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Microwave dielectrometry and UV/Vis spectrophotometry methods have been used to study the aqueous so-
lutions of selected antibiotics of different classes: lincomycin hydrochloride, levofloxacin hemihydrate, amikacin
sulfate, gentamicin sulfate. The microwave dielectrometry technique demonstrates high sensitivity of complex
permittivity values of antibiotics water solutions from antibiotics concentration in such solutions. In our study,
the microwave dielectrometry data are validated by the UV-Vis spectrophotometry results for levofloxacin
and lincomycin aqueous solutions. The Fisher’s correlation coefficients for the electromagnetic waves absorb-
ance values, obtained by the different methods, are close to unity for the mentioned antibiotics. The obtained ex-
perimental results confirm that the developed by us microwave dielectrometry method is prospective to be ap-
plied for antibiotics determination in aqueous solutions including environmental water samples.
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1. Introduction

The problem of pollution of the environment and, in
particular, environmental water sources by pollutants from
the food, pharmaceutical, chemical industries and agricul-
tural production is one of the most urgent ecological prob-
lems in the world. For instance, a significant amount of
antibiotic contaminants are registered everywhere in water
runoff and in untreated water, because of during last centu-
ry antibiotics have been used widely as the main treatment
agents against bacterial infections in humans, pets or live-
stock animals [1-3]. As antibiotics are used not only for
treatment but also for disease prevention in animal hus-
bandry and, in particular, in poultry farms, at present the
antibiotics consumption by humans and livestock animals
increases sharply, that raises the great global problem of
antibiotic resistance. In order to reduce the antibiotics pollu-
tion and make our environmental safety, we need to provide
effective permanent monitoring of the antibiotics presence

and amount in environmental water samples and water
wastes from industrial activities [4]. So, the development
of effective techniques and devices for analyzing of anti-
biotics aqueous solution is urgent problem for today. Such
devices must be extremely sensitive, robust in usage and
operate in real time.

At present, there are the following methods of the antibiot-
ics detection in water runoff, such as high-performance liquid
chromatography (HPLC), ultra-high-performance liquid
chromatography-tandem mass spectroscopy (UPLC-MS/MS),
polymerase chain reaction (PCR), and tandem mass spectros-
copy (MS/MS) [5]. All these methods and techniques are
highly sensitive and effective. However, they have some dis-
advantages such as very high price of equipment which is not
portable. So, these methods have limitations to analyze the
waste water samples directly on the location of detection.
Moreover, their analysis takes a long time, and the opera-
tors need to be highly qualified.
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In [2], the authors made an overview of selected exper-
imental methods [6, 7] used for antibiotic detection in wa-
ter samples and presented the data of the antibiotics pollu-
tion determining in environmental water. It is known that
trace concentrations of antibiotics in waste water and even
in drinking water can be found everywhere in the world.
For example, as mentioned in [8], the concentration of lin-
comycin in ground water was found to be 0.36 pg/l [8, 9].
The most frequently detected antibiotic was ciprofloxacin
with the highest concentration of 1.270 pg/l in the raw wa-
ter [10]. In Ref. 2, the researches also compared three dif-
ferent techniques, such as electromagnetic wave spectros-
copy, ultraviolet-visible (UV-Vis) spectrophotometry, and
capacitance sensing system for the real-time monitoring
and detection of antibiotics concentration in water [6]. The
electromagnetic wave spectroscopy (with microwave sen-
sor) technique uses a vector network analyzer (VNA) con-
nected to a planar interdigitated electrode (IDE) sensor.
The VNA displays real-time spectra of the IDE sensor [6].

Understanding the importance of development of robust
and non-invasive methods for ecological control of water
samples, we propose to use for the purpose of detection of
antibiotics in water samples a dynamic control method
based on microwave dielectrometry of aqueous solutions
of biologically active substances. In the current study, we
apply and adapt the method and a unique dielectrometer
device, developed and designed in Usykov IRE NASU
[11-22], to obtain the complex permittivity (CP) of aqueous
solutions of a number of antibiotics, such as lincomycin,
levofloxacin, gentamycin, and amikacin. The adapted method
is based on determining the dielectric parameters (real &'
and imaginary €" parts of CP) of high loss aqueous solu-
tions of studied compounds in the millimeter range of elec-
tromagnetic wavelengths. Aqueous solutions of the sub-
stances are characterized by strong absorption in the micro-
wave range, where the region of maximum frequency dis-
persion of CP of water is located. Intermolecular interac-
tions of dissolved biologically active molecules with water
molecules directly affect the absorption of the electromag-
netic wave by the solution under study. As a result of such
interactions, called by hydration, a layer of bound water
molecules is formed on the surface of the dissolved mole-
cules, which is characterized by a relaxation time (the time
for establishing the thermodynamic equilibrium) much
longer than that of ordinary water molecules. Hydration of
dissolved molecules leads to a decrease in the CP of the
solution. Dielectrometric measurements of CP of water and
water solutions in the frequency region of the maximum of
its dispersion allow to obtain information about the state of
free water in the systems studied.

Another approach to examine the model systems of
aqueous solutions of antibiotics is the usage of UV/Vis
spectrophotometry for the investigation of solutions, which
can give information about the state of dissolved mole-
cules of biologically active compounds in the systems.
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We also use this spectrophotometry method to support the
microwave dielectrometry measurements of our model
systems and to add the physicochemical information about
dissolved biologically active molecules in the solutions.
The method is based on the absorption of a passing elec-
tromagnetic wave by solution of antibiotics in the ultravio-
let and visible region. The absorption intensity of many
substances correlates with a substances concentration in
solution.

2. Materials and methods

2.1. Objects under study

In the current study, aqueous solutions of some selected
widely used antibiotics of different classes were probed by
microwave dielectrometry and UV-Vis spectrophotometry
methods. The following pharmaceutical aqueous solutions
of antibiotics were used as stock solutions to prepare the
model solutions for experimental measurements: lincomycin
hydrochloride C = 300 mg/ml (Darnitsa, Kyiv), levofloxa-
cin hemihydrate C = 5 mg/ml (Infuzia, Kyiv), gentamicin
sulfate C = 40 mg/ml (Arterium, Kyiv), amikacin sulfate
C= 250 mg/ml (Lekhim, Kharkiv). Note that the short
commercial names of the studied antibiotics are used be-
low to call the appropriate drug (e.g., the amikacin sulfate
is named below as the amikacin). Chemical structures of
the studied antibiotics are presented in Table 1.

The concentrations of the antibiotics aqueous solutions
(prepared by dilution of the stock solutions using distilled
water) for the microwave dielectrometry measurement are
presented in Table 1 as well. All dielectrometry measure-
ments were performed on the same day when the samples
were prepared. The mentioned above stock solutions of the
antibiotics were also diluted to the concentration of 1 mg/ml
using distilled water for the initial UV-Vis spectrophoto-
metry measurements.

2.2. Microwave dielectrometer method

The used microwave dielectrometry method [11-22] is
based on the dependence of the complex propagation co-
efficient (CPC) (h=h"+ih") on the complex permittivity
(CP) of the liquid under test. The CPC real and imaginary
parts correspond to a wave phase and its amplitude of the
electromagnetic wave passing through measured liquid
samples per unit of length, respectively. The operating
frequency of our dieletrormeter is 31.82 GHz. This fre-
quency was selected into the region of the maximum of the
frequency dispersion of real and imaginary CP of water
and water solutions [23]. Using the dieletrometer, we ob-
tain the CP of high loss liquids, i.e., the liquids with the
ratio of the real and imaginary parts of CP such as
ey /ey ~1.

The microwave circuit of our dielectrometry setup is
presented in Fig. 1.
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Fig. 1. Circuit of the microwave dielectrometer: frequency syn-
thesizer (/); power amplifier (2); regulating p-i-n attenuator (3);
E-plane tee splitter (4); ferrite valves (9); T circulator (6); meas-
uring short-circuit piston (7); measuring p-i-n attenuator (8);
10 dB attenuator (9); matching plates (/0); cuvette block (11);
H-plane tee signal adder (/2); ferrite valve (/3); detector with
low noise amplifier (/4).

The principle of operation of our dielectrometry setup in-
volves the division of the output power into two channels:
the reference channel and the measuring one, respectively.
To reduce the total length of the microwave path, the circuits
are split into two different channels, in each of which the
wave phase shift and amplitude change are measured.

The dielectrometer measurement cavity is a differential
cavity (/1) (Fig. 1) and consists of two identical cells made
of copper. The first cell is for the reference liquid like dis-
tilled water and the second one is for the liquid under test.
The electromagnetic wave propagates along quartz cylin-
ders of the radius @ = 0.25 cm (CP of the quartz cylinders
€ =3.8+41i0.0001), which are placed inside the cell. The cell
diameter b is equal to the cell length / = 2cm. The refer-
ence liquid and the liquid under test are placed in the space
between cell border and quartz cylinder with the size b —a.
The operating type of wave propagating along the cells is
HE/, which is exited in the quartz rod by input rectangular
waveguides with H,, basic wave types.

To obtain the solution of the electromagnetic problem
for the layered waveguide cell with the dielectric rod and
high-loss liquid surrounded it, the Maxwell’ equations were
solved by the methods of separation of variables in cylin-
drical coordinates (r,,z) [18, 19]. After fulfilling the
boundary conditions in our layered waveguide cell, we ob-
tain complex implicit characteristic equation, which is used
to obtain the CP of the liquid under test. CP calculation
technique of the tested liquid was described in [11, 18].
Knowing the CP of reference liquid (e, =€, +ig)) and
solving the characteristic equation obtained for the lay-
ered waveguide with rod and the surrounding liquid, we
find the phase coefficient %, and the attenuation coeffi-
cient A4 of the reference liquid as real and imaginary
parts of CPC, respectively. The phase differences A¢ and
the amplitude differences A4 are measured in two cells of

the dielectrometer measurement cavity, if one of the cells
filled with the reference liquid and another cell filled with
the liquid under test. The wave phase and attenuation coef-
ficients calculated for tested liquid as 4/ = 4 + A¢ [rad/cm]
and A/ = h + A4 [dB/cm], respectively. Knowing the values
h/, h/ and again using the characteristic equation, we can
find the CP of the tested liquid as g, = €] +1i¢; .

The CP measurement errors of the reference liquid
were estimated in [11, 18, 19]. The differential sensibi-
lity of our differential dielectrometer are estimated as
3(A@) = £0.025 deg/cm for the phase shift Ae and
3(AA4) = £0.0005 dB/cm for the amplitude difference A4
using the root-mean-square random measurement errors
technique. The total relative errors for the real and imagi-
nary CP parts for the tested liquid were obtained as 0.156
and 0.52%, respectively.

2.3. Ultraviolet-visible spectrophotometry method

The spectrophotometry in the ultraviolet-visible range is
one of the most widely used laboratory techniques in biome-
dical analysis [24]. It is known that the base principle of
UV-Vis spectrophotometry is the absorption of the electro-
magnetic waves in ultraviolet or visible ranges by molecules
of chemical compounds. The UV-Vis method measures the
attenuation (absorbance) of a radiation beam passes through
a cuvette containing solution of the test compounds.

For the last few decades, UV-Vis spectrophotometry
has been actively applied for study of organic compounds
solutions with the purposes to determine some physical
parameters of the solutions, for example, absorption coef-
ficient, absorption ratios, spectral slopes, etc. [25]. In the
present study, the Biochrom GeneQuant 1300 Spectropho-
tometer (USA, General Electric) for the UV-Vis spectro-
photometry measurements is used with the standard meas-
urement technique [24, 25, 27, 28].

3. Results and discussion

3.1. Microwave dielectrometry measurements

We carried out the measurements of aqueous solutions
of antibiotics with different concentrations (Table 1) using
our dielectrometer setup. Figure 2 shows the measured
wave phase shift AQ = @jiq — Pyarer and wave amplitude
difference A4 = Ajiqyiq — Ayarer dependences for the studied
solutions on their concentrations. The measured wave
amplitude value depends on the wave attenuation (wave
absorbance) value in the ligiud under test. The larger wave
amplitude corresponds to the smaller its attenuation. Ac-
cording to the procedure described in Sec. 2.2., we obtain
the real and imaginary parts of CPC (Fig. 3) of the studied
aqueous solutions using measured data such as the wave
phase shift Ap and the amplitude difference A4 between
two cells: the cell for a reference liquid containing the dis-
tilled water; and the cell for the testing liquid containing
solved antibiotics. Figure 4 shows the dependences of the
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Table 1. Chemical structures of the antibiotics under study and their concentrations in the aquaus solutions for the dielectrometry

experiments

Sample

Molecular formula

Structural formula

Concentrations, mg/ml

lincomycin
hydrochloride

C18H35C1N2068

& HCl

0.9375
1.875
3.75
7.5
15

levofloxacin
hemihydrate

C36H42F2NgOyg

"y
S
F
S

0.1825
0.3625
0.625
1.25
2.5
5

gentamicin sulfate

CGOHIZSNISOZSS

H no
0 :"];‘;‘IDI— 1/3H,80,
[v] [v]
wo.. X

I.
&My

0.00235
0.0047
0.01953
0.039
0.3125
0.625
1.25
2.5
5
10

amikacin sulfate

C22H47N502 1 SZ

0.2441
0.48825
0.9765
1.953
3.906
7.8125
15.625
31.25
62.5
125

real and imaginary part of CP, and Fig. 5 presents the module
of CP for the studied pharmaceutical solutions.

The analysis of the presented data shows that the wave
phase shift and the wave amplitude difference values in-
crease for the majority of tested drugs solutions with the
growing of their concentrations (curves /—4 in Fig. 2), ex-
cept of the gentamicin (curve 5 in Fig. 2). The similar be-
havior we obtain for the real and imaginary parts of CPC
for the studied solutions (Fig. 3). At the same time, we can
observe the decreasing of the real and imaginary parts of CP
(Fig. 4) and, as a result, decreasing of CP module (Fig. 5)
for majority of studied antibiotics with the growing of their

concentrations in the solutions, except of the gentamicin
(curves 5 in Figs. 4 and 5).

Obtained results for the CPC of the studied solutions
reveal that the wave phase /' and attenuation coefficients
h" increase (Fig. 3) with increase in antibiotics concen-
tration in water solutions for the majority of tested drugs,
except of the gentamicin solution. This means that the
wave absorbance (attenuation) and the phase shift in the
probed solutions are getting bigger with the concentration
growing in comparison with the data for pure distilled
water. The data on CPC we have used to obtain the CP
values of the tested antibiotics aqueous solutions.
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Fig. 2. The dependences of wave phase shift (a) and amplitude difference (b) on the concentration of aqueous solutions of drugs indica-

ted as: levofloxacin hemihydrate (/), amikacin sulfate (2), Mg sulfate (3), lincomycin hydrochloride (4), gentamicin sulfate (5). Black

square corresponds to the distilled water.

Analyzing the data on CP for the studied liquids (Fig. 4),
we see that the values of the real and imaginary parts of CP
for the studied aqueous solutions of drugs are less than the
appropriate values of a pure water, except for the genta-
micin-water solution (curve 5, Fig. 4). If the real CP part of
a water solution is less than the real CP part of pure water,
we can conclude that the free water part in the solutions is
getting smaller due to the water molecules are bound with
the drug ones in a result of hydration process. The higher
concentration of the antibiotic in the aqueous solution, the
less free water remains in it. The dependence of CP mo-
dule on drugs concentration for the studied solutions has
similar behavior (Fig. 5): the values of CP modules for the
majority of tested antibiotics solutions are going down
with increasing of the concentration, and the CP module
values are less than the CP module value for pure water,
except of the gentamisin-water solution. For better under-
standing of the concentration dependences for amikacin

11.22

11.20

= 11.18

11.16

PR ETIT R AR ETTT B R T B AR aT] el il
0.001 0.01 0.1 1.0 10 100 1000

C, mg/ml

sulfate and gentamicin sulfate solutions, we additional
measured Mg sulfate solution as a simple sulfate com-
paund with the concentrations 0.4875; 0.975; 1.95; 3.9;
7.8125; 15.625; 31.25; 62.5; 125; 250 mg/ml. It turned
out that the behavior of CP values of Mg sulfate (curves 3,
Figs. 4 and 5) is similar to the behavior of the amikacin
sulfate solution (curves 2, Figs. 4 and 5), but is different
from the behavior of CP of the gentamicin sulfate solu-
tions (curves 3, Figs. 4 and 5).

The concentration dependences of the gentamisin
aqueous solution (curves 5 in Figs. 2-5) is atypical (A4 < 0)
comparising with the above described other studied anti-
biotics and Mg sulfate aqueous solutions (A4 >0). Ob-
viously, we cannot explaine this result for the gentamicin
solution by concentration-dependent the change in the
amount of a free water. So, we explain this phenomenon
with the absorption of the microwaves. The amplitude
values of the electromagnetic wave after the passage of
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Fig. 3. The dependences of the real (a) and imaginary (b) parts of CPC on the concentration of drugs in aqueous solutions. The

numbering is as in Fig. 2.
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Fig. 4. The dependences of the real (a) and imaginary (b) parts of
CP on the concentration of drugs in aqueous solutions. The
numbering is as in Fig. 2.

the gentamicin solution are lower than the wave amplitude
for water (Fig. 2), that indicates their greater attenuation
in the gentamicin solution. This phenomenon may be
related to the structural features of the gentamicin sulfate
in comparison with other tested antibiotics, but should be
investigated more deeply in the future.
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Fig. 5. The dependences of the CP module on the concentration
of drugs in aqueous solutions. The numbering is as in Fig. 2.

3.2. Measurement using the UV/Vis spectrophotometry
technique

For the proof of the microwave dielectrometry mea-
surements, a widely used method of determining the anti-
biotics concentration in water solutions is necessary and
the effectiveness of which is well known. We applied the
UV/Vis spectrophotometry method for this purpose. For all
antibiotics, the dependence of absorbance spectra on the
optical wavelengths was measured. For the lincomycin and
the levofloxacin aqueous solutions, the absorption bands
were determined (Figs. 6 and 7). Figure 6(b) shows a
fragment of the absorbance spectrum of the lincomycin
solution in the region of 200-230 nm. For the lincomycin
solutions, this is the absorption band at 225 nm, and for the
levofloxacin solutions, the absorption band is determined
at 284 nm. As seen in Fig. 6, for the lincomycin the ab-
sorption band at 225 nm is the most distinguished. In most
cases, the absorbance intensity of the band in UV region
depends on the substance concentration in the solution.

At the same time, for the gentamicin and amikacin solu-
tions in their absorbance spectra (Figs. 8 and 9), there are
no detectable certain absorption bands. This is probably
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S
g
=
8
s I
O
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Wavelength, nm
(b)

20F

Absorbance, A
o0
T

—_
(=)
T

L n L n L n L n L
205 210 215 220 225
Wavelength, nm
Fig. 6. UV/Vis absorbance spectrum for the lincomycin water

solution (a) and the fragment of the absorbance spectrum in the
narrowed region of 200-230 nm (b).
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Fig. 7. UV/Vis absorbance spectrum for the levofloxacin water
solution.

due to the absence of double bonds and/or aromatic residues
in the molecular structures of gentamicin and amikacin.

Figure 10 shows the absorbance dependences on the
concentration of the lincomycin and the levofloxacin in the
water solution.

Figure 10 presents close to linear absorbance intensity
dependence on the lincomycin concentration in the range
from 0.075 to 1.0 mg/ml (absorbance at 225 nm), and the
similar dependence for levofloxacin at 284 nm using
UV/Vis spectrophotometry. These almost linear depend-
ences can be used in pharmaceutical analysis to validate a
concentration measurement for lincomycin and levofloxa-
cin aqueous solutions with the given microwave dielec-
trometric method according to State Pharmacopeia of
Ukraine principles [27]. UV/Vis spectrophotometry is a
well-known pharmacopeia method to analyze medicines.
Up to now, the microwave dielectrometric method is not
included in the list of pharmacopeia methods. In order to
consider the following possible of including the developed
microwave dielectrometric method to the pharmacopeia

0.8
<

5 0.6
Q

g

5
204
<

0.2

1 1 1
400 600 800
Wavelength, nm

Fig 8. UV/Vis absorbance spectrum for the gentamicin water
solution.
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Fig. 9. UV/Vis absorbance spectrum for the amikacin water
solutions.

methods list, we need to compare it with a confirmed phar-
macopeia method, that is, in our case, the UV/Vis spectro-
photometry method. If the correlation coefficient between
two methods is close to the one, then the tested method can
be proposed as a pharmacopeia one after further numerous
validating measurements of a number of medicines.

To compare mentioned above methods, we use the ab-
sorbance data of two presented methods [Figs. 3(b) and 10]
for two antibiotics under test: lincomycin and levofloxacin.
We selected these antibiotics because they showed semi-linear
dependences in the given wavelength range (200900 nm)
of our UV/Vis spectrophotometer (Fig. 10). For the other
two antibiotics (gentamicin and amikacin), we did not ob-
serve any resonant picks in this wavelength range in our
UV-Vis measurements.

The absorbance data of two methods were processed
and validated statistically with the use of the Fisher’s cor-
relation coefficient relation below, in order to compare and
link measured results obtained by means of two different

<
o 2F /'
5}
=) /
<
o
S
e}
< L
™
L Il L Il
0 0.5 1.0
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Fig. 10. The dependences of the lincomycin aqueous solution
absorbance (/) on its concentration at 225 nm wavelength and the
levofloxacin aqueous solution absorbance (2) on its concentration
at 284 nm wavelength.
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methods, such as the microwave dielectrometry technique
and UV/Vis spectrophotometer ones.

As it is known, Fisher’s correlation coefficient [28] is
commonly used as an estimate of correlation in biometric
studies, it has a form

D (=) - )
F= i=l ;

-0 Y-
i=l1 i=1

where x; —x and y; -y represent deviation from their
respective means. We take the wave attenuation (wave
absorbance) values (A") in our two measurements cells of
the dielectrometer as x; values and the absorbance values (4)
obtained in the UV/Vis spectrophotometer as y; ones.

So, for the levofloxacin-water solutions, the correlation
coefficient for absorbance is F' = 0.9708, for the linco-
mycin water solutions ' = 0.9680. Thus, we have a good
agreement of the measurement results of two presented
methods.

4. Conclusion

In the current study, we applied the developed by us
microwave dielectrometry setup and UV/Vis spectropho-
tometry method to study the aqueous solutions of selected
antibiotics of different classes: the lincomycin hydrochlo-
ride, the levofloxacin hemihydrate, the amikacin sulfate, and
the gentamicin sulfate. Complex permittivity (CP) values for
the pharmaceutical aqueous solutions depending on antibi-
otic’s concentration in the solutions were calculated based
on the microwave dielectrometry results, comparative ana-
lysis of the CP values for the studied antibiotics solutions
was performed. It was determined that values of the CP
module for the lincomycin hydrochloride, levofloxacin
hemihydrate, and amikacin sulfate solutions decreased
with the drugs concentration increasing. Moreover, the CP
module values for these antibiotics solutions were less than
the CP module for distilled water due to the decrease in the
part of free water with the increase in antibiotics concen-
tration in the water solutions. For the gentamicin sulfate
aqueous solution, the atypical CP behavior was observed:
the CP module value of the gentamicin solution increased
with the growing of the antibiotic concentration and was
bigger than the CP value for the distilled water. This phe-
nomenon is obviously related to the structural peculiarities
of the gentamicin molecules and should be deeply studied
further.

The mentioned antibiotics aqueous solutions were also
probed by UV-Vis method and absorption bands for the aque-
ous solutions of the lincomycin hydrochloride (at 225 nm)
and the levofloxacin hemihydrate (at 284 nm) were found.
The concentration dependences of absorbance intensity for
these two antibiotic solutions were measured.
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We compared the absorbance measurement results two
methods — the microwave dielectrometry and UV/Vis
spectrophotometry — for the lincomycin hydrochloride
and levofloxacin hemihydrate aqueous solutions. It was
found a good correlation for the absorbance obtained by
two used methods in determining of the levofloxacin and
lincomycin concentrations in the water solutions.

Thus, we can conclude that the developed by us micro-
wave dielectrometry approach and setup are prospective to
be applied for antibiotics determination in aqueous solu-
tions including environmental water samples, due to the
technique demonstrates high sensitivity of CP to the
changes of antibiotics concentration in the solution. In ad-
dition, the data of microwave dielectrometry are confirmed
by the results of the UV-Vis spectrophotometry for levo-
floxacin and lincomycin solutions, as evidenced by the
calculated Fisher’s correlation coefficients close to unity.
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Po3pobka ekcnepnmeHTanbHUX METOAIB BUSBIEHHS
aHTUBIOTUKIB Y BOOHNX PO34MHAX: MIKPOXBUIbOBA
JienekTpomeTpisa B peanbHOMY Yaci
Ta cnekTpodoToOMETPIA B ynbTpadioneTosi
Ta BUAMMIN obnacTtax OOBXUH XBUTb

Z. E. Eremenko, V. A. Pashynska, K. S. Kuznetsova,
A. V. Martunov

Jlnst BUBUCHHS BOZHUX PO3YHHIB BUOPAHMX aHTHOIOTHUKIB pi3-
HHUX KJIaciB — JIHKOMILUHY TiAPOXJIOpHIY, JeBO(IOKCAHHY
reMirigpary, aMmikanuHy cyibgary, FeHTaMIOuHY Cynbdary —
BUKOPHCTAHO MIKpPOXBHIIBOBY ieiekrpomerpito ta Y®/Bua
cnekrpodoromeTpito. TexHika MiKpPOXBHIBOBOI HieNeKTPOMETpil
JIEMOHCTPY€E BUCOKY YyTJIMBICTh 3HA4€Hb KOMIUIEKCHOT IPOHUKHO-
CTi BOJHUX PO3YMHIB aHTHOIOTHKIB BiJl KOHIICHTpAIll aHTHOI0TH-
KiB y TAKMX pO3YMHAX. Y HAIIOMY JOCHI/UKEHHI JaHi MiKPOXBH-
JBOBOI  MIENIEKTPOMETPii  MiATBEPIKYIOTECS — pe3ylIbTaTaMH
Y®/Bun criekrpodoToMeTpii A BOTHUX PO3UMHIB JeBodIoKca-
uHy Ta JiHkoMminuHy. Koedinientn xopernsanii ®dimepa mst 3Ha-
YeHb MOTJIMHAHHS €JCKTPOMAarHiTHUX XBHJIb, OTPUMaHI Pi3HUMHU
MeToAaMu, OJM3BKI O OAMHMII IS 3raJaHuX aHTHOIOTHKIB.
OtpuMaHi eKCrepUMEHTaNIbHI Pe3yNbTaTH MiATBEPKYIOTh, L0
po3poOieHnii HaMH METOA MIKPOXBHIJIBOBOI JieTeKTpOoMeTpii
HEPCIeKTUBHUN AJI 3aCTOCYBAHHS AJI1 BU3HAUCHHS aHTHOIOTH-
KiB y BOJHUX pO3YHMHAX, BKIIOYAIOUM 3PA3KH BOJU HABKOJIMII-

HBOI'O CEPEAOBUILIA.

Kirouosi cnosa: Y®/Bun cnexrpodoTomeTpist, BOAHI PO3UHHH,
aHTUOIOTHKHM, EIEKTPOMArHITHI XBHJI, MiKpO-
XBIJI, KOMIUIEKCHA JIi€JICKTPHYIHA TPOHUKHICTS.
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