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Mathematical modeling of the behavior of a plate in a wind tunnel
The paper presents two methods for constructing approximate solutions of the nonlinear
problem of bending of an elastic thin rod shape under the in�uence of aerodynamic forces,
they are the Hamiltonian approach and the representation of the solution in the form of a
segment of the power series in the �ow rate. The main idea of the �rst method consists in
reducing the source of the Euler�Kirchho� system to equations of Hamiltonian type with
subsequent normalization of the Hamiltonian in a certain number of members (depending
on the desired accuracy). In this approach, the search of the solution to the two-point
boundary value problem is carried out by means of direct and inverse transformation of
Birkho�. The idea of the second approach is to write the equations of equilibrium for
a change of the generalized coordinates and to represent the solution in the form of a
segment of the power series in the free stream velocity. The results of both methods are
compared.

Keywords: Hamiltonian approach, Birkho� transformation, bending of the rod, the

mathematical model.

Î.Î. Iëþõií, Ñ.Î.Øðåòåð
Ìàòåìàòè÷íå ìîäåëþâàííÿ ïîâåäiíêè ïëàñòèíêè â àåðîäèíàìi÷íié òðóái
Ïðåäñòàâëåíî äâà ìåòîäè íàáëèæåíî¨ ïîáóäîâè ðîç'ÿçêó íåëiíiéíî¨ çàäà÷i âèãèíó
ïðóæíîãî òîíêîãî ñòåðæíÿ ïiä âïëèâîì àåðîäèíàìi÷íèõ ñèë: ãàìiëüòîíiâ ïiäõiä i
çîáðàæåííÿ ðîçâ'ÿçêó ó âèãëÿäi âiäðiçêà ðÿäó ïî øâèäêîñòi ïîòîêó. Îñíîâíà iäåÿ
ïåðøîãî ìåòîäó ïîëÿãà¹ ó çâåäåííi âèõiäíîãî ðiâíÿííÿ Åéëåðà�Êiðõãîôà äî ñèñòåìè
ðiâíÿíü ãàìiëüòîíîâà òèïó ç íàñòóïíîþ íîðìàëiçàöi¹þ ôóíêöi¨ Ãàìiëüòîíà ç óðàõó-
âàííÿì âèçíà÷åíîãî ÷èñëà ÷ëåíiâ (â çàëåæíîñòi âiä íåîáõiäíî¨ òî÷íîñòi). Ó ðàìêàõ
öüîãî ïiäõîäó çäiéñíåíî ïîøóê ðîçâ'ÿçêó ãðàíè÷íî¨ äâîòî÷êîâî¨ çàäà÷i çà äîïîìî-
ãîþ ïðÿìîãî òà îáåðíåíîãî ïåðåòâîðåííÿ Áiðêãîôà. Iäåÿ äðóãîãî ïiäõîäó � çàïèñ
ðiâíÿííÿ ðiâíîâàãè âiäíîñíî çìiíè óçàãàëüíåíî¨ êîîðäèíàòè i çîáðàæåííÿ ðîçâ'ÿçêó
ó âèãëÿäi âiäðiçêà ðÿäó ïî øâèäêîñòi íàáiãàþ÷îãî ïîòîêó. Ïðîâåäåíî ïîðiâíÿííÿ
ðåçóëüòàòiâ îáîõ ìåòîäiâ.

Êëþ÷åâûå ñëîâà: ãàìiëüòîíiâ ïiäõiä, ïåðåòâîðåííÿ Áiðêãîôà, âèãèí ñòåðæíÿ,

ìàòåìàòè÷íà ìîäåëü.

À.À. Èëþõèí, Ñ.À. Øðåòåð
Ìàòåìàòè÷åñêîå ìîäåëèðîâàíèå ïîâåäåíèÿ ïëàñòèíêè â àýðîäèíàìè÷å-
ñêîé òðóáå
Ïðåäñòàâëåíû äâà ìåòîäà ïðèáëèæåííîãî ïîñòðîåíèÿ ðåøåíèÿ íåëèíåéíîé çàäà-
÷è èçãèáà óïðóãîãî òîíêîãî ñòåðæíÿ ïîä âîçäåéñòâèåì àýðîäèíàìè÷åñêèõ ñèë: ãà-
ìèëüòîíîâ ïîäõîä è ïðåäñòàâëåíèå ðåøåíèÿ â âèäå îòðåçêà ðÿäà ïî ñêîðîñòè ïîòî-
êà. Îñíîâíàÿ èäåÿ ïåðâîãî ìåòîäà ñîñòîèò â ñâåäåíèè èñõîäíîãî óðàâíåíèÿ Ýéëå-
ðà�Êèðõãîôà ê ñèñòåìå óðàâíåíèé ãàìèëüòîíîâà òèïà ñ ïîñëåäóþùåé íîðìàëèçà-
öèåé ôóíêöèè Ãàìèëüòîíà ñ ó÷åòîì îïðåäåëåííîãî ÷èñëà ÷ëåíîâ (â çàâèñèìîñòè îò
íåîáõîäèìîé òî÷íîñòè). Â ðàìêàõ ýòîãî ïîäõîäà îñóùåñòâëåí ïîèñê ðåøåíèÿ êðàå-
âîé äâóõòî÷å÷íîé çàäà÷è ñ ïîìîùüþ ïðÿìîãî è îáðàòíîãî ïðåîáðàçîâàíèÿ Áèðêãî-
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ôà. Èäåÿ âòîðîãî ïîäõîäà � çàïèñü óðàâíåíèÿ ðàâíîâåñèÿ îòíîñèòåëüíî èçìåíåíèÿ
îáîáùåííîé êîîðäèíàòû è ïðåäñòàâëåíèå ðåøåíèÿ â âèäå îòðåçêà ðÿäà ïî ñêîðîñòè
íàáåãàþùåãî ïîòîêà. Ïðîâåäåíî ñðàâíåíèå ðåçóëüòàòîâ îáîèõ ìåòîäîâ.
Êëþ÷åâûå ñëîâà: ãàìèëüòîíîâ ïîäõîä, ïðåîáðàçîâàíèå Áèðêãîôà, èçãèá ñòåð-

æíÿ, ìàòåìàòè÷åñêàÿ ìîäåëü.
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