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ANALYSIS OF RADIATION THERAPY EQUIPMENT STATUS IN UKRAINE

The subject matter of the article is review and analysis of existing radiation treatment technologies, availability and efficiency of use
of modern radiotherapy equipment in regions Ukraine according to European radiotherapy development trends. The goal of the work
is to analyze the current status of radiotherapy equipment in Ukraine and to find the ways for extension of its use. The following tasks
were solved in the article: the analysis of distribution of radiotherapy machines in Ukraine, estimation of current number of
radiotherapy machines per million people for all regions and needs of radiotherapy centers of Ukraine in high precision conformal
treatment machines. The following methods used — documentary data analysis, comparison and summarizing. The following results
were obtained — estimated that according to requirements of IAEA that necessary number of megavoltage treatment machines in
Ukraine should be near 200. Use of 90 machines covers only 45% needs of Ukrainian population in radiation treatment. According to
DIRAC data 61 of 65 Co-60 machines in Ukraine are used during more than 20 years, Co-60 sources in 23 these machines now have
Dose rate less than 0.4 Gy/min and must be replaced urgently. Conclusions: The main actual aspects of technical status of equipment
for External-beam radiation therapy in Ukraine were discussed. Existing radiotherapy facilities were analyzed from the point of view
of real needs and possibilities of Ukrainian radiation oncology. As a conclusion, the results of this analysis demonstrate a significant
heterogeneity in the access to modern radiotherapy equipment in different regions of Ukraine. The qualitative analyses of used
radiotherapy equipment demonstrate its significant technical backwardness. The results of this analysis may be used as technical

recommendations for improvement of radiotherapy facilities in Ukraine.
Keywords: external beam radiation therapy; megavoltage machines; linac.

Introduction

Radiation therapy is one of the most complex and
technologically equipped branches of medicine. The high
energy radiation sources are successfully used for
destroying or slowing of tumor growth. Approximately
half of all patients with cancer worldwide should receive
radiotherapy. However, more than 2 million people are
unable to access it because of a lack of Radiotherapy
megavoltage machines (MVM) [1]. So the necessity of
use of MVM is only rises year by year. According to
cancer incidence worldwide trends the World Health
Organization (WHO) assumed that it may increase by a
further 1.2 million new cases per year by 2030, pushing
the annual incidence to more than 23 million [1-3]. Such
morbidity causes huge pressing on economics and
increases social burdens in any country. So improving the
effectiveness  of  therapeutic  technologies  allow
significantly limit the negative effects of cancer incidence.
That’s why monitoring of state of radiation therapy
technological capacities and in-time upgrading of high-
energy radiation equipment become very significant
challenges for providing effective oncology medical care.
They even may be used as index for evaluation the level
of economic, social and innovation positions of any
country of the world [4]. The direct correspondence exists
between availability and efficiency of use of modern
radiotherapy equipment and level of scientific and
technical development and socioeconomic conditions [5].

Analysis of last achievements and publications

The situation with the providing of radiation therapy
technologies in 206 countries is constantly monitored by
the IAEA [6, 7]. The results of annual registering of IAEA
are shown in database Directory of Radiotherapy Centres
(DIRAC), which includes data not only on teletherapy
machines, but also on sources and devices used in
brachytherapy, and on equipment for dosimetry, patient

dose calculation and quality assurance etc. DIRAC is a
powerful tool that can be used for different types of
analyses: to assess existing infrastructure in radiotherapy,
plan new radiation oncology centres and extract
performance and quality indicators related to radiotherapy
services.

A megavoltage teletherapy machine MVM is defined
as either a clinical linear accelerator of electrons (photon
beam energy ranges from 6 to 18 MeV) or radionuclide
Cobalt-60 machine (mean y-radiation energy is 1.25
MeV). Clinical linear accelerators or LINACs are
radiation treatment devices that accelerate electrons using
electromagnetic fields to a required energy, transform the
energy of electrons to high-energy bremsstrahlung to
deliver radiotherapy. Radionuclide treatment machines
have internal gamma-ray emitting source for use in
radiotherapy. Both machines are used for external beam
radiation treatment or teletherapy, where Source-to-
Surface Distance may be 0.8 m or 1 m.

According to [7] there are 14 217 teletherapy MVMs
in use worldwide now. In some high developed country
particle accelerators are also used for external radiation
treatment. They accelerate hadrons (heavy particles such
as protons and carbon ions) using electromagnetic fields
to high energy beams (60 - 250 MeV for protons and 350-
400 MeV for carbon ions), useful for medical purposes.
Particle accelerators produce the best therapeutic effects
but this equipment is huge and very expensive as for
general use. Thus now only 116 proton-ion accelerators
are used, mostly in USA (56 acc.) and Japan (21 acc.).

Radiation Therapy Equipment market worldwide is
projected to grow by US$3.5 Billion, driven by a
compounded growth of 6.2%. External Beam Radiation
Therapy displays the potential to grow at over 6.3%
[8]. The leading MVVMs manufacturers are Varian Medical
Systems (USA) and Elekta (Sweden).

According to DIRAC data [7] availability of MVM
estimated as Number of Radiotherapy Machines Per
Million People, which is significantly varies for groups of
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countries with different income (table 1).

Table 1. Data on radiation therapy facilities contained in the DIRAC database [7] according to countries income

IncomeGroup Countries C°“F‘“‘°s RT centers ;Eaz:l Ir?\?l.l.?:; X RT Mill?on Linac n%?:tlji:;: Clecotas Particle

with RT population. machines population teletherapy accelerator accelerator
Grand Total 206 151 7495 1,921 14449 7521 12302 2018 13 116
High income (H) 71 &0 4473 7.740 91 177 8696 297 1" 107
Upper middle income (UM) 6 45 2270 1,509 4023 2670 2903 1116 1 8
Lower middle income (LM) 46 33 726 0428 1273 2973 684 588 0 1
Low income (L) 32 12 20 0,049 34 700 16 17 1 0

The Western European average number of MV
machines per million inhabitants is 6.875 MVM, for
Eastern Europe respectively 2.775 MVM [7]. The survey
[9] showed a significant heterogeneity in the access to
modern radiotherapy equipment. High income countries
especially in Northern-Western Europe are well-served
with radiotherapy resources, other countries are facing
important shortages of both equipment in general and
especially machines capable of delivering high precision
conformal treatments Intensity-Modulated Radiation
Therapy (IMRT) and Image-Guided Radiation Therapy
(IGRT) [10]. Information about equipment
for IMRT and IGRT was available for 26 countries; 69%
MVMs were equipped for IMRT and 49% for
IGRT. There was 96 dedicated stereotactic radiotherapy
(SRT) or radiosurgery (SRS) units in 13 Western
European countries [9].

For countries with Low income (0.049 MVM/mlIn)
and Lower middle income (0.428 MVM/mIn) radiation
treatment often is unavailable for their inhabitants. So for
these countries it’s very important to choose optimal
conception for step by step growth of their radiation
therapy facilities by taking to account evaluation of their
real economic conditions [11, 12]. For large-territory
countries geographic accessibility to radiotherapy also
should be estimated [13].

According to IAEA recommendations the number of
radiotherapy megavoltage machines (MVMs) required to
meet the global cancer demand was calculated by
estimating that 500 courses would be performed on each
MVM per year in LMIC. Given the likely higher
complexity of treatments in HIC, 400 courses per MVM
per year were estimated for these countries [1].

Highlight of the earlier unresolved parts of the general
problem. Aim of the study

Despite having general information presented by
DIRAC [7] the deep analysis of problem of availability
and estimation technological level of Radiotherapy MVM
in Ukraine is insufficient [5, 14]. The imPACT mission’s
experts, nominated by the IAEA and WHO to audit
Ukraine in 2019, pointed that access to quality diagnostic
and therapeutic radiation medicine services in the public
sector in Ukraine needs to be improved [15]. The aim of
this study is to analyze the current status of radiotherapy
equipment in Ukraine and to find the ways for extension
of its use. Such analysis can help to equalize access to
radiation treatment among regions of Ukraine.

Materials and methods

The current study includes a detailed analysis of
radiotherapy equipment based on Data collection of
DIRAC, fact-finding the data of country profile, 5-year
retrospective analysis of status of radiotherapy equipment
in Ukraine. The following methods are used: documentary
data analysis, comparison and summarizing.

Study results and their discussion

Availability of Radiotherapy equipment.

Ukraine is classified by DIRAC IAEA as Low
Middle Income country with level of availability 2.14
EBRT machines per 1 million of population (fig.1). Is this
enough? According to GLOBOCAN 2018 data number of
new cancer cases in Ukraine reached 169 817 and among
them 60% (near 100 000 cases) need radiotherapy [3]. As
IAEA recommended for LMIC [1] the capacity of one
MVM should be near 500 treated patients per year. Thus
desired number of MVMs in Ukraine should be near 200.
In fact 90 MVMs are used in Ukraine now (fig. 2). It
means that radiotherapy may be available only for 45% of
Ukrainian cancer patients.

The capacity of MVMs in Ukraine is significantly
different: between 200 and 1000 treated patients per one
linac and between 400 and 2000 per one Co-60 machine.
It is evident that some MVMs worked with considerable
overload, however, thanks to the efforts of our excellent
specialists, 42 312 Ukrainian patients received radiation
treatment during 2019. These results confirmed that
approximately 45% of the demand in treatment was
satisfied, but technical reserves of MVMs have been
exhausted. Unfortunately, near 55% of Ukrainian patients
did not receive radiation treatments as required by
international protocols of cancer treatment.

Next challenge for Ukraine is loss of control of 17%
of its radiotherapy equipment in part of territory which is
occupied since 2014 due to Russian aggression. As shown
on fig.1 real availability of MVMs in Ukraine is worse
than DIRAC represented. The lack of lost equipment (17
Co-60 machines and 2 linacs) is compensated by the
overload of 71 available Ukrainian MVMs.

The territorial distribution of MVVMs is shown on fig.
1. Number of Radiotherapy Machines per Million People
in  Ukrainian regions was calculated based on
the data of State Statistics Service of Ukraine on the
population of Ukraine and DIRAC data. The figure
shows that at least 5 oblast of Ukraine are equipped
with MVVMs worse than countries of IAEA North Africa
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Region. Average number of MVMs in Ukraine is
less than in IAEA Eastern Europe and Northern
Asia Region. The results of this analysis demonstrate a
significant ~ heterogeneity in  the access to
modern radiotherapy equipment in different regions of
Ukraine.

The drop of MVMs number after 2015 (fig. 2) may
be explained by the decommissioning of obsolete Co-60
machines. Therefore, the need for a significant

increase in the number of MVMs is an urgent problem in
Ukraine.

Radiotherapy equipment age

According to DIRAC data 61 of 65 Co-60 machines
in Ukraine are used during more than 20 years, at that 27
eldest of them must be replaced immediately (marked by
dark red on fig. 3).
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Fig. 1. Number of Radiotherapy Machines per Million People in Ukrainian oblast (DIRAC IAEA, 2018)
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Fig. 3. Status of Radiation therapy Equipment in Ukraine according to age categories (2019) and appropriate working Radiotherapy

megavoltage machines of different age

Ratio ""Linacs to Co-60 machines""

Linac-based and Co-60-base technologies are
different in infrastructure and maintenance, dosimetry,
shielding requirements, staffing, costs, security, patient
throughput and clinical use [16]. In clinical use, more
complex treatment techniques are easier to achieve with

linacs. Linac-based technologies are more flexible,
controlled and secure. That’s why High income countries
seek for total replacement of Co-60 units by linacs
(fig. 4, 5).

As for low- and middle-income countries there is no
simple answer to the question what is more preferable for
radiotherapy — Co0-60 machines or linacs? In fact a
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combination of both technologies may be proposed for

low- and middle-income countries.
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Fig. 4. Ratio "Linacs to Co-60 units" for Western Europe, Eastern Europe and Northern Asia and Middle East IAEA Regions
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Fig. 5. Ratio "Linacs to Co-60 units" for countries comparable to Ukraine on population

As shown on fig. 4 qualitative ratio "Linacs to Co-60
units” for IAEA region Eastern Europe and Northern Asia
is 36% to 64%. Among 406 Co-60 units used in all this
region 237 machines are in Russia (58%), 65 machines in
Ukraine (16%), 30 machines in Kazakhstan (7%). This
fact proves that the largest post-Soviet countries continue
to use many old soviet Co-60 machines and replace them
on linacs very slowly. Both Russia and Belarus have 53%
of Co-60 units, Kazakhstan — 67% and Ukraine — 72%, so,

unfortunately, here Ukraine shows the greatest backlog. It
indicates significant technological problems in Ukrainian
radiation medicine.

Fig. 5 demonstrates essential differences of ratio
"Linacs to Co-60 units" among countries comparable to
Ukraine on population (near 40 million inhabitants).
Ukraine has almost three times fewer radiotherapy
machines than in Canada and Spain. The qualitative ratio
"Linacs to Co-60 units" for Ukraine in comparison with
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these countries seems catastrophic. But Ukraine is so
unique country which continues to keep existing level of
radiotherapy technologies with GNI 5 time less than in
Poland. It's clear that further progress of Ukraine in area
of radiotherapy is impossible without appropriate
economic growth.

Level of Co-60 sources activity

Considering that Co-60 machines are the most
prevalent in Ukraine, an important issue is to control the

activity and dose rate of Co-60 sources that have a decay
half-life time of 5.27 years. It’s known [17] that if Co-60
source Dose rate became less than 0.4 Gy/min, this source
need to replace and it can’t be used more for radiation
treatment. According to information collected by Central
Laboratory of Radiation Safety and Medical Dosimetry
Equipment, Grigoriev Institute for Medical Radiology
NAMS of Ukraine and reported by Head of laboratory Dr
.L. Stadnyk, Co-60 sources in 23 Ukrainian treatment
machines now have Dose rate <0.4 Gy/min and must be
replaced urgently (fig. 6).

Dose rate -
0.41-0.46
Gy/min ; 7;

11%

Dose rat
<0.4 Gy/min
- need to
replace the
Co-60; 23;
35%

Acceptable
activity of
Co-60; 35;

54%

Fig. 6. Results of estimation Co-60 source Dose rate for Co-60 machines used in Ukraine (2019)

It’s 35% of total number of MVMs in Ukraine. So,
this fact is the reason for immediate source reloading in
modern Co-60 machines, but no sense to reload old
machines (fig. 3) because of their unreliability and
technical backwardness.

Conclusion and perspectives of further development

The main actual aspects of technical status of
equipment for External-beam radiation therapy in Ukraine
were discussed. Existing radiotherapy facilities were

analyzed from the point of view of real needs and
possibilities of Ukrainian radiation oncology. As a
conclusion, the results of this analysis demonstrate a
significant heterogeneity in the access to modern
radiotherapy equipment in different regions of Ukraine.
Use of 90 MVMs covers only 45% needs of Ukrainian
population in radiation treatment. The quantitative
analyses of used radiotherapy equipment demonstrate its
significant technical backwardness. The results of this
analysis may be used as technical recommendations for
improvement of radiotherapy facilities in Ukraine.

References
1. Yap, M. L., Zubizarreta, E., Bray, F., Ferlay, J., Barton, M. (2016), "Global Access to Radiotherapy Services: Have We Made
Progress  During the  Past  Decade?", Journal of Global Oncology, Vol.2, No. 4, P. 207-215.

DOI: https://ascopubs.org/doi/10.1200/JG0.2015.001545

2. Atun, R, Jaffray, D. A., Barton, M. B. et al. (2015), "Expanding global access to radiotherapy”, The Lancet Oncology, Vol. 16,
Issue 10, P. 1153-1186. DOI: https://doi.org/10.1016/S1470-2045(15)00222-3

3. World Health Organization International Agency for Research on Cancer. GLOBOCAN 2018: Estimated Cancer Incidence,
Mortality and Prevalence in Ukraine, available at : https://gco.iarc.fr/today/data/factsheets/populations/804-ukraine-fact-sheets.pdf

4. Grover, S., Xu, M. J,, Yeager, A., Rosman, L., Groen, R. S., Chackungal, S., Rodin, D., Mangaali, M., Nurkic, S., Fernandes, A.,
Lin, L. L., Thomas, G. and Tergas, A. I. (2015), "A systematic review of radiotherapy capacity in low- and middle-income countries",
Frontiers in Oncology, No. 4:380. DOI: https://doi.org/10.3389/fonc.2014.00380

5. Starenkiy, V. P., Petrichenko, O. O., Averyanova, L. O. (2017), "External beam radiotherapy facilities in Ukraine. Trends and
challenges”, Problems of Atomic Science and Technology, No. 6, P. 126-129, available at:
https://vant.kipt.kharkov.ua/ARTICLE/VANT_2017_6/article_2017_6_126.pdf

6. International Atomic Energy Agency (2011), "Planning National Radiotherapy Services: A Practical Tool, Human Health Series",
IAEA, Vienna, No. 14, available at : https://www.iaea.org/publications/8419/planning-national-radiotherapy-services-a-practical-tool
7. International Atomic Energy Agency Division of Human Services: Directory of Radiotherapy Centres (DIRAC), available at :
https://dirac.iaea.org/

8. Radiation Therapy Equipment 2017-2025 - Global Market Analysis, Trends, and Forecasts Report 2019 - Varian and Elekta Rule
the Radiotherapy Equipment Market (2019), Research and Markets, available at:
https://www.researchandmarkets.com/reports/338872/radiation_therapy_equipment_market_analysis



https://ascopubs.org/doi/10.1200/JGO.2015.001545
https://doi.org/10.1016/S1470-2045(15)00222-3
https://gco.iarc.fr/today/data/factsheets/populations/804-ukraine-fact-sheets.pdf
https://doi.org/10.3389/fonc.2014.00380
https://vant.kipt.kharkov.ua/ARTICLE/VANT_2017_6/article_2017_6_126.pdf
https://www.iaea.org/publications/8419/planning-national-radiotherapy-services-a-practical-tool
https://dirac.iaea.org/
https://www.prnewswire.com/news/research-and-markets
https://www.researchandmarkets.com/reports/338872/radiation_therapy_equipment_market_analysis

112

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 1 (11)

9. Grau, C., Defourny, N., Malicki, J. et al. (2014), "Radiotherapy equipment and departments in the European countries: Final
results from the ESTRO-HERO survey", Radiotherapy and Oncology, Vol.112, Issue2, P.155-164.
DOI: https://doi.org/10.1016/j.radonc.2014.08.029

10. Shirzadfar, H., Khanahmadi, M. (2018), "Current approaches and novel treatment methods for cancer and radiotherapy", Int J
Biosen Bioelectron, No. 4 (5):224. DOI: https://doi.org/10.15406/ijbsbe.2018.04.00131

11. Datta, N. .R, Samiei, M., Bodis, S.. (2014), "Radiation therapy infrastructure and human resources in low- and middle-income
countries: Present status and projections for 2020", International Journal of Radiation Oncology, Biology, Physics, Vol. 89, No. 3,
P. 448-457. DOI: https://doi.org/10.1016/j.ijrobp.2014.03.002

12. Gelband, H., Sankaranarayanan, R., Gauvreau, C. L. et al (2016), "Costs, affordability, and feasibility of an essential package of
cancer control interventions in low-income and middle-income countries: key messages from Disease Control Priorities, 3rd edition",
The Lancet, Vol. 387, Issue 10033, P. 2133-2144. DOI: https://doi.org/10.1016/S0140-6736(15)00755-2

13. Chan, J. et al. (2020), "Examining geographic accessibility to radiotherapy in Canada and Greenland for indigenous populations:
Measuring inequities to inform solutions", Radiotherapy and Oncology, Vol. 146, P.1-8.
DOI: https://doi.org/10.1016/j.radonc.2020.01.023

14. Starenkij, V., Vasyliev, L., Samofalov, I. (2016), "The Problems and Perspectives of Megavoltage Photon Beam Radiotherapy in
Ukraine", Problems of Atomic Science and Technology, No. 3 (105), P.94-97, available at:
https://vant.kipt.kharkov.ua/ARTICLE/VANT_2016_5/article_2016_5 94.pdf

15. IAEA Leads Review of Ukraine's Cancer Control Programme, available at : https://www.iaea.org/newscenter/news/iaea-leads-
review-of-ukraines-cancer-control-programme

16. Healy, B. J. et al. (2017), "Cobalt-60 Machines and Medical Linear Accelerators: Competing Technologies for External Beam
Radiotherapy", Clinical Oncology, Vol. 29, Issue 2, P. 110-115. DOI: https://doi.org/10.1016/j.clon.2016.11.002

17. International Atomic Energy Agency (2006), "Radiation protection in the design of radiotherapy facilities", IAEA, Vienna, No. 47,
available at : https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1223 web.pdf

Received 25.02.2020

Bioomocmi npo asmopis / Ceedenust 06 asmopax / About the Authors

Apep’sinoBa Jlijis OJjiekcanapiBHa — KaHAMJAT TEXHIYHMX HAyK, IOUEHT, XapKiBCbKUHA HAlIOHAJBLHUHA YHIBEPCHUTET
pamioeneKTpoHikn, jgoueHT  kadenpu  OGiomemuuHoi  imkeHepii, Xapkis, VYkpaina; email: lilya.averyanova@nure.ua;
ORCID: http://orcid.org/0000-0003-0803-7222.

ABepbsiHoBa JInjiusa AjleKcaHIPOBHA — KaHIUAAT TEXHUYECKUX HAyK, JOLEHT, XapbKOBCKMM HALMOHAJIBHBIA YHUBEPCUTET
PaznoOAIEKTPOHUKH, JOUECHT Kadeapsl OMOMEAUITNHCKON HH)KEHEPHUH, XapbKOB, YKpanHa.

Averyanova Lilya — PhD (Engineering Sciences), Associate Professor, Kharkiv National University of Radio Electronics,
Associate Professor of the Department of Biomedical Engineering, Kharkiv, Ukraine.

Crapensknii Bikrop IlerpoBuu — nokTOp MeaAnYHHUX Hayk, mpodecop, JepkaBHa ycraHoBa "[HCTHTYT MenuuHOI pasionorii
im. C. II. I'purop’eBa HarioHanbHOi akagemii MequyHuMX Hayk YkpaiHW', 3aBijyBau BifIiJIeHHSM NpomeHeBoi Teparii, Xapkis,
Vkpaina; email: starenkiy.victor@gmail.com; ORCID: http://orcid.org/0000-0002-6600-3381.

Crapenbkuii Buktop IleTpoBHY — JOKTOp METUIMHCKHX Hayk, mpodeccop, ['ocymapcrBeHHoe yupexnenue "MHCTHTYT
meauuuHckoi  paauonorun uMm. C. I1. puropeeBa HannonanpHOW akajgeMuu MEAMLIMHCKAX HAayK YKpauHbI", 3aBeAyOUIUI
OT/ICJICHHEM JTyueBOM Tepanuu, XapbKoB, YKpauHa.

Starenkiy Victor — Doctor of Sciences (Medicine), Professor, State Institution "Grigoriev Institute for medical Radiology
NAMS of Ukraine", Head of the Department of Radiotherapy, Kharkiv, Ukraine.

AHAJII3 CTAHY PAJIOTEPAIIEBTUYHOI'O OBJIAJTHAHHSA B YKPATHI

IIpeameToM mOCTiKEHHS B CTATTi € OTJIAI Ta aHANI3 ICHYIOUMX PaJiOTepaneBTHYHUX TEXHOJIOTIH, TOCTYMHOCTI Ta €eKTUBHOCTL
BUKOPUCTAHHSI CYYacCHOTO paliOTepaneBTHYHOrO oONaJHAaHHA B perioHax YKpalHM y BIANOBIAHOCTI 3 TEHICHISIMH PO3BUTKY
npoMeHeBoi Teparmii B €Bponi. Mera po0oTH — aHali3 HOTOYHOIO CTaHy PalioTepaneBTHYHOrO o0ONajHaHHA B YKpaiHi, BUSBICHHS
LUIIXIB PO3LIMPEHHS HOro 3acTOCYBaHHS. B CTaTTi BHPIIIyIOThCS HACTYIHI 3aBAAHHS: aHAJi3 PO3MOAUTYy paXioTepaneBTHYHUX
amapaTiB B YKpaiHi, BU3Ha4€HHsI KUIBKOCTI pajioTepaleBTHYHUX anapaTiB Ha MITBHOH HAaceNeHHs A BCiX oOnacteil Ta motped
pagioTepaneBTHYHUX IEHTPIB YKpaiHM y BHCOKOTOYHMX arapaTraXx KOH(OPMHOTO ONpOMiHEHHS. BHKOpPHCTOBYIOTBCS Taki MeTOMM:
aHami3 JOKYMEHTAIBPHHX JAHHX, NOPIBHSAHHS, y3aranbHeHHsA. OTpHMaHO HACTYNHI pe3yJbTATH: PO3PAXOBAHO, IIO BiAMOBITHO 1O
Bumor MATATE, HeoOximHa KUTBKICTh METaBOJNBTHHX pPAamiOTEpAlleBTHYHUX amapaTiB B YkpaiHi mae Oyt Ommspko 200.
Bukopucranns 90 anapariB mokpusae nuie 45% mnotped HaceneHHsT YKpaiHu B TpoMeHeBoMy JikyBaHHI. 3a mannmu DIRAC 61 3 65
maumH Co-60 B YkpaiHi BUKOPUCTOBYIOThCS mpoTsiroM moHan 20 pokis, mxepena Co-60 y 23 nux MmamvHax 3apa3 MaiTb 103y,
menmy, Hix 0,4 I'p / xB, 1 X HeoOXiTHO TepMiHOBO 3aMiHMTH. BHCHOBKH: OOTrOBOpPEHO aKTyanbHi aCIEKTH TEXHIYHOTO CTaHy
obnasHaHHs Ui IpOoMeHeBoi Teparil B YkpaiHi. IcHyIoui 3acoOu npomeneBoi Teparrii OyJii mpoaHai30BaHi 3 TOUYKU 30pY PEATbHUX
noTped Ta MOXIMBOCTEH YKpalHCBKOi pajialiiiHOi OHKoJOTii. SIK BHCHOBOK, pe3yJbTaTH IbOrO aHaNi3y AEMOHCTPYIOTh 3HAUHY
HEOJHOPIAHICT JOCTYIy JO Cy4YacHOTO paAiOTepaneBTUYHOTO OONaJHAHHA B pI3HMX perioHax YkpaiHu. SkicHuit anami3
BHKOPHCTAHOTO Pa/iOTEPaneBTHYHOrO 00JaJHAHHS CBIYMTH TPO IOro 3HA4YHY TEXHIUHYy BiICTalicTh. Pe3ynpTaTH LOTO aHami3y
MOXYTb OyTH BUKOPHCTaHI SIK TEXHIYHI peKOMEH/allil o/10 BAOCKOHAJICHHS PafioTeparneBTUIHIX yCTAaHOB B YKpaiHi.
Kniwouogi ciioBa: mpomMeHeBe JTiKyBaHHs 30BHIIIHIM ITyYKOM; METaBOJIBTHI alapaTty; JTiHIHHIA TPUCKOPIOBAY.
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AHAJIN3 COCTOSAHUSA PAIMOTEPAITIEBTHYECKOI'O OBOPYJIOBAHUS B
YKPAUHE

IIpeameToM nccnenoBaHus B CTaThe SBISETCS 0030p U aHATN3 CYLIECTBYIONIUX PAANOTEPANIEBTHUECKUX TEXHOIOTHH, JOCTYTHOCTH
3¢ (HEKTUBHOCTH HCIIOIB30BaHUA COBPEMEHHOIO PaJMOTEPAIeBTHYECKOr0 000pYIOBaHUS B PErHOHaX YKPaHHBI B COOTBETCTBHH C
TEHJCHIMAMH DPa3BUTUS TydeBod Tepamuu B EBpome. Ileab paboThl — aHaNmu3 TEKYILIETO COCTOSHUS PagHOTEpaneBTUYECKOro
obopynoBaHnsl B YKpawHe, BBIABICHHE IMyTel paclIMpeHHs ero NpHMEHEeHWs. B craTbe pemrarorcsi ciemyroniue 3ajadM: aHaiu3
pacnperneneHus paguoTepaneBTHUSCKUX allapaTtoB B YKpaWHe, ONpeAeNeHHe KOJIMYEeCTBAa PagHOTEepalleBTHUECKUX allapaToB Ha
MHJUTHOH HacelIeHUs JUIs BceX o0iacTeil M moTpeOHOCTel paluoTepaleBTHIECKHX IEHTPOB YKpaWHBI B BEICOKOTOYHBIX amIiapaTax
KoH(opMHOTO 00mydeHHs. Mcrone3yroTcs clemyrone MeTOoAbl: aHamnu3 JOKyMCHTAJIbHBIX JaHHBIX, CpaBHEHHE, 000OIIeHHe.
[lonmydens! ciemyromue pe3yJbTaThl: PaCCUUTAHO, YTO B COOTBETCTBUH c TpeOoBaHMIMH MAI'ATD HeoOxoammoe KOJIHYECTBO
METaBOJIbTHBIX PAJHOTEPANEeBTHYECKUX aNNapaToB B YKpauHe AODKHO OBITH okono 200. Mcnonb3oBanue 90 ammapaToB MOKPHIBACT
b 45% norpebHOCTEll HaceneHus YKpauHbl B JiydeBoM JsiedeHud. Ilo nanusiM DIRAC 61 u3 65 mammu Co0-60 B Vkpaue
UCTIONB3YIOTCs B TeueHue Oomee 20 set, uctounnku Co-60 B 23 3THX MalllHAX ceifuac UMEroT 103y, MeHble, uem 0,4 I'p / MuH, 1 ux
HEOOXOIMMO CPOYHO 3aMEHHUTh. BBIBOABI: 0OCY)XHAINCh AaKTyaJbHBIE ACIEKTHl TEXHHYECKOTO COCTOSIHHS OOOpYHOBAaHHS JUIS
Iy4eBoi Tepanuu B YkpanHe. CymIecTBYIOIIHE CPEICTBa Jy4eBOH Tepamuy ObUIM NMPOAaHAIM3UPOBAHBI C TOYKH 3PEHMS PEasbHBIX
MOTpeOHOCTEH M BO3MOXKHOCTEH YKPaWHCKOW paJHaIlliOHHON OHKOJIOTHH. Kak BBIBOX, pe3ysIbTaThl STOTO aHAIN3a JEMOHCTPUPYIOT
3HAYUTENILHYI0 HEOJTHOPOIHOCTh IOCTYIIa K COBPEMEHHOMY paJHoTepaneBTHUECKOMYy 000pYIOBaHHUIO B Pa3HBIX PErHOHAX YKpaWHEbL.
KauecTBeHHBIH aHAIN3 UCIIONIB3yEMOT0 PaJHOTEPAeBTHIECKOT0 000PyI0BaHUS CBUICTENBCTBYET O €r0 3HAYUTEIbHON TeXHUIECKOi
OTCTANOCTH. Pe3ympTaThl 3TOr0 aHamM3a MOTYT OBITH HCIOIBb30BAHBI KaK TEXHHUECKHE PEKOMEHJAUH 10 COBEPIICHCTBOBAHMIO
paauoTepaneBTUUECKON yUpeKIeHUH B YKpauHe.
KirodeBble cj10Ba: TydeBoe JI€UCHNE BHEIIHIM ITyYKOM; METaBOJIBTHBIC alIapaThl; THHEHHBII yCKOPHUTEIb.
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