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ON THE EXCITATION OF LOCAL ELECTRIC CURRENT IN THE BIOLOGICAL
ENVIRONMENT

The subject of the study in the article is to study the method of excitation of human body tissues using an electric current. The
purpose of the work is to develop a method for exciting local current in a human body affecting the microcirculation of blood and
excitability of local areas of muscle tissue during the treatment process. The article solves the following tasks: the creation of a model
pattern of fabric, the rationale for the generation of electric current inside the sample, the development of the design of the current
generation system and measuring the electrical response of the model sample of the tissue on the occurrence of electric current,
determining the size and spatial current distribution in the model sample of the fabric, comparison The obtained current values with
known and admissible in medical practice its values, determination of the advantages of the proposed method of excitation of current
compared to the traditional used in medicine. The following methods were used: analysis of scientific publications for the subject of
the study, the calculation of the expected current parameters in the model sample, the method of designing the nodes of the current
generation and measurement system of the electrical response, the experimental method of excitation of the current and measuring the
sample response to it. The following results were obtained: a new acoustic-magnetic method of exciting electric current in local areas
of muscle tissue is justified, which allows determining for them the optimal values of the therapeutic current and the value of its
threshold value. model samples of muscle tissue are created, a magnetohydrodynamic method of generating electric current inside the
patient's body is justified, design of a system for generating current and measuring the electrical response of a model fabric sample to
the occurrence of electric current in it; determining the magnitude and spatial distribution of the current in the model fabric sample;
comparison of obtained current values with known and permissible values in medical practice and proved their safety for a person.
Calculated ratios are obtained, which connect value of excited local current with parameters of ultrasonic radiation, external
permanent magnetic field and biological medium. The materials have been found that the current density excited in the local area of
the biological medium is independent of the ultrasound frequency and is determined mainly by the intensity of the ultrasound and the
constant magnetic field. The advantages of the current excitation method according to the present invention over the conventional
galvanic method of passing current through the patient's skin are the ability to generate current in any desired local area of the
patient's tissue and its complete safety. Conclusions: The scientific foundations of the new method of excitation of local current
inside the human body have been developed and experimentally tested on model samples. Using this method can significantly
increase the effectiveness of the treatment process based on the effect of current on blood microcirculation in predetermined areas of
muscle tissue and for the first time will allow distinguishing and determining with high accuracy thresholds of their excitability by
electric current.
Keywords: blood microcirculation, threshold of muscle tissue excitability; tissue model; magnetic hydrodynamics of
conducting solution; ultrasound; local electric current.
Introduction influence of ultrasonic radiation (USR) has begun in BE.
In particular, for the first time, the value of the electric
field strength arising in the model electro conductive
sample BE under the joint action of ultrasound

Physical and chemical phenomena caused by the
magnetohydrodynamic effect and electric current through

a conductive biological environment (BE) are widely used
in modern medicine for diagnosis and therapy [1, 2, 3, 4,
5 6] These phenomena, in particular, include:
electrophoresis of the ions of drugs of drugs through
human skin in a constant magnetic field (CMF);
measurement of the flow rate of blood in the magnitude of
the electric field generated by it in the PMP during the
pulse filling of the blood vessel; braking of blood current
in vessels under the action of a large PMP; therapeutic
galvanization of muscle tissue by passing a constant
electrical current of low density through the patient's skin
from the external high-voltage (80 V) voltage source;
strengthening the microcirculation of blood and the
definition of the first threshold of the validity of the
current in the muscular tissue by passing an alternating
electric current through the skin of the patient. All these
phenomena occur either due to the natural movement of
blood ions and plasma under the action of the ambient
heat or the activity of the heart, or when the transport
current is supplied to the BE from the external voltage
source.

Recently, the study of the movement of electric and
magnetic particles in the magnetic field under the

and CMF [7] was measured. Also, for the first time, an
acoustic-magnetic method (AMM) of acting on a model
BE sample containing magnetic  nanoparticles
was proposed and investigated in order to determine the
possibility of high-precision measurement of their
concentration in the pathological focus of BE
with the target delivery of therapeutic preparations
to it [9].

One of the topical problems of medicine is to study
the excitability of human body tissues, which is associated
with changes in the membrane cell potential
and the condition of blood microcirculation and lymph in
tissues. One of the ways of influencing the excitability of
muscle tissue and human organs is transmitting an
alternating electric current through it. In this
case, an important measurable indicator of tissue
excitability is the first threshold for the sensibility of the
transmitted current. The traditional and common method
of transmitting current through the muscle tissue is the use
of an electrical circuit from an adjustable voltage
generator, the input wire connecting one of the terminals
of the generator with the skin of the patient through the
clamping electrode at a particular point of the body and
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the output wire connecting the other point to
the other point on the patient's skin with the second output
of the generator [6]. The gap of one of the wires includes
an ammeter, according to which the magnitude
of the first threshold current is measured when the patient
is sensitive to the patient's appearance of the muscles. This
method of determining the threshold current and
therapeutic current corresponding to the optimal level of
blood circulation has an important disadvantage that
affects the informativeness of their measurement. This is
caused by the fact that the current through the muscles
with this method is not spatially homogeneous. Its density
is maximum in the area of the supply electrodes and
decreases when removing them. In addition, when passing
in the field of internal organs, this inhomogeneity
increases, as they have different electrical resistance. As a
result, the amount of therapeutic current and the measured
threshold current are averaged throughout the muscular
volume and do not correspond to their local values
for one or another organ or a particular area of even
homogeneous muscle tissue. Therefore, the development
of a new non-integrated method is required to
establish the amount of therapeutic current and measuring
its threshold value. The new method should
allow to establish the optimal local values of the
therapeutic current for various sections of the human body
and measure the values of the threshold current
in them.

The purpose of this work is to substantiate the
possibility of creating a new local excitation method
using AMM in a given BE section of an alternating
electric current, eliminating the need for its contact
(galvanic) transmission through the skin of the
patient and does not have drawbacks of this traditional
flow of current formation through the patient's
body.

Model system for generating an electric field in BE
with AMM

For the existence of an electric current in any
environment, it is necessary to have an electric field in it.
Figure 1 shows a schematic diagram of a system that
allows exciting using AMM and measure the variable with
a frequency of USR electric field of the BE model in the
form of a solution placed in a cylindrical vessel.
A low-conductive NaCl solution in water, having a
density, viscosity and electrical conductivity, close in
magnitude to the BE parameters [6, 10].

With the effect of USR with frequency f on the upper
part of the solution along its height (in the direction
of the Z axis in fig. 2), a wave of compression
and expansion propagates. The counter wave reflected
from the bottom of the vessel interferes with the incident
wave If the distance from the bottom of the wvessel
to the emitter USR (h) is equal to an integer (n) of the
lengths (A) of sound waves (h = n &), then the so-called
standing wave [11] is installed in the vessel. The velocity
distribution VZ of the solution particles in the standing
wave is as shown in fig. 2.

us
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Fig. 1. Circuit diagram of blocks (A, B, C) systems for excitation
of local current in a model sample of a biological environment.
Block A includes a model sample, to which an external constant
magnetic field (B) and ultrasound radiation (US) and which
generates an alternating voltage (U). Block B serves to measure
the voltage U, and the block C is a voltage registrar U.
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Fig. 2. Functional scheme of the system for the implementation
of acoustic-magnetic excitation of electric current in the BE
model sample in the form of a solution of NaCl, 1 — vessel with a
solution, 2 — Helmholtz coils to create a magnetic field with
induction B = mo Hq, 3 — round flat radiator ultrasound, 4 —

Ultrasound generator, 5 — distribution of velocity V, movement

into the solution under the action of sound (dash line), 6 —
current distribution (I) in solution, m0 = 4z 107 Gn/m.

With the simultaneous action of the USR and a
constant magnetic field BY on the solution, directed
perpendicular to the direction of propagation of the USR
along the Y axis, an alternating electric field with an
intensity EX appears in it [7, 8] in accordance with the
relation known from magnetohydrodynamics:

Ex=V,xB, =Epsin2zf =V, sin2zfxB,, (1)

where E,,, V.,, — the amplitude of the electric field
strength and the velocity of the solution. In this case, the




108

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2021. No. 1 (15)

EX direction is perpendicular to both the direction of
induction of the field B, and to the direction V,. To

measure the distribution of the EX value at different points
of the vessel, which means that in different sections of the
standing wave in the solution, two (or more) metal
measuring probes are placed with a distance (base) L
between them. The value of EX can be represented by the
derivative  of the electric  potential U in
the direction x:

_du U,-Uy)

E
o dx L

: (@)

where (U, — U,) — The potential difference at two points

(1, 2) of the solution located at a distance L along the X
axis. The potential difference (voltage) on probes can be
measured by a voltmeter of alternating voltage.
Calculations [7] show that the value of the maximum
voltage U, on probes is described by the formula:

2P

U,=E,xL=[
CoL

1°°B, xL,

®)

where [E]O'5 =V,.v,and P, ¢, p, is the intensity (power)
Co

of USR, speed of sound in solution, density of solution.
Fig. 2 shows a detailed functional diagram of a
model system for studying the electrical properties of the
BE sample in magnetic and acoustic fields, as well as the
spatial distributions of the velocity V, of the solution

displacement under the action of USR along the direction
Z of USR propagation and the excited electric current 1.
This figure also shows the source constant magnetic field
with induction BY in the area of solution in the form of
two Helmholtz coils (2), USR generator (4), cylindrical
vessel with a model solution (1), USR emitter (3)
generating sound along the Z axis of the vessel. The
different polarities of the maxima E along the height of
the vessel correspond to the places of maximum
compression and extension of the solution under the
action of the USR standing wave. Note that
a similar picture of the appearance of a standing wave can
take place if the USR “beam” is passed through
the human body, since an incident sound wave on the skin
on one side of the body will be reflected in
the same way from the skin on the opposite side of the
body.

To obtain the maximum voltage value on probes, it is
necessary to arrange the probes in the maximum Ey

region. As is known [11], the length of a standing wave is
equal to the length (1) of the wave of sound in the studied
medium and is given by the expression:

A=

; (4)

where ¢ is the sound speed in solution.
Thus, changing the frequency of USR, it is possible
to change the distribution of the Ey in the vessel and

have two or more maxima of the electric field strength of

different polarity along the direction of the propagation of
the sound in it (fig. 3).
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Fig. 3. Functional diagram of the system for excitation with
AMM of the “chain” of sections of electric current excitation in
a solution (1) simulating a biological environment, 2 — Helmgltz
coils, 3 — cylindrical vessel with a solution with an inner
diameter d, 4 — flat round USR emitter with a diameter d, 5 —
USR generator, 6 — distribution of the solution velocity under the
action of USR, 7 — distribution of the magnitude of the excited
current in local areas of the solution.

The periodic change in the electric field intensity in
space results in a periodic change in the potential
difference along the height of the wvessel and a
corresponding periodic change in the current value
flowing in various zones of the electro conductive solution
located along the length of the vessel and according to the
Ohm law inversely proportional to the electrical resistance
of the solution (or biological real medium). Materials A
sufficiently large distance between current maxima, equal
to half the wavelength of the low frequency USR, allows
to create one (as in figure 2) or several (as in Figure 3)
current zones spaced in space along the axis of the vessel,
which in the real BE will act on its different sections with
different excitability. For example, at a USR frequency of
22 kHz, the length of the sound half wave is about 30 mm
in water (and in a near-density BE).

As can be seen in fig. 2, localization in a solution
with an electric current, having a length along the z axis
equal to one half-period of the standing wave, can be
organized by the spatial localization of the CMF action
per solution (or to the patient's body site). To do this, it is
necessary to use the source of the local magnetic field as a
permanent magnet or coils with a current having
dimensions that do not exceed half the length of the
standing wave in the vessel. Only in this part of the vessel
(or patient) will there be an electric current as a result of
the use of AMM. The weakening or absence of a magnetic
field in the rest of the vessel leads to the practical absence
of an electric field in it in accordance with formula (1) due
to the absence of the cause (magnetic field) of the
occurrence of the electric current. At the same time, the
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permissible distance from the local CMF source to the
current generation in the real situation, i.e. when the
current is excited in the patient's body, it should not
significantly exceed the size (aperture) of the field source.
This is due to an increase in the inhomogeneity of the
magnetic field of scattering of the local source as it
removes from it and with a decrease in its value, and
hence, with a decrease in the generated current. It follows
from this that the maximum depth of the location in the
patient's body of a single area with a current having about
30mm (at a frequency of USR about 20 kHz) can be no
more than 50-100mm.

To create a patient in a patient several sections
("chains™) with a current along the USR "beam"
(as in fig. 3, at a frequency of USR 4 times higher
compared to fig. 3), the formation of a homogeneous
CMF on the entire length of these sections
iS necessary.

This can be done using a Helmholtz coil with a
diameter somewhat large than the height of the model
vessel and, accordingly, large than the size of the patient's

body section in the actual situation of the use of AMM in
medical practice. It uses one of the advantages of USR
(compared with the electromagnetic field of high
frequency), which practically does not fade at distances
characteristic of the sizes of the human body. Therefore,
when using AMM restrictions on the location of the
processed current of the BE region does not exist. With an
increase in frequency only decreases the length of the
areas with an excited current in their "chain" located along
the USR "beam".

Calculation of an electric current excited in BE model
with AMM

The calculation of an AMM-excited current in BE
was carried out on the basis of experimentally obtained
potential difference values on two copper probes
introduced into the NaCl model solution [7, 12].
The diagram of the measuring system is shown
in fig.4.
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Fig. 4. Measuring system diagram: 1 — copper cup, 2 — plates for fixing electrical probes, 3 — NaCl solution, 4 — permanent magnets,
5 — electrical probes, 6 — sonic conduit of the USR source, 7 — USR generator, 8 — wires from probes to voltmeter, 9 — selective

microvoltmeter.

The probes with a length of 1 cm and a distance
between them L = 1 cm were located approximately in the
region of the maximum distribution of the electric field
strength at a power of USR 0.01 W / cm? at a frequency of
22 kHz (A = 6.8 cm). One standing wave period was
located at the distance between the USR source and the
bottom of the vessel with the solution. The value of the

CMF, created by two permanent magnets with a diameter
of 45 mm, in the area of the probes was equal to 0.4 T.
The amplitude of the voltage Um across the probes was
5x10° V. The region of the main part of the current
flowing between the probes can be approximately
represented as a cube with sides equal to 1 cm, since equal
to the diameter (d) of the USR "beam", and its average
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length ( A/4) along the Z axis are also about 1 cm. For the
BE averaged resistivity at low frequencies equal to p2 =
140 Ohm cm [6, 10], assuming that the resistance is
mainly active, it can be calculated using Ohm's law the
amplitude of the current Im through the BE specified
region:

VB d

mz Py

4,02 )

cV B, d
mz*=y (5)
(4P2 f )

Um Um
m

//1/4)d
where R — current flow area resistance. Substituting the
value for the velocity V,,, into formula (5), we obtain:

c[2 1°°B,d
Iy Cepl 00 (6)
4p, f

For the maximum current density jm, from (5) and

(6) we obtain:
2 05
i = [/ oA %
" (ﬂ/)d cd '

It follows from (7) that the density of the excited
local current does not depend on the USR frequency.
After substituting the numerical values of the parameters

into formula (6), we obtain I, = 0,5-107° A. In this case,
the maximum current density jm in such a local BE model
region was j,, =0,5-10° A/cm2 According to medical
standards [6], the maximum permissible harmless current
density passed for therapeutic purposes through biological
tissues and human organs should not exceed 0.5 mA/cm?
=0.5x10° A/lcm?=5x 10“ Alcm? ...

If it is necessary to generate current densities greater

than j, =0,5-10° A/cm? using AMM, the value of the

electric field EX excited in BE should be increased.
According to formula (7), this can be achieved
primarily by increasing the USR intensity and CMF value
within acceptable limits. From the point of view of
medical safety (to exclude BE cavitation), the USR power
should not exceed 1W/cm? [11]. A constant magnetic
field, provided the patient is in a static position in this
field, can be very large (7 or more Tesla) [13, 14, 15].
With the indicated values of the permissible low-
frequency USR intensity and with a CMF equal to 7T, it
follows from formula (7) that in a local area of the
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10-4 A/cm? can be excited. The regulation of the current
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The main advantages of generating alternating
current through BE using AMM over the traditional
galvanic method of passing current through the patient's
skin are:

1) the possibility of exciting electric current in local,
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to half the length of the USR standing wave
in the patient's body and located in a uniform magnetic
field;

2) the safety of the proposed equipment for creating
local areas with current due to the absence of sources of
increased electrical voltage in it.

Conclusions

A new, more informative and safe method of
creating an electric current in the human body for
medicinal purposes has been proposed and substantiated.
The method is based on the excitation of an electric
current in a local area of the body using the acousto-
magnetic method (AMM). To substantiate this method,
computational and experimental studies were performed
on model samples of a biological environment. A
calculated relationship is obtained that connects the
magnitude of the excited current with the parameters of
the ultrasonic and magnetic fields, as well as with
the parameters of the model sample. The calculated ratios
are verified by comparison with experimental results.
The local density of the excited current in the
experimental model sample was calculated and the
possibility of reaching a current density at the level
of 10*A/cm?, which is close to the maximum permissible
value for the human body, 5x10 A/cm?) was shown.
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ITPO 3BY/UKEHHS JIOKAJIBHOT'O EJIEKTPUYHOI'O CTPYMY B
BIOJIOTTYHOMY CEPEJOBMUIIII

IIpenMeToM NOCTIDKEHHSI B CTaTTi € BHBYEHHS CIOCOOY 30y/DKEHHS TKAHWH OPraHi3My JIIOJMHH 33 JOIIOMOTOI0 €JIEKTPHYHOTO
ctpymy. MeTa po6oTH — po3poOka MEeTOy 30YIKESHHS JIOKATBHOTO CTPYMY B TiJli JIFOJUHH, IO BIUTHBAE HA MIKPOIUPKYJIALIIO KPOBi i
30y UTMBICTD JIOKATBHUX TUITHOK M'S30BO1 TKAHHUHHM B TIepeOiry JIiKyBaJbHOTO Mpoliecy. Y CTaTTi BUPILIYIOThCS HACTYIIHI 3aBAAHHS:
CTBOPEHHSI MOJICNIBHOTO 3pa3Ka TKaHWHH, OOTPYHTYBaHHS METOXIy TeHepallii eNeKTPHYHOrOo CTpyMy BCEpeauHi 3pa3ka, po3poOka
KOHCTPYKIi CHCTeMH reHepallii cTpyMy i BUMIPIOBaHHS €JIEKTPUYHOTO BiJrYKY MOJEIBHOTO 3pa3ka TKAHWHM Ha BUHUKHEHHS B Hil
CNIEKTPHYHOTO CTPYMY, BU3HAUCHHS BEJIMYHHH i IPOCTOPOBOTO PO3MOALLY CTPYMy B MOJEIBHOMY 3pa3Ky TKaHWHH, MOPIBHSHHSI
OTPUMaHHX 3HAa4eHb CTPYMY 3 BIJOMHMH 1 JONYCTUMHMHM B MEQUYHIN NpakTHLi HOro 3HAa4YEHHSMH, BU3HAYCHHS MepeBar
3alpONOHOBAHOTO Croco0y 30y/DKeHHS CTpyMy B TOPIBHSHHI 3 TpamuUiiiHUM, SKAH BUKOPUCTOBYETHCS B MEAWIIUHI.
BHKOPUCTOBYIOTBCS TaKi METOIHW: aHANI3 HAYKOBMX HyOJKaIii 3 mpeaMeTy IOCHiIKEHHsS, PO3PaXyHOK OYiKyBaHHMX NapaMeTpiB
CTPYMY B MOJICIBHOMY 3pa3Ky, METOJ KOHCTPYIOBaHHS BY3JiB CHCTEMH reHepalii CTpyMy i BUMIpIOBaHHS €JIEKTPUYHOTO BiITYKY,
eKCTIepUMEHTAIBHNI MeToJ 30y/DKEHHS CTpyMy i BHUMIPIOBAaHHS BIATYKYy 3pa3ka Ha Hbporo. OTpuMaHi HAcCTYIHI pe3yJIbTaTH:
0OTPYHTOBAaHO HOBHil aKyCTO-MarHiTHHN MeTOA 30y/DKEHHS ENEKTPHYHOTO CTPYyMY B JIOKAIBHUX JUISHKAX M'S30BOi TKAHHHH, SKUH
JI03BOJIsIE BH3HAYaTH [UIsi HUX ONTHMAaJbHI 3HAUCHHs JIKyBaJbHOIO CTPYMy 1 BEIHMYMHY HOTO MOPOTOBOTO 3HA4YEHHS, CTBOPEHI
MOJICNTBHI 3pa3ku M'SI30BOT TKaHWHHU, OOTPYHTOBAaHMI MATHITOTiPOIUHAMIYHUI CIIOCiO reHepalii eNeKTPUYHOTO CTPYMY BCepennHi
TiNa TMali€HTa, CTBOPEHA KOHCTPYKILsl CHCTEMH TeHepalil CTpyMy i BHUMIpIOBaHHS €JIEKTPHYHOTO BIATYKY MOJEJIBHOTO 3paska
TKaHWHH Ha BUHWKHEHHS B Hill €JIEKTPUYHOTO CTPYMY, BU3HAaYCHA BEJIMYHMHA 1 IPOCTOPOBHUIN PO3MOIII CTPYMY B MOJEIBHOMY 3pa3Ky
TKaHWHH, BUKOHAHO TIOPIBHAHHS OTPUMAHHUX 3HAa4eHb CTPYMY 3 BIIOMHUMH i JOMYCTHMHMH B MEIUYHIN NPaKTHULl HOTO 3HAYCHHSIMH i
JIOBEJICHO iX O€3MeYHICTh Uts MoAuHN . OTPUMaHO PO3paxyHKOBI CIiBBiJHOLICHHS, 110 3B'I3YIOTh BEINYNHY 30y/PKSHHS JOKaJIbHOTO
CTpyMy 3 TapaMmeTpaMH YJIbTPa3BYKOBOTO BHIIPOMIHIOBAaHHS, 30BHIIIHBOTO IIOCTIHHOTO MAarHITHOTO TMOJs 1 OI0JOTiYHOTO
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cepeoBHIIa. BCTaHOBIICHO, IO MITBHICTh CTPYMY, IO 30y/KY€EThCs B JIOKaJIbHIi AUIAHIN Gi0JOTiYHOTO CepeoBHINa, HE 3aNIIKHUTh
BiJl YaCTOTH yJBTPa3BYKy i BH3HAYAa€THCS B OCHOBHOMY BEIMYMHAMH IHTEHCHBHOCTI YJIBTPa3ByKy i IMOCTIHHOTO MarHiTHOTO ITOJIS.
[lepeBaramn 3ampoIIOHOBAaHOTO MeTOy 30Yy/PKEHHsS CTPyMy B IOPIBHSHHI 3 TPAagHWIIHHUM TalbBaHIYHIM METOJOM HPOIYCKAaHHS
CTpyMy Uepe3 HIKipy MalieHTa € MOKJIMBICTh CTBOPIOBATH CTPYM B OyIb-IKOMY HEOOX1THOMY JIOKAJIBHIHN TUISHII TKAaHWHY HAIli€eHTa 1
NoBHa Horo Oe3mneka. BHCHOBKH: PO3pOOJICHO Ta €KCIEPUMEHTANEHO IEepeBIpeHO Ha MOJCIBHUX 3pa3KaX HayKOBI OCHOBH HOBOTO
MeToay 30yIKEHHS JOKAIBHOTO CTPYMy BCEPEIMHI Tijla JIOJUHMA. BHUKOPHUCTaHHS LBOTO METOLYy MOXE ICTOTHO IIiABHUIIUTH
e(eKTHBHICTh JTIKyBaJbHOTO MPOIECY HA OCHOBI BIUIMBY CTPYMy Ha MIKPOLHMPKYJIALIIO KPOBiI B 3a3[ajierigb 3aJaHUX AUISHKaX
M'I30BOi TKaHWHH 1 BIIEpLIC IO3BOJUTH PO3PI3HATH 1 BU3HAYATH 3 BHCOKOIO TOYHICTIO MOPOTH iX 30yMIHMBOCTI ENEKTPUYHHM
CTPYMOM.

KunrouoBi cioBa: MiKponmpKyJIAIist KpoBi; mopir 30yIIMBOCTI M'SI30BOi TKAaHMHH; MOJETb TKAaHWHH, MarHiTHa TiIpoAnHaMiKa
MIPOBOJIMIMOTO PO3YHHY; YIBTPA3BYK; JIOKAIEHHHN IeKTPHYHUHI CTPYM.

O BO3BYKJIEHUU JIOKAJBHOI'O DJIEKTPUYECKOI'O TOKA B
BUOJIOTMYECKOM CPEJIE

IIpenmeToM wuccrenoBaHMs B CTaThe SBISIETCS H3YYeHHE crocoba BO30YXICHHS TKaHEH OpraHW3Ma 4eloBeKa C ITOMOIIBI0
MeKTpHYeckoro Toka. Lleab paboTel — pa3paboTka MeTona BO30Y)KAEHMS JOKAJHHOTO TOKAa B Telle UYENIOBEKa, BIMSIOIIETO HA
MHUKPOIHPKYJSIMIO KPOBH U BO30YIUMOCTh JIOKATbHBIX YJAaCTKOB MBIIICYHOM TKaHU B T€UEeHHHU JiedeOHOro mporecca. B craTtee
pelralTcs CleIyIoHe 3aJauM: CO3JaHHe MOJIENTBPHOTO oOpasia TKaHM, 0OOCHOBaHME METOJAa T'€HEpaIH IIEKTPUYIECKOTO TOKa
BHYTpH 00pa3na, pa3paboTka KOHCTPYKINH CHCTEMBI T€HEePAIlNU TOKAa U M3MEPEHUSI SIEKTPUIECKOTO OTKIMKA MOJEIBHOTO o0pasma
TKaHM Ha BO3HHKHOBCHHE B HEHl 3JIEKTPUUECKOTO TOKA, OMpPEIENeHHEe BEIHYMHBI M IPOCTPAHCTBEHHOTO paclpefeleHHs TOKa B
MOJIETTEHOM 00paslie TKaHH, CPaBHEHHE MOJIyYSHHBIX 3HAYCHHH TOKA C U3BECTHBIMH M JIOIYCTUMBIMHU B MEIHIIMHCKOH IPAKTHKE €ro
3HAUCHWSIMH, OIpeleeHHe IPEUMYIIECTB IpeajaraeMoro crocoba BO30YXKIEHHS TOKa IO CPAaBHEHHIO C TPAIHUIMOHHBIM,
HCTIONB3YEMOM B MEIMIMHE. VICIONMB3YIOTCsl Takue MeTO[Abl: aHAJIW3 Hay4YHbBIX ITyOJNHMKAIMi MO MpeAMeTy HCCIISIOBaHUS, pacyer
OKHJAaeMbIX IapaMeTpOB TOKAa B MOJEIBLHOM 00pasie, METOJ KOHCTPYHPOBAHUS Y3JIOB CHCTEMBl T€HEpAllMd TOKa W M3MEpEHHS
UEKTPUIECKOTO OTKIIMKA, SKCIEPUMEHTAIBHBIH METOX BO30Y)KIEHHs TOKAa M M3MEpPEeHWs OTKIMKa oOpasma Ha Hero. [lomydyeHs
ClIeyIOINe Pe3yIbTaThl: 000CHOBAH HOBBIM aKyCTO-MAarHUTHBIM METOJ BO30Y KICHNUS NEKTPUIECKOTO TOKA B JIOKAIBHBIX yJacTKax
MBIIICYHOH TKaHH, KOTOPBIH MO3BOJISIET ONPEAENATh Ul HUX ONTHMANbHBIEC 3HAUCHUS JIeUeOHOTO TOKA M BENUYHHY €r0 OPOTOBOTO
3HAUEHUs], CO3[aHbl MOJENbHbIE O00pa3lbl MBIMICYHOH TKaHM, OOOCHOBAH MAarHUTOTHIPOAWHAMHYECKHH CIIOCO0 TeHepaluu
NEKTPUYECKOTO TOKAa BHYTPH Tella MAIMEHTa, CO3JaHa KOHCTPYKIMS CHCTEMBI T'€HEpald TOKAa M H3MEPEHUs >IEKTPHUECKOTO
OTKJIMKa MOJIETEHOTO 00pa3iia TKaHW Ha BOHHKHOBEHHE B HEl 2JIEKTPHYECKOrO TOKA, ONpeieNieHa BeJIWYNHA M MPOCTPAHCTBEHHOE
pacnpeneneHus TOKa B MOZENBFHOM oOpaslle TKaHH, BBINOJHEHO CPaBHEHHME ITOJYYCHHBIX 3HAYCHHH TOKa C W3BECTHBIMH U
JONMYCTUMBIMH B MEAWIMHCKOW MpaKTHKE ero 3Ha4eHWsSIMH W JOKa3aHa WX 0e30macHOCTb Ui denoBeka. IlomydeHBl pacueTHbIe
COOTHOILCHUSI, CBS3BIBAIOIINE BEJINYNHY BO30Y)KIaeMOTO JIOKAJBHOTO TOKA C IapaMeTpaMy YJIbTPa3ByKOBOTO M3JIy4EHHs, BHEIIHETO
MOCTOSTHHOTO MarHUTHOTO TOJISI ¥ OMOJIOTMYECKOH Cpebl. Y CTAaHOBJIEHO, YTO INIOTHOCTH TOKA, BO30Y)KAAEMOTO B JIOKAIBHOM yIacTKe
OHMOJIOTUYECKOH CPe/Ibl, HE 3aBHCUT OT YacTOTHI YIbTPA3ByKa U ONPEASNSETCS B OCHOBHOM BEJIMYMHAMU HHTEHCUBHOCTH yJbTPa3ByKa
U TIOCTOSTHHOTO MarHWTHOTO moJjs. [IpemMymiecTBamMu mpeyiaraeMoro MeToaa Bo30yKISHHUSI TOKA M0 CPABHEHHIO C TPaJUIHOHHBIM
raJbBaHUYECKHM METOJOM IIPOITyCKaHMS TOKa uepe3 KOXKy MaI[FeHTa SBIAIOTCS BO3MOXHOCTH CO3/1aBaTh TOK B JIFOOOM TpebyemMoM
JIOKJILHOM Y4YacTKe TKaHW MallieHTa W IMOoJHas ero Oe3omacHocTh. BBIBOABI: pa3paboTaHbl M 3KCHEPUMEHTAIBHO MPOBEPEHbI Ha
MOJICTIBHBIX 00pa3lax Hay4HbIE OCHOBBI HOBOTO MeETOJa BO30Y)KAEHHMS JOKAJBHOTO TOKA BHYTPH Tena dernoBeka. lcrone3oBaHue
9TOr0 MeETO/a MOXKET CYIIECTBEHHO MOBBICHTh 3(P(EKTHBHOCTh Je4eOHOro mpolecca Ha OCHOBE BO3JCHCTBHS TOKa Ha
MUKpPOLMPKYJISILMIO KPOBU B 3apaHee 3aJaHHBIX Y4YacTKaX MBIIIEYHON TKaHW M BIIEPBbIE IO3BOJMT pa3iM4yaTh U ONpPENeNsATh C
BBICOKOH TOYHOCTBIO OPOTH MX BO30YANMOCTH SNIEKTPUIECKIM TOKOM.

KnioueBble c¢10Ba: MHKPOIMPKYJSIIUS KPOBH; MOPOT BO30YAMMOCTH MBIIIEYHONH TKaHW; MOJENb TKAaHW; MAarHUTHAs
THAPOANHAMHIKA POBOASAIIETO PACTBOPA; YIBTPA3BYK; JIOKATBHBIA JEKTPUIECKHI TOK.
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