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A new method of improving mode selection in cavities of sub-terahertz second-harmonic gyrotrons is investigated. As an example, a
second-harmonic gyrotron with frequency of 0.3 THz is considered. The gyrotron is designed for collective Thomson scattering
(CTS) diagnostics of fusion plasmas and has a limited output power due to competition between the operating TE132 mode and first-
harmonic modes. For suppression of the first-harmonic competing modes periodic longitudinal corrugations are used in the gyrotron
cavity. Such corrugations can induce coupling of the normal cavity modes known as azimuthal Bloch harmonics. The corrugation
depth is set close to the half- and quarter-wavelength of the operating second-harmonic mode and competing first-harmonic modes,
respectively. Under this condition, longitudinal corrugations of the cavity generally have only a slight effect on the operating mode,
but can initiate strong conversion of the competing modes to high-order Bloch harmonics. The full-wave method of coupled
azimuthal harmonics is applied to investigate the influence of dimensions of the corrugated gyrotron cavity on eigenvalues, ohmic
losses and beam-wave coupling coefficients for the operating TE132 mode and the most dangerous competing modes. Using the self-
consistent theory of beam interaction with the operating and competing modes, the most optimal parameters are found for a gyrotron
cavity with mode-converting corrugations, which ensure the widest range of a single mode operation for the 0.3-THz second-
harmonic gyrotron. It is shown that, in this range, the gyrotron output power can be increased from 100 kW to 180 kW, as required
by CTS plasma diagnostics. It is found that output mode purity of the 0.3-THz second-harmonic gyrotron falls off due to mode-
converting corrugations, which induce undesirable coupling of the operating TE132 mode with neighboring Bloch harmonics in the
output section of the gyrotron cavity.
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Gyrotron is the most powerful source of sub-terahertz waves for widespread applications, including advanced
spectroscopic methods, material processing, sensing and imaging techniques, biomedical research, plasma diagnostics,
etc. [1-4]. It is a vacuum electron device, which is capable of producing more than 100 kW of output power in the
frequency range between 0.1 and 0.4 THz. This capability of a gyrotron makes it the only suitable radiation source for
plasma diagnostics based on collective Thomson scattering (CTS) [5-7]. However, in a gyrotron, high operating
frequency places a stringent requirement on applied magnetic field, which is intended to guide a helical electron beam.

This requirement is much relaxed in gyrotrons operated at the second (or higher) harmonics of the cyclotron
frequency. That is why second-harmonic gyrotrons with medium-field magnets are recognized as advantageous
radiation sources in the sub-terahertz-to-terahertz frequency range. However, in these gyrotrons, an additional constraint
on output power emerges [5, 6]. It is imposed by competition from the first-harmonic modes, which inherently possess
low oscillation thresholds (starting currents).

To discriminate against the first-harmonic competing modes advanced gyrotron cavities with improved mode
selection are required. Among them are coaxial cavities [8-12]. In a coaxial cavity, the modes are discriminated by a
coaxial insert. The insert dimensions are usually selected to be small enough to have only a slight effect on the operating
mode. Therefore, the operation of a coaxial-cavity gyrotron benefits from little sensitivity to the fabrication imperfections
and misalignment of the coaxial loading. Unlike the operating mode, competing modes, which have smaller caustic radii,
are suppressed by losses induced by the coaxial insert. The first-harmonic whispering-gallery (WG) modes are usually the
remaining competitors, which can hinder high-performance operation of second-harmonic gyrotrons [11, 12].

Mode-converting wall corrugations can be applied to further improve the selectivity properties of advanced
cavities for second-harmonic gyrotrons [13, 14]. Contrary to impedance corrugations [15-19], such corrugations induce
coupling between normal modes (azimuthal Bloch harmonics) of the cavity and thereby affect frequencies of cavity
modes, their ohmic losses and coupling with an electron beam [20-22]. According to [13, 14], in a cavity of a second-
harmonic gyrotron, the depth of mode-converting corrugations should be selected close to half wavelength of the
operating mode. In this case, the operating mode is generally weakly affected by corrugations of the cavity wall, while
characteristics of the first-harmonic competing modes undergo a material change. As a result, the corrugation width and
number can be optimized in such a way as to provide the most efficient suppression of the first-harmonic competitors in
a corrugated cavity of a second-harmonic gyrotron. Thus, in a second-harmonic gyrotron, the use of a cavity with
optimized corrugations is expected to have a beneficial effect on stability and efficiency of single-mode operation. The
aim of this paper is to provide the design of the gyrotron cavity with mode-converting corrugations, which aid in
suppressing the first-harmonic WG modes and improving the performance of a second-harmonic gyrotron. As an
example, we consider the 0.3-THz second-harmonic gyrotron designed for CTS diagnostics of fusion plasmas [11]. In
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coaxial cavity of this gyrotron, the operating TE 3, mode and first-harmonic WG modes are the only modes, which are
unaffected by the coaxial insert and are identical to modes supported by a hollow cylindrical cavity.

BASIC EQUATIONS
In a gyrotron, an electromagnetic radiation is produced by the interaction between a helical beam of electrons
gyrating in applied magnetic field B, = Bje, and TE mode (£, =0) excited at the s-th harmonic of cyclotron

frequency @,, in a metal cylindrical cavity. In the general form, this interaction is described by the following system of
equations:

o JArk
{AL +¥+k2jRCEL :—ZTJL
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where p=m,vy, v, ¥ :(1—\/2 / e’ )_]/2, e and m, are the momentum, velocity, relativistic factor, charge and rest
mass of beam electrons, respectively, j, is the transverse component of beam current density, ¢ is the speed of light in
vacuum, {E(r,t),B(r,t)} = {E(r),B(r)} exp(—iot) are the electric and magnetic fields of TE mode, @ is the angular
frequency, k = w/c.

In cylindrical coordinates {r,(p,z} , the field components of TE mode can be written as
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where V(z) and k, are the mode amplitude and transverse wavenumber, respectively, ¥ = ‘If(r,(p) is the membrane

function, which satisfies the Helmholtz equation A ¥ =—k;¥ and describes the transverse field structure in the

gyrotron cavity.
We consider an open-ended cylindrical cavity, which incorporates longitudinal wedge-shaped corrugations

(Fig. 1).
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Figure 1. Longitudinal and transverse cross-sections of the corrugated cylindrical cavity

In such gyrotron cavity, the membrane function has the form [13, 20, 22]
> 4,1, (r)exp(ik,p). 0<r<R

iX,g, (r)cos((f, (¢+%D, R<r<R,
=0

¥ 3
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where f

n

(r)=J, (k.r)/J; (k,R), k,=m+nN is the azimuthal index of the 7 -th Bloch harmonic, N is the number
J. (kr)N. (k R,)=J. (k RN, (k.r) A 0

i (K R)NL (k,R,)=J. (k.R)NL (KR) ™ g,
and N, (-) are the m-th order Bessel and Neumann functions, respectively, R, =R+d, d and w=g¢,R are the

of periodic corrugations, R is the cavity radius, g, (r)=

corrugation depth and width, respectively.

The transverse wavenumber k, =R ;((1 —i/ (2Q0hm)) and membrane function ¥ are derived from the boundary
and continuity conditions for the field (2). Here O, 1is the Q-value associated with ohmic losses of the TE mode in a
metal gyrotron cavity with finite electric conductivity o . For the TE,,, mode of a smooth-walled cylindrical cavity
(d=0 or w=0), one obtains y =4, ,, O, =0\ ~R/S, (1—m2/y,;%p) and ¥ = 4, f, (r)exp(img), where &, is

ohm

the skin-depth and 2/

m,p

is the p -th root of the function J, (-).

The amplitude V(z) of the TE mode and electron beam dynamic can be found from (1), initial conditions for
beam electrons and outgoing-wave boundary conditions at both ends of the cavity (for more detail, see [14]). Hence one
can determine the transverse electronic efficiency 77, = 1—<|p LB|2 / |p lO|2) as a function of beam parameters and cavity
dimensions, where (-) denotes averaging over the beam electrons having the initial p , and final p , transverse
momenta. The efficiency 7, is greater than zero, if the beam current /, = j j.dS, exceeds the oscillation threshold 7,

known as a starting current.

One of the main factors affecting the interaction efficiency is the beam coupling with s -th harmonic TE mode. In
a cavity with longitudinal wall corrugations, each TE mode has the form of multiple Bloch harmonics (see (3)), which
have their own beam-wave coupling coefficients. For the n-th Bloch harmonic with amplitude 4,, such coefficient

reads as [14]:
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where 7, is the beam radius,
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Among Bloch harmonics, there is always a dominant harmonic with maximal beam-wave coupling strength
C, = max {Cf’s} . Usually such harmonic has the main effect on efficiency of beam interaction with s -th harmonic TE

mode supported by a corrugated gyrotron cavity.
From the knowledge of the interaction efficiency, one can determine the total power of TE mode interacting with
the helical electron beam

Ptot = nellbl/b’ (5)

where 7, =1, &’ / (1+a2) is the total electronic efficiency, ¥, is the beam voltage, @ =v,,/v,, is the pitch factor,

v,, and v, are the initial transverse and longitudinal electron velocities, respectively.

Inside the interaction region, the total wave power must be balanced in accordance with the following
conservation law:

ont = P(mz + Puhm H (6)

where P . is the output power leaked out from the output end (z =z, is the

out

) of the gyrotron cavity (Fig. 1) and P,

out hm

ohmic power dissipated in metal cavity walls.
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For the cylindrical cavity with longitudinal wall corrugations, the power balance condition (6) can be reduced to
the following dimensionless form:

zZG,.), (M
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o, 1s the Kronecker delta.

The relation (7) provides useful check on numerical solutions of the self-consistent system of equations (1). As the
corrugation depth or width approaches zero, it reduces to the well-known condition of power balance in a smooth-
walled cylindrical gyrotron cavity [23].

EIGENVALUES AND OHMIC LOSSES OF THE CAVITY WITH LONGITUDINAL WALL
CORRUGATIONS
In a gyrotron cavity, the effect of longitudinal wall corrugations is mainly determined by the ratio of corrugation
depth d to mode cutoff wavelength A =27R/y and therefore is different for the first-harmonic (s =1) and second-
harmonic (s =2 ) modes [13, 21]. It alters the mode eigenvalue y , ohmic quality factor O, ~and beam-wave coupling
coefficient C, . One can take advantage from this fact with the goal to discriminate against the first-harmonic competing

modes of the second-harmonic gyrotron.
As an example, the 0.3-THz second-harmonic gyrotron operated in the TE;3, mode [11] is considered. The beam
parameters are as follows: [, =10 A, V, =60 kV, ¢ =1.2 and . =0.2 cm. The gyrotron is originally equipped with a

smooth-walled coaxial cavity of the radius R =0.32 cm. A coaxial insert of the cavity is used to suppress all first- and
second-harmonic competing TE,,, modes with relatively small caustic radii R, , = R|m| / 4, , - However, it has no

effect on the first-harmonic WG modes with |m| / 4, , >0.7. These modes are close to those of a hollow cylindrical

cavity and may constitute a threat to high-performance operation of the 0.3-THz second-harmonic gyrotron.

We consider longitudinal corrugations of the cavity wall as a possible means for discrimination against WG
competing modes of the 0.3-THz second-harmonic gyrotron. The coaxial insert of the cavity is ignored. The
corrugations are assumed to have the depth d =0.05 cm and width w=0.02 cm. The corrugation depth of 0.05 cm is
adopted to fulfill the condition d ~ A/2 for the operating TE;3, mode. Under this condition, the effect of wall
corrugations on the operating mode is generally weak [13, 14].

Fig. 2a shows the cutoff frequencies f, =cy / ( 27rR) of the gyrotron cavity versus the number N of corrugations
for m =13. One can see that within the frequency spectrum, there is the mode, which has the eigenvalue close to 5 ,
for a wide range of N . This mode is the operating mode, which has the form of nearly pure fundamental (7 =0) Bloch
harmonic with k, = m =13 and resembles the TE;3, mode of the conventional smooth-walled cavity. Unfortunately, in
close proximity to the operating mode, there is the mode ( f, = 297.34 GHz) with dominant high-order (n # 0) Bloch

component. It corresponds to the TE74 mode of a smooth-walled cavity. This mode (high-order Bloch harmonic) can be
coupled with the TE;3, mode (fundamental Bloch harmonic) for N =2,3,4,5,6,10,20. Even though such a mode

coupling is generally weak for d ~ 1/2, it may emerge in a corrugated gyrotron cavity with increase in mismatch
between d =0.05 cm and /2. Because of fairly small caustic radius of the TE;4 mode, this coupling must be

avoided. Otherwise, one might expect suppression of the operating mode by a coaxial insert introduced in the original
cavity of the 0.3-THz second-harmonic gyrotron.
For the operating and neighboring modes, the maximal beam-wave coupling coefficients C; are shown in Fig. 2b.

One can see that the operating mode exhibits the coefficient C,, which is close to the coefficient Cf,o) of beam coupling
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with TEi3, mode of the original smooth-walled cavity. The exceptions are N =13 and N =20. In this case, the
operating TE;3, mode suffers from conversion to high-order Bloch harmonics, which correspond to TE.j3, and TE.74

modes and are characterized by weak coupling with electron beam. Clearly such situation is unfavorable for the
operating mode.
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Figure 2. (a) Cutoff frequencies and (b) beam-wave coupling coefficients CS/ CS(O) of modes of the corrugated gyrotron cavity

versus the number N of corrugations for m =13, where CS(O) is the beam-wave coupling coefficient of the TE 132 mode of a smooth-
walled cylindrical cavity

Fig. 3 shows the ohmic Q-value O, of the operating TEi3» mode versus the number of corrugations. As the
conducting surface of the corrugated cavity expands with N, the ohmic Q-value decreases. For N =13 and N =20
one can see a distinct drop in O, . As discussed above, conversion of the operating mode to high-order Bloch

harmonics happens in this case. Thus, in the design of the corrugated cavity for the 0.3-THz second-harmonic gyrotron,
the number of corrugations must not be set to 2, 3, 4, 5, 6, 10, 13, 20 to avoid degradation of the gyrotron performance
due to conversion of the operating mode to neighboring Bloch harmonics.
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Figure 3. The ohmic Q-value of the operating mode supported by the corrugated gyrotron cavity versus the number N of
corrugations, where Q') is the ohmic Q-value of the TE132 mode of a smooth-walled cylindrical cavity

The competing WG modes of the 0.3-THz second-harmonic gyrotron are the first-harmonic modes with
m=7,8,9. For these modes, the longitudinal corrugations, which have about a quarter-wavelength depth, initiate a
strong coupling of multiple Bloch harmonics [13, 14]. Fig. 4a shows the cutoff frequencies of the corrugated gyrotron
cavity versus N for m=7,8,9. It is easy to see that decrease in N magnifies the number of the first-harmonic
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competing modes in the vicinity of the operating mode. These competitors have the form of complex mixture of
fundamental and high-order Bloch harmonics, which correspond to whispering-gallery and volume modes, respectively.
Due to presence of the volume component, the competing modes might be suppressed, once a coaxial insert is
introduced into the gyrotron cavity. However, it is not the goal of the present paper to investigate such possibility. For
this reason, the design consideration is restricted to the cavity with relatively large number of corrugations, which
provide fairly sparse spectrum of the first-harmonic competing modes of the 0.3-THz second-harmonic gyrotron.
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Figure 4. (a) The same as in Fig. 2a, but for m=7,8,9 , and (b) the normalized ohmic Q-values of the most dangerous competing
(0)

ohm

modes with m =7,8,9 , where is the ohmic Q-value of the TEs,1 mode of the smooth-walled cylindrical cavity

The effect of longitudinal corrugations of the cavity wall on the ohmic losses of the first-harmonic modes with
m=17,8,9 is shown in Fig. 4b. In this figure, the ohmic Q-value is plotted as a function of N for the most dangerous
competing modes having the smallest frequency separation from the operating mode. One can see that the dependence
of 0, on N is non-monotonic. This is due to the fact that the composition of Bloch harmonics for these competitors
changes abruptly with number of corrugations. Because of mode conversion the competing modes can have volumetric
field pattern for some N . In this case, their ohmic Q-values exceed those of the first-harmonic WG modes of the
smooth-walled gyrotron cavity.

One can conclude from the above discussion that the optimal number of longitudinal corrugations for the cavity of
the 0.3-THz second-harmonic gyrotron equals 15. First, for N =15 the operating TEi3,> mode is in the form of pure
fundamental Bloch harmonic. Second, this mode features sufficiently high beam-wave coupling coefficient and ohmic
Q-value. Third, first-harmonic competing modes are well separated from the operating mode and are somewhat
suppressed by ohmic losses in the corrugated cavity. Finally, compared to the operating mode, the competing modes
suffer from larger degradation of the beam-wave coupling strength in the gyrotron cavity equipped with 15 longitudinal
corrugations. This can be seen from Table 1, where C](O) (s=1)and C§°> (s =2) are the coefficients of beam coupling

with TEg; and TE 3, modes of the smooth-walled gyrotron cavity, respectively. Thus, the optimized corrugations are
expected to improve the selectivity properties of the cavity for the 0.3-THz second-harmonic gyrotron.

Table 1. Beam-wave coupling coefficients for the operating (s =2, m=13) and competing (s =1, m =7,8) modes of the
corrugated gyrotron cavity with R =0.32 ¢cm, d =0.05 ¢cm, w=0.02 cm,and N =15

Mode X C, C. /Cfo)
m=13 19.92 0.017 0.97
m=7 10.76 0.0078 0.68
m=38 10.76 0.0102 0.89

BEAM-WAVE INTERACTION IN A CORRUGATED CAVITY FOR THE 0.3-THZ
SECOND-HARMONIC GYROTRON
For the 0.3-THz second-harmonic gyrotron equipped with original smooth-walled cavity, the starting currents of
the operating second-harmonic TE 3, mode and competing first-harmonic TEs; mode are depicted in Fig. 5a by the
dashed lines (see also [11]). One can see that the operating mode is the only oscillating mode in the wide range of
magnetic fields from 5.78 T to 6.08 T, provided that the beam current equals 10 A. At the same time, at higher beam
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currents the competing TEs; mode presents a barrier to stable operation of the 0.3-THz second-harmonic gyrotron.
Moreover, it seems likely that this mode can completely suppress the operating second-harmonic mode for 7, >15.

Longitudinal corrugations with d =0.05 cm, w=0.02 cm and N =15 are used in order to improve mode
selection in the cavity of the 0.3-THz second-harmonic gyrotron. The effect of wall corrugations on the starting current
of the operating TE 3, mode is shown in Fig. 5a. It is evident that this starting current is somewhat shifted due to
corrugations, which have a slight effect on the eigenvalue y , ohmic Q-value O, and beam-wave coupling coefficient

hm

C, of the operating mode.
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Figure 5. (a) Starting current as a function of the guided magnetic field for the operating TE132 mode and first-harmonic WG modes
of the 0.3-THz second-harmonic gyrotron equipped with optimized corrugated cavity and (b) the gyrotron output power versus B,
for 7, =10 Aand I, =15 A

In contrast to this, the first-harmonic competing modes of the 0.3-THz second-harmonic gyrotron are radically
altered by corrugations of the cavity wall. Fig. 5a shows the starting currents for the most dangerous modes, which lie
close to the gyrotron operating region. Among them, there are no modes with azimuthal index m =9 . The remaining

competing modes have the form of coupled Bloch harmonics with |k,

of the gyrotron cavity induce coupling between co-rotating fundamental harmonics with m =+7 and m=+8 and
counter-rotating negative first harmonics with k£, =-8 and k , =-7, respectively. Such two pairs of coupled Bloch
harmonics form two cavity modes, which have identical eigenvalues and differ in beam-wave coupling strength.
Examples are two modes having the eigenvalue y =9.08. Among them, the mode with k, =m =+7 exhibits the
strongest coupling with electron beam and therefore has a fairly small starting current (Fig. 5a). By contrast, the other
mode with k, =m =+8 is weakly coupled with beam and has the starting current larger than 22 A, which is far apart
from the oscillation region of the operating TE;3» mode. As is seen from Fig. 5a, application of the cavity with
optimized longitudinal corrugations extends a single-mode oscillation region of the 0.3-THz second-harmonic gyrotron.

As a consequence, the operating mode becomes free from any competing modes for the beam currents up to 15 A. This
situation is favorable for increasing the output power of the 0.3-THz second-harmonic gyrotron.

Fig. 5b shows the output power of the 0.3-THz second-harmonic gyrotron versus magnetic field for /, =10 A and
1, =15 A. One can see that increase in beam current from 10 A to 15 A makes it possible to enhance the peak output

power from 100 kW to 180 kW and widens the frequency tuning range of the operating TE3, mode. It should be
stressed that the operating mode is the sole oscillating mode in this range. Thus, there are no obstacles for stable single-
mode operation of the 0.3-THz second-harmonic gyrotron with increased beam current and output power.

However, along with beneficial properties of the corrugated cavity for the 0.3-THz second-harmonic gyrotron,
there is a drawback. The operating mode undergoes conversion to high-order Bloch harmonics in the output up-tapered
section of the cavity. The reason is that, in this section, increase in cavity radius enlarges the cutoff wavelength 4 of

the operating mode and thus causes an increase between 4/2 and corrugation depth d =0.05 c¢m. The operating TE3,
mode converts to Bloch harmonics with k£, =-2 and &k, =—17 in the output cavity section. As a consequence, the
purity of this mode falls to about 90% in the output cross-section (z =z, ) of the cavity. Such a degradation of the

output mode purity is shown in Fig. 6 and should be taken into design consideration for the RF output system of the
0.3-THz second-harmonic gyrotron.

=7 and |kn| = 8. This is because 15 corrugations
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Figure 6. The transverse structure of the azimuthal electric field |E ¢| of the operating mode in (a) the main section and (b) output

end of the corrugated cavity for the 0.3-THz second-harmonic gyrotron

CONCLUSIONS

Longitudinal wedge-shaped corrugations are used to improve the selectivity properties of the cavity for second-
harmonic gyrotron. As an example, a 0.3-THz second-harmonic gyrotron designed for CTS diagnostics of fusion
plasmas is considered. The gyrotron operates in the TE;3» mode and its power-handling capability is limited by
competition from the first-harmonic whispering-gallery modes. The full-wave method of coupled azimuthal harmonics
is applied to investigate the eigenvalues, ohmic losses and beam-wave coupling coefficients of the second-harmonic
operating and first-harmonic competing modes as functions of dimensions of a corrugated gyrotron cavity. For this
cavity of the radius R=0.32 cm, the optimal depth d =0.05 cm, width w=0.02 cm and number N =15 of
corrugations are determined. Such optimized corrugations are shown to have a little effect on the operating second-
harmonic mode, but cause rarefaction of the spectrum of the first-harmonic competing modes. The latter fact provides
the possibility to extend the single-mode oscillation range of the operating mode to higher beam currents as
demonstrated by the self-consistent theory of beam-wave interaction in the corrugated gyrotron cavity. For the 0.3-THz
second-harmonic gyrotron, this enables the operating beam current to be increased from 10 A to 15 A. Such increase in
beam current is shown to imply the increase of the gyrotron output power from 100 kW to 180 kW and thus provides
further improvement in performance of the 0.3-THz second-harmonic gyrotron. In output wave radiated from the
corrugated cavity of this gyrotron, the content of the operating mode is found to be about 90%. This disadvantage calls
for further investigation, but does not negate the advantages of using mode-converting wall corrugations in cavities of
second-harmonic gyrotrons.
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T'O®PH 3 KOHBEPCIEIO MO/ 1JIs1 PE3OHATOPIB I'TPOTPOHIB HA JIPYTTi IUKJIOTPOHHIN
TAPMOHIII I3 MOJINMIIEHUMHA POBOYNMU XAPAKTEPUCTUKAMHU
T.I. Tkauosa?, B.I. lllepoinin?, B.I. Tkauenko™®
“Hayionanenuil Haykosuil yeump "Xapriecvoruil ¢hizuxo-mexuiunuu incmumym", 61108 Xapxis, Vkpaina
bXapxiscoruii nayionansnuii ynieepcumem im. B.H. Kapazina, 61022 Xapxis, Ypaina

JlocnipkeHO HOBUHM METO[| NMOJIIMIICHHS CENEeKIi MOJ B Pe30HATOpax CyO-TeparepHoBUX TipOTPOHIB, SKi MPAIIOIOTh HA APYTii
TapMOHIIll IUKJIOTPOHHOI 4acTOTH. SIK NMPHKIax PO3rSIHYTO TipOTPOH HA NPYTili NUKIOTPOHHIM rapMmowini 3 yactotoro 0.3 TI'm.
lipoTpoH po3pobisieThCss AL 3aCTOCYBaHHS B CHCTEMI JIarHOCTHKHM TEPMOSJEPHOI IUIa3MM Ha OCHOBI KOJEKTHBHOTO
TomconiBebkoro poscitoBants (CTS) Ta xapakTepu3yeThest 00MEXEHOI0 NOTYKHICTIO BHACTIZOK KOHKYpeHIii pobouoi TE132 Moau 3
MOJIaMH Ha MepIii MKIOTPOHHIH rapMoHiui. [{yis mpuraMyBaHHsS KOHKYPYIOUMX MO/ Ha MEpILiif rapMOHilli B pe30HaTOpi ripoTpoHa
3aCTOCOBaHI MEPIOAMYHI TO3I0BXKHI TrodpH, 0 BUKIMKAIOTH 3B'A30K HOPMAJbHUX OA3UCHUX MO, BIJOMHUX SK a3HUMYTalbHi
rapMoHiku brnoxa. ['mnbuna mmx rodpiB Oyna oOpaHa OMM3BKOIO IO TOJIOBUHH Ta YBEPTi JOBKUHH XBWII U1 poOouoi mMomu
TipOTpOHa Ta KOHKYPYIOUMX MOJ Ha ITEpIIilf IUKIOTPOHHIM rapMOHII, BiAMOBiAHO. 3a Takoi yMOBHU ITO3/0OBXHI rodpu Ha CTIiHII
pe3oHaTOpa MaroTh, SK MPABHJIO, JIMIIEe HEICTOTHUH BIUIMB Ha poOOdy MOy, ale pa3oM i3 TUM MOXYTb NPU3BOAUTH J0 CHIIBHOI
KOHBepCil KOHKYpYIOUMX MoJ y TapMoHiku broxa Bucokoro mopsaky. Ctpormii Merol 3B'I3aHHX a3MMyTIBHHX T'apMOHIK
3aCTOCOBAHO ISl JIOCIHI/DKCHHS BIUIMBY PO3MIpiB TOGPOBAHOTO PE30HATOPA HA BJIACHI 3HAYCHHS, OMIYHI BTPATH Ta KOCQilli€eHTH
3B'A3KY 3 My4koM a1 po6ouoi TE132 Monu Ta HaiiOinbI HeOe3NeYHUX KOHKYPYIOUHMX MOJ. 3a J0INOMOTOI0 CaMOY3IOJDKEHOI Teopii
B3aeMOJii myyka 3 poOOYOI0 Ta KOHKYPYHOUMMH MOJAMHU BH3HAUCHI HAilOLIbII ONMTHMasbHI MapaMeTpyu pe3oHaTopa TipoTpoHa i3
MO3IOBXKHIMH rodpamu, ski 3a0e3meuyroTh HaMmmpmui miamazoH oxHoMomoBoi pobdotu 0.3-TI'm riporpoHa Ha Ipyrii
LOUKJIOTPOHHIN rapmoHimi. [loka3ano, o B JaHOMY Jiana3oHi BUXiJHA MOTYXHICTh TipOTpoHa Moke OyTH 30iibmena 31 100 kBt xo
180 kBT, sk Toro motpebye CTS nmiarHocTHKa mia3mu. BussieHo, o Mo1oBa 4yrcToTa Ha BUxoi i3 pezonaropa 0.3-TT'm riporpona
Ha JIPYTii IUKIOTPOHHIN rapMOHILI TOTIPIIy€eTHCS Yepe3 ToppyBaHHS Pe30HATOPA, SIKE IPU3BOAUTE 0 HEOaXKaHOTO 3B'I3Ky poOoUol
Mo TE13.2 13 cycimHiMu rapMoHikaMu biioxa y BUXIZHUHN CeKIlii pe30HaTOpa ripoTpoHa.

KJIIOUOBI CJIOBA: ripoTpoH, IHKJIOTPOHHA I'apMOHIKa, Pe30HATOp, ro(pu 3 KOHBEPCI€0 MO, CTapTOBUH CTPYM, BHXiIHA
MOTY)KHICTb.



