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The theory of electron states is developed on the adsorbed surface of semiconductor which is bounded
by the rough surface. The surface roughness are formed by both quasi-Rayleigh acoustic wave and ad-
sorbed atoms. A spectrum of surface electron states on the adsorbed surface of GaAs semiconductor in the
long-wavelength, resonance and short-wave approximations is founded, taking into account the interaction
of the first three electron harmonics under the action of an acoustic quasi-Rayleigh wave. It is shown that
the dependences of the energy band gap width on the surface of the semiconductor and the length of the
spatial localization of electron wave function on the adsorbed atoms concentration in the interval

0< Ny, < 10"®sm™2 have the nonmonotonic character.
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1. INTRODUCTION

Modern nanotechnologies allow to create the stress
nanoheterosystems 2D, 1D, 0D- dimensions and differ-
ent geometric architectures, which are functional ele-
ments of nanoelectronics. However, the properties of
such nanoheterosystems are determined largely by the
quality of the heteroboundaries surface. Due to the
fluctuation of structure of the epitaxial layers [1] and
as a result of unconcordance of lattices parameters of
contacting nanolayers [2], the subsurface layer and
heteroboundary have the inhomogeneous relief. The
presence of the latter leads to a deterioration of the
transport characteristics of a two-dimensional electron
gas in the subsurface layer of the semiconductor and
nanoheterosystems. Therefore, the development of
modern micro- and nanoelectrons needs the research of
mechanisms of the electron states excitationon the sur-
face and on the boundaryof semiconductors. One of the
mechanisms is the heterogeneous deformation of sub-
surface layer of semiconductor. This deformation is
caused by both surface acoustic wave (SAW) and ad-
sorbed atoms [3, 4].

At this time there are many works [5-7] which are
dedicated to research of the surface quantum electron
states. At the same time, the main attention was con-
centrated on the research of the electron states on the
crystal surface, predetermined by the periodic crystal-
line potential break. Depending on the choice of the
physical model, there are Tamm surface states and
Shockley states. The surface states of Tamm arise as a
result of a change of the potential course on the crystal-
vacuum boundary. The Shockley states are caused by
the break atoms bonds on the boundary [8]. However,
these two models do not cover all the tasks which
would describe the arising of localized electronic states
on the two media boundary division. It is known, if the
surface is smooth the surface electronic states do not
arise.

The surface electron states of semiconductor, lim-
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ited uneven surface with an infinitely high potential
barrier were investigate in the work [7]. The semicon-
ductor surfacewas considered without adsorbed atoms,
and the surface roughness were formed by quasi-
Rayleigh acoustic wave.

Interaction between the adsorbed atoms and the
acoustic quasi-Rayleigh wave, creating the dynamic
deformation, renormalizes the spectrum of the surface
electron states due to deformation potential. Changing
technologically the adsorbed atoms concentration, it is
possible to change the frequency of surface acoustic
wave and the electronic structure of subsurface layer.
Such correlation between the adsorbed atoms concen-
tration and the frequency of surface acoustic wave can
be used in practice for the change of coefficients of elec-
tromagnetic waves reflection from the interface of me-
dia and for the change of dispersion law of plasma oscil-
lations.

In this work the conditions of arising of localized
electron states on the semiconductor surface with
roughness are theoretically investigated. These rough-
nesses are formed due to adsorbed atoms and acoustic
quasi-Rayleigh wave.

2. FORMULATION OF THE PROBLEM

Let the atoms with an average concentration Nod
are adsorbed in the subsurface layer of cubic crystal
(GaAs, CdTe (100)) at the action of atoms flow in the
molecular beam epitaxy or implantation process. Due
to the deformation potential and the local renormaliza-
tion of the surface energy, the adatoms and the defor-
mation field of the surface acoustic quasi-Rayleigh
wave deform inhomogeneously the subsurface layer. In
turn, this inhomogeneous self-consistent deformation
through the deformation potential redistributes ad-
sorbed atoms along the surface. The influence of ad-
sorbed atoms is reduced to a change of boundary condi-
tions for a stress tensor o, onz=0 surface. The defect-
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enriched subsurface layer can be considered as a film of
a thickness, p density and Young’s modulus E. It is
connected rigidly with substrate — the other monocrys-
tal part with elastic parameters p, and E,. The con-

necting plane of film and substrate z= « is parallel to
the surface (100). The axis z is directed into the single
crystal depth, the axises x and y — along two orthogonal
crystallographic directions of type [100].

A surface acoustic quasi-Rayleigh wave, extending
in x axis direction with «'(g,N,,;) frequency, formes the
dynamic deformation and interacts with adatoms. The

deformed surface form along the x axis, depending on
time, can be described by the following function:
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2, (x,t) = (I, ;) cos(qx — '(q, Ny, )t) 1

where ¢ = i—ﬂ , L_ 1is period of roughness (length of
acoustic wave) along the x axis.

It should be noted that the period of such roughness
at frequency o'(¢,N,,) U 10 GHz is 540 nm.

The dispersion law «'(q,

Rayleigh wave, renormalized by adatoms,
width @"(g,

determined [9, 10]:

x

N,;)=Rew of quasi-
and the
N,,;)=Imw of acoustic phonon mode are

2 1-2v 6/
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where Noq is the spatially homogeneous component of
adatoms concentratoin; K is the modulus of elasticity;
> is the average of the square of characteristic dis-
tance of interaction between the adatom and the matrix
atoms; v is the Poisson coefficient; 6; is the surface de-
formation potential, Dq is the diffusion coefficient of
adatom; T is the temperature of substrate; kp is the
Boltzmann constant.

The height of the roughness (f(NOd) is equal to the

sum of the normal components of the displacement vector
AGOF
respectively, on the plane z=0 [11]:

ii'(F,t) of longitudinal and transversal waves,

6:(N0d) = ﬂi

+|(0)| @
The components ' (0), #.(0) of the displacement

vector of the medium points are founded from the equa-
tion solution [12]:

o'u 9
el =cA; u+(cl —c )grad(dlvu) ®)

The solution of equation (5) for the Rayleigh surface
wave, extending in the x axis direction, is represented
as:

iqx—iot—kz

u, (x, Z) _ _iqu _ iktBeiqx—iwt—ktz’ (6)
uz(x,z) — klAeiqx—iwt—k[z +deiqx—iwt—k,z, (7)

where kft(NOd) =q®-—-; A, B— amplitudes of SAW.

lt

2
e N 2 2
T3 KA -v)a kyT Od)J q* +ciéy’

The deformation potential created by the surfacea-
coustic quasi-Rayleigh wave and adsorbed atoms 1is
determined by the following relation

ou;(x,2,t)

V(w20 =4y
J

®

A. is a tensor of deformation poten-

B
where v, =u; +u;; 4,

tial. The double indexes in formula (8) mean the sum-
mation.

The tensor of the deformation potential is taken in
the form 4; = A5;. Then, taking into account the last,

formula (8) will look like

ou,;(x,2,t)
ox;

13

Vi(x,z,t) = /12 )

Substituting in (9) the components of the displace-
ment vector u,(x,2,t) (4), (5), we obtain

V(x,z,t) = Vg e ihe-iot
L] 0

2 2
AN )g (2-¢&)) c
where V. :—‘ ‘ od 0 7‘2’ 1

0
k
k, 4 !

(10

is the depth

of sound penetration in semiconductor, &, is a quanti-
ty depended on the ratio between the longitudinal c,
and transversal ¢, sound velocity [12].

Taking into account the relations (4), (6), (7) the ex-
pression for the roughness height &(V,,) will take the

form [10]

- 3/ kR 1 k, 1 1 1 1
§(Nod)—kz\/as/[zl(l—eﬂ+kl+k A- 1+k/k)+ ¢ B(l 2R R, )}+2q\/ /[ (1_*) E +k A( 1+k/k)+ i B(l e )j
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_ R +Q-28)¢"+ M)+ Z*

_ 2 _ 2
A Rk +(1-28)q +M; B

Pk, (2Bkq)? ’
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M = M(q.Nyy) == @Noa) by Dillos 0"z
C pea Dig" + @ (q,N,y,) kgT
/3 2 2
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The surface electron states on the rough boundary
of semiconductor are founded from the non-stationary
Schrodinger equation

., 0 x,z,t hz 82 aZ ~kz ikx—iol
th W(at ):_2m*(a;;+azy; +Vie e My (x,2,t)

11)

The surface roughness are formed by a surface
acoustic wave, which selfconsistently interacts with
adsorbed atoms with concentration Noqs. The interaction
between the surface acoustic wave and adsorbed atoms
is formed through the deformation potential. We as-
sume that the motion of conduction electrons is bound-
ed by an uneven wall, which is an infinitely high poten-
tial barrier.

We find the solution of equation (11) as the sum of
the space-time harmonics [7]:

wixzt)= 3 v, (2)e% 0, (12)

where n s a number of harmonic;
D (x,t)=(k +ng)x—(w,+na'(q, Ny )t ; ho, =E is the
electron energy; %k _is its impulse.

Substituting (12) into equation (11), we obtain:

n=-w

- 62 1 x ~ —kz
X [k,f+azjz//n(z)e D = 2 B2qE(Nyy)e ™ x
Y (13)

x 3 (2™ 0 cos(qx - (g, Ny, )t),

n

n

where K2 = Zhiz (E +nhal(q,Nyy)) — (b, +1q)?

*
m

V; .

= %70‘ ; m. — effective electron mass.
7°¢(Nog)q

Multiplying the left and the right parts of equation

i, (x.t)

ﬁZ

(13) on a complex conjugate function e and using

the condition of the functions orthogonality, we obtain:
2 62 2~ —kz
k, +$ v, (2) = -2B°95(Nyg)e (v, .1 (2) + v, 1(2)), (14)

Equation (14) is solved by the method of successive
approximations for a small parameter gS(N,,)U 1. In

the zero approximation the wave function y?(z) will

have the form:

wo(z) = A e (15)

Substituting w°(z) in the right part of equation

cz2 pcl2a qu4 + a)'z(q,NOd) kgT

(14), we find the solution of the inhomogeneous equa-
tion.

7,(2) = =B°q5(Nyy) x
ik, | +ik)z ik, ., +ik )z (16)
X 2 ¢ 5 zAn—l_ 2 ¢ . zAn+1 .
k2 —(k, , +ik)) k2 —(k, ., +ik)

The solution of Schrodinger equation (11) we can
represent as the series:

9~ ik +ik)z
© ) N )e -1 1
x,2,t) = A elknzfﬁ q<( 0d
v, (x,2,t) Z[ n Kk, i)

~ ﬁzqé:(NOd)ei(km, +ik))z
B~y ik
)

A :Ieid)n (x,t)
n+l .

To find the dispersion law of surface electron states
E=E(k,), we use the boundary conditions for the

wave function at infinity and at the interface boundary.
The wave function should be limited at x,z — oo, while

on the surface z =z,(x) boundary conditions can be of

two types:
18)

=0, (19)

2=z (x) -

where ?:Zi+15£, N is vector of normal to the
ox oz

surface with components

%

N=-— _ ny__ 1 (2

L2’ 2
14+[ %0 14 %0
ox ox
For smooth roughness of the surface ¢S(N,,)U 1

)
? 0 1) the components of the normal vector are:
X

N —_%

X

N, =1. (21)

ox

Taking into account the condition of smooth surface
roughness, the boundary conditions (18), (19) on the
plane z = 0 will take the form:

2
oy Oy _Owl% _,

22
oz 022" ox ox|,, @2)
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3. DISPERSION EQUATIONS OF ELECTRON
STATES ON THE SURFACE WITH
ROUGHNESS CREATED BY ADSORBED
ATOMS AND ACOUSTIC QUASI-RAYLEIGH
WAVE

At distribution of surface acoustic wave the elec-
trons on the surface are scattering on its deformation
potential V(x,z,t) [11] within the volume, and also on
the roughnes, which are formed by both surface acous-
tic wave and heterogeneous distribution of adsorbed
atoms. As a result, the harmonics are actuating with
wave numbers £k, and £k, ,. Substituting in the

boundary condition (22) the wave function (17), we ob-
tain a recurrent formula which describes the relation
between the amplitudes of the harmonics n-1, n, n + I:

L,A, + LA+ LA =0,
LoA,+ LA +L,A, =0,
LA, + LA, + LA, =0, (23)

L, A +LA +L A, . =0,

where
L= g( 20d) [k2+1 Fq(k, +(n+1)Q)J
a8
K2 —(h, ., +ik)?
L ﬂ qs (NOd)I:(k +lk ) +q(k, +(n+1)q)
o 2 2~k +ik)?

. (k, +ik)* —q(k, +(n—-1)q)
2 —(k, +ik)? '

In the next calculations, the energy of the Rayleigh

wave quantum is neglected, i.e.

2 2

h*q
N )0 —
0a) 2m

Vit

na'(q, or b6 << (24)
2m

If the surface roughness are formed by a quasi-
Rayleigh wave, then the electrons dissipate not only on
the roughness created by the inhomogeneous distribution
of adsorbed atoms NN,(x), but also on the deformation
potential of the quasi-Rayleigh wave. This additional scat-
tering prevents the formation of surface electron states.

We will consider the possibility of the existence of

surface electron states for zero harmonic A, which
and. A,

interaction with the harmonic n>2 is neglected, be-

interacts with harmonics A , . In this case, the

cause the connection with the zero harmonic is propor-
w))" U 1. From the formula (23) we ob-

tain a system of equations with respect to the ampli-

tional to (qS(XV,

tudes A,, A,, A, . Equating to zero the determinant

of the system (23), we find the spectrum of electron
states on a surface with roughness, formed by the sur-
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face acoustic wave and adsorbed atoms

ky =

2% (Noy) | (kS +k.q)? N (ks —k9)* | iB%q*(Nyy) 5
4 k., k) 2
ky +ik,

5 ke +k.q k., +ik,
ky | B —(ky+ik)?

+k2 k
ke —(k_, +ik)? k
N ky +ik Ry +ik, k, 1;+L o1, L,
k? —(ky +ik;)? —(k, +ik;)? ko k,

(25)

where

- q(ka— Q) —(ky+ik)*  qk, +q)+(ky +ik)’ ’
| — (ko +ik)* kE — (R, +ik,)*

(kyy +ik) F kg

kE —(k,, +ik)?

Iy, =

The solution of equation (25) %k, we find by the method
of successive
ko (S(Noy)) = ko(5(0)) + 0k, (S(IV,
qéU 1 regarding amplitudes A ,, A,, A,
E(N,,) =&0)+85(N,,), £(0) is the height of the rough-
ness of the surface, created only by a surface acoustic wave.

For the case &(IN,,)=0 ( the absence of the ad-

sorbed atoms and a surface acoustic wave, 1. e. the case
of a smooth surface) the solution of equation (25) is

k, =k

approximations
o)) for a small parameter

where

=0. Then the dispersion law of electrons mov-

Zkl

ing along a smooth surface has the form E; = .In
this case the region of electrons localization
1
L,(N,,) = is occupies a half a space
47 [6ky(Nyy)|
x € (0;00) , since ‘5k ( d)‘ —0.
At n=0 kg: — k. Then
hZ 2k2 k2
E=—_(R2+E? 1+-2 |, 26
2m (ko +k;) = om” [ kz (26)
Let k, =k + Sk, . Then
2k2 (5k )2
E-= 1+229 |, kY =0. 27
2m’ [ kﬁ 0 @7)

In the next approximation, for & =0 the quantity ok,

is founded in the boundary cases: long-wave (k, U q),
resonance (k, = % ) and short-wave (k, I q) cases.

In the long-wave approximation the dispersion law
of electron states has the form

h2k2 (k2 2842 q
E =
om’ k2

2
1 3~ -
16(}\’1 3 j §§(§o+45§(N0d))}’

(28)
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where k =i\Jq(q+2k,), k,= iK/q(q -2k).

In the resonance case the dispersion equation has
the form

~2 ~ ~ 2
SkySk., =_%§(Md) 4(1_%)
1

where ok, :ﬂﬁj SE-qbk, ; Sk, = fz;;‘ SE +qk, .

At the point k&, :% [kx —Zj the energy changes

X

skippingly, 1. e. there is a band gap which value is
equal to

w2qt (882 L .
25E =9 [1—/3] (2 +2552N,,)  (29)
16m qk,

As can be seen from formula (29), in the case of ab-
sence of adsorbed atoms (8(N,,)=0), the width of the

band gap in the near-surface layer of the GaAs (100)
semiconductor coincides with the results of work [7].
Figure 1 shows a plot of the dependence of the semi-
conductor band gap width on the concentration of ad-
sorbed atoms on the plane GaAs(100) at the point of the

Brillouin zone £k = q k. =2 . The upper and low-

2 o L

er branches are determined accordingly to the rela-
tions:

2.2 2 2
(k-] 1 {m[ —8/;;](55 +25055<N0d>)}

8m 4 ar;
(30)
_a\_ ", [ 8z, 0 s
R |
(31)

The calculation was made for a GaAs(100) semicon-
ductor with the following parameter values [6]:

l, =29nm; a=0,565nm; 1 = 0,02 eV, T=100K;
¢, =4400 m/s; c, =2475 m/s; p =5320 kg/m3;
q= 0,03 A'l; D, =5- 1072 sm?/s; 0, =10 eV,

G%N =0,1eV; N,, =3-10° sm% m" =6,1-10%kg .
Figure 1 shows that the functional dependence of
the band gap width on the concentration of adsorbed
atoms is nonmonotonic. It is observed an increase of
functional dependence 6E =SE(N,,) on the concentra-

tion interval of adatoms 0< N,, <2,1-10"sm™. At this

concentration interval the semiconductor band gap
width increases on 8%. With further increasing of the
adsorbed atoms concentration, the band gap width de-
creases. Moreover, on the interval
2,1.10% < N, <10"sm™ the band gap width decreases

od —
on 56%. Such nonmonotonic dependence of

0E =6E(N,,) is explained by the nonmonotonic de-
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portment of the dependence of the rough height
& =¢(N,,) onthe adsorbed atoms concentration [11].

20F,
meV
h
E |k =2
12.84 | [ 2]
12821
20F
1280 [
E (}c;ij
2
1278 [
v 1276 ] Am{?
2 4 6 8 10

Fig. 1 — The band gap width on the surface of GaAs(100) sem-
iconductor, depending on the concentration of adsorbed atoms

In the short-wave approximation the the values
o0k, and E are complex, i. e. the electron states are
quasi-stationary.

E=ReE+iImE;
+(Re6k0)2—(1m5k0)2 _

2 ’
X

h2k?
- om’

ReE 1

2
ImE = " Re 5k, Im 5k, <0,
2m

where

Re ok, = —%(5@ +25,05(Noy) ) (K2 +25°);
q

Imoky =-

2
1
2
K (83 +25,05(No) ) (K2 = 25);

k =iJqlq+2k,); k= \!q(ka -q) .

At the
r=h/ ‘Im E ‘ .
The length of the spatial localization of electron
wave function L, =L,(N,,) in the long-wave approxi-

same time the relaxation time is

mation we obtain by the relation:

4

¢ [ki g kl]@é + 2805 No I, ~2)
1

From formula (32) we can see, that the reduction of

L,(Ny,) = (32

roughness period L  (q :ii) along the x axis or the

increasing of the height &(N,,)=¢, +5(IN,,) of the

adsorbed surface roughness leads to a stronger localiza-
tion of electron wave function

w —Aoeik'“x_z/L(NOd)
0=

The decrease of the length of the electron de Broglie
wave reduces to the same effect (increase of %_).

Figure 2 shows the dependence of the length of the
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spatial localization of electron wave function
L,=L,(N,,) on the adsorbed atoms concentration in

the case of long-wave approximation.

L (Nyg), nim

700
600

500

400 N,,;,102sm™
2 4 6 3 10

Fig. 2 — The length of the spatial localization of electron wave
function in the subsurface of GaAs (100) semiconductor, de-
pending on the concentration of adsorbed atoms at k.= q/3;
q¢=0.03 /A

Analyzing the graphical dependence on figure 2, we
see that curve L, = L (IV,,) is nonmonotonous. At small
adsorbed

(0<N,, <2,1-10”sm™) with increasing concentration

concentrations of atoms

the length of the spatial localization of the wave func-
tion of the electron decreases. With a further increase
of adsorbed atoms concentration, the function

J. NANO- ELECTRON. PHYS. 9, 05023 (2017)
L,=L,(N,,) isincreasing monotonously.

4. CONCLUSIONS

The spectrum of surface electron states on the ad-
sorbed solid surface was obtained under the action of a
surface acoustic wave, within the approximation of the
interaction of the first three electron harmonics
(n=-1,0,+1) in the long-wave (kL ¢), resonance

(k, = % ) and short-wave (k L q) cases.

It was shown that there are two regions in the spec-
trum of surface electron states, which are separated by
a band gap, whose value changes depending on the con-
centration of adsorbed atoms.

It has been established that the dependence of band
gap width on the semiconductor surface, at the edge of
the first Brillouin zone, on the concentration of ad-
sorbed atoms has the the nonmonotonic character. At
small concentrations of adatoms, the width inreases
when the concentration increases, while the length of
the spatial localization of the electron wave function
decreases. At higher concentrations

2,1-10* < N,, <10”sm™ the energy width narrows

when the concentration increases. In this case, the
length of the spatial localization increases.

EnexrponHi cranu Ha HepiBHiii mosepxui GaAs (100), cTBOpeHiil MOBEPXHEBOIO AKY CTUYHOIO
XBUJIEIO TA aJICOPOOBAHNMH ATOMaMU

M.{. Cenera, P.M. Ilenemax, B.B. Bpuran

JIpoeobuupruil deporcasruti nedazo2iunull yHisepcumem ymeni leana @parka, 6 yn. lseana Opanka, 24, 82100
Jlpoeobuu, Yrpaina

Po3BuHyTO TEOPIo €JIEKTPOHHNX CTAHIB Ha ITOBEPXHI HAMIBIPOBIIHUKA 3 HEPIBHOCTSAMY, K1 CTBOPEHI AK
ancopbOBAHUMU aTOMAaMH, TaK 1 aKyCTUYHOK KBa3ipeseeBChbKol0 XBuiel. OTPUMAHO CIEKTP MOBEPXHEBUX
€JIEKTPOHHUX CTAHIB Ha aacop00oBaHii moBepxHI HamiBnpoBimHuka GaAs y JOBroXBHILOBOMY, PE30HAHCHO-
My Ta KOPOTKOXBHUJILOBOMY HAOJIM/KEHHAX 3 YPaXyBaHHIM B3a€MO/Iii IePIIUX TPHhOX eJeKTPOHHHUX I'apMOHIK
py Iii aKycTUYHOI KBasipeseeBchbKroi XBuiIl. [lokasaHo, 10 3aJIe/KHOCTI €HePreTUYHOI IIUPUHU 3a60POHEHOT
30HU HA MOBEPXHI HAIMBIIPOBIIHUKA 1 JOBKUHU IIPOCTOPOBOI JIOKAJII3AIlll XBIJILOBOI (PYHKITIT eJIeKTpoHa Bif
KOHIIeHTpallii azcopboBaHUX aTOMIB B iHTepBaTi (< N, , <10®sm™? MaOTh HEMOHOTOHHHIL XapaKTep.

od =

Kirouosi cnoea: Ancopbosani atomu, AKycTUYHA KBa3ipeseeBCbKka XBUJIsA, KIIEKTPOHHI CTaHH.

JJIeKTPOHHBIE COCTOAHUSA HA HepoBHOH nmoBepxHocTtu GaAs (100), co3maHHOI TOBEPXHOCTHOMI
aKyCTUY€CKOM BOJIHOM M aJICOPOMPOBAHHBIMU ATOMAMU

M.A. Cenera, P.M. Ilenemax, B.B. Bpuran

Jlpoeobbiuckuil 2ocyoapemeentoiii nedazo2uveckuli yHusepcumem umenu H. @panro, ya. Heana Ppanko, 24,
82100 JIpozoburu, Yrpauna

PasBura Teopust 971eKTPOHHBIX COCTOSTHUI HA MOBEPXHOCTH IOJIYIIPOBOJHUKA ¢ HEPOBHOCTSIMMU, KOTOPBIE
CO3JAHBI KaK aJCcOpOMPOBAHHBIMU ATOMAMM, TAK U aKyCTUYECKOM KBas3WpeJieeBChbKoU BosrHOM. IlosywuenHo
CIIEKTP IIOBEPXHOCTHBIX 9JIEKTPOHHBIX COCTOSTHHU Ha aJCOPOMPOBAHHOM IIOBEPXHOCTH IIOJIYIIPOBOJHUKA
GaAs B [UIMHHOBOJIHOBOM, PE30HAHCHOM W KOPOTKOBOJIHOBOM MPUOJIMIKEHUSIX C YIE€TOM B3AUMOJEHMCTBUS
HEePBBIX TPEX JJIEKTPOHHBIX TAPMOHUK IIPU BO3AEMCTBUM aKyCTUYECKON KBa3WpeJieeBChbKOM BOJIHEL [lokasa-
HO, YTO 3aBUCHUMOCTU dHEPTeTHYEeCKON ITMPUHBI 3aIIPEleHHON 30HBI Ha IOBEPXHOCTHU IIOJIYIPOBOJHUKA U
JIJIMHBL IPOCTPAHCTBEHHOMN JIOKAIU3AIINN BOJTHOBOM (DYHKIIUN 9JI€KTPOHA OT KOHIIEHTPAIINN aICcopOUpOBaH-
HBIX aTOMOB B UHTepBaJje 0< N,, <10"sm® HMeT HeMOHOTOHHBIH XapaKrep.

Kinrouersie ciioBa: AncopOupoBaHHBIe aTOMBI, AKYCTUUECKasi KBa3UpPeJeeBChbKasl BOJIHA, JJIEKTPOHHBIE CO-

CTOAHHA.
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