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Pedepar:

1. locnimKeHHs CIIpsSIMOBaHe Ha PO3POOKY METO[IIB i aJIrOPUTMIB 06pOOKU 3aIUTIB, IO TOTPEOYIOTh 3HAYHUX

004N CII0BAIbBHUX PECYPCIB, KEIIYBaHHS AHUX, peanisalii 6ajlaHCyBaHHS HaBaHTaKEHHSI Ta aJJallITUBHOTO
PO3rOpTaHHS MIKpOCEPBICiB y TOUKax NpucyTHocTi CDN mepex, AJis NigBUIIEeHHS SIKOCTi 00CTyTOBYBaHHS
KOPUCTYBauiB B yMOBax 0OMeXeHOi 00UMCIII0BaIbHOI iHppacTpyKTypu. B po6OTi 3a11ponoHOBAHO iHTErpasbHUN
KJII0Y KelllyBaHHS, 1110 GOPMYETHCS LUIJIIXOM [TO€JHAHHS KiJIbKOX ITapaMeTpiB, Ta MO>Ke€ BUKOPUCTOBYBATUChH IIJIs1
pi3HUX TUMiB MepesxeBoro Tpadiky. [IpencraBieHo MeTos 00pOOKU 3alUTIB, O NOTPEOYIOTh 3HAYHUX

0041 CIII0BAIbBHUX PECYPCIB, IKUI 3a0€31edye MOXIIMBICTh PO3IMOA1IEHOI 06POOKM JAHUX B TOUKAX NPUCYTHOCTI
CDN mepexi. YIOCKOHaJIeHO MeTo, 6alaHCYyBaHHS HaBaHTaKEHHS B IpaHUYHUX JioKalissx CDN mepexxi, akuit
BpaxoBye€ 3HAYEHHS iIHTETPAJILHOTO KJII0YaA KEIIyBaHHS, HAsBHICTh KOHTEHTY Ha TPAHUYHOMY CEPBEPI, a TAKOXK MOT0
IOCTYIHICTb. 3aIIPOIIOHOBAHO KOMIIJIEKCHY MaTEMAaTUYHY MOJI€JIb 3 TPbOMA 00’€JHAHUMU CUCTEMAaMU MacOBOTO
06CJIyrOBYBaHHSI JJIs1 XapAKTEPUCTUKY NPOLeCcy 0OpPOOKU 3aMUTIB y XMAapHUX CEPBicax i3 IMHAMIYHAM BUIiTIEHHIM

pecypciB. Ha ocHOBi MaTeMaTHYHOIO MOZEJII0OBAaHHS ITPOBEEHO OLIiHKY [TapaMeTpiB SIKOCTi 06CIyrOBYBaHHSI.



Briepiie po3po6s1eHO MeTO1 aIalITUBHOTO PO3TOPTaHHs Mikpocepsicy B Touli npucytHocTi CDN Mepexi, sikuit
3abe3neyuye ny6sI0BaHHS 6i3HEC-JIOTiKU CepBicy 3 KOPEHEBOro cepBepa Ha rpaHUYHi cepBepH, 3MilICHIOE aHai3
[apameTpiB, 10 BU3HAYAIOTh SKiCTb IIOCIYTU B PEKUMI peajibHOTO 4acy Ta afalTUBHO PO3IOiige 3allUTH Ha OCHOBI
OLIiHIOBaHHSI PiBHS 3aBAaHTAKEHOCTI TPAaHMYHUX CEPBEPIB. [I[pakTUYHE 3HaYEHHS] OTPMMAHUX PE3YJIbTaTiB MOJISTaE y
TOMY, 10 YAOCKOHAJIEHO METO/, 06POOKM 3alUTiB CTATUYHUX JAHUX Y MepeXKax JOCTAaBKU KOHTEHTY, SIKUI 1aB 3MOTY
IIOKPAIUTH SIKiCTb OOCIIYTOBYBaHHSI KOPUCTYBAUiB IIJISIXOM 3MEHIIIeHHSI Yacy BifIlIOBifi 11 KiHLIEBOI'O KOPUCTyBaya
0 9%, Ta Ha 10% 3aBaHTa)KEHICTb KOPEHEBOTrO cepBepa. KOMIIJIEKCHE BUKOPUCTAHHS iHTErPaIbHOrO KJIK04a
KeLIyBaHHSI, METOLly OOpOOKH 3anuTiB Ta 6aslaHCcyBaHHS TPadiky y Toukax npucyTHocTi CDN mepexi, fano 3mory
nigBUIKTY KoedilieHT eQeKTUBHOCTI KeulyBaHHS Ha 30 %, a TaKO>X 3MEHUIUTY 4Yac BiJ[IOBifi Ha 3alIUTH KiHLEBOT'O
KopucTtyBaua Ha 40%. Po3po6sieHuil MeTo aJallTUBHOTO PO3rOPTaHHS MiKpPOCEPBICiB 17151 06pOOKY AMHAMIYHUX
IAHUX y PEXXUMIi peasbHOro 4acy B TOuKax npucyrHocti CDN-Mepex, 1o fgae 3Mory 3a6e3ne4uTy HeoOXigHy sIKiCTb

00CJIyTOBYBaHHS B yMOBaX OOMEKeHNX PeCypCiB KOPEHEBOTO CepBepa.

2. The research is aimed at developing methods and algorithms for processing requests, that require significant
computing resources, data caching, implementing load balancing and adaptive microservices deployment at CDN
network points of presence, to improve the quality of user service in conditions of limited computing
infrastructure. The paper considers the main principles and approaches related to the microservice architecture. A
comprehensive analysis of the literature on dynamic load balancing and data caching, focusing on the current state
of the strategies used, their advantages, disadvantages, implementation challenges, and their impact on the
efficiency of CDN networks. An integral caching key is proposed, which is formed by connecting several
parameters, and can be used for various types of network traffic. A method of processing requests that requires
significant computing resources is proposed, which provides the possibility of distributed data processing at CDN
network. A load balancing method in edge locations of the CDN network is improved, which takes into account the
value of the integral caching key, the content availability on the edge server, and functioning state of available
servers. A complex mathematical model of the queuing system, comprising three integrated subsystems, is
presented to characterize the process of servicing requests in cloud services with dynamic resource allocation.
Based on mathematical modeling, the quality of service parameters were assessed. For the first time, a method for
adaptive microservice deployment at CDN network point of presence was developed. This method provides
duplication of the business logic service from the origin server to edge servers, analyzes the parameters that
trigger the quality of service in real time, and adaptively distributes requests based on the edge servers load. The
practical significance of the results is that the method for processing static data requests in content delivery
networks has been improved, which allows improve the quality of user service by reducing the response time for
the end user by up to 9%, and the load of the origin server by 10%. The integrated use of the integral caching key,
the method of processing and balancing traffic at CDN network points of presence allowed increase the caching
efficiency by 30%, as well as reduce response time for end user requests by 40%. A method of adaptive
microservices deployment for processing dynamic data in real-time mode at CDN networks points of presence has
been developed, which makes it possible to actually provide the required quality of service in conditions of limited

origin server resources.
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