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ÌÎÒÎÐÍÛÉ ÒÎÐÌÎÇ ÊÎÌÏÐÅÑÑÎÐÍÎÃÎ ÒÈÏÀ

COMPRESSOR TYPE ENGINE BRAKE

Óðîâåíü àâàðèéíîñòè íà àâòîìîáèëüíîì òðàíñïîðòå ñîõðàíÿåòñÿ íåäîïóñòèìî âûñîêèì, è äëÿ åãî ñíèæåíèÿ 
íåîáõîäèìî ó÷èòûâàòü âñå ôàêòîðû, âëèÿþùèå íà ýòîò ïðîöåññ. Â ýòîì îòíîøåíèè îñîáîãî âíèìàíèÿ çàñëóæè-
âàåò ïðîöåññ äëèòåëüíîãî òîðìîæåíèÿ, íåãàòèâíûå ïðîÿâëåíèÿ êîòîðîãî òðåáóþò ñîçäàíèÿ äîïîëíèòåëüíûõ 
òîðìîçíûõ ñèñòåì (òîðìîçîâ-çàìåäëèòåëåé) äëÿ àâòîìîáèëåé, ðàáîòàþùèõ â ãîðíîé ìåñòíîñòè, ïðåæäå âñåãî 
â îáëàñòè ïàññàæèðñêèõ ïåðåâîçîê.
Òðàíñìèññèîííûå òîðìîçà-çàìåäëèòåëè, îáåñïå÷èâàþùèå äîñòàòî÷íóþ ýôôåêòèâíîñòü òîðìîæåíèÿ, îáëàäà-
þò ðÿäîì íåäîñòàòêîâ, êîòîðûå ñäåðæèâàþò èõ ïðèìåíåíèå. Ñóùåñòâóþùèå ìîòîðíûå òîðìîçà-çàìåäëèòåëè 
îáåñïå÷èâàþò íåäîñòàòî÷íîå çàìåäëåíèå, è â Êóáàíñêîì ãîñóäàðñòâåííîì àãðàðíîì óíèâåðñèòåòå (ÊóáÃÀÓ) 
áûëè ïðîâåäåíû èññëåäîâàíèÿ ïî ïîâûøåíèþ èõ ýôôåêòèâíîñòè. Äëÿ ýòîãî ïîñëå òåîðåòè÷åñêîãî àíàëèçà 
áûë ýêñïåðèìåíòàëüíî èññëåäîâàí ðåæèì êîìïðåññîðíîãî òîðìîçà, ïðè êîòîðîì ïîâûøåííîå äàâëåíèå ñîç-
äàâàëîñü âî âïóñêíîì êîëëåêòîðå, è â êîíöå òàêòà ñæàòèÿ âîçäóõ èç öèëèíäðà âûïóñêàëñÿ ÷åðåç ñïåöèàëüíûé 
êëàïàí îáðàòíî â ñèñòåìó, çà ñ÷åò ÷åãî è ñîçäàâàëñÿ ýôôåêò òîðìîæåíèÿ.
Ïðîâåäåííûå ýêñïåðèìåíòû ïîäòâåðäèëè âîçìîæíîñòü ñóùåñòâåííîãî ïîâûøåíèÿ òîðìîçíîãî ìîìåíòà äâè-
ãàòåëÿ íà ðåæèìå êîìïðåññîðíîãî òîðìîçà, êîãäà çàêðûòû îáå çàñëîíêè: âûõëîïíàÿ – ïîñëå âûõëîïíîãî êîë-
ëåêòîðà – è âïóñêíàÿ – ïåðåä êàðáþðàòîðîì, à âî âïóñêíîé êîëëåêòîð ïîäàåòñÿ ñæàòûé âîçäóõ ïîä ðàçëè÷íûì 
äàâëåíèåì. Òîãäà òîðìîçíîé ìîìåíò âîçðàñòàåò ïî ñðàâíåíèþ ñ òîðìîæåíèåì äâèãàòåëåì áîëåå ÷åì â 3 ðàçà.
Êëþ÷åâûå ñëîâà: òîðìîç-çàìåäëèòåëü, çàñëîíêà, ñæàòûé âîçäóõ, ýôôåêòèâíîñòü òîðìîæåíèÿ, òîðìîçíîé ìî-
ìåíò, ÷èñëî îáîðîòîâ.
Äëÿ öèòèðîâàíèÿ: Âåðáèöêèé Â.Â., Ïîãîñÿí Â.Ì. Ìîòîðíûé òîðìîç êîìïðåññîðíîãî òèïà // Òðàêòîðû 
è ñåëüõîçìàøèíû. 2021. № 3. Ñ. 27–30. DOI: 10.31992/0321-4443-2021-3-27-30.

The accident rate in road transport remains unacceptably high, and in order to reduce it, it is necessary to take into ac-
count all the factors affecting this process. In this regard, the process of long-term braking deserves special attention, 
which negative processes require the creation of additional braking systems (retarder brakes) for vehicles operating 
in mountainous areas, primarily in the field of passenger transportation.
Transmission retarder brakes that provide sufficient braking performance have a number of disadvantages that in-
hibit their use. Existing engine retarder brakes provide insufficient deceleration, and studies were carried out at the 
Kuban State Agrarian University (KubSAU) to improve their efficiency. After a theoretical analysis, the compressor 
brake mode was experimentally investigated. The increased pressure was created in the intake manifold and at the 
end of the compression stroke, air from the cylinder was released through a special valve back into the system, due 
to which the braking effect was created.
The carried out experiments confirmed the possibility of a significant increase in the engine braking torque in the 
compressor brake mode, when both valves are closed - the exhaust after the exhaust manifold and the intake in front 
of the carburetor, and compressed air is supplied to the intake manifold at different pressures. Then the braking torque 
increases in comparison with engine braking by more than 3 times.
Keywords: retarder, damper, compressed air, braking efficiency, braking torque, speed.
Cite as: Verbitskiy V.V., Pogosyan V.M. Compressor type engine brake. Traktory i sel’khozmashiny. 2021. No 3, 
pp. 27–30 (in Russ.). DOI: 10.31992/0321-4443-2021-3-27-30.
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Ââåäåíèå
Ïðè äâèæåíèè àâòîìîáèëÿ íà çàòÿæíîì 

ñïóñêå èëè ïðè ïîâòîðíûõ ÷àñòûõ òîðìîæåíè-
ÿõ ïðîèñõîäèò ïåðåãðåâ òîðìîçîâ â çîíå òðåíèÿ: 
ðàçëè÷íûå èññëåäîâàòåëè ðåãèñòðèðóþò òåì-
ïåðàòóðó äî 300−370 Ñ, à èíîãäà è âûøå. Òîãäà 
ïðîèñõîäèò ïåðåãðåâ òîðìîçíûõ íàêëàäîê, èõ îá-
óãëèâàíèå, âûêðàøèâàíèå è êîðîáëåíèå òîðìîç-
íîãî áàðàáàíà èëè òîðìîçíîãî äèñêà [1]. 

Èç òîðìîçíûõ íàêëàäîê ïðè èõ íàãðåâå âû-
äåëÿþòñÿ âåùåñòâà, âûïîëíÿþùèå ðîëü ñìàçêè 
è ñíèæàþùèå êîýôôèöèåíò òðåíèÿ âäâîå 
è áîëåå. Ïðè èñïûòàíèÿõ, ïðîâåäåííûõ Ðîññèé-
ñêèì àâòîìîáèëüíûì è àâòîìîòîðíûì íàó÷íî-
èññëåäîâàòåëüñêèì èíñòèòóòîì íà çàòÿæíîì 
ñïóñêå ñ óêëîíîì 3−4 è ïðîòÿæåííîñòüþ 19 êì 
áûëî çàðåãèñòðèðîâàíî ñíèæåíèå çàìåäëåíèÿ 
ïðè òîðìîæåíèè ñ 5,6 äî 2,6 ì/ñ2.

Ïðè âûñîêîé òåìïåðàòóðå òîðìîçíûõ íà-
êëàäîê âî âðåìÿ ýêñïëóàòàöèè ðåçêî âîçðàñ-
òàåò èõ èçíîñ: èõ ïðèõîäèòñÿ ìåíÿòü íå ÷åðåç 
70−90 òûñÿ÷ êèëîìåòðîâ, à ÷åðåç 8−10 òûñÿ÷ 
êèëîìåòðîâ. Îäíîâðåìåííî ñíèæàåòñÿ êîýô-
ôèöèåíò òðåíèÿ íàêëàäêè è âîçðàñòàåò òîð-
ìîçíîé ïóòü àâòîìîáèëÿ. Ñíèæåíèå óðîâíÿ 
áåçîïàñíîñòè äâèæåíèÿ óìåíüøàåò ïðîèçâîäè-
òåëüíîñòü òðóäà âîäèòåëÿ, ïîñêîëüêó ñðåäíÿÿ 
ñêîðîñòü äâèæåíèÿ ñíèæàåòñÿ [2].

Ïîïûòêè èñïîëüçîâàòü íà çàòÿæíîì ñïóñêå 
ðåæèì òîðìîæåíèÿ äâèãàòåëåì ïðèâîäÿò ê ïî-
âûøåíèþ ðàçðåæåíèÿ âî âïóñêíîì êîëëåêòîðå 
è âñëåäñòâèå ýòîãî – ê ïîäñîñó ìàñëà â êàìåðó 
ñãîðàíèÿ. Êðîìå òîãî, íà ðåæèìå ïðèíóäèòåëü-
íîãî õîëîñòîãî õîäà ïðè òîðìîæåíèè äâèãàòå-
ëåì ñîäåðæàíèå îêèñè óãëåðîäà â âûõëîïíûõ 
ãàçàõ âîçðàñòàåò ïî÷òè â 6 ðàç [3].

Âûõëîïíîé òîðìîç îòëè÷àåòñÿ ïðîñòîòîé 
è äåøåâèçíîé, ïîñêîëüêó îí âêëþ÷àåò, â ñóùíî-
ñòè, ïðîñòî çàñëîíêó ïîñëå âûõëîïíîãî êîëëåê-
òîðà. Ïðè òîðìîæåíèè âûêëþ÷àåòñÿ çàæèãàíèå, 
è òîðìîçíîé ýôôåêò ñîçäàåòñÿ çà ñ÷åò ïðîòèâî-
äàâëåíèÿ èç âûõëîïíîãî êîëëåêòîðà íà õîäå 
ïîðøíÿ ââåðõ. Îäíàêî òîðìîçíàÿ ýôôåêòèâ-
íîñòü âûõëîïíîãî òîðìîçà íåäîñòàòî÷íà.

Ìîæíî ñ÷èòàòü îáîñíîâàííîé íåîáõîäè-
ìîñòü óñòàíîâêè ýôôåêòèâíûõ òîðìîçîâ-çàìåä-
ëèòåëåé, â ïåðâóþ î÷åðåäü, äëÿ ïàññàæèðñêèõ 
àâòîìîáèëåé, ðàáîòàþùèõ â ãîðíûõ óñëîâèÿõ. 
Ýòî ïîçâîëèò îáåñïå÷èòü çàìåäëåíèå àâòîìî-
áèëÿ, êîãäà íåò íåîáõîäèìîñòè â ýêñòðåííîì 
òîðìîæåíèè. Êðîìå òîãî, ïîÿâëÿåòñÿ ðåçåðâ-
íàÿ òîðìîçíàÿ ñèñòåìà, ÷òî ïîâûøàåò áåçîïàñ-
íîñòü äâèæåíèÿ.

Òîðìîçà-çàìåäëèòåëè ìîãóò áûòü òðàíñ-
ìèññèîííûìè è ìîòîðíûìè. Òðàíñìèññèîí-
íûå òîðìîçà-çàìåäëèòåëè ìîãóò áûòü ãèäðî-
äèíàìè÷åñêèìè è ýëåêòðîäèíàìè÷åñêèìè, 
à â êà÷åñòâå ìîòîðíîãî òîðìîçà èçâåñòåí, â îñ-
íîâíîì, âûõëîïíîé òîðìîç, çàïàòåíòîâàííûé 
åùå â íà÷àëå ÕÕ âåêà [4]. 

Â êà÷åñòâå ãèäðîäèíàìè÷åñêîãî òîðìîçà-çà-
ìåäëèòåëÿ èñïîëüçóåòñÿ ÷àùå âñåãî ðàçðàáîòêà 
ôèðìû Thompson ñ ðàäèàëüíûìè ëîïàòêàìè. 
Òîðìîç âåñîì 80−96 êã êðåïèòñÿ ëèáî íà ðàìå, 
ëèáî íà êàðòåðå çàäíåãî ìîñòà. Ðàáî÷àÿ æèä-
êîñòü – ìèíåðàëüíîå ìàñëî, êîòîðîå ìîæåò âû-
òåñíÿòüñÿ ñæàòûì âîçäóõîì èç êîìïåíñàöèîí-
íîãî öèëèíäðà â êîðïóñ òîðìîçà. Ïîãëîùàåìàÿ 
ìîùíîñòü ðåãóëèðóåòñÿ äàâëåíèåì ñæàòîãî 
âîçäóõà, òàê êàê ýòî îïðåäåëÿåò óðîâåíü æèä-
êîñòè â êîðïóñå òîðìîçà.

Åñòü è äðóãèå êîíñòðóêöèè ãèäðîäèíàìè-
÷åñêèõ òîðìîçîâ. Â ýòîì êà÷åñòâå ìîæåò èñ-
ïîëüçîâàòüñÿ ãèäðîòðàíñôîðìàòîð, â êîòîðîì 
ñòåïåíü òîðìîæåíèÿ ðåãóëèðóåòñÿ êîëè÷åñòâîì 
ìàñëà â êîðïóñå. Áûë òàêæå ðàçðàáîòàí òîðìîç, 
â êîòîðîì øåñòåðíÿ, óñòàíîâëåííàÿ íà êàðäàí-
íîì âàëó, íàõîäèëàñü â ïîñòîÿííîì çàöåïëåíèè 
ñ äâóìÿ äðóãèìè øåñòåðíÿìè, îáðàçóÿ äâà ìàñ-
ëÿíûõ íàñîñà. Ïðè òîðìîæåíèè çàïèðàëèñü íà-
ãíåòàòåëüíûå êëàïàíû íàñîñîâ, îäíàêî ýòî âû-
çûâàëî ñèëüíîå ïîâûøåíèå òåìïåðàòóðû ìàñëà.

Íàèáîëåå èçâåñòíûé ýëåêòðîäèíàìè÷å-
ñêèé òîðìîç ðàçðàáîòàí ôðàíöóçñêîé ôèðìîé 
Telma. Îí ñîñòîèò èç óêðåïëåííîãî íà ðàìå 
ñòàòîðà ñ èíäóêöèîííûìè êàòóøêàìè, êî-
òîðûå ïèòàþòñÿ îò àêêóìóëÿòîðíîé áàòàðåè 
è ñîçäàþò ìàãíèòíîå ïîëå. Ðîòîð òîðìîçà 
ñâÿçàí ñ êàðäàííûì âàëîì. Â ðåçóëüòàòå âçàè-
ìîäåéñòâèÿ ìàãíèòíûõ ïîëåé ñòàòîðà è ïîëåé 
âèõðåâûõ òîêîâ ðîòîðà âîçíèêàåò òîðìîçíîé 
ìîìåíò. Ðîòîð èìååò ëîïàòêè äëÿ îõëàæäåíèÿ, 
ïîñêîëüêó äèñêè åãî ïðè ðàáîòå ìîãóò íàãðå-
âàòüñÿ äî âèøíåâî-êðàñíîãî öâåòà. Äëÿ àâòî-
ìîáèëÿ âåñîì 6 ò òîðìîç Telma âåñèò 100 êã. 

Òðàíñìèññèîííûå òîðìîçà-çàìåäëèòåëè îáå-
ñïå÷èâàþò çàìåäëåíèå äî 1,5 ì/ñ2, íî èìåþò 
ïðè ýòîì ðÿä íåäîñòàòêîâ. Ãèäðîäèíàìè÷åñêèé 
òîðìîç îòëè÷àåòñÿ âûñîêîé ñòîèìîñòüþ, ãðî-
ìîçäêîñòüþ è íåîáõîäèìîñòüþ äîïîëíèòåëü-
íîãî óõîäà. Ýëåêòðîäèíàìè÷åñêèé òîðìîç, 
ïîìèìî âûñîêîé ñòîèìîñòè, ãðîìîçäêîñòè è 
áîëüøîãî âåñà, îáû÷íî íóæäàåòñÿ â äîïîëíè-
òåëüíîé àêêóìóëÿòîðíîé áàòàðåå. Âñå ýòè íå-
äîñòàòêè ïðåïÿòñòâóþò øèðîêîìó ïðèìåíåíèþ 
òðàíñìèññèîííûõ òîðìîçîâ-çàìåäëèòåëåé.
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Öåëü èññëåäîâàíèé
Àíàëèç ýôôåêòèâíîñòè ìîòîðíîãî òîðìî-

çà-çàìåäëèòåëÿ êîìïðåññîðíîãî òèïà. 

Ìàòåðèàëû è ìåòîäû
Êàðáþðàòîðíûé äâèãàòåëü ìîùíîñòüþ 

70 ë.ñ. ïðè íîìèíàëüíîì ÷èñëå îáîðîòîâ 
2800 îá/ìèí è ìàêñèìàëüíîì êðóòÿùåì ìî-
ìåíòå 20 êãì áûë óñòàíîâëåí íà ýëåêòðî-
òîðìîçíîì ñòåíäå, êîòîðûé ïðè èñïûòàíèÿõ 
ðàáîòàë â ðåæèìå ýëåêòðîìîòîðà. Äëÿ ïî-
âûøåíèÿ ÷èñëà îáîðîòîâ êîëåí÷àòîãî âàëà 
êðóòÿùèé ìîìåíò ïåðåäàâàëñÿ ÷åðåç îäíó 
èç íèçøèõ ñòóïåíåé êîðîáêè ïåðåäà÷. Âåäî-
ìûé äèñê ìóôòû ñöåïëåíèÿ áûë ñíÿò è çàìå-
íåí òåíçîçâåíîì, òîêîïðîâîäÿùàÿ ìàãèñòðàëü 
îò êîòîðîãî ïðîõîäèëà ÷åðåç êîëåí÷àòûé âàë. 
Â íåì ýëåêòðîèñêðîâîé îáðàáîòêîé áûëè 
âûïîëíåíû è ïîñëå ïðîêëàäêè ìàãèñòðà-
ëè çàëèòû ýïîêñèäíîé ñìîëîé ñïåöèàëüíûå 
êàíàëû. Ýëåêòðè÷åñêèé èìïóëüñ îò òåíçîç-
âåíà ñíèìàëñÿ êîíöåâûì òîêîñúåìíèêîì 
ñ íîñêà êîëåí÷àòîãî âàëà è çàïèñûâàëñÿ íà îñ-
öèëëîãðàììó, êóäà îäíîâðåìåííî çàïèñû-
âàëàñü ÷àñòîòà âðàùåíèÿ. Áûëè çàêðûòû äâå 
çàñëîíêè: îäíà ïîñëå âûõëîïíîãî êîëëåêòîðà 
è äðóãàÿ ïåðåä êàðáþðàòîðîì.

Âî âðåìÿ ýêñïåðèìåíòîâ íà êîìïðåññîðíîì 
ðåæèìå âî âñàñûâàþùèé êîëëåêòîð ïîäàâàë-

ñÿ ñæàòûé âîçäóõ ïîä ðàçëè÷íûì äàâëåíèåì, 
è â êîíöå òàêòà ñæàòèÿ îí âûïóñêàëñÿ èç êàæ-
äîãî öèëèíäðà ÷åðåç ñïåöèàëüíûé íàãíåòà-
òåëüíûé êëàïàí â ãîëîâêå áëîêà.

Ðåçóëüòàòû è îáñóæäåíèå
Òîðìîçíîé ìîìåíò íà êîëåí÷àòîì âàëó 

ïðè òîðìîæåíèè äâèãàòåëåì è íà ðåæèìå 
îáû÷íîãî âûõëîïíîãî òîðìîçà íà ðàçëè÷íûõ 
ñêîðîñòíûõ ðåæèìàõ ïðåäñòàâëåí â òàáëèöå 1.

Ðåçóëüòàòû èñïûòàíèÿ íà êîìïðåññîðíîì 
ðåæèìå ïðè ðàçëè÷íîì äàâëåíèè ñæàòîãî âîç-
äóõà ïðèâåäåíû â òàáëèöå 2.

Óñëîâèå ïðî÷íîñòè âñåõ äåòàëåé äâèãàòåëÿ 
ïðè ïåðåõîäå íà êîìïðåññîðíûé ðåæèì ñîáëþ-
äàåòñÿ, ïîñêîëüêó äàâëåíèå ñðàáàòûâàíèÿ âû-
ïóñêíîãî êëàïàíà çíà÷èòåëüíî íèæå äàâëåíèÿ 
êîíöà ñãîðàíèÿ. Òîðìîçíîé ìîìåíò äâèãàòåëÿ 
íà ýòîì ðåæèìå ïðè ïîäà÷å ñæàòîãî âîçäóõà 
ïîä äàâëåíèåì 196 êÍ/ì2 ïðåâûøàåò òîðìîç-
íîé ìîìåíò íà ðåæèìå îáû÷íîãî òîðìîæåíèÿ 
äâèãàòåëåì áîëåå, ÷åì â 3 ðàçà.

Çàêëþ÷åíèå
1. Òðàíñìèññèîííûå òîðìîçà-çàìåäëèòåëè 

íå íàõîäÿò øèðîêîãî ïðèìåíåíèÿ íà àâòîìîáè-
ëÿõ ââèäó èõ âûñîêîé ñòîèìîñòè, çíà÷èòåëüíî-
ãî âåñà è íåîáõîäèìîñòè äîïîëíèòåëüíîãî òåõ-
íè÷åñêîãî îáñëóæèâàíèÿ.

Òàáëèöà 1

Èçìåíåíèå ìîìåíòà íà êîëåí÷àòîì âàëó â çàâèñèìîñòè îò ñêîðîñòíîãî ðåæèìà ïðè òîðìîæåíèè äâèãàòåëåì, Íì

Table 1. Change in the moment on the crankshaft depending on the speed mode during engine braking, Nm

 Ðåæèì òîðìîæåíèÿ
×èñëî îáîðîòîâ äâèãàòåëÿ â ñåêóíäó

8,7 15,0 25,0 32,0

Äâèãàòåëåì 38,0 44,5 52,8 63,2

Âûõëîïíûì òîðìîçîì 87,3 98,4 116,2 131,4

Òàáëèöà 2

Èçìåíåíèå ìîìåíòà íà êîëåí÷àòîì âàëó â çàâèñèìîñòè îò ÷èñëà îáîðîòîâ êîëåí÷àòîãî âàëà 
íà êîìïðåññîðíîì ðåæèìå ïðè ðàçëè÷íîì äàâëåíèè ñæàòîãî âîçäóõà, Íì

Table 2. Change in the moment on the crankshaft depending on the number of revolutions 
of the crankshaft in compressor mode at different pressures of compressed air, Nm

 Äàâëåíèå ñæàòîãî âîçäóõà, êÍ/ì2
×èñëî îáîðîòîâ äâèãàòåëÿ â ñåêóíäó

8,7 15,0 25,0 32,0

98 125,3 129,5 134,6 140,4

196 179,5 182,1 186,4 192,0

294 229,0 232,2 235,1 243,2

392 285,3 286,1 287,5 293,0
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2. Äëèòåëüíîå òîðìîæåíèå äâèãàòåëåì íà çà-
òÿæíûõ ñïóñêàõ âåäåò ê ïîñòóïëåíèþ ìàñëà 
â êàìåðó ñãîðàíèÿ, äîïîëíèòåëüíîìó âûáðîñó 
îêèñè óãëåðîäà â àòìîñôåðó, êðîìå òîãî, ðàç-
âèâàåìîå ïðè ýòîì çàìåäëåíèå íåâåëèêî.

3. Ðåæèì êîìïðåññîðíîãî òîðìîçà, îòëè÷à-
þùèéñÿ ïðîñòîòîé êîíñòðóêöèè è äåøåâèçíîé, 
ñîçäàþùèé âûñîêèé òîðìîçíîé ìîìåíò, ìîæåò 
áûòü ðåêîìåíäîâàí äëÿ àâòîìîáèëåé, ðàáîòàþ-
ùèõ â ãîðíûõ óñëîâèÿõ.
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