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Development of technology of isotope production at an electron accelerator, in particular *’Sc by the
“8Ti(y,p)*'Sc reaction, requires accurate data on cross-sections of this and other photo-proton reactions on the titani-
um isotopes, as the available data are characterized by considerable scatter. A simple technique for estimating max-
imum and width of the excitation function of a reaction with dominating giant dipole resonance was proposed and
validated earlier. The method is based on measurement of normalized reaction yield in a thin target, overlapping
completely a flux of X-rays, and processing of data obtained with the use of a developed analytical model. The joint
activation of foils from natural nickel, molybdenum and titanium by bremsstrahlung radiation with end-point photon
energy in the range 40...95 MeV was carried out. The characteristics of the reactions “®Ti(y,p)*'Sc, *“Ti(y,p)*®Sc,
OTi(y,np)*®Sc, “'Ti(y,p)*°Sc, and **Ti(y,np)*Sc are studied by new technique. For verifying results, the well-

examined *®Ni(y,n)>'Ni and ***Mo(y,n)**Mo reactions, taking place in the nickel and molybdenum foils, are used.

PACS: 07.05.Tr, 41.50.+h; 41.75.Fr; 78.70En

INTRODUCTION

One of developed methods for production of promis-
ing therapeutical B-emitter *’Sc (Ty,=80.4h) is a
photonuclear technique based on the reaction
“®Ti(y,p)*'Sc [1, 2]. In addition to this nuclide, the most
active scandium isotopes “®Sc (Ty, = 43.7 h) and “*Sc
(T, =83.8d) can be generated. The accurate data on
the cross-sections of those isotope generation are re-
quired for estimation of capacity of the technology as
well as isotopic purity of the end-product. At the same
time, the reaction parameters presented in the available
databases are characterized by the considerable spread,
that amounts to hundred percent and even higher [3 - 6].
As an example, some data on the “*Ti(y,p)*’Sc reaction
are demonstrated in Fig. 1.
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Fig. 1. Cross-section of reaction “®Ti(yp)*'Sc

In general, excitation function of a photonuclear re-
action can to have rather complicate form. Conversely,
for estimating the yield of a reaction with dominant gi-
ant dipole resonance (GDR), it is enough to know the
key parameters of its gross-structure, namely:

o the energy threshold, Ey;

e the photon energy corresponding to maximum
Ccross-section, Epay;

e FWHM of the excitation function, I

e the maximum cross-section, Gmay.

16

The two last characteristics reveal the most uncer-
tainty. In current work, the o and I” parameters of the
excitation functions of the photo-proton reactions on the
4750Tj isotopes are determined with the use of a novel
technique [7].

1. METODS AND MATERIALS
1.1. DETERMINATION OF Gmax AND I"

1.1.1. In work [8], a model for the analytical descrip-
tion of isotope yield in a flux of bremsstrahlung radia-
tion of an electron accelerator was proposed. It was
shown, that the activity of a target is directly propor-
tional to a quantity called the coefficient of photonucle-
ar conversion (CPC), Yo. It represents the yield of iso-
tope-product in a thin target, overlapping completely the
photon flux (such a target is called the photonuclear
converter, PNC), normalized to the one electron with
energy E. of the primary electron beam and to the mass
thickness of PNC

N, ¢
Y, =24y j n (E.,E)o(E)dE )

A E,

th
where N, — is the Avogadro number; A is the average
atomic mass of the target material; v — is the relative
concentration of the isotope-target nuclei; n(E) ~ is the
spectral density of bremsstrahlung photons normalized
to the one beam electron; o (%) — is the reaction cross-

section.

If o(E) is known, one can calculate CPC by MC
simulations. It can be also determined experimentally
(vpe) from the measured activity of PNC, A% (Ee),

using the expression

}/Oexp(Ee) —

eApnc (£,) )
IA[1-exp(-4t)]’
where e — is the electron charge; | — is the average beam
current; A — is the mass thickness of PNC; t — is the ac-
tivation period; 4 — is the decay constant of the isotope-
product.
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It should be noted, that ¥ can be determined

with minimal uncertainty [7]. Thus, it is suitable for
checking the accuracy of data on the reaction cross-
section obtained from the different sources.

1.1.2. The excitation function of a reaction with
dominating GDR can be represented in the Lorentzian
form, as follows,

2
O-(E) = O-max 2 (f'FZ) 2" (3)
(E° - B, ) +(£T)
It was shown in work [8], that an estimate of CPC in
such a case can be obtained on the basis of an analytical
model (called the S-model) by the equation

Y3(E,) = n(Eg%vomswE) —

where 7n(E¢) — is the coefficient of energy conversion of
electron radiation into X-rays; S — is the dimensionless
factor depending on the Ey,; Enax and I” parameters of
the excitation function, and also on the energy of the
primary electron beam E.. It has been established on the
basis of the S-model, that if Ey, and E,ax being specified,
one can determine the possible range of I" and o pa-
rameters by the CPC values corresponding to a number
of electron energies E.; [7]. So, the experimentally
measured PNC activity, A5® (E.;), enables to calculate

yo*(E,) Uusing the formula (2), and also to determine the
product [o,  -S(Z,)] by the formula (4). For the /"val-

ues in the supposed range, one can calculate the corre-
sponding S(I', E.i) and oma(l, E.;) Ccharacteristics.
Hence for the every variant of excitation function with
parameters I"and omex(7 Eei), Obtained in such a way, it
is possible to determine by MC simulations the yield of

the reaction in PNC, A;’,"V"C, and to compare it with the
experimental value using the equation
devi(I,0,,. ) =[ A (,0,,.,)~ A (E,)] . )

From the condition MH[ZC{GVZ(F,O'mX,,-)]’ one

can to establish the actual range of I" and op.y for the
given reaction.

The experimental checking of the method on the
well-studied *®Ni(y,n)*’Ni and ***Mo(y,n)**Mo reactions
has demonstrated good agreement with the available
data [9]. These reactions were used also for verifying
results obtained on the titanium isotopes.

1.1.3. Modeling.

Simulations of processes of electron radiation con-
version into X-rays, as well as of photonuclear isotope
generation were conducted on the basis of a modified
transport code GEANT4 [10]. For the high-speed calcu-
lation of reaction yield, a specially developed technique,
providing the decrease of counting time by four orders
of values without loss of accuracy, was used [11]. To
make possible the usage of various data on the photo-
nuclear cross-sections, including those taken from the
TALYS package, the classes G4UserSteppingAction
and G4UserRunAction in the GEANT4 code were
properly modified. The statistical uncertainty of simula-
tions was not higher than 1%.
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1.2. EXPERIMENT

1.2.1. Activation of samples was conducted at a
LU40m Linac of NSC KIPT [12]. The four beam ener-
gies in the range 40...95 MeV were used. FWHM of the
beam spectrum was not higher than 2%. In each run, a
stack of 3 foils by 3x3 cm in size was irradiated. The
two foils from natural nickel and molybdenum each by
0.1 mm in thickness were applied to check the activa-
tion regime against the yield of the *Ni(y,n)*’Ni and
%Mo(y,n)*Mo reactions. The third foil 0.05 mm thick
from titanium of natural isotopic composition was used
for the measurement of cross-section of the reactions on
the isotopes “"°Ti. The isotopic characteristics of the
materials are listed in Table 1.

Table 1
Isotopic composition of targets
Material A Isotope-target v, rel.un.

T 0.073

. BT 0.738

i 47.90 T 0.055
OTj 0.054

Ni 58.71 *Nj 0.683
Mo 95.94 ™Mo 0.0963

1.2.2. After activation of each stack at a given elec-
tron beam energy E.; and cooling for 24 h, the meas-
urement of y-activity of the foils was carried out with a
HPGe-spectrometer. The *'Sc activity was determined at
the line 159.4 keV (68% branching ratio). The most
long-lived by-product “Sc was measured by averaging
the counting rate in the photopeaks 889.2 keV (100%)
and 1121 keV (100%). The activity of **Sc was deter-
mined at the lines 983.5 keV (100%), 1037 keV (97.5%),
and also 1312 keVV (100%). The total uncertainty of
measurement of the scandium isotope activity was 9, 5
and 4% for *’Sc, *®Sc, and “®Sc, respectively.

2. RESULTS AND DISCUSSION
2.1. MAIN REACTIONS

2.1.1. In Table 2, the main reactions contributing to
photogeneration of isotopes “°*®Sc in natural titanium,
as well as the key parameters of their cross-sections,
taken from the TALY'S package, are listed.

Table 2
Parameters of main photo-proton reactions
of *°*3S¢ production in natural titanium (TALYS)

Isotope- . Ew, | Emax I, Ommax»
prodEct Reaction M(tehv Mnéa\xl MeV rrnmllt;(
“Ti(yp) | 105|203 | 64 | 9.8
“sc | ®Ti(y,np) | 19.9 | 305 | 11.7 | 3.8
“Ti(y,2np) | 25.6 | 43.4 | 184 | 1.9
“Ti(yp) | 114 | 202 | 75 | 134
Ysc | “Ti(y,np) | 19.6 | 28.2 | 145 | 3.6
OTj(y,2np) | 26.7 | 46.8 | 28.8 | 1.4
sog, ®Ti(yp) | 11.3 | 212 | 6.0 | 5.0
STj(y,np) | 20.1 | 348 | 165 | 1.1

In Tables 3-5, the data are presented on the yield of
scandium isotopes in PNC 0.05 mm thick from natural
titanium, obtained by MC simulations with the use of
the TALYS data and for all those channels of isotope
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generation. It is evident, that the (y,p) and (y,np) reac-
tions provide the dominating contribution to the total
activity of an isotope-product.

Table 3
Reduced activity of “’Sc in PNC, kBg/A h (simulations)

E., MeV | “®Ti(y,p)*"Sc | ®Ti(y,np)*’Sc | Total

40 19.8 0.23 20.1

60 30.1 0.56 30.7

80 35.8 0.77 36.6

95 38.9 0.89 39.8
Table 4

Reduced activity of “*°Sc in PNC, kBg/A h (simulations)

E., MeV | “'Ti(y,p)*sc | ®Ti(y,np)**Sc |  Total
40 0.061 0.090 0.152
60 0.090 0.244 0.339
80 0.107 0.339 0.455
95 0.116 0.392 0.519

Table 5

Reduced activity of “Sc in PNC, kBg/A h (simulations)
E., MeV | “Ti(y,p)*®sc | *Ti(y,np)*®Sc | Total
40 0.88 0.06 0.94
60 1.35 0.22 1.57
80 1.62 0.35 1.97
95 1.76 0.42 2.18

2.1.2. In Fig. 2, the spectra of the activated titanium
foils are presented. The observed traces of “™Sc (T4, =
58.6 h) can be explained by the “*Ti(y,np)**™Sc reaction.
Its yield in PNC is about 30 Bq/pA-h at 40 MeV and up
to 540 Bg/pA-h at 95 MeV. The lines of “**K at
95 MeV are caused by the reactions *"**Ti(y,pa), respec-
tively, “°K is the background.
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Fig. 2. y~spectra of irradiated foils from natural
titanium: E;= 40 MeV (a); E. = 95 MeV (b)

The measured yield of the scandium isotopes is
listed in Table 6. It is evident, that the experimental data
are considerably higher than the calculated values.
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For determination of the o and I" parameters of
the reactions under study, the procedure described in the
subsection 1.1.2 was applied. The E.x value was taken
from the TALYS code. In a case when an isotope-
product is generated in the several reactions simultane-
ously, it was assumed, that the contribution of each
channel is proportional to the corresponding simulation
result (see Tables 3-5).

Table 6
Reduced activity of scandium isotopes in PNC
from natural titanium, kBg/zA h (experiment)

E., MeV %3¢ sc B3
40 0.30 34.7 3.23
60 0.60 54.6 5.40
80 0.79 66.8 6.83
95 0.94 74.1 7.64

2.2. ®Ti(y,p)*'sc

This reaction determines the yield of *“’Sc in natural
titanium, as the content of *®Ti is by one order of magni-
tude higher than that of other titanium isotopes (see Ta-
ble 1). Using the experimental data on the *'Sc activity
in PNC, the conduct [o,, -S(£,)] was calculated by

the formulae (2), (4) for each electron beam energy. In
Fig. 3, the family of variants of the excitation function
for the “®Ti(y,p)*’Sc reaction, normalized to maximum
cross-section, and corresponding to a set of the possible
I" values, is shown. The data on the parameters of the
reaction, used in the calculations, are listed in the Ta-
bles 7 and 8. The reaction yield was determined by MC
technique for every variant of its excitation function.
The obtained data were processed using the equation (5)
followed by establishment of actual range of 7" and omax

(Fig. 4).

Table 7
S-factor of “®Ti(yp)*’Sc reaction used in simulations
I, MeV
E., MeV 11 | 12 | 125 [ 13
S-factor
40 0.581 0.613 0.628 0.643
60 0.813 0.862 0.884 0.907
80 0.937 0.995 1.023 1.049
95 0.998 1.060 1.090 1.119
1.0
Ti-48(y,p)Sc-47
08 1 —=— =11 MeV
5 —o—I'=12MeV
® —— "= 12.5 MeV
Z 0.6 1 =13 MeV
2 0.4 -
S
0.2 4
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E, MeV
Fig. 3. Variants of normalized excitation function
of ®*Ti(p)*'Sc reaction

ISSN 1562-6016. BAHT. 2022. N23(139)



Table 8
Parameters of cross-section of “Ti(y,p)*’Sc reaction
used in simulations

Table 11
Parameters of cross-section of *’Ti(y,p)**Sc reaction
used in simulations

E I, MeV £ I, MeV
Mo/ 11 | 12 [ 125 | 13 Moy 6 | 7 [ 8 | 9 | 10
Ommax, MD Omax, MD
40 12.7 12.1 11.8 115 40 173 [ 153 | 138 | 127 | 118
60 13.4 12.7 12.3 12.0 60 156 | 137 | 123 | 113 | 104
80 13.9 13.1 12.8 12.4 80 156 | 137 | 123 | 112 | 104
95 14.4 135 13.2 12.8 95 165 | 145 | 13.0 | 118 | 109

2(dev?), x10°

1.000
0.702
0.493
0.347
0.243
0.171
0.120
0.084
0.059
0.042
0.029
0.021
0.014

0.010
0.007
0.005

Fig. 4. Distribution of deviation square sums
of calculated *'Sc activity from one measured

Hence for the *Ti(y,p)*’Sc reaction, o and
FWHM lie in the range 12.5...14mb and
11.5...13 MeV at the most probable values of 13.1 mb
and 12.6 MeV, respectively.

2.3. “ITi(y,p)**sc and “®Ti(y,np)*°sc

2.3.1. As it is follows from the data of Table 4, these
the two channels provide above 99% of the “Sc total
yield. The relative contribution of each reaction into the
measured “°Sc activity was assumed proportional to the
values given in this Table. The experimental data on the
yield of the *'Ti(y,p)*Sc reaction in PNC, reduced in
such a way, as well as the corresponding values of the
product [, -S(E,)] are listed in Table 9. The range

of the possible reaction parameters, used in the simula-
tions, is presented in Tables 10, 11.

¥(dev?), x10°

5.000
3.852
2.968
2.287
1.762
1.357
1.046
0.806
0.621
0.478
0.368
0.284

0.219
0.168
0.130
0.100

Fig. 5. Distribution of deviation square sums
of calculated *®Sc activity, produced by *'Ti(yp)*®Sc
reaction, from experimental data

The results of calculations of Za’ev2 for the given
i

reaction are shown in Fig. 5. It is seen, that the pair
(14 mb; 7.2 MeV) provides the most closest calculated
yield of *°Sc to that obtained experimentally for the giv-
en reaction.

2.3.2. The initial data and results of calculations of
characteristics of the “*Ti(y,np)**Sc reaction are present-
ed in Tables 12-14 and in Fig. 6.

Table 12
Reduced yield of **Ti(np)*°Sc reaction in PNC
E. Aenc, Ba/uAh | [S(E.) -Oma] 1077, cm?
40 179 0.96
60 441 2.22
80 604 3.04
95 730 3.56
Table 13
S-factor of **Ti(np)*Sc reaction
E | T, I\l/leV |
i 10 11 12 13
MeV S-factor
40 0.181 0.194 0.205 0.216
60 0.384 0.412 0.437 0.461
80 0.497 0.533 0.568 0.600
95 0.552 0.593 0.632 0.669
Table 14

Parameters of cross-section of *Ti(y;np)*°Sc reaction
used in simulations

Table 9
Reduced yield of *'Ti(y,p)*Sc reaction in PNC
E. Aenc, Ba/pAh | [S(Ee)-Omad-10%, cm?
40 121 0.656
60 159 0.808
80 186 0.924
95 210 1.032
Table 10
S-factor of “’Ti(yp)*°Sc reaction
£ | | I, MeV | |
< 6 7 8 9 10
MeV S-factor
40 0.189 0.214 | 0.237 0.259 0.279
60 0.259 | 0.295 | 0.328 | 0.359 | 0.388
80 0.296 | 0.337 | 0.375 | 0.411 | 0.446
95 0.314 | 0.357 0.398 0.437 0.474
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I, MeV
E., MeV 10 [ 11 | 12 | 13
Omax, Mb
40 5.3 5.0 4.7 4.5
60 5.8 5.4 5.1 4.8
80 6.1 5.7 5.4 5.1
95 6.4 6.0 5.6 5.3
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Fig. 6. Distribution of deviations square sums
of calculated *°Sc activity, produced by reaction
*®Ti(7,np)*Sc, from experimental data

It is evident, that the best result is located in the
neighborhood of the pair (5.6 mb; 12.7 MeV).

2.4. “Ti(y,p)*sc and *Ti(y,np)**sc
2.4.1. The reduced experimental data for the reaction

>(dev?), x10°
10.0
0.080
0.075

0.070
0.064
0.059
0.054
0.049
0.044
0.038
0.033
0.028
0.023

I, MeV

0.018
0.012
0.007
0.002

— T
10.4 10.6

10.8

o, mb
Fig. 7. Distribution of deviations square sums
of calculated **Sc activity, generated by “*Ti(yp)**Sc
reaction, from experimental data

2.4.2. The reduced experimental data on the yield of
the *Ti((y,np)**Sc reaction and the results of their pro-
cessing are presented in Tables 18-20, and also in
Fig. 8.

Table 18
Reduced yield of *°Ti(y;np)*®Sc reaction in PNC

“Ti(y,p)*®Sc and the results of their processing are giv-
en in Tables 15-17, and also in Fig. 7. The best result is
located nearby (10.6 mb, 9.5 MeV). It should be noted,
that the yield of this reaction at each electron beam en-
ergy obtained by the MC simulations with the use of
these parameters does not differ by more than 1% from
the experimental data.

Table 15

Reduced yield of “Ti(y,p)**Sc reaction in PNC

E. Apnc, kBa/puA-h | [S(Ee) -Oma] 107, cm?
40 3.02 4,78
60 4.63 6.86
80 5.62 8.16
95 6.17 8.86
Table 16
S-factor of “*Ti(p)*®Sc reaction
I, MeV
E,, MeV 8 9 [ 95 | 10
S-factor
40 0.433 0.472 0.491 0.509
60 0.613 0.671 0.699 0.726
80 0.708 0.776 0.809 0.841
95 0.753 0.827 0.862 0.897
Table 17

Parameters of cross-section of “*Ti(y,p)**Sc reaction
used in simulations

E., MeV I, MeV
8 |9 [ 95 | 10

o, mb
40 11.0 [101 97 9.4
60 112 102 |98 9.5
80 115 [105 |10.1 9.7
95 11.8 [107 103 9.9

20

E., MeV | Apyc, kBa/uA-h | [S(Ee)-Giad 107, cm®
40 0.21 0.34
60 0.77 1.17
80 1.21 1.79
95 1.47 2.16
Table 19
S-factor of *Ti(ynp)*®Sc reaction
I, MeV
E,Mev| 12 [ 13 [ 14 [ 15
S-factor
40 0.127 0.136 0.145 0.153
60 0.352 0.373 0.394 0.413
80 0.484 0.515 0.545 0.572
95 0.550 0.585 0.619 0.651
Table 20

Parameters of cross-section of *Ti(y,np)*®Sc reaction
used in simulations

I, MeV
E, MeV 12 [ 13 [ 14 15
Omax, Mb
40 2.7 2.5 2.4 2.2
60 3.3 3.1 3.0 2.8
80 3.7 35 3.3 3.1
95 3.9 3.7 35 3.3

>(dev?), x10°

4.0

42

o, mb
Fig. 8. Distribution of deviations square sums

of calculated **Sc activity, produced by *°Ti(ynp)*®Sc

reaction, from experimental data

4.4 4.6

0.800
0.760
0.720
0.680
0.640
0.600
0.560
0520
0.480
0.440
0.400
0360
0320
0.280
0240
0.200
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The optimal o and I” values lie in the range
3.8...4.0 mb and 13...14 MeV, respectively.

CONCLUSIONS

The comparison of the “**Sc yield in a photonuclear
converter (PNC) from natural titanium, obtained by MC
simulations with the use of TALYS cross-section data
(see Tables 3-5) and that measured experimentally (see
Table 6) shows, that the last is from 1.5 to 3 times high-
er. In its turn, the yield of the “*Ti(y,p)*'Sc reaction
measured in this work is twice lower than that calculat-
ed with the use of the cross-section data determined
experimentally earlier [5, 6]. At the same time, the rati-
os of the relative yields of scandium isotopes, measured
in this work at E£,=60MeV and in work [6] at
E.=55MeV, are in good agreement. Such contradic-
tion poses the necessity to specify the cross-section da-
ta.

The developed method for estimation of gross-
structure parameters of the giant dipole resonance [7]
enables to establish the range of width and maximum of

an excitation function under study on the basis of exper-
imental data on the yield of the reaction in the readily
reproducible conditions of photonuclear converter and
the developed analytical model.

Application of the method for the determination of
photo-proton cross-sections on the titanium isotopes
gives an opportunity to specify the parameters of the
reactions of “**®Sc production. So, for the “®Ti(y,p)*'Sc
reaction, the determined range of oy 12.5...14 mb is
in good agreement with the TALYS predictions. At the
same time, the obtained FWHM value 11.5...13 MeV is
considerably higher but close to the experimental data
[5]. The significant differences with the findings of the
TALYS package take place also for other reactions un-
der study (Table 21).

It should be noted, that the checking of variability of
the cross-section data given by the proposed technique
for a two-channel pathway of the isotope-product gen-
eration by changing the relative yield of each reaction
has shown the proportional change of maximum cross-
section o While keeping the FWHM value.

Table 21

Characteristics of photo-proton reactions on titanium isotopes

Isotope- Reaction Data obtained Data available
product IMeV | Ghax, mb | I, MeV | Giax, Mb Ref.
g0 *“Ti(y,p)*sc 7.2 14.0 6.4 9.8 [4]
“Ti(y,np)*®sc | 12.7 5.6 11.7 3.8 [4]
7.5 13.4 [4]
'Sc “Ti(y,p)*'Sc 12.6 13.1 11.5 30.0 [5]
7.3 6.8 [3]
s, “Ti(y,p)*sc 9.5 10.3 6.0 5.0 [4]
**Ti(y,np)**sc 14 3.8 16.5 1.1 [4]
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OLIHKA IEPEPI3IB ®OTOINPOTOHHUX PEAKIIN HA I30TOMAX *"*°Tj
MLIL. Juxui, 0.0. 3axapuenxo, FO.B. JIawko, B.JI. Yeapos, B.A. Illesuenko, A.E. Teniuies

PO3BHTOK TEXHOTOTii BUPOGHMIITBA i30TONIB HAa MPHUCKOPIOBAYAX CIEKTPOHIB, 30KpeMa *'Sc 3a peakiiero
“®Ti(y,p)*'Sc, moTpeGye GimbII TOYHHX JAHHX MPO TEpEpi3H Iiei Ta iHMMX (POTONPOTOHHMX PeaKIliii Ha i30TOmax
TUTaHy, OCKUIBKM HasBHI JaHi XapaKTepU3yIOTbCS CYTTEBUM pO3KWAOM. Panim OyB 3ampornoHOBaHWH Ta
BaJIiZIOBaHUI NMPOCTUI METOJ OLIHKM MaKCHUMyMy i HMIMpHHH (DYHKLIT 30y/KeHHsS Ul peakuii 3 JOMiHyBaHHIM
TIraHTCHKOTO AMITONBFHOTO Pe30HAHCY. MeToI 3aCHOBaHUI Ha BIMipIOBaHHI HOPMOBAHOTO BHUXOXY PEAKIlil B TOHKiH
MIIIIeHI, sIKa MOBHICTIO TEPEKPHUBAE IOTIK TaJbMIBHUX (OTOHIB, 1 00pOOI OXepKAaHWX MAaHWX 3 BHKOPHUCTAHHSIM
po3pobienHoi aHamiTHIHOI Mojeni. Byno nmpoBeneHo cyMmicHy akTHBaIifo (OIBT 3 IPUPOAHOTO HIKETI0, MOJIOICHY
Ta TUTaHY TaJbMIBHHM BHIIPOMIHIOBAaHHIM 3 T'paHUYHOIO eHeprieio B miama3oni 40...95 MeB. 3 BukopuctanHsIM
HOBOTO METOAy HOCIimkeHo mapamerpu peakuiit: “°Ti(y,p)*’Sc, “Ti(y,p)**Sc, *°Ti(y,np)*Sc, *'Ti(y,p)**Sc Ta
“®Ti(y,np)*Sc. Jlns Bepubixauii ogepxaHux pesynbTaTiB BUKOpHCTaHi m06pe BuBueHi peaxiii ~°Ni(y,n)*’Ni Ta
1%Mo(y,n)*Mo, mo BixbyBaroThCs y Hikelm Ta MOIGACHi.

OLEHKA CEYEHUI ®OTONMPOTOHHBIX PEAKIIMI HA U30TOMAX “"°Ti
H.II. Juxuii, A.A. 3axapuenxo, 10.B. /Iawmko, BJI. Yeapos, B.A. Illleeuenko, A.J. Tenuwies

Pa3sBuTHE TEXHOJOTMH HPOM3BOICTBA M30TONOB HA YCKOPHTENAX JIEKTPOHOB, B YACTHOCTH *'SC 1O PEaKIHH
“®Ti(y,p)*'Sc, Tpebyer Goee TOUHBIX JAHHBIX O CEYEHHSX STOH W APYrHX (JOTOMPOTOHHBIX PEAKIMIl HA H30TOMAX
THTaHA, NOCKOJIBKY MMEIOLINeCs JaHHbIC XapaKTEePU3YIOTCs CYLICCTBEHHBIM pa30opocoM. PaHee ObLT HpeioxeH U
BAJIMIMPOBAH IIPOCTOI METOJ] OLICHKH MaKCHMyMa M INUPHHBI GYHKIMK BO30YKICHUS ISl pEaKuy ¢ JOMHHUPOBA-
HHEM THTaHTCKOTO IUIOJBHOTO pe3oHaHca. MeTox OCHOBaH HAa M3MEPEHHWH HOPMHPOBAHHOIO BBIXOJA PEAKIUH B
TOHKO# MHIIICHH, TOJHOCTHIO MEPEKPHIBAIOIICH MOTOK TOPMO3HBIX (POTOHOB, U 0OPAOOTKE MONTYyICHHBIX AaHHBIX C
HCTIONB30BaHUEM Pa3paboTaHHOM aHATUTHYECKOH Mojienu. Bblia mpoBeeHa COBMECTHAS aKTHBAIMS (OJIBT U3 MPHU-
POJHBIX HUKEJs, MOJIMOJICHA ¥ TUTaHA TOPMO3HBIM M3ITy4eHHUEM C TpPaHUYHON dHepruei B auanazone 40...95 MaB.
C wuCronb30BaHMEM HOBOTO METOAA OBUTH HCCIIEMOBAHBI MapaMETPhl PEaKIIUii: 48Ti(y,p)47SC, 49Ti(y,p)‘wSC,
OTi(y,np)*®Sc, “'Ti(y,p)*°Sc u ®Ti(y,np)**Sc. [l BepuduKaIiH MONYYEHHEIX Pe3yIbTATOB HCIIOIB30BAHBI XOPOIIO
nsyaennsie peakmun “oNi(y,n)>'Ni n ***Mo(y,n)**Mo, koTopsie mporcxoasT B HEKENE 1 MOTHOICHE.
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