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Pedepar:

1. Y BcTyni 06rpyHTOBaHO aKTYyaJIbHICTh TEMU AUCEPTALiNHOI po60TH, CHOPMYJILOBAHO METY, 3aBHAHHS, 00 €KT,
IpeIMeT AOCIIKEHHs, PO3KPUTO HAyKOBY HOBU3HY Ta IIPAKTUYHY 3HAYYIIICTh OTPMMAaHUX PE3YyJIbTATiB, BUSHAYEHO
0COOMCTHI BHECOK 37,00yBaya, anpo6allito pe3yabTaTiB JOCIIiIPKEHHS Ta iX BUCBITJIEHHS Y HAyKOBUX ITyOJIiKaLlisX.
BuCBIT/IEHO BiJOMOCTI OO CTPYKTYPHU Ta 00CATY OUcepTaliiiHOI po60THU. YV nepmomy po3fili «AHai3 cydyacHUX
MiIXOMiB 1O MPOEKTYBAaHHSI BUCOKOHABAHTAXKEHUX BEOCUCTEM» PO3IJISIHYTO Ta IPOAHai30BaHO aKTyajlbHi HAIIPSIMU
PO3BUTKY apXiTeKTypy Be6J0aTKiB, 0COOJIMBOCTI ix MaciiTabyBaHHs 11 ONTMMI3allii B ymoBax MiKpocepBiCHO]
apxiTeKTypu Ta MyJbTU(PPOHTEHIHOrO CEpenoBULA. Y Migpo3ini 1.1 oxapakTepru30BaHO €BOJIOLII0 apXiTEKTYPHUX
niAxoiB — Bifi MOHOJIITHUX pilleHb 10 MiIKpoPPOHTEeHAiB — i3 pokycom Ha natepH BFF. Po3ryisiHyTO ajibTepHaTHBHI
nigxonu - GraphQL i API Gateway — Ta HaBeZ,eHO NOPiBHSJIbHY XapaKTePUCTUKY iX 3aCTOCOBHOCTI B
MaclmTaboBaHUX cUCTeMax. Y miapo3aini 1.2 30iliCHEHO OIS, BUKJIMKIB KeLIIyBaHHS B MiKpPOCEPBICHIN apxiTeKTypi,
Ile BOKJIMBUM 3aBJIAHHSM € CBO€YACHA iHBasIiiallis 3aCcTapiiux JaHUX 6€3 OPYLIEHHS Y3rOAKEHOCTi MK

cepsicamu. [IpoanasnizoBaHo Cy4acHi Nifgxonu IO yIpaBJliHHS KelleM, 30KpeMa LIeHTPasi30BaHi pilleHH4, 1o



6asyroTbcs Ha nogisx, TTLeTpaTerisix Ta TeroBaHOMY KemyBaHHi. [Tigposain 1.3 npucesyeHo iHGpacTpyKTypHUM
acrieKTaM MacuTabyBaHHS BUCOKOHABaHTaXKeHUX BebcucTeM. Po3risinyTo ocobnnBocti CI/CDy
MyJIbTUQPOHTEHIHIN apXiTeKTypi, 30KpeMa ITpobIeMaTHUKy HaIMipHOI 3B's13aHOCTi MOAyJI€l, KEIIyBaHHS
pe3ysbTaTiB 36ipKu, ePEKTUBHOTO YIIPABJIiHHS apTedaKkTaMy Ta PO3NOJily 00YMCIIIOBAJIbHUX PECYPCIB.
[IpoananizoBaHO NMPaKTUKU ONTHUMI3allii IAUIJIANHIB Yy CEpEeOBUILAX i3 BEJIMKOIO KUJIBKICTIO IIapajieIbHUX
KOMIIOHEHTIB. 3a3Ha4eHO OOMEXKEeHHs Cy4yaCHUX iHCTPYMEHTIB aBTOMaTHU3allii Ta OKpeCJIeHO HaIlpSIMU I10JAJbIINX
IOCTiIKEeHb OO0 NiABUILEHHS €(PEKTUBHOCTI [IPOLECiB AENIOMMEHTY, 30KpEMA 3 YpaxyBaHHSIM clieludiku
MYyJIbTUKOMaHJHOI pOo3po0OKU. Y IpyroMy po3aisi «MojentoBaHHS apXiTEKTypU B3aeMOZii KJIieHTCbKUX i CEpBEPHUX
KOMIIOHEHTIB Ha OCHOBI naTepHy BFF y BUCOKOHaBaHTa)KeHMX BEOCUCTEMAaX» PO3IJISIHYTO NMPUKIIANHI aCIIEKTU
11o0yJ0BY apXiTeKTypH B3aeMOJIil MiX KJIieHTCbKUM iHTepdelicoM i Mikpocepsicamu. Y nigposgini 2.1
IIPOAHAJIi30BAHO KJII0YOBI IPO6JIEMH, OB'SI3aHi 3 HEOOXIAHICTIO arperyBaHHs IaHUX i3 Kisibkox API-ripoBaiizepis, 10
XapakTepHO 1J1s1 MikpocepBicHoi apxiTekTypu. Y ninpo3anisi 2.2 okpecsieHo cnenndiyHi 06MesKeHHS HasiBHUX
iHTerpauifHuX pilleHb y KOHTEKCTI B2ZB-cermeHTy, e BUCOKA BapiaTUBHICTh NapTHePChKUX API, BiCyTHICTb
yHi(piKOBaHMX KOHTPAKTiB Ta NOTpeba B rHYYKi MapuIpyTU3allil JaHUX MPU3BOIASITh 4O YCKIAAHEHHS OOYJOBU
macmTaboBaHux BebcrcTeM. [TokazaHo, mo knacuyHi nigxonu go inrerpauii REST i GraphQL He 3a6e3nedyioTs
HeOOXiJIHOI i30JIbOBAHOCT] JOMEHHUX KOHTEKCTIB Ta HE BPAXOBYIOTh IOTPEOU PO3[IiJIeHHS 30BHILIHIX (ITy6/IiYHUX) i
BHYTPIilIHIX (IpuBaTHUX) iHTepdeiiciB. Y nigposaini 2.3 3AiiCHEHO NOPIBHAIIBHUN aHasli3 NOIMPEHUX PillleHb —
WunderGraph, Apollo Federation ta GraphQL Mesh. BusHaueHO HM3Ky OOMEXKEHD, 30KPEMA: JKOPCTKY CTPYKTYPY
KOH(Irypaliii, CKJIaHiCTb MiATPMMAaHHS OKPEMUX I1y6JIiYHMX i BHYTPilIHiX API-KOHTpPaKTiB, 3a/1€5KHICTb Bif
LIEHTPAJII30BaHUX CXEM, a TAKOX TPYIHOIII 3 reHepalieto TunizoBaHux SDK y cleHapisx i3 BEJIMKOIO KiJIbKiCTIO
MIKpOCEPBiCiB i HEOIHOPiIHUX loMeHiB. Y nigpo3aiini 2.4 3anponoHoBaHo BFF-niaxin, mo 6asyeTbcs Ha padbpui
nposangepis AP, neHTpanizoBaHomMy API-171103i Ta 4iTKOMY pO3[isIeHHi Iy6s1iuHOro Ta npuBatHoro API. Takui
niaxin 3abesnedye rHy4YKy MapLIpyTU3allilo 3aMUTiB, KOHTPOJIb JOCTYILy Ha PiBHI IIJII03Y Ta MOXJIUBICTb afanTarii
iHTerpauii niz pisHi cueHapii 6e3 3MiHM KJ1ieHTCbKOi Jioriku. O6I'PYHTOBAHO AOLiNbHICTh BUKOpUCTaHHS BFF sk
IIPOMIKHOTO PiBHS, SIKUH JI03BOJIsIE CTAHIAPTU3YBAaTH B3a€MOJII0 3 TeTEPOr€HHMMU CE€pPBiCaMU y MacIITab0BaHMX
BebcucTtemax. Y TpeTboMy po3zini «Popmarizalis gekIapaTUBHOTO MigX04y 10 iHBamifalii Keury y MiKkpocepBiCHUX
crucTeMax» IIpoaHajli3oBaHo MPobJIeMaTUKy 3abe3leyeHHs] KOHCUCTEHTHOCTI JaHUX y Kellli BUICOKOHAaBaHTa)KEHUX
apxitektyp. Y niaposnisni 3.1 po3ryisiHyTo 0co6JIMBOCTi pOOOTH CY4acHUX Kell-CUCTEM, TaKUX sK Redis, Memcached
ta NCache. OkpeciieHo KI040Bi TpyAHOLLi iHBamigalii Kemy, MoB's3aHi 3 aCMHXPOHHOIO IPUPO/I0I0 MiKPOCEPBICiB,
110 YCKJIQOHIOE CBOEYACHE OHOBJIEHHS 3aCTapinvx 3anuciB. OKpeMo pO3TJISIHYTO NOieBUI MiAXiA Ha PUKJIazi
NCache sk oiHOTO 3 IOMMPEHUX CIIOCOO6IB BUpileHH 1iiei mpobyemu. Y nigpo3mnini 3.2 3arponoHoBaHO
apXxiTeKTypHi IPUHUUIY NOOYN0BU IEeKJIapaTUBHOI MOAEJ iHBasiauii kemy, siki nepen6adyaioTh 4iTKe
PO3MEXKYBAHHS BiZ[IOBINAJIbHOCTI MK cepBicamu. BUKJIa[EHO KOHLIEINITyaJIbHY MOJI€JIb, SIKA JO3BOJISIE ONIMCYBATH
npaBuJa iHBasigauii Ha piBHI KoHirypaiii, 6e3 >kopcTKoi NpUB’A3KY A0 KoAdy. [TokasaHo, 10 Taka MOJesib
3abe3nevye 3MEHIIEHHS Mi’KCEPBiICHUX 3aJIEXKHOCTEH, CIIPOIye MaclITabyBaHHsI i IOKpallly€e BiATYK CUCTEMMU 32

PaxXyHOK e(peKTI/IBHOI‘O yr[paBJIiHHH OJOOaBaHHAM, OHOBJIEHHAM Ta BUOAJIEHHSIM KENIOBAHMX eJIEeMEeHTIB.

2. In the introduction, the relevance of the dissertation topic is substantiated; the aim, objectives, object, and
subject of the research are formulated; the scientific novelty and practical significance of the obtained results are
revealed; the personal contribution of the author is defined; and the approbation of the research results as well as
their presentation in scientific publications are described. Information on the structure and scope of the
dissertation is also provided. In the first chapter, "Analysis of Modern Approaches to Designing High-Load Web
Systems", current trends in the development of web application architectures are examined and analyzed, along
with the specifics of their scaling and optimization under microservice architectures and multi-frontend
environments. Subsection 1.1 characterizes the evolution of architectural approaches - from monolithic solutions
to microfrontend architectures with a focus on the BFF pattern. Alternative approaches, namely GraphQL and API
Gateway, are also considered, and a comparative analysis of their applicability in scalable systems is provided.
Subsection 1.2 presents an overview of caching challenges in microservice architectures, where a key task is the
timely invalidation of stale data without compromising consistency between services. Modern cache management



approaches are analyzed, including centralized solutions based on event-driven mechanisms, TTL strategies, and
tag-based caching. Subsection 1.3 is devoted to the infrastructural aspects of scaling high-load web systems. It
examines the specifics of CI/CD in multi-frontend architectures, including issues of excessive module coupling,
build result caching, efficient artifact management, and the distribution of computational resources. Practices for
pipeline optimization in environments with a large number of parallel components are analyzed. The limitations of
contemporary automation tools are identified, and directions for further research aimed at improving deployment
process efficiency - particularly in the context of multi-team development - are outlined. In the second chapter,
"Modeling the Architecture of Interaction Between Client and Server Components Based on the BFF Pattern in
High-Load Web Systems", applied aspects of designing the interaction architecture between the client interface
and microservices are examined. Subsection 2.1 analyzes key issues related to the need to aggregate data from
multiple API providers, which is characteristic of microservice architectures. Subsection 2.2 outlines specific
limitations of existing integration solutions in the B2B context, where high variability of partner APIs, the lack of
unified contracts, and the need for flexible data routing complicate the construction of scalable web systems. It is
shown that classical approaches to integrating REST and GraphQL do not provide sufficient isolation of domain
contexts and do not account for the necessity of separating external (public) and internal (private) interfaces.
Subsection 2.3 presents a comparative analysis of widely used solutions - WunderGraph, Apollo Federation, and
GraphQL Mesh. A number of limitations are identified, including rigid configuration structures, difficulties in
maintaining separate public and internal API contracts, dependence on centralized schemas, and challenges in
generating strongly typed SDKs in scenarios involving a large number of microservices and heterogeneous
domains. Subsection 2.4 proposes a BFF-based approach that relies on an API provider factory, a centralized API
gateway, and a clear separation between public and private APIs. This approach enables flexible request routing,
access control at the gateway level, and the ability to adapt integrations to different use cases without modifying
client-side logic. The feasibility of using BFF as an intermediary layer that standardizes interaction with
heterogeneous services in scalable web systems is substantiated. In the third chapter, "Formalization of a
Declarative Approach to Cache Invalidation in Microservice Systems", the issues of ensuring data consistency in
the cache of high-load architectures are analyzed. Subsection 3.1 examines the operational characteristics of
modern caching systems such as Redis, Memcached, and NCache. Key challenges of cache invalidation related to
the asynchronous nature of microservices are outlined, as this significantly complicates the timely update of stale
records. Particular attention is given to the event-driven approach, illustrated by NCache as one of the commonly
used solutions to this problem.
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