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The possibility of using a portable neutron generator (PNG) for the treatment of oncological diseases is being
considered. It has been shown that when using PNG as a neutron source, it is possible to ensure sufficient therapeu-
tic impact on sick cells, with minimal damage to healthy cells. It's about applying PNG in a brachytherapy tumor. It
is important to note that the presence of a narrow ion- pipe- needle allows a neutron source to be placed close to the
tumor, and thus to increase therapeutic influence. Numerical estimates of the density of neutrons and the consumed
dose when using PNG for brachytherapy performed, it is shown that, for a short period of time (~ 1 minute), suffi-
cient dose of radiation for therapy is absorbed. The calculations of the neutron field and absorbed dose are accom-
plished through a computer program developed by the authors based on the Monte Carlo method, designed to simu-

late the generation, movement, braking and absorption of neutrons.
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MAIN CHARACTERISTICS OF PNG

The development of reliable and inexpensive neu-
tron sources is an urgent task, the solution of which is
necessary, first of all, for the use of such sources in ra-
diation medicine. Work in this field has been carried out
in the world for a long time [1 - 7].

The portable neutron generator (PNG) was devel-
oped at the NSC KIPT within STSU R497 project, the
yield of neutrons provided by PNG is ~ 10° neutrons/s.
Detailed design of PNG and modeling of neutron for-
mation, inhibition and absorption processes are present-
ed in [8].

In this paper, we indicate only the main characteris-
tics of PNG (Fig. 1). The main idea is that the deuterons
dispersed in the electrostatic accelerators fall on the
target from beryllium, as a result of which neutrons of
energies of ~ 2...4 MeV are formed. It is important to
point out that the deuteron beam hits the target through
a narrow ion-conducting needle, which allows for some
cases of cancer to provide a sufficient therapeutic dose
of radiation by placing the source in close proximity to
the tumor. We note that the requirement of a narrow ion
conductor leads to limitations on the intensity of the
deuteron beam and, consequently, the yield of neutrons.
At the same time, the structure of the neutron field is
such that the dose absorbed by the healthy tissue is
small (Fig. 2). The absorbed dose of Fig. 2,b,c is calcu-
lated for cases of a point target and a target of finite size
placed in a water phantom.

The ion conductor is cooled by water, so the temper-
ature of the outer surface of the ion conductor (includ-
ing the neighborhood of the beryllium target) can be
controlled by changing the water temperature in the
cooling circuit. Consequently, it is easy to create com-
fortable conditions for the patient.

Numerical realization of the simulation of the neu-
tron field provides for the use of momentum and energy
conservation laws for each event, i.e. we can say that
the simulation is carried out "from the first principles”.

Details of the modeling algorithms and the features
of the numerical implementation of the algorithm are
presented in [8].
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POSSIBILITY OF PNG APPLICATION
IN ONCOLOGY

Fig. 2 above shows the distribution of the absorbed
dose of neutrons in the case of a point source of neu-
trons and a source of finite dimensions. It is important
that the absorbed dose is concentrated in a small neigh-
borhood (~ 2...3cm.) from the neutron source of the
PNG target. At the same time, the absorbed dose de-
creases rapidly with the distance from the center of the
source, therefore, the natural distribution of the ab-
sorbed dose field is exactly what is necessary for effec-
tive therapy- it is mainly the diseased tissue of the or-
ganism that is irradiated. The very organism of the pa-
tient (and the tissue of the organism is, to a large extent,
water) acts as a retarder-reflector of neutrons. In this
case, there is a significant difference between the field
of neutrons produced in the reactor (irradiation with a
narrow neutron "ray" obtained with the help of collima-
tors) and irradiation of PNG. In both cases, a sufficient
absorbed dose can be obtained, but in the case of using
the reactor it is impossible (or at least very difficult) to
deliver the neutron source to the tumor in the body.

In practice, the source of neutrons is delivered di-
rectly to the tumor by injecting into the body of the pa-
tient an ion-conductor needle-brachytherapy takes place.
Brachytherapy in the general case involves the delivery
of a source of neutrons to the site of the tumor. The pe-
culiarities of the human body (and the presence of a
narrow ion-conductor-PNG needle) make it possible in
a number of cases (for example, in the treatment of uter-
ine cancer in women or prostate cancer in men) to de-
liver a neutron source to the tumor site without surgical
intervention.

Alternative use of PNG for tumor irradiation is to
place the source of neutrons outside the patient's body,
but close to the body surface (as should be done in the
treatment, for example, of melanoma).

Consider the problem of assessing the impact of
neutrons on personnel. At the same time, we place the
neutron generator in a bunker with thick concrete walls.
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Fig. 1. a) General scheme of PNG; b) Absorbed dose
(Gy / min) as a function of the distance from a point
source of neutrons (cm); c) Dose distribution along
the Y axis at a finite ion source, Neutron source,
perpendicular to the Z-axis, of size ~ 1x1 cm

ISSN 1562-6016. BAHT. 2017. Ne6(112)

In fact, similar estimates can easily be made for any
set of rooms, but it should be noted that thin walls or
large openings in walls (doors, windows) may cause
harmful radiation exposure to personnel. Therefore, the
methodology for assessing the danger (or lack of dan-
ger) of the work of PNG for personnel should be con-
sidered as a model for similar calculations in relation to
the actual premises in which the facility will be located.

PNG is installed in a bunker with concrete walls of
thickness D =1 m. The neutron yield is Weyon ~ 10° NJs.
Neutrons and y-radiation can penetrate through the con-
crete wall to the adjacent room L1xL2xL3=
600x800x900 cm,  dimensions of the  bunker
L1bxL2bxL3b = 300x300x400 cm. We assume (within
the general principle of assessing the danger from
above) that neutrons remain fast, with all the neutrons
leaving the patient's body. The layout of the installation
in the bunker and the adjacent room is shown in Fig. 2

Bunker | | PNG

Fig. 2. Location of PNG installation in the bunker
and adjacent room

Let us estimate the value of the flux density of
gamma radiation at point A (see Fig. 2) — behind the
wall separating the bunker from the adjacent room. Data
on the irradiation weakening in concrete, as subsequent-
ly data on the weakening of the neutron flux in concrete,

is taken from the handbook [9]:
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it is easy to see that the radiation flux density is negligi-
ble (we achieved this by placing the stand in a hopper
with sufficiently thick walls).

Let us perform a similar estimate for the neutron

field (estimate for the neutron albedo, n = 0.8).
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The density of the neutron flux is close to the per-
missible flux density of fast neutrons for personnel in
Category A according to HPB-99, which is acceptable.

CONCLUSIONS

The portable neutron generator developed at the
NSC KIPT can be used to treat certain oncological dis-
eases, without surgical intervention. Within a few
minutes of the generator's work, a sufficient dose of
neutron irradiation is absorbed by diseased tissues, at
the same time, due to the obtained structure of the neu-
tron field, the damage to healthy cells is minimal.

Estimates of the effect of radiation on the environ-
ment, in particular, evaluation of the characteristics of
the neutron field in the bunker, where the neutron gen-
erator is located, and the adjacent room are performed.
It is shown that there is no danger to the personnel in

. A.B. Baxenun, I'.H. PeikoBaHOB. Ypanvckuii yenmp

HeUMpOHHOU mepanuu: UCmopust, Memoooiocus, pe-
syremamsi. M.: U3natensctBo PAMH, 2008, 143 c.

. T. Blue and J. Yanch. Accelerator-based epithermal

neutron sources for boron neutron capture therapy of
brain tumors // Journal of Neuro-oncology. 2003,
v. 62, p. 19-31.

Leon Forman and Keith T. Welsh // International
Conference on Portable Neutron Generators and
their Applications. Moscow, Russia, 2004, Oct. 18-
22, p. 153-168.

K.T. Welsh, L. Forman, L. Reinstein, A.J. Meek. lon
Beam and Neutron Output Performance of a Portable
Accelerator Based Brachytherapy Neutron Source //
44st annual meeting of the American Association of
Physicist in Medicine, Salt Lake City, Ut 2002.

L. Forman. Small generator using a high current

electron bombardment ion source and methods of
treating tumor therewith // United States patent 6,
925, 137 B1, Aug. 2, 2005.

REFERENCES 8. A.N. Dovbnya, V.A. Tsymbal, A.F. Stoyanov. Nu-

1. B. Bayanov et al. Accelerator based neutron source merical simulation of neutron flow exposure on the
for the neutron-capture and fast neutron therapy at organic tissues // Problems of Atomic Science and

this case. A similar calculation should be made each
time the installation location is selected.

hospital // Nucl. Instr. and Meth. in Phys. Res. 1998, Technology. ~ Series “Nuclear — Physics
A 413, p. 397. Investlgatloqs”. 2015, Ne 6, p. 165-168. o
2. V. Kononov, M. Bokhovko, O. Kononov. Accelera- - V. Mashkovich, — T. Kudryavceva.  Radiational

shielding handbook. Moscow, 1996, 496 p.
Article received 17.10.2017

tor based neutron sources for medicine // Proceed-
ings of International Symposium on Boron Neutron
Capture Therapy / Ed., Sergey Yu. Taskaev, July 7-
9, 2004, Novosibirsk, Russia, p. 62-68.

0O BO3MOXXHOCTH UCIIOJIb30BAHUSA MOJISI IOPTATUBHOI'O HEUTPOHHOI'O TEHEPATOPA
JIJISI JEYEHUS OHKOJOIT MYECKHUX 3ABOJIEBAHUM

A.D. Cmosnos, A.H. /loeons, B.A. l{vimban

PaccmaTpuBaeTcs BO3MOXKHOCTD IIPUMEHEHHSI IOPTATUBHOTO HelTpoHHOTO reHeparopa (ITHIY) mis nedenust on-
KoJorn4eckux 3aboneBanuii. [lokazano, yro mpu npumeneHnu [IHI' B kadecTBe MCTOYHMKA HEHTPOHOB MOXKHO
o0ecreunTh JA0CTaTOYHOE TEPaNeBTHUECKOEe BO3/EHCTBHE Ha OOJIBHBIE KIETKH, ¢ MUHHMAIBHBIM TTOBPEKACHHEM
310poBBIX KieTok. Peus uner o npumenenun ITHIT npu Opaxurepanuu onyxosnm. BaxHOo OTMETHTh, YTO HaIM4YWE
Y3KOT0 MOHOIIPOBOJIAa «HTJIBD» MO3BOJISIET PA3MECTUTh UCTOYHHMK HEWTPOHOB OJIM3KO K OIMYXOJIH, a CJIEJ0BaTEeNbHO,
YCHUJIUThH TepaneBTHUECKOe BO3/eiicTBHE. BHIMONHEHB! YHCIEHHbIE OLIEHKH IUIOTHOCTH MOTOKAa HEHTPOHOB U IMOTJIO-
IIEHHOW A03bI Npu ucnonb3oBanuu [THI ams Opaxurepanuu, moka3aHo, YTO B T€UEHHE HEOOJIBIIOTO MPOMEXYTKa
BpeMeHH (~1 MHHYTBI) MOTJIOIIAETCS JOCTATOYHASA JUIS Tepaluu 1033 M3JIydeHHs. PacueTsl mOTOKa HEHTPOHOB U
MIOTJIOIIEHHOM 71036 BHIIOHEHB! C TIOMOIIBI0 Pa3pabOTaHHOI aBTOpaMU KOMIBIOTEPHOH NMPOrpaMMBbl, OCHOBAaHHOI
Ha IpuMeHeHnH MeTtona MonTte-Kapio u npenHazHaueHHOHN U MOJIENUPOBAHUS IPOLIECCOB 00pa30BaHuUs, ABHKE-
HUS1, TOPMOKEHHUS U MOrJIOIIEHUS] HEUTPOHOB.

010 MOXKJUBOCTI 3ACTOCYBAHHS IOJISI HOPTATUBHOI'O HEUTPOHHOI'O
IF'EHEPATOPA JJIA JIIKYBAHHI OHKOJIOTTYHUX 3AXBOPIOBAHDb

0.D. Cmosnos, A.M. /loeons, B.O. {umban

PosrisinaeTbess MOXKIIMBICTD 3aCTOCYBaHHS MOPTaTHBHOTO HeWTpoHHoro renepartopa (ITHIT) s nikyBaHHS OH-
KoJoriyHux xBopo0. [TokaszaHo, mo 3a ymoBu 3actocyBanHs [THI™ B skocTi Jkepera HEHTPOHIB MOXKHA 3a0€3M1E€UNTH
JOCTaTHIN TepareBTUYHUH BIUIMB HA XBOPI KIITHHH, 3 MiHIMAIBHUM YpakKeHHSIM 3JI0POBHX KIIITHH. MoBa e mpo
3acrocyBanHs [THI" npu Gpaxitepamnii myxnman. BaxnnBo 3ayBakuTH, 10 HAIBHICTH BY3bKOTO 10HOTIPOBOAA «TOJI-
KI» Ja€ MOXJIMBICTh PO3TAIlyBaTH JPKEPEJIO HEHTPOHIB y Oe3nocepeiHii 0IM3bKOCTI 10 IMyXJINHH, a OTKE — MiJICH-
JIUTH TEpaneBTUYHY Aif0. BUKOHaHI YMCeNbHI OLIHKM IIUTBHOCTI ITOTOKY HEHTPOHIB 1 MOTJIMHEHOT JJO3M IiJ| 4ac 3a-
crocyBanns [THI" y 6paxiTepanii, moka3zaHo, 10 IPOTATOM HEBEIUKOTO IMPOMIXKKY 4Yacy (~1 XBHJIMHH) ITOTIMHAETb-
csl OCTaTHS I Tepamii g03a onpoMiHtoBaHHs. OOYHCIEHHS MOTOKY HEHUTPOHIB 1 MOTJIWHEHOI 03 BUKOHAHO 3a
JIOTIOMOTOI0 PO3pO0JIEHOT aBTOpaMy KOMIT IOTEPHO1 MPOrpaMu, 3aCHOBaHO1 Ha MeToAi MonTte-Kapmo i mpusHadeHoi
JUISL MOJICITIOBAHHS TIPOLIECIB CTBOPEHHS, PYXY, raJIbMyBaHHS Ta IOTJIMHAHHS HEHTPOHIB.
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