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(1), (2), and the conditions of the complete {𝑥, 𝑦} -observability LSSPSD (1), (2) are
presented in equivalent form

rank

⎛⎜⎜⎜⎜⎝
𝑝− 𝑎𝑠0 +𝑂(𝜇) 0 −𝑎𝑠1 +𝑂(𝜇) 0

0 𝑝− 𝜇−1𝑎4 +𝑂(𝜇) 0 0
02×2 𝑝𝑆(𝜇)𝑇−𝑆(𝜇)𝐴0(𝜇)𝑇

𝑐𝑠0 +𝑂(𝜇) 𝑐2 +𝑂(𝜇) 0 0
0 0 𝑐𝑠0 +𝑂(𝜇) 𝑐2 +𝑂(𝜇)

⎞⎟⎟⎟⎟⎠=4, (3)

at least for some complex 𝑝;

rank

⎛⎝ 𝑝− 𝑎𝑠0 − 𝑎𝑠1𝑒
−𝑝ℎ +𝑂(𝜇) 0

0 𝜇𝑝− 𝑎4 +𝑂(𝜇)
𝑐𝑠0 + 𝑐𝑠1𝑒

−𝑝ℎ +𝑂(𝜇) 𝑐2 +𝑂(𝜇)

⎞⎠ = 2 (4)

for all 𝑝 when condition (3) fails.
Given that the rank of the product of matrices is not greater than the rank of any

of the factors, the fact that the full rank of the matrix is preserved under small additive
perturbations of its elements, as well as in multiplication by a non-degenerate matrix, we
establish that of the condition 1 of the theorem follows the condition (3) for all sufficiently
small 𝜇.

Further, taking into account the preservation of the matrix rank under elementary
transformations, from conditions 1 and 2 of the theorem imply the condition 2 for any
complex 𝑝. If the condition 3 is also fulfilled, in a similar way [3] taking into account the
preservation of the rank of a matrix under small additive perturbations and the properties of
a spectrum LSSPSD [2] the validity of condition (4) for all sufficiently small 𝜇 is provided,
and that completes the proof of the theorem.
Aknowledgement. The work is partially supported by the Education Ministry of the

Republic of Belarus, the State program of scientific research Convergence–2020, code of
task 1.3.02.
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ON SPECTRUM ASSIGNMENT FOR LINEAR DISCRETE-TIME
EQUATION WITH INCOMPLETE FEEDBACK

V.A. Zaitsev

Consider a control system defined by a discrete-time equation of the 𝑛 -th order whose
input is a linear combination of 𝑚 signals up to the order (𝑛− 𝑝), where 𝑝 ∈ {1, . . . , 𝑛}.
We assume that 𝑘 distinct linear combinations of the object state 𝑧 ∈ R up to the order
(𝑝− 1) can be measured:

𝑧(𝑡+ 𝑛) + 𝑎1𝑧(𝑡+ 𝑛− 1) + . . . + 𝑎𝑛−1𝑧(𝑡+ 1) + 𝑎𝑛𝑧(𝑡) =

= 𝑏𝑝1𝑣1(𝑡+ 𝑛− 𝑝) + . . . + 𝑏𝑛1𝑣1(𝑡) + . . . + 𝑏𝑝𝑚𝑣𝑚(𝑡+ 𝑛− 𝑝) + . . . + 𝑏𝑛𝑚𝑣𝑚(𝑡), (1)
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𝑦𝑗(𝑡) = 𝑐1𝑗𝑧(𝑡) + 𝑐2𝑗𝑧(𝑡+ 1) + . . . + 𝑐𝑝𝑗𝑧(𝑡+ 𝑝− 1), 𝑗 = 1, . . . , 𝑘, 𝑡 ∈ Z, (2)

where 𝑣 = col(𝑣1, . . . , 𝑣𝑚) ∈ R𝑚 is the control vector and 𝑦 = col(𝑦1, . . . , 𝑦𝑘) ∈ R𝑘 is the
output vector. One needs to construct an incomplete feedback control

𝑣(𝑡) = 𝑈𝑦(𝑡) (3)

(with constant 𝑈) that brings system (1), (2) to a closed-loop system

𝑧(𝑡+ 𝑛) + 𝛾1𝑧(𝑡+ 𝑛− 1) + . . . + 𝛾𝑛𝑧(𝑡) = 0

with given coefficients 𝛾1, . . . , 𝛾𝑛. If it is possible for arbitrary 𝛾1, . . . , 𝛾𝑛 then we say that
the spectrum of the system (1), (2) is arbitrarily assignable by linear stationary incomplete
feedback (3) . Let us construct the matrices 𝐵 = {𝑏𝑖𝜈}, 𝐶 = {𝑐𝑖𝑗}, 𝑖 = 1, 𝑛, 𝜈 = 1,𝑚,

𝑗 = 1, 𝑘, of the coefficients of the system (1), (2) where 𝑏𝑖𝜈 = 0 for 𝑖 < 𝑝 and 𝑐𝑖𝑗 = 0 for
𝑖 > 𝑝. Let 𝐽 be the 𝑛 × 𝑛 -matrix whose entries on the first superdiagonal are equal to
unity and whose remaining entries are zero.
Theorem. The spectrum of the system (1), (2) is arbitrarily assignable by linear sta-

tionary incomplete feedback (3) if and only if the matrices

𝐶𝑇𝐵, 𝐶𝑇𝐽𝐵, 𝐶𝑇𝐽2𝐵, . . . , 𝐶𝑇𝐽𝑛−1𝐵

are linearly independent.
This Theorem is a discrete analogue of Theorem 2 [1].
Acknowledgement. The research is supported by the Russian Foundation for Basic

Research (project no. 16-01-00346) and by the Ministry of Education and Science of the
Russian Federation in the framework of the basic part (project no. 1.5211.2017/8.9).
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STABILITY OF A PROGRAM MANIFOLD
OF BASIC CONTROL SYSTEMS

S.S. Zhumatov

Consider a material system that has an (𝑛− 𝑠) -dimensional integral manifold Ω(𝑡) ≡
≡ 𝜔(𝑡, 𝑥) = 0, whose motion is described by the ordinary differential equations [1]:

𝑥̇ = 𝑓(𝑡, 𝑥)−𝐵𝜉, 𝜉 = 𝜙(𝜎), 𝜎 = 𝑃 т𝜔, 𝑡 ∈ 𝐼 = [0,∞), (1)

where 𝑥 ∈ R𝑛 is a state vector of the object, 𝑓 ∈ R𝑛 is a vector-function, satisfying
to conditions of existence of a solution 𝑥(𝑡) = 0, 𝐵 ∈ R𝑛×𝑟, 𝑃 ∈ R𝑠×𝑟 are constant
matrices, 𝜔 ∈ R𝑠(𝑠 6 𝑛) is a vector, 𝜉 ∈ R𝑟 is a vector-function, satisfying to conditions
of local quadratic relations

Taking into account that Ω(𝑡) is the integral manifold for the system (1), and assuming
that the Erugin function 𝐹 (𝑡, 𝑥, 𝜔) = −𝐴𝜔,−𝐴 ∈ R𝑠×𝑠 is Hurwitz matrix and differen-
tiating the manifold Ω(𝑡) with respect to time 𝑡 along the solutions of system (1), we
get [2]:

𝜔̇ = −𝐴𝜔 −𝐻𝐵𝜉, 𝜉 = 𝜙(𝜎), 𝜎 = 𝑃 т𝜔,
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