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Development of Anticorrosic Technical Detergents

In operation of gas turbine plants pollution of aerosol deposits of internal elements of gas-air
tracks occurs. This leads to a significant consumption of their power, contributes to increasing
energy costs, reducing the operational reliability of installations, through the activation of cor-
rosion and erosion processes. The main requirements for the components of the washing com-
position are: high washing ability and low corrosion activity. The choice of anticorrosive ingre-
dients for technical detergents provides for the absence of an effect on the effectiveness of the
washing composition. One of the important characteristics of technical detergents is its corro-
sive properties. Exactly this indicator is relevant to the evaluation of the service life of the
equipment, so it was the interest to study the dependence of the rate of corrosion on surfac-
tants. The modification of the existing TD and the polyfunctional action ingredients intro-
duced into their composition, which promote the inten-sification of complexing and
anticorrosion properties has studied. Bibl.5, Fig.3, Table 1.
Key words: technical detergent, surfactants, ñorrosion, polymers, spectrophotometry, corro-
sion rate.
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Èññëåäîâàíèå âëèÿíèÿ ìåõàíèêîâèáðàöèîííîé çâóêîâîé
÷àñòîòû íà ãèäðîäèíàìèêó ïñåâäîîæèæåííîãî ñëîÿ

Ðàññìîòðåí ïðîöåññ òåðìè÷åñêîé îáðàáîòêè ìàëîãî êîëè÷åñòâà òâåðäîãî ìàòåðèàëà ñ
ìàêñèìàëüíûì êîíòàêòîì ôàç «òâåðäîå âåùåñòâî — ãàç» â ïñåâäîîæèæåííîì ñëîå. Îä-
íèì èç âîçìîæíûõ âàðèàíòîâ ñîçäàíèÿ ïñåâäîîæèæåííîãî ñëîÿ ÿâëÿåòñÿ ïðîïóñêàíèå
çâóêîâûõ âîëí ÷åðåç òâåðäûé çåðíèñòûé ìàòåðèàë. Ïðîâåäåíî âèçóàëüíîå èññëåäîâàíèå
ãèäðîäèíàìèêè ñîçäàíèÿ ïñåâäîîæèæåííîãî ñëîÿ çâóêîâûìè âîëíàìè. Ðàññìîòðåíà
ïðîáëåìà óíîñà òâåðäîãî ìàòåðèàëà. Îïðåäåëåíà îöåíêà âëèÿíèÿ òðàåêòîðèè äâèæåíèÿ
÷àñòè÷åê íà òåïëîôèçè÷åñêèå ñâîéñòâà ïñåâäîîæèæåííîé ñèñòåìû. Ïðèìåíåíèå çâóêî-
âûõ âîëí äîëæíî óâåëè÷èòü èíòåíñèâíîñòü òåïëîîáìåíà âíóòðè è ìåæäó òâåðäîé è ãà-
çîâîé ôàçàìè. Ðàçðàáîòàíà ñõåìà êîíñòðóêöèè ðåàêòîðà äëÿ ïîëó÷åíèÿ ïèðîóãëåðîä-
íûõ ïîêðûòèé ïðè ìàëîì êîëè÷åñòâå îáðàáàòûâàåìîãî ìàòåðèàëà. Áèáë. 9, ðèñ. 4.
Êëþ÷åâûå ñëîâà: ýëåêòðîòåðìè÷åñêèé ïñåâäîîæèæåííûé ñëîé, ïèðîóãëåðîä, ïèðîëèç
óãëåâîäîðîäíûõ ãàçîâ.
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Â Èíñòèòóòå ãàçà ÍÀÍ Óêðàèíû, ïîìèìî
îñíîâíûõ èññëåäîâàíèé ýëåêòðîòåðìè÷åñêîãî
ïñåâäîîæèæåííîãî ñëîÿ [1–5], âîçíèêëà íåîá-
õîäèìîñòü òåðìè÷åñêîé îáðàáîòêè ìàëîãî êîëè-
÷åñòâà òâåðäîãî ìàòåðèëà â ñâÿçè ñ çàïðîñîì
Èíñòèòóòà ñâåðõòâåðäûõ ìàòåðèàëîâ ÍÀÍ Óê-
ðàèíû, à òàêæå ñ äðóãèìè èññëåäîâàíèÿìè.
Òðàäèöèîííûé ñïîñîá îáðàçîâàíèÿ ïñåâäîîæè-
æåííîãî ñëîÿ îæèæàþùèì àãåíòîì, â äàííîì
ñëó÷àå ãàçîì, ìîæåò ïðèâåñòè ê óíîñó ìàòåðèà-
ëà ÷åðåç ãàçîðàñïðåäåëèòåëüíóþ ðåøåòêó èëè
êîëïà÷êè, ÷òî íåîáõîäèìî èñêëþ÷èòü.

Àëüòåðíàòèâíûì ñïîñîáîì ÿâëÿåòñÿ èñïîëü-
çîâàíèå ìàãíèòî- è âèáðîêèïÿùåãî ñëîÿ. Â ïåð-
âîì ñëó÷àå íåîáõîäèìî íàëè÷èå ìàãíèòíûõ
ñâîéñòâ ó òâåðäûõ ÷àñòè÷åê, îäíàêî íå âñå ÷àñ-
òè÷êè îáëàäàþò ìàãíèòíûìè ñâîéñòâàìè. Ïðè
èñïîëüçîâàíèè êëàññè÷åñêîãî âèáðîêèïÿùåãî
ñëîÿ îñíîâíûì íåäîñòàòêîì ïðåäñòàâëÿþòñÿ
ñëîæíîñòè ðàñïîëîæåíèÿ íàãðåâàòåëüíûõ ýëå-
ìåíòîâ. Îäíèì èç ïåðñïåêòèâíûõ âàðèàíòîâ ðå-
øåíèÿ äàííîé çàäà÷è ÿâëÿåòñÿ èñïîëüçîâàíèå
çâóêîâûõ âîëí äëÿ ñîçäàíèÿ ïñåâäîîæèæåííîãî
ñëîÿ, êîòîðûé òàêæå ìîæíî îòíåñòè ê âèáðîêè-
ïÿùåìó ñëîþ.

Öåëü ðàáîòû — èññëåäîâàíèå âëèÿíèÿ çâó-
êîâûõ âîëí íà ãèäðîäèíàìèêó òâåðäîé ôàçû
ïñåâäîîæèæåííîãî ñëîÿ, íàõîæäåíèå îïòèìàëü-
íûõ çâóêîâûõ õàðàêòåðèñòèê äëÿ ýôôåêòèâíîãî
âëèÿíèÿ íà òåïëîîáìåí òâåðäîé ôàçû.

Ýòà ýôôåêòèâíîñòü ïðîÿâëÿåòñÿ â àêòèâíî-
ñòè è òðàåêòîðèÿõ äâèæåíèÿ ÷àñòè÷åê, ÷òî
âëèÿåò íåïîñðåäñòâåííî íà òåïëîîáìåí â ïñåâ-
äîîæèæåííîì ñëîå.

Èññëåäîâàíèÿ îñíîâûâàëèñü íà âèçóàëüíîì
íàáëþäåíèè çà äâèæåíèåì ÷àñòèö ïîä äåéñòâè-
åì çâóêîâûõ âîëí è òåîðåòè÷åñêîì ñîïîñòàâëå-
íèè òðàåêòîðèè öèðêóëÿöèè ÷àñòè÷åê ñ òåïëîîá-
ìåííûìè õàðàêòåðèñòèêàìè.

Èñïîëüçîâàíèå çâóêîâûõ âîëí ÿâëÿåòñÿ íå
íîâûì íàïðàâëåíèì â ðàçíûõ îòðàñëÿõ ïðî-

ìûøëåííîñòè. Óëüòðàçâóêîâàÿ îáðàáîòêà ìå-
òàëëîâ ïðèìåíÿåòñÿ â ìåòàëëóðãèè äëÿ óëó÷øå-
íèÿ èõ êà÷åñòâà. Ïîä äåéñòâèåì óëüòðàçâóêî-
âûõ êîëåáàíèé èç ðàñïëàâà âûäåëÿåòñÿ ðàñòâî-
ðåííûé â íåì ãàç, óäàëÿþòñÿ íåìåòàëëè÷åñêèå
âêëþ÷åíèÿ. Êîãäà ïðîèçâîäÿò çàêàëêó, óëüòðà-
çâóêîâûå êîëåáàíèÿ ïîâûøàþò îõëàæäàþùóþ
ñïîñîáíîñòü çàêàëî÷íîé æèäêîñòè, ðàçðóøàþò
ïàðîâóþ ðóáàøêó, êîòîðàÿ îáðàçóåòñÿ âîêðóã
çàêàëèâàåìîé äåòàëè, à òàêæå ïîâûøàþò ìåõà-
íè÷åñêèå ñâîéñòâà è ïðîêàëèâàåìîñòü ñòàëè.
Ïðè ñæèãàíèè îêèñëåííûõ óãëåé óëüòðàçâóê
óñèëèâàåò ýôôåêòèâíîñòü ñãîðàíèÿ äî 20 ðàç,
÷òî äàåò çíà÷èòåëüíóþ ýêîíîìè÷åñêóþ âûãîäó.
Â õèìè÷åñêîé ïðîìûøëåííîñòè çâóêîâûå âîë-
íû èñïîëüçóþò äëÿ óñêîðåíèÿ ðàçëè÷íûõ ïðî-
èçâîäñòâåííûõ ïðîöåññîâ [6].

Àêóñòè÷åñêèå âîëíû ïðèìåíÿþòñÿ ïðè ñèí-
òåçå ìíîãîñòåííûõ óãëåðîäíûõ íàíîòðóáîê â
ïñåâäîîæèæåííîì ñëîå. Ñèíòåçèðóåìûå íàíî-
òðóáêè îáëàäàþò áîëüøîé àäãåçèåé è îáðàçóþò
ìèêðîàãðåãàòû è áîëåå ìàñøòàáíûå ñòðóêòóðû,
êîòîðûå ïëîõî ïîääàþòñÿ ïñåâäîîæèæåíèþ. Ãî-
ìîãåíèçàöèÿ ñëîÿ àãëîìåðàòîâ íàíîòðóáîê îáåñ-
ïå÷èâàåòñÿ ââîäîì â ðåàêòîð àêóñòè÷åñêîé âîë-
íû ÷åðåç õîëîäíóþ ïîäðåøåòî÷íóþ îáëàñòü.
Ïðè âûáîðå ðåçîíàíñíîé ÷àñòîòû àêóñòè÷åñêîãî
âîçäåéñòâèÿ â äèàïàçîíå 100–250 Ãö äîñòèãàåò-
ñÿ ýôôåêòèâíàÿ îäíîðîäíîñòü ñëîÿ, îáåñïå÷è-
âàþùàÿ âûñîêóþ ñòåïåíü êîíâåðñèè óãëåðîäñî-
äåðæàùåãî ãàçà [7].

Õàðàêòåð äâèæåíèÿ ÷àñòè÷åê â îáúåìå ïñåâ-
äîîæèæåííîãî ñëîÿ â çíà÷èòåëüíîé ñòåïåíè çà-
âèñèò îò êîíñòðóêòèâíûõ îñîáåííîñòåé àïïàðà-
òóðû. Äëÿ àïïàðàòîâ ìàëîãî äèàìåòðà õàðàê-
òåðíà íàïðàâëåííàÿ öèðêóëÿöèÿ òâåðäîãî ìàòå-
ðèàëà â ïñåäîîæèæåííîì ñëîå: òâåðäûå ÷àñòè÷-
êè â îñíîâíîì äâèæóòñÿ âîñõîäÿùèì ïîòîêîì
âäîëü öåíòðàëüíîé îñè, à ó ñòåíîê íàáëþäàåòñÿ
ñïàäàþùåå äâèæåíèå ÷àñòèö, êàê ïîêàçàíî íà
ðèñ.1. Ïðè ýòîì ÷àñòèöû îäíîâðåìåííî íàõî-
äÿòñÿ â õàîòè÷åñêîì ïóëüñèðóþùåì äâèæåíèè.
Íàèáîëåå ÿðêî âûðàæåí íàïðàâëåííûé õàðàê-
òåð äâèæåíèÿ òâåðäîé ôàçû â àïïàðàòàõ ñ êî-
íè÷åñêîé îñíîâîé. Ìàêñèìàëüíûé êîýôôèöèåíò
òåïëîîòäà÷è íàáëþäàåòñÿ íà íåêîòîðîì ðàññòîÿ-
íèè îò öåíòðàëüíîé îñè àïïàðàòà [8]. Ïðèåìëå-
ìûì ðåçóëüòàòîì èññëåäîâàíèé áóäåò ñ÷èòàòüñÿ
ïîâòîðåíèå öèðêóëÿöèîííûõ ïîòîêîâ, ïîêàçàí-
íûõ íà ðèñ.1.

Ýêñïåðèìåíòû ïðîâîäèëèñü â óñòàíîâêå,
ïðåäñòàâëÿþùåé ñîáîé ýëåêòðîäèíàìè÷åñêèé
ãðîìêîãîâîðèòåëü, íà êîòîðîì óñòàíîâëåí ýêñ-
ïåðèìåíòàëüíûé ñîñóä â âèäå öèëèíäðà (d =
= 0,03 ì), è ìåæäó íèìè óñòàíîâëåíà ìåìáðàíà
â âèäå ëèñòà áóìàãè. Êîíå÷íî, äëÿ òåðìè÷åñêèõ
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Ðèñ.1. Ñõåìà öèðêóëÿöèîííûõ ïîòîêîâ òâåðäûõ ÷àñòè÷åê â
àïïàðàòàõ ïñåâäîîæèæåííîãî ñëîÿ ñ ìàëûì äèàìåòðîì.



ïðîöåññîâ ëèñò áóìàãè íå ÿâëÿåòñÿ ïðèãîäíûì,
îäíàêî åãî ìîæíî áóäåò çàìåíèòü äðóãèì çâóêî-
ïðîíèöàåìûì è òåðìîñòîéêèì ìàòåðèàëîì. Çâó-
êîâûå âîëíû ñîçäàâàëèñü êîìïüþòåðíîé ïðî-
ãðàììîé ãåíåðèðîâàíèÿ ÷àñòîò. Äàâëåíèå çâóêà
80 äÁ, äèàïàçîí ÷àñòîò f = 300–6100 Ãö. Ìàòå-
ðèàë äëÿ èññëåäîâàíèÿ — êâàðöåâûé ïåñîê: íà-
âåñêè ìàññîé 2 ã, ôðàêöèÿ � 0,315 ìì, íàñûïíàÿ
ïëîòíîñòü 1,559 ã/ñì3. Ïðîâåäåíà ñåðèÿ èç
îêîëî 30 îïûòîâ ñ ðàçëè÷íûìè êîìáèíàöèÿìè
÷àñòîò è àìïëèòóä çâóêîâûõ âîëí, ñàìûå óñïåø-
íûå èç êîòîðûõ îïèñàíû äàëåå.

Ïðè f = 350 Ãö íàáëþäàëîñü àêòèâíîå äâè-
æåíèå ÷àñòèö èç öåíòðà ââåðõ è ê ñòåíêàì, ïðè
îïóñêàíèè ÷àñòèö âíèç íàáëþäàëîñü äâèæåíèå
÷àñòè÷åê ê öåíòðó íèæíåé ÷àñòè öèëèíäðà.
Ìàêñèìàëüíàÿ âûñîòà hmax = 4 ñì, ìàêñèìàëü-
íàÿ ïëîòíîñòü ñëîÿ íàõîäèëàñü âíèçó öèëèíä-
ðà. Òðàåêòîðèÿ äâèæåíèÿ ÷àñòèö ïîêàçàíà íà
ðèñ.2,à.

Ïðè f = 5500 Ãö è hmax = 3 ñì ïëîòíîñòü
ñëîÿ íà âûñîòå 2 ñì ñòàëà áîëüøå, ÷åì â ïðåäû-
äóùèõ îïûòàõ. Òðàåêòîðèÿ äâèæåíèÿ ÷àñòèö
ïðèâåäåíà íà ðèñ.2,á.

Ñàìûé èíòåðåñíûé ðåçóëüòàò ïîëó÷åí ïðè
f = 3400 Ãö: ÷àñòè÷êè ïðàêòè÷åñêè «çàâèñàþò»
â âîçäóõå ñ ìèíèìàëüíûì êîëåáàòåëüíûì õàî-
òè÷åñêèì äâèæåíèåì. Ïëîòíîñòü ñëîÿ ïðèáëè-
çèòåëüíî îäèíàêîâà ïî âñåìó îáúåìó öèëèíäðà.
Óñëîâíîå íåçíà÷èòåëüíîå äâèæåíèå ÷àñòèö ïî-
êàçàíî íà ðèñ.3.

Èíòåíñèâíîñòü òåïëîîáìåíà â ïñåâäîîæè-
æåííûõ ñèñòåìàõ, ïîêàçàííûõ íà ðèñ.2, çàâè-

ñèò îò ñêîðîñòè äâèæåíèÿ ÷àñòèö è òåïëîïðî-
âîäíîñòè ãàçà, êîòîðûé çàïîëíÿåò ïðîñòðàíñòâî
ìåæäó ÷àñòè÷êàìè. Äàííàÿ òðàåêòîðèÿ äâèæå-
íèÿ ÷àñòèö èíòåíñèôèöèðóåò òåïëîîáìåí, åñëè
íàãðåâàòåëüíûé ýëåìåíò íàõîäèòñÿ âíóòðè ëèáî
ñíàðóæè àïïàðàòà. Òåïëîòà îò ïîâåðõíîñòè íà-
ãðåâà ïåðåäàåòñÿ ïàêåòàìè òâåðäûõ ÷àñòèö è ãà-
çîì, êîòîðûé íàõîäèòñÿ ìåæäó ÷àñòèöàìè è ïî-
âåðõíîñòüþ. Â ñëó÷àå, ïðåäñòàâëåííîì íà
ðèñ.2,á, òåïëîòà íåðàâíîìåðíî ðàñïðåäåëÿåòñÿ
ïî âñåìó ñëîþ. Òàê êàê áîëåå ìåëêèå ÷àñòè÷êè
áóäóò ââåðõó, ýòî ìîæíî èñïîëüçîâàòü äëÿ íà-
ãðåâàíèÿ îïðåäåëåííîé ôðàêöèè ìàòåðèàëà, åñ-
ëè ôðàêöèîííîå ðàçäåëåíèå íåäîñòóïíî. Â ñèñ-
òåìå, ïðåäñòàâëåííîé íà ðèñ.3, òåïëîòà â îñíîâ-
íîì ïåðåäàåòñÿ ãàçîì, êîòîðûé íàõîäèòüñÿ ìå-
æäó ÷àñòè÷êàìè.

Èçâåñòíî, ÷òî ïðè ïðîïóñêàíèè òîêà ÷åðåç
ïñåâäîîæèæåííûé ñëîé, îñöèëëîãðàììû ïóëü-
ñàöèè äàâëåíèÿ è ýëåêòðîñîïðîòèâëåíèÿ â áîëü-
øèíñòâå ñëó÷àåâ ñîâïàäàþò ïî ÷àñòîòå. Ñ ïîâû-
øåíèåì ðàñõîäà ïñåâäîîæèæàþùåãî ãàçà ÷àñòî-
òà ïóëüñàöèé íå ìåíÿåòñÿ, àìïëèòóäà ïóëüñà-
öèé äàâëåíèÿ è ýëåêòðîñîïðîòèâëåíèÿ óâåëè÷è-
âàåòñÿ [9]. Â ñâÿçè ñ ýòèì âûçûâàåò èíòåðåñ èç-
ìåíåíèå ýëåêòðîñîïðîòèâëåíèÿ â ñëó÷àå, ïðåä-
ñòàâëåííîì íà ðèñ.3. Ïî ìíåíèþ àâòîðà, ýëåê-
òðîñîïðîòèâëåíèå áóäåò ïðàêòè÷åñêè îäèíàêî-
âûì ïî âñåé âûñîòå ñëîÿ.

Íà îñíîâå ïðîâåäåííûõ îïûòîâ è àíàëèçà
ðåçóëüòàòîâ ìîæíî ïðåäëîæèòü ñõåìàòè÷åñêóþ
êîíñòðóêöèþ ðåàêòîðà äëÿ íàíåñåíèÿ ïèðîóãëå-
ðîäíûõ ïîêðûòèé äëÿ ìàëîãî êîëè÷åñòâà ìàòå-
ðèàëà (ðèñ.4).

Â äàííîì ðåàêòîðå íåîáõîäèìî èñïîëüçî-
âàòü óãëåðîäîñîäåðæàùèé ãàç òÿæåëåå âîçäóõà,
íàïðèìåð, ïðîïàí-áóòàíîâóþ ñìåñü. Ñàíèòàðíûå
íîðìû çâóêîâîãî çàãðÿçíåíèÿ îãðàíè÷èâàþò âîç-
ìîæíîñòè èñïîëüçîâàíèÿ äàííîãî ðåàêòîðà, îä-
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Ðèñ.2. Äâèæåíèå ÷àñòèö ïðè f = 350 Ãö (à) è 5500 Ãö (á).

Ðèñ.3. «Çàâèñàíèå» ÷àñòèö ïðè f = 3400 Ãö.

Ðèñ.4. Ñõåìàòè÷åñêàÿ êîíñòðóêöèÿ ðåàêòîðà äëÿ íàíåñåíèÿ
ïèðîóãëåðîäíûõ ïîêðûòèé äëÿ ìàëîãî êîëè÷åñòâà ìàòåðèà-
ëà: 1 — äèíàìèê; 2 — æåëåçíàÿ ìåìáðàíà; 3 — ÷àñòè÷êà
ïñåâäîîæèæåíîãî ñëîÿ; 4 — íàãðåâàòåëü; 5 — ââîä ãàçà;
6 — âûõîä ãàçà.



íàêî ýòó ïðîáëåìó ìîæíî ðåøèòü, îêðóæèâ ðå-
àêòîð çâóêîèçîëÿöèîííîé êîíñòðóêöèåé.

Ïîëó÷åííûå ðåçóëüòàòû â äàëüíåéøåì
ìîæíî èñïîëüçîâàòü ïðè ðàçðàáîòêå íîâûõ àï-
ïàðàòîâ ñ ïñåâäîîæèæåííûì ñëîåì, ãäå íåâîç-
ìîæíî (èëè íåäîñòàòî÷íî) â êà÷åñòâå îæèæàþ-
ùåãî àãåíòà èñïîëüçîâàòü ãàç èëè æèäêîñòü.
Òàêæå èìååò ïåðñïåêòèâó äàëüíåéøèõ èññëåäî-
âàíèé ãîìîãåíèçàöèÿ ñëîÿ àãëîìåðàòîâ ïðè ïî-
ìîùè çâóêîâûõ âîëí.

Âûâîäû

Òðàåêòîðèÿ äâèæåíèÿ ÷àñòèö ïîä äåéñòâèåì
çâóêîâûõ âîëí çàâèñèò îò ìíîãèõ ôàêòîðîâ:
÷àñòîòû, àìïëèòóäû, äàâëåíèÿ çâóêà, à òàêæå
õàðàêòåðèñòèê òâåðäîé ôàçû. Ïðèìåíåíèå çâó-
êîâûõ âîëí äîëæíî óâåëè÷èòü èíòåíñèâíîñòü
òåïëîîáìåíà âíóòðè è ìåæäó òâåðäîé è ãàçîâîé
ôàçàìè ïñåâäîîæèæåííîãî ñëîÿ. Óñòàíîâëåíî,
÷òî íåêîòîðûå èç ïîëó÷åííûõ òðàåêòîðèé äâè-
æåíèÿ òâåðäîé ôàçû, à èìåííî òå, ïðè êîòîðûõ
÷àñòèöû äâèæóòñÿ ââåðõ è ê ñòåíêàì àïïàðàòà,
áóäóò ïîëîæèòåëüíî âëèÿòü íà òåïëîîáìåí â óñ-
òàíîâêàõ ïñåâäîîæèæåííîãî ñëîÿ, â êîòîðûõ
íàãðåâàòåëüíûé ýëåìåíò ðàñïîëîæåí ó ñòåíîê
ðåàêòîðà èëè îïóùåí â ïñåâäîîæèæåííûé ñëîé,
èëè ãäå ïðèìåíÿåòñÿ íàãðåâ ïðîïóñêàíèåì ýëåê-
òðè÷åñêîãî òîêà.

Ê îñíîâíûì ïðîáëåìàì ïðèìåíåíèÿ çâóêî-
âûõ âîëí äëÿ ñîçäàíèÿ ïñåâäîîæèæåííîãî ñëîÿ
îòíîñèòñÿ òåðìè÷åñêàÿ è ìåõàíè÷åñêàÿ óñòîé÷è-
âîñòü ïðîñëîéêè ìåæäó èñòî÷íèêîì çâóêîâûõ
âîëí è ïñåâäîîæèæåííûì ñëîåì. Îäíèì èç âà-
ðèàíòîâ åå ðåøåíèÿ ÿâëÿåòñÿ ïðèìåíåíèå ìå-
òàëëè÷åñêîé ìåìáðàíû è èçãîòîâëåíèå ýëåêòðî-
äèíàìè÷åñêîãî ãðîìêîãîâîðèòåëÿ èç òåðìîñòîé-
êèõ ìàòåðèàëîâ. Òàêæå ñëåäóåò îòìåòèòü òðåáî-
âàíèÿ ñàíèòàðíûõ íîðì çâóêîâîãî çàãðÿçíåíèÿ,
îäíàêî ýòó ïðîáëåìó ìîæíî ðåøèòü, ïîìåñòèâ
ðåàêòîð âíóòðü çâóêîèçîëÿöèîííîé êîíñòðóê-
öèè. Ðåçóëüòàòû îïûòîâ ìîæíî â äàëüíåéøåì
èñïîëüçîâàòü ïðè ðàçðàáîòêå íîâûõ àïïàðàòîâ ñ
ïñåâäîîæèæåííûì ñëîåì, ãäå íåâîçìîæíî (èëè
íåäîñòàòî÷íî) â êà÷åñòâå îæèæàþùåãî àãåíòà
èñïîëüçîâàòü ãàç èëè æèäêîñòü, à òàêæå äëÿ ãî-
ìîãåíèçàöèè ñëîÿ àãëîìåðàòîâ. Ýòîò ìåòîä ìî-
æåò ïðèìåíÿòüñÿ ê ãðàíóëîìåòðè÷åñêè íåîäíî-

ðîäíûì ìàòåðèàëàì, äëÿ êîòîðûõ òðåáóåòñÿ îá-
ðàáîòêà â ïñåâäîîæèæåííîì ñëîå. Òàêèì ìàòå-
ðèàëîì ìîæåò ÿâëÿòüñÿ ãðàôèò ïðèðîäíîãî
ïðîèñõîæäåíèÿ, òàê êàê ðàçìåðû åãî ÷àñòèö ìî-
ãóò êîëåáàòüñÿ îò 0,063 äî 0,315 ìì, ÷òî âûçû-
âàåò òðóäíîñòè åãî ïñåâäîîæèæåíèÿ òðàäèöèîí-
íûì ñïîñîáîì.
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Äîñë³äæåííÿ âïëèâó ìåõàí³êîâ³áðàö³éíî¿ çâóêîâî¿
÷àñòîòè íà ã³äðîäèíàì³êó ïñåâäîçð³äæåíîãî øàðó

Ðîçãëÿíóòî ïðîöåñ òåðì³÷íî¿ îáðîáêè ìàëî¿ ê³ëüêîñò³ òâåðäîãî ìàòåð³àëó ç ìàêñè-
ìàëüíèì êîíòàêòîì ôàç «òâåðäà ðå÷îâèíà — ãàç» ó ïñåâäîçð³äæåíîìó øàð³. Îäíèì
ç ìîæëèâèõ âàð³àíò³â ñòâîðåííÿ ïñåâäîçð³äæåíîãî øàðó º ïðîïóñêàííÿ çâóêîâèõ
õâèëü ÷åðåç òâåðäèé çåðíèñòèé ìàòåð³àë. Ïðîâåäåíî â³çóàëüíå äîñë³äæåííÿ ã³äðî-
äèíàì³êè ñòâîðåííÿ ïñåâäîçð³äæåíîãî øàðó çâóêîâèìè õâèëÿìè. Ðîçãëÿíóòî ïðîáëå-
ìó âèíîñó òâåðäîãî ìàòåð³àëó. Âèçíà÷åíî îö³íêó âïëèâó òðàºêòîð³¿ ðóõó ÷àñòèíîê íà
òåïëîô³çè÷í³ âëàñòèâîñò³ ïñåâäîçð³äæåíî¿ ñèñòåìè. Çàñòîñóâàííÿ çâóêîâèõ õâèëü
ìàº çá³ëüøèòè ³íòåíñèâí³ñòü òåïëîîáì³íó âñåðåäèí³ òà ì³æ òâåðäîþ é ãàçîâîþ ôà-
çîþ. Ðîçðîáëåíî ñõåìó êîíñòðóêö³¿ ðåàêòîðà äëÿ îòðèìàííÿ ï³ðîâóãëåöåâèõ ïî-
êðèòò³â ïðè ìàë³é ê³ëüêîñò³ îáðîáëþâàíîãî ìàòåð³àëó. Á³áë. 9, ðèñ. 4.
Êëþ÷îâ³ ñëîâà: åëåêòðîòåðì³÷íèé ïñåâäîçð³äæåíèé øàð, ï³ðîâóãëåöü, ï³ðîë³ç âóãëå-
âîäíåâèõ ãàç³â.
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Investigation of the Influence
of Mechanical-Vibrational Sound

on Hydrodynamics of a Fluidized Bed

The main purpose of this paper is to investigate the concept of a heat treatment of a
small amount of solid material with the maximum contact of the gas and solid material.
The solution of this problem consists in passing the process in a fluidized bed. However,
the key issue of this solution is the problem of entrainment of solid material. Among fea-
sible ways of the fluid bed hydrodynamics creation is a sound waves transmission through
a solid granular material. A visual study on the fluid bed hydrodynamics creation with
sound waves was conducted. The estimation of the impact of the trajectory of the parti-
cles on the thermophysical properties of the fluidized system was determined. The exploi-
tation of sound waves should increase the intensity of heat exchange inside and between
the solid and gas phases. Reactor design scheme for pyrocarbon coatings creation was de-
veloped. This scheme implies a small amount of material to be treated. The results ob-
tained can be subsequently applied in the process of developing new fluidized bed appa-
ratus, when the usage of a gas or a liquid as a fluidizing agent is technically impossible
(or insufficiently). The prospects for further research include homogenization of the ag-
glomerate layer by means of sound waves. Bibl. 9, Fig. 4.
Key words: electrothermal fluidized bed, pyrocarbon, pyrolysis of hydrocarbon gases.
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