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Аннотация 

Методом индукции на основе обобщения ряда решений для ферм с 

последовательно увеличивающимся числом панелей получена компактная 

формула для прогиба. Используется интеграл Мора и метод вырезания узлов.  

Стержни конструкции имеют одинаковую жесткость, опоры не 

деформируются. Все преобразования и решение системы уравнений 

равновесия узлов выполнены в системе Maple.  
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Abstract 

The induction method, based on the generalization of a number of solutions for 

trusses with a consecutively increasing number of panels, yields a compact formula 

for deflection. The Mohr’s integral and the method of cutting nodes are used. The 

rods of the structure have the same rigidity, the supports are not deformed. All the 

transformations and the solution of the system of equations of node equilibrium are 

fulfilled in the Maple system. 
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Externally statically indeterminate trusses are trusses in which the reactions 

of supports can only be determined by solving the equilibrium equations of all 

structural units in the system. Such trusses do not include composite trusses with 

an intermediate hinge [1]. The reactions of the supports of composite trusses are 

divided into two parts by an articulating hinge. 

Consider a truss with two fixed supports (Figure 1). The truss is loaded 

along the nodes of the upper belt. In a truss with n panels on the lower belt, the 

number of rods – 
3 4n n  including four support rods. The cross-shaped grating 

does not allow the application of the Ritter method to calculate the forces. The 
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exception is only the extreme rods and then, if in any way the reactions of the 

supports are found. 

  

 
Figure 1 — Truss under the effect of distributed load from above, n = 8 

 

To calculate the deflection according to Mor's formula, force values in 

symbolic form are needed. Using the program [2], written in the language of the 

system of computer mathematics Maple, we will compile a system of equations for 

the equilibrium of nodes in projections on the coordinates (two equations per knot) 

of the whole truss as a whole. To calculate the direction cosine forces, you must 

enter the coordinates of the nodes in the program. The order of connecting nodes 

and rods is entered into the program exactly as flat graphs are coded. Calculations 

showed that for odd n the determinant of the system of equations of equilibrium 

vanishes. This means that the truss is kinematically variable [3-10]. Consider the 

case n = 2k, k = 1,2,3, .... 

To calculate the deflection, the Mohr’s formula is used in the form: 
4
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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.  Calculations of a number of trusses for loading from above give a 

formula for the deflection of the species 

             
3 3 3 2( ) / ( )k k ka cP A C h FH E h   , 2 2c a h  ,                      (1) 

The most difficult thing is to get formulas for the coefficients depending on 

the number k. 

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

was necessary to analyze 18 expressions for the deflection and obtain the following 

natural numbers: 0, 4, 6, 71, 104, 404, 530, 1367, 1680, 3484, 4110, 7439, 8536, 

14076, 15834, 24399 , 27040, 39572. A sequence of a shorter length does not 

allow us to find a regularity. 

To get the general term of this sequence manually is difficult. Using the 

operator of rgf_findrecur genfunc Maple system package for the members of this 

sequence can be a linear homogeneous recurrence relation of the ninth order 

1 2 3 4 5 6 7 8 94 4 6 6 4 4k k k k k k k k k kA A A A A A A A A A                 . 
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The order of the recurrent equation is half the length of the analyzed 

sequence. The rgf_findrecur operator only requires an even number of sequence 

members. If the sequence length is insufficient, then the equation is obtained with 

fractional (rational) coefficients and unacceptable (physically unjustified) 

solutions. 

Similarly, for the coefficients of 3c  and 3h , we have the following simpler 

equations 

1 3 42 2k k k kС С С С      

2 42k k kH H H    

The solutions of these equations are given by the operator rsolve: 

 
4 3 2(5 3(2( 1) 5) (22 15( 1) ) (51( 1) 27) / 2 3 15( 1) ) /12k k k k

kA k k k k             ,
2(2 1 ( 1) ) / 8k

kC k    , (1 ( 1) ) / 4k

kH k  . 

 

Similarly, for the load from above  in the center  (Figure 2) we have a 

solution: 

 
Figure 2 — Truss  with a single force load 

 
3 2 1(4 (9( 1) 9) (15( 1) 17) 9 9( 1) ) /12k k k

kA k k k          , / 2kC k ,

( 1) )(1 / 4k

kH   . 

 

Similar analytical solutions in the Maple system were obtained for flat arched 

trusses [11-22], spatial [3, 23-28] and trusses taking creep into account [29-31]. In 

[32], a pile foundation is calculated by the method, and a parallelogram (scissor) 

mechanism is used in [33-34]. Surveys of some papers containing the derivation of 

formulas for the deflection of flat trusses are compiled in [35-37]. 

The derived formulas can be used to test solutions obtained in specialized 

packages based on the finite element method, as well as for preliminary estimation 

of the designed structures. Especially it is necessary to pay attention to the fact of 

degeneration of the structure noted in the article with an odd number of panels. 
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