XIII Meotcoynapoonas nayunas xwongepenyus “Jupdeperyuanrvroie ypasHEHUs U UL NPUNOHCEHUA
6 mamemamuyeckom modeauposaruy”, Capanck, 12-16 woasn 2017.

XIII International scientific conference "Differential equations and their applications
in mathematical modeling”, Saransk, July 12-16, 2017.

VIIK 51-72

YTouHeHEe ypaBHEHNS Npormnda KpyroBoii MeMOpaHbI
P IIOMOIIU IepeMeHHbIX KO3 DUIIMEeHTOB B
YyTOYHEHHOM MeToje Jdiijiepa

JI.A. Tapxos !, ILU. Bacubes !, JI.A. Cemenona !, LA, HInmkuna !

Canxt-IlerepGyprexuit mosmrexamdecknii yansepenter Ilerpa Bemnkoro!

Annomayua: Paccmorpeno perrenue 3a1a4uu 0 Tporube HarpyKeHHONH KPYroBOil MeM-
6panbl. [losryuena momysMImpudeckasi MOJEIb, BBIPAXKAIONAS 3aBUCUMOCTD [TPOTHU-
6a MeMOpaHBbI OT PaCCTOSIHUS JIO IIEHTPA U OCHOBAHHAsI HA AHAJUTUYECKOM PEIleHUN
ypaBHEHUIl yCJIOBUIT pABHOBECHsI U SKCIIEPUMEHTAJIBHO TIOJIyY€HHBIX JTaHHbIX. [Ipu mo-
MOITM YTOYHEHHOTO MeToJa Jityiepa ObLIO pazpaboTaHO yJIydIleHne MOjen, 0Oosee
JIOCTOBEPHO BBIPAYKAIOINIEE 3aBUCHMOCTD ITPOruba MeMOPAHbI OT PACCTOSHUS JIO TIE€H-
Tpa.

Karuesvie cnosa: yTodHEHHBIN MeTo Ditiepa, Kpyroasi MmembpaHa, omeparop Jla-
wraca, mOJyIMINPUIECKUI METOJ, UCCIEJOBAHNE 3aBUCHMOCTH IIPOrubda OT pajmyca

[Tycrs u(r,0) — dyHKIMS 3aBUCHMOCTH BEJIMYMHBI IPOrnba KPyroBoil MeMOpaHbl OT yIiia H
paccrosHust OT 1eHTpa. PaccMoTpuM ycsioBue paBHOBeCHsT MEMODaHBIL:

TAu+P =0
(1)

u‘r:R =0

e R — paguyc memOpanbl, P — BHelHsIS cujia, IpUIokKeHHas K MeMOpane, T’ — abcosroTHast
BeJINYMHA TPUJIOXKEHHON K KParo MeMOpaHbl PACTATUBAIOINIEH CHJIbI HA €JMHUILY JJIHHBI (TIPeIno-
JaraeM, 9TO PacTsi?KeHne U30TpoIHo). IIpennosaras, 9ro 3aja4da sIBJISETCS OCECUMMETPUIHOIN,
u(r,0) = u(r). Takum obpazom, npenebperast yriaoBoit dacTbio omneparopa Jlamiaca, momrydaem
CUCTEMY:

d?u + du __

du _ P
dr? T

dr —
(2)
U‘r:R =0

[Ipenebperasi Maccoit MeMOpaHBL U cAUTast IPY3 MATEPUAIBLHON TOUKOIA, IOy IUM, 9TO % =0:

T% + % =0 )
’U,‘r: R = 0
AHaIUTHYIeCKUM DelleHneM JaHHOM CHCTEMBI SIBJISETCS (DYHKITHS:
u(r) =a+clnr (4)

[IpoBeist 3KCIIEPUMEHT U U3MEPHUB peaJibHble 3HAUEHUs IPOoruda MeMOpaHbl MOXKEM IIPHU II0-
MOIII METO/Ia HAUMEHBIINX KBaIPaToB HaiiTh KoadduimenTsl a u ¢. Macca rpysa — 2281, pajanyc
MmeMmbOpanbl — 10cm. Takum 06pa3oM, MOIYIUM MOJTYIMIMPUIECKYIO (POPMYIIY:

u(r) = —1.8624 + 0.776198 In 7 (5)
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u(sm}

Puc. 1. Peanbnast 3aBucuMocTb HpOFI/I6a OT paJinyCa " Fpa(bI/IK AHAJIUTUIECKOI'O pelIeHudg

Honp06yeM YTOUHUTH MOJIyIeHHYIO0 HOpMYJTy. SalUIeM PaJIuajbHy0 9acTh oneparopa Jla-

- .. _ du __ dz _ _z du __
gnaea rd 5 + = 0, mpousseJiéM 3aMeHy TepeMeHHbIX © = R —r, gt =z, £ = =2, 70 = —2,
2z

e BOCHOJ‘IBSyeMCH YTOIHEHHBIM METOJIOM Ditiepa:

. — Z|
ul =up — 3205 21 =20+ F

ut =up — J20; 2F=z20+5R

up = u* — §2° =wup — F20 — 3(20 + TB) = uo — F20(2 + 75)

% rz* _ xR x 20 R 4R+x
2 =2t gt = amep = (0t g R)R 22 = “032R-2)

4R
Uy = U — TZ] = Ug — xZU2(2R+Z) =

R—r)(5R—r
: 2(1)z(+r) ):“(7“)

4R+ R—r
)202(21% R+r) —

= Uup — 20
Jlist yTouHeHUsT HAWIEHHOTO PEIeHns, BO3bMEM Ug U 2 KaK IepeMeHHbIe KOIMDDUIUEHTHI ¢

u c. Vcnosnb3ys n3aMepennble 3HaYeHsT Iporuba MeMOpaHbl, HaIEM 3HAYEHUs G U C IO METOY
HAUMEHBIUX KBaPaTOB:

r)(50 — )
2(10+7) (")

10
u(r) = —0.0118372 + 00861019

ufsm;

r{smi

Puc. 2. Peasnpnas 3aBucumocTsb mporuba or pajuyca u rpaduk TpuOIMKEHHOTO PEIIeHUS
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Taxum 06pazoM, yTOUHUB NPUOIMAKEHHOE PEIlleHNe YPaBHEHUsT TPOTuba MeMOpPaHbI SKCIIEPHU-
MEHTAJbHBIMU JIAHHBIMHU, MBI [TOJIYYH/IN OJIyIMIUPUUIEcKYo (opmyity, 60ojee J0CTOBEPHO OIH-
CBHIBAIOIIYIO MIOBEJIEHNEe KPYTOBOM MeMOpAaHbI, YeM ITPU TOYHOM AHAJIUTUIECKOM PEIeHNH.
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A refinement of the equation for the deflection of a
circular membrane based on variable coefficients in the
qualified Euler method

D.A. Tarkhov !, P.I. Vasilyev !, D.A. Semenova !, I.A. Shishkina !
Peter the Great St. Petersburg Polytechnic University !

Abstract: The solution of the problem of the deflection of a loaded circular membrane
is considered. Based on an analytical solution of the equations of the equilibrium
condition and the experimentally obtained data, a semiempirical model is obtained.
The dependence of the deflection of the membrane on the distance to the center is
expressed. With the help of the qualified Euler method, an improvement of the model
was developed, which more reliably expresses the dependence of the deflection of the
membrane from the distance to the center.

Keywords: qualified Euler method, circular membrane, Laplace operator, semiempirical
method, study of the dependence of deflection on the radius
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