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Cratti, mo nyOmiKylOTbCS, SBISIOTH COOOI0 MaTepiand [OMOBiayiB Ta YYaCHUKIB 3-TO
MDKHApOJHOTO ceMiHapy ,MeauuHa ¢i3uka — CydacHUH cTaH, NpoOJeMH, HUISIXH PO3BHUTKY.
HogitHi TexHoJOT11”, Ta Bi10oOpa)katoTh HAYKOBI, METOAWYHI Ta MPAKTHYHI pe3yIbTaTH JOCIIKEHb,
CHPSMOBAHMX Ha BJIOCKOHAJICHHS HUISAXIB PO3BUTKY MEINYHOI (DI3MKH B KpaiHaX MOCTPAASHCHKOIO
POCTOPY, NOJAJIBIIOT0 MPOCYBAHHS HOBITHIX TEXHOJIOTIH HA PUHKY MEUYHUX TOCIYT.

CemiHap MPOBOIUTHCS 3a iHINIaTHBOI KHIBCHKOTO HalliOHAIBHOTO YHiBepcuTeTy iMeHi Tapaca
[[TeBuenka ta llIBeachkoro perymtorodoro oprany (SSM) 3a ydacTio ¢axiBIliB 3 TPOBIIHUX BUIIMX
HaBYAJbHUX 3aKJIaJiB, MEIUYHUX, HAYKOBHX Ta peryiroruux yctanoB kpain €C, binopyci, Pocii,
Vkpaiau, a TakoX MNpeAcTaBHUKIB 3 MiHICTEpCcTBa OCBITH 1 Hayku, MiHICTepCTBA OXOPOHH
310poB’s, Jlep)kaBHOI i1HCIIEKLIi SIEPHOTO peryaroBaHHS YKpaiHu, AkaneMii MEIUYHUX HayK
VYkpainn, HarioHaJIbBHOTO 1HCTUTYTY CTpaTEridyHUX JIOCITIKeHb. MeTor ceMiHapy € 00’ €THaHHS
3yCHJIb MDKHApOJHOI CHUTBHOTH B Tajly3i OCBITH, HayKH, OXOPOHHU 3I0pOB’S Ta SAEPHOTO
PEryIIOBaHHS U1 €PEKTUBHOI MATOTOBKHU (haxiBIIiB 3 MEIUYHOT (Pi3HKH.
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KuiBchkuil HanioHansHUM yHiBepeuTeT iMeHi Tapaca Lllepuenka (KHY);

HaBuanbHo-HaykoBUI LIEHTp pajianiiiHoi 0e3nekn KuiBChbKOro HalllOHAJIBHOTO YHIBEPCUTETY IMEHI
Tapaca IlleBuenka; IIBencekuii perysrorounii opran (SSM).

CemiHap MpoBOAUTHCS B paMkax Ipoekty “Support to development of quality assurance and
quality control in medical radiology, phase 2”.
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T'onosa I'ybepcokuii JI.B., akanemik HAH Ykpainu, pekrop

Mixcuapoonuti  Ixescbka /1., HadanpHUK n1o3umeTpuyHoi Jadboparopii MAI'ATE, Asctpis
Mertcon 3., npodecop, Yuisepcurer Jlynna, llIsewuis
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MemnunHckas Gu3nKa — COBpeMeHHOe COCTOsIHMe, MpPo0JieMbl, myTH pa3Butusi. Hoseiimme
TexHoJoruu. COOpHUK HAyYHBIX TPYJIOB 3-T0 MEKIyHapoHOro cemunapa, 06 - 07 urons 2013 r.,
r. Kues, Kuesckuii HanmonanbHelii ynuepcureT uMenu Tapaca IlleBuenko, 2013. — 186 c.

[lyGnukyemble CTaTbu NPEACTABISAIOT COOOH MarepHuajbl JOKIAIYMKOB U YYAaCTHHUKOB 3-TO
MEXIyHapOJHOTO CeMHHapa ,,MeauimHcKas Gu3nKa — COBPEMEHHOE COCTOSIHHUE, TIPOOJIEMBI, TTyTH
pa3BuTHi. HoBelfmme TexHOJIOrMM’, M OTOOpPa)XarOT HAy4HbIE, METOIMYECKHUE U MPAKTUYECKHE
pe3ynbTaThl  HUCCIEAOBAaHMWM, HANpaBIEHHBIX HA YCOBEPILIEHCTBOBAHHE IyTed  Ppa3BUTHUS
MEIULIMHCKONW (PU3MKHM HA TOCTCOBETCKOM IMPOCTPAHCTBE, JAJIHEHIIEr0 MPOIBUKEHUSI HOBEHUIIIMX
TEXHOJIOTUI Ha PbIHKE MEAUIIMHCKUX YCIIYT.

CeMuHap mpoBOJIUTCS MO MHULMATHBE KMEBCKOro HAallMOHANIBHOTO YHUBEpcHTETa MMEHHM Tapaca
[leBuyenko u IlIBenckoro perynupyromero oprana (SSM) npu y4acTuu CHEIMAINCTOB BEAYIIMX
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benapycu, Poccun, Ykpaunsl, a Takke npeacTaBuTelield n3 MUHHCTEPCTBA 00pa30BaHUS U HAYKH,
MunucTepcTBa OXpaHbl 3J0pPOBbs, [OCyTapcTBEHHON WMHCIEKIMHU SIEPHOTO PEryIHupOBaHUS
VYkpaunbl, AkaJjeMUu MEJIMIMHCKUX HayK YKpauHbl, HallnoHAIbHOrO MHCTUTYTA CTPATETHMYECKUX
uccinenoBanuii. Llenpio cemuHapa ecTb 0ObEOUHEHHE YCHIMN MEXIYHAPOIHOTO COOOIIeCTBa B
001acTH TPOCBELICHHS, HAYKW, OXPAHBI 3/I0POBBS U SIIEPHOTO PETYIUPOBaHUS IS dPPEKTHBHON
MOJIFOTOBKU CIEIUAINCTOB M0 MEAUIIMHCKON (hU3HKeE.
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Education and training of medical physicists

CURRENT DEVELOPMENTS AND FUTURE OF MEDICAL PHYSICS CHALLENGES
AND OPPORTUNITIES

S. Mattsson’, D. Adliené®

1) Medical Radiation Physics Malmo, Lund University, Skane University Hospital,
SE-205 02 Malmé', Sweden; soren.mattsson@med.lu.se
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Abstract. Medical physics is a branch of applied physics. It uses concepts and methods of physics to help
identify and treat human disease. Medical physics plays an essential role in medical imaging, radiation
therapy and in radiation protection.

Medical imaging, which is a prerequisite for all modern hospital and health care, is today one of the fastest
growing areas in medicine, exemplified by CT-, MR- and PET-imaging for anatomical, functional and
molecular information.

Radiation therapy is unique among the cancer treatment modalities because it can be modulated in space and
in time (4D). Spatial modulation will be facilitated by recent technological advances in image guided
treatment planning and delivery to be optimised for the individual patient.

Radiation protection involves the protection of patients as well as of occupationally exposed persons in all
areas of society, as well as of the general public.

The future progress of medical physics depends on future groundbreaking innovations in physics and
technology. It is also highly related to the future of medicine and its research challenges in the new explosive
fields of genetics, molecular and cellular biology. Organisation of medical physics education, basic research,
translational research and clinical work — and how these fields are cooperating - will have the highest impact
on future progress in the field.

Key words: medical physics, development, future, imaging, radiation therapy, radiation protection,
multidisciplinary work, research, education, organisation.

1. Introduction

Medical physics is a branch of applied physics. It uses concepts and methods of physics to
help diagnose, treat and prevent disease [1]. Medical physicists and engineers have played a crucial
role in the development of new technologies that have revolutionized the way medicine is practiced
today. They have contributed with technological innovations including computed tomography (CT),
positron emission tomography (PET), the compact linear accelerator, magnetic resonance imaging
(MRI) and many other developments. Some medical physicists generate new ideas and develop new
technologies in their laboratories, while most of them are clinically working professionals who
apply these technologies in the clinic for the diagnostic and treatment of diseases. They also ensure
the safety of a large number of patients, occupationally exposed persons and the general public.

2. Medical imaging

Medical imaging together with molecular medicine is among the fastest growing areas within
medicine. It covers a number of techniques such as computed tomography (CT), magnetic
resonance imaging (MRI), ultrasound (US), nuclear medicine (NM) including positron emission
tomography (PET) and single photon tomography (SPECT) and several methods in optical imaging.
Traditionally, and most often also today, medical imaging is used for noninvasive mapping of
anatomy and for detection and localisation of a disease. Hybrid imaging techniques (PET/CT,
SPECT/CT, and PET/MRI) reveal important biological information about physiology, organ
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function, biochemistry, metabolism, molecular biology and even functional genomics. These new
methods combine the ability to measure and quantify biological processes with the ability to
localise the measured parameter in a high quality anatomical image [2]. Furthermore, advanced
imaging techniques have developed into essential parts of advanced methods for treatment as an
alternative to surgery: e.g. coronary angioplasty, and treatment of aortic and cerebral aneurysms.
The important and exciting progress in biotechnology, nanomedicine and new innovative therapies
is highly dependent on integration with medical imaging for successful application into clinical
practice [2].

3. Radiation therapy

Accurate target delineation and image guidance are essential for the precise radiation therapy.
Despite the tumour target volume and the amount of radiation needed to treat is known, the
delineation of normal tissue and the reliable prediction of normal tissue complication probabilities
(NTCP) in each organ is important. Developments in multimodality and 4D imaging techniques, as
described above, provide opportunities to improve tumour localisation as well as improved tumour
and normal tissue delineation. The imaging techniques, especially CT, are extremely helpful in dose
planning and contribute to the reduction of set up variations and treatment margins. Proper use of
imaging technologies can provide sparing dose to normal tissue and permit safer escalation of
tumour doses [3].

Technical developments in the form of inverse treatment planning and dynamic multi-leaf
collimation systems have given radiotherapy the ability to deliver conformal and intensity-
modulated radiotherapy (IMRT). Linac based CT systems and applications of megavoltage (MV)
imaging systems have opened new possibilities for image-guided radiation therapy (IGRT). Other
examples are the so-called volumetric modulated arc therapy (VMAT) technique, involving IMRT
delivery during gantry rotations, the Rapid Arc™ technique and the helical TomoTherapy®.
Stereotactic treatment techniques as well as improved patient immobilization techniques are other
examples of important improvements.

For targets in the thoracic and abdominal regions, the organ motion due to breathing limits the
precision of radiotherapy. Field sizes must be sufficiently large to include tumour motion and this
means a limitation in the dose that can be delivered. Respiratory-gated beam delivery is intended to
limit the irradiation to selected parts of the respiratory cycle, and thereby enable reduction of the
required treatment field margins. Treatments of breast cancer, lung and liver tumours are examples
where respiratory gating is an advantage. It is also essential to adapt to changes that happen slowly
over the course of treatment, e.g. due to tumour shrinkage and weight loss.

The major advantage of proton (and heavier particle) treatment over conventional radiation
therapy is that the energy of protons can be directed and deposited in tumour volumes in a three-
dimensional pattern from each beam used. In this way the absorbed dose to the tumour can be
increased while reducing the dose to surrounding normal tissues. The ultimate goal is to do fully
automated pencil beam scanning and three-dimensional intensity modulated proton therapy (IMPT).
This allows the dose to be increased beyond that what less-conformal radiation will allow. The
overall effect potentially leads to fewer harmful side effects, more direct impact on the tumor, and
increased tumour control — advantages which are now under clinical trials.

Some of the major impacts in radiation therapy might come from biological modeling and
new fractionation schemes [3]. Bioeffect modeling includes the modeling of dose-response
relationships, linear-quadratic time-dose-fractionation models and normal tissue complication
probability (NTCP)/tumor control probability (TCP) models. Bentzen [4] proposes that radiation
therapy is optimised through personalised prescriptions of the 4D dose distribution using molecular
risk profiling and functional imaging, a method that he calls theragnostic radiation oncology. The
aim is to provide the clinical basis for rational prescription of non-uniform dose distributions in
individual patients. Molecular risk profiling will be directly linked to research related to the
outcome of the treatment, mainly based on data from clinical trials, which are based on high-quality
dosimetric and clinical outcome data. Most work so far, has been based on immunohistochemical



markers or DNA gene expression arrays, but is expanding into proteomics and metabolomics. When
new methods are introduced, it is important to continue to design, conduct, analyse and interpret
randomized controlled trials.

4. Radiation protection

Both natural and man-made sources of ionising radiation contribute to human exposure and
poses a risk to human health [5]. Exposure of the population to natural radiation is partly
unavoidable and medical use of radiation is now an indispensable part of modern healthcare. The
exposure of workers, and to a smaller extent of the public, to low levels of radiation from nuclear
energy production and other industrial uses of ionising radiation have become an integral part of our
society. These uses are carefuly regulated. Radiation protection standards rely on current
knowledge of the risks from radiation exposure. Any over-, or under-, estimation of these risks
could lead either to unnecessary restriction or to a lower level of health protection than intended.

Medical procedures represent the largest source of human-made radiation exposures. There
are 3600 million medical x-ray investigations (including diagnostic medical and dental
investigations) made each year in the world. Most of them are carried out on 1/4 of the world’s
population (for which the medical investigations give an effective dose per capita of 1.2 mSv/year).
On top of that there are 33 million investigations in diagnostic nuclear medicine and 5.1 million
patients treated each year in radiation therapy [6]. In our part of the world, there has been a dramatic
change of CT-investigations (more procedures, more scans per procedure). Today CT accounts for
around 5-15% of the investigations but gives rise to a dominating contribution to the collective dose
from diagnostic radiology. Interventional procedures, increasingly being used to replace surgery,
can lead to very high local skin doses, in some cases exceeding the threshold for deterministic
effects. For most X-ray examinations, there are still too large inter-hospital variations in doses for
the same type of examination.

The different imaging and treatment modalities present an enormous benefit, but also a
number of potential hazards, for the patient and the environment. The problem with ionising
radiation in x-ray and nuclear medicine investigations is well known and needs to be continuously
monitored. There are also concerns about potential hazards from magnetic resonance imaging when
moving to higher field strengths and from ultrasound when moving to higher frequencies and
intensities.

Care for the personnel in radiology was the start of radiation protection [5]. Today there are
2.7 million occupationally exposed persons of whom 3/4 works in the health care sector. The
individual doses are very low in diagnostic radiology, somewhat higher in nuclear medicine and
still somewhat higher in the nuclear industry. For personal dosimetry, there are some remaining
dosimetric problems related to the weighting of the neutron components in reactor environments, at
waste handling and at high-energy accelerators for radiotherapy and physics research.

5. Challenges in research and education

For success in medical physics research it is necessary to create true multi- and
interdisciplinary research environments and networks [7] and be ready to explore new technologies
as nanotechnology, drug discovery, pre-clinical imaging, optical imaging and biomedical
informatics [8]. A particular challenge is to achieve an increased collaboration between imaging
specialists (radiologists, nuclear medicine physicians, medical physicists) and the clinicians with
knowledge of different organ systems and diseases. We now see an exponential increase in the
number of images acquired for each patient and the possibility of using the images as raw data for
quantification in order to measure relevant parameters describing organ function, physiology and
molecular biology. Medical imaging research must address these changes through focusing on
solutions that support decision, which have to be done by radiologists, nuclear medicine physicians
and other physicians, and also focusing on improved quantification of imaging results and
biomarkers. Medical physicist need to be active also in areas outside radiation oncology and
radiology. As pointed out by several authors [9,10,11,12] there is a need for increased collaboration



between basic scientific research within medical physics and applications in the clinic. While the
clinical applications of medical physics seem to be getting appropriate attention and training, the
research/academic activity does not. In many countries, the medical physics profession is even
lacking organised academic training. There is a need to create research positions in medical physics
either in the hospital environment and/or at the physics departments.

In the field of radiation protection, the research capacity was reduced during the last decades,
but the increasing application of ionising radiation in medicine, unsolved problems with nuclear
waste, reactor accidents (most recently Fukushima) and terrorist and military activities now
accentuate the need to revitalise the field [13]. The awareness is increasing that many countries
have lost key competences and are no longer capable to retain independently their current research
activities in radiation sciences with implications to fulfil effectively operational and policy needs
and obligations.

Like many specialties, medical physics is undergoing profound changes, including some of
them with an unpredictable impact on the profession. Currently, the emphasis is concentrated on
cost containment and optimisation within the limited resources available in health-care. At the
medical physicists” level, the emphasis relies on enhancing specific skill development and
competency, in both diagnostic and therapeutic medical physics. However, many opportunities
created by translational and frontier research is missed because the profession is focused on
achieving higher competence, sub-specialization and certification, which is driven by economic and
political pressure. There is also an increasingly competitive environment for research funding. This
makes problems for future medical physics research, with a potential diminution in the innovation
and creativity that have been the signature of progress leading to improvements in patient care over
the past 50 years. To improve the situation the link and the mutual support between clinical medical
physics and a strong and active medical physics research must be kept and strengthened.

6. Summary

Medical physics has been at the forefront of the development of the dynamic field of medical
imaging and pioneering the radiation oncology. Medical physics ensure the safety of a large number
of patients, occupationally exposed persons and the general public.

Also for the future, medical physics needs specialists in the various areas of diagnostic and
therapeutic applications and in radiation safety. It also needs generalists able to work in
interdisciplinary field related to physics, medicine, biology, computer sciences, and mathematics
and in social sciences. Medical physics will have great opportunities for the future, provided that
the two disciplines of medical imaging and radiation therapy can come closer together and if the
link between clinical disciplines and academic research and education in medical physics can be
kept and strengthened.
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STANDARDS
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Abstract. The present Ukrainian radiation safety regulatory base differ in some positions from international
IAEA standards providing some educational stages for medical physicists, in particular, the clinic practice
for ionizing radiation sources operating. The high school students even after certain age stated in national
regulatory base usually do not refer to the category “A” personnel. For this reason the organization of
distance training excludes the student radiation risk. The Training-Research Centre for Radiation Safety
proposes the arrangement of distance practical training simulating clinical diagnostics or therapy with
protected digital X-ray systems.

AHoTanisi. Y cydacHii ykpaiHCBKiIH 3akoHOIaB4ili 0a3i 3 MNUTaHb panialiifHol Oe3meku icHye psn
po30ixkHOCTEH 3 MiKHapomuuMu pekoMmeHmamismu MAI'ATE, sxi, 30kpema, mependadaroTh TIEBHI eTaId
OTPUMAHHS OCBITH MEIUYHOTO (Di3MKa, a caMme, MPOXOJPKEHHS HEeOoOXiTHOT KIIIHIYHOT MPAKTHUKHU MO POOOTI 3
JoKepeaMH 10HI3yI09oro BUIpoMiHIOBaHHS. OCKUTBEKH, CTYJICHTH BHINIUX HABYAIBGHUX 3aKIJIaIiB, HaBiTh, IO
JOCSTHEHHIO 3a3HAUEHOr0 B HAUOHAJBbHIM pEryyisaTopHid ©a3i BiKy, SIK NpaBWIO, HE BIIHOCATHCA MO
IepcoHary kareropii “A”, mocrac TWTaHHS OpraHizamii AWCTAHIIIHOTO MPAKTUIHOTO HABYAHHS, SKE
Mo30aBIisie PU3UKY OMPOMIHEHHS CTyHeHTIiB. JlJi1 MbOr0 HaBYAIBHO-HAYKOBUM IIEHTPOM 3 pajiamiiHol
0e3MeKu 3anpONIOHOBAaHO BUKOPHUCTAHHS 3aXUIIEHNX POOOTH30BaHNX MU(POBUX PEHTI€HIBCHKUX yCTAaHOBOK,
3a JIOTIOMOT'0F0, STKAX CUMYITIOIOTHCS KIIIHIYHI AIarHOCTHYHI 200 TepaneBTHYHI MPOIETyPH.

Key words: radiation safety, radiation sources, protected X-ray systems, personnel.
KuarouoBi cioBa: panmiamiiina Oesreka, pkepena 10HI3YIOUOTO BUIPOMIHIOBAHHS, 3aXHIICHI
PEHTICHIBChKI YCTAHOBKH, MIEpCOHAN KaTteropii “A”.

The increasing development and application of new X-ray sources usage technologies in
medicine in Ukraine caused the crucial changes in medical service quality. The growing amount of
new X-ray digital units should be well serviced, and radiologists should be enough consulted to
provide the high quality diagnostics and treatment. For this reason the medical physicists are in a
great demand in Ukraine. The medical physics students are being educated in our university.
According to the EURATOM directive [1] the medical physicists provide the radiation safety
during the medical procedures. For this reason the medical physicists should be not only theoretical
educated, but also should have clinical practice. Taras Shevchenko national university of Kyiv
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organizes the practical laboratory working with X-ray source for the medical physics students,
taking into account the problem of differences that should be harmonized between the national and
international regulatory bases.

The national Radiation Protection and Safety Standards categories [2] differ from standard
groups defined by IAEA [3]. Ukrainian standards involve 3 groups, which include, the so-called the
“A” group, with defined limit of an effective dose, delivered due the occupation exposure of
workers up to 20 mSv in a year, and also people under 18 years are not allowed working with
radiation sources. The medical physics students do not refer to the “A” group, so they cannot work
directly with radiation X-ray units. The Training-Research Center provides the possibility to
organize educational practice, using ”protected” X-ray digital unit, taking into account all radiation
risks. Such digital X-ray units provide full radiation protection being installed in X-ray protected
box (lead skin-plating). This construction has the remote control and all its components are
computer-aided. This reduces the health risk of educated specialists. Also it gives the possibility to
organize the distance education and practice using the remote control (via Intranet or Internet).

light source

web-camera X-ray tube

e e amoving
_ il _--"1 stand
Badil L -~
I P ——
—~
— dialtalraci <
—~ igital reciever X-ray potective

box

Fig 1. The “protected” training-research X-ray unit for distance education for medical
physics students.

The wide range of practical tasks is performed with protected training-research X-ray unit.
The students become proficient in the following X-ray examination methods provided with
protected training-research X-ray unit:

the measurements of transmission, absorption and scatter of X-rays by objects;

the measurement of spatial resolution, dynamic range and quantum efficiency of detection in
X-ray systems;

the measurement of contrast and signal to noise ratio, and object detection;

the problems of automatic objects detection and recognition;

the storage of axial projection, tomographic slices calculations and 3D pictures building.

Table 1. Maximal operation parameters of training-research X-ray unit and ambient dose
equivalent (ADE), measured over the four external sides of the unit.

Maximal | Tube Exposure | ADE, ADE, ADE, ADE,
tube current | time measured over | measured measured measured over
potential the first | over the | over the third | the fourth
external X-ray | second external ~ X- | external X-ray
unit wall external  X- | ray unitwall | unit wall
ray unit wall
50 kv 185 uA | 10 sec 0,03 uSv/h 0,3 uSv/h 0,3 uSv/h 0,1 uSv/h




Not only training, but the research work [4,5] is performed by medical physics students within
the field of new image digital processing algorithms testing, using the X-ray units equipped with
micro-focused X-ray generators and multi-sensors detectors. The reasonable size of tomographic
research field is a sphere with 15...18 cm diameter. The recommended tube to receiver distance is
50 cm, and the viewing angle is up to 450. To exclude any possibility of student or occupation
workers contact with X-ray stream all tasks are being performed with the closed X-ray protected
box door.

1. EC Directive 1997/43/Euroatom of 30 June 1997 on health protection of individuals against the
danger of ionizing radiation in relation to medical exposure, Official Journal, VVol. L 180 (1997) 0022-0027.

2. Radiation Safety Standards of Ukraine (RSSU-97), National Sanitary Standards, Ukraine
(1998).

3. Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards,
IAEA Safety Standards Series No. GSR Part 3 (Interim), International Atomic Energy Agency, Vienna,
(2011).

4, Miroshnichenko S.I., Radko D.A., Druzheruchenko A.G. “Decrease of the exposure dose at
digital photoroentgenography screening” International Conference “Medical Physics in The Baltic States”,
Kaunas, Lithuania, (2011).

5. Aslamova L.l., Melenevska N.V., Miroshnichenko S.l., Miroshnichenko N.S., Radko D.A.,
Grabovska E.V. “The possibilities of contrast digital improvement in chest screening imaging” International
Conference “Medical Physics in the Baltic States ””, Kaunas, Lithuania, (2012).

PAJMOHYKJ/IMJHBIE TEXHOJIOI'MM B ME/IUIINHE

A.IlL qepHﬁenl’z’*, A.B. Benoyconl, I1.1O. Bopmeroncxaﬂl, C.M. Bap3apbl, M.B. 3ar0py1711c02,
M.A. KOJII)IBaHOBal, A.C. Ocnn033, A.B. Ionos’

1) @Quszuueckuii paxyromem Mockosckoeo eocyoapcmeenHoz2o ynusepcumema umenu M.B.
Jlomonocosa,
2) HayuHno-uccredosamenvckuil uncmumym sioeprotl ¢pusuxu umenu /[.B. Cxobenvyvin
3) 340 UMIIEKC MCM\
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chernyaev@rector.msu.ru

AHHOTa].[I/ISI. B cratbe OPUBOAUTCA OMUCAHUC POJIU PAAUOHYKIIMAOB CPECaAU AACPHO — (1)I/I3I/I‘IGCKI/IX METOA0B,
HCIIOJIb3YEMBIX B MCIUIIUHE. AHaJ'H/ISI/IpyeTCH COCTOAHUE U IEPCIICKTHUBLI pa3BUTUA AACPHBIX TEXHOJIOTUH C
HCIOJIb30BAHUEM PAJUOHYKIINAOB B MCAULIUHE, U, B YACTHOCTHU, MCTO1a 6anI/ITepaHI/II/I. HpI/IBO,Z[I/ITCSI aHaJIn3
COBPEMCHHOT'O COCTOAHUA ITPUMECHCHUA PATUOHYKIIMIAHBIX YCTAHOBOK B MEAWIINHE.

Abstract. The article describes the role of radionuclide nuclear - physical methods used in medicine. The
condition and prospects of development of nuclear technologies with use of radionuclides in medicine, and,
in particular, a brachytherapy method is analyzed. The analysis of a current state of application of radio
nuclide installations in medicine is provided.

KiroueBble cjioBa: MeTuIMHCKAs (PU3UKA, sIEPHbIE TEXHOJIOTUH, PATUOHYKITU/IbI.
Keywords: medical physics, nuclear technology, radionuclides.

MeaunuHCKOe  TPUMEHEHHWE  HOHU3HUPYIONIMX  U3IYyYEHUH  HA4alloch  MPAKTUYECKU
OJIHOBPEMEHHO C HMX OOHAapy>KEHHEM B KOHIIe AeBATHaauaroro Beka. B 1895 romy B. Pentren
OTKphUT X-Ty4d WM pPEHTreHoBckoe wusnydeHune. B 1896 romy A. bekkepenb 0OOHapYXHI
U3Iy4YeHHUE, UCXOsIIee OT conelt ypaHa, a B 1899 rony DO. Pesepdopa u B 1900 rony I1. Bunmnapn
OTIPEACIIVIIN, YTO PAJMOAKTUBHBIC DJIEMEHTHI UCITYCKAIOT aib(a- U O0eTa-dyacTHUIlbl, a TAKXKE raMma-
nuznyyeHue. CoOTBETCTBEHHO yike B Hadane 1896 rona ydyeHble JOKYMEHTHPOBAIH MOBPEkKAAIOIIEe
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JieficTBUE Ha KOXKY PEHTT€HOBCKOTO M3JIydeHHus, a B HOsi0pe Toro »xe rona Jleomonby PpoitHng
IpoBeJ CIUIAHUPOBaHHOE 00JyueHue BoJiocsiHoro HeByca. B 1901 r. A. Jlannoc wucmosib3oBai
pPasMoOU30TOIBI MIPH JIeUeHUH OO0JBHOTO TyOepKyiae3oM, a B 1903 roay A. bemn cran pacnonaratb
VMCTOYHMKH PAJIHS B OIYXOJIU WIH OKOJIO HEeE.

B 1919 roay Pesepdopnom Ha a3ore Obuila OCYIIECTBIIEHA IepBas sAepHAs peakUus MOJ
JNENUCTBUEM 0-YacCTHIl, MO3BOJIAIOIIAs MpeBpaliaTh OJHM XHMHYECKHE DJIEMEHThl B JIpYyTHE.
Oxka3asiocp, 4TO MOJ AECUCTBUEM HAJETAIOIIUX YAaCTUL IPOUCXOAUT U3MEHEHUE COCTaBa SApa, Tak
YTO SIAPO OJTHOTO XMMHMYECKOIO 3JE€MEHTa MOXET IPEBPATUTHCS B SAPO APYroro XMMHUYECKOIO
anemenTa. B xonue 20-x — Havasne 30-X T010B OBUIM MOCTPOEHBI MEPBBIE YCKOPUTENHN 3apsKEHHBIX
YACTHUIl: KaCKaJHBIM TeHepaTop, IMKJIOTPOH W JMHEWHBIH yckoputenab. Ha Hux ObutH
OCYIIECTBJIEHBI JIPYTUE SJIEPHBIE PEAKLUU 10 MPEBPALIEHUI0 XUMUYECKUX 3JIEMEHTOB, IOJIYYEHbI
MEpPBbIE UCKYCCTBEHHBIE PaINOAKTUBHBIE U30TOIIBI.

OTU U Apyrue OTKPBITUS CTAJIW OCHOBOM JUIS Pa3BUTHSA SIAEPHBIX TEXHOJIOTMH B Pa3iIMYHbIX
00JacTsIX MUPOBOT'O X0341CTBA, B TOM YHCJIE U B MEIULIMHE.

K Hacrosmemy BpeMeHH B MEUIIMHE IEUCTBYET 00JI€€ COTHH THICAY BBICOKOTEXHOIOTUYHBIX
MEJIULMHCKUX YCTAaHOBOK. M 3TO HE y4MTBIBAasE PEHTT€HOBCKUX YCTAHOBOK, KOTOPBIX HECKOIBKO
MUJJTMOHOB.

SnepHble TEXHOJIOTHH B MEULIMHE UCTIONB3YIOTCA B JIy4YEBOM TEpanuu U s1IEPHON MEJIULIUHE.
JlydeBas Tepanusi OCYIIECTBISETCS JUCTAHIIMOHHBIM CIIOCOOOM (IyYKH 3JIEKTPOHOB M ()OTOHOB M3
3JIEKTPOHHBIX YCKOPHUTENIEH, MPOTOHOB M HOHOB W3 YCKOPHUTENIEH NPOTOHOB, U HEUTPOHOB U3
TeHEepaTOpOB HEHTPOHOB WM SIIEPHBIX PEAKTOPOB, (OTOHBI M3 KOOAIBTOBBIX YCTaHOBOK), JHOO
KOHTakTHbIM. [locnegHee pecsiTuieTHe W3 Jy4EBOM TEpamuu IOCTENEHHO BBIIEISAETCS HOBOE
HAIpaBJICHUE pa3BUTHUS TEXHOJOTHMH — CTEPEOTAKTHYECKAas XHUPYPIHsl, HCIOJIb3YIOLas TaKue
VHHUKaQJIbHBIE YCTAHOBKM KaKk TraMMa- M KHOep-HOXH, MOIU(UIMPOBAHHBIE ISl STUX IeNel
JMHENHbIE YCKOPUTENHU. SaepHas MenuluHa BKIIIOYAeT B ceOs PaJUOHYKIMJIHYIO JTUAarHOCTUKY U
TEpanuio.

Cpenn simepHO-QU3NYECKUX TEXHOJOTHHA 0Cc000€ 3HAYeHHE MPHOOpPENH TEXHOJIOTHH C
UCIIOJIb30BaHWEM HM30TONOB. OHU MNPUMEHSAIOTCA B JYY€BOM Tepanmuu U SACPHOM MEIMIIMHE.
JIydeBasi Teparusi ¢ UCIIONB30BAHHEM H30TOMOB CO™ OCYIIECTBISETCS AUCTAHIHOHHBIM CIIOCOGOM
WIM KOHTAKTHBIM, KOTOPBIA MONYYHMJT Ha3BaHUE Opaxurepanmuu. DTOT METOJ MOApPa3yMeBacT
MOMENICHUE UCTOYHUKA PAJMOAKTUBHOCTH BOJU3H WM BHYTPHU OOJIACTH, MOJABEPraeMoi JIy4eBOMY
JICYEHHUIO.

K Hauany aBaaunate nepBoro Beka JOCTH)KEHHUS SIEPHBIX TEXHOJOTUN B MEAUIIMHE MPUBEIIN K
HIMPOKOMY PacCIpOCTPAHEHUIO YCTAHOBOK, NEHCTBYIOIIMX C MCIOJIb30BAHUEM PaJMOHYKIUIOB -
KOOQJIbTOBBIX ~ YCTAaHOBOK, KOMIUIEKCOB  paJAHOXUPYprMM TaMMa-HOX, JIMarHOCTUYECKOM
annapatypsl: ramma-kamep, O®IKT, I[1D3T. HapaboTka U30TONOB Al MEAULIMHBI OCYIIECTBIISAETCS
C UCTOJIb30BAaHUEM SIIEPHBIX PEAKTOPOB U YCKOPUTEJIEH MPOTOHOB.

K Hacrosmemy BpeMeHH B MHpe O0IlIee YHCIO BBICOKOTEXHOJOTHYHBIX MEIUIIMHCKHX
anmnaparoB, JEHCTBYIOIIMX HAa OCHOBE JOCTHKEHUU simepHoil ¢u3uku, npesbimaer 100 Thicau. U3
HUX YCTaHOBKH, MCIIOJb3YIOIIME PAJUOHYKIHUIBl COCTaBJISAIOT HMPUMEPHO 26 ThICAY €AUHMI] WIN
0k010 25% ot 00Iero 4ynciaa BBICOKOTEXHOJIOTHYHON MEOUIIMHCKON TeXHUKH. OCHOBHAS IOJIS
(oxo0 90%) ATUX paAHMOHYKIUAHBIX YCTAHOBOK pabOTaeT B IUATHOCTHKE, & B AWCTAHIIMOHHOU U
KOHTaKTHOM Jy4eBOM Tepanuu HeMHOro meHee 10%.

B Poccuu B menunune ucnonb3ytores 6onee 400 ycTaHOBOK JUIsl AUCTAaHIIMOHHOM JIydeBOU
tepanuu: 6osee 130 anmapaToB, UCMOIB3YIONIUX YCKOPUTETH, B TOM 4YHCie 2 KHOEp-HOXKa; OKOJIO
270 UCTOYHUKOB Y-HU3Iy4YEHUS Co® u 4 ramma - HOXa. J{HATHOCTHYECKHX ycraHoBok B Poccuu:
okouio 240 ramma- kamep (B Tom uucie 140 OOIKT-ckanepon), 100 KOMIBIOTEpHBIX TOMOTPadOB,
22 TI9T — ckanepa (Brirowast 7 monubix [I19T-uentpoB) u 450 MPT Tomorpados. [eiictByer 4
[EHTpa PaJUOHYKIUIHOW Tepanuu (46 KOeK) U 5 — paIuOHYKJIMIHON TUarHOCTUKUA. B KOHTaKTHOM
nydeBoii Teparmuu (Opaxurepanun) padoraer npumepHo 150 yctaHOBOK. J1Jis TOTro, YTOOBI BBIMTH Ha
cpeaHeeBpoIeckuii ypoBeHb HeoOxoaumo ~1000 yckopuTteneit, ~20 IeHTpOB MPOTOHHOM Teparuu
u 4 — agponHoii, u 1000 KT — ckanepoB u 100 II9T-11eHTpOB COOTBETCTBEHHO.



Bcero B Poccum B MEOUIIMHCKUX YyUpexIeHUsX padoraer mnpumepHo 1400 enuHuIl
BBICOKOTEXHOJIOTMYHON MEIULIMHCKON TEXHUKU, OCHOBHYIO YacTh (~40%) xotopoit coctasisitor KT
u MPT. IlomoBuHAa 3TONM TEXHHUKH COCTABISAIOT MPUOOPHI, HCHOJIB3YIOUIME PaTUOHYKIUIbI,
paboraroiye B paJIuOHYKIMIHON AuarHocTuke W JydeBoil Tepanmuu. Oxono 10% MegunuHCKOM
BBICOKOTEXHOJIOTMYHON TexHUKU B Poccum cocraBnstor ammapatsl st Opaxureparnuu. [lopsigka
necatu peaktopoB U 10 - 20 yckopuTeneid MNPOTOHOB TOTOBST HM30TOMbBI ISl MEIUIIMHCKOTO
WCIIOb30BaHMUS.

B memummHe MoryTt mcmoib30BaThes Okoyio S0 BHIIOB WM30TOMNOB, M3 HUX MPOMBIIICHHO
HapabateiBatoTcsi okosio 25-30. 3a BCIO HCTOpUIO B OpaxwrTepanuyl MPUMEHSUIUCH JI0 IOJIyTOpa
JIECSITKOB pa,Z[I/IOHglKJ'II/I,I[OB. B nacrosmiee ngeM}I AKTUBHO HCIOJB3YIOTCS TOJBKO IiecTb. K HUM
OTHOCATCS 60Co, ! 7CS, 192II’, 125|, 103Pd, 05Oyt CyIIeCTBEHHO peke MPUMEHSIOTCS PaAHOHYKIINAbI
198Au, %Ry u ®2Cf. B Teuenue JUTUTEIIBHOTO Teproaa ¢ TPUAIATHIX TOIAOB B OpaxuTeparnuu
HCTIONB30BAIINCH H30TOMBI 22°Ra 1 222Rn, HO 10 COOOpakeHUsIM paJHAIIMOHHON 0€30MaCHOCTH MX
WCIOJIb30BaHUE MPAKTUYECKU MPEKPAIIEHO.

Bcero B mupe neiictyer 6onee 800 nentpoB Opaxurepamuu. B CCCP sToT MeTon eueHus
Hauyas npuMeHsThesa ¢ 1961 rona, a ¢ 1969 roga cranu ucnonp3oBaTbes annapathl kiiacca AIAT ¢
ncrounnkamu Co®’. B HacTosmee Bpems B Poccuu Opaxuteparnus OCyIecTBIseTCs MpuMepHo B 20
OHKOJIOTUYECKUX IIEHTpaX, B KOTOPBIX HCHONB3YIOTCS OKoio 150 OpaxurepaneBTHUECKHX
anmnaparoB, XOTs 3HAUNTENbHAS YaCTh U3 HUX YXKE ycTapena.

B nactosmee Bpems psmoM ¢GupM BeAyTcs pa3pabOTKH OTEYECTBEHHBIX MPHOOPOB IS
OpaxuTepanuy, COOTBETCTBYIOIIMX YPOBHIO CaMBIX COBPEMEHHBIX aIlllapaToB HMIIOPTHOTO
MIPOM3BO/ICTBA.

1. Yepuses A.Il. Yckoputenu B coBpeMeHHOM Mmupe // V31M-BO MOCKOBCKOTO YHHBEPCUTETA. —
Mocksa, 2012.

2. Yepnsiee A.I1. Sinepuo — pusnueckue Meronasl B Meauiune // YA, — 2012.- T.43. BbIIL.2. -
C.500 - 518.

IAEA EFFORTS IN MEDICAL PHYSICS EDUCATION IN EASTERN EUROPE
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Abstract: The IAEA supports education and training in medical physics in Eastern Europe through the
provision of educational programmes, teaching material, training courses and fellowships. The shortage of
medical physicists, insufficient education and training, and lack of professional recognition are identified as
the main issues to be addressed.
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Introduction
The IAEA conducts systematic and comprehensive activities in support of the development of
teaching programmes in medical radiation physics for its Member States including countries in
Eastern Europe. Multiple IAEA projects are in operation at various levels which, together with the
well-known IAEA training courses and specialization fellowships funded by the IAEA Technical
Cooperation (TC) programme, aim at supporting countries to develop their own programmes in
medical radiation physics.
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IAEA handbooks for teachers and students

One of the early activities by IAEA was the development of a "Syllabus in Radiotherapy
Physics", with the goal of harmonizing the various levels of training that the IAEA provided.
Following further developments, the early syllabus became a comprehensive handbook for teachers
and students, with topical coverage deeper than a simple ‘teachers guide’. The present “Radiation
Oncology Physics: a Handbook for Teachers and Students” [1] provides the basis for the education
of medical physicists initiating their university studies in the field. The handbook successfully fills a
gap in the teaching material for medical radiation physics, providing in a single manageable volume
the largest possible material coverage available today. It is widely disseminated by the IAEA and
contributes to the harmonization of education in the field. It is of value to newcomers as well as
those preparing for their certification as medical physicists.

To support the implementation of the Handbook for self-study of medical physicists and for
various training courses in medical radiotherapy physics that the IAEA organized, a set of about
2500 slides based on each chapter of the Handbook has been developed and placed on the IAEA’s
web site [2]. The slides can be used to prepare different teaching modules for IAEA courses. They
are available in English and Russian.

The wide spread success of the handbook on radiation oncology physics has led to the
proposal to complement it with companion handbooks in diagnostic radiology and nuclear medicine
[3, 4]. These volumes will be supplemented by teaching slide presentations.

Clinical training of medical physicists
There is a general and growing awareness that radiation medicine is increasingly dependent on well
trained medical physicists in the clinical setting. However, an IAEA analysis of the availability of
medical physicists indicates a large shortfall of qualified and capable professionals. This is
particularly evident in several low and middle income countries. The holder of a university degree
in medical physics without the required clinical training cannot be considered clinically qualified.
Consequently, the IAEA developed suitable clinical training packages for the physics of radiation
therapy, diagnostic radiology and nuclear medicine that were published under the IAEA Training
Course Series no. 37, 47 and 50 [5-7], respectively. Prior to the dissemination of the clinical
training books they were successfully tested in the clinical setting and it is considered that they are
generally applicable to the medical physics community worldwide. The IAEA clinical training
material for medical physicists is now available in other languages including Russian.
Developing and disseminating dosimetry codes of practice

The IAEA has maintained an interest in standardization and development of Codes of Practice
(CoP) for radiotherapy dosimetry going as far back as the seventies, with several publications in the
field. One important example is the development of TRS-398 [8], a CoP based on absorbed dose to
water standards in 2000. TRS-398 is presently used by many physicists involved with dosimetry in
radiation therapy, and has been adopted by several countries as their national dosimetry protocol.
TRS-398 is also available in Russian.

An extension of the existing Codes of Practice to provide recommendations on dosimetry
procedures for small and composite radiotherapy fields is under preparation at the IAEA by the
working group consisting of international experts.

It is worth mentioning, a Code of Practice to aid in the standardization of various dosimetry
techniques in X-ray diagnostic radiology was published as TRS-457 [9].

IAEA reports, guidance books and e-learning material

In the last decade the IAEA has published several technical reports, guidance documents and
advisory books that are a useful resource for medical physics training, in particular for equipment
acceptance testing and commissioning including imaging, treatment planning and record and verify
systems, as well as for quality assurance (QA) in the various areas of clinical radiotherapy physics,
both for equipment and patient related procedures [10-13]. There are also numerous IAEA
publications available in QA for imaging both in X-ray diagnostics and nuclear medicine [14-16].

The IAEA has also developed a website called Human Health Campus [17] to serve as a
resource for health care professionals and students in radiation medicine. The aims of the NAHU
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Campus website are to a) serve as a dependable resource for health professionals b) highlight
material available in IAEA reference documents and other relevant resources, and c¢) provide a
space and technological foundation for the future integration of web based resources and learning
material in IAEA projects involving health care related activities.

IAEA conferences/symposia

The IAEA has a long tradition on organizing conferences and symposia in dosimetry and
medical radiation physics to foster the exchange of information among professionals and highlight
developments in the field. The last International Symposium on Standards, Applications and
Quality Assurance in Medical Radiation Dosimetry (IDOS) was organized by the IAEA and held in
Vienna form 9 to 12 November 2010 [18]. The symposium provided a forum for physicists and
scientists of medical institutions, research centres and standards laboratories to discuss advances in
radiation dosimetry made during the past decade and to exchange scientific knowledge. The topical
sessions included all specialties in radiation medicine (radiation oncology, nuclear medicine and
diagnostic radiology) and radiation protection dosimetry, with a specific focus on the challenging
issues of dosimetry in small and non-standard radiotherapy beams. The symposium summarized the
present status and outlined future trends in medical radiation dosimetry, and also identified possible
areas for developments through a set of recommendations.

An IAEA inter-regional project on medical physics

An interregional TC Project aiming at strengthening medical physics in radiation medicine
undertook a task of harmonizing the various approaches to medical physics profession definition
and practices among the world regions. The IAEA, together with the World Health Organization,
European Commission and major medical physics professional societies worldwide, seeks to
strengthen medical physics in radiation medicine to ensure safe and effective treatment and
diagnosis of patients. Specifically, the project objectives are to: a) define internationally endorsed
roles and responsibilities of medical physicists and requirements for education and training,
including clinical requirements; b) identify gaps in education and training and develop/harmonize
materials as needed; c) raise awareness and recognition of medical physics as a profession.

The shortage of clinically qualified medical physicists, insufficient education and training
(especially a properly organized and coordinated clinical training) and lack of professional
recognition were identified as the main problems to be addressed under this project. A joint report
[19] has been developed in response to these findings that defines the roles and responsibilities of a
clinically qualified medical physicist in radiotherapy, diagnostic radiology and nuclear medicine. It
also provides a detailed description of the medical physicist role in a clinical environment. The
document further recommends minimum requirements for the academic education and clinical
training of clinically qualified medical physicists, along with requirements for continuous
professional development. A set of criteria are presented to support the harmonization of education
and clinical training worldwide, as well as to promote the recognition of medical physics as a
profession.

Training of medical physicists through IAEA courses and fellowships

Cancer rates are rising worldwide, however the cancer incidence in Europe is particularly
high, thus requiring a proper number of well qualified medical physicists. In recent years, the
increasing complexity of equipment producing radiation and used both for diagnosis and treatment,
coupled with the raising of the expectations of good health care, as well as the implementation of
more stringent radiation safety standards and accreditation requirements has exacerbated the already
critical shortage of fully competent medical physicists.

For several years, through a series of TC projects addressing regional capacities in medical
radiation physics, the IAEA has organized and supported regional training courses for medical
physicists to upgrade their skills and practices in various world regions including Europe. These
courses offered opportunities for training of medical physicists in order to allow for improvement of
their professional status and for enhancing their specialist capabilities and strengthening their
contributions to radiation medicine developments.
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Within the regional TC projects in Europe, the IAEA has provided support for the
participation of medical physicists from Central, Eastern and South-Eastern Europe in teaching
courses organized by the European Society for Radiotherapy and Oncology (ESTRO). Special
versions of the ESTRO courses were organized for the Russian speaking medical physics
community, with the IAEA arranging for the translation of the course hand-outs, the interpretation
of lectures and the facilitating of discussions in Russian.

It has been recognized that the status of medical physics education and training in some
countries of Eastern Europe exhibits limitations in university education, shortages in post-graduate
training and too few opportunities for continuous professional development. There are also
insufficient numbers of adequate clinical facilities available for training of medical physicists and
much of the equipment is outdated and obsolete. This calls for the provision of special training
packages in Russian language for medical physicists to improve their skills, competence and
knowledge. Using the IAEA TC support, the Association of Medical Physicists in Russia (AMPR)
has organized a training centre to address the educational and training needs of the Russian
speaking medical physics community. In addition, several national TC projects are in operation in
Eastern Europe that support medical physics training through national training courses, scientific
visits and on on-the-job training in recognized radiotherapy centres abroad.

Another opportunity to participate in IAEA supported training is through teaching courses
jointly organized by the IAEA and the International Centre of Theoretical Physics (ICTP) in
Trieste, Italy. These courses are organized on regular basis and cover various topics in QA, imaging
and radiotherapy physics.

Conclusion

Training and continuous professional development of medical physicists are vital to ensure safe and
effective use of radiation in medicine as medical physicists have an important role, especially in
cancer treatments and diagnostic imaging, where radiation is used for diagnosis of disease. The
shortage of medical physicists, insufficient education and training opportunities and lack of
professional recognition are the main shortfalls identified in some countries of Eastern Europe. To
address these problems the IAEA offers support in education and training of medical physicists
through the provision of educational programmes, teaching material, training courses and
fellowships.
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MEDICAL PHYSICS PROFESSION IN GEORGIA - PROBLEMS WITH RECOGNITION
AND AUTHORITY
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Abstract. Medical Physicist is a professional who can give you better life with increased accuracy of
Diagnostic and Treatment procedures. Medical Physics professional is just recently recognized as an
important stuff in Georgian medical departments where treatment and diagnostic procedures are contributed
with radiation sources. In spite of large number of radiation units in Georgia there is nobody to take care of
the QA/QC in Radiation Diagnostic units and there is a lack of Medical Physics professionals in
Radiotherapy departments, what doesn’t allow to be sure in accuracy of diagnostic and treatment
procedures.Problems were defined long ago, but now they are recognized as an important to increase quality
of the medical service what is directly addressed to qualifications of responsible people and many other
minor issues what has to be solved on time; even thought, frequent changes connected with privatization
slows this process down.

Keywords: Medical Physicist, Lack of qualified professional, Recognition, HealthCare system.

Introduction

The first Radiotherapy Department in Georgia was opened in 1958 in Radiology Scientific
Institute of the National Cancer center, where main part, from the very beginning, considering
Radiation Protection, equipment accuracy measurements and treatment planning was done by
physicist. Already that time it was clearly understood that best after treatment results for cancer
patients could be achieved in case of Physicist’s involvement in radiation treatment procedures.

Increased number of Radiation units and lack of Medical Physics professionals provoke
medical stuff to Establish Association of Medical Physics in Georgia (AMPG) in 1994 and to raise
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the question of Medical Physics Education in Georgia at the University level, but despite of their
endeavors Universities couldn’t adopt new direction.

Today we have pioneer university - Georgian Technical University, where they already have
45 undergraduate students on Medical Physics module and it is a successful leap, because filed is
very popular among students.

In May 2013 was actuated new law on Nuclear and Radiation protection, according to what
Medical Physicist’s responsibilities are strengthened and all procedures together with dose levels
and quality test performances has to be justified with well-organized protocols and guidelines.

New Georgian Law will create many job positions for Medical Physics professionals and it
will help us to save many patients’ life. Already many issues were discussed and many problems
worked out, but still there are many things to do and more serious problems to surmount.

Medical Physics Education and Accreditation

Since 2005, when Georgia has joined Bologna Process and since that time in all around
Georgian universities, including Georgian Technical University has been carried out Education
Reforms. Nowadays, Higher Education system of Georgia consists of three cycles: Bachelor’s
Degree (240 credits); Master’s Degree (120 credits); and Doctor’s Degree (180 credits).

At the Georgian Technical University (GTU) offers the qualification of Certified Specialist,
as well as the Bachelor, the Master and the Doctoral degrees to the people who study on the faculty
of an of Informatics and Control Systems. The university offers bachelor’s degree in Engineering
Physics with 240 credits, from where 120 credits are admission to fundamental subjects of physics
(mechanics da molecular physics, electricity and magnetism, optics and constitution of atoms,
physics of solid states, physics of semiconductors and dielectrics, physics of quantum, physics of
unified field theory, statistical physics, research physical methodology) and subjects in Maths
(Mathematical analyses, higher algebra, analytical geometry, differential and integral equations,
vector and tensor calculations, Mathematical Physics). On the third year of Bachelor study student
has access to choose two desired modules (each with 60 credits). In 2012 new module — Medical
Physics and Radiation Protection of a Human and Environment was added to the Engineering
Physics programme and it is already accredited as a separate direction.

Fundamental Subjects on Medical Physics and Radiation Protection of a Human and
Environment are:

Medical Material Sciences

Essential Medical Physics

lonizing Radiation in Medicine

Radiation Physics

Medical Image Computer Simulation

Reception of Image in Medicine by Non-lonized Radiation

Radiating Safety of the Person and Environment

Radiation Dosimeter

New Module Medical Physics and Radiation Protection of a Human and Environment is
highly popular among students, because Georgian Technical University is only the one in Georgia
where students can study on this field. Currently on Medical Physics Module study 45 students.
Because of high demand was created separate Masters programme of Medical Physics, where there
are already 3 students and 2 students on doctoral studies on PhD programme.

Master’s Programme in Medical Physics consists of:

Bio-Medical Nanotechnologies

Medicine Electronics

Optics in Medicine

Medical Visualization.lonizing Radiation. Influence and Dosimetry

Biomedical Image Processing and Analysis

Medicine Images with Non-lonizing Radiation

Computermodelsof neurons andneuralnetworks

Parallel programming (CUDA)
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Herewith, Georgian Technical University has signed contract of bilateral relations with Jiilich
scientific research Centre of Germany and already in autumn of 2012 from Georgian university two
students were sent in Jiilich Institute of Neuroscience and Medicine on their fellowships and the
same fellowship will be conducted for three students in summer 2013, and the number of students
will be increased from year to year. Duration of fellowships for Master students will be from 8 to 9
months.

In frames of the Programme in autumn 2013 Georgian Technical University will host
professors of Jiilich scientific research Centre on autumn lectures in Tbilisi and topics will be
discussed on Medical and Nuclear Physics.

Accreditation of Medical Physicists in Georgia has not started yet, as long as we still have
lack of Medical Physicists and accreditation would made it worst.

Reforms at the Ministry of Health to help medical service improvement

One of the major projects of the Ministry of Labor, Health and Social Affairs of Georgia is to
improve Quality of the Medical Service in Georgia with supporting Healthcare reforms, what
foresees: rehabilitation and fitting out infrastructure and developing Huram Resourses with training
courses in order to establish better practice in hospitals. Healthcare reforms gives strong demand to
universities to establish appropriate programmes to educate more Medical Physicists who can help
improving medical radiation service in Georgia.

Today there are four Radiotherapy Departments in Georgia (National Cancer Centre of
Georgia, High Technology Medical Centre, Adjarian Oncology Centre, and My family clinic in
Kutaisi) and three Nuclear Medicine Departments (Academician Nikoloz Kipshidze Central,
University Clinic, Research Institute of Clinical Medicine, and High Technology Medical Centre).
In all Radiotherapy Departments there are only 6 Medical Physicists and only 2 Medical Physicists
in all Nuclear Medicine Departments, but there is unfortunate that until now we could not give
understanding to diagnostic departments to establish QA/QC procedures under supervision of
Medical Physicists.

After privatization to all hospital was given time for renovations and to put up their hospitals
with new equipment, what must change the strategy of hospital administration and improve their
service to keep their license and authority. These reforms are for recognition of professionals
responsible for the quality of medical service and it will make extra job positions for Medical
Physics Professionals.

1. Kobalia N., Koteshvili K. “Education of Medical Physics in Georgia”; Synergy of nuclear sciences
and medical physics: Education and training of medical physicists in the Baltic States ISSN 1822-5721,
2010/1. pp21-22;

2. Kotetishvili K.V. Gigineishvili V.V. Dolidze N.D. Chikhladze G.G. “The Perspectives of
Development of Medical Physics and Human and Environment Radiation Safety Specialists in GTU”
International Scientific Research Conference 2011.pp84-87;

3. Access Mode: http://www.mes.gov.ge/content.php?id=131&lang=eng

4. Access Mode: http://gtu.ge/faculties/ims/index.php#

PEAJIIBAIISI MATICTEPCHKOI ITIPOT'PAMM 3A COEIIAJIBHICTIO «MEJUYHA
®I3UKA» Y KHIBCbKOMY HAIIIOHAJIBHOMY YHIBEPCUTETI IMEHI TAPACA
INEBYEHKA
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Kuiscokuii nayionanvuuu ynieepcumem imeni Tapaca lllesuenxa, np-m I nywkosa, 4-I', Kuis,
Vkpaina, 03022, m_v_k@univ.kiev.ua

15


http://www.mes.gov.ge/content.php?id=131&lang=eng
http://gtu.ge/faculties/ims/index.php

Anoranisi: Marictepcbka nporpama 3 MeauuHoi (izuku 6a3yerbcss Ha miarorosui ¢axisuis OKP
«OakamaBpy creriaiizamii 3 MeINYHO1 paJio(i3uKH Ta BpaxoBy€e O0araTOpIuHUNA TOCBIJI MATOTOBKH
MAaricTpiB CIOpiIHEHOI crermianizamii B paMmkax crenianbHocTi «Pamiodi3uka i eneKTpoHikay Ha
paniodizuaHoMy (haKyIbTeTI.

AnHoTamus: Marucrepckas TnporpamMmMa MO0 MEAWIUHCKOW (u3nke O0a3upyercs Ha TMOJITOTOBKE
CIICIINaJInCTOB OKY «6aKaﬂaBp» croeuuajin3anyumm - 11o Me[[PIL[PIHCKOﬁ pa):[I/IO(l)I/BI/IKC U Yy4YUTBIBACT
MHOTOJIETHUHM OIIBIT IIOATOTOBKU MarucCTpoB pO,Z[CTBCHHOﬁ Cricnyain3dallii B paMKax CIICOUAJIbHOCTU
«Pagnodusuka u 3NEKTPOHUKA» Ha paguo(u3NIEcKOM (PaKybTeTe.

Abstract: The Master's Program in Medical Physics is based on Bachelor training in specialization of
Medical Radiophysics. This program uses the long-term experience of the Master training in related
specialization within the specialty "Radiophysics and Electronics» at the Radiophysics faculty.

Kuirouosi cioBa: Mennuna ¢i3uka, peasizallis IporpaMu, MaricTp, MoCiiI0BHICTh MiATOTOBKH.
KiarwueBbie cJoBa: MenunuHckass — Qu3MKa, — peajgu3anus — [POrpaMMBbI, MAarucTp,
IOCJIEA0OBATCIIBHOCTD ITIOAT'OTOBKH.

Key words: Medical Physics, program implementation, Master degree, training coherence.

Y kBitHi 2013 mnpuitHato pimenas MOH  Vkpaiam mono Haganas KuiBcbkomy
HalioHadbHOMY yHiBepcuteTy imeni Tapaca Illesuenka (mami KHY) minensii Ha miarotoBky
daxiBiiB 3a crienianbHicTIO «Meanuna ¢i3uka» OKP «Marictpy» (8.04020406).

BinnmoBigHo m0 uporo pimenHs Ha Pamiodizmunomy dakynpreri KHY — moumHaeThes
peaitizallisi 3arpoIrOHOBAHOTO paHime [1] mpoekTy mporpamMu MiATOTOBKH 3a3HAa4eHUX (haxiBIliB.
Bubip mporo (akyapbTeTy NOB’S3aHMM 3 THM, IO CaM€ TYT IIPOTArOM OaraThbOX pPOKIB
3abe3neuyeThecsi HaBuaHHS 3a OKP «bakanaBp» 3 Hanpsamy «lIpukmanna dizuka» (6.040204), Ha
0a3i sikoro BignoBigHO A0 IloctanoBa KM Vkpainu Ne 787 Bin 27 cepmus 2010 p. [2] moBuHHa
B1I0YBaTUCH MATOTOBKA MAriCTPIB €T CIEMIaTbHOCTI.

Kadenpa menuunoi pamiodizuku, Ha OCHOBI 5KOi Oyle peamizoBaHO IF0 MariCTepChKy
nmporpamy, Oyna opranizoBana B 1995 p. HaykoBa Ta HaB4anbHa pobOoTa kadeapu 30cepekeHa Ha
BHUBUYEHHI MPOIIECIB B3a€MO/IIi €EKTPOMArHITHOTO BUIIPOMIHIOBAHHS 3 PEUOBUHOIO JJIsi PO3POOKHU
(hI3MYHUX OCHOB HOBHX MEIWYHHX TEXHOJIOTIH, TOIIYKY HOBUX METOIIB PEKOHCTPYKIIii 300pakeHb
y Tomorpadii Ta yabTpa3BYKOBill 1HTPOCKOMii, KOMII IOTEPHOI OOPOOKHM MEIUYHHX 300paKeHb.
Kpim 1iboro xadgeaporo BUKOHYBAJIUCH TOCIIKEHHS y Taly3i IJIaHyBaHHS Ha OCHOBI PE3YJIBTATIB
IHTPOCKOMIYHUX  JOCHI/DKEHb  TpoIecy  JIKyBaHHA, B  TOMY YHCII  10OHI3yIOUUMHU
BUIIPOMIHIOBAaHHSIMHM, a TAKOXK 3 TEJIEMEJIMYHUX TEXHOJIOT1H, aHai3y A1l MeIUYHUX MpenapaTiB Ha
OCHOBI MOJICKYJISIPHOT IMHAMIKH, HEHPOHHUX CTPYKTYP.

Peamizaris miaroroBkn MeaudHuX (i3uKiB B YKpaiHi TOBUHHA BPaxOBYBAaTH MIiXKHAPOIHUH
JIOCBI, anie 3 1HMIOro OOKY CIUPATHUCh HAa ChOTOJCHHI peanii Ykpainu. Ha morounuii MOMEHT He
ICHye OJIHO3HAYHOTO TPAKTYyBaHHSA JaHOi cremiaapbHocTi. YactmHa (axiBIiB BIAMOBIIHO 10
TpakToBkU MAI'ATE posrnsgae menuuny (izuky sk 3a0esnedeHHs 3 (PI3UYHOI TOYKH 30py
pamioreparii Ta pamgiojorii  (0e3mocepeaHHO Tepamii Ha OCHOBI BIUIMBY 10HI3YFOYOTO
BUIMIPOMIHIOBaHHS, 1ii TUTAHYBaHHS, JO3UMETpii, CYNmyTHBOI MiarHOCTWKW). [HII  daxisii
PO3IIUPIOIOTH 1€ TMOHATTS J0 BUKOPUCTAHHS (I3MKH 3arajoM JUid MeAuluHU. [Hoai poOuthes
crpo0a 10 YaCTKOBOTO 00’ €THAHHSI 3 TAKOIO CIEIIaBHICTIO, IK Oiodi3uKa.

Ha mam mormsa, mpu peairi3alii MiIrOTOBKH MaricTpiB Tpeba BpaxoByBaTH, 10 Olo(di3uka €
okpemoto crerianbHicTio 8.04020405 [2]. BinmoBigHO € OKpeMa MOXJIUBICTh TOTYBaTH (axiBIIiB
TAaKOro npoGiT0 Ta ONTHUMI3YBaTH Uil HHUX Nporpamy miarotoBku. I[Ipore miomo ramyseit
MEIUIMHM, SKi HEe TOB’sI3aH1 3 PaJiOTEpaIlie€lo Ta PaJioiorier0 MPSMU YHHOM, CIIiJ] 3ayBaXKUTH, 110
3a YKpaiHCbKUMU HOPMATUBHUMH JOKYMEHTaMH OKPEMOI CHEIIaIbHOCTI, sIKa BIJOKPEMITIOETHCS Bl
Mean4yHOI (Di3UKHM, HEMae, a TMOMMUT Ha TakuX (haxiBIliB € 1 3 yacoMm Oyne 3poctartu. Lle moB’s13aHo 3
THM, 10 HE TUIBKW Yy pajioTepamii Ta pamioJiorii, a ¥ y IHIIUX MiAraiy3sX, BUKOPHCTOBYETHCS
CKJTaJ[HE CydacHe oOJIaIHAHHS, SK JiarHOCTHYHE, TaK i JiKyBaabHe. Moro KopekTHe Ta e(eKTHBHE
BHKOPHUCTAHHS BHMAara€ 3yCHJIb HE TUIbKHM KBai(hiKOBAaHHUX JIKApiB, SIK1 BIAMNOBIAAIOTH 32 MEIUKO-
Oionoriunmii Oik, a i mepcoHaly, SIKUi BiAMOBiAae 3a (i3UKO-TEXHIYHY YaCTUHY, OCOOIHMBO SKIIO
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BpaxyBaTH HaJI3BUYAHY CKJIAJHICTh TaKOTO OOJaJHAHHS 1 PI3HOMAHITHICTE PEXKUMIB HOTO
BuKopucTaHHsA. KpiM 1poro aemo OUIBII yHIBEpCaJdbHA IMATOTOBKA (axiBIs CHpOIIye HOMY
MpAIEeBIAITYBAHHS B Cy4aCHUX YMOBaxX YKpaiHH i pOOUTH MOT0O OB KOHKYPEHTHOCIIPOMOYKHUM.

3ayBaxkxumo, mo KHY Mae 103Biin Ha 4OTHPHUCEMECTPOBY MPOTrpamy IMATOTOBKH MAaricTpiB.
[Moxo cremnianpHOCTI «Meauuna ¢izuka» caMe e T03BOJIAE peai3yBaTH MiArOTOBKY (aXiBIIB Y
pO3MIUPEHIN TPAKTOBIIl 3a PaxyHOK 3HAYHOTO 3OUIBIIECHHS ayJWTOPHUX TOIWH 1, BIATMOBIJHO,
PO3IIMPEHHS TEMATUKH HABYAIbHUX TUCLUILTIH.

Ockimbku MeandHa (Pi3rKa y By3bKOMY PO3YMiHHI ITepemdadae 00CIyroByBaHHS J1arHOCTUKH
Ta Tepamii pagialifHIMH METOJaMH, MOTPeON y 3HAHHAX (aXiBId Y I raly3i OXOIUTIOIOThH YCi
METOJM ONPOMIHEHHS a TaKOX IHTPOCKOMIi, cepex SKOi OCOOJMBY yBary Ciif HPUILIATH
PEHTTEHIBChKil Ta eMicCiiiHili ToMorpadii, OCKIIBKHU I1i BUIU J1aTHOCTUKH OB’ sI3aHi 3 10HI3YIOUUM
BUIIPOMIHIOBAHHSAM, a BIATaK 3 MpoOJIeMOI0 pasiaiiiiHoi 0e3neku. IlmanyBaHHS OIMPOMIHIOBaAHHS
nependavae 3HAHHS Jii 10HI3YIOYOTO0 BHUIIPOMIHIOBAHHS HA OpraHi3M, cami METOJY IJIaHYBaHHS Ta
JIO3UMETPIi TP BUKOPHUCTAHHI PI3HUX THIIIB ONPOMIHIOBaHHS. BIIMOBIAHO 10 IBOT0 OCOOJIUBY
yBary mpH IMiJAroTOBIlI O BUKJIQJaHHS 32 HOBOIO MPOTPaMOI0 IPUIIJICHO HaBYAILHIM KypcaM caMe
Takoro npodimto. Ili aTUCIUTIITIIHKA CTBOPIOIOTH B3a€MO3B’sI3aHY ITOCTiJOBHICTD:

o «B3aemozis BUnpoMiHiOBaHHS 3 010JI0TTYHUMH CTpYKTypamu» (1 cemecTp);
«KuiniuHa 103UMeTpis Ta padiamiiiHa MeauImrHay (2 ceMecTp);
«CrenianbHa 1abopartopis 3 Mein4dHo1 Gizukn» (1-2 cemectpn);
«®di3uka NiKyBaJIbHUX Ta JIaTHOCTHYHHUX CUCTEM» (3 cemecTp);
«CrremianpHa JabopaTopis 3a creriaitizamisasyMm (3-4 cemecTpn).

Y pe3yabTaTi BHBYCHHS JUCHUILIIHM «B3aemomiss BHIPOMiIHIOBAHHS 3 OI1OJIOTTYHHUMH
CTPYKTypamMu» (2 KpeIuTH) CTYyICHTH ITOBHHHI 3aCBOITH, MEXaHI3MHU O10JIOTIYHOI [Iii 10HI3yF0YOro
BUIIPOMIHIOBAHHS, peakiii KIITHH Ha 10HI3yloue BHUIPOMIHIOBAHHS, paaialiifHO-010XiMIvHI
MPOIIECH B OMPOMIHEHIM KIITUHM, HACHIAKU paialliiHO-XIMIYHUX TIEPETBOPEHb O10J0T1YHO
BKJIMBUX MOJICKYJI JUISl KIIITHHHUX MPOIIECIB, BILTUB KUCHEBOTO €(EKTY, TOIIO.

[lepepaxoBaHi 3HaHHS BUKOPUCTOBYIOTHCS AK (yHIAAMEHT HacTymHOro kypcy — «Kiiniuna
JO3UMETpis Ta pajianiiHa MemaunuHa» (2 KpenuTu), sKui 3abe3nedye BHBYCHHS THUIIIB Ta
XapaKTCPUCTUKH BHUIIPOMIHIOBaHb, $Ki BHKOPHCTOBYIOTBCS Yy pamialliiHIA Teparii, crmocoOu
ONTHMI3AIll PO3MOMITY OINPOMIHEHHS, METOIU PO3PAXYHKY 1307103, TEXHOJIOTIIO IUIAaHYBaHHS
ONIPOMIHEHHSI MPHU 3aCTOCYBAaHHS OCHOBHUX CIIOCOOIB OMPOMiHEHHS. PO3IIsgaloThCsl TaKOX eTanu
JMKyBaHHS — IJITOTOBKA, IUIAaHYBaHHs, 0€3IOCepeIHRO HOro MPOBEACHHS, KOHTPOJIb SKOCTI. [Ipu
OMY PO3IJISIIal0ThCA OCOOIMBOCTI BUKOPUCTAHHS OCHOBHUX BapiaHTIB onpoMiHioBaHHs. Okpema
yBara MPUAUISETECS CTEPCOTAKCUYHIN pamioXipyprii, pamioHYKIIIHIA Teparii, po3TIsIaloThCs
IHII Ba)XJIMBlI NHWTAaHHAM, HAIPHUKIAJA, IIUTAHHS pagialiiHol Oe3leKu Ta perjaMeHTallii
ornpoMiHeHHs. TakuM YMHOM, OCHOBHHM aKIIEHTOM JaHOTO KYPCY € MpaKmuuue 3acmocy8aHHs
METOIB pajiamiiHoi Tepamii 3 BpaxyBaHHSM paHillle OTPUMAHHMX 3HaHb NPO O10JOTIYHY dit0
10HI3YI0YOTO BHIIPOMIHIOBAaHHS Ha OPTaHI3M.

B pamkax cnemimabopaTopii 3 MeauuHOi ¢Gi3uku (8 KpeauTiB) CTYACHTH OYyAYTh IPAKTHYHO
3aCBOIOBAaTH BHOIp METOJY ONPOMIHEHHS JUIS ONTHMI3allil JI03M paaiallifiHOro BILIMBY,
3HAMOMUTHCh 3 BHUKOHAHHSAM PpO3paxyHKy JI030BOTO HaBaHTaKeHHS. ToO0TO maHuii Kypc
MPU3HAYCHUN 3a0€3MeYUTH MPAKTUYHI HABUYKH, 1110 BiJIMOBIIAIOTH HA3BAaHUM BHUIIE JUCIUTUTIHAM.

«®Di3uKa JIKyBaTbHHUX Ta IaTHOCTUYHHUX CHUCTEM» (2 KpeauTH) 3a0e3redye BUBUCHHS OLUIBII
MIHOOKUM  YMHOM  (PI3MYHUX TPUHIUIIB (PYHKI[IOHYBaHHS J1arHOCTUYHOTO 1 JIIKYBaJIBHOTO
oOnamHaHHA Ta Ja00paTOpHOI TEXHIKH, CXEM YCTaHOBOK, TOJIOBHUX IapaMmeTpiB oOJaJHaHHS,
(hakTOpiB HE1IEATBHOCTI Ta (h13UKO-TEXHIYHUX OCOOJIMBOCTEH 3acToCcyBaHHs. | B IOMy Kypci 3HauHa
yBara mpuIiIs€eThCs 11arHOCTUYHUM METO/IaM, 1110 BUKOPUCTOBYIOTh 10HI3yI0UE BUIIPOMIHIOBAHHS —
PEHTIeHIBChKIA (KOMIT'IOTEpHIN) Ta  eMiciiiHii ToMorpadii, aje BUBYAIOTHCS 1 MPUHIIMITH
Mar”iTope3oHaHcHoi Tomorpadii. BiamoBigHo no motped pamiorepamii poO3MNISIAIOTHCS MPUIATN
TUTs 3a0€31eUeHHST OITPOMIHEHHS.

Ha morounuii MoMeHT B YKpaiHi Ha BiJIMiHY BiJl aHAJOTIYHHX €BPOMEHCHKUX MPOrpaM He
nepeadadeHe MICISIYHIBEPCUTETChKE KITIHIYHE CTa)XXyBaHHS, OCKUIBKH II CIHEIliadbHICTh HE €
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MEIUYHOI0. BiIIOBIIHO MOIEpEHIO MiATOTOBKY O€3MocepeaHbOo 3a CHEIU(IUHUM MiCIIeM pOOOTH
MOKJIAJICHO HA MPAKTHKY Ta AUIUIOMHY poOOTy. Y JaHii mporpamMi Ha HHX 3arajioMm BiaBeneHo 34
kpeautu. IlepenbaueHi mporpamMoro 0a3u MPaKTUK JO3BOJISIOTH BIAMOBIIHO J0 MOTPEOU OTPUMATH
JIOJATKOBY MiATOTOBKY, HAIIPUKIa, y Taly31 BUKOPUCTAHHS padialiiHoi Teparii abo Tomorpadii, B
SKIf MJIAaHYETHCS MPAIEBIAIITYBAHHS. 3a3HAYUMO, IO SIK MPaBUiIO 0a3a BUKOHAHHS IUIIOMHOI
po0OTH CTyJIeHTa CITIBIAAa€E 3 oro 023010 HAYKOBO-BHPOOHUYOIT MTPAKTUKH.

Cnig 3a3HauuTH, 10, HaXKalb, JBOETANHA IMiJrOTOBKAa (axiBmiB (0akamaBp — Marictp)
YCKJIQJHIOE TUIAHYBAaHHS HABUYaHHS Yepe3 3HAYHY OOMEXEHICTh Yacy MaricTepchKoi mporpamu Ta
dbopManapbHy BUMOTY CIHUPATUCh TUIBKM Ha YyHIBEpCaJdbHY MIATOTOBKY OakalaBpiB 3a HAMPSIMOM
«apukiagHa (izukay. AyIUTOpHE HaBaHTAXKCHHS IPH YOTHPHUCEMECTPOBIHM IporpaMi IMATrOTOBKH
MAaricTpiB OXOIUTFOE 00’€M TPBOX CEMeCTpiB depe3 MNoTpedy BHIIICHHS 4Yacy Ha BUKOHAHHS
MIPAKTHUKH Ta JUTIOMHOI poOoTH. CKOHIIEHTPYBATH y 1€l MPOMIXKOK YCIO CTEIliabHy MporpaMy Ta
OJTHOYACHO 3 IIMM 3a0€3MeYuTH JOCTAaTHIO TJIHOWHY BHBYCHHS HEMOXJIMBO uepe3 MoTpedy
30epekeHHs MOCTITOBHUX B3a€MO3B’S3KIB Marepiany. BiamoBigHo € OakaHUM OpIEHTYBAaTHCh Ha
OakanaBpiB, SKi HABYAJIWCh 3a CIOPITHEHOK 10 MeAWYHOI (I3UKHM CHEIlali3alicl0 B paMKax
HampsMy TIATOTOBKHM «HpuKiIagHa ¢(izuka». CamMe y M0 YacTHHY YOTHPHPIYHOI IMiATOTOBKH
OakanaBpiB Ha panmiopizmuHoMy (akynpTeTi (Oe3mocepemHs crerianizamis OakanxaBpiB OXOILTIOE
TPU OCTaHHI CEMECTPH HaBYaHHS) 3a CICHiam3aliel0 «MeIudHa pamiodizukay IMOCIIITOBHO
BKITIOUEH1 quctuiuiing «Menuana pamiodizukay (7 cemectp) «DPi3udHI OCHOBU MEAMYHOT TEXHIKI»
(8 cemectp), AKI BKJIIOYAIOTH cepen iHMOro (i3uyHi 1 TeXHIYHI OCHOBHU ToMorpadii me Ha piBHI
OakanaBpa. Ha nbomMy % piBHI BUBUAETKLCS 1 KOMIT IOTepHA 00pOOKa MEAMYHUX 300PaKEHb.

Menuko-0ioJIoriyHMi  OJIOK  MaricTepchkoi IporpamMu BkIO4Yae y cebe «OcHOBH
natodizionorii monuan» (1 cemecTp), KU SK 1 PO3TIIAHYTHI BUINE 0a3oBii (axoBuit OJIOK 3
MeIn4YHOI (hi3UKH, TAKOXX CIIMPAETHCS HAa BapiaTUBHY MIATOTOBKY OakaslaBpiB, a camMe Ha KypCH
«OCHOBH MOJIEKY/ISIpHOI (izioorii Ta 6ioXimii» i « AHaToMis Ta (izionoris a1 Gi3uKiBy.

3araJlbHOHAyKOBa €pYAUIlis MaricTpiB Ta moTpebda pPO3IMIMPEHHs ialla3oHy CIeHialbHOCTI
3a0€3IMeuy€eThCs JUCIUILIIHAMU, 1110 OXOIUTIOIOThH 3arajbHi MUTaHHS Ta 1HIII METOMM IIarHOCTHKH 1
BIUIMBY Ha opradizM, («@i3u4Hi OPHHIUINA CCHCOPUKH», «bloHaHOTexHOMOr», «®Pi3uka
Oiomoiiekyn») Ta enemeHTH Oiodizuku («bioeHepreTuka», «JlogaTkoBi po3aimm O0i0(i3HKN»).
3a3HaycHl AUCHMILIIHKM HE mepenadadaroTh TNIMOOKOI cremiams3amii B ramy3i Oiodisuku, ane €
OaxaHUMHU IS OLIBII TMOBHOTO PO3YMIHHS (DI3UYHUX METOIB JIarHOCTUKM Ta BIUIMBY Ha
010MOJICKYIIPHOMY PiBHi, IO HEOOXITHO IJIs MOJAIBIIOI POOOTH 3 PO3BUTKY (PI3MUHHUX METO/IIB
JIarHOCTUKHU Ta Teparii, B TOMY YUCII W y rajy3i OHKOJIOT1i, TPaJUIIfHO MOB’S3aHOI 3 MEAMYHOIO
(i3uKoro.

VY mporpamy A0JaHO AUCIUIUTIHM MaTEMaTHYHO-KOMIT FOTEPHOTO CHPSIMYBaHHS, OCKUIBKH
cepen IHIIOTO PIBEHb MaricTpa Ma€ BKIKOYATH TOTOBHICTH JIO JOCIIJIHHUIIBKOI poOOTH, TOOTO
¢daxiBenlb TOBHHEH BMITH €()EKTUBHO BUKOPHCTOBYBATH 3aco0M MaTEeMaTUYHOI O0OpOOKH
MIarHOCTUYHUX JAaHWX, MOJENIOBaHHSI, B TOMY YHCIi 3 BHKOPUCTAaHHSIM Cy4YyaCHUX 3aco0iB
PO3MOJIIEHUX OOYMCIEHb, 3aCTOCOBYBAaTH JUIsI MEJUYHUX IOTped MepexeBl TEeXHOJorii Ta
iH(popMalliiiHi cUCTEMHU.

MarematuuHi MeTOAu OOpPOOKM NPHIAJOBUX MaHUX (AKTUYHO € OCHOBOKO TUIAHYBAaHHS
OTPOMIHEHHSI Ta KOHTPOIIO T030BOTO HABAHTAXKEHHS B TPAAMIIIHIA MequuHii ¢izuili. opmManbHO
¢daxiBio 3 MeAudHOI (I3UKH Yy JIKYBaJbHOMY 3aKJIaJi JdOCTaTHRO OYTH KOPHUCTYBadueM
MPOrPaMHOTO 3a0€3MEUCHHS, y SKOMY peaji3oBaHi Taki METOIH, aje OUIbIN IIHOOKE PO3YMiHHS
MaTeMaTHYHUX METOAIB 3abe3reduye Oiabll e(eKTUBHE iX BHUKOPHUCTAHHS, PO3YMIHHS OOMEKCHBb
HAAIHOCTI pe3yNbTaTiB Ta JKepena moxuoku. KpiM 1poro piBeHb Marictpa, sik BXKe BiIMIiYaioCh,
nepeadadae TOTOBHICTD /10 JOCIITHUIIBKOI pOOOTH, B TOMY YHCIII 1 B YIOCKOHAJIEHHI MaTEeMaTHUYHO-
MPOTrPaMHOTO 3a0€3MEUCHHS JIarHOCTHKH 1 IJIaHYBaHHS.

Jlucumrmuriag 32 BUOOPOM CTYJICHTIB B IpOrpami, IO peali3yeTbes, 3i0paHi y OJIOKH.
3anponoHoBaHi J1Ba Takux 0J10ku. OJIMH 3 HUX OUTBIIOI0 MIPOIO OPIEHTYETHCS Ha MOJANBITY POOOTY
(dhaxiBI y KIIHIYHHUX 3aKj1agaX, TOOTO Ha 3aCTOCYBaHHS OTPHMMaHUX 3HAHb IS IMOTPEO MPAaKTUYHOI
MEIUIMHA. AJTBTEPHATUBHUHN OJIOK TO3BOJISIE TTUOIIE CHEIiali3yBaTUCh HA JTOCIIHKCHHSX Y Tamy3i
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HOBHUX METO/IIB IIaTHOCTUKHU Ta Tepamii. ¥ KOXkKeH 3 IUX OJIOKiB BKIIOUEHA CTelialbHa JJadopaTopis,
O JI03BOJIsIE 3a0€3MEUUTH 3aCBOEHHS TPAKTHYHUX HABUYOK 3 BpaxyBaHHSAM 3a3HAYCHOI
crenudiku.

3HayHa YacTWHA JHCIUIUIIH JaHOI MAariCTepchbKOi IpOrpamMyd IIEBHOK MIpPOIO  BKe
BiJIlIpallbOBaHa B paMKaxX IMiATOTOBKM (axiBI[iB 3a CHOPIAHEHOK CIIEIIaNi3alli€ro, 3a SIKOI
rmoynHardu 3 1995 poky 10 BIpOBaKEHHS HOBOI CHEIIAJFHOCTI TOTyBajla MaricTpiB Kadempa
MenuuHoi pamiodizuku. [IpubnM3HO TpeTMHA MOUCIUILUIIH € HOBUMH. 3ayBaXXUMO, IO Y
HaNWOIMKIMN Yac 3a UMM JUCHUILTIHAMU O0COOJUBY yBary OyJie NpUIiIeHO PO3BUTKY HAaBYaJIbHO-
METOJMYHOTO 3a0e3MeueHHs.

1. Kononoeé M.B. BukopucTaHHs OCOOJMBOCTECH HAMPSIMKY MiATOTOBKH «IPHUKJIAAHA (Di3HKa» s
edekTrBHOI MiAroToBKU (axiBuiB i3 MennuHoi ¢izuku // [ mikHapoguuii ceminap ,Meanuna ¢isuka —
CYy4YacHHH CTaH, MpoOJIeMH, IIIIXH Po3BUTKY. HOBITHI TexHo0ri1”, MaTepianu nonosigei. Kuis, 2011. — C.
7-9

2. TlocramoBa KM Vkpainu Big 27 cepmus 2010 p. N 787 Ilpo 3aTBepmKeHHsS MEPEiKy
CHEMiaTbHOCTEH, 32 SIKUMH 3IIHCHIOETHCS MIATOTOBKA (DaxXiBI[iB y BHIMX HABYAJIHHUX 3aKJIaJaX 32 OCBITHBO-
KBaihiKaiiHIMH piBHAMHE crieriamicra i maricrpa. - http://zakon.rada.gov.ua/cgi-
bin/laws/main.cgi?nreg=787-2010-%EF

INOBBIIIEHUE KAYECTBA JIYtIEBOﬁ TEPAIINM 3A CYET BHEJAPEHUSA
CUCTEMbI KBAIMOGUKAITIMOHHOU IMTOAI'OTOBKU MEJUIINHCKUX ®U3UKOB:
PE3YJIBTATBI TIA-AYAUTA MAT'AT3/BO3 U IPOBEJEHHUE KYPCOB MATI'ATD

JLJI. Ctagnuk

HUncmumym meouyunckoti paouonocuu um. C.I1. I'pucopvesa HAMH Ykpaunwi, . Xapvros, y.
Iywrxunckas, 82. Ten.: (057)7000918, e-mail: Istadnyk@ukr.net

AnHoTtamus: IlpeacraBiaeHsl pe3ynbTaThl KOHTPOJS KadyecTBa JIydeBOMl Tepanmuu B YKpauHe MO JaHHBIM
TJIA-aynura MAI'ATE/BO3. Ompenenena posib MEAUIIMHCKOTO (pr3mKa B oOecrieueHNH KadecTBa JIydeBOi
Tepanuy. YKa3aHO Ha HEOOXOIMMOCTh CO3AaHHs CHCTEMBl PETYJSPHOW MOATOTOBKH M HEPETNOATOTOBKH
Men(U3MKOB HA HAIIMOHAJILHOI OCHOBE.

Anotauisi: [IpeacraBieHo pe3ynbTaTu KOHTPOJIO SIKOCTI MpoMeHeBoi Tepamii B Ykpaini 3a ganumu TJI/I-
aynmuty MAI'ATE/ BOO3. Buznadeno poibs MennqHOTo (i3uka B 3a0€3MEeUeHH] SIKOCTI MPOMEHEBOT Tepartii.
BxazaHo Ha HEOOXiTHICTH CTBOPEHHSI CHCTEMH PErYJSIPHOI MiJTOTOBKH 1 MEPEeriJroToBKU Me/(pi3ikoB Ha
HaIlOHAJIbLHIN OCHOBI.

Abstract: The results of the quality control of radiotherapy in Ukraine according to the TLD audit IAEA /
WHO have been presented. The role of the medical physicist to ensure the quality of radiation therapy was
determined. The need of creation pf the national system of training and retraining of medical physicists was
indicated.

KuroueBble ciaoBa: obecriedeHne kadectBa JydeBoil Tepamuu, TJIJ] aynmut mydeBoil Tepamuw,
MEIHUIMHCKUE (PU3UKH, KBATU(PUKAIIMOHHAS MTOIrOTOBKA

KurouoBi cioBa: 3abesnedyenHs sxocti mpomeHeBoi Ttepamii, TJI/] aymit mpomeneBoi Teparii,
MenuuHi (i3ukH, KBamidikaliiHa miaroToBKa

Keywords: quality assurance of radiation therapy, TLD audit radiation therapy, medical physics,
qualifying training

OddextuBHocts  syueBodt  Tepamwm  (JIT)  37M0Ka4eCTBEHHBIX  HOBOOOPA30BaHHIMA

OIPEACIBICTCA Ka4YCCTBOM BBIIIOJIHCHUA BCCX €€ 3TAIllOB: OT HA3HAYUCHUA IMAOWCHTY JAaHHOI'O BHUOA
JICYCHUA, JO3SUMCTPHUICCKOTO obecrieucHus U IJIaHUPOBAHUA JIT A0 OTIIYCKa J03bI Ha OITYXOJIb.
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CornacHo TpebGoBanusiM MexayHapoaHoit Komuccnn mo paavanioHHBIM — €IUHHIIAM
(MKP3) ommlka oTirycka 103kl Ha OMYyXOJb-MHILIEHb HE JOJKHA MpeBbiaTh 5 % [1]. Ecian mannoe
Tpe60BaHI/Ie HEC BBIIIOJIHACTCS, TO B CIIy4a€ 3aHUKCHUA O3Bl BOBMOKCH PEIUAMB OITyXO0JIEBOTO IIPpOIECCa, a B
CJIydac 3aBbIIICHUSA BO3pACTACT PHUCK BO3HUKHOBCHUA JIYUCBBIX HOBpe)K,Z[CHI/II‘/'I HOPMAJIbHBIX OPraHOB U
TKaHCH.

Oo0ecrieueHrne TOYHOCTH OTITYCKa 03bI Ha OMYXOJb B OOJIBIICH CTEMECHU OMPEICNISCTCS KAaueCTBOM
nosuMerpuaeckoro rmaanupoBanus JIT. B VYkpamne po3umerpuueckoe oOecneuenue JIT Brmowaer
©KETOJJHYI0 METPOJIOTHYECKYI0 ~aTTeCTAllMI0  allapaToB JIy4eBOW Tepamud M eKEKBAPTAIbHYIO
(e)XeMeCSIIHYI0) KITMHUYECKYIO0 TO3UMETPHIO METUITMHCKUMHA (DU3UKAMU B CAMUX TIOJIPa3ICTICHUSIX.

MeTpOJIOFI/I‘IeCKaH aTTecTanus ramMma-TeparncBTUYCCKUX armaparoB IIPOBOJAUTHCA
cepTU(UIIMPOBAHHBIMI METPOJIOTHYECKUMH OpraHm3anusaMu (Jaboparopusimu) B coorBerctBuu ¢ ['OCT
23154-78 (CT CEB 3842-82) «Amnmaparsl raMMa-TepareBTHYECKHE CTAIlMOHAPHBIC W POTAIIMOHHBIC JUIS
JMaTbHETUCTAHIIMOHHOTO o0ydeHus. OOIHe TEXHWYECKHE YCIOBUS», OTHAKO YacCTh METPOJIOTHIECKUX
7TabopaTopuil UCTIOIb3YEeT HA MPAKTUKE CTAPhIE MOJETN KIMHUYECKUX J03UMeTpoB Tuma 27012, VAY -
18, 1 u3MepeHus MPOBOIUT B €AUHUIIAX IKCIIO3UIIMOHHOMN T03bI, YTO HE 00ECTIeUnBaEcT TPeOyeMyto
TOYHOCTb OTIPEICIICHUS MTOTJIONICHHON 1036l B pe(PepeHTHON TOUKE.

B 10 e Bpems MAT'ATE pa3paboTtano J03UMETpUIECKAN MMPOTOKOI «OmpeaenecHue MoTI0MeHHON
JTO3BI TIPU TUCTAHIIMOHHOW JTy4deBoit Tepammw, Jlokman Ne 398y [2], BHenmpeHHEe KOTOPOTO BO3MOYKHO TOJBKO
MIpH HAIMIUU COBPEMEHHBIX KIMHMUYECKHX mo3uMerpoB Tuma UNIDOS u mpoBeneHWn W3MepeHUN B
CTaHAAPTHOM BOJHOM (haHTOME.

B oHkonormyeckux JOHMCHaHCepax TEKyllas KIWHAYECKass JO3UMETPUsl MPOBOJIUTHCA
HEPETYJSIPHO MO0 HE MPOBOAUTCS HU3-3a OTCYTCTBUS KBAIU(DPUIIMPOBAHHBIX METUIIUHCKUX (PU3UKOB
1 (WIM) OTCYTCTBHSI HEOOXOUMOTO IO3UMETPUIECKOTO 000PYTI0BAHHS.

[lo maHHBIM MPOBEAEHHOTO AHKETHMPOBAHUSA MEIMIIMHCKHAX OHKOJIOTMYECKUX YUPEKICHUU
VYkpaunbl B 2012 r. ObUIO yCTaHOBJICHO, YTO B OOJIBIIMHCTBE OTICJICHUNW HMMEIHCHh TOJBKO
KIIMHUYECKHE JO3UMETPhl CTaporo olpasla, MO3TOMY MEAUIMHCKUMHU (PU3UKaMHU MPOBOAMICS
TOJIBKO TMEePUOJUYECKUN KOHTPOIb SKCHO3UIMOHHONW J03bl B onopHoi Touke (90 % oTneneHwuil),
KOHTpOJIb coBmageHust (35 % otneneHuil), KOHTPOJIb HEOTHOPOIHOCTH PAJAMAIMOHHBIX IOJICH
(28 % ornenenunii). M3-3a OTCYTCTBUS €OHHOTO JO3UMETPUYECKOTO MPOTOKOJA, 3a CYET
UCIIONIb30BAHUSl CTApBIX KIMHUYECKUX JO3MMETPOB W MPU OTCYTCTBUU KBaTU(PUKAUOHHON
MOJTOTOBKU y MEIUIMHCKUX (DU3MKOB OIIMOKA OTIyCKA 03Bl HA OMYyXOJb JUIsl 3HAUUTEIHHON
YaCTU OHKOJIOTUYECKUX YUPEKIEHUH ObUIa TOCTATOUYHO BBICOKA.

151 cBOEBpPEMEHHOTO BBISIBIICHUS OIIMOOK OTITYCKa J03BI JJI PAa3BUBAIOIIUXCS CTPAaH MHpa
MAI'ATO coBmectHo ¢ BO3 ¢ 1968 r. mpoBoguT nmporpamMmmy HE3aBUCUMOT'O KOHTPOJIA KayecTBa
JIO3UMETPUYECKON KaJMOPOBKM DPAJMALMOHHBIX IIyYKOB IyTeM MeToAoM HesaBucumoro TJI/I-
aynuta [3,4]. Ykpaunsl ydactByeT B mporpamme TJI/[-aynura MATI'ATO/BO3 ¢ 1998 r.

3a mepuox 1998-2012 rr Ommo mnpoeaeHo 317 mpoBepok ang 95 anmapaToB
JUCTAaHIIMOHHOM JTy4yeBOl Tepamuu (ammapathl TaMMa-Tepanuu u yckopurenuw). Ha puc. 1
npeacTasieHsl pe3yasrarsl TJI/-aynura.
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Puc. 1 — Pesymprarel TJI/I-aymuta MAI'ATE/BOO3 mno oreHke KadecTBa JO3UMETPHYCCKOM
KaJTMOPOBKY araparoB JIydeBOi Teparnun

Kak BugHO U3 puc. 1, 15 3HaYUTENBHONM YaCTU annapaToB JIy4eBOM TEpanuu MOrPEIIHOCTh
ormycka 103l Ha pedepentHsie TJIJ[-kamcynsl He mpeBbIIaia JOMYyCTAMOM ommuOku + 5 %.
Bmecte ¢ Tem, exerogHo y 25 - 30% anmapaToB Jy4eBOM Tepamuu OIIMOKa OTIYCKa 03Bl
MpeBbIlIalla YCTAaHOBJICHHBIN mpenen ommoku - 5%, mnpu 3tom s 15 % anmapaTtoB ommOka
npesbimana 10%, 4To MOXKHO yXe OTHECTH K aBapUiHOMY 00JIyUeHHIO.

ITocne Broporo stana TJI/[-aynuta pe3yabTarsl yIydyliaauch s HE3HAYUTEIBHOM YacTH
KOHTPOJIMPYEMBIX aIlllapaToB JIy4eBOW Tepamnuu, B IeIOM OUIMOKa OTIycKa J03bl Oojee yeM 5%
Habmoganace st 18-20 % ammapatos.

Ananmu3 ommbOok B pe3ynabraroB TJIJ[- ayauTa mokasasl, YyTO OCHOBHBIMHM HPUYHMHAMU
HEYJIOBJIETBOPUTEIBHBIX PE3YyIbTATOB SBISIOTCSA:

- MCIIOJIb30BAaHKUE YCTAPEBIIETO0 00OPYIOBAHUS Ul KIMHHUYECKON HO3UMETPHU (TO3UMETpPHI
u VAJ 27012-18) - (68% 6ospHHMII);

- OTCYTCTBHUE HAIMOHAIBHOTO MPOTOKOJA I 00ECIIeUeHHsI KauecTBa B PaUOTEPAITIH;

- OTCYTCTBHE WM HHU3KUH YPOBEHb MOATOTOBKH MEIUIMHCKUX (DU3MKOB M TEXHUKOB,
3aHATHIX KIMHUYECKOW MO3UMETPUU W BBIMOJIHEHUHU MPOILEAYp KOHTPOJIS KauyecTBa amnmapaToB
JIy4€BOM TEpaIuu.

B 2012 r. B YkpauHe HauaTo NpOBEJEHUE HALMOHAIBHOTO MPOEKTa TEXHUYECKON MOMOIIN
MATATD UKR/6/010 “Developing and Implementing a National Quality Control System by
Strengthening the Knowledge and Capacity of Medical Physics at Radiotherapy
Departments ”(«Pospobka ma énpoeadiicenHs HAYiOHANbHOI CUCmeMU KOHMPOIIO AKOCMI ULISAXOM
3MIYHEHHsl 3HAHb MA KOMRemeHyii MeOuyHux Qizuxie @ 8i00LIeHHIAX NPOMeHe80I mepaniiy.

OcHoBHo#1 nienwto npoekta MAI'ATE sBnsercs:

- TloaroroBka MeIWMIMHCKHX (U3MKOB 1O BONpOCaM KIMHUYECKOH TO3MMETPUU U
TUTAHUPOBAHUIO JIYUE€BOHM Tepanuu MyTeM MPOBEACHHS HECKOIbKUX IIMKIJIOB YYEOHBIX KYPCOB;

- o0ecrieueHre OTACICHUN JIy4eBOM Tepamuu MEAYyupekaAeHuH VYKpauHbl 0a30BbIM
JO3UMETPUYCCKUM KOMIUICKTOM, BKIIIOYAarOIMM KinHudeckuit mozumetp trma UNIDOS E u
CTaH/IapTHBIN BOJHBIM (PaHTOM.

3a ykazaHHbIN niepuoa Ha 6a3e MHcTutyra MenunuHckoil paguonoruu uMm. C.IL I'puroprena
HAMH Vkpaussl (r. XapbkoB) ObUIO MpPOBEACHO TpH LHMKIA yueOHBIX KypcoB MAI'ATD mno
BONPOCaM  KJIMHUYECKOW JO3MMETPUH, KOTOpble BKIIOYAIM MPOBEICHUE JICKIIMOHHBIX U
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NPaKTUYECKUX 3aHATUH. B MoAroTroBke W MpOBENEHUM 3aHATUN OBLIM 3aJIeHCTBOBAHBI 3KCIIEPTHI
MATI'ATD — Beaymue MmeaunuHckue ¢usznku u3 Asctpun, Poccun, Yexuu, cToHUN.
Ha xaxxnom 1nukiie yq4eOHbIX KypcOoB ObUTH MPOYUTAHBI JIEKIMU IO TAKOW TeMaTHKE:

1.  CocrosiHue paauoTepanuu 3a pyoexoMm u B YKpauHe mo pesyiasratam TJIJ[-ayauTa.

2.  HeoOxoauMocTh BHEApPEHUs MPOrpaMMbl 00ECIIEUeHHS KauyeCcTBa B IPAKTUKY OTACICHUN
Jy4EBOU TEpauu.

3. OOGecneuenue kayecTBa 00OPYIOBaHMS IS JTY4€BOM TEpaIuu.

4.  JleTeKTOpHI ISl MPOBECHUS PATUAIIMOHHBIX H3MEPEHUI.

5. Hozumerpudeckuii kon npaktukn MAITATD TRS-398 «Omnpenenenne moriomeHHowM
JIO3bI MIPU JUCTAHIMOHHOM JIy4€BOU TEpaIuu.

6. Josumerpuueckuii kox mnpaktuku. MAT'ATO TRS-398. Odopmienue »neKTpoOHHBIX
JIMCTOB JTAHHBIX.

7. Jo3umerpuueckuil ko npaktuku. MAT'ATD TRS-398. U3mepenus: B HepedepeHTHBIX

ycioBusix (cOop maHHbIX TPS).

8.  JloduMmeTrpuyecKuii ayuT B JIy4eBOW TEpaIuH.

9.  CneumanbHbIe BOTIPOCH TUTAHUPOBAHUS JTY9E€BOH TEpaInu.

10. KouTpoab kauecTBa J03UMETPHUECKOT0 000pYI0BAHHSI.

11. InvVivo - mo3umeTpus.

12. Bomnpocsl paguaiioHHON 3aIIUTHI B JIy4€BOM Teparuu.

13. TlnanupoBaHUe JIy9€BOW TepaIvy.

14. Pacuer BpeMeHU 0OTydCHUSI.

Ha mpaktudeckux 3aHATHAX MO TUIAHUPOBAHUIO JTY4YEBOH Tepamuu ObLIO MPEIIOKEHO IS
6 pa3NMYHBIX JIOKAJIW3alUil OMyXoJiel MPOBECTU BBHIOOP IUIAHUPOBAHMS ONTUMAJIBHBIX YCIOBHM
JY4eBOH Tepamuu C pPacyeToM BPEMEHH OOJy4eHHus Ui Kaxaoro mnois. Bce pacuersl Obutn
COBMECTHO Pa300paHbl U IIPOBEACH aHAJIU3 OLIMOOK.

Ha mnpakTHueckux 3aHATHUSAX MO KIMHUYECKOW MO3MMETpUU OBbLT BBIOJHEH MOJHBIN
KOMILIEKC U3MEPEHUIl paJinallMOHHOIO BBIXOA B €MHULAX IOIVIOIIEHHOMN 103kl Ha pedepeHTHON
riyouHe ¢ ucnoib3oBanueM knuHudeckoro nozumerpa UNIDOS E ¢ nonnzanmonnoit kamepoit TM
30013 u cranmaptHOrOo BogHOTO (hanTOoMa pasmepoM 38 X 38 x 40 cm . Taxxe ObUTH TIPOBEICHBI
TECTHI 110 MPOTPaMMe KOHTPOJISI KauecTBa, ocymecTBieHo o0aydenue TJIJ[-kancyn ams KOHTpOs
KayecTBa IPOBEICHHON 103UMETPUUECKON KaaTHOPOBKH.

[lo pesynpTaTam KypcOB OBbUIO INPOBEJEHO 3auyeTHOE 3aHATHE. Bce ydyacTHMKU KypcoB
nosyuarsia ceptudukarel MAI'ATD. Beero Ha kypcax Obuto 00ydeHo 62 METUIIMHCKUX (DU3UKA U3
34 OHKOJIOTMYECKUX YUPEKACHUN YKpauHbl.

Pesynbratsl TJI/[-aynura MAI'ATO/BO3 B 2012 r. nokazanu 3peKTUBHOCTb TEXHUYECKON
nopaepxkku MAI'ATD, oxa3aHHOM ISl OHKOJIOTMUECKHMX JIUCIIAHCEPOB YKpauHbI B paMKax
BBINIOJIHEHHsI HALMOHAJIBHOIO IIpOeKTa. Tak, Mocie IOJIy4eHUS KOMIUIEKTOB COBPEMEHHOIO
JO3UMETPUYECKOr0 000pyIoBaHus U 00ydeHus: ¢pusukoB Ha Kypcax MAT'ATD, pesynbratsr TJI/]-
ayauTa ObUIM YIydllleHbl B 4 OHKOJOIMYECKHX AHCIaHcepax, MpUHMMaBmIMX ydactue B TJIJI-
aynmute MAT'ATS/BO3.

Jlns nanpHEHIIero yiaydlleHUs CUTyalluu ¢ oOecrieuyeHHeM KadecTBa JydeBOM Tepanuu B
VYkpanHe HE0OXOIMMO BHEAPEHHE B MPAKTUKY HAIMOHANbHOU cuctembl TJIJ[-aynura, mist gero
uMeeTcss HeoOXonuMas MaTepHajJbHO-TEXHHYEeCKas M MeTojaudeckas 0a3a, a Takke HE0OXOAMMO
CO37aTh CUCTEMBI 1I€JIEBOI MOATOTOBKH U TEPENOATrOTOBKM MEIUIMHCKUX (DU3UKOB OTIEIEHHM
Jy4eBOl Tepamuu TNpu OOBEIUHEHWH YCWINH HAlMOHAJbHBIX YHHUBEPCUTETOB C 0a3amu
MPAKTUYECKONW MOJIOTOBKU CIELUUAINCTOB B BEAYIIMX OHKOJOTHYECKUX LEHTpaxX YKpauHbI.
[IpoBeneHne NaHHBIX MEPONPUATHN MO3BOJIUT 3HAUYUTENIBHO YIYUIIWTh NOATOTOBKY MEIMIIMHCKHUX
(U3HKOB U, B 1IEJIOM, ITOBBICUTD KYJIbTYPY O€30IIaCHOCTH JIy4y€BOM Tepanuu U 00eCreUnTh BHICOKYIO
ee 3(h(peKTUBHOCTD /17151 OHKOJIOTHYECKUX MAI[IEHTOB.
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AHHOTAnUsA. M310KeHBl OCHOBBI KOHIECILIUH MPENOAaBaHus TPeAMEeTa MEAMIMHCKON (QU3UKK IS
oOyueHHs] CTYIEHTOB Ha 06a3e pa3paboTaHHBIX y4eOHOH M paboueil yaeOHOW mporpaMm Ui HalpaBIeHUS
INOATOTOBKH II0 CIHCHHAJIbBHOCTAM: «BI/IOMC,Z[I/I]_[I/IHCKaSI HUHXXCHCPpUA» U «MCZ[I/ILII/IHCKI/IG HpI/I60pI>I n
CHUCTCMBI».

Abstract. The foundations of the concept for teaching the disciplines medical physics and to educate
students on the basis of the developed educational and educational work program for the direction of training
in «Biomedical Engineering» and «Medical devices and systems» discussed in this paper.

Keywords: medical physics, teaching, biomedical engineering.
KiaroueBble ciioBa: MCEIUIMHCKAas (1)I/ISI/IKa, nmpenoagaBaHue, 6HOM€III/IL[I/IHCK3.}I HUHXKXCHCPUA.

Beeaenne. B HammonanbHOM  TEXHHYECKOM yHHUBeEpcuUTeTe YKpawHbl «KueBckuit
MOJIMTEXHUYECKUH MHCTUTYT» Ha Kadeape BruoMenunmumHCKOW WHKEHEpUU MeauKo-HHKEHEPHOTO
dakynpreta  pa3paboraHa KOHLIECTILIHSA pa3BUTHSA 00pa3oBaTeIbLHOTO HaIlpaBJICHUs
"buomenununackas wumwxkeHepusa"' B Ykpaumne. CorjacHO 5TOM KOHUEMUMUA OHMOMEIUITMHCKAS
WHXXECHEpUS - U3y4aeT U pa3pabaThiBaeT TEXHUUYECKHE U UCKYCCTBEHHBIE OMOIOTHYECKHE OOBEKTHI,
a TaKKe MEJIUIMHCKYI0 TEXHUKY M TEXHOJIOTHIO €€ MPOM3BOJCTBA M SKCIUTyaTalUIo, KOHTPOIb
KauecTBa U cepTudUKauio g 0e30MacHOro MPUMEHEHHUsSl B Pa3MUYHbIX 00JIacTAX OMONOTHH U
MEJIUIIUHBI, OTHOBPEMEHHO HCCJIEys] UX B3aUMOJICHCTBHUE C )KMBBIMH OpraHnu3zMamu| 1 ].

B HeoOxonuMblii TiepedyeHb OCHOBHBIX 3HAHMN I OYIyIIUX MarvucTpoB BXOAUT 3alIUTa OT
paauanuu, METOJbI MOJTy4YECHUS u  00pabOTKM MEIUIMHCKUX HW300pakeHuid, (Qu3nka
paauotepanuu. [loaToMy ObLT BBEJEH MpeaMET MEIUIIMHCKasT (GU3KUKA, B KOTOPOM CYIIECTBEHHOE
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BHUMAaHHUE YACNEHO H3YyYEHUIO MOJNYUYCHUS W BU3YAIH3AIMH MEIUIIMHCKUX N300paKeHHid, OCHOB
3aIUThI OT PaUALMH, JO3UMETPUH U TUTAHKPOBAHUIO paguoTepanuu[2-6].

[lockonpky o00BeM wuHpOpMANMK MO MNPEAMETY MEIUIMHCKOW  (u3uku  pacrer
SKCITOHCHIINAILHO, a BpeMs oOydeHus orpaHudeHo (72 9), HaOIrOmacTCs TECHACHIHS K IOHCKY
HOBBIX  TEXHOJNOTUH  OOydeHHss ¢  LeJIbl0  KOPPEKTUPOBKU  COJCPXKaHUS  MOIYJ,
YCOBEPIICHCTBOBAHUE KAadeCTBAa CAMOCTOSTEIBHONW pPabOThI CTYJICHTOB, METOJOB M TEXHUYCCKUX
CPEICTB KOHTPOJISI 3HAHUM, KOTOPHIE HUCHONB3YIOTCS. [l0ATOMY MOMKHO CUMTATh aKTyaJlbHBIM
po0JIeMy Ka4eCTBEHHOTO MPETOIaBaHus Kypca MEIUIMHCKON (DU3HUKH Ui OOYYeHHUs CTYICHTOB
B paMKax OTPaHHYCHHOTO BpPEMEHH, Ha 0aze pa3paboTaHHBIX ydeOHOW M paboueil ydeOHOI
nporpammel "MenuiuHackas ¢uzuka" kpegutHoro moayis 3I1-08 st HampaBieHUS TOATOTOBKH 110
CIEIUAITBHOCTIM «bromMenuiHCcKast HHKeHEpHs» U «MeTUIMHCKAE TPUOOPHI U CUCTEMBD».

OcHoBHass dacTb. MenuIUMHCKON (u3MKa 5TO NpHKIAgHAS HayKa, 3aHUMArOIIascs
NpUMEHEHHEM (DU3UKO-TEeXHHUECKUX KOHIEMNINA, YCTPOWUCTB M TEXHOJNOTHUH IS HW3y4YeHUS U
KOPPEKIIMK COCTOSTHUI YesIoBeKa B HOPME U TIATOJIOTHH.

Llenpto mpemnoaBaHusl MEIUITUHCKON (DM3HUKH SBISETCS (POPMUPOBAHUE TEOPETUYCCKUX U
MPAKTUYECKUX 3HAHUM Yy CTYJACHTOB MO 0a30BBIM COBPEMEHHBIM TEXHOJOTHUYECKHUM MEIHKO-
Gu3MYeCKUM  TPUHIMIIAM, KOHCTPYKIMKA  almaparoB W paJHallMOHHONW OE30MacHOCTH B
KIIMHUYECKOW MEJTUIINHE.

3aiaun, pelraeMple MEIUITMHCKOW (DH3UKOM:

1. ucnonb3oBanue (PU3UKO-TEXHUYECKUX (PAKTOPOB, BCEX PECYpCOB (DM3WUKH M TEXHUKH IS
OXpaHbI 37J0POBbS U MPOPUITAKTUKH 3a00JIEBAHHM YETIOBEKA;

2. pa3zpaboTka NMpUOOPOB, METOIUK, aNMapaToB, TEXHOJOTHH ISl UCCIASIOBAaHUN M JICUCHUS
MAIUCHTOB;

3. rapaHTHU KadecTBa (PU3MKO-TEXHUYECKOTO OOECIeUeHUs MPU peaTu3alud MEIUIMHCKUX
MEPOIPUSITHIA, TEXHOJIOTHYECKHUX TPOIIECCOB B TIOBCETHEBHOM JIe4eOHOI MpaKTHKE;

4. 3amuTa TaIMeHTa, IEPCOHala, HACEICHHUS U OKPYIKAIOIICH Cpebl OT MOOOYHBIX SBICHHMA
BCJIC/ICTBHE JACUCTBHS (DU3UKO-TEXHHUECKHUX (PAKTOPOB, KOTOPHIC MCIOIB3YIOTCS B MEIHIIMHCKHX
HETIAX.

B pesynbraTe u3ydeHus Kypca MEIUIMHCKON (PU3UKH CTYISHT JTOJDKEH:

- UMeTh (hyHAaMeHTaJbHble (U3UKO-TEXHUYECKHUE 3HAHMUS MO OCHOBAM PAJHOAKTUBHBIX H
HEUOHM3UPYIOMINX U3TYICHUA U SAMHHI] UX H3MEPCHHUS,

- 3HaTh (pU3MYECKHEe OCHOBBI B3aMMOJCHCTBHS HMOHU3UPYIOUIETO U HEHOHU3HUPYIOIIETO
W3IIYYCHHS C BEIICCTBOM;

- 3HaTh OCHOBHBIC BHJIbI OMOJOTHYECKHUX 3((HEKTOB 00TyUeHNS,

- 3HaTh 0A30BBIC OCHOBBI MEIUKO-(PU3HUCCKUX U OMOWHKCHEPHBIX MTPUHIIMIIOB MEIUITHHCKON
pPaNOJIOTHH;

- 3HaTh 0a30BBIE OCHOBBI MEIUKO-(DU3MUECKUX U OMOWH)KCHEPHBIX IPUHIIAIIOB BU3YaTH3aI[UN
1 GOpMUPOBAHNE MEAUIIMHCKOTO N300paKeHHSI B Ty4€BOM TUAarHOCTUKE;

- 3HaTh 0A30BBIC OCHOBBI MEIUKO-(PU3NICCKUX U OMOWH)KCHEPHBIX IMPUHITUIIOB JTUATHOCTHKU
U JICYCHHUS B sIICPHON MEIUIINHE;

- 3HaTh 0a30BBIC OCHOBHI JIOZUMETPHYCCKOTO KOHTPOJIS B MEIUITMHCKUX YUPCSIKICHUSX;

- 3HaTh HOPMBI PATUAIMOHHON OE30MACHOCTH M OCHOBHBIE HOPMATHBHBIC JIOKYMEHTHI,
KOTOPBIE UX PErIaMEHTUPYIOT.

CTyaeHT 107KEeH YMETh:

- MPAKTHYECKHU PACCUNUTHIBATH AKTUBHOCTh UCTOUYHUKA OOTyUCHUS;

- KOJJMYECTBEHHO OIICHUBAThH B3aUMO/ICHCTBHE MOHU3UPYIOIIETO U3ITYUYCHHUS C BEIIECTBOM;

- TIPaKTUYECKH pACCUUTHIBATh W IUTAHUPOBATh ONTHUMAJIBHOE pACIPEACICHHE JO3bI
o0y4eHus;

- KOJWYECTBEHHO OlEeHHBaTh dS(PPEeKT OHOJOTHYECKOTO JCUCTBUS HOHHM3UPYIOIIETO
00JTydeHHUS;
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- TMPAaKTUYECKU PACCUUTHIBATH MapaMeTpbl 3alIUThl OT HMOHU3UPYIOLIErO0 H3IYyYEHUs HU
BbIOMpaTh Haumbosee 1iesecoo0pasHblii U 3(PPeKTUBHBIA crmoco0 3amMThl B 3aBUCHUMOCTH OT
HUCXOJIHBIX YCIIOBUU.

HekoTopbie TUIIMYHBIE JEKIUU, KOTOPbIE YUTAIOTCS B Kypce MEIULIMHCKON (DU3MKHU.

Jlexuus 1.Lenp MmequnmHckoi pusuku. [Ipeamer u 3amaun MeaunuHckon ¢usuku. Mctopus
U TmpoOseMbl MeIUIMHCKOW (u3uku. CBA3b MEIUIMHCKOW (U3HKKH C JIPYTUMH TIPEIMETaMHU.
Hctopuss mMenuuuHCKOM (u3uku. Bkimajg OTEUECTBEHHBIX YUYEHBIX B Pa3BUTHE MEAULMHCKOU
¢busuku. Jluteparypa.

Jlekimss 2. ®duszmyeckue OCHOBbI M CBOWCTBA HWOHUBMPYIONIMX U3Ny4eHUH. TuIbl
HOHU3UPYIOIINX H3IydeHuU. PeHTrenoBckoe miznydenue. I'amma nydn. CHHXpPOHHOE H3IIy4CHHE.
bera-yactunel. Anbda - gactuipl. Helirponsl. @otosnekrpuueckuii 3¢ dext. Dpdexkr Komnrona.
DddekT 006pa3oBaHUs DJIEKTPOHHO-TIO3UTPOHHOHN maphl. [lormomenne HEHTPOHHOTO W3ITyYEHUS.
[Tornomenue 3HEPTUN 3apsHKEHHBIX YaCTHLL.

Jlexnus 3. buomorndeckue 3¢ pekThl BO3ACHCTBHSA HOHU3UPYIOMIET0 U3TYICHUS.

Monekynspusie d¢hdextol. [loBpexnenne u penapanus JIHK. Kierounsie  3ddexrsr.
PagnodyBCcTBUTEIIBEHOCTD. KagectBo oOmydenus. Ilpsmeie U KOCBEHHBIE S (DEKTEHL.
JlerepmunupoBanHbie U ctoxactuueckue 3¢ dextol. [Toporoeie mo3b1. ComaTnueckue 3(PpQexTsl.
Bnusnue paguanuu Ha 5MOpHoH U 1uioA. CpaBHUTENbHBIE PUCKH OOJydYeHHsS HOHU3UPYIOLIEH
panuanuen.

Jlekuus 4.fnepnas meauuaa. MeToapl cUMHTHUTpaduu. PagnoHyKIUAbI, MPUMEHICMEIC B
saepHori  MenunuHe. CrocoObl IMOJY4YEHUsS pPaJUOHYKIHIOB. PaauOHM30TOIHBIA TIeHepaTop.
Ouznyeckne XapakTepUCTHKU paauousoronos. Ilmanapnas crounturpadus. ['amma-kamepa.
OMHCCHOHHAs KoMIbloTepHass Tomorpadus. [lo3uTpoHHass SMHUCCHOHHAs KOMITBIOTEpPHAS
tomorpadus. Panguanuonnas 6e30mMacHOCTb B AIEPHON MEAUIIMHE.

Jlexuust 7.@u3znyuecKkrue OCHOBBI MArHUTHO-PE30HAHCHOM ToMoTpaduu. SInepHbIii MarHUTHBINA
MOMeHT. JlapMopoBckast mpeneccusi. YCIOBHs SIA€PHOIO MAarHMUTHOIO pe3OHaHca. BpemeHHbie
XapaKTePUCTHKH SIIEPHOTO MAarHUTHOTO pe3oHaHca. D(PPekT XxumMudeckoro cmemieHus. [IpuHmn
BU3YyalIH3allui MEIULIUHCKOTO N300pakeHHs B MAarHUTHO-PE30HAHCHOM ToMorpade.

Jlexuus 8. Pentrenonnarnoctudyeckoe odopyaoBanue. DopmupoBanme

PEHTI€HOBCKOTO  u3iydeHus. CHeKTpallbHOE U a3MMYTajbHOE pacrpeiesieHue
WHTEHCUBHOCTH TOPMO3HOTO H3Iy4YeHUs. PeHTreHoBckoe TeHeBoe m3o0pakeHue. CucreMa 3KpaH-
TieHKa. PeHTreHoBckue pacTpsl U pemietku. KauectBo MeaunmHckoro uzodpaxkeHus. Lludponas
pentrenorpadwus. [Ipuniune! nomydeHus udpoBoro n3odpaxeHusi. PU3NKO-TEXHUUECKHUE OCHOBBI
PEHTTEHOBCKOM KOMITbIOTepHOM ToMorpaduu. PagnanonHas 6e30macHOCTh

MIPU PEHTTE€HOANArHOCTHUKE.

Jlexuus 9 . PaguanioHHbIe aBapuy MPU MEIUIIUHCKOM o0ydeHuu. [Ipumepsl aBapwii

npyu METUIMHCKOM oO0nydeHuu. Knaccudukanus paavialiiOHHBIX aBapuil B OTACICHUSX
saepHod meaunuHbl. [lonpasneneHus peHTTE€HOAMArHOCTUKU M HWHTEPBEHLIMOHHOM pPaJUOJIOTHU.
[loxpazaenenust JydeBOM Tepanuud 3aKpPhITBIMA HCTOYHMKaMH. [IpoduiakThka paauariiOHHBIX
aBapuil. [IpenoTBpanienue 1 JUKBUAALMS TOCIEACTBUM paiualluOHHBIX aBAPU.

Kpome nekmuii mpoBoamTcss 8 TMpaKTHYECKHX 3aHATHHA. Ha mpakTWke CTyIeHTHl OOs3aHbI
3aKpeNUTh OCHOBHBIC TEOPETUYECKUE 3HAHUS W TMOHITHS MEIULIUHCKONW (GU3MKH. A TakkKe
PUOOPECTH MPAKTUYECKUE 3HAHUS U HAaBBIKM DPAOOTHI C UCIOJIB30BAHUEM OCHOBHBIX METOJOB U
anmapaTtoB Ui HAYYHO-HCCIIEOBATENBLCKON, KOHCTPYKTOPCKOW paboT M MPaKTHYECKOMN
MeIuLMHbL. Huke npuBeIeHbl TUIIMYHBIE TEMBI IPAKTUYECKUX 3aHATHI.

[Ipaktuueckoe 3austue 1. [IpaBa u 0053aHHOCTH MEIUITMHCKOTO (u3uKa. B pesynbrare ero

U3YYEHHUS CTYIEHT JOJDKEH 3HATh IpaBa M O0S3aHHOCTH MEIULMHCKOro (hM3MKa B KIMHHUKE.
Ymets  dopManu3oBaTh M Au(PEepeHIUpOBaTE B OTACICHUSX KIMHMUYECKON pPaauoIOTUU
MepCcoHaIbHbIE IPaBa U 00513aHHOCTU MEIUIIMHCKOTO Gu3nka. O6nanaTh 3HAHUSAMHU [Tl Pa3IUYHbBIX
YpOBHEW B3aUMOJCHCTBUS C MEAUIIMHCKUM IEPCOHAIOM, MHKEHEPHO-TEXHUUYECKUM IEPCOHAIIOM,
MalUEeHTAMH U UX POJICTBEHHUKAMH.
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[Ipaktuueckoe 3ansTve 2. Jlo3uMeTpusi MOHU3HMPYIOLIEro u3NydyeHus. B pesynbrarte ero
M3y4YeHUs] CTYJIEHT JOJKEH 3HATh CAWHHIBI HM3MEPEHHUS HOHU3HUPYIONIETO HW3TYYCHHs; METOJIbI
KIIMHUYECKOW W WMHIWBUAYaTbHOW [TO3UMETPHM;, METOJIbl PErHCTpallii ¥ MPHHIUIL PabOThHI
puOOPOB AJI U3MEPEHUSI HOHU3UPYIOIIETO U3TyYeHHs. YMETh PACCUUTHIBATh MHAUBUAYAIbHbBIE U
KOJUICKTUBHBIE JI03bl HMOHU3HUPYIOLIETO W3JIYYCHHs; PACCUUTHIBATH 103y HOHU3UPYIOIIETO
W3IIY9CHHS] U1 OOCIYKMBAIOIIETO TepCcoHajda KIMHUKA W TAIUCHTOB;, HW3MEPATh  JIO3Yy
MOHU3UPYIOUIETO U3JTy4YCHHUS.

[IpakTnueckoe 3ansATHE 3. PUBMKO-TEXHUYECKHE OCHOBBI PEHTIEHOBCKOW KOMITBIOTEPHOM
tomorpadur U nudpoBoit paguorpaduu. B pesynbraTe ero H3ydeHHs CTYACHT JOKCH 3HATh
CTPYKTYpHYIO CXeMy HUGPOBOTO PEHTIEHOBCKOIO ammapaTa, PEHTI€HOBCKOIO KOMIIBIOTEPHOTO
TomMorpada W JOMyCTUMBIC YPOBHU 103 OONy4YCHHsS] TPU PEHTTEHOBCKON JMArHOCTHUKE. YMeETh
MIPOBOJIUTH (PAHTOMHBIE 3aMEPHI 103 U OTPAHUYUBATH PUCKH TTOOOYHBIX 2(P(HEKTOB MPHU MPOBEACHUN
paguoTepanuu.

[Ipaktryeckoe 3anstue 4. JIMHEHHBIM ycKOpuTelb. B pe3yimbpraTe €ro H3y4eHHs CTYIASHT
JOJIKEH 3HATh CTPYKTYPHYIO CXEMY JIMHEWHOTO YCKOPUTEINS Y MPHUHIIUIIBI TUTAHUPOBAHUS JTY9€BOM
Tepanuu. YMeTh MPOBOAUTEL (DAHTOMHBIE 3aMEPHI /103 U OTPAHUYUBATH PUCKH MTOOOYHBIX 3P EeKTOB
IIPH TIPOBEJICHUU TEePaIiu.

[TpakTryeckoe 3aHsTHe 5.MaruutHo-pe3oHaHCHas Tomorpadus. B pe3ynbrare ero u3ydeHus
CTYJIEHT JIOJDKEH 3HATh TEXHUYECKHE MPUHIMIBI U 0€30MacHOCTh MPU MarHUTHO-PE30HAHCHOM
tomorpaduu. Ymerb oueHuBaTh A(O(YEKTUBHOCTH, BU3yalM3allMd MarHUTHO-PE30HAHCHBIX
M300paXCHU W OrpPAaHMYUBATH PHUCKU TOOOYHBIX A((HEKTOB MPH MPOBEICHUH MEIHIIMHCKIX
HUCCIIEIOBAHUN.

[MpakTrdeckoe 3anstre 6. [lpuOopsl sIepHOM METUIIMHBI W HOPMBI PaTUAIMOHHON
Oe3omacHOCTH. B pesynpraTe ero u3y4eHHs CTYJIEHT JOJDKEH 3HATh TEXHUYECKHWE MPUHLUIBL U
0e30MMacHOCT, NPHOOPOB  JJIS  SACPHOM MEIMIMHBL YMETh OICHUBaTh A(OPEKTUBHOCTH
BU3YaIHM3aIMi PAIUOHYKIHIHBIX U300paKeHUN U OTPaHUYUBATH PUCKH MOOOYHBIX 3PPEKTOB mpu
MPOBEACHUN MEIUITUHCKHUX MCCIICIOBAHMM.

[lo paHHOW NMCUMIUIMHE BBINONHAETCA pacueTHo-rpaduyeckas padorta. Llenb, xoTopoit
COCTOWT B U3YUYECHHH OT/ACIIbHBIX Pa3/ieNIOB Y4eOHOU MPOrpaMMbl, KOTOPHIE HE PACCMATPHUBAIOTCS B
JICKIIMOHHOM M MPaKTUYeCKOM MaTepuane. M3 1aHHOTO KpeIuTHOTO MOMAYIS 3allllaHipOBaHa OJIHA
MOAy/IbHAsl (TeMaThueckas) KOHTpOJbHas padoTa ¢ IENbI0 3aKPEIUICHHWs] 3HAHWM CTYJIEHTOB B
COOTBETCTBUM C TEMATHMYECKUM IUTAHOM JICKIMOHHBIX U TMpakTudyeckux 3aHatuid. llens
KOHTPOJILHOHM paOOThI 3aKpeIJICHUE | OLIEHKA 3HAHWM CTYICHTOB U3yUYEHHBIX Pa3JeioB.

BreiBon. M3ydeHuwe NUCUMIUIMHBI MEAMIMHCKas ¢u3uka mpu OOYYEHHWH  CTYIEHTOB IO
CIIEUATIBHOCTSIM « broMmenunuHckas nmwkeHepus» u « MeaumHCKie mMpuOOphl M CUCTEMBI»

UMEET TPaKTHUYECKOe 3HaueHue Uit (QOopMHUpOBaHUS y OyAymIMX CHEIHaIMCTOB
COBPEMEHHBIX WHHOBAIIMOHHBIX MEKIUCIUILTHHAPHBIX 3HAHHH.

1. Pexum nocryna:http://mmif.kpi.ua/uk/biomedical-engineering-department/about/2

biomedical-engineering-ukraine

2. Kocmuines B.A. ,Hapxesuu B.A. Menuuunckas ¢pusuka. — M.: Menunmna, 2008. —464c.

3. Tapymun H.I. PagumanyoHHas 3aluTa MPU MEAUIIMHCKOM OOIydeHHH. MuHCK: BbImHsMImas
mkoia, 2005. — 335c.

4. Hendee W. R., Ritenour E. R. Medical Imaging Physics. Boston:Mosby Year Book,

2003.-781p.

5. Webb S. The Physics of Three Dimensional Radiation Therapy: Conformal Radiotherapy,
Radiosurgery and Treatment Planning. Bristol: Taylor & Francis, 2010.-388 p.

6. Bille J.,Schlegel W. Medizinische Physik 2: Medizinische Strahlenphysik. Berlin:

Springer, 2002. -548 p.
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HEKOPPEKTHOCTb U3MEPEHUSI APTEPUAJILHOI'O JABJIEHUSI UTHBALIUBHBIM
METOJ0OM

JI. A. Byaasun, 0. ®@. 3a6amra, C. B. CeBepuiioB*

Kuescxuii Hayuonanvhuiii ynusepcumem um. Tapaca Lllesuenxo, pusuueckuii ghaxynvmem,
Kagheopa monexyniapHol Gusuxu
*KHY um. T .I'. lllesuenxa, ¢husuueckuii paxyromem, xageopa monexyaaprou ¢uzuxu, [Ipocnexm
I'mywixosa 2, kopnyc 1, 2. Kues, 03680, men.+38(044)266-86-77; severylov@mail.ru.

AnHotamusa: B nmanHOW paborte mpemiokeHa (u3myeckas MOJAETbh MpPOIEcca WHBA3HMBHOTO H3MEPEHUS
JaBJICHUS KPOBU B cocyJe. PaccunTaHo naBiieHUE MyJlIbCOBOM BOJHBI Ha TOpEIl KaTeTepa. Y CTAaHOBJIEHO, YTO
MOTPEITHOCT, M3MEPEHUs] IMyJIBCOBOTO JAaBIIEHUS OIPEIENIeTCs COOTHOIIEHWEM pagilycoB KaTerepa H
cocyna. Iloka3zaHo, YTO OTHOCHUTEIbHAS MOTPEIIHOCTh H3MEPEHUS MYyJIHCOBOTO MABICHUS IO MOPSIKY
BEJIMYUHBI COCTABIISIET HECKOIBKO IECSATKOB IPOIIEHTOB.

KawueBble cjoBa: apTCpHUaJIbHOC MOAaBJICHUEC, IIYJIbCOBOC JAaBJICHHUEC, HWHBA3MBHLIC MCTO/bL
HU3MCPCHUA, KATCTCP, JJIMHHBIC I'PAaBUTAIITUOHHLIC BOJIHBI.

BBenenue

[Ipu omepaTHBHBIX BMENIATENLCTBAX U BEICHUU TSKENBIX OONBHBIX HEOOXOAMM MOCTOSTHHBIN
KOHTPOJIb apTePUATILHOTO JIaBJICHUSI. DTOT KOHTPOJIb OCYIIECTBIsAETCS (puc. 1) 3a cYeT BBEICHUS B
COCYIMCTOE PYCJIO KaTreTrepa, KOTOPBIA MpeACTaBIseT CcOO0OM MOJYyI MOJIMMEPHYIO TpPYOKYy,
3aMoJIHEHHYIO pacTBopoM remapuna [1]. Karerep coemuHsieTcs mpu MOMOINM Y/UIMHUTEIS C
MaHOMETPOM. MaHOMETp U3MEPSET CPEIHEE IaBIIEHUE 110 TOPLY KaTerepa.

Puc.1. Karerepuszauus aprepranbHOro pycia: a — IMyHKLHA cocya; O — BBEACHUE IPOBOIHUKA U
yAaJeHHe UTJIbl; B — HAaHW3BbIBAHUE KaTeTepa; I — BBEJCHNE KaTeTepa B COCY U y/laleHne MPOBOIHUKA.

OueBUHO, YTO BBEACHUE KaTeTepa MCKaXaeT MCTUHHYK KapTUHY KPOBSHOI'O IMOTOKa H
pacnpeneneHus naBieHus B cocyzae. [loaToMy naBieHHe, KOTOpOE H3MEPSETCS MaHOMETPOM,
OTJINYAETCS OT JABJIEHHUS B OTCYTCTBUM Karerepa. COOTBETCTBEHHO M3HAYAJIBHO B YINOMSHYTOM
METO/I€ 3aJI0’KE€HAa CUCTEMaTU4ecKasi OrPEIIHOCTb.

[lenb paGoOTHI COCTOMT B TOM, YTOOBI TEOPETHMUYECKU PACCUUTATh JAHHYIO IMOTPEIIHOCTb.
O4eBUHO, YTO TAaKOW Pacy€T SBISIETCS €AMHCTBEHHBIM CIOCOOOM IMOJYYUThH OLICHKY YKa3aHHOU
norpemHocTH. Kak u3BecTHO aBTOpaMm, 3Ta 3aja4a paHee B JIUTEpaType HE pacCMaTpUBAIIACh.

Pacuernas Mmogesb

Bynem paccmaTtpuBaTh KpOBEHOCHBIN COCY/I, KaK KaHAT WIMHIPHUECKON (POpMBI B yHIpyroi
cpene. [ocnennsist Mogenupyet co0oit OMOTKaHU, OKpyXkarolue cocya. Pannyc ykazanHHoOro kaHaia
0003HauKnM yepes b.

Karetep npencraBuM B BHJIE MOJIOTO IWIMHpPA ¢ BHYTPEHHUM PAJMYCOM d W BHEIIHHM dj,
3alI0JIHEHHBIN WI€AIbHOW HECKUMAEMOM JKUJKOCThIO. [I0CKONBKY TOJNIIMHA CTEHKH KaTeTepa Ha
MOPSIZIOK MEHBIIE pajinyca, TpaHUIly KaTeTepa Jajee B pacuérax Oyaem cuuTarh JuHuend. MaTtepuan
CTCHKHM KaTeTepa OyneM cuuTaTh abCOMOTHO TBepAbIM. [lonbli MUIMHIP pacmoiaraercs BHYTPH
KaHaJia TaKuM 00pa3oM, YTO UX OCH CHMMETPUHU COBMHaAAloT (puc.2).
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Puc. 2. PacueTHast Mozeib.

Cocyn 3amoJIHEH KpPOBbIO, KOTOPYIO MBI pacCMaTpHUBAEM KaK MJIEaJbHYI0 HECKHMAEMYIO
KUAKOCTh. COOTBETCTBEHHO T€UEHHE KPOBU OYZ€M ONUCHIBATh ypaBHEHUEM Diijepa

dv
Pgr = vP (@)
IpH YCIOBUU
Vev=0,(2)

rjie V-CKOpOCTb, t— Bpems, p—1aBiieHue, P — INIOTHOCTb.
3anauy Oyzaem pemiath B JIMHEHHOM NpubamxeHny, CooTBeTCTBEHHO ypaBHeHue (1) nmpumer
BUJI

oV
pat _*Vp (3)

BBeneM munMHapHUecKHe KOOPIUHATHI C OCBIO Z, KOTOpas COBMAJAeT C OChI0 CUMMETpPUU
naHHo#M 3amaun. Ilycth Topern katerepa cooTBeTcTByeT koopauHate z=0. Ilockombky 3amada
o0nasaeT oceBOil CHMMETpHEH, yrioBas KOOpJMHATa BBIMAAACT M3 paccMOTpeHus. PamuanbHyro
KOOPJMHATY 0003HAUYUM 4epes I.

Bektopusie Beipaxenus (3) u (2),3anucaHHble B KOMIIOHEHTaX, UMEIOT BUJ

oV _ Op
pat __821(4)
oV _ 0P
pat _7ar1(5)
ovz 1a(rvy) _
oz Tt o =0, (6)

rje V; U V; — oceBas U pajinaibHas KOMIIOHEHTBI CKOPOCTH.

Ha rpannunbix moBepxHocTsax Z=0, r<a m 0<z<owo, r=a karerepa JODKHO BBITIOTHATHCS
yCIIOBHE

vh=0, (7)

rJie Vp — TPOCKIHMsS CKOPOCTH HAa HOpPMajbh K YyKa3aHHOW moBepxHOcTH. Ha Topre karerepa
MpUHUMAETCS yciaoBue V,~0 M3-3a TOTO, YTO BHYTPHU KaTeTepa IMyIbCOBask BOJHA PACTIPOCTPAHSTCS
HE MOJXKET 10 TIPUYHHE KECTKOCTH €T0 CTCHOK.

O6o03naunm gepe3 U= {U;, U } BEKTOp CMEILEHUS, OTpeAeIsIeMbIii (hopMyI1oi

v:%u.(S)

[TocTynmupoBaHHas HaMU paHee YNPYroCTh CTEHOK KaHaja TpeOyeT BBHIOJHEHUS Ha €ro

rpanuie r=b ycnoBus
p = au(r=h), (9)
rae oo — K03 OULUCHT YIIPYroCTH CPeibl, OKPYKAIOLIeH KaHal.

[ToctyruieHne KpoBH B cocyi oOecrieunBaeT HacocHasi QyHKIus cepaa. Omucath mporecc
JBIDKCHUE KPOBH, HAIPABICHHOT'O B COCYJ MOXKHO, HAallpuMep, 3a/1aBasi CKOPOCTh B CEUCHHH, TJIe
pacmonaraetcsi KianaHn aopThl [2]. ByaeM cuutath, 4TO 3TO CEYEHUE COOTBETCTBYET KOOPIMHATE Z1,
3aIUChIBasi TPAHUYHOE YCIIOBHE
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Vz (z1,1) = ¢(1),(10)
rae ¢(t) — GyHKIUs, BHI KOTOPO# ompezensercs (pu3noIorndeckuMu mpoieccamu. E€ B Hamiei
3a/1a4e CIeNyeT CYUTATh 3a1aHHOM.

PemmmB cucremy ypaBHeHu# (4—6) mpu rpaHnyHbIX ycnoBusx (7,9,10) Mbl TeM caMbIM
omnpezaensieM Bun GpyHkimu p(z,r,t). Pacnipeenenue naBieHuii Ha TOPIiE OMUChIBaeTCsS QYHKIHEH Po
(r, t) = p(O,r,1).

Kax yxe ynmomuHamoch, Hala 3ajjadya COCTOMT B TOM, YTOOBI pacCUMTaTh JIaBJI€HUE Pm B
Topue Karerepa. PakTUUECKH Pm — ITO CpEIHEE NaBIEHUE, ACHCTBYIOIIEE HAa YKa3aHHBIA TOPEL.
DT0 AaBieHue onpeaesieTcs GopMynon

a
pm(t) = é fpo (r, )2mrdr. (11)
0

IIpuMeHeHNe TEOPUHU NJJIMHHBIX ITPABUTALMOHHBIX BOJH
IPY U3YYECHUH TeYEHUSI KPOBH B coCyAax

HccnenoBanue TteueHus >KUJIKOCTM B KaHajgaX OTHOCUTCS K KIACCHYECKMM 3ajadam
TUAPOJMHAMUKA M HUMEET JONTYyI0 HCTOpHuio (cM., Hamp., [3,4] u 1p.). 3a 3TUM Hay4YHBIM
HaIpaBJICHUEM 3aKPENWIOCh HAa3BaHHME «TEOpPUS JJIMHHBIX IPABUTALMOHHBIX BOJIH» (CM., Hamp.,
[4]). OcHOBY 3TO#i TEOpUHM COCTABIIAET TAK Ha3bIBAEMOE I'MIPABIMUYECKOE MPUOIMKEHUE (CM., HATp.,
[4]).

['maBHBIM TE3UCOM ATOTO NPUOIMKEHUS SABISAETCS MPEIIOI0KEHUE O TOM, YTO KOMIIOHEHTa
V; SBIIAETCS MOCTOSHHOM B JAHHOM CEYECHHMM KaHana. [Io OTHOIIEHWIO K paccMaTpUBaeMOM HaMH
3ajaye M3 3TOro MPEAINOJIOKEHHs CIe1yeT, YTO pelieHne ypaBHEeHus (4) JOIKHO UMETh BUJ]

V= v (@) = (- £).12)

3nech W jJanee BEIUYMHBI, OTMEUYEHHBIE OJHUM IITPUXOM, OTHOCATCS K CIy4aro, Koraa
CEYEHHE BJI0JIb KaHaJla HE U3MEHETCS.

®dopmymna (12) packpbiBaeT PU3MUECKHI CMBIC MPUHATOTO TpeaAnoaoxenus. CoriiacHo 3Toi
dbopmyne BxogHoe Bo3MymieHue (10) pacmpocTpaHseTcs BOJb KaHaIa CO CKOPOCTHIO C, HE MEHSIS
cBoeil popmbl. Ho 3TO — Kak pa3 TOT TUIl TeUEHHUS, KOTOPBHIA COOTBETCTBYET TEUECHHIO KPOBU B
coCyJle: B MEUIIMHE TAaKOW TUI TEUCHHS] HOCUT Ha3BaHHUE MYIbCOBOM BOJIHBI.

VYka3aHHasi aHAJIOTHUS OTKPBHIBAET BO3MOXKHOCTH I IPUMEHEHUs] TEOPUH JAJIMHHBIX BOJIH MPU
ONMHUCAHUU TCUECHUS KPOBH.

Comnoctasnsis BeipakeHus (12) u (10), mpuxoauM K BEIBOAY O CIPABEIJIMBOCTH PAaBEHCTBA

o(t) = F(t—2).(13)

[Honcranoska ¢popmynsl (12) B cooTHOeHuE (6) U MOCIEAYIONIEE HHTETPUPOBAHUE TPUBOJIAT
K pe3yJbTaTy
j_rov)
ViToca
Ioncrasnsist Beipaskenue (14) B popmyiy (8) 1 BBIOTHSS HHTETPUPOBAHKE, TTOJTYYaEM

(14)

r
u’ =>c v, .(15)
COOTBETCTBEHHO 715 1aBIIEHUS TIoy4aeM GopMyTy
ob
p/:E v, . (16)
[oncrasnss hopmynel (12) u (16) B ypaBHeHue (4), monydaeMm
_ob
= (350707

Teneps popmyny (16) MOKHO nIepencaTh B BHJIE
p' = pcVz/ .(18)
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Ilo cBoemy cMbICIy BeIMYMHA p/ MPEACTaBIsAET COOON pPa3HOCTh CHCTOIUYECKOTO H
JIUACTOJINYECKOro, KOTOPYIO B TeMOJIMHAMUKE PUHSATO HAa3bIBATh MYJIbCOBBIM JaBICHHUEM.

BeimenpuBeaennsie  (pOpMyNbl OMMCHIBAIOT MOBEACHHE IYJIbCOBOW BOJHBI B OTCYTCTBHUE
kareTepa. [IoHATHO, YTO BBEAECHUE MOCIEIHETO B COCYA M3MEHSAET KapTUHY TeueHus. Ilpu stom
KaTeTep BBICTYIIAET B POJIM HEKOTOPOI'O MPEMATCTBUSL.

CornacHO TEOpUM JIMHHBIX TIPaBUTALMOHHBIX BOJIH NPEISITCTBHE TPUBOJUT K
BO3HMKHOBEHHUIO OTPA)KEHHOM M IMPOILICALIECH BOJH B JONOJIHEHUE K BOJIHE, MAJAarOUIeH Ha
npensitctBue. CoxpaHss I XapaKTepPUCTHK MaJarolleld BOJHBI NMPEKHUE 0003HAYEHUS v, u Pl ,
BBEJIEM JUIS aHAJIOTHYHBIX XapaKTEPUCTUK OTPAXEHHOM U MpoIIeaie BoJH 0003HaYeHUs V; " p/ u
v, p///.

B ynomsHyTOl TEOpuM IpH PACCMOTPEHHMH BOIPOCA O TEYEHMM >KUJIKOCTH B KaHAJE C
HPEMATCTBUEM OCTaBISIIOT B CHJIE MPEINOJIOKEHHE O MOCTOSHCTBE KOMIIOHEHT v, v v a
3HAYUT, U JIaBJIICHUU p/, p”, p/” (cM. dopmyny (18)), mo ceyenuto kanaina. Ilpu 3TOM ycnoBue
HEMPEPHIBHOCTH CKOPOCTH Ui cedeHus z=0, rie pacroiaraercsi MpernsTCTBUE, 3alUChIBAETCS B
BUJIE

S/(VZ I VZ//) — S/// VZ///, (19)

rie S’ u S” — mmomamm cevennst xamama gt z<0 wu z>0, a YCIIOBUE HENPEPBIBHOCTH

JABJICHUS ]I TOTO K€ CEUEHUs — B BHJIE
p/ n p// _ p”/. (20)

VYuutsiBas ¢popmyny (18) u paBeHcTBa S'=nb® u S”/:n(bz—az), U3 cucteMbl ypaBHeHu# (19—

20) na yuyactke kaHajna z<( umeem

1
p=p +p'=p'—2 . (21)
102

IMorpemHoCTh N3MepPEHNS MY ILCOBOTO IaBJICHUS
. /
dopmyna (21), kazanock Obl, penraeT MOCTABJICHHYIO 3ajady : B 3TOH (opmyne p' — 3TO

HCTHUHHOC JaBJICHHUEC, CyMMa p/ + p// — JaBJICHUEC P, UBMCPIACMOC JATIYNKOM, & MHOXUTCIIb aZ
17—
2b

OmpelensieT  CUCTEeMAaTUYECKYIO IOrpEIIHOCTh  u3MepeHuss. OOHAKO 3TOT BBIBOJ HEBEPEH.
CoMHEHUs1 B TPaBOMEPHOCTH HCIIONIb30BaHMs popMyIibl (21) /uia pacdera AaBICHHS, U3MEPSIEMOTO
JATYUKOM, TIOPOXKAAET CIACAYIOMUN (aKT.

PaccmarpuBas kapTuHy JUHUIM Toka (puc.l), Mbl BUAMM, YTO JIMHUS TOKA, COBIAJarouias ¢
OCbI0 CHMMeTpHH, 3akaHuuBaeTcs B Touke Z=0, r=0 (e€ mpuHATO HA3BIBATh B THAPOJHMHAMUKE
KpUTH4Yeckor). B aTolt Touke paBHA HYIIO HE TOJBKO HOpPMalibHas K IMOBEPXHOCTH TOpILIA
KOMIIOHEHTA V; , HO ¥ paJuaibHas KOMIIOHEeHTa V, . B cuiy mocneaHero o6cTosTenb»CTBa YaCTHIIBI
KUJKOCTH, IBUKYLIUECS 10 YKA3aHHON TPaeKTOPUH B HAIPABJIEHUHU TOPLA CILIOIIHOTO LWJIMHJIPA,
HE MOTYT 00OTHYTh 3TO MPEMITCTBHE, a OTOPACHIBAIOTCS OT TOpIa B 00paTHOM HaIpaBlIeHUU BIOJIb
ocH cHUMMeTpuM. sl TakuxX 4YacTHIl CKJIQAbIBAE€TCS Ta K€ CHUTyallusd, 4TO BO3HHUKAET IpHU
HOpPMAaJIbHOM TaJICHUH BOJHBI Ha a0CONIOTHO TBEPAYIO OECKOHEUHYIO TIOCKOCTh. Kak u3BecTHO, B
MOCJIEIHEM cJlydae JaBJIieHME Ha O3TOM IUIOCKOCTHM pPaBHO  JIaBJIEHUIO B NaJalolIeld BOJIHE,
YMHOX€HHOMY Ha JABa. COOTBETCTBEHHO B HAIlleM Cily4yae [Jsi KPUTHUYECKOM TOUYKH HUMeEeM
PaBEHCTBO

p=2p’. (22)

Takum o00Opa3oM, HaM OKa3bIBAETCS M3BECTHHIM 3HAUY€HHME (PYHKIMU Po B Touke =0, a
UMEHHO:

P (0.1) = 2p' (). (23)

Kak »10 ykazano B [3], ycmoBusi HempepbiBHOCTH ckopoctd (19) u masnenus (20)
BBITNOJIHSIOTCS,, CTPOTO TOBOpPS, JJIsl Hapbl CEYEHUH, ynajJeHHbIX OT ceueHus Z=0 Ha paccTosiHHE
nopsiika b. M ecnu Mbl y NPUONMKCHHO YKa3aHHYIO Mapy CEUCHH CUMUTAEM, CIEAys TCOPHH
JUIMHHBIX TPAaBUTALlMOHHBIX BOJIH, COBMajaroueil ¢ ceuenueM z=0, To GoJiee JIOTUYHO (XOTS 3TO
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TOXKC HCKOTOPOC HpI/I6J'II/I)KeHI/IC) TrOBOpPHUTH, UTO YCJIIOBUC (20) BBITIOJIHACTCS HC IO BCECMY CCUYCHHIO
z=0 , 4 TOJIBKO Ha Y4aCTKE 3TOIro CCUCHUA = a, TaK Kak Y4acTOK '<a 3aHAT KaTETEPOM.

HOCKOHBKy i1 AAaBJICHHUA  OOJDDKHaA CO6JHOH3.TBC$I HCMIPCPBIBHOCTL, H©3 MOCJICAHETO
C006pa)KeHI/IH CIeayeT, 4To0 IJIs I'PaHUYHOT'O 3HAYCHUA (bYHKI_II/II/I Po MOIKHO 3allMCaTb BBIPAXKCHHUC

po (@) =—7 p/ (0.(24)
TS

Paznoxum ¢ynkumto Po (r,t) B psix M0 CTENeHsM I, OTpaHHYUBIIMCH YWICHOM BTOPOI CTETICHHU.
B cuny oceBoil cuMMeTpHM TaHHOM 3a/1a4M CIPABEJIMBO PABEHCTBO
690 ( r;t[
or (r=0) =0, (25)
TaK YTO YKa3aHHOE Pa3JI0KEHUE UMEET BU/T / ,
Po (rt) = p' ()(2 - Br). (26)
[loncraBnsist paBeHcTBO (24) B popmyny (26), onpexnenseM kodddunueHTt B, momydas nis
bynkimu Po (r,t) BeIpakeHue )
2 b*a
—
o (r) = P (D2 ~ 2 57 2 - (27)
Ioncrasnsist Beipaskenue (27) B popmyny (11) u BBITIONIHS(:1 MHTEIPHPOBAHNE, IIOIYIacM

3b“—a

— A

pm (1) = P/ (1) 5752 -(28)

Kak 310 BUIHO M3 mocaeaHei (hOpMyIIbI, H3MEPEHHOE TaTYNKOM JaBieHHE Pm(t) OTJII/I‘I&CTC?I

/ _ Pm—P
OT UCTHHHOI'O JaBJICHUA P (t), IpUYCM OTHOCHTCJIbHAA CHCTEMATUYCCKaAs ITOIPCIIHOCTD €p =

p
COCTaBJIsIET
b2
Ty .(29)

B kxauecTBe npumepa OLIEHUM MOIPEUIHOCTb, JOMYCKA€MYyHO IpU MHBA3UBHOM H3MEPEHUU
JaBJeHHUs KpoBH B aopTe. Pamuyc aoptel b mpumepHo paBen 1,5 cm. IlpuHmumas s pagumyca
KaTeTepa a 3HadeHue 1,5 mm, nomydaem g, = 0,5.

Kak ato crnemyer w3 ¢opmynsl (29), mpu OonplmuX 3HaYeHMSX oOTHoumeHWs a/ b, dro
XapaKTepHO MJIi  COCYIOB MEHBIIEro pajuyca, 4eM aopTa, MOrpelIHOCTh MpeBbimaer 50
IIPOLIEHTOB.

3aki0ueHne

Kak 310 yXe yka3blBajaoch, allpyopyd OYEBMJIHO, YTO BBEJIEHUE KaTeTepa B KPOBEHOCHBIN
COCyJl MEHSeT KapTHHy TedeHUs KpoBH. COOTBETCTBEHHO MAaHOMETpP HU3MeEpseT JaBJIeHHE B
IIOTOKE, BO3MYILIEHHOM BBEJCHHEM KaTeTepa. JluarHocta )K€ MHTEpPECYET JaBICHHE B
HEBO3MYILIEHHOM IIOTOKE, KOTOPBIM peanusyeTcs B OTCYTCTBHE KaTeTepa. TakuMm oOpas3oM, yxke
M3Ha4yaIbHO B METOJ MHBA3UBHOI'O U3MEPEHUS 3aKJ1aIbIBAETCS IOIPEIIHOCTD. 3A€Ch, IO-BUAUMOMY,
BaXHO NOJYEPKHYTb, YTO pPEYb HMJIET MMEHHO O IIOIPEHIHOCTH METOAA — CUCTEMAaTHYECKOU
MOTPeIHOCTH. M €CTECTBEHHBIM SIBJISIETCS BOIPOC, HACKOJIBKO BEJIMKA 3T MOIPELIHOCTb.

OTBeT, NOJy4YEHHbIM B JaHHOM cCTaThe, HECKOIBKO OOECKypakKMBaeT: OKa3blBaeTCs, dTa
MOTPEIIHOCTb NMpeBbIaeT 50 MpOLEeHTOB.

OnHako, Kak M3BECTHO, TO OOCTOSITEIbCTBO, YTO TOT WJIM HMHOW METOJ XapaKTepusyercs
OOJBIION CHCTEMaTHYECKOW MOTPEIIHOCTHIO, BOBCE HE O3HAYaeT, YTO OT ATOr0 METOJa CIIAYeT
oTka3zatbcs. Ecim 3Ta MOrpemHocTs M3BECTHA, TO €€ MOXHO Y4YecThb, BHOCS COOTBETCTBYIOLIHE
MONPABKU B U3MEPEHHBIE YKa3aHHBIM METOJOM BEJIMYHHBI.

['maBHBIN pe3ynbTaT JaHHOM CTaTbM COCTOMT B TOM, YTO B HEH JaH OTBET Ha BONpPOC, Kak
CKOPPEKTUPOBATh U3MEPEHHOE 3HAUCHHE JIaBJICHUS KPOBH, YTOOBI MOIYYUTh UCTHHHOE 3HAUYCHUE
MOCJIEIHET0: JUIsl 3TOro coriacHo opmyse (28) HeOOX0IUMO U3MEPEHHOE AABICHHUE Py Pa3ACIUTh
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PA3BUTHUE ITPOT'PAMM JUIIJIOMHOTI'O 1 HIOCTAUIIJIOMHOI'O OBPA3OBAHMSI
B OBJIACTU MEJUIIUHCKOU ®U3UKHN B MI'Y UMEHH M.B. TJOMOHOCOBA

A.Il IIepmlelatl‘z‘*, A.B. Be.noycosl, Y.A. Biamsuiok?, ILIO. BopmemBCKaﬂl, C.M. Bap3apbl,
B.B. Pozanos’

1) Qusuueckuii paxyromem Mocko8ckoeo 20Cy0apCmeeHH020 YHUSepcumema
umenu M.B. Jlomonocosa,
2) Hayuno-uccredosamensbckuil uncmumym sioeprotl puszuxu umernu /[.B. Cxobenvysvina,
*POCCM}Z, 119991, Mocksa, Jlenunckue copwi, 0.1, cmp. 2, +7(495)939-38-89,
chernyaev@rector.msu.ru

AnHotanus. Jlaercs KpaTkuii aHanu3 coctostHMst B Poccum mpoGiieM M MEpCleKTHB  Pa3BUTHUS
paguanoHHON MenuIUHCKON ¢u3uku. [IpuBomuTtcs mHbOpMamms 00 YIeOHBIX MPOTrpaMMax IOITOTOBKH
CIICHUAJIMCTOB MW MarucCcTtpoB JJId MCI[I/IHI/IHCKOI\/'I (1)I/I3I/IKI/I U KpAaTKOCPOYHBIX KypCax IIOBBIIICHUA
kBanuukamn B MI'Y.

Abstract. The brief analysis of a condition of problems and prospects of development of radiation medical
physics in Russia is given. Provides information of educational programs of training of specialists and
masters for medical physics and short-term advanced training courses at the Moscow State University.

KuaroueBble cioBa: MCEIUIMHCKAas (1)I/ISI/IKa, KYPCBI IMOBBIIICHUSA KBaJ’II/I(l)I/IKaI_[I/II/I, O6paSOBaTeJ'IBHaH
nporpaMmma.
Keywords: medical physics, advanced training courses, educational program.

[IpumeHeHNEe B MEIUIIMHE IOCICAHUX JOCTMDKCHUH SIEPHOW M YCKOPHUTEIHHOW (U3HKHU
ABIAETCA OAHMM M3 3((EKTUBHBIX HAMpPaBICHWNA Pa3BUTHUS METOAOB JICYCHHS] M JUAarHOCTUKU
3aboneBannii. OcCOOEHHO 3aMeTHA POJIb SACPHO-PU3UIECKUX TEXHOJIOTUH B 00JIACTH OHKOJIOTHH.

B 2009 rogy B P® craproBana HanuoHnanbHasi OHKOJOTMYECKas MOporpamma, KOTopas
paccuurana 10 2015 roga. HecmoTps Ha 3HaUUTEILHOE EPEOCHAIIEHUE POCCUNCKUX METUIIMTHCKUX
LEHTPOB HOBEHIIMMH amnapaTaMyd 3a [OpOLIEAIINE TOAbl IMPOTPaMMBbI, KOJIMYECTBEHHbBIC
MOKa3aTeIl, HOPMUPOBAHHbIE HA YHMCIIO JKUTEJIEH CTpaHbl, 10 CUX MOP 3HAYUTEIBHO OTJINYAOTCS OT
nokaszaTeneil pa3BUThIX cTpaH. Tak B Poccum OIMH MEOUIMHCKHI YCKOPUTENIb TNPUXOIUTCA
npuMmepHo Ha 1.5 muH. xuteneit, a B CILIA u B ctpanax EBponeiickoro coro3za — Ha 80 u 100 Thic.
YelI0OBEK COOTBETCTBEHHO. B Mupe nmyueByto tepanuto nmpoxoasat 70% OHKOJIOTHYEeCKUX OOITBHBIX, a
B Poccun - okos10 30% GonpHBIX, MpuYeM B OOJIBIIMHCTBE ClyyaeB Ha KOOAJIbTOBBIX HCTOUYHUKAX.

BrinosiHeHHBIE OLICHKM TMOKa3bIBAIOT, YTO /I JOCTKEHHUS TOKaszaTeliei, ONU3KUX K
eBporneiickum, B Poccunm HEOOXOIMMO 4YHCIO YCKOpPHUTENeH ayekTpoHoB okojo 1400, 30
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YCKOpUTENIEH A1 NPOTOHHOHM JydyeBOW Tepamuu (A npuMepa B ['epMaHMM TakuxX LEHTPOB
ctpoutcst 20). B nuarHoctuueckoM o0OpyIOBaHUM MOTPEOHOCTH COCTABJISIOT: raMMa — Kamep —
300, KT — 140, II9T — 100, MPT -1400.

OcHoBHass npoOiema, TOPMO3sIas pa3BUTUE, CBsi3aHA C OTCYTCTBHEM CIIELHAJUCTOB,
KOTOpbIE CMOT'YT paboTaTh Ha IOCTaBiIsieMOM 00OpyJqoBaHWH. B mepByro ouepens peub HIET O
MEIUIMHCKUX (U3MKaX, KOTOpble OTBEYAIOT 3a obecrneyeHue TpeOOBaHUI TOYHOCTH NIpU
MOJIBEJICHUN JICUeOHOH J03bl pagualMyd K OINYXOJUM C MHUHUMAJIBHBIM IOPAaXXEHHEM COCETHUX
3/I0pOBBIX TKaHEH, 3a TApaHTHUIO KaueCcTBa U OE€30MMaCHOCTb JTyYEBOTO JICUEHHUS.

B nacrosimee Bpems B 140 oTneneHusX JTydeBOil Te€paruu OHKOJOTHYECKUX KIMHUK Poccum
umeercsa okosio 300 MTaTHEIX COTPYAHMKOB, UCIOJHSIOMNX 005A3aHHOCTH MEAMIIMHCKUX (PU3HKOB,
XOTSl 10 €BpONEHCKMM TOKa3areisM, crpaHe Heooxomumo 1500 kBanubuIMpoBaHHBIX
MEIUIMHCKUX (u3ukoB, T.e. B 5 pa3 Oombiie. [IpobmeMoii sBHsieTCS HE TOJIBKO OTCYTCTBHE
COOTBETCTBYIOUIMX INTATHBIX €IWHHI, HO M KBaJU(HUKAIMA CIECHUATUCTOB, KOTOPHIE MOTYT HX
3aHuMaTh. K coxalleHHio, TUIIMYHON OKa3bIBAeTCs CUTYalMsl, KOrJa OOs3aHHOCTH MEIHUIUHCKUX
(U3UKOB BBIHYKJICHHO HCIOJHIET MEAMLIMHCKUI TMEepCcoHall WM Ha TO3UIHMI0 NPHUHUMAIOTCS
BBIITYCKHUKH BY30B, Y KOTOPBIX HE IPOCTO HET JOCTATOYHOM KBaJM(UKAIIMH U OIBITA KIMHUYECKON
paboThl, HO OPOW 3HAHMA U3 O0JIACTH AACPHOU (U3UKU U U3ITydeHHH orpaHndeHsl 15-20 yacamu
Kypca oOmiel (pu3uKH.

[lonnmanue sTOro MMeercs M B MEAMLUMHCKHX, U B HaydyHO-O0Opa30BaTEIbHBIX Kpyrax.
JlupepaMu MOArOTOBKM MeAMUMHCKUX (Gu3uMKoB B Poccum sBisitorcs ¢usnueckuil (akynbreT
Mocxkosckoro yauBepcutera u HUSY MU®DU, rae nenesbie yueOHbIE MPOrpaMMbl pa3BUBAIOTCS C
1990-b1x TOOB.

CrieninanpHasi oaroToBka ctyfaeHToB MI'Y ocymecTisieTcst Ha nByX kadenpax: kadeape
MeAMLMHCKOW QU3MKH U Kadeape GU3MKU ycKopUTeneld U paaualoHHoN MeaunuHbl. Ha xadenpe
GU3MKN YCKOpUTETeH U pajualliOHHON MEIUIIMHBI OHa HAYMHAETCS B CEPEIUHE TPEThEero Kypca U
npojoikaercs 3 roga B TeueHHe 6 cemecTpoB. B TedeHue mnepBbIX MATH U3 HUX CTYAEHTHI
OCBaMBAaIOT TEOPETHUYECKHIN MaTepuan, 3aHUMArOTCS B CIELHAIbHOM INPAKTUKYME U BBIIOJHSIOT
Hay4YHO-UCCIIEI0BATEIbCKYIO PadOTy, a B 3aKIIOYUTEIBHOM CEMECTPE MOJHOCTBIO COCPEIOTOUYEHBI
Ha HaNWCAaHWU AWIUIOMHOW paboTel. Paboume manel kadeapsl BKIOYaOT 19 OpUTHHAIBHBIX
CHELKYpPCOB MO JAMCHUUIUIMHAM cHenudann3anud. Yactb J1abOpaTOpHBIX 3adaHUN  CTYICHTHI
BBITIOJTHSIOT HA JICHCTBYIONIEM KIMHUYECKOM 000pyI0BaHUH.

OTnuunTeNnbHONW YepTol yueOHOro IuiaHa Kadeapsl sBIsSETCs JIETHSS ydeOHas MpakTHKa IO
MenuiuHcko ¢usuke. [Ipaktmka mnpoBonutcs B TeueHue 14 ngueit B Jlybne Ha 0Oaze
OOBbeAMHEHHOT0 MHCTUTYTA SIACPHBIX HUccienoBanuilt U ¢uimana HUMAD MI'Y. Ilnan npakTuku
COCTaBJIEH TakuM 00pa3oM, 4YTOOBI 3a BpeMsl €€ IMPOXOXKACHHS CTYACHTHI MOJy4ymiIn Oa30Bble
3HaHUS 10 MEIUIMHCKON (U3UKe M ObUIM MOJATOTOBJIECHBI K M3YUYEHHUIO Ha CTapLIMX Kypcax Oosee
CIIOXKHBIX JUCUUIUIMH. Takke B XOA€ MPAKTUKU y CTYACHTOB €CTh YHHKAaJIbHas BO3MOXXHOCTh
MIOCETUTh Hay4Hble J1a0OpaTOpUH, pEaKTOp, LMKIOTPOH, CHUHXPO(A30TPOH U BCE JApYyrue
yckoputenu, padotaromue B JlyoHe. Ilo utoram cTyneHTHl CHAIOT 3a4€T B BHJIE BBINOJIHEHUSA
KypcoBoi pabotrel. JlumiaoMHble palboThl cTyaeHTbl Kadenpbl BbIONHIIOT B MIY n
HCCIeIOBaTeNIbCKUX LeHTpaX MockBbl U1 MockoBckoil oOnactu: ¢usuueckuil ¢akynprer MI'Y,
HUUAD® MI'Y, @OM MI'Y, UTO®, MHUOU um. I1.A.I'epuena, POHLL um. H.H.bnoxuna, MMA
um.Ceuenona, O, UOBD (IIpotsuno), 'HIL «UucturyT 6nodusukm», PHIPP u npyrux.

C ocenn 2012 roga Mockosckuii yausepcurer coBMectHo MHUOMW um. I1.A.TI'epuena npu
noggepxkke 3A0 «MCM-MenuMIdKe» OpraHu3yeT KypCchl TIOBBINICHUS — KBaJIM(PUKAIMHA
«Pu3nyecKue OCHOBBI JIyUEBOH Tepanuu M sA€pHOU MeAuIMHbD». OCHOBHON LENIBIO KYpPCOB
ABJIAETCA CUCTEMAaTU3alUsl TEOPETUUYECKUX 3HAHUN U COBEPIICHCTBOBAHUE MPAKTUYECKUX HABBIKOB,
HeoOxomuMbIX  Jisi 3¢ (deKTuBHON  pabOThl HA  BBICOKOTEXHOJIOTMYHOM  MEIAMIIMHCKOM
obopynoBaHun M oOecnedeHus: (U3UKO-MATEMAaTHUECKOro, TEXHUYECKOTO WM WH)XXEHEPHOTIOo
COIIPOBOKACHUSI METOAOB MEIUIIMHCKOW JMAarHOCTUKM M TEpanuu, a Takke Oosiee TiIydokoe
OCBOEHHUE TEOPETHUYECKHUX BOINPOCOB U OBJAJCHUE NPAKTUYECKUMH HABBIKAMM 110 KOHKPETHBIM
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paznenaM MeauIMHCKOW (u3uku. 3a nepuon mo anpenb 2013 roma BBEIMYCKHHKaAMU KYpCOB CTalld
18 crienmanucToB, KOTOpBIE NpeacTaBisoT 11 pernonos Poccun.

[lporpamma mocTpoeHa 1O MOAYIBbHOH cucteme. Moayian OTpaxaloT CHEIUPUKY
npoecCHOHAIbHON  J1eATENbHOCTH CHELMATUCTOB B 00JAacTH paJMallMOHHON MEIUIIMHBIL:
«Du3n4ecKre OCHOBBI JIy4€BOM Tepanmuu M SASPHOM MEOUUUHBDY, «DPHU3MKAa MEIULHMHCKHX
yckoputenein» nu «Pu3nueckue OCHOBBI METOJIOB MEIMIIMHCKON BuU3yanu3amumy. O0beM Kaxaoro
Monyis — 80 yacos.

JIist  BBITIOJTHEHUS TIPOTpaMMbI B TIpoliecce OOy4YeHHWs BKIIOUEHBI JICKIIMH, CEMHHAapFhI,
MPAKTHYECKHUE 3aHATHS B Y4eOHBIX M HAyYHO-HCCIEIOBATEIbCKUX JTA0OPATOPHSIX, TMPAKTHUECKUE
3aHATHA B KJIMHUYECKUX OTHENeHHAX W Jabopatopusix. IlpakTukym B ydeOHBIX U Hay4YHO-
UCCIIEIOBATENILCKUX JTA0OPATOPUSIX HAMpPABJICHBI Ha 3aKPEIUICHHE TEOPEeTUYECKUX 3HAHUHM I10
pazzenaM MporpamMmbl U YriyOJeHHOE OBJaJieHHe 0a30BBIMH MPECTABICHUSMU O BO3MOXKHOCTSIX
buU3MYECKUX METOJOB ISl MEAWIUHBL. [IpakTudeckue 3aHATHS B KIMHUYECKUX OTHCIICHUSX U
nabopaTopusiX HaIpaBlIeHbl Ha OBJIA/ICHUE HABBIKAMHU IMPAKTUYECKOW padOThl Ha JEHCTBYIOLIEM
BBICOKOTEXHOJIOTHYHOM ~ MEJHMIIMHCKOM O0OpPYJIOBaHHMH. 3aHATHS TPEIYCMATPUBAIOT  TaKKe
03HAaKOMJICHHE C METOJIaMH AaHAJIM3a IMOJYYECHHBIX JAHHBIX C LEJIbI0 JHATHOCTUKU IMATOJIOTUU U
TJIAaHUPOBAHUS JICUCHHUS.

C 2013 roma nma 6aze HUMAD MI'Y oprann3oBaH KOMITBIOTEPHBIA KJIAcC, B KOTOPOM
CITyIIaTeN KypCOB OYIYyT BBITIONHATH MPAKTHYECKUE 3aHSATHS IO JIydeBOMY IUIaHUpoBaHuto. Kiacc
OCHAIIICH YEeTHIPhMS CHCTeMaMH IuiaHupoBanus Xio u Monaco. C ydetom 3amady KOHKPETHOTO
00pa30BaTEILHOTO MOJYJISL CIYIIATENIM KYPCOB CMOTYT TOJYYUTh Kak 0a30Bble HABBIKK PaOOTHI C
CHUCTEeMaMH IJIaHUPOBAHUS, TaK U JAETAIBbHO Pa3o0paThCs B OCOOCHHOCTSIX HOBEHMIIUX aIrOpUTMOB
TPEXMEPHBIX PACUETOB TUIAHOB OOITYUCHHUSI.

BUKJIAJEHHSI KYPCbI «bIO®IBUYHI METOIU NOCHIZKEHDB» IS CTYIEHTIB
CIIEHIAJIBHOCTEHN «MEJIUYHA ®I3UKA» TA «BIODPI3ZUKA»

K.I. Boryuska, 10.1. lIpuiaynbkuii

Hasuanvno-nayxoeuii yenmp «Incmumym 6ionoziiy, Kuiscvkuil HayionanvHuil ynigepcumem imeHi
Tapaca lllesuenka, gyn. Bonooumupcoka, 64/13, m. Kuis, Ykpaina, 01601,
+(38) (044) 5213325; biophys@univ.kiev.ua

AHoTtanisi. Po3rnsgaroTbcs 3HAYCHHS, MeTa 1 3aBJaHHA Kypcy «biogiswmuHi MeTroau MOCHIIKEHBY SK
BKJIMBOI TUCITUTIIIHY IS TIIATOTOBKH CTYICHTIB 3a cIemianTbHOCTIMEU «Mennuna dizuka» ta «biodizukay.
AnHoTamus. PaccmartpuBatoTcs 3HaveHue, 1edb ©  3agaHue Kypca «buodmsmueckue MeTonbI
WCCIIEMOBAaHUI» KaK 3HAYUMOM JAUCIUIUIMHBI JUISI TIOJTOTOBKH CTYJIEHTOB IO CHEIHAIBHOCTIM
«MemunuHCcKas puznka» u «brnopusukay.

Abstract. The value, purpose and task of «Biophysics methods» course as an important discipline for
training students in the field of «Medical physics» and «Biophysicsy are considered.

KurouoBi ciioBa: MmeTonu n1ociiKeHb, MeuyHa ¢i3uka, 6iodizuka, METOIMKa BUKIaJaHHS.
KiroueBble ¢JI0Ba: METOIbI HWCCIICOBAHWA, MEAWIMHCKas Qu3uka, Onopu3nka, METOIUKA
NPeIo/IaBaHMs.

Key words: biophysics methods, medical physics, biophysics, teaching methodology.

biodiznuni Merogu nmociipkeHb — HaOIp (PI3MYHUX METOMIB, SKI BUKOPHUCTOBYIOTH IS
BHUBYEHHS (PYHKI[IOHYBaHHS 010J0TYHUX CHCTEM.

Ha choroani 10 HEX BiHOCATH Taki ocHOBHI MmeToau [1-10]:

1) cnektpasnbHi (BUMIPIOBAaHHS IHTCHCUBHOCTI NMPOXO/KCHHS CBITJA 3 PI3HOK JTOBXHHOIO
XBWJII 4epe3 pi3HI pO3uMHU a00 PEYOBHMHH): KOJIOpPUMETpis, iH(paduepBoHa Ta ynbTpadioneToBa
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CHEKTPOCKOMis, KOMOiHaliiiHE pO3CIIOBaHHA CBITJIA, Mac-CHEKTPOMETpis (i BU3HAYECHHS
MOJIEKYJISIPHOT MacH, XIMIYHOT0, (pa30BOro CKjiaay Ta MOJIEKYJISIPHOI CTPYKTYpH peuoBuHH), AMP-
CHEKTPOCKOMIs (1711 BUBUYEHHSI CTPYKTYPH 1 AMHAMIYHUX BIACTUBOCTEH O10MOJIEKYII), €JCKTPOHHUI
napamarHitHui pe3onanc (EIIP), diyopectiienTHa crieKTpOoCKoIis (711 3HaXO/KEHHSI CTPYKTYPHHUX
nepeOyIoB MOJEKYNl Ta B3a€EMOJIA MiXK HHUMH), CHUJIOBA CIEKTPOCKOMis (AJi1 BU3HAYCHHS
MEXaHIYHUX BJIACTUBOCTEH OKPEMHUX MOJIEKYJ a00 MaKpOMOJEKYISIPHUX aHCAaMOJIIB 32 JOTIOMOTOO
KaHTHJIEBEPY, C(HOKYCOBAHOTO JIA3€PHOT0 MPOMEHS 200 MarHiTHUX MOJMIB);

2) enextpodopeTuyHi (IS BH3HAYEHHS MacH, 3apsy, B3aeMOJii MDK O10JOTITYHUMHU
MOJIEKYJIAMH);

3) xpomarorpadidHi (11 OUMIIEHHS Ta aHaTi3y 010MOJIEKY);

4) TepMoauHaMiuHI MeToau: MU(EpeHIiiiHa CKaHyBalbHA (JUIsI BUMIPIOBAaHHS TEIUIOBHX
e(deKTiB, 10 € pe3yIbTaTOM B3aEMOJIi MK MOJEKYJIaMH) Ta 130TE€pPMIYHA KaJOpUMETpis
TUTPYBaHHS;

5) muentpudyryBaHHia Ta yibTpaneHTpudyryBanHs (s BUBYCHHS (opMH Ta Macu
MaKpOMOJIEKY);

6) patch-clamp (mist mocmikeHHS 10HHMX CTPYMIB Yepe3 IMOOJWHOKI 10HHI KaHaah y
MeMOpaHi);

7) KOJIOBHH TUXPOi3M (IUI BUSABICHHS XipaJbHUX IPYN Y MOJIEKYyJaX, BU3HAYEHHS! BTOPUHHOT
CTpYKTypH OijKa);

8) moaBiitHa moJspu3amiifHa iHTepdepomMeTpis (11l BU3HAYEHHsT KOH(GOpMAaIlii Ta aKTUBHOCTI
010MOJIeKyYI y peaTbHOMY Yaci);

9) MIKpPOCKOMIYHI: ONTHYHA MIKPOCKOTMIsS, €JIEKTPOHHA MIKPOCKOIiS BHCOKOI pO3IiIbHOT
3IATHOCTI, Ja3epHa KOH(OKaIbHA MIKPOCKOMIs (i1 OTPUMAaHHS 300pakeHb (IyOpECIiIOI0YNX
MOJIEKYIT), aTOMHO-CHUJIOBA MiKPOCKOITis;

10) xpucranorpadisi peHTTeHIBCbKUMH TPOMEHSIMH (11 BUBYCHHS CTPYKTYPH 3 aTOMHOIO
TOYHICTIO);

11) paniamiitai Texnouorii: mo3utporHo-eMiciiHa (I[IET) Ta peHTreHiBchbka KOMII IOTEpHA
(PKT) Tomorpadis Toro;

12) maremaTHyHEe MOJEIIOBaHHS (IJI1 TEOPETUYHOTO OMHCY (PYHKIIOHYBaHHS O10JOTIYHUX
CHCTEM;

13) obuucmoBanbHa XiMist (151 pO3paxyHKY CTPYKTYPH 1 AMHAMIKHA O10MOJIEKY).

[MpunnunoBa crneuudika OIONOTIUHUX CHUCTEM BHUSABIAETHCS Y PIZHOMAHITTI (Di3UYHUX
MEXaHI3MIB MOJEKYJIsIpHUX TmpoueciB. OcoONMBICTIO TyT € Te, L0 XapaKTepHI NapaMeTpH
€JIEMEHTAPHUX B3a€MOJIN MOXYTh 3MIHIOBATUCS 3aJIeKHO BiJl YMOB iX mepeOiry B oprasismi
(HasIBHICTh IPOCTOPOBO-YACOBOI 1€papxii, BIUIMB 30BHILIHIX YWHHUKIB). BuBueHHs OiodizmyHux
MeXaHi3MiB y 3B 53Ky 3 (i31070r0-010XiMIYHIMH OCOOJIMBOCTSIMHU 00’ €KTa CTBOPIOIOTH OCHOBY ISt
MIPAKTUYHOTO 3aCTOCYBaHHs 010()13UYHUX METOMAIB Y HOCIIIKEHHSX, 30KpeMa 1 y O10MeAUIIHHI.

Memoro oucyunninu «bioghizuuni memoou OocnioxceHvy € O3HAHOMIICHHA CTYJCHTIB 3
MPUHLMIIAMUA CyYacHUX O10(pI3MYHUX METOMIB JocCiikeHb. PaxiBelb-MeIUYHUN (I3uK Ta
6i0¢i3uk y cBOili MaillOyTHIH [iAIBHOCTI NOBUHEH BMITH OpraHi3oBYBaTH Ta BHUKOHYBATH
eKCTIEpUMEHTAIbHI POoOOTH 1 JTabOpaTOpHI JOCIHIIKEHHS, y3arajJbHIOBAaTH Ta CHUCTEMaTH3yBaTH
OJIepKaHi pe3yabTaTH, BUKOPUCTOBYIOUM 010()i3UUHI METOJHM Ta Cyd4acHY OOUYHUCIIIOBAJIbHY TEXHIKY,
CKJIaJIJaTH HAyKOBO-TE€XHIYHI 3BITH, CIIJKyBaTH 3a JOTPUMAHHIM BCTAHOBJICHUX TEXHIYHUX BUMOT,
JII0YMX HOpM, MpPaBUJ Ta CTAHAAPTIB JO EKCHEPUMEHTAJIbHOTrO oOjanHaHHA Ta OlodizmuHMX
MeTOAIB, (popMystOBaTH 3aaady JOCHIDKEHb, OpaTH ydacThb Yy po3poOIll Ta 3A1HCHEHHI HOBHX
METOJIMYHMX MiAXO/IB, B OOrOBOpPEHHI Ta MyOiKaiii pe3yapTaTiB, y CKIaJaHH] MATCHTHUX 3asSBOK,
y4acTi y poOOTi HAyKOBUX ceMiHapiB 1 KOH(epeHIiil.

3asoannsa Oucyunainu: CPOPMYBATH UITKI YSABJICHHS IPO TOJOBHI MPHUHUUIN POOOTH
CydacHHX O10(I3MYHMX METOMIB TOCIIJDKEHHS O10MOJIIMEpiB, MOJEKYISIPHUX KOMIUICKCIB Ta
KIIITHH; 0XapaKTepU3yBaTH MOXJIMBOCTI Ta 0OMEXEHHSAMHU OKpeMHUX 010(pi3MuHMX METOAIB, CydacHi
TEHJICHIII y 3aCTOCYBaHHI 010(i3MYHUX METOIIB y MeauuHid (izuii, 0iodi3uii Ta CyMDKHUX 3
HUMH HayKax JUid MailOyTHBOI Opi€HTaIil BUITyCKHHKA. YTPOAOBXK BUBYCHHS JMCIUILIIHU yBara
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Ma€ 3BEpTAaTUCh Ha MPAKTHYHE 3aCTOCYBAHHS 1 3HAUEHHS OKPEMHUX METOAIB y OiOMETUYHHMX Ta
010 13UYHUX JOCIIKEHHSX.

Bumoeu 0o 3nanv ma eminy. oOupatd O0ioi3MuHI METOAM Ui BHUPILICHHS IE€BHOI
JIOCJIITHAIIBKOT 3a/1a4i; OI[IHIOBATH, IKOTO TUITY 1H(QOpMaIIiF0 MOKHA OTPUMATH 32 JIOTIOMOTOI0 TOT'O
YM {HIIOT'O METOJy; CAMOCTIMHO BUBYATH HAYKOBY JIITEPATYypy, AKa MICTUTh Pe3yIbTaTH, OJIepKaHi
pi3HUMHU 010 13UYHUMH METOJAMU; IHTEPIPETYBATH Ta MMOPIBHIOBATH TaKi pe3y/lbTaTH; OL[IHIOBATH,
SAKI MOXJIMBOCTI Ta TIiepeBaru HaJga€e NEBHUA METOA IMpU BUMIPIOBaHHI IapaMeTpiB
010MaKpOMOJIEKYJI; 00MpaTH cydacHi (I3MKO-XIMIYHI METOAM JOCTIKEHb TPH BHUKOPHUCTaHHI
EKCIEPUMEHTATIBHUX MO/IeTIeH Ha MOJIEKYJIAPHOMY, KITITHHHOMY Ta CYOKJIITHHHOMY PiBHSX.

biodiznuni MeTOaH, K €KCIIEPUMEHTAJIbHI, TaK 1 TEOPETUYHI, € BUKIIOYHO BaXJIMBHUMH IS
MOJIaJIBIIIOTO PO3YMiHHS O10JIOTIYHUX MPOIIECIB — JOCIIHKCHHS 32 JIOMMOMOTOI0 HUX BXKE JI03BOJIIIIN
PO3KpUTH MEXaHI3MU BUHUKHEHHS Ta MPOTIKAHHS MEBHUX MAaTOJOTIYHUX MPOIECIB B OpPraHi3Mi Ha
MOJIEKYJISIPHOMY PiBHI, @ TaKOX, II0 BAXIJIMUBO Ui MEAWYHOI (Pi3UKH, BOHH CHPUSIOTH PO3poOIIi
CTpaTeriil JIIKyBaHHS THX YH 1HIINX 3aXBOPIOBAHb.

Jlesiki 3 METOAIB U JOCTIDKEHHSI CTPYKTYpU O10MaKpOMOJIEKYJ B)XKE CTalld KIACHYHUMHU
(MeTomM TIAPOAWHAMIKKH Ta ONTHKH, PEeHTreHOCTpyKTypHuid (PCA) Ta HEHTPOHOCTPYKTYpHUU
(HCA) anamni3, SIMP Ta enekTpoHHa MIKpPOCKOIIis), a ACsSKi 3 HUX 3 sIBUIKCH HemroaasHo [1, 2, 11].
Tak, PCA ta IMP HamaioTh iH(GOpMAIIiIO 010 CTPYKTYPHUX JTaHUX aTOMAPHOTO PO3MIJICHHS IS
O1JIKiB, HYKJIETHOBUX KHCJIOT Ta KoMIulekciB Mixk HUMUA. HCA 3a06e3nedye yHIKaabHY MOMKINBICTh
1010 JIOKAJTi3allii aTOMIB BOJIHIO Y MOJICKYJIaX.

Jlo MeToiB, siKi (PaKTUIHO BIAKPHIN HOBY CTOPIHKY B JOCIIKCHHI CTPYKTYPH O10JIOTTYHUX
MaKpOMOJIEKYJ, B TMEpIIy Yepry, CIHiJ BiAHECTHM METOJIM JAETEeKTyBaHHS Ta MaHIMyIIOBaHHSI
MOOJMHOKMMH MOJIEKYJIAMH 13 3aCTOCYBAaHHSM ONTHYHHX 1 Mar”HiTHHX mactok. Ha iX ocHOBI
3MIHCHEHO TNPHHIMIIOBHM TIepexil BiJ JOCHIIKCHb MaKpOMOJEKYJd Y BEIMKHX 00’e€Max 0
JIOCIIJDKEHHS. MaKpPOMOJICKYJI y TPaHUYHO MajuX 00’€Max, 10 HaJa€ MOXJIMBOCTI MEPEXOy Bij
OIMCY MaKpOMOJIEKYJI B aHcaMOJll 0 OMUCY iXHIX BJIACTUBOCTEH HA MOOJUHOKOMY piBHI. Kpim
TOTO, 3a JIOTIOMOTOK KOH(OKAJIBHOI MIKPOCKOMIT Ta MIKPOCKOMIl OJMKHBOTO TIOJS MOXKHA
JIeTeKTYBaTH (DIYyOPECIIEHTHO MIYeHI IMOOAMHOKI MOJEKYIH. 3 BHUKOPHUCTAHHSIM MIiKPOCKOTMIT
CHJIOBOTO TIOJII BJAETHCS Bi3yalli3yBaTH OKpPEMi MOJIEKYJIH, a 3a JOIOMOTIOI0 ONTHYHHX Ta
MarHiTHUX MAacTOK — PO3TATYBAaTH, CKPYUyBAaTH 1 PO3KpYyUyBaTU 010MaKpOMOJIEKYIH. 3aBISKH UM
METOoJIaM 3’SIBIJIACh YHIKaJdhbHa MOJKJIMBICTH Bi3yaiizamii Ta onucy (yHKI[IOHYBaHHS JHIHHUX 1
POTOPHUX O10JIOTIYHMX MOTOPIB y TepMiHAX CHIIHM (TIKOHBIOTOHW) Ta JOBXKHHU (HAHOMETPH), SKi
CYIPOBOIKYIOTH KOXKHY a3y ix pobouoro mukity (6iomexanika mosekyn) [1, 2, 12].

Jdns meanynoi ¢i3uku Oulbll  iHPOPMATUBHUMM HacaMmIepel € METOAM IEPEeBaXKHO
JIarHOCTUYHOTO CHpsIMyBaHHS 1 Bizyaunizamii. Tak, Hanmpukiaa, MarHiTHO-pe30HAHCHA TOMOrpadis
(AIMP-Ttomorpadist) BU3HAHA Hapaszl OJHUM 3 HAHOLIBII e(EeKTUBHUX HEIHBa3HMBHUX METO/IB
OTpUMaHHS 300pakK€HHS BHYTPIIIHIX OpraHiB. Y MEpPCHEKTHUBI Ba}JIMBOIO TAaKOX € PO3poOKa
KOMITO3UIIIHHUX MaTepialiB MEIUYHOTO MPU3HAUYEHHS, pO3poOKa HOBUX METOJIIB KIITUHHOI Tepartii
Ta 3aMICHOI MEIUITNHU.

[Toennanns MeToniB 010(I3UYHUX JOCIHIIKEHb HA CY4aCHOMY €Tall MOXKHa PO3IJISHYTH Ha
npukiaagi cucreMHoi Oiosorii. Cucremna Oiojoris — MUDKIHCIHUIUTIHAPHA HayKa, BHBYAE
CaMOPETYJIALII0 Ta HUTICHICTD KUBUX OpPraHi3MiB, BUSBIISAE (PYHKI[IOHAIbHY OpraHizalilo >KUBOTO,
MOYMHAKOYM 3 MOJICKYJISIPHOTO DIBHSA, Jaji 4yepe3 O10JIOrivyHI Kackaaw (3BOPOTHIM 3B’S30K) 0
TKaHUH 1 Bumie. [Ipu 1bOMy MOeAHYIOTBCA OioJorisi Ta Teopis ckiaagHuX cucreM. CucteMHy
010JI0TIF0 MOXKHA PO3TIISAATH SIK HAYKYy, HAIpPSIMOM JOCIIKCHb SKOI € BUBUCHHS B3a€MOIIi MIXK
KOMITOHEHTaMHM O10JI0TIYHUX CHCTEM 1 T€, SKUM YHHOM IIi B3a€MOJIii IPU3BOAATH J0 MOSBH (PYHKITIH
1 XapaKTEepUCTHK CKJIaJHUX CHCTEM; TaKOXX SK HaOIp JOCIIIKCHb, IO CKIAAAlOTBhCSA 3 Teopii,
AHAMITUYHOTO 200 KOMIT'IOTEPHOT0 MOJENIIOBaHHS JUisi (hOpMyNIOBaHHS TiNOTE3 MPO CUCTEMY,
eKCIIepUMEHTAJIbLHOI MEPEeBIPKHM Ta OTPUMAHHS JaHUX IS ONUCY (PYHKIIOHYBaHHS KIITHHH a00
KJIITHHHHEX TporeciB. OCKUIbKM METOI TaKUX JOCIHIJKEHb € BCTAHOBJICHHS B3a€MOJIN y CKIIATHIM
CHCTEeMI Ta IHTerpamis CKIQJHHX JaHUX I0J0 B3aeMOAIM y OIOJOriYHIM  cHcTeMI,
EKCIIEPUMEHTAJIbHI ~ METOAMKH, SIKi Hapa3l BHUKOPUCTOBYIOTb y  CHCTEMHiH  Oiomyorii
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(TpaHCKpHUNTOMiKa, MeTabOJOMiKa, MPOTEOMiKa Ta 1HINI TEXHOJOTil AN 300py OaHUX), MarTh
BiJI3HAYATHUCS JETATI3AIIEI0 1 TOMY ITOEIHYBaTHC 3 Oiodisnunumu MmeTogamu [1, 13, 14].

PentreniBcpka kpuctanmorpadiss Ta 30HAOBA MIKPOCKOIS Yy TOEIHAHHI 3 KIHETHUYHUMU
METOJIaMH CIPHUSIOTH PO3YMIHHIO OI10JIOTIYHHX IIPOIECIB HAa MOJICKYJISIPHOMY, KIITHHHOMY 1
TKaHUHHOMY piBHSX. [lOpIBHSHHS TNPOTEOMHUX KapT JO3BOJSE 1IeHTU(IKYBATH TOPYIICHHS
MEXaHI3MiB PETYJIAII] 3a MaTOJOTIYHUX CTaHIB, IO BIJKPUBAE MOKJIUBICTH ISl IIIECIIPSIMOBAHOTO
3aCTOCYBaHHSI MEIUYHUX TpernapaTiB. bioi3nyHi HAHOTEXHOIOTI BIAKPUBAIOTH Hapa3i HOBI MIUISIXU
SIK 7T BUBYCHHS HAWCKIIAJHIIMMX O10JOTIYHMX CHCTEM, TaK 1 Ui BIUIMBY Ha HHX, 30KpeMa y
CTBOpEHHI Ol0oCyMiCHMX MatepiaiiB, OioceHcopiB Ta OiomapkepiB [1, 15]. Mac-criekTpomeTpis Ta
CIIEKTPOMETPIsl 1I0HHOT PYXJIMBOCTI JOCSTIIA 3HAYHOTO TIPOTPECy y BUSABICHHI HaIMATUX KIJTBKOCTEH
HE JIMIIIE XIMIYHHUX, a ¥ 010JIOTYHUX areHTIB.

Omxke, mepen MetomamMu 010(pI3WMYHHX JOCHIIKEHb HAa CHOTOAHI ITOCTAIOTH 3aBIAHHS
OTPUMAaHHS JOCTOBIPHUX 3HaHb MPO MPOCTOPOBY CTPYKTYPY Bce OUIBIIOro Yuciia Oi0JO0ri9HUX
MOJIEKYJI, CTPYKTYPHHUX 3MiH Yy TIporieci GyHKITIOHYBaHHS MOOIMHOKOI MaKpPOMOJIEKYJIH, TIEPEHOCY
[IUX 3HaHb Ha PIBEHb KJIITHHH, HA HACTYITHOMY €Tali — Ha PiBEeHb OpraHi3My 3arajoMm, BU3HAYECHHS
3a/IaHUX TapaMeTpiB O10JOTTYHMX 00’ €KTIB IS JTOCTIDKEHHSI CTPYKTYpH Ta (DYHKI[IOHAIBHOTO
cTaHy OIOJIOTIYHMX CHCTEM 3a YMOB HOPMH 1 TATOJIOTii Ha MOJEKYJISAPHOMY, CYOKIITHHHOMY,
KIIITHHHOMY, TKAHUHHOMY, OPTaHHOMY Ta OpraHi3MOBOMY PiBHSIX.
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IHHOBaLiMHI paaianiiiHi TexXHOJIOTii B MeAUIUHI

Innovation radiation technologies in medicine

IMPUMEHEHME ME/IUIITMHCKUX JII/IHEfIHle YCKOPI(IJTEJIEFI JJIEKTPOHOB
JJIs1 BBICOKOTEXHOJIOI'MYHOU JIYVUEBOU TEPAIINU
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AHHOTalIHﬂ: BricokoTexHOIOrMUHasS JIydueBad TEpaluiad Ha YCKOPUTCIIAX J3JICKTPOHOB ABJIICTCA CIIOXHBIM
TEXHOJIOTMYECKUM  TIPOIIECCOM, TPEOYIOIIMM BBICOKOW OpraHu3anuy padoT, MNpaBUIILHOTO BbIOOpa
KOJMYCCTBA YCTAHABJIMBACMbBIX allllapaTOB B CTPAHEC W OTACIbHBIX PCETHOHAX, a TaKXe BBICOKOH
KBaJ]I/I(bI/IKaIII/II/I KIMHAYECKOTO MW TEXHUYCCKOI0 II€PCOHAJIa, IMPUMCHAIOMICIO TaKyld TCEXHOJIOTHIO
o0ydeHusl.

Abstracts: High technology radiotherapy on linear accelerators is complex technological process which
requires the high work organization, correct choice of installation apparatus number in country and its
regions and high qualification of clinical and technical staff using such technologies of patients irradiation.

KuaroueBnle ci1oBa: YCKOPUTECIIN IJICKTPOHOB, JIYUCBAA TCPAIINAd, BBICOKHC TCXHOJIOTHUU.
Key words: electron accelerators, radiotherapy, high technologies.

TexHuyeckue cpeicTBa BCerJa OMPEAeNsaNn TEXHOJOTHIO U YCIEXU JYy4eBOW Teparuu.
[TosiBleHWe HOBOW TEXHUKH ITO3BOJIHJIO BHEIPHUTH CIOXKHBIC METOJIUKH OOJydeHUs MAIUEHTOB,
CYIIECTBEHHO YIYYIIUTh TEPANEeBTUUCCKUN WHTEpBal TOMVIONICHHBIX 03 Ha MHUIIEHb U
OKpYXaroIllNe HOPMaJIbHbIC TKaHW. HeyauBUTEIEHO, YTO WIMPOKOE BHEAPEHUE COBPEMEHHBIX
amnmaparoB SBJSIETCS LIETbI0 JIy4eBhIX TEPANEBTOB BCEX CTPAH MUpA.

OCHOBHBIMH  PaJIMOTEPANICBTUYCCKUMH  allllapaTaMd B HACTOSIIEE BPEeMsS SBISIOTCS
JTUHEWHBIE YCKOPUTENN SJCKTPOHOB. BriepBble NpUMEHEHHBIE B IJIy4eBOW Tepamuu B Hayaie
MATUACCATBIX TOJAOB, JIMHEHHBIE YCKOPUTEIM K HACTOAILIEMY BPEMEHHM NPEBpaTHIIUCh B
BBICOKOTEXHOJIOTHYHBIE  3NEKTPO(PHU3NUECKHEe YCTAaHOBKHM CO BCTPOCHHBIMH  CHEIHAIBLHBIMU
CYINEPCIOKHBIMU ycTpoicTBaMu. Cpelld 3TUX YCTPOWCTB CIEAYeT B MEPBYIO OuUepe/lb BBIICIUTH
MHOTOTIACTUHYATHIE JAuadparMpl ¢ MUPUHOW TIACTUH OoT 5 710 10 MM Ha ypoOBHE H3OIICHTpA),
coapepxkame 1o 120 - 160 mmactur (60 - 80 map), kaxmas W3 KOTOPHIX aBTOMAaTHYECKH
YIPaBISETCS CBOMM IMPUBOJOM, M KOTOpBIC IMPEIHA3HAUEHBI JUIsI aBTOMATHYECKOTO W3MEHEHUS
KOH(HUTypanuu U pa3MepoB Mojieil o0ydeHus. AHaIoTudHbIe auadparmel, HO ¢ 0oJiee TOHKUMH
(o 2.5 MM Ha ypOBHE HW3OIIEHTpPA) YCTAHABIMBAIOTCS HA YCKOPUTENSX, MPEIHA3HAYCHHBIX JIJIS
CTEPEOTAKCUYECKOTO0  OOJy4YeHHS. YCKOPUTEIH  KOMIUICKTYIOTCA  TakXKe  CleluaJIbHbIMU
MaTPUYHBIMU JIETEKTOPAMU JUISI KOHTPOJIS MOJIOKCHHS MMAIIMEHTOB Ha JICUEOHBIX CTOJAX, a TaKKe
JUTSL perucTpalfy pachpeiesieHui 103bl MpH 00JyueHuu mnanueHTtoB ¢doroHamu. Ha mratmBax
YCKOPUTENICH pa3MEeNIaloTCsl yCTPOWCTBA PEHTTEHOBCKOTO KOHTPOJIS IMOJIOKCHHS MAIMEHTOB Ha
JedeOHBIX CTOJIaX Mepes] HauyajioM M BO BpeMsi oOiyueHus, a Takxke cuctembl 4D -o0mydenus
MAIUEHTOB.

Kpome yHUBEpcanbHBIX YCKOpPHUTENEH JJIEKTPOHOB, COCTaBISIONIMX OCHOBHOM Mapk
BBIMTYCKAEMBIX PAJMOTEPANEBTUYCCKUX AalIlapaToB, B IMOCIEIHUE TOJABl TOSBIIUCH HECKOIBKO
TUTNIOB HOBBIX YCKOPUTENEH, OCYIIECTBISIOMIUX IJIy4EeBYIO TEpanuio IO APYruM MPHUHIUIAM
oOydenus. Cpean HUX CIEQyeT BBLACIUTH anmnapaThl, OCYIIECTBISIIOIINE CIIUPATFHOE 00IydeHUe
mumeneii: ‘“Tomotherapy HD” u “VERO”, pobotusupoBanubiii yckoputenb “Ciberknife”,
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YCKOPHUTENIN Ui MHTPAOTICPAIIMOHHOTO OOJIyueHHs MydYKamH 3JeKTpoHoB “Mobetron”. Hauamm
IIAPE BHEAPATHCA B KIIMHUYECKYIO MIPAKTUKY YCKOPUTENIN IIPOTOHOB.

OcCHaIIEHHOCTh pPAa3JMYHBIX CTpaH MHpa MEIUUUHCKUMHU JIMHEHHBIMU YCKOPHUTEIIMU
3JICKTPOHOB NpuBeeHa B Tabmuie 1 [1].

Tabnuua 1.OcHaleHHOCTh YCKOPUTEISIMH Pa3HbIX CTPaH MUpa

Crpana Hacenenune K-Bo JIunelinrie JncTaHmoH- K-Bo
x 10° IIEHTPOB YCKOPHUTEIH HEIE yCKOpHTENIeH
JTy4eBOM ramMmma- na 10°
Tepanuu armaparbl HaceJIeHUs
CIIIA (2007) 301,62 2400 4400 100 14,6
Slnonus 127,77 800 900 60 7,04
I'epmanus 82,31 220 410 34 4,98
OpanHnus 61,7 180 380 20 6,16
BenmmkoOpuTanus 60,8 160 300 23 4,93
Tomnagans 16,4 21 88 0 5,36
Poccus 142,07 140 100 250 0,7
benapych 9,4 15 12 18 1,28 (1,06)

[losiBneHre HOBBIX COBPEMEHHBIX YCKOpHTENEW IO3BOJWIO TPUMEHHTH  CIIOKHBIC

BBICOKOTEXHOJIOTUYHbBIE METO/IbI OOTyUEHUS:

* 3D CRT — koH(opmHOE 00 TyUICHHE;

* IMRT — o0ny4yenue ¢ MOAYTUPOBAaHHON MHTEHCUBHOCTHIO;

* IMAT — noaBuxHoe 00IydeHHEe ¢ MOAYIMPOBAaHHONW HHTEHCUBHOCTBIO;
* 4D — obny4yeHne, CHHXpOHU3UPOBAHHOE C JIbIXaHHEM HallMeHTOB;

* SRS — crepeoTakcHueckasi paAHOXUPYPIHS U paIHOTEPaIIHS,;

* IORT — unTpaonepanoHHas JydeBas Tepamnus.

* IGRT — nmyueBas Tepanus o] pEHTTEHOBCKAM KOHTPOJIEM.

Bce 3T MeTonpl HampaBiieHbl HA YMEHbLICHHE 00beMOB OOJy4YEeHHS HOPMaJbHBIX TKaHEH,
OKpY)KaIOMIMX MUIIEHb, ¥ yMEHBIICHHE B HHUX MOTJIOMIEHHONW 03Bl CleayeT OTMETHUTh, 4TO
YCKOPUTENHN SIBIISIIOTCS TOJIBKO TJIABHOW COCTABHOM YacCThIO PAaJUOTEPANIEBTHUECKUX KOMILIEKCOB,
BKITIOYAOIIMX TAaKXKE armapaThl U TPOBEIEHHS MPEITydeBOM MOATOTOBKH MAIIMEHTOB, a TAaKKe
J03UMETpUYEecKoe 000pyI0BaHHE Il TOYHOH peain3aluil BHIOPAaHHBIX TUIAHOB O0TydeHUs.

B wurore peanmuzanus BBICOKOTEXHOJOIMUYHBIX METOAOB OOJIydeHHMS Ha YCKOPHUTEISIX
MO3BOJIMJIA PE3KO YBEJIWYHMTH TPAJMEHTHI Claja M03bl 3a IpelesiaMd MHIICHH M B HEKOTOPBIX
Cllydyasix Jjake OTKa3aThCsl OT ONEPATUBHOIO YAAJIEHHSI OITyXOJEBbIX 04aroB.

ViydineHne JMarHOCTUKA M BBIABICHHE OINYXOJeHl Ha paHHUX CTaJusAX MpPHUBEIO K
YMEHBIICHUIO Pa3MepoB 00Iy4aeMbIX 04aroB U, COOTBETCTBEHHO, K 00Jiee MHUPOKOMY IPUMEHEHUIO
METOJIOB CTEPEOTAKCUIECKOTO OOITyUeHHSI.

OpnHako, TMpPUMEHEHHE BHICOKOTEXHOJIOIMYHBIX METOAMK OOJIydeHHMs MpHUBEIO K
CYIIECTBEHHOMY YBEJIMYCHUIO BPEMEHHU CEaHca U MOATOTOBKU MAIMEHTOB K HEMY. JTO MPOUCXOAUT
3a CUeT YBEJIMYEHUs 4YHcla I0JieH, BBEJCHMEM PEHTTCHOBCKOTO KOHTPOJS 3a MOJOXKEHHEM
MAIeHTOB Ha JIEUYEOHBIX CTOJAaX YCKOpUTENeH, O00S3aTeNbHONW JO3MMETPUYECKONH MpPOBEPKU
HACTPOWKM YCKOPUTEJNI Ha KaKIbld BUJ OOJydeHus, (pUKcaluu MalUeHTOB Ha Je4eOHOM CToJie
armmapara.

MexyHapOIHbI ONBIT TNPUMEHEHUS BBICOKMX TEXHOJOTHMM B JIydyeBOW Tepamuu
PEKOMEHIYET CIIeIYIONIYIO CPEIHIOK POI0JKUTEIBHOCTD (pakimii [2]:

* IPOAOJKUTEIBLHOCTD MEepBOM ppakuuu - 20 MUH.
* MPOJOJDKUTENIBHOCTD JIeUeHUs | marnueHTa npy TpaJulMOHHOM JTy4eBoit Tepanuu -15 MUHYT.

* MPOJOJDKUTENIBHOCTD JieueHus 1 manuenTa npu 3D koHpopMHOI TyueBoii Tepanuu -20 MUHYT.
* MPOJOIHKUTENIBHOCT (PPAKLIUU MPH JTyYEBOU Tepanuy ¢ MOIYNIALINMEH HHTEHCUBHOCTH
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uanyuenus (IMRT) win tydeBoi Tepanuu noja koHtposiem Busyanuzamnuu (IGRT) - 25 muH.
* TPOJOIKUTENBHOCT (DPAKINU TIPH JTyYEBOW TEPANTH ¢ KOHTPOJIEM JBIXaHUS - 35 MUH.

* CTepeOoTaKCHUYECcKoe 00IydeHHe: MpoIeayphl o0ecnedeHus kauecTa - 60 MuH.

* CTepeoTaKCHYECKOe 00NydeHre Ha JTUHEHHOM ycKkopuTene: 1 u3oueHtp - 40 MuH., Kaxablid
JIOTIOTHUTEIbHBIN U30LEHTp - 20 MUH.

* TOTaJdbHOE OOJydeHHe Tena - 1 gac.

* HWHTpaolepaIrioHHas TydeBas Tepanus - 2 Jaca.

[IpocToii pacuyer MakCUMaJIbHOM 3arpy3KM JIMHEWHBIX YCKOPUTENIEHM B KIMHUYECKHX
YUPEXKICHUAX MOKa3bIBACT, YTO NMPH MPUMEHEHHH TOJIBKO BBICOKHUX TEXHOJOTHM 0OIydeHus 3a JiBe
CMEHBI paboOTHI ammapara B JEHb MOXHO TpoJjieduTh He Oosnee 40 marueHTOB (MO POCCHICKUAM
naHHbIM — 38). [Toxoxxue nudpsl NpUBEACHHI B MyOIUKaLUAX U APYTUX cTpaH [3,4].

B TO ke Bpems perynupyomne opranbl TpeOYIOT OT KJIMHUK MaKCHUMAaJbHOTO YBEJIUYEHUS
qycjia TPOJICYCHHBIX B JI€Hb IAallUEHTOB, HYKIAIOUIMXCA B BBICOKOTEXHOJOTMYHON JIy4eBOH
tepanuu. B PecnyOnuke bemapych MUHHCTEPCTBO 3paBOOXpaHEHUS HM3JAN0 TPHUKA3 O padote
BBICOKOTEXHOJIOTMUHBIX PaJUOTEPANeBTUUECKUX KOMILIEKCOB B BBIXOAHBIE M AAKE MPa3IHUYHbBIE
IHU. AHanorudHele TpeboBaHus HaOmomaroTcs W B Apyrux crpaHax CHI'. Croma ke ciemyer
OTHECTU M CTPEMJICHUE MAallUEHTOB IIOJIY4aTh JIYYEBYIO TEPANMIO TOJBKO Ha COBPEMEHHBIX
armaparax.

Pacuer nokaseiBaer yTo:

* MPU MPOBEACHUHM BBICOKOTEXHOJOTUYHOTrO 00maydeHust y 60% mManueHToB, a y OCTAJIbHBIX MpPH
UCTIOJIb30BaHUM 00JIee MPOCTHIX METOMK 3a JIBE CMEHbI MOKHO O0JIy4UTh HE Oosiee 64 MalnueHToB.
* MPU MPOBEACHUHU BBICOKOTEXHOJOTUYHOTrO o0mydeHus y 20% NanueHToB, a y OCTAJIbHBIX MpPH
UCTIOJIb30BaHUM 00JIee MPOCTHIX METOAMK 3a JIBE CMEHBI MOXKHO IPoJieuuTh 0Koio 100 manueHToB.

Kak mpaBmio, B OonbmmHcTBe cTpaH CHIT Ha MEIMUIMHCKHUX YCKOPHUTENAX €XKeIHEBHOE
KOJIMYECTBO MAlMEHTOB, MMOJIYYAIOUINX JIYYEBYIO Tepamnuio, npesbimaeT 60 yenosek, 00140 75-80.
Takas Harpy3ka Ha amnmapaTbl HE IO3BOJISIET MPOBEAEHUE BCEM BBICOKOTEXHOJIOTMYHBIX METOJIUK
00nyuyenus. IloaTomMy 3HauuTeNbHAs YacTh MALMEHTOB JICYUTCS TOJIBKO IO METOJUKE IPOCTOrO
KOHGOPMHOTO OONydeHHs] WIM IO METOJHUKAaM, MEePEHECEHHBIM C TramMMa-TepaneBTHUYEeCKIX
anmnaparos.

OTcroga MOXHO cJieNlaTh BBIBOJ, YTO BBICOKOTEXHOJOTHYHOE OOJydyeHHE NAIMeHTOB U
o0ydyeHHe Kak MOXHO Oojee BBICOKOTO HMX KOJMYECTBA MPOTHBOpEYAT JApYr ApPYyry H
OJIHOBPEMEHHO pealn30BaHbl ObITh He MoryT. CreayeT Takke Yy4ecThb TEXHUYECKUE
AKCILTyaTal[MOHHBIE BO3MOYKHOCTH JIMHEHHBIX YCKOPUTENIEH, KOTOPbIE Yallle BHIXOAST U3 CTPOs MpHU
3arpy3kax npesbimatromux 60 — 70 manueHToB B JI€Hb. 3[€Ch HE YYTEHO BpEMs I IPOBEICHMUS
KOHTPOJISL KauecTBa pabOThl YCKOPUTENEH U UX 103UMETPUUECKON IIPOBEPKHU.

Kakoil BbIXOI M3 cO34aBHIETOCA MOJOXKEHHS? OTO YBEJIWYEHUE YUCIA YCKOpUTENEH B
KIMHUKAaX M B CTpaHaXx B LeJOM. Mbl He MOXXEM IPUHMMATh BO BHUMAaHHE KOJUYECTBO
yckopurenied Ha oauH MusuiMoH HaceneHus B CIIA, rae ono npesbiaer 14. B pa3HbIx cTpaHax
EBpomnbl pexkoMeHIyeTcs HCIHOJIb30BaTh 5-8 yckopuTeled Ha OAMH MWUIMOH HaceleHus. B
Poccuiickoii denepann peKOMEHIOBAHO MMETh HE MEHEE 5 YCKOPUTENEW HAa OJWH MUJIJIMOH
HaceneHus [2]. Hamm pacuersl mokazanu Takyro xe mudpy st Pecnyonuku benapycs [5]. B
6onpmmHCTBe KIMHUK cTpad CHI™ oTcyTCTBYIOT HEOOXOAMMbIE TTOMEIEHUS sl YCTAHOBKU TaKOTO
KOJIMYECTBA YCKOpHUTENEeH, M BpsAd JM B ONwKailime roAbl 3Ta cuTyauus u3MeHurcs. Ho Mbl
CUHUTaeM HEOOXOJUMBIM B JIFOOOH OHKOJIOIMYECKON WIIM PATUOTIOTMUECKON KITMHUKE UMETh IT0Ka He
MeHee 2-X OJINHAKOBBIX BHICOKOTEXHOJIOTHUHBIX YCKOPUTENIEH. DTO MO3BOJISET B CIIyyae BbIXO/a U3
CTpOsl ~ OJIHOTO W3 HUX MEPEeBOAUTH MAIEHTOB Ha BTOpPOW ammapar 0e3 JOMOJIHUTEIbHON
IpeTy4eBOi MOATOTOBKU U Iiepepacyera yCiIOBUi 00IydeHUsl Ha cucTeMax IJIaHUPOBaHUS.

BBICOKOTEXHONIOTMYHAs JydeBash Tepanus Ha COBPEMEHHBIX YCKOPHUTENSAX D3JIEKTPOHOB
TpeOyeT U BbICOKON KBaIH(PUKAIIMK 00CTYKUBAIOLIETO KIMHUYECKOTO U TEXHUYECKOTO MepCcoHaa.
Heo6xoanmMo 006s13aTenbHO BKIIIOYATh B 33/1aHUS HA 3aKYIKY PaJlOTEPaneBTUUYECKUX KOMIUIEKCOB
MYHKTBHI 10 00y4eHUIo Bpauel U (GU3MKOB B BEAYLIMX OHKOJOTMYecKuX IeHTpax EBpombl nmo Bcem
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acIeKTaM TEXHOJIOTMYECKOTO MPOIiecca JIydeBOro ieueHus. Har onsIT moka3pIBaeT, 4YTO BHEAPEHUE
CJIOKHBIX METOJIMK OOJIydeHHUsI Ha MEePBOM IMOSBUBLIEMCS] B KIMHHUKE YCKOPUTENE 3aHUMAeT BpeMs
OKOJIO OJIHOTO r0/ia IIOCIE BBEACHMS ammapara B dKcIuryaTauuto. llpaktnyeckn kaxnaas HoBas
CJIO’KHAsI METOJMKA JOJKHA OTAEIbHO M3ydaThCsl BpadyaMHM M (U3UKaMHU B TeX LIEHTPAX, I€ OHU
LIMPOKO NMPUMEHSIOTCA. KOHEUHO MpU yCTaHOBKE BTOPOrO U MOCIENYIOINX YCKOPUTEIEH CUTYalUs
CYIIECTBEHHO YIIPOIIAETCSI.

B 3akmroueHuMe MOKHO OTMETUTb, 4YTO BBICOKOTEXHOJOIMYHAs JIydyeBas Tepanus Ha
MEJIUIIMHCKUX YCKOPHUTENSIX JJIEKTPOHOB SIBJISIETCS BEChbMa CII0OKHOW, TPYAOEMKOH, JIOpOrow,
BpeMsI3aTpaTHOM U TpeOyeT yBelM4eHusI KoJIM4YecTBa Bpaueil U GU3UKOB AJIs ee ocyliecTBieHus. U
Bpauu U (PU3MKH, €€ NPUMEHSIOLINE, TOJKHBI ObITh €IMHBIM KOJJIEKTUBOM, PABHO OTBETCTBEHHBIM
3a pe3ysbTarT JEUYEHUs MalueHTOB. TONbKO TOrAa MOKHO HAJIEATHCS Ha CYIIECTBEHHOE MOBBIILICHUE
3(G(GEKTUBHOCTH JIy4eBOW TEpaluud C IOMOILBI0 COBPEMEHHBIX MEIUIMHCKUX JIMHEHHBIX
YCKOPUTEIIEH 3JIEKTPOHOB.
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KOHTPOJIb IO3UMETPUUYHHUX IAPAMETPIB MA IUYHUX JIHIMHUX
INPUCKOPIOBAYIB

T.T. l'[izu]yﬁﬂa*, B.B. Mamuyp, FO.M. Kicias, JI.O. Ilinropua, 5.0. borBuHoBchKMii

Kniniuna nikapua «@eogpaniay, Beceykpaincokuu yenmp paoioxipypeii, eyi. Akademika
3a6onromnoco 21, Kuis, Ykpaina, 03680, +38(044)2596364; tpidlubna@ukr.net

AnoTanist. [Iporieaypu KOHTPOIIO MapaMeTpiB MEIUIHUX JTIHIHHIX MPUCKOPIOBAYIB HEOOXi1MHO MPOBOAUTH
3 TEBHOI IMepioAnyHicTIo. KpiM TepeBipkd MeXaHIYHHX XapaKTEPUCTHK KOHTPOIIOIOTHCS TaKOXK 1
Io3UMEeTpUYHI. B po0oTi mpecTaBieHo pe3yabTaT 1o 300py JO3UMETPUYHUX JaHUX Ta 10 BIPOBAKCHHIO
MPOLIEAYP KOHTPOJIIO TO3UMETPUYHUX MapaMeTPiB araparis.

AnHoTamms. Ilpouenypel KOHTpOJs NAapaMeTPOB MENMLIMHCKUX JIMHEMHBIX YCKOPHUTENIEH JOJDKHBI
MPOBOJUTHCS C OIpEAEeNEHHON NEePHOANYHOCThI0. Hapsimy ¢ mpoBepkold MeXaHHYECKMX HapaMeTpoB
KOHTPOJIMPYIOTCS TaK)Ke W TO3UMETPUUECKHE XapaKTEepUCTUKH. B poOoTe mpencTaBieHbl pe3yiabTaThl IO
cOOpy IO3MMETPUUYECKUX NaHHBIX M TI0 BHEJIPEHHUIO IMPOLEAYP KOHTPOJS IO3MMETPHUYECKUX ITapaMeTpOB
arnrmaparosB.

Abstract. Quality control parameters of medical linear accelerators have to conduct at regular intervals. Both
mechanical and dosimetric parameters should be checking. This paper presents the results of the
commissioning and implementation of dosimetric quality control procedures.

KurouoBi cjoBa. JliHiitHI npuckoproBayi, 301p JO3UMETPUYHHX JTAHUX, ITPOLICHTHA TITMOMHHA 71034,
npodini myykiB, GaKTOPH BUXOY, KOHTPOJIb SKOCTI.

KaroueBbie ciaoBa. JluHeiiHbIe yCKOpUTENH, COOp ITO3UMETPHUYECKUX JIaHHBIX, MPOICHTHAsS
rIyOMHHAS 71033, TPO(UIIN MyYKOB, (PaKTOPBI BHIX0J1a, KOHTPOJIb Ka4eCTBa.

Key words: Linear Accelerators, commissioning, PDD, profiles, outputs, quality control.

41



Beryn. CydacHa mpoMeHeBa Teparisi BIJHOCUTBCS 10 BUCOKMX MEIUYHUX TEXHOJIOTIH Ta €
OIHUM 3 €(EKTUBHUX METOIB JIKYyBaHHS 3JIOSIKICHUX HOBOYTBOPEHb. 3aCTOCYBaHHS JIHIMHUX
IPUCKOPIOBAYiB, OCHAIIEHUX OaraTonearoCTKOBUMH KOJiMaTOpaMM, CUCTEMaMu Bizyaiizamii Ta
CIICLIAJIbBHUM TPOTPaMHUM 3a0€3MEUCHHSM JI03BOJIsIE peasizoByBaTh He TUIbKU 3] xoHDOpMHY
IPOMEHEBY TEpallio, aje ¥ Taki TeXHOJIOTIi, IK IPOMEHEBY TEpaio IiJ KOHTPOJIEM 300paXeHb,
IIPOMEHEBY Teparnito 3 MOAyJIbOBAaHOIO IHTEHCUBHICTIO J103H, PaJioXipyprito.

[lpouenypy KOHTPOJIO SIKOCTI JJIsl MEAMYHMX JIHIAHMX TPUCKOPIOBadiB TMpPU3BaHI
rapaHTyBaTH, IO BIAXWJICHHS XapaKTEPHUCTHK arapara € He3HaYHUMH BiTHOCHO 0a30BUX BEIIMYHH,
SKi BCTAHOBJICHI MPHU MpOLEAypax TECTyBaHHs amapara Miclisl 1HCTaJsIil Ta mporeaypax 300py
JO3UMETPpUYHUX AaHuX. [lapameTpw JIHIHHUX TPUCKOPIOBAaYiB MOXKYTh 3MIHIOBATHCH 3 YacOM
MIOCTYIOBO, MIPU 3aMiHI OCHOBHHUX BY3JIB anapary abo B cuily HemepeadauyyBaHUX cuTyauid. Tomy
CUCTEMAaTHUYHUN KOHTPOJIb SIK MEXaHIYHUX, TaK 1 JO3UMETPUYHUX TapaMeTpiB JHIHHUX
NPUCKOPIOBAYIB Jy)Ke BOXJIMBUH [T 3a0€3MeUeHHs IKOCTI mpoMeHeBoi Teparrii [1].

Marepianan i meToau. 36ip 103UMETPUYHUX JAaHUX TTPOBOIUBCS ISl Ty4yKiB (OTOHIB 6 Ta 18
MeB BucokoenepreTnuHux JiHiitHEX npuckoproadiB Clinac iX ta Novalis Tx (Varian). Bumipu
JO3HHMX PO3MOMALIIB BHKOHYBAJIMCh y BelUKOMy BoaHomy danromi MP3 (PTW Freiburg)
ioHI3amiifHUMU Kamepamu semiflex 3 pobounm 06’emom 0,125 cM® Ta HAaIiBIPOBITHUKOBHUMHU
niogamu. [IporieHTHI MOWHHI 103U Ta PodisIi BUMIPIOBAIUCH JIJIs1 KBaApaTHUX MOdiB 1, 2, 3, 4, 6,
8, 10, 12, 15, 20, 25, 30, 35, 40 cm. IIpodimi mydkiB Oynu BUMipsHI Ha TOuHaX Makcumymy (1,4
cM g 6 MeB Tta 3 cm - qna 18 MeB), 5, 10, 20, 30 cm. ®akTopu BUXOJy OTpUMaHi JJIs BCIX
KBaJpaTHUX Ta NPAMOKYTHHX moiiB Bix 1 mo 40 cm. 30ip Ta aHami3 JaHUX HPOBOJUBCS 32
JIOTIOMOT'0X0 TIpOrpaMHOro 3abe3neuyents Mephysto Mc?. Bumipu daktopiB BuXoay Ta Koedili€eHTIB
NpOIyCKaHHs OaraTonenrocTkoBux komimaropiB Millenium 120 Ta HD 120 mpoBoaunuck Ha
rubual 10 cm [2].

@®oTOHHI My4KH KaniopyBanuch 3rigHo mporokony MAT'ATE Ne 398 y BenukoMmy BOAHOMY
¢danToMi B pepepeHTHHX yMOBax KaMeporo Farmer 3 pobounm 06’ emom 0.6 cM®. AGCONIOTHA 1033
pO3paxoByBaliach 3 YpaxyBaHHSIM IOMPABOYHOTO KOCPIIli€HTa HA TEMIIEPATYpy Ta THCK IOBITPS,
Koe(ilLi€HTIB TPH 3MiHI MOJSIPHOCTI HAMpyTH Ta pekoMmOiHaiii 10HIB [3].

[[oxenHi nepeBipku CTaOILHOCTI MOHITOPA /103U BUKOHYBAJIMCh 3 BUKOPUCTAHHSAM MPUIIAY
LinaCheck. Ilomicsiuni mepeBipku cumerpii Ta piBHoMmipHocTi (flatness) crammaptaux mosiB Ta
napaMeTpiB AMHAMIYHUX KJIUHIB MPOBOJMJIMCH 3a JONOMOIOK MaTpull 10HI3auiiHuX kamep 2D-
ARRAY seven29. PesyabraTu aHamizyBanuch y nporpami MultiCheck.

[[{oxBapTanbHi TECTH BUKOHYBAJIUCH y BEJIMKOMY BOJHOMY (haHTOMI Ta BKIIOYaiIu B cede
KamiOpoBKY (OTOHHMX ITy4KiB, MEpPEBIipKy NO370BXkHIX (INpane) Ta momepeunux (Crossplane)
npoduniB s noiB 10x10 cm ta 20x20 cM Ha pi3HUX TTIMOMHAX, KOHTPOJIb MPOLIEHTHOI TTIMOMHHOT
no3u ans nons 10x10.

[opiura mepeBipka MPOBOIUTHCS 3a JOMOMOTOIO aHANi3aTopa TO3HOTO IOJIsI Ta MiCTHIIA
NOBHUH 30ip JAO3MMETPUYHUX JAaHUX, aHAJIOTIYHUMHU 300py AAHUX A KOMIIIOTEPHOI CHUCTEMHU
TUTaHyBaHHS.

PesyabTaTn Ta o0roBopenHs. B BigninenHi npomeneBoi teparnii BIIPX 6ynu iHcTamboBaHi
JIBa BUCOKOCHEpPreTHYHMX JiHIHHUX mpuckoproBada Clinac iX ta Novalis Tx. Ha erami TectiB-
OpUHOMKH 00JIaAHAHHS OyJIO MOCTAaBJIEHO BUMOTY IOJI0 MOAIOHOCTI JO3UMETPUYHHUX HapaMeTpiB
000x amapatiB (Ta6.1). HamamryBaHHs MexaHIYHUX Ta TO3MMETPUYHUX IapaMeTpiB amaparis
MalOTh BIJINOBIATH peQepeHCHUM 3HAUCHHSIM B MeEXax 3a3Ha4yeHoro iHrtepsany. lle mae
MO>KJIUBICTh ONITUMI3YBaTH MPOIETYPH KOHTPOJIIO Ta, SIKIO anmapaTy Mo1i0H1, 3HIMae HEOOX1THICTh
nepepaxyHKy JIKyBaJILHOTO IJIaHy Bpa3i MOJIOMKHU OJHOTO i3 IPUCKOproBayviB [4].

byB 3i0paHuii makeT MO3UMETPUYHUX JAaHUX JJs BBEJICHHS B KOMII IOTEPHY CHUCTEMY
ianyBanHst Eclipse: mpouentHi rimOuHHI 103M Ta mpodini MydkiB JAjis KBaJpaTHUX MOJIB,
dbakTOpu BUXOMY I KBAQJAPATHUX 1 MPSMOKYTHHUX TIOJTiB, KOE(DIIIEHTH MPOMyCKaHHS
0araTonentoCcTKOBUX KojliMaTopiB. JlaHi NpUiHATI AK pedepeHCHi.

JIJ1sl KOHTPOJIIO BIJIMOBITHOCTI IMOYATKOBUM IMapaMeTpaM Ta MEPEBIPKH CTaOIILHOCTI MyYKiB
Oynu po3po0IieH] TECTH Ta MPOTOKOJIU MEPIOJUUHUX JOZUMETPUIHUX MTEPEBIPOK.
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Tabmumst 1. Xapakrepuctuku mydkiB ¢otoHiB 6 MeB ta 18 MeB moms 10x10 nBox miHifHMX
MIPHUCKOPIOBAYIB.

6 MeB 18 MeB
Clinac iX Novalis Tx Clinac iX Novalis Tx
R max 14.03 MM 14.0 30.03 30.02
R 50 151.56 mm 150.96 213.15 210.54
D 10eum 66,5 % 66.09 79.57 78.92
D 20w 38.2% 37.92 52.75 52.27
Ql 0.6668 0.6661 0.7810 0.7801

[lepeBipka abCOMIOTHOT 03U My4YKiB ()OTOHIB MPOBOIUIIACH MIOMICIYHO HA MPOTSA31 Mepmux 6
MiCSAIiB poOOTH JIHIHHUX MPUCKOPIOBaviB. byno BUsBIEHO, 10 3HaUEHHS 3MiHIOETHCS Ha £+ 1,5%.
[Ticnsa 8 micsriB poboTH anmapartiB BiagMivanaach cTabuIizallis 3Ha4eHb a0COIOTHOI 103U Ha PiBHI +
0,6 %. Lle mo3BONMIIO 30UIBIINTH MEPi0Jl MK MPOLEAYPAMHU MPOBEACHHS aOCOIIOTHOI 103UMETPii.
Jlnst po3paxyHKy aOCOJIFOTHOI JI03M MM BHKOpPHUCTOBYeMO Tabmuili, pexomeHmoBaHi MAI'ATE
3rigHo mpoTtokoxy Ne 398.

Jns momicsYHUX TEePEeBIpOK XapaKTePUCTUK cTaHaapTHoro mojs 20x20 Ta JUHAMIYHHX
KIMHIB y BIIIUJICHHI BHUKOPHUCTOBYEThCS Matpuis neTektopiB 2D-ARRAY. Amnamizyerbcs
PIBHOMIPHICTh Ta CUMETpisl MoJs A eHepriit 6 Ta 18 MeB Tta dakropu kimuniB (Puc.1). 3rigHo 3
TECTaMU TPUHOMKH JUIsI TIPOQUTIB MyYKiB BIAXWIEHHS y 3HA4YeHHI cuMmeTpii mae Oytu no 2%,
piBHOMIpHOCTI - 10 3%.

a) 0)
Puc. 1. a) Anani3 craHIapTHOTO MOJIA 3a IOTIOMOTOI0 Mporpamuoro 3adbesneuends MultiCheck; 6) po3noain
JIO37 TIPY BUKOPHCTaHHI JMHAMIYHOTO KJIMHY (Tporpama MatrixScan).

[I{oxBapTabHI TECTH MPOBOAMIUCH 13 BUKOPHCTAHHIM BEJIIMKOTO BoJIHOTO (hanToMma. I1ig yac
BuMmipiB momiB 10x10 cm Ta 20x20 cMm micias pOKy eKCIUTyaTalii JIHIHHOTO MpPHCKOproBada
CIIOCTEPIrajoch BIIXHWIJICHHS 3HAYEHHS CHUMETpli Ta PIBHOMIPHOCTI Yy MOmepeyHoMmy mpodimi Ha
1,5% BimgHOCHO 3HauY€Hb, OTPUMAHUX IPU MPOLEAYpaX BBEACHHS B eKcIutyaTamito. [Ipu mpomy y
M03/10B)XHBOMY Mpo(disii He OYII0 CYTTEBUX BiIXHUIICHb.

[[MopiyHa mepeBipka NPOBOAUTHCA 3a JOMOMOIO aHaji3atopa JIO3HOrO TMojsl. AHami3
OTpPUMaHUX JaHUX [TOKA3aB BiJCYTHICTh 3HAUYHUX BIAXWICHB BiJ pe)epeHCHUX 3HAYCHb.

TakuM YUHOM pEryJISIpHHNA KOHTPOJb JO3UMETPUYHUX MapaMeTpiB TapaHTye CBOEYACHE
BUSIBIICHHS BIAXWJICHb BiJl CTAHJAPTHHUX 3HAUEHBb Ta 3a0€3MEYCHHS] KOPEKTHOTO MiJABEACHHS J03H
OTIPOMIHCHHS.
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AHOTaIIiﬂ. B pO6OTi mpeaACTaBJICHO OLIiHKy JO0AATKOBOI'O AO30BOI'0O HABAHTAXXCHHSA Ha nauieHTa Hi}.‘[ qac
MiATOTOBYMX MpoIeyp (MMO3UIIIOHYBaHHS) IEPE]] MPOBEACHHIM MpoMeHeBoi Teparii cuctemoro KidepHix.
AHHOTalI](lSl. B pa60Te MNpeACTaBJICHO OLCHKY HOHOHHHTCHLHOﬁ HAarpy3kMm Ha HallMCHTa BO BpCM:A
MOJITOTOBUTENBHBIX Tpolenyp (MO3UIIMOHWPOBAHKE) IIEpe]l MPOBEACHHUEM JIyYEeBOW Tepamuud CHCTEMOM
KubepHox.

Abstract. The additional exposure dose during the positioning the patient before CyberKnife therapy
beginning was estimated.

Kuarouosi cioBa: KibepHix, 103a onpomiHeHHSI, TIO3UIIOHYBaHHS MAIllEHTA, IPOMEHEBA TEPAITisl.
Kurouessble ciioBa: KubepHox, 103a 06mydeHusl, MO3UIIMOHUPOBAHKE MAIIUCHTA, JTyueBas Teparus.
Key words: CyberKnife, exposure dose, patient positioning, X-ray therapy.

Beryn

KibepHixk — cyuacHa pazgio XipypriuHa cucremMa ais e(eKTUBHOTO JIKYBaHHS PaKOBHX
nyxiuH. KioepHix wmomeni CyberKnife G4 nosBonsie npoBoauTH Oe3omnepalliifiHe JiKyBaHHS
MyXJUH PO3TAIIOBAaHUX B HEJOCTYIHUX IS TPaguIliiHOl Xipyprii micigmx. CuctemMa MOBHICTIO
pOOOTH30BaHO Ta BKIIFOYAE MAHIMYISATOP 3 6-Ma CTYNEHSIMH BIUIBHOCTI, a Takok 6 MeB nmiHiiiHMMA
npuckoproBay. JIiHiHUN TpUCKOpIOBaY MiCTUTH 12 KoiMaTopiB mydka (5-60 MM) 3 BIICTAHHIO MixX
JOKEpEJIOM BUITPOMIHIOBaHHS 110 meHTpy Mmimeni — 80 cm. Ilig wac mpoMeHeBoi Tepamii HarieHt
PO3TAIIOBYETHCS HA JUCTAHIIIIHO-KEPOBAHOMY CTOJI, 3 II'SIThMa CTYNEHSMHU BUIBHOCTI, 1 TaKOX
cucTemMa BIACHIAKOBYBaHHS MIIEHI, SIKa CKIAJA€TbCA 3 JIBOX CTAaHAAPTHUX KHIJIOBOJBTAXKHUX
reHepaTopa peHTI€HIBChKOTrO BUIIPOMIHIOBAHHS 1 IBOX aMOP(QHUX CHIIIKOHOBUX MJIOCKO-TIaHETBHUX
JIETEKTOpIB, K1 TpaauLIMHO Ha3uBaloTh Kamepu A Ta B. Kamepu cucremu BijcmiIKOBYBaHHS
MillIeHI BMOHTOBaHI MEPNEHAMKYJISIPHO B CTENIO MPOLEAYpHOi KiMHATH, TOAl SK B il HiAJory
MOHTYIOTBHCS BIATOBITHO aMOpP(HO-CUIIIKOHOBI AeTekTopH. OTpuMaHi 300pakeHHs Bl ABOX Kamep
OMNpalbOBYIOTHCS MPOTPAMHUM  3a0€3MEeUCHHSM, SKE€ BHKOPUCTOBYE QJITOPUTM peecTparii
300pakeHHs, JUIsl BIJICHIJIKOBYBaHHS MIIIEHI, TOOTO BiOYBA€EThCSI PO3PAaXyHOK 3CYBY Ta poTarlii
MmimeHi mig yac tepaneBruunoi mporeaypu [1]. B cuctemi CyberKnife G4 mae tpu meromuku
BIJICTIIKOBYBAaHHSI ~ MillIeHl,  SIKI ~ BUKOPHCTOBYETbCSA B  KJIHIYHIM  OpakTUIl — JUIS
BHYTPIIIHBOYEPETHOTO Ta 30BHIIIHBOYEPEITHOI'O Bi3yaJbHOTO KOHTpoito. Hopmyroumit merton
BIJICJTIIKOBYBAaHHSI BUKOPHUCTOBY€ETHCS Uil 30BHIIIHBOYEPENHUX MAHIMYNSIIN 3 BUKOPUCTAHHAM
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PEHTT€HKOHTPACTHUX MEPKEpiB, IMIUNIAHTOBAaHUX Y M’SIKI TKaHHHH, SIKi OTOYYIOTh MimieHb [2]. Tak
3BaHUM, YepemHui MeToa  BIACIIIKOBYBaHHS  pPO3pOOJEHHM A  BHYTPILIHBOUYEPETTHUX
MaHIMyJSALIN, Ta TOJATa€e y peecTpalii MOJ0KEHHI HEPYXOMOTro Tijia 3 BIAMOBIIHUM MapKyBaHHSM
Ha KicTKax rojosu namienta [3]. Merox Xsight-Spine mist BifcaiaKoByBaHHs JTOKai3allil MyXJIHH Y
CIIMHHOMY MO3KY, 0a3yeTbCsi Ha peecTpallii pyXxoMOro Tija 3 BiJIMOBIIHUM MapKyBaHHSIM Ha
KicTkax xpeoTa [4].

Puc. 1 Cucrema BincmigkoByBaHHs MimeHi KibepHik: 1 — mkepeno BUNPOMIHIOBaHHS, 2 - IITAaTHB 3
KaJiOpyIounuM MPUCTPOEM, 3 — OCHOBA, 4 - 1M(POBI NpUiiMayi.

OckinbKy, BIacHE TepareBTHYHa npoueaypa cucremoro CyberKnife 6asyerscst Ha npuHIHMIT
BI3yaJIbHOTO KOHTPOJIIO, OKpIM 0O€3M0CepeIHbOr0, OMUCAHOIO BUILE, HMONEPEIHbOIO CKaHYBAHHS
MO3MIIIOHOBAHOTO TAIliEHTa IMEpe]] MPOMEHEBOIO TEpari€lo, B CyMapHE J030BE HABAaHTAKCHHS Ha
Hali€eHTa BHOCUTh BKJIAJ TaKOX IJIAHyBaHHs TEpaNeBTUYHOI MPOLEAYPU A TUISHKU-MILICHI 3
BUKOPUCTAHHSAM OCBHOBOIO KoM 'toTepHoro Ttomorpadiynoro ckany (KT). Meroro nmanux
JOCJTIJDKEHb Oylia OIiHKA JTOAATKOBOTO HABAHTAXKCHHSI, IO CTBOPIOETHCS IPH BIJCIIAKOBYBaHHI
JIOKaJIi3alii MmooKeHHs MileH1 (OTpUMaHHA Bi3yaJbHHX CKaHIB) IS TMOCIIAYIOUOTO JiKyBaJIbHOTO
OTIPOMIHCHHSI TAIliE€HTA.

Marepiajan Ta MeToaH
Excniepumentn npoBowiincs 3 Bukopuctanusam cucremu CyberKnife G4 8.5. Jlo3y onmpomiHeHHs
AHTPOIMIOMETPUIHOTO HAOOPHOTO (paHTOMY TijIa JIIOAMHU BUMiproBaau go3umerpom PTW Unidose
(emexTpomeTp) 3 ioHizariitHO0 Kameporo dapmepa (Farmer 30013). Ha6opuuii pantom PTW RW3
Slab Phantom cknanascs 3 momictepeny (polysteren CgHg 3 momimkoro 2% TiO; (1BOOKHC THTaHY),
ryctuHa p=1.045 Fp/CM3). VY mepepaxyHKy TOBIIMHH (aHTOMY Ha TOBIIMHY BOJHOTO Iapy
x=1/1,045=0,96 (cm). Ilig yac excriepumenty kamepa dapmepa 3HAXOAUIACH HA OJTHAKOBINA BHCOTI
BIl cTrona. B XoXi JOCHIIKEHHS BHUKOPHUCTOBYBAJIOCH CTaHJApTHE MpOrpaMHe 3abe3nedeHHs
CyberKnife. BennunHy KynoHIBCEKOTO 3apsiny, sSIKUil yTBOprOEThCcs B Kamepi dapmepa min miero
ramMMa-TyJka, BUMIpIOBaJIM 3a JIOTIOMOTOI0 eekTpoMeTpa. Dopmyna nepepaxyHKy KyJIOHIBCHKOTO
3apsily B J0O30BUX OJIHUILSIX:

DW:kF'kQ‘NW'M,
ne Dy, - rmubokogoxycHe BUIIPOMiHIOBaHHS NMpH Hampy3i Ha Tpyoui 100 — 300 kB,

Dw=Ko'Nw'M,

Te caMe, Ipu Harpy3i Ha Tpyoui 10 — 100 kB.

Cxema CKCIICpMMECHTY HaBEACHA HIXKYC:
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Puc.2 Cxema po3ramryBanHsa kamepu PapMepa i yac BUMipIOBaHb B HAOOpHOMY (aHTOMI TyJTyOa JIFOIUHH.

Pe3yabTaTi n1ociigkeHb

BumiproBaHHs TIPOBOIMIIMCH TPU MaKCHMaJIbHIN IMOCTIHHIA Hampy3i Ha Tpyomi 120 xB.

PesynbraT BUMiproBaHb rpaiqyHO IpeacTaBieHi Ha puc. 3.
I= 100 mA

1800 —

8
|

g

Aoza .
g &8 B
| 111 | 111 | 111 | 111 | 111 I 111 | 111

g

g

=)

d, MM
Puc.3.1 3ayiexHicTh 103U ONMPOMIHCHHS BijJl TOBIIUHU
(harTOMY TIpH BeNMUHHI CTpyMy Ha TpyOmi 100 MA
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Puc.3.2 3anexHicTb J03M ONPOMiHEHHS
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Puc.3.3 3anexHicTh 1034 ONPOMIHEHHS Bix BeauunHH Puc.3.4 3anexHICTh J03M  ONPOMIHEHHS  Bij

CTpyMy Ha TpyOIi npu ToBIIMHI hanToMy d=0mM. BEIMYMHU CTPyMy Ha TpyOli TpWU TOBIIWHI
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Puc.3.5 3anexHicTh 1031 ONPOMIHEHHS BiJl CTpyMy Ha TpyOlli py TOBIIKHI panToMy d=50MM.

OTpumaHa BIiZHOCHA J03a, IO OTPUMYETHCS TAIIEHTOM TMiJ dYac TMO3UIIOHYBaHHS
y3TOJKYEThCS 3 Pe3yJIbTaTaMU OTPUMAHUM IHIIMMHU aBTOpamu [5,6]. B X0zl excriepuMeHTanbHUX
JOCJTIJKEHb, OyJIM BUMIPSHI BIIHOCHI BEJIWYHHH 1103, OTPUMAHUX IPH JTOJAATKOBOMY JI030BOMY
HaBaHTAXCHHI Ha MAallieHTa B NPOIECi MO3UIIIOHYBAaHHS, SIKI Hajaaidl OyIyTb BHKOPHCTaHI s
OIIIHKK a0COJIIOTHUX BEJIMYUH JUISI HACTYITHOTO IMOPIBHSAHHS X 3 TEepaneBTHUYHUMH J03aMH, IO
MPU3HAYAIOTHCS JIIKAPEM Ta BU3HAYECHO YACTKy 3a3HAYCHOT'O0 HABAaHTAKCHHs. Take BHU3HAYCHHS
JO3BOJIUTh BUPIIIUTH THTAHHA IPO BpaxyBaHHS JOJATKOBOIO ONPOMIHEHHS JIO0 CyMapHOI
TEpaneBTHYHOI 103U Ta KOPEKTHO BHOPATH XapaKTEPUCTHKH CHCTEMU TO3UI[IOHYBAHHS 3 METOIO
ONTHUMI3allil J0IaTKOBOI'0 JO30BOr0 HaBaHTA)XEHHS Ha IaIli€HTa.
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AnHoTamus. B Hacrosmem 0630pe ONMMCHIBAETCS MHOTOBEKOBAS CBSI3b (PM3WKHM M MeAWIUHBL. [IpuBeneHbI
NpUMephl UCCIENOBaHWN Bpauel, KOTOphIE NPUBENINW K OTKPBITUSAM 3aKOHOB (U3HKH. OTpaxkeHbl
JOCTHXXCHUS (1)I/I3I/IKI/I, HameAmunue MHUPOKOC MPUMEHCHUEC B MCIUIUHE. ITokazan BKJIaJg OTEYECTBEHHOM
HAYKH B pa3BUTHU (l)I/IBI/IIICCKI/IX METOAOB JICUCHUSA U JUAlrHOCTUKMU.

Abstrtact. In this review describes the centuries-old connection physics and medicine. Examples of
researches of doctors which led to opening of laws of physics are given. The achievements of the physics
which have found broad application in medicine are reflected. The contribution of domestic science in
development of physical methods of treatment and diagnostics is shown.

KuroueBble ci1ioBa: MeauinHCKas hU3HKa.
Keywords: medical: physics.

Ha BceMm cBoem myTtu (hopMupoBaHus U pa3BUTHS (HU3UKA 1A PAIOM C MEIUIIMHON. YiKe B
IyOOKOH JIPEeBHOCTH MENWIIMHA, HApSAy C JIEKapCTBaMH, HCIIONB30Balla TakWe (HU3HUECKUe
(bakTopbl, KaK MEXaHHUYECKUE BO3ICHCTBUS, TEILIO0, XOI0/, 3BYK, CBeT. Bpaun nckanu BO3MOXHOCTU
nedeHuss Ooye3He W (DaKTHYECKH CTAHOBWINCH YYCHBIMHU-ECTCCTBOMCIBITATEISIMHU, OTKPBHIBAIN
3aKOHBI MPUPOIBl U BBOAMUIU MOHATHUS, U3 KOTOPBIX CKiIaabIBaics QyHaameHT ¢usuku. B cBoro
ouepe/ib yUeHbIC B CBOMX paboTaxX MCCIICIOBAIA YETIOBEKa.

Pumckuii Bpau u ¢unocod Ianen (129-217 rr.) eme BO BTOPOM BEKE 3aJ0KHI OCHOBBI
HAayKHd O TEIUIOTe, BBEJ B HAYKYy TaKM€ MOHATHS KaK «TEMIEpPaTypa» U «TIpajycy». 3HAMEHUTHIN
Jleonapno na Buaum (1452-1519 rr.) npoBOAMI MCCIIEIOBAHHMS MEXAaHHKH TICPEIIBHIKCHHS
YeJIOBEYCCKOro Teja. DTOT ()aKT Jaji OCHOBAaHHWE HAa3BaTh €r0 TEPBBIM MEIUIMHCKHM (DH3UKOM.
Takux TpUMEPOB MOKHO TTPUBECTH MHOTO, HO B JAPEBHUE M CPEIHUE BEKA BPEMEHHOE PACCTOSHHE
MEXy HUMHU OBLIO BEJIMKO, COCTABIISSI CTOJICTHSI.

[IpumepHO C WIECTHAALIATOIO BEKAa MHTEPBAJIBI BPEMEHU MEXKAY OTKPBITUSIMA B
€CTECTBEHHBIX HayKax Hadaiau yMmMeHslarscs. Mccnenosanus ['anmuneo Namwtes n Mcaaka HeroToHa
(baKTUYECKH COBEPIIMIN PEBONIONHUI0 M MPUBEIH K POXKICHUIO (U3MKH KaK CaMOCTOSTENbHOMN
HayKd. BOJBITMHCTBO €CTECTBOUCIIBITATENCH B ATOT MEPHO]] BPEMEHH pabOTall OJHOBPEMEHHO B
o0nacTy MaTeMaTuku, (GU3UKU, XUMHUU, OMONOTUM U MeauIHbl. OpHako Haubolee IMIOJOTBOPHO
¢u3MKa 1 MeIUIIMHA CTanK B3aumojeicTBoBath ¢ koHIa XVIII, nauana XX Bekos, korga ¢usuka
o0oratunach OTKPBHITUSIMU DIIEKTPUUECTBA U IIEKTPOMATHUTHBIX BOJIH, UCCIIEIOBAHUSIMU JIBIKEHUS
JKHJIKOCTH.,

[lonsTHS TeMIepaTypbl, MAaCChl TeJla, MEXaHUYECKHE CBOIMCTBA KPOBU KakK BSI3KOM M TeKyuen
JKUIKOCTH, P ONTHYECKUX U aKyCTUUECKHUX MOHATHHA U SBJICHHA OJTHOBPEMEHHO OBUIM BBEICHHI B
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00MX0/1, U3YYAJIUCh U UCTIOJIB30BATHNCH HA MPAKTUKE KaK (PU3MKAMH, TaK U BpayaMH TOTO BPEMEHHU.
[IprueM MeauIMHA B 3HAUUTENBHOM CTETIEHU 3aJ]aBajia TOH Pa3BUTHIO (PU3UKH.

[Ipodeccop bononckoro ynusepcuteta JI. I'anpBanu (1737 —1798 rr.), u3ydasi cokpalieHue
MBI JIATYUIKA TOJ JEHCTBUEM 3JIEKTPUYECTBA, OOHAPYX MW, YTO COKpPAILLEHUE MPOUCXOIUT U B
cllydyae, KOIZla MBbIIINA IIOMEIIEHa MEXAY ABYMsl pas3IMYHBIMU MeTajylaMd. OTO IIPUBEIO K
co3fgaHuo apyrum ¢uzukoM A. BonbTa ranbBaHHYECKUX 3JE€MEHTOB — XOpOILIO M3BECTHBIX B
HacTosIIee BpeMs 6aTapeex.

B EBpone u Poccum mosiBisieTcss TakOM METOJl BpadueBaHUs, KaK 3JIeKTposieueHue. Ilepsrie
YIIOMUHAHUS NIPUMEHEHHST METOJ0B JIEKTPOJICUEHHsI B MeaulMHe B Poccun OTHOCATCS K ropoay
boropoaunky Tynbsckoii ryoepHun, a Takxe Kk Ctapo-ExarepuHUHCKONW OOJILHUIIE B TTOJIMOCKOBBE
(apire I'Y MOHUKU um. M.®. Brnaaumupckoro). B et B 1793 roay, crycTs Bcero JBa ronaa
nociie MyOIMKaIMK OTKPBITUSA <« KHBOTHOTO 3nekTpuyectBay» JI. ['anbpBanu, Oblia MpHMeHEHA
«QJIEKTpUYECKasl JUHAMO-MAIINHA C JIEUEOHOH LIENIBIOY.

WNzygass ¢usuky wu wmegunuay B 1792-1793 rogy oauH W3 CaMbIX TaJIAHTIUBBIX
COBpeMEHHUKOB U ¢aBoputoB Mmmepatpunpsl Exarepunsr Il, ydenslii u ympapisiounmii mo
npeanucanuto Exarepunbr Il Boropoaummkoit m bobOpukosckoit Bomoctsimu A.T. bomotos
COOCTBEHHOPYYHO THIIET W HM3/[aeT Takue TPyAbl, Kak «KpaTKuil sneKTpuuecKuil JTe4yeOHuK» U
«HcTopus MOero 31eKTPU30BaHMs U BpaueBaHUsI pa3HbIX OOJIE3HENH OHBIMY.

Opanmy3ckuit  yuensiid  JK.JI.  Ilyaseiins, 3aHuMaBmmiics (QHU3NYECKUMH acHeKTaMu
KpOBOOOpAIIeHHsI, YCTAHOBUJI CBSI3b MEXAY TOTOKOM >KUIKOCTH, paanycoM U naBieHueMm. OH
BIIEPBBIE NPUMEHWI PTYTHBIM MAaHOMETP JUIsl U3MEPEHMsI 1aBJICHUSI KPOBH B apTEPUU >KUBOTHOTO.
Anrmmiickuii ¢pu3uk u Bpad T. FOHT ycTaHOBWJ, YTO aKKOMOJAIMs OOYCIIOBJICHA W3MEHEHHEM
KpUBH3HBI XpycTanuka rina3a. OH o0oratwi HayKy H3BECTHBIMH MCCIIEOBAHUSIMH B (U3UKE,
0COOEHHO HCCIIEIOBAaHUSMU B BOJHOBOM TEOPUHU CBETa U TEOPUU YHNpyroctu. BakHas KoHCTaHTa B
TEOpUU YIPYrocTu HasbpiBaeTcs MoayieM FOHra. VM mpeioskeH NpUHIUN CYNEpHO3ULUU BOJIH,
OOBSACHSIOLINI apreHue wuHTepdepeHnnu 3Byka u cBera. T.FOHT pa3BWII  TEOPHIO
TPEXKOMIIOHEHTHOTO LIBETHOI'O 3pPEHUS, UCTOKM KOTOpOM cBsizaHbl ¢ umeHeM M.B. JlomoHOCOBa.
3aKOH COXpaHEeHHs PHEPruu MepBbIM C(HOPMYIUPOBAT HEMEIKUI Bpauy-ecTecTBOUCIIbITaTe b FO.P.
Maiiep, paccuutaB K03()PUIMEHT YKBHBAJICHTHOCTH MEXaHHYECKOH pabOThI W TEIUIOTHI. J[pyroi
HeMenkuid Bpad u usuk [.JL.O. [eapmronbll MareMaTndeckd OOOCHOBaN 3aKOH COXPAHEHHS
SHEpPruy, MoKas3aB ero BceoOmmii xapakrep. OH sBisieTcsl aBTOpOM (yHIAMEHTAIbHBIX TPYJIOB IO
¢busuke, Ouodusuke, Ppu3noIOrUM, MCUXoJoruu. Ha cTeike GU3MKM U METUIMHBI padoTamu u
npyrue usBectHsle yuensle: I'. Mromnep, I'. Marnyc, 3. {ro0ya-Peiimon, 3. Mapeit, I'. {rononr, JI.
I'epman, /1. Panei.

MHorue OTKpbITHS (PU3UKOB NPAKTHUUECKH Cpa3y HaXOAWIO INPUMEHEHHE B MEAUIIMHE.
Hanpumep, J1MH3BI HCHOJB30BAJIUCh AJI CO3JAaHUS OYKOB, MUKDPOCKOIIOB; 3JIEKTPUUECKHUH TOK,
ANEKTPUYECKOE MW MArHUTHOE I0J€, KaK YXKE OTMeuajoch, CTaJld IIMPOKO IPUMEHSTHCS B
¢u3noTepanuy; Ha OCHOBE HCIOJb30BAaHUS MAarHUTHOTO TMoJisi ObUIM pa3paboTaHbl Macc-
CHEKTPOMETPbl M TOMOIrpadbl; OTIMYUE JIMHEWHOTO paCIIMPEHHs] pPa3JIMYHBIX BEIIECTB ObUIO
II0JIO)KEHO B OCHOBY CO3/IaHMs TEPMOMETPOB Ul U3MEPEHHUS TeMIeparypel Tena. JocTukeHus
(U3MKY TO3BOJWIM CO3[aTh NPUOOPHI NI U3MEPEHUs] apTepHaIbHOTO JABIICHUS; KapAuorpadbl
Ui o0cleoBaHMs CEpAlLla; YCIEHIHO MPUMEHUTh JIa3epHOE U PEHTTCHOBCKOE H3IIyueHHE B
nuarHocTuke U tepanud. COBMECTHBIMU YCHWIMAMHM (GU3UKH U MEIUKHU JOOWINCH pe3ylbTaToB,
KOTOpbIE HEOJHOKPATHO OBUIM OTMEYEHBI MPECTH)KHBIMU HArpajaMu. B METUIIMHCKYIO MPAaKTUKY
MIPOYHO BOIUIA METOJIBI YIIbTPA3BYKOBBIX HccienoBanuii (Y3HM), nCronp3yonmx oTpakeHne 3ByKa
(3x0), adpdexr Homnepa u 1.0. K pa3BUTHIO HOBBIX MEIUIIMHCKUX METOJOB MPUBEIO CO3IaHUE
Jasepa.

PeBOMIOLIMOHHYIO pPOJIb B MEAMIMHE CBHIFPajJ0 OOHApYy)KEHHE PEHTICHOBCKUX JIy4ei,
OTKpBIBIIEE YEJIOBEKY MHUP aroMa M aTOMHOIro sjupa u yaoctoeHHoe B 1901 romy mnepsoi
HoGenesckoit mpemun mno ¢usuke. OTKpbITHE (U3MKaMU HOBBIX M30TOMOB U 3JIEMEHTaPHBIX
YacTHUll, MCCIIEIOBAHUE HX CBOMCTB, CO3/IaHME SJIEPHBIX PEAKTOPOB M YCKOPUTENEH IPUBEIO K
BO3HHUKHOBEHUIO JTyYEBOU Te€paluu U 1epHON MeIULMHBL. [Ipy 3TOM HHTEpPECHO, UTO IEPBEHCTBO B
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U300pETEeHUH TaKOr0 YHHUKAJIBHOTO amlmapaTa Kak raMMma-HOX MPUHAJICKUT IIBEJCKOMY Bpauyy —
npodeccopy Heipoxupypry JI. Jlekceny. Ha ocHoBe peructpanuu U3mydeHUs OT PaIHMOAKTHBHBIX
U30TONOB OBbLT CO3/7[aH MPUOOP s JUATHOCTHKH M BU3YyallM3alliil BHYTPEHHUX OPTaHOB — ramma -
KamMepa.

B 1946 rony bnoxom u Ilapcenom ObuUIO OTKPBITO SIBICHHE SE€PHO-MAarHUTHOT'O PE30HAHCA
(AAMP), xoTopoe BHOCIEACTBUM HAILIO MPUMEHEHUE NMPU BU3yaJU3allud BHYTPEHHUX OPTraHoB. 3a
pabGotbl B obnactu SAIMP tomorpadum ¢uzukamu, MEeIUKaMH U XUMHUKaMU ObUIM TOJYYEHBI 5
HoGenesckux mnpemuil. B mectunecareie ronsl A. Kopmakom u I'. Xayncounnom (saypeaTs
HoGenesckoit npemun 1979 rona) Obu1 pazpaboTaH peHTTEHOBCKHI KOMIBIOTEPHBIH TOMOTrpad,
MO3BOJIAIOIINN C IMIOMOIIBIO PEHTTEHOBCKOTO M3JIy4YEHUS OCYILECTBIATH MOCIOWHOE CKaHUPOBAaHUE
BHYTPEHHEH CTPYKTYphl OOBEKTa M IMONy4aTh OOBEMHBIE PEHTTEHOBCKHE CHMMKH. B Hactosiee
BpeMs B MEJIUIMHE IIMPOKO MPHUMEHSIOTCS TaKUe BBICOKOTEXHOJOIMUYHBbIE (PU3MUECKUE MPHUOOPHI
Kak Jiazepsl, raMMa — kamepa, komnbrotepasie (ODIKT, KT), MPT, II9T tomorpadsl, ycTaHOBKH
JUISL CTEPEOTAKCHIECKOW XUPYPTrHuH (raMMa- U KHOep — HOX).

CBs3p MeXIy (U3MKON W MEIUIMHON SpKO IMPOCIEXKHBAECTCA Ha mpuMepe MOCKOBCKOTO
yHuBepcureta. Jloarue ronael yxke ynomuHaBmmecs Crapo-ExkarepunHuHckas OojbpHHMIIA B
IMommockoBee (B HacTosmee Bpemss MOHUKHM um. M.®. Bnaaumupckoro) Obut siedeOHOM O6a3oi
MOCKOBCKOT'O YHUBEPCHUTETA, B KOTOPOM MIMPOKO UCIOIB30BAIOCH U PA3BUBAIIOCH DJIEKTPOJICUEHHE.
IlepBoe odunmansHO 3apeructpupoBanHoe «Poccuiickoe MeIuKo-(pu3nYecKoe OOIIECTBO» B
Poccun BOo3HMKIIO MMEHHO Npu MockoBckom KMmneparopckom YHuBepcuteTe nmpumMepHo B 1808
TOJIy, a BCJIE 32 HUM U MIEPBbI OTEUECTBEHHBIN KypHAJ M0 MEIUIIMHCKOHN (u3uke — «Poccuiickmii
MEAUKO-(pU3MUECKUI KypHaid», M3JaHHBIH CeKpeTapeM oOllecTBa, HAJBOPHBIM COBETHUKOM
MeaunuHbl, npodeccopom MBanom BencoBumuem. lLlenp co3manust KypHaiga W 0OIIeCTBa, Kak
HalMCaHO B IEPBOM BBINYCKE JKypHaJla — «HOBEHIIHME MEAMKO-(PU3MUECKUE OTKPBITHS...» U
oMoOIIb BpadaM B 0OoppOe ¢ 3a0dyXIEHHUSIMU U JIOTMaMU «...MHMMOH TpaHCIEH/IEHTaJIbHOU
MEOULMHBD).  MOCKOBCKMH  YHHUBEPCUTET  CONPHUYACTEH K  CO3JAHMI0  KPYINHEWIIETro
onkojyornyeckoro nenrpa Poccun — MHUOUM um. ILA. T'epuena. MHCTUTYT ObLT OCHOBaH Npu
MockoBckoMm yHuBepcutere B 1903 T. Mo MHMIMAaTHBE BBIJAIOLIETOCS XUpypra, npodeccopa
Mockosckoro ynuepcutera JIJI. JleBmmnaa m ero ydyenumka mnpodeccopa B.M. 3pikoBa. B
000pyJOBaHNU MHCTUTYTA MIPUHUMAIIM AaKTUBHOE ydacTHe Benukui pycckuil ¢pusuk I1.H. JleGenes,
npodeccopa H.J. 3enenckuii, B.C. I'ynesuu, M.H. Huxudopor u N.®. OrneB. UucturyT B
nonapok or Mapuu u Ilbepa Kropu mosyumn ogHM U3 NEPBBIX IIPENapaToB panusi, KOTOPbIE
MCIIOJIb30BAINCH I JieueHus: 0onbHbIX. [lepBoil B Mupe kpymHOW MoHorpaduei, nmocBsSIeHHON
pannoOuOoIOruM U MEIUIMHCKON pajuoiIoruu, craia kHura pycckoro ydeHoro E.C. Jlonmona
«Panwmii B Ononorun u meguimue» (1911).

B HacTosiiee Bpemsi CTaslo OYEBHIHO, YTO (PU3MKA U MEIUIIMHA B3aUMHO JOMOJHSIOT JPYyT
apyra. MenuirHa OOOCHOBBIBAE€T CMBICT (PU3MUECKHX HCCIEAOBAHUN, ONpPENENsieT MPUOPUTETHI
npu uX BblOJHeHWU. PDu3nka NpoHMKIA B MEIULUHY HACTOJIBKO, YTO IPOBEIEHHUE MHOTHX
BBICOKOTEXHOJIOIMUHBIX MEAUIIMHCKUX IPOLEAYP CTAI0 HEBO3MOKHBIM 0€3 ydacTusi (PU3HKOB.

JUHEWHBIA YCKOPUTEJIb VARIAN TRUE BEAM. HOBBIE BO3MOXKHOCTH

C.B. Yebrukun'', T.E. PoﬁTﬁeprl, . (I)chz, }0.9. Bockausin’, C.H.3axap0131

1) Onxonoeuueckuii yenmp Coghosi, OAO «Meduyunay, Mockea
2) Memorial Sloan-Kettering Cancer Center, New-York
* Onxonoeuyeckuii yeump Cogpos, OAO «Meouyunar, 2-ii Teepckou-Amckoti nep., 10, Mockeaa,
Poccus, 125047; +(7) (495) 7757140, 006.2025; usychkin.s@medicina.ru

AHHOTaUusA: TUHEHHBIN yckopuTens TrueBeam umeer yHKUMOHAIbHBIE BO3SMOXHOCTH M XapaKTEPUCTUKH,
KOTOpble OBIIM HEAOCTYNHbI HAa MEIUIMHCKUX JIMHEHHBIX YCKOPHUTENSX NPEABIIYIEro IOKOJICHHUSI.
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HawnbGoee Ba)kHOW OTIMYUTEIIEHON XapaKTEPUCTHKOHN SBIIAETCI PEKHAM BBICOKOW MOIIHOCTH O3Bl 0e3
crnaxuBatomero ¢unprpa (FFF). DOra WHHOBallMOHHAas TEXHOJIOTHS JIeNaeT JHUHEWHBIH YCKOPHTENb
TrueBeam wupmeanbHOM CrCTEMOM IS OJHOKPATHOTO TOABEAEHUS BBICOKOM 10361 (Single-dose radiotherapy,
SDRT) — oxgsoro u3 Hanbosee 3 (HeKTHBHBIX OAX0A0B ISl U3JICYCHHS OITyXOJICH B KIIMHUY €CKOM MPAaKTHKE
OHKOJIOTHH.

Abstract: TrueBeam linear accelerator has unique functional characteristics and features which were
unavailable in the linear accelerators of previous generations. One of the most important feature is high-
intensity mode without flattening filter (FFF). This innovative technology makes TrueBeam linear
accelerator an ideal system for single-dose radiotherapy which is one of the most effective approaches of
curative tumor therapy available today.

KiroueBble ciioBa: JIMHEWHBIN ycKOpHTENb, |rueBeam, apk-tepamus ¢ 0ObEMHOW MOIYJSAIHEH
MHTEHCUBHOCTH, JIy4eBasl Tepanws, HampaBiisieMasi 10 U300pakeHUI0, PEKUM 0€3 CTIIaKUBAIOIIErO
dbunpTpa, TydeBas Tepanus BEBICOKOW pa30BOM J030i.

Keywords: linear accelerator, TrueBeam, volumetric-modulated arc therapy, image-guided
radiation therapy, flattening filter-free mode, single-dose radiotherapy.

Knunnueckass  smyueBas  Tepanusi  OasupyeTcs — IPEUMYIIECTBEHHO Ha  MOJEIH
bpakuuonupoBanus 103bl. J[1s co3manus JeuyeOHOro MmjiaHa W HaNpaBiIeHHUS U3IYYeHHsS B 00BEM
munienu npumenstes KT-cumynsanus, B npouecce KOTOPO MPOUCXOIUT MOJIyYEHUE TEXHUYECKUX
rapaMeTpoB JIJIs CO3/IaHus TUIaHa 00IydeHHs Ha TUHEIHOM yckopuTene. J{s ykiiaaku naiueHTa Ha
JUHEIHOM YCKOpHTEJIE HCIIOJIb3YIOTCd METKM Ha KOXE IalMeHTa, HAHECEHHblE BO BpeMs
BuptyanbHoi KT-cumymsiun. OpHako, MOCKOJBKY TakoW METOJl CBSI3aH C BBICOKUM PHCKOM
MOTPEUTHOCTEH TMO3UIIMOHUPOBAHHS, OCOOCHHO MOTPEUIHOCTe B TOJBEACHUHM J03bI IO KpasMm
OMyXoNu, MAJigs oOecrneyeHus TapaHTUPOBAHHOTO TMOKPBITUS OIYXOJIEBOro o0ObeMa TMOJIIMU
M3JYyYEHHUS K OIyXOJIEBOMY Odary, onpeesneHHoMy B nporuecce KT-cumynsiimm, 100aBistoTCs Kpast
B 10-20 MM, 3axBaThIBAIOLIME YacTh HOPMAJBHBIX TKaHEH BOKpYr omyxoiu. M3-3a Toro, 4ro
HOpMaJbHbIE TKaHH, NOMAJAIOIIUE B ATH Kpas, YyBCTBUTEIbHBI K U3IyYEHHIO, CyMMapHas Jj03a Ha
OITYXOJIEBBIN OYar pa3buBaercs Ha psia Gpakiuil (exxeIHEeBHBIX JeueOHbIX ceaHcoB 1o 1,8-2,0 I'p),
KOTOpBIE IMO3BOJISIIOT CHU3UTh PUCK JIYYEBBIX MOBPEXKIECHUNH HOPMAIbHBIX TKaHEH OTHOCUTEIBHO
JTy4YEeBBIX MOBPEKACHUN OMyXoiau. MeToauka QppaKkIMOHUPOBAHHOM JTy4yeBOM Tepamuu 10 CUX IMOp
SBJIICTCS METOJIOM BbIOOpa B Oosee dem 98% 1eHTpOB nydeBoil Tepanmuu B Mupe. OCHOBHOM
HEJOCTAaTOK (PPaKIMOHUPOBAHHOTO TMOAXOJa B TOJABEACHHM O3Bl — OTO PHUCK Jy4YEBBIX
MOBPEXKACHUM HOPMAJIbHBIX TKaHEH, KOTOPBIH AJIs1 JaHHOI'O METOJ1a HU30K U cOocTaBisieT MeHee 5%,
TEM HE MEHEE, OTPaHUUYMBas BO3MOXKHOCTH IJISl MOJBEACHMS BBICOKMX KaHIEPULUIHBIX 103 K
OITyXOJIM, CHIKasi oOIyr0 3((EeKTUBHOCTH Jy4eBOH Tepanmuu U HE MO3BOJISAS JOCTUYb OOLIETO
JIOKAJILHOTO KOHTpOJisi onyxonu Oonee 65%. Tak, Hanpumep, B ucciaenoBanuu Sibley et al [1] y
MAlMEHTOB C HeonepaOenbHbIM HEMENKOKJIEeTOUHbIM pakoMm Jierkoro (HMPJI) | craauwm,
MOJYYMBIIUX OOBIYHYIO (PpPAKLIMOHUPOBAHHYIO JIYUEBYIO TEPAIUIO B cyMMapHO# 1o3e oT 50 1o 80
I'p (1,8 — 2,5 I'p 3a dpakuuro y 87% mamueHToB), B 45% ciiydaeB OTMEUYECH PEIUANB 3a00JICBaHMS,
npu 3ToM y 42% nanueHToB — JIOKAJbHBIA peUuaAuB OOJYYEHHOM OMyXosd, S-meTHss oOIas
BebkMBaeMocTh 06e3 HMPJI, BepKHBaemMocTh 0€3 MpOrpeccCHpOBaHUs COCTABHIIM COOTBETCTBEHHO
13%, 32% wu 28%. B npyrom wuccnenoBanuu Wisnivesky JP et al [2] 5-nmernssi uactora
BBDKMBAeMOCTH 0Oe3 paka Jjerkux y marueHtoB ¢ -1l crammeit 3aboneBanus, MOIYIHBIIMX
CTaHJAPTHYIO (PPaKIMOHUPOBAHHYIO JIyYEBYIO TEPAlHMIO B PAIUKAIBHOW [103€, MPAKTUYECKH HE
OTJIMYajach OT BBDKMBAEMOCTH B KOHTPOJBHOW TpYMIE MAalUEHTOB, HE MOJIYYaBUIMX JIYYEBYIO
Tepamuto, W cocraBuna 15% wu 10% mus mamuwentoB ¢ | u |l cragmsmm 3aboneBanus
cooTBeTCTBeHHO. CTaHIapTOM JI€UEHHUS TaKUX MAIUEHTOB SIBISETCS paJuKajbHas pPe3eKLus
JIETKOT0, KOTOpas MO3BOJIET JOCTUYh S-JIIeTHEH BbDKMBaeMocTH 65% y mammeHToB c | cragueit
3aboneBanus [3] U S-JIeTHETO JIOKAJILHOTO KOHTpOJist 78% [4].

CoBpeMeHHOEe BBICOKOTOYHOE 00OpYIOBaHUE ISl Ty4EBOM Tepamuu Mo3BOJISIET 3¢ EKTUBHO
1 6€30MacHO YBEIMUUTh CyMMAapHYIO 103y 00Jy4eHHs B OIyXOJIEBOM Ouare M MojABECTH ee 3a 1 miun
HECKOJIbKO ceaHcoB (00bIYHO He Oosee 3-5 ceaHcoB). DTa HOBas METOJUKA JIy4EBOHM Teparnmuu,
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NOJy4YMBIIAs pacupocTpaHeHue HauuHasg ¢ Havana 2000-X TIT, MMeeT pa3Hble Ha3BaHUS B
JaWTEepaType, TaKMe KaK CTepeoTakCHuecKas paauoxupyprusi (Stereotactic radiosurgery, SRS),
IKCTpaKpaHHAIbHAs CTEpeoTaKcuueckas abiaTuBHas paauorepanus (Stereotactic ablative body
radiotherapy, SABR) u npyrue Ha3Bauus. B omyOJHMKOBaHHBIX CHCTEMAaTHYECKHX 0030pax [5]
UCCIIeIOBAaHHUI 3TONH HOBOM METONMKU ObUIA MPOAEMOHCTPUPOBAHA €€ BBICOKAS 3(P(PEKTUBHOCTH U
6e3omacHocTth. Y marnuentoB ¢ HMPJI I-1l ctagum gacTora mOKambHOTO KOHTPOJISI 4epe3 5 JieT
coctaBuia oT 84% 1o 95%, 4TO COMOCTAaBUMO C PE3yiabTaTaMM IMOCJIE PAJUKAIBHOW pPE3€KLMU
ormyxoiu. Takke BBICOKHE Pe3ysIbTaThl JIOKAIbHOTO KOHTPoJIs > 80-90% 0051ydeHHBIX OMYXOJIEBBIX
04YaroB OBUIM TPOJEMOHCTPHPOBAHBI Yy MAIMEHTOB C OJUIOMETAcTa3aMHM B TI€YCHb, JIETKHE, C
HEpEe3eKTa0eNbHbIMU  INEPBUYHBIMH  OIYXOJIAMHU TEYEHH U IOJKEIyJOYHOW  JKeJe3Hl,
OJIUTOMETACTa3aMH B KOCTH CKeJIeTa OIyXOJIeH pa3iIMuYHBIX THCTOJIOTMYECKUX TUIOB. B HenaBHeM
cucremMarnueckom o63ope [6] uccnemoBanuit SABR mpu HMPJI -1l cragum ¢ uentpampHO#
JIOKaJIU3aluen, TpaJuIMOHHO CUATABIICHCS IIPOTUBOIIOKA3aHUEM IS JIy4€BOM TEPAIMK C BBICOKOU
pa3oBoil 71030H, ObUTAa MPOAEMOHCTPUpOBaHA BBICOKas A(H(PEKTUBHOCTL W OE30MAaCHOCTh CXEM
rUnoppakiMOHUPOBAaHUS U3 5-8 ceaHCOB ¢ pa3oBoi no30i 7,5-10 I'p y 3Toi# rpynmsl HanueHToB.
YacToTa J0KaIbHOTO KOHTPOJIS cocTaBisieT > 85%, 3-meTHssl BRKMBAEMOCTh 0e3 paka jerkux 80-
90%, rpu ATOM YacTOTa CMEPTHOCTH OT OCJIOKHEHUI Cpelln BCEX MCCIeN0BaHui cocTaBiseT 2,7%
u meHee 1%, ecnu 6uonoruuecku 3¢ ekTUBHAS 1032 AJs 03IHO-pearupyromux Tkanei < 210 I'p.

[lo Hamemy MHEHHWIO, HAWOONBIIYIO KIMHHYECKYIO J(PPEKTHBHOCTh HMEET METOJIUKa
o0ydeHus1 BBICOKOW pa3oBOM 030#, Tak HasbiBaemas Single-dose radiotherapy (SDRT).
OnyOnuKOBaHHBIE KIMHUYECKHE JlaHHBIE TIpUMEHEHHs BbICOKOW mo0361 24 Ip SDRT
IPOJIEMOHCTPUPOBAIM MPEBOCXOIHYIO BBICOKYIO YAacTOTY JIOKAJIBbHOIO KOHTposst 6onee 90% nms
BCEX THIIOB OITYXOJIEH, BKIIIOYAsl PaIuOPE3UCTEHTHBIE /Ui (PPaKIIMOHUPOBAHHOW JIyUeBOW Teparnuu
BuAbl onyxoned. Iloka3arenn BBDKMBAaEMOCTH 0e€3 JIOKAJBHOIO pPELUAMBA CTATUCTHUECKU
JIOCTOBEPHO BBIIIEC B TpyMIle ManueHToB, nomyduBmmx SDRT > 22 I'p (82%) mo cpaBHeHHIO ¢
naruentamu, nonyuusBmumMu SDRT B noze < 20 I'p (25%) (p < 0,0001). Kpome Toro, B rpymme
nanueHToB, nonyynBmux SDRT > 22 I'p, BbICOKHE MOKa3aTeNlW JIOKAIBHOTO KOHTPOJS ObUIH
JOCTHTHYTBI BHE 3aBUCUMOCTH OT FHCTOJI0rndeckoro tuma omyxouu (p = 0,90) [7].

Jluneitnsiit yckoputens TrueBeam, gomyuieHHbIN 1715 KIMHUYecKoro npuMenenus B 2010 r.,
OBUI CIIEIMATIBHO CIPOEKTUPOBAH AJISl TOr0, YTOOB! YCTPAHUTh HEAOCTATKH JIMHEHHBIX YCKOpUTENeH
IPEBIAYIIEr0 MOKOJICHUS! U ONTHMH3MPOBATH BHEAPEHHE B PYTHHHYIO KIMHUYECKYIO MPAKTUKY
caMbIX COBPEMEHHBIX METOJAMK JIy4eBOI Tepamnuu, TaKMX Kak JIydeBasl Tepamus, Harpasisiemas 1o
nu3o0paxxenuro (image-guided radiation therapy, IGRT) u apk-Tepanus ¢ 00BEMHON MOTYJISIHCH
uHTeHcHBHOCTH M3nmydenus (volumetric-modulated arc therapy, VMAT). Dto mepBblii mpoayKT
HOBOTO KJIacCa MEIWIIMHCKUAX JIMHEHHBIX YCKOPHUTENEH, ITWHAMHYECKH CHHXPOHU3UPYIOIINX
NOJy4eHUEe H300pakeHUs OMYyXOJIM B peajJbHOM BPEMEHHU, KOPPEKIHIO MOJOXKEHHUs IalUeHTa,
KOMIICHCAIMIO JIBIDKCHHI OITYyXOJIEBOTO 00beMa, (POPMHUPOBAHHE ANEPTYphl IMy4YKa W3IYYCHUS U
MOJBEICHUE J03bI, POBEPKY TOUHOCTH M ABTOMATHUECKYIO KOPPEKIIMIO HEMOCPEACTBEHHO Iepes
ceaHcoM OONy4eHHMsT W BO Bpems Hero. llepBble naHHBIE O TPUMEHEHHH HOBOW CHCTEMBI
HOJTBEPXKIAIOT HOBBIE BO3MOXKHOCTHM M HOBBIE CTaHJApPThl JIyYE€BOT'O JIEYEHMS, HEJOCTYIHbIC B
JPYTUX CYIIECTBYIOIINX CUCTEMax ¢ Bo3MoxHocTsiMu IGRT:

- [lorpemHoOCTh MO3UIIMOHUPOBAHUS O00Iy4aeMoro o0beMa Ha JIMHEHHOM YCKOpUTele
TrueBeam cocraBmsier meHee 1 MM, dYro oOecreuyrMBaeTCsl HOBBIMU aJTOpUTMaMU
CUHXPOHM3AIMA MEXJy IPOLECCOM IMOJYyYeHUsI H300paKeHUs, MO3ULMOHUPOBAHHUA H
ynpaBiIeHus: YHKLIUSAMU anmapara.

- ABTOMaTHYECKUE CUCTEMBbI KOHTPOJIS KauyecTBa OCYIIECTBISIIOT IPOBEPKU COCTOSIHUS y3JIOB
anmapata Kaxzasle 10 MWUIMCEKyHJ B TEUYEHHE BCEro ceaHca JIeUEHHsI, HENpPEpbIBHO
obecrieunBasi KOHTPOJIb KayecTBa ()yHKIMOHUPOBAHUS CUCTEMbI U TOYHOCThH I1OJBOJAMMOM
J103bI U3JTy4EHHUS.

-HoBas momens neuebHOro croma ¢ 6  cremeHsAIMH  CBOOOABI  OOecreunMBaeT
MO3UIIMOHUPOBAHUE TALIMEHTa C CYOMMJUIMMETPOBOM TOYHOCTBIO, UTO I103BOJIAET

52



KOPPEKTUPOBATh TOJOXKEHHE O00IydyaeMoro obbeMa MO H300PaKEHUI0, IMOIy4aeMOMY B
peXHUMe peasibHOTO BPEMEHHU.

Pexumbr ob6nydenus 6e3 criuaxuatomiero ¢uibtpa (flattening filter-free mode, FFF) s
sHepruid mydkoB 6 u 10 MB mo3BOJSIOT YBEJIMYHUTh MOIIHOCTh JO3bl M3Jy4YCHUS! MOYTU B
JIBa pas3a MO CpaBHEHMIO ¢ cymiecTBytommMu cucteMamu IGRT, 3HaumMTenbHO cokpaiuas
BpeMs OOJydyeHHs C WCIOIh30BaHUEM JIMHEWHOTo Yyckoputens 1rueBeam. Hampuwmep,
BpEeMs CeaHCa paJIMOXUPYPIHU OIMYXOJIM TOJIOBHOTO MO3ra MOXKET ObITh yMeHbIeHo ¢ 40-60
MHH, KOTOPOE JJOCTUTAETCS Ha IPYTUX COBPEMEHHBIX PAJHOXUPYPTUUECKUX CHUCTEMaXx, 10 5-
8 MHMH Ha JMHEHHOM YyckopuTene TrueBeam Oe3 morepp B KauecTBE OOJIydeHUS.
CoxkpalieHrue BpeMeHHU ceaHca 00JIydeHHUsl OCTaBJIsIeT MEHbILIE BPEMEHU /I BOSHUKHOBEHUS
MOTPEUTHOCTEH, BO3HMKAIOIIMX BCIEJICTBUE JBMXKCHHUS ONYXOJH, YTO CBOMCTBEHHO
JUTUTETILHBIM CeaHcaM 00JTydeHUsl.

KoopauaupoBanHas aBToMaTH3amus €mie OOJbIIe YCKOpPSET JISYCHHE, MO3BOJISIS TOYTH B
ISTh pa3 COKPATUTh 3aTpaThl BPEMEHU Ha MOJY4YeHHE U300paKeHUsl, MO3UIIMOHUPOBAHHE U
nojBesieHue 10361, Hampumep, nmutensHocTh ceanca IMRT moxeT ObiTh yMeHbIIeHa oT 10-
15 MuH Ha cTaHmapTHOM OOOPYIOBAaHWM JO MEHee 2 MHUH Ha JIMHEWHOM YCKOPHUTENEe
TrueBeam.

Pexum neueHuss mo MeETOIMKE apK-Tepamuu ¢ OObEMHON MOIyNslued HWHTEHCUBHOCTU
uznyuenus (Volumetric-modulated arc therapy, VMAT) no3BossieT co3ath pacrpeieacHue
JI03BI C BBICOKOIM KOH(POPMHOCTHIO 00BEMY MUIIEHH U TOMOTEHHOCTHIO NMPHU 3HAYUTEIHLHOM
COKpAIIIEHUH BpPEMEHU OOJIydeHUsS 3a CUET JUHAMHYECKOW MOJIYJISIUN WHTCHCUBHOCTU
U3ITy4eHUs, MOIIHOCTU JI03bI M CKOPOCTH BpAILEHUS TaHTPU JUHEHHOrO YCKOpUTEs.
beictpas pexoHcTpykuus KT-maHHBIX B peXMMeE pPEalbHOrO BpPEMEHH, IT03BOJISIOIMX
OTIPEJICNIUTH TMOJIOKEHHUE OMyXOJIU BO BpEMs CeaHca JTy4eBOM Tepamuu, O3BOJISET MPOBECTH
ABTOMATUYECKYI0 KOPPEKIMIO MOJIOKEHUS MallMeHTa, €CJIM OIMyXO0Jib CMECTUIACh 3a BpeMs
o0myuyeHwus.

Takum oOpa3oM, IMHEHHBIA yeckopuTenb |rueBeam nMeet QpyHKIMOHATBEHBIE BOZMOXHOCTH U
XapaKTePUCTHKU, KOTOpble OBLIM HEJOCTYMHBI HAa MEIUIMHCKUX JIMHEHHBIX YCKOPHUTENSX
npenpaymero mnoxkoseHuss. HauOosee BaXHOW OTIMYMTENBHONW XapaKTEPUCTUKOW JIMHEWHOTO
yckoputensa TrueBeam siBnsieTcst BO3SMOMXKHOCTD JICUEHHUS! B PEKHME BBICOKOW MOIIHOCTH JI03bI O€3
criaxuBaroniero ¢uibTpa (FFF). DTa HHHOBAIIMOHHAST TEXHOJIOTHS JIejaeT JUHEHHBIA YCKOPUTEITh
TrueBeam uaeaspHOM CHCTEMO AJIS1 OJJHOKPATHOTO MOABEACHUS BHICOKOM 1036l (SDRT) — oHOTO
n3 Haubosiee 3(PGEKTUBHBIX TMOIXOMOB [JIi HM3JICUCHHS OIyXOJel B KIMHUYECKOW MPAKTUKE
OHKOJIOTHH.
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Anotamnis. [Ipu nii Ha opraHi3M TBapuH JOKCOpYOiluHY BUsiBiieHO momkomkeHHs JITE mitoxonapiit, mo
PEECTPYETHCSI B YTBOPEHHI TPHUILIETHUX CTPYKTYyp 3 £=2,007 B crektpax EIIP. 3a mmx ymoB BusBIEHO
3HW)KEHHS e(peKTUBHOCTI (PYHKIIIOHYBaHHS IETOKCUKAIIMHOT CHCTEMH KIITHH.

BusBneHo 3HMWKEHHS piBHS yOiceMiXiHOHY — pagukanbHoi opmu CoQ B opraHax TBapwH, SKHUM BBOJWIHA B
TEPaNeBTUYHIN 1031 TOKCOPYOIIHH.

AnHoTtamus. [lpu neiicTBuM Ha OpraHM3M >KMBOTHBIX JOKCOPYOWITMHA BBISIBIEHO TOBPEXKICHHE IEHH
TPaHCIOpTa AJIEKTPOHOB B MUTOXOHJIPUSX, YTO PETUCTPHUPYETCS B 00pa30BaHMU TPHILUIETHBIX CTPYKTYp C
0=2,007 B cmnektpax OIIP. Ilpum 5TOoM BEIABICHO CHIDKEHHE D(OPEKTUBHOCTH (PYHKITMOHHPOBAHUS
JETOKCHKALIMOHHONH CHCTEMBI KJIETOK. BBISBIEHO CHIDKEHHE YPOBHS YOMCEMHXMHOHA — paguKalbHON
¢dopmbr CoOQ — B opraHax )KHBOTHBIX, KOTOPBIM BBOJIMJIM B TEPANICBTUYECKOH JI03€ JJOKCOPYOHUITHH.

Abstract. The mitochondrial electron-transport chain function was found to be impaired in animals treated
with doxorubicin, which is evidenced by formation of triplet structures with g =2.007 in EPR spectra. The
decrease in efficiency of functioning of cellular detoxification systems was also found. The decrease in CoQ
radical — ubisemiquinone — level was found in organs of animals treated with doxorubicin in therapeutic
dosage.

KiarwouoBi ciaoBa:  gokcopyOinuHy, eneKTpoHHUN  mapamarHiTHuii — pe3onanc  (EIIP),
enekTponTpancnoptauit nauior (ETJT) miToxoHapiii, yOiceMixiHOH.

KiroueBble cjoBa: JIOKCOPYOWIIMH, OJJICKTPOHHBIM  IMapaMarHUTHBIH — pe3oHanc  (DIIP),
aneKkTpoHTpaHcnopTHas uensd (TL) Mmuroxonapuil, yOMCEMUXHUHOH .

Key words: doxorubicin, electronic paramagnetic resonance (EPR), electron transport chain (ETC)
of mitochondrions, ubisemiquinone.

B ocraHHi pokM MexaHI3MH BHUHUKHEHHS IUCHYHKIIM MITOXOHApIA Ta TMOB’S3aHE 3 IUMU
IpoIecaMi HapOCTaHHS IIBUIKOCTI T€HEPYBAaHHS CYNEPOKCHIHUX PaJUKaTiB 1 paJUKalliB OKCUAY
a30Ty B COMAaTMYHMX KJIITMHaX Ta AaKTUBAllisl TEHEpYyBaHHA LUX MOJIEKYJ JEeHKOLUTaMu,
JTiMpOoIUTaMH, TPOMOOLIUTAMH HIMPOKO JOCIIDKYIOThCS Yepe3 BU3HAHHA iX POJIi B €TIONOTil psLy
NaToJIOTIH, 30KpeMa CepLEeBO-CYAMHHUX 1 OHKOJIOTIYHMX. [IpMUMHOI0 BHHUKHEHHS OKHMCHHUX
MOLIKO/)KEHb € HE caM Ipoliec reHepyBaHHS akTHUBHUX (QopM kucHio (ADK), a mopyiieHHs B
MPOCTOpi Ta yaci OanaHcy MK IXHIM YTBOPEHHSIM Ta elliMiHalli€lo. MeXaHi3M [UX SBHII 10 KiHIIA
HE 3’5COBaHO, OCKUIbKU F'€HEPYBAHHS Ta METAa0O0J13M CYNEPOKCUIHUX PAJUKAJIIB TOPOJIKYE METII0
MO3UTUBHOTO 3BOPOTHOIO 3B’A3Ky, B sikoMy A®MK, BUKIMKarOUM OKHCHI TOIIKO/DKEHHS, SKi
MOCUJIIOIOTh  IX TEHepyBaHHSA. ToMy JIOCHIUKEHHS MEXaHI3My BHHHMKHEHHS JUCQHYHKIIT
MITOXOH/Ipif, OKHUCHOI'O CTpecy Ta po3poOKa HOBHMX cCTparTeriii perynauii OuUX MpoOIEciB €
aKTyaJIbHUM JJIs1 cy4acHoi Meauuusi [1, 2, 3].

JlokcopyOiluH € aHTHOI0TUKOM aHTPALUKJIIHOBOTO PAY, SKUN IIUPOKO BUKOPHUCTOBYETHCS
SK aHTHHEOIIACTUYHUI areHT. BiH 3acTOCOBYEThCS SIK OCHOBHHI TperapaT B CXeMax JKyBaHHS
reMaToJIOTIYHUX OHKOJIOTTYHUX 3aXBOPIOBaHb (JeikeMmii, JiM(OMHU), PI3HUX CONITHHUX ITyXJIUH
(xkapuuHOM Ta capkoM). IIpore mnpoTunyXnMHHHUM €(eKT AOKCOPYOILHMHY MHpSIMO KOPENIIoe 13
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J10303aJICKHUM MPOSBOM TOKCHYHOCTI IO BiTHOLICHHIO JI0 MIEYIHKH, CEPIIs Ta 1HIIUX opraHis [4, 5].
OpHi€lo 13 MPUYMH MOLIKOKYIOYOrO BIUIMBY JIOKCOPYOILIMHY € aKTUBYBaHHS IIPOLECIB
BIJIBHOPAUKAIBHOTO OKUCIICHHS 1 PO3BUTOK OKUCHOTO CTpecy [6, 7].

3poctanns piBHIB B KiniTHHaX ADK Moke MpU3BOAUTH 10 OKUCHOTO MOIIKO/KSHHS JIIIT THHX,
OUIKOBUX MOJIEKYI, syiepHoi 1 miToxoHapianbHoi JJHK. [Toka3aHo, 1110 OKMCHUH CTpec HE peai3ye
LIUTOTOKCUYHY [0 B MPOTHUIYXJIMHHIA aKTMBHOCTI JokcopyOiuuHy. [Ipore Moxe BimirpaBatu
OCHOBHY pOJIb B peastizailii KapA10TOKCUYHOCTI IbOro npenapaty. Ilokazano, 1o npu 3acTocyBaHHi
aHTHOKCHUJIAHTIB (Hampukiaja, BitamiHy E, yOixXiHOHY) Mo)Ke cIocTepiratucs IiABHILEHHS
AHTUHEOIIACTUYHOI ~aKTHUBHOCTI JIOKCOPYOILIMHY 3a paxyHOK 3MeHlIeHHs piBHIB ADK,
MPOIYKOBAaHUX MITOXOHpisiMu. KpiM TOro, mpu 3acTOCyBaHHI aHTHOKCHIAHTIB 3MEHIITYBaJIUCS
1HIIII TOKCHYHI e(heKTH Bia mpuiiomy qokcopydinuny [4, 6, 7].

CoQ Biairpae neHTpaiabHy poJib y O10€HEPreTUYHHUX MPOIEcax B KIITUHI B MEPIIY Yepry K
MIEPEHOCHUK TPOTOHIB 1 €NEKTPOHIB B JaHII031 TpaHcnopTy enekTpoHiB (JITE) y BHyTpimHii
MemOpaHni miToxouapik [8]. CoQ € TakoX BaKJIUBUM KHUPOPOIYMHHUM AHTHOKCHUAAHTOM, SKHMA
npuiiMae y4yacTtb sIK B 3HemKko/pkeHHI ADK, Tak 1 y pereHepartii iHIINX aHTHOKCHU/IAHTIB, B TIEPIIY
yepry BiTaminy E. Ilpore 3a meBHMX ymoB CoQ MOXe€ BHCTYHNaTH B SIKOCTI MPOOKCHIAHTY, IO
BKa3ye Ha (YHKIIOHYBaHHA HOTO SK MOIYJSATOPa PEIOKC-CTaHy KIITHHH 3a (i310JIOTIYHHX Ta
naroyioriyHuX crtaHiB. [lokazana Takok pomp CoQ B perynsamii (QyHKIIIOHATBHOTO CTaHY
MITOXOH/IpiaIbHOI TOPH 3MIHHOT TPOHUKHOCTI, IO 3aJTy4eHa JJ0 MeXaHi3MiB arnonrto3y [8 - 10].

VY momepenHix MOCHTIHKEHHSX TOKa3aHo, IO MPH 3aCTOCYBaHHI BiTamiHy E y pi3HUX BUIIB
TBapUH 3HAYHO ITiJICHITIOETHCS O10CHMHTE3, HAKONMUYEHHS Ta ePekTuBHICTh QyHKIioHyBanHS C0Q
[8]. Okpim TOTO, OY7I0 BCTAHOBJICHO, 1110 OJHMH 13 TPOMDKHUX MPOAYKTIB OiocuHTEe3y COQ — mapa-
okcuben3oiina kucnorta (IIOBK) HapisHi 3 Bitaminom E nmonepemkae po3BUTOK M’s130B01 HicTpodii i
BHUKJIMKA€ aHAJIOTIUHI 3a HANMPSIMKOM 3MIiHU aKTUBHOCTI YOIXiHOH3aJICKHHX (DEPMEHTHHX CHCTEM
JITE wmitoxounpiii [12]. Ilokazano, mo metioHiH (M) € BayJIMBUM JOHOPOM METHIBHHX Ta
METOKCWJIBHUX T'PYI Ha TePMiHAJIBHHUX €Tamax B CUHTE31 OEH30XiHOHOBOI yacTHHH MoJekynu CoQ

[8].

Otxe, MeTor0 poOOTH Oya0 JOCHII)KEHHS CTaHy KOMIIOHEHTIB JIaHLOra TPaHCIOPTY
€JIEKTPOHIB B MITOXOH/IPISIX Ta MIBUIKOCTI TEHEPYBAHHS CYIIEPOKCUIHUX aHIOH-PAJANKAIIB 1 OKCHIY
a30Ty B TKaHMHAX TMEYIHKH, CepIls, HUPOK 1 MO3KY IIypiB 32 YMOB BBEACHHS JOKCOPYOIIMHY Ta il
KOMIUICKCY TIOTIEPEHUKIB 1 MOIYIIATOpiB OiocuHTe3y CoQ.

B nocnimgax BukopucToByBanu IypiB-camiiiB Macoro 180-220 r. TBapun Oyio mofineHo Ha 5
rpyn: 1 rpyna — KOHTpOJIbHI (IHTaKTHI) TBAPUHU; 2 TPyINa — TBAPUHHU, IKMM BBOJWIH TOKCOPYOILINH
([); 3 rpyna — TBapuHHU, SIKMM Ha (POHI BBEJCHHS JOKCOPYOILIMHY BBOAWIM O-TOKO(epoiauerar,
[IOBK i M (xommiekc EIIM).

JlokcopyOiruH (HoxcopyOinumu-KMII, JOKCOPYOIUHY rigpoxyopus, BAT
«KuiBmeanpenapar», YkpaiHa) BBOAWIM BHYTPIIIHHOOPIOMIMHHO B 7031 2,2 Mr / Kr Baru Tijia
0IeHHO npoTsroM 8 11i6. KonTposibHa rpyna mypiB oTpumyBaia (i3iojgoriyHuil po3unH B TAKOMY
&K 00’eMi. bl0oJIOriYHO aKTHBHI CIOJIYKM TBapUHU OTPUMYBAJIM NEPOPAIBHO MpOTAromM 8§ 1ib
napa’senbHoO 13 BBEJCHHSAM J1I0KcopyOinuny. binok Busnauyanu meronom Jloypi .

OwiHKy CTymeHs IOUIKO/UKEHHS  KOMIIOHEHTIB  €JIEKTPOHTPAHCIOPTHOIO  JIAHLIIOra
MITOXOHJPIN, PIBHI IIBUJKOCTI TEHEPYBAHHS CYNEPOKCHIHUX pAJAMKaIiB Ta OKCHUAY a3oTy
npoBoauiu MeroaoMm EIIP Ha xomm’iorepizoBanomy crektpomerpi PE-1307. Jns Bu3HaueHHS
piBHIB reHepyBaHHs NO NO-cuHTa3aMyd  BUKOPHCTOBYBAJIM CIIIHOBHI  yJOBIIOBAY —
nieTUnAuTIoOKapbamMar, a peecTpaiilo  MPOBOAWIM Tpu Temmeparypi pigkoro azoty (77 K).
IBUAKICTH TEHEpPYBaHHsS CYNEPOKCUIHUX pPaJuKaliB BHU3HAYAIM 13 3aCTOCYBAHHSAM CIIIHOBOTO
yIIoBIIOBa4a —  4-rigpokcu-2,2,6,6-reTpaMeTHININepUINH-1-OKCHJI 32  YMOB  KIMHATHOI
TEeMIIepaTypHu .

Pesynbrat pob6oTH 00poOJIEHI 3a JOMOMOTOI0 METOJMIB BapiamiitHoi cTaTUCTUKH. YucaoBi
JaHi TpeincTaBieHi B (QOpMi CepeaHbOI BEIWYMHM 3 CTAaHIAPTHOI MOMHIKOK (M=£m).
JIOCTOBIpHICTH PI3HUII JBOX CEPEAHIX BEIIMYUH OIIHIOBAIIN 32 KpuTepieM CThrosieHTa (t).
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Tabmuus 1. AxktuHicTh komiuiekciB I, I 1 IV B MITOXOHApisSX HediHKK 1 cepls TBapUH IpU
BBEJICHH1 JOKCOpYOilMHY Ta 1ii kommuiekcy ETIM (M+m, n=6).

Kontpoib Hoxcopy6inun | JlokcopyOiruH +

EIIM
NADH-y6ixiHoH- meuinka | 12,26+1,41 7,45+1,01 15,93+2.42
OKCHJIOPEIYKTa3Ha * #
aKTUBHICTb, MM OKHCHEHOTr'O
cyknuHaty 3a 1 xB Ha 1 Mr ceple 4,86+0,11 5,18+£0,41 5,47+£0,42
OlIKy
Bincotok nedinuty [eyiKa 19,34 39,15 16,77
yoixinony anst NADH-
yOiXiHOH-
OKCHJIOPETYKTa3HOTO ceplue 11,87 21,22 493
KOMIUIEKCY, %o
CykuuHaT-yO1X1HOH- MeYiHKa 16,38+0,83 12,66+1,29 19,714£2,96
OKCHUIOpEeayKTa3Ha *
aKTHBHICTh, MM OKHCHEHOTI'O
cykuuHary 3a 1 xB Ha 1 mr cepie 14,90+0,24 7,76£0,87 26,32+1,43
6iJ’IKy *%k Hok it
Bincotok nedinury [eyiHKa 41,8 50,6 45,6
yOIXiHOHY JJIsI CYKIIMHAT-
yOiXiHOH-
OKCHOPEAYKTa3HOTO cepue 89,76 94,36 87,56
KOMIUIEKCY, %o
[HuToxpom c-okcua3zHa MeviHka 1,69+0,26 1,18+0,13 1,43+0,04
AKTHUBHICTH, MMOJIb *
OKHMCHEHOTO LMTOXPOMY €38 | cepne | 4,97+0,07 3,1240,16 4,01+0,69
1 rox Ha 1 Mr GiKy -

B Hammx mocmimkeHHSIX MOKa3aHo, M0 TIPU BBEACHHI TBapWHAM JTOKCOPYOIIMHY CTIOCTEPIraeThCs
noctoBipHe 3MeHIIeHHs NADH-y0ixiHOH-OKCHAOPEIYKTa3HOT aKTUBHOCT1 B MITOXOHJIPISIX MEUIHKH
MOPIBHSHO 3 KOHTPOJIBHUMH MOKa3HUKaMHU. Kpim Toro, 3pocTae BicOTOK AeinuTy yOIXiHOHY IS
bOro (hepMEeHTHOro KOMIUIEKCY. B MITOXOHApisX cepus He BiAOyBaeTbCS 3MIH aKTUBHOCTI
KoMIulekcy [, xoua BiICOTOK AediuuTy YOIXIHOHY 3pOCTa€, IO CBIAYUTH MPO 3MEHIUEHHS
JOCTYIHOCTI YOIXiHOHY Mg Iboro KoMiuiekcy (tabxa. 1). Ilpu 3actocyBanHi kommiekcy EITM
BiI0yBaeThes 3pocTaHHs piBHA NADH-y0iXiHOH-OKCHIOpEyKTa3HOI aKTUBHOCTI B MITOXOHJPISX
NEYiHKUA A0 KOHTPOJBHUX BEJIHUYMH; BIICOTOK AediuuTy yOixXiHOHY A 1€l pepMeHTHOI cucteMu
3MEHIIyeThCs (Tabus. 1) 1 € HaBITh AEII0 HWKYUM IOPIBHAHO 3 KOHTpojeM. B MiToXoHApisAX cepiist
npu BBegeHHI koMiuiekcy EIIM NADH-y6iXiHOH-OKCHOpEIyKTa3Ha aKTUBHICTh HE 3MIHIOETHCS, a
B1JICOTOK Ae(hIIUTY YOIXIHOHY 3MEHIITYETHCS 1 € MEHIITUM 32 BEJIMUYHMHY B KOHTpOi (Tabd. 1).

CrocoBno kommiekcy Il NO noTeHmiiHO OUTbIN 3MaTHUH 10 3B’ SI3yBaHHS 1 MOIIKOIKEHHS
Horo 3amizocipyanux kiactepiB. Lli edexktn peamizyroThCs JuIIe 3a BUCOKMX KoHIeHTpariin NO.
OTtxe, ciin 3ayBaxutu, mo Fe-S knacrepu xommiekcy Il mocuts criiiki A0 1ii akTUBHUX (OpM
a30Ty, 1[0 MIATBEP/DKYE HEYacTa iX I1HAKTHUBAIllS TEPOKCUHITpUTOM . Hamm mokaszano, Mo
CYKLIMHAT-yO1X1HOH-OKCUAOPEIyKTa3Ha aKTHBHICTh B MITOXOHJIpISIX MEUYiHKU 1 cepls JOCTOBIPHO
3MEHIIYEThCS TPH BBEACHHI JoKcopyOimuHy. I[lpu mpoMy BiZCOTOK nedinuTy yOIXiHOHY st
komruiekcy Il ik B MITOXOHAPISAX MEUiHKH, TaK 1 B MITOXOHAPIAX cepls Aenio 3pocTae (tadi. 1).

[Tpu 3acTocyBanni kommuiekcy EIIM BinOyBaeThcsi TOCTOBIpHE 3POCTAHHS PIBHS CYKIIMHAT-
yOIXiHOH-OKCHIOPEYKTa3HOT aKTUBHOCTI B MITOXOHAPIAX MEUIHKU 1 cepus. TakoX 3MEHIIYeThCS
B1JICOTOK AedinuTy yOiXiHOHY il 1i€i (PepMEHTHOI CUCTEMH, XO4a I BEJIMYMHA 1 3aJIMIIAETHCS
TPOXHU BUILOIO 32 KOHTPOJIBHI MOKa3HUKH (Tadu. 1).
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OTxe, 32 yMOB BBEJICHHS JIOKCOPYOILIMHY BTPAYa€ThCS O/IHA 13 OCHOBHUX YMOB HOPMAJIbHOT
KUTTEISUIBHOCTI KIITHH — CIPOMOXKHICTh HIATPUMYBATH T'OMEOCTa3 PEeAOKC-CTaHy, CYKYITHOCTI
OKHMCHO-BITHOBHUX KOMIIOHEHTIB. A TpuBaje nepeOyBaHHS TUXaJIbHOTO JIAHIIOTA Y OKUCICHOMY
CTaHl TPU3BOAWTH 1O HE3BOPOTHUX 3MiH B MeMOpaHax MITOXOHJIpIHA, BTpaTH 3JaTHOCTI 0
eHeprizaiii, MOpyIICHHS CHPSIKEHHS OuXaHHSA 1 (QochOopmitoBaHHSA, a B MOAAIBIIOMY — [0
pyHHYBaHHS TUXaJTBHOTO JIAHITIOTA.

JuchyHkiis MITOXOHAPIH, a, HACaMIepea, MITOXOHIpiaJbHUX (PEPMEHTHOTrO KoMIuiekey I i
[II nexuTh B OCHOBI pO3BUTKY OKHCHOI'O CTpPECy 1, SIK HAacIiJ0K, yciX BiAOMUX (opM TiMoKcii, Ta €
MOJIEKYJISIPHUM MEXaHi3MOM, SIKHi BU3HAYa€ MOPYIICHHS EHEPreTUYHOT0 OOMIHY.

ITpu 3actocyBanHi komruiekcy EIIM cmoctepiraetscs 3axucHH €deKT Ha MITOXOHIPIT
KIITHH TEYiHKH, CepIls, MO3KY Ta HHUPOK, MPO II0 MOKE CBIAYUTH BiJHOBIIEHHS E€JIEKTPOHHOIO
TPaHCHOPTY B IUXalbHOMY JaHIory. lle BHpaxaeTbcs y 3MEHIIEHHI YTBOPEHHS HITPO3HIBHUX
KomIuiekciB 3 Fe-S-Oinmkamu, mo momepemkae mOpymeHHS (QYHKIIIOHYBaHHS (DepMEHTHUX
komiuiekcis JITE.

HocnimxyBannii komruieke EIIM € MiTOXOHAPIaTbHOTPOITHUM Ta BUSIBJISIE BIACTUBOCTI JI0
BIIHOBJICHHSI TPAHCIIOPTY €JIEKTPOHIB B JWUXAJIbHOMY JIAHIFOTY MITOXOHJIPiH, MOIIKOKEHUX
JOKCOPYOIITUHOM.

Omxe, mpu 1ii Ha OpraHi3M TBapuH JOKCOpyOinuMHY BHsBIeHO mnomkomkenHs JITE
MITOXOH/PIH, IO PEECTPYETHCS B YTBOPEHHI TPUIUIETHUX CTPYKTYp 3 g=2,007 B cniektpax EIIP. i
MOIIKO/DKEHHS MOXYTh CIYXHTH MapKepOM TOKCHYHOCTI JOKCOPYOIIMHY Ta MIMICHHIO IS
3NIIHCHEHHS TEPANIeBTUYHUX BIUIHBIB.

[Tokazano 3axucHui BIUIMB KoMIuiekcy EIIM Ha MiTOXOHApIi Ta €HIOMIa3MaTHYHUA PETHKYIYM
KJIITHH OPTaHiB 32 YMOB TOKCUYHHX BIUTHBIB JOKCOPYOIIUHY.
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AnoTanisi. ToYHICTh IiarHOCTUYHOI iH(OpPMAIli MMO3UTPOHHO-EMICIHHOT TOoMOorpadii € BaKIUBOIO IS
MOCTAHOBKHM J1arHO3y Tali€HTa, OLIHKM peakuii Ha JiKyBaHHA PI3HMX OHKOJIOTIYHUX MAaTOJOTiIH Ta
IUIaHYBaHHS TIPOMEHEBO1 Tepamii. ToMy Ham3BHYaWHO BaXXKJIMBO TapaHTYBaTH OTPUMAaHHS SKICHUX Ta
,I[OCTOBipHI/IX ,I[iaFHOCTI/I‘{HI/IX JaHUX, NIJIIXOM BUKOHAHHA NPOTrpaMy KOHTPOJIIO AKOCT 1.

AnHoTamusi. TOYHOCTh NMATHOCTUYECKON WHGOPMAIMH TTO3UTPOHHO-IMHUCCHOHHOW TOMOTpaduu BaxkHa
AJIs1 TOCTAHOBKHW JWArHO34a MalMeHTAa, OLICHKU PCAKIIUU HA JICUHCHUC PA3JINIHBIX OHKOJOTUYCCKUX MAaTOJOTHI
U IUIAHApPOBaHUA JiydeBOoM Tepanuu. [losToMy 4pe3BplHaliHO Ba)XXHO TAPAHTUPOBATh IIOJyYCHHE
Ka4YCCTBCHHBIX W MNOCTOBCPHBIX AWATHOCTUYCCKUX [JAHHBIX, IYTCM BBIINIOJHCHUA MPOIrpaMMbl KOHTPOJIA
Ka4decTna.

Abstract. Accuracy of positron emission tomography diagnostic information is important for the diagnosis
of the patient's, assessment of treatment response of various cancer pathologies and radiotherapy planning.
Therefore extremely important to ensure the obtaining a high quality and reliable diagnostic data by
performing a quality control program.

Kawouosi caoBa: TIET-KT, 3a0e3mneueHHs] SKOCTI, KOHTPOIb SKOCTI, Flg-d)I[F , CTaHIApTHUU
dakrop HakonmueHHs SUV, moxennuii kontpons sikocti [IET, mxepeno Ge-68, ACR danTom,
J03KamiopaTop, TECT JiHIHHOCTI, TECT MOCTIHHOCTI.

KiarwueBbie caoBa: [IOT-KT, obOecneyenme KaudecTBa, KOHTpoOJb KadecTtBa, F18-OJIT,
cTaHaapTHeId ¢aktop nornoumenus SUV, exxenHeBHbl KOHTpoib kadecTBa [IDT, ucrounuk Ge-68,
ACR ¢danTom, no3kanmubdpaTop, TECT JMHEHWHOCTH, TECT MOCTOSTHCTBA.

Key words: PET/CT, quality assurance, quality control, F**- FDG, standardized uptake values
SUV, dose calibrator, PET daily quality check, source Ge-68, ACR phantom, linearity testing,
constancy test.

CyyacHUM e(EeKTUBHUM METOJOM JIiarHOCTHKH OHKOJIOTIYHMX 3aXBOPIOBaHb Ha paHHIX
CTaisAX € METOJl TO3UTPOHHO-eMICiiiHOI ToMorpadii, OCHOBaHMH Ha BUKOPUCTAHHI IO3UTPOH
BUNIpOMiHIOIOUKX pamiodapmmpenaparis. 3 2011 poky y Bceeykpaincekomy LlenTpi Panioxipyprii
(BUPX) KJI «®eodanis» y BIIIIICHHS TPOMEHEBOI JIarHOCTHKK OyB BBEJACHUH B €KCILIyaTallif0
HO3UTPOHHO-EMICIHHHMI TOMOrpad CyMillleHuit 3 KoMIT FoTepHUM ToMorpadom Biograph True Point
64 PET-CT (Siemens). 3 MoMeHTy BBEAEHHS B eKCIUIyaTamito a0 choroiacHus mias ITET-KT
nociimkenb vy BIPX BHKOpUCTOBYETHCS (HTOPIE3OKCUTIIIOKO3A (F18-CDI[F), K HAWOUIBII
YHIBEpCaIbHUIl Ta ONTUMAJIBHUI 10 XapaKTepUCTUKaX pajiodapMipenapar, IpoTe y NepCreKTUBI
ICHye BUKOPHCTaHHS ¥ 1HIIMX i30TOMIB, IO JaJyTh 3MOTY PO3IIMPHUTH KOJIO MOKa3aHb J0 JaHOTO
TUNy JIaTHOCTHKU 3aXBOPIOBaHb. HeBil’€MHUM €NeMEHTOM YCHIIIHOTO Ta MOBHOLIIHHOTO
BUKOHAHHS JIOCHI/DKEHb € Tpolec 3a0e3nmedeHHs sKocTi. llpoumeaypu KOHTpPOIO —SKOCTI
JMIarHOCTUYHOTO OOJaJHAHHS € TapaHTIEl0 OTPUMAHHS TEXHIYHO JOCTOBIPHHUX Ta SKICHUX
JOCTIJKeHb MAIli€HTIB, 0 BiNOBIAIOTh MDKHAPOJHUM CTaHIAPTaM.

SAx BiZOMO, METOJ IMO3UTPOHHO-eMiciiiHOI Tomorpadii 3 BukopuctanHsM DJII" go3Bossie
Bi3yalsli3yBaTH mepedir MeTaOoJiYHUX MPOIECIB B JIFOJCHKOMY OpraHi3mi. 3aBIsSKH OCOOIUBOCTI
3MOSIKICHUX ~ YTBOPEHb AaKTUBHO HakonmuuyBaTu riioko3y, [IET-ckanyBanHs nmomomarae
BIJICTIIKOBYBAaTH JUISTHKA 3 TMiJBUIICHHM 1i MeTa0oii3MoM. TOYHICTh BHU3HAYCHHS JaHOI
JoKkami3amii 3a0e3nevuyeTbesi MOE€AHAHHAM MO3UTPOHHO-EeMICIMHOro TomMorpada 3 KOMIT IOTEpHHUM,
KU J1a€ 3MOry OTPUMAaTH aHATOMIYHI CTPYKTYPHU 3 IPOCTOPOBOIO PO3A1IBHOIO 3aTHICTIO 0.4 MM.

IMET-KT mocnimkeHHs € CKJIaJHOI Ta TPUBAJOK IIarHOCTHYHOIO Mpoueaypor. Tomy s
OTPUMAaHHS SIKICHUX PE3yJbTaTiB BUMAarae 4iTKOI opraHizaiii Ta 1HIMBI1yaJbHOTO MiJIX0Qy Ha BCIX
eTamax JOCHDKEHHA: MiArOTOBKA TallieHTa [0 BBEICHHA pajiodapMmipenapaTy, BBEICHHS
npenapary, 60-xBunuHHUN 1HTEpBan HakormuueHHs DJIIT B oprani3mi, CKaHyBaHHs MaIll€HTa Ta
nepiojy Tmichis OpoUeAypd, IO HEOOXIMHMW Ui 3HIDKEHHS TOTY)KHOCTI — eMiCiifHOTO
BUIIPOMIHIOBAHHS TiJla TAIIEHTA J0 JOMYCTUMOTO 3HaUYCHHsI, 3a3HaueHoro B HPBY-97.

®i3zuyni ocHOoBH MeTony [IET-miarHOCTMKM TOMNSATAIOTh Yy peecTpariii [BOX aHITUIAMIHHUX
raMa-KBaHTiB, YTBOPEHUX B PE3yNbTaTi aKTy aHIriIANil MO3MTPOHA, IO 3’SBUBCS BHACTIZOK P -
po3nany sapa F8 ta enekTpoHa cruuHTIWIsANIHENMU LSO nerekTopamu 3a cXxeMoro crmiBnaiinb. He
BCl aKTH peectparlii 6epyTh ydacts y popmyBanHi [IET-300pakeHb. AKT CIIBIAAiHHS BBaXKAETHCS
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ICTUHHUM, SKIIO raMa-KBaHTH OyNIU 3apeecTpoBaHI B MeXaX YacOBOTO BiKHA Ta €HEPreTUYHOIO
nianaszony (mist merekropis Biograph TruePoint PET-CT nani BennvuHHM CKIanaroTh: 4.5 HCEK Ta
425-650 keB). Kopekuis Ha ocinabieHHs raMa-KBaHTIB B TUIl JIOAMHU BUKOHYETHCS 32 JIOTIOMOTOIO
JNHIMHUX KOe(III€HTIB OcaabieHHs aHATOMIYHMMH CTPYKTypaMH TalliEHTa, OTPUMAaHUMHU B
pesynbrati KT, mo nepenye [IET-ckanyBanuto. Takum umHOM, yTrBOproeThes noennane IIET-KT
300pakeHHsI, sIKe HeCe MIHHY 1arHOCTUYHY 1H(QOpMAIIif0 JBOX METOMAIB JOCIIKECHb.

[IpoBeneHHs mporeayp KOHTPOJIIO SKOCTI 00JIaHAHHS JJIs TapaHTii OTPUMaHHS TOCTOBIPHUX
nanux [IET-KT pocnimkeHh cTajgo pPyTHHHOK TMPAKTUKOK Y BUIAUIEHHI 1 TPOTOBXKYE
BJIOCKOHAIIOBAaTUCh. [Iporpama 3abe3medyeHHs SKOCTI CHpPSMOBAaHA Ha TIOKPAIIEHHS SIKOCTI
JiarHOCTHYHO1 1H(opMarlii, e()EeKTUBHOCTI BUKOPHCTAHHS HAsSBHUX PECYpPCIiB Ta ONTUMI3AIliIO
BCHOTO Tporiecy. Binminenns npomeneBoi giarnoctuku BIIPX micTuTh HacTymHe 00agHaHHS, IO
Bumarae kontpomo: IIET-KT 64-3pizoBuii Tomorpad Biograph TruePoint PET-CT (Siemens),
no3kaniopatop konomszHoro tumy Atomlab™ 500 Dose Calibrator (Biodex), cucrema s
BHYTPIIIHLOBEHHOTO BBeAcHHA paxiodapmmpemnapary PET Intego Infusion System, cucrema
30BHIIIHBOTO JIA3€PHOTO MO3MIIOHYBAaHHS s TulaHyBaHHs mpomeneBoi Tepamnii DORADO Lap
Laser.

IlogenHuit KoHTPOIb sikocTi KT:

Pytunnnit konTpons sxocti KT TomMorpada nmpoBoauThes 3a aBTOMAaTUYHUMH MIPOrpaMaMu
po3pobneHuMEU BUpOOHHUKOM. [liciisi BBIMKHEHHS anapaty BUKOHYEThCs1 «Checkupy, 1o 3abe3neuye
pO3IrpiB PEHTIeHIBCbKOI TpPYOKH, aBTOMAaTHYHY TEPEBIPKY PI3HUX PEXKHMIB CKaHYBaHHS Ta
KanmiOpyBaHHS 1Mo moBiTpro. JlaHa mporenypa € rapaHTiero ontuManbHOI sikocTi KT 3HIMKIB.
HlonenHo micns nponenypu kaniopysanus KT-tomorpady BUKOHY€eThCS TeCT KOHTpOIO sikocTi KT
«Quality control testy», s SKOro BUKOPUCTOBYETHCS HaJaHUN BHUPOOHHUKOM (hanTOM sikocTi. [Tpu
LILOMY IIE€PEBIPSAIOTHCS TPHU MapaMeTpu 3 BUKOPUCTaHHIM BoaHOro (antomy: KT- 3HaueHHs Boawy,
po3paxoBaHi B oauHuugx XayHcuipga (HU), nHampyrm Ha TpyOIli, IO BHUMIPIOIOTHCA
0e3nmocepelHbO HA PEHTIEHIBCHKIM TpyOIll, MIKCENbHUN IIyM, pO3paxoBaHUN y BHUIJISAL
CTaHJAPTHOTO BIAXUIJICHHS.

Hlonennnii kouTpoab sikocti IIET:

KonTpons saxocti [IET € moaeHHO0 mpoLeaypor0 TEXHIYHOTO 0OCIyrOByBaHHS, NPU [IbOMY
NepeBIpAIOThCS BiAXUICHHS B xapakrepuctukax IIET nerekropiB. J[isi BUKOHaHHS IOJEHHOTO
KOHTPOJIIO SIKOCTI BHKOPHCTOBYETHCS IIIIHAPUYHUIN omHOpimHuMid ¢antom Ge-68 3 mepiomom
HaniBpo3naay 271 neHs. Y 3B’43Ky 3 LIUM, CIij 3aMiHIOBaTH pkepeno Ge-68 koxkHi MiBTOpa POKy.
Otpumani pesynbrat Tecty «PET Daily Quality Check» Bu3HayaroOTh TOTOBHICTH CHCTEMH IO
CKaHYBaHHS YU BKa3ylOThb Ha HEOOXIJHICTh TEXHIYHOro oOciyroByBaHHs. JlaHa mporenypa
BKJIIOYAE: 1I0JICHHY HOpMaJi3allilo, OCHOBaHY Ha CKaHyBaHHI (paHTOMY, OOUYMCIIEHHS Ta MEPEBIPKY
koedinienra kamiopyBanus [IET (ECF), BimoOpaxkeHHs pe3ynbTaTiB HOpMaii3alii Ta HepeBipKy
CUHOTPAaMM, OTPUMAHHS 3BITY $IKOCTI CHCTEMHM, SKMUH MOXHa 30epertm ¥ po3apyKyBaTH Ta
MO>KJIMBICTh BUKOHAHHS Yy pa3i notpedu yactkoBoro HanamryBaHHs [IET netexropis. Tinbku micis
BUKOHAHHS JaHOT MPOLIEAYPH KOHTPOITIO SKOCTI MoxkHa mounHaTH [IET-ckanyBaHHS NaiieHTIB.

s nepeBipku onHopiaHocti IIET 300paxenb KOKHI TpH MicCsALll BUKOHYEThCs TecT 3 30-cM
UWTHAPUYHUM  (PAaHTOMOM, SKHUIl 3allOBHIOETHCS OJHOPIIHUM PaJi0aKTUBHUM PpO3YMHOM 3
HEBEIIMKOIO aKTHBHicTIO F'° (nmepion HamiBpo3mazmy F® — 109,8 xB.), Gum3bko 60 MOK. 30ip Ta
PEKOHCTPYKI[ISl JJTaHUX BHUKOHYETHCA 3a CTAaHIAPTHUM IIPOTOKOJOM JOCIIDKEHHS Ialll€HTa.
Otpumani 300pakeHHSI MEPEBIPSAIOTHCS HA OJHOPIAHICTh, BHU3HAYAETHCS CEpPEIHE 3HAYCHHS
cTangapTHoro Qakropy HakormmdeHHs SUV, KUIbKICHA BeJIMYMHA SIKOTO TIOBHHHA JIC)KATH B
nianazoni 0.8-1.2 ta mabmmwkatuch a0 1. CrangaptHuii ¢gaxtop HakonuueHHs SUV nae 3mory
KUIBKICHO XapaKTepU3yBaTH MIpy IMOTJMHAHHS pagiodapMmmpenapary B Tid 4Yd 1HOINW UTSTHIN
JOCHIJKYBaHOTO 00’ €kTa. BiH sBisle c00010 po3paxoBaHe BiHOLICHHS KOHIEHTpAlii akTHUBHOCTI B
JUJISHIN 1HTepecy (HampuKiIaa, B OAMHHUILIX KBK/MIT) B IEBHUIT MOMEHT 4acy 1 BBEJICHOI aKTUBHOCTI
(mampukinana, B omuHULIX MBK) B MOMEHT 1H’€KIIi1 Ha Bary Tija (HapHUKJIaa, B OJUHUIISLX KT).

B pamkax wmixknapoanoi nporpamu akpeauraiii ACR (American College of Radiology) mis
I[MIET-KT cuctemu mOpPivyHO Yy BiATIIEHHI BUKOHYEThCS TeCT 3 BUkopuctanusiM ACR ¢dantomy. Lle
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Jla€ 3MOT'Y MepeBipUTH ToMOrpadiuyHy OJJHOPIAHICTh, IPOCTOPOBY PO3ALIBHY 3/1aTHICTh, KOHTPACTHI
BJIACTMBOCTI «TapsiuMx» BOTHMII Ta MOPIBHATU OTPUMAaH!1 3HAYEHHS 13 CTaHAApTaMH, NMPUHHATUMU
Axpennraniitnum Komitetom fnepnoi Menunuuu. i TECTy BUKOPHUCTOBYETHCS CHEIliaIbHUN
ACR danrom «Flangeless Deluxe ECT Phantomy 3 1umiHApUYHAME BCTABKAMH Pi3HHUX J1aMETPIB:
25 MM — TeduioH, 25 MM — mOBITps, 25 MM — Boma, 25 MM, 16 MM, 12 MM, 8 MM — imiTalis
«rapsTYuX» BOTHHII JUTS OLIHKA KOHTPACTHUX BIIACTHBOCTEH. J[JIs OLIHKHM MPOCTOPOBOI PO3ALTHHOI
3IaTHOCTI CHCTEMH BHKOPHCTOBYIOTHCS CTEpP)KHEMOMIOHI «XOJOIHI» BCTaBKH (aHTOMY 3
niametpamu 4.8, 6.4, 7.9, 9.5, 11.1 ta 12.7 mm. DaHTOM 3aMOBHIOETHCS TAaKUM YHHOM, II100
CHIBBIHOIICHHS KOHIIEHTPALii aKTUBHOCTI B «TapsSYux» HWIIHIpax 10 GoHY (OCHOBHOTO 00’ €MYy)
HaOMMKaIoCch 0 3HaueHHa 2.5. JlaHa mporenypa KOHTPOJIO SKOCTI Ta oOpoOka ii pe3ynbTaTiB
BUKOHYETHCS 3T1THO PEKOMEHJIOBAHOTO Ta CTaHIAPTU30BAaHOTO AJTOPUTMY MPOrpaMH aKpeauTarii
ITET ckanepiB (ACR Nuclear Medicine Accreditation Program). Otpumaru moaiOHi pe3yabTaTi
MoxHa 3a BukopuctanHsaMm pantomy NEMA (National Electrical Manufacturers Assosiation) IEC
Body phantom pekomenmoBanoro s mepeBipku sikocti [IET-300paxkens MiXHApOIHHM
areHcTBoM 3 aToMHoi eHeprii (IAEA).

I[IET-KT Tomorpad mnoemnye B cobi aBa «okpemi» ckanepu KT ta IIET, rentpi sxux
pO3TalIoOBaHi MOCTIIOBHO Ta B 3aJIeKHOCTI BiJl BUPOOHHMKA, MaKCUMaJbHO Onm3bKO. B pesynprati
nocmipkeHHs Mu - posrisgaemo moenHani [IET-KT 300pakeHHs, 1€ BUMarae iaeaibHOT
criBpeecTpallii JaHUX, OTPUMAHUX B PI3HUX YacTHHAX Nouis 30py ckanyBanHs (Field of View). 3
II€0 METOI0 HEOOX1THO IIOPOKY Ta KOXKHOTO pasy IMiCis TEXHIYHOTO 00CIyrOBYBaHHS BUKOHYBATH
nporenypy kambpysanus odeery reutpi (Gantry Offset Calibration). KaniOopysauHs 3miteHb 1ist
ITET-KT Tomorpadis Siemens 3ailiCHIOETHCS 3a JOMOMOrOK0 ABOX CTEp:KHEBUX xkepen Ge-68, ski
NOMIIIAOTBECSA TMiJ KYTOM JIO CHeliaJbHOro (aHTOMY, HaJaHOTO BUPOOHWKOM. B pesymbraTi
OTPUMYIOTHCSI 3HAaYeHHS OQCEeTy MO0 KOOPIWHATHUM OCSM, SIKI 30€piraloThCs Ta aBTOMATHYHO
BPAaXOBYIOTBCSI allapaToM.

PyTuHHUIT KOHTPOJIb AKOCTI 10HI3yI0UHX KaMep KOJIOASI3HOTO THITY .

PyTuHHUN KOHTpOJIb SKOCTI 10HI3YIOUMX KaMmMep KOJIOIS3HOTO THIY Jo3KaiiopaTopa
Atomlab™ 500 Dose Calibrator (Biodex) ta cucremu i BHYTpimiHbOBeHHOTO BBeaeHHs D/
PET Intego Infusion System momnsirae y BHKOHAHHI IOJECHHOTO PAaHKOBOTO TECTy MOCTIHHOCTI
«Daily Constancy Test» 3 omuum i THM e IOBroxuByuuMm kepenom Cs-137, mepion
HamiBpo3naay sikoro 30.1 pokiB. Koxui 6 MicAIiB NpOBOIUTHCS TeCT JiHIMHOCTI «Linearity
Testing». Jlns uporo ¢uiakoH 3 BiIHOCHO BUCOKOIO aKTHBHICTIO Fls-(DI[F IIOMIIIAETHCS B KOJIOASA3h
10HI3aLIHHOI KaMepH 1 3aIMIIAEThCS] HAa TPUBAJIUI mepion i 300py JOCTAaTHBOI KIJIBKOCTI TaHUX.
PesynbraTi BHMIpIOBaHb 300pa)kylOTbCsl y BUITISAI HamiBaorapu@MidyHoro rpadika «dgac—
aKkTUBHICTBb». Otpumanuii rpadik moBuHeH OyTH miHIHHUM B Mexax +5%. Ilporpamue
3abe3neyenHss Atomlab noskaniOparopa Ta Medrad cuctemu Ui BHYTPIIIHBOBEHHOTO BBEICHHS
@®/II" mo3BOJISIE BAKOHYBATH TECTH B @aBTOMAaTUYHOMY PEXHMI 3 MOXIIUBICTIO 30€pEKEHHS Ta IPYKY
pe3ynbTaTiB IpoLeyp KOHTPOIIO sikocTi. HeoOXiaHO Takok BUKOHYBATH MEPEBIPKY MPEeUU31HHOCTI
Yl TOYHOCTI BUMIPIOBaHb 10HI3yIOUUX Kamep - «Accuracy Test». [l nporo BUKOPUCTOBYIOTHCS
kanmiopyBasbHi mxepena Co-57, Ba-133, Cs-137 ta C0-60. O64uCcIIOETHCS BiACOTKOBA PI3HULIS MiXK
CEepPeIHBOID  AKTHUBHICTIO 1 CEpTH(IKOBAHOW aKTHUBHICTIO 3 TIOMPAaBKOO HA  PO3Maj
BUKOPUCTOBYBAHOTO JKepesa (OTpuMaHi MOXMOKH IMOBHHHI JIeXKaTH B Mexkax £5%).

Ha Buime BkazaHuX mpoleaypax KOHTPOJIIO SKOCTI Y BIIJIUICHHI MPOMEHEBOI JIarHOCTUKH 3
BukopuctanusaM texnoisoriid [IET-KT nepenik He 3akiHUYeThCS, aJpKe Mporpama 1o 3a0e3rneyeHHI0
SIKOCTI JIarHOCTUYHMX JaHUX BKJIIOUYAE B ceOe HE TIIPKM BUKOHAHHS IIEBHUX TECTIB IS TEXHIYHOIO
o0agHaHHA, a i ONTUMI3allilo MPOLECIB Ha BCIX eTarnax JOCIKEHHS 3 TOUKU 30Dy SIK pajiaiiinol
OC3MeKy TMAaIli€eHTIB Ta TEPCOHaNy, TaK 1 €KOHOMIYHUX YMHHHUKIB. BaKIMBOI0O CKIIa0OBOIO €
MaKCUMaJIbHE 3MEHILEHHSI BIUTUBY JIOJCHKHUX (DAKTOPIB, 110 JAOCIATAETHCS MOCTINHUM HABYaHHSM Ta
nepeiiMaHHsIM JOCBily Ha JIOKaJbHOMY Ta MDKHApOJHOMY DpiBHAX. Tak sk, JIIKyBaHHS
OHKOJIOTIYHUX XBOPHX SBJIsSIE COOOI0 TpPUBAJIMU TeEpioJl, BaXIMBO MO0 IXHS JiarHOCTUYHA
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iHpopMallist BiANOBiJalla MIXKHAPOJHUM CTaHAAapTaM Ta Moryia OyTH iHTepHpeToBaHa (axiBIIMHU
[NET-ueHTpiB pi3HUX KpaiH.

Quality assurance for PET and PET/CT systems. — Vienna : International Atomic Energy Agency,
2009.VIENNA, 2009.

FDG PET and PET/CT: EANM procedure guidelines for tumour PET imaging: version 1.0.

PET Phantom Instructions for Evaluation of PET Image Quality, ACR Nuclear Medicine Accreditation
Program, PET Module.

RADIATION SAFETY PLAN FOR THE GEORGIAN MEDICAL INSTITUTIONS

G. Nikileshvili, N. Kobalia
Mardaleishvili Medical Centre, Mardaleishvili Medical Centre

In the beginning of May 2012 in Georgia has launched new law on Nuclear and Radiation
Safety, what foresees both government and beneficiary’s relations and obligations toward radiation
units (including Radiation in Medicine, Waste management, and Emergency responses). All users
must have legal license to work with the radiation units and for them it is a must to conduct
requirements according to the new Georgian legislation.

For Georgian medical stuff there are several requirements for their safety:

e Only the qualified and healthy people are eligible to work with radiation units and
periodically they have to update their knowledge.

During work worker must use protection equipment

Before Machines operating must be defined optimal use conditions of it.

Eligible stuff working with radiation is only adults over 18, with an appropriate diploma and
certificates what proves their knowledge.

Licensee has obligation to conduct annual medical examination of an “A” category workers
and to limit from work those people who has medical side effects. In case of fixed incidents
(exceeded dose limits) worker has to undergo on unscheduled medical examination.

During Pregnancy worker is free from the immediate contact with the radiation.

e For the reason of increasing knowledge to the personal RPO has obligation to organize

periodical trainings and events to conduct instructions.

e Every Radiation unit has to be locked in the bunker, where special security norms are

conducted.

e Radiation Protection Officer engages responsible worker on the unit’s accuracy of work.

There is also operation Programme of Monitoring, what defines controlled and observation
zones. On the boarder of controlled zone effective dose should not exceed 4mSv/h (when the unit is
on working mode), but on the boarder of observation zone it has to be equal to the natural
background emanation. In the controlled zone can enter only “A” category personal and with a
limited period of time; but working in controlled zone with operating machine is allowed only with
special protected aprons. Observation zone is considered for the preparations and there can work
both “A” and “B” category personal. Zones must be visibly isolated.

All personal must wear TLDs, what is measured every third months for the “B” category and
every month for “A” category and measurements are recorded in RPO’s protocols. Dose limits are
in compliance with international and national standards.
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Security of Radiation Sources has to be provided by the RPO and placement has to be strictly
defined in coordination with Georgian Regulatory Authorities. Normally, Radioactive sources in
Georgia has to be saved in bunker what is placed in working territory, what has locked doors and is
guarded for 24 hours. In the Bunker is prohibited to keep other chemical or explosive compounds.
On the door must be Radiation sign and key will be kept with the person responsible on radiation
protection and physical protection. Radiation dose on the bunker’s wall should not exceed to 0.6
mSv/h. Radiation sources must be put in and taken out of bunker only under the supervision of
RPO and dates should be recorded in special protocol.

Radiation Emergency case in the hospital is any kind of damage of the unit (radiation source
slip out from the container, breaking down of the machine), what increases risk of medical and non-
medical personals injury. If Radiation Emergency case is fixed it is a must to give information to
the Georgian Nuclear and Radiation Safety Service immediately. During radiation emergency case
RPO will use dosimeter to define risk zone and after alarm is announced inside the zone should not
appear anybody except people responsible on Nuclear and Radiation Safety, authorized by the
Georgian Regulatory Body.

If Accident is wide enough, emergency response is scheduled according to the special plan
what will be agreed with the Nuclear and Radiation Safety Service. According to plan, zone is
divided in two parts: internal closed and external limited zones and they are divided according to
dose rate 100mSv/h. In both internal closed and external limited zones are eligible only liquidators,
but different from external limited zone in internal closed zone can enter liquidator only very short
period of time in order to accomplish work. All liquidators have to sign their participation in work
with their signature and they must be equipped with electronic dosimeters. Liquidator after
accomplishing work has to undergo on medical examination and has to give official report to the
Nuclear and Radiation Safety Service in Georgia.

1. Ministry of Energy and Natural Resources of Georgia / Licensing: http://menr.gov.ge/4651
2. Georgian Legislative MATSNE on Georgian Law on Nuclear and Radiation Safety:
https://matsne.gov.ge/index.php?option=com_ldmssearch&view=docView&id=1618592&lang=ge

CBA3b J1030BbIX HATPY30K U TOUHOCTU U3MEPEHUH ITPU
HUCITIOJIB30BAHUU CTEPEOCKOIIMA U KT

*
E.B. Boakos'?", C.H. Ml/lpOIlIHI/l‘lechol'z, A.A. HeBracumsrii'

1) OO0 «Hayuno-npoussoocmeennas 0dvedunenue « Tereonmury
2)Hayuonanvnolii asuayuonnwiii ynueepcumem 2. Kues
* Hayuno-npouszgoocmeentnoe obveounenue « Teneonmuxy, yi. boposrosa, 20-b,
c. Iloozopywi, Obyxosckuii p-n, Kuesckas oba., Yrpaina, 08710,
+(38) (093) 775-01-39; Eugene.Volkov@teleoptic-pra.com.ua

AnoTtanisi. Ctepeoedekt — oqud i3 merodiB (GopmyBaHHs 3D 300pakeHh y peHTreHomiarHocTuimi. Taka
TEXHOJIOTisI MOXKe OyTH pealli3oBaHa Ha OCHOBI IIMPOKO BUKOPHUCTOBYBAHOT'O PEHTTEHIBCHKOTO 00 IHAHHS.
I'eomeTpuuHe BUMIpIOBaHHS OO0’€KTIB Ha OCHOBI CTEPE0300pakeHb PEATI3yeThCA 33 JIOTMOMOTOI0
CHUHTE30BaHOTO 300payKEHHS CTEPEOKYPCOPY.

Annoramus. Crepeodddexr — omuH u3 MerogoB  QopmupoBanus 3D u300paxkeHuwid B
peHTTeHOoAarHocTuKe. Takas TEeXHOJOTHS MOXeT OBITh peali30BaHa Ha OCHOBE ITUPOKO HCIOIB3yEeMOTO
peHTreHOBcKoTo obOopynoBaHus. ['eomerpruueckoe m3MepeHHe OOBEKTOB HAa OCHOBE CTEPEOM300pakeHHi
peanu3yercs ¢ IPUMEHEHHEM CHHTE3HUPOBAHHOTO M300paKEHHS CTEPEOKypCcopa.
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Abstract. Stereo effect is one of the ways for creating 3D images in radiography. Such technigue can be
realized on widespread X-ray equipment. Geometrical object measurement on stereo images is realized with
the help of synthesized stereo cursor.

KuarouoBi cioBa: 3D 300pakeHHs, CTEpEOCKONIUHINA eQeKT, aHarmipiYHui METOA, TeOMETPUYHI
BUMIPIOBaHH.

KaroueBsbie cioBa: 3D m300paxeHus, crepeockonuueckuii 3¢dexT, aHarauQuyecKuii MeTom,
reOMETPUYECKHE U3MEPEHHUS.

Key words: 3d images, stereoscopic effect, anaglyphic method, geometrical measuring.

BBenenue. Pentrenorpaduueckue oOCIEIOBAHUS SBISAIOTCS HIMPOKO PACIPOCTPAHCHHBIM
JIMAarHOCTUYECKAM METOJIOM B MEIUIIMHCKOW MpaKTHKe. biaromapst pa3BUTHIO HOBBIX TEXHOJIOTHH
JaHHOE HaINpaBlIEHUE HE MepecTaeT pa3BuBaThCsa. OAHMM W3 HanOoliee BAXKHBIX HAIPABJICHUU B
PEHTTCHOIMArHOCTUKE HAa CETOMHSIIHUHN JICHB SBIISIOTCS BOMPOCHI CBsI3aHHBINA ¢ 3D TeXHOMOTHsIMEI
U OJHOBPEMEHHBIM YyMEHBIICHHEM JO030BOM HArpy3KH Ha TMAlMeHTOB TMPU MPOBEACHUU
oOcrenoBaHui.

®opmupoBanue 3D wn300pakeHUl B PEHTTCHOJOTHH BO3MOKHO HECKOJIBKUMHU MYTSIMH:
KOMIThIOTEpHAsi ToMOorpadusi, TOMOCHHTE3 U cTepeocheMka. Bocctanornenne 3D m3oOpakeHuit
IpU  KOMIBIOTEPHONH ToOMOrpaduu TMPOBOAUTCS IO IMOJYYEHHBIM TMOMEPEYHBIM Cpe3aM TIpH
BpAILICHUU PEHTI€HOBCKOIO HM3JIy4aTessi U CUCTEMbI JETEKTOpOB Ha 360° BOKpPYr HCCIEIyEeMOIO
oobekra (180-720 cHumkoB). /[lns ToMocHMHTE3a XapaKTepHbI MEHbBIIME YIIIbI PabOTBl U
COOTBETCTBEHHO MEHbIIIEE KOJMYECTBO CHUMKOB (Harpumep 50° u 25 canmkos) [1].

Hpyrum meronom monydenus 3D u3o00paxeHuil sBISETCS PEHTTEHOBCKAs CTEPEOChEMKA.
JIOCTOMHCTBOM TaKOIro METOAa SIBISETCS HEOOXOIUMOCTh BBIIMOJHEHHE JIUIIb ABYX PEHTT€HOBCKUX
CHUMKOB, TPU ITOM J030Basi HArpy3ka Ha TAIMEHTa IMPH BBINOJHEHUU KaXXIOTO M3 CHUMKOB
coctapisger mumb 1/200 9acTh OT 030BOM HArpy3kd TIpH MPOBEACHHUHW KOMIBIOTEPHO-
tomorpaduueckoro obcnemoBanus [2]. ApyruM mpedMyIIECTBOM CTEPEOCKOMHYECKOrO METOoja
aBigeTca (OpMUPOBAaHUE ONIYIICHHUS TPEXMEPHOH TIIIyOMHBI paccMmarpuBaeMoro oObekra. s
MEIMLMHCKUX LeNel, KpoMe 00beMHOCTH C(HOPMUPOBAHHOTO M300paKEHHS, BAXKHBIM BOIPOCOM
SBJIAETCA MPOBEJACHUE U3MEPEHUN TeOMETPHUUECKUX Pa3MepOB OTAENIbHBIX 00JIacTeil uccieryeMoro
00BEKTa, YTO paHee MPH CTEPEOCKONTMIECKON CheMKE, B OTJIMYHME OT KOMIBIOTEPHON ToMorpaduu u
TOMOCHHTE3a, HE MPOBOJWIOCh. B 1aHHON CcTaTbe MpeAcTaBlEHbl Pe3yNIbTaThl SKCIEPUMEHTOB IO
MIPOBEICHUIO TEOMETPHUECKUX U3MEPEHUI Ha OCHOBAHUH PEHTTEHOBCKUX CTEPEOH300paKeHUI.

Matepuanbl u mMeroasbl. J[ns dbopmupoBanus crepeodddexkra HeoOX0IUMO MONYUUThH ABA
CHHMKa O0BEKTa C HEKOTOPHIM MapaJJIAKCOM M KaXKJ[0€ M3 HUX OTOOPA3HUTh TOJIBKO JUIS OJJHOTO M3
ria3 Habmogarens. TakuM oOpa3oM, Ha OCHOBE 3TUX JIByX CHUMKOB B BOOOpaX€HHM HaOIOaTeNs
dbopmupyeTcss BOCHPHUATHE TPEXMEPHOW TIYOMHBI TOJYYEHHBIX wu300paxenuid. Haumbomnee
pacupoCTpaHEHHBIM CIIOCOOOM pPa3leNbHOrO0 OTOOpa)KeHUs M300paKeHUN cTepeonapsl s
KOHKPETHOTO TJ1a3a SIBJIAETCS MPUMEHEHHE CTIeIHaIbHBIX CTEPEOOUKOB (puc. 1).
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Puc. 1. ®opmupoBanune peHrreHoBckux 3D m300paxenuit ¢ momornipio crepeodddexra.

st oTOOpaeHUs: OTAEIbHBIX HM300paXCHUH C MPUMEHEHHUEM CTEPEOYKOB HCHOIB3YIOTCS
paznuuHbie d(PQPEeKThl W METOMBI: IIBETOBOE KOAMpOBaHHME (aHariud), MOJApH3alUs CBETa,
3aTBOPHBINA (IKIUIICHBIA) METOA Ha OCHOBe 3(dekra 3purenpHoil mHepuun [3]. B crepoukax
COOTBETCTBEHHO  YCTAHAaBJIMBAIOTCS  CBETO(UIBTPBI,  HNOJSAPU3ALMOHHBIE  (DUIBTPHI  WIM
AKHUJIKOKPUCTAJNINYECKUE 3aTBOPHI.

JUis TeoMeTpUYECKUX H3MEpPeHMH NpU MCIOJIb30BAaHUM PEHTICHOBCKOW CTEPEOCHEMKH
IpejjiaraeTcsi  CHUHTE3UpOBaThb  TPEXMEPHOE  M300pa)keHHWE  Kypcopa, HajllaraeMoe  Ha
cTepeon3o0paxkeHue uccienyeMmoro oosekra. TakuM ob6pazom (hopMHUpyeMBblii Kypcop BO3HHKAET B
3D npocTpaHCTBE TOJNBKO B MO3Ty HaOIIO1aTelIsA, Tak ke Kak u 3D uzo0pakeHne o0beKTa.

Jlns mpoBelieHHs SKCIEPUMEHTOB ObLI MPHUHAT 3a OCHOBY aHAarau(UUecKuil MeTon
¢dopmupoBanuss 3D u300pakeHUH, TOCKOJIBKY IaHHBIM BapHaHT MPAKTHYECKH HE TpedyeT
opaboTKM paboyero MecTa Bpaya, 32 MCKIIOYEHHEM HM3MEHEHHs IPOrpaMMHOro oOecneueHHs U
OCHAIIIEHUSI OYKaMHU cO cBeTouiabTpamMu. B Toke BpeMs Ha aHarmupuUIecKMX H300paKeHHIX
IIOJIyYEHHBIX C IOMOIIBIO PEHTTEHOBCKOTO M3JIY4YEHMsI COXPAHSAETCS 3HAYCHHE pa3pellarolei
CIOCOOHOCTh, IMHAMUYECKOT0 JTMana3oHa U KOHTPACTHON YYBCTBUTEJIIBHOCTH MCXOJHBIX CHUMKOB
crepeomnapsl [4]. OCHOBHBIM HEIOCTATKOM aHATIU(HYECKOro Crocoda MpeAcTaBiIeH:us 00bEMHBIX
n300pakeHUIl sBIIsieTCs HemojHasl LBeronepenada. OIHAKO 3TOT HEJOCTATOK OTCYTCTBYET IPHU
paboTe ¢ axpoMaTHYeCKUMHU U300paKeHUs1, K KOTOPBIM OTHOCSATCS M PEHTT€HOBCKUE N300pakeHusl.

Jlis TIpOBEIEHUHU 3KCIEPUMEHTOB ObUT MCIOJIb30BaH MaJOA030BbI LHU(POBONH MPUEMHHK
«Anbda-P-4000» npoussoactBa kommnanun «HIIO «TeneonTuk» ¢ 3HaYeHHSMHU pasperaroiien
cnocobHocTH 4 miu/MM,  AMHAMMYECKMM  JauanazoHoM  Oomee 200 M KOHTpacTHOMU
YyBCTBUTEIBHOCTBIO 1%. B KauecTBe TECTOBBIX OOBEKTOB OBLIM HM3rOTOBJIEHBI TpPEXMEpHbIE
MHOTOTPaHHUKHU U3 PEHTT€HOKOHTPACTHOTO MaTepHaia.

ITockonbKy Ui CO3/aHUSl CTEPEOCKONMMUYECKOro H300pa’keHHs HEOOXOIUMO JIBa CHUMKA
00BbEeKTa, BBINOJHEHHBIX C HEKUM MapajylakCOM, PacCMOTPUM CXE€My, B KOTOpoil 1u¢poBoit
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MIPUEMHHK C TECTOBBIM OOBEKTOM 3aKPETUICHBI CTAIMOHAPHO, a U3TyYEeHHE PEHTI€HOBCKON TPYOKOM
MIPOM3BOAUTCS U3 IBYX Touek A u B (puc. 2).
Pentrenosckas Tpyoka

0, VAN

Hcxkomas Touka : |

/ obbekTa \ A .
=

C/ c" /‘

/ /
A'" ‘ BI ’ All CI 01! B" AI |

Ludposoii npHeMHHK

Bl' Al“ Cl' ()1l B]” A]I
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Puc. 2.Haxoxnenune HCKOMOH TOYKH OO0BeKTa B 00beMe mepen HU(POBBIM MPUEMHHUKOM
PEHTI€HOBCKOT'O M3JIy4eHHs] Ha OCHOBE CTEPEOCHEMKH.

3Hasi pacCTOSTHUE MEXY MOJIOKEHUSIMH PEHTTEHOBCKON TPYOKH U IIHM(PPOBBIM MPUEMHUKOM,
a Takke Kod(pPUIMEeHT MacmTaOMpOBaHUS MEXAY H300pKCHHSIMU HAa DKpaHEe MOHHUTOpAa M BO
BXOJHOM II0JIe MPHUEMHHUKA K, BBIYMCISETCS PACCTOSIHHME MEXAYy HCKOMOH TOYKOW oOBeKTa u
U pOBBIM IPUEMHHUKOM [5]:

CC’'=BB’—(AB-BB'/k(A/A'+B,B))) 1)

Hcnonb30BaHue OMUCAHHOTO BBIIIE MOJXO0/a MO3BOIMIIO MOIYYHUT PSIJi SKCIIEPUMEHTAIbHBIX
pE3yJIbTaTOB.

Pe3yabTaThl. MIcX0aHbIE CHUMKH TECTOBBIX OOBEKTOB JUIs aHATTH(PHUUECKUX cTepeonap Obuin
BBITIOJIHEHBI C paspemaromeid cnocoOHocThio 4,0 1.J1./MM, YTO SIBIETCS CTaHIAPTOM ISl OOIIeH
pertreHorpaguu. Mcmonb3yemble TOYKM ISl NPOBEACHHS TI'EOMETPUYECKHUX M3MEpPEHHH
HaxXOJWJIMCh HAa Pa3HBIX PACCTOSHHUSAX OT BXOAHOTO Mot IudpoBoro mpuemHuka (tadsm. 1). Ilo
MOJTyYEHHBIM PE3yJIbTaTaM OTHOCHUTENbHAS MOIPEHIHOCTh B IIIOCKOCTH X-Y (TIOCKOCTh BXOJHOTO
noJisi IU(POBOro MpHEeMHHKA) cocTaBuiia MeHee 1%, a BIoiab ocu Z (0Cb, NEPIEHIUKYIISIpHAs
TUIOCKOCTH BXOJIHOTO IOJIsl IIM(PPOBOTo NMpHeMHUKa) — MeHee 2%.
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Tabauna 1. DxcnepuMeHTaIbHbIE Pe3yIbTaThl TEOMETPHUECKUX U3MEPEHUI

Koopaunatnas N3mepensslit PeanbHbIi OtHocuTenbHas Paccrosnue no
0Chb pasMep, MM pasMep, MM HOTPEIIHOCTD HU(ppPOBOro

IIPUEMHUKA, MM

X 92,1 91,7 0,0043 225

X 91,4 90,7 0,0076 225

Y 155,8 156,9 0,0071 225

Y 155,3 156,6 0,0083 225

Z 114 112 0,017 112

Z 183 180 0,016 180

[TockoybKY U TIOTYYEHHUS] CTEPEON300paxKeHus: TpeOyeTcsl J1Ba pEHTTEHOBCKUX CHUMKA, TO
a¢dexkTuBHAs 1030Bas Harpy3ka Ha MalMEHTa NPU TPOBEICHUH CTEPEOCHEMKH TPYIHOM KICTKH
pasna 0,04 M3B [6]. Uto B cBotO ouepenb B 88 pa3 MEHbIIIE, YEM MPH MPOBEACHUN KOMITBIOTEPHO-
Tomorpaduueckoro odcnenoBanus (Tabn. 2). 3HaueHUE paspemiarolield CrocOOHOCTH Mo ocu Z
U3MEHSETCS B 3aBUCHUMOCTH OT PACCTOSIHUS 1O IHU(POBOTO NMPHUEMHHKA U B CBOEM MaKCHUMyMe
coctapiset 0,5 1.J./MM (110 TIPOBEJCHHBIM SKCIIEPUMEHTAM).

Tabauua 2. DkcrepuMeHTaIbHbIE PE3yIbTAaThl TEOMETPUUECKUX U3MEPEHUI

CrepeocheMKa KT
Pa3mepbl momy4eHHBIX W300paKeHUI 3024x3024x(125) 124x512x512
Paspemaronias cnocoOHOCTh 10 OcH X, M.J./MM >2,0 0,5
Pazpemaroriasi crocoOHOCTH 110 OCH Y, I1.JI./MM > 2,0 0,7
Pazpemaroriasi crrocoOHOCTH 110 OCH Z, T1.JI./MM 0,25-0,5 0,7
OddexTuBHas 1030Bast Harpy3Ka, M3B 0,04 3,53

BouiBoabl. Paccmorpennsiii myts momydenus 3D uzoOpaxenui 6e3 nmoctpoenust KT cpe3os
MO3BOJISICT ISl WCCJCAOBAHUN OpPraHOB TPYIHOM KIETKH YMEHBIIUTH J030BYI0 HArpy3Ky Ha
naueHTa B 88 pa3 mo cpaBHEHHUIO C KOMITBTEPHO-TOMOTpaUuecKuM 00CIeTI0BAHUEM.

Ha momydeHHBIX aHaraIMUYECKHX PEHTICHOBCKUX CTEPEOM300paKEHUSAX pasMepamMu
3024x3024 nukcens pa3penaromas CnocoOHOCTh B INIOCKOCTH X-Y cocTaBiseT Oosee 2 1.J./MM, a
B10JIb ocu Z — oT 0,25 mo 0,5 m.1./MMm.

[IpoBeneHHBIC SKCTICPUMEHTHI MMOKA3aJId, YTO OTHOCUTENIbHA MOTPENTHOCTh T€OMETPHUYECKUX
n3Mepennii B miiockoctu X-Y cocrapisier meHee 1%, a Bnonb ocu Z — menee 2%.

1. 3D Tomosynthesis with MAMMOMAT Inspiration; pexum gocrymna:
http://healthcare.siemens.ru/images/video/ MAMMOMAT _Inspiration_Tomo.pdf

2.C.IL Lee, J.G. Elmore, “Radiation-related risks of image studies” ; pexxum mocrymna:
http://uptodate.com/contents/radiation-related-risks-of-imaging-studies

3. Bamroc H.A., Crepeockonus. — M.: AH CCCP, 1962. - 379 c.

4. Mipowmnuuenxo C.I, Heeeacumuii A.A. Boaxosé E.B. Amnarnmudpumueckue 3D wuzoOpaxeHus B
udpoBoil peHTreHoanarsoctuke// MeanuHa (isMka — Cy4acHHW CTaH, MpOOJEMH, LUISIXH PO3BUTKY.
HogitHi TexHozorii: marepianu monosineit. — K.: Cygacui nedarHi TexHomorii «basox», 2012. — C. 132-134.

5. Miroshnychenko S.1., Nevhasymyy A.A., Volkov E.V. Geometrical measuring at 3D stereoscopic
radiography //- Electronics and nanotechnology: Proceedings of the XXXIII International Scientific
Conference ELNANO 2013 Kyiv polytechnic institute. — 2013. — P. 322-324.

6. Physics_of Computed_Tomography; pexwum gocryma:

http://www.angelfire.com/nd/hussainpassu/Physics_of_Computed_Tomography.pdf
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JTOCBIJ BUKOPUCTAHHSI CUCTEMM PEHTTEHIBCBKOI TEPAIIEBTUYHOI
THTPAOIIEPAIIIMHOI INTRABEAM

M.€. Aaboxina, b.JI. Bacuaskis*, T.B. PocasikoBa, O.0. Uurpun

TOB «Meouuna xkninika « [HHOBAL[IA», éyn.. Bimpsanozo, 694, c. Jlromixc, Buwieopoocvkutl p-H,
Kuiscoka o6a.., Ykpaina, +(38) (044) 3312100
*vasylkiv@innovacia.com.ua

AnoTtanisi: CydacHUH pPiBeHb PO3BUTKY HayKH JI03BOJISIE BUKOPHCTOBYBATH 1HHOBAIilHI TEXHOJIOTIi s
TTOKPAITCHHS SKOCTI JIikyBaHHSA. CHCTeMa pEeHTTeHIBChbKa TepamneBTH4Ha iHTpaomepaliiina INTRABEAM
LIMPOKO 3aCTOCOBYETHCS Y CBITOBIM MpakTHI IS JIKyBaHHS OHKOJIOTIYHHMX 3axBOproBaHb. Hama pobota
TIPUCBSYCHA OTIIAMY MOCBIAY TMpakTWIHOTO BHKOpHcTaHHS cucTeMH INTRABEAM, sk dacTuHU Kypcy
MIPOMEHEBOI Teparii MpH JIiIKyBaHHI paKy MOJIOYHOT 3aJI03H.

AnHoTammsa: CoOBpeMEHHBI YPOBEHb pa3BUTHA HAyKH MO3BOJISIET WCIOJIb30BaTh WHHOBAIIMOHHBIE
TEXHOJIOTMM U1  YJIydylleHUss KadecTBa JieueHHs. CucTreMa pEHTICHOBCKas  TepaneBTHYEeCKast
naTpaoneparmrontas INTRABEAM mmpoxo ncnons3yeTcss B MUPOBOW MPAKTHKE JIEYEHUS OHKOJIOTHIECKUX
3a0oneBanmii. Hama paboTa mocesimeHa o0030py ONbITa MPAaKTUYECKOTO HCHONb30BAaHHUS CHUCTEMBI
INTRABEAM, kak yacTh Kypca JIy4eBOi Teparnuu Mpu JeUEeHUH paKa MOJIOYHOH JKee3bl.

Abstract: The present development of science allows to use of innovative technology to improve the quality
of care. Intraoperative therapeutic X-ray system INTRABEAM widely used in the world for cancer
treatment. Our work is concerned to a review of experience of practice use the INTRABEAM system, as a
part of a radiation therapy treatment of breast cancer.

KurouoBi ciioBa: npomeHneBa Tepariis, iHTpaonepartlis, opraHoz0epiraroua oneparis
KuroueBble ciioBa: mydeBas Teparis, HHTpaoIepalus, Opranocoeperaromas oneparus
Key words: radiation therapy, intraoperation, sparing operation

CyuacHuil PO3BUTOK TEXHOJIOTIH Ta 1X BUKOPUCTaHHS y MEJUYHOMY OOJIaJHaHHI JI03BOJISE
TOBOPUTH HE TUIBKM MPO SIKICTh JIIKYBaHHS OHKOJIOTIYHHMX 3aXBOPIOBAaHb, a 1 MPO MaKCHMAaJlbHE
30epexeHHs 3J0pOBUX TKaHMH abo opraHiB. Cucrema peHTITEHIBCbKa TeparneBTUYHA
inTpaonepauniina INTRABEAM (nani cucrema INTRABEAM) — ne cydacHuil mpuian, mo aae
MOJKJIMBICTh IIIJIBEIGHHS BUCOKOI OJHOPIAHOT JO03M [0 JIOKAa NYXJIMHM IpU HPOBEAEHHI
oprano36epirar4oi Xipypriunoi oneparti.

B xypnani "THE LANCET" Gynu omyOsikoBaHi pe3yiabTaTH JOCHIKEeHb: «2 232 mnaiiieHTta
nmikyBamuch 'y 28 meHtpax 10 kpaim 3 Oepesnss 2000 mo kBitenr 2010. [TomoBuHa mari€HTiB
JKYBaJIKCh 13 3aCTOCYBAHHSIM OJIHOPA30BOT0 1IHTPAOMEPALIIHOTO ONPOMIHEHHS MiCsI0nepalitHoro
noxa myxiauau INTRABEAM (TARGIT), nonoBuHa - CTaHZapTHUM ONPOMIHEHHSM 30BHILTHIM
nyakoMm mpotsrom 3-6 TuxHiB (EBRT) [1]. 3rigHo manux TARGIT: Ge3nexka Ta epeKTUBHICTS,
TOOTO 4YacToTa YCKJIAQJHEHb I TMAli€HTIB B 000X Tpymax Oyiud OJHAKOBO HHU3bKi. Yucio
CepiO3HMX IMPOMEHEBHX YCKJIagHeHb Oyno 3HauHO MeHuie y rpymi TARGIT. EdektuBHicTs:
KUTBKICTh peruauBiB MeHie 1% mnpotarom 4 pokiB B 000x rpymnax [2].

Y TOB «Menuuna kiminika «[HHOBALIS» cuctema INTRABEAM BUKOPHCTOBYETBCS IS
MPOBEACHHS OJIHOTO 3 €TAIliB KypCy MPOMEHEBO1 Teparii paky MOJIOYHOI 371031 0e31mocepeIHbO Mijl
yac xipypriuHoi onepauii (Puc. 1).
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Puc. 1. HaKlHe‘-IHI/IK aanaTopa INTRABEAM p03TaHIOBaHI/II/I B 06nACTi TpYyZAeH, TicIsl BUJATCHHS
MyXJINHH.

OcnoBHi enementu cuctemu INTRABEAM — me Omok KepyBaHHS Ta BHIIPOMIHIOBAY, IO
3aKpIIUICHUH HA CTEPEOTaKCUYHOMY IUTATHBI. J[XepesoMm 10HI3yrouoro BUIPOMIHIOBaHHS B AaHIN
CHUCTEMI € TaJbMIBHE BHIIPOMIHIOBAaHHS, IO YTBOPIOETHCS MPHU MOTPAIUIIHHI TPUCKOPEHHUX
enekTpoHiB (50 keB) Ha 300ty mimens (Puc. 2).

Internal Accelerator Beam Electron Gold
Radiation Section Deflector Beam Target

Monitor
Cathode Gun
a. 0.
Puc. 2. CrepeorakcnuHuii MTAaTHB (a.) Ta CXeMaTU4HA Oy0Ba JoKEpeia peHTTeHIBChKUX MpoMeHiB XRS
(©)

dopma 1o Ha BIiCTpi 30HAY Mae chepuyHy reOMeTpito Ta 130 TpomHU po3noii eneprii (Puc.
206). [Insa 3abe3neueHHs] piIBHOMIPHOTO PO3MOALTY 03H BUKOPUCTOBYIOThCS CHEpHUHI arIikaToOpH,
10 MarOTh Pi3HUH JIiaMeTp 1 MiIOUParOThCs 1HAUBIAYAIBHO O€3MocepeHbO Mepes ONMPOMIHEHHIM
JUTST MaKCHUMAaJIbHO WIUTBHOTO TPWISATAHHS J0 TOBEPXHI Jioka myxymHU. Kpurepismu BuUOOpY
arulikaTopa € po3Mip BUJAJIIEHOI MyXJIMHH, ii (hopMma, JOBKMHA PO3CIYEHHS Ta PO3MIP MOJIOYHOT
3ay103u. Yac ONpOMIHEHHS pPO3PaxOBYIOThCS 3 yMOB ImmijgBeneHHs no3u 20 I'p Ha moBepxHi
arutikaropa [3] 1 cknazgae Big 5 10 48 XBUIIMH, 3aJ1€3KHO BiA po3Mipy arutikaropa (Puc. 3 0, B).

0 02505075 1 12515175 2 22525275 3 5

. . B.

Puc. 3. Po6oua crannis cucremu INTRABEAM (a.), Habip amutikaTopiB y crepuibHOMY Ookci (0.) Ta
PO3MOILT MOTIIMHEHO] JO3H B 3aJIeKHOCTI BiJ TIMOWHY JUTS alUTIKATOPIB pi3HOTO AiaMeTpy (B.)
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Jlns 3a6e3nedeH s MaKCUMallbHOT TOYHOCTI OTIPOMIHEHHSI CHCTeMa KalliOpyeThbes Ha pobodomy
creuai (Puc. 3 a) mepen kokHMM BUKOpUCTaHHAM. KamiOpyBaHHS CKIQZAEThCS 3 TPhOX €TarliB.
CriouaTky HEOOXiJHO mepeBipuTH (i3uuHy piBHICTH 30HAY. Jledopmariis roiku Moxke OyTH
moB’si3aHa 3 11 KOHTAKTOM TIIPM BCTAHOBJIGHHI a00 3HATTI arulikaropa, BiOpamii mpu
TPAaHCHOPTYBaHHI Ta IHIIMX MEXaHIYHMX BIUIMBaX. Hactymuuii eram — 3a0e3meyeHHs
aHI30TPOITHOTO PO3MOALTY TOJs Ha BicTpl mkepena. Lls mpomeaypa mependadae mpoBEICHHS
aBTOMaTHYHE MiICTPOIOBAHHS ENIEKTPUYHUX MArHITIB €JIeKTPOHHOI rapmatu. HacTymHuM KpokoM €
nepeBipka BHUIPOMIHEHOI TMOTY>KHOCTI JO3M PEHTTEHIBCHKOIO BHUIPOMIHIOBAHHS BIJTHOCHO
OYiKyBaHUX 3HAu€Hb 3a JaHUMH KaniOpoBkH. [Iporenypu kamiOpyBaHHs mependadyae MOHTYBaHHS
Ta JEMOHTYBAaHHS CHEIlaJbHUX BEPU(PIKOBAHUX IHCTPYMEHTIB: TIPUCTPId  IEHTPYBaHHS
30HAYy/KpimieHHs ioHizamiiiHoi kamepu PAICH Ta ¢oromiogna xamepa PDA. Ilpuennysatu Ta
pO3’€AHYBATH €IIEMEHTH 3 JDKEPEJIIOM PEHTIeHIBCHKOro MpoMiHHS XRS BHKOHYETHCS BHUKIIOYHO 3
BUKOpHUCTaHHAM V-0sioka. lle 3amobirae momkomkeHHIO YyTIUBOTO PEHTIeHIBCHKOro 30HIY XRS
(Puc. 3 a).

IcHye pan mpoTunokasaHb Ui IPOBEACHHS onepalliii 3 BukopuctanusiMm INTRABEAM:

o MyXJIMHA BEJIMKUX PO3MIpIB y MaJeHbKIN MOJIOUHIHN 3aJ1031;
° MIepBUHHA MTyXJIMHA 3HAXOAUTHCS OIS COCKa;

. OlbIIIe OAHIET MYyXJIMHKA B OJTHIM MOJIOYHIN 3aJ1031;

o HEJIOKJII30BaHUI OHKOJIOTIYHHUH Mpo1Iec.

[lepeBaru BUKOpHCTaHHS BHYTPILIHBOIO ITy4YKa B MOMEHT X1PYPTi4HOTO BTPYUYaHHS:

. MiBUIICHHS SKOCTI JIIKYBaHHS 3a paxyHOK MiHIMI3amii MOXKIUBOCTI TMOSIBU
penuanBy B 001acTi BUIAJICHOI MyXJIUHU;

. KOCMETHUYHUHN epeKT — 30epeKeHHs MOJIOYHOT 3aJ103H Ta ii MpUpOIHOT hopMu;

. CKOPOUYEHHS KypCy MPOMEHEBOI Teparnii Ha 1-2 THxHI;

. CKOPOYEHHS 3arajbHOro Kypcy JIiKyBaHHS Ha 4-6 THXKHI.

SIkmio y maiieHTta Micis IMOMepenHbOi MPOMEHEBOi Teparlii BUHUKIM JIOKAJbHI pPELUINBH,
MMOBTOPHE 30BHIIITHE ONPOMIHEHHsA B OaraThOX BHITaJKax OuIbIIEe HE TMOKa3aHe. B skocTi €auHOT
QIBTEPHATHBH JIIKYBaHHS 3aJIMIIAETHCS PaJUKaIbHA MAaCTEKTOMis. [HTpaomepamiiiHa mpoMmeHeBa
teparnis 3 BukopuctanasiM cucteMu INTRABEAM nae anbrepHaTUBHMIA crOCiO JiKyBaHHS, 1110 B
pe3ynbTati 3abe3neuye 30epiraHHs MOJIOYHHMX 3aJI03 Y BHIAJKY JIOKAJIBHOTO PEUUINBY MYyXJIHHU
[4].

Takum umaOM, 3 BepecHs 2009 mo kBitenb 2013 B TOB «Mennuniit xninini «IHHOBAIIIS»
Oyno mpoBeneHo 24 XipypriyHMX omepamid 3 BUKOPUCTAHHSM CHUCTEMH PEHTI€HIBCHKOT
tepaneBTHuHOi iHTpaonepamniiinoi INTRABEAM. 3 MoMeHTy 3ampoBaKeHHS 1aHOi POLEIypH B
KJIIHILI 32 Yac CIIOCTEPEKESHHSI PEIMIUBIB BUABICHO HE OYI0.

1. Baitns [Ix.C., baym M., Tob6iac Ix.C.. IlitecnpssMmoBana inTpaomnepariitHa pamioreparmis (Targit):
[HHOBaLINHMI METOA NiKyBaHHS paKy Ipyleil Ha paHHIX cTalisx. XpoHiku onkosorii 12:1075-1080, 2001

2. Baigs Ox.C., Baym M., Tobiac J[x.C. EdexkTuBHICTh MiACHICHOI IIJIECOPIMOBAHOI
iHTpaonepauirinoi pagiotepamnii (TARGIT) micnst oprano3bepiratrounx omnepariii: OHOBIIEH] pe3ynbTard. J
Clin Oncol 2008; 26:565

3. Information on radiation safety, Carl Zeiss Meditec

4. Kraus-Tiefenbacher U, Baysp JI. (Bauer L), Illena A (Scheda A) u ap. Paguanuionnas Tepanus o
Bpems omnepanuu (IORT) kak BapuaHT JIe4eHHs MAIUSHTOB C JIOKATH30BAHHBIMU PEIMIUBAMHU paKa TPYIH
oCJIe TIpeIBapUTEIHHOM BHENIHEH TydeBoil paguarmonHoit repanun. BMC Cancer 2007;7:178
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KIHETUKA ®OTOIHAYKOBAHHUX EJJEKTPOHHHUX IIEPEXO/IIB B
HAHOCTPYKTYPAX BAKTEPIAJIBHUX PEAKHIMHUX LHEHTPIB

M.A.dpanikoBcbkuii*, M.A. 3a6oa0THnii , FO.M. bapa6am, ML.II. Kyaim, O.I1. /lMmutpenko

Hayionanonuii ynisepcumem im. Tapaca lllesuenka,
Kuis, Bonooumupcovka 64, 01033, Vkpaina;,
*E-mail: drapikovskyi.maksym@gmail.com

AnoTamisi. Bucoka edektuBHicTh peakuiii ¢oroctumynboBaHoro nepeneceHns enektpoHa (IIE) y
010JIOTIYHMX CHCTEMaX, Y TOMY YHCII B CTPYKTYpi peakmiiHUX IIEHTPIiB, TPUBEPTAE yBary Oaratbox
JIOCTITHUKIB. AHaJli3 OCHOBHUX YHMHHUKIB, II0 BH3HAYA€ IMIBUJKICTh TaKWUX PEAKIlii, BAXKIUBUH K Yy
(dbyHIaMEeHTaTFHOMY ITUIaHI, TaK i 3 TOYKH 30py CTBOPEHHS IITYYHHX CHCTEM HAKOIMMYEHHS 1 TIEPETBOPCHHS
eHeprii.

AnHoTtanus. Bricokas 3¢ddexkTuBHOCTD peaknuii (GorocTuMynupyemoro mnepeHoca snektpona (IIE) B
OMOJIOHUYECKUX CHUCTEMax, B TOM YHCIE B CTPYKTyp€ PEaKIMOHHBIX IICHTPOB, IPUBJICKACT BHUMAaHUE
MHOTHX HCClIeioBaTeield. AHaIH3 OCHOBHBIX (DaKTOPOB, ONPEIEISIOIUI CKOPOCTh TAKUX PEAKIA, BaKEH
KaK B (pyHIaMEHTALHOM IUIaHE, TAK U C TOYKH 3PCHUS CO3/IaHUSl UCKYCCTBEHHBIX CHUCTEM HAKOILUICHHS U
MIpeBPAIIECHNS DHEPTUU.

Abstract. Analysis of the main factors determining the speed of such reactions is important both in
fundamental terms, and in terms of creating artificial systems, storage and energy conversion. Found that ET
in biological systems occurs as series of ET in the structure of proteins between the metal centers or organic
donor-acceptor groups at a distance of 5-25 A. In this regard, series of experiments related to TE in the
structure of proteins.

Kuo4uoBi ciioBa: peakiiiiHuii EHTP, €IEKTPOHHUN TPAHCTIOPT, BEUBIIET-TIEPETBOPCHHSI.
KuroueBsble cj10Ba: peaklIMOHHBIN LIEHTP, JIEKTPOHHBIN TPAHCIIOPT, BEMBIIET-IIPEBPALIEHHUE.
Key words: reaction center, electron transport, the wavelet-transform.

Y poboTi [ochipKyBajgach KIHETHMKAa Ta IIPOBOJMBCSA aHAI3 CTPYKTYPHHUX 3MiH, IIIO
CYIIPOBODKYIOTECS KIHETHKOIO €JISKTPOHHOTO TPaHCHOPTY I1IpH (GOTO 30YyIKEHHI KOMILICKCIB
XJIOpoIIBMICHUX MeMOpaHHHX OUIKIB (oTocHHTETHUHMX peakiiiiaux neHtpiB  Rhodobacter
sphaeroides (PLI).

Anani3 OoCHOBHUX (DaKTOPiB, BHU3HAYAOUMX IIBUIKICTh TAKUX PEAKIiHd, BAKIUBUH SK Y
dbyHIaMEHTANBHOMY IIJIaHI, MAaK 1 3 TOYKH 30py CTBOPCHHS IITYYHUX CHUCTEM HAKOMHMYCHHS 1
nepeTBopeHHs eHeprii. Beranoieno, mo IIE B 0i070riyHUX CHCTEMax BiJOYBA€ThCS y BHIJISAII
nocigoBHOTO [IE B CTpyKTYypi OUIKIB Mi’k METAJIOBMICHUMH IIEHTPaMHu a00 OpraHiyHUMHU JOHOPHO-
aKIeNTOPHUMM IPYNIAMHK Ha BifcTaHi 5-25 A

Cucrema MepBUHHMX IPOIIECIB Ma€ HAJI3BUYANHO BAXKIIMBY BJIACTHBICTB, IO BipI3HSE i1 Bix
iHIUX Oiojoriunux cucteM. CHcrema “BKIIOYAETHCA ~ CBITJIOM, 1 il MOJXKHA TECTyBaTH 3
JIOTIOMOTOI0  JIENbTa-MOAI0HNX (JJa3epHUN crajax) 4Yd OPSIMOKYTHHX (BKIIOYEHHS MOCTIHHOTO
CBITJIa) IMITYJIBCIB.

Byno mpoBenmeHno psa mocimimkeHb y skux PII 3acBiTiOBaNMCh, MICHS YOTO CIOCTEPITad CTaH
BiZTHOBJIEHHS cucTeMH. [1ocTiIoBHICTh NPSMUX peakiiil mepeHocy eneKTpoHa Mk KoMmmoneHTamu PL] Oyra
BCTaHOBJICHA 32 JOMIOMOTO0 CHIEKTPATbHUX €(PEeKTiB, OCKIJIBKH IPH HOT'O OCBITJICHHI Bi/I0OYBAIOTHCSI 3BOPOTHI
3MIHHA CIICKTPY NOIJIMHAHHA, IO XapaKTCPU3YIOTb OKHCJIEHMHM CTaH IIirMeHTra 1 Bi,I[HOBJ'IeHHH CTaHIB
ko(akropiB. OepkaHi KpUBI penakcallii IpOBIPSUIUCH 3a JTOTIOMOTOI0 BEHBIIET aHATI3Y

3 MPOBENCHUX JTOCIIKEHB 3pO0JIEHO HACTYITHI BUCHOBKH:

1. KineTnka MiKpOIIauaKoCTeH epexoay eIEeKTPOHY 3 JOHOPa Ha aKIENTop 1 3 aKIEeNnTopa Ha
monop po3unniB PI] Rhodobacter sphaeroides, 3anexuts Big 9acy Ta iIHTCHCHBHOCTI OCBITJICHHS.
ITpu 30inbIIEHHI Yacy YW 1HTEHCHUBHOCTI IPONECH BiAHOBJICHHS HAYTh IOBUIBHIIIE, IO MOXE
CBIIYMTH TPO BIUTHB €(PEKTIB MOJSpHU3allii Ha MPOILECH €JICKTPOHHOTO BHYTPIITHBOMOJICKYJISIPHOTO
TPAHCIIOPTY.
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2. OtpumaHi 3aJIe)KHOCTI ONTHUYHOTO TMOTJIWHAHHS Ta KUIBKICHI MapaMeTpu KiHETHKHU
OKHCIICHHSI PEaKIIMHUX IIEHTPIB MPHU PI3HUX pexkuMax (OTo 30yMHKECHHS TO3BOJUIN PO3IITUTH
KIHETUKY ONTHYHOTO TMOTJIMHAHHS Ha JBI YAaCTHHHU: IIBUIKY Ta MoBUIbHY. IlIBHIKa XapakTepuszye
JIIIE €JICKTPOHHHUI TPAHCIIOPT, a MOBUIbHA — €JICKTPOHHHM TPAHCIIOPT Ta MOBUIbHI KOH(GOpPMAITiHI
3minuB P11,

3. BeiiBner aHami3 BHSBISE OCOOJUBOCTI EKCIIEPEMEHTAIBHUX KPHBUX peOaKcalii, sKi
3alexaTh BijJl IHTEHCMBHOCTI Ta 4acy €KCHo3ullii. BiH moka3ye 1o BiAHOBIEHHS 1 MOTJIWHAHHS
posunHiB PI] € HecTtamioHapHMM y 4Yaci mporiecoM. ToOTo, MOKeMO 3pOOMTH MPHMIYIICHHS, IO
€KCIIOHCHTH B pPellaKCaIlifHUX KPUBHUX HE JIFOTh OHOYACHO, & BKIIFOUAIOTHCS TOYEPTOBO.

4. Tlpu BuKIIOUEHH] 30YKYIOYOro CBITJIa 3HAQYEHHS ONTHYHOTO MOTJIMHAHHA PO3YHHY
MOBEPTAETHCS Y BUXIIHUNA CTaH, IO JOBOAUTH Te, MO (POTOIHAYKOBAHI 3MIHH B MOJCKYISIPHOMY
komiuiekci PII — oOopotHi. BuMiproBaHHS MOKa3HHWKa 3aJIOMJICHHS I[HOTO PO3UYHHY METOJIOM
ronorpadivnoi iHTepdepomerpii mokasye, Mo 3MiHa 00’ €My MOJeKyIsspHOro komruekcy PLI, mpu
roro ocBiTieHHi, ctaHoBUTh 0,1% -1%. Taka 3miHa 06’emy PIL] moke OyTm BUKIWKaHa 3MIHOIO
KyTa Mmix 3B's13kamu M, L, H rnoGyn PLI, sixi € Hait011b111 Ta01 THHIMH.
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ACIHHEKTbI GMP CEPTU®UKALUU ITPOU3BOJACTKA POII IPT-HEHTPA

J.B. I'yproBoii

Honeyxoe obracmuoe KiuHu4eckoe meppumopudaibHoe MeOUYUHCKoe 00beounenue
2. [loneyk, np. Hnvuua, 14, gurtovoj@gmail.com

AHHOTamMsl: JIMarHoCcTMKa OHKOJIOTMYECKHMX 3a0ojeBaHuMid ¢  ucmoiab3oBaHeM [19T-texHomorun
criocoOcTByeT 0oJiee TOUHOMY ONPEICIICHUIO CTaAnK OOJIC3HH, a TAaKXKE IO3BOJSCT KOPPEKTUPOBATh KypC
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nedyeHus maureHtoB. OpHako, [IOT-neHTp, MO cBOEH CyTH, NPEACTaBISICT MUHH-3aBOJ MO MPOU3BOACTBY
JICKapCTBCHHLIX IIPCIIapaToB — paZ[I/IOTpef/iCCPOB, BBOJAUMBIX MaMUCHTaM U1 MPOBCACHUA OUATHOCTUKH.
CoriacHO MHPOBOHW TEHACHIHMHA B (hapMaleBTHUICCKOW MPOMBIIIICHHOCTH, TaKHe IMPOM3BOJICTBA IOJHKHBI
MPOXOJUTh COOTBETCTBYIOIIYIO CepTHdUKanuio corigacHo TpeboBanusm GMP (Good Manufactured
Practice — Hamnexamas ITpoussoacreennas IIpakTtrka). OCHOBHBIMH TPEOOBAHMSAMH SBJISETCS HATUUUE H
MMOArOoTOBKA JOKYMCHTALINU 11O MMPABUJIIBHOCTHU IMMPOCKTA 3AaHUS, YUCTOTEC HOMeLLIeHI/Iﬁ 30HBI IPONU3BOACTBA U
KauecTBy IMOJy4yaeMoro mnpemnaparta. Kaxaplii aclekT HMEEeT CBOM HOPMAaTUBHBIE JIOKYMEHTBI, TOJBKO
CO6J’IIO,Z[CHI/I€ KOTOPBIX MO3BOJIUT MMOJYYUTH ,Z[aHHI:Iﬁ CepTHq)HKaT.

Abstract: Cancer disease diagnostic with using of PET-technology promote more accurate staging, also
allow to correct treatment of patients. Although, PET-center is a mini-plant of drug-production —
radiotracers, that are injected into patients for providing the investigation. According to the world tendency
in pharmacy, such production have to be certified according to requirements of GMP (Good Manufactured
Practice). Main requests are documentation availability and preparation dealt with project building, cleanness
of production zones and produced drug quality. Every aspect has normative documents, and only adherence
of them allow to getting this certificate.

Kuarouessbie cioBa: GMP, GRPP, cGRPP, pagnodapmnpenapar, [13T-ientp
Keywords: GMP, GRPP, cGRPP, radiopharmaceutical, PET-center

[To3utrpoHHast SMHUCCHOHHAs TOMorpagusi HMeeT IIHPOKOe MpUMEHeHue Orjaromaps
BO3MO)KHOCTH JICYCHHMsS] M [IHAarHOCTUKHA OHKOINATOJIOTMM Pa3jIUYHOM JIOKAIM3aluu M CTEICHU
paseutus []. Heo6X0aMMBIM yCIOBHEM MPOBEICHUS JAHHOTO HCCIIEIOBAHMS SBJISETCS HAJIMIUE
paguodapmnpenapara (PDOII) — nexkapcTBEeHHOTO MpernapaTa, MEUYEHOTO PaIHOAKTUBHBIM aTOMOM,
KOTOpBbI mojBepraercs ramma-pacnany. Haubonmee pacnpoctpanenHsiM POIl  sBusercs
JIE30KCUTIIIOK03a, (ToprpoBaHHass u30TonoM ¢Top-18, cokpamenno HasbBaemas DO/ s
JUArHOCTUKA MOKHO HCHOJIb30BaTh POII, mMonydeHHBI CaMOCTOATENIBHO Ha CIELHUAIbHO
000pY/ZI0BaHHOM TpHU IEHTPE MPOM3BOACTBE, JTUOO KYMUTh €ro Ha JPYroM CepTU(UINPOBAHHOM
MPOU3BOJICTBE C JOCTABKOW. [IpM 3TOM CTOHUT y4UTBHIBAaTh, YTO PALUOTPENCEPbI UMEIOT IMEPUOJ
noJiypacmnajaa, a 3TO 3Ha4MT, YTO JOCTABKa B LEHTpP Ipernapara 3aHUMAET BPEMs M «PACXOAYET»
AKTUBHOCTb, TEM CaMbIM IOBBIIIASI U O€3 TOTO BHICOKYIO CTOMMOCTB IIperapara.

Opranu3zaiys cOOCTBEHHOTO IMPOU3BOJICTBA COMPSKEHA C BHIMOJIHEHUEM psifa TpeboBaHuil. B
IIEPBYIO OYepeb HEOOXOAUMO CIIPOEKTHPOBATh U IOCTPOUTH 30HY ITPOU3BOJICTBA B COOTBETCTBUU C
TpeboBaHusIMU YKpanHckoil Papmakonen, Tak Kak UMEeM JIeJI0 C MPOU3BOJCTBOM JIEKAPCTBEHHOTO
npemnapara. YkpauHckas ®@apmakories, B CBOIO o4epe/ib, FapMOHU3KUpoBaHa ¢ TpeboBanusimu GMP.
T.o., B utore Heodxoaumo npoittu GMP-nunen3upoBanue. [lomyuenue 3Tol TUIEH3UN ABISETCS
MOJITBEP)KJICHUEM BBICOKOTO YPOBHSI OpTaHM3allMM KOHTPOJIS IPOU3BOACTBEHHOrO IIpolecca U
KauecTBa MPOAYKIIMHU Ha MEXIYHAPOJHOM YPOBHE.

Wrak, 4To ke HeoOXoauMo It mosydeHust aunen3un? Camoe Ba)KHOE — TO HAJIMYHE BCEX
cepTu(pUKaTOB HAa TPOBOJAMMBIE pAaOOTHI: MPOEKTHPOBAHHE (CaM TMPOEKT, MaTepHuabl s
CTPOUTEIILHBIX W OTACIIOYHBIX PAa0OT, BOJO- M Ta30cHaOkeHme), uyucThle mnomerieHus (YII)
MPOU3BOJCTBEHHOTO OTAeNa (COOTBETCTBHE KJIACCOB YHCTOTHI W JIMHUM TPOU3BOJICTBA
tpeboBanusiMm GMP wu GRPP), oGopymoBanue nabopaTopwii CHHTE3a M KOHTPOJSI KadecTBa
(ceprudukatel Ha camo 0OOpyJOBaHHE, CTaHIAPTHHIE OINEPALMOHHBIE MPOLEAYpPHl IO
OKCIUTyaTaliu), U T.A.. BakHO 0co3HaBaTh, uTO MpoxoxacHue ceprudurannn GMP HaunHaercs ¢
BaJIMJAIMH, @ UMEHHO — CO cOOpa BBILICONHCAHHBIX TOKYMEHTOB.

HeoOxoaumo noMHuUTSE, 4TO B citydae POII-npoussoactea npu [13T-1ieHTpe Mbl nMeeM 1eno
C MCTOYHMKAMU MOHM3HUpYOLIETro nm3nydeHus (camu POII v mMKIOTPOH), a 3HAUYMT, CYLHIECTBYIOT
HOPMBI paJIMAIIMOHHON 0€30MacHOCTH, KOTOPhIE HEOOXOIUMO COOIOCTH Ha CTAWU TUIAHUPOBAHUS
npoekTa 31aHus [I9T-nienTpa u miaHa ero (yHKIMOHMpOBaHUA. B mepByro ouepenb, MOTOMY YTO
Takoe 37aHue OyneT BKJIOYaTh B ceOsl MOMeIlleHNe UKIOTpoHa. Takue TpeOOBaHUS MOYKHO HalTH
B 1okymMeHTax MAI'ATD n Hopmax no paguannoHHOM 6€301macHOCTH Y KpauHbl, HallpuMep, pacuér
3alUThl TIOMEUICHHs] LUKIOTPOHA, JIabopaTOpUil CHHTE3a M KOHTpPOJS KadecTBa, TpeOOBaHUS K
KayecTBY M CBUHIIOBOMY OJKBHBAJICHTY OC€TOHA JUIsl CTPOMTEIbCTBA IMOMELICHUS IUKJIOTPOHA.
BaxxupiM TpeOoBaHMeM sBIsSeTCS oOOecredeHne paauanuoHHoi Oe3omacHoctn [ID9T-1mienTpa.
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CobnroneHue KOTOpoil HEOOXOAMMO B COOTBETCTBHM C 3aKOHOJIATENILCTBOM YKpPaWHBI, a TaKXKe, C
nopmamu GMP u GRPP (Good RadioPharmacy Practice — Hamesxammas Pagrno®apmaneBrudeckas
[pakTuka). Crangapt GRPP npencrasnser co6oit Hopmber GMP, aganTupoBaHHbBIE K IPOU3BOICTBY
paaroTpercepoB, OJTHAKO, OH SBJISACTCS, IO CBOSH cyTH, yacThio GMP.

Otnen mpou3BOACTBA JODKEH MMETh COOCTBEHHYIO CIICLHUAIBHYIO CHUCTEMY BEHTHIIALIUH,
00ECTICUNBAIONIYIO BBICOKYIO CTENICHb €r0 YUCTOTHI. DTO MOKHO TTOCMOTPETh B [ 0CyIapCTBEHHBIX
crpourenbHbix HopMax u JCTY UCO 14644 «Yuctpie NOMEIICHUS U CBSI3aHHBIE C HUMHU
KOHTPOJIMpYEeMbIe Ccpenbl». B TmociemHeM JOKyMEHTe WMEIOTCS W Jpyrue TpeOoBaHUS K
nomenieHusiM: Matepuai nosepxHocreit Ull, arrecranus u Banuaanus Yl u T.1. CTOUT OTMETHUT,
YTO JI0 3alycKa MPOU3BOJCTBEHHOM JMHUHM MOMELIECHUS MPOXOASIT HECKOJIBKO CTaUi aTTecTalluu
(KaK TOCTPOEHHOT0, OCHAIIEHHOT0 U KcmryaTupyemoro YII). Craya xaxxaoro ydactka paboThl B
AKCILTyaTalUI0 COMPOBOKIAETCS COOTBETCTBYIOIIUMH IPOTOKOJIAMH, COJIEPKALIUX MOAMUCH 00enX
CTOPOH.

[locne cpaum B 3KcIUlyaTaluuio oTaena npousBoicTBa POII u mepBoro 3amycka JTUHHHA
HaunHaeTcs paboTa Mo MOJATBEPKICHUIO KauecTBa BBITyCKaeMoro panuorpeiicepa. [Tox 3Tum cTout
MMOHUMATh TO, YTO B T€UEHUHU OMIDKANIIMX 2-X JIeT OyJeT BECTUCHh CTPOTHM YUET TOKYMEHTALUU 110
MIPOU3BOJICTBEHHOMY YYacTKy Ha TpeAMET HapymeHHH Wi HecooTBeTcTBHs Hopmam GMP.
O6opynoBanue, Ha KOTOPOM OyAeT MPOBOAMTCS padoTa: LUKIOTPOH, MPHOOpPHI JlabopaTopuit
CHHTE3a ¥ KOHTPOJISI KaueCTBA — JOJDKHBI MPOUTH MPOIecC KBATU(PHUKAINHU, TTOATBEPKIAOIINN X
MpaBWIbHYIO paboTocrnocoOHOCTh. [IoMUMO 3TOr0, MPOM3BOACTBEHHAS JIMHUSA (Y4acTOK), AODKHA
UMETH CBOE JI0ChE, a caM Ipenapar HeoOXO0AMMO 3aperucTpUpoBaTh B ['ociekciyxbe YKpauHsl.

HemanoBaxHbIM 3BEHOM B Lieniouke nonydenus aunen3snn GMP 3anuMaer nepconan otaena
npousBojctBa POIL. On nmomxen ObiTh 00yueH ocHoBaM GMP u mpoxomuTh mepHOIHUYECKOe
oOyuenue. llepuonnyeckoe oOydeHHE NPOBOIUTCS JHMIIAMH W3 COCTaBa IPOM3BOJCTBEHHOTO
y4acTKa, B YaCTHOCTH, YTIOJHOMOUYEHHBIM JIMIIOM, KOTOpOE€ J[OJDKHO HMMETh CepTU(UKAT,
MOATBEPXKIAIOMIMN  3HaHUS B o0OJMacTM  HaANeXalled  MPOM3BOACTBEHHOM  MPAKTHKHU.
VYNOTHOMOYEHHOE JIMIO TaKkKe JODKHO UMeTh  (hapMameBTHYeCKoe o00pa3oBaHUs MO
cnermansHocT «IIpoBu3op» U coctosaTe B peectpe ['ociexcmyxObl Ykpaunsl. [lomumo sToro,
nepcoHai, paboraroumii B otnene npousBoiactBa PDII gomken mpoiith oOydeHue pabore Ha
000OpyIOBaHWU U TONYYUTh CEPTH(PUKATHL, MOATBEpXKAAIOIIME ero Kpanudukamuio. JlanHoe
TpeOoBaHWE HEOOXOAWMO BBINIOJHHUTH TMPH TPHHATAH OOOpPYJOBAaHUS B  OSKCILIyaTaIHIO.
HeoOxoauMbpiM  ycrOBHEM  SIBISETCS €XKETOJHOE OOydYeHHE TIepcoHala B COOTBETCTBHHU C
KBaTMUKAIICH.

Taxum o6pazom, it nonyueHust ceptudukara GMP Heo0X0aMMO BBIOJHEHUE OTPOMHOIO
psna TpeboBaHUM, YTO MO3BOJISIET CHOpPMHUPOBATh HaAEKHYI0 CHCcTeMy KadyecTBa. JTO OOECIICUHUT
OecriepeboiiHoe noaydenue u nocraBky POIL

JOZUMETPUYECKOE IINTAHUPOBAHUE B PEAJIM3AIIMU NTHHOBALTMOHHBIX
METO/I0OB JIYYEBOM TEPAIIUU PAKA MOJOYHOH KEJIE3bI: OB30PHOE
NCCIEJOBAHUE

Kannokosa H.B., Poiitoepr I'.E., ®ykc L., Bockansn F0.9., 3arayoonkas E.B.

Sofia cancer center, OAO Meouyuna, 2-it Teepckoii-Amckotl nepeynok, oom 10, 125047, Mocksa,
Poccus, contact@medicina.ru

AHHOTaUMsA: 3a7a4yell aHHON paboThl OBUIO OMPENEeNUTh ONTHUMAJIBHYI0 METOIUKY I03MMETPHUYECKOIO
TUIAHUPOBAHUS IIOCIICOTICPAIIMOHHON JIyUYeBOW Tepamuud BCEro o0beMa MOJOYHOM IKele3bl B ciydae
JIEBOCTOPOHHEI0 00pa30BaHUs U B YCJIOBHSX YCTaHOBJIEHHOTO B OTAENEHUH 00opynoBanus. [locne ananuza
JIUTEPaTypsl OBbIIO BBIOpAHO 4 METOJIUKH, MO KOTOPHIM OBUIM paccYMTaHbl JO3MMETPUYECKUE TUIaHBI
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neaenns. IlocnemoBaTensHBIM aHAIW3 IIJIAHOB IIOKa3all, 4To ucnoak3oBanne Metoaukn IMRT mo3Bomser
OTpaHUYUTDh JO3bl HA KPUTUYCCKUC OpTraHbl, B YaCTHOCTHU CCPALC, COXPAaHAA IIPU 3TOM aneMneMmﬁ YPOBCHb
J103 B OIIyXOJIH.

Abstract: the purpose was to find an optimal treatment planning method in a case of postoperative whole
breast irradiation and under the department’s current terms of equipment. After the analysis of a published
data 4 different techniques were adopted for comparison. The results show that IMRT provides the optimal
target dose distribution while dose to most critical organs at risk (heart) remains in acceptable limits.

KioueBble cioBa: pak MojouHoi xxenessl, IMRT, VMAT
Key words: breast cancer, IMRT, VMAT

[To manaeiM Amepukanckoro OoOmectBa Paka mHa 2011 rom pak MOJOYHOW KeJIe3bl CpPeau
JKEHIIMH BO MHOTHX CTpaHax MHpa 3aHuMal JUAUPYIOIee MECTO IO CMEpPTHOCTH OT
OHKOJIOTHYEeCKUX 3aboneBanmii [1]. B Tom xe romy B CTpykType 3aboJjieBaeMOCTH
37I0KQY€CTBEHHBIMH HOBOOOPA30BaHUAMHM YKEHCKOTO HaceleHus Poccuu pak MOJOYHON >Kene3bl
3aHUMAJ TakXKe TepBoe MecTo. [Ipryem, KOJIMYeCTBO yCTAaHOBJICHHBIX JMAarHO30B paka MOJOYHOU
skenesbl cpenu xeHuH B 2011 rony no cpaBaenuto ¢ 2001 ronom yBenuuuiocs Ha 27% [2].

KommniekcHoe JiedeHre paka MOJIOYHOM JKele3bl BO MHOTHX CIIydasX HpeAroaraet
npoBeJeHUEe JydeBoM Tepamuu. OAHAKO WM3BECTHO, 4YTO JydyeBas Tepamus B CIydasx
JIEBOCTOPOHHETO PpaKa MOJIOYHOM >KEJIe3bl CBsI3aHa C pUCKOM 3aboiieBaHuil cepaua [4]. Xots, ObUI0
MOKAa3aHO, YTO PUCK CMEPTHOCTH OT CEPJCUHBIX 3a00JIEBaHUIN CPEIH KEHIIUH C PAKOM MOJIOYHOMN
JKEJIe3bl, TOTYYaloNINX JIy4eBYI0 TEpamuio, CO BPEMEHEM YMEHBIIWICS, KaK W YMEHBIIWIACh
pasHUIla B CAy4asX UIIEMHYECKUX 3a00JIeBaHUI IS JISBOCTOPOHHUX OOpa30BaHMIA IO CPABHEHUIO
C TIPaBOCTOPOHHUMH, OJTHAKO PUCK OCTAETCS 3HAUUTENBHBIM. U [T cTy4aeB Jy4eBOW Tepanuu MpH
JIEBOCTOPOHHEM paKe MOJIOYHON JKeJe3bl PUCK OCIOXKHEHH BCE eIle BBINIE, YeM B CIydasx
paBOCTOPOHHUX Jokanu3anuii [3]. Kpome Toro, ObI10 MOKa3aHO, YTO OMpPENCIECHHBIE METOJIUKH
00Ny4YeHHs CBSI3aHBI C TOPAKECHHEM U TOCIEYIONIEH OKKIIO3HeH MepeIHeld MexOKeTyT0uKOBON
aprepun [S5]. Lawrence B. Marks et al. B pabore 2005 roma ompeaenwN MPOIEHT IeheKTOB
nepdy3un mMuokapaa paBHeIM 60 B TedueHHH 24 MecsIeB MOCIE MPOBEICHUs ITy4eBOH Tepamuu
JIEBOCTOPOHHEN MOJIOUYHOM KEJe3bl ISl MallMeHTOB, Y KOTOpBIX Oosee 5 % OT oObemMa JIeBOTO
JKENylouKa cepiana BXoAwnu B mons obmydeHust [6]. [lopaxkeHue TKaHU JETKOro B BHUIE
MTHEBMOCKJIEpO3a TPH TaHTCHIIMATHHOM OOJyUYeHUM JIEBOM MOJIOYHOM JKEJIe3bl B TCUCHHH 3eX
MECSIIEB TIOCJE MPOBEACHHS JIy4€BOTO JICUYCHHS] MOXKET JOCTUTAaTh 3€l CTENeHU CIOXKHOCTH IO
wiaccuduxanuu Nishioka mis 7.3% cinydaeB [7]. B cBeTe Takoro mporHos3a ObLTH MPOBEICHBI
UCCIIeIOBaHMs, M OBUIO TIOKa3aHO, YTO HCIIOIH30BAHUE BBICOKOTEXHOJIOTUYHBIX METOJOB JIyU4eBOI
TEepanuu MpH JICUYEHUU paKa MOJOYHOU Kese3bl MO3BOJISIET CHU3HUTH JI03bI Ha cepjille, TEM CaMbIM
CHIDKAsl BEPOSITHOCTb CEpACUHBIX 3a00neBaHui [4].

Ha ceroansimiHuii A€Hb B JIy4€BOM Tepauu paka MOJIOYHOM KeJIe3bl IIUPOKO MCIOJIb3YIOTCS
TaKMe WHHOBALIMOHHBIE METO/bI MOCTaBKH 703 K oOiydaemoMy oObemy, kak IMRT (Intensity
Modulated Radiation Therapy) u VMAT (Volumetric-Modulated Arc Therapy). O6a metoaa
IpEe/IoiIaraloT HepaBHOMEPHOE MOYTMPOBAHHOE M0 MHTEHCUBHOCTH 00JIydyeHHe 00beMa OIyXOJiy,
3aBHCsILEe OT pa3MepoB 00pa30BaHUs, TITyOUHBI 3aJIeTaHus, YIAICHHOCTH OT 3J0POBBIX OPraHOB U
ap. Takke ONHON M3 MHHOBALMOHHBIX TEXHOJIOTMH B JIy4EBOM TEpAlMHM PAKa MOJIOYHOMW KEJIE3BI
sBisieTcss meroamka Field-in-Field, gro, mo cyru, mpeacraBmsier ympornennyio IMRT, u B
auteparype Bcrpeuaetcs kak Forward Planned IMRT [8].

Alessio G. Morganti et al. mms 332 manuMeHTOB, MOJIYYAONIIUX ITOCICOMEPAIMOHHOE
obiydeHue Bcero o0ObemMa MOJIOYHOHM JKele3bl, IMoKa3alid, 4yTo Hucmosib3oBanue Forward Planned
IMRT mno3BossieT He TOJIBKO CHU3UTH «ropsuue» obnactu (>107%) B MUIIEHH, HO TaK e BIUSET
Ha ypOBEHb 1103 B 0OOJACTH CEpAla, W IMO3BOJSET CHHU3UTH CPEIHUE 03Bl B HIICHIATEPATHHOM
JIETKOM, 4TO 0C000 3aMETHO B Ciydasx OoJibIIuX 00bemMoB obOmydenwus [8]. Mcmonmp3oBaHue Tak
HA3bIBAEMBIX THOPWIHBIX TUIAHOB (COBMEIIEHHE B OJHOM JIO3UMETPHUYECKOM JICUSOHOM TUIaHE
METOJIMK C MOAYNIALMEH U 6€3 MOIYISLUU IO MHTEHCUBHOCTH ) TIOKAa3bIBAET XOPOIIUE PE3yIbTaThl B
CHIDKCHUH J103 Ha OpraHbl pUCKa, B 4acTHOCTH Jerkoe u cepaue [9]. A. Fogliata et al. B cBoeii
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pabote 2005 roga onuceiBatoT onbIT npuMmeHeHus IMRT mpu po3uMeTpuieckoM IUIaHUPOBAHUH
JTy4eBOM Teparuy paka MOJIOYHOM JKeJIe3bl ¢ BOBJICUSCHHEM BHYTPEHHHUX TPYAHBIX JTUM(paTHISCKUX
y3JI0B. ABTOpaMH TOKa3aHO, YTO, HE3aBUCHMO OT UCIOJIb3yeMOW cucTeMbl miuanuposanusi, IMRT
MIO3BOJISIET IOJIy4aTh aJ€KBAaTHBIE J103bl B MHILEHH, IIPU 3TOM OCTaBJIsAsA J03bl B OpraHax pUCKa
(cepnue) Ha 3amanHoM HH3KOM ypoBHe [10]. CpaBuenme B mureparype metoauku IMRT co
CTaHJapTHO HUcrojib3yeMbiM 3D KOHGOpPMHBIM OO0iydeHHEeM (YTO, Kak IMpaBWIIO, Mperojiaraert
HCIIOJIb30BaHUE 2-yX TaHT€HLUUAJIbHBIX I10JIEH), TIOKA3bIBAECT SBHBIE NpeuMylecTBa nepsoi [11].
UcnonwszoBanue VMAT npu muiaHupoOBaHUM JTy4EBOW Tepaliuu paka MOJIOYHOMH Keje3bl OTyYHIo
MIOBCEMECTHOE paclpocTpaHeHHe B mocieaHee BpeMs. Kak mpaBuiio, JaHHas METOIUKA TTO3BOJISET
TOOWBATHCS MPUEMIIEMOTO TOKPBHITHS 703 B MuIIeHH, He ycrynatomux IMRT, HO 3a MeHbIIUM
koinnuectBOM MonutopHbix Enmnun (ME), a, cienoBaTenbHO, COKpallaeT BpeMs JICUEHUS Ha
YCKOpHTEIE. Carmen C. Popescu et al. B cBoeii paboTe MOKa3bIBAIOT IMOTEHIIHAIbHBIC
BO3MOXXHOCTH ucnonb30BaHus VMAT, uTo NpUBOAUT K CHUKEHUIO J103bl B KPUTHUYECKUX OpraHax,
OJTHAKO OTMEYaloT, YTO OOLIMH YpOBEHb HM3KMX [03 B 3J0pOBBIX OpraHax M TKaHAX IpH
ucnons3zoBanun VMAT yBenuuuBaercs [12].

Hamreit 3anadei 0b110, U3 NPENTIOKEHHBIX B JIMTEPAType METOJUK, YUUThIBas BO3MOKHOCTH
MMEIOIIErocss y Hac o00OpyIOBaHHMsS, OINPENEIUTh ONTUMAIBHBIA CIOCOO0 TIOCTaBKH 103 K
obiyyaeMoMy 00BbEMY B cllydasx JIyue€BOM TepanmuM paka MOJIOYHOM >keines3bl. PaccmarpuBaincs
CIIy4ail TOCJIEONEPAIMOHHOTO OOJY4eHHUs JICBOCTOPOHHEW MOJOYHOU >Kene3bl 0e3 BOBIICUCHUS
peruonapubeix guMdoysnoB 1o COJl 50 I'p, mo cranmapTHOM cxeme (pakmuonupoBanus 2 I'p 3a
dpaxiuro. s Bcex pacCUMTaHHBIX TUIAHOB HIDKHEW T'paHHUIleH 7103 B OMyXOJH OblIa IMOCTAaBJICHA
95% noza nas 95 % obwvema (V95 > 95%D), Bepxuwmii npenen - He 6onee 5% obbeMa Omyxoau
MokeT mnoaydaTb a03y 107%. OrpanuueHuss Ha OpraHbl puUcKa OBUIM 3aJaHbl COIJIACHO
MEXIYHApOAHBIM PEKOMEHIALUsAM. AHAIM3 MPOBOAWICS ITyTEM IOCIEA0BATEIBHOIO CpPaBHEHHUS
JO3MMETPUYECKUX TMapaMeTpOB JICUCOHBIX IUIAHOB JUIS PA3MYHBIX METOAMK. Bce TutaHbl ObuH
paccuutanbl Ha cucteme miaHupoBanust Eclipse Bepcun 10.0. Kpome Toro, mpu miaHupoBaHHU
YUUTHIBAINCH BO3MOXHOCTH YCTAHOBJIEHHOI'O B OTAEJICHWU JIMHEHHOro yckoputens [rueBeam
(\Varian Medical Systems, Palo Alto, CA, USA) ortmyckaTh 103y B PEKHME BBICOKOW MOIIHOCTH
(rexnonorus Flattening Filter Free — FFF). Pesxxum FFF mo3BossieT ist cTaHaapTHO# sHeprun 6MB
OTIyCKaTh 103y ¢ MouHocThio 10 1400 ME/MuH. Toraa xak cTaHgapTHas MOLIHOCTb JO3bI JJIs
sHeprun 6 MB paBrna 600 ME/Mun. 13 6-T11 ipeICTaBICHHBIX B paMKaX JaHHOH paOOoTHI IJIaHOB, 4
ObuH caenanbl 111 6MB u 2 g 6MB — FFF.

Jnist cpaBHEHMsI OBUTH BEIOpPAHBI CIIETYIONTNE TTAHbL:

- 3D xon¢opmusli mnan no meronuke Field-in-Field (2 tanrenumaneueIx moisi, sHeprust 6MB,
KJIMHBSI, KOJIMYECTBO CETMEHTOB — 110 3 JJIsl KaXKAOTO TIO0JIs );

- rubpunnelii ian VMAT (2 HenomnHble apku) + 2 TaHT€HLUUANbHBIX MOJs (3HEPrus Bcex Mosel
6MB, VMAT — 40% npeanucaHHOM 10361, 2 TAHT€HIIMATBHBIX TTOJIS - 60% TpennucanHon 10361);

- IMRT munan (aueprust 6MB, 4 nons);

- IMRT nuan (3ueprust 6MB, 4 nons + 1 HeKOMIUIaHAPHOE T10JIE);

- VMAT muian (3Heprust 6MB- FFF, 2 HenonHble apk).

PesynbTaThl 103 B OIMyXOMW M OCHOBHBIX KPUTHYECKHX OpraHaxX Ui BCEX PAaCCUMTAHHBIX
wiaHoB npenctasieHsl B Tabmune 1 u Tabnuume 2. IlepBeiM Obu1 mpoananusupoBan 3D
KOH(OPMHBIM IUIaH, PacCYUTAHHBIA C HCHOJb30BaHHeM Mertoauku Field-in-Field. Pesysibrats
MOKa3aJId, 4TO TMPH HMCIOJIb30BAaHUH JTAaHHON METOAMKH YIACTCS BBIOJHHUTH BCE IMPEIINHCAHHBIC
OIPaHUYEHUS] Ha BCE OpPraHbl PUCKA, XOTS M MPHU NOTEPAX B FOMOI€HHOCTH OOJIY4EHHUS OIyXOJIH.
[Tocne cpaBHeHus qaHHOTO MaHa ¢ THOpUAHBIM 1aHoM (VMAT + 2 TaHreHIuanbHbIX TOJIs).
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Tabxwma 1. Pe3ynbTarsl TulaHUpOBaHUS — 10361 B oryxoinu. [ ae /Imakc — makcumanesHas go3a B PTV; JImun
— muHUManbHas jo3a B PTV; [cp — cpennsst no3za B PTV; V95% — o6vem PTV, momydatonwmii 95% ot
npeanucannon 1o3e; V107% — o6vem PTV, monyuwatormii 107% ot npenmucannoit j1o3b1; Cl — wHACKC
KOH(OPMHOCTH.

ITJIAH Jmakc | JMuH Hcp V95% V107% | ClI Cl195%
Field-in-Field | 114.6% 79% 97.6% 70.5% 3.13% 0.49% 0.7%
I'mopumueii | 111.6% | 81.9% 100% 89% 4.2% 0.58% | 0.89%

IMRT 5 nosneit | 107.5% | 76.6% 98.6% 84.8% 0.02% 0.4% 0.85%

IMRT 4 nonst | 108.4% | 81.1% 100.2% 94.3% 0.35% 0.6% 0.94%

VMAT 113.7% | 80.9% 101.5% 95% 5.68% 0.73% | 0.95%

Tabmuna 2. Pe3ynpraThl IIaHUPOBaHUS — JTO3BI B OpraHax pHUcKa (Bce JaHHBIE B MPOIEHTax OT oObeMa
oprana). I'me OJI V5 — o6a nerkux, nony4datoutue SI'p; JIJI V10— neBoe nerxoe, momyuatoiee 10Ip;
JUJI_V20- neBoe nerkoe, momyyaromee 20Ip; [TJI V5— mpaBoe nerkoe, momyuaromee SIp ;C_V25- cepare,
noayyaroriee SI'p; MXK V10— npoTrBoIoI0KHasE MOJIOYHAs JKeJie3a, nmouydaromnias SIp.

TUIAH OJ V5 |JUL VIO |JUI V20 | III V5 C V25 | MK VIO
Field-in-Field 11.81% 21.34% 18.05% 0% 13.34% 0.09%
I'uOpuaHbII 18.72% 25.88% 19.45% 0% 15.08% 1.3%
IMRT 5 noneii | 31.98% 38.21% 15.44% 1.04% 2.91% 0%
IMRT 4 nomns 33.34% 38.09% 15.84% 0% 5.45% 0%
VMAT 43.52% 53.23% 16.67% 8.03% 8.38% 5.46%

yJal0Ch yCTaHOBUTh, YTO THOPUAHBIN IUIaH OOECHeuMBaeT aJeKBATHOE IMOKPHITHE MUIIEHHU, HO
703l JJII HEKOTOPbIX KPUTHYECKHMX OpraHoB (cepAle) OCTaroTcsd BBICOKMMHU. [lOCKOIBKY
TFOMOI€HHOCTh /103 B OIYXOJIM SIBISIETCS NMPHOPUTETOM, CIEAYIOIIMM IIaroM ObLJIO HAaWTH ILIaH,
obecrnieunBarOMi 1036l B OMYXOJIM Ha ypOBHE TMOPHUAHOIO IUIaHA (MJW Jydlle), HO MPU 3TOM
CHHM3UThH J03bl HA HOPMaJIbHblE TKaHW M OpraHbl JO YpPOBHEH, IOJIYYEHHBIX NPH HCIOJIb30BAHUU
meronuku Field-in-Field. Tlpu cpaBHenuu rubpuanoro minana ¢ IMRT Obuio mokazaHo, 4TO
ucnonb3oBanue IMRT mpuBOAMT K CHMXKEHMIO J103bl B O0JIACTM BBICOKHMX J03 Ha OpraHbl, JAJs
KOTOpbIX 3TO sBisiercs mnpuoputetoM (cepaue). Taxxe IMRT oGecneunBaer Haumbonee
IPUEMIIEMOE TOKPBITUE MUILEHU MPEAIUCAHHON N103bl, COXPaHSAA MPOLEHT «OpPSYUX TOUYEK» B
MUILIEHH Ha npuemiemoM ypoBHe. [lanee x miuany IMRT ¢ 4ms monmsimu Obu10 100aBIEHO OJTHO
HEKOMIUIAHApHOE T0JI€, YTO a0 BO3MOXHOCTb YIYUYIIUTh pe3ynbTaThl. OTHAKO OT JaHHOTO IJIaHA
NPUILIIOCHh OTKA3aThCs, MOCKOJIBKY HMCIOIB30BAaHUE HEKOMIUIAHAPHOTO TOJII COMPSIKEHO C PAIOM
TPYZAHOCTEH NpU peaju3alMyd PAcCUMTAHHOIO IUIaHAa Ha yckopuTene. IIpum cpaBHEHMH IUIaHOB
IMRT u VMAT 6o Haiineno, uto ucnoibs3oBanue VMAT (2 HemosHbIC apku) HE BEACT K
CHIDKEHMIO /103bl Ha OpraHbl PUCKa, HO YBEJIMYHMBAET MaKCUMAJbHYIO 103y B OIYXOJIM, YTO HE
IpueMiieMo B ciyyae oOiydyeHus MosiouHoi skenesbl. [lockonbky IMRT mian mokasan mydinne
pe3ynbTaThl MO MOKPBITUIO OMYXOJM J030H, OBUIO pEIIeHO CPaBHUTh €ro C IUIAHOM, KOTOPBIH
nokasaJl JydIlife pe3y/IbTaThl M0 OpraHaM pucka, a UMeHHO ¢ iaHoM 3D mo meronuke Field-in-
Field. O0a ruana mokasanu XOpoLIne pe3yJbTaThl 0 OPraHaM pPUCKa — B 000HX CIIydasx yIalioch
CHU3UTH J103bl 710 npennucaHHbix. B mnane IMRT nponeHT BBICOKMX /103 B cepAlle ropa3fio HUXE,
yem B ruiane Field-in-Field. 3akmounTenpubiv marom 6but nepecuet miana IMRT, noka3saBmiero
JTy4YIIUd pe3yabTat, ¢ sHeprun 6MB Ha suHepruro 6MB-FFF, mockonbKy nMcnons30BaHue SHEPTHU
6MB-FFF no3Bomsier moctaBnsTh 10361 K 00beMy 001yueHus: B Oosee kopoTkoe Bpems. [lepecuet
HE TI0Ka3aJl JO3UMETPUIECKOH PelIeBaHTHON PAa3HUIIBI MEXKITY dTUMH TUIAHAMH, YTO TOBOPUT O TOM,
4TO BO3MOXKHO HCIOJB30BaTh 3Hepruto 6MB-FFF npu pacuere IMRT mnanoB nmyueBoii Tepanuu
IIPU paKe MOJIOYHOMU KEJE3bI.

BeiBoz: ucnons3zoBanue metoauku IMRT mpu no3umerpuyeckoM IIIaHUPOBAHUU B JTy4eBOH
TEpaIruy paka MOJOYHOM jKeJIe3bl MO3BOJISIET 3HAYUTEIHHO CHIU3UTh BBICOKHE JI03bI HAa CEpAIe, MPH
3TOM obOecreurBas IpUeMIIEMOe OKPBITHE 00JydaeMOro 00beMa U CHUKEHUE «TOPSUUX TOUEK).
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EXPERIMENTAL COMPARISON OF THE DIGITAL X-RAY TOMOSYNTHESIS AND
COMPUTED TOMOGRAPHY PERFORMANCE AND PATIEND DOSE
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Abstract. The experimental comparison of the performance of the computed tomography and prototype
digital tomosynthesis unit was carried out. The results of comparison show higher resolution of the digital
tomosynthesis in coronal plane parallel to the plane of the detector compared to the computed tomography
and lower resolution in perpendicular direction. Estimation of the patient dose load shows that patient dose
due to the tomosynthesis can be at least 3 to 6 times lower than patient dose due to computed tomography.

Key words: Computed tomography, X-ray applications, Reconstruction algorithms, Biomedical
imaging.

INTRODUCTION
Before the invention of computed tomography (CT), the linear tomography (or laminography)
[1] was the only way of the visualization of a single cross-section. The invention of CT posed a task
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of comparison of the performance of CT and laminography. A number of researchers [2-4] reported
the higher clical efficiency of CT compared to laminography due to the three-dimensional nature of
CT. These advantages of CT caused the common transition from laminography to CT in medical
practice [5].

The availability of high-resolution digital X-Ray receivers provided their usage in modern
clinical laminography equipment.

On the other hand today there is a number of X-Ray techniques, called [6], mechanical
realization of which is similar to the laminography with digital X-Ray receivers. Tomosynthesis
shows a better performance than CT and common X-Ray imaging in many applications [6-9].

Therefore there is a good reason to introduce digital tomosynthesis algorithms into the already
manufactured laminography equipment with digital X-Ray receivers. The estimation of resolution
and patient dose which can be achieved should be done for each model of laminography equipment.

The scheme of X-Ray laminography is shown in figure 1. The X-Ray tube and X-Ray film or
X-ay receiver move in the opposite directions around the common rotation axis. The cross-section
of the patient by the plane containing this axis remains unblurred, while the other layers, lying
above and below the axis are motion blurred. So we get a sharp image of the relatively thin layer
parallel to the detector plane and containing the rotation axis.

\ ] |
Fig. 1. Schematic representation of the X-Ray laminography.

The implementation of tomosynthesis algorithms allows to obtain the tomographic sections
in X-Rays rooms from one hand and to achieve manifold patient dose reduction compared to
common — axial — computed tomography from the other hand [10].

The purpose of our study was to compare the performance and patient doses of the prototype
X-Ray digital tomosynthesis unit and of the computed tomography on the basis of Siemens
SOMATOM Spirit CT unit. The prototype unit was the KVOMA, Kyiv, X-Ray digital
laminography unit with the application of tomosynthesis algorithms, implemented by autors.

EXPERIMENTAL TECHNIQUE
We made an experimental comparison of characteristics of digital tomosynthesis prototype
unit and CT. We used a number of phantoms in our study — paraffin phantoms and plexiglass
phantom with test patterns, shown in figure 2. Linear tomography was carried out with the
equipment, produced by KVOMA and CT was carried out with Siemens SOMATOM Spirit
multislice CT unit.
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Fig. 2. Photo of the plexiglass phantom used in measurements.

Figure 3 shows sample cross-sections of the paraffin phantom, obtained by Siemens
SOMATOM Spirit.

Figures 4 and 5 show sample cross-sections of the paraffin phantom, obtained by digital
tomosynthesis prototype unit.

Fig. 3. Section of the paraffin phantom, obtained with Siemens SOMATOM Spirit.
Section dimensions are 512x124 pixel, Hounsfield numbers range is -1024...3071.
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Fig. 4. Section of the paraffin phantom, obtained with prototype tomosynthesis unit.
Section is reconstructed from 29 projections every 1° in range -14°...+14°,
Dimensions are 3024x3024 pixels, intensity varies in range 8000...45000.

Fig. 5. Section of the paraffin phantom, obtained with prototype tomosynthesis unit.
Section is reconstructed from 91 projections every 1° in range -45°...+45°.
Dimensions are 1008x1008 pixels, intensity varies in range 1200...62000.
DISCUSSION

Table 1 summarizes results of the performance and dose comparison of CT and digital
tomosynthesis. X axis is directed from patient legs to head, Y axis from left to right side of patient
and Z axis goes from front to back. One should pay attention to the resolution in X, Y and Z
directions (axes orientation is shown), number of sections and patient dose.
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Table 1. Comparison of the CT and prototype tomosynthesis performance

Tomosynthesis - Tomosynthesis - Tomography
14°..+14° 45°...+45°
Number of images 29 91
Number of sections 10...20 20...40 512

Dimension of the reconstructed volume, 3024x3024x100 1008x1008x100 124x512x512
X XY xZ, voxels

Resolution along the X axis, line pairs/mm 2,0 1.4 0,5
Resolution along the Y axis, line pairs/mm 2,0 1,4 0,7
Resolution along the Z axis, line pairs/mm 0,1 0,2 0,7
Intensities range 16000...65000 1200...62000 -1024...3071
Number of sections along Z axis 20 40 512
Estimated patient radiation dose, mSv 1,16 0,40 3,53

Other researchers reported the next advantages of the tomosynthesis:
- Resolution in the plane parallel to the receiver — up to 1,5 Ip/mm;
- Number of source projection images — 24...60;
- Thickness of a section — about 5 mm;
- Patient dose — less or equal to single radiography image ;
- Diagnostic value of digital tomosynthesis in urography — up to 98%;
- Diagnostic value of conventional urography and urography with laminography — up to 50%;
- The possibility of the computer-aided detection (CAD) systems utilization.
CONCLUSIONS
The resolution of digital tomosynthesis can achieve 1,4..2,0 line pairs/mm with the
thickness of a section 0,5...1,0 cm. The CT resolution in the experiment was 0,7 line pairs/mm with
the thickness of a section 2 mm.
Digital tomosynthesis allows to lower the patient radiation dose 3...6 times related to the CT
study.
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AHOMAJIBHBIE OCOBEHHOCTHU U MEJIUKO-BUOJIOI'MYECKOE TPUMEHEHUME
YHPABJIAEMOI'O PEHTTEHOBCKOI'O U3JIYUYEHUSA, TEHEPUT'YEMOTI'O ITPHU
KABUTAIIUU CTPYU ’KUJIKOCTH
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AnnoTtanus. MccienoBansl paJuallioHHbIE TIPOIECCH P KaBHTAIIMU CTPYH KUIKOCTU. B ompeneneHHbIX
YCIIOBHSAX BBIXOJHAS 9YacTh KaHala M Hadalo CTPYHM >KMAKOCTH (HAmp., BOJBI) SBIAIOTCS HCTOYHHKOM
peHTreHoBckoro wusmyuyeHust ¢ sHeprued 1..5 KoB wu aktuBnHocthio 0.1 Kropu. IlocnenosarensHoe
npeoOpa3oBaHNE PEHTTEHOBCKUX M yJapHBIX BOJH MPUBOAWT K BO3MOKHOCTH T€HEPAIIMH PEHTT€HOBCKOTO
W3TyYeHUs 3a YHOAJCHHBIMH TOJICTBIMH METANIMUYECKUMH DJKpaHaMH, 4YTO TII03BOJISIET TEHEpUpPOBATh
PEHTI€HOBCKOE

Abstract. Radiating processes at liquid streams cavitation are investigated. At certain conditions a target part
of the output channel and the surface of a liquid stream (e.g., water) are a source of X-ray with energy 1... 5
keV and activity 0.1 Curie. Consecutive transformation of X-ray and shock waves leads to possibility of X-
ray generation behind remote thick metal screens that allows to generate X-ray radiations in the closed
objects and to use it in biotechnology and medicine.

KuaroueBbie cioBa: KaBUTallyMsA, yAapHas BOJIHA, PCHTTCHOBCKOC HM3JIYUCHHC, pPaJlHallMOHHaA
MEIUIIMHA.
Key word: Cavitation, shocking wave, X-Ray radiation, radiation medicine

BBenenune

[IpoOnema  co3maHusi  KOMIIAKTHBIX, O€30MacHBIX W YOPABISEMBIX  HCTOYHHUKOB
KOPOTKOBOJIHOBOI'O H3JIY4YCHHA OTHOCHUTCA K YHCITY Hauboiee AKTYyaJIbHBIX. Takne HWCTOYHHKHU
IIMPOKO HCIOJIB3YIOTCS B MEIUIMHE M OMOTEXHOJOTMH. TpaJulMOHHO 3Ty 3aJayy pelalT Ipu
HCIIOJIb30BAHHUHU PCHTICHOBCKHUX pr6OK NN U30TOIIHBIX MCTOYHUKOB. O‘IGBI/II[HI)I UX HEAOCTATKU.
JU1s peHTreHOBCKHX TPpYOOK 3T0 Manas 3(pQpeKTUBHOCTb NpU HanpspkeHur MeHee 10 kB, 6omibiioi
BeC U rabapuThl, HEBO3MOXHOCTb pPa0OTHl BO B3PHIBOONACHBIX YCIOBHUSX (NP HAIUYUU
OpPraHWYECKOH IMBLIN, TOPIOYUX Ta30B UM NapOB TOIJIMBA, BBICOKOW BJIAXXHOCTH). [1JI1 M30TOMHBIX
HCTOYHHUKOB - HAJIWYHUEC COIIYTCTBYIOIIMUX KBAHTOB JMKCCTKOro JUala3oHa W HEBO3MOXHOCTH
BBIKJIFOYEHHS NCTOYHUKA.

B Hacrosiielt paboTe mpeacTaBie€Hbl pe3yibTaThl MCCIEIOBaHUS MPUHLUUIHAIBHO APYroro
METOJ1a FEHEPALUU PEHTTEHOBCKOTO U3JIy4E€HHUs], HE CBSI3aHHOT'O HU C YaCTUL[AMU BBICOKOM YHEPrUu
HU C pPaaruonu30TOIlaMM. MexaHnzm (bOpMI/IpOBaHI/Ifl HU3ITYy4YCHUA CBsA3aH C KaBUTAIIMOHHBIMU
ABJICHUSIMU B CTPYE HUAKOCTHU, BHITEKAIOLIEH IO/ JAaBJIICHUEM M3 Y3KOTO KaHaja. Takol MeXxaHU3M
reHepalny U3Iy4eHus 10 Hamux padoT [1-4] Obul HemsBecTHHIM. B nanHoi pabote uccienoBaHo 2
TUIIA JKUAKOCTEH - MAIIMHHOE Macio M Boja. llpomecc kaBUTanum € UCHOJIB30BAaHUEM ITHX
KHUJKOCTEH CBA3aH C PAJIOM OYEHb CHEIM(PUUECKUX SBICHHUM, KOTOpbIE AETAIBHO PacCMOTPEHBI
HWKC.

1. 'eHepanusi PEHTIEHOBCKOI0 H3JIY4YCeHHUS NIPH KABUTALMHU CTPYH BA3KOM KHAKOCTH

B pab6orax [2,3] Obumn mpoBEeACHBI MCCIICAOBAHMS IPOILIECCOB, KOTOPHIE MMEIH MECTO TpH
KaBUTALlUU BSI3KOHM *KHMJIKOCTH, BO3HUKAIOLIEH B MAIIMHHOM MacJj€ IPU €ro BIXOJE M0/ AaBICHUEM
13 Y3KOTO AMDJIEKTPUYECKOrO KaHaja BHYTPb KABUTALIMOHHON KaMmepbl. CxeMa SKCIIepUMEHTAIbHON
YCTAaHOBKM M ee oOmui Buja mpenacrtaBieHsl Ha Puc.l. MccnenoBaHuss peKMMOB KaBUTAIMU
IIPOBOAMIIOCH C MOMOULIBKO ONTUYECKOM PErucTpanuy MPOCTPaHCTBA NEPEN U IOCIEe KaHaua IpU
pa3HbIX JABJICHUAX KXUAKOCTU. [losaTanmHOEe M3MEHEeHNe 1aBIeHUs] MAlIMHHOIO Macja MPUBOJIUIO K
U3MEHECHUIO CTPYKTYPBI M BHJIA XKHUIKOCTH, BEIXOsIICH 13 kaHana (cM. Puc.2a).

B ucxonnom coctosiuu u npu pasieann P<20-25 atm macio ObUI0 IpO3payHBIM U MMEIIO
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TEMHO-KOPUYHEBHIN 1BeT J0 auadparmel u nocie Hee. [Ipu P~ 30 atM 3a BBIXOJAHBIM OTBEPCTHEM
KaHalla Ha4MHaeTcs mpolecc TypOyleHTHOCTH, a mipu P>40 atMm cpennuil pazmep TypOyJIeHTHBIX
BUXpPEW CTAaHOBUTCS OUYCHb MAaJCHBKHUM, B PE3YNIbTATe YEro Macjio B MPOCTPAHCTBE 332 KAHAIOM
CTAaHOBUTCS MOJIOUHO-0€JIBbIM. DTOT PEKUM COOTBETCTBYET Haualy Impoliecca KaBUTAluU B Maclie.

l Tonknii kanan I
Hacoc
KaBurtanuonnas
l l l Kamepa
DBOJIIOLHUS
Juadpparma | | KaBUTHPYIOLIETO
T my3bIpbKa B
JIBIOKYILEHCS
pa— .
—_ — — :‘; .=-.;;;~--"")§—_, JKUIKOCTH
== e

i i \ PenTreHosckoe n3mydenue

Puc. 1. Cxema ycTaHOBKM [UIl HCCIICIOBAHMS PaJUAallMOHHBIX MPOLECCOB M NPHHLUUI (OPMHUPOBAHMSA
PEHTTE€HOBCKOI'0 U3yYeHHs IPH KaBUTAIIUU CTPYHU KUKOCTH.

TS o P o

LT T T T T

640
cia b

10 20 30 EKBQp 1 2 3 4 5 6 EKev

Puc. 2. CneBa (cBepxy BHM3) - BHJ XKUAKOCTH Ipu MajoM nasieHuu P<20-25 arm; mpu P~30-40 atm,
COOTBETCTBYIOILIEM Hauajly KaBHTAllMM; SPKOE CBEUCHHE HAINpaBICHHOW CTpyHW >kuupkoctu npu P> 80-90
aTM. B meHTpe - M3MEHEHHE CIIeKTpa PEHTTCHOBCKOTO HM3JIyYeHHs MOBEPXHOCTH KaBUTALMOHHOW KaMepsbl
IpY TOATAllHOM YBEJIMYEHHH JAaBieHus Macna (cieBa HampaBo - 20, 40 u 60 atm). CmpaBa - cHEKTp
PEHTT€HOBCKOTO HU3JTy4EHHS, pETUCTPUPYEMOTrO 3a IpeiellaMi KaMephl co cTpyei macia npu P=37 atm npu
HaJIMYUH [TOPOIIKA MEAN, MEXaHUYECKHU CBA3aHHOTO C BHEIIHEH MOBEPXHOCTHIO KAMEPHI.

[Tpu P~60 aTM mpoWCXOaHUI OTPHIB JKUIKOCTH OT CTEHOK M (POPMHUPOBAHWE HATPABICHHON
ctpyu, a mpu P>70-80 atm Bo3HHMKaIO spkoe Oeno-roaydoe cBeuenue stoit ctpym [1]. Jlns
BBISICHEHHS] MEXaHHM3Ma CBEYECHHs ObUIO NPOBEACHO M3YUYEHUE PaJMallMOHHBIX TOJIEH 3a IpeaenaMu
KaMepbl. bBpUlo 0OHapyKeHO, YTO BHEIIHAS IOBEPXHOCTb KaMephbl SBISETCS HCTOYHHKOM
pEeHTreHOBCKOro  m3nydenuss (cm. Puc.2b). OcHoBHble wuccieqOBaHHMS —TMPOBOAMIACH  C
WCIIOJBb30BAaHUEM KPEMHHUEBOTO PEHTICHOBCKOro crekrpomeTpa "1-2-3 X-ray spectrometer”,
Amptek Inc u ¢pororieHOK.

W3nydyeHne TEeHEepHpOBAJIOCh TOJBKO TMPH CpaBHUTENbHO HebOompmoMm (Px25-60 atwm)
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JABJIEHUM >KMJIKOCTH, KOTJa CTPYs JKMAKOCTH Kacajlach BHYTpEHHEH cTeHku kamepbl. Ilo mepe
YBEJIMYEHUS J1aBJICHUSI MAaKCUMYM H3JTy4Y€HHUs cMemlalcs B Oosee xecTKyro 00JacTh, a aMIUIUTY1a
MakcuMmyma najana. [Ipu P>65-70 atM peHTreHOBCKO€E U3JIydeHUE OTCYTCTBOBAJIO.

boulo mokazanHo [2], 4TO TreHepanusi PEHTIEHOBCKOTO M3JIyY€HHUs SIBISETCS CJEICTBUEM
KaBUTAIIMOHHBIX SBJICHUN B CTPYE MHJKOCTH. BO30YXKICHHE PEHTIC€HOBCKUX IEPEXO0/I0B CBS3aHO C
"BCTpsIXMBaHUEM" WJIM pa3pyllieHueM (OTPHIBOM) aTOMOB Ha BHEIIHEW MOBEPXHOCTH KaMepbl MPHU
BHYTPEHHEM OTPAKCHHM OT Hee MOUIHBIX yJAapHOM BOJHBI, BO30yxnaemoil kaBuranueil. [Iporecc
reHepaluy HaOJIoaIcs TOJAbKO MPU CPAaBHUTEIHLHO HEOOJBIIOM JABJICHUH, KOTAa OJHOBPEMEHHO
BBITOJIHSUTUCH JIBa YCJIOBUS: a) ()OPMHPOBAHNE KABUTALMOHHBIX IY3BIPHKOB B 00BEME CTpPYH, O)
KaCaHW€ TMPOCTPAHCTBEHHO pPACXOMISNIICHCA CTPyHM KAaBUTHUPYIOIIEH JKHAKOCTA BHYTpPEHHEU
MIOBEPXHOCTU CTEHOK KaMephl. IIpu 3TOM 3HEprust yaapHbIX BOJH OT KaBUTAllMOHHBIX IY3bIPHKOB
nepenaBaiach OT KHIKOCTH K BHEIIHEH MOBEPXHOCTH KaMephl, I/ie ¥ BO3HUKAIO M3JTydeHHe (CM.
Puc.1).

[Iponecc hopmupoBaHMsi KaBUTALIMOHHBIX MY3bIPHKOB HAUMHAJICS KaK CIy4aHBIN Ipoliecc,
AQHAJIOTUYHBINA APOOOBOMY IIyMY, C (PIYKTYallMOHHBIX 3apObIIIeH B 00beMe )KUIKOCTH MPH PE3KOM
YMEHBILIEHUU JaBJIEHUS, HO C Yy4YeTOM OOpaTHOro BIUSHHUS YAApHBIX BOJH ((aKTUYECKH -
MOJIOKUTEIPHON 0OpaTHOW CBsI3M) Ha mapaMeTpbl auadparMbl, (GOPMUPYIOMICH MpOIecc
3apOKIEHUS KAaBUTAIMOHHBIX MY3bIPHKOB, OH OBICTPO MEPEXOAUT B PEXHUM aBTOTCHEpAIUH,
aHAJIOTUYHBINA TeHeparopy Ban-nep-Ilons. DTa oOpaTHas CBS3b CUMBOJIMUYECKH MMOKa3aHa PUTYPHOI
cTpenkoii Ha Puc.1.

OTOT MeXaHHW3M OblI MOJATBEP)KIEH IIPU MCCIECJOBAaHUM YIApHBIX BOJH, KOTOpBIE
PErUCTPUPOBATIUCH AKYCTUYECKUM JATYMKOM, PACTION0KEHHBIM Ha IOBEPXHOCTH U BHYTPU KaMephl
[2]. AMmumutyna stux BonH mpesbimania 300-400 A. Tlox neiicTBHEM 3THX BOJIH HPOMCXOUT
BO30YKJICHHE U MOHHU3AIMsl aTOMOB Ha BHEIIIHEH OBEPXHOCTH KaMephl, a TAKKe YaCTUYHAS IPO3US
ITOBEPXHOCTH.

Ha Puc. 2c mnpeacraBieHbl pe3ynbTaThl HM3MEPEHUS PEHTTEHOBCKOTO CIEKTpa MpHU
3aKpeIUICHUsI aTOMOB MEJIM Ha MOBEPXHOCTH KaMepsbl CIELUAIbHBIM aKyCTHUECKUM reiaeM. BunHo,
4YTO NPU STOM MAKCHUMyM CIEKTpa H3JIydeHHUs CMELIAeTCsl OT HadaJbHOro 3HadeHus ~1 k3B
(COOTBETCTBYIOIIETO MOBEPXHOCTH OPTCTEKIA) B 001aCTh 00JI€e BRICOKMX dHEpruit (okomo 3.5 k3B).

2. Feﬂepauml nmepecTrpanBaceMoro peHTreHOBCKOro M3Jiy4dcHust Iipu KaBUTAallUU CTPYHU BO/JbI

Bropas wacte uccnenoBanuii [3,4] Oblia cBf3aHa C ONTHMHU3AIMEN Mpoliecca TeHepaluu
PEHTTEHOBCKOTO M3NydeHus. Takas onTUMU3alus Iperojiaraia mnepexon K 0ojiee ecTeCTBEHHOU
paboueii cpene (Boze) u k 6ojee hyHIaMEHTAIbHOMY U3YYEHHUIO IPOIIecca TeHEPALHH.

Yactb HUCCIIEIOBAaHUN MPOBOAMIACH Ha YCTaHOBKE, MpeHa3HaYCHHOU st
TUAPOTMHAMUYECKON (TEXHOIIOTHUYECKOW) OOpabOTKM pa3HBIX MaTepHalioB, BKIIOYas pe3Ky. B
HITATHOM PEXKUME YCTAaHOBKA 00OecleyrBaeT BBICOKOTOYHYIO PE3KYy IMPOYHBIX MaTepuajoB MpU
P~250...2000 at™. B nmanHoii paboTe pexxrM KaBUTAIIMH Ha CTPYE BOJbI UCCIICIOBANICS B HHTEPBAJIC
P~250-600 atm.

B skcnepumenTax Obulo OOHApYKEHO, YTO CTPYS BOJBI, BBIXOZSIIAs M3 KaHala B BO3IYX,
TEHEpUPYET PEHTTEHOBCKOE U3Iy4yeHHEe, MaKCHUMyM cHekTpa KoTtoporo npu P~600 atm
cootBercTBOBaN Ex ~ 0.9 KoB (Puc.3a). [lnmHa mpobera 3Toro n3iay4eHus: B Bo3ayxe paBHa <L>~
6-7 mm. Ilpu yBenmuennn nasnenust Boasl 10 1000 atm makcumym cmemancs a0 1.1 KaB. Takke
OBUTIO OOHAPYKEHO, YTO BHEIIHSS IOBEPXHOCTh CTEHKA MITOKA, BHYTPH KOTOPOTO HAXOAUTCS KaHAJ,
npu ToM ke AaBineHun 600 aTM reHepupoBasia PEHTTEHOBCKOE U3IYYEHHE C MaKCHUMyMOM IpH
Ex~1.7-1.8 3B (Puc. 3a, rpadux "Fe"). Ilpu HaHeceHWHM Ha MOBEPXHOCTH INTOKA MOPOIIKA M3
CBUHIIA MAKCUMYM SHEPTUH U3TydeHHs cMeraincs B o0iaacte Ey~4.8-5 kB (cm. Puc.3a, "Pb").

Jns yBenauueHusi JOCTOBEPHOCTH PErUCTpallii MPOBOIUINCH KOHTPOJbHBIE 3KCHEPUMEHTHI C
MOMOUIbI0 PEHTTEHOBCKUX IUIEHOK (B YACTHOCTH - MCCIIEJJOBAHME H3IY4YECHUS, T'€HEPUPYEMOIO
HEMOCPEICTBEHHO OKOJIO TIOBEPXHOCTH CTPYH KHMIKOCTH M BBIXOJIHOTO KaHaia). J{js aToro 2 jaucTa
TUICEHKY TIOMEIIAJINCh B OOIIMI TAKeT U3 CBETO3alUIMTHOW 4epHOi Oymaru. IlakeT cBopaunBaics B
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¢dopme mumHApa ¢ panguycoM R~3 cM M HajeBalics CO CTOPOHBI BBIXOJAHOTO OTBEPCTHS HA BCIO
JUIMHY IITOKa ¥ 4acTh CTpyH. lIpum 3TOM paccTosiHHE OT MOBEPXHOCTHU LITOKA 10 IUICHKU OBLIO
paBHO AR1~2.3 cM, a OT meHTpa CTpyH Boabl - 0kosio ARp,~3 cm. Ha Puc.3b,c mpencrasnen Bua
IJIEHOK TOCJIE SKCIOHMPOBaHUA B TeueHue 15 munyt npu P=600 at™ u nposisku. BuaHo, uto B
00J1acTH, HAXONAIICHCS OKOJO TIOBEPXHOCTH INTOKA (BEPXHSS 4YacTh CHUMKOB), CYIIIECTBOBAJIO
MHTEHCUBHOE PEHTI'€HOBCKOE M3ydyeHue. [IpocTpaHcTBEHHOE pacipe/iesieHue U3TyuyeHHst Ha 00enx
MJICHKAX UJICHTUYHO. AHAIHU3 MOTJIONICHUS U3Ty4eHHUsI B 00beMe OKHEe! mieHKH ToiuHou 0.15
MM OIpeeNsieT YHEPTUI0 U3ITydeHUs ~2 K3B, 4To cornacyercs ¢ qaHHbIMU criekTpomeTpa (Puc.3a,
kpuBas "Fe'"). HukHss 4acTh IUIEHOK OKa3ajiach YHCTOM, MMOCKOJIBKY CpeIHsIst JyTnHa mpobera <[>~
6 MM 0OoJice MSTKOro M3iydeHue ¢ 3Heprueit ~1 k3B oT kaBuTHpyroiel ctpyu Boabl (puc.3a)
MEHBIIIE, YEM PACCTOSIHUE OT CTPYH 110 TIeHKH AR~3 cM. AKTHBHOCTH n3iaydeHus okoio 0.1 Kropu.

o

l \ criektp wm3myderus HO
‘ (TIp¥ pa3HBIX JABJICHUSAX)

0O 1 2 3 4 5 6 7 EKeV

Puc. 3. @) - ceKTpsl PEHTTEHOBCKOTO M3JIYYCHHS BOJBI, MOBEPXHOCTH CTAJIBHOTO INTOKA W CBHHIIOBOTO
MOKPBITHS TMOBEPXHOCTH IITOKA B PEKUME KABHTAIMK CTPYyH BOIbBI, D),C) - HeWCTBHE PEHTTEHOBCKOTO
M3IIy4eHHUS Ha JBE TUICHKH, CII0KEHHBIC BMECTE M Pa3MEIIEHHBIC BOKPYT IITOKA U BBIXOSIIEH CTPYH BOBIL.

Beuto Taxke OOHApyXKEHO, YTO MPH MOMEUICHWH PSAAOM C INTOKOM (2-3 €M) TOJCTOTO
CTAJIbHOTO 7KpaHa (2-3 MM) 3a HHUM PETUCTPUPOBAIOCH PEHTICHOBCKOE W3NMydeHue [3-5], 4to
CBA3aHO C MHOTOKpPaTHBIM INpeoOpa3oBaHMEM PEHTICHOBCKUX W  yAapHBIX BOJH Ha
COOTBETCTBYIOUIMX TIpaHULAX. ODHEPrust 3TOr0 M3JIy4eHHs 3aBUCUT OT MaTepuana oOpaTHOH
MOBEpXHOCTH dKpaHa (Puc.4).

¢ ST - a) e . 4 ‘. b)
AT L L + .,
‘i e Nl s : o
8 ‘l . -
AL\ o WS 8 e
Puc.4. B3zauMHOe pacrnosoXeHHe BOJHOW CTpyeld B COCTOSHHM KaBUTAIUH
(mrroka), TOICTOro IKpaHa (BTOpOii ciieBa Ha oTorpadun) 1 pacioI0KeHHOH
3a HUM Taphl TICHOK a) u D) B CBETO3aIIMTHOM KOHBEPTE, a TAKKe ABYX Map
AQHAJIOTUYHBIX TUIEHOK, CHMMETPUYHO PACIIOJIOKEHHBIX CIpaBa OT CTPYH Ha
paccrostHuH 3 cM U 4 CM OT IIeHTpa KaHana (BCe OHU OKa3alluCh YUCTHIMU!).

Ha aHanmornyHbeIX peHTr€HOBCKUX IIJICHKAX, CHMMETPUYHO PACIIOIOKEHHBIX 110 IPYTYI0 CTOPOHY OT
IITOKa M3JIy4€HHE B OTCYTCTBHU 3KpaHa HE PEruMcTPUpPOBAJIOCh (OTCYTCTBOBANO). DTOT 3(PQeKT
MO3BOJISIET TEHEPUPOBATh PEHTTEHOBCKOE H3iIydeHHe ¢ Eyx~2-5 k3B BHYTpH HW30JUpPOBaHHBIX
OOBEKTOB M MOXKET OBITh HCHOJB30BaH /s OMOTEXHOJOTMH, CTEPUIM3ALMU TPOJYKTOB U B
MmenuimHe [5].

1. Kopuunosa A.A., Beicoykuii B.1., Koroamacos A.U., Hyun Ik Yang, Denis B. McConnell, /lecamog
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ITPOIPAMA «PAK BUJIIKOBHU» BJIATOJIIMHOI'O ®OH1Y PIHATA AXMETOBA
«PO3BUTOK YKPAIHM»

B.JI. Mukoaawk®, IL.B. Janin®

1) braeooitinuii pono «Pozeumox Ykpainuy
eyn. Innincoka, 8, m. Kuis, Yxpaina, 04070; +(38) (044) 502 52 18; plapin@fdu.org.ua

AnoTtanis. Ilepma i equna B Ykpaini macmrabHa mporpama MiATPUMKU [IEpXKaBHOI CHUCTEMH HaIaHHS
JIOTIOMOTH OHKOJIOTiYHMM XBopuM. JlaHa mporpama — 1ie HaiOimbIma iHBeCcTHIiA B po3mipi 315 MinpioHIB
TPUBEHb y PO3BHUTOK JIepKaBHOI OHKOJIOTIYHOI ciry:x0u Ykpainu. [Iporpama cipsimoBaHa Ha CTBOPEHHS YMOB
U ePEKTUBHOT pOOOTH JEP>KaBHOT OHKOJIOTIYHOT CITY>KOH 1 MOITIIEHHS SKOCTI JIarHOCTUKH Ta JIIKYBaHHS
OHKOXBOpHUX 3a JOIIOMOI'OKO HOBITHBOT'O YCTAaTKyBaHHs Ta BHOPOBAIKCHHSA NIEPCAOBOTO ,I[OCBi,Z[y J'IiKYBaHHH
paxy.

AHHOTall](lﬂ. HepBaﬂ U CIUHCTBCHHAasdA B YKpaI/IHe MaciuradoHas mnmporpamMmMa 10 HOOAACPIKKE
FOCYI[apCTBCHHOﬁ CHUCTEMBI OKazaHUs IIOMOIIM OHKOJIOTHYCCKUM OOJILHBIM. I[aHHaSI nmporpaMma — 9TO
KpynHeilllass uHBeCcTULMA B pasmepe 315 MWUIMOHOB TPUBEH B pa3BUTHE TOCYJapCTBEHHOMH
OHKOJIOTUYECKOH ciykObl Ykpaunbl. [Iporpamma HampaBieHa Ha CO3JaHHE yCIOBUH st 3(PQEKTHBHOM
pa60TLI FocyﬂapCTBeHHOfI OHKOJIOTHYECKOH CJ'Iy)KGLI " YJIYUHICHHSA KadeCTBa AHWAIHOCTUKH M JICHCHUS
OHKOOOJIBHBIX C IIOMOIIBIO HOBEHUIIIEro 060py)1013aH1/I;1 Y BHCAPCHUS IEPCAOBOTO OIbITA JICUCHUS paKa.
Abstract. The first and only large-scale project in Ukraine to support state system of providing assistance to
cancer patients. This project is the largest investment of 315 million UAH in the development of the state
oncological service in Ukraine. The project aims to create conditions for the effective work of the state
oncological service and improve the quality of diagnosis and treatment of cancer patients by using advanced
equipment and introduction of advanced experience of treating cancer.

Kurouosi cioBa: @onj «Po3BuTok Ykpainny, «Pak BUIIKOBHUI, paaioyorist
KuaroueBnle ciioBa: cDOHI[ «Pa3Butue YKpaI/IHH», «Pax H3JICYHUM», paJUOJIOT A
Key words: Foundation for Development of Ukraine, Cancer is Curable, radiology

IIporpama «Pak BujikoBHHUii» OnaroxiitHoro ¢houay «Po3BuTOK YKpaiHu» mepiia i eauHa B
Vkpaini macmrabHa mnporpamMa 3 MATPUMKHA JepsKaBHOI CHCTEMHM HAJaHHS JIOIIOMOTH
OHKOJIOTIYHUM XBOpHM. JlaHa mporpama - 1e Haii0inblna iHBecTUllis y po3mipi 315 minbiioHiB
rpUBEHb B PO3BUTOK /IeP/KABHOI OHKOJIOTIYHOI CJIyk0M YKpaiHu.
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IIporpama cnpsiMOBaHA HA CTBOPEHHS YMOB [UIsi €QEKTHBHOI pPOOOTH Jep:KaBHOI
OHKOJIOTIYHOT CJIY>KOH 1 TIOJIMIICHHS SIKOCT1 JIarHOCTHKHU 1 JIIKYBaHHSI OHKOXBOPHX 3a JOTIOMOTOIO
HOBITHBOT'O YCTATKyBAaHHS 1 BIIPOBAKCHHS MEPEAOBOTO JOCBIY JIIKYBAaHHS pPaKy.

I'eorpadis nporpammu:

Y JloHeubKiii 00,1aCTi: CTBOPUTH MiarHOCTUYHHMA LIEHTP MO3UTPOHHO-EMICIiHOI ToMoTrpadii
3 mabopaTopiero BUPOOHUIITBA paaiodapMIIperiapariB Ta Cy4aCHHI pajIiofIoOTiuHI IEHTP, TAKOXK Y
JIoHeIbKOMY OHKOIIEHTP1 OyIyTh BUKOHAHI POOOTH 1O CTBOPEHHIO 0JIOKY KOHTAaKTHOI MPOMEHEBOI
Teparii BIAMOBIIHO IO KPAIIUX CBITOBUX CTaHAAPTIB.

M.KHiB: CTBOPUTH CydacHUH pajlioNIOTIYHUHN IIEHTP Ha 0a3i TOJIOBHOTO HAYKOBO-IOCIITHOTO 1
JKYBaJIbHO-TTPO(DTAKTUIHOTO 3aKIaay kKpaiHu HarlioHaIbHOTO 1HCTUTYTY pakKy.

3axigHa YkpaiHa: OCHACTUTH CY4acHMM OOJaJHAHHSM JUIsl JIarHOCTHKHU Ta/ab0 JiKyBaHHS
ciM 00JacHMX OHKOJIOTIYHHMX JHUCIIAHCEPIB Ta CTBOPUTH IIEHTP IPOMEHEBOi Tepamii Ha 0Oa3i
PiBHEHCHKOTO 001aCHOTO OHKOJIOTIYHOT'O JUCIIAHCEPY.

CrtBopuTH BCeyKpaiHChKy Mepexy e-Health mixk cnemianizoBanuMy MeIMYHUMH yCTaHOBAMHU
VYkpainu; po3BUBaTH YOTHPH HampsMmku e-Health: maykoBwii, HaBYanbHUI, KOHCYJIbTALlIHHUN Ta
YIPaBITIHCHKHA.

[TigBummTH piBeHb 0013HAHOCTI HACEJICHHS 3 NMUTAHb JIIKyBaHHS (BiJ BUIIB AIarHOCTHUKH JI0
ACIICKTIB JIIKYBaHHS ).

HanaBatu miaTpuMKy TYT 1 3apa3 OHKOJIOTIYHHUM XBOPUM (KOHCYINbTAIisl, AIarHOCTHUKU Ta
JIIKyBaHHS ).

1o 3podaeno.

3aBepmieHo eramu  po3poOku  mpoekTHOi gokyMeHTtamii IIET/KT-nentpy, nmepkaBHOI
eKCIIePTH3U TPOEKTY, BHKOHYIOTHCS OyiBeNIbHI POOOTH 3TiIHO Tpadiky; po3poOJICHHH IUIaH
PO3BUTKY J{OHEIBKOro 00JIaCHOTO MPOTUIYXJIWHHOTO LIEHTPY, 3M1MCHIOETECA PO3POOKA MPOEKTHOT
JOKyMEHTaIlli 00'€KTiB PO3BUTKY.

Y JOKTMO mropiuno (y Tomy yucai B 2012p.) Ha KOMO'FOTEPHOMY ToMOTpadi MpOXoasiTh
J1arHOCTUKY 70 6 Thc. marieHTiB (10 1,5 THC. Malll€HTIB MPOXOAAThH N1arHOCTUYHE OOCTEKEHHS Ha
V3/I-anapatax. IloTyXHICTh aHaji3aTOpiB J03BOJSE MPOBOAUTH MOpsaky 78,000 mocmimKeHb.
BuxonyeTtbcst po3poOka mpOeKTHOI JOKYMEHTAIIIT 10 pagiofIoTiuHOMY IeHTpY npu HarioHansHOMY
IHCTHTYTI paKy, a Takox JIOHEIIbKOMY OHKOJIOTIYHOMY IIEHTPI.

BiamoBigHO 110 3aTBEpMKEHOT KOHIIETIIIT OCHAIIICHHS Ta PO3BUTKY BOCBMH OHKOJIMCITAHCEPIB
3aximHOoi YKpaiHM TpOBEICHO BIJKPHTI TEHJIEPUW HA 3aKymiBIt0 oOnagHaHHSA IS JIBBIBCBKOTO
JEeP>KaBHOTO OHKOJIOTIYHOTO PETIOHAIBHOTO JIIKYBAJIBHO-1arHOCTUYHOTO TIEHTPY, PiBHEHCHKOTO,
XMenpHUIILKOT0, 3akapnarcbkoro, IBaHO-DpaHKIBCHKOTO OOJACHUX OHKOJHMCIAHCEPIB, a TaKOX
JloHe1bKoro 00J1aCHOT0 TPOTUITYXJIMHHOTO TICHTPY.

VY 2010 pori BBeieHO B eKcIuTyaTailito 24-3pi3oBuii koM 'torepHuii Tomorpad B JIbBiBCbKOMY
OHKOJIOTTYHOMY IIeHTpi. OO0nagHaHHS BUKOPUCTOBYETHCS JJISI IaTHOCTUKA OHKOIIATOJOTIA Ta
IUTAaHYBaHHS TpoMeHeBoi Tepamii. Bapricte obnaanannsa: 7,0 muH. rpH. UlomHs miarHOCTUKY
MPOXOAATh B cepeaHboMy 15 marientiB, 3aramom y 2012p. obctesxxeno 2479 mamientis. Jlikapi
YUTAIOTh JICKII1, BUCTYMAIOTh 3 JOMOBIISAMU MPO AiarHOCTHYHI MOXIUBOCTI KT 1 1eMOHCTpYIOTh
MOXJIMBOCTI METOTY Ha PO eCIfHNX MalcTep Kacax.

VY motomy 2013p. y JIbBIBCbKOMY OHKOLIEHTPiI BIAKPUTO OJIOK KOHTAKTHOI MPOMEHEBOI
Teparii.

Y 2011p. PiBHeHChKHii OOJACHM OHKOJOTIYHUN JUCHAHCEP OCHAIIECHUH Cy4acHUM
PaIioJIOTIYHUM YCTAaTKyBaHHAM. A came: JiHIMHUM IPUCKOpIOBadYeM, 16-3pi30BUM KOMITHOTCPHUM
Tomorpadom Ta iHIMM HEOOXITHUM OOJNIaTHAHHAM 7Sl 3a0e31meueHHs] poOOTH IIEHTPY MTPOMEHEBOT
tepamii. IIpoBoasTbcst poOOTH IO MOACPHI3aIlii ICHYFOYOro oOiagHaHHS OJIOKY KOHTaKTHOI 1
JTUCTAHIIIHOT MTPOMEHEeBO1 Teparii. 3aranbHa BapTICTh NPOEKTy: 27,7 MIH. TpH. 3a 4ac poOoTH
00JTaTHaHHS ITPOMEHEBY TEpalriio Ha JIHIHHOMY IpUCcKoproBadil mpornuiy 500 maiieHTiB, B T.4. 25
JiTeH, MIarHOCTHKY Ha KoMl torepHoMy Tomorpadi — 2600 mamientiB. B cepnui 2012p. y
PiBHEHCEKOMY OHKOJIOT1YHOMY AMCIIAHCEP] BIAKPUTO BIIUICHHS KOHTAKTHOI MPOMEHEBOI Tepartii.
VY motomy 2013p. BigkpuTo GJIOK HajiaT CHUIBHOTO NepeOyBaHHS MaTepi Ta IUTHHH.
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B ceprmui 2012 poky BBEACHO B CKCIUTyaTaIil0 TPH CHEIiadi30BaHUX JUISI OHKOJIOTii
KOMII'TOTepHUX ToMorpadu B 3akapraTcbkomy, [BaHo-DpaHKiBCbKOMY, XMEIbHUIIBKOMY 00JIaCHUX
OHKOJIOTIYHUX JHMCIaHCepax.

VY sxoBTtHI 2012p. Oyno mpeseHTOBaHO «MOOUIBHY KIHOYY KOHCYJIBTAIIIO» - IEePeCyBHUI
Tpeisiep, TEepUIuii MPOEKT €BPOMEHCHKOTO B3IpIsd B YKpaiHi NpPU3HAYEHWH MJIE MacoBOTO
BUSIBIICHHS PAaKy TPYIHOT 3aJ7103H Ta PAKY IIMAKH MATKH.

VY tpaBni/uepBHi 2013p. Oyne BIAKPUTO BIJAUICHHS KOHTAKTHOI NpPOMEHEBOi Tepamii y
JloHernpkoMy 001aCHOMY TTPOTHITYXJIMHHOMY TIEHTPI.

B pamkax mpoekty «eHealth» B 2012p. ®onj 3abe3neunB MiIKIOYCHHS 10 HAIlOHAIBHOT
TereMeuIHO1 Mepexi JIOHeIbKui 00JIACHUI TIPOTHIYXJIMHHHMHN IIEHTpP, JIbBIBCHKHUM OHKOIICHTpP Ta
PiBHeHCHKUIT 00JIACHUN OHKOJOTIYHHWI JUCHAHCEep. 3a JOMOMOTOK HOBITHBOTO YCTaTKyBaHHS
CIICIIaICTH OTPUMYIOTh MOJXKIIMBICTh 3IIMCHIOBATH JUCTAHI[IMHUA CYIPOBIA JIKYBaJIbHO-
JIarHOCTUYHOTO TPOIIECy Ta HAYKOBO-METOMAUYHY MisUIbHICTh. [[JIsl maIlieHTIB 3HAYHO CKOPOTUIIHCS
Yac Ta BIJACTaHI Y BCTAHOBJICHHI BIPHOT'O J1arHO3y Ta IMIPU3HAYCHHI JIIKYBaHHS.

@doHJ MOCTIHO Hamae MomoMory IeHTpam y JIbBoBi, PiBHOMYy, JlOHEIbKY B 3aKyIiBIi
BUTPATHUX MaTepialliB JJisl 3a0€3MeUeHHs TOCTYIMHOCTI JIarHOCTHKH JJISI COIIabHO-HE3aXUIICHUX
TpOMAaJIsH.

daxiBIli OHKOIIEHTPIB IMOCTIHHO MPOXOIITh HABYaHHS.

3a miarpuMKu GOHTY BUAHO JOBIAKOBI iH(POpMAIIiitHI OpoITypH JIJIs TAIi€HTIB.

VYV motomy 2009 poky 3a iHimiaTuBH Ta maATpUMKH (oHIy «Po3BHTOK YKpaiHu» Ha cauTi
YHIAH-3nopoB’s  (http://health.unian.net/)  crapryBana indopmaniiina kammanis  «Pak
BUJIIKOBHUI.

PLASMA SOURCES FORMATION FOR PLASMA MEDICINE

E.V. Martysh

Taras Shevchenko National University of Kyiv
Vladimirska str., 64, Kyiv, Ukraine, 01601; +(38) (044)5260590; e.martysh@gmail.com

Abstract. This paper deals with two problems in plasma medicine. The first one is the characterization of
the plasma source: the plasma power outflux must be known in order to control the conditions under which
biology samples are treated. This is especially important in the treatment of living cells, which may not
receive high energy doses. Special attention was given to the plasma diagnostics methods. It is clear that
various optic devices play the main role in this case.

Key words: plasma source, biology samples, plasma diagnostics

Introduction.

Plasma medicine is emerging worldwide and some promising applications are on the horizon.
Direct therapeutic plasma applications as the central element of plasma medicine will bring physical
plasmas directly on/in the human (or animal) body [1]. The basis for these treatments are plasma
sources: plasma generating devices, developed to be applied in medical practices and hospitals.

Plasma is known as the fourth state of matter, next to solid, liquid or gaseous. When adding
energy to a gas, the electrons separate from the nucleus and move around freely. Plasma is thus a
(partially) ionized gas, which shows, as an electroconductive gas, a variety of interesting attributes.
Plasma are naturally energetic because stripping electrons take constant energy. If the energy
dissipates, the electrons reattach and the plasma particles become a gas once again. Unlike ordinary
matter, plasmas can exist in a wide range of temperatures without changing state. Outside of a
container, plasma resembles gas—the particles don’t have a definite shape. But unlike gas,
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magnetic and electric fields can control plasma and shape it into useful, malleable structures. Most
of all matter in the visible Universe is in the state of plasma, which can amongst others be found in
the Sun or stars. Next to this very hot plasma, a cold, low-pressure (pressure near 1 atm.) plasma
can also be generated artificially. This kind of plasma is used in plasma medicine.

The general aim of plasma medicine is to introduce plasma physics into clinical practice.
Plasma medicine can be subdivided into three main fields: plasma-assisted modification of bio-
relevant surfaces, plasma-based bio-decontamination/sterilization, and direct therapeutic plasma
application. Surface modification and decontamination are more or less indirect medical plasma
applications where plasma technology is used to process material or devices for subsequent medical
applications. Plasma technology is relatively new to the field of medicine. It is already used in
surgeries and endoscopic procedures and has been shown to control properties of cellular matrices,
including biocompatibility of various substrates. Non-thermal plasma has been demonstrated to
deactivate dangerous pathogens and to stop bleeding without damaging healthy tissue.

Plasma sources.

Two approaches are being pursued in the use of non-thermal atmospheric pressure plasma in
medicine. In the first, the plasma is produced remotely, and its afterglow is delivered in a plume to
the biological tissue. The sterilizing or therapeutic effects are likely produced by relatively long-
lived neutral species and radicals as most of the charged particles do not survive outside the plasma
generation region. Usually operated heavily diluted with helium to avoid plasma instabilities, the
discharge is doped with a few percent of molecular gases such as O,. These resulting oxygen-
containing active species may play a role via de-excitation and subsequent energy transfer onto the
microorganism’s surface. Different devices exist for these treatments, from plasma needles to
plasma jets. Potential applications of the remote plasma sources are surface sterilization in a more
targeted way than is possible with large volume plasmas.

In the second approach, plasmas are generated in direct contact with living tissue. When
dielectric barrier discharges (DBDs) are used for this purpose, the plasma device typically contains
the powered electrode while the tissue is the counter electrode. The direct method fundamentally
differs from the indirect technique in two respects. First, plasmas propagate and touch the biological
surface, providing the possibility of charging the surface and delivering energetic ions. The second
is the magnitude of the electric field produced at the surface — many orders of magnitude larger in
the direct method.

These two general categories of plasma sources (indirect and direct) imply different
compositions of the plasma species and activation energy delivered to the surface, particularly when
surfaces are rough and nonplanar.

The direct application of the high-voltage (1040 kV) non-thermal plasma discharges in
atmospheric air to treat live animals and people requires a high level of safety precautions. Safety
and guaranteed non-damaging regimes are the crucial issues in the plasma medicine. Discharge
current should be obviously limited below the values permitted for the treatment of living tissue.
That is the way to the essential complication of plasma sources design. At this work the main
attention is directed on the I-st plasma sources type.

The supply and characterization of adequate plasma sources lay the foundation for a
successful medical application of atmospheric pressure plasmas. Even though these sources are
based on common plasma physical principles, their construction and operating parameters must be
extensively characterized and adapted to the specific requirements of the experimental tasks and
special medical applications. Extensive plasma diagnostics are a prerequisite for a detailed
description and interpretation of chemical, biological and medical plasma effects. The main
attention under investigations has been focused on the following directions:

- Adaptation of a source’s plasma properties (atmospheric pressure plasma jet, dielectric barrier
discharge, etc.) to the biological-medical and, respectively, experimental requirements.
- Extensive plasma diagnostics as a basis for the clarification of biological-medical mechanisms.
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- Controllable adjustment of desired plasma characteristic through adaptation of different
components (i.e. ultraviolet radiation, visible light, electric fields, reactive oxygen- and nitrogen
species, etc.).

- Design of new sources on the basis of microporous discharges, jet-producing discharge
arrangements and corona discharges with regard to geometric scalability of plasmas (miniaturized
and also two-dimensionally extended, modular plasmas).

- Binding definition of technical minimum standard for plasma sources aiming at biomedical
applications.

Plasma is a rich source of radicals and other active species. Free radicals have earned a bad
name in biology and medicine, because of their capability of causing severe cell damage. Especially
the ROS (reactive oxygen species) are well known as evildoers. The ROS family comprises radicals
like O, OH and HO,, peroxide anions O, and HO,_, ozone and hydrogen peroxide. These species
are easily created in ambient air and water (e.g. due to radiation), and they live long enough to reach
the cell and attack the organic matter. When the ROS level in body fluids becomes too high, various
types of damage occur, known under a common name of oxidative stress. It is believed that
oxidative stress bears at least partial responsibility for diseases like arteriosclerosis, cancer and
respiratory problems. Moreover, high concentrations of oxygen radicals accelerate ageing of cells
and tissues. On the cellular level, several effects leading to cell injury have been identified:

* lipid peroxidation - the oxidation of unsaturated lipids in the cell membrane (damage to the
membrane).

* DNA damage - oxidation of DNA bases, leading to breakage of the DNA strand.

* protein oxidation - generally not so harmful, because damaged proteins are efficiently replaced.
However, it can temporarily decrease the enzyme activity.

Understanding of the phenomena, mentioned above, can be improved by analytical (or
numerical) study of the distribution functions: electron energy and molecules in the vibrational and
rotational levels. Similar studies have been conducted previously [3]. It has been found that times of
gas temperature and populations of the vibrational levels establish depend from experimental
conditions: the gas pressure, the wall temperature of the discharge cell and its radius, the electron
density and the parameters of the discharge power supply. Furthermore, it should take into account
such important characteristics as: the probability of heterogeneous relaxation of the vibrational
energy and electrons; cross sections defining the distribution functions and the rate constants of the
respective reactions.

In the last decade, atmospheric-pressure room-temperature plasma jets have attracted a lot of
attention due to their widespread applications in plasma medicine, nanotechnology, as well as
surface and materials processing. Such plasma jet devices generate stable plasma glows in open air
rather than in confined discharge gaps. This gives them several advantages in direct treatment of
hard, soft, and biological matter with outstanding flexibility in terms of the sizes and areas of the
objects to be treated. Most of the applications require room-temperature operation while completely
avoiding the glow-to-arc transitions.

Atmospheric-pressure plasmas are used in a variety of materials processes. Traditional
sources include transferred arcs, plasma torches, corona discharges, and dielectric barrier
discharges. In arcs and torches, the electron and neutral temperatures exceed 3000°C and the
densities of charge species range from 10'°-10" cm™. Due to the high gas temperature, these
plasmas are used primarily in metallurgy. Corona and dielectric barrier discharges produce non-
equilibrium plasmas with gas temperatures between 50-400°C and densities of charged species
typical of weakly ionized gases. However, since these discharges are non-uniform, their use in
materials processing is limited. Recently, an atmospheric-pressure plasma jet has been developed
[4], which exhibits many characteristics of a conventional, low-pressure glow discharge. In the jet,
the gas temperature ranges from 25-200°C, charged-particle densities are 10'-10' ¢cm™, and
reactive species are present in high concentrations, i.e., 10-100 ppm (see Fig.1).

Micro-plasma jets in atmospheric pressure molecular gases (nitrogen, oxygen, air) were
generated by blowing these gases through direct current microhollow cathode discharges. The
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tapered discharge channel, drilled through two 100 to 200 um thick molybdenum electrodes
separated by a 200 um thick alumina layer, is 150 to 450 um in diameter in the cathode and has an
opening of 100 to 300 um in diameter in the anode. Sustaining voltages are 400 to 600 V, the
maximum current is 25 mA. The gas temperature of the microplasma inside the microhollow
cathode varies between ~2000 K and ~1000 K depending on current, gas, and flow rate. Outside the
discharge channel the temperature in the jet can be reduced by manipulating the discharge current
and the gas flow to achieve values close to room temperature. This cold microplasma jet can be
used for surface treatment of heat sensitive substances, and for sterilization of contaminated areas.

"4 567 8 910

) Fig.1 A pﬁ)tograph of the atmospheric-pressure plasma jet device

Plasma diagnostics

Optical emission spectroscopy was the main method in plasma parameters determination. It
allowed determination of the electron excitation temperature, which also appeared to be
approximately constant with power. Electron density and (excitation) temperature are important
parameters that condition the plasma activity (excitation, ionization and formation of active
radicals). Therefore, one can conclude that atmospheric plasmas operated at higher power have
about the same activity and efficiency as the low-power ones. However, an upcoming drawback of
increased power is the elevated gas temperature — when the plasma glow expands, cooling by
thermal diffusion becomes less efficient and the temperature can reach even a few hundred degrees.
Gas temperature of the plasma is one of the most important issues in treatment of heat-sensitive
(biological) objects.

Optical emission is a typical gas-phase technique. The data it provides originate from the
hottest part of the plasma: the active zone, which yields the highest emission intensity. Therefore it
is not surprising that a temperature as high as a few hundreds of degrees is observed. In contrast,
mass spectrometry provides downstream information, as it records the density of gas flowing into
the mass spectrometer. The corresponding temperatures are lower. Nevertheless, the trends obtained
by various methods are quite consistent. It is evident that gas heating occurs only at high power
input; this is also coincident with an increase in the plasma glow size. The thermocouple and the
temperature strip are not gas-phase methods. In fact, they are more relevant from the point of view
of biomedical applications, because they provide the information about the heat that the treated
object will suffer. Furthermore, convective cooling is of importance in sustaining a low plasma
temperature.

But it is very important to have a well of information on the shift and broadening of molecular
transitions for determination of the gas parameters along with the spectroscopic data of the
molecules In order to obtain this kind of information should be used IR CARS (infra-red coherent
anti-Stokes Raman scattering — IR CARS) high-resolution spectrometer (e.g. “SOPRA”, France). It
is possible to obtain extensive information about the structure of the vibration-rotational energy
levels of many molecules, providing the necessary database for quantitative analysis and gas
thermometry in this case [5].

The spectral line broadening of the molecular gas in the pressure range from 0.01 to 100
atmospheres can explore the collision dynamics of various molecules in such type investigation.
These results also provide the necessary foundation for the proper procedures for the measurement
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of the gas density and temperature. The developed methods are pulsed excitation and CARS
probing (with a time resolution of ~ 10 sec) have been very effective for the studies of the
distribution time evolution of molecular energy between the internal (vibration and rotation)
degrees of freedom, and research level-to-level kinetics of excited molecular systems.

Conclusions.

- The supply and characterization of adequate plasma sources lay the foundation for a successful
medical application of atmospheric pressure plasmas.

- An important issue from the formation standpoint of the electron energy distribution functions and
such function for molecules on fluctuations in the molecular gas is the question of the kinetic
mechanisms that lead to their relationship. As indicated above, an important quantity in the
discharge plasma, which defines the application is the gas temperature. In addition, its value
depends on the direction of flow and the rate constants of many plasma chemical processes.

- CARS is a powerful diagnostic tool. The successful application of CARS diagnostics to studies of
plasma flows should precede the collection of basic molecular data (both spectroscopic and kinetic)
if they are not available for the test plasma flows.
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AHoTtamisi. B po0oTi HaBeneHO aHaNi3 paJMKaILHO-JAHIIOTOBUX MAarHiTOMEXaHOXIMIYHUX peakIliii Ta
KOMIT'FOTEpHE MOJICTIOBAHHS €JIEKTPOMAarHiTHOTO TIOJIE y HAaHOPEAKTOpi, KU BUKOPUCTOBYETHCS IS
CHUHTC3Yy [MNPOTUITYXJIMHHOTO Mal“HiTOHyTJ'H/IBOFO HAaHOKOMIIJICKCY 3  MCTORO peani3aui'1’ TEXHOJIOTIT
TEPaHOCTHKHY TPY MarHiTHIN HaHOTEpaIii paky.

AHHOTHHHH. B pa60Te MNPUBCACH aHAJIM3 PaJUKAIbHO-UCIHBIX MAarHUTOMCEXAaHOXHUMHUYCCKUX peaK].[PIfI u
KOMITBIOTEPHOE MOJICJIMPOBAHUE 3JIEKTPOMArHUTHOI'O TOJISI B HAHOPEAKTOpPE, KOTOPBIA HCIONb3YyeTCA IS
CHUHTE3a TIMPOTHUBOOITYXOJCBOI'O MArHUTOYYBCTBHUTCIBHOI'O HAHOKOMIUJICKCAa € HOCJIbHO  pcCalnu3aliin
TCXHOJIOTUU TEPAHOCTUKU TIPU MAarHUTHOH HAaHOTEpaIiuy paka.

Abstract. An analysis of radical magneto-mechano-chemical chain reactions and computer simulation of
electromagnetic field in nanoreactor for the synthesis of antitumor magnetosensitive nanocomplex which
used in theranostics technology at magnetic nanotherapy of cancer is described in paper.

Kuro4oBi ci10Ba: MarHirToMexaHOXIMIYHUIA CHHTE3, HAHOPEAKTOP, HAHOKOMILIEKC,eJICKTPOMArHITHE
noJe.
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KiioueBble CJI0Ba: MarHUTOMEXaHOXUMUYECKHUHU CHHTC3, HaHOPCAKTOp, HaHOKOMILICKC,
SJICKTPOMArdHuTHOC IOJIC.

Keywords: magneto-mechano-chemical synthesis, nanoreactor, nanocomplex, electromagnetic
field.

Beryn. Pak € apyrorwo mHpoBiJHOK NMPUYMHOK CMEPTi y BcboMmy cBITI [1]. MosiuBicTh
OJIHOYACHOTO NPOBEACHHS J1arHOCTUKM 1 Tepamii 3J0SKICHUX HOBOYTBOPEHb, II0 Ma€ Ha3By
TepaHOCTHKA, B JIaHUHM yac HaOyBae Bce OUIBINOI MOMYISAPHOCTI 3aBASKH YHIKAJIbHINA MOXIUBOCTI,
[0 HAJAa€ThCA MarHiTouymmBuMu HaHokomiutekcamu (MHK) [2]. JliarHoCTHKY i KOHTpOJIb
e(EKTUBHOCTI JIKyBaHHS 3JIOSIKICHUX HOBOYTBOPEHb MPOBOATH 32 JONOMOTOI0 Cy4acHHUX METOIB
Bi3yamizamii, TakuxX SK TpagulliiHa peHTreHorpadis, MarHiTHO-pe30HaHCHa ToMorpadis,
KOMIT'IoTepHa  ToMmorpadisi, TO3UTPOHHO-eMiciiHa  ToMorpadis abo  yJabTpa3ByKOBHMHU
npuiaagamu [3].

MHK Ha OCHOBI OKCHIIB 3aii3a, IO CKJIaJal0Thcs, 3a3Buyail, 3 marHetury (Fez0,) abo
Marremity (y-Fe,Os3) 1 cuHTe30BaHI 3 NMPOTHNMYXJIMHHUMH IpernapaTaMd MaroTh IEepeBaru MpH
IIJTBOBIM JOCTaBIII JIIKAPCHKUX 3ac00iB 1 KOHTPOJIBOBAHIN 1X TEpameBTHUHIN [ii pU OJHOYACHIN
Bi3yaumizanii 3 METO JiarHOCTUYHOI OIliHKH edekTuBHOCTI JikyBaHHSA. Tomy MHK, mo mae
cyleprapaMarHiTHI BJIACTHBOCTI, B JaHWH Yac BBAXKA€ThCA OJHWM 3 HAWYCHINIHIIMUX IS
MEAMYHMX 3aCTOCYBaHb, 30KpeMa JJIsl TOCUJIEHHS! KOHTPAcTy B MarHiTHO-pE30HAHCHIN ToMorpadii,
yIBTPa3BYKOBiH enacTorpadii i MarHiTOKepoBaHiil TOCTaBII JIIKIB PU paJioyacTOTHIHN rineprepmii
paxy [4]

OcTtanHiMH pokaMu Oyia 3ampoOINOHOBAaHA TEXHOJIOTiSE MarHITOMEXaHOXIMIYHOTO CHHTE3y
MHK, npuHIunm skoro 3acHOBaHWW Ha KOMOIHOBaHIN Jii MOCTIHHOTO MarHiTHOIO Ta 3MiHHOTO
€JIEKTPOMArHITHOTO TIOJIIB TNPH  OAHOYACHIA BiOpalii MarHiTOUYyTJIMBUX CHHTE30BaHUX
HAHOKOMMOHEHTIB [5]. V mpoBeneHUX MOKIIHIYHMX TOCITIHKEHHSX OJEp)KaHi ONTHMiCTHYHI
pe3ynbTaTH, sIKI JO3BOJSIOTh BBAXKaTH, 110 MarHiTomMexaHoxiMiuyHO cuHTe3oBaHuit MHK wmosxe
po3rnsAaTHCs K TEpPCHeKTHBHHUM eleMEeHT NpH peamizaiii KIiHIYHOi BapiaHTy TEXHOJOTii
TEPaHOCTHKH JIJIsl OHKOJIOTIYHUX XBOpUX [6].

Crnig BIAMITUTH MPUHIUMIIOBY BiIMIHHICTH 3alPONOHOBAaHOI HAMH TEXHOJIOTIi TePaHOCTUKU
BiJI B1JIOMO1 KJIACUYHOI PaJlovyacTOTHOI TiMepTepMii 3IO0AKICHUX MYyXJIMH, IO MPOBOAMUTHCS T[T
Oe3nocepesiHIM TeMIepaTypHUM KOHTpojeMm 3a gonomororo MPT. Sk Bimomo, L TEXHOJIOTis
3aCHOBaHA Ha TEIUIOBOMY €(eKTi KBa3ipiBHOMIPHOTO paZioyacTOTHOTO HArpiBy 3a TEMIEpaTypH
42—-60°C. 3anexHO BiJ IOCSITHYTOI TeMIEpaTypy MyXJIHWHHI KJIITKA Oe3M0CepeHbO 3HUILYIOThCS
[UISIXOM BUTIApOBYBaHHs (a0siA1il) abo 1HIIIIOETHCS CEHCUOLTI3aIisl Ha OCHOBI €()EKTIB TOCHIICHHS
Ximio- abo mpomeneBoi Tepamii [7]. Hama TexHoyoris TepaHOCTHKH 3aCHOBaHAa Ha MAarHiTHIH
HaHoTeparii paky 3 Bukopuctanusim MHK, amapary «MAT'HITEPM» (Paamip, Ykpaina) [6] Ta
yabTpa3ByKkoBoi jonmiepiBebkoi cuctemu «ULTIMAY (Pagmip, Ykpaina) mis Ge3nocepeIHbOro
KOHTpOJTIO BenmnuuHU Moayist FOHra, B’s13k0cTi Ta 00’ €MHOI HIBUAKOCTI MMOTOKY KPOB1 y MyXJIMHHUX
TkanuHax [8, 9]. B pesynabraTi KOMOiIHOBaHOI Jii HEOMHOPITHHX MOCTIHHOTO MAarHiTHOTO Ta
3MIHHOI'O €JIEKTPOMAarHiTHOIO IOJIIB IHILIIOKOTHCS MOJEKYJISpHI CTPYMHM Ta MAarHiTHI BUXOpU B
reTepOreHHUX CTPYKTypax MYXJIMHHUX KIITHH 3 YTBOPEHHSIM TEIUIOBUX MATTEPHIB (KJacTepiB) B
inTepBaini 37-39°C. lle iHimitoe TeTepOreHH1 BUTbHO-PAIUKAIbHI JIAHITIOTOBI peakilii B MyXTMHHUX
KIITHHAX. Y HaAMMX [OMEPeNHIX eKCIEPUMEHTAIbHUX JOCHI/DKCHHAX MM TI0Ka3ajH, II0
30UTBIICHHS KOHIIGHTpallli TMapamMarHiTHUX IeHTpiB (BUTbHUX paaukainiB) B MHK, 306imbinye
UTOTOKCUYHY IO Mpernapary B MyXJIHMHI MiJ JI€I0 30BHIMIHIX HEOTHOPIAHUX €NEKTPOMArHITHUX
moiB [6].

BpaxoBytoun Te, mo A peamizamii KIHIYHOTO BapiaHTY TEXHOJOTIi TEpaHOCTUKU
HeoOXxiguuii cunte3 MHK 3 onTumanbHUMHM MarHiTHUMHU BJIACTUBOCTSIMH, METOIO JaHOI poOoTH
Oylio aHaJli3 MPOIECIB MAarHITOMEXaHOXIMIYHOTO CHHTE3Y MPOTHUITYXJIMHHOTO MAarHiTOYYTJINBOTO
HaHOKOMIIJIEKCY B HAHOPEAKTOPI.

KoncTpykuis MartiromexaHoxXiMiyHOro HaHopeakTopa. MarHiToMexaHOXIMIYHUI
HaHopeaktop (MMP) npusnauenuit nus  enexkrpoMar”iTHoro ompomineHHs (EO) Tta
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MEXaHOXIMIYHOT aKTHUBallll KOMILJIEKCY MarHiTHUX MIKpO- Ta HAHOYACTHHOK 1 MPOTUIYXJIUHHOIO
npenapaty gokcopyoinus (IP). Ha puc. 1 maBeneno 3aranpuuii Burisigu MMP. Jlo cknany MMP
BXOJMTh BUCOKOYACTOTHUH reHepatop (BU-reneparop), MexaHOXIMIYHUI pPeaKkTOp Ta 4aCTOTOMIP
enextpoHHo-mumibHud Y3-54. 3a momomororo BY-renepatopa (1) inimitoetses EO komruiekcy
Mar”iTHHX MiKpo- Ta HaHodacTuHOK 1 JIP. Yactora EO BU-reneparopa 40 MI 1.

Puc. 1. 3aranpHuil BUTIISA MaTHITOMEXaHOXIMIYHOTO HAHOpeakTopa 1 — BUCOKOYACTOTHU TeHepaTop; 2 —
MEXaHOXIMIYHHIA peakTop; 3 — KaMepa 3 JliaMarHeTuKy; 3a — KaMmepa y pO3KpUTOMY BUTJISII; 4 — MeTajeBi
KYJIbKH; 5 — MarHiTHi MiKpo- Ta HAHOYACTHHKH 1 TOKCOPYOIlUH; 6 — miJcTaBKa; / — aruTikarop; 8§ — mocTiiiHi
MarHiTy.

KineTuuna Mojgesb paauKajJbHO-JAHIIOTOBHUX MATHITOMEXaHOXMMIYHHMX peakuii B
HaHopeakTopi. J[oOpe BiZOMO, MO SAKIIO OKCHJ 3ajii3a MiAAaTH JUCIEPTYBaHHIO, TO HOTO
3aTHICTh 7O OKHCJIEHHS pI3KO 3pocTae. IHIIa BIACTHBICTH MeETaliB — ICHYBaHHA B HHX
KOJIEKTHBI30BAaHUX €JIEKTPOHIB, fKI y TPHUHIMII 10HI3YIOTh OyIb-Ky OpraHIi4HY pEYOBHUHY,
ajicopOoBaHy Ha IMOBEpXHi MeTany. ExcrepuMeHTanbHa Opoleaypa IHMX BiIOMHUX BIACTUBOCTEH
OIMCaHa JIJIsl BUMIAJKy CUHTE3Y MEXaHOXIMIYHO-T€HEpOBaHUX PaJAUKaIbHUX Map B PI3HUX CyMilIax.
Le Butikae 3 Toro, mo eHepriss depmi eNEKTPOHIB B MeTaJIaX CKJIAJA€ ACKUIbKA €JIEKTPOH-BOJIBT 1
Il eJIEKTPOHU AU YHAYIOTH 10 MPHICTIMX J0 MOBEPXHI MeTaiy miapis aierekrpuka [10]. Biqomwuii
TaKOX €(EeKT BIUIMB MArHiTHOrO MOJIS HAa BMXiJ NMPOJYKTIB peKoMOiHamii pajuKajiiB B TBEPIUX
Tilax OOYMOBJIICHHH THM, IO 13 3POCTAaHHSAM HANPYXXEHOCTI TOJISA MPSAMO MPOTOPIIHHO POCTE
B3a€MOJIis, sIKA BIJAIMOBiNANbHA 32 CHHIVIET-TPUIUICTHI MEPEXOH PaJAMKAIBHOI Mapd 1 MOJEKyI
CepeIoBHINA [11]. Cnpomiena KIHETUYHA MOJICJTb paarKaIbHO-JIAHIIOTOBUX
MarHiTOMEXaHOXIMIYHMX peakiii B MMP Moxe OyTu mnpeicTaBieHa MOCTIJOBHICTIO TPhOX
peakmiii. Jliss MeXaHIYHMX HaMpyr 1HIMIIOE€ BUIBHO-PAJMKAIbHI TMPOIECH 1 XapaKTepU3ye YHCIIO
PO3pUBIB XIMIUHUX 3B’S3KiB MOJIEKYI, IO 1HIIIOIOTH BUTBHI paJMKaly, SKi B MMOJAIBLIIOMY, TIiCIs
psAIy IPOMDKHHUX MEPETBOPEHB, YTBOPIOIOTH BTOPUHHI PAJAMKAJIB 1 HOBI MOJICKYJISPHI KOMIUIEKCH.
Y Micugx po3puBY XIMIYHHX 3B’S3KIB MOXIIUBE TIEPETBOPCHHS AaKTUBHUX «KIHIIEBUX)
MakpopaaukaaiB B OuIelnl  CTiliki pagukaniB. [Ipu  omaHOYAcCHOMY E€JIEKTPOMATrHITHOMY
OTIPOMIHIOBAaHHI CIIOCTEPITraeThCsl TAKOX 3HAYHE 301NBIICHHS KUIBKOCTI JE(EeKTiB 1 yTBOPEHHS
MaKpOpaJuKajaiB 3 BUIBHOI BAJICHTHICTIO («CEpEIMHHHMX»). MeXaHOaKTHBOBaHA i Ha Taki
«CepeMHHI» paJuKald CYNPOBOKYETHCS YTBOPEHHSM KIHLIEBUX MAaKpOPAIMKANiB 1 MOABIHHHUX
3B’S3KIB, XapaKTePHUX Ul CTAlllOHAPHOI'O CTaHy HEONPOMIHEHOro MponayKTy. [licias mpunuHeHHs
i1 €JIEKTPOMArHiTHOTO OMPOMIHIOBAHHS 1 MEXaHIYHOTO HaBaHTAKEHHsI 01000’ €KT MOBEPTAETHCS 10
He30ymKkeHoro crany. [lpu mpoMy BimOyBaeThCs PEeKOMOIHAIlIS BUIBHMX PaJMKaIiB 1 30yIKEHHUX
YaCTWHOK, aHITUIALISA TMpH iX 3ycTpidi, BHXiA Ha TOBEpXHIO ab0 00’€JHaHHS B CKYIMYEHHS
JTUCIOKAL[IN.

MexaHOXIMIYHA peaKIlisi CyMPOBOKYETHCS PO3PUBOM XIMIYHHMX 3B’SI3KiB B pPE3yibTaTi
MEXaHO-aKTUBOBAHOI Mii:
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Peakmis BigHOBneHHS JIP B CeMIXMHOHHMI aHiOH-paJuKanta BiOyBaeThCS 3a pPaxyHOK
okucnenns Fe(Il) B Fe(Ill) B cepenoBuii 3 KUCHEM, sIKa 1HIIIIOIO€ YTBOPEHHS NMapaMarHiTHOTO JIP°
13 301IBLIICHUM YHCJIOM TTapaMarHiTHUX LIEHTPIiB

Fe®* + IP —2%2— Fe* + JIP” (2)

Peaxkuis B3aemonii FezO, 3 IIP* mig BrumBoM EO 3 KiHIIEBUM MPOIYKTOM YTBOPEHHS MHK*,

110 1HiIiFO€ 301IBIIEHHS KUTPKOCTI apaMarHiTHUX EHTPIB, MOXKe OyTH CXEMAaTUYHO OMUCAHA SIK:
JIP” + Fe,0, —2—>MHK". (3)

Komm’ioTepHe Moae/IlOBAaHHA €J€KTPOMATHITHOrO TOJS MAarHiTOMeXaHOXiMi4HOro
HaHopeakTopa Hampyxenocti marnitHoro H Tta enexrpuunoro E momie B kamepi MMP Oymu
pO3paxoBaHi 3a HACTYITHUMHU (OPMYITaAMHU:
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MArHITHA IPOHHUKHICTb, Ho = 4-107 I'u/M — marnitra crana [12]. Ha puc. 2 300paxeH0 poO3IOALT
HAMpPY)KEHOCTI MarHiTHOTO Ta €JIEKTPUYIHOrO OIS B kKamepi MMP 151 0THOPiAHOTO cepeIoBHIIIa.
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Puc. 2. Po3nozin enekTpoMarHiTHOTO MOJIsl B KaMepi MarHiTOMEXaHOXIMiYHOTO HAHOPEaKTOpy AJIs
OJTHOPITHOTO CEPEIOBHIIA: a — HATIPY>KEHICTh MATHITHOTO TOJIS; 6 — HANPY>KEHICTh ENeKTPUYHOTO TIOJIS;
Kamepa nanopeaktopy 300paskeHa IIyHKTHPOM.

O6roBopenHsi. BpaxoBywouw Te, MmO psAa 3TOSKICHUX TWYXJIHH Ma€ BIACTHBOCTI
(dbepomMarHeTUKiB, B pe3y/bTaTi HaKONMHUYEHHS B HUX eHIOoreHHoro 3amiza [13, 14], Bumieonucasi
MOJIENTI paJuKaIbHO-JIAHIFOTOBUX MarHITOMEXaHOXIMIYHUX PEaKIliii 1 KOMITI FOTEpHE MOJICITIOBAHHS
€JIEKTPOMATHITHOTO TIOJII MarHiITOMEXaHOXIMIYHOTO HAHOPEAKTOpa MAaroTh NPAKTUYHE 3HAUYCHHS
JUIsL peaiizalii TEXHOJOril TEepaHOCTHKH, 3aCHOBaHI Ha MarHiTHIM HaHOTepamii paky Mpu
BukopuctoByBanHi MHK 3 (ikcoBaHMMHM MarHiTHUMH mapameTpamMd. ToMy HE MEHII
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NEpCHIEKTUBHUM, OKpPIM  YJIbTPa3BYKOBUX JIONIUJIEPIBCHBKMX CHUCTEM, MOYKHA BBaXaTtu 1
BukopuctanHd CKBI/[-marnitomeTpiB aisg minOopy 1 KOHTPOIIO ONTHUMAJbHUX PEXKUMIB
e(EeKTUBHOCTI JIIKYBaHHS 3JI0AKICHUX HOBOYTBOPEHb Ha OCHOBI TEXHOJOTIii MarHiTHOi HaHOTeparii
[15].

BucHoBok. AHani3 paauKaIbHO-JAHIIOTOBHX MAarHiTOMEXaHOXIMIYHMX peakUid Ta
KOMIT'FOTEpHE MOJIETIOBAHHS EJIEKTPOMArHiTHOTO IOJsI MarHiTOMEXaHOXIMIYHOTO HaHOpPEaKTopa
MaloTh MPAKTUYHE 3HAYCHHS Ul peai3alii TeXHOJIOTii TepaHocTuku rpu Bukopuctanni MHK ais
Mar”iTHOi HaHoTepamii paky 1 NpH Bi3yami3alii OIIHKA €(EeKTHBHOCTI JIKyBaHHS METOJaMU
ynbpTpa3BykoBoi enactorpadii ta CKBI/]-marniTomerpii.
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COMPLEX IDENTIFICATION OF EARLY BRAIN EDEMA
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Abstract. Identifying pathology of brain edema in the early stages of development is a key aspect in the
dynamics of treatment and further recovery progress. An integrated approach using combination analysis of
Magnetic imaging data and EEG to improve both the spatial localization of edema and determine their
functional features diagnostic methods provides early detection of disease. By setting appropriate protocol
adjustments promotes improving visualization of the MRI data that affects the accuracy of the diagnosis.

Key words: MRI, EEG, ADC, brain imaging, edema

Introduction. Nowadays, a large number of pathological conditions of the human body are
extensively studied and investigated to develop the most practical and effective way of treatments.
Since there are many diseases that have similar signs and symptoms, diagnostic problems are
constantly updating. So there is a need to develop new methods and procedures for finding the
source of inflammation to optimize treatment. Among such problems there is a very relevant
problem of identifying brain edema. It is relevant for modern neurosurgery and for neuroradiology.
Development of this class of problems requires an integrated approach and use of various
specialists. Before the advent of imaging techniques cerebral edema could be observed only at
surgery. This excludes consideration of edema in planning operations. The occurrence of
tomographic imaging techniques enabled visualization of edema zones in vivo, which greatly
enhanced the planning of surgical intervention and improved results of most surgeries.

Methods. Swelling of the brain is a non-specific response of the brain to various factors such
as trauma, inflammation, tumors, infectious brain damage. The clinical picture of cerebral edema is
characterized by great diversity and often masked clinical manifestations of the underlying disease.
This condition is characterized by abnormal accumulation of fluid in the tissues of the brain, so
during introscopy examination it is logical to use magnetic resonance phenomena, as from a signal
from the hydrogen nuclei original tomographic image can give a good contrast of pathology. In
various conditions of pathology the speed changing and the development of edema can occur rather
slowly, which greatly complicate the diagnosis early on. Depending on the etiology, location and
speed of development there are 4 main types of edema: vasogenic, cytotoxic, and interstitial
osmotic. Each of them is a complex physiological process with its own characteristics and
diagnostic imaging. Therefore, in this article are shown the processes that occur in metabolic
disorders, including cytotoxic state. This abnormal condition occurs due to swelling of glia, neurons
and endothelial cells and begins a few minutes after brain damage, such as after hypoxia. As a result
of reduced metabolic activity Na*, K*-ATPase cell membrane is disrupted. Sodium accumulates in
the cells, and due to the osmotic pressure gradient across the cells water starts to cumulate.
Cytotoxic edema mostly located in the gray matter of the brain. Detection of this condition in the
early stages of development of cerebral edema is a complex task because clinical signs may not
have a clear picture of the pathological condition and such pathophysiological condition takes place
very quickly. To overcome these problems both deterministic and statistical evaluation methods are
used. In particular, the statistical methods of cerebral edema diagnosis use electroencephalography
(EEG). According to the received information it is possible to detect the presence of edema with a
certain probability. Swelling of the brain is often accompanied by the presence of various tumors,
leading to changes in intracranial pressure. Using the method of electroencephalography in
registration electrical activity of the brain it is possible to register the signs of changes in
intracranial pressure. When analyzing maps obtained from the EEG data in the range from 1 to 8
Hz, which corresponds to the activity of & and 6 waves the synchronization of phenomena EEG
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rhythms may increase or vice versa, in a pronounced pattern of resync one can assume the presence
of edema in the area for which they are responsible electroencephalographic derivation, of which
there was abnormal activity. Change of Na®, K'-ATPase cell membrane from a physical point of
view is the change in conductivity as the recorded signal while examing the electrical activity of the
brain. As the human body is a complex biochemical mechanism that such pathological variance of
electrical potential in brain activity is clearly detected in the survey through complementary
mechanisms of diagnosis which are based on other physical principles.

The study proposes a combination analysis of magnetic imaging data and EEG both to
improve the spatial localization of edema and to determine their functional features. The presence
of edema from data obtained by EEG the Magnetic imaging (MRI) can confirm. Analysis of
longitudinal and transverse recession magnetization gives quantitative characteristics of changes in
the appearance of tissue edema. For visualization of edema T2 relaxation process is applied. This
process depends on several parameters such as frequency, temperature, the presence of large
molecules or paramagnetic ions and spin mobility, i.e. microviscosity. Tissues that have higher
amounts of water, such as edema and cerebrospinal fluid, are characterized by higher values of T1
and T2. Therefore, these tissues are hardly distinguishable on T1-weighted images and are clearly
visible on T2-weighted images. For patients with clear violations of EEG rhythms corresponding to
desynchronization rhythms of & waves and symptomatic manifestations of ataxia, dizziness and

numbness in the neck, were examined by MRI.
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Fig.1 — Brain edema: a) in T2 mode; b) with ADC map

For image acquisition parameters of T2-weighted pulse sequence the spin echo SE with
repetition times order of quantity of TR=4000 ms and echo time TE=100 ms is used. The spin echo
sequence is made up of a series of events: 90° pulse — 180° rephasing pulse at TE/2 — signal reading
at TE. This series is repeated at each time interval of repetition time. With each repetition, a k-space
line is filled, thanks to a different phase encoding. The 180° rephasing pulse compensates for the
constant field heterogeneities to obtain an echo that is weighted in T2. The reduced time of TR
reduces the amplitude of the signal. The value of the length of the sequence of spin echo was
selected based on the following expression:

T =TR*NPS*NE

where TR is repetition time, NPS is number of phase encoding steps, and of NE is number of excitations.
By setting times of repeating sequences greater than 2 s we got that longitudinal magnetization
manage to restore on the next phase has minimal impact, so the T1 signal magnetization will be as
small as possible. Selected range echo time within 90-150 ms is found to be optimal contrast in T2
images for visualization cytotoxic edema. To determine the type of edema to the standard
examination of brain the study protocol was added to the diffusion mode with the possibility of
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mapping coefficients of diffusion. Cytotoxic edema is difficult to visualize because it quickly turns
into a vasogenic stage. Nevertheless differentiation between cytotoxic and vasogenic edema is
possible. Cytotoxic edema is characterized by hyperintensive signal on diffusion image mode and
all the same in ADC mode at a time of vasogenic isointensive signal and increase in value using the
ADC. This allows to distinguish presence of a tumor or ischemic stroke.

Conclusions. For early detecting brain edema MRI studies should be carried out with a low
value of TR, since increasing TR time expends the scanning time, which imposes certain
restrictions. Long time of sequence repetition in combination with a short, about 10 ms echo time
lead to compensation an increase of signal value leading to dependence of the image contrast on
the density of hydrogen nuclei. In order to increase the probability of determining disease brain
edema spatial MRI information should be combined with functional EEG data.

ABOUT CONNECTION PHOTOGENERATION AND RHEOLOGICAL
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AnoTtanisi. JocmimpkyeTscst mporec (GoToreHepariii mpu BUCOKUX 3HAYCHHSIX 30BHIIMHBOTO EJICKTPHUIHOTO
MoJIs,a TAaKoXK TPH TEMIlepaTypi Mepexonay HOCIiB 3apsany B miacTUYHANA CTaH (Tgys) TOHKOILTIBKOBHX
komnosutie PEPC—Cgp. BeTanosiieHo i KopenboBaHO 3MiHY 3HAYEHHS T gy 1 €PEKTHBHOIO TEMIIEPATYPOIO.
Annotamus. Vccrnenyercs nporecc (poTOreHepanuy Mpy BBICOKUX 3HAYEHUSX BHEIIHETO AJIEKTPUIECKOTO
MOJIst, a TaKKe MPH TeMIlepaType Tepexofa Hocureneid 3apsma B ImracTHdeckoe COCTOSHUE (Touc)
TOHKOIIJICHOYHBIX KOMITO3UTOB PEPC—Cgy. YcTaHOBIEHO W KOPPEIHPOBAHHO M3MEHEHUE 3HAYCHUS Ty U
3¢ PEKTHUBHOM TEMIIEPATYPOiL.

Abstract. Explores the process of photogeneration charge carriers at high values of the external electric field
and the transition temperature in a plastic condition (Tyiscosity) thin film composites PEPC—Cs,. Established a
consistent and correlated change in the value T.isosity and the effective temperature.

Kirouosi ciioBa: dororeneartis, ¢pynepen, nomiMep, B'SI3KiCTb, €PEKTHBHA TEMIIEPaTypa, TYHETIOBAHHSI.

KuroueBble ciioBa: Qortoreneanus, QpymiepeH, moimmep, BI3KOCTb, d3PPEKTUBHAS TEeMIIEepaTypa,
TYHHEJIUPOBAHHE.
Key word: photogeneration, fullerene, polymer, viscosity, the effective temperature, tunneling.

In determining the capacity of photodynamic therapy is to understand the defining features
photoprocesses in molecules of organic polymer molecules. Relatively investigated processes of
transport of non equilibrium charge carriers in the systems of bio polymers found that they can be
described by the model of Marcus [1] or its variants [2,3]. Processes own photogeneration of non
equilibrium charge carriers is much less studied, due to a significantly heterogeneous structure of
the polymers and the multistage nature of the process of photogeneration [4] Consideration of these
factors leads to a complex multi-parameterizations representations for the quantum yield of
photogeneration of charge carriers.

The study of the quantum yield of photogeneration we carried out using model systems based
on carbazole capacity polimers doped Cgo.

The aim of the work was to determine the structural dependence of the quantum yield of
photogeneration of charge carriers in disordered media in an external electric field, and the
development of an adequate mathematical model.

Introduction.
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The main value of the study in these processes is the quantum yield. Quantum yield indicates
how many electrons and holes split after absorbing substance photon. The quantum vyield is
dependent on the molecular composition and structure of matter. Photogeneration process in
organic polymers depends on the structural features directly in the vicinity of the center of the photo
charge generation. Charge become independent within a few nanometers, which combines Onsager
radius.

At high values of the external electric field, there is a characteristic temperature for
photogeneration. Was observed and the transition temperature in a plastic condition. The proximity
of these two variables characterizes coupling processes photogeneration and viscous flow. Value
difference Tyisc and TO in thin composites no more than 2% — 3% of the Tyisc (To)

Separation model of the photogeneration pair.
A schematic model of the separation of photogenerated electron - hole pair is shown on

Figure 1.
E —>

w-
/ A%
Figure 1. Non eql]i]ibrium kinetic model couples the positive ion - electron after thermalization
process.

Here the following designations - n,(t)(n, (t)) the chance of finding an electron (positive
ion) at its localization in the end thermalization (in the center of 0" and 0°) - the chance of finding an
electron (positive ion) to trap 1° (17) after the first transition. W, (W) - the probability per unit
time conversion electron (positive ion) move from state "i" to state "j", removal of carriers outside

the system of the pitfalls of 1" i 1" with probability W~ and W™, respectively, per unit time. The
dynamics of such a system can be describped by the following equations:

dn+ t + - + + + +
% =—y-Ny (t) Ny (t) _W01 Ny (t) +W1o Ny (t)1 (1)
dnJr t + + + + +
2O w0 - W) 0, @
dn, (t N B o o
#() =-y-Ny (t) Ny (t) _W01 Ny (t) +W10 Ny (t)1 (3)
dn, (t o , N
) iy (- 1) 1 0 @
v — coefficient of recombination of electron—ion pairs. As initial conditions naturally use
views the submission of conditions n, (0) =n, (0) =1;n, (0) =n," (0) =0; (5).

+

It’s implication that the charged particles are at the center of localization in centre of 0" and 0
Formation of free charge carriers is possible when two particles come out of the traps and then will
photogeneration. Otherwise, the fixed charge carrier can capture the mobile carrier of the opposite
sign, which was created in a different center photogeneration. Then violated neutrality center
photogeneration 0 - and O when the dissociation of pairs of particles or contact of the two centers
photogeneration. To eliminate this, we introduce the quantum vyield of photo carrier generation

electric charge (@) :
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Analysis of (1) - (6) it is convenient to use dimensionless variables

_nf@®) o n(t) : ,
X(t) = e (1) iy@)= ()’ for which the equation
S g - o +w ) x00, @
di;it) =Wy, — (VVlO +W7) - y(b), 8)

x(0)=0,y(0)=0
Using views for x(t) u y(t) to simplify the system (1) —(6).

Then:
PO om0 O+ LRt W WO WO, )
% =76 (-0 () +{\W-[l—exp(—t*(vvla FW )] =We kg (1), (10)

For zero approximation solution replace in (10) the initial conditions. If exponent expanded in
a Taylor series in time and use the initial conditions as a result
obtain.

oW, W, -W,, W, -W,, _ _
n, (t) = exp[l—t Wo, + ]t - —20—0]*(1+ —20 U .exp(—(W,, +W )-1))
(Wi +W7) Wy +W7) (W +W7)
Next step is to substitute this expression in (9) and obtain a first approximation. Given the
W, -W,,
initial conditions obtain. C=—2>—% _[W_ +7], R=—(W,, +W"~
W, +W ) Wo, +71 Wi, )
W, W, W,! W, ) 7
n, (t) =exp[ —2—2% . (t— 01— exp(—t* +W™) =W, -t+ :
§(0) = el B T (=D + wvm Wy P Wy W) ~Way -t |
—oplCt-—mo Wou_y.q, By Mo Wi opictm Mo Mooy
Wy, +W ™) C" (W +W7)* (W +W7)
+9Xp[— WlB'WOE ] ( Wlo WOE )]]

(Wio +W)? C W+ W )’

That is depends on both the positive and negative factors took into account the probability of
finding the electron on a electron traps on the rheological properties of the medium. Taking into
account (6) allows us to explain the dependence of the quantum yield of photogeneration of
macroscopic dissipative properties of the medium.

Conclusions.

1. Theoretically investigate the process of photogeneration photocurrent in layers weakly
conductive materials with injecting contacts assuming thermally activated generation of carriers.
The conditions for the use of the photocurrent in such a system for the analysis of the quantum yield
of charge carrier photogeneration.

2. Volumetric dependence of density of photocurrent generated by the electric field strength
in the films PEPC—Cg is consistent with the modified Poole-Frenkel law, indicating an abrupt
carrier transport mechanism during its photogeneration.

3. Modified Poole-Frenkel constant depends on the concentration of Cg, Which indicates a
change in the local dielectric constant in the vicinity of the center photogeneration when the
concentration of Cg.
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4. The melting point of PEPC—Cgy composites depends on the concentration of Cgo — when the
concentration is increased, indicating an increase in the intensity of intermolecular interactions or
the formation of rigid nanostructures with Cgy.

5. The value of the characteristic temperature to within 2 — 3% the same as the melting point
of the composite PEPC—Cg, indicating that the dependence of the effects of the photogeneration of
charge carriers and the melting of the same processes.
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AnoTtanisn: [lo3umerpis 3aiiMae KIIIOYOBE Micle Y NpOMEHeBil Tepamii. 3HAHHA NepeBar Ta HEMOJNIKIB
JIO3UMETPIB, SIKi HaluacTillle 3aCTOCOBYIOTHCSI MPU KaiOpyBaHHI amapara, JIOMOMOXe MeAHYHOMY (i3uKy
NpPaBWILHO OTPUMATH XapaKTEPUCTHKM MOJIB 10HI3al[ifHOr0 ONMpPOMIHEHHS Ta MiHIMI3yBaTW HMOBIPHICTh
MTOMWJIKH TIPY a0COIOTHIN TO3UMETii.

AnHoTamus: Jlo3uMeTpus 3aHMMaeT KIIOYEBOE MECTO B JIYY€BOM Tepamuu. 3HaHHE IPEHMYIIECTB WU
HEJIOCTAaTKOB JJO3MMETPOB, Yallle BCEro MPUMEHSIEMbIX NPU KaTUOPOBKE armapara, IOMOXKET METUIIMHCKOMY
(GU3MKY TMPaBUIFHO TOJYYUTHh XapaKTEPUCTHKHU TOJIEH MOHHM3AIMOHHOTO W3IYYeHHS M MHUHUMH3UPOBATH
BEPOSTHOCTh ONIUOKY MPH a0COIOTHOHN JTIO3UMETPHUH.

Annotation: Dosimetry occupies a key place in radiation therapy. Knowledge of advantages and lacks of
dosimeters, that are mostly used at calibration of apparatus, will help a medical physi-cist correctly to get
descriptions of the fields of ionization irradiation and minimize probability of error at absolute dosimetry.

Kurouogi cioBa: lonizaniiini kamepu (1K), mo3umerpu tumy mion, pagiorpadivHa riiBKa, ONTHYHA
ryctuna (OI'), repmontominecuenTauit qo3umetp (TJII).

KuaroueBbie cioBa: HMozammonnsie kamepsl (MK), gosumerpsr Tumy nmoj, paauorpadudeckas
IUICHKA, onTryeckas mioTHOcTh (OIT), TepmontromunectieHTHbIN no3umetp (TJI).

Keywords: lonization chambers (IC), Solid state dosimeter, Silver halide film, Optical density
(OD), Thermoluminescent dosimeters (TLD).

Jo3umerp — 1ie mpuiaza s O0e3mocepenHix, ado HENpsSMUX BUMIPIOBaHB: €KCITO3HMINIHOT
no3u, Kepmu, mornmHyTol 7103, CKBIBAJIEHTHOI JI03W Ta IHIIUX BEJIMYUH TIOB’S3aHUX 3 paHIIIe
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nepepaxoBanumu [1]. Jlo3umeTp 3 peeCcTpyHOUYMM NPUCTPOEM HA3UBAETHCS JIO3MMETPHYHOIO
cuctemoro. Ha KoXHOMY panioTepaneBTUYHOMY amapari Hepel BIPOBAIKEHHSM B KIIIHIYHUI
IpoIleC MOBHUHEH IPOBOJUTHCH JO3UMETPUYHUN KOHTPOJb IMapaMmeTpiB Ta MOTJIMHYTa 1032 B
OTIOPHUX TOYKaX. TOMYy CTa€ BaXKJIMBUM 3HAHHS JO3UMETPIB, SIKI BUKOPUCTOBYIOTHCS B KIIIHIUHIN
JO3UMETPIi, X MepeBaru Ta HeIOMiKH.

Ionizaniiini kamepu. OcHoBHa yactuHa IK — mopoxHHHA, sika HalOBHEHA ra3oM, OTOYEHa
CTIHKOIO, BCEpPEIMHI 3HAXOAMTHCSA LEHTpaJbHUU 30upatoumii enekrpon. CTiHKa 1 HEHTpalbHHUMA
30Mparodmii eIeKTpo ] PO3UIEHI 130JITOPOM BUCOKOT SIKOCTI JIJIsl 3MEHIIEHHS CTPyMY BUTOKY INPHU
MiJBeIeHH]I HAmpyrd A0 Kamepu. s moJanblioro WOoro 3MEHIICHHS 3a3BHYail BUKOPUCTOBYIOThH
JOJJATKOBUN «OXOPOHHUI» €JEKTPOJl, SIKUI HalpaBlisie CTPYM BUTOKY Ha 3a3€MJICHHS, OMUHAIOYU
HEHTPAIbHUH eNneKTpoa. «OXOpOHHHUI» eNEeKTPOo/ 3a0e3edye OTHOPIAHICTh MO B aKTUBHOMY a00
YyTIUBOMY 00’ €eMi i cripusie OinbIn epekTHBHOMY 30upanHi 3apsaay [2]. Cxema IK nmogana Ha Puc. 1.

izonATOp razoea

& rpadirt —

a

Aluminum

LIeHTP aJIbHIEL
30HparoYHil eIeKTPoS

Puc.1. Cxema muminapudHO1 i0HI3aIliiHOT Kamepu Tairy Dapmep

IK moxinsroThCsl Ta HMMIIIHAPUYHI Ta IuiockomapanenbHi. Huninapuuni IK 3acTtocoByroThCs
JUIsL A03UMETpii (POTOHHMX IOJIIB BUCOKHUX EHEpPrid, piAKO Ui JO3UMETPil €JeKTPOHHUX IMOIiB
BunpomiHioBaHHsa. IlnockomapanensHi IK wmaibke 3aBXIM BUKOPUCTOBYIOTH ISl JIO3UMETPIl
€JIEKTPOHHUX TOJiB BUnpoMiHioBaHHs. Maiixke Bci IK BomoHenpoHukHi (3a BUK. kamepu Mapkyca
ta onHiei 3 kamep dapmepa) [3]. ¥V ummiHApUYHMX KaMepax 3BOJMTHCS HA MIHIMyM YYTJIMBICTBH
KaMepH BiJ KyTa ONPOMIHEHHsI, 110 J103BOJISIE 3HIMATHU JlaHl MpU MEePHEHAUKYISIPHOMY PO3MIILIEHH]
nojist onpomiHioBaHHs A0 IK. TlormuayTa 1032 BiTHOCUTBCS 70 AEAKOI TOUKM PEYOBHHHU, 17I€aIbHO
O0yno 6 matu «roukoBy» IK. 3a cBoe€ro koHCTpyKIlie Maibke Bei IK mMacuBHI, TOMy MaiOTh MOTaHy
MIPOCTOPOBY PO3JITIBHY 3[aTHICTh, IO POOUTH OOMEXKEHUM iX BHUKOPHUCTaHHSA IPH J03UMETPIl
«Manmx» mojiB onpoMidneHHs. [lepeBaru ta nenoniku IK HaBeneni B Tabmui 1.

Ta6mums 1. [lepeBaru Ta Henoniku IK

IHEPEBAT'U HEJOJIIKHA

TouHICTh Ta BiITBOPIOBAHICTH HasiBHicTh 3’ €1HYBaIBHOTO KaOeIro
PexomennoBani myisa KamOpyBaHHS TOJIS Bucoka Hanpyra 3MimeHHs
OTIPOMIHCHHS Benuka KiIpKICTh MTONPABOK, IIO 3a0Upae
HeoOxigni mompaBku s abCONIOTHOT 6araTo yacy npu iX BUMipIOBaHH1
J03UMETpii J0Ope BIIOMI Ta 3pO3yMiJi INorana npocTopoBa po3AilIbHA 34aTHICT
besnocepenni BuMiproBaHHs
bararopazoBoro BUKOPHUCTaHHS, x
YYTJAUBICTh Maike HE 3MIHIOETBCSA 3
gacoMm, a00 3MIHIOETBCS B JyXKe MalluxX
Mexax

Jo3umerp Tuny aioa. Jliogy BUTOTOBJISIOTH HAHECEHHSM KpPEMHIO N-TUIy a0o P-TUIly Ha
MIIKIaAKYy 1 BBEJACHHSIM JOHOPIB a00 aKIENTOpiB HAa TOBEPXHIO MIAKIAAKU AJiI CTBOPECHHS
MaTepiaity 3 NIpoTUIeKHUMU BiacTuBocTsiMu (Puc. 2).
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Kpewmniit n-tuny

ITap sbigHesHA "

P

Kpemuiii n-tuny (mpxnagia)
Puc. 2. Cxema mo3umMerpa TUITy Ji0]1

B 3anexHOCTI Bij MaTepiaiy ImiIKIaJ Ky 1011 Ha3UBAKOTh J03uMeTpaMu N-Si abo p-Si Tumy.
JIyis IpOMEHEBOI Tepartii 3aCTOCOBYIOTHCS 03UMETPHU P-Si THITY, OCKITBKHA BOHH MEHIIIE CXUJIBHI JI0
MOLIKO/KEHb MiJ] JI€I0 10HI3YIOYOTO BUIIPOMIHIOBAHHS Ta MarOTh 3HAYHO MEHIIUH «TIHBOBHID»
ctpyM. [IpuHiun po6oTH: map 30iTHEHHS Ma€ TOBIIMHY B KiIbKa MIKPOMETPIB, IPH ONMPOMiHEHHI
JO3MUMETPA 3BUIBHSAIOTHCS 3aps/KeH] YACTHHKH, SIKi CTBOPIOIOTH CTPYM MPONOPLIHHUI MOTY>KHOCTI
no3u. lionu 37e01IBIIOT0 3aCTOCOBYIOTHCS IS IO3UMETPIl «MajliX» TOJIIB OMPOMIHEHHSI, TaK SK
MaroTh Maji po3mipu [4]. IlepeBaru Ta HeOIIKK JO3UMETPIB THITY 1101 HaBeaeHO B Tabmuili 2.

Tabauns 2. [lepeBaru Ta HETOMIKH JO3UMETPIB P-Si THITY

IHEPEBAT' HEJOJIIKHA

e Mayuii po3mip, mo 3a0e3nedye BHCOKY HasBHICTB 3’ €IHYBaIbHOTO KaOeto
MIPOCTOPOBY PO3AUIBHY 3/1aTHICTh 3MiHa YYTIIMBOCTI Bl TEMIIEpaTypu
Bucoka gyTimBicTh 3MiHA YYTIMBOCTI 3 aKyMYJIbOBaHOIO

e besnocepeaHi BUMiprOBaHHS JI03010
e BijcyTHICTh Hampyru 3MilICHHS, IO Aa€ e Jlionn He MOXKHa BUKOPHCTOBYBATH JJIsi
MOJKJIMBICTh 3aCTOCYBaHHS JIOMAIB y IN a0COJTIOTHOI JO3UMETPIT

VIVO f103uMeTpii

doTomaiBkoBa a03uMeTpist. Pagiorpadivyna miiBka — 11e TOHKHE map miactuky (200 um)
HOKPUTHI eMYJIbCI€r0, sika MICTUTB Kprctanu AgBr, po3noaineni B mapi xenatuny ToBmuHO0 10-
20 puM. B pe3ynbTati OMpOoMiHEHHS B IUTIBII IPOXOJSATh HACTYMHI peakuii: AgBr ioHi3ytoTbes, 10HU
Ar" BiTHOBITIOIOTBCS 10 HelTpanpHuX atomiB Ar. Ileii mporec NpHU3BOIUTH JO TMOYOPHIHHS
(GoTOUyTIMBOrO MHIapy Ta YTBOPEHHS IMpPHUXOBaHOro 300pakeHHs. [li Yac MposBIEHHs peluTa
HEBIJTHOBJICHUX aTOMiB Al BiJHOBIIOIOTHCS Oiisl IICHTPIB MPUXOBAaHOTO 300paxkeHHs. Lle o3Hauae:
AKI10 xo4ya 6 oguH atom Ar B kpuctani AgBr BigHOBIEHO, TO BCi atoMu Ar OyAyTh BiIHOBJEHI Mij
yac nposieieHHd. CTyIiHb MPOXO/UKEHHS CBITJIa 4Yepe3 IUTBKY, SIK (YHKIISI MPO30POCTi ILUIiBKH,
Moyke OyTH BUMipsiHa B OAMHUIIAX onTUUHOI rycTHHU (OI') 32 1011OMOroro 1eHCUTOMETpa.

[LriBka BOJIO/MIE XOPOIIOK JBOBUMIPHOIO MPOCTOPOBOIO PO3JAUILHOIO 3JATHICTIO Ta 3a
pPaxyHOK OJIHI€T €KCIO3UIliT MOXKe 3a0e31meunTH 1H(QOpMaIli€ro PO MPOCTOPOBI 1030B1 PO3NOALIHN B
IUTOIIMHI OIPOMiHEHHS 200 Npo ocaa0IeHHsI ONPOMIHIOBAHHS PI3HUMH 00’ €KTaMHU.

UyTnuBICTh IJIIBKM 3aJ€KUTh Bl KUIBKOX TMapaMeTpiB, sIKi MOraHO KOHTPOJIIOIOTHCS:
CTaHJapTHU3allisi TPOSBICHHS IUIIBKM BHMAarae ocOOJMBOi yBarw, JO30BHM Jlama3oH TUTIBKA
O0OMEKEHUI €HEepreTUYHOI0 3aJIEKHICTIO YYTIUBOCTI, 0COOJUBO JIsl (DOTOHIB HU3BKUX EHEPTiH.
3a3BuyYail mIiBKa BUKOPUCTOBYETHCS JJIsl BIIHOCHUX BUMIPIOBaHb, ajie IIPH BIAMOBIAHUX METOJIUKAX
KaJiOpyBaHHs, ONIPOMIHEHHs Ta aHaJi31 IUTIBKa MOKE BUKOPHCTOBYBATHCH 11 BUMIPIOBAHHS J03H.

3anexHicts OI' BiJ 103U MOBUHHA OyTH JiHINHOMO. Jlesiki TUIIHM eMynbCiil 3a0e3neuyroTh
JHIMHICTB, JesKi JiHIiHI B 00MeXeHOMY Jliana3oHi, a € i HeNmiHiiHI eMynbeii. [ KOXKHOro THITY
IUTIBKM 3aJIeKHICTh TOBMHHAa OYTHM YCTAaHOBJIEHAa J0 TOro SK IUIIBKa OyJe BHUKOpUCTaHa [JIst
JO3UMETPHYHHX BUMiproBaHb [5]. Ll xapakTepucTika Bijioma K AEHCOTHMETPUYHA KpUBa, a0o SK
kpuBa H&D, Ha3Bana na yects Hurter i Driffield.
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PagioxpomHa TuTiBKa — II€ HOBHH THN IUTIBOK, CIELIalbHO PO3POOICHUN IS AO3UMETpil
MpoMeHeBoi Tepamii. PamioxpoMHa TTiBKa CaMoONpOsBISAEThCA. PamioXxpoMHa TIUTiBKa MICTHUTH
eMYJIbCII0, sIKa MOJSPU3YETHCS I AI€I0 ONPOMIHEHHS, 3a0apBIIOIOYUCH B OJIAKUTHHHA KOJIp.
3anexnicts O Bi 1031 OMIPOMIHEHHSI ICHCUTOMETPOM.

Haii6inp1 nommpeHrM THIIOM PaIioXpOMHOI IUTiBKY € muriBka tuy GafChromic. Lie nmpo3sopa
IJTiBKA, SIKa Ma€ MaiKe TKaHMHO eKBiBajIeHTHHH ckian (9% Boanto, 60,6% Byraerto, 11,2% a3zoty,
19,2 xucHio). [lepeBaru Ta HeAOMIK GOTOILTIBOK HaBeaAeHO B Tabmmmi 3.

Tabauusg 3. [lepeBaru Ta HeOMIKH (HOTOILTIBOK

IHEPEBAT' HEJOJIIKA

Paoioepagpiuna nnisxa Paoioxpomna nniexa

s padioepadhiunol naiexu'’

e J[BOBUMipHE MPOCTOPOBE o
PO3IIUPEHHS

e Marouu Maily TOBILIUHY, HE .

Hemae HeoOxigHOCTI y
MIPOSIBIICHHI

He mictuts 3epen

¢ HeoOxigHicTh TEMHUX KIMHAT
Ha MPOSBOYHUX JabopaTopiii
e [lIpouec nposBIEHHS BaXKO

BHOCATH CIIOTBOPCHB

(BHCOKa TTPOCTOPOBA
PO3LTbHA 3/TaTHICTH)
3pyuHa ais
BUMIPIOBaHb Yy 30HaX
BHCOKOTI'O TpaJlieHTa
03U

KOHTPOJTFOBATH
3MiHa BJIIACTUBOCTEN Bij ILIIBKU
IO IUTIBKH, BiJ ITAYKH O MAYKH
[TniBKy HEOOX1/1HO KaniOpyBaTH
[TpoGaemu 3 eHEPreTUYHOIO

3JICKHICTIO YyTJIMBOCTI
e [[niBKY HE MOXHa
BUKOPHCTOBYBATH JIJIs
a0COIIIOTHOT JO3UMETPii
na padioxpommnoi naieku:
e MeHII 4y T/IHBI HixXK
pazmiorpadiuHi IJIiBKU
e KomryroTs 10oporo

e He 3anexurs Bix
eHeprii (3a BUKITIOYCH-
HsM 25 keB 1 mene)

TepmomominecuenTuii ro3umerp (TJIA). TJI/I — nozumerpu BukopructoByroThecs 3 1970-
X POKIB JJIsl KUTBKICHOT JJO3UMETPii MEraBoJIbTHOTO PEHTICHIBChKOTO BHITpoMiHtoBaHHs [6]. TJI €
IHTETPYIOUUM JO3UMETPOM, SKUH, K MPAaBUIO HEBEIMKHHA 32 po3MipoM, 4acTo y GopMi KyOi4HOTO
a00 HWIIHAPUYHOTO Yima, 1 Mae Mai)Ke TKAHWHO €KBIBAJICHTHUI aToMHMi ckiaz (Z=8.1) Ta TumnoBy
rycTuny 2.6 r/em’. [Mpunnun po6otu TJIJ ocHoBaHuii Ha sBHILI JTroMiHecHeHii. Peamizaris TJI/]
TPYAOMICTKa, TOMY BiH 3a3BHuaii BUKOPUCTOBYEThCS Ae BuMipH IK € HempakTHuHuMU (3a3BUYaif iX
BUKOPHCTOBYIOTB Yy IN VIVO dozumempii). 11{006 mocsrti ToyHOCTI BUMiproBaHHS Oyu3bKo 2%-3%,
nporpaMa peanizauii TLD noBuHHa MaTu CTPOrHil MPOTOKOJ BUMIPIOBaHHS Ta MPOXOJUTU PYTHHHY
rapanTito sxocTi. [lepeBaru ta Henomniku TJI/] HaBeneni B Tabmui 4.

Tabauusg 4. IlepeBaru Ta Hepomiku TJIJ]

INIEPEBATU HEJAOJIIKA
e  Mauuii po3Mip: pe3yJIbTaTH MOXKHA e (CurHan CTUPAETHCS MPU 3UUTYBAHHI
IHTEPIIPETYBATH, IK BUMIPIOBAHHA B | e  [H(opMallito JIETKO CTEPTH
TOYII e Hemae MOXIHMBOCTI IPSIMUX BUMIPIOBAaHb
o Ilpu oaHiii excro3uii MOKHA e JloCATHEHHS BHMCOKOi TOYHOCTI MOTpeOye 3HAYHUX
onpominutu 6arato TJIJI 3yCHJIb
e  MOXIHBICT HAJATH Pi3HOT popMH e 3uuTyBaHHA Ta KaJiOpyBaHHS BHUMAra€ BEIHKUX
e TJIJ] Mo:xHA BBaKaT! TKAaHWHO 3aTpar Jacy
€KBIBAJICHTHUMHU e He pexomenoBaHi ist aOCOMIOTHOT JO3UMETPiT
e JlocTaTHBO JemieBi

105




BucHoBok. JXonmuuil pamioTepaneBTHYHMHA amapaT HE MOXeE BHKOPHCTOBYBAaTHUCH Y
KIIHIYHOMY Tmpoueci 0e3 OTpuMaHHS HOro JO3UMETpUYHHMX XapakTepucTuk. KoxkHi 3 BHIle
HepepaxoBaHUX JTO3UMETPIB MarOTh CBOi IepeBard Ta Hepomiku. KamiOpyrounm amapaT moTpiOHO
naM’sITaT: XapaKTEPUCTHKU «MaJIUX» IIOJIB ONMPOMIHEHHS Kpalle 3HIMaTh Ji0/1aMH, aOCOJIIOTHY
noszumetpiro nposoautH IK, in vivo nozumerpito — TJI/I, ciBnaniHHs po3MipiB OB, HAIMIBTIHI —
TUTiBKaMH.
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MOJU®PIKAIIA BTACTUBOCTEN OHKOIIPEITAPATY KOHIYM 3A JJIOIOMOI' OO
OYJIEPERY Cq

Houysin H.A.!, 3a600THuii M.A'., Momor A.L.*, JloB6emxo I'.I%, T'nariok O.IL2,
Kipkinescbka JI.M 3

1) Kuiscokuii nayionanvhui ynieepcumem im.. Tapaca lllesuenka, syn.. Bonooumupcoka 64,
m.Kuis, Yxpaina, 01033
2) Incmumym ¢hizuxu HAHY, npocnexm nayku 46, Kuis, Ykpaina, 03650
3) Kuiscokuit ynisepcumem YAHM, Toncmoeo 9, Kuis, Ykpauna, 01033

AHoTanisi. B po0oTi mochimKyeThCsl MOXKIHBICTh YTBOPEHHS KOMIUIEKCY Tpernapary KOHiyM 3 (ynepeHom
C60. Ha ocHOBI KJIIHIYHUX JOCHTIPKEHb BIUIMBY pernapary KOHiyM - ¢yJepeH Ha iHTiOIlilo0 poCcTy MyXJIMHH
caMoK Oinux 0e3mopoaHuX MHUIIeH [2] Ta JOCHiAKEHHS KOMIUIEKCY 3a JOIIOMOTOI0 BUKOPHCTaHHS METOIUK
abcop6uiiinoi Ta [Y - crmekTpockorii, a TaKoXX YHUCEIBHOTO MOJCTIOBAHHS 32 JONOMOTOI0 MpPOrpaMu
Gaussian [1] MaeMo TmiaCcTaBH BBaXaTH, MO TIPU WOTO BHKOPHUCTAaHHI MaTHME MICIIC ITiIBHINCHHS
e(eKTHBHOCTI Mpenapary, Ta 3MEHIIEHHS HOro TOKCUYHOCTI.

VY BKa3aHHX BHIIE [DKEpeax OyJio MOKa3aHO, IO CIEKTP KOMIUIEKCY He MOXe OyTH MpeICTaBICHHH Y
BUTJISI JIiHIIHOT KOMOiHaLii cCeKTpiB mpemnapaTy KoHiyM i dynepeHy. Lle o3Hauae, 1m0 XapakTep CIEKTpiB
HE € TPUBIAJbHAM. TaKiM YHHOM, BUHUKJIO IIUPOKE IOJIE JUIS JIOCIIKEHb IAaHOTO KOMILICKCY.

Meroto nanoi pobotu Oyj0 BHBUEHHS M KOMIUIEKCOYTBOPEHHS ankaioifiB KoHiymy (¢dipmu Weleda) 3
¢dynepenom C60, BU3HAUEHHS EHEPTETHYHHX 1 KOHMOPMAIIMHMX XapaKTEPUCTHUK alKAIOINIB KOHIyMy 3
ypaxyBaHHSM BIUIHBY 1 JOKaJIbHOI Ji€IeKTPUUHOI MPOHUKHOCTI BOJHOTO CEPEAOBHILA.

B maniit po6oTi mocmimkyBaBesi ekcriepumeHTanbHuil [U cnektp mpenapaty koHiyM. OKpiM IBOTO JUIst
MOJIEKYII KOXHOTO 3 aJIKaIOiiB, [0 BXOASTH JI0 CKJIAY IMperapary Oyia BHKOHAHA ONTUMI3allis TeoMeTpii i
po3paxoBani I4 cnektpu ta ciektpu KP, eHeprii OCHOBHOTO CTaHy Ta JUIOJIBHI MOMEHTH 3a JOIIOMOTOIO
nporpamu Gaussian 3 ypaxyBaHHSM HasBHOCTi pO3YMHHUKA.

PesynpraTtu mokasanu, 1o B MOPIBHSIHHI 3 TOMEPEAHIMM JOCHTIPKCHHIMU MOXEMO OauuTH Ha MOPSIOK
Kpalle CIiBMaiHAs CIEeKTPiB MoO0yqoBaHUX y mporpami Gaussian 3 ekcriepuMeHnTanbHUMU. Lle o3Hagae, mo
iXHIl XapakTep iCTOTHO 3aJEeKHUTh BiJ] Mi€NEKTPUYHOI NPOHUKHOCTI PO3YMHHUKA. 3 IBOTO MOXHA 3pOOHUTH
BUCHOBOK, II[0 3HAXO/DKEHHS NMPAaBUIbHOT MOJENI, 110 BPAXOBY€E Mi€IEKTPUYHY INPOHUKHICTH CEpPEIOBHUIIA,
MOJKE BIIKPUTH IUIAXH [ BUBYCHHS MEXaHI3MIB YTBOPEHHS KOMIUIEKCY CKJIaJOBHX IMpenapary KOHiyM 3
dbynepenom C60.

AnHotanusa. B pabore uccimemyercss BO3MOXHOCTH 00Opa3oBaHHMsA KOMIUIeKca mnpemapara Konuym c
dbymneperom C60. Ha ocHOBe KIMHWYECKHUX WCCIEIOBaHWH BiMSHHS npernapara Konmym - dysuiepeH Ha
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WHTHOMPOBAaHUE POCTa OIMYXOJH CaMOK OenbIX OecHOpOIHBIX MBIMIEH [2] W HWCCIeqoBaHHE KOMILIEKCa
MOCpEACTBOM HCHOJIb30BaHUSA MCTOJUK a6COp6I_II/IOHHOI71 n UK - CIICKTPOCKOIIMH, a TAaKXC YUCJICHHOI'O
MOJICIIMPOBAHMSI C TIOMOINBI0 TporpamMmbl Gaussian [1] WMeeM OCHOBaHWS CUYHTaTh, YTO TPH €ro
HCIIOJIb30BAHUN 6y):[eT MECTO ITOBBIIIICHUEC 3(1)(1)CKTI/IBHOCTI/I npenapara, 1 yMCHbIICHUA €0 TOKCUYHOCTH.

B YKa3aHHBIX BbIIIEC MCTOYHHKaX 6BIHO IOKa3aHO, YTO CIEKTP KOMIUIEKCAa HE MOXET 6I)ITB MpeaACTaBJICH B
BHJIE TMHEHHON KOMOWHAIMY CHEKTPOB KOHMyMa H (yiiepeHa. DTO O3HA4YaeT, YTO XapaKTep CIIEKTPOB HE
SIBJIICTCS] TPUBHAIIbHBIM. TakuM 00pa3oM, BO3HUKJIO HIMPOKOE TOJIE [T UCCIICA0BaHUN TaHHOTO KOMILJICKCA.
HeJ’ILIO ,Z[aHHOfI pa60TLI OBLIIO HN3y4YCHHUEC BO3MOKHOCTHU KOMHH6KCOO6paBOBaHI/IH AJIKAJIONA0B KOHHUYMa C
¢dymiepeHom C60, ompeneneHuss HEPTETHUYCCKUX M KOH(OPMAIMOHHBIX XapPaKTCPUCTHK aJKAJIOHI0B
KOHMYMa C YYC€TOM BJIHAHUSA HCOAHOPOAHOCTH JIOKaIbHOU Z[HBHeKTpH‘IeCKOﬁ MIPOHUIIAEMOCTHU BO,Z[HOﬁ
Cpenpl.

B nannoit pabote uccnemoBancs sxcnepuMeHTanbHbl MK criektp mperapara xormym. Kpome atoro s
MOJICKYJT KaXIOTO W3 alKaJOWIOB, BXOIAIIMX B COCTaB IIpemapara, ObLIa BBHITIOJHEHA ONTHMH3AIUS
reomerpun u paccunutansl UK crektpsl u cnektpsl KP, sHeprud OCHOBHOTI'O COCTOSIHUSA U JHUIIOJIbHBIE
MOMCHTEI C ITIOMOIIBIO MPOTpaMMBbI Gaussian ¢ YUYCTOM HAJINYUA paCTBOPUTCIIA.

PC3YJ'IBTaTBI IMOKas3ajikd, 4TO IO CPaBHECHUIO C NPCABIAYINUMU UCCIICA0OBAHUAMU UMECT MECTO 3aMETCHO Ooiree
TOYHOC COBHIAJACHHUC CIICKTPOB IOCTPOCHHBIX B IpOrpamme Gaussian ¢ SKCIICPUMCHTAJIbHBIMH. 9T0
03HavyacT, YTO UX XapaKTEP CYIECCTBECHHO 3aBUCHUT OT ,ZII/IBJICKTpH‘IeCKOfI MIPOHUIIAEMOCTU PACTBOPUTEIIA. "3
3TOI'0 MOKHO CA€JIaTh BBIBOJ, UTO HAXOXICHUC l'[paBHJ'ILHofI MOACIIN, y‘II/ITI;IBaIOH_IeI\/'I JAUIJICKTPUICCKY O
IMPOHUIAEMOCTE CPEIAbI, MOXET OTKPBITh NYTHU IJId H3YYCHUA MCEXaHU3MOB 06pa3013aH1/1;{ KOMIIICKCa
COCTaBJISIOIIMX Npenapara KoHuyM ¢ dyiuepernom C60.

Abstract. This paper investigates the possibility of formation of a complex product Conium with fullerene
C60. Based on clinical studies of the impact of the drug Conium - fullerene on tumor growth inhibition
female outbred white mice [2] and the study of the complex by using methods of absorption and IR -
spectroscopy and numerical modeling using Gaussian [1] we have reason to believe that its use will place
increasing efficacy and reducing its toxicity. In the above sources, it was shown that the spectrum of the
complex can not be represented as a linear combination of spectra Konium and fullerene. This means that the
nature of the spectra is not trivial. Thus, there was a wide field for research of the complex.

The aim of this study was to investigate the possibility of formation of complex Conium alkaloids with
fullerene C60, the definition of energy and conformational characteristics of alkaloids of Conium with the
influence of heterogeneity of local dielectric environment.

In this work we investigated the IR spectrum of experimental drug Conium. In addition, for each of the
alkaloid molecules that are part of the drug was performed geometry optimization and calculated IR spectra
and Raman spectra, ground state energies and dipole moments using the Gaussian considering the presence
of solvent.

The results showed that, compared with previous studies we can see much better coincidence spectra
constructed in the program Gaussian with experimental data. This means that their character depends
strongly on the dielectric constant of the solvent. From this we can conclude that finding the right model that
takes into account the dielectric constant of the medium, can open the way for studying the mechanisms of
complex components Conium preparation of fullerene C60.

Karouosi ciiosa: Koniym. dynepen Cgo, IH - ciekrpockoris. Iporpama Gaussian.
Kirouessbie caosa: Konnym. ®ymnepen Cgo. UK — ciekrpockonust. [Tporpama Gaussian
Key words: Conium. Fullerene Cg. IR — spectroscopy. Gaussian program.

Maiixe MOJOBUHA CYyYaCHHUX JIIKAPCHKUX 3aC00iB, II0 BUKOPHCTOBYIOTHCS B MEIUIIMHI OTpHUMaHi IpU
BUKOPUCTAaHHI POCIMHHHUX eKCTpakTiB. OCHOBHUMH OiOJIOTIYHO AKTHBHAMH areHTaMH pOCIHH, IO
BUKOPHCTOBYIOTBCSI B MEIIUIIMHI /TS JIIKYBaHHS 3JIOSKICHUX HOBOYTBOPEHb € aJKaJOIil, IO MPOSBISIOTH
BUP@KEHY IUTOCTATUYHY JIi0 HA MMyXJIMHHI KITITHHU. [1]

AJKanoing — CKIaJHi OpraHiuni a30TOBMICHI CIIONYKH JIy’XHOT peakiii MepeBaXKHO POCIHHHOIO
MOXOJ[KCHHSI.

OIUHHUM 3 HaHOLTBII OTPYWHHX BHIIB cepen Buiux pociaud € Conium malculatum (6osmrosos).

KoHiym 3acTocoByeThCsI B MEIUIMHI SK 3aCIOKIHINBUI, IPOTUCYIOMHUI 1 Oone3acnokiinuBuii 3acid
IpU XBOPOOJIMBHX CTaHaX, IO CYMPOBOJUKYIOTBCS CyIOMaMy abdo cra3MaMH BHYTPILIHIX OpraHiB: Xopei,
ermiJierncii, CyIOMHOMY Kamuti, MirpeHi. OcTaHHIM 4acoM BiH 3apeKOMEHAyBaB ceO¢ MEpCIEeKTUBHUM i B
SIKOCT1 TIPOTHITYXJIMHHUX TIpernapariB. B ocHOBI MeXaHi3My [ii IIbOTO Tpemnapary JeKUTh IUTOCTATUIHHA
eeKT, SIKU MOSCHIOETHCS 3AATHICTIO OJIOKyBaTH MITO3 KJIITMH Ha craaii mertadasu. OmHak mpemapar
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KoHiym Hajae THITIOUHI BILUTUB Ha JIEHKOIIOE3 Ta TPOMOOIIUTOIIOE3, BUKJINKAIOYN BaXKKi YCKIIaTHEHHS 3 00Ky
NapeHXiMaTO3HUX OPTraHiB, IIUTYHKOBO-KHIIKOBOTO TPAKTY i HEPBOBOI CHCTEMHU.

JlocBin 3acTocyBaHHS MPOTHITYXJIMHHOI XiMioTepallii moka3aB 0OMEXEHICTh 11 MOKJIMBOCTEH 1 HU3BKY
e(eKTHBHICTh NPHU JiKyBaHHI MiCIEBO-TIOIIMPEHUX 1 AUCEMIHOBaHUX (OPM 3JIOSKICHMX HOBOYTBOpPEHb. Y
[IbOMY BHWMAJKY, HEIOCTaTHS €(EeKTHBHICTh HMUTOCTATHYHOI Tepamii 00yMOBJI€HAa HH3BKOIO BHOIPKOBICTIO
NPOTUIYXJMHHOI [ii Ta BHCOKOIO TOKCHYHICTIO MO BiJHOIIEHHIO [0 HOPMAJbHUX 1, SK IPaBUIIO,
JKUTTEBOBAXKIIMBHX OPTaHiB i TKAHUH. Y 3B'I3KY 3 I[IM, CTBOPCHHS HOBUX JIIKAPCHKUX 3aCO0IB, TaK caMo K i
migBuIeHHs eheKTUBHOCTI (i / 200 3HWKEHHS TOKCUYHOCTI) IMIMPOKO BUKOPUCTOBYBAHHX MPOTUITYXJIMHHUX
npenapariB € OJIHI€I0 3 HAHOIIBII aKTya bHUX 3aBJIaHb Cy4acHOi OHKOJIOTII. [1]

KoHiym MicTUTB 5 OCHOBHUX ankanoinis. [2]

9 9
9
N
)
I
2 23
J I
J
g
JNJ
B)

Puc.1 CtpykTypHi GopMynHn ankanoizis,
110 BXOJATH 10 CKyiaay bonuronosy:

a) KOHITH C8H17N

0) y-xoninuin CgHisN

B) N-metmnkoniin CoHygN -1

r) koHrigpua CgHi7NO

1) niceBaokoHrinpun CgHi7NO

Marepiauu i meTonm.

Cymim ¢ynepeny 3 npenapatoM KoHiym roTyBaBcs HUISXOM 3MILTyBaHHS BUXIJTHUX PEYOBUH
y PI3HUX CHIBBIIHOLIEHHSX: BoAHUN po3unH Cgo 3 KoHUeHTpauisMu 15% Tta 40 % 3minryBaBcs 3
npenaparoM KoHiyM, 3 MojaibiuM iX NEpeMilllyBaHHSAM B YJIbTPa3ByKOBOI MIIIAjIl MPOTATOM
30 xa.

Ha 6asi cepiitoro ¢yp’e-ciekrpometpa Bruker IFS-66 peanizoBano epexr SEIRA (ontuuna
cxema MpuBeeHa Ha puc.2).

[udpoBanuii BUXIAHUN CUTHAJ JACTEKTOpA Miajsarae nepetBopeHHio dyp'e Ta KOHBEPTYEThCS
(uepe3 (yHKIIIO aBTOKOpenAlii) y crekrp BumiproBaHHsA. CHEKTpaJbHUN diama3oH MpUIIaLy

3HAXOUThCA ¥ Mexax 7000 cM™ 1o 400 cM™, MakcumanbHa pPO3JibHA 3ATHICTH JOPIBHIOE
02cem™. [4]

108



Hzepkaiio

A

\

Jzepkacio
pyxome

m

3pazox Jletextop

Puc.2 IlpurtunoBa ontudHa cxema ¢yp’e-criekrpomerpa [FS-66 ¢ipmu Bruker ta xim mpomeHiB B

KIOBETHIM KaMepi MpHiaay.

BpaxyBaHH# BIUIMBY BOJHOI'0 PO3UMHHHKA

Edextu compBararii BpaxoBYBaJHCh 3a JOMOMOro Mmojeni peaktuBHoro moisi SCI-PCM.
BiamoBigHO 10 1Mi€i Mojaeni MoJieKyjla PO3YMHEHOI PEYOBHMHHM MICTUTHCS B MOPOKHHUHI, TTOBEPXHS
Kol 3amaeTbess HabopoMm cdep, NMEHTPU SKUX 3HAXOASITHCS HA ATOMaxX MOJICKYJIH PO3YHMHEHOI
PCUOBHMHHU, a pPaJliyCh BU3HAYAIOTHCS aTOMHUMH pajaiycamu Ban-mep-Baanbsca. [Ipu mpomy Ha
BiIMIHYy BiJ IHIIMX MOJEJCH PEaKTUBHOTO TOJS, B I MOJEINI CaMOY3TO/DKCHO BPaXOBYETHCS
B3a€MOBILIUB (POPMH OPOKHUHHU Ta €JIEKTPOHHOI MIILHOCTI. [3]

PesyabraTn

Tabnwmust 1. IlopiBHAHHS 3Ha4YeHb €HEPrid Ta IWUMOJPHUX MOMEHTIB aJKajoifiB PO3paxOBaHUX
PI3HUMH METOJIaMH Ta B PI3HUX CEPEAOBHUILAX.

Po3paxynkoBuii MeToz

DFT /B3LYP (6-31G)

Restricted Hartree-Fock (6-31G)

(y Baxyymi) (y BOZi)
Hasga ankanoiny Junonsauii | Eneprisa Junonsauit | EHepris OCHOBHOI'O

MOMEHT, OCHOBHOI'O CTaHy | MOMEHT, cTaHy (XapTpi)

(mebaif) (xapTpi) (mebait)
KOHITH 0.82 -369.84826676 1.3637 -367.14152040
N-meTuikoHiin 1 0.4423 -409.15251784 1.0826 -406.14279862
I'-koHimiH 1.77 -368.63751857 2.9764 -365.97072364
KOHXIJIPUH 1.28 -445.05545681 3.3903 -441.96756091
NICEBJOKOHXIAPUH 2.37 -445.05760847 3.7643 -441.95828248
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JIinii y Bucoko4actoTHiii obnacTi criekTpiB (Puc.3) nmos's3aHi 3 KOJMBaHHSIMU aTOMIB BOJHIO,
B310BK 3B'13ky CH. ¥V HH3bKOUAcCTOTHIM 00J1acTi CHEKTPIB MPOSBISAIOTHCS KOJMBAHHS aTOMIB
BYIJICLIIO, SIKI MAalOTh KOJEKTHBHHUI XapakTep, a TaKOX KOJMBAaHHS BOJHIO 31 3MIHOIO HANPSMKY
3B's13ky CH. ¥ cnekTpi y-KOHIIMIHA MPUCYTHS 4iTKO BUpakeHa JiHig 1702,41 em™, sixa Bignosinae
KOJMBaHHIM ToJBiiHOTO 3B's13ky C = N, B crekTpax 4OTHPHOX IHIIMX ANKAIOIAiB MoAiOHa JiHis

BIJICYTHSI.
VY cnektpi koHiiny minis 680,017 cM' BiAmOBiZA€ KONHBAHHIO aTOMIB BYIJICIIO 1 YiTKO
BUPAKECHOMY KOJINBAaHHIO aTomy BOJTHIO HaBKOJIO aToMy HITpOTEHY.

[oni6ui miku, ajge 3HAYHO BUIIOI IHTEHCMBHOCTI MOTJIMHAHHS, NMPHUCYTHI TAaKOXX B KOHTiAPHHI (
289,684 cm™ HaBkoNO aTomy okcureny, 719,989 cm™ HaBkoIIO HITPOTEHY) Ta MCEBIOKOHTIApUHI (
567,536 HaBKOJIO aTOMYy OKCUreHy, 247,963 - HiTporeny).

CrekTpy KOMOIHAIIMHOTO PO3CISTHHS JBOX OCTaHHIX ajKaJOidiB XapakTepHI JHISAMH, IO
BiJIMOBIAAIOThH YITKO BUPKEHUM KOJIMBAHHSIM aTOMa BOJHIO B3JIOBXK 3B’S3KY 3 aTOMaMH HITPOTEHY

. . -1 ER . .
1 oxcuceny: kouriapun — 3802,.34cm~ Ta 4003,53 cM BIAMOBIAHO, TICEBIOKOHTIAPUH —
-1 -1
3819,45 cm ™ Ta 4003,19 cMm
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Puc. 4, Cnexrpu ontuunoro nornuHanHs [Y obnacti Ll tpuxoBana miHis — dynepeH, kpanku — Koniym +
15% po3uun dynepeny, cyuinbHa niHist — Koniym +40% po3uun dynepeny.

3 aHani3zy gaHux Puc.4. MoxHa 3pOoOMTH BHCHOBOK PO MOXIJIMBICTh YTBOPEHHSI KOMILIEKCIB
KOHiyM + (hyrepeH y BOJHOMY PO3YHHI.

BucHoBku.

1) MeTogamMu KBaHTOBOI XiMii U BUKOpUCTaHHI nporpamu Gaussian BU3HaYEHO CTPYKTYpHI
dbopmu, po3paxoBaHI 3HAYCHHS AWIOJILHUX MOMEHTIB 1 3HA4YeHHS €HEprii OCHOBHOTO CTaHy
QJIKAJIOiiB, 10 BXOJAATH 10 CKiany mpenapary Koniym: koHiiHy, N-MeTHIKOHIiHY, Y-KOHILUIHY,
KOHXIJIPUHY Ta TICEBIOKOHXIAPUHY 3 YpaxXyBaHHSIM BIUIMBY JIQJICKTPUYHOI MPOHUKHOCTI
CEpe0OBUILA.

2) BuznadyeHo 5 HOBUX CTaOUTLHUX KOH(ipMaIifHIX cTaHiB MoJieKysn Y-KoHimuiHy CgHisN,
IIPOCTOPOBY CTPYKTYPY 1 €HEpPreTHuH1 XapaKTePUCTUKU CTAOUIbHUX 1 HECTAOUIbHUX KOH(OpMaLin
i€ MOJIEKYJIM Y BOJTHOMY PO3UHHI.

3) B po6oTi mpencraBieHO MOCHIAKEHHS CIEKTPIB ONTHUYHOTO MOTJIMHAHHS JJS BUIAIKIB
YTBOPEHHS KOMIUIEKCIB KOHIYMY WIpH PI3HMX 3HAYCHHSIX KOHIEHTparii ¢yrnepeHy, a came:
MOPIBHSAHHS CIIEKTPY YHcTOro (ynepeny, cymimi npenapaty Koniym 3 15% po3unnom dynepeny
C60 1 cymimri npenapaty Koniym 3 40% po3zunnom dynepeny Ceop.

1. 3aboromuviii M.A., Bawmarxosa H.B., bapabaw FO.M., Jloebewro I'HU., Kupxunesckas JI.H., I'namiox
E.IL, /Imumpenxo O.Il., Kymuw M.II, Momom A.U., Monuduxanus iedeOHBIX U ONTHYECKUBX CBOWCTB
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koHuyMa ¢ momomibio C60, Tes. II Mexm.HayuT koH}. "HaHocTpykTypHBle Matepuansl — 201-: bemapychb —
Poccus - Ykpauna" Kues, 19 — 22 okta6ps 2010, c.677
2. 3abomotubiit M.A., Momom A.U. , [Imumpenxo O.I1., Kyauw H.I1,/[ogbewxo I Y. , Conanux
I' 1., Kupkunesckas JI.H. , ['namiox E.I1., Moaudukamus cBOWCTB ankanonaoB npenapara Conium (pupmsl
Weleda) dbymnepenamu C60, c.1, 9-11.
3. E.B. bymuipcras, KoMIblOTepHas XUMUSI: OCHOBBI T€OpPHH 1 padoTa ¢ mporpamamu  Gaussian u
Gauss View: E.B. Bytsipckas; uznarenscrso Coimon ITpece,2011. —c. 84.
4. Joem Gronholz, Werner Herres, Understanding FT-IR Data Processing,//Dr. Alfred Huethig Publishers,
reprint VVols. 1(84), 2(85), —p.1-23.

I'EJIEBBIE ®PAHTOMBI B PAIMOTEPAIINN

0.4. Typonoxl, E.B. Iauenko 1, M.E. Anéxnﬂa2'3, 0O.A. Becmeﬁlcoz, JLLA. I'onnHka-
Becmeiiko’, U.H. Kaxenxo’, E.O. ‘Inrpnn3

1)Konyepn «Caxypay» ya. bopucnonvckas, 9, kopnyc 61, 02099, Kueg
2)Kueesckuil Hayuonanvhwlil ynusepcumem umenu Tapaca Illesuenko yin. Braoumupckas, 64/13,
01601, Kues,e-mail: alehina-rita@ukr.net
3) TOB «Meouyunckasn knunuxa « MHHOBALIUA», ya. Bumpanoeo, 69a, c. Jlromeoc, 07352
Kueeckas o6n.

AnHoTamusi: B paboTe mokazaHo COBpEMEHHOE TOJIOKEHHE CHCTEM TPEXMEPHOU JTO3MMETPUH, TAKHX Kak
dbepocynbdarubiii 1o3uMeTp DpHKKe, TONMMEPU3ALMOHHBIA T03UMETP U PaJHOXPOMHBIA TBEPAOTEIBHBIN
TpEeXMepHBI [o3uMeTp. PaccMoTpeHo nx ¢pu3nveckne Ta XMMHUECKHEe CBOKCTBA.

AHortania: B po0OoTi mokasaHuil cydacHMH CTaH CHUCTEM TPHUBHUMIPHOI O3UMETpIi, TaKuX SK
bepocynbbatHuit  gozumerp @Dpike, moIiMepH3AIiiHUI ~ AO3UMETp Ta  PaAlOXpPOMHUI
TBEPAOTUILHUNA TPUBUMIPHUHN 103UMETp. PO3risHyTO iX XiMi4HI Ta (p13M4YHI BIACTUBOCTI.

Abstract: It is shown the current state of three-dimensional dosimetry, such as Fricke dosimeter, polymer
dosimeter and radiochromic three-dimensional solid-state dosimeter. Their chemical and physical properties
is considered.

KaioueBbie cjioBa: resieBblii pantoM, 3-0 103UMETpHs, paaHOTEpaITHs.
Krouosi ciioBa: resesuii antom, 3-0 103UMETPHs, pagHOTEPAITHS.
Keywords: gel fantom, 3-d dosimetry, radiotherapy.

Beenenne. UcTopuyeckasi cmpaBKka.

3a HECKOJIbKO MPONUIBIX ACCATUICTUN BHEIIHSS JIydeBas pajvoTepanus OHKOJIOTMYECKUX
OONBHBIX Pa3BUIACh B JOBOJBHO TOYHBIA METOJA JOCTABKH J€UYEOHBIX 03 HOHHU3UPYIOIIETO
U3ITy4eHUs] B TpeOyeMylo 00JIaCTh YeJIOBEUECKOro Teia 0e30macHBIM CIOCOOOM, YTO TO3BOJIHIIO
MUHUMHU3UPOBATh PaJUAlMOHHO-UHUIIMUPOBAHHBIE MOOOYHbIE 3(PdekThl. OAHONW U3 OCHOBHBIX
3a7a4 B OTHOIICHUUW IUIAHUPOBAHUS M OCYIICCTBICHUS PAIUOTEPANUU SIBISETCS COXPaHEHHE
HOpPMaJIbHOW TKaHHU, TapaHTUPYs MpH 3TOM d(PGEKTUBHYIO CMEPTh OMYXOJEBBIX KIETOK. Bmecte ¢
TEM, TIOSIBJIEHUE CJIOKHBIX METOJIOB PAJAHOTEPANIUU CO3/1AJI0 HOBBIE TTPOOJIEMBI JIsl pagualiiOHHON
no3umeTpun. Ctepeorakcuyeckasi, KOHGOPMHasl paauoTepanus, paIuoTepanus ¢ MOIyINPOBAHHOMN
WHTEHCUBHOCTBIO, PAAUOXUPYPTHs U OpaxuTepamnusi MpeACTaBISIIOT CO0OM Te 00JacTH, Tle Kak
MIPOCTPAHCTBEHHAS, TAK U KOJUYECTBEHHAs TOUHOCTh CTAHOBATCA KpailHe BaKHBIMM JUJISl ycIiexa
JeYeHUsl. DTU CIOXKHBIE CXEMbl PAJMOTEPAH TPEOYIOT TOYHOCTH B “‘CE€pBIX 00JaCTIX’ OOBIUHBIX
JIO3UMETPUYECKUX METOJ0B. B YacTHOCTH, COCTaBiI€HHE KapThl JO3HOIO paclpeneseHus B
00J1acTAX ¢ BBICOKHUM TpaJMeHTOM (Ha Kparw IMydKa WM OKOJIO OJloka (hOpMHUPOBAHMS TIOJISI) WIIH
HCTUHHBIE TpeXMepHble KapThl 1036l (Puc.l. Pacnpenunenue 10361 B reeBOM TpexMepHOM (aHTOME)
BCETJa IPEICTABIISLIIA COOOM MTPOOTIEMBI JIJIsl OOBIYHON JJO3UMETPHH.
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Takwie aBHO H3BECTHBIE M XOpOIIO pa3paOdOTaHHBIE JO3UMETPHl KaK HOHHM3AIMOHHBIC
KaMephl, TCPMOJIOMHHECIICHTHBIC JIO3UMETPHI U PAJIHOXPOMHBIE TUICHKH MOTYT PacCMaTpUBATHCS
KaK OJIHO- M JBYMEPHBIC JO3UMETPHUCCKHE CHCTEMbI, KOTOPHIC OIPAaHHMYEHHO NMPUMCHHMBI IS
IIPOCTPAHCTBEHHOTO KapTorpaUpOBaHHsS pPEATbHBIX OOBEKTOB. B CBA3M ¢ 3THM HHTEpeC K
pa3paboTKe TPEXMEPHBIX J03UMETPOB HOHU3HMPYIOIIETO H3JIYUYCHHS IOSBHIICS JOBOJIBHO JaBHO.
Ocoboe BHHMaHHE BCET/a YISISUIOCh TeM JO03UMETpaM, KOTOpPbIE HM3MEHSIOT HMX ONTHYCCKHE
CBOIMCTBa NIPOIOPIIMOHAIBLHO IOIJIONICHHOW 103¢. TpeXMepHbIE I'eeBbIC JO3UMETPHl M3ydaucCh
HECKOJIBKHUMHU HCCIIeIoBaTeNbCKUMU Tpymmamu eme B 1950-pre roasr [1-3]. MccmemoBanme B
OTHOIICHUHU OJHOM W3 MEPBBIX CPEIH 3aCIy)KMBAIOIINX BHUMAHUS CHCTEM, OCHOBAaHHOW Ha METOJIC
MOJIYYEHHUST TPEXMEPHOTO M300paKEHUS JTO3HOTO paclpe/esieHns, ObUIO OMyOJIMKOBAHO B Hadvalie
1960-p1x 1r. [4]. DTO cCHCTeMa COCTOSJIa W3 TBEepAOW mapadMHOBOW MAaTpPHIIBI BMECTE C
TaJIOTCHUPOBAHHBIM  YIJICBOJIOPOJIOM B  KadecTBe CBOOOIHOPAJMKAIBHOTO HWHHUIIMATOpPA |
JIEHKOOCHOBAaHHUEM KpacuTeis. HeqocTaTku 3TOro J03MMeETpa COCTOSUIM B TOM, YTO mMapaduHOBas
OCHOBa OblIa HEMpO3padHa, a CIACAOBATEIHbHO TPeOOBAIOCH, YTOOBI JO3MMETP OBLI pa3aeliéH Ha
YacTH W KOHIICHTpAIUsl KPACHTENs B KaXKJIOW CEKIMH u3Mepsiiach crekrpodoromerpudecku. Co
BpPEMEHEM PATHMOXPOMHOE N300paKEHHE Pa3MbIBAIOCH B IMapa)MHOBOW MATPHIIE.

Puc.1. Pacnpeaunenue 10351 B T€JIEBOM TPEXMEPHOM (aHTOME.

Crenyiomasi Cepus HOBIIECTB NPOM30NUIA B VIeNbCKOM YHHMBEpPCHTETE M CBS3aHA C
HCTIOJIE30BAHNEM MarHHUTO-pe30HaHCHON Tomorpaduu (MPT) nms u3MepeHHs paaroIUTHYESCKOTO
OKHCJICHUS B TeleBbIXx Jgo3uMerpax Dpukke [5]. 3arem Obuta pa3paboTaHa penenrypa
JKeJTaTHH/aKpUJIaMHIHOTO  go3uMmeTpa  [6,7] (BANG® Gel) wu onTHYecKWii  JTa3epHBII
KoMIbroTepr3upoBannblii Tomorpadudeckuii (KT) ckanep [8] OCTOPUS™ (MGS Research Inc,
Madison, CT). IIyonukanus B 1993-1994 r.r. stux paboT 1O MOJMMEPHOM T€IEBOM TO3MMETPHHI
rpynmnel Maryanski M. J. u cotp. [6,7] BbI3BaJI0 OrpOMHBIN OTKJIMK B Hay4dyHOW cpene. Ecim 10
Havyana 1990-x r.r. Bce KONMYECTBO CTAaTeHd MO TPEXMEPHOM MO3UMETPUM €JBa JW MOOILIO 0
JECATKA, TO YKe K KOHITy 1990-X r.r. KOJM4ecTBO MyOJUKauid 10 JaHHOMY MPEAMETY 10 HaIlluM
JAHHBIM COCTABJISIIO HE OJIMH JECATOK B TOJ. bbuto pa3zpaboTaHO JOBOJIBHO OONBIIOE KOJTHMYECTBO
pelenTyp IOJUMEPHBIX TelleBbiX mo3uMerpoB (Hampumep, BANG (Maryanski et al., 1994;
Maryanski et al., 1996a), MAGIC (Fong et al., 2001), MAGAT (De Deene et al., 2002a; Hurley et
al., 2005), MAGAS (Venning et al., 2005a), PAGAT (Venning et al., 2005b), VIPAR (Pappas et
al., 1999), VIPAR? (Kozicki et al., 2005), VIPAR™ (Kozicki et al., 2007; Pantelis et al., 2008) u
PABIG (Kozicki, Rosiak, 2003; Pantelis et al., 2005; Pappas et al., 2005)).

TeM He MeHee, MHOTHME W3 YKAa3aHHBIX TMOJUMEPHBIX TO3UMETPOB HMEJHU CYIIECTBECHHBIC
OTpaHUYCHUS W HEJOCTaTKW. MHorme w3 HUX OBUIM MNPEOAOJEHBI IyTeM pa3padOTKH
MPUHIMOHAILHO HOBOH cucteMbl PRESAGE™ - onTHYecKH MpO3pPavyHOro paJguoXpOMHOIO
TPEXMEPHOrO J03MMETpa Ha OCHOBe mnonuypetaHa [9,10]. B peunentypy TBepaoro mo3umerpa
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PRESAGE™ BxoauT cBOOOJHOPaJAMKAIbLHBIA MHUITHATOP M JICHKOOCHOBAHHE KPACHUTENS M OH HE
TpeOyeT KOHTeiHepa Il mojajaepkanus cBoeil Gopmel. [lonmnyperaHoBas MaTpuiia IpeaCTaBIsIET
co00ll TKaHEIKBHBAJIEHTHBIH MaTepuan W mpenoTBpam@aet auddysuto n300pakeHus ITO3HOTO
pactipenenieHus. Fimeer MecTo JTMHEHHOCTh 3aBUCUMOCTH J103a-OTKJIMK, KOTOpask He3aBUCHMa Kak
OT SHEPTruU (POTOHOB, TAK U OT MOIITHOCTHU JO3BI.

Od4eBuIHO, YTO CPEACTBA 3-MEPHOU JO3MMETPUM CTAIHM JOCTYITHHl HEMHOTO pPaHBIIE, YeM
BO3HUKJIA TOTPEOHOCTh B UX UCHONB30BaHMU. Korma, TeM He MeHee, 3Ta MOTPeOHOCTh BO3HUKIIA,
WHTEpPEC K ATUM METOJaM CTall 3HAYUTENbHBIM. KpomMe TOro, K 3TOMYy BpPEMEHHU CIEIUATUCTBI
MOJYYWJIM TaKylo MeToauky, kak MPT, mosBomstonyto (UKCHpOBAaTH W3MEHEHUS COCTOSHUS
BemiecTBa B 00bemMe. XoTs kpome SIMP 115 o1leHKH 00 1ydeHHBIX Tejiel ObUTH pa3pabdoTaHbl APYTHE
METOJIbI, HANpHUMEp, MOCPEICTBOM OINTHUYECKONW KOMMBbIOTEpHON TOoMorpaduu, MPU renesas
JIO3UMETPHUS CTaja CYIIECTBYIOIIMM CTAHIAPTOM [UIi UCTHHHOW TPEXMEPHOH TO3UMETPHH. IDTO
MMEET MECTO U3-3a TOr0, YTO JIBa U3 TPEX BBILICYNOMSIHYTHIX METOJOB, @ UMEHHO, JI03UMETPUS
®dpuKKe U pagualiOHHO-WHUIIMUPOBAHHAS TTOJIMMEPU3AITUS, MOTYT OBITh KOJTUYECTBEHHO OIICHEHBI
MOCPEACTBOM U3MEPEHUS COOTBETCTBEHHO MTPOAOJBHOIO U MONEPEYHOr0 BpeMeH peltakcanuu AMP
(T;y m T,). DTOoT (haKT BMECTE C C HIMPOKO PACIPOCTPAHEHHLIM BHeapeHueM cucreM MPU B
YUPEXKICHUS 3JIPAaBOOXPAHEHUS] TMPHUBEIM K YCTAaHOBJICHHWIO cuuTbiBaeMoii MPU renesoit
Jno3uMeTpuH B KadecTBe de facto crammapra TpeXMEpHOM KIMHHYECKON TO3UMETPHUH.

OcHOBHBIE THIIBI TPEXMEPHOM 103MMEeTPHHI

Takum oOpa3oM, COBPEMEHHBIC TPEXMEPHBIE MOJIMMEPHBIE TElIeBbIe JO3UMETPhI MOT'YT OBITH
pasziesieHbl Ha TPU OCHOBHBIX THIMA, a UMEHHO, MOJMMEpPHbIE Telu, OpUKKEe U MOJTNYpPETaHOBBINA
PaguOXpPOMHBINA JT03UMETp. IIepBBIX JBE CHCTEMBI COCTOSIT W3 THIPOTEICBOM MaTpPHUIIBI, KOTOpas
coxpanseT 3D mpocTpaHCTBEHHOE JO3HOE pacIpeielieHHe B TO3UMETPE.

B rensx ®pukke MpoucXoauT OKHCIIeHHe pacTBopa Dpukke (TMOIKUCICHHBIA HACHIITICHHBIA
KHCJIOPOIOM BOJIHBIN pacTBop noHa kenesa (1), Fe2+) O] ICHCTBMEM HOHU3UPYIOLIETO U3JTYyYCHUS
[11]. Korma pacTtBop 0o0ay4aeTcsi, MPOUCXOIUT PA3I0KCHHUE BOJbI, IPUBOASAIICE K 00Opa30BaHHIO
rugpornepekucHbix pagukanos (HO,). TuaponepekucHble paguKaibl pearupyoT ¢ HOHAMH JKeje3a
(1), npuBoas k ux npespamenuio B noHsl xeaesa (1) [12]. Monsr xenesza (I11) umeror ckopocTsb
MPOAOJIBHOM SIIEpHOM MarHuTHOM penakcanuu (Rjp) apyryro, yem y Boabpl. IloaTomy, mo3HOe
pacnpeesieHre MOKET ObITh MOJIY4eHO U3 n300paxkenuii Ry, momyueHHbIX pu oMo MPT.

Bropoii Tun reneBoro Ao3WMeETpa - TMOJUMEPHBIE TE€Id - COCTOMT W3 MOHOMEPOB,
pPacTBOPEHHBIX B Bsi3koW Matpuiie. [Ipu oONydeHHMH HMEET MECTO peakIusl IOJIMMEpU3alIuH,
NPUBOAS K CIIMBAaHWIO COMOHOMEPOB, oOecmeunBas CIy4alHYI0 TPEXMEPHYIO CIIUTYIO
MOJIMMEPHYIO CeTh, HampuMmep, cononumepusanus akpuiamuaa u N,N'-metunenOucakpunamuia B
npeeliax KeJIaTHHOBOW MaTPHUIlbl HA OCHOBE BOJHI [6,7]. CTeneHps paaraiOHHO-MHUITUUPOBAHHOM
MOJIMMEpPU3ALMU 3aBUCUT OT [J03bl, M IIOJIyYCHHAs] CIIUTas IOJUMEpHas CEeTKa BIMSIET Ha
MOJABMKHOCTh OKPY)KAIOIIUX MOJIEKYJ BOJbI, TAaKUM OOpa30M OKa3bIBas BIMSHHE Ha CKOPOCTH
MOTIEPEYHON sAepHO MarHUTHOM penakcanuu (R). B cBs3u ¢ 3TUM, M103HBIE KapThl TOJTUMEPHBIX
reneit crpositcst u3 uzoopaxennit MPT (R;). Kpome Toro, Obuio Takke MpoaeMOHCTPUPOBAHO
BO3MOXKHOE TMpUMEHeHue ontudeckoil cuctembl KT B kauecTBe ambTepHATUBHOTO B OTHOLICHUH K
MPT meTona moydeHust H300paKeHUSI IS IIOJTUMEPHBIX TeIEBBIX 103UMeTpoB [13].

[lo mepBbIM JBYM THIIaM TPEXMEPHBIX TEJIEBBIX JAO3UMETPOB HMMEIOTCS MHOTOUYMCICHHBIC
nyOJUKaIMy, MEXaHW3Mbl TIPOLIECCOB XOPOIIO HW3y4YeHBI M, 110 MEHBIICH Mepe, HaydHas
uHbOpMalMs JAOCTATOYHO JOCTOBEPHO MpencTaBieHa. KpoMe TOro, MMEOTCS MHOTOUYHCICHHBIE
Bapuallud yKa3aHHBIX THUIOB JIO3MMETPOB. B oTimune OT 3TOro, Mo TpeTbeMy THUIY JI03UMETpa —
MOJINYPETAHOBOMY PAIMOXPOMHOMY JO3HUMETPY — UMEETCS OTHOCUTEIHHO HEOOIBIIOE KOTUIECTBO
nyOJIMKaIMil U CJeIaHbl OHM B OCHOBHOM rpymmoi John Adamovics u cotp. DTo He YAMBHTEILHO,
MOCKOJIBKY TMEPBBIE COOOIICHUS IO TaHHOU cucteme nosBuinch B 2004 r. [9] u oHa mpencTasisiia
HECOMHCHHBI KomMepueckuii wuHTepec [14]. Cyas mo myOnuKamusM, CHCTEMa COCTOHMT W3
MOJINYPETAHOBOW MATPHUILIBI, M3rOTABIMBAEMOM B COOTBETCTBUM C HPHUHATHIM B TEXHOJOTUU
MOJINYPETAHOB JIBYXCTAIUHHBIM ITPOIIECCOM, TaJIOTEHCOEPIKAIIET0 OPraHNYECKOT0 COCITUHCHHS —
“cBOOOTHOPAIMKATIBHOTO MHUIIMATOPA” U JIEHKOOCHOBAHUS TPUPEHUIMETAHOBOTO KpacuTels (Kak
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MPaBUJIO, MATIAXUTOBOTO 3€JIEHOr0). JIuib B ogHON U3 mocneanux myonukanuii B 2012 1. ykaszaHo,
YTO TaJIOTEHCOAEPKAINE OPTaHUYEeCKUE COCAUHEHUS TMPEJCTaBIAIOT Cco0oi ramodopmber —
xyopodopM, Opomodopm wunu wuomodopm [15]. MexaHusM pPaTUOIUTUYECKUX TPOIECCOB,
NPOMCXOMAIIMX B yKa3aHHOW cucteme, B myOnukaiusx Adamovics u cotp. He packpsiT. Tem He
MeHee, Ha OCHOBAHHH JJAHHBIX, OMYyOJIMKOBAHHBIX B PYCCKOS3BIUHOM nuTeparype [16, 17], MoxHO
moyjiaratb, 4TO B TMPOIECCE PATUOJIUTUYECKOTO OKHCICHHUS JIEHKOOCHOBAHUS MaJlaXUTOBOTO
3€JICHOr0 33JeCTBOBAH LEMHON MEXaHHU3M C y4acTHUEM TallOMJAMETAHOB M KHUCJIOpPOAa BO3ayXa.
Br16op monmypeTaHOB B 3TOM CiIydae OMPEESIETCS TEM, YTO 3TOT KJIACC MOJIMMEPOB SIBIISAECTCS
OJIHUM W3 HanOoJee Ta30MPOHMUIIAEMBIX CPEIN M3BECTHBIX KJIACCOB MOMMMEPOB. Takum oOpazom,
MOXHO T0JIaraTh, YTO MOJIMYPETAHOBBIA PATUOXPOMHBIN JO3UMETP — 3TO NMPUHLIMUIINAIBHO HOBas
TpeXMEepHasl JO3UMEeTpUIecKasi cuctema. Ha ceroHsmHuil 1eHb KOJUYEeCTBO MyOIUKALUi 110 dTOU
cucTeMe cocTtasiseT okoio 50.
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RADIATION STIMULATED STRUCTURAL PHASE CHANGES OF TI ALLOYS
MECHANICAL PROPERTIES
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Auorauis. biocymicHi crutaBu Ti IMIMPOKO 3aCTOCOBYIOTHCS B IMIUIAHTOJIOTii Ta B IMPOTE3yBaHHI.
EHI[OHpOT€3YBaHHH CTaJ10 OCHOBHHUM MECTOJO0M HiKyBaHHH aToJIOoril Ta306e,upeHoro cyrﬂo6a, SIKE JO3BOJISAE
YCYHYTH YKOPOYCHHS KiHITIBKH.

AHHOTaIII/Iﬂ. buocoBmecTUMEBIE CILIaBBI Ti IIUPOKO UCIIOJB3YCTCA B UMIUIAHTOJIOTUH U B IPOTC3UPOBAHHNU.
EnponpoTte3npoBanne CTai0 OCHOBHBIM METOIOM JICUCHHS TATOJIOTHH Ta300€APEHHOTO CYCTaBa, KOTOPOE
IMO3BOJIICT YCTPAHUTD YKOPOUCHHUE KOHCYHOCTH.

Abstract. Biocompatible Ti alloys are widely used in implantology and in prosthetics. Endoprosthetics
became the basic method of treatment of hip pathology, which allows to remove shortening of limbs.

Ki1ro40Bi cj10Ba: npore3yBaHHs, IMIUIAHTOJIOT1s1, 610CyMiCHI CIJIaBU, MOJLYJIb IIPYXKHOCTI.
KuoueBble c¢jioBa: MPOTE3UPOBAHUE, WMILIAHTOJIOTHS, OMOCOBMECTHUMBIC CIUIABBI, ajjIeprus,
MOJYJIb YIIPYTOCTH.

Key words: prosthetics, implantology, biocompatible alloys, allergic reactions, elastic module.

Introduction

Thin oxidic film, which appears on the Ti surface and its alloys provides the complete
corrosion protection of metal in many environments including physiology. In such terms materials
are indicated proof not only to general but also to the different types of local corrosion. Ti has high
specific strength and low elastic module, which indicate that Ti is favourable material from the
point of endoprosthetics view. Ti is very little ionizes in physiological solutions, the products of its
corrosion are not toxic, in addition, they do not spread on all of organism, but concentrated nearby
the implant. The high degree of increase of bone fabrics to material attracts researchers which
consider that hardness to explain this Ti property only its sluggishness. For practice of orthopaedy
with the use of Ti not a single case of tearing away of this alloy or appearance of allergic reactions,
which are typical for non-rusting steels is known.

Experiment

The radiolocation technique ideas are fixed in foundation of impulsive methods, which
enabled to use the methods of radio electronics for measuring of velocities V distribution of short
high-frequency impulses in the elastic environment. The specimen, the sizes of which in all of
directions in oftentimes exceed a wave-length I >> A, which spreads, can be considered as infinitely
the prolonged environment, and waves A, which spread, - as flat waves, which are determined by the
elastic modules of environment C,n. Thus, the crystal with linear sizes in a few mm can will show
by itself as “unlimited environment” for vibrations frequencies of which lie in the range f =~ 10 MHz.
The influencing of temperature T, ultrasonic deformation &, hydrogen H, changing of defect
nanostructure, was simultaneously researched on the value of internal friction (IF) Q* and elastic
module E of Ti alloys after the mechanical cutting and polishing. A non-destructive method for the
technological control of the structure defects by measuring the elastic module E and IF was
developed.

If in the specimen with long ly by means of the piezoelectric transformer to send a short
ultrasound (US) impulse with duration t and frequency f, getting through the specimen in times

| . : . o .
T = \O/ , the elastic wave will be accepted by the receiver on the opposite side of specimen and

partly reflected from its butt-end surface [1]. This method becomes prevailing at researches of
solids. In all of modifications of impulsive method measurands are velocities V distribution of
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elastic waves in an environment. The reflected wave will go in reverse direction, again reflected and
will go back to the receiver through time of 2T. The process of successive echo reflection of elastic
wave in the specimen will proceed to the complete absorption of wave due to losses in the
specimen. US impulses accepted the receiver, after strengthening can be observed on the
oscilloscope screen as string of pulses, which goes out slowly, part time of, domains which are
evened T and 2T.

Time of distribution of impulse in the specimen with the set sizes can be determined, for
example, by introduction to the device scheme the second channel 3, where US spreads in an
environment with the known value of US velocity V¢ on fig. 1.

4 5 6 7

10

Fig. 1. Blok-scheme: 1 - specimen, 2 - measuring line, 3 — etalon line, 4 - generator of short impulses, 5 -
guestioner multivibrator, 6 - expecting multivibrator, 7 — deflection generator, 8 - cathode-ray tube, 9 -
amplifier, 10 - power module.

A measuring process consists in combination of impulses but also on the oscilloscope screen
with the specimen and without. The sound velocity V is determined in the specimen after the
difference of way in the liquid . Then T is determined from two measurings — without and with the
specimen. The impulses of both channel are combined thus on the oscilloscope screen, and in the
second channel US way can change. So in the US device, which works on frequencies f; ~ 1,67
MHz and f, = 5 MHz, exactness of measurings of velocity AV/V = 0,5+1,5% depending on the
specimen length lo.

In other variety of US method for generation and receiver of impulses separate transformers are
used. Impulse, which got through the crystal, appears and by the feed-back chain starts the
generator, which makes the new high-frequency impulse. The reiteration frequency f, of impulses
series, which turns out thus, can be exactly measured and used for determination of time T and
wave velocity V of distribution. Other modification of this method, that also suitable for measurings
of small changes of elastic wave velocity V of distribution, that especially sensitive at research of
dependence of V = f(T) and V = f(P), where T and P is a temperature and pressure accordingly. The
idea of this method consists in selection of the pulse-repetition period so that it was multiple time-
the time of-flight US through the crystal. This method is simple enough and experimental
comfortable, and the using of large after sizes specimens, which necessary in this method, provides
high exactness of measurings AV/V = 0,02%. Modern serial radio electronic devices by means of
the time marks allow to conduct the direct measurings of time intervals, providing exactness of US
velocity measurings AV/V = 0,01%.

The calculation of velocity V of US vibrations distribution in the crystal is executed by
formula:
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V=V, o (1)

where Vet — velocity of distribution of US vibrations is known at standard a liquid, which is

determined depending on the temperature of V, €00K : = 1598 m/sec are for a 22% solution
of ethyl spirit in water, lo — specimen length, P - is the first counting out on the scale of

micrometrical screw without the specimen, P2 - the second counting out on the scale of
micrometrical screw with the specimen.

Debye temperature HD was determined after a formula:

h ON O e 1 2 1
E) A
J— - - + , 2
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where kB - Bol'cman constant, h . Plank constant, NA - Avogadro number, A - middle

gram-molecular mass, L - density, V@ - longitudinal US velocity, V@ - transversal US velocity.

The Puasson coefficient £ is equal:

;VHZ _VJ_Z
= ] 3
VRV 3)

Results

The diminishing of elastic module E is conditioned reduce such values as start tension of
dislocation sources op, that easing dislocation reproduction under the action of the enclosed loading
in o; linear dislocation tension o, that raise their mobility; the distance between dislocations in the
accumulations hp, that results to the increase of dislocations number Np in the flat accumulation
and loading on leading dislocation op [2-4]. The temperature dependence IF Q™(T) and elastic
module E(T) Ti alloy VT9 after electron irradiation are presented on fig. 2 and fig. 3 accordantly.
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Fig. 2. Temperature dependence internal friction Q*(T) Ti alloy VT9: 1 - initial and after electron irradiation
2 — first heating, 3 — second heating.

Discussin

The electron irradiation with energy W =~ 1,5 Mev fluence F =~ 10*® sm™ Ti alloy VT9 deduce
to IF phone Q'lo increasing in = 3 times (curve 2 on fig. 2). Three maximums IF at Ty, = 380K, T2
~ 470K and Ty3 ~ 625K are discovered on curve 2. At comparison with initial state (curve 1) is
visible, that there are the distortion of maximums form. The maximum M;, which connected with
vacancy complexes V-V-V migration, is displaced in greater temperatures at 50K, but IF maximum
Mz is displaced in smaller temperatures at SOK too, third IF maximum M3, which connected with
the diffusion of extrinsic Mo atoms in Ti -phase, don’t displace at temperature scale in accuracy
measuring limits.
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Fig. 3. Temperature dependence elastic module E Ti alloy VT9: 1 - initial and after electron irradiation 2 —
first heating, 3 — second heating.

The elastic module E absolute value Ti alloy VT9 is increasing at = 10 % in comparison with initial
state after irradiation as visible from the comparison of 1, 2 and 3 curves on fig.3. The coincidence
of 2 and 3 curves in accuracy measuring limits is testified to that the repeated heating of irradiated
specimen don’t influence on the elastic module E absolute value. 13 puc.2 BunHo, thaton 1, 2 and 3

, . AE :
curves are observed small relaxation depth of elastic module 77 = = at temperature interval of

accordant IF relaxation maximums existence.

Conclusions

Thus, the measuring of IF background Q' after different heat treatments gives information
about the changes of the fields of elastic strains o; in Ti alloys. The growth of IF maximums Qy
heights testifies the increasing of structural defects concentration, and the spread of IF maximums
AQ™\ here represents the relaxation process of structural defects new types.
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BJIUAHUE PEHTTEHOBCKOI'O U3JTYYEHUA HA CTPYKTYPY IIOJIMMEPHBIX
SAIUTHBIX ITIOKPBITUU, UCITIOJIB3YEMBIX B MEIMIIUHE

JL.IO.BapryHn, O.C.CBeunuxona, SI.II.Koryt, 10.C. I'onuk, T.T.Tonoctiiuyk, JI.®.Kocsanuyk

1 . .
@ Kuescruii HayuoHanvHull ynusepcumem umenu Tapaca Illeguenko,
Qusuueckuti gaxyromem, kageopa MorexyIApHOU GuuUKu
2 o
( )HHcmumym XUMUU 8bICOKOMONIEKYAAPHLIX coedunenull HAH Ykpaunwl

B nmocnennee Bpemsi B peHTreHorpadun (peHTTeHOIAa0I0HbI, PEHTICHOPE3UCTOPHI) UCTIOIB3YIOTCS
MOJIMMEPHBIE ~ MaTepualbl.  YKa3aHHblE  MaTepHallbl  HCIOJB3YIOTCA B MHKpPOCXEMaxX  Ha
KpeMHecoIepKalmx moaioxkkax [1]. OnHako B TakuxX MOUIOXKKaX, MpH TodmuHe mopsanka 100 Mxm
BBICOKA KOHIIEHTpanus Je(eKTOB, CO3JAI0IIUX MOMEXH U CHIXKAIOIIUX OBICTpoAeicTBHE 00pabOTKH
CUTHala

B pabote wuccnenoBamuch MOTUMEPHBIE KOMIIO3HIMH, pa3paboTaHHble B MHCTUTYyTE XUMUHU
BBICOKOMOJIEKYIApHBIX coenuHeHnit HAH VYkpaumnel [2], HaHeceHHble Ha KpeMHECOJepiKalue
MOJIOKKH (TabopaTopHoe cTekio). [Iporecc HaHeceHus: mpeaycMaTprBal pa3IuvHbIe TeMIEPaTypHbIE
ycnoBusi. Ha puc.1 mpencraBieHsl ucciaenyeMble COCTaBHbIE 00pasiibl, MpeObIBaBIINE B 30HE JCHCTBUS
PEHTTeHOBCKOro oOiydeHus. Mcnonp3yemasi ycTaHOBKA TMO3BOJISIA MOMYy4aTh OCCHpPEpBIBHBIN CIIEKTP
n3nydeHus. st o0mydeHus NCcroib30BalICcs y4acTOK CIIEKTpa, KOTOPbIi oTBeuan ~ 14 xeB

X

PN

HeoOyYEHHbII 001YUEHHbLIL
obpaszey obpazey
Puc.1. Buenmnuit Bua ucciaeayeMbix 00pas3iion

Kak BumHO u3 puc.l mocie pPEeHTreHOBCKOTO OOJYyYeHHUS TPOM30ILI0 W3MEHEHHE
CTPYKTYPbI HOJJIOKKH, YTO MPOSBUIOCH B €€ MOMYTHEHUH. DTO CBUJIETEILCTBYET O TOM, UTO YacTh
PEHTI€HOBCKOTO M3 Ty4eHHs ObLIO MOTJIONICHO MO T0KKoU. [To MeToauke, onucanHo# B padote [3]
6LIJ'II/I MOJIYYCHBI BCIIMYMNHBL aI[Fe3PIOHHOﬁ MPOYHOCTU HCCICAYCMBIX IMOJMMCPHBIX KOMHO3HHHﬁ.
CrhenaHbl BBIBOJBI O TOM, YTO PEHTTEHOBCKOE M3JIyUCHHE BIUSET HAa XapaKTep MeperpyrmupOBKH
Ne(eKTOB W aKTHUBHBIX LEHTPOB KAaK B TOJIMMEPHON KOMITO3UIIMH, TaK M B KpEMHECOAepIKalien
TIOJITOXKKE.

1. CmupHOB, B. .  Qu3uxo-xumuueckue oCHO8bl MEXHOLOSUU INEKMPOHHBIX cpeocms: Y TbTHOBCK:
Yal'Ty, 2005.— 112 c.

2. Kocsauuyk JI.®., Tonocitiuyk T.T., Smenko J.M., Autonenko O.l., Ilymcekuit B.I1., 'ermanuyk
LIIL., OImupeBa O.M., KaBpackka H.M., Axtan O.1O. Ilam. 92443 Vkpaina. Iloniypemanosa onmuyno-
nposopa xomnosuyiall .- Omy6:.15.08.2010, Bron.Nel6. (IB), 9,1

3. Axagmemik HAH Vxpaian bymasin JI.A., 3abamra 1O.®., Togociituyk T.T., Axrtan O.1O.,
Kocsnuyk JI.®., T'onik FO.C., SIpoBa H.JI. Memoo eusnauenus 3cysnoi adeesiiinoi MiyHoOCmi 3aXUcCHuUx
noaimepuux nokpummis. TexHomormdyeckue cucteMsl, Ne2(51), 2010, ¢.38-41.
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CURRENT STATUS AND NEW DEVELOPMENTS IN PATIENT DOSIMETRY IN
DIAGNOSTIC RADIOLOGY
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Head of Department for Radiation Protection at Medical Exposure, National Centre of
Radiobiology and Radiation Protection, Sofia, Bulgaria

Abstract. The paper presents an overview of quantities and units for patient dose measurement and
estimation in diagnostic radiology, according to the ICRU Report 74 on Patient Dosimetry for X-rays used in
Medical Imaging and IAEA Iternational Code of Practice for Dosimetry in Diagnostic Radiology [TRS 457,
2007]. Several application-specific qualities are introduced used both for estimation of stochastic and
deterministic risk, as well as for establishment and use of diagnostic reference levels (DRLs). Dose quantities
used in conventional radiography, mammography, fluoroscopy, including interventional radiology and CT
are presented. Methods for measuring and assessing the patient dose of x rays used in medical imaging are
presented. Measurements of these quantities rely mainly on the use of ionization chambers or solid-state
dosimeters, including TLDs. The organization and results of national surveys of patient doses in diagnostic
radiology in Bulgaria are presented as well as the approaches in establishment of national DRLs.

Keywords: Patient doses, Diagnostic radiology, Diagnostic reference levels

Dose quantities

Patient doses in diagnostic radiology are studied with two main purposes. First, doses need to
be measured for every x-ray system in order to establish typical doses and to compare them with the
national or regional diagnostic reference levels (DRLs) and to optimise the examination. Large
number of national and multi-national surveys indicated that patient doses for the same imaging
procedures vary substantially depending on equipment and procedure factors, and big potential
exists for dose reduction without compromising diagnostic outcome. Quantities used for this
purpose need to have clear definition; to be able to estimate the total dose for the procedure
regardless its complexity; to be easily measured using available dosemeters with satisfactory
accuracy, in order to compare the results from different x-ray systems.

The second area of dose evaluation is for risk assessment, needed in justification of x-ray
procedures, in order to compare patient doses from different modalities (radiography, fluoroscopy,
CT) and from other kind of exposures, e.g. nuclear medicine examinations, natural background, etc.
Patient doses in most x-ray examinations are low, much below the threshold for deterministic
effects. Risk exists for stochastic effects. Therefore, dose quantities in this group should give
evaluation of stochastic risks in function of exposure. Another aspect is to estimate dose to embryo
and foetus in x-ray exposure during pregnancy.

Dose quantities and units commonly used to measure patient doses and to set DRLs are
summarized in the Table 1 [1, 2].

Measurements in diagnostic radiology are performed in the quantity air kerma, K, The unit
is gray, Gy (1 Gy = 1 J.kg™).

The entrance surface air kerma, Ke, is the kerma to air measured on the central beam axis at
the position of the patient or phantom surface (Fig. 1) [2]. The radiation incident on the patient or
phantom and the backscattered radiation are included. The unit is gray (Gy).

The entrance surface air kerma is related to the incident air kerma by the backscatter factor,
B, thus:
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Ke =K;B.
Incident air kerma is measured in mammography, and entrance surface air kerma — in
conventional radiography [2].

Table 1. Dose quantities and units commonly used to measure patient doses and to set DRLS

Type of procedure Dose quantity Dose unit
Plain radiography, | Entrance surface air kerma, Ke mGy
including dental Kerma-area product, Pxa Gy.cm2
Mammography Incident air kerma, K; mGy
Mean glandular dose, Dg mGy
Complex procedures and | Kerma-area product, Pxa Gy.cm?, or uGy.m”
fluoroscopy guided
procedures
Computed tomography CT dose index, CTDI mGy
Dose-length product, DLP mGy.cm

The air kerma—area product, Pka , is the integral of the air kerma over the area of the x-ray
beam in a plane perpendicular to the beam axis (Fig. 1), thus:

P = OK(X y)dxdy

xy

The unit of air kerma—area product is Gy m?.

The air kerma-area product is approximately invariant with distance from the x-ray tube
focus (when interactions in air and extrafocal radiation can be neglected), as long as the planes of
measurement and calculation are not so close to the patient or phantom that there is a significant
contribution from backscattered radiation [1, 2].

X - ray tube
- L 2 T Tube focus
Distance from “\ Colmier

tube focus i ... KAP meter

Focus to patient d PR (air kerma - area product P, )
surface distance '
B JURUI [
/ ' \ _- X -ray tube output Y (d)
Focus to image / | Ve
receptor distance / =2\ Incident air kerma K,
e / | g% ~~ (no backscatter)
1 ! ) Patient
Fma
————__ Entrance surface air kerma K
(includes backscatter)
Scattered radiation Organ Dose D,
"< Absorbed dose to tissue D
[ r = —____}—— Patient support
x [ —= - - ]
/ | _\ 7T~ Image receptor
/ i ‘\‘ ———— Primary Beam

Fig. 1. Diagram of patient dose measuring geometry (from the TRS 457 [2]

The air kerma-length product, Pk, , is the integral of the air kerma over a line of length, L,
thus:
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PeL = [K(z)dz
L

The unit of air kerma-length product is Gy-m. The air kerma—length product is applied to the
dosimetry of CT and to the dosimetry of dental panoramic examinations. In CT, Pk, is defined as an
integral of the air kerma along a line parallel to the axis of rotation of the scanner. In dental
panoramic systems, this quantity has been termed the ‘dose—width product’ and is measured in the
plane of the secondary collimator along a line, perpendicular to the collimator.

The CT air kerma index, C, 100, measured free in air for a single rotation of a CT scanner is
the quotient of the integral of the air kerma along a line parallel to the axis of rotation of the scanner
over a length of 100 mm and the nominal width of irradiated beam, nT (n is simultaneously
acquired slices of nominal thickness T). The integration range is positioned symmetrically about the
volume scanned, thus:

+50

1
C.I.OO =—. K( z )dZ
i )
The unit is gray (Gy).
This quantity can be measured free in air on the axis of rotation, or inside PMMA head and
body phantoms. For measurments in phantom the notation Cppmma 100 1S used [1,2,3].
The weighted CT air kerma index, Cy, , combines values of Cppmma 100 measured at the centre

and periphery of a standard CT dosimetry phantom. It is given by:

1
Cw = 5(0100, PMMA, ¢ +2C100, PMMA, p)

where Cigopmmacc 1S the measured value in the centre and Cigopmmap IS the average value of the
measurements in the four positions in the periphery of the standard fantom [2].
For helical (spiral) CT quantity volume CT air kerma index, C,q, is used defined as:

C
Cvol =W 1

where p is the pitch factor, p = #

The quantity CT air kerma—length product determined for the standard CT dosimetry
phantom and a complete CT examination, Pk, cT, is calculated using:
Per.ct = 22 nCuol ljPit;
J
where index j represents each serial or helical scan sequence forming part of the
examination, |; is the distance moved by the patient couch between or during consecutive scanner
rotations and Py is the total tube loading for scan sequence j [1,2].

Risk-related quantities. The quantity organ (tissue) dose Dt is equal to the ratio of the
energy imparted to the tissue or organ to the mass my of the tissue or organ T:
Dr =(1/my) [Ddm.
mr
The unitis grey, Gy [2, 4, 5].

In mammography the quantity mean glandular dose is used, defined as the ratio of the
energy imparted to the glandular tissue tot the mass of this tissue:
Dg = f
MG
The quantity used to estimate the stochastic risk is equivalent dose Hr:
HT = EWRDT,R , (22)
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where Drgr is organ dose to the tissue 7, exposued to radiation R, and wg is radiation
weighing factor. For x-ray, wg = 1.

For assesment of stochastic risk in 1975 Jacobi suggested the concept of effective dose,
officialy introduced by ICRP in 1977 [6]. The effective dose weights the organ doses H; of

exposed organs (tissues) with tissue weighting factors wy :

E=XwrHr. (23)
The equivalent dose and effective dose are measured in Sievert (Sv).

Diagnostic reference levels (DRLS)

The concept of guideline doses, later called reference doses was applied in the UK since
1989, and proved to be powerful tool for improvement of diagnostic radiological procedures and
managing patient safety [3]. The International Commission on Radiological Protection introduced
DRL in 1990 and further developed the concept and provided guidelines in publications 73, 105 and
Supporting Guidance 2 [4, 5]. ICRP defined DRL as “a form of investigation level, apply to an
easily measured quantity, usually the absorbed dose in air, or in a tissue-equivalent material at the
surface of a simple standard phantom or representative patient. The diagnostic reference level will
be intended for use as a simple test for identifying situations where the levels of patient dose or
administered activity are unusually high or low” [7]. This concept was adopted also by the
European Commission, International Atomic Energy Agency, as well as by many national
authorities and professional bodies [5, 7, 8].

DRLs are indicators for the typical practice in a country or in a region. As equipment and
procedure protocols can vary between different countries or regions, it is a good practice to
establish national or regional DRLs. Radiation protection and health authorities in collaboration
with professional medical organizations are responsible for setting DRLs [7]. The following steps
are usually applied:

1)Most commonly performed routine diagnostic examinations are defined and specified,;

2)For each type of exam dose quantity/quantities and measuring methodology are standardized,

3)In each imaging facility records of dose parameters are kept for all examined patients, or for a
sample of patients during a period of time;

4)Using information from previous steps, local typical dose for each examination is assessed,
usually by medical physicist; mean dosed from the patient sample is calculated and set as a
typical dose;

5)Typical doses are set separately for adult and for specified groups of pediatric patients (most
often age groups 0, 1, 5, 10, 15 are used for pediatric DRLS);

6) Typical doses from all or a representative sample of facilities in the country/region are
centrally collected and statistically analyzed,;

7)For diagnostic radiology national/regional DRLs are usually set at the 3™ quartile of the
distribution of typical doses for the sample; for nuclear medicine DRLs are usually set as
values of administered activities needed to obtain good image quality.

Methodology for the national survey in Bulgaria

For conventional radiography, entrance surface air kerma and kerma area product were
measured. A standard protocol and measuring instructions were developed by the NCRRP for data
collection by the hospital staff and for the measurements of the tube output by the medical
physicists. The examinations included were radiography of the chest (PA), pelvis (AP), lumbar
spine (AP and Lat), skull (AP/PA and Lat) and urography (before and after contrasting). All data
were collected by NCRRP, entered into a data base and calculations of the individual patient doses
were performed.

For mammography a separate protocol was developed for measurements of the Incident air
kerma with a standard mammography phantom of 45 mm PMMA.

For fluoroscopy, surveys were conducted separately in conventional fluoroscopy (Barium
enema and Barium meal examinations) and in interventional radiology, including cardiology.
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Standard protocols were elaborated by the NCRRP and data collection was organized by medical
physicists, X-ray technologists, cardiologists or other staff. Measured quantity was kerma area
product, but several other parameters were also recorded, like fluoroscopy time, number of frames,
number of acquired series, complexity of the procedure, etc. On each equipment, calibration of
kerma-area product meter was conducted.

For computed tomography (CT) the survey was based on an internationally accepted
methodology for measurements of weighted CT kerma index and kerma length product values in
standard CT dose phantoms [2].

Results of the established DRLs will be presented.
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Obecnieuenue paguanmoHHoil 6e3omacHoctu (PB) mammeHTOB, mepcoHana, HaceNeHUS H
OKPY)KalOIIeH Cpelnbl SBISETCA O0S3aTENbHBIM  YCJIOBHEM  Pa3BUTHA H  KIMHUYECKOTO
UCIIOJIb30BAHUSA CPEACTB M METOAOB SJIEPHOM MEIULMHBL. AJIEKBAaTHBIM ypOBEHb 3TOrO
obOccrieueHns: TpeOyeT BBIMOJHECHHS IIEJIOr0 psaa OOMUX W CHeHUuHUISCKUX TpeOOBaHHHA K
TEXHOJOTUSAM panuoHyknuaHod mauarHoctuku (PHI) u pamumonykmuanoit tepamuu (PHT), x
CpeICTBaM M3MEPEHUH, Paaru03alUTHOMY 000pYIOBaHUIO, a TAKXKE K KBaIU(DUKAIIUN TIepcoHaja B
obnmactu PB. Kpatko paccMOTpuM COBPEMEHHOE COCTOSIHME M HEpEIIeHHBIE MPOOJIEMBI IO
obecrieuennto Pb B sjgepHolt MemuimHe, a TakKe pe3ynbTaTbl COOCTBEHHBIX 10-meTHHX
UCCJICTOBAHHM B ATOM 00JIaCTH.

[Tarmentsl. Pa3zpaboTaHa M IIMPOKO HCIHOJB3YETCS CUCTEMa PAcUyeTHOTO OIpeaeleHHs
Jy4eBBIX HATPY30K HA MAIMEHTOB, OCHOBaHHas Ha T. Ha3. MIRD-dopmanm3me. OH ocHOBaH Ha
BBIUMCJICHUH OPTaHHBIX M OYaroBBIX /103 B BUJIE IPOU3BE/ICHUS 2 COMHOKUTENEH, OJIUH U3 KOTOPBIX
VUUTHIBAET TEOMETPUIO OOIYYCHHS OpPTaHa-MUIICHH OT OPraHOB-UCTOYHUKOB W PaIUAIMOHHO-
dbusznyeckue  XapakTEepPUCTUKH UCIyCKaeMbIX M3JIyYeHUH, a BTOpPOM  XapaKTepHu3yeT
(U3HONIOTHYECKYIO COCTAaBJISIONIYIO0 IMPOIlecca BHYTPEHHETO OOJIydeHUs B BUAC T. Ha3. (YHKIHN
yaepxkanus — paguodapmmpemnapara (P®II) B opramax-ucrounukax. [lamee mo 3HaYeHUSAM 103
00Jy4YeHHs] BCEX OpraHOB MUINIEHEH paccuuThiBaeTCs d(PPeKTuBHAS /1032, 3HAYCHHUS] KOTOPOU IS
120 paznuunbix POIT tabymuposansl B [Tyonukamusax 53 u 80 MKP3 u B 3 momosHeHUSX K 3TUM
[TyOnukanusm.

JlJis TOBBIIEHUS TOYHOCTH JO3UMETPUU BHYTPEHHEro OOJIY4eHHs MAIlIeHTOB HEOOXOIMMBbI
CJIEAYIOIINE UCCTIEIOBAHUS:

® y4eT reTepOreHHOCTH 00Ty4aeMbIX TKaHEeH;

® pacHIMpeHHe MepevHs OpraHOB-MUIIEHEN U OpraHOB-UCTOYHUKOB;

® pa3BUTHE JIO3UMETPHUYECKUX MOJENIeH, MaTeMaTHYECKUX U (U3UUYECKUX aHTPOIOMOP(PHBIX
(haHTOMOB, B TOM YHCJIE ¥ BOKCEITBHBIX ()aHTOMOB;

® yueT MHKPOAO3UMETPUUECKOW crneuuduku oOaydeHus, B T.4. KOPOTKOMPOOEKHBIMU
AJIEKTPOHAMH BHYTpEHHEN KOHBEepcUU U OxKe-3JIeKTPOHAMH.

e ydeT BIHMSHUS MAaTOJOTHYECKOro mpolecca Ha (HhopMHUpOBaHHUE TyYEBOM HATPY3KH.

B upneane neoOxoauma pa3paboTKa TEXHOJIOTMH IMOJIYYEHUS WHAMBUAYAIbHBIX OLICHOK 1103
00my4yeHus manueHToB, ocobenno mpu PHT.

Hamu npoBeeHbl pacueTHbIE UCCIIEOBaHMS BKJIa/a B JIYUEBYIO Harpy3Ky Ha MalUeHTOB OT
HU3KO?HEPTreTUYECKUX  AJEKTpOHOB  Oke,  SJIEKTPOHOB  BHYTPEHHEW  KOHBEPCHH U
XapaKTepUCTUUECKOTO M3JIY4YeHHs, HUCIYCKaeMbIX IMpH pPaJAHOAKTHBHOM pacmajae 7 ramma-
U3JIyYaroIuX paguoHykiauaoB 67Ga, 99mTc, 111In, 113mlIn, 1231, 1251, 201TI, ucnoas3yemMbix B
KauecTBE METKM  JJIs 22 pasIu4HbIX JUArHOCTHYECKHUX pamauodapmmpenapatoB. Pacuersl
BBITIOJIHEHBI 110 YIPOIIEHHON JUHEHHON MO TOUYEYHOTO MOHOHAINPABJICHHOIO UCTOYHUKA U B
pamkax cdeprudyeckoil Moaenu OOJIydeHHs Ha OCHOBE JIMTEPATypHBIX AaHHBIX 1Mo MonTe-Kapio-
MOJICJIMPOBAHUIO TIEPEHOCA KOPOTKOMPOOEIKHOTO U3ITYyYeHHS. Pe3ynbTaThl BHIMUCICHUI CpaBHEHBI C
nanaeiMu [lyOnukamuu 53 MKP3. Iloka3aHo, 4TO BKJIAJ B IOIJIOIICHHBIC OPraHHBLIC 03I OT
HU3KO?HEPreTUYECKOro  HM3JIydeHuss He  OOyCIIOBIMBAET  II€JIECOOOPAa3HOCTh  BBEICHUS
COOTBETCTBYIOIIMX IMONPABOK B HOPMATHUBHBIE JOKYMEHTHI MO JI030BBIM OIIEHKaM BHYTPEHHETO
obsydenust ot paauodapmmpenapatos [1].

[IpoBeneH CpaBHUTENBHBIM aHaIU3 PAa3HbIX METOJIUK JO3UMETPUYECKOIO IUIAHHMPOBAHUS
PAIUOHYKIIUIHON Tepanuu OOJNBHBIX TU(DPY3HBIM TOKCHYECKUM 3000M U nudhepeHIInpOBaHHBIM
paKkoM IIUTOBHJIHOM JKene3bl, a Takke dJPPEeKTUBHOCTH UX mnpuMmeHeHHs. Pa3paborana
NPUHIMIIHATIBFHO HOBasi Mojenb TpaHcropta 1311 B opraHusme ¢ y4eToM pagualiioOHHOTO
MOBPEXKJICHHUSI KJIETOK IIMTOBUJIHOM KE€Je3bl, OCHOBAHHAs HAa  MaTEeMaTHYECKOM ammapare
HEJMHENWHBIX  aud@epeHInanbHbIX  ypaBHeHui. Pa3paboran  aiaroputM ©  mporpamma
UACHTU(DHUKAIIMY TTapaMeTPOB MPEATOKEHHOM MareMaTtudyeckoil Mmozenu. [lo pe3ynbrataMm OIEHKH
TOYHOCTH pa3pabOTaHHOrO MOAXOAa IS aHajdu3a KPUBBIX HaKOIUICHUS—BhIBeAcHUs 1311 mpwm
PaAMOHYKIUIHOW Tepanmuu ¢  OONBHBIX PAKOM IIMTOBUIHOW JKENe3bl IOJY4YeHO HayIHOE
000CHOBaHME U3BECTHOTO stunning-3ddexra [2].

126



[lepconain. 31ech JOCTUTHYTHI ONPEICIICHHBIE YCIIEXH B IJIaHE CHIKEHUS JTy4eBON Harpys3ku
Ha TEpCOHAN: MPU TIATEIHFHOM BBITIOJIHEHUH Bcex TpeOoBanmii Kk TexHomorwsiMm PHJ[ m PHT
oOecrieunBacTCs 3aBEJAOMOE HENpEBBINICHUE ycTaHOBICHHBIX B HPB-99/2009 mpexnenoB o3
npodecCuoHaNBHOr0 00JydeHHs Kak 1Mo d(PpQPEeKTUBHOM J03€, TaK M MO J03aM OOJydYCHHUS] KHUCTEH
PYK ¥ XpyCTaJIUKa TJiasa.

TeMm He MeHee, He0OXOAMMO MPOBEACHUE PsI/ia Pa3padOTOK B CICTYIONINX HAMPABICHUAX:

® CHCIHUAIN3UPOBAHHOTO O0OPYJOBaHUS Il aBTOMATH3alUMKd TexHoyuorud pador ¢ PDII u

COOTBETCTBYIOIIETO PaIMO3aIMUTHOTO 000pynoBanus, ocooenno misa [I19T u PHT;
® CPEJICTB U TEXHOJOTHUN OMEPATUBHOTO KOHTPOJIS YPOBHEH MHKOPIIOPAIIUU MPU XPOHUYECKOM
u aBapuiiHOM nocryrieHuu POII B opranusm;
® CPEICTB M TEXHOJOTHUN KOHTPOJS PaJMAlMOHHON OOCTAaHOBKM Ha paboymx Mecrax, B T.U.
PaaOAKTUBHBIX 3aIPSI3HEHNN «YHUCTBIMIU» raMma-usnydaromumu POIT
COOTBETCTBYIOIIMX HOPMATHBOB MO PErIaMEHTAI[MU TaKUX 3arps3HEHUI;
CUCTEMBl MEpPONPUATUH 1O PE3KOMY M PErylspHOMY TMOBBIIICHHI0 KBalIU(pUKAIIH
MEIUIIMHCKOTO U HHXKEHEpHOTO TepcoHana moapasaeneauii PHJl u PHT B o6mactu Pb.

[IpoBeneH cucTeMHbIN aHaNU3 paHee AeicTBOBaBIIMX B PoccuM HOPMATUBHBIX JOKYMEHTOB
o obecrneuennto Pb npuMeHuTeNnbHO K peasbHbIM KIMHUYECKUM YCIOBHUSM pabOThI IepcoHaja B
noapaznenenusx PHJ] u PHT. PazpaboTtanbl nmpeaioKeHus 0 UX MOJEPHU3AINU, OOTBIINHCTBO U3
KOTOpBIX OBUIM pealn30BaHbl B JICUCTBYIOIIMX B HACTOSIIEE BpeMs COOTBETCTBYIOIIHUX
Metoandeckux ykaszanusx u CanlluH, B Tom uncie u B8 HPB-99/2009. B yacTHOCTH, 3TO OTHOCUTCS
K PEKOMEH/IAIUSAM 10 MpodecCHoHaIbLHOM MOATOTOBKE ITepcoHana B obiactu Pb, k onpenenenuio
3¢ (HeKTHBHBIX 103 MNPO(HECCHOHATHLHOTO OOJIyUYEHUsS! MO JTaHHBIM HHIWBUIYATbHOW TO3UMETPUU
IepCoHalIa, K UCIIOJIb30BaHuI0 HopMaTHBa 11,8 MK3B/4 mpu KOHTPOJIE MOIIHOCTH A036I (DOTOHHOTO
M3ITy4eHUs Ha pabourX MecTax B MOJAPa3ACICHUSIX AIEPHON MEIHUIIMHEI, a TAK)KE K PEKOMEHIAIUSIM
[0 KOHTPOJIO YPOBHEH paJuOaKTHUBHOIO 3arpsi3HeHUs pabouyux MOBEpXHOCTEH mpu pabdoTax ¢
«UHUCTBIMU» TaMMa-HU3Iy4YaloIMMU paguonykiuaamu tuna 99mTc [3, 4] .

OtnenbHble nuna U3 HaceneHus. [lo nelcTByrolEeMY 3aKOHOIATENBCTBY HCIIOJIb30BAHHE
moObix auarHoctudeckux POIT obecrieunBaeT 3aBejoMOe HENPEBhIIeHHE ycTaHOBIeHHOTO B HPB-
99/2009 mpenmema m03bl OOMydeHHMsS IJIs HaceleHus 1 M3B/Tom, a Il TepaleBTHYCCKHX
paguonykiuaoB 1251, 1311, 153Sm u 188Re Tam ke ObUTH yCTaHOBIIEHBI HOPMATHUBEI 110 MOIITHOCTH
1036l  (POTOHHOTO OOJTYy4YeHHUs] OTHENbHBIX JIMI[ MpPH BBINHCKE ManueHta u3 otaenenus PHT.
[IpoBeneHHbIE HAMU pacueTHBIC HCCICIOBAHUS Ml 6 pasIUYHBIX CIICHAPHEB OOIYYCHUS OT
nauueHToB ¢ 13 nuarHoctuueckumu U 12 tepaneBruyeckumu POII noarsepannau 310 mojaoxeHue.
Jlns Tex JMI, KOTOpBIE YyXaXMBalOT 3a manudeHtamu mocie kypca PHT, B HPB-99/2009
YCTaHOBJICHO orpaHuueHue no 3dextuBHOM n103e 5 M3B/roa. PacyeTHble ccieoBaHusI OKA3aH,
9TO JaXe TMPU CaMbIX HEONArONPHSITHBIX CICHAPUAX OOJydeHHWS OSTO 3HAYEHUE JI03bl HE
MpeBbIAaeTCs IS JTI00BIX TepaneBTudeckux PDII, B Tom unciie u Hanbosaee nmpumensiemoro POIT
131l-iioquma wmarpus [S5S, 6]. B HacTosimmee BpeMsi MPOBOISATCS PACUSTHBIC HCCIICIOBAHUS II0
OTPEACIICHUI0  BO3MOXKHOCTH  HWCIONB30BaHUS  aMOyJaTOPHOTO  pEeXHUMa  JICUYEHUS  IMpuU
PaIMOHYKIIUIHON Tepanuu ¢ paaunodapmipenapataMu, MEYeHHbIMU 16 OeTa-raMMma-u3iyqaronumMu
u 5 anba-ramMma-u3IydalOIUMU PAIUOHYKIUJAAMH, B TOM YHCIE U C y4ETOM H3IY4YCHUS HX
JIOUYEPHUX PATUOHYKIIU]IOB.

Oxpyxkatomias cpena. OCHOBHON HEpelIeHHBIH BOMPOC — JOMYCTUMOCTh cOpOca CTOUYHBIX BOJ
n3 mnonpazaeneHuii PHT B X034HCTBEHHO-OBITOBYIO KaHalM3alHWioO. B COOTBETCTBHHM C
JNEHCTBYIOIUMU OTEYECTBEHHBIMH HOPMATHBHBIMU JOKYMEHTaMu Mo obOecneuenutro Pb B
noapazaenenusix PHT  momkHbl  OBITH  yCTAHOBIEHBI  CHCTEMBI  CHEI[OYMCTKH  HKHIAKUX
paanoakTuBHBIX 0TX0/10B. OnHako MAT'ATD u MKP3 otmeuaroT HU3KYIO 3()PEeKTUBHOCTh TaKUX
CPEJICTB JJISI CHIDKCHHSI YPOBHEU OOJIYdeHUsI OKPYXKAIOIIEH Cpebl, MMOCKOIbKY TOCIE pa3BeIeHUs
PaZlMOAaKTUBHOCTH B XO3SIICTBEHHO-OBITOBOW KaHAIM3AIMH 3TU YPOBHH CHIIKAIOTCSI MPAKTHUECKU
1o (¢oHoBBIX. Takol ke aHalu3 Mo TPEOOBAHUSM K BEHTHJIIIIUU TO3BOJIWJ CIEIaTh BBIBO, YTO
BIIOJIHE JOMYCTUMBI MMPOCKTHPOBAHUE U DKCIUTyaTaIlMsl CUCTEM BEHTIIIALINU 0€3 MpeaBapUTeIbHON
OYHCTKHU QUIBTPAMH BO3AyXa U3 pabounx nomemennii noapasaenenuii PHJ u PHT.
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bei poBeeH cpaBHUTENBbHBIA aHAN3 3 CUCTEM OYMCTKH JKUJIKUX PaJMOAKTUBHBIX OTXOJ0B

Kak 10 UX (YHKIIMOHAIHLHBIM BO3MOXKHOCTSIM, TaK U IO CTOMMOCTH M yI0OCTBY 3Kcruryatanuu. Ha

OCHOBE MAaTEMaTHUYECKOW MOJEIM KHUHETHUKHU >KUJKUX PaJHMOAKTUBHBIX OTXOJIOB IMPEIJIOKEH

aJITOPUTM OIPEACIICHUS HCOOXOAUMON MOIIHOCTH CTAaHIMM OYHMCTKH I mmoapasaencauii PHT ¢

ONTHUMU3AIKMECH KOJIMYEeCTBA MU OOBEMOB OaKOB-HAKONMMTENICH JUIS BBIICPKKH OTXOJOB Ha

PaIMOaKTUBHBIN pacmai, MPUBEAEHBI COOTBETCTBYIOIINE MPAKTHISCKUE PEKOMEHIanuu [7].

HopmaruBHas noxymeHTanus. [Ipu Hamiem akTMBHOM Y4acTHH pa3paboTaHbl, O(UIIMAIBLHO

YTBEPKICHBI W YCIICIIHO MCIIOJAB3YIOTCA B IMOJAPA3NCICHUAX SJACpHOM MeaunuHbl Poccuu

HOpPMAaTHUBHBIE JOKYMEHTBHI 10 oOecrneueHuto Pb 1npu  paanoHyKIWIHONW  THArHOCTHKE

(meTogmueckue ykazanus [8]) m mpu pammonykimmHor tepanum (CanlluH [9]). Hamu Ttaxxke

paspaboransl mpoekThl CanlluH mo oOecneyenuro PB npw MO3UTPOHHON AMHUCCHOHHOM

TomMorpadu W TPH HHTEPBEHIIMOHHO-PAIUOJIOTHUYECKUX TMPOIEAypax, B TOM YHCIEC € IS

TIPULICTIBHOW PaUOHYKIUIHON Tepanmuy MO PEHTIEHOBCKMM KOHTpojeM. OjHako BCIIEICTBUE

Pa3HBIX OIOPOKPATHYECKUX MPUYHMH ITH MPOEKTHI OCTAIOTCS TTOKa 0€3 O(HUITHATBFHOTO YTBEPKICHUS

y>Ke B TeueHue 7 u 4 MociaeHuX JET COOTBETCTBEHHO.

Hpyrue npo6iemsl Pb. K Hum otHOCATCS:

e [loBpillieHWE YPOBHS KOMIIETEHTHOCTH TMPOEKTUPOBIIMKOB TPU MPOCKTUPOBAHUU U
CTPOMUTENBCTBE HOBBIX PaJHOJOTMUYECKUX KopmycoB ¢ moxapasaencHusmu PHJL u PHT, a
TaKXKE€ TNPU PEKOHCTPYKUUMHU TOMEIICHUN OATHUX NOAPA3ACICHUM W JACHCTBYIOIIMX
PaIUOJIOTUYECKUX KOPITYCOB.

e [lepecMOTp HOPMATHBHOW JOKYMEHTaMK 10 oOecrieueHrto Pb B smepHO MenuiMHe M UX
rapMOHM3alUg C COOTBETCTBYIOIIMMH MEXAYHAPOJHBIMU peKoMeHJanusMu 1o Pb,
OCOOCHHO MO IeJIeCOO0Pa3HOCTH CTPOUTENBCTBA JTOPOTOCTOSAIIUX CTAHIIUA OYUCTKH
KUJKUX PAMOAKTUBHBIX OTXOO0B B MOJIPA3ACICHUAX PAAUOHYKIUIHON TEpauu.

e Viyumenue opraHuzanuu  pabor B moxpasgenenusx PHJA w  PHT, B Tu.
YCOBEPILICHCTBOBaHNE M YyHH(PUKAIMS JOKYMCHTAIMHM, OINTHMHU3AIMS BO BPEMCHH H
MPOCTPAHCTBE MOTOKOB nNauueHToB, P®PII, paauoakTUBHBIX OTXOHOB, MEIULMHCKOU
JIOKYMEHTAaIWH.

e Konkperusamusi BO3MOXXHBIX pPAIUAIMOHHBIX aBapuifi, B TOM YHCIIE TMpPU TPOBEICHUU
npoueayp PHT mon peHTTreHOBCKUM KOHTpOJIEM, U pa3pabdO0TKa CUCTEMBbI MEPOIPUITUN TIO
UX NMPO(UIAKTUKE U YCTPAaHEHUIO MOCIIEICTBUH.

Perynspnoe noBblieHne kBanudukauy nepconana B oonactu Pb, B Tom uncne yaudukarms
nporpaMMm oO0ydenuss mo PB u moBbIIEHWE METOIUYECKOTO YpPOBHS  OOydYeHHUS H
MHCTPYKTaXka MepcoHaia HeIOCPEeJACTBEHHO Ha padounx mecTtax. Pemenue 3Toi mpooiemsl
YCIIOXKHAETCA  MPAKTUYECKH TOJHBIM  OTCYTCTBHEM  0a30Boil  mpodeccrHoHaIbHOMN
MOJITOTOBKH B oOyiactu obecrieuenuss Pb y Momoapix Bpaueii-pagunonoros u, Tem ooiee, y
CpeIHEero MEIUIIMHCKOTrO TIEpcoHaIa.

Opranm3anys ¥ OCHaIlEHUE CTCIIHATM3UPOBAHHBIX CIY’KO Pb B MeauIIMHCKUX yupeKIeHUIX
C MOApa3ICICHUSIMHU SIIEPHON MEIULIMHBI.
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RADIATION EXPOSURE TO PERSONNEL PERFORMING PET-CT DIAGNOSTICS
WITH

8F.FDG B.M.Bondar*?, H.V.Rabosh?, Ya.V.Kmetyuk®

Y All-Ukrainian Center for Radiosurgery of the Clinical Hospital “Feofania”, Kyiv, Ukraine
Nuclear Physics Department, Taras Shevchenko National University, Kiev, Ukraine

Abstract. This work concentrates on the main aspects of radiation exposure to personnel during all steps in
PET-CT diagnostics with *®F-FDG tracer. The effective doses, measured with the help of electronic personal
dosimeters (EPD) Mk2+, are presented. The obtained results were analyzed and compared with adopted dose
limits and results of other authors.

Keywords: effective dose, EPD, *F-FDG, PET-CT.

Introduction

PET-CT is a widespread method of cancer diagnostics, the usage of which leads to the
contact with radioactive sources (tracers). So, technical and medical workers, that perform PET-CT
diagnostics, undergo radiation exposure. Thus, the personnel monitoring during diagnostics is an
important part of radiation safety requirements. The effective doses determination is necessary for
the prevention of dose limits excess and it plays a leading role in the adjustment of radiation
reference levels. Besides, the analysis of the dose values allows to make a conclusion about
achieved radiation safety conditions and implementation of new safe measures, directed at a
minimization of radiation exposure to personnel according to the ALARA principle.

The PET-CT technology has been successfully implemented in All-Ukrainian center for
radiosurgery of the Clinical hospital “Feofaniya”, by using combined PET-CT scanner Biograph 64
TruePoint (Siemens) and fluorodeoxyglucose (FDG) as a tracer. FDG contains radioactive ‘°F, that
emits positrons with the average energy 250 keV. Due to the low positron energy, the radiation
exposure to personnel is mostly caused by the annihilation gamma-rays (511 keV). The short half-
life of ®F(109.7 m) ensures activity reduction almost 10*times in 24 hours.

PET-CT performance

For PET-CT imaging FDG is injected to the patient intravenously. The amount of required
activity depends on a patient weight and varies from 230 to 520 MBq. After injection the patient
waits in a special separate ward for 1 hour, while the tracer distributes through the body and
accumulates in a tumour. Then the patient goes to the PET-CT scanning room, where patient
positioning and scanning are performed. After scanning the patient is escorted to the waiting room
to provide the decrease of the dose rate form the patient to acceptable level before leaving from the
department. So, the PET-CT diagnostics can be subdivided into several steps, that include: dose

129



preparation, injection, patient positioning, scanning and escorting. All these steps are done
consistently by a responsible people: engineer-physicist, lab-assistant and nurse. Table 1 shows the
step sequence and the person, that executes the corresponding step.

Tablel. The steps of PET-CT performance

Ne Step Responsible person
1 Dose preparation engineer-physicist, nurse
2 Injection nurse

3 Patient escorting to the PET-CT | lab-assistant
procedural room and positioning
4 Patient scanning engineer-physicist, lab-assistant

5 Patient escorting to the waiting | lab-assistant
room

In order to reduce the radiation exposure to personnel, PET-CT department has been
equipped with different types of shielding against the radiation (Fig.1). Manipulations with
radioactive tracer (dose preparation, activity measuring etc.) are carried out in a special fume hood
with leadglass window and lead shielding. The syringe is placed in a tungsten outer cover

(a) (b) (c)
Fig.1. Radiation shields in PET-CT department: a) fume hood with leadglass window and lead
shielding b) tungsten outer cover for syringe B) lead container for FDG bottles.

9 mm thick. All rooms in the department have thick concrete walls and lead doors. After
diagnostics, all residual activity goes to lead container for further decay.

Radiation doses

Personnel monitoring in a Center is performed with the help of electronic personal
dosimeters (EPD) Mk2+, fastened to the belt. Dosimeters are sensitive to gamma and beta radiation.
The highest dose rates in a working place were measured during injection (=200 uSv/h) and patient
positioning (=140 uSv/h). Therefore, a nurse and lab-assistant receive

Table 2. Doses to personnel per study, obtained after 500 PET-CT studies

Effective dose, Effective dose, Dose reduction, %
uSv/study uSv/study
(first 250, without leag (next 250, with lead
shielding) shielding)
engineer-physicist 1,21 0,97 19,9
nurse 5,60 3,24 42,2
lab-assistant 2,02 1,89 6,71

higher doses, than engineer-physicist, whose additional exposure is caused by the dose preparation
control (see Tablel). The values of effective doses, received by personnel per one diagnostics study
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are shown in Table2. These results were obtained after 500 PET-CT studies with and without
50 mm lead shielding, that has been installed around the dose calibrator after first 250 studies. As
can be seen from the Table2, the usage of additional shielding ensures significant dose reduction for
personnel, involved in dose preparation.

Data analysis

As it was mentioned above, there are three responsible persons in All-Ukrainian center for
radiosurgery, who are directly involved in PET-CT performance. A lot of other PET centers use
only one person (technologist) for all PET-CT steps execution (see Tablel). This leads to higher
radiation exposure. Hence, for comparison between our results and the results of other authors, the
sum dose is used, that includes three individual doses and equals 6,1 uSv/study. In the departments
of nuclear medicine in Istanbul University and Marseille hospital “Timone” these values equal 7,6
and 3,2 uSv/study respectively [1], [2].

The analysis of effective doses to personnel enables to make an assessment, as for the
achieved radiation safety level in PET-CT department. Thus, with the assumption of 2 working
shifts and 2500 PET-CT studies per year effective dose to engineer-physicist reaches the value of
1,21 mSv; for lab-assistant this value is slightly higher and equals 2,36 mSv, and the highest
effective dose 4,1 mSv per year is received by nurse (Table 3).

Table 3. Effective doses to personnel from 2500 PET-CT studies per year

Effective dose,
mSv/year
engineer-physicist 1,21
lab-assistant 2,36
nurse 4,10

Obtained values are considerably lower than adopted dose limits, recommended by
International Commission on Radiological Protection [3]. Moreover, relatively low effective doses
in comparison with prescribed dose limits (max. 20% of the 20 mSv/year dose limit) proves good
radiation safety margin and safe measures, directed at improving of radiation safety culture in All-
Ukrainian center for radiosurgery of the Clinical hospital “Feofaniya”.

Conclusions

The effective doses to personnel, involved in PET-CT diagnostics, were measured. The dose
values were obtained after 500 PET-CT studies with and without lead shielding, installed around
dose calibrator. The comparison with dose limits and the results of other authors showed good
radiation safety conditions in our Center. It can be concluded, that the highest radiation exposure in
PET-CT department is received by nurse, whose effective dose reaches the value of 4,1 mSv in
assumption 2500 studies per year.

The reduction of effective doses to personnel can be achieved in several ways: the increment
of personnel, time minimization, additional shielding. In 2013 PET infusion system “Intego” was
put into operation in All-Ukrainian center for radiosurgery. System allows to prepare and
administrate dose to the patient automatically, without direct contact with radioactive tracer. The
FDG is constantly enclosed in a system’s lead container, which ensures almost full absorption of
the radiation. As a result, significant dose reduction (up to 60%) to personnel, performing dose
preparation and injection is expected.
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2. Benjamin Guillet, Pierre Quentin, Serge Waultier et al., Technologist radiation exposure
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ATIPOBAIIMS METOJIOB KOHTPOJISI KAYECTBA U30BPAKEHUI B
PEHTTEHOI'PA®UN

H.W. IInnunenxo, JI.JI. Ctagauk, O.10. lllanxena, O.B. Hocuk

I'Y «Uncmumym meouyuncxou paouonoeuu um. I pueopvesa HAMH Ykpaunwly,
va. Iywkunckas, 82, . Xapvkos, Ykpauna, 61024, Ten.: (057) 7000-918

Anotanis. HaBenmeHo pesynbraté ampoOamii pi3HUX METOMIB KOHTPOJIO SKOCTI PEHTIeHIBCHKUX
MIarHOCTUIHUX 300paXeHb 3 BHKOPHUCTAHHSAM TECT-00’€KTIB Ta KpPHUTEPIiB SIKOCTI 300payKeHb,
3anpornoHoBaHuX €Bporeiickkoo Komicieto ans kpain €C, nmokazaHo HEoOXiIHICTH iX BIPOBaIKEHHS B
pamMKax KOMIUTIEKCHOI MpOTpamMu KOHTPOIIO SIKOCTI PEHTTEHIBCHKHX anapariB IS ONTHMI3allii MEeIUIHOTO
OTIPOMIHEHHSI.

AnHoramusi. IlperncraBiaeHsl pe3yNbTaThl  ampoOall  Pa3IUYHBIX  METOJOB KOHTPOJISI KadecTBa
PEHTTCHOBCKUX AUATHOCTUYCCKUX H306pa)KCHI/II>'I C HCIOJIb30BAaHUEM TECT-O0OBEKTOB U KpUTCPHUCB KaueCTBa
n300pakeHnH, mpemIoxkeHHbIXx EBporetickoit Komuccueit mns crpan EC, mokazaHa He0OXOIUMOCTh WX
BHCAPCHUA B paMKax KOMILICKCHOM nporpaMMbl KOHTPOJIA KadeCTBa PCHTICHOBCKUX alllapaToOB IJIAd
ONTUMU3AITUN MEAUIITHCKOTO 00TydeHusI.

Abstract. The results of the approbation of various quality control methods for X-ray diagnostic imaging
using test objects and image quality criteria proposed by the European Commission for the EU, shows the
need for their implementation within the framework of a complex quality control program of X-ray units
for the medical exposure optimization.

KJ11040Bi cj10Ba: peHTreHOiarHOCTHKA, KpUTEpii IKOCTI, KOHTPOJIb SKOCTI 300pakeHb
Ki1104yeBble ¢j10Ba: peHTTCHOAMArHOCTHKA, KPUTEPHUU KauecTBa, KOHTPOJIb Ka4eCTBa N300paKEeHUS
Key words: X-ray diagnostic, quality criteria, image quality control

[Ilupokoe HCIONB30BAaHUE PEHTTCHOIOTHYECKHX HArHOCTUYECKHX MPOLEAYp B MHpPE
NPUBOJNUT K (POPMUPOBAHUIO HAUOOJBIICH KOJUICKTHBHOW J03bI HACEJICHHUS OT BCEX TEXHOTECHHBIX
UCTOYHUKOB paauanud. [loaToMy B HacTosiee BpeMsl BOIPOCHI OOECICUYEHHs pPaIHaIllHOHHOM
3alMTHl PU MEIUIIMHCKOM OOJIydCHUH IMAlMCHTOB MMEIOT MPUOPHUTETHOE 3HAYCHHE B 00JacTH
paMaIMOHHOI OE30MaCHOCTH, TaK KaK HMEETCsl 3HAYUTEIbHBIN MOTCHIINAN ISl CHIDKCHHS YPOBHEH
MEIUIIMHCKOTO  OOJIydeHHMSI W yMCHBIICHUS  PAJHAlMOHHOTO  pPUCKAa  BO3HHKHOBEHUS
JIOTIOJTHUTEIIbHBIX CITy4aeB OHKOJIIOTHYECKUX 3a00IeBaHHUH.

Ontumu3anusi pajdaliMOHHON 3aIUTHI NPH MEAUIMHCKOM JIHArHOCTUYECKOM OOJydCHUH
BO3MOJKHA 3a CUET BBEJICHUS B MPAKTHKY MPOTrPaMMbl KOHTPOJISI KAYeCTBa B PEHTICHOANArHOCTHKE,
KOTOpasi JIOJDKHA BKJIIOYATh KOHTPOJIb TEXHHMYECKHX IaPaMETPOB PEHTICHOBCKUX AaIllapaTros,
MOHHUTOPHHT CPEIHHMX /03 CTaHAAPTHBIX MALMCHTOB Ha Ka)KAOM PEHTTCHOBCKOM ammapare u
KOHTPOJIb KayecTBa IMOJy4aeMOro JIMArHOCTHYECKOro wu300paxkeHus. [Ipy BBISIBICHHM Ha
00CIICIOBAHHOM  PEHTICHOBCKOM  amlapare  HECOOTBETCTBUH  W3y4aeMbIX  IapaMeTpoOB
YCTaHOBJICHHBIM KPUTEPHSM JOJDKHBI TIPOBOIUTHCS KOPPEKTUPYIOILIHE IEHCTBUSI, KOTOPhIE MOTYT
CMOCOOCTBOBAaTh CHIKEHUIO /03 TMAIMEHTOB NPU COXPAHCHHMH TPHUEMIIEMOTO KadecTBa
JTMAarHOCTUYECKOTO M300pakeHus [1].

Ocoboe 3HaueHWE B MpOrpaMMe KOHTPOJIS KauyecTBa MPUHAUICKUT BBHIOOPY KPHTEPHUEB
OLICHKM Ka4yecTBa TUATHOCTUYECKUX H300paKECHHi, KOTOPbIE MOTYT OBITh OCHOBaHbI KaK Ha
KOHTpPOJIE OOBEKTHUBHBIX XapaKTEPUCTHUK IOJYYEHHOTO H300paKEHHUsI C HCIOJIb30BaHUEM TECT-
00BEKTOB, TaK M Ha aHAU3e KavyeCTBa M300paKeHHH SKCIEPTaMH 10 3aJaHHBIM KPHUTEPUSAM C
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y4eTOM BHJA JUArHOCTUYECKOro ucciefoBaHus. EBpomeiickas Kkomuccust —paspaborana
PykoBOJICTBO 1O OlLIEHKE KadyecTBa TUArHOCTHUECKUX peHTreHorpaduueckux cHumMkoB EC16260
(1996), xoropoe mmpoxko wucnoiabdyercs B crpaHax EC B mporpaMmax KOMIUIEKCHBIX OLIEHOK
KayecTBa pabOThl PEHTI€HOBCKHUX allaparoB.

Lenpto naHHOM paboOThl OBUIO HM3y4YEHHWE W ampoOauus Pa3lIUYHbIX METOJOB KOHTPOJIS
KauecTBa M300pa)K€HUH € MCIOJb30BAaHUEM CTAHJAPTHBIX TECT-OOBEKTOB M KPUTEPHEB KauecTBa
n3obpaxenuit EC16260.

Marepuanbl 1 MeTOABI

K 0OBEeKTHUBHBIM XapaKTEPUCTUKAM IHATHOCTHYECKOTO H300pakeHUs, KOTOPOE MOKHO
OLIEHUTH C TIOMOIIBI0 TECT-00BEKTOB, OTHOCATCS TaKUe MapaMeTphl KakK: COBINAJEHUE CBETOBOIO U
pazuaMoOHHOr0 MOJeH, MEePHEeHIUKYIIPHOCTh pabovyero mydka, MpPOCTPAHCTBEHHOE pa3pelleHue,
KOHTpPACTHasl YyBCTBUTEIBHOCTh U TUCTOPCHSL.

B paGore Obul TpoBelEeH aHaATU3 TEOMETPUYECKHX TIOKas3aTeled Hu300pakeHHus ¢
WCIIONb30BaHUEeM yHHBepcanbHOro TecT-o0bekTa TYP-01 (Poccus, HIIIT «J/lo3a») mns aecsatu
PEHTT€HOAMArHOCTUYECKUX aIapaToB.

JlJis KOHTPOJIsl COBMAJIEHUSI CBETOBOTO W PAJMAIMOHHOTO TOJEH M MEepPHEHAUKYISIPHOCTH
paboyero mydka kaccery pasmepom 18 x 24 cm pacmonarand HETMOCPEICTBEHHO Ha CTOJIC IS
nanueHToB Ha pacctostHuM 100 cM oT okyca peHTTeHOBCKOW TPYOKH, Ha KOTOPOM yCTaHaBJIMBAJIN
mwiaHmeTr TecT-00bekTa TYP-01 u Ttect mnepnenauxynspHoctu TII-250. CsetoBoit mydok
LEHTPUPOBAIM 1O  LEHTPYy  TecT-00beKTa, JuapparMUpoBald  CBETOBOE  IOJ€ MO
PEHTTeHOKOHTPACTHBIM Mapkepam. OOJydeHHne KacceThl MPOBOIWIN B PEXKHUME «CHUMOK KHCTH
(U=35-40 «kB; q=6,5MA-c). OIneHKy COBNajcHHS IO MPOBOAMWIM  COTJIACHO
MexayHapoaHbiM ctannapram MEK 61223-3-1-2001 [2].

OKcnepTHas OILIEHKa KauyecTBa M300pakeHUil Oblla mpoBeieHa i 3 pPEeHTTeHOBCKHUX
armapaToB Ha OCHOBAaHMH aHaIM3a 16 qUArHOCTUYECKUX PEHTTEHOIPAMM OpPraHOB IPYAHOW KIIETKH
(BII-poeknus) nmo 10 kputepusim, mpeanoxkeHHsiM B PykoBoactee EC 16260 [3]:

- UCCJIEZI0BAHUE BBIIIOJHEHO MPH TIyOOKOM BOXE (ompenensieTcs mo3ulus pedep BhIlIe
nuadparmel —6 pedpo Ha nepenHeM IaHe, 6o 10 — Ha 3aqHeM I1aHe) ¢ 3aJIepKKOM JIbIXaHUS,

- CHUMMETPUYHOE BOCHPOMU3BEICHUE IO3BOHOYHHMKA, IOKa3aHa LIEHTpaJibHAs TO3ULUS
OCTHCTOT'0 OTPOCTKA MEXJIy MEIHaTbHBIMU OKOHYAHUSMH KJIIOYHLI;

- MeJIMaJIbHbIE TPaHMIIbI JIONATOK JOJIKHBI ObITh BHE 00JIACTH JIETKUX;

- BOCTIPOU3BEICHHE BCEH YacTH IpyJHOM KJIETKH Haja Juadparmoii;

- YETKOE BOCIIPOU3BEACHHE COCYAMCTOrO PHCYHKa BO Bced 00JacTH JIETKMX, OCOOEHHO
nepudepudecKkre Cocybl;

- YETKOE BOCIIPOU3BEJICHUE: TPAXEU U IPOKCUMAJILHBIX OPOHXOB;

- TPaHHULl CEPJLIA U A0PTBHI;

- nuadparMbl 1 OOKOBBIX pebepHO — AHadparManbHbIX YIJIOB;

- BU3yaJu3alus JIETOUYHbIX KOPHEN U CPEJOCTEHUS;

- BU3yaju3anus N03BOHOYHMKA Ha (poHE TeHel cepaua.

BeinosiHeHre  KaXAOro U3 KPUTEPHEB OLICHUBAIOCh MO ABYXOANJIbHOH cHCTEME:
1- xputepuit BbimonHsieTcs; 0 — He BbIoONHSAeTCS. Takum oOpa3oM, MaKCHMallbHasi OIIEHKa
KayecTBa N300pakeHHsI CHUMKA 10 3aKIF0UEHHIO dKcrepTa cocTasisieT 10 6amos.

Jlnst 0OBEKTHMBHM3AIlMKA OILIEHKH pabOThl PEHTTEHOBCKOTO KaOWHETa, C TOYKH 3pEHUs
MOJTy4aeMOr0 KayecTBa M300paKeHHs, TPyNInoil MeauuuHcKuxX ¢pu3nkoB LlIBennu ObLI MpeiokeH
WHCKC KadecTBa m3o0paxeHui ICS, KOTOPBIN pacCUMTHIBACTCS MO Pe3y/IbTaTaM aHaIHM3a IPYIION
HKCHEPTOB KauyecTBa H300pakeHUI BHIOPAHHON JIOKAJM3alMM 10 COBOKYITHOCTH CHHUMKOB,
MOJYYCHHBIX Ha JAHHOM PEHTICHOBCKOM alllapare, € HCIojb3oBaHueM KputepueB EC [4].

Nupexc ICS paccunteiBaercs o hopmyie:
I C O
222 Fico

ICS =dstestol i=1 c=1 o=1 ’ 1
IxCxO @)
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rae Fico — BbIIOJHEHHE KpUTEepUs C JJIsl CHUMKaA | , W HaOmomatens 0, Fico = 1, eciu
KPUTEPHIA BBITOJIHACTCS, B IPOTUBHOM citydae Fico = 0.

| — KOJIMYEeCTBO CHUMKOB,

C — KOJIMYeCTBO KPUTEPHEB,

O — KOJIMYECTBO IKCIIEPTOB.

Ha ocHoBaHMM BBHIOPaHHBIX KPUTEPHUEB OBLIO MPOBEICHO COMOCTABICHHE OIEHOK KayecTBa
U300paKeHUI, IOJTYUCHHBIX HA Pa3JIMYHBIX alaparax.

Pe3yabTaThl M UX 00CYIKIEHUE

B Tabmmme 1 mpeAcTaBiICHBI  pe3ysbTaThl  KOHTPOJSL — COBMAJACHHS  MMOJeH U
NEePIEHAUKYIIPHOCTH PabOUero MmyJKa.

Tabnuia 1 — Pe3ynbpTraThl KOHTPOJIS TEOMETPUUYECKIX MTOKa3aTenei

KoHnTpons coBnaaeHus cBETOBOrO U KoHTtposs nepneHauKysspHOCTH pabodero
pazuanvoOHHOTO MOJeH my4Ka
Amnmnapar Pazmep Otkionenue no | Jonmycrumoe | [nuHa Otknonenue | MHomyctumoe
CBETOBOT'O 0OCH, MM OTKJIOHEHHE, | ciena Ha pabouero OTKJIOHEHHE, °
0JIsI, CM «a» «b» MM MIICHKE, MM myyKa, ©
PA1 13 x18 15 22 12 2,75
P2 13 x18 8 4 5 1,15
P 3 13 x18 12 2 16 3,67
PI 4 48 x 50* - - 12 2,75
P/5 13 x 18 15 40 20 5 1,15 3
PI6 14 x 20 13 13 4 0,92
PA7 14 x 18 8 15 9 2,06
P18 13 x 18 4 6 5 1,15
PA9 13 x 18 6 12 4 0,92
P10 13 x 18 18 11 3 0,67

Kak BuaHo u3 tabmuns! 1, 11 GonsmuHcTBa anmnapatoB (70%) KpuTepuil cOOTBETCTBUS
CBETOBOTO M DPATUAIMOHHOTO TMOJEH M TEePNeHIUKYISIPHOCTH padovero ITydka BBITOJIHSIICS.
HeBbinonHeHne NaHHBIX KPUTEPHEB HAOIIOAAJIOCH JUIS allapaToB, CPOK SKCILTyaTallud KOTOPBIX
npesbicui 10 et, uTo TpeOyeT MpoBeAeHNs HEOOXO0AUMOTO TEXHUIECKOTO BMEIIATEIbCTRA.

Ilpu onenke kauectBa peHtreHorpaMMm OI'K, mnomyueHHbIX Ha 3-X BBIOpPAHHBIX
PEHTIeHOBCKUX ammapaTax corsiacHo 10-tu xpurepusim PykosoactBa EC 16260, no 601bIIMHCTBY
KPUTEPHEB, CBSI3aHHBIX C OLIEHKOM MO3UIMOHMPOBAHUS TalMeHTa, BbIOOpa pa3Mepa Mot
00Jy4yeHHsl MalUeHTa, BHIBOBI 3KCIIEPTOB COBIAJANIN, TOT/Ia KaK 10 KPUTEPHUSIM OLEHKU KadecTBa
BOCIIPOM3BEJICHUS OTAEJIBHBIX OPraHOB U TKAaHEW TIPyJHOM KIETKU PACXOXKIAECHHE 3KCIEPTHBIX
saxiroueHnii nocruraio 50-75 %.

Ha pucynke 1 mnpencraBineHa pguarpamMma CpefiHEd CyMMapHOW OLIGHKM KadecTBa
peHTreHorpaMm 1o coBOKymHOCTH Bcex 10-tu kpurtepueB PykoBonctBa EC, ¢ ykazanuem
Juana3oHa pa3Iudui B OLICHKaX CEMU PEHTI€HOJIOIOB-IKCIIEPTOB.
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Pucynox 1 — O0mias orieHka CHUMKOB IO COBOKYITHOCTH KpuTepueB EC

Kak BHAHO W3 JaHHOTO PHUCYHKA, CPETHUE CyMMapHbIE OIEHKH KayeCTBa IOJTYYEHHBIX
CHHUMKOB KoJyieOanmuch B mpeaenax 5,7- 9,3 6amioB. Hanbonpmuii pazdpoc B CyMMapHBIX OIIEHKaX
pa3InyHBIX SKCrepToB (Oosee 4 O6amioB) ObUT oTMeueH Juisi CHUMKOB 3a NeNe 4, 11, 12, 14. Ecnu
MIPUHSTH, YTO XOPOILIEMY KaueCTBY COOTBETCTBOBAIM CHUMKHU ¢ CyMMO# 0amioB mo 10 kpurepusim
8,0-9,0, To TOIBKO OKOJIO 55 % CHUMKOB OTBEYAH KPUTEPHIO «XOPOIIO» U OTIUYHOY, OCTAIbHAS
4acTh CHUMKOB COOTBETCTBOBAJIa KPUTEPHUIO «YAOBIECTBOPUTEIHHO.

PesynbraThl anHanm3a kadecTBa pabOThl KAaOMHETOB MyTEM pacyeTa HWHIEKCa KayecTBa
nonyueHHbIX n3oopaxkenuit ICS mpencrasnens B Tabnuie 2. Kak BUIHO U3 JaHHOW TaOIHIIBI, AJIs
nByx kabuHetoB uHACKC |CS 6bu1 HIKE 0,8, YTO COOTBETCTBYET OIIEHKE — «YIAOBICTBOPUTEIIBHO» U
CBUCTENHCTBYET O HEOOXOJUMOCTH HM3YyUCHUS YCIOBUMU, BIHUSIOIMIMX HA TOHUKEHHOE KayeCTBO
MI0JIy4a€MbIX CHUMKOB, TOTJ]a KaK B OJJHOM KaOHWHETe OIleHKa KauecTBa N300pakeHUi Oblia Oim3ka
K OILICHKE «OTIM4YHO» - 0,9 U BhIIIIE.

Tabnuna 2 — Mngekc kauecTBa M300pasKeHUS

Howmep xabuneta | Homepa cHUMKOB HNupexc xagecTBa H300paskeHUs
1 1-5 0,77
2 6-10 0,89
3 11-15 0,75

[IpencraBineHHbIC PE3yNBTATHI MO OIICHKE KaueCcTBAa M300PaKCHHI C UCIIOJI30BAHUEM TECT-
00BEKTOB M MO KpuTepusMm kadectBa EC MO3BONAIOT OIEHHWBATh KaK TEXHHUYECKOE COCTOSHUE
PEHTI€HOBCKHX allllapaToB, TaK M KauyeCTBO palOOThI MepcoHaNa peHTreH-KaOuHeToB. BHenpenue
yKa3aHHBIX KPUTEPHUEB B MPAKTHKY PaOOTHl PEHTTEHOJIOTMUYECKUX OTMEICHHUMA TpPU MapajuieIbHOM
KOHTpOJIC 103 CTAaHJAPTHHIX MAIMEHTOB HA KAXKJOM ammapare, MO3BOJUT MPOBECTH ONTUMH3AIINIO
MEIUIIMHCKOTO OOJMY4YeHHS U CIIOCOOCTBOBATh CHI)KCHHIO HEOOOCHOBAHHOTO  OOIydeHHS
MAIMEHTOB MPU PEHTTCHOAUATrHOCTUYECKOM 00CIIeIOBAHUU.

BoiBoabI

Heobxomuma pa3paboTka MeToaumdeckoil ©Oas3pl IO OIIEHKE KadecTBa PEHTICHOBCKUX
JTUATHOCTHYECKUX M300paKEHUI C HMCIONBb30BAHUEM TECT-OOBEKTOB M KPUTEPUEB MO IKCIEPTHOM
OIICHKE KayecTBa u300paxeHui cormacHo pykoBonuctBy EC 16260. BuenpeHue B TPaKTHKY
PEHTI€HOBCKUX OTJEJIEHUNM MPOrpaMMbl KOHTPOJS KayecTBa, KOTOpash BKIIOYAET KOHTPOJb
TeXHUYECKHUX TMapaMeTPOB PEHTICHOBCKHMX amImapaToB, OLEHKY /103 CTaHIAAPTHHIX MAllMEHTOB Ha
JAHHBIX ammapaTaX M KauecTBa IOTy4aeMbIX H300pakKeHHI, TO3BOJIUT CHHXKATh KaK JIO3bI
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OTJICTIBHBIX TAIMEHTOB 0€3 TOTepH AWAarHOCTUYECKOW WHQOpMAIMKM, TaK W KOJUIEKTHBHBIN
paguaIMOHHBIA PUCK OT MEAUITMHCKOTO OOTyICHHSI.
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COCTOSHUE U NEPCIIEKTUBbI CHUKEHUSA 1030BbIX HAI'PY3O0K IIPU
HHUP®POBOM DJIIOPOI'PAOUIECKOM CKPUHHUHI'E

C.1I. anoumnqemcol‘z, H.C. anomﬂnquK01‘3, JLA. Paublcol, JLN. ACJIaMOBaS, H.B.
Menenesckas’, E.B. Fpaﬁoscxaﬂg’
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2) Accoyuayus paduonoz2o8 Ykpaunol
3) Kueesckuii hayuonanvrulil yuusepcumem umenu Tapaca Illesuenxo
*Yuebno-nayunvii yenmp paouayuonnoii 6ezonacnocmu, Kueeckuil HayuoHanibHulll yHUSepCcUumem
umenu Tapaca [llesuenxo, yn. Braoumupckas, 64/13, 2. Kues, 01601, Ykpauna
m/p +38(044) 521-32-84, radbez@gmail.com

AnoTanisi. OGroBOpIOIOTHCS NMUTAHHS CTaHy Ta TEPCIEKTHBH 3HI)KEHHS JO30BHX HABAaHTAXKEHH I 4ac
mdpoBoro QarooporpadiuHOro CKpUHIHTY, a TaKOXX NpEACTaBICHI pe3ylbTaTH BUMIPIOBaHb JO30BHX
HAaBaHTAKEHb MPU BHUKOPHCTaHHI PI3HOMAaHITHUX BUMAIB eKpaHiB. [loka3zaHO MOIMBICTh 3MEHIICHHS
J030BOTO HABAHTAKCHHS HA MAlLli€HTIB.

AnHoTtamus. OOCyXIaroTcs BOIPOCH COCTOSIHHS W TEPCHEKTHBBl CHIDKEHHUS TO30BBIX HArpy30K NpHU
mdpoBom (rrooporpaduueckoM CKpPUHHHIE, a TAaKKe MPEACTABICHBI PE3yJIbTaThl U3MEPEHHH 1030BBIX
Harpy3oK NpH UCHOJIb30BaHUM Pa3IMYHBIX BUAOB dKpaHOB. [lokazaHa BO3ZMOXHOCTh YMEHbBIIEHHS JT030BOU
Harpy3Kky Ha HalUeHTOB.

Abstract. It is discussed the status and prospects of the radiation dose reducing in digital fluorography
screening, and also are presented the measurement results of radiation dose by using the different screen
types. It is showed the possibility of the patient radiation dose reducing.

Kurouosi cioBa: Jlo3oBe HaBaHTakeHHs, LMdpoBa Qmooporpadis, opraHu IpyAaHOI KIITHHH,
PEHTIeHIBCHKI €KpaHu, IudpoBa 00poOKa 300paKeHHs.

KiaroueBble ciaoBa: J[o3oBas Harpyska, mudpoBas ¢iarooporpadusi, opraHbl IpyIHOW KIJIETKH,
PEHTI€HOBCKUE dKpaHbl, UG poBas 00paboTka n300paKeHusI.

Key words: Radiation dose, digital fluorography screening, chest, X-ray screens, digital image
processing.

HccnenoBanue OpraHoB TIpyJHOM KIETKU SBIISIETCS PaCIpOCTPAHEHHOH IIPOLIEAYPOU BO
MHorux ctpanax EBpombl 1 Coequnennbix LlltatoB AMepuku. B Ykpanne Gosiee mojgoBHHBI BCEX
PEHTI€HOBCKUX 00CIIeJOBAaHNH COCTABIISIOT PEHTT€HOBCKUE CHUMKH OPTaHOB I'PYIHON KIETKH.

W3 Bcex BHIOB TEXHOTEHHOTO OOJIyueHHsI HaceleHus BKiIaJ Qurooporpaduyeckoro
CKpUHHHIA B JJ030BYIO HAarpy3Ky Ha HaceJeHHE B YKpauHe caMblil 3HAUUTEIbHBIN [ 1], 1 IpeBbIlIacT
40%. C oaHOM CTOPOHBI, 3TO OOYCIIOBIEHO TeM, 4TO (urooporpapuueckuii CKpUHUHT SBIISETCS
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caMbIM 3(Q(QEKTHBHBIM CPEICTBOM paHHEW IMAarHOCTUKU TYOepKyle3a, paka JIerKHMX U JApYrux
3a0oneBanuil. C npyroil CTOPOHBI, 030Basi Harpyska, IojiydaeMas MalUEHTaMH YKpauHbl U
Poccum, 3HaunTENBHO BBILIE, YEM B Pa3BUTHIX CTpaHaXx.

CylecTBYIOT pa3/inyHble MYTU CHIXKEHHS J030BOM HArpy3Ku IMpU pPEeHTreHorpaduyueckux
uccienoBanusx. OHM BKJIIOYAOT B ceOsi MCIOJIb30BaHHE OT(PUIBTPOBAHHOTO PEHTIC€HOBCKOTO
My4yka (JIOCTHraeTcsi MPH HCHOJB30BAHWU AIOMUHUEBBIX (WIBTPOB PA3IMYHOM TONIIMHBEL (OT
2MM)), CTpOroe OrpaHHYEeHHE pa3MEepoB 00JydaeMoil o0jacTh Tena MalUeHTa, MOAJCpKAHHUE
MaKCHUMAaJIbHOTO  PAacCTOSIHMSI MEXJy PpPEHTI€HOBCKOW TpyOKoil W  mamueHToM. Takke
PEKOMEHAYETCSI YCTAaHOBKA HU3KMX BEJIMYMH TOKA TPYOKH, BBICOKMX 3HAUEHUUN HaNpsDKEHUN (C
y4eTOM TOJIIMHBI Tela MalUeHTa) U OTpaHHYEHHUE HCIIOJIb30BaHUS OTCEUBAIOIINX PacTpoB [2].
Kpome Toro, Bo3MokKHa 3aMeHa pEHTTCHONPEOOPa3yIOIIUX SKPAHOB C HU3KOH 3(h(heKTHBHOCTHIO Ha
9KpaHbl ¢ 60siee BEICOKON 3 (EKTUBHOCTHIO UCTIOIB30BAaHUS PEHTI€HOBCKOTO U3TyYEHHUS.

Jlis ajeKBaTHOM OLIGHKM J030BOW HArpy3kud mpu (urooporpapuueckux HCCIeTOBaHUIX
OpraHOB TpPYAHOM KJIETKM B KIMHUYECKON TMpaKkTUKe HCHoNb3ytoTcs ¢aHToMbl. CorjiacHo
pPEKOMEHIANMAM PETYIUPYIOUINX OpTraHM3alui, B OCHOBHOM HCIIOJB3YIOT aHTPONOMOp(HBIE
(haHTOMBI TPYJTHOM KJIETKH, KOHCTPYKIIUS KOTOPHIX MOJ00Ha (haHTOMY, pazpaboTranHOMY LleHTpom
IMpu6opos u Paauonoruyeckoro 3moposbs (Center for Devices and Radiological Health) (CDRH
(dantomer) [3]. Takue daHTOMBI TPEACTABIAIOT COO00M OOKCHI 10 25,4 cM 0OmIel TOJIIMHBI,
coJiepkale cioil nonuMerunmerakpunara (PMMA) tonuHoi 7,6 cM, allOMHUHHUEBYIO TUIACTUHY
TommuHON 4,6 MM (CO CTOPOHBI BXOJIa PEHTI'C€HOBCKOTO My4Ka), a TaKke 7,7 CM BO3IYIIHOTO
IIPOMEXYTKA MEKAY BbIXOJHON CTOPOHOM (paHTOMA M BXO/0M IpUEMHHUKA H300pakenus [4]. Takoit
rpyAHoO# (haHTOM (C BO3AYIIHBIM IPOMEKYTKOM) COOTBETCTBYET 10,5 CM TONIIMHBI CJI0S BOJBI MU
10 cM akpuia M CUUTAaeTCs MO PEHTITEHOBCKOM IUIOTHOCTH ASKBHUBAJIEHTHBIM «CTAaHJAPTHOMY»
MAIUEHTY.

CornacHo CaHUTApPHO-TUTMEHUYECKUM HOPMAaM, «CTaHAAPTHBIM» MAlMEHTOM CUHUTAETCS
B3pocCIbIil yenoBek BecoM 71,1 kr, mpu pocte 174, ¢ pazmMepom Topca B iepeiHe-3aIHeN TPOSKIINH
20 cM u OokoBo# - 40 cM. PekoMeHayeMble apaMeTpbl UCCIIEI0BaHUS OPraHOB I'PYIHOM KIETKU
BKJIIOUAIOT pa3Mep uccaeayemon obmactu 35x35 cM, dokycHoe pacctosnue 100 cM, HampsbkeHHe
Ha TpyOke 80 kB m skcnozunmio 60 mMAc [5]. CrnemoBarenbHO, «CTaHAAPTHOMY)» MAIMEHTY C
TOJIIUHON TPYIHOM KieTku B 20 cM, oTBeYaeT BOAHBIN (haHToM TonmuHou 10,5 cMm.

VYcnoBusg, npU KOTOPBIX HEOOXOAMMO NPOBOAUTH OOCJIEIOBAHUE OrPAHUYHUBAIOTCS
pa3TUYHBIMH MapamMeTpaMu, B YaCTHOCTH, pedepeHTHBIMU YpOBHAMHU 103. PedepeHTHBIE YpOBHU
7103, YCTaHOBJICHHBIC [Tl BXOJHOW MOBEPXHOCTHOM J03bI HA TPYIHYIO KJIETKY, o nanHbiv National
Evaluation of X-ray Trends (NEXT) cocraBnsier 0,22 mI'p (25 MP) [6], Mo naHHBIM HAIIMOHATBHBIX
ctangaptoB B Ykpaune - 0,3 ... 0,4 mI'p, a mo nanueim crangaptoB B Poccuu - 0,8 mI'p (91 MP) [5].
Taxum 00pa3oM, MOUCK MyTel CHIKEHHSI JO30BOM HAarpy3KH BeCbMa aKTyaJleH.

Jlng perieHus 3aaydl CHUXKEHUS J1030BOM Harpy3Kd Ha MalMeHTa HaMHU OBbLUIM MPOBEICHBI
UCCJIEOBAaHUs, B  KOTOPBIX  PACCMAaTPUBAJINCh  YCIOBHMSl  MCIIOJIB30BAHMSI  Pa3IUYHBIX
PEHTTEHITOTIOMAIOUIKMX SKPAaHOB M MX BIMSHHE Ha JI030BYI0 HArpy3Ky Ha MalMeHTa [pu
IIpOBEACHUH (PIII0OPOrpahpuIecKux UccaeJ0BaHUM.

HccnenoBanus BHINOJHEHBI HAa CAMO3ALIUIIEHHON IU(PPOBOIl PEHTI€HOBCKOW YCTaHOBKE B
nabopatopun HayuHo-mpou3BojicTBeHHOTO oObenuHeHus: «Teneontuky», r. Kues, Ykpauna. Ilpu
UCCIIEIOBAaHUSAX MOJEIUPOBalaCh PEHTreHorpaduueckas CKPUHUHIOBAsl CHCTEMa, OCHAllleHHas
PEHTTCHOBCKUM SKCHOHOMETPOM, CTAOMIM3UPYIOIUM SPKOCTh MOJIY4aeMbIX U300pakeHUH ImyTeM
M3MEHEHUS SKCTIO3UIIMOHHOMN 7103kl Ha BXOje I poBoro npuemaunka (Puc.1).
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[Mudposoit MIPUEMHUK

Bonnbiii pantoM .
PEHTTEHOBCKUX H300pakeHUN

TpyOka
PEHTTEeHOBCKAas ||

Tect 00BEKT

Puc.1. Cxema skcriepuMeHTaIbHON yCTaHOBKH.

B skcriepuMenTe HCTIONB30BATUCH PEHTTCHOBCKHIA TeHepaTop Gupmbl Listem. PernTrenoBckue
U3JIy4CHUE TEeHEPHPOBAIOCH C MOMOIIBI0 PEHTTeHOBCKOM TpyOku ¢upmbr Toshiba. Usmepenus
MIPOBOJIMJIUCH TIPH HampspbkeHuH Ha Tpyoke 50-120 kBT, paccTosiaue GoKyc-HCTOYHUK COCTABIISIIO
125 cm. Cuumku monydanu Ha nudpoBom mpuemuuke (IONA-R-01-4000) nmpoussoactea HITO
«TeneonTrk». B KauecTBe MCMBITYEMBIX YKPAHOB HCIIOJIL30BAIKMCH IKpaHbl: TagonnHueBbiid (Gd),
ynyuiieHHbld  ragonuHueBbiii (Gd DRZ) wu ueswit-iiogoseiit  (Csl). Iudposas obOpaboTka
U300paXeHU  MPOU3BOAMIACH C  TIOMOIIBIO  CHEHUATM3UPOBAHHOTO TMaKeTa Mporpamm
ContextVision CVIE - Teleoptic -XR2 — AD.

[Ipu uccnenoBaHusX B KauecTBe KpUTepus 3(PpPeKTUBHOCTU MpeoOpazoBaHUs M300paKEHUST
IPUHUMAJIOCh OOECIeYeHHe KOHTpacTa TecT-00beKTa, B BHJE altoMuHHeBOro aucka (Puc.l)
tommuHon 0,5 MM u gmametpoM 15 mm, Ha ypoBHe 2,5%. I'pynHas kieTka mMmainueHTa B
IKCIIEPUMEHTAX UMHUTHPOBAIACH BOAHBIM (D)AHTOMOM TOJIMHOHW 9 CM BOJBI, YTO COOTBETCTBYET
«CcTaHJapTHOMY» mamnueHTy. ®aHTOM TepeKpbIBal BXOAHYIO IIJIOCKOCTh PEHTTEHOBCKOTO
MIPUEMHHKA, a ATFOMAHHUEBBIN JUCK YCTAHABIUBAJICS Mepe] GaHTOMOM CO CTOPOHBI PEHTTCHOBCKOM
TpyOKH. DKCMO3UIMOHHAS J03a M3Mepsuiach ¢ momomisio go3umerpa (Radcal Corporation, tum
2026 Radiation Monitor), wonuzanmonnas kamepa (20X-60) KOTOpOro pacrosaranach IMepes
dbanTOMOM, W WM3MeEpssia 103y Ha TMOBEepXHOCTH ¢aHTOMa. PacueT BeNWYMHBI KOHTpAcTa
MIPOBOJIUIIUCH TIO METOIUKE, OMTMCAHHOM B [7].

[IpoBeneHue IKCIEPUMEHTOB B CaMO3AIIUIICHHONW IUGPOBON PEHTICHOBCKOW YCTaHOBKE C
UCIIOJIb30BAaHUEM JTUCTAHIIMOHHOTO YIPABJICHHUS WM3MEPHTEIBHBIM KOMILICKCOM  TIO3BOJIHIIO
UCKITIOYUTh OMACHOCTh OOTy4eHHs SKCIIEPUMEHTATOPOB J1a)Ke HE3HAUYUTEIBHBIMU PEHTT€HOBCKUMU
norokamMu. OTHOBPEMEHHO, HAJIMYHE TU(DPOBOTO PSHTTEHOBCKOTO MPUEMHHUKA JaJI0 BO3MOKHOCTh
00ecreynTh BBICOKYIO MPOU3BOAUTEIHLHOCTh SKCIEPUMEHTAIBHBIX PaboT — 10 2-X HU3MEPEeHHId B
MUHYTY.

Pesynpratel u3MepeHHid KOI()PHUIMEHTOB TOTJOMICHUS JKPAHOB B 3aBUCUMOCTH OT
HANpPSDKEHUS. HAa pEeHTI€HOBCKOM TpyOKe, MpeicTaBieHbl B Tabi. 1, a B rpaguueckom BUIe Ha puc.2.

Tabnuna 1. Pezynpratsl n3mMepennii K03 OUIMEHTOB MOTIOMICHHS

No U Cront Kiors B 32BUCHMOCTH OT THIA SKpaHa
wh | kB | MAC PO Csl Gd DRZ Gd
1. 50 95 0 0,72 0,59 0,45
2. 70 22 0 0,48 0,39 0,3
3. 90 9 0 0,35 0,29 0,22
4, 120 4 0 0,27 0,22 0,17
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Kak Bumno mno rpadukam (puc. 2), wnesuid-iiomoBeiii skpan (Csl) umeer Oobiiue
ko3 ummeHTs morjomeHus (kpusas 1), uem yiaydineHHbii ragonuuauessiii (Gd DRZ) (kpusas 2)
u ragonunueBbiii (Gd) (kpuBas 3) Ha BceM JMana3oHE HANPSDKEHUA. ITO CBHICTEIBCTBYET O TOM,
YTO JJ030BbI€ HAIPY3KH HA MAIMEHTA MPHU UCIOJB30BaHNUU PA3IMUHbIX SKPAHOB OYAYT 3HAUUTEIHHO
OTIMYAThCsA. B CBs3M ¢ 3TMM, HaMU OBUIM TIPOBEICHBI SKCIIEPUMEHTHI Ha BOAHOM (aHTOME C
U3MEpPEHUEM JI030BbIX HAarpy3ok. Pe3ynbTaTbl 3KCHEpPUMEHTOB M YCIOBUS HMX IPOBEICHUS
MpeICTaBIeHBI B TA0OI. 2.

Tabnuna 2. [apameTpsl H3JIy4eHUs] M PE3YJIbTAThl H3MEPEHUH JO30BBIX HArPYy30K

Ne Cnoii Boabl o3a, MP, B 3aBucumoctu ot tuna 3kpana | K, % | K, %
wn | DB | MAc o 3 Gd Gd DRZ Col c|;d ]

1. 50 95 0 7,8 6,5 5,6 - -

2. 70 22 0 8,6 7,4 7,1 - -

3. 90 9 0 9,2 8,2 1,7 55 13,9
4, 120 4 0 9,3 8,5 8,4 - -

5. 81 11 9 45 33 27 2,2 50

Pe3ynprarthl uccieqoBaHM IOKa3ajld, YTO INPUMEHEHHE IE€3UMH-H0J0BOrO0 SKpaHa JaeT
MPEUMYIIECTBA 10 CPAaBHEHUIO C TaJOJIMHUEBBIMU 3KkpaHamu. HamGonpmmii 3dext mnomydeH B
nuano3one HanpspkeHui 50-90 kB (1,2-1,4 pa3a). Oco60 3aMeTHO MPEUMYIIECTBO LIEe3UNH-HOI0BBIX
SKpaHOB B CJIy4a€ MHCIOJNb30BaHMUS BOJHOTO (haHTOMA TONIMMHOM 9 CM, HMHUTHUPYIOIIETO
«cTaHaapTHoro» nanuenta. [Ipu sToMm 1030Bast Harpy3ka Ha alMeHTa cHuxaercs B 1,6 pas.

[Tpu yBenmuennn HampstkeHust 10 120 kB pa3Huiia Opl1a He cTOIBKO Benuka. K coxaneHuto,
LleHa 11e3ui-Hoa0BbIX 3KpaHOB B 10...20 pa3 mpeBbIIAeT LIEHY T'aJ0JIMHUEBBIX KPaHOB. JTO BO
MHOTHUX CITy4yasiX sIBJISETCS CYIIECTBEHHBIM MPETSTCTBUEM ISl X PUMEHEHus B YKpauHe. B cBs3u
C 9THM, B KAQU4eCTBE Pa3yMHOW aJIbTEPHATHUBBI MOXKET OBITh MPUHATO UCIIONB30BAaHUE YIyUIIEHHBIX
raJIOJIMHUEBBIX KPAHOB, KOTOPBIE HE CTOJIb CYIIECTBEHHO YCTYMAIOT MO YyBCTBUTEIBHOCTH II€3U-
HO0BBIM SKpaHaM, OJHAKO UMEIOT B 4...8 pa3 MEHBIIYIO IICHY.

3HAYUTENIbHOE CHUKCHHE JI030BOM HArpy3Kd MOXKET OBbIThb JOCTUTHYTO TPUMEHEHUEM
udpoBoit 06padboTku n300pakeHus. Tak, MpHU UCIOIB30BAaHUM BOAHOTO (haHTOMA TOJIIUHON 9 cM
KOHTpACT yBenuuuBaeTcs B 2,3...2,5 pa3. DTO MNO3BOJSET CHU3UTH JI030BYIO HAarpy3Ky Ha
«CTaHJIAPTHOTOY MALMEHTA, TIPH 00ECTIEYeHNH KOHTPACTa H300paXKEHUsI OPTaHOB IPYIHOM KIETKH B
2,5%, npuMepHoO B 2 pasa.

Takum o0O0pa3oM, 1O NPOBEACHHONW CEPUU OSKCIEPUMEHTOB MOXKHO 3aKIIOYHUTh, YTO
JOCTHKEHHE B YKpaunHEe OOIIEMPHHATOrO B PAa3BUTHIX CTpaHaX pedepeHTHOTO YPOBHS J1030BOM
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Harpy3ku Ha ypoBHe 0,22 MI'p BO3MOKHO MyTeM MEpexo/ia Ha YJIy4lIEHHbIE TaJ0JIMHUEBbIE DKPaHbI
U IPUMEHEHUH UPPOoBOi 00pabOTKH PEHTTEHOBCKUX U300paKeHUH.
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KOHTPOJIb 103 TAINMEHTOB ITPU PEHTTEHOI'PA®OUYECKHUX
NCCIEJOBAHUMAX U IIYTHU UX OITTUMUM3ALINHN

H.W. IInnunenxo, JI.JI. Craguuk, O.B. Hocuk, O.10. lllaaena

I'Y «Uncmumym meouyunckou paouonoauu um. I pueopveea HAMH Ykpaunoiy,
ya. Iywxunckas, 82, 2. Xapvros, Ykpauna, 61024, +38 (057) 704-10-65

Anortanis. Hasexgeno pesynmpTaru BHMipiOBaHb BXimHOi moBepxHeBoi mo3u (BIIJ]) mamientiB mms
9 HalimommpeHImMX BUIIB peHTreHorpadiyHMX AocHipkeHb 1 (mooporpadii opraHiB rpyqHOi KITITKH.
Ormineno cepenni 3HaueHHs BITJ] 3a oOpanvMu BUaMu JOCIIKEHb Ta X PO3IO/L, BU3HAYCHO HALlIOHAIBHI
nmiarHocTryHi pekoMeHaoBaHi piBHI ([PVY). I[lopiBasaus BIIJ[, ski omiHeHO mNpsAMUMH H HENpSIMUM
METOJIaMH, [TOKAa3aJI0 BUCOKHI piBeHb Kopessiii :R = 0,98.

Annortamus. [IpeacraBieHs! pe3yabTaThl H3MEPEHUS BXOIHOU MMOBEepXHOCTHOM 1036 (BII/]) manmenToB mist
9 HamboJee paclpoCTpaHEHHBIX BUAOB pEHTTeHOrpaduueckux uccieqoBaHui U (rrooporpaduu opraHoB
rpyasoit knetkn. OueHeHsl cpenuue 3HadeHuss BIIJl mist BRIOpaHHBIX BHIOB HCCIENOBAaHHHA, TPETHU
KBapTHUJIX KOTOPBIX MOT'YT 6I)ITI> IMPUHATHI KaK HAITMOHAJIbHBIC JUArHOCTUYCCKUC PEKOMCEHIOBAHHLIC YPOBHHA
(IPY). Cpapaenne BIIJl, olleHEHHBIX MPSAMBIM M KOCBEHHBIM METOJAMH, IOKA3al0 BBICOKYIO CTEIICHb
Koppessiuuu pe3yipraTos: R = 0,98.

Abstract. The results of patient entrance surface dose (ESD) measurements for the 9 most common types of
X ray diagnostic examinations and chest fluorography are presented. The values of the third quartile of ESD
distributions which can be accepted as the national diagnostic reference levels (DRLs) have been estimated.
A comparison was made of ESD measured by TLD method, and ESD obtained by using indirect
measurements. The correlation factor of results of ESD determination (direct and indirect method) was
R=0,98.
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Kuarouosi cJioBa: peHTFeHO,Z[iaFHOCTI/IKa, BXiI[Ha TIOBCPXHEBA J03a, I[ial"HOCTI/I‘-IHI/Iﬁ
PEKOMEHIOBaHHI PI1BEHb.

KiroueBble cJjioBa: PCHTICHOANArHOCTHKA, BXOAHAsd IMOBCPXHOCTHAsA 1034, I[I/IaI“HOCTI/I‘-IeCKI/Iﬁ
PEKOMEHIOBAaHHBII YPOBEHbD.

Key words: X-ray diagnostic, entrance surface dose, guidance level

HanGonpmmii BkIag B KOJUICKTUBHYIO A(()EKTUBHYIO 703y HACENEeHHUS OT TEXHOTEHHBIX
HCTOYHMKOB BHOCHT PEHTICHOJMArHOCTHKA. B CBs3M C 3TUM OJHMM M3 HauOOJee aKTyaJbHBIX
BOIIPOCOB B 0O0JacCTH paJuallMOHHOM 3aIMTHl  SBISIETCS  ONTUMM3AIUS  MEIUITUHCKOTO
JIMAarHOCTUYECKOro 00mydeHust. OJHUM C MyTeH ONTUMH3ALUNA METUIIMHCKOTO 00JIy4eHUsI SIBIISIETCS
YCTAaHOBJICHME Ha OCHOBE IHUPOKOMACIITAOHBIX MCCIIEIOBAHUA PEHTI€HOIMAarHOCTHIECKOM
MPAKTUKU HAIMOHAJIBHBIX IMATHOCTUYECKUX PeKOMEHA0BaHHBIX ypoBHeH ([IPY) [1].

Llenpto qaHHOM pabOTHI OBLJIO M3YyUYEHHE TO30BBIX HATrPY30K MpHU HanOOoJIee MACCOBBIX BHAAX
peHTreHoTpadUIeCKUX MPOLEAYp, a TaKXKe COIMOCTABICHHUE pA3IUYHBIX METOJO0B OIICHKH J103
MaIMEeHTOB.

Marepuajibl 1 MEeTOAbI

B pabore ncnonap30BaHbl TEPMOTIOMUHECIICHTHBIM M MOHU3AIIMOHHBIA METOJbI JO3UMETPUHU
[2]. Ha mepBoM 3Tame paboThl MPOBEACHBI U3MEPEHHUS BXOJHBIX MOBEPXHOCTHBIX 03 MAIUEHTOB
(BITM) ¢ menbro ycTaHOBIIEHUS HallMOHATBHBIX [IPY.

B 2009-2011 rr. B pamkax HallMOHAJIBHOT'O MCCIIEIOBAHUS M0 U3YUYCHUIO JO30BBIX HArpy30K
HaceJleHUss YKpawHbl MPOBEJICHO aHKETUPOBAHHME BCEX PETHOHOB CTPAHBI MO OIEHKE CTPYKTYPHI
MPOBOJIUMBIX  PEHTTEHOAMArHOCTUYECKUX HuccienoBanuil. [lo pesynbratam aHKETHUPOBaHUSA
YCTAaHOBJICHO, 4YTO K HambOoJee MacCOBBIM BHJaM PEHTTEHOBCKUX HCCIEIOBAaHUN OTHOCATCS
¢dmrooporpadust  rpymaHoit kietku — 43,3%, pentreHorpadus rpymHoi kietku —16,4%,
penTreHorpadus KocTHOUW cucteMbl — 25%. Cpeau opraHoB KOocTHO-cycTaBHOUM cucteMbl (KCC)
HauOonpime 3(GQGEKTUBHBIE 03Bl  (QOPMUPYIOTCS TPH  MPOBEICHUU  JTUATHOCTHYCCKHX
HCCIIe0BaHUH IIIEHHOT0, TPYAHOTO, MOSCHUYHOTO OT/IEJIOB IIO3BOHOYHUKA U KOCTEH Ta3a.

BxomHple = TOBEPXHOCTHBIC  JIO3BI  IMAIMEHTOB  HM3MEPSUTM  TPSIMBIM  METOJIOM
TepMomroMuHectieHTHOH  go3uMerpun  (TJIJ) HemocpencTBEHHO BO  BpeMsl  IIPOBEICHHS
peHTreHoysiornueckoil mpouenypbl. I[laker ¢ 3-Ms TEpMOJIIOMHHECICHTHBIMH JE€TEKTOpaMHU
pasMemaii Ha KOXE TMaldeHTa B IIEHTpe Moyig oOaydeHus. [l w3MepeHuid HCIONb30BaIu
nerextopel Tuma MTS-N, usrorosiaennsie Ha ocHoBe Lif: Mg, Ti B Bume TabiieTox AuaMeTpoM
4,5 mm, Tommuuo# 0,8 MmMm. M3MepeHre NpoOBOAMIM HA B3POCHBIX MAIMEHTaX «CTaHAAPTHOTOY
pasmepa: 70+ 10 kr. Jlnsg moMydeHUsT PENpPe3eHTATUBHBIX PE3YJIbTAaTOB IS KaXIOro BHIA
HCCIICIOBAHUS HA OJHOM ammapaTe MPOBOJUIN M3MEPEHHUE /103 HEe MeHee, yeM Ha 10 marueHTax.
beumn  wm3mepensr BIIJ[ nmms  gecatm  Hambosee pacnpoCTpaHCHHBIX B YKpaWHE BHJIOB
PEHTTeHOIMArHOCTUYECKUX HCCIEeOBaHU: (urooporpadusi OpraHoB T'PYTHOM KIETKH; 0030pHAs
peHTreHorpadus OpraHoOB T'PYIHOW KJIETKH, PEHTTeHOTrpadus MIEHHOro, TPyTHOTO, TMOSICHUIHOTO
OTJENIOB T03BOHOYHMKAa W Koctei Tasza. [IpoBemeno 3140 m3mepeHwid 103 TAIMEHTOB Ha
92 peHTreHoBckux ammapataXx B 9 oOmactax VYkpauwnbl. [lpm o0ciaeqoBaHMM PEHTTCHOBCKHX
KaOMHETOB Ha KakJIOM ammapare, rie Obuti npoBeneHsl u3mepenus BII/I, Taxke ObUTH M3y4YeHBI
YCJIOBUS TPOBEJICHUS UCCIIEIOBaHUH.

Ha BTropowm stamne pabotsl npoBeaeHa orneHka BIIJ[ KOCBEHHBIM METOJOM — MO pe3yibTaTam
W3MEPEHUN paJuallMOHHOTO BBIXOJAa HMOHHM3AIIMOHHBIM METOJIOM WM JaHHBIM HW3MEpPCHHUS
npousBeieHust 1036l Ha miomanb (I1AIT) mpoxogHoit kamepoil, yCTaHOBJIEHHON HEMOCPEICTBEHHO
Ha TpyOKe PEHTI€HOBCKOTO arapara.

N3mepenue paaMaliioHHOro Bbixoga mposeaeHo po3umerpom TRIAD (KEITHLEY) ¢
IMOMOIIBI0 MOHM3AaIMOHHON KaMmepsl MoAeab 10100A. Jlnsg kakmaoro mamueHTa OBLIIO PacCUUTAHO
3HaueHue BII/] no pe3ynpTaTaM H3MEPEHUN pPAJUALMOHHOTO BBIXOJA C YYETOM YCIIOBHM
MIPOBEICHUS UCCIIEIOBAHUS U aHTPOTIOMETPUUYECKUX JIaHHBIX MalrenTa mno gopmynel:
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BIIJI = R(d)-(Ip-tp)-LﬁJ ‘B, 1)
dft p

rae: R(d) — paguanmoHHsIil BBIXOA, U3MepeHHBII Ha paccrosHuu d ot dokyca; (I tp) — 3HaYeHHE
9KCTO3UIIMKA BO BpeMsi oOiydeHus: mammeHta, MA-c; Ogx — paccrosHue oT ¢okyca 10 CTOja
nanueHTa; t, — TommMHA HanueHTa; B — kod(hdHULIUEHT 00paTHOro paccesHus Ui JaHHOIO
HaIpsKEHUsS U pa3Mepa Mouisl.

[TpoBeneno comocrapienne 3HadeHuit BIIJl, m3mepennbix TJIJI Ha aHTpomomophHOM
reTeporeHHoM ¢antome, ¢ pesyiapTatamu oueHku BII/] mo maHHBIM M3MEpeHH NPOU3BENCHUS
«103a-TUTOIA/Ih» Ha BBIXOJIE PEHTICHOBCKOH TpyOku 1udpoBeM [1/]I1-meTtpom. Pacuer BIIJ] Ha
MOBEPXHOCTU (haHTOMa MPOBOJWIICS MO CIEAyIoUIel GopMmylie ¢ y4eToOM IreoMeTpuud OOIydeHUs
danToma:

o 1A I
.B = . >
S S, L-(1+d)
rae: Il — 3HayeHue mpou3BeAeHHUs 103a-TUIONIAJb, Fp'CMZ ; S — miomanp Mo 00IydeHHS
MmaleHTa, CMZ, Syp — TIIOIIAAL NPUEMHUKA N300paskeHus (IUIEHKH), CM2, L — paccrosinue okyc-

wieHka, cM; | — TommuHa manuenTa, cMm; 0 —paccrosiHEe CTOJ-IJICHKA, cM; B — koadduiment
00paTHOTO paccessHUs IS JAHHOTO HAIPSDKEHUST pa3Mepa MoJis.

BITJ = B, )

Pe3yabTarsl

[To pe3ynpraram wucclieIOBaHUNW OLIEHEHbl MHUHUMAJIbHBIE, CPEAHUE U MaKCHUMaJbHbIE
3Hauenuss BIIJl nnst BeIOpaHHBIX BHAOB HUccieqoBaHuil. B Tabmmie | mpuBeneHBl pe3yiabTaThl
n3mepenus BIIJ[ B comocraBieHnu ¢ yKa3aTelIbHBIMH YPOBHSMH JHArHOCTHUYECKOTO OOTydeHUS
corimacHo OcHOBHBIM cTangapTam MAT'ATO [3].

TpeTbu KBapTUIIN pachpencicHuil cpenaux 3HadeHuid BIIJl B cOOTBETCTBUHM ¢ PYKOBOJACTBOM
EC Nel09 [1] wMoryr OBITh HPHUHATHI B KauyeCTBE HAIIMOHAJIBHBIX JUATrHOCTHYCCKHX
PEKOMEHIOBAHHBIX YPOBHEN B YKpauHe.

Ta6JII/IHa 1. PCSYJ'IBTaTBI N3MCPCHHA BXOJHBIX ITOBEPXHOCTHEIX 103 MAIMCHTOB

BII, mI'p 3.t 'YkazaTelbHbIC
Bun KonmuectBo - OBHU
HCCIEI0BaHNUs Hpoexrus A3MEpPEHUN Min Max Cpenitee KBAPTHIL, M};%pFATS,
mIlp

MIp
dmooporpadust 311 204 0,60 25,10 425+0,24 4,70 —
(TUTeHOTHAS )
dmooporpadus 311 177 0,10 4,10 0,74 £ 0,07 0,62 -
(mmpoBast)
Pentrenorpadust 311 768 0,05 10,4 0,85 +£0,04 0,92 0,4
TpyAHOU KIETKU
IIleluplii  oTIEN 113 240 0,07 9,54 1,70 0,10 2,30 —
[MO3BOHOYHHKA b 387 0,10 10,24 1,60 +£ 0,10 2,00 —
I'pynHott otrmen I13 175 1,48 | 124,75 | 11,97 +£1,00 11,30 7
[MO3BOHOYHHKA b 170 0,42 | 122,46 | 18,30 +£1,70 18,30 20
TToscHnaHBIH 113 438 0,74 | 106,23 | 13,30 £0,70 15,00 10
OTJIET b 381 1,56 | 132,85 | 34,70 £1,40 40,00 30
[M03BOHOYHHKA
Ta3 113 113 0,67 | 48,43 | 13,20+1,10 14,90 10

YcTaHOBIEHO, YTO 3HAYEHHE JUATHOCTUYECKOTO PEKOMEHIOBAaHHOTO YPOBHS IS
peHTreHorpaguu OpraHoB rpyAaHou kieTku coctaBiger 0,9 mI'p, 4yTo MpeBBIIIAET yKa3aTeIbHBIN
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nuarHoctuueckuid yposeHb MAI'ATO miis manHoro Bujaa uccienoBanus B 2,3 paza — 0,4 mIp [3].
Jis  npyruxX — BHJOB  PEHTIeHOrpaHUecKWx  TPOIEAYp  3HAYCHHS  JTHATHOCTHYCCKHX
PEKOMEHIOBAHHBIX YPOBHEH TaKXKe MPEBBIIIAIOT COOTBETCTBYIONIUE IHATHOCTHYECKUE YPOBHH
MATATD B 1,3-2,0 paza. HckmoueHweMm SBISICTCS pPEHTIEHOrpadus TpyIHOTO OTIela
MMO3BOHOYHMKA (OOKOBAas MPOCKIIHSI), A7l KAKOTO 3HAUCHUS TUarHOCTUYECKOTO PEKOMEHIOBAHHOTO
ypoBHs — 18 MI'p mpakTHYecKn OTBeYaeT yKa3aTeibHOMY ypoBHIO MAT'ATD — 20 MIp.

[Mockonbky B YkpauHe ¢yHKImoHupyer Oonee 7500 peHTTEHOBCKUX ammapaTtoB OOIIETro
Ha3HA4YCeHHUS, Ha KOTOPBIX MPOBOISATCA PEHTTCHOTpapUUYECKHUE HCCICIOBAHMS, HCIOJIb30BAHHE
TEPMOJIIOMUHECLIEHTHOTO METO/a MpU NpoBeaeHHH wmaccoBoro monutopunra BIIJ[ Bo Bcex
KaOWHeTaxX He IMPEeJCTaBIIETCS BOZMOKHBIM.

Ha BTopom sTame pabotsl mpoBeneHa oreHka BIIJ[ kocBeHHBIM MeTonoM [4]. PesymbTrath
KOPPEJSIUH NPEACTaBIECHBI HA PUCYHKE 1.

IIpu conocraBnennn pesynpratoB BIIJ], wu3Mepennsix wmerogom TJI-mozumeTpun u
pacCUMTaHHBIMU TIO PATUAIIMOHHOMY BBIXOJY, KOO(POUIMEHT KOPPEISINU PE3yIbTaTOB COCTABUI
R?=0,985. Ilpu comocraBieHnd pe3ynbratoB BIIJ, m3MepeHHbx MeroxoM TJI-1o3uMerpud u
pacCUMTaHHBIMM TI0 3HAYEHUIO TPOMU3BEACHHS «103a-TUIOMIAAb», KOIPOUIMEHT KOppeIsun
pe3ynbTaTOB COCTABUII R?=0,992. [Ipu >TOM pa3zHHIla U3MEPEHHBIX U pacuyeTHbIX 3HaueHu BII/]
He mpesblmana =+ 25-30%. Hekotopble pacxXokIeHUS HU3MEPEHHBIX U PACCUMTAHHBIX 3HAUYECHUHN
BIIJI, BepoATHO, CBsI3aHBI C HETOYHOCTHIO B OIICHKE T€OMETPUYECKUX YCIIOBUN 00IyueHus (pa3mep
TIOJISL U pacCTOSIHUS (POKyca-TIIICHKA).

y =0,7711x - 0,023
f‘ 15 y= 0,92882X - 0,0377 o 12 rn\z = 0'9922
R®= 0,985/ = 10 —t
= =
= 10 o 8 /
3 2 6
Q: =2 4
= =
= = 2
m
m 0 T T
15 0 5 10 15
BII, uam. TJI, mI'p BIIJ, um3. TJI, mI'p
(a) (0)

Puc. 1. Koppemsuus 3nauenuit BIIJ], mmepennasix TJI-mMeTomom, ¢ pacyeTHBIMH TO pe3yibTaTaM
W3MEpEeHH paaualioHHOTO BbIxoaa (a) u 3Hayenuit [11I1 (0)
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BUOJIOI'HYECKASA S9OPEKTUBHOCTDb HU3KOHEPI'ETHYHOI'O
PEHTTEHOBCKOI'O U3JIYYEHUA

A.B. Bejoycos, Y.A. bausznok, [LFO. bopuerosckasi, A.C. Ocunon

Mocxkosckuii 2ocyoapcmeennbiil yrusepcumem umenu M.B. Jlomonocosa, guzuueckuii ghaxynvmem,
Kkagheopa guzuxu yckopumeneti u paouayuoHHOU MeEOUYUHDBL.
Poccus, 119991, Mocksa, Jlenunckue copwl, 0.1, cmp. 2., m. +7(495) 939-49-46
E-mail: BelousovAV@physics.msu.ru

AnHoOTamusi: B pabore cumymmpyercs TpoxokaeHHe (HOTOHOB HU3KHUX DHEPTUH dYepe3 TOHKHUE CIIOM.
MonenupyrTcsi CIeKTphl PEHTTeHOBCKOro m3nydeHud. OBD oleHMBaeTcss KaKk OTHOIIEHUE MOTJIOMICHHBIX
1103, IIPU KOTOPBIX IPOUCXOAUT PaBHOE KOJMYCCTBO AKTOB HMOHH3AIIUH. HpI/IBOZ[SITCH PE3YIbTATBl OLICHOK
OBD npu 00sTyueHNH CI0EB PA3IUYHOMN TOJIITUHEIL.

Abstract: In work passahe of low energy photons through thin layer is simulated. Spectrum X-ray radiation
are modeled in GEANTA4. RBE is estimated as the relation of the absorbed doses at which there is an equal
number of ionization. Results of RBE estimations are shown at an irradiation of various layer theikness.

KiaroueBbie ciioBa: @otonsl HU3kHX 2Hepruit, OBD, monenmupoBanue GEANT4.
Key words: Low energy photons, relative biological effectiveness, GEANT4 simulation.

IIpu ompenencHuM paguallMOHHOTO B3BemmBaromero (akropa (radiation weighting factor)
JUIl MOHU3HMPYIOIIMX H3JIYYCHUH pPa3IUYHBIX THIIOB HCIOJB3YIOTCS OIEHKH OIpEeIeICHHON
OKCIIEPUMEHTAIBLHBIM TIYTEM OTHOCHUTENIBHON Ouonormyeckoi 3¢ ¢dexkruBaoctd (OBD) 31Hx
uznyyeHuili. Mexnynaponnas Komuccusi mo Panmanmonnoit 3ammre (MKP3) B 1990 romy [1]
PEKOMEH/I0Bajla 3HAUCHHE B3BEIIMBAIOIIETO (pakTopa W, paBHOE EAMHUIIE AJIS BCEX TUIOB U

SHEPTUM HM3JTyYeHUW ¢ HU3KUM 3HAUYCHHEM JIMHEWHOU mepenauu sHeprum (JII1D), B sty rpymnmy
BXOJAT (DOTOHBI M 31MeKTpoHbI Bcex sHepruil. M xors B 2007 rony MKP3 ormeruna, uro B
MHOTOYHMCICHHBIX IKCHEPUMEHTax IN VIlr0 Ha KaeTkax HaOJrO[aeTCsl 3HAYMTEIBHOE Pa3indyue B
OMOJOTUYECKOM JIEHCTBUHM (DOTOHOB PA3TUYHBIX YHEPrUil, HAPUMEDP, MEKIY HU3TydeHUEM ®Co u
HU3KOPHEPreTHIeCKUMH (POTOHAMH, TEM HE MEHEe, 3HAUCHUE B3BEIIMBAIOIIEro (pakTopa w, paBHOE

1, ocraBunu 0e3 W3MEHEHHMH. OTO CBA3aHO C TeM OOCTOSTENBCTBOM, UTO JaHHbBIE
PaTMOOMOIOTMIESCKHIX IKCIIEPUMEHTOB, BHIMIOJTHCHHBIX PA3JIMYHBIMU aBTOPAMH, CHIIBHO BaphHUPYIOT
MEXIy COOOH.

TpyaHOCTh 3aKJIIOYAE€TCSI B TOM, YTO JKCIIEPUMEHTBHI CTaBSTCS B PA3TUYHBIX YCIOBHSIX.
Onpenensiorcss pa3nuyHble Ouonorndeckre 3(PQEeKThl: BBIKHBAEMOCTh KJIETOK Ha Pa3IHMYHBIX
YPOBHSX, KOJHWYECTBO OJIHO- W/WiM JBY-HHTEBBIX pa3peiBoB JHK u T.n1. Kpome Toro,
AKCIIEPUMEHTHI MIPOBOISITCS HAa PA3IMYHBIX KYIbTypax KIETOK. B mensx HeKoTopoi yHu(HUKAIUn
BO MHOTHX paboTaxX cpaBHHUBAIOTCS MakcuMalbHbIe 3HaueHHs OBD B mpenene Huskux 103 RBEy,
KOTOPOE OTpEJIeIeTCss KaK OTHOIICHHE HAaYaIbHBIX (MIPH MajbIX 103aX) HAKIOHOB KPUBBIX «103a-
apdexr». Yame Bcero HauvaabHBIM HAKJIOH TOJyYaeTCs IMPH aNlpOKCHUMAIlMHd KPHUBBIX «J103a-
s deKT» TUHEHHBIMU WU TUHEHHO- KBaAPATUIHBIMU (DYHKIIUSMU. B HayuHBIX CTaThAX HE BCETA
YETKO MPOMHUCAH CIIOCO0 OMpeeIeHHs] U/WIN pacueTa MOTJIOMEeHHON 103bl. Bee 310 mpensTcTByeT
YeTKOMY MTOHMMAaHHUIO CJICIYIOIIEro BaXKHOTO BOIMpoca: HOCUT Jin oTkioHeHne ObBD ot 1 B o6mactu
HU3KUX HEPTUi CUCTEMaTUYECKHUI XapakTep.

[Ipu mnOHMWXKEHUM HHEPruu (HOTOHOB YMEHBIIACTCS JHEPTUS BTOPUYHBIX JJICKTPOHOB U
Bospactaer 3HadeHue JIIID. Ilomaras, yrto pamguanuoHHBI 3(QeKT, B TMEPBYIO O4Yepe.b,
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OTIpe/IeNIAeTCsl KOJIMYECTBOM aKTOB MOHHU3AIMU B €AMHUIIE 00BeMa, CIEAYET OXKHUIATh MOBBIIICHHS
Ononorndeckoit 3P(HEeKTUBHOCTH ¢ YMEHBIICHHEM YHEpruu (potoHOB. IIpm MambIx mo3ax ciemyer
0XXHMJaTh, YTO IIPU PABHBIX KOJIMYECTBAX AKTOB HOHHU3AIMH, IPOM3OMIEIIINX B HCCIEIYEeMOM
o0beme, OynyT HabIoAaThCs OMMHAKOBBIC Onotorudeckue ahdexrel. Takum oopazom, ObD Moxer
OBITh OIEHEHO, KaK OTHOIIEHHUE /103 MCCIIEeIyEeMbIX U3Iy4eHHUH, MPU KOTOPHIX MPOUCXOAUT PaBHOE
KOJMYECTBO AaKTOB HMOHM3ANMU. KOMIBIOTEpHOE MOJCIUPOBAHUE TIPOILIECCOB IMPOXOXKICHHUS
(hOTOHHOTO Pa3IMYHBIX SHEPTUN Yepe3 OUOIOTUYECKYIO TKAaHb TIO3BOJISET IPOBECTU UCCIIECIOBAHUS,
B KOTOPBIX U3MEHSIETCS TOJILKO OJMH MapaMeTp — SHeprust HGOTOHHOTO M3ITYICHHUS.

Lenb paboThl — KOMITBIOTEPHOE MOJEITUPOBAHUE IPOIIecca MPOXOXKICHUS (POTOHOB HHU3KUX
SHEPTHH uepe3 OMOJIOTHYecKue TKaHHU, UCCIIEIOBAHUE YHEPTeTHUCCKON 3aBUCHMOCTH YHUCIIa aKTOB
MOHU3ALMKN TPUXOASIIUXCA HAa E€IUHMIY TOTJIOIEHHON J03bl. MojenupoBaHue HMCTOYHUKOB
PEHTI€HOBCKOTO M3JIYYCHHS C PA3IUYHBIMU DHEPTHSIMH, MaTepHalaMd W TOJIUHAMU (DUIIBTPOB,
Marepuaiamu anoga. Ouenka OBD i pa3nUUHBIX CHEKTPOB PEHTICHOBCKOIO H3Iy4YEHUs
OCHOBaHHasi Ha CPaBHEHHUE KOJWYECTBA aKTOB MOHHW3AIIMH, BBI3BAHHBIX H3IIYYCHHEM Pa3INYHBIX
SHEPrui, Ha €IUHULY MOTJIOIMIEHHON JO3bI.

[Ipu pagroOOHOTOTHMYECKHX OSKCIIEpHUMEHTaX 10 ompenaeleHnio  kodddunuenra ObD
00JTyJaroTCs KJIETKH, TOMEIICHHBIE B TUTATEIBHBIA PACTBOP, KOTOPHIM TOHKUM CJIOEM pacipeesieH
10 HEKOTOPOH MOT0kKKe. TakuM o0pa3oM, TPOUCXOJAUT OOJTyUEHUs TOHKHX CJIIOEB TOJIIMHOMW OT
0,001 mo 1 wmwm. Ilpm KOMIBIOTEPHOM MOJICIIMPOBAHWM Ha TOHKHH CJIOM BEIIECTBa,
COOTBETCTBYIOIIETO IO 3JIEMEHTHOMY COCTaBY CpeHEH OMOJIOrMUeCKOM TKaHU, HATPABIISIICS TTOTOK
MOHOPHEPTreTUIEeCKIX (OTOHOB. BHYTPH UYBCTBUTEIBHOTO 00BeMa (DUKCHPOBAIMCH MPOIECCHI
B3aUMOJICHCTBUS HOHU3UPYIOUIETO HM3JIYyYCHHsI C BEIIECTBOM, OMPENEISIOCh KOJIMYECTBO aKTOB
WOHU3AIMK ¥ TIOTJIONIEHHAs [03a. B OTAENIbHOM SKCHEPUMEHTE MOJIETUPOBAIICS CIEKTP
PEHTI€HOBCKOT'O M3JIYYCHHS C 33JIaHHBIMU TTapameTpamu. Ha puc.] mpuBeeHa 3aBUCUMOCTh KOJI-Ba
aKTOB MOHM3AIMU, MPUXOAIIMXCS HE €AUHUILY TMOTJOIMICHHOW M103bI, OT SHEPTHH (HOTOHOB IS
CJIOEB Pa3JIMYHOMN TOJIIIUHBI.

Kak BugHO U3 puc. 1 npu paznuyHbIX SHEPTHUsX (GOTOHOB HA €AMHUILY TMOTJIOMEHHON 1035

MNPpUXOAUTCA Pa3JINIHOC KOJUYCCTBO 4AKTOB HWOHU3AIUU Nion/ D . I[.IISI BCCX TOJIIIMH KpHBad

CHayvaja Pe3KO CMajaeT MpU MOBBICHIHUHM dHEPrud 10 ~15 k3B, 3aTeM MMIaBHO MOBBIIIAETCS O
sHeprui ~4- k3B ¥ MemsIeHHO crnajaeT NMpu NaJbHEHIIEM MOBBILICHUH sHepruu. [Ipu sHeprusx
cBeiie 100 k3B MOXHO monaraTth, 4TO JaHHAs BEIMYMHA HE 3aBUCHT OT dHepruu GpotoHoB. Takum
oOpa3omM, HawOONBIIME OTKIOHEHWS HAOMIOMa0TCs B obOsiactu sHepruit ¢otoHoB mo 100 xIB.
Bricokast 9yBCTBUTENBHOCTh CPETHETO KOJI-Ba aKTOB MOHHM3AIMH HA €TUHUILY TOTJIOMEHHON TO3BI B
JTAHHOM 00JIAaCTH SHEPTUM MO3BOJIIET OOBICHUTD OOJBIIION Pa30poC IKCIIEPUMEHTATBHBIX 3HAUCHHUIA
OBD B nanHOW 001aCTH SHEPTHA.
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SHeprna poToHOB (k3B)

Puc. 1. 3aBUCHMOCTB KOJI-Ba aKTOB HOHHU3AIIMY Ha €IMHHILY MTOTJIOIIEHHOW 03I OT YHEPTrUH (POTOHOB.

OOCHUBAJIOCh KdaK OTHOIICHUC AaKTOB HMOHHU3AlUMKW Ha CIWHUILY MOTJIOIIEHHON 03Bl

s cMOAEIMpPOBaHHBIX CIIEKTPOB PEHTICHOBCKOTO u3NydeHUs oreHku OBD mpoBeaeHbI
ciaeayromuM obpa3oMm. Bee crmekTpsl pa30ouBaauch Ha ydacTke ¢ ImaroM B 1 k3B, ompenensioch
CpelHee MO CHEeKTPY KOJI-BO aKTOB MOHHU3AIMHM U CPEIHSS MO CIEKTPY morjoiieHHas no3a. ObD

UCCIIEIyeMOI'0 CIEKTpa, K TOW BEJIUYMHE AJIS CHEKTpa U3IIydeHHUs
Pesynbrathl npeacraBieHsl B Ta0. 1.

60
Tabmuma Nel. XapakTepuCTHKM PEHTIeHOBCKOTO mn3imydeHuss 1 OBD oTHocuTenbHO u3iydeHHs ~ CO Ui CIIOEB
pa3JIMYHON TOJIIMHBI.

JJIA

Co s pa3IMIHBIX TOJIIIHH.

Marepunan | Hanpsiskenue, Cpenusin 053
Ne anoa <B DuJIbTPHI, MM JHeprus 0,005 0,04 My 0.2 v 0.9 v
cIeKTpa, k3B MM
1 W 350 0.112Cu+0,1 Al 69.5 0,51 1,55 2,08 2,12
2 W 300 0.3Be+0.2Cu 62,2 0,50 1,55 2,11 2,17
3 W 200 7.0Be+0.5Cu 46,3 0,48 1,56 2,18 2,28
4 W 120 1.5Al+1.0 Al 31,2 0,48 1,58 2,23 2,34
5 W 60 0.4 Be 18,0 0,48 1,62 2,28 2,38
6 W 50 0.5Be +0.25 Al 15,9 0,48 1,63 2,30 2,40
7 W 50 2.2Be+05Al 15,9 0,48 1,63 2,30 2,40
8 Mo 29 0.8 Be + 0.03 Mo 11.3 0,50 1,69 2,38 2,46
9 Rh 28 1.0 Al 11.0 0,50 1,70 2,38 2,47
10 Rh 28 0.025 Rh 11.0 0,50 1,70 2,39 2,47
11 Mo 28 0.03 Mo 11.2 0,50 1,69 2,38 2,46
12 Mo 28 0.025 Mo 11.0 0,50 1,69 2,38 2,47
13 \W 25 2.0Be+0.3 Al 10.3 0,50 1,71 2,41 2,49
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Kak Bugno m3 ta6mn. 1. OBD cnos Tommuuoin 0,005 mm cnabo mensercs B npeaenax 0,5 mo
Mepe YMEHBIICHUS YHEPrHH PEHTTC€HOBCKOTO HU3IIYUYCHHUS, a IS OCTaJIbHBIX 3HAYCHHMH TOJIIHUHBI
BO3pacTaeT. B 3aBUCHMOCTH OT TOJILIMHBI M CIIEKTpa PEHTreHOBCKoro uimydeHuss ObBD moryt




OTIMYATBCA JO S5 pa3, 4YTO TMO3BOJSET OOBACHUTH HAOMIOZaeMblidi pa3dpoc 3HAYEHUU B
PamuoOMOIOTHYECKUX IKCIIEPUMEHTaX. DKCIEpUMEHTANBHBINA pa3opoc 3HadeHuit ObD (oronHOTO
M3IIy4eHUs [2] [ pa3iuyHbIX CIEKTPOB PEHTTEHOBCKOTO M3Iy4YeHUs JEXUT B nuana3zone 0,6-3 B
3aBUCHUMOCTH OT YCJIOBUI 00TydeHHUSI.

PaGora mocBsieHa BOIMPOCY, OYEHb BAXKHOMY I PAAHMOOMOIOTHM W HOPMHPOBAHUS
paaualMoOHHBIX BO3JCHCTBHI, a HWMEHHO O TMPUYMHAX  DKCIIEPUMEHTAIBHO HAOII0IaeMBbIX
otkiioHeHunit OBD ot 1 B o6nacTu HU3KUX dHEPruit GoToHOB. [lonydeH O4eHb BaXKHBIN BBIBOJ, YTO
OTH OTKJIOHEHUH HOCSAT CHCTEMAaTHMUECKHH XapakTep W OOYCJIOBIEHBI HSHEPTreTHUYECKOU
3aBUCUMOCTBIO CPEJTHETO KOJIMYECTBA AKTOB MOHU3AIMU HA €UHHUILY TOTJIOMIEHHOW N03bl. /[aHHbIN
BBIBOJ| HETPUBHAJIEH W YETKO TOJITBEPKAEH PACUECTHBIMU JAHHBIMH [0 MPOXOKICHUIO
HU3KOIHEPTreTUYeCKOro (OTOHHOTO W3IY4YCHHS dYepe3 BOJY, MOITYyYCHHBIMH METOoJ0oM MoHTe-
Kapno-monenupoBanus.

1. ICRP, Recommendations of the International Commission on Radiological Protection. ICRP
Publication 60, Ann. ICRP, 21, No. 1-3, Oxford: Pergamon Press., 1991.
2. Benoycos A.B., Bypsriit B.E., Matycosa T.B., Uepnsies A.Il. «OTHOCHTENBHAA OHOIOTHYECKAs

3¢ PeKTUBHOCTH (OTOHOB HU3KUX dHEPruit». Menumunckas gusuka, Ne3, 2012, ctp. 86-95.

ANTIOXIDANTS AND STABLE MAGNETIC ISOTOPES AS POTENTIAL REMEDIES
FOR NUCLEAR MEDICINE AND RADIATION DEFENCE
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1) Bioreliability Group, Institute of Problems of Chemical Physics, Russian Academy of Sciences,
Chernogolovka, Moscow Region, 142432, Russian Federation
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2) Department of Radiobiology, Institute of Cell Biology and Genetic Engineering,
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Abstract. Once atomic power engineering has become a part of our everyday lives, the special precautions
should be taken to reduce harmful effects of radiation for specialists in atomic industry as well as for people
in the contaminated territories after atomic accidents. In this respect, the water-soluble and non-toxic
antioxidants hold much promise. In the experiments with yeasts, S. cerevisiae it has been revealed that 2-
ethyl-3-hydroxy-6-methylpyridine hydrochloride (Emoxipine, commonly used in ophthalmology) essentially
improves the post-radiation recovery of the yeast cells. Of interest can be also some stable magnetic isotopes,
especially, the magnetic isotope of magnesium, >Mg. We have revealed that the yeast cells. enriched with
the magnetic >Mg, are recovered from radiation damages more effectively than the cell enriched with the
nonmagnetic isotope. Previously, in the experiments with another commonly accepted cell model, E. coli, it
was revealed that, upon transferring into novel growth media, the bacterial cells passed the adaptation period
essentially faster if the growth medium contained the magnetic isotope of magnesium, Mg, by comparison
to the media contained the nonmagnetic isotopes. From the common knowledge that ATP is the main source
of energy for the cell adaptation to the stress conditions and taking into account the results of our model
experiments with the isolated ATPases, we believe that the magnetic isotope of magnesium, by comparison
to the nonmagnetic isotopes, performs the Mg®* cofactor functions for oxidative phosphorylation and ATP
hydrolysis with higher efficiency. Thus, our findings demonstrate the feasibility of exploiting the stable
magnetic isotope of magnesium, along with the non-toxic antioxidants, for creating novel anti-stress drugs
including anti-radiation protectors.

Key words: nuclear medicine, radiation defense, stress, reliability, robustness, magnetic isotopes.
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Since the middle of last century, atomic power engineering has become a part of our everyday
lives. Atomic catastrophes, like the catastrophes in Windscale (England, 1957), Three Mile Island
(USA, 1979), Chernobyl (Ukraine, 1986), and Fukushima (Japan, 2011) result from this kind of
man’s activity. Therefore, special precautions should be taken to reduce the harmful effects of
radiation for specialists in atomic industry as well as for people in the contaminated territories [1].
For emergency use, in the event of acute radiation, there is a number of effective radio-protectors
based on the biologically active amines and aminothiols. However, these compounds are rather
toxic [2]. To defend the people in case of chronic low-does radiation, alternative drugs are required,
which would be non-toxic and suited to long-time applications as nutrients. In this regard, of
interest are natural and synthetic antioxidants, i.e., the phenolic compounds whose valence-
saturated molecules intercept active free radicals, thereby inhibiting free radical chain reactions [3].
Of interest can be also some stable magnetic isotopes, especially, the magnetic isotope of
magnesium, 25Mg. The present article is a mini-review of our works on searching in this direction
[4-8].

In 70s of the last century, the novel water-soluble antioxidants based on alkyl-substituted
hydroxypyridine were synthesized in Russia. Mexidol (3-hydroxy-6-methyl-2-ethylpyridine
succinate) is used to treat brain circulation disorders while Emoxipine (hydrochloride of the same
pyridine derivative) is used in ophthalmology. The same synthetic antioxidants proved to be
effective geroprotectors, i.e., compounds that extend the life span of laboratory animals when added
to food or drinking water on a regular basis (see review [3] and the references therein). The same
water-soluble non-toxic antioxidant may serve as the effective radiation protector [4, 6].

There have been undertaken the investigations of how Emoxipine influences on the post-
radiation recovery of y-irradiated yeast cells, Saccharomyces cerevisiae, the commonly accepted
cell model in radiation biology. The survival of cells transferred to agar immediately after
irradiation was not more than a few percent (Figure 1). In this case the injured genetic structures in
most of the cells can not be repaired before the onset of mitosis and nonviable daughter cells are
produced. Incubation in the nutrient-free water, in which the cells do not divide, provides them with
sufficient time for repair processes and leads to a corresponding increase in their survival. One can
see that, in the presence of Emoxipine added to the cells before the irradiation, the plateau on the
survival curves is raised. There is the increase in the maximum survival values, up to 60% in
reference to the control, that indicates a reduction in the proportion of irreversible (irreparable)
radiation injuries in the presence of the antioxidant. These findings suggest that Emoxipine is really
the promising prophylactic agent against chronic radiation [4, 6]. As for mechanisms of the action,
the beneficial effects of antioxidants in vivo can hardly be interpreted on the basis of simple
chemical analogy with the action of the same antioxidants as radical scavengers in vitro (see review
[3] and the references therein). Moreover, the particular protection mechanisms seem to be different
for antioxidants of different types. Concerning the hydroxypyridine-based antioxidants, like
Emoxipine, they are analogs of pyridoxine and pyridoxal phosphate. As the anti-metabolites, they
can inhibit the key enzymes of synthesis of amino acids and nucleotides, for example, glutamate-
aspartate aminotransferase and RNA polymerases. Such the inhibition certainly retards mitosis and,
thereby, provides the irradiated cells with additional time for restoring the genetic structures
damaged by ionizing radiation [3].
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m’F Figure 1. Influence of antioxidant, 3-hydroxy-6-
methyl-2-ethylpyridine hydrochloride (Emoxipine),
on kinetics of post-radiation recovery of cells S.
cerevisiae (Megri-139B) after y-irradiation (®°Co,
800 Gy). Abscissa axis — time of incubation in the
nutrient-free medium, hours. Ordinate axis — survival
(ability to form colonies on agar) as a percentage of
the colony-forming ability of the unirradiated
control.
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S I TV Figure 2. Kinetics of post-radiation recovery of cells
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unirradiated control.
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In living nature there is a great variety of other chemical elements which have magnetic and
nonmagnetic stable isotopes, among them — carbon, oxygen, magnesium, calcium, etc. For
preventive maintenance against radiation stress, magnesium is of special interest as one of the most
abundant cell elements. There are three stable isotopes of magnesium, 2*Mg, Mg and **Mg, with
natural abundance of approximately 79, 10 and 11 %. Only Mg is magnetic isotope (nuclear spin |
= 5/2) whereas **Mg and ®Mg are nonmagnetic (I = 0). In the experiments with diploid cells of S.
cerevisiae, we have examined the kinetics of recovery of the cells enriched with different isotopes
of magnesium after UV irradiation [5]. The experimental results are represented on Figure 2. It has
been revealed that the cells enriched with the magnetic magnesium isotope are recovered essentially
more effectively than the cell enriched with the nonmagnetic isotope. Namely, the rate constant of
post-radiation recovery has turned out to be twice higher for the cells enriched with Mg as
compared to the cells enriched with 2*Mg. While the fraction of irreparable injuries remained almost
the same, the value of the rate constant of the post-radiation recovery was twice higher for the cells
enriched with Mg than for the cells enriched with **Mg, i.e., 0.058+0.004 h™* versus 0.032+0.003
h™, and the difference was significant at P = 0.02. This is decisive evidence that the magnetic
isotope of magnesium essentially more effectively promotes recovery of cells from radiation
damages [5, 6].

Besides, in the experiments with bacteria Escherichia coli, another commonly accepted cell
model, it was revealed that, upon transferring into novel liquid growth media, the cells ran the
adaptation period essentially faster if the growth medium contained the magnetic isotope of
magnesium, Mg, by comparison to the parallel experiments with the media contained the
nonmagnetic isotopes, 2*Mg or ?Mg. Moreover, the striking effect of the magnetic isotope has been
revealed after counting the colonies formed by the cells on the solid nutrient surfaces. The standard
nutrient agar contains all the components necessary for normal growth of cells including
magnesium. Nevertheless, the colony-forming ability of the cells, which were previously grown on
®Mg, has turned out to be essentially higher in comparison with the cells which were previously
grown on nonmagnetic isotopes of magnesium. Meanwhile, for the nonmagnetic isotopes, **Mg and
Mg, no difference has been detected [7, 8].
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Thus, the adaptation of S. cerevisiae to radiation stress, as wells as the process of adaptation
of E. coli to novel growth media, are limited by certain enzyme reactions the efficiency of which is
essentially higher in the case when the magnesium’s atomic nucleus has the magnetic moment as
compared to the case when the magnesium’s nucleus has no magnetic moment. It is generally
known that the cations of Mg?* serve the obligate cofactor functions for about three hundred
enzyme reactions. Among these reactions, synthesis and hydrolysis of ATP seem to be the most
important. It is also known that any adaptation processes of cells to novel growth conditions,
especially the processes of reparation from radiation damages, require a large variety of stress
proteins to be synthesized. Reasoning from this knowledge and from the common knowledge, that
ATP is the main source of energy in cells, it is reasonable to suggest that the magnetic isotope
effects in living cells are stemming from higher efficiency of the enzymes of synthesis and
hydrolysis of ATP.

In the light of modern knowledge about the mechanisms of oxidative phosphorylation, the
following explanation of the magnetic isotope effects of Mg seems to be mostly plausible. The
transmembrane electrochemical gradient of protons serves as the intermediate of oxidative
phosphorylation. It has been found experimentally that this gradient poses the conformational strain
in the active center of ATPase. Under conditions of the conformational strain, the ATPase active
center transits into the exited state with formation of the ion-radical pair in the Mg-ADP complex.
This pair serves as the chemical intermediate for the endothermic reaction of synthesis of ATP from
ADP and P; at the cost of energy of the conformational strain. In essence, it is the exited
conformational state in which the ability of the Mg-ADP complex to bind phosphate with formation
of ATP essentially increases. The hypothesis about the key-role of such a virtual ion-radical pair in
oxidative phosphorylation has been first stated about 50 years ago [9]. It must then be taken into
account that the nonequilibrium conformation state (total electron spin S = 0) quickly relaxes back
into the ground equilibrium state (the same S = 0) with the heat loss of energy while the conversion
into the triplet state (S = 1) is forbidden by the quantum law of conservation of spin. The magnetic
field of the nuclear spin of Mg can remove such the spin bans [10]. The comparatively longer
lifespan of the triplet state provides more time for the ATP synthesis, thereby increasing the yield of
the reaction.

Besides, of great importance are the enzymes that catalyze hydrolysis of ATP employing the
energy of this exothermic reaction to perform the numerous energy-consuming processes, among
them — DNA polymerases, ion-transport enzymes, and many other ATPases. The nuclear spin of
®Mg can have an impact on operation efficiency of these “molecular motors” too.

0,8
15 mM MgCl, Figure 3. Influence of different isotopes of
magnesium on hydrolysis of ATP by the
purified yeast H'™-ATP synthase in
proteoliposomes. The rate of hydrolysis was
measured by the luciferase kit.
*Mg — *MgCl,, Mg —MgCl, (natural
abundance), Mg — *MgCl,, 15 mM
each. The difference between the means
for Mg and **Mg is significant at P =
0.05 (P. Graber, V.K. Koltover, P.

-
S

0,6

0,4

ATP hydrolysis

0,0

25 X ; .
Mg Mg Mg Turina, et al., in preparation).
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Figure 3 represents the experimental data on influence of different isotopes of magnesium on
the reaction of hydrolysis of ATP by the H'-ATPase, isolated from yeast mitochondria, in
proteoliposomes. The experiments have been done in laboratory of Dr. Peter Graber, Albert Ludwig
University of Freiburg, Germany, in cooperation with Dr. Paola Turina, University of Bologna,
Italy. The beneficial effect of Mg has been revealed in these experiments (Figure 3). One can see
that the “molecular motor” runs on the magnetic isotope more efficiently in comparison with its
operation on the nonmagnetic magnesium.
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It has been experimentally proved long ago that ATP hydrolysis triggers electron-
conformational interactions in the enzyme’s active center, thereby producing conformational
changes in the enzyme macromolecule (see [11] and references therein). Since the energy given out
the ATP hydrolysis is not large (~ 0.54 eV), then the exited conformational state of the
macromolecule should be considered as a low level delocalized triplet state. Furthermore, the
elementary coherent deformation excitation may arise and generate the so-called soliton in quasi-
one-dimensional protein molecules. The theoretical investigations holds that the conformational
energy can be transported along the protein molecules in the form of solitons without heat losses.
The low probability of loss of energy of the ATP hydrolysis into chaotic motion (heat phonons) is
explained on the basis of high stability of the solitons [12]. Both of the rates, the conformational
excitation and the conformational relaxation, can be affected by the nuclear spin of *Mg.
Thereafter, in the experiments on the ATP hydrolysis by the “molecular motors” one can expect for
beneficial or negative magnetic isotope effects, depending upon the sign and magnitude of the spin-
phonon coupling. Furthermore, the conformational transitions are accompanied by the movements
of the electrically charged groups. Such movements create magnetic fields and the interactions of
the nuclear spins with such local magnetic fields should likely be taken into account too. Besides,
the ®Mg’s nucleus has the quadrupole moment, the value of which is rather large in comparison
with other magnetic nuclei. The interactions of the nuclear quadrupole moment with the electrically
charged groups of the macromolecule can also affect the kinetics of conformational relaxation. One
way or the another, the magnetic isotope of magnesium, and, probably, stable magnetic isotopes of
some other elements, can be promising on the spintronics basis to improve efficiency and reliability
of biomolecular devices. However, the detailed biophysical, biochemical and physics-chemical,
including quantum mechanics, mechanisms of the nuclear spin catalysis require further
investigations.

Thus, it has been experimentally proved that Mg essentially accelerates the adaptation of
cells to the stress conditions including the radiation stress. These findings principally manifest the
potentialities of the stable magnetic isotope of magnesium as the basis for creating novel anti-stress
drugs including anti-radiation protectors.
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MNPOBJIEMHBIE ACIIEKTBI IEPEOCHAIIEHUA U MOJAEPHU3ALIUN
AIIITAPATYPBI PEHTTEHOBCKUX KABUHETOB

Topxynos /I.B.

Honeyxoe obnacmuoe Kiunuueckoe meppumopudaibHoe MeOUYUHCKoe 00beOuHe e
e Howneyx, np. Unvuua, 14, Torkhunov_Denis@mail.ru

AHHOTaIIPIﬂ: Bonee 70% PEHTTCHOAUArHOCTUYCCKOT'O O60pyI[0BaHI/I$I MOpaJIbHO U (1)I/I3I/I‘l€CKI/I ycCTapeio u
BEIpaboTaio cBoi paboumii pecypc. Mcmonp3oBaHue ycTapeBIIero o0OpymOBaHWE BIEYET 3a COOOW He
TOJIBKO ACHEKHBIC 3aTpaThbl HA PEMOHT U 06CHy>KI/IBaHI/Ie, HO U IPCACTaBJISICT coboit yrpo3y i 310pOBbs
KaK TMaIFeHTOB TaK W METUIIMHCKOTOo nepcoHana. Hapymenue HOopM u mpaBui pabOTHl ¢ PEHTT€HOBCKUM
O60py,Z[OBaHI/IeM YBCINYHNBACT PUCK BO3HUKHOBCHUS OHKOJIOTHYCCKUX 3a00JIEBaHMUIA.

Annotation: Over 70% of the X-ray diagnostic equipment is morally and physically outdated and it has
used its endurance up. The use of the outdated equipment involves not only cash expenditures on the
maintenance and repairs but also constitutes a menace to patient and medical staff’s health. The breach of
standards and rules of working with the X-ray equipment increases the risk of cancer origins.

KiroueBble c¢jI0Ba: HOHM3HUPYIONIEE H3JIydeHHE, PEHTICHOBCKOE OOOpYyIOBaHHME, OOIydYCHHE,
OHKOJIOTMYECKHE 3a00J1eBaHuUs
Key words: ionizing radiation, X-ray equipment, radiation, cancer

CeroJiHs )KM3Hb COBPEMEHHBIX JIFOACH MPOXOJUT MPU MOCTOSHHOM BO3JICHCTBUN PA3THIHBIX
U3JIyYEHUH.

Co3pmarotr ompeneneHHBI (OH U OBITOBBIE MPHOOPHI, M SKOJIOTHYECKOE MapaMeTpbl MHOTHX
HeOaronpusATHBIX PETHOHOB. ..

Harm opranusm agantupoBajcss K HEOOJIBIINM OOJIYICHHSIM, M OHH HE TaK YK BPEIHBL.

[Tozunms BcemupHOW oOpraHu3anuu 31paBOOXPAHEHUS M OOJBITMHCTBA MEJIMKOB TaKOBa:
mro0ast 1032 PEHTICHOBCKOTO OOJydeHUsl, Jake MHHUMAaJbHAs, — 3TO yaap mo opranusmy. Ho u
yap MOXET ObITh Pa3HOU CHJIBL.

ExxeromHo 4epe3 OOJMBHUIIBI M MOJMKIMHAKKA TPOXOAST COTHU ThICSY Jirojgeid. Ho Mano kTo
3aIyMBIBA€TCS, YTO, TOJBKO JIMIIb TMEPECTYNUB MOPOT OOJILHHUIIBI, YETIOBEK YK€ MOXKET MOTEPSTh
3I0POBBE.

TexHuka, KOTOpas y)Ke JaBHO JIOJDKHA OBITh CIIMCaHa, IOPOH OTHUMAET y MAIlMEeHTa Ja)Xe Te
MHU3EpHBIC IIAHCHI HA BBI3JIOPOBICHHUE, KOTOPBIE Y HETO emie ocTamuch. CKOJIBKO JKU3HEH Ha CUETY
CTapbIX PEHTICH-ANINapaToB, KapauorpadoB U HEHUCHPABHBIX AePHOPIIIATOPOB, HE MOXKET
MOCYMTATh HUKTO. TaKo#l CTaTUCTUKH Y HAC MPOCTO HE BEACTCS. ..

[lonaBnsitoriee  OOJBIIMHCTBO PEHTICHOBCKOE 000OpymoOBaHHWE B OONBHUIAX HAIIETO
rocyfaapcTBa Obutn yctanosiieHbI eme Bo BpemeHa CCCP. Oto obopynoBaHue 1aBHO U MOJTHOCTHIO
BbIpaboTao CBOM pecypc.

N3HOC 000pymoBaHus B KJIMHHKAX MOpPor cocTarisieT 1o 75-80%. Ceiiuac ero pecypc wid Ha
npejese, Win yKe 3a MPeIesioM BO3MOXHOCTEH

Kaxnaeiii ykpamHel] pa3 B Toj o0s3aH jenath (irooporpaduio Jierkux. Takum oOpazoM
MEJIUKH TBITAIOTCS OCTAHOBUTH OYIIYIONIYIO B CTPaHE SMUACMUIO TyOepKyiae3a. OgHako, Majio KTO
3aIyMBIBA€TCSl, YTO, CIACASICh OT YaXOTKH, JIFOJU MOJIYYalOT PeaibHYIO0 OMMACHOCTh CIIPOBOIIUPOBATH
OHKOIIATOJIOTHYECKHM TTpoIIecC.

be3 0coObIX 10Ka3aTeIbCTB MOHATHO, YTO sl o0ecreueHus paboTOCIIOCOOHOCTH MOPAJIBHO U
(bu3MYECKY U3HOIICHHON TEXHUKHU HAJIO BIOXKHUTH TOpa3o OOJIbIIe Tpyaa U YMEHUS, YeM HOBOM.
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[To psiny TumoB u Mojeneit 00opyIOBaHUS HEBO3MOXKHO 3aKYIMHUTh 3allacHbIE YacTH, TaK Kak
arrmapaTtsl JaBHO CHATHI C IIPOU3BOJICTBA U BBIITYCK 3amJacTei IIpCKpalicCH.

B HO,[[O6HLIX ClIydasax HIpUXOAUTCA HCKATb W OCYHICCTBIIATH HCOPAMHAPHBIC TCXHHUYCCKHC
pelieHust AT BOCCTAHOBICHHS Pa0OTOCIIOCOOHOCTH ammapaToB — NPUMEHEHHE JeTalei u3
CIIMCAHHBIX, HITYYHOC U3IrOTOBJICHHUEC HCKOTOPBIX I[eTaJIeI\/'I, c60pKa OZHOI'O aIrapara U3 HCCKOJbKUX
OMHOTHIHBIX W Jp. OTO NPHBOAUT K YBEIMYCHHUIO CPOKOB peMOHTa 0OOpydOBaHMs, a Kak
pe3yiabTar, K YBCIWYCHHUIO IIPOCTOCB, OTYCIO0 BO3HHUKAIOT HpOGHCMLI B YUPCKACHUAX
3IIPaBOOXPAHEHHS C 00CIIEIOBAHIEM HACEIICHHUSI.

Pemmuth 5TH TpoOIEMbl MOKHO TOJBKO ITyTEM 3aMEHBI (DU3MUECKH U MOPAIBHO yCTapeBIICH
TEXHUKA HOBBIM OOOpYyJOBaHWEM, a WHOTJA, B psAAe OOOCHOBAaHHBIX CIIydyaeB,  IIyTeM
MO/JICpPHU3ALINH.

Wuorna mpoOieMa 3aKiIi09aeTcsi He TOJIBKO B yCTApEBIIEM MapKe PEHTTEHOAHMArHOCTHYECKOTO
o0opy/loBaHUsT HO M B TMEpPCOHAJe KOTOPBIH HE BCErJa JIOCTATOYHO KBAIU(DUIIMPOBAaH U B,
CJICICTBHM JTOTO, 3a4acCTy0 HE COOJIFOJAeT HOPMBI M MpaBmiia PaboThl ¢ 00OPYJOBAaHUEM, a KakK
PE3YIbTAT U C MMALIUCHTAMMU.

W B 3aKIIOYEHHH, XOUy OTMETHUTh YTO HOHHU3UPYIOIIEEe W3IyYeHHE HHU €CTh IJIOXO WA
XOPOIIO. DTO apXHU-TIOJIE3HO — TIIABHOE YbM PYKH U Pa3yM HCIIONIB3YIOT 3TO U3IYUYCHHUE .

1. Haka3 Ne 294 MO3 Vkpainu Big 04.06.2007 Ilpo 3aTBepmkenHs JlepkaBHUX CaHITapHUX MPaBHI 1
HOpM Tiri€HIYHI BUMOTH [0 BIAIITYBAaHHS Ta EKCIUIyaTalil pEeHTTeHIBChKHX KaOiHETIB 1 MPOBEACHHS
PEHTTEHOJIOTIYHUX TIponeayp” .

2. 3akoH YKpaiHH PO 3aXUCT JIIOJUHHU Bij BIUIMBY 10Hi3ytoyoro BunpominioBansasa” Big 14.01.1998 poky
Ne 15/98BP, po3nain 3 crarts 9.

3. Hakaz M3 Vkpaian Ne 340 Bim 28.11.97 mpo BIOCKOHAIEHHS Opradizamii CIy>KOM TpOMEHEBOi
JIarHOCTUKHU Ta MPOMEHEBOI Tepartii”.

4. TTokazartenu AesTENbHOCTH PaIHOJIOTHICCKON CITy)O0bl YKpauusl 3a 1999-20011T.

5. IlokazaTenu nesTensHOCTH PAIHOIOTHUECKOH ciry0bl YKpanusl 32 2001-2003rT.

6. [Toka3zaTenu nesTeIbHOCTH PAIUOIOTHUECKOM ¢y xk0bl Ykpaunsl 3a 2003-2004rr.

ACIHEKTBI 3AIIIUTHI OT HOHU3UPYIOLEI'O U3JIYYEHUA B PEHTTEHOJIOTI'NHN

B. A. Koaoruii, E. B. Kyapsimnoa*

Omoenenue paouayuonHou be3onacHocmu
Honeykoeo 0061acmno2o KIuHU4ecko20 meppumopuaibHo20 MeOUYUHCK020 00beOUHeHUs
*OPb JJOKTMO, np. Unvuua, 14, 2. Joneyk, 83099, 095-550-90-60, zhezhka@gmail.com

AHHOTaIII/Iﬂ: BOHpOCI:I 3allluThl OT BOSILGﬁCTBI/IH HWOHUBUPYIOHUICTO U3JIYUCHHUSA TIMpU MTPOBEACHUU
MEIUITMHCKUX HCCICIOBAaHUI CTAHOBATCA C KaXIbIM TOAOM BcE Oojiee aKTyalbHBIMH B CBS3U C
YBCJIMYCHUCM KOJIM4YECTBa JAUArHoCTHYCCKUX n TCPAIICBTUYCCKUX mnpoucayp, HCIOJIB3YOIIUX
HOHU3WPYIOIIEee M3IIYICHHE. 3a MOCIEAHNE TOAB B YKpawHe HAOIIOAACTCS POCT YHCIa OHKOJIOTHYECKHX
3a00/I€BaHUI MOJIOYHOH U H.[I/ITOBI/I,E[HOﬁ xkennés3. MoxHO CACIaTh BbIBOJ O 3HAYUTCIILHOM BKJIA/IC B pa3BUTUC
JMAHHBIX TATOJOTHM JOMOJIHUTENBHBIX BpPEOHBIX (PAKTOPOB pPaACCEIHHOTO H3NMY4YEHHS TpPH HHU3KOM
HpO(l)QCCI/IOHaIILHOM YPOBHE NPOBCACHUS PEHTTCHOJIOTHICCKUX I/ICCJIG,Z[OBaHPIfI.

Abstract: The protection from the effects of ionizing radiation in medical research are becoming every year
more and more actual due to the increasing number of diagnostic and therapeutic procedures using ionizing
radiation. In recent years, in Ukraine is seeing a rise of the number of breast cancer and thyroid glands.
Valuable contribution to the development of these pathologies makes additional hazards of scattered
radiation by low professional level of X-ray examination.
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KiaroueBnle ciioBa: (I)JIIOOpOI‘pa(I)I/IHCCKOC HUCCICIOBAHUC, I[I/IaI‘HOCTI/I‘-IeCKI/Iﬁ mnmponecc, CpeacTBa
HHHHBHJIyaHBHOﬁ 3aIlIWTEI, 034, allllapaTHBIC PCKUMBI.

Key words: fluorography examination, diagnostic process, personal shielding, dose, operating
conditions.

[IpoBenenne mnpPodECCUOHATBHOIO HCCIEAOBAHMS Ha BBICOKOM YPOBHE IpEAINoOJaraet
NPOBE/ICHUE PEHTTCHOBCKOTO MCCIIEOBAHUSI C COOJIOACHUEM HOPM paJHalliOHHONW 0€30MacHOCTH,
NPUMEHEHUEM TMPABUIBHBIX YKIAAOK M C TPaMOTHBIMH YCTaHOBKAMHU IapaMETpPOB armapara.
[IpuMepbl HEKaYECTBEHHBIX UCCIIEAOBAHUM TAJIEKO HE PEAKOCTh B HAIIEH MTPAKTHKE:

1. ®mrooporpadudeckoe oOcaeI0BaHUE IPU HECOOIIOICHUN TIPABHIII YCTAHOBKUA OOJILHOTO B
KaOuHe, Ha CHHMMKE NPUCYTCTBYET O0JIaCTh HIMTOBUIHOW >KeJe3bl, a 3a4acTyl0 U IOJIOBHHA
JIMIIEBOTO Yepera.

2. He mpoBoautcs nuadparMupoBaHue Mo OOdydeHUs: npu (iarooporpadun, Ha CHUMKE
NPUCYTCTBYIOT OpTaHbl OPIOLIHOM TMOJOCTH M KOCTH pyK. Yamie Bcero mpuurMHa OaHaibHas —
CropeJia Jiamra LeHTpaTopa, 1, I03TOMY, He BUIHO MO O0IydeHusI.

3. Pabora mpoBoautcs 0e3 (HOTOIKCIIOHOMETpA, CIEJAOBATENBHO, TMPOMANAET CMBICT
drooporpaduveckoro HMCCIeIOBaHMs, OCHOBHBIM IapaMETpPOM KOTOPOrO €CThb Majoe Bpems
00JTydeHus], a 3HAYUT U YMEHBIICHUE 1036l 00Ty4eHUsI.

4. TlpoBeaeHue UCCIEOBaHMI Ha anmapaTe ¢ He OTPETyIUPOBAHHBIM aHOJIHBIM TOKOoM. Eciu
3TO CKOIHUS, TO PEHTI'CHOJIOT MOJIBEPraeT JOMOJHUTEIBHOM JTy4eBOM Harpy3Kke He TOJBKO MallUeHTa,
HO U cebs. Eciu mpoBoautcs rpaduyeckoe McCCieNOBaHHE, TO TMOBBIIIAETCS MPOLEHT Opaka B
PEHTTEHOBCKUX CHHMKAaX, YTO MPUBOAUT K TOBTOPHBIM HCCIIEIOBAHUSM M, B CBOIO OYepenb,
YBEJIMYUBAET /103y MalUEHTA.

5. OtcyTrcTBHE CPEICTB MHIUBUAYATBHOW 3alUTHI mManueHToB. OCOOEHHO MaryOHO 3TOT
dakTop AEHCTBYET MPU TAKUX UCCIETOBAHUSIX KaK:

- MaMMorpadus - rojoBa MaUEHTKH HAXOAWUTCS B HEMOCPEICTBEHHOW OJM30CTH K KOXKYXY
TPYOKH — 103y TMONydaroT runodus, ceTyaTka ria3a U IMUTOBUAHAS jkee3a. B cedeHun mpsMoro
Iy9YKa HAXOAATCS OpPraHbl Ta3a, KOTOPHIE HE YYAaCTBYIOT B JAaHHOM HCCIIEJJOBAHWUHU U JTOJKHBI OBITH
3aIUIICHBI;

- JICHTAJIbHBIC MCCIIEIOBAHUS - O0JIyJarOTCs JJOTIOJHUTEIBHO: IIIUTOBHUIHAS JKeJle3a, CeTYaTKa
rnasa, runodus, roHasl, y AeTel — BUJIOUYKOBAs JKeje3a;

- KT-uccnenoBanust — orpoMHbIE€ 1030BBIE HAIPY3KH IPU CAMOW TMarHOCTHKE U OTCYTCTBHUE
paauanbHOM 3alMTHl HE OOCIEeNyeMbIX VYYacTKOB Tela MOTYT 3aHYMUTEIbHO YBEIHMYMBATH
OTIaIEHHBIC PUCKU BOSHUKHOBEHHS MATOJIOTUH Y MTAIUEHTOB;

- JKU3HEHHO Ba)XKHYI0 HEOOXOJIUMOCTh MMEET YCHJIEHUE 3aIlUThl HE 00CIIEeyeMbIX Y4acCTKOB
TeJIa MPU NMPOBEICHUU PEHTIEH-UCCIIEIOBAHUM Y IETEH;

- HEHCIIPaBHOCTb WJIM HEJOCTaTOYHAs YKOMIUICKTOBAHHOCTh KaOWHETa 3aIlllUTHBIMHU
CPeICTBaMH BIIMSIET Ha JI03y MAIMEHTa, HAIpUMep - OTCYTCTBHE TyOyca Ha JEHTaJbHOM arapare
YBEIMUMBAET /103y MalKeHTa B 4 pasa;

- (hoTOXMMHUYECKHI TIPOIIeCcC ¢ MPUMEHEHNEM HCTOIIEHHBIX PACTBOPOB, THMO0 ¢ aKTHHUYHBIMHU
(doHapsiMM PUBOJIUT K MOBBIILICHUIO Opaka CHUMKOB, YTO BEJIET K IOBTOPHBIM HMCCIIEIOBAHUSAM, A,
CJIeI0BATENIbHO, K YBEJIMUEHUIO J03bl MAllUEeHTA.

3a KayecTBO JAMAarHOCTMYECKOrO Hpolecca Npu JI0OOM HCCIEIOBAaHUM OTBEYaeT BECh
IEpPCOHA PEHTT€HOBCKOIO KaOWHETa, HO, B IEPBYI Ouepe/b, Bpau-peHTreHosnor. MMeHHo oH
JOJDKEH TIIATENBbHO CIEAUTh 3a padoTOl peHTreHsadopaHTa W yMeEJIO HaIllpaBUTh paboTy
MOCJIEIHETO B MPABUIIBHOE PYCIO, 3aCTaBUB MPOBOAUTH BCE MEPOMNPUATHUS IO 3alIUTE MAIEeHTOB,
KOHTPOJHMPOBATh IPAaBUJIBHOCTh YKJIAJOK M amlapaTHble pPEeXHUMbl IMPOBENEHUS JIOOBIX
UCCJIEIOBaHMM, KOTJja MaHUIYJIUPYs peKUMaMU TOKA U HAIPSDKEHUS. MOXKHO B 3HAUUTEIILHOU Mepe
CHHM3UTh JIy4eBble HArpy3kd. B KOMIETEeHIMM Bpada-peHTI€HOJIOTa NPUHUMATh PEIICHUE O
MPOBEJICHUU TOTO0 WMJIM WHOTO HCCJENIOBAaHUS, €ro HEOOXOAMMOCTH I KaXKJOr0 KOHKPETHOTO
HaIMeHTa, JeNaTh BEIOOp Hanbosee 61aronpusiTHOrO BpEMEHH ISl TPOBEICHUS UCCIIEIOBAHNS.
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[Tpumensiemble 1U(POBBIE TEXHOIOTUU OTEUYECTBEHHBIX alIapaToB HE CHUXKAIOT JTYYEBYIO
HarpysKy Ha Iaou€HTa, HO HU3MCHIIOT CIIOCOOBI BU3yaJIM3allu, TIIPpH KOTOPBIX OTIIAgacT
HEOOXOIMMOCTh B (POTOXMMHUYECKOM TPOIECCE, YTO YMEHBIIAET KOJIMYECTBO OpaKOBaHHBIX
CHUMKOB, a Takke MaéT BO3MOXKHOCTH JIOMOJHUTEIBLHON 0O0pabOTKH HW300paKEHUH — TIpH
CHWXXCHHBIX IapaMETpax 3KCHIO3UIHU YXYAIICHUC KaUCCTBa CHUMKOB HC SABJISACTCA HpO6J’ICMOﬁ JJISL
JUATHOCTHKH TPU TPABHJILHOM TOCT-TIpolieccuHTe. KadecTBEeHHOE WCIOJIb30BaHUE  METOOB
00pabOTKM yX€ TOTOBOIO CHUMKA IIPH JIOCTaTOYHBIX HABBIKAX BIAJCHUSA IPOrPAMMHBIM
o0Oecre4yeHneM - M €CTh OCHOBHOW NPUHIMUI CHIKEHHUS JIy4eBBIX Harpy30K Ha IHQPPOBBIX
anmaparax. [Ipu 3TOM CTOUT OTMETUTH, YTO, KaK MOKA3hIBAET HAIIA JO3UMETPUUECKasl MPaKTUKA,
HEKOTOphIe IH(POBBIE ammapaThl Jal0T 3HAYUTENIFHO 00Jiee BBICOKYIO J03Y, YeM HX aHAJIOTOBBIC
NpeAICCTBCHHUKU.

VYHHUKaIBHOCTh JIFOOOTO WCCIEOBAaHHS C IPUMEHEHHEM HMCTOYHHKOB HOHH3UPYIOIIUX
M3Iy4EeHUN — 3TO BBICOKOE KaueCTBO JMATHOCTUKH, HO, BO3MOXKHO, 3TO TOJBKO MPHU COOIIOICHUH
BCEX HOPM M TPaBWJI PaTUAIMOHHON Oe3omacHOCTH. KaxIoMy COTpYIHUKY PEHTIeH-PaIuoIOTHH
Bcerga HCOI‘6XOI[I/IMO MNOMHUTHL O TOM, YTO IOJIb3a OT HMCCJIICAOBAHUA WKW TPOLCAYPBI HOJIKHA
3aBEJIOMO MPEBBIIIATE BPEJ] OT €€ IPOBEICHHS.

INPUHIOMUITBI KOMIIVIEKCHBIX ITPOBEPOK
PEHTI'EHOJIOI'NMYECKUX KABUHETOB

B. A. Koaornii, A. H. Kyapsamos*, A. I'. Bonpapesckui

Omoenenue paouayuoruHol 6e30nacHoCmu
Honeyxoeo 0b61acmuoeo KIuHUYeCKo20 meppumopudaibHO20 MeOUYUHCKO20 00beOUHeHUs
*OPE JIOKTMO, np. Hnvuua, 14, 2. JJoneyx, 83099, 050-263-41-63, artem.kudriashov@gmail.com

AHHOTa].[I/ISI: HerCMeHHLIM YCJI0BUEM pa6OTI>I JIF000T0 PCHTTCHOJIOTHUYICCKOT' O KaOuHeTa SBISETCS
MPOBCACHUE TIIATCIBHBIX IIPOBEPOK TEXHUYECKOTO COCTOSAHHA PCEHTITCH-aIIapara U CaMoro Ka6I/IHeTa,
HU3MCPCHHUEC MOMIIHOCTU H3Hy‘I€HI/Ifl Ha pa60‘II/IX MECTax ImepCoHalla WU B CMCKHBIX C HpOI_Ie,I[ypHOﬁ
MOMEIICHHUAX, a TaKKe YpPOBHEH JiedeOHBIX [03. OTa MpOBEpKa OTpakaeT COCTOSHUE KaOWHEeTa B
COOTBCTCTBUU C 3aKOHOJATCIbHBIMU U HOPMATHUBHBIMU aKTaAMU, PETUCTPUPYCT YPOBHU MOIIHOCTHU JO3bI HA
pabounx MecTax TIepcoHaja W MeCTaX NpeObIBaHMS IMIAlIMCHTOB, a TakXKe [acT PEKOMEHAAIUU 10
YCTpaHCHHIO HEJOCTATKOB B pa60Te xabunera. Ha uro O6paH_IaTL BHHUMAaHHUE, 1 KAKHUE€ PEKOMEHIAIIUU MOKHO
MOJIY4YUTh B XOJ€ TAKOW ITPOBEPKU, U3JI0KEHO B JAHHOU CTaTheE.

Abstract: An indispensable condition for the operation of any radiology is holding a thorough inspection of
technical condition of X-ray machines and rooms, power measurements of radiation on stuff’s workplaces
and in related with a procedural areas as well as the levels of therapeutic doses. These tests reflects the
condition of the room in compliance with the laws and regulations, registers dose levels in stuff’s workplaces
and places of patients, and provides recommendations for improvements in the room. What to look for and
what recommendations can be obtained in the course of these tests described in this article.

KinwueBble cjoBa: TMpoBepka, IpaBuiia, WMOHU3NPYHOLLEE WN3NYyYEeHUE, DPEHTIC€HOBCKOE H3IIyYEHHUE,
kabuHer, TMPOIEAypHAs, ammapar, HCCIeOBaHUE, PEHTreH-1abopaHT, O0€30MacCHOCTh, MAIUEHT,
paboyee MecTo, 3arura.

Keywords: checking, rules, ionizing radiation, X-rays, X-ray room, treatment room, X-rat machine,
examination, radiographer, safety, patient, workplace, shielding.

PaGota B peHTreHOBCKOM KaOWHETE CBsA3aHa C COOJIIOJACHHEM MpaBWUI M HOPM, a TaKxke
JOJKHOCTHBIX 00s13aHHOCTEH. MHOTO€ JIOAM AepkKaT B yMe, YTO-TO BBIBEIIUBAIOT B BUJE MaMSITOK,
HO HET TaKOTO CI0c00a, KOTOPBIM Jain Obl HAM TapaHTHIO TOTO, YTO MBI YTO-TO HE YIYCTHM WJIU HE
3a0yneM. B moBcenHeBHOM paboTe MbI IPUBBIKAEM COBEPIIATH OJIMHAKOBBIC IEHCTBUS, TOBEICHHBIC
A0 aBTOMaTuiMa, U CTapacMCsa HEC OTCTYIIaTb OT CBOUX IIPHUBBIYCK. Tak CO3JaCTCA AJIrOpUTM
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KOTOPBIH BBITIOTHAETCS €KETHEBHO U YTO-TO BaXKHOE ymycKaeTcs. Ta ke cUTyalus MPOUCXOIUT U C
JIOBMHU, KOTOPHIE OJDKHBI BBIMCKHMBATH OIIMOKH B paboTe Apyrux. ITa CcTaThd — Pe3yJabTaT
MHOT'OJICTHET'O OIbITa PaOdOTHI IIPH IIPOBEPKAX PECHTTCHKAOMHETOB, U CO3/IaHa OHA KaK IaMsTKa IS
MIPOBEPSIIONTNX U KaK PEKOMEHAIUS SISl IPOBEPSEMBIX.

[lepBbIM, YTO JTOJDKHO OpocaThCs B TJla3a MPU BXOJe B KaOWHET - 3TO HAJIMYUE CBETOBOTO
TabJI0 ¢ HAAMKUCHIO "HE BXOAWUTH" KpacHOro 1Bera. OHO ycTaHaBIMBaeTCsS Ha BeIcoTe 1,6 MeTpa m
JIOJDKHO 3aroparbCs aBTOMATHYECKH IIPH BKJIIOUCHHWM ITYJIBTa YIPABJICHHS PEHTTEHOBCKOTO
ammapata. JlabopaHT He MMeeT IpaBa BBIXOJIWTHh M3 KOMHATHI YIPABJICHUS, €CJU pEeHTTCHAIapaT
BKIIIOUEH B JJICKTPHUECKYIO CeTh. ECIIM MepcoHan yXOAWT W3 KaOWHETa, TO JBEpPh HEOOXOIUMO
3aKpBITh Ha KITIOY.

B xaOuHeTe CTEHBI U MOTOJIOK JOKHBI OBITh OKpaIlleHbl Kpacko. [loOenka He qomyckaercs,
B BUIy HEBO3MOKHOCTH BJIQXKHOU €KETHEBHOW YOOPKH MOMEIICHUS ¢ MpUMEeHeHHEM 2% YKCyCHOMH
KHUCTIOTHl W JIE3MH()HUIMPYIOIMUX CPEJICTB OOIIero Ha3zHaueHus. He JomyckaeTcsi oThenka CTEH
MIPOIEAYPHOU KepaMHUYSCKOW IUIMTKOW. IIoKphITHE MOJIOB TOMKHO OBITh IEPEBSHHBIM HWIH W3
JUHOJIEYMa, HE HMETh IIEJICH, JbIp, BHICTYNOB. KaOeabHble KaHajbl aIlapaToB JOKHBI OBITH
3aKpbIThl. Ha TyTH mepenBrkeHHs TAIMEHTOB W TEPCOHANIAa HE JIOJDKHO OBITh BBICTYITAFOIIMX
YacTeu ammapara Wid Ipyrux IpeaMeToB, KOTOPBIE MOT'YT IMPUBECTH K TPaBME.

CMOTpOBOE OKHO JOJKHO TO3BOJIATH 0030p MPOLIETYPHOH TaKKUM 00pa3oM, 4TOOBI ObLT BHJICH
CHUMAEMBII MAIUEHT ¢ pabodero MecTa peHTreHIabopanTa.

B kabunere He MOMKHO OBITH MOCTOPOHHUX MPEAMETOB. B mporeaypHoil He XpaHSTCS
"3aKOHCEpBUPOBAHHBIC" HIIM TIEPE/IBIKHBIC anmapaThl, MEIIAOIINe TEePEABKCHUIO TAIlUeHTOB U
MepCOHAJIA 10 MPOLEYPHOU M SBIISIIONIUECS TOMOJHUTEIIBHBIMU PACCEHBATEISIMHU.

Hcnonp3oBaHue JTHO0BIX PEHTTCHOBCKUX aIapaToB JOJKHO IMPOBOJMTHCS B COOTBETCTBHUU C
WX TEXHUYECKMM Ha3zHauyeHueM (0OIIed JWarHOCTUKH, TpaduH, ICHTAIbHBIN, TepeaBUKHON
nanatHeii). [lepenBrkHBIC anmmapaTsl JOKHBI HCIIOJIB30BATHCS TOJIBKO CTPOTO 10 Ha3HAYCHHIO, 10
OKCTPEHHBIM JKU3HCHHBIM ITOKA3aHHUSAM, C COOJIOJICHHEM MaKCHUMAaJIbHOW 3alllMThl ITalleHTOB.
3anpeiieHo HCMIOIb30BaHUE TMEPEABMKHOTO IMMaJlaTHOTO ammapara Kak CTallMOHApHOTO I
PYTUHHBIX HCCIIEJJOBAaHHUM MAIMEHTOB.

['eneparopHbie yCcTpoOHCTBa, HU3KOBOJIBTHBIC W BBICOKOBOJIBTHBIC MIKA(bl, a TaKKe IPYTHE
METaJUTMYECKUE TIOBEPXHOCTH: JIBEpHU BBITIOJIHCHHBIE U3 MeETajula, paauaTopbl OTOILICHMS,
BEHTWISILIMOHHBIE JKeN00a U T.J, JOJKHBI ObITh 3aKPBITH ACPEBIHHBIMH IIUTAMH, TTO3BOJISIOIIUMHU
CHU3HUTh PACCETHHOE U3JIYUYCHHE.

Bce anmekTpoBBIKIIOUATENH JOJDKHBI MMETh 3a3¢MIICHHE M HE MMETh OTOJICHHBIX KJIEMM H
nmpoBoJIOB. B wmpacane TymOiep 3akpbIBacTCs KOPOOKOH M3 JTUAJNICKTPHKA TaK, 4YTOOBI HapyxKy
BBICTyNaJI TOJBKO caM BBIKJIIOYaTeNb TymOnepa. [lpm co3manum Takol KOpOOKH HEO0OXOAMMO
PYKOBOJICTBOBAThCS MPUHIMIAMH yJ00CTBAa U 0€30MacHOCTH, OHA HE JOJKHA COJEP’KaTh OCTPBIX
YTJIOB ¥ KpaeB.

DIEeKTPONPOBOIKA JOKHA OBITH BBIIOJIHEHA CTAHIAPTHBIM KaOEJIeM M 3aJI0KE€HA B CTCHKY,
TP BBIXOJIE K AJIEKTPOOOOPYIOBAHUIO HE UMETh BUCSYMX MeTelb. [IpoBoa 351eKTpooOOpy10BaHUS
HE JOUKHBI 00BHMBaTh TpyObl. OCOOCHHO OITACHBI TAaKWE HAPYIICHHUS 3JICKTPOOE30IaCHOCTH B
dboTomaboparopu, rae JJa0OpaHT HAXOIUTCS B TEMHOTE U B YCIOBUSAX MOBBIIIICHHOW BIIAXKHOCTH

Bce wactu camoro ammapaTta HE JOJDKHBI MMETh HApYIICHUH 3JICKTPO3alUThI, T. €. BCE
3aIIUTHBIE KOXXYXHM JOJDKHBI HaxXOJHWTHhCS Ha CBOMX MecTaxX. [lo CTaTHCTHKE €XEerogHo B
MEIUIMHCKUX  VUPSKICHUSAX OOJNACTH OT TOPAKEHUs JJIEKTPUYECKUM TOKOM THOHET
MPUOJIU3UTEHHO 2 YeTIOBEKA.

[Tpu pabore Ha MOOOM PEHTTEHOBCKOM ammapare JOJDKHBI CTPOTrO COOIMIOAAThCS (PU3UKO-
TEXHUYECKHUE YCJIOBHS pPabOThI, W JAaOOpPaHT JOJKEH YMETh IMPOKOHTPOJHMPOBATH TOYHOCTh MX
ycTaBok. JlJis mpoBepku ammapaTta B rpa)uueckoM peXUMe HEOOXOIMMO YCTaHOBHTH Ha IYJIBTE
100 xmmoBoasT - 100 mmmmamiiep U 1,2 CeKyHIBI BBIASPKKH, BKJIIOYHTH ammapar, IpH 3TOM
CTPEJIKU MPUOOPOB Ha MYJIbTE JIOKHBI OTKIIOHUTHCS Ha YCTAHOBJICHHBIC BEJIMUMHBI C Pa3HUIICH HE
o6omee *£10-15%. Jlns mpoBepku ammapata B PEXHME CKOMHH HEOOXOIUMO YCTaHOBUTH: 100
KWIOBOJIbT. llpu BBIBOJIE pYYKHM aHOAHOTO TOKAa CKOINKUMU B HYJIEBOE IMOJOXKEHHWE Ha
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MUJIHAMIIEPMETPE BKIIFOUEHHOTO ammapara JOJHKEeH ObITh HOMb WK, MakcuMmyM 0,5 Muimuammepa.
[Tpu BpameHun pydku, CTpesika MpuOOpa JMOHKHA TJIABHO OTKIOHATHCA OT MakcumyM 0,5 1mo He
Oosiee 4 MuILIHAMITED.

Bce mpubopel W KHONKH IyJIbTa YIPABICHHS C TOJCBETKOM JODKHBI MMETh pabouune
JAMIIOYKH, BCE CHUTHAIBHBIC JIAMIIBI JOJDKHBI OBITH HCHIPABHBI, PYYKHA PETyIUPOBKH YpOBHEH
JIOJKHBI JIETKO BPalaThCsl M HE JOJDKHBI TPOBOPAYNBATHCS.

Ecnu anmapar "He B pexume" WM TEXHUYECKU HE HMCIPABEH, TO JOKHA MPUCYTCTBOBATH
3aMMCh B KOHTPOJIBHO-TEXHHUYECKOM JKypHajie. OTMETHM, 4TO TIPH HEepaOOTAIOIIEM CKOMHYECKOM
amnmnapare, Bpau-peHTI€HOJIOT MOKET MOTEPATh MPaBO Ha kaTeroputo "A"., T.K. IpU aTTECTALMU €TO
pabodero Mecrta BBIACHHUTCS, 4TO OH He HaxoauTcs 80% cBoero paboyero BpeMEHH B 30HAX
BO3JICHCTBUSI HOHU3UPYIOIIETO U3NTydeHUs. ECiM peHTreHoIor He MPOBOJUT J000CIEIOBAHHUS, TO
OH MPOCTO OMHUCHIBAET CHUMKH M HE MOBEPTracTCs BO3JICHCTBUIO HOHU3UPYIOMIETO H3TyUSHUSI.

Ha neHTtanpHBIX ammaparax o0Os3aTENBHO JOJKEH MPHUCYTCTBOBATH (UIBTP, KOTOPBIN
OTCEMBAET MATKOE M3JIyYCHHE, IMaryOHO BIUSIOIIEE HAa CIM3UCTYIO 00O0JIOUKY TMOJOCTH pTa. TyOyc
TPYOKH JIOIKEH OBITh OTLEHTPUPOBAH, T.K C €ro MOMOIIbI0 MPOUCXOAWT MpPUIICIIMBAHUE Ha
OoJbHOM 3y0. 3ayacTyio LEHTp TyOyca HaXOJHMTCS B CTOPOHE OT (poKyca JIyda, 4TO MPHUBOIUT K
HEeMH(OPMATUBHBIM CHHUMKaM, T. K. H300pakeHHE HeoOXoammoro 3yba oOpesaercs, a Takke
o0JrygaroTcst 310poBbie 3yObl. [lo auTepaTypHBIM AaHHBIM B 3yOe oOaydeHHOM 3-4 pa3a THOHET
nynena. Ocoboe BHHUMaHWE CJEAYeT YISIUTh HAIWYHIO Ha TyOyce YUIHHSIONEH My(THI C
nuadparmMoii, KOTopasl IMO3BOJIIET YBEIMYHUTH (DOKYCHOE pacCTOsSHME B 2 pasa, 3a CYET Yero
YMEHBINIAETCSl 71032 Ha CIU3HUCTYIO TOJOCTH pTa B 4 pa3a. BreimoiHeHWe MaHHBIX TpeOOBaHUM
0OYCJIOBIIGHO TEM, YTO IO MMEIONTUMCS JaHHBIM, KOJWYECTBO JICHKOTUIAKUHN TIOJOCTH pTa PE3KO
BO3POCIIO B MOCJICTHUE TOJIBI.

Bo ¢mrooporpaduueckom kaOMHETE PEHTICHIA00paHT OO0S3aH IOJb30BaThCS auadparMoi
JUTSL CO3JIaHust TIoJIsT 00ydeHus. HeoOXoammo moaiepkuBath e B paboueM COCTOSHHH M YHUCTOTE -
JIaMITOYKa IIEHTpaTopa JOHKHA paboTaTh, IITOPKUA aUa(parMbl JOJDKHBI OBITH OTLEHTPOBAHBI.
OO0s3aTenpbHO Hanmuuue QuibTpa. PeHTrenmabopaHT 00s3aH 3HATh, KaK IMPABUIBHO YCTAaHOBHTH
MaIUeHTA.

PabGouee mecTo peHTreHnabopaHTa Ha KaOMHHOM (Quirooporpade HaXOIUTCS BO3JC IABEPH
amnmapara y CMOTPOBOTO OKHA. ECllM OH CTOMT He HAmpOTHB JIBEPH, a HAXOAUTCS B CTOPOHE, TO
JydeBasi Harpy3ka Ha HETo Bo3pacTtaeT B 2-3 pasa.

Ha dmarooporpammax J0JDKHBI OBITH TOJNIBKO JIETKHE, HE JTOJDKHO OBITH BHUIHO HIUTOBUIHOM
JKeJe3bl, OPIOIIHON TOJOCTH, KOCTeW Ta3a, pykK (TpyOdaTsix KocTed) m T.h. [lommkHa cTporo
coONIOAaThCsl CTaHApTHAST YCTAaHOBKA IMPHU BBHIMOJTHEHHU (irooporpaduu B MpsIMON TMepenHen
npoeknuu. Bo Bcex ciydasX Ha PEHTICHOTpaMMeE JIOJDKHBI OTOOpPa)KaThCsl CTBOPKH IIEIICBOM
nuadparMbl WM Kpas TyOyca.

3ampenieHo HuCIoiab3oBaHue (urooporpaduueckoro ammapara 0e3  (HOTOIKCTIOHOMETpA.
Breinepxka cHumka gomxkHa coctaBisaTh 0,06 cekyHabl. Ilpu HepabGouem (OTOIKCIIOHOMETpE
BBIICPKKH MOTYT JTOCTHTaTh 1 cekyHabl U Ooiee. [Ipy Takux BBIIEpKKAX HE MOXKET OBITh U PEUU O
CKPUHHHTOBOM 3Ha4€HUU MeToja Qurooporpaduu, MeTos mpeBpaiaercs B 6aHanpHy0 rpaduio u
MPUBOAUT K HEOOOCHOBAHHBIM OOJTyUCHHUSIM HACEICHUS.

B kabunere, a ocobeHHo B ¢oromabopaTopuu MODKHA (DYHKIMOHUPOBATH BEHTHIISIIMS.
Haunbosiee onTumanbHBIM pPEIICHUEM, SBISETCS YCTAaHOBKA OOBIYHOTO OBITOBOIO BEHTHJIATOPA B
OKHO WJM B BEHTWISIIIHOHHYIO IIaXTy TaKOW BEHTWISATOP M3AAeT HU3KUN ypOBEHH IIyMa U UMEET
JOCTAaTOYHYIO TIPOU3BOIUTEIIBHOCTb.

Bentumsmus umeer Oosbiioe 3HaueHue B (oTomaboOpaTopuu, Tak Kak MPHU €€ OTCYTCTBHH
HaKaIUTMBAIOTCS Tapbl THAPOXWHOHA, HAHOCSINUE Bpel 3M0pOoBhi0. [Ipn ycTaHOBKE BEHTHIISTOpPA B
OKHO (oTosiabopaTopuu HE0OX0IUMO 000pPYIOBATH 3aTEMHSIIOIIEE KOJIeHO. [loMerennst JOmKHbI
HMMETh BO3MOXKHOCTbh PACTEMHSTHCS U TPOBETPUBATHCSI.

B ¢oromaboparopun He OJDKHO HAXOAWTHCA JIMITHUX MPEAMETOB W O00OpYyIOBaHUS.
3anpeiieHo Moyib30BaThCs HArpeBaTeIbHBIMK MPUOOPAMH, TAKUMHU KaK MMEYKH, CYIIMIIbHBIC TKA]BI,
KOTOpBIC TIOJIOTPEBAIOT BO3JAYX, YEM CIOCOOCTBYIOT pACHpOCTPAHCHHIO TMapoB XWHOHA U

157



TUAPOXMHOHA, a TaKKe OBITOBBIX HArpeBaTeIbHBIX MPUOOPOB, KOTOPHIE SBISIOTCA MPEAMETAMH,
HapyIIAKIMUMHA 3JIEKTPO- U Tokapobe3onacHoCTh. Henmb3st Xpanuth B (hOTOIa00paTOPUH JIMUHYIO
OJIe)KTY U THILEBHIE MPOIYKTHI, KOTOPHIE BIUTHIBAIOT ONMAacHbIE maphl. Paboyas onexaa nabopanrta
Haxozsmerocss B (oTonadopaTopur HE JOJDKHA OBITh M3 IIEPCTH, T. K 3TOT MaTepHall CIIOCOOCH
WHTCHCHBHO BIIUTHIBATh M HAKAIUIMBAaTh BPEAHBIE XHMHUYECKHE COCIWHEHHS. Bce Bbile
MEPEUYHNCIICHHOE MOKET MPUBOIUTH K TEHEPATU30BAHHBIM XUMHKO-AJIJIEPTUUECKUM PEAKITUSIM.

baku u npyroe mposiBo4HOE 000pyIOBaHUS JOHKHO MOJACPKUBATHCS B yncToTe. DOHApH B
1a0opaTOpuH JIOJDKHBI OBITh HEAaKTUHWYHBIMH. KacceThl HE MOJDKHBI COIEpKaTh KaKUX-JIMOO
HECTAaH/NAPTHBIX MOKPBITHN WM 3arps3HEHUN, OCOOCHHO W3 KPAacoOK M IMOOENIOK COJIEepIKaIINX
METaJUTMYECKUE COSIUHEHHS, KOTOphIe OYayT AaBaTh apTedakTsl HA cHUMKE. K apTedakTam Taxxke
MIPUBOISIT CTAPhIC, TOTPECKABIIUECS U TPSI3HBIC YCUITUBAIOIINE SKPAHBI.

Bce xypHasbl paboOThl PEHTIEHOJIOTHYECKOTO KaOWHETa JOJDKHBI OBITh  MPOIIUTHI,
npoHyMepoBaHbl. B pabGoueMm sxypHasie 00s3aTelbHO yKasbiBaeTcs nara, Bpemsi, @O peHTren-
nabopaHTa U Bpaya, MPOBOJMBIINX WCCJIEIOBAHHUE, M 03Bl C 0053aTEIIbHBIM yYKa3aHUEM BEJIMYHH.
Jrobass  pgokyMmeHTanus KaOWHETa  SBISIETCS  IOPHIWYECKAM  JOKYMEHTOM M Tpelyer
COOTBETCTBYIOIIETO K HEW OTHOIICHUS.

B cooTBeTCTBHU CO CIENYIOIIMMU 3aKOHOAATECIEHBIMA U HOPMATUBHBIMH akTamu «HopMbl
paguamuitnoii  Oe3omacHoctn  YkpauHbl» (HPBY-97); «OcHOBHBIE caHUTapHbBIE IIpaBHIIa
obecrnieueHust panuanuoHHOM Oe3omacHocTu  Ykpaussl»y (OCIIPBY-2005); «l'urnenuueckue
TpeOOBaHUSI K YCTPOHCTBY M OJKCIUTyaTalliM PEHTTCHOBCKUX KAaOWHETOB U  IPOBEICHUIO
pentrenonorunyeckux mporeayp» (JCITH Ne 1256/14523 Bix 07.11.2007 p.);, u 3akoHoM Nel5/98-
BP "O 3ammTe YemoBeka OT BO3ACHCTBHS HOHHM3HUpYIOmMX wu3nydeHuu" (cr. 13, 17, 19)
HOPMHUPYETCS COOJIFOJICHUE 3allUThl TEpCOHANlAa W TAIMEHTOB. BakHyr0 poiib B oOecreueHun
pagualmOHHON 0€30MaCHOCTH MTPAIOT TIIATEIBHBIN JTO3UMETPHUECCKUN KOHTPOIb 103 W3TydeHUs
Ha pabouux mMecrax (He pexke 1-ro pa3a B 2 rojia) U JIe4eOHBIX 703 TEPAIIeBTUUCCKUX allapaToB,
KOTOPBIE JOJKHBI JO3UMETPUPOBATHCS HE peke 1-ro pa3a B MecsIl Ha KaKIOM arapare, BO BCEX
pexumax. FOpuandyeckyro OTBETCTBEHHOCTh B JJAHHOM CJIydae, B COOTBETCTBUHU C 3aKOHOM, HECET
MOJIB30BATEb.

Panuanvonnas 3ammra TnepcoHaJia W TMAlMEHTOB 00€CTeuMBACTCS  PalMOHATIBHOMN
IUTAHUPOBKOM ~ KaOWHETOB,  HMCIPABHOCTHIO  ammapaTypbl,  HCIOJIb30BAaHHUEM  CPEICTB
WHINBUIYTBHOM 3aIIHTHI.

PeHTreHoBCcKOE OTHENEHHE JOHKHO Pa3MENaThCs B MOMEIICHUH IUIONIAb W TUIAHHPOBKA
KOTOPOT'O COOTBETCTBYET NIEUCTBYIOMUM HOpMaM W mpaBwiaM. Ham mporemypHoi HexenaTeabHO
pa3MeniaTh MecTa TIOCTOSSHHOrO TpeOblBaHMs NIl Kateropuu "B", Takue Kak mMmanaThl
CTaIlMOHAPHOTO JICYCHUSI.

LleHTp pEeHTreHOBCKOW TPYOKH JOMKEH OTCTOATH OT JIEMEHTOB CTAIIMOHAPHOM 3allUThl HE
MeHee yeM Ha 1,5 mMeTpa, a OT CTeHBI, Ha KOTOPYIO HAMpAaBJICH MyY0K U3TYUCHUS, HE MEHBIIEC YeM
Ha 2 MeTpa. [Ipu mpocBeunBaHuU TPyOKa TOJDKHA PACTIONAaraThCsl TAKMM 00pa3oM, YTOOBI pabodmii
My4OK OBLT HAIIPaBJIEH B CTOPOHY KAMMUTAJIbHBIX CTEH MTOMEIICHUSI.

Ha 5kpaHHO-CHHMOYHBIX YCTPOWCTBAaX CKOIMMYECKUX alIapaToB JODKHBI MPUCYTCTBOBATH
CTaHJApTHBIC, CEPTU(PHUIMPOBAHHBIC, HE TOBPEKICHHBIE OOKOBBIE M MOJPKpPaHHBIE (PapTyKH.
Huxnwmii kpait 60koBoro Gapryka dKpaHOCHUMOYHOTO YCTPOMCTBA JOMIKEH ObITh HA OJJHOM YPOBHE
C HIYKHEM KpaeM IMOAPKpaHHOro (apTyka.

B kaxxnom xabuHeTe JOKHO OBITh J1Ba KOMIUIEKTAa CPEICTB MHIUBUAYATBHON 3aIUTHI (715
nmepcoHasia u Juisl  manueHToB). Kpome mepcoHana kabuHETa M caMoOro  IalMeHTa,
WHAVBUIYAIBHBIMH CPEJACTBAMH 3alllUThI CJIEIyeT OOeCledYrBaTh BCEX JIUIl, MPUBICKAEMBIX K
MIPOBEJICHUIO PEHTICHOJOTHYECKHX HcciaenoBanuid. CpencTBa JOMKHBI OBITh CTAaHIAPTHBIMU,
cepTU(ULIUPOBAHHBIMH, 3apETUCTPUPOBAHHBIMA HAa TEPPUTOPHHM YKpPAWHbI, UMETh OTICIbHBIM
MacropT Ha KaXIyK €IWHMUIYY C YepHWIbHOW IedYaTblo, W Komuio ceptudukara. Ha kaxmgom
CPEIICTBE JIOJKEH OBITh SIPJIBIK, HA KOTOPOM yKa3bIBaeTcs: (pupMa MpOM3BOAMTENb, 1aTa BBITYCKA,
CBHHIIOBBIH DKBHBAJICHT W CEPUHHBIN HOMEp M3Ieius (KOTOPBIA JOJDKEH COBHAJaTh C HOMEPOM,
yYKa3aHHBIM B aCHOpTE).
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[Ipn mnpoBeneHWHM HCCIEIOBAaHUN HEOOXOAUMO IPUMEHSATH TOJBKO HE TIOBPEKICHHBIC
CpPEeACTBA MHINBUAYAIBHOM 3amuThl. He M0mKHO OBITH pa3phIBOB, KaK HAPYKHON 000JOYKH, TaK U
CaMOro MPOCBUHIIOBAHHOTO MaTepuaja WM ero 3aMmeHuresisi. He nomyckaeTcs MCIosb30BaHUE
3aIIUTHIX WIN KJIECHBIX CPEJICTB 3aIIUTHI.

[Ipy peHTreHOJIOIrMYEeCKUX UCCIICAOBAHMIX MAIlUCHTY HEOOXOJIMMO YKPBITh BCE YacTH TeJa,
KOTOphIE HE YYacCTBYIOT B  HCCIeIOBaHWMH. PexkoMeHayemass HOMEHKIATypa CpEICTB
WHAVNBUAYAIBHON 3alIUTHI IS Pa3IMYHBIX PEHTTCHOJIOTHYeCKUX KabuHeToB ykazana B JICITH Ne
1256/14523.

OTAeNbHO CTOUT OTMETUTD 0053aTeIIbHOE UCITOIb30BaHNUE B JCHTAIBHOM KaOWHETE IIAllOUKH,
OYKOB M CTOMATOJIOTMYECKOTO (apTyka ¢ 3alUTON IUTOBHUIHOHN jkene3bl. [Ipu cHUMKe 3y0O0B
3HAYUTEIbHBIE O3l BTOPUYHOTO U3JIyUYEeHHS MOTYT UJITH Ha TOHAJIBl M HA TOJIOBY TMAI[MEHTA.

Ha mammorpaduyeckoMm ammapare oOs3aTENbHO NPUMEHSTH IIANOYKy, OYKH M 3alIUTY
IIATOBUIHOM KEJIE3bI,T. K. TOJIOBA JKCHIIIUHBI MPU UCCJICTOBAaHUM HAXOIUTCS B HEMIOCPEICTBEHHOM
Ooym3ocTH OT Tpaduueckoit Tpyoku. M obs3aTebHO HEOOXOAMMO 3alUIIaTh FOOKOW OpraHbl Ta3a
JKEHIIUHBI, TaK KaK OHU HAXOJIATCS MPU UCCIEAOBAHUHU TTOJT IPSIMBIM ITyYKOM.

HeoOxommmo coOr0maTh MPUHIUIBI  PalMOHANBHOCTH HCCIeAOBaHMK. Bpau 00s13aH
HAIPaBJIATh OOJBHBIX TOJIBKO MPU HAIMYMH MEIUIIMHCKUX MOKa3aHui. ITpu 3ToM B aMOyIaTOpHOM
KapTe, UCTOpPUM OOJIC3HW WJIM HAMpaBICHWW JICYAIlMM BpavyoM JIOJDKHA OBITh CJCJIaHa 3aIluCh,
000CHOBBIBAIOIIAss HEOOXOAUMOCTh HCCIACAOBAHUSA M €ro Iueib. [Ipu HapyIIeHUH IPaBHII
HarpaBJieHHUsT OOJIbHBIX Ha PEHTTCHOJOTHYecKoe OO0CIeI0BaHNe, a Takke He0OOCHOBAaHHBIX
HamnpaBJICHUSIX U HA3HAUYCHUSAX TaKUX MCCIICIOBAaHUM, KOTOPBIC CBSI3aHBI CO 3HAUMTEILHON JTy4eBOM
Harpy3Kou, Bpau-peHTIeHOJIOT 0053aH OTKa3aThCs OT MUCCICAOBAHUS, MPOUH(GOPMHUPOBATH 00 ATOM
Jieyaniero Bpada u 3a(UKCUPOBATh MOTUBUPOBAHHBIM OTKa3 B UCTOPUM 00Jie3HU (aMOyIaTopHOM
kapte). EcTecTBeHHO, CKa3aHHOE HE OTHOCHTCS K HEOTJIOXKHOW JIMarHOCTHUKE W YPreHTHOMY
WCCIIEIOBAHUIO TI0 KM3HEHHBIM MoKa3aTessiM. [leTsm 1o 15 neT ucciaenoBanusi MpOBOIATCS TOJIBKO
T10 )KM3HEHHBIM TIOKA3aTeIIsIM.

ITocne mpoBencHUs TPOBEPKH IIEPCOHANY OTACIACHHS BBIJACTCS HAa PYKH IPOTOKONI. B
COOTBETCTBHUM C JaHHBIM TIPOTOKOJIOM M Ha €ro OCHOBaHWH, INMPH HAJIWYUU HEJOCTATKOB M
HapylieHuid B paboTe KaOWHETa, PEHTICHJIA00PAHT TMHINET JOKJIAJHYIO 3aluCKy Ha HMS
3aBEYIONIETO OT/ACIICHHEM. TOoT B CBOIO Ouepeiab INMUIIET HAa WMS TJIaBHOTO Bpaya. JIOKyMEHTHI
COCTaBISIIOTCSI B JBYX JK3eMIUIApax, 00a 3K3eMIUIsIpa PETUCTPUPYIOTCS B TMPUEMHOH, M OIUH
JIOKYMEHT 3aBEIYIONINI ocTaBisieT ceoe. [lepnoanuHoCTh Mmojauu TOKIaIHbIX JO/DKHA ObITh 1 pas
B MECSII, O ITOJHOTO YCTpaHCHHS YKa3aHHBIX HEAOCTAaTKOB. TakuMm oOpa3oM IepcoHaj KaOumHeTa
MOJTHOCTBIO CHUMAaeT ¢ ce0s OTBETCTBEHHOCTh 3a TaKHE HAPYIICHHS KaK HEXBaTKa 3alllUTHBIX
CPEACTB, HEPAOOTOCIOCOOHOCTH ammapaTa W T. J., HO HH B KOEM CiIydae HE CHHMAaeT
OTBETCTBEHHOCTH 3a HApyLICHUS METOJIHUK OOCIIeIOBaHMs, TEXHHUKH OE30MacHOCTH W 3akoHa "O
3alIUTE YeJI0BEKa OT BO3ACHCTBUS HOHU3UPYIONINX U3TydeHUN".

Paboyee MecTo a1000TO YEIOBEKA 3TO TO MECTO, TJI€ OH IMPOBOJUT OOJBIIYIO YacTh CBOCTO
BpeMeHH. [1oaToMy KaXablii caM BBIOMpAeT Kak U T/e eMy paboTrarh, U 0€3 COOCTBEHHBIX YCHIIUMA
Ha o0JaropaxuBaHUE CBOEro kabuHeTa caMa co00i 00CTaHOBKA HE YITyYIIUTCS.

KYJIBTYPA BE3OITACHOCTH KAK OBA3ATEJIBHAS COCTABJIAIOIIAA
OBECIEYEHUSA PAJTUAIIMOHHOM BE3OIMMACHOCTH

P.E. I'opoBenko, 10.H. Ceanspa, O.U. Bo3usak

Jloneykutl 061acmMHOU NPOMUBOONYXOIe8bIU YeHMDP
yn. llonoykas, 2a, 2. /{oneyx, Yxpauna, 83092

AHHOTALIMSL: mobast ACATCIIBHOCTD, CBA3aHHAA C MCTOYHHUKAMU HMOHU3UPYIOMICTO H3JIYy4YCHMUS, Tp66y€T oT
IepcoHaia COUYCTaHUA BbICOKOT'O HpO(beCCI/IOHaIII/BMa 1 OTBETCTBEHHOI'O OTHOIIICHHS K CBOCH pa60Te.
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Abstract: any activities involving sources of ionizing radiation, requires a combination of staff
professionalism and responsible attitude to their work.

KiroueBble cjoBa: KynbTypa Oe30macHOCTH, KOH(OpMHas JydeBas Tepamusi, TPEeXMepHOoe
IUIAHUPOBAHUE JIy4EBOU TEpaInu.
Key words: safety culture, conformal radiation therapy, 3D treatment planning.

TexHuueckuil mporpecc 3a MOCIEIHUE NECATUIETUS B 00JaCTH JTy4eBOW Tepamnuu MPHUBEN K
COBEpILICHCTBOBAHUIO amMapaTypsl Ui IJIAHUPOBAHUS M TNPOBEACHHS OOMY4YEHHS U CO3JAHUIO
HOBBIX HaIPaBJICHUN B pajMoIOruu. Pacimpsercs cekTp METOAO0B NMOMyYeHHUs] U300pakeHUn J1JIst
IUTAHUPOBAHMS: KOMIBbIOTEPHAsE TOMOTpadusi, MarHUTHO-PE30HAHCHAsT ToMorpadusi, MO3UTPOHHO-
AMHUCCHOHHAas ToMorpadus, oAHO(GOTOHHAS IMUCCHOHHAsE KOMITbIoTepHast ToMorpadus. [lossnenue
TPEXMEPHOIO IJIAHUPOBAHUS W MHOTOJIENECTKOBBIX KOJUIMMATOPOB 00ECIEYMBAET BO3MOKHOCTh
npoBeJeHUsT KOHGOPMHOM JTyueBoil Tepanuu. MHBepcHOe miaHMpOBaHUE MO3BOJIAET YCTaHOBUTh
ONTUMAJIbHBIE TapaMeTpbl Iy4Ka U3Iy4YEeHUS C LENbl0 NpUOJIM3UTH IOJlydyaeMoe 03HOe
pacmpeleneHue K kenaeMoMmy. brarogaps cuctemMaM MNOPTAJIBHOM BH3yalW3allid IPOBOJUTCS
KOHTPOJIb YKJIQJKU MAIMeHTa U IMOoJIeH OOJIyueHH B peKUMe peajbHOro BpeMeHU. MHTeHCHBHO-
MOJyJIMPOBAHHAs JIyueBas Tepamnus M03BOJIsA€T J0OUBATHCS 00JIee TOUHBIX JO3HBIX PacIpeeIeHHH.
JlyueBass Tepanus ¢ BU3YyaJIbHBIM KOHTPOJIEM OTCJIEKUBACT CMEIICHUE MUIIEHU B MOMEHTBI
HEMOCPEACTBEHHO oOsyueHusa. CrepeoTakcuueckas paauoTepanus IO3BOJSET  IOJBECTU
CYILIECTBEHHO 0o0Jiee BHICOKYIO HOTJIOIIEHHYIO 103y K OIYXOJIM M YKPYIHUTH (hPaKIIMOHUPOBAHHUE.
ToMoTtepanus npeaocTaBIseT BO3SMOXKHOCTh OOJIy4E€HUs] MHOKECTBEHHBIX NMATOJOIMYECKUX 04Yaros
3a oAMH ceaHc. Bce 3TM MeTonbl HampaBieHbBl HAa TO, YTOOBI JOOUTHCS W3JICUYECHUS NpU
MUHHUMAaJIBHOM PUCKE ITOSIBJICHUS JIyYEBBIX PEAKIUN U OCJIOKHEHHN.

C mosiBIIEHHMEM TAKOTO KOJIMYECTBA TOYHBIX METOJIUK U COBEPIIEHCTBOBAHUEM 00OPYAOBAHUS
BCE 3HAYMMEE CTAHOBUTCS BONpPOC 00 oOOecrneyeHWu KOHTpOJs KauecTBa. M, ecnaum paHblue B
paguoTepaneBTUYECKUX KOMIUIEKCaX 0c000€ BHUMAaHME YAEISUIOCHh OOJIy4arolUuX yCTaHOBKAaM, TO
cef4ac TOYHOCTh ITPOBEIEHUS MPEATYYEBOM OATOTOBKY HA TAKOM K€ IIPUOPUTETHOM YPOBHE, KAK
Y TOYHOCTbH IIPOBEJICHUs] HETIOCPEACTBEHHO TEPAIIHH.

Ha npotsxkenun yxe 7iner B JloHenKoM 00JaCTHOM NPOTHUBOOIYXOJIEBOM ILIEHTpE MpHU
NPOBEJICHUN JUCTAHIIMOHHOW JIy4eBOW Tepamuu HapsAgy C JICYeHHEM Ha KOoOaJlbTOBBIX
pagMoOTEPANIEBTUYECKUX YCTAHOBKAX HCIOJB3YETCSI METOAMKA TPEXMEPHOIO KOMIIBIOTEPHOIO
IUTAHUPOBAHMA U KOH()OPMHOI Tepanum.

VYuuThiBass OOIIMPHBIE BO3MOXHOCTH M IPEUMYLIECTBA JIMHEHHBIX YCKOpHUTENEH, Bpayu-
paxuoIory BMECTE C MHKEHEPHOU CcIIy:k00i 0co00e BHUMaHUE YAENIAIN U YASNIAIOT TIIATEIbHOMY
BBINOJTHEHUIO KaXIOM COCTaBISAIONIEH KOMIUIEKCA IPOLEAYpP, BKJIIOUYEHHBIX B TEXHOJIOIHIO
00JIy4eHUsI U MIPEATYyUEBOM MOATOTOBKH.

IIpy mnpoBeneHMM JIydeBOW Tepanuu B HaIIEM LEHTPE Mbl HCIOJIb3YEM CIEAYIOLIYIO
IIOCJIEI0BATEIILHOCTh METOIMYECKUX U TEXHOJIOTHYECKHUX HTAIIOB!

- IpEIBAPUTENbHAS CUMYJISALINS;

- KOMIIBIOTEPHOE TOMOTrpaU4ecKoe UCCIECJOBAHNUE;

- TPEXMEpPHOE KOMITBIOTEPHOE IUIAHUPOBAaHHE O0TydEHUS;

- CUMYJIILIMA U BepUPHUKALUS TUIaHA;

- IOCTaBKa JICYEHUs.

[Ipu mpoBeneHUN KakJoro Tana HeoOXoaAuMO yIesITh 0co00e BHUMaHUE TEM MOMEHTaM, B
KOTOPBIX BO3MOXHBI OIINOKHU, 00YCIIOBIEHHBIE YEJI0BEYECKUM (haKTOPOM.

1. IlpenBaputenbHas CUMYJIALMS.

Llens mpoueaypbl: BbIOOp YKIAAKHM U (PUKCHPYIOIIMX YCTpOHCTB. IIpoKOHTpoaMpoBaTh
JIBUKEHHE TallME€HTa U COOTBETCTBEHHO CMEIIEHWE BHYTPEHHUX OPraHOB MbI MOKEM JHOO MyTeM
OTPaHWYEHUS JBWKEHHMSA (BHEIUHSAS HWMMOOMIM3alMs, MOArOTOBKA IMAIMEeHTa), JIMOO MyTeMm
BHU3YaJIbHBIX MPOBEPOK.
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[Tpu MO3UIIMOHUPOBAHUY TAIIMEHTA Mbl YYUTHIBA€M TOT ()aKT, YTO YKJIaJKa B MaKCUMAIIbHO
KOM(OPTHOM MOJIO0KEHUH MPUBOJNUT K CYHIECTBEHHOMY CHIKEHHUIO OOIIETO KOJIMYECTBA CMEIIEHHM
Jla’ke TIPU OTCYTCTBUU CIIELUANBHBIX (PUKCUPYIOIUX TPUCTIOCOOTICHU.

Jlis BHeIIHEN MMMOOWIM3ALMU B COOTBETCTBUE C MOTPEOHOCTAMM Ka)KJOTO MalUEHTa MbI
UCIOJb3yeM IOJArOJOBHUKH, MOJCTABKU IMOJ KOJEHH M CTynmHH. Ilpudem iydine ucnonb30BaTh
00JbIIe (PUKCUPYIOMIUX YCTPOHCTB, Y€M JAOMYCTUTh BO3MOXKHOCTH CMEILIEHUS.

BaxxHo yaenuTh BHMMaHHE TOMY, YTO CTENEHb HMMOOWIM3AIMHM BIHSET HA BEIUYUHY
OTCTYNOB TpH TUTaHUpOBaHUH. JKECTKOCTh (PUKCAIUHM BEIET K CHIDKEHUIO OOJIyUEHHUS 3T0POBBIX
OpraHoB U TKaHEM.

2. KomnsrorepHoe ToMorpaduieckoe uccieioBaHue.

Ha nanHOM »3Tame BakHBI JBa MOMEHTAa: TOYHOCTh BBIOpaHHOW IpU IpENBAPUTEIBHON
CUMYJISIUH YKJIAJKU U UACHTU(UKAIMS NanueHTa. B ¢BA3u ¢ TeM, 4TO Ha 3TOM 3Tare MPOUCXOIUT
BBEJICHHE JAHHBIX O MAIMEHTE, TO PaJAl YHUKAJIBHOCTH KaXKIOro MalMeHTa B 0aze JaHHBIX MBI
BBOJIUM BCIO MH(popmaruo o 6oasHOM. [lapammensHo sTa nHpOpManus AyOIHPYETCS B YUETHBIX
KypHaiax.

3. TpexmepHOe KOMIBIOTEPHOE IITAHUPOBAHUE OOTyUEHUS.

JlaHHBI STan SBISETCS CAMbIM KPOTIOTJIMBBIM. ATIpHOpH 3a7ada TUIAHUPOBAHUS OOTYUYECHUS

3aKJII0YaeTcsl B MOAOOpE TaKUX TOJei, B COBOKYMHOCTH 00€CleYMBAaIOUINX IMOJABEICHUE J03bI K
MUIIEHH 1 MUHIMHU3HPYIOUIHX JIYYEBYIO Harpy3Ky Ha OKPYKaoIIie TKaH!
B naHHOM ciydae mMmeeT 3HAueHHME: Ha OJTare KOHTYPHUPOBAaHUS — TOYHOE BBbIJCNICHHE oOuara,
KPUTUYECKHX OPTraHOB M KOHTYPOB Tela; MPH YKa3aHUH KIMHUYECKOTO U IJIAHUPYEMOTo 0OhEMOB
MUIIEHH — BEJIMYUHA OTCTYIOB (OTCTYIBI JOJKHBI OBITH, C OJHOM CTOPOHBI, TOCTATOYHBIMHU I
TOTO, YTOOBI KOMIIEHCHPOBATh TOTPEUIHOCTH YKJIAJKW U JBWKCHHE MUIIEHH, C JPYrow,
MUHUMAJIbHBIMH, YTOOBI MaKCHUMAaJbHO OTrPAaHUYUTh OOJY4eHHE KPUTHYECKUX OpraHoB U
OKpY’KAIOIIMX 370POBBIX TKaHEH); MU OLIEHKE IIaHA — YY€T TOJEPAHTHBIX /103 U THCTOIPaMM J103a-
o0BeM.

4. Cumynsuust 1 Bepuukanus miaHa.

[Ipu mnpoBeneHUM JaHHOW TMPOIEAYPHl MbI TEPBO-HAMEPBO OOECIEYMBAEM HACHTUYHOE C
MpEeabIYIIMMU MpOLelypaMyu NO3UIHMOHUpOoBaHue. [IoCKOJIbKY BBINOJHEHHE 3ajad ATOro JTama
(cpaBHEHHE TMONYYaIOIIErocs paclpeneieHus A03bl ¢ GopMol MIaHUpyeMoro o0beMa MUIICHH U
KPUTHYECKMX OPTaHOB; OIPEICIICHUE TIOJIOKEHUS H3O0LEHTpa MOJeH OOIydeHHS OTHOCHTEIHHO
aHATOMUU TAIMEeHTa; MapKHUpPOBKAa M3OIIEHTpa Ha MAIMEeHTE; BHOC BCEX HEOOXOMUMBIX NAHHBIX B
CUCTEMY 3allUCU U KOHTPOJISI) MPOUCXOAUT «PYUHBIM» CIIOCOOOM, TO MBI MOAXOAMM K 3TOMY C
0c000i1 BHUMATENBHOCTBIO, COCPETOTOYEHHOCTHIO U MEAAHTUYHOCTBHIO.

5. JlocTaBka JieueHus.

OnsATh ke Mbl 00ecreunBaeM HACHTUYHOE MO3ULMOHUpPOBaHHE U ¢ukcanuo. O0s3aTeaIbHO
nepesl HayajioM JIedeOHOro Kypca M Jlajiee €KeHEAENbHO Mepel MPOBEIEHUEM OYEPETHOr0 CeaHca
JUI KQXXI0TO TAllMeHTa BBIMOJHAEM BU3YaJbHYIO MPOBEPKY: MOJy4yaeM M M3ydaeM HOPTaJbHbIE
CHUMKHU C II€JIbIO OLIEHUTh COOTBETCTBUE YKJIAJKH, MPOKOHTPOIMPOBATH BO3MOXHOE CMEILEHUE
KPUTUYECKHX OPTraHOB U oyara.

Kpome 3Toro, Heo0X01MMO IOMHUTH O CUCTEME 3alMCU U KOHTPOJIS, KOTOpasi TAKXKE SBIISETCS
BaXHOH COCTaBIAIOLICH pajnOTepaneBTUUYEeCKOro Komiiekca. OHa TOBBIIAeT 0€30MacHOCTh U
3¢ (HEeKTUBHOCTD 3a CUET aBTOMATH3aIl[MM MHOTHX MPOILECCOB (HAIpHUMeEp, MPOBEPKa COOTBETCTBUS
TEKYLIMX KOOPAMHAT MOTOPU30BAHHBIX YaCTEHl JIMHEHHOTO YCKOPUTENS U YCTAaHOBJICHHBIX KIIMHBEB
3aIJIaHUPOBAHHBIM), OJIHAKO JIOJDKHA HAXOAMTHCS TOJ MOCTOSHHBIM KOHTPOJIEM: BO BpeMs BBOJIA
JaHHBIX, MEepeJauyd KOOpAMHAT MOTOPU30BAHHBIX 4YacTed JUHEHHOrO0 YCKOPUTENs IOcIe
CUMYJISIUH U T.J.

Crnenyer o0patuTh oco0Oe BHUMAaHHE Ha TMOBBIIICHUE KYJIbTYpPbl O€30IaCHOCTH U
OTBETCTBEHHOCTH IEPCOHAJIA Pa/Id CBEIEHUS K MUHUMYMY OIIMOOK ¥ HapyIIEHHW, OCHOBaHHBIX Ha
TakuX pabOuYMX YCIOBUSX, KaK HEXBAaTKa BPEMEHH, HEXBaTKa MNEpPCOHANa WJIM HE OTBEYarollee
TpeOOBaHUSIM OOOpY/IOBaHKWE, Ha YyCTpaHEeHHWE OOS3HM COOOIaTh O KaKUX-THOO HeIOoCcTaTKax
rpoiiecca Wik OIIMOKax.
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CaMOKOHTpOJ'H: W BHUMATCJIBHOC BBIIMOJIHCHUE BCCX 3TANlOB NPCAOCTABIIACMOrO JIy4CBOI'O
JICYCHH MMPUBCACT HAC K IMTOJIOKHUTCIBHBIM PE3YJIbTaTaM.
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®AKTOPH, 1O BINTUBAIOTH HA OITPOMIHEHHSI TA MOHTE-KAPJIO
MOAEJIIOBAHHA 103 JIIKAPIB - IHTEPBEHIHIMHUX KAPIIOJIOI'IB

B.B. Uymax’, A.O. Mopryn’, O.B. Baxanosa®

1) 1V «Hayionanvnutl Haykosuii yeHmp padiayiihoi Meouyunuy
eyn. Menvnuxos, 53, m. Kuis, Yxpaina, 04050, +(38) (044) 4893414, dose@leedl.kiev.ua

AnoTtanis. B ganiit po6oTti Oyna noOyzoBaHa MaTeMaTHYHA MOJEJIb ONIPOMIHEHHSI JiKapiB — iHTEPBEHIIHHIX
KapIi0JIOTIB TIiJ Yac MPOBEACHHS omeparii. Momens Oyina BUKOPHUCTaHA IS PO3PAaXyHKY MapIlialbHUX 1103
JUISl IOMPOKOTO Jiana3oHy MapaMeTpiB ompoMiHeHHsT MeTooM Monre-Kapio, 1 BU3Ha4eHHS KOeillieHTiB
AITOPUTMY OLIIHKHM e()EKTHBHOT JI03H 3a MOKA3aHHIMH JIBOX JO3UMETPIB.

AHHoTauus. B panHOil pabore Oblla HOCTpOEHAa MareMaThdeckass MoJeslb OOJMydeHus Bpaued —
WHTEPBEHIMOHHBIX KapJHOJIOTOB BO BpeMs MpoBeIeHHs omneparuu. Mojens ObUIa HCIONb30BaHA IS
pacdera mapUUajbHBIX 103 AJs IIMPOKOrO JHana3oHa MapaMeTpoB oOmydeHus: MmerogoM Monre-Kaprio, u
omnpeneneHus: K03QQUIEeHTOB anropuT™Ma OleHKH 3P PEKTUBHOM J03bI IO MOKAa3aHUAM JBYX JO3UMETPOB.
Abstract. In this work mathematical model of irradiation of interventional cardiologists during surgery was
developed. The model was used to calculate partial doses for wide range of irradiation parameters by Monte-
Carlo method, and to define coefficients of effective dose estimation algorithm using two dosimeters’
measurements.

Kuarouosi ciioBa: Monre-Kapio, iHTepBeHIliiiHa KapIiooris, napiiaibHi 1034, epeKTHBHA 103a.
Kuarwuesble ciioBa: Monrte-Kapino, MHTEpBEHIIMOHHAST PaHOJIOTHs, TMapluaibHble 103bl, (pdeKTHBHAs
J03a.

Key words: Monte-Carlo, interventional radiology, partial doses, effective dose.

Beryn

[aTepBeHiiiHa paaionoris — rajgy3b MEIHUIMHH, SKa JyXKe IMIBUJIKO PO3BUBAETHCS BIPOIOBK
OCTaHHIX POKIB, 1 BK€ BIEBHEHO IOCIJIA€ MepIIe Miclie O BEJIWYMHI 703, 0 OTPUMYE METUYHUIMI
nepconai [1]. BogHodac, 000B’s13K0Be BUKOPUCTAHHS PEHTTE€HO3aXUCHOTO OJIATY JIIKApsSMH I Yac
MIPOBEJICHHS OIepaliii poOUTh TpaaWIliiHI METOAM 1HIWBITYadbHOI MO3UMETPii HENMPUIHHATHUMHU.
Tomy 3’siBUIaCh HEOOX1THICTh TOCTIHKEHHS YMOB ONMPOMIHEHHS 1 JI030BUX HaBaHTaXCHb Ha JIKaps
3 METOIO0 CTBOPEHHS HOBHX aJITOPUTMIB OLIIHKH €(PEKTUBHOI TO3M Ta IX ONTUMI3AIlii.

BukopucranHd MaTeMaTHYHOro MoOentoBaHHS MeTonoM Monte-Kapno B ramysi
paaialifHOTO 3aXKCTY € IUPOKO PO3MOBCIOPKEHUM, OCKUIBKH JTO3BOJISIE pO3paxyBaTu J03U B Oy/b-
SKUX CUTYaIlisfX 0e3 CIpoIleHb Y HEOOX1THOCTI TPOBEACHHS (DI3UYHOT0 €KCTICPUMEHTY Ta pOOOTH
3 JDKepeslaMu BUTIPOMIHIOBAaHHS, 1, O1JIBII TOTO, Ja€ MOKJIMBICTD OIIIHIOBATH J03Y OKPEMHX OpPIaHiB
JIOUHH, SKY BUMIPSATH (PI3UYHO MPOCTO HE MOMIIMBO. 3aMOPYKOIO MPABUIBHOCTI Pe3yabTaTiB
MOJICIIIOBAHHSL € aJIeKBaTHA MaTeMaTHYHAa MOJEJb, SKa BpPAaXOBYe yCI 3HAYYIll IMapamMeTpH
OTPOMIHEHHSI: €HEPrilo, TeOMETPil0, HAsBHICTh Ta BIACTUBOCTI PO3CIIOIOUMX Ta EKPaHYIOUUX
CTPYKTYP.

ITocTanoBKa 3aaa4i, aHAJII3 YMOB ONIPOMiHEHHS
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EdexTuBHa 1032 € OCHOBHOIO BEIMYMHOIO, SIKOIO OINEPYE raixy3b paaialliifHOro 3aXUCTy, caMe
10 BITHOIICHHIO JIO 111€1 BEIMYNHU BCTAHOBIIOIOTHCS 1 PETYIIOIOTHCS JIIMITH 103 ONPOMiHEHHS. AJie
6e3mnocepeIHbO BUMIPIOBATH €(DEKTUBHY 103y Ha MPAKTUI[I HEMOXKJIMBO, ICHYIOTH JIMIIE METOIH ii
HaOIMHKEHOT OIIHKY 3a MOKa3aHHSAMHU 1HAMBIAyaTbHUX J03UMETpiB. [[71s1 iHTepBeHIITHOT pamioorii
32 YMOBHM BHKOPHUCTaHHS 3aXHUCHOTO OJSTy 3arajbHONPUHHATHM € BUKOPUCTaHHSA JIBOX
IHIUBIIYIBHUX JTO3UMETPIB (OJWH 3 SIKUX 3HAXOJUTHCS TIiJl 3aXUCHUM (apTyXOM Ha PiBHI MOSICY
H, , 1HIIUI — Hag GapTyxoM, Ha piBHI KOMIpIs Hg ) 3 HACTYIHUM OOUYUCIIEHHAM e€(EeKTUBHOI 03U
E , sk mHIAHOT KOMOIHAIIIT X MMOKa3aHb:

E=aH, +bH,, 1)
ne aib — xoedimieHTH, 1I0 XapaKTEPU3YIOTh BHECOK Y €(DeKTUBHY 103y BEIMUHUHH OMPOMIHEHHS
YACTHH TiJIa 3aXUIIEHUX (apTyxoM i He 3aXHIIEHUX BiMOBIIHO. BUOip BiaNOBiAHKUX 3Ha4YeHb & i b,
OYEBHJIHO, 3aJIC)KHTHh BIJ TapamMeTpiB TOJS BUIPOMIHIOBAHHS Ta yMOB, y SIKMX BiIOYBa€ThCS
orpoMiHeHHs JtoauHu. [1lo 6inbIe BiJOMO PO YMOBH OMPOMIHEHHS, TUM CrieUU(iYHUM (Ta OLIbII
TOYHHUM) MOXe OyJIH alTOPUTM OILIIHKH €(heKTUBHOI J03H.

Bynu pocmimkeHni peanbHi YMOBH POOOTH 1 ONPOMIHEHHS JiKapiB B YMOBax pEHTIEH-
omepariitHol BIIAUTY €HIOoBacKyispHOi Xipyprii Ta anriorpadii Y HamionansHuii iHCTHTYT
xipyprii Ta Tpancmantonorii iM.0.0.IllanimoBa HAMH VYkpainu, ocHameHW#l Ccy4acHOIO
MOHOIUIAHAPHOK 1HTEPBEHIIIHOKW aHriorpadiuHoro cucremoro Toshiba Infinix-i, momens INFX-
8000F, xommuiekraris CS-I.

BcraHoBieHO, IO 1O OCHOBHMX YMHHUKIB, 110 BIUIMBAlOTh Ha /103y JIKaps, HajlexaTb He
TIIBKH PEXUM POOOTH TPYOKH, ajie il BiIHOCHE pO3TalllyBaHHS OINEpamiifHOro croiy, apku C-arm
aHriorpa¢ivyHOTO anapary i Xipypra.

[IpoTsirom miBTOpa Micsls 3MIHCHIOBATIOCH BiJIEO MPOTOKOJIIOBAHHS BCIX PEXHMIB poOOTH
aHriorpaiyHOTO amapary Mpd TNPOBEICHHI PYTHMHHHX OIepaimii Ta Oynau BHAICHI OCHOBHI
napaMeTpy JUIsi BUKOPUCTaHHS B MaTEMAaTWYHIA MOJeElNi, Taki SK BHCOTa OIEpaIliifHOrO CTOy,
BIICTAHb MK JETEKTOPOM 1 JIKEpeloM, Halpyra peHTTeHiBChbKOI TpyOkH, mosiokeHHs C-arm
(mpoexitist) TOIIIO.

B pesynbraTi aHamizy Oynau BUIIICHI TpH MapaMmeTpH, fAKi MiJ 4ac MPOBEIEHHS omeparii
3MIHIOIOTBCS 1 MOXKYTh CYTTEBO BIUTUBATH Ha MPOIEC OMPOMIHEHHS Xipypra: eHepreTHIHUN CIIEKTP
(sIKUi mpu 3a7aHOMY THII PEHTTE€HIBCHKOTO anapary BU3HAYA€THCS HANPYrol0 Ha PEHTTEHIBCHKIi
TpyO1i), peHTreHorpadiyHa MpOeKIis (MOJOKEHHS B MPOCTOPI CUCTEMH JETEKTOP-IDKEPENo) Ta
BenmurHa 30inbieHns (o 3opy - field of vision, FOV).

I'eomeTpin 3axaui

[IpocTopoBa MoJenb ONPOMIHEHHS Xipypra — IHTEPBEHLIHHOIO pajiojiora CKjIajganach 3
HACTYIHUX YaCTUH: JDKEPEJOo, ETEeKTOp, Tijla MallleHTa Ta JiKaps, 3aXUCHUN QapTyX, JO3UMETPH
(puc.la).

Jlxepeno — TOUKOBe, 110 BUMIPOMIHIOE CTPYMiHb Y BUIVISI/IL MipaMifu 3 KBaJIpaTHOIO OCHOBOIO,
IO BIJIMOBiJA€ BEIMYUHI BiKHa KojiimMaropa. Po3mipu mepeTnHy CTpyMeHs Ha piBHI JeTeKTopa
3a71al0Th mapametp 36inpmenns FOV (Moxmusi 4 pexumu 15x15, 20x20, 25x25 i 30x30 [em?]).

Jlerektop Mae QopMmy mapainenemnineia i MpU MOJETIOBaHHI BUKOHYE pOJIb IOIJIMHA4a /
po3ciroBaya BUITPOMIHIOBAHHS.

BincTanp MK JETEKTOPOM 1 JKEpEsIOM Ha amapari MOXKE peryaloBaTHCh B MEBHUX MeXkax,
ajie Ha MPaKTHUIll BUKOPUCTOBYETHCS TOCUTH By3bkuil miana3zoH 90-100 cm. B moneni ns BennurHa
OyIa npuitHATa NOCTIHOIO, PIBHOIO 95 cM.

[lomoxkeHHsT CUCTEMHU JDKEPENIO-ACTEKTOP BIIHOCHO Talli€eHTa (MPOEKINS OMPOMIHEHHS)
3aJ]a€THCS 32 JIOIIOMOTOI0 KYTiB IIOBOPOTY BIIHOCHO OCi, IO BiATOBiZAA€ PiBHIO ONEpaIiiiHOro cTosa
(ymoeHni noznauenns kytiB RAO-LAO, CRA-CAU) (puc.16). B pesynbraTi gociipkeHHs poOoTH
a"riorpadiuHoro amapary Oynau BuaiieHi 9 ocHoBHHMX mpoekuiii: 0 (mpsma), RAO90 (6okoaa),
CAU20, RAO30-CRAZ20, LAO35, RAO30, CRA20, RAO35-CAU30, LAO35-CRA30.

Eneprist BUNIpoMiHIOBaHHS JPKEpesa 3aJa€ThCsl MOCTIHHOIO 3 METOI0 OKPEMOT'O PO3PaXyHKY
MEeBHOI KIJTBKOCTI OKPEMHX CHEPreTHYHUX 130J1iHIM 3 HACTYIMHOK MOJKIMBICTIO JIIHIHHOIO
KOMOIHAIII€I0 pe3yabTaTiB c(hOpMyBaTH Oy Ib-SIKUI CIIEKTP BUITPOMIHIOBAHHS.
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JIng nmamieHTa Ta  Xipypra OyB BHKOPUCTaHUH MaTeMaTHYHUH aHTPOIIOMOPQHHIA
rereporeHnnii ¢anrom Ty ADAM [2]. Ha Timi Xipypra XoJaTKOBO poO3MillleHa MO
PEHTI'€HO3aXHCHOTO (hapTyXa 3 KOMIPIEM 13 CBUHIIIO TOBIIMHOO 0.35 MM.

Ax Hax gaptyxoM, Tak 1 ma GapTyxoM posmimieHi moaeni tpaaumiiaux TJIJ] no3umeTpis, 3a
JIOTIOMOT'OI0 SIKUX 3a3BHYail BAKOHYETHCS TO3UMETPHUYHUI KOHTPOJIb.

Q2
RAO 6? Q) d}ggfo 40°

f

g

= S
CRA30° % a? CAU 20°

Puc. 1. a) 3oBHIIHIA BUTIsLI TeoMeTpii Moaedni. 6) [mrocTparist KyTiB, 110 BU3HAYAIOTH MIPOEKIIIO
OTIPOMiHEHHS.

o

O0podka pe3yabTariB

Oo6uncnennss Monte-Kapio BukoHyBammch 3a mormomoroto mporpamHoro makery MCNP
Bepcii 4B [3], ma sxoro Oyno cTBOpeHO BXiAHI (hailiM, 10 ONMUCYBAIM KOXKHY KOH(Irypairo:
EHEprisi TOYKOBOTO JKepesia POoToHIB ¢, moiie 30py FOV, mpoekmis mydka Q. Sk pe3ynbrar 0yino
onepxkano 12 x 4 x 9 =432 napiaibHUX 7103 B KOXKHOMY JO3UMETPI 1 KOXKHOMY OpTaHi.

Inmeepayin 0ozoeux oyinox. 11106 BpaxyBaTu CHEKTp BUIPOMIHIOBaHHS JpKepena, TOOTO
BCTAHOBHUTH 3B’S30K HANpyrd Ha TPYOIl 3 eHeprisiMu (POTOHIB, OOYMCIIOETHCS 3BaXKEHA CyMa
napuiagbHUX 3HaYCHb 32 CHEPTisIMA MOHOJIHIH.

[lpu 1pomy m03a B I-My JOETEKTOpi JAJsl MEBHHX 3HAYeHb Hampyru Ha Tpyoui U, FOV, i
HpOEeKIii ) BU3HAYATUMETHCA TaK:

D, U,FOV,Q =>a,-D g.FOV.Q , (2)
ek
ne D ¢,FOV,Q — mapuiajbHe 3HAYEHHS JO3M B i-My JE€TEKTOpi, o (opmyeTbes K-1o
E€HEPreTUYHOI0 MOHOIIHIEI &, 3 BiAMoBiAHMMH 3HadeHHsMu FOV, Ta mpoekmii Q; a, -
IHTEHCUBHICTh MOHOJIIHII & B CHEKTP1 BUIPOMIHIOBAHHS TPYOKH.

[lpn Bu3HaueHHi no03u H;, B I-My JeTeKTOpi UIs CKJIAQJHUX CIEHApiiB ONPOMiHEHHS

00YMCITIOETBCS CyMMa 3a BCIMa IapaMeTpaMH BUIIPOMIHIOBaHHS:

Hi= Y W rova-D UFOV,Q ®)

U,FOV,Q
A€ KOeDIEHT W, oy o XAPAKTEPU3YE KINBbKICTh BHIPOMIHIOBAHHSA 3a 4ac poOOTH amapary 3

napametpamu U, FOVi Q.
3Ha4yeHHs e()EeKTUBHOI 103U OOUUCITIOETHCS SK:

E=Y wH,, (4)

ne H; —mo3a Ha opran T, W; — BiIOBIAHUM TKAaHUHHUHN 3BaXKyrounid haktop [4].
ITepeBipka moneJti
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3a HasgBHOCTI MOKa3aHb JO3UMETPIB 1 BIAMOBIIHUX 3Ha4eHb €()EKTHBHOI JO3M IS KOXKHOL
Tpiiiku mapametpiB (U, FOV,Q) 3a MeTO0M HaliMEHIINX KBajapaTiB Oynau migiOpani KoedilieHTH a
i b, 1110 BiANOBIAA0TH MAKCUMAIBHO TOYHIN OIliHII €(EKTUBHOI 103H MPU OMPOMIHEHHI B YChOMY
Jiara3oHi I0MyCTUMHUX YMOB.

Bapiantu anroputmy noJBiiHOI J03UMETPIi, 1110 BUKOPUCTOBYIOTHCS 38 KOPJIOHOM, 3BOASTHCS
JI0 IBOX THIIIB. Y TMEpIIOMY, HAHO1IbII YHIBEPCATHLHOMY, BBAKAETHCS, 110 JO3UMETP HaA GapTyxoM
BiJoOpakae 03y OpraHiB, 110 HE €KPaHOBaHI, a OPraHu 3a €KPAHOM OTPUMYIOTh J03Y, Ky MOKa3aB
no3uMeTp mig QgapryxoMm. Taki ajaropuTMud HE BpPaxoOBYIOTb YMOB OINPOMIHEHHS 1 € JyxkKe
KOHCEpBaTHBHUMH. Y Jpyromy BUNanky (Hampukian 3rigHo pexomennanii NCRP 122 [5])
anroputm mae surisax E=0.5H; +0.025H, .

JIOITBHUM € TIOPIBHSHHS OLIHKU €(PEeKTUBHOI 103H, 110 0a3yeThcsl HA MaTeMaTHUYHIN Mojeni
JaHoi poOOTH, 3 OIliHKaMH €(PeKTHBHOI J03M 32 BUSHAHUMH MI>XHAPOJHUMH anroputMamu [6]:

Ta6mwuis. Orinka KOHCEPBATUBHOCTI PI3HUX aJTOPUTMIB IMOABIMHOI JO3UMETPIi

ABTOpH aJITOPUTMY 3nadyeHHs Koedirientis aib BinHomenHss epeKTUBHUX 103
E=aH, +bH, OJlepPIKaHUX] 3a JlaHUM

QITOPUTMOM 1 AITOPUTMOM
PO3TIISTHYTOT MOJIEI

Anroputm  posrasHyroi | a=0.237 b=0.017 1

Mozel Moenl

KoncepBaTuBHi 3 komipuem a=0.99 b=0.01 ~5

YHIBEpCaJIbHI aIropuT™Mu | bes komipusg a=0.89 b=0.11

NCRP 122 [5] a=05 b=0.025 1.06 — 2.03

BucHoBkH

1. Pesynbraru, ofepxaHi 3a JOMOMOT0I0 MaTeMaTUYHOI MOJIE, 3alpOIIOHOBAHOI B 1aHiil po0OoTi
HE MPOTUpIYaTh PE3yJIbTaTaM 1HIIUX HAYKOBUX TPYII.

2. IHmi anropuTMH JEeMOHCTPYIOThH OUIbIIY (3aiiBy) KOHCEPBATUBHICTH, 10 MOKHA MOSICHUTH iX
OUIBIIOI0 YHIBEpCAJbHICTIO (pI3HI THUNM oOmepaliii, pi3HI 0COOJMBOCTI aHriorpagidyHux
amapariB).

3. AnroputM™m, onepaHWW B JaHii poOOTi, HABIAKW Ja€ MEHII KOHCEPBATHBHUHU pe3yibTar,
TOOTO PO3MIIIHYTY MOJIENb 1 MIJXIJ] 10 MOJIETIOBAaHHS MOKHA BUKOPUCTOBYBATH ISl pO3POOKH
BY3bKOHAIIPSIMIICHUX aJITOPUTMIB, JUI TOYHOI OLIHKM €(EeKTHBHOI J03M B KOHKPETHHX
yYMOBaX ONPOMiIHEHHS.
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AKTYAJIBHI TIPOBJIEMH KOHTPOJIIO 103 MEJUYHOI'O TIEPCOHAJY
IHTEPBEHINIMHOI PAAIOJIOI'IL

B.B. Uymak, O.B. Baxanosa , B.M. Bouoceknii, A.O. Mopryun

*V ,, Hayionanvuuii Haykogutl yenmp paoiayitinoi meouyunu HAMH Ykpainu”, eyn. Menvnukosa
53, m. Kuis, Yxpaina, 04050; +(38) (044) 4893414, lena@leed].kiev.ua

Anoranis. Hopmu papiariiiiHoi Oe3rekn BCTaHOBIIOIOTH JIIMITH Ha €(pEKTHUBHY 103y, TOOTO Ha BEIUYHHY,
Ky HE MOKHA BUMIPIOBaTH 0€3MOCEPEHBO, Ta €KBIBAICHTHI JO3H OKPEMUX OpPTraHiB — KPHUIITAIMKA OKa abo
mKipu. JlJIs KOHTpONIFO Opakye CHeIliari30BaHuX JO3WMETPIB, a TaKOXK HE 3aBXAW ICHYIOTh aJeKBaTHI
METO/AY OWIHKK LHUX 703. sl omiHKK eeKTHBHOI 103 MepcoHaly iHTepBEHLIHHOI paxionorii HeoOXimTHO
BHKOPHCTOBYBATH J[Ba JO3UMETPH, IO 3HAXOMATHCA HAX Ta MiJ 3aXUCHUM OIATOM. 3aIlpOIIOHOBAHMI
ITOPUTM, IO 0a3yeThCsl Ha pe3ysibTaTaXx TEOPETHYHHX PO3PAXYHKIB Ta €KCHEPHUMEHTAIbHOI MEpeBipKH B
yMOBaX KJIIHIYHOTO BiJITUICHHS iHTEPBEHITIHHO1 PaIioIorii.

AHHOTaIII/ISI. HOpMLI pa,Z[I/IaLIHOHHOf’I 0e30macHOCTH YCTaHAaBJIMBAIOT MPEACIIbI JJIA 3(1)(1)CKTHBHOﬁ J03bI, TO
€CTh BCIIMYMHY, KOTOpasd HE MOXET 6I)ITI) U3MEpCHA HEMOCPEACTBEHHO, U JKBUBAJICHTHOMI 03Bl OTACIBbHBIX
OpraHOB — XpyCTajJlMKa I'jla3a U KOXKHU. Z[J'IH KOHTPOJISI HET CIICUAJIbHBIX HO3UMCTPOB, a4 TAKXKC HE BCCrha
CYIIECTBYIOT aJIeKBaTHbIE METOJbl OLIEHKHM 3TUX [103. JJid OlleHKu 3¢)¢)eKTI/IBH017I 1036l IIEpCOHAJIA
HHTepBCHHHOHHOﬁ paauojorun H606XO,I[I/IMO HCIIOJIB30BAaTh ABa OO3UMCETPA, HAXOAAIIMUCCA Had U MOQ
3alMTHOM  oxexjod. IlpennmokeH  anropuTM, OCHOBAaHHbIH Ha  TEOPETHUYECKUX  pacuerax U
3KCHCpHMCHT&J’IBHOﬁ TMPOBEPKE B YCIIOBUAX KIIMHUYCCKOTO OTACICHUSA HHTCpBeHHHOHHOﬁ paauoJIOruu.
Abstract. Safety standards establish limits of the individual effective dose, i.e. quantities which can not be
measured directly and the equivalent organ dose of eye lens and of skin. There are no special dosimeters for
monitoring and dose evaluation methods are not always adequate. To estimate the effective dose for typical
conditions of personnel exposure in interventional radiology it is necessary to use two dosimeters and to
have an algorithm that takes into account readings of both shielded and unshielded dosimeters. An algorithm
was proposed based on theoretical data and experimental verification in a clinical interventional radiology
department.

KarouoBi ciaoBa: no3umeTpis, eeKTHBHA 032, OMNPOMIHEHHS TEPCOHANy, PEHTTEeHIBChKE
BUIIPOMIHIOBaHHsI, IHTEpBEHIIIIHA paAioforis, metoa Monte-Kapio

KualoueBble ciaoBa: nozumerpus, 3ddexkTuBHass 103a, OOIydeHHE IEpPCOHala, PEHTTEHOBCKOE
W3JIy4E€HHE, HHTEPBEHIIMOHHAsA paauoiiorus, meron Monre-Kapio.

Key words: dosimetry, effective dose, personnel exposure, X-rays, interventional radiology Monte Carlo
simulation

Beryn

[upoko BiAOMO, MI0O MEAMYHI MPAIIBHUKA — I1HTEPBEHLIMHI pagioliord € HalOUIbII
OTMPOMIHEHHM KOHTHHTEHTOM Cepe]l yChoro meauyHoro mepcoHany [1-3], 30kpemMa, Haii0inblie
JI030BE HABaHTAXKEHHS TPAJULIIHO OTPUMYE MepCOHal 1IHTEpBEHLIHOT Kapaioiorii. KonekTuBHi Ta
IHIUBIAYyanbHI 103U TMPAIiBHUKIB MAarOTh TEHIEHIIIO O 30UIbIICHHS 4Yepe3 MOCTIHHE 3pOCTaHHs
yyclla 1HTepBEHLIMHUX KIIHIK Ta BIAIIJI€Hb, 3pDOCTAHHS YMCJIA MAIEHTIB, 3aCTOCYBAHHS HOBUX
npolenyp Ta 30UIbIIEHHS KUIBKOCTI MOBTOpHUX. Cepell YMHHHUKIB, 10 OOYMOBIIOIOTh HeOakaHe
MIJBUILEHHS 103 MOKHA Ha3BaTH 3acTapiie 00JIaJiHaHHs, HEJIOCTATHIN piBeHb 0013HAHOCTI JIIKapiB
y OUTAHHAX pajiallifHOro 3aXMCTY, @ TaKOX OOMEXKEHICTh UM B3arajii BiJICYTHICTb MOHITOPHHIY
n03. ToMmy crmig BU3HATH, IO 1HTEPBEHINMHY pPAaiooOTiI0 CIiJ KBali(iKyBaTH SIK MPAKTHUYHY
TISTBHICTH 3 MIJBUIICHUM PU3UKOM OMPOMIHEHHSI, OTXKE, MOCTIHHMI KOHTPOJIb Ta MOHITOPHHT J103
OTIPOMIHEHHSI IEPCOHATY Ma€ OyTH HEB1JI'EMHMM KOMIIOHEHTOM MPOTrpaM pajiallifHOro KOHTPOJIIIO
[4].

BBenennss HOBHUX JIMITIB 103

Xoua paniainiiiHe ONPOMIHEHHS TMepcoHaNy B YKpaiHi persameHtyetscss Hopmamu
pamiariiinoi 6e3neku Yikpainun HPBY-97 [5], siki BCTaHOBIIOIOTH JIMITH 103 Ha BCE TiJIO Ta OKPEMi
OpraHwu, JOCBiJl OCTaHHIX POKiB MOKa3aB, IO JIMITH J03H HE € CTaINMH BeaudnHamu. Hanmpukian,
3TiIHO 3 TPOBEJCHWMM B OCTaHHI POKH JOCHIDKCHHSIMHU, PaAIOYyTIUBICTh KPHUINTAIMKA OKa
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BUSBIIIETHCS 3HAYHO OUIbIIOK [6], HIXK I1e¢ BBakanocs panime. MikHapogHa KoMicis 3
paaionoriynoro 3axucty (MKP3) posrasHyna HemolaBHO OTpHMMaHi €MiIeMIOJOriuHI JaHi, 110
CBiYaTh MPO PO3MOBCIO/PKEHICTh MOMYTHIHHS KpUIITAJIMKA OKa y TMPAIiBHUKIB, SKi 3a3HaIU
BIUIMBY OMPOMIHEHHS Ha PiBHI HMKYOMY 3a paHimie npuiHatuid mopir. i nani 3smycunu MKP3
3HU3UTHU NOPOTOBI 3HAUYEHHS BUHUKHEHHA KaTtapakTH 10 0.5 I'p mornuHeHol 103H IS KPUIITATUKA
oka, a ana npodeciiHOro OMPOMIHEHHS Y CHUTyallisiX I[UIAaHOBAaHOTO OIPOMIHEHHS Oyio
PEKOMEHI0BAHO [ 7] BCTAHOBUTH HOBI JIIMITH €KBIBAJIGHTHOI 103U JJIsi KpUIITaTuKa oka: oka 20 M3B
Ha pIK B cepeaHbOMY 3a Oyab-sKi MOCHTIIOBHI 5 POKiB, ajie He Oimbie HixK 50 M3B 32 OKpeMuil pik.
Buxomsiun 3 nporo, MAI'ATE y Bepecni 2011 poky yxBanuna HoBi OcHoBHI Ctannaptu besneku
[8], 1o BKITFOYArOTH HOBI, 3HMKEHI y 7.5 pasiB, TMITH €KBIBaJEHTHOI 03K Ha KPHUINTAIUK OKa.

HenocratHiii KOHTPOJb 7103 ONPOMIHEHHSI EPCOHATY € MPEeIMETOM IeBHOI CTypOOBAaHOCTI,
OCKIJTBKM Opakye CheIiaai3oBaHuX JO03WMETPIB, a TAaKOX HE 3aBXKIU ICHYIOTh aJeKBaTHI METOIU
OILIHKK MHX 103. HopMaTHBHI TOKYMEHTH BCTAHOBIIOIOTH JIIMITH Ha €QEKTUBHY 103y, E, TOOTO
BEJIMYMHY, SIKYy HE MO’XHAa BHUMIpIOBaTH 0e3MocepeHbO, Ta MOTJIMHEHY 103y Ha OKpPEeMi OpraHu —
KPHUIITAIUK a00 MKipy. Y MpakTHUIl padialifHOTo 3aXUCTY NPUHHATO KOPUCTYBATHUCS OLIIHKAMHU Ha
OCHOB1 BUMIpIOBaHb TaK 3BaHUX OIEpaIlifHUX BEJTUYHMH, a CaMe 1HIMBIyaJbHUX €KBIBAJICHTIB JJO3U:
Hp(10) — nns edexTuBHOT 103U HA Bee TM0, Hp(3) — st no3u Ha kpummranuk ta Hp(0.07) — mis
703U Ha mIKipy. Bimomo, mo BUMipioBaHI 3HA4YeHHS IIMX BETUYMH 3alieXKaTh BiJ pO3TallyBaHHS
J03MMETPIB Ha TiJIi 0coOu, BiJ reoMeTpii Ta eHeprii OMpOMIHEHHS 1 MarOTh BU3HAYATHUCS 3TiIHO 3
MEBHUMU aJITOPUTMaMHU.

I[Mpob6aemn go3umMeTpii KiHIiBOK

€pornelicpka go3umerpuuna rpyna EURADOS 3miiicHIO€ KOOpuHAILI0 HAayKOBO-TOCIITHO1
TisUTbHOCTI Yy €BpoIi 7Sl OIIHKH NPOQeCciifHOT0 ONMPOMiHEHHSI MEPCOHATY Ha POOOYMX MICLSAX B
IHTEepBEHIIIMHIN paaioorii. 3a 11 JaHUMU HE3aXMIIEHI OPTaHu — KIHI[IBKM Ta KPUIITAIUK OKa — €
JIOCUTh TMPOOJIEMHUMH JUIl  IHAMBIIYaJdbHOTO JTO3UMETPHYHOTO KOHTPOJIO 30BHIIIHBOTO
ONPOMIHEHHs. Y JiTepaTypi MHiIAKPECIIOEThCS, IO JIMIT T03M Ui KPHUIUTAJIUKA OKa Ta IIKipU
MOXYTh OyTH 00MEXYIOUUM (PakTOpoM MpodeciiHOro ONMPOMIHEHHS: y TOH Yac SK MOBEPXHS Tisa
MOKe OYTHM €KpaHOBaHa 3aXHCHHUM I1HAMBIAyaJdbHHUM CBHHIIEBUM (apTyxoM, pPYKH, HOTH Ta
KPUIITAJIUKNA OYel 3ajUIIAIOThCsl MPAKTUYHO Oe3 3axucTy. BusHaeTbes, 110 B 1HTEpBEHLINHIN
pazaiofiorii JIMIT 103U BChOTO Tia SK MPaBUIO AOTPUMYETHCS, Y TOW K€ Yac JO3HM Ha LIKIpy Ta
KPHUILITAINK OKa IMOJEKOIM MOXYTh OyTH TEpeBHILIEHI. 3TigHO 3 peKoMeHnamismMu MiKHaApOIHOT
KOMICIi 3 paiioNoriyHOTO 3aXUCTY, SKIIO J03a Ha OyAb-sIKy YacTUHY KiHIIIBOK MpalliBHUKa MOXeE
MEePEeBUILYBAaTH TPU JECATUX PIYHOTO JIMITY 03U, TO Ha TI YaCTHUHI KIHIIBKH, JI€ OYIKYETHCS
HaliBUILlE 3HAUEHHS 03, CJiJl HOCUTH JOAATKOBUH J103UMETp. MOHITOPUHI KIHI[IBOK MOXeE
MEPelIKO/PKAaTH  MAaHIMyJIALisiM, IO TPOBOJAThCA MenmpaliBHuKkaMu. KpiM TOro, icHyHOTh
npobaemMu cTepuili3anii Ta HOCIHHSA PyKaBUYOK.

JI1st cucTeMaTUYHOTO JTOCIIIKEHHST OMPOMIHEHHSI MEIMYHOTO MepcoHany 12 maptHepamu y 9
€BpOMENChKUX KpaiHax Oymo 3ampoBamkeHo mpoekT ORAMED (Ontumizanis paaiamiitHoro
3aXUCTy MEIUYHOIO MepcoHany), sikuil BukoHyBascs y 2008-2010 pokax mix erimoro EURADOS
[9]. OcHoBHMME 3amauamu ORAMED 0yno oTpumati Habip CTaHAAPTU30BAHUX JAaHHUX LIOJO 103
MepcoHaly IHTEPBEHIIITHOI KapAloJorii Ta paiofiorii Ta ONTHMI3YBaTH 3aXUCT nepcoHany. [lo3u
BHUMIPIOBAJIUCH 32 JOMOMOTOI TEPMOJIOMIHECIICHTHUX TO3UMETPIB, PO3TAIIOBAHMX Ha MaJbIAX 1
3amsICTAX 000X pyK, Ha HOTAaX 1 Ha PiBHI OYel y OCHOBHOTro omepartopa (Jlkaps), SKUi BHKOHYE
IHTEPBEHIIIHY MPOLIETYPY.

3a pesynbraTaMd IILOTO JOCHI/DKCHHS Ha CHOTOJHINIHIA JI€Hb MaikKe KOXEH II'ITUH
NpaLiBHUK Ma€ IMOBIPHICTh OTPUMATH 03y, OifbIIy HI’)K BCTAHOBJICHHH HOpPMaMH paJialiiitHol
Oesmexu mimiT no3u Ha KiHniBkA 500 M3B Ha pik. KpiM Toro, He icHye yCTaJIeHHX MIiIXOJIB Ta
e(eKTUBHUX YHIBEpCaJbHUX aJTOPUTMIB Ui OLIHKH 103 ONPOMIHEHHS HEpCOHANY Yy sAepHii
MEJIUIIMHI, a CaMi OITIHKH JI03H BapifOl0Th Y 3HAYHUX MEXKaX.

BesnocepenHbo po3poOKka METOAIB OIIHKU J03 KIHI[IBOK MEIUYHOTO MEPCOHANY TijJ 4ac
MpOIIeAyp IHTEPBEHIIIHIN PaaioJIorii Ta sIepHOT MEAUIIMHU B YKpaiHi HE 3IHCHIOEThCSI.
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IIpodiemMu no3uMeTpii KPUINTAINKA OKa

Y mpoekti ORAMED Takoxx Oyio mpoaHadi30BaHO JaHi, OTPUMaHI y KIJTBKOX JECSITKax
KIIHIYHUX JIIKApeHb MiJ Yac THUMOBUX IHTEPBEHLIWHUX TPOLEAYpP: CEpLEBOi KOPOHAPHOI
anriorpadii Ta  aHTIOIJIACTHUKM,  PaglodacTOTHOI  abmsmii, emOomizamii, IMITIaHTaIlld
KapIiOCTUMYJIATOPIiB Ta nediOpuistopiB. BusBuiocs, mo 3HAYEHHS 103 BIAPI3HAIOTHCS TyXKe
BEJIMKOIO Bapia0eNbHICTIO, HANpUKIAZ, HAWOUIbLI JT03W 3a OJHY MPOIENYypY XapaKTepHi s
embomizaniii (60 Mk3B/mpoueaypa), a Xxoua iMIDIaHTAL] MOB'I3aHi 3 BITHOCHO MaJUMH JA00YTKaMH
noBiTpsHoi kepmu Ha 1oty (KAP), wi mpoueaypu mNpu3BOASTH 10 HAMBUINOT BEIMYUHU
BigHomeHHs1 103a/KAP. OniHka pi4HOI 103U OCHOBHOTO OIEpaTropa Mmokazaia, Mo JJs CepleBol
KOPOHApHOi  aHriorpadii Ta  aHTIOMIACTUKH,  PaJlovacTOTHOI  aOJsIIii,  IMIUIaHTaIlii
KapAl0CTUMYISATOPIB Ta NediOpUiIsTOpIB pPidHI JO3M AYKE€ YacTO MOXKYTh JIOCSATAaTH 1 HAaBITh
MEePEBUIITYBATH HOBHM 3HMKEHUN PIYHMMA JIIMIT. SIK 1 OUiKyBaJIOCS, OTIPOMIHEHHSI orepaTopa JayxKe
HEOJIHOpi/IHE — JIiBHUH OiK omepaTopa, HaiyacTille po3TalloBaHKu OJMK4Ye 0 00JIacTi PO3CirOBaHHS
PEHTIeHIBCHKUX IIPOMEHIB, OINMPOMIHIOETHCS OUIBIIO MIpor, HiX TpaBwid. B 3amexHOCTI Bif
IpOIEeTypH KOPUCTYBaHHS 3aXUCHUMH TIi/IBICHUMH €KpaHaMH Ta 3aBiCaMH CTOJIa 3MEHIIYE 103y 110
4 pasiB, 110 HIDKYE TeopeTHuHoro 3axucHoro ¢akrtopa (10-100) yepe3 HeHane)KHe BUKOPHUCTAHHS 1
HE HalOUTBII ONITUMI30BaHMN AU3aiH 3aXUCHOTO 00T THAHHS.

MoxHa KOHCTaTyBaTH, IO JOCITIJKEHHS, CHPSIMOBaHI Ha PO3pOOKYy TOYHUX Ta HaAlHMHUX
METOMIB JTO3UMETPIl KPUIITAIHKA ITOKH IO JaJIeKi BiJl 3aBEPUICHHS 1 HANPAIIOBAaHHS MPaKTHYHUX
pEeKOMEH/Iallii, MMOYMHAIOYM 3 KpaIloro BUBUYCHHsS omepaniiHol BemwmuuHu Hp(3), moOynosu
J03UMETpa, BIATYK sKOro Bimmosigae Hp(3), HEoOXigHOI MpoleAypy KamiOpyBaHHS IIHMX
JO3UMETPIB, ypaxXyBaHHsI BUKOPUCTAHHS 3aXUCHUX OKYJISIPIB.

CydacHi myOmikamii TEepeKOHJIMBO JOBOJSATh HEOOXINHICTH MPOJOBXKEHHS TEOPETUIHUX
JOCTIJIKEeHb, a TAKOXK YJOCKOHAJIEHHS METO/IB IHCTPYMEHTAIBbHOI OI[IHKH J103 HAa KPUIITAIUK OKa
MEIUYHOTO TIEPCOHANY, 110 MPAIOE B IHTEPBEHIIIMHIN PaioJIorii 3a JOMOMOTOIO CIeliali30BaHUX
TEPMOJIOMIHICIIEHTHUX JO3UMETPIB, IO MOBHHHI PO3TAIIOBYBATHCh HA PiBHI OYeH MpalliBHUKIB.
Taxka poGora y nanmii yac Bukonyetbcs y HHIIPM HAMH VYkpainu.

IIpobsemu Bu3HAYEHHS e()eKTUBHOIL 1031

Sk mpaBuiO, BUMIPIOBAHHS 1HAMBIAYaJIbHUX J103 Y PajaiojoriB MPOBOJATH 3a JOIIOMOTOIO
TJIJ] mo3umeTpiB, siKi, 32 YMOBH BiJMOBIAHOTO KaniOpyBaHHS, JOCUTH MPUHHITHO BiIOOpakaroTh
edexkTUBHY 703y E TpaliBHUKIB, IO HE BHKOPHCTOBYIOTh 3axUCHHW oxsr. Ilpm HasBHOCTI
CBUHIIEBOTO (apTyxa Ta KoOMipa, KOJU BiIOYBAa€TbCS YAaCTKOBE €KpaHYBaHHS Tijla Ta OKPEMHX
OpTraHiB, JI03U SKHX JAlOTh BHECOK /0 €()EeKTUBHOI JJ03HM, BUKOPUCTAHHS OJHOTO TO3UMETpa ISt
OLIIHKM €(EeKTUBHOI J03M NMPHU3BOJIUTH J0 3HAYHOTO 3aBHUIIEHHS a00 CYTTEBOI HEJOOLIHKH /103,
3aJIe)KHO B1J] pO3TallyBaHHS J03MMETpa BIIHOCHO 3aXUCHOTO OJSTY — HaJl a0o miJ papTyXoM.

Jlist po3poOKM METOY KOPEKTHOI OIIIHKM €(EKTHBHOI 03U TAKOTO MEPCOHATY MU JOCIHIIUIN
3aKOHOMIpPHOCTI (OopMyBaHHS €(EKTUBHOI [03M Ta BCTAHOBUIHM 3B‘S30K MDK ITOKAa3aHHIMH
1HAMBITya bHUX T03UMETPIB (3aJI€KHO BiJl yMOB ONPOMIHEHHSI Ta MiCLsl iXHBOTO PO3TAlllyBaHHS Ha
1 i gapTyxom) i 103aMU Ha OpraHy Ta €PEeKTUBHOIO 10300 OCOOH.

3 1mi€r0 MeTor Oylno 3MOJEIbOBAHE THUIIOBE pO3TAllyBaHHSA MpalliBHUKAa 1 MAallieHTa B
omepauiiiHii Ta BuKOHaHI MoHTte-Kapno po3paxyHKu i pi3HUX cleHapiiB  (OTOHHOTO
ONIPOMIHEHHSI MEAMYHOro nepconany. Matematuunuii panrom tuny ADAM OyB moaudikoBaHHMA
HUISIXOM JI0AAaTKOBOIO MOJEIIOBaHHS 3aXHUCHOrO (papTyXa Ta 3axXMCHOTO KOMIpa, SIKUMl 3axuiiae
IIUTOBUIHY 3a5103y. KpiM Toro, Oynu 1o1aHi MOJIeNIbHI TO3UMETPH, PO3TAILIOBAaHI Ha TPHOX PIBHIX
HaJ 1 T 3aXuCHUM (DapTyxoMm. 3a pe3yibTaTaMy pO3paxyHiB BU3HAUYECHI MapiiaibHi (V1T OKpEeMHUX
KYTiB MOBOPOTY apKu amapaty, eHeprii (OTOHIB Ta 30UIbLICHHA — IOJIA 30pYy) 3HAUEHHS 703 Ha
OpraHd, a oTKe e(peKTHBHA 7034, Ta JI03U, M0 PEECTPYIOTHCA 1HAUBIIYAIPHUMH JO3UMETPAMH.
Byno 3anpornoHoBaHO OpUTIHANBHUEN MIAXiJ 10 BU3HAYCHHS ONTUMAIBHUX Tap J03UMETPiB (,,mia”
Ta ,,Haa~ (GapTyxoM) Ta OMIHKU BIAMOBITHUX HUM MapaMeTpiB aIrOpPUTMY MOJBIMHOI JO3UMETIi.
Kpurepii BigOOpy BKIIOYAIN MiHIMYM BIIXHJICHHS OI[IHKH €(EKTUBHOI 103U BiI YMOBHO iCTUHHOT'O
3HAYCHHsI, 3PYYHICTh BUKOPUCTAHHS, PIBHOILIIHHUI BHECOK IMOKa3aHb 000X JO3WMETPIB B OIIIHKY
eheKTUBHOI 103u. /lJIi YTOYHEHHS anropuTMy HEOOXiJHO MaTh JOJATKOBI JaHi Mpo cLeHapii
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ONPOMIHEHHS — HANpPHUKIAJ MOKHA B3SATH EMIIPUYHI YAaCTOTHI PO3MOMIIM PEHTreHorpadiuHux
MPOEKIIi, Hampyry, Mojs 30py, L0 BIAMNOBIAAIOTH THUIIOBOMY OINPOMIHEHHS IHTEPBEHIIHHOTO
paxionora.

Tomy B OIHOMY 3 KJIIHIYHUX BiJ/iJI€Hb IHTEPBEHIIMHOI pajioyorii Boepiie B YKpaiHi 0yio
NPOBEJICHE  EKCIIEPUMEHTAJbHE BHUMIPIOBAaHHS /103 3  BHUKOPUCTaHHAM TI'€TEPOTr€HHOI'O
aaTporomopduoro pantomy tumy RANDO-Alderson. [lanuii ¢panTom modymoBaHuid 3 MaTepialis,
€KBIBAJICHTHUX TKAaHMHAM JIIOJMHH PI3HOI MIIIBHOCTI (KICTKOBA, JISTEHEBA, M S130Ba) Ta MOALICHUI
Ha 3 39 mapiB. Y KOXKHOMY 3 Takux mapiB MoxyTh Oytu po3mimeni TJIJ] (LiF) getextopu, mo
BHU3HAYAIOTh J03W HA pi3HiI opranu. MaHTOM, CHOPSAKEHUH 3aXUCHUM (HapTyxoM Ta KOMIpoMm 3
pO3TalllOBaHUM Ha HbOMY 22 IHAMBIAYaJIbHUMH JO3UMETpaMu, OYyJI0 BCTAaHOBIEHO JUIA
ONPOMIHEHHA B ONepaliifHiid, o0JajHaHI Cy4acHOI MOHOIUIAHAPHOIO IHTEPBEHILIHHOIO
anriorpadiunoro cucremoro Toshiba Infinix-i.

Mu npoaHaiizyBajay THIIOBI YMOBH OIPOMiHEHHS MEPCOHATY IHTEPBEHIIIHHOI paaionorii, mo
BiIOyBajOCsS TMPOTSATOM JIBOX CECld BHMIPIOBaHb, 3 TOYKH 30py €HEPreTUYHOTO CIEKTpPY,
po3TallyBaHHsS JDKEpesia 1 Malli€HTa, a TaKoX IHIIMX OCOOJIMBOCTEH TreoMeTpii OMpOMiHCHHS
(HanpuKiIaa, OTPUMAIH YACTOTHI PO3MOIIIH PeHTreHorpadiuHuX MPOCKIliH, BEITUUUH OIS 30PY).
Ha ocHOBiI T€OpeTHMYHMX 1 €KCTIEPUMEHTAIBHUX HAKOIMYEHUX JAaHUX, Oylu BH3HAuYeHI HAHOIIbII
MpUAATHI MICII PO3TallTyBaHH JTO3UMETPIB 1 BIIMOBIIHI MTApaMETPH AITOPUTMY.
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6y1. Bonooumupcera, 64/13, m. Kuis, Ykpaina, 01601, arkadiys@ukr.net

Amnoranis. [IpoananizoBaHo cTaH aJMiHICTPAaTUBHO-TIPABOBUX aCIEKTIB IPAaBOBOTO 3aXUCTy MAIi€HTIB B
VYkpaiHi Ipu HaZlaHHI MEANYHUX MOCIYT 3 BUKOPHCTaHHSM JKepes 10Hi3yI040ro BUIPOMiHIOBAHHSI.
AHHOTamMs. B cTaThe mpoaHAIM3WPOBAHO COCTOSHHUE AIMUHHUCTPATHUBHO-TIPABOBBIX ACIEKTOB IMPaBOBOU
3alllUThl ITAIlTUCHTOB B praI/IHC npu OKasaHuMW MCIUIMHCKHUX YCIYyr' C HCIIOJIb30BAHUEM HUCTOYHUKOB
HOHU3UPYIOLLETO U3IYyUYEHHUS.

Abstract. The article deals with the analysis of administrative, legal aspects of legal defence of patients of
Ukraine at providing of medical services with the use of sources of ionizing radiation.

Kiro4oBi cjioBa: aqMiHICTpaTHBHO-TIPABOBE PETYJIIOBAaHHS, IIPABOBUI 3aXUCT MAIlI€EHTIB, MEIUYHA
¢izuka, pKepena 10HI3yr040ro BUIPOMiHIOBAHHS.

KiroueBble cj10Ba: aJMHHUACTPATHBHO-TIPABOBOE PETYIMPOBAaHUE, IPAaBOBAas 3alllMTa MAIMEHTOB,
MeAULMHCKas (pU3KKa, HCTOYHUKY HOHU3UPYIOIIETO U3Ty4YeHUs .

Keywords: administrative legal adjusting, legal defences of patients, medical physics, sources of
ionizing radiation.

CygacHa CBITOBa TPOMaJCHKICTh BU3HAE MPIOPHUTET 3a0e3MeUCHHS OC3TEKH IMPU 3I1HMCHEHHI
OyIb-sKOi AISUTBHOCTI 3 JKepenaMu 10Hi3yrodoro unpomiHioBaHHs (/IB). Mixxnaponuuii 1ocBin
CTBOPEHHSI CHUCTeMH €(EKTUBHOTO 3aKOHOJABCTBA 1 BIAMOBITHOT HAIIOHAIBHOI YIPABIIHCHKOI
iHpacTpyKTypH, BHMAaramTh [OJANBIIOTO BIOCKOHAJICHHS MPaBOBUX, OpraHi3alliiHuX,
€KOHOMIYHUX Ta COLIAIbHUX 3acaj] 0XOPOHH 370poB’s y cepi mpoBamkenns 3 J[IB, 3acrocyBanus
e(eKTUBHUX TPABOBUX BAXKENIIB PETrYyITIOBaHHS BITHOCHH B Il ramys3i, 3 MeTOW 3ab0e3meueHHs
TapMOHINHOTO PO3BHUTKY (I3UYHUX 1 JIYXOBHHX CHJI, BUCOKOI MpaIe3gaTHOCTI W JIOBrOJIITHHOTO
AKTUBHOTO JXKUTTS TPOMAJSH, YCYHEHHs (akTopiB, IO IIKIAJIMBO BILUTUBAIOTH HA iX 370pPOB’S B
VYkpaiHi.

AMiHICTpaTHBHO-TIPABOBE peryntoBaHHs B cdepi 3actocyBanHs [IB, sk HampsMm nep:kaBHOT
JISUTBHOCTI, Ha0yBae€ OCOOJMBOIO 3HAYCHHS Y 3B’S3Ky 13 3akpimieHHIM y Koncrurymii Ykpainu
mpaBa Ha 3a0C3MEUCHHs CaHITApHOrO Ta CIHiAEMIOJIOTIYHOTO OJIAromoyudsi HaceJICHHS, SIK
peryinsaropa CyCHUIBHHX BIZHOCHH Yy i cdepl. SK BigomMo, peryiaiOBaHHS BIAHOCHH TIPH
BukopuctanHi J[IB B cdepi oXopoHU 370pOB'sS HACENEHHS, HAIJISA[ 3a JOTPUMAHHSAM TpaB i
000B’sI3KIB JCp)KaBHUX OPraHiB, MIAMPUEMCTB, YCTAaHOB, OpraHi3alliii Ta TpOMaJsH, MEPII 3a BCE
noknageHo Ha KaGiner MinicTpiB Ykpainu, JlepkaBHY I1HCHEKIIO SIIEPHOTO pPETyIIOBaHHS
Vkpaiau, MiHiCTEpCTBa OXOPOHU 3/I0POB 51 YKpaiHw.

HayxoBi 3100yTKM YKpaiHCHKUX yYEHHUX-IIPABO3HABI(IB y raixy3i aJMiHICTPATHBHOTO MpaBa i
poIiecy, Teopii aeprkaBu Ta mpasa, a came: O.M. bannypku, JI.A. baxpaka, FO.I1., I.JI. bopoxina,
J.B. IanoBa, B.M. I'apamyka, I'.}O. I'yneBcekoi, C.M. I'pombax, O.B. JIpsuenko, B.I. Ka3siena,
P.A. Kamoxnoro, B.K. KommakoBa, T.O. Komomoenp, a TakoX BHCHOBKH C(OPMYJIbOBaHI B
poboTtax Takux (QaxiBiiB y cdepi 3a0e3NeUCeHHS CaHITapPHO-CIIIeMIOIOTrIYHOr0 OJIaromoyyus
HaceneHHs sk: M.M. bpunuyka, A.I'. I'etbmana, B.I'. Kammyk, O.C. KonbacoBa, HagaloTh Baromi
apryMEeHTH Ha KOPUCTh TMPUXWIBHUKIB TPOJOBKEHHS TMOTJIMOJICHOTO CUCTEMHOTO JOCIIKECHHS
CTaHy IPABOBOTO PETyJIOBAHHS CYCIIUIBHUX BIJHOCHH, III0 BUHHMKAIOTH Yy chepi misumbHOCTI 3 /1B
MEIUYHUMU (i3UKaMU. AKTYaJIBHICTh TAKOTO MiIXO/Y, TAKOK BU3HAYAETHCS HEOOXITHICTIO:

- (opMmyBaHHS KOHLEMIIIT 30pOBOI HaIIii,

- KOMIUICKCHOTO BpETYJTIOBAaHHS aJMIHICTPATHBHO-IPAaBOBUMHU 3ac00aMH BiTHOCHH, IIIO
BUHUKAIOTh B 00NacTi siaepHoro mpama npu BukopuctanHi J(IB y cdepi oxoponu 310poB's
HACEJICHHS
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- BU3HAYCHHS BIJAMOBIIHI MpaB, 000B’S3KIB 1 MEX BIAMOBIAAIBHOCTI JACpKABHUX OPTaHiB,
MiIMPUEMCTB, YCTAaHOB, OpTaHi3alliid 1 TPOMaIsH.

Ha wmiii mormsin, HaROMMKYMMU 3aBJAaHHSAMH HAyKOBHX JOCIHIIKEHb Yy cdepi misIbHOCTI
MeIUYHUX (DI3HKIB IIOBUHHO CTAaTH BUPOOJICHHS TCOPESTUYHUX OCHOB, IMPOITO3UIIINA 1 peKOMEH/ 1A,
0 CHOPUSATUMYTh YAOCKOHANCHHIO MAisuibHOCTI KaOineTy MiHICTpiB Ykpainu,  3a1HCHEHHIO
e(heKTUBHOTO JEep>KaBHOTO Harysay 3a mpoBapkeHHsM [[IB B chepi oxopoHU 310pOB'sT MUITXOM
MOJANBIIOl CHCTEMAaTH3allli SIepHOr0 3aKOHONABCTBA,  MPABOBOTO aHANI3y Ta  peamizarii
KOHCTUTYIIIMHHUX TIPaB TPOMaJIsTH, BU3HAYCHHS BIATIOBITHUX MPaB 1 000B’S3KIB JIep)KaBHUX OPTaHiB,
MiIPUEMCTB, YCTAHOB Ta opraHizamiii. BOadaeTrbes, 1o JIsi JOCATHEHHS METH  HEOOXiJTHO
BU3HAYHMTH HACTYIIHI IIPIOPUTETH HIOI0:

- OIIIHKU PIBHSI HAYKOBOI PO3pOOKH, HAsBHI TEOPETHUYHI
KOHIICMIIT Ta mo3umii (axiBIiB IIOA0 aJAMIHICTPATHBHO-IIPABOBOTO MEXaHI3My peryIiOBaHHS
CYCHUIbHUX BiTHOCHH, II0 BUHHUKAIOTh y npu BukopuctanHi IB y cdepi oxoponu 310poB’s
HaCeJIeHHS,

- 3MIIICHEHHS ICTOPUYHOTO aHAIli3y CTaHy 3aKOHO/IaBCTBA, M0 PETJIaMEHTYE aIMiHICTPATUBHO-
MpaBOBE peryimoBanHs BUKopuctanus JIIB B cdepi oxopoHu 310pOB '5;

- aHATI3y HOPMATHBHO-TIPABOBUX, OPTaHi3allifHO-TIPAaBOBUX OCHOB MisibHOCTI Kabinery
MIiHICTpIB Vkpainu, JepxaBHOL IHCTICKIIIT SITIEPHOTO PETyIIOBAaHHS VYkpainu
(depxatomperymoBanns Ykpainn) ta MiHicTepcTBa OXOPOHH 370pOB sl YKpaiHH MPH MOBOPKEHH1
3 1IB;

- BU3HAYEHHS OcoOJMBoOCTel 3nilicHeHHi nismbHOCTI 3 [IIB y cdepi oxopoHH 370pOB 1,
HOpMaMH M1KHApOJHOTO Ta HallIOHAJIILHOTO 3aKOHOIaBCTBA;

- IIJISXiB CUCTEMHOTO BIOCKOHAJICHHS CHUCTEMH SIJICPHOTO HAIlIOHAIBHOTO 3aKOHOJABCTBA Y
chepi 3abe3medyeHHsT aaMIHICTPATHBHO-TIPABOBOTO PETYIIOBAHHS MPABOBITHOCHH TPOBAKEHHS
nismeHOCTI 3 [IIB cdepi oxopoHU 310pOB 51 HACETICHHS;

- PO3pOOKH TPOMO3UINI Ta pPEKOMEHMAIlH, CHpPSIMOBAaHUX Ha BJIOCKOHAJIECHHS CHUCTEMH
SJIEPHOTO 3aKOHOJABCTBA, JMISIIBHOCTI JEepXKaBHHUX IMOcagoBHX ocid y cdepi 3abes3medeHHs
CaHITapHO-EMiAEMIOIOTIYHOr0 OJIArOIOIYYYsl HACCIICHHS.

CucteMHU# TiAXi 3 BUKOPUCTAHHSM CYYacHUX METOJIB IMi3HAHHS Ta HOBITHIX JOCSTHEHb
IOPUCTIPYACHIIIT 10 KOMIUIEKCHOTO TOCHIPKEHHS MPOOJIeMaTHUKH, OB’ A3aHOI 3 aAMiHICTPAaTHBHO-
MPaBOBUM peEryItoBaHHSIM Bukopuctanus /(1B B cdepi oxopoHU 310pOB sl HACEIICHHS, B KOHTEKCTI 3
MOAATBIIIOI0 MOJICPHI3AIlI€I0 CYCTUTBHUX BIIHOCHH 1 peOpMOIO JAepiKaBHUX OpraHiB (1[0 MOBHUHHI
3a0€3MeYnTH HaJCKHE CaHITapHE W eMiJAeMIOJIOTIYHE OJIaromoay4ydsi HACEJICHHS TpH 3/1HCHEHHI
nisipHOCTI 3 JIIB B YKpaiHi), 103BOMSIFOTE 32 pe3y/ibTaTaMu JOCTIKEHHSI OOTPYHTYBATH ACsKi HOBI
TEOPETHYHI TOJIOKEHHS, C(OPMYIIIOBATH OKPEeMi BHUCHOBKH, PEKOMEHMAIIl Ta MPOMO3HIlii 00
BJIOCKOHAJICHHS UYWHHOTO 3aKOHO/JABCTBa YKpaiHH, HOPMAaTHUBHO-TIPaBOBUX akTiB KalOiHeTy
MiHICTpiB YKpainu, JlepkaTomperyntoBanHsa Ykpainu, MiHICTEpCTBa OXOPOHU 3/I0POB’s1 YKpaiHm.

bepyun no yBaru, mo akTyalbHICTh PO3BUTKY MEIMYHOL
(hi3uKH TICHO MOB’s3aHa 3 BIPOBAKCHHAM HOBITHIX TexHoJjorii 3 JIIB, a miaroroBka (axiBiiB 3
Meau4HOT (I3MKM 3a HAIOHATBHUMU OCBITHBO-KBaTi(iKAIMHUMU pPIBHAMH 3 ypaxXyBaHHSIM
MIDKHApOJHOTO JIOCBIy € HE TUIBKH OCHOBOIO iX edeKTHBHOI peamizamii B YkpaiHi, ame #
YUHHUKOM, [0 CYTTEBO BIUIMBAE HA CTaH 3[0pOB’S HaIlii, PO3BUTOK HAYKOBO-TEXHIYHOTO
MOTEHITIay KpaiHHu, €KOJIOTTYHY Oe3MeKy 1 coIianbHy CTaOlIbHICTh CYCHIIBCTBA, TOMY HEOOX1THO
BIIEpIIIE:

- OOIpyHTYBaTHM BH3HA4YCHHS TEpPMIHY 'JDKEpeso 10HI3yHOUoro BHIIPOMIHIOBaHHA", 3
ypaxyBaHHSIM yCiX CKJIaJIOBUX III0 BIUTMBAIOTHh HA OPTaHi3M JIFOIUHU;

- 3ampoIoOHyBaTH TepMiH 'mMeauvHa ¢i3uka" sK Hayka, TEpMiH ,,MeAu4HUi (Pi3uk” 3
ypaxyBaHHSM MDKHAPOIHHX Ta HAIIOHATHHUX HOPMATUBHO-TIPABOBUX JTOKYMEHTIB;

- CUCTEMAaTU3yBaTH Ta y3arajJbHUTH MDKHApOIHUHN NMOCBia moao BIuBy JIB Ha opranizm
JOUHU Y cepi OXOPOHU 37I0POB’S;

- OOIPYHTYBaTH Ha HOBIM OCHOBI HCOOXIJIHICTh CTBOPEHHS CHCTEMHU HABYAHHS, ITiIBHIICHHS
KBaJTiQikalii Ta mepeBipKky 3HaAHb IEPCOHANY, IKMI 31HCHIOE AisubHICTH 3 [11B.
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[lomanpimioro po3BUTKY TOBHHHI JICTaTH HANPSIMH ~ IEPKABHOI  TOJITHKH  IIOZO
aJIMIHICTPATHBHO-TIPABOBOTO peryitoBanHs BukopuctanHs J[IB B cdepi oxoponu 310poB 1, a came:

- IMIUIEMEHTAITiSl MXKHAPOIHUX CTaHJAPTIB IO 3aKOHOJABCTBA YKpaiHH 3 METOIO IMiBUIIICHHS
sKOCTI moBopkeHHS 3 J[IB Meamunaumu dizukamu;

- MOETHAHHS JepXKaBHOI MOMITHKHU mpHu 3actocyBaHHi J[IB y cdepi 3 oxopoHH 310pOB'sS 3
IHIIMMM HampsMaMy  JIepKaBHOI TOJITHKH, 30KpeMa y  collianbHii  cdepl, JOCITHYB
MaKCHMAalIbHOTO

Y3TOKEHHSI MEJIMKO-CaHITAPHUX Ta COIIAIbHUX 1HTEPECIB;

- CTaH a/IMiHICTPATUBHO-TIPABOBOTO PETYJIIOBAHHS CYCIUIBHUX BiTHOCHH III0 BUHUKAIOThH MIPH
3actocyBanHi J[IB, y cdepi 3abe3nedeHHs CaHITAPHOTO Ta EIMiJAEMIOIOTIYHOTO OJIarOImOIyIdst
HACEJICHHS Ta OXOPOHH 37I0POB’S IIISXOM BIIPOBAKCHHS B JISUTBHICTh PETYIIOIOYHX OpraHiB
VYkpaiau e1uHOro Kon(pikoBaHOTO HOPMATHBHOTO akTa — SIIepHOTO KOACKCY YKpaiHu;

- IPOMO3UIlii MIOAO BIOCKOHAJCHHS CHUCTEMH SJIEPHOTO  3aKOHOJABCTBA B YaCTHHI
aIMIHICTPATUBHO-TIPABOBOTO pETyNIOBaHHs BukopuctanHs [[IB memmunumu dizukamm y chepi
OXOPOHH 3/I0POB 51 HACEJICHHS.

BpaxoByroun 110 cy4acHHWM CTaH PO3BUTKY MeAUYHOI (i3WKy B YKpaiHi HE B MOBHIN Mipi
BIJIMIOBIJa€ MDKHAPOJHUM CTaHAApPTaM Ta OUIKYBaHHSM CYCIIJIbCTBA B Iid  cdepi, 10
MEePIIOYEPTrOBUX 3aBlIaHb aMiHICTPATUBHO-TIPABOBOTO PETYJIIOBAaHHS CYCIUIBHUX BIJIHOCHH TIPH
3aCTOCYBaHHI JIKEPEN 10HI3YIOUOTO BHIIPOMIHIOBAHHSA y cepi OXOpOHHU 30pOB' s, HacaMIepe]
BIJIHOCATBCSI PO3pOOKa Ta BHECEHHS 3MiH 1 JOTOBHEHBb JO HHU3KH 3aKOHOJABYMX 1 HOPMAaTHBHO-
MPABOBHX aKTiB BiJIMOBIIHO JO BUMOT MIKHAPOJIHHX CTAHIAPTIB Yy Iil cdepi CYyCHiTBbHUX BiTHOCHH,
a came: 3akoHy Ykpainu ,,[Ipo 3aXucT IOAUHYU BijJ BIUIMBY 10HI3yIOUOTo BUIIpoMiHeHH:,” ,,Hopm
pamiamiitHoi Oe3nekn Ykpainu”®, ,,OCHOBHUX CaHITapHUX MPaBWJI 3a0e3MeUeHHs pasiariiHoi
Oe3nekn Ykpainm”, Haka3z JlepkaBHOro KOMITETY SIIEPHOIO PETyIIOBaHHSA YKpainu Big 3
xoBTHS 2008 poky N 166, posmopsmxenHs Kabinety Minictpie Ykpaiam ,IIpo cxBanmeHHS
Konneniii po3BUTKy siiepHOi MeauIIMHU Ha niepion 10 2017 poky”.
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AHAJII3 IPAKTHUKH I 3AKOHOJIABCTBA YKPAIHHM TA KPAIH €C CTOCOBHO
PAIIALIMHOIO 3AXUCTY ITPU MEJIUYHUX 3ACTOCYBAHHSAX JIKEPEJI
IOHI3YIOUYOI'O BUITIPOMIHIOBAHHSI. POJIb, ®YHKIII TA MTEPCIIEKTUBH
PO3BUTKY MEJJMYHUX ®IZUKIB B YKPAIHI

0.A. Makaposcbka, B.®. Pazanues, P. ®@. Tpinaiiio
lepoicasna incnexyis 3 10epHo2o pe2yno6ants Ykpainu

AHoTanisi: B miif crtarTi BUKIaneHi pe3yabTaTH aHaji3y MPaKTHKH Ta 3aKOHOJABCTBA YKpaiHu Ta kpain €C
CTOCOBHO PaiallilHOT0 3aXWCTy MpPH MEAMYHHX 3aCTOCYBAHHAX JKEpeN 10HI3yI0UOro BHIIPOMiHIOBAHHS
(mam — JIIB). Takoxx 3mificHeHa OIlIHKa CTaHy BIPOBA/DKCHHS B YKpaiHi 3axOdiB 3 BUBYCHHS Ta
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MIOKpAIeHHsI CTaHy pajianiifHoi Oe3mekn y MeAWYHUX 3aKiagax nmpu 3actocyBanHi J[IB, 30kpema poui,
(GyHKLIH Ta MepCcreKTHB PO3BUTKY MEAUYHUX (Di3HKIB.

KinpkicTh mKepen 10HI3yI0UOTO BHIPOMIHIOBAHHS Ta KIIBKICTH JIIEH3IATIB Y MEIUILIMHI
BTpUYl OUIbIlE, HDK B IHIIUX Taly3sX HapoJHOro TrocrmojapcTtBa. llosBa Ta 1IMpoke
PO3MOBCIOKEHHSI HOBHX MEJIMYHUX TEXHOJIOT1M 3 BUKOPHCTAHHS 10HI3YyIOUOTO BUIPOMIHIOBAHHS
MIPHU3BEJIO J0 CYTTEBOTO MOKPAIICHHS MEAUYHUX MPOIEIYpP, ajie pa3oM 3 THM, Pi3KO 3pOCITH JT03U
OTPOMIHEHHSI TAIlIEHTIB — MPH TIarHOCTHYHUX OOCTEKEHHSX, Ta XIPYpPriB — NpPH IHTEPBEHIIIMHUX
BTPYYaHHSIX, a Yy TMPOMEHEBIM Teparii 3pociM PHU3UKH padialliiHUX aBapiii Ta HEHABMHUCHOTO
OTIPOMIHEHHSI TP JIKyBaHHI. Y CBITi 1€ BUKJIMKAIO MiJBUIICHY yBary MeAHMYHUX MPOoQecioHatiB
Ta OpPraHiB PeryIOBaHHS padialliifHOl O0€3MeKH 10 OMTUMI3AI] MEIUIHOTO OTIPOMIHEHHS TAIIEHTIB
Ta TIePCOHAITY, TOKPAIIEHHS 1X paJialliifHOro 3aXUCTy.

Lls mpobnmema He oOMuHYyNa 1 Ykpainy, Tomy Jlep)kaBHa 1HCHEKIlIS SASPHOTO PEryIHOBAHHS
VYxpainu 3 2008 poky BIpoBaKye 3aX0/I1 3 BUBYCHHS Ta MOKPAIICHHS CTaHy pajiaiiiHoi 6e3mexu
y MEAUYHHX 3aKjIaJax Mpu 3aCTOCYBaHHI JUKEPEN 10HI3yI0UOro BUITPOMIHIOBAHHS.

Haii6inpmmii BiICOTOK y OMpPOMIHEHHS HACEJNICHHS BHOCHUTH MEIWYHE OmpoMiHeHHS. J{mst
pI3HHX KpaiH cBITy udacTka ckimajgae Big 30 mo 95 % cymapHoi a03u (HE BpPaxoOBYIOUHM J03Y
OTIPOMIHEHHS BiJl IPUPOIHOTO (POHY).

3 METOI BHU3HAYCHHS PIBHA 3a0e3MeUCHHS paiamiiiHol Oe3lmeKd MpH  MEIUIHOMY
ornpomiHeHHi Jlep:kaToMperyntoBanHs Ykpainu 3a0esnedueHo mpoBeaeHHs y 2008-2009 pokax
HAayKOBO-JIOCIITHOI po0OTH 3 aHadi3y BITYM3HSAHOI Ta 3apyOiKHOI HOPMATHBHO-IIPABOBOI 1
METOAMYHOI 0a3u B rajiaysi pamialiiHOro 3aXMCTy HpH BUKopuctanHi /[IB B MenuIMHI; BUBUCHHS
MIPAKTUKX BUKOHAHHS BUMOT PajiallifHOTO 3aXUCTy B MEAMYHUX YCTaHOBaX YKpaiHU; MOPIBHSHHS
MPAaKTUKHU 1 3aKOHOAAaBCTBA YKpainu Ta kpain €C.

Ils pobGoTa mOCHTH SKICHO Ta BiANOBiZanbHO Oyna BukoHaHa J[Y «IHCTHTYT MeIHYHOI
pamionorii iM. C. IL. I'purop'eBa AMHY» 3a yyactio 50 MeauyHMX 3aKJIaiB pajioOridyHOro
npoduro; 47 MEAUYHUX 3aKjIadiB, 10 MAaIOTh BIIIIJICHHS SACPHOI MEAUIMHHA Ta PadlOHYKJIITHOI
JTIarHOCTHKH; OLmbIn HiK 750 MeIMYHUX 3aKIadiB, M0 MAIOTh PEHTTEHOIIATHOCTHYHI BiIIUICHHS
(kabineTn).

Pe3ynbprat mpoBeNeHUX JOCITIIKEHb MPOJEMOHCTPYBAIU HEOOXIAHICTh MOKPAIICHHS CTaHY
paziamiiiHoi 6e3neKyu Mpu MEIUYHOMY OINPOMIHEHHS 3a TAKMMHU acleKTaMH: HOPMaTHBHO-IIPaBOBa
Ta MeToAMyHa 0a3a, TEeXHIYHHHA CTaH MapKy amapaTypH, IO03UMETpis, 3a0e3NeyYeHHs SKOCTI,
KIIHIYHAN ayauT, KBadidikalis mepcoHaiy.

Kputnuaumu ¢akropaMu, 1Mo CTBOPIOIOTh PU3HKH JIOJIATKOBOTO a00 HEKOHTPOJIHOBAHOTO
OTIPOMIHEHHSI €: BUKOPHUCTaHHs Ounbine 72% 3acTapijioro TepameBTHUYHOTO Ta J1arHOCTHYHOTO
oOJaJiHaHHS;  HENOCTAaTHIM abo  BIACYTHIH  KOHTPOIb  J030(DOPMYIOUMX  TapameTpiB
PEHTICHOMIarHOCTUYHMX  amapaTiB, HexBaTka a00 HEAOCTAaTHA IIiJArOTOBKA  PaioJIOTiB,
He3a0e3MeueHHs] KOHTPOJIIIO SIKOCTI IIarHOCTUYHOTO Ta TEPANEBTHYHOTO OOJIaTHAHHS, BIJCYTHICTh
BCTAaHOBJICHMX, BIAIOBIJHO JI0 BU3HAHOI y CBITI METOJIUKH, pPeEpEeHTHUX PIBHIB IJIS IIPOBEACHHS
JIarHOCTUYHUX MPOIIETYD; He3a0e3neueHHs BHMIPIOBaHb BX1HOT 03U pu
PEHTTeHOIIarHOCTHYHMX JOCIIIKCHHIX (IOCIIIKEHHS MOKA3ylOTh MOXIJIMBICTh BIIXHIICHHS BiJI
CTaHJAPTHOI J03W OMPOMIHEHHS OibIne K y 125 pasiB); HE MPOBEACHHS CBOEUYACHOTO TEXHIYHOTO
00CIIyrOBYBaHHs, HEJOCTaTHICTh KBajidikalii mNepcoHady NpU BIPOBAIKEHHI HOBITHIX
paiaifHUX TEXHOJOT1M.

Pesynapraty mpoBeieHHMX AOCTIKEHb MIIKPIIUTIOIOTECA AaHuMH JlepkaBHoro Perictpy
JOKEpEeJT 10HI3YI0UOr0 BUIIPOMIHIOBAHHS Ta PE3yJIbTaTaMH JisJIBHOCTI 3 JIIEH3YBaHHS Ta HaTJISITy
JlepaToMperyntoBaHHs YKpaiHu Ta HOro TepUTopiaabHUX OpTraHiB.

[Ipo HEOOXIAHICTH MOKpANICHHS pajiallifHOTO 3aXHMCTy TAI€HTIB Ta MEPCOHANY TIPH
MEUYHOMY 3aCTOCYBaHHI JiKepesd 10HI3yI0WOro BHIIPOMIHIOBAHHS CBiT4aTh 1 peKOMeHpamlii Ta
npono3uIlii MixkHapoaHoi Micii IRRS, 3axonu 3 BUKOHAHHS SKUX 3aTBEPKEHI PO3MOPSIKEHHIM
Kabinetry MinictpiB Ykpainu Big 08.10.2008 p. Ne 1307-p «Ilpo 3atBepmxenns [Inany 3axomiB 3
IMIUIEMEHTalli pekoMeHaanii Ta npono3uiii micii MAT'ATE».
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[TokpareHHs cTany paianiiHoi 0e3MeKu Mpu MEIUYHOMY ONPOMIHEHHI MOTpedye MOCTIHHUX
CKOOPJIMHOBAHMX  3YCWJIb  IIEHTPaJbHUX  OpraHiB  BUKOHaBuoi Biaaam — MO3 Ta
JHepxxaToMperyntoBaHHs YKpaiHu; HaykoBux yctaHoB AMHY; MenuuHux 3akiafiB i MIMPOKOTO
KoJia mpodeciiHuX MEINKIB Ta PaIioJIOTiB

[llopiyHO y CBITI TPOBOJUTHLCA: OLNbIIE 2 MIPA. PEHTICHIBCBKUX JOCIIKCHb, 32 MIIH.
SIEPHO-MEINYHUX 1 5,5 MITH. pamioTepaneBTHYHUX Tporenyp. I3 3acrocyBanusam [[IB B Menununi
MOCTIMHO 3pPOCTAIOTh KOJICKTHBHI 103U HACEJICHHS BiJ JIarHOCTUYHUX OOCTEKEHb, TPAIUISIFOTHCS
BaXKI pajiamiifHi aBapii mNpu JIIKyBaHHI, TOB’s3aHI 3 HEHAaBMHUCHHUM a00 BHUIAJKOBUM
OTPOMIHEHHSIM XBOPHX.

3okpema, pamiamiiHi aBapii y pamiorepamii cramucs: y 2000 pomi — Ilamama (rocmitaib
Jlxacto ApocemeHa) mepeonpomineHo 28 maiieHTiB, 8 3 HuX y 2001 porti momepio, y 2004-2005
pokax — @pantisg (LleaTpanpuuii rocmtans XKan Mone) 23 maiieHTH OTpUMAIH JIKYBaJbHY 03y
Ha 20% Oinblle Bij MpU3HAYEHOI JikapeM, 4 3 HuX momepio. [IpoBeneni @paHIy3bKUM OpPraHOM
peryIIIOBaHHS SIEPHOI Ta pamialiiHol 0e3MmeKu JOCTIKEHHS CBIIYaTh, 0 BUMTAKA HECHABMHUCHOTO
a00 TOMHJIKOBOTO OINPOMIHEHHS TAIli€eHTIB 3aikcoBaHI 1 MPU MPOBEIEHHI TIarHOCTUYHUX
poreayp, 30kpema, 3 2001 mo 2006 3a paxyHOK HEOOIPYHTOBAHOI ITOBTOPHOI JIarHOCTHUKH OYIIO
nepeonpomineHo 412 mamienti, 3 1989-2000 poxku 4500 maiieHTIB OTpUMalH 03U, IO HE
BIJIMOBIIa/Id MpU3HAYeHUM Jiikapem, 3 HuX 300 mamieHTiB — Ha 7% Ta Olmblie B 3B’S3KY 3
BUKOPHUCTAHHSM 3aCTaplIoro o0 THaHHS.

[adopMyBaHHS TTPO BUHMKHEHHS pafiallifHUX aBapid y MEOUIIMHI B YKpaiHi mepeadadcHo
TIEH31HHUMHA yMOBaMH Ha MPOBAKEHHS MisUTbHOCTI 3 BukopuctanHs J[IB. IIporsrom 2008 —
2013 poxkiB Jlep:xaToOMperyIoBaHHS OTPUMYBAJIO IMOBIJOMJICHHS PO BHOaAku 3acTpsaranus [IB y
raMMaTepaneBTHYHUX  amapartax,  posrepMmerm3anito JIIB  Tomo. Y 2013  pomi
JlepxaTtoMperynroBaHHsS ~ YKpaiHH BIEpIIE OTPUMAHO 1H(POPMAID TIPO HEOOIpyHTOBAaHE
OTNPOMIHEHHS TaIli€HTa (IUTUHU) BiJl OATHKIB IUTHHH, X0Ua MEJIUKH 3aMePEUyIOTh 1IeH (akT.

3 METOI TOoNepeKEHHS HEHAaBMHUCHOTO a00 MOMMJIKOBOTO (HEOOIPYHTOBAHOTO) MEIUYHOTO
ompomiHeHHs Jlep)kaToMperymoBaHHsS YKpaiHW po3poOJieHI Ta BIPOBAKEHI HOPMATHBHI
JOKYMEHTH IIOAO0 3a0€3MCUYCHHS SKOCTI IMPHU MEIWYHOMY OIPOMIHEHHI Ta JIILEH31MHI YMOBHM Ta
BUMOTH O€3IEeKH JIJIs MpoMeHeBoi1 Tepartii. [Ipu minen3yBanHI MEIUYHUX 3aKJIaIIB 10 OCOOTMBUX
YMOB JIiIEH31i BKJIIOYAIOTHCS BUMOTH IOJO0 3a0€3MEeUeHHsI SKOCTI JOCTaBKH J03H, OCOOJIMBO B
YaCTHHI MEepeBIpKU (PI3UYHUX MapaMeTPiB CTPYMEHIB raMMaTEPAIeBTHYHUX aIapaTiB Ta KOHTPOJIIO
030()OPMYIOUUX MTapaMeTpiB JIarHOCTUYHUX anapaTiB.

JlocuTh TOBITBHO, OJHAK 3IMCHIOIOTHCS B YKpaiHl 3aX0au IMOAO TIJBHUINECHHS PIBHA
paaiamniifHoi 6e3neKy Ipyu MEANYHOMY ONPOMIHEHHS, 30KpeMa 3a TAKUMH HaMpsSMaMU:

MABUIIEHHS (PaxoBOi MATOTOBKH Ta 30UIBIICHHS KUIBKOCTI KBaldl(piKOBAaHUX «MEIUIHUX
¢bi3uKiB», MWATOTOBKAa  «pamiodapmaneBTiBy. [lnsg VYkpaiHu BKpail HeoOXigHa MOBHOIIHHA
MMITOTOBKA CICIIANICTIB «MEAUIHUN (DI3UK» Ta «pamiodapMareBT», SKi 3 KIIOYOBUMH IS
3a0e3neveHHs pajianiiHoi Oe3neku, Mepil 3a Bce AJs HOBITHIX TEXHOJIOTIM AJsl JIIKYBaHHS Ta
niarHoctuky (30kpema [IET-texnomorii).

3aMiHa MOpajJbHO Ta (Pi3MYHO 3aCTapiJIOro JIarHOCTUYHOTO OOJIaTHAHHS: BUKOPHUCTOBYETHCS
46 peHTreHIBChKUX yYCTaHOBOK, BUTOTOBIEHUX B 50-Ti poku, 348 — B 60-T1 poku, 1 665 — B 70-Ti
poku, 5 436 — B 80-1i poku, 2 580 — B 90-Ti poku MuHYNOrO cTOMTTA. B YKpaiHi 10 1bOro yacy
BHKOpHUCTOBYeThes ctanaapT CPCP Ha pentreniBebki Meauudi anmapatu (I'OCT 26140 — 84), sxuii
HE BPaxOBYE CY4aCHUX BUMOT JO amaparypu, 30kpemMa jJo Tomorpadis (ToAl K y OLIBIIOCTI KpaiH
CBITY BIpOBaKeHO MixkHapoaHi ctangapti IEC 61223-2-6-2003 ta IEC 61267-2001).

BCTAHOBJICHHSI 00O0B’SI3KOBUX PePEPEHTHUX IarHOCTUYHUX PiBHIB. 3HAYCHHS IIUX PiBHIB B
YChOMY CBITI BCTAHOBIIIOIOTHCS HAa OCHOBI MAacINTaOHHMX JOCIHIKCHb PEaIbHUX 103, IO OTPHMYE
HACEJICHHs MPH JIarHOCTHUYHUX Mporenypax. B YkpaiHi BUKOPHCTOBYIOThCS TaOIMUYHI 3HAYCHHS
JI03 B 3aJIIKHOCTI BiJ THUITY JIarHOCTUYHOI IIPOIIEAYPH Ta PEKUMIB poOOTH armapary.

MOKpAICHHS paJialliiHOTO 3aXHMCTy IIEPCOHANy, BEJCHHS OOJIIKYy J03 OINPOMIHCHHS
nepcoHary (1HAMBIAYyaJbHUNA JTO3MMETPUYHUN KOHTPOJIb). CyMapHa KOJIGKTHMBHA 7032 MEIUYHUX
NpaliBHUKIB [0 BCIM KOHTPOJIBOBAHUM ycTaHOBaM Ykpainu y 2012 poui cknana 3875,67 moa-m3B,
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MpH I[bOMY KOJIEKTHBHA J103a MEAMYHOTO MEPCOHAIY, IO MPAIIO€ 3 TaMMa-BUIPOMIHIOBAHHAM —
1231,63 moa-m3B, a pEHTIC€HIBCHKOT0 BUMPOMiHIOBaHHS — 2644,04 mroa-M3B.

HepxatomperymtoBanss Ykpainu y 2012 poiri BAKOHaHO Taki OCHOBHI 3aBJaHHS:

npuiiaaTo HOoBHH [lepenmik Ta BUMOTrH m0a0 (GOPMHU Ta 3MICTY JOKYMEHTIB, IO MOJAFOTHCS
JUISE OTPUMAaHHS JIIEH31i Ha TPOBA/PKCHHS OKPEMHX BHUIIB IISUTBHOCTI y cdepl BUKOPUCTAHHS
smepHoi eHeprii (Haka3z Ne 153 Bix 06.08.2012) — yum 3a0e3medeHO 3MEHIIEHHS PETyIsSTOPHOTO
TUCKY Ha KopucTyBauiB J[IB, 30kpema MenuuHi ycTaHOBH;

MePErJITHYTO KpUTEpli 3a SKUMH, BU3HAYAETHCS TEPMIH i JilieH3ii — 301IbIIeHO TePMIHH Iii
minen3ii Ha BukKopuctaHHs [[IB Big 3-7 pokiB g0 5-9 pokiB (mis [AIB 3 HHU3BKUM piBHEM
MMOTEHIIIHOT HeOe3IeKH, 30KpeMa TCHEPYIOUUX IIPUCTPOIB);

BIIEpIIIC HA pIiBHI 3aKOHOJABYMX AaKTiB BH3HAY€HA pOJb, BIAMOBIIAIBHICTb, MEIHMYHOTO
(dizuka Ta Jikaps-pamiojiora 3a pamlamifHUN 3aXUCT MaIlleHTa TpH IUIAHYBaHHI Ta BUKOHAHHI
MEUYHOTO OMPOMIHEHHS, BKJIFOYAOUM OOTPYHTYBAHHS Ta ONTUMI3aliio mpoueaypu (mpoekt HITA
«Bumorn Ta ymoBH Oe3reku (JIIEH31IMHUX YMOB) 3 BUKOPHCTAHHS MPUCKOPIOBAYIB EJIEKTPOHIBY,
MPUHHSTTS SKOTO TIanyeTbest y 2013 porri).

3 MeTOI0 MOKpaIlleHHs CTaHy pajlialliifHo] Oe3MeKku B MEIUYHMX 3aKJIalax Ta BIPOBAKECHHS
HaHOUTBI eeKTUBHUX 3axofiB JlepkaromperymoBaHHs YKpainu B3aemoxie 3 HarioHambsHOIO
aKaJeMi€r0 MEMYHUX HayK YKpaiHH Ta 11 HAYKOBUMH yCTaHOBaMH, MpoQeCcitHUMI TOBapUCTBAMH,
IeHTpaMu KomreTeHii, 30kpema: JIY «lHctutyt meamunoi pamionorii imeni C.I1. I'purop’esay,
Y “Hamionanpuuii iHCTUTYT paky MO3 VYkpainu”, ,JIY “IHCTUTYT ririeHu Ta MEIUYHOI €KOJIOTIi
iMm. O. M. Map3eeBa AMHY, KuiBchkuMm HamioHaqsHUM yHiBepcuTeToM iMeHi Tapaca IlleBuenka
Ta IHIIMMH OCBITHIMHM Ta HAYKOBHUMH YCTaHOBaMH.

He3Baxkaroun Ha yci 3yCHIIJIS OpPraHiB JEpKABHOTO PETYIIOBAHHS, HAYKOBUX YCTaHOB, BOJIA 1
OakaHHS MEIUKIB — € KJIIOYOBHUM €JIEeMEHTOM B TIOKpAIIEHI CTaHy paaialliiHOTO 3aXHUCTy Y
MEIUITUHI.

1. 3BiT mpo HayKOBO-IOCHIIHY poOOTYy «AHaN3 NPaKTHKH 1 3aKOHOJABCTBAa YKpaiHu Ta Kpain €C
CTOCOBHO pajialifHOrO 3aXHCTy TPH MEAMYHHX 3aCTOCYBAaHHSX JDKEpEN 10HI3YIOWOTrO BHIIPOMIHEHHS 1
po3pobneHHs BinmoBimHUX mponosuminy. — JY «lHcTHTyT Memuunoi pamiororii im. C.IL I'purop’eBay. —
2009;

2. Pexxumu goctymy WWW.SNrc.gov.ua, http://www.iaea.org;

3. «PanuanuonHas 3amuTa B Meauimaey - [yonukarnus MKP3 105.-2011;

4. «Radiation Protection and Safety of Radiation Sources International Basic Safety Standardsy.-
General Safety Requirements Part 3.- No GSR Part 3 (Interin). — 2011.

KYJbTYPA BE3IEKHU Y C®EPI OXOPOHH 3/10POB’SI B YKPAIHI: TIPOBJEMHA
3AITPOBA/I’KEHHSA

IO.M.Ckaaenbknii

Hayionanvnuii incmumym cmpame2iunux 00ciioxHceHsb
Vkpaina, 03186, Kuis, Yoxoniscoxuii 6-p, 13, +38(044)245 88 59, skaletsky@niss.gov.ua

AHoTanmisi: Po3KkpUTO CyTh KOHIEMIii KyNIbTypu O€3MEeKH, pO3TISHYTO MIOIUIBHICTE 1 TPYAHOII
3aMpoBaJKCHHs 1i€i KoHIenuii y cdepy oxopoHu 370poB’s B YKpaiHi s 3a0e3neucHHS Oe3mneKu
TAITi€HTIB.

AHHoTauus: PackpbiTa CyIHOCTD KOHIIETIIIMH KYJIBTYPhl 0€30MaCHOCTH, pACCMOTPEHA LeNecO00pa3HOCTh U
npoOJieMbl BHEAPEHUS OSTOH KOHLENIMHM B OOJIACTh 37IpaBOOXPAHEHUS B YKpawHe I 00ecredeHUs
0€301acHOCTH MAIEHTOB.

Abstract: This paper considers the meaning of safety culture concept and explores feasibilities and
difficulties of this concept implementation to ensure patient safety in the healthcare sector of Ukraine.
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[NamienTy NMiKyBaabHO-TIPO(ITAKTHUHUX 3aKIa/IIB YK€ 32 CTAHOM CBOTO 3/10pPOB’Sl € TPYIOIO
HiJBUIIEHOT0 pu3uKy. He 3acTpaxoBaHi BOHM ¥ Bil MOXKJIMBOCTI BIUIUBY HEraTMBHHMX HACIiJIKiB
NOMWJIOK MEAMYHOIO MEepCOHATy NPH BUKOHAHHI AIarHOCTHYHUX Ta JIKYyBaJbHUX HPOLEIYP.
Jloriuno, mo BceykpaiHchka pama 3axucTy IpaB Ta O€3MEKH MallieHTIB CTaBUTh NMUTAHHSA 0e3
BIJIMIOBI/Ii: 1II0 HEOE3MeYHiIIe — XBOpoOa Uu JTiKyBaHHS.

€BpOIIEHChKE CIIBTOBAPHCTBO CXBHIIHOBAHE CEPUO3HICTIO TIPOOIEMH, MPO IO HATOJIOMIECHO
B IpOoIbHUX XapTisix 1 nupextuBax €C.

3a gmanumu BOO3 pu3uk HEmacHOro BUMAIKY Yy cdepi aBialliifHMX TEpPEeBE3CHb CKIIAIAE
1 na 3 MinbiioHH, y TOW Yac K PU3UK HEIACHOro BUManky B jikapHi — 1 wHa 300 [1]. OTxe,
npoOneMa O€3MeKH MaIlieHTIB y BChOMY CBITI W 0coOnMBO B YKpaiHi HaOyma Haa3BUYAWHOT
aKTyaJbHOCTi, IO TWIATBEP/PKEHO B HHU3II MDKHAPOJHUX, PETIOHAJBHUX 1 HallOHAJIBHUX
JIOKYMEHTIB.

He Bukimouaroyn BaXJIMBOCTI pPETJIaMEHTHOTO MiAXOQy npu 3a0e3medeHHi Oesneku
MAIli€HTIB, CBITOBE Ta €BPOICHWCHKE CITIBTOBAPHMCTBO BEIMKY HAJII0 IOKJIAgae Ha MOOLTIZaIlio
MOPaThHO-KYJIBTYPOJIOTIYHAX KOHIIEMIIH (hopMyBaHHs O€3IIeYHOr0 cepeoBHINa y chepi 0XOpoHU
3nopoB’s. [lepir 3a Bce, HAEThCA PO KOHIEMIIIO KyJIbTypy O€3MEKH.

VYenig 3a MAT'ATE, MOIL, inmmmu mikHapoauumu opradizamissmu BOO3 y 2005 pomi
BH3HAJIA TPUXWIBHICTD IO KYJIBTYpH O€3MEKH 1 3aKJIMKajia HalllOHAIbHI CHCTEMU OXOPOHHU 3/10POB’S
cmgyBatu ix mpukiany [1l]. Ha mpomosumiro BOO3 MixkHapoaHa acomiamiss 3 pajiamiiHOTO
3axucTy y MeauuHii mpaktuii B 2010 pomi Takok po3mnoyana BIPOBAIKYBaTH KYIbTYpy O€3MeKH B
MEIUYHY TIPaKTHKY [2].

Kowmiter minicTpiB Pagu €Bponu B Pexomennanii Rec(2006)7 mpo ympaBiiHHS 0€3MEKOI0
MAIiEHTIB Ta 3amo0iraHHs iHIUACHTaM y cdepi oxopoHu 310poB’s Big 24.05.2006 pexkoMeHyBaB
ypsanam aepxan — uieHiB €C:

1) 3poOuTH Bce HEOOXiMHE IS TOTO, 00 Oe3neKa mamieHTiB Oyna HapiKHUM KaMeHeM OyIib-
AKOi TMONITHUKH B Taly3l OXOPOHHU 3/I0pOB’sl, 30KpeMa IMOJITUKH, CIPSMOBAHOI HA MOJIMIICHHS
SIKOCT1 MEMYHOTO OOCITyTOBYBaHHS,

2) po3poOUTH BCEOXOIUTIOIOUl Ta YITKO BHU3HAUEHI MOJITHYHI paMKH JUIsl 3a0e3MedyeHHs

Oe3neku  Mali€eHTIB,  AKI COpUsUIM O KynbTypi O€3leku Ha BCIX PIBHAX MEJUYHOTO
oOciyroByBaHHs. .. [3].
3a BusHaueHHsIM MAI'ATE «kynbrypa Oe3nmeku — 1€ Takuil Hallp XapaKTepUCTHUK 1

0COOJNMBOCTEN [ISATBLHOCTI OpraHizamiii i MOBEAIHKM OKPEeMHUX OcCi0, KOTpHil BCTAaHOBIIIOE, IO
npobinemam Oe3nexku AEC sk TakuM, 110 MalOTh HaWBHUIIUN MPIOPUTET, MPUAUIIETHCSA yBara, I10
BU3HAYAETHCS 1X 3HAUUMICTIOM [4].

CTpyKTypHO KyJbTYpa O€3MEKH BKIIOUYAE 1BA 3araIbHUX KOMIOHEHTH:

NepIuil MiCTUTh HEOOXiqHI poOodYl YMOBH B Oprasizallii, HaJeXHUTh 10 BiAMOBIAAIBLHOCTI
YOPABJISIIOUO]T 1€papXii Ta € BUBHAYATIBLHUM;

JpYruii KOMIIOHEHT — 1€ TO3HULS MEepCOHaly Ha BCiX PIBHAX K peakilist Ha I YMOBH i
pe3ynabTaT LIUX YMOB.

OTxe, Akmo O6e3neKa B TPaJULIHHOMY PO3YMiHHI 3aCHOBYETHCS HA 3HAHHSX, TO KYJIbTypa
Oesmekn Ha TepekoHaHHsAX. [Ipu po3BUHYTIH KynbTypl Oe3meku Oe3neka CTae BHYTPIIIHBOIO
noTpedoIo 1 IO YCTAaHOBH.

VY 6azoBux crangaprax 6e3neku MAI'ATE, No 115 [5] 3nauna yBara nmpuaijieHa KyJlabTypi
Oe3nmekH, ajge B 0a30BUX HAIlIOHAJIBHUX JIOKYMEHTAX 3 pajiauiiHoi Oe3neku, po3podbieHux Ha 6as3i
WX CTaHJAPTIB, KYJIbTypa OC3IEeKH HABITh HE 3TaIyEThCS.
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Y HoBomy 0OazoBomy craHmapti 6e3neku MAI'ATE [6] koHuemniis KynbTypu Oe3mexu
OoTpUMaJia MOJAJBIIMKA PO3BUTOK 1 11€ JOLUIBHO BpaxyBaTu npu nepeomnpaitoBaiii HPBY — 97 Tta
OCITY-2005.

[Tnanom miit Pagu €Bpormm mns Ykpainu Ha 2011-2014 pp. po3podka [lnany niit y ramysi
Oe3MeKH TMAaIllEHTIB BBAXA€ThCS OIHMM 3 KIIOYOBUX 3aBJlaHb, IIOCTABJICHUX IIE€pe]l HAIO0
nepxaBoro [7]. Meroro po3poOku [lmany 1iii € mOKpamieHHsl CTaHy 370pOB’Sl TPOMAJISTH Y KpaiHu
[UIIXOM PO3POOKU TMONITUKH, CHOPSIMOBAHOI Ha TOCHUJICHHS O€3MeKH NAaIli€eHTiB, 3aro0iraHHs
MEIMYHUM TIOMHJIKaM 1 3MEHIIEHHS BHJIATKIB, IIOB’S3aHUX 3 HECYMJIIHHHUM BHKOHAHHIM
000B’s13KiB, IIITXOM pearizaiii Pexomennaniit Rec (2006)7 moao ynpaBiiHHS O€3MEKOI0 MAI[i€HTIB
Ta 3ano0iraHHs IHIUICHTaM y cdepl OXOpoHH 370poB’s [3].

VY 3eneniit kHu3i Ilnany niii B ramy3i Oe3neku mnaimieHTiB [8] Ha piBHI 3acagHHYMX
MPUHIUIIIB Oe3MeKa MAaIli€HTIB BH3HAHA SIK OCHOBOTIOJOKHHWM TMPUHIIMIT HAIIOHAJIIBHOI CHCTEMH
oxopoHu 310poB’st. Cepen 3aBnaHb LbOro MmiaHy B po3aini «lIpodeciiina eTukay nependadaeTses
TaKe:

PO3BHUTOK KYJIbTYPU «MOPATBHO 0€3IIEYHOT0» CepeIoBUIIA B Chepi OXOPOHH 310POB’S;

BTUICHHS MPUHIIUAITIB MOPAJILHOT BIMOBITATHHOCTI B MEIMYHIN JTISITBHOCTI;

PO3BUTOK HEAWCKPUMIHALIWHOTO TMiAXOAYy TIpPH BUKOHAHHI NpodeciiiHuX 000B’SI3KiB
TOLO.

Yce 11e pa3oM OKpecITioe KOHTYPH KOHIIEIIT KyIbTYpH 0e3MeKu, KOTPY CIIiJ] AeTali3yBaTH B
octatouyHOoMY BapiaHTi [Imany miid.

Pazom 3 THM aHami3 OCBiy BUKOPHUCTAHHS KOHLENINI KyJIbTypH O€3MEeKH y BITUM3HSHIN
ATOMHIN €HEpreTHIll JI03BOJISIE HAaM Tepen0adyuTH Taki MpoOJeMU BIPOBAKEHHS i€ KOHIICTIIIT Y
cepy OXOpOoHHU 37I0pOB’s B YKpaiHi:

KOMIUIEKCHICTh 1 MacITaOHICTh POOIEMH;

HEIOCKOHAJICTh HOPMAaTHBHO-TIPABOBOI 0a3H;

HEJOCTATHE PO3YMIHHS HA TOJITUYHOMY PiBHI HEOOXITHOCTI BIPOBAKEHHS KyJIbTYpH
0€3MeKH B Pi3HUX cepax KHUTTENISITHHOCTI;

3Ha4Hi POOJIEMH 3 TyXOBHICTIO, KYJIbTYpOIO Ta OCBITOIO B YKpaiHi B3arai;

BUCOKHIA PiBEHb KOPYMITIOBAaHOCTI chepr OXOpOHH 37I0POB’S;

CHOIJIAAAlbKA MMO3UIS JIepKaBHUX OpraHiB pPETyIIOBaHHA O€3MEeKH B PI3HUX Taly3sax
KUTTEISUIBHOCTI B YKpaiHi 111010 BOPOBAI)KEHHS KOHLENLT KyJIbTypH O€31EKH y IPAKTHUKY;

CTaH KyJIbTYpH O€3IEeKH HE aHAII3ye€ThCS Iep’)KaBHUMH OpraHaMu peryJtoBaHHs 0e3NeKH;

BIJICYTHICTb 3araJIbHONPUUHATUX MMOKAa3HUKIB 1 METOJIUK OLIHKU PIBHS KYJIbTYypHU O€3MEKH;

BIJICYTHICTh HAYKOBHUX PO3pOOOK, a BIAMOBIIHO 1 MyOJiKawiii 3 mpolieM KyibTypu Oe3neku
B YKpaiHi;

He mnependadeHo BHKIAAaHHSA Kypcy «KynbTypa Oe3neku >KUTTEIISUIBHOCTI» HaBITh Y
3axnanax ocBitH III 1 IV piBHIB akpeauTalii, 10 311HCHIOIOTH MIATOTOBKY (haxiBLIB AJsi MEIUYHOI
ramysi;

HEJ0CTaTHE BUKOPUCTAHHS MOMJIMBOCTEH 1 HPONO3UIIN MIKHApOJHUX OpraHizauii Ta
OKpeMUX KpaiH 1010 peaji3allil CIJIbHUX MPOEKTIB 3 YIPOBAHKEHHS KOHLEMLIT KyIbTYpH Oe3neKu
y pi3Hi cepu KUTTEAISITBHOCTI.
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NCCIEJOBAHMUME BJIMSAHUA MUKPOCTPYKPOCTPYKTYPblI KEPAMUYECKHUX
NUMIIJIAHTAHTOB HA UX BUOAKTUBHOCTD

A" 3a6o0a0THuii. A.®.Kapacs, I'.A.Kapacs, JI./[. KpuBoxarckas, C.I1.Yaiika, T.A.fluenxo,
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1) I'ocyoapcmeernnoe yupeocoenue « Mucmumym omonapuneonoeu um.npog.A. M. Konomutivenko
HAMH», yn. 3oon0cuueckas, 3, 2. Kues, Ykpauna, 03057; +(38) (044) 4833486; gkaras@ukr.net

AnHotamus. [IpoBeneHo wccnenoBaHWE BIMSHUS OCOOCHHOCTEH MHKPOCTPYKTYPBHI KEpaMHUYECKHX
nMmaHTatoB «CK-CHHTEKOCTH» Ha OCHOBE HAaHOCTPYKTYPUPOBAHHBIX T'UAPOKCHUAIIATUTA H TpI/IKaJ'ILLII/Iﬁ
docdara B Bue TBEPIOTEIBIX MOPUCTHIX KYCOUYKORB, MOPOIIKA, a TAKKE IMOCIIC MOIUPHUKAIIUN TOBEPXHOCTH
myTeM 00paboTKH cMechio renody3nHa U THaTypOHOBOM KHCIOTHI HA KIIETKH in Vitro W Mpyu UMIDTAHTAIUN B
00JbIIYH0 OEPIIOBYIO KOCTh KpbIcaM in vivo. [Ipu UCMob30BaHNU MaTepualia He BBISBIICHO OTPULIATEILHOTO
BIIMSTHAA Ha KJIETKH in Vitro M in vivo, HaOJIIOgaeTcs Xopolas aare3us KJIETOK K MaTepraily u UMEeT MeCTO
HE3HAYUTENbHAsl DJIMMHUHALMS YacTUI MaTrephala B OKPY)KaIOUIyI0 cpely, 4YTo Oojiee BBIPaXEHO MpHU
MTOPOIITKOBOM (popMe Marepuana. YCTaHOBICHO CHIDKEHHE TIPOIIECCOB JIUMUHAIIMN M 0oJiee BBIPAKCHBI
aare3us, pocT W mponudepanusi KIETOK NMPH NPUMEHEHWHW OO0pabOTKU TeNOo(py3MHOM W THAITYPOHOBOU
kucioTol. Hammune mop u MomubuKaus MOBEPXHOCTH TaK)Ke CIOCOOCTBYET JIYUINEH aare3ud KIETOK C
marepuanoM. [lpu ummnantanuu OHOKepaMUKH B OONBIIyI0 OEpLOBYIO KOCTh KpbIcaM 00pabOTaHHOTO
reno(y3MHOM W THATYPOHOBOH KHCIOTOH MaTepwalia HaOJIOJaeTcs TOBBIIICHHE YPOBHS €r0o aure3nud ¢
JKUBBIMU CTPYKTypaMu, YJIYyUIICHUC HUHTETpaluu C KOCTHON TKaHbIO U YCKOpCHHA MPOLCCCOB €€
pereucpanuu. HOqueHHBIe JaHHBIC 3aBUCUMOCTH 6I/IOCOBMCCTI/IMOCTI/I nu 6H03KTI/IBHOCTI/I HUCIIOJIBE30BAHHOTI'O
Marepuana OT MUKPOCTPYKTPYPHOH XapaKTEPUCTHKHU M BO3MOXKHOCTH HX YJIyULICHHUS NpU MoIuduKauy ¢
MpUMEHEHHEeM TreloQy3MHa W THATYPOHOBOW KHCIOTHI TO3BOJSIOT TOBOPUTH O NEPCHEKTHBHOCTH H
3(1)C1)€KTI/IBHOCTI/I ,Z[aJ'ILHeﬁH_IeFO HUCIIOJIb30BaHUA 6I/IOK€paMI/IKI/I B KJIIMHUYECKOU MMPAaKTHUKE

Abstract. Investigation of influence of ceramic implants “Synthetic bone" microstructure on the basis of
nanostructured hydroxyapatite and tricalcium phosphate in the form of solid-state porous slices, of powder,
and also after surface modification by processing by a mix of gelofusine and hyaluronic acid on cells in vitro
and at implantation in tibia to rats in vivo has been conducted. When using the material, no negative
influence in vitro and in vivo on cells has been revealed, but there was good adhesion of cells to the material
and insignificant elimination of the material particles in the environment that was more expressed at a
powder form of a material. Decrease of elimination took place and more promoted adhesion and growth and
proliferation of cells at processing by gelofusine and hyaluronic acid were more expressed. Existence of
pores and surface’s modification also promotes the best adhesion of cells with the material. At bioceramic
implantation processed by gelofuzine and hyaluronic acid in tibia of rats the level of its adhesion with live
structures increased and improved integration with bone tissue and accelerations of its regeneration has been
observed. The data about dependence of biocompatibility and bioactivity on its microstructure and
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possibilities of its could be improved by modifying with the use of gelofusine and hyaluronic acid allow to
suppose about prospects and efficiency of further use of bioceramics in clinical practice

KuiroueBble ciioBa: OnokepamMuKa, MMILIAHTALUS, MUKPOCTPYKTYpa, THAPOKCHANATUT, IN Vitro, in
ViV0, 0cTeoreHes, pereHepaiiusi KOCTH

Key words: bioceramic, implants, hydroxyapatite, microstructure, in vitro, in vivo, osteogenesis,
bone regeneration

Hcnonb3oBaHne OMOKEpaMUKHM HAa OCHOBE T'HJAPOKCHANaTWTa W TpHUKalblui ¢ocdara B
KayecTBE 3aMECTUTEINII KOCTHBIX JE(PEKTOB IOIYYMIO OCO00€ pPacHpOCTpaHEHHWE B MHPOBOM
MEAMLIMHCKOW  MpakTHKe  Ojarojaps ~ ee YHHMKaJbHBIM CBOICTBaM OHMOCOBMECTUMOCTH,
OMOAKTHBHOCTH, OCTEOTPOITHOCTH, CIIOCOOHOCTH K CTHMYJSIMH KIETOK OMOPHBIX TKaHEH,
yyacTByrommx B octeoreHes [1-5]. TlomydenHblit 3¢ ekt crmocoOCTBOBA OCOOCHHO OYpHOMY
pPa3BUTHIO pa3pabdOTOK HOBUX MaTEpUANIOB, METOJOB WX TIOJIYYCHHS, B TOM UHUCIE W
OMOMH)KEHEPHBIX, a TAaKXKe CIIOCOOOB WX MOAM(HUKAINK W NPUMEHEHHS B PA3IMYHBIX 00JacTIX
MeaunuHBL MccrenoBarenn TakkKe MOTYEPKUBAIOT MOTPEOHOCTh YIYUYIICHUS CBONCTB TaKUX
MMIUIAaHTAIMOHHBIX MAaTEPUaIOB JIJIsl UCHOJIH30BAHUS B MEIUIIMHE U TIOBBIIICHUS WX KIMHUYECKOU
s dextuBHOoCcTH. Cpeau crmocoOOB MOBBIMICHUS A(PGEKTHBHOCTH HWMIUIAHTAUA OMOKEPaAMUKH
yUYEeHbIC BBIACISIOT 3HaUeHUE (PU3MUYECKON M (PU3HKO-XMMUYECKON XapaKTepUCTUKU MUMILIAHTATOB,
B YaCTHOCTH OCOOEHHOCTEH MX MHKPOCTPYKTYPHI [5-7].

Y4uuThiBasg H3IOKEHHOE, HeJbI0 paboThl ObUIO MCCIEIOBAHME BIMSHUS OCOOCHHOCTEH
MHUKPOCTPYKTYpbl KepamMudeckux HMIUIaHTaToB «CK-CuHTEKHCTKa» Ha OCHOBE HAHOCTPYK-
TYPUPOBAHHBIX THIPOOKCHANATUTa M TPHUKAIbIMKA QochaTta B BHIAEC TBEPAOTENBIX MOPUCTHIX
KYCOYKOB, IOPOIIKa, a TakXKe Tociie MOoIU(UKAUA TOBEPXHOCTH MyTeM OOpabOTKH CMECHIO
renoy3uHa W THATYPOHOBOW KHCIIOTHI Ha KICTKH IN VItr0 M TpW HMMIUIAHTAIlMH B OOJBIIYIO
OepIioBYI0 KOCTh KpbicaM IN ViVO. B pabore ObUIM IMOCTaBICHBI CICAyIOIIHE 3amadd. 1)
HCCIIEZIOBaTh OCOOCHHOCTH B3aUMOJCHCTBUS OHMOKEpPAMUKU C PA3IMYHONH MHUKPOCTPYKTYpHOU
XapaKTEePUCTUKON KOMIIO3UTHOTO MaTrepuana ¢ KJIeTKaMH B YCIOBMAX In Vvitro; 2) mIpoBecTH
MCCIIEZIOBAaHUE COCTOSIHUS MMIUIAHTHPOBAHHOTO MaTepuala M PernapaTUBHBIX MPOIECCOB B KOCTU
1ocjae BBEJCHMS OMOKEpaMUKU C pa3IMYHOW MHKPOCTPYKTYPHOM XapaKTepUCTUKOH B
HKCHEPUMEHTE Ha KUBOTHBIX in Vivo.

Marepuan u MeTOAbl HccaeqoBaHusi B pabGore ObUIM HCIONB30BaHbl  CO3AAHHBIN
OTEYECTBEHHBIMH YYEHBIMH O]l pyKoBoAcTBOM mpod. B.A, JlyOka OmnokepaMuuecKuii KOMIO3HUT
CK-cuHTEKOCTh Ha OCHOBE HAHOCTPYKTYPHUPOBAHHOI'O M'MIPOOKCHAIIATUTA U TpUKaibLuidocdaTa ¢
nopamu  50-150MkM u mocne MoaMdUKaMU MyTeM OoO0pabOTKM CMechlo Trenody3uHa u
TMaypOHOBOM KHCIOTBI B paBHBIX KoimdecTBax. Ilpm 3ToM wucnosb30BaH reinoy3uH Kak
KOJJIOWIHOE TIa3MO3aMEIIAOIIEe CPEICTBO, Il KOTPOTo XapakTepHO (GopMHUpPOBaHHE OOBEMHBIX
OEJIKOBBIX LIENeH, a TAK)Ke THalypOHOBAasl KMCJIOTa B aMITyJlax /Jisl BHYTPUBEHHETO BBEJICHUS
KyneTuBupoBanue nepeBuBHUX KJiIeToK Hep-2 in vitro mpoBOJMIIOCH COTIACHO OOLICTIPHHSITOMY
Metony @pemmu B nmutarensHoi cpene JJIMEM (Sigma, CIIA) ¢ 5% sMOpHOHaIbHON CHIBOPOTKH
TEeNAT, 700ABIEHUEM NEHUIIWIINHA U CTPENITOMULIMHA B 24 JTYHOUYHBIX IUIAHIIETaX B TEPMOCTATe
pu Temneparype 37 °C, B atMocdepe 5% CO,. CycneH3uio KIeTOK MOMEUIATN B KYIbTypalbHYIO
Cpely Ha MMOKPOBHOE CTEKJIO ¢ KOMIIO3UTHBIM MaTepruaaoM. COCTOSIHHE KYITbTUBUPYEMBIX 00pa3IoB
uccienoBanu yepe3 1 U 3 CyTok KyJIbTHMBHPOBAaHHUS C €KEAHEBHOM 3aMeHOH cpenbl. Becero 6mu10
MPOBEACHO 3 TPYIIBI OMBITOB Ha KYJIbType KJIETOK in vitro: I - KoHTposbHas, 6e3 m00aBIeHUS
komno3utos; Il - kynpTHBHpOBaHUEe ¢ kKommo3uToM ¢ mopamu 50-150 mxwm; Il - ¢ komno3urom
oOpaboTaHHbIM cMechio 1:1 renody3nHa U TMaTypOHOBOM KHCIIOTH.

B ombITax in vivo ObUIM NMPOBEJEHBI UCCIEAOBAaHUS Ha 25 OECHOPOJHBIX KpbICaX Maccoi
180-350 1. ¢ coOmogeHHeM Mep IO 00ecleYeHUI0 OEpeKHOr0 W TYMAaHHOTO OOpamieHus: C
KHUBOTHBIMH. C COOJIIOJICHHEM IPaBUJ ACENTHKH NMPOBOAMIM pa3pe3 TKaHEH u 3yOHbIM OOpoM Ha
OopIe0epoBoil KOCTH BhIMIMBAIGl nedekt pazmepom 0,2 - 0,6 MM, KOTOPBIA 3amoIHSIIA
rpaHyiJamMyu OMOKEPaMHUKH TOBBIIIEHHOH nopucTocTh (1-s rpymma), mopoUIKOBUAHBIM MaTepiaIoM
(2-2 rpynma), a takxke obpaboTaHHON cMmechio 1:1 remody3uHa M THATYPOHOBOW KHCIOTHI. Jliist
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CPaBHEHMsI XapaKTepa pa3BUTHUS PEMAPATUBHBIX POLIECCOB ITPOBOAMIIN aHAJIOIMYHBIA pa3pe3 KOCTU
0e3 BBeIEHHsS MMIUIAHTATa, YTO CIYXKWJIO KOHTposieM. PaHbl 3aKpblBaduCh HAJAKOCTHULEH H
dacumeld u ymmBanuchk. JXMBOTHBIX BBIBOAMIM U3 ombiTa uepe3 1, 2 u 3 wmecdaua, 3adupanu
KYCOYKH KOCTH JUIsl IOCIIEAYIOIUX THCTOJIOrMUECKUX UCCIIEA0BAaHUM ¢ BHEIPEHUEM OOLIETIPUHATON
metoauku (Qukcanuu B 10% ¢dopmanuHe, npoBeneHHS EKalIbLIMHAIIMM W OKpacka Cpe30B
reMaTOKCUJIMHOM €03WHOM. [IpocMoTp ¥ aHanu3 mnpenapatoB OOECHEYMBAIUCH C TMOMOIIBIO
cBeToBbIX MHKpockornoB "MBU-6", "NU" Carl Zeiss, crepeomukpockona «Olympus" SZX-16,
cucreMHoro Mukpockoma "Olympus" BX53 ¢ koMmbloTepHON NpUCTaBKON, WHBEPTHPOBAHHOTO
MHUKpPOCKOINa ¢ KoMmbloTepHOW mpuctaBkoi "Olympus" IX71. ®ortorpadupoBanue mpenaparos
OCYIIECTBISAIOCH IUppoBoi ¢doTtokamepoir "Cannon" ¢ yHUBEpPCaIbHOW ONTHYECKOM CHCTEMOMU
UIS2/UIS.

Pe3yabTarsl HcCIeNOBaHMNA W HUX 00CYykKIeHUE B pesynbrare mpoBenEeHHBIX
UCCIIEIOBAaHNI MUKPOCTPYKTYPHOH XapaKTEpHCTUKU ObUIO OOHApYXEHO, YTO Tocjie 0O0paboTKu
OMOKEepaMHUYECKOrO MaTepuaja, Kak B BHAE MOPUCTBIX TBEPAOTEIBIX KYCOUKOB, TaK U
MEJIKOTPaHYJIIPHOTO  MOpPOINKAa HaOJrofaeTcst ero oOBOJAKMBAHUE TeNENOJOOHOH CMEChIO
reJoy3uHa UM THAJTypOHOBOM KHCIIOTBI, a TakXKe HMMEET MECTO HEKOTOpasl arperanus MeJIKUX
YaCTUYEK KepaMHUecKoro matepuaina (puc.l).

IIpu uccnenoBany ¢ UCIOJIB30BAHUEM MHBEPTHPOBAHHOIO MUKPOCKOIA KJIETOK KOHTPOJIBHON
rpynnsl 4epe3 | CyTKM KyJIbTHUBYBaHHS BHSIBISUINCH OCTPOBKM KIETOK € 1-3 sapblmikamw,
oTMeydasock oOpa3oBaHue cumiuiacTa. [lpu ucnonb30BaHNM OMOKEpaMHMKH KaK B BHJIE TBEPAOTEIIBIX
KYCOYKOB, TaK ¥ TMOPOIIKOBUIHON (POPMU TaKke HAOIIOAIOTCS OCTPOBKH POCTA TEPEKUBAIOIINX
KJIETOK, MMeJa MECTO aare3usi KJIETOK K MaTepualy M IPOHMKHOBEHHE KJIETOK B MaTepual B
y4dacTKax Iop, a 4epe3 3 CyTOK OTMEUacsl akTUBHBIA MHOTOCJIONHBIN POCK KJIEeTOK (puc2). B To xe
BpeMs IIPU NPUMEHEHUH OMOKEpaMHUKH Iociie 00pabOTKH cMechlo reiogy3uHa M THalTypOHOBOM
KHCJIOTHI HaOMo1ascst 60Jiee aKTUBHBIN POCT KJIETOK, OCOOEHHO B HEMOCPEICTBEHHOU OJM30CTH OT
MaTepuasa, ¢ BBIPAXXCHHOW TEHACHLMEH K MHOTOCIOMHOMY, YTO CBHUAETEILCTBYET O XOpOLIEH
aAre3u W TMOBBIIICHHOM YPOBHE UX MpOJIU(PEpaTUBHON aKTUBHOCTH. BbIcOkuil ypoBeHb
nposndepalud  COXpaHsJcs M 4Yepe3 Tpoe CYTOK KyinbTHBHpoBaHus (puc.4).. Cruenyer
MOJYEPKHYTh, YTO TPU HCCICIOBAHUAX KYJIHTHBHPYEMBIX KIETOK BO BCEX CIIydasx He OBLIO
BBISIBJICHO OTPHULATEIBHOTO BIMSAHUSA Ha KIETKM CO CTOPOHBI MHCIIOJIB30BAHHBIX B KAauyeCTBE
MOJJIOKKA 00pa3sloB OMOKEpaMUKH, YTO CBUAETEIBCTBYET 00 OTCYTCTBUM HX TOKCHYECKOIO
NEeNCTBUS

[Ipu MrOMUHECIIEHTHOI MUKPOCKOIIUK B KOHTpOJE Yepe3 | CyTKu 0OHapyKUBAIOTCS KIETKH
C YMEPEHHBIM 3€JIEHBIM CBEYCHHEM SJIEp U OPAHKEBBIM CBEUCHUEM LMTOILIA3Mbl. AHAJOTMYHOE
CBEUEHMSI OKa3bIBaeTCs B KJIETKaxX yepe3 | CyTKH KyJIbTUBUPOBAaHUS C HOPUCTHIMU oOpa3uamMu. B To
e BpeMs TMpU MHCIOJB30BAaHMM MOJUGPHUIMPOBAHHOIO MaTtepuana mociae 1 u 3 cyTok
KYJIbTUBUPOBAaHUS BUSBISIETCS Oosiee BBICOKUH ypOBEHb CBEUEHHS KJIETOK HEMOCPEACTBEHHO Y
MaTepuaga UMIUIAHTaTa, YTO SBHO CBUIETEJIBCTBYET O CTUMYJIMPYIOIIEM BIUSHUU HCIOJIB3YEMBIX

2

Pucl. MuKpoCcTpyKTypHas XapaKTepUCTHKA MENKOTPYHYJISIPHOTO MOPOIIKOBUTHOTO KEPAMUYECKOTO
MaTepualia ocie 00paboTKU CMEChIO Tello(y3HHA U THATyPOHOBO# KUCIOTHL CTepeo Mukpockor. X 40

Puc2. Hanmmume cummiacra NepeXHBAIONIMX KIETOK C BBICOKMM YPOBHEM aJre3WH K MaTepiany
ocJe 3'ILHCBHOFO BbIpalliMBaHus Ha MOJJIOXKKE C TBEPAOTCIbIM 6I/IOKepaMI/I‘leCKI/IM MaTCpUuaIoOM.
WNuBepTupoBannbiit Mukpockomn. O6. 20, ok. 10.
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Puc 3. BrlpaxkeHHas anresus KJIETOK M HAJUMYME AKTUBHOM 30HBI pOCTa KIETOK C 3€JICHBIM
CBCUCHHUEM SIJICp U OPAHXKEBBIM CBEUCHUEM LUIOIIA3Mbl Yepe3 CYTKH MOCJE BBIPALIUBAHUS B KYJIbTypE C
TTOPOITKOBUIHOW OMOKEpaMHUKOW  mmociie o0paboTkm Temody3nHOM H  THATYPOHOBOW KHCIIOTOU
JromunecnenTHas mukpockomnus. 06.20, ok. 10.

Puc 4. MHOTOCIONWHBI POCT KIETOK M BBICOKHHA YpOBEHb HX (IIyOPECIEHIIMH BO3JI€ HYacTHUUEK
MOPOIIKO0OPa3HOTO MOAM(DHUIIMPOBAHHOTO MaTepuaia, Ha 3-ii JIeHb KyJIbTHBHpOBaHHA. DiyopecreHTHas
mukpockomnus. 06.20, ok. 10

[Ipu uccnenoBaHUM MUKPOCTPYKTYPHON XapaKTEPUCTUKH HMMILIAHTHPOBAHHOIO MaTepuala
B OOJIBIIYIO OEPIIOBYIO KOCTh KPBIC B CTEPEO MHKPOCKOIIE Yepe3 1 Mec B 30He UMILIAHTAIIUN Kak
TBEPAOTENbHBIX  KYCOYKOB, TaK M  MEJIKOTPAHYISIPHOTO OHOKEpaMUYECKOTO0  IOpPOIIKa
OOHApPYKUBAJIMCh OCTAaTKM HMMIUIAHTUPOBAHHOTO Matepuaia. XapaKTepHbIM  ObUIO HaJH4due
3aBUCHMOCTH OT TME€PBOHAYAJIbHON MUKPOCTPYKTYpBHl Marepuana. Tak, 0Opu HNpUMEHEHUU
TBEPAOTENBIX KYCOUKOB OTMEYAJIUCH SIBJICHUS UX JUCCOLMALMU, HEKOTOpas JIMMUHAIUS YacTHUI] B
Onusnexamue ydyacTku. Hapsgy ¢ 3TuM  oTMevanuch SBIEHUS aAre3ud — Marepuana ¢
OKpPY’KAIOIIMMHU TKaHSIMH, a TaK)K€ UMEJIO MECTO Pa3BUTHUsSl PEMAapaTUBHUX IPOLECCOB C HAJIUMUUEM
IPaHyISIUOHHON TKaHH, KOTOPasi MPH CTEPEOMUKPOCKOIINH MPOSIBIIETCA B BUJIE YYaCTKOB pa3HOU
CTENEHH IIOKPACHEHHs 3a CUeT pa3BUTUS KPOBEEHOCHBIX cOCYIOB. (OCOOEHHO MPHUBIEKAIO
BHUMaHUE SBJICHHS TOBBIIICHHOW aAre3Wd W  HUHTETPAllMd YacTHMYeK OWOKEpaMHKH IOCIe
00paboTKM MarTepuanga CMeChbio Tesioy3uHa U THATYPOHOBOM KHCJIOTHL. BaXHO OTMETHTH, 4TO
YaCTMYKM MaTepuaia MpU STOM OBUIM XOPOMIO CHAasHbl C OKPYXKAIOIIUMH CTPYKTypaMd H, B
YaCTHOCTH C KOCTHOM TKaHBIO, a SIBJICHUs BOCHaJIeHUs1 ObUIM MeHee BhIpaxeHsl ( pucS). B nepuon
2 ¥ 3 MecsleB MOCie UMIUIAHTAIIMA OTMEUAINCh SBJICHUS JajJbHEHIIero pa3BUTUSl perapaTUBHUX
MIPOLIECCOB, OJIHAKO  3aKUBJIEHHE JAe(peKTa KOCTU HaOIIoAanoch 4depe3 2 MecC TOJBbKO IpHU
MMIUTAHTAlUU_MOTUGUIIMPOBAHHOW OHOKepaMUKHU. B STUX ciydasiX MOBEPXHOCTh paHbl ObLia
MMOKPUTA TOHKUM CJIO€M COSTMHUTEIHLHON TKaHU (puc.6)

[Ipy rucromoruyeckoM HCCIeIOBaHUM NpenapaTtoB  OOJbIIEOEpIIOBOM KOCTH  KpBIC
OTMEYAJINCh AaKTHBHE pernapaTUBHE MPOIECCHI, Y BCEX HMCCIIEAOBAHHBIX XHUBOTHBIX HaO0JI0/aJI0Ch
(dbopMHpOBaHUS TEPBUYHOM  KOCTHO—XpsIieBoil Mo3onu. CienyeT OTMETHUTh, YTO pa3BUTHE
pemapaTUBHBIX IPOIECCOB HOCWIIO OJHOTHUIHBIN XapakTep TpH HAIWYHUH HEBBIPAKEHHBIX
MIPU3HAKOB BocmajeHus. Bee xe nmpu3Haky ocTeoreHesa ObUIH JIydllle BEIPaKEHBI IPH TPUMEHEHUU
MoauduIMpoBaHHON Ouokepamuku. CieayeT TakKe OTMETHTb, YTO XapaKTEPHBIM MPHU 3TOM ObLIO
BbISIBIIEHHE Yyxe uepe3 | M 2 Mecsla OCTAaTKOB HMIUIAHTaTa M, B YaCTHOCTH, KPUCTAJIJIOB
THAPOOKCHANATUTa 03 HaIW4uWs TNPU3HAKOB BocmasnieHus (puc. 7). Uepes 3mecsiia oTMEqasioch
MIOJTHOEC BOCCTAHOBIICHHE LIEJIOCTHOCTH KOCTH C XapaKTEPHOU €€ apXUTEKTOHUKOM (puc. 8).

[lomyueHHble B YCIOBUSX in vitro M in vivo JaHHbIE CBUAETEILCTBYIOT 00 yIy4YlIEHUH
OMOaKTUBHBIX  CBOMCTB OHWOKepaMuKM JJI  HUMIUIAHTAllUUd  Tocjie  MoAuUKalud — HUX
MHUKpPOCTPYKTYPBI, 4TO KOPPEJIUPYET U C pe3yIbTaTaMu JIPYTrux uccienoparencii [7-9].

3akaoyenue. B 1enoMm monydeHHbIE JaHHBIE MCCIIEOBAHUM CBHIIETEIBCTBYIOT 00
OTCYTCTBUU OTPULIATEIBHOI'O TOKCUYECKOTO BO3/IEUCTBUS HA KJIETKU CO CTOPOHBI UCIIOJIb30BAHHOTO
B KauecTBe

5
Puc5. Hannune wvacTruex MOAMGUIMPOBAHHOTO OMOKEPaMHUUYECKOTO MaTepuaia B 00bIeOepoBOi KOCTH
KPBICBl C TIPU3HAKAMH HHTEIPAlMd C OKPYXKAIOUIMMU TKAaHEBBIMM CTPYKTypaMH M HE3HAYHUTEIIBHO
BBIPAKEHHBIMU MTPU3HAKaMH BocHasieHus uepe3 1 mec nocne uMmianranuu. CrepeoMukpockonus x 40
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Puc.6. 30Ha BOCCTaHOBJICHUS IIEIIOCTHOCTH KOCTH depe3 2 MecsIia IMociie MITIaHTAITHH MOIA(DHIINPOBAHHOM
MOPOLIKOBUAHON Onokepamuku CtepeoMukpockonus x 40

Puc.7 OtcyrcTBHE NpHU3HAKOB BOCHAIEHHA B O0JbIIEOEPLIOBONM KOCTH KpBICHI IIOCIE  HMMIUIAHTALMH
MOIU(PHUIUPOBAHHON MOpoILKa OnokepaMuku. OKpacka TeMaTOKCHIMHOM U 303uHoM. 006.40, ok.10

Puc.8 IlonHoe BOCTaHOBIIEHHE IIEIOCTHOCTH KOCTH M XapaKTEPHOTO IUIACTHHYATOIO PUCYHKa depe3 3

MecAla Mocie HMMIUIaHTaluu MOIU(PHUUIUPOBAaHHOW OnMokepaMuku. OKpacka reMaTOKCHJIMHOM U 303MHOM.
06.40, ox.10

MOJIJIOKKHA OMOKEpaMHUECKOr0 HAHOCTPYKTYPHUPOBAHHOTO MaTepuala Ha KJIETKH in Vitro U in vivo,
HabGuromaercst Xxopormas aare3ust KJIETOK K MaTepHaly H UMEET MECTO He3HAUUTEIIbHAS dITMMUHAIIHS
YacTUIl MaTepuaja B OKPYKAIOIIYyI0 Cpeay, 4To Oojee BBIPAXKEHO MpU MOPOIIKOBOH (opme
MaTepHuaa. Y CTaHOBIEHO CHM)KEHHUE MPOIIECCOB AIIMMHUHALIMY U 00JIee BBIPAKEHBI aAre3us, POCT U
nponudepanus KIeTOK MNP NPUMEHEHUH o0paboTKU resiody3MHOM U THATYPOHOBOW KHUCIIOTOM.
Hanuuune mop u moaudukamuss MOBEPXHOCTH TaKXKE CIOCOOCTBYET JIYYIIEH aare3uu KIETOK C
matepuanoM. llpu wummmaHTanuu OWOKEpPaMHKH B OOJNBIIYI0O OEpLOBYHO KOCTh KpbIcaM
oOpaboTaHHOrO TeI0Qy3MHOM W THATypOHOBON KHCIIOTOW MaTepwalia HaOJ0JaeTCsl MOBBIMICHUE
YPOBHSI €r0 aAre3ud C >KUBBIMH CTPYKTypaMu, YIyd4llleHHE HHTETrpalid ¢ KOCTHOW TKaHBIO U
YCKOpEHUS MpolieccoB ee pereHepauu. [lonydyeHHble JaHHbIE 3aBUCUMOCTH OMOCOBMECTUMOCTH U
OMOAaKTUBHOCTH HCIOJB30BAaHHOIO MaTepHalia OT MHKPOCTPYKTPYPHOH XapaKTePUCTHKU U
BO3MOXXHOCTH UX YJIYYLIEHHUS NMPU MOAU(PUKALUU C IPUMEHEHUEM reiaody3vHa U THallypOHOBOI
KHUCTIOTHI  TIO3BOJIAIOT TOBOPUTH O TEPCHEKTUBHOCTH U A(O(YEKTUBHOCTH  JalbHEHIIEro
UCIIOJIb30BaHUsl OMOKEpAaMUKU B KIIMHUYECKON IIPAKTHKE
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206 c.
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