
ÈÍÆÅÍÅÐÍÛÅ ÑÈÑÒÅÌÛ
ÆÈÇÍÅÎÁÅÑÏÅ×ÅÍÈß ÍÀÑÅËÅÍÍÛÕ ÌÅÑÒ,

ÇÄÀÍÈÉ È ÑÎÎÐÓÆÅÍÈÉ.
ÝÊÎËÎÃÈ×ÅÑÊÀß ÁÅÇÎÏÀÑÍÎÑÒÜ

ÑÒÐÎÈÒÅËÜÑÒÂÀ

LIFE MAINTENANCE ENGINEERING SYSTEMS
OF THE INHABITED LOCALITIES,

BUILDINGS AND STRUCTURES.
ECOLOGICAL SAFETY OF CONSTRUCTION

Èçâåñòèÿ âóçîâ. Ñòðîèòåëüñòâî. 2022. ¹ 6. Ñ. 56–69.
ISSN 0536-1052
News of Higher Educational Institutions. Construction. 2022; (6): 56–69.
ISSN 0536-1052

Íàó÷íàÿ ñòàòüÿ
ÓÄÊ 628.002.5
DOI: 10.32683/0536-1052-2022-762-6-56-69

ÎÏÐÅÄÅËÅÍÈÅ ÔÀÊÒÈ×ÅÑÊÈÕ ÏÀÐÀÌÅÒÐÎÂ
ÝÊÑÏËÓÀÒÀÖÈÈ ÑÈËÎÂÛÕ ÀÃÐÅÃÀÒÎÂ

ÏÎÄÊÀ×ÈÂÀÞÙÈÕ ÍÀÑÎÑÍÛÕ ÑÒÀÍÖÈÉ

Èëüÿ Âèêòîðîâè÷ Íèêîëåíêî1, Åëåíà Åâãåíüåâíà Êîòîâñêàÿ1,
Àëåêñåé Åâãåíüåâè÷ Êîòîâñêèé2

1Èíñòèòóò «Àêàäåìèÿ ñòðîèòåëüñòâà è àðõèòåêòóðû», ÊÔÓ èì. Â.È. Âåðíàäñêîãî,
Ñèìôåðîïîëü, Ðîññèÿ

2ÎÎÎ èíæåíåðíûé öåíòð «ÊÐÛÌÒEÊÎÌ», Ñèìôåðîïîëü, Ðîññèÿ

Àííîòàöèÿ. Ïðåäëîæåíà ìåòîäèêà àíàëèçà ðàáîòû íàñîñíûõ àãðåãàòîâ ïîäêà-
÷èâàþùèõ íàñîñíûõ ñòàíöèé, àïðîáèðîâàííàÿ â îäíîì èç ãîðîäîâ íà þãå ÐÔ. Àíàëèç
äàííûõ íàòóðíîãî íàáëþäåíèÿ âîäîïîòðåáëåíèÿ â ìèêðîðàéîíå ïîçâîëèë îïðåäå-
ëèòü ñåçîííûå ñîñòàâëÿþùèå, îêàçûâàþùèå âëèÿíèå íà ðàáîòó ãèäðàâëè÷åñêîãî
êîíòóðà. Ñòàíäàðòíûìè ñòàòèñòè÷åñêèìè ìåòîäàìè îáðàáîòàí íàêîïëåííûé ñòàòè-
ñòè÷åñêèé ìàòåðèàë ïî ïîäà÷àì íàñîñîâ, çíà÷åíèå êîòîðûõ ôèêñèðîâàëè êàæäûé ÷àñ
â òå÷åíèå ãîäà ýêñïëóàòàöèè (äî ââåäåíèÿ ðåæèìíîãî ãðàôèêà ïîäà÷è âîäû). Ïðè
ïîìîùè ïîëó÷åííîé äèôôåðåíöèàëüíîé êðèâîé ïëîòíîñòè ðàñïðåäåëåíèÿ, ñîâìå-
ùåííîé ñ ÊÏÄ – õàðàêòåðèñòèêîé íàñîñà, áûëà âûïîëíåíà êîëè÷åñòâåííàÿ îöåíêà
ðàáîòû íàñîñíîãî îáîðóäîâàíèÿ ýêñïëóàòàöèè â ðàçëè÷íûõ äèàïàçîíàõ. Òàêàÿ îöåí-
êà ïîçâîëèò îïðåäåëèòü ìåæðåìîíòíûé ïåðèîä ýêñïëóàòàöèè, ðàññ÷èòàòü ýêîíîìè-
÷åñêèå ïàðàìåòðû ðàáîòû íàñîñíîãî îáîðóäîâàíèÿ è ïðèíÿòü ìåðû ïî ïîâûøåíèþ
èõ ýíåðãåòè÷åñêèõ ïîêàçàòåëåé.

Êëþ÷åâûå ñëîâà: ñèñòåìà ïîäà÷è è ðàñïðåäåëåíèÿ âîäû, ïîäêà÷èâàþùàÿ
íàñîñíàÿ ñòàíöèÿ, ðàáî÷èé äèàïàçîí, ýíåðãåòè÷åñêèå ïàðàìåòðû íàñîñíîãî îáîðó-
äîâàíèÿ, êàâèòàöèÿ, íàäåæíîñòü, èíòåãðàëüíûé è äèôôåðåíöèàëüíûé ãðàôèê âîäî-
ïîòðåáëåíèÿ, ðåãóëèðóåìûé ýëåêòðîïðèâîä
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Original article

DETERMINATION OF THE ACTUAL OPERATING PARAMETERS
OF THE POWER UNITS OF PUMPING STATIONS

Ilià V. Nikolenko1, Helena E. Kotovskaya1, Alex E. Kotovskii2

1Institute “Academy of Construction and Architecture (structural unit)” of CFU named
after V.I. Vernadsky, Simferopol, Russia

2Engineering Center LLC “KRYMTEKOM”, Simferopol, Russia

Abstract. A method for analyzing the operation of pumping units of pumping
stations, tested in one of the cities in the south of the Russian Federation, is proposed. The
analysis of the data of field observation of water consumption in the microdistrict allowed
us to determine the seasonal components that affect the operation of the hydraulic circuit.
With the help of standard statistical methods, the accumulated statistical material on
pump feeds was processed, the value of which was recorded every hour during 1 year
of operation (before the introduction of a regime water supply schedule). Using the
obtained differential distribution density curve combined with the efficiency
characteristic of the pump, a quantitative assessment of the operation of pumping
equipment in operation in various ranges was performed. Such an assessment will
make it possible to determine the maintenance period of operation, calculate the
economic parameters of the pumping equipment and take measures to improve their
energy performance.

Keywords: water supply and distribution system, pumping station, operating range,
energy parameters of pumping equipment, cavitation, reliability, integral and differential
water consumption schedule, adjustable electric drive

For citation: Nikolenko I.V., Kotovskaya H.E., Kotovskii A.E. Determination of
the actual operating parameters of the power units of pumping stations. News of

Higher Educational Institutions. Construction. 2022; (6): 56–69. (In Russ.). DOI:
10.32683/0536-1052-2022-762-6-56-69.

Ââåäåíèå. Â ñèñòåìàõ âîäîñíàáæåíèÿ íàñîñû çàíèìàþò çíà÷èòåëüíîå
ìåñòî ïî ýôôåêòèâíîñòè ýêñïëóàòàöèè, ñòîèìîñòè êàïèòàëüíûõ è ýêñïëóàòà-
öèîííûõ çàòðàò, ýíåðãîïîòðåáëåíèþ, âîçìîæíîñòè ðåçåðâèðîâàíèÿ, óñëîâè-
ÿì êîìïîíîâêè â ìàøèííîì îòäåëåíèè è ò.ä. Ïîýòîìó ïðè ïðîåêòèðîâàíèè
íàñîñíûõ ñòàíöèé ñèñòåì âîäîñíàáæåíèÿ ñëåäóåò ó÷èòûâàòü âëèÿíèå ñëå-
äóþùèõ ôàêòîðîâ:

êàïèòàëüíûå çàòðàòû (ñòîèìîñòü îñíîâíîãî òåõíîëîãè÷åñêîãî îáîðóäî-
âàíèÿ – íàñîñíîãî îáîðóäîâàíèÿ, çäàíèÿ íàñîñíîé ñòàíöèè, âñïîìîãàòåëüíî-
ãî îáîðóäîâàíèÿ; ãðóçîïîäúåìíûõ ïðèñïîñîáëåíèé);

ýêñïëóàòàöèîííûå çàòðàòû (çäåñü âàæíî ïîíèìàòü, ÷òî ìåòîäèêà ïîäáî-
ðà íàñîñîâ íàïðàâëåíà íà òî, ÷òî ïîäáèðàåìûé íàñîñ áóäåò ýêñïëóàòèðîâàòü-
ñÿ íà ðåæèìàõ ðàáî÷åãî äèàïàçîíà, íî ïðàêòè÷åñêè ýòî óñëîâèå íå âñåãäà âû-
ïîëíèìî, òàê êàê çà÷àñòóþ íàñîñíîå îáîðóäîâàíèå áîëüøèé ïåðèîä âðåìåíè
ðàáîòàåò íà ðàçëè÷íûõ ðåæèìàõ (çà ïðåäåëàìè ðåêîìåíäóåìîãî äèàïàçîíà),
÷òî ïðèâîäèò ê âûõîäó èç ñòðîÿ íàñîñíûõ àãðåãàòîâ [1];

Èíæåíåðíûå ñèñòåìû æèçíåîáåñïå÷åíèÿ íàñåëåííûõ ìåñò, çäàíèé è ñîîðóæåíèé...
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âîçìîæíîñòü ðåçåðâèðîâàíèÿ; â ñîîòâåòñòâèè ñ ï. 10.3 ÑÏ 31.13330.20121

â çàâèñèìîñòè îò êîëè÷åñòâà ðàáî÷èõ íàñîñíûõ àãðåãàòîâ è êàòåãîðèè íà-
äåæíîñòè äåéñòâèÿ ñèñòåìû âîäîñíàáæåíèÿ (1, 2 èëè 3-é êàòåãîðèè) ïðèíè-
ìàåòñÿ êîëè÷åñòâî ðåçåðâíûõ àãðåãàòîâ, êîòîðûå ïîïåðåìåííî ñ ðàáî÷èìè
îáåñïå÷èâàþò ïîäà÷ó âîäû â ñèñòåìó ïîäà÷è è ðàñïðåäåëåíèÿ âîäû
(ÑÏÐÂ).

Âîïðîñû ðåçåðâèðîâàíèÿ íàñîñíîãî îáîðóäîâàíèÿ ÿâëÿþòñÿ çíà÷èìûìè
è àêòóàëüíûìè è áàçèðóþòñÿ íà òåîðèè îòêàçîâ, çíà÷èòåëüíûé âêëàä â ðàçâè-
òèå êîòîðîé âíåñëè Í.Í. Àáðàìîâ è Þ.À. Èëüèí [2–5].

Íàó÷íî-ïðàêòè÷åñêèé èíòåðåñ ïðè ðàáîòå íàñîñíîãî îáîðóäîâàíèÿ íà
ÑÏÐÂ âûçûâàåò èçó÷åíèå êîìáèíàöèè òàêèõ ôàêòîðîâ:

âåðîÿòíîñòü ðàáîòû íàñîñíîãî îáîðóäîâàíèÿ íà òåõ èëè èíûõ ðåæèìàõ
ýêñïëóàòàöèè;

ðàñ÷åò èíòåíñèâíîñòè îòêàçîâ;
îïðåäåëåíèå ôàêòîðîâ ýíåðãîýôôåêòèâíîñòè.
Êðîìå ðàáî÷èõ ïàðàìåòðîâ ê ýíåðãåòè÷åñêèì õàðàêòåðèñòèêàì îòíî-

ñÿò ïîòðåáëÿåìóþ ìîùíîñòü è ÊÏÄ íàñîñîâ. Èçó÷åíèþ çàêîíîìåðíî-
ñòåé ñâÿçè ìåæäó ðàáî÷èìè ïîêàçàòåëÿìè è ýíåðãåòè÷åñêèìè ïàðàìåòðàìè
ïîñâÿùåíû ðàáîòû òàêèõ èññëåäîâàòåëåé, êàê Á.Ñ. Ëåçíîâ, À.Â. Ìèíàåâ,
Â.È. Òóðê, Â.ß. Êàðåëèí, Ñ.Å. Áåðåçèí, È.Â. Íèêîëåíêî, È.Á. Òâåðäîõëåá,
è äð. [1, 6–13].

Èçâåñòíûå íàó÷íûå ïîäõîäû íå âñåãäà âñåîáúåìëþùå ïîçâîëÿþò ïîëó-
÷èòü ýôôåêòèâíóþ ìîäåëü îöåíêè ïîòðåáëåíèÿ ýíåðãîðåñóðñîâ íàñîñíûìè
àãðåãàòàìè è èõ ïàðàìåòðîâ ýêñïëóàòàöèè, ÷òî ïîñëóæèëî âûáîðó íàïðàâëå-
íèÿ äàííîãî èññëåäîâàíèÿ – àíàëèç ðåæèìîâ ýêñïëóàòàöèè íàñîñíîãî îáîðó-
äîâàíèÿ.

Öåëè è çàäà÷è. Â ñòðóêòóðå çàòðàò ïðåäïðèÿòèé êîììóíàëüíîãî õîçÿé-
ñòâà çíà÷èòåëüíàÿ äîëÿ ïðèõîäèòñÿ íà îïëàòó ýëåêòðîýíåðãèè, ïîòðåáëÿåìîé
íàñîñíî-ñèëîâûìè àãðåãàòàìè, êîòîðûìè îñíàùåíû íàñîñíûå ñòàíöèè I
ïîäúåìà, çàáèðàþùèå âîäó èç èñòî÷íèêîâ öåíòðàëèçîâàííîãî ïèòüåâîãî
âîäîñíàáæåíèÿ è ïîäàþùèå íà ïëîùàäêó âîäîïðîâîäíûõ î÷èñòíûõ ñîîðó-
æåíèé (ÂÎÑ); íàñîñíûå ñòàíöèè II ïîäúåìà, çàáèðàþùèå î÷èùåííóþ âîäó èç
ðåçåðâóàðîâ ÷èñòîé âîäû (Ð×Â) è ïîäàþùèå â ìàãèñòðàëüíóþ âîäîïðîâîä-
íóþ ñåòü íàñåëåííîãî ïóíêòà; ïîäêà÷èâàþùèå íàñîñíûå ñòàíöèè, îáåñïå÷è-
âàþùèå òðåáóåìûìè ðàñõîäàìè è íàïîðàìè ïîòðåáèòåëåé îòäåëüíûõ ìèêðî-
ðàéîíîâ íàñåëåííûõ ïóíêòîâ; ðàéîííûå êàíàëèçàöèîííûå íàñîñíûå ñòàíöèè
è ãëàâíûå êàíàëèçàöèîííûå íàñîñíûå ñòàíöèè [9]; íàñîñû âñïîìîãàòåëüíûõ
òåõíîëîãè÷åñêèõ ïðîöåññîâ [3, 9] äëÿ ïîäà÷è âîäû íà ïðîìûâêó ôèëüòðîâ;
ïîäà÷è ðåàãåíòîâ; ïåðåêà÷êè ïðîìûâíûõ âîä, à òàêæå îñàäêîâ; èëîâûå íàñî-
ñû íà êàíàëèçàöèîííûõ î÷èñòíûõ ñîîðóæåíèÿõ (ÊÎÑ) è ò.ä. Âñå ïåðå÷èñëåí-
íîå îáîðóäîâàíèå ðàáîòàåò êàæäûé äåíü è ïîòðåáëÿåò çíà÷èòåëüíóþ äîëþ
ýëåêòðîýíåðãèè, çàòðàòû íà îïëàòó êîòîðîé çà÷àñòóþ íå ïîçâîëÿþò ýêñïëóà-
òàöèîííûì ïðåäïðèÿòèÿì ïîëó÷àòü áîëüøóþ ïðèáûëü è âûíóæäàþò áàëàí-
ñèðîâàòü íà ãðàíè áåçóáûòî÷íîñòè, äîñòèãàåìîé â 10-ì ïðîèçâîäñòâåííîì
ìåñÿöå.
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Åñëè ýêñïëóàòàöèÿ íàñîñîâ ñ çàðàíåå îïðåäåëåííûìè è íåçíà÷èòåëüíî
ìåíÿþùèìèñÿ ïàðàìåòðàìè, êàê ðàáîòà íàñîñíîé ñòàíöèè I ïîäúåìà, ïîçâî-
ëÿåò âûÿâèòü ôàêòîðû, âëèÿþùèå íà ïåðèîä ýêñïëóàòàöèè è ïðè íåîáõîäè-
ìîñòè îñóùåñòâèòü êîððåêòèðîâêó, òî ðàáîòà íàñîñîâ íàïðÿìóþ çàâèñÿùàÿ
îò äèíàìèêè âîäîïîòðåáëåíèÿ íàñåëåíèÿ, õàðàêòåðíàÿ äëÿ ïîäêà÷èâàþùèõ
íàñîñíûõ ñòàíöèé, îïðåäåëÿåò ñëîæíóþ èíæåíåðíóþ çàäà÷ó, íàïðàâëåííóþ
íà âûÿâëåíèå âîçäåéñòâóþùèõ ôàêòîðîâ è èõ ïîñëåäóþùåå óñòðàíåíèå.
Ê  ôàêòîðàì, îêàçûâàþùèì çíà÷èòåëüíîå âëèÿíèå íà ýôôåêòèâíîñòü ýêñ-
ïëóàòàöèè íàñîñíîãî îáîðóäîâàíèÿ, îòíîñÿòñÿ:

ðàáîòà çà ïðåäåëàìè ðàáî÷åãî äèàïàçîíà;
ðàáîòà íà íèçêèõ çíà÷åíèÿõ ÊÏÄ;
ðàáîòà â «ëåâîé» çîíå õàðàêòåðèñòèêè íàñîñà;
ðàáîòà ïîä ïðåîáðàçîâàòåëåì ÷àñòîòû âðàùåíèÿ ðàáî÷åãî êîëåñà íàñîñà

áîëüøèé ïåðèîä âðåìåíè ýêñïëóàòàöèè;
íåêîððåêòíî ïîäîáðàííûå äèàìåòðû âñàñûâàþùèõ è íàïîðíûõ òðóáî-

ïðîâîäîâ;
íåêîððåêòíî ðàçìåùåííàÿ çàïîðíî-ðåãóëèðóþùàÿ è ïðåäîõðàíèòåëüíàÿ

àðìàòóðà.
Âñå ïåðå÷èñëåííûå ôàêòîðû â òîé èëè èíîé ñòåïåíè âëèÿþò íà ïåðèîä

è ïàðàìåòðû ýêñïëóàòàöèè.
Ðåøåíèå çàäà÷, íàïðàâëåííûõ íà âûÿâëåíèå âîçäåéñòâóþùèõ ôàêòî-

ðîâ è èõ ïîñëåäóþùåå óñòðàíåíèå, íà äåéñòâóþùèõ è äàâíî ýêñïëóàòè-
ðóåìûõ íàñîñíûõ ñòàíöèÿõ ìèêðîðàéîíîâ, ïðåäñòàâëÿåòñÿ â íåñêîëüêî
ýòàïîâ:

äëÿ ðàññìàòðèâàåìîãî îáúåêòà (ñèñòåìà âîäîñíàáæåíèÿ ìèêðîðàéîíà)
ñîñòàâëÿþò ñõåìó ðàáîòû, âûïîëíÿþò ãèäðàâëè÷åñêèé ðàñ÷åò êîëüöåâûõ
âîäîïðîâîäíûõ ñåòåé, àíàëèçèðóþò êîððåêòíîñòü îáâÿçêè íàñîñíîãî îáîðó-
äîâàíèÿ;

îïðåäåëÿþò ñðåäñòâà è ìåòîäû, íåîáõîäèìûå äëÿ ñáîðà àíàëèòè÷åñêèõ
ñâåäåíèé ïî ýôôåêòèâíîñòè ïîòðåáëåíèÿ ýíåðãîðåñóðñîâ (ïàðàìåòðû ðàáîòû
íàñîñíîé ñòàíöèè);

îñóùåñòâëÿþò ñáîð ñòàòèñòè÷åñêèõ äàííûõ ïî ýíåðãåòè÷åñêèì ïàðàìåò-
ðàì ðàáîòû íàñîñíîãî îáîðóäîâàíèÿ (çà äëèòåëüíûé ïåðèîä íàáëþäåíèÿ, êàê
ìèíèìóì ãîä);

âûïîëíÿþò ìàòåìàòè÷åñêóþ îáðàáîòêó íàêîïëåííûõ ñòàòèñòè÷åñêèõ
äàííûõ ïî ïîêàçàòåëÿì, êîñâåííî õàðàêòåðèçóþùèì ýíåðãîýôôåêòèâíîñòü,
ñòàíäàðòíûìè ñòàòèñòè÷åñêèìè ìåòîäàìè ñ ïîëó÷åíèåì àíàëèòè÷åñêèõ âû-
ðàæåíèé;

ïðîâîäÿò îöåíêó ïî ýíåðãîýôôåêòèâíûì ïîêàçàòåëÿì ðàáîòû íàñîñíîãî
îáîðóäîâàíèÿ ñèñòåì ïîäà÷è è ðàñïðåäåëåíèÿ âîäû;

àíàëèçèðóþò ïîëó÷åííûå ðåçóëüòàòû è îïðåäåëÿþò êîìïëåêñ ìåð, íà-
ïðàâëåííûé íà ïîâûøåíèå ýêñïëóàòàöèîííûõ ïàðàìåòðîâ ýêñïëóàòàöèè
íàñîñíîãî îáîðóäîâàíèÿ íà äåéñòâóþùèõ íàñîñíûõ ñòàíöèÿõ ïîäêà÷êè.

Ðåçóëüòàòû èññëåäîâàíèÿ. Â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ áûëà
ïðèíÿòà ïîäêà÷èâàþùàÿ íàñîñíàÿ ñòàíöèÿ, ïðåäíàçíà÷åííàÿ äëÿ âîäî-
ñíàáæåíèÿ ãðóïïû ïðîìûøëåííûõ ïðåäïðèÿòèé è æèëîãî ìàññèâà, îãðà-
íè÷åííîãî óëèöàìè ¹ 1 è ¹ 2 â îäíîì èç ãîðîäîâ Þæíîãî îêðóãà ÐÔ.
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Íàñîñû, ðàñïîëîæåííûå â íàñîñíîé ñòàíöèè â êîëè÷åñòâå 4, èç êî-
òîðûõ 2 ðàáî÷èõ è 2 ðåçåðâíûõ, ìàðêè Ä320-70à, ñ ÷àñòîòîé âðàùåíèÿ
n = 2900 îá/ìèí, â ìàøèííîì çàëå èìåþòñÿ 2 ïóñòûõ ìîíòàæíûõ ôóíäàìåí-
òà, ñ çàãëóøåííûìè îòâåòâëåíèÿìè îò âñàñûâàþùåãî ðàñïðåäåëèòåëüíîãî
òðóáîïðîâîäà è ñáîðíîãî íàïîðíîãî òðóáîïðîâîäà, ïðåäíàçíà÷åííûõ ïîä
óñòàíîâêó äîïîëíèòåëüíûõ íàñîñîâ. Âîäà îò ìàãèñòðàëüíûõ âîäîïðîâîä-
íûõ ñåòåé ãîðîäà çàïîëíÿåò äâà ðåçåðâóàðà ÷èñòîé âîäû (2 Ð×Â), îáúåìîì
2000 ì3, êàæäûé âûïîëíåííûé ïî ÒÏ 901-4-60,83 ñ ãàáàðèòàìè 18´24´4,8(h).
Çàïîëíåíèå Ð×Â îñóùåñòâëÿåòñÿ ïî äâóì âîäîâîäàì äèàìåòðîì 400 ìì,
çàáîð âñàñûâàþùèìè òðóáîïðîâîäàìè íàñîñíîé ñòàíöèè èç Ð×Â ïðåäóñìîò-
ðåí ïðè ïîìîùè ñòàëüíûõ òðóáîïðîâîäîâ äèàìåòðîì 600 ìì, ïîäà÷à îò
íàñîñíîé ñòàíöèè â ðàñïðåäåëèòåëüíóþ ñåòü ìèêðîðàéîíà îñóùåñòâëÿåòñÿ
ïðè ïîìîùè òðóáîïðîâîäà äèàìåòðîì 500 ìì. Ïåðå÷åíü îáúåêòîâ âîäî-
ñíàáæåíèÿ ðàññìàòðèâàåìîãî ìèêðîðàéîíà ïðåäñòàâëåí â òàáë. 1.

Çà ïðåäåëàìè çäàíèÿ íàñîñíîé ñòàíöèè, íà íàïîðíîì òðóáîïðîâîäå, óñòà-
íîâëåí óëüòðàçâóêîâîé ðàñõîäîìåð, ðåãèñòðèðóþùèé çíà÷åíèÿ ïîäà÷ â ðàñ-
ïðåäåëèòåëüíóþ ñåòü ìèêðîðàéîíà ñ ôèêñàöèåé ìãíîâåííûõ çíà÷åíèé, à
òàêæå èíòåãðàëüíûõ ïîêàçàòåëåé. Äàííûå èçìåðåíèÿ ïàðàìåòðîâ ðåãèñòðè-
ðîâàëèñü è ñîáèðàëèñü ñ èíòåðâàëîì 1 ÷ â òå÷åíèå 13 ìåñ.

Ïîñëå ñáîðà äàííûõ î âîäîïîòðåáëåíèè çàêðûòîãî ãèäðàâëè÷åñêîãî êîí-
òóðà âîäîïðîâîäíîé ñåòè â ïåðâóþ î÷åðåäü áûëî íåîáõîäèìî óñòàíîâèòü
ñâÿçü ìåæäó êîýôôèöèåíòàìè ñåçîííîé íåðàâíîìåðíîñòè, ÷àñîâîé íåðàâíî-
ìåðíîñòè è ôàêòè÷åñêèìè çíà÷åíèÿìè, ÷òî âûçûâàëî îïðåäåëåííûå çàòðóä-
íåíèÿ, ïîñêîëüêó âîäîïðîâîäíàÿ ñèñòåìà ìèêðîðàéîíà îáúåäèíåíà ñ ãðóï-
ïîé ïðîìûøëåííûõ îáúåêòîâ, îáúåêòàìè ñîöèàëüíîé èíôðàñòðóêòóðû è
æèëûì ìàññèâîì, ïðåäñòàâëåííûì ãðóïïîé 9-ýòàæíûõ çäàíèé. Ñðåäè ïðî-
ìûøëåííûõ îáúåêòîâ îñîáåííîå ìåñòî çàíèìàåò òàêîé êðóïíûé âîäîïîòðå-
áèòåëü, êàê Ïðåäïðèÿòèå ¹ 1, ïðîèçâîäñòâåííàÿ ìîùíîñòü êîòîðîãî çàâèñèò
îò ñåçîíîâ ãîäà.

Íà ðèñ. 1 ïðåäñòàâëåíà äèàãðàììà âîäîïîòðåáëåíèÿ ïî 12 ìåñÿöàì ãîäà
äëÿ ìèíèìàëüíîãî, ñðåäíåãî è ìàêñèìàëüíîãî ïåðèîäîâ âîäîïîòðåáëåíèÿ.

Äëÿ âûïîëíåíèÿ àíàëèçà äàííûõ ïðèíÿëè ãîä íàáëþäåíèé, ïîñêîëüêó
âêëþ÷åíèå â îáðàáîòêó çíà÷åíèé 13 ìåñ ïðèâîäèëè áû ê ðàçìûâó çíà÷åíèé
ñåçîííîé íåðàâíîìåðíîñòè. Èç àíàëèçà äàííûõ, ïðèâåäåííûõ íà ðèñ. 1,
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Ò à á ë è ö à 1. Îáúåêòû âîäîñíàáæåíèÿ, ïèòàíèå êîòîðûõ îñóùåñòâëÿåòñÿ îò
ðàññìàòðèâàåìîé íàñîñíîé ñòàíöèè

T a b l e 1. Water supply facilities that are powered by the considered pumping
station

Óëèöà
Íîìåðà ìíîãîýòàæíûõ

æèëûõ äîìîâ
Îáúåêòû áûòîâîãî

îáñëóæèâàíèÿ íàñåëåíèÿ
Àäìèíèñòðàòèâíûå

çäàíèÿ è ó÷ðåæäåíèÿ

¹ 1
24, 22, 35, 20, 31, 33, 29,
27, 25, 23, 16, 21, 19, 17,

12, 15, 13, 8, 11, 9, 6, 6À, 7

Ñóïåðìàðêåò
Ïðîäîâîëüñòâåííûé ðûíîê

Äåòñêèé ñàä ¹ 1

Äåòñêèé ñàä ¹ 2

Åäèíàÿ ñåðâèñíàÿ ñëóæáà
Äåòñêèé ñàä ¹ 3

Øêîëà-ãèìíàçèÿ ¹ 1

Ï ð è ì å ÷ à í è å. Íà óë. ¹ 2 íàõîäÿòñÿ îáúåêòû ïðîìûøëåííîñòè: ïðåäïðèÿòèÿ
¹ 1–6.



ìîæíî çàêëþ÷èòü, ÷òî ðàçíèöà ìåæäó ìèíèìàëüíûìè ïîêàçàòåëÿìè è ìàêñè-
ìàëüíûìè ñîñòàâëÿåò íå ìåíåå òðåõ ðàç.

Íà ðèñ. 2 ïðåäñòàâëåí äèôôåðåíöèàëüíûé ãðàôèê âîäîïîòðåáëåíèÿ, íà
êîòîðîì ïîêàçàíî ðàñïðåäåëåíèå çíà÷åíèé ïîäà÷ ïî èíòåðâàëàì èç ôàêòè÷å-
ñêîãî äèàïàçîíà âîäîïîòðåáëåíèÿ. Ïðîàíàëèçèðîâàâ äàííûå ðèñ. 2, ìîæíî
çàêëþ÷èòü, ÷òî íàèáîëüøåå êîëè÷åñòâî âðåìåíè ðàáîòû ñîîòâåòñòâóåò èí-
òåðâàëó îò 123 äî 180 ì3/÷. Íà ðèñ. 3 ïðèâåäåí èíòåãðàëüíûé ãðàôèê ðàáîòû
íàñîñíîãî îáîðóäîâàíèÿ â òå÷åíèå ãîäà. Äàííûå íà äèôôåðåíöèàëüíîì
ãðàôèêå ñâèäåòåëüñòâóþò î ðàñïðåäåëåíèè çíà÷åíèé ìåæäó ðàññìàòðèâàå-
ìûìè èíòåðâàëàìè, à äàííûå íà èíòåãðàëüíîì – î ñóììàðíûõ çíà÷åíèÿõ
ïî èíòåðâàëàì, ïî êîòîðûì ìîæíî íàãëÿäíî îïðåäåëèòü îáëàñòü ìàòåìàòè-
÷åñêîãî îæèäàíèÿ ñëó÷àéíîé âåëè÷èíû.

Äëÿ ïîñëåäóþùåãî àíàëèçà çíà÷åíèé îñîáåííûé èíòåðåñ ïðåäñòàâ-
ëÿë ñòóïåí÷àòûé ãðàôèê íåðàâíîìåðíîñòè âîäîïîòðåáëåíèÿ äëÿ ðàçíûõ
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Ðèñ. 1. Äèíàìèêà âîäîïîòðåáëåíèÿ ìèêðîðàéîíà â òå÷åíèå ãîäà

Fig. 1. Dynamics of water consumption of the microdistrict during year

Ðèñ. 2. Äèôôåðåíöèàëüíûé ãðàôèê âîäîïîòðåáëåíèÿ

Fig. 2. Differential water consumption schedule



ðåæèìîâ, ñðåäíèõ, ìàêñèìàëüíûõ è ìèíèìàëüíûõ ñóòîê âîäîïîòðåáëåíèÿ
(ðèñ. 4).

Àíàëèç ãðàôèêîâ íà ðèñ. 4 ïîêàçàë, ÷òî ÿâíî âûðàæåííîãî êîýôôèöèåíòà
÷àñîâîé íåðàâíîìåðíîñòè íåò, ÷òî, âåðîÿòíî, îáóñëîâëåíî âîäîïîòðåáëåíè-
åì ïðîìûøëåííûõ ïðåäïðèÿòèé, âû÷ëåíåíèå ðàñõîäîâ êîòîðûõ äàíî â
òàáë. 2, à òàêæå ïðåäñòàâëåíû ðåçóëüòàòû îïðåäåëåíèÿ ïî èòîãàì àíàëèçà
ïðîåêòíûõ è ôàêòè÷åñêèõ äàííûõ ïî âîäîïîòðåáëåíèþ.

Äëÿ ãðàôè÷åñêîé èíòåðïðåòàöèè ïîëó÷åííûõ ðåçóëüòàòîâ òàáë. 2 èç
êàæäîãî ÷àñîâîãî ðàñõîäà ñóòîê ìàêñèìàëüíîãî âîäîïîòðåáëåíèÿ, ñóììàð-
íîãî ðàñõîäà âû÷ëè çíà÷åíèÿ ïðåäïîëàãàåìîãî âîäîïîòðåáëåíèÿ ïðîìûø-
ëåííîãî ïðåäïðèÿòèÿ, ïåðåñ÷èòàëè ïðîöåíò îò ñóòî÷íîãî âîäîïîòðåáëåíèÿ
è íàíåñëè íà ñòóïåí÷àòûé ãðàôèê (ñì. ðèñ. 5), ñîâìåñòíî ñ äàííûìè, ïîëó-
÷åííûìè ïî êîýôôèöèåíòó ÷àñîâîé íåðàâíîìåðíîñòè àíàëèòè÷åñêè (îò
÷èñëà æèòåëåé â ðàññìàòðèâàåìîì ìèêðîðàéîíå).

Äëÿ àíàëèçà è îáðàáîòêè ðåçóëüòàòîâ èçìåðåíèé ïðèìåíèëè ñòàíäàðò-
íûå ñòàòèñòè÷åñêèå ìåòîäû, â ðåçóëüòàòå êîòîðûõ áûëî âûÿâëåíî, ÷òî ðàñ-
ïðåäåëåíèå ñëó÷àéíîé âåëè÷èíû çíà÷åíèé ïîä÷èíåíî çàêîíó íîðìàëüíîãî
ðàñïðåäåëåíèÿ.

Â õîäå ìàòåìàòè÷åñêîé îáðàáîòêè ïîëó÷åíû àíàëèòè÷åñêîå âûðàæåíèå
ðàñïðåäåëåíèÿ ñëó÷àéíîé âåëè÷èíû, ñ ñîîòâåòñòâóþùèìè ïàðàìåòðàìè:
ìàòåìàòè÷åñêîå îæèäàíèå, ðàâíîå 165,1 ì3/÷, äèñïåðñèÿ ñëó÷àéíîé âåëè÷è-
íû 2980,23 (ì3/÷)2 è ñðåäíåêâàäðàòè÷åñêîå îòêëîíåíèå ïîäà÷è – 54,59 ì3/÷.
Ïðîâåðêà ñõîäèìîñòè ðåçóëüòàòîâ îñóùåñòâëÿëàñü ïî êðèòåðèþ Ïèðñîíà.
Âûïîëíåíî âûðàâíèâàíèå ôóíêöèè è ïîñòðîåíû äèôôåðåíöèàëüíûå è èí-
òåãðàëüíûå êðèâûå ðàñïðåäåëåíèÿ, èíòåðïðåòàöèÿ êîòîðûõ ïðåäñòàâëåíà
äàëåå.

Äëÿ ïîëó÷åííûõ ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê ðåçóëüòàòîâ èçìåðåíèÿ
ïîäà÷ íàñîñà Ä320-70à (ðàáîòàþùåãî íà ðàññìàòðèâàåìîì ìèêðîðàéîíå)
äèôôåðåíöèàëüíàÿ ôóíêöèÿ ðàñïðåäåëåíèÿ èìååò âèä
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Ðèñ. 3. Èíòåãðàëüíûé ãðàôèê âîäîïîòðåáëåíèÿ

Fig. 3. Integral water consumption chart



Äëÿ èíòåðïðåòàöèè ïîëó÷åííûõ äàííûõ â õîäå ìàòåìàòè÷åñêîé îáðàáîò-
êè ñîñòàâèëè äèôôåðåíöèàëüíûé ãðàôèê ðàñïðåäåëåíèÿ äèàïàçîíîâ ïîäà÷,
ðàñõîäíî-íàïîðíàÿ õàðàêòåðèñòèêà íàñîñà, õàðàêòåðèñòèêà ðàáîòû òðóáî-
ïðîâîäà îò ìèíèìàëüíîãî âîäîïîòðåáëåíèÿ äî ìàêñèìàëüíîãî, õàðàêòåðè-
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Ðèñ. 4. Ñòóïåí÷àòûé ãðàôèê âîäîïîòðåáëåíèÿ â òå÷åíèå ñðåäíèõ (à), ìàêñèìàëüíûõ
(á) è ìèíèìàëüíûõ (â) ñóòîê âîäîïîòðåáëåíèÿ

Fig. 4. Stepped schedule of water consumption during the average (a), the maximum (b)
and the minimum (c) day of water consumption
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Ò à á ë è ö à 2. Ñâîäíûå ðåçóëüòàòû ðàñ÷åòîâ ïî îïðåäåëåíèþ ðàñ÷åòíûõ ðàñõîäîâ
âîäîïîòðåáëåíèÿ

T a b l e 2. Summary results of calculations to determine the estimated costs of water
consumption

Ïîêàçàòåëü
Àíàëèòè-

÷åñêèå
çíà÷åíèÿ

Ôàêòè-
÷åñêèå

çíà÷åíèÿ

Ðàçíèöà,
ïðåäïîëà-

ãàåìûé ðàñõîä
ïðîìûøëåí-
íûìè ïðåä-
ïðèÿòèÿìè

Ïðèìå÷àíèå

1 2 3 4 5

×èñëî æèòåëåé, N ÷åëîâåê 8208

Ðàñ÷åòíîå êîëè÷åñòâî îäíîâðå-
ìåííûõ ïîæàðîâ

1 ï. 5.1
ÑÏ 8.13130.2020

Ìàêñèìàëüíûå çíà÷åíèÿ ðàñõîäà
âîäû íà ïîæàðîòóøåíèå, ë/ñ

15,0 òàáë. 2
ÑÏ 8.13130.2020

Êîýôôèöèåíò ñóòî÷íîé íåðàâíî-
ìåðíîñòè âîäîïîòðåáëåíèÿ, Kñóò. max

1,3 ï. 5.2, òàáë. 2
ÑÏ 10.13130.2012

Êîýôôèöèåíò ñóòî÷íîé íåðàâíî-
ìåðíîñòè âîäîïîòðåáëåíèÿ, Kñóò. min

0,9 ï. 5.2
ÑÏ 31.13330.2012

Êîýôôèöèåíò amax 1,33 òî æå

Êîýôôèöèåíò bmax 1,20 òàáë. 2
ÑÏ 31.13330, 2020

Êîýôôèöèåíò ÷àñîâîé íåðàâíî-
ìåðíîñòè âîäîïîòðåáëåíèÿ K÷ max

1,59 ï. 5.2
ÑÏ 31.13330, 2012

Çíà÷åíèå êîýôôèöèåíòà amin 0,36 òî æå

Çíà÷åíèå êîýôôèöèåíòà bmin 0,40 òàáë. 2
ÑÏ 31.13330, 2020

Êîýôôèöèåíò ÷àñîâîé íåðàâíî-
ìåðíîñòè âîäîïîòðåáëåíèÿ K÷ min

0,14 ï. 5.2
ÑÏ 31.13330, 2012

Ñóòêè ñðåäíåãî âîäîïîòðåáëåíèÿ,
ì3/ñóò

1982,23 3905,01 1922,78 òî æå

Ñóòêè ìàêñèìàëüíîãî âîäîïîòðåá-
ëåíèÿ, ì3/ñóò

2576,90 6378,15 3801,25 –»–

Ñóòêè ìèíèìàëüíîãî âîäîïîòðåá-
ëåíèÿ, ì3/ñóò

1784,01 2424,29 640,28 –»–

Â ñóòêè ñðåäíåãî âîäîïîòðåáëå-
íèÿ – ñðåäíèé ÷àñîâîé ðàñõîä, ì3/÷

82,59 162,18 79,59

Â ñóòêè ìèíèìàëüíîãî âîäîïî-
òðåáëåíèÿ – ìèíèìàëüíûé ÷àñîâîé
ðàñõîä, ì3/÷

10,70 67,05 56,35

Â ñóòêè ñðåäíåãî âîäîïîòðåáëå-
íèÿ – ñðåäíèé ÷àñîâîé ðàñõîä, ì3/÷

170,72 264,14 93,42

Â ñóòêè ìèíèìàëüíîãî âîäîïî-
òðåáëåíèÿ – ìèíèìàëüíûé ÷àñîâîé
ðàñõîä, ì3/÷

15,46 176,40 160,94



ñòèêà ïîòðåáëÿåìîé ìîùíîñòè, õàðàêòåðèñòèêà ÊÏÄ è õàðàêòåðèñòèêà äî-
ïóñòèìîãî êàâèòàöèîííîãî çàïàñà è ÊÏÄ (ðèñ. 6). Îáëàñòü ðàáî÷åãî äèàïàçî-
íà, ïðåäñòàâëåííóþ íà ãðàôèêå íàñîñà (êàòàëîã), çàøòðèõîâàëè.

Ãðàôè÷åñêè âèäíî, ÷òî áîëüøàÿ ÷àñòü âðåìåíè ðàáîòû íàñîñà íàõîäèòñÿ
çà ïðåäåëàìè ðàáî÷åãî äèàïàçîíà, àíàëèòè÷åñêè îïðåäåëåíèå êîëè÷åñòâåí-
íûõ çíà÷åíèé îñóùåñòâëÿåòñÿ ïðè ïîìîùè âûðàæåíèÿ Ëàïëàñà.

Âåðîÿòíîñòè ïðåâûøåíèÿ ðàáî÷åãî äèàïàçîíà

P Q Q Q

Q Ì Q

( . . . . )

( ( ))

min ãð ðàá äèàï max ãð ðàá äèàï

Ô min

< < =

=
-
s s

-
-

Ô max( ( ))
,

Q Ì Q (2)

ãäå Ì(Q) – ìàòåìàòè÷åñêîå îæèäàíèå ïîäà÷è íàñîñà; s – ñðåäíåå êâàäðàòè-
÷åñêîå îòêëîíåíèå ïîäà÷ íàñîñà.

Ô exp( )u
u

du
u

= -
æ

è
çç

ö

ø
÷÷

-¥
ò

1

2 2

2

p
– ôóíêöèÿ Ëàïëàñà.
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Ðèñ. 5. Ñòóïåí÷àòûé ãðàôèê âîäîïîòðåáëåíèÿ â òå÷åíèå ñóòîê ìàêñèìàëüíîãî
âîäîïîòðåáëåíèÿ ïîñëå äîïîëíèòåëüíûõ âû÷èñëåíèé

Fig. 5. Stepped graph of water consumption during the day of maximum water
consumption after additional calculations

Î ê î í ÷ à í è å ò à á ë. 2

1 2 3 4 5

Â ñóòêè ìàêñèìàëüíîãî âîäîïî-
òðåáëåíèÿ – ìàêñèìàëüíûé ÷àñî-
âîé ðàñõîä, ì3/÷

170,72 329,89 159,17

Â ñóòêè ìàêñèìàëüíîãî âîäîïî-
òðåáëåíèÿ – ìàêñèìàëüíûéî ÷àñî-
âîé ðàñõîä, à òàêæå ðàñõîä íà ïî-
æàðîòóøåíèå, ì3/÷

242,72



P Q( )
( , )

,

( , )

,
,190 325

190 1651

54 6

325 1651

54 6
0 3< < = - - - =Ô Ô 245.

Âåðîÿòíîñòü ðàáîòû íàñîñà â òå÷åíèå ãîäà â ðàáî÷åì äèàïàçîíå ñîñòàâ-
ëÿåò 32,45 %.

Íà ðèñ. 7 ñîâìåùåíà õàðàêòåðèñòèêà ÊÏÄ è ãðàôèê äèôôåðåíöèàëüíîé
êðèâîé ðàñïðåäåëåíèÿ ïîäà÷.

Íà ãðàôèêå ðèñ. 7 îòìå÷åíû ãðàíèöû ðàáîòû çà ïðåäåëàìè ðàáî÷åãî äèà-
ïàçîíà è ïî ñâåäåíèÿì, ïðåäñòàâëåííûì [14], ìîæíî êîëè÷åñòâåííî îïðåäå-
ëèòü ïåðèîäû âðåìåíè îò ãîäîâîé ðàáîòû íàñîñíîé ñòàíöèè çà ïðåäåëàìè
ðàáî÷åãî äèàïàçîíà.

Êîëè÷åñòâåííàÿ îöåíêà âåðîÿòíîñòè ðàáîòû íàñîñà â çîíå óñèëåííîé
êàâèòàöèè

P Q(
( , )

,

( , )

,
, .75 125

125 1651

54 6

75 1651

54 6
0195< < = - - - =Ô Ô (3)
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Ðèñ. 6. Õàðàêòåðèñòèêà ðàáîòû íàñîñà
Ä320-70à ñîâìåñòíî ñ äèôôåðåíöèàëü-
íîé êðèâîé ðàñïðåäåëåíèÿ ñëó÷àéíîé

âåëè÷èíû

Fig. 6. Characteristics of the pump
D320-70a together with the differential

distribution curve of a random variable



Âåðîÿòíîñòü ðàáîòû íàñîñà â òå÷åíèå ãîäà â çîíå óñèëåííîé êàâèòàöèè
ñîñòàâëÿåò 19,5 %.

Êîëè÷åñòâåííàÿ îöåíêà âåðîÿòíîñòè ðàáîòû íàñîñà â çîíå öèðêóëÿöèè
íà âõîäå

P Q( , )
( , )

,

( , )

,
125 1651

1651 125

54 6

125 1651

54 6
0< < = - - - =Ô Ô , .26 (4)

Âåðîÿòíîñòü ðàáîòû íàñîñà â òå÷åíèå ãîäà â çîíå öèðêóëÿöèè íà âõîäå
ñîñòàâëÿåò 26 %.

Êîëè÷åñòâåííàÿ îöåíêà âåðîÿòíîñòè ðàáîòû íàñîñà â çîíå ðîñòà òåìïå-
ðàòóð

P Q( , )
( , )

,

( , , )

,
67 05 75

75 1651

54 6

67 05 1651

54 6
0< < = - - - =Ô Ô , .0136 (5)

Âåðîÿòíîñòü ðàáîòû íàñîñà â òå÷åíèå ãîäà â çîíå ðîñòà òåìïåðàòóð
ñîñòàâëÿåò 1,36 %.

Âûâîäû. 1. Ïðåäñòàâëåíû äàííûå ïåðâè÷íîé ñòàòèñòè÷åñêîé îáðàáîòêè
ïàðàìåòðîâ ïîäêà÷èâàþùåé íàñîñíîé ñòàíöèè, ïðåäíàçíà÷åííîé äëÿ âîäî-
ñíàáæåíèÿ ãðóïïû ïðîìûøëåííûõ ïðåäïðèÿòèé è æèëîãî ìàññèâà, êîòîðûå
ïîçâîëèëè ñîñòàâèòü ïðåäñòàâëåíèå î ñåçîííîé äèíàìèêå âîäîïîòðåáëåíèÿ

Èíæåíåðíûå ñèñòåìû æèçíåîáåñïå÷åíèÿ íàñåëåííûõ ìåñò, çäàíèé è ñîîðóæåíèé...

67

Ðèñ. 7. Ãðàôèê îïðåäåëåíèÿ èíòåðâàëîâ ðàáîòû çà ïðåäåëàìè
ðàáî÷åãî äèàïàçîíà

Fig. 7. Schedule for determining work intervals outside the operating
range



ìèêðîðàéîíà, à òàêæå ñðàâíèòü ïðèíÿòûå àíàëèòè÷åñêèå è ôàêòè÷åñêèå ïîêà-
çàòåëè ðàáîòû ïîäêà÷èâàþùåé íàñîñíîé ñòàíöèè.

2. Â ðåçóëüòàòå àíàëèçà ïîëó÷åííûõ ðàñ÷åòíûõ äàííûõ ïî èòîãàì ñòàòè-
ñòè÷åñêîé îáðàáîòêè íàêîïëåííûõ ôàêòè÷åñêèõ äàííûõ ýêñïëóàòàöèè âûÿâ-
ëåíà îáëàñòü ðàáîòû íàñîñà â çîíå ðåêîìåíäóåìîãî ÊÏÄ. Âåðîÿòíîñòü ðàáî-
òû íàñîñà â òå÷åíèå ãîäà â ðàáî÷åì äèàïàçîíå ñîñòàâëÿåò 32,5 %.

3. Â ðåçóëüòàòå àíàëèçà äëÿ ðàññìîòðåííûõ ñèëîâûõ àãðåãàòîâ óñòàíîâ-
ëåíî, ÷òî â òå÷åíèå ãîäîâîãî ïåðèîäà ýêñïëóàòàöèè âåðîÿòíîñòü ðàáîòû íàñî-
ñîâ â çîíå:

óñèëåííîé êàâèòàöèè 19,5 %;
öèðêóëÿöèè íà âñàñûâàíèè 26 %;
âûçûâàþùåé ïåðåãðåâ 1,4 %.
4. Ïðåäñòàâëåííàÿ ìåòîäèêà àíàëèçà ôàêòè÷åñêèõ ïàðàìåòðîâ ýêñïëóàòà-

öèè íàñîñíûõ àãðåãàòîâ ïîäêà÷èâàþùèõ íàñîñíûõ ñòàíöèé ÿâëÿåòñÿ äîñòóï-
íûì èíñòðóìåíòîì àíàëèçà, êîòîðûé ïîçâîëÿåò âûÿâëÿòü íåãàòèâíî âîçäåé-
ñòâóþùèå ôàêòîðû íà ïîêàçàòåëè íàäåæíîñòè íàñîñíûõ ñòàíöèé ñ èõ ïîñëå-
äóþùèì ñíèæåíèåì ëèáî óñòðàíåíèåì.

Ñïèñîê èñòî÷íèêîâ

1. Áåðåçèí Ñ.Å. Íàñîñíûå ñòàíöèè ñ ïîãðóæíûìè íàñîñàìè. Ðàñ÷åò è êîíñòðóèðîâà-
íèå. Ì.: Ñòðîéèçäàò, 2008. 160 ñ.

2. Àáðàìîâ Í.Í. Âîäîñíàáæåíèå. Ì.: Ñòðîéèçäàò, 1982.
3. Àáðàìîâ Í.Í. Íàäåæíîñòü ñèñòåì âîäîñíàáæåíèÿ. Ì.: Ñòðîéèçäàò, 1984. 216 ñ.
4. Èëüèí Þ.À. Íàäåæíîñòü âîäîïðîâîäíûõ ñîîðóæåíèé è îáîðóäîâàíèÿ. Ì.: Ñòðîé-

èçäàò, 1985. 240 ñ.
5. Èëüèí Þ.À. Ðàñ÷åò íàäåæíîñòè ïîäà÷è âîäû. Ì.: Ñòðîéèçäàò, 1987. 320 ñ.
6. Ëeçíoâ Á.Ñ., ×eáaíoâ Â.Á. Òeõíoëoãè÷eñêèe oñíoâû ýíeðãoñáeðeæeíèÿ â íañoñíûõ

óñòàíîâêàõ // Âoäoñíaáæeíèe è ñaíèòaðíaÿ òeõíèêa. 2004. ¹ 7. Ñ. 13–18.
7. Ëeçíoâ Á.Ñ. Ñoâðeìeííûe ïðoáëeìû èñïoëüçoâaíèÿ ðeãóëèðóeìoão ýëeêòðo-

ïðèâoäa â íañoñíûõ óñòàíîâêàõ // Âoäoñíaáæeíèe è ñaíèòaðíaÿ òeõíèêa. 2006.
¹ 11, ÷. 2. Ñ. 14.

8. Òóðê Â.È. Íàñîñû è íàñîñíûå ñòàíöèè. Ì.: Ãîññòðîéèçäàò, 1957. 182 ñ.
9. Òóðê Â.È., Ìèíàåâ À.Â., Êàðåëèí Â.ß. Íàñîñû è íàñîñíûå ñòàíöèè. Ì.: Ñòðîéèç-

äàò, 1977. 296 ñ.
10. Áåðåçèí Ñ.Å., Áàæåíîâ Â.È. Âîçäóõîäóâíûå ñòàíöèè ñ ðåãóëèðóåìûìè öåíòðî-

áåæíûìè êîìïðåññîðàìè. Ñèìôåðîïîëü: ÈÒ «ÀÐÈÀË», 2019. 188 ñ.
11. Íèêîëåíêî È.Â., Êîòîâñêàÿ Å.Å. Îöåíêà ýíåðãåòè÷åñêîé ýôôåêòèâíîñòè ðàáîòû

àãðåãàòîâ íàñîñíûõ ñòàíöèé ïîäêà÷êè ñ ó÷åòîì óñëîâèé ýêñïëóàòàöèè // Ñòðîè-
òåëüñòâî è òåõíîãåííàÿ áåçîïàñíîñòü. 2016. ¹ 4. Ñ. 103–112.

12. Íèêîëåíêî È.Â., Êîòîâñêàÿ Å.Å. Ìåòîäèêà è àíàëèç ïîäáîðà íàñîñíûõ àãðåãàòîâ
äëÿ íàñîñíûõ ñòàíöèé ïîäêà÷êè ñèñòåì âîäîñíàáæåíèÿ // Ñòðîèòåëüñòâî è òåõíî-
ãåííàÿ áåçîïàñíîñòü. Ñá. íàó÷. òðóäîâ. Ñèìôåðîïîëü: ÍÀÏÊÑ, 2014. Âûï. 51.
Ñ. 112–121.

13. Êîñòþê À.Â., Òâåðäîõëåá È.Á. Ýíåðãîýôôåêòèâíàÿ ýêñïëóàòàöèÿ ñêâàæèííûõ íà-
ñîñîâ ÝÖÂ // Ðåñóðñîñáåðåæåíèå. 2010. ¹ 9. Ñ. 1–5.

14. Âeíòöeëü E.Ñ., Oâ÷aðoâ Ë.À. Òeoðèÿ ñëó÷aéíûõ ïðoöeññoâ è ee èíæeíeðíûe
ïðèëoæeíèÿ. Ì.: Âûñø. øê., 2000. 383 ñ.

Life maintenance engineering systems of the inhabited localities, buildings and structures...

68



References

1. Berezin S.E. Pumping stations with submersible pumps. Calculation and construction.
Moscow: Stroyizdat, 2008. 160 p. (In Russ.).

2. Abramov N.N. Water supply. Moscow: Stroyizdat, 1982. (In Russ.).
3. Abramov N.N. Reliability of water supply systems. Moscow: Stroyizdat, 1984. 216 p.

(In Russ.).
4. Ilyin Yu.A. Reliability of water supply facilities and equipment. Moscow: Stroyizdat,

1985. 240 p. (In Russ.).
5. Ilyin Yu.A. Calculation of water supply reability Moscow: Stroyizdat, 1987. 320 ð.

(In Russ.).
6. Leznov B.S., Chebanov V.B. Technological bases of energy saving in pumping units.

Vodosnabzheniye i sanitarnaya tekhnika = Water supply and sanitary equipment.
2004; (7): 13–18. (In Russ.).

7. Leznov B.S. Modern problems of using an adjustable electric drive in pumping
installations. Vodosnabzheniye i sanitarnaya tekhnika = Water supply and sanitary

equipment. 2006; 11(2): 14. (In Russ.).
8. Turk V.I. Pumps and pumping stations. Moscow: Gosstroyizdat, 1957. 182 p. (In Russ.).
9. Turk V.I., Minaev A.V., Karelin V.Ya. Pumps and pumping stations. Moscow:

Stroyizdat, 1977. 296 p. (In Russ.).
10. Berezin S.E., Bazhenov V.I. Blower stations with adjustable centrifugal compressors.

Simferopol: IT "ARIAL", 2019. 188 p. (In Russ.).
11. Nikolenko I.V., Kotovskaya E.E. Evaluation of the energy efficiency of pumping station

pumping units taking into account operating conditions. Stroitel’stvo i tekhnogennaya

bezopasnost’ = Construction and technogenic safety. 2016; (4): 103–112. (In Russ.).
12. Nikolenko I.V., Kotovskaya E.E. Methodology and analysis of the selection of pumping

units for pumping stations pumping water supply systems. Construction and
technogenic safety. Collection of scientific works. Simferopol: NAPKS, 2014. Iss. 51.
P. 112–121. (In Russ.).

13. Kostyuk A.V., Tverdohleb I.B. Energy efficient operation of well pumps ECV.
Resursosberezheniye = Resource saving. 2010; (9): 1–5. (In Russ.).

14. Ventzel E.S., Ovcharov L.A. Theory of random processes and ee engineering
applications. Moscow, 2000. 383 p. (In Russ.).

Èíôîðìàöèÿ îá àâòîðàõ
È.Â. Íèêîëåíêî – äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð, nikoshi@mail.ru
Å.Å. Êîòîâñêàÿ – ñòàðøèé ïðåïîäàâàòåëü, elevkot@gmail.com
À.Å. Êîòîâñêèé – ãëàâíûé èíæåíåð, kotovskiialex@yandex.ru

Information about the authors
I.V. Nikolenko – DSc, Professor, nicoshi@mail.ru
H.E. Kotovskaya – Senior Lecturer, ekevkot@gmail.com
A.E. Kotovskii – Chief Engineer, kotovskiialex@yandex.ru

Âêëàä àâòîðîâ: âñå àâòîðû ñäåëàëè ýêâèâàëåíòíûé âêëàä â ïîäãîòîâêó ïóáëèêàöèè.
Àâòîðû çàÿâëÿþò îá îòñóòñòâèè êîíôëèêòà èíòåðåñîâ.
Contribution of the authors: the authors contributed equally to this article. The authors
declare no conflict of interest.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 11.05.2022 The article was submitted 11.05.2022
Îäîáðåíà ïîñëå ðåöåíçèðîâàíèÿ 02.06.2022 Approved after reviewing 02.06.2022
Ïðèíÿòà ê ïóáëèêàöèè 09.06.2022 Accepted for publication 09.06.2022

Èíæåíåðíûå ñèñòåìû æèçíåîáåñïå÷åíèÿ íàñåëåííûõ ìåñò, çäàíèé è ñîîðóæåíèé...

69


