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Àííîòàöèÿ. Ïðåäëîæåíà ñõåìà îòîïèòåëüíîé ñèñòåìû, â êîòîðîé èñêëþ÷åí îäèí èç óïðàâëÿþùèõ êëàïàíîâ,
äëÿ âûïîëíåíèÿ åãî ôóíêöèè èñïîëüçóåòñÿ ñìåñèòåëüíûé íàñîñ. Òàêîå òåõíè÷åñêîå ðåøåíèå äàåò âîçìîæíîñòü
ñíèçèòü ñòîèìîñòü ñèñòåìû òåïëîñíàáæåíèÿ, ïîâûñèòü åå íàäåæíîñòü è îïòèìèçèðîâàòü ïðîèçâîäñòâåííûå
çàòðàòû íà îáåñïå÷åíèå òåïëîì îáñëóæèâàåìûõ çäàíèé. Ðàçðàáîòàíà ìîäèôèöèðîâàííàÿ ñõåìà
ìíîãîêîíòóðíîé ñèñòåìû òåïëîñíàáæåíèÿ, â êîòîðîé ó÷èòûâàåòñÿ çàâèñèìîñòü ìåæäó ïðîèçâîäèòåëüíîñòüþ
óïðàâëÿþùåãî êëàïàíà è ñìåñèòåëüíîãî óñòðîéñòâà â êàæäîì îòîïèòåëüíîì êîíòóðå. Ìèíèìèçàöèÿ
ýíåðãåòè÷åñêèõ çàòðàò ïî äàííîé ñõåìå îñóùåñòâëÿåòñÿ ñ ïîìîùüþ ðàöèîíàëüíîãî ðàñïðåäåëåíèÿ òåïëîâîé
ýíåðãèè ìåæäó îòîïèòåëüíûìè êîíòóðàìè. Ïðåäëîæåí àëãîðèòì óïðàâëåíèÿ ìíîãîêîíòóðíîé ñèñòåìîé
òåïëîñíàáæåíèÿ ñ çàâèñèìûì ïîäêëþ÷åíèåì ê òåïëîâûì ñåòÿì, îáåñïå÷èâàþùèé ñîêðàùåíèå
ýíåðãîïîòðåáëåíèÿ â ñèñòåìå ïðè çàäàííûõ òåìïåðàòóðíûõ ðåæèìàõ â îòàïëèâàåìûõ ïîìåùåíèÿõ.
Â ñîîòâåòñòâèè ñ äàííûì àëãîðèòìîì òåïëîâàÿ ýíåðãèÿ ïåðåðàñïðåäåëÿåòñÿ ìåæäó êîíòóðàìè
òåïëîñíàáæåíèÿ ñ ó÷åòîì èõ âçàèìîäåéñòâèÿ.
Êëþ÷åâûå ñëîâà: ñèñòåìà óïðàâëåíèÿ, òåïëîñíàáæåíèå, àëãîðèòì, ìàòåìàòè÷åñêàÿ ìîäåëü, ðåñóðñîñáåðåæåíèå,
âûáîð ðåæèìà, òåïëîïðîâîäíîñòü.
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SOME FEATURES OF CONTROL OVER HEAT SUPPLY SYSTEM OF BUILDINGS CONNECTED
TO HEAT SOURCE BY DEPENDENT SCHEME
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Abstract. A scheme of heating system in which one of the control valves is excluded and for realization of its functions
the mixing pump is used is offered. Such technical solution gives the chance to reduce the cost of heat supply system,
to increase its reliability and to optimize production costs of providing the served buildings with heat. The modified
scheme of multiple-loop system of heat supply in which dependence between efficiency of the control valve and the
mixing device in each heating contour is considered has been developed. Minimization of a metabolic cost in this
scheme is carried out due to the rational distribution of thermal energy between heating contours. The algorithm
of management of the multiple-loop system of heat supply with dependent connection to thermal networks providing
the minimization of energy consumption in system at the given temperature schedules in the heated premises is offered.
According to this algorithm, the thermal energy is redistributed between heat supply contours with due regard for their
interaction.
Key words: control system, heat supply, algorithm, mathematical model, resource-saving, mode choice, heat
conductivity.

Â
íàñòîÿùåå âðåìÿ â Ðîññèè äî
85 % çäàíèé îáåñïå÷èâàþòñÿ

öåíòðàëèçîâàííûì òåïëîñíàáæå-
íèåì äëÿ ñîçäàíèÿ òðåáóåìîãî
òåìïåðàòóðíîãî ðåæèìà â ïîìå-
ùåíèÿõ. Ðàñõîäû íà òåïëîâóþ
ýíåðãèþ, áîëüøàÿ ÷àñòü êîòîðîé
òðàòèòñÿ íà îòîïëåíèå çäàíèé,
ñîñòàâëÿþò îñíîâíóþ ñòàòüþ
êîììóíàëüíûõ ïëàòåæåé. Â ýòîé
ñâÿçè ýíåðãîñáåðåæåíèå è ïîä-
äåðæàíèå êîìôîðòíûõ ïàðàìåò-
ðîâ ìèêðîêëèìàòà çäàíèé – âàæ-
íåéøèå çàäà÷è, ðåøåíèå êîòî-
ðûõ íàïðàâëåíî íà ïîâûøåíèå
êà÷åñòâà æèçíè íàñåëåíèÿ.

Íàèáîëåå ðàñïðîñòðàíåííûìè
è ñðàâíèòåëüíî ýêîíîìè÷íûìè
ÿâëÿþòñÿ ñèñòåìû òåïëîñíàáæå-
íèÿ ñ çàâèñèìûì ïîäêëþ÷åíèåì
ê òåïëîâûì ñåòÿì. Äëÿ ñíèæåíèÿ
ýíåðãîåìêîñòè ýòèõ ñèñòåì òðå-
áóåòñÿ îïòèìèçàöèÿ èõ ôóíêöèî-
íèðîâàíèÿ. Èññëåäîâàíèÿ è ïðà-
êòèêà ïîñëåäíèõ ëåò ïîêàçûâàþò,
÷òî ñóùåñòâåííî ñîêðàòèòü çà-
òðàòû íà òåïëîñíàáæåíèå çäàíèé
ïîçâîëÿåò ðàöèîíàëüíîå óïðàâ-
ëåíèå ïðîöåññîì ðàñïðåäåëåíèÿ
òåïëîâûõ ïîòîêîâ.

Â ñîâðåìåííûõ ñèñòåìàõ òåï-
ëîñíàáæåíèÿ ñíèæåíèå ýíåðãî-
çàòðàò ïðè íåïðåðûâíîì ïîääåð-
æàíèè òåìïåðàòóðû âíóòðåííåãî
âîçäóõà îòàïëèâàåìûõ çäàíèé
äîñòèãàåòñÿ â îñíîâíîì ñ ïîìî-

ùüþ óïðàâëåíèÿ òåìïåðàòóðîé
ïðÿìîãî òåïëîíîñèòåëÿ ïî ñïåöè-
àëüíîìó ãðàôèêó (ñ ó÷åòîì òåì-
ïåðàòóð îáðàòíîãî òåïëîíîñèòå-
ëÿ è íàðóæíîãî âîçäóõà) è ïåðå-
õîäà îò ðàáî÷åãî äíåâíîãî ðåæè-
ìà îòîïëåíèÿ ê ýêîíîìè÷íîìó
íî÷íîìó ðåæèìó (äëÿ ïðîèçâîä-
ñòâåííûõ è îáùåñòâåííûõ çäà-
íèé). Îñíîâíîé íåäîñòàòîê òàêèõ
ñèñòåì çàêëþ÷àåòñÿ â òîì, ÷òî
óïðàâëåíèå îñóùåñòâëÿåòñÿ áåç
ó÷åòà èíôîðìàöèè î äèíàìè÷åñ-
êèõ õàðàêòåðèñòèêàõ ñèñòåìû.
Ýòî, â ñèëó èíåðöèîííîñòè îáúå-
êòà, ïðèâîäèò ê äëèòåëüíûì ïå-
ðåõîäíûì ïðîöåññàì, íåèçáåæ-
íûì êîëåáàíèÿì òåìïåðàòóðû
âíóòðåííåãî âîçäóõà îòàïëèâàå-
ìûõ çäàíèé è ïåðåðàñõîäó òåï-
ëîâîé ýíåðãèè.

Ñ ó÷åòîì âûñîêîé ñòîèìîñòè
ðåøåíèé ïî óïðàâëåíèþ èíäèâè-
äóàëüíîé ïîäà÷åé òåïëîíîñèòåëÿ
â îòîïèòåëüíûå ïðèáîðû âàæíîå
çíà÷åíèå ïðèîáðåòàåò ðàçðàáîòêà
ñòðóêòóð è àëãîðèòìîâ ðàáîòû ñè-
ñòåì, ðàñøèðÿþùèõ ôóíêöèè èç-
âåñòíûõ è àïðîáèðîâàííûõ ñïîñî-
áîâ îòîïëåíèÿ, îñíîâàííûõ íà
ìåñòíîì è ïîôàñàäíîì óïðàâëå-
íèè. Èõ âíåäðåíèå òðåáóåò íà ïî-
ðÿäîê ìåíüøå çàòðàò, ÷åì ðåàëè-
çàöèÿ èíäèâèäóàëüíîãî óïðàâëå-
íèÿ òåïëîíîñèòåëåì â îòîïèòåëü-
íûõ ïðèáîðàõ. Ñîâåðøåíñòâîâà-

íèå ñïîñîáîâ óïðàâëåíèÿ òåïëî-
ïîòðåáëåíèåì ôàñàäîâ ïîâûñèò
ýôôåêòèâíîñòü èõ ïðèìåíåíèÿ.
Îäíàêî äëÿ òàêîé ìîäåðíèçàöèè
íåîáõîäèìà ðàçðàáîòêà àäåêâàò-
íûõ ìàòåìàòè÷åñêèõ ìîäåëåé, ïî-
çâîëÿþùèõ èññëåäîâàòü îñîáåí-
íîñòè óïðàâëåíèÿ ñèñòåìàìè ìíî-
ãîêîíòóðíîãî òåïëîñíàáæåíèÿ
çäàíèé ñ çàâèñèìûì ïðèñîåäèíå-
íèåì ê òåïëîâûì ñåòÿì.

Ïðîåêòèðîâàíèå ìíîãîêîíòóð-
íûõ îòîïèòåëüíûõ ñèñòåì äîëæíî
îñóùåñòâëÿòüñÿ íà îñíîâå ñèñòåì-
íîãî ïîäõîäà, â ðàìêàõ êîòîðîãî
ôóíêöèîíèðîâàíèå âñåõ êîíòóðîâ
òåïëîñíàáæåíèÿ ðàññìàòðèâàåòñÿ
â èõ âçàèìîäåéñòâèè è âçàèìîñâÿ-
çè. Ïîýòîìó ñîçäàíèå ýôôåêòèâ-
íûõ ñðåäñòâ óïðàâëåíèÿ ïðîöåñ-
ñîì òåïëîñíàáæåíèÿ, áàçèðóþ-
ùèõñÿ íà ñâîåâðåìåííîé îáðà-
áîòêå èíôîðìàöèè î êîíòðîëèðó-
åìûõ ïàðàìåòðàõ è ó÷åòå âçàèì-
íîãî âëèÿíèÿ òåïëîâûõ êîíòóðîâ,
ÿâëÿåòñÿ àêòóàëüíîé íàó÷íî-òåõ-
íè÷åñêîé çàäà÷åé.

Â îáùåì ñëó÷àå îòîïèòåëüíûé
êîíòóð ëþáîãî çäàíèÿ èëè ãðóïïû
ñîîðóæåíèé ïðåäñòàâèì êàê ìíî-
ãîêîíòóðíóþ ñèñòåìó îòîïëåíèÿ
(ðèñ. 1), ãäå êàæäàÿ èç âåòâåé ìî-
æåò ÿâëÿòüñÿ ñàìîñòîÿòåëüíîé, â
òîì ÷èñëå è ìíîãîêîíòóðíîé, ñèñ-
òåìîé îòîïëåíèÿ. Òàêàÿ èåðàðõè-
÷åñêàÿ ñòðóêòóðà ñèñòåìû óïðàâ-
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ëåíèÿ òðåáóåò ïîñòðîåíèÿ åäèíî-
ãî àëãîðèòìà íà êàæäîì èç óðîâ-
íåé. Ïðîáëåìàì ïîâûøåíèÿ ðå-
ñóðñîýôôåêòèâíîñòè ñëîæíûõ
ìíîãîóðîâíåâûõ îáúåêòîâ ïîñâÿ-
ùåíû ðàáîòû [1–4].

Äëÿ ñîçäàíèÿ àëãîðèòìà óïðà-
âëåíèÿ ðàññìîòðèì âàðèàíò ïî-
ôàñàäíîé ñèñòåìû îòîïëåíèÿ
çäàíèÿ, â êîòîðîé êàæäûé êîí-
òóð (âåòâü) ñîîòâåòñòâóåò çàäàí-
íîìó íàðóæíîìó ôàñàäó. Íîðìà-
òèâíûå ñõåìû óïðàâëåíèÿ ñèñòå-
ìû òåïëîñíàáæåíèÿ ïðè çàâèñè-
ìîì ïðèñîåäèíåíèè ê òåïëîâûì
ñåòÿì ïðîàíàëèçèðîâàíû â ðàáî-
òàõ [5, 6], à òàêæå ïðåäëîæåí ìî-
äèôèöèðîâàííûé âàðèàíò, ïîç-
âîëÿþùèé ïîâûñèòü ýôôåêòèâ-
íîñòü èõ ðàáîòû. Â ðàáîòå [5] ïî-
ëó÷åíî âûðàæåíèå äëÿ ðàñ÷åòà
òåìïåðàòóðû òåïëîíîñèòåëÿ â òî-
÷êå tAi

t t k ktAi k i� � �( )1 í , (1)

ãäå t ií – òåìïåðàòóðà íàðóæíîãî âîçäó-
õà íà i-ì ôàñàäå, °Ñ; tk – íîðìèðóåìàÿ
òåìïåðàòóðà âíóòðåííåãî âîçäóõà îòàï-
ëèâàåìîãî çäàíèÿ, °Ñ; k – áåçðàçìåð-
íàÿ êîíñòàíòà, çàâèñÿùàÿ îò òåïëîôè-
çè÷åñêèõ ñâîéñòâ i-ãî ôàñàäà.

Íà îñíîâå òåïëîâîãî áàëàíñà
i-é âåòâè ñèñòåìû òåïëîñíàáæåíèÿ
(ñì. ðèñ. 1) ñ èñïîëüçîâàíèåì ñî-
îòíîøåíèÿ (1) ðàçðàáîòàí àëãî-
ðèòì óïðàâëåíèÿ ñèñòåìîé ìíîãî-
êîíòóðíîãî òåïëîñíàáæåíèÿ ïðè
çàâèñèìîì ïðèñîåäèíåíèè ê òåï-
ëîâûì ñåòÿì [7], áëîê-ñõåìà êî-
òîðîãî ïðèâåäåíà íà ðèñ. 2.

Àëãîðèòì óïðàâëåíèÿ ñèñòåìîé
ìíîãîêîíòóðíîãî òåïëîñíàáæå-
íèÿ âêëþ÷àåò â ñåáÿ ÷åòûðå ýòàïà.
Íà ïåðâîì ýòàïå ïðîâîäèòñÿ ìî-
íèòîðèíã òåêóùèõ çíà÷åíèé íàðó-
æíûõ òåìïåðàòóð íà êàæäîì êîí-
òóðå ñ îïðåäåëåíèåì ðàçíîñòè ïî-
êàçàíèé ïî ñðàâíåíèþ ñ ðåçóëüòà-
òàìè ïðåäøåñòâóþùåãî èçìåðå-
íèÿ. Íà âòîðîì ýòàïå, ó÷èòûâàÿ
èçìåíåíèå òåìïåðàòóðû íàðóæíî-
ãî âîçäóõà êàæäîãî êîíòóðà, ðàñ-
ñ÷èòûâàåòñÿ íåîáõîäèìîå èçìå-
íåíèå ðàñõîäà òåïëîíîñèòåëÿ íà
i-ì êîíòóðå è ñóììàðíîå îáùåå

èçìåíåíèå ðàñõîäà òåïëîíîñèòå-
ëÿ, ïðîõîäÿùåãî ÷åðåç ãëàâíûé
èñïîëíèòåëüíûé ìåõàíèçì. Íà
òðåòüåì è ÷åòâåðòîì ýòàïàõ ôîð-
ìèðóåòñÿ è âûäàåòñÿ óïðàâëÿþ-
ùåå âîçäåéñòâèå íà ãëàâíûé è i-é
èñïîëíèòåëüíûå ìåõàíèçìû.

Ðàçðàáîòàííûé àëãîðèòì äàåò
âîçìîæíîñòü â ñëó÷àå, êîãäà ðà-
áîòó êîíòóðîâ ñèñòåìû ñëåäóåò
ïðåîáðàçîâàòü, à ñóììàðíûé
ðàñõîä òåïëîíîñèòåëÿ íå èçìå-
íÿåòñÿ, ïåðåðàñïðåäåëèòü òåïëî-
âûå ïîòîêè ìåæäó êîíòóðàìè ñè-
ñòåìû. Ýòî ïîçâîëÿåò äîñòè÷ü
ìàêñèìàëüíîé ýôôåêòèâíîñòè
ðàáîòû ñèñòåìû óïðàâëåíèÿ ïðè
ìèíèìàëüíûõ çàòðàòàõ òåïëîíî-
ñèòåëÿ. Â ïðåäëîæåííîì àëãî-
ðèòìå óïðàâëÿþùåé ïåðåìåííîé
ñëóæèò òåìïåðàòóðà íàðóæíîãî
âîçäóõà, ÷òî äàåò âîçìîæíîñòü
ñíèçèòü êîëåáàíèÿ òåìïåðàòóðû
âíóòðåííåãî âîçäóõà ñ ïîìîùüþ
óïðåæäàþùåãî èçìåíåíèÿ ïàðà-
ìåòðîâ òåïëîíîñèòåëÿ, ïîäàâàå-
ìîãî â ñèñòåìó îòîïëåíèÿ êàæäî-
ãî êîíòóðà ñ ó÷åòîì âðåìåíè çà-
ïàçäûâàíèÿ ñèñòåìû. Èñïîëüçî-
âàíèå àëãîðèòìà óïðàâëåíèÿ ðàñ-
ïðåäåëåíèåì òåïëîâûõ ïîòîêîâ
óëó÷øàåò ýíåðãåòè÷åñêèå ïîêàçà-
òåëè ñèñòåìû òåïëîñíàáæåíèÿ,
÷òî óâåëè÷èâàåò ñðîê ñëóæáû
çäàíèé è ñîîðóæåíèé [8–12].

Â ðàáîòå [13] ïîëó÷åíà ôîðìó-
ëà, õàðàêòåðèçóþùàÿ òåìïåðàòóð-
íûé ðåæèì â òî÷êå ñìåøåíèÿ À

t t
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��
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�

�

�
	




�
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�
� �1 3exp

� �
(2)

�
��

�
�

�

�
	t

T
1

3exp
� �

,

ãäå t A, t1 – òåìïåðàòóðà òåïëîíîñèòåëÿ
ñîîòâåòñòâåííî â òî÷êå ñìåøåíèÿ A è â
ïîäàþùåì òðóáîïðîâîäå, °Ñ; tk – òåì-
ïåðàòóðà âîçäóõà â îòàïëèâàåìîì ïîìå-
ùåíèè, °Ñ ; � – âðåìÿ, ñ; �3 – âðåìÿ ïîë-
íîãî çàïàçäûâàíèÿ â ïåðåõîäíîì ïðî-
öåññå, ñ; Ò – ïîñòîÿííàÿ âðåìåíè ñèñòå-
ìû îòîïëåíèÿ.

Ïðè t tA � 2ïîëó÷èì
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(3)
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3
2exp
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,

ãäå t2 – òåìïåðàòóðà òåïëîíîñèòåëÿ â
îáðàòíîì òðóáîïðîâîäå ñèñòåìû îòî-
ïëåíèÿ.

Ïðåîáðàçóåì ôîðìóëó (3) ê
âèäó, óäîáíîìó äëÿ ëîãàðèôìè-
ðîâàíèÿ:

t t

t t T

k
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� �
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Åñëè t t t k1 2� � , òî
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k
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1
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� .

Äëÿ îñíîâàíèÿ íàòóðàëüíîãî ëî-
ãàðèôìà e � �2 718 1, ñïðàâåäëè-

âî íåðàâåíñòâî exp
� �3 1

��

�
�

�

�
	 �

T
.

Ó÷èòûâàÿ ýòî, ïðîëîãàðèôìèðó-
åì íåðàâåíñòâî (4), ñîõðàíèâ åãî
çíàê:

Ðèñ. 1. Ìîäèôèöèðîâàííàÿ ñõåìà îïòèìàëüíîãî óïðàâëåíèÿ ðàñõîäîì
òåïëîíîñèòåëÿ ïî âåòâÿì ñèñòåìû îòîïëåíèÿ (n-êîëè÷åñòâî âåòâåé)
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� �3 0
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�
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; (7) � �� 3. (8)

Òàêèì îáðàçîì, óâåëè÷åíèå
òåìïåðàòóðû â òåïëîâîé íàãðóçêå
R íà÷èíàåòñÿ ñ ìîìåíòà ïîñòóï-
ëåíèÿ íàãðåòîãî òåïëîíîñèòåëÿ
(ïðè � �� 3 ) â òî÷êó À [4].

Ñ ó÷åòîì âûðàæåíèé (6) è (8)
ïîëó÷èì

� � �3 3
1

2

� � �
�

�
T

t t

t t

k

k

ln . (9)

Íåðàâåíñòâî (9) ïîçâîëÿåò îï-
ðåäåëèòü ïåðèîä âðåìåíè � 	 çà-
ïóñêà àëãîðèòìà óïðàâëåíèÿ ñèñ-
òåìîé òåïëîñíàáæåíèÿ ïðè çàâè-
ñèìîì ïîäêëþ÷åíèè ê èñòî÷íèêó
òåïëà:
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 �	 � �
�

�

�

�
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��3

1
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T
t t

t t

k

k

ln , (10)

ãäå 
 � ( ; )0 1 – çàäàííàÿ êîíñòàíòà.

Ïîäñòàâëÿÿ � 	 â ôîðìóëó (2) è
ó÷èòûâàÿ äèñêðåòíîñòü, ïðåäñòà-
âèì âûðàæåíèå êàê

t t t tA k k( ) ( )�	 � � � �1 (11)
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Ïðåîáðàçóåì ýòî íåðàâåíñòâî
ê âèäó

exp ( ) ( )
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1

1
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�
�
� � � �� � . (12)

Â ðåçóëüòàòå âûïîëíåííûõ
ðàñ÷åòîâ ïîëó÷åí èíòåðâàë âðå-

ìåíè � 	 äëÿ ïåðåçàïóñêà àëãî-
ðèòìà óïðàâëåíèÿ ïðè çàâèñèìîì
ïðèñîåäèíåíèè ê èñòî÷íèêó òåï-
ëà, ñõåìàòè÷íî ïðèâåäåííûé íà
ðèñ. 3.

Â û â î ä û

1. Ïðåäëîæåíî ðåøåíèå àêòó-
àëüíîé íàó÷íî-òåõíè÷åñêîé çàäà-
÷è ïî ðàçðàáîòêå ìîäèôèöèðî-
âàííîé ñõåìû è àëãîðèòìà óïðàâ-
ëåíèÿ ìíîãîêîíòóðíîé ñèñòåìîé
òåïëîñíàáæåíèÿ ñ çàâèñèìûì
ïîäêëþ÷åíèåì ê òåïëîâûì ñåòÿì.
Ïðèìåíåíèå äàííûõ ñðåäñòâ ïîç-
âîëÿåò ìèíèìèçèðîâàòü ýíåðãå-
òè÷åñêèå çàòðàòû íà ïîääåðæà-
íèå êîìôîðòíûõ òåìïåðàòóðíûõ
óñëîâèé â çäàíèÿõ â îòîïèòåëü-
íûé ïåðèîä ïðè èçìåíÿþùèõñÿ
ïîãîäíî-êëèìàòè÷åñêèõ âîçäåé-
ñòâèÿõ.

2. Íà îñíîâå àíàëèçà ïîëó÷åí-
íûõ ðåçóëüòàòîâ ðàçðàáîòàíà
ñòðóêòóðíàÿ ñõåìà îïðåäåëåíèÿ
âðåìåííûõ èíòåðâàëîâ çàïóñêà
àëãîðèòìà óïðàâëåíèÿ ñèñòåìîé
òåïëîñíàáæåíèÿ ïðè çàâèñèìîì
ïîäêëþ÷åíèè ê òåïëîâûì ñåòÿì.

Ðèñ. 2. Áëîê-ñõåìà àëãîðèòìà
óïðàâëåíèÿ ñèñòåìîé òåïëî-
ñíàáæåíèÿ

Ðèñ. 3. Ñõåìà îïðåäåëåíèÿ âðåìåíè ïåðåçàïóñêà àëãîðèòìà óïðàâëåíèÿ
ñèñòåìîé òåïëîñíàáæåíèÿ ïðè çàâèñèìîì ïðèñîåäèíåíèè ê èñòî÷íèêó
òåïëà
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