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Òîíêàÿ äëèííàÿ öèëèíäðè÷åñêàÿ îáîëî÷êà
÷àñòî ÿâëÿåòñÿ ñîñòàâíûì ýëåìåíòîì ñëîæíûõ
êîíñòðóêöèé. Â òåõ ñëó÷àÿõ, êîãäà òàêàÿ îáîëî÷-
êà íàõîäèòñÿ ïîä äåéñòâèåì âíåøíåãî ðàâíîðàñ-
ïðåäåëåííîãî äàâëåíèÿ ïðè êîìíàòíîé òåìïåðà-
òóðå, íåîáõîäèìî çíàòü ïðåäåëüíîå äàâëåíèå,
êîòîðîå îáîëî÷êà â ñîñòîÿíèè âûäåðæàòü. Åñëè
òàêàÿ îáîëî÷êà íàõîäèòñÿ ïîä äåéñòâèåì âíåø-
íåãî äàâëåíèÿ ïðè âûñîêèõ òåìïåðàòóðàõ, òî àíà-
ëèç åå ïîâåäåíèÿ â îñíîâíîì ñâÿçàí ñ îïðåäåëå-
íèåì âðåìåíè, â òå÷åíèå êîòîðîãî îíà ìîæåò
âûäåðæèâàòü çàäàííîå äàâëåíèå. Öèëèíäðè÷åñêèå
îáîëî÷êè, êàê ïðàâèëî, èìåþò íàñòîëüêî áîëü-
øóþ äëèíó ïî ñðàâíåíèþ ñ ðàçìåðàìè ïîïåðå÷-
íîãî ñå÷åíèÿ, ÷òî âëèÿíèåì êðàåâûõ çàêðåïëå-
íèé ìîæíî ïðåíåáðå÷ü. Â ýòèõ óñëîâèÿõ èññëåäó-
åòñÿ ïîâåäåíèå êîëåö åäèíè÷íîé øèðèíû. Îñî-
áûé èíòåðåñ ïðåäñòàâëÿåò îïðåäåëåíèå çàâèñè-
ìîñòè  âðåìåíè äî ñïëþùèâàíèÿ êîëüöà îò ôîð-
ìû è ðàçìåðîâ åãî íà÷àëüíûõ íåñîâåðøåíñòâ.

Â äàííîé ñòàòüå ïðèâåäåí îáçîð ðàçëè÷íûõ
ïîäõîäîâ ïðè èññëåäîâàíèè ïîâåäåíèÿ êîëüöà ñ
íà÷àëüíûìè íåñîâåðøåíñòâàìè ïîä äåéñòâèåì
âíåøíåãî ðàâíîðàñïðåäåëåííîãî äàâëåíèÿ. Ïðè
ýòîì ðàññìîòðåíû ðåøåíèÿ çàäà÷ î äåôîðìèðî-
âàíèè êîëåö èç ñêëåðîíîìíûõ è ðåîíîìíûõ ìà-
òåðèàëîâ, ïðè ìàëûõ è áîëüøèõ ïåðåìåùåíèÿõ,
ïðè ðàçíûõ âèäàõ íà÷àëüíûõ íåñîâåðøåíñòâ è ò.ä.

Ïðè ðåøåíèè ýòèõ çàäà÷ ðÿäîì ó÷åíûõ (â ÷àñ-
òíîñòè, [1]) ïðåäïîëàãàëîñü, ÷òî â ïðîöåññå äå-
ôîðìèðîâàíèÿ êîëüöî âñå âðåìÿ îñòàåòñÿ ñëåãêà
îâàëüíûì è åãî ðàäèàëüíîå îòêëîíåíèå îò êðóã-
ëîãî êîëüöà ïðîïîðöèîíàëüíî  êîñèíóñó äâîé-
íîãî ïîëÿðíîãî óãëà. Òàêàÿ ãèïîòåçà ïîçâîëÿåò
èññëåäîâàòü äåôîðìèðîâàíèå êîëüöà òîëüêî ïðè
îòíîñèòåëüíî ìàëûõ ïðîãèáàõ, ò.å. ïðè ðàäèàëü-
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Ïðîàíàëèçèðîâàíû ðàçëè÷íûå ïîäõîäû ïðè èññëåäîâàíèè öèëèíäðè÷åñêèõ îáîëî÷åê ïîä
äåéñòâèåì âíåøíåãî ðàâíîðàñïðåäåëåííîãî äàâëåíèÿ. Ðàññìîòðåíû îáîëî÷êè, èçãîòîâëåí-
íûå èç ñêëåðîíîìíûõ èëè ðåîíîìíûõ ìàòåðèàëîâ, ïðè ìàëûõ è áîëüøèõ ïåðåìåùåíèÿõ, ïðè
ðàçíûõ âèäàõ íà÷àëüíûõ íåñîâåðøåíñòâ è ò.ä. Îñíîâíîå âíèìàíèå óäåëÿåòñÿ àíàëèçó ïîâå-
äåíèÿ îáîëî÷åê ïðè áîëüøèõ ïåðåìåùåíèÿõ. Èçó÷åíî ñïëþùèâàíèå îáîëî÷åê, íàõîäÿùèõñÿ â
óñëîâèÿõ óñòàíîâèâøåéñÿ èëè íåóñòàíîâèâøåéñÿ ïîëçó÷åñòè, ïðè ó÷åòå ñòåïåííîé è äðîá-
íî-ñòåïåííîé ìîäåëåé. Àíàëèç ðåçóëüòàòîâ èçâåñòíûõ èñïûòàíèé îáîëî÷åê ïîêàçàë õîðî-
øåå ñîîòâåòñòâèå ýêñïåðèìåíòàëüíûõ è òåîðåòè÷åñêèõ çíà÷åíèé âðåìåí ñïëþùèâàíèÿ.

Êëþ÷åâûå ñëîâà: öèëèíäðè÷åñêèå îáîëî÷êè, äåôîðìèðîâàíèå, ñïëþùèâàíèå, ïîëçó÷åñòü,
âíåøíåå ðàâíîðàñïðåäåëåííîå äàâëåíèå.

íûõ ïåðåìåùåíèÿõ, ìàëûõ ïî ñðàâíåíèþ ñî ñðåä-
íèì ðàäèóñîì èñõîäíîãî êîëüöà. Ñ.À.Øåñòåðè-
êîâ â 1966 ã. ïðåäëîæèë ïîäõîä äëÿ èññëåäîâà-
íèÿ äåôîðìèðîâàíèÿ êîëüöà, ïðè êîòîðîì åãî
ïåðåìåùåíèÿ èìåþò ïîðÿäîê ñðåäíåãî ðàäèóñà. Ñ
ýòîé öåëüþ ôîðìà ñðåäèííîé ëèíèè êîëüöà àï-
ïðîêñèìèðóåòñÿ êðèâîé, ïîëó÷åííîé ñîïðÿæå-
íèåì äâóõ äóã îêðóæíîñòè, èçìåíåíèÿ ðàäèóñîâ
êîòîðûõ âî âðåìåíè îïðåäåëÿþòñÿ èç ðåøåíèÿ
çàäà÷è. Â ýòîé ïîñòàíîâêå èññëåäóåòñÿ äåôîðìè-
ðîâàíèå êîëüöà âïëîòü äî ñïëþùèâàíèÿ. Â ðàç-
ëè÷íûõ çàäà÷àõ ðàññìàòðèâàþòñÿ ïðåäëîæåíèÿ î
çàêðåïëåíèè òî÷êè ñîïðÿæåíèÿ äóã îêðóæíîñ-
òåé èëè î âîçìîæíîñòè ïåðåìåùåíèÿ ýòîé òî÷êè
â ïðîöåññå ñïëþùèâàíèÿ. Ïðè èññëåäîâàíèè êî-
ëåö èç ñêëåðîíîìíîãî ìàòåðèàëà ïîëó÷åíû ðå-
øåíèÿ äëÿ ëèíåéíî- è íåëèíåéíî-óïðóãîãî, óï-
ðóãî-èäåàëüíîãî ïëàñòè÷åñêîãî ìàòåðèàëà, ìàòå-
ðèàëà ñ ëèíåéíûì óïðî÷íåíèåì. Èçó÷åíî ñïëþ-
ùèâàíèå êîëåö, íàõîäÿùèõñÿ â óñëîâèÿõ óñòà-
íîâèâøåéñÿ èëè íåóñòàíîâèâøåéñÿ ïîëçó÷åñòè,
ïðè ó÷åòå ñòåïåííîé èëè äðîáíî-ñòåïåííîé çà-
âèñèìîñòè èíòåíñèâíîñòè ñêîðîñòåé äåôîðìàöèé
ïîëçó÷åñòè îò èíòåíñèâíîñòè íàïðÿæåíèé. Â êà-
÷åñòâå õàðàêòåðèñòèêè íà÷àëüíîãî íåñîâåðøåí-
ñòâà ðàññìàòðèâàåòñÿ êîëüöî êàê ñ äâóìÿ îñÿìè
ñèììåòðèè (îâàë), òàê è ñ îäíîé îñüþ ñèììåò-
ðèè (ëîêàëüíàÿ âìÿòèíà). Â íåêîòîðûõ çàäà÷àõ
èíòåãðèðîâàíèå íàïðÿæåíèé âäîëü ïîïåðå÷íîãî
ñå÷åíèÿ êîëüöà ïðèâîäèò ê ãðîìîçäêèì âûðà-
æåíèÿì, â ýòèõ ñëó÷àÿõ äëÿ èñêëþ÷åíèÿ òàêîãî
èíòåãðèðîâàíèÿ èñïîëüçóåòñÿ ïðåäëîæåííàÿ
Þ.Í. Ðàáîòíîâûì äâóõñëîéíàÿ ìîäåëü êîëüöà.

Ïðè èññëåäîâàíèè ïîëçó÷åñòè îâàëüíîãî êîëü-
öà ââîäÿòñÿ â ðàññìîòðåíèå äâå ìàëûå âåëè÷è-
íû: îòíîøåíèå òîëùèíû êîëüöà ê åãî ñðåäíåìó
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ðàäèóñó è õàðàêòåðèñòèêà íà÷àëüíîé îâàëüíîñòè.
Â çàâèñèìîñòè îò ñîîòíîøåíèÿ ýòèõ âåëè÷èí ïî-
ëó÷åíû ðàçëè÷íûå ïðèáëèæåííûå çàâèñèìîñòè
âðåìåíè äî ñïëþùèâàíèÿ îò óðîâíÿ íà÷àëüíîé
îâàëüíîñòè. Ïðè èññëåäîâàíèè ïîëçó÷åñòè êîëü-
öà ñ ëîêàëüíîé âìÿòèíîé ôîðìà ñðåäèííîé ëè-
íèè àïïðîêñèìèðóåòñÿ êðèâîé, ïîëó÷åííîé ñî-
ïðÿæåíèåì òðåõ äóã îêðóæíîñòè; ïîëó÷åíî óñëî-
âèå, ïðè êîòîðîì ôîðìà èñõîäíîãî íåñîâåðøåí-
ñòâà îêàçûâàåò ñóùåñòâåííîå âëèÿíèå íà âðåìÿ
ñïëþùèâàíèÿ.

Àíàëèç èçâåñòíûõ ñåðèé èñïûòàíèé îáîëî÷åê
â óñëîâèÿõ óñòàíîâèâøåéñÿ ïîëçó÷åñòè ïîä äåé-
ñòâèåì âíåøíåãî ãèäðîñòàòè÷åñêîãî äàâëåíèÿ
ïîêàçàë, ÷òî ðàçðàáîòàííûé ìåòîä ïðèâîäèò ê
çíà÷åíèÿì âðåìåí ñïëþùèâàíèÿ, êîòîðûå õîðî-
øî ñîãëàñóþòñÿ ñ ïîëó÷åííûìè ýêñïåðèìåíòàëü-
íûìè äàííûìè.

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåð-
æêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ èñ-
ñëåäîâàíèé (ïðîåêòû ¹¹ 11-08-00007 è
11-08-90401).
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À.Ì. Ëîêîùåíêî. Ñïëþùóâàííÿ äîâãî¿ öèë³íäðè÷íî¿ îáîëî÷êè ï³ä ä³ºþ çîâí³øíüîãî
ïîð³âíóðîçïîä³ëåíîãî òèñêó

Ïðîàíàë³çîâàíî ð³çí³ ï³äõîäè ïðè äîñë³äæåíí³ öèë³íäðè÷íèõ îáîëîíîê ï³ä ä³ºþ çîâí³øíü-
îãî ïîð³âíóðîçïîä³ëåíîãî òèñêó. Ðîçãëÿíóòî îáîëîíêè, âèãîòîâëåí³ ç ñêëåðîíîì íèõ àáî
ðåîíîìíèõ ìàòåð³àë³â, ïðè ìàëèõ ³ âåëèêèõ ïåðåì³ùåííÿõ, ïðè ð³çíèõ âèäàõ ïî÷àòêîâèõ íåäî-
ñêîíàëîñòåé ³ ò.ä. Îñíîâíà óâàãà ïðèä³ëÿºòüñÿ àíàë³çó ïîâåä³íêè îáîëîíîê ïðè çíà÷íèõ
ïåðåì³ùåííÿõ. Âèâ÷åíî ñïëþùóâàííÿ îáîëîíîê, ùî çíàõîäÿòüñÿ â óìîâàõ ñòàëî¿ ÷è íåñòà-
ëî¿ ïîâçó÷îñò³, çà ó÷àñòþ ñòåïåííî¿ òà äð³áíî-ñòåïåíåâî¿ ìîäåëåé. Àíàë³ç ðåçóëüòàò³â
â³äîìèõ âèïðîáóâàíü îáîëîíîê ïîêàçàâ äîáðó â³äïîâ³äí³ñòü åêñïåðèìåíòàëüíèõ òà òåîðå-
òè÷íèõ çíà÷åíü ÷àñ³â ñïëþùåííÿ.

Êëþ÷îâ³ ñëîâà: öèë³íäðè÷í³ îáîëîíêè, äåôîðìóâàííÿ, ñïëþùóâàííÿ, ïîâçó÷³ñòü, çîâí³øíº
ïîð³âíóðîçïîä³ëåíèé òèñê.

A.M. Lokoshchenko. Flattening of long cylindrical shell under external even pressure

The various methods are analysed at study of  behaviour of cylindrical shells under external
even pressure. The shells are considered, which are manufactured from scleronomical or  rheological
materials, at small and large movings, at the various kinds of initial imperfections etc. The basic
attention is allotted to analysis of deforming of shells at large movings. The shell flattening is
studied, which are deformed at unstable or stable creep, investigation is conducted at using of
various models. The analysis of results of known shell tests at creep demonstrated the good
correspondence of experimental and theoretical values of flattening times.

Key words: cylindrical shells, deforming, flattening, creep, external even pressure.




