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Rare Earth Elements (REE) are a group of seventeen chemical elements in the periodic table, including lanthanides and
scandium and yttrium. These elements have unique physical and chemical properties that make them valuable in various
industries, including electronics, magnets, and catalysts. However, radioactive isotopes of rare earth elements also possess
effective nuclear physical properties that make them promising for the development of new radiopharmaceuticals for
therapeutic purposes. These radioactive isotopes have unstable atoms with excess nuclear energy, and they undergo
radioactive decay, which can be utilized for medical applications.

The nuclear physical properties of radioactive isotopes of rare earth elements make them suitable for therapeutic purposes
in medicine. For example, technetium-99m, a radioactive isotope of technetium, is widely used in diagnostic nuclear
medicine due to its outstanding physical-chemical characteristics. Other radioactive isotopes of rare earth elements, such
as holmium-166, have been established for a broad spectrum of medical applications. These isotopes can be used in
targeted radiation therapy to treat various diseases, including cancer. The unique properties of these radioactive isotopes
allow for precise targeting and delivery of radiation to specific tissues or cells, minimizing damage to healthy tissues.
The potential of radioactive isotopes of rare earth elements for therapeutic purposes extends beyond the current
applications. Ongoing research and innovations in the field of radiopharmaceuticals continue to explore the use of
underutilized lanthanoid radionuclides for theranostic purposes. For example, astatine, a rare and highly radioactive
element, exhibits multiple isotopes that can be potentially utilized in targeted therapy. The development of new
radiopharmaceuticals using radioactive isotopes of rare earth elements holds promise for advancing medical treatments
and improving patient outcomes. With further research and advancements, these isotopes may play a crucial role in the
future of therapeutic medicine.

This research work makes it possible to evaluate the possibility of obtaining REE such radioisotopes as: *°Y, 4'Ce, *4’Nd,
1535m, 165Dy, %6Ho, 169Tm, 175YD, Y'"Yb, 7Lu by reaction (n, y) at the WWR-K reactor.

Keywords: rare-earth isotopes, WWR-K research reactor, neutron irradiation, specific activity, direct nuclear reaction.

1. INTRODUCTION B-particles have variable energy (0.1-2.2 MeV) and

The main goal of radiotherapy is to ensure the speci-
ficity of RP delivery to a malignant cell at a low dose of
radiation to healthy tissues [1]. Therefore, when develop-
ing new radiopharmaceuticals, special attention should
be paid to both the nuclear and physical properties of the
radioactive isotopes included in the composition and the
chemical and (or) biological component labeled with one
or another radioactive isotope. The suitability of RP with
one or another chemical or biological component is eval-
uated to reflect the function of the cell or the whole or-
ganism as fully as possible.

The criteria for choosing a radionuclide for radionu-
clide therapy are: type of decay — radionuclides emitting
corpuscular radiation are used for therapeutic procedures:
a and B-emitters, as well as emitters of Auger electrons
and X-rays. Moreover, the emitted radiation should have
a suitable linear energy transfer coefficient and «mile-
age» (absorption) in the tissues of the body: from frac-
tions to several millimeters, and the daughter decay
products should be short-lived or stable. The presence of
additional gamma radiation in the range from 70 to
250 keV is a positive factor that allows determining the
exact location of the radiopharmaceutical after its admin-
istration and monitoring the treatment process.

relatively low penetrating power, which is usually in the
range of 0.2 keV/um. Although beta-emitters are the
most developed class of radiotherapeutic agents, it is
known that their low resolution leads to a high attenua-
tion range (0.5—10 mm; 50-1000 cell diameters), which
often goes beyond the diameter of target tumors. This can
lead to the death of healthy cells and is the main deterrent
to beta therapy. Currently, low-energy p-emitters (for ex-
ample, ¥7Lu) are being actively investigated due to their
lower radiation energy compared to high-energy
B-emitters (for example, *°Y); radiation energy — isotopes
with low, medium and high maximum particle energy are
used for radiotherapy, depending on the volume of tissue
or organ, in need of treatment; half-life — preference is
given to radionuclides with a half-life of 6 hours to 7 days
[2].

The selection of an isotope with a suitable half-life is
carried out taking into account the pharmacokinetics of
the transport molecule, which is designed to deliver the
radionuclide to the zone of interest [3]. Radiopharmaceu-
ticals with a therapeutic effect should be in the focus of
cancer formation for a sufficient time so that radiation
has time to destroy cancer cells [4]. Definitely, in the case
of using an isotope with a too short half-life, the activity
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of the isotope will decrease before the transport molecule
penetrates into the oncological neoplasm and settles in it.
The worst thing is that the therapeutic effect will not be
achieved, and the radiation dose of healthy and radiation-
sensitive tissues will take place. On the other hand, a long
half-life will provide a therapeutic effect of oncological
diseases, since long-lived nuclides are quite tolerant to
the bone marrow. Moreover, a very long half-life does
not always have a positive effect, since an excessively
long half-life increases the amount of radiopharmaceuti-
cal that needs to be moved to an oncological neoplasm to
obtain a therapeutic effect, taking into account decay and
excretion [4].

The main criteria for choosing the half-life of an iso-
tope are based on data on the molecular weight, size and
topological characteristics of the transport molecule, as
well as on the size of tumor formations [1]. If the RP is
aimed at scattered cells, then the half-life should prefera-
bly be selected in the range from several hours to several
days. Significantly longer half-lives of the isotope (more
than a week) are necessary to achieve a therapeutic effect
on large tumors [5, 6].

Also an important factor in the quality and safety of
drugs is the absence of toxic impurities or radioactive
substances, as a result of the radioactive decay of which
long-lived radionuclide impurities form [7, 8].

To determine the list of the most promising REE for
irradiation at the WWR-K reactor, an analysis of their nu-
clear physical characteristics was carried out according
to the literature data.

Research reactor WWR-K, rated power of 6 MW with
a maximum density of thermal neutron flux of
2:10% n-cm™2-s7!, The duration of the standard irradia-
tion cycle of the reactor is 21 days.

Table 1 presents data on the natural composition of
REE and the nuclear physical properties of radioactive
isotopes formed by irradiation with thermal neutrons, as
well as criteria for the selection of isotopes.

Radioactive isotopes were taken into consideration,
the half-life of which lies in the range from 1 hour to 700
days, which is associated with the possibility of their fur-
ther use for radionuclide therapy or brachytherapy. The
table does not provide data on the element promethium,
since this element occurs on Earth only in trace amounts
as a product of spontaneous fission of uranium —2°U and
238 and has no stable isotopes.

%Y — Natural yttrium oxide Y203 will be used to carry
out the 8Y(n, y)®°Y reaction, with an activation cross sec-
tion ¢ = 1.26+0.08 barns. This isotope has a beta decay
mode T12 = 64 hours, with a 100% probability, decaying
at %Zr. It has a low-intensity gamma radiation energy
equal to 2186.24 keV, as well as X-ray radiation energies
of 15.775 keV and 15.691 keV [9].

141Ce — The reaction 14°Ce(n, y)'#'Ce has an activation
cross section of 0.58 barns. This isotope has a beta decay
mode T1, = 32.511 days, with 100% probability, decay-
ing in Pr. It has a gamma-ray energy equal to

145.4433 keV, with a radiation intensity of &, = 48.4%,
as well as X-ray energies of 36.027 keV and 35.551 keV

[9].

147Nd — The reaction “®Nd(n, y)**’Nd has an activa-
tion cross section of 1.41 barns. This isotope has a beta
decay mode Ti =11.03 days, with 100% probability,
decaying at *4’Pm. It has gamma radiation energies equal
to 91.1050 keV, with a radiation intensity of &, =28.9%
and 531.012 keV, with a radiation intensity of
g, =13.11%, as well as X-ray radiation energies of
38.724 keV and 38.171 keV [9].

158Sm — The reaction **2Sm(n, y)*>3Sm has an activa-
tion cross section of 206 barns. This isotope has a beta
decay mode Ty = 45.284 hours, with 100% probability,
decaying in *3Eu. It has gamma radiation energies equal
t0 103.180 keV, with a radiation intensity of &, = 29.14%,
69.673 keV, with a radiation intensity of &, =4.67%,
97.431 keV, with a radiation intensity of &, = 0.763%, as
well as X-ray energies 0of 41.541 keV and 40.901 keV[9].

185Dy — The reaction **Dy(n, y)'*°*Dy has an activa-
tion cross section of 2650 barns. This isotope has a beta
decay mode Ti = 2.332 hours, with 100% probability,
decaying in 1*Ho. It has a gamma radiation energy equal
to 94.700 keV, with a radiation intensity of ¢, = 3.8% as
well as X-ray energy of 47.547 keV and 46.700 keV [9].

166Ho — The reaction *Ho(n, y)'%®Ho has an activa-
tion cross section of 64.7 barns. This isotope has a beta
decay mode Ty = 26.824 hours, with 100% probability,
decaying in %¢Dy.It has a gamma radiation energy equal
to 80.576 keV, with a radiation intensity of &, = 6.56%,
1379.437 keV, with a radiation intensity of &, = 0.922%,
1581.834 keV, with a radiation intensity of &, = 0.182%,
1662.439 keV, with a radiation intensity of
g, = 0.1191%, as well as X-ray energies of 49.128 keV
and 48.222 keV [9].

10T m — The reaction ¥*Tm (n, y)*°Tm has an activa-
tion cross section of 105 barns. This isotope has a beta
decay mode Ti, = 128.6 days, with a 99.869% probabil-
ity, decaying in Y°Yb and with a probability of 0.131%
in Y%Er. It has a gamma radiation energy equal to
84.255 keV, with a radiation intensity of &, = 2.48%, as
well as X-ray radiation energies of 6.545-10.459 keV
and 52.389 keV[9].

15Yh — The reaction #Yb(n, y)®Yb has an activa-
tion cross section of 63.2 barns. This isotope has a beta
decay mode Ty, =4.185 days, with 100% probability,
decaying at Y°Lu. It has gamma radiation energies equal
to 396.329 keV, with a radiation intensity of g, = 13.2%,
282.522 keV, with a radiation intensity of &, = 6.13%,
113.805 keV, with a radiation intensity of &, = 3.87%, as
well as X-ray energies of 54.070 keV and 52.965 keV

[9].
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Table 1. Isotopic abundance of natural rare-earth isotopes

and activation products [9]

o o(b) Product RN
Isotope aﬁur‘:ladt:rr\acle for (n,y) and its characteristics,
reaction probability >0.1%
43¢ 100 27.2 8¢ (-, 83.9d)
8y 100 1.28 90Y (B-, 64.0 h)
159Th 100 233 180Th (B, 72.1 d)
136Ce 0.19 6.5 37Ce (B*,8.9 h)
138Ce 0.25 1.02 139Ce (EC, 137.6 d)
140Ce 88.45 0.58 141Ce (B, 32.5d)
142Ce 11.11 0.97 143Ce (0, 5107 y)
41py 100 115 142Pr (B, 19.1 h)
142Nd 272 18.7 143Nd (stable)
143Nd 12.2 325.15 144Nd (stable)
144Nd 238 3.59 145Nd (stable)
145Nd 8.3 49.83 146Nd (stable)
146Nd 17.2 1.41 147Nd (-, 10.98 d)
148Nd 5.7 2.58 149Nd (B, 1.73 h)
150Nd 5.6 1.03 51Nd (B, 12.44 m)
144Sm 3.07 1.64 145Sm (EC, 340.3 d)
47Sm 14.99 57 148Sm (0, 6.98-10% y)
148Sm 11.24 2.39 149Sm (stable)
149Sm 13.82 40.54 kb | 15°Sm (stable)
150Sm 7.38 100 151Sm (B, 88.8 y)
152Sm 26.75 206 1538m (B, 1.93 d)
184Sm 22.75 8.3 155Sm (8-, 22.3 m)
B1EY 47.81 | 9200 152Eu (72.1% B+, 27.9% B, 13.5y)
183EY 52.19 312 184Eu (-, 8.59 y)
152Gd 0.2 735 183Gd (EC, 240.4 d)
154Gd 2.18 85.01 185Gd (stable)
155Gd 14.8 60.74 kb | 1%6Gd (stable)
156Gd 2047 2.19 157Gd (stable)
157Gd 15.65 253.7kb | 18Gd (stable)
158Gd 24.84 2.50 1%9Gd (8-, 18.5 h)
160Gd 21.86 2.2 161Gd (B, 3.66 m)
159Th 100 233 180Th (B, 72.3 d)
156Dy 0.06 33 157Dy (B*, 8.1 h)
158Dy 0.1 43 159Dy (EC, 144.4 d)
160Dy 2.34 56.65 161Dy (stable)
161Dy 18.91 600.1 162Dy (stable)
162Dy 25.51 193.9 163Dy (stable)
163Dy 249 124.2 164Dy (stable)
164Dy 2818 | 2650 165Dy (-, 2.33 h)
165Ho 100 64.7 166Ho (B, 1.12 d)
162Ey 0.14 13 163Er (B*, 1.25 h)
164E 1.60 12.88 165Er (EC, 10.4 h)
166E 355 16.75 167E (stable)
167Ey 229 644.2 168Er (stable)
168Ey 26.98 2.74 169Er (B, 9.375 d)
170Er 14.91 8.85 MEr (8-, 17.52 h)
169Tm 100 105 170Tm (B-, 128.6 d)
168Yh 0.13 | 2300 169Yh (EC, 32 d)
170Yh 3.04 10 71Yb (stable)
71Yh 14.28 53 172Yp (stable)
172Yp 21.83 1 73Yb (stable)
73Yp 16.13 17 174Yb (stable)
174Yh 31.83 63.2 175Yb (B, 4.2 d)
176Yh 12.76 2.85 77Yb (B, 1.9 h)
5Ly 97.41 23.1 176y (stable)
176y 2,59 | 2090 177Lu (8-, 6.65 d)

7Y — The reaction 6Yb(n, y)*"Yb has an activa-
tion cross section of 2.85 barns. This isotope has a beta
decay mode Ty, = 1.911 hours, with 100% probability,
decaying at Y’Lu. It has gamma radiation energies equal
to 150.399 keV, with a radiation intensity of &, = 18.0%,
1080.204 keV, with a radiation intensity of &, =5.1%,
1241.8 keV, with a radiation intensity of &, =3.07%,
121.621 keV, with a radiation intensity of &, = 3.05%, as
well as X-ray energies of 54.070 keV and 52.965 keV

[9].

7Lu — The reaction Y8Lu(n, y)""Lu has an activation
cross section of 2090 barns. This isotope has a beta decay
mode T1, = 6.6443 days, with 100% probability, decay-
ing in YHf. It has gamma-ray energies equal to
208.3662 keV, with a radiation intensity of &, = 10.41%,
112.9498 keV, with a radiation intensity of &, = 6.23%,
as well as X-ray energies of 54.070 keV and 52.965 keV
[9].

2. EXPERIMENTAL

2.1. Materials and measurements

Scandium oxide Sc20s, Yttrium nitrate Y(NOs3)s,
Dysprosium nitrate Dy(NO3)s, Erbium nitrate Er(NO3)s,
Cerium chloride CeCls, Neodymium chloride NdCls, Sa-
marium chloride SmCls, Holmium chloride HoCls, Ytter-
bium chloride YbCls, Lutetium chloride LuCls, Thulium
oxide tmooa: natural composition of AR class, were pur-
chased from well-known manufacturers of chemical rea-
gents. All chemical reagents and solvents used
corresponded to the CP class (chemically pure)

The activity and radionuclide purity of the obtained
isotopes QOY, 141C8, 147Nd, 153Sm, 165Dy, 166HO, leng,
175¥Dp, 177Yb, ¥7Lu were determined using a high-resolu-
tion gamma-spectrometric analysis method using an
HPGe detector (ORTEC) connected to a multichannel
analyzer DSPEK5Q™,

Measurements by atomic emission spectrometry were
carried out on an inductively coupled plasma Spectro-
Genesis optical spectrometer.

The irradiation was carried out on a research reactor
WWR-K in a peripheral channel with a thermal neutron
flux of 8.09-10'%* n-cm2-s7.

2.2. Target preparation

To prepare REE samples for irradiation, a preparation
technology consisting of several stages was developed:

Preparation of solutions of rare earth elements with a
concentration of 1.0 mg/mL.

A sample of scandium oxide Sc;0s3 in the amount of
153.4 mg and thulium oxide Tm,Os in the amount of
114.2 mg was placed in a 100 mL chemical heat-resistant
glass, moistened with 1-2 drops of purified water and
20 mL of 4M hydrochloric acid was added. After com-
plete dissolution of the oxide during heating, the solution
was cooled, quantitatively transferred to a 100 mL volu-
metric flask and brought to the mark with purified water.
The concentrations of scandium and thulium in solutions
were 1 mg/mL.
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Samples of yttrium nitrate Y(NO3); in the amount of
309.2 mg; dysprosium nitrate Dy(NO3)s in the amount of
214.5 mg; erbium nitrate Er(NOz)s in the amount of
211.2 mg were placed separately in chemical heat-re-
sistant glasses per 100 mL and added to each glass 10—
20 mL of purified water, after complete dissolution the
suspended solutions were evaporated in a water bath dry
and until the vapor release was completely stopped, the
dry residues were dissolved in 20 mL of 4M hydrochloric
acid, the solution was cooled, quantitatively transferred
to 100 mL volumetric flasks and brought to the mark with
purified water. The concentration of yttrium, dysprosium
and erbium in the corresponding solutions was 1 mg/mL.

Preparation of solutions of cerium, neodymium, sa-
marium, gadolinium, holmium, erbium, ytterbium and
lutetium chlorides from metal chlorides.

Samples of cerium chloride CeCls in the amount of
176.0 mg; neodymium chloride NdCls in the amount of
173.8 mg; samarium chloride SmCls-6H-0 in the amount
of 242.7 mg; gadolinium chloride GdCl; in the amount of
167.7 mg; holmium chloride HoCls in the amount of
164.6 mg; ytterbium chloride YbCls in the amount of
161.6 mg; lutetium chloride SmCls-6H20 in the amount
of 222.6 mg they were placed separately in 100 mL
chemical heat-resistant glasses and 20-30 mL of purified
water was added to each glass, after complete dissolution
of the attachments, the solutions were quantitatively
transferred to 100 mL volumetric flasks and brought to
the mark with purified water. The concentration of metals
in the corresponding solutions was 1 mg/mL.

2.3.  Production of rare-earth isotopes by (n,y)

activation

Isotopes 90Y, 14lce, 147Nd, 1535m, 165Dy’ 166H0, 169-|—m,
15Yh, 77YDb, Y"Lu were obtained by bombardment with
thermal neutrons from naturally occurring targets at the
WWR-K reactor with a neutron flux of
8.09-10% n-cm™2-s7!. Irradiation was carried out for 2
hours. At the end of the irradiation, the target was cooled
for 3 hours.

2.4. Preparation of radioactive solution

For dissolve the irradiated target, 1 mL of 0.1 M hy-
drochloric acid was fed into the ampoule by a peristaltic
pump. The peristaltic pump is connected to a timer that
automatically turns off the pump after feeding 1 mL of
hydrochloric acid solution. After the acid entered the am-
poule, the REE solution was pumped into a 10 mL vial.
The dissolution operation was repeated three times for
the complete transfer of the dissolved REE into the vial
for synthesis.

To carry out irradiation at the WWR-K reactor of the
selected group of sample elements weighing from 50 to
200 micrograms, standard sealing was used by the seal-
ing method.

After welding, each ampoule was checked for tight-
ness by the bubble method: immersed in a container
heated to 80 °C and were kept for 10 minutes. The ab-
sence of air bubbles on the surface of the ampoule

testified to its tightness. A sealed ampoule is loaded into
a standard pencil case, a standard pencil case for irradia-
tion at the reactor. Figure 1 shows a photo of an ampoule
for irradiation.

Figure 1. Ampoule for irradiation

2.5. Radionuclidic purity

Radionuclide purity was determined by the g-spec-
trum using an HPGe detector. All spectra were recorded
at regular intervals in time.

Energy and efficiency calibration in a certain geome-
try was performed using a standard *?Eu source. The
samples were measured for 1 hour.

3. RESULTS AND DISCUSSION

Results of measurements of concentrations of dis-
solved salts of samarium(*>3Sm), holmium (*%¢Ho), lute-
tium  (Y7Lu), erbium (*°Er), gadolinium (*3Gd),
neodymium (**’Nd) and cerium (**!Ce), yttrium (*°Y), yt-
terbium (*°Yb) and dysprosium (**’Dy) as well as the
presence of impurities of other rare earths the elements
showed the presence of only the main elements. Impuri-
ties of other REES were in quantities below the detection
limit, which range from 1 to 10 ng/mL.

For the most promising isotopes, such as: Y, 41Ce,
147Nd, 153Sm, 165Dy, 166HO, 169Tm, 175Yb, 177Yb, 177LU, the
accumulated activity during irradiation in the peripheral
channel (thermal neutron flux 8.1:10 n-cm™2-s7") was
calculated. The formula 1 was used for the calculation:

A=c®N(1-e™), @

where: A — accumulated activity, Bq; o — activation cross
section, barn; ® — neutron flux, n-cm2-s™'; N — number
of atoms; A — decay constant; t — irradiation time.

Calculations have shown that when irradiating sam-
ples in the central channel of a reactor with a thermal neu-
tron flux of 2-10¥n-cm-s7!, that irradiation for 3-5
days is the optimal time for REE irradiation, since an in-
crease in the irradiation time does not lead to a significant
increase in the accumulated activity, while for lutetium it
is advisable to carry out irradiation for 21 days, through-
out the entire irradiation campaign.

The activity of all promising radioisotopes obtained
by irradiating targets of natural composition with a
stream of thermal neutrons 24 hours after EOB is shown
in Table 2. Calculations were also performed to predict
the accumulated activity of various radioisotopes formed
by irradiation with thermal neutrons at the WWR-K re-
actor, which were compared with theoretically calculated
values.
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Table 2. Activity of various radioisotopes obtained as a result
of irradiation with thermal neutrons at the WWR-K reactor

Isotope Activity
A, MBq (Theor.) A, MBq (Experiment)
153Sm 96431.2 52980.0
166Ho 79666.4 104500.0
75Yb 10486.3 6990.0
4Nd 48.2 39.9
7Ly 252794 38400.0
46Sc 3827.9 4530.0
Ce 31.8 33.9
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Figure 3. REE operating time schedule

These values were obtained by analyzing the gamma-
ray spectra of irradiated samples. Typical gamma-ray
spectra are shown in Figure 2. By analyzing all the spec-
tra regularly recorded over a long period of time, it was
found that the gamma lines correspond only to 53Sm.

The Y7®Lu core has a high value of the capture cross-
section of both thermal neutrons (2090 barons) and reso-
nant ones (the resonance integral is 1087 barons). This
leads to the rapid achievement of a relatively high spe-
cific activity of Y’Lu. However, as a result of intensive
burnout of the nuclei of the starting material during irra-
diation, the values of the specific activity and the yield
(maximum activity) of the reaction product do not coin-
cide.

Figure 3 shows the graphs of isotope production in
the peripheral channel of the WWR-K reactor under irra-
diation of 1 g of each REE element.

Currently, commercially available substances enri-
ched in isotopic composition, including REE com-
pounds, have become available. The transition from
compounds of natural isotopic composition to enriched
ones makes it possible to develop activities exceeding the
capabilities of compounds of the drive composition by
several orders of magnitude higher. Table 3 shows the
calculated data on the irradiation of some REE com-
pounds of natural and enriched compaositions, with a neu-
tron flux of 8.09-10% n-cm™2-s™!, for 2 hours.

Table 3. Example of possibilities production some
of REE isotope at the WWR-K reactor

Isotope (target enrichment) Specific activity, Bqg/g
153Sm (natural) 521.25
153Sm (98,7%) 1923.26
175Yh (natural) 7722
175Yb (99,3%) 240.90
147Nd (natural) 0.42
147Nd (98,8%) 2.44
177Lu (natural) 133.75
177Lu (88,4%) 4565.18
41Ce (natural) 0.32
41Ce (99,88%) 0.36

4. CONCLUSION

The present study shows the possibility of developing
promising isotopes of rare earth elements (Y, Ce,
147Nd, 1535m’ 165Dy’ 166H0’ 169-|—m’ 175Yb, 177Yb, 177|_u) at
the WWR-K reactor with an average neutron flux to ob-
tain a high specific activity of the radioisotopes of inter-
est. The paper shows data on the irradiation of REE of
natural composition and compared with calculations for
enriched targets.

Obtaining REE solutions by dissolving in simple
mineral acids makes it possible to obtain a radiochemi-
cally pure product.

However, the radionuclide purity will be in the range
of 95-96%. Our laboratory is already working on the de-
velopment of compounds labeled with promising REE
isotopes for various therapeutic applications.

The analysis showed that irradiation for 3-5 days is
the optimal irradiation time for samarium, holmium and
erbium, since an increase in the irradiation time does not
lead to a significant increase in the accumulated activity,
while for lutetium it is advisable to irradiate for 21 days,
throughout the entire campaign.
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CCP-K 3EPTTEY PEAKTOPBIHJA CHUPEK )KEP U30TOIITAPBIH AJTYIbI TAJIJAY:
HEPCHHEKTUBAJIBI TEPAIIEBTIK PAJJTMOHYKJ/IMATEP

A. Typun’, E. Yakposa, 3. Menseaesa, B. 3axapos, E. Kyiakosa
KP DM «Aoponwik pusuxa uncmumymor» IIJKK PMK, Anmamor, Kazaxkcman
* bainansic ywin E-mail: gurin.andrey@inp.kz

Cupek Kep SIeMEHTTEpl — JIAHTAaHOUATAP, CKAHIMHA JKOHE UTTPHHA CHSKTHI MEPUONTHIK KYHCHIH OH KETi XUMHSIIBIK
JJIEMEHTTEPIHIH TOOBI. Byl ameMeHTTep 3/eKTpOHMKa, MarHUTTEp JKOHE KaTalu3aTopiapAbl Koca alfaHia, opTypdi
cananap/ia KyHJIbl €TeTiH Oiperei (PM3MKabIK KOHE XMMUSUIIBIK KacueTTepre ue. JlereHMeH, CUpeK Jkep JIeMEHTTepiHIH
PaIroaKTHBTI M30TONTAPHI Ja THIMII SAPOJIBIK-(DH3UKAJIBIK KacueTTepre ue, Oy oJap/abl TepaneBTiK MaKCcaTTaFbl KaHa
panuodapMaleBTUKAIBIK TpenapaTrTapibl o3ipieyre MepcHeKTUBaIbl eTeli. byn paguoakTHUBTI H30TONTAPIBIH
KypaMbIHJa apTHIK aTOM SHEPTHsIChl 0ap TYpaKchl3 aToMzaap 0ap >KoHE oyap MeIUIMHAIBIK MaKcaTTa IMaiilalaHbuTy bl
MYMKIH paJlMOaKTHBTI bIIBIPayFa YIIBIPAIBI.

Cupex Kep 3JeMEHTTEepiHIH PaJroaKTUBTI M30TONTAPbIHBIH SAPOJIBIK-(PU3MKANBIK KacHETTepl OJiap/bl MEAMIMHAIA
eMIK MakcaTTapra jkapaMmpl eTeli. MbIcabl, TeXHeIMA-99M, TeXHEUUIIIH PaIHOAKTUBTI U30TOIbI, ©3iHIH KepeMeT
(buU3MKa-XUMHSUIIBIK CHIIaTTaMaliapblHa OailJIaHbICTBl TUArHOCTUKAIIBIK SIIPOJIBIK MEIHUIMHAAAa KEHIHEH KOJIJIaHbLIa bl.
CuHpek Kep JIeMEHTTEPiHIH 0acKa PaJHOaKTUBTI H30TOINTAPhI, MBICAJIBI, TOIBMUII- 166, METUIIMHAIIBIK KOJIaHY IbIH KEeH
ayKbIMBI YLIIH yKacanraH. by n3oronrapisl opTypa1i aypyJiapAbl, COHBIH 1IIIHE OHKOJIOTUSUIBIK aypyJiapAbl eMJIey YILIiH
MaKCaTThl CoyJIeIiK Tepamnus/ia Koiganyra 6onapl. bys paaunoakTUBTI H30TONTApABIH Oipereil KacueTTepi coyJereHy /Il
Oenrini Oip TiHIepre HeMece )Xacylalapra IoN OarbITTayFa JKOHE JKETKi3yre MYMKIHIIK Oepemi, cay TiHOEpIiH
3aKbIMJIaHYbIH a3aiTabl.

Cupex xep 3JIeMEHTTEepiHIH paJIloaKTHBTI H30TONTAPBIHBIH TEPAIEBTIK MaKCATTAFbI dJIEyeTi KOJIAHBICTAFbl KOJIAaHy1aH
acelm  Tyceni. PammodapmaneBTnka casachlHOAaFBl  Kas3ipri  3epTTeylep MEH WHHOBAaUMsUIAp JIAHTAHOM.THI
PaIMOHYKINATEPAl TEPAHOCTHKAIIBIK MaKcaTTa KOJIAAHY bl 3ePTTEY Al )KaIFacThIpyia. MBIcalbl, CHPEK Ke31eCeTiH KoHe
PaANOaKTHBTI 3JIEMEHT OOJIBIIT TAOBIIATHIH aCTaTTa aAPECTIK TEPAIULAa KOJAAHBITY Bl MYMKIH KONITETeH H30TonTap 6ap.
Cupek Kep JJIeMEHTTEpiHIH PpaJAMOAaKTHBTI HM30TONTAPBIH MaiifajJaHa OTBIPBIN, JKaHa paxuodapMaIeBTHKAIBIK
mpemapaTTappl d3ipyiey eMJey OAIiCTepiH KETUIIpyre KoHEe MalMEHTTePIiH HOTHXKENEePiH KakcapTyra youe Oepeni.
Kocreimmia 3epTreysiep MEH JKETICTIKTepMEeH Oy M30TONTap TEpameBTiK MEAWIIMHAHBIH OONalIaFrslHAA MISUTYII pPei
aTKapysl MYMKIiH.

Byn 3eprrey xymbickl CCP-K peaxtopbinaa peaxuus (n, ) apkbuist 20Y, 141Ce, 147Nd, 1%3Sm, 165Dy, 166Hg, 169Tm, 175YD,
17YD, YLy cusKTHI paJMOM30TONTAP (bl ATy MYMKIH/IriH Garanayra MyMKiHIiK Oepei.

Tyiiin ce30ep: cupex scep uzomonmapwi; CCP-K 3epmmey peaxmopbi; HellmpoHObIK cayieneHy; MeHWiKmi 6eacenoinix;
mikeneu A0PONbIK peaKyus.
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AHAJIM3 TOJYYEHMUS PEJKO3EMEJIBHBIX U30TOIIOB HA HCCJIIEJJOBATEJIBCKOM
PEAKTOPE BBP-K: IIEPCIIEKTUBHBIE TEPAIIEBTUYECKHE PAIMOHYKJIN/IbI

A.Typun’, E. Yakpogra, 3. Mensenera, B. 3axapos, E. Kyiakosa
PI'Il na IIXB «Hucmumym sadepnoii ¢puzuxuy M3 PK, Anmamol, Kazaxcman
* E-mail ona konmaxmos: gurin.andrey@inp.kz

Penxozemenpabie ameMeHTs (P33) — 3T0 rpymma W3 ceMHaANATH XUMHYECKUX JIEMEHTOB NEPHUOTMYCCKON TaOIUITBI
MeHesneeBa, BKIIIOYast JIAHTAHOHU/IbI, CKAHIAMN M UTTPHA. DTH JIEMEHTBI 00JaIaI0T YHUKAIbHBIMEA (DU3UUECKIUMHU U XH-
MHUYECKHMHU CBOMCTBAMH, KOTOPBIC ICNAIOT UX [IEHHBIMH B PA3JIMYHBIX OTPACISAX MPOMBIIUICHHOCTH, BKIOYAsH JJIEKTPO-
HUKY, MATHUATHI U KaTaau3aTopbl. OJJHAKO PaTHOAKTHBHEIC H30TOIBI PEIKO3EMENIbHBIX 3JICMEHTOB TaKXkKe 00JIalaroT 3¢-
(hEKTUBHBIMH SICPHO-(PU3MUCCKUMH CBOHCTBAMH, KOTOPBIC JICTAI0T MX MEPCICKTUBHBIMHU JIJIs pa3paO0TKH HOBBIX PATUO-
(hapMITpenapaToB TEPANCBTHYCCKOTO HA3HAYCHHS. DTH PaIMOAKTUBHBIC U30TOIBI COJICPKAT HECTAOMIILHBIC aTOMBI C H3-
OBITOYHOM SIICPHOI SHEPTUCH, U OHHU TIOJABEPTAIOTCS PATUOAKTUBHOMY PACIany, KOTOPBIA MOXKET OBITh HCIIOIB30BaH B
MEIUIMHCKUX LIENISAX.

HI[CpHO-(bI/ISI/I‘-IeCKI/Ie CBOI‘/IICTBa pa[[l/loaKTI/IBHLIX HN30TOIIOB peI[KO?:eMeJ'II)HLIX 3JICMCHTOB ACJIAKOT UX HpI/II‘O[[HI)IMI/I JJIA
TeparneBTUUeCKHX Liesieil B MequnnHe. Hanpumep, TexHenuii-99m, paarnoakTHBHBIH U30TOI TEXHEIUs, IIMPOKO UCTIOIb-
3yeTcsi B TUArHOCTUYECKOH SICPHOM MeIUIMHE Oliaroiapsi CBOMM BBIIAOMIMMCS (DU3UKO-XUMHICCKUM XaPaKTEPHUCTH-
kam. JIpyrue paguoakTUBHbIC U30TOMbI PEKO3EMENbHBIX JICMEHTOB, TAKHE KaK TOJIbMHA-166, ObUINA CO3aHbI JJIS IIH-
POKOTO CIEKTpa MEIUIMHCKUX TPUMEHEHUI. DT U30TOMBI MOTYT OBITh UCIOIH30BAHbBI B aJPECHON JIYUIeBOM Tepamuu
JUTS ICUCHUS PA3IINYHbIX 3200JI€BaHUM, BKITIOYAss OHKOJIOTHYECKHE. Y HUKaJIbHBIC CBOWCTBA 3TUX PATHOAKTUBHBIX H30TO-
OB MO3BOJISAIOT TOYHO HAICIMBATH U JIOCTABIISTh U3IYUYCHHE K OMPEACICHHBIM TKAHSIM HJIH KIICTKaM, CBOJS K MUHUMYMY
MOBPEKICHHUE 3JOPOBBIX TKaHEH.

HOTCHI_II/IaJ'I pa]ll/loaKTI/IBHI)IX HN30TOIIOB pe,Z[KO3eMeJ'IbHI>IX 3JICMCHTOB B TepaHeBTI/I‘IeCKI/IX IeJIsIX BBIXOOUT 3a paMKI/I Cy-
LIECTBYIOIUX NMpUMeHeHHud. Tekylue ucciaenoBaHus U MHHOBAMU B 00JIaCTH paguodapMIpenapaToB MpoJ0JKaIOT
I/ISy‘IaTL HUCIIOJIB30BAHUC HeZ[OI/ICHOHL?)yeMI)IX pa}II/IOHyKHI/II[OB JJAHTAHOU OB B TepaHOCTI/I'-IeCKI/IX HeJIaX. Haan/IMep, ac-
Tar, pe[[KI/Iﬁ nu BLICOKOpa]II/IoaKTI/IBHI:Jﬁ 9JICMCHT, CO]Iep)KI/IT MHOXXCCTBO U30TOIIOB, KOTOpLIe IIOTCHIIMAJIBHO MOFyT 6I)ITB
HCIIONIb30BaHbI B a[peCcHOi Tepamnuu. Pa3paboTka HOBBIX pagno(dapMIpEnapaToB ¢ HCIOIb30BAHUEM PaIHOaKTHBHBIX
H30TOIMOB PEIKO3EMENbHBIX JIEMEHTOB 00CIIACT YCOBEPILICHCTBOBAT METO/IbI JICUCHHSI U YIYYIIHTh PE3yJIbTAThl JIeUe-
HUsI nanueHToB. [Ipy anbHEHWIINX UCCIEIOBAHUAX M JOCTHIKEHHUSX 3T M30TOIBI MOTYT CHIIPATh PEIIAMOIIYIO POJb B
OyayiieM TepaneBTUYECKON MEIUIHHBIL.

JlaHHas uccliefoBaTelbckas paboTa IMO3BOJAET OLEHUTh BO3MOXKHOCTb HOJIyYEHMs TaKHX PaJUOM30TONOB, Kak: Y,
141Ce, 'Nd, 153Sm, 185Dy, 1%6Ho, 169Tm, 175Yh, Y77YDb, Y""Lu nytem peakuuu (n, ¥) Ha peakrope BBP-K.

Kniouesvie cnoea: peokosemenvHvle uzomonvi;, ucciedosamenvckuii peaxmop BBP-K; wueiimponnoe obnyuenue;
VOenvbHas AKMUBHOCb, NPAMAsL 10ePHAsL PeaKYUsL.
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