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Introduction If u, is a solution to the problem, the first

In quan_tum mechanics the_re are many intere_stimproximation tou, in the ared " is a solution of
tasks which do not admit accurate solutiony,e poyndary value in this area with the certain
Therefore, the approximate approaches, which &g ndary conditions o™, and on this basis it
often more useful for und'erstandmg. the phys'cﬂppears appropriate to make expansion of scale in a
phenomena than numerical solutions of thsicinityofl' on the part ob*

appropriate.eq'uations, play'a key role. During the work the first iterative process passes
The principal approximate approaches of

quantum mechanics are based on the theory Iggthe a.rea ob”, and the secohd iterativg prgcess
indignations and variation principles. The criticaPasses in the areaPf . In the first approximation
application  of asymptotical method bywe are on a spectrubhv, where the proper
L .A. Lyusternik — M. 1. Vishik has become widelyfunctions can appear in asymptotical decomposition
used in many sections of mechanics. of the task solution.

This method enables to research the problems on Let's assume that in x, y-plane the Shredinger’s
a program layer, problems on a spectrum, problergguation with the coefficients, whlch_ suf_fer the
on fast oscillation, problems on barriers and marfy!Pture on a compact smooth cufvehe interior of
other things. Many works are devoted to the researg/hich is designated &3~ , and its addition
of asymptotical behavior of solutions, propeasD" = EZ/D’U M.

numbers and proper functions of differential The coefficients include small parameter

operators with ruptured coefficients. where€ - 0 and in this way the potential function
In this article the asymptotics of proper numberg,creases without limit.

and proper functions of double-measured operator Besides this, the coefficient at the leading
Shredinger with strong potential functions wergoefficient is also disruptive dn. So, now we shall
researched. consider a following spectral problem:

Asymptotics of proper values and appropriate
proper functions for the boundary values is - ﬂ+(32_tls ~k(Jy=A (1)
considered which depend on paramegesuch that LU =3 X’ oy 4=A W,
€ — 0 coefficients grow in a subarea without limit.

Therefore, the equations which are determined where

all spaces of the valle, are considered in such a . k(®, x1D
way that the coefficients in subail@a-are final, 32:{]“ xuo, k(X = K* (%) )
and in additon toD* when € — 0, they grow e, xtb', Z xOD',

without limit and letl" is general border oD~
andD". k' ()20, k™(X) - o wher|{ - . (3)
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On the border the factor conditions (conditions  y (x) = y+ey+e’,+.., X1 D, (8)
of sewing together) are specified: :

u(@=u(x=9,+ed,+.., 2D, 9)

U =ul, 4)

oul 6u€ where u; (X) has a type of function in the form of a

ane anl, (5)  boundary layer, that is they are noticeably distinc
from zero only nead” by means of the smoothing

Now we'll seek the solution of the problem,functiong(c) continued in zero.
limited in all space. Under conditions (3) the |et's substitute expression\, from (7) and
problem (1) — (5) has absolutely discrete spectrum h 0D xOD* f 8). (9 "
The coefficients L,in D~ are supposed to be U, () wherex ' X fom (8), (9) in the
limited and decaying on degrees. equation for the proper function
The aim is to construct the asymptotics af a {62 pe

small parameter of proper numbers and appropriate—_ + ~_ —k~(x) - ()\0+s)\ +82)\2+.__) J}(

proper functions of the equation (1) on all x, wg. | 0X° 0y° (10)
In order to construct the asymptotics of proper
numbers and proper functions we record the secoff Up+EU +E'U, +.. ) 0,
decomposition of the operator in a vicinityl of 2 19 1 92
Now we’ll add local coordinatep, ¢), ¢ =n { (R"LIE TZW} "(0)+
in a vicinity of [ and the areeD™, wherep >0 +( e ) 1
€ € o) =
corresponds td ™ points. K 2 (11)
Then the equation (1) in the a4 has a —()\O+s)\1+82)\2+...)\]}(u0+8u1+...)=0,
following structure: and the factor conditions
ou ), 10 K (X 2 = 2 ¥
Lu :{ ( j =~ LLZ}_ (Z)LL:AELL, U, +EU +E L5+..tr 190+s»91+sw92+..}r,(12)
P\ dp) p 09 €
If p = £t, we have ou, 0w 0w | 99, 89, |'_
, , ox ox ox | Ox ox |
10y, 10y, K6 10°u K R
e, =Ty - ul=A 1619 619 6'3
LZ o2 et ot exlop? e? | et =% Tx (13)
r
Equating the coefficients at identical degrees
or on&, from (10) — (13) we'll receive
1( 9%, 1du  10%y _ 0°u, 0%, . B
1f o7, 1oy | DU l=A . © =+ Tk ()4 = A, (14)
(atg t ot t2 aq) ( )LL aLL ( ) aXZ ayz 0
Asymptotical decomposition of the proper Uo|;:’90|:’ (15)
valueA, and appropriate proper functior(x) the , ,
equation (8) in the areB™ and the equation aa_uzl +60_yL2|1_ K'(Qu +A,u =AU, (16)
X
_0%u, 0%u -
Uu=—x+——-k(Yu=Au,
g g 62 ayz ()L{ el*! U| — , (17)
In the areaD ™ we'll seek ou  9° .
yuk"'a—;‘k (YU +A U =AY, A Y,

A=Ay +HEN +EN,+..., (7)
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Uk|; =9, : Thus, we have received a re_gional condition for
the first approximationu, in D to the accurate
M8, =0, solutionu, . For functionu, we have received the
d3, ~0.9 | —o proplems .(22), (23) which are outside the ddea .
dt |._. 7 7 0lt=+oo ' U, is continuously precede by means of the function
Fo(t) =d,J, () + d,N, (D,
Mo, =-M3, (18) which have a boundary layer.
_ It is obvious, that above-mentioned asymptotical
ﬂ :o,d_uo , (19) decomposition of the problems with greater
dt |, dx|r coefficients in the are®* shows, that the solution
M, =MD =MDy .= gifmspolgzn ?ugg':ijgr?: riyn \{[zlelzjiirvn\:hlc(;fh aaﬁgjfrlwd%yﬂl‘zyer
M B +AD A D, serve like their first approximations in the ai2a.
49 du | As k7(X) is real-valued, therefore the
dtn =0, d; Vi licie — 0. operatol,, is created by the differential expressions
1=+ r (22) and a boundary condition (23). From limitation
M,, (i=012..) - are well-known k™ (x) follows, that the operatdr, has absolutely
differential expressions. discrete spectrum. The proper values of the operato

It is visible, that there is a connection betweewe shall designate like
boundary conditions which is defined as follows:
there is a problem for the equation with private Ao SA;SA,<..SA <.
derivatives on,¢ :

And orthonormal functions through
2 2 $0o(X),9,(X),....0,, (X),... After the determination
09,,10% ,10% 09,20, (0) = . ,
o> t ot t?ap ofu,, from (18), (19) we'll solve the problem
ford,,
% =0.9l.... =0 U a9, 109, 10%
t=+0 1 + 1 + — 1_ k+(0)'81 - O, (24)

2 1 2 2
The common solution of the equation (20) is ot tot t° a9

given by the formula

D ﬂ :O’d_l'b 2 =0. (25)
9,(t) =dJ, () +d,N,(9D, ZE’ dt |._., dx|.
_ , _ Solving the equation (24), we receive the
where J,,(t) —is Bessel's function; common solution in a following type
N, (t) —is Neumann’s function afikind. 8,(t) =d,J, () + d, N.(9,

If we consider boundary conditions (21) we’'ll
haved, =0, which has the character of function in Whered,(t) have a boundary layer character,

the form of boundary layer. Then we'll find theand satisfy the condition (25).

regional conditions of a problem (14), (15) for Knowingd,(t), it is possible to find a boundary
9%u. 92 . condition foru, (X) , i.e. from (16), (17)
—2°+—uz°—k (X)W =A,W, (22) !
ox” 0y 0°u, 0’y -
—— T K (u-Au=2Ay, (26)

(23) 0X2 Oyz

u0|l’ = SO’(:+O )
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Wl =9, _,. (27)  The theorem 1. k™ (X) — o, where|x - o,

t[%e problem (1) - (5) has absolutely discrete

The homogeneous problem which corresponds .. .
g P P pectrum, and for every,l =12,... there is a

the problem (26), (27), is on a spectrum and is nd

always tractable. Therefore we selettin order to constant thatis

solve this problem. To solve the non-uniform

boundary problem, it is necessary that the right pa ‘)\ig —)\io‘ < bs}/?,

of a problem (26), (27) is orthogonal to the salnti

Z, of the conjugate homogeneous problem. where A, of i-kind proper value of the
Similarly, con_tlnumg the process it is possible t%peratoﬂ_g;

found all functions ugy, U,,...,u,_;, 94, 9;,....9,,

and the number Ay A,..A_, Wwhere A, of 1 -kind, the proper value of the

9.,i=01,..k- 1k is a function of boundary OPeratotl,.

layer. The theorem 2. Let the self- conjugated
Apparently, that i3, are known, it is possible to differential operator of the second order (1)

on space under the condition of (2), (5) is

define the function, , as the solution of a following _. , .
given. The following asymptotical concepts for

problem in the are® - i -kind of the proper functioru,, of this operator
_d%u, 0%, . look like:
Lkuk=W2k+—ay2k—k XYy - )
A=A+t N Ly, (28 A= 2ENFEME, 8, =O(),
k=0
e =9l Ry, =y, "7, 7= @),

The problem (28), (29) is not always tractablewhere
the appropriate homogeneous problem is on a

spectrum. Therefore we chooag in such a way to U +ey+eeu+..+e"y +€™a, in D,
solve it. In order to solve the problem (28), (B9% Ue = 169 4629 + 46€M9 4™y yom
necessary that the right part of a problem is O+ed, +£0,+..+€™, +e™D,, +e"D
orthogonal to the solutio?, of the self-conjugated B _ _ _
homogeneous problem. At such choice the probIeVr\r/1here Up = Uy is the appropriate proper function of
(28), (29) becomes tractable. this problem, and the functiafy is in the form of

Solving the problem (28), (29), we find
common solution in the form of

U =0+ § Uy,

Where U, - is the partial solution to the problem

(28), (29). A constant is chosen to be orthogom&‘?rxD b has. only _ one solution,
tou i e (u u )=O from  here  we consequentlx =0 is not a point of a spectrum of
k-1° -S©\Mkr Y1 ’

the operator A =0in the area =0, where

in D",

m2?

Shoundary layer.
The theorem 3. Lete is fixed in (1),

forxOD™,k(x€) is distinct from zero and

finde, =(uk,uk_1). After such choice, €,u,

; u| =0, so the assessment is correct.
becomes unequivocal. r

Conclusoins Jull, < a L.y,

So, continuing the process, it is possible to defin _
other functions of decomposition if the appropriat&here U|r =0, does not depend owmande, i.e.
conditions of smoothness of the given problems a

completed. We have the following theorems. [)?oportlonal convertibility of the operathy .
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