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Òèïè÷íûé äèàïàçîí ìîùíîñòè ãëàâíûõ ñó-
äîâûõ äèçåëåé êàòåãîðèé 1 è 2 ñîñòàâëÿåò îò 500
äî 8000 êÂò (îò 700 äî 11 000 ë. ñ.). Òàêèå äâè-
ãàòåëè ïðèâîäÿò â äâèæåíèå ñóäà ðàçëè÷íîãî
íàçíà÷åíèÿ, â òîì ÷èñëå áóêñèðû, ñóäà ñíàáæåíèÿ,
ðûáîëîâíûå ñóäà è äðóãèå ïëàâñðåäñòâà, ðàáî-
òàþùèå êàê íà òåððèòîðèè ïîðòà, òàê è çà åå ïðå-
äåëàìè. Îíè òàêæå èñïîëüçóþòñÿ íà ìíîãèõ
ñóäàõ â êà÷åñòâå âñïîìîãàòåëüíûõ äèçåëü-ãåíå-
ðàòîðîâ.

Êàòåãîðèÿ 3 ñóäîâûõ äèçåëåé îõâàòûâàåò äèà-
ïàçîí ìîùíîñòè îò 2500 äî 70000 êÂò (îò 3000
äî 100000 ë. ñ.). Â íåå âõîäÿò ãëàâíûå (ïðîïóëü-
ñèâíûå) äèçåëè îñîáî áîëüøîé ìîùíîñòè äëÿ
îêåàíñêèõ ñóäîâ, òàêèõ êàê êîíòåéíåðîâîçû,
òàíêåðû, ñóõîãðóçû è êðóèçíûå ëàéíåðû. Âîç-
ìîæíîñòè  êîíòðîëÿ âûáðîñîâ òàêèõ äâèãàòåëåé
òåõíîëîãè÷åñêè îãðàíè÷åíû. 

Ýòî ñâÿçàíî, ãëàâíûì îáðàçîì, ñ òåì, ÷òî
ðàáîòàþò îíè, êàê ïðàâèëî, íà îñòàòî÷íîì òî-
ïëèâå. 

Îñòàòî÷íîå òîïëèâî ÿâëÿåòñÿ ïîáî÷íûì ïðî-
äóêòîì ïåðåãîíêè íåôòè ñ öåëüþ ïîëó÷åíèÿ
ëåãêèõ íåôòåïðîäóêòîâ. Îíî îòëè÷àåòñÿ âûñîêèìè
çíà÷åíèÿìè ïëîòíîñòè è âÿçêîñòè (÷òî óõóäøàåò

êà÷åñòâî ñãîðàíèÿ), è, ïî ñðàâíåíèþ ñ ìîðñêèìè
äèñòèëëÿòíûìè òîïëèâàìè,  ñîäåðæèò çíà÷èòåëüíî
áîëüøå çîëû, ñåðû è àçîòà. Êðîìå òîãî, ïàðàìåòðû
îñòàòî÷íîãî òîïëèâà ìîãóò êîëåáàòüñÿ â øèðîêèõ
ïðåäåëàõ, ïîñêîëüêó ñîäåðæàíèå â íåì ïðèìåñåé
íå íîðìèðîâàíî. Ñîãëàñíî îöåíêàì EPA, èñ-
ïîëüçîâàíèå îñòàòî÷íîãî òîïëèâà ïðèâîäèò ê
ïîâûøåíèþ âûáðîñîâ NOx íà 20–50 %, à âûáðî-
ñîâ PM — íà 750–1250 % (÷àñòèö ñóëüôàòîâ) ïî
ñðàâíåíèþ ñ äèñòèëëÿòíûìè òîïëèâàìè.

Íîðìàòèâíûå äîêóìåíòû
Âûáðîñû îò ñóäîâûõ äèçåëåé (äâèãàòåëåé

âíóòðåííåãî ñãîðàíèÿ) ðåãëàìåíòèðóþòñÿ ðÿäîì
äîêóìåíòîâ (ïåðâûé èç êîòîðûõ áûë âûïóùåí
â 1999 ã.), ðàñïðîñòðàíÿþùèõñÿ íà ðàçëè÷íûå
êàòåãîðèè ïëàâñðåäñòâ. Â íåêîòîðûõ ñëó÷àÿõ
èìååò ìåñòî îïðåäåëåííîå «ïåðåêðûòèå» êàòåãîðèé.
Â ÷àñòíîñòè, ýòî îòíîñèòñÿ ê íîðìàòèâàì äëÿ
äèçåëåé ìîáèëüíîé âíåäîðîæíîé òåõíèêè,
êîòîðûå ìîãóò ïðèìåíÿòüñÿ ê íåêîòîðûì äâè-
ãàòåëÿì, óñòàíàâëèâàåìûì íà ñóäàõ. Íèæå ïðè-
âîäèòüñÿ ñïèñîê îñíîâíûõ äîêóìåíòîâ, ðåãó-
ëèðóþùèõ âûáðîñû îò ñóäîâûõ äâèãàòåëåé. 

% Ïîñòàíîâëåíèå äëÿ ñóäîâûõ äâèãàòåëåé —
1999–23 íîÿáðÿ 1999 ã. EPA áûë ïîäïèñàí äî-
êóìåíò «Íîðìàòèâû âðåäíûõ âûáðîñîâ îò íîâûõ
ñóäîâûõ äâèãàòåëåé ñ ñàìîâîñïëàìåíåíèåì îò
ñæàòèÿ (CI) ìîùíîñòüþ 37 êÂò è áîëåå [40 CFR
÷. 89, 92][64 FR 64 73300-73373, 29 äåêàáðÿ 1999]
â îêîí÷àòåëüíîé ðåäàêöèè. Ïðèíÿòûå íîðìàòèâû
Tier 2 äëÿ äâèãàòåëåé êàòåãîðèé 1 è 2 áàçèðóþòñÿ
íà ñòàíäàðòàõ äëÿ äèçåëåé ìîáèëüíîé âíåäîðîæíîé
òåõíèêè, òîãäà êàê áîëåå ìîùíûå äâèãàòåëè êà-
òåãîðèè 3, êàê îæèäàåòñÿ (íî íå òðåáóåòñÿ íîðìà-
òèâíûì äîêóìåíòîì), äîëæíû ñîîòâåòñòâîâàòü
òðåáîâàíèÿì IMO MARPOL, Annex VI.

% Ïîñòàíîâëåíèå äëÿ äèçåëüíûõ äâèãàòåëåé
ðåêðåàöèîííûõ ñóäîâ — 2002 — Äèçåëè, èñïîëü-

ÍÎÂÎÑÒÈ ÄÂÈÃÀÒÅËÅÑÒÐÎÅÍÈß

Òàáëèöà 1

Êàòåãîðèè ãëàâíûõ ñóäîâûõ äâèãàòåëåé

Êàòåãî-
ðèÿ

Ðàáî÷èé îáúåì öèëèíäðà (D) Êîíñòðóêòèâíàÿ
îñíîâàTier 1–2 Tier 3–4

1 D<5äì3* D<7 äì3

Äèçåëè
âíåäîðîæíûõ

ìàøèí

2 5äì3<D< 30 äì3 7 äì3<D 30 äì3 Òåïëîâîçíûå
äèçåëè 

3 D>30 äì3 Óíèêàëüíûå
ñóäîâûå äèçåëè

* à òàêæå ìîùíîñòüþ >37 êÂò

ÑÒÀÍÄÀÐÒÛ ÅÐÀ ÑØÀ 
ÏÎ ÎÃÐÀÍÈ×ÅÍÈÞ ÂÐÅÄÍÛÕ ÂÛÁÐÎÑÎÂ ÑÓÄÎÂÛÕ ÄÈÇÅËÅÉ

(ïî ìàòåðèàëàì Power Sourcing Guide 2020–2021)

ÓÄÊ 621.43

Ñîçäàíèå è ââåäåíèå â äåéñòâèå íàöèîíàëüíûõ ñòàíäàðòîâ,
ðåãëàìåíòèðóþùèå âûáðîñû âðåäíûõ âåùåñòâ ñ îòðàáîòàâøèìè
ãàçàìè ñóäîâûõ äèçåëåé, èìååò ðÿä ñóùåñòâåííûõ ðàçëè÷èé
è îñîáåííîñòåé. Òàê, íàïðèìåð, òàêîé ñòàíäàðò (ÃÎÑÒ 24585–81)
áûë âïåðâûå ââåäåí â äåéñòâèå â ÑÑÑÐ â 1981 ã. Âïîñëåäñòâèè
îí áûë ïåðåñìîòðåí âñåãî äâàæäû: â 1999 (ÃÎÑÒ 51249–99)
è â 2012 ã. (ÃÎÑÒ 31967–2012), è â ïîñëåäíåé ðåäàêöèè, ãàð-
ìîíèçèðîâàííîé ñî ñòàíäàðòîì ISO 8178/1, äåéñòâóåò â íàñòîÿùåå
âðåìÿ. Ê íåäîñòàòêàì ýòîãî ñòàíäàðòà ñëåäóåò îòíåñòè îòñóòñòâèå
äåòàëèçàöèè ïî íàçíà÷åíèþ äâèãàòåëåé (ãëàâíûå èëè âñïî-
ìîãàòåëüíûå), à òàêæå ïî ðàáî÷åìó îáúåìó è öèëèíäðîâîé èëè
àãðåãàòíîé ìîùíîñòè. Ýòè íåäîñòàòêè îòñóòñòâóþò â íàöèîíàëüíûõ
ñòàíäàðòàõ ÑØÀ, âûïóñêîì è âíåäðåíèåì êîòîðûõ çàíèìàåòñÿ

Àãåíòñòâî ïî îõðàíå îêðóæàþùåé ñðåäû (EPA). Â ñòàíäàðòàõ
ÅÐÀ ÑØÀ ïîìèìî àãðåãàòíîé ìîùíîñòè ó÷èòûâàåòñÿ êàòåãîðèÿ
ñóäîâûõ äèçåëåé, èõ íàçíà÷åíèå, âèä òîïëèâà, à òàêæå
ñïåöèàëüíûå óñëîâèÿ ýêñïëóàòàöèè (Blue Sky Series). Ðàçâèòèþ
ñòàíäàðòîâ ÅÐÀ ÑØÀ ïî îãðàíè÷åíèþ âûáðîñîâ âðåäíûõ
âåùåñòâ ñ ÎÃ â àòìîñôåðó îò ñóäîâûõ äèçåëåé ïîñâÿùåí
ñïåöèàëèçèðîâàííûé îáçîð, îïóáëèêîâàííûé â ñáîðíèêå
«Power Sourcing Guide 2020–2021», èçäàííîì ãðóïïîé «Diesel
Progress International». Îïûò ðàçâèòèÿ ñòàíäàðòîâ, âûïóñêàåìûõ
ÅÐÀ ÑØÀ, ìîæåò îêàçàòüñÿ ïîëåçíûì äëÿ ðîññèéñêèõ ñïå-
öèàëèñòîâ ïðè î÷åðåäíîì ïåðåñìîòðå/ïåðåèçäàíèè íàöèîíàëüíûõ
ñòàíäàðòîâ ÐÔ.

Ïåðåâîä âûïîëíåí ê.ò.í. Ã. Ìåëüíèêîì
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çóåìûå íà ðåêðåàöèîííûõ ñóäàõ, ïîäïàäàþò ïîä
«Íîðìàòèâû âðåäíûõ âûáðîñîâ äëÿ íîâûõ äèçå-
ëåé — ìîùíûå ïðîìûøëåííûå äâèãàòåëè ñ
èñêðîâûì çàæèãàíèåì (SI), äèçåëè äëÿ ðåêðåà-
öèîííûõ ñóäîâ è ðåêðåàöèîííûå ñóäà», ïîäïè-
ñàííîå 13 ñåíòÿáðÿ 2002 ã. [40 CFR ÷. 89 è äð.]
[67 FR 68241-68447, 8 íîÿáðÿ 2002].

% Ïîñòàíîâëåíèå äëÿ äâèãàòåëåé êàòåãî-
ðèè 3 — 2003 — Ðåøåíèå îñòàâèòü ñàìûå ìîùíûå
äâèãàòåëè êàòåãîðèè 3 âíå ñôåðû äåéñòâèÿ íîð-
ìàòèâíûõ äîêóìåíòîâ âûçâàëî ïðîòåñò çàùèòíèêîâ
îêðóæàþùåé ñðåäû, îïðîòåñòîâàâøèõ åãî â ñóäå.
Ñóä îáÿçàë EPA ðàçðàáîòàòü íîðìàòèâíûå äî-
êóìåíòû ïî âðåäíûì âûáðîñàì äëÿ äâèãàòåëåé
êàòåãîðèè 3. Îêîí÷àòåëüíûé íîðìàòèâíûé äî-
êóìåíò «Íîðìàòèâû âðåäíûõ âûáðîñîâ äëÿ íî-
âûõ ñóäîâûõ äâèãàòåëåé ñ ñàìîâîñïëàìåíåíèåì
îò ñæàòèÿ ñ îáúåì öèëèíäðà 30 è áîëåå ëèòðîâ
[40 CFR ÷. 9 è 94][68 FR 9745-9789, 28 ôåâðàëÿ
2003 ã.], ïîäïèñàííûé â ÿíâàðå 2003 ã., â êà÷åñòâå
ñòàíäàðòà óñòàíîâèë äëÿ ãëàâíûõ ñóäîâûõ äâè-
ãàòåëåé Tier 1 — ôàêòè÷åñêèé ýêâèâàëåíò óðîâíþ
âûáðîñîâ ñîãëàñíî IMO MARPOL, Annex VI.

% Ïîñòàíîâëåíèå äëÿ äâèãàòåëåé êàòåãîðèé
1 è 2 — 2008 — Íîðìàòèâíûé äîêóìåíò, ïîäïè-
ñàííûé 14 ìàðòà 2008 ã., óñòàíîâèë äëÿ ñóäîâûõ
äèçåëåé íîðìàòèâû âðåäíûõ âûáðîñîâ Tier 3 è
Tier 4 [73 FR 88 25098-25352, 6 ìàÿ 2008 ã.]. Ñòàí-
äàðòû âðåäíûõ âûáðîñîâ Tier 4 ñîñòàâëåíû íà
îñíîâå ïðîãðàììû 2007/2010 äëÿ äèçåëåé øîññåé-
íîãî òðàíñïîðòà è ñòàíäàðòà Tier 4 äëÿ âíåäî-
ðîæíîé òåõíèêè, è â íèõ ïðåäóñìàòðèâàëîñü
èñïîëüçîâàíèå ñðåäñòâ î÷èñòêè ÎÃ. ×òîáû ôîð-
ñèðîâàòü âíåäðåíèå ìåòîäîâ êàòàëèòè÷åñêîé
î÷èñòêè, EPA óñòàíîâèëî ïðåäåëüíîå äîïóñòèìîå
ñîäåðæàíèå ñåðû â ìîðñêèõ òîïëèâàõ (êàê ÷àñòü
ñòàíäàðòà Tier 4 äëÿ âíåäîðîæíîé òåõíèêè).
Â èþíå 2007 ã. ýòîò ïðåäåë áûë óñòàíîâëåí íà
óðîâíå 500 ppm, à â èþíå 2012 ã. — íà óðîâíå
12 ppm (äàííûå íîðìû íå îòíîñÿòñÿ ê îñòàòî÷-
íûì òîïëèâàì).

% Ïîñòàíîâëåíèå äëÿ äâèãàòåëåé êàòåãîðèè 3
— 2009 — 18 äåêàáðÿ 2009 ã. EPA ïîäïèñàëî íîâûå
íîðìû äëÿ äâèãàòåëåé êàòåãîðèè 3 (îïóáëèêîâàíû
30 àïðåëÿ 2010 ã.), óñòàíàâëèâàþùèå íîðìàòèâû
Tier 2 è Tier 3 â öåëÿõ ãàðìîíèçàöèè ñ ïîïðàâêàìè
ê ïðàâèëàì IMO MARPOL, Annex VI.

Îáëàñòü ïðèìåíåíèÿ
Ïîñòàíîâëåíèå äëÿ ñóäîâûõ äâèãàòåëåé —

1999. Îáëàñòü ïðèìåíåíèÿ íîðìàòèâíîãî äî-
êóìåíòà äëÿ ñóäîâûõ äâèãàòåëåé îõâàòûâàåò âñå
ñóäîâûå äèçåëè ìîùíîñòüþ 37 êÂò (50 ë. ñ.) è
âûøå (äâèãàòåëè ìåíüøåé ìîùíîñòè äîëæíû
ñîîòâåòñòâîâàòü ñòàíäàðòàì äëÿ äâèãàòåëåé âíå-
äîðîæíîé òåõíèêè). Îáëàñòü ïðèìåíåíèÿ âêëþ÷àåò
ãëàâíûå è âñïîìîãàòåëüíûå ñóäîâûå äèçåëè.
Ãëàâíûìè ñ÷èòàþòñÿ äâèãàòåëè, ñ ïîìîùüþ êî-

òîðûõ ñóäíî ïðèâîäèòñÿ â äâèæåíèå èëè îñó-
ùåñòâëÿåòñÿ åãî ìàíåâðèðîâàíèå (íàïðèìåð,
íîñîâûå ïîäðóëèâàþùèå óñòðîéñòâà), âñïîìî-
ãàòåëüíûìè — âñå îñòàëüíûå äâèãàòåëè íà ñóäíå.

Êëàññèôèêàöèÿ áóðîâûõ ïëàòôîðì çàâèñèò îò
èõ ñïîñîáíîñòè ê ñàìîñòîÿòåëüíîìó ïåðåìåùåíèþ.
Ïîñêîëüêó áóðîâûå ñóäà ñ÷èòàþòñÿ ìîðñêèìè ñó-
äàìè, òî íà èõ äâèãàòåëÿ ðàñïðîñòðàíÿþòñÿ ïðà-
âèëà äëÿ ìîðñêèõ ñóäîâ. Òàêæå ìîðñêèìè ñóäàìè
ñ÷èòàþòñÿ ïîëóïîãðóæíûå çàÿêîðåííûå ãëóáî-
êîâîäíûå ïëàòôîðìû, èìåþùèå ñðåäñòâà äëÿ
ñàìîñòîÿòåëüíîãî ïîçèöèîíèðîâàíèÿ. Ìîðñêèìè
ñóäàìè íå ñ÷èòàþòñÿ áóðîâûå ïëàòôîðìû, ñòîÿ-
ùèå íà âå÷íîì ÿêîðå, ïîýòîìó íèêàêèå íàõîäÿ-
ùèåñÿ íà íèõ äâèãàòåëè (åñëè òàêîâûå èìåþòñÿ)
íå ñ÷èòàþòñÿ ñóäîâûìè.

Â ñîîòâåòñòâèè ñ ïðàâèëàìè äëÿ ñòàöèîíàðíûõ
óñòàíîâîê, ñóäîâûìè äâèãàòåëÿìè íå ñ÷èòàþòñÿ
ïåðåäâèæíûå âñïîìîãàòåëüíûå äâèãàòåëè, íàõî-
äÿùèåñÿ íà áîðòó ìîðñêîãî ïëàâñðåäñòâà. Ñ òî÷êè
çðåíèÿ êëàññèôèêàöèè, òàêèå äâèãàòåëè ñ÷èòàþòñÿ
ñòàöèîíàðíûìè âñïîìîãàòåëüíûìè äâèãàòåëÿìè,
è íà íèõ ðàñïðîñòðàíÿþòñÿ ïðàâèëà äëÿ ñòàöè-
îíàðíûõ âíåäîðîæíûõ äâèãàòåëåé. Ïî êëàññè-
ôèêàöèè EPA, ðàçëè÷èå ìåæäó ñóäîâûìè âñïî-
ìîãàòåëüíûìè äâèãàòåëÿìè è ñòàöèîíàðíûìè
âñïîìîãàòåëüíûìè äâèãàòåëÿìè ñîñòîèò â òîì,
÷òî ñóäîâîé âñïîìîãàòåëüíûé äâèãàòåëü — ýòî
äâèãàòåëü, ÷üÿ ñèñòåìà òîïëèâîïîäà÷è, îõëàæäå-
íèÿ èëè âûïóñêà ëèáî ÿâëÿåòñÿ íåîòúåìëåìîé
÷àñòüþ ñóäíà, ëèáî òðåáóåò ñïåöèàëüíîãî îáîðó-
äîâàíèÿ äëÿ èõ ôèêñàöèè íà ñóäíå. Âñå îñòàëüíûå
âñïîìîãàòåëüíûå äâèãàòåëè íå ñ÷èòàþòñÿ ñóäî-
âûìè.

Èñêëþ÷åíèÿ èç íîðìàòèâîâ 1999 ã.
% Äâèãàòåëè, èñïîëüçóåìûå íà ðåêðåàöèîííûõ

ñóäàõ (ñòàíäàðòû äëÿ äâèãàòåëåé ðåêðåàöèîííûõ
ñóäîâ óñòàíîâëåíû ïðàâèëàìè 2002 ã.). 

% Íîâûå ñòàöèîíàðíûå äâèãàòåëè, ïðîøåäøèå
ñåðòèôèêàöèþ íà ñîîòâåòñòâèå íîðìàì âðåäíûõ
âûáðîñîâ è àäàïòèðîâàííûå äëÿ èñïîëüçîâàíèÿ
íà ïëàâñðåäñòâàõ (ïðè âûïîëíåíèè îïðåäåëåííûõ
óñëîâèé).

% Äâèãàòåëè ãîíî÷íûõ ñóäîâ.
% Äâèãàòåëè âîåííûõ ñóäîâ (çà èñêëþ÷åíèåì

ñóäîâ ÀÍÁ).
% Íåêîòîðûå äðóãèå èñêëþ÷åíèÿ (äâèãàòåëè,

ïðåäîñòàâëÿåìûå äëÿ èñïûòàíèé, äëÿ äåìîí-
ñòðàöèè, ïîñòàâëÿåìûå íà ýêñïîðò, è ò. ä.).

Ïîñòàíîâëåíèå 1999 ã. ñîäåðæèò òàêæå, òàê
íàçûâàåìûå «âíåøíåòîðãîâûå èñêëþ÷åíèÿ» (äëÿ
äâèãàòåëåé êàòåãîðèé 1 è 2, óñòàíîâëåííûõ íà
îêåàíñêèõ ñóäàõ ñ ãëàâíûì äâèãàòåëåì êàòåãî-
ðèè 3) — äëÿ ñóäîâ ÑØÀ, íàõîäÿùèåñÿ ìåíåå
25 % ðàáî÷åãî âðåìåíè â ïðåäåëàõ 320-êèëî-
ìåòðîâîé çîíû âîêðóã òåððèòîðèè ÑØÀ. Ïîñòà-
íîâëåíèåì 2003 ã. (êàòåãîðèÿ 3) âíåøíåòîðãîâûå



51

ÍÎÂÎÑÒÈ ÄÂÈÃÀÒÅËÅÑÒÐÎÅÍÈß

ïîä ôëàãîì ÑØÀ. Îäíàêî, ñîãëàñíî ïðàâèëàì
IMO Annex VI, ñîîòâåòñòâóþùèå íîðìàòèâû
âðåäíûõ âûáðîñîâ ðàñïðîñòðàíÿþòñÿ íà èíîñòðàí-
íûå ñóäà, íàõîäÿùèåñÿ â òåððèòîðèàëüíûõ âî-
äàõ ÑØÀ.

Ïîñòàíîâëåíèÿ äëÿ äâèãàòåëåé êàòåãîðèé 1 è 2
— 2008. Ýòèì ïîñòàíîâëåíèåì ââîäÿòñÿ äâà
óðîâíÿ âðåäíûõ âûáðîñîâ — Tier 3 è Tier 4 —

èñêëþ÷åíèÿ áûëè îòìåíåíû äëÿ äâèãàòåëåé âñåõ
êàòåãîðèé.

Ñîãëàñíî ïîñòàíîâëåíèþ 1999 ã., äëÿ äâèãà-
òåëåé, ðàáîòàþùèõ íà äèçåëüíîì òîïëèâå è äëÿ
äâèãàòåëåé, ðàáîòàþùèõ íà âñåõ îñòàëüíûõ âèäàõ
òîïëèâà, íîðìàòèâû âðåäíûõ âûáðîñîâ îäèíàêîâû.

Ïîñòàíîâëåíèå äëÿ ðåêðåàöèîííûõ ñóäîâ —
2002. Ýòî ïîñòàíîâëåíèå îòíîñèòñÿ ê ñóäîâûì
äèçåëÿì äëÿ âíîâü ïîñòðîåííûì ðåêðåàöèîííûõ
ñóäîâ ìîùíîñòüþ ñâûøå 37 êÂò (50 ë. ñ.), èñ-
ïîëüçóåìûì íà ÿõòàõ, êðóèçíûõ êàòåðàõ è äðóãèõ
âèäàõ ïðîãóëî÷íûõ ñóäîâ. Ïðàâèëî 2002 ã. íå ðàñ-
ïðîñòðàíÿåòñÿ íà ïîäâåñíûå ìîòîðû è äâèãàòåëè
ñêóòåðîâ ñ âîäîìåòàìè.

Äëÿ äâèãàòåëåé, ðàáîòàþùèõ íà äèçåëüíîì
òîïëèâå è äëÿ äâèãàòåëåé, ðàáîòàþùèõ íà âñåõ
îñòàëüíûõ âèäàõ òîïëèâà, íîðìàòèâû âðåäíûõ
âûáðîñîâ îäèíàêîâû.

Ïîñòàíîâëåíèÿ äëÿ äâèãàòåëåé êàòåãîðèè 3 —
2003 è 2009. Ýòè ñòàíäàðòû ðàñïðîñòðàíÿþòñÿ
íà íîâûå äâèãàòåëè è âíîâü ïîñòðîåííûå ñóäà,
çàðåãèñòðèðîâàííûå â ÑØÀ èëè ïëàâàþùèå

Òàáëèöà 2

Ñòàíäàðòû âðåäíûõ âûáðîñîâ 
îò ìîðñêèõ ñóäîâ Tier 2*

Êàò.
Ðàáî÷èé îáúåì

öèëèíäðà (D), äì3

CO
ã/êÂò·÷

NOx+THC
ã/êÂò·÷

PM
ã/êÂò·÷

Ãîä

1

Ìîùíîñòü>37 êÂò
D<0,9

5,0 7,5 0,40 2005

0,9<D<1,2 5,0 7,2 0,30 2004

1,2<D<2,5 5,0 7,2 0,20 2004

2,5<D< 5,0 5,0 7,2 0,20 20071

2

5,0<D< 15 5,0 7,8 0,27 20071

15<D<20
Ìîùíîñòü<3300êÂò

5,0 8,7 0,50 20071

15<D<20
Ìîùíîñòü>3300 êÂò

5,0 9,8 0,50 20071

20<D<25 5,0 9,8 0,50 20071

25<D<30 5,0 11,0 0,50 20071

* — ñòàíäàðòû Tier 1 ýêâèâàëåíòíû íîðìàòèâàì MARPOL Annex 6
Tier 1 ïî NOx

1 — íîðìàòèâû Tier 1 âñòóïèëè â ñèëó â 2004 ã.

Òàáëèöà 3

Íîðìàòèâû äîáðîâîëüíîé ñåðòèôèêàöèè 
äëÿ ñåðèè «Blue Sky Series» («×èñòîå íåáî»)

Ðàáî÷èé îáúåì öèëèíäðà (D), äì3 NOx+THC
ã/êÂò·÷

PM
ã/êÂò·÷

Ìîùíîñòü>37 êÂò ïðè D<0,9 4,0 0,24

0,9<D<1,2 4,0 0,18

1,2<D<2,5 4,0 0,12

2,5<D<5,0 5,0 0,12

5,0<D<15 5,0 0,16

15<D<20 ïðè ìîùíîñòè <3300 êÂò 5,2 0,30

15<D<20 ïðè ìîùíîñòè >3300 êÂò 5,9 0,30

20<D<25 5,9 0,30

25<D<30 6,6 0,30

* — íîðìàòèâû Tier 3 NOx+HC íå ðàñïðîñòðàíÿþòñÿ íà äâèãàòåëè
ìîùíîñòüþ 2000–3700 êÂò.
1 — äâèãàòåëè ìîùíîñòüþ <75 êÂò ñ ðàáî÷èì îáúåìîì öèëèíäðà >0,9 äì3

äîëæíû ñîîòâåòñòâîâàòü íîðìàòèâàì äëÿ äâèãàòåëåé ìîùíîñòüþ
75–3700 êÂò;
2 — âàðèàíò: íîðìàòèâû 0,20 ã/êÂò·÷ PM è 5,8 ã/êÂò·÷ NOx+HC âñòóïàþò
â ñèëó â 2014 ã.;
3 — ýòîò ðàçðåøåííûé óðîâåíü äëÿ äâèãàòåëåé ìîùíîñòüþ <600 êÂò
ñíèæàåòñÿ â 2018 ã. äî 0,10 ã/êÂò·÷.

Òàáëèöà 4

Íîðìàòèâû äëÿ äèçåëåé ðåêðåàöèîííûõ ñóäîâ

Ðàáî÷èé îáúåì öèëèíäðà

(D), äì3

CO
ã/êÂò·÷

NOx+THC
ã/êÂò·÷

PM
ã/êÂò·÷

Ãîä

0,5<D<0,9 5,0 7,5 0,40 2007

0,9<D<1,2 5,0 7,2 0,30 2006

1,2<D<2,5 5,0 7,2 0,20 2006

D>2,5 5,0 7,2 0,20 2009

Òàáëèöà 5

Íîðìàòèâû Tier 3 äëÿ ñóäîâûõ äèçåëåé êàòåãîðèè 1 
ñ óäåëüíîé ìîùíîñòüþ <35 êÂò/äì3

Ìîùíîñòü
(P) êÂò

Ðàáî÷èé îáúåì

(D) öèëèíäðà äì3

NOx+THC
ã/êÂò·÷

PM
ã/êÂò·÷

Ãîä

P<19 D<0,9 7,5 0,40 2009

19<P<75 D<0,91
7,5 0,30 2009

4,72 0,302 2014

75<P<3700

D<0,9 5,4 0,14 2012

0,9<D<1,2 5,4 0,12 2013

1,2<D<2,5 5,6 0,113 2014

2,5<D<3,5 5,6 0,113 2013

3,5<D<7 5,8 0,113 2012

Òàáëèöà 6

Íîðìàòèâû Tier 3 äëÿ ñóäîâûõ äèçåëåé êàòåãîðèè 1 
ñ óäåëüíîé ìîùíîñòüþ >35 êÂò/äì3

Ìîùíîñòü
(P) êÂò

Ðàáî÷èé îáúåì

(D) öèëèíäðà äì3

NOx+THC
ã/êÂò·÷

PM
ã/êÂò·÷

Ãîä

P<19 D<0,9 7,5 0,40 2009

19<P<75 D<0,91
7,5 0,30 2009

4,72 0,302 2014

75<P<3700

D<0,9 5,8 0,15 2012

0,9<D<1,2 5,8 0,14 2013

1,2<D<2,5 5,8 0,12 2014

2,5<D<3,5 5,8 0,12 2013

3,5<D<7 5,8 0,11 2012

1 — äâèãàòåëè ìîùíîñòüþ <75 êÂò ñ ðàáî÷èì îáúåìîì öèëèíäðà >0,9 äì3

äîëæíû ñîîòâåòñòâîâàòü íîðìàòèâàì äëÿ äâèãàòåëåé ìîùíîñòüþ
75–3700 êÂò;
2 — âàðèàíò: íîðìàòèâû 0,20 ã/êÂò·÷ PM è 5,8 ã/êÂò·÷ NOx+HC âñòóïàþò
â ñèëó â 2014 ã.
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Äðóãèå âûáðîñû, êðîìå NOx, íå íîðìèðóþòñÿ.
Ñòàíäàðòû Tier 2–3. Ñîãëàñíî ïîñòàíîâëåíèþ

EPA 2009 ã., äëÿ âíîâü ñòðîÿùèõñÿ äâèãàòåëåé
êàòåãîðèè 3 áûëè ââåäåíû ñòàíäàðòû Tier 2 è Tier 3.

% Ñòàíäàðò Tier 2 âñòóïèë â ñèëó ñ íà÷àëà
2011 ã. Îí ïîäðàçóìåâàåò íåîáõîäèìîñòü âûïîë-
íåíèÿ ñîîòâåòñòâóþùèõ òðåáîâàíèé çà ñ÷åò îðãà-
íèçàöèè ðàáî÷åãî ïðîöåññà äâèãàòåëÿ, ñ ïîìîùüþ
ïðàâèëüíîãî ôàçèðîâàíèÿ âïðûñêà è ãàçîðàñ-
ïðåäåëåíèÿ, îõëàæäåíèÿ äâèãàòåëÿ è ñîâðåìåííûõ
ýëåêòðîííûõ ñèñòåì óïðàâëåíèÿ. Ñòàíäàðò Tier 2
óñòàíàâëèâàåò ïðåäåëüíî äîïóñòèìûå çíà÷åíèÿ
âûáðîñîâ NOx íà 15–25 % ìåíüøå, ÷åì Tier 1.

% Ñòàíäàðò Tier 3 âñòóïèë â ñèëó ñ íà÷àëà
2016 ã. Åãî òðåáîâàíèÿ ìîãóò áûòü âûïîëíåíû
ñ ïîìîùüþ âûñîêîýôôåêòèâíûõ òåõíîëîãèé óï-
ðàâëåíèÿ âûáðîñàìè, êàê, íàïðèìåð, ñåëåêòèâ-
íàÿ êàòàëèòè÷åñêàÿ î÷èñòêà (SCR), ïîçâîëÿþùàÿ
ñíèçèòü âûáðîñû NOx íà 80 % ïî ñðàâíåíèþ ñ
óðîâíåì Tier 1.

Íîðìàòèâû EPA Tier 2–3 ïî âûáðîñàì NOx

ïîëíîñòüþ ñîîòâåòñòâóþò íîðìàòèâàì IMO Tier
2–3. Â çàâèñèìîñòè îò ÷àñòîòû âðàùåíèÿ äâè-
ãàòåëÿ, ïðåäåëüíî äîïóñòèìûå çíà÷åíèÿ âûáðîñîâ
NOx ñ îòðàáîòàâøèìè ãàçàìè íàõîäÿòñÿ â äèà-

êîòîðûå ðàñïðîñòðàíÿþòñÿ íà íîâûå, òàê è íà
ìîäåðíèçèðîâàííûå ñóäîâûå äèçåëè, à èìåííî:  

1. Íîâûå äâèãàòåëè: ñòàíäàðò Tier 3 ðàñïðî-
ñòðàíÿþòñÿ íà äâèãàòåëè, èñïîëüçóåìûå â êîììåð-
÷åñêèõ, ðåêðåàöèîííûõ è âñïîìîãàòåëüíûõ ñóäàõ
(âêëþ÷àÿ äâèãàòåëè ìîùíîñòüþ ìåíåå 37 êÂò,
ðàíåå ðåãóëèðóåìûå ñòàíäàðòàìè äëÿ âíåäîðîæíîé
òåõíèêè).  Ñòàíäàðòû Tier 4, ïðåäïèñûâàþùèå
èñïîëüçîâàíèå ñðåäñòâ ãàçîî÷èñòêè, ðàñïðîñòðà-
íÿþòñÿ íà ìîäåðíèçèðóåìûå äâèãàòåëè ìîùíîñòüþ
ñâûøå 600 êÂò (800 ë. ñ.), èñïîëüçóåìûå íà
êîììåð÷åñêèõ ñóäàõ. 

2. Ìîäåðíèçèðóåìûå äâèãàòåëè: ñòàíäàðòû
ðàñïðîñòðàíÿþòñÿ íà ìîäåðíèçèðóåìûå äèçåëè
ìîùíîñòüþ ñâûøå 600 êÂò äëÿ êîììåð÷åñêèõ
ñóäîâ.

Ïðàâèëî 2008 ã. ââîäèò èñêëþ÷åíèÿ äëÿ äâè-
ãàòåëåé ñëåäóþùèõ êàòåãîðèé: 

% Îïûòíûå äâèãàòåëè, äâèãàòåëè, ïðèíàä-
ëåæàùèå ïðîèçâîäèòåëþ è äåìîíñòðàöèîííûå
äâèãàòåëè. 

% Ñóäîâûå äèçåëè, ïðåäñòàâëÿþùèå ñîáîé
ñóäîâóþ ìîäèôèêàöèþ ñåðòèôèöèðîâàííûõ
òåïëîâîçíûõ, àâòîìîáèëüíûõ äâèãàòåëåé è
äâèãàòåëåé âíåäîðîæíîé òåõíèêè.

% Äâèãàòåëè ãîíî÷íûõ ñóäîâ.
% Ýêñïîðòíûå äâèãàòåëè.
% Íåêîòîðûå äâèãàòåëè âîåííîãî íàçíà÷åíèÿ. 
% Äâèãàòåëè, óñòàíîâëåííûå íà ïëàâñðåäñòâàõ,

ïðèíàäëåæàùèõ è èñïîëüçóåìûõ ëè÷íî èõ âëà-
äåëüöàìè (÷òî ïîçâîëÿåò ðûáàêàì è ëþáèòåëÿì
ñàìîäåëîê óñòàíàâëèâàòü íà ñâîè ñóäà èñïîëü-
çîâàííûå èëè ïåðåîáîðóäîâàííûå äâèãàòåëè, à
òàêæå îáíîâëåííûå óñòàðåâøèå äâèãàòåëè —
÷òîáû íå ïðèîáðåòàòü íîâûé íåñåðòèôèöè-
ðîâàííûé äâèãàòåëü ó åãî ïðîèçâîäèòåëÿ).

Íå âñå èñêëþ÷åíèÿ ÿâëÿþòñÿ àâòîìàòè÷åñêèìè.
Ïðîèçâîäèòåëÿì äâèãàòåëÿ èëè ñóäíà, à òàêæå
ñóäîâëàäåëüöàì â íåêîòîðûõ ñëó÷àÿõ íåîáõîäèìî
áóäåò îáðàùàòüñÿ ê EPA çà ðàçðåøåíèåì íà òî
èëè èíîå èñêëþ÷åíèå.

Íîðìàòèâû âðåäíûõ âûáðîñîâ — ñòàíäàðòû
êàòåãîðèè 3, óðîâåíü Tier 1. Ïîñòàíîâëåíèåì
2003 EPA èíêîðïîðèðîâàëà íîðìàòèâû âðåäíûõ
âûáðîñîâ NOx Tier 1 ïðèìåíèòåëüíî ê äâèãàòåëÿì
êàòåãîðèè 3, ÷òî ýêâèâàëåíòíî íîðìàòèâàì IMO
MARPOL Annex VI. Òåì ñàìûì ïðåäåëüíî
äîïóñòèìîå çíà÷åíèå âûáðîñà NOx ñ ÎÃ óñòà-
íàâëèâàåòñÿ íà óðîâíå îò 17 äî 9,8 ã/êÂò·÷, ïðè
ýòîì áîëåå âûñîêèé óðîâåíü ñîîòâåòñòâóåò áîëåå
ìàëîîáîðîòíûì äâèãàòåëÿì. 

Ïðåäåëüíî äîïóñòèìûå çíà÷åíèÿ âðåäíûõ
âûáðîñîâ ïî EPA Tier 1 ðàñïðîñòðàíÿþòñÿ íà äâè-
ãàòåëè, ïîñòðîåííûå â 2004 ã. è ïîçæå. Ýòè çíà-
÷åíèÿ äîëæíû áûòü äîñòèãíóòû çà ñ÷åò îðãà-
íèçàöèè ðàáî÷åãî ïðîöåññà äâèãàòåëÿ, áåç èñ-
ïîëüçîâàíèÿ óñòðîéñòâ î÷èñòêè ÎÃ.

* — âàðèàíò Tier 3 PM/NOx+HC íà óðîâíå 0,14/7,8 ã/êÂò·÷ âñòóïàåò
â ñèëó â 2012 ã., à Tier 4 — â 2015 ã.;
** — íîðìàòèâû Tier 3 NOx+HC íå ðàñïðîñòðàíÿþòñÿ íà äâèãàòåëè
ìîùíîñòüþ 2000–3700 êÂò;
1 — 0,34 ã/êÂò·÷ äëÿ äâèãàòåëåé ìîùíîñòüþ ìåíåå 3300 êÂò.

Òàáëèöà 7

Ñòàíäàðò  Tier 3 äëÿ ñóäîâûõ äèçåëåé êàòåãîðèè 2*

Ìîùíîñòü
(P) êÂò

Ðàáî÷èé îáúåì

(D) öèëèíäðà äì3

NOx+THC**

ã/êÂò·÷
PM

ã/êÂò·÷
Ãîä

P<3700

7<D<15 6,2 0,14 2013

15<D<20 7,0 0,271 2014

20<D<25 9,8 0,27 2014

25<D<30 11,0 0,27 2014

Òàáëèöà 8

Ñòàíäàðò Tier 4 äëÿ ñóäîâûõ äèçåëåé êàòåãîðèé 1/2

Ìîùíîñòü
(P), êÂò

NOx,
ã/êÂò·÷

HC,
ã/êÂò·÷

PM,
ã/êÂò·÷

Ãîä

P>3700
1,8 0,19 0,121 20143

1,8 0,19 0,06 201623

2000<P<3700 1,8 0,19 0,04 201434

1400<P<2000 1,8 0,19 0,04 20163

600<P<1400 1,8 0,19 0,04 20174

1 — 0,25 ã/êÂò·÷ äëÿ äâèãàòåëåé ñ ðàáî÷èì îáúåìîì öèëèíäðà
15–30 äì3;
2 — ìîäåëüíûå ãîäû, êîãäà ìîæåò íà÷èíàòüñÿ ñðîê äåéñòâèÿ ôàêóëü-
òàòèâíûõ íîðìàòèâîâ;
3 — âàðèàíò äëÿ äâèãàòåëåé êàòåãîðèè 2: íîðìàòèâû Tier 3 PM/NOx+HC
íà óðîâíå 0,14/7,8 ã/êÂò·÷ âñòóïàþò â ñèëó â 2012 ã., à Tier 4 — â 2015 ã.;
4 — íîðìàòèâû Tier 3 ïî PM äëÿ ýòèõ äâèãàòåëåé ïðîäîëæàþò
äåéñòâîâàòü òîëüêî â ìîäåëüíûå ãîäû 2014 è 2015.
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ïàçîíå îò 14,4 äî 7,7 ã/êÂò·÷, à ïî íîðìàòèâàì
Tier 3 — â äèàïàçîíå îò 3,4 äî 1,96 ã/êÂò·÷. 

Çîíû êîíòðîëèðóåìûõ âûáðîñîâ IMO (ECA).
Îðãàíèçàöèÿ IMO îïðåäåëèëà òåððèòîðèàëüíûå
âîäû âîêðóã ïîáåðåæüÿ ÑØÀ è Êàíàäû êàê ñå-
âåðîàìåðèêàíñêèå çîíû êîíòðîëèðóåìûõ âûáðîñîâ
NOx è SÎx (ñ àâãóñòà 2012 ã.), à òåððèòîðèàëüíûå
âîäû âîêðóã Ïóýðòî-Ðèêî è Âèðãèíñêèõ îñòðîâîâ
ÑØÀ — êàê êàðèáñêèå çîíû êîíòðîëèðóåìûõ
âûáðîñîâ NOx è SÎx (ñ íà÷àëà 2014 ã.).

Ñòàòóñ ECA îçíà÷àåò, ÷òî, íàõîäÿñü â òåððè-
òîðèàëüíûõ âîäàõ ÑØÀ, ñóäà ïîä èíîñòðàííûì
ôëàãîì îáÿçàíû ñîáëþäàòü òðåáîâàíèÿ íîðìàòè-
âîâ IMO Tier 3 ïî âûáðîñàì NOx (ýòè íîðìàòèâû
äåéñòâóþò òîëüêî â ïðåäåëàõ çîí ECA). Êðîìå
òîãî, íåîáõîäèìî ñîáëþäàòü òðåáîâàíèå
èñïîëüçîâàíèÿ òîëüêî ìàëîñåðíèñòûõ òîïëèâ
(â çîíàõ ECA, îïðåäåëåííûõ IMO, à â çîíàõ
ECA ÑØÀ — â çîíàõ ECA, îïðåäåëåííûõ U.S.
EPA).
Íîðìàòèâû âðåäíûõ âûáðîñîâ – êàòåãîðèè 1 è 2

Íîðìàòèâû âðåäíûõ âûáðîñîâ Tier 1–2. Íîð-
ìàòèâû âûáðîñîâ äëÿ äèçåëåé êàòåãîðèé 1 è 2
îñíîâàíû íà àíàëîãè÷íûõ äîêóìåíòàõ äëÿ òå-
ïëîâîçíûõ äèçåëåé è äâèãàòåëåé âíåäîðîæíîé
òåõíèêè. Â òàáë. 2 ïðèâåäåíû íîðìàòèâû âðåäíûõ
âûáðîñîâ EPA, îïðåäåëÿåìûå êàê íîðìàòèâû Tier 2
è äàòû èõ ââîäà â äåéñòâèå. Íîðìàòèâû Tier 1
ïî âûáðîñàì NOx ýêâèâàëåíòíûå íîðìàòèâàì
MARPOL Annex VI, ñîãëàñíî ïîñòàíîâëåíèþ EPA
1999 ã. áûëè ôàêóëüòàòèâíûìè, íî ñîãëàñíî
ïîñòàíîâëåíèþ 2003 ã. (ðàçðàáîòàííîìó äëÿ äè-
çåëåé êàòåãîðèè 3) ñòàëè îáÿçàòåëüíûìè òàêæå
äëÿ äèçåëåé êàòåãîðèé 2 è 1 ñ ðàáî÷èì îáúåìîì
öèëèíäðà áîëåå 2,5 ë, íà÷èíàÿ ñ 2004 ã. 

Çàêîíîäàòåëüñòâîì îãðàíè÷èâàþòñÿ âûáðîñû
NOx+THC, PM, è CO. Äëÿ ñóäîâûõ äèçåëåé çà-
êîíîäàòåëüíûõ îãðàíè÷åíèé äûìíîñòè ÎÃ ïîêà
íåò. Ïî ìíåíèþ ðåãóëÿòîðîâ, ñóùåñòâåííûé
âêëàä â îãðàíè÷åíèå äûìíîñòè ÎÃ âíåñóò íîâûå
íîðìàòèâíûå äîêóìåíòû ïî âûáðîñàì PM.

Ðàíåå EPA ïðåäëàãàëî ââåñòè â äåéñòâèå áî-
ëåå æåñòêèå íîðìàòèâû Tier 3 â ïåðèîä ñ 2008
ïî 2010 ãã. Â îêîí÷àòåëüíóþ ðåäàêöèþ ïîñòà-
íîâëåíèÿ 1999 ã. íîðìàòèâû Tier 3 íå âîøëè.

Ïðîãðàììà Blue Sky Series
Ðåêðåàöèîííûå ñóäà (ïîñòàíîâëåíèå EPA

2002 ã.). Íîðìàòèâû âðåäíûõ âûáðîñîâ äëÿ ðåê-
ðåàöèîííûõ ñóäîâ, ïîñòåïåííî ââîäèâøèåñÿ â
äåéñòâèå, íà÷èíàÿ ñ 2006 ã., â çàâèñèìîñòè îò ìîù-
íîñòè äâèãàòåëåé,  ïðèâåäåíû â òàáë. 4. Îíè àíà-
ëîãè÷íû íîðìàòèâàì Tier 2 äëÿ äâèãàòåëåé êîì-
ìåð÷åñêèõ ñóäîâ êàòåãîðèè 1.

Ðåêðåàöèîííûå ñóäà ïîäïàäàþò òàêæå ïîä
îãðàíè÷åíèÿ, ñâÿçàííûå ñ äîïóñòèìîé çîíîé
ðàáî÷èõ ðåæèìîâ (NTE — «not-to-exceed»).
Ê äâèãàòåëÿì ðåêðåàöèîííûõ ñóäîâ íå  ïðåäú-

ÿâëÿåòñÿ òðåáîâàíèå íóëåâîé äûìíîñòè ÎÃ. Äëÿ
ýòèõ ñóäîâ, êàê è äëÿ êîììåð÷åñêîãî ôëîòà,
äîáðîâîëüíî ïðèíèìàåìîå îãðàíè÷åíèå «Blue
Sky Series» («×èñòîå íåáî»), êîòîðîå ïðåäó-
ñìàòðèâàåò âåðõíþþ ãðàíèöó âûáðîñîâ íà 45 %
íèæå îáÿçàòåëüíîãî ìàêñèìóìà. 

Íîðìàòèâû Tier 3–4. Â òàáë. 5–8 ïðåäñòàâëåíû
íîðìàòèâû Tier 3–4 è ñðîêè èõ ââîäà â äåéñòâèå.
Íîðìàòèâû Tier 3, ïðåäïîëàãàþùèå ñíèæåíèå
âðåäíûõ âûáðîñîâ çà ñ÷åò ñîâåðøåíñòâîâàíèÿ
ðàáî÷åãî ïðîöåññà, ââîäÿòñÿ â äåéñòâèå ïîñòå-
ïåííî, ñ 2009 ïî 2014 ãã. Íîðìàòèâû Tier 4,
ïðåäïîëàãàþùèå ñíèæåíèå âðåäíûõ âûáðîñîâ
ñóäîâûõ äâèãàòåëåé ìîùíîñòüþ ñâûøå 600 êÂò
çà ñ÷åò âíåøíèõ ñðåäñòâ ãàçîî÷èñòêè, ââîäÿòñÿ
â ïåðèîä ñ 2014 ïî 2017 ãã. Äëÿ äâèãàòåëåé, êî-
òîðûå ïî ñâîåé íîìèíàëüíîé ìîùíîñòè íå âî-
øëè â òàáëèöû, îòíîñÿùèåñÿ ê ñïåöèôèêàöèÿì
Tier 3 è Tier 4, ïðîäîëæàþò äåéñòâîâàòü ïðåäû-
äóùèå íîðìàòèâû (ñîîòâåòñòâåííî Tier 2 èëè
Tier 3).

Ââîäèòñÿ ðàçëè÷èå ìåæäó äâèãàòåëÿìè ñ âû-
ñîêîé óäåëüíîé ìîùíîñòüþ, óñòàíàâëèâàåìûìè
íà ãëèññèðóþùèõ ñóäàõ, è äâèãàòåëÿìè ñ îáû÷íîé
óäåëüíîé ìîùíîñòüþ. Ãðàíèöåé ìåæäó îáåèìè
óïîìÿíóòûìè êàòåãîðèÿìè ñ÷èòàåòñÿ óäåëüíàÿ
ìîùíîñòü 35 êÂò/äì3 (47 ë. ñ./äì3).

Äëÿ âñåõ äâèãàòåëåé êàòåãîðèé 1–2, íà÷èíàÿ
ñ ñîîòâåòñòâóþùèõ ìîäåëüíûõ ëåò, â äîïîëíåíèå
ê óïîìèíàåìûì âûøå íîðìàòèâàì ïî âûáðîñàì
NOx+HC è PM ââîäÿòñÿ ñëåäóþùèå ïðåäåëüíî
äîïóñòèìûå çíà÷åíèÿ âûáðîñîâ CO: 

% 8,0 ã/êÂò·÷ äëÿ äâèãàòåëåé ìîùíîñòüþ
ìåíåå 8 êÂò;

% 6,6 ã/êÂò·÷ äëÿ äâèãàòåëåé ìîùíîñòüþ
áîëåå 8 êÂò è ìåíåå 19 êÂò;

% 5,5 äëÿ äâèãàòåëåé ìîùíîñòüþ áîëåå 19 êÂò;
è ìåíåå 37 êÂò.

% 5,0 äëÿ äâèãàòåëåé ìîùíîñòüþ áîëåå 37 êÂò.

Òàáëèöà 9

Èñïûòàòåëüíûå öèêëû 
äëÿ ñåðòèôèêàöèè ñóäîâûõ äèçåëåé êàòåãîðèé 1/2

Îáëàñòü ïðèìåíåíèÿ
Èñïûòàòåëüíûé

öèêë

Ãëàâíûé ñóäîâîé äâèãàòåëü îáùåãî
íàçíà÷åíèÿ

ISO 8178 E3

Ãëàâíûé ñóäîâîé äâèãàòåëü, ðàáîòàþùèé
ñ ïîñòîÿííîé ñêîðîñòüþ

ISO 8178 E2

Ãëàâíûå ñóäîâûå äâèãàòåëè, ðàáîòàþùèå
ñ ïåðåìåííîé ñêîðîñòüþ íå ïî âèíòîâîé
õàðàêòåðèñòèêå, è âñïîìîãàòåëüíûå ñóäîâûå
äâèãàòåëè, ðàáîòàþùèå ñ ïåðåìåííîé
ñêîðîñòüþ

ISO 8178 C1

Âñïîìîãàòåëüíûå ñóäîâûå äâèãàòåëè,
ðàáîòàþùèå ñ ïîñòîÿííîé ñêîðîñòüþ

ISO 8178 D2

Ñóäîâûå äâèãàòåëè ðåêðåàöèîííûõ ñóäîâ ISO 8178 E5
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Èñïûòàíèÿ íà âðåäíûå âûáðîñû
Äâèãàòåëè êàòåãîðèé 1–2. Èñïûòàíèÿ äâèãà-

òåëåé êàòåãîðèè 1 âûïîëíÿþòñÿ ïî ìåòîäèêå
40 CFR 89, èñïîëüçóåìîé äëÿ èñïûòàíèé âíåäî-
ðîæíîé òåõíèêè (Tier 1–3), à èñïûòàíèÿ äâèãà-
òåëåé êàòåãîðèè 2 âûïîëíÿþòñÿ ïî ìåòîäèêå
40 CFR 92 (äëÿ òåïëîâîçíûõ äâèãàòåëåé). Ñó-
ùåñòâóþò íåêîòîðûå èñêëþ÷åíèÿ, ïðåäóñìàò-
ðèâàþùèå äðóãèå èñïûòàòåëüíûå öèêëû, äðóãîå
òîïëèâî äëÿ èñïûòàíèé, è èñïûòàíèÿ NTE.
Äâèãàòåëè êàòåãîðèé 1–2 èñïûòûâàþòñÿ ïî
ðàçëè÷íûì èñïûòàòåëüíûì öèêëàì ISO 8178
(òàáë. 9).

Â äîïîëíåíèå ê èñïûòàòåëüíûì öèêëàì, ãäå
îïðåäåëÿåòñÿ ñðåäíåå çíà÷åíèå äëÿ íåñêîëüêèõ
èñïûòàòåëüíûõ ðåæèìîâ, Ïðàâèëî óñòàíàâëèâàåò
ïðîâåðêó íà îãðàíè÷åíèÿ, ñâÿçàííûå ñ äîïóñòèìîé
çîíîé ðàáî÷èõ ðåæèìîâ (NTE — «not-to-exceed»).
Åå öåëü — óáåäèòüñÿ â òîì, ÷òî â ëþáîé òî÷êå
äîïóñòèìîé çîíû ðåæèìîâ ðàáî÷èå óñëîâèÿ äî-
ñòàòî÷íî áëèçêè ê óñðåäíåííîìó êîíòðîëèðóåìîìó
óðîâíþ. Çîíû NTE îïðåäåëÿþòñÿ êàê îáëàñòè
íà êàðòå ðàáî÷èõ ðåæèìîâ äâèãàòåëÿ. Ïðåäåëüíî
äîïóñòèìûå çíà÷åíèÿ âûáðîñîâ âíóòðè çîí NTE
ñóòü ìíîæèòåëè, óêàçûâàþùèå, âî ñêîëüêî ðàç
ïðåäåëüíî äîïóñòèìîå çíà÷åíèå áîëüøå ñðåäíå-
âçâåøåííîãî çíà÷åíèÿ âñåõ íîðìèðóåìûõ âûáðî-
ñîâ (NOx+THC, CO è PM). Çíà÷åíèÿ ýòîãî
ìíîæèòåëÿ: äëÿ Tier 1–2 — îò 1,2 äî 1,5; äëÿ Tier
3–4 — îò 1,2 äî 1,9.

Òîïëèâî äëÿ èñïûòàíèé ñóäîâûõ äèçåëåé
äîëæíî èìåòü âåñîâîå ñîäåðæàíèå ñåðû â ïðåäåëàõ
îò 0,03 äî 0,80, ÷òî õàðàêòåðíî äëÿ áîëüøèíñòâà
ñîðòîâ òîïëèâà, èñïîëüçóåìûõ íà ïðàêòèêå.

Äâèãàòåëè êàòåãîðèè 3. Äâèãàòåëè êàòåãîðèè
3 èñïûòûâàþòñÿ ìåòîäàìè, àíàëîãè÷íûìè òåì,
÷òî óñòàíîâëåíû IMO MARPOL Annex VI (èñïû-
òàòåëüíûå öèêëû E2 è E3 ïî ISO 8178). Îñíîâíûå
ðàçëè÷èÿ ìåæäó òðåáîâàíèÿìè EPA è MARPOL:

(1) ñîãëàñíî òðåáîâàíèÿì EPA, îòâåòñòâåííîñòü
çà ñîáëþäåíèå óñòàíîâëåííûõ íîðìàòèâîâ äëÿ
äâèãàòåëÿ, íàõîäÿùåãîñÿ â ýêñïëóàòàöèè, ëåæèò
íà åãî ïðîèçâîäèòåëå (ñîãëàñíî òðåáîâàíèÿì
MARPOL, îíà ëåæèò íà îïåðàòîðå ñóäíà); 

(2) ñîãëàñíî òðåáîâàíèÿì EPA, íåîáõîäèìî
ïðîäåìîíñòðèðîâàòü óñòîé÷èâîñòü ðåçóëüòàòîâ
(ñîãëàñíî òðåáîâàíèÿì MARPOL, ýòî íåîáõîäèìî
òîëüêî äëÿ äâèãàòåëåé, óñòàíîâëåííûõ íà ñóäíå; 

(3) ìåæäó òðåáîâàíèÿìè EPA è MARPOL ñó-
ùåñòâóþò íåêîòîðûå ðàçëè÷èÿ â îïðåäåëåííûõ
óñëîâèÿõ èñïûòàíèé è ïàðàìåòðàõ (çíà÷åíèÿ
òåìïåðàòóð âîçäóõà è âîäû, íåêîòîðûå íàñòðîéêè
äâèãàòåëÿ, è ò. ï.). 

Ïðåäåëû âûáðîñîâ NTE è òðåáîâàíèÿ ê èñ-
ïûòàíèÿì äëÿ äâèãàòåëåé êàòåãîðèè 3 íå íîð-
ìèðîâàíû.

Äîïóñêàåòñÿ ïðîâîäèòü èñïûòàíèÿ äâèãàòåëåé
êàòåãîðèè 3 íà äèñòèëëÿòíûõ òîïëèâàõ, äàæå
åñëè íà ñóäàõ, ãäå îíè óñòàíîâëåíû, èñïîëüçóþòñÿ
ïðåèìóùåñòâåííî îñòàòî÷íûå òîïëèâà (òàêàÿ
âîçìîæíîñòü íå ïðîòèâîðå÷èò MARPOL Annex VI).

Ëèòåðàòóðà
Emission Reference Guide and Standards. Emission

Standards USA, Marine Diesel // Power Sourcing Guide
2020–2021. 2020, volume 85. Pp. 39–44. 
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âÿçêîñòè ìîòîðíîãî ìàñëà íà 62 % îáåñïå÷èâàåò ñíèæåíèå
ïîòåðü òðåíèÿ â ñðåäíåì íà 22 %. Ïðè ýòîì ââåäåíèå â âÿçêîå
ìîòîðíîå ìàñëî àíòèôðèêöèîííîé ïðèñàäêè ñíèæàåò ïîòåðè
òðåíèÿ íà 6 %. Â õîäå èññëåäîâàíèÿ óñòàíîâëåíî, ÷òî õàðàêòåð
èçìåíåíèÿ ìåõàíè÷åñêèõ ïîòåðü â äèçåëå îò âðåìåíè è ñêîðîñòíîãî
ðåæèìà ðàáîòû ñîîòâåòñòâóåò èçâåñòíûì íàó÷íûì ïðåäñòàâëåíèÿì
î ïðîöåññàõ òðåíèÿ ñìàçûâàåìûõ äåòàëåé ìàøèí.
Òàáë. 1. Èë. 3. Áèáë. 8 íàçâ.

ÓÄÊ 629.113.6
Àëèåâ Ñ.À., Ñàëàòîâà Ä.À., Ãàäæèåâ À.Â. Óëó÷øåíèå ïóñêîâûõ
êà÷åñòâ òðàêòîðíîãî äèçåëÿ íà îñíîâå ïðèìåíåíèÿ îáðàòèìîé
ýëåêòðè÷åñêîé ìàøèíû // Äâèãàòåëåñòðîåíèå. — 2021. — ¹ 1.
— Ñ. 32–36.

Êëþ÷åâûå ñëîâà: òðàêòîðíûé äèçåëü, ñòàðòåð-ãåíåðàòîðíîå
óñòðîéñòâî, îáðàòèìàÿ ýëåêòðè÷åñêàÿ ìàøèíà, äåìïôåð
êðóòèëüíûõ êîëåáàíèé.

Ïîêàçàíî, ÷òî ðåøåíèå çàäà÷è óâåëè÷åíèÿ ìîùíîñòè ýëåêòðî-
ïîòðåáèòåëåé ñîâðåìåííûõ òðàêòîðîâ îáåñïå÷èâàåòñÿ ïðèìåíåíèåì
èíòåãðèðîâàííîãî ñòàðòåð-ãåíåðàòîðà (íà áàçå îáðàòèìîé ýëåê-
òðè÷åñêîé ìàøèíû), ðàçìåùåííîãî ìåæäó áëîêîì öèëèíäðîâ
ÄÂÑ è ñöåïëåíèåì òðàêòîðà. Ïðèíÿòàÿ êîìïîíîâêà ïîçâîëÿåò
ïåðåäàâàòü çíà÷èòåëüíóþ ìîùíîñòü â îáîèõ íàïðàâëåíèÿõ,
óëó÷øàåò ïóñêîâûå êà÷åñòâà äèçåëüíûõ äâèãàòåëåé òðàêòîðîâ,
à òàêæå ðåàëèçóåò ôóíêöèè ãàøåíèÿ êðóòèëüíûõ êîëåáàíèé
êîëåí÷àòîãî âàëà, ÷òî ñíèæàåò óðîâåíü øóìà è âèáðàöèè.
Ïðåèìóùåñòâî ïðåäëàãàåìîé êîíñòðóêöèè ñîñòîèò â èñïîëüçîâàíèè
ýëåêòðè÷åñêîé ìàøèíû äëÿ ïóñêà äâèãàòåëÿ, êîòîðàÿ çàòåì
ïåðåêëþ÷àåòñÿ â ãåíåðàòîðíûé ðåæèì, îáåñïå÷èâàÿ ïèòàíèå
áîðòîâîé ñåòè ýëåêòðè÷åñêîé ýíåðãèåé, çàìåíÿÿ ñòàðòåð è
ãåíåðàòîð, à íà íåêîòîðûõ òðàêòîðàõ ïóñêîâîé ïîðøíåâîé
äâèãàòåëü. Èë. 5. Áèáë. 7 íàçâ.

ÓÄÊ 621.43
Äâèãàòåëè, ðàáîòàþùèå íà ìåòàíîëå (ïî ìàòåðèàëàì êîíãðåññà
CIMAC) // Äâèãàòåëåñòðîåíèå. — 2021. — ¹ 1. — Ñ. 37–48.

Êëþ÷åâûå ñëîâà: ñóäîâûå äâèãàòåëè, àëüòåðíàòèâíûå òîïëèâà,
ìåòàíîë, îòðàáîòàâøèå ãàçû, âðåäíûå âûáðîñû

Â ïîñëåäíèå ãîäû âî âñåì ìèðå íàáëþäàåòñÿ ïîèñê àëüòåðíàòèâíûõ
òîïëèâ ñ î÷åíü íèçêèì (<0,1 %) èëè íóëåâûì ñîäåðæàíèåì ñåðû.
Ïî çàïðîñó êîìïàíèè «Stena Line», ôèðìà «Wartsila» ïðèñòóïèëà
ê ðàáîòå íàä ïðîåêòîì, â õîäå êîòîðîãî â êà÷åñòâå áåññåðíèñòîãî
òîïëèâà áûë âûáðàí ìåòàíîë. Ìåòàíîë ñïîñîáñòâóåò ñíèæåíèþ
âûáðîñîâ íå òîëüêî ñåðû, íî òàêæå îêèñëîâ àçîòà è òâåðäûõ ÷àñòèö,
åãî ñïîñîáíîñòü ê áèîäåãðàäàöèè óìåíüøàåò ðèñêè çàãðÿçíåíèÿ
îêðóæàþùåé ñðåäû èç-çà àâàðèéíûõ ðàçëèâîâ òîïëèâà. Ôèçè-
÷åñêèå è õèìè÷åñêèå ñâîéñòâà ìåòàíîëà äåëàþò åãî ïåðñïåêòèâíûì
òîïëèâîì äëÿ äâèãàòåëåé ñ èñêðîâûì çàæèãàíèåì (îêòàíîâîå
÷èñëî 106), à åãî ñïîñîáíîñòü ãîðåòü áåç îáðàçîâàíèÿ ñàæè äåëàåò
ìåòàíîë ïåðñïåêòèâíûì è äëÿ äèçåëåé. Â íàñòîÿùåì äîêëàäå
îïèñàíû ïðèíöèïû ïîñòðîåíèÿ (çàïàòåíòîâàííîé) ñèñòåìû
òîïëèâîïîäà÷è, îñíîâíûå ïðîáëåìû, êîòîðûå ïðèøëîñü ðåøèòü
â õîäå åå ñîçäàíèÿ, à òàêæå ðåçóëüòàòû ýêñïëóàòàöèîííûõ èñ-
ïûòàíèé íà ïàðîìå «Stena Germanica» — ïåðâîì ñóäíå, îáîðó-
äîâàííîì èííîâàöèîííîé ñèñòåìîé, ðàáîòàþùåé íà ìåòàíîëå.
Ïåðåâîä âûïîëíåí ê.ò.í. Ã. Ìåëüíèêîì. 
Òàáë. 4. Èë. 16. Áèáë. 9 íàçâ.

ÓÄÊ 621.43
Ñòàíäàðòû ÅÐÀ ÑØÀ ïî îãðàíè÷åíèþ âðåäíûõ âûáðîñîâ ñóäîâûõ
äèçåëåé (ïî ìàòåðèàëàì Power Sourcing Guide 2020–2021) //
Äâèãàòåëåñòðîåíèå. — 2021. — ¹ 1. — Ñ. 49–54.

Êëþ÷åâûå ñëîâà: Ñóäîâûå äèçåëè, íîðìèðîâàíèå âðåäíûõ
âûáðîñîâ, ðàçâèòèå ñòàíäàðòîâ EPA ÑØÀ.

Ñîçäàíèå è ââåäåíèå â äåéñòâèå íàöèîíàëüíûõ ñòàíäàðòîâ,
ðåãëàìåíòèðóþùèõ âûáðîñû âðåäíûõ âåùåñòâ ñ îòðàáîòàâøèìè
ãàçàìè ñóäîâûõ äèçåëåé, èìååò ðÿä ñóùåñòâåííûõ ðàçëè÷èé è
îñîáåííîñòåé. Òàê, íàïðèìåð, â ñòàíäàðòàõ ÅÐÀ ÑØÀ ïðè
íàçíà÷åíèè íîðìû âûáðîñîâ ïîìèìî àãðåãàòíîé ìîùíîñòè
ó÷èòûâàåòñÿ êàòåãîðèÿ ñóäîâûõ äèçåëåé, èõ íàçíà÷åíèå, âèä òî-
ïëèâà, à òàêæå ñïåöèàëüíûå óñëîâèÿ ýêñïëóàòàöèè (Blue Sky Se-
ries). Îïûò ðàçâèòèÿ ñòàíäàðòîâ, âûïóñêàåìûõ ÅÐÀ ÑØÀ, ìî-
æåò îêàçàòüñÿ ïîëåçíûì äëÿ ðîññèéñêèõ ñïåöèàëèñòîâ ïðè
î÷åðåäíîì ïåðåñìîòðå/ïåðåèçäàíèè íàöèîíàëüíûõ ñòàíäàðòîâ
ÐÔ. Ïåðåâîä âûïîëíåí ê.ò.í. Ã. Ìåëüíèêîì. Òàáë. 9. Áèáë. 1 íàçâ.

ÓÄÊ 621.436
Ìàðêîâ Â.À., Êóëåøîâ À.Ñ., Íåâåðîâ Â.À. Áîâýíü Ñà, Çåíêèí À.Í.
Ñîâåðøåíñòâîâàíèå ïðîöåññîâ ðàñïûëèâàíèÿ è ñìåñåîáðàçîâàíèÿ
ïðè ðàáîòå äèçåëÿ íà ñìåñåâûõ áèîòîïëèâàõ // Äâèãàòåëåñòðîåíèå.
— 2021. — ¹ 1. — Ñ. 3–12.

Êëþ÷åâûå ñëîâà: äèçåëüíûé äâèãàòåëü, íåôòÿíîå äèçåëüíîå
òîïëèâî, ðàïñîâîå ìàñëî, ñìåñåâîå áèîòîïëèâî, ïðîöåññû
ðàñïûëèâàíèÿ è ñìåñåîáðàçîâàíèÿ.

Àëüòåðíàòèâíûå òîïëèâà äëÿ äèçåëåé, ïîëó÷àåìûå ñ èñïîëü-
çîâàíèåì ðàñòèòåëüíûõ ìàñåë, îòëè÷àþòñÿ îò íåôòÿíîãî äèçåëüíîãî
òîïëèâà ïîâûøåííûìè ïëîòíîñòüþ, âÿçêîñòüþ, ïîâåðõíîñòíûì
íàòÿæåíèåì è ïîíèæåííîé ñæèìàåìîñòüþ, ÷òî âûçûâàåò óõóä-
øåíèå êà÷åñòâà ðàñïûëèâàíèÿ òîïëèâà è ïðîöåññà ñìåñåîá-
ðàçîâàíèÿ. Èññëåäîâàíèÿ ïðîöåññîâ ðàñïûëèâàíèÿ òîïëèâà è
ñìåñåîáðàçîâàíèÿ íà äèçåëå òèïà Ä-245.12Ñ ïîêàçàëè, ÷òî
ïðèåìëåìîå êà÷åñòâî ýòèõ ïðîöåññîâ, à òàêæå âîçìîæíîñòü
ñíèæåíèÿ âûáðîñîâ âðåäíûõ âåùåñòâ ñ îòðàáîòàâøèìè ãàçàìè
äîñòèãàåòñÿ ïðè ðàáîòå äèçåëÿ íå íà ÷èñòûõ ðàñòèòåëüíûõ
ìàñëàõ, à íà íåôòÿíîì äèçåëüíîì òîïëèâå ñ äîáàâêîé ðàïñîâîãî
ìàñëà â êîëè÷åñòâå äî 10 % ïî îáúåìó. 
Òàáë. 9. Èë. 6. Áèáë. 22 íàçâ.

ÓÄÊ 623.1/.7
Èâàíîâ Â.Â., Øàáàëèí Ä.Â., Ïðîãîâîðîâ À.Ï. Ìàòåìàòè÷åñêàÿ
ìîäåëü ðàñ÷åòà âíóòðèöèëèíäðîâûõ ïðîöåññîâ äèçåëüíîãî äâèãàòåëÿ
ñ ó÷åòîì òåìïåðàòóðû îõëàæäàþùåé æèäêîñòè // Äâèãàòåëåñòðîåíèå.
— 2021. — ¹ 1. — Ñ. 13–19.

Êëþ÷åâûå ñëîâà: äèçåëüíûé äâèãàòåëü, êàìåðà ñãîðàíèÿ,
ìàòåìàòè÷åñêàÿ ìîäåëü, ðàáî÷èé ïðîöåññ, òåìïåðàòóðà
îõëàæäàþùåé æèäêîñòè, òåïëîîáìåí.

Ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ìîäåëü äëÿ îïèñàíèÿ ïðîöåññîâ
â êàìåðå ñãîðàíèÿ äèçåëüíîãî äâèãàòåëÿ íà îñíîâå óðàâíåíèÿ
òåïëîâîãî áàëàíñà ðàáî÷åãî òåëà. Óêàçàííàÿ ìîäåëü ïîçâîëÿåò
ðåøàòü ñîïðÿæåííûå çàäà÷è ðàñ÷åòà ïðîöåññîâ íàïîëíåíèÿ è
ñæàòèÿ, à òàêæå, òåïëîîáìåíà ñî ñòåíêàìè êàìåðû ñãîðàíèÿ.
Ðàñ÷åò ïàðàìåòðîâ ðàáî÷èõ ïðîöåññîâ â êàìåðå ñãîðàíèÿ
ïîçâîëÿåò âûïîëíèòü äåòàëüíûé àíàëèç ïîêàçàòåëåé òîïëèâíîé
ýêîíîìè÷íîñòè äâèãàòåëÿ è òåïëîìåõàíè÷åñêîé íàãðóæåííîñòè
äåòàëåé, îáðàçóþùèõ êàìåðó ñãîðàíèÿ, â çàâèñèìîñòè îò
òåìïåðàòóðû îõëàæäàþùåé æèäêîñòè.
Òàáë. 4. Èë. 11. Áèáë. 19 íàçâ.

ÓÄÊ 621.436
Êî÷åâ Í.Ñ., Ïëîòíèêîâ Ë.Â., Ãðèãîðüåâ Í.È. Ñîâåðøåíñòâîâàíèå
ïðîöåññà òîïëèâîïîäà÷è òåïëîâîçíîãî äèçåëÿ 8×Í21/21, ðàáîòàþùåãî
ïî öèêëó Ìèëëåðà // Äâèãàòåëåñòðîåíèå. — 2021. — ¹ 1. —
Ñ. 20–25.

Êëþ÷åâûå ñëîâà: òåïëîâîçíûé äèçåëü, ïðîöåññ òîïëèâîïîäà÷è,
óãîë îïåðåæåíèÿ âïðûñêà òîïëèâà, öèêë Ìèëëåðà, ìîòîðíûå
èñïûòàíèÿ, ýêñïëóàòàöèîííûå è ýêîëîãè÷åñêèå ïîêàçàòåëè.

Ïðåäñòàâëåíû ðåçóëüòàòû äîâîäî÷íûõ ðàáîò ïî ñîâåðøåí-
ñòâîâàíèþ ïðîöåññà òîïëèâîïîäà÷è òåïëîâîçíîãî äèçåëÿ
8×Í21/21, ðàáîòàþùåãî ïî öèêëó Ìèëëåðà íà ðåæèìàõ òåïëî-
âîçíîé õàðàêòåðèñòèêè. Óñòàíîâëåíû îïòèìàëüíûå óãëû îïå-
ðåæåíèÿ âïðûñêà òîïëèâà äëÿ ðàçëè÷íûõ íàãðóçî÷íûõ ðåæèìîâ
â öåëÿõ ñíèæåíèÿ óäåëüíîãî ýôôåêòèâíîãî ðàñõîäà òîïëèâà è
óëó÷øåíèÿ ýêîëîãè÷åñêèõ ïîêàçàòåëåé äèçåëÿ. Ïðåäëîæåíû
òåõíè÷åñêèå ðåøåíèÿ, ïîçâîëÿþùèå óëó÷øèòü ïðîöåññ òî-
ïëèâîïîäà÷è òåïëîâîçíîãî äèçåëÿ 8×Í 21/21.
Òàáë. 3. Èë. 6. Áèáë. 22 íàçâ.

ÓÄÊ 621.43.3
Ïóòèíöåâ Ñ.Â., ×èðñêèé Ñ.Ï., Ñòðåëüíèêîâà Ñ.Ñ. Âëèÿíèå
âÿçêîñòè ìèíåðàëüíîãî ìîòîðíîãî ìàñëà è ïðèñóòñòâèå â íåì
àíòèôðèêöèîííîé ïðèñàäêè íà ìåõàíè÷åñêèå ïîòåðè ìàëîðàçìåðíîãî
äèçåëÿ // Äâèãàòåëåñòðîåíèå. — 2021. — ¹ 1. — Ñ. 26–31.

Êëþ÷åâûå ñëîâà: äèçåëü, ìåõàíè÷åñêèå ïîòåðè, òðåíèå,
ìîòîðíîå ìàñëî, âÿçêîñòü, àíòèôðèêöèîííàÿ ïðèñàäêà.

Ïðåäñòàâëåíû ðåçóëüòàòû ñðàâíèòåëüíûõ èñïûòàíèé òðåõ âèäîâ
ñìàçî÷íûõ ìàòåðèàëîâ ñ öåëüþ îïðåäåëåíèÿ âëèÿíèÿ âÿçêîñòè
ìàñëà è íàëè÷èÿ â íåì àíòèôðèêöèîííîé ïðèñàäêè íà îáùèå
ìåõàíè÷åñêèå ïîòåðè â äâèãàòåëå. Ìåõàíè÷åñêèå ïîòåðè îïðå-
äåëÿëèñü íà ýêñïåðèìåíòàëüíîé ìàêåòíîé óñòàíîâêå ýëåêòðî-
äèíàìè÷åñêèì è êàëîðèìåòðè÷åñêèì ìåòîäàìè. Ðåçóëüòàòû
òåñòèðîâàíèÿ ïîêàçàëè, ÷òî ñíèæåíèå âûñîêîòåìïåðàòóðíîé

ÐÅÔÅÐÀÒÛ ÑÒÀÒÅÉ



UDC 629.113.6
Aliev S.A., Salatova D.A. and Gajiev A.V. Reversible electri-
cal machine as a means to improve start performance of a trac-
tor diesel engine // Dvigatelestroyeniye. — 2021. — ¹ 1. —
Pp. 32–36.

Keywords: tractor diesel engine, starter-generator, re-
versible electrical machine, torsional damper.

Built-in starter-generator (based on a reversible electrical
machine) placed between engine flywheel and tractor coupling
is shown as a means to contribute into enhance the capacity
of energy consumers driven by the tractor engine. The con-
cept in question enables considerable power transfer in both
directions, improves start performance of a tractor diesel en-
gine and facilitates damping of torsional oscillations, thus
reducing noise and vibration level. The advantage of an of-
fered power unit layout is that the electrical machine is ini-
tially used as engine starter, whereupon it switches into gen-
erator mode. Then it is used as an power supply for the ve-
hicle network. Therefore, it operates both as engine starter and
generator, thus making needless conventional electric or re-
ciprocating engine starter. 5 ill., 7 ref.

UDC 621.43
Methanol as engine fuel (based on CIMAC papers) // Dvigate-
lestroyeniye. — 2021. — ¹ 1. — Pp. 37–48.

Keywords: marine engines, alternative fuels, methanol, ex-
haust gases, noxious emissions.

The regulations as well as expectations on shipping concern-
ing the environmental impact have been growing in recent years.
This has led to a search for very low sulphur (<0,1 %) or sul-
phur-free alternative fuels. Consequently and on request from
Stena Line, Wartsila initiated a project to select a sulphur-free
fuel to be used initially on Stena ships. The fuel chosen is a
liquid state methanol. Besides the total sulphur reduction,
methanol is also contributing to emission reduction, in terms
of nitrogen oxides and particulates, and provides a fuel that
is biodegradable, decreasing environmental impact from ac-
cidental spills. The physical and chemical properties of
methanol make it very well suited for use in spark-ignited en-
gines. It has excellent ignition properties with an Octane
number of 106. But its ability to combust without forming soot
(due to the lack of carbon-to-carbon bonds) has attracted diesel
engine designers to find ways of using it as well. This paper
describes the patented injection system working principles
and its key design challenges, the first laboratory engine re-
sults, as well as the results from the application on the first
ever ship operated on methanol, the passenger ferry Stena Ger-
manica, leading the technology development and leaving a pos-
itive trace on the society. 
The CIMAC paper is translated into Russian by G. Melnik, PhD.
4 tables, 16 ill., 9 ref.

UDC 621.43
US EPA Exhaust Emission Standards for Marine Diesel En-
gines (based on Power Sourcing Guide 2020–2021) // Dvigate-
lestroyeniye. — 2021. — ¹ 1. — Pp. 49–54.

Keywords: marine diesel engines, emission regulations, evo-
lution of US EPA standards.

Development and implementation of national standards reg-
ulating noxious emissions from ships involves many peculiar-
ities. E.g., US EPA standards, apart from rated power, takes
account of engine category, service class, type of fuel and spe-
cial duty features (Blue Sky Series). Experience of US EPA
standard evolution may be of particular interest for Russian
specialists involved in revision of relevant national standards.
The original paper is translated into Russian by G.Melnik, PhD.
9 tables, 1 ref. 

UDC 621.436
Markov V.A., Kuleshov A.S., Neverov V.A., Sa Boven, Zen-
kin A.N. Improvement of fuel atomization and mixing process-
es in engines firing mixed biofuels // Dvigatelestroyeniye. —
2021. — ¹ 1. — Pp. 3–12.

Keywords: diesel engine, petroleum diesel fuel, rapeseed
oil, mixed biofuel, atomization and mixing processes.

Alternative diesel fuels based on vegetable oils differ from pe-
troleum diesel fuel in many respects, such as higher density,
viscosity and surface tension, as well as lower compressibili-
ty, which results in poorer fuel atomization and mixing abil-
ity. These authors tested operation of type D-245.12Ñ diesel
engine on various fuels. It was shown that engine efficiency
and environmental performance may be improved when its fires
regular petroleum diesel fuel added with 10 % vol. rapeseed
oil, rather than pure biofuel. 9 tables, 6 ill., 22 ref.

UDC 623.1/.7
Ivanov V.V., Shabalin D.V. and Progovorov A.P. Simulation
of in-cylinder heat exchange processes taking account of coolant
temperature // Dvigatelestroyeniye. — 2021. — ¹ 1. —
Pp. 13–19.

Keywords: diesel engine, combustion chamber, mathemat-
ical model, combustion process, coolant temperature,
heat exchange

The authors discuss their mathematical model of in-cylinder
heat exchange processes, based on actuating medium heat cal-
culation. The model simulates processes during suction and
compression strokes, as well as heat exchange through com-
bustion chamber walls. This contributes into the analyses of
engine fuel economy and mechanocaloric load on combus-
tion chamber components vs. coolant temperature. 
4 tables, 11 ill., 19 ref. 

UDC 621.436
Kochev N.S., Plotnikov L.V. and Grigoryev N.I. Improvement
of fuel injection characteristics of type 8CHN21/21 locomo-
tive engine featuring Miller cycle // Dvigatelestroyeniye. — 2021.
— ¹ 1. — Pp. 20–25.

Keywords: locomotive engine, fuel injection, injection
advance angle, Miller cycle, stand tests, operating param-
eters, environmental performance. 

The authors present the results of their investigation into the
improvement of fuel injection characteristics of type 8CHN21/21
locomotive engine featuring Miller cycle. Optimum injection
advance angles have been determined for varying load, so as
to improve engine operating parameters and environmental per-
formance. 3 tables, 6 ill., 22 ref.

UDC 621.43.3
Putintsev S.V., Chirsky S.P. and Strelnikova S.S. Influence of
mineral oil viscosity and anti-friction additive therein on me-
chanical losses in a small diesel engine // Dvigatelestroyeniye.
— 2021. — ¹ 1. — Pp. 26–31.

Keywords: diesel engine, mechanical losses, friction, mo-
tor oil, viscosity, anti-friction additive.

Three kinds of lubricants have been tested with a view to eval-
uate influence of mineral oil viscosity and anti-friction addi-
tive therein on mechanical losses in a diesel engine. The me-
chanical losses have been evaluated using electrodynamic and
colorimetric methods. According to the test results. lowering
motor oil high-temperature viscosity by 62 % results in low-
ering average friction losses by 22 %. Use of anti-friction ad-
ditive results in further lowering average friction losses by 6 %.
Friction losses vs. time and engine speed curves were found
to comply with known concepts of lubricated friction pair per-
formance. 1 table, 3 ill., 8 ref.
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