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Àííîòàöèÿ. Â ñòàòüå ðàññìàòðèâàåòñÿ èñïîëüçîâàíèå ìàòåìàòè÷åñêîãî ïàêåòà Maple äëÿ èñ-
ñëåäîâàíèÿ íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ çàòâîðà âîäîïðîâîäíîé ãàëåðåè ñóäî-
õîäíîãî øëþçà. Ïðè ðàñ÷åòå çàòâîð ìîäåëèðóåòñÿ ïðÿìîóãîëüíîé ïëàñòèíîé, ïîäêðåïëåííîé
ðåáðàìè æåñòêîñòè, íà êîòîðóþ äåéñòâóåò ïîïåðå÷íàÿ ãèäðîñòàòè÷åñêàÿ íàãðóçêà. Ðåøåíèå çà-
äà÷è ñòðîèòñÿ â àíàëèòè÷åñêîì âèäå íà îñíîâå ìåòîäîâ Ë.Â. Êàíòîðîâè÷à è Ñòåêëîâà-Ôóáèíè.
Â êà÷åñòâå ïðèìåðà ðàññìàòðèâàåòñÿ ðàñ÷åò ïðÿìîóãîëüíîé ðåáðèñòîé ïëàñòèíû øàðíèðíî
îïåðòîé ïî êîíòóðó, íà êîòîðóþ äåéñòâóåò ãèäðîñòàòè÷åñêàÿ íàãðóçêà. Äëÿ äîñòèæåíèÿ íåîá-
õîäèìîé òî÷íîñòè ïî ïåðåìåííîé óäåðæèâàëîñü ñåìü ÷ëåíîâ ðÿäà (m = 7), ïî ïåðåìåííîé y �
÷åòûðå (n = 4); ðàñ÷åò âûïîëíÿëñÿ ñ óäåðæàíèåì 20 öèôð â ìàíòèññå.

Numerically-analytical analysis of water feed sluice

Averyanova G., Goloskokov D.

Abstract. This article touches upon use of mathematical package Maple for research tensely -
deformed conditions of water gallery �oodgate for a navigable sluice. The �oodgate is modelled by
the rectangular plate supported by webbings on which cross-section hydrostatic loading operates.
The decision of a problem is under construction in an analytical procedures of L.V.Kantorovich
and Steklov - Fubini. As an example calculation of a rectangular sti�ened hinged plate on which
hydrostatic loading operates is considered. For achievement of necessary accuracy on a variable õ
seven members of series (m=7), on a variable y - four (n=4) were kept; calculation was carried out
with keeping of 20 �gures in a mantissa.

Êîíñòðóêöèÿ ïëîñêîãî çàòâîðà. Îáû÷íûé ïëîñêèé ìåòàëëè÷åñêèé çàòâîð ïðåäñòàâëÿåò ñîáîé ìå-
òàëëè÷åñêóþ íåñóùóþ êîíñòðóêöèþ, ïîêðûòóþ ñ âåðõîâîé ñòîðîíû âîäîíåïðîíèöàåìîé îáøèâêîé, âûïîë-
íåííîé èç ëèñòîâîé ñòàëè, àðêòèëèòà èëè äåðåâà [2, 3].

Â ïðîñòåéøåì ñëó÷àå ìåòàëëè÷åñêàÿ íåñóùàÿ êîíñòðóêöèÿ ïðåäñòàâëÿåò ñîáîé áàëî÷íóþ êëåòêó, ñîñòî-
ÿùóþ: à) èç ãîðèçîíòàëüíûõ áàëîê � ðèãåëåé; á) èç âåðòèêàëüíûõ áàëîê � ñòîåê. Ðèãåëè ÷àñòî ðàñïîëàãàþò
íà ðàçíîì ðàññòîÿíèè äðóã îò äðóãà, ÷òîáû ïîëó÷èòü èõ ðàâíîíàãðóæåííûìè ãèäðîñòàòè÷åñêèì äàâëåíèåì,
êîòîðîå óâåëè÷èâàåòñÿ êíèçó. Ïðè áîëüøîé øèðèíå îòâåðñòèé ðèãåëè âûïîëíÿþò â âèäå ñêâîçíûõ ôåðì.

Ìíîãîðèãåëüíûå çàòâîðà, ïðèìåíÿþòñÿ òåïåðü îòíîñèòåëüíî ðåäêî, ò.ê. îêàçûâàþòñÿ ýêîíîìè÷åñêè âû-
ãîäíûìè òîëüêî ïðè ñðàâíèòåëüíî ìàëûõ îòíîøåíèÿõ b/H. ×àùå ïðèìåíÿþò òàê íàçûâàåìûå äâóõðèãåëü-
íûå ïëîñêèå çàòâîðû [3]. Íåñóùàÿ êîíñòðóêöèÿ òàêîãî çàòâîðà, ñîñòîÿùàÿ èç ðàçëè÷íûõ ãîðèçîíòàëüíûõ
è âåðòèêàëüíûõ ýëåìåíòîâ, à òàêæå èç ñîîòâåòñòâóþùèõ íàêëîííûõ ñâÿçåé, ïðåäñòàâëÿåò ñîáîé ïðîñòðàí-
ñòâåííóþ ôåðìó, ðàáîòàþùóþ â ñëîæíûõ óñëîâèÿõ è íå ïîääàþùóþñÿ òî÷íîìó ñòàòè÷åñêîìó ðàñ÷åòó. Îá-
ùàÿ ñõåìà äâóõðèãåëüíîãî çàòâîðà ïîêàçàíà íà ðèñ. 1.

×òîáû ïîëó÷èòü ðèãåëè 2 ðàâíîíàãðóæåííûìè ãèäðîñòàòè÷åñêèì äàâëåíèåì, à, ñëåäîâàòåëüíî, îäèíà-
êîâîé êîíñòðóêöèè è ðàçìåðîâ, èõ ÷àñòî ðàñïîëàãàþò íà îäèíàêîâîì ðàññòîÿíèè îò ëèíèè äåéñòâèÿ ñèëû
P ãèäðîñòàòè÷åñêîãî äàâëåíèÿ, äåéñòâóþùåãî íà îáøèâêó (íà ðèñóíêå ðàçìåð a1 = a2).

Ìåòîä ðàñ÷åòà. Ïëîñêèé çàòâîð ìîæíî ïðåäñòàâèòü êàê ïðÿìîóãîëüíóþ ïëàñòèíó, ïîäêðåïëåííóþ
ïåðåêðåñòíîé ñèñòåìîé ðåáåð.

Ïóñòü ïðÿìîóãîëüíàÿ ïëàñòèíà (0 ≤ x ≤ a, 0 ≤ y ≤ b) íàãðóæåíà ïîïåðå÷íîé íàãðóçêîé q(x, y) è
ïîäêðåïëåíà ð¼áðàìè, ðàñïîëîæåííûìè ïàðàëëåëüíî îñÿì x è y ïî ëèíèÿì x = xj , j = 1, 2, . . . , Kx; y =
yi, i = 1, 2, . . . , Ky. Áóäåì ó÷èòûâàòü òîëüêî èçãèáíûå æ¼ñòêîñòè ð¼áåð, êîòîðûå ñ÷èòàåì ïîñòîÿííûìè.
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Ðèñ.1. Ñõåìà äâóõðèãåëüíîãî ïëîñêîãî çàòâîðà.

1 � îïîðíî-õîäîâàÿ ÷àñòü; 2 � ãëàâíûé ðèãåëü; 3 �
îïîðíàÿ ñòîéêà; 4 � ïîäúåìíîå óñèëèå; 5 � âñïîìîãà-
òåëüíàÿ ñòîéêà; 6 � ïîïåðå÷íàÿ âåðòèêàëüíàÿ ôåðìà;
7 � âñïîìîãàòåëüíûé ðèãåëü; 8 � ïîäúåìíàÿ ôåðìà; 9 �
äîííîå óïëîòíåíèå; 10 � îáøèâêà; 11 � áîêîâîå óïëîò-
íåíèå.

Îñíîâíîå ðàçðåøàþùåå óðàâíåíèå îòíîñèòåëüíî ôóíêöèè ïðîãèáà w(x, y) èìååò âèä:

∇4w =
q

D
−

KyX
i=1

λ1i
∂4w

∂x4
δ(y − yi)−

KxX
j=1

λ2j
∂4w

∂y4
δ(x− xj),

ãäå λ1i =
E1iJ1i

D
, i = 1, . . . , Ky; λ2j =

E2jJ2j

D
, j = 1, . . . , Kx, E1iJ1i , E2jJ2j � èçãèáíûå æåñòêîñòè áàëîê

âäîëü îñåé x è y, D � öèëèíäðè÷åñêàÿ æåñòêîñòü ïëàñòèíû.
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Îáùåå ðåøåíèå äàííîé çàäà÷è èìååò âèä:
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{βn(x− xj)chβn(x− xj)− shβn(x− xj)} ,
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{αm(y − yi)chαm(y − yi)− shαm(y − yi)} ,

αm = mπ/a, βm = nπ/b; {Zβnk(x)} , {Zαmk(y)} � ôóíäàìåíòàëüíûå ñèñòåìû ðåøåíèé ñîîòâåòñòâóþùèõ
îäíîðîäíûõ óðàâíåíèé. Ôóíêöèÿ w0(x, y) � êàêîå-íèáóäü ÷àñòíîå ðåøåíèå óðàâíåíèÿ ∇4w0 = q/D, θ(y) �
åäèíè÷íàÿ ôóíêöèÿ Õåâèñàéäà.

Íåèçâåñòíûå êîýôôèöèåíòû Ckn, Dkm, wnx(xj), wmy(yi) îïðåäåëÿþòñÿ èç ñèñòåìû ëèíåéíûõ àëãåáðàè-
÷åñêèõ óðàâíåíèé, ïîëó÷åííîé ïî îïðåäåëåííîìó àëãîðèòìó ñ ó÷åòîì ãðàíè÷íûõ óñëîâèé [1].

Ïðèìåð ðàñ÷åòà. Íèæå ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòà íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ ïðÿ-
ìîóãîëüíîé ïëàñòèíû, ïîäêðåïëåííîé ïåðåêðåñòíîé ñèñòåìîé ðåáåð æåñòêîñòè ïàðàëëåëüíî ñòîðîíàì ïëà-
ñòèíû. Áóäåì ñ÷èòàòü, ÷òî ìàòåðèàë ïëàñòèíû è ðåáåð � ñòàëü ñ ìîäóëåì Þíãà E = 2 × 105 ÌÏà è
êîýôôèöèåíòîì Ïóàññîíà ν = 0.3.
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Ðàññìîòðèì ïðÿìîóãîëüíóþ ïëàñòèíó, ïîäêðåïëåííóþ òðåìÿ ãîðèçîíòàëüíûìè (ðèãåëè) è äâóìÿ âåðòè-
êàëüíûìè (ñòîéêè) ðåáðàìè æåñòêîñòè (ðèñ. 2). Îáøèâêà ïëàñòèíû èìååò ïîñòîÿííóþ òîëùèíó h = 0, 012 ì.
Ðàçìåðû â ïëàíå � ïî îñè x: = 4 ì, ïî îñè y: b = 4 ì.

Ðåáðà æåñòêîñòè: ãîðèçîíòàëüíûå ðèãåëè � òàâðû: âûñîòà ñòåíêè � 0, 8 ì; òîëùèíà ñòåíêè � 0, 02 ì;
øèðèíà ïîëêè � 0, 35 ì; òîëùèíà ïîëêè � 0, 04 ì; âåðòèêàëüíûå ñòîéêè: � òàâðû: âûñîòà ñòåíêè � 0, 6 ì;
òîëùèíà ñòåíêè � 0, 02 ì; øèðèíà ïîëêè � 0, 35 ì; òîëùèíà ïîëêè � 0, 03 ì. Ïîïåðå÷íàÿ íàãðóçêà: ãèäðî-
ñòàòè÷åñêîå äàâëåíèå âîäû (ïîëíûé íàïîð 4 ì).

Áóäåì ñ÷èòàòü, ÷òî ïëàñòèíà øàðíèðíî îïåðòà ïî êîíòóðó. Êîîðäèíàòû ðàñïîëîæåíèÿ ðåáåð: x1 =
1, 65 ì, x2 = 2, 7 ì, x3 = 3, 6 ì è y1 = 1.33 ì, y2 = 2.66 ì.

Ðèñ.2. Ðàñ÷åòíàÿ ñõåìà ïëîñêîãî çàòâîðà.

Ðèñ.3. Èçîãíóòàÿ ïîâåðõíîñòü ïëàñòèíû.

Ðåçóëüòàòû ðàñ÷åòà ïðèâåäåíû â òàáëèöå â âèäå ãðàôèêîâ ïðîãèáîâ è íàïðÿæåíèé (íàïðÿæåíèÿ � â
Ïàñêàëÿõ, ïðîãèáû � â ìåòðàõ). Ïðîãèá w(x, y) ïðåäñòàâëåí íà ðèñ. 3.
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Ïðîãèá â ïëàñòèíå íà óðîâíå
y = 2 ì x = 2 ì

Íàïðÿæåíèå (Ïà) σy â ïëàñòèíå íà óðîâíå
y = 2 ì x = 2 ì

Íàïðÿæåíèå (Ïà) σx â ïëàñòèíå íà óðîâíå
y = 2 ì x = 2 ì


