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On the base of the fundamental laws of classical
hydrodynamics the calculation methods for the
hydraulic resistance coefficient  for the streams of
viscous uncompressible fluids in pipelines were
compared. The traditional method which is formal
for turbulent flow and the new method which is
theoretically well-grounded for turbulent and
laminar flows were compared. The mathematical
operation quantity which is necessary for the
calculation of waste pressure for both types of
flows were also compared.
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Íà îñíîâå ôóíäàìåíòàëüíûõ çàêîíîâ êëàññè-
÷åñêîé ãèäðîäèíàìèêè ñîïîñòàâëåíû ìåòîäû
ðàñ÷åòà êîýôôèöèåíòîâ ãèäðàâëè÷åñêîãî ñîïðî-
òèâëåíèÿ ïðè äâèæåíèè âÿçêèõ íåñæèìàåìûõ
æèäêîñòåé â òðóáîïðîâîäàõ. Ñäåëàíî ñðàâíåíèå
òðàäèöèîííîãî ìåòîäà, ÿâëÿþùåãîñÿ ôîðìàëü-
íûì äëÿ òóðáóëåíòíîãî òå÷åíèÿ, è íîâîãî ìåòî-
äà, èìåþùåãî òåîðåòè÷åñêîå îáîñíîâàíèå êàê
äëÿ òóðáóëåíòíîãî, òàê è äëÿ ëàìèíàðíîãî òå÷å-
íèÿ. Ñîïîñòàâëåíî òàêæå êîëè÷åñòâî ìàòåìàòè-
÷åñêèõ îïåðàöèé, íåîáõîäèìûõ äëÿ ðàñ÷åòà ïî-
òåðÿííîãî íàïîðà äëÿ îáîèõ ðåæèìîâ òå÷åíèÿ.

Êëþ÷åâûå ñëîâà: ãèäðàâëè÷åñêîå ñîïðîòèâëå-
íèå; ãèäðîäèíàìèêà; ïîòåðÿííûé íàïîð.

Âàæíûì äëÿ èçó÷åíèÿ ãèäðîäèíàìèêè âÿç-
êèõ íåñæèìàåìûõ æèäêîñòåé ÿâëÿåòñÿ óðàâíå-
íèå Íàâüå-Ñòîêñà, â êîòîðîì ñëàãàåìîå, ïðåä-
ñòàâëÿþùåå ñîáîé ïðîèçâåäåíèå âÿçêîñòè n è
ëàïëàñèàíà ñêîðîñòè Ñ2w æèäêîñòè, îòðàæàåò
äåéñòâèå ñèë òðåíèÿ. Îïðåäåëåíèå ýòîãî ñëàãàå-
ìîãî âûçûâàåò çàòðóäíåíèÿ, êîòîðûå îáõîäÿò,
îòáðàñûâàÿ óêàçàííîå ñëàãàåìîå è ïåðåõîäÿ òåì
ñàìûì ê äèôôåðåíöèàëüíîìó óðàâíåíèþ äâèæå-
íèÿ Ýéëåðà è äàëåå ê óðàâíåíèþ Áåðíóëëè äëÿ
èäåàëüíîé æèäêîñòè ñ îäíîâðåìåííûì ââåäåíè-
åì ïîïðàâêè, ó÷èòûâàþùåé ðåàëüíîå ãèäðàâëè-
÷åñêîå ñîïðîòèâëåíèå – ïîòåðÿííûé íàïîð h.
Ýòîò íàïîð ïî óðàâíåíèþ Äàðñè-Âåéñáàõà:

h = λ (l/d)(w2/2g)  çàâèñèò îò w2 /2g,

ãäå g – óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ,
λ – êîýôôèöèåíò ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ,
l è d – äëèíà è äèàìåòð òðóáîïðîâîäà.

Èçâåñòíî èíòåðåñíîå ìíåíèå 1, 2, ÷òî ïî ôè-
çè÷åñêîìó ñìûñëó  ïîòåðÿííûé íàïîð äîëæåí
âêëþ÷àòü âåëè÷èíû, âõîäÿùèå â îòáðîøåííîå
ñëàãàåìîå. Ïîýòîìó ïðåäëîæåíî äëÿ ðàñ÷eòà h
èñïîëüçîâàòü âåëè÷èíó ν/w, à íå w2 /2g. Óðàâ-
íåíèå Äàðñè-Âåéñáàõà ñ÷èòàåòñÿ ôîðìàëüíûì.

Ñ ïîñëåäíèì â ñëó÷àå ëàìèíàðíîãî òå÷åíèÿ
ìîæíî íå ñîãëàñèòüñÿ. Ñî÷åòàíèå óðàâíåíèÿ

Áåðíóëëè è óðàâíåíèÿ Ãàãåíà-Ïóàçeéëÿ, êîòî-
ðîå ñîäåðæèò âåëè÷èíû âÿçêîñòè è ñêîðîñòè
æèäêîñòè è êîòîðîå ìîæåò áûòü âûâåäåíî íåçà-
âèñèìî îò óðàâíåíèÿ Íàâüå-Ñòîêñà, ïðèâîäèò ê
óðàâíåíèþ Äàðñè-Âåéñáàõà, ôèçè÷åñêè îáîñíî-
âàííîìó äëÿ òàêîãî ñëó÷àÿ.

Â ñëó÷àå æå òóðáóëåíòíîãî òå÷åíèÿ äåé-
ñòâèòåëüíî ïðåäñòàâëÿåòñÿ áîëåå îáîñíîâàííûì
èñïîëüçîâàíèå âåëè÷èíû 

ν

/ w, à íå  w2 /2g. Åñ-
òåñòâåííî, ÷òî òàêîé ïîäõîä ìîæåò áûòü èñïîëü-
çîâàí è äëÿ ëàìèíàðíîãî òå÷åíèÿ. Äëÿ ðàñ÷eòà h
ïðåäëîæåíî 2 íåñêîëüêî èíîå óðàâíåíèå ñ ÷èñ-
ëåííî äðóãèì êîýôôèöèåíòîì ãèäðàâëè÷åñêîãî
ñîïðîòèâëåíèÿ (λ*):

h = 

λ

* (l/d)(

ν

/w)
Çäåñü ýòîò êîýôôèöèåíò äëÿ ëàìèíàðíîãî

òå÷åíèÿ ðàâåí 32 Fr, à íå 64/Re (êàê â óðàâíå-
íèè Äàðñè–Âåéñáàõà), ãäå Fr è Re – êðèòåðèè
Ôðóäà è Ðåéíîëüäñà. Äëÿ òóðáóëåíòíîãî òå÷å-
íèÿ – 0.158 FrRe 0.75,  à íå 0.316 Re –0.25.

Â îáîèõ ñëó÷àÿõ êîëè÷åñòâî îïåðàöèé äëÿ
ðàñ÷eòà h ïî÷òè îäèíàêîâî.
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