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Abstract: As is known, for some elastic systems with a finite number of degrees of freedom of masses, for which the 
directions of motion of the masses are parallel and lie in the same plane, methods have been developed for creating 
additional constraints that purposefully change the spectrum of natural frequencies. In particular, theory and algorithm for 
the formation of aimed additional constraints have been developed for the rods, the introduction of each of which does 
not change any of the modes of natural vibrations, but only increases the value of only one frequency, without changing 
the values of the remaining frequencies. The distinctive paper is devoted to the method of forming a matrix of additional 
stiffness coefficients corresponding to such aimed constraint in the problem of natural vibrations of rods. This method can 
also be applied to solving a similar problem for elastic systems with a finite number of degrees of freedom, in which the 
directions of motion of the masses are parallel, but not lie in the same plane. In particular, such systems include plates. 
However, the algorithms for the formation of aimed additional constraints, developed for rods and based on the properties 
of rope polygons, cannot be used without significant changes in a similar problem for plates. The method for the formation 
of design constraint schemes that purposefully change the spectrum of frequencies of natural vibrations of elastic plates 
with a finite number of degrees of freedom of masses, will be considered in the next work.
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Аннотация: К настоящему времени для некоторых упругих систем с конечным числом степеней свободы масс, у 
которых направления движения масс параллельны и лежат в одной плоскости, разработаны методы создания до-
полнительных связей прицельно изменяющих спектр частот собственных колебаний. В частности, для стержней 
разработаны теория и алгоритм формирования прицельных дополнительных связей, введение каждой из которых 
не изменяет ни одну из форм собственных колебаний, а лишь увеличивает значение только одной частоты, не из-
меняя величин остальных частот. В данной статье показано, что метод формирования матрицы дополнительных 
коэффициентов жесткости, характеризующих такую прицельную связь в задаче о собственных колебаниях стерж-
ней, может быть применен и при решении аналогичной задачи для упругих систем с конечным числом степеней 
свободы, у которых направления движения масс параллельны, но не лежат в одной плоскости. В частности, к 
таким системам относятся пластины. Однако, алгоритмы формирования прицельных дополнительных связей, 
разработанные для стержней на основе свойств верёвочных многоугольников, не могут быть без существенных 
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изменений использованы в аналогичной задаче для пластин. Метод формирования расчётных схем связей, при-
цельно изменяющих спектр частот собственных колебаний упругих пластин с конечным числом степеней свободы 
масс, будет рассмотрен в следующей работе.

Ключевые слова: частота собственных колебаний, форма собственных колебаний, прицельная связь,
дополнительная связь, коэффициенты жесткости
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but only increased the value of one of the 
frequencies from 36.6583 s-1 to a given value 
of 100 s-1. This result clearly illustrates the 
possibility of using dependencies (5), (8)-(10) 
for solving the problem of aimed constraints for 
elastic plates with a finite number of degrees of 
freedom of masses.
The generalized aimed constraint for the plate, 
as well as for the rod, should create additional 
stiffness, ensuring the aiming of the constraint.
As noted above, the properties of the aimed 
constraints for the rods are based on the properties 
of the natural modes. The properties used here can 
be also applied to elastic plates. This circumstance 
serves as a justification for using the results of 
formulating the properties of aimed constraints for 
rods and in a similar problem for plates.
Thus, the matrix of additional stiffness coefficients 
(4) must correspond to the generalized aimed 
constraint in case of the plate. If the design scheme 
of the constraint is represented by a variant of 
the hinge-rod system, then it must be statically 
indeterminate once.
In the nodes of the plate where the masses are 
located, posts are installed in the direction of 
movement of the masses, and the preliminary 
stress of any one element of constraint causes 
such forces in the posts of the system, the relations 
between which are proportional to the relationship 
between the stresses  (12). At the same time, there 
should be no connections with the plate in the 
structure of the constraint, except for the posts 
installed in the nodes of the plate, where the 
masses are located.
Design schemes of generalized aimed constraints 
that meet the above requirements are multivariate 
and depend on the shape of the plate, the locations 
of the masses and some other features of the 
original object. Taking this circumstance into 
account, the approaches and algorithms for the 
formation of design schemes of constraint that 
purposefully change the spectrum of natural 
frequencies of elastic plates with a finite number 
of degrees of freedom of masses represent a 
separate problem and will be considered in the 
next research work.

So, this paper shows that the method of forming 
a matrix of additional stiffness coefficients that 
determine the aimed constraint in the problem 
of natural vibrations of rods can also be used to 
solve a similar problem for elastic systems with 
a finite number of degrees of freedom of masses, 
for which the directions of motion of the masses 
are parallel, but do not lie in the same plane.
The paper also substantiates and formulates the 
properties and requirements to which the design 
schemes of aimed constraints in the problem under 
consideration must correspond.
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