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Abstract — Acupuncture belongs to the non-pharmacological methods of Eastern medicine and it is a form of alternative
reflexotherapy. In modern medicine, aside from needle therapy, other forms of acupuncture have gained recognition, such as
electroacupuncture, laser and light acupuncture, magnetopuncture, thermopuncture, and high-frequency puncture. The effectiveness
of treatment using these methods significantly depends on accurately locating the biological active points (BAP) and selecting the
influencing factor. Therefore the research aim is to simplify the search for BAP on the human skin and transition to the mode of
electroacupuncture stimulation. The research subject involves the processes of the gas discharge occurrence and luminescence upon
contact with a sensor in the area of a biological active point. The research topic revolves around applying the properties of gas
discharge under alternating current for electroacupuncture means. Research findings: A review of common acupuncture methods
has been conducted, and the electro-physical peculiarities of BAP have been noted. To localize the positions of BAP, the
luminescence of a gas discharge sensor in an alternating electric current circuit is proposed. The sensor enters an identification state
when the search electrode makes contact with areas of the skin possessing lowered electrical resistance, a characteristic of these
points. Equivalent circuitries of gas discharge currents have been constructed. At low frequencies, the use of an indifferent electrode
is proposed, allowing the discharge current to flow to the search electrode. The equivalent circuit for high-frequency currents
demonstrates the possibility of gas discharge occurrence in the sensor through displacement currents. For operation at high
frequencies, the sensor can be designed in the form of a cylindrical glass bulb with a conical search tip, containing an internal
metallic electrode and filled with inert gas. Two stimulation modes for BAP using gas discharge currents have been envisaged — low-
frequency and high-frequency. In the former, the low-frequency range of 1...150 Hz is used, while the latter involves amplitude
modulation of high frequencies (0.01...1 MHz) with a low-frequency signal. Effective stimulation current values can go up to 1 mA.
An additional influencing factor in the BAP area is the broad-spectrum electromagnetic radiation of the gas discharge plasma in the
visible, infrared, and radio frequency ranges. Estimated power values and spectral density of emission in the 60...70 GHz range
correspond to the concept of information-wave therapy. The device structure was developed,which utilizes a gas discharge on
alternating current for locating and stimulating biological active points. The main components of the device are an alternating voltage
generator and a manipulator. The generator enables operation in both low-frequency and high-frequency modes, with adjustable
amplitude, frequency, modulation depth, and harmonic oscillations output voltage. The key component of the manipulator is the gas
discharge sensor, which simultaneously functions as an indicator of BAP location and performs stimulation. Other elements of the
manipulator ensure the safety and usability of the device. Conclusion: The conducted research confirms the feasibility of
constructing a straightforward device for locating, identifying, and therapeutically influencing biological active points on the patient's
skin surface. A specialized gas discharge sensor serves as a logical element, indicator, and influencing factor. The application of the
proposed technical solution expands the potential of acupuncture treatment methods, though it requires appropriate medical
validation.

Keywords: biological active points, electroacupuncture, gas discharge, emission, localization, alternating electric current,
stimulation, device structure.

I. INTRODUCTION
Classical acupuncture (needle therapy) is a
therapeutic method involving the stimulation of
peripheral nerve branches through punctures in
specific points on the body [1]. These points
are located on the surface of the human skin
and are referred to as biological active points

(BAP). While there are around 600 to 800 BAP
in total, around 140 to 150 points are
commonly used in practice. The physical
properties of BAP are associated with the state
and presence of pathologies in corresponding
internal organs and systems. Acupuncture
belongs to non-pharmacological methods of
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Eastern medicine and is a form of alternative
reflexotherapy. In modern medicine, alongside
needle therapy, other forms of acupuncture
have  gained recognition, such  as
electroacupuncture, laser and light acupuncture,
magnetopuncture, thermopuncture, and
microwave (MW) puncture [2,4]. The results of
treatment using these methods significantly rely
on the accuracy of BAP localization and the
choice of influencing factor. The spatial
position of points usually does not coincide
with the anatomical location of the related
organs and systems. The generalized layout of
BAP is presented in various manuals and
atlases on acupuncture [2,3], (Fig. 1).
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Fig. 1 — Anatomical location of biological
active points [3]
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These information sources also provide
associations between specific BAP and organ
functioning, system activity, and the presence
of diseases. However, each individual exhibits
unique characteristics that influence the
location, shape, and size of these points [4,5].
The selection of the physical stimulus applied
to BAP, which generates the greatest
therapeutic  effect, holds even greater
importance. These circumstances lead to the
requirement for medical practitioners to gain
extensive practical experience and employ
various technical means based on the principle
of action in mastering the various methods of
acupuncture.

Overview  of
Implementations

Viewing acupuncture as a component of
reflexotherapy methods and, in a broader sense,
physiotherapy, it is important to note that the
uniqueness of this method lies in the

Common  Acupuncture

application of a stimulating physical factor
solely on the biological active point. The
choice of a specific point is determined by
medical indications. In this case, the treatment
procedure must have mandatory stages: the first
involves determining the location of BAP on
the skin surface; the second entails applying a
physical stimulus to the point.

At times, the first stage is combined with
diagnosing an individual's condition by
measuring physical parameters at BAP. These
measurements are compared with the presence
or absence of pathologies based on accurate
medical statistics. The specific physical
properties of BAP are determined by their
anatomical structure. Biologically active points
are morpho-functionally distinct areas located
in the subcutaneous adipose tissue, containing
rich fatty cells, and closely associated with
proper nerve conductors [6]. In 42% of cases,
subcutaneous nerves are identified within the
BAP region, 40% contain subcutaneous veins,
and 10% have subcutaneous arteries. Points of
influence are characterized by a maximal
concentration of nerve elements and clusters of
fatty cells containing essential biological
regulators.

The mentioned anatomical structure of
BAP leads to an increase or decrease in the
mechanical elasticity of these areas, which is
utilized in their determination through
palpation methods. Changes in thermal
conductivity characteristics in BAP enable their
localization based on temperature indicators.
Another physical factor that can be used to
detect the presence of BAP is electromagnetic
radiation in the microwave range of
30...300 GHz. However, the power flux from
these regions is approximately 101° W/cm?,
making the hardware registration of such a
signal complicated [7].

A significant reduction in electrical
resistance, both in direct and alternating
currents, has gained particular importance for
BAP localization. Methods of
electroacupuncture diagnostics are based on
these characteristics of BAP. The methods by
Nakatani (Y. Nakatani) and Voll (R. Voll) have
found the greatest realization in technical
devices [1,8]. Practically all electroacupuncture
devices in the BAP search mode use a test
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voltage of 1...12 V with a maximum current of
20...200 pA, respectively. The current value is
measured proportionally to the resistance
between a large-area electrode (for example, a
brass cylinder with a diameter of 2 cm and a
length of 10 cm) held by the patient and the
contact of the search electrode (shaped like a
hemisphere with a radius of 1.5...3 mm). The
contact area of the search electrode corresponds
to the area of the BAP region. By moving the
search electrode over the skin surface in the
expected BAP location (according to the
topographic atlas), the physician determines the
actual location of the point based on a
substantial decrease in electrical resistance
between the electrodes. To facilitate resistance
reduction detection, it is transformed into an
acoustic signal or optical indicator radiation.
Among recent domestic developments of
electroacupuncture devices is the
reflexotherapy apparatus — the combined block
of electroacupuncture diagnostics "MIT-1
EPD," designed to input information about the
electrical conductivity of human energy
channels into a personal computer, while
working  within  the  software-hardware
diagnostic complex "Nakatani Test" [9].
Devices of earlier releases like "Prognosis,"
"Biomed-010,"  "Kurtid," "SVESA-1010,"
"Dermaton-50600" are built based on a similar
working principle [8].

Following BAP localization, diagnostic
measurements are performed or the stimulation
mode using a corresponding physical factor is
initiated. Among invasive methods is the
classical therapy involving the insertion of
special needles into selected BAP [1,2].

Most hardware solutions are based on non-
invasive application of physical factors. For
mechanical stimulation localization, low-
intensity ultrasonic radiation is utilized. The
use of laser light-emitting diodes has expanded
the possibilities of light acupuncture [10]. For
thermal stimulation of BAP, transducers based
on the Peltier effect are applied, where
changing the direction of the current transforms
the contact junction from a heating mode to a
cooling mode [11]. Special antenna applicators
are used to influence BAP with electromagnetic
radiation of ultra-low intensity in the millimeter
range  10%°..10%%2 W/cm?  (microwave

puncture) [12]. Magnetopuncture devices apply
a continuous and variable magnetic field with
an induction of approximately 10* T for BAP
stimulation [13]. The use of constant, pulsed,
and modulated variable electrical currents as
the stimulating factor gained considerable
popularity in electroacupuncture devices. It is
considered that electrical stimulation of BAP
with effective values up to 1 mA best
corresponds to the biophysical processes in the
human body [14].

Undoubtedly, the choice of a specific
influencing factor in the use of reflexotherapy
tools is solely the prerogative of experienced
medical practitioners. Proposed new technical
directions with potential medical applications
should be considered as engineering solutions.

Aim and Research Objectives

The aim of the research is to simplify the
search for biologically active points (BAP) on
the human skin and transition to the mode of
electroacupuncture stimulation.

The research object is the processes of
occurrence and glow of a gas discharge upon
contact of the sensor with the location of the
biologically active point.

The research subject is the application of
the properties of gas discharge on alternating
current for electroacupuncture devices. To
achieve this aim, the following objectives are
set:

Substantiate the possibility of localizing
the position of the biologically active point
based on the glow of the gas discharge sensor
on alternating current. Construct a model of
electrical circuits for gas discharge processes.

Identify the electrostimulation factors that
correspond to the conditions of gas discharge
occurrence. Develop the device structure using
gas discharge on alternating current for the
search and stimulation of biologically active
points.

Il. PRINCIPLES OF GAS
DISCHARGE VISUALIZATION OF BAP
One of the peculiarities of biotissues in
BAP is a significant difference in their
mechanical, thermal, and electrical indicators
compared to the surrounding areas of the skin
surface. Table 1 provides comparative
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measurements of resistance in BAP for direct
current in studies by various authors [8].

Table 1 Electrical Resistance in BAP and
Outside BAP

Resist
Author of the . BAP anqg
Study (Year) Resistance, | outside
kOm BAP,
kOm
A.K.
Podshebyakin 5380 S 28880
(1960)
S. Krippner 100 - Excee
(1973) 200 ds 1000
N. Wulfson 200 — 1500
(1976) 700 — 2000
F.G. Portnov 600 — Excee
(1980) 1000 ds 1000

For the technical implementation of BAP
search, it is promising to use the specificity of
the electrical impedance in these points on
alternating current. The simplified equivalent
circuit of the complex electrical impedance
Zgap is shown in Figure 2, where Rskin is active
skin resistance, Rtssue, Crissue IS active and
capacitive components of internal tissue
resistance [15]. When measuring impedance at
frequencies up to hundreds of kilohertz, the
inductive properties of biotissues do not
manifest.

Rtissue
— :I, , —
11
Rskin
Ctissuc

Figure 2 — Equivalent Circuit of Complex
Impedance in BAP

From impedance measurements, it is
known that Rskin >> Riissue, and the modulus of
the capacitive resistance depends on the
frequency of the electric current. Another
feature of BAP is the reduction of Rskin value
by almost half (according to Table 1) compared
to adjacent skin areas. These resistance
properties in BAP can be utilized by including
a threshold element in the circuit of alternating
current, which would transition to an

identification state upon contact of the sensor
electrode with the skin area exhibiting
anomalous conductivity.

As a necessary threshold element, the
properties of gas discharge occurrence in a
sealed glass bulb filled with inert gas at low
pressure are proposed to be used [16]. The

typical voltage-current characteristic of a
glowing discharge is presented in Figure 3 [17].
u /[-j_b ________ Breakdown

Wideband
Electromagnetic
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(Radiation)

Transition to Other
Stages of Discharge

Glow
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Figure 3 — Volt-Ampere Characteristic of
Glowing Discharge on Direct Current

The discharge occurs in a glass bulb
between two metal electrodes to which a
voltage U is applied. When the voltage is
increased to the level of Uy, an avalanche
breakdown occurs in the interelectrode space.
The voltage on the electrodes decreases to the
ignition state level Uq, and a glowing discharge
arises within the discharge current range
Imin...Imax. The discharge is accompanied by
electromagnetic radiation in a wide frequency
range including the visible spectrum (glow).
The occurrence of glow can be utilized for
identifying the location of BAP on the skin
surface. Similar physical processes of gas
ionization and discharge occur on low-
frequency alternating current. At low
frequencies, the positions of cathode and anode
regions periodically change. The only
difference is a slightly higher degree of
ionization at the beginning of each half-period
due to the discharge that occurred during the
previous half-period [17]. The equivalent
circuit of the low-frequency discharge circuit
for BAP search is shown in Figure 4.

Assuming that the power source generates
a sinusoidal voltage U(t) = Uasin(ot), the
amplitude U, should be insufficient for
discharge to occur when the contact is outside
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the BAP zone. If the search electrode contact
enters the BAP zone, the voltage drop is
redistributed across the section: Zgap — ZpiscH —
R. With optimal device settings, the voltage
drop on the gas discharge sensor is sufficient
for breakdown conditions and discharge
occurrence Ip-Zpisch > Up. The discharge is
accompanied by radiation in the visible range.
Thus, the location of BAP is indicated.

. Search Electrode
Skin — N/

ZpiscH
Gas Discharge
Sensor

Zpap U (t)

Large Area Electrode
(Indifferent)

Figure 4 — Schematic of the Discharge Circuit
at Low Frequencies

As the frequency of the power source
voltage U(t) increases, the discharge nature
changes. Starting from a certain critical
frequency, different discharge regions do not
have time to reconfigure during each half-
period, and the discharge  becomes
symmetrical. It cannot be temporally
decomposed into two oppositely oriented
discharges in space. The critical frequency that
corresponds to the transition to high-frequency
discharge depends on the discharge type. For
Townsend avalanche of the glowing discharge,
it is approximately 10 kHz; for spark discharge,
it's 10 MHz. A peculiarity of high-frequency
discharge is its weak dependence on electrode
processes. The discharge can occur even when
the electrodes are outside the discharge tube
[16,17].

Taking into account the characteristics of
high-frequency discharge, at frequencies in the
tens of kilohertz range, a single electrode
connected to a high-frequency voltage source
U(t) can be placed inside the glass discharge
sensor bulb. With sufficient displacement
currents, the BAP and the entire human body
will function as a second electrode, located
outside the glass bulb of the sensor, Figure 5.
Thus, the search manipulator can be
implemented in the form of a cylindrical glass

bulb with a tapered search end, containing a
single metal electrode inside and filled with
inert gas.

Biological

Tissues / Gas Discharge Sensor

cesessceel rtcccccccca -

Capacitive Bias Current

Figure 5 — High-Frequency Alternating
Current Discharge Circuit

Real displacement current parameters can
vary widely for each patient and measurement
conditions. Therefore, alternative discharge
circuit configurations are possible. For
example, the displacement current capacitive
region can be replaced by a conductor
connecting the grounded output of the power
source and a large-area electrode (indifferent).
Additionally, at high frequencies
(approximately 10 kHz to 1 MHz), the
configuration shown in Figure 4 can be applied.
This is particularly useful if the BAP areas
have a small surface area, and the search
electrode needs to have a proportionally sized
contact.

1. STIMULATION FACTORS

Low-Frequency Mode:

After identifying the location of BAP
through the glow of the gas discharge sensor, it
transitions to a stimulation mode. The
parameters of current stimulation are
determined by the effective value of the
discharge current, the pulse shape, and the
frequency of the power source voltage. The
magnitude of the discharge current depends on
the composition and pressure of the gas mixture
within the sensor's glass bulb cavity, the
material and shape of internal electrodes, and
the distance between them. These conditions
are particularly important for the low-frequency
range. For quantitative estimation, reference
data for common types of single gas discharge
indicators are used, as listed in Table 2 [18].
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Indicators of the TN type operate in a
glowing discharge mode (with a cold cathode).
The indicator's glass bulb is filled with a
mixture of helium and neon gases. The visible
radiation of the electric discharge in this
mixture is in the orange-red spectrum, at low
inert gas pressures (around 40 mmHQ).
Notably, the ignition voltage is generally lower
than the breakdown voltage by about 20...25%,
which correlates with the change in BAP
resistance compared to neighboring skin areas
and is important for glow discharge. The
effective value of the discharge current for TN-
type indicators ranges from 200 to 1000 pA,
which corresponds to common stimulation
current values [14].

Table 2. Main Electrical Characteristics of
TN Indicator Lamps

Type Initial Ignit Oper
of Breakdown ion ating
Indicator Voltage- Voltage— | Ignition

Uy, V Uy, B Current—

Iy, MA

TN - 85 65 0,2
0,2

TN - 85 65 0,3
0,3

TN - 90 55 0,5
0,5

TN - 200 150 0,9
0,9

TN - 140 90 1,0
1

In  electroacupuncture  devices, the
stimulation mode utilizes a frequency interval
of 1 to 150 Hz. The same frequencies should be
provided by the variable voltage source. Even
when using a sinusoidal voltage dependence
U(t), the current waveform through the BAP
will have a complex pulse character. This is
due to the fact that the breakdown in the gas
discharge sensor occurs when the voltage on it
equals or exceeds Uy, and the discharge stops
when the voltage drops below Ug. During the
variable voltage period, two oppositely
polarized pulse currents are generated. The
shape of these pulses will also be influenced by
the nonlinearity of both the discharge's volt-
ampere characteristic and the nonlinear
dependence of the electrical resistance of

biotissues on the current magnitude. Thus, the
frequency spectrum of the BAP stimulation
current will be enriched with components of the
form f, = fin, where n =2, 3, 4..., and fi is the
frequency of the power supply voltage.

In electroacupuncture practice, single-
polarity pulses of different forms are also used
for stimulation. When combined with a gas
discharge sensor, the stimulation currents will
acquire additional spectral components.

The phenomenon of flicker, occurring
when the flash frequency is below 40...50 Hz,
is part of the specifics of visually observing the
glow of the gas discharge sensor in the low-
frequency range. This phenomenon must be
considered when practically applying the low-
frequency mode.

High-Frequency Mode:

Convenient for locating BAP is the use of
a variable voltage source with a frequency
above 10 kHz. At these frequencies, it is
fundamentally possible for the gas discharge
sensor to operate without direct skin contact
with a conducting probe (see Figure 5). The
occurrence of discharge in the sensor and its
glow is accompanied by the flow of high-
frequency current with maximum density in the
BAP location. It is known that the effect of
biological structure stimulation by electric
current significantly decreases with increasing
frequency [19]. Starting from frequencies of
0.5...1 kHz, the energetic thermal influence of
the electric current on biostuctures prevails.

For BAP stimulation in the high-frequency
mode, it is proposed to apply a similar solution
to that used in the amplipulse therapy method
[19]. In this case, the power supply voltage
should correspond to the law of amplitude
modulation:

Ua(t) = Ua[1 + mS(t)]cos(2xnfot + ¢), (1)
where fo is the frequency, ¢ is the initial
phase, U, is the amplitude of the high-
frequency oscillation, S(t) is the modulation
signal voltage, and m is the coefficient of
amplitude modulation (modulation depth) [20].
Let's consider the case of modulation with a
harmonic signal:

S(t) = Uy cos(2nQdt), 2
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where Uwm is the modulation voltage amplitude,
Q is the modulation frequency. If Q is chosen
within the interval of 1...150 Hz, Um < Ua, 0 <
m < 1, then an amplitude-modulated power
supply voltage for the gas discharge sensor will
be obtained. In the case of contact with the
BAP area, the amplitude of the high-frequency
discharge current will vary at a frequency Q
corresponding to the effective range of
biological stimulation. Similar to the low-
frequency mode, the processes of electrical
breakdown and the flow of high-frequency
discharge have a nonlinear nature. This will
result in the current stimulation having a pulsed
character with a spectrum of combination
frequencies multiples of Q.

Plasma Emission:

Irrespective of the supply mode, a gas
discharge occurs in the sensor's BAP area,
accompanied by gas mixture ionization and
plasma generation. Plasma is a source of
broadband electromagnetic radiation, part of
which lies in the visible spectrum and is
directly used for visual BAP localization.
However, due to complex physical processes
occurring in the gas discharge plasma, radiation
components also exist in the ultraviolet,
infrared, and radiofrequency ranges [21]. For
low-power discharges in neon gas mixtures,
ultraviolet radiation is insignificant and is
absorbed by the ordinary glass of the bulb. The
effect on the BAP area of visible and infrared
(thermal) radiation components has the same
biophysical mechanisms as photopuncture.

Another physical factor that has enhanced
biological effectiveness is the radiofrequency
radiation of the millimeter-wave (MMW) range
of 60...70 GHz with an ultra-low spectral
power density of ~10%...10° W/cm?Hz. The
therapeutic effect of MMW radiation with these
characteristics has been confirmed by the
methods and tools of information-wave therapy
(IWT) [22]. Let's estimate the radiating
capabilities of the sensor's plasma in the
frequency range of 60...70 GHz. For this
purpose, we will use the approach laid out in
[23], where it is indicated that the main plasma
radiation component is determined by thermal
radiation, and the power of the MMW
component is calculated by the formula

Pumw = (21/Aav?)KTSAF = 107 fay? TSAT,
©)

where Aav is average wavelength, fav is
average frequency, Af — frequency bandwidth
of radiation, k is Boltzmann constant, T is
imaginary  temperature of the plasma
(radiobrightness temperature, accounting for
plasma absorption and reflection properties), S
IS emission surface area. For the calculation:
fav = 656 HHz, Af = 10 HHz, T = 30 K,
assuming the average diameter of the BAP area
to be 3 mm S = 7-10° m?. Consequently, we
obtain an approximate value of the power
~9-10™* W and a corresponding spectral power
density of about ~102° W/cm?.

The obtained estimations align with the
concept of information-wave therapy [24]. It
should be noted that the actual emission power
of the discharge plasma under alternating
current conditions will be influenced by the
properties of the gas mixture, the chemical
composition of the glass bulb and electrodes,
their shape, and other factors.

IV. DEVICE STRUCTURE FOR BAP
DETECTION AND STIMULATION

The structure of the device, in which the
gas discharge sensor serves both as an indicator
element and an influencing factor, is shown in
Figure 6. The variable voltage source is a sine
wave generator. The "mode selection™ function
enables either low-frequency mode (1-150 Hz)
or high-frequency mode (0.01-1 MHz) with
amplitude modulation. The choice of a specific
frequency value depends on the search
conditions in the BAP area, the required level
of displacement currents, or the application of a
circuit with an indifferent electrode.

The design of the search manipulator
consists of a small glass cylindrical capsule
(gas discharge sensor) containing a mixture of
neon and other gases at low pressure and one or
two internal electrodes where the glow
discharge of orange-red luminescence occurs.
One of the electrodes forms the search contact,
while the other electrode is connected to the
resistor R intended to limit the discharge
current passing through the patient's body. For
existing gas discharge indicators, the effective
burning current does not exceed 1 mA [18].
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In the case of a single-electrode gas
discharge sensor device, the glass capsule in
the search manipulator should have a conical
truncation with a diameter of approximately 1—

Irradiation Zone

Research
Domain

Indifferent
Electrode

Gas Discharge
Sensor-Emitter

2 mm (see Figure 6).With the same accuracy,
the contours of the biologically active zone are
determined

Variable Voltage Frequency

Freauency and Depth of Modulation

YY v

Variable Voltage
Generator

Mode Selection

_'_‘__ ' (\Amplitude Voltage Level
Indifferent Electrode
Connection

Figure 6 — Device Structure for BAP Detection and Therapeutic Impact

Amplitude of the output voltage for
ensuring the conditions of electric stimulation
in the gas discharge sensor should reach
approximately 200 V with the possibility of
smooth adjustment. Amplitude control is
necessary to optimize the differentiation of
BAP areas based on changes in electrical
resistance. An additional requirement for the
generator's output voltage is the stability of the
set amplitude when a discharge occurs in the
sensor. This requirement is fulfilled when the
output resistance of the generator Rout iS
significantly lower than the load resistance
Rout<< R.

V. ANALYSIS OF RESEARCH RESULTS
Strengths: The conducted study is aimed at
developing a new hardware component for

electroacupuncture reflex therapy.
Physiotherapy  methods, with  accessible
technical provisions, partially reduce the

intensity of using medicinal drugs for patient
treatment. The proposed technical solution
combines procedures: searching for BAPS,
visual indication of BAP locations, and
stimulation modes of human skin BAP areas.
These capabilities are achieved by utilizing the

properties of electrical gas discharge in
alternating current. The discharge occurs
directly in a glass cylindrical capsule (gas
discharge sensor) containing a mixture of neon
and other inert gases at low pressure. The
stimulation mode starts simultaneously with the
occurrence of glow in the gas discharge sensor
upon reaching the BAP area.

Weaknesses: The modeling of the gas
discharge revealed the dependence of electrical
breakdown conditions in the sensor on voltage
redistribution across the circuit elements in
case of BAP localization. Substantial
uncertainty is introduced by the complex
resistance of biological structures and its
variation during BAP stimulation. These
circumstances necessitate adjusting the variable
voltage generator considering the patient's
individual characteristics. Furthermore, the
initial ion concentration in the inert gas mixture
affects the occurrence of gas discharge in the
sensor. lon concentration is influenced by the
level of ionizing radiation from natural and
technogenic sources. The significance of these
factors on the electroacupuncture procedure can
only be determined through experimental
verification of the proposed solutions.
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Opportunities: Undoubtedly, the potential
advantage of using gas discharge in alternating
current is not only the visualization of BAP
locations  with  simultaneous  broadband
electromagnetic radiation but also stimulation
with variable electric current. The utilization of
two stimulation modes is proposed: low-
frequency — with currents of 1-150 Hz, and
high-frequency — 0.01-1 MHz, modulated by
low-frequency currents in terms of amplitude.
During electroacupuncture sessions, the search
for BAPs is simplified in case of deviations
from their locations as specified in specialized
atlases.

Threats: One of the electronic safety
concerns of the proposed solution is the use of
variable voltage with an amplitude of
approximately 200 V. To ensure safe device
operation, the current passing through the
human body is limited by a high-resistance
resistor and should not exceed 1 mA. Another
protective measure should be incorporated into
the variable voltage generator, which disables
voltage supply to the manipulator when the
current exceeds the range of 3-5 mA. For
powering the device from the mains,
conventional galvanic separation solutions are
employed.

VI. CONCLUSIONS

The glow of the gas discharge sensor in an
alternating electric current circuit was utilized
for localizing the positions of biologically
active points (BAPs). The sensor enters an
identification state when the search electrode
contacts skin areas with reduced electrical
resistance, which is characteristic of these
points.

Equivalent circuit models for the flow of
gas discharge currents were proposed. At low
frequencies, the use of an indifferent electrode
is suggested, which enables the flow of
discharge current to the search electrode. The
equivalent circuit for high-frequency currents
demonstrates the possibility of gas discharge
occurrence in the sensor through the flow of
displacement currents. For operation at high
frequencies, the sensor can be designed in the
form of a cylindrical glass bulb with a conical
search tip, housing a single metallic electrode
and filled with inert gas.

Two stimulation modes for BAPs using
gas discharge currents were introduced: a low-
frequency mode within the range of 1-150 Hz,
and a high-frequency mode modulated by low-
frequency signals with amplitudes within the
range of 0.01-1 MHz. The effective stimulation
current level is up to 1 mA. Additionally, the
BAP area is subjected to broadband
electromagnetic radiation from the gas
discharge plasma in the visible, infrared, and
radiofrequency ranges. Estimated power values
and spectral power densities in the 60-70 GHz
range correspond to the concept of information-
wave therapy.

A device structure was developed that
employs gas discharge in alternating current for
the search and stimulation of biologically
active points. The main components of the
device include a variable voltage generator and
a manipulator. The generator operates in both
low-frequency and high-frequency modes, with
adjustable ~ amplitude,  frequency, and
modulation depth of the output voltage's
harmonic oscillations. The primary element of
the manipulator is the gas discharge sensor,
which simultaneously performs the functions of
indicating BAP locations and their stimulation.
Other manipulator elements ensure the device's
safety and user-friendliness.

The conducted study confirms the
possibility of constructing a straightforward
device for locating, identifying biologically
active points on the patient's skin surface, and
applying therapeutic effects to them. A special
gas discharge element fulfills the roles of a
logical element, indicator, and influencing
factor. The implementation of the proposed
technical solution expands the possibilities of
using acupuncture treatment methods, but it
requires appropriate medical validation.
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Harmioransanii aepokocmiunmii yHiBepcureT iMm. M. €. XKykoBcbkoro
«XapkiBChKUI aBiallifHUH IHCTUTYT», XapKiB, YKpaiHa

Peghepam — Axynynkmypa uanexcumv 00 0Oe3MeOUKAMEHMOSHUX Memo0i6 CXIOHOI MeOuyuHu i € pI3HO8UOOM HempaouyiliHoi
pegrexcomepanii. Y  cyuacuii  meduyuni, OKpimM 20iKOMeEpanii, SHAUWIIU BUSHAHMA  [HWI  PI3HOBUOU  AKYIYHKMYDU:
eIeKMPONYHKIYpA, 1a3epHa ma Cimaoea NYHKMYPd, MASHIMONYHKIMYPd, MEPMONYHKMYPA, HAOBUCOKOUACMOMHA NYHKMYPA.
Peszynomamu 1iKy8aHHa yumu mMemooamu Cymmeeo 3aexcamsv 6i0 MOYHOCMI BUSHAUEHHS 3HAXOONCEHHA 0I0I02IYHO AKMUBHUX
mouok (BAT) ma obpanus paxmopy énnugy. Tomy, mema 00cnioHceHHs nos2aA€ Y CRPOWEHHI ROWYKY GION02IUHO AKMUSHUX TOYOK
Ha WKIPHOMY NOKPUGi JIOOUHU Mda Nepexody Y DPextCUM ereKmponyHKmypuoi cmumynayii. O6'ekmom oOocrioxncenns ¢ npoyecu
BUHUKHEHHSI MA CEIMIHHS 243068020 pO3psidy NpU KOHMAKMI CEHCopa 3 OLISAHKON PO3MAULY8AHHS OIONOSIMHO AKMUBHOI MOYKU.
IIpeomem 0ocnidsceHHs — 3aCmMOCY8aHHsL 6ACMUBOCEU 24308020 PO3PSIOY HA 3MIHHOMY cmpyMmi 01 3AC00i8 eleKmpPOnYHKMypU.
Pezynomamu 0ocnioscenns. Ilpogedeno 02na0 nowupeHux Memooie aKkynyHKmypu ma 3a3Haveni enekmpoizuuni ocoonugocmi BAT.
3anponorosano onsa roxkanizayii posmauty8anus 0ioI02TYHO AKMUBHUX MOYOK BUKOPUCOBY8AMU C8IMIHHA 2A30PO3PAOHO20 CEHCOpa
8 NAHYI02Y 3MIHHO20 efekmpuyHoeo cmpymy. Cencop nepexooumsv 6 cmau idenmupikayii npu KOHMaxmi NOULYK08020 enekmpood 3
OIAHKAMYU WKIPU 3 NOHUNCEHUM eNIeKMPUYHUM ONOPOM, WO € eiacmusicmio yux mouok. I[lobydosani exegisanreHmui cxemu
eeKMPUYHUX IAHYIO2I8 NPOMIKAHHS 2A30PO3PSAOHUX cmpymie. Ha nuzekux wacmomax npononyemucs guxopucmamu inougepenmuuii
enekmpoo, AKuil 3abe3nevyc npomikanHs cmpymy po3psoy 00 Noulykogozo eiekmpooa. Exeieanenmua cxema 05t 6UCOKOHACMOMHUX
CmMpyMmie 00800UMb MOJICTUGICIb BUHUKHEHHSL 24308020 PO3PA0Y 8 CEHCOPI WIAXOM NPOMIKAHHS cmpymie smiujenns. /s pobomu na
BUCOKUX YACMOMAX CEHCOP MONCHA GUKOHAMU Y (POPMI YUTIHOPUUHOL CKIISIHOT KOJIOU 3 KOHIYHUM NOULYKOBUM 3AKIHUEHHM, KA MAE
6CePeOUni 0OUH MeMANiuHULL enekmpoo I 3anosHeHa inepmuum 2azom. Ilepedbaueni 0sa pescumu cmumynayii AT eazopo3psaonumu
cmpymMamu  — HU3bKOYACMOMHULL | 8UCOKOYACMOMHULL. B nepuwiomy pedxcumi 6UKOPUCMOBYIOMb HUSLKOYACMOMHUL  0ianazoH
1...150 I'y. B opyeomy — cmumyniosanvHuil 6niug 3abesnedye amniimyona mooyaayia eucoxux wacmom 0,01...1 MIy cuenanom
HU3bKOYACMOmMHO20 dianazoHy. Egexmuene snauenns cmpymie cmumynayii — 0o 1 mA. Jlooamxosum paxmopom éniuey Ha OilAHKY
BAT € wupoxkocmyzoee enekmpomacHimue GUNPOMIHIOBAHHSA NIAA3MU 2d308020 pPO3PACY Yy BUOUMOMY, IH@pauepeoHomy ma
paodiouacmomuomy dianazonax. OYiHIOBANbHI 3HAUEHHST NOMYICHOCMI MA CHeKMPAIbHOI 2YCIMUHU SUNPOMIHIOBAHHS 8 Oiana30Hi
60...70 [Ty eionosioaromv Konyenyii iHopmayitino-xeunbo8oi mepanii. Po3pobaeno cmpykmypy npucmpoio, 8 KoMy
BUKOPUCTOBYEMbCS 2A306Ull PO3PAO HA 3MIHHOMY CMpPYMI O1si NOWYKY ma cmuMyaayii 6ionociuno akxmueuux mouok. OcHoeHi
CKNAO08I npucmpoio — 2enepamop 3minnoi manpyeu ma mauinyasmop. I enepamop sabesneyye pobomy 6 HU3bKOYACMOMHOMY |
BUCOKOUACIOMHOMY DENCUMAX 3 MOJICIUGICINIO DeSyNIO8AHHA AMNIIMYOU, 4ACmomu, 2IuOUHU MoOYaayii ma 6uxiowoi Hampyeu
2apMOHIUHUX KOMUBAHb. OCHOBHUM eleMeHMOM MAHINYIAMOPA € 2a30PO3PAOHULL CEHCOP, AKULL OOHOYACHO BUKOHYE QYHKYIT IHOUKayii
posmawyeanus BAT i it cmumynayii. Inwi eremenmu maninyismopa noeunHi 3abesneuysamu 6e3nexy ma 3pyyHicms GUKOPUCHIAHHS
npucmporo. Bucnosku. Ilposedene 00cniodcenHs niomeepoxtcye MOAICIUBICMb NOOYO08U HECKAAOHO20 NPUCMPOIO 015 NOULYKY,
i0enmuepikayii 6ioN02iUHO AKMUSHUX MOYOK HA NOGEPXHI WIKIPU NAYIEHMA MA MePanesmuyHo20 eniusy Ha Hux. QyHKYilo 102iUH020
eleMenma, HOUKamopa ma akmopy 6niuey GUKOHYE CHeyialbHUll 2a30pO3PSOHULl CeHCOp. 3Acmocy8amHs 3anponoOHOBAHO20
MEeXHIYHO20 PIUeHHSI PO3UWUPIOE MONCIUBOCTI GUKOPUCTNAHHA JIKYBANbHUX MemOoOi6 aKynyHKmypu, aie nompeoye 6ionogionoi
Meduunoi anpobayii.

Knruoei cnosa: 6Gionociuno axmueni mouku, eleKMPONYHKMYpd, 2a308uil po3psio, GUNPOMIHIOGAHHA, JOKANI3AYisA, 3MIHHULL
eNeKMPUYHUL CIPYM, CIUMYIAYIA, CIMPYKMYPA RPUCIPOIO
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