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INFLUENCE OF ELECTROMAGNETIC RADIATION OF MILLIMETER RANGE
ON THE OPTICAL PROPERTIES OF WATER IN THE HEMOGLOBIN SOLUTIONS

The features of the influence of microwave radiation on the optical properties of pure water and water in solutions of
hemoglobin in the near infrared range with the aim to characterize the certain structural and dynamic state of water are investigated.
The object of the study was the optical properties of distilled water and aqueous solutions of human hemoglobin in the
concentration range of 7 and 15 um and in the temperature range 10-40°C. The optical spectra were recorded by using a
BiospecMini spectrophotometer in the wavelength range of 190-1100 nm. In order to increase the accuracy of the analysis of
spectral data the spectra were normalized relative to the baseline which was taken as a line that ran parallel to the horizontal axis
due to the minimum value of the optical density in the absorption spectrum. The values of the absorption maxima and the optical
density were used as the main parameters of the absorption spectra. The B-spline function was used to more accurately determine
these parameters. Microwave exposures of distilled water and hemoglobin solutions was performed at a wavelength of 7.1 mm
with a maximum 100% output power which was calculated to be approximately 24 mW. The dependence of the parameters of the
water absorption spectrum in the range of the second overtone of the OH-valence oscillation of the water molecule on temperature
is detailed. There were not found statistically significant changes in the distilled water absorption spectrum in the range of the
second overtone OH-valence oscillation of the water molecule after one-hour exposure of the microwave EMR. In hemoglobin
solutions in this spectral range there is a small but statistically significant increase in absorption. This may indicate on additional
EM-induced activation of the libration motions of water molecules and an increase the probability of deformation oscillations that
which are manifested in the near IR range in the band of the second overtone of water.

Keywords: water, hemoglobin solutions, microwave electromagnetic radiation, second overtone of OH-valence oscillation.

Introduction. In recent decades there is an active mass obtained by centrifugation at 1500 rpm for 5 minutes.

development of new telecommunications technologies of
the new generation 5G and 6G which use microwave
electromagnetic radiation (MEMR) in the millimeter range
[1,2]. At the same time the autopilot technologies are rapidly
evolving which also use MEMR for dynamic object
observation [3]. Therefore, in the near future we expect a
significant increase of the man-made electromagnetic
background that potentially can provoke the harmful effects
on humans and other living organisms. More than
180 scientists and doctors from 36 countries have appealed
to the European Union to comply with Council of Europe
Resolution 1815 "On the hidden dangers of electromagnetic
fields and their impact on the environment" which indicates
the public concern about the potentially harmful effects of
microwave electromagnetic radiation on human health.

The biological activity of microwave electromagnetic
radiation has long been known [4] and this fact is the basis
for its use in biotechnology and medicine [5].

It is believed that the main substance that interacts with
MEMR in cells or in model biological experiments is water
which can exist in the different structure-dynamic states [5—
7]. The structure-dynamic state of water must in some way
affect the hydration of biological molecules and their
molecular dynamics that in turn should affect the structural
and functional properties of biological macromolecules.
However, despite on certain array of theoretical ideas and
experimental data on the biological effects of MEMR on
living organisms, the molecular mechanisms of this physical
factor remain in many cases unclear and debatable.
Therefore, for present day the study of the influence of
MEMR on the structural and functional properties of proteins
remains an urgent task.

So, the aim of the study was to elucidate the features of
the influence of microwave radiation on the optical
properties of pure water and water in hemoglobin solutions
in the near infrared range which characterize its specific
structure-dynamic state.

Materials and methods. The object of the study was the
optical properties of distilled water and aqueous solutions of
human hemoglobin. The study material was distilled water
and aqueous solutions of human hemoglobin at a
concentration of 7 and 15 uM.

Hemoglobin solutions were obtained by osmotic shock
of erythrocytes by adding distilled water to the erythrocyte

pH of solutions was 6.8. Given the fact that the content of
hemoglobin in erythrocytes is 95-96 % of the total protein
we believed that the optical properties of the obtained
solutions are determined mainly by hemoglobin, especially
in the visible and in near infrared range.

The partial pressure of oxygen in distilled water, which
was used to prepare hemoglobin solutions, was at the level
of 130—150 mm Hg, which is approximately 3 times higher
than the partial pressure in arterial blood and 5 times higher
than in venous. Therefore, hemoglobin in aqueous solutions
was in fully oxygenated form and calculations of its
concentration were carried out according to the law of
Bouguer-Lambert-Ber using molar extinction of this protein
at the maximum absorption of its oxygenated form 540—
542 nm, which is is em = 14440 M-'cm™" [8, 9]. The resulting
aqueous hemoglobin solutions were diluted to a final
hemoglobin concentration of 15 or 7 pM.

The absorption spectra of distilled water and hemoglobin
solutions  were recorded on a BiospecMini
spectrophotometer in the range of 190-1100 nm.
Measurements of the samples were performed against the
air. This methodological approach allowed to register the
optical properties of not only hemoglobin in the ultraviolet
and visible range of electromagnetic waves, but also distilled
water in the near infrared range of 800—1100 nm.

Analysis of absorption spectra was performed using
Origin Pro software tools. In order to increase the accuracy
of the analysis of spectral data the spectra were
normalized relative to the baseline which was taken as the
line that parallel to the horizontal axis on the minimum
value of optical density in the absorption spectrum. The
values of the absorption maxima and the optical density
were used as the main parameters of the absorption
spectra. The B-spline function was used to more
accurately determine these parameters.

Microwave exposition of distilled water and hemoglobin
solutions was performed directly in spectrophotometric
quartz cells using a generator G4-141 at a wavelength of
7.1 mm (42.22 GHz) with a maximum 100% output power
that according to the passport data of the device is not less
than 10 mW. The working surface of the quartz cuvette was
placed perpendicular to the axis of the waveguide at a
distance of 2 mm (fig. 1).
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aqueous phase is actually completely absorbed that leads
to heating of water or aqueous solution. The heat flux power
and the amount of absorbed energy for the entire
experiment were calculated using the formula of specific
heat of water C = Q/(m+AT), where Q is the amount of heat,
C is the specific heat of water in the temperature range 20—
22 °C, which is equal to C = 4.182 kJ / (kg*K) [10].
Measurement of the temperature of water and aqueous
protein solutions during exposure to MEMR showed that
the presence of low concentrations of protein does not
significantly affect the temperature dynamics of the
samples and as a result the heat capacity (fig. 2). The
temperature of water or aqueous protein solutions was
increased by approximately 2.5°C during one-hour
exposure in MEMR, after which the system reached
equilibrium and the temperature did not change further. So,
the optical spectra of the samples were exposed MEMR
were measured in this equilibrium state and time range.
Given the fact that the studied system of aqueous
solution does not execute the work, the change in the
internal energy of the experimental aqueous solution with a
volume of 4 ml (10 kg) when its heated to 10K under the
action of microwave radiation is calculated as AQ = Cem-AT
= 4182+0,004 * 1 = 16,728 J. Taking into account the time
required to heat water or aqueous solution by 1°K, we have
the heat flux power P = AQ/t, where t = 3000 s (correspond
to the time of quasi-linear temperature output on the plateau
(fig. 2)) i The power of electromagnetic radiation directly
entering the aqueous phase is P = AQ/t = 16,728 / 3000 =
0,0056 J/s or about 6 mW. Traditionally in electromagnetic

Fig. 1. Schematic diagram of irradiation
of experimental samples
Notes: 1 — generator, 2 — waveguide,
3 — quartz cuvette with distilled water or hemoglobin solution

Fig. 2. An example of the temperature dynamics
of samples of distilled water and aqueous solution
of hemoglobin (15 pM) during exposition in MEMR

of 7.1 mm at the maximum output power
of the generator 100 %

biology such power is considered as the boundary between
thermal and non-thermal effects.

The total amount of energy absorbed by water or
aqueous protein solution during 60-wave exposure in
MEMR with a wavelength of 7.1 mm is equal to Qotal =
AQ -« texp= 0,0056*3600 = 21,16 J.

The temperature of the samples was measured in a quartz
cuvette using digital thermometer with a probe with an
accuracy of 0.1°C before recording the absorption spectra.

Statistical data processing was performed according to
generally accepted algorithms of variation statistics. The
average value and its standard deviation were calculated. To
assess the reliability of the difference between the statistical
samples was evaluated using the Mann-Whitney test

Results and discussion. Evaluation of the structural
and dynamic state of distilled water and water in protein
solutions was performed by analyzing the absorption
spectra of water in the near IR range of 800—1100 nm. In
this range the absorption band is registered with an
absorption maximum of 975 nm at 25 °C that corresponds
to the second overtone of the OH-valence oscillation of the
water molecule. The name of this band is conditional
because its spectral range consists of several combination
of spectral lines 2v1 + v2; v1 + 2v2; 2v1 + 2v3; 2v2 + 2v3.

It is known that due to increasing water temperature
there is a shift of this spectral band in the short-wavelength
region with a small increase in the absorption intensity [11].
We found out in more detail the temperature dependence of
the optical density on the maximum absorption of distilled
water in the near infrared range in control samples of
distilled water and hemoglobin solutions, as well as at one-
hour exposure to microwave radiation (fig. 3—6).
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Fig. 3. Temperature dependence of the optical density
for the absorption maximum in band of the second overtone
of the OH-valence oscillation of the water molecule in distilled
water () and in 15 uM solution of hemoglobin (A) in control
samples and under one-hour exposure to MEMR
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Fig. 5. Temperature dependence of the optical density for the
absorption maximum in band of the second overtone
of the OH-valence oscillation of the water molecule in distilled
water (H) and in 7 uM solution of hemoglobin (A) in control
samples and under one-hour exposure to MEMR
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Fig. 4. Temperature dependence of the value of absorption
maximum in band of the second overtone of the
OH-valence oscillation of the water molecule in distilled
water (ll) and in 15 uM solution of hemoglobin (A)
in control samples and under one-hour exposure to MEMR
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Fig. 6. Temperature dependence of the value of absorption
maximum in band of the second overtone of the
OH-valence oscillation of the water molecule in distilled

water (H) and in 7 uM solution of hemoglobin (A) in
control samples and under one-hour exposure to MEMR
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Table 1. Influence of millimeter electromagnetic radiation on the parameters of the absorption band in the range
of the second overtone of the OH-valence oscillation of the water molecule

Optica density Dmax (M * SD) Absorption maximum Amax (M + SD)
Control samples MEMR influence Control samples MEMR influence
Water 0,204 + 0,002 0,205 + 0,001 9754+ 0,6 975,2+0,2
15 yMgemaoglobin solution | 0,194 + 0,00** 0,195 + 0,001** 9749+ 0,2 974,6 £ 0,5
Water 0,202 + 0,001 0,204 + 0,001 9759+0,5 975,6 + 0,4
7 yMgemoglobin solution 0,196 + 0,0001** 0,201 + 0,0005 *** 975,5+0,3 975,6 + 0,1

Notes: * — statistically significant difference relative to control samples P < 0,05, ** — statistically significant difference relative to samples

with distilled water P < 0,05.

As can be seen from figures 3 and 5, the optical density
at the maximum of the second overtone of the OH-valence
oscillation of water molecules increases with increasing

temperature. At the same time, there is a very strong
negative correlation between the value of maximum
absorption and temperature. So, the

increasing of
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temperature causes the shift of the absorption maximum to
the region of higher energies. These results confirm and
significantly detail the data obtained in [11]. Fluctuations can
be observed in the temperature range of 20-34 °C. Such
fluctuations in the temperature dependence of heat
capacity, electrical conductivity and other parameters are
revealed of water by different researchers [11-15].

The high positive correlation between temperature and
optical density at the maximum of the second OH-overtone
can be explained on the basis of generally accepted ideas
about the influence of temperature on water properties. As
the temperature increases the libration-translational
movement of water molecules increases that leads to the
weakening of hydrogen bonds and their rupture. But the
results of studies of the IR spectra of water in other ranges
indicate a more complex nature of the temperature
dependence of the IR spectra of water [16]. In particular, as
the temperature increases the optical density at the
fundamental frequency of the OH-bond (3400-3500 cm-1)
decreases and the frequencies value shifts to the region of
higher energies, that is to the region of shorter waves. At the
same time, the intensity of the bands responsible for
deformation (1640-1670 cm-1) and libration (600-800 cm-1)
oscillations increases with increasing temperature. In the
temperature range of 10—40°C, the position of the maximum
absorption is changed weakly. This behavior of the
absorption spectra in the IR range is due to the fact that the
energy of hydrogen bonds, which form a complex dynamic
network, is characterized by a certain distribution of energy.
As the temperature rises the hydrogen bonds with low
energy are broken first that leads to decrease in the total
number of OH-bonds and, accordingly, to decrease of light
absorption. The remaining OH-bonds are characterized by
higher energy that is reflected in the absorption spectra to
the form of a shift of the fundamental band of the
OH-oscillation to the region of shorter waves with higher
energy. As a result of the rupture and deformation of
hydrogen bonds upon elevated temperatures the number of
molecules with deformation and libration modes increases
that leads to an increase of light absorption on these spectral
lines. The position of these lines in the spectrum shifts to the
region of higher energies much weaker compared to the
fundamental mode.

Thus, based on the data [16] and taking into account
the fact that the band of the second OH-vibration overtone
is a combination of several 2v1+v2; v1+2v2; 2v1+2v3;
2v2+2v3, the temperature dependences shown in fig. 4-6,
can be explained as follows. The reason for the shift of the
absorption maximum to the region of higher energies is
mainly the shift of the fundamental mode of OH-
oscillations, and the increase of optical density is the result
of superposition of two opposite effects, that is decrease of
the fundamental mode of OH-bond and increase of
deformation mode. The contribution of the latter is
dominant that ultimately determines the positive
correlation between temperature and optical density.

One-hour of exposure in MEMR led to heating of the
experimental samples to about 2.5°C after which the
temperature stabilized (fig. 2). Nevertheless, in this
equilibrium state the values of optical density at the
maximum absorption of the second OH-bond overtone for
distiled water were within revealed temperature
dependence (fig. 3 and 5; table 1). Thus, with increasing
temperature the distilled water changes its optical properties
regardless of the method of heating, that is by infrared or
millimeter radiation heating.

It is necessary to note that the values of optical density
in hemoglobin solutions are statistically significantly lower
compared to samples of pure distilled water (fig. 3, 5).

There may be several explanations for this fact. The first
is, the proportion of water in the protein solution is slightly
lower compared to pure water samples. The decrease of the
mass fraction of water should lead to a decrease in the
optical density on the fundamental line of OH-bond and on
its overtones. However, the mass fraction of protein in
aqueous solution is very small, and when it is reduced twice
the difference in light absorption between distilled water and
protein solutions decreases very weakly (fig. 5). Therefore,
the such explanation is not complete.

The second explanation may be related to the fact that
in the protein solution part of the water molecules is involved
to the formation of the hydrate shell of proteins where water
molecules are structured by certain way and, accordingly,
their mobility is limited. If we take into account the results
[11, 16] the consequence of such structural ordering of water
in the hydrated shells of proteins should be decrease of
absorption in the IR region. The reducing of the protein
concentration leads to decrease of this difference between
the absorption of light by pure water and protein solutions
(fig. 3 and 5, table 1). Probably in the experiment we have
combination of both reasons.

Analysis of the effect of microwave radiation on the
optical properties of water showed that the value of the
optical density of distilled water after its exposure in MEMR
fully coincide with the temperature effects for control water
samples and deviations from temperature dependence are
not observed (fig. 3 and 5). But it is impossible to say
unequivocally for hemoglobin solutions. If statistically
significant deviations from the temperature dependence of
the optical density on the second overtone of the OH-bond
was not observed in more concentrated solutions of protein
(15 uM) (fig. 3), there was small but statistically significant
increase of light absorption in more dilute solutions of
hemoglobin (7 pM) (fig. 5). According to the detected
temperature dependence of the optical properties for the
hemoglobin solution at this concentration the action of the
MEMR led to additional "heating" of the sample by 5-6°C
that is a very large value. At the same time the effect of
MEMR on hemoglobin solutions in no way affects the value
of the absorption maximum in the band of the second
overtone of water (fig. 4, 6). Thus, the follow certain
contradiction arises: the temperature valuesmeasured in
protein solutions by a usual contact thermometer and by the
optical method can differ significantly. What are the reasons
for this discrepancy?

It is known that substances when dissolved in water
change its structural and dynamic state that is reflected in
changes of the thermodynamic parameters of water and
aqueous solutions [17-19]. Dissolved substances
depending on their chemical nature affect the structural and
dynamic properties of water in different ways. Some
substances limit the translation motion of water molecules
and thus contribute to the formation of hydrogen bonds
between them, while others, on the contrary, contribute to
the destruction of hydrogen bonds. Thus, solute substances
affect such key properties of aqueous solutions as their
viscosity, heat capacity, solubility for other substances, etc.
If external physical factors, in particular MEMR, affect the
libration-translational motion of water molecules, this in turn
also affects the thermodynamic state of the entire water or
water-colloidal system. To explain such effects in the early
80s of the 20th century Ueberreiter K. [17], comparing
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structured and unstructured liquids, introduced the concept
of structural temperature which for water, according to the
author, is in the range of 140—-1500K. This is the imaginary
temperature that corresponds to the transition of the liquid
into a fully structured solid state. Thus, according to the idea
of Ueberreiter K., the structural temperature shows the
degree of structure of the liquid. If the structural temperature
of the fluid increases it means its further structuring, and if it
decreases, it corresponds to the destructuring of the fluid.

Using this approach, as well as the results of our study
and other data [11, 16], the revealed effects can be
explained as follows. The MEMR energy is weak enough
to break hydrogen bonds but is sufficient to excite the
rotational motions of water molecules and, as a result,
increases the probability of deformation oscillations that
appear in the near IR range in the second overtone band
as an increase in optical density. Due to the fact that the
deformation oscillations show much weaker dependence
on temperature [16], the absorption maximum at the
second overtone is practically unchanged.

Thus, the results of our study prove that MEMR in
relation to the aqueous phase should be considered as a
destructive factor that reduces the structural temperature
of solutions due to activation of the rotational-
translational motion of water molecules, which in turn
should reduce the viscosity of aqueous solutions, heat
capacity and other thermodynamic parameters. The
results obtained by other researchers confirm existence
of such effects [20]. In addition, according to the results
of our study such effects can be highly nonlinear and
show a complex dependence on the concentration of
solute substances, in particular proteins.

Conclusions.The parameters of the water absorption
spectrum in the range of the second overtone of the OH-
valence oscillations of the water molecule depend on the
temperature. As the temperature increases, the optical
density increases almost linearly and the absorption
maximum shifts to the blue region that indicates the
destruction of hydrogen bonds and the growth of the
rotational-translational motion of water molecules.

One-hour of exposure of the distilled water in the
MEMR does not cause significant changes in the
absorption spectrum of water in the range of the second
overtone OH-valence oscillations of the water molecule,
but in the dilute hemoglobin solutions in this spectral range
there is a small but statistically significant increase of light
absorption. Additional MEMR-induced activation of
libration motion of water molecules increases the
probability of deformation oscillations which are
manifested in the near IR range on the band of the second
overtone of the valence oscillations of water molecules.
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KuiBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LUeBuYeHka, KuiB, YkpaiHa

BMIMB ENEKTPOMAIHITHOIO BUNPOMIHIOBAHHA
MINIMETPOBOI'O AIANA30OHY
HA ONTUYHI BJIACTUBOCTI BOAU
B PO34YNHAX TEMOITIOBIHY

HocnidxeHo ocobnueocmi ennuey MiKkpoxeusb08020 8UNPOMIHIO8aHHSI HA ONMUYHi 81lacmueocmi Yyucmoi 800U i 00U 8 PO3YUHax 2eMo2J10-
6iHy y 6nuxHboMy iHghpayepsoHomy diana3oHi, ujo xapakmepusyroms ii nesHuli cmpykmypHo-uHaMi4Huli cmaH. O6'ekmom docnidxeHHs1 6ynu
onmu4Hi enacmueocmi ducmunboeaHoi 800U i 0OHUX PO3YUHie 2eM02s106iHY NTIOOUHU 8 KOHUeHmpauii 7 i 15 mkM y memnepamypHomy diana3oHi
10-40 °C. Peecmpauito cnekmpie 3ditlicHo8anu Ha ciekmpogomomempi BiospecMini y diana3ori 190—-1100 HM. 3 memoro nideuujeHHss mo4YHocmi
aHanisy cnekmpasnbHuUx 0aHux npPoeodusiu HoOpMyeaHHs1 criekmpie uyodo 6a3080i7 NiHii, 3a AKy 6panu niniro, wo Npoxodusa napasesbHO 20PU30HMa-
JNIbHOI Oci Yepe3 MiHiManbHe 3Ha4eHHS1 ONMUYHOI 2yCMUHU y creKkmpi noa2nuHaHHs. 3Ha4eHHs1 MaKCUMYMi8 no2iiuHaHHs U onmu4Hy 2yCmMuHY 8UKO-
pucmosysasnu sik 20/108Hi napaMempu crieKmpie noasnuHaHHs. [y moyYHiwo20 eu3Ha4yeHHs1 3a3Ha4YyeHUX rnapamempie 3acmocoegysanu yHKYito
B-spline. Mikpoxeunboee onpomiHeHHs1 Aucmusnb08aHoi 800U i po34yuHie 2emMo2s106iHy 30dilicHro8anu Ha doexuHi xeuni 7,1 MM 3 MakcuMasibHOI
100-eidcomkoeoro euxiOHO MomyHicmro, sika 32i0HO 3 po3paxyHKOM cmaHoeuna npubnu3sHo 24 mBm. [lemanizoeaHo 3anexHicmb napamempie
crnekmpa noa2nuHaHHs1 800u e diana3oHi dpyzo2o o6epmoHy OH-easnieHMHO20 KonueaHHs1 MosleKynu eodu eid memnepamypu. 3'acoeaHo, w0 0OHo-
200uHHa ekcrno3uyisi ducmunboeaHoi 800U e Mikpoxeunboeomy EMB He euknukae 0ocmoegipHuUX 3MiH y cnekmpi noz2nuHaHHs 8o0u e diana3oHi
Opyz2o20 o6epmoHy OH-8asieHmMHO20 Ko/ueaHHs1 MOJIeKysiu eodu, ase 8 po3baesieHux po34uHax 2eMo2s106iHy 8 UbOMy crieKmpasnbHOMy Oiana3oHi
crocmepizaeMo Marse, aje cmamucmu4Ho 0ocmoeipHe 3pocmaHHsl no2nuHaHHs I4-ceimna. Le moxe ceid4umu npo dodamkosy EM-iHdykoeaHy
akmueauiro niépauitiHux pyxie Mosiekyn eodu i 3pocmaHHs limogipHocmi dehopmMayiliHux KonueaHb, W0 eusienisirtombcsl y 6nuwxHbomy I4-0iana3oHi
Ha cmy3i dpy2o20 o6epmoHy eodu.

Knro4oei cnoea: eoda, po34uHu 2emMo2s106iHy, Mikpoxeunboee esleKmpomMazHimHe aunpomiHroeaHHsi, dpyauli o6epmoH OH-eaneHmHozo0
KOJIUBaHHSI.
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BINUAHUE SNEKTPOMAIHUTHOIO U3NYYEHUA
MUNNUMETPOBOIO OUAMA30HA
HA ONTUYECKUE CBOMCTBA BOAbI
B PACTBOPAX TEMOIMOBHNHA

UccnedosaHo enusiHue MUKPOBOJ/IHOB020 U3JTy4YeHUSI Ha onmu4Yeckue ceolicmea ducmusiuposaHHOU 800b! U 800bI 8 pacmeopax 2emMoas1o-
6uHa e 6nuxHeM uHppakpacHom duana3oHe, Komopbili xapakmepu3lyem ee onpedesieHHOe CMPYKMypHO-OuUHaMmu4yeckoe cocmosiHue. O6Lekmom
uccnedosaHusi 6bi1u onmuYeckue ceolicmea oucmunnuposaHHol 8odbl U 800HbIX pacmeopoe 2eMoa/106uHa Yyeroeeka 8 KOHUeHmpayuu 7 u
15 mkM e memnepamypHom Auana3oHe 10-40 °C. Pecaucmpayuro criekmpoe ocyujecmesisisiu Ha cnekmpogpomomempe BiospecMini e duanasoHe
190-1100 HM. C yenibio No8bIWEHUSI MOYHOCMU aHalu3a crekmpasnbHbIX OaHHbLIX MPO8OOUSIU HOPMUPOBaHUsI CIeKMPO8 omHocumesibHo 6a3o-
8ol nIuHuu, npoxodsiweli napasnnesbHO 20pU30HMasnbHOU OCU Yepe3 MUHUMAalIbHOe 3HaYeHUe onmuYyecKol NIomHocmu e crnekmpe rnoajaouje-
Husi. 3HayeHUe MaKcuMyMoe Mo2/10WeHUsT U ONMUYeCKY MJI0MHOCMb UCMO/Ib308aslu 8 KaYecmee 2/1a8HbIX NapaMempoe creKkmpoe noasaouje-
Husi. [lnsi 6os1ee mo4Ho20 onpedesieHUs] yKa3aHHbIX Mapamempoe ucnosib3oeanu ¢pyHkyuro B-spline. MukpoeosiHoeoe o6nyyeHue ducmunnupo-
8aHHoOU 600kl U pacmeopoe 2emMo2/106uHa ocyuw,ecmesisiiu Ha OnuHe 80/HbI 7,1 MM ¢ MakcumasnbHol 100-npoyeHMHOoU 8bIX0OHOU MOWHOCMbIO,
cocmaensioueli npuMepHo 24 MBm. [lemanu3upoeaHo 3agucuMocmb napaMempoe criekmpa noasnoujeHusi 8o0bi 8 duana3oHe emopozo obep-
moHa OH-eaneHMHo20 KonebaHusi MosieKysnibl 600bI om memnepamypsbl. BoisicHeHo, 4mo odHo4Yacoeasi akcno3uyusi ducmunnupoeaHHol e00bl
8 MukpoeosiHoeom MU He ebi3bieaem 0ocmoeepPHbIX U3SMEHEeHULl 8 criekmpe noziaouweHusi 800bl 8 duana3oHe emopoz2o o6epmoHa OH-easneH-
MHO20 Kosie6aHusi MosieKy bl 800bl, HO 8 pa36aeieHHbIX pacmeopax 2eMo2s106uHa 8 amom crnekmpasnbHom duana3oHe Habnodaemcsi Manbli,
HO cmamucmu4ecku docmoeepHbIlU pocm noanoujeHusi UK-ceema. dmo mMoxem ceudemencmeoeams 0 donosHumenbHol 3AM-uHdyyuposaH-
HoU akmueayuu nubpayuoHHbIX KosiebaHuli MosieKyn 800bl U pocme 8eposimHocmu deghopMayUOHHbIX KosebaHull, Nposiensirou,uxcsi 8 6nux-
Hem UK-Ouana3oHe Ha nosioce 8mopo20 o6epmoHa e00bl.

Knroyeesnie cnosa: eoda, pacmeopbl 2eM02/106UHa, MUKPOBOJTHOBOE 3JIEKMPOMa2HUMHoe u3Jsy4veHue, emopol o6epmoH OH-eaneHmHoz20 Ko-
ne6aHusi.



