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The authors investigated the features of energy balance that provide the process of using natural materials in
physiotherapeutic thermal procedures. Substances such as ozokerite, paraffin, naphthalene, muds and their
combinations are widely used in physiotherapy, so it is important not only to know the parameters of the
heat exchange, but also the distribution of other types of energy that can affect the effectiveness of treatment.
The authors theoretically substantiated and experimentally proved that microwave component is presented
in the radiation spectrum of the ozokerite applicator. The level of radiation in the millimeter range of the
applicator with a size of 10x10 cm is compared with the level of low-intensity signals of technical devices
for millimeter therapy. The dynamic change of the radiation level of the microwave component during the
cooling of the applicator from the maximum temperature of 50°C to the temperature of the human body
surface was investigated. It was revealed that the sign of the radiation of the millimeter component in relation
to the human body changes. This results in the formation of positive and negative low-intensity flows of
microwave radiation. The frequency ranges of these flows and their level were investigated. It has been found
that changing the percentage of paraffin in ozokerite can affect the level and range of negative microwave
flows. The results of previous studies by the authors, which substantiate the positive effect of negative flows,
including ozokerite-paraffin therapy, in inflammatory processes with “excess energy” and other diseases, are
adduced. The microwave electromagnetic radiation studied by the authors is a concomitant factor during the
relevant physiotherapeutic procedures, in particular heat treatment. However, this factor can significantly
affect the functional state of the human body, so it must be taken into account during physiotherapy
procedures.
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Introduction

Heat treatment is one of the most common physi-
otherapy procedures. It uses a variety of natural
materials, including peloids (therapeutic muds of dif-
ferent composition), minerals (lithotherapy), peat,
sand, as well as derivatives of oil and oil fields
naphthalene, ozokerite, paraffin, which are a mixture of
high molecular weight hydrocarbons and are most often
used in physiotherapy procedures [1-4]. Among these
materials in terms of thermophysical characteristics,
in particular, heat capacity, thermal conductivity and
heat retention capacity, ozokerite and paraffin are most
suitable for physiotherapy procedures.

For example, the heat retention capacity, which
characterizes the delayed heat transfer of paraffin, is
1190 sec, and ozokerite 1975 sec, which is 2-4 times
more comparing to the heat retention capacity of other

natural materials. The heat capacity of these materi-
als is compared with the values of common natural
materials, and the thermal conductivity of ozokerite,
as one of the main parameters of heat treatment, is
0.17W/(m °C), which is 2 to 5 times less than the
thermal conductivity of other materials and 1.5 times
less than paraffin [3,5].

The applicators from both pure paraffin and its mix
with other materials for increase of the plasticity are
usually used in heat treatment. High heat capacity,
low thermal conductivity, almost complete absence of
convection component of heat exchange, as well as the
ability to release large amounts of heat during harden-
ing and create compression pressure at the application
site are significant advantages of paraffin as a coolant
(the same property is inherent in ozokerite). The positi-
ve properties of paraffin should also include its chemical
neutrality. At the same time, the microwave properties
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of paraffin, which occur during its heating and affect
the course of energy metabolism between the objects
of therapy, have not been studied.

From the group of materials for physiotherapy
ozokerite should be singled out. It is used alone or
in a mixture, the proportion of which can be up to
90%. In addition to significant heat capacity, high heat
retention capacity and the lowest thermal conductivity,
ozokerite has a multi-component chemical compositi-
on, which includes ceresin up to 85%, paraffin in the
range of 3-7%, petroleum oils up to 10% and other
bituminous substances [1]. This composition of ozokeri-
te, in addition to thermal and mechanical action, also
causes a chemical effect on the human body. The
highest heat capacity, heat retention capacity and the
lowest thermal conductivity cause high efficiency of this
material for physiotherapy. Therapeutic effects that
occur primarily include anti-inflammatory and vasodi-
lating effects, as well as acetylcholine-like, estrogen-like
and chemical effects of ozokerite [1,3]. However, the
features of low-intensity energy balance and microwave
properties of the material, which occur when heated
and also have an impact on the human body, need to
be studied.

1 Relevance of the topic and
analysis of recent achievements

In the technology of physiotherapy, the specialized
medical literature identifies three main factors that
arise and affect the treatment area, and through it the
patient’s body as a whole: thermal, mechanical and
chemical [1, 2,4, 5]. The main is the thermal (heat)
factor due to the phenomenon of thermal conductivity,
but in the structure of the energy balance there are
significant microwave factors. Therefore, the as reason
for the positive therapeutic effect in the implementati-
on of therapeutic procedures can be considered not
only the thermal process, but also related microwave
radiation, which requires to be studied and investi-
gated.

It is known from physics that the heating of
any dielectric physical body is accompanied by
electromagnetic radiation (EMR) in a wide range of
frequencies. Moreover, its spectrum is noise-like, and
the intensity for the temperatures characteristic of
physiotherapy is small (up to 1072! W/Hz cm?). At
the same time, it is known that low-intensity EMR of
different parts of the electromagnetic spectrum has a
significant impact on biological objects, and therefore
is used in microwave (millimeter) therapy at frequenci-
es 30...120 GHz, low-level light therapy (LLLT) and
other technologies to influence biologically active po-
ints (or zones) and some areas of the skin surface of
patients in order to normalize the human body state
[5,7]. The study of energy balance and structure of
microwave radiation of some objects and the human
body is reflected in the works of the authors [6,8].

Since low-intensity microwave radiation (at the
level of 1-107%...1 1071 W) has a significant
impact on biological objects and the environment, it
is the subject of recent research not only in Ukrai-
ne but also abroad [6,8-11]. These studies have
intensified in connection with planetary and man-made
electromagnetic pollution from the introduction of new
millimeter-range telecommunications systems [12].

The aim of the article is to conduct theoreti-
cal and experimental studies of the emissivity of
ozokerite, paraffin and their mixtures in the millimeter
wavelength range. As mentioned above, microwave
electromagnetic radiation is a concomitant factor dur-
ing appropriate physiotherapy procedures, in parti-
cular heat therapy. This factor can significantly affect
the functional state of the body (see [6]). Therefore,
it is advisable to determine the ratio of own EMR
of the materials for physiotherapy and the patient’s
body, primarily in the millimeter wavelength range and
take it into account when conducting physiotherapy
procedures.

2 Theoretical data of the study

From the point of view of physics, the process of
heat treatment should be considered as a violation
of thermodynamic equilibrium in the system, which
includes the area of each human body surface and the
applied applicator. Energy exchange in any system,
parts of which have different temperatures, as it’s
known, can be carried out through processes of thermal
conductivity, convection and radiation. In our case,
convection can be ignored, and the energy exchange
between the surfaces of the applicator and the skin of
the patient is carried out mainly due to the phenomena
of thermal conductivity and electromagnetic radiation.

The temperature distribution is described by
the equation of thermal conductivity with certain
boundary conditions, and the flow of thermal energy
(thermal power, W) is represented by the well-known

Fourier law
P=XgradT - o, (1)

where A — the thermal conductivity of the applicator
or biotissue (skin); gradT — temperature gradient
between ozokerite-paraffin applicator and skin; oy —
the square of the surface perpendicular to the flow
direction.

Figure 1a shows two arbitrary objects, or the appli-
cator and the patient’s body, that are in thermal
contact. In a state where the thermodynamic equilibri-
um is disturbed (7} # T») and the power of the heat
flows Pi, P», is not balanced, the direction of energy
transfer depends on the temperature. For example, if
the patient’s temperature is higher than the appli-
cator temperature (cooling applicator), the flow of heat
energy will be directed from the patient’s skin and
can be considered negative in relation to the person
(Fig. 1b)
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Fig. 1. Distribution of energy flows between arbitrary objects (a) and paraffin-ozokerite mixture in relation to
the patient’s body: b) negative energy flow; ¢) positive energy flow; H — patient’s body; A — applicator;
Py — the patient’s energy flow; P4 — energy flow of the applicator

AP =Py — Py < 0,

where P4 — patient’s energy flow, Py - energy flow of
the applicator.

If, on the contrary, the applicator is heating, as in
the case of heat treatment, the flow will be directed to
the patient, and it can be considered positive (Fig. 1c)

AP = P4, — Py > 0.

At the same time, it is known that, when heated,
any physical body emits electromagnetic waves in a
wide range of frequencies. Such thermal radiation has
a noise-like character, and the distribution of its energy
density by frequency is described by Planck’s law [13].

To determine the power level of the millimeter part
of the microwave range, which can significantly affect
the state of a live organism [5, 8], you can use the
Rayleigh-Jeans formula for thermal radiation of an
absolutely black body (ABB). In this case, the radi-
ation power from the surface of the body og in the
frequency range Af for three-dimensional objects is
defined as

2
P =255 (5, 7) LkTo0rr, 2
where k = 1,38 - 1072*J /K - Boltzmann constant; 7'
- radiating body temperature; f - radiation frequency
(f > Af); B(f,T) — the coefficient of emissivity of
the object (for ABB 8 =1).

If a radiometric system (RS) is used to record such
radiation, its output signal will be proportional to the
temperature difference between the object of study and

the RS itself, ie excess power

2
AP=2rK1(f)B(f,T) =k (T—Tr)oAf=

=K1 (f) B(f,T)k (T—-Tg) Af,

3)

where Ki(f) — coefficient of the conversion of the
receiving antenna, which also takes into account the
influence of the radiation source; Tr — temperature of
the radiometric receiver.

At the same time, in the field of radiological
measurements, the Nyquist formula is used to estimate
the receiver’s own noise level and the output power
of waveguide noise generators, which is converted
to formula (2) for one-dimensional objects and the
conformed load can be considered as a kind of equi-
valent of a absolutely black body. Thus, the waveguide
RS for the analysis bands A f, provides measurement of
microwave power generated by a source of thermal radi-
ation, the level of which is determined by the formula

In the case of differences in the emissivity of the
applicator and human skin, ie the coefficients (4
and By, differ, between them there is an exchange
of electromagnetic energy. The power of microwave
energy flows, which are indicated in Fig. 1, can be
determined by formulas:

Py=Ba(f,T)kTaAAf,

and accordingly, the resulting flow

AP=(fuy—Pa) kTAS.

Thus, depending on the ratio of temperatures Ty
and Ty, so as coefficients 84 and (g in relation to
the area of the human body, both negative flow can
be realized when the applicator emits less than the
patient’s skin (Fig. 1a), and positive when the opposite
(Fig. 1b).

At the same time, it is known that the authors
[15] proposed a method of instrumental treatment
using negative and positive low-intensity flows and
conducted its laboratory and clinical trials. To perform
such studies and provide the formation of multi-
vector energy flows, a high-temperature noise generator
"Porig VI” and a low-temperature noise generator
"Porig NT” were used. Experimental laboratory studies
were performed on the basis of the Kyiv Oncology
Institute of the Ministry of Health of Ukraine by irradi-
ating of subcutaneously inoculated sarcoma C-37 to
three groups of white outbred mice (10 animals in each
group) [15]. One of the groups served as a control.
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Exposure was 3 minutes each day for 10 sessions. Dur-
ing the experiment, the indexes of peripheral blood of
animals, the process of tumor growth, - the size and
weight of the tumor - were evaluated. As a result,
positive flows were found to stimulate tumor growth
by 13.5%, and negative flows inhibited tumor growth
by 27.4%.

As aresult of clinical trials of the developed method
on two groups of patients with gastrointestinal diseases
the increase of efficiency and reduction of time in
comparison with other methods of treatment of gastro-
intestinal diseases is established, with confirmation of
results by endoscopic inspection [14]. The treatment
method of the musculoskeletal system diseases and
the equipment for it proved to be perspective. Posi-
tive effect of treatment was shown in removal of pain
syndrome and permanent consolidation of this positive
effect [6,15].

3 Features of microwave radiati-
on formation of the ozokerite-
paraffin applicator

The peculiarities of the formation of microwave
radiation with ozokerite-paraffin applicator include the
fact that its emissivity B4 is determined by the angle
of dielectric loss 64 and dielectric constant €4 of the
components of the mixture: ozokerite and paraffin, whi-
ch depend on temperature [16]. It is also necessary to
take into account the peculiarities of the frequency
dependence of these values in the millimeter range,
which are observed for both physical materials and
biotissues [16]. Moreover, the coefficient of emissivity
of the applicator is a function of two variables 54 (f,T),
and the coefficient of the emissivity of human depends
only on one variable Sy (f), and their dependences
on frequency differ. All this greatly complicates the
theoretical analysis of the energy balance during the
interaction of the studied objects.

Taking into account the specifics of physiotherapy
procedures, the emissivity of the ozokerite-paraffin
applicator in the microwave range for a certain
temperature T, according to formula (3), it is advi-
sable to evaluate the excess integrated power in the
frequency band Af, measured by the radiometric
system

APs _ pa(f,T)(Ta —Tec)
APy Bu (f)(Ty —Tec) ’

where AP, APy — integrated power of radiation in
the frequency band A f respectively the applicator and
the surface of human skin in the operating frequency
band of the radiometric receiver.

Given the above and the lack of literature data on
the presence and level of the microwave component
of the considered materials, which has a significant

(4)

impact on biological objects, the authors conducted
an experimental study of the emissivity of ozokerite-
paraffin mixture, taking into account the treatment
protocol.

4 Equipment and methods of
research

Studies of radiative ability in the millimeter range
were conducted using materials that are most often
used in medical institutions of Ukraine — ozokerite from
the Boryslav deposit of Lviv region (JSC”TD Ekomed”,
date of manufacture January 2019), as well as purified
paraffin pharmaceutical packaging.

Determination of microwave parameters of selected
materials, taking into account the noted features of
physical bodies when heated, was carried out accord-
ing to the following method. The test material was
placed in a metal container of cylindrical shape with
a radius of the size of the horn receiving antenna.
The temperature of the container with the material
was maintained using a portable thermostat with an
accuracy of £0.25°C. The temperature was chosen in
the range from 36°C to 50°C (maximum value provided
by the method of treatment). Measurement of excess
EMR power of samples of materials in containers was
performed using a highly sensitive radiometric system
with a sensitivity threshold of not more than 3-10~14 W
in the frequency range 38...52GHz. The frequency
band Af, analyzed by this system, was approximately
0.1 GHz [8]. The appearance of the experimental setup
is shown in Fig. 2a.

Fig. 2b shows the input part of the experimental
setup. During the measurements, the receiving antenna
A was placed in close proximity to the container with
a sample of ozokerite-paraffin mixture S. Moreover,
the container was installed on the plate 1 of the
portable heater-thermostat 2 with the sensor 3. Using
the controller 4, the temperature of the plate 1 was
pre-set the desired temperature of the experimental
sample.

Fig. 2c shows a functional diagram of the experi-
mental setup. The input 1 of the radiometric system
through the precision attenuator 2 by means of a
waveguide switch 4 was connected to the output of the
antenna 6, which received the radiation of experimental
sample 7, as well as to the reference noise generator
3 [8] and the agreed load 5.

This allowed, firstly, to control the zero deviation of
the RS, and secondly, to determine the absolute value
of the excess integral power AP of the electromagnetic
radiation source using a Gyr generator, which can
be considered “absolutely black body” in the specified
frequency range, with the possibility of setting its own
temperature from 20 to 70°C. The used method of the
measurement allowed to determine the power with an
error of approximately 10%.
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(b)

Fig. 2. Appearance of a highly sensitive radiometric system for assessing the emissivity of materials in the
microwave range (a, b) and its functional diagram (c)

For example, the average value of the excess
integrated radiation power of the human palm was
APy = (5+0,5)-10~ W, which corresponded, taking
into account the area of the aperture of the measuring
antenna, the density of the flow of 2,5-107** W /cm?.

The process of research and evaluation of mi-
crowave properties of materials was carried out taking
into account the peculiarities of the technological cycle
of treatment. The following parameters and characteri-
stics were measured:

— the average level of radiation on the surface of
human skin (palms of three respondents);

— changes in radiation levels, with the repeated use
of ozokerite during treatment with the addition
of fresh material;

— radiation level of pure ozokerite and paraffin at
the maximum therapeutic temperature of materi-
als (+50°C);

— changes in the power level of EMR materials
during their cooling;

— EMR power level of ozokerite depending on the
percentage of paraffin impurities;

— comparison of the emissivity of materials with the
average level of radiation of the human body and
the output power of the thermal noise generator

[8]-

5 Evaluation of measurement
results and research

1. EMR power measurements were performed at
a frequency of 524+0,1GHz with an analysis band
of 100 MHz. For comparison, the average radiati-
on power level of the human palm surface (limited
antenna aperture plane 2cm?) was determined for
three respondents, which was Py = (4,5+0,5) x
10713 W or, accordingly, taking into account the area
of the measuring antenna aperture, density of the flow
2,25:10713 W/cm? .

2. According to the recommendations, the course
of treatment usually consists of 10 sessions, and before

each session to the previously used material is added
25% fresh. Studies of the electromagnetic properties of
the selected samples showed that the addition of fresh
portions of ozokerite at different stages of treatment
did not significantly affect the parameters of EMR.

3. Fig. 3a shows the temperature dependences of
the electromagnetic radiation power of the ozokerite-
paraffin mixture AP,, with different percentage
impurities of paraffin relative to the above value APy.
The dotted line shows a similar characteristic for the
reference noise generator Gyr (ABB). Paradoxical, at
first glance, the excess of human radiation compared
to ABB can be explained by the possible nonequili-
brium radiation associated with biochemical processes
in the human body, as well as to some extent the
measurement error.

4. The absolute values of the EMR power level were
determined using a certified reference noise generator,
which is part of the radiometric system. The results of
measurements at a maximum therapeutic temperature
of 50°C (Fig. 3a) show that the level of radiation of pure
ozokerite is slightly higher than in the human palm.
At the same time, the level of EMR of pure paraffin at
the same temperature does not exceed 20% relative to
the level of radiation of human skin. This can lead to
the formation of a negative EMF flow, the intensity of
which increases with increasing percentage of paraffin
in the mixture with ozokerite.

The graph of the temperature dependence of the
power of its own radiation of pure ozokerite during
its cooling, presented in Fig. 3b, shows that change in
temperature can lead to a change in the redistribution
of electromagnetic energy between the applicator and
the skin. Thus, on the graph, in the temperature range
from 50°C to 46°C, a positive flow (AP > 0) is formed,
and in the temperature range from 45°C to 36°C a
negative flow (AP < 0) of microwave radiation.

After analyzing the graph in Fig. 3a, it can be
concluded that basically all percentage mixtures of
ozokerite and paraffin contribute to the formation of
negative flow of electromagnetic radiation in the mi-
llimeter range. In this case, the physiological effects
characteristic of heat treatment will also be accompani-
ed by effects caused by negative flow [5,16], in parti-
cular, anti-inflammatory action.
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Fig. 3. Dependence of relative power of radiating

ozokerite-paraffin mixture on temperature (a) and di-

stribution of electromagnetic energy flow for ozokerite
applicator (b)

Conclusions from the results of the
study

1. Experimental studies have shown that ozokeri-
te, paraffin and its mixtures form low-intensity
electromagnetic radiation in the millimeter range. This
factor, together with the thermal effect, affects the
patient’s body, creating and enhancing the therapeutic
effect.

2. Depending on the temperature, the pure ozokeri-
te applicator, at the maximum temperature, forms
a low-intensity positive flow of EMR. Decreasing the
applicator temperature to less than 45°C results in a
negative EMF flow, the intensity of which increases
with further cooling. The total power of the ozokeri-
te applicator, for example, with a size of 100cm?
may be about 3-107'' W, which coincides in magni-

tude with the low-intensity levels used in millimeter
therapy [6,8,15].

3. The use of ozokerite-paraffin mixture with a
paraffin content of more than 10% in the range of
recommended therapeutic temperatures leads to the
formation of a negative flow of EMR, which increases
with increasing percentage of paraffin in the mixture.

4. Experimental studies of EMR of the materials for
ozokerite-paraffin therapy have shown the complexity
of electromagnetic microwave processes that affect and
interact with the electromagnetic field of the human
body and require their consideration in physiotherapy.
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OcobanBocTi HN3bKOIHTEHCUBHOIO €HEepP-
reTuYHOTOo 6ajIaHcy B mpoieci giziorepa-
MEeBTUYHOTO 3aCTOCYBAHHA CyMillieii npu-
POIHUX MaTepiajiB

Snenxo O. II., Ilepeeydos C. M., Illesuenxo K. JI.,
TI'onosuancovra O. /1.

ApTopaMm moc/imKeHi 0cO6JMBOCTI eHepreTnaHoro 6a-
JIAHCY, 110 BUHUKAIOTh B TIPOIECI BUKOPUCTAHHS TIPUPOIHUX
MarepiasiB B (i3i0T€pPAIeBTUYIHNX TEIIOBUAX IIPOIELypPax.
Taki peuoBumum, sk 030Keput, mapadin, HadTaIaH, JTKY-
BaJIbHI Tpa3i Ta iX TOETHAHHS IMHUPOKO 3aCTOCOBYIOTHCS
B ¢iziorepamnii, TOMy BaxK/JMBO 3HATH HE TIJIHKHU IapaMe-
TPHU TeII000MiHy, a TAaKOXK PO3IOILT IHIINX BUIIB €Hepril,
KWl MOYKe BILIMBATU HA TOKA3HUKN €(hEKTUBHOCTI JHKY-
BaJIbHOTO IpoIecy. ABTOpaMy TEOPETUYIHO OOI'DYHTOBAHO
1 eKCIEePpUMEHTAJIbHO JIOKA3aHO HAABHICTH B CIIEKTPI BH-
IIPOMIHIOBAHHSA 030KEPUTHOI'O AILIKATOPa MiKPOXBHJIBOBOL
KOMIOHEeHTH. PiBeHb BUIPOMIHIOBAHHS B MIiTIMETPOBOMY
miamazoni amwrkaropa po3mipom 10x10 cMm coiBcTaBseHmit
3 piBHEM HHU3bKOIHTEHCUBHUX CUTHAJIB TEXHIYHUX 3aCO0IB
nns wigimerpoBol Tepamii. [locrmimkeno auHamMidHy 3Mi-
Hy PiBHS BHIIPOMIHIOBAHHS MIKPOXBHUJ/IBOBOI KOMIIOHEHTHU B
MIPOIIEC OXOJIOMIKEHHS aIJIiKaToOpa Bi MaKCUMAJIBLHOI Te€M-
nmepatypu 50°C 10 TemMmepaTypu JIOACHKOTO Tina. Bussire-
HO HAABHICTH 3MIHU 3HAKY PIBHSA MiJIMETPOBOI KOMIIOHEHTH
110 BiTHOMIEHHIO 0 TiJIa JIIOIWHU, 110 TPU3BOAUTH 110 (Hop-
MYBAHHS IO3UTUBHOTO 1 BiJ] €MHOTO HU3HKOIHTEHCUBHUX IT0-
TOKIB MiKPOXBUJILOBOI'O BUIIPOMIHIOBaHHH. J10C//KEHO [1i-
arra30HU HAgBHOCTI ITUX IOTOKIB Ta IX piBeHb. BecTanosseHo,
10 3MIHOIO Bi/JICOTKOBHM CKJIAJIOM TapadiHy B 030KepHUTi
MO>KHA DEryJIIOBAaTH DIBEHb 1 Jiama3oH Bix €éMHUX MiKpO-
XBUIBOBUX IOTOKiB. HaBeneni pe3ynbraTu momepesHix I10-
CJI/TZKEeHb aBTOPIB, IKi OOIPYHTOBYIOTH MO3UTUBHUN BILJIUB
BlI’€MHUX ITOTOKIB B TOMY 4HCJL 1 030kepuTo-miapadinosBoi
Tepamil Ipy 3aMajJbHAX IIPOIECaX 3 «HAJIMIIKOM €HepTils

Ta IHIIKX 3axXBOpIOBaHHAX. Jloc/iKeHe aBTOpaMu MiKpPo-
XBUJIbOBE €JIEKTPOMATHITHE BUIPOMIHIOBAHHS € CYIYTHIM
dakTopom mix wac BiamosigHMX (i3ioTEpaneBTUUHUX IPO-
ey p, 30kpema rertosikysannas. OaHak neit pakTop Moxe
CYTTEBO BILIMBATH Ha (DYHKIIOHAIHLHUN CTAH OPTaHi3My JIIO-
JWHA, TOMY H0ro HeoOXiTHO BPAaXOBYBATHU IIPU IIPOBEIEHHI
dizioTepameBTUYHAX IPOTIEAYP.

Karowosi MiKDOXBHJIbOBE  BUIIPDOMiHEHHS;

Bif'€MHI Ta IMO3UTHUBHI TOTOKW; (izioTeparieBTUYHI IIPO-
eIy pu; 030KepUTO-TrapadinoBa CyMmimt

cno6a:

OcobeHHOCTN HU3KOMHTEHCUBHOTO YHEP-
TeTU4YeCKOoro dajianca B mporiece pusmo-
TepPaNeBTUYECKOTO NMPUMEHEHUd cMeceii
HATYpPaJbHBIX MaTEPHUAJIOB

Hnenxo A. @., Ilepeeydos C. H., Illesuenko K. JI.,
Tonosuanckasn A. /1.

Apropamu nccsie10BaHbI 0COGEHHOCTH SHEPreTHIECKOT0
GaJsraHCca, BO3HWKAIOIIME B IIPOLECCE HCIIOJIb30BAHUS IIPU-
POOHBIX MaTEepUaJIOB B (bHBHOTepaHeBTI/I‘-IeCKI/IX TEILJIOBBIX
nporenypax. Takwe BemecTBa, KaK 030KepwT, HmapaduH,
HadTaaH, jedebHble TPI3U U UX COYETaHUs IMIUPOKO IIPHU-
MEHSIIOTCS B (DM3MOTEpANnuu, MO3TOMY BAYKHO 3HATH He
TOJIBKO IapAMeTPBHI TEIJIO0OOMEHA, a TaKKe pacIIpeiesieHne
APYTrUX BHUAOB 3HEPrur, KOTOPOE MOZKET BJ/IUATH Ha IIOKa-
zarem bdekTuBHOCTH J1€9eGHOTO TIporecca. ABropamm
TeopeTHu4IecKr 0OOCHOBAHO M HKCIEPUMEHTAIHLHO JOKA3AHO
HaJIM4IUe B CIIEKTPE U3/1y49Y€HUA O30KEPUTHOT'O AIIILJINKATOPa
MI/IKPOBOJIHOBOfI KOMITIOHEHTHI. ypOBeHb MN3JIyYEeHUSd B MUJI-
JIIMETPOBOM JHAITa30HEe aIllIMKaTopa padMepoM 10x10 cMm
COIIOCTaBUM C YPOBHEM HU3KOMHTEHCHUBHBIX CHUI'HAJIOB Te-
XHUYIECKUX CPEJCTB /I MUJLIMMETPOBOI Tepamnmu. Vccie-
JI0BAaHO TUHAMUYIECKOE U3MEHEHNE YPOBHA U3JIYYICHUA MU-
KpOBOJ’IHOBOI‘;I KOMIIOHEHTBI B IIPOIIeCCe OXJIa2KA€HUA AIlILIn-
KaTopa 0T MaKcuMajbHOH Temmeparypsl 50°C mo Temmepa-
TYPBI 9€JI0BEYIECCKOTO TeJjIa. BbIHBIIeHO HaJIx49e U3MEHECHUA
3HaKa YPOBHA MI/IJIJTI/IMeTpOBOfI KOMIIOHEHTBI IIO OTHOIIEe-
HUIO K TeJIy YeJIOBE€Ka, YTO TIPUBOOUT K (l)OpMI/IpOBa,HI/HO
TIOJIOZKUTEJIbHOTO W OTPUIATEJIbHOTO HU3KOMHTEHCUBHBIX
IIOTOKOB MHKPOBOJIHOBOTO HU3J1yY€HUA. MCCJ’IB,HOB&HI)I Auna-
TIa30HBI 3TUX TOTOKOB M UX YPOBEHbL. yCTaHOBIIeHO, q9To
M3MeHEHHeM IIPOIEHTHOI0 COCTaBa mapaduHa B 030KepuTe
MOZKHO Pery/jmmpoBaThb YPOBEHDb U IUAIIA30H OTPULIATE/IBHbBIX
MUKPOBOJ/JITHOBBIX TIOTOKOB. HpI/IBe/IeHbI pe3yabTaThl TIpe-
JIBLIYIMUX MCCJIEIOBAHUN aBTOPOB, 0O0CHOBBIBAIOIINX II0JIO-
2KUTEJIbHOE B/IMAHUE OTPUIIATE/IbHBIX IIOTOKOB, B TOM 4UCJI€
¥ 030KepUTO-ITapadWHOBOI TEPATIHH, IIPY BOCIAINTEIHHBIX
TIPOIIECCAX C «M30BITKOM SHEPIUN» U APYIUX 3200/ I€BAHUAX.
UcceroBarsoe aBTropaMu MUKPOBOJIHOBOE 3JIEKTPOMATrHHU-
THOE M3JIy*IeHHe SIBJISETCS COIIy TCTBYIOMINM (haKTOPOM IIpH
COOTBETCTBYIOMUX (PUINOTEPATTEBTUIECKUX TIPOTEIYPaX, B
gactHocTu Terionedennn. OaHako 31oT (HAKTOP MOKET
CYIIECTBEHHO BJIMSATH HA, (DYHKIIMOHAJIHFHOE COCTOSTHIE OpTa-
HU3Ma Y€JI0BEKa, [I03TOMY €ro HeO6XO,ILI/IMO YYIUTBIBATH IPU
npoBefeHun HU3NOTEPATIEBTUIECKUX [IPOIELY .

Karouesvie caroea: MUKPOBOTHOBOE M3JIydeHUE; OTPHUITA-
TeJbHbIE W IIOJI0KUTE/bHbIE MMOTOKW; (DU3NOTEPATIEBTIIe-
CKUe IIPOIeIyPhl; 030KepUTO-apaduHoBas cMecCh
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