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Ïðåäìåòîì ðàññìîòðåíèÿ â ñòàòüå ÿâèëàñü îöåíêà âîçìîæíîñòè ñíèæåíèÿ âûáðîñà òâåðäûõ ÷à-
ñòèö ñ îòðàáîòàâøèìè ãàçàìè ïîðøíåâûõ äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ, ÷òî îáóñëîâëåíî àê-
òèâèçàöèåé äåÿòåëüíîñòè ïî óìåíüøåíèþ èõ âðåäíîãî âîçäåéñòâèÿ íà îêðóæàþùóþ ñðåäó è íà 
îðãàíèçì ÷åëîâåêà. Öåëüþ âûïîëíåííîé ðàáîòû ÿâëÿëàñü îöåíêà âîçìîæíîñòè ïîâûøåíèÿ ýô-
ôåêòèâíîñòè ñíèæåíèÿ âûáðîñîâ òâåðäûõ ÷àñòèö ñ îòðàáîòàâøèìè ãàçàìè äèçåëåé çà ñ÷åò âîç-
ìîæíîé ñòàáèëèçàöèè òåìïåðàòóðû èõ îòðàáîòàâøèõ ãàçîâ ïåðåä êàòàëèòè÷åñêèì íåéòðàëèçàòî-
ðîì. Îáúåêòîì èññëåäîâàíèÿ ñëóæèëè âûáðîñû òâåðäûõ ÷àñòèö ñ îòðàáîòàâøèìè ãàçàìè äèçåëÿ 
4×Í13/15. Ýêñïåðèìåíòû ïðîâîäèëèñü ñ êàòàëèòè÷åñêèì íåéòðàëèçàòîðîì òèïà «ÊÍÄ-Ðèëà». Äëÿ 
óìåíüøåíèÿ êîëåáàíèé òåìïåðàòóðû ïîñòóïàþùèõ â íåãî îòðàáîòàâøèõ ãàçîâ ïðè ðàáîòå äèçåëÿ 
íà ðàçëè÷íûõ ðåæèìàõ àâòîðàìè áûë ñîçäàí òåïëîîáìåííèê êîæóõî-òðóáíîãî òèïà ñ òåïëîàêêó-
ìóëèðóþùèì âåùåñòâîì – ãèäðîêñèäîì ëèòèÿ. Äëÿ îïðåäåëåíèÿ ñîäåðæàíèÿ òâåðäûõ ÷àñòèö áûë 
èñïîëüçîâàí ãðàâèìåòðè÷åñêèé ìåòîä. Èñïûòàòåëüíûé êîìïëåêñ âêëþ÷àë â ñåáÿ ðàçáàâèòåëüíûé 
òóííåëü ÌÒ-120, ðàçðàáîòàííûé èíñòèòóòîì TUV-UVMV (×åõèÿ), ñèñòåìó ïðîáîîòáîðà íà íàãðóçî÷-
íîì ñòåíäå, âåñû Mettler Toledo AX26DR äëÿ âçâåøèâàíèÿ ôèëüòðîâ (â êëèìàòè÷åñêîé êàìåðå íà 
âèáðîèçîëèðóþùåì ôóíäàìåíòå, èìåþùèå òî÷íîñòü – 2 ìêã) è ôèëüòðû – Pall Flex. Èññëåäîâàíèå 
ïðîâîäèëîñü ïðè ðàáîòå äèçåëÿ ïî èñïûòàòåëüíûì öèêëàì äëÿ äâèãàòåëåé ñ èçìåíÿþùåéñÿ ÷à-
ñòîòîé âðàùåíèÿ ïî Ïðàâèëó ÅÝÊ ÎÎÍ № 96-02. Ìåòîäèêà îöåíêè âëèÿíèÿ ñòàáèëèçàöèè òåìïåðà-
òóðû îòðàáîòàâøèõ ãàçîâ íà ýôôåêòèâíîñòü ðàáîòû êàòàëèòè÷åñêîãî íåéòðàëèçàòîðà â îòíîøåíèè 
âûáðîñà òâåðäûõ ÷àñòèö çàêëþ÷àëàñü â îïðåäåëåíèè óñðåäíåííîé ñòåïåíè ïðåâðàùåíèÿ òâåðäûõ 
÷àñòèö â íåéòðàëèçàòîðå çà èñïûòàòåëüíûé öèêë. Ðåçóëüòàòû èñïûòàíèé ïîêàçàëè, ÷òî ñòàáèëè-
çàöèÿ òåìïåðàòóðû îòðàáîòàâøèõ ãàçîâ ïåðåä êàòàëèòè÷åñêèì íåéòðàëèçàòîðîì îáåñïå÷èëà îò-
íîñèòåëüíîå óëó÷øåíèå ñòåïåíè ïðåâðàùåíèÿ òâåðäûõ ÷àñòèö íà 56,7 %.

Êëþ÷åâûå ñëîâà: äèçåëü, îòðàáîòàâøèå ãàçû, òâåðäûå ÷àñòèöû, ñòàáèëèçàöèÿ òåìïåðàòóðû, êà-
òàëèòè÷åñêèé íåéòðàëèçàòîð, ãðàâèìåòðè÷åñêèé ìåòîä, ñòåïåíü ïðåâðàùåíèÿ òâåðäûõ ÷àñòèö â 
íåéòðàëèçàòîðå.
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Ââåäåíèå
Îäíèì èç îñíîâíûõ íàïðàâëåíèé ïîâûøå-

íèÿ òåõíè÷åñêîãî óðîâíÿ ïîðøíåâûõ äâèãàòå-
ëåé âíóòðåííåãî ñãîðàíèÿ (ÄÂÑ) â íàñòîÿùåå 
âðåìÿ ÿâëÿåòñÿ ñíèæåíèå âûáðîñîâ òîêñè÷íûõ 
êîìïîíåíòîâ ñ îòðàáîòàâøèìè ãàçàìè (ÎÃ). 
Ýòî îáóñëîâëåíî êàê ñ àêòèâèçàöèåé äåÿòåëü-
íîñòè ïî ñîõðàíåíèþ äèíàìè÷åñêîãî ðàâíîâå-
ñèÿ áèîñôåðû íàøåé ïëàíåòû, òàê è ñ íîâûìè 
äàííûìè î âëèÿíèè òîêñè÷íûõ âûáðîñîâ íà 
îðãàíèçì ÷åëîâåêà è îêðóæàþùóþ ñðåäó (ÎÑ), 
çíà÷èòåëüíûì óâåëè÷åíèåì âûïóñêà òðàíñ-
ïîðòíûõ ñðåäñòâ ñ ïîðøíåâûìè ÄÂÑ.

Â ïåðâóþ î÷åðåäü ñêàçàííîå îòíîñèòñÿ ê äè-
çåëÿì, ðàáîòà êîòîðûõ â ïëàíå âîçäåéñòâèÿ íà 
ÎÑ ñðåäè ïðî÷åãî ñîïðîâîæäàåòñÿ âûáðîñîì â 
àòìîñôåðó òâåðäûõ ÷àñòèö (ÐÌ), ÿâëÿþùèõ-
ñÿ ñìåñüþ ñàæè, íåñãîðåâøèõ óãëåâîäîðîäîâ, 
ñóëüôàòîâ è äðóãèõ âêëþ÷åíèé. Ñïîñîáíîñòü 
ïîëèöèêëè÷åñêèõ óãëåâîäîðîäîâ, âñëåäñòâèå 
èõ ôèçè÷åñêèõ ñâîéñòâ è âåëè÷èí ìîëåêóë, àä-
ñîðáèðîâàòüñÿ íà ñàæå, íåñìîòðÿ íà òî, ÷òî â 
êîëè÷åñòâåííîì ñîîòíîøåíèè äîëÿ ýòèõ ïðè-
ìåñåé î÷åíü ìàëà, ñóùåñòâåííî ïîâûøàåò ýêî-
ëîãè÷åñêóþ îïàñíîñòü äëÿ îðãàíèçìà ÷åëîâåêà 
âûáðàñûâàåìûõ ñ ÎÃ ÷àñòèö. Ïîìèìî ýòîãî, 



Êóêèñ Â.Ñ., Îìåëü÷åíêî Å.À.

50 Èçâåñòèÿ ÌÃÒÓ «ÌÀÌÈ», ¹ 4(38), 2018

òâåðäûå ÷àñòèöû â ñîâîêóïíîñòè ñ äðóãèìè 
âðåäíûìè âåùåñòâàìè âûçûâàþò çàãðÿçíåíèå 
ñîîðóæåíèé è ïî÷âû, êîððîçèþ è ýðîçèþ ìà-
òåðèàëîâ. Âñå ýòî óêàçûâàåò íà íåîáõîäèìîñòü 
ïðèíèìàòü ìåðû ïî ñíèæåíèþ èõ îòðèöàòåëü-
íîãî âëèÿíèÿ íà îêðóæàþùóþ ñðåäó.

Öåëüþ ïðîâåäåííîé íàó÷íîé ðàáîòû ÿâëÿ-
ëàñü îöåíêà âîçìîæíîñòè ïîâûøåíèÿ ýôôåê-
òèâíîñòè ñíèæåíèÿ âûáðîñîâ òâåðäûõ ÷àñòèö ñ 
ÎÃ çà ñ÷åò âîçìîæíîé ñòàáèëèçàöèè èõ òåìïå-
ðàòóðû ïåðåä êàòàëèòè÷åñêèì íåéòðàëèçàòî-
ðîì (ÊÍ). 

Ìåòîäû è ñðåäñòâà 
ïðîâåäåíèÿ èññëåäîâàíèé
Îáúåêòîì èññëåäîâàíèÿ ñëóæèëè âûáðî-

ñû ÐÌ ñ ÎÃ äèçåëÿ 4×Í13/15, óñòàíîâëåííîãî 
íà èñïûòàòåëüíîì ñòåíäå (ðèñ. 1). Äâèãàòåëü 
æèäêîñòíîãî îõëàæäåíèÿ ìîùíîñòüþ 118 êÂò 
(160 ë.ñ.) ÿâëÿåòñÿ ïðåäñòàâèòåëåì ìîäåëüíîãî 
ðÿäà äâèãàòåëåé ñåðèè «Ò», ðàçðàáàòûâàåìûõ â 
ÎÎÎ «×ÒÇ-Óðàëòðàê» äëÿ êîìïëåêòàöèè òðàê-
òîðîâ è äðóãîé òåõíèêè.

èñïîëüçîâàòü ñòàíäàðòíîå, à íå ñïåöèàëüíîå 
äèçåëüíîå òîïëèâî ñ íèçêèì (ìåíåå 50 ððì) 
ñîäåðæàíèåì ñåðû. Íåéòðàëèçàòîð ïðåäíàçíà-
÷åí äëÿ îáåçâðåæèâàíèÿ îñíîâíûõ âðåäíûõ 
êîìïîíåíòîâ ÎÃ – òâåðäûõ ÷àñòèö è îêñèäîâ 
àçîòà. Êàòàëèçàòîð íå ÿâëÿåòñÿ ôèëüòðîì äëÿ 
ñíèæåíèÿ äûìíîñòè, à äåéñòâóåò êàê õèìè÷å-
ñêè àêòèâíûé êàòàëèçàòîð, êîòîðûé äîæèãàåò 
îðãàíè÷åñêèå âåùåñòâà è ñàìóþ âðåäíóþ ÷àñòü 
ÎÃ, â êîòîðîé ñîäåðæàòñÿ òÿæåëûå íåôòÿíûå 
ôðàêöèè ñ âûñîêîé êàíöåðîãåííîñòüþ. 

Êàòàëèçàòîð íà÷èíàåò äåéñòâîâàòü ïðè òåì-
ïåðàòóðå ÎÃ âûøå 220 °Ñ è óñòîé÷èâî ðàáîòà-
åò ïðè òåìïåðàòóðå ãàçîâ âûøå 280 °Ñ.

Èçâåñòíî, ÷òî ýôôåêòèâíîñòü íåéòðàëèçà-
öèè ÎÃ, ïðîõîäÿùèõ ÷åðåç ÊÍ, ñóùåñòâåííî 
çàâèñèò îò èõ òåìïåðàòóðû. Ïðè ýòîì íàèáî-
ëåå ýôôåêòèâíî ïðåîáðàçîâàíèÿ ïðîèñõîäÿò â 
äèàïàçîíå òåìïåðàòóð îò 400 äî 800 °Ñ [1].

Äëÿ óìåíüøåíèÿ êîëåáàíèé òåìïåðàòóðû 
ÎÃ, ïîñòóïàþùèõ â ÊÍ íà ðàçëè÷íûõ ðåæèìàõ 
ðàáîòû äâèãàòåëÿ, è ïîääåðæàíèÿ åå â áëàãî-
ïðèÿòíîì äëÿ ðàáîòû íåéòðàëèçàòîðà äèàïàçî-

Ðèñ. 1. Äèçåëü 4×Í13/15 íà ñòåíäå

Ýêñïåðèìåíòû ïðîâîäèëèñü ñ ÊÍ òèïà 
«ÊÍÄ-Ðèëà» (ðèñ. 2), êîòîðûé ïðåäíàçíà÷åí äëÿ 
ñíèæåíèÿ êîíöåíòðàöèè âðåäíûõ êîìïîíåíòîâ 
ÎÃ äèçåëåé è ìîæåò óñòàíàâëèâàòüñÿ íà ëþáûå 
òðàíñïîðòíûå ñðåäñòâà, äîðîæíî-ñòðîèòåëüíîå 
îáîðóäîâàíèå èëè íà äèçåëü-ãåíåðàòîðû.

Ðàáî÷èì âåùåñòâîì íåéòðàëèçàòîðà «ÊÍÄ-
Ðèëà» ÿâëÿåòñÿ êàòàëèçàòîð òèïà «ÐÈËÀ», 
êîòîðûé ïðåäñòàâëÿåò ñîáîé íàíåñåííûå íà 
ãðàíóëèðîâàííûé íîñèòåëü (îêñèä àëþìè-
íèÿ) ìåòàëëû è îêèñè ìåòàëëîâ. Íå ñîäåðæèò 
äðàãîöåííûõ ìåòàëëîâ (çîëîòî, ïëàòèíà). Êà-
òàëèçàòîð íå÷óâñòâèòåëåí ê êàòàëèòè÷åñêèì 
ÿäàì, âêëþ÷àÿ äèîêñèä ñåðû, ÷òî ïîçâîëÿåò 

íå àâòîðàìè áûë ñîçäàí òåïëîîáìåííèê êîæó-
õî-òðóáíîãî òèïà (ñòàáèëèçàòîð òåìïåðàòóðû 
îòðàáîòàâøèõ ãàçîâ), ïðèíöèïèàëüíîå óñòðîé-
ñòâî êîòîðîãî ïîêàçàíî íà ðèñóíêå 3, à òåõíè-
÷åñêàÿ õàðàêòåðèñòèêà ïðèâåäåíà â òàáëèöå.

Ðèñ. 2. Íåéòðàëèçàòîð îòðàáîòàâøèõ ãàçîâ 
òèïà «ÊÍÄ-Ðèëà»



Ñíèæåíèå âûáðîñà òâåðäûõ ÷àñòèö ñ îòðàáîòàâøèìè ãàçàìè ÄÂÑ 
çà ñ÷åò ïîâûøåíèÿ ýôôåêòèâíîñòè ðàáîòû êàòàëèòè÷åñêîãî íåéòðàëèçàòîðà
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Êîðïóñ ñòàáèëèçàòîðà òåìïåðàòóðû ÎÃ âû-
ïîëíåí èç íåðæàâåþùåé ñòàëè 12Õ17Ò, âî âíó-
òðåííåé ïîëîñòè êîòîðîé ðàñïîëîæåíû òåïëî-
îáìåííûå òðóáêè. Â âåðõíåé ÷àñòè êîðïóñà 
èìåþòñÿ äâå çàïðàâî÷íûõ ïðîáêè, ñîâìåùåííûå 
ñ êîìïåíñàòîðàìè òåïëîâîãî ðàñøèðåíèÿ òåïëî-
àêêóìóëèðóþùåãî âåùåñòâà è âõîäîì òåðìîïàð.

Ñ öåëüþ ñíèæåíèÿ ïîæàðîîïàñíîñòè è ïîòåðü 
òåïëîòû ñ íàðóæíîé ïîâåðõíîñòè ñòàáèëèçàòîð 
òåìïåðàòóðû ÎÃ åãî êîðïóñ áûë çàêðûò àñáåñòî-
âîé òåïëîèçîëÿöèåé (íà ðèñ. 3 íå ïîêàçàíà).

Êàê âèäíî èç òàáëèöû, â êà÷åñòâå òåïëî-
àêêóìóëèðóþùåãî âåùåñòâà áûë èñïîëüçîâàí 
ãèäðîêñèä ëèòèÿ, îñíîâíûå ñâîéñòâà êîòîðîãî 
ïðèâåäåíû íèæå: 

– òåìïåðàòóðà ïëàâëåíèÿ – 744 Ê;
– òåïëîòà ôàçîâîãî ïåðåõîäà – 1080, êäæ/êã;
– óäåëüíàÿ ìàññîâàÿ òåïëîåìêîñòü:

òâåðäîé ôàçû – 2,88, êÄæ/(êã Ê);
æèäêîé ôàçû – 3,65, êÄæ/(êã Ê);

– ïëîòíîñòü:
òâåðäîé ôàçû – 1460, êã/ì3;
æèäêîé ôàçû – 1490, êã/ì3;

– êîýôôèöèåíò òåïëîïðîâîäíîñòè:
òâåðäîé ôàçû – 2,46, êã/ Âò/(ì Ê);
æèäêîé ôàçû – 1,35, êã/ Âò/(ì Ê).

Ãèäðîêñèä ëèòèÿ áûë âûáðàí ïîòîìó, ÷òî 
îí ïðåæäå âñåãî èìååò ïðàêòè÷åñêè îïòèìàëü-
íóþ òåìïåðàòóðó ôàçîâîãî ïåðåõîäà ñ òî÷êè 
çðåíèÿ âîçìîæíîñòè ñòàáèëèçàöèè òåìïåðàòó-
ðû ÎÃ íà îïòèìàëüíîì óðîâíå äëÿ îáåñïå÷å-
íèÿ ýôôåêòèâíîé ðàáîòû ÊÍ. Êðîìå ýòîãî, îí 
õàðàêòåðèçóåòñÿ âåñüìà çíà÷èòåëüíîé òåïëî-
òîé ôàçîâîãî ïåðåõîäà, äîñòàòî÷íî áëèçêèìè 
âåëè÷èíàìè ïëîòíîñòè â òâåðäîì è æèäêîì 
ñîñòîÿíèÿõ. Ïîñëåäíåå ñâîéñòâî îáëåã÷àåò 
ðàçðàáîòêó êîíñòðóêöèè ñòàáèëèçàòîðà òåì-
ïåðàòóðû ÎÃ, òàê êàê íå òðåáóåò ñîçäàíèÿ îáú-
åìíûõ äîïîëíèòåëüíûõ ðàñøèðèòåëüíûõ ïî-
ëîñòåé. Äîñòàòî÷íî âûñîêàÿ òåïëîïðîâîäíîñòü 
è òåïëîåìêîñòü ÿâëÿþòñÿ äîïîëíèòåëüíûìè 
äîâîäàìè â ïîëüçó âûáîðà ãèäðàòà ëèòèÿ.

Äëÿ îïðåäåëåíèÿ ñîäåðæàíèÿ òâåðäûõ 
÷àñòèö â ÎÃ èñïîëüçîâàëñÿ ãðàâèìåòðè÷åñêèé 
ìåòîä. Ñóòü ìåòîäà çàêëþ÷àåòñÿ â ïðîïóñêà-
íèè ðàçáàâëåííûõ â îïðåäåëåííîé ïðîïîðöèè 
îòðàáîòàâøèõ ãàçîâ ÷åðåç ñòåêëîâîëîêíèñòûé 
ôèëüòð ñ ôòîðóãëåðîäíûì ïîêðûòèåì èëè 
ôèëüòð ñ ôòîðóãëåðîäíîé îñíîâîé ìåìáðàí-
íîãî òèïà, êîòîðûé âçâåøèâàåòñÿ äî è ïîñëå 
ýêñïåðèìåíòà. Ôèëüòð äîëæåí èìåòü ïîêðû-
òèå äèîêòèëôòîëàò òîëùèíîé 0,3 ìì, ñòåïåíü 
óëàâëèâàíèÿ íå ìåíåå 95 % ïðè ñêîðîñòè 
ïîòîêà ãàçà îò 35 äî 80 ñì/ñ.

Èñïûòàòåëüíûé êîìïëåêñ äëÿ îïðåäåëåíèÿ 
âûáðîñîâ òâåðäûõ ÷àñòèö ñ ÎÃ äèçåëåé ðàçëè÷-
íûõ òèïîâ âêëþ÷àåò â ñåáÿ [4] ðàçáàâèòåëüíûé 
òóííåëü ÌÒ-120 ðàçðàáîòàííûé èíñòèòóòîì 
TUV-UVMV (×åõèÿ) (ðèñ. 4, à), ñèñòåìó ïðî-
áîîòáîðà íà íàãðóçî÷íîì ñòåíäå, âåñû Mettler 
Toledo AX26DR äëÿ âçâåøèâàíèÿ ôèëüòðîâ 
(â êëèìàòè÷åñêîé êàìåðå íà âèáðîèçîëèðóþ-
ùåì ôóíäàìåíòå, èìåþùèå òî÷íîñòü – 2 ìêã) 
(ðèñ. 4, á), ôèëüòðû – Pall Flex. 

 

Ðèñ. 3. Óñòðîéñòâî, ïðåäíàçíà÷åííîå 
äëÿ ñòàáèëèçàöèè òåìïåðàòóðû 

îòðàáîòàâøèõ ãàçîâ [2]: 
1, 7 – âïóñêíîé è âûïóñêíîé ïàòðóáêè; 

2, 5 – òåïëîâûå êîìïåíñàòîðû ñ êðûøêàìè; 
3 – òðóáêè; 4 – êîðïóñ; 6 – òåïëîàêêóìóëèðóþùåå 

âåùåñòâî

Òàáëèöà 1

Òåõíè÷åñêàÿ õàðàêòåðèñòèêà ñòàáèëèçàòîðà òåìïåðàòóðû îòðàáîòàâøèõ ãàçîâ

Íàèìåíîâàíèå Õàðàêòåðèñòèêà

Òèï ÑÒÎÃ Êîæóõî-òðóáíûé

Ïëîùàäü ïîâåðõíîñòè òåïëîîáìåíà, ì2 1,48

Ãàçîäèíàìè÷åñêîå ñîïðîòèâëåíèå ïðè ïðîäóâêå âîçäóõîì ñ òåìïåðàòóðîé 25±10 
ÎÑ ïðè ðàñõîäå 570±10 ì3/÷, ê Ïà

Íå áîëåå 2,4

Êîëè÷åñòâî òðóáîê â êàññåòå 235

Òåïëîàêêóìóëèðóþùåå âåùåñòâî LiÎÍ

Ìàññà ñòàáèëèçàòîðà òåìïåðàòóðû ÎÃ/ÒÀÂ, êã 10/4,5
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Îáùàÿ ñõåìà êîìïëåêñà ïðèâåäåíà íà ðèñ. 5. 
Ïðîáîîòáîðíèê ÿâëÿåòñÿ èçîêèíåòè÷åñêîé ñè-
ñòåìîé, â êîòîðîé ñêîðîñòü è äàâëåíèå ïîòîêà â 
îòâîäÿùåì ïàòðóáêå äîëæíû ñîâïàäàòü ñ ñîîò-
âåòñòâóþùèìè ïàðàìåòðàìè îñíîâíîãî ïîòîêà 
ÎÃ. Äëÿ ýòîãî òðåáóåòñÿ îáåñïå÷èòü íàëè÷èå 
íåâîçìóùåííîãî è îäíîðîäíîãî ïîòîêà ó âõîäà 
â ïðîáîîòáîðíèê, ÷òî äîñòèãàåòñÿ èñïîëüçî-
âàíèåì ó âõîäà ðåçîíàòîðà è òðóáû ñ ïðÿìûì 
ó÷àñòêîì. Óñëîâèå ðàâåíñòâà ñêîðîñòåé è äàâ-

ëåíèé îáåñïå÷èâàåòñÿ ðåãóëÿòîðîì ðàñõîäà 
FC1, êîòîðûé ñ÷èòûâàåò ñèãíàë äàò÷èêà äàâ-
ëåíèÿ DPT è óïðàâëÿåò âûòÿæíûì íàñîñîì 
SB. Êîýôôèöèåíò ðàçäåëåíèÿ ïîòîêà ïðîïîð-
öèîíàëåí îòíîøåíèþ ïëîùàäåé ïîïåðå÷íûõ 
ñå÷åíèé òðóá ÅÐ è ISP. Ðàçáàâëÿþùèé âîçäóõ 
ïðîõîäèò ÷åðåç ôèëüòð DAF, åãî òåìïåðàòóðà 
ïîääåðæèâàåòñÿ â äèàïàçîíå 25±5 °Ñ. Òåìïåðà-
òóðà ñòåíîê òóííåëÿ DT íå äîëæíà ïðåâûøàòü 
52 °Ñ, äëÿ îáåñïå÷åíèÿ ýòîãî óñëîâèÿ èñïîëü-
çîâàíà ñèñòåìà òåðìîðåãóëèðîâàíèÿ ñ ìèêðî-
ïðîöåññîðíûì óïðàâëåíèåì.

Ñèñòåìà îòáîðà ïðîá íåîáõîäèìà äëÿ îñàæ-
äåíèÿ íà ôèëüòðå äëÿ îòáîðà âðåäíûõ ÷àñòèö. 
Ðàñõîä ïðîáû êîíòðîëèðóåòñÿ ðåãóëÿòîðîì 
FC3, ðàáîòà êîòîðîãî àíàëîãè÷íà ðåãóëÿòîðó 
FC1. 

Èñïûòàòåëüíûé êîìïëåêñ óïðàâëÿåòñÿ ñ ïî-
ìîùüþ êîìïüþòåðà, íà êîòîðîì óñòàíîâëåíî 
ñïåöèàëüíîå ïðîãðàììíîå îáåñïå÷åíèå äëÿ 
àâòîìàòè÷åñêîãî óïðàâëåíèÿ, îáðàáîòêè ñèã-
íàëîâ äàò÷èêîâ è âûâîäà íà äèñïëåé ïðîìåæó-
òî÷íûõ ðåçóëüòàòîâ èñïûòàíèé.

Îáðàáîòêà ðåçóëüòàòîâ èñïûòàíèé ïðîâîäè-
ëàñü â ñîîòâåòñòâèè ñ ÃÎÑÒ 18509-88 [5].

Èññëåäîâàíèå ïðîâîäèëîñü ïðè ðàáîòå 
äèçåëÿ ïî èñïûòàòåëüíûì öèêëàì äëÿ äâèãà-
òåëåé ñ èçìåíÿþùåéñÿ ÷àñòîòîé âðàùåíèÿ ïî 
Ïðàâèëó ÅÝÊ ÎÎÍ № 96-02.

Ìåòîäèêà îöåíêè âëèÿíèÿ ñòàáèëèçàöèè 
òåìïåðàòóðû ÎÃ íà ýôôåêòèâíîñòü ðàáîòû ÊÍ 
â îòíîøåíèè âûáðîñà òâåðäûõ ÷àñòèö ñ ÎÃ çà-
êëþ÷àëàñü â îïðåäåëåíèè óñðåäíåííîé ñòåïåíè 
ïðåâðàùåíèÿ òâåðäûõ ÷àñòèö çà èñïûòàòåëü-
íûé öèêë:

C C
C

C


 
í

ðì ðì
ðì

ðì

,

ãäå Cðì  è Cíðì  – êîíöåíòðàöèè ÐÌ â ÎÃ äâèãà-
òåëÿ ïåðåä è ïîñëå ÊÍ.

Îáñóæäåíèå ðåçóëüòàòîâ
Íà ðèñ. 6 ïðåäñòàâëåíû çíà÷åíèÿ óñðåäíåí-

íîé ñòåïåíè ïðåâðàùåíèÿ òâåðäûõ ÷àñòèö â ÎÃ 
ïðè ðàáîòå äèçåëÿ 4×Í13/15 ïðè ðàáîòå ïî èñ-
ïûòàòåëüíîìó öèêëó â ñîîòâåòñòâèè ñ Ïðàâè-
ëîì ÅÝÊ ÎÎÍ № 96-02.

Êàê âèäíî, ñòàáèëèçàöèÿ òåìïåðàòóðû ÎÃ 
ïåðåä ÊÍ îáåñïå÷èëà îòíîñèòåëüíîå óëó÷øå-
íèå ñòåïåíè ïðåâðàùåíèÿ òâåðäûõ ÷àñòèö íà 
56,7 %.

Ïðè÷èíîé ïîëó÷åííîãî ýôôåêòà ïîñëóæè-
ëî çàìåòíîå ñîêðàùåíèå äèàïàçîíà êîëåáàíèé 

 à á 

Ðèñ. 4. Ñèñòåìà äëÿ èçìåðåíèÿ âûáðîñîâ 
òâåðäûõ ÷àñòèö: 

à – òóííåëü ÌÒ-120, á – âåñû «Mettler Toledo» 
äëÿ âçâåøèâàíèÿ ôèëüòðîâ (â êëèìàòè÷åñêîé 
êàìåðå íà âèáðîèçîëèðóþùåì ôóíäàìåíòå)

Ðèñ. 5. Ñõåìà ñèñòåìû îòáîðà ïðîá ñ ðàçáàâëåíèåì 
ïîòîêà èçîêèíåòè÷åñêèì ïðîáîîòáîðíèêîì 

è ÷àñòè÷íûì îòáîðîì ïðîá: 
ÅÐ – âûïóñêíàÿ òðóáà, DT – òóííåëü 

äëÿ ðàçáàâëåíèÿ, ISP – èçîêèíåòè÷åñêèé 
ïðîáîîòáîðíèê, ÒÒ – ïîäâîäÿùèé ïàòðóáîê, 

DPT – äàò÷èê äàâëåíèÿ, FC1 – ðåãóëÿòîð ðàñõîäà, 
PB – íàãíåòàòåëüíûé íàñîñ, 

DAF – âîçäóøûé ôèëüòð, FM1 – ðàñõîäîìåð 
âîçäóõà, PSP – ïðîáîîòáîðíèê, PTT – ïàòðóáîê, 

SB – âûòÿæíîé íàñîñ, BV – øàðîâûé çàòâîð, 
FH – ôèëüòðîäåðæàòåëü, FC3 – ðåãóëÿòîð, 

Ð – íàñîñ äëÿ ïåðåêà÷êè ïðîáû, FM3 – ðàñõîäîìåð



Ñíèæåíèå âûáðîñà òâåðäûõ ÷àñòèö ñ îòðàáîòàâøèìè ãàçàìè ÄÂÑ 
çà ñ÷åò ïîâûøåíèÿ ýôôåêòèâíîñòè ðàáîòû êàòàëèòè÷åñêîãî íåéòðàëèçàòîðà
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òåìïåðàòóðû ÎÃ â ÊÍ (íà âûõîäå èç íåãî ìèíè-
ìàëüíàÿ òåìïåðàòóðà, çàôèêñèðîâàííàÿ â èñïû-
òàòåëüíîì öèêëå, óâåëè÷èëàñü ñî 188 äî 297 °Ñ, 
à ìàêñèìàëüíàÿ ñíèçèëàñü ñ 631 äî 577 °Ñ).

Çàêëþ÷åíèå
Ïðåäñòàâëåííûå ðåçóëüòàòû óáåäèòåëüíî 

ñâèäåòåëüñòâóþò î öåëåñîîáðàçíîñòè ïðèìåíå-
íèÿ ñòàáèëèçàòîðà òåìïåðàòóðû ÎÃ â êîìïëåê-
ñå ñ ÊÍ ñ öåëüþ ñíèæåíèÿ âûáðîñîâ òâåðäûõ 
÷àñòèö.
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REDUCING THE EMISSION OF SOLID PARTICLES FROM THE EXHAUST GASES 
OF THE INTERNAL COMBUSTION ENGINE BY INCREASING THE EFFICIENCY 

OF THE CATALYTIC CONVERTER
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The subject of consideration in the article was the assessment of the possibility of reducing the emission 
of solid particles from the exhaust gases of reciprocating internal combustion engines, which is needed 
to intensify the activities to reduce their harmful effects on the environment and on the human body. The 
aim of the work was to assess the possibility of increasing the efficiency of reducing emissions of solid 
particles with diesel exhaust gases due to the possible stabilization of the temperature of their exhaust 
gases in front of the catalytic converter. The object of the study was the emissions of solid particles with 
exhaust gases of diesel engine 4ChN13/15. The experiments were carried out with a KND-Rila type cat-
alytic converter. To reduce the temperature fluctuations of the exhaust gases entering it when the diesel 
engine is operating in various modes, the authors have created a shell-and-tube type heat exchanger 
with a heat storage substance – lithium hydroxide. A gravimetric method was used to determine the sol-
ids content. The test complex included the MT-120 dilution tunnel developed by the TUV-UVMV institute 
(Czech Republic), the sampling system on a loading test bench, the Mettler Toledo AX26DR weigher 
for filter weighing (in a climate chamber on a vibration-insulating foundation, with an accuracy of 2 μg) 
and filters – “Pall Flex”. The study was conducted when the diesel engine operates on test cycles for 
variable speed engines according to UNECE Regulation No. 96-02. The method of assessing the effect 
of stabilization of the exhaust gas temperature on the efficiency of the catalytic converter with respect 
to the emission of solid particles was to determine the average degree of conversion of solid particles 
in the neutralizer during the test cycle. The test results showed that the stabilization of the temperature 
of the exhaust gases in front of the catalytic converter provided a relative improvement in the degree of 
conversion of solid particles by 56,7 %.

Keywords: diesel, exhaust gases, solid particles, temperature stabilization, catalytic converter, 
gravimetric method, degree of conversion of solid particles in the neutralizer.


