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AHoTauisi: Y 1poMy JOCHIIKEHHI NPEACTaBICHO IHTEICKTYalbHy CUCTEMY IS
A8MOMAMU308AHO20  POSMIWJEHHSI  PAOIOAKMUBHUX Kancyn 'y 6paximepanii 3
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BUKOPUCMAHHAM Memooié mamemamuino2o npozpamyeanns. QObnacmi nyxaun
MOOenombCs AK ONYKIL 6a2amospaniuKy, a Kancyau — K bazamozpanui 06’ ekmu
3 moocnugicmio obepmanna. Cucmema Onmumizye posmiujeHHs 3 YPAXyS8aHHAM
2eomempudHUX ooMedicens, sukopucmosyiouu D-Qyuxkyii ma anzcopummu NAKYBaAHHI.
Obuucnioeanvui excnepumenmu niOmeepoX’CyIoms i adanmusHicmv, MOYHICMb i
nomeuyian 01 KNiHIYHO20 3ACMOCY8AHHA.

Knrwouosi cnosa: bpaximepanis, mamemamuune npoepamyeants, napanenenineo,
YUninop, 6azamospanHux

Abstract: This study presents an intelligent system for automated placement of
radioactive capsules in brachytherapy using mathematical programming. Tumor
regions are modeled as convex polyhedra, and capsules as rotatable polyhedral
approximations. The system optimizes placement under geometric constraints using
phi-functions and packing algorithms. Computational experiments confirm its
adaptability, precision, and potential for clinical integration.

Keywords: brachytherapy, mathematical programming, parallelepiped, cylinder,
polyhedron

Brachytherapy is a targeted cancer treatment method that involves
placing radioactive sources directly inside or near a tumor. Accurate
placement is essential to ensure effective radiation delivery to the tumor
while minimizing exposure to healthy tissues [1, 2].

This study presents a novel intelligent system that automates the
placement of cylindrical radioactive capsules within irregular tumor
volumes. The tumor is modeled as a convex polyhedron, and capsules are
approximated by rotatable polyhedral shapes. This enables precise control
over both position and orientation, which is important for accurate dose
distribution. The problem is formulated as a nonlinear optimization problem,
aiming to maximize the number of capsules placed while satisfying
geometric constraints. The phi-function technique [3, 4] allows to maintain
safe distances between capsules and from the tumor boundary. The system
uses a two-stage optimization strategy: it first generates an initial
configuration and then refines it using mathematical programming to
improve packing density and constraint compliance. To reduce
computational complexity, the system applies a decomposition technique.

Computational experiments using real-world parameters confirmed the
system’s adaptability and precision. It successfully placed up to 100
capsules in various tumor geometries and spacing conditions, demonstrating
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its potential for clinical integration across multiple cancer types. An
illustration of placement of 100 capsules is shown in Figure 1.

>~

S

Figure 1. Illustration of placement for 100 capsules
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