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Pedepar:

1. OpHUM 3 HAOLIbILI aKTyaIbHUX i IEPCIIEKTUBHUX HAIPSIMKIB HAYKOBUX JOCJIIIPKEHb B IIbOMY PO3YMiHHI €
MOJIe/II0BaHHS 6i0J10TiUHMX NpoleciB i cucteM. TexHoorii MaiibyTHBOTO, Taki SIK POi10Bi pO60TU30BaHI MEXaHi3MH,
CHCTEMHU IITYYHOTO iHTEJIeKTY, PO3YMHUH iM YU MiCTO IE€MOHCTPYIOTh XapakTep 6i0noAi6bHOCTi y CBOIll TOBemiHLj,
TOOTO BiIMOBY BiJi OJHOTO KEPYIOUOTro LIEHTPY i caMoopraHisallilo KOMIIOHEHTIB cucTeMy. Ha BigMiHy Bif Ipukianis
MOJEJIIOBAaHHS (Pi3WMYHUX SIBUII, MEXaHi3MH1 6araTbox 6ionpoLeciB Hapa3si Mayio BUBYEHi. JI0 TAKUX IUTaHb, 30KPEMA,
HaJIeXkaThb: IPOLECU CaMOOPraHisallii Ta €BOJIOLii )KBOi MaTepii; MexaHi3MU CUHEPreTUYHOI CHiBIPalli B KOJIOHISIX
OJIHOKJIITMHHUX OPraHi3MiB Ta ix opraHizailis y popmu 6araTokJIiTUHHUX CUCTEM, 10 CYTIPOBOAKYIOTHCS
IvdepeHLialielo KIiTUH; cCaMOOpraHizallis pi3HUX CUTHAJIbHUX IIOTOKIB Y HEMPOHHI MiJICUCTEMU OpPraHi3MiB TOIIO.
BpaxoByi04M BasKJIMBICTh NOJIOHNX NOCiIKeHb, aKTyaJIbHIUM IIUTAHHSM [TOCTA€ BUBYEHHS MEeXaHi3MiB AUHAMIKN

6iononibHUX CTPYKTYP, TOOTO aHAJIOTIB 6iocucTeM (TKaHMH, OpPraHiB, KJIIiTHH Ta OPTraHi3MiB B 1IiJIoMy), 1110 CTBOPEHI



IITYYHO (3MOJI€JIbOBAHI y IPOrpaMHOMY KOMILIEKCI UM POOOTU30BaHi MexaHi3mu). Taki cuCTeMU MOKHA Ha3BaTU
PO3IIofiIeHNMH, MalouX Ha yBa3i Te, 1110 Ha BiTMiHY Bifi epeBaskHOI 6i1b1II0CTi Cy4acHOi 06YMCII0BAIbHOI TEXHIKY,
PO3p06JI€HOI JIIOIMHOK, BOHY HE MAIOTh OYb-SIKOTO LIEHTPAJbHOI'O KEPYIOUOTO €JIEMEHTA, SIKUI 61 OYB
BiATIOBiaJIbHMI 32 IPUMHATTS BCixX pilleHb. Po3nofinennii xapakrep MexaHi3aMiB caMooprasizallii poouts ix
0CO0JIMBO CTIIKUMU JI0 Pi3HUX 300iB i BTpy4aHb 30BHIIIHIX YMHHUKIB, OCKiJIbKM HE MAl041 YPa3IuBoi KePiBHOI
JIaHKH, He TaK IPOCTO 3a3HATH IOIKOKEHb, sIKi 6 TPU3BOIUIIN 10 KpaxXy BCiei cucTeMu camoopraHisaiiii B 11isiomy.
OCHOBOIO KOMITIOTEPHOT'O MOJIE€/IIOBaHHS Oy[ib-SIKUX [IPOLECIB U CUCTEM € MAaTEMATHUYHI MOZEJI, SIKi OMUCYIOTh Lii
ob6'extu. [luceprauiiiHa po60Ta PUCBSYEHA TOCTIIPKEHHIO Ta PO3BUTKY 3aCa/i MATEMATUYHOTO i KOMITIOTEPHOTO
MOJIETIOBAHHS IMHAMIKM eJIeMeHTapHUX 6araTOKJIiTUHHUX OPTaHi3MiB, Ta po3po01li Ha OCHOBI OTPUMaHUX
Pe3yJIbTaTiB CUCTEMU KOMITIOTEPHOT'O MOJIEJIIOBaHHS 3 BUKOPUCTAHHSIM METOJly PYXOMUX KJIITUHHMX aBTOMATIB.
Mero1o fucepTaLiiHoi po60TH € CTBOPEHHS iMiTalliHUX MOesIel Ta pO3po6Ka Ha ix OCHOBI IPOrPaMHOro
3abe3nedeHHs 1151 MOJIe/IIOBaHHS AUHAMIKY eJleMeHTapHUX 6araToKJITUHHUX 6i0M0ni6GHNX OpraHi3amMiB METOIOM
PYXOMUX KJIITUHHUX aBTOMatiB. OTpUMaHO HACTYIIHi HAyKOBi pe3ybTaTu: - MOAU(DIKOBAHO METOZ, IIOIIYKY
HaMO/IMKYMX CYCiZliB y BUNIAJKy PiBHOMIPHOIO Ta HEPIBHOMIPHOTO PO3IMOily PyXOMUX KIITUHHUX aBTOMATiB Ha
KJIITUHHO-aBTOMAaTHOMY IIOJIi; - BIIepiie po3p06JIeHO aCUHXPOHHY KJIITHHHO-aBTOMAaTHY MOJIesb 6i0nomi6HOi
CTPYKTYpH, 1110 iMiTye pobOTY KIIITUHHOTO IBUTYHA, i 103BOJISIE€ JOCIIKYBATH 3aJI€KHICTS ii AMHAMIKH Bif TENI0BUX
KOJIMBaHb OKPEMUX €JIEMEHTIB; - BIIEpPILE 3alIpONIOHOBAHO KJIiITUHHO-aBTOMATHY MOJieJlb BapiabesibHOI
4YEePB'SIKONOAi0HOI JIOKOMOLIii Ta BCTAHOBJIEHO NPaBUJla KJIiTHHHO-aBTOMATHOI B3a€EMOIi, 5IKi JJ03BOJISIIOTh
CIIOCTepiratu pi3Hy AMHaMIKy MITY4HOTO OpPraHi3amMy; - Bliepiie No6yA0BaHO KJIiTUHHO-aBTOMATHY MOJIEJb
ameb01o01iGHOro OpraHiamy, 3HailleHo IpaBuila MDKKIIITUHHOI B3a€MOJIii Ha OCHOBI LIUTOCKEJIETHUX I1€PETBOPEHD,
sIKi IPU3BOASTh 0O aMeb0INoiOHOI JIOKOMOLLii; - BIIeplIe METOJAOM aCUHXPOHHUX PyXOMUX KJIITUHHUX aBTOMATiB
PO3po6JIeHO iMiTalliliHy MOJIeJIb IPOLECiB caMOopereHepallii Ta camoperikauii IBOBUMIPHUX Ta TPUBUMIPHUX
6iononibHUX CTPYKTYP. B paMkax maHoro gucepTauiiiHOTo NOCTiIKeHHSs 3IiICHEHO MOJIeIIOBaHHS Pi3HUX
6ionoiOHUX CTPYKTYP Ta IIPOLIECIB, 110 MOJAITHCS SIK Habip NOB'SI3aHUX MiXK CO00I0 32 JOIIOMOT0I0 CXEMU
CyCiJicTBa aBTOMaATIB, a caM Ipolec iMiTaljii BifdyBaeTbcs 3a AooMOrow QyHKILiNM B3aemogii. OTpumMani Mogeni
IOTIOMOTJIM BCTAHOBUTU OCHOBHI (PYHKIii B3aeMOfii, a TaKoX iX mapameTpu, sIKi IOTPiGHO HANIAMTOBYBATU IJIs
KOXKHOT'O OKPEMOT'O BUIIANKy. 3aBAsSKY OTPUMaHUM pe3yJbTaTaM, po3pobiieHo yHiBepcanbHy CAD-cucremy, sika
I03BOJISIE MOZEJIIOBATH 6i0ONOfiOHI CTPYKTYPH, SIBULIA, TPOLLECH IHTYITUBHO 3p0O3yMiIMM YMHOM 6€3 crieliaabHOoi

I'IiILI‘OTOBKI/I Ta 3HAHHAI OCHOB IIPOTr'PaMyBaHHA.

2. One of the most relevant and promising areas of research in this sense is the simulation of biological processes
and systems. Technologies of the future, such as swarm robotic mechanisms, artificial intelligence systems, a
smart home or city, demonstrate the nature of bio similarity in their behavior, that means the abandonment of a
single control center and the self-organization of system components. Unlike examples of physical phenomena
simulations, the mechanisms of many bioprocesses are currently poorly understood. Such issues include, in
particular: the processes of self-organization and evolution of living matter; mechanisms of synergetic cooperation
in colonies of unicellular organisms and their organization in the form of multicellular systems accompanied by
cell differentiation; self-organization of different signal flows in neural subsystems of organisms, etc. Given the
importance of such research, a topical issue is the study of the mechanisms of dynamics of bio-like structures i.e.,
analogues of biosystems (tissues, organs, cells and organisms in general), created artificially (simulated in software
or robotic mechanisms). Such systems can be called distributed, given that, unlike the vast majority of modern
computer technology developed by man, they do not have any central control element that would be responsible
for making all decisions. The distributed nature of self-organization mechanisms makes them particularly resistant
to various failures and interventions of external factors, because without a vulnerable control element, it is not
easy to suffer damage that would lead to the collapse of the whole system of self-organization as a whole. The
basis of computer modeling of any process or system is mathematical models that describe these objects. The
thesis is devoted to the research and development of the principles of mathematical and computer simulation of
the dynamics of elementary multicellular organisms, and the development the computer modeling system using
the movable cellular automata method on the basis of the obtained results. The aim of the thesis is to create



simulation models and develop on their basis software for simulation the dynamics of elementary multicellular
biosimilar organisms by the method of movable cellular automata. The following scientific results were obtained: -
modified the method of finding the nearest neighbors in the case of uniform and uneven distribution of movable
cellular automata in the cellular-automatic field; - for the first time an asynchronous cellular-automata model of
biosimilar structure was developed, which simulates the operation of a cellular motor and allows to study the
dependence of its dynamics on thermal oscillations of individual elements; - for the first time a cellular-automata
model of variable worm-like locomotion was proposed and the rules of cellular-automata interaction were
established, which allow to observe different dynamics of an artificial organism; - for the first time a cellular-
automata model of an amoeba-like organism was built, the rules of intercellular interaction based on cytoskeletal
transformations that lead to amoeba-like locomotion were found; - for the first time by the method of
asynchronous movable cellular automata the simulation model of processes of self-regeneration and self-
replication of two-dimensional and three-dimensional biosimilar structures was developed. In the framework of
this dissertation research, various biosimilar structures and processes are modeled, which are presented as a set
of interconnected automata using the neighborhood scheme, and the simulation process itself takes place using
interaction functions. The obtained models helped to establish the main functions of interaction, as well as their
parameters that need to be configured for each case. Thanks to the obtained results, a universal CAD-system was
developed, which allows to model biosimilar structures, phenomena, processes in an intuitive way without special
training and knowledge of the basics of programming.

Jep>kaBHHHM peecTpaniiiHuii Homep JiP:

IIpiopuTeTHHUH HANIPSIM PO3BHTKY HayKH i TEXHIKH!

CrpareriyHuii NpiopUTEeTHHH HaNIPSIM iHHOBALLiHHOI AisJIbHOCTI:

ITizcyMKH JOCTiI>KEeHHS:

Iy6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasibHO-€KOHOMIYHA CIIPSIMOBAaHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEpPTaIii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ocranos Cepriit Enyapnosuy

2. Ostapov Serhii E

KBasidikanis: 1. ¢.-m. n., 01.04.10
Inentudikarop ORCID ID: He zactocoyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:

Kopg 3a €IPIIOY:



Micue3HaxoaKeHHS:
dopma ByracHoCTI:
Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocrTi npo odiniliHuX OIIOHEHTIB Ta PEI€H3E€HTIiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBuuie Im's Ilo-6aTbKOBI:

1. Buximok fIpocnas IropoBuy

2. Vyklyuk Yaroslav 1.

KBasigikamis: 1. 1. 1., 01.05.02
Imentudikarop ORCID ID: He zacrocosyerbcs
JoparkoBa iHdpopmamnist:

TToBHe HaliMeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpassriHHS:

InenTudgikarop ROR: He zacrocosyerscs

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. T'oBopyuenko Tergna OsiekcaHgpiBHa

2. Hovorushchenko Tetiana O.

KBasigikamis: 1. r. 1., 05.13.06
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa iHdpopmamnis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma ByracHoOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:



1. I'puropkis Bacusib CrenaHoBud

2. Hryhorkiv Vasyl S.

KBasmigikanis: 1. ¢.-m. 1., 01.05.02
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

IToBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasitiHHS:

Inentugikarop ROR: He zacrocosyerscs

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. Manuk Irop Bosogumuposud

2. Malyk Igor V.

KBasigikanis: 1. d.-m. u., 01.05.01
InenTudikarop ORCID ID: He 3acrocosyerscs
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI

TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

Banoscak Cepriit Bacunbosuy

Banoscsk Cepriit BacuiboBud



KepiBuuk Bigginy YKpIHTEI wo e
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko T.A.

JisiIbHOCTI




