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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 

 

Physical and chemical phenomena caused by the 

magnetohydrodynamic effect and electric current through 

a conductive biological environment (BЕ) 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 

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  

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 vessel  

to the emitter USR (h) is equal to an integer (n) of the 

lengths (λ) of sound waves (h = n λ), 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.  

 

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. 

 

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 = m0 Hd, 3 – round flat radiator ultrasound, 4 –  

Ultrasound generator, 5 – distribution of velocity zV  movement 

into the solution under the action of sound (dash line), 6 – 

current distribution (I) in solution, m0 = 4π 10-7 Gn/m. 

With the simultaneous action of the USR and a 

constant magnetic field ВY on the solution, directed 

perpendicular to the direction of propagation of the USR 

along the Y axis, an alternating electric field with an 

intensity ЕX appears in it [7, 8] in accordance with the 

relation known from magnetohydrodynamics:  

 sin 2 sin 2x z y mx mz yE V B E f V f B =  = =  ,   (1) 

where mxE , mzV , – the amplitude of the electric field 

strength and the velocity of the solution. In this case, the 
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EX direction is perpendicular to both the direction of 

induction of the field yB  and to the direction zV . 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 ЕX can be represented by the 

derivative of the electric potential U in  

the direction x: 

 2 1( )
x

U UdU
E

dx L

−
=  ,      (2) 

where ( 2U  –  1U ) – 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 mU  on probes is described by the formula: 

 
0,5

1

2
[ ]m mx y

P
U E L B L

c
=  =  ,   (3)   

where 0,5

1

2
[ ] mХ

P
V

c
= , and Р, c, 1  is the intensity (power) 

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 zV  of the solution 

displacement under the action of USR along the direction 

Z of USR propagation and the excited electric current I. 

This figure also shows the source constant magnetic field 

with induction ВY 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 XE  

region. As is known [11], the length of a standing wave is 

equal to the length () of the wave of sound in the studied 

medium and is given by the expression: 

 
c

f
 =    (4) 

where c is the sound speed in solution. 

Thus, changing the frequency of USR, it is possible 

to change the distribution of the XE  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).  

 

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 vessel 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. 

 

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 / cm2 at a frequency of 

22 kHz ( = 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 

5x10-5 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 ( /4) along the Z axis are also about 1 cm. For the 

BE averaged resistivity at low frequencies equal to ρ2 = 

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: 

 
2 2 2

4 (4 )( )
( / 4)

mz y mz ym m
m

V B d cV B dU U
I

dR f
d

  
 

= = = = ,   (5) 

where R – current flow area resistance. Substituting the 

value for the velocity mzV   into formula (5), we obtain:  
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= .         (6) 

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

(6) we obtain: 
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= = = .     (7) 

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 
60,5 10mI −=   A. In this case, 

the maximum current density jm in such a local BE model 

region was 
60,5 10mj
−=   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/cm2 

= 0.5 x 10-3 A/cm2 = 5 x 10-4 A/cm2 ...  

If it is necessary to generate current densities greater 

than 
60,5 10mj
−=   A/cm2 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/cm2 [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 

biological environment with a USR beam diameter of  

1 cm, a current with a maximum density of about  

10-4 A/cm2 can be excited. The regulation of the current 

density in the local sections of BE can occur over a wide 

range by changing the power USR or the value of the 

CMF  

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, 

predetermined areas of the biological environment: 

a) in the form of a single region with a characteristic 

size of about 30 mm and with a maximum alternating 

current density in it up to 10-4 A/cm2 (which is five times 

less than the permissible and dangerous value for humans) 

at a frequency of about 20 kHz with a CMF source 

aperture no more half wavelength USR (about 30 mm); 

b) in the form of several amplitude-modulated 

current regions with the size of each of them equal  

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 10-4A/cm2, which is close to the maximum permissible 

value for the human body, 5x10-4 A/cm2) was shown. 
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ПРО ЗБУДЖЕННЯ ЛОКАЛЬНОГО ЕЛЕКТРИЧНОГО СТРУМУ В 

БІОЛОГІЧНОМУ СЕРЕДОВИЩІ 

Предметом дослідження в статті є вивчення способу збудження тканин організму людини за допомогою електричного 

струму. Мета роботи – розробка методу збудження локального струму в тілі людини, що впливає на мікроциркуляцію крові і 

збудливість локальних ділянок м'язової тканини в перебігу лікувального процесу. У статті вирішуються наступні завдання: 

створення модельного зразка тканини, обгрунтування методу генерації електричного струму всередині зразка, розробка 

конструкції системи генерації струму і вимірювання електричного відгуку модельного зразка тканини на виникнення в ній 

електричного струму, визначення величини і просторового розподілу струму в модельному зразку тканини, порівняння 

отриманих значень струму з відомими і допустимими в медичній практиці його значеннями, визначення переваг 

запропонованого способу збудження струму в порівнянні з традиційним, який використовується в медицині. 

Використовуються такі методи: аналіз наукових публікацій з предмету дослідження, розрахунок очікуваних параметрів 

струму в модельному зразку, метод конструювання вузлів системи генерації струму і вимірювання електричного відгуку, 

експериментальний метод збудження струму і вимірювання відгуку зразка на нього. Отримані наступні результати: 

обґрунтовано новий акусто-магнітний метод збудження електричного струму в локальних ділянках м'язової тканини, який 

дозволяє визначати для них оптимальні значення лікувального струму і величину його порогового значення, створені 

модельні зразки м'язової тканини, обгрунтований магнітогідродинамічний спосіб генерації електричного струму всередині 

тіла пацієнта, створена конструкція системи генерації струму і вимірювання електричного відгуку модельного зразка 

тканини на виникнення в ній електричного струму, визначена величина і просторовий розподіл струму в модельному зразку 

тканини, виконано порівняння отриманих значень струму з відомими і допустимими в медичній практиці його значеннями і 

доведено їх безпечність для людини . Отримано розрахункові співвідношення, що зв'язують величину збудження локального 

струму з параметрами ультразвукового випромінювання, зовнішнього постійного магнітного поля і біологічного 
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середовища. Встановлено, що щільність струму, що збуджується в локальній ділянці біологічного середовища, не залежить 

від частоти ультразвуку і визначається в основному величинами інтенсивності ультразвуку і постійного магнітного поля. 

Перевагами запропонованого методу збудження струму в порівнянні з традиційним гальванічним методом пропускання 

струму через шкіру пацієнта є можливість створювати струм в будь-якому необхідному локальній ділянці тканини пацієнта і 

повна його безпека. Висновки: pозроблено та експериментально перевірено на модельних зразках наукові основи нового 

методу збудження локального струму всередині тіла людини. Використання цього методу може істотно підвищити 

ефективність лікувального процесу на основі впливу струму на мікроциркуляцію крові в заздалегідь заданих ділянках 

м'язової тканини і вперше дозволить розрізняти і визначати з високою точністю пороги їх збудливості електричним  

струмом. 

Ключові слова: мікроциркуляція крові; поріг збудливості м'язової тканини; модель тканини; магнітна гідродинаміка 

проводимого розчину; ультразвук; локальний електричний струм. 

О ВОЗБУЖДЕНИИ ЛОКАЛЬНОГО ЭЛЕКТРИЧЕСКОГО ТОКА В 

БИОЛОГИЧЕСКОЙ СРЕДЕ 

Предметом исследования в статье является изучение способа возбуждения тканей организма человека с помощью 

электрического тока. Цель работы – разработка метода возбуждения локального тока в теле человека, влияющего на 

микроциркуляцию крови и возбудимость локальных участков мышечной ткани в течении лечебного процесса. В статье 

решаются следующие задачи: создание модельного образца ткани, обоснование метода генерации электрического тока 

внутри образца, разработка конструкции системы генерации тока и измерения электрического отклика модельного образца 

ткани на возникновение в ней электрического тока, определение величины и пространственного распределения тока в 

модельном образце ткани, сравнение полученных значений тока с известными и допустимыми в медицинской практике его 

значениями, определение преимуществ предлагаемого способа возбуждения тока по сравнению с традиционным, 

используемом в медицине. Используются такие методы: анализ научных публикаций по предмету исследования, расчет 

ожидаемых параметров тока в модельном образце, метод конструирования узлов системы генерации тока и измерения 

электрического отклика, экспериментальный метод возбуждения тока и измерения отклика образца на него. Получены 

следующие результаты: обоснован новый акусто-магнитный  метод возбуждения электрического тока в локальных участках 

мышечной ткани, который позволяет определять для них оптимальные значения лечебного тока и величину его порогового 

значения, созданы модельные образцы мышечной ткани, обоснован магнитогидродинамический способ генерации 

электрического тока внутри тела пациента, создана конструкция системы генерации тока и измерения электрического 

отклика модельного образца ткани на возникновение в ней электрического тока, определена величина и пространственное 

распределения тока в модельном образце ткани, выполнено сравнение полученных значений тока с известными и 

допустимыми в медицинской практике его значениями и доказана их безопасность для человека. Получены расчетные 

соотношения, связывающие величину возбуждаемого локального тока с параметрами ультразвукового излучения, внешнего 

постоянного магнитного поля и биологической среды. Установлено, что плотность тока, возбуждаемого в локальном участке 

биологической среды, не зависит от частоты ультразвука и определяется в основном величинами интенсивности ультразвука 

и постоянного магнитного поля. Преимуществами предлагаемого метода возбуждения тока по сравнению с традиционным 

гальваническим методом пропускания тока через кожу пациента являются возможность создавать ток в любом требуемом 

локальном участке ткани пациента и полная его безопасность. Выводы: разработаны и экспериментально проверены на 

модельных образцах научные основы нового метода возбуждения локального тока внутри тела человека. Использование 

этого метода может существенно повысить эффективность лечебного процесса на основе воздействия тока на 

микроциркуляцию крови в заранее заданных участках мышечной ткани и впервые позволит различать и определять с 

высокой точностью пороги их возбудимости электрическим током.  

Ключевые слова: микроциркуляция крови; порог возбудимости мышечной ткани; модель ткани; магнитная 

гидродинамика проводящего раствора; ультразвук; локальный электрический ток. 
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