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AHHOTALUA

Cratudecku omnpenenuMas Iockas (epMa paBHOMEPHO 3arpyxkaercs Io y3jiaM
HIKHero mosca. CraBuTcs 3ajada  BBIBOJIA AHAIMTHYCCKOM 3aBHCHUMOCTH
BEPTHUKAJIBLHOTO MEPEMEICHUS CPeAHEro y3ia (epMbl OT YuCia maHenen. Y cuus
B CTEPXKHSIX ONPEHECTAIOTCS METOIAOM BBIPE3aHUS Y3JI0B, INEPEMEIIEHHE — IIO
dbopmyne Makcpemta- Mopa. [yt 00001IeHusT peIieHusT Ha MPOU3BOJIBHOE YHUCIIO
MaHeJIed HCIOIb3yeTCsl MHAYKTHUBHBIA MeToa. JlaHbl (GopMyssl Ui YCUIIUH B
HauOoJiee OMacHbIX CTEpXKHAX. HalijieHo cMelieHue MOABMKHONW omnopel. Bce
peoOpa3oBaHus BHIMIOJIHEHBI B CUCTEME KOMITbIOTepHOU MaTeMaTuku Maple.
KawueBble ciioBa: ¢pepma, naTerpai Mopa, mporud, namykiws, Maple
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Abstract

A statically determinate flat truss is evenly loaded along the nodes of the lower
belt. The problem is set to derive the analytical dependence of the vertical
displacement of the central node of the truss on the number of panels. Forces in
the rods are determined by the method of cutting out the knots, displacement is
carried out using the Maxwell-Mohr’s formula. To generalize the solution to an
arbitrary number of panels, an inductive method is used. The formulas for the
forces in the most dangerous rods are given. The displacement of the mobile
support is found. All transformations are performed in the system of computer
mathematics Maple.
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B [1] xecTtkocTh depmbl (prc. 1) paccunTaHa Ha Harpy3Ky IO BEpXHEMY
nosicy. depma BbICOTOH 2N mMMeeT N maHenel IIMHOM A B IMOJIOBUHE IIPOJIETA.
Uucno crepxkneid — kK =12n+6, Bkioyas Tpu omnopHble crepxHs. CraBUTCS
3ajJ1a4a JIOTOJTHKUTH penreHne [1] pacueTom Ha Harpy3Ky 1o HKHEMY mosicy. Kak n
paHee, HCIIoJIb3yeM MporpamMmy [2], Mo3BOJISIONIYIO TOIydYaTh YCHIIUS B CTEPIKHSX
B CUMBOJILHOM BUJIE.

» ?PG IPG IPQ P, TP, Ipa Ipa IPG Lﬂa

Pucynok 1 — ®depma npu Harpyske cHu3y, N=5

[IpuBeneM (parmMeHT mporpaMmbl, B KOTOPOM 3aloJIHSIETCS MaTpula G
YPaBHEHUH PAaBHOBECHS Y3JI0B.

> m0:=12*n+6:

> for i to m0 do

> Lxy[1] :=x[N[i] [2]]-x[N[i] [1]]:

> Lxy[2] :=y[N[i] [2]]-y[N[i] [1]]:

> L[i] := subs(a*2+h”*2=c*2,a”*2+4*h*2=d"2,
sgrt (Lxy[1l]*2+Lxy[2]72));

> for j to 2 do

> Jj:=2*N[i] [2]-2+7:

> if §j<=m0 then G[jj,i] :=-Lxy[j]1/L[i]:fi;

> §5:=2*N[i] [1]-2+7:

> if jj<=m0 then G[jj,i]l:= Lxy[j]1/L[i]:fi;

> od;

> od:

3nech Lxy[l] — TMpoOeKIUs CTepXHS i (C YCJIOBHO BBIOpAHHBIM

HaIpaBJICHUEM) Ha OCh X, Lxy[2] — mOpoekuus Ha och Y. OnepaTop 3aMeHbI subs
UCIIOJIB3yeTCsl Ui OoJiee KOMITAKTHOM 3ammcu pe3yibrara. BBoa koopauHat
omucas B [1].

Jiist BBIYMCIEHUS TpOruda ucrnosabp3yeTcss nHTerpain Mopa:

k-3
A=>SPsPI I (EF).

i=1

TIe ¢ = \/az +h*d= \faz +4h? . O603HaYEHO: Si(P)— yCWIHSI B CTEPIKHSIX

o 1 9
— MJIMHBI CTCPIKHCH, S-() — ycuisad 0T CAMHUYHOU

OT 3aaHHOW Harpysku, | !

i
CUJIbL, IPUJIOKEHHON K Cepe/IMHEe HWKHETo mosica (Ha pUCYHKE TOYKA BBIJICJICHA),
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EF — xectkocThb crepxkuent pepmbl. Unaykuus o 14 pepmam gaet popmymy s
nporuda Bujaa

A4=P(C@’+C,h° +Cc* +C,d°)/ (8h°EF).

JIns BBIABIACHUS OOIIMX WICHOB IMOCJCIOBATEIBHOCTEH KO3()HUIIMEHTOB,
NOJYYCHHBIX M3 pPAacyeTOB OTHCIBHBIX (epM, TPUMEHSIEM CICHUAIbHBIC
orepatopsl rgf findrecur makera genfunc cucTembl KOMIBIOTEPHON MaTeMaTHKU
Maple. s ko>ppHUIMEHTOB IIpu a° MONY4EHO JHMHEHHOE OIHOPOIHOE
PEKYPPEHTHOE YPaBHEHHUE CEILMOTO MOPSIKa

C1(n) = 3C1( n-1) Cl( n-2) 5C1( n-3) + 5C1( n-4) + Cl( n-5) _3Cl(n—6) + Cl( n-7)"

Jis  ocTtanbHBIX KOI(PPUIMEHTOB (GOpMyIBl MPOruda peKyppeHTHOE
ypaBHEHHE UMEET OJIMHAKOBBIN BUI:

C2,3,4(n) = C2,3,4( n-1) + 2C2,3,4( n-2) 2C2,3,4(n73) - C2,3,4(n74) + C2,3,4( n-5)*

Omneparop rsolve gaer cienyromnme BRIpayKESHUS:
C,=(4(5n" +6n° +4n° +6((-1)" —3)n)+30(1—(-1)"))/ 24,
C,=2n’+1—(-1)",
C,=2n+2((-1)"-1)n—(-1)"+1,
C,=(2n° +((-1)" -1)n—(-1)"+1)/ 2

AHanuTUYECKHEe BBIPAKECHUS JIJIST YCUIIMHA BO BCEX CTEPXKHSX MOITY4aIOTCS B
mpoliecce BbIBOAA BbIpaKEHUs s mporuda. Bemmumiem gopmyinbl ais pacuera
YCWINKM B HEKOTOPHIX (HanboJiee OMacHbIX) CTEPKHsIX hepMmsl (puc. 1):

O, =—Pa(n*—2)/ (4h), O, =—Pan’/ (4h),
D, =Pd/h, D, =Pd /(2h), U, =U, =Pan’/ (4h).
CrepkHM BEPXHETO IOsACA CXKAThl, UX HA0 PACCUNUTHIBATh HA YCTOMYUBOCTb.
B HwxHeM mnosice CTEpKHM pACTAHYTBI, B TaKUX CTPEXHAX MPOBEPSIETCA
npoyHocTb. K ne@opMalnMOHHBIM XapaKTepucTUKaM (epMbl OTHOCHTCS U
CMEIIEHME NOABWXXHOM OIOpbl. PaccuntaTh 3TO 3HAYEHHE MOXKHO TaKke IO
dbopmyne Maxkcpenna-Mopa. [lpuknanpiBas €IMHUYHYIO TOPU3OHTAIBHYIO CHITY
ITOJABW>KHOM OIIOpE, MOJy4aeM 3HAUYCHUSl YCUIINM, IO KOTOPBIM METOAOM MHIYKIUH
nosrydaeM GpopMyIy
J = Pa’n(2n* +3n—-5)/ (6hEF).
AHanoruyHele peueHus A TUIOCKUX U MIPOCTPAHCTBEHHBIX (hepM METOJIOM

UHAYKIMKA ObUTH MOJTydeHbl B padortax [3-9]. O630p paboT, comepikaiux BbIBOIbI
AHAJTMTHYECKUX BBIpOXKEHUH 11 iporuda depm, nan B [9-11].
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