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OO0 0HOM U3 AITOPUTMOB pacyeTa
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Ipeonoscen aneopumm pacuema HANPAICEHHO-0ePOPMUPOBAHHOLO0 COCMOAHUA MOHKOU 20PUPOBAHHOU 0D0I0UKU, Nedxcayell
Ha YNpy2oM OCHOBAHUU, C Y4emoM HeluHelHocmu oegopmayuu u npoeuba. Mcnonv3o8an eapuanm HeiuHeluHot meopuu 000104ex,
ocHosanublil Ha 2unomese Kupxeoga—Jlasa. Ilpumenaromes ypasnenus muna Kapmarna. Bosoeiicmsue ynpyeo20 0CHO8AHUSA NPUHS-
mo 6 Kavecmee OONOIHUMENLHO20 0A6leHUs, 00YCNIOBNIEHHO20 HOPMATILHLIM NepeMeujeHueM CIeHoK 000I04KY, NPU SMOM Paccmam-
pusaemcsi mooenv Bunxnepa. Kpas 060n0uku npeononazaiomcs sHcecmko 3aKpenjieHHvIMU. YpasHenus, nonyueHHvlie 8 nepeom u
6MOPOM NPUOTIUICEHUSX, YUUMBIBAIOM HENUHEHOCMb NOCMABGIEHHOU 3a0aul U NO360AAI0M YMOUHUMb NOLYYAeMble SHAYEHUs. NPOo-
euba. B kauecmee memooa peutenus noayYeHHbIX YPAGHEHUL NPEONIONCEH YUCIEHHbI MEMOO CEMOK.
Knroueswie cnosa: monkue yunuHOpuyeckue u 20Qpuposantoie 060104KU, YIPY20e OCHOBAHUE, HANPANCEHHO-0eOPMUPOBAHHOE
cocmosiHue, HeuHeliHas meopus 060104ex.

About One of the Algorithms of Calculation
of Strain-Stress State of Corrugated Shell, Lying
on an Elastic Foundation, Taking into Account Nonlinear
Deformation and Deflection
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An algorithm for calculating the strain-stress state of thin corrugated shell lying on an elastic foundation, taking into account
nonlinearity of deformation and deflection has been proposed. The version of the nonlinear theory of shells based on Kirchhoff-Love
hypothesis is used. Equations of Karman type are used. Influence of elastic foundation is taken into account as the additional
pressure within the framework of Winkler’s model. Rigid clamped conditions are considered at the edges of the shell. Equations
obtained in the first and second approximations take into account the non-linearity of the problem and make it possible to specify the
obtained values of deflection. As a method of solution of the equations, the numerical method of nets has been proposed.
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B HACTOsIIEE BPEMSA CTPOUTEIIBHBIE KOMIIAHUU
UCTIONB3YIOT Ta0apUTHBIE METATMYECKhe rog-
PUPOBaHHBIE KOHCTPYKLHH B KallUTalbHOM TpPaHC-
IIOPTHOM  CTPOMUTENILCTBE  JJII  BCEBO3MOXHBIX
TPAHCIIOPTHBIX, B TOM YMCJIE JKEJIE3HOIOPOKHBIX,
pa3Bsi30K. Bo MHOTHX ciy4asx TOHKOCTEHHBIE TOQ-
PUPOBaHHbBIE LWIMHIPUYECKUE [TAHEIU IIPUMEHSIOT-
Csl B KauecTBEe OOJICTYCHHBIX IIHPOKONPOIETHBIX
nepekpeITHid. MeTrananyeckue TOHKOCTEHHBIE TOg-

pUpPOBaHHbIE KOHCTPYKLIMU SIBISIOTCS BBICOKOTEX-
HOJIOTUYHBIMHU M SKOHOMUYHBIMH.

[Ipn co3maHMM TOHKOCTEHHBIX CTPOUTENBHBIX
KOHCTPYKIMA HE0O0XO0IMMO MPOBECTH aHAIW3 Ha-
npspkeHHo-gegopmupoBanHoro cocrostaua (HIC),
BO3HHKAIOWIET0 B 000JIOYKE NpPH 3aJaHHBIX BHEII-
HUX Harpy3kax M YCJIOBUSAX 3aKpelsIeHHs Kpaes,
BBINOJIHUTH ONTUMAJIbHOE NPOEKTUPOBAHUE KOHCT-
PYKIMHA JUIsI  JOCTWIKEHHWsS 3aJaHHBIX CBOICTB,
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a  TaKKe  HUCCIeNoBaTh  BOMPOCH  TMOTEPH
YCTOMYHBOCTH.

B [1-2] HCCIIEIOBAaHO HaNpsHKEHHO-
neOopMHPOBAHHOE  COCTOSHHUE  TO(MPHUPOBAHHOMH

000JIOUKH IS CITydasi INHEHHON Teoprur 000JI0UeK.
Lenpto naHHON paOOTHI SIBISETCS pacdeT Hampsi-
YKEHHO-TIe(DOPMUPOBAHHOTO COCTOSIHHSI TO(pHpoO-
BaHHOH 000JIOUKH 110 HETMHEHHOHN TEOpHHU.
Marepuan u meroabl. Paccmotpum Todpupo-
BaHHYIO IIWJIMHIPUYIECKYIO 000JIOUKY CpenHeH uin-
HBI L, Mexanryo Ha ynpyromMm OCHOBaHUH M HaXOJs-
LIYIOCS IO IeHCTBHEM HOPMAaJIbHOI'O OJHOPOIHOTO
BHEIIHETO AaBlIeHUs. BBUy CIIO)KHOCTH ypaBHEHHUH
HEJIMHEWHOW TEOpPHHM TOHKUX O0OJOYCK 3aMECHUM
ropupoBaHHYI0 000J0YKY, JEKAITYIO Ha YIIPYTOM
OCHOBAaHHHM, SKBUBAJICHTHONU IMUIUHApUUeckon [3] ¢
TOJIIIMHOM, oOecneynBarolIeil COBIAJEHUE HX H3-
THOHBIX )KECTKOCTEH B paJHalbHOM HAIPaBIICHHH.
byneMm ncnonp30BaTh BapUAHT HEJIMHEWHOHU TEO-
puu 000J04YeK, OCHOBaHHBIM Ha THIOTe3e Kupxro-
(a—JIsBa. YpaBHenus tuna Kapmana [4] mo3BosstoT
YUHATHIBATh HENMHEHHOCTH NedopMaIiii U mporuda
anmeMeHTa 00omouku. Bo3melicTBue ynpyroro ocHo-
BaHUS NPUHUMAEM B KadecTBE JONOIHUTEIHLHOIO
JIaBICHUsI, OOYCIOBICHHOrO HOPMAbHBIM Iepeme-
meHHeM W CTEHOK OBGOJOUKH, IPH TOM PacCMOT-
puM Mozenb Bunkiepa. YpaBHeHus aneMeHTa 000-
JIOYKH U COBMECTHOCTH eOpMaLMii UMEIOT BULI:
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D =Eh¥/ [12(17\/ )] — nuHMHApHUYecKast KEeCTKOCTh
000JI0YKH;

E, v — moxyns FOura u kosdduuent [yaccona
Marepuaia 000JI09KY;

h, R — TommuHa u paguyc 000JIOUKH, COOTBETCT-
BCHHO;

Ky, Ky, — I7maBHBIE KPUBHM3HBI NOBEPXHOCTH 000-
JIOYKH;

* *
X,y — TpOAONbHASA U OKPYKHAs KOOPIWHATHI Ha

MOBEPXHOCTH 000JIOYKHY;

W, ®" — HopManbHbIi MPOruG U GYHKIHS Ha-
MPSHKEHUM;

( — BHeIlHee AaBICHNE;

oL — KO3 UITUESHT TIOCTENH YIIPYTOoro OCHOBA-
HUSL.
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Ha kpasx 000JIOYKH 3a1aIiM YCJIOBHS KECTKOT'O
3aKpCIICHUS

W:@:O opu x=0,x=1, 4)
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rxe |=L/R.
BBenem HOBBIE TTEpEMEHHBIE W, @, cBI3aHHbIE C
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OTHOIIECHUSMHU

w=e’W, ®=¢£. (5)

®ynkuun W, @ B CBOIO OYEPENb PasIOKHM B

psAa IO CTCIICHAM €
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Ipu sToM cumtaem, uto (=g, a~1, W, ~ 1,

@; ~ 1, a Tak)Ke COOTBETCTBYIOIME IIPOU3BOHBIE

01,2 g i=in
OX op
[lompcraBum  pasnoxenns (6) B cUCTEMY

ypaBHeHui (3) u rpaHuuHble ycnoBus (4). [Ipupas-
HAB K HYTI0O KO3((UIMEHTH NPH OJMHAKOBBIX
CTENEHSX €, TMONYYMM  IOCIEIOBATEILHOCTH
¢ depeHInATBHBIX yPaBHEHH B COOTBETCTBYIO-
IIMX TPaHUYHBIX YCIOBUH.

PesyabTarhl M uX 00cy:kaenue. PaccMoTpum
KpaeBylo 3aJady, BO3HUKAIOIIYIO B HYJIEBOM IpU-
ONKEHNH:
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Tak xak MOJy4eHHBIE B COOTBETCTBYIOIIMX NpU-
ONMKEHUSIX CUCTEMBl YPaBHEHUU C YaCTHBIMH ITPO-
W3BOJHBIMU HE YJAeTCsl PEIIUTh aHATUTHYCCKUMH
METOAaMH U TONYYUTh PEIICHUE B SBHOM BHJE, TO B
KayecTBE METOJIa PEIICHHUS MOXKHO TPEIUIOKUTh
YHCIIEHHBINA METOJI CETOK [5—6].

Ha mrockoctn Ox¢@ mOCTpOMM CEMEHCTBO TIps-
MbIX Xx=Xo+tih, @=@g+]jl, 0Opasyrommx Ha MIOCKOCTH
OPSMOYTOJIBHYIO CETKY, rrie (Xo, Yo) — BHYTPEHHSS
TOYKa paccMarpuBaeMoii obmactu D, h — mar cetku
BJIOJIb OCH X, a | — 1mar ceTku B10Jb ocH O.

[Tpu 3TOM ¢ MOMOWIBIO YpaBHEHHH, paccMaTpu-
BaeMbIX B obOmact D, m rpaHH4HBIX yCIOBHI Ha
Kpasix OOOJIOYKH CTPOSTCS COOTHOIICHHS, TMO3BO-
JIAOIHUe HpI/I6HI/I)i<CHHO BbIYUCINWTh 3HAYCHUSA TOY-
HOTO pemreHust W(X;,®;) B y3max (xi, ¢j) CeTKH.

KoHeuHO-pa3HOCTHBIE alMpOKCHMAIMU TS Ya-
CTHBIX TPOHM3BOJHBIX MEPBOTO U BTOPOTO MOPSIIKOB
(GyHKIMM ABYX mepeMeHHBIX W(X,()) HMEKT clie-

YU BUA:
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. 4hl
AHEU'IOFI/ILIHO 3aIlIUCBIBAKOTCA COOTHOLICHUS IS 4Ya-
CTHBIX l'IpOI/I3B0)1HL]X ”[peTI;el"O, quBepToro nopslmca JUIA

dynkn W(X, @) , a Taoke QyHkimn D(X, @).

B xaxmom y3me (xi, @)=(xotih,
i=1l.n, j=1.m, YaCTHBIE
BXOJSIIAE B KaKI0€ W3 ypaBHeHWH cuctembl (7),
3aMEHSIOTCA LEHTPAJbHBIMUA Pa3HOCTHBIMH IIPOU3-
BoaHbIME (10). B pesynpraTte sTOrO0 pemeHue ypas-
HEHHS C YaCTHBIMH TIPOU3BOJHBIMH CBOJUTCS K
pemennto cucremsl (N+1)-(M+1) anreGpamueckux
YPaBHEHHI OTHOCHTENBHO 3HAadYeHWI W(X;,®;) =

Potjl),
HpOI/I3BOIIHBIe,

=W(X, +ih, 0, + jl)
CETKH.
[locTpoeHHBIE TIEpBOE W BTOpPOE MPHUOIIKEHUS
MO3BOJISIIOT C YY€TOM HEIMHEHWHBIX CIIaraéMbIX MpO-
BECTM YTOUHEHHME HAWAECHHBIX U3 HYJEBOTO IpH-
OmwKeHWsI 3HauYeHWH [UIi HOPMAJIBHOTO IpOruba

V~V(Xiv(Pj)-

B y3Jax paccMaTpuBaeMoil
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3akaouenue. BrinmonHeHHas paboTa MO3BOJISIET
BEITIOTTHSTH pacuer HaTPSHKEHHO-
nehOpMHUPOBAHHOTO COCTOSIHHS —TO(PHUPOBAHHOMH
000JIOUKH, JIeKAIICH HAa YIPYyroM OCHOBAHHHU, MO
neificTBIeM HEOOHOPOIHOTO JIABJICHHS IPU TAKHX €
TeOMETPHYECKUX TapaMeTpax, MPU KOTOPBIX JTUHEH-
Has TEOpHUsl CTAHOBUTCS HEMPHUMEHHUMOW M JaeT 3a-
BBHIIIICHHBIC 3HAYCHUS MPOruda 000NOYKHU. YpaBHE-
HUS, TIOYYCHHBIE B MIEPBOM M BTOPOM MPUOIIHKe-
HUSX, YYUTBHIBAIOT HEIMHEHHOCTh ITOCTABICHHON
3a3Jla4d ¥ CIOCOOCTBYIOT YTOYHCHUIO IOJTy4aeMbIX
3HAYCHHIT poruda W .

IIpuBeeHHBIN aNTOPUTM YHUCJIEHHOI'O pEIIeHUs
3aJla4yM MO3BOJISICT MPOBOAMTH PACUEThI JIS TOGPU-
POBaHHOI 00OJIOYKH, JIeXKalllel Ha YIPyroM OCHO-
BaHUU, IPU PA3JIUIHBIX €€ TeOMETPUIECKHUX U (pr3u-
YEeCKHX MapaMeTpax, a TAKKE YCIOBUSIX HArPY>KCHUSL.
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