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COMPUTER SIMULATION OF RADIONUCLIDE ISOTOPE SEPARATION USED IN
NUCLEAR ENERGY AND MEDICINE

Abstract. Since the radionuclide isotope radiation is widely used in medicine, in particular for diagnosis and
treatment of cancer, it is extremely important to know the composition of the basic radiating materials. Method
of separation of radionuclide isotopes known as mass spectrometry is applicable across diverse fields such as
biochemistry, clinical chemistry, general chemistry and organic chemistry, pharmaceutics, cosmetics, perfumery,
the food industry, chemical synthesis, petrochemicals and petro processing, environmental control, polymer
and plastic production, medicine and forensic analysis, drug control, alcohol control, geochemistry, geology,
hydrology, archeology, nuclear industry, semiconductor industry, metallurgy. Of particular interest is the isotope
JHe, used in nuclear power and nuclear medicine. The article presents the results of computer simulation of
separation of the following radionuclides used in geology and medicine: yHe,;He."’Ba, **Ba, '2Ta, "'Ta,
LBi, MBI, T ST SE, UL P, 5Py 51Ga, 5Ga, in, I, Te, JTe. The suggested simulation
program can also be used for separation of other isotopes.

Key words: isotope, radionuclide, geology, medicine, Matlab, computer simulation.

Introduction. The computer simulation is a powerful tool for both scientific research and education.
It contributes to the development of research skills by bringing the learning process closer to scientific
inquiry, which is one of the important challenges of the modern education. Such approach to the learning
process creates the necessary motivation for cognitive activity and thus enhancing the quality of knowledge
and research skills. Numerical modeling is an integral part of the contemporary fundamental and applied
science and as important as the traditional experimental and theoretical methods. Therefore future scientists,
engineers and teachers should master computer simulation technique, be able to study various physical
phenomena and processes using a computer. The main idea of the computer simulation technique is creation
of a mathematical model of the real process or object. Then the obtained mathematical model is studied by
using the corresponding mathematical instruments that does not depend on the specific nature of the object
Or process.

Students of physical specialties of 5B06040 and 5B011000 of M. Auezov South Kazakhstan State
University successfully master the discipline “Computer modeling of physical phenomena,” which is a
logical continuation of the discipline “Information technology in physics training.” The purpose of studying
these disciplines is to master the MATLAB program language [1-10], to get acquainted with its enormous
potentials of modeling and visualization of physical processes. At the Department of Physics bachelor and
master program students together with instructors participate in the creation of programs for solving problems
of all sections of physics. Materials of research are published in journals indexed in Scopus, WOS bases and
having high quartiles and percentiles [11-15].

The isotope separation simulation was carried out using Matlab software because it has a number of
advantages over other software tools.

Materials and methods. Let’s consider the problem of space separation of nuclei with identical charges
¢, but of different masses m (i.e., mixture of isotopes). We assume that the motion of positive ions occurs XYZ
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— coordinate system. The electric field is directed along the X-axis into the plane of the paper. The magnetic
field is parallel to Z-axis directed upward. The Y-axis is directed to the right. From the source (ordinarily it
is the velocity selector) the particles escape in the direction of Y-axis perpendicularly to the magnetic field.
Particles escape from the selector with initial velocity identical in magnitude and in direction, and enter into
a external transversal magnetic field. (The operation of the velocity selector is described in our article [13].)
Here we just note that to have isotopes entering the magnetic field with identical speeds, irrespectively of
their specific charges, they must pass through crossed electric and magnetic fields. In that case their speed
does not depend on anything, except the ratio of the electric field to the magnetic induction, i.e. u =£/B).

It is necessary to carry out calculation and visualization of the motion trajectory of nuclei with identical
charges but different masses, i.e. isotopes in the mixture. The charged particles escaping the velocity selector
further move under the action of the Lorentz force.

The differential equations of motion of charged particles in the magnetic field are known [13]. Therefore,
we do not give them in this article, just note only that it is necessary to take their X-, Y-, Z- components and
solve them using solvers of the Matlab system by previously bringing the system of second-order differential
equations into the system of first-order equations.

To solve these differential equations (DE), we created an m-file called Lorentz.m. The listing of the m-file
f=Lorenz (t, z) and the codes of the calculation and visualization program are given in an article published by
us in the journal News of NAS RK, series of geology and technical sciences, V.5 (431), 2018, pages 218-225
[13], so we will not repeat them here.

The present article presents the results of computer simulations of isotopes separation used in medicine:

4 3 130 138 172 181 212 s 215pps 201 205 125 127 31 33
ZHe,zHe,“Ba, 568"’ 73Ta’ 73Ta, 83Bl’ ssBl’ sle’ sle’ 531’ 531’ 5P 15P’

Ga, [|Ga, "iIn, 'In, “Te, ’Tc.
Results and discussion.
1. Helium-3 is extremely popular today - in particular, in medicine (in magnetic resonance imaging is
used to get the picture of lungs).
The program for calculation and visualization of isotopes 23 He, ;’He
>> global B; % input the global variable
>> B=[0 0 1]; % input the elements of matrix
>> x0=0; y0=0; z0=0; % input the initial coordinates of particles
>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles
>>ml=3; q1=2; m2=4; q2=2; % input the charges and masses of the particles
>> [t,R]=ode45(‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE
>>plot3(R(:,1)*m1/q1,R(:,3)*m2/q2,R(:,5)*m/q,x0,y0,20,’0’,”MarkerSize’,6);
% drawing trajectory in three-dimensional space (for q1=2; m1=3, 23 He)
>>view ([0 0 100]); % drawing the trajectory on the plane
>> orid on; % input the coordinate grid
>> hold on; % drawing the next picture
>>plot3(R(:,1)*m1/q1,R(:,3)*m2/q2,R(:,5)*m/q,x0,y0,20,’0’,”MarkerSize’,6);
% drawing trajectory in three-dimensional space (for q2=2; m2=4, ;’ He>)
>> view([0 0 100]); % drawing the trajectory on the plane
>> otext(‘ql/m1=2/3"); % input the text at a chosen place
>> otext(‘q2/m2=2/4); % input the text at a chosen place
The result is shown in figure 1.
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Figure 1. The motion trajectories of isotopes 23 He, ; He on the plane
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2. Barium-130 is used for producing the radiopharmaceutical preparation “Proxelan caesium-131" applied
in urology for oncological therapy (prostate cancer).

The program for calculation and visualization of isotopes '} Ba, '}’ Ba

m1=130; q1=56; m2=138; q2=56;

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>>x0=0; y0=0; z0=0.04; % input the initial coordinates of particles

>>vx=0; vy=0.1; vz=0; % input the initial velocities of particles

>> [t,R]=ode45(‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE

>> plot3(R(:;,1)*m1/q1,R(:,3)*m1/ql,R(:,5)*m1/q1,x0,y0,z0,’0’,”MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=56; m1=130, '}/ Ba)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> grid on; % input the coordinate grid

>> hold on; % drawing the next picture

>> plot3(R(:,1)*m2/q2,R(:,3)*m2/q2,R(:,5)*m2/q2, x0,y0,20,"0’,’MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q2=56; m2=138, '’ Ba)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> otext (‘q1/m1=56/130"); % input the text at a chosen place

>> otext (‘q2/m2=56/138"); % input the text at a chosen place

The result is shown in figure 2.

3. Tantalum is used in medicine for manufacture of prostheses, orthopedic constructions and other fracture
splicing devices which are subsequently subject to removal.

The program for calculation and visualization of isotopes ! 7723 Ta, 1 ‘:; Ta

ml=172; q1=73; m2=181; q2=73;

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0.04; % input the initial coordinates of particles

>>vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> [t,R]=ode45(‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE

>>plot3(R(:,1)*m1/q1,R(:,3)*m1/q1,R(:,5)*m1/q1,x0,y0,z0,’0’,”MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=73; m1=172, I ;iTa)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> orid on; % input the coordinate grid

>> hold on; % drawing the next picture

>> plot3(R(:,1)*m2/q2, R(:,3)*m2/q2, R(:,5)*m2/q2, x0,y0,z0,’0’,’"MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=73; m1=18I, 1";; Ta)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> gtext (‘ql/m1=73/172’); % input the text at a chosen place

>> gtext (‘q2/m2=73/181"); % input the text at a chosen place

The result is shown in figure 3.
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Figure 2. The motion trajectories of isotopes s, Ba, " Ba on the plane
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4. In radio-immunotherapy *?Bi,

producing drugs.
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sla,

The program for calculation and visualization of isotopes 7 Bi, *’Bi

ml1=212; q1=83; m2=215; q2=83;
>> global B; % input the global variable
>> B=[0 0 1]; % input the elements of matrix

>>x0=0; y0=0; z0=0.04; % input the initial coordinates of particles
>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles
>> [t,R]=ode45(‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE
>> plot3(R(:,1)*m1/q1,R(:,3)*m1/q1,R(:,5)*m1/q1,x0,y0,2z0,’0’,’MarkerSize’,6);
% drawing trajectory in three-dimensional space (for q1=83; m1=212, 2?p;)
>>view([0 0 100]); % drawing the trajectory on the plane

>> orid on; % input the coordinate grid
>> hold on; % drawing the next picture

Ta on the plane

Bi are considered to be promising alpha-emitting isotopes for

>> plot3(R(:,1)*m2/q2,R(:,3)*m2/q2,R(:,5)*m2/q2, x0,y0,z0,’0’,’MarkerSize’,6);
% drawing trajectory in three-dimensional space (for q1=83; m1=215, ?I*Bi)

>>view([0 0 100]); % drawing the trajectory on the plane
>> otext(‘ql/m1=83/212"); % input the text at a chosen place
>> otext(‘q2/m2=83/215"); % input the text at a chosen place

The result is shown in figure 4.
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Figure 4. The motion trajectories of isotopes ’5;Bi, ’;;Bi on the plane

5. Thallium isotope *4/7! is used in Auger therapy - the youngest direction in radiation therapy.

The program for calculation and visualization of isotopes 77, 71

m1=201; q1=81; m2=205; q2=81;
>> olobal B; % input the global variable
>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0.04; % input the initial coordinates of particles
>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles
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>> [t,R]=ode45(‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE
>> plot3(R(:;,1)*m1/q1,R(:,3)*m1/ql,R(:,5)*m1/q1,x0,y0,z0,’0’,”MarkerSize’,6);
% drawing trajectory in three-dimensional space (for q1=81; m1=201, 7D
>>view ([0 0 100]); % drawing the trajectory on the plane

>> grid on; % input the coordinate grid

>> hold on; % drawing the next picture

>> plot3(R(:,1)*m2/q2,R(:,3)*m2/q2,R(:,5)*m2/q2, x0,y0,z0,"0’,’MarkerSize’,6);
% drawing trajectory in three-dimensional space (for q1=81; m1=205, *’T1)
>>view ([0 0 100]); % drawing the trajectory on the plane

>> otext (‘q1/m1=81/201"); % input the text at a chosen place

>> otext (‘q2/m2=81/205"); % input the text at a chosen place

The result is shown in figure 5.
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Figure 5. The motion trajectories of isotopes *5,T/, *%»TI on the plane

6. Phosphorus isotope ;P is used in application brachytherapy and angioplasty after establishing a stent
in the places of plaque accumulation.

The program for calculation and visualization of isotopes ;; P, ;P

ml=31; ql=15; m2=33; q2=15;

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0.04; % input the initial coordinates of particles

>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> [t,R]=ode45 (‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE

>>plot3(R(:,1)*m1/q1,R(:,3)*m1/q1,R(:,5)*m1/q1,x0,y0,z0,’0’,”MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=15; m1=31, I p)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> grid on; % input the coordinate grid

>> hold on; % drawing the next picture

>> plot3(R(:,1)*m2/q2,R(:,3)*m2/q2,R(:,5)*m2/q2, x0,y0,20,"0’,"MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=15; m1=33, *p)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> gtext (‘ql/m1=15/31"); % input the text at a chosen place

>> gtext (‘q2/m2=15/33"); % input the text at a chosen place

The result is shown in figure 6.
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Figure 6 -The motion trajectories of isotopes /P, ;7P on the plane
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7. Gallium isotope §I7Ga as well as 2’;11 71 is used in Auger therapy - the youngest direction in radiation
therapy.

The program for calculation and visualization of isotopes ‘ZGa, 37;’ Ga

ml=67; q1=31; m2=71; q2=31;

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0.04; % input the initial coordinates of particles

>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> [t,R]=o0de45 (‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE

>> plot3(R(:,1)*m1/q1,R(:,3)*m1/q1,R(:,5)*m1/q1,x0,y0,z0,’0’,’MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=31; m1=67, §,7Ga)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> grid on; % input the coordinate grid

>> hold on; % drawing the next picture

>> plot3(R(:,1)*m2/q2,R(:,3)*m2/q2,R(:,5)*m2/q2, x0,y0,z0,’0’,’MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=31; m1=71, 3711Ga )

>>view ([0 0 100]); % drawing the trajectory on the plane

>> otext (‘ql/m1=31/67"); % input the text at a chosen place

>> otext (‘q2/m2=31/71"); % input the text at a chosen place

The result is shown in figure 7.
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Figure 7. The motion trajectories of isotopes Z:Ga s 37,1Ga on the plane

131
53

8. Iodine isotopes ';/1, }/I are used in Auger therapy.

The program for calculation and visualization of isotopes 0 P |

ml=121; q1=53; m2=131; q2=53;

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0.04; % input the initial coordinates of particles
>>vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> [t,R]=ode45(‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE
>> plot3(R(:,1)*m1/q1,R(:,3)*m1/ql,R(:,5)*m1/q1,x0,y0,z0,’0’,”MarkerSize’,6);
% drawing trajectory in three-dimensional space (for q1=53; m1=121, /1)
>>view ([0 0 100]); % drawing the trajectory on the plane

>> grid on; % input the coordinate grid

>> hold on; % drawing the next picture

>> plot3(R(:,1)*m2/q2,R(:,3)*m2/q2,R(:,5)*m2/q2, x0,y0,20,"’0’,’MarkerSize’,6);
% drawing trajectory in three-dimensional space (for q1=53; m1=131, /'1)
>>view ([0 0 100]); % drawing the trajectory on the plane

>> otext (‘ql/m1=53/121"); input the text at a chosen place

>> otext (‘q2/m2=53/131"); input the text at a chosen place
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The result is shown in figure 8.
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Figure 8. The motion trajectories of isotopes "2/f, 31 on the plane

9. Indium radio-nuclides Iﬁ In, 141; In is used in Auger therapy as radiopharmaceuticals. 4’ 9’ In is
also used in leukocyte scanning for search of hidden infections. The electromagnetic separation method
(mass spectrometer) allows collecting a sufficient amount of the necessary radio-nuclides for their use as
radiopharmaceuticals.

The program for calculation and visualization of isotopes Ifg In, 1;91 In

m1=108; q1=49; m2=111; q2=49;

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0.04; % input the initial coordinates of particles

>>vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> [t,R]=ode45(‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE

>>plot3(R(:;,1)*m1/q1,R(:,3)*m1/q1,R(:,5)*m1/q1,x0,y0,z0,’0’,”MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=49; m1=108, Ifg In)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> grid on; % input the coordinate grid

>> hold on; % drawing the next picture

plot3(R(:,1)*m2/q2,R(:,3)*m2/q2,R(:,5)*m2/q2, x0,y0,20,”0’,’MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=49; m1=111, 14191 In)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> gtext (‘ql/m1=49/108’); input the text at a chosen place

>> gtext (‘q2/m2=49/111"); input the text at a chosen place

The result is shown in figure 9.
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Figure 9. The motion trajectories of isotopes 441, ", In on the plane
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10. Technetium isotope ZTC is used to diagnose diseases of the liver, thyroid, kidneys and adrenal
glands, spleen, respiratory system, brain, spinal cord and marrow, salivary glands, digestive system, bones
and joints, as well as to study the physiological functions of the heart and blood system, lymphatic and
urological systems, to study the rate of glomerular filtration and plasma volume.

The program for calculation and visualization of isotopes ?,;Tc , f’iTc

m1=93; q1=43; m2=99; q2=43;

>> global B; % input the global variable

>> B=[0 0 1]; % input the elements of matrix

>> x0=0; y0=0; z0=0.04; % input the initial coordinates of particles

>> vx=0;vy=0.1; vz=0; % input the initial velocities of particles

>> [t,R]=ode45(‘Lorenz’,[0:10/1024:0.5],[x0 vx y0 vy z0 vz]); % solution of DE

>> plot3(R(:,1)*m1/q1,R(:,3)*m1/q1,R(:,5)*m1/q1,x0,y0,z0,’0’,’MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=43; m1=93, fé Tc)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> orid on; % input the coordinate grid

>> hold on; % drawing the next picture

>> plot3(R(:,1)*m2/q2,R(:,3)*m2/q2,R(:,5)*m2/q2, x0,y0,z0,’0’,’MarkerSize’,6);

% drawing trajectory in three-dimensional space (for q1=43; m1=99, ‘ZTC)

>>view ([0 0 100]); % drawing the trajectory on the plane

>> gtext (‘ql/m1=43/93"); input the text at a chosen place

>> gtext (‘q2/m2=43/99’); input the text at a chosen place

The result is shown in the figure 10.

Conclusion. Method of separation of radionuclide isotopes known as mass spectrometry is applicable
across diverse fields of science, industry and medicine.

In medicine the radionuclide isotope radiation is widely used for diagnosis and treatment of cancer.
Thus, the calculation and visualization of isotope separation processes from mixtures becomes extremely
relevant. The article offers the programs for calculation and visualization of the separation process of various
isotopes applied in medicine. The mathematical model of motion of charged particles in the magnetic field is
developed using the package of MatLab applied programs. To solve the system of differential equations of the
second order it is converted into the system of differential equations of the first order and previously m-file
is created under the name Lorenz.m, which is addressed from the command line. The equations are solved
by using the procedure ode45 of the MatLab system. Results of calculations are presented in figures 1-10 in
the form of motion trajectories of isotopes as a function of their specific charges. It is seen that isotopes with
different specific charges are separated and move along different circular trajectories. The less is the specific
charge the more is the revolution radius or the more is the mass number of the isotope the greater is its radius
of revolution.
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Figure 10-The motion trajectories of isotopes Z”;Tc s ZTC on the plane
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SITIPOJIBIK DHEPTETUKA MEH MEJUIIMHAJIA A IAJTAHBLIATBIH
PAJIMOHYKJIUATBI H30TONTAPIbBI 56.1Y NPOLECIH MOJEJIBJIEY

Annotamust. CoyieneHreH paJuoHYKIUATEPAIH MEIUIMHANA KEHIHCH KOJJIaHyblHA OaiIaHbICTHI,
aran aiiTKaHJa OHKOJIOTHSUIBIK aypylapibl JUArHOCTHKAldy MEH emjeyne OacTamKbl MaTepHaliapIbiH
KypaMbIH Oily ©Te MaHbI3IbL. AIaM3aTThIH iC-OpEKETiHJEe MAacC-CIIEKTPOMETPUSHBIH KOJIAHBIIMANTHIH
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OHEPKACiOl, MyHall XMMHACH U MYHall OHIIPYl, OPTaHbl KOPFay, MHHEPAJIOTHS, TIeTporpadus apXeonorus,
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HOTIDKENEpl YCHIHBUIFAH. Y CHIHBUIFAH MOJICNJCY NpOoTrpaMMachlH 0acka Ja W30TONTapibl aKbIparyia
KOJIJITaHyFa 0OJa/Ibl.
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MOJEJIMPOBAHUME ITPOLHECCA PABJIEJEHUSA PAJUOHYKJINAHBIX U30TOIIOB,
HCIOJIB3YEMBIX B SITIEPHOM SHEPTETUKE U MEJIUITUHE

AHHOTanus. B CBf3M ¢ MIMPOKUM WCIOJNB30BAaHUEM H3IIyYCHUH PaJUOHYKIHIHBIX  H30TOIOB B
MEIWIIMHE, B YaCTHOCTH JMArHOCTUKU W JICYCHWH OHKOJIOTHYECKHX 3a00JIeBaHWH, UPE3BBIYAIHO Ba)KHO
3HATh COCTaB MCXOIHBIX MaTephayioB. TpyaHO MPEACTaBUTh 0071aCTh YEIOBEYECKOH JEATEIHHOCTH, /e He
HaIUIOCh OBl MecTa MaccleKTpoMeTprr. OTpaHHIUMCS MIPOCTO TIEPEUHCICHHEM: OMOXUMUS, KIIMHUIeCKas
XUMHS, 00Ias XUMHSI M OpTaHnYecKas XuMus, (papmaneBTHKa, KOCMETHKa, maphioMepus, MrmeBas Ipo-
MBIIUIEHHOCTh, XUMHYECKHI CHHTE3, HeTeXuMus 1 HedTernepapadoTKa, KOHTPOIb OKPYKAIOMIEH Cpesbl,
MTPOM3BOJICTBO TIOJIMMEPOB M IUIACTHKOB, MEIWIIMHA M KPUMHUHAJIMCTUKA, JOTMHHTOBBI KOHTPOIb, KOH-
TPOJb HAPKOTUYECKUX CPEJCTB, KOHTPOIb AJIKOTOJBHBIX HAIMTKOB, T'€OXHWMUS, TEOJOTHS, THUAPOIIOTHS,
nerporpadusi, MUHEPAJOTHs, TEOXPOHOJIOTH, apXeolloTHs, A/epHas MPOMBIIIJICHHOCTh W JHEPreTHKa,
MTOJTYTIPOBOTHUKOBAsT TPOMBINIIEHHOCTh, MeTautyprusi. OcoOblii MHTEpEeC NPEACTABISET W30TON TeIHs
(5 He), NCTIONB3YEMBIii B SIICPHOM SHEPreTHKE U SACPHON MeauImHe. [IpescTaBIeHsl pe3yibTaThl KOMITbIO-
TEPHOTO MOJEIMPOBAHUS  pasfieNieHNs] HIDKECIENyIOMNUX PaJIuOHYKIHIOB, UCTIONB3yeMbIe B MEIUITUHE:
{He, iHe'tBa, "5Ba, "iTu, "iTa, *:Bi, *iBi, %7, %H, P, P, 9Ga, ['Ga,
152311 ’ 153311 ’ ’fﬁln, 1;911", ?éT c, ?,?T C Ilporpamma NO3BOJSET MOJEIUPOBATH PA3[AEICHUE U APYrUX
H30TOTIOB.

KuroueBbie cjIoBa: 30TOI, PaIMOHYKJIH/I, FEOJIOT s, MeIUIIMHA, Matlab, KOMIIBIOTEpPHOE MOJICIIMPOBAHHE.
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