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= it is an universal algorithm of studies, that does not
depend on the type of function that is approximated,
amount of arguments and results of function;

= they consist with the adders collected on analog an
component, that is increasing a fast-acting and exactness
of implementation of operations;

= they give the wide field for the choice of parameters
component (neurons).

3. ACM for modeling of neural network can be easily
created on a modern element base.
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kadp. pagioTexHiku Ta pagioeneKTPOHHUX cucTeM, hakynbTeT paaiodizuku, eNeKTPoHiIKM Ta KOMM’ITEPHUX CUCTEM,

KuiBcbkuin HauioHansHUI yHiBepcuTeT imeHi Tapaca LlleByeHka

AHAJIOTOBA OB4MCJIFOBAJIbHA MALLIMHA (AOM) ANs MOLI,EHI‘OBAHHSIVHEVIPOHHVIX MEPEXX
(3AAAYI AMTPOKCMMALII MATEMATUYHUX ®YHKLIN)

3a donomoeoro cepedosuwa modentosaHHs NI Multisim pearnizogaHo i OocridxeHo aHanoeosy ob6YuCI8arnbHy MalluHy, WO MOOesntoe nepuernmpoH
Pymernibxapma, wo Ha menepiwHiti Yac € Haubinbw docnidxeHum. 3a dorilomozoo ompumarHoi AOM 6yrio anpokcumosaHoO MamemMamuyHy ¢byHKUito Sin(x). AHari3
pe3yrnbmamie anpokcumayji moka3as, wo peanizoeaHa AOM 3adosoribHsAE nocmaerneHiti 3adadi i eidrnosioae ecmaHoesneHiti moYHocmi Modesito8aHHs QoyHKUiI.

Knro4voei crnioea: HelipoHHa Mepexa, nepuenmpoH Pymeribxapma, anpokcumauisi GoyHKUII, aHarnozoea obyucriosarnbHa MawuHa.

AHppyceHko B., ctya., Bex WU., kaHa. doms.-maT. Hayk, Aou., Hosak C., cTya.

Kacb. PafAUOTEXHUKU U PAAUOINEKTPOHHbIX CUCTEM, CbaKyﬂbTeT paAMO(bMGWIKM, IANEeKTPOHUKU Ta KOMMNbHOTEPHbLIX CUCTEM,

KueBckuit HauMoHanbHbIN yHMBepcuTeT MeHu Tapaca LLleBYyeHko

AHAJIOIOBAA BbIYMUCINTUTENIbHAA MALLUUHA (ABM) ANA MOHEHMPOBAHMSIVHEVIPOHHI:IX CETEM
(3AOAYU ANNPOKCUMALIMU MATEMATUYECKUX ®YHKLINWN)

C nomowpto cpedbl modenuposarusi NI Multisim peanusoeaHo u uccriedo8aHO aHaro208yto 6bIHUCIUMENBbHYIO MalUHY, MOOEUPYIOWYIO NepCenmpoH
Pymenbxapma, Komopsili, 8 Hacmoswee epemsi, sensemcs Haubonee uccredosaHHbIM. C rmomMowbto rosy4yeHHol ABM 6bina annpokcumuposaHa MamemMamuyeckasi
yHKUUSsI Sin(x). AHanus pesyrnbmamoe annpoKcuMayuu rokasarn, 4Ymo pearnu3osaHHasi ABM ydoenemeopsiem nocmaeneHHol 3adade U coomeemcmeyem

ycmaHo8eHHOU mo4Hocmu MoOenuposaHuUsi hyHKUUU.

Knrovesble cnoea: HelipoHHasi cemb, repcenmpoH Pymenbxapma, annpoKcumMayusi QoyHKUUU, aHarno208as 8bIHUCUMesbHas MalwuHa.
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TEMPERATURE MEASUREMENT IN MICROWAVE-IRRADIATED SYSTEMS
USING A TEMPERATURE-DEPENDENT FLUORESCENT DYE

Temperature sensitivity of the fluorescence intensity of the organic dyes solutions used for non-contact measurement of the
electromagnetic millimeter wave absorption in water. By using two different dyes with opposite temperature effects, it was defined local
temperature increase in the capillary that is placed inside a rectangular waveguide in which millimeter waves propagate. The application of
this non-contact temperature sensing is a simple and novel method to detect temperature change in small biological objects.
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Introduction Biological effects of electromagnetic
millimeter waves were observed in many experiments on
various biological objects, starting from the bacteria to the
whole human body as well as model systems in general
[1]. Repeatedly noted that the nature of the microwaves on
biological objects is different from the conventional thermal
effect of electromagnetic waves of the other bands, and the
physical nature of this phenomenon is still unclear.

One of the main problems, which complicates the
construction of an adequate physical model, is the
uncertainty of "non-thermal effect" definition, and the fact
that in different experiments the power of millimeter waves,
which have biological effects, differ by orders of magnitude
[1]. For a correct measurement of absorbed radiation
power and detecting possible heating as a result of

irradiation, it is necessary to use special sensors, which
can react to the absorption of millimeter waves in systems,
close by their parameters to biological tissues.

It is considered that the use of low power (with output
power up to 20 MW) millimeter waves generators does
not result to significant heating of the irradiated matter.
Calculations [4] provide an increase of temperature to
1°C for different patterns of exposure, which should not
cause essential biological effects. However, direct
measurement of the temperature change in the area of
irradiation is a challenging technical problem. High-
sensitivity temperature sensors (thermocouples,
thermistors, etc.) making perturbations in the investigated
samples, affect the local temperature and heat transfer
characteristics in a given place. Although less accurate,
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optical methods are more convenient for registration of
temperature changes in small volumes [3].

The water in the millimeter wave range is characterized
by a considerable absorption of electromagnetic waves. In
particular, at a frequency of 50 GHz, corresponding to
wavelengths in vacuum of 6 mm, the absorption coefficient
is equal to 51 mm-1 [4]. Accordingly, the spatial
temperature distribution in the irradiated samples
containing water is very inhomogeneous. Electromagnetic
millimeter waves heat the substances containing water in a
thin surface layer with high temperature gradient, the
numerical value of which can be estimated only by indirect
methods. Therefore, existing methods for irradiation of
biological objects are imperfect and metrological control
tools are not reliable.

To determine temperature changes in water caused by
the millimeter wave absorption we used an optical non-
contact method, which is based on the existence of the
fluorescence intensity dependence of temperature of
organic dyes. It was measured the local temperature rise in
the capillary, placed inside a rectangular waveguide, in
which millimeter waves propagate. We have chosen two
dyes with opposite temperature effects: Rhodamine 6G
(R6G) and Rhodamine C (RC).

Methodology and experimental measurements
Calibration of the fluorescence intensity of organic dyes
aqueous solutions on temperature were carried out by
means of diffraction spectrometer. Semiconductor laser
emission with 406 nm wavelength and 60 mW output power
was used as an excitation source. The samples were
prepared from standard distilled water for medical purpose.
The concentration of dyes (~ 0.4 g/liter) was chosen from the
condition of maximum temperature sensitivity and
temperature coefficients of approximate equality [3].

It was used a straight-through scheme for illumination
and viewing [2]. The glass cuvette (3 mm pass length) with
the dye solution was placed inside a large glass
rectangular cell with water, which served as a water bath.
Water temperature was maintained to within 0.2°.

The fluorescence spectra were measured at
temperatures from 20 °C to 40 °C, over each 5 °C (Fig.1).
The intensity of fluorescence was normalized by the initial
value, corresponded to the temperature of 20 °C (Fig.2).
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Fig.1. Fluorescence spectrum of Rhodamine 6G (R6G)
and Rhodamine C (RC) at 5 °C intervals from 20 to 35 °C

Established, that in most cases, the temperature rise is
making destructive contribution to the fluorescence yield
[3]. With the growth of temperature, increases the
frequency and energy of molecules collisions in solution as
well as the amplitude of internal molecular vibrations,
leading to an increase in non-radiative relaxation of the
excited levels, and thus fluorescence quenching. Along
with the temperature quenching of the dye solution are

possible mechanisms that increase the overall yield of
fluorescence with increasing temperature [3]. In particular,
some organic molecules in aqueous solution tend to form
associated complexes: dimers, trimers, etc., where
fluorescence quantum yield is much lower than in the
individual molecules. At sufficiently high concentrations, the
fluorescence spectrum is formed as a superposition of the
spectra of individual molecules and their associates. Some
associates divided into separate molecules with increasing
temperature that is accompanied by a relative increase in
fluorescence intensity.
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Fig.2. Temperature dependence of the relative fluorescence
intensity of R6G and RC

Fig. 2 shows that the fluorescence temperature
dependence of the RC solution corresponding to the first
scenario, R6G — to the second, and in the range 20+40°C
intensities  approximated by a linear function:
I(T)/1(20°C)=a+bT , where b — temperature sensitivity
coefficient. For given concentrations of solutions this

parameter is equal bp,, =0.019°C™" and by, =-0.021°C™".
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Fig.3. The measuring module is composed of laser (1),
prism (2), focusing lens (3), glass capillary with a dye solution (4),
waveguide (5), orange filter (6) and photo- detector (7)

Millimeter wave radiation from high frequency signal
generator through polarizing attenuator was applied to the
measuring module. Attenuator is included to prevent
reflected power from damaging the amplifier. The
measuring module (Fig. 3) consists of the segment of
rectangular waveguide with a cross section 7.2 x 3.4 mm,
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inside which through the middle was inserted a glass
capillary with an inner diameter of 0.5 mm. Focused laser
beam excites fluorescence in filled capillary of dye solution.

For capillary with water in a rectangular waveguide
area of maximum absorption of the electromagnetic
millimeter wave corresponding to antinodes of electrical
components and is concentrated in the central part of
Ax ~ 1 mm [2]. Fluorescence signal from the central section
was removed through a round hole made in the middle of
the narrow waveguide wall opposite the capillary. The light
stream focused by lens and passed through an orange
filter to a photo-detector.

By wusing a thermal detector, the incident and
transmitted radiation power was measured. The difference
was equal to the power, absorbed in the sample.
Previously in the range of 40-50 GHz was measured
frequency dependence of the capillary absorption of water.
At a frequency of 47.5 GHz it was observed a pronounced
resonance maximum, typical for rectangular waveguide
with dielectric cylinder of small diameter [2].

Further experiments were carried out at the frequency
of resonance. Power absorbed into the capillary with a
solution governed by polarization attenuator with
attenuation coefficients 0, 1, 2, 3, 4 dB, which
corresponded to an absolute absorbed power value of 20
mW, 15.8 mW, 12.5 mW, 10 mW, 7.9 mW respectively.

Duration of registration signal T = 40 s was chosen from
the condition significantly exceeded time of establishing of
thermal equilibrium: T >> 71. Constant of relaxation was
assessed by the expression 17~ (Ax)2/D, where D -
coefficient of thermal conductivity of water, and for a given
irradiation scheme was of the order of a few seconds.

Results and Analysis Fig. 4 shows the dynamics of
R6G and PC fluorescence dyes for switched on and off
microwave radiation with different capacities. The
absorption of microwaves leads to fluorescence increasing
for R6G solution and fluorescence quenching for RC. The
gradual decrease in fluorescence intensity caused by
photodestruction of organic dye molecules. By switching off
temporarily laser emission, the initial level of fluorescence
almost restored.
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Fig. 4. Dynamics of the change in fluorescence intensity
when millimeter wave radiation is turn on and turn off.
The voltage is switched off and the fluorescence returns to the
base line before a different voltage is applied to the microheater.
The two curves illustrate the repeatability of the fluorescence
to achieve the same level for a given temperature

The dependence of the relative change in fluorescence
intensity |/ —1,|// of the absorbed power in the capillary
obtained from the experimental data (Fig. 5). In the first
approximation it can be approximated by linear functions:

y =0.15-0.023x for R6G; y =0.14-0.024x for RC

Thus taking into account the calibration dependence
(Fig. 2), it corresponds to a local temperature increase in the
capillary absorbed at maximum power 20 mW:

AT, =(7.7+0.4)°C for R6G and AT, =(7.4+0.4)°C for RC.

It could be seen that even a low-power microwave
source, under certain conditions, cause significant heating
of the sample, which can lead to significant biological
effects. It should be noted that the special conditions of the
experiment (placing the sample inside the waveguide,
radiation at the resonant frequency) determine the
maximum possible temperature response.
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Fig. 5. Change of relative fluorescence intensity
of the relaxation factor of attenuator

In most biophysical experiments with millimeter wave
irradiation conditions of the samples, although not as
severe, but carried out in the near zone of the waveguide.
In the vicinity of the irradiated object there are standing
waves that form parasitic resonances. The appearance of
the local area temperature increase of a few degrees can
cause thermal biological effects at low levels of total
radiation power.

It is assumed [3,4] that with millimeter wave irradiation
of dyes solutions possible additional non-thermal effect of
millimeter waves on the spectral properties of solutions that
is due to the change in the structure of water. During
irradiation, pseudopolymer hydrogen bonding network
undergoes deformation, rearrangement, and perhaps
destruction. Restructuring of water under millimeter wave
field causes structural changes in the molecular associates
and promotes their decay.

In our study, we obtained the same value of the
effective temperature for solutions with different scenarios
of temperature behavior. This indicates on the absence of
non-thermal effect of millimeter waves on water, at least in
the conditions of sample irradiation inside the resonator at
the resonant frequency.

Moreover, to the same conclusion leads comparison of
dependency in Fig. 4. The equality of slope coefficients
approximating lines indicates on the fact that probable non-
thermal effect of millimeter waves on water under the given
conditions can be neglected.

Conclusions. Optical non-contact method, which is
based on the existence of the fluorescence intensity
temperature dependence of the organic dyes used to
determine changes in water temperature in the millimeter
wave absorption.

Using two dyes with opposite effects, it was measured
temperature heating an aqueous solution in the capillary,
placed inside a rectangular waveguide.
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Using even low-power sources of millimeter waves, the
local increase in temperature of the sample can be several
degrees. At the same time, the results indicate the absence
of non-thermal effect of millimeter waves on the water.

The application of non-contact temperature sensing
based on the temperature sensitivity of florescent dyes is a
simple and novel method to detect temperature change in
biological objects irradiated by millimeter waves.
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Ba6iu A., ctya., Ky3bkoBa H., acn., MoneHko O., cTyA., SIkyHOB A., kaHA. i3.-MmaT. Hayk,

kadbeapa onTukm, isudHUR pakynbTeT
KuiBcbkuin HauioHansHUI yHiBepcuTeT imeHi Tapaca LleBYeHka

BUMIPIOBAHHSI TEMNEPATYPU B CUTEMI ONPOMIHIOBAHIN ENEKTPOMArHITHUMM XBUISIMU
MINNIIMETPOBOIO AIAMNA30OHY 3 BUKOPUCTAHHAM TEMNEPATYPO3AJIEXXHUX
®JIYOPECLUEHTHUX OPTAHIMHUX BAPBHUKIB

TemnepamypHy Yyyminusicms ¢briyopecueHyii po34yuHie opaaHidHux 6apeHukie suKopucmaHo 0r1s1 6e3KOHMaKMHO20 8UMIPHOBaHHSI Mo2MIUHaHHS efleKmpoMagHImHuUX
Xxsunb Minimemposoeo Oiana3oHy y 800i. 3a dorlomozoto 080X bapsHUKIE 3 MPOMUMIEXHUMU meMrepamypHUMU egbekmamu 8U3HAYEHO II0KarbHEe MiOBULLEHHS

memriepamypu 8 Karinsipi, PO3MilyeHOMy 8 cepeOuHi MPsSIMOKYMHO20 X8unegody.

BacmocysaHHs 6e3KOHMaKmMHo20 memrnepamypHoO20 0amyuka € HO8UM, POCMUM MemodoM 8U3HAYEHHSI 3MiHU memnepamypu Manux 6iosiogidHUX 06 ’ekmis.
Knro4vosi cnoea: minivemposi xauri, 6e3KkoHmMakmHe 8UMIpto8aHHs1 memrepamypu, ¢hriyopecueHuisi, opaaHiiyHi 6apeHuku, 8o0a, bioMeduyHe 3acmocyeaHHsl.

Ba6wuu [., ctya., Ky3sbkoBa H., acn., MoneHko A., cTyA., lkyHOB A., KaHA. (hu3.-maT. HayK,

kacheapa onTuku, hnsnyeckun chakynotet
KvneBckuin HauMoHanbHbIW YyHUBepcUTeT UMeHun Tapaca LLleBYeHko

W3MEPEHMA TEMNEPATYPbl B CUCTEME OBJTYYAEMOW 3/IEKTPOMArHUTHbIMU BOJTHAMU
MW/IJIMMETPOBOI 0 ANAMA30HA C UCMNOJIb30OBAHMEM TEMINEPATYPO3ABMCUMbIX
OJIYOPECLUEHTHBIX OPFTAHUYECKUX KPACUTEJIEN

TemriepamypHas 4ys8cmeumesisHoCMb ¢hlyopecueHUUU pacmeopos opaaHuYecKux Kpacumernel ucnonb3osaHa 0r1si 6eCKOHMaKMHO20 U3MEPEeHUs] Mo2roLeHust
37IeKMPOMagHUMHbIX 80/IH MUNIUMemposo2o duarnasoHa e eode. C romowbio 08yX Kpacumesell C MpomueONoNOXHbIMU memnepamypHbIMU  3gbghekmamu
orpederieHo fI0KaibHOE MosbIeHUe meMriepamypbl 8 Kanumispe, PasmeueHHoM 8HympuU npsiMoy20i1bHO20 80THO800a.

lNpumeHeHue 6eCKOHMaKMHO20 memnepamypHo20 OamuyuKka Sersiemcsi HO8bIM, MPOCMbIM MemoOOM OrpedesieHUsi U3MEHEHUs1 memrepamypbl MaribiX

buoroau4eckux 06beKmos.

Knroveebie cnosa: munnumemposble  80JIHbI, b6eckoHmMaxkmHoe usmepeHue memrnepamypbl, d)nyopecueHuug, opeaHu4YecKue Kpacumernu, 800a,

6buomeduyuHCKoe npumeHeHue
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RADIATION SAFETY ASPECTS DURING 11-MEV MEDICAL CYCLOTRON OPERATION
AND MAINTENANCE

The paper brings up the question of radiation safety aspects dealing with exploitation of cyclotron Eclipse RD (Siemens), that is used
for positron-emission tomography with fluorodeoxyglucose ("®F-FDG). The main sources of radiation exposure and the efficiency of a
cyclotron shielding were analyzed. The dose rates were measured from the activated details and wastes and the effective dose to
personnel, performing operation and technical support of a cyclotron was estimated with the help of electronic personnel dosimeters EPD

Mk2+ and thermoluminiscence dosimeters TLD Harshaw 100.

Keywords: positron-emission tomography, fluorodeoxyglucose, cyclotron, radiation safety, effective dose.

Introduction. Positron-emission tomography (PET)
plays a crucial role in cancer diagnostics and can give
information about the location of neoplasm and
metastases, the intensity of metabolism and allows to
estimate the efficiency of performed treatment [4]. PET
requires radioactive tracers, and in this connection the
low energy cyclotrons (up to 20 MeV) have found
widespread applications in nuclear medicine for tracer
production technologies 12]. The most commonly used
PET radioisotopes (''C, "N, "0, "®F) can be produced
through the proton induced reactions, such as (p,n) and
(p,a). It is obvious, that the usage of cyclotrons leads to

radiation exposure, caused by prompt radiation, produced
tracer and induced activity. Moreover, in most cases
cyclotron maintenance requires handling of radioactive
components and wastes. Therefore special attention
should be paid to the radiation safety aspects, providing
additional shielding and dose control for personnel, who
perform cyclotron operation and technical support.
Besides, the analysis of the dose values enables to make
a conclusion about the achieved radiation safety
conditions and implementation of new safe measures,
directed at a minimization of radiation exposure to
personnel according to the ALARA principle.
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