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Â ñòàòüå îòìå÷àåòñÿ, ÷òî ýëåêòðîííîå óïðàâëåíèå ðàáî÷èìè ïðîöåññàìè â àãðåãàòàõ è ñèñòåìàõ àâòîìîáèëåé 
ÿâëÿåòñÿ îäíèì èç ýôôåêòèâíûõ è ñîâðåìåííûõ ñïîñîáîâ óëó÷øåíèÿ èõ ýêñïëóàòàöèîííûõ ïàðàìåòðîâ. Ñðåä-
ñòâà ýëåêòðîíèêè ïîçâîëÿþò óâåëè÷èòü ñðåäíþþ ñêîðîñòü äâèæåíèÿ àâòîìîáèëåé, ñíèçèòü ðàñõîä òîïëèâà, 
óëó÷øèòü óïðàâëÿåìîñòü, óñòîé÷èâîñòü, ïðîõîäèìîñòü è ïëàâíîñòü õîäà, ïîâûñèòü òîðìîçíûå êà÷åñòâà è áåç-
îïàñíîñòü äâèæåíèÿ, îáëåã÷èòü óïðàâëåíèå àâòîìîáèëåì. 
Âñå ñîâðåìåííûå ýëåêòðîííûå ñèñòåìû àâòîìîáèëÿ – öèôðîâûå, ñî ñêîðîñòüþ ïåðåäà÷è äàííûõ – äî 1 ìåãà-
áèòà â ñåêóíäó. Ýòî ïîçâîëÿåò êàæäûé äàò÷èê èñïîëüçîâàòü äëÿ íåñêîëüêèõ ñèñòåì. Ðàçìåðû äàò÷èêîâ ïîñòå-
ïåííî óìåíüøàþòñÿ, ïîâûøàåòñÿ èõ áûñòðîäåéñòâèå, íàäåæíîñòü è òî÷íîñòü. Îäíèì èç ïåðñïåêòèâíûõ ïóòåé 
ñîâåðøåíñòâîâàíèÿ òðàíñïîðòíûõ ñðåäñòâ ÿâëÿåòñÿ èñïîëüçîâàíèå â êà÷åñòâå âñïîìîãàòåëüíîé òîðìîçíîé ñè-
ñòåìû äâèãàòåëÿ âíóòðåííåãî ñãîðàíèÿ ñ ýëåêòðîííûì óïðàâëåíèåì åãî òîðìîçíûì ìîìåíòîì. 
Ðàññìîòðåí ïàòåíò № 153247 íà ïîëåçíóþ ìîäåëü «Âñïîìîãàòåëüíàÿ òîðìîçíàÿ ñèñòåìà àâòîìîáèëÿ ñ ýëåê-
òðîííûì óïðàâëåíèåì», ïðîâåäåí åãî àíàëèç ñ èñïîëüçîâàíèåì äèàãðàìì ôàç ãàçîðàñïðåäåëåíèÿ. Âûÿâëåíû 
äîïóùåííûå â îïèñàíèè ïàòåíòà îøèáêè. Ïðè îïèñàíèè òàêòîâ âïóñêà è âûïóñêà íå ó÷òåíî óâåëè÷åíèå îáúåìà 
öèëèíäðà íà îáúåì êîëëåêòîðà èç-çà îòêðûòèÿ ñîîòâåòñòâóþùèõ êëàïàíîâ, à òàêæå òî, ÷òî äàâëåíèå â âûïóñê-
íîì òðàêòå îãðàíè÷åíî ñèëîé ïðåäâàðèòåëüíîãî ïîäæàòèÿ ïðóæèí âûïóñêíûõ òîðìîçîâ äâèãàòåëÿ. Ýëåêòðî-
ìàãíèòíûé êëàïàí äîëæåí îáëàäàòü áûñòðîäåéñòâèåì, íà ïîðÿäîê áîëüøèì øòàòíûõ êëàïàíîâ è òàêîé æå 
ïðîïóñêíîé ñïîñîáíîñòüþ, åãî ïðóæèíû äîëæíû èìåòü áîëüøîå ïðåäâàðèòåëüíîå ïîäæàòèå, ÷òîáû îí íå îò-
êðûâàëñÿ ïîä äåéñòâèåì äàâëåíèÿ â ðåñèâåðå øòàòíîé òîðìîçíîé ñèñòåìû. 
Äëÿ áûñòðîãî ñáðîñà äàâëåíèÿ ýëåêòðîìàãíèòíûé êëàïàí äîëæåí ìàêñèìàëüíî áûñòðî îòðûòü áîëüøîå ïðî-
õîäíîå ñå÷åíèå, ïðåîäîëåâàÿ ñèëó äåéñòâóþùåãî íà åãî òàðåëêó âûñîêîãî äàâëåíèÿ â öèëèíäðå (7,5 ÌÏà), 
à òàêæå ñèëó ïðåäâàðèòåëüíîãî ïîäæàòèÿ êëàïàííûõ ïðóæèí. Ïðèâåäåíû ôîðìóëû äëÿ îïðåäåëåíèÿ ïðîïóñê-
íîé ñïîñîáíîñòè êëàïàíà, àíàëèç êîòîðûõ ïîêàçàë, ÷òî äëÿ îáåñïå÷åíèÿ çàäàííîé ïðîïóñêíîé ñïîñîáíîñòè 
êëàïàíà ïðè ñíèæåíèè âðåìåíè åãî îòêðûòèÿ íåîáõîäèìî ïðîïîðöèîíàëüíî óâåëè÷èâàòü âûñîòó ïîäúåìà ýëåê-
òðîìàãíèòíîãî êëàïàíà èëè ñðåäíèé äèàìåòð, ÷òî íå âñåãäà âîçìîæíî.
Ïðîâåäåííûé â ñòàòüå àíàëèç ïîêàçàë, ÷òî ýôôåêòèâíîñòü ïðåäëîæåííîé ñèñòåìû íèæå çàÿâëåííîé, à åå ñîçäà-
íèå íåâîçìîæíî, ïîñêîëüêó íå ñóùåñòâóåò ýëåêòðîìàãíèòíîãî âîçäóøíîãî êëàïàíà, óäîâëåòâîðÿþùåãî ïðåäú-
ÿâëÿåìûì ê íåìó â äàííîé êîíñòðóêöèè òðåáîâàíèÿì. 
Êëþ÷åâûå ñëîâà: àâòîìîáèëü, äâèãàòåëü âíóòðåííåãî ñãîðàíèÿ, òîðìîçíîé ìîìåíò, ýëåêòðîííàÿ ñèñòåìà 
óïðàâëåíèÿ.
Äëÿ öèòèðîâàíèÿ: Àëü-Äæóìàèëè Àáäóëñàòàð Õ Øèõàí, Ñåðåáðÿêîâ Â.Â. Àíàëèç ýôôåêòèâíîñòè è âîç-
ìîæíîñòè ñîçäàíèÿ âñïîìîãàòåëüíîé òîðìîçíîé ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîííûì óïðàâëåíèåì ïî ïàòåíòó 
íà ïîëåçíóþ ìîäåëü № 153247 // Òðàêòîðû è ñåëüõîçìàøèíû. 2021. № 1. Ñ. 64–72. DOI: 10.31992/0321-4443-
2021-1-64-72.

The paper notes that electronic control of work processes in vehicle units and systems is one of the most effective and 
modern ways to improve their operational parameters. The means of electronics make it possible to increase the av-
erage speed of vehicles, reduce fuel consumption, improve controllability, stability, passability and smooth driving, 
improve braking performance and safety, and facilitate driving. 
All modern vehicle electronic systems are digital, data transfer rate is up to 1 megabit per second. This allows 
each sensor to be used for several systems. Dimensions of sensors are gradually decreasing, their speed, reliability, 
and accuracy are increasing. One perspective way to improve vehicles is the use of an internal combustion engine 
with electronic control of its braking torque as an auxiliary braking system. 

https://crossmark.crossref.org/dialog/?doi=10.31992/0321-4443-2021-1-64-72&domain=PDF&date_stamp=2021-02-15
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The analysis of the patent № 153247 for useful model "Auxiliary braking system of vehicle with electronic control" 
is considered and its analysis using the valve timing diagrams. The errors made in the description of the patent were 
revealed. The description of the intake and exhaust strokes does not take into account the increase in the cylinder vol-
ume by the manifold volume due to the opening of the respective valves and the fact that the pressure in the exhaust 
tract is limited by the preloading force of the engine exhaust brake springs. The electromagnetic valve must have 
speed by an order of magnitude greater than the regular valves and the same capacity, its springs must have a large 
pre-pressure so that it does not open under the pressure in the receiver of the regular brake system. 
For fast pressure release, the electromagnetic valve must open a large flow cross-section as quickly as possible, over-
coming the force of the high pressure acting on its disc in the cylinder (7.5 MPa) plus the force of pre-pressure of the 
valve springs. The formulas for determination of the valve throughput capacity of the valve, analysis of which showed 
that to ensure a given capacity of the valve by reducing its opening time it is necessary to proportionally increase the 
height of the rise of electro-magnetic valve or the average diameter that is not always possible.
The analysis carried out in the article showed that the efficiency of the proposed system is lower than the declared 
one, and its creation is impossible because there is no electromagnetic air valve satisfying the requirements for it 
in this design. 
Keywords: automobile, internal combustion engine, braking torque, electronic control system.
Cite as: Al-Jumaili Abdulsatar KH Shihan, Serebryakov V.V. Analysis of the effectiveness and the possibility of cre-
ating an auxiliary braking system for an electronically controlled vehicle of the utility patent No. 153247. Traktory 
i sel’khozmashiny. 2021. No 1, pp. 64–72 (in Russ.). DOI: 10.31992/0321-4443-2021-1-64-72.

Ââåäåíèå
Â íàñòîÿùåå âðåìÿ ýëåêòðîííîå óïðàâëåíèå 

ðàáî÷èìè ïðîöåññàìè â àãðåãàòàõ è ñèñòåìàõ 
àâòîìîáèëåé ÿâëÿåòñÿ îäíèì èç ýôôåêòèâíûõ 
è ñîâðåìåííûõ ñïîñîáîâ óëó÷øåíèÿ èõ ýêñ-
ïëóàòàöèîííûõ ïàðàìåòðîâ. Ñðåäñòâà ýëåêòðî-
íèêè ïîçâîëÿþò óâåëè÷èòü ñðåäíþþ ñêîðîñòü 
äâèæåíèÿ àâòîìîáèëåé, ñíèçèòü ðàñõîä òîïëè-
âà, óëó÷øèòü óïðàâëÿåìîñòü, óñòîé÷èâîñòü, 
ïðîõîäèìîñòü è ïëàâíîñòü õîäà, ïîâûñèòü òîð-
ìîçíûå êà÷åñòâà è áåçîïàñíîñòü äâèæåíèÿ, îá-
ëåã÷èòü óïðàâëåíèå àâòîìîáèëåì. 

Âñå ñîâðåìåííûå ýëåêòðîííûå ñèñòåìû àâ-
òîìîáèëÿ – öèôðîâûå. Îáìåí äàííûìè ìåæäó 
íèìè ïðîèñõîäèò ïî ñòàíäàðòíîìó ïðîòîêîëó 
ïî øèíå äàííûõ CAN – Controller Area Network 
(êîíòðîëåðû, îáúåäèíåííûå â ñåòü). Ñêîðîñòü 
ïåðåäà÷è äàííûõ – äî 1 ìåãàáèòà â ñåêóíäó. 
Øèíà CAN ïîçâîëÿåò ñóùåñòâåííî ñíèçèòü 
êîëè÷åñòâî ïðîâîäîâ è ñâÿçåé â àâòîìîáèëå, 
âåäü èíôîðìàöèÿ ìíîãèõ äàò÷èêîâ èñïîëüçó-
åòñÿ â ðàçëè÷íûõ ñèñòåìàõ. Â îòå÷åñòâåííûõ 
àâòîìîáèëÿõ øèíà CAN íàçûâàåòñÿ ìóëüòè-
ïëåêñíîé. Öèôðîâûå ïðèíöèïû ïîäêëþ÷å-
íèÿ ïîçâîëÿþò èñïîëüçîâàòü êàæäûé äàò÷èê 
äëÿ íåñêîëüêèõ ñèñòåì. Ñîâðåìåííûå äàò÷èêè 
äåëàþò èíòåãðèðîâàííûìè â åäèíûå ìîäóëè, 
íàïðèìåð äàò÷èê ÷àñòîòû âðàùåíèÿ (CSWS), 
êîòîðûé âûïîëíåí â êîìïîçèòíîì ñàëüíèêå êî-
ëåí÷àòîãî âàëà. Ðàçìåðû äàò÷èêîâ ïîñòåïåííî 
óìåíüøàþòñÿ, ïîâûøàåòñÿ èõ áûñòðîäåéñòâèå, 
íàäåæíîñòü è òî÷íîñòü. 

Äëÿ ïîâûøåíèÿ òîðìîçíûõ ñâîéñòâ è áåç-
îïàñíîñòè òðàíñïîðòíûå ñðåäñòâà îñíàùàþò: 

1) àíòèáëîêèðîâî÷íîé ñèñòåìîé (ÀÁÑ). Îíà 
èìååò ýëåêòðîííûé áëîê óïðàâëåíèÿ (ÝÁÓ) 

ñ ìèêðîïðîöåññîðîì, êîòîðûé îáðàáàòûâàåò 
ñèãíàëû îò äàò÷èêîâ è ïîäàåò òîê íà ýëåêòðî-
ìàãíèòíûå êëàïàíû;

2) ýëåêòðîííîé ñèñòåìîé ðàñïðåäåëåíèÿ 
òîðìîçíûõ óñèëèé ìåæäó êîëåñàìè ïåðåä-
íåé è çàäíåé îñåé EBD – Electronic Brake 
Distribution). Îíà ÿâëÿåòñÿ äîïîëíåíèåì ABS 
è ïðèìåíÿåòñÿ äëÿ êàê ìîæíî áîëåå ïîçäíåãî 
âñòóïëåíèÿ â ðàáîòó ABS;

3) ïðåâåíòèâíîé ñèñòåìîé ýêñòðåííîãî òîð-
ìîæåíèÿ PEBS – Preventive Electronic Brake 
System, êîòîðàÿ îöåíèâàåò ðàññòîÿíèå ìåæäó 
àâòîìîáèëÿìè è ïîäàåò çâóêîâîé è/èëè âèçó-
àëüíûé ñèãíàëû, âêëþ÷àåò îñÿçàòåëüíîå îïî-
âåùåíèå (íàïðèìåð, ðåçêèé òîðìîçíîé òîë÷îê, 
âî âðåìÿ êîòîðîãî ìàøèíà ðåçêî ïðèòîðìàæè-
âàåò, ÷òî ïîçâîëÿåò àêòèâèçèðîâàòü âíèìàíèå 
âîäèòåëÿ), à ïðè áåçäåéñòâèè âîäèòåëÿ – âêëþ-
÷àåò ôóíêöèþ àâòîìàòè÷åñêîãî ýêñòðåííîãî 
òîðìîæåíèÿ;

4) ýëåêòðîííîé ñèñòåìîé êîíòðîëÿ óñòîé-
÷èâîñòè ESP – Electronic Stability Program. Ýòî 
äîïîëíèòåëüíàÿ îïöèÿ ÀBS ñ äàò÷èêàìè ïîëî-
æåíèÿ äðîññåëüíîé çàñëîíêè, ïîëîæåíèÿ ðóëÿ 
è ïîâîðîòà àâòîìîáèëÿ âîêðóã âåðòèêàëüíîé îñè.

Îäíèì èç ïåðñïåêòèâíûõ ïóòåé ñîâåðøåí-
ñòâîâàíèÿ òðàíñïîðòíûõ ñðåäñòâ ÿâëÿåòñÿ 
èñïîëüçîâàíèå â êà÷åñòâå âñïîìîãàòåëüíîé 
òîðìîçíîé ñèñòåìû àâòîìîáèëÿ äâèãàòåëÿ 
âíóòðåííåãî ñãîðàíèÿ (ÄÂÑ) ñ ýëåêòðîííûì 
óïðàâëåíèåì åãî òîðìîçíûì ìîìåíòîì [1−5]. 
Â 2015 ã. áûë îïóáëèêîâàí ïàòåíò № 153247 
íà ïîëåçíóþ ìîäåëü «Âñïîìîãàòåëüíàÿ òîð-
ìîçíàÿ ñèñòåìà àâòîìîáèëÿ ñ ýëåêòðîííûì 
óïðàâëåíèåì» [1], â êîòîðîì óòâåðæäàåòñÿ, 
÷òî ýòà ìîäåëü ïîâûøàåò òîðìîçíîé ìîìåíò 
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ÄÂÑ â 2,5−3 ðàçà, ÷òî ìîæåò çàèíòåðåñîâàòü 
ïðîèçâîäèòåëåé. Îäíàêî ïðåäâàðèòåëüíîå èç-
ó÷åíèå äàííîé ïîëåçíîé ìîäåëè ïîêàçàëî, 
÷òî â íåé èìåþòñÿ ñåðüåçíûå îøèáêè. Îíè 
ñâÿçàííû ñ íåîáõîäèìîñòüþ áûñòðîãî èçìåíå-
íèÿ äàâëåíèÿ â öèëèíäðàõ ñ ïîìîùüþ ýëåêòðî-
ìàãíèòíîãî êëàïàíà â òå÷åíèå î÷åíü ìàëîãî 
âðåìåíè åãî îòêðûòèÿ è ñ íåîáõîäèìîñòüþ 
åãî îòêðûòèÿ ïðè áîëüøîì ïåðåïàäå äàâëå-
íèé. Òàêæå íå ó÷òåíî îãðàíè÷åíèå äàâëåíèÿ 
â âûïóñêíîì òðàêòå ñèëîé ïðåäâàðèòåëüíî-
ãî ïîäæàòèÿ êëàïàííûõ ïðóæèí. Ýòè îøèáêè 
âûçûâàþò ñîìíåíèå íå òîëüêî â ðåàëèçàöèè 
çàÿâëåííîé ýôôåêòèâíîñòè äàííîé ïîëåçíîé 
ìîäåëè, íî è â âîçìîæíîñòè åå ñîçäàíèÿ. 

Öåëü èññëåäîâàíèé
Àíàëèç ýôôåêòèâíîñòè è âîçìîæíîñòè ñîç-

äàíèÿ ïðåäëîæåííîé âñïîìîãàòåëüíîé òîð-
ìîçíîé ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîííûì 
óïðàâëåíèåì. 

Îïèñàíèå âñïîìîãàòåëüíîé òîðìîçíîé 
ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîííûì 
óïðàâëåíèåì ïî ïàòåíòó íà ïîëåçíóþ 
ìîäåëü № 153247
Ñõåìà âñïîìîãàòåëüíîé òîðìîçíîé ñèñòå-

ìû àâòîìîáèëÿ ñ ýëåêòðîííûì óïðàâëåíèåì 
ïðèâåäåíà íà ðèñ. 1. Ïíåâìàòè÷åñêèé êîíòóð 
âêëþ÷àåò â ñåáÿ êîìïðåññîð 1 îñíîâíîé òîð-
ìîçíîé ñèñòåìû, ñâÿçàííûé âîçäóõîâîäàìè 2 
ñ îäíîé ñòîðîíû ñ âîçäóøíûì ôèëüòðîì 3 
è âîçäóõîçàáîðíèêîì 4 øòàòíîé ñèñòåìû ïè-
òàíèÿ âîçäóõîì, à ñ äðóãîé ñòîðîíû ÷åðåç íà-
ãíåòàòåëüíûé êëàïàí 5 ñ ðåñèâåðîì 6 îñíîâíîé 
òîðìîçíîé ñèñòåìû. Ðåñèâåð, â ñâîþ î÷åðåäü, 
âîçäóõîâîäàìè 2 ÷åðåç ïíåâìàòè÷åñêóþ ñåêöèþ 
7 òîðìîçíîãî êðàíà 8 è ýëåêòðîìàãíèòíûé âîç-
äóøíûé êëàïàí 9 ñâÿçàí ñ íàäïîðøíåâûì ïðî-
ñòðàíñòâîì 10, ñîîáùàþùèìñÿ ÷åðåç âïóñêíîé 
êëàïàí 11 è âûïóñêíîé êëàïàí 12 ñ âïóñêíûì 
ïàòðóáêîì 13 è âûïóñêíûì ïàòðóáêîì 14, ñî-
îòâåòñòâåííî. Êðîìå òîãî, ðåñèâåð âîçäóõî-

Ðèñ. 1. Ñõåìà âñïîìîãàòåëüíîé òîðìîçíîé ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîííûì óïðàâëåíèåì 
ïî ïàòåíòó íà ïîëåçíóþ ìîäåëü № 153247

Fig. 1. Diagram of the auxiliary braking system of an electronically controlled vehicle according 
to the utility patent No. 153247
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âîäàìè ÷åðåç ïíåâìàòè÷åñêóþ ñåêöèþ òîð-
ìîçíîãî êðàíà ñâÿçàí ñ ïíåâìîöèëèíäðîì 15 
ïðèâîäà çàñëîíêè 16 âïóñêíîãî ïàòðóáêà 13, 
ïíåâìîöèëèíäðîì 17 ïðèâîäà çàñëîíêè 18 âû-
ïóñêíîãî ïàòðóáêà 14, à òàêæå ïíåâìîöèëèí-
äðîì îòêëþ÷åíèÿ ïîäà÷è òîïëèâà 19 òîïëèâíî-
ãî íàñîñà âûñîêîãî äàâëåíèÿ (ÒÍÂÄ) 20. 

Íà ðèñ. 2 ïðèâåäåíà ñõåìà òîðìîçíîãî 
êðàíà, êîòîðûé ñîñòîèò èç êîðïóñà 21 ñ ïîä-
âîäÿùèì øòóöåðîì 22 è îòâîäÿùèì øòóöå-
ðîì 23 ïíåâìàòè÷åñêîé ñåêöèè, êðûøêè 24. 
Â êðûøêå íà îñè 25 óñòàíîâëåí ðû÷àã 26, ñîå-
äèíåííûé ñ îäíîé ñòîðîíû ÷åðåç øòîê 27 ñ ïå-
äàëüþ 28, à ñ äðóãîé – ñ çîëîòíèêîì 29, èìå-
þùèì ïðîòî÷êó 30, âîçâðàòíóþ ïðóæèíó 31 
è óïëîòíåíèå 33. 

Ðèñ. 2. Ñõåìà òîðìîçíîãî êðàíà âñïîìîãàòåëüíîé 
òîðìîçíîé ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîííûì 

óïðàâëåíèåì ïî ïàòåíòó íà ïîëåçíóþ ìîäåëü № 153247

Fig. 2. Diagram of the brake valve of the auxiliary 
brake system of an electronically controlled vehicle 

according to utility patent No. 153247

Ýëåêòðè÷åñêèé êîíòóð âêëþ÷àåò â ñåáÿ âû-
êëþ÷àòåëü 34 ñ êíîïêîé 35 (ðèñ. 2), ñîåäèíåí-
íûé ýëåêòðè÷åñêèìè ïðîâîäàìè 36 ÷åðåç ÝÁÓ 
37, êîòîðûé ïîëó÷àåò ñèãíàë îò äàò÷èêà ïîëî-
æåíèÿ êîëåí÷àòîãî âàëà 38, ñ îáìîòêîé ýëåê-
òðîìàãíèòíîãî âîçäóøíîãî êëàïàíà 9. Ïðè÷åì 
âûêëþ÷àòåëü 34 ïðèñîåäèíåí ïðè ïîìîùè äåòà-
ëåé êðåïëåíèÿ 32 ê êîðïóñó òîðìîçíîãî êðàíà 21 
òàêèì îáðàçîì, ÷òî çîëîòíèê 29, íàõîäÿñü 
â èñõîäíîì ïîëîæåíèè ïîä äåéñòâèåì ïðóæè-
íû 31, íàæèìàåò íà êíîïêó 35 âûêëþ÷àòåëÿ 34, 
ðàçìûêàÿ åãî êîíòàêòû. 

Âñïîìîãàòåëüíàÿ òîðìîçíàÿ ñèñòåìà àâòî-
ìîáèëÿ ñ ýëåêòðîííûì âñïîìîãàòåëüíîé òîð-
ìîçíîé ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîííûì 
óïðàâëåíèåì ïî ïàòåíòó íà ïîëåçíóþ ìîäåëü 
№ 153247 ðàáîòàåò ñëåäóþùèì îáðàçîì.

Â ðåñèâåðå ïîääåðæèâàåòñÿ äàâëåíèå â èí-
òåðâàëå îò 0,6 äî 0,75 ÌÏà. Êîãäà âîäèòåëü 
âîçäåéñòâóåò íà ïåäàëü òîðìîçíîãî êðàíà, ïåðå-
ìåùàåòñÿ øòîê, êîòîðûé ïîñðåäñòâîì ðû÷àãà 
ïåðåìåùàåò çîëîòíèê. Ïðè ýòîì êîëüöåâàÿ ïðî-
òî÷êà 30 ñîâìåùàåòñÿ ñ êàíàëàìè ïîäâîäÿùåãî 
22 è îòâîäÿùåãî 23 øòóöåðà ïíåâìàòè÷åñêîé 
ñåêöèè 7, ñîîáùàÿ ðåñèâåð 6 ÷åðåç âîçäóõîâî-
äû ñ ýëåêòðîìàãíèòíûì âîçäóøíûì êëàïàíîì 
è ïíåâìîöèëèíäðàìè 15, 17 è 19. Ïðè ýòîì çà-
ñëîíêà 16 ïåðåêðûâàåò âïóñêíîé ïàòðóáîê 13, 
çàñëîíêà 18 ïåðåêðûâàåò âûïóñêíîé ïàòðóáîê 
14, à ðåéêà ÒÍÂÄ 20 ïåðåìåùàåòñÿ â ïîëîæåíèå 
íóëåâîé ïîäà÷è òîïëèâà. Ïðè ýòîì âûêëþ÷à-
òåëü 34 ïîäàåò íàïðÿæåíèå íà ÝÁÓ. 

Íà ðèñ. 3 ïðèâåäåíà âçÿòàÿ èç îïèñàíèÿ ïà-
òåíòà [1] ðàñ÷åòíàÿ èíäèêàòîðíàÿ äèàãðàììà 
èçìåíåíèÿ äàâëåíèÿ â öèëèíäðå äâèãàòåëÿ 
ßÌÇ-238Ì2 â ðåæèìå òîðìîæåíèÿ ñ ïðåäëàãà-
åìîé è øòàòíîé âñïîìîãàòåëüíûìè òîðìîçíû-
ìè ñèñòåìàìè. 

Àíàëèç ýôôåêòèâíîñòè 
è âîçìîæíîñòè ñîçäàíèÿ 
âñïîìîãàòåëüíîé òîðìîçíîé 
ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîííûì 
óïðàâëåíèåì ïî ïàòåíòó 
íà ïîëåçíóþ ìîäåëü № 153247
Àíàëèç âñïîìîãàòåëüíîé òîðìîçíîé ñèñòå-

ìû ïðîâåäåì ïî âñåì òàêòàì ÷åòûðåõòàêòíîãî 
ÄÂÑ ñ èñïîëüçîâàíèåì äèàãðàìì ôàç ãàçîðà-
ñïðåäåëåíèÿ (ðèñ. 4). 

Ïðîâåäåì àíàëèç îïèñàííîãî â ïàòåíòå [1] 
àëãîðèòìà ðàáîòû ïðåäëîæåííîé ñèñòåìû 
è âûÿâèì äîïóùåííûå îøèáêè. 

1. Äèàãðàììà (ðèñ. 3) íà÷èíàåòñÿ ñ òàêòà 
âïóñê, êîòîðûé àâòîðû íàçâàëè òàêòîì ðàñ-
øèðåíèÿ (îò òî÷êè r äî òî÷êè a, è îò òî÷êè e 
äî òî÷êè a′), ïîñêîëüêó âïóñêíîé ïàòðóáîê ïå-
ðåêðûò çàñëîíêîé, è âîçäóõ â íåãî íå âïóñêàåò-
ñÿ. Îòìå÷àåòñÿ, ÷òî äâèãàòåëåì íà ýòîì òàêòå 
ñîâåðøàåòñÿ ïðåèìóùåñòâåííî îòðèöàòåëüíàÿ 
ðàáîòà çà ñ÷åò ðàçðåæåíèÿ. 

Îäíàêî ýòî íåâåðíî. Â ïàòåíòå íå ó÷òåíî, 
÷òî íà ýòîì òàêòå âñàñûâàþùèé êëàïàí ñîîá-
ùàåò öèëèíäð ñ çàêðûòûì âïóñêíûì ïàòðóá-
êîì (ðèñ. 4), êîòîðûé èìååò îáúåì, áîëüøèé, 
÷åì ðàáî÷èé îáúåì öèëèíäðà, ÷òî óìåíüøàåò 
ñíèæåíèå äàâëåíèÿ. Òàêò íà÷èíàåòñÿ ñ äàâëå-
íèÿ ïîðÿäêà 0,75 ÌÏà (òî÷êà r), ïîýòîìó ðàç-
ðÿæåíèå (ñíèæåíèå äàâëåíèÿ íèæå 0,1 ÌÏà) 
íå áóäåò äîñòèãíóòî, à, ñëåäîâàòåëüíî îòðèöà-
òåëüíàÿ ðàáîòà áóäåò îòñóòñòâîâàòü.
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2. Íà äèàãðàììå âèäíî, ÷òî çà 20−30° 
äî í.ì.ò. (îò òî÷êè a äî òî÷êè b, è îò òî÷êè a′ 
äî òî÷êè b′) ââåäåíû äîïîëíèòåëüíûå òàêòû 
âïóñêà ñæàòîãî âîçäóõà â öèëèíäðû èç ðåñèâå-
ðà ñ ïîìîùüþ ýëåêòðîêëàïàíà, óïðàâëÿåìîãî 
ÝÁÓ. Îòìå÷àåòñÿ, ÷òî äâèãàòåëåì íà ýòîì äî-
ïîëíèòåëüíîì òàêòå ñîâåðøàåòñÿ ïðåèìóùå-
ñòâåííî ïîëîæèòåëüíàÿ ðàáîòà, îäíàêî â ïà-
òåíòå íå ó÷òåíî, ÷òî ýòà ðàáîòà áëèçêà ê íóëþ, 
ò.ê. ïðàêòè÷åñêè îòñóòñòâóåò âåðòèêàëüíîå 
ïåðåìåùåíèå ïîðøíÿ. Êðîìå òîãî, â ïàòåíòå 
íå ó÷òåíî, ÷òî âûïóñêíîé êëàïàí íà äîïîëíè-
òåëüíîì òàêòå âñàñûâàíèÿ îòêðûò, îí çàêðû-
âàåòñÿ ñ çàïàçäûâàíèåì ïîñëå ïðîõîæäåíèÿ 
ïîðøíåì â.ì.ò. íà óãîë 10–50°. Ïîýòîìó ïðè îò-
êðûòèè ýëåêòðîêëàïàíà äàâëåíèå äîëæíî ïîä-
íèìàòüñÿ â ñóììàðíîì îáúåìå öèëèíäðà è âû-
ïóñêíîãî òðàêòà çà î÷åíü êîðîòêîå âðåìÿ. Ýòî 
ïðåäúÿâëÿåò òðóäíîâûïîëíèìûå òðåáîâàíèÿ 
ê ýëåêòðîìàãíèòíîìó êëàïàíó: îí äîëæåí îá-
ëàäàòü áîëüøèì áûñòðîäåéñòâèåì è ïðîïóñê-
íîé ñïîñîáíîñòüþ, åãî ïðóæèíû äîëæíû èìåòü 
áîëüøîå ïðåäâàðèòåëüíîå ïîäæàòèå, ÷òîáû 
îí óäåðæèâàë ñ çàïàñîì äàâëåíèå â ðåñèâåðå, 
êîòîðîå äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè òîð-

ìîæåíèÿ äâèãàòåëåì â ïàòåíòå ðåêîìåíäóåòñÿ 
ìàêñèìàëüíî ïîâûøàòü. 

3. Íà âòîðîì äîïîëíèòåëüíîì òàêòå îò 
òî÷êè b′ äî òî÷êè d′ ïðîáëåìà òàêàÿ æå, 
êàê â ïðåäûäóùåì ñëó÷àå, òîëüêî îíà óñóãó-
áëÿåòñÿ òåì, ÷òî â ñâÿçè ñ ïåðåêðûòèåì êëàïà-
íîâ ñæèìàåìûé îáúåì óâåëè÷èâàåòñÿ íà îáúåì 
âûïóñêíîãî òðàêòà, ÷òî ïîòðåáóåò óâåëè÷åíèÿ 
ïðîïóñêíîé ñïîñîáíîñòè ýëåêòðîìàãíèòíîãî 
êëàïàíà. 

4. Â ïàòåíòå îòìå÷àåòñÿ, ÷òî â èíòåðâàëå 
îò í.ì.ò. äî 20–30° äî â.ì.ò. (îò òî÷êè b äî òî÷êè 
d íà òàêòå ñæàòèÿ, îò òî÷êè b′ äî òî÷êè d′ 
íà òàêòå âûïóñêà) ñîâåðøàåòñÿ ìàêñèìàëüíàÿ 
îòðèöàòåëüíàÿ ðàáîòà ñæàòèÿ. Íà äîïîëíè-
òåëüíûõ òàêòàõ ðàñøèðåíèÿ îò òî÷êè d äî òî÷êè 
å íà òàêòå ñæàòèÿ, îò òî÷êè d′ äî òî÷êè r′ ñîâåð-
øàåòñÿ îòðèöàòåëüíàÿ ðàáîòà âûïóñêà ñæàòîãî 
âîçäóõà èç íàäïîðøíåâîãî ïðîñòðàíñòâà ÷åðåç 
ýëåêòðîìàãíèòíûé âîçäóøíûé êëàïàí â ðå-
ñèâåð. Ýòî âåðíî òîëüêî äëÿ ëèíèè îò òî÷êè 
b äî òî÷êè d. Îò òî÷êè d äî òî÷êè å íà òàêòå 
ñæàòèÿ îòðèöàòåëüíàÿ ðàáîòà íå ñîâåðøàåòñÿ 
– ïðîèñõîäèò ïðîñòî âûïóñê ñæàòîãî âîçäó-
õà èç íàäïîðøíåâîãî ïðîñòðàíñòâà, ÷òîáû îí 

Ðèñ. 3. Ðàñ÷åòíàÿ èíäèêàòîðíàÿ äèàãðàììà èçìåíåíèÿ äàâëåíèÿ â öèëèíäðå äâèãàòåëÿ ßÌÇ-238Ì2 
â ðåæèìå òîðìîæåíèÿ ñ ïðåäëàãàåìîé (ïî ïàòåíòó íà ïîëåçíóþ ìîäåëü № 153247) 

è øòàòíîé âñïîìîãàòåëüíûìè òîðìîçíûìè ñèñòåìàìè: 
í.ì.ò.– íèæíÿÿ ìåðòâûå òî÷êà; â.ì.ò. – âåðõíÿÿ ìåðòâàÿ òî÷êà; 

ñïëîøíàÿ ëèíèÿ – ïðåäëîæåííàÿ ñèñòåìà, øòðèõîâàÿ ëèíèÿ – øòàòíàÿ ñèñòåìà

Fig. 3. Calculated indicator diagram of the pressure change in the cylinder of the YaMZ-238M2 engine 
in the braking mode with the proposed (according to the utility patent No. 153247) and standard auxiliary 

brake systems: l.d.c. – lower dead center; u.d.c. – upper dead center; solid line – proposed system, 
dashed line – standard system
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íå ñîâåðøèë ïîëîæèòåëüíóþ ðàáîòó íà ñëå-
äóþùåì òàêòå. Ñëåäóåò îòìåòèòü, ÷òî äëÿ áû-
ñòðîãî ñáðîñà äàâëåíèÿ ýëåêòðîìàãíèòíûé 
êëàïàí äîëæåí ìàêñèìàëüíî áûñòðî îòðûòü 
áîëüøîå ïðîõîäíîå ñå÷åíèå â òî÷êå d, ïðåîäî-
ëåâàÿ ñèëó äåéñòâóþùåãî íà òàðåëêó êëàïàíà 
âûñîêîãî äàâëåíèÿ (7,5 ÌÏà) è ñèëó ïðåäâà-
ðèòåëüíîãî ïîäæàòèÿ êëàïàííûõ ïðóæèí. Ýòî 
î÷åíü òðóäíîâûïîëíèìûå òðåáîâàíèÿ.

5. Ëèíèÿ äàâëåíèÿ îò òî÷êè b′ äî òî÷êè d′ 
íà òàêòå âûïóñêà èçîáðàæåíà íåâåðíî. Â ïàòåí-
òå íå ó÷òåíî, ÷òî äàâëåíèå â âûïóñêíîì òðàêòå 
îãðàíè÷åíî ñèëîé ïðåäâàðèòåëüíîãî ïîäæàòèÿ 
ïðóæèí âûïóñêíûõ êëàïàíîâ äâèãàòåëÿ, îíî 
íå äîëæíî ïðåâûøàòü ìàêñèìàëüíîå äàâëåíèå 
â ðåñèâåðå è äàæå áûòü ìåíüøå (ðåêîìåíäóåò-
ñÿ 0,3 ÌÏà). Ïîýòîìó ëèíèÿ äàâëåíèÿ îò òî÷êè 
b′ äî òî÷êè d′ äîëæíà èäòè ïàðàëëåëüíî îñè 
àáñöèññ, ÷òî ñíèæàåò âîçìîæíîñòü ïîëó÷åíèÿ 
çàâëåííîãî ïîâûøåíèÿ ýôôåêòèâíîñòè òîðìî-
æåíèÿ â 2,5−3 ðàçà.

Ìàòåìàòè÷åñêîå îáîñíîâàíèå 
òðåáîâàíèé ê ýëåêòðîìàãíèòíîìó 
âîçäóøíîìó êëàïàíó âñïîìîãàòåëüíîé 
òîðìîçíîé ñèñòåìû àâòîìîáèëÿ 
ñ ýëåêòðîííûì óïðàâëåíèåì 
ïî ïàòåíòó íà ïîëåçíóþ ìîäåëü 
№ 153247
Âî âðåìÿ ðàáîòû äâèãàòåëÿ ìåíÿþòñÿ 

êàê ïðîõîäíîå ñå÷åíèå êëàïàíà, òàê è ïðîäîë-
æèòåëüíîñòü åãî îòêðûòèÿ. Ïëîùàäü ïðîõîä-
íîãî ñå÷åíèÿ (ðèñ. 5, à), ðàññ÷èòûâàþò ïî ôîð-
ìóëå:
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Íà ðèñ. 5, á âèäíî, êàê ïëàâíî ïåðåìå-
ùàþòñÿ øòàòíûå êëàïàíû, à ïðåäëîæåííûé 
â ïàòåíòå ýëåêòðîìàãíèòíûé êëàïàí äîëæåí 

Ðèñ. 4. Òàêòû ÷åòûðåõòàêòíîãî ÄÂÑ (à) è äèàãðàììû ôàç ãàçîðàñïðåäåëåíèÿ: ÷åòûðåõòàêòíîãî 
êàðáþðàòîðíîãî äâèãàòåëÿ ÇÈË-130 (á) è äèçåëüíîãî äâèãàòåëÿ ÊÀÌÀÇ-740 (â)

Fig. 4. Strokes of a four-stroke internal combustion engine (a) and valve timing diagrams of: 
a four-stroke ZIL-130 carburetor engine (b) and a KAMAZ-740 diesel engine (c)
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ïåðåìåùàòüñÿ áîëåå ÷åì â 10 ðàç áûñòðåå. 
Èç ôàç ãàçîðàñïðåäåëåíèÿ äâèãàòåëÿ ÇÈË-130
(ðèñ. 4, á) âèäíî, ÷òî âïóñêíîé êëàïàí îò-
êðûâàåòñÿ çà 31° äî ïðèõîäà ïîðøíÿ â â.ì.ò., 
à âûïóñêíîé êëàïàí çàêðûâàåòñÿ ïðè óãëå 
47° ïîâîðîòà êîëåí÷àòîãî âàëà ïîñëå â.ì.ò., 
ñëåäîâàòåëüíî óãîë ïåðåêðûòèÿ êëàïàíîâ ñî-
ñòàâëÿåò 78°. Îòêðûòèå âûïóñêíîãî êëàïàíà 
ïðîèñõîäèò ñ îïåðåæåíèåì íà 67° äî í.ì.ò., 
à çàêðûòèå âïóñêíîãî êëàïàíà – ñ çàïàçäûâà-
íèåì íà 83° ïîñëå í.ì.ò. Òàêèì îáðàçîì, îáùàÿ 
ïðîäîëæèòåëüíîñòü îòêðûòèÿ êàæäîãî êëàïà-
íà ñîñòàâëÿåò 294° ïî óãëó ïîâîðîòà êîëåí÷à-
òîãî âàëà äâèãàòåëÿ. Â ïàòåíòå ïðåäëàãàåòñÿ 
îñóùåñòâèòü ãàçîîáìåí ýëåêòðîìàãíèòíûì 
êëàïàíîì çà âðåìÿ ïîâîðîòà êîëåí÷àòîãî âàëà 
íà 20−30°, ò.å. íà ïîðÿäîê áûñòðåå, ÷òî âûçûâà-
åò áîëüøèå ñîìíåíèÿ, äëÿ îáîñíîâàíèÿ êîòî-
ðûõ èñïîëüçóåì ïîêàçàòåëü «âðåìÿ – ñå÷åíèå». 
Îí õàðàêòåðèçóåò ïðîïóñêíóþ ñïîñîáíîñòü 
êëàïàíà è ìàòåìàòè÷åñêè ïðåäñòàâëÿåò ñîáîé 
èíòåãðàë îò ïðîõîäíîãî ñå÷åíèÿ ïî âðåìåíè:
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ïåðåìåùåíèÿ êëàïàíà îò óãëà ïîâîðîòà êóëà÷-
êà (ðèñ. 5, á).

Èç àíàëèçà ðèñ. 5, á è ïðèâåäåííûõ ôîðìóë 
ñëåäóåò, ÷òî äëÿ îáåñïå÷åíèÿ ñîõðàíåíèÿ ïðî-
ïóñêíîé ñïîñîáíîñòè êëàïàíà (ïîñòîÿíñòâà ïëî-

ùàäè ïîä êðèâîé åãî ïåðåìåùåíèÿ) ïðè ìåíü-
øåì óãëå ïîâîðîòà êîëåíâàëà íåîáõîäèìî 
ïðîïîðöèîíàëüíî óâåëè÷èâàòü âûñîòó ïîäúåìà 
ýëåêòðîìàãíèòíîãî êëàïàíà (èëè åãî äèàìåòð). 
Ïîñêîëüêó â ïðåäëîæåííîì ïàòåíòå [1] óãîë 
ïîâîðîòà êîëåíâàëà, íà êîòîðîì ñðàáàòûâàåò 
ýëåêòðîìàãíèòíûé êëàïàí, óìåíüøåí â 10 ðàç 
ïî ñðàâíåíèþ ñî øòàòíûì êëàïàíîì, òî ýëåê-
òðîìàãíèòíûé êëàïàí äîëæåí èìåòü áîëüøèå 
ãàáàðèòû, ÷òî êîíñòðóêòèâíî íåîñóùåñòâèìî.

Çàêëþ÷åíèå
Ïðîâåäåííûé àíàëèç ýôôåêòèâíîñòè è âîç-

ìîæíîñòè ñîçäàíèÿ âñïîìîãàòåëüíîé òîð-
ìîçíîé ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîííûì 
óïðàâëåíèåì ïî ïàòåíòó íà ïîëåçíóþ ìîäåëü 
№ 153247 ïîçâîëÿåò ñäåëàòü ñëåäóþùèå âûâîäû.

1. Â îïèñàíèè ïàòåíòà íå ó÷òåíî, ÷òî 
íà ýòîì òàêòå âñàñûâàíèÿ êëàïàí ñîîáùàåò öè-
ëèíäð ñ çàêðûòûì çàñëîíêîé âïóñêíûì ïàòðóá-
êîì (ðèñ. 4), êîòîðûé èìååò îáúåì, áîëüøèé, 
÷åì ðàáî÷èé îáúåì öèëèíäðà, ÷òî óìåíüøàåò 
ñíèæåíèå äàâëåíèÿ. Òàêò íà÷èíàåòñÿ ñ äàâëå-
íèÿ ïîðÿäêà 0,75 ÌÏà (òî÷êà r), ïîýòîìó ðàç-
ðÿæåíèå (ñíèæåíèå äàâëåíèÿ íèæå 0,1 ÌÏà) 
íå áóäåò äîñòèãíóòî, à ñëåäîâàòåëüíî, îòðèöà-
òåëüíàÿ ðàáîòà áóäåò îòñóòñòâîâàòü.

2. Â ïàòåíòå íå ó÷òåíî, ÷òî íà äîïîëíèòåëü-
íîì òàêòå âñàñûâàíèÿ (îò òî÷êè a äî òî÷êè b, 
è îò òî÷êè a′ до точки b′) âûïóñêíîé êëàïàí 
îòêðûò (ðèñ. 3), ïîñêîëüêó îí çàêðûâàåòñÿ ñ çà-
ïàçäûâàíèåì ïîñëå ïðîõîæäåíèÿ ïîðøíåì 
â.ì.ò. íà óãîë 10–50°. Ïîýòîìó ïðè îòêðûòèè 
ýëåêòðîêëàïàíà äàâëåíèå äîëæíî ïîäíèìàòü-
ñÿ â ñóììàðíîì îáúåìå öèëèíäðà è âûïóñêíî-

 à á

Ðèñ. 5. Øòàòíûé êëàïàí â îòêðûòîì ïîëîæåíèè (à) è çàâèñèìîñòè ïåðåìåùåíèÿ êëàïàíà 
îò óãëà ïîâîðîòà êîëåí÷àòîãî âàëà (õàðàêòåðèñòèêè «âðåìÿ – ñå÷åíèå» êëàïàíà) (á)

Fig. 5. The standard valve in the open position (a) and the dependence of the valve movement 
on the angle of rotation of the crankshaft (characteristics of the “time – section” of the valve) (b)



Al-Jumaili Abdulsatar KH Shihan, Serebryakov V.V. 
Analysis of the effectiveness and the possibility of creating an auxiliary braking system 

for an electronically controlled vehicle of the utility patent No. 153247

ISSN 0321-4443 Tractors and Agricultural Machinery, No 1, 2021

Q
U

A
L

IT
Y,

 R
E

L
IA

B
IL

IT
Y

71

ãî òðàêòà çà î÷åíü êîðîòêîå âðåìÿ, ñîîòâåò-
ñòâóþùåå ïîâîðîòó êîëåíâàëà íà 20–30î. Ýòî 
ïðåäúÿâëÿåò òðóäíîâûïîëíèìûå òðåáîâàíèÿ 
ê ýëåêòðîìàãíèòíîìó êëàïàíó: îí äîëæåí îá-
ëàäàòü áîëüøèì áûñòðîäåéñòâèåì è ïðîïóñê-
íîé ñïîñîáíîñòüþ, åãî ïðóæèíû äîëæíû èìåòü 
áîëüøîå ïðåäâàðèòåëüíîå ïîäæàòèå, ÷òîáû îí 
óäåðæèâàë ñ çàïàñîì äàâëåíèå â ðåñèâåðå.

3. Íà âòîðîì äîïîëíèòåëüíîì òàêòå îò òî÷- 
êè b′ äî òî÷êè d′ (ðèñ. 3) ïðîáëåìà òàêàÿ æå, 
êàê â ïðåäûäóùåì ñëó÷àå, òîëüêî îíà óñóãó-
áëÿåòñÿ òåì, ÷òî â ñâÿçè ñ ïåðåêðûòèåì êëàïà-
íîâ ñæèìàåìûé îáúåì óâåëè÷èâàåòñÿ íà îáúåì 
âûïóñêíîãî òðàêòà, ÷òî ïîòðåáóåò óâåëè÷åíèÿ 
ïðîïóñêíîé ñïîñîáíîñòè ýëåêòðîìàãíèòíîãî 
êëàïàíà. 

4. Íà äîïîëíèòåëüíûõ òàêòàõ ðàñøèðåíèÿ 
îò òî÷êè d (ðèñ. 3) äî òî÷êè å íà òàêòå ñæàòèÿ, 
îò òî÷êè d′ äî òî÷êè r′ ñîâåðøàåòñÿ îòðè-
öàòåëüíàÿ ðàáîòà âûïóñêà ñæàòîãî âîçäóõà 
èç íàäïîðøíåâîãî ïðîñòðàíñòâà ÷åðåç ýëåêòðî-
ìàãíèòíûé âîçäóøíûé êëàïàí â ðåñèâåð. Ýòî 
íåâåðíî – îòðèöàòåëüíàÿ ðàáîòà íå ñîâåðøàåò-
ñÿ, ïðîèñõîäèò ïðîñòî âûïóñê ñæàòîãî âîçäó-
õà èç íàäïîðøíåâîãî ïðîñòðàíñòâà, ÷òîáû îí 
íå ñîâåðøèë ïîëîæèòåëüíóþ ðàáîòó íà ñëåäó-
þùåì òàêòå.

5. Äëÿ áûñòðîãî ñáðîñà äàâëåíèÿ ýëåê-
òðîìàãíèòíûé êëàïàí äîëæåí ìàêñèìàëüíî 
áûñòðî îòðûòü áîëüøîå ïðîõîäíîå ñå÷åíèå 
â òî÷êå d (ðèñ. 3), ïðåîäîëåâàÿ ñèëó äåéñòâó-
þùåãî íà òàðåëêó êëàïàíà âûñîêîãî äàâëåíèÿ 
(7,5 ÌÏà) è ñèëó ïðåäâàðèòåëüíîãî ïîäæàòèÿ 
êëàïàííûõ ïðóæèí. Ýòî î÷åíü òðóäíîâûïîë-
íèìûå òðåáîâàíèÿ.

6. Ëèíèÿ äàâëåíèÿ îò òî÷êè b′ äî òî÷êè d′ 
(ðèñ. 3) íà òàêòå âûïóñêà èçîáðàæåíà íåâåðíî. 
Â ïàòåíòå íå ó÷òåíî, ÷òî äàâëåíèå â âûïóñêíîì 
òðàêòå îãðàíè÷åíî ñèëîé ïðåäâàðèòåëüíîãî 
ïîäæàòèÿ ïðóæèí âûïóñêíûõ êëàïàíîâ äâèãà-
òåëÿ, îíî íå äîëæíî ïðåâûøàòü ìàêñèìàëüíîå 
äàâëåíèå â ðåñèâåðå è äàæå áûòü ìåíüøå (ðåêî-
ìåíäóåòñÿ 0,3 ÌÏà). Ïîýòîìó ëèíèÿ äàâëåíèÿ 
îò òî÷êè b′ äî òî÷êè d′ äîëæíà èäòè ïàðàëëåëü-
íî îñè àáñöèññ, ÷òî ñíèæàåò âîçìîæíîñòü ïî-
ëó÷åíèÿ çàâëåííîãî ïîâûøåíèÿ ýôôåêòèâíî-
ñòè òîðìîæåíèÿ â 2,5–3 ðàçà.

7. Èç àíàëèçà ðèñ. 5, á è ïðèâåäåííûõ 
ôîðìóë (1–3) ñëåäóåò, ÷òî äëÿ îáåñïå÷åíèÿ 
ñîõðàíåíèÿ ïðîïóñêíîé ñïîñîáíîñòè êëàïàíà 
(ïîñòîÿíñòâà ïëîùàäè ïîä êðèâîé åãî ïåðåìå-
ùåíèÿ) ïðè ìåíüøåì óãëå ïîâîðîòà êîëåíâà-
ëà íåîáõîäèìî ïðîïîðöèîíàëüíî óâåëè÷èâàòü 

âûñîòó ïîäúåìà ýëåêòðîìàãíèòíîãî êëàïàíà 
(èëè åãî äèàìåòð). Ïîñêîëüêó â ïðåäëîæåííîì 
ïàòåíòå [1] óãîë ïîâîðîòà êîëåíâàëà, íà êîòî-
ðîì ñðàáàòûâàåò ýëåêòðîìàãíèòíûé êëàïàí, 
óìåíüøåí â 10 ðàç ïî ñðàâíåíèþ ñî øòàò-
íûì êëàïàíîì, òî ýëåêòðîìàãíèòíûé êëàïàí 
äîëæåí èìåòü áóëüøèå ãàáàðèòû, ÷òî êîí-
ñòðóêòèâíî íåîñóùåñòâèìî.

Òàêèì îáðàçîì, ïîñòàâëåííàÿ â íàñòîÿùåé 
ñòàòüå öåëü – ïðîâåäåíèå àíàëèçà ýôôåêòèâíî-
ñòè è âîçìîæíîñòè ñîçäàíèÿ âñïîìîãàòåëüíîé 
òîðìîçíîé ñèñòåìû àâòîìîáèëÿ ñ ýëåêòðîí-
íûì óïðàâëåíèåì ïî ïàòåíòó íà ïîëåçíóþ 
ìîäåëü № 153247 – äîñòèãíóòà. Àíàëèç ïî-
êàçàë, ÷òî çàÿâëåííîå ïîâûøåíèå ýôôåêòèâ-
íîñòè ïðåäëîæåííîé ñèñòåìû çàâûøåíî, à åå 
ñîçäàíèå íåâîçìîæíî, ïîñêîëüêó íå ñóùåñòâó-
åò ýëåêòðîìàãíèòíîãî âîçäóøíîãî êëàïàíà 
óäîâëåòâîðÿþùåãî ïðåäúÿâëÿåìûì ê íåìó 
â äàííîé êîíñòðóêöèè òðåáîâàíèÿì. 
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