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AHaJIUTHYECKOE pelleHue 3a1a4u 0 nporude ¢pepmbl Tuna boabMmana

Canumos Maxcum Cepeeesuu
HUY « MOH»
Cmyoenm

AHHOTALIUA

depma OaJOYHOTO THUINA HMMEET PEMICTKY, B KOTOPOW Y3JIbI HIDKHETO Tosica
COCIMHEHBI TOJIBKO C y3JaMH BEPXHETO IO0sCa W HE COCAMHEHBI MEXKIY COOOM.
[TocTaBneHa 3agava MOTyYEHUS 3aBUCUMOCTH Tporuda pepMbl OT yucia maHenen
IIpU HArPYy>KCHWH €€ COCpeIOoTOYeHHOHN cuioi. [Ipemamomaraercs, 9To CTpEKHU
dbepMbl paboTarOT B YIIPYrol 00JacTH, KECTKOCTh BCEX CTEPXKHEHW OJMHAKOBas, a
y3J1bI (hepMBI SIBIISIIOTCS HACATBHBIMU IapHUPAMU. PsT OTAEIbHBIX PEIICHUN IS
dbepM ¢ pa3aMYHBIM YHCJIOM TIaHeJeHd METOJOM MHAYKIIMA 0000IIaeTcss Ha
MIPOU3BOJIbHBIN CTydail. BeunciieHne ycuinui U Bce MpeoOpa30BaHMs BBITIOJHEHBI
B CHCTeME CHMBOJbHONM MmaTematuku Maple. [ns onpenenenus mporuoda
npuMensieTcs popmyia Makcsenna-Mopa.

KiawueBble ciaoBa: ¢epma bonbmana, dopmyna Makcemna-Mopa, mnporuo,
uHykiys, Maple

Analytical solution of the deflection problem of a Bolman type truss
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Abstract

The girder-type truss has a grid in which the nodes of the lower belt are connected
only with the nodes of the upper belt and are not interconnected. The task is to
obtain the dependence of the deflection of the truss on the number of panels under
loading with a concentrated force. It is assumed that the rods of the truss work in
an elastic region, the rigidity of all the rods is the same, and the truss nodes are
ideal hinges. A number of individual solutions for trusses with different numbers
of panels by the induction method are generalized to an arbitrary case. Effort
calculations and all transformations are performed in the Maple symbolic
mathematics system. To determine the deflection, the Maxwell-Mohr's formula is
used.
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®depmbl Tuna dunka win bonbmana [1-6] kak mpaBHIIO, HArPYKAKOTCS IO
y37aM TMPSIMOJUHEHHOTO TM0sCca, YTO MOJEIUPYET, HAMpUMEp, TPAHCIOPTHYIO
Harpy3Ky Ha MOCT. PaccMoTpumM BapuaHT (DepMbI C pacKocaMu JIBYX TUIIOPa3MEPOB
u croiikamu (puc. 1). @epma cratuuecku ompenenumasi, peryispHas. K Hei
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NPUMEHUM MHIYKTUBHBIA METOJ MOJYUYCHHS PEIICHUs, paHee MPUMCHEHHBIA s
dbepmbl ¢ pernerkoi «Stary [7], pemerkoit «Butterfly» [8], miockux pemerdarsix
dbepm [9-19], depm apounoro Tuma [20-25] u nmpoctpaHcTBeHHBIX hepm [26-34].
MeTtoa HHAYKIIUU IPUMEHSIJICS U IS pacuyeTa HOXKHUYHBIX MeXaHu3MoB [35,36].

B depme n sueex nepuommuHOCTH (YCIOBHBIX TAHENCH), Kakmas W3
KOTOPBIX COCTOMT W3 CTOWKH, YETBIPEX PACKOCOB M CTEP)KHEH BEPXHEro Mosica.
Bceero B pepmen, =8n+ 4, crepxHeil, BkiItodas Tpu onopHele. Paccmotpu ciydaid

CHMMETPUYHOHN (epMBbI C HEUSTHBIM YUCIIOM TaHemneit N=2K — 1.
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| PuédeK 1% CDépMé noﬁ Hafpy3f<0171,ln =5

Pacuer ycunuii B CTEp)KHSX BEIETCS B IPOTPAMME, HAIMCAHHOM HA S3BIKE
CHUCTEMBI CUMBOJIbHOM Matematuku Maple [37]. Y3mel u cTep)kHH HYMEpYIOTCS

(puc. 2).
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Pucynok 2— Howmepa cTepxHeit u y3ioB, N = 3

B nporpammy BBOnSITCS KOOpAMHATHI y3510B. Hauano koopauHat B y3ie 1.
Bce nannbie 3amuchiBaroTcs B muKiIax. COOTBETCTBYIOMIMI (parMeHT MPOrpaMMbl
MMEET BUJ!

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

> x[i+3*n+2] :=3*a*i-a: y[i+3*n+2]:=0:

>end:

JlaHHBIE O COEIMHEHUM CTepKHEH (HOMEepa KOHILIOB CTEpIKHEN)
3aMUCBIBAIOTCS B  CIHEIUaIbHbIE BEKTOpbl N. BepxHul mosAC KoAWpyeTcs
BEKTOpaMU:

>for i to 3*n+l do
> N[i]:=[i,i+1];
>end:
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JI71s1 peIeTKH UCTI0JIBb3YIOTCSA BEKTOPBI:

>for i to n do

> N[i+3*n+1] :=[3*i-3,i+3*n+2];
> N[i+4*n+1] :=[3*i-1,i+3*n+2];
> N[i+5*n+1l]:=[3*1 ,i+3*n+2];
> N[i+6*n+1] :=[3*i+1l,i+3*n+2];
> N[i+7*n+1] :=[3*i+3,i+3*n+2];
>end:

>N[8*n+1l] :=[3*n+2,4*n+2];
>N[3*n+2] :=[3-2,3*n+3];

[Tporu6 omnpenensieM o u3BecTHor Gopmyse Makcsemnna-Mopa:
n,—3
EFA=P) S7I.
i=1

O06o3HaueHO: |i — JUTMHA CTEPIXKHA |, Si — YCWIHE OT ACUCTBUS €AUHUYHOUN

cuibl, EF— sxecTkocTh crepkHeil. Pe3ynbTaTbl BBIYMCIEHHI IOKa3alHd, 4YTO
dbopma perieHus Ayig pepM ¢ pa3IUUHBIM YUCIOM MaHEIe HE MEHSIETCS:

_PAKa3+Dkd3+ka3+Hkh3

EFA, e

1)

OcTtaeTcst TONbKO BBIYUCIUTH KO3(PPUIUEHTHI KaK (YHKLIUU YUCIa TaHEeIe.
Jnsa kospdunmenta A 1O pe3yabTaTaM pacyeToB IOIYYEHO PEKyppPEHTHOE

ypaBHEHUE
Ac=a4A —B6A L +4A 3 Ay
U3 KOTOPOTO UMEEM PELLIEHUE:
A =648k® —648k* + 54k +90.
AHaTOTUYHO MOJTYYaITCs U Ipyrue KodhOUIIMEHTH:
F =12k°® -12k? +10k —10,
D, =9,
H, =24k® +48Kk?* + 44k + 34,

Ha pucynke 3 mnpuBemeHbl KpuBble 3aBUCHMOCTH (1) OTHOCHTEIBHOTO
nporubda A'=AEF /(PL) ot ymcna K, xapakTepu3yoomero 4ucio maHeneid npu

L=an=10m.
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Pucynok 3 — 3aBucuMocCTb nporuda ot yucia naHesaen

O630pBI HCKOTOPBIX AHAJIMTHUYCCKHUX pGHIGHI/Iﬁ I IINIOCKHX q)CpM C

UCITIOIb30BAHUEM MeToJa MHIyKIMK U cucteMbl Maple nmaner B [38-40]. Meton
WHIYKIIMKM B 3ajadaX BBIBOJIAa AHAJMTUYECKUX BBIPAKECHHUN I CTPOUTEIBHBIX
KoHCTpykimid. B [41-43] mpuBeneH Qpyroi MoOaXoJ, COYETAIONIUN YUCIICHHBIE U
aHAJIMTUYECKUE METOIbI Ha Oa3e cuctemsl Maple.
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