
Òåïëîíàñîñí³ òåõíîëîã³¿, ùî íàáóëè øèðî-
êîãî ðîçïîâñþäæåííÿ ó ñâ³ò³, º îäíèì ç íàé-
á³ëüø ïåðñïåêòèâíèõ íàïðÿìê³â ó âèð³øåíí³
ïðîáëåì åíåðãîçáåðåæåííÿ ó ñôåð³ âèðîáíèöòâà
åíåðã³¿ òà ó òåõíîëîã³÷íèõ ïðîöåñàõ. Çàñòîñóâàí-
íÿ òåïëîâèõ íàñîñ³â ó ñèñòåìàõ òåïëîïîñòà÷àííÿ
ñïðèÿº åôåêòèâíîìó âèêîðèñòàííþ åíåðã³¿ äîâ-
ê³ëëÿ òà õàðàêòåðèçóºòüñÿ âåëèêèìè òåìïàìè
çðîñòàííÿ ê³ëüêîñò³ ä³þ÷èõ óñòàíîâîê ó áàãàòüîõ
êðà¿íàõ ñâ³òó. Íàéá³ëüøîãî ïîøèðåííÿ (áëèçüêî
50 %) ó êðà¿íàõ ªâðîïè íàáóëè òåïëîíàñîñí³
ñèñòåìè (ÒÍÑ) òåïëîïîñòà÷àííÿ ç âèêîðèñòàí-

íÿì òåïëîòè àòìîñôåðíîãî ïîâ³òðÿ [1]. Öüîìó
ñïðèÿº íåîáìåæåí³ñòü òà øèðîêà äîñòóïí³ñòü òà-
êîãî äæåðåëà òåïëîòè, â³äíîñíî íèçüêà âàð-
ò³ñòü ìîíòàæíèõ ðîá³ò òà ñòàðòîâèõ êàï³òàëî-
âêëàäåíü ïîð³âíÿíî, íàïðèêëàä, ç ãðóíòîâèìè
òåïëîâèìè íàñîñàìè.

Íà æàëü, ð³âåíü çàñòîñóâàííÿ ÒÍÑ â Óê-
ðà¿í³, ó òîìó ÷èñë³ ñèñòåì ç âèêîðèñòàííÿì òåï-
ëîòè àòìîñôåðíîãî ïîâ³òðÿ, çàëèøàºòüñÿ íåçà-
äîâ³ëüíèì; îäí³ºþ ç ïðè÷èí º íåñïðèÿòëèâ³
êë³ìàòè÷í³ óìîâè. Çà äàíèìè ã³äðîìåòåîðî-
ëîã³÷íîãî àíàë³çó, ïðîâåäåíîãî çà ó÷àñòþ àâ-
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Àíàë³ç êîìá³íîâàíî¿ òåïëîíàñîñíî¿ ñõåìè îïàëåííÿ
ç âèêîðèñòàííÿì òåïëîòè àòìîñôåðíîãî ïîâ³òðÿ

òà ñò³÷íèõ âîä áóäèíêó

Âèêëàäåíî ìåòîäèêó àíàë³çó ñèñòåìè òåïëîíàñîñíîãî îïàëåííÿ ç âèêîðèñòàííÿì òåï-
ëîòè ñò³÷íèõ âîä áóä³âë³ òà àòìîñôåðíîãî ïîâ³òðÿ ÿê äæåðåë òåïëîòè. Ïðîâåäåíî òåð-
ìîäèíàì³÷íèé àíàë³ç ñõåìè îïàëåííÿ. Îòðèìàíî çàëåæí³ñòü äëÿ âèçíà÷åííÿ â³ä-
íîøåííÿ òåïëîâîãî ïîòîêó, ùî âíîñèòüñÿ ó âèïàðíèê ç àòìîñôåðíèì ïîâ³òðÿì, äî ñó-
ìàðíèõ çàòðàò òåïëîòè íà îïàëåííÿ. Ïîêàçàíî, ùî ñõåìà òåïëîíàñîñíî¿ ñèñòåìè îïà-
ëåííÿ ç âèêîðèñòàííÿì äîäàòêîâî¿ òåïëîòè ñò³÷íèõ âîä åôåêòèâí³øà, í³æ âèõ³äíà ñõå-
ìà îïàëåííÿ. Îòðèìàíî ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ ñóìàðíèõ ïèòîìèõ çàòðàò
çîâí³øíüî¿ åíåðã³¿ íà ñèñòåìó òåïëîíàñîñíîãî îïàëåííÿ ç âèêîðèñòàííÿì òåïëîòè àò-
ìîñôåðíîãî ïîâ³òðÿ òà ñò³÷íèõ âîä áóäèíêó. Âèçíà÷åíî, ùî ïðè âèêîðèñòàíí³ äàíî¿
ñõåìè íà ñòàä³¿ ïðîåêòóâàííÿ ñèñòåìè òåïëîíàñîñíîãî îïàëåííÿ ìîæëèâî ñóòòºâî çíè-
çèòè êàï³òàëüí³ òà åêñïëóàòàö³éí³ çàòðàòè. Âèêîðèñòàííÿ îòðèìàíèõ çàëåæíîñòåé ó
ðîçðîáö³ ñèñòåì òåïëîíàñîñíîãî îïàëåííÿ çàáåçïå÷èòü ìàêñèìàëüíó åíåðãîåôåê-
òèâí³ñòü ¿õ ðîáîòè. Á³áë. 7, ðèñ. 4.
Êëþ÷îâ³ ñëîâà: òåïëîâèé íàñîñ, àòìîñôåðíå ïîâ³òðÿ, äæåðåëî òåïëîòè, ñò³÷í³ âîäè,
ñóìàðí³ ïèòîì³ çàòðàòè çîâí³øíüî¿ åíåðã³¿, íèçüêîòåìïåðàòóðíà ñèñòåìà îïàëåííÿ.
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òîð³â ö³º¿ ñòàòò³, áóëî ç’ÿñîâàíî, ùî òåìïåðàòó-
ðà â³ä –10 äî –15 �Ñ ïðèïàäàº íà 40 % ÷àñó
îïàëþâàëüíîãî ïåð³îäó. Â öèõ óìîâàõ âèêîðè-
ñòàííÿ ïîâ³òðÿíèõ òåïëîâèõ íàñîñ³â õàðàêòåðè-
çóºòüñÿ íèçüêîþ åíåðãåòè÷íîþ åôåêòèâí³ñòþ
[1–3], òîìó äëÿ çàäîâîëåííÿ ïîòðåá òåïëîïîñòà-
÷àííÿ íåîáõ³äíå ï³äêëþ÷åííÿ äîäàòêîâèõ äæå-
ðåë åíåðã³¿.

Ó çâ’ÿçêó ç âèêëàäåíèì íàáóâàþòü àêòóàëü-
íîñò³ ðîçðîáêà òà äîñë³äæåííÿ òåðìîäèíàì³÷íî¿
àáî åíåðãåòè÷íî¿ åôåêòèâíîñò³ êîìá³íîâàíèõ
ÒÍÑ òåïëîïîñòà÷àííÿ ç âèêîðèñòàííÿì äåê³ëü-
êîõ íèçüêîòåìïåðàòóðíèõ äæåðåë åíåðã³¿. Ó
ðàìêàõ äàíî¿ ñòàòò³ çàïðîïîíîâàíà êîìá³íîâàíà
òåïëîíàñîñíà ñõåìà íèçüêîòåìïåðàòóðíîãî îïà-
ëåííÿ, âèêîíàíà íà îñíîâ³ ïîâ³òðÿíîãî òåïëîâî-
ãî íàñîñó ç âèêîðèñòàííÿì óìîâíî ÷èñòèõ ñò³÷-
íèõ âîä ÿê äîäàòêîâîãî äæåðåëà òåïëîòè. Ïðî-
âåäåíî òåðìîäèíàì³÷íèé àíàë³ç òàêî¿ ñõåìè, íà
îñíîâ³ ÿêîãî çðîáëåí³ âèñíîâêè ùîäî ïîêðàùåí-
íÿ óìîâ ðîáîòè ïîâ³òðÿíèõ òåïëîâèõ íàñîñ³â òà
çìåíøåííÿ ïèòîìèõ çàòðàò çîâí³øíüî¿ åíåðã³¿
íà âèðîáëåííÿ òåïëîòè ó ñèñòåì³ îïàëåííÿ.

Îïèñ ïðèíöèïîâî¿ ñõåìè ÒÍÑ

Ïðèíöèïîâà ñõåìà êîìá³íîâàíî¿ òåïëîíà-
ñîñíî¿ ñèñòåìè íèçüêîòåìïåðàòóðíîãî âîäÿíîãî
îïàëåííÿ ç âèêîðèñòàííÿì òåïëîòè àòìîñôåðíî-
ãî ïîâ³òðÿ òà ñò³÷íèõ âîä çîáðàæåíà íà ðèñ.1.
Îñîáëèâ³ñòþ äàíî¿ ñõåìè º äîäàòêîâå âñòàíîâ-

ëåííÿ òåïëîîáì³ííèêà, â ÿêîìó òåïëîòà â³äáè-
ðàºòüñÿ â³ä óìîâíî ÷èñòèõ ñò³÷íèõ âîä áóä³âë³
òà ïåðåäàºòüñÿ òåïëîíîñ³þ íèæíüîãî êîíòóðó
ÒÍÑ îïàëåííÿ (ïîâ³òðþ). Òàêèì ÷èíîì, çà ðà-
õóíîê âèêèäíî¿ òåïëîòè ìîæíà ï³äâèùèòè òåð-
ìîäèíàì³÷íó åôåêòèâí³ñòü äàíî¿ ñõåìè.

Ïî ìåòàëåâîìó àáî ïëàñòèêîâîìó êîðîáó
àòìîñôåðíå ïîâ³òðÿ ïîäàºòüñÿ ó ñõåìó çà äîïî-
ìîãîþ âåíòèëÿòîðà. Äëÿ ï³äâèùåííÿ åôåêòèâ-
íîñò³ ðîáîòè ñõåìè òî÷êó â³äáîðó àòìîñôåðíîãî
ïîâ³òðÿ íåîáõ³äíî çàõèñòèòè â³ä çàìåðçàííÿ.

Àòìîñôåðíå ïîâ³òðÿ ç òåìïåðàòóðîþ t0 é
îá’ºìíîþ âèòðàòîþ Gï âåíòèëÿòîðîì ñèñòåìè ç
íàâêîëèøíüîãî ñåðåäîâèùà ïîäàºòüñÿ ó òåïëî-
îáì³ííèê ñò³÷íèõ âîä (ÒÎñâ). Ó òåïëîîáì³í-
íèêó òåïëîíîñ³é ï³ä³ãð³âàºòüñÿ äî òåìïåðàòóðè
t1, â³äáèðàþ÷è â³ä ñò³÷íèõ âîä òåïëîòó Qc.ò, ïî-
äàºòüñÿ äî âèïàðíèêà ÒÍ, â ÿêîìó ïîâ³òðÿ îõî-
ëîäæóºòüñÿ, òà íà âèõîä³ éîãî òåìïåðàòóðà ñòà-
íîâèòü tâ. Îïàëþâàíå ïðèì³ùåííÿ ìàº òåïëîâ³
âòðàòè ó íàâêîëèøíº ñåðåäîâèùå QÎÏ. Äëÿ
¿õíüî¿ êîìïåíñàö³¿ âèêîðèñòîâóºòüñÿ òåïëîâèé
ïîò³ê â³ä êîíäåíñàòîðà òåïëîâîãî íàñîñà Qê ç
òåìïåðàòóðîþ òåïëîíîñ³ÿ tê íà âõîä³ ó ñèñòåìó
îïàëåííÿ.

Òàêèì ÷èíîì, íàâåäåíà âèùå ñõåìà ó ïî-
ð³âíÿíí³ ç³ çâè÷àéíîþ òåïëîíàñîñíîþ ñõåìîþ ç
âèêîðèñòàííÿì òåïëîòè àòìîñôåðíîãî ïîâ³òðÿ
õàðàêòåðèçóºòüñÿ íàÿâí³ñòþ â íèæíüîìó êîí-
òóð³ ÒÍ äîäàòêîâîãî äæåðåëà òåïëîòè ó âèãëÿä³
òåïëîòè ñò³÷íèõ âîä, ùî ìîæå ïðèâåñòè äî
ï³äâèùåííÿ åôåêòèâíîñò³ ðîáîòè âñ³º¿ òåïëîíà-
ñîñíî¿ ñõåìè ó ïîð³âíÿíí³ ç âèõ³äíîþ.

Òåðìîäèíàì³÷íèé àíàë³ç ÒÍÑ

Àíàë³ç òåðìîäèíàì³÷íî¿ åôåêòèâíîñò³ íàâå-
äåíî¿ âèùå ñõåìè îïàëåííÿ ñë³ä âèêîíóâàòè,
çíàþ÷è ê³ëüê³ñí³ õàðàêòåðèñòèêè äîäàòêîâîãî
äæåðåëà òåïëîòè — ñò³÷íèõ âîä. Âèçíà÷åííÿ
öèõ õàðàêòåðèñòèê ìîæíà çðîáèòè íà îñíîâ³
ðîçðàõóíê³â òåïëîâîãî íàâàíòàæåííÿ áóäèíêó
íà îïàëåííÿ òà ãàðÿ÷å âîäîïîñòà÷àííÿ (ÃÂÏ).
Àíàë³ç ðåçóëüòàò³â òàêèõ ðîçðàõóíê³â äëÿ
áóä³âåëü ïðèâîäèòü äî âèñíîâêó, ùî âèòðàòè
òåïëîòè íà ÃÂÏ ñêëàäàþòü ó á³ëüøîñò³ âè-
ïàäê³â äî 25–30 % â³ä âèòðàò òåïëîòè íà îïà-
ëåííÿ â ðîçðàõóíêîâèé ïåð³îä.

Òîä³ ìîæíà çàïèñàòè, ùî

QÃÂÏ = Kð QÎÏ, (1)

äå QÃÂÏ — òåïëîâèé ïîò³ê íà ÃÂÏ, Âò; Kð —
êîåô³ö³ºíò ïðîïîðö³éíîñò³ ì³æ âêàçàíèìè òåï-
ëîâèìè ïîòîêàìè â ðîçðàõóíêîâèé ïåð³îä; QÎÏ
— òåïëîâèé ïîò³ê íà îïàëåííÿ ïðèì³ùåííÿ, Âò.

Ðèñ.1. Ïðèíöèïîâà ñõåìà êîìá³íîâàíî¿ ÒÍÑ íèçüêîòåìïåðà-
òóðíîãî âîäÿíîãî îïàëåííÿ ç âèêîðèñòàííÿì òåïëîòè àòìî-
ñôåðíîãî ïîâ³òðÿ òà ñò³÷íèõ âîä: ÎÏ — îïàëþâàíå
ïðèì³ùåííÿ; ÒÍ — òåïëîâèé íàñîñ; ÊÒÍ — êîíäåíñàòîð
ÒÍ; ÂÒÍ — âèïàðíèê ÒÍ; Ê — êîìïðåñîð; Í — íàñîñ;
ÒÎñâ — òåïëîîáì³ííèê ñò³÷íèõ âîä; Lê — ðîáîòà ïðèâîäó
êîìïðåñîðà ÒÍ; Lí — ðîáîòà ïðèâîäó íàñîñà; Lâ — ðîáîòà
âåíòèëÿòîðà.



Ïðè ï³äâèùåíí³ òåìïåðàòóðè çîâí³øíüîãî
ïîâ³òðÿ ó ïîð³âíÿíí³ ç ðîçðàõóíêîâèì ðåæèìîì
áóäå çìåíøóâàòèñÿ òåìïåðàòóðíèé íàï³ð ó ñèñ-
òåì³ îïàëåííÿ òà ó òåïëîîáì³ííèêó äëÿ ï³ä³-
ãð³âó ïîâ³òðÿ çà ðàõóíîê òåïëîòè ñò³÷íèõ âîä.
Ó ïåðøîìó íàáëèæåíí³ ìîæíà ïðèéíÿòè, ùî
çì³íè òåìïåðàòóðíîãî íàïîðó ó òåïëîîáì³ííèêó
òà ó ñèñòåì³ îïàëåííÿ îäíàêîâ³. Òîä³ ìîæíà
ïðèéíÿòè, ùî çà áóäü-ÿêî¿ òåìïåðàòóðè çîâí³ø-
íüîãî ïîâ³òðÿ

Qñ.ò = K QÎÏ, (2)

äå Ê — êîåô³ö³ºíò ïðîïîðö³éíîñò³ çà áóäü-ÿêî¿
òåìïåðàòóðè t0, Ê = Êð.

Äàë³ ç òåïëîâîãî áàëàíñó ï³ä³ãð³âíèêà ïî-
â³òðÿ ìàºìî

GÏ = Qñ.ò/Câ (t1 – t0) =

= Kð QÎÏ/Câ (t1 – t0), (3)

äå t1 — òåìïåðàòóðà ïîâ³òðÿ íà âõîä³ äî âèïàðíè-
êà àáî íà âèõîä³ ç òåïëîîáì³ííèêà ñò³÷íèõ âîä, �Ñ.

Àíàëîã³÷íèì ÷èíîì ç ð³âíÿííÿ òåïëîâîãî
áàëàíñó îá’ºêòó îïàëåííÿ âèçíà÷èìî

GÏ = Qîï (� – 1)/Câ (t1 – tâ) �, (4)

äå tâ — òåìïåðàòóðà ïîâ³òðÿ íà âèõîä³ ç âèïàð-
íèêà ÒÍ, �Ñ; � — ä³éñíèé êîåô³ö³ºíò òðàíñ-
ôîðìàö³¿ ÒÍ.

Ïðèéìåìî, ùî ä³éñíèé êîåô³ö³ºíò òðàíñ-
ôîðìàö³¿ ìîæíà âèçíà÷èòè òàê:

� = �Ò �ÒÍ, (5)

äå �Ò — êîåô³ö³ºíò òðàíñôîðìàö³¿ ³äåàëüíîãî
öèêëó Êàðíî; �ÒÍ — êîåô³ö³ºíò âòðàò ÒÍ,
ïðèéíÿòî �ÒÍ = 0,6 [4].

Êîåô³ö³ºíò òðàíñôîðìàö³¿ òåïëîòè ³äåàëü-
íîãî öèêëó Êàðíî ìîæíà çàïèñàòè ó òàêîìó âè-
ãëÿä³:

�Ò
â
ÒÍ

ê
ÒÍ

ò
âèõ

âèï

ê

Ò

Ò

t t

t t
� �

�

	





�

�



� �
� �

� �

�

1 1
273

273

1
�

� ê

�

	





�

�



�1

, (6)

äå Tâ
ÒÍ — àáñîëþòíà òåìïåðàòóðà âèïàðîâóâàí-

íÿ õîëîäèëüíîãî àãåíòà ó âèïàðíèêó ÒÍ, Ê;
Tê

ÒÍ — àáñîëþòíà òåìïåðàòóðà êîíäåíñàö³¿ õî-
ëîäèëüíîãî àãåíòà â êîíäåíñàòîð³ ÒÍ, Ê; tò

âèõ

— òåìïåðàòóðà òåïëîíîñ³ÿ íà âèõîä³ ç âèïàðíè-
êà ÒÍ, �Ñ; tê — òåìïåðàòóðà âîäè íà âèõîä³ ç
êîíäåíñàòîðà ÒÍ, �Ñ; �tâèï — òåìïåðàòóðíèé
ïåðåïàä ì³æ ïîòîêàìè òåïëîíîñ³ÿ é õîëîäèëüíî-

ãî àãåíòà íà âèõîä³ ç âèïàðíèêà òåïëîâîãî íàñî-
ñà, �Ñ; �tê — òåìïåðàòóðíèé ïåðåïàä ì³æ ïîòî-
êàìè õîëîäèëüíîãî àãåíòà òà ãð³þ÷îãî òåïëî-
íîñ³ÿ ó ñèñòåì³ îïàëåííÿ íà âèõîä³ ç êîíäåíñà-
òîðà ÒÍ, �Ñ.

Çã³äíî ç ðåêîìåíäàö³ÿìè [4], ìîæíà ïðè-
éíÿòè, ùî äëÿ ð³äêîãî òåïëîíîñ³ÿ ó âèïàðíèêó
òåïëîâîãî íàñîñó �tâèï = 5 �Ñ, äëÿ âîäè â êîí-
äåíñàòîð³ òåïëîâîãî íàñîñó �tê = 5 �Ñ.

Òåìïåðàòóðà òåïëîíîñ³ÿ, ùî ïîäàºòüñÿ ó
ñèñòåìó îïàëåííÿ, âèçíà÷àºòüñÿ çà ñï³ââ³äíî-
øåííÿì [5]:

t t (t t )
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(t t
ê ï ò
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ï 0
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)
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äå tï — òåìïåðàòóðà ïîâ³òðÿ ó ïðèì³ùåíí³, tï =
= 20 �Ñ; t0 — òåìïåðàòóðà íàâêîëèøíüîãî àòìî-
ñôåðíîãî ïîâ³òðÿ, �Ñ; tò

ð — ðîçðàõóíêîâà òåì-
ïåðàòóðà ãð³þ÷îãî òåïëîíîñ³ÿ ó ñèñòåì³ îïàëåí-
íÿ çà ðîçðàõóíêîâî¿ òåìïåðàòóðè àòìîñôåðíîãî
ïîâ³òðÿ t0

ð (ó äàíèõ ðîçðàõóíêàõ öÿ òåìïåðàòó-
ðà ñêëàäàº –22 �Ñ); n = 0 äëÿ íèçüêîòåìïåðà-
òóðíèõ ñèñòåì îïàëåííÿ; ðîçðàõóíêîâà òåìïåðà-
òóðà òåïëîíîñ³ÿ ó ñèñòåì³ îïàëåííÿ ïðèéìàºòüñÿ
t0

ð = 45 �Ñ.
Âàæëèâèì ïàðàìåòðîì ïðè âèçíà÷åíí³ êî-

åô³ö³ºíòà òðàíñôîðìàö³¿ ÒÍ º òåìïåðàòóðà ïî-
â³òðÿ íà âèõîä³ ç âèïàðíèêà:

tâ = t1 – �tîïò, (8)

äå �tîïò — îïòèìàëüíèé ñòóï³íü îõîëîäæåííÿ
íèçüêîòåìïåðàòóðíîãî äæåðåëà òåïëîòè ó âèïàð-
íèêó ÒÍ [5], ùî âèçíà÷àºòüñÿ çà ôîðìóëîþ
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,

(9)

äå À — êîìïëåêñ ïîñò³éíèõ âåëè÷èí, ùî çàëå-
æèòü â³ä àåðîäèíàì³÷íîãî îïîðó âèïàðíèêà,
A = �p/(�ï cð) (äå �p — âòðàòè òèñêó ó âèïàð-
íèêó ÒÍ, êÏà; �ï — ãóñòèíà ïîâ³òðÿ, êã/ì3;
cð — ïèòîìà ³çîáàðíà òåïëîºìí³ñòü ïîâ³òðÿ,
êÄæ/(êã.Ê)); �â— ÊÊÄ âåíòèëÿòîðà; �ïð —
ÊÊÄ ïðèâîäó âåíòèëÿòîðà.

Ç ð³âíÿíü (3) òà (4) ï³ñëÿ íåñêëàäíèõ ìà-
òåìàòè÷íèõ ïåðåòâîðåíü îòðèìóºìî

� = (t1 – t0)/(t1 – tâ) = K �/(� – 1). (10)
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Ïåðåïàä òåìïåðàòóð t1 – tâ ó ð³âíÿíí³ (7)
ïðèéìåìî ð³âíèì îïòèìàëüíîìó çíà÷åííþ, çã³ä-
íî ç ðåêîìåíäàö³ÿìè ðîáîòè [5]:

t1 – tâ = �tîïò. (11)

Òîä³ ç ð³âíÿíü (7) òà (8) ìîæåìî îòðèìàòè
âèðàç äëÿ òåìïåðàòóðè ïîâ³òðÿ íà âõîä³ ó âè-
ïàðíèê ÒÍ:

t1 = t0 + �tîïò Kð �/(� – 1). (12)

Âàæëèâîþ õàðàêòåðèñòèêîþ äëÿ àíàë³çó
åôåêòèâíîñò³ ÒÍ ñõåìè îïàëåííÿ º ÷àñòêà òåï-
ëîòè àòìîñôåðíîãî ïîâ³òðÿ ó çàãàëüí³é ê³ëü-
êîñò³ òåïëîòè [6, 7], ùî âèòðà÷àºòüñÿ íà îïà-
ëåííÿ îá’ºêòó. Âèçíà÷èìî öþ âåëè÷èíó ç òåïëî-
âîãî áàëàíñó ÒÍ óñòàíîâêè:
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Q
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Åíåðãîåôåêòèâí³ñòü ðîáîòè ñõåìè îïàëåííÿ
ç âèêîðèñòàííÿì ÒÍ õàðàêòåðèçóºòüñÿ ïèòîìè-
ìè çàòðàòàìè çîâí³øíüî¿ åíåðã³¿ íà âèðîáëåííÿ
îäèíèö³ òåïëîòè íà îïàëåííÿ:

lîï = (Lê + Lâ)/QÎÏ. (14)

Ïðè çàñòîñóâàíí³ òåðìîäèíàì³÷íîãî àíàë³çó
ñõåìè áåç âèêîðèñòàííÿ ñòîê³â, ÿêèé íàâåäåíî ó
[5], òà ç óðàõóâàííÿì (10) ð³âíÿííÿ (14) íàáó-
âàº âèãëÿäó

lîï
â ïð îïò
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1

�
. (15)

Ðîçðàõóíêîâèé àíàë³ç õàðàêòåðèñòèê
òåïëîíàñîñíî¿ ñõåìè

Ïåðøèì êðîêîì ÷èñåëüíîãî àíàë³çó äàíî¿
ñõåìè îáðàíî âèçíà÷åííÿ çàëåæíîñò³ òåìïåðàòó-
ðè ïîâ³òðÿ íà âèõîä³ ç òåïëîîáì³ííèêà ñò³÷íèõ
âîä [7] (íà âõîä³ äî âèïàðíèêà ÒÍ) â³ä òåìïåðà-
òóðè çîâí³øíüîãî ïîâ³òðÿ ïðè ð³çíèõ çíà÷åííÿõ
êîìïëåêñà À. Çàëåæí³ñòü ïîáóäîâàíà íà îñíîâ³
ð³âíÿííÿ (12). Ó ðîçðàõóíêó ïðèéíÿòî çíà÷åííÿ
êîìïëåêñó À = 0,1; 0,5; 1,0, ùî îõîïëþº á³ëüøó
÷àñòèíó ä³àïàçîíó ðîáîòè ÒÍ óñòàíîâêè. Òàêîæ
çì³ííèì áóâ êîåô³ö³ºíò Kð, çíà÷åííÿ ÿêîãî
ïðèéìàëèñÿ 0; 0,1; 0,2; 0,3. Çàëåæíîñò³ t1 =
= f(t0) ãðàô³÷íî çîáðàæåí³ íà ðèñ.2.

Àíàë³çóþ÷è çàëåæíîñò³ íà ðèñ.2, ìîæíà ïî-
áà÷èòè, ùî ç³ çá³ëüøåííÿì êîìïëåêñó À òåìïå-
ðàòóðà íà âõîä³ äî âèïàðíèêà çá³ëüøóºòüñÿ.

Ìîæíà ïðîñë³äêóâàòè ï³äâèùåííÿ t1 ç³ çá³ëü-
øåííÿì Êð, ùî ñóòòºâî ïîêðàùóº óìîâè åêñ-
ïëóàòàö³¿ äàíî¿ ñõåìè îïàëåííÿ ïðè â³ä’ºìíèõ
òåìïåðàòóðàõ àòìîñôåðíîãî ïîâ³òðÿ.

Ç ðèñ.2,â âèäíî, ùî ïðè À = 1,0 òà Êð =
= 0,3 òåìïåðàòóðà t1 ïîâ³òðÿ íà âõîä³ äî âèïàð-
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Ðèñ.2. Çàëåæí³ñòü òåìïåðàòóðè íà âõîä³ äî âèïàðíèêà ÒÍ
â³ä òåìïåðàòóðè àòìîñôåðíîãî ïîâ³òðÿ: à, á, â — êîìïëåêñ
À = 0,1; 0,5; 1,0 â³äïîâ³äíî; 1, 2, 3, 4 — êîåô³ö³ºíò Êð = 0;
0,1; 0,2; 0,3.

à

â

á



íèêà çðîñòàº íà âåëè÷èíó áëèçüêî 8 �Ñ, ùî çà-
áåçïå÷óº ð³âåíü ö³º¿ òåìïåðàòóðè –15 �Ñ ïðè
ðîçðàõóíêîâ³é òåìïåðàòóð³ –22 �Ñ àòìîñôåðíî-
ãî ïîâ³òðÿ íà îïàëåííÿ.

Äëÿ íàñòóïíîãî ÷èñåëüíîãî àíàë³çó ñèñòåìè
áóëî ïîáóäîâàíî çàëåæíîñò³ â³äíîñíî¿ ÷àñòêè
òåïëîòè àòìîñôåðíîãî ïîâ³òðÿ ó çàãàëüí³é âè-

òðàò³ òåïëîòè íà îïàëåííÿ â³ä òåìïåðàòóðè
çîâí³øíüîãî ïîâ³òðÿ (ðèñ.3) ïðè òàêèõ ñàìèõ
çì³ííèõ À òà Êð, ÿê ó ïîïåðåäí³õ çàëåæíîñòÿõ.

Ç ãðàô³ê³â íà ðèñ.3, ïîáóäîâàíèõ çà ð³â-
íÿííÿì (11), ìîæíà ÷³òêî ïðîñë³äêóâàòè, ùî
ïðè çá³ëüøåíí³ À, òîáòî çá³ëüøåíí³ àåðîäè-
íàì³÷íîãî îïîðó âèïàðíèêà ÒÍ, òà Êð â³äíîñíà
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Ðèñ.3. Çàëåæí³ñòü â³äíîñíî¿ ÷àñòêè òåïëîòè àòìîñôåðíîãî
ïîâ³òðÿ ó çàãàëüí³é âèòðàò³ òåïëîòè íà îïàëåííÿ â³ä òåìïåðà-
òóðè àòìîñôåðíîãî ïîâ³òðÿ: à, á, â — êîìïëåêñ À = 0,1; 0,5;
1,0 â³äïîâ³äíî; 1, 2, 3, 4 — êîåô³ö³ºíò Êð = 0; 0,1; 0,2; 0,3.

á

a

â

Ðèñ.4. Çàëåæí³ñòü ïèòîìèõ çàòðàò çîâí³øíüî¿ åíåðã³¿ íà îïà-
ëåííÿ â³ä òåìïåðàòóðè àòìîñôåðíîãî ïîâ³òðÿ: à, á, â — êîì-
ïëåêñ À = 0,1; 0,5; 1,0 â³äïîâ³äíî; 1, 2, 3, 4 — êîåô³ö³ºíò
Êð = 0; 0,1; 0,2; 0,3.

â
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á



÷àñòêà òåïëîòè àòìîñôåðíîãî ïîâ³òðÿ ó çà-
ãàëüí³é âèòðàò³ òåïëîòè íà îïàëåííÿ ñóòòºâî
çíèæóºòüñÿ, òîä³ ÿê äîëÿ òåïëîòè íà îïàëåííÿ
çà ðàõóíîê òåïëîòè ñò³÷íèõ âîä çàëèøàºòüñÿ
íåçì³ííîþ.

Ãðàô³÷í³ çàëåæíîñò³, ïîêàçàí³ íà ðèñ.3,
ïîä³ëÿþòü éîãî íà òðè îáëàñò³. Ïåðøà îáëàñòü,
ÿêà çíàõîäèòüñÿ ï³ä êðèâèìè, õàðàêòåðèçóº ÷à-
ñòêó òåïëîòè àòìîñôåðíîãî ïîâ³òðÿ; äðóãà îá-
ëàñòü, íàä øòðèõîâèìè ë³í³ÿìè, — çàòðàòè
çîâí³øíüî¿ åíåðã³¿ íà êîìïðåñîð òà âåíòèëÿòîð
ÒÍ; òðåòÿ îáëàñòü, ì³æ øòðèõîâèìè òà
ñóö³ëüíèìè ë³í³ÿìè, — âíåñîê äîäàòêîâîãî
äæåðåëà ó çàãàëüí³é âèòðàò³ òåïëîòè íà îïàëåí-
íÿ. Òàêèì ÷èíîì, âèêîðèñòàííÿ òåïëîòè ñò³÷íèõ
âîä ïðè ðåàëüíèõ çíà÷åííÿõ âèòðàòè òåïëîòè íà
ÃÂÏ âíîñèòü ñóòòºâèé âêëàä ó çàáåçïå÷åííÿ
òåïëîâîãî íàâàíòàæåííÿ ñèñòåìè íà îïàëåííÿ.

Âàæëèâîþ õàðàêòåðèñòèêîþ êîìá³íîâàíî¿
òåïëîíàñîñíî¿ ñèñòåìè º ïèòîì³ çàòðàòè çîâí³ø-
íüî¿ åíåðã³¿ íà âèðîáëåííÿ îäèíèö³ òåïëîòè íà
îïàëåííÿ. ×èñåëüíèé àíàë³ç ïðîâåäåíî çà ð³â-
íÿííÿì (13), ïîáóäîâàíî çàëåæíîñò³ lîï =
= f(t0) ïðè òèõ ñàìèõ ïàðàìåòðàõ, ÿê ó ïîïå-
ðåäí³õ âèïàäêàõ (ðèñ.4).

Ç ãðàô³÷íèõ çàëåæíîñòåé, ïîêàçàíèõ íà
ðèñ.4, ìîæíà ïðîñë³äêóâàòè, ùî ïèòîì³ çàòðàòè
çîâí³øíüî¿ åíåðã³¿ íà ÒÍ ñèñòåìó îïàëåííÿ
ñóòòºâî çá³ëüøóþòüñÿ ç³ çíèæåííÿì òåìïåðàòó-
ðè àòìîñôåðíîãî ïîâ³òðÿ òà ç³ çá³ëüøåííÿì
àåðîäèíàì³÷íîãî îïîðó âèïàðíèêà ÒÍ, à òàêîæ
äåùî çìåíøóþòüñÿ ïðè çá³ëüøåíí³ êîåô³ö³ºíòà
Êð, òîáòî ïðè çðîñòàíí³ ñï³ââ³äíî- øåííÿ òåï-
ëîòè, ùî â³äáèðàºòüñÿ â³ä ñò³÷íèõ âîä, òà òåï-
ëîòè íà îïàëåííÿ îá’ºêòó. Çíèæåííÿ ñóìàðíèõ
çàòðàò åíåðã³¿ íà îïàëåííÿ ìàéæå íå
ïðîñë³äêîâóºòüñÿ ïðè ìàëèõ çíà÷åííÿõ êîì-
ïëåêñó À, à ïðè À = 0,5 òà À = 1 öå ÿâèùå
ïðîñë³äêîâóºòüñÿ á³ëüø ÷³òêî.

Âèñíîâêè

Âèêîðèñòàííÿ äîäàòêîâîãî äæåðåëà òåïëîòè
äëÿ ÒÍ ñõåìè òåïëîïîñòà÷àííÿ ç âèêîðèñòàí-
íÿì àòìîñôåðíîãî ïîâ³òðÿ ÿê íèæíüîãî äæåðå-

ëà ñóòòºâî ïîêðàùóº óìîâè åêñïëóàòàö³¿ âñ³º¿
ñèñòåìè, çá³ëüøóþ÷è òåìïåðàòóðó òåïëîíîñ³ÿ íà
âõîä³ äî âèïàðíèêà ÒÍ ó äåÿêèõ âèïàäêàõ ç
â³ä’ºìíîãî äî äîäàòíîãî çíà÷åííÿ, ùî º
ñóòòºâîþ ïåðåâàãîþ äëÿ âèêîðèñòàííÿ ÒÍ â
óìîâàõ óêðà¿íñüêîãî êë³ìàòó.

Ïðè çàëó÷åíí³ äîäàòêîâîãî äæåðåëà — òåï-
ëîòè ñò³÷íèõ âîä — íàâåäåíà âèùå ñèñòåìà îïà-
ëåííÿ âèêîðèñòîâóº òåìïåðàòóðíèé ïîòåíö³àë,
ÿêèé ðàí³øå ñêèäàâñÿ ó íàâêîëèøíº ñåðåäîâè-
ùå. Òàêèé ï³äõ³ä º êðîêîì äî áåçâ³äõîäíîñò³ òà
åíåðãîåôåêòèâíîñò³ ñèñòåìè.

Âèêîðèñòàííÿ äàíîãî ï³äõîäó â ÒÍ ñõåìàõ
îïàëåííÿ ñóòòºâî çíèæóº ñóìàðí³ ïèòîì³ çàòðà-
òè çîâí³øíüî¿ åíåðã³¿, çà ðàõóíîê ÷îãî ìîæíà
çìåíøèòè ñòàðòîâ³ êàï³òàëüí³ òà åêñïëóàòàö³éí³
çàòðàòè íà ñèñòåìó ÒÍ îïàëåííÿ.
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Àíàëèç êîìáèíèðîâàííîé òåïëîíàñîñíîé ñõåìû
îòîïëåíèÿ ñ èñïîëüçîâàíèåì òåïëîòû

àòìîñôåðíîãî âîçäóõà è ñòî÷íûõ âîä çäàíèÿ

Èçëîæåíà ìåòîäèêà àíàëèçà ñèñòåìû òåïëîíàñîñíîãî îòîïëåíèÿ ñ èñïîëüçîâàíèåì òåïëî-
òû ñòî÷íûõ âîä çäàíèÿ è àòìîñôåðíîãî âîçäóõà êàê èñòî÷íèêîâ òåïëîòû. Ïðîâåäåí òåð-
ìîäèíàìè÷åñêèé àíàëèç ñõåìû îòîïëåíèÿ. Ïîëó÷åíà çàâèñèìîñòü äëÿ îïðåäåëåíèÿ îòíî-
øåíèÿ òåïëîâîãî ïîòîêà, âíîñèìîãî â èñïàðèòåëü ñ àòìîñôåðíûì âîçäóõîì, ê ñóììàðíûì
çàòðàòàì òåïëîòû íà îòîïëåíèå. Ïîêàçàíî, ÷òî ñõåìà òåïëîíàñîñíîé ñèñòåìû îòîïëåíèÿ ñ
èñïîëüçîâàíèåì äîïîëíèòåëüíîé òåïëîòû ñòî÷íûõ âîä çäàíèÿ áîëåå ýôôåêòèâíà, ÷åì
èñõîäíàÿ ñõåìà îòîïëåíèÿ. Ïîëó÷åíû ñîîòíîøåíèÿ äëÿ îïðåäåëåíèÿ ñóììàðíûõ óäåëü-
íûõ çàòðàò âíåøíåé ýíåðãèè íà ñèñòåìó òåïëîíàñîñíîãî îòîïëåíèÿ ñ èñïîëüçîâàíèåì òåï-
ëîòû àòìîñôåðíîãî âîçäóõà è ñòî÷íûõ âîä çäàíèÿ. Îïðåäåëåíî, ÷òî ïðè èñïîëüçîâàíèè
äàííîé ñõåìû íà ñòàäèè ïðîåêòèðîâàíèÿ ñèñòåìû òåïëîíàñîñíîãî îòîïëåíèÿ âîçìîæíî
ñóùåñòâåííî ñíèçèòü êàïèòàëüíûå è ýêñïëóàòàöèîííûå çàòðàòû. Èñïîëüçîâàíèå ïîëó÷åí-
íûõ çàâèñèìîñòåé â ðàçðàáîòêå ñèñòåì òåïëîíàñîñíîãî îòîïëåíèÿ îáåñïå÷èò ìàêñèìàëü-
íóþ ýíåðãîýôôåêòèâíîñòü èõ ðàáîòû. Áèáë. 7, ðèñ. 4.
Êëþ÷åâûå ñëîâà: òåïëîâîé íàñîñ, àòìîñôåðíûé âîçäóõ, èñòî÷íèê òåïëîòû, ñòî÷íûå
âîäû, ñóììàðíûå óäåëüíûå çàòðàòû âíåøíåé ýíåðãèè, íèçêîòåìïåðàòóðíàÿ ñèñòåìà
îòîïëåíèÿ.
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Analysis of the Combined Heat Pump Heating Schemes
Using the Heat of Atmospheric Air

and House Sewage

The method of analysis of the system of heat pump heating using the heat of sewage of
the building and atmospheric air as sources of heat is outlined in this article. A thermo-
dynamic analysis of the heating circuit was made, in which a dependence was obtained
for determining the ratio of the thermal flow introduced into the evaporator with atmo-
spheric air to the total heat consumption for heating. It is shown that the scheme of heat
pump system with the use of additional heat of sewage is more effective than the initial
heating scheme. The correlation for determining the total specific energy expenditure for
the heat pump system using the heat of atmospheric air and sewage is obtained. It is de-
termined that when using this scheme at the stage of design of the system of heat pump
heating it is possible to significantly reduce capital and operating costs. The use of ob-
tained dependencies in the development of heat pump systems will ensure the maximum
energy efficiency of their operation. Bibl. 7, Fig. 4.
Key words: heat pump, atmospheric air, source of heat, sewage, total specific costs of ex-
ternal energy, low-temperature heating system.



References
1. Gershkovich V.F. [Peculiarities of designing heat

supply systems for buildings with heat pumps].
Êiev : Energominimum, 2009. 60 p. (Rus.)

2. Gershkovich V.F. [Some of the American experience
in the design of heat pumps], Teplovy Nasosy [Íeat
Pumps]. 2011. No. 1. pp. 12–19. (Rus.)

3. Macevityj Yu.M., Chirkin N.B., Bogdanovich L.S.,
Klepanda A.S. [About the rational usage of heat pump
technologies in the economy of Ukraine]. Jener-
gozberezhenie. Jenergetika. Jenergoaudit. 2007.
No. 3. pp. 20–31. (Rus.)

4. Bezrodny M.K., Puhovyj I.I., Kutra D.S. [Heat pumps
and their use]. Kiev : NTUU «KPI», 2013. 312 ð.
(Ukr.)

5. Bezrodny M.K., Prytula N.O. [Thermodynamic and
energy efficiency of heat pump heating circuits],
Kiev : Polytechnic, 2016. 272 p. (Ukr.)

6. DSTU BV. 2.5-44:2010. [Engineering equipment of
buildings and structures. Design of heating build-
ings with heat pumps. Effective as of 01.09.2010].
Êiev : Ukraine Ministry of Regional Development,
2010. 52 p. (Ukr.)

7. Zimin L.B., Vialko N.M. [Analysis of the efficiency
of heat pump systems for utilizing the heat of sew-
age effluents for heat supply of social objects].
Promyshlennaya teplotechnika [Industrial heat en-
gineering]. 2008. No. 1. (Rus.)

Received December 14, 2017

10 ISSN 2413-7723. Ýíåðãîòåõíîëîãèè è ðåñóðñîñáåðåæåíèå. 2018. ¹ 1

Boichenko S.V.1, Doctor of Technical Sciences, Professor,
Yakovlieva A.V.2, Candidate of Technical Sciences,

Gryshchenko O.V.2, Post-graduate Student, Zinchuk A.M.2
1 Rzeszow University of Technology, Rzeszow, Poland
8, Al. Powstancow Warszawy, 35-959 Rzeszow, Poland, e-mail: chemmotology@ukr.net
2 Institute of Environmental Safety of National Aviation University, Kiev
1, Komarov Ave., 03058 Kiev, Ukraine, e-mail: anna.yakovlieva@ukr.net

Prospects of Using Different Generations Biofuels
for Minimizing Impact

of Modern Aviation on Environment

The work is devoted to the overview of prospects of development and implementation of al-
ternative motor fuels from various types of biomass. The article outlines problems of modern
transport that is connected to limitation of conventional energy resources used for fuels pro-
duction. Main environmental problems connected with the use of conventional aviation fuels
are determined. Modern trends for transition from conventional aviation fuels to alternative
ones are presented. The article gives versatile analysis of well-developed types of biomass for
biofuels production and also perspective types, which may be sufficiently used in the near
future. The main properties of oil plants used for biofuels production are described, as well
as advantages of biofuels use from considered types of biomass. Bibl. 26, Fig. 1, Tab. 4.
Key words: energy resources, aviation fuel, emissions, biomass, biofuel, microalgae, sor-
ghum oil, camelina oil, jatropha oil.
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Introduction

One of the features of the modern world is the
increased attention of the international community
to the problems of rationality and efficient use of
energy resources, the introduction of energy saving
technologies and searching of renewable energy.

Today, renewable energy development in the
world, took an accelerated character that is asso-
ciated with the growing of global multifactorial
crisis phenomenas. On the one hand, there is
limtation of geological reserves of the main types

of fuel resources — oil and gas, which leads to an
inevitable rise in prices for them. On the other hand
the obvious growth of the negative environmental
impacts caused by the effects of human activity.

Object of the article is production of biofuels
of different generations.

Subject of the article is methods of produc-
tion of different generations of biofuels from
plants, algae, and so on.

The purpose of the article — study the prob-
lem of the use of traditional fuels, and to show
the perspectives of alternative fuels production.




