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BbiBO 32aBHCHMOCTH NPOruda MmJIoCKoO TpaneneBuIHON pepMbl OT YHCIA
naHeJeu
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AHHOTALIUA

®depma ¢ AByMs ONOpamMu 3arpy’k€Ha paBHOMEPHO IO y3JIaM BEPXHEro IMosca.
[Iporu6 cepenuHbl KOHCTPYKLHMH ONpPENENseTcs ¢ NMOMOIIBI0 HMHTerpaia Mopa.
AHaNUTUYECKUE BBIPAXKEHUS Uil YCUJIMH B CTEPKHAX HAXOASATCS METOAOM
BBIPE3aHUS Y3JIOB B CUCTEME KOMITbIOTepHON Martemartuku Maple. Psg pemennit
Ui pepM ¢ MOCIeA0BATEIbHO YBEIUYUBAIOLIUMCS YUCIIOM IMaHenell o0o0maeTcs
METOJOM MHAYKIMH. MCHnonp3yroTcs CHeUuaaIu3dpOBaHHBIE ONEPATOPBI IS
COCTABJICHHSI M PELICHUS] PEKYPPEHTHBIX BBIPAKEHUIN JUIsI HCKOMOM 3aBHCHMOCTH.
[loka3aHO, YTO B pELICHWU CYIIECTBYET JIMHEHHAs AaCHUMITOTUKA IO YHUCIY
IIaHEJIEH.
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Derivation of the dependence of the deflection of a planar trapezoidal shape
truss on the number of panels
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Abstract

The truss with two supports is loaded evenly on the nodes of the upper belt. The
deflection of the middle of the structure is determined by the Mohr’s integral. The
analytical expressions for the forces in the rods are found by the knot-cutting
method in the Maple computer mathematics system. A number of solutions for
trusses with a consistently increasing number of panels is generalized by induction.
Specialized operators are used for composing and solving recurrent expressions for
the required dependence. It is shown that there is a linear asymptotic in the solution
with respect to the number of panels
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Perynsapusie koHcTpykiuu (tutockue [1-7] mnm mpoctpancTBeHHbIE [8-12])
MOTYT OBITh pacCUMTaHbl Ha JepopMalliyd M YCHIHS HE TOJIbKO YHCJIEHHO, HO |
aHanutruecku. PaccMarpuBaemasi hepma 3a cyeT OOKOBBIX CKOIICHHBIX TMaHEJeH
(puc. 1) HEe OTHOCUTCSI B MIOJTHOM Mepe K peryJispHbIM KOHCTPpyKUIUsiM. OHaKo,
ecnr 3aUKCHPOBATh YKCIIO CKOIICHHBIX IMAHENeW W pPacCMaTpUBATh JIUIIIbH
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CPEIHIOI0 YacTh ¢ 2N—4 maHeIsIMu, TO P N>2, UCTIONIB3YS TE KE METObI, YTO U B
n3BeCTHBIX paborax [13-16],M0KHO HAWTH 3aBUCUMOCTh MPOTrMOa HE TOJBKO OT
Harpy3Kd U pa3MepoB, HO M OT YHCTIa MTaHEeJICH.

[TomoOuble (epMbl TPOCTHI B HM3TOTOBIICHWH, HEIOPOTH, W IIUPOKO
pacipocTpaHeHbl B MAaIIUHOCTPOCHWH, ABUACTPOSHUH H CTPOHUTEILCTBE. B
paborax [17-26] MeTon HWHIYKIMH TNPUMEHEH JJIS aHAJIUTHYECKOrO pacyera
TUTOCKUX apOK PETYISPHON CTPYKTYPHI.
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Pucynok 1 — ®depma nos1 paBHOMEpHOM Harpy3kou, N=4

Pacuer ycunuii B aHaduUTHYECKOW (opMe BBINOJIHAEM [0 TPOrpaMme,
HaIKMCAaHHOW Ha sI3bIKE CHCTEMbI CMMBOJIBHOM MarteMatuku Maple. B mporpammy
BBOJISITCSl KOOPAWHATHI IIAPHUPOB (HaYajao KOOPJUHAT B MOJIBUKHOM omope):

>for i to 2*n+l do x[i]:=a*i-a:y[i]:=0:
x[i+2*n+1] :=a*i-a: y[i+2*n+1]:=h: od:
>y[2*n+2] :=h/2; y[2*n+3]:=3*h/4; y[4*n+l]:=3*h/4; y[4*n+2]:=h/2;

U JIaHHBIE O penieTKe (epMbl

>for i to 2*n do

> Nbeg[i]:=i; Nend[i] :=i+1; #rmxumit  nosic
> Nbeg[i+2*n]:=i+2*n+1; Nend[i+2*n] :=i+2*n+2; #BepxHMII nosic
>od:

>

>for i to n do

> Nbeg[i+4*n]:=i+1l; Nend[i+4*n]:=i+2*n+l; #packocH

> Nbeg[i+5*n] :=i+n; Nend[i+5*n]:=i+3*n+2; #packocH
>od:

>for i to 2*n+l1l do

> Nbeg[i+6*n]:=i; Nend[i+6*n] :=i+2*n+1; #BepTHUKaANM
>od:

Jia pacueTa nporuda Bocnosib3yeMcsi HHTerpajioM Mopa B popme:

m-3
A=Y s"ISPL [ (EF).
i=1
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3nech M=8n+4 — uyucno cTepxkHel B Gepme, S’ —yCHINSA B CTPEKHAX OT

1
o 1 o

Harpysku, |.— ammHa crpexHei, Si() —YyCWihe OT €IUHUYHOU Harpy3ku, EF—

YKECTKOCTh CTepKHEN, E — MOynb yripyrocrtu.
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[Tporu6 anis pepmsbl ¢ TpeMs MaHEIIMH UMEET BU

A, =P(3736a° +72¢® +80d° + f* +28g°> + 408h°) / (144EFh?),

re c=va’ +h’ , g=+16a%+h?, f=16a%+9h?, d =4a’>+h?.

AHanornyso, npu N=4 u N=5 umeem

A, = P(13712a3 + 288¢3 + 112d3 + 2f3 + 41g3 + 780h3) /(144EF h?)
Ag = P(11784a3 + 216¢3 + 48d3 + f3 + 1893 + 432h3) /(48EFh?)

Beipaskenns i mporuba A, N=3,4,5,... yIOBIETBOPSIIOT OJHOPOIAHOMY
YPaBHEHHUIO TSATOTO TOpSAAKAa C OMHOMUHANBHBIMU KO3(h(dUIIMEHTaMH, KOTOpOe
naet oneparop rgf findrecur cuctemsl Maple u3 makera genfunc

4 = 541—1 _1041—2 + 1041—3 - 541—4 +4 5

Pemenne  3TOro  ypaBHEHHMS ~— TodydaeTcs MO0 W3 PEIICHHUS
XapaKTePUCTHUSCKOT0 YpaBHEHUsI, TIOO (TIpoie) omeparopom rsolve:

A, = P((60n* +12n? —608n +592)a’ + 72(n—2)°c* +
+16(2n-1)d®+(n-2) f*+(183n-11)g° +12(6n* —11n +13)h°) / (144EFh?).

AHanuTudeckas gopMma perieHus M0o3BOJISIET HANTH €ro acUMITOTHKY. Jliis
CJly4asi pPABHOMEPHOW HArPYy3KH UMEEM

limA'/ n=(c®>+h*)/(4h°L).
rneA'=AEF /(LR,), P.=P(2n+1). Pacuer IPOM3BEICH npu
¢dbukcupoBanHoM mposete: a=L/(2n).

PaccMoTpenHblii  MeTon moiydeHHs (OpMyn IS PETYJSPHBIX  (epm
NPUMEHUM M B 3a/1ayax kosiebanuii [27-36]. B cnpaBounuke [37] u mocobuu [38]
nano onmcanne Maple mporpammer mis pacdera ¢epM, HCIOIL30BAHHON B
HacTosIeH paboTe.
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