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Momusayus u yens: MHOXECTBO UMMYHHBIX IPOLIECCOB, TPOUCXOIAIINX B OPTaHU3ME,
CBSI3aHO C B3aMMOJEHCTBHEM MaJIOT0 KOJIMYECTBA areHTOB (BUPYCHBIX YaCTHILI, KJICTOK
MMMYHHOM cHCTeMBI). B dWacTHOCTH, Ha HA4YallbHOW CTafWH TPOLECC 3apaXKEHUS
BupycoM B1U-1 B numdaTnieckux y3mnax 4eIoBeKa 3aIeHCTBYET CUNTAHHBIC €INHHLIBI
WA JECSATKU KIETOK B YCJIOBHUSX IJIOTHO YNAKOBAaHHOW Pa3IMYHBIMU OOBEKTaMHU
(kMeTkaMH, KOJIJIAareHOBBIMH CTPYKTypamu) T-kieTouyHOW 30HBL. B cBm3um ¢
MOTPEOHOCTHIO MCCIIECAOBAHUS CIy4YaiHBIX MPOLECCOB B TAKMX PACYETHBIX 00JacTsX, a
TaKXKe CXOKUX CUTYAIHAX, ObLTH pa3paboTaHBbI 1Ba MOIX0/1a K MOJICIIMPOBAHUIO KIIETOK
U UX AMHAMHYECKHX CBOMCTB B BHIE CTPYKTYpP BOKCEJIEH, CBA3aHHBIX MEXAY COO0O0H U
JITOPUTMOB, YIIPABISIOMINX U3MEHEHUEM 3TUX CTPYKTYP.

Memoowt u arcopummsr: {51 peannzanyu MocTaBJICHHON 3a/1a41 ObLITH IPUMEHEHBI J1Ba
NoaX0a:

1) meton martepHOB: AedopMamuu OJOOPSITUCH WM OTBEPrajich Ha OCHOBAaHUHU
MPEIBBIYUCICHHOTO CIHICKA IA0JIOHOB, KOHTPOJIUPYIOIINX BHIMOIHEHHUE ABYX YCIOBHIA:
KJIETKa BCIIEACTBUE AedopManyi HE MOXXET MOTEPATh CTPYKTYPHYIO IIEJIOCTHOCTD, a
TaKXe HE MOXKET ITOIJIOTUTh HHBIE O0BEKTHI BHYTPU MOAEIUPYEMO 00acTu.

2) MeToj moucka Ha rpad)e: TOCIE OLEHKA Haubojee MPEANOYTUTEILHON TOYKH
JnedopMaly Tea KIETKH, Bce JallbHEHIe peleHrs 10 COBEPIIaeMbIM C BOKCEISIMH
MaHMITYJISIIMAM IPUHUMAIIUCh HA OCHOBAaHUH ATbHOCTH PACCMAaTPUBAEMBIX JIEMEHTOB
OT BBIOpPaHHOH B Ka4eCTBE MPENNOYTUTEILHON TOUKH.

Peszynomamer: B pesynbrare npojenaHHoN paboThl ObUIO ITOKa3aHO, YTO MPE/I0KECHHBIC
ITOPUTMBI  TO3BOJIAIOT YAaCTMYHO BOCHPOM3BECTH CTaTHCTHYECKHE CBOMCTBA
WHMBHUYaIbHON KJIETOYHOW AWHAMHKU HaOJIIOJaeMbIX iN VItr0 KIETOK WMMYHHOU
CHCTEMBI U TTO3BOJISIOT BBITIOJHATH MOJIEHpoBaHue moseaeHus mopsiaka 100000 kieTok
B IUIOTHO yrakoBaHHo (Oosiee 80 %) cpene.

Bui6o0vi: Pa3paboTaHHble alrOPUTMBI MOTYT OBITH HPUMEHEHBI JUISI MOAEIUPOBAHUS
JIBIKEHHSI OTAEIBHBIX KJIETOK B TUIOTHO YIAKOBAaHHBIX CpPEAax B Pa3IMYHBIX 3a]adax
MaTEeMaTHYeCKOT0 MOJIEIMPOBAaHUS, a MMEHHO, B CHTYyallUiX, KOI/a KOJHUYECTBO
3HAYMMBIX JJIsl TIPOLIECCa AareHTOB CYLIECTBEHHO MEHbIIE OOLIero yucia OObEeKTOB,
NPUCYTCTBYIOIIMX B pacuétHod obmactu. O0a anropuTMa oOJNIAZAIOT  Kak
MPEUMYIIECTBAMH, TaK M HEJIOCTATKAMH, TaK YTO BHIOODP B IMOJIb3Y OJHOTO M3 HUX (WJIN
BBIOOP MHOTO MIOJX0/1a K PELICHHIO) CYILIECTBEHHO 3aBUCHUT OT LI UCCIIEIOBAHUSL.
Qunancuposanue. Viccnenosanue noanepxano rpanrom PHO 23-11-00116.
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Motivation and Aim: Many immune processes occurring in the body involve interactions
of a small number of agents (viral particles, immune cells). For instance, in the initial
stage of HIV-1 virus infection process in human lymph nodes, only a few or tens of cells
are involved in densely packed conditions with various objects (cells, collagen
structures) in the T-cell zone. To study random processes in such computational domains
and similar situations, two approaches have been developed for modeling cells and their
dynamic properties as voxel structures interconnected and algorithms governing the
changes in these structures.

Methods and Algorithms: Two approaches were applied to achieve the set goal:

1) Pattern method: deformations were accepted or rejected based on a precomputed list
of patterns controlling the fulfillment of two conditions: the cell cannot lose structural
integrity due to deformation and cannot engulf other objects within the modeled area.
2) Graph search method: after evaluating the most preferred point of cell body
deformation, further decisions on voxel manipulations were made based on the distance
of considered elements from the selected preferred point.

Results: The study showed that the proposed algorithms partially reproduce the statistical
properties of individual cell dynamics observed in vitro in immune system cells and
enable modeling the behavior of around 100,000 cells in a densely packed (over 80 %)
environment.

Conclusion: The developed algorithms can be applied to model the movement of
individual cells in densely packed environments in various mathematical modeling tasks,
specifically in situations where the number of agents significant to the process is
substantially less than the total number of objects present in the computational domain.
Both algorithms have their own advantages and disadvantages, so the choice between
them (or choosing a different approach to solving the problem) significantly depends on
the research goal.
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