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Fluoroscopic examinations of the upper gastro-intestinal tract and, especially, barium meal examinations,
are commonly performed in a majority of hospitals. These examinations are associated both with substantial
individual patient doses and contribution to the collective dose from medical exposure. Effective dose
estimation for this type of examinations is complicated due to: 1) the necessity to simulate the moving X-ray
irradiation field; 2) differences in study structure for the individual patients; 3) subjectivity of the operators;
and 4) differences in the X-ray equipment. The aim of the current study was to estimate conversion coefficients
from dose-area product to effective dose for barium meal examinations for the over couch and under couch
exposure conditions. The study was based on data collected in the X-ray unit of the surgical department of the
St- Petersburg Mariinsky hospital. A model of patient exposure during barium meal examination was developed
based on the collected data on fluoroscopy protocols and adult patient irradiation geometry. Conversion
coefficients were calculated using PCXMC 2.0 software. Complete examinations were converted into a set of
typical fluoroscopy phases and X-ray images, specified by the examined anatomical region and the projection
of patient exposure. Conversion coefficients from dose-area product to effective dose were calculated for each
phase of the examination and for the complete examination. The resulting values of the conversion coefficients
are comparable with published data. Variations in the absolute values of the conversion coefficients can be
explained by differences in clinical protocols, models for the estimation of the effective dose and parameters of
barium meal examinations. The proposed approach for estimation of effective dose considers such important
features of fluoroscopic examinations as: 1) non-uniform structure of examination, 2) significant movement
of the X-ray tube within a single fluoroscopic phase, and 3) the variety of exposure geometries within complete

examination.
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Fluoroscopic examinations contribute significantly to
the collective dose from medical exposure, both in Russia
(7% in 2015) [1] and European countries (2-50%) [2]. The
examinations of the upper gastrointestinal tract (UGIT) with
barium contrast (barium meal, BM) are among the most
common fluoroscopic examinations. These examinations are
performed in a majority of hospitals both for adult and pediatric
patients, corresponding to 38% contribution to the collective
dose from fluoroscopic examinations in Russia [1]. Hence, it
is important to justify and optimize fluoroscopic examinations.
Besides that, according to the Russian Federal State law N23-
FZ “On Radiation Safety of the Public”' , each patient should
be informed about the dose and possible consequences

(radiation detriment) from the medical exposure. That is
fulfilled by using the effective dose (E, mSv). For the medical
exposure of the patients, E is commonly calculated using a
dedicated software (PCXMC 2.0, CALDoseX, EDEREX, etc)
based on the measurable dose quantity: dose-area product
(DAP, cGyxcm?).

However, for the fluoroscopic examinations, the process
of effective dose calculation is complicated due to necessity
to simulate the moving X-ray irradiation field. Modelling of
the irradiation for different anatomical regions in different
projections can be influenced by variability of the conversion
coefficients (CCs)? from dose-area product to effective dose
within a single fluoroscopic examination. It complicates the

" Russian Federal State law N23-FZ” On Radiation Safety of the Public”. 09.01.1996, (1996). Available from (in Russian): http://kremlin.ru/

acts/bank/8724 Accessed 10.02.2018.

2 A conversion coefficient relates the protection unmeasurable quantity (effective dose) to a measurable quantity characterizing a radiation

field (dose-area product). The dimension is uSvxcGy-'xcm-2.
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estimation of a single CC for the fluoroscopic examination.
A common practice is to simplify the fluoroscopy assuming
that the patient was irradiated only in one projection [3], or in
several projections, but only for a single anatomic region [4].
Additionally, only a limited set of CCs is currently available for
certain exposure conditions [4, 5]. Hence, using the existing
CCs may lead to an incorrect estimation of the effective dose.

In Russian practice, CCs from DAP to E for BM
examinations are presented in Methodical Guidelines
“Assessment of effective dose to the patients undergoing
X-ray examinations”®. They are provided only for posterior-
anterior (PA) projection, corresponding to the under couch
position of the X-ray tube. However, in present time, more
than 60% of the fluoroscopy X-ray units in Russia are remotely
controlled, with the standard over couch position of the X-ray
tube (see Figure 1).
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Fig. 1. Comparison of the over couch and under couch X-ray unit
designs [6]

Hence, it is necessary to update the existing CCs, since
they do not reflect the actual exposure conditions of the
patients.

The aim of the current study was to estimate conversion
coefficients from DAP to E for the BM examinations based
on data collection in a typical general practice hospital in
St-Petersburg, Russia. That required the evaluation of the
structure of the selected fluoroscopic examinations, to collect
the relevant parameters of the examinations, to develop a
model of patient exposure and to calculate CCs using the
PCXMC 2.0 software [7].

Materials and methods

Data collection

Data for the effective dose estimation was collected in the
X-ray room belonging to surgical department in St-Petersburg
“Urban Mariinsky hospital” for a sample of patients undergone
BM examinations (40 patientsin 2016-2017). Dataonage and
anthropometric characteristics of the patients is presented in
Table 1.

The BM examinations were performed on the digital KRT-
Electron (JSC “NIPK “Electron”, Russia) X-ray unit. The KRT-
Electron is a remotely guided X-ray unit with the over-couch
X-ray tube and a 12’ CCD-matrix detector, commonly used
for fluoroscopic examinations. The following settings were
used: focal-image distance 115 cm; total filtration of 5 mm

Al with anti-scatter grid: 110 lines/inch, R=13:1, F = 180 cm.
Imaging was performed using default vendor protocols with
automated brightness control (ABC) without the digital image
intensification. The X-ray unit was equipped with the DRK-1
clinical dosimeter (NPP “DOZA”, Russia), calibrated using a
reference ionization chamber prior to the study.

Table 1
Data on anthropometric characteristics for the pulled patient
sample. The age, height, weight, and BMI are given as a mean
value +1 standard deviation (min—-max) for the patient sample

Parameter Mean+SD, min—-max

Age (years) 6111, (37-81)

Height (cm) 168+10, (153-185)

Weight (kg) 71.0£16.0, (49-94)
Ik

BMI(X4) 25.2:5.3, (18-35)

Patient positioning, examination structure, fluoroscopy
frame rate and total time of irradiation were selected by the
radiologist (a resident with 5 years of experience) individually
for each patient based on his personal preferences, patient
condition and preliminary diagnosis.

Each examination was converted into a set of typical
fluoroscopy phases and X-ray images, specified by the
examined anatomical region and the projection of patient
exposure. The following data was collected for each
fluoroscopy phase and for each X-ray image taken for each
patient: patient position (standing, supine, prone, recumbent),
projection, total fluoroscopy time (s), fluoroscopy frame
rate (framesxs™), field size (cmxcm), average tube voltage
(kV), total DAP (cGyxcm?). Data was collected manually
by the authors during the examination using dedicated
spreadsheets. All examinations were exported from the PACS
and digitally recorded in DICOM format; these records were
used for modelling of the exposure of the patients with the
PCXMC 2.0 and for verification of the collected data.

Development of a model for patient exposure
for BM examinations

Each fluoroscopic phase was described by a set of discrete
irradiation fields, corresponding to locations of the relevant organs
and tissues. If there was no significant movement of the X-ray tube
and if only a single organ was irradiated (i.e. fluoroscopy of the
stomach and duodenum with contrast), the phase consisted of a
single irradiation field. On the other hand, if different organs were
exposed and if the tube movement was significant (i.e. survey
fluoroscopy of the UGIT without contrast), the phase consisted of
several irradiation fields, each corresponding to relevant anatomic
location. Exposure parameters for each irradiation field within
a single phase were considered to be constant. The number of
irradiation fields and their locations for the specific fluoroscopic
phases were selected in cooperation with the radiologists based
on their experience and digital records of the examinations.

A total of eight projections were selected to describe the
exposure of a patient (see Table 2). It was assumed that all
oblique projections laid in a transverse plane and formed a 45°
angle with the AP/PA axis [5].

3 Methodical guidance 2.6.1.2944-11. Assessment of effective dose to the patients undergoing X-ray examinations. Rospotrebnadzor,

Moscow, (2011). (In Russian).
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Table 2
Selected irradiation projections and the corresponding
PCXMC angles

Projection PCXMC tube angle, °
Anteroposterior (AP) 270
Posteroanterior (PA) 90

Left lateral (LATL) 0

Right lateral (LATR) 180

Left posterior oblique (LPO) 225
Right posterior oblique (RPO) 315
Left anterior oblique (LAO) 135
Right anterior oblique (RAO) 45

Examples of coordinates of the centers of corresponding
irradiation fields for selected fluoroscopic phases are
presented in Table 3. These coordinates correspond to an
arbitrary point inside the phantom, through which the central
axis of the x-ray beam is directed. The origin of the phantom’s
coordinate system is located at the center of the bottom of
the phantom trunk section. The positive z-axis is directed
upwards, the positive y-axis to the back of the phantom, and
the positive x-axis to the left-hand side of the phantom [7].

An example of the set of fields for a survey fluoroscopy of
the UGIT is presented in Figure 2. For single X-ray images, it was
assumed that the coordinates matched the coordinates of the
last irradiation field for the corresponding fluoroscopic phase.

Calculation of conversion coefficients

CCs were calculated using standard adult (PCXMC 2.0
default, 178.6 cm height and 73.2 kg body mass) parameters
both for the over couch and under couch irradiation geometries
(see Fig. 1). For the latter, the study structure was kept the
same, but the irradiation angles were inverted by 180°.

Fig. 2. A set of fields in AP projection for the survey fluoroscopy
of the UGIT without barium contrast. See Table 3 for the respective

field coordinates. The images correspond to a 28x28 cm field size
anda 115cmFID

Table 3

Coordinates of the centers of irradiation fields (PCXMC 2.0) for the selected fluoroscopic phases for different projections.
Data is presented for a standard adult (73.2 kg body mass, 178.6 cm total height)

Survey fluoroscopy of the UGIT without
barium contrast

Fluoroscopy of the esophagus with

Fluoroscopy of the stomach and

barium contrast duodenum with barium contrast

Projection
X* Y* zZ* X Y z X Y z
0 2 70 0 2 70 8 -7 35
0 2 50 0 2 50
270 0 2 43 0 2 43
5 -2 40 5 -2 40
8 -7 35
0 70 0 70 8 -1 35
0 50 0 3 50
90 0 43 0 43
5 -1 40 5 -1 40
8 -1 35
-1 2.5 70 -1 2.5 70 4 -4 35
-1 2.5 50 -1 2.5 50
180 -1 2.5 43 -1 2.5 43
-2 40 5 -2 40
4 -4 35
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OkoH4aHue Tabnnibl 3

Survey fluoroscopy of the UGIT without
barium contrast

Fluoroscopy of the esophagus with

Fluoroscopy of the stomach and

barium contrast duodenum with barium contrast

Projection
X* Y* z* X Y z X Y z
1 2.5 70 1 2.5 70 11 -4 35
1 2.5 50 1 2.5 50
0 1 2.5 43 1 2.5 43
6 -1.5 40 6 -1.5 40
11 -4 35
0.3 70 0.3 70 10 -1.5 35
0.3 50 0.3 50
45 0.3 43 0.3 43
6 -1.5 40 6 -1.5 40
10 -1.5 35
-0.3 70 -0.3 70 5.5 -1.5 35
-0.3 50 -0.3 50
135 -0.3 43 -0.3 43
5 -1.5 40 5 -1.5 40
5.5 -1.5 35
-0.3 2.2 70 -0.3 2.2 70 5.5 -6.5 35
-0.3 2.2 50 -0.3 2.2 50
225 -0.3 2.2 43 -0.3 2.2 43
5 -25 40 5 -2.5 40
5.5 -6.5 35
0.3 2.2 70 0.3 2.2 70 10 -6.5 35
0.3 2.2 50 0.3 2.2 50
315 0.3 2.2 43 0.3 2.2 43
-2 40 6 -2 40
10 -6.5 35

* dimensionless [7]

To estimate the CCs for the complete BM fluoroscopic
examinations, the following method was used:

«  Calculation of the CCs for each fluoroscopic phase
and X-ray image for each projection for each patient;

+  Estimation of DAP contribution of each projection into
the total DAP for the complete examination for the
whole patient sample;
Estimation of the weighted mean CC for the complete

fluoroscopic examination using Eq. 1:
uSv

jection DAPprojecti
Keo,103 = yrroree wn#ﬂm‘ Ke0,103 projection ' CGycmz (1)
where K are the CC for the complete fluoroscopic

examinationeoég?cimated using tissue weighting coefficients
from the ICRP Publications 60 and 103 [8], respectively;
DAP,ocion 18 the DAP (cGyxcm?) for fluoroscopic phases and
X-ray images for the selected projection for the whole patient
sample; DAP, . is the total DAP (cGyxcm?) for all fluoroscopic
phases and X-ray images for the whole patient sample for the
selected type of fluoroscopic examination; Ky, 3 . oieciion 21€ the
CC for single fluoroscopic phase or X-ray image, calculated
using tissue weighting coefficients from the ICRP Publications

60 and 103 [8], respectively.

Statistical evaluation was performed using Statistica 10
software. Differences were considered to be significant with
p<0.05.

Results

Structure and main parameters of BM examinations are
presented in Table 4.
Table 4
Structure and main parameters of the BM
examinations given as meanx1 SD (min—max)

Parameter Mean=SD, (min—-max)
Number of fluoroscopic phases 10%4, (3-20)
Number of X-ray images 8+5, (0-18)

91+12, (61-127)
5.0+1.7, (2.5-10)
152466, (27-303)

Tube voltage, kV
Fluoroscopy speed, frames-s™'
Total fluoroscopy time, s

Typical irradiation field size,
cmxcm

28x28
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Data on dose-area product for BM examinations is
presented in Table 5.
Table 5
DAP values for BM examinations given as mean+1 SD
(min-max)

MeanSD, (min—-max)
2644+1873, (209-9526)

Parameter

Total DAP from fluoroscopy, cGy-cm?

Total DAP from X-ray images,

CGy-cm? 531+538, (0-2343)

Total DAP for the complete

fluoroscopic examination, cGy-cm? 3175+2155, (251-10309)

Data on the effective doses for the over couch and
under couch irradiation geometries, estimated using tissue
weighting coefficients from the ICRP Publications 60 and 103
is presented in Table 6.

Data on the contribution of different projections (see Table
2) into total DAP is presented in Table 7 for the whole patient
sample.

The resulting values of the CCs for the complete BM
examination for the under couch and over couch irradiation
geometries, are presented in Table 8.

Discussion

The proposed approach for the estimation of the CCs
considers important features of fluoroscopic examinations:
non-uniform structure of examination, movement of the X-ray
tube and the variety of exposure geometries. Segmentation of
the fluoroscopic examination into a set of typical fluoroscopic
phases allows evaluating the impact of the differences in CCs
for individual phases on a resulting conversion coefficient for
the complete examination. A similar approach was used in [9]
for the barium swallow examinations.

The PCXMC 2.0software allows two approaches
for setting the coordinates of the irradiation field: as a
coordinate of the center of the relevant anatomic organ or
as a coordinate of the corresponding point on the phantom
surface. These two approaches had been compared prior
to the study; the differences in the estimated organ and
effective doses did not exceed 5-7%. Hence, the first
approach of defining the irradiation field was used for the
convenience of modelling.

Several approaches for describing the tube movement
within a single fluoroscopic phase were evaluated, varying
the number of irradiation fields per phase and their exact
locations. The resulting sets of fields (see Table 3) were

Table 6

Effective doses (E) for the over couch and under couch irradiation geometries given as mean=1 SD (min-max)

X-ray tube position ICRP Publication

Total E from fluoroscopy,

Total E from X-ray Total E for the complete fluo-

mSv images, mSv roscopic examination, mSv
6.7+5.1 1.2¢1.2 7.9%5.7
ICRP Pub 60 (0.6-26.0) (0-4.9) (0.7-27.8)
Over couch 7.145.4 1.3+1.3 8.4%5.9
ICRP Pub 103 (0.7-27.3) (0-5.1) (0.8-29.2)
5.6+4.6 1.0£1.1 6.7+5.3
ICRP Pub 60 (0.4-22.0) (0-4.5) (0.5-23.4)
Under couch 5.9+4.9 1.0+1.1 6.9+5.6
ICRP Pub 103 (0.4-23.7) (0-4.6) (0.5-25.2)

Table 7

Contribution of different projections into total DAP (%), for over couch and under couch irradiation geometries with
corresponding conversion coefficients. Data on the conversion coefficients is given as mean+1 SD (min-max)

X-ray tube position AP PA LATL LATR LPO RPO LAO RAO
Over couch 45% 8% 14% 4% 7% 1% 5% 17%
Under couch 8% 45% 4% 14% 17% 5% 1% 7%
CCs for individual
projections, 3.120.3 1.9+0.2 1.9+0.2 1.2+0.2 2.3%0.2 3.2+0.4 1.8+0.2 1.7+0.2
uSv-cGy'-cm?, ICRP (2.3-3.8) (1.4-2.6) (1.3-2.4) (0.9-1.8) (1.4-2.8) (2.3-3.8) (1.4-2.3) (1.0-2.3)
Pub 60
CCs for individual
projections, 3.4+0.3 1.9+0.2 1.9+0.2 1.2+0.2 2.4%0.3 3.4+0.4 1.7+0.2 1.7+0.2
uSv-cGy'-cm?, ICRP (2.7-4.2) (1.4-2.7) (1.3-2.4) (0.9-1.9) (1.5-3.3) (2.7-4.1) (1.3-2.2) (1.1-2.3)
Pub 103
Table 8

CCs (uSv cGy' cm2) for the complete BM examination estimated using tissue weighting coefficients from ICRP
Publications 60 and 103 for the under couch and over couch irradiation geometries given as mean+1 SD (min-max)

Position of tube

CCs for the complete BM examination,
uSv-cGy'-cm2, ICRP Pub 60

CCs for the complete BM examination,
uSv-cGy'-cm2, ICRP Pub 103

Over couch

Under couch

2.40+0.14
2.01£0.17

2.54+0.14
2.06+0.17
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selected as a compromise between the speed of calculation
and a reproduction of real patient exposure.

The major difference, compared to other available
methods of effective dose estimation [4, 5], is the inclusion
of the multi-field phases of the survey fluoroscopy of the UGIT
and fluoroscopy of the esophagus.

Patient data collection was designed to monitor the
differences in fluoroscopic protocols due to the operator
subjectivity in the same department. The distributions of the
effective doses and conversion coefficients for individual
patients for 2016 and 2017 patient samples were checked
for normality (the Kolmogorov-Smirnov test) and then
compared using the Mann-Whitney U-test. No significant
differences were found between 2016 and 2017 samples
(p<0.05). Comparison of the 2016 and 2017 distributions of
the effective dose and conversion coefficients, using tissue
weighting coefficients from the ICRP Publication 60 [8] for the
over couch irradiation geometry is presented in Figure 4.

Differences in the individual conversion coefficients in a
range of 2.3 —2.6 uSvxcGy 'xcm? (95% confidence interval)
allow using a mean value of 2.4 uSvxcGy 'xcmto describe
the complete BM fluoroscopic examination.

Comparison of the estimated CCs for the complete BM
examination with the available literature data is presented in
Table 9.

The results of the current study are comparable with other
published CCs. The differences in the absolute values of the
CCs can be explained by various factors. The most important
is the difference in the clinical protocols between the countries
and hospitals. Another factor is the difference between the
methods used for effective dose estimation, mainly selection
of specific anatomic regions and projections to be included
into a model of BM examination. By definition, CCs depend on
the patient irradiation geometry (anatomical region or organs
of interest, projection, focal-image distance, irradiation field
size) and the energy characteristics of the X-ray beam (tube
voltage, total filtration). All of these factors are influenced by
the operator subjectivity and the characteristics of the X-ray
unit, requiring consideration for an accurate dose estimation
in a specific X-ray room or medical facility.

30

25

20

Effective dose, mSv
@

2017 2016
Year

HO =

a

Table 9
Comparison of the conversion coefficients from DAP to E (ICRP
60) for BM examinations

CC for BM examination,

Source Country USVXCGy xom 2
Current study Russia Lﬁ] \:jegrc(?:;:r;?;o
Methodical guidance .
2.6.1.2944-11 Russia 19
Delichas etal. [10] Greece 3.4
United
Hart et al. [4] Kingdom 2.0
United
Hart et al. [5] Kingdom 1.7-2.4
- Serbia/
Cirajetal.[11] Montenegro 1.9-24
Gyekye et al. [12] Ghana 3.2

It can be seen from Table 9, that the existing CC for the BM
examination in the PA projection matches the CC for the under
couch X-ray tube position, estimated in the current study.
However, the difference between the CCs for the over couch
X-ray tube position is significant - 26% (Mann-Whitney U-test,
p<0.05). That derived CC would be included in the updated
version of the methodical guidelines on effective dose
estimation, allowing more accurate patient dose estimation.

Conclusions

CCs for BM fluoroscopic examinations were calculated
using PCXMC 2.0 software based on the data collected in
a major St-Petersburg University hospital. We developed a
model of the BM examination, consisting of standardized
fluoroscopic phases and X-ray images. The following CCs for
the complete BM examination were estimated: 2.40 = 0.14
(1SD) and 2.54 + 0.14 (1 SD) uSvxcGy 'xcm2 for the over
couch tube position; 2.01+0.17 (1 SD)and 2.06 +0.17 (1 SD)
uSvxcGy'xcm=2 for the under couch tube position based on
the tissue weighting factors from ICRP Publications 60 and
103, respectively. This data can be used for the estimation
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Fig. 4. Distributions of the effective dose (a) and conversion coefficients(b) for individual patients for the 2016 and 2017 patient samples.
Calculations were performed for the over couch position of the X-ray tube using tissue weighting coefficients from the ICRP Publication 60
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OnpepeneHue Ko3pPULUNEHTOB Nepexona oT NPonu3BeAeHNs A03bl HA MoLwaab
K 3P PeKTUBHOM [03e OJ19 PeHTreHOCKONMUYeCK1UX UcciegoBaHui XXenyaka ¢ 6apueBbiM
KOHTPACTOM AJ19 B3POCJibIX MAaLUEHTOB

A.B. Bogoeatog", B.HO. lonukog ', U.I'. Kambiwanckan®?3, K.B. 3unkesuny®, K. BepHxapaccon?

! Cankr-IleTepOyprekuii HaydHO-HMCCIIEJOBATEILCKIIT MHCTUTYT paaralliOHHON TMTHEHBI MMEHH Mpodeccopa
I1.B. Pam3aeBa, PenepaibHast c1yk0ba 1o Haa3opy B cepe 3alIuThl TpaB MOTpeOUTeNIei U GIaronoydust yeaoBeKa,
Cankr-Ilerepoypr, Poccust
*Toponckast MapunHckast 6oibHM1Ia, CaHKT-ITetepOypr, Poccust
3Cankr-IletepOyprekuit rocynapcTBeHHbIN yHUBepeuteT, CaHkT-IletepOypr, Poccust
4 [pyra MeIUIIMHCKOM (DM3KKH, lelTapTaMeHT eCTeCTBEHHBIX HayK JIYHICKOTO YHMBEPCUTETa, yHUBEPCUTETCKUI
rocrnurtaib peruoHa CkoHa, Manbmo, LBerus

Penmeenockonuueckue uccaedosanus aepxreeo omoena diceay0oHHO-KUueyHo20 mpaKma u, 8 0cooeH-
Hocmu, uccaedo8anus dcenyoka ¢ bapuesvimM KOHMPAcMoM, A6AAI0MCs WUPOKO PACAPOCMPAHEHHIMU U 6bl-
NOAHAIOMCS NPAKMUHECKU 80 6CeX MEOUUUHCKUX Opeanu3auusax. JanHvle uccaedosanus conpogoncoaomes
KaK 3HaYUMeNbHbIMU UHOUBUOYANbHIMU 003aMU NAUUCHMO8, MAK U CYUeCIMBEHHbIM 8KAA0OM 8 KOANeK-
muenyio 003y Haceaenus Poccutickoii @edepayuu om meduyunckozo oonyuenus. Onpedenenue 3¢hghexkmue-
HbIX 003 NAUUeHMo8 045 OAHHbIX UCCAe008AHUL 3amMPYOHEHO 8 c8a3uU ¢: 1) HeodXxo0umMocmulo Yuumoi6amo
dsudicyueecs noae o0AyHeHus; 2) pazauMusmu 6 CMpyKmype uccae0o8anus mexncoy UHOUGUOYANbHbIMU
nayuenmamu; 3) cy6seKmusHoiMU hakmopamu npu 8biNOAHeHUU OAHHbIX UCCAe008AHULI 8PAHAMU-DEHM -
eeHonoeamu; u 4) pazauuusmu 6 penmeeHogckux annapamax. lleavlo dannoeo uccredo8anus s645110CH
onpedeneHue Koaghguuyuermos nepexoda om npoussederus 003vl Ha NAOWAOL K 3pexmusHoil dose ons
DEHM2eHOCKONU4ecKux uccaedo8anuil sceayoka c bapuesvim KOHMpAacmom 045 paznudHblX yCA08Ull pacno-
N0JICeHUS PeHMeeH08CK ol mpyoKu (Had u nod cmoaom). Hccaedosanue 6bi10 8biN0AHEHO HA OCHOBE OAHHDBIX,
cobpannbix 6 xupypeuueckom omoenernuu Cankm-IlemepOypeckoii eopoockoii Mapuurckoii 6oavHuybt. Ilo
pe3yabmamam coopa OaHHbIX NO NAPAMempam nposederus u cmpyKkmype uccaedoséanus 6viaa pazpaboma-
Ha mModensb 0OnyueHUs nayuenma npu 8blNOAHeHUU PeHmeeHOCKOnUYU JceayoKka ¢ 6apuesvim KOHMPACMOM.
Koaghpuyuernmuot nepexoda onpedensiau ¢ ucnoavzosanuem npoepammtoo odecneuenuss PCXMC 2.0. Penm-
2eHOCKONUYecKUe Uccaedosanus Obiau paszoesenvl Ha HAO0P CMAHOAPMHBIX (a3 NPOCEEHUBAHUS U PeHM-
2eHOBCKUX CHUMKO8, COOMEEMCMBYIOUUX UCCAeOYeMbIM AHAMOMUMECKUM 30HaM U NPOEKUUIM 00AyHeHUs.
Kosgpdhuyuenmot nepexoda om npoussederus 0o3vt Ha naouads K 3ghgexmuenoil 0oze ObiaU OnpedeneHvl
Kak 045 Kaxcooil u3 ¢haz, mak u 041 NOAHO20 PeHM2eHOCKONUYECK020 UCCAe008AHUs JceaydKa ¢ bapuesbim
xowmpacmom. [loayuennvie pesysvmamot CpagHUMBL ¢ ONYOAUKO8AHHbIMU OaHKbiMU. Pazauuus é abcoarom-
HbIX 3HAHeHUsX K03 duyuenmos nepexooa mocym 0bimb 006sCHeHbl pA3MUYUAMU 8 NPOMOKOAAX U napame-
mpax npoeedenus peHmeeHOCKONU4ecKUx Uccae008anull yceayoKa, a maxice 8 UcnoAb308aHHbIX MOOeNsX
04 pacuema 3ghgpexmuenoii 0o3vt. Ilpednoxncennviii 6 danHoill pabome nooxoo K oueHKe 3PhexmueHotl 003vl
yUUmbleaem 6ce 8adcHvle 0COOEHHOCMU PeHM2eHOCKOnU4eckux uccaedoganuii: 1) pazauuus 6 cmpykmype
uccnedoganus; 2) cyujecmeeHHoe nepemeujeHue peHmeeHo8CKol mpyoku 6 pamkKax oOHoU ¢asvl peHmee-
HOCKONUU U 3) pazauyus 6 2eomempusx o0AY4eHUs NAyUeHma 6 pamKax 00H020 PeHmMeeHOCKONU1eCcK020
uccaedogaHus.

Kimouesble c10Ba: penmeerockonus, Koaghguuuenmot nepexoda, pghekmusnas 003a, peHmeeHOCKONUs
Jcenyoka ¢ bapuesvim KOHMPACMOM.
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