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AHHOTALUMUA

BBepaeHue. NpegnoxeHa cxema niockon CUMMETPUYHOW CTaTUYecky onpeaenumon 6anovHon hepmbl ¢ NPSMONMHENHBIM
HWXHUM MOSICOM, CTOMKaMu, pasHoHanpaBneHHbIMY packocamu 1 NOMMroHanbHbIM o4epTaHMeM BepxHero nosica. Mosica
hepMbl NPSMONUHENHbIE, LIAapHUPLI naeanbHble. Pepma OTHOCKTCS K Kraccy perynsipHbix hepM, MMEILLX Nepruoanyeckme
avelikn. OnopHble CTEPXKHN NPUHATLI HeaedopMmnpyeMbiMu. Pepma paBHOMEPHO Harpy>KeHa Mo yanam HUXHero rnosica.
MaTtepuanbl u metoabl. [locTaBneHa 3agaya BblBoAa 3aBUCUMOCTM Nporvba dhepmbl OT Yncna naHenen B nponete. [MNpornb
nonyyaetcs no dopmyne Makceenna — Mopa B NpefnonoXeHun, YTo BCE CTEPXHU UMEIOT OAMHAKOBYHO XXECTKOCTb. Yeunus
B CTEPXXHSIX KOHCTPYKLMMN OT AEVCTBYHOLLEN PABHOMEPHOW Harpy3ku 1 OT eAVHUYHON BEPTUKaNbHOWM B cepeanHe nporeta
onpeaensitoTcs METOAOM Bblpe3aHusi y3rnoB. MaTtpuua cucTeMbl NIMHENHBIX YpaBHEHUI paBHOBECUS Y3MOB COCTaBSIETCS U3
KOCWHYCOB YCUMUIA C OCSIMY KOOPAMHAT. [N COCTaBNeHNs CUCTEMbI YPaBHEHUIA U €€ pELLEHNsI UCMONb3yeTCs NporpaMmma
cMmBoOnbHOM MaTematuku Maple. [ins nonyyeHust obuuert hopmynbl pellaeTcs pag 3agad hepm ¢ YMCoM naHenem oT 2 Ao
29. NocnepoBaTenbHOCTU KO3hPULNEHTOB hOPMYyIbl NPporMba MMeLOT 06LLME YNeHbl, s KOTOPbIX Takke MeTogamm cucte-
Mbl Maple ¢ ncnonb3oBaHWEM cneLuanu3npoBaHHbIX ONepPaTopoB COCTaBMATCA OAHOPOAHbBIE PEKYPPEHTHbIE YPaBHEHNS!.
Pesynbrathbl. PelueHns pekyppeHTHbIX ypaBHEHWIN UMEIOT (hOpMY NMOMMHOMOB C KO3(hULMEHTAMM, 3aBUCALLUMM OT YETHO-
CTW YnCrna NaHeneu, u cogepxar TpUroHoMeTpuyeckme PyHKUMK. NMocTpoeHbl U NpoaHanu3npoBaHbl rpaduky NOMyYeHHbIX
peLueHuin. OTMeYaroTCs XapakTepHble Ans Nogo6HbIX hepm ckadku npornba n nx HEMOHOTOHHbIV XxapakTep. MNokasaHo, 4YTo
npu OUKCUPOBAHHOW, HE 3aBUCSLLEN OT YWCra NaHenemn, ANvMHe NporneTa U CyMMapHOW Harpy3ke OTHOCUTENbHBIV Nporub ¢
yBeNMYeHVeM Yvcra naHeneln cHavana nagaet, 3aTeM MeHsIeTCs Maro.

BbiBoabl. MeTogamu cuctembl Maple nony4yeHo acMMnToTMYECKOE CBOMCTBO PELUEHUs: HAadEeHa HaKMoHHasi acuMnToTa.
Yron HaknoHa BbIYWUCMEH C UCMNOMb30BaHNEM aHanMTUYeckux Bo3amoxHocTe Maple. BbiBeneHa npoctas dpopmyna ans
rOpPM30HTalNbHOIO CMELLEHNS MOABWXHON ONopbl OT AEACTBUSI HArpy3ku. 3aBUCMMOCTb OKa3blBaeTCs MOHOTOHHOM. BbicoTa
epMbl BXOAUT B 3HaMeHaTenb (opmyribl.
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Analysis of the deflection of a truss with a decorative lattice
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ABSTRACT

Introduction. A scheme is proposed for a planar symmetric statically determinate beam truss with a rectilinear lower belt,
struts, multidirectional braces and a polygonal outline of the upper belt. The belts of the truss are rectilinear, the hinges are
ideal. The truss belongs to the class of regular trusses having periodic cells. The supporting rods are not deformable. The
truss is evenly loaded around the nodes of the lower belt.

Materials and methods. The task is to deduce the dependence of the deflection of the truss on the number of panels in
the span. The deflection is obtained from the Maxwell-Mora formula under the assumption that all the rods have the same
rigidity. Forces in the structural rods from the effective uniform load and from the unit vertical in the middle of the span are
determined by the method of cutting the nodes. The matrix of the system of linear equations of node equilibrium is made up
of the cosines of the forces with the coordinate axes. To compile a system of equations and solve it, the program of symbolic
mathematics Maple is used. To obtain the general formula, a number of problems of trusses with a number of panels from 2
to 29 are solved. Sequences of the coefficients of the deflection formula have common terms for which homogeneous recur-
rence equations are also compiled using the methods of the Maple system using specialized operators.

Results. The solutions of recurrence equations have the form of polynomials with coefficients that depend on the parity of the
number of panels and contain trigonometric functions. The graphs of the solutions obtained are constructed and analysed.
Sharp changes of deflection characteristic for such truss and their non-monotonic character are noted. It is shown that for
a fixed, independent on the number of panels, length of the span and the total load, the relative deflection with increasing
number of panels first decreases, then varies little.

Conclusions. The asymptotic property of the solution is obtained by the methods of the Maple system: an inclined asymp-
tote is found. The slope is calculated using the analytical capabilities of Maple. A simple formula is derived for the horizontal
displacement of the mobile support from the action of the load. The dependence is monotonic. The height of the truss is
included in the denominator of the formula.
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BBEJEHUE

B pa6orax [1, 2] P.Jlx. Xarunncon u H.D. ®dnex
OOBSIBUIIN «OXOTY» Ha CXEMbI CTaTUYECKU OIpeie-
JIUMBIX PerysisipHbix Gepm. Eciu He orpaHu4YuBaThCs
TOJILKO MPOCTHIMH CXeMaMH 0ajJo4YHbIX (epM ¢ Tpey-
TOJIbHOM WJIM IIPSIMOYTOJIBHOM PEUIETKOM, TO LEJb 110-
HCKa TaKUX CXEM OYEBHJHA M UMEEeT NMpaKTUYeCKUH
cMbIc. J[71st pa3HBIX Lienel B CTPOUTENbCTBE U MalllH-
HOCTPOEHHHU TPeOYIOTCs GpepMbl C Pa3IMYHBIMH CBOIi-
ctBaMu. Kak npaBuio, 0CHOBOI BceX HCIIOIb3YeMbIX Ha
npakTuke (GepM SBISIOTCS CTaTHUECKU ONpeIeInMbIe
KOHCTPYKIIMH, K KOTOPBIM MHOT/IA 100aBIAIOTCS KaKHe-
MO0 JIOTIOJTHUTENBHBIC DJIEMEHTHI, JICNAIOIINE CXeMY
CTaTUYECKH HEONMPEAETUMON, M UACATbHBIC [IapHU-
PBI 3aMEHSIOTCA KECTKUMH coenHeHusMu. [Ipu 3Tom
CBOWCTBO 0a30BOIl CTATHUECKU OIPENEINMON CXEMBbI
ABJISIETCS ONPEIEIAIONINM B CTATHYECKOM U AMHAMHYE-
CKOM pacyeTax.

C Tex 1nop, Kak OblIa 00bsIBICHA «OXOTa», Pa3iind-
HBIMH aBTOPaMH OBbUIH IPEUIOKEHBI Pa3INUHbIE CXEMBI
KakK IIocKux [3—6], Tak ¥ NPOCTPaHCTBEHHBIX [7, 8]
(depm, I KOTOPBIX METOJIOM MHJIYKIIMU HalJICHBI pe-
HICHHS 33/1a4¥ O MPOrude B 3aBUCUMOCTH OT YKCIIa Ma-
Heseld. XOTs 3TH pelieHus ObUIM HalJIeHbI C HCIIONIB30-
BaHHMEM CHCTEMbI KOMITbIOTEpHOW MaremaThku Maple,
OYEBUJHO BIIOJIHE BO3MO)KHO HCIIOJIB30BaTh U JpyTHE
KOMIIBIOTEpHBIE cuCTeMbl. [T1laBHOE TpeOoBaHue st
STUX IPOrpaMM — HaJIM4YUE ONEPaTOPOB I HAXOXK-
JeHHs OOLIMX WICHOB IocliefoBareilbHoCcTel. Takue
MOCJIEI0BATEILHOCTH BOSHUKAIOT TIPH 0000IIEHNH Me-
TOZAOM MHAYKIUH Psijia YaCTHBIX pelIeHuil 1uis dhepm
C pa3HbIM YHCIIOM NaHened (WK s4eeKk MepuoANYHO-
CTH) Ha MIPOU3BOJILHOE YHCIIO MaHeNeH.

AHaTUTHYECKHUE 3aBUCUMOCTH YCUIHH U nedop-
Manuii GepM UMEIOT He TOJILKO TEOpPETHYECKOe, HO
U TIPAKTUYECKOe 3HaYCHHE KaK JAJIs OLEHKU MPOEKTOB
KOHCTPYKIUH, TaK M MPU UCCIETOBAHUU XapaKTepH-
CTHK cyluecTBytomux ¢epm. [Ipumepamu anamurnye-
CKUX pacyeToB MOTYT ObITh pabotTsl [9—16], rae naHbl
JIOCTATOYHO MPOCThie (GOPMYIbI AJIsl pacyera pasind-
HBIX apo4HBIX (epm, u [17-21] — perieryarsix.

CXEMA ®EPMBI. METOJ PACUETA

[Ipennaraerca cxema CUMMETPUYHON KOHCTPYK-
uu (puc. 1). Yncno nanenei B OJOBHHE TPOJIETa paB-
HO n. PepMa COLEPKUT § = 6n+1 1IapHUPHBIX y3JI0B
u m=12n+2 — crepxueil. B uuciio crep>xHei BKIIO-
YeHBI U TPU CTEPKHS, MOACTHpyonie onopsl. Harpys-
Ka MPHUJI0KEHa PAaBHOMEPHO 10 y3J1aM HIDKHETO Tosica.
B depme 4n — 2 cTepiKHS UIMHON @ B BEPXHEM M HUXK-
HeM Tosice, 21 — 1 cToek BBICOTOH b, 41 packoCOB JITH-

HO# ¢ =+ a’ +b* u 2n packocos LHHOH d =\ a* +h*.

[Tpu BhIUMCIEHUH TTPOTHOA UCIONB3YEeTCS WHTE-
rpaix Mopa. [y 317010 MOTPeOyIOTCS CUMBOJIBHBIE BbI-
paXkeHus JUIs yCUIMM B CTEPIKHAX, KOTOPbIE OIYYUM
no nporpamme [3]. OCHOBOM MPOTrpamMMBbl SIBISETCS
METOJ BbIpe3aHus y3ioB. MHTerpan Mopa B JaHHOM
cllydae UMeeT BUJI:

m-3

A=YS N[ [(EF).

BBeieHn! cranjapTHbie 0003HaYeHus: S, — yCH-
TSI B CTEPIKHSX (pepMBbl OT ICHCTBUS BHEIIHEH Harpy3-
Kd; N, — yCHJIUS B CTEPHKHSAX OT JEHCTBUS €IMHUIHOM
(Oe3pazmepHOit) BepTHKaIBbHOW CHIIbI B CEPEIMHE IPO-
Jneta; [, — JJIMHBI cTepkHel; £F — KeCTKOCTh CTePK-

; + + + +

Puc. 1. depma, n =4

MepeiTu Ha cTpaHWLy C NOJSIHON Bepcueit»


https://rucont.ru/efd/652169
https://rucont.ru/efd/652169

MepeiiTn Ha cTpaHuLy C NOJSIHOM BepCUen»
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C.1-10

Hell. YCWIns TpeX jKeCTKUX OIOPHBIX CTEPIKHER B CyM-
MY HE BXOJST.

[Tonp3ysice anroput™om [3], mpeaHa3HAYEHHBIM
JUIS CUCTEMbI KOMIIBIOTEPHOI MaTeMaTHKH, HallpuMep,
Maple, cocraBisieM MaTpHily KOCHHYCOB HaIlpaBJIsiio-
LIMX YIVIOB ycuiauil. B mporpaMmy BBOASATCS KOOpAUHA-
Thl y3710B. [IpuBenem ¢pparment kona Ha sizbike Maple:

> for i to 2*n+1

do
x[i]:=a*(i-1); y[i]:=0:
x[i+2*n+1]:=x[i];y[i+2*n+1]:=h:
od:
> for i to 2*n-1
do

> x[i+4*n+2]:=a*i; y[i+4*n+2]:=b+h;

od:

CxeMa coelMHEHU CTEPXKHEH M LIaPHUPOB pe-
uretku Gepmel 3aaercs Bekropamu Ri, i =1, ..., m, co-
OTBETCTBYIOUIMMHU CTEPKHAM. KOMIIOHEHTHI ATUX BEK-
TOPOB OIPENEIIAIOT HOMEPA LIAPHUPOB 110 UX KOHLIAM.

B cucreme Maple 3TH BEKTOPBI, COOTBETCTBY-
IOIe HIKHEMY TOsICYy U packocaM UIMHOM ¢, ume-
10T BUJL

> for k to 2*n

do
R[Kk]:=[k,k+1];

> R[k+2*n+2]:=[k,k+2*n+2];

> Rlk+4*n+2]:=[k+1,k+2*n+1];

> od:

Packochl JUIMHO# d B BEpXHEM DSy PELETKHU:

>fork ton

do

> R[k+6*n+2]:=[2*k+2%n,2*k+4*n+1];

> R[k+7*n+2]:=[2*k+2*n+2,2¥k+4*n+1];

> od:

Bepxuuii nosic pepmbi:

> for k to 2*n-2

do
R[k+8*n+2]:=[k+4*n+2,k+4*n+3];
od:

Cro¥iku:

> for k to 2*n-1

do
R[k+10*n]:=[k+2*n+2,k+4*n+2];
od:

J1Ba OOKOBBIX CTEPIKHSI B BEPXHEM I105ICE!

> R[2*n+1]:=[1,2*n+2]:
R[2*n+2]:=[2*n+1,4¥*n+2]:

ITo maHHBIM KOOPAMHAT U CTPYKTYpbI PEIIETKH
(dbopMupyeTcsi MaTpula CHUCTEMbl JIMHEHHBIX ypaB-
HEHUM:

GS =B.
B pesynbrare peuieHuss MOIy4€HHOM CUCTEMBI
B CHUMBOJIbHOH (hopMe NOJTydaeM yCHIIHS B CTEPIKHSIX
(depmbl. O603HaYEHO: S — BEKTOP YCHIIUI B CTEPIKHIX

(depmbl (BKIIOYast ONOPHBIE); B — BEKTOp HArpy30K.
3HayeHUs] TOPU3OHTAIBHBIX HATPY30K, MPUIOKEHHBIE

K Y31y [, 3allUCBIBAIOTCS B HEYETHBIC DJIEMEHTHI B, |,
BEPTUKAIILHBIE — B Ue€THbIE B, = P, i=2, .., 2n.

PE3YJIBTATBI PACHETOB

[TocnenoBarenbHbIN pacyeT GepM ¢ yBEIUUNBAIO-
LUMCs OT 2 710 28 yKciioM maHenen & = b 1aer pesyiib-
TaT BUAA:

Ao p Aad+C,c+H K

1
2EFnh* M

Hns onpenenenus xkoddpuuuentos 4, C u H,
orneparop rgf findrecur cucremsr Maple naer pexyp-
PEHTHBLIC YpPaBHCHUA JId YJICHOB COOTBCTCTBYIOLIUX
nocienoBarenbHocTel. s koadunuentor 4, 43,
176, 613, 1500, 3391, 6528, 12 065, ..., 4 265 045 npu

@® UMeeM ypaBHEHHE:
A =24 _+A, ,-44, ,+34, , -
-24, ,-2A4, ,-34,_,+
+8A4, ,—34, 24, ,+34,_,,—
—44 +A _,+24 A

n-11 n-12 n-13 ~ “ln-14*

JI7ist pertieHust 3TOro ypaBHEHHSI IPUBIEKACM OrIe-
paropa rsolve:

A, =(5n" —(3cos2p+11)n’ +
+(27-24cosp—3cos2¢)n/2+12sin @)/ 24,

rae ¢ =mn/2. BeipaxeHus ais apyrux ko3 unreH-
TOB BBIBOJSITCS @HAJIOTUYHO:
H, =2(1-cos@)n’ +
+(2sin@—2cosp+cos2¢p+1)n+2sing,
C, =2n" +(3cos2¢—8cosp+5)n+8sing)/ 4.

He menHee BakHOU XapaKTEpHUCTUKOW aedopma-
TUBHOCTHU 0asiouHON (hepMBbl SBJISIETCSI TOPU30HTAIBHOE
CMELICHNE OABUKHON OIOPBI OT ACHCTBUS HAIPy3KHU.
Ecinu, nosnb3ysicb METOJIOM MHIYKLUH, PACCUUTATh Ty

BEJIMYMHY JIJIsl paccMaTpuBaeMoi (epMbl, TO MOIYUHT-
Csl CIIelyoIas MpoCTas 3aBUCUMOCTD

8= Pa’n(n® —1)/ (3hEF).

B otnuume ot permenus (1) 31ech 3aBUCUMOCTB OT
qucila IIaHejlell — MOHOTOHHas!.

AHAJIN3 PEHIEHUA

Ecnu npocieauts 3aBUCUMOCTD NMPOruda oT yuc-
JIa TaHeel npu PUKCUPOBAHHON UIMHE mposera L =
=2an = 80 M 1 UKCUPOBAHHOM CyMMapHOU Harpyske
P =(2n-1)P, T0 MOXHO 3aMeTHTh HEMOHOTOHHOCTb
M3MEHCHUSI OTHOCUTEIILHOTO 0e3pa3MepHOro nporuoda
A'=AEF /(PL) ot uucia naHeneil ¥ BbIXOJ KPUBBIX
Ha HEKOTOPYIO MOCTOSHHYIO BeNn4uHy (puc. 2). B neii-
CTBUTEJIBHOCTU TOPU30HTAIBHON aCHUMITOTH 37€Ch
HeT. EcTh HaKJIOHHAs acUMNTOTa, KOTOPYIO JIETKO BbI-
YHUCIIUTh, TONB3YACh AHATUTHYECKUMH BO3MOXKHOCTSIMU
Maple, lim AYn="h/(8L).

n—o0
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