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Pedepar:

1. CyyacHna iHXeHepis IPOrpaMHOro 3abe3neyeHHs], o 6a3yeThCsl HA THYYKMX METOMOJIOTISX Ta MPUHIUIIAX
HEeIepePBHOI iHTerpallii, cCTae IPUYUHOIO IIOCTIMHOI €BOJIIOLI BUMOT, 1[0 HEMUHYY€E [IPU3BOIUTH [0 YaCTUX 3MiH Yy
CTPYKTYpi JaHuX. HekepoBaHUii MpoLec TaKMX 3MiH CTae IPKEPEJIOM HaKONMYEHHS TEXHIUHOTO 60pry, 36ibl1ye
BUATPATU Ha CYIIPOBIJ, Ta CTBOPIOE 3HAYHI PM3UKHU [TOMKOIKEHHS TaHUX, W0 CTaBUTh IIif 3arp0o3y HaLiMHICTh Ta
IOBrOTPUBAJY KUTTE3ATHICTb IIPOrPAaMHOTO 3abe3eyeHHs. Y 3B'S3Ky 3 LIUM, y JucepTaliliHiil po6oTi po3B’s13aHO
aKTyaJIbHy HayKOBO-TIPUKJIAJIHY 3a/1a4y 3 iHKeHepii TporpaMHOro 3abe3neyeHHs — Y4,0CKOHAJIEHHS IPOLeCy
CYIIPOBOJY €BOJIIOLIiI CXEMU IaHUX, 30CEPEIKYIOUMCh Ha IBOX KJIIOYOBUX, ajle IPUHIUIIOBO Pi3HUX apXiTEKTYPHUX
napagurmax: MupoKo PO3IOBCIOIKEHNX JOKYMeHToopieHToBaHMX NOSQL 6a3ax JaHuX Ta CUCTEeMax, I00YI0BaHUX
Ha OCHOBI HE3MiHHUX AaHuX. Po3pobseHo meTo 1jisl KijbKicHOTo BUGOpY cTparerii mirpanii y cucremax 3i
3MiHHMMU JAaHMMU, 1O BPAXOBY€ KJII0YOBi XapaKTEPUCTUKU NPOEKTY; METOZ, IOPiBHSJIBHOTO TECTYBaHHS
IIPOYKTUBHOCTI, CIleLiaJibHO pO3po0IeHUH [J1s OLiHIOBaHHS 6a3 naHux y KoHTeKcTi [T (maTtepH mkepesa nogiin),

10 3aIIOBHIOE ITPOTAJINHY Y HAABHUX €TAJIOHHUX TECTAX; a TAKOX yILOCKOHaﬂeHI/Iﬁ METO/, 3aCTOCYBAHHS BEJIMKUX



MOBHUX MOJIeJIEH, IO Jae MOKJIMBICTD IJI aBTOMATU3aLil IPUNHATTS apXiTEeKTYPHUX pillleHb Y HaMCKJIaIHIMNX
CLIeHapisIX eBOJIOLIl He3MiHHUX JaHux. JucepTaliliHa po60oTa CKIagA€eThCs 3i BCTYIy, YOTUPbOX PO3TiiB,
BUCHOBKIB, CIIUCKY JIiT€PAaTypHUX JKEPEJI Ta NOJATKIB. Y IIEPLUIOMY PO3Liji MIPOBELEHO KOMIUIEKCHUI aHali3
Cy4aCHOTO CTaHy Ipo06JieMU Ta OOIPYHTOBAHO aKTYaJIbHICTh JOCiAKeHHs!. [TinTBepIpKeHO, 10 BifJCyTHICTb
dbopmanizoBaHUX MiTXOLiB 10 KEPYBAHHS €BOJIIOLIEI0 CXEMU IOKYMEHTOOPIEHTOBAHUX 633 IaHUX € OTHI€I0 3
KJIIOYOBUX II€PELIKO], 1711 JOBrOTPUBAJIOrO CYIIPOBOAY IIPOTPaMHOr0 3abe3nedyeHHs. BcTaHOBIIEHO, 1110 THYYKICTh
6e3CxeMHUX 633 IaHUX, € CXeMa € HEeSIBHOIO Ta BUBHAYAETHCS KOJIOM 3aCTOCYHKY, CTBOPIO€ 3HA4YHI BUKJIMKU [1JI51
Y3rO/I)KEHOCTI ITaHUX ITPOTSATOM SKUTTEBOTO LIUKIY cucTeMu. OCOOIMBY yBary NpuijieHo eTany CylpoBOLy
[IPOrpaMHOrO 3a6e3IeyeHHs], OCKIJIbKM caMe BiH € OCHOBHUM PylIieM MMOCTIHHUX MoAu®iKaliil CTPYKTypy JaHUX Y
BiITIOBiJlb HA HOBi BUMOTH 44 3MiHy CEpeJoBUILA. Y APYroMy po3iji po3po6seHO HOBUI METOZ, 171 BUOOPY
cTparerii eBoJIoLii CXeMU JAaHUX Y BOKyMeHToopieHToBaHuX NoSQL 6a3ax. Ha BinMiHy Bif HasIBHUX MifXOMiB, SIKi
9aCcTO I'PYHTYIOTHCS HA TTOCBiZli pO3pOOHYKIB 260 OPi€EHTOBAaHI HA CKJIA[IHI CUCTEMU CaMOaJanTalii B peaJbHOMY
4aci, 3alIPONTIOHOBAHUI METOJ, € TParMaTUYHNUM iHCTPYMEHTOM IiATPUMKU NIPUNHATTS pillleHb. Pe3yibTaT
TECTyBaHHSI IIPOJIEMOHCTPYBAJH, 110 3aCTOCYBaHHS PO3PO0JIEHOTO METOY IA€ 3MOTy CKOPOTUTU OOCST olepaliil 3
mirpauii nanux Ha 40% MOPIiBHSHO 3 TPAIULIIMHUM MiTXOLOM HEBIOKIIAAHOI Mirpauii, o miaTBepruxye Moro
[IPaKTUYHY e(PEeKTUBHICTb Ta JOLIIBbHICTb. Y TPETbOMY PO3[ii po3p06JIeHO METO, 115 IIOPiBHSJILHOTO aHAIi3y
IIPOAYKTUBHOCTI 6a3 faHuX y KOHTeKCTi 3acTocyBaHHs [1IT]. O6rpyHTOBaHO, 1110 HasIBHI €TaJOHHI TeCTH, sK-0T YCSB
yu TPC-C, He BpaxoBytoTh crieundiky IT1I1, 30kpema gomiHyodi onepalii o3anucy Ta KpUTUYHO BaKJINBUN
[IOKA3HVK 3aTPUMKU CTBOPEHHS IPOEKL . 3alpOIIOHOBAHNI METOL CKJIAIAE€THCH 31 ClIeLiai30BaHNX TECTOBUX
CLIEHApiiB, 0 OLiHIOIOTh MAKCHUMAaJIbHY MIPOIYCKHY 30ATHICTb ONEpalliil 3aNKCy IIif 1apajlebHUM HaBAaHTKEHHSM,
BMMIpIOIOTb 3aTPMMKY OHOBJIEHHS ITPOEKIl Ta aHAJi3yIOTh Jerpafallilo IPOLYKTUBHOCTI 3i 30i/IbIIEHHSIM 00CATY
JaHUX. Y 4ETBEPTOMY PO37isli pO3pO6IEHO Ta EKCIIEPUMEHTAJILHO [IEPEBIPEHO YIOCKOHATIEHUN METO
BHMKOPHCTaHHS BEJIMKHUX MOBHUX Mogeieil (BMM) nis knacudikauii mirpanitiHoi ctpaterii eBosowii cxemu 1jist
He3MiHHUX JaHuX. MeToo 6yJI0 IepeTBOPUTHU IIPoLieC BUOOPY apXiTeKTypHOI cTparTerii 3 iHTyiTUBHOTrO, CXUJIbHOTO
IO IOMUJIOK CYJ)KEHHS, Ha IeTePMiHOBaHy, aBTOMaTU30BaHy Npouenypy. s yCyHeHHs He[j0JliKiB €BpUCTUYHNX
iIXoAiB 3aIIpONOHOBaHO (GOPMabHY METOOJIOTIIO, [0 IPYHTYETHCSI HA AaTOMAPHIll TAKCOHOMII 3 15 rpaHyIsIpHUX
omneparii. EkcnepumeHTanbHe MOPiBHSIHHS Ha mectd BMM rnokaszasio, o po3pobaeHuil aTOMapHUI MeTOoJ,
IIPOJIEMOHCTPYBAB BUHSTKOBY e(EKTUBHICTb 17151 mogesneit GPT-5, Gemini-2.5-pro, gocsaraysuu 100% To4HOCTI y
BUOOPI MirpauiitHoi ctparerii. BcTaHOB/IEHO NPSIMUIL 3B'130K MK apxiTeKTypHUM MacimTabom BMM Ta cTparerieto
dhopMyBaHHS 3aNUTy, 10 HaJla€ MPAKTUYHI peKoMeHawii AJ1s mo6ymoBY HaZiHHUX CUCTEM i TPUMKU

apXiTEKTypHUX Pilll€Hb.

2. Modern software engineering, based on agile methodologies and the principles of continuous integration,
provokes a constant evolution of requirements, which inevitably leads to frequent changes in data structures. An
unmanaged process of such changes becomes a source of accumulating technical debt, increases maintenance
costs, and creates significant risks of data corruption, jeopardizing the reliability and long-term viability of
software. In this regard, the dissertation solves a pressing scientific and applied problem in software engineering -
improving the maintenance process of data schema evolution, focusing on two key but fundamentally different
architectural paradigms: the widely used document-oriented NoSQL databases and systems built on the basis of
immutable data. A method has been developed for the quantitative selection of a migration strategy in systems
with mutable data, which considers key project characteristics; a performance comparison testing method
specifically designed for evaluating databases in the context of the Event Sourcing (ES) pattern, filling a gap in
existing benchmarks; and an improved method for applying large language models, providing the possibility to
automate architectural decision-making in the most complex scenarios of immutable data evolution. The
dissertation consists of an introduction, four chapters, conclusions, a list of references, and appendices. In the first
chapter, a comprehensive analysis of the current state of the problem is conducted, and the relevance of the
research is substantiated. It is confirmed that the lack of formalized approaches to managing schema evolution in
document-oriented databases is one of the key obstacles to the long-term maintenance of software. It is
established that the flexibility of schemaless databases, where the schema is implicit and defined by the application



code, creates significant challenges for data consistency throughout the system's lifecycle. Particular attention is
paid to the software maintenance stage, as it is the primary driver of constant modifications to the data structure
in response to new requirements or changes in the environment. In the second chapter, a new method for
selecting a data schema evolution strategy in document-oriented NoSQL databases is developed. Unlike existing
approaches, which are often based on developer experience or oriented toward complex real-time self-adaptation
systems, the proposed method is a pragmatic decision-support tool. Testing results demonstrated that applying
the developed method allows for reducing the volume of data migration operations by 40% compared to the
traditional eager migration approach, confirming its practical effectiveness and expediency. In the third chapter, a
method for the comparative analysis of database performance in the context of applying the ES pattern is
developed. It is substantiated that existing benchmarks, such as YCSB or TPC-C, do not account for the specifics of
ES, particularly the dominant append-only operations and the critically important metric of projection creation
latency. The proposed method consists of specialized test scenarios that evaluate maximum write throughput
under parallel load, measure projection update latency, and analyze performance degradation as data volume
increases. In the fourth chapter, an improved method for using large language models (LLMs) to classify the
migration strategy of schema evolution for immutable data is developed and experimentally validated. The goal
was to transform the process of selecting an architectural strategy from an intuitive, error-prone judgment into a
deterministic, automated procedure. To eliminate the shortcomings of heuristic approaches, a formal
methodology is proposed, based on an atomic taxonomy of 15 granular operations. Experimental comparison on six
LLMs showed that the developed atomic method demonstrated exceptional effectiveness for the GPT-5 and
Gemini-2.5-pro models, achieving 100% accuracy in selecting the migration strategy. A direct link was established
between the architectural scale of an LLM and the prompting strategy, providing practical recommendations for
building reliable architectural decision support systems.
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