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CONTROL OVER HIGHER-ORDER TRANSVERSE MODES
IN A WAVEGUIDE-BASED QUASI-OPTICAL RESONATOR

Subject and Purpose. The problems under consideration concern selection and focusing of higher-order modes in a waveguide-based di-
electric laser. The purpose is to clarify the physics underlying the behavior of, and permitting control over, continuous terahertz-frequency
laser beams of various spatial polarizations.

Methods and Methodology. The mode parameters of the waveguide-based laser resonator involving an inhomogeneous phase-
stepped mirror were calculated in a matrix technique. To analyze the propagation and focusing of the laser beams that can be excited in
a variety of diffraction zones by the wave modes of a waveguide-based quasi-optical resonator, a vectorial Rayleigh—Sommerfeld theory
was used. The pertinent experimental studies were performed with the use of known measurement methods suitable for the terahertz
frequency range.

Results. A method for selecting the higher-order EH 5;-mode of a terahertz-range laser resonator has been suggested, substantiated
theoretically and approbated in experiment. It envisages placing an additional element to perform control over the system’s modal struc-
ture, namely a (2.3...2.8) A-wide groove on the surface of one of the resonator mirrors. This measure can significantly increase losses for all
undesirable modes. At the same time, the losses for the higher EH | 5,-mode remain practically unchanged, which creates conditions for its
predominant excitation. Theoretical and experimental studies of moderate and ‘sharp’ focusing in free space of higher-order modes with
different spatial polarizations of a dielectric waveguide-based resonator have been carried out.

Conclusion. As has been shown, the proposed phase-stepped mirror with a groove can effectively select the higher-order transverse
modes that may be required. The linearly polarized EH | 5,-mode has maximum field intensity in the focal region of the lens employed. For
azimuthally polarized TE .- and TEy3;-modes the central lobes, noticeably shifted from the focus of the lens, have a field maximum. An
increase in the axial intensity is observed upon sharp’ focusing in the field distribution of the radially polarized TM,4- and TMgzg-modes.
In this case their central lobes, like those of the higher TE,-modes, are noticeably shifted from the lens focus.

Keywords: terahertz laser, dielectric resonator, inhomogeneous mirror, polarization, selection, focusing, high-order modes.

Introduction studying biological objects, and achieving subwave-
Terahertz (THz) laser beams can be used for diagnos-  length resolution in tomography. Other application
ing the condition of thin films or material surfaces, areas include information transfer, data and image
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Fig. 1. Block diagram of the experimental
setup: I — CO, laser; 2 — system of fold-

processing, communication systems and lithogra-
phy [1]. Lately, much attention has been paid to the
possibilities provided by laser radiation of radial
and azimuthal polarization. As has been shown in a
number of works [2, 3], such radiation has a signif-
icant potential for production of optomagnetic de-
vices, making it possible to improve focal spot con-
figuration, reduce focal length, and achieve a greater
focusing depth.

The studies on the selection and focusing of high-
er order beams are currently of great interest. Most
of the papers published in the area concern the op-
tical range [4—6]. The authors [7] proposed a me-
thod based on Poincaré sphere representations of
polarization states of radially polarized high-order
Laguerre—Gauss vectorial beams. ‘Sharp’ focusing
of higher-order beams of different spatial polariza-
tions was studied in [8]. Paper [9] was a discussion
of ‘sharp’ focusing of polarization-inhomogeneous,
higher-order laser beams as effectuated by near-field
microscopy methods.

In the THz-range, quite a number of works are
known dedicated to problems of selecting and fo-
cusing laser beams of different spatial polarizations.
Thus, in paper [10] a method of spatial filtering is
described that ensures selective excitation of higher-
order transverse modes in a waveguide-based quasi-
optical resonator. The method is characterized by a
high degree of discrimination of undesirable oscilla-
tion modes. It is based on the use of a mirror capable
of absorbing or scattering the radiation inhomoge-
neities located at discrete points on its surface. An
effective excitation of such modes in the THz-range
(specifically, at the wavelength A = 0.4326 mm) in
a waveguide-based dielectric resonator with an in-
homogeneous amplitude-stepped mirror has been
confirmed both theoretically and experimentally. In
paper [11], a method of selecting the higher-order
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ing mirrors; 3 — electric drive; 4 — mir-

10 ror motion unit; 5 — hollow dielectric
waveguide; 6 — input mirror; 7 — output
' mirror; 8 — THz cell evacuation system;

9 — HCOOH-containing retort; 10 — py-
roelectric sensor; 11 — selective amplifier;
12 — ADC and computer

11 |== 12

waveguide mode was proposed, in which the first
(along the radial) point of zero field strength coin-
cides with the edge of the output orifice, such that the
edge diffraction effect is suppressed. A method for
obtaining non-Gaussian light beams with azimuthal
field polarization in a waveguide-based quasi-opti-
cal cavity is described in paper [12]. The method is
based on the use of polarization-selective diffraction
structures, such as laser mirrors. The physical fea-
tures of lower-order modes with different field po-
larizations were established in paper [13]. The modes
considered were excited in a laser resonator based
on a THz-band circular dielectric waveguide in the
course of either moderate or ‘sharp’ focusing in a free
space. However, the current acute problem, in what
concerns such generators, is the selection of trans-
verse modes of different orders, capable of providing
single-mode generation, and study of the focusing
process.

The purpose of this work is to establish the physi-
cal grounds for selecting and focusing higher-order
modes of a dielectric waveguide-based resonator for
a THz-range laser.

1. Selecting a higher-order
mode of linear polarization

The block diagram of an optically pumped, wave-
guide-based THz laser, and the experimental setup
for its study are presented in Fig. 1. Both were de-
scribed in detail in paper [12]. The working mole-
cule of the HCOOH laser is excited by a dc-discharge
preionized CW CO, laser as described in paper [14].
The terahertz cell is the vacuum chamber 5 made of
Pyrex in the form of a circular tube of internal dia-
meter 35 mm and 1848 mm length, closed by mir-
rors 6 and 7. The surface profiles of these mirrors
were chosen, based on the need to obtain generation
of a desired transverse mode.
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The system for detecting the terahertz radiation
consists of a pyroelectric detector 10 arranged in a
special-purpose electro-mechanical unit and inten-
ded for scanning the transverse distribution of the
output laser intensity from prescribed azimuths. The
detector is placed at a distance from the cell’s output
mirror 7 ranging from 10 cm to 1.5 m. The spatial
resolution of the detector can be adjusted by means
of diaphragms placed at its input. The volt-watt sen-
sitivity and the expected width of the radiation beam
were taken into account when selecting the reso-
lution of the optical receiver. When measuring the
spatial distribution of radiation intensity, the diame-
ter of the diaphragm was chosen in the range from
3.0 mm to 0.3 mm.

The polarization state of the generated mode was
determined as follows. The radiation receiver with a
small input aperture was moved along different azi-
muthal directions in the transverse plane of the radia-
tion beam, and the polarization plane’s position was
determined, with the use of a polarizer, at the points
of maximum radiation levels. The polarizer was rep-
resented by a one-dimensional wire grating with a
40 pum step and wire diameter of 8 pm.

The power radiated from the THz laser was esti-
mated with a bolometric power transducer BIMO-1.

The output mirror 7 of the cavity (Fig. 1) was a ca-
pacitive 2D grid fabricated by depositing aluminum
through a matrix onto a 4-mm thick parallel-plane
plate of crystalline quartz. The input reflector 6 was
a non-uniform mirror involving a central coupling
hole of diameter d = 3 mm. The calculations per-
formed showed that with a coupling hole of this
diameter, field magnitudes over the mirror are prac-

tically not different from such on a mirror without
an hole.

Using the matrix technique of paper [15], we have
been able to suggest a suitable surface profile of the
input mirror 6 for efficient selection of the EH,,-
mode in the waveguide-based quasi-optical resona-
tor. In order to discriminate between the transverse
modes on the surface of the mirror, it was proposed
to make a groove of a 1/4 depth. In that case, the
modulus of the reflection coefficient from the mirror
is the same over the entire surface, while its phase in
the groove is shifted by 7 relative to the rest of the
mirror surface. As a result, a wave incident on the
groove is reflected in antiphase and interferes nega-
tively with the wave reflected from the main part of
the mirror. This can greatly reduce the quality factor
of all the modes for which the groove would happen
to be located close to the area of maximum field am-
plitude. The calculated dependences of power loss of
the resonator modes per round trip over the groove
width b of the diffractive phase-stepped mirror are
shown in Fig. 2. It can be seen from the Figure that,
as a result of placing the groove on a mirror of width
b=1.0...1.2 mm (2.3...2.8) 4, the losses for all unde-
sirable modes can be made to increase as much as
possible, while the losses for the highest EH},,-mode
would remain practically unchanged. Taking into ac-
count the calculation results, the reflective surface
of this mirror has been proposed to be made with a
groove of width b = 1.1 mm (Fig. 3).

The spectra of the laser modes excited that were
obtained experimentally, with the use of the homo-
geneous input plane and the inhomogeneous phase-
stepped mirrors proposed, are shown in Fig. 4. A uni-
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Fig. 2. Calculated dependences upon gro-
ove width b of per-round-trip energy los-
ses A for modes of the resonator under
study (the groove is on the surface of the
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Fig. 3. Profile of the phase-stepped diffractive mirror at the input:
surface view (a) and transverse cross section of the mirror (b)
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Fig. 4. Tuning characteristics of the waveguide-based HCOOH
laser: with a plane mirror at the input (a) and with a phase-
stepped mirror at the input (b)

form two-dimensional capacitive grid served as an
output mirror. The resonator length was used as a
variable parameter for tuning the process of mode
excitation (see Figs. 4, a and b). In the case of using
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the phase-stepped mirror, four resonator modes
could be observed in the resonator spectrum, which
were of linear polarization and showed almost equal
radiation powers (Fig. 4, b). The radiation power of
the THz laser present in the EH}14-, TEq4+EH) 4
and EH_;;+EH3;,-modes was 8.0 mW, while in the
EH,,,-mode it equaled 7.9 mW. These modes were
identified, based on the transverse field distribu-
tions and intermodal intervals observed [16].

For a resonator with a no-groove reflector 6, the
transverse distribution of the radiation intensity cor-
responds to such for the fundamental EH,;-mode.
When the phase-stepped mirror is used, the inten-
sity distribution obtained experimentally shows a
qualitative agreement with the one calculated for the
EH|,-mode. The transverse distribution of the inten-
sity radiated as the EH},,-mode (i.e., the far field at
the laser output) is shown in Fig. 5.

So, the proposed phase-stepped mirror having
a groove on its surface can effectively select the re-
quired higher-order transverse mode.

2. Higher-order mode focusing
with different spatial polarization

2.1. Theoretical relations

The modes of the laser resonator that has been used
herein for focusing THz-frequency radiation coin-
cide with the modes of a circular hollow dielectric
waveguide [17]. Within the initial plane at the out-
put mirror, we can present the radiation in the form
of higher-order modes TEy, -, TMy,4-» and EH,,,,-
modes (n>1) of a circular dielectric waveguide of ra-
dius a,, that are polarized, respectively, azimuthally,
radially, and linearly (Fig. 6). The cylindrical-frame
components of these modes, taken within the plane
of field source, are described by the expressions [17],

TEy,;-mode
E, (r.¢)=0,
o Xon r (1)
By )= a0, 21 1,

1

TMy,4-mode

- 1
Er (1",¢) = BOn a_Il (XOn QLJ,

1 1 (2)
E’¢ (r,¢) =0,
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EH,,,-mode
- r .
Er (T,¢) = CanO LXIn a_j Sln(¢)’
: (3)
= r
E¢(r,¢): CinJo| X1n— |cos(9),
4
where - S
” \/;XOnJO(XOn)’ \/;]2()(1”)’
1
and C;; =—=——— are normalizing factors;
" a\/;Jl(Xln)
Jo»J; and J, are Bessel functions of the first

kind, and y,, and yx,, are roots of the equations
Jo (%0n) =0 and J, (x,,) =0

Making use of the Rayleigh—Sommerfeld vecto-
rial theory [18] (the non-paraxial approximation
thereof), and recalling Egs. (1)—(3), we can find the
field components of the TEy,;-; TMo,q-> and EH},,4-
modes of the dielectric resonator at the input aper-
ture of the lens. Taking into account the phase cor-
rection function of the lens [19] and applying once
again the Rayleigh—Sommerfeld integrals, we write
down the field components of these modes in the fo-
cal region area of the lens.

The field components for azimuthally polarized
TEy,,-modes at a distance z, in the focal region of
the lens (Fig. 6) are as follows,

E, (p3,05,2,)=0,

2
- Kzz, exp(zkfz)
£

XAOnj.expg(—ZkEIJ.]l[JCOH 1]

o = (4)

ikr?
Xy (rir)esp| Sz |rdl, (v201)x

1

E, (p2:0.2,)=

ikp,’
Xexp| g Ph(p\)prdpy,

where k=2m /A is the wavenumber; A is the wave-
length; z; is the distance from the resonator’s output
mirror to the lens; z, is the distance from the focal
plane of the lens to the receiver; p,,0,,z, stand for
cylindrical coordinates within the lens plane z = z;;

E =Nz +p1s 1i=kp /&5 pyby.2, are the cy-
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Fig. 5. Measured transverse distribution of the radiation intensi-
ty I of the EH}5;-mode at a distance of 300 mm from the output
mirror

lindrical coordinates of points within the observation

plane z = z, behind the lens; &, =/(F+z, )2 +p%;
y,=kp,/&,; ap is the radius of waveguide and
a, the radius of the lens; aj is that of the absorbing
mask; Ph(p,)=exp (—iﬂpf | AF ) is the phase cor-
recting function for the lens, and F is the focal length.

The field components belonging to radially polari-
zed TM,,;-modes are (in the focal region of the lens,
at a distance z, ):

2

Er(pz,ez,zz)z 2222 exp (ik&,) x
2
“ exp (ik& )
XBOnJ—ZIJJI(XOnLJII (717)x
0 gl al

ikr? ik
XeXP(ZS ]fdrh(yzpl)eXp[ g

]Ph(pl )P1dpys
1 2

E¢ (Pz’ez’zz) =0,

ik’z _ (5)
> 1 exp (ik&,) %

2

&izkgl)."]l (%OnLle (Vl")x
3 0 4

0 1

E, (p;.05.2,)=

X B,

.k 2
Xexp(lzg er? [PJO (Vzpl)"' ip, ), (Vzpl )]

1

ik 2
xexp[lzgl
2

]Ph(pl)p1dp1-
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Fig. 6. Computational model of laser beam focusing

The field components for linearly polarized EH, -
modes in the focal region of the lens, at a distance z,,
are of form

2
E,(py0y.2,) = %2 exp(ikE  )sin(0,) %

&
T exp(ikg))'} r
XCan &_2 : jJO[XOna_JX
0 1 0 1

1

% 2
xJo (ylr)exp(%]rdrjo (yzpl) X

ikp;
xexp( 251 ]Ph(pl)pldpl’
2

Kz z
E¢<P2’92>Z2)= i :
&

% exp(ik&,) r
X Cln_[g—zljfo (X(m a—jx
0 0 1

1

exp(ik&,)cos(0,) x

kr? 6
x]o(ylr)exp[ r ]rdr]o(yzpl)x (©)

i
28,

ikp;
xexp( 251 ]Ph(pl)pldpl’
2

.72

ik“z
E, (p2,02,z2): E—zlexp(ikfz)sin(ez) X
2

“ exp(ik& ) r
XCang—zl_[fo (X(m a—]x
0 1 0 1

02
xJo (ylr)exp(%}dr X

1

Xl:iplll (7201)+P2]1 (V201 )] X

ikp?
XCXP( 2? : ]Ph(pl)pldpl-
2
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2.2. Calculated results and analysis

Egs. (4)—(6) have been used to calculate the total field
intensity of the TE,,;, TMy,,- and EH},,-modes, as
well as of the longitudinal component of the TM,y,,,-
modes, all in a close vicinity of the minimum-sized
focus spot of the beam, for the cases of both ‘sharp’
and moderate focusing [13]. The wavelength of the
radiation under study was 0.4326 mm (emission line
of an optically pumped HCOOH THz laser). The
waveguide diameter was chosen as 2a; = 35 mm, and
the lens diameter equaled 2a, = 50 mm. The focal
length F of the lens was chosen according to the con-
ditions of either ‘sharp’ (the numerical aperture of
the lens [20] equaled NA = 0.68, where NA = a, /F),
or moderate focusing (NA = 0.16). The distance z;
was chosen to be 300 mm, to ensure complete beam
interception. The calculations were made for a fixed
value of the angle 0, = /2.

The regions of maximum field intensity located at
a distance zj,,, from the geometric focus of the len-
ses were identified, and the diameters d; of the ra-
diation beams in those regions calculated, both for
moderate and ‘sharp’ focusing. Due to the complex
structure of the higher-order mode field, their dia-
meter was calculated using the formula [21],

27T 0

2_[ jpzzl(P2’02>Z2)Pzdpzd92
dy, =2 |22 : (7)

o 27T o0

J JI(P2’02>22)P2dP2d92
00

The total field intensity distributions for the linear-
ly polarized EH},,- and EH}3,- modes are shown in
Fig. 7, for both moderate and ‘sharp’ focusing. The
total intensity of the field of these modes, determined
by all three components, has a maximum on the axis.
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Fig. 7. Calculated distributions of the total field intensity of the EH},, (a, b) and EH 3, (c, d) modes
for moderate (g, ¢) and ‘sharp’ (b, d) focusing in the focal region of the lens
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Fig. 8. Calculated distributions of the total field intensity of the TEy, (a, b) and TEy; (¢, d) modes
for moderate (g, ¢) and ‘sharp’ (b, d) focusing in the focal region of the lens
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Fig. 9. Calculated distributions of the total field intensity of the TM, (a, b) and TMj, (c, d) modes
for moderate (a, c¢) and ‘sharp’ (b, d) focusing in the focal region of the lens
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Fig. 10. Calculated intensity distributions of the longitudinal field component of the TMy, (4, b)
and TM3, (¢, d) modes for moderate (a, c) and ‘sharp’ (b, d) focusing in the focal region of the lens
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Fig. 11. Calculated (I;) and measured (I,) transverse distributions of the total field intensity of the
EH|54-mode for cases of moderate (@) and ‘sharp’ (b) focusing

The total field distributions of the azimuthally po-
larized TE,,- and TEj3,- modes are presented, for
the cases of ‘sharp’ and moderate focusing, in Fig. 8.
The transverse distribution of the total intensity in the
near-focal area, characteristic of the azimuthally po-
larized TE,,- and TE3,- modes of a dielectric reso-
nator, retains its annular form in the cases of both
moderate and ‘sharp’ focusing. The central lobes of
these modes, noticeably shifted from the focus of the
lens, possess a field maximum. In addition, the total
intensity for both modes is determined by a single
transverse component described by Eq. (4).

The total field intensity distributions for the radial-
ly polarized TM,,-and TM3,- modes (both modera-
tely and strongly (‘sharply’) focused) are shown in
Fig. 9. It can be seen from the graphs that in the case
of ‘sharp’ focusing, the transverse distribution of the
field of these modes shows kind of an increase in
axial intensity (Fig. 9, b, d), which is not revealed in
the case of moderate focusing (Fig. 9, a, c). The longi-
tudinal field component of ‘sharply’ focused TM,,-
and TM3,- modes makes a significant contribution
into the total intensity of these modes (Fig. 10).

The calculated results concerning location of maxi-
mum intensity areas for the higher-order modes (and
their separation zp,,,, from the focus), as well as the
effective diameter of such an area, are given in Table.
The linearly polarized EH},;,-mode displays a mini-
mum value of the beam diameter in close proximity
to an elevated-intensity area, both for the ‘sharp’ and
moderate focusing. The maximum field intensity of
the azimuthally polarized TE,3,-mode is located, for
both types of focusing, at maximum distances zpy,,
from the geometric foci of the lenses under study.
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2.3. Comparison
of experimental and numerical results

The output homogeneous and input inhomogeneous
phase-stepped mirror (Fig.3) were used to study
the focusing of higher-order modes in the THz la-
ser cavity. The laser was tuned to support and am-
plify the linearly polarized EH),;-mode (Figs.4
and 5). The free-space diameter of the laser beam
in this mode, as estimated in the experiment, was
FWHM,,, = 16.5 A, while the calculated value equa-
led FWHM_ . = 15.96 1.

A long-focus lens with a focal length of 160 mm
and a short-focuslens with a focal length of 36.36 mm
were placed to completely intercept the beam at a dis-
tance of z= 300 mm. The transverse size of the radia-
tion beam was measured by moving the receiver 10
(Fig. 1) along the optical axis in the focal regions of
the two lenses.

As found in the experiments, the maximum field
intensity of the EH},,-mode observable in the mo-

Calculated results of finding the maximum
intensity positions of higher-order modes and
the diameters of their focal spots

NA =0.68 NA=0.16
Mode types

Zmax /A dyl Zimax /A dyl A
EHyy, 4.71 6.22 75.13 26.50
EHy3, 6.80 10.34 139.85 42.99
TEgy, 4.95 8.14 98.24 34.10
TE 34 7.95 13.11 164.12 51.95
TMpyq 5.18 10.55 90.15 34.48
TM34 7.26 17.72 153.72 53.17
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derate focusing regime could be fixed near zj,, =
=74.80 A, while the calculated location was zj,, =
=75.13 A. In the case of ‘sharp’ focusing the experi-
ment the maximum field intensity revealed by that
mode was measured at zj,,,,, = 4.6 A, while the calcu-
lation predicted zj,,, = 4.71 A. The transverse inten-
sity distributions for the EH},,-mode, obtainable at
such distances are shown in Fig. 11, both for mode-
rate and ‘sharp’ focusing. The measured diameter of
a moderately focused EH}y;-mode (NA =0.16) was
FWHM,,,, =4.50 4 (compare with the calculated va-
lue FWHM_,. = 4.48 4). In the case of ‘sharp’ focu-
sing (NA =0.68) the respective values happened to
be FWHM,y, = 0.90 4 and FWHM, . = 1.27 4.

Conclusions

A method for selecting the higher-order EH,,,-mode
of a THz-range laser resonator has been suggested,
substantiated theoretically and approbated in expe-

riment. It is based on placing a groove, (2.3...2.8) 4
in width, on the surface of one of the mirrors in the
waveguide-based quasi-optical resonator. This makes
it possible to significantly increase the losses for all
undesirable modes, while leaving the losses for the
highest EH},,-mode practically unchanged, which
creates conditions for its predominant excitation.
Theoretical and experimental studies of moderate
and ‘sharp’ focusing of higher-order modes of a di-
electric waveguide resonator have been carried out.
It is shown that the linearly polarized EH,,,-mode
is characterized by the maximum field intensity. The
central lobes, noticeably shifted from the focus of the
lens, have a field maximum for the azimuthally po-
larized TE(,,- and TEy3,-modes. In the case of ‘sharp’
focusing an increase in axial intensity is observed in
the field distributions of the radially polarized modes
TMpyq and TM3, - At the same time, their central
lobes, like those of the higher-order modes TEan,
demonstrate a noticeable shift from the lens focus.
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KEPYBAHH{A BMIIVIMU ITOIIEPEYHVMI MOIJAMMU
XBMJIEBIJHOI'O KBA3IOIITMYHOI'O PESOHATOPA

IIpenmert i MeTa po6oTu. PosraaoTbes 3afadi cenexiii Ta GOKYCyBaHHA MOJ, BUILOTO MOPSKY [ie/IeKTPUYHOIO XBUIEBITHOTO
nasepa. Mera po60TH MONIATAE Y BCTAaHOBJIEHH] (i3MYHUX 3aKOHOMIPHOCTEN TIOBEIHKM Ta MOXK/IMBOCTEl KePyBaHHA /1a3epPHUMMI
Iydkamu 6e3repepBHOTO BUIMPOMIHIOBAaHHSA 3 Pi3HOIO IIPOCTOPOBOIO TOJIAPM3ALIIEI0 B TEPAareplioBOMY Aialla3oHi 4acToT.

Metopu i merogonorida. [l po3paXyHKy MOIOBUX XapaKTepPUCTUK XBUJIEBIIHOTO JIa3€PHOIO PE30HATOpa 3 HEOJHOPiZHUM
(dasocTyniHYacTUM A3epKanoM y poOOTi BUKOPMCTOBYBABCA MaTpUYHMII METOA. JI/i BUBYEHHA MOIIVPEHH: Ta POKYCyBaHHA Ja-
3€PHIUX IIYYKiB, 110 30yIKYIOTbCA MOJAMM XBIIEBITHOTO KBa3iONTMYHOrO Pe30HATOPA B PisHMX 30HaX AM(paKiiii, 3aCTOCOBAHO
BEKTOpHY Teopito Penes—3ommepdernbaa. Y BifMOBIIHNX eKCIIePUMEHTA/IBHUX AOCTIKEHHAX 3aCTOCOBYBAINCA BijloMi MeTOAM
BMMipIOBaHb T€PArepIioBOTO Jjialla3oHy.

PesynpraTi. 3ampoNOHOBAHO i TEOPETMYHO OOIPYHTOBAHO Ta EKCIIEPMMEHTATbHO ITBEPIKEHO MEeTOJ CeIeKIil BUIIOoi
EH|54-MOIM B /1a3ePHOMY PE30HATOPI TeparepLOBOro ianasoHy, KOTPUM Hepef6a4aeThecsl po3MillleHHs JOJATKOBOTO e/leMeHTa Ke-
PYBaHHS MOJIOBMM CK/IaZlOM — KaHAaBKJ HIMpuHOO (2.3...2.8) A Ha IOBepXHi OXHOTO 3 A3epKas pe3oHaTopa. Lle 103BOISIE 3HATHO
301IbIMTY BTPaTH WA Beix Hebaxkanux Mop. [lpu ipomy Brpatu mis Buioi EH),,-MOM 3a/IMIIAI0TECA TPAKTUYHO HESMIHHMMI,
10 CTBOPIOE YMOBMU A 1l IepeBa)KHOTro 30ymkeHHA. I[IpOBeeHO TeOpeTUYHi il eKCIIepUMeHTaIbHI JOCTIKeHH TOMIpHOTO Ta
rocTporo GOKyCyBaHHA y BiIbHOMY IIPOCTOPI, 38 ZOIIOMOTOI0 /IiH3M, BUIIMX MOJ Hi€/leKTPUYHOTO XBUJIEBI[THOTO PE30HATOPA, IO
MaloOTh Pi3HY IPOCTOPOBY HOIAPU3ALIIIO.

BucHoBxku. ITokazaHo, 10 3aIpONOHOBaHe (a30CTyIiHYACTe I3€PKA/IO 3 KAHABKOI YMOXK/IMBIIIOE e(PeKTUBHY CENeKIIil0 He-
o6xigHoi Buuoi nonepeynoi mopu. Ilokasano, mwo niniitno nonspusosana EH|-Mofia Ma€ MakCUMA/IbHY iHTEHCUBHICTD HOJIA Y
doxanphiit o6macti ninsu. [lna asumyranbHo nonapusoBanux TEyyq- 1a TEg3,-MOJL MAKCUMYM TIO/IA CIIOCTEPIraeThCs B LieHTPasib-
HUX IEMIOCTKAX, L0 € NOMITHO 3Milenumu Bijy ¢pokyca ninsu. [Ipu rocrpomy dokycysanni y pagianbo nonapusoBanux TMoy,-
1a TMp3,-MOp, y POSIIOA/L IO/ CIIOCTEPIra€ThCst 3POCTaHHA OCbOBOI iHTeHCUBHOCTI. IIpy 1pOMy iXHi LEHTpa/IbHI IENTIOCTKIY, 5K
iy Bummx TEan—MOI[, IIOMiTHO 3MileHi Bifj okyca.

Kniouosi cnosa: mepazepyosuil nasep, dienekmpuunuii pe3oHamop, HeoOHopioHe 03epKano, NONAPUIAUIS, cenekuis, Pokycysanns,
MOOU 6UL4020 NOPSOKY.
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