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Radiochromic film dosimetry has been commonly used for determination of dose measurement in radiotherapy for many years because
of their high spatial resolution, low energy dependence and its approximate tissue equivalent. Additionally, it has other practical
advantages, e.g.it is suitable for therapy range beam qualities, a water resistance material, a relatively insensitive to visible light, and
does not need to make bathing process to obtain dose information. They are also independent to dose rate. Hence, they are very useful
and practical for clinical applications such as brachytherapy, electron therapy, skin dose measurements and stereotactic radiotherapy.
Among them, the dynamic dose range of EBT3 radiochromic films are generally recommended for the dose range of 0.1 to 20 Gy.
However, in this study, it is aimed to observe the behavior of EBT3 films in high dose range of up to 90 Gy under the irradiations. For
this aim, the net optical densities were obtained with increasing dose values under photon and electron beams by employing three color
scanning channels (red-green-blue). Thus, for making calibration curves, it was decided which color channel for EBT3 radiochromic
film would be the most suitable one in different dose ranges. In experimental setup, the reference circumstances were first established
and dose calibration procedure was carried out in RW3 phantom. Then the irradiated films were cut carefully into 2x2.5 cm? pieces,
and they were grouped into 2 as irradiation and control groups. The control group was waited for background, i.e. they are not irradiated.
Before the irradiation, two groups of films have been scanned in flatbed scanner for three channels. After that, the irradiation group
films were placed to align the exact place of effective point of ionization chamber under the reference condition. Later, they were
irradiated one by one to up to 90 Gy with using 6 MV and 6 MeV beam qualities, respectively. Subsequently, both of film groups were
again scanned in flatbed scanner for three —color channels. Optical densities and their standard deviations corresponding to the chosen
dose values were obtained from the scanned films. Thus, calibration curves were plotted for all three colors channel according to two
different beam conditions. The results obtained for 6 MV beam quality showed that if red color channel is selected for 0.9 Gy-7.3 Gy
dose range, and green color channel is selected for 7.3 Gy-42.8 Gy dose range, and blue color channel is selected for 42.8 Gy-90.0 Gy
dose range, the percentage uncertainty values in the obtained results are minimal. For the 6 MeV beam quality, if red color channel is
selected for 0.9 Gy-7.7 Gy dose range, and green color channel is selected for 7.7 Gy-45.3 Gy dose range, and blue color channel is
selected for 45.3 Gy-90.0 Gy dose range, the percentage uncertainty values in the obtained results are minimal. In conclusion, the
percentage uncertainty values for the obtained results were evaluated for 6 MV photon and 6 MeV electron energies by using different
scanning channels of EBT3 radiochromic film. It has been found that measurements having low percentage uncertainty values can be
achieved by changing the scanning channel by deciding proper combinations with increasing doses for both energies (6MV photon and
6 MeV electron). The study also shows that EBT3 radiochromic films can be used at lower percentage uncertainty values at doses
higher than the recommended dose range values.
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Radiochromic films are very useful two-dimensional (2D) dosimetric systems well known for many advantages,
such as high spatial resolution [1-5], low energy dependence at a wide energy range of energies greater than 100 keV [6],
approximating tissue equivalence at radiotherapy energies [6], water resistance [4,7,8], relative insensitivity to visible
light, which allows the processing and handling of the film in room light [4,9,10], minimal self-spontaneous darkening
after film irradiation, thus eliminating the need for any post-irradiation bathing procedure to reveal darkening in contrast
to conventional radiography films. Compared with other 2D dosimetric systems, radiochromic films, with their specific
suitable properties [2,11], are considered to be highly effective 2D detectors [5]. They provide a highly detailed dose map
in a 2D plane and can also be used for a three-dimensional (3D) volumetric analysis when curled or coiled [9]. For almost
30 years (by the mid 1980°s) [1], these films have been used for both clinical and research purposes, including
brachytherapy, electron therapy, total skin electron therapy, skin dose measurements, whole-body irradiation, stereotactic
radiotherapy, dosimetric characterization of proton therapy, and dose verification during cell irradiation in radiobiological
experiments [2,3].

Following the launch in 2004 of the EBT GAFChromic film in the medical market, EBT2 GAFChromic film was
introduced in 2008. It has the same sensitive layer as in the first version, but the non-homogeneity of the sensitive layer
was corrected through the addition of a yellow marker dye. In 2011, the EBT3 GAFChromic film entered the medical
market, and this improved version eliminates the artifacts produced by the EBT2 film, such as Newton’s rings [5].

Light intensity measurements are conducted to determine the radiochromic film response using transmission,
reflection, or both depending on the scanner type and function. Since radiochromic films generally have a wide optical
absorption spectrum, the frequency or bandwidth of the light source to be used in the scanner must be specified in
© K. Duruer, D. Etiz, H. Yiicel, 2020
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advance [10]. Two main absorption bands lying in 636 + 3 nm and 585 + 2 nm have been shown in the optical absorption
spectra of EBT, EBT2 and EBT3 radiochromic films, some researchers suggested the presence of a third absorption band
with a lower center lying in 560 + 6 nm [8]. For EBT3 radiochromic films, the manufacturer recommends the use of the
red channel for irradiation up to 8 Gy and the green channel for irradiation at doses from 8 to 40 Gy [12,13].

In this study, the commercially available EBT3 GAFChromic™ (Ashland Specialty Ingredients, Bridgewater, NJ,
USA) was selected as a radiochromic film frequently examined by other researchers [1,2,4,5,13-15]. The manufacturer
of this radiochromic film recommends the use of a dose range of 0.01-30 Gy [2]. However, with the use of high doses in
radiotherapy (e.g. stereotactic radiosurgery (SRS) and stereotactic body radiation therapy (SBRT)) [16], the use of
radiochromic films in these high doses is increasing. It should also be noted that there are few research findings for a
higher dose range; for example, from 40 Gy up to 90 Gy [3,17] for radiochromic film irradiations. Thus, the aim of this
study was to investigate the response behavior of EBT3 radiochromic films for 6 MV photon and 6 MeV electron beams.
For an accurate calibration of the films, the present study covered the dose range recommended by the manufacturer and
further higher doses outside this range (90 Gy) for three different scanning channels (red, green, and blue) in a flatbed
scanner. For 6 MV photon and 6 MeV electron beams, it is important to determine the optimal scanning channel for a
wide dose range by scanning the RGB channels. To do this, the percentage uncertainty values will be calculated from
these calibration curves for the comparison and decision for proper scanning channel. This study also aimed at
investigating the ideal scanning time for the EBT3 films for different scanning channels in terms of polymerization [2],
which continues after irradiation and actually never stops.

MATERIAL AND METHOD
Radiochromic films can be used as reference dosimetric systems and are therefore utilized in absolute dose
measurements, as well as in other dosimetric systems (e.g., ion chambers) [2]. The main principle of dose measurements
by reference dosimetric systems using films is that they are based on the calibration curve obtained under reference
conditions. Thus, the reference dose values must be measured under reference conditions prior to the calibration process.
For this purpose, in this study, the TRS 398 protocol [18] was selected as reference measurement conditions.

Calibration of radiochromic film (dosimeter)

The calibration process of the radiochromic films was carried out at 6 MV photon and 6 MeV electron beam qualities
using the Elekta Precise model linear accelerator (Elekta AB, Stockholm, Sweden) at the Radiation Oncology Department
of Eskisehir Osmangazi University Medical Faculty Hospital. In the calibration process, first, the output (dose) values
were measured and calibrated [18]. For this purpose, the experimental setup was established by using 30x30 cm? water-
equivalent solid phantoms (RW3 Slab Phantom, PTW-Freiburg, Freiburg, Germany). A 0.6 cc PTW Farmer cylindrical
ion chamber (PTW-Freiburg, Freiburg, Germany) was utilized for the 6 MV photon beam quality and a 0.02 cc PTW
Marcus-type parallel plate ion chamber (PTW-Freiburg, Freiburg, Germany) for the 6 MeV electron beam quality. These
ion chambers were calibrated at SSDL (Secondary Standard Laboratory) of the Turkish Atomic Energy Authority. To
ensure that the measurements were performed under reference conditions, the effective point of the ion chamber was
placed at a depth of 10 cm for the 6 MV photon beam quality and the dmax depth (measured with water phantom
measurement and the measurement result was 1.2 cm) for the 6 MeV electron beam. A 20 cm solid phantom was placed
under the ion chambers at all energies to capture backscatter radiation. With the gantry set to 0° angle, the source detector
distance was adjusted to 100 cm and the field size to 10x10 cm?. Before the irradiation process, the electrometer was
turned on and allowed to warm up for approximately 20 minutes without any irradiation. Irradiations were performed at
10, 20, 30, 50, 100, 200, 400 and 1000 MU, respectively, and these measurements were repeated three times, in which
one monitor unit (MU) equals approximately to the 0.01Gy absorbed dose value.

In this study, at the times when the films were not being irradiated or scanned, they were always stored in dark in a
temperature-controlled environment at room temperature. The available EBT3 films from lot number 05171701 was used
and they had not expired. The films were handled in accordance with the protocol AAPM Task Group55 [19]. While
handling with the films, gloves were always worn to prevent artifact formation on their surfaces during all procedures,
such as cutting and placing the films in the scanner. Clean sharp scissors were used to cut the films in order to minimize
damage to their layers [10].

The sensitive layer in the radiochromic film changes color when exposed to radiation due to polymerization. The
absorption of the measurement light by the film results in the film itself acting as a polarizer. Thus, rotating the film in
the scanner would produce different results even in the same region of interest (ROI) @. In addition, reverse-reading of
the irradiation side, which is a problem encountered in the previous-generation EBT2 film (the active layer of EBT2
radiochromic films is not completely centered [2]), is not seen in new-generation EBT3 radiochromic films due to the
sensitive layer being located right in the center, allowing for the separation of the irradiation and reading surfaces.

According to the calibration procedure described by Devic et al. [2], the films for which the calibration curves are
to be obtained are divided into two groups: those to be irradiated and the non-irradiated control films that are used to
eliminate the effect of natural radiation caused by light and radiation in the environment on the measurements. These two
batches of films were scanned both before and after the irradiation process. Before scanning, empty scans were performed
after waiting for 15 min to warm up the scanner.
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The films were cut into rectangles of 2.0x2.5 cm? pieces and placed in the scanner in the same direction. After
radiochromic films are irradiated by ionizing radiation, the color components are separated when the films are digitized
with white light. When radiochromic films were used, multi-channel scanners would offer good results due to their high
sensitivity resulting from their high selectivity to the red channel in the low-dose region and similar sensitivity in high-
dose areas for the green and blue channels [15]. In flatbed scanners, the most optimal scanning mode is RGB, resulting
in less noise and higher sensitivity; therefore, we chose the 48-bit mode; i.e., 16-bit depth for each color [2]. The scanner
used in the research was a multi-channel Epson Expression 11000XL Flatbed scanner (Epson Seiko Corporation, Nagano,
Japan).

The films to be irradiated and the control films were placed flat in order to eliminate any rotational effect and at the
center of the scanner in the same direction to eliminate any lateral scattering effect [5]. Scanning was performed twice at
72 dPi (dots per inch) scan resolution in the transmission mode and horizontal orientation. Four films were scanned at a
time (lateral scanning length of about 10 cm). The results obtained were evaluated by taking the average of the two scans.

During the scanning process, a signal may be generated in the detector even if there is no transmission, which is due
to the thermal noise caused by the Charge Coupled Device (CCD) detector [2]. In order to prevent this signal from
affecting the measurement results, pieces of thin black cardboard thick enough were used to prevent the passage of
scanning light, and these results were recorded as ‘background signal’ and subtracted from the pixel values of the
irradiated and control group films during the calculation.

After performing the pre-irradiation scanning process, the EBT3 radiochromic films were irradiated by dose-
calibrated 6 MV photon and 6 MeV electron beam qualities with 0-90 Gy dose range. The small pieces of the films were
irradiated one by one under the same geometrical and dosimetric conditions described as the reference conditions, as
shown in Figure 1, in which the films are placed in a water-equivalent solid phantom at a depth corresponding to the
effective point of an ion chamber. In addition, considering that polymerization continues after irradiation, in order to
determine the changes in polymer behavior over time for different scanning channels, one film was irradiated up to 10 Gy
at the 6 MV photon energy and scanned immediately after irradiation while the others were scanned at post-irradiation
hours 0, 1, 2, 3.5, 4.5, 5.5, 6.5, 7.5, 8.5, 12, 24, 48 and 120. The obtained results were evaluated separately for each
channel in terms of the variation in optical density by scanning time. In this procedure, the scanning performed
immediately after irradiation was adopted as “reference scanning” for all three channels to evaluate the % differences in
other scan times in term of optical density. Here, it should be noted that in accordance with the result obtained from this
part of the study, all the remaining scans were carried out approximately 48 hours after irradiation to minimize the effect
of radiation-induced continuous polymer behavior [2,10,16,20,21].

Figure 1. Experimental setup of beam and radiochromic film calibration

The images of the films that were scanned were saved in the “*.tiff “(tagged image file format) format and opened
in Image J image-processing software (National Institutes of Health, 1997). Since the beams used in the calibration
process are assumed to be homogeneous and most radiochromic films and 2D detector systems slightly deviate from
homogeneity by nature; therefore, five ROIs were determined and their pixel values were then combined in weighted
averages. The weighted average values were evaluated to achieve more homogeneous results in these measurements. The
images of each film were measured individually for the RGB channels. The measurement results were calculated
separately using Equations which are described by Devic et al. [2]. The optical density and its standard deviation were
determined for each energy, as well as for the three different channels.

RESULTS AND DISCUSSION
Figure 2 shows the percentage change of optical density in the films for the RGB channels with the increasing
reading time (i.e., time of scanning). This indicates that the optical densities in the RGB channels were strongly related
to the time of scanning when we changed it from 0 to 120 hours under reference irradiation conditions. A remarkable
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increase in optical density was observed with the delay in scanning time for all three channels, and after a certain period,
the percentage of increase began to gradually decrease. The percentage difference at hour 120 was 6.02% for the red
channel, 7.72% for green, and 15.97% for blue. For all three channels, the increase after hour 24 was reduced compared
to the increase within the first 24 hours, and the difference between hours 24 and 48 hours was 0.71% for the red channel,
1.24% for green, and 1.72% for blue. The differences in optical density between hours 48 and 120 were 0.83%, 0.56%
and 0.26% for the red, green and blue channels, respectively. In particular, there was a remarkable increase in optical
density for all three channels within the first 12 hours. Although the results of the 12th hour significantly differed from
that of the 24th-hour reading, which is a widely used protocol [2], the results mentioned above support the idea that
performing reading after 48 hours of radiation exposure provides more accuracy in the evaluation of the measurement
results when EBT3 films are used.

160 —e

150
140
13.0

)

Difference (

rRed Green @Blue

00
O 4 B 12 16 20 24 28 32 36 40 44 45 52 56 60 64 685 72 76 S0 B4 B 92 96 100 104 108112106 120124 128

Time of Scanning (h)

Figure 2. Percentage Difference of Optical Density of EBT3 Radiochromic Film in different scanning channels
when post-irradiation time was selected as reference time

Considering that the differences that occurred within 72 hours from hour 48 to hour 120 was very low for all three
channels while the 24-hour differences from hours 24 to 48 were greater compared to the 72-hour differences and that
polymerization never stops. From these findings, the optimum scanning time for the EBT3 radiochromic film was
determined as 48 hours. In the literature, Borca et al. [17] irradiated EBT3 radiochromic films at different doses from
0.3 Gy to 4 Gy and compared the scan results (in terms of optical density) obtained at different hours from 30 minutes to
6 hours with the 24-hour measurement results. The authors calculated the difference in optical density between the second-
and 24th- hour scan results to be less than 2.5%, which was similar 2.48% for the red channel at 10 Gy in our study. In
addition, among the three channels, the highest percentage deviation from the reference optical density values obtained
immediately after irradiation was observed in the blue channel and the lowest in the red channel. The % difference in
optical density for hour 24 was 4.48% for the red channel, 5.91% for the green channel, and 13.99% for the blue channel.
From this perspective, if the blue channel is to be used, it is important to wait for 48 hours before reading in order to
achieve measurement results with lower uncertainties.
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Figure 3. The calibration curves of EBT3 radiochromic film for = Figure 4. The calibration curves of EBT3 radiochromic film for
the three channels at 6 MV photon beam quality the three channels at 6 MeV electron beam quality

The calibration curves are shown in Figures 3 and 4 with polynomial fit function for the EBT3 radiochromic film
for the three channels at 6 MV photon and 6 MeV electron beam qualities, respectively. The results obtained for the 6 MV
photon and 6 MeV electron beam qualities revealed similar trends in the reading values. The curves obtained for the red
and green channels showed an increasing tendency in optical density with a greater slope in the low- and medium-dose
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regions (up to 20 Gy) while the slope of this increase began to decrease after about 20 Gy, with a considerable decrease
seen in the range of about 40-50 Gy. For the blue channel, there was a continuous increase with a lower slope across all
dose regions. This behavior of the three channels is consistent with the reported results in the literature [3,17]. We
observed that the considerable decrease in the slope after about 40-50 Gy for the red and green channels, but not for the
blue channel can be explained by the absorption spectrum of the EBT3 radiochromic film. In these films, the absorption
rate is higher for the red and green channels than in the blue channel, in which saturation is only observed after 40-50 Gy,
this result explains why there was a remarkable decrease in the rate of increase in optical density in this dose region [3].

The % uncertainty being low in the low-dose region (0-8 Gy) for the red channel, medium-dose region (8-40 Gy)
for the green channel, and high-dose region (>40 Gy) for the blue channel at both beam qualities can be explained by the
behavior of the EBT3 radiochromic film toward these three colors in the absorption spectrum. Marroquin [8] investigated
the absorption spectrum of the EBT3 radiochromic film and observed that the highest absorption occurred in the red
region. Therefore, when the low-dose region is examined, the % uncertainty value in the red channel with the highest
absorption is expected to be low. Accordingly, in the high-dose region, the uncertainty in the blue channel with an
absorption rate lower than the other two-color channels (red-green) would be lower due to not having yet reached
saturation. The uncertainty percentages obtained in this study for two different beam qualities were similar to those
reported by Marroquin [3] for the 6 MV photon energy up to 120 Gy. Figures 5 and 6 show the % uncertainty values for
three channels and Figures 7 and 8 show the most optimal scanning channels for the 6 MV photon and 6 MeV electron
beam qualities, which should be used in terms of % uncertainty in a dose region of approximately 90 Gy. According to
the graph obtained for the 6 MV photon beam quality, the % uncertainty would be lower for the values acquired using
the red channel at doses up to 7.3 Gy, green channel at 7.3 Gy to 42.8 Gy, and blue channel at 42.8 Gy to 90.0 Gy,
compared to the cases in which these channels are used at different doses. The graph obtained for the 6 MeV electron
energy revealed that the uncertainty rate would be lower if the red channel is used at doses up to 7.7 Gy, green channel at
7.7 Gy to 45.3 Gy, and blue channel at 45.3 Gy to 90.0 Gy. These findings are in agreement with the manufacturer’s
recommendations and the results reported by Marroquin [3].
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CONCLUSION

In this study, the calibration curves of EBT3 radiochromic films were obtained using higher dose values of up to
90 Gy for the 6 MV photon and 6 MeV electron beam qualities to determine the best scanning channel at different doses
in terms of minimum % uncertainty values for each beam quality. Therefore, this study would be useful for users who
will work with EBT3 radiochromic film and multi-channel scanner at doses up to 90 Gy for the 6 MV photon and 6 MeV
electron beam qualities. In addition, when EBT3 radiochromic films are used in a multi-channel scanner at either 6 MV
photon or 6 MeV electron beam quality, the scanning channel should be selected as red for the dose ranges of conventional
radiotherapy applications (3D CRT and IMRT). However, it is clear that the green channel requires even higher doses,
such as in SBRT applications, and the blue channel can be used in any application involving a dose higher than about
40 Gy in order to achieve lower % uncertainty values in the measured dose values when using a three-color flatbed
scanner.

Also, in the time interval up to 120 hours, the optimal scanning time has been determined in this study. This would
be very beneficial for the users in deciding on the optimum scan time when a multi-channel scanner is used because of
the polymerization behavior of EBT3 radiochromic films that continues after the irradiation process. The results revealed
that for the EBT3 radiochromic film, it would be more appropriate for both higher practicality and accuracy to perform
reading at hour 48. In future work, we aim to investigate the response behavior of radiochromic films to beta sources used
in brachytherapy using a three-color flatbed scanner.
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JOCIIKEHHA PEAKIIT PAIIOXPOMHOI IUVITBKA EBT3
TP BUCOKHUX TO3AX 6 MeB ®OTOHHUX TA 6 MeB EJIEKTPOHHUX ITYYKIB
3 BUKOPUCTAHHSM TPUKOJITPHOT'O TNIAHITETHOI'O CKAHEPA
Kepem Jdypyep®*, Lypmym Etiz?, Xanyk IOcenn”
Vuisepcumem Eckiwexip Ocmaneasi, meouunuii (paxynvmem, kagpeopa padiayitinoi onxkonoeii
26010, Ooynnaszapi, dcxiwexip, Typyia
Incmumym sdepnux nayx, Yuieepcumem Anxapu
06500, bewesnep, Aukapa, Typyis

PamioxpomHa ITiBKOBa JO3UMETPIisS 3a3BHYAil BUKOPUCTOBYETHCS U1l BU3HAYCHHS JO3U B pafioTeparnii mpoTsAroM 0araTboX pOKiB
yepe3 ii BUCOKOTO IPOCTOPOBY 3MATHICTh, HU3BKY CHEPreTHUHY 3aJeXKHICTh Ta HMPUONM3HO TKaHMHO-eKBiBaJleHTHa. Kpim Toro,
IUTIBKOBA JO3MMETPisl Ma€ i iHIII NPAaKTHYHI epeBart, HapUKIaL, MiIXOAUTh I IPOMEHEBHX XapaKTEPUCTHK B TEPAIICBTUYHOMY
JianasoHi, BOXOCTIMKa, BIIHOCHO HEYyTJIHMBA JIO BHIMMOTO CBIiTJa i HE BHMAarae MpPOBEACHHS BOJIHOTO IIPOIECY Ul OTPHMaHHSI
indopmarii npo no3y. ITmiBkM TakoX He 3alexaTh BiJ MOTY)XHOCTI 103u. OT)Xe, BOHM JIy)Ke KOPHCHI i MPaKTHYHI JUIsl KITIHIYHHX
3acTOCyBaHb, TaKHX SIK OpaxiTeparii, eJeKTpOHHOI Tepamis, BUMIpy 1034 Ha IIKipi i cTrepeoTakcuyHol pagiorepamii. Cepern iHIIOrO
JUHAMIYHUI Tiana3oH 103 pagioxpomuux miiBok EBT3 3a3Buuait pexomenayerses B aianasoni 103 Bin 0,1 1o 20 I'p. Ognak B ibomy
JOCIIKEHHI ependavaeTbesl JOCHipKeHH moBeainkn wiiBok EBT3 npu onpomineHHi B aiama3zoHi BHCOKHX 103 10 90 I'p. 3 miero
MeTOI0 OyiaM OTpHWMaHi KiHIIEBI ONTHYHI HIUIBHOCTI MpH 30UIBIICHHI 3HAY€Hb JO3U IMiJ MydKamMd (POTOHIB 1 EIIEKTPOHIB 3
BUKOPHCTAHHSIM TPbOX KOJBbOPOBUX KaHAIIiB MPH CKaHyBaHHI (4epBOHHMil-3eieHuii-cuHiil). TakuMm dYuHOM, I [OOYIOBU
KaniOpyBaJIbHUX KPHBHX OYyJI0 BUIIICHO, KM KOJIpHUIT KaHan i paxioxpomHoi miiskn EBT3 Oyne HaitOLnbIm BigIOBITHAM 10
pi3HMX Iiama3oHiB 103. B excriepuMeHTalbHIll yCTaHOBLI CIoYaTKy Oy/in BCTAHOBJICHI €TANOHHI YMOBH, 1 poleypa KaniopyBaHHs
no3u npooauiacs Ha dauromi RW3. TloriM onpomineni ik OyiiM akypaTHO pO3pi3aHi Ha MIMATOYKU po3MipoM 2x2,5¢m? i
3rpymnoBaHi B 2 Tpynu — OnpoMiHeHHs i koHTposro. KontposbHi rpynu 6ynu ¢poHOBUMHE, TOOTO BOHH He onpomiHtoBanucs. [lepen
ONPOMIHEHHSIM JIBi IPYIIH IUTIBOK CKaHYBAJIKCS B IUTAHILIETHOMY CKaHepi IUisi TphoX KaHauiB. [Ticist [bOro MITiBKU IPYIH OIPOMIHEHHS
po3Mimiany Tak, m00 BHPIBHATH TOYHE Micle e(eKTHBHOI TOYKH 10HI3amiiHOI KaMepu MpH CTaHAapTHUX yMmoBax. [lizHime ix
ompoMiHIOBalM 1o oxHOMY 10 90 I'p 3 BuKOpucTaHHAM npoMeHiB 6 MeB i 6 MeB BinnosigHo. 3rogoM o0HIBI IpyIH IUTIBOK Oynn
3HOBY CKaHYBAJINCh Y TPHOX-KOJTIPHOMY IUIAHIIETHOMY CKaHepi. 31 CKaHOBaHMX IUIIBOK OynM OTpHMaHi ONTHYHI IIUIBHOCTI 1 X
CTaHJapTHI BIAXHMIIEHHS, SIKi BiJIITOBIAIOTh OOPAHUM 3HAUCHHM J1031. TakuM uuHOM Oy 1oOynoBaHi KaniOpyBanbHi KPUBI AT BCIX
TPHOX KOJIbOPOBUX KaHAJIIB BiJIITOBIJIHO 10 JBOX Pi3HMX YMOB ONPOMiHEHHs. Pe3ysbraTi, oTpuMaHi 1t npoMeHto 6 MeB, nokasany,
0 SKIIO KaHaJ YePBOHOTO KOJILOPY 00panuii mis fianaszony nos3u 0,9 I'p-7,3 I'p, kaHa 3el1€HOr0 KOJIbOPY OOpaHUil sl Aiana3oHy
no3u 7,3 T'p-42,8 I'p, a kaHan cuHBOro KoJIbopy 0bpanuii s 42,8 I'p - 90,0 I'p, npoueHTHI 3HaUYSHHS HEBH3HAUYSHOCTI B OTPUMAHHX
pe3ynbraTax MiHiManeHi. st npomeHto 6 MeB, sikiiio kaHan 4epBOHOT0 KoJbopy obpanuit s gianasony no3u 0,9 I'p-7,7 I'p, i kanan
3€JIEHOTO KOJIbOpY 00paHuii s mianaszony no3u 7,7 I'p-45,3 I'p, a kanan cuHBOro Konbopy obpauuii amst nosu 45, 3 I'p-90,0 I'p,
MIPOIICHTHI 3HAUYEHHS HEBU3HAYEHOCTI B OTPUMAHUX pe3ybTaTax MiHIMaJbHi. Y MACYMKY, OyJIH OLiHEeHI 3HAUCHHSI HEBU3HAUEHOCTI B
MPOIICHTAaX JJIsI OTPUMAaHUX PE3YNbTaTiB Uil eHepridi ¢poToHiB 6 MeB i enekrpoHiB 6 MeB 3 BUKOpPHCTaHHSAM pi3HHX KaHAIiB
CKaHyBaHHS paxioxpomuoil miiBkn EBT3. Byno BuUsBICHO, II0 BHMIPIOBaHHS, $Ki MalOTh HH3bKI 3HAYCHHS IPOLIEHTHOI
HEBH3HAUCHOCTI, MOXKYTb OyTH IOCSTHYTI 3MiHOIO KaHATy CKaHyBaHHS IIJIIXOM BHOOPY IPaBIIIBHUX KOMOIHAIIIH 31 301IbIIEHHSIM 103
Juist 000x eHepriit (potoniB 6 MeB i enextponiB 6 MeB). locnimpkeHHs Takox IoKasye, mo paaioxpomui mwiiBku EBT3 MoxyTh
BUKOPUCTOBYBATHCS IIPH OLIBII HU3BKUX 3HAYEHHSX IPOIEHTHOI HEBH3HAUCHOCTI IPH J03aX, L0 MEPEeBHUILYIOTh PEKOMEHIOBaHi
3HAUCHHSI Jiana3oHy 103.

KJIFOUYOBI CJIOBA: pagioxpoMHa IUTiBKa, HEBU3HAYCHICTh, BUCOKA /103, paioTeparis, IIaHIIeTHI CKaHep.

HCCJEJIOBAHUE PEAKIIMU PAAOXPOMMYECKOM IVIEHKH EBT3
IIPY BLICOKOM T03E 6 M>B ®OTOHHEBIX U 6 M>B SJEKTPOHHBIX ITYUKOB
C UCHIOJIB30BAHUEM TPEXIIBETHOI'O IINTOCKOI'O CKAHEPA
Kepem Hdypyep **, Iypmym I1u3z?, Xaayk FOcenn’
“Vuusepcumem Dckuwexup Ocmaneaszu, Meduyunckui gpaxynomem, Kageopa paouayuonnoii onkonozuu
26010, Ooyunasapu, Sckuwexup, Typyus
bUncmumym sdepuvix nayx, Ynusepcumem Anxapoi
06500, bewesnep, Auxapa, Typyus
PagmoxpomHast IIeHOYHAS JO3UMETPHS OOBITHO HCIONIB3YETCs ISl ONPEAENICHNS O3Bl B PAANOTEPAITNY B TEUCHHE MHOTHX JIET H3-3a
€e BBICOKOTO MPOCTPAHCTBCHHOTO pa3pelIeHNs, HHU3KOH JHEpreTHYeCKOH 3aBHCHMOCTH U €€ NPUOIU3UTEIBHOIO TKAHEBOTO
sKkBHBaneHTa. KpoMe Toro, oHa UMeeT U Apyrue NpakTUUSCKUE PEHMYIIECTBa, HaPIMep, MOAXOAUT JJIS JTy4EeBEIX XapaKTePUCTUK B
TepaneBTUYECKOM JIHana30He, BOAOCTONKOCTH, OTHOCUTENbHON HEYYBCTBUTEILHOCTH K BHIMMOMY CBETY M He TpeOyeT NpOBEICHHUS
BOJIHOTO IIpolecca Juisl noiydeHus: nadopmarmu o no3e. OHU TakKe He 3aBHCSAT OT MOIIHOCTH J103bl. ClieJoBaTelIbHO, OHH OYEHb
TOJIE3HbI U MPAKTUYHA AT KINHUYECKUX PUMEHEHU, TaKuX Kak OpaXxuTepanus, 3JIeKTPOHHAs Tepanus, H3MEepeHUe 103bI Ha KOXKe U
cTepeoTakcuueckass paguoTepanus. Cpenu Mpodero OUHAMHYECKMH [AWama3oH 103 pPaauoXpoMHbIX IuieHOK EBT3 oOpranO
pexomMennyercs B auanazoHe 103 ot 0,1 go 20 I'p. OxHaKo B 3TOM HCCIECAOBAHHH MPEATIONAraeTcs CCIeI0BaHIE OBEACHUS IIEHOK
EBT3 npu o6nydeHnn B 1uama3oHe BHICOKHX 103 10 90 ['p. Jlist 9TO# 1enn ObUTH HOTyYeHBl KOHEUHBIE ONTHYECKHE TNIOTHOCTH MPU
YBEIMYEHUU 3HAYEHMH J103BI MOA Iy4YKaMH ()OTOHOB M 3JIEKTPOHOB C HCHOJIB30BAaHHEM TPEX KAaHAJIOB I[BETHOTO CKAHMUPOBAHUS
(xpacHblii-3eneHbIi-cuanit). TakuM 00pa3oM, Ul MOCTPOCHUS KATMOPOBOYHBIX KPUBBIX OBLIO PEIICHO, KAKOH IBETOBOH KaHAJ IS
pamuoxpomHoii mieHkn EBT3 Oyaer Hauboniee MOAXOSIIMM B Pa3iMYHBIX JHAMa30HAX J103. B 3KCIIEpUMEHTABHON yCTaHOBKE
CHayasa ObUTH YCTAHOBJICHBI 3TAIOHHBIC YCIOBUSI, U MTPOIICYPa KATMOPOBKH J103bI TPpOoBOAMIAck B panTtome RW3. 3atem 06mydeHHbIC
IUIEHKH OBUIM aKKyPaTHO Pa3pe3aHbl HA KyCOUKH PasMepoM 2x2,5 cM? W CrpyNIMPOBaHbl B 2 TPYIIILI OONYYEHUS W KOHTPOJISL.
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KOHTpOJIbHBIE IPYIITBI SBIISUIIUCH (POHOBBIMH, TO €CTh OHU He 00urydaiuch. [lepen oOmydeHneM JBe rpymibl INICHOK CKAaHUPOBAIUCH B
IUIAHIIETHOM CKaHepe s TpeX kKaHanos. ITocie sToro rmieHkn o6ydaronielt rpymiis HOMEIAid Tak, YTOOB! BBIPOBHATh TOYHOE MECTO
3¢ }eKTUBHON TOYKM HOHHM3AIMOHHOM KaMephl MpU CTaHAApPTHHIX ycinoBusx. IlozaHee mx obmydanu mo oguomy 10 90Ip ¢
HCTONb30BaHueM nydeid 6 MaB u 6 MaB cooTtBercTBeHHO. Brocneacteunm obe rpymnmbl IJIEHOK OBUTH CHOBA OTCKaHHPOBAHBI B
IUTAHIIETHOM CKaHepe Ul TPEXIBETHBIX KaHaIOB. M3 OTCKaHMPOBAaHHBIX IUIEHOK OBLTH ITOMYYEHBI ONTHYECKHE IUIOTHOCTH M UX
CTaHJapTHBIC OTKJIOHCHUS, KOTOPBIE COOTBETCTBYIOIIME BBHIOPAaHHBIM 3HAUCHUSM JIO3BL. TakuM 00pa3oM OBUIM ITOCTPOCHEI
KaInOpPOBOYHBIE KPHBBIE JJISI BCEX TPEX IBETOB KaHAJa B COOTBETCTBHM C JBYMS pa3IMYHBEIMHU YCIOBHSMH Jyda. Pe3ynbrarhl,
MoJydeHHBIE 1711 JTyda 6 MaB, mokasanu, 4To eciii KaHa KpaCHOTO IIBeTa BBIOpaH Jyis quana3ona 10361 0,9 'p-7,3 I'p, kaHan 3eseHoro
1BeTa BBIOpaH Ui auanaszoHa no3sl 7,3 I'p-42,8 I'p, a xanan cunero 1seta BoiOpan s 42,8 I'p - 90,0 I'p, npolieHTHEIE 3HAUYSHUS
HEONpPEeeTIEHHOCTH B MOTyYEHHBIX pe3yIbTaTax MUHUMAIbHBL. {714 Tyda 6 MaB, eciau kaHam KpacHOTO 1IBETa BBIOpaH JUIs JUaa3oHa
no3b1 0,9 I'p-7,7 I'p, 1 kaHan 3eseHOrO 11BeTa BHIOpAH A1 AuamnazoHa 1no3el 7,7 I'p-45,3 I'p, a kaHa! cCHHEro 1BeTa BBIOpaH IS 10361
45,3 I'p-90,0 I'p, mpomeHTHBIE 3HAYEHUS HEONPEACICHHOCTH B TOJNyYCHHBIX pe3yJbTaTaX MHUHUMAJBHEL. B nTOre, OBUTH OICHEHBI
3HA4YEeHHUS HEONPEIESNICHHOCTH B MPOLEHTAX Ul MOIXYyYeHHBIX Pe3yNIbTaToOB Ui dHepruil GpoToHOB 6 MaB m smektponoB 6 MaB ¢
HCTIOJIE30BaHUAEM PA3JIMIHBIX KAHAIOB CKaHUPOBaHUs pagnoxpoMHoi mienkn EBT3. Beuto 00Hapy)eHO, 9YTO H3MEPEHHSI, UMCIOIIHE
HU3KHE 3HAUCHNUS IPOIIEHTHON HEOIIPEIeIeHHOCTH, MOTYT OBITh JOCTUTHYTHI ITyTeM H3MEHEHHs KaHala CKaHHPOBAHMUS ITyTeM BEIOOpa
MPaBUILHBIX KOMOWHAIMI ¢ yBEIHMUYCHUEM J103 JUis oOeux sHepruii (¢potoH 6 MaB u smektpon 6 MaB). HccnenoBanue Takke
NOKa3bIBaeT, 4YTO paanoxpomuele IuieHkn EBT3 wmoryr wucnosnp3oBathecss mnpu Oonee HHM3KMX 3HAYEHMSX IPOLICHTHOM
HEOTIPEIENEHHOCTH TIPH J103aX, MPEBBIMIAIONINX PEKOMEHIYEMbIE 3HAUCHUSI IUaMa30Ha J03.

KJIFOYEBBIE CJIOBA: pannoxpoMHasi IUIEHKa, HEONPEAEIeHHOCTh, BBICOKAs /103a, PAAUOTEPaIIHsl, INIAaHIIETHBIN CKaHep.





