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We de vel oped a new ver sion of the X-PMSP pro gram for es ti mat ing mass stop ping pow ers in
charged par ti cle radiotherapy, shield ing of nu clear re ac tors and par ti cle ac cel er a tors, and med i -
cal and en er getic ra dio iso tope pro duc tion. Ac cord ingly, we cal cu lated the mass stop ping pow -
ers of im por tant med i cal, in dus trial, and chem i cal com pounds and mix tures de fined by In ter -
na tional Com mis sion on Ra di a tion Units and Mea sure ments us ing the X-PMSP pro gram, to
con trib ute to the ex ist ing lit er a ture and com pared our re sults with those from the Na tional In -
sti tute of Stan dards and Tech nol ogy da ta base. The ap pli ca tion of this pro gram, for par ti cles in
the en ergy range 10-50 MeV, will be es pe cially im por tant in the pro duc tion of med i cal ra dio iso -
topes, as it re duces the max i mum er ror rate to <5 % for pro ton, and to ~1.6 % for al pha par ti -
cles. Fur ther more, the max i mum er ror rates in charged par ti cle ra dio ther apy, at the en ergy
range 1-250 MeV, are ~8.2 % for pro tons, and ~3.0 % for al pha par ti cles.
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IN TRO DUC TION

Par ti cle ac cel er a tors and nu clear re ac tors are
com monly used in in dus trial, med i cal, and space ap pli -
ca tions, such as med i cal ra dio iso tope pro duc tion in nu -
clear med i cine [1-4], en ergy pro duc tion in nu clear
power plants, and heat en ergy and elec tric ity pro duc -
tion in the ra dio iso tope ther mo elec tric gen er a tors
(RTG) of space craft and space probes [5-7]. The shield -
ing of par ti cle ac cel er a tors and nu clear re ac tors is im -
por tant for the safety of hu man health and en vi ron ment.
For op ti mal shield ing of charged par ti cles in the me -
dium en ergy re gion, the cho sen ma te rial needs to be
best suited. For this pur pose, the en ergy loss of charged
par ti cles in side the ma te rial, needs to be de ter mined,
based on the mass stop ping pow ers of el e ments, com -
pounds, and mix tures for the charged par ti cles.

In ad di tion to shield ing, the mass stop ping
power is used to cal cu late the yield of ra dio iso tope
pro duced in par ti cle ac cel er a tors, such as lin ear and
cir cle ac cel er a tors, to de ter mine the op ti mal ra dio iso -
tope pro duc tion [1-3, 6, 7]. In par tic u lar, in the en ergy
re gion 1-100 MeV, the yield cal cu la tions of med i cal
pos i tron emis sion to mog ra phy (PET), sin gle-pho ton
emis sion com put er ized to mog ra phy (SPECT), and
ther a peu tic ra dio iso topes pro duced by lin ear ac cel er a -
tors, synchrotrons and cy clo trons, are cru cial to ob tain
op ti mal re sults [1]. As re ported in the lit er a ture, there

are many nu clear re ac tion pro cesses to pro duce med i -
cal and in dus trial ra dio iso topes, in clud ing deu teron,
tri ton and he lium-3-in duced re ac tions, in ad di tion to
pro ton and al pha par ti cle-in duced re ac tions. Un for tu -
nately, the es ti ma tion of yields of deu teron, tri ton and
he lium-3-in duced re ac tions, is poor be cause of the
lack of meth ods that would pro vide ac cu rate de ter mi -
na tion of the mass stop ping pow ers of deu teron, tri ton, 
and he lium-3 charged par ti cles. There fore, we de vel -
oped the X-PMSP 2.0 pro gram that can over come
such de fi cien cies  in  nu clear re ac tions in the en ergy
re gion 1 MeV-1 GeV. 

Ra di a tion ther apy with charged par ti cles has re -
ceived more at ten tion than ion iz ing ra di a tion ther apy,
or con ven tional ra di a tion ther apy (gamma ra di a tion or 
X-ray) be cause of the dam age to healthy tis sues, such
as the brain, eyes, and lungs, caused by gamma rays
and X-rays, in con ven tional ra di a tion ther apy. How -
ever, in charged par ti cle ra dio ther apy, the ac cel er a tion
of par ti cles, such as pro tons and al pha par ti cles, by
par ti cle ac cel er a tor, is needed for bom bard ing the ma -
te rial. The de ter mi na tion of op ti mum in ci dent en ergy
of a charged par ti cle, for hu man body tis sues, is thus
vi tal in charged par ti cle ra dio ther apy. Mass stop ping
pow ers are used to de ter mine the pen e tra tion range of
ion beams with charged par ti cles, such as pro ton and
al pha par ti cles. If the stop ping pow ers for charged par -
ti cle ion beams de liv ered to the hu man tis sues, such as
the brain and eye can cers, is un known, the ra di a tions
can dam age both can cer and healthy cells. There fore,
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the stop ping pow ers of each type of tis sue and or gan,
for charged par ti cle ion beams, should be ac cu rately
de ter mined. The da ta base of X-PMSP 2.0 in cludes
stan dard pa ram e ters de ter mined by In ter na tional
Com mis sion on Ra di a tion Units and Mea sure ments
(ICRU) for main body tis sues, e. g., the brain, lungs,
blood, and mus cles. Non-listed tis sues, such as tu mor,
can also be en tered into the pro gram, by the us ers, for
cal cu lat ing their stop ping power. There fore, this pro -
gram can po ten tially over come the def i cit in charged
par ti cle ra dio ther apy.

Al though the mass stop ping power can be cal cu -
lated us ing the pre vi ous ver sion of this pro gram,
X-PMSP 1.0 [2, 8], the new ver sion can also cal cu late
the mass stop ping pow ers of com pounds and mix tures, 
in ad di tion to el e ments. In for ma tion on most med i cal,
chem i cal, and in dus trial com pounds and mix tures is
pres ent in the da ta base of the new pro gram. The pro -
gram can also cal cu late for new com pounds and mix -
tures pre pared by the user, us ing just their chem i cal
for mu lae. The pre vi ous ver sion of X-PMSP has ef fec -
tively been used for yield cal cu la tions of nu clear re ac -
tions in the pro duc tion of med i cal ra dio iso topes used
in PET [1], ra di a tion ther apy, and ra dio iso tope pro -
duc tion us ing par ti cle ac cel er a tor [2, 3, 6, 7]. There -
fore, in this work, we ex panded the use of the X-PMSP
pro gram for the cal cu la tions for com pounds and mix -
tures via two meth ods.  

MA TE RI ALS AND METH ODS

The o ret i cal frame work

To es ti mate the mass stop ping power of el e -
ments, com pounds, and mix tures for the charged par ti -
cles, the fol low ing for mula can be used for soft and
hard col li sion
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where Z and z rep re sent the pro ton num ber of the tar get 
and the atomic num ber of the in ci dent par ti cle, re spec -
tively, A – the mass of the tar get,  b(v/c) – the ve loc ity of 
the in ci dent par ti cle [9], and I is the mean ex ci ta tion
po ten tial of the me dium for ma te ri als, which was ob -
tained from the quan tum me chan i cal ap proaches and
the ex per i men tal data given by Paul and Schinner [10]
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In eq. (1) d in clud ing three sit u a tions for dif fer -
ent X {log[b/(1-b2)1/2]} val ues, rep re sents the den sity
ef fect cor rec tion cal cu lated as fol lows
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where a, X1, X0, and C are con stants of the me dium
[11]. 

To cal cu late the mass stop ping power of 98 el e -
ments in the en ergy range of 1-1000 MeV, the X-PMSP
1.0  pro gram was pub lished by a vi sual in ter face in C#
[12]. The new ver sion of the pro gram X-PMSP 2.0 can
cal cu late the mass stop ping pow ers of el e ments, as well
as med i cal, in dus trial, chem i cal com pounds and mix -
tures, in the en ergy re gion 1 MeV-1 GeV, for any in -
crease of en ergy in ter val. The new ver sion in cludes two
meth ods (method 2 and method 3) for com pounds or
mix tures, as given be low. In to tal, the pro gram con tains
three sec tions, which can be se lected based on the pur -
poses:

(i) El e ments: This sec tion in cludes 97 dif fer ent
el e ments from hy dro gen (Z = 1) to berke lium (Z = 97),
in ad di tion to hy dro gen (liq uid) and car bons (graph ite; 
r = 2.0 gcm–3 and 1.7 gcm–3, re spec tively). Den sity ef -
fect pa ram e ters for el e men tal sub stances used in eq.
(3) were ob tained from the data re ported by
Sternheimer et al. [11] 

(ii) No ta ble Com pounds and Mix tures: The
well-known 180 chem i cal com pounds and sub stances
of bi o log i cal in ter est, in clud ing 167 solid or liq uid and
13 gas eous com pounds and mix tures, are in cluded.
The den sity ef fect pa ram e ter and the mean ex ci ta tion
po ten tial of the me dium of these com pounds and mix -
tures, were ob tained from the data re ported by
Sternheimer et al. [11] 

(iii) New Com pounds and Mix tures: For any
com pound or mix ture de fined by the user, the mass
stop ping power can be cal cu lated us ing the be low
equa tions. Here, Paul and Schinner's ap proach [10] in
eq. (2) was used for the mean ex ci ta tion po ten tial of
the me dium I in com pound or mix tures, in stead of I
data re ported by Sternheimer et al. [11]. In ad di tion,
we used the as sump tion of Bragg's and Kleeman rule
[13] to cal cu late for com pounds or mix tures as fol -
lows:
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where Wi  con tain ing Ni at oms is the weight frac tion of
an el e ment, and A – the atomic weight. 
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The ASTAR and PSTAR da ta bases

The ASTAR and PSTAR da ta bases of Na tional
In sti tute of Stan dards and Tech nol ogy (NIST) [14]
have listed the mass stop ping pow ers of 74 ma te ri als,
in clud ing some el e ments, com pounds, and mix tures,
for pro ton and he lium ion tab u lated in ICRU Re port 49 
in 1993 [15]. These da ta bases were de vel oped by
mem bers of a re port com mit tee spon sored by ICRU to
ful fill an in creas ing need for knowl edge about the
mass stop ping pow ers and ranges. These da ta bases
have been con stantly up dated by NIST, based on new
the o ret i cal data ob tained from com puter codes and ex -
per i men tal data. For ex am ple, the mass stop ping
power data of graph ite, air, and wa ter have been
re-eval u ated by a com mit tee of the ICRU (ICRU Re -
port 90 in 2014) [16]. Thus, NIST's ASTAR and
PSTAR da ta bases have the most com pre hen sive data
on mass stop ping pow ers.

Due to points men tioned above, the cal cu lated
re sults of X-PMSP 2.0 were com pared with the
ASTAR and PSTAR's re sults, and the ob tained re sults
are pre sented in figs. 1-3.

RE SULT AND DIS CUS SION

To an a lyze and dis cuss the ac cu racy of the cal cu -
lated re sults, the mass stop ping pow ers of some med i -
cal, chem i cal, and in dus trial com pounds and mix tures, 
were cal cu lated us ing X-PMSP 2.0 and com pared with 
the re sults of the NIST da ta bases. For this pur pose, we
choose se lected dif fer ent hu man body tis sues, e. g.,
blood, brain, lungs, bones (com pact) and mus cles
(skel e tal), and chem i cal and in dus trial sub stances, in -
clud ing alu mi num ox ide (AlO), glass (boro sili cate or
Py rex), poly eth yl ene, and pro pane, as well as air.

The mass stop ping pow ers of these ma te ri als for
pro ton (p), deu teron (d), tri ton (t), he lium-3 (He-3),
and al pha (a) par ti cles, were ob tained us ing the pro -
gram and com pared with ASTAR and PSTAR da ta -
base as shown in figs. 1-3. Un for tu nately, the mass
stop ping pow ers for deu teron, tri ton and he lium-3 in -
duced par ti cles, are not avail able in the lit er a ture;
hence, only the mass stop ping pow ers of pro tons and
al pha par ti cles could be com pared. The cal cu la tions of 
mass stop ping pow ers for deu teron, tri ton and he -
lium-3 in duced par ti cles, in ra dio iso tope pro duc tion
ap pli ca tions, are in dis pens able for yield cal cu la tions,
but, there is a wide de fi ciency in de ter min ing their
mass stop ping pow ers. To over come this de fi ciency,
X-PMSP 2.0 will be use ful, es pe cially in the ra dio iso -
tope pro duc tion via par ti cle ac cel er a tor. On the other
hand, the pre vi ous ver sion of X-PMSP has been suc -
cess fully im ple mented, for most ra dio iso tope pro duc -
tions, in med i cal and en ergy fields [1-3, 6, 7]. 

Cal cu la tion of the mass stop ping
pow ers of med i cal sub stances

The cal cu lated mass stop ping pow ers of blood,
bone, brain, lung and mus cle, for pro ton, deu teron, tri -
ton, he lium-3, and al pha par ti cles, based on the stan -
dards de fined by ICRU for hu man tis sues and or gans,
are pre sented in fig. 1, to gether with the re sults of
ASTAR and PSTAR da ta bases, which do not in clude
the mass stop ping pow ers of blood, lung and brain. For 
mus cle and bone tis sues, the cal cu lated re sults were
con sis tent with both ASTAR and PSTAR data. In ad -
di tion to the stop ping pow ers for pro ton and al pha par -
ti cles, those for deu teron, tri ton, and he lium-3, were
cal cu lated to con trib ute to the lit er a ture. The mass
stop ping pow ers of al pha par ti cles and he lium-3 are
higher than those of other par ti cles, due to the pres ence 
of two pro tons in the nu cleus. When tak ing the mean
er ror rates of the stop ping pow ers of med i cal sub -
stances into ac count, the max i mum er ror rates be -
tween the cal cu lated curves and NIST curves, in the
en ergy range 1-5 MeV, reach ~2.42 % for pro tons.
This re sult in di cates that X-PMSP 2.0 is use ful for cal -
cu lat ing the mass stop ping pow ers of the lung and
bone. Ta ble 1 shows that the mean er ror rate is £1 %
for pro tons, and a sim i lar rate is also found for al pha
par ti cles at 10-50 MeV (tab. 2). The en ergy in ter val for 
the pro duc tion of ra dio iso topes used in PET and
SPECT is in the range 1-50 MeV, wherein the mass
stop ping power re sults, ob tained us ing the new pro -
gram for both pro ton and al pha par ti cles, showed a low 
er ror rate. More over, the pro gram is suit able for
charged par ti cle ra dio ther apy at 1-250 MeV, es pe -
cially for al pha par ti cles.

Cal cu la tion of the mass stop ping pow ers
of chem i cal and in dus trial sub stances

The mass stop ping pow ers of AlO, glass, poly -
eth yl ene, and pro pane, for p, d, t, He-3 and a par ti cles,
were cal cu lated us ing X-PMSP 2.0, and the ob tained
re sults were com pared with those from the NIST da ta -
bases. The cal cu lated re sults of stop ping pow ers for
both pro ton and al pha par ti cles were in good agree -
ment with the ASTAR and PSTAR data. The AlO
dem on strated the low est stop ping power, com pared
with that of the other sub stances. Ta bles from the re -
ports of Sternheimer et al. [11] were uti lized in the
stop ping power cal cu la tions in the fig. 2, for de ter min -
ing the mean ex ci ta tion po ten tial of the me dium and
the den sity ef fect pa ram e ters. The mean er ror rates
cor re spond ing to dif fer ent en ergy ranges are pre sented 
in tabs. 1 and 2. The chem i cal and in dus trial sub -
stances have an er ror rate of £2 % for pro tons in duced
at 5-10 MeV, whereas that of £8.2 % for pro tons and of 
3.1 % for al pha par ti cles in duced at 1-250 MeV. Thus,
this pro gram is suit able for use at 1-1000 MeV for al -
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pha par ti cles and at 1-250 MeV  for  pro tons,  wherein 
the  er ror  rate  is £10 %.

In ad di tion to cal cu lat ing the stop ping pow ers of
the avail able 180 com pounds and mix tures in
Sternheimer et al.'s [11] ta ble, X-PMSP 2.0 can cal cu -
late the stop ping pow ers of new com pounds and mix -
tures de fined by the user, based on their chem i cal for -
mula alone. How ever, there can be some dis crep ancy
in the stop ping pow ers re sults ob tained by the sec ond
and the third meth ods of the pro gram. Because, the
third method uses Paul and Schinner's [10] ap proach
in cal cu lat ing the mean ex ci ta tion po ten tial of the me -

dium for ma te ri als I in stead of Sternheimer et al.'s [11]
ta ble. To com pare both ap proaches, a new sec tion was
added as fol lows.

Dis cus sion of meth ods in X-PMSP

To un der state the dif fer ence be tween the meth -
ods, we uti lized the stop ping pow ers of air (near sea
level). In method 2, the den sity ef fect pa ram e ter and the
mean ex ci ta tion po ten tial of the me dium are ob tained
from the data re ported by Sternheimer et al., [11]
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Fig ure 1. The mass stop ping power cal cu la tions for pro ton, deu teron, tri ton, he lium-3, and al pha par ti cles on
blood, bone, brain, lung and mus cle



whereas method 3 uses Paul and Schinner's [10] ap -
proach in eq. (2) for de ter min ing the mean ex ci ta tion
po ten tial of the me dium. Com par i son of the two meth -
ods is pre sented in fig. 3. The ASTAR and PSTAR re -
sults in fig. 3 are in good agree ment with those of both
meth ods, how ever, in the en ergy re gion 1-20 MeV,
stop ping power re sults for al pha par ti cles us ing method
3 were closer to the ASTAR data than those cal cu lated
us ing method 2, es pe cially in the range 1-5 MeV. These
re sults in di cate that com pared with the method 2, the
cal cu la tion of stop ping pow ers, based on the mean ex ci -
ta tion po ten tial of the me dium, ob tained from Paul and
Schinner's ap proach (method 3) in com pounds and
mix tures, gives more ac cu rate re sults with a small dif -
fer ence.

CON CLU SIONS

The knowl edge of mass stop ping pow ers of ma -
te ri als is es sen tial in charged par ti cle ra dio ther apy, ra -
dio iso tope pro duc tion for di ag nos tic (PET and
SPECT) and ther a peu tics, ra dio iso tope pro duc tion for
en ergy gen er a tion, and shield ing of nu clear re ac tors
and ac cel er a tors. Thus, we de vel oped the X-PMSP 2.0 
pro gram to cal cu late the mass stop ping pow ers of var i -
ous med i cal, chem i cal, and in dus trial com pounds and
mix tures, such as blood, bones, lungs, brain, mus cles,
AlO, glass, poly eth yl ene, pro pane, and air, for pro ton,
deu teron, tri ton, he lium-3 and al pha par ti cles, and
com pared the ob tained re sults with those from the
NIST da ta bases. 

This com par i son re vealed that the cal cu lated re -
sults of X-PMSP 2.0 are con sis tent with those of the
NIST da ta bases, which con tain the most com pre hen -
sive data in the lit er a ture. How ever, there is a de fi -
ciency in the mass stop ping power cal cu la tions for
deu teron, tri ton and he lium-3 charged par ti cles, as
well as pro ton and al pha par ti cles. In par tic u lar, ra dio -
iso topes used in PET and SPECT can be also pro duced 
by deu teron, tri ton and he lium-3 in duced par ti cles, in
ad di tion to those by pro ton and al pha par ti cles, be -
cause the mass stop ping power val ues are used for
yield cal cu la tions. There fore, the pro gram over comes
the short com ings in the lit er a ture. In the en ergy re gion
10-50 MeV, cor re spond ing to the pro duc tion en ergy of 
PET and SPECT ra dio iso topes, the er ror lev els of the
pro gram were noted to be <5 % for pro tons and <2 %
for al pha par ti cles.

When tak ing into ac count the shield ing of
charged par ti cles emit ted dur ing re ac tions in nu clear
re ac tors and par ti cle ac cel er a tors, de ter min ing the en -
ergy loss of charged par ti cles in side the ma te rial is cru -
cial, which is also fa cil i tated by X-PMSP 2.0 pro gram
for the en ergy re gion 1-250 MeV for pro tons and
1-1000 MeV for al pha par ti cles.

In charged par ti cle ra dio ther apy of body tis -
sues/or gans (brain, lung, bone, etc.) with tu mors, the
mass stop ping power cal cu la tion re sults for the charged
par ti cle us ing X-PMSP were found to be in good agree -
ment with the data in the lit er a ture. Us ing this pro gram,
the stop ping pow ers used in the cal cu la tions of pen e tra -
tion depths of ranges of dif fer ent types of beams, can be
de ter mined for dif fer ent hu man tis sues and can cer cells,
us ing just the for mu la tion of sub stance pre pared by the
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Ta ble 1. The er ror rates of mass stop ping pow ers of some sub stances for pro ton particles

En ergy ranges for pro ton par ti cles [MeV]

Sub stances 1-5 5-10 10-50 1-100 1-250 1-500 1-1000

Bone 2.4197 0.4546 3.0911 4.6516 7.0851 10.8965 20.6785

Mus cle 2.2425 0.3535 3.2289 4.6731 7.1174 10.8634 20.5691

Alu mi num ox ide [AlO] 3.2947 0.9512 2.8830 4.7618 7.1438 10.8586 20.6067

Glass. boro sili cate (py rex) 3.1896 0.8544 2.9282 4.7497 7.1395 10.7810 20.4758

Poly eth yl ene 1.8108 0.3283 3.3593 4.6687 7.1312 13.6211 25.6344

Pro pane 1.5808 0.3434 3.3858 5.6725 8.1513 11.8872 21.4620

Air. (dry) for method 2 2.8278 0.4215 3.1674 4.7419 7.6890 11.7618 21.6378

Air. (dry) for method 3 0.6411 1.6783 4.6989 5.5534 8.0049 11.2216 20.4728

Ta ble 2. The er ror rates of mass stop ping pow ers of some sub stances for al pha par ti cles

En ergy ranges for al pha par ti cles [MeV]

Sub stances 1-5 5-10 10-50 1-100 1-250 1-500 1-1000

Bone 4.6825 2.7971 0.8241 2.1203 2.6377 3.8181 7.0959

Mus cle 6.4213 2.8974 0.7933 2.4427 2.9191 4.0673 7.3118

Alu mi num oxide (AlO) 4.6319 3.2002 1.1039 2.1931 2.6733 3.8291 7.0665

Glass. boro sili cate (py rex) 4.9699 3.2316 1.0595 2.2484 2.7217 3.8730 7.1078

Poly eth yl ene 5.9794 2.5951 0.7097 2.3446 2.8542 4.0247 7.2972

Pro pane 8.0366 2.3461 0.6814 2.6048 3.0727 4.2149 7.4625

Air. (dry) for method 2 6.3581 3.4915 0.8995 2.5521 3.0022 4.1325 7.3511

Air. (dry) for method 3 1.8833 0.6199 1.5015 2.1398 2.9167 4.2394 7.6254



user. The cal cu lated re sults for the en ergy re gion 1-250
MeV, used in charged par ti cle ra dio ther apy, have the
max i mum er ror rates of ~8.2 % for pro tons and of ~3.0 % 
for al pha par ti cles. It is clearly ex plained that an ex per i -
menter may rely on this pro gram, in charged par ti cle
radiotherapy. 

Fur ther more, the num ber of ma te ri als used in the 
pres ent study is in ad e quate to de bate the mass stop -
ping pow ers re sults, es pe cially for deu teron, tri ton and 
he lium-3 par ti cles. There fore, both the o ret i cal cal cu -

la tions and ex per i men tal re sults in di cate that fur ther
de tailed stud ies on the mass stop ping power cal cu la -
tion for ra dio ther apy, ra dio iso tope pro duc tion, and
shield ing, are re quired to con firm the en ergy loss of
charged par ti cles, in side ma te ri als. Hence, fu ture stud -
ies as so ci ated with the stop ping power cal cu la tions
should in volve many sub stances, and re lated ex per i -
ments us ing newer ir ra di a tion tech nol o gies, should be
car ried out. In line with the cal cu lated re sults and the
ex per i men tal data, we can rec om mend a semi-em pir i -
cal stop ping power for mula for the next ver sion of
X-PMSP us ing ar ti fi cial in tel li gence, such as fuzzy
logic and ar ti fi cial neu ral net work.
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Ozan ARTUN

PRORA^UN  MASENE  ZAUSTAVNE  MO]I  MEDICINSKIH,
HEMIJSKIH  I  INDUSTRIJSKIH  JEDIWEWA  I  SME[A

U ovom radu razvijena je nova verzija programskog paketa X-PMSP za procenu masenih
zaustavnih mo}i u radioterapiji naelektrisanim ~esticama, prora~unu za{tite nuklearnih
reaktora, akceleratorima ~estica i proizvodwi medicinskih i energetskih radioizotopa.
Primenom X-PMSP programskog paketa izra~unali smo masene zaustavne mo}i va`nijih
medicinskih, hemijskih i industrijskih jediwena i sme{a definisanih od strane Me|unarodne
komisije za radijacione jedinice i mere u ciqu doprinosa postoje}oj litaraturi i pore|ewa na{ih
rezultata sa podacima Nacionalnog instituta za standarde i tehnologiju. Primena ovog
programskog paketa, u opsegu energija od 10 MeV do 50 MeV, bi}e zna~ajna u oblasti proizvodwe
medicinskih radioizotopa jer smawuje maksimalnu stopu gre{ke ispod 5 % za protone i do ~1.6 %
za alfa ~estice. Dodatno, maksimalne stopa gre{aka u radioterapiji naelektrisanim ~esticama,
za opsege od 1 MeV do 250 MeV, iznose ~8.2 % za protone i ~3.0 % za alfa ~estice. 

Kqu~ne re~i: zaustavna mo}, za{titini materijal, medicinski materijal


