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MIKPOXBUJIBOBA PAJJIOMETPISA B MEAUKO-BIOJIOTTYHUX
3ACTOCYBAHHSAX

Peztome. Padiomempiss 6 MeOuko-6ionoziunux npobiemMax nog’si3ana 3 HeoOXIOHICMIO GUMIPIOGAHHS
CRABKUX CuCHANi6 ma GUKOPUCMAHHAM anapamypu 3 guykmyayiiinolo wymnusicmio (10°—10"") Bm, wo ¢
CKIIAOHOI0 MexXHiYHOoW 3adauero, ocobnugo & dianaszoni (37-78) [Ty (minimemposux Xxeunv), eupiuteHHs AKOI
Moocnuse Ha Oaszi HOBUX GAPIAHMIE  GUCOKOUYMAUSOT padiomempuyHoi anapamypu. Hageoeno pesynemamu
0ocnioxceHHs ma  peanizayil  cxeM  MOOVIAYIUHO20 —padiomempa 3  GUKOPUCMAHHAM — CHPYKMYPHO-
aneoOpUMMINHO20 Memooy, 6 SAKOMY 00CA2AEMbCsl NpomugpasHe NPUOYWEHHS DIGHS GIACHUX WYMIE ma
niosuujentss Ha NOPAOOK YYMIUBOCMI V NOPIGHAHHI 3 GIOOMOI CXeMOK, d MAKONC MemooO NO2TubneHHs
MOOYNAYIT CUCHATY 3A PAXYHOK B8GeOeHHsl NO3UMUBHOZO 360POMHO20 38 513Ky, KUl 3a0e3neyye NiosullyeHHs
yymaugocmi 'y nonao 10 pazie. Ompumano HOGI MONCIUGOCMI O OOCTIONCEHHS eeKMPOMACHIMHUX NONIG 1
sunpominiogans  (EMB)  6Gionociunux  06’ekmie  ma 00 ’ekmugizayii  MOJCIUB020  IHPOpMayiiiHO20
eNeKMpPOMAHIMHO20 0OMINY HA PI3HUX YACMOMAX K Yy mini I0OUHU, MAK | Mina 3 HABKOTUUWHIM cepedosUULeM.
Bupiwerno maxooc npobnemu mempono2iuHoi niOmpumMKy J1iKy8aibHOI anapamypu HU3bKOIHMEHCUBHUX CUSHATI8
07151 MEXHON02I KGAHMOBOT MEOUYUHU — MIKPOXGUTbOBOI Pe30HAHCHOT mepanii, MiniMempogoi il ingopmayitino-
X6unb060i mepanii, W0 GUKOPUCMOBYIOMb MOHOXPOMAMUYHI — mMa  WYMOGI — cucHanu,  iHmezpancHa
nomyacnicmo  akux  moxce  nepebyeamu 6 mexcax (10°—1 0"%) Bm. 3anpononosani mexuiyHi piuieHHs
nopso i3 3abe3neueHnsiM HeOOXIOHOT YymaueoCcmi po3uLUPIoONtb PYHKYIOHAILHI MONCTUBOCMI pAdioMempUUHOT
anapamypu cmocosHo 00CTiONHCeHHst 00 €KMI6 JHCUBOT NPUPOOU MA OP2AHIZMY THOOUHIU.

Kniouosi cnoea: padiomempis, inmezpanvHa NOMYJNCHICMb, eNeKMPOMACHIMHE GUNPOMIHIOBAHHS,
bionoziunuii 00 ’cxkm.

A. Yanenko

MICROWAVE RADIOMETRY IN MEDICO-BIOLOGICAL
APPLICATIONS

Summary. Using of radiometry in medical and biological problems is associated with the need to
measure weak signals and apply equipment of fluctuating sensitivity (107°—10"7) W. This is very complex
engineering task, especially in the range of (37-78) GHz (mm- waves), and its solution must be based on new
variants of highly sensitive radiometric equipment. In the paper structural variant of modulation schemes
radiometer has been presented using structural and algorithmic method, in which antiphase suppress of the
intrinsic noise level is achieves and increase of the sensitivity, compared with the known pattern, as well as the
method of deepening modulation by introducing positive Feedback communication, which enhances the
sensitivity more than 10 times. As a result, a number of new possibilities for the study of electromagnetic fields
and radiation (EMR) and the objectification of possible biological objects electromagnetic information exchange
at different frequencies, both in the human body and with the environment, were obtained. Problems of
metrology control of low intensive signals of medical equipment for Technologies of Quantum medicine —
microwave resonance therapy, millimeter and informational wave therapy that use monochromic and noise
signals the integral power of which is within (10°—10"°) W. Engineering solutions along with providing of the
necessary sensitivity extend the functionality of radiometric equipment dealing with the study of objects of nature
and the human body.

Key words: radiometry, integral power, electromagnetic radiation, biologic object.

Introduction. The development of microwave electronics and its elemental base in
the last 25-30 years stimulated the creation of new radiotechnical means in the field of
microwave measurements of weak signals, including their radiometric methods and
structures. This fact, in turn, contributed to the increased use of radiometric equipment in
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various fields of science and technology — traditional radar and navigation, astronomy and
meteorology, and a comparatively new biophysics, biology and medicine [ 1-4].

The dissemination of new technologies of treatment which are using low-intensity
microwave signals, such as microwave resonance therapy (MRT), information-wave therapy,
millimeter therapy, which are combined with the common name «quantum medicine» [5,6].
The term «quantum medicine» describes low intensity of signals are used (at the level of
energy of the quanta). These technologies use the frequencies of (37-78) GHz (i.e., mm-band)
and low-level affecting signals, (10°-10"%) W/cm?. Such low signal levels can be measured
by highly specialized receivers, e.g. 1115 (P15), or by non-standard radiometric apparatus
which is certified in prescribed manner [6].

The last one is promise to be useful for early diagnosis of diseases that are associated
with the presence of thermal irregularities in humans, as well as for the study of EMR of the
biological objects and of the human body characterizing the exchange of information both
within the living organism and with the external environment.

Thus, development and deepening of biomedical researches and technologies require
creation of the highly sensitive radiometric equipment by using new achievements of
microwave technologies and the element base and exploring possible directions for their use.

The problem that must be solved in radiometric instrumentation of the quantum
medicine technologies is a metrological support.

Ultra-low levels of monochromatic or noise EMR are used in the new microwave
technologies. The minimum value of integral power of monochromatic EMR (e.g., ARIA-SC,
AMPT-02) can be (10"'°-107%) W, and the power spectral density of the noise signal is (10—
102"y W/Hz (ITopor-3, Iopor BT, Ilopor HT, Kogepr-01 (Threshold-3, Porog VT,
Porog NT, Covert-01). For such power levels of measuring it is necessary for settings of the
radiometric sensitivity to be higher at least on the order from the power magnitude, and the
measurement accuracy to be not worse than in the equipment for the standard range of power,
i.e. (10-15)% [6].

Early diagnosis and measurement of thermal irregularities within the human body (at
the (50-80) mm of depth) is possible with the radiometer operating at low frequencies, (0,9—
1,5) GHz, and the sensitivity of such equipment should be at the level of (107°-107%) W.

The research of natural electromagnetic fields and radiation and their interaction with
the environment also requires the development of radiometric equipment with the sensitivity
of the order of (10"*-10"'%) W, depending on the range of operating frequencies.

Classification of medical and biological problems that can be solved with the use of
microwave radiometry equipment was developed (fig.1).

Analysis of the fig.1 data shows that, depending on the task of the biomedical
applications, operating frequency range of radiometric equipment can vary from a few to
hundreds of gigahertz, and the sensitivity — from 107 to 107 watts.

Implementation of structural schemes of radiometric equipment of such sensitivity is
usually performed using the compensation, correlation or modulation method of
transformation of input signals [7].

Of these methods the most widely are used modulation methods that provide
sufficiently high sensitivity and accuracy of measurement, as well as having a simple and
reliable implementation of the scheme. In turn, a block diagram of a modulation of the
radiometer can be performed by direct conversion of the input signal when the basic
amplification is reached at the frequency of the input signal and the superheterodyne
conversion, in which the main gain is attained at the intermediate frequency.

156



MPUNALOBYQYBAHHS TA IH® OPMALIIMHO-BUMIPIOBAJIbHI TEXHOJOIIT

Radiometry in medico-biological applications

Metrological ensuring of Radiovision and Measurement of the Investigation of the
specialized microwave _ parameters of own interaction of external
equipment parameters radio-thermometry bioobject EMR EMR and bioobjects

measurements
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Figure 1. Classification of radiometric problems in the medical and biological applications
Pucynoxk 1. Knacugikamis 3aga4d pagioMmeTpii B MEQUUHUX Ta 0i07IOTiYHIX 3aCTOCYBAaHHIX

Fig.2 shows a block diagram of a radiometric system (RMS) with heterodyne
conversion of input frequency.
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Figure 2. Block diagram of the modulation RMS (X1-input antenna, Re — dummy, S1 — modulator,
Ul —mixer, G1 — heterodyne, Al — intermediate frequency amplifier, U2 — quadratic detector,
A2 — switching frequency selective amplifier, U3 — synchronous detector, Z1 — low-pass filter,

PA1 — indicator, G2 — modulating frequency generator)

Pucynok 2. brnok-cxema moxaysuittHoi PMC (X1 — BxinHa anTeHa, Re — exBiBaneHT aHTeHH, S1 — MOIyIsATOD,
Ul —3mimyBad, G1 — rerepoans, Al — migcumoBad npoMikHoT yactotn, U2 — KBaApaTHIHUN IE€TEKTOP,
A2 — cenexTBHUI Niacwmosay, U3 — ciHXpoHHWIT neTekTop, Z1 — (inbTp HIWKHIX 4acToT,

PA1 — innukaTop, G2 — reHepaTtop MOIYIALIHHOT YacTOTH)

On the square-law detector, output for the period of commutation switching signal is
generated [7]

U,()=a, %sign sith+2Uj(t)Zn:[[(QiQ, i+, 1), (1)

i=1

where oy — transfer coefficient of RMS channel to a quadratic detector include, U;~U, = 4 U7
— voltage difference for the switching period, which characterizes the input signal power,

sign sinQt — switching function, 2U j(r)Z[(QiQ, )t+¢,] — the total voltage of the
i=1

thermodynamic noise component of the radiometric channel (RMC) from the front antenna to
the square-law detector.

Voltage (1) through a selective amplifier A2 enters the synchronous detector U3 and
after appropriate conversion by low pass filter Z1 allocated output voltage modulation of the
RMS
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U, =am£{AU2 +2Uj(z‘)zn:[(Q—Q,)t+(p,]}, 2)
T T

i=1

where o, — total conversion coefficient of the RMS channel.

The first term of equation (2) is a DC voltage; it is proportional to the power of the
measured input signal (AU?), and the second - alternating voltage noise passing through the

filter systems of the RMS conversion channel. Spurious noise components presented in
equation (2) cause a slow indicator pointer fluctuation and reduce the sensitivity of MRS.

Therefore, sensitization is an urgent task for the RMS used in health and biological
applications and is achieved in several ways.

Firstly, the decrease in the level of thermodynamic fluctuations can be achieved by
optimal design and technological solutions (shielding, use of low-noise components and
assemblies, etc.), and secondly by increasing the number of samples and the measurement
time, which naturally reduces the speed of RMS.

Reduced fluctuations in the thermodynamic power can be calculated with the
formula [8]

P =4kT A /n, 3)

where n — number of samples, k¥ — Boltzmann constant (1.3 8-10% J/K), T —is the temperature
of the environment, 4f— bandwidth of the RMS channel to square-law detector.
The number of samples for the measurement time 7y can be written as

n=t,/t,, @

where ¢/ — period of the selected frequency of output noise spectrum.
With regard to (4), equation (3) takes the form

P =4kT A t,./t,. ©)

Using equation (5) we can calculate the power of thermodynamic fluctuations for
different frequencies of the noise spectrum and thus identify opportunities of MRS in
sensitivity, speed, and use for solving biomedical problems — metrological assurance,
thermometry and research purposes.

For example, in the modulation RMS at switching frequency of 1 kHz for one sec
over 10° samples are averaged. Radiometric channel bandwidth is usually selected in the
range of 10° to 10® Hz, thermodynamic power fluctuations at ambient temperature T = 293 K
will be P, = 1.6 (10"7-10"°) W, which is sufficient for use of such RMS in biology and
medicine.

Power reduction of the thermodynamic fluctuations may be achieved also by
decreasing the bandwidth of frequency selective filter switching amplifier A2 by selecting it
in the range (10-100) Hz. At the same time, as shown by experimental studies [9], with a
narrow band (AF <20 Hz) great influence on the sensitivity has temperature, under the
influence of which the filter parameters and the oscillator frequency switching change.

Promising to increase the sensitivity of the modulation radiometer is the use of
structurally algorithmic method developed by the authors [10]. A distinctive feature of the
radiometer block diagram that implements this method is the introduction of a negative
voltage feedback in frequency of noise spectrum that provides their additional suppression.
fig.3 shows part of the scheme, which provides selection of the noise components and
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implements methods to suppress them. The scheme is connected between the output of the
quadratic detector U2 and input switching frequency selective amplifier A2 (fig.3).

PAl
X1 A3
Radiometrical channel Radiometrical channel
> SLULGLALU2 | ¢ A2,U3,21 @
D
G2 4 A4 —JU4 s AS J
s H o HN\"/H =
TN/~

Figure 3. Noise reduction scheme of the modulation radiometer (A3 — operational amplifier, A4 — phase shifter,
U4 — multiplier, A5 — attenuator, C,, — capacitor)

Pucynok 3. Cxema 3HWKEHHS IIyMy MOIyJsiLiitHOTO pagioMeTtpa (A3 — onepauiitHuii migcumoBad,
A4 — dazonosepray, U4 — nomHOXKYBa4, A5 — aTeHroaTop, C, — KOHIEHCATOP)

The method is as follows. Voltage (1) is fed to one of inputs of operational amplifier
A3. Variable noise component via the capacitor Cp is fed also at one of the inputs to the
multiplier U4, the second input via the phase shifter A4 receives the voltage from the
oscillator of the switching frequency G2.

Because of multiplying of voltage at the output U4 the switching frequency get
twice, which further is delayed by selective filter, and voltage noise components

2

sign sin29r+2Uj,(t)z": [[(Q+Q)r+¢]] (6)

i=1

U, 0=a,

Voltage (6) is fed to the second input of the operational amplifier A3, at the outputs a
difference between the two voltages (1) and (6) is received.

Appropriate choice of the phase relations of the phase shifter A4 and amplitude
shifter - attenuator A5 provides minimum indicator readings at the closed reception antenna
X1, which is the maximum suppression of noise components and thus the sensitivity of RMS
increases. According to the source data [10], considered scheme provides increased sensitivity
of up to 10 times.

The method of automatic modulation deepening by introducing the positive feedback
can also serve as possible way of increasing the sensitivity of the modulation scheme
RMS [11].

This is achieved by further including of adder Al at the input of the standard
radiometric channel, noise generator G1, attenuator A2 and positive feedback loop voltage
divider A3 (R1, R2) (fig.4). At the first input of adder Al the receiving antenna X1 is
connected and at the second input noise generator is connected via attenuator A2. Output of
the RMS via a voltage divider A3 is connected to the control input of the attenuator A2.

The constant component of the output voltage of the MRS (1) is applied to the
attenuator A2, transfer coefficient of which is set proportional to the magnitude of the voltage

KAI = Upc ﬁ s (7)
where f — transfer coefficient of the divider A3.

The given schema changes of the constant voltage component (1) can be written as
follows:
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Figure 4. Diagram of the MRS sensitivity increasing due to the introduction of the positive feedback
(A1 — adder, A2 — attenuator, A3 — resistive divider R1\R2, G1 — noise generator)

Pucynok 4. Cxema ninsuuieHHsa yyTauBocti PMC 3aBIsdku 3aCTOCYBaHHIO JOJaTHOTO 3BOPOTHOTO
3B'13Ky (Al — cymaTop, A2 — ateHroarop, A3 — peauctuBHuii ninbHUK R1\R2, G1 — reHeparop mymy)

Substituting the values of (7) in equation (8) and performing transformations
relatively to the output voltage we obtain

o,
U, =——" AU )

pc 2

l—apcﬂl_/Al

In the absence of an additional signal from the generator G1 (f =0) the output voltage of
the MRS has the form

/o 2
U,=a,AU".

When the signal input (f > 0), attenuator A2 is opened and the signal from the noise
generator G1 extends to the adder, resulting in an increase in the modulation depth (the switch
S1 is in position «1»), and this is equivalent to increase of the RMS sensitivity in time

U, _ 1
U/ . _2
o l-a,pUn

; (10)

2
where U — the dispersion of the noise signal generator G1.

Increasing of the sensitivity of such scheme for the data source [11] may be more than
10 times and is limited to the values at which the circuit excitation occurs.

Promising direction to use the microwave radiometric equipment is studying the
parameters of own electromagnetic radiation (EMR) of living organisms.

Fig.5 shows the classification of the possible parameters of bioobject own EMR,
measurement of which can be performed using radiometric equipment.

The above embodiments of circuits can be used to measure the power of
electromagnetic radiation of the whole organism, to the determining the temperature
anomalies and their location. To study the structure of the microwave EMR, for example, for
the allocating a bioinformatics component the MRS schemes listed in [12,13] can be used. A
distinctive feature of the automatic RMS [13], is the using of the differential method of
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measurement in combination with two antennas-sensors, which provide a bioinformatics
component selection.
Output voltage of the bioinformatics components in the automatic MRS can be written

as
Upc :apc (11_]2)’ (11)
Study of the Study of EMR
reaction Parameters of own EMR Spectra
(response) to the [ —
external of bioobject \ P, ,=f(®)
Power, Bioinformatics Analysis of auto and Measurement of the
temperature component cross correlation EMR parameters of
i functions organs, cells,
P=£(T) APr, APgy, APy DNAP,, Ry, pyy» Pes
Ry, pyy(t, t+7)
Figure 5. Classification of measuring tasks in the study of the bioobject own EMR
Pucynoxk 5. Knacuikaris 3aa4 BUMiproBaHHS TIPY BUBYCHHI BJIACHOTO €JIEKTPOMArHITHOTO
BunpomiHioBaHHa (EMB) 6i006'exTy
Output voltage of the bioinformatics components in the automatic MRS can be written
as

U, =a, (I, -1,), (11D

pc

where /; — total intensity of the EMR, I, — intensity of thermal radiation, a, — total

coefficient of the RMS measuring channel conversion.

For reliable signal recording the sensitivity of such circuits, operating on the difference
signals, should be at the level (107°-10"% W.

Another area to use radiometric equipment when examining biological objects own
EMR is to measure the correlation characteristics of the radiation. Thermal radiation, which is
formed in equilibrium processes, has a noise character, and its intensity is proportional to the
temperature of the object 7. Bioinformational (non-thermal) radiation at the cellular level,
which is determined by non-equilibrium processes and provides synchronization of the body,
is determined. Because of the small size of the cells, EMR energy density reduces in many
times in a short distance from the bioobject, moreover, it is accompanied by a stochastization
of the radiation. The total radiation of a living organism can be represented as a superposition
of deterministic and noise signal

U, ()=U, O +U, ©. (12)

Register weak deterministic signal U, (r) against the background of strong noise signal
U, (t) is a difficult technical task, which is only possible with the use of specialized high-
sensitivity RMS that measures the autocorrelation function.
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Radiometric system [14], while measuring the power density bioobject EMR allows you
to register the autocorrelation function of the signal. Output voltage of the MRS in this case
has the form

AT (13)
R, (r=0)

where R, (7r) — normalized correlation function of the antenna signal for various values of

delay 7.

Register autocorrelation function opens the possibility of identifying deterministic
processes that can be masked by noise and thus to identify the source of bioinformatic
radiation of the living organism.

An important parameter may be the cross-correlation characteristics of the two
signals, providing registration of distribution (location) of the deterministic signal on those or
other bioobject areas.

A two-input single-channel differential correlational of the RMS, given in [15],
allows such measurements. The output voltage of the RMS contains information on the
correlation coefficient

2 2

Upe =0pe pUL U, (14)

2 2
where p — cross-correlation coefficient of the bioinformatics signals, U, ,U, — dispersion of
uncorrelated radio thermal signals of the input antennas of the RMS.

Measurement of inter-correlation function allows exploring the gradients of
temperature fields in the presence of selected sources in the bioobject body (local thermal
irregularities). Sensitivity of such RMS must be on the level of (107°-10"7) W.

Temperature anomalies in alive organism arising from tumors, trauma, inflammation,
etc. strongly influenced the frequency features of EMR. Localization of the thermal
irregularities sources may be at different depths from the body surface. Emission wavelength
varies depending on the depth of its occurrence. Therefore, recording the frequency
dependences of the intensity of EMR can detect and localize thermal irregularities sources in
the human body.

Block diagram of such a spectrum analyzer shown in [16] allows to perform such
measurements. At the output of the RMS at the automatic tuning of the heterodyne frequency
constant voltage of the following form is recorded

2
Upe =y AQUI—(CUI)U== (15)
UO (a)o)
2
where AU, (w,) — change in the variance of the signal at analysis frequency with respect to
2

the initial frequency, Uo (w,) — dispersion of the signal at the initial frequency, U — DC

voltage of the reference source.
Shape of the curve in the coordinates of frequency-voltage U = f(w) provides

information on the nature of the thermal irregularities and temperature gradient inside the
object. Intensity on the frequency coordinate allow determining the depth of the source of
thermal radiation.
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Conclusions. Alive organisms are characterized by large set of parameters of their
own microwave EMR; its measurement and study contributes not only to deepen the
knowledge of living objects, but also in the development of new diagnostic and treatment
methods.

The radiometric methods and tools have great potential for solving of practical and
research problems in biology and medicine — of metrological provision of specialized
equipment, diagnosis of the state of alive organism, the study of the own microwave EMR
parameters and their links with environment.

Radiometry is used in the biomedical applications due to the need for sensitivity to
fluctuation to the level (10"°-10"") W, which is a complicated technical task requiring its
decision to create new options for highly sensitive radiometric equipment.

The proposed technical solutions provide the sensitivity, extending the functionality
of radiometric equipment which is related with objects of wildlife and humans.

References

1. Ecemkuna, H.A. Pamguoteneckomsl u paauometpbl [Texct] / H.A. Ecenkuna, JI.B. Koponbkos,
10.B. IMapuiickuii. — M.: Hayka, 1972. —416 c.

2. Huxonaes, A.I'. Pannoremnokauus [Tekcr] / A.I'. Hukonaes, 5.M. Ilepuos. — M.: CoB. paano, 1964. —
335c¢.

3. UsMmepeHne paaWioOTEIDIOBBIX W IUTa3MeHHBIX minmydeHmit [Tekcr]| / H.U. AnanoB, A.E. bamapuros,
B.M. Ionskos, JL.I'. TyukoB. — M.: CoB.paguo, 1968. —390 c.

4. MuxpoBosiHOBasi paguoMeTpust ¢Gm3ndecknx u Ouonormuecknx odbvekToB [Tekcr] / B.®D. Manoiinos,
10.A. Cxpunnuk, A.@. SHeHko u ap. — XKuromup.: Bosasins, 2003. — 406 c.

5. MkprusH, JI.H. BBenenne B kBantoByto menuumHy [Tekcr] / JIL.H. MkprusH, C.II. Cutbko. — K.:
[MaTrepn, 1994. — 146 c.

6. Masnoiino, B.®. MonynsuiiiHi pagiomerpudni npuctpoi Tta cucremu HBU nianazoHy: HaBuanmbHHN
nocionuk [Tekcr] / B.®. Manoiinos, H0.A. Ckpunauk, O.I1. fAnenko. — XXurtomup.: KITI, 2001. — 373 c.

7. HoBuukuii, I1.B. OcHoBbl HMH(GOPMAUMOHHONW TEOPUH W3MEpHUTENbHbIX YycTpoicTB [Tekcr] /
I1.B. HoBunkwuii. — JI-1. : OHeprus, 1968. — 248 c.

8. KomuchHuuenko, M.B. OcoO€HHOCTH BBbIAENEHHS] YAacTOThl KOMMYTAalMHd B H3MEPUTEIbHOM KaHale
MoxynsonHoro pagrometpa [Texct] / M.B. Konmncanaernko, A.Jl. Kpaciok, A.®. Slnenko u np. / Matepuaisl
19-0if MexmyH. HayqYHO-TeXHUUeCKOi KoH(pepeHunn «CBU-TexHNKa 1 TeJIEKOMMYHHUKALIMOHHbIE TEXHOJIOTHI.
—T.2. —CeBacrtomnouns.: Bebep, 2009. — C.773-774.

9. Tlarent Ha BuHaxim Ne 57820. Vkpaima, MIIK GOIR 29/26. Monynsmiitauit pamiometp [Tekct] /
M.B. Kommcauuenko, F0.0. Ckpunauk, O.I1. Arenko. — Omy6i. 15.07.2003 p., brom. Ne7.

10.[Matent Ha BuHAxig Ne 27625. Vkpaina, MIIK GO1R 29/06, GOI1R 29/00. Monymnsmiiiauit pamiometp
[Texcr] / C.M. Ileperynos, }0.0. Ckpunnuk, O.I1. SAnenko. — Omy6a. 15.09.2000 p., Bron. Ned.

11.Tlatent Ha BuHaxig Ne 56208. Vkpaina, MIIK (2006) GOIR 29/08 (2006.01), GOIN 22/00. Cnoci6
BuUMiproBaHHs OioiHdopmauioiiHoi cknagoBoi EMB Ta npuctpiii aus ioro 3naxomkenns [Tekct] / C.I1. Citbko,
10.0. Cxpunnuk, O.I1. Anenko. — Omy6u. 15.05.2003 p., Bron.Ne5.

12.TlatenT Ha BuHaxin Ne 73326. Vkpaina, MITK A61B 5/05, GOIN 33/483. TIlpuctpiii a1 BUMiproBaHHS
HepiBHOBa)KHOI CKJIaJOBOI €JIeKTPOMArHiTHOTO BUIPOMIHIOBaHHS KUBHX opraHisMiB [Tekct] / A.I1. Mauibypa,
10.0. Cxpumnank, C.I1. Citeko, O.I1. Arenko. — Omy6u. 15.07.2005 p., Brom.Ne7.

13.Materr Ha BuHaxim Ne 27641. Vkpaima, MIIK GOI1R 29/08. OmnokananbHuii pamiometp [Texcrt] /
10.0. Cxpumank, O.I1. SArernko — Omy6:. 15.09.2000 p., Brom. Ne4.

14.T1arent Ha BuHaxin Ne 51722. Ykpaina, MITIK A61B 5/04, A61B 5/05 Crnoci6 BU3Ha4eHHs €HepreTHIHNX
MepumianiB B Oiomoriuamx o0’ektax [Tekct] / F0.O. Ckpumamk, O.I1.Axenko. — Omy6m. 16.12.2002 p.,
Bron.Ne 12.

15.Tlatent Ha BuHaxim Ne47460. Vkpaina, MIIK GOIR 29/08. Tlpuctpiii anst peecrpauii crektpa
€JIEKTPOMArHiTHOTO BUNpOMiHIOBaHHs Oiosoriunux o6’ektiB [Tekcr] / II.b. TonoBko, B.FO. MakoBcbka,
10.0. Cxpunnuk, O.I1. SAnenko — Omy6:n. 15.07.2002 p., Bron.Ne 7.

Ompumaro 4.12.2014

163



