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Íàö³îíàëüíèé óí³âåðñèòåò «Ëüâ³âñüêà ïîë³òåõí³êà»

Â äàí³é ðîáîò³ äîñë³äæåíî ìåõàí³çì ³ ê³íåòèêó åêñòðàãóâàííÿ ö³ëüîâèõ êîìïîíåíò³â

ç äèêîðîñëîãî âèäó G. imbricatus. Äëÿ âñòàíîâëåííÿ ìåõàí³çìó åêñòðàãóâàííÿ á³îëî-

ã³÷íî àêòèâíèõ ðå÷îâèí ç ë³êàðñüêî¿ ðîñëèííî¿ ñèðîâèíè âèêîðèñòîâóâàëè ìåòîäè-

êó, ÿêà áàçóºòüñÿ íà àíàë³ç³ ð³âíÿííÿ ê³íåòèêè ïðîöåñó åêñòðàêö³¿ ç ìîæëèâèì

âàð³àíòîì õ³ì³÷íî¿ âçàºìîä³¿. Åêñïåðèìåíòàëüíà ïåðåâ³ðêà öüîãî ð³âíÿííÿ çä³éñíþ-

âàëàñü â àïàðàò³ ç ì³øàëêîþ ³ ïîêàçàëà, ùî äàí³, îäåðæàí³ åêñïåðèìåíòàëüíèì

øëÿõîì, çàäîâ³ëüíî óçãîäæóþòüñÿ ç ðîçðàõóíêîâèìè. Ïîêàçàíî, ùî ïðîöåñ åêñòðà-

ãóâàííÿ â óìîâàõ ïåðåì³øóâàííÿ ïðîò³êàº á³ëüø åôåêòèâíî, ïîð³âíÿíî ç íàñòî-

þâàííÿì, ùî ïîâ’ÿçàíî ç ïåðåâîäîì ïðîöåñó åêñòðàãóâàííÿ ç âíóòð³øíüîäèôóç³é-

íîãî äî çîâí³øíüîäèôóç³éíîãî ðåæèìó. Â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âñòà-

íîâëåíî ë³ì³òóâàëüíó ñòàä³þ òà ê³íåòè÷í³ çàêîíîì³ðíîñò³ ïðîöåñó, îáðàí³ ìàòåìà-

òè÷í³ ìîäåë³ ïðîöåñó åêñòðàãóâàííÿ ïåðåâ³ðåíî íà àäåêâàòí³ñòü. Âñòàíîâëåíî óìî-

âè íàéá³ëüø åôåêòèâíîãî âèëó÷åííÿ ö³ëüîâèõ êîìïîíåíò³â (òåìïåðàòóðíèé ðåæèì,

ä³àìåòð ÷àñòèíîê ñèðîâèíè òîùî) òà äîâåäåíî, ùî ïîäð³áíåííÿ çåðíà òà âïëèâ

ã³äðîäèíàì³êè ³íòåíñèô³êóº ïðîöåñ åêñòðàêö³¿. Âèçíà÷åíî êîíñòàíòè åêñòðàãóâàí-

íÿ, çíàííÿ ÿêèõ íåîáõ³äíå äëÿ ïðîãíîçóâàííÿ òà îïòèì³çàö³¿ ïðîöåñó åêñòðàãóâàí-

íÿ â óìîâàõ âèðîáíèöòâà.

Êëþ÷îâ³ ñëîâà: ê³íåòèêà, åêñòðàêö³ÿ, äèôóç³ÿ, îïòèìàëüí³ óìîâè, G. imbricatus.

Âñòóï
Ïðîöåñè åêñòðàãóâàííÿ ïîâ’ÿçàí³ ç âèëó-

÷åííÿì ö³ëüîâèõ êîìïîíåíò³â ç ðîñëèííî¿ ñè-
ðîâèíè ìàþòü øèðîêå çàñòîñóâàííÿ â õàð÷îâ³é
òà ôàðìàöåâòè÷í³é ïðîìèñëîâîñò³. Õàðàêòåðíîþ
îñîáëèâ³ñòþ öèõ ïðîöåñ³â º íèçüêèé âì³ñò ö³ëü-
îâîãî êîìïîíåíòà òà ¿õ âåëèêà òðèâàë³ñòü, ÿêà
âèìàãàº â äåÿêèõ âèïàäêàõ äåê³ëüêîõ ä³á.

Øèðîêå çàñòîñóâàííÿ ë³êàðñüêèõ ðå÷îâèí
â õàð÷îâ³é, à îñîáëèâî â ôàðìàöåâòè÷í³é ïðî-
ìèñëîâîñò³ íà îñíîâ³ á³îëîã³÷íî àêòèâíèõ ðå÷î-
âèí (ÁÀÐ) âèìàãàº ðîçðîáêè íîâèõ òà óäîñêî-
íàëåííÿ ³ñíóþ÷èõ, ïîøóêó åôåêòèâíèõ øëÿõ³â
³íòåíñèô³êàö³¿ ïðîöåñó âèëó÷åííÿ ö³ëüîâèõ êîì-
ïîíåíò³â ç ë³êàðñüêî¿ ðîñëèííî¿ ñèðîâèíè (ËÐÑ),
îñîáëèâî ç á³îìàñè, êóëüòèâîâàíî¿ â óìîâàõ in
vitro.

Ïðîöåñè åêñòðàãóâàííÿ ö³ëüîâèõ êîìïî-
íåíò³â ç ðîñëèííî¿ ñèðîâèíè ñêëàäí³, îñê³ëüêè
âèëó÷åííÿ ö³ëüîâîãî êîìïîíåíòà â³äáóâàºòüñÿ ç
îá’ºêò³â êë³òèííî¿ áóäîâè.

Ñêëàäí³ñòü ïîëÿãàº â òîìó, ùî ö³ëüîâèé
êîìïîíåíò ïåðåì³ùóþ÷èñü äî ïîâåðõí³ ôàçîâî-
ãî êîíòàêòó ç ðîç÷èííèêîì ïîâèíåí ïîäîëàòè
íèçêó áàð’ºð³â, à ïðèðîäà ðîñëèííî¿ ñèðîâèíè,
¿¿ ñòðóêòóðà ìàëî âèâ÷åí³.

Îñê³ëüêè ö³ëüîâ³ êîìïîíåíòè â ðîñëèíí³é
ñèðîâèí³ ìîæóòü áóòè ÿê â òâåðäîìó âèãëÿä³
(ñòåáëà, ëèñòÿ), òàê ³ â ð³äêîìó (îë³ÿ â íàñ³íí³),
òî çà àíàëîã³ºþ ç âèëó÷åííÿì ö³ëüîâèõ êîìïî-
íåíò³â ç ì³íåðàëüíî¿ ñèðîâèíè ïðîöåñ åêñòðàãó-
âàííÿ âêëþ÷àº ÿê âíóòð³øíå ïåðåíåñåííÿ ðå÷î-
âèíè äî ïîâåðõí³ ôàçîâîãî êîíòàêòó, òàê ³ çîâí-
³øíå ïåðåíåñåííÿ ðå÷îâèíè â³ä ïîâåðõí³ ôàçî-
âîãî êîíòàêòó â îñíîâíó ìàñó ðîç÷èíó.

Âðàõîâóþ÷è, ùî ïðîöåñè åêñòðàãóâàííÿ º
äèôóç³éíèìè, òî â óìîâàõ åêñòðàãóâàííÿ ö³ëüî-
âèõ êîìïîíåíò³â ç ðîñëèííî¿ ñèðîâèíè êë³òèí-
íî¿ áóäîâè, ö³ ïðîöåñè ñë³ä ðîçãëÿäàòè ÿê òàê³,
ùî â³äáóâàþòüñÿ çà âíóòð³øí³ì- ³ çîâí³øí³ì-
äèôóç³éíèì ìåõàí³çìîì. Äëÿ âñòàíîâëåííÿ ìå-
õàí³çìó òà ê³íåòèêè åêñòðàãóâàííÿ ÁÀÐ ç ë³êàðñü-
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êî¿ ñèðîâèíè íàìè âèêîðèñòàíî ìåòîäèêó çà-
ïðîïîíîâàíîþ [1], ÿêà áàçóºòüñÿ íà ð³âíÿíí³ â
óìîâàõ âèëó÷åííÿ òâåðäî¿ ðå÷îâèíè ç ïîðèñòèõ
÷àñòèíîê ì³íåðàëüíî¿ ñèðîâèíè âèãëÿä³:
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  ; r0 – ðàä³óñ âíóòð³ø-

íüî¿ ä³ëÿíêè ÷àñòèíêè, â ÿê³é ì³ñòèòüñÿ ö³ëüî-
âèé êîìïîíåíò; R – ðàä³óñ ñôåðè÷íî¿ ÷àñòèí-

êè; 
м

K R
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  – êðèòåð³é Á³î; 

r

м

K R
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   – êðè-

òåð³é õ³ì³÷íî¿ âçàºìîä³¿; Dì – êîåô³ö³ºíò ñòèñ-
ëî¿ äèôóç³¿; Kr, K – êîåô³ö³ºíòè õ³ì³÷íî¿ ðåàêö³¿
³ ìàñîâ³ääà÷³, â³äïîâ³äíî.

Ïðè îäåðæàíí³ ð³âíÿííÿ (1) ïðèéíÿòî
C=Cs–C1 äëÿ óìîâ ô³çè÷íîãî ðîç÷èíåííÿ ³

C=C1 äëÿ óìîâ õ³ì³÷íî¿ âçàºìîä³¿; 
Т

С
1





;

Cs – êîíöåíòðàö³ÿ íàñè÷åííÿ; C1 – ïîòî÷íà êîí-
öåíòðàö³ÿ.

Çã³äíî ç ð³âíÿííÿì (1) ìîæíà âñòàíîâèòè
òàê³ ìåõàí³çìè ïðîöåñó åêñòðàãóâàííÿ:

1. Âíóòð³øíüî-äèôóç³éíèé ìåõàí³çì, ùî
â³äïîâ³äàº =; Bi= ³ ð³âíÿííÿ (1) ïðèâîäèòü-
ñÿ äî âèãëÿäó:

2 3

0 0

t
Ф 1 3 2

T
      ;  (2)

2. Ìåõàí³çì õ³ì³÷íî¿ âçàºìîä³¿ ïðè <<1

0

t
1

T
  ;  (3)

3. Çì³øàíèé äèôóç³éíèé ìåõàí³çì ïðè =,
äëÿ ÿêîãî ñïðàâåäëèâå ð³âíÿííÿ âèãëÿäó:
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0 0 0
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;  (4)

4. Çì³øàíèé äèôóç³éíî-õ³ì³÷íèé ìåõàí³çì,
äëÿ ÿêîãî ñïðàâåäëèâå ð³âíÿííÿ (1).

Â öüîìó ìåòîä³ â³äñóòí³é çîâí³øíüîäèôó-
ç³éíèé ìåõàí³çì, äëÿ ÿêîãî Bi<<1.

Ð³âíÿííÿ (3) ñïðàâåäëèâå ³ äëÿ óìîâ ô³çè÷-
íîãî ðîç÷èíåííÿ ÷àñòèíêè.

Äëÿ âñòàíîâëåííÿ ìåõàí³çìó äàíîãî ìåòî-
äó äëÿ óìîâ åêñòðàãóâàííÿ ÁÀÐ ç ËÐÑ êë³òèííî¿
áóäîâè ñë³ä ³äåíòèô³êóâàòè ðåçóëüòàòè åêñïåðè-
ìåíòàëüíèõ äîñë³äæåíü ê³íåòèêè ç ð³çíèìè çà
ôîðìîþ çàëåæíîñòÿìè (1), (2), (3) ³ (.4) ó âèã-
ëÿä³ ôóíêö³¿ Ô=f(t).

Çíà÷åííÿ áåçðîçì³ðíîãî ðàä³óñà j0 âèçíà÷à-
ëè ç ð³âíÿííÿ ìàòåð³àëüíîãî áàëàíñó íàñòóïíî-
ãî âèãëÿäó:

3

0 0 1M (1 ) WC  ,  (5)

0M

W
  ,

äå M0 – âì³ñò ö³ëüîâîãî êîìïîíåíòà â ïîðèñòî-
ìó ìàòåð³àë³; W – îá’ºì åêñòðàãåíòà.

Äëÿ âñòàíîâëåííÿ ìåõàí³çìó åêñòðàãóâàí-
íÿ ÁÀÐ ç ËÐÑ êë³òèííî¿ áóäîâè, à ñàìå äèêî-
ðîñëîãî âèäó G. imbricatus, íåîáõ³äíà ïîñòàíîâ-
êà åêñïåðèìåíòó ç âñòàíîâëåííÿ çàëåæíîñò³
C=f(t) ç íàñòóïíèì âèçíà÷åííÿì 0=f(t). Çã³äíî
ç ð³âíÿííÿì (2), ÿêùî ïðèïóñòèòè âíóòð³øíüî-
äèôóç³éíèé ìåõàí³çì ì³æ âåëè÷èíàìè

2 3

0 0Ф 1 3 2      ³ ÷àñîì t ïîâèííà ³ñíóâàòè
ë³í³éíà çàëåæí³ñòü Ô=f(t) [1].

Çíà÷åííÿ Ô âèçíà÷àºòüñÿ äëÿ áóäü-ÿêîãî
â³äð³çêà ÷àñó ïðàâîþ ÷àñòèíîþ ð³âíÿííÿ (2), â
ÿêîìó áåçðîçì³ðíèé ðàä³óñ âèçíà÷àºòüñÿ ç
ð³âíÿííÿ ìàòåð³àëüíîãî áàëàíñó çà òàêèì ð³âíÿí-
íÿì:

3
0 1(1 C / ) f (t)     .  (6)

Òàêà çàëåæí³ñòü, ÿê áóäå ïîêàçàíî â ïîäàëü-
øîìó, ä³éñíî ³ñíóº, ùî ï³äòâåðäæóº âíóòð³øíüî-
ìîëåêóëÿðíèé ìåõàí³çì. Çàëåæí³ñòü Ô=f(t) äàº
òàêîæ ìîæëèâ³ñòü âèçíà÷àòè êîåô³ö³ºíò ñòèñëî¿
äèôóç³¿ Dm ïî òàíãåíñó êóòà íàõèëó åêñïåðèìåí-
òàëüíî¿ çàëåæíîñò³:

2

m

s

R
D tgx

C


 .

Åêñïåðèìåíòàëüíà ÷àñòèíà
Äîñë³äæåííÿ ê³íåòèêè âèä³ëåííÿ ö³ëüîâèõ

êîìïîíåíò³â ç G. imbricatus çä³éñíþâàëè íà óñ-
òàíîâö³ â àïàðàò³ ç ì³øàëêîþ òà ìåòîäîì íàñòî-
þâàííÿ. Ïîïåðåäíüî âèñóøåíó ðîñëèííó ñèðî-
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âèíó G. imbricatus (ëèñòÿ, òðàâà), ðîçñ³þâàëè íà
îêðåì³ ôðàêö³¿ íà íàáîð³ ñèò ó ìåæàõ 1,0–
6,3 ìì ç îäåðæàííÿì ôðàêö³é ç ñåðåäí³ì ä³àìåò-
ðîì dñ=2,5; 4 ìì. Ùî ñòîñóºòüñÿ ôîðìè ÷àñòè-
íîê, ïðîñ³ÿíèõ ÷åðåç ñèòà, òî äëÿ äëÿ ïðîñòîòè
ïðèéìàëè ÷àñòèíêè â âèä³ êóë³ ç ñåðåäí³ì ðîçì-
³ðîì dñ. Êîæíó îêðåìó ôðàêö³þ G. imbricatus
ìàñîþ 50 ã çàñèïàëè â êîëáó ºìí³ñòþ 1 äì3, êóäè
îäíî÷àñíî çàâàíòàæóâàëè ðîç÷èííèê îá’ºìîì
500 ñì3 (70% åòèëîâèé ñïèðò).

Ïðîöåñ åêñòðàãóâàííÿ âèêîíóâàëè â êîëá³,
ÿêà ðîçì³ùåíà â òåðìîñòàò³, ïðè ïîñò³éíîìó ïå-
ðåì³øóâàíí³ ³ òåìïåðàòóð³ 20, 30 òà 400Ñ òà
n=120 îá./õâ. ×åðåç ïåâí³ ïðîì³æêè ÷àñó 120, 240,
360, 480, 600 õâ â³äáèðàëè ïðîáè îá’ºìîì 50 ìë,
ÿê³ ï³ñëÿ ô³ëüòðàö³¿ àíàë³çóâàëè íà âì³ñò ö³ëüî-
âèõ êîìïîíåíò³â â ðîç÷èí³ íà ôîòîêîëîðèìåòð³
[3].

Â³ä³áðàíó ïðîáó ô³ëüòðóâàëè ÷åðåç ïàïåðî-
âèé ô³ëüòð ï³ä âàêóóìîì, ÿêèé ñòâîðþâàëè âà-
êóóì íàñîñîì. Äëÿ çáåðåæåííÿ áàëàíñó ðîç÷èí-
íèêà, êîæíîãî ðàçó ï³ñëÿ â³äáîðó ïðîáè, â ðåàê-
ö³éíó êîëáó äîäàâàëè â³äïîâ³äíó ê³ëüê³ñòü ÷èñ-
òîãî ðîç÷èííèêà. Òàêèì ÷èíîì, îá’ºì ðîç÷èí-
íèêà çàëèøàâñÿ ïîñò³éíèì, à êîíöåíòðàö³ÿ
ö³ëüîâîãî êîìïîíåíòà â êîëá³ çìåíøóâàâñÿ. Òîìó
ïðè ðîçðàõóíêó êîíöåíòðàö³¿ ö³ëüîâîãî êîìïî-
íåíòà ââîäèëèñÿ ïîïðàâêè íà çì³íó êîíöåíòðàö³¿.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Íà ðèñ. 1 íàäàí³ ðåçóëüòàòè åêñïåðèìåí-

òàëüíèõ äîñë³äæåíü â âèãëÿä³ çàëåæíîñò³ ïîòî-
÷íî¿ êîíöåíòðàö³¿ â³ä ïîòî÷íîãî ÷àñó åêñòðàêö³¿
C1=f(t). Öÿ çàëåæí³ñòü âèêîðèñòàíà â  ìàòåð³-
àëüíîìó áàëàíñ³ äëÿ âèçíà÷åííÿ çíà÷åíü áåçðîç-

ì³ðíîãî ðàä³óñà 0  
0

0

r

R

   
 

 ³ Ô. Íà ðèñ. 2 ïîêà-

çàíà çàëåæí³ñòü áåçðîçì³ðíîãî ðàä³óñà â³ä ïîòî-

÷íîãî ÷àñó åêñòðàêö³¿ 0=f(t) çã³äíî ç ð³âíÿííÿì
(2).

Àíàë³ç äàíèõ ðèñ. 1 ³ 2 ï³äòâåðäæóº, ùî çà-
ëåæí³ñòü 0=f(t) º ïðÿìîë³í³éíîþ, ùî äàº ìîæ-
ëèâ³ñòü ñòâåðäæóâàòè íàÿâí³ñòü âíóòð³øíüîäè-
ôóç³éíîãî ìåõàí³çìó åêñòðàãóâàííÿ.

ßê áóëî ïîêàçàíî, â³äïîâ³äíî äî ð³âíÿííÿ
(1) ³ñíóº ÷îòèðè ìåõàí³çìè åêñòðàãóâàííÿ. Òîìó
ìåõàí³çì ìîæíà òàêîæ âñòàíîâèòè çà ôîðìîþ

çàëåæíîñòåé 0

t
f
T

    
 

.

Ïîðÿä ç åêñïåðèìåíòàëüíèì âñòàíîâëåííÿì
ìåõàí³çìó åêñòðàãóâàííÿ ö³ëüîâèõ êîìïîíåíò³â
ç G. imbricatus çä³éñíþâàëîñü äîñë³äæåííÿ ç âñòà-
íîâëåííÿ ð³âíîâàãè â ïðîöåñàõ ñóø³ííÿ.

Ïðîöåñè ñóø³ííÿ òàêîæ ìàþòü øèðîêå çà-
ñòîñóâàííÿ â ð³çíèõ ãàëóçÿõ ïðîìèñëîâîñò³. Íà
ñüîãîäí³øí³é ÷àñ â³äîìî áàãàòî ìåòîä³â çíåâîä-
íåííÿ ð³çíîãî ðîäó òâåðäèõ ³ ïàñòîïîä³áíèõ ðå-
÷îâèí, àëå âñ³ âîíè õàðàêòåðèçóþòüñÿ âèñîêîþ
åíåðãîºìí³ñòþ. Òîìó ³ñíóº ïîòðåáà â äîñë³äæåíí³
ïðîöåñ³â ñóø³ííÿ ç ìåòîþ ¿õ îïòèì³çàö³¿ òà ³íòåí-
ñèô³êàö³¿. Â³äîìî, ùî â³ëüíà âîëîãà âèâîäèòüñÿ
ç ìàòåð³àëó ïðè êîíòàêò³ ç ñóøèëüíèì àãåíòîì ç
â³äíîñíîþ âîëîã³ñòþ, ùî ìåíøà çà 100%. Çâ’ÿ-
çàíà âîëîãà âèâîäèòüñÿ çà çíà÷íî ñêëàäí³øèì
ìåõàí³çìîì – ìåõàí³çìîì ìàñîïðîâ³äíîñò³. Öåé
ïðîöåñ çàçâè÷àé ïðîò³êàº çà çàêîíàìè âíóòð³ø-
íüî¿ äèôóç³¿, º äîâîë³ ñêëàäíèì ³ éîãî äîñë³-
äæåííÿ îáîâ’ÿçêîâî âèìàãàº çíàííÿ çàêîí³â
ð³âíîâàãè.

Ìåõàí³çì ïðîöåñó ñóø³ííÿ çíà÷íîþ ì³ðîþ
âèçíà÷àºòüñÿ çâ’ÿçêîì âîëîãè ç ìàòåð³àëîì ³ ÷èì
ì³öí³øèé öåé çâ’ÿçîê, òèì âàæ÷å âèäàëèòè âî-
ëîãó ç ìàòåð³àëó, òèì á³ëüø åíåðãîâèòðàòíèì
áóäå öåé ïðîöåñ [4].

ßê â³äîìî, çâ’ÿçîê âîëîãè ç ìàòåð³àëîì ìîæå

Ðèñ. 1. Çàëåæí³ñòü ïîòî÷íî¿ êîíöåíòðàö³¿ Ñ1 â³ä ïîòî÷íîãî

÷àñó åêñòðàêö³¿ ïðè ïåðåì³øóâàíí³ (1,2,3) ³ äëÿ íàñòîþâàí-

íÿ (4) äëÿ dc=2,5 ìì

Ðèñ. 2. Çàëåæí³ñòü áåçðîçì³ðíîãî ðàä³óñà 0 â³ä ïîòî÷íîãî

÷àñó åêñòðàêö³¿ t
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áóòè ô³çè÷íèì, ô³çèêî-õ³ì³÷íèì, ìåõàí³÷íèì ³
õ³ì³÷íèì, òîìó çðîçóì³ëî, ùî äëÿ âèð³øåííÿ
çàäà÷, ïîâ’ÿçàíèõ ç ñóø³ííÿì, íåîáõ³äíî íàñàì-
ïåðåä âñòàíîâèòè ìåõàí³çì òà ð³âíîâàæíó çà-
ëåæí³ñòü ïðîöåñó p=f(0), äå p – ð³âíîâàæíà
âîëîã³ñòü ìàòåð³àëó, 0 – â³äíîñíà âîëîã³ñòü ïî-
â³òðÿ.

Âèçíà÷åííÿ ð³âíîâàæíî¿ âîëîãîñò³ ïîâ’ÿçà-
íå ç âåëèêèìè òðóäíîùàìè, îñê³ëüêè äîñÿãíåí-
íÿ äèíàì³÷íî¿ ð³âíîâàãè Ðì=Ðï âèçíà÷àºòüñÿ
åêñïåðèìåíòàëüíèì øëÿõîì ³ òðèâàº äåê³ëüêà
ä³á, à â îêðåìèõ âèïàäêàõ ³ äåê³ëüêà òèæí³â.
(Ðì – ïàðö³àëüíèé òèñê âîëîãè íàä ìàòåð³àëîì;
Ðï – ïàðö³àëüíèé òèñê ïîâ³òðÿ àáî ãàçó íàä ìà-
òåð³àëîì). Âñòàíîâëåííÿ ð³âíîâàãè çä³éñíþºòü-
ñÿ çà ñòàëî¿ òåìïåðàòóðè.

Ñêëàäí³ñòü åêñïåðèìåíòàëüíèõ äîñë³äæåíü
³ òðèâàë³ñòü äîñÿãíåííÿ ð³âíîâàãè â á³ëüøîñò³
âèïàäê³â ð³âíîâàæíó âîëîã³ñòü âèçíà÷àþòü íà áàç³
âèâ÷åííÿ ê³íåòèêè ñóø³ííÿ ç ïîáóäîâîþ çàëåæ-
íîñò³ çì³íè âîëîãîñò³ ìàòåð³àëó â ÷àñ³ p=f().
Îäíàê â öüîìó ìåòîä³ íå áåðóòüñÿ äî óâàãè ïà-
ðàìåòðè ñóøèëüíîãî àãåíòà: â³äíîñíà âîëîã³ñòü,
âîëîãîâì³ñò, òåïëîâì³ñò íà ê³íåòèêó ïðîöåñó ³
âèòðàòó ñóøèëüíîãî àãåíòó.

Ð³âíîâàæíà âîëîã³ñòü âèçíà÷àºòüñÿ çà ìå-
òîäèêîþ, çã³äíî ç ÿêîþ âç³ðö³ âîëîãîãî ìàòåð³-
àëó âèòðèìóþòüñÿ â åêñèêàòîðàõ, çàïîâíåíèõ
ñ³ð÷àíîþ êèñëîòîþ ð³çíèõ êîíöåíòðàö³é. Êîæ-
íîìó çíà÷åííþ êîíöåíòðàö³¿ çà äàíî¿ òåìïåðà-
òóðè â³äïîâ³äàº ïåâíèé ïàðö³àëüíèé òèñê âîäÿ-
íî¿ ïàðè, òîáòî â³äïîâ³äíå çíà÷åííÿ 0.

Âèñíîâêè
Ïîêàçàíî, ùî ïðîöåñ åêñòðàãóâàííÿ â óìî-

âàõ ïåðåì³øóâàííÿ ïðîò³êàº á³ëüø åôåêòèâíî,
ïîð³âíÿíî ç íàñòîþâàííÿì, ùî ïîâ’ÿçàíî ç ïå-
ðåâîäîì ïðîöåñó åêñòðàãóâàííÿ ç âíóòð³øíüî-
äèôóç³éíîãî äî çîâí³øíüîäèôóç³éíîãî ê³íåòè-
÷íîãî ðåæèìó.

Âèêîðèñòàíà ìåòîäèêà ç âñòàíîâëåííÿ ìå-
õàí³çìó åêñòðàãóâàííÿ çàäîâ³ëüíî óçãîäæóºòüñÿ
ç åêñïåðèìåíòàëüíèìè äàíèìè ç ê³íåòèêè ïðî-

öåñó – ð³âíÿííÿ 2 3

0 0

t
1 3 2

T
       .

Äîñë³äæåíà ê³íåòèêà âèëó÷åííÿ ö³ëüîâèõ
êîìïîíåíò³â ç ñèðîâèíè G. imbricatus â óìîâàõ
ð³çíèõ òåìïåðàòóð (20, 30, 400Ñ) òà ð³çíèõ
ðîçì³ð³â ÷àñòèíîê (2,5; 4 ìì).

Ïîêàçàíî, ùî çìåíøåííÿ ðîçì³ð³â ÷àñòè-
íîê ³ ï³äâèùåííÿ òåìïåðàòóðè ñïðèÿº á³ëüø
åôåêòèâíîìó âèëó÷åííþ ö³ëüîâèõ êîìïîíåíò³â.
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KINETICS AND MECHANISM OF THE EXTRACTION OF
BIOLOGICALLY ACTIVE SUBSTANCES FROM WILD
SPECIES G. IMBRICATUS

A.S. Krvavych, R.T. Konechna, A.O. Mylianych, R.O. Petrina,
O.M. Fedoryshyn, O.M. Mykytyuk, Ye.M. Semenyshyn,
V.M. Atamaniuk, V.P. Novikov

Lviv Polytechnic National University, Lviv, Ukraine

In this paper, we studied the mechanism and kinetics of the
extraction of target components from the wild species G. imbricatus.
In order to establish the mechanism of the extraction of biologically
active compounds from the medical herb tissues, the proper
methodology of the extraction from the porous material was proposed.
This methodology is based on the extraction kinetics equation that
accounts for possible chemical interaction. Experimental verification
of this equation was conducted with the use of an apparatus equipped
with the stirring mechanism; it was stated that the experimental
findings well correlated with the calculated data. It was shown that
the extraction with stirring proceeds more efficiently than the infusion
which is related to the transfer from the external diffusion to the
internal one. As a result of the study, the rate-determining step and
kinetic correlations were established. The mathematical models were
checked for their correctness. The conditions were determined (such
as temperature and particle size for the starting material) under
which the most effective removal of the target compounds is achieved.
It was demonstrated that the grinding of seeds and the intensification
of hydrodynamic regime accelerated the extraction process. The
extraction constants have been determined which are necessary to
predict and optimize the extractions under production conditions.

Keywords: kinetics; extraction; diffusion; optimal condi-
tions; G. imbricatus.
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