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[Tomydyena touHas Qopmyna st mporuba MIMPEHTEIBHONH (EPMBI PETYISIPHOTO
TUNIA C OJHON IIAPHUPHO-HEMOABIKHOM M TpeMsl MIApHUPHO-TIOJBHKHBIMU
OMOpaMH B 3aBUCHMOCTH OT YHCTIa MaHesne. BepTukanpHas Harpy3ka mpuiiokeHa
K Y31y B cepeauHe BepxHero mosica ¢epmbl. [Iporu® ¢epmbl BeUuCIsIeTcs C
nomouibio (¢opMysbl MakcBemia — Mopa B NpPeANoIoKEHUH, YTO BCE CTEP>KHU
yIOpyrue U UMEIT OAMHAKOBYIO IPOJOJBHYIO KECTKOCTb. YCHUIIUS B CTEPIKHSIX
(dbepMbl HaXOIATCSI METOJOM BbIpe3aHus y3i10B. @opmyia s nporuda BHIBOAUTCS
METOJIOM MHAYKLHHU MO pe3ysibTaTaM pacueToB psiaa (epM C IMOCIeI0BaTEIbHO
YBEJIMUYMBAIOIIMMCS YUCIIOM TaHeel B MaTemarndeckoit cpene Maple. Jlnst atoro
COCTaBJISIIOTCS  PEKYppPEHTHbIE ypaBHEHUS I  KO3(Q(UUIUEHTOB (OPMYJIbI
nporu0a, pereHust KOTOPhIX JaeT HCKOMYIO aHATUTHYECKYIO 3aBUCHMOCTb.
KuroueBbie ciaoBa: mnporud, peryispHas ¢epma, mMaTeMaTH4YeCKas WHIYKLUSA,
Maple, dbopmyna Makceemia — Mopa.
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Abstract

An exact formula for deflection of a regular lattice-type truss with one pivotally
fixed and three pivotally movable supports depending on the number of panels is
obtained. The vertical load is applied to the knot in the middle of the upper chord
of the truss. Farm deflection is calculated using the Maxwell — Mohr formula under
the assumption that all the rods are elastic and have the same longitudinal rigidity.
The forces in the truss rods are found by cutting the knots. The formula for the
deflection is derived by the method of induction according to the results of
calculations of a number of farms with a successively increasing number of panels
in the mathematical environment of Maple. For this purpose, recurrence equations
are compiled for the coefficients of the deflection formula, whose solutions give
the desired analytical dependence.
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Pesynbratel pacu€ToB mnpormba s HEKOTOPOro Kiacca KOHCTPYKUUH
UMEIOT 0Cc000€ 3HaueHUEe B IMPOEKTUPOBaHMM. Takue pacdy€rbl IO3BOJISAIOT
10/100paTh ONTUMAJIBHOE YHUCIIO MaHEIEeH U pa3Mephl (pepMbl, TOMOTAIOT BBISBUTH
OLIMOKY B YHCJICHHBIX pacuérax.

B npencrasiaennoit gpepme (puc. 1) N — uncio crepxHe B HUHKHEM TosICe,
npu 3ToM Bcero (epma umeer M=4n+18 crepxuerd 1 K =2n+9 y3mnoB. depma
UMEET OCOOCHHOCTh B BHUJAEC BHEIIHEH CTAaTHUYECKOH HEOMPEACTUMOCTH.
JleficTBUTEHLHO, YUCIIO Y3JIOB B JBa pa3a MEHBINEC YWCIa CTepkHEH, u (epma
CTaTUYECKU ONPEIECIUMa, OJHAKO HAWTH MATh peakuuil omop oObIYHBIM 00pa3oM
U3 pEIICHHs TpPeX ypaBHEHHUW paBHOBECHs] HE MOMy4YuTci. VIMEHHO MO3TOMY
IPUXOJIUTCS COCTaBJIATH IOJIHYIO CHUCTEMY YpaBHEHUI paBHOBECHS BCEX Y3JIOB
OJTHOBPEMEHHO, 4YTO, KOHEYHO, 3HAUWUTEJbHO NPOIIE [eNaTh IPOrpaMMHBIM
obpasom, HanpuMep, B cucteme Maple [1].

LF L F L
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.PH(;YH(;K 1I— @epﬁa IHpHI n - 7

PacueThl MOKa3bIBAIOT, YTO NPH HEKOTOPBIX 3HAYCHHSIX N OIMPEACINUTEIb
CUCTEMBbl ~ ypaBHCHUH  paBHOBECHS  BBIPOXKAACTCSH, YTO  COOTBETCTBYET
KHHEMAaTHYECKOW M3MEHSIEMOCTH KOHCTPYKIHHU. PemeHus BO3MOKHBI TOJBKO IS
n=3,7,9,13,15... Beegem nmapamerp U e N, 111 KOTOPOTO MOJYIHM JTOMYyCTHMBIC

3HaueHus yuciaa maneneid: N=1/2+3u+(-1)"/2. CraButcs 3amadya MOJy4IEeHUS

TOYHOW (pOopMyJIbl MpOrubda MIMpeHreabHOU GepMbl OT MapameTpa U, Harpy3Ku U
pa3MepoB.
Howmepa y3110B 1 cTep)kHEl HyMepyrOTCs ¢ IEBOTO BEPXHETO y37a (puc. 2).

¥ 5 - ]

Pucynok 2 — Homepa crepxHeii i y3moB depmer mpu N =3

3agaauM KOOPJMHATHI Y3JI0B, PACIOJOXHUB HAyalo KOOPAUHAT B JIEBOM
HUKHEM yriy. [IpuBeneM cooTBeTCTBYOMMIA PparMeHT mporpammbl. KoopauHaTs
BHYTPEHHHUX Y3JIOB!
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k:=2*n+9:

for i to 3 do x[i]:=a*(i-1): y[i]:=(4-i)*h:
X[i+n+4]:=(3 +2*n+i) *a: y[i+n+4]:=h*i;

end:

for i to n+1 do x[i+3]:=(1+2*1)*a:y[i+3]:=0: end:

for i to n+2 do x[i+n+7]:=2*a*i: y[i+n+7]:=3*h: end:

KoopanHaTe! OMOpHBIX MIAPHUPOB (3aKperuieHbl Ha ""3emie")

X[k-4]:=-5: y[k-4]:=3*h:
X[k-3]:=0: y[k -3]:=3*h-3:
x[k-2]:=0: y[k-2]:=h:

X[k-1]:=x[n+5]+9: y[K-1]:=y[n+5]:
X[K]:=x[n+7]: y[k]:=3*h-3:

3agauM CTEpXKHHM pelIeTKH (epMbl crienuanbHbiMu BekTOopamMu N[*,*] c
yKa3aHUEM KOHIIOB CTEPKHEMH:

for i to n+6 do NI[i]:=[i,i+1]; end:
N[n+7]:=[1,n+8];N[n+8]:=[2*n+9,n+7];

for i to n+1 do N[i+n+8]:=[i+n+7,i+n+8]; end:
foriton+2do

N[i+2*n+9]:=[i+1,i+n+7]:
N[i+3*n+11]:=[i+n+7,i+4]:

end:

OnopHbI€ CTEPKHU:

N[m-4]:=[1,k-4]: N[m-3]:=[1,k-3]:
N[m-2]:=[3,k-2]: N[m-1]:=[n+5,k-1]: N[m]:=[n+7 K]:

Tax kak ¢epma umeeT NATh BHEUIHMX CBSI3€H, OHA SIBISIETCS CTAaTUYECKU
HEOIPEAECNEHHON. MeTOoIOM BBIpE3aHUS Y3JI0B HAWJAEM YCWIHMS B CTEPXKHIX,
BOCIIOJIb30BaBIIMCh Tiporpammoii [1]. CocraBum cucteMy ypaBHEHHN paBHOBECHS
y3JI0B, TJ€ B NPAaBOM YacCTU CUCTEMbl — BEKTOP HArpy3ok (pakTuuecku HabOp
BEKTOPOB - KQXKIbII CTOJIOCI] - OJTHA HATPY3Ka):

# BekTop HArpy30K M MATPULIA CUCTEMBI
B1l:=Vector(m): G:=Matrix(m,m):
np:=n+8+k: B1[2*np]:=1:
# PenieHue CUCTEMbI YPABHEHNH PABHOBECHS
foritomdo
Lxy[1]:=x[N[i][2]]-X[N[i][1]]:
Lxy[2]:=y[N[I][2]]-y[N[i][1]]:
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#HOI[CTaHOBKa, yanpomammasa BUA pe3yJjdbTarTra ():[.]'II/IH])I paCKOCOB)
L[i]:=subs(a”*2+h"2=c"2, sqrt(Lxy[1]"2+Lxy[2]"2));
for jto2 do

t:=2*N[i][2]-2+j:
If t<=m then G[t,i]:=-Lxy[j])/L[i]:fi;
t:=2*N[i][1]-2+j:
If t<=m then G[t,i]:= Lxy[j]}/L[i]:fi;
od,
od:
G1:=1/G: #OOpaTHasi MaTpuua
S1:=G1.B1: # BekTop ycusuii B cTep:KHsX (0OTBET)

Jlns onpenenenust mporuda BocroiabzyeMcs dhopmynoi Makcsenna — Mopa
[2,3], B KOTOpYIO 11O YCIIOBHIO HEAC(hOPMHUPYEMbIC OTIOPHBIC CTEPKHH HE BXOJIAT:

m-5
A=Y SPsPl I (EF),
i—1
rae | — nmuna i-ro crepxns, S — ycunus ot neiicteus BHemneit Harpysku, S
— YCUJIUSL B CTEPXKHAX (epMbl OT JCHCTBUS €IMHUYHOW CHIIbI, MPUIOKEHHOU B
TOUKe omnpeneneHus nporuda, EF — xecTkocTh cTepikHel (0CTaeTcsi HOCTOSHHOM).
B nannoii nocranoske S =S,
[Tonyunm pemenns s U usMmenswomerocs or 1 go 14 ¢ marom 1.
[lpumMeHsis MeTONl WHIYKIMW, pa3BUTBIA B paboTax [4-14] mpUMEHUTENHHO K

apouHbiM ¢pepMam u B [15-27] miis OanounbIX ¢depM, 0000muUM pe3yabTar. Bua
dbopmyiibl Tporuda He MEHSETCS OT YUCTIa TTaHeJeld U UMEET CJICTYIOIIUM BU/I;

EFA, =P(A2°+C,c®)/h?,

rae a,h u c=+/a®+h® — reomerpuueckue mapameTps! hepmsi (puc. 1).
Hnst xoapdumentoB A, u C,, TOCIENOBATENHHO TPUMEHSS OTNEPATOPEI
rgf_findrecur (u3 cnernmanusupoBaHHoro makera genfunc) m rsolve, monxydaem

3aBUCUMOCTH.
A =((6u +?(_l) +u®+3u’ +5u +£j

C =(ﬂ+z+3—u].

’ 4 4 2

B pabotax [28-32] npuBeneHsl MpuMeEphl UCTIOIB30BAHUS METO/1a MHTYKIIUH
B 00JIee CIIOKHBIX IPOCTPAHCTBEHHBIX CHCTEMAaX.
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