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The basic isotopes of nuclear medicine presently are 99Mо and 18F. For the production of these isotopes, there 
was a need to create accelerators to satisfy the needs for isotopes for large countries. For these purposes, electron 
accelerators are developed using warm and superconducting accelerating structures. It is also assumed to use neu-
tron generators and cyclotrons. 
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INTRODUCTION  

The development of new directions in the physics 
and technology of accelerators is associated with the 
creation of unique installations designed to receive an-
swers to studies of the fundamental properties of matter 
and the evolution of the Universe. Modern new acceler-
ator technologies arise in connection with the practical 
problems of fight against cancer and cardiovascular 
illnesses of man. Nuclear medicine has played a leading 
role in resolving these issues over the past twenty years. 
Nuclear medicine is industry of medicine, using radio-
nuclidess for diagnostics and treatment of illnesses. The 
use of radioactive isotopes for the diagnosis and treat-
ment of cancer and other diseases is widely used in 
modern medical practice [1-7]. 

Vast studies of properties of radio-nuclidess are 
presently undertaken, the most effective application of 
every investigational isotope domains are certain for the 
use, both in diagnostics of diseases and at affecting dif-
ferent new formations in the organism of man [8-10]. In 
most developed countries (USA, Europe, Japan), the use 
of radio-nuclidess carries mass character. An equipment 
and medical preparations are worked out and certifi-
cated, procedures of application of radioactive prepara-
tions are standartized for diagnostics and treatment of 
certain types of diseases [11]. Preparation of specialists 
is conducted for this industry of medicine. The stable 
production of all necessary nomenclature of isotopes is 
created, both within the limits of separate regional cen-
ters of nuclear medicine and in the scales of whole 
countries. The market of medical radioisotopes in 2016 
made an about 7.7 milliard of dollars of the USA, and a 
to 13.6 milliard can increase to 2021 [7, 12]. Leading 
firms can provide delivery of necessary radiopharma-
ceuticals practically in any point of the world [13, 14]. 

The stability of the production and supply of iso-
topes is one of the main requirements for nuclear medi-
cine, since people are constantly sick, and most isotopes 
cannot be manufactured for future use. This is due to the 
peculiarities of the physics of production of some of the 
most commonly used isotopes. 

It should be noted that about 10% of procedures with 
radioactive isotopes (mainly for cancers) are used for 
treatment, 90% of procedures are used to diagnose vari-
ous diseases [7]. 

At the use of isotopes most attention is spared to the 
methods of early diagnostics of diseases. In this case 
probability of positive effect from further treatment of 
disease is most. 

Single-photon emission computed tomography 

(SPECT) and positron emission tomography (PET) are 

two most widespread methods of diagnostics in nuclear 

medicine, based on the use of isotopes that emit gamma 

quanta and positrons [15, 16]. 

We will consider the methods of production of the 

main isotopes used by these techniques and the pro-

spects for using electron accelerators for these purposes. 

The international database of isotopes that can be 

used in nuclear medicine contains more than 76 isotopes 

[8, 9]. However the use only a few from them caused 

the necessity of search and development of the new ac-

celerating systems for their production. 

The most widespread radioisotope used in diagnos-

tics is technetium-99 (99mТс), with approximately 

40 million procedures in a year, on that is near 80% 

procedures of nuclear medicine and 85% diagnostic 

scan-outs in nuclear medicine in the whole world [7]. 

By other isotope, on the production of that the modern 

PET tomography is based, there is 18F.  

1. ISOTOPES PRODUCTION FOR SPECT 

TOMOGRAPHY  

SPECT is based on the use of isotopes that emit 

gamma quanta. With the help of pharmaceuticals, the 

isotope is introduced into the body and accumulates in 

certain organs. The emitted gamma quanta are recorded 

using an ionization chamber. Based on the data ob-

tained, a two-dimensional or three-dimensional distribu-

tion of the isotope is constructed, which makes it possi-

ble to obtain information about negative changes in the 

organ. SPECT is currently the most widespread scan-

ning technology for diagnostics and monitoring of a 

wide range of diseases [7, 15]. 

The widespread use of the 99mTc isotope in diagnos-

tics is due to a number of properties that meet the re-

quirements of the technique [15]. 

The 99mTc radionuclide has a half-life of 6.01 h. 

When 99mTc decays, it emits gamma quanta with energy 

of 0.1405 MeV. These photons are efficiently detected 

by the ionization chamber and have low absorption in 

the human body. Sodium pertechnetat 99mTc can be easi-
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ly combined for the preparation of various radiophar-

maceuticals. An additional advantage is the fact that the 

isotope can be obtained from the parent 99Mo isotope by 

decay with a lifetime of 66.02 h. A compact 99mТс gen-

erator from this isotope has been developed, which can 

be delivered practically anywhere on earth in a very 

short time [5-8, 10, 15]. 

Isotopes 201Tl, 123I, 111In are also used for SPECT 

tomography, but their application is limited [5, 8, 15]. 

From 95 to 98% of all 99Mo in the world is obtained 

from the weapons-grade fission 235U [1, 7, 15, 17-19] 

(75% [7]). Reactors are used with thermal neutron fluxes 

at the level of 1014…1015 neutrons/(cm2 s) due to the fis-

sion of the 235U nucleus in the reaction − 235U (n, F) 99Mo. 

The cross-section for fission of uranium-235 by thermal 

neutrons is 582.6 barn. The share of 99Mo in decomposi-

tion products is 6.1% [17, 18]. 

This process for obtaining 99Mo is currently consid-

ered the cheapest. The use of targets with low uranium 

enrichment leads to an increase in the price of the prod-

uct yield by 20 percent [7]. 

For the production of 99Mo in reactors, the neutron 

capture reaction 98Mo (n, γ) 99Mo can be used. Howev-

er, the cross section for this reaction is 0.136 barn for 

thermal neutrons is two orders of magnitude lower than 

the cross section for production from 235U [5, 15-17]. 

The production of 99Mo by this method turned out to be 

less effective for obtaining large amounts of the isotope 

[18-21]. 

The widespread use of the 99Mo isotope causes con-

stant and close attention to the methods and problems of 

its production [7, 10, 12, 22]. In connection with the 

closure of reactors, all greater attention is spared to 

methods for producing an isotope using accelerators 

protons, deuterons and electrons [7, 17, 18, 23, 24]. 

With the help of cyclotrons, using the reaction 100Mo 

(p, 2n) 99mTc, it is possible to obtain sufficient amounts 

of the isotope, but for this it is necessary to completely 

change the entire system for obtaining 99mTc, based on 

the use of 99Mo [24, 25]. 

With the help of electron accelerators, the recon-

struction of the existing methods of obtaining 99Mo can 

be carried out with much lower costs. Quite a lot of 

works have been devoted to the development of isotope 

production technology [6, 10, 17-19, 26-35]. The pro-

duction of an isotope using electron accelerators is pos-

sible only using the reactions 238U (γ, F) 99Mo and 
100Mo (γ, n) 99Mo. These reactions make it possible to 

obtain the required amount of the isotope to meet the 

needs of entire countries with the modern development 

of electron accelerator technologies [17-19]. 

The United States consumes about half of the 

world's 99Mo. However, most of this isotope is produced 

in other countries, which poses a number of supply sta-

bility issues. Therefore, several projects for the produc-

tion of the isotope are financed in the USA, based on 

existing and new developments of electron and deuteron 

accelerators [32]. They must completely solve the prob-

lem of producing the required amount of the isotope 

without using weapons-grade uranium. 

The NorthStar Medical Radioisotopes company, 

based on its developments, has created a 99mTc techneti-

um generator from 99Mo, produced without the use of 

uranium [33, 34]. 

A generator corresponds to all standards of Pharma-

copoeia for 99Mо that allows using him together with 

existent generators. 

The 99Mo isotope will be produced at a specially de-

signed electron accelerator. The target will be 100Mo 

with 95 percent enrichment. Obtaining an isotope in this 

way is 30% more efficient than obtaining it by irradia-

tion of enriched 98Mo in a reactor [33]. 

In early 2019, NorthStar announced the signing of a 

contract for the purchase of eight Rhodotron® 

TT300 HE electron beam accelerators manufactured by 

IBA [35]. The Rhodotron® TT300 HE accelerator has 

been specially designed to meet this challenge (Fig. 1). 

NorthStar has placed purchase orders for the first pair of 

accelerators and completed building of new productive 

complex by an area 30 000 apt. feet in September, 2019. 

It is expected that the first pair of accelerating will ar-

rive in USA during the fourth quarter of 2020. 
 

 
Fig. 1. Accelerator Rhodotron® TT300 HE [35] 

Beam parameters − 125 kW, 40 MeV, 3.1 mA, 

107.5 MHz, energy spread ~ 5%. The accelerator pro-

vides continuous 24/7 operation. 

Company "Niowave" (state Michigan) [36-38] has 

demonstrated the production of molybdenum-99 at its 

Lansing R&D facility and hopes to produce up to 

25 percent of the molybdenum-99 used in the United 

States within the next six years. The company produces 

medical isotopes without nuclear reactors or highly en-

riched uranium, instead using superconducting linear 

accelerators to separate natural uranium. Now "Nio-

wave" produces a superconducting electronic Linac of 

40 MeV and a power of 100 kW for the production of 

medical radioisotopes [37] (Fig. 2). 
 

 
Fig. 2. Commercial Superconducting Electron Linac [36] 

A company "SHINE Medical Isotopes" began on 

May, 9, 2019 building of complex on the production of 

medical isotopes in Janesville (Wisconsin, USA) [39]. 

The company may start commercial production of 99Mo 
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in 2021, after the construction of the plant is completed. 

The proposed method is the production of isotopes by 

fission in a target with LEU dissolved in an aqueous 

solution [40, 41]. 

In 2015 of SHINE and GE Healthcare declared, that 

successfully got the pharmaceutical class of 99mTc from 

Drytec™ (producer of generators Technetium 99mTc) of 

company GE Healthcare for the production of sodium 

pertechnetate for the injections of 99mTc, using 99Mo, 

producible the innovative process of SHINE. The posi-

tive results of this dough confirm that 99Mo, produced 

by means of process of SHINE, can be plugged in exist-

ing chain of supplying with 99Mo. 

The source of neutrons in this production is a deu-

teron accelerator and a tritium target. In cooperation 

with Phoenix, SHINE managed to achieve the highest 

neutron flux in such an accelerator-target system − 

4.6×1013 neutrons per second. The results obtained indi-

cate that this scheme can become a powerful competitor 

to the use of superconducting electron accelerators. 

The sectional diagram of the installation is shown in 

Fig. 3. 

 
Fig. 3. Isotope production scheme 

 
Fig. 4. The deuteron accelerator 

The appearance of the deuteron accelerator is shown 

in Fig. 4. 

In the complex with a total area of about 4 thousand 

square meters, eight accelerating systems for the pro-

duction of isotopes will be installed. For molybdenum-

99, their productivity will be about a third of the world's 

demand for this isotope. 

2. ISOTOPES PRODUCTION  

FOR PET DIAGNOSTICS  

As indicated above, in the cost measurement of us-

ing 99Mo, in nuclear medicine, a significant place is 

occupied by the use of positron emitters, which are used 

in PET diagnostics [7-9]. 

Comprehensive data on the cross sections of reac-

tions, with the help of which they can be obtained, are 

contained in the international database [8]. Of a fairly 

large range of isotopes that emit positrons as a result of 

nuclear transformations, four are currently used: 
15O (half-life 2.04 min), 13N (9.96 min), 11C (20.4 min), 
18F (110 min). The most commonly used pharmaceutical 

in clinical PET scanning is fluorodeoxyglucose, a glucose 

analogue labeled with the 18F isotope. Fluorodeoxyglu-

cose is used in almost all scans for oncology and in most 

cases in neurology, which accounts for more than 95% of 

all PET scans [16]. 

For many years, the possibility of obtaining the 

above diagnostic isotopes for PET diagnostics using 

electron accelerators has been studied [17, 30, 42-53]. 

Some advantages of using electron accelerators for the 

production of PET isotopes have been demonstrated. 

But the analysis of the modern world production of 

these isotopes showed that only a few reactions involv-

ing protons and deuterons are actually used for produc-

tion [7, 16]. 

This is due to the fact that at the beginning of the 

development of PET centers, which include an accelera-

tor, the cheapest was the cyclotron. Last models of PET 

centers are used fully automated accelerators equipped 

with superconducting magnets that operate at nitrogen 

temperatures. This is, for example, the iMіTRACE cy-

clotron [54, 55] (Fig. 5). 

 
Fig. 5. iMiTRACE Cyclotron  
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iMiTRACE Cyclotron accelerates protons to 

12 MeV with a current of up to 50 μA and requires 

65 kW of power to operate. With the help of this cyclo-

tron, it is possible to obtain isotopes 18F, 11C with 

productivity for 18F more 60 GBq after 2 h 30 min of 

bombardment. 

Since the cost of the accelerator is an essential part 

of the equipment of the PET center and their renewal 

can be expected only with the payback of previous in-

vestments, one should not expect the use of electron 

technological accelerators in the next decade, provided 

their cost competition in comparison with other types of 

accelerators. 

Thus, despite some advantages, electron accelera-

tors, including superconducting ones, will not be used in 

PET centers in the near future. 

CONCLUSIONS  

The production of other isotopes that can be used in 

modern nuclear medicine [6, 36, 50], taking into ac-

count a small part of their production in terms of cost to 

the isotopes discussed above, does not currently require 

the use of specially designed accelerating systems. 

Therefore, it makes no sense to discuss the advantages 

of using one or another accelerator for their production. 

As the world practice shows, the most profitable for 

their production is the use of any operating options. 

REFERENCES 

1. Isotopes for Medicine and the Life Sciences Editors 

S. James Adelstein and Frederick J. Manning. Nation-

al academy press. Washington, D.C. 1995, 144 p. 

2. Advancing Nuclear Medicine Through Innovation, 

Committee on State of the Science of Nuclear Medi-

cine. The National Academies Press, Washington, 

2007, 176 p. 

3. Nuclear medicine resources manual, International 

atomic energy agency, Vienna, 2006, 532 p.  

4. Terence Z. Wong Amir H. Khandani Arif Sheikh, 

Chapter 11 - Nuclear Medicine< in Clinical Radia-

tion Oncology (Fourth Edition). 2016, p. 206-216. 

5. Nuclear Medicine Physics: A Handbook for Teach-

ers and Students, Vienna: International Atomic En-

ergy Agency. 2014, 766 p. 

6. A.P. Chernyaev, P.Yu. Borschegovskaya, et al. Ra-

diation technology in medicine: Part 2. Using iso-

topes in nuclear medicine // Moscow University 

Physics Bulletin. 2016, 71, № 4, p. 339-348. 

7. Radioisotopes in Medicine. https://www.world-

nuclear.org/information-library/non-power-nuclear-

applications/radioisotopes-research/radioisotopes-in-

medicine.aspx. Updated May 2020. 

8. Medical Radioisotopes Production // https://www-

nds.iaea.org/relnsd/vcharthtml/MEDVChart.html. 

9. F.T. Tárkányi, A.V. Ignatyuk, et al. Recommended 

nuclear data for medical radioisotope production di-

agnostic positron emitters // Journal of Radioanalyti-

cal and Nuclear Chemistry. 2019, v. 319, p. 533-666. 

10. Nuclear Physics European Collaboration Committee 

(NuPECC) Nuclear Physics for Medicine. April 

2014, 156 p. 

11. Operational guidance on hospital radiopharmacy: a 

safe and effective approach. International Atomic 

Energy Agency, Vienna. 2008, 90 p. 

12. Nuclear Medicine/Radiopharmaceuticals Market by 

Type − Global Forecasts to 2026, Nuclear Medi-

cine/Radiopharmaceuticals Market Research Report, 

220 p. 15-02-2021. https://www.marketresearchen-

gine.com/reportdetails/nuclear-medicine-market. 

13. Nuclear Products. https://www.ecnpharmacy. 

com/uppi-partnership-1. 

14. Curium is the world leader in radiopharmaceuticals 

//https://www.curiumpharma.com/ 

15. David Wyn Jones, Peter Hogg, et al. Practical 

SPECT/CT in Nuclear Medicine, Springer, 2013, 

XX, 345 p. 

16. Kristen M. Waterstram-Rich, David Gilmore, Nu-

clear Medicine and PET/CT. E-Book: Technology 

and Techniques, eighth edition. 2017, 696 p.  

17. Making Medical Isotopes: Report of the Task Force 

on Alternatives for Medical-Isotope Production / Ed-

itors: Ann Fong, Timothy I. Meyer, Krista Zala. 

Vancouver, TRIUMF, University of British Colum-

bia, 2008, 94 p. 

18. Medical Isotope Production without Highly En-

riched Uranium, Uranium Committee on Medical 

Isotope Production without Highly Enriched Urani-

um, National Research Council. Washington. The 

national academies press DC. 2009, 220 p. 

19. I.S. Guk, S.G. Kononenko, F.A. Peev. About possi-

bility manufacturing of the diagnostic medical iso-

tope technetium-99 in Ukraine // Journal of Kharkiv 

National University, Physical Series “Nuclei, Parti-

cles, Fields”. 2010, issue 3/47, p. 117-126. 

20. Status and prospects for the development of nuclear 

medicine and radiation therapy in Russia against the 

background of global trends (analytical reference). 

Moscow, 2008, 100 p. 

21. Non-Uranium Molybdenum-99. https://www. 

northstarnm.com/development/non-uranium-

molybdenum-99/. 

22. The Supply of Medical Radioisotopes. 2019 Medical 

Isotope Demand and Capacity Projection for the 

2019-2024 Period. Nuclear energy agency, 

NEA/SEN/HLGMR(2019)1, 2 December 2019, 32 p. 

23. Jan Willem van Gelder Anniek Herder. Alternatives 

for the production of medical isotopes. 30 March 

2010. www.profundo.nl. 

24. F. Benard et al. Implementation of Multi-Curie Pro-

duction of 99mTc by Conventional Medical Cyclo-

trons // Nucl. Med. 2014, v. 55, p. 1017-1022. 

25. J. Bagger, R. Laxdal, et al. Triumph in the Ariel era 

// International Particle Accelerator Conference, 

IPAC2018. Vancouver, BC, Canada, p. 6-11. 

26. V.L. Uvarov, N.P. Dikiy, et al. Electron accelerator’s 

production of technetium-99m for nuclear medicine // 

Proceedings of PAC97. 1997, p. 3840-3841. 

27. N.P. Dikiy, A.N. Dovbnya, et al. Experience of de-

velopments at LUE Technetium-99m for nuclear 

medicine // Problems of Atomic Science and Tech-

nology. Series “Nuclear Physics Investigations” 

1997, № 4-5, р. 165-167. 

28. R.G. Bennett, J.D. Christian, et al. A System of 

99mTc Production Based on Distributed Electron 

https://www.world-nuclear.org/information-library/non-power-nuclear-applications/radioisotopes-research/radioisotopes-in-medicine.aspx
https://www.world-nuclear.org/information-library/non-power-nuclear-applications/radioisotopes-research/radioisotopes-in-medicine.aspx
https://www.world-nuclear.org/information-library/non-power-nuclear-applications/radioisotopes-research/radioisotopes-in-medicine.aspx
https://www.world-nuclear.org/information-library/non-power-nuclear-applications/radioisotopes-research/radioisotopes-in-medicine.aspx
https://www-nds.iaea.org/relnsd/vcharthtml/MEDVChart.html
https://www-nds.iaea.org/relnsd/vcharthtml/MEDVChart.html
http://www.profundo.nl/


132              ISSN 1562-6016. ВАНТ. 2022. №3(139) 

Accelerators and Thermal Separation // Nuclear 

Technology. 1999, v. 126, № 1, p. 102-121. 

29. V.N. Boriskin, N.P. Dikiy, et al. Development of an 

environmentally friendly technology for the produc-

tion of technetium-99m for nuclear medicine // Prob-

lems of Atomic Science and Technology. Series “Nu-

clear Physics Investigations”. 1999, № 1, р. 54-56. 

30. A.N. Dovbnya. Photonuclear technology develop-

ment at NSC KIPT for medical radionuclide produc-

tion, Ukrainian-German Symposium on Accelerators 

for Advances in Materials Science and Medical Ra-

dionuclide Production. 27-29.10.2009.  

31. V.N. Starovoitova, L. Tchelidze, et al. Production of 

medical radioisotopes with linear accelerators // Ap-

plied Radiation and Isotopes. 2014, v. 85, p. 39-44. 

32. Report to the Nuclear Science Advisory Committee 

Annual Assessment of the NNSA-Material Manage-

ment and Minimization (M3) 99Mo Program. 2019, 

Report of the NSAC 99Mo Subcommittee. 

33. NorthStar Solutions - Innovative Mo-99 Production, 

https://www.northstarnm.com/products/northstar-

solutions-mo-99-production/ 

34. RADIOGENIX®SYSTEM, For Use with the Opera-

tor Guide, RadioGenix System 1.2, October 2019, 

https://www.northstarnm.com/wp-content/uploads/ 

2020/04/RadioGenix-System-verison-1.2-PI-Oct-

2019-rev-00.pdf 

35. IBA TT300-HE for radioisotopes production. 24 

May, 2018. ARIES Annual Meeting, Riga, 

https://indico.cern.ch/event/699219/contributions/29

29577/attachments/1655382/2649737/IBA_Presenta

tion_Aries_Annual_Meeting.pdf. 

36. Terry L. Grimm, Chase H. Boulware, et al. Com-

mercial Superconducting Electron Linac for Radioi-

sotope Production DOE-NP SBIR Phase II Project 

DE-SC0007520 Phase II Final Technical Report. 

37. Terry L. Grimm. Commercial Applications of Small 

SRF Accelerators // PAC’13 September 2013. 

38. Terry L. Grimm, Jerry L. Hollister, et al. Mo-99 

Production Using a Superconducting Electron Lin-

ac, Meeting at NRC Headquarters, Rockville MD 

Submitted July 17, 2014. 

39. SHINE Medical Isotope Production Facility // https: 

//sargentlundy.com/projects/shine-medical-isotope-

production-facility/ the facility, ML14356A450.pdf. 

40. Argonne Demo of SHINE Process Produces Com-

mercial-Grade Medical Isotopes 

https://shinemed.com/argonne-national-laboratory-

demonstration-of-shine-process-produces-

commercial-grade-medical-isotopes/ 

41. Environmental Impact Statement for the Construc-

tion Permit for the SHINE Medical Radioisotope 

Production Facility, Final Report, NUREG-2183, 

October 2015. 

42. G.L. Bochek, A.N. Dovbnya, et al. Production of 

short-lived isotopes at the EPOS accelerator of the 

NSC KIPT for positron emission tomography // 

Problems of Atomic Science and Technology. Series 

“Nuclear Physics Investigations”. 1999, № 1, p. 66-67. 

43. G.J. Lutz. Calculation of sensitivities in photon acti-

vation analysis // Anal. Chem. 1969, v. 41, № 3, 

p. 424-427. 

44. M.H. McGregor. Linear Accelerators as Radioiso-

tope Producers // Nucleonics. 1957, v. 15, p. 76-180. 

45. H.P. Piltingsrud. Design of target system for produc-

ing clinically useful quantities of oxygen-15 using 

an electron linear accelerator // Med. Phys. 1982, 

v. 9, № 4, p. 514-520. 

46. H.V. Piltingsrud. Measurement of activity yields for 

12C(γ,n)11C, 14N(γ,n)13N and 16O(γ,n)15O reac-

tions as function of electron beam energy and angle 

from the electron beam using thick target produced 

bramsstrahlung // Med. Phys. 1983, v. 10(2), p. 147-

154. 

47. A.N. Dovbnya, A.S. Zadvorny and B.I. Shramenko. 

Production of Short-Lived Radionuclides on the 

Electron Linac for PET // Problems of Atomic Sci-

ence and Technology. 1999, № 3, р.105. 

48. A.S. Zadvorny. On possibility of short-living posi-

tron-emitting nuclides production using electron ac-

celerator for medical diagnostics // Problems of 

Atomic Science and Technology. Series “Nuclear 

Physics Investigations”. 2011, № 5, p. 39-41. 

49. N.P. Dikiy, А.N. Dovbnya, et al. Use of accelerators 

in geology, medicine, isotopes production and atom-

ic power energetics // Problems of Atomic Science 

and Technology. Series “Nuclear Physics Investiga-

tions”. 2001, № 1, p. 26-35. 

50. S. Koscielniak, F. Ames, et al. ARIEL and the 

TRIUMF E-linac initiative, A ½-MW Electron Lin-

ac for rare isotope beam production // Proceedings 

of LINAC08. Victoria, BC. Canada, р. 383-385. 

51. A.I. Azarov, A.N. Dovbnya, et al. About the use in 

nuclear medicine of pharmaceuticals on the basis of 

the isotope 18F and its achievements on linear elec-

tron accelerators of "NIK accelerator" // Problems of 

Atomic Science and Technology. Series “Nuclear 

Physics Investigation”. 2017, № 6, р. 133-136. 

52. A.S. Zadvorny, G.L. Bochek. Production of the 

short-lived radionuclides for positron-emission to-

mography: cyclotron or linear electron accelerator // 

Problems of Atomic Science and Technology. Series 

“Nuclear Physics Investigations”. 2018, № 3, 

р. 168-171. 

53. А.N. Dovbnya, R.N. Dronov, et al. Production of 

11C and 18F isotopes. Getting the «Glucose, 11C» 

radiopharmaceutical // East European Journal of 

Physics (EEJP). 2018, v. 5, № 4, p. 77-86. 

54. iMiTRACE Cyclotron. Compact and Lightweight 

12 MeV Cyclotron for PET radiopharmaceutical 

production. https://www.pmb-alcen.com/en/ 

healthcare/imitrace-cyclotron https://www.pmb-

alcen.com/ en/healthcare/imitrace-cyclotron.  

55. iMiTRACE Cyclotron. https://www.pmb-alcen.com/ 

sites/pmb-alcen/files/pdf/data_sheet_iMiTRACE_ 

eng_imp_02042020_1.pdf.  

Article received 25.09.2021 

 

 

https://www.northstarnm.com/wp-content/uploads/
https://indico.cern.ch/event/699219/contributions/2929577/attachments/1655382/2649737/IBA_Presentation_Aries_Annual_Meeting.pdf
https://indico.cern.ch/event/699219/contributions/2929577/attachments/1655382/2649737/IBA_Presentation_Aries_Annual_Meeting.pdf
https://indico.cern.ch/event/699219/contributions/2929577/attachments/1655382/2649737/IBA_Presentation_Aries_Annual_Meeting.pdf
https://shinemed.com/argonne-national-laboratory-demonstration-of-shine-process-produces-commercial-grade-medical-isotopes/
https://shinemed.com/argonne-national-laboratory-demonstration-of-shine-process-produces-commercial-grade-medical-isotopes/
https://shinemed.com/argonne-national-laboratory-demonstration-of-shine-process-produces-commercial-grade-medical-isotopes/
https://www.pmb-alcen.com/en/
https://www.pmb-alcen.com/
https://www.pmb-alcen.com/
https://www.pmb-alcen.com/%20sites/pmb-alcen/files/pdf/data_sheet_iMiTRACE_%20eng_imp_02042020_1.pdf
https://www.pmb-alcen.com/%20sites/pmb-alcen/files/pdf/data_sheet_iMiTRACE_%20eng_imp_02042020_1.pdf
https://www.pmb-alcen.com/%20sites/pmb-alcen/files/pdf/data_sheet_iMiTRACE_%20eng_imp_02042020_1.pdf


ISSN 1562-6016. ВАНТ. 2022. №3(139)                 133 

СВІТОВІ ТЕНДЕНЦІЇ У ВИКОРИСТАННІ ПРИСКОРЮВАЧІВ ДЛЯ ВИРОБНИЦТВА ОСНОВНИХ 

ІЗОТОПІВ ДЛЯ ЯДЕРНОЇ МЕДИЦИНИ 

І.С. Гук 

Основними ізотопами ядерної медицини сьогодні є 99Mo і 18F. Для виробництва цих ізотопів виникла не-

обхідність створення прискорювачів, що дозволяють задовольнити потреби в ізотопах для великих країн. З 

цією метою розроблені електронні прискорювачі, що використовують теплі і надпровідні прискорюючі 

структури. Також передбачається використовувати нейтронні генератори і циклотрони. 

 

МИРОВЫЕ ТЕНДЕНЦИИ В ПРИМЕНЕНИИ УСКОРИТЕЛЕЙ ДЛЯ ПРОИЗВОДСТВА ОСНОВНЫХ 

ИЗОТОПОВ ДЛЯ ЯДЕРНОЙ МЕДИЦИНЫ  

И.С. Гук 

Основными изотопами ядерной медицины в настоящее время являются 99Mo и 18F. Для производства 

этих изотопов возникла необходимость создания ускорителей, позволяющих удовлетворить потребности в 

изотопах для больших стран. Для этих целей разработаны электронные ускорители, использующие теплые и 

сверхпроводящие ускоряющие структуры. Также предполагается использовать нейтронные генераторы и 

циклотроны. 


