
ÎÁÐÀÒÍÛÅ ÊÐÀÅÂÛÅ ÇÀÄÀ×È È ÈÕ ÏÐÈËÎÆÅÍÈß

Âñåðîññèéñêàÿ íàó÷íàÿ êîíôåðåíöèÿ

ÓÄÊ 532.545

ÏÎÑÒÀÍÎÂÊÀ È ÐÅØÅÍÈÅ ÇÀÄÀ×È ÓÑÒÎÉ×ÈÂÎÑÒÈ
ÄÍÀ ÍÀÏÎÐÍÎÃÎ ÊÀÍÀËÀ

Þ.Ã. Êðàò, È.È. Ïîòàïîâ

Àííîòàöèÿ

Â ðàáîòå ñôîðìóëèðîâàíà è ðåøåíà çàäà÷à óñòîé÷èâîñòè äíà íàïîðíîãî êàíàëà. Äëÿ
ëèíåàðèçîâàííîé ïîñòàíîâêè ñôîðìóëèðîâàííîé çàäà÷è ïîëó÷åíà àíàëèòè÷åñêàÿ çàâè-
ñèìîñòü, ïîçâîëÿþùàÿ îïðåäåëèòü äëèíó äîííîé âîëíû äëÿ áûñòðîðàñòóùèõ âîëí. Âû-
ïîëíåí àíàëèç ïîëó÷åííîé àíàëèòè÷åñêîé çàâèñèìîñòè. Ñðàâíåíèå ïîëó÷åííîãî ðåøåíèÿ
ñ ýêñïåðèìåíòàëüíûìè äàííûìè ïîêàçàëî åãî õîðîøåå êà÷åñòâåííîå è êîëè÷åñòâåííîå
ñîãëàñîâàíèå.

Êëþ÷åâûå ñëîâà: íàïîðíûé êàíàë, äîííûå âîçìóùåíèÿ, óñòîé÷èâîñòü äîííîé ïî-
âåðõíîñòè

Â ðàáîòå [1] àâòîðàìè, íà îñíîâå îðèãèíàëüíîé ôîðìóëû äâèæåíèÿ âëåêîìûõ
íàíîñîâ [2], ïîñòðîåíà îäíîìåðíàÿ ìîäåëü äâèæåíèÿ ðóñëîâîãî ïîòîêà, íà îñíîâå
êîòîðîé ïîëó÷åíî íîâîå óðàâíåíèå ðóñëîâûõ äåôîðìàöèé
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Çäåñü ζ � îòìåòêà äíà; t � âðåìÿ; x � êîîðäèíàòíàÿ îñü, íàïðàâëåííàÿ ïî ïîòîêó;
h � ñðåäíÿÿ ãëóáèíà íàïîðíîãî êàíàëà; U � ñðåäíÿÿ ñêîðîñòü ïîòîêà; ρw � ïëîò-
íîñòü æèäêîñòè; ρs � ïëîòíîñòü ÷àñòèö ïåñêà; g � óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ;
νt � òóðáóëåíòíàÿ âÿçêîñòü ïîòîêà; λg � êîýôôèöèåíò ãèäðàâëè÷åñêîãî ñîïðîòèâ-

ëåíèÿ îïðåäåëåí, ñîãëàñíî ðàáîòå [3], êàê λg = n

(
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, n=0.08991; d � äèàìåòð



2 Þ.Ã. ÊÐÀÒ, È.È. ÏÎÒÀÏÎÂ

äîííûõ ÷àñòèö; ε � êîýôôèöèåíò ïîðèñòîñòè ïåñ÷àíîãî äíà; T � ïðèäîííîå êà-
ñàòåëüíîå íàïðÿæåíèå; T0 � íàïðÿæåíèå, îïðåäåëÿþùåå ìîìåíò íà÷àëà äâèæåíèÿ
äîííûõ ÷àñòèö; cx � êîýôôèöèåíò ëîáîâîãî ñîïðîòèâëåíèÿ ÷àñòèö; s � ïàðàìåòð
ñòðàòèôèêàöèè àêòèâíîãî ïðèäîííîãî ñëîÿ, â êîòîðîì ïåðåíîñÿòñÿ ÷àñòèöû; f �
êîíöåíòðàöèÿ âëåêîìûõ ÷àñòèö â àêòèâíîì ïðèäîííîì ñëîå; φ � óãîë âíóòðåííåãî
òðåíèÿ äîííûõ ÷àñòèö; κ � ïîñòîÿííàÿ Êàðìàíà; Fr � ÷èñëî Ôðóäà.

Äëÿ ëèíåàðèçîâàííîé ïîñòàíîâêè ñôîðìóëèðîâàííîé çàäà÷è ïîëó÷åíà àíàëèòè-
÷åñêàÿ çàâèñèìîñòü, ïîçâîëÿþùàÿ îïðåäåëèòü äëèíó äîííîé âîëíû äëÿ ðàçëè÷íûõ
ôèçèêî-ìåõàíè÷åñêèõ è ãðàíóëîìåòðè÷åñêèõ õàðàêòåðèñòèê äîííîãî ìàòåðèàëà

λ =
2πcSFr2√√

1 + SReFr[cFr − e− 3SFr2c(a+ cλgFr)]− 1

h, (2)

ãäå Re =
Uh

νt
� ÷èñëî Ðåéíîëüäñà.

Ïîëó÷åííàÿ àíàëèòè÷åñêàÿ çàâèñèìîñòü (2) ïðåäñòàâëåíà íà ðèñ.1 êðèâûìè 1
� 5. Àíàëèç ïîëó÷åííîé çàâèñèìîñòè (2) è åå ñðàâíåíèå ñ ðåçóëüòàòàìè ÷èñëåííûõ

Ðèñ. 1. Çàâèñèìîñòü äëèíû ïîëíû äîííûõ âîçìóùåíèé îò ÷èñëà Ôðóäà

äëÿ ðàçëè÷íûõ çíà÷åíèé äèàìåòðà äîííûõ ÷àñòèö

èññëåäîâàíèé [4], ïðåäñòàâëåííûõ íà ðèñ. 2, îáúÿñíÿåò, ïî÷åìó ôåíîìåíîëîãè÷å-
ñêèå çàâèñèìîñòè, ïðåäëîæåííûå â ðàáîòàõ [5,6] íå ó÷èòûâàþò ãèäðîäèíàìè÷åñêèõ
õàðàêòåðèñòèê ïîòîêà (çàâèñèìîñòü äëèíû âîëíû äîííûõ âîçìóùåíèé îò ÷èñëà
Ôðóäà). Ïðè÷èíîé íåâîçìîæíîñòè ïîñòðîåíèÿ òàêèõ çàâèñèìîñòåé ÿâëÿåòñÿ òî,
÷òî ñòîõàñòè÷íîñòü ïðîöåññà ôîðìèðîâàíèÿ äîííûõ âîëí (ðèñ. 2) îáëàäàåò ñóùå-
ñòâåííîé äèñïåðñèåé, ïðèâîäÿùåé ê çíà÷èòåëüíîìó ðàçáðîñó ýêñïåðèìåíòàëüíûõ
äàííûõ. Ïîãðåøíîñòü ýêñïåðèìåíòàëüíûõ äàííûõ íå ïîçâîëÿåò ïîëó÷èòü äåòåð-
ìèíèðîâàííóþ çàâèñèìîñòü ìåæäó äëèíîé âîëíû äîííûõ âîçìóùåíèé è ÷èñëîì
Ôðóäà.

Âûâîäû:
Ïðîöåññ ãåíåðàöèè äîííûõ âîëí ñóùåñòâåííî çàâèñèò îò ãèäðîäèíàìè÷åñêîãî

ïîòîêà, õàðàêòåðèçóåìîãî ÷èñëîì Ôðóäà.
Ñòðóêòóðà çàâèñèìîñòè (2) óêàçûâàåò íà ñóùåñòâîâàíèå äâóõ ãèäðîäèíàìè÷å-

ñêèõ ðåæèìîâ, õàðàêòåðèçóåìûõ ÷èñëîì Ôðóäà, ïðè êîòîðûõ ðîñò äîííûõ âîçìó-
ùåíèé ìîæåò ñèëüíî èëè ñëàáî çàâèñåòü îò ÷èñåë Ôðóäà.

Ñòîõàñòè÷íîñòü ïðîöåññà äâèæåíèÿ äîííûõ âîëí ìîæåò ïðèâîäèòü ê ïîëó÷å-
íèþ ýêñïåðèìåíòàëüíûõ äàííûõ, èìåþùèõ ñóùåñòâåííóþ äèñïåðñèþ. Ïîêàçàíî,
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Ðèñ. 2. Ðîñò äëèí âîëí äîííûõ âîçìóùåíèé

1: H = 0.3 ì, 2: H = 0.2 ì, 3: H = 0.1 ì, 4: H = 0.05 ì
��� ñðåäíÿÿ äëèíà âîëíû - - - - ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå

÷òî çíà÷èòåëüíàÿ äèñïåðñèÿ ýêñïåðèìåíòàëüíûõ äàííûõ íå ïîçâîëÿåò ïîëó÷èòü
îäíîçíà÷íóþ äåòåðìèíèðîâàííóþ çàâèñèìîñòü ìåæäó äëèíîé âîëíû äîííûõ âîç-
ìóùåíèé è ÷èñëîì Ôðóäà.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ôîíäà ôóíäàìåíòàëüíûõ èññëå-
äîâàíèé ÄÂÎ ÐÀÍ, ãðàíò 12-III-A-03-034.

Summary

Yu.G. Krat, I.I. Potapov. Formulation and solution of the problem of stability bottom for
closed conduit.

In this paper we formulated and solved the problem of stability bottom for closed conduit.
For linearized formulation of the problem was recieved analytical dependence determining
of the wavelength for fast-growing bottom perturbation.The analysis of obtained analytical
dependence was performed. Comparison of the received results with natural data has shown
their good qualitative and quantitative agreement.

Key words: closed conduit, bottom perturbation, bottom stability
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