
Ïîñòàíîâêà ïðîáëåìû

Óâåëè÷èâàþùååñÿ ïîòðåáëåíèå òîïëèâà â
ýíåðãåòèêå, â ðàçëè÷íûõ îòðàñëÿõ ïðîìûøëåí-
íîñòè è íà òðàíñïîðòå ïðèâîäèò ê ðîñòó îáúåìà
ïîñòóïàþùèõ â àòìîñôåðó âðåäíûõ âåùåñòâ.
Óðîâåíü çàãðÿçíåíèÿ ãîðîäîâ çíà÷èòåëüíî ïðå-
âûøàåò äîïóñòèìûå íîðìàòèâíûå ïðåäåëû çà
ñ÷åò âûáðîñîâ â àòìîñôåðó âðåäíûõ âåùåñòâ ñ
âûõëîïíûìè ãàçàìè àâòîìîáèëüíîãî àâòîòðàíñ-
ïîðòà [1].

Ïðîöåññ î÷èñòêè ãàçîâûõ âûáðîñîâ ìîæåò
áûòü îñíîâàí íà àäñîðáöèîííîì, àáñîðáöèîí-
íîì è êàòàëèòè÷åñêîì ìåòîäàõ. Íàèáîëåå ýô-
ôåêòèâíûì èíñòðóìåíòîì îáåçâðåæèâàíèÿ çà-
ãðÿçíÿþùèõ âåùåñòâ äî óðîâíÿ ïðåäåëüíî äî-
ïóñòèìûõ êîíöåíòðàöèé ÿâëÿþòñÿ êàòàëèòè÷å-
ñêèå ðåàêöèè ñ èñïîëüçîâàíèåì âûñîêîàêòèâ-
íûõ êàòàëèçàòîðîâ.

Íàíåñåííûå ìåòàëëè÷åñêèå êàòàëèçàòîðû
ñîñòàâëÿþò îäíó èç âàæíåéøèõ ãðóïï ãåòåðî-
ãåííûõ êàòàëèçàòîðîâ [2]. Ïî ÷èñëó ïðîâîäè-
ìûõ íà íèõ ïðîöåññîâ, ðàçíîîáðàçíûõ êîíâåð-
òèðóåìûõ ñóáñòðàòîâ, âàæíîñòè è ñîâîêóïíîé
ñòîèìîñòè êîíå÷íûõ ïðîäóêòîâ âíóòðè ýòîé
ãðóïïû âûäåëÿþò êàòàëèçàòîðû, ñîäåðæàùèå
áëàãîðîäíûå ìåòàëëû. Îäíàêî, ìåòàëëû ïëàòè-
íîâîé ãðóïïû äåôèöèòíû è èìåþò âûñîêóþ ñå-
áåñòîèìîñòü, ïîýòîìó óñèëèÿ èññëåäîâàòåëåé

íàïðàâëåíû íà ñíèæåíèå èëè ïîëíóþ çàìåíó
áëàãîðîäíûõ ìåòàëëîâ â êàòàëèçàòîðàõ.

Öåëü ðàáîòû — ïðîâåñòè êîëè÷åñòâåííóþ
îöåíêó êàòàëèòè÷åñêîé àêòèâíîñòè ñïëàâà ïàë-
ëàäèé-íèêåëü (ñîäåðæàíèå Ni â ñïëàâå äî 20 %)
â ðåàêöèÿõ íåéòðàëèçàöèè âûõëîïíûõ ãàçîâ
äâèãàòåëÿ âíóòðåííåãî ñãîðàíèÿ.

Ìåòîäû èññëåäîâàíèÿ

Âëèÿíèå ñèíòåçèðîâàííûõ ìàòåðèàëîâ íà
ðåàêöèþ áåñïëàìåííîãî îêèñëåíèÿ áåíçîëà èñ-
ñëåäîâàëè íà ñïåöèàëèçèðîâàííîì ñòåíäå â ïðî-
òî÷íîì ðåàêòîðå [3] ïðè àòìîñôåðíîì äàâëå-
íèè. Ýêñïåðèìåíò ïðîâîäèëè ïðè ñêîðîñòè ïî-
òîêà 20000 è 40000 ÷–1. Íà âõîä ðåàêòîðà ïîäà-
âàëè ñìåñü âîçäóõà è áåíçîëà â ñîîòíîøåíèÿõ
1 : 6 è 1 : 12. Ñîñòàâ âûõîäÿùèõ ãàçîâ (CO,
CO2, NOx, O2) àíàëèçèðîâàëè íà õðîìàòîãðàôå
ÎÊÑÈ 5Ì-5. Îòíîñèòåëüíàÿ îøèáêà îïðåäåëå-
íèÿ îáúåìíîé äîëè CO è CO2 — 2,1 %, NOx —
1,5 %. Ïåðåä òåñòèðîâàíèåì êàòàëèòè÷åñêîé àê-
òèâíîñòè ïîëó÷åííûå íà íîñèòåëå ïîêðûòèÿ
ñïëàâîì Pd-Ni èçìåëü÷àëè íà ïîëîñêè ðàçìåðîì
10 � 5 ìì è ïîìåùàëè â ïðîòî÷íûé ðåàêòîð.
Ïëîùàäü ïîâåðõíîñòè êàòàëèçàòîðà ñîñòàâëÿëà
(1–2).10–2 äì2. Äî íà÷àëà èñïûòàíèé ïîêðûòèÿ
íå ïîäâåðãàëè äîïîëíèòåëüíîé îáðàáîòêå. Òåì-
ïåðàòóðó â ðåàêòîðå èçìåíÿëè îò 20 äî 650 �C.
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äâèãàòåëÿ âíóòðåííåãî ñãîðàíèÿ

Ïðîàíàëèçèðîâàíû îñîáåííîñòè î÷èñòêè òåõíîãåííûõ ãàçîâûõ âûáðîñîâ îò óãëåâîäî-
ðîäîâ, îêñèäîâ àçîòà è óãëåðîäà ñ èñïîëüçîâàíèåì êàòàëèòè÷åñêèõ íåéòðàëèçàòîðîâ.
Ïðåäëîæåíî èñïîëüçîâàòü â êà÷åñòâå êàòàëèòè÷åñêèõ ìàòåðèàëîâ ñïëàâû ïàëëàäèé-íè-
êåëü. Ïîêàçàíà âûñîêàÿ ýôôåêòèâíîñòü êàòàëèòè÷åñêîé àêòèâíîñòè ïàëëàäèéñîäåðæà-
ùèõ ñïëàâîâ (Ni â ñïëàâå äî 20 %) â ïðîöåññàõ îáåçâðåæèâàíèÿ âðåäíûõ ïðèìåñåé â
ãàçîâûõ âûáðîñàõ. Óñòàíîâëåíî, ÷òî ñ ïîâûøåíèåì òîëùèíû ïîêðûòèÿ âðåìÿ ðàáîòû
ïîêðûòèé óâåëè÷èâàåòñÿ, îäíàêî ñòåïåíü î÷èñòêè âûõëîïíûõ ãàçîâ îñòàåòñÿ íåèçìåí-
íîé. Áèáë. 8, ðèñ. 2, òàáë. 1.
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Êàòàëèòè÷åñêàÿ àêòèâíîñòü è ãëóáèíà îêèñëå-
íèÿ áåíçîëà õàðàêòåðèçîâàëèñü ñòåïåíüþ ïðå-
âðàùåíèÿ îêñèäà óãëåðîäà (II) â îêñèä óãëåðî-
äà (IV).

Ýêñïåðèìåíòàëüíûå ðåçóëüòàòû
è èõ îáñóæäåíèå

Êàòàëèòè÷åñêóþ àêòèâíîñòü ïîêðûòèé ïðî-
âåðÿëè íà ïðîöåññ êîíâåðñèè îòíîñèòåëüíî òîê-
ñè÷íûõ êîìïîíåíòîâ âûõëîïíûõ ãàçîâ äâèãàòå-
ëåé âíóòðåííåãî ñãîðàíèÿ — îêñèäîâ àçîòà è óã-
ëåâîäîðîäîâ — íà ñïåöèàëèçèðîâàííîì ñòåíäå.

Êàòàëèòè÷åñêóþ àêòèâíîñòü òåñòèðîâàëè â
ðåàêöèè áåñïëàìåííîãî îêèñëåíèÿ áåíçîëà:

2 Ñ6Í6 + 15 Î2 � 12 ÑÎ2 + 6 Í2Î.

Ðåàêöèÿ ïðîâîäèëàñü ïðè íåäîñòàòêå êèñ-
ëîðîäà. Òåìïåðàòóðíûå çàâèñèìîñòè êîíöåíòðà-
öèé äè- è ìîíîîêñèäà óãëåðîäà â âûõîäÿùèõ
ãàçàõ (ðèñ.1) ñâèäåòåëüñòâóþò, ÷òî òàê íàçûâàå-
ìàÿ òåìïåðàòóðà «çàæèãàíèÿ» Tç, ñîîòâåòñòâóþ-
ùàÿ äîñòèæåíèþ îáúåìíîé äîëè äèîêñèäà óãëå-
ðîäà � (CO2) = 1 % [3], ñíèæàåòñÿ íà ýëåêòðî-
ëèòè÷åñêèõ ñïëàâàõ Pd-Ni íà 130 �C ïî ñðàâíå-
íèþ ñ ïàëëàäèåâûì êàòàëèçàòîðîì íà êåðàìè÷å-
ñêîì íîñèòåëå [4, 5]. Ãëóáèíà îêèñëåíèÿ áåíçî-
ëà íà ýëåêòðîëèòè÷åñêèõ ñïëàâàõ, õàðàêòåðè-
ñòèêîé êîòîðîé ñëóæèò � (CO2), âîçðàñòàåò
ïðàêòè÷åñêè âäâîå. Ïðè ýòîì â âûõëîïíûõ ãà-
çàõ îòñóòñòâóþò îêñèäû àçîòà, à íà òðàäèöèîí-
íîì êàòàëèòè÷åñêîì ìàòåðèàëå èõ êîíöåíòðà-
öèÿ ñîñòàâëÿåò 2–2,5 ìã/ì3.

Êàòàëèòè÷åñêèå ïðîöåññû íåéòðàëèçàöèè
ïðîäóêòîâ ãîðåíèÿ ïðîòåêàþò, êàê ïðàâèëî,
ïðè òåìïåðàòóðå âûøå 300 �Ñ è ìàëîì âðåìåíè
êîíòàêòà, ÷òî ñâÿçàíî ñ áîëüøèìè ñêîðîñòÿìè
ïîòîêà ïðîìûøëåííûõ âûáðîñîâ è âûõëîïíûõ
ãàçîâ äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ [6, 7].

Ýôôåêòèâíîñòü êàòàëèòè÷åñêèõ ìàòåðèàëîâ
íà îñíîâå ñïëàâà ïàëëàäèé-íèêåëü ïðîÿâëÿåòñÿ
è â ïîíèæåíèè òåìïåðàòóðû, ñ êîòîðîé íà÷èíà-
åòñÿ ñíèæåíèå êîíöåíòðàöèè îêñèäà óãëåðîäà
(II), êîòîðîå ìîæíî ðàññìàòðèâàòü êàê åãî êîí-
âåðñèþ.

Ïðåîáðàçîâàíèå âðåäíûõ âåùåñòâ îñóùåñòâ-
ëÿåòñÿ â äâå ñòàäèè. Ñíà÷àëà îêñèä óãëåðîäà è
óãëåâîäîðîäû ïðåîáðàçóþòñÿ çà ñ÷åò îêèñëåíèÿ:

2 ÑÎ + Î2 = 2 ÑÎ2;

ÑõÍó + (õ + ó) Î2 = õ ÑÎ2 + ó Í2Î.

Êèñëîðîä, íåîáõîäèìûé äëÿ îêèñëåíèÿ,
èìååòñÿ ëèáî â âèäå îñòàòî÷íîãî êèñëîðîäà â
âûõëîïíûõ ãàçàõ èç-çà íåïîëíîãî ñãîðàíèÿ, ëè-
áî îí çàáèðàåòñÿ ó îêñèäîâ àçîòà, êîëè÷åñòâî
êîòîðûõ òàêèì îáðàçîì ñíèæàåòñÿ.

Âòîðîé ñòàäèåé ÿâëÿþòñÿ ïðîöåññû âîññòà-
íîâëåíèÿ NOx, ïðîòåêàþùèå äâóìÿ ïóòÿìè:

2 NOõ + 2õ CO � N2 + 2õ CO2;

2 NOõ + 2õ H2 � N2 + 2õ H2O.

Êîëè÷åñòâåííîé õàðàêòåðèñòèêîé àêòèâíî-
ñòè ìàòåðèàëîâ â ðàññìîòðåííîì ïðîöåññå ìîæ-
íî ñ÷èòàòü ñòåïåíü ïðåâðàùåíèÿ CO â CO2,
îïðåäåëÿåìóþ ñîîòíîøåíèåì [8]:

X(CO) = [�(CO2) – �(CO)]/�(CO2),

ãäå �(CO2), �(CO) — îáúåìíûå äîëè ñîîòâåò-
ñòâóþùèõ îêñèäîâ â âûõëîïíûõ ãàçàõ.

Ñòåïåíü ïðåâðàùåíèÿ X(CO) äîñòèãàåò
98–99 % íà ýëåêòðîëèòè÷åñêèõ ñïëàâàõ ïðè
îáúåìíîé ñêîðîñòè ïîòîêà W = 20000 ÷–1, íî
ñíèæàåòñÿ äî 88–96 % ïðè åå óâåëè÷åíèå äî
40000 ÷–1 (ðèñ.2), îäíàêî îñòàåòñÿ äîñòàòî÷íî
âûñîêîé.
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Ðèñ.1. Çàâèñèìîñòü îáúåìíûõ êîíöåíòðàöèé CO2 è CO îò
òåìïåðàòóðû ðåàêöèè áåñïëàìåííîãî îêèñëåíèÿ áåíçîëà íà
ñïëàâå Pd-Ni (� (Ni) = 20 %).

Ðèñ.2. Ñòåïåíü ïðåâðàùåíèÿ ÑÎ â ÑÎ2 ïðè îáúåìíîé ñêî-
ðîñòè ïîòîêà, ÷–1: 1 — 20000; 2 — 40000.



Ñëåäóåò îòìåòèòü êîððåëÿöèþ ìåæäó êàòà-
ëèòè÷åñêîé àêòèâíîñòüþ ýëåêòðîëèòè÷åñêèõ
ñïëàâîâ (â ðåàêöèè âûäåëåíèÿ âîäîðîäà) è èõ
ñïîñîáíîñòüþ ïîíèæàòü Tç ðåàêöèè îêèñëåíèÿ
áåíçîëà. Î÷åâèäíî, ñèíòåçèðîâàííûå íàìè ìà-
òåðèàëû ñïîñîáñòâóþò ðàçðûâó ñâÿçè «âîäîðîä
— óãëåðîä» ïî àíàëîãèè ñ âîçäåéñòâèåì íà
ñâÿçü «âîäîðîä — êèñëîðîä» ïðè ýëåêòðîõèìè-
÷åñêîì âîññòàíîâëåíèè âîäîðîäà.

Êàòàëèòè÷åñêóþ àêòèâíîñòü ïàëëàäèéñîäåð-
æàùèõ ïîêðûòèé â ðåàêöèè íåéòðàëèçàöèè âû-
õëîïíûõ ãàçîâ ïðîâîäèëè íà ñïåöèàëèçèðîâàí-
íîì ñòåíäå, èìèòèðóþùåì ðàáîòó äâèãàòåëÿ
âíóòðåííåãî ñãîðàíèÿ. Â òàáëèöå ïðèâåäåíû ðå-
çóëüòàòû èñïûòàíèé êàòàëèòè÷åñêîé àêòèâíîñòè
ïîêðûòèé â î÷èñòêå ãàçîâûõ âûáðîñîâ. Èç íåå
âèäíî, ÷òî âûñîêîé ýôôåêòèâíîñòüþ îáëàäàþò
ïîêðûòèÿ ïàëëàäèåì è ñïëàâîì ïàëëàäèé-íè-
êåëü ñ ñîäåðæàíèåì íèêåëÿ äî 20 %. Ñ ïîâûøå-
íèåì òîëùèíû ïîêðûòèÿ âðåìÿ ðàáîòû ïîêðû-
òèé, îòîæäåñòâëÿåìîå ñ èõ ðåñóðñîì, âîçðàñòà-
åò, îäíàêî ñòåïåíü î÷èñòêè âûõëîïíûõ ãàçîâ
îñòàåòñÿ íåèçìåííîé.

Ïðè ïîâòîðíûõ èñïûòàíèÿõ ïîêðûòèÿ ïàë-
ëàäèé-íèêåëü ñîõðàíÿþò ñâîè êàòàëèòè÷åñêèå
ñâîéñòâà íà 98–99 %.

Ñïëàâ Pd-Ni ÿâëÿåòñÿ òâåðäûì ðàñòâîðîì
áåñêîíå÷íîé ðàñòâîðèìîñòè, à åãî õàðàêòåðèñòè-
êè ëèíåéíî ìåíÿþòñÿ îò áîëåå êàòàëèòè÷åñêè
àêòèâíîãî êîìïîíåíòà (Pd) ê ìåíåå àêòèâíîìó
(Ni). Ðåçóëüòàòû òåñòèðîâàíèÿ êàòàëèòè÷åñêîé
àêòèâíîñòè ïàëëàäèéñîäåðæàùèõ ïîêðûòèé â
ãàçîôàçíûõ ðåàêöèÿõ ïîäòâåðæäàþò âîçìîæ-
íîñòü èñïîëüçîâàíèÿ â êàòàëèòè÷åñêèõ ñèñòåìàõ
ñïëàâà ïàëëàäèé-íèêåëü ñ ñîäåðæàíèåì íèêåëÿ
îêîëî 20 % áåç çíà÷èòåëüíîãî ñíèæåíèÿ ôóíê-
öèîíàëüíûõ ñïîñîáíîñòåé.

Âûâîäû

Ðåçóëüòàòû òåñòèðîâàíèÿ êàòàëèòè÷åñêîé
àêòèâíîñòè ïàëëàäèéñîäåðæàùèõ ïîêðûòèé â

ãàçîôàçíûõ ðåàêöèÿõ ïîäòâåðæäàþò âîçìîæ-
íîñòü èñïîëüçîâàíèÿ â êàòàëèòè÷åñêèõ ñèñòå-
ìàõ ñïëàâà ïàëëàäèé-íèêåëü ñ ñîäåðæàíèåì
íèêåëÿ îêîëî 20 % áåç çíà÷èòåëüíîãî ñíèæå-
íèÿ ôóíêöèîíàëüíûõ ñïîñîáíîñòåé. Ñ ïîâûøå-
íèåì òîëùèíû ïîêðûòèÿ âðåìÿ ðàáîòû ïîêðû-
òèé, îòîæäåñòâëÿåìîå ñ èõ ðåñóðñîì, âîçðàñòà-
åò, îäíàêî ñòåïåíü î÷èñòêè âûõëîïíûõ ãàçîâ
îñòàåòñÿ íåèçìåííîé.

Óìåíüøåíèå ñîäåðæàíèÿ áëàãîðîäíûõ ìå-
òàëëîâ â ðàçðàáîòàííûõ êàòàëèòè÷åñêèõ ìàòå-
ðèàëàõ, êàê ýòî ñëåäóåò èç ðåçóëüòàòîâ èñïûòà-
íèé, ïîçâîëÿåò ñóùåñòâåííî ñíèçèòü çàòðàòû íà
ìàòåðèàëû ïðè ïðîèçâîäñòâå íåéòðàëèçàòîðîâ
ãàçîâûõ âûáðîñîâ.
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Êàòàëèòè÷åñêàÿ àêòèâíîñòü ïîêðûòèé Pd è
Pd-Ni â î÷èñòêå ãàçîâûõ âûáðîñîâ

Ñîñòàâ ïîêðûòèÿ
(�(Ni) â ñïëàâå,

%)

Ñòåïåíü î÷èñòêè, %

CO NOx

Pd 95–97/95–97 52–57/52–57

Pd-Ni (10) 95–96/95–96 51–55/51–55

Pd-Ni (20) 95–96/95–96 50–54/50–54

Pd-Ni (30) 92–93/92–93 45–50/45–50

Pd-Ni (45) 88–89/88–89 40–44/40–44

Ïðèìå÷àíèå. Òîëùèíà ïîêðûòèÿ: â ÷èñëèòåëå — 1 � 10–6 ì,
â çíàìåíàòåëå — 2 � 10–6 ì.
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Íåíàñò³íà Ò.Î.1, êàíä. òåõí. íàóê, Ñàõíåíêî Ì.Ä.2, äîêò. òåõí. íàóê,
ïðîô., Âåäü Ì.Â.2, äîêò. òåõí. íàóê, ïðîô., Ñâàøåíêî Þ.Â.1

1 Õàðê³âñüêèé íàö³îíàëüíèé àâòîìîá³ëüíî-äîðîæí³é óí³âåðñèòåò, Õàðüêîâ
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Êàòàë³òè÷íà àêòèâí³ñòü ïàëàä³éâì³ñíèõ ïîêðèòò³â
ó ðåàêö³ÿõ íåéòðàë³çàö³¿ âèõëîïíèõ ãàç³â

äâèãóíà âíóòð³øíüîãî çãîðÿííÿ

Ïðîàíàë³çîâàíî îñîáëèâ³ñòü î÷èùåííÿ òåõíîãåííèõ ãàçîâèõ âèêèä³â â³ä âóãëåâîäí³â,
îêñèä³â í³òðîãåíó òà êàðáîíó ç âèêîðèñòàííÿì êàòàë³òè÷íèõ íåéòðàë³çàòîð³â. Çàïðîïî-
íîâàíî âèêîðèñòîâóâàòè ÿê êàòàë³òè÷í³ ìàòåð³àëè ñïëàâè ïàëàä³é-í³êåëü. Ïîêàçàíî
âèñîêó åôåêòèâí³ñòü êàòàë³òè÷íî¿ àêòèâíîñò³ ïàëàä³éâì³ñíèõ ñïëàâ³â (� (Ni) ó ñïëàâ³
äî 20 %) ó ïðîöåñàõ çíåøêîäæåííÿ øê³äëèâèõ äîì³øîê ó ãàçîâèõ âèêèäàõ. Âñòà-
íîâëåíî, ùî ç ï³äâèùåííÿì òîâùèíè ïîêðèòòÿ ÷àñ ðîáîòè ïîêðèòò³â çá³ëüøóºòüñÿ, îä-
íàê ñòóï³íü î÷èùåííÿ âèêèäíèõ ãàç³â çàëèøàºòüñÿ íåçì³ííèì. Á³áë. 8, ðèñ. 2, òàáë.1.
Êëþ÷îâ³ ñëîâà: ñïëàâè ïàëàä³é-í³êåëü, êàòàë³òè÷íà àêòèâí³ñòü, ãàçîôàçí³ ðåàêö³¿, áåç-
ïîëóìåíåâå îêèñëåííÿ áåíçîëó.
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Catalytic Activity îf Palladium Containing Coating
in Neutralization Reactions of Exhaust Gases

of Internal Combustion Engine

The features of cleaning of technogenic gas extrass from hydrocarbons, oxides of nitrogen
and carbon are analyzed with the use of catalytic neytralizators. It is suggested to use as
catalytic materials alloys a palladium is a nickel. High efficiency of catalytic activity of
alloys containing a palladium is shown in the processes of rendering harmless harmful ad-
mixtures in gas extrass. The time operating of coverings with increasing thickness of cov-
ering, but the degree of purification of exhaust gas remains unchanged are founded. Bibl.
8, Fig. 2, Table 1.
Key words: palladium-nickel alloys, catalytic activity, reactions of gas phase, are
flameless oxidization of benzol.



References

1. Noskov A.S., Paj Z.P. Tehnologicheskie metody
zashhity atmosfery ot vrednyh vybrosov na
predprijatijah jenergetiki. — Novosibirsk : Gosu-
darstvennaja publichnaja nauchno-tehnicheskaja
biblioteka Sibirskogo otdelenija Rossijskoj akademii
nauk, 1996, 156 p. (Rus.)

2. Jacimirskij V.K., Boldyreva N.A., Zubkova T.S. Ti-
tan i ego soedinenija kak nositeli palladievyh
katalizatorov v reakcijah okislenija monooksida
ugleroda. Ukrainskij himscheskij zhurnal, 1996, 62
(7), pp. 27–30. (Rus.)

3. Zubkov L.F., Ved’ V.E., Rovenskij A.I., Solovej
S.I. Stend dlja izuchenija ajerodinamicheskih i
kineticheskih processov konversii vrednyh primesej v
vypusknyh gazah. Integrirovannye tehnologii i
jenergosberezhenie, 2003, (2), pp. 122–126. (Rus.)

4. Nenastina T., Bairachnaya T., Ved M., Shtefan V.,
Sakhnenko N. Electrochemical synthesis of catalytic

active alloys. Functional Materials, 2007, 14 (3),
pp. 395–400. (Rus.)

5. Bajrachnaja T.N., Nenastina T.A., Sahnenko N.D.
Jelektrohimicheskij sintez kataliticheski aktivnyh
sistem. Tezisy dokladov Vserossijskoj konferencii s
mezhdunarodnym uchastiem «Kataliticheskie tehno-
logii zashhity okruzhajushhej sredy dlja
promyshlen- nosti i transporta». Sankt-Peterburg;
Novosibirsk, 2007, pp. 151–153 (Rus.)

6. Trusova E.A., Codikov M.V., Slivinskij E.V., Marin
V.P. Neftehimija, 1995, 35 (1), pp. 16–22. (Rus.)

7. Popova N.M. Katalizatory ochistki gazovyh vybrosov
promyshlennyh proizvodstv. Alma-Ata : Nauka,
1991, 176 p. (Rus.)

8. Leonov A.N., Smorygo O.L., Romashko A.N.
Sravnitel’naja ocenka svojstv blochnyh nositelej
sotovogo i jacheistogo stroenija s tochki zrenija
ispol’zovanija v processah kataliticheskih gazov.
Kinetika i kataliz, 1998, 39 (5), pp. 691–700.
(Rus.)

Received April 25, 2014

Ýíåðãîòåõíîëîãèè è ðåñóðñîñáåðåæåíèå. 2014. ¹ 3 45




