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Abstract

Solutions of a Schroedinger equation for a molecule as a differential equation with
a small multiplier at nuclear derivatives (which is a ratio of the electron mass to the
atomic mass unit) possess a peculiar analytical properties. A presence of the small
parameter at some derivatives says on a sharp difference in scales of electronic and
nuclear density of a molecule that defines the structural peculiarities of molecular
systems. In mathematical physics such equations are singularly perturbated, and their
solving needs in application of asymptotical methods relative to the small parameter. In
this work some questions are discussed connected with integrating of the Schroedinger
equation for a molecule. A problem is put on an asymptotic decomposition of a
molecular wave function by the small parameter and an analysis of the equation is
fulfilled using a variational functional which tends to the functional of the degenerated
problem when zeroth small parameter. It is pointed out that investigation of the
degenerated Schroedinger equation (which answers to the Born-Oppenheimer
approximation) allows one to give a deductive method of defining a chemical structure
in a form of a variational geometrical problem with varying not only electronic wave
function but parameters of nuclear coordinates, also. Extreme points of the auxiliary
functional give a set of isomer structures of a molecule with a given atomic brutto
formula. An existence of such a peculiarity of solutions of the degenerated (electronic)
Schroedinger equation produces to a theoretical ground for observed experimentally
chemical structures to which a clear hint in the input Schroedinger equation for a system
of heterogeneous Coulombic charges is absent. When analyzing the electronic equation
an explicit solution of a fundamental model problem on a motion of an electron in a field
of fixed nuclei was considered and it was shown that a general form of the solution is
represented by LCAO. To this end, a relativistic generalization of this important model
quantum chemical problem was given and it was shown the descendance of the faithful
solution with the nonrelativistic LCAO MO. The originality of the angular momentum
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conservation law for molecular systems is discussed and it was shown that it introduces
some new details into their optical spectra interpretation. Absence of atomic collisions
within molecules and presence of the small parameter at nuclear derivatives allow one to
formulate a local theory of nuclei motion within electronic shells of atoms with
localization at nodes of a molecular structure frame.
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