿ OPC ì³æ óí³âåðñàëüíîþ ìîäåëþþ÷îþ ïðîãðàìîþ ChemCAD

òà ñó÷àñíîþ SCADA ñèñòåìîþ TRACE-ÌODE 6 íà ïðèêëàä³ ìàòåìàòè÷íî¿ ìîäåë³

ê³íåòè÷íîãî ðåàêòîðà äëÿ ñèíòåçó àöåòèëåíó. Äëÿ äîñÿãíåííÿ ìåòè â ïðîãðàìíîìó

ñåðåäîâèù³ ìîäåëþþ÷î¿ ïðîãðàìè ChemCAD ðîçðîáëåíà ìàòåìàòè÷íà ìîäåëü ê³íå-

òè÷íîãî ðåàêòîðà äëÿ ñèíòåçó àöåòèëåíó íà áàç³ ìîäåë³ ðåàêòîðà áåçïåðåðâíîãî

ïåðåì³øóâàííÿ. Âèêîíàíî íàëàøòóâàííÿ ðåàêòîðà òà åêñïåðèìåíòàëüíî ï³ä³áðàí³

ïàðàìåòðè ìàòåð³àëüíèõ ïîòîê³â. Çä³éñíåíî äîñë³äæåííÿ ïðîöåñó ñèíòåçó àöåòèëå-

íó çà ìàòåìàòè÷íîþ ìîäåëëþ, îòðèìàíà ãðàô³÷íà çàëåæí³ñòü âèõîäó àöåòèëåíó â³ä

òåìïåðàòóðè òà âèêîíàíî ¿¿ àíàë³ç, çà ðåçóëüòàòàìè ÿêîãî âñòàíîâëåíà òåìïåðàòóðà,

ùî çàáåçïå÷óº ìàêñèìàëüíèé âèõ³ä àöåòèëåíó. Çà äîïîìîãîþ òåõíîëîã³¿ OPC ðåàë³-

çîâàíî ³íôîðìàö³éíèé îáì³í ì³æ ìîäåëëþ ³ ñèñòåìîþ êåðóâàííÿ ïðîöåñîì ñèíòå-

çó àöåòèëåíó, ÿêà ïîáóäîâàíà íà áàç³ ñó÷àñíî¿ SCADA ñèñòåìè TRACE-MODE 6.

Îòðèìàíà ãðàô³÷íà çàëåæí³ñòü – ïåðåõ³äíèé ïðîöåñ ñèñòåìè ïî êàíàëó âèõîäó

àöåòèëåíó ïðè âèêîðèñòàíí³ PID ðåãóëÿòîðà ³ íàíåñåí³ çáóðåííÿ çì³íîþ çàâäàííÿ.

Âèêîíàíèé àíàë³ç ïåðåõ³äíîãî ïðîöåñó âèÿâèâ â³äñóòí³ñòü òðàíñïîðòíîãî çàï³ç-

íåííÿ, ÿêå ïîÿñíþºòüñÿ ðîçðàõóíêîâèì õàðàêòåðîì îá’ºêòó êåðóâàííÿ, ùî îäíàê

íå º ìîæëèâèì äëÿ ðåàëüíîãî òåõíîëîã³÷íîãî ïðîöåñó. Äëÿ âèð³øåííÿ ïðîáëåìè

áóëî çä³éñíåíî åêñïåðèìåíò, çà ðåçóëüòàòàìè ÿêîãî çàïðîïîíîâàíî ñïîñ³á åìóëÿö³¿

òðàíñïîðòíîãî çàï³çíåííÿ çà äîïîìîãîþ ôóíêö³îíàëüíèõ ìîæëèâîñòåé ³íôîðìà-

ö³éíèõ êàíàë³â SCADA ñèñòåìè. Îòðèìàíî ãðàô³ê ïåðåõ³äíîãî ïðîöåñó ñèñòåìè ç

êàíàëó âèõîäó àöåòèëåíó, ÿê³é ï³äòâåðäæóº åôåêòèâí³ñòü çàïðîïîíîâàíîãî ìåòîäó

åìóëÿö³¿ òðàíñïîðòíîãî çàï³çíåííÿ ïðè âèêîðèñòàíí³ çîâí³øí³õ ðîçðàõóíêîâèõ

ìîäåëåé â SCADA ñèñòåìàõ.
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Ââåäåííÿ
Ñó÷àñí³ ñèñòåìè îïòèìàëüíîãî êåðóâàííÿ

â á³ëüøîñò³ ñâî¿é ïîáóäîâàí³ íà áàç³ ìàòåìàòè-
÷íèõ ìîäåëåé ð³çíî¿ ñêëàäíîñò³ òà äîñòîâ³ðíîñò³,
ùî îïèñóþòü ïðîöåñè ³ îá’ºêòè, ÿê³ ï³äëÿãàþòü
óïðàâë³ííþ. Òî÷í³ñòü âèêîðèñòîâóâàíèõ äëÿ
óïðàâë³ííÿ ìàòåìàòè÷íèõ ìîäåëåé áåçïîñåðåä-
íüî âïëèâàº íà ÿê³ñòü, åôåêòèâí³ñòü ³ íàä³éí³ñòü
ñèñòåì êåðóâàííÿ, ïîáóäîâàíèõ íà ¿õ îñíîâ³ [1].

²ñòîðè÷íî ìàòåìàòè÷í³ ìîäåë³ äëÿ ðîçâ’ÿ-
çàííÿ çàäà÷ êåðóâàííÿ ñòâîðþâàëèñü ³ ïðîãðà-
ìóâàëèñü ç âèêîðèñòàííÿì ð³çíèõ ìîâ ïðîãðà-
ìóâàííÿ âèñîêîãî ð³âíÿ (Delphi, Ñ, Python òà
³í.), ùî âèìàãàëî ³ñòîòíèõ ÷àñîâèõ ³ ìàòåð³àëü-
íèõ âèòðàò. Äàíèé ï³äõ³ä íå ð³äêî çàñòîñîâóºòü-
ñÿ ³ â äàíèé ÷àñ, îñîáëèâî äëÿ ð³äê³ñíèõ ³ ìàëî
äîñë³äæåíèõ òåõíîëîã³÷íèõ ïðîöåñ³â.

Äëÿ ìîäåëþâàííÿ òèïîâèõ ³ äîñèòü ïîøè-
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ðåíèõ òåõíîëîã³÷íèõ ïðîöåñ³â â äàíèé ÷àñ âñå
÷àñò³øå çàñòîñîâóþòüñÿ óí³âåðñàëüí³ ìîäåëþþ÷³
ïðîãðàìè (ÓÌÏ), òàê³ ÿê HYSYS, Aspen Plus,
ChemCAD òà ³í. [2].

Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é
Ç ë³òåðàòóðè [1,2] â³äîìî, ùî â îñíîâó âñ³õ

ÓÌÏ çàêëàäåí³ çàãàëüí³ ïðèíöèïè ðîçðàõóíê³â
ìàòåð³àëüíî-òåïëîâèõ áàëàíñ³â òåõíîëîã³÷íèõ
ïðîöåñ³â. ßê ïðàâèëî, áóäü-ÿêèé ïðîöåñ ñêëà-
äàºòüñÿ ç³ ñòàä³é, íà êîæí³é ç ÿêèõ ìîæëèâî ïåâ-
íèì ÷èíîì âïëèâàòè íà ìàòåð³àëüí³ ïîòîêè ³
ïåðåòâîðåííÿ åíåðã³¿. Ïîñë³äîâí³ñòü ñòàä³é çàç-
âè÷àé îïèñóºòüñÿ çà äîïîìîãîþ òåõíîëîã³÷íî¿
ñõåìè, êîæåí åëåìåíò ÿêî¿ â³äïîâ³äàº ïåâíîìó
òåõíîëîã³÷íîìó ïðîöåñó àáî ãðóï³ ïðîöåñ³â, ùî
ñï³ëüíî ïðîò³êàþòü. Ç’ºäíàííÿ ì³æ åëåìåíòàìè
òåõíîëîã³÷íî¿ ñõåìè â³äïîâ³äàþòü ìàòåð³àëüíèì
³ åíåðãåòè÷íèì ïîòîêàì, ùî â³äáóâàþòüñÿ â ñèñ-
òåì³. Â ö³ëîìó ìîäåëþâàííÿ òåõíîëîã³÷íî¿ ñõå-
ìè çàñíîâàíå íà çàñòîñóâàíí³ çàãàëüíèõ ïðèí-
öèï³â òåðìîäèíàì³êè äî îêðåìèõ åëåìåíò³â ñõå-
ìè ³ äî ñèñòåìè â ö³ëîìó [2].

ÓÌÏ ìàþòü ñâî¿ çàãàëüí³ òà â³äì³íí³ ðèñè,
àëå îñíîâíèé ñïåêòð ¿õ ìîæëèâîñòåé çíà÷íîþ
ì³ðîþ çá³ãàºòüñÿ. Â óñ³õ ÓÌÏ ó ïðîöåñ³ ìîäå-
ëþâàííÿ âèêîíóþòüñÿ òàê³ îñíîâí³ êðîêè: ïî-
áóäîâà òåõíîëîã³÷íîãî ïðîöåñó – âèçíà÷åííÿ
àïàðàò³â òà ç’ºäíóþ÷èõ ïîòîê³â; âèçíà÷åííÿ ðå-
÷îâèí; ñïåöèô³êàö³ÿ òåðìîäèíàì³÷íèõ ìîäåëåé
ðîçðàõóíêó òà äàí³ ðå÷îâèí; âèçíà÷åííÿ âõ³äíèõ
ïîòîê³â; ñïåöèô³êàö³¿ äëÿ îñíîâíèõ îïåðàö³é ³
ö³ëüîâèõ ïðîäóêò³â; áåçïîñåðåäíº ìîäåëþâàííÿ
ïðîöåñó; êîíòðîëü ³ ïåðåâ³ðêà ðåçóëüòàò³â. Çàâ-
äÿêè âëàñíèì áàçàì äàíèõ õ³ì³÷íèõ êîìïîíåíò³â,
ðîçøèðåíèì ñïîñîáàì ðîçðàõóíêó òåðìîäèíàì³-
êè òà ãíó÷êèì ìåòîäàì ðîçðàõóíêó àïàðàò³â, ö³
ïðîãðàìè çàáåçïå÷óþòü âèñîêó òî÷í³ñòü ìàòåìà-
òè÷íîãî îïèñó ïàðàìåòð³â òåõíîëîã³÷íèõ ïðî-
öåñ³â [3].

Îäíàê óí³âåðñàëüí³ ìîäåëþþ÷³ ïðîãðàìè â
ïåðøó ÷åðãó ñòâîðþâàëèñÿ äëÿ ïðîåêòóâàííÿ ³
ðîçðîáêè ñàìèõ òåõíîëîã³÷íèõ ïðîöåñ³â, à íå äëÿ
âèêîíàííÿ çàâäàíü êåðóâàííÿ. ×àñòêîâî öþ ïðî-
áëåìó âèð³øóº íàÿâí³ñòü âáóäîâàíîãî â á³ëüø³ñòü
ÓÌÏ ñåðâåðà OPC (Open Platform Communi-
cation) [4], ÿêèé äîçâîëÿº îðãàí³çóâàòè ³íôîð-
ìàö³éíèé îáì³í ì³æ ÓÌÏ ³ ð³çíèì ïðîãðàìíèì
çàáåçïå÷åííÿì, ùî âèêîðèñòîâóºòüñÿ äëÿ ïðî-
ìèñëîâî¿ àâòîìàòèçàö³¿, íàïðèêëàä ñó÷àñíèìè
SCADA ñèñòåìàìè [5]. Â òîé æå ÷àñ î÷åâèäíî,
ùî ïèòàííÿ âèêîðèñòàííÿ ìàòåìàòè÷íèõ ìîäå-
ëåé ðîçðîáëåíèõ â ÓÌÏ äëÿ âèêîíàííÿ çàâäàíü
êåðóâàííÿ, âèìàãàº äîäàòêîâîãî îïðàöþâàííÿ,
ïîäàëüøîãî äîñë³äæåííÿ òà åêñïåðèìåíò³â [5,6].

Ïîñòàíîâêà çàâäàííÿ
Ìåòîþ ðîáîòè º äîñë³äæåííÿ îñîáëèâîñòåé

³íôîðìàö³éíîãî îáì³íó íà áàç³ òåõíîëîã³¿ OPC
ì³æ óí³âåðñàëüíîþ ìîäåëþþ÷îþ ïðîãðàìîþ
ChemCAD ³ ñó÷àñíîþ SCADA ñèñòåìîþ TRACE-
ÌODE íà ïðèêëàä³ ìàòåìàòè÷íî¿ ìîäåë³ ê³íå-
òè÷íîãî ðåàêòîðà äëÿ ñèíòåçó àöåòèëåíó.

Îñíîâíèé ìàòåð³àë äîñë³äæåííÿ
ChåmCAD – åôåêòèâíèé ³íñòðóìåíò äëÿ

êîìï’þòåðíîãî ìîäåëþâàííÿ õ³ì³êî-òåõíîëîã³-
÷íèõ ïðîöåñ³â ïðè ðîçðîáö³, ìîäåðí³çàö³¿ òà îï-
òèì³çàö³¿ âèðîáíèöòâ [2]. Â³í âèêîðèñòîâóºòüñÿ
äëÿ ìîäåëþâàííÿ ³ ðîçðàõóíêó òåõíîëîã³÷íèõ
ñõåì ç ïîòîêàìè îðãàí³÷íèõ ³ íåîðãàí³÷íèõ ðå-
÷îâèí ³ áåçïåðåðâíèõ ñóì³øåé, à òàêîæ åíåðãå-
òè÷íèõ ïîòîê³â. Êîìïëåêñ äîñë³äæåíü ç âèêî-
ðèñòàííÿì ChåmCAD äàº ìîæëèâ³ñòü äîìîãòè-
ñÿ çàäîâ³ëüíîãî çá³ãó ðåçóëüòàò³â ðîçðàõóíê³â ç
äàíèìè ïðîìèñëîâèõ åêñïåðèìåíò³â, ùî äîçâî-
ëÿº âèêîíóâàòè çàâäàííÿ àâòîìàòè÷íîãî êåðó-
âàííÿ ïðîöåñàìè ³ ï³äâèùåííÿ åôåêòèâí³ñò³
ä³þ÷èõ âèðîáíèöòâ, âèçíà÷åííÿ îïòèìàëüíèõ ðå-
æèìíèõ òà êîíñòðóêö³éíèõ ïàðàìåòð³â ïðîöåñ³â
â îêðåìèõ àïàðàòàõ ç ïîçèö³¿ âñüîãî âèðîáíèö-
òâà â ö³ëîìó [2].

Äëÿ äîñÿãíåííÿ ìåòè ðîáîòè ó ïðîãðàìíî-
ìó ñåðåäîâèù³ ChemCAD áóëà ïîáóäîâàíà ñõå-
ìà ïðîöåñó ñèíòåçó àöåòèëåíó [7] íà áàç³ ê³íå-
òè÷íîãî ðåàêòîðà (ðèñ. 1).

Ðèñ. 1. Ñõåìà ïðîöåñó ñèíòåçó àöåòèëåíó íà áàç³

ê³íåòè÷íîãî ðåàêòîðà (ÂÌ – âèêîíàâ÷èé ìåõàí³çì)

Â îñíîâ³ ïðîöåñó çàêëàäåíî õ³ì³÷í³ ïåðå-
òâîðåííÿ (1), ÿê³ îïèñóþòü ñèíòåç àöåòèëåíó
(C2H2) ç åòèëåíó (C2H4) â ê³íåòè÷íîìó ðåàêòîð³
(ðèñ. 1) ïðè òåìïåðàòóðàõ 900–18000Ñ.

C2H4C2H2+H2; C2H22Ñ+H2.                  (1)

Ê³íåòè÷íèé ðåàêòîð ñèíòåçó âèêîðèñòîâóº
ïðîåêòíå ð³âíÿííÿ (2) äëÿ ðåàêòîð³â áåçïåðåðâ-
íîãî ïåðåì³øóâàííÿ ºìíîñò³

io

i

F X
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r

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äå Fio – ââåäåííÿ ìîëÿðíîãî ïîòîêó êîìïîíåí-
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òà i; X – êîíâåðñ³ÿ; V – îá’ºì ðåàêòîðà; ri –
øâèäê³ñòü óòâîðåííÿ êîìïîíåíòà.

Çàãàëüíà øâèäê³ñòü ðåàêö³¿ äëÿ êîæíîãî
êîìïîíåíòà â îäíî÷àñí³é ðåàêö³¿ çàäàºòüñÿ íà-
ñòóïíèì âèðàçîì:

j
i

kj

j
kjj

kj

E nnrx
a(RT)

i ij j k

j 1 k 1

En
b(RT)

kj kj

k 1

r N A e (C )

1 e C ,



 





 
  
 
 

 
   
 
 

 

   (3)

äå ri – øâèäê³ñòü ðåàêö³¿ äëÿ êîìïîíåíòà i,
ìîëü/îá’ºì÷àñ; i – ïîçíà÷åííÿ êîìïîíåíòà ³;
k – ïîçíà÷åííÿ ðåàãåíòó k; j – ïîçíà÷åííÿ ðå-
àêö³¿ j; Nij – ñòåõ³îìåòðè÷íèé êîåô³ö³ºíò äëÿ êîì-
ïîíåíòà i â ðåàêö³¿ j; Aj – ïðåäåêñïîíåíö³àëü-
íèé ìíîæíèê â ðåàêö³¿ j; Ej – åíåðã³ÿ àêòèâàö³¿
â ðåàêö³¿ j; R – óí³âåðñàëüíà êîíñòàíòà ãàçó; T –
àáñîëþòíà òåìïåðàòóðà; Ck – êîíöåíòðàö³ÿ ðåà-
ãåíòó k, ìîëü/îá’ºì àáî ïàðö³àëüíèé òèñê k;
akj – ïîðÿäîê ðåàêö³¿; n – ê³ëüê³ñòü ðåàãåíò³â;
nrx – ê³ëüê³ñòü ðåàêö³é; kj – àäñîðáö³éíèé ôàê-
òîð; Ekj – åíåðã³ÿ àäñîðáö³¿; j – åíåðãåòè÷íèé
ôàêòîð àäñîðáö³¿ (áåòà-êîåô³ö³ºíò); bkj – àäñîð-
áö³éíèé åêñïîíåíö³àëüíèé ôàêòîð.

Ó â³äïîâ³äíîñò³ äî ðåàêö³é (1) äëÿ ðåàë³çàö³¿
ñèíòåçó àöåòèëåíó â ðåàêòîð³ áóëî îáðàíî íà-
ñòóïí³ êîìïîíåíòè ðåàêö³¿:

– åòèëåí/ethene (C2H4);
– àöåòèëåí/acetylene (C2H2);
– âîäåíü/hydrogen (H2);
– âóãëåöü/carbon (C).
Íàñòóïí³ ïàðàìåòðè áóëè îáðàí³ òà çàäàí³

ÿê ïî÷àòêîâ³ äëÿ òåõíîëîã³÷íîãî ïîòîêó 1 – åòè-
ëåíó (ðèñ. 2):

– òåìïåðàòóðà ïîòîêó 10000C;
– òèñê 1 àòì.;
– âèòðàòà åòèëåíó äî ðåàêòîðà 600 êã/ãîä.
Äëÿ ê³íåòè÷íîãî ðåàêòîðó ñèíòåçó àöåòè-

ëåíó çàäàí³ íàñòóïí³ ïàðàìåòðè íàëàøòóâàííÿ
(ðèñ. 3):

– ê³ëüê³ñòü ðåàêö³é îáðàíî 2;
– âèðàç ê³íåòè÷íî¿ øâèäêîñò³ ñòàíäàðòíèé

äëÿ âñ³õ ðåàêö³é;
– òèï ðåàêö³¿: ïàðîâèé, çì³øàíà ôàçà;
– òåïëîâèé ðåæèì – ³çîòåðì³÷íèé.
Ââåäåíî íàñòóïí³ ñòåõ³îìåòðè÷í³ êîåô³ö³º-

íòè ðåàêö³é (1), ó â³äïîâ³äíîñò³ äî ³íôîðìàö³¿
ç [7].

ßê ïàðàìåòðè ïåðøî¿ ðåàêö³¿ ïðèéìàºìî:
Aj=2å+011; Ej=65000. Ñòåõ³îìåòðè÷í³ êîåô³ö³-
ºíòè äëÿ êîæíîãî êîìïîíåíòó: åòèëåí N11=–1;
àöåòèëåí N21=1; âîäåíü N31=1.

ßê ïàðàìåòðè äðóãî¿ ðåàêö³¿ (1) ïðèéìàºìî:
Aj=8å+012; Ej=87000. Ñòåõ³îìåòðè÷í³ êîåô³ö³-
ºíòè äëÿ êîæíîãî êîìïîíåíòó [7]: àöåòèëåí
N12=–1; âîäåíü N22=1; âóãëåöü N32=1.

Äëÿ ïåðåâ³ðêè ïðàöåçäàòíîñò³ îòðèìàíî¿
ìîäåë³ ê³íåòè÷íîãî ðåàêòîðà ñèíòåçó àöåòèëåíó
â ïðîãðàìíîìó ñåðåäîâèù³ ChemCAD áóëî âè-
êîíàíî ìîäåëþâàííÿ ïðîöåñó â ñòàòè÷íîìó ðå-
æèì³. Îòðèìàíà çàëåæí³ñòü âèõîäó àöåòèëåíó â³ä
òåìïåðàòóðè íàäàíà íà ðèñ. 4.

Àíàë³ç îòðèìàíî¿ çàëåæíîñò³ ïîêàçàâ, ùî
ïðè îáðàíèõ ïàðàìåòðàõ âèòðàòè ñèðîâèíè ³
íàëàøòóâàíí³ ðåàêòîðà ìàêñèìàëüíå ïåðåòâîðåí-
íÿ åòèëåíó â àöåòèëåí â³äáóâàºòüñÿ ïðè òåìïå-
ðàòóð³ 8360Ñ. Ïîäàëüøå çá³ëüøåííÿ òåìïåðàòó-
ðè âõ³äíî¿ ñóì³ø³ âåäå äî ìàðíî¿ âèòðàòè åíåðã³¿
³ íåãàòèâíî ïîçíà÷àºòüñÿ íà çá³ëüøåíí³ âèõîäó
àöåòèëåíó.

Îñê³ëüêè ChemCAD ï³äòðèìóº òåõíîëîã³þ
OPC ³ ïî ñóò³ º ñåðâåðîì [8], â³í ïðåäñòàâëÿºòü-
ñÿ êë³ºíòàì OPC â ÿêîñò³ äæåðåëà äàíèõ. Óìîâ-
íî ïàðàìåòðè OPC ñåðâåðà ChemCAD ìîæëèâî
ðîçãëÿäàòè ÿê â³ääàëåí³ òåõí³÷í³ çàñîáè àâòîìà-
òèçàö³¿, à ñàìå ÿê äàò÷èêè, ùî âèì³ðþþòü ïàðà-
ìåòðè òåõíîëîã³÷íîãî ïðîöåñó ³ ðåãóëþþ÷³ êëà-
ïàíè, ÿê³ çì³íþþòü âèòðàòè ìàòåð³àëüíèõ ïî-
òîê³â. Äëÿ âêëþ÷åííÿ ³íôîðìàö³éíîãî îáì³íó
÷åðåç OPC ñåðâåð â ìåíþ «Tools->Preferences» â
ðîçä³ë³ «Connections» íåîáõ³äíî: ñåðåä âàð³àíò³â
çâ’ÿçêó îáðàòè OPC ³ ïîçíà÷èòè ïîëå «Enable
OPC Server» (ðèñ. 5).

Â ìàòåð³àëàõ ñòàòò³ [9] äåòàëüíî ðîçãëÿíóòî

Ðèñ. 2. Ïî÷àòêîâ³ ïàðàìåòðè òåõíîëîã³÷íîãî

ïîòîêó 1 – åòèëåí
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ïèòàííÿ ðåàë³çàö³¿ ñèñòåìè êåðóâàííÿ ïðîöåñîì
ñèíòåçó àöåòèëåíó â ê³íåòè÷íîìó ðåàêòîð³ íà áàç³
ñó÷àñíî¿ SCADA ñèñòåìè TRACE-MODE 6 çà
äîïîìîãîþ PID ðåãóëÿòîðà òà ðîçðîáëåíîãî HMI

(Human Machine Interface) êîðèñòóâà÷à [10].
Ó õîä³ ðîçðîáêè ñèñòåìè êåðóâàííÿ ³ îðãàí³-

çàö³¿ ³íôîðìàö³éíîãî îáì³íó ì³æ ìîäåëëþ ñèí-
òåçó àöåòèëåíó, ðåàë³çîâàíî¿ â ChemCAD, òà

Ðèñ. 3. Íàëàøòóâàííÿ ê³íåòè÷íîãî ðåàêòîðó ñèíòåçó àöåòèëåíó

Ðèñ. 4. Çàëåæí³ñòü âèõîäó àöåòèëåíó â³ä òåìïåðàòóðè
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SCADA ñèñòåìîþ âèíèêëà ïðîáëåìà â³äñóòíîñò³
òðàíñïîðòíîãî çàï³çíåííÿ ïðè ïåðåäà÷³ ñèãíàë³â
òà çì³íåíí³ ïàðàìåòð³â ìàòåð³àëüíèõ ïîòîê³â, ùî
íåìîæëèâî äëÿ ðåàëüíîãî òåõíîëîã³÷íîãî ïðî-
öåñó.

Ñèòóàö³ÿ, ùî ñêëàëàñÿ, ïîÿñíþºòüñÿ õàðàê-
òåðîì îá’ºêòà êåðóâàííÿ, ùî ïðåäñòàâëÿº ñîáîþ
ìàòåìàòè÷íó ìîäåëü, øâèäêîä³ÿ ÿêî¿ çàëåæèòü
âèêëþ÷íî â³ä îá÷èñëþâàëüíî¿ ïîòóæíîñò³ ïåð-
ñîíàëüíîãî êîìï’þòåðà, íà ÿêîìó çä³éñíþºòüñÿ
ðîçðàõóíîê ìàòåìàòè÷íî¿ ìîäåë³, ³ íå âðàõîâóº
äîâæèíó òðóáîïðîâîä³â ðåàëüíîãî òåõíîëîã³÷íîãî
ïðîöåñó òà ³í.

Äëÿ âèð³øåííÿ äàíî¿ ïðîáëåìè áóëî ïðî-
âåäåíî åêñïåðèìåíò ³ âèêîðèñòàíà ìîæëèâ³ñòü
åìóëÿö³¿ òðàíñïîðòíîãî çàï³çíåííÿ çà äîïîìî-
ãîþ â³äïîâ³äíèõ íàëàøòóâàíü êàíàë³â ïåðåäàâàí-
íÿ äàíèõ SCADA ñèñòåì³ TRACE-MODE. Îò-
ðèìàí³ ãðàô³êè ïåðåõ³äíèõ ïðîöåñ³â ïðè íàíå-
ñåíí³ çáóðåííÿ çì³íîþ çàâäàííÿ íà âèõ³ä àöåòè-
ëåíó ç 1000 äî 1500 êã/ãîä ïðè â³äñóòíîñò³ òà ïðè
åìóëÿö³¿ òðàíñïîðòíîãî çàï³çíåííÿ ïðåäñòàâëåí³

åìóëþºòüñÿ çà äîïîìîãîþ SCADA, íåîáõ³äíî
óòî÷íþâàòè íà åòàï³ ³äåíòèô³êàö³¿ ìàòåìàòè÷íî¿
ìîäåë³.

Âèñíîâêè
Â ðîáîò³ ðîçãëÿíóò³ îñîáëèâîñò³ âèêîðèñ-

òàííÿ ìàòåìàòè÷íèõ ìîäåëåé, ÿê³ ðîçðîáëåíî â
óí³âåðñàëüí³é ìîäåëþþ÷³é ïðîãðàì³ ChemCAD
òà ¿õ âèêîðèñòàííÿ çà äîïîìîãîþ ³íòåðôåéñó
OPC ïðè ñòâîðåíí³ ñèñòåì êåðóâàííÿ íà áàç³
SCADA. Çàïðîïîíîâàíî âèð³øåííÿ ïðîáëåìè
â³äñóòíîñò³ òðàíñïîðòíîãî çàï³çíåííÿ â SCADA
ïðè âèêîðèñòàíí³ ðîçðàõóíêîâèõ ìàòåìàòè÷íèõ
ìîäåëåé.
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ÌÎÄÅËÈÐÎÂÀÍÈÅ ÏÐÎÖÅÑÑÀ ÑÈÍÒÅÇÀ
ÀÖÅÒÈËÅÍÀ Â CHEMCAD È ÎÑÎÁÅÍÍÎÑÒÈ ÅÃÎ
ÑÂßÇÈ ÑÎ SCADA ÏÐÈ ÏÎÌÎÙÈ ÒÅÕÍÎËÎÃÈÈ
OPC

Ëåâ÷óê È.Ë., Ìûñîâ Î.Ï., Ôåñåíêî Ê.À.

Â äàííîé ñòàòüå èññëåäóþòñÿ îñîáåííîñòè ïîñòðîåíèÿ
ìàòåìàòè÷åñêèõ ìîäåëåé â ñîâðåìåííûõ óíèâåðñàëüíûõ ìîäå-
ëèðóþùèõ ïðîãðàììàõ è äàëüíåéøåå èõ èñïîëüçîâàíèå ñ ïîìî-
ùüþ òåõíîëîãèè OPC â ñèñòåìàõ óïðàâëåíèÿ õèìèêî-òåõíîëî-
ãè÷åñêèìè ïðîöåññàìè íà áàçå SCADA ñèñòåì. Öåëüþ ÿâëÿåòñÿ
èññëåäîâàíèå îñîáåííîñòåé èíôîðìàöèîííîãî îáìåíà ñ ïîìî-
ùüþ òåõíîëîãèè OPC ìåæäó óíèâåðñàëüíîé ìîäåëèðóþùåé ïðî-
ãðàììîé ChemCAD è ñîâðåìåííîé SCADA ñèñòåìîé
TRACE-ÌODE 6 íà ïðèìåðå ìàòåìàòè÷åñêîé ìîäåëè êèíåòè-
÷åñêîãî ðåàêòîðà äëÿ ñèíòåçà àöåòèëåíà. Äëÿ äîñòèæåíèÿ öåëè
â ïðîãðàììíîé ñðåäå ìîäåëèðóþùåé ïðîãðàììû ChemCAD ðàç-
ðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü êèíåòè÷åñêîãî ðåàêòîðà äëÿ
ñèíòåçà àöåòèëåíà íà áàçå ìîäåëè ðåàêòîðà íåïðåðûâíîãî ïå-
ðåìåøèâàíèÿ. Âûïîëíåíà íàñòðîéêà ðåàêòîðà è ýêñïåðèìåí-
òàëüíî ïîäîáðàíû ïàðàìåòðû ìàòåðèàëüíûõ ïîòîêîâ. Ïðîâå-
äåíî èññëåäîâàíèå ïðîöåññà ñèíòåçà àöåòèëåíà ïî ìàòåìàòè-
÷åñêîé ìîäåëè, ïîëó÷åíà ãðàôè÷åñêàÿ çàâèñèìîñòü âûõîäà àöå-
òèëåíà îò òåìïåðàòóðû è âûïîëíåí åå àíàëèç, ïî ðåçóëüòà-
òàì êîòîðîãî óñòàíîâëåíà òåìïåðàòóðà, îáåñïå÷èâàþùàÿ ìàê-
ñèìàëüíûé âûõîä àöåòèëåíà. Ñ ïîìîùüþ òåõíîëîãèè OPC ðåà-
ëèçîâàí èíôîðìàöèîííûé îáìåí ìåæäó ìîäåëüþ è ñèñòåìîé
óïðàâëåíèÿ ïðîöåññîì ñèíòåçà àöåòèëåíà, êîòîðàÿ ïîñòðîåíà
íà áàçå ñîâðåìåííîé SCADA ñèñòåìû TRACE-MODE 6. Ïîëó-
÷åíà ãðàôè÷åñêàÿ çàâèñèìîñòü – ïåðåõîäíûé ïðîöåññ ñèñòåìû
ïî êàíàëó âûõîäà àöåòèëåíà ïðè èñïîëüçîâàíèè PID ðåãóëÿòî-
ðà è íàíåñåíèè âîçìóùåíèÿ èçìåíåíèåì çàäàíèÿ. Ïðîâåäåííûé
àíàëèç ïåðåõîäíîãî ïðîöåññà îáíàðóæèë îòñóòñòâèå òðàíñ-
ïîðòíîãî çàïàçäûâàíèÿ, ÷òî îáúÿñíÿåòñÿ ðàñ÷åòíûì õàðàê-
òåðîì îáúåêòà óïðàâëåíèÿ è íåâîçìîæíî äëÿ ðåàëüíîãî òåõíî-
ëîãè÷åñêîãî ïðîöåññà. Äëÿ ðåøåíèÿ ïðîáëåìû áûë ïðîâåäåí ýêñ-
ïåðèìåíò, ïî ðåçóëüòàòàì êîòîðîãî ïðåäëîæåí ñïîñîá ýìóëÿ-
öèè òðàíñïîðòíîãî çàïàçäûâàíèÿ ñ ïîìîùüþ ôóíêöèîíàëüíûõ
âîçìîæíîñòåé èíôîðìàöèîííûõ êàíàëîâ SCADA ñèñòåìû. Ïî-
ëó÷åí ãðàôèê ïåðåõîäíîãî ïðîöåññà ñèñòåìû ïî êàíàëó âûõîäà
àöåòèëåíà, êîòîðîé ïîäòâåðæäàåò ýôôåêòèâíîñòü ïðåäëî-
æåííîãî ìåòîäà ýìóëÿöèè òðàíñïîðòíîãî îïîçäàíèÿ ïðè èñ-
ïîëüçîâàíèè âíåøíèõ ðàñ÷åòíûõ ìîäåëåé â SCADA ñèñòåìàõ.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå,
óíèâåðñàëüíûå ìîäåëèðóþùèå ïðîãðàììû, OPC, ñèñòåìû
óïðàâëåíèÿ, óïðàâëåíèå íà áàçå SCADA, TRACE-MODE,
ChemCAD.
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MODELING OF ACETYLENE SYNTHESIS PROCESS IN
CHEMCAD AND FEATURES OF SCADA CONNECTION
USING OPC TECHNOLOGY

Levchuk ²., Mysov Î., Fesenko Ê.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

The article examines the features of constructing mathematical
models in modern universal modeling programs and their further use
using OPC technology in control systems for processes of chemical
technology based on SCADA systems. The objective is to study the
features of information exchange using OPC technology between the
universal ChemCAD simulator and the modern SCADA system
TRACE-MODE 6 using the example of a mathematical model of a
kinetic reactor for the synthesis of acetylene. To achieve this goal, a
mathematical model of a kinetic reactor for the synthesis of acetylene
based on a model of a continuous stirring reactor has been developed
in the ChemCAD simulation software environment. The reactor was
tuned and the parameters of material flows were experimentally
selected. A study of the process of synthesis of acetylene was carried
out according to a mathematical model, a graphical dependence of
the yield of acetylene on temperature was obtained and its analysis
was carried out, according to the results of which the temperature
providing the maximum yield of acetylene was established. With the
help of OPC technology, information exchange between the model
and the control system of the acetylene synthesis process is carried
out, which is based on the modern SCADA system TRACE-MODE 6.
A graphical dependence is obtained describing the transient process
of the system through the acetylene output channel when using a
PID controller and perturbing with a change in the task. The analysis
of the transient process revealed the absence of transport lag, which
is explained by the calculated nature of the control object and is
impossible for a real technological process. To solve the problem, an
experiment was carried out, according to the results of which a method
for emulating transport lag using the functionality of the information
channels of the SCADA system was proposed. The graph of the
transient process of the system through the acetylene outlet channel
was obtained, which confirms the effectiveness of the proposed method
of emulation of transport delay when using external calculation models
in SCADA systems.

Keywords: mathematical modeling, universal modeling
programs, OPC, control systems, SCADA-based control,
TRACE-MODE, ChemCAD.

REFERENCES

1. Pakhomov A.N. and etc. Osnovy modelyuvannya khimi-
ko-tekhnolohichnykh system [Fundamentals of Modeling of
Chemical Technology Systems]. Tambov, Tambo.  derzh.  tekhn.
un-tu Publ., 2008. 80 p. (in Ukrainian).

2. Buhaieva L.M. and etc. Systemnyi analiz khimiko-tekh-
nolohichnykh kompleksiv [System analysis of chemical-techno-
logical complexes]. Kyiv, NTUU «KPI» Publ., 2013. 197 p. (in
Ukrainian).

3. Levchuk I.L., Bilobrova E.V., Korsun V.I. Pryntsypy
intehratsiyi spetsial’noho prohramnoho zabezpechennya infor-
matsiyno keruyuchykh system v suchasni SCADA systemy [Prin-
ciples of integration of special information management software
into modern SCADA systems]. Systemy obrobky informatsiyi,
2015, no. 5, pp.141-144. (in Ukrainian).

4. Kudryashov V.S., Ivanov A.V., Aleksyeyev M.V. Os-
novy prohramuvannya mikroprotsesornykh kontroleriv v tsyfrovykh
syste-makh upravlinnya tekhnolohichnymy protsesamy [Funda-
mentals of microprocessor control roller programming in digital
process control systems]. Voronezh, Voronez’kyy derzhavnyy
universytet inzhenernykh tekhnolohiy Publ., 2014. 144 p. (in
Ukrainian).

5. Yelizarov I.A. and etc. Intehrovani systemy proektu-
vannya i upravlinnya: SCADA-systemy [Integrated design and
control systems: SCADA systems]. Tambov, FHBOU VPO
«TDTU» Publ., 2015. 160 p. (in Ukrainian).

6. Hoffmann M., Büscher C., Meisen T., Jeschke S. Con-
tinuous integration of field level production data into top-level
information systems using the OPC interface standard, Procedia
CIRP, 2016, no. 41, pp.496-501.

https://doi.org/10.1016/j.procir.2015.12.059

7. Lytovka Yu.V., Otrymannia optymalnykh proektnykh
rishen ta yikh analiz z vykorystanniam matematychnykh modelei
[Obtaining optimal design solutions and their analysis using math-
ematical models]. Tambov, Tamb. derzh. tekhn. un-ta Publ., 2006.
160 p. (in Ukrainian).

8. Latif H., Shao G., Starly B. Integrating A Dynamic
Simulator and Advanced Process Control using the OPC-UA
Standard. Procedia Manufacturing, 2019, vol. 34, pp.813-819.
https://doi.org/10.1016/j.promfg.2019.06.200

9. Levchuk I.L., Mysov O.P., Fesenko K.O., Sheikus A.R.
Modeliuvannia khimiko-tekhnolohichnykh protsesiv SCADA za
dopomohoiu tekhnolohii OPEN PLATFORM COMMUNICA-
TIONS [Modeling of SCADA chemical-technological processes
using OPEN PLATFORM COMMUNICATIONS technology].
Radioelektronni i kompiuterni systemy, 2020, no. 2, pp.59-66.
(in Ukrainian). https://doi.org/10.32620/reks.2020.2.05

10. SCADA systema Trace Mode 6 [Trace Mode 6 SCA-
DA system]. Kazan’, Kazan. derzh. tekhnol. un-tu Publ., 2011.
128 p. (in Ukrainian).


