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Аннотация 

Плоская внешне статически  неопределимая балочная ферма загружается в 

середине пролета. Выводится формула зависимости прогиба от размеров 

фермы, нагрузки и числа панелей. Для решения задачи применяется метод 

вырезания узлов, метод индукции и операторы системы Maple, позволяющие 

составлять и решать рекуррентные уравнения при выводе общих членов 

последовательностей коэффициентов искомой формулы. Перемещение узла в 

верхнем поясе находится по формуле Максвелла – Мора. Предполагается, 

что все стержни фермы имеют одинаковую жесткость, а опоры 

недеформируемые. 
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Abstract 

A planar, statically indeterminate beam truss is loaded in the middle of the span. A 

formula is derived for the dependence of deflection on the size of the truss, the 

value of load and the number of panels. To solve the problem, we use the method 

of cutting nodes, the method of induction, and the operators of the Maple system, 

which allow us to compose and solve recurrent equations in deriving common 

terms of the sequence of coefficients of the desired formula. The displacement of 

the node in the upper belt is obtained according to the Maxwell-Mohr’s formula. It 

is assumed that all the rods of the truss have the same rigidity, and the supports are 

not deformed. 
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Analytic calculations of trusses with an arbitrary number of panels appeared 

together with the development of computer mathematics and induction methods, 

proposed by Professor NRU «MPEI» Kirsanov M. For arched trusses solutions 

were obtained in [1-11], lattice — in [12-22], spatial ones — [23-30]. 
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Consider a planar symmetrical truss with four supports (Figure 1), one of 

which is fixed, the other three – supporting rods (movable supports). The truss is 

statically determinate. In a truss with n panels in the lower belt, the number of rods 

is  
3 4 18n n   including five support rods. For a truss with the same lattice, but 

with other supports, analytical expressions for the dependence of the deflection on 

the number of panels were obtained in [31, 32]. 

Consider the case of an odd number of panels 2 1n k  . In this case, you 

can select the central node in the upper belt. 

  

 
Figure 1 - The truss loaded in the middle of the span, n = 7 

 

Calculation of the deflection begins with the determination of the forces in 

the rods. Using the program [33], we compose a system of equilibrium equations 

for all nodes of the whole truss, excluding the five that are attached to the base. 

The coefficients of the system of equations for the equilibrium of nodes (direction 

cosines of forces) are determined from the coordinates of the nodes and the 

structure. To do this, the lengths of the rods and their projections on the coordinate 

axis are first calculated. 

 
>     for i to m do 

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

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

>       L[i]:=sqrt(Lxy[1]^2+Lxy[2]^2);     

>       od:  

 

The conditional directions of the rods are introduced in order to distinguish 

the origin of the rod from its end. This is because the force vector of the rod, 

attached to the hinge at one end, is opposite to the same force at the other end: 
 

>   for i to m do 

>     for j to 2 do  

>     r:=2*N[i][2]-2+j:  

>     if r<=m then G[r,i]:=-Lxy[j]/L[i]:fi;  

>     r:=2*N[i][1]-2+j:  

>     if r<=m then G[r,i]:= Lxy[j]/L[i]:fi;  

>   od; 

>  od:  

The deflection is calculated using the Maxwell-Mohr's formula: 
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Here: 
( )P

iS — the forces in the rods from a given uniform load, il — the 

length of the rods, 
(1)

iS  —  the forces from a single vertical force applied to the 

middle of the lower belt (at the knot where the deflection is determined), EF— 

stiffness of the rods.  

The first calculations showed that not all trusses have a solution. For k = 1, 4, 

7, ... the determinant of the system of equations becomes zero. This indicates a 

kinematic structural variability [34-36]. We introduce a function that takes on the 

set of natural numbers all the values except the numbers 3u – 2, u=1,2,.. 
 

(1 6 ( 1) ) / 4, 1,2,3....uk u u      
 

Induction over twelve trusses for the load from above (Figure 1) showed that 

the deflection formula has the same form 
 

3 3 2( ( )) /u uP A Ca c EFh  , 2 2c a h  .                            (1) 
 

When a common term of the sequence of coefficients was found for 3a , it 

was required to analyze 12 expressions for the deflection and obtain the following 

natural numbers: 3, 29, 57, 155, 255, 473, 693, 1079, 1467, 2069, 2673, 3539. 

Identify the general term of this sequence directly difficult. Using the rgf_findrecur 

operator of the Maple genfunc package for the members of this sequence, the 

following linear homogeneous recursion equation of the sixth order 
 

1 2 3 4 5 62 4 2u u u u u u uA A A A A A A           . 
 

The following simpler equation is obtained for the coefficients of 3c  
 

1 2 3u u u uС С С С      
 

Solving the recurrence equations with the help of the rsolve operator, for the 

coefficients we obtain the following regularities: 
 

3 1(4 8 6( 1) ( 1) 1) / 2u u

uA u u u        , (2 ( 1) 1) 23 /u

u uC    . 
 

A reviews of papers using the induction method and Maple operators in 

planar trusses  problems are contained in [37-39]. 
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