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Abstract

The present work is dedicated to the investigation in Banach space of un-
bounded polynomial operator pencils that are not of Keldysh form. There has
been found sufficien condition for operator coefficients under which in Banach
space coercive solvability in the spectral parameter of the considered pencils is
proved. Futher, using the known abstract result obtained by S.Y.Yakubov, n-fold
completeness of root vectors of a polynomial operator pencil is established. This
abstract results are applied to proving coercive solvability and n-fold complete-
ness of eigenfunctions and associated functions of principally boundary value
problem for ordinary differential equations with a spectral parameter. Earlie the
analogous results were established for the square pencils

In [5], published in 1951, M.V. Keldysh introduced the important notion of
n-fold completeness of root vectors and proved a fundamental theorem on n-fold
completeness for a polynomial operator pencil with principal part generaled by a
single self adjoint operator. Later, these results were extended in [1] , [9] , [10] and
[12] .

At present there are a lot of works dedicated to the fold completeness of root
vectors for operator pencils. However, all these investigations were carried out for
the special class of operator pencils, namely for the pencils that is of Keldysh form
or self adjoint pencils in a Hilbert spece. A detailed bibliography may be found, e.g.
in the monographs of F.G. Maksudov [7], A.S. Markus [8] and G.V. Radzievsky’s
article [10].

In contrast to the existed results for the first time the S.Y. Yakubov’s and M.K.
Balaev’s work [17] has proved coercive solvability in the spectral parameter and two-
fold completeness of root vectors for square operator pencils in Banach space that
are not of Keldysh form.

In the present paper there has been found sufficient conditions for the oper-
ator coefficients under which in Banach space coercive solvability in the spectral
parameter of polynomial operator, pencils that are not of Keldysh form is proved.

Further, applying the known abstract results obtained by S.Y. Yakubov [13] we
establish n-fold competeness of root vectors of a polynomial operator pencil. The
got abstract results are applied to the investigation of n-fold completeness of root
functions of a principally boundary value problem for ordinary differential equation
with a polynomial parameter.

Consider in the Banach spave E the operator pencil

L (λ) = λnI + λn−1A1 + ... + An, (0.1)

where the Ak, k = 1 + n, are given, generally unbounded, operator. Clearly,
D (L (λ)) =

n
∩
1
D (Ak) for λ 6= 0.

The number λ0 is called an eigenvalue of the pencil L (λ) if the equation
L (λ0) u = 0 has a nontrivial solution u ∈ D (L (λ0)) . A vector u0 6= 0 satisfying the




