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Abstract. The paper analyzes the changes in electronic states of a layered crystal caused by shear
deformation of layers under action of the force consisting of both constant and harmonic components.
It is shown that such deformation can change the component of lattice spacing by the magnitude of
one layer thickness. In the frame of adiabatic approximation of the perturbation theory it is calculated
the electronic states, whose degeneracy is removed by deformation perturbation, as well as the time
moments of realization of degeneracy removal.
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JE®OPMAIIIMHE MOJIYJIIOBAHHS EJTEKTPOHHUX CTAHIB Y IIAPYBATHUX
KPUCTAJIAX

HU. M. Cmaxipa

AHoTaniss. AHATI3YIOTbCSA 3MIHU CTPYKTYpPU €IEKTPOHHUX CTaHIB IIapyBaTOro KpUcCTaja, 3yMOB-
neHi aedopMalliero 3CyBy MIApiB, KA 3MIACHIOETHCS CYyMOIO CTalOi 1 TApPMOHIYHOI CKJIaJOBUX CHIIH.
[Tokazano, mo Taka aedopMmaliisi Kpucrajaa MOXe 3MIHIOBATH CKIIAJOBY MEpPioy IPAaTKU HA TOBIIHHY
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mapy. B agiaGarnunomy HaOnmxeHH1 Teopii 30ypeHb BCTAHOBJIECHI eHEPTETHYHI CTaHU, BUPOKEHHS
SKHUX 3HIMa€eThCs feopManiiHuM 30ypeHHIM, 1 MOMEHTH Yacy Horo peasnisarii.
KuarouoBi ciioBa: mapyBari Kpuctaid, AedopMariis 3CyBY, MOIYJISLIS €JIEeKTPOHHUX CTaHIB

JTE®OPMAIIMOHHOE MOAYJIMPOBAHUE SJIEKTPOHHBIX COCTOSHUM
B CJIOUCTBIX KPUCTAJIJIAX

U. M. Cmaxupa

AHHOTAaNUsA. AHATU3UPYIOTCS U3MEHEHUS CTPYKTYPBI AJIEKTPOHHBIX COCTOSIHUM CIIOMCTOTO KpUC-
Taja, o0ycloBIeHHbIe AedopMalell cBUra CiIoeB, KOTOpas COBEPLIAETCS CyMOM MOCTOSHHOM U
rapMOHHYECKON cocTaBisomux cuibl. [lokazaHo, 4To Takas nedopmanus KpUcTauia MOXKET U3Me-
HATHh COCTABIISIOUIYIO MEPUOJA PEIIETKH Ha TOJIIMHY cios. B aanabarnueckoM NpuOIMKEHUH Te-
OpHUH BO3MYILECHHUN YCTAHOBIIEHBI YHEPreTUYECKUE COCTOSHHUS, BBIPOJKICHUS KOTOPBIX CHUMAETCs
ne(pOpMallMOHHBIM BO3MYIIEHHUEM, U MOMEHTHI BDEMEHHU €T0 PeaTn3aliyH.

Ku1roueBble cj10Ba: CIIOMCTBIE KPUCTAIUIB, Ae(OpMAaLisl CIBUTA, MOIYJISLNS IEKTPOHHBIX COCTOSTHUI

The presence of layers in the crystal structure
of layered of crystals as their structural elements
causes certain features of electronic properties
of these materials. They are clearly displayed in
the electron transfer phenomena and the struc-
ture of interband and phonon absorption spectra.
The role of layers, as structural elements bring-
ing forth the adequate spatial dependence of a po-
tential, in forming the peculiarities of electronic
properties depends on the structure of the layers
and interaction between them. A separate layer in
these crystals can have complex multilevel struc-
ture which is formed by the intense interatomic
interaction [ 1, 2] which leads to a certain isolation
of the layer. This property is manifested in the re-
sidual interaction between the adjacent layers and
conservation of their structure in a wide range of
external influences. It is clearly displayed during
the actions of external deformation forces on the
layered crystals [3-6]. The characteristic changes
in the set of electronic states of layered crystals,
arising from deformation of these materials, are
resulted from the changes in the interaction be-
tween the layers due to approach and relative
shift of the layers. This work is devoted to analy-
sis of the changes, caused by deformation, in the
structure of electronic layers and their dynamics
which are realized in the form of relative shift of
the adjacent layers. It is a continuation of papers
[7, 8] where a mechanism has been proposed for
the formation of spectra of the photoconductivity

28

component which is proportional to the product
of light intensity and mechanical stress.

Unlike the deformation of common solids, the
deformation of a layered crystal can be realized
by significant approaching and relative shear the
layers without essential changes in their structure.
Due to such deformation the lattice constant and
interaction between the adjacent layers undergo
changes what results in adequate changes in the
structure of electronic states. For estimation of
these changes we consider the structural de-
formation for the case of a simplified model of
layered crystal whose lattice parameter in the xy
plane of the layer is equal to d_ i dy, and in the

direction z normal to the layer plane —d 2 which

coincides with the thickness of the layer. The
crystal is exposed to the deformation force which
is a sum of the constant /_ and variable harmonic
F -sinQt components and which leads to a relative
displacement between the adjacent layers by the

appropriate distance [ =1/, + [ - sin Q¢ without
substantial changes in the structure of layers and
distance between them. Deformation of the crys-
tal by this force does not change the periodicity of
the lattice in the xy plane but leads to changing the
lattice period in the direction normal to its planes.

Within the model under consideration the lat-
tice constant in the direction normal to the layer
plane is determined by the number n of shifted
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layers per total distance n - / which is equal to
the least number of period d . (d_ is the lattice
constant in the layer plane where the shift oc-
curs). Accordingly, the number # is determined
by the equality N ~dxy=n-l, where N is the smallest
integer for which #» is an integer at given values
of land d . - In the case of multiplicity of the pe-
riod d_ to the shift value, which is reached for

the shlfts [<(d, /2), it is realized the small

values of n and correspondingly the short periods

d,=n-d) of a deformed crystal.

Due to conservation of the layer structure dur-
ing the process of shear deformation the lattice
period d_ can be changed only discretely by the

minimum thickness of one layerd g . This fact

gives rise to complex non-harmonic dependence
of period d_on the shift which is changing con-
tinuously.

Dependence of the lattice parameter d_ of the
deformed crystal on the shift depends substantial-
ly on the ratio of their quantities to the period d
The main requirement of this relationship - the
period d_ should be multiple to the shift /. For a
given shift direction in the layer plane the effec-
tive displacements are selected discrete values of
shifts which results in the corresponding changes
of the period d_of a deformed crystal.

The value of period d_ of the crystal de-
formed by a shift can be changed to integer p
using an additional shift. Changing the period d_
by p units of layer thicknesses is achieved by the
increments

Al =2 n
n+p

- p-l

ALy =Ll 2

pa @)

which gives rise to the increase of period (1) or
its decrease (2).

This property leads to the change in number »
and period d_ of a deformed crystal over the time
by harmonic component of the deforming force
that creates the required increments of shifts.

Time changes of the period d_ of deformation

perturbation,d, =7 -d_, which directly coin-

cide with the time dependence of the correspond-
ing multiplicity n, are caused by the harmonic

component of shift. Relatively to the time start,
Q-¢, = 0, the value of a given fixed displacement
[, to which the multiplicity n corresponds, is
changed by the harmonic component /-sinQt of
the shift to the extreme values /_+ /. During the
process of increasing the harmonic component of
shift, it is realized such its values which are equal

to the increment of shift Al;, what decreases the

multiplicity of n by p units. Accordingly, a de-
crease of the harmonic shift with time is accom-
panied by its values equal to the increment Al
what increases the multiplicity by p.

Deformation of a layered crystal by the force,
whose harmonic component has the period much
longer than the time of elasticity relaxation of a
crystal, results in creating the shifts between the
layers which are harmonic functions of time be-
ing in-phase to the deformed force. If at the ini-
tial time ¢ = 0 the shift between layers created by
the constant component of force is equal to 7,
its increase, caused by growth of the force har-
monic component, occurs within the harmonic
phase range 0 - m, whereas within the range
7 - 2-w a decrease takes place. The time moments,
at which the change of period d,, is realized, are
determined by the following equations

) N
_ Pl =1l -sing,, 3)
n—p
p'lc R “4)
=/, -sin
n+p ° %p.

Variation of the deformation perturbation pe-
riod, which is performed by means of sudden in-
crements of its value by integer number of thick-
ness, is realized only in the time moments when
the shift takes the values with respect to which
the period d_ is multiple of their magnitude. Fig-
ure 1 shows the time changes of the deformation
perturbation period for the specific case of shifts:
[,=0.25,1=0.125,d_=1.

Discrete time change of the period of the
deformation perturbations d_ =n-d; this is
caused by continuous in time the harmonic shift
of layers, gives rise to certain time intervals with-
in the period of harmonics, in which the period
d_remains constant over the time. The value of
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period d_, which is caused by the shift /, remains
unchanged in the time intervals where the value
of harmonic shift is insufficient to change the
multiplicity by unity.

Al / 8

0 /2 n 3n/2 2n

Qt

Fig.1. Schematic depiction of time dependence of
the deformed crystal period.

In relation to the phase origin, ¢ = 0, it refers
the intervals of phase 0 -¢ , © -9, © -¢,, 27 -¢,,

for which
(1. 1
@1 = arcsin| — -
ly, n—-1),

=arcsin I—CL .
2 Iy n+1

Thus, the time dependence of the multiplicity
period d to the value of total shift /, given at the
initial fixed time, is realized by an additional shift
whose magnitude is limited by the amplitude of
the harmonic component shift. As a result of har-
monic dependence of the total shift on time it is
realized the time intervals during which the mul-
tiplicity n varies in opposite directions. At that
the change of multiplicity is always opposite to
the change of harmonic shift.

Deformation of a layered crystal leads to some
changes in the crystal structure, due to which the
appropriate changes of coordinate crystal depen-
dence of the crystal field potential is realized. In
the case of deformation, which results in a rela-
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(6)

tive shift of the adjacent layers, there takes place
a displacement by relatively large distances of
the macroscopic fragments of crystal structure
what can lead to significant changes in the elec-
tronic states. Such deformation of a layered crys-
tal is usually achieved by small external forces
and can be considered as a cause for appearance
of the deformation perturbation of the potential.

Deformation potential perturbation is formed
by the relative shift between the layers and sig-
nificant changes in the interaction between them.
The shift between the layers leads to changes of
the distances between the identical structural ele-
ments of the adjacent layers and thus to change of
the interaction between them and its dependence
on the structure of the layer. The changes by rela-
tive shift of the weak interaction between the lay-
ers in the condition of conservation of their struc-
ture, which leave the deformed crystal in a lay-
ered state, gives rise to changes of the potential
which are considered as a perturbation, leading
to potential changes being considered as a per-
turbation. If a deforming force has low frequency
harmonic component, which provides a quasi-sta-
tionary regime of the process, the period of such
perturbation can depend on the shift between the
adjacent layers and be of a complex discrete func-
tion of time.

The relative shift between the adjacent layers
occurs simultaneously with the harmonic phase
and changes of the perturbation period are real-
ized only at the discrete values of the shift which
arise in the corresponding time moments during
the period of the harmonic. This time-dependent
perturbation allows one to consider its impact on
the electronic states in the adiabatic approxima-
tion of the perturbation theory. In the frame of
this approximation the harmonic component of
the perturbation is considered as slow one against
which the slow (compared with the harmonic pe-
riod) time intervals of changing the perturbation
periodicity are fast components of the time de-
pendence of the perturbation.

The deformation of a crystal by the total har-
monic force leads to a shift of the layers which is
realized in phase with the phase of harmonic com-
ponent of the force. Synphasing to this harmonic
of the time dependence of deformation perturba-
tion period disappears due to the complex non-
linear dependence of perturbation on the shift
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magnitude. Changing the perturbation period by
means of sudden increments of its value is real-
ized only in the time moments at which the shifts
acquire the magnitudes with respect to which
the shift period dxy is multiple to their magnitude.

In particular, the perturbation period cre-
ated by constant component of the force
d _%w d%=n, 40 decreases by the harmonic

zc
c

component due to increasing the total shift in
the time intervals corresponding to the change
of phase from Q-7 = 0 to -7, =  and increases
within the time intervals that correspond to the
difference in the phase of harmonics from = to
2m. As regards to the time origin ¢, = 0, at which
the shift is equal to /,, changing the period of de-
formation perturbation occurs in the phase oppo-
site to that of harmonic.

Thus, the shear deformation of layers gives
rise to forming a set of short time Bragg’s planes
which coincide with the planes of layers, and
their energy location and time of origin are deter-

mined by the value 4 = 2z . As a consequence of
d,

the Bloch’s wave diffraction on these planes there

occur in the corresponding time moments the dis-

continuities in the energy dependence of electron-

ic states E(k) for all wave vectors k, whose k_

component is g = 2z Commensurability g and k_

d
components of wave vectors of the Brillouin zone
allows realization of such gaps in the energy E(k)
in the whole range of energies of the conduction
band. For a given, fixed in time, period of per-
turbation d, the discontinuities in energy depen-
dences occur simultaneously at all energies, when
the wave vectors k have k component satisfying

z

the condition k, :2—7[ m (m=1,23..). Asa
Zl

result of the gaps in the energy dependences on
the wave vector, E (k), in the vicinity of these en-
ergies the density of states changes dramatically
leading to the corresponding changes in the elec-
tronic properties of the crystal. The energy bands,
which appear due to the Bragg’s diffraction, are
forming in the time moments that correspond in a
one-to-one manner to the values of ¢ and can be
identified by its magnitude.

The processes of removing the degeneracy
of energies E(k) by deformation perturbation
give rise to appropriate changes in the structure
of electron states of a deformed crystal. Due to
changes in the coordinate dependence of poten-
tial and its symmetry at the expense of layer shift
the degeneracy is removed for the energies which
depend on wave vectors and have the k. compo-
nent equal to the perturbation period g,. Remov-
ing degeneracy of the energy states leads to the
gaps in the energy dependence on wave vector for
those vectors that have k. component equal to g,
and appropriate changes of electronic properties.
Dynamics of the degeneracy removal and its im-
pact on the structure of electronic states entirely
coincides with the results of Bragg’s diffraction
of the Bloch’s waves.

The shear deformation of layers maintains a
layered structure and basic physical parameters
of the crystal except for changing the component
of lattice period in the direction perpendicular to
the plane of layers which occurs discretely by the
thickness of single layer. This model allows us to
compare the changes in the structure of electron
states that occur in the crystals, whose d_ com-
ponents of the lattice constant differ by integer
number. Under condition of constancy of the de-
formed crystal volume such deformation leads to
the multiple changes in the volume of unit cells
of the reciprocal lattice and the corresponding
changes in the number of allowable values of wave
vectors. Each fixed period of a deformed crystal
corresponds to the exclusive spatial distribution
of structural units and the appropriate interaction
between them, depending on the structure of the
layers. Among the different kinds of changes in
the structure of electronic states induced by layer
shift the gap of the energy functional dependence
on wave vector and time of its realization remains
the same for the considered model of a deformed
crystal.

Structural changes in the energy of electronic
states due to layer shift by controlled deforming
forces can be experimentally established by ob-
serving the time dependence for one period of
harmonic absorption coefficient of the monochro-
matic light, which acts as a monitor. In particular,
this opens an opportunity to estimate the spectral
composition of illuminating light on the basis of
the time dependence of its absorption measured
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by a radio-technical method without using the
dispersion elements. In [7, 8] such changes have
been estimated upon the time spectral dependence
of the piezophotoconductivity current phase shift
with respect to the phase of a deforming force.
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Fig.2. Spectrum of piezophotoconductivity
of In,Se, crystal.

From the view point of practical application of
the presented results of special attention is a spec-
tral distribution of time moments of removing the
degeneracy of energy of electronic states. With
the aim of estimation of practical use of this effect
it has been carried out experimental investigation
of the dependence of the time moments of remov-
ing the degeneracy on the energy of electronic
states. The experiments have been performed on
crystals of the In,Se, semiconductor compound.
In,Se, crystal belongs to the rhombic system in
which weakly interacting layers have a complex
structure. Unit cell of the crystal contains 28 at-
oms between which there are bonds of different
types. In,Se, single crystals were grown by the
Czochralski method, and the samples under study
presented natural cleaved plates. Deformation of
the samples was carried out by the force which
had a low frequency harmonic component. The
force was applied perpendicularly to the plane of
the layers at a small angle to their surface. We
measured the spectra of a piezophotoconductivity
component of conductivity which is proportional
to the product of light intensity and mechanical
stress. The spectrum of this component in the
range of photon energy which corresponds to the
interband transitions in the In,Se, compound is
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shown in Fig. 2. Fig. 3 presents the spectral de-
pendence of the phase shift of the piezophoto-
conductivity component relatively to the phase
of deforming force measured by a phase meter. It
should be noted that there are not physical causes
for occurrence of the phase differences in the pro-
cess under consideration. An imaginary phase
shift results from the sudden change in the mo-
ments of removing the degeneracy of the form
of harmonics which occurs at the corresponding
time moments.
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Fig.3. Spectrum of the phase shift of the piezopho-
toconductivity component relatively to the phase of
deforming force of In Se, crystal.

High sensitivity of the phase values to the
energy of electronic states, do /dE(k), allows us
to conclude that the deformation changes in the
structure of electronic states of layered crystals,
which are caused by a shift of the layers, can be
effectively used for development of electronic an-
alyzers of spectral composition of light and sys-
tems of object recognition.

Summing up the obtained results we come to
conclusion that shear deformation by means of
the deforming force with a harmonic component
results in removing the degeneracy of energies of
the electronic states whose wave vectors have the
o 2

q= d.
Removal of the degeneracy occurs under action
of the potential deformation perturbation subse-
quently in time during the period of the harmonic
in the time moments for which the equality

component equal to the reverse period
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27 e+l -sinQu

P (7
do d

Xy

is satisfied.

One-to-one correspondence of the time mo-
ments ¢, to the energies, whose degeneracy are
removed, allows one to identify the energies of
electronics states upon the time moments of the
degeneracy removal. One of the experimental
methods of measuring the time moments of re-
moving the degeneracy of the given energy state
is study of the time dependence of the monochro-
matic light absorption. A sudden change in the
coefficient of interband absorption of the mono-
chromatic light of the known frequency, which
arises due to a sudden change of the interband
electronic state density, can be registered by us-
ing the common radio-technical methods. Time
changes of the absorption coefficient can be con-
trolled by the direct measurements as well as by
changing the physical quantities which depend on
this absorption.

Experimentally the changes of electronic states
structure, caused by the shearing deformation of
layers, can be elucidated via time dependency of
the monochromatic radiation absorbance moni-
tored during the harmonic period. In [7.8] such de-
pendencies were estimated by spectral variation of
shift of the piezophotoconductivity phase with re-
spect to the phase of deformation force. Below we
present the experimental results the component of
the piezophotoconductivity spectra of In,Se, lay-
ered crystal, proportional to the product of a mono-
chromatic light intensity and a value of mechanical
stress. Fig.4 illustrates the spectral dependencies of
synchronized and phase-shifted components of the
piezophotoconductivity current of In,Se, layered
crystal. Fig.5 presents the spectra of piezophoto-
conductivity and phase shift of In,Se, crystal.

The main results on the shearing investigation
deformation allow us to draw the following con-
clusions. The shearing deformation consisting of
both constant and harmonic components leads to
the changes in constituent of lattice parameter d
of a layered crystal. The value d_is varied pro-
portionally to the number of layers as, where n
is an integer number determined by the equation
d = ['n. Minimal values of d_correspond to such
values of shifts [, being divisible to d,

I, arb.un.

1.4
E, eV

Fig.4. Spectral dependencies of in-phase (solid line)
and phase-shifted (dash line) components of piezo-
photoconductivity current of In Se, crystal.

The variation of shifts / during the harmonics
period leads to an appearance of a certain number
of new values of d_, which are realized in the cor-
responding time moments ¢ . During the shearing
deformation the value d_changes discretely at the
specific time moments. At that, the time depen-
dency of the deformation perturbated potential
is a sum of the slow component, dependent on
frequency shift, and the short time component
caused by a discrete shift. Those perturbations re-
sult in partial removing degeneration of the elec-
tronic states whose k_component of the wave vec-
tor is determined by (7). Degeneration removal
is realized at the time moments corresponding to
that energy.

1.0 Co : : : : 120
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T T T T T T
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Fig.5. Spectra of piezophotoconductivity and phase
shift between current and deformation force of
In Se, crystal (1 — amplitude, 2 — phase shift).
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One-to-one correspondence of the energies of
the electronic states energies to the time moments
of their degeneration removal allows determin-
ing the energy values by means of radio-technical
measurements of the corresponding time mo-
ments. Such dependencies can be a basis for de-
velopment of radio- technical analyzers of spec-
tral composition of light without using dispersion
elements [9].
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Summary

The paper substantiates the intended creation of the discrete periods of crystalline lattice of layered
crystals due the relative displacement of layers. The shear deformation of the layers retains unchanged
the layered structure and basic physical parameters of the crystal, except for the change of the compo-
nent of the period of crystalline lattice in the direction normal to the plane of the layers, which occurs
discretely by the thickness of one layer. Deformation of a layered crystal gives rise to certain changes
in the crystalline structure due which the corresponding changes in the coordinate dependence of the
crystalline field potential are realized. In the case of deformation, which leads to the relative displace-
ment of adjacent layers, the displacement takes place at relatively large distances of the macroscopic
fragments of the crystalline structure what can lead to significant changes in the electronic states. It is
shown that the main changes caused by the shift of the layers in the structure of electronic states are
due to the processes of degeneration of the energies of these states. The dynamics of the degenera-
tion of electronic states is established what makes it possible to identify them upon the time moments
of removing the degeneracy. It is proved that structural changes of the energies of electronic states
due to the shift of the layers can be experimentally established upon the time dependence during the
harmonic period of the absorption coefficient of the monochromatic light, which plays the role of a
monitor. This, in particular, opens the possibility of evaluating the spectral composition of the illumi-
nating light upon the time dependence of its absorption by means of radiotechnical methods without
using dispersing elements.

Keywords: layered crystals, shear deformation, modulation of electronic states
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JTE®OPMAIIMHE MOJIYJIIOBAHHS EJJEKTPOHHUX CTAHIB
Y IHAPYBATHUX KPUCTAJIAX

H. M. Cmaxipa

JIbBiBCHKMII HallIOHATBHUN YHIBepcUTET iMeHi IBana dpanka,
(aKyJIbTET EJIEKTPOHIKH Ta KOMIT FOTEPHUX TEXHOJIOTIH,
Byn. [paromanosa, 50, 79005, JIbBiB, Ykpaina
stakhira@electronics.lnu.edu.ua

Pedepar

OOrpyHTOBaHO TIJITAHOMIPHE CTBOPEHHS JMCKPETHUX MEPIOJIB KPUCTAIIYHOI IPATKH IIAPyBaTUX
KpPHUCTAJIiB BITHOCHUM 3CyBOM I1apiB. Jledopmallis 3cyBy 1apiB 30epirae mapyBary CTpyKTypy 1 OCHO-
BHI (hi3WYHI MapaMeTpH KpUCTasia 32 BUHATKOM 3MiHA KOMIIOHEHTH MEPi0/1y KPUCTATIYHOI I'PaTKH y Ha-
IPSMKY, HOPMaJIbHOMY [0 TUIOLIMHY [IapiB, SKa BiI0yBA€THCS TUCKPETHO HA TOBIIMHY OJHOTO IIapy.
Jledopmaliis 1apyBaToro KpucTalia Mpu3BOAUTH A0 NEBHUX 3MiH KPUCTATIIUHOI CTPYKTYPH, BHACTIIOK
SKHX peati3yloThCs BIAMOBIIHI 3MiHU KOOPMHATHOI 3aJIE)KHOCTI MOTEHITIaTy KPUCTAIIYHOTO oIS, Y
BUMAAKY Aedopmalii, sska MPU3BOAUTH 0 BIIHOCHOTO 3CYBY CYCIJIHIX IIapiB, BIIOYBa€ThCS TEpe-
MIIIEHHS Ha BIJHOCHO 3HAYHI BiJICTaHI MAaKPOCKOMIYHUX (PparMeHTIB KPUCTAIIYHOI CTPYKTYpPH, 11O
MOXKE TPUBECTH JI0 CYTTEBUX 3MiH €JIEKTPOHHUX cTaHiB. [loka3aHo, 10 OCHOBHI 3MiHHU, CIIPUYHUHEH]
3CYBOM IIIapiB, Y CTPYKTYpPI €JIEKTPOHHUX CTaHIB 3yMOBJICH] IIPOIIECaMU 3HATTS BUPOJKEHHS CHEPT1i
LUX CTaHiB. BcTaHOBIEHO AMHAMIKY 3HATTSI BUPOKEHHS €IEKTPOHHUX CTaHiB, 1110 Ja€ 3MOTI'y 1/IeHTH-
¢bikyBaTH iX 32 MOMEHTaMH Yacy 3HATTS BUPOKEHHS. 3’ sICOBAHO, 10 €KCIIEPUMEHTAIIBHO CTPYKTYPHI
3MIHU €HEPTii eJEKTPOHHUX CTaHIB, K1 3yMOBJICHI 3CYBOM IIapiB KOHTPOJIbOBAHUMH J1€(POPMYIOUH-
MU CHJIaMH, MOXKYTb OyTH BCTAHOBJICHI 32 YaCOBOIO 3aJICKHICTIO IIPOTATOM Iepioy FapMOHIKH Koei-
I[i€HTA MOTJIMHAHHS MOHOXPOMATHYHOTO CBITIIa, SIKE BiJlirpae pois MoHITOpa. Lle, 30kpema, BikpuBae
MOXXJIUBICTh OIIHKH CTHIEKTPAJIBHOTO CKJIAy OMPOMIHIOIOYOTO CBITJA 33 YaCOBOIO 3JICKHICTIO HOTO
MOTIMHAHHS PaAl0TEXHIYHUM CII0COOOM 0€3 BUKOPHCTAHHS TUCTIEPTYIOUUX CIIEMEHTIB.
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