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Îñîáåííîñòü ýëåêòðè÷åñêîé ýíåðãèè ñîñòîèò â òîì, ÷òî åå íóæíî ïðîèçâîäèòü â äàííûé ìîìåíò ñòîëüêî, 
ñêîëüêî íåîáõîäèìî ïîòðåáèòåëþ. Îäíàêî ãðàôèêè ïîòðåáëåíèÿ ýíåðãèè èìåþò âåñüìà íåðàâíîìåðíûé õà-
ðàêòåð ïî âðåìåíè ñóòîê. Äëÿ ïîêðûòèÿ ïèêîâûõ íàãðóçîê ïðèìåíÿåòñÿ âûñîêîìàíåâðåííîå îáîðóäîâàíèå, îá-
ëàäàþùåå çà÷àñòóþ ìåíüøåé ýêîíîìè÷íîñòüþ. Ýòî îáîðóäîâàíèå ýêñïëóàòèðóåòñÿ â ðåæèìàõ ÷àñòè÷íîé ìîù-
íîñòè, ãäå åãî ýôôåêòèâíîñòü çàìåòíî ñíèæàåòñÿ. Îäíèì èç ðåàëüíûõ ñïîñîáîâ âûõîäà èç ýòîé ñèòóàöèè ìîæåò 
áûòü èñïîëüçîâàíèå òåïëîâûõ íàñîñîâ (ÒÍ) â ñõåìàõ ñ êîãåíåðàöèîííûìè óñòàíîâêàìè(ÊÓ) íà áàçå òåïëîâûõ 
äâèãàòåëåé. Â ýòîì ñëó÷àå ïîÿâëÿåòñÿ âîçìîæíîñòü èñïîëüçîâàòü òåïëîâîé äâèãàòåëü â ýêîíîìè÷íîì ðåæèìå 
â òå÷åíèå âñåãî âðåìåíè ñóòîê, à èçëèøêè ýëåêòðîýíåðãèè â íî÷íûå ÷àñû íàïðàâèòü íà ïðèâîä òåïëîâîãî íàñî-
ñà. Â ðàáîòå ðàññìîòðåíû äâà âàðèàíòà ðàáîòû êîãåíåðàöèîííîé óñòàíîâêè íà áàçå äèçåëüíîãî äâèãàòåëÿ â ñõå-
ìàõ ýíåðãîîáåñïå÷åíèÿ îòäåëüíîãî ïîòðåáèòåëÿ â óñëîâèÿõ íåðàâíîìåðíîãî ãðàôèêà ýëåêòðè÷åñêîé íàãðóçêè. 
Â êà÷åñòâå ïðèìåðà âçÿòà ÊÓ ôèðìû Wartsila 12V32. Òàêèå óñòàíîâêè ýêñïëóàòèðóþòñÿ â îòäàëåííûõ ðàéî-
íàõ ÐÔ. Îñíîâíûå äàííûå ÊÓ â ðàñ÷åòíîì ðåæèìå ñëåäóþùèå. Äèçåëü-ãåíåðàòîð: ýëåêòðè÷åñêàÿ ìîùíîñòü – 
6000 êÂò, ÷àñîâîé ðàñõîä òîïëèâà – 1080 êã/÷, òåïëîâàÿ ìîùíîñòü – 5240 êÂò, òåìïåðàòóðà ÎÃ – 485 °C, 
ýôôåêòèâíûé ÊÏÄ – 0,46, êîýôôèöèåíò èñïîëüçîâàíèÿ òåïëîòû òîïëèâà 0,89. Â ïåðâîì âàðèàíòå ÊÓ ðàáîòàåò 
â ñòàíäàðòíîì ðåæèìå. Òàêèì îáðàçîì îáåñïå÷èâàåòñÿ âûðàáîòêà ýëåêòðè÷åñêîé ìîùíîñòè â ñîîòâåòñòâèè 
ñ ãðàôèêîì. Âî âòîðîì âàðèàíòå ÊÓ èñïîëüçóåòñÿ ñîâìåñòíî ñ ÒÍ äëÿ ïîëó÷åíèÿ äîïîëíèòåëüíîé òåïëîâîé 
ìîùíîñòè. Ðàñ÷åòû ïîêàçàëè, ÷òî âêëþ÷åíèåì òåïëîâîãî íàñîñà â ñõåìó êîãåíåðàöèîííîé óñòàíîâêè, ðàáîòà-
þùåé â ðåæèìå íåðàâíîìåðíîãî ãðàôèêà ýëåêòðè÷åñêîé íàãðóçêè, ìîæíî îáåñïå÷èòü ðàáîòó äèçåëÿ â òå÷åíèå 
âñåãî âðåìåíè ñóòîê â ðåæèìå ìàêñèìàëüíîãî ÊÏÄ è ïîâûñèòü êîýôôèöèåíò èñïîëüçîâàíèÿ òåïëîòû òîïëèâà 
íà 17–20 %.
Êëþ÷åâûå ñëîâà: äèçåëüíûé äâèãàòåëü, òåïëîâîé íàñîñ, êîãåíåðàöèîííàÿ óñòàíîâêà, íåðàâíîìåðíûé ãðàôèê 
ýëåêòðè÷åñêîé íàãðóçêè.
Äëÿ öèòèðîâàíèÿ: Àíòèïîâ Þ.À., Âàëüåõî Ìàëáäîíàäî Ï.Ð., Îùåïêîâ Ï.Ï., Øàòàëîâ È.Ê., Øàòàëîâà È.È. 
Ýôôåêòèâíîñòü êîãåíåðàöèîííîé óñòàíîâêè íà áàçå äèçåëüíîãî äâèãàòåëÿ ïðè íåðàâíîìåðíîì ãðàôèêå ýëåêòðè-
÷åñêîé íàãðóçêè // Òðàêòîðû è ñåëüõîçìàøèíû. 2020. № 5. Ñ. 13–17. DOI: 10.31992/0321-4443-2020-5-13-17.

A feature of electrical energy is that it must be produced at a given moment as much as the consumer needs. Howev-
er, the graphs of energy consumption are very uneven over the time of day. In order to cover peak loads, the highly 
mobile equipment, which is often less economical, is used. This equipment is operated at partial power modes, where 
its efficiency is markedly reduced. One of the real ways to get out of this situation can be the use of heat pumps (HP) 
in circuits with cogeneration units (CU) based on heat engines. In this case, it becomes possible to use the heat engine 
in an economical mode throughout the day, and direct excess electricity at night to the heat pump drive. The paper 
considers two options for the operation of a cogeneration plant based on a diesel engine in power supply schemes for 
an individual consumer under conditions of an uneven electrical load schedule. Wartsila 12V32 is taken as an exam-
ple of a CU. Such plants are operated in different regions of the Russian Federation. The main data of the CU in the 
design mode are given. Diesel generator: electric power – 6000 kW, hourly fuel consumption – 1080 kg/h, thermal 
power – 5240 kW, exhaust gas temperature – 485 °C, effective efficiency – 0,46, fuel heat utilization factor 0,89. In 
the first version, the CU operates in a standard mode. This ensures the generation of electrical power in accordance 
with the schedule. In the second version, the CU is used in conjunction with the HP to obtain additional thermal pow-
er. Calculations have shown that by including a heat pump in a cogeneration unit operating in an uneven electrical 
load schedule mode, it is possible to ensure that the diesel engine operates at maximum efficiency during the whole 
day and to increase the fuel heat utilization rate by 17–20 %.
Keywords: diesel engine, heat pump, cogeneration unit, uneven electrical load schedule.
Cite as: Antipov YU.A., Val'yekho Malbdonado P.R., Oshchepkov P.P., Shatalov I.K., Shatalova I.I. Efficiency 
of a cogeneration plant based on a diesel engine under uneven electrical load conditions. Traktory i sel’khozmashiny. 
2020. No 5, pp. 13–17 (in Russ.). DOI: 10.31992/0321-4443-2020-5-13-17.
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 Ââåäåíèå
Îñîáåííîñòü ýëåêòðè÷åñêîé è ÷àñòè÷-

íî òåïëîâîé ýíåðãèè ñîñòîèò â òîì, ÷òî åå 
íóæíî ïðîèçâîäèòü â äàííûé ìîìåíò ñòîëü-
êî, ñêîëüêî íåîáõîäèìî ïîòðåáèòåëþ. Åñëè 
âîïðîñû àêêóìóëèðîâàíèÿ òåïëîâîé ýíåðãèè 
êàê-òî ðåøàþòñÿ [1], òî ïðîáëåìà àêêóìóëèðî-
âàíèÿ ýëåêòðè÷åñêîé ýíåðãèè â ïðîìûøëåí-
íûõ ìàñøòàáàõ åùå äàëåêà îò ñâîåãî ðåøåíèÿ. 
Ãðàôèêè ïîòðåáëåíèÿ ýíåðãèè èìåþò âåñüìà 
íåðàâíîìåðíûé õàðàêòåð ïî âðåìåíè ñóòîê, 
ïî äíÿì, íåäåëÿì, ñåçîíàì. Òèïè÷íûé ñóòî÷-
íûé ãðàôèê ýëåêòðè÷åñêîé íàãðóçêè ïîêàçàí 
íà ðèñ. 1. Åãî ïðèíÿòî äåëèòü íà òðè çîíû: 
áàçîâóþ, ïîëóïèêîâóþ è ïèêîâóþ. Çäåñü: 
í – êîýôôèöèåíò íåðàâíîìåðíîñòè (îòíîøå-
íèå ìèíèìàëüíîé íàãðóçêè ê ìàêñèìàëüíîé), 
  – êîýôôèöèåíò ïëîòíîñòè (îòíîøåíèå ñðåä-
íåé íàãðóçêè ê ìàêñèìàëüíîé), W – ýëåêòðè-
÷åñêàÿ íàãðóçêà.

Ðèñ. 1. Îñíîâíûå çîíû ãðàôèêà 
ýëåêòðè÷åñêîé íàãðóçêè: 

1 – ìèíèìàëüíàÿ íàãðóçêà; 2 – ñðåäíÿÿ íàãðóçêà

Ïîòðåáëåíèå òåïëîâîé ýíåðãèè òàêæå íå-
ðàâíîìåðíî â òå÷åíèå ñóòîê, íî ýòà ïðîáëå-
ìà ìîæåò áûòü ðåøåíà âêëþ÷åíèåì â ñèñòå-
ìó òåïëîñíàáæåíèÿ àêêóìóëÿòîðà òåïëîòû. 
Ïðè öåíòðàëèçîâàííîì ýíåðãîîáåñïå÷åíèè 
âñÿêàÿ ýíåðãîñèñòåìà äîëæíà ðàñïîëàãàòü øè-
ðîêèì ñïåêòðîì ýíåðãåòè÷åñêîãî îáîðóäîâà-
íèÿ äëÿ ðàáîòû â ëþáîé ÷àñòè ãðàôèêà. Îäíàêî 
ýòî ïðàêòè÷åñêè íåâîçìîæíî. Äëÿ ïîêðûòèÿ 
ïèêîâûõ íàãðóçîê ïðèìåíÿþòñÿ âûñîêîìàíåâ-
ðåííîå îáîðóäîâàíèå, îáëàäàþùåå çà÷àñòóþ 
ìåíüøåé ýêîíîìè÷íîñòüþ. Ýòî îáîðóäîâà-
íèå ýêñïëóàòèðóåòñÿ â ðåæèìàõ ÷àñòè÷íîé 
ìîùíîñòè, ãäå åãî ýôôåêòèâíîñòü çàìåòíî ñíè-
æàåòñÿ. 

Öåëü èññëåäîâàíèé 
Àíàëèç ýôôåêòèâíîñòè êîãåíåðàöèîííîé 

óñòàíîâêè íà áàçå äèçåëüíîãî äâèãàòåëÿ 
ïðè íåðàâíîìåðíîì ãðàôèêå ýëåêòðè÷åñêîé 
íàã ðóçêè.

Ìàòåðèàëû è ìåòîäû
Ïðè äåöåíòðàëèçîâàííîì ýíåðãîîáåñïå÷å-

íèè äëÿ îäíîâðåìåííîé âûðàáîòêè ýëåêòðè-
÷åñêîé è òåïëîâîé ýíåðãèè, ãäå ÷àùå âñåãî èñ-
ïîëüçóþòñÿ êîãåíåðàöèîííûå óñòàíîâêè (ÊÓ), 
ýòà ïðîáëåìà åùå áîëåå óñëîæíÿåòñÿ. Îäíèì 
èç ðåàëüíûõ ñïîñîáîâ âûõîäà èç òàêîé ñèòóà-
öèè ìîæåò áûòü èñïîëüçîâàíèå òåïëîâûõ íà-
ñîñîâ (ÒÍ) â ñõåìàõ ñ êîãåíåðàöèîííûìè óñòà-
íîâêàìè íà áàçå òåïëîâûõ äâèãàòåëåé. Â ýòîì 
ñëó÷àå ïîÿâëÿåòñÿ âîçìîæíîñòü èñïîëüçîâàòü 
òåïëîâîé äâèãàòåëü íà ýêîíîìè÷íîì ðåæèìå 
(íîìèíàëüíîé ìîùíîñòè), à èçëèøêè ýëåêòðî-
ýíåðãèè â íî÷íûå ÷àñû íàïðàâèòü íà ïðèâîä òå-
ïëîâîãî íàñîñà.

Òåïëîâûå íàñîñû øèðîêî èñïîëüçóþòñÿ 
â ðàçëè÷íûõ îòðàñëÿõ, ÷àùå âñåãî äëÿ òåïëî-
ñíàáæåíèÿ [2]. Â ÑØÀ ýêñïëóàòèðóþòñÿ áîëåå 
5 ìëí ÒÍ îáùåé ìîùíîñòüþ 5 ÃÂò. Ïðèìåíÿ-
þòñÿ ÒÍ òàêæå äëÿ èñïîëüçîâàíèÿ âòîðè÷íûõ 
ýíåðãîðåñóðñîâ â ïðîìûøëåííîñòè [3, 4]. Íàè-
áîëüøåå ðàñïðîñòðàíåíèå ïîëó÷èëè ïàðîêîì-
ïðåññèîííûå ÒÍ.

Ýôôåêòèâíîñòü êîìïðåññèîííîãî ÒÍ îöå-
íèâàåòñÿ êîýôôèöèåíòîì ïðåîáðàçîâàíèÿ: 

 
  ,Q

N
  ÒÍ

ê

  (1)

ãäå Q
ÒÍ

 – òåïëîâîé ïîòîê, âûðàáàòûâàåìûé 
ÒÍ; N

ê
 – ìîùíîñòü, çàòðà÷èâàåìàÿ íà ïðèâîä 

êîìïðåññîðà ÒÍ. 

Ðåçóëüòàòû è îáñóæäåíèå
Â ðàáîòå ðàññìîòðåíû äâà âàðèàíòà ðàáîòû 

êîãåíåðàöèîííîé óñòàíîâêè íà áàçå äèçåëüíîãî 
äâèãàòåëÿ â ñõåìàõ ýíåðãîîáåñïå÷åíèÿ îòäåëü-
íîãî ïîòðåáèòåëÿ â óñëîâèÿõ íåðàâíîìåðíîãî 
ãðàôèêà ýëåêòðè÷åñêîé íàãðóçêè. Îáúåêòîì 
ýíåðãîîáåñïå÷åíèÿ ìîæåò ÿâëÿòüñÿ îòäåëüíûé 
ïîñåëîê èëè ìèêðîðàéîí. Â êà÷åñòâå ïðèìåðà 
âçÿò ñóòî÷íûé ãðàôèê ïîòðåáëåíèÿ ýëåêòðè÷å-
ñêîé ìîùíîñòè (ðèñ. 2). Îòíîøåíèå ìàêñèìàëü-
íîé ïîòðåáëÿåìîé ìîùíîñòè â òå÷åíèå ñóòîê 
ê åå ìèíèìàëüíîìó çíà÷åíèþ ñîñòàâëÿåò 0,56. 

Ïðîâåäåí ðàñ÷åòíûé àíàëèç ýíåðãîîáåñïå-
÷åíèÿ äâóõ âàðèàíòîâ èñïîëüçîâàíèÿ êîãå-
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íåðàöèîííîé óñòàíîâêè. Â êà÷åñòâå ïðèìåðà 
âçÿòà ÊÓ ôèðìû Wartsila 12V32. Òàêèå óñòà-
íîâêè ýêñïëóàòèðóþòñÿ â îòäàëåííûõ ðàéî-
íàõ Ðîññèéñêîé Ôåäåðàöèè. Îñíîâíûå äàííûå 
ÊÓ â ðàñ÷åòíîì ðåæèìå. Äèçåëü-ãåíåðàòîð: 
ýëåêòðè÷åñêàÿ ìîùíîñòü – 6000 êÂò, ÷àñîâîé 
ðàñõîä òîïëèâà – 1080 êã/÷, òåïëîâàÿ ìîù-
íîñòü – 5240 êÂò, òåìïåðàòóðà îòðàáîòàâøèõ 
ãàçîâ (ÎÃ) – 485 °C, ýôôåêòèâíûé êîýôôèöè-
åíò ïîëåçíîãî äåéñòâèÿ (ÊÏÄ) – 0,46.

Ðèñ. 2. Ãðàôèê ïîòðåáëåíèÿ ýëåêòðè÷åñêîé 
ìîùíîñòè â çàâèñèìîñòè îò âðåìåíè ñóòîê

Â ïåðâîì âàðèàíòå ÊÓ ðàáîòàåò â ñòàíäàðò-
íîì ðåæèìå è âêëþ÷àåò â ñåáÿ: äèçåëü-ãåíåðà-
òîð, òåïëîîáìåííèê îõëàæäàþùåé æèäêîñòè, 
ãàçîâîäÿíîé òåïëîîáìåííèê, ïèêîâûé âîäî-
ãðåéíûé êîòåë, àêêóìóëÿòîð ãîðÿ÷åé âîäû. 
Òàêèì îáðàçîì îáåñïå÷èâàåòñÿ âûðàáîòêà ýëåê-
òðè÷åñêîé ìîùíîñòè â ñîîòâåòñòâèè ñ ãðàôè-
êîì ( )N f å  (ðèñ. 2). Òåïëîòà îòðàáîòàâøèõ 
ãàçîâ (ÎÃ) èñïîëüçóåòñÿ äëÿ ïîäîãðåâà ñåòåâîé 
âîäû, èäóùåé ê òåïëîïîòðåáèòåëþ. Î÷åâèä-
íî, ÷òî äëÿ îáåñïå÷åíèÿ çàäàííîãî ñóòî÷íîãî 
ãðàôèêà ýëåêòðè÷åñêîé íàãðóçêè äèçåëü çíà-
÷èòåëüíóþ ÷àñòü âðåìåíè ðàáîòàåò â ðåæèìàõ 
÷àñòè÷íîé ìîùíîñòè ñ óõóäøåííûìè ïîêàçà-
òåëÿìè ïî ýêîíîìè÷íîñòè. 

Òåïëîâîé áàëàíñ äèçåëÿ â ýòîì ñëó÷àå 
ìîæíî ïðåäñòàâèòü â âèäå:

 ,
3600 N w
G QQ Q Q Q

   
ð

ò í
ò îãe

  (2)

ãäå Q
ò
 – õèìè÷åñêàÿ òåïëîòà òîïëèâà; NQ e

 – 
òåïëîòà, ýêâèâàëåíòíàÿ ýôôåêòèâíîé ìîù-
íîñòè äèçåëÿ (ìîùíîñòü â êàæäûé ìîìåíò 
âðåìåíè ñóòîê ïî ðèñ. 2); Q

îã
 – òåïëîòà îò-

ðàáîòàâøèõ ãàçîâ; Q
w
 – òåïëîòà, îòäàâàåìàÿ 

â îõëàæäàþùóþ âîäó; G
ò
 – ÷àñîâîé ðàñõîä 

òîïëèâà äèçåëåì; Qð
í  – òåïëîòâîðíàÿ ñïîñîá-

íîñòü òîïëèâà.
Äëÿ äèçåëüíîãî äâèãàòåëÿ ïðè îïðåäåëå-

íèè Q
îã

 òåìïåðàòóðà ÎÃ ìîæåò áûòü âû÷èñëå-
íà, åñëè âîñïîëüçîâàòüñÿ áàëàíñîì òåïëîòû, 
âõîäÿùåé è âûõîäÿùåé èç äâèãàòåëÿ. Ïðè÷åì 
ïîðøíåâîé äâèãàòåëü ìîæåò áûòü ëþáîãî 
òèïà, êàê ñ íàääóâîì, òàê è áåç íàääóâà. Áûëî 
ïîëó÷åíî ñëåäóþùåå óðàâíåíèå äëÿ âû÷èñëå-
íèÿ òåìïåðàòóðû ÎÃ:

 t
ã
 = 0

0

(1 )
(1 )

e wC L t Q q q q
C L

     

 

ð
ðâ â í ì îõ

ðã

, (3)

ãäå t
â
  – òåìïåðàòóðà íà âõîäå â êîìïðåññîð; 

t
w
, q

ì
, q

îõ
 – îòíîñèòåëüíîå êîëè÷åñòâî òåïëî-

òû, îòäàâàåìîå äèçåëåì â îõëàæäàþùóþ âîäó, 
ìàñëî è ïîëó÷àåìîå â îõëàäèòåëå íàääóâî÷íî-
ãî âîçäóõà; 

e
 – ÊÏÄ äâèãàòåëÿ;  – êîýôôèöè-

åíò èçáûòêà âîçäóõà;  – êîýôôèöèåíò ïðîäóâ-
êè; L

0
 – còåõèîìåòðè÷åñêèé êîýôôèöèåíò; Ñ

ðâ
 

è Ñ
ðã

 – òåïëîåìêîñòü âîçäóõà è ãàçîâ ïðè ïî-
ñòîÿííîì äàâëåíèè [5].

Äîëÿ òåïëîòû òîïëèâà, îòäàâàåìàÿ â îõ-
ëàæäàþùóþ æèäêîñòü, äëÿ äèçåëåé ñîñòàâ-
ëÿåò 0,15–0,20, è äîëÿ òåïëîòû, îòäàâàåìîé 
â ìàñëî, ñîñòàâëÿåò äëÿ ïîðøíåâûõ äâèãàòåëåé 
0,04–0,10 [6]. 

Âî âòîðîì âàðèàíòå êîãåíåðàöèîííàÿ óñòà-
íîâêà ïðèìåíÿåòñÿ ñîâìåñòíî ñ ÒÍ äëÿ ïîëó-
÷åíèÿ äîïîëíèòåëüíîé òåïëîâîé ìîùíîñòè. 
Òàêàÿ ÊÓ íà áàçå äèçåëüíîãî äâèãàòåëÿ ñ âêëþ-
÷åíèåì â ñõåìó ÒÍ ïðåäñòàâëåíà íà ðèñ. 3. 
Ñõåìà âêëþ÷àåò â ñåáÿ äèçåëü-ãåíåðàòîð, ÒÍ 
êîìïðåññèîííîãî òèïà, òåïëîîáìåííèê îõ-
ëàæäàþùåé æèäêîñòè, ãàçîâîäÿíîé òåïëîîá-
ìåííèê, àêêóìóëÿòîð ãîðÿ÷åé âîäû. ÒÍ êîì-
ïðåññèîííîãî òèïà: ðàáî÷èé àãåíò – R-134; 
êîýôôèöèåíò ïðåîáðàçîâàíèÿ – 3,9. Â ýòîé 
ñõåìå äèçåëü-ãåíåðàòîð âñå âðåìÿ ðàáîòàåò 
â ðåæèìå íîìèíàëüíîé ìîùíîñòè, ÒÍ ðàáîòà-
åò â ÷àñû ìèíèìàëüíîãî ïîòðåáëåíèÿ ýëåêòðè-
÷åñêîé ýíåðãèè (â íî÷íîå âðåìÿ). 

Áàëàíñ òåïëîòû êîãåíåðàöèîíîé óñòàíîâêè 
ñ òåïëîâûì íàñîñîì ÒÍ:

 Q = Q
òåï

 + Q
w
 + Q

Ne
 + Q

òí
.  (4)

Òàê êàê äèçåëü-ãåíåðàòîð â ñõåìå ñ ÒÍ ðàáî-
òàåò â ðåæèìå ðàñ÷åòíîé ìîùíîñòè, òî Q

òåï
 – 

òåïëîòà ãàçîâîäÿíîãî òåïëîîáìåííèêà – 
è Q

w
– òåïëîòà, îòäàâàåìàÿ â îõëàæäàþùóþ 

æèäêîñòü, îñòàþòñÿ ïîñòîÿííûìè è ðàâíûìè 
ðàñ÷åòíûì çíà÷åíèÿì. eNQ  – òåïëîòà, ýêâè-
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âàëåíòíàÿ ýôôåêòèâíîé ìîùíîñòè äèçåëÿ, 
îòäàííîé ïîòðåáèòåëþ, îïðåäåëÿåòñÿ ñëåäóþ-
ùèì îáðàçîì: 

,NQ N N å eoe

ãäå N
åî

 –
 

ìîùíîñòü äèçåëÿ íà ðàñ÷åò-
íîì ðåæèìå; Ne  – îòíîñèòåëüíàÿ äîëÿ ýëåê-
òðè÷åñêîé ìîùíîñòè, èäóùåé ïîòðåáèòåëþ 
(èç ðèñ. 2).

Êîëè÷åñòâî òåïëîòû, ïîëó÷åííîå â ÒÍ, îïðå-
äåëÿåòñÿ â çàâèñèìîñòè îò ìîùíîñòè, çàòðà÷èâà-
åìîé íà ïðèâîä åãî êîìïðåññîðà, ÊÏÄ êîìïðåñ-
ñîðà ÒÍ è êîýôôèöèåíòà ïðåîáðàçîâàíèÿ ÒÍ: 

,Q N   òí ê ì

ãäå ì  – ìåõàíè÷åñêèé ÊÏÄ êîìïðåññîðà ÒÍ; 
 1N N N  ê e eo  – ìîùíîñòü, çàòðà÷èâàåìàÿ 

íà ïðèâîä êîìïðåññîðà ÒÍ â äàííûé ìîìåíò 
âðåìåíè (îïðåäåëÿåòñÿ ïî ðèñ. 2). 

Êîýôôèöèåíò èñïîëüçîâàíèÿ òåïëîòû òî-
ïëèâà (ÊÈÒ) ñ ó÷åòîì ÒÍ ìîæíî îïðåäåëèòü 
ïî ôîðìóëå:

.Q
Q

ò
ò

Ê

Ðåçóëüòàòû ðàñ÷åòà îñíîâíûõ ïàðàìåòðîâ 
êîãåíåðàöèîííîé óñòàíîâêè, ïî ïðèâåäåííûì 
âûøå ôîðìóëàì, â òå÷åíèå ñóòîê ñ èíòåðâàëîì 
â 1 ÷àñ ïðåäñòàâëåíû íà ðèñ. 4 è 5. Êàê ñëåäó-
åò èç ðèñ. 4, ïðè ðàáîòå ÊÓ ñîâìåñòíî ñ ÒÍ 
êîëè÷åñòâî òåïëîâîé ýíåðãèè â íî÷íûå ÷àñû, 

îòäàâàåìîé òåïëîïîòðåáèòåëþ, ñóùåñòâåííî 
óâåëè÷èâàåòñÿ. Êîýôôèöèåíò èñïîëüçîâàíèÿ 
òåïëîòû òîïëèâà â íî÷íûå ÷àñû äîñòèãàåò 1,4 
(ðèñ. 5), ñðåäíåñóòî÷íûé ÊÈÒ ðàâåí 1,04–1,07, 
÷òî ïðåâûøàåò ÊÈÒ êîãåíåðàöèííîé óñòàíîâ-
êè, ðàáîòàþùåé áåç òåïëîâîãî íàñîñà. 

Ðèñ. 4. Êîëè÷åñòâî ïîëó÷åííîé òåïëîâîé ìîùíîñòè 
â çàâèñèìîñòè îò âðåìåíè ñóòîê: 

Q
òí

 – òåïëîâàÿ ìîùíîñòü ÒÍ; Q
w
 è Q

òåï
 – òåïëîâàÿ 

ìîùíîñòü, ïîëó÷åííàÿ çà ñ÷åò óòèëèçàöèè òåïëîòû 
îõëàæäàþùåé æèäêîñòè è îòðàáîòàâøèõ ãàçîâ

Ðèñ. 5. Çàâèñèìîñòü êîýôôèöèåíòà èñïîëüçîâàíèÿ 
òåïëîòû òîïëèâà (ÊÈÒ) îò âðåìåíè ñóòîê: 

- - - - – áåç èñïîëüçîâàíèÿ ÒÍ; 
       – ñ èñïîëüçîâàíèåì ÒÍ

Çàêëþ÷åíèå
Ïîñðåäñòâîì âêëþ÷åíèÿ òåïëîâîãî íàñîñà 

â ñõåìó êîãåíåðàöèîííîé óñòàíîâêè, ðàáîòà-
þùåé â ðåæèìå íåðàâíîìåðíîãî ãðàôèêà íà-
ãðóçêè, ìîæíî: 1) îáåñïå÷èòü ðàáîòó äèçåëÿ 
â òå÷åíèå âñåãî âðåìåíè ñóòîê â ðåæèìå ìàê-
ñèìàëüíîãî ÊÏÄ; 2) óâåëè÷èòü âûðàáîòêó òå-
ïëîâîé ìîùíîñòè â íî÷íûå ÷àñû; 3) ïîâûñèòü 
êîýôôèöèåíò èñïîëüçîâàíèÿ òåïëîòû òîïëèâà 
íà 17–20 %

Ðèñ. 3. Ñõåìà ýíåðãîîáåñïå÷åíèÿ 
îòäåëüíîãî ïîòðåáèòåëÿ íà áàçå äèçåëÿ, 

ðàáîòàþùåãî ñîâìåñòíî ñ ÒÍÓ: 
ÃÂÒÎ – ãàçîâîäÿíîé òåïëîîáìåííèê; 

ÒÎÆ – òåïëîîáìåííèê îõëàæäàþùåé æèäêîñòè; 
Ýë. Ã – ãåíåðàòîð; Ýë. Ä – ýëåêòðîäâèãàòåëü; 

Êì – êîìïðåññîð; Ê – êîíäåíñàòîð; È – èñïàðèòåëü; 
ÐÂ – ðåãóëèðóþùèé âåíòèëü; ÈÍÒ – èñòî÷íèê 

íèçêîïîòåíöèàëüíîé òåïëîòû; 
ÀÒ – àêêóìóëÿòîð òåïëîòû
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