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Hucepraiiisi npucBsiueHa po3poOiii Ta JOCIIKEHHIO METOIB 1 3aC001B MOJIEIIO-
BaHHs (PpaKTaiB HA OCHOBI KOHCTPYKTUBHO-TIPOIYKLIHHOTO MOJEITFOBAHHS.

V¥ nuceprauiiiHiii poOOTI OTpUMaHl HOBI HAYKOBO OOIPYHTOBaHI TEOPETHYHI Ta
CKCIIEpUMEHTAJIbHI PE3yJIbTaTH, 10 Y CYKYMHOCTI JIO3BOJISATh peaii3yBaTH MPUHIIUITN
MOJICTIOBaHHSI HA OCHOBI KOHCTPYKTOPIB Ta MPOBOJUTU OaraTopa3oBl JOCHIIKEHHS 3i
dbpakranamu Ta O1EKTUBHUMHU B1IOOPAKEHHAMH X 3 PI3HOIO €JIEMEHTHOI0 0a3010 HOCIS.

@pakTanu 3HAXOAATh MPAKTUYHE 3aCTOCYBAaHHs B Oaratbox cdepax HisIbHOCTI,
10 MIATBEP/KYE BAKIUBICTh PO3POOKH HOBUX IMIAXOIIB J0 X KOHCTpYytOBaHHA. Y ce-
pi KOMIT'IOTepHO1 Tpadiku ppakTaam € THCTPYMEHTOM ISl CTBOPEHHS CKIIaHUX Bi3ya-
JbHUX €(EeKTIB 1 MOJEIIOBAHHS PUPOJHUX SBUII, TAKUX SIK PIYKOBI MEPEXKI Ta TIPChKI
nanamadTu. OpaktanbHa rpadika 6a3yeTbess Ha (PpakTadbHIN reoMeTpii 1 J103BOJISE
OMHCATH CKJIAIHI O0'€KTH 3a JOMOMOTOI0 BCHOTO JIMIIE JEKIIBKOX MaTeMaTHUYHUX
BUpa3iB. (s mporHody (i3MKo-MeXaHIYHUX XapaKTEpPUCTHK PI3HUX MareplajiB Ha
HiACTaBl aHaJi3y X CTPYKTYPH 3aCTOCOBYIOTHCS METOJIM MAaTEeMaTHUYHOTO MOJIENIOBaH-
Hs1, BKJIFOYAI0YH (PpaKTaIbHY TCOMETPIO.

Onnak, ppakTaabHi MOJENI, IO 0a3yIOTHCS HA KIACUYHUX CHCTEMaX T€OMETpHY-
HUX TIEPETBOPEHB, MAIOTh OOMEKEHHS: HEMOKJIMBO TIOBTOPHO BUKOPUCTOBYBATH MPOCTI
MOJIEJTi y CKJIAJIHAX Ta MYJIBTHCTPYKTYPHHX KoMIo3uIisix. Ile cTBoproe moTpedy B HO-
BUX MiAXoAax. Y JOCHIIPKCHHI TMPOTMOHYEThCS HOBHM TMiAXig 70 (GOopMyBaHHS
dbpakTaniB: BHKOPUCTAHHS TMPOMIKHOI (OpMU y BUIIISAL  MYJIBTUCUMBOJIBHOI
MOCJIJOBHOCTI, III0 OTPUMYEThCS MeTojaMu L-cucteM. Baxkiupicts L-cuctem y dpak-
TaJIbHOMY MOJICITIOBAaHHI HE MOYKHA HEJIOOIIHIOBATH, OCKUIBKU 1X PEKypCHBHA MPUPOJIA

JIETKO TMPU3BOJIUTH 10 CAMOIIOIOHOCTI.



AKTYyanbHICTh KOHCTPYKTHBHO-TIPOAYKIIIHHOTO MIAXOAY IO MOJEITIOBAHHS
dbpakTaniB MATBEPIKYETHCS CydaCHUMH TOCTipKeHHsMu. 1lei minxin, 3acHOBaHUN Ha
dbopmMaTpHUX T'pamMaTHKax, 3a0e3neuye THYyUYKi MOXKJIMBOCTI 3 HaJjaIlTyBaHHS TeHeparlii
dpakraniB, 103BoJiss€ HOPMYBATH iX 3 HEOMHOPIAHHX EIEMEHTIB 1 KOMOIHYBAaTH Pi3HI
M1X0U, 10 3HAYHO PO3LIMPIOE MOMXJIMBOCTI MPAKTUYHOTO 3acTocyBaHHsA. KoHCTpyK-
TUBHO-TIPOJYKIIMHE MOJICTIOBAHHS, IO MOEJHYE amapar (opMalbHUX TIpaMaTHK 13
OPUHLUAIIAMHA 00’ €KTHO-OPIEHTOBAHOTO Ta KOMIIOHEHTHOTO TIPOEKTYBAaHHS, HaJa€e
MO>KJIMBOCTI JIJISl TOPOJPKEHHS Ta TpaHchopMallii CKIaHIX 00’ €KTIB Ha 0a31 KOHCTPYK-
Topy. Lle mo3Bossie popMyBaTu i€papXii pi3HOPIIHUX (PpaKkTaIbHUX (Iryp 3 PI3HOIO
€JIEMEHTHOIO 0a3010 HOCIs, MATPUMYBATH aJalTUBHY 3MIHY TapaMeTpiB 1 6aratopa3oBo
BUKOPHCTOBYBATH BXK€E po3pobiieH] pparMeHTu Mozenei. Taka rHydKICTh € HaJ3BUYali-
HO BaXJIMBOIO JJI CYy4acHHUX 3a7ad KOMIT FOTEPHOI rpadiku Ta CUMYJISLIA MPUPOIHUX
SIBHILL.

[IpenMeToM AOCIIKEHHS] € METOJIM, MOJCII Ta MporpamHi 3acodu s Gopmy-
BaHHs ()pakTajiB 3 MPOMI>KHUM MPEICTABIEHHAM Y BUTJISAA1I MYJbTUCUMBOJIBHUX MOCITI-
JIOBHOCTEH Ha OCHOB1 KOHCTPYKTUBHO-TIPOAYKILIMHOTO MOJIETIOBAHHSI.

HayxoBa HOBH3HA OTpUMaHUX PE3YNIbTATIB MOJIATAE B HACTYITHOMY:

- pO3pOo0JEHO KOHCTPYKTHUBHO-TIPOAYKIIHHUNA MeToa (opmyBaHHS (GpakTaiiB 3
MPOMDKHUM KOHCTPYIOBAHHSIM y BHTJISIZII MYJBTUCUMBOJIBHUX TOCTIAOBHOCTEH. K 1
HalOMKuui aHanor — L-cuctemu — BiH 3a0e3neuye (ppakTalbHICTh (CAMONOAIOHICTS)
dbopMyeEMUX KOHCTPYKIIIN Pi3HOT €JIEMEHTHOI 0a3u HOCIS 3 HEOUEBHIHOIO CaMOIOi0-
HICTIO, Ta Ha BIAMIHY BiJl L-cucTeM BUPI3HAETbCS THYUYKICTIO IpU (POpMYyBaHHI MOJIH-
¢ikariii Ta cnopiiHeHUx (pakraniB. BcraHoBIEHO, 110 OUIBIIICTh KIACUYHMX MIJIXO-
I1B He 3a0e3MeuyloTh HeOOX1JHOTO PiBHS KEPOBAHOCTI Ta YHIBEPCAJIBHOCTI JJIsl CTBO-
PEHHS CKIJIATHUX MOP(QOJIOTIUHUX CTPYKTYpP, OCOOJMBO B YMOBAax 3MIHH MapaMeTpPiB Yy
pEeXKUMI peaIbHOTO Yacy.;

- BHUKOHaHO Kiacudikarilo KOHCTPYKTOpiB. Ha BigMiHy Bij iHIIUX, c(hOpMOBaHA
TAKCOHOMISl TIOJIUISI€E KOHCTPYKTOPH 32 (PYHKI[IOHAIIBHUM MPU3HAYEHHSIM Ta MOXJIHBO-

CTSIMH 1X KOMOIHYBaHHS;



- pOo3p0o0JIEHO KOHCTPYKTUBHO-TIPOAYKITIHHI MoIeli (hpaKTajiB 3 Pi3HOKO €IeMEHT-
HOIO 0a3010 3 O1EKTUBHUM BiAOOpaKEHHSIM y NeKiTbKkoX ¢opmax. Ha BinMiHy Bix Kia-
cuyHux L-cuctem, popMyBaHHS MOJeNei BUKOHY€EThCS 3 OIJISIIOM Ha MPEIMETHY 00-
JACTh KOHCTPYKTOPY Ta BUKOPHCTOBYETHCS OUIBII CKIAamHI (POpMHU TIpenCTaBICHHS
00 €KTIB;

- s dopMaizalii 3B’ s3K1B 3 KEpYBaHHS Ta JAHUX MK CYKYITHICTIO KOHCTPYKTO-
piB, 110 BUPIUIYIOTh €MHY 3a7a4y KOHCTPYIOBAaHHS, PO3pOOJICHO MOIETh MYJIbTHKOHC-
TpYKTOpa 3 ii Bi3yalli3alie€lo;

- BCTAHOBJICHO ISl KJIACHYHUX F€OMETPUYHUX (PpaKTalliB 31 CTOXaCTUYHUMHU BIJI-
XWJICHHSIMH TIPH X (OPMYBaHHI BIACTUBOCTI CaMONO11I0HOCTI Ta (PpaKTaIbHOI PO3MIp-
HOCTI HE B3a€MOINOB’sA3aHi. Y pe3ysbTaTli eKCIEPUMEHTAIbHUX JOCIII)KEHb BCTAaHOB-
JIEHO, IO MPH 3MiHI JIOBXKUHU JIIHIT HA KO)KHOMY Kpoll (pOpMyBaHHS KJIACUYHUX T'eO-
METPUYHUX (PpaKTaTiB 3 MATEMAaTUYHUM OYIKYBAHHSIM Ta JUCIEPCIEI0, 110 JTIOPIBHIO-
I0Th OJMHMUII, (PpaKTaIbHa PO3MIPHICTH MOXKE BapitoBaTHCS B Mexax S...15%.;

- Ha OCHOBI PO3pPO0JICHUX MOJIeNiel 3alPONOHOBAHO CMOCIO BCTAHOBJICHHS O1€KTH-
BHOT'O BiOOpa)KeHHS KOHCTPYKIIIM 3 Pi3HOIO0 €JIEMEHTHOIO 0a3010 Hocis. BeraHoBieHi
3aJIEKHOCT] (pakTaIbHOI PO3MIPHOCTI KIIACUYHUX T€OMETPUYHMX (PpakTaiiB BiJl CTO-
XaCTHUYHOI BapiaTUBHOCTI JIOBXXWHU JIIHII Ta KyTa Haxwiy, Ta Ha iX OCHOB1 3po0JieH1
BHCHOBKH IIIOJI0 TOTO, IO TIPH iX (popMyBaHHI BIACTUBOCTI caMOMOI0HICTI Ta dpak-
TaJdbHOI PO3MIPHOCTI HE MalOTh OJTHO3HAYHOTO 3B’SI3KY;

- po3pobiaeHo kpocruiarpopmene nporpamue 3adesnedenns «Koncrpykrop 1.1» ta
opayzepHe «KouctpykTop 2.0», sike BTLIIOE 3alpONOHOBAHI MiIXOAM Ta 3a0e3reuye
NOBHUM LUK (OPMYBAHHS KOHCTPYKTOPIB. Po3pobiieHe nporpaMue 3a0€3MeUeHHs € y
Aesikiid Mipl yHipikoBaHe, 110 HaJJa€ MOXJIMBICTh HOTO BUKOPHUCTAaHHS y MaOyTHIX J10-
CJTIKEHHSIX 3 3aCTOCYBaHHSAM KOHCTPYKTUBHO-TIPOAYKIIIHHOTO MOJICTFOBAHHSI.

- YJOCKOHAJIGHO MeToau (popMyBaHHSA Ta PO3POOKH KOHCTPYKTOPIB TPH JIOCIHI-
JDKEHHI 3 BUKOPUCTAHHSIM KOHCTPYKTHBHO-TIPOAYKLIMHOTO MOJENIOBAHHS, 30KpEeMa,
c(hOopMyIHLOBAHO MPUHIIMIKN KOHCTPYKTUBHOI MAPAJUTMU COPUUHATTS CBITY Ta BIIIO-
BIIHUX Mojenel. B pesynbrari y3araJbHEHHS METOMAIB 1 3aC00IB KOHCTPYKTHBHO-

MPOJYKIIIHHOTO MOJCTIOBAHHS MPEACTaBICHUX Yy 0ararbox MOMEpeaHiX poOoTax pi3-



HUX JTOCHIIHHKIB, C()OPMYIIbOBAaHI OCHOBHI MOJIOKEHHS KOHCTPYKTHUBHOI MapajurMu
Ta PO3po0JIeHa TAKCOHOMIisI KOHCTPYKTHBHO-TIPOAYKITIHHOTO MOJICTIOBAHHS, IO CIIPH-
ATUME MOJATBIIIOMY BUKOPUCTAHHIO II1€1 TapaJurMu

- OTpuMaJa MOAANBIINA PO3BUTOK TEOpis (hpaKTaliB y YACTHHI B3a€MO3B’SI3KY Bia-
CTHUBOCTEH (ppakTaliB: cCaMOIOAIOHOCTI Ta (hpaKTaIBHOT PO3MIPHOCTI.

VY nmepuomMy po3fiii IpOBEIEHO KOMIUIEKCHUN aHaji3 Cy4acHOro CTaHy IpooJie-
MU MOJIETIOBaHHS (PpakTaiiB Ta KOHCTPYKTHBHO-MPOAYKLIMHUX CHUCTeM. Po3risHyTO
TEOpEeTUYH1 3acaau (pakTagbHOI T€OMETpli, METOJAM HAa OCHOBI IT€paTUBHUX (DYHKIIIO-
HaIBHUX cHucTeM, L-cuctem Ta Teopii xaocy. IIpoananizoBano amapaT (QopmalbHUX
rpamMaTvK Ta Horo eBoitouio. CHCTEeMaTH30BaHO TEOPETHKO-METOJOJIOTIUHI 3acaju
KOHCTPYKTHUBI3MY. 3a pe3yJibTaTaMU aHalli3y BUABJICHO KIIOYOBI OOMEXEHHS 1ICHYIOUUX
M1IXO/1B, 30KpeMa BiICYTHICTh YH1(DIKOBAaHOTO 1HCTPYMEHTAPIO JJIsi KOMIIO3HUI[IHOTO
MOJICJIIOBAHHS, Ta OOIPYHTOBAHO JOIIILHICTH PO3POOKH HOBOI, YHIBEPCAIBLHOT MMapaju-
I'MH Ha 3acajlaXx KOHCTPYKTUBI3MY.

VY npyromy po3aiii BUKJIAJIEHO TEOPETHUYHI 3acajii 3alPOMOHOBAHOTO KOHCTPYK-
TUBHO-TIPOAYKIiHHOTO Tiaxony. ChopmMyab0BaHO OCHOBOIOJIOXKHI MPHHIMIN KOHC-
TPYKTUBHOI mapagurmMu. BeeneHo QopmanbHe BH3HAYEHHS Yy3aralbHEHOTO KOHCTPYK-
TOpa Ta MpeACTaBJIeHA MOCHII0BHICTh YTOYHIOIUHX MEPETBOPEHb (Criemiaizarlisi, iHTe-
prperairisi, KOHKpeTH3aIlis, peaiizallis) K MeXaHi3M Mepexoay Bij aOCTpakTHOI MoIeml
10 KOHKpeTHO1. P0o3po0iieHo opUriHagbHy TaKCOHOMIIO KOHCTPYKTOPIB 3a (DyHKIIIOHA-
JHHUM MPU3HAYEHHSM Ta CIIOCOOOM B3aeMO/ii. 3anpONOHOBAHO MOJIEIb MYJIBTUKOHCT-
pyKTOpa sIK 3ac00y KOMIO3HIIIi Ta OpKeCcTpaIlii B3a€MOIIOB'I3aHUX KOHCTPYKTOPIB.

VY TpeThoMy pO3[iii OMUCAHO PO3POOKY 1THCTPYMEHTAJIBLHOTO MPOrPAMHOIO 3a-
oesneueHnst «Konctpykrop 1.1» ta «Konctpykrop 2.0», 1mo peanizye 3anponoOHOBaHI
TEOPETUYHI MOJIOXKEHHA. BU3HaueHo (QyHKIIOHAIBHI BUMOTHM Ta 3a7adl MPOrPaMHOIO
3abe3neueHHs. [IpomeMoHCTpoBaHO (YHKIIOHATBHICT CEPEOBUINA HA TMPUKIAIAX
CTBOPEHHSI Ta YTOUHEHHSI KOHCTPYKTOPIB JIJIs MOJICIIIOBAHHS TEOMETPUIHUX (PpaKTaliB.

VY yeTBepTOMY PO3ALNII MPEACTABICHO PE3YJIbTAaTH MOJACIIOBAHHS (PpaKTaIbHHUX
CTPYKTYP 3 BUKOPUCTAHHSM PO3POOICHOTO 1HCTpYMEHTapito. Po3po0eH0 KOHCTPYKTH-

BHO-TIPOAYKIIIMHI MOJIeJ JIJIsl KIIACUMYHUX MeOMETPUYHUX (hpakTaiiB, PpakTaabHUX Ya-



COBHX pSAIB (Ha MPHUKIAAl MOJIEIIOBAaHHS T'PO30BOro (pOHTY), MyJIbTU(paAKTaTIB Ta
TPUBUMIPHUX (PpakTaibHUX MOBEPXOHB (Ha MPHUKIaAl KuTaiichbkol maroau). IlpogemMon-
CTPOBAHO MOXJIMBOCTI O1EKTHBHOTO BiIOOpakKe€HHS MK (pakTajgamu pi3HOI IPUPOIH.
[IpoBeneHo ekcrnepuMeHTabHE IOCTIIKEHHS 3alIeKHOCTI (pakTaabHOI PO3MIPHOCTI
B1JI CTOXaCTHYHMX BIJIXUJICHB, 10 MiIATBEPAWIIO BIACYTHICTh MPSIMOTO 3B'SI3Ky MIXK ca-
MOIOAIOHICTIO Ta ()paKTATBPHOIO PO3MIPHICTIO JUIsI CTOXaCTHYHMX (PpaKTaIiB.

Takum 4YwHOM, Yy JUCEpTaMmiiiHIA poOOTI BUPINIEHO AaKTyalbHYy HAyKOBO-
NPUKIAAHY 3a/1auy (opMasizoBaHOrO MpeACTaBICHHS, reHepali Ta Bizyamizaiii ¢ppak-
TaJbHUX CTPYKTYp Ha OCHOBI KOHCTPYKTHBHO-NPOAYKIIHHOro miaxonay. Po3poGieno
BIJIIOBIJIHY TEOPETHYHY MOJENb, BU3HAYEHO AJITOPUTMHU MOOYIOBH Ta TpaHchopmarlii
KOHCTPYKLIH, a TaKOXk CTBOPEHO IporpaMHe 3a0e3NeueHHs, 1110 3a0e3neuye iXHI0 pea-
Ji3alliio 3 ypaxyBaHHSM MapamMeTPUYHOI BaplaTUBHOCTI, KOHTEKCTHUX 3aJIEKHOCTEH Ta
MO’KJIMBOCTEN ITHTEPAKTUBHOI'O KEPYBAaHHSL.

KirouoBi croBa: ¢paxran, ¢pakTaibHi 4acoBl psiiu, (PpakTajibHa PO3MIPHICTD,
KOHCTPYKTUBHO-IIPOAYKIIIHHE MOJIeToBaHHs, L-cucrteMa, KOHCTPYKTOp, (hopmanbHi
rpaMaTuku, OIEKTUBHE BIJOOpakeHHs, MporpaMHe 3abe3neueHHs, iH(popMalliiHl TeX-

HOJIOT].



ABSTRACT

Chyhir R.R. Construction-synthesizing modeling of fractals. — Qualifying scien-
tific work on manuscript rights.

Dissertation for the degree of PhD in specialty 122 "Computer Science" - Ukrai-
nian State University of Science and Technology, Dnipro, 2025.

The dissertation is devoted to the research and development of various methods
and tools for modeling fractals based on constructive-synthesizing modeling.

The thesis provides new scientifically grounded theoretical and experimental re-
sults that will allow implementing the principles of constructor-based modeling and
conducting repeated studies with fractals and bijection reflections with different elemen-
tal carrier bases.

Fractals find practical application in many areas of activity, which confirms the
importance of developing new approaches to their construction. In the field of computer
graphics, fractals are a tool for creating complex visual effects and modeling natural
phenomena, such as river networks and mountain landscapes. Fractal graphics is based
on fractal geometry and allows you to describe complex objects using just a few ma-
thematical expressions. Mathematical modeling methods, including fractal geometry,
are used to predict the physical and mechanical characteristics of various materials
based on the analysis of their structure.

However, fractal models based on classical systems of geometric transformations
have limitations: it is impossible to reuse simple models in complex and multistructural
compositions. This creates a need for new approaches. The study proposes a new ap-
proach to the formation of fractals: the use of an intermediate form in the form of a mul-
ti-character sequence obtained by L-systems. The importance of L-systems in fractal
modeling cannot be underestimated, since their recursive nature easily leads to self-
similarity.

The relevance of the constructive-synthesizing approach to fractal modeling is
confirmed by modern research. This approach, based on formal grammars, provides
flexible possibilities for setting up the generation of fractals, allows them to be formed

from heterogeneous elements and combine different approaches, which significantly



expands the possibilities of practical application. Constructive-synthesizing modelling,
which combines the apparatus of formal grammars with the principles of object-oriented
and component design, provides opportunities for generating and transforming complex
objects based on a constructor. This allows you to form hierarchies of heterogeneous
fractal shapes with different elemental carrier bases, support adaptive parameter
changes, and reuse already developed model fragments. Such flexibility is extremely
important for modern computer graphics and natural phenomena simulation tasks.

The subject of the study is methods, models and software tools for the formation
of fractals with intermediate representation in the form of multi-character sequences
based on constructive-synthesizing modeling.

The scientific novelty of the results is as follows:

- a constructive-synthesizing method of forming fractals with intermediate con-
struction in the form of multisymbol sequences has been developed. Like its closest
analogue — L-systems — it provides fractality (self-similarity) of the formed structures
of different element base of the carrier with non-obvious self-similarity, and unlike L-
systems, it is flexible in the formation of modifications and related fractals. It has been
established that most classical approaches do not provide the necessary level of con-
trollability and versatility to create complex morphological structures, especially in the
conditions of changing parameters in real time;

- classification of constructors. Unlike others, the formed taxonomy divides con-
structors by their functional purpose and possibilities of their combination;

- constructive-synthesizing models of fractals with different element base with bi-
electric display in several forms are developed. In contrast to classical L-systems, the
formation of models is performed with regard to the subject area of the constructor and
more complex forms of object representation are used,;

- to formalise the control and data links between a set of constructors that solve a
single constructive problem, a multiconstructor model with its visualisation has been
developed;

- it Is established that for classical geometric fractals with stochastic deviations in

their formation, the properties of self-similarity and fractal dimensionality are not in-



terrelated. As a result of experimental studies, it was found that when the length of the
line is changed at each step of the formation of classical geometric fractals with ma-
thematical expectation and variance equal to one, the fractal dimension can vary within
5...15%;

- on the basis of the developed models, a method for establishing a bijection dis-
play of structures with different elemental base of the carrier is proposed. The depen-
dences of the fractal dimension of classical geometric fractals on the hundred-
hysteretic variability of the line length and the angle of inclination are established, and
on their basis it is concluded that the properties of self-similarity and fractal dimension
are not unambiguously related in their formation;

- cross-platform software ‘Constructor 1.1° and desktop software ‘Constructor 2.0’
were developed, which embodies the proposed approaches and provides a full cycle of
constructors' formation. The developed software is to some extent unified, which
makes it possible to use it in future research with the use of constructive-synthesizing
modeling.

- the methods of formation and development of constructors in research using con-
structive-synthesizing modeling have been improved, in particular, the principles of the
constructive paradigm of world perception and corresponding models have been for-
mulated. As a result of generalising the methods and tools of constructive-synthesizing
modelling presented in many previous works by different researchers, the main provi-
sions of the constructive paradigm were formulated and a taxonomy of constructive-
synthesizing modeling was developed, which will facilitate the further use of this para-
digm

- the theory of fractals was further developed in terms of the relationship between
the properties of fractals: self-similarity and fractal dimension.

In the first section, a comprehensive analysis of the current state of the problem
of modeling fractals and constructive-synthesizing systems is carried out. The theoreti-
cal foundations of fractal geometry, methods based on iterative functional systems, L-
systems and chaos theory are considered. The apparatus of formal grammars and its

evolution are analysed. The theoretical and methodological foundations of constructiv-



ism are systematised. The analysis reveals the key limitations of existing approaches, in
particular the lack of unified tools for compositional modeling, and substantiates the ex-
pediency of developing a new, universal paradigm based on constructivism.

The second section outlines the theoretical foundations of the proposed construc-
tive-synthesizing approach. The basic principles of the constructive paradigm are for-
mulated. A formal definition of a generalised constructor is introduced and a sequence
of refinement transformations (specialisation, interpretation, specification, realisation) is
described as a mechanism for the transition from an abstract model to a concrete one.
An original taxonomy of constructors by functional purpose and method of interaction
is developed. The model of a multi-constructor as a means of composing and orchestrat-
ing interconnected constructors is proposed.

The third section describes the development of the instrumental software «Con-
structor 1.1» and «Constructor 2.0», which implements the proposed theoretical provi-
sions. The functional requirements and tasks of the software are defined. The functio-
nality of the environment is demonstrated on the examples of creating and refining con-
structors for modeling geometric fractals.

The chapter four presents the results of experimental modeling of fractal struc-
tures using the developed tools. Constructive-synthesizing models for classical geome-
tric fractals, fractal time series (for example, modeling a thunderstorm front), multifrac-
tals and three-dimensional fractal surfaces (for example, a Chinese pagoda) are devel-
oped. The possibilities of bijection between fractals of different nature are demonstrat-
ed. An experimental study of the dependence of the fractal dimension on stochastic dev-
lations is carried out, which confirms the absence of a direct relationship between self-
similarity and fractal dimension for stochastic fractals.

Therefore, the thesis solves the actual scientific and applied problem of forma-
lised representation, generation and visualisation of fractal structures based on the con-
structive-synthesizing approach. The corresponding theoretical model was developed,
algorithms for constructing and transforming structures were determined, and software
was created to ensure their implementation, taking into account parametric variability,

contextual dependencies and interactive control capabilities.
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