
çíà÷åíèÿ ÷èñåë Áèî ñîñòàâëÿþò ïîðÿäêà 1, ýòî îçíà-

÷àåò, ÷òî âëàãîîòäà÷à ñ ïîâåðõíîñòè áàòîíà è äèôôóçèÿ

âëàãè âíóòðè áàòîíà èäóò ñ ñîèçìåðèìûìè ñêîðîñòÿ-

ìè;

êîýôôèöèåíòû äèôôóçèè âëàãè âî âñåõ 4 âèäàõ êîë-

áàñû áëèçêè è ñîñòàâëÿþò ïîðÿäêà (2,5–3,6) · 10–9 ì2/ñ.

Ïðîâåäåííûé àíàëèç ñâèäåòåëüñòâóåò, ÷òî îáîðóäî-

âàíèå, ïðèìåíÿåìîå íà ôèðìå «Ïèò–Ïðîäóêò», íà-

ñòðîåíî â îïòèìàëüíîì ðåæèìå, òàê êàê íè îäíà ôîðìà

ïåðåäà÷è âëàãè íå ÿâëÿåòñÿ ëèìèòèðóþùåé. Íàïðèìåð,

êîãäà ëèìèòèðóþùåé ñòàäèåé ïðîöåññà ÿâëÿåòñÿ âëà-

ãîïðîâîäíîñòü èç âíóòðåííèõ ñëîåâ, âíåøíèé ñëîé áà-

òîíà áóäåò ïåðåñóøåííûì.
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KINETICS OF THE DRYING PROCESS IN RAW SAUSAGES

V.E. KUTSAKOVA, S.V. FROLOV, G.D. STURUA

Saint-Petersburg State University of Low-Temperature and Food Technologies,
9, Lomonosova st., Saint-Petersburg, 191002; ph./fax: (812) 571-80-16, e-mail: georgii.sturua@atriarussia.ru

The kinetic relations are presented which allow to calculating the required time of the drying process of raw sausages. The
estimated equation has been given. The diffusion coefficient and the Bi criterion were derived. It is shown, that the drying
process of raw sausages in Sorgo maturing chamber gives us Bi criterion quite close to 1, so it can be stated that the moisture
movement from the center to the surface in the sausage stick equals the moisture flow from the surface to the environment.
Therefore, the humidity value in every point on cross section of the raw sausage stick must be similar.
Key words: raw sausage, drying, moisture content, diffusion coefficient, Bi criterion.
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À.Ô. ÄÅÌÈÐÎÂÀ

Äàãåñòàíñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò,
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Ñîâðåìåííûé ïîäõîä ê ðåøåíèþ âîïðîñîâ ñòåðè-

ëèçàöèè êîíñåðâîâ çàêëþ÷àåòñÿ â èçûñêàíèè òàêèõ

ñïîñîáîâ è ðåæèìîâ ñòåðèëèçàöèè, êîòîðûå îáåñïå÷è-

âàëè áû íàðÿäó ñ íåîáõîäèìîé èíàêòèâàöèåé ìèêðî-

ôëîðû ñîõðàíåíèå ïèùåâîé öåííîñòè ïðîäóêòà.

Ðàçðàáîòêà ðåæèìà ñòåðèëèçàöèè êîíñåðâîâ âêëþ-

÷àåò àíàëèòè÷åñêèé ðàñ÷åò ðåæèìà, ïîçâîëÿþùåãî âû-

ðàáàòûâàòü ïðîìûøëåííî ñòåðèëüíûå êîíñåðâû âûñî-

êîãî êà÷åñòâà, ëàáîðàòîðíûå èñïûòàíèÿ ïîäîáðàííîãî

ðåæèìà è åãî ïðîèçâîäñòâåííóþ ïðîâåðêó.

Íàìè áûëà èññëåäîâàíà ïðîãðåâàåìîñòü è ðàçðàáî-

òàíû îïòèìàëüíûå ðåæèìû ñòåðèëèçàöèè êîíñåðâîâ

«Ïåðåö ñëàäêèé» ñ ïðèìåíåíèåì ñòóïåí÷àòîãî íàãðåâà

â ãîðÿ÷åé âîäå è ïîñëåäóþùèì ñòóïåí÷àòûì âîäÿíûì

îõëàæäåíèåì.

Ïðåäâàðèòåëüíî ýêñïåðèìåíòàëüíî èññëåäîâàíî

òåìïåðàòóðíîå ïîëå êîíñåðâîâ «Ïåðåö ñëàäêèé» ïðè

èõ ñòåðèëèçàöèè â àâòîêëàâàõ ïî ðåæèìàì äåéñòâóþ-

ùåé òåõíîëîãè÷åñêîé èíñòðóêöèè.

Íà ðèñ. 1 ïðåäñòàâëåíû êðèâûå ïðîãðåâàåìîñòè (1,

2) è ôàêòè÷åñêîé ëåòàëüíîñòè (3, 4) öåíòðàëüíîãî è ïå-
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Ðàññìîòðåíû âîçìîæíîñòè ïîâûøåíèÿ ýôôåêòèâíîñòè è ýíåðãîñáåðåæåíèÿ â ïðîöåññàõ ñòåðèëèçàöèè êîíñåðâîâ. Èñ-
ñëåäîâàíû ïàðàìåòðû ðàçëè÷íûõ ðåæèìîâ ñòåðèëèçàöèè êîíñåðâîâ «Ïåðåö ñëàäêèé»: ïî òðàäèöèîííîé òåõíîëîãèè â
àâòîêëàâå, ïðè ñòóïåí÷àòîé ñòåðèëèçàöèè è ñ ïðåäâàðèòåëüíûì ïîäîãðåâîì ïëîäîâ â áàíêàõ.
Êëþ÷åâûå ñëîâà: ñòåðèëèçàöèÿ êîíñåðâîâ, ðåæèì ñòåðèëèçàöèè, êðèâûå ïðîãðåâàåìîñòè, ïðåäâàðèòåëüíûé ïðîãðåâ
ïëîäîâ.



ðèôåðèéíîãî ñëîåâ êîíñåðâîâ «Ïåðåö ñëàäêèé» â ñòåê-

ëÿííîé òàðå 1-82-1000 ïðè ñòåðèëèçàöèè â àâòîêëàâå

ïî ðåæèìó
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Ãðàôèêè ïîêàçûâàþò, ÷òî öåíòðàëüíûé ñëîé ïðî-

ãðåâàåòñÿ ìåäëåííåå, ÷åì ïåðèôåðèéíûé, à òåìïåðà-

òóðíàÿ ðàçíèöà ìåæäó íèìè äîñòèãàåò 7–10°Ñ. Ïîýòî-

ìó ôàêòè÷åñêèå ëåòàëüíîñòè ýòèõ ñëîåâ èìåþò ðàçíûå

çíà÷åíèÿ. Ôàêòè÷åñêàÿ ëåòàëüíîñòü öåíòðàëüíîãî ñëîÿ

160 óñë. ìèí, à ïåðèôåðèéíîãî 262 óñë. ìèí, ÷òî ñâèäå-

òåëüñòâóåò î ïåðåãðåâå ïðîäóêòà, íàõîäÿùåãîñÿ ó ñòåí-

êè áàíêè (ïåðèôåðèéíàÿ òî÷êà).

Íà ðèñ. 2 ïðåäñòàâëåíû àíàëîãè÷íûå êðèâûå ïðè

ñòóïåí÷àòîé ñòåðèëèçàöèè êîíñåðâîâ «Ïåðåö ñëàäêèé»

ïî ðåæèìó
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Â ðåçóëüòàòå ïðîäîëæèòåëüíîñòü ïðîöåññà ñòåðè-

ëèçàöèè ñîêðàòèëàñü íà 18 ìèí. Ïðè ýòîì äàííûé ðå-

æèì îáåñïå÷èâàåò òðåáóåìóþ ëåòàëüíîñòü, òàê êàê

ôàêòè÷åñêàÿ ëåòàëüíîñòü ïåðèôåðèéíîãî ñëîÿ 212 óñë.

ìèí, à öåíòðàëüíîãî ñëîÿ – 185 óñë. ìèí.

Îäíèì èç ýôôåêòèâíûõ ñïîñîáîâ èíòåíñèôèêàöèè

ïðîöåññà òåïëîâîé ñòåðèëèçàöèè ÿâëÿåòñÿ ïîâûøåíèå

íà÷àëüíîé ñðåäíåîáúåìíîé òåìïåðàòóðû ïðîäóêòà ïå-

ðåä ñòåðèëèçàöèåé, ñóùåñòâåííî âëèÿþùåå íà ïðîäîë-

æèòåëüíîñòü è ðàâíîìåðíîñòü òåïëîâîé îáðàáîòêè

êîíñåðâîâ.

Íàìè ïðîâåäåíû èññëåäîâàíèÿ ïî èíòåíñèôèêàöèè

ïðîöåññà òåïëîâîé ñòåðèëèçàöèè êîíñåðâîâ ïóòåì óâå-

ëè÷åíèÿ íà÷àëüíîé ñðåäíåîáúåìíîé òåìïåðàòóðû ïðî-

äóêòà ïðåäâàðèòåëüíûì íàãðåâîì ïëîäîâ è îâîùåé â

áàíêàõ ïîñðåäñòâîì èõ çàëèâêè íà 2–3 ìèí ãîðÿ÷åé âî-

äîé èëè äðóãèìè ðàñòâîðàìè òåìïåðàòóðîé 40, 60–65 è

80–85°Ñ ñ ïîñëåäóþùåé çàìåíîé åå íà ñèðîï èëè äðó-

ãèå ðàñòâîðû, ïðåäóñìîòðåííûå òåõíîëîãè÷åñêîé èí-

ñòðóêöèåé, òåìïåðàòóðîé ñîîòâåòñòâåííî 60, 80–85 è

áîëåå 90°Ñ.

Ïðåäâàðèòåëüíûé íàãðåâ ïëîäîâ è îâîùåé ïîçâîëÿ-

åò ïîâûñèòü íà÷àëüíóþ ñðåäíåîáúåìíóþ òåìïåðàòóðó

êîíñåðâîâ ïåðåä ñòåðèëèçàöèåé íà 10–15°Ñ, ÷òî îáåñ-

ïå÷èâàåò ñîêðàùåíèå ïðîäîëæèòåëüíîñòè ñòåðèëèçà-

öèè, ñíèæåíèå íåðàâíîìåðíîñòè òåïëîâîé îáðàáîòêè è

ýêîíîìèþ òåïëîâîé ýíåðãèè.

Íà ðèñ. 3 ïðåäñòàâëåíû êðèâûå ïðîãðåâàåìîñòè (1,

2) è ôàêòè÷åñêîé ëåòàëüíîñòè (3, 4) â íàèáîëåå è íàè-

ìåíåå ïðîãðåâàåìûõ òî÷êàõ áàíêè ÑÊÎ 1-82-1000 ïðè

ñòóïåí÷àòîé ñòåðèëèçàöèè êîíñåðâîâ «Ïåðåö ñëàäêèé»

â ñòàòè÷åñêîì ñîñòîÿíèè ïî ðåæèìó ñ ïðåäâàðèòåëü-

íûì ïîäîãðåâîì ïåðöà (çàëèâêà ñ òåìïåðàòóðîé 80°Ñ,

çàìåíà çàëèâêè íà 95°Ñ) ïî ðåæèìó
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Ðåæèì îáåñïå÷èâàåò ïðîìûøëåííóþ ñòåðèëüíîñòü

êîíñåðâîâ, òàê êàê âåëè÷èíû ôàêòè÷åñêîé ëåòàëüíîñòè

â íàèìåíåå è íàèáîëåå ïðîãðåâàåìûõ òî÷êàõ óäîâëå-

òâîðÿþò çíà÷åíèÿì, îáåñïå÷èâàþùèì ïðîìûøëåííóþ

ñòåðèëüíîñòü ãîòîâîé ïðîäóêöèè [1], è cîñòàâëÿþò äëÿ

äàííîãî ðåæèìà ñîîòâåòñòâåííî 266 è 213 óñë. ìèí.

Àíàëèçèðóÿ èññëåäîâàíèÿ ïî ïðîãðåâàåìîñòè êîí-

ñåðâîâ ïðè ñòóïåí÷àòîé ðîòàöèîííîé ñòåðèëèçàöèè ñ

ïðåäâàðèòåëüíûì ïîäîãðåâîì ïëîäîâ, ìîæíî ñäåëàòü

âûâîä î öåëåñîîáðàçíîñòè ïðåäâàðèòåëüíîãî ïîäîãðå-

âà, òàê êàê ðåæèìû îáåñïå÷èâàþò òðåáóåìûå ëåòàëüíî-

ñòè è ñîêðàùåíèå âðåìåíè ñòåðèëèçàöèè, ÷òî óëó÷øàåò

êà÷åñòâî ãîòîâîãî ïðîäóêòà. Ñîêðàùåíèå âðåìåíè èìå-

åò ñóùåñòâåííîå çíà÷åíèå äëÿ óìåíüøåíèÿ ðàçìåðîâ

ñòåðèëèçàòîðà íåïðåðûâíîãî äåéñòâèÿ.
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CREATION PRINCIPLES OF HIGHLY EFFECTIVE ENERGY-EFFICIENT TECHNOLOGICAL
PROCESSES OF CANNED FOOD MANUFACTURE
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Possibilities of efficiency increase and energy efficiency in processes of canned food sterilization are considered. Parameters of
various modes of sterilization of canned food «Pepper sweet» are investigated: on traditional technology, in an autoclave, at step
sterilization and with preliminary heating of fruits in banks.
Key words: canned food sterilization, sterilization mode, curve of heating, preliminary heating of fruits.
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Ðàçðàáîòàíî íîâîå ðåøåíèå çàäà÷è íåëèíåéíîé íàïîðîïðîâîäíîñòè øèðîêî ðàñïðîñòðàíåííîãî â ïèùåâîé òåõíîëîãèè
ïðîöåññà îòæèìà, êîòîðîå ïîçâîëèò óòî÷íèòü ìåõàíèçì ïðîöåññà, íàéòè ïóòè åãî ñîâåðøåíñòâîâàíèÿ è óòî÷íèòü ìåòî-
äèêó ðàñ÷åòà îáîðóäîâàíèÿ.
Êëþ÷åâûå ñëîâà: îòæèì, íàïîðîïðîâîäíîñòü, ðåøåíèå íåëèíåéíîé çàäà÷è.

Â ïðîöåññàõ ïðåññîâàíèÿ, õàðàêòåðíûõ äëÿ îòæèìà

æèäêîé ôàçû èç ðàñòèòåëüíûõ ìàòåðèàëîâ â ïèùåâîé

òåõíîëîãèè, ïîëå äàâëåíèÿ ïðåòåðïåâàåò çíà÷èòåëüíûå

èçìåíåíèÿ [1]. Îïèñàíèå ÿâëåíèé ïåðåíîñà ïðè îòæè-

ìå ñâÿçàíî ñ íåîáõîäèìîñòüþ ó÷åòà çàâèñèìîñòè êîýô-

ôèöèåíòîâ íàïîðîïðîâîäíîñòè îò äàâëåíèÿ. Â ýòîì

ñëó÷àå äëÿ ïîëÿ äàâëåíèÿ íåîáõîäèìî ðåøàòü íåëèíåé-

íîå íåñòàöèîíàðíîå óðàâíåíèå íàïîðîïðîâîäíîñòè
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P
div K P grad P

	
, (1)

ãäå P – äàâëåíèå â çîíå ïðåññîâàíèÿ, Ïà; K(P) = K0Kp[P(x,�)] – êîýô-

ôèöèåíò íàïîðîïðîâîäíîñòè ì2/ñ; K0 – êîýôôèöèåíò ïðîïîðöèî-

íàëüíîñòè, ì2/ñ; Kp[P(x,�)] – îòíîñèòåëüíûé êîýôôèöèåíò ïðîíèöàå-

ìîñòè, çàâèñÿùèé îò äàâëåíèÿ; P(x,�) – îäíîìåðíîå îòíîñèòåëüíîå

ïîëå äàâëåíèÿ â ðàáî÷åé çîíå ïðåññà, íîðìèðîâàííîå íà èíòåðâàëå

îò 0 äî 1; x – òåêóùàÿ êîîðäèíàòà îäíîìåðíîãî ïîëÿ äàâëåíèÿ, ì.

Ðàññìîòðèì íåëèíåéíóþ íåñòàöèîíàðíóþ îäíî-

ìåðíóþ ìîäåëü ïîëÿ äàâëåíèÿ, ñîçäàâàåìîãî ïðåññîì

ïðè èçìåíÿþùèõñÿ ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâàõ

ìàòåðèàëà, ïîëó÷åííóþ èç óðàâíåíèÿ (1):
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Ôàêòè÷åñêè êðàåâàÿ çàäà÷à (2) â äàííîé ïîñòàíîâêå

äàæå ïðè èçâåñòíûõ êðàåâûõ óñëîâèÿõ äëÿ ïëàñòèíû

íå èìååò àíàëèòè÷åñêîãî ðåøåíèÿ. Ðàññìîòðèì ïðî-

öåññ èäåíòèôèêàöèè, îñíîâàííûé íà äèíàìèêå ïðî-

öåññà ñæàòèÿ ïðè ïðåññîâàíèè. Ñ ó÷åòîì ïîñòàíîâêè

êðàåâîé çàäà÷è âàðèàöèÿ äàâëåíèé íîñèò îòíîñèòåëü-

íûé õàðàêòåð, íîðìèðîâàííûé íà èíòåðâàëå [0…1]. Â

òî æå âðåìÿ ðåàëüíûé ïðîöåññ ïðåññîâàíèÿ ìàñëè÷íûõ

ìàòåðèàëîâ íàõîäèòñÿ â èíòåðâàëå äàâëåíèé îò «òî÷êè

ìàñëà», êîòîðàÿ îïðåäåëÿåòñÿ êàê ìèíèìàëüíîå äàâëå-

íèå, íåîáõîäèìîå äëÿ ïîÿâëåíèÿ ñâîáîäíîãî ìàñëà íà

ïîâåðõíîñòè ìàñëè÷íîãî ìàòåðèàëà, äî ìàêñèìàëüíîãî

äàâëåíèÿ â ïðåññå. Ýòè ãðàíè÷íûå âåëè÷èíû ñîîòâåò-

ñòâóþò ãðàíèöàì íîðìèðîâàííîãî èíòåðâàëà.

Îäíèì èç âîçìîæíûõ âàðèàíòîâ ðåøåíèÿ ÿâëÿåòñÿ

êâàçèëèíåàðèçàöèÿ ýòîé çàäà÷è ïðè èçâåñòíîé çàâèñè-

ìîñòè êîýôôèöèåíòà íàïîðîïðîâîäíîñòè îò äàâëåíèÿ.

Ðàññìîòðèì áîëåå ïîäðîáíî ýòîò ìåòîä äëÿ êîýôôèöè-

åíòà íàïîðîïðîâîäíîñòè, çàäàâàåìîãî çàðàíåå èçâåñò-

íîé àíàëèòè÷åñêîé ôóíêöèåé.

Ñ ó÷åòîì ïðåäñòàâëåíèé î ìåõàíèçìå ïðîöåññà îò-

æèìà íàèáîëåå ïîäõîäÿùåé ôóíêöèåé ÿâëÿåòñÿ ëîãè-

ñòè÷åñêàÿ êðèâàÿ, áûñòðî ìåíÿþùàÿñÿ íà äîñòàòî÷íî

óçêîì èíòåðâàëå äàâëåíèé. Èñïîëüçîâàíèå òàêîé àï-

ïðîêñèìàöèè ïîçâîëèò âûäåëèòü ó÷àñòîê áûñòðî ìå-

íÿþùåãîñÿ îò äàâëåíèÿ êîýôôèöèåíòà íàïîðîïðîâîä-

íîñòè. Ïóñòü êîýôôèöèåíò Kp ïðåäñòàâëÿåò ñîáîé ëî-

ãèñòè÷åñêóþ ôóíêöèþ (ñèãìîèäàëüíàÿ S-îáðàçíàÿ

êðèâàÿ), îïðåäåëÿåìóþ ôóíêöèîíàëüíîé çàâèñèìî-

ñòüþ
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Çàâèñèìîñòü (3) ìîæåò áûòü èñïîëüçîâàíà äëÿ ÷àñ-

òè÷íîé ëèíåàðèçàöèè çàäà÷è (2) ïóòåì ââåäåíèÿ íîâîé

ôóíêöèè Gk, îïðåäåëÿåìîé ôîðìóëîé
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