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NCCIEOJOBAHUE HAITPSXKEHHO-JE®@OPMHUPOBAHHOI'O COCTOAHUA TIJINTHI
B MECTE EE 3AJIEJIKM B OCHOBAHUE

B mexanuueckux cucmemax, cmpoumenbHbolX KOHCMPYKYUSAX U COOPYICEHUAX HACMO BCMPEUAMCs COeOUHeHUs Oemaiell 8 8uoe Naumbl uil
MOJCMOTL NIACMUHbL, HCECMKO 3a0eNaHHOoU 6 ocHosanue. Ilodamaueocms conpsaeaemMix 21eMeHMO8 KOHCMPYKYUU UL COOPYIHCEHU. NPUBOOUM K
HepasHOMEPHOMY PaAChpeOesieHUIo NO2OHHOU HAZPY3KU 6 30He UX KOHMAKMA, 4mo OKA3bleAem CyuwecmeeHHoe GIUsHUe HA NOKA3Amel nPOYHOCMU
U JCeCMKOCIU OMOCNLHBIX 0eMAeil U COOPYHCEHUS 8 YeLOM. B ces3u ¢ dmum 6adicHOI A615emcst 3a0a4a onpedeieHus 3aKkOHA USMEHEHUs NO2OHHOU
HA2PY3KU U HANPANCEHUTL 8 Mecie 3a0eNKU NIUMblL 8 OCHOBANUE.

B npusedennom 6 cmamove memooe onpedeneHus YKA3aHHbIX CULOBbIX (PAKMOPOE NAUMA NPeOCmasieHa 8 sude Oaiku Ha ynpy2om OCHO8AHUU,
0711 KOmopou cnpagednuso ypagrerue TUMOUWEHKO — YPAGHEHUe C6:3U CUN0BbIX (pakmopos u deghopmayuii useuba u cosuea. /Jupgepenyuanvroe
ypasHenue HanpaXCeHHO-0ehOPMUPOBAHHO20 COCMOAHUA PEANoct aHATUMUYecKy Memodom Diiepa ¢ y4emom mozo, 4mo Oaika ucnvlmvléaem
CMeCHeHHbLIl U32UO U 3aKOH USMEHEeHUs. NO2OHHOU HAZPY3KU HOCUM XAPAKMep anepuoouyeckux 3amyxarouux KoieOaHui.

Tonyuennvle anarumuyecKkue 3a6UCUMOCIU U NOCMPOEHHbIE HA UX 6a3e PaAPUKU CEUOEMENbCMEYIOM, YO HA 2paHuye pazoeid NAACMuHbL U
JHCECMKO20 OCHOBAHUS UMeem MeCmo OONbUulds KOHYeHMpayus no20HHOU HA2PY3KU, KOMOpAs npeevluiaem cpednee ee 3HaYeHue 8 OecAmKu pas.
Pesynomamol uccnedoéanus no3eouawm ¢ OOCMAmMoyHO 8bICOKOU CIMENeHbI0 MOYHOCMU OCYWeCmeUums paciem naumsl uil mojicmou nidacmuHsl,
300€1aHHOl 8 OCHOBAHUE, HA NPOYHOCHb U HCECMKOCHb, YO BANCHO NPU NPOEKMUPOBAHUU Y3108 MEXAHUZMO8 U CIPOUMENbHBIX KOHCMPYKYUIL.

KiioueBble c/10Ba: IUIHTA, YIPYyroe OCHOBAaHUE, IOTOHHAS HArpy3Ka.

B cTpouTenbHBIX KOHCTPYKIMSIX, COOPYKEHUSIX U Me- S
XaHMYECKUX CUCTEMaxX 4YacTO BCTPEYAIOTCSI COIPSIKEHMS
JeTajei B BUJIC TUTHTHI, >KECTKO 3aJIeJIaHHOM B OCHOBAHHE. P
JlehopMaTHBHOCTD DIEMEHTOB TaKOTO y3ja MPHBOIHUT K ‘
HEpPaBHOMEPHOMY PAcCIpeeNIEHUIO0 HAarpy3KH U HaIlpshKe- =
HUHM B 30HE MX KOHTAaKTa, YTO OKAa3bIBAET CYIECTBEHHOE
BJIMSIHUE Ha MOKAa3aTesld MPOYHOCTH U KECTKOCTH COOpY- o i
JKEHMsI WJTM MEXaHU3Ma U €ro cocTaBHbIX yacrtelt [1, 2]. B % \
CBSI3U C 3TUM Ba)KHOM SIBJISIETCS 3a/lauya ONpeeeHus 3a- qc)
KOHa M3MEHEHHUs! MMOTOHHOW Harpy3Kd W HaNpsHKEeHUH B —
MECTE 3aJIEJIKU TUTUTHl B OCHOBAHUE.

PaccmoTpuM  (pparMeHT CONpPSDKEHHS DIEMEHTOB
KOHCTPYKIIMH, BKITIOYAIOIINI B ceOS TOICTYIO IUIHTY U
gacTe ocHoBaHMA (puc. 1). Mcmoms3ys merox Ilyanco
TIPMBECHUS CHIIBI K LEHTPY M TIPUHIUIT CYTIEPIIO3HIIHH, Puc. 1. PactipeencHue IOrOHHONW HAarpy3ku B MECTE 3a€JIKU
OHpCI[eJH/IM HOFOHHyIO Harpngy q(x) KaK CyMMy o- IUIATBI B OCHOBAaHUE MarTe€pualia COIIpAra€MbIX 3JIEMCHTOB,

=

>

. . I=bS*/12; S — TONIIMHA TIUTHI
TOHHBIX HArpy30K, BBI3BAHHEIX JEUCTBUEM NPUBEICHHOU

K eHTpy O cuibl P M co31aBaeMoro eif OTHOCHTENBHO

Torna Beipaxkenne (1) mpuMeT cuenyromuii BUA:
IIEHTpa NpUBEACHUS M3THbaomero MoMeHTa M, Uit

Yero 3amuileM ypPaBHEHHE CBS3U CHIIOBBIX (DaKTOPOB U q" (x ) -vq" (x ) +2q (x ) =0, (2)
nedhopManuy u3ruba M CABHTA TUTMTHI B 30HE COTIPSIKE- i »
Hus y(x) (ypasrenue Tumormnenko [3, 4]): rme v= ¢ JA= €
S bG EbS®
M (x) q (x) o Pemenue XxapakTepUCTHUECKOTO YpPaBHEHHUS, COOT-
— ko —==y (x), 1) .
IE SbG BETCTBYIOIIETO PaBEHCTBY (2):

e M(x)=M, +Px—]q(g)(x—g)d§; M, =Ph= Oy =10,5v 20,25 3.
0

VuuTHIBas, 4TO Ganka HCIBITEIBAET CTECHEHHBIH 13-
ru6, 3aKOH M3MEHEHHs TIOTOHHOH HATPY3KH HOCHT Xa-
mepsoro poxa; k = 1,2, G=0,5E/(1+p); - kK03  pakrep amepHoaMUecKiX 3aTyXaIOIIMX KONeGaHHUii. DTO

=gqlh; b— mmpuHa 1WIMTB; E — MOAYNH YIPYrocTH

¢unmenr Ilyaccona. MMeeT MeCTo Mpu A =V’ / 4, uim

[TnmTa B MecTe ee 3aeiKu MpeAcTaBisieT coboit Oa-
Ky Ha YIpyroM OCHOBAaHUH, M ee aedopMarus MOXET
OBITH BBIpa)KEHA UYepe3 MOTOHHYI0 HAarpy3Ky M >KecT-

KOCTb ympyroro ocHosarus c: y(x)=g¢(x)/c.

1 12
o= |(D174| =T

S\ k(l+p)

Torna noronHas Harpy3ka, 00yCJIOBJICHHAs IEHCTBH-
€M BHEIUTHHUX CHUJIOBBIX (PaKTOPOR:
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q ( x) = ( A+ Bx) e ™ a TaroKe porud Ok B MECTe TPHIIOKEHHS K Hel CHTbl P
4ql( Y  kqlh
HOCTOiIHHBIe I/IH.Tel"pI/IPOBaHI/ISI A, B ompenemnm w3 y(h) [ J [ 4(0)+ ¢’ (0) h] (] 4 Kqtn
ypaBHEHHI CTaTHUKU: 12Eb bsG
1 1
Iq(x)dsz:ql, M0+jq(x)xdx:0, q(x)q ‘
0 0

31€Ch ! — JUIMHA TUIMTBI B 30HC €€ COIPSIKCHUA C OCHO- 60

BaHHUCM, ¢ — CpE€AHAA IMOTOHHAsA HarpyskKa B yKa3aHH017[

40

30HE.
Ha puc. 2, 3 npencraBneHsl rpadukd H3MEHEHHS
OTHOCHTEJILHOW TIOTOHHON HAarpy3Kd B MECTE€ KOHTAaKTa 20
Jetanei, coorBeTcrByrommue p=0,25.
1
q()/q  E— —
80 -20
0 0,25 0,5 0,75 X/l

60 Puc. 3. 3aBUCHUMOCTb TOTOHHOI HAarpy3Ku B 30HE CONPSDKCHUS

IUIMTEL ¥ ocHOBaHus ¢q(x)/q ot x/I mpm [/s=1: 1-
hls=1,2—h/s=2,3—h/s=3,4—h/s=4

40,

. [lonmy4yeHHblE aHATUTHYECKUE 3aBUCHUMOCTH M MOCTPO-

€HHBIC Ha X 0a3e rpauKi CBUACTENBCTBYIOT, UTO Ha Tpa-
HULIE pa3fiena IUIACTHHBI M JKECTKOTO OCHOBAHHSA HMEET
MecTo OoMblllass KOHIIGHTPALM MOTOHHOM Harpys3ku. Pe-
3yJIBTaThl MCCIESIOBAHMS TO3BOJIIIOT C JOCTATOYHO BBICO-
KO CTEIeHbI0 TOYHOCTH OCYILECTBUTH PACUET IUIUTHI MU
TOJICTOM IIaCTUHBI, 3a/leJJaHHOM B OCHOBaHHWE, Ha IpOY-
HOCTb U JKECTKOCTb, YTO Ba)XKHO TP MPOEKTHPOBAHUH y3-

~20
0 0,25 0,5 0,75 x/1

Puc. 2. 3aBucuMOCTb OIOHHOI Harpy3Ku B 30HE COINPSKEHUS
IUIATBL U OcHOBaHuA ¢(x)/q ot x// mpm [/s=2: 1-

h/s=1,2=h/s=2,3-h/s=3,4-hls=4 JIOB MEXaHU3MOB M CTPOUTEIBHBIX KOHCTPYKLIUH.
YuuTtsiBas PaBEHCTBO A=Vv>/4, Wi bubsimorpaduyeckue CChUIKA
c=12Eb/ [sk2 (1+ u)ZJ , MOXHO OIIPEJICINTh IepemMe- 1. Nikolic V., Doli¢anin C., Dimitrijevic D. (2010).
Numerical modelling of gear set dynamic behaviour. Scientific
LICHHEC B 30HE COMPSIKEHUA Technical Review, no. 3-4, p. 48-54.
) 2. Plekhanov F. I, Kuznetsov V. S. (2010). Deformability
s [k(l + u)} of elements of a planetary gear transmission. Russian

q(x), Engineering Research, Vol. 30, no. 6, p. 557-560.
3. Tumowenko C. I1., Botinosckuii-Kpueep C. Ilnactunsl u
obonouku. — M. : JIu6poxom, 2009. — 640 c.
4. Axmemsanoe M. X., Jlazapes U. b. ConpoTHBICHHE Ma-
Tepuanos. — M. : FOPAIT, 2011. —299 c.
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F. I. Plekhanov, DSc in Engineering, Professor, Kalashnikov ISTU
G. N. Pervushin, DSc in Engineering, Professor, Kalashnikov ISTU

Investigation of the Stress-Strain State of the Plate in the Place of Its Fixing on the Basis

In mechanical systems and building structures, the joint of parts as a sheet or a thick plate rigidly fixed on the basis are rather common.
Compliance of contacting elements of the structure leads to non-uniform distribution of the unit load in their contact zone, thus essentially affecting
the strength and rigidity parameters of individual parts and structures as a whole. In this connection, the problem of determining the law of
variation of the unit load and stresses in the place of the plate fixing on the basis becomes relevant.

This paper considers the method for determining the pointed power factors, implying the representation of the plate as the beam on the elastic
basis, for which the Timoshenko equation is valid, that is, the equation of relation of power factors and bending and shearing strains. The
differential equation of the stress-strain state is solved analytically by the Euler method, accounting for the fact that the beam is subjected to
constraint bending and the law of variation of the unit load is of aperiodic attenuating oscillations.

The obtained analytical relations and plotted on their basis diagrams indicate that the unit load is highly concentrated at the boundary of the
plate and the rigid basis, the value of this load exceeding its average value dozens of times. Investigation results allow for performing the strength
and rigidity calculation of the sheet or the thick plate fixed on the basis with a high degree of accuracy, which is urgent when designing the units of
mechanisms and building structures.

Keywords: plate, elastic basis, unit load
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