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«Ìîñêîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò ïðèðîäîîáóñòðîéñòâà»

ÐÀÑ×ÅÒ ÂÎÄÎÑËÈÂÎÂ Ñ ÏÅÐÅÌÅÍÍÎÉ ØÈÐÈÍÎÉ
ÏÐÎËÅÒÎÂ Â ÏËÀÍÅ

Ðàññìîòðåíû ïðîáëåìû ãèäðàâëè÷åñêîãî ðàñ÷åòà âîäîñáðîñà 2 Áîãó÷àíñêîé ÃÝÑ
ñòðîèòåëüíîãî ïåðèîäà. Ïðåäëîæåí ñïîñîá ðàñ÷åòà áåçíàïîðíûõ âîäîïðîïóñêíûõ òðàê-
òîâ àíàëîãè÷íî ðàñ÷åòó íàïîðíûõ âîäîâîäîâ ìåòîäîì ñáîðà êîýôôèöèåíòîâ ñîïðî-
òèâëåíèé ñ ó÷åòîì íåãèäðîñòàòè÷íîñòè ðàñïðåäåëåíèÿ äàâëåíèÿ ïî âåðòèêàëè.

Ãèäðàâëè÷åñêèé ðàñ÷åò, âîäîñáîð, Áîãó÷àíñêàÿ ÃÝÑ, âîäîñëèâ, ýêñïëóàòàöèÿ ãèäðî-
óçëà, êîýôôèöèåíòû ñîïðîòèâëåíèÿ âõîäà, ïàçîâ çàòâîðîâ, ïëàâíîãî ðàñøèðåíèÿ.

There are considered hydraulic estimation problems of spillway ¹ 2 of the Boguchanskaya
HEPS during the building period. The method is proposed for estimation of free-flow waterways
similarly to the estimation of pressurized waterways by means of collection of coefficients of
resistances taking into account unhydrostatics of pressure distribution on vertical.

Hydraulic estimation, catch basin, Boguchanskaya HEPS, spillway, operation of the
hydraulic works, coefficients of inlet resistance, gate grooves, smooth widening etc.

Ïðè âîçîáíîâëåíèè â 2005 ãîäó
ñòðîèòåëüñòâà ãèäðîóçëà Áîãó÷àíñêîé
ÃÝÑ âîçíèêëà íåîáõîäèìîñòü ïðîåêòèðî-
âàíèÿ è ñòðîèòåëüñòâà äîïîëíèòåëüíîãî,
ïîìèìî äîííîãî ñ äåñÿòüþ ãëóáèííûìè
îòâåðñòèÿìè, ïîâåðõíîñòíîãî âîäîñáðîñà
2. Êîíñòðóêòèâíî îí ïðåäñòàâëÿåò ñîáîé
ïÿòèïðîëåòíóþ âîäîñëèâíóþ ïëîòèíó
áåçâàêóóìíîãî ïðîôèëÿ, ãðåáåíü îãîëîâ-
êà êîòîðîãî ðàñïîëàãàåòñÿ íà îòìåòêå
199,0 ì è èìååò ïðÿìîëèíåéíóþ âñòàâ-
êó äëèíîé 1,69 ì. Îñíîâíûå êîíñòðóê-
òèâíûå îñîáåííîñòè âîäîñáðîñà 2 çàêëþ-
÷àþòñÿ â ñëåäóþùåì:

âîäîñëèâíûå ïðîëåòû âîäîñáðîñà
2 ñ øèðèíîé b = 10 ì îáðàçîâàíû ÷åðå-
äóþùèìèñÿ áûêàìè, òîëùèíà êîòîðûõ
6,0 è 4,0 ì. Â ïëàíå ðàçäåëèòåëüíûå
áû÷êè, íà÷èíàÿ ñ èõ ñåðåäèíû, âûïîë-
íåíû ñèììåòðè÷íî ñóæàþùèìèñÿ âäîëü
ïî òå÷åíèþ. Òîðöåâàÿ ãðàíü áûêîâ, èìå-
þùèõ òîëùèíó 6,0 ì, ñóæàåòñÿ äî 4,0 ì,
à èìåþùèõ 4,0 ì – äî 3,0 ì. Òàêàÿ
ïëàíîâàÿ ãåîìåòðèÿ áûêîâ ïðåäîïðåäå-
ëÿåò íåñèììåòðè÷íóþ ðàáîòó ïðîëåòîâ,
íà÷èíàÿ ñî ñòâîðà âõîäíîãî ñå÷åíèÿ;

ê òîðöåâûì íèçîâûì ñå÷åíèÿì
áûêîâ ïðèìûêàþò ðàçäåëèòåëüíûå
ñòåíêè òîëùèíîé 3,0  è 2,0  ì, ÿâëÿ-

þùèåñÿ ïðîäîëæåíèåì áûêîâ, èìåþùèõ
òîëùèíó 6,0 è 4,0 ì ñîîòâåòñòâåííî. Â
ðåçóëüòàòå â ñòâîðå òîðöåâûõ ãðàíåé
áûêîâ îáðàçóþòñÿ óñòóïû âûñîòîé 0,5 ì;

ëåâàÿ áîêîâàÿ ñòåíêà âîäîñáðîñà
2  îò êîíöà áûêà íàïðàâëåíà âíóòðü
ïåðâîãî ïðîëåòà è, íåñìîòðÿ íà íàëè-
÷èå ðàñøèðåíèÿ ïåðâîãî ïðîëåòà çà ñ÷åò
èçìåíåíèÿ òîëùèíû áûêà è óñòóïà çà
íèì, óìåíüøàåò øèðèíó îòâåðñòèÿ íà
5  %. Ïðàâàÿ áîêîâàÿ ñòåíêà, íàïðàâ-
ëåííàÿ îò âîäîñáðîñà 2  íàðóæó, óâåëè-
÷èâàåò øèðèíó ïÿòîãî ïðîëåòà íà
25  %. Â ñðåäíèõ ïðîëåòàõ øèðèíà
òàêæå óâåëè÷èâàåòñÿ íà 25  % çà ñ÷åò
óìåíüøåíèÿ òîëùèíû áûêîâ è îáðàçî-
âàíèÿ óñòóïîâ çà íèìè.

Ïðîïóñê ñòðîèòåëüíûõ ðàñõîäîâ áûëî
ðåøåíî îñóùåñòâëÿòü ÷åðåç íåäîñòðîåííûé
âîäîñáðîñ 2 ñ ãîðèçîíòàëüíûì ïîðîãîì
äëèíîé 33,5 ì íà îòìåòêå 179,0 ì. Â öå-
ëîì ïðîëåòû âîäîñáðîñà èìåþò ïëàâíîå è
âíåçàïíîå ðàñøèðåíèÿ â ïëàíå.

Ïëàí è ïîïåðå÷íûé ðàçðåç âîäî-
ñáðîñà 2 ïðåäñòàâëåí íà ðèñ. 1, 2.

Ñ ó÷åòîì äèàïàçîíà äåéñòâóþ-
ùèõ íàïîðîâ (6…9 ì) è äëèíû ïîðî-
ãà ïîðÿäêà 33,5 ì îòíîñèòåëüíàÿ äëè-
íà ïîðîãà s/H = 5,58…3,72, ÷òî ïî
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êëàññèôèêàöèè [1] ñîîòâåòñòâóåò ðàáîòå âîäî-
ñáðîñà ïî ñõåìå âîäîñëèâà ñ øèðîêèì ïîðîãîì.

Ðàñõîä ÷åðåç âîäîñëèâ ïðè ýòîì
îïðåäåëÿåòñÿ ïî ôîðìóëå

 (1)
ãäå Í

0
 –  íàïîð ñ ó÷åòîì ñêîðîñòè ïîäõîäà;

 – êîýôôèöèåíò ñêîðîñòè; h – ãëó-

áèíà íà ãðåáíå âîäîñëèâà â ñå÷åíèè ñ ïëàâíî
èçìåíÿþùèìñÿ äâèæåíèåì.

Ïîñëå ïðåîáðàçîâàíèÿ, ñ ó÷åòîì
òîãî, ÷òî â ðàññìàòðèâàåìîé êîíñòðóê-

öèè Í = Í
0
, ïîëó÷èì:
 (2)

ãäå  – êîýôôèöèåíò ðàñõîäà; k =
h/H – îòíîñèòåëüíàÿ ãëóáèíà íà ïîðîãå.

Íà äàííîì ýòàïå ðàñ÷åòîâ âîçíè-
êàåò âîïðîñ îïðåäåëåíèÿ êîýôôèöèåí-
òà ðàñõîäà âîäîñëèâà ñ ó÷åòîì åãî îñî-
áåííîñòåé, óêàçàííûõ âûøå.

Îäèí ðàñ÷åò áûë ïðîâåäåí ïî ôîð-
ìóëå À. Ð. Áåðåçèíñêîãî [2]:

 – êîýô-

Ðèñ. 1. Ïëàí ïðîåêòíîãî âàðèàíòà âîäîñáðîñà 2:Ïëàí ïðîåêòíîãî âàðèàíòà âîäîñáðîñà 2:Ïëàí ïðîåêòíîãî âàðèàíòà âîäîñáðîñà 2:Ïëàí ïðîåêòíîãî âàðèàíòà âîäîñáðîñà 2:Ïëàí ïðîåêòíîãî âàðèàíòà âîäîñáðîñà 2: 1 – ëåâîáåðåæíàÿ ñîïðÿãàþùàÿ ñòåíêà;
2 – ïðàâîáåðåæíàÿ ñîïðÿãàþùàÿ ñòåíêà; 3 – äåôîðìàöèîííûå øâû; 4 – ðàçäåëèòåëüíûå ñòåí-
êè ìåæäó ïðîëåòàìè

Ðèñ. 2. Ïðîåêòíûé ïðîôèëü âîäîñáðîñà 2 íà ïåðèîä âðåìåííîé ýêñïëóàòàöèè ãèäðîóçëàÏðîåêòíûé ïðîôèëü âîäîñáðîñà 2 íà ïåðèîä âðåìåííîé ýêñïëóàòàöèè ãèäðîóçëàÏðîåêòíûé ïðîôèëü âîäîñáðîñà 2 íà ïåðèîä âðåìåííîé ýêñïëóàòàöèè ãèäðîóçëàÏðîåêòíûé ïðîôèëü âîäîñáðîñà 2 íà ïåðèîä âðåìåííîé ýêñïëóàòàöèè ãèäðîóçëàÏðîåêòíûé ïðîôèëü âîäîñáðîñà 2 íà ïåðèîä âðåìåííîé ýêñïëóàòàöèè ãèäðîóçëà
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ôèöèåíò áîêîâîãî ñæàòèÿ;  (3)

 –  êîýô-

ôèöèåíò ðàñõîäà áåç áîêîâîãî ñæàòèÿ; (4)

 – êîýôôèöèåíò ñêîðîñòè;  (5)

 – îòíîñèòåëüíàÿ ãëóáèíà

íà ïîðîãå.  (6)
Áûëè ïîëó÷åíû ñëåäóþùèå ðå-

çóëüòàòû:
äëÿ êðàéíèõ ïðîëåòîâ –

m = K⋅m
ïë
 = 0,308; K = 0,963;

ϕ = 0,946; k = h/H =0,436;
äëÿ ñðåäíèõ ïðîëåòîâ –

m = K⋅m
ïë
 = 0,313; K = 0,979;

ϕ = 0,946; k = h/H =0,444.
Äðóãîé ðàñ÷åò ïðîâåäåí ïî ôîð-

ìóëàì èç «Ðåêîìåíäàöèé ïî ãèäðàâëè-
÷åñêîìó ðàñ÷åòó âîäîñëèâîâ» [1]:

 (7)

ãäå B
B
′ – ðàñ÷åòíàÿ øèðèíà âåðõíåãî áüåôà;

 – êîýôôèöèåíò, ó÷èòûâàþùèé ïëàíîâîå
ñæàòèå ïîòîêà; K

r/H
 è K

r/B
 – êîýôôèöèåíòû,

ó÷èòûâàþùèå ñêðóãëåíèå âåðòèêàëüíûõ ðåáåð
óñòîåâ èëè áû÷êîâ ñîîòâåòñòâåííî; K

l/H
 – êî-

ýôôèöèåíò, ó÷èòûâàþùèé âûäâèæåíèå â âåðõ-
íèé áüåô âåðõîâîé ãðàíè óñòîåâ èëè áû÷êîâ.

Áûëè ïîëó÷åíû ñëåäóþùèå çíà-
÷åíèÿ êîýôôèöèåíòà ðàñõîäà ñ ó÷åòîì
áîêîâîãî ñæàòèÿ:

äëÿ êðàéíèõ ïðîëåòîâ –
ε = 0,954; m = εm

ïë
 = 0,954⋅0,326 =

= 0,311 ïðè H = 8 ì;
äëÿ ñðåäíèõ ïðîëåòîâ –

ε = 0,981; m = εm
ïë
 = 0,981⋅0,326 =

= 0,319 ïðè H = 8 ì.
Êîýôôèöèåíò ðàñõîäà ìîæåò áûòü

îïðåäåëåí òàêæå ïî (2): ïóòåì ñóììè-
ðîâàíèÿ ñîîòâåòñòâóþùèõ êîýôôèöèåí-
òîâ ñîïðîòèâëåíèÿ íà ó÷àñòêå îò âåðõ-
íåãî áüåôà äî ðàññìàòðèâàåìîãî ñå÷åíèÿ
íà ïîðîãå âîäîñëèâà ðàññ÷èòûâàþò êî-
ýôôèöèåíò ñêîðîñòè ϕ (àíàëîãè÷íî ðàñ-
÷åòó íàïîðíûõ âîäîâîäîâ ìåòîäîì ñáî-
ðà êîýôôèöèåíòîâ ñîïðîòèâëåíèé).

Äëÿ ñóììàðíîãî êîýôôèöèåíòà
ñîïðîòèâëåíèÿ áûëî ïîëó÷åíî ñëåäó-
þùåå âûðàæåíèå:

 (8)

ãäå ζ
âõ
 – êîýôôèöèåíò ñîïðîòèâëåíèÿ âõîäà;

ζ
ïàç

 – êîýôôèöèåíò ñîïðîòèâëåíèÿ ïàçîâ çàò-
âîðîâ; ζ

ï.ð.
 – êîýôôèöèåíò ñîïðîòèâëåíèÿ ïëàâ-

íîãî ðàñøèðåíèÿ; ζ
â.ð.

 –  êîýôôèöèåíò ñîïðî-
òèâëåíèÿ âíåçàïíîãî ðàñøèðåíèÿ; ζ

ïîð
 –

êîýôôèöèåíò ñîïðîòèâëåíèÿ, ó÷èòûâàþùèé
ïîòåðè ïî äëèíå âîäîñáðîñà.

Ïðè èñïîëüçîâàíèè äàííîãî ìåòî-
äà êîýôôèöèåíò Êîðèîëèñà ïðèíÿò ðàâ-
íûì α = 1,02.

Íà ïîðîãå âîäîñëèâà ñ øèðîêèì
ïîðîãîì ôîðìèðóåòñÿ êðèâàÿ ñâîáîäíîé
ïîâåðõíîñòè ñ ïåðåìåííîé êðèâèçíîé,
êîòîðàÿ ïðèâîäèò ê ïîÿâëåíèþ íåãèä-
ðîñòàòè÷íîñòè ðàñïðåäåëåíèÿ äàâëåíèÿ
ïî âåðòèêàëè. Íåãèäðîñòàòè÷íîñòü ðàñ-
ïðåäåëåíèÿ äàâëåíèÿ ïî âåðòèêàëè
ìîæåò áûòü ó÷òåíà ñ ïîìîùüþ êîýôôè-

öèåíòà , ãäå ð
ñð
 – âåëè÷èíà

ñðåäíåãî çíà÷åíèÿ ãèäðîäèíàìè÷åñêî-
ãî äàâëåíèÿ â ðàññìàòðèâàåìîì ñå÷åíèè.

Ñ ó÷åòîì íåãèäðîñòàòè÷íîñòè ðàñïðå-
äåëåíèÿ äàâëåíèÿ ïî âåðòèêàëè èìååì:

äëÿ Í =  4  ì Σζ = 0,109,

 

äëÿ Í =  8  ì Σζ = 0,086,

 

äëÿ Í = 12  ì Σζ = 0,077,

 

äëÿ Í = 16  ì Σζ = 0,073,

 

Ïðîâåäåííûå ìîäåëüíûå èññëåäî-
âàíèÿ âîäîñáðîñà äàëè ñëåäóþùèå çíà-
÷åíèÿ êîýôôèöèåíòîâ ðàñõîäà: äëÿ
íàïîðà Í = 4 ì m = 0,357, äëÿ Í =
8  ì m = 0,376. Êàê âèäíî, ïîëó÷åí-
íûå ñ ïîìîùüþ ìåòîäà èíòåãðèðîâàíèÿ
ïîòåðü çíà÷åíèÿ m íåïëîõî ñîâïàäàþò
ñ ðåçóëüòàòàìè ìîäåëüíûõ èññëåäîâà-
íèé âîäîñáðîñà. Îäíàêî äàííûé ìåòîä
òðåáóåò áîëåå ïîäðîáíîãî èçó÷åíèÿ.
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Ðåçóëüòàòû ðàñ÷åòà êîýôôèöèåí-
òà ðàñõîäà m ïðåäëîæåííûì ìåòîäîì
ñáîðà êîýôôèöèåíòîâ ñîïðîòèâëåíèé.
Ðåçóëüòàòû ìîäåëüíûõ èñïûòàíèé
ïðåäñòàâëåíû íà ðèñ. 3.

ÂûâîäûÂûâîäûÂûâîäûÂûâîäûÂûâîäû
Èìåþùèåñÿ ðåêîìåíäàöèè ïî ãèä-

ðàâëè÷åñêèì ðàñ÷åòàì âîäîñëèâîâ ñ øè-
ðîêèì ïîðîãîì íå îõâàòûâàþò âñåãî
äèàïàçîíà âîçìîæíûõ êîíñòðóêöèé, â
ñâÿçè ñ ÷åì ïðè êîíêðåòíîì ïðîåêòè-
ðîâàíèè âîçíèêàþò çíà÷èòåëüíûå òðóä-
íîñòè â ãèäðàâëè÷åñêèõ ðàñ÷åòàõ.

Ïðåäëîæåí ñïîñîá ðàñ÷åòà áåçíà-
ïîðíûõ âîäîïðîïóñêíûõ òðàêòîâ àíà-
ëîãè÷íî ðàñ÷åòó íàïîðíûõ âîäîâîäîâ
ìåòîäîì ñáîðà êîýôôèöèåíòîâ ñîïðîòèâ-
ëåíèé ñ ó÷åòîì íåãèäðîñòàòè÷íîñòè
ðàñïðåäåëåíèÿ äàâëåíèÿ ïî âåðòèêàëè.

Ðàñ÷åòíûå çíà÷åíèÿ êîýôôèöèåí-
òîâ ðàñõîäà ïî ïðåäëîæåííîé ìåòîäè-
êå îêàçàëèñü áëèçêèìè ê ýêñïåðèìåí-
òàëüíûì çíà÷åíèÿì.

Äëÿ ðàçâèòèÿ ýòîãî ñïîñîáà ðàñ-
÷åòà íåîáõîäèìî ýêñïåðèìåíòàëüíîå
îáîñíîâàíèå êèíåìàòè÷åñêèõ õàðàêòå-

ðèñòèê ïîòîêà ñ íåãèäðîñòàòè÷íûì ðàñ-
ïðåäåëåíèåì äàâëåíèÿ.

1. Ðåêîìåíäàöèè ïî ãèäðàâëè÷åñêîìó
ðàñ÷åòó âîäîñëèâîâ. Ïðÿìûå âîäîñëè-
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