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The article describes the features of the amplitude and frequency modulation of the output signals of millimeter
range generators for microwave therapy. A review of the appearance of possible biological and medical effects using
modulated signals is carried out. The use of highly sensitive radar-type equipment made it possible to study the ab-
sorption capacity of a person in the mm-wave range from an external source.

The authors’s results of experimental studies are described, this are showed that at some frequencies, an in-
creased absorption of the power of the irradiating signal is recorded. These frequencies are referred to as “absorption
resonances”. The original schemes of monochromatic and noise signal generators developed by the authors are pre-
sented, and the principle of their operation is described. The article shows the possibility of generating low-intensity
signals and ensuring the generator range operation using the second harmonic of the monochromatic signal and the
selective properties of the EHF nodes. The technical parameters and characteristics of the developed devices are re-
vealed. The application areas of the developed devices in practical medicine are out-lined. With the help of the control
unit, a low-frequency signal as a saw-like or triangular voltage is generated and is supplied to the varactor converter.
Under the influence of the modulation signal, the varactor capacitance changes, and, therefore, the frequency of the
EHF generator. The operation of a combined radiation measurement system with a modulated noise-like output spec-
trum and the patient feedback is described.

The article demonstrates the broad practical possibilities for using microprocessor technology for automation and
control of the operation mode selection process, for the formation and change of the microwave signal modulation pa-
rameters. The conducted studies reveal the process of interaction of low-intensity microwave radiation with the human
body and can be used in technologies of millimeter therapy. The article describes the service functions of the developed
equipment, which contribute to its more effective use in microwave therapy technologies.
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Introduction

Two types of modulation are typically used in
medical devices for microwave (millimeter) therapy —
amplitude and frequency modulation. Amplitude
modulation is carried out by low-frequency pulses
F_ . up to 100 Hz, using an electrically guided at-

mod
tenuator on p-i-n diodes. The shape of the modulation
pulses can be different — rectangular (meander), trian-
gular, saw-like, etc. Modulation with rectangular
pulses of both monochromatic, and millimeter range
noise signals is used more often in practice. The use of
modulation low frequency is argued by the existence
of biological rhythms (frequencies) in the organism,
the convergence of which can raise treatment effec-
tiveness.

The examination of the influence of modulated
signals of the low, high, and ultrahigh frequencies and
their combinations on the brain tissue, conducted in
[1] allowed to reveal some features, which are as fol-
lows:

— low-frequency modulation of EHF signals (ampli-
tude-harmonic, or pulse modulation) leads to the
appearance of clear biological effects;

— the frequency range of the brain tissue maximal sen-
sitivity varies between the frequency window inter-
val of 6...20 Hz;

— the biological influence is observed in certain energy
windows and weakens with the increase of the radi-
ating field level by two orders;

—the impact of the modulated EHF signal with a
modulation frequency of 6...16 Hz guarantees the
maximal release of the biological ion objects

#Ca® from the brain tissue. Using the frequency
less than 6 Hz and more than 16 Hz led to the de-
crease of ions release;

— biological influence of the weak fields is explained
by cooperative processes, which are based on im-
balanced resonant distant interactions of the biologi-
cal macromolecules.
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No less interesting are the effects of the electro-
magnetic EHF fields influence, including ones modu-
lated by a low frequency, which were found during the
experimental radiation of the human and animal acu-
puncture points with the aforementioned signals [1]:
—organism reflex response to a local microwave in-

fluence is aimed at normalization of natural or arti-
ficially-created organism disorders, which is typical
for the organism response to the influence of differ-
ent factors on the acupuncture points;

— at the low and middle intensity of the microwaves a
reflex response is observed while influencing with
a modulated EHF signal;

— a biologically active frequency band of a pulse mi-
crowave modulation varies between 0,1...100 Hz
with optimums at 6...8 Hz for humans, and 1 Hz
for animals;

—in the mode of continuous generation, a reflex re-
sponse occurs at the high microwave intensity,
which is accompanied by an increase of a tissue
temperature level.

Thus, we can assume that a low-frequency
modulation allows to reduce the level of EHF signal
while keeping the treatment effectiveness, and a com-
bined low-intensity = signal  guarantees  bio-
informational impact.

The features of the microwave signal modula-
tion

The typical implementation scheme of the EHF
signal amplitude modulation is shown in Fig. 1, a.
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Fig. 1. The modulation implementation scheme:
amplitude modulation (a); frequency modulation

(b)

A block diagram shows:
1 — mm-length generator;
2 — low-frequency generator of the modulation signal;
3 — amplitude modulator (attenuator) on a p-i-n diode;
4 — output antenna.

Low-frequency pulses F, , from the generator

(2) are given to a modulator input (3) and periodically
(2 T.) reduce (module) the amplitude of the EHF

generator (1) output signal. The modulation frequency
is selected by the generator (2) according to objective
and subjective criteria of the treatment process or ac-
cording to a final assessment of the treatment effec-
tiveness [2, 3].

Amplitude modulation is used both in mono-
chromatic signal devices, for example, “Electronika-
KVCH-011” (“Onexrponnka-KBU-0117), “RAMED-
Expert” (“PAMEJ-Dxcmepr”), and in noise signal
generators “Stella-1” (“Cremma-17), “Artsakh-04M”
(“Apuax-04M”). Modulation frequency can be fixed
— 9 Hz, for example in “Stella-1” (“Crenna-17), or
can vary between 0,1...250 Hz, for example in “Art-
sakh-04M” (“Apuax-04M”). A device “Electronika-
KVCH-011” (“Dnexrponuka-KBY-011") has rectan-
gular pulse modulation modes with a frequency of
F_ ., 2...90Hz [2].

mod

A frequency modulation mode is widely used in
the devices for microwave resonance therapy. This
mode is often introduced in devices with a mono-
chromatic signal to create an effect of a pseudo-noise
signal. Such mode is used in devices “ARIA-SC”
(AF =20 and AF =200MIn), “AMT-Kovert-04”
(“AMT-Kosept-04”) and devices of the series “Yav”
(“sBp”) [2, 4].

As a rule, a frequency modulation of the micro-
wave signals is implemented according to the scheme
shown in Fig. 1b.

The block diagram shows:

1 — varactor converter;

2 — mm-range generator;
3 — output attenuator;

4 — output antenna;

5 — control unit.

The control voltage is formed as a saw-like (tri-
angular) or stepped voltage, which is applied to the
varactors of the high-frequency generator. The forma-
tion of such voltage in computerized devices is carried
out using digital-to-analog converters and can have
different shapes and different frequency modulation
indices.

With the help of the control unit, a low-
frequency signal as a saw-like or triangular voltage is
generated and is supplied to the varactor converter.
Under the influence of the modulation signal, the
varactor capacitance changes, and, therefore, the fre-
quency of the EHF generator (2). The limits of the
frequency change are determined by the characteris-
tics of the varactor converter.

The most modern devices for millimeter therapy
include the microprocessor device “ARIA-SC”
(Ukraine) and “AMT-Kovert-04” (“AMT-Kosept-
04”) (Russia), which allow to provide different modu-
lation modes and to receive complex modulated sig-
nals as the output.
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The capabilities of these devices in terms of
automation, service functions, and modulation modes
significantly outpaces the requests of doctors in terms
of their objective usage and evaluation of the proposed
modes in the treatment process. Therefore, dozens of
different modulation combination modes still require
approbation and field testing with specific patients and
diseases in hospitals and dispensaries with the devel-
opment of recommendations for their practical usage
in new technologies of the practical medicine.

A device for the millimeter therapy with
modulation of output monochromatic signals

The device, provided in Fig 2, is developed by
the team of authors [4] to provide technologies for
low-intensity millimeter therapy.

A simplified block scheme of this device
(“ARIA-SC”) includes power supply 1, microproces-
sor control unit 2 (micro ECM), and generator unit G.

The generator unit consists of two generators of
microwave monochromatic signals 5 and 6, which
operate in the frequency range (f, + f,) and (f, + f;) .

The choice of the operating frequency is provided by
the microprocessor unit 2, and the control is carried
out by changing the parameters of the varactors 3 and
4. This provides a continuous output operating fre-
quency range of the device.

The peculiarity of the device is that its output
range is twice as wide as the frequency ranges of mi-
crowave generators.
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Fig. 2. Simplified block scheme of the automated generator of monochromatic signals “ARIA-SC”

This is achieved by allocating a waveguide sys-
tem and a double waveguide adapter 7 of a low-
intensity voltage of the second harmonic signal of the
first or second generator

u, (1) =U, cos2ar = kk,U cos4m( f,~ f)t, (1)
or

u,(t) =U,cos2ax = kk,U, cos4rn(f, = f;)t, (2)
where: k, is a coefficient of signal transmission by the
waveguide system and double adapter 7; k, is a coef-

ficient of the output attenuator 9 reduction.

Besides that, the double waveguide adapter 7
provides a junction between the generators, by con-
necting their outputs to the inputs E and H of the
adapter. Such construction of the generator block, the
usage of the second harmonic, and the block thermo-
stating provide the high stability of an output signal,
on both the frequency and the output power. The mi-
croprocessor unit 2 through digital-to-analog convert-
ers provides the control of the operating modes of
generators 5 and 6 and attenuator 9, setting the fre-
quency and the level of the signal output power, type,
and parameters of the modulation, session time, etc.

Fig. 3 shows the appearance of the device set
“ARIA-SC”. The device set includes the power supply
unit (on the right), the control unit with digital indica-
tors (in the center) for setting the output frequency,
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power, and time of the procedure, and the generator
unit placed on a support.

The analyzed possibilities of “ARIA-SC” auto-
mated control of initial parameters and modes of
modulation expand the scope of the device application
in medical practice and increase the efficiency of
treatment.

Fig. 3. Automated generator of monochromatic signals
“ARIA-SC”

The automated device of monochromatic signals

“ARIA-SC” provides high technical parameters and
opportunities including:
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— operating frequency range of 53-63 GHz, with
an installation error of + 40 MHz;

— frequency readjustment in increments of 10
MHz after 30 or 1 sec;

— automatic frequency readjustment with a pe-
riod of 0.1 sec in the range of + 10 MHz and *
100 MHz, close to the set frequency value;

— automatic frequency readjustment with a pe-
riod of 5-10 seconds in the range of 53-58 GHz
for the generator G1 and in the range 58-63 GHz
for the generator G2.

A combined system for millimeter therapy
with modulated noise-like low-intensity signal

Another application in millimeter resonance
therapy has an impact on bioactive points by continu-
ous electromagnetic radiation of the noise-like spec-
trum of the mm range.

As an acting factor, it uses the spectrum compo-
nents of a broadband signal having the nature of white
noise with a uniform spectral density in the entire
range of radiation frequencies. In this case, the pa-
tient’s body itself absorbs the oscillation energy of
those frequencies that coincide with its own resonant
(therapeutic) frequencies. However, the continuity of
the emission of a noise-like signal limits its spectrum
that reduces the body reflex response.

In microwave resonance therapy (MRT), the pa-
tient’s selected biologically active points (BAPs) are
exposed with both noise signals and pulses of noise-
like electromagnetic radiation of non-thermal intensity
with a spectrum in the millimeter wavelength range
that follow with a low frequency of biorhythms of the
patient’s body. To increase the effectiveness of this
therapy, electromagnetic radiation is used with a spec-
trum having the nature of flicker noise in the fre-
quency range from the left border of the millimeter
region to the right border of its visible region. Ampli-
tude modulation of microwave radiation is carried out
by a low-frequency signal in the range from 0,1 Hz to
100 Hz and is affected by modulated radiation with an
average value of the noise power spectral density not
exceeding 107" W/Hz [ém® .

The choice of a specific modulation frequency
and the average spectral density is carried out accord-
ing to the subjective feelings of the patient, which
does not allow optimizing objectively the parameters
of electromagnetic radiation and reducing the time of
treatment sessions.

We developed RS, which in the process of pa-
tient treating provides objective information about his
state of health according to the level of his own elec-
tromagnetic radiation in the millimeter range [5]. That
allows to set the modulation frequency, stimulating an
increase in the level of intrinsic electromagnetic radia-
tion and to adjust the level of external radiation de-
pending on the emissivity of the patient.

This circuit algorithm of the RS operation is con-
structed by receiving the patient’s own electromag-

netic radiation of BAPs in pauses between the irradiat-
ing pulses using, for example, a broadband directional
coupler connected at the output of the irradiating
channel. Processing of received and part of the emitted
pulses of electromagnetic radiation can be performed
in one receiving radiometric channel consisting of an
EHF mixer, an intermediate frequency amplifier, a
quadratic detector, a synchronous detector and a low-
pass filter, which is connected to the output of a
broadband directional coupler.

The goal is to obtain the maximum value of the
received object’s own electromagnetic radiation by
changing the frequency of the audio power generator
and regulation of the repetition rate of the irradiating
pulses.

The audio power generator simultaneously con-
trols its voltage with an amplitude modulator and a
synchronous detector. An increase in the intensity of
irradiating pulses to the level of each patient’s own
radiation and determining the exposure time until a
steady-state value of the increased intensity of the
patient’s own electromagnetic radiation is reached
increases the effectiveness of the treatment and re-
duces the time of the procedure.

Fig. 4 presents a functional diagram of a broad-
band irradiation MRT system, which contains a mm-
wave (EHF) noise generator 1, the output of which is
connected in series to an adjustable attenuator 2, a
valve 3, an amplitude modulator 4, a broadband direc-
tional coupler 5 and a broadband antenna 6.

The output of the broadband directional coupler
5 is connected in series to an EHF mixer 7 with an
EHF heterodyne of monochromatic oscillations 8, an
intermediate frequency amplifier 9, a quadratic detec-
tor 10, a low frequency power amplifier 11, a syn-
chronous detector 12, a low-pass filter 13, and an in-
dicator 14. The audio power generator 15 is connected
to the control inputs of the amplitude modulator 4 and
the synchronous detector 12. The position 16 indicates
the patient’s body.

The broadband noise signal of the millimeter-
wave generator 1 through the adjustable attenuator 2
and the valve 3 is fed to the amplitude modulator 4,
which is designed on pin-diodes and operates by the
principle of signal reflection from a closed modulator.
When the modulator is open, the noise signal through
the directional coupler 5 enters the broadband antenna
6 and is emitted towards the patient. The intensity of
electromagnetic radiation is pre-set to minimum using
an adjustable attenuator 2 (at the level of the patient’s
minimum possible radiation).

Part of the emitted signal through a broadband
directional coupler 5 is fed to the input of the EHF
mixer 7, and the signal from the EHF local oscillator 8
comes to its second input.

As a result of the signal mixing, subtractive in-
termediate frequency oscillations are generated, am-
plified by the intermediate frequency amplifier 9. The
wide passband of amplifier 9 allows the transfer of a
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significant part of the spectrum of the emitted signal
to an intermediate frequency.

A signal amplified at an intermediate frequency
is detected by a quadratic detector 10.
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Fig. 4. Block scheme of RS for optimization of the exposure parameters by the patient's own radiation

The patient's own millimeter radiation is re-
ceived by the broadband antenna 6 and then through
the open modulator 4 it enters the valve 3, in which it
is absorbed. Received radiation does not enter the di-
rectional coupler 5.

The rectangular voltage of the low-frequency
generator 15 controls the amplitude modulator 4.
When the amplitude modulator 4 is closed, the noise
signal of the generator 1 is reflected from the modula-
tor and absorbed in the valve 3. The noise signal re-
ceived by the broadband antenna 6 from the BAP of
the patient is reflected from the closed modulator 4
and through the directional coupler 5 enters the input
of the EHF mixer 7.

The dispersion of the noise signal received by the
broadband antenna is determined by the expression

g2 =s,, 3)
where: S, — is the sensitivity of the antenna; 7}, is the
effective temperature of the irradiated BAP on pa-
tient's skin.

If the gain coefficient of the directional coupler 5
is designated K, then the dispersion of the input sig-
nal of the EHF mixer 7, taking into account its own
noise, has the form:

0 =K +T7, @)
where U’ — is the dispersion of the intrinsic noise of
the EHF mixer 7 reduced to its input, taking into ac-
count the noise of the heterodyne 8 and amplifier 9.

With the modulator U, open, the dispersion of
the input signal of the EHF mixer 7 will be:

17222 = KIKZU(f +(732 2 (5)
where K, is the gain of the attenuator Al; U; is the
dispersion (power) of the noise signal of the genera-
tor 1.

Thus, as a result of switching the modulator 4

with a low frequency, electromagnetic radiation pulses
impact on the patient being irradiated with a repetition

rate set by the generator 15 and pulse duty cycle that
equals 2. At the same time, part of the energy of these
pulses also goes to the input of the EHF mixer 7. In
the pauses between the irradiating pulses, electromag-
netic energy pulses with the same frequency from the
patient's BAP with a temperature TE comes up at the
input of the EHF mixer 7. So after combining these
pulses at the input of the EHF mixer 7, at its output an
EHF signal is formed modulated in amplitude with a
modulation depth:
m= K, (KzUr? _U12) 6)
K, (KU +0})+207
Given that the power of the intrinsic noise of the
EHF mixer is much higher than the power of millime-

ter radiation during resonant therapy (l732 >> KU; ),

we obtain:
K, \K,U; =U;
m= %’21) <l. 7
2U;

Pulses of the modulated signal transferred to the
intermediate frequency are alternately detected by the
quadratic detector 10, forming video pulses with am-
plitudes at the output:

U, =S,K,S, (KU} +02), 8)
Us =§K,S, (Kleﬁg +U22) > )
where S, - is the steepness of the conversion of the
mixer 7; K,— is the gain of the amplifier 9 of inter-

mediate frequency; S,— is the steepness of the trans-

formation of the quadratic detector 10.
The low frequency power amplifier 11 amplifies

the variable component of the sequence of video

pulses with amplitude:

U,-U U} -K,U;

* 2 =K,5,K,S,K, 1 ) =,

U, =K, (10)
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where, K,— is the gain of the low frequency power

amplifier 11.

The amplified alternating voltage is rectified by a
synchronous detector 12, which is controlled by the
low-frequency voltage of the generator 15. The recti-
fied voltage is smoothed by the low-pass filter 13 and
fixed by the indicator 14. It is possible to provide the
maximum indexes on indicator 14 by changing the
pulse repetition rate of electromagnetic energy pulses
using the generator 15. That means that when

K,U; =const the difference in the intensities of the

radiated and received energy increases:
AU =U] -K,U; >0. (11)
That indicates an increase in the intensity of the
patient's own radiation. It means the activation of en-
ergy resources of the irradiated biological object.
Then, by adjusting the gain of the attenuator 2,
the 14 indicator reads comes to zero when
rr72 —7rr2
K,U; =U;. (12)
From here, the gain coefficient of the attenuator
21is

K, =—~. (13)

Conditions (12) and (13) mean that the intensi-
ties of the millimeter effect and the intrinsic millime-
ter radiation of the object are equal, so it allows us to
choose the optimal MRT conditions.

We can see from the condition (12) that its im-
plementation is not affected by the instability and in-
constancy of the parameters of the units of the measur-
ing pathway of the circuit (K,,S,,K,,S,,K,). Thus,
using the considered method, we can optimize the
repetition rate and intensity of millimeter-wave pulses
and thereby increase the effectiveness of treatment and
shorten its time.

The sequence of the RS operation is as follows.
First, the attenuator 2 provides the maximum attenua-
tion (K, =0). In this case, the patient is practically

not irradiated with anything, and the antenna 6 re-
ceives only its own millimeter radiation from the
BAP. The modulation depth of the EHF signal (7) is
set to maximum, and the power amplifier 11 amplifies
arelatively large alternating voltage with amplitude
U, =0,5K,S,K,S,K,U; . (14)
This voltage is rectified by a synchronous detec-
tor 12 and is measured by indicator 14.
Then, the attenuation of the attenuator 2 is re-
duced (K, >0 ), and the process of irradiating the

patient with millimeter radiation begins. The radiation
intensity increases to obtain a zero reading of the indi-
cator 14. This means a preliminary equalization of the
radiated and received electromagnetic energy.

After reaching zero values, the frequency of the
generator 15 changes, obtaining the maximum values
of the indicator 14, which means an increase in the
intensity of the body's own radiation under the influ-

ence of stimulating pulsed radiation. Then, the irradia-
tion intensity of the attenuator 2 is increased again
until the indicator 14 reaches zero, i.e. until the equal-
ity of the irradiated and increased received energies is
established, and so on.

The frequency tuning of the generator 15 and at-
tenuator 2 is repeated 3-4 times during the MRT proc-
ess to obtain optimal millimeter-wave radiation pa-
rameters. The cessation of changes in the indicator 14
indicates the object saturation with electromagnetic
energy, after which the MRT session ends. The proce-
dure repeates in the next treatment session.

The treatment process is considered complete
when a stable and sufficiently high level of intrinsic
millimeter radiation (approximately 10-12 W/cm?2) is
observed during regular MRI sessions [3]

The considered RS can be used for human and
animal diagnostics by the level of their own electro-
magnetic radiation with the noise generator 1 turned
off. Studies have shown that the spectral density of the
intrinsic radiation of a healthy person in the millimeter

range is 107°...107 W/Hz[@m> [6, 7]. A decrease in
the level of intrinsic radiation of less than
107 W/Hz[ém’ may indicate serious disturbances in
the human body.

The use of highly sensitive radar-type equipment
(presented above) made it possible to study the ab-
sorption capacity of a person in the mm-wave range
from an external source. The results of experimental
studies described in [8] showed that at some frequen-
cies, an increased absorption of the power of the irra-
diating signal is recorded. These frequencies are re-
ferred to as “absorption resonances”. Experimentally,
resonant absorption was observed at individual fre-
quencies in the 53-37 GHz range, as well as at a
higher frequency 53-78 GHz. The dynamic range of
absorption recorded in the experiment was
K, =101g(P, /P, )=20dB (100 times). It should

min
also be noted that, in comparison with a person's own
radiation level, there is a “non-resonant” absorption
threshold of 4-6 dB, which is maintained throughout
the entire mm-frequency range.

At the same time, many medical devices use
modulation of both monochromatic and noise-like
low-intensity mm-band signals. To study the effect of
amplitude modulation of such signals on the absorp-
tion capacity of the human skin surface, a highly sen-
sitive mm-range radiometric system and a generator of
low-intensity noise-like signals were used. The func-
tional diagram of the installation is shown in Fig. 5.

The output signal of the noise generator G
through the absorbing attenuator W2, the circulator
W3 entered the input of the antenna A and through it
irradiated the human skin surface S. The reflected
signal, which passed through the same circulator and
the precision attenuator W1, was recorded by the RS
radiometric system. The substitution method was used
to determine the absorption level. In this case, the ex-
cess intensity of the received signal was recorded
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above the level of thermal noise of the measuring
equipment.

w2
S
WH1 A
RS E
W3
Fig. 5. Functional diagram of the measurement of the

absorption coefficient for low power levels of the
mm-range

The intensity of the irradiated signal was regu-

lated in the range from 5007 to 3007 W/Hz[dm’
above the level of thermal noise. The amplitude
modulation frequency of the noise generator G was
adjusted in the range from 1 Hz to 100 kHz. As shown
by the results of measurements, the power reflection
coefficient I'p in the indicated range of intensities of
the irradiating signal is 0.17...0.18, i.e. at weak sig-
nals, its intensity and frequency of amplitude modula-
tion have practically no effect on the absorption prop-
erties of the skin surface.

Conclusions

1. Comparison of the power levels, that are
emitted and absorbed by human skin, shows that the
human body is essentially in the mode of
“informational” perception of external irradiation,
reacts to weak microwave signals that are equal or by
1-2 orders higher than its radiation.

2. The use of the considered devices with
amplitude or frequency modulation of output signals
in clinical practice allows use of low-intensity signal
levels and expands the list of diseases, the treatment of
which is associated with the use of microwave
therapy.

3. Besides, this reduces the treatment time by
optimizing the exposure parameters and their
relationship with the level of intrinsic radiation of a
biological object (human, animal, or plant).

4. The conducted studies reveal the process of
interaction of low-intensity microwave radiation with
the human body and can be used in technologies of
millimeter therapy.
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VYV crarTi ommcaHi OCOONMBOCTI aMILTITYJIHO-4ACTOTHOT MOIYJIAIIi BUXIHUX CHTHANIIB T€HEPATOPIiB MITIMETPOBOTO
JiamasoHy Ui MiKpOXBWJIBOBOI Teparii. 3MiHCHEHO OIS IMOSBU MOXKJIMBHX OIONOTIYHUX Ta MEAMYHHX €(EKTiB 3a
JIOTIOMOTOI0 MOJYJIbOBAHHX CHUTHANIB. BUKOpUCTaHHS BUCOKOYYTIMBOIO OOJIAAHAHHS PaJiOJIOKAIIHHOTO THUITY
JIO3BOJIMJIO BUBYHUTH 3JIATHICTh JIFOJUHH JIO0 MOTJMHAHHS B Jiala30Hi MM-XBWJIb BiJl 30BHIIIHBOTO JuKepena. OmnucaHo
pe3yIbTaTh EKCIICPUMECHTANIBHUX TOCIIIKCHD aBTOPIB, 1I€ MOKA3aJI0, 0 HA JCAKUAX YACTOTaX PEECTPYETHCS IMiBUILICHE
MOTJIMHAHHS TOTY)KHOCTI OTPOMIHIOIOYOro curHamy. ILli 4YacTOTH Ha3HBaKOThCSA "pE30HAHCAMH TOTJIHHAHHSI'".
IIpencraBneHO OpHUriHANBHI CXEMH MOHOXPOMATHYHHX Ta IIYMOBHX I€HEPATOPIB CHUTHAJIB, PO3pOOJICHI aBTOpaMu, Ta
OTICAHO TPUHITUT X POOOTH.

VYV cTarTi MoKazaHO MOXJIMBICTH (DOPMYBaHHS CHUTHAJIB HU3bKOi iIHTEHCHMBHOCTI Ta 3abe3rnedeHHs poOOTH diara3oHy
reHepaTopa 3 BHKOPHUCTAHHSIM JPYyroi rapMOHIKH MOHOXPOMATHYHOTO CUTHANy Ta celeKThBHI BiactuBocTi KBU-
By3JiB. PO3KpHTO TEXHIUHI MapamMeTpd Ta XapaKTEPUCTHKH po3poOiieHnX mpucTpoiB. OOmacTi 3acTOCyBaHHS
pO3pOOJICHUX TIPUCTPOIB Yy MPaKTUYHIM MEOUITMHI OKpeclieHi. 3a IOTIOMOTOI0 OJIOKY YIpaBIiHHS Te€HEPYETHCS
HU3bKOYACTOTHUN CHTHAN Yy BHIUIAAI MUIKONOAIOHOT a00 TPHUKYTHOI HANPYTH, KU MOJAE€THCS HA MEPETBOPIHOBAY
Bapakropa. [lix BIUIMBOM CHUTHATy MOXYJAIIl 3MIHIOETHCS €MHICTh BapakTopa i, orxke, yactota KBY reneparopa.
Omnucano po6oTy KOMOIHOBaHOT CUCTEMH BUMIPIOBaHHS BUIIPOMIHIOBaHHS 3 MOJYJIbOBAHUM IIYMOIOIIOHMM BUXITHUM
CHCKTPOM Ta BIATYKaMHU MAIlieHTa. Y CTaTTi MPOJEMOHCTPOBAHO IIMPOKI MPAKTHYHI MOMIJIMBOCTI BHUKOPHCTAHHS
MIKpOIIPOIIECOPHOT TEXHOJIOTIT AJIs aBTOMATH3allii Ta ypaBiiHHS IPOLECOM BUOOPY pexXumy poOoTH, aist GOpMyBaHHS
Ta 3MiHH [TapaMeTpiB MOAYJIALIT MIKPOXBHIILOBOT'O CUTHAITY.

IIpoBeneHi AOCTiKEHHST PO3KPUBAIOTh MPOLIEC B3a€MOJIii HU3bKOIHTEHCHBHOTO MiKPOXBUJIHOBOTO BHUIIPOMIHIOBAHHS 3
TiJIOM JTIFOJWHH 1 MOXYTh OYyTH BUKOPHCTaHI B TEXHOJIOTISIX MIIIMETPOBOI Teparmii. Y cTaTTi omucaHi cepBicHI QyHKIil
pO3po0IIeHOTO O0NaTHAHHS, SKi CIPUAIOTH HOTO OUTBIN e(PEeKTUBHOMY BUKOPHCTAHHIO B TEXHOJOTISX MiKPOXBHILOBOT
Teparmii

KurouoBi cioBa: MmimiMeTpoBa Teparis; CUTHAIM HHU3bKO1 IHTCHCHBHOCTI; MIKPOXBHJIBLOBI TE€HEPATOPH; MOMYJISIIiS
CUTHAIY.
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B crathe ommcaHBl OCOOCHHOCTH AMIUTUTYIHON M YaCTOTHOW MOJYJISIMHA BBIXOJHBIX CUTHAJIOB TI'€HEPATOPOB
MWUIMMETPOBOTO  AMana3oHa Juii MHUKPOBOJHOBOW Tepanuu. [IpoBeneH aHanmM3 TOSABICHUS BO3MOXKHBIX
OHMOJIOTHYECKUX M MEIUIMHCKAX 3(P(EKTOB, BO3HHKAOIIUX IOJ JciicTBUeM MoayiupoBaHHbIXx CBY curhasos.
[IpencraBneHbl OPUTMHAIBHBIC CXEMBl MOHOXPOMATHYCCKHX W IIIYMOBBIX T'€HEPATOPOB CUTHAJIOB, pa3pabOTaHHBIC
aBTOpPaMH, M OINHCAH MPHUHIUI HX paboTsl. B cTaThe mOKa3aHa BO3MOXHOCTE (DOPMHPOBAHHS CHUTHAJOB HHU3KOM
WHTCHCUBHOCTH W o0ecreyeHnss pabOTH JHWama3oHa TEHepaTropa C WCIONB30BaHHEM BTOPOW TapMOHHUKHU
MOHOXPOMAaTHYECKOTO CHWTHajda W pPacCMOTPEHBI celeKTHBHBIC cBoiicTBa KBY-y3moB. Tak, ¢ momompio Oioka
YIpaBJIEHUS TeHePUPYETCS HU3KOYACTOTHBIN CHTHAJ B BU/E MTMIO00PA3HOTO WIIM TPEYTOJIFHOTO HAIPSHKSHUS, KOTOPBIN
nmojgaeTcss Ha mpeoOpas3oBaTens BapakTopa. [lon BImMSHHEM CHUTHaJla MOIYJALNH MEHSETCS €MKOCTh BapakTopa H,
cnenoBatenbHO, yactota KBY reneparopa.

Paccmorpena paboTta KOMOWHHUPOBAHHOM CHCTEMBI W3MEPCHHSI H3IYyYCHHS C MOJIYJHPOBAHHBIM  BBIXOHBIM
IIYMOIOOOHBIM CIIEKTPOM M PEakiys MAlMeHTa Ha TaKhe CUTHANBL. [Ipe/cTaBICHBI TEXHWYECKHE MapaMeTpbl U
XapaKTEPUCTHKH Pa3pa0OTaHHBIX YCTPOWCTB M OMPEICICHbI Cephl UX MPUMCHCHHUS B MCTUIIMHE.

B crarbe npoieMoHCTpUPOBAHO MHUPOKUE NPAKTUYECKHUE BO3MOXKHOCTH UCIIOIb30BAaHUSI MUKPOIPOIIECCOPHON TEXHUKHU
JUIE aBTOMATU3allMM M YIPABICHHS IMPOLECCOM BhIOOpa pexrMa pabOThl U U3MCHCHHUS MapaMETPOB MOYJISIIHA
MHUKPOBOJHOBOTO curHajia. OmUCcaHbl CEPBUCHBIC (YHKIMU Pa3paOd0TaHHOTO 000OpYIOBaHUs, CIIOCOOCTBYIOIIUE OoJice
3¢ (HeKTHBHOMY €ro HCIIOIB30BAHMIO B TEXHOJIOTHIX MUKPOBOIHOBOH TE€pAIHy.

KiroueBble c/10Ba: MHJUTMMETPOBAs TEpaIusl; CHTHAJNB HU3KOH WHTEHCHMBHOCTH; MHKPOBOJHOBBIC TEHEPATOPHI;
MOTYJISIIIHS CUTHAA.
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