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AHAJII3 METO/IB TA TEXHOJIOI'TA PEHJAEPUHTY
BEB-3ACTOCYHKIB

Hauibinow 3navywum ma 00Ciioxncy8anum iHHOBAYIUHUM NUMAHHAM Y chepi 6e0-po3poOKU € B0OCKOHANICHHS
Memoodie peHOepuH2y 6e0-3aCmMOoCyHKI8. BoHu € 00HUM i3 K10108UX 3A80aHb CYUACHUX IHOPMAYILIHUX MEXHON0-
2iti ma nompeo6yiomy CUCMEeMHO20 SUpiulens. Y cmammi 3anponoHoeano posenadamu peHoepune Ik KOMNILEeK-
CHY MOOelb MpaHchopmayii apXimexmypHux ma aneopummiyHux piuieHs y 6UCOKONPOOYKMUSHUTI KOPUCTYBaYb-
Kutl 00cgio. Y pobomi 30ilCHEHO NOPIBHANbHULL AHAI3 OCHOBHUX NI0X00i6 — KiicHmcbkoeo penoepuney (CSR),
cepseproco penoepuney (SSR), cmamuunoi eenepayii (SSG) ma inkpemenmanvnoi pecenepayii (ISR), siki hopmy-
10Mb OCHOBY CYYaCHUX 6e0-Ppetimeopkis. Tlokasano, wjo KaicHmcbKull penoepune 3aoe3neuye iHmepaxmueHicmy
ma MOOVIbHICMb, ane CYynposooicyemuvcs npoonemamu npodykmusuocmi ma SEQ. Buceimneno, wjo cepeep-
HULl peHOepuHe 003601A€ NIOBUUMU WEUOKICMb 3A8AHMANCEHHS MA AKICMb [HOeKcayii, 00HAK 8UMAZAE 3HA-
YHUX cepeepHUX pecypcie i pemenvHol cunxponizayii cmany. [lokazano, wo SSG ma ISR noeonyroms nepesacu
CMamuyHux i OUHAMIYHUX CIpamezill, 600HOYAC CMEOPIOIOMb YMOBU O MACUMAD08AHOCMT MA eeKMUBHO20
oHosnenHs Konmennty. Ocobnusy yeazy npudiieHo pobomi 3 depesamu KOMNOHEHMIB | MEXaHizMamu YRpaeiHHs
cmanom (Redux, MobX, Vuex, Zustand), aki eusHauaromo y3200H4CeHICMb MIdC Cep8epHUM Md KIIEHMCLKUM
cepedosunwgamu. Buceimieno iHHo8ayiliHi HANPAMU OOCTIONCEHHS, 30KPEMA NPOSPECUBHY MA CeleKMUBHY 2iopa-
mayito, islands-apximexmypy, cmpimineosuii cepsepHuil penoepure. Jl06edero, wo nooarbuull po3sumox 6eo-
PEHOEPUHEY NO8 A3AHO 13 2IOPUOHUMU MOOETAMU, AKI 30amHi 3a0e3neyumu OaLIanc MidC WUBUOKOOIE, aKMYdlb-
HiCMI0 OaHUX | Macuimaboeanicmio. 3anponoHoeanuil nioxio Mosice 6ymu 6UKOPUCMAHULL nio 4ac NPocKmyaHHs.
KOPNOPpAmMuGHUX cucmem i 8UCOKOHABAHMANCEHUX NAAMPOpM, e eheKmusHicmb peHOEepUHey 6e3n0cepeorHbo
BNIUBAE HA SKICMb DIZHEC-NPOYECIB, A MAKONC KOPUCTTYBAYLKULL OOCBIO.

Knrouosi cnosa: seo-3acmocynxu, penoepune, CSR, SSR, SSG, ISR, 2iopudni nioxoou, ynpasninHs cmanom,

eiopamayis.

IHocTanoBka mnpodjaemu. CTpIMKHHA PO3BUTOK
IU(QPOBUX TEXHOJIOTIH 1 TIIOOATBHA JiKATAII3AIIIS
CYCITIIbCTBa BHM3HAYAIOTh HOBI BUMOTH JIO SIKOCTI,
IIBUJIKOJIT Ta MacmTabOBaHOCTI Be0O-3aCTOCYHKIB.
3 omisAy Ha 3HAYHE 3POCTAHHS KiJIbKOCTI KOPHCTYBa-
4iB Ta yCKIAJHEHHS iHPOPMAITHAX CUCTEM METOIH
PEHIICPUHTY BBaXKAOThCS KIIOYOBUM 1HCTPYMEH-
TOM 3a0e3MeveHHs] ¢(EeKTUBHOI B3aEMOJIl JTFOMUHU
3 nudpoBumM cepenopuiieM. CydacHi eKOHOMIYHI Ta
CoIiabHI TMporecu (BiJ] €IeKTPOHHOI KOMepIii 10
JICp’KaBHUX CEPBICIB) IMOCTYNOBO MAacINTaOyHOThCS
Ta 0a3yloThCs Ha CTa0UIBHIN poOOTI BeO-TuIaT(GOpM.
Ile oOymoBmoe moTpeOy y BHOOpI ONTHMAIBHHX
CTpaTerii BiJOOpaXeHHA KOHTEHTY Ta YIIPaBIIiHHS
MaHuMH. BomHOoYac pi3HI MiIXOMu 10 PEHIIEPHUHTY
(Kmi€HTCHKUH, CEepBEpHUM Ta TiOpUIHMI) MAIOTh SIK
nepeBary, Tak i CyTTeBi 0OMeXeHHSI, SIKi BUMararoTh
iXHBOIO TIPYHTOBHOIO aHali3y Ta YJAOCKOHAJICHHS.
AKTyaJIpHICTH TEMHU 3yMOBIICHA HEOOX1THICTIO KOMIT-
JIEKCHOTO [TOCII/DKEHHSI 1HHOBAIIHHUX TEXHOIOTiN
pEHIIEpHHTY, sKi 37aTHI 3a0e3neuuTH OajaHC MiX
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MPOIYKTUBHICTIO, IHTEPAKTUBHICTIO Ta JIOCTYIHICTIO
Be0-3aCTOCYHKIB, 1110 Oe3MocepeIHbO BITMBATUME Ha
SIKICTB O13HEC-TIPOIIECiB, KOHKYPEHTOCIIPOMOXKHICTh
KOMITaHi# 1 KOM(pOPT KOPHCTYBa4iB y HU(POBOMY
MIPOCTOPI.

AHaJi3 ocTaHHIX JocCaigxkeHb i myOsikanii.
[MuTaHHSIM MOPIBHUILHOTO aHai3y CTpaTerii peHe-
PUHTY TIPUCBIYEHO POOOTH 3aKOPIOHHHUX HAYKOBIIIB
3 mi€ei Tematuky — B. Yamna [8], T. Ickarnap, M. Jlybic,
T. Kycymacapi ta A. Jlybic [15], a Takox @. [laBiu
i1 JI. Bbpkiu [25]. Bonu cucremMaTH3yroTh nepeBaru
i 0OMeKeHHsI KIIIEHTCHKOTO Ta CEPBEPHOTO T IXOIB.
APXITEKTYpHI acleKTH CEpBEPHOrO PEHJICPHUHTY Ta
HOTO BIUTMB Ha MTPOAYKTUBHICTh KOPTIOPATUBHUX CHC-
teM gocuimkyotre C. XKenne [13], K. Bamamcerna
[33] Ta X. Ekmo6imi [10]. ABTopu migKpeciOTh
sHauymicte SSR mns SEO-ontumizarii ta macii-
taboBaHoCTi. [IpoOneMu KIIi€HTCHKOTO pPEHIEPUHTY
Yy CYy4acHUX MEPEKEBHX 3aCTOCYHKaX BHCBITIIOIOThH
K. Hacenokx i M. BoiinexoBcbka [22]. ['iopuganm
MiaXoAaM Ta I1HHOBAI[iHHUM TEXHOJIOTISIM peHJIe-
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puHry npuninsaors yBary @. Kapsansio ta I1. dianro
[6, 7], AKi MOCHiIKYIOTh MPOTPECUBHHUN CEPBEPHUI
peuaepunr 3 acuaxponaumu API, a takox K. Uen
[9], saxmii anamizye MOAYIBHUI pEHAECPHHT Ta ajar-
THBHY rimgparamifo y React-3acrocynkax. I[lopis-
HSUTBHI  JIOCHIDKEHHS TIPOJYKTUBHOCTI Cy4YacCHHX
BeO-(peliMBOpPKiB mpeacTaieHo y npamsx JI. Kypa-
nari [18], P. Omnina, H. Mskitano ta T. MikkoHeH
[23]. Onnak gociimKyBaHa npodiieMaTika HeJ0CTaT-
HBO BHICBITJICHO B CYYaCHHMX YKpPaiHCHKHUX HAyKOBHX
nmociimpkeHHsX. [loTpeOyroTh MOAANBIIOro CHCTEM-
HOTO JIOCIIJKCHHSI THTaHHS KOMITJICKCHOI OTTHMi-
3amii riOpuaHUX MOJIeNIeH PeHICPUHTY, SKi MOETHY-
I0Th TIEpEBAru Pi3HUX CTpaTeriii Juisi 3a0e3reueHHs
OaJlaHCy MK HPOIYKTHBHICTIO, MacCIITa0OBaHICTIO
Ta AKICTIO KOPUCTYBAIILKOTO JOCBIAY Y BUCOKOHABAH-
Ta)XCHUX Be0-3aCTOCYHKAX.

I[ocTranoBka 3aB1aHHsA. METOIO CTATTi € BUCBIT-
JICHHSI PE3yJbTaTiB JOCIKEHHS Cy4aCHUX METOIB
pPEHICPUHTY Be0-3aCTOCYHKIB, MOPIBHSHHS iXHIX
MOKITUBOCTEH Ta OOMEKEHb.

BuxnagocHoBHOTo MaTepiaJy. YIIpoIoBX ocTaH-
HiX POKIB CIIOCTEPIra€ThCs CTPIMKUN PO3BUTOK METO-
JIiB peHCpUHTY Be0-3aCTOCYHKIB, sIKi CIPSIMOBaHi Ha
MiIBULICHHS TMPOAYKTHBHOCTI, MacIITaOOBaHOCTI
Ta SKOCTI KOPUCTYBallbkoro noceimy. CydacHi BeO-
3aCTOCYHKH BHKOPHCTOBYIOTH Pi3HOMaHITHI CTparerii
pennepuHry: xrienTceknii peaaepuar (CSR — Client-
Side Rendering), cepBepuuii penaepunr (SSR —
Server-Side Rendering), cratuuHy renepamito caii-
TiB (SSG — Static Site Generation), iHKpeMeHTaIbHY
crarnuny perenepanito (ISR — Incremental Static
Regeneration), mporpecuBHY TiapaTarito, CTpiMiHTO-
Buii SSR taedge-side penaepunr (ESR)[8; 13;15;22].
Koxen mijxin Mae CBOi mepeBaru Ta HEIOJIKH CTO-
COBHO NPOAYKTHUBHOCTI, ONTHUMi3aLil AJIs1 MOUTYKOBUX
cucreM (SEO — Search Engine Optimization), Macii-
TabOBAaHOCTI Ta CKJIAHOCTI BIPOBA[KEHHSI.

Kitienrepkuit peaaepunr (CSR) — 1ie miaxim, skuid
nepeadadae, M0 OCHOBHA JIOTiKa PEHAEPUHTY BeO-
3aCTOCYHKY BHKOHYETHCSI y Opays3epi KOpHCTyBaua,
a He Ha cepBepi. CSR 3abe3neuye MOAyIbHICTh, THYY-
KIiCTh 1 MBUAKY PO3pOOKY, BHKOPHCTOBYIOYH KOMIIO-
HEHTHY apXiTeKTypy Ta cydacHi (ppeitmBopku (React,
Vue, Angular). Bin cnpusie CTBOpEHHIO 3aCTOCYHKIB
Ha OCHOBI KOMITOHEHTIB [22]. BaxxnnBoro nepeBaroro
€ BHCOKAa IHTEPaKTHUBHICTh. JlMHaMidyHE OHOBJICHHS
iHTepdeiicy 0e3 MOBHOrO IMepe3aBaHTAXKECHHS CTO-
piHKHM 3a0e31euye IIaBHUN KOPUCTYBAIbKUI TOCBIJ.
Jlo Toro k, eeKTHBHE YMPABIIHHSI CTAHOM JIIOCS-
TaeTbCs 3a JIOTIOMOTOI0 CYYacHUX TIIXOJIB, TaKMX
ak: Flux, Redux Tta peakTuBHE mporpaMmyBaHHS,
IO JIO3BOJISIIOTH IIEHTPAJi30BaHO KEpyBaTH CTaHOM

3aCTOCYHKY Ta MiBHIIY€E HOTO HAAIMHICTh 1 MacITa-
OoBaHiCTh [§].

Ob6mexenns CSR monsraioTe y CKIaJHOIIAX
3 SEO Ta iHjekcaii€to, TOMy 10 KOHTEHT TeHepy-
€Tbcs B Opay3epi KopucTyBada (Ha KitieHTi). Lle moxe
MIPU3BOJIUTH JI0 HEKOPEKTHOTO BiZJOOpaKeHHS CTOpi-
HOK Y MOINYKOBUX cucTemax. JlomarkoBoro mpooiie-
MOIO € BeNuKi po3mipu ¢aiiiiB. [ moBHOIIHHOT
po0OTH 3acTOCYHKY TOTPIOHO 3aBaHTa)KyBaTW 3Ha-
yHUH oOcsar JavaScript, 110 HEraTMBHO BIUIMBAaE Ha
MPOIYKTUBHICTD Yy TMOBUILHUX Mepexax abo cial-
KHX TIPUCTPOsiX. TakoK BUHUKAIOTh PU3HKH OE3MEKH
yepe3 eKCIIOHYBAaHHS JIOTIKM 3acTOCYHKy Ta API
B Opay3epi, 10 MiABUIITYE BPa3TUBICTh A0 aTak.

Cepsepauii pernepunr (SSR) sk kiodoBa Tex-
HOJIOTisL A7l MiABHMIICHHS mpoxykrtuBHocti, SEO
Ta MacmTa0OBaHOCTI CydacHHX Be0-3aCTOCYHKIB,
HacamImepea Ui BeNMKHX IuiatdopM 1 Kopropa-
TUBHHX pIMIeHh — IIe Miaxim, 3a sskoro HTML-kox
CTOPIHKH T€HEPYEThCS Ha cepBepi, a He B Opaysepi
xopuctysaua [10; 18]. Foro kmouoBi mepesaru mossi-
raloTh y 3HAYHOMY TMOKpAIIeHHI MPOJYKTUBHOCTI,
BHACJI1JIOK TOTO, IO TeH MiAXiJ] 3MEHIIIY€E Yac JI0 mep-
moro BimoOpaxkeHHs koHTeHTY (Time-to-First-Byte,
First Contentful Paint). Takox mepesaroio € SEO Ta
inaexcamig. CepBep ofpa3y MOBepTa€E MOBHOIIHHUN
HTML, 3aBusiku YoMy MOLIYKOBI CHCTEMU KOPEKTHO
1H/IGKCYIOTh CTOPIHKH, BOAHOYAC ITiABHIIYIOTH BHIH-
MicTh caiity. Jlo Toro x, SSR 3abe3mneuye maciira-
0OBaHICTh, y TaKWH CIIOCIO JO3BOJISIFOYN OOCITYTOBY-
BaTH THCSUI CIUIBHUX KOPHUCTYBadiB, HacaMIIepen 3a
YMOBH BUKOPUCTaHHS Cy4acHUX (PpeiMBOPKIB, TAKHUX
sk Next.js, Nuxt.js un Angular. Cy4acHi TexHosnorii
SSR BKIIIOYAKOTH TIOPUAHI MOJENI, SIKI MOEIHYIOTh
LeH MiaxXix 3 IHKPEMEHTAIbHOK CTaTHYHOK T'eHepa-
mieto (ISR), crarnanoro renepartiero (SSG) Ta KirieHT-
CBHKOIO iHTepakTUBHICTIO. Lle mo3Bomsie 30amancyBarn
MBUIKICTH, TuHaMigHIcTE 1 SEO [10; 13; 33]. Takox
BOXJIMBUM HAmNpsIMOM  JIOCIiPKyBaHOTO THTaHHS
€ nporpecuBHui SSR, IKuil, 3aBASIKU aCHHXPOHHUM
mabjioHaM 1 TIOCTYIIOBOMY PEHIEPHUHTY, JO3BOJISE
BiIOOpakaTH KOHTCHT BIAIMOBITHO JO HAIXOKCHHS
JaHuX. Y Takui crocid 1e MmoKpamiye J0CBij Kopuc-
TyBauiB, HaBiTh Y BUTIAJKy CKJIaJHHX 3amuTiB [6; 7; 9].
JonaTkoBO BUKOPHUCTOBYETBCS MOJyJbHA Tiapara-
1is, mo 3abe3rnedyye rHydke KepyBaHHS BiTHOBJICH-
HSAM pOOOTH KOMIIOHEHTIB 3aJI€KHO BiIl TIPHUCTPOIO,
Mepexi Ta IXHbOI BaXKJIMBOCTI, @ TAKOXK 3MEHILYIOUH
HaBaHTa)KCHHS Ha KIIIEHTIB.

Bomnouac SSR mae cBoi obmexeHHs. OnHiero
3 OCHOBHHUX IpoOJeM € CKIIAJHICTh CHHXPOHi3a-
mii cTaHy MK CEpBEpOM 1 KJIIEHTOM, sSKa MOTpedye
peTtenbHOI peanizarii, MO0 YHUKHYTH pO30iKHOC-
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Tel mig vac rigparamii [33; 9]. Kpim Toro, crocre-
piraroThCsi BUCOKI BUTPATH Ha CEPBEPHI pecypcH 3a
BEJIMKOT KIJIbKOCTI CHHXPOHHHUX 3aIlUTIB, 110 TOTpPE-
Oye 3actocyBanHs kerryBanas ta CDN [10; 13; 21].
Takok iICHYIOTh TTOTCHIIIHHI PU3UKN OE3IEKH, SKIIO
HE TOTPUMYBATHUCS CyYaCHUX MPAKTUK 3aXUCTy [26].
BrpoBamkennss SSR sik epexruBHOTO MHiIXOMY A
ctBopeHHs mBUAKUX SEO-0NTHMI30BaHUX 1 MacIii-
TabOBaHWX BEO-3aCTOCYHKIB, BUMAarae BpaxyBaHHS
CKJIATHOCTI CHHXpPOHI3aIlii CTaHy Ta ONTUMIi3amil
CepBEepHUX pecypciB i Oe3mekw, ane cydacHi (hpeim-
BOPKH Ta apXiTeKTypHI MaTepHU 3HAYHO CIIPOIIYIOTh
ui 3apnanns [4; 9; 10; 13; 26; 33].

I'6puani crparerii (ISR, SSG) noennyrots nepe-
Bard SSR 1 CSR — mBuIKe 3aBaHTaKEHHS CTaTHY-
HUX CTOPIHOK, MOXKJIMBICTh JTUHAMIYHOTO OHOBJIEHHS
KOHTEHTY Ta MaciiTaboBaHicTh. ISR mo3Bonse oHOB-
JIIOBAaTH CTOPIHKHM Ha cepBepi 0e3 MOBHOI MepereHe-
pauii, a SSG — momnepenHbO T'eHEPYBAaTH CTOPIHKH
iz yac 30ipku. Lle 3HIKy€e HaBaHTa)KCHHSI Ha CEPBEP
1 3abe3medye BHCOKY MPOAYKTHUBHICTH JJISI BEIHKOT
KUTBKOCTI KopHucTyBauiB [8; 13], BogHOYAC TTOENHYE
MIBUJIKICTh CTAaTWYHOI TeHeparlii (CTOpiHKH J0CTaB-
nstothest 3 CDN) i3 IUHAMIYHICTIO CEpBEPHOTO
peHiepuHry (OHOBJICHHSI KOHTEHTY Ha cepBepi), 110
rapaHTy€e BHCOKY NPOAYKTHBHICTh HABITh JUIs BEIU-
KHX 3aCTOCYHKIB. BaXJIMBOIO IE€pPEBaror TaKOK
€ OINTUMI3allil pPecypciB, TOMY, IO OHOBIIOIOTHCS
JIUIIIE 3MIHEHI CTOPIHKH, [0 3MEHIITY€ HABaHTAKCHHS
Ha cepBep 1 103BoJsiE€ epeKTUBHO 0OPOOIATH BHCO-
kuit Tpadik [38; 20].

Opnaxk BrpoBapkeHHs ISR cympoBomxyeThes
HU3KOIO TIEBHUX MPoOIeM. 30KpeMa, BUHUKAE CKITa-
HICTh HAaJAIITyBaHHS MEXaHi3MIB OHOBJICHHS, IO
HEOOXIJTHO IS YHUKHEHHS PO301KHOCTEH y JaHUX.
Kpim Toro, icHye motpeba y HOJaTKOBHX 3aXOAax
Oe3mekn uepe3 AWHAMIYHE OHOBICHHS KOHTECHTY.
Tako ciil BpaxoByBaTd BUTpaTd Ha iH(PaCTPyK-
Typy, SIKI JJIs1 BETUKWX MPOEKTIB BUMAraloTh OMNTH-
Mi3arii KenryBaHHs Ta OanaHCyBaHHS. TakuM 9uHOM,
ISR y BeG-po3pobui mocrae ik THyYKUH Ta BHCOKO-
MPOAYKTUBHUI METOJl PCHJICPUHTY, SIKUW OayaHcye
MDK CTaTMYHICTIO Ta AWHAMIYHICTIO, a aHAJIOTIYHI
rioOpuaHi MmIXomu y CyMDKHUX cdepax, 30Kpema
B Image Super-Resolution, minrBepmxyoTs edek-
THUBHICTh KOMOIHYBaHHSI CTpaTeriil Ui JTOCATHEHHS
OIITHMAJILHOTO CITIBBIJHOIIEHHS SIKOCTI, IIBUIKOCTI
i Bukopuctanusi pecypci [3; 20; 38]. I'iOpunHuii
Mmeton peHnepunry ISR — e cydacHoro crpareriero,
110 3a0e3Ieuye BUCOKY MPOAYKTHBHICTE, MacITabo-
BaHICTh 1 TUHAMIYHICTh KOHTEHTY.

lNopuaanit miaxix no penaepunry SSG moemHye
TiepeBaru IMorepeHpol reHepallii CTOPIHOK 13 JuHa-
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MIYHAMH a00 IHTEPAKTUBHUMHU MOXJIMBOCTSMH, IO
JO3BOJISIE  CTBOPIOBATH IIIBHIIKI, MacIITa0OBaHI Ta
cydacHi BeO-3acTocyHkH. OCHOBHI WOTO TIPWHIIMITH
MOJISITal0Th Y TIoniepeHii rerepartii kontenty. HTML-
CTOPIHKHM CTBOPIOIOTHCS i 4ac 301pKu, 1110 3a0e3mnedye
MUTTEBE 3aBaHTAXKCHHS Ta BHCOKY IMPOAYKTHBHICTb.
3a Takoi yMOBH TiOpUIHUHN TIAXiA JO3BOJISIE TOAABATH
JUHAMIYHI €JIeMEHTH 3a JIOTIOMOTOI0 KIIIEHTCHKOTO
JavaScript, API-3armuTiB 60 iHKpEeMEHTAITLHOTO OHOB-
JICHHSI CTOPiHOK, 30Kkpema uepe3 ISR [8]. Yuacmimok
BUKOPHCTAaHHS KOMITOHEHTHOI apXiTEKTypu Ta MOXK-
mBocTi moeaHanHs SSG 13 SSR un CSR nocsiraersest
MOJIYJIBHICTB 1 MacTaboBaHICTh, 1110 CTBOPIOE THYYKI
crieHapii BuKoprcTaHssl. IIpakTianaa peamizaltis mboro
miaxomy 3abesredye IMOKpalleHuH KOPHUCTYBaIbKHNA
JOCBiJ] (OCHOBHUM KOHTEHT BiOOPaKa€eThCsl MIBUJIKO,
a JMHAMIYHI YaCTHHHU IIiJIBAHTAXYIOThCS aCHHX-
POHHO), 3aBISKH IIOMY ITiIBUILY€ETHCSI 1HTEPAKTHB-
HicTh. Bognouac momepeanso 3renepoBannii HTML
orntumizye SEO, a riOpumHi MexaHi3MH T03BOJISIOTH
OHOBITIOBaTH KOHTEHT 0e3 MOoTpeOu y MOBHIHN mepere-
Hepauii caiity. Lle cTBOpIO€ THYUKICTh JUIsl CKIIaJHUX
3aCTOCYHKIB, Jie MOxkHa koMOinyBaTu SSG 13 SSR, ISR
YH KIIIEHTCHKAM PEHJICPUHTOM, aJIAITYIOUH METOJIH JIO
CTaTUIHMX, TUHAMIYHUX a00 MepCOHATI30BaHUX CTO-
piHok [8]. [TomiOHI TiOpMAHI M IXOIM 3aCTOCOBYIOTHCS
1 B CyMDKHHUX ramy3sx, 30kpeMa y 3D-penpepuHry
[35].

VYci po3mIsHYTI MigXoau 0a3yrThCs Ha KOMIIO-
HEHTHIA MOJEeNi, ¢ TepeBO KOMIIOHCHTIB BH3HAUAE
ctpykrypy UL ¥V CSR nepeBo dopmyeTses Ha cTO-
poHi kimieHTa, B SSR — Ha cepBepi, B riOpUIHHUX Mij-
X0llaXx — KOMOIHOBaHO. YIpaBIiHHS CTaHOM (state
management) KpUTHYHO BaKJIMBE AJISI CHHXPOHi3a-
1ii MK CepBEpOM 1 KIIIEHTOM, HAacaMIiepe[ Iij| Jac
rigparartii. 3 1i€r0 METOI0 BUKOPHUCTOBYIOThCS Redux,
Context API, MobX, a Takox onTumizaiii 1 MiHi-
Mi3amii MOBTOPHUX peHAepiB i eheKkTuBHOI podoTH
3 BeJTMKUMHU JiepeBaMu komrnoneHTiB [30; 31]. Bixrmo-
BiJTHO, cydacHi BeO-(hpeliMBOpKHU 0a3yrOThCS Ha KOM-
MMOHEHTHIN MOJIEII, JIe ISPEBO KOMIIOHEHTIB BU3HAYAE
CTPYKTYpPY KOPHCTYBAIILKOTO iIHTEPEHCY HE3AICIKHO
BiI KOHKPETHOI TEXHOJOTii peamizarii. 3arajabHOI0
KOHIICTIITIEIO € MPOMIKHUM map abCcTpaKIlii MixkK KOM-
MOHEHTAMHU 3aCTOCYHKY Ta OpayzepuuM DOM, 1mo
JI03BOJISIE ONITUMI3yBaTH OHOBJICHHS iHTEpdeiiCy.

AJITOPUTM Y3TOIPKEHHSI € KPUTHYHUM KOMITOHCH-
ToM st pperimBopkiB 3 Virtual DOM. Knacwununii
QJITOPUTM MOPIBHSHHS JiepeB Mae ckianHicts O(n?),
IO € HENpUHHATHUM [yl pEajbHUX 3aCTOCYHKIB.
CyuacHi (peliMBOpPKH peasi3yloTh €BPUCTHYHI
O(n) anroputmu. Born 0a3yroTbes Ha ABOX MPHUITY-
MIEHHSAX — €JICMEHTH Pi3HUX THITIB TEHEPYIOTh Pi3Hi
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JepeBa, a PO3POOHMKM MOXKYTh HaJaBaTH MiAKa3KH
yepe3 kirodi (key prop) anst epeKTHBHOTO BiacTe-
JKeHHsSI elleMeHTIiB. [Iporec y3ro/pkeHHsI BKIIOUAE
MOPIBHSIHHS TTOTIEPETHHOTO Ta HOBOTO JIepeBa, 1/1eH-
TH(]IKaIi0 MiHIMAJIEHOTO HA0Opy 3MiH Ta 3aCTOCY-
BaHHS JIMIIE HEOOXiAHWX OHOBJCHb A0 PEATLHOIO
DOM. React Fiber mpejicraBisie €BOIIOLIO I[HOTO
niaxony. BiH BIpoBamKye iHKpeMEHTaIbHUN peHie-
PHHT uepe3 po30HTTS poOOTH Ha Malli OJWHHII, IO
JIO3BOJISIE TIPU3YITUHATH, BIHOBIIOBATH Ta IPiOpPHU-
TU3YBaTH OHOBJICHHS, BOJHOYAC MiATPUMYIOYM MBI
Bepcii mepeBa — current tree Ta work-in-progress tree
[1]. Vue BukopucToBye MoOAiOHY CTpaTerilo 3 peak-
THBHOIO CUCTEMOIO Ha OCHOBI Proxy, 110 3abe3neuye
aBTOMATHYHE BIJICTEKEHHS 3aJI€KHOCTEH.

YV xiiearcekomy permepunry (CSR) mepero
KOMITOHEHTIB (OPMYEThCSI TOBHICTIO B Opaysepi
micnst 3aBaHTakeHHs1 JavaScript. CepBep Hazcuiae
miHiManeanii HTML-nokymenT, Opaysep 3aBaHTa-
Kye pecypcH, GpeHMBOPK iHIiLlIANi3yeThCs Ta Oyaye
JIEpEeBO KOMIIOHEHTIB, IWHAMIYHO PEHIEPSYH 1HTEp-
¢etic. KopucTtyBampbKi B3a€MOJIii BUKIHKAIOTh 3MIHH
CTaHy KOMIIOHEHTIB, 110 NPU3BOAUTH IO YACTKOBOI'O
MOBTOPHOTO PEHAECPHUHTY 03 Iepe3aBaHTaKeHHs CTO-
pinku. Ynpasninas cranoM y CSR nocsiraetses uepes
crnenianizoBani 0iomiorexn. CepBepHUI peHIEPUHT
(SSR) BuMarae ckiaHimoi apxiTeKTypu uepe3 HeoO-
XITHICTH CHHXPOHI3AIlii Mi’K CEpBEpOM Ta KIII€EHTOM.
Kox ¢peliMBOpKY BHKOHYETBHCSI Ha CEpBEpi, EPEBO
KOMIOHEHTIB peHueputbcs y HTML 3 mowarkoBuUM
CTaHOM, IIiCJII YOTO CepBEp HAJACWIIAE TOBHICTIO
chopmoBanuit HTML 6payzepy. Konu kiieHT oTpH-
mye HTML pa3om 3 JavaScript, BinOyBaeTscst Tpo-
nec rigparanii (hydration) — yHiBepcagpbHa KOHIIETI-
uist gt SSR-dpeiimBopkis (Next.js st React, Nuxt
st Vue, SvelteKit gns Svelte, Angular Universal).
B mexax mpouecy QpeiiMBOPK PEKOHCTPYIOE CBOE
BHYTPIIIHE MPEICTABICHHS KOMIIOHEHTIB Ha CTOPOHI
KITI€EHTA, TIPUKPITLTIOE 0OpOOHUKH TOMIA Ta POOUTH
cTOpiHKY iHTepakTHBHOIO [12]. [igpararis BuMarae
Y3rO[DKEHHS MIiX cepBepHO-peHaepenuM DOM Ta
KITIEHTCHKUM TIPEJICTABICHHSM IJIsl BUSIBICHHS PO3-
OikHOcTell. Kputuunoro mpobnemMoro € Te, mo BCs
CTOpIHKA 3QJIMIIAETHCS HEBIATYKYIOUOIO JIO 3aBep-
IMEeHHS TiApaTailii, BHACIIZOK TOTO, IMO iHTEpaK-
TUBHI €JIEMEHTH HE MOXYTb pearyBaTH Ha B3a€MOJIl
JI0 TIPUKPIIUICHHS OOpOOHUWKIB momid. Vue aBToMa-
TUYHO HAMaraeThcs BiJHOBUTU Ta CKOPUTYBATH pre-
rendered DOM BiANOBIAHO 10 KIIIEHTCHKOTO CTaHY
ITiJT 9ac BUSBIICHHS HEBIAMOBIMHOCTEH, X0Ua Ie MPH-
3BOJIUTH JI0 BTPAT MPOAYKTUBHOCTI [29].

CuHHXpOHI3allis CTaHy MK CEPBEPOM Ta KIIEHTOM
€ ¢yHIaMeHTanpHOW mpobiieMoro SSR HezasexHo

Bif (perimBopky. [laHi, siki oTpuMaHO Ha cepBepi
JUTSI TIOYAaTKOBOTO PEHICPUHTY, MAIOTh OyTH JOCTYIIHI
Ha CTOPOHI KJIIEHTa IJIs TiApararlii 0e3 TOBTOPHOTO
3aBaHTaXCHHA. 3arajbHONPHWHATHN MiAXiJ Tepea-
Oadae cepiamizalito craHy y DI0OajdbHy 3MiHHY
(window.INITIAL STATE, window.NUXT, Torio)
B HTML-psinky, Ky KJII€HT BUKOPUCTOBYE Ui iHi-
miamizarmii cxoBWINa yrpaBmiHHSI cTtanoM. CydacHi
(hpeMBOPKH BIPOBAKYIOTH PEBOJIOIIIHI MOKIIH-
Bocti mist SSR. 3okpema, Streaming HTML no3so-
nsie mounHatH BinnpaBky HTML no 3aBepiueHHS
3aBaHTAKCHHS BCiX JaHuX, po3ouBatoun HTML nHa
(bparMeHTH JIJIsl TPOTPECUBHOTO PEHJIEPUHTY Opay3e-
powm, 110 3ab6e3neuye mBuAmmi First Contentful Paint
[32]. Selective Hydration Hamae npioputeT rifgpara-
1ii yacTuHaM, 3 SKUMH B3a€MOJi€ KOPUCTYBad, 3a
TaKol YMOBH CTBOPIOIOUH 1TI031l0 MUTTEBOI rifpara-
uii. React 18 peanizye 1e yepes Suspense, Next.js 15
BHuKOpHUCTOBYe Server Components 3 aBTOMaTHIHAM
streaming, a Vue 3 BHpoBamKye async components
3 MOJiOHO0 (DyHKITIOHATBHICTIO [27].

lNopunni nigxoau (ISR, SSG) moenuyroTh niepe-
Baru pi3HMUX CTpaTeriii peHJepuHry Ta MiATPUMY-
FOThCS yCiMa OCHOBHUMH meta-(peiimBopkamu. [1po-
TPECUBHA Ta CEJICKTHBHA TiApaTaIlis MpeACTaBISIIOTh
HOBHI eran eBourorii BeO-penaepunry. Tak, Islands
Architecture € framework-agnostic miaxomom, skuit
po30uBa€e CTOPIHKY Ha HE3aJEXHI «OCTPIBII» 1HTEp-
aKTUBHOCTI, 1m0 oroueHi cratuunuM HTML. Astro
miarpumye React, Vue, Svelte Ta Solid cuaxpoHHO
3 aupektuBamH client:visible, client:idle, client:load
JUTS KOHTPOJTIO Tiparanii. Fresh BukopucroBye Preact
3 islands-first mizxomom, Marko BnpoBaKye BIacHy
peamizariito, a Eleventy interpye islands gepe3 web
components [16; 17]. Ha BigmiHy BiJ MOHOJITHHX
JavaScript-6aHm1iB, «OCTpIBI» 3aBaHTAXYIOTHCS
TapajesbHO Ta TIAPYIOTHCS 1307I0BAHO, TIPH IILOMY
KOMIIOHEHTH 3 HU3bKHUM HPIOPUTETOM HE OJIOKYIOTbH
kputnuHi. [IporpecuBHa rigpararnist GoKycyeTbcs Ha
KPUTUYHUX KOMITOHEHTaX, PeHJepPY€ CTAaTHYHUI KOH-
TEHT Ha cepBepi Ta TiJpye JHIIe iHTCPAKTHBHI eJie-
MeHTHu post-load [11].

React Server Components (RSC) npencrasis-
I0Th TIOpUIHWNA TIiAXig, SIKUH TOETHYE CepBepo-
LEHTpUYHY Monesnb SSR 3 KII€HTO-LEHTPUYHOIO
mozemtto CSR. Bin f103Bonisie cTBOpIOBaTH 3MilllaHe
JIepeBO KOMIIOHEHTIB 3 CEPBEPHUMH Ta KITIEHTCHKUMHU
KoMTIoOHeHTaMH. Lle# miaxim 3abe3medye BUKOHAHHS
YaCTUHM JIOTIKM Ta PEHIEPUHTY Oe3MocepesHbo Ha
cepBepi, MO CYTTEBO 3MECHINYE HABAaHTAKCHHS Ha
KITIEHTChKE CEpEJOBUIIEC Ta IPHUCKOPIOE 3aBaHTa-
JKeHHS 3acToCcyHKy. Ilpaktnane 3actocyBanHs RSC
JIEMOHCTPY€E HOTO €()EeKTUBHICTH Y CUCTEMAX i3 BHCO-
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KMMH BUMOTaMH JI0 TUHAMIYHOCTI Ta IepcoHai3a-
uii inTepdeiicy. Bomnouac RSC Bumarae perenbHOTO
PO3IOJIITY JIOTIKK Mi)K CEpPBEPHUMH Ta KIIIEHTCHKUMHU
KOMITOHEHTaMH, SIKUIl BUMarae BiJl pO3pOOHHKIB TIIH-
OOKOTO PO3YMIHHS apXITEKTypHHX OCOOIUBOCTEH
TiOpUAHOTO PEHJIEPUHTY Ta MEXaHi3MiB CHHXPOHI-
3anii crany [24]. Y3aranbHeHy cxemy (po3poOieHo
aBTOpPOM) TMpolecy rifparaimii Be0-3aCTOCYHKIB
(Hydration) 300paxxeHo Ha pUCYHKY 1.

SSR, macammepen 3 BHKOPHCTAHHIM CyYacHUX
¢bpeiiMBopkiB (Hanpukiag, Next.js), ITEeMOHCTpYeE
3Ha4HI NepeBard IJisi BUCOKOHABAHTAXEHUX 3aCTO-
cyHkiB. Crocrepiraerbcss mokpameHHsi Time-to-
First-Byte, 3HmxkeHHs bounce rate Ta IiJBUIICHHS
SEO [13; 15]. CSR 3a0e3neuye rHy4YKiCTh, MOTYIb-
HICTB 1 IMBUAKICTH PO3POOKH, ajle MOKE TIPU3BOIUTH
JIo 301TBIIeHHST po3Mipy (aiiiiB, mpobiem i3 SEO Ta
NPOAYKTUBHICTIO Ha cllaOKuX mpucTposix [15; 22; 25].
[Opuani Ta iHKpeMEHTaJbHI MiJXOAU IO03BOJSIOTH
noennysatu nepesaru SSR 1 CSR.

V nuTaHHI, SKe MOB’s3aHO 13 KOHKPETHUM BHOO-
poM GpEeHMBOPKIB Ta apXiTEeKTyp, CIiI 3a3HAYNTH,
mo mnomyisipai gperimBopku (React, Angular, Vue,
Svelte, Blazor) matoTe pi3Hi cTpaterii peHaepuHTY,
IO BIUIMBAIOTh HA MAacIITa0OBaHICTh 1 MPOJYKTHB-

1 CepeepHHH peHAepHHT (SSR)

HicTh. Halikpaiii pe3ynbTaTti JocAraroThes 3a paxy-
HOK KOMITUTSIIHHUX OINTHMIi3alii Ta peaKkTHBHUX
Momeneit [23; 25]. I BeMuKuX KOPIIOPaTUBHUX CHC-
TEM aKTyaJIbHI apXiTeKTYpH 3 JUHAMIYHOIO 1HKIIIO-
3i€10 BiJjaieHuX KOMIOHEHTIB (composable renderer
services) [28].

BucHoBku. [IpoBeneHe MOCIHIKEHHS JT03BOJISIE
3pOOUTH BUCHOBKH, IO €()EKTHBHICTH BeO-TIaThopm
0e3MmocepenHbo 3ICKUTh Big oOpaHOi cTparerii
BioOpaskeHHSI KOHTEHTY Ta YNPaBIiHHA JaHWMHU.
KoneH 13 BioMuX MiAXOAIB HE MOXe OyTH BH3HAHHUN
YHIBEpPCaJILHUM PILLIEHHSIM JJIsl BCIX THIIIB 3aCTOCYH-
kiB. HalOinpmmii moTeHmian s CTBOPEHHS BUCO-
KOTIPOAYKTUBHUX BE€0-3aCTOCYHKIB JIEMOHCTPYIOThH
riOpumHi cTpaTerii, 30KpeMa CTaTHYHA TeHEeparlis
CaliTiB Ta IHKpeMEHTaJhbHa CTaTH4YHA pereHepartis.
Oco0nmuBy yBary MNPUAUICHO POJMi KOMIIOHEHTHOT
apxiTeKTypH Ta MeXaHi3MiB YIpPaBIiHHS CTaHOM
y 3a0e3MeYeHH] Y3ro/XKEHOCTI MK PI3HHUMH PiBHSMH
peunepunry. [lpaBunbHa opraHizamisi AepeBa KOM-
TTOHEHTIB 1 BUOIp BiAMOBIAHUX IHCTPYMEHTIB YIIpaB-
JIHHS CTaHOM BHM3HAYAIOTh 3arayibHy e€(eKTHBHICTh
3aCTOCYHKY Ta SKICTb KOPHCTYBallbKOTO JOCBiny.
[Momanpmiuii  PO3BUTOK JIOCIIJDKCHb OB’ sS3aHUN
3 TONIMOJICHUM BUBUEHHSIM TiOpUIHUX MOJIeIei peH-

Cepsep

* BEKOHYETBCA KOT (pefiMBOpKY
(React/Vue/Svelte)

* $opMyeTECA QePEEO KOMIIOHEHTIE

* Perpepureca HTML 3 DOMaTKOBEM CTAHOM
* Ceplamizamia cTagy B JSON

PesyabTaTr

* IToenicTio chopyosarai HTML
* BOVOoBaHH MOYATKOEHH CTaH
(window._ INITIAL STATE_ )

* ITocwnanns Ha JavaScript-0asgmm
* CTarH4HEH, O3 IHTEPAKTHEHOCTL

2 Bignpaeka kiaieATY

Tlepegada JaHHX

* HTTP-BiamoEids 3 HTML

* Bpayzep OTPHMYE TOTOBY POIMITKY

« ITennkni First Contentful Paint (FCP)
* KopHCTyEad 0a9HTE KOHTEHT HeTaiHO

BisyanbHuii cTan

* CTOpiHE2 BHIHMA

* KOHTeHT JOCTYIIHHH 14 SHTAHHA
* SEQ-onrmvizoeanmi HTML

* Knonkw/dopmMu me He NpalpoioTs

3 JapanTaxkesHa JavaScript

3aBaHTA/KeHHS

* Bpayaep zapaATaxkye J5-0annm
+ Iapcunr JavaScript-kogy

+ Imimiamzania dpefiMEOpKY

+ K pHTHYHHH Nepio] 3aTpHMKH

CraH ouiKkyBaHHSA

* CTOpiHKA CTATHIHA

*» KopHCTyEad Mo%e CIpOOYEATH KIIKHYTH
» IToxii He 0dpodITOTECA

» ITotenmifina dpycIpania KOPHCTYEAEA

4 IIponec rigpaTamii

¥irogxenns (Reconciliation)

» $pefineopk Oyaye Virtual DOM

+ TTopiBHAHAT 3 icCHYE0THM DOM

+ TTepeEipEa BiIMOBIIHOCTL CTPYKIYPHE
+* Buaenennd hydration mismatches

Ipakpinienas 06podHAKIB

* onapanna event listeners

* Tmimiamizania React effects / Vue lifecycle
* BiIHOBNEHHA CTAHY KOMIIOHEHTIE

* AKTHBaNiA {HTEPaKTHEHOCTL

Puc. 1. Y3aransaena cxema npouecy rigparauii (Hydration) Bed-3acTocynkis
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JEpUHTY Ta PO3POOKOI0 METOAUK aBTOMATH30BAHOTO  PI3HUX MiJXOAIB PEHACPHHTY Ha €Tall MPOEKTYyBaHHS
BUOOPY ONTHUMAJIBLHOI CTpaTerii 3aJeKHO BiA ceuu-  iHQOPMaLidHUX CHCTEM, IO JO3BOJUTH OOIPYHTO-
(iKM KOHKPETHOTO 3aCTOCYHKY. BakJIMBHM 3aBllaH-  BaHO NMPHUMATH apXiTEKTypHI PIICHHS sl KOPIIO-
HSM 3aJTUIIAETHCS PO3POOKa KOMIUIEKCHUX METOAMK  PAaTUBHUX IUIAaT(GopM 1 BHUCOKOHABaHTA)XKEHUX BeO-
OIIIHIOBAaHHS Ta TIPOTHO3YBaHHS TPOAYKTHBHOCTI  CEpBiCiB.
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Voitiuk O.V. ANALYSIS OF METHODS AND TECHNOLOGIES

FOR WEB APPLICATION RENDERING

The most significant and actively studied innovative issue in the field of web development is the improvement
of web application rendering methods. These methods represent one of the key challenges in modern
information technologies and require a systematic approach to their optimization. This paper proposes to
consider rendering as a complex model of transforming architectural and algorithmic solutions into a high-
performance user experience. The study provides a comparative analysis of the main rendering approaches —
Client-Side Rendering (CSR), Server-Side Rendering (SSR), Static Site Generation (SSG), and Incremental
Static Regeneration (ISR) — which form the foundation of contemporary web frameworks. It is shown that
CSR ensures interactivity and modularity but is often associated with performance and SEO challenges,; SSR
improves loading speed and indexing quality, although it requires considerable server resources and careful
state synchronization; SSG and ISR combine the benefits of static and dynamic strategies, creating favorable
conditions for scalability and efficient content updates. Special attention is given to the operation of component
trees and state management mechanisms (Redux, MobX, Vuex, Zustand), which determine the consistency
between server and client environments. The paper also highlights innovative research directions such as
progressive and selective hydration, islands architecture, and streaming SSR. It is concluded that the future of
web rendering lies in hybrid models capable of achieving a balance between performance, data freshness, and
scalability. The proposed approach can be applied in the design of corporate systems and high-load platforms,
where rendering efficiency directly affects business process quality and user experience.

Key words: web applications, rendering, CSR, SSR, SSG, ISR, hybrid approaches, state management,
hydration.
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