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ÓÄÊ 539.3

ÎÁ ÓÑÒÎÉ×ÈÂÎÑÒÈ ÏÎÄÊÐÅÏËÅÍÍÎÉ
ÖÈËÈÍÄÐÈ×ÅÑÊÎÉ ÎÁÎËÎ×ÊÈ

 Â.À. Ïîñòíîâ, Ã.À. Òóìàøèê, È.Â. Ìîñêâèíà

Ñàíêò-Ïåòåðáóðã

Ðàññìàòðèâàþòñÿ âîïðîñû óñòîé÷èâîñòè êðóãîâîé öèëèíäðè÷åñêîé îáî-
ëî÷êè, ïîäêðåïëåííîé êðóãîâûìè ðåáðàìè æåñòêîñòè. Ðåøåíèå ñòðîèòñÿ íà
îñíîâå ñòðîãîé ïîñòàíîâêè, ó÷èòûâàþùåé äèñêðåòíîñòü ðàñïîëîæåíèÿ ïîä-
êðåïëÿþùèõ ðåáåð è óñëîâèÿ ñîïðÿæåíèÿ ðåáåð ñ îáîëî÷êîé. Èññëåäîâàíî
âëèÿíèå ãðàíè÷íûõ óñëîâèé, âíåøíåãî èëè âíóòðåííåãî ðàñïîëîæåíèÿ ðåáåð,
óñòàíîâêè óñèëåííûõ ðåáåð íà âåëè÷èíó êðèòè÷åñêîãî äàâëåíèÿ îáùåé ïîòåðè
óñòîé÷èâîñòè îáîëî÷êè. Ïðîèçâåäåíî ñðàâíåíèå ðåçóëüòàòîâ ñ èìåþùèìèñÿ
àíàëèòè÷åñêèìè ðåøåíèÿìè è ðàñ÷åòàìè ñ ïîìîùüþ êîíå÷íî-ýëåìåíòíîãî
êîìïëåêñà ANSYS.

1. Ââåäåíèå

Êîíñòðóêöèè, âêëþ÷àþùèå â ñåáÿ êðóãîâûå öèëèíäðè÷åñêèå îáîëî÷êè, èñ-
ïîëüçóþòñÿ â ñóäîñòðîåíèè, ñàìîëåòîñòðîåíèè, ðàêåòîñòðîåíèè, ðåàêòîðîñòðîåíèè
è äðóãèõ îòðàñëÿõ. Ïðè âñåì ìíîãîîáðàçèè íàãðóçîê, âîñïðèíèìàåìûõ ïîäêðåï-
ëåííûìè êðóãîâûìè îáîëî÷êàìè, âîïðîñû ðàñ÷åòà ïîñëåäíèõ íà äåéñòâèå âíåøíåãî
ðàâíîìåðíî ðàñïðåäåëåííîãî äàâëåíèÿ ïðîäîëæàþò çàíèìàòü âàæíîå ìåñòî. Â ýòîì
ñëó÷àå ïîñòàíîâêà ïîäêðåïëÿþùèõ  ðåáåð ïðåäíàçíà÷àåòñÿ, ãëàâíûì îáðàçîì, äëÿ
ïîâûøåíèÿ óñòîé÷èâîñòè îáîëî÷åê.

Â ðàáîòå ðåàëèçîâàí ïðåäëîæåííûé â ñòàòüÿõ [1, 2] ìåòîä ðåøåíèÿ çàäà÷è
óñòîé÷èâîñòè öèëèíäðè÷åñêîé îáîëî÷êè, ïîäêðåïëåííîé êðóãîâûìè øïàíãîóòàìè
ðàçëè÷íîé æåñòêîñòè. Êðàòêîå îïèñàíèå ìåòîäà èçëîæåíî íèæå.

2. Îñíîâíûå çàâèñèìîñòè

Äëÿ ñîñòàâëåíèÿ äèôôåðåíöèàëüíûõ çàâèñèìîñòåé, êîòîðûìè îïèñûâàåòñÿ
çàäà÷à îá óñòîé÷èâîñòè îáîëî÷êè, ïîäêðåïëåííîé ðåáðàìè, ïðèìåíåí ìåòîä ðàñ÷ëå-
íåíèÿ. Âçàèìîäåéñòâèå j-ãî ðåáðà è îáîëî÷êè ïî ëèíèè èõ ñîïðÿæåíèÿ õàðàêòåðè-
çóåòñÿ  íîðìàëüíîé íàãðóçêîé )(yqj  è êàñàòåëüíûìè óñèëèÿìè rj(y) (ðèñ. 1).

Ñèñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé äëÿ îáîëî÷êè èìååò âèä [1]:
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Äîïîëíèòåëüíî ìîãóò áûòü çàïèñàíû óðàâíåíèÿ ñîïðÿæåíèÿ îáîëî÷êè è  j-ãî
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Â óðàâíåíèÿõ (1)−(3) ),( yxu , ),( yxv  è ),( yxw  − ñîîòâåòñòâåííî îñåâîå, îê-
ðóæíîå è ðàäèàëüíîå ïåðåìåùåíèå îáîëî÷êè, ),( yxF  − ôóíêöèÿ íàïðÿæåíèé,

),(1 yxM , ),(1 yxN , ),(1 yxT  è ),( yxS  − èçãèáàþùèé ìîìåíò è óñèëèÿ â ïî-
ïåðå÷íîì ñå÷åíèè îáîëî÷êè, E è ν − õàðàêòåðèñòèêè ìàòåðèàëà îáîëî÷êè, r è h −
ðàäèóñ è òîëùèíà îáøèâêè, ))1(12/( 23 n-= EhD  − öèëèíäðè÷åñêàÿ æåñòêîñòü
èçîòðîïíîé îáîëî÷êè, p − âíåøíåå ãèäðîñòàòè÷åñêîå äàâëåíèå.

Èñïîëüçóÿ èçâåñòíûå çàâèñèìîñòè òåîðèè îáîëî÷åê è ïðåäñòàâëÿÿ ôóíêöèè
ïðîãèáà è íàïðÿæåíèé â âèäå ðÿäà Ôóðüå â îêðóæíîì íàïðàâëåíèè:
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ïåðåéäåì îò (1)−(3) ê äâóì ñâÿçíûì ñèñòåìàì äèôôåðåíöèàëüíûõ óðàâíåíèé îòíî-
ñèòåëüíî êîìïîíåíò )(xwn  è )(xFn . Êàæäàÿ ñèñòåìà ñîñòîèò èç îñíîâíîãî
óðàâíåíèÿ, îïèñûâàþùåãî ïîâåäåíèå ôóíêöèé â ïðåäåëàõ îäíîé øïàöèè (ïðîëåòà
îáîëî÷êè ìåæäó ñìåæíûìè ðåáðàìè), è óñëîâèé ïî ëèíèè ñîïðÿæåíèÿ ðåáðà è
îáîëî÷êè. Îò ýòèõ ñèñòåì, â ñâîþ î÷åðåäü, óäîáíî ïåðåéòè ïóòåì ðÿäà ïðåîáðàçî-
âàíèé ê óðàâíåíèÿì îòíîñèòåëüíî ôóíêöèè ïðîãèáà:
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Çäåñü m − ÷èñëî ïðîëåòîâ ïîäêðåïëåííîé îáîëî÷êè, ξ = x/l, l − äëèíà ïðîëåòà
îáîëî÷êè. Êîýôôèöèåíòû bS (s = 1, 2, 3, 4) è Aik,j, èñïîëüçîâàííûå â âûðàæåíèÿõ
(4)−(5), ÿâëÿþòñÿ ôóíêöèÿìè æåñòêîñòíûõ è ãåîìåòðè÷åñêèõ ïàðàìåòðîâ îáîëî÷êè
ñî øïàíãîóòàìè è âíåøíåãî äàâëåíèÿ.

Âûáîð â êà÷åñòâå îñíîâíûõ íåèçâåñòíûõ çíà÷åíèé ôóíêöèè ïðîãèáà è åå ÷åòíûõ
ïðîèçâîäíûõ â ìåñòàõ ïîñòàíîâêè ðåáåð ïîçâîëÿåò àâòîìàòè÷åñêè óäîâëåòâîðèòü
ñîîòâåòñòâóþùèì äîïîëíèòåëüíûì óñëîâèÿì èç (5). Îñòàâøèåñÿ íåóäîâëåòâîðåí-
íûìè óñëîâèÿ ïåðåõîäà ÷åðåç ñå÷åíèÿ è ãðàíè÷íûå óñëîâèÿ íà êðîìêàõ îáîëî÷êè
ìîãóò áûòü çàïèñàíû ÷åðåç îñíîâíûå íåèçâåñòíûå â ñëó÷àå ïîäñòàíîâêè îáùåãî
ðåøåíèÿ óðàâíåíèÿ (4) äëÿ øïàöèè. Ýòî ïîçâîëÿåò ñâÿçàòü ìåæäó ñîáîé çíà÷åíèÿ
íå÷åòíûõ ïðîèçâîäíûõ ôóíêöèè ïðîãèáà â ìåñòàõ ïîñòàíîâêè ðåáåð è îñíîâíûõ
íåèçâåñòíûõ. Êàê èòîã, îïèñàííûé ïîäõîä ïðèâîäèò ê ôîðìèðîâàíèþ ñèñòåìû èç
4(m + 1) óðàâíåíèé îòíîñèòåëüíî îñíîâíûõ íåèçâåñòíûõ. Ïðè ýòîì óñëîâèåì ïîòåðè
óñòîé÷èâîñòè (êàê ãëîáàëüíîé, òàê è ëîêàëüíîé) áóäåò ðàâåíñòâî íóëþ îïðåäåëèòåëÿ
ïîëó÷åííîé ñèñòåìû óðàâíåíèé.

3. Ðåçóëüòàòû

Ðàññìîòðèì ïîòåðþ óñòîé÷èâîñòè íåïîäêðåïëåííîé îáîëî÷êè. Â òàáë. 1 ïðè-
âåäåíî ñîïîñòàâëåíèå ðåçóëüòàòîâ ïðåäëàãàåìîãî ðåøåíèÿ ñ ðàñ÷åòàìè íà îñíîâå
êîíå÷íî-ýëåìåíòíîãî êîìïëåêñà ANSYS íåïîäêðåïëåííîé îáîëî÷êè ñ ôèêñèðîâàí-

íûì îòíîøåíèåì 140/ =hr  è âàðüèðóåìûì ïàðàìåòðîì rhLU 2)1(34 2 ×n-= ,
ãäå L − äëèíà îáîëî÷êè.

Â êà÷åñòâå ãðàíè÷íûõ óñëîâèé ïðèíèìàëèñü ñâîáîäíîå îïèðàíèå è æåñòêàÿ
çàäåëêà îáîëî÷êè íà òîðöàõ ïðè îòñóòñòâèè îãðàíè÷åíèé íà îñåâûå ïåðåìåùåíèÿ
òîðöîâ. Òàêèì îáðàçîì, ïåðâûé âàðèàíò ãðàíè÷íûõ óñëîâèé ñîîòâåòñòâóåò êëàñ-
ñè÷åñêîìó âàðèàíòó.

Ðåçóëüòàòû â òàáë. 1 ïðåäñòàâëåíû â âèäå çíà÷åíèé êðèòè÷åñêèõ íàãðóçîê p =
= P (êãñ/ñì2), ñîîòâåòñòâóþùèõ ðàçëè÷íûì ÷èñëàì âîëí ïîòåðè óñòîé÷èâîñòè n.
Æèðíûì øðèôòîì âûäåëåíà íàèìåíüøàÿ êðèòè÷åñêàÿ íàãðóçêà. Â ïåðâûõ ÷åòûðåõ
ñòîëáöàõ òàáëèöû äîïîëíèòåëüíî ïðèâåäåíû ðåçóëüòàòû èñïîëüçîâàíèÿ ôîðìóëû
Ìèçåñà [3] äëÿ êëàññè÷åñêèõ ãðàíè÷íûõ óñëîâèé ñîîòâåòñòâåííî ñ ó÷åòîì (Ï) è
áåç ó÷åòà (ÍÏ) ïðåäïîëîæåíèÿ î ïîëîãîñòè îáîëî÷êè.

Ïðèâåäåííûå ðåçóëüòàòû ïîêàçûâàþò, ÷òî ïðåäëàãàåìîå ðåøåíèå â ñèëó
ïðèíÿòîãî ïðåäïîëîæåíèÿ î ïðèìåíèìîñòè ëèíåéíîé òåîðèè ïîëîãèõ îáîëî÷åê
ïðè îöåíêå óñòîé÷èâîñòè íåïîäêðåïëåííîé îáîëî÷êè, à òàêæå ïðè îöåíêå ìåñòíîé
óñòîé÷èâîñòè ïîäêðåïëåííîé îáîëî÷êè ñîâïàäàåò ñ ðåçóëüòàòàìè èñïîëüçîâàíèÿ
ôîðìóëû Ìèçåñà ñ äîïóùåíèåì î ïîëîãîñòè îáîëî÷êè. Ñëåäóåò òàêæå îòìåòèòü
õîðîøåå ñîâïàäåíèå ôîðìóëû Ìèçåñà è ïðåäëàãàåìîãî ðåøåíèÿ ñ ðàñ÷åòàìè â
êîíå÷íî-ýëåìåíòíîì êîìïëåêñå ANSYS.

Ïðè ðàññìîòðåíèè îáùåé ïîòåðè óñòîé÷èâîñòè ïîäêðåïëåííûõ îáîëî÷åê áóäåì
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ñ÷èòàòü, ÷òî øïàíãîóòû èìåþò òàâðîâûé ïðîôèëü, óäîâëåòâîðÿþùèé ñîîòíîøåíèÿì
22)71,01( jj Fi = ,  4/1)(73,2 jj ie = ,  ãäå Fj − ïëîùàäü ñå÷åíèÿ øïàíãîóòà, ej − îòñòî-

ÿíèå öåíòðà òÿæåñòè ñå÷åíèÿ îò ñðåäèííîé ïîâåðõíîñòè îáîëî÷êè, ij − ñîáñòâåííûé
ìîìåíò èíåðöèè øïàíãîóòà.

 Òàáëèöà 1. Óñòîé÷èâîñòü íåïîäêðåïëåííîé îáîëî÷êè
Ôîðìóëà Ìèçåñà Ñâîáîäíîå îïèðàíèå Æåñòêàÿ çàäåëêà

Ï ÍÏ Ðåøåíèå ANSYS Ðåøåíèå ANSYSàâòîðîâ àâòîðîâ

P n P n P n P n P n P n
U = 1,304

66,469 15 65,971 16 66,469 15 66,007 16 121,14 22 121,28 22
66,002 16 66,027 17 66,002 16 66,01 17 120,935 23 120,938 23
66,064 17 66,555 18 66,065 17 66,496 18 121,151 24 121,05 24

U = 2,607
27,703 13 27,674 13 27,703 13 27,71 13 36,596 15 36,996 14
27,381 14 27,34 14 27,382 14 27,361 14 36,878 16 36,595 15
27,816 15 27,766 15 27,816 15 27,785 15 37,674 17 36,864 16

U = 6,518
10,081 9 10,053 9 10,082 9 10,059 9 11,378 9 11,369 9
9,925 10 9,876 10 9,926 10 9,884 10 10,99 10 10,957 10

10,562 11 10,504 11 10,562 11 10,517 11 11,449 11 11,41 11
U = 13,04

5,505 6 5,513 6 5,505 6 5,528 6 5,89 6 5,923 6
4,77 7 4,727 7 4,771 7 4,748 7 5,051 7 5,034 7
5,152 8 5,093 8 5,152 8 5,131 8 5,363 8 5,344 8

Â òàáë. 2 ïðåäñòàâëåíû ðåçóëüòàòû äëÿ îáîëî÷êè, ðàâíîìåðíî ïîäêðåïëåííîé
îäèíàêîâûìè øïàíãîóòàìè, äëÿ ñëó÷àåâ 10 è 6 øïàöèé è ïðè çíà÷åíèè ïàðàìåòðà

rhlu 2)1(34 2 ×n-= ,  l − äëèíà øïàöèè, ñîîòâåòñòâåííî 1,304 è 2,171. Ïëîùàäü
ñå÷åíèÿ ðåáåð ïðèíÿòà ðàâíîé 10 ñì2. Â ïåðâûõ ÷åòûðåõ ñòîëáöàõ òàáëèöû ïðè-
âåäåíû ðåçóëüòàòû, ïîëó÷åííûå ïðè èñïîëüçîâàíèè ôîðìóëû Â.Â. Íîâîæèëîâà [3].

Êàê è ïðè ðàñ÷åòå íåïîäêðåïëåííîé îáîëî÷êè, ìîæíî ãîâîðèòü î õîðîøåì ñîâ-
ïàäåíèè ïðåäñòàâëåííûõ ðåøåíèé. Ïðè ýòîì ðåçóëüòàòû ïðåäëàãàåìîãî ðåøåíèÿ
è ðàñ÷åòà ñ ïîìîùüþ ANSYS ïðàêòè÷åñêè ñîâïàäàþò êàê ïî âåëè÷èíå êðèòè÷åñêîé
íàãðóçêè, òàê è ïî ôîðìå ïîòåðè óñòîé÷èâîñòè âäîëü îáîëî÷êè ïðè îäíîì è òîì æå
÷èñëå âîëí ïî îêðóæíîñòè. Îòìåòèì, ÷òî ïðè ìîäåëèðîâàíèè øïàíãîóòîâ â ANSYS
èñïîëüçîâàëèñü òðåõìåðíûå äâóõóçëîâûå áàëî÷íûå êîíå÷íûå ýëåìåíòû ñ ÿâíûì
çàäàíèåì ñå÷åíèÿ.

Ðåçóëüòàòû òàáë. 2 ñîîòâåòñòâóþò ñëó÷àþ âíóòðåííåãî ðàñïîëîæåíèÿ ðåáåð.
Ðåçóëüòàòû ðàñ÷åòà îáùåé óñòîé÷èâîñòè îáîëî÷êè ïðè âíåøíåì ðàñïîëîæåíèè ðå-
áåð ïðåäñòàâëåíû â òàáë. 3. Â ïåðâûõ ÷åòûðåõ ñòîëáöàõ òàáëèöû ïðèâåäåíû ðåçóëü-
òàòû àíàëèòè÷åñêîãî ðåøåíèÿ ñîãëàñíî [4]. Ðåøåíèå Â.Ì. Ðÿáîâà è ïðåäëàãàåìîå
ðåøåíèå ïðàêòè÷åñêè ñîâïàäàþò ïî âåëè÷èíå íàèìåíüøåãî êðèòè÷åñêîãî äàâëåíèÿ
è â îáùåì ñëó÷àå äàþò âåëè÷èíû äàâëåíèé, ìåíüøèå ïî ñðàâíåíèþ ñ êîíå÷íî-
ýëåìåíòíûì ðàñ÷åòîì. Ñîïîñòàâëåíèå òàáë. 2 è 3 ïîçâîëÿåò ñäåëàòü âûâîä, ÷òî äëÿ
âûáðàííûõ ïàðàìåòðîâ îáîëî÷êè óñòàíîâêà âíåøíèõ ðåáåð ïðèâîäèò ê óìåíüøåíèþ
êðèòè÷åñêîãî äàâëåíèÿ äî 20% ïî ñðàâíåíèþ ñ ïîäêðåïëåíèåì âíóòðåííèìè
ðåáðàìè.
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Òàáëèöà 2. Óñòîé÷èâîñòü ïîäêðåïëåííîé îáîëî÷êè − âíóòðåííèå ðåáðà
Ôîðìóëà Â.Â. Íîâîæèëîâà Ñâîáîäíîå îïèðàíèå Æåñòêàÿ çàäåëêà

Ï ÍÏ Ðåøåíèå ANSYS Ðåøåíèå ANSYSàâòîðîâ àâòîðîâ
P n P n P n P n P n P n

10 øïàöèé: u = 1,304
39,047 4 39,528 4 37,722 4 40,61 4 39,362 4 41,343 4
31,058 5 30,369 5 31,307 5 31,365 5 31,784 5 31,864 5
37,125 6 36,216 6 38,668 6 36,614 6 38,045 6 36,952 6

6 øïàöèé:  u = 2,173
33,893 4 34,727 4 33,6 4 35,382 4 34,309 4 36,131 4
22,719 5 22,384 5 22,79 5 22,912 5 23,301 5 23,441 5
24,882 6 24,328 6 24,959 6 24,294 6 25,334 6 24,679 6

Òàáëèöà 3. Îáùàÿ óñòîé÷èâîñòü ïîäêðåïëåííîé îáîëî÷êè − âíåøíèå ðåáðà
Ôîðìóëà Â.Ì. Ðÿáîâà Ñâîáîäíîå îïèðàíèå Æåñòêàÿ çàäåëêà

Ï ÍÏ Ðåøåíèå ANSYS Ðåøåíèå ANSYSàâòîðîâ àâòîðîâ

P n P n P n P n P n P n
10 øïàöèé: u = 1,304

36,812 4 37,602 4 35,824 4 38,982 4 36,588 4 39,785 4
26,7 5 26,347 5 26,565 5 28,785 5 27,109 5 29,351 5
29,289 6 28,748 6 31,017 6 33,272 6 31,404 6 33,673 6

6 øïàöèé: u = 2,173
19,277 5 19,213 5 19,181 5 20,485 5 19,766 5 21,098 5
18,835 6 18,579 6 19,553 6 20,683 6 19,99 6 21,138 6
21,63 7 21,352 7 23,21 7 24,218 7 23,553 7 24,575 7

Òàáëèöà 4. Óñòîé÷èâîñòü ïîäêðåïëåííîé îáîëî÷êè â ñëó÷àå óñèëåííûõ ðåáåð
Âíóòðåííèå ðåáðà Âíåøíèå ðåáðà

Ñõåìà óñòàíîâêè óñèëåííûõ ðåáåð Ðåøåíèå ANSYS Ðåøåíèå ANSYSïî äëèíå îáîëî÷êè àâòîðîâ àâòîðîâ
P n P n P n P n

Ñõåìà 1
40,091 4 41,952 4 36,685 4 39,948 4
33,406 5 33,243 5 27,824 5 30,121 5
39,882 6 38,568 6 32,472 6 34,766 6

Ñõåìà 2
43,787 4 45,385 4 38,955 4 42,476 4
38,792 5 38,035 5 31,139 5 33,607 5
45,109 6 43,348 6 36,22 6 38,573 6

Ñõåìà 3
48,506 4 49,747 4 41,855 4 45,711 4
46,61 5 44,812 5 35,64 5 38,311 5
54,885 6 51,79 6 42,083 6 44,521 6

Ñõåìà 4
52,186 4 53,166 4 44,199 4 48,321 4
52,147 5 49,745 5 39,164 5 42,061 5
59,457 6 56,386 6 46,089 6 48,604 6

Ñõåìà 5
54,294 5 51,227 5 45,33 4 49,292 4
54,513 6 52,318 6 39,103 5 41,652 5
56,071 7 54,551 7 43,454 6 45,739 6
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Ñëó÷àé óñòàíîâêè óñèëåííûõ ðåáåð ïðåäñòàâëåí â ðàáîòå íà ïðèìåðå îáîëî÷êè
ñ 10 øïàöèÿìè è ïàðàìåòðîì u = 1,304. Îñíîâíàÿ ïëîùàäü ðåáðà − 10 ñì2. Ðàñ-
ñìîòðåíû âàðèàíòû ñèììåòðè÷íîé óñòàíîâêè óñèëåííûõ ðåáåð ïëîùàäüþ 20 ñì2

è öåíòðàëüíîãî óñèëåííîãî ðåáðà ïëîùàäüþ 30 ñì2. Ñõåìû óñòàíîâêè ðåáåð è
ðåçóëüòàòû ðàñ÷åòîâ äëÿ êëàññè÷åñêîãî âàðèàíòà ãðàíè÷íûõ óñëîâèé ïðè âíåøíåì
è âíóòðåííåì ðàñïîëîæåíèè ðåáåð ïðèâåäåíû â òàáë. 4. Ïîëó÷åííûå ðåçóëüòàòû
ïîäòâåðæäàþò îñíîâíûå âûâîäû, ñäåëàííûå ïðè ðàññìîòðåíèè îáîëî÷êè, ïîäêðåï-
ëåííîé íàáîðîì îäèíàêîâûõ ðåáåð. Ìîæíî åùå ðàç îòìåòèòü õîðîøåå ñîâïàäåíèå
ïðåäëàãàåìîãî ðåøåíèÿ ñ êîíå÷íî-ýëåìåíòíûì ðàñ÷åòîì. Çàìåòèì òàêæå, ÷òî ïðè
ïåðåñòàíîâêå óñèëåííûõ ðåáåð ê öåíòðó îáîëî÷êè íàáëþäàåòñÿ ðîñò êðèòè÷åñêîãî
äàâëåíèÿ. Â òî æå âðåìÿ ïðè ïåðåõîäå îò ñõåìû 4 óñòàíîâêè ðåáåð ê ñõåìå 5 â
ñëó÷àå âíåøíèõ ðåáåð îáà ðåøåíèÿ ïîêàçûâàþò íåçíà÷èòåëüíîå óìåíüøåíèå êðè-
òè÷åñêîãî äàâëåíèÿ.

Çàêëþ÷åíèå

Ïðåäëàãàåìûé ìåòîä ðåøåíèÿ çàäà÷è óñòîé÷èâîñòè ïîäêðåïëåííîé îáîëî÷êè
ïîêàçàë ñâîþ ýôôåêòèâíîñòü â ñðàâíåíèè ñ àíàëèòè÷åñêèìè ðåøåíèÿìè è ðàñ÷åòàìè
ñ ïîìîùüþ êîìïëåêñà ANSYS.
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ABOUT STABILITY OF A REINFORCED CYLINDRICAL SHELL

V. A. Postnov, G.A. Tumashik, I.A. Moskvina

The questions of stability of a circular cylindrical shell supported with circular ribs are considered.
The solution is based on the exact statement which is taking into account a discrete location of
circular ribs along the shell and the conditions of their conjunction with the middle shell surface.
The influence of the boundary conditions, the external and internal arrangement of the ribs, the
installation of the strengthened ribs on the value of critical pressure of general stability is investigated.
The comparison of the obtained results with the some analytical solutions and numerical results
obtained by usage of the finite-elements complex ANSYS is fulfilled.


