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AHHOTALUMNA

BeepeHue. B HacTosilLee BpeMsi B 34aHUSIX B KAYECTBE HECYLLMX SNIEMEHTOB NPUMEHSIIOTCS B TOM YMCIIE KPYrTble NracTu-
Hbl NEPEMEHHOW TOSLLMHBI, YTO BbI3blBAET HEOOXOAMMOCTbL B UX AMArHOCTUKE U OLeHKe kavecTBa. lNpodeccop B.N. Kopobko
BbISIBUIT B3aMMOCBSA3b MEX/y 4acToTamMu COBCTBEHHbIX MonepeqHbIX konebaHuin o 1 makcumarnbHbiMy npornbamu W, ot
pPaBHOMEPHO pacrnpeernieHHOW Harpy3ku Aris U30TPOMHbIX MAACTUHOK NMOCTOSIHHOWM TOMLUHBI MPU OAHOPOAHOM OMNUpaHun
no KoHTypy. Llenb nccnegoBaHust — yCTaHOBUTL B3aMMOCBSA3b MEXAY MaKCMMarbHbIM NPOrnboM 1 4actoTor CO6CTBEHHbIX
nonepeYHbIxX kornebaHui AN NNacTMH NepeMeHHON Mo 3aKOHY KBagpaTHOW napabornbl TONWMHBI MPU YTOMLLEHUN K OMOpe.
MaTtepuanbl U MeToabl. PacyeTHas KOHCTPYKUUS — cCTarnbHas Kpyrnasi MU30TpOmnHas nnactuHa NepeMeHHON Mo 3aKoHy
KBagpaTHOV napabonbl TONLMHbI NPU YTOMLLEHWM K onope. MccrnenoBaHusi MPOBOAUIIMCH METOAOM KOHEYHbIX 3IEMEHTOB,
onvpaHue No KOHTYpPY — LUApHUPHOE U XKECTKOE 3alleMIeHue.

Pesynbrartbl. OnpeaeneHbl MakcumanbHble Npornbbl 1 4acToTbl COBCTBEHHbIX KOnebaHuii Kpyrnow N30TPOMNHON NNaCTUHKK
NPy PasnMYHOM COOTHOLLIEHUM TOMLLMHbI MIACTUHBLI Ha OMope t, K TonLiMHe B LeHTpe t,. PaccMoTpeHa B3auMOoCBA3b Makcy-
MaribHbIX MPOrMGOB paBHOMEPHO pacnpefenieHHon Harpyakn W, 1 0CHOBHOM 4acToTbl COGCTBEHHBIX KoneGaHuii o Kpyrnown
nnacTuHbl. [MocTpoeHbl rpacrkyn 3aBUCMMOCTU MaKCMMaribHbIX MPOrMOOB 1 YacTOT COOCTBEHHBLIX MOMepeYHbIX KornebaHui
NAacTVHbI OT COOTHOLIEHNA t/t,.

BbiBoAbl. YCTaHOBMNEHO, UTO k0achduumeHT K nogumHsieTcs B npegenax 5 % 3aBucumoctu npodeccopa B.A. Kopobko
TOMbBKO MPU COOTHOLUEHWW TOMLMHBI Ha OMope K TonwmHe B UeHTpe t/t, = 55/50 < 1,1 anga obenx cxem onupaxus. Mpu
COOTHOLWEHMM TonwmH t,/t, = 100/50 = 2 pacxoxaeHune koathduumeHta K ¢ aHanutuieckum coctasnset okono 30 % ans
LapHUpHoro onupanus Ao 43,8 % npu XecTkoM onupaHum Nno KOHTypy. Bee 3HaveHns koadbduumeHTa K Ans KpyribiX U30-
TPOMHbIX NNACTVH NEPEMEHHOW N0 3aKOHY KBafpaTHOW napabonbl TOMNLWMHbI NPU YTOMLLEHWN Ha OMope AaloT 3aBbILLEHHbIE
3HaveHus KoadbduLmeHTa K No CpaBHEHNIO C TEOPETUHECKUMI 3HAYEHUAMY ANS LUAPHUPHOTO U XKECTKOTo ONMpaHus.

KIMKOYEBBIE CITOBA: kpyrnas nnactuHa, ToMnwyHa nracTuHbl, LUaPHUPHOE ONMMpaHne, XXeCTKoe onnpaHne, paBHOMEPHO pac-
npeneneHHas Harpyska, CocpeoTOMEHHbIE MACChl, YacTOTa COOCTBEHHbIX MONEPEYHbIX KonebaHuii, MakcMmarnbHbIi npornt
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Investigation of deflections and natural vibration frequencies
of circular isotropic plates of variable thickness according
to the law of square parabola with thickening to the support
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Orel State University named after L.S. Turgenev (OSU named after 1.S. Turgenev), Orel, Russian Federation

ABSTRACT

Introduction. At the present time, round plates of variable thickness are used as load-bearing elements in buildings, which
causes the necessity of their diagnostics and quality assessment. Such structures can be used as roofs of vertical cylindrical
tanks, round silos and bunkers, hatches in the ceilings of buildings and structures. Professor V.I. Korobko revealed
the relationship between the frequencies of their own transverse vibrations o and maximum deflections W, from uniformly
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BBEJEHUE

distributed load for isotropic plates of constant thickness at homogeneous support along the contour. The aim of the study is
to establish the relationship between the maximum deflection and the frequency of their own transverse vibrations for plates
of variable thickness according to the law of square parabola with thickening to the support. Based on the theoretical data
obtained, it is possible to diagnose defects (change in the design scheme, destruction, reduction in the thickness of the plate
as a result of corrosion, etc.) based on the results of comparison and analysis of theoretical and experimentally measured
natural vibration frequencies and (or) maximum deflections in the center of the plate.

Materials and methods. The design structure is a steel round isotropic plate of variable thickness according to the law of
square parabola with thickening to the support. The studies were carried out by the finite element method, hinged and rigid
pinching.

Results. Maximum deflections and frequencies of natural vibrations of a circular isotropic plate with different ratio of
the plate thickness on the support ¢, to the thickness in the center ¢, were determined. The relationship between the maximum
deflections of uniformly distributed load W, and the fundamental frequency of natural vibrations o of the circular plate is
considered. Based on the results of the study, graphs of dependence of maximum deflections and frequencies of natural
transverse vibrations of the plate on the ratio t,/t, are plotted.

Conclusions. As a result of numerical studies, the maximum deflections and the main vibration frequencies for circular
isotropic plates of variable thickness according to the square parabola law with thickening to the support were determined.
It was established that the K coefficient obeys within 5 % of the dependence of Professor V.I. Korobko only when the ratio of
the thickness on the support to the thickness in the center t,/t, = 55/50 < 1.1 for both support schemes. This is explained by
the fact that the dependence (1) is derived for isotropic plates of constant thickness and the distribution of mass unevenly
over the entire area of the plate leads to a significant error already at the stage of small difference between the thicknesses
to the support and in the center. With the thickness ratio ¢,/t, = 100/50 = 2, the discrepancy between the K coefficient and
the analytical one is about 30 % for hinged support and 43.8 % for rigid support along the contour. This means a more
significant influence of the uneven mass distribution for such homogeneous boundary conditions. It is also revealed that all
values of the K coefficient for circular isotropic plates of variable thickness according to the law of the square parabola with
thickening to the support give overestimated values of the K coefficient in comparison with theoretical values for hinged and
rigid support.

KEYWORDS: round plate, plate thickness, hinged support, rigid support, uniformly distributed load, concentrated masses,
transverse natural frequency, maximum deflection
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moe KoIu4ecTBo pabot yueHsix [1-3]. B3zammocss3s

MaKCUMaJIbHBIX HpOFI/IGOB M 9aCTOT COOCTBEHHBIX TOIIE-
IImacTuHBI 1OCTATOYHO IHUPOKO NPUMECHAIOTCA

B CTPOMTEIBCTBE, & TAK)KE B TAKMX OOJACTSIX MAIIH-
HOCTPOEHHUA, KaK CyJ0CTpPOCHHUE, CTAHKOCTPOECHHUE
aBHAllMOHHAs OTpacyb U T.0. Ilmactursel padborator
Ha pa3JIn4YHbIC BUABI HAI'PY30K — CTATUYCCKUE U IU-
HaMHYECKHE, a YCIOBHS 3aKPEIUICHUS 110 BHEIIHEMY
KOHTYPY MOT'YT OBITh pa3jM4HbIe, B TOM YUCIIE U HEO/-
HOpOozHbIE. B CBsI3M ¢ 3THM BO3HMKAaeT HEOOXOIMMOCTD
B UX JUAarHOCTHUKEC U OLICHKC KauCCTBaA.

Ipodeccop B.U. Kopobko ycTtaHOBHI B3am-
MOCBA3b MCKY YaCcTOTaMUu CO6CTB€HH])IX normnepe4-
HBIX KOJIEOaHUH () ¥ MAKCHMaIbHBIMU TTporubamu W,
OT PaBHOMEPHO paclpefiesIeHHON Harpy3Kku JUIs U30-
TPOTHBIX TUIACTUHOK ITOCTOSTHHOM TOJIIIMHBI IPH OJJHO-
POZHOM OIIMPAHUU MO KOHTYPY [1], cormacHO koTOpOit
BHE 3aBHCHMOCTH OT T'PAaHUYHBIX YCIOBHH IIACTHHBI
M0 KOHTYpY IPOU3BEACHUE KBaApaTa OCHOBHON 4acTo-
TBI KOJICOaHUH B HEHATPY>KEHHOM COCTOSIHUH () HA MaK-
CHMaJIbHBIH porud W, oT nefcTBHs paBHOMEPHO pac-
TIPE/IeIEHHON HArpy3KH ¢ ¢ TOYHOCTBIO /IO MHOXKHTEIS
q/m SBISIETCS TIOCTOSTHHOM BEJIMYNHOI:

W, o' =K<,
m

(1

I m — Macca MJ1aCTUHbI, pPaABHOMEPHO paclpeAC/ICH-

Hasl 110 €€ IUIOIIAIN.
Or1ieHKe KeCTKOCTH M30TPOMHBIX ITACTHH MPH CTa-
THYECKHUX U IMHAMHUYECKUX HArpy3Kax MOCBSIICHO O0JTb-

PEYHBIX KOIEeOAHH COCTaBHBIX U CIUTONTHBIX ITACTHHOK
m3ydanu B.W. Kopo6ko n O.B. Bosipkuna (Kanammmnko-
Ba) [4-6], A.B. Typxos, K.A. Xynuxosa (MBanymku-
Ha) [7], K.B. Mapdwun [8], H.C. Abammna [9], K. Pisaci¢
u coasT. [10] u np. Bonpocs! ycToiuMBOCTH MIaCTHH
paccmarpusanu M.P. Caguros [11], P.B. Tonpamreitn
u coabT. [12]. luHaMuyecKuMu pacyeTaMy IIACTHH
B nocieHee BpeMs 3aHuManuch M. A. CynakoBa 1 COaBT.
[13], Ix.I. AramapoB u I"A. MamenoBa [14], pacuera-
MU IIACTHH B HENMHEWHOH nocTaHoBke — P.d. ['a60a-
coB, H.b. ¥YBapona [15, 16], uccnenoBanusMu MmiacTHH
YUCIIeHHBIMH MeTofamMu — [1.A. AKUMOB u coaBT. [17],
B. K&vesdi [18], V. Nadolski u coasr. [19] u npyrue aB-
TopsbI [20]. YToOBI MOATBEPANUTH 3aKOHOMEPHOCTS (1) 171
TUTACTHH TIEPEMEHHON TOIIIWHBI TI0 3aKOHY KBaJIpaTHOU
napabobl ¢ YTOJIIEHHEM Ha Orope ObLIN MPOBEACHBI
WX YWCJICHHBIC MCCIECIOBAHUS TPU PA3THMIHOM COOT-
HOIIEHUH TOJIIIUHBI HA OTIOPE #, K TONIHMHE TIACTUHB
B IICHTPE #,, IPU 3TOM 1, = 1,.

MATEPHUAJIBI U METO/JbI

PacueTHas KOHCTPYKINST — KpyTJiasi H30TPOIIHAS
TUTACTHHA NEPEMEHHOW TOJIIMHBI 110 3aKOHY KBaJpaT-
HOW TapaboITel ¢ yTOoNImeHneM Ha orope (puc. 1).

TonmyHa MIaCTHHBI OIMCHIBACTCS BEIPAKCHUEM:

t=5+k(R-x)> cm. )
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Taéu. 1. KoaddurmenTs k as1st onpeeneHust TOMIMHBI ITACTHHBI 10 Gopmyste (2)

Table 1. Coefficients & for determining the thickness of the plate by the formula (2)

Koa(uuuent k B BbipaxkeHnH (2) MU TOMIIMHE MIACTUHEI £, HA OTIOPE, MM

Coefficient & in terms of (2) at plate thickness 7, on the support, mm

k-107°
50 55 60 65 70

75 80 85 90 95 100

0 0,556 1,11 1,67 2,22

Koa¢duruent k B BoipakeHun (2) BHIYUCISIETCS
JUISL KQXK10M pacyeTHOM TOJILKHBI Ha ONOPE MJIaCTHHBI
{,, 3HAYEHNs IPUBENEHBI B TAOM. 1.

Lens uccnenoBanus — yCTaHOBUTh B3aUMOCBSI3b
MEXJly MaKCUMaJIbHBIM IPOTHOOM M 4acTOTOW cOO-
CTBEHHBIX TOIIEPEUHBIX KOJICOaHUil [Is TUIACTUH Tiepe-
MEHHOM 110 3aKOHY KBaJpaTHOW MapadoIbl TOIITIHBI
IIPH YTOJILEHUH Ha OIOPE.

3aauu UCClIeOBaHUs:

1.Pa3paborarh Ui pacyeTHOH IJIACTHHBI Mepe-
MEHHOH TOJILUHBI KOHEYHO-3JIEMEHTHYIO CXEMY.

2.BBUACTNTE MaKCHMaJIbHBIE MPOTHOBI B IEH-
Tpe MIACTUHBI IPU AEHCTBUU PAaBHOMEPHO pacmpese-
JICHHOH 10 TTOBEPXHOCTH KOHCTPYKLUU HArpy3Ku Mpu
Pa3JIMYHOM COOTHOIICHUU tl/t2 U PA3JIUYHBIX KPACBbIX
YCIIOBHSX.

50

Puc. 1. Kpyrnas ninacTuHKa IepeMEHHOM 110 3aKOHY KBaJpar-
HOH 11apa®oIbl TOIIMHEI IIPH YTOJIIEHHH K OIOpe: @ — KO-
HEYHO-DJIEMEHTHAsI CXeMa; b — TOJIIHHA TUIACTHHBI

Fig. 1. Circular plate of variable thickness by the law of square
parabola with thickening to the support: @ — finite element
scheme; b — plate thickness

1214

2,78 3,33 3,889 4,444 5,00 5,555
3.0mnpenenuTs KPyroBble 4aCcTOThI COOCTBEHHBIX
MIOTIEPEYHBIX KOJICOaHHH MIaCTUH MPH PA3IMIHOM CO-
OTHOIUEHHUH £ /t, U PA3INYHBIX KPAEBBIX YCIOBHUSIX.
4.TIpoBecTH aHAIN3 MTOTYYECHHBIX PE3YIbTATOB.
VccnenoBaHusl IUIACTHH BBITOJIHSINCH METOOM
KOHEUHBIX 3JIEMEHTOB. PacueTHBIC CXE€MBI MIaCTUHOK
MEepEeMEHHON TONIIUHBI NpUBeAeHbI Ha puc. 2. Ilpu
pacyeTe IIacTUH MPUHUMAIINCH CIIEITYIONIHE CXEMBI —
IIapHUPHOE OMUpaHue (puc. 2, @) M KECTKOE 3aIemIe-
HHE 10 KOHTYPY (puc. 2, b).
[Tnactuna auamerpoM 6 M pa3duta Ha 240 KoHeY-
HBIX JIEMEHTOB — 24 3JIeMEHTa B KOJIIIEBOM HaIIpaBlie-
Hun 1 10 smemMenToB B paaunansHoM (puc. 1). Tommraa
TUTAaCTHHBI B IIEHTPE MMPHHUMANach MocTossHHOH 0,05 M,
TOJIIIMHA Ha OTOPE SIBIISANACH IEPEMEHHBIM [TapaMeTPOM
u u3MeHsanach ot 0,05 M (TulacTHHAa MOCTOSHHOM TOJ-
ekl 70 0,10 M ¢ marom 0,005 M. [Tnactuna u3 cranu
OOBIYHOTO KadecTBa, 0OBEMHBIN BeC CTall IMPHHUMAT-
cst mo HopMam 78,5 kH/M?. Momyib yIpyrocTd cTaiu
taxoke B3AT mo Hopmam CIT 16.13330.2017 «CranbHbie
KoHCTpyKIwn» E = 2,06 - 105 MITa. Bee pacuets! mpoBo-
JIJIMCH B ITPEATIONIOKECHUH YIPYTOl paboThI CTalIH.
PaBHOMepHO pacrmpeneneHHast Harpy3Ka Ha Ijia-
CTHHY TIpUHHMaack paBuoi ¢ = 1 kH/m?. TIpu ompe-
JIETIeHNN COOCTBEHHBIX YaCTOT KOJEOAHWH B y3JIBI
TUIACTHHBI IPUKIIAJIBIBAIIICH COCPEJOTOUCHHBIE MACChI
0T COOCTBEHHOTO Beca IJIACTUHBI, KOTOPHIE BBIYHUCIISI-

JIMCH COITTaCHO pr30BOI7[ miIomaan COOTBETCTBYHOIIUX

g =1xH/™M*/ kN/m’

EEEEEEEEEEEXEEEEREEREEN

q=1xH/M?*/ kN/m?

EEEEEEEEEEEEEEEEREREEN

| D=6mM/m |

b
Puc. 2. PacueTHble cXeMbl IUTACTHH: g — C IIAPHUPHBIM OIHU-
paHUeM I10 KOHTYpY; b — ¢ 3aleMIIeHHeM 110 KOHTYPY

Fig. 2. Calculation schemes of plates: « — with hinge support
along the contour; b — with pinching along the contour
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y350B. OnupaHue KOHCTPYKLUHH OCYLIECTBISIOCH
B KOHTYPHBIX y3J1aX [UIACTHH. YCTAaHOBJICHUE ITPOTUO0B
M 4acTOT KoJeOaHUH BBIMOJHSIIOCH B IIPOrPAMMHOM
kxomriexkce SCAD [17].

PE3YJIBTATBI HCCIEJOBAHMUA

PesynbTarsl YMCIEHHBIX UCCIEAOBAHUU ILIa-
CTUHKH TpuBesieHbl B Ta0u. 2, 3. [lo nanHbiM Tabdm. 2
1 3 TocTpoeHbI rpaduKy U3MEHEHUSI YaCTOT KoJeOaHui
(puc. 3), MakcUMaJbHBIX TIPOruOOB (puc. 4) B Uccieny-
EMBIX IUIACTUHAX U OTKIOHEHHUs A, %, KOdpPHUIeHTa
nponopuuonanbHocT K (puc. 5). OTkioneHue GhaxTu-
4yeckoro 3HaueHus: koadduimenra K oT TeopeTHUECKOo-
ro K onpenensuioch mo hopmyrie:

TEOp

KTEO _K
A=—2—100 %.

Teop

€)

SAKJITIOYUEHUE U OBCYXJIEHUE

B pesynbrare uncieHHbIX HCCIIEIOBAaHUM OIpeIere-
HBI MaKCUMAJIbHBIC TTPOTHOBI i OCHOBHEIC YACTOTHI KOJIE-
OaHMIA U KPYTIIBIX M30TPOIHBIX TUIACTHH MICPEMEHHOM
0 3aKOHY KBaJpaTHOH mapaOoibl TONIIMHBI TIPH yTOJ-
mieHun Ha omope. Kak mokasamm wmcciiefoBaHus, Kodd-
(urment K momunHsieTcs B mpenenax S % 3aBUCHMOCTH
npodeccopa B.M. KopoOko TONBKO TIPH COOTHOIICHHUH
TOJIIMHEI Ha OMOpe K TOMIIMHE B IeHTpe ¢ /t, = 55/50 < 1,1

Lo, c!/s!
180
160 Kectkoe onupanue
140 Rigid support
120

100 [[TapuupHOe onupanue |

80 ! : - Hinged support

60 R ——— |
40

1,0 L1 12 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0 1/,

Puc. 3. 3MeHeHHe 4acTOT COOCTBEHHBIX KOJICOAHHI B 3aBH-
CHMOCTH OT COOTHOIICHHS TOIIIMHBI IIACTUHBI {, HA OTIOpE
K TOJIIHHE £, B IIEHTPE

Fig. 3. Variation of natural oscillation frequencies depending
on the ratio of the thickness of the plate ¢z, on the support to
the thickness ¢, in the center

JUISL 00EMX CXeM ONMpaHusl. ITO OOBICHACTCS TEM, YTO
3aBUCUMOCTD (1) BhIBeZieHa JJIsl M30TPOIHBIX TUIACTUH
MIOCTOSIHHOW TOJIIIIMHBI U paciipeielieHHe Macchl HepaB-
HOMEPHO T10 BCEH IMJIOMIAAN MIACTHHBI IPUBOAUT K CY-
IIECTBEHHOH TIOTPEIIHOCTH YK€ Ha CTaJNuH HEOOIbIION
Pa3HHIIBI MEKTy TOIIIMHAMU Ha OTope U B 1ieHTpe. [lpn
COOTHOIEHHH TonmiuH ¢ /t, = 100/50 = 2 pacxox/ieHue Ko-
a¢¢dumenta K ¢ anammTHIeCKHM cocTaBisieT okoio 30 %
IpY IAPHUPHOM ONHMpaHuu U 10 43,8 % mpu xecTKoM
OITUPAHMH TI0 KOHTYPY, YTO CBHJECTEIBCTBYET O 3HAUH-
TENBLHO OOJIBILIEM BIMSHUY HEPAaBHOMEPHOTO pacripejie-

Ta6u. 2. Pe3yabrarsl YMCICHHBIX MCCIIEIOBAHUI KPYIIIOH IITACTHHBI C IEPEMEHHOI 110 3aKOHY KBaPaTHOI MapaboJibl TOMIIH-

HBI IIPY YTOJILEHUH Ha ONOPE NPU IHAPHUPHOM ONUPAHUU

Table 2. Results of numerical studies of a circular plate with thickness variable according to the law of square parabola with

thickening to the support with hinged support

5 O ?jﬂ g g = < =y

S35 | Tzi ] g% B SEEg

g g 5 s To g =0 = 2 Xox 5] 3 Mzoo©

g = 8 £ 8 g 4. 2% = S S 3E 388 a v 8 e

= = TeC e RN 35 BEE-< L2 = ExE

= g 5 =% 2 = I3 E

= = g o &g 2o 2 = S CEm g3z © 0 2o o

= = £3% & 5E Sy B 88 8RS S S22 -

- K ;E.‘:g 5 8.8 I g "Jg g o8

287° 2 S EZ ~ g 2 B

M5 2L S v C RN

ok o N v

50 50 42,52237 21,8409 1,581 -0,11
55 50 44,11425 19,9741 1,633 -3,44
60 50 45,70629 18,3175 1,685 —-6,69
65 50 47,32870 16,8212 1,734 -9,84
70 50 48,96650 15,4827 1,783 -12,94
75 50 50,63780 14,2663 1,831 1,579 -15,94
80 50 52,32624 13,1725 1,877 —-18,90
85 50 54,04877 12,1744 1,923 -21,76
90 50 55,78840 11,2734 1,967 -24,59
95 50 57,56141 10,4485 2,010 -27,33
100 50 59,35058 9,7016 2,053 -30,03
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Tabu1. 3. Pesynbrarhl YMCIEHHBIX UCCIIEIOBAHUI KPYIIION ITACTHHBI C IEPEMEHHOH 110 3aKOHY KBaApaTHOU napaboIibl TOIIH-

HBI IIPY YTOJILEHUH Ha ONOPE NPHU 3aILEMIICHUH 110 KOHTYPY

Table 3. Results of numerical studies of a circular plate with thickness variable according to the square parabola law with

thickening to the support when pinching along the contour
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70 50 114,4624 3,0759 1,936 —-18,84
75 50 120,5893 2,7540 2,004 1,629 -23,04
80 50 126,6794 2,4813 2,073 -27,24
85 50 132,7690 2,2461 2,140 -31,40
90 50 138,8224 2,0437 2,208 —-35,56
95 50 144,8761 1,8667 2,275 -39,68
100 50 150,8944 1,7125 2,343 —43,81
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Puc. 4. VI3meHeHme MporuOoB OT CTAaTUYECKON HArpy3KH B 3a-
BHCUMOCTH OT COOTHOLICHHS TOJIIMHBI IVIACTHHBI /, HA OTIOpPe
K TOJILMHE [, B LIEHTPE

Fig. 4. Variation of deflections from static load depending
on the ratio of the thickness of the plate ¢, on the support to
the thickness ¢, in the center

JICHUSI MaCChI TUTACTHHBI JUTS TAKUX TPAHUYHBIX YCIIOBHIA.
BrisiBiicHO Takke, 4TO Bce 3HaucHUs kodddurmenta K
JUISL KPYIIIBIX M30TPOIHBIX IUIACTHH NEPEMEHHOM Mo 3a-
KOHY KBaJIpaTHOH 1MapaOoIIbl TONIIWHBI TIPU YTONICHIH
Ha OTOPE TAFOT 3aBBIIICHHBIC 3HAYCHNS B CPABHCHUH C Te-
OPETUYECKUMH 3HAYCHHUSMH JUTsI 00EHMX CXEM OITHPAHHSL.
[ony4eHHbIC pe3yIbTaThl aKTyaIbHBI B YaCTH BO3-
MOYKHOCTH TUATHOCTUKHU Ie()EKTOB, XapaKTEPHBIX IS
CTaJIbHBIX KOHCTPYKIIM#, TAKMX KaK CHIYKEHHE KECTKOCTH
1 HecyIel ciocoOHOCTH BCIIEJICTBUE KOPPO3HH, OCOOCH-
HO IIPH 3aTPYIHCHUH WX HEBO3MOKHOCTH 00CIICIOBAHMS
KOHCTPYKIMH, CKPHITBIX e()EKTOB B BU/IE TPEILKH, B TOM
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0 !
Lo 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0 t/t,

Puc. 5. Msmenenne otknonenus A kodppunrenta K B 3aBH-
CHMOCTH OT COOTHOIICHHS TONIIMHBI TLIACTHHBI £, HA OTIOpE
K TOJIIIMHE £, B IIEHTPE

Fig. 5. Variation of the deviation A of the coefficient K de-
pending on the ratio of the thickness of the plate 7, on the sup-
port to the thickness 7, in the center

YHCJIE B CBAPHBIX IIBaX, N3MEHEHHs YCIOBUH OIMPAHUS
KOHCTPYKIIMHU U3-32 KOPPO3UH METAIIA B OMIOPHBIX y3JIax.
[IpumeHeHne TMHAMUYECKNX METOJIOB HATYPHBIX HCIbI-
TaHUH MO3BOJIUT CYIIECTBEHHO YIPOCTHUTH U YACIICBUTD
MOJTyYEeHHE YKCIIEPHIMEHTAIBHBIX IAHHBIX O TAKNX KOH-
crpykuusix. [TonoOHbIe HccienoBanys IIIACTHH ITepeMEH-
HOM TOJIIIIMHEI 110 3aKOHY 00paTHOH ITapaboJibl, B KOTOPBIX
paccMarpuBaeTCsl B3aMMOCBSI3b MaKCUMAaJIbHBIX ITPOrHO0B
OT PaBHOMEPHO paclpe/eIeHHON Harpy3Ku U cOOCTBEH-
HBIX 4acTOT TTONEPEYHBIX KOJIECOAHUH, SBIISIOTCSI OPUTH-
HaJIbHBIMH, & PE3YJILTaThl YHCICHHBIX UCCIICIOBAHMUIM T10-
JIyuYeHbI BIIEPBbIC.
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