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AHHOTALMUA. B ctaTbe paccmaTpmBaeTcs 0OCeECMMMETPUYHAsA 3aA4ada O pacyeTe Kpyrnow MinTbl Ha CTaTUYECKe Harpyskm
B reOMEeTPUYECKN HENMMHENHOW NocTaHoBKe. [ANs pellueHnst 3a4a4m npvBrekaoTcst 0600LLEeHHbIE YPaBHEHUSA MeToAa KOHeY-
HbIX padHocTent (MKP), nossonsiowme peluaTts 3agady B npegenax MHTerpypyemor obnactu ¢ y4eToMm paspbiBOB MCKOMOW
dYyHKLMN, ee NepBOI NPOU3BOAHOW U NPaBOW YacTW NCXOAHOro AnddepeHLmMansHOro ypaBHEHS.

Paspelatowne anddepeHumanbHble ypaBHEHUst 3a4a4M, COCTaBNEHHbIE OTHOCUTENBHO UCKOMBIX (DYHKLMI npornba
N HanpsbKeHW, CBOAATCA K YeTbipeM AnddepeHumanbHbIM YpaBHEHUAM, iBa U3 KOTOPbIX — JIMHEWHbIE NEPBOro nopsaka,
a [jBa — HemnvHenHble BToporo nopsaka. Cuctema nomyveHHbix AnddepeHumnanbHbiX YpaBHEHNI PeLIaeTCsl YUCTIEHHO.
Mpennaraemas meToguka UNMIOCTPUPYETCS Ha NpUMepe pacyeTa KPyriion NiuTbl; Npu 3TOM UCXOAHbIE AaHHbIe B3ATbl U3
paboTbl [1]. Pesynsrathl pacyeTa npy MUHUMarbHOM Yucre pa3bueHunin cpaBHUBAKOTCA C N3BECTHbIM pelueHneM A.C. Bonb-
mMupa [1] n cBMAETENLCTBYIOT O BO3MOXHOCTM UCMOMNb30BAHUS YMCIIEHHOTO METoAa ANS pelueHus 3adadv B HEeNMMHEeNHOW
NOCTaHOBKe.

KINMOYEBBIE CITOBA: kpyrnas nnuTa, TOHKasi, U30TPOMHasl, HelNMHeNHasi 3ajava, YMCIeHHOe pelleHne, 0606LLEHHbIe
ypaBHEHWsI MeToAa KOHEeYHbIX pasHOCTEN
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NUMERICAL METHOD OF CALCULATION OF ROUND PLATES
IN A GEOMETRICALLY NONLINEAR STATEMENT
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ABSTRACT. The article considers the axisymmetric problem about the calculation of round plates with dead loading in a
geometrically nonlinear system.

To solve the problem some generalized equations of finite difference method (FMD) are needed that allow to solve
tasks within intergrable scope taking into account discontinuities of the required function, its first-order derivative and the
right-hand side of the primitive differential equation.

Resolvent differential equations of the question comprised fractionally the required function of the inflection and stress-
es are reduced to four differential equations, two of which are linear of the first-order and two are nonlinear of the second
order. The obtained system of differential equations is solved numerically. The proposed method is shown with the example
of calculation of a round plate; the given data are taken from work [1].

The calculation data with the minimum number of partitions are compared to the known solution of A.S. Vol'mir [1] and
they indicate the possibility of using a numerical method for handling the problem in nonlinear statement.
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PacyeTry TOHKHX IUIaCTHH B TEOMETPHYECKH HEJIM-  3YIOTCS BapHalMOHHBIE MeToxsl ['anepkuna, Purma—
HEHHOH TOCTaHOBKE TOCBSIIEHO JOCTATOYHO OOJBIIOe  THMOIIEHKO, B [6] pa3pabaTbIBaeTcsl MPHOIMKSHHBIH
gymrcno pabot. B nccnenoBanmsax [1], [3]-[5] ucmoms-  MeTon pacdera, B KOTOPOM IMPH PEUICHUH HETUHEHHOM
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3aJ]a4ll OTBICKMBAETCSI KOPPEKTHPYIOIIasi MonpaBKa K
JIMHEHHOMY pelLIeHUIO, a B [7] UCmoab3yeTcs anmapar
HEJIMHEHMHONW MHKPEMEHTaJIbHOW CTPOUTENLHON Mexa-
HUKH. YHCIIEHHBIE METO/IbI PEIICHUS MTPEACTaBICHbI B
pabore [8]. B cratbsax [9]-[11] paccmaTpuBatoTcs He-
JIMHEHHBIC 33[a4M pacyera rMOKUX TUIUT NP HATUYUH
JIMCIIOKAINH 1 TI0JI3y4eCTH.

Lens naHHOM paboOTHl — pa3paboTaTh alrOpUTM
YHCIIEHHOTO METO/Ia pacueTa KpPyrjoi IJIUTHl B TeoMe-
TPUYECKH HEJIMHEWHOHN MTOCTAaHOBKE Y MILTIOCTPUPOBATh
€ro Ha IpuMepe NMpH MUHUMAJILHOM YHuClle pa30ueHun
obJylacTh WIIM Ha penkoi ceTke. PemieHune cTpouTes ¢
HCII0JIb30BaHNEM 00OOIIEHHBIX ypaBHEHUH METO/1a KO-
HEYHBIX pazHocTel [2].

PaccmarpuBaeTcss TOHKasi M30TpOIHAs Kpyriias
IUTaCTHHA, YIpPyrde MporuObl KOTOPOH CpaBHUMBI C
TOJIIMHOM, T.e. (OPMYJHPYETCs T€OMETPUUECKH He-
JUHEeWHas 3a/1a4a.

Paspemaromue auddepeHmanbHble  ypaBHEHUS
MOTIEPEYHOro M3ruda B IOJISIPHBIX KOOPIMHATAX JUIs
OCECHMMETPUYHON 3aJlauy, 3allMCaHHbIE OTHOCHUTEIb-
HO niporu6a u GpyHKINYU HanpspKkeHui [ 1], uMeroT Bu
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Jlanee mnpuBeneM pa3HOCTHBIC ANNPOKCHUMAIMN
o MKP muddepennmanbHpIx ypaBHEHHH IEPBOTO T10-
psnka (6) u (7); A TOTO BOCTIONB3YyeMCs YpaBHEHUEM
(1.5.10) [2], momarasi, 9TO HET Pa3pHIBOB U

§=1, 8(w_,—w,,)=2hp,. (16)

Torna nonyuum

W, —W., =—2hs (17)
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[IpuBenem mnpumep pacueTa 3aIIEMICHHOW I10
KOHTYpPY (C BO3MOKHOCTBIO JIMHEHHBIX MEePEMEIeHUH )
KpYIJIOW TUIMTHI Ha JEHCTBHE PaAaBHOMEPHO pacipeje-
JIEHHO Harpys3ku (puc.) ¢ mapametpami [1] ¢ = 10 cwm,

H=0,1 cm, h=10,01, E=0,75-10° krem?, q = 0,5
n=0,3.

Bo3bmem mar cetku h = 1/2.
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i=1,rmep, =05:0,5, — (3 + 0,0050)s + 1,55, =
=0,25p, mma —(6 + 0,01%,)s, = 0,5p, (19).

37eck yuTeHo, uto S, = S, = 0, mepBoe cneayer
UX YCIIOBHM CUMMETPHHU, a BTOPOE U3 IPAHUUHBIX yC-
nouit. CornmacHo crarbe [1] (yHKIUS HampsHKSHUH

Kr
cm?’

qr
Y =—, torma
5 pit
Y, ap ¢’
LIPS o Sy 20
k=5 2 D (20)

e, cornacHo (4), r = p,. Ypasnenne (15) mst Touxn
i=1: 0,5%, — 3A, + 1,54, = —O,Ska, coryacHo pabo-
te [1], A, = A, = 0, Torna

k

)\.126512. (21)

VYpasuenue (17) aus Touku | = 1 umMeeT BUJI
W, —W, =-s,. Tak kak Ha KoHType W, = 0, To mosy4aem

S, =W, (22)

Honcrasnsas B hopmymny (19) BepakeHue mist A

(21) m p (20), momydaem KyOM4ecKoe ypaBHECHHE OTHO-
CUTENIEHO W,

3
c
—— W, +6W, -4 0.
600 4D
Jlyist cpaBHEHUsI pe3ysibTaTa pacyera ¢ pelieHueM
[1] cnenyer npeoOpazoBaTh ypaBHeHue (23), a UIMEHHO
BBECTH TapaMETPhl, UCTIOJIb3yEeMbIE B IIATUPYEMON MO-

(23)

W,
Horpaduu @ u (. [[puanmaem @ = Fo (W, — nporu6

¢ 0,5
B 1LIeHTpe), ( =g£—j , q : 100* = 66,7

E\H 0,75-10°
BBIYHCIISIEM LIWINHAPUYIECKYIO KECTKOCTh D, k BBIUUC-
asieM o (10), W, 1 /2 3anuckiBaeM coracHo (4).
B pesynbrate ypaBHeHue (23) npuHUMAET BUI

¢’ +6,599=1,5q", (24),

a ¢ yuetoM " ¢° +6,59¢ =100 . 13 pemenus ypasHe-
Hus Haxommm: ¢ = 4,17.

B pa6orte [1] u3 quarpammsr (4.14) ipu q° = 66,7
3HadeHne ¢ = 3,8. Paznmma cocrasmset 9,7 %.

TakuM o00pa3oM, MoKa3aHa BO3MOXKHOCTH IIPH-
MEHEHHsI 00OOIICHHBIX YPABHECHUH METO/a KOHEUHBIX
pa3HOCTEN K pacdeTy HEJIMHEMHOM 3anadyu. TOYHOCTH
pELICHUS] MOXKHO MOBBICUTD, YBEIMUYMBAs YUCIIO pa30ou-
€HUHl paxuyca, P 3TOM CHUCTEMa YpaBHEHUH Bceraa
Oyzner obmanaTh MOJHOTON. AIITOPUTM pacyeTa pa3pa-
00TaH ¢ IEIBI0 MCIIOIB30BAHMS KOMIIBIOTEPOB. [Ipu-
BEJICHHBI NIpUMEp pacuera CIY>KUT WIUIIOCTpanueit
QITOPUTMA M TIOKA3bIBAET, YTO YPAaBHEHUS NAIOT pe-
3yJIBTAThl, TIO3BOJISIIOIINE PELIATh 3a/1a4l B HEJIMHEH-
HOM TIOCTaHOBKE ITPH MHHUMAJIEHOM YHUCIIE pa30UeHUH.
[IpencraBnernas paboTa MO3BOJSAET MEPEHTH K pere-
HUIO 33J]a4d, B KOTOPBIX MMEIOTCS Pa3pbIBBI NCKOMOH
¢byHKIMH, ee TepBOH MPOM3BOTHON M MPABOW YacTH
HCXOAHOTO Mu(PEepeHINATEHOTO yPaBHCHNUS.

OtmetnM, uto B cTathax [12] u [13] mst pacdera
TOHKHX IUIACTHH B JIMHEMHON MOCTAaHOBKE HA pa3pblB-
HBIE Harpy3KH HCIOIb3YIOTCSl 0000IICHHBIE YPABHEHUS
MKRP. IloxydeHHBIE peIIeHus] MOTYT OBITh TTOJIC3HBI B
Ka4eCTBE MEPBOTO MPUOIMKECHUS [T HEMTMHEHHBIX 3a-
Jad, TaKoke CIeayeT OTMETHTh padoty [14], B KoTopoii
TIPUBOJUTCS aHATMTHYECKUIA pacueT KPyTJIbIX MIACTHH
1 1aeTcs oommpHas Ondarorpadus.
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