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BCTYII

AKTyaJlbHICTh 3aCTOCYBaHHSI TE€XHOJIOT1 Plex 3ymMoBiIeHa CTPIMKUM 3pOCTaHHIM
notpebu B e(EKTUBHOMY YIMpaBIiHHI, OpraHizamii Ta TOTOKOBIM TpaHCALIl
MYJIBTUMENIMHOTO KOHTEHTY B yMOBaX U(PpoBoi TpaHcopMmairii.

CydacHi KOpUCTyBaul TMparHyTh MaTH 3pyYHHH JOCTyHn JO BIIACHUX
Me11a010J110TeK 3 PI3HUX MPUCTPOIB, y TOMY YHUCJIl B yMOBax BiJilaJieHOTro JocTymy. Plex
3a0e3nevyye BHUCOKWN pIBEHb Oprafizaiii KOHTEHTY, aBTOMATU4YHY KaTaJoTi3allilo,
MIITPUMKY Pi3HHX (opMaTiB Mefia Ta IIMPOKI MOKIIMBOCTI IIEpCOHaI3allii, 1110 POOUTH
foro e()eKTUBHUM IHCTPYMEHTOM Jii MOOYIOBH YHIBEPCAJIBHOTO MYJIbTHUMEIIHHOTO
CepeIOBUIIIA.

Kpim ToOro, 3pocTaHHs MOMYyJSPHOCTI JOMAIIHIX CEpBEpIB Ta TEHJCHINS 0
JeleHTpati3anii 30epirants JaHUX MiJCHIIOITh IHTEpPEC 10 pillieHb Ha 3pa3ok Plex, sxi
JIO3BOJIAIOTH 30epiraTu KOHTPOJIb Ha/l 1H(PopMalli€to, 3a0e3Mey04r BOIHOYAC THYYKICTh
1 MaclITabOBaHICTb.

Yce 1ne o0OyMOBIIOE JOLUIBHICTh JOCHIDKEHHS MOXJIIMBOCTEH 1 mepeBar

BUKOPHUCTAHHS I11€1 TEXHOJIOT11 B KOHTEKCTI cydacHux IT-cucrtem.
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1 AHAJIT3 ITPOI'PAMHO-TEXHIYHI 3ACOBIB

1.1 AkTyanpHICTh 3aCTOCYBaHHS XMAPHUX CEPEIOBUII

VY cydacHHUX yMOBax CTPIMKOTO PO3BUTKY HU(PPOBUX TEXHOJOTIH 1 3pOCTaHHS
00cATIB JaHUX OCOOJMBOI aKTyaJbHOCTI HaOyBalOTh €(EKTHBHI, MacIITaOOBaHI Ta
OesrneuHi 3acobu 30epiranHsa W 00poOku 1HGopMallii. OTHUM 13 KIIOYOBUX PIIICHb Y
IIOMY HaIlpsIMi € XMapHi1 CXOBUIIA, SKi CTAJIA HEBIJI'EMHOIO YaCTUHOIO 1H(OpMaIiiHOT
1HDpacTPyKTypH 5K y O13HECI, TaK 1 B OCBITHIX, HAYKOBHUX Ta JIEP>KaBHUX CTPYKTYypax.

XMapHi TEXHOJIOT1i 3a0€3MeUyI0Th THYUKHI JJOCTYT JI0 TaHUuX y OyAb-IKHil yac 1 3
OyAb-SIKOTO TIPUCTPOIO, M0 OCOOIWBO BAXJIMBO B YMOBaxX IHUCTaHIIHHOI poOOTH,
MOO1JTLHOCTI KOPUCTYBAYiB 1 pO3MOAIEHUX KOMaH/I. 3aBIsSKH 1bOMY 30€piraHHs JJaHUX
y XMapi € He JIMILE 3pyYHUM, ajie i eKOHOMIYHO €(DEeKTUBHUM PILICHHSIM MOPIBHSIHO 3
TPaIUIIMHUMU JOKAJTLHUMH CEpBEepaMu ur (Hi3UUHUMH HOCIsiMH 1HGopMartii [1].

KpiM Toro, xmapHi cepBiCM aKTHBHO BIPOBAKYIOTh MEXaHI3MU pE3epPBHOTO
KOITIFOBAaHHS, MAacIITa0OBaHOCTI, aBTOMATUYHOTO OHOBJICHHSI Ta 1HTErparlii 3 1HITUMHU
cepBicamu, 1110 J03BOJISIE€ ONITUMI3YBaTH O13HEC-TPOIIECH i YHUKHYTH BTPAT JAHUX Yy pasi
300iB, Ki0epaTak YW TEXHIYHUX HecnpaBHocTed. lle pobOuTh XMapHi cXoBuUIIa
npuBaOIMBUMHU HE JIMINE JJIS BEIMKUX KOpHOpallii, ame i A Maaux MiANpUEMCTB,
cTapTalliB, HaBYaJbHUX 3aKJa/1B Ta IHAUBIIyaIbHUX KOPUCTYBayiB [2].

Oco011BOi aKTyalbHOCTI BUKOPUCTAHHS XMapHUX CXOBHUI] HAOyBa€ B KOHTEKCTI
3a0e3neueHHs Oe3neku iHQopMmamii. CywacHi XmapHi I1IaTGOPMU MPOIOHYIOThH
KOMIUIEKCHI pilleHHd 3 ayTeHTu¢ikauii, mudpyBaHHSI, KOHTPOIIO JOCTYyIy Ta
MOHITOPUHTY aKTMUBHOCTI, IO J03BOJIsI€E €PEKTUBHO 3aXMINATH KOH(IACHIINHI JaH1 Ta
BIJIMOBIATH Cy4acHUM CTaHJapTaM kioepoesmeku [3].

Takoxx He BapTO HEXTYyBaTH 1 €KOJOTIYHUM acnekToM. LleHTpanizoBane xmapHe
30epiranHs JaHux crpuse eHeproedekTuBHOCTI [T-1HPpacTpyKTyp, 3MEHIIYIOUH
notpedy y BENUKIM KUIBKOCTI (DI3SMYHUX CEpBEpPIB Ha MIJNPUEMCTBAX Ta 3HIDKYIOUH

ByTJICLICBHM cIif [4].
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3acTOCyBaHHS XMAapHHUX CXOBHII € HAJ3BHYAWHO AaKTYaJlbHUM Yy CY4aCHOMY
iH(opMaltiitHoOMy cepeoBuIlll. BoHO BiIKpMBAaE HOBI MOMKIJIMUBOCTI JUIsi €(PEKTHUBHOTO
yOPaBIiHHS JTaHUMU, 3a0e3MeyeHHs iXHbOi Oe3meKku, MacmTa0yBaHHs 1H(QOpMaLiifHUX
CHUCTEM Ta IIJIBUIICHHS 3arajibHOi 1IU(PPOBOi TOTOBHOCTI OpraHizaiiii. ¥ 3B’S3Ky 3 UM
JOCIIDKCHHSI XMapHUX TEXHOJIOT1M 1 po3poOka peKoMeHAaIid MoA0 iX €(heKTUBHOIO

BUKOPHUCTAHHA € BAXKXK/IIMBUM 1 CBOEYACHUM 3aBJaHHAM.

1.2 ITepeBaru 3aCTOCYBaHHS XMAPHUX CEPEIOBUI]

[lepeBarn 3acTOCyBaHHS XMapHUX CEpPEIOBHIL Yy TMOPIBHSIHHI 3 JIOKAJIbHUM
30€peKEHHSAM JIaHUX MOJIATAI0Th Y IPUHLKIIOBIN 3MiHI MAX0Y 10 30epiranHs, 00pooKu
Ta ynpapiiHHs iHpopmMmaliero. Hacammnepen, xMapHi TEXHOJIOTIT 3a0€3MMeUy0Th 3HAYHO
BUIIY THYYKICTh 1 JOCTYIMHICTh. SIKIIO JOKalbHE 30epexeHHs mnepeadayae (izuuny
MIPUB’SI3KY 10 KOHKPETHOTO MPUCTPOIO0 a00 BHYTPIIIHKOT MEPEXki opraHizallii, To XMapHe
CEPEIOBUILE JI03BOJISIE OTPUMATH JOCTYH N0 JaHUX 3 OyAb-AKOi TOYKH CBITY, A€ €
nigkaodeHHs Ao IarepHery. Lle oco6mmBO BakiaMBO Jii MOOLIBHUX KOPHUCTYBayiB,
BIIJTAJIGHUX KOMAaHJ, a TaKOXX y BHIAJKaX, KOJU HEOOXITHO OMEPaTUBHO IUIATHCS
1H(pOpMALII€I0 3 BEMKOIO KUTBKICTIO KOPUCTYBauiB a00 MpUCTPOiB [5-9].

[Ile onHI€IO KIIFOUOBOIO MEPEBArOI0 € MACIITA00BAHICTh. Y BUMAJIKY 3 JIOKATbHUM
30€peKCHHSIM 30UIBIICHHS OOCITY JaHUX YacTo MOTpeOye T0JaTKOBHX amapaTHUX
BUTpAT, MOJEpHi3alii 1HQpacTpykTypu ab0 HaBiTh MOBHOI 3aMiHM OOJaJHAHHS.
HaromicTe XmapHi cepBiCM J03BOJISIIOTH IIBHUIKO aJaNnTyBaTH oOOCSIT CXOBHINA
BIJIMTOBITHO JI0 MIOTOYHMX MOTPeO, (PaKTUYHO «HA JTIHOTY», O0€3 MPOCTOIB 1 6€3 moTpedbu B
TEXHIYHOMY OOCIYrOoBYBaHHI 3 00Ky KOpHCTyBaya.

3HauHy poJb BiJIrpae 1 aBTOMaTH3allid MPOIECIB, Ky MNPOMNOHYIOTh XMapHI
mwiatrpopmu. Hampuknan, pe3epBHE KOMIIOBaHHSA, CHUHXpOHI3allis, OHOBJICHHS
POrPaMHOTO 3a0e3MeYeHHs Ta YMPaBIiHHS MPaBaMH JOCTYIY MOXXYTh BUKOHYBATHCS

aBTOMaTUYHO, 0€3 aKTHUBHOIO BTpy4YaHHs KOpHUCTyBaua. lle 3HMXKye HMOBIPHICTH
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JIOACHKUX MOMMJIOK, MIHIMI3Y€ PU3UKH BTpPATH AAHUX 1 JO3BOJISIE 30CEPETUTHCS Ha
OCHOBHIN JIIsUTHHOCTI, a He Ha oOcimyroByBaHH1 [T-iHdpactpyktypu [10-12].

be3neka Takox € Ba)XJIMBUM YMHHUKOM Ha KOPUCTh XMapu. Xoda ICHYe XHUOHE
ySIBIIEHHSI TIPO OUIBIIMKA PU3UK JUIsl JAHUX Yy XMapl, HacHpapl MpoBaljepu XMapHHUX
MOCIAYr  pealli3yloThb PO3BUHEHI MEXaHI3MH  3aXUCTy: IIU(pyBaHHSA JIaHUX,
OaratoakTOopHy aBTEHTH(}IKALII0, KOHTPOJb JOCTYIy Ha OCHOBI pOJIEH, ayauT
oreparliii, a Takox (pI3UYHUN 3aXUCT JaTa-IEeHTpiB. s OLIBIIOCTI KOPUCTYBAYiB 1€
3a0e3rneyye BUIIMM piBEHb OE3MEKH, HIK T€, 110 BOHU MOXYTh peaii3yBaTH JIOKAJIbHO,
0COOJIMBO 3 OISy Ha OOMEXKEH1 peCypCH.

Y KOHTEKCTI BapTOCTI XMapHI DIIlICHHS 3a3BUYail BUSIBISIOTHCS BUTITHIIIMMH,
0COOJIMBO ISl MaJIMX 1 CepeAHIX MIANPUEMCTB, OCBITHIX 3aKaAiB a00 1HIUBITYaTbHUX
KOpPHCTYBayiB.

3aMiCTh 3HAYHUX TMOYATKOBHUX IHBECTHUIIINA Y CEpBEPH, KOPCTKI JWCKH, JKEpeIa
0e3nepeOi1itHOro )KUBJICHHS Ta CUCTEMH OXOJIOXKEHHS, XMapHi OCIYTH OIIauyOThCS 3a
MOJIEJUTIO TIAMUCKU a00 3a 00CSATOM BUKOPUCTAHHS, 1O JO3BOJISIE Kpallle MPOrHO3YBaTH
BUTpPATH 1 3SMEHIIUTH (PiHAHCOBE HAaBaHTAKEHHSI.

Kpim Toro, xmapHi cepenoBuIilla COPUSAIOTh OUIBIT €(PEeKTUBHIN CIIBIpaIll Mix
KopuctyBauamu. Jlani, 30epexkeHi B XxmMapi, MOKHA pPelaryBaTu CIUJIBHO B PEabHOMY
gaci, a BC1 3MiHM 30epiraroTbcs aBToMaTH4HO [ 13].

Ile 3HauHO MiaBUIIYE €PEKTUBHICTH KOMAHIHOT pOOOTH, TOPIBHSIHO 3 JIOKATLHUMHU
daitnamu, ki MOTpeOYyIOTh MOCTIHHOTO KOMIIOBAHHS, MEpPECHIaHHs a0 CHHXPOHI3AIlii
BpPYYHY.

XMapHi TEXHOJIOT MPONOHYIOTh MPUHIMUIIOBO HOBUH pIBEHb 3PYYHOCTI,
e(eKTUBHOCTI Ta HAJIMHOCTI B YyMpaBliHHI 1HGOPMAIIE0, MO POOUTH iX JOTIYHOIO
€BOJIIOIIEI0 CUCTEM 30€peKEeHHS TaHUX Y IIU(PPOBY €Moxy.

VY MopiBHSHHI 3 TPAJULIMHUM JIOKATHHUM 30€peKEHHSIM, XMapHI CepeoBUIIA

3a0e3MeyyloTh BUILIMN PiBEHb aJalTUBHOCTI O BUMOT CYy4aCHOTO CBITY.
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1.3 AkTyanpHICTh 3aCTOCYyBaHHS TexHoJorii Plex

VY cydyacHuX ymoBax mudpoBizailii manmpueMCTB Ta aKTUBHOTO BIIPOBAIKCHHSI
koHmenii Industry 4.0 3poctae motpeda y BUKOPHUCTaHHI THYYKHUX, MAacCIITAOOBAaHUX Ta
IHTETpOBaHUX 1H(POPMAIIHHUX CHCTEM, SKI JO3BOJSIOTH €(QEKTUBHO YMPABISATH
BUPOOHUYHMMH MPOLIECAMHU, JIOT1CTUKOI0, TOCTaYaHHIM Ta aHANITUKOIO B peaIbHOMY Yaci.
Onniero 3 takux cucrem € Plex Manufacturing Cloud (abo mpocro Plex) - xmapHa
ERP/MES-nnardopma, sika Hajjae KOMITJIEKCHE PILICHHS 7151 YIIPaBIiHHS BUPOOHUYNMHU
nianpueMcTBaMu [ 14].

PosrnsHemMo 0CHOBHI nepeBaru 3aCTOCyBaHHS TEXHOJIOTII.

OCHOBHMM acCIEKTOM 3aCTOCYBaHHsI TeXHOJOTr1 Plex € miBuilieHHs €eKTUBHOCTI
BUpOoOHUIITBA. Plex 3abe3rneuye mMoBHY MpO30pIiCTh BUPOOHUYOTO MPOLIECY, J103BOJISIE
OlEpaTHUBHO pearyBaTd Ha 3MIHM B TEXHOJOTIYHOMY IMKJIi, MIHIMI3y€ MpPOCTOi
oOJilafHaHHS Ta BTpaTH pecypciB. 3aBIsKu BOYJOBAaHUM 1HCTPYMEHTAaM MOHITOPHHIY,
maTopMa MIATPUMYE TPUUHSATTS pillleHb Ha OCHOBI (hakThuHuUX AaHuX (data-driven
decision making), 10 € KPUTUYHO BAXKJIMBUM Yy CyYaCHHX YMOBaxX KOHKYPEHIII.

Hactynmaum ¢akTopoM BUKOPUCTAHHS TEXHOJIOT1T Plex € MOXIIMBICTh 1IHTETpallis B
pamkax mudpoBux TpaHchopmaiiiid. Plex € oxmniero 3 mmatdopm, sSka OpraHIYHO
BIIUCYETbCA B TapagurMmy nudposoro mignpueMctBa. Bona inTerpyerbcsa 3 loT-
MPUCTPOSIMU, AHAJTITUYHUMHM CUCTEMaMH Ta 1HIIMMHU Ol3HEcC-pillleHHSAMH, (PopMyrouu
enuHy 1udpoBy exocuctemy. Lle 3abe3neuye aKTyalbHICTh AOCTIHKCHHS I 3aBIaHb
nudpoBoi Tpancopmariii BUpoOHUUMX mpoiiecis [15-18].

Baxx1Boro MOKIIMBICTIO TEXHOJIOTII € MO0y 10Ba XMapHOi apxitekTypH. [lepexin
BIJI JIOKQJIBHUX CHCTEM JIO XMAapHHUX pIIIEHb € 3arajJbHOCBITOBUM TpeHIoM. Plex, sk
XxMapHa miatgopma, 3ade3neuye JO0CTYN A0 JaHUX y pexumi 24/7 3 OyIb-IKO1 TOYKU
CBITY, BUCOKY MacIITabOBaHICTh Ta OHOBJICHHS 0e3 yuyacTi KopucTyBaua. Lle no3Bosse
NIJIPUEMCTBAM 3MEHIIUTH BUTpaTH Ha IT-1HdpacTpykTypy, NIABUIIUTH THYUYKICTh Ta

OIMEpPATUBHICTh B YNPABIIIHHI.
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Ha Bimminy Bin cxmaguux ERP-cucrem, Plex € moctymHimmM miis cepeaHboro
0i3HeCy, 3a0e3Medyoun MBHIKE PO3TOPTAHHS Ta MPOCTOTY KopuctyBaHHs. e poOuTs ii
pEJIEBAaHTHOIO JUIsl JOCHIDKEHHS B KOHTEKCTI BIIPOBAKEHHsS 1HHOBAIlMl Ha piBHI
perioHaJbHUX BUPOOHUYUX KOMITaHi# [19-21].

Plex miaTpumye po60oTy B peajibHOMY 4aci 3 BAPOOHUYMMU JaHUMH, 10 J03BOJISIE
peamizoByBaTd KoHIeniii Smart Manufacturing ta Lean Production. BuBuenus
MOXJIMBOCTEH TexHojorii Plex y IIbOMy KOHTEKCTI JIO3BOJISIE JOCTITUTH IMOTEHINAT
BIIPOBAHKCHHS TAKWX MIAXOAIB HA TIPAKTHUIII.

3actocyBanHa Plex 'y OakanmaBpchbkii  poOoTi  j103Bosisie  chopMmyBaTu
KOMIIETEHTHOCTI, 3aTpeOyBaHI Ha pHHKY IIpali, 30KpeMa B raiy3i Iu(poBoro
BUPOOHUIITBA, YIPABIIHHS JAHUMH, XMAPHUX TEXHOJOTIH Ta aHamituku. Lle miaBuiye

MPaKTUYHY 3HAYYIIICTh OOpaHOi TeMH Ta 11 IHHOBAIlIHHICTb.

1.4 Mox/IHMBOCTI BUKOPHUCTAHHS ONepaliifHoi cucteMu AJisi MoOyA0BU XMapHOTO

cxoBuIla Ha 0a31 Linux 3 TexHomnoriero Plex

VY cydacHHX yMOBax AaKTUBHOIO BHUKOPHUCTAHHS MYJIBTUMEAINHOIO KOHTEHTY,
BUHUKA€E MOTpeda B eheKTUBHUX, OE3MEYHUX Ta JOCTYITHHUX PIIICHHSX 7151 30epiraHHs Ta
TpaHchsauli meniaganux. OZHUM 3 TakKUX pIIIEHb € MOOYyJ0Ba BJIACHOTO XMapHOTO
MeJiacepBepa Ha 0asi omepaliiHoi cucteMu Linux 3 BUKOpHUCTaHHSAM TexHoJorii Plex
Media Server. Take pilieHHs 103BOJIsIE CTBOPUTH MEPCOHANII30BaHy, MacIITA00OBaHy Ta
KOHTPOJIbOBaHy IIaTdopMy sl 30epiraHHs, opraHizailii Ta TpaHCHAIii 1udpoBoro
KOHTEHTY [22-25].

OmnepamiiiHna cucrema Linux € omHi€0 3 HaWOUIBII CcTaOUIBPHUX, OE3MEUYHUX 1
HATAIITOBAHMX TIaT(OPM ISl CEPBEPHOTO BUKOPUCTAHHS. 1i BiIKpUTHIA KO 103BOISE:
1 [IoBHICTIO KOHTPOJIOBATH 1HGPACTPYKTYPY - BiA HaJAIITyBaHHs (PailIoOBUX CUCTEM JI0
cucteM Oe3neKku Ta JAOCTYIy, ONTHUMI3YBaTH pecypcH - Linux Moke mpaioBaTH HaBITh

Ha MaJIONIOTY>KHOMY anapaTHOMY 3a0e3MeUeHHi, 1110 pOOUTS ii 171eaTbHOIO JJIsl JOMAIITHIX
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NAS-pimienb, a Takok aBTOMAaTHU3yBaTH OOCIYTOBYBaHHS — 3aBISKH CHCTEMHUM
CKpHIITaM, Cron-3aBJIaHHsIM Ta 1HIIKUM IHCTPYMEHTaM.

Plex Media Server - ne mporpaMHa miaaTgopMma sl TPAHCIAMIT MEIIaKOHTEHTY
(Bizmeo, ayio, hoTO) uepes JIOKaIbHY Mepexy abo IHTepHeT.

[Inardpopma Hanae:

— aBTOMATUYHY KaTajlori3alil0 KOHTEHTY 3 MeETaJaHUMH (IOCTepU, aKTOPH,
OTIHUC);

— WATPUMKY CTPIMIHTY B peajbHOMY 4Yaci Ha pi3HI NPUCTPOi (TeneBi3opH,
cMapT(OHH, IJIAHIIIECTH);

—  MYJbTUILUIATGOPMEHICTD - JIOCTYIHA Ha linux, windows, macos, a TakoX Mae
MOO1JILHI Ta BEO-10JaTKH;

— MATPUMKY BIJAAJICHOTO JOCTYMY 3 MOJIMBICTIO 3aXUILNEHOTO 3’€JTHAHHS 3
Oyab-sIKOT TOUKH CBITY;

— ONTHUMI3AIIO BiJIEO Mij KIIEHTCHKI MPUCTPOI (TPAHCKOIYBAaHHS B pPEaTbHOMY
qaci);

— 1HTerpariiio 3 plex pass - s 104aTKOBUX (PyHKLIH: dvr, CHHXpOHI3allis, live tv
TOIIO.

Ha 6a31 Linux MoxHa posropratu Plex sik yacTuHy OUTBIINX PILIEHb:

— 3 BukopuctanHsM docker - s 130JpOBAaHOrO Ta 3pYyYHOTO KepyBaHHS
KOHTEeHHepoM plex;

— paszoM 13 samba/nfs - s opranizaiiii MEpexeBOro 10CTymy 10 (aiiis;

— 4epe3 reverse proxy (Hampukiaja, nginx) - s 0e3MeYHOTOo JOCTYMNy uepes
https;

— MOHITOPHHT 32 JIOIOMOT'OI0 IHCTPYMEHTIB THMy grafana ta prometheus - s
BIJICT€KEHHS MTPOTyKTUBHOCTI;

— 3aXWHCT JaHUX 3a JOMOMOTroro Opanamayepis, fail2ban Ta ssh.

[To6ymoBa BTacHOTO XMapHOTO CXOBHINA Ha 0a3i Linux q03BoIsIE:

— BUKOPHCTOBYBATH BXK€ HasBHE amapaTHe 3a0e3meueHHs (HampuKIad, cTapuid

K, raspberry pi abo nas);
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— BIOAMOBHUTHCS BiJl CTOPOHHIX IUIaTHUX cepBiciB (google drive, icloud, netflix),
30epiraroyu NpPUBATHICTH;

— 3HU3WUTU BUTPATH HA €IEKTPOCHEPTII0 Ta OXOJOKEHHS 3aBIISIKU OITHUMI3allii
i linux.

Buxopuctanas Linux sk miargopmu aisi moOyJOBH XMapHOTO CXOBHINA 3
TexHonoriero Plex mnoemHye HaniliHiCTh, MacmITabOBaHICTh Ta O€3MEKy BIAKPUTOT
omnepaniiHoi CUCTEMHU 3 TOTY)XHUM (PYHKIIOHAJIOM [IJIsi OpraHizailii Ta MOIIUPEHHS
MYyJIbTUMEAIMHOTO KOHTEHTy. Lle pilmeHHs € akTyalbHUM [Uisi  0COOMCTOTrO
BUKOPHUCTAHHS, MaIuX o(QicCiB, a TAKOXK Y paMKax OCBITHIX 1 JOCHIAHUIBKUX MPOEKTIB
[26-29].

3acrocyBanHs TexHojorii Plex Media Server Mae mupoke npakTUyHE 3HAYCHHS B
KOHTEKCTI CTBOPEHHS TEPCOHAIBLHOTO XMapHOTO MEIiacXOBHINA, OCOOJMBO IIPH
BUKOpPHUCTaHHI 1i Ha 0a3l omepauiHoi cuctemu Linux [30-34]. Plex mgo3Bomsie
Oprasi3yBaTH 30epiraHHs, CTpyKTypyBaHHs Ta TPAHCIAIII0 MyJIbTUMEIHHOTO KOHTEHTY,
30KpeMa Bijieo, ayio Ta ¢poTodaiib, 3a0e3Medy0ur 3pyYHHI T0CTYII 10 HHOTO 3 Oy/Ib-
K01 TOUKH CBITY. OCHOBHA (DYHKITIOHAJIBHICTH I[i€1 TEXHOJOTIi MOJISATAE B MEPETBOPEHHI1
JOKQJILHOTO CEPBEPHOTO CEpeAOBHINA Ha TIOBHOIIHHUN MEMialleHTp, 3JaTHUN
TPAHCJIOBATH KOHTEHT y peajbHOMY 4aci Ha Pi3HOMAHITHI KJIE€HTCHhKI MPUCTPOL - Bif
TEJIEBI30PiB 1 KOMIT FOTEPIB 10 MOOUIBHHX JOJATKIB Ta BeOOpay3epis [35-39].

KopuctyBad Moke po3MilllyBaTH CBiii KOHTEHT y BU3HAUEHUX KaTauorax, IMicis
yoro Plex aBroMatmuHO 3IIMCHIOE HOro IHACKCAIIIO, J0JAa€ MeTaJaHl, Takl SK
OOKJIaIMHKH, OIMCH, aKTOPH, KaHPH, Ta CTBOPIOE €IMHY MENiaTeKy 3 MPUBAOIMBUM
iHTepdeiicom. OHIEI0 3 KIIYOBUX OCOOJMBOCTEH € MiATpUMKA TpaHCIAI 3
aBTOMATUYHHUM TEPEKOTyBaHHAM (TPAHCKOIYBAHHSM) - 1€ TO3BOJIAE a/IallTyBaTH BIJEO
abo aynio 1m0 ¢opmaTry, ONTUMAJIBLHOIO JiJIi KOHKPETHOI'O MPHUCTPOIO ab0 MIBUIKOCTI
3’€IHaHHA, HE BUMAararouu BiJ] KOPUCTyBaua 3MiH y nepBicHoMy (aiini [40-43].

Kpim 6a30B0i ¢yHkIioHansHOCTI, Plex Hagae MOXIMBICTh CTBOPIOBATH OOJIIKOBI
3alUCU I KUTBbKOX KOPHUCTyBauiB, OOMEXYBaTH IXHI IIpaBa JIOCTyIy, a TaKOX

OpraHi30BYBAaTH CIIJIbHE KOPUCTYBaHHS KOHTEHTOM Y O€3MEeYHOMY CepeOBHILI.
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JlolaTKOBO TEXHOJIOTiSI MIATPUMYE BIIJAJICHWN JOCTyN, IO O3HAYae, IO CepBep,
PO3TOPHYTHI y JOMAIllHIA Mepexi, MOXE€ BHUKOPUCTOBYBATHChH SIK IEpPCOHAJIbHA
allbTepHAaTHBa KOMEPIIIHUM cTpiMiHroBuM 1uiatdopmam. Takox Plex mae inTerpartio 3
takuMu cepBicamu, Kk TIDAL abGo moctynm o Tenenepenad y peallbHOMY 4aci, 10
PO3MIUPIOE HOTO QYHKIIIOHATBHICTD 32 MEXI1 JJOKAJTbHOT'O KOHTEHTY [44-47].

[Tpu Bukopuctansi Plex Ha Linux-cepBepi BiIKpUBaIOTHCS AOAATKOBI MOKIMBOCTI
3 aBTOMartu3allii poOOTH, PE3EPBHOrO KOIIIOBAHHS, MOHITOPUHIY CTaHy CHUCTEMHU Ta
ONnTHUMI3aIll BUKOPUCTAHHS pecypciB. 3aBAsKUM THYYKOCTi Linux MoXHa ajantyBaTH
poboTy cepBepa 110 Oy Ab-IKUX TEXHIYHUX YMOB — BiJl MAJIOMIOTY>KHOTO MiHIKOMIT FOTEpa
Raspberry Pi 10 moBHOIiHHOTO cepBepHOro cepenoBumia. Ile pobuts Plex
yHIBEpCAIbHUM IHCTPYMEHTOM SIK JIJIs1 TOMAIIHbOTO KOPUCTYBaya, TaK 1 sl OCBITHIX a0
JOCITITHUIIBKUX IIJIeH, 30KpeMa B paMKax peaiizallii pillieHb MPUBATHOTO XMapHOTO

30epiraHHs MyJbTUMEIINHUX JaHHX.

1.5 Po3ropranHst aBTOMaTHYHO1 KaTajorizaili KOHTEHTY 3 MeTaJlaHuMHU

PosropranHs aBTOMaTH4YHOI KaTajori3allii KOHTEHTY 3 METaJaHUMH € OJHIEI0 3
KIIF0OUOBUX TiepeBar Bukopuctants Plex Media Server y mo6yoBi cy4acHOT0 XMapHOTO
cxoBumia. Ilicns pomaBanHs MeaiadaiiiiB y BIONOBIAHI KaTajuoru Ha cepsepi, Plex
aBTOMAaTHUYHO BUKOHYE€ CKaHYBaHHS BMICTY, aHali3yroud TUN (aiiaiB, 1XHI Ha3BU Ta
CTpyKTypy. Ha OCHOB1 OTpUMaHUX JaHUX CHCTEMa 3BEPTAETHCS JO BIIKPUTHX JKEpe
MetaiHdopmariii, Takux sk The Movie Database (TMDb), TheTVDB, MusicBrainz ta
1HIIT, 1 3aBaHTAXYE TOB’sI3aHy 3 KOXKHUM Meiadaiinom iHbopmariito [48].

Lle#i mporec BKIIOYAE OTPUMAHHS Ha3B (PUIBMIB UM cepialliB, OMMUCIB, MTOCTEPIB,
(GboHOBOrO 300pa’KE€HHS, [aHUX MPO AaKTOPCHKUM CKIAJ, PEUTHHI, NaTy BUXOJHY,
TPUBANICTb, XaHp Tomlo. Jus My3u4yHux (aiiiniB cucremMa BUTATYE 1H(OpMalio Ipo
BUKOHABI, AIbOOM, KaHP, PIK BUITYCKY, OOKJIQJUHKY aJIbOOMY Ta HaBITh TEKCTH IICEHb.

VYce 1e 103BOJIsi€ CTBOPUTH IHTYITUBHO 3pO3YMLITY, BI3yallbHO MPHUBAOJIMBY Ta 3pYy4YHO
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CTPYKTypoBaHy 010J1iI0TeKy, sika 3a0e3neuye KoM(GOpTHE HaBITaIllitHE CEPEIOBUIIE IS
KOpHCTYyBava.

3aBasKkM Takid KaTauorizaiii KOHTEHT CTa€ He MpocTo HabopoMm (aitmiB, a
MOBHOLIIHHUM IIM(PPOBUM apXiBOM, II0 MOXe (QIIBTpyBaTUCS, TpymyBaTUCA abo
ITyKaTUCS 3a OyIb-IKUMHU XapakTepucTrukamu. Lls1 GyHKIIIOHAIBHICTh TaKOXK 3a0e31meuye
BHUCOKHMI piBeHb MepcoHam3ailii: Plex mMoke aBTOMaTWYHO CTBOPIOBATH TEMAaTWYHI
JTO00IpKH, PEKOMEHJyBaTH KOHTEHT Ha OCHOBI 1cTOpli meperyisaiB abo BIoA0O0aHb
KopuctyBada. [Ipyu 1boMy BCi OHOBJIEHHS KaTaJOTy BUKOHYIOTHCS aBTOMATHYHO ITiCIIS
J0JaBaHHs HOBUX (DailyliB a00 3MIHU CTPYKTYPH JAUPEKTOPIH, IO JTI03BOJISIE 3MEHIIUTH
y4acTh KOPUCTYyBaua 10 MiHIMyMYy [49].

Y KOHTEKCTI MOOYIOBM XMapHOro cXoBuIa Ha 0a3i Linux, aBromMaTH4Ha
KaTaJyiorizalis 3a0e3neuye HTerpaiito 3 GaiaoBo CUCTEMOIO Ta CIyKO0aMH 1HIeKcaIllii,
a TakoX JO3BOJIIE aaMIHICTPATOpy 3A1MCHIOBATH LIEHTPaIi30BaHE YIPABIIIHHSA
METaJIaHMMU Ta 3a0e3MeUnTH IXHIO LIUTICHICTh 1 aKkTyanbHicTh. Takum unmHOM, Plex
MEepEeTBOPIOE HEOOPOOJEeHUM MacuB IM(PPOBOro KOHTEHTY B J00OpEe OpraHizoBaHy,
JIOT14HY 1 MPUBAOIMBY MYJIbTUMEINHY 0a3y, 110 BIANOBIJa€ BUMOTaM Cy4YaCHUX CUCTEM

30epiranHs i1 00poOKu 1HpopMaIlii.

1.6 Peamnizaiiist mATPUMKH CTPIMIHTY B PeaJIbHOMY 4Yaci

Peanizaris miaTpUMKH CTPIMIHTY B peaJIbHOMY 4Yaci Ha pi3H1 IPUCTPOI € OJIHIEIO 3
Bu3HauvanbHuX GyHKIIN Plex Media Server, sika 3a0e3nedye yHiBepCaaIbHUM JOCTYM JI0
MYJBTUMEAIMHOTO KOHTEHTY HE3aJeKHO BIJ THUILY KIIE€HTCHKOTO MPHUCTPOIO. 3aBISKH
BOY/ZIOBAaHOMY MEXaHI3My IOTOKOBOI1 Tepeaadi nanux, Plex mo3Bossie TpaHCIOBAaTH
BIJI€O, ay/li0 Ta (OTO B peaJbHOMY 4aci Ha MIMPOKUHA CHEKTP MPHUCTPOIB, BKIIOYAIOUU
cmaprt-Tenesizopy, 1K, HOyTOyku, cMapTdoHu, TUIaHIIETH, Meaiamyieepu (HanpuKIIaj,
Roku, Apple TV, Chromecast) Ta HaBiTb IrpOB1 KOHCOJI.

KitouoBuM enemMeHTOM 1ii€i (YHKIIOHAJIBHOCTI € TPAaHCKOAYBAHHS KOHTEHTY,

TOOTO MOTO NMHAMIYHE TIEPEKOMYBAHHS 1] TEXHIYHI XapaKTEPUCTUKU MPUCTPOIO, IO
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npuiimMae noTik. Hampuknan, sikio opuriHanbHui Bineodaiin mae popmat abo po3alIbHY
3[IaTHICTh, KA HE MiATPUMYETHCS IEBHUM MPUCTpoeM, Plex aBromaTnuHOo aganrtye e
Gaiin «Ha JTHOTY» - 3MIHIOIOUH KOJEK, OITPENT, pO3ALIbHY 34aTHICTh UM KOHTEHHEp IS
3a0€3MeUeHHs] CyMICHOCTI Ta cTabutbHOI mepemadi. Lle ocoO0aMBO BaXKJIMBO B yMOBax
00MeXeHOT TMPOMYCKHOI 3JaTHOCTI Mepexi abo Npu BUKOPHUCTaHHI MOOUIBHOTO
IHTEPHETY.

Cepgepna yactuHa Plex BijmoBijae 3a 00poOKy 3amuTiB, a KJIIE€HTCHKI JOJIATKH -
3a BiIOOpakeHHs 1HTEpJeiiCy KopucTyBada Ta BIATBOPECHHsS KOHTEHTY. 3a HAsSBHOCTI
SKICHOTO MEPEKEBOT0 3’€JIHaHHS BiITBOPECHHS MOYMHAETHCS MPAKTUYHO MUTTEBO, a 3a
YMOB HecTaO11pHOTO 3B’ 513Ky Plex aBTOMaTUYHO ONTHUMI3y€ TOTIK BIJMOBIIHO /IO 3MiH Y
mBuAKocTi. KpiM Toro, cucremMa HiATpUMY€E aJalTUBHE CTPIMIHTOBE IepeaBaHHS
(adaptive bitrate streaming), ske J03BOJISIE 3MIHIOBATH SKICTh Bifile0 0€3 3YNMHUHKHU
BinTBOpeHH: [50].

VYci 1l MOXKIIMBOCTI peajizyloThesl 0€3 MoTpedH y CKJIaJHOMY HalallTyBaHHI —
Plex aBTOoMaTW4yHO BU3HAYa€ ONTUMAaJbHI MapaMeTpu CTPIMY BIAMOBITHO O KIIIE€HTA,
TUITy MEpeXi Ta XapaKTEPUCTUK cepBepa. 3a moTpeOu KOpUCTyBay abo aaMiHICTpaTop
MOX€ BpYYHY BKa3aTH MNPIOPUTETH SKOCTI, MaKCUMaJbHUU OITPEUT UYM CHocio
BIJITBOPEHHS (MpsIME BIATBOPEHHSI, TPAHCKOYBaHHS, ONITUMI30BaH1 KOITii).

Plex 3abesneuye rHyuke, edeKTHBHE i MacIITaOOBaHE PIMICHHS ISl MTOTOKOBOI
nepenavyi JaHWX, IO TEPETBOPIOE CepBEp 3 JIOKATHHOTO CXOBHUINA Yy CIPAaBXHIO
OaraToraaTopMeHy XMapHy MeA1acTaHLII0 3 MUTTEBUM JOCTYIIOM /10 KOHTEHTY 3 Oy/b-

SKOTO KyTOYKa CBITY.

1.7 Peamizarisi HiATPUMKU BIJJIAJIEHOTO JOCTYIY 3 MOXJIMBICTIO 3aXUILIEHOTO

3’ € THAHHS

Peanmizaniiss miaATpUMKH BIJJAJIECHOTO JIOCTYIy 3 MOXKJIMBICTIO 3aXHIIEHOTO
, ) ) )
3’€lHaHHS € Ie OojHie BaxiMBow ¢yHkIew Plex Media Server, mo mo3Bosisie

KOpHCTyBauaM O€3MEYHO OTPUMYBATH JOCTYI JO CBOTO MEIIAKOHTEHTY 3 OYIb-sIKOTO
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Mmiciis, e € migkiaodeHas a0 [areprety. [licns HamamTyBaHHS BiIJajIeHOTO JOCTYIY,
KOPHUCTYBa4 MOXe M1’ €HYBAaTUCA JI0 CBOTO CepBepa He JIMILIE B JIOKAJbHINA Mepexi, a i
330BHI - Uepe3 BeO-iHTepdeiic, MOOUIbHI JOJAaTKU ab0 1HII CyMICHI IPUCTPOI.

st 3abe3neuenHst Oe3neku Plex BukopucroBye mmdpyBaHHS 3’ €AHAHHS Ha
ocHoBl HTTPS (SSL/TLS), u1o rapanTye KOH(p1IeHIIMHICTh IepeJaBaHUX JaHUX, 3aXUCT
BIJl TIEpeXOIUieHHs TpagiKy Ta 3JIOBMHCHOIO BTpy4yaHHs. Bech Tpadik MK KIi€EHTOM i
cepBepoM MIMUPPYETHCA, BKIIOYHO 3 METAJaHMMU Ta MOTOKOBHM KOHTEHTOM. Plex
aBTOMAaTUYHO Kepye BHUAAueio cepTu(ikaTiB Ta OOCIYrOBYBaHHSM JOMEHHOTO IMEHI
yepes BJIACHY CUCTEMY MapILIPyTU3allil 3aUTIB, 110 CIIPOIIYE MPOLIey Py HAIAITyBaHHS
HaBITh JJIsI HEAOCBITYCHUX KOPUCTYBAYiB.

Binnanenuit noctyn peasnizyeTbes uepes 3B’ s130K 13 001iKOBUM 3amucoM Plex, 1o
JI03BOJIAE ayTeHTU(]IKyBaTH KOPHUCTyBada, a TaKOX IIEHTpaJi30BaHO 30epiratu
HAJIAIITYBAaHHS, CIHCOK JOCTYIHHMX CEpBEpIB 1 MepCOHalbHI ymogoOaHHsA. Y pasi
BUKOPHUCTAHHSA KIJIBKOX MPUCTPOIB 200 CILIIBHOTO KOPUCTYBaHHS MEAIaTEKOIO 3 POJIMHOIO
YU IPY3sIMU, aJIMIHICTPATOP cepBepa MOKE CTBOPIOBATH JI0JIaTKOB1 00JIIKOBI 3aITUCH 200
HaJaBaTH OOMEKEHUH JOCTYM 0 4acTHH 010110TeKH, 30epiralouu npu LbOMY MOBHUMN
KOHTPOJIb HaJ| MpaBaMM JOCTYILY.

[Ie o/1HI€I0 BKIIMBOIO MIEPEBATOIO € MIATPUMKA aBTOMATUYHOTO MTPOOPOCY MOPTiB
(NAT-PMP / UPnP), sika no3somsie Plex camocTiitHO HalamToBYBaTH MapIIpyTU3aTop
JUTst 3a0€3MedeHHs] 30BHIITHBOTO JIOCTYITy 0€3 pydHOTO BTpYYaHHs. Y BHITaIKax, KOJIU
aBTOMAaTUYHE HAJAIITYyBaHHS HEMOXJIMBE (uUepe3 TMOJITUKY Oe3meKku Mepexi abo
o0JiaTHaHHS ), CEpBEP MIATPUMYE PYUHY KOH(ITYpaIlito 3 JOKIAJHO IHCTPYKIIIETO.

Peanizanis Bigmanenoro npoctymy B Plex Media Server 3abesneuye He muiie
3pYYHICTh BUKOPUCTAHHS MYJIbTUMEIIMHOTO CXOBHIIA 11032 MEKaMH JIOKAJTLHOT MEPEXKI,
asie ¥ TapaHTy€e BUCOKHUI p1BeHb O0€3MeKH, CTaO1IBHOCTI Ta KEPOBAHOCTI MIAKIIOUYEHbD, 1110
0COOJIMBO Ba)JIMBO B YMOBaxX IMEPCOHAIBLHOTO ab0 KOPIOPATUBHOIO BHUKOPUCTAHHS

XMapHUX MYJIbTUMEIIMHUX CEPBICIB.
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1.8 IMmnemenTaist onTUMi3allii Biieo i KJIIEHTChKI MPUCTPOi

IMnmemenTariss ontuMiszaiii BiZjeo TiJ KIIEHTCHKI MPUCTPOi, IO BKJIIOYAE
TPAHCKOyBaHHSI B peaIbHOMY 4aci, € OJIHI€I0 3 OCHOBHMX MoxiuBocTel Plex Media
Server. s dyHKIIS 103BOJsE 3A1MCHIOBATH TUHAMIYHY QIaMTAIlIO BiEO MM TEXHIYHI
XapaKTePUCTHUKU KOHKPETHOTO MPUCTPOIO, 1110 MPUNMAE MOTIK.

TpaHckoIyBaHHS - 11 IPOILIEC EPETBOPEHHS BieodaiiiB 13 ojHOro (popmary abo
SKOCTI B 1HIINH, 3 ypaxyBaHHSIM BUMOT KOHKPETHOTO MPUCTPOIO, IIBUAKOCTI MEpexki abo
KOPHUCTYBAI[bKUX HalAIITyBaHb.

Konu kopuctyBau 3amyckae Bizmeo, Plex aBToMaTnyHO BU3HA4Yae, YW CYMIiCHHIM
¢dbopMaTt BiZIeO 3 MPUCTPOEM, IIO 3AMUTY€E BIITBOPEHHS. SIKIO MPUCTPI HE MIATPUMYE
e opmar abo po3nuIbHY 3AaTHICTH, Plex BHKOHYye TpaHCKOAYBaHHS Ha JbOTy. Lle
MO’K€ BKIIFOUATH:

1. 3miny dopmaty daitnry, Hanpukiaz, sk Bigeo B popmati MKV, a npuctpiii
niarpumye Tiabku MP4, Plex koHBepTye Bifeo B 1iei (hopmar.

2. 3miHy OiTpedTy y CHUTyalii, KOJIT Mepeka KOPHUCTyBauya Ma€ OOMEKEHY
MPOMYCKHY 371aTHICTh, Plex 3HMXKye OITpeHT ajis Toro, mo0 YHUKHYTH Oydepusarii i
3a0e3MeYNTH IJIaBHE BiATBOPEHHS.

3. 3MiHy pO3AUIBHOI 3AaTHOCTI, HaNpHKIal, SKIO Bigeo y ¢dopmari 4K, ane
npuctpiit marpumye aumie 1080p a6o menie, Plex 3HMKye po3aiabHy 31aTHICTB, 10
JI03BOJIsIE€ 30€perTH ONTUMAJIbHY SIKICTh IPU 0OMEXKEHUX pecypcax.

[Iporec TpaHCKOyBaHHS B pealibHOMY 4Yaci y Plex € aBToMaTHYHUM 1 IPO30pHUM
Ui kopuctyBaya. BeO-cepep Plex mpaioe sk mocepemqHuk Mix MeniadaiaoMm i
KJIIEHTCHKUM TIPUCTPOEM, BUKOHYIOUH TMEPEKOTyBaHHSA 1 JJOCTaBKY BIJIEO YEPE3 MEPEXKY.
[e 3abe3nevye rHYyUKICTh Ta CYMICHICTD 3 PI3HMMH THUIIAMU MIPUCTPOIB, BiJ CMapTPOHIB
1 TUTAHIIETIB /10 TEJEB130PiB, KOMM'IOTEPIB Ta 1HIINX MEA1aIICEPIB.

Intepdeiic Plex Takoxx 103BOJsiE KOpUCTyBayaM HalAlITOBYBaTH NapameTpu
TPaHCIISII1 Ta TPAHCKOAYBAaHHS B 3aJI€KHOCTI BiJl iXHIX noTped. Hanpuknaza, kopuctyBau

MO>K€ BKa3aTU MaKCUMAJIbHUN OITPEUT Jii MOOILTFHOTO MPUCTPOIO a00 BUOpATH SKICTh
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BiJI€0 Ip1 OOMEXKEHOMY IHTEpHET-3 €AHaHHI1. Lle 103BoIsg€e nocsarTu 6anaHcy Mix SKICTIO
BIITBOPEHHS 1 IBUJIKICTIO MEpEIaBaHHS JIaHUX.

KitrouoBoro nepeBaroro Takoro mjaxony € Te, mo Plex minarpumye TpanckoyBaHHS
Ha Xxoay ©0e3 HeOoOXiJHOCTI MOMepeNHbOI MIATOTOBKU MemiadaiiiniB, 10 3HAYHO
€KOHOMUTH 4Yac 1 J03BOJISIE YHUKHYTH HEOOX1HOCTI 30epiratu Kijbka BEepCiid OJHOTO 1
TOTO K BiZICO JUIsl PI3HUX MPUCTPOIB.

TpaHckonyBaHHsS B peaiIbHOMY 4Yaci € BaXXJIMBUM KOMIIOHEHTOM, SKUH JO3BOJISIE
Plex 3abe3neunTy BUCOKY CYMICHICTH 1 3pY4HICTb BHUKOPHCTAHHS MYJIbTUMEIIMHOTO
KOHTEHTY, aBTOMaTUYHO aJaNTYyIOuU BIJEO JO XAPAKTEPUCTUK KOXKHOTO MPHUCTPOIO Ta
3a0€e3Ieuyoun ONTUMAJIbHE BIITBOPEHHS 3a Oy Ab-SIKHX YMOB.

Peanizamisi inTerpamii 3 Plex Pass BimkpuBae m0JaTKOBI MOMKJIMBOCTI IS
kopuctyBauiB Plex Media Server, 1m0 3a6e3medytoTh JOCTYI 10 PO3MUPEHUX (DYHKITIHN 1
MBUIIEHOTO PpiBHSA mepcoHamizamii. Plex Pass € mmaTtHoro mianuckoro, sika Hamae Ity
HU3KY IHCTPYMEHTIB Ta (YHKIH, [0 MOKPallyloThb pOOOTYy 3 MYJIbTHUMEIIHHUM
KOHTEHTOM 1 PO3IIMPIOIOTh MOKIIMBOCTI JIJI BIATBOPEHHS 1 YIIPABJIIHHS.

Onna 3 ocHoBHux mepeBar Plex Pass - 1me HeoOMexeHe Ta OUIbII IIBUIKE
TpaHckoayBaHHs. KopuctyBaui 0€3 MiAMUCKH MOXYTh MaTH OOMEXKEHHS Ha KUIbKICTh
OJIHOYACHHUX CEaHCIB TPAHCKOIyBaHHS, a TAKOK OOMEKEHHS Ha O1TPEUT pHU OTOKOBOMY
nepeaaBaHH1 KOHTEHTY.

Plex Pass no3BoJisie 3HATH 111 OOMEXEHHS, 3a0€3MeUy0un OUIBII BUCOKY SIKICTh 1
CTaOIBHICTh TPAHCIIALIT HA BCIX MPUCTPOSIX.

Ile 0co6nMBO Ba)KIMBO ISl KOPUCTYBAYiB, AKl1 MJIaHYIOTh BUKOPUCTOBYBaTH Plex
B SIKOCTI XMapHOTO CEPBICY It 30€piraHHs Ta Meperisaay BeIUKOro 00csAry KOHTEHTY 3
PI3HHX TIPUCTPOIB.

Plex Pass Tako BKJIIOYA€ 1HTENEKTYyalbH1 (DYHKIIIT OpraHizaiii KOHTEHTY, TaKl sK
aBTOMAaTUYHE CTBOPEHHS METaJlaHuX, (QUIbMIB, TEJIEBI3IMHUX MIOYy Ta MY3HYHUX
010710TEK.

Hampukman, BiH BKIIOYaE aBTOMAaTHYHE CKaHyBaHHS Ta KaTETOPHU3AIIiio

MemiadaiiiB, a TAKOXK MOKJIUBICTh CTBOPEHHS OOKJIAIUHOK Ta OaHepiB 11 (HUIBMIB 1
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anpOoMiB. {1 ¢hyHKIIIT 3HAYHO MOKPAITYIOTh OCBIT KOPUCTYBayda, 3a0€3Meuy0un 3pydHe
Ta MPUEMHE BiJJ0OpaKeHHs] KOHTEHTY B Plex.

IaTerpauis Plex Pass no3Bossie koprcTyBauaM 3aBaHTaXyBaTH MeAia i oQIiaiiH-
neperssiay Ha MOOUTbHUX MPUCTPOsX. Lle mae MOXIIMBICTh MEPETIsIaTH BiJI€O Ta CIIyXaTH
MY3HKY 0€3 MiIKII0UeHHS 10 [HTepHETY, 1110 0COOJIMBO KOPUCHO II1]T 4ac MO0POKeH abo
B YMOBax 0OMEXEHOI0 JOCTYITY 10 MEPEXI.

Plex Pass kopucTyBadi OTpUMYIOTh JTOCTYT JI0 €KCIIEPUMEHTATLHUX (PYHKIIIH, SKi
e HE CTaJu JOCTYIHUMU I MUpokoro 3arany. [le Bkimtouae HOBI MoxkimBocTi B Ul
(kopucTyBallbkuii 1HTEpdEc), MOKpallleHe TPAHCKOAYBAHHS, a TAKOX I1HTErpaIliio 3
HOBUMH THUIIAMHU TPHUCTPOiB 1 cepBiciB. Taki (yHKINT HO3BOJISIIOTH KOPHUCTyBauam
TECTyBaTU HalicyyacHili iHHOBAIli1 B Plex.

Plex Pass Takox 3a0e3neuye J0JaTKOBI MOXJIMBOCTI IS O€3MEYHOro JIOCTYIYy,
30KpeMa, MOXJIMBICTh HaNaMITyBaHHS JAByX(akTtopHoi ayteHTu¢ikamii (2FA) nns
3axucTy akayHTiB. lle momaTkoBuil piBeHb OE3MEKH, M0 J03BOJISE 3a0€3MEYUTH TOCTYII
JIUIIIEe aBTOPU30BAaHUM KOpUCTyBadaM. Takox 3a0e3meuyeThCsl MPIOPUTETHA TIATPUMKA
KJIIIEHTIB 17151 KopucTtyBadiB Plex Pass, 1110 mo3Bosisie mBuaIe oTpuMyBaTH JOTIOMOTY Ta
pILIEHHS 11 OY/b-SKMX TEXHIYHUX MPOOIIEM.

Plex Pass gae MOXJIMBICTb MIJKJIIOYATUCS 10 CEPBICIB CTPIMIHTY MY3HKH, TAKUX SIK
TIDAL, 1o mo3BoJsie KOpUCTyBauyaM CTBOPIOBATU CBOi BJIACHI My3W4H1 O10J10TEKH 1
BKJIFOYATH Y iXHI KOHTEHT SIK JIOKAJILHO 30epeKeHY MY3HKY, TaK 1 My3HWKY 3 OHJIAlH-
CEPBICIB.

Takoxx 3’SIBJISE€THCS MIATPUMKA MOJKACTIB 1 IPsIMOTO edipy, 10 Ja€ e OuIbIie
BaplaHTIB ISl KOPHUCTYBauiB, $IKi BUKOPUCTOBYIOTH Plex sl mpociyXOByBaHHS Ta
oprasizailii ayJlioKOHTEHTY.

Onniero 3 HAUOLIBIIT IHHOBALIIMTHUX MOKIIMBOCTEH 1711 KopucTyBauiB Plex Pass €
MO>KJIMBICTh OTPUMYBATH JOCTYII 10 mpsiMoro edipy uepe3 Live TV 1 BukopucroByBaTu
cepep Plex sk mudposuit Bimeopeectpatop (DVR) mis 3anmucy TeneBiziiHUX mporpam i

cepiaib.
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[le nmo3Boisie KOpHCTyBayaM CTBOPIOBATH IIEPCOHANI30BAaHy TEJEBI3IHHY
010110TeKYy, 1110 30epiraeThcsl Ha CEpBEPl, a TAKOXK JUBUTHCS YIIFOOJICH] IOy HA BUMOTY.

Plex Pass Takox fa€ MOXKJIMBICTh 1HTErpalii 3 IHIIUMU XMapHUMU TIaTGopMamMu
J1s 30epiraHHs KOHTEeHTYy, TakuMmH sik Google Drive, Dropbox a6o OneDrive, 1o
JIO3BOJIIE KOPHUCTyBayaM CTBOPIOBATH BEJIUKY MYJbTHUMEAINHY O010110TeKy, sKa
30epiraeThCsi HE TUIBKU JIOKAJIBHO, a 1 y XMapi, 301IbIIYIOYN JOCTYIHICTh 1 HAJIHHICTh
30epiraHHsl TaHHUX.

[arerparis Plex Pass y Plex Media Server 3Hauno po3mmuproe (GyHKIIIOHATBHICT
CepBiCy, MO3BOJIAIOYM KOPUCTyBadyaM OTPUMATH JOCTYN A0 Oe3idi J0JaTKOBUX
IHCTpYMEHTIB 1 TMOKpalleHuX MOXJIuBocTel. Bona 3abesneuye OesnepeliiiHy
TPAHCIALII0 MEIIaKOHTEHTY, MiJABUILEHY Oe3NeKy, AOJaTKOBI OMLii CHHXpOHI3alli Ta
THYYKICTh YHOpaBIiHHA O1010TeKaMH, IO POOUTH KOPUCTYBAIILKHM JOCBIJI OUIBII

KOM(pOPTHUM Ta HaJAIITOBAaHUM MiJ IHAUBIAYyaIbHI moTpedu [S51].

1.9 Bukopucranasam docker 1151 130J1b0BaHOTO KepyBaHHS KOHTEHHEPOM plex

Bukopucranns Docker ns 1301p0BaHOT0 KepyBaHHs KOHTelHepoM Plex Media
Server € eeKTUBHUM 1 3pyUYHUM METOJOM pO3ropTanHs Plex y cydacHHX cepeoBHILaX,
OCKUIBbKH JI03BOJIsIE 130J10BaT cepBep Plex Big OCHOBHOI omepainiiHOl CHUCTEMH,
3a0e3Mevuyrour BUCOKUH PiBEeHb MMOPTATUBHOCTI, OE3MEKH Ta MPOCTOTH HAJIAIITYBaHHSI.

Docker - ne mmatdopma myis aBTOMaTH3allli PO3rOpTaHHS, MacIITa0yBaHHS 1
KepyBaHHsI J0JIaTKaM1 y KOHTEIHepax, 110 JI03BOJIsiE CTBOPIOBATH cepenoBuiile s Plex
3 MiHIMaJIbHUMU BUTpaTaMH 4acy Ta pecypciB.

Docker no3Bomsie i3omoBatu Plex Media Server B okpeMoMy KOHTEHHEDI, 10 Ma€e
HU3KY TIepeBar:

— I3omsauia cepenosuia B Plex mpaitoe y koHTelHEpi, 1110 3HUKY€E WMOBIPHICTb
KOH(IIKTIB 3 IHIIMMH IIPOrpaMaMHu Ta 3aJICKHOCTIMH Ha XOCT-CUCTEMI.

— TIlopratuBHicTh KOHTEHHepa Plex MoXHa JIETKO MEPEHECTH MiXK PI3HUMH

cepBepamu abo xocTamMu 6€3 HEOOX1THOCTI MEPEBCTAHOBIICHHS UM HaJIAIlITyBaHHS.
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— Omnosnennss Plex y koHTeiliHepi MOXHa 3AIACHUTH 0€3 3MIHH OCHOBHOI
omnepariiHoi CUCTEMHU Ta i1 3aJie)KHOCTEH, MPOCTO 3a JOMOMOTOI Iepe3aBaHTAKECHHSI
KOHTEIHepa 3 HOBOIO BEPCIEIO.

— Docker no3Bossie 3amyckaTty Kijbka iHCTaHCIB Plex Ha pi3HuX cepBepax ado y
pI3HUX KOHTEHHepax sl MaciiTaOyBaHHS, 10 3PYYHO NMPH BEIUKOMY OOCS31 JTaHHUX 1
BHCOKOMY HaBaHTaXCHHI.

[I{o6 cTBOpuTH KOHTEHHEp misa Plex 3a qonmomororo Docker, moTpiOHO BUKOHATH
KiTbka KpokiB. Ilepmn 3a Bce, moTpiOHO BctanoBuTH Docker na cepsepi. Jns mporo
MO>XKHa BUKOPHUCTATH CTaHJIApPTHI NakyHkW s Linux (Hanpukian, depe3 apt abo
‘yum'), a00 3aBaHTaXUTH 1HCTAIIATOP 3 odiriiiHoro caifty Docker.

bash

sudo apt-get update

sudo apt-get install docker-ce

Plex Media Server MokHa 3amycTUTH y KOHTeWHepi Docker 3a momomororo
cTa"naptHoro oopasy Plex, skuit moctynuuit Ha Docker Hub. [Ins uporo Heo6xigHO
CTBOPUTH KOHTEHHEp, BUKOHYIOUM KOMaHAy, SKa 3aBaHTAXKHUTh BIAMOBIIHUNA o0pa3 1
3anmycTUTh Plex 3 Bka3zaHHAM Ha MyOJIYHUM MOPT, Yyepe3 sIKUH MOKHA MIIKIIOYUTHCS 10
Plex, BkazaHHsIM TUPEKTOPIl HA cepBepi A 30epekeHHs Koudirypartiit Plex, nupexropii
JUTSL MEIIaKOHTEHTY, 5Ky Plex Oyne BukopucTtoByBaTu 1ist 30epiranus (aiisis.

[Ticas Toro, sik koHTelHep Oyae 3anyuienuit, Plex Media Server Oyne noctynHwuit
yepe3 BeO-iHTepdeiic 3a BU3HAUCHOIO aJIpecoto [52].

VY iHTepderici KOpUCTyBad MOKE HaJAIITyBaTH CEpBEp, J0JaBaTh O01010TEKH
MeAiagailniB, HaTallITOBYBAaTH JOCTYI IO KOHTEHTY Ta YIPaBIiHHSI KOPUCTYBauyaMHu.

Docker nosBossie myxe yerko macimrabyBaTu 1 oHoBimoBatu Plex. Hanpuxknan,
1106 oHoBUTH Plex 10 HOBOT Bepcii, MOXKHA MPOCTO 3yMUHUTH KOHTEHHED, 3aBAaHTAKUTH
HOBY Bepcito 00pasy Ta nepe3anyCTUTH KOHTEHHep.

Buxopucranuss Docker nns kepyBanHs Plex Takoxx Mae Kiibka nepeBar y

KOHTEKCTI OE3IEKU:;
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Plex mpaiitoe B okpeMOMy KOHTEWHEpI, 110 MIHIMI3y€ PU3HK B3aEMOJI1 3 IHIITMMHU
J0JIaTKaMU Ha XOCT-CUCTEMI.

Ockinpku Plex mpaimoe B KOHTEWHEpl, MOXHa IIBHJIKO OHOBIIOBATH 00pa3
KOHTEeMHepa 6€3 HeoOX1THOCTI OHOBJIFOBATH OCHOBHY OIlepaliiiHy cuctemy [53].

Ockinbku KoHDirypartist Plex 1 Menmiadaiiau MamyrOThCS Ha 30BHIIIHI TOMH, X
JIETKO MOKHa PE3epBYBATHU 3a JIOTIOMOTOI0 CTaHAApTHUX 1HCTpyMeHTiB Docker nms
30epekeHHs JaHuX KoHTelHepa. Lle 3a0e3neuye Oe3neKy JaHuX, HaBITh SKIO KOHTEHHED
Oyze BUIAJCHUI UM MEePEIHCAHUMA.

Bukopucranns Docker qiist kepyBanHst Plex Media Server Hajae 6araro nepesar,
TaKuX K 1301111 JOJIaTKy, TOPTaTUBHICTh, TPOCTOTa B OHOBJICHHI Ta MaciITaOyBaHHI,
a TakoX minBuieHa Oe3neka. Docker poOuTh HamamTyBaHHs Ta ympaBiiHHS Plex
OPOCTIIIMM 1 3pYYHIIIMM, JO3BOJISIOYM KOPUCTYyBauyaM IIBUJIKO PO3TOPHYTH,
MaciTabyBaTh 1 OHOBIIIOBaTH CBid cepBep, 30epirarour KOHTPOJIb HaJ pecypcamu Ta

0€e3IIEKOIO.

1.10 BucHOBKHM 10 TIEPIIOTO PO3ILTY

VY nepuiomy po3iisii MpOBEAEHO ASTAIBHUM aHaI3 MPOrPaMHO-TEXHIYHUX 3aCO01B,
K1 J03BOJISIIOTh €(EKTUBHO peajizyBaTH XMapHE CcXoBulle. BcraHoBieHo, IO
BUKOPUCTAaHHA XMapHHUX CEpENOBHUI € CY4YacHOI Ta E€KOHOMIYHO JOLIIBHOMO
MIPAKTUKOIO, siKa 3a0e31edye THyUYKUi JOCTYII 10 TaHWX, MacIITaOOBaHICTh, T1IBUIIICHUN
pIBeHb O€3MEeKM Ta 3HWKEHHS BUTpaAT Ha 1HPpacTpykTypy. OOIpyHTOBAHO JOULUIBHICTh
BuOOpy TexHoJjorii Plex sk 6a3oBoi miuaTdopMu Aisl YHIpaBIiHHS MYJIbTUMEIIHHUM
KOHTGHTOM - 3aBISKHA 11 34aTHOCTI JI0 KaTajorizallii, IOTOKOBOI'O BiJTBOPCHHS,
3aXMIIEHOTO JIOCTYNy Ta IHTErpaimii 3 XMapHUMHU cepBicaMu. TakKoX pO3TISTHYTO
nepeBarn 3acTOCYBaHHA —oOmepauiifHoi cuctemu Linux, 30Kkpema CTaOUIBHICTB,
BIJIKDUTICTh KOAY Ta MIATPUMKY KOHTeilHepu3auii uepe3 Docker, mo 3abe3neuye

130JIA11110 TIPOIIECIB, MPOCTOTY PO3TOPTaHHS Ta OE3MeKy poOOTH cepBepa.
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2 IMPOEKTYBAHHAA INPOI'PAMHO-TEXHIYHOI'O 3ACIBY
PEAJIIBAIIII XMAPHOI'O CXOBHMIIIA HA BA3I LINUX 3 TEXHOJIOTIEIO
PLEX

2.1 Orasa 06paHOi TEXHOJOTIT XMapHOTO CXOBHINA

ITopiBHroroun Taki pimeHHs sik Nextcloud, Seafile, Plex, Syncthing Ta Bnachi
NAS-pimieHHs, AOMUTBHO PO3TISAATH iX HE JUIIIE 3 TOYKH 30py (DYHKITIOHAIBHOCTI, a 1 3
OTJIAly Ha IUIhOBE MPU3HAYCHHS, MPOAYKTUBHICTh, THYUKICTh KOH(]Iryparlii Ta piBeHb
TEXHIYHOI CKJIATHOCTI BITPOBA/KCHHSI.

Nextcloud € ogHUM 13 HAUMOIIMPEHINIUX Open-source pilieHb M MO0yA0BU
0COBHCTOr0 XMapHOTO cepeoBHIna. 1oro GyHKIIOHANBHICTh OPiEHTOBAHA HA CILIbHY
poboTy 3 JOKyMEHTamMH, KepyBaHHS (ailiamMu, KaJeHIapsiMd, KOHTaKTaMH,
B1JICOKOH(EPEHIIISIMHU TOIIIO.

[le xommiekcHa mmatdopma, sika Mmoxke 3amiHnuTd Google Workspace a6o
Microsoft 365 y mexax HeBenmuKoro odicy abo TOMaIIHhOI MEPExKI.

[Ipore, KoM MOBa ¥iie PO Melia-KOHTEHT, 30KpeMa MIOTOKOBY TPAHCIIAIIIO BiJIeO
a6o my3uku, Nextcloud moTpelye mogaTKOBUX MOIYIIB 1 HE 3a0€3Medy€e BHCOKOT SIKOCTI
BIITBOPCHHS MyJibTUMeAia "3 kopoOku". TpaHCkoayBaHHS Bifeo, IHTerpaiis 3
TeneBizopamu, miaTpumMka Smart TV 4u MOOUTBHMX AOJATKIB JUIsl MEAIaIIeepiB — yce
e y Nextcloud peamizyerbcsi yepe3 CTOPOHHI TlariHk abo 30BHINIHI CEPBICH, IO
YCKJIaTHIOE HAJIAITYBaHHSI.

Seafile, xoua Mae cminpHe KopiHHA 3 Nextcloud, Oinbiie oOpieHTyeTbCs Ha
e(heKTHBHY CHHXPOHI3aIiI0 Ta CILUIBHUH IOCTYN IO BEIMKUX 06csriB daitmis. Moro
apxiTekTypa noOy0BaHa Ha PO3/IJIEHHI METaJaHUX Ta BMICTY (aiiiiB, 110 3a0e3nedye
Kpalry MpOayKTHBHICTh, OCOOJIMBO Y BEJTUKUX THCTAJISITISX.

Onnak, Seafile He ¢dokycyeTbCa Ha Meaia-MOTOKaX YW PO3MIUPEHUX (DYHKITISIX

MyJIbTUMEIA.
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Ile pimenHs € BaanuM BHOOPOM JUIsI  PE3EPBHOTO  KOIMiIOBaHHS — abo
IIEHTpaJi30BaHOTO 30epiranHs (aitniB, aje He MpUIAATHE JJIs JOMAIIHBOTO KIHOTEATPy
YU MYJBTUMEIIAHOTO TIEHTPY.

Plex, ma BigMiHY BijJ TOMEpPEIHIX JBOX CHCTEM, € BY3bKOCIEIlali30BaHUM
pillleHHAM caMme JuIs poGOTH 3 MyJbTUME/ia. MIoro rojoBHOIO MepeBarol € BHCOKHii
piBeHb IHTErpallii 3 KIII€EHTCHKUMU MIPUCTPOSIMU: TEJIEBI30paMu, CMapTHoHaMu, IrPOBUMU
PUCTaBKAMH.

Plex 3a0e3meuye aBTOMaTHYHY OpraHi3alliro 010,110TeK, 3aBaHTAXKCHHS METaJJaHUX,
OOKJIaAMHOK, OIMKCIB Ta peUTHHTIB. KpiM 11b0T0, BIH MIATPUMYE TPAHCKOIYBAaHHS B1JI€O
«Ha JBOTY», IO JAa€ 3MOTY BIITBOPIOBATH HaBITh Ti (opMartH, sIKi HE MIATPUMYIOTHCS
I[ITOBUM TIPUCTPOEM.

Plex Hagae yynoBuil KOpUCTYBAIlbKUI JOCBIJ 1 HE MOTPEOy€e 3HAUYHOI TEXHIYHOL
H1ATOTOBKH AJIs TIOYATKy pOOOTH, ajie Ma€ NMEBHY 3aJIeKHICTh B1Jl 3aKPUTHX KOMITOHEHTIB,
a neski QyHkuii (SK-0T JOCTyH 3 MOOUIBHHMX JOAATKIB 0€3 OOMEKeHb) BUMAararoTh
IUIATHOI M1AIMHUCKH.

Syncthing € NPUHIUIIOBO IHIIUM MiJXOJOM 10 30€piraHHs Ta CHUHXPOHI3aIil
nanux. Lle peer-to-peer cuctema, sika He MOTpeOye IEHTPAI30BAHOTO CepBEpa: KOXKEH
INPUCTPI CHHXPOHI3Y€ETHCS 3 THIIMMU HANpsIMYy.

Bona wnan3Buuaiino Oe3nedHa, mudpye Bech Tpadik 1 He 30epirae gaHi Ha
CTOpOHHIX cepBepax. [IpoTe 11 PyHKIIOHATBHICTE OOMEXKEHA CUHXPOHI3aIli€0 (ailiiB -
BIJICYTHS MIITPUMKA TOTOKOBOTO Mejia, HeMae BeO-1HTepdency A Meperisiay BMICTY,
1 B IJIOMy BOHa He MNpuaaTHa [Jis oOpraHizaiii MyJbTHUMEIINHOTO CXOBHIIIA,
OpPIEHTOBAHOT'O Ha 3pYYHICTb MEPETIIALY BiZIeo a00 MPOCITYyXOBYBaHHS MY3UKH.

Brnacui NAS-pimeHHsT — 1€ IIAPOKE TMOHATTS, SKE BKIIOYAE SK TPOTPaMHI
komruiekcu (Hanpukiaa, OpenMediaVault, TrueNAS), Tak 1 camocTiiitHO TT0Oy10BaHi
pimenHs Ha 6a31 Linux a6o BSD. Bonu MoxyTh OyTH THYYKO HajaIlITOBaHI IiJ
KOHKpEeTHI 1oTpedu: ctBopeHHs: RAID-macuBiB, HanmamTyBaHHs (ailioBUX MTPOTOKOIIIB
(SMB, NFS, FTP), peanizaiiisi pe3epBHOT0 KOIIIOBaHHS, MIIKIIOYEHHS Meia-CEpBepiB

(y Tomy uucai Plex a6o Jellyfin).
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Takuit miaxig nae MakCUMajibHY KOHTPOJIBOBAHICTh, MPOTE BUMAara€ BHCOKOTO
PIBHSL TE€XHIYHOI OOI3HAHOCTI, OCOOJMBO TNPU PO3rOPTAaHHI B yMOBax 3 OOMEKEHHM
amapaTHUM PEeCypcoM 9 OTPeOoro y Oe3nepeditHOMY TOCTYIII.

VY nmincymky, Plex BUILISA€ThCS sIK HAWOLIBII 3pyYHE Ta CIIeliali30BaHe PillIEHHS
JUTSE TOOYZI0BH XMApHOTO MYJIBTUMEIIMHOTO CXOBHIIIA.

Moro (yHKuioHanbHICTE Y cepi MOTOKOBOI TpaHCHsLii, GaraTomaThopMeHHa
MIJTPUMKA Ta MPOCTOTA IHTETpalii poOJsSTh HOro JOIIILHUM BUOOPOM IS peami3allii
NEPCOHAIBHOTO JOMAIIHHOIO MEIAeHTPY, OCOOIMBO y MOENHAHHI 3 BUILICHUM Linux-

CEPBEPOM.

2.2 Bubip tumy xmap

VY cyuacHomy iH(MOpMAITIHHOMY CEPENOBHUIIl XMAPHI TEXHOJIOTIT MOIIISIOTHCS HA
KUIbKa THIIIB 3a CIIOCOOOM JOCTYMY, YIPaBIIHHSAM pecypcaMH Ta PIBHEM IPUBATHOCTI
naHux. HaliOubIl MOIMMpeHUMH XMapaMH €:

— TIPUBATHA;

— myOJiyHa;

— Ti0puaHa.

Koxxna 3 HuUX Mae CBOi OCOONMBOCTI, TepeBard, OOMEXKEHHA Ta cdepu
3aCTOCYBaHHS, 10 Oe3MOoCepeHhO BIUIMBAIOTH Ha apXITEKTypy Ta CTpaTerito
BIIPOBA/KEHHSI XMapHOT'O CXOBHIIA, 30KpeMa MpH peatizaiii MyJIbTUMEAIMHUX pIIICHb
Ha 0a3i Plex.

[IpuBatHa xmapa (anrn. Private Cloud) - me iHdpacTpykTypa, sika MOBHICTIO
KOHTPOJIIOETHCS OJHIEI0 OpraHi3aIfiero abo MPUBATHOIO 0COOOIO.

VYeci pecypcu - 0OYMCIIIOBANIbHI TOTY>KHOCTI, CXOBHIIE, MEPEXKEBI CIyXKOM -
¢131nuHO ab0 BIpTyabHO HaJIeKaTh KOHKPETHOMY KOPUCTYBAueBl.

Takuit miaxia J03BOJISIE MAaKCUMAJIbHO KOHTPOJIIOBATH PiBEHb O€3MeKH,
0oOMeXyBaTH 30BHIIIHIA JOCTYN, HaJalITOBYBAaTH CEpBICHM i creuu@iyHi BHUMOTH

KOPHUCTYBaua.
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[TpuBaTHa XxMapa Moxe OyTH pO3rOpHYTa SIK Y JIOKaJbHIM Mepexi (on-premises),
TaKk 1 Ha CTOPOHHBOMY OOJaJHAHHI (HAMpUKIAA, Yy JaTa-IEHTpl 3 BIIIAJCHUM
yOPaBIiHHAM).

VY koHTekcTi mpoekty 3 Plex, mpuBaTHa XMapa - 1€ BapiaHT, KOJIM MeaiacepBep
BCTAHOBJIIOETHCSI Ha BIacHOMY cepBepi ado NAS y gomamiHiii Mepexi, 3 00MexeHUM
noctynoM yepe3 VPN abo 3 HanamtyBaHHsIM mndpyBaHHs Ta (HaepBoIy.

OCHOBHOIO IIEpeBaror TyT € Oe3neKa 1 KOHTPOJb HaJl AAHUMH, a HEJOJIKOM -
HEOOX1HICTh CaMOCTIMHO MIATPUMYBATH 1HPPACTPYKTYPY, OHOBJICHHS, PE3EPBHE
KOITIFOBaHHS 1 MOHITOPUHT.

[Ty6niyna xmapa (anri. Public Cloud) - ne moaens, y siKiii pecypcu HaIarOThCs
BEJIMKMMHU TOCTayaJlbHUKaMH XMapHHUX CepBiciB, TakuMmu sk Amazon Web Services,
Google Cloud Platform uu Microsoft Azure.

[{i mpoBaiinepu HaAarOTh BIPTyaldbHI CEPBEPH, CXOBHINA, IIATPOPMHU IS
po3po0KH Ta 0OpoOKM JaHUX Yepe3 Mepexy [HTepHeT Ha yMoBaxX MiAMKUCKA ab0 OTUIaTh
3a BUKOPUCTAHHS.

Jlani Ta oOuucIIOBaNIbHI pecypc (Di3MYHO MOXKYTh OyTH pO3MillleHl Oyab-1e y
CBITI, a KJIIEHT HE KOHTPOIIO€ (Di3UUHy 1HPPACTPYKTYpY.

V¥ Bumnanky 3 Plex, MoxxJIMBO peanizyBaTu MeaiacepBep Ha 06a3i BipryaiabHoro VPS-
cepBepa B MyOmiyHIN XMmapi, MPOTe e MOB’si3aHe 3 OOMEKEHHSMH IOAO0 TPAHCIIIT
BeNUKOro oocsry Bigeoganux (ocobmuo HD/4K), Bucokum tpadikom Ta BUTpaTamu Ha
00YHCITIOBAJIbHI PECYPCH.

[1y6niuH1 XMapu BUTIIHI IS IIBUIKOTO MAcIITa0yBaHHS, MPOTE MOCTYNAIOTHCS
NPUBATHUM y MUTAHHSAX NPUBATHOCTI Ta JOBIOCTPOKOBIN €KOHOMIYHOCTI MPU BETUKOMY
HABAHTAKCHHI.

I'opunna xmapa (anrin. Hybrid Cloud) nmoeanye mepeBarm 000X Mojenei -
IPUBATHOI Ta MyOJIYHOI.

Bona pgo3Boysie 4yacTuHy 1HQPACTPYKTYpH TpUMATH JIOKAJIbHO (HAIpPUKIIA,
meniacepBep Plex Ta ocHoBHe cxoBuile ¢aiiiB), a 1HIII KOMIOHEHTH — pE3EepPBHE

KOITIFOBAHHS, aBTOPH3AIlil0, CHHXPOHI3AI[II0 UM CTPUMIHT JI0 BiJAJICHUX MPUCTPOIB —
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peani3oByBaTH uepes myOniuni cepBicu. Takuit miaxia 3ade3nedye 6amaHc Mixk 6€3MEK0I0
Ta MacmraboBaHicTio. ['10puaHa Mozenb MOXK€ BKIHOYATH, HAIPHUKIIAM, PE3EpPBHE
KOIMifoBaHHsA MemiadaiiniB Ha xmMapHe cxouie Google Drive abo Amazon S3, Toxi sk
OCHOBHUI MeIIaKOHTEHT TPAHCIIOETHCS JIOKaTbHO. BoHA Takosk 3pydHa JJ1s1 MOO1JIEHOTO
JOCTYMY: MOO1JIbHI IPUCTPOI MiKIIOYAIOTHCS 10 XMapH, TO1 SIK OCHOBHE HaBaHTaKEHHSI
Ha TPAHCIISLII0 BUKOHY€ETHCS JIOMAIIIHIM CEPBEPOM.

[IpoTe ribpuaHa apxiTeKkTypa CKJagHa B peaiizailii, OCKITIbKM BOHA MOTpedye
IPOyMaHOTO MapHIPyTH3AIIHHOTO TpadiKy, MOMITHK OE3MeKH, CHHXPOHI3allli TaHuX 1
JyOJIFOBaHHS KPUTUYHUX CEPBICIB.

Takum 4uHOM, TpW BUOOpP1 TUMY XMapu OyJ0 BpaxOBaHO HE JIMIIE TEXHIYHI
pecypcH, a i crieHapii BUKOPUCTAaHHS.

VY BUMNAJKy CTBOPEHHS MPOTPaMHO-TEXHIYHOTO 3aC00Y /IS TOMAIIHBOTO XMapHOTO
cxoBuma 3 Plex, onTumanbHUM pilleHHSM € TpuBaTHa abo TriOpuaHa XMapa, SKi
3a0e3MeuyIoTh HAJIEeKHY MPOAYKTHUBHICTD, 3pYUHICTh BUKOPUCTAHHS Ta BUCOKUH PIBEHBb

KOH(}1IEHIIMHOCTI IpH 30epiraHHi MyJIbTUMEI1THOTO KOHTEHTY.

2.3 Po3po0OnenHs apxitektypu Plex Media Server

Plex Media Server € mporpamHoio Iuatdgopmoro, sika 3abe3neuye 3pydHy
Opraizailiro, TPAaHCILIII Ta JOCTyH J0 MYJIbTUMEIIMHOTO KOHTEHTY Ha PI3HHUX
IPUCTPOSX Yepe3 €IMHY LIEHTPATI30BaHy CUCTEMY.

Horo (YHKIIIOHATBHICTh OXOIUTIOE BECh JKUTTEBUUM IUKJI B3aeMOJIi 3
MemiadaiiiaMu - BiJ] aBTOMAaTUYHOT 1HIEKCAIlil 0 BUCOKOSAKICHOT MMOTOKOBOI Tiepeaadl 3
ypaxyBaHHSIM XapaKTEPUCTHUK KIIEHTCHKOTO MPUCTPOIO.

OcHoBHa ocoOnuBicTh Plex momnsirae B TOMy, IO KOPHUCTYBau Ma€ IOBHUMN
KOHTPOJIb HaJ| BJIACHUM MEI1aKOHTEHTOM, Ha BIAMIHY BiJl KOMEPUIMHUX CTPUMIHTOBUX
CEpBICIB, JI¢ KOHTEHT JIILIEH30BaHUH 1 0OMEeXEeHU paBaMu JOCTYITY.

3  ¢yskmionaneHoro  O6oky Plex  go3Bosisie  KOpUCTyBady — CTBOPUTHU

MEepCOHANI30BaHy Meniabiomoreky 3 (iTbMaMu, cepiagamu, My3uKOo, (OTO Ta
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BigeoapxiBamu. [licns qogaBanHs ¢aitiiB y BIANOBIAHI KAaTaJOTH CUCTEMA aBTOMATHYHO
CKaHy€ BMICT, PO3Ii3HAE TUIIH MEia, OTPUMYE METaIaH1 3 OHJIaHH-Kepe (HanmpuKia,
IMDb un TheTVDB), 3aBanTaxye nocrepu, onucu, Tpeuiaepu, CyOTUTPU Ta PEUTUHTH
BHU3HAUEHOTO KOHTEHTY.

3aBIAKY [IbOMY 010110TeKa BUTTISIAE SIK PpOodeciiHMi KaTaior, a KOpUCTyBayeBi
HE TTOTPIOHO MepeMaTHCs OPTaHi3aIi€l0 BMICTY BPYyYHY.

Okpemo BapTO Bi3HAYUTH IHTEJICKTYyJIbHUN MEXaH13M IMOITYKY Ta (uIbTpaliii, 1o
JI03BOJISIE MIBUAKO 3HAXOAWTU MOTPIOHMM KOHTEHT 3a >KaHPOM, aKTOpaMH, POKOM
BUITYCKY 200 KJIIFOUOBUMHU CIIOBaMH.

[Ile omHi€0 BaXJIMBOI (PYHKIIOHAIBHOI CKJIAJOBOIO € MIATPUMKA IMOTOKOBOL
TpaHCIALIT y peaJlbHOMY Yaci.

Plex apTomMaTHyHO BU3HAYA€E TEXHIYHI MOKIUBOCTI KI1I€EHTCHKOTO TIPUCTPOIO - THIT
eKpaHa, po3AUIbHY 3[aTHICTh, IOCTYIIHY CMYTY MPOITYCKaHHS, MIATPUMYBaH1 KOJEKH - 1
3a HeOOX1THOCTI BUKOHY€ TPAaHCKOAYBaHHA MeiadaililiB «Ha JIbOTY».

Ile o3Hauae, 1110 HABITH SKIIO Bifeo 30epexeHe y popmari, AKUN HE M ATPUMYE€ThCS
KOHKPETHHM TeseBi3opoM abo cmaptdonom, Plex 3maren 3minutu opmar, OITpEHT i
PO3IUIBHY 3/IaTHICTH IT1J1 4ac TpaHCJIsALii, 3a0e3neuytoun 6e3nepediiiHy Ta IKiCHYy poOooTy
cepBicy 0e3 BTpYUYaHHsS KOPUCTyBaya.

3 apxiTeKTypHOI TOUKH 30py cuctema Ha Plex peanizoBana 3a Kili€HT-CEpPBEPHOIO
MOJICTLUTIO.

VY uenTtpi 3Haxoautbesa Plex Media Server, sikuii BUKOHY€E POJIb siApa BCi1€T CUCTEMHU.
Bin iHCTaMOETBCSA Ha CEpBEPHY OlepalliiiHy cucTeMy - 3a3Buyaid 1e Linux, Windows
a60 macOS, xo4ya MOXXJIMBI BapiaHTH 3 PO3TOPTAHHAM y KOHTelHepax, Ha NAS abo Ha
BIpTyaJbHUX MalINHAX.

CepBep BiamoBijzae 3a 30epiranHs  010J1OTEeKH, 1HACKCAIII0O  BMICTY,
TPAHCKOIyBaHHs, YIPABIIHHS JOCTYTIOM 1 JIOT1KOIO B3a€MO/II].

KiieHTCBKI ToAgaTKy, SK1 ICHYIOTh JiJIsl OUThIIOCTI cydacHux miatdopm (Android,

10S, Smart TV, Xbox, Playstation, Be0O-Opay3epu), MiIKIIOYAIOTHCS O CEpBEpa yepes
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BHYTPILIHIO 200 30BHIIIHIO MEPEXKY, OTPUMYIOTh METaJaHi Ta 3A1MCHIOIOThH 3allUTH Ha
neperisi BMICTY.

[lepenaya gaHnx MiXK KIIEHTOM 1 cEpBEpPOM peanizyeTbes uepe3 nmpotokon HTTPS,
110 3a0e3neuye mudpyBaHHs Tpadiky.

VY pasi, ko cepBep nepedyBae 3a NAT abo daepposiom, Plex BukopucroBye
CreliaibHl MEXaHI3MU MaplIpyTHU3allii 4epe3 BIACHy XMapHY I1HPPACTPYKTypy Ui
poOMBaHHS MEPEXKEBUX Oap’ €piB.

Yce e poOuth cepBic Ayxke 3pYyUYHUM ISl BIIJAIEHOTO JOCTYIY, HABITH SKILO
CepBep PO3TOpPHYTUH y TOMAIIIHIN Mepexki 6e3 cratnunoi [P-anpecw.

Bapro 3BepHyTH yBary il Ha MeXaHi3MHU 0araTOKOPHUCTYBAIILKOTO JOCTYIY.

Plex no3Bosisie cTBOprOBaTH OKpeMi Npodiial Uis pi3HUX UICHIB POJUHH,
oOMeXyBaTH JIOCTyH IO ITI€BHOTO KOHTEHTYy, 30epirath ICTOpit0 TMEperisiay Ta
BIIPOBA)KYBaTH OaTbKIBCHKHI KOHTPOJIb.

[Tnardopma Takox miaTpuMye iHTerpaiito 3 Plex Pass - mpeMianbHOO HiAMHCKOIO,
sKa BIIKPUBAE JOAATKOB1 PyHKIIIT

— MOOLIbHE KeNIyBaHHs MeAia s odaaitH-neperisay;

— aBTOMATHWYHE 3aBaHTAXKCHHS CYOTHUTPIB;

— PO3ULIMPEHI 3BITH;

— amaparHe TPaHCKOAYBAaHHA Ha MIATPUMYBAHOMY 3ai3i.

Plex Media Server € noTy>KHUM MPUKIIAJOM Cy4acHOI rOPUAHOI MyJIbTUMEAIHHOT
miathopMu, sSKa TOEIHYE JIOKaJbHE 30epiraHHs 3 XMapHUMU TEXHOJIOT1SIMU
MapuipyTH3allii, 3a0e3nedye BUCOKHIM pIBEHb aBTOMaTH3allli, 3py4YHICTh JJIs1 KIHIIEBOTO
KOPHUCTYBaya Ta THYUYKICTh KOH(Irypallii.

Moro apxiTekTypa J03BOJIs€ peai3yBaTh SIK JOKAIBHHUI JOMAIIHI MeialeHTp,
TaK 1 MOBHOIIIHHY CHUCTEMY BIJJQJICHOTO JOCTYITy 0 OCOOMCTOIO BiJ€0apXiBy 3 Oyb-
SIKOTO TIPUCTPOIO y CBITI.

CxeMa apxiTeKTypH MPOrpaMHO-TEXHIYHOTO 3aciOy pearizailii XMapHOTo CXOBHIIA

Ha 0a3i linux 3 TexHounorieto Plex nonxa Ha pucyHky 2.1

ApkK.

KBPKI. 200024.21.01.01 113 8

Bm. JApk. | Ne nokym. |ITignucPlara




Plex Cloud Service
(Auth + NAT Traversal)

Remote Access

Y

Local/Home Network

Media Storage (HDD)
/media/mov/mus

Plex Media Server

(Linux-based, OpenSUSE)
- Library indexing
- Metadata fetching
- Transcoding engine

Smart

TV

Plex Client App

Desktop PC
Plex Web Interface

F 3

Smartphone
Plex Mobile App

Game Console
Plex App for Console

Pucynok 2.1 — Cxema apxiTeKTypu IPOrpaMHO-TEXHIYHOTO 3aciOy peasnizaiii XMapHOTo

cxoBuilla Ha 0a3i linux 3 TexuHomnoriero Plex

Pucynok 2.1 onucye 6a30By CTPYKTYpY, Ky MOXHA aJanTyBaTH MiJl KOHKPETHI

noTpedu KopucTyBaya ad0 PO3MIMPUTH JJIs TIOPUIHOTO CLICHAPIIO 3 PE3epPBYBAHHSAM Y

xMapi.

GbaiisioBOi cCUCTEMHU 3 Meia.

B1JI€0, MY3HKY, oTorpadii.

Plex Media Server po3ropHyTo JoKagbHO Ha Linux-MamiuHi, Sika Ma€ JOCTYI JI0

MeniacxoBuiie - 1€ OKpeMuit a0 BOyJOBaHUN TUCK 13 KaTajJoraMu, siki MICTSITb

3M.
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KnienTcoki mpuctpoi - renesizopu, cmaptdonu, [1K, koHcomi, ki miaKIr04aroThCs
JI0 CepBepa 1o JIOKaIbHINA Mepexki ado uepe3 [HTepHeT.

Plex Cloud nonomarae 3 Bigaanenum goctynom: npoousanus NAT, apropu3zariis,
nepeHanpaBieHHs Tpadiky.

TpaHckomyBaHHsS BUKOHYEThCS Ha CEpBEpl, SAKIIO KIIEHT HE MIATPUMY€E NEBHUMN
dbopmar meia.

Cxema apxitektypu Plex Cloud Service y KOHTEKCTI HOTO (PyHKIIH MIATPUMKHU
Plex Media cepBepa s 3abe3nedeHHs BigfalieHOTO JocTymy mnpoOuBaHHsA NAT,
aBTeHTH IKAIlIl KOPUCTYBAYiB 1 MapuIpyTH3ailii TpadiKy MO1aHO HAa PUCYHKY 2.2.

s apxiTekTypa A03BOJisIE KOopucTyBadam Plex oTpumyBaTH IOCTynm 10 CBOTO
IPUBATHOTO MeaiacepBepa 3 Oylb-SKOrO MICI, HE 3MIHIOIOYH CKJIAJHUX MEPEKEBUX
HaJallTyBaHb.

Plex Cloud Core - 1ie HaOip cepBepiB y XxMapi, ikl KOOPAUHYIOTh T0CTYI Mix Plex-
KJIIEHTaMU Ta MeJliacepBepamu.

Bonu He 30epiratoTb KOHTEHT, ajie JIONIOMAararTh 3HAUTU CEpBEpP 1 3a0€3MEUUTH
Oe3neyHe 3'eJHaHHS.

Account DB — 1ie 6a3a nanux Plex, sika 30epirae o011KOB1 3alIMCH KOPUCTYBayiB,
CIIUCOK aBTOPHU30BAHUX KJIIEHTIB 1 CEPBEPIB.

NAT Traversal — me MexaHi3M, SIKHH J03BOJISE€ KII€HTaM 3HAXOIUTH CEPBEPH
HaBITh 3a NuHaMiuHUMHU [P a60 3a NAT, BUKOpUCTOBYIOUM MPOKCI 200 MpsiMe 3'€ THAHHS.

Relay/Proxy Connection BHUKOPHCTOBYETbCS, SKIIO NpsiIME 3’ €IHAHHS MIXK
KJIIEHTOM 1 CepBEpOM HEMOKJIMBE (Harpukiaz, noasiiauii NAT).

Cxema apxiTektypu migcuctemu Media Storage, sika € YaCTHHOIO 3arajibHOi
iH(ppacTpykTypu Plex-cepBepa mogano Ha pucyHky 2.3. BoHa BignoBigae 3a 30epiranss,
CTPYKTYpH3aIlit0, pe3epBYBaHHS ¥ 10CTYyN A0 MeaiadaiiiiB

s cxema 1TIOCTpYE, K MO0y T0BaHA HA/TiiHA cCMCcTEeMa 30epiraHHs MEIIaKOHTEHTY,

ska no3Bojisie Plex Media Server npamroBaru edheKTUBHO i 6€3 BTpar.
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IMEHYBaHHS,

Media Management

CyHpOBiAH1

BIAIIOBIJIA€

aBTOMaTHU4HE po3mizHaBaHHsa Plex Media cepepom.

(User Auth & Device Mapping)

Plex Account DB

- Session Management

- NAT Traversal (Relay/Proxy)
- Secure Token Exchange

- Remote Discovery of Servers

Plex Cloud Core

Y

Y

Smart TV

Plex Client App

3a CTPYKTYpyBaHHs IIaloK,

CTaHJApPTH

daiinu cyotutpiB, o0OKIaguHKKH Tomo. lle cmporrye

Desktop PC
Plex Web Interface

Game Console
Plex App for Console

Pucynox 2.2 — Cxema apxitekrypu Plex Cloud Service y koHTeKCTi ioro QpyHKITi

ninTpuMku Plex Media ceppepa

File System Layer 3a0e3neuye noriunuii 1ocTyn 10 30epexeHux (aiii, hanaoBy

oprasizailiro, TiATPUMKY IIpaB JOCTYIy Ta 1HACKCAIIiIO.

3M.

ADK.

No nokyM.
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Media Management
(Folder Structure, Metadata)

Y

File System Layer
(e.g. ext4, NTFS, Btrfs, ZFS)

Y Y

/media/movies /media/music
- *.mp4, *.mkv - *mp3, *flac
A A 4
/media/shows /media/photos
- *.avi, *.srt - *.jpg, *.png

* *

Physical Storage Media
(HDD /SSD / NAS / RAID)

Optional Backup Layer
(External drive / Cloud)

Pucynok 2.3 — Cxema apxitektypu migacuctemMu Media Storage

Karanorn koHTEHTy opraHi3oBaHi 3a THIaMH MyJbTuMenia (QuUibMHU, My3HKa,

cepianu, ¢oTo), 1 MOXKYTh MaTH BKJIAJIEH] MManKu (HaNpUKIaa, ce30H/cepis).
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®diznune cxopuie - e Aucku a0o RAID-macuBu, 1o 6e3mocepeHbo 30€epiraroTh
naHi. Moxe OyTH miaKiIoueHe JJoKainbHOo abo yepe3 Mmepexy (NAS).

PesepHe komitoBaHHS  3a0esnedye  (aKyJIbTaTHUBHHM  pIBEHb  3aXUCTY,
peani3yeThcsl uepe3 30BHIIIHI JUCKA a00 XMapH1 cepBicu (Hampukiaz, rsync Ha Google
Drive abo Amazon S3).

Cxema apxitextypu Plex Media Server, sika € 1ieHTpaabHUM KOMIIOHEHTOM, IO
BUKOHY€E 00pOOKY, 1HJIEKCallil0, TPAHCIISIIIIIO Ta KEpYBaHHS JOCTYIIOM JI0 MEIIaKOHTCHTY
KOpPHUCTYBaua, OJJaHO Ha PUCYHKY 2.4.

Cxema nokasye B3aeMo/11t0 koMrioHeHTiB Plex Media Server y moBHOMY HMKJI1 Bij
30epiraHHs 10 BIATBOPEHHS Ha KOPUCTYBAI[bKUX MPUCTPOSIX.

Plex Media Server - ue sapo, ske 3a0e3nedyye BCl OOYMCIIOBANBbHI Ta
KOOpAWHAIIIMHI IPOIIECH.

Metadata Fetcher - e Mmoaysb, 1o otpumye iHpopmariito 3 mrepen tumy IMDDb,
TheTVDB.

Media Library Index - me 6a3a, mo 30epirae CTpyKTypy KOHTEHTY, METaJlaHi,
MITKH, TIEPETJISAIN.

Media Transcoder — 11e KIIOYOBUM KOMIIOHEHT, SIKUM afantye meidia mig ¢gopmart
KJIIEHTA.

File System + Storage - 1e gocTyn 0 JOKaJbHUX a00 MEPEXKEBUX Mejia yepes
GbaitlsioBy cuctemy.

Plex Cloud Services 3a0e3neuye aBTOpH3allilo, MapUIpyTH3alil0, TPOOUBaHHS
NAT.

Kinientn mnigkimoyaroTbesi HampsiMy abo uepe3 Xmapy, OTPUMYIOTh METajiaHi,
KOHTEHT.

Cxema apxitektypu Plex Cloud Core ueHTpanbHOI XMapHOi CIy>KOH, sKa
BimmoBigae 3a 3’emHadHsg Plex Media Server 3 MAKIIOYEHUMH KII€HTaMU,
aBTeHTU(DiKaIiro, Mapmpytusaimio, NAT traversal Ta inmi xmapHi QyHKIII1, MOgaHO HA

pHUCYHKY 2.5.
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Plex Media Server
(Linux-based)

v

v

Metadata Fetcher
Posters, info

Online sources

Media Library Index
- DB of media content
- Tags, genres, status

Media Transcoder
On-the-fly video and
audio conversion

MeJlla HaBiTh I HEKBalIi(hiKOBAHOTO KOpHUCTyBada Oe3 HajallTyBaHHS CHUCTEMHHX

noptiB uu VPN.

Local File System Access
/media/movies, /photos

'

Physical Storage
(HDD, SSD, NAS, RAID, etc.)

¢

Backup (optional)
(USB, Cloud, rsync, etc.)

¢

Remote Configuration
(Web Ul / SSH / CLI)

'

Plex Cloud Services
- User auth, NAT traversal
- Relay if direct fail

Client Devices
- Smartphones (Plex App)
- Smart TVs, Web Browsers
- Game Consoles, Tablets

MDK KJTIEHTOM 1 MeJllacepBEPOM.

Pucynok 2.4 — Cxema apxitekrypu Plex Media Server

Apxitektypa no3Boiisie Plex 3a0e3neunt "mpo3opuii" HOCTYI A0 JTOMAIIHbOTO

Plex Cloud Core € noriuum siapo xmapHoi miatgopmu Plex, mio aie sk nocepeaHuk

3M.

ADK.

No nokyM.
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Plex Cloud Core

(Located in Plex Data Center)

- Token issuance

Matches clients with

v v v
Auth & Identify Session Coordinator NAT Traversal
- User accounts - Tracks active users - STUN/TURN

- Relay fallback

- Registers itself

- Connection tokens

- Device mapping - Plex servers - IP mapping logic
v v v
Plex Media Server (e.g. Remote Access API Plex Clients (TVs,
at home) <+ -Secure signaling phones, etc.)

- Requests access

¥

h

-
<

Encrypted TLS/WebSocket Tunnel

Pucynok 2.5 — Cxema apxitektypu Plex Cloud Core

Monayns Auth & Identity Biamosimae 3a 30epexeHHsT 00JIIKOBUX 3aIlKCIB, BUAYy

TOKEHIB JOCTYIIY, a TAKOX MPUB'A3KY MPUCTPOIB A0 OOJIIKOBKH.

Session Coordinator koopauHye aktuBHI cecii Mk Plex Media Server Ta

KJIIEHTaMU, MATPUMYE aKTyaabHy 1H(pOpMaIIito MPo AOCTYIIHICTh CEpPBEpa.

NAT Traversal 3abe3neuye mpoOuBanHs NAT depes

TURNY/Relay, sikmio npsiMe 3'€ THaHHSI HEMOKJIUBE.

STUN/UDP

abo

Remote Access API BUKopucTOBYEThCS 000Ma CTOpOHAMHM (CEPBEPOM 1 KIIIEHTOM)

JUTA 1HIIam3amii 3aXUIeHoro 3’ ¢ JHaHHs.

TLS/WebSocket Tunnel € ocHOBHUM KaHaJIOM JiJIsi IM(DPOBAHOTO YMPABIIHHS U

IMIOTOKY HJaHUX, KOJIU IIPAMC 3,€I[HaHH$[ HCMOJKIIUBCE.

Cxewma apxitektypu B3aeMo/ii Plex Media Server (Home) 3 Plex Client (Remote)

yepe3 Plex Cloud, 3 ypaxyBanHsam mapipyty, aBTeHTu(ikanii, NAT, npokci/mpsMoro

3'€eIHaHHA MMOJAHO HA PUCYHKY 2.6.

3um. JApK.

No nokyM.

ITignuc Plara
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Plex Client (Remote)
- Web, Mobile, TV
Login to Plex

Plex Cloud (Relay &

Y

3

MPO30PUI JOCTYII 10 TOMAIIHBOT MYJIbTUMEIIAHOT 010T10TEKH.

OTPUMY€E MapLIPyTU3aLiiHy 1H(POpPMAIIiIO.

Cxema [03BOJIE€ BIJAJICHOMY KII€HTYy 0€3 3allBUX HaJaIlITyBaHb OTPUMATU

Plex Client (Remote) 3BepTaeTses 1o Plex Cloud, mpoxoauts aBTeHTH]IKALIIIO Ta

Plex Cloud nocepennuk, 11o:

Auth Request, Device Registration

NAT Traversal)

Secure TLS/WebSocket
(Fallback if direct fails)

=
L

L J

Session Tracker
- Matches client with
server

Server Discovery

A J

3niiicHioe mpoouBanHs NAT;
CTBOPIOE CECII0 MK KJIIIEHTOM 1 CEPBEPOM;

Hajae fallback-pokci kananm (TLS/WebSocket), sikmo npsime 3’enHaHHS

HCMOIXKIIMBC.

Y

Auth & Token Server

F 3

h A

Plex Media Server (Home)
- Registered in Plex Cloud
- Runs on Linux
- Scans /media content

Local Media Storage
- Movies, Music

Pucynox 2.6 — Cxema apxitekrypu B3aemozii Plex Media Server (Home) 3 Plex Client

(Remote) uepe3 Plex Cloud

- Provides transcoding

3M.

ADK.

No nokyM.

TTignuc

Plara
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niarpumye 3’ eaaanns 3 Plex Cloud, moBioMiisitouu po CBOIO JOCTYITHICTb.

Plex Media Server (Home) 3naxomuthcs 3a NAT abo aunamiuamm IP, ame

Storage cepBep Mae MpsIMUI TOCTYI 0 (HI3UYHOTO aO0 MEPEKEBOTr0 CXOBHUIIIA 3

MyJIbTUME/TIA.

Plex, xonu npsimMe 3'eqHaHHS MIXK KIII€EHTOM 1 cepepoM (uepe3 NAT) HemoxiuBe, mogaHo

Ha pUCYHKY 2.7. Y TakoMy BHUIAJKy BECh 3aliM(ppoBaHuil Tpadik MepeaaeTbcs yepes

Cxema apxitektypu Secure TLS Connection via Relay, sika BUKOPUCTOBYEThCS

XMapHUU pEIeHHNAN CEepBED.

3’€JHAHHIO, SIKY 3PYYHO 3aCTOCOBYBATH JUIsl 3BUYAHUX KOPHUCTYBadiB 0€3 TEXHIUYHOT

Plex Client (Remote)

TLS over WebSocket
Plex Relay Server

3a NAT/Firewall

h A

User Auth (Plex Cloud)

v

Plex Relay Server

(Plex Cloud Relay)

A J

Session Coordination
(Maps Client Server)

End-to-End Encrypted

A 4

Plex Media Server 3a

TLS over WebSocket

(Same as above)

Pucynok 2.7 — Cxema apxitektypu Secure TLS Connection via Relay

Ile wmamiiiHa, Oe3meyHa,

MMITOTOBKH.

NAT/Firewall

L\ 4

Local Media Storage
/media/movies, music

ajle TpPOXHW TOBUIBHIIIA aJbTEpHATHUBA TMPSIMOMY

3M.
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CyTsb apxitekTypu nosisirae B Tomy, o Plex Client BcranoBmioe TLS-3’eqnanns 3
Relay Server (y xmapi), OCKIJIbKM HE MOXKE HaIpsIMy JIOCATTH 3’ €IHAHHS 3 JOMAalIHIM
CepBEPOM.

Plex Media Server, sikuii Takox He Mae my6smiunoi [P-anpecu abo mepebyBae 3a
noasiiiHUM NAT, cam iHili0€e BUX1HE 3’€THaHHS 70 Toro x Relay Server.

Relay Server Buctymae B poii JBOCTOPOHHBOTO TPOKCI, MEpeaaloyu
3amudpoBaHUi Tpadik MIXK KIIEHTOM 1 CEpBEPOM, HE MaKOUM JIOCTYITYy O KOHTEHTY (00
Tpadik mmdpyerses end-to-end).

Toni Plex rapantye, 110 Bijieo/ayio MOTiK Oy/1€ JTOCTaBJICHO HABITh Y CKJIQJIHHUX
MEpEeXKEeBUX YMOBaxX, 0€3 BIAKPUTTS MopTiB uu VPN.

Cxema migcucreMu Media Management y Plex Media Server mnognaHo
HApUCYHKY 2.8.

Bona BigmoBimae 3a opradizaiito, aHami3, 1HAEKCaIlilo, MeTajaHl Ta
CTPYKTYpYBaHHSI MyJIbTUMEIIMHOTO KOHTEHTY.

I{s1 apxiTekTypa 3a0e3neuye aBTOMaTU30BaHE KEPYyBaHHS BEIUKOI MEI1aTEKOI0 3
MiHIMaJbHUM BTPYYaHHSIM KOPHUCTYBaua, a TaKOX TapaHTye€ Y3TOIKEHICTh CTPYKTYpPH
010JTI0TEKH Ha BCiX KIIEHTCHKUX TPUCTPOSIX.

Media Management Core € ToOJJOBHUM KOOPJMHATOPOM, SIKAM 1HILIIOE BC1 MPOIIECH
CKaHyBaHHS Ta OHOBJICHHSI.

Metadata Agent MigKJIIOYa€ThCA O 30BHIMIHIX 0a3 JaHUX, 100 aBTOMATHUYHO
OTPUMATH TTOCTEPH, PEIEH311, )KaHPH, TPUBAIIICTh, AaKTOPCHKUIA CKJIA]T TOIIIO.

Library Scanner ananizye QaiinoBy cucremy, ckanye nanku /media, i1eHTUDIKYye
HOBI a00 3MiHEeH1 (aiiiu.

Media Matcher Ha ocHOBI iMeH (ailiiB 1 iX po3TanryBaHHS BU3HAUYAE, UU 11€ (PLIbM,
cepiaj, My3uKa TOIIIO.

Path Resolver nHopmamizye numsixu A0 wmefdia, 3abe3nedye MIATPUMKY JUIs
0araToKOpHUCTyBaIbKUX KOH(Irypatliif 1 po3noaiieHnx NAS.

Metadata DB 30epirae yci BUTATHYTI a00 3reHepoBaHi JaHi (JIOKaJIbHO, Y BUTIISIAIL

SQLite abo anamoriunoi BJI).
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Thumbnail Generator renepye BizyaibHi ONepeaH1 neperisau (ocTepu, Kaapu),

K1 B1IOOpaXaroThCsl B KIIIEHTCHKUX 1HTEpdercax.

User Preferences DB BpaxoBye nepcoHani3oBaHi HalIAIITYBaHHS, SIKI BIUTUBAIOTh

Ha COPTYBaHHS, MOBY METaIaHUX, BIIOOPaKEHHS.

Media Management Core

(OpkecTpye BCi Ail

KepyBaHHS)
v v v
Metadata Agent Library Scanner Metadata DB
- IMDb, TMDb - AHania cTpykTypu - IlokankbHe cxoBuLle
- TVDB, MusicBrainz - ImeHyBaHHA hannis 0OKNaanHOK, XaHpiB
i v t

Media Matcher
- Busnauvae tin
KoHTeHTy Path Resolver

Path Resolver
/media/movies/
/music/, etc.

Structured Library
- View (Movies, TV)

/media/movies/

A

Thumbnail Generator / Analyzer
ObknaguHkK, NpeB'to Kaapis
Knto4yoBi MOMEHTU CLIEHM

F 3

h 4

User Preferences DB
HanawTyBaHHA MegiaTeku
MoBa, xaHpu, aBToMartu1aauis

Pucynox 2.8 — Cxema miacuctemu Media Management y Plex Media Server
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2.4 Bubip nmpoTokory 0OMiHY JaHUMH

OOMIH JaHUMH MK KOMIIOHCHTAMH CHUCTEMHU MYJIbTHMEIINHOTO CXOBHWINA Ta
KIHIICBUMHU KIIIEHTaMH 0a3y€ThCs Ha JEKUTBKOX KIFOUOBHX MPOTOKOJIAX, KOXKEH 3 SKHX
Mae CBOIO c(hepy 3aCTOCYBaHHS, IepeBaru Ta 0OMEKCHHS.

B xontekcti peamizarii Plex Media Server, sik ogHOro 3 BapiaHTiB MOOYyJAOBH
XMapHOTO MEIiaCXOBHIIA, BaKIUBO PO3TJISHYTH TPH OCHOBHI MPOTOKOJIBHI ITiIXOIH:

DLNA, HTTPS Tta Binacui API Plex.

2.4.1 DLNA

DLNA (Digital Living Network Alliance) - me ramy3eBuil cTaHgapT i
MOTOKOBOTO MEepeAaBaHHs MyJIbTHMEI1a MK IPUCTPOSIMHU B JIOKATbHII MEepexi.

Bin npairoe Ha ocHOB1 Habopy TexHosorii, Bkaodaroun UPnP (Universal Plug
and Play), HTTP ana nepenaui kontenty, ta SOAP mis oOMiHy cioy>KOOBUMHU
MOBITOMJICHHSIMHU.

Plex Media Server wmae BOymoBany miarpumky DLNA, mo mo3Bossie
00CITyroByBaTH MPUCTPOI, sIKI HE MarOTh pigHOTO Plex-kiienTa, ane miarpumyots DLNA
(manmpukian, Smart TV, irpoBi koHcodi, Blu-ray meepn).

DLNA-niaxig He BUMarae BCTaHOBJICHHS JgoAaTkoBoro I13 Ha cTOpoHI Kili€HTa,
OJTHAaK € OOMEXEHUM y THYYKOCTI JOCTYMy 10 po3mupeHux ¢yHkiiii Plex — Takux sik
CHUHXPOHI3allis Neperisiay, IMHaAMIYHe MepeKoayBaHHs abo noctyn yepes [HTepueTt. Kpim
toro, DLNA mnpamioe BUKIIOYHO B JIOKAJIbHIA MeEpexki Ta HE MHIATPUMYE CydacHi

MEeXaH13MHU aBTeHTUDIKaIIii.

2.42 HTTPS

Jlist mepenaui nanux Mixk Plex Media Server Ta kimieHTam#u, sSiKi IPAIfoO0Th 4epe3

odiwiitH1 J01aTKK a00 BeO-iHTepdeiic, BAKOPUCTOBYEThCs npoTokoa HTTPS.

ApkK.
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Lle po3mmpenns crangaptHoro HTTP, axe npautoe nosepx TLS (Transport Layer
Security), 3abe3neuyroun mudpyBaHHs TpadiKy Ta 3aXHCT BijJ] MEPEXOIJICHHS TaHUX.
Uepe3 HTTPS peanizyerbes:

— - nepenaya Metaganux (iHpopmaris npo GuIbMH, cepiaiu, My3UKY);

— - aBreHTHU(iKaiis kopucTyBauiB uepe3 Plex Cloud;

— - YOPAaBIIIHHSA CECISIMU TEPETIIALY;

— - mepenaya KoMaH[ (Hanpukiaj, "BiATBOPUTH", "MOCTAaBUTH Ha May3y");

— - Tepenada MOTOKOBOIO Bijeo (y BHIIAIKax, KOJIU BUKOPUCTOBYeThCS Web-
KJIIEHT 200 MOO1ILHUN TOAATOK).

VY Bumagky HEIOCTYMHOCTI HpsiMOro 3’enHaHHs Plex aBTOMaTH4YHO TyHEIIO€
HTTPS-tpadik uepe3 BnacHi Relay-cepsepu. [Ipu nipomy 30epiraethbes mmdpyBaHHs Ta

end-to-end 3aXUCT AJaHUX M1 CEPBEPOM Ta KJIIEHTOM.

2.4.3 Bnacui API Plex

BaxxnuBy posib y moOy10Bi B3a€MO/I1i Mi>k KOMITIOHEeHTaMu cucteMu Plex Bimirpae
Bracauii Plex API, skuit peamizoBanuii y Burisal Habopy RESTful-inTepdeiicis,
noctynuux uepe3 HTTP(S).

Plex API e € odimiitHO 3aI0KyMEHTOBaHUM Yy IOBHOMY 00CsI31, MPOTE aKTHUBHA
CIJILHOTA JIOCIITHUKIB 3MOTJIa YaCTKOBO 3BOPOTHO 1HXKEHEPYBaTH (PyHKIIIOHAIBHICTh
mux API.

UYepes API peanizyerbes:

— JIOCTYII IO CTPYKTypu 0i0moTeku: GiabMu, cepiajid, CE30HU, TPEKH;

— 3aluTH Ha CKaHyBaHHS HOBUX Memiadaiiis;

— OTpHUMaHHS CIMCKY NOTOYHUX BIATBOPEHB 1 KOPUCTYBAaUiB OHJIANH;

— BIJJaJieHE KEpyBaHHSA CepBepoM (Mepe3amyck, OHOBJIEHHS O010J10TeKH,
CHUHXPOHI3allis TOIIIO);

— joctyn A0 iHdopMarllii mpo IpucTpoi, cecii, Heperisiim.

ApkK.
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API Moxe BUKOPUCTOBYBATHCH I PO3POOKH BIIACHUX KIIIEHTCHKUX 1HTEPQEICIB,
CKpUMNTIB aBTOMAaTH3aIlli abo 1HTerpalii 3 IHIIMMH CUCTeMaMu, HaAIIPUKJIAJl, CUCTEMaMH
"po3yMHOr0 JIoMy".

binemricte API Bumarae aBrenTu(ikaiiii yepe3 TokeH kopuctyBada abo OAuth-
MexaHi3M Plex, a Takox mpairoe nunie npu aktuBHomy 3’enHaHH1 3 Plex Cloud a6o
JIOKaJIbHIA MEPEeXkK1 3 YBIMKHEHUM J03BOJIOM.

Plex peanizye 6araTopiBHEBY CUCTEMY MPOTOKOJIIB OOMIHY JJAaHUMH.

Jlis  BHyTpimiHbOMepexeBoi B3aemonli migxoautb DLNA, mo 3a6esneuye
CYMICHICTb 31 CTAPUMH HPUCTPOSIMHU.

HTTPS 1 Bnacui API narote 3Mory 3a0e3meyuTd cydacHy, THYYKY, 3aXHUIIEHYy Ta
JTUCTAHIIHHO KEPOBAHY CUCTEMY MYJIBTUMEIIMHOTO XMapHOTO CXOBHIIIA.

3HaHHA Ta PO3YyMIHHS IMX MPOTOKOIIB € KJIOYOBUM Il TOOYJIOBH HaJiMHOL

apXiTEeKTypH MPOrpaMHO-TEXHIYHOTO 3ac00y Ha 6a3i Linux 1 Plex.

2.5 Bubip oneparliiiHoi cucteMu

Bubip onepariiiinoi cucremu - oauH 13 QyHIaMEHTAIBHUX €TaIliB MpU po3poOiri
IPOrpaMHO-TEXHIYHOTO 3ac00y ISl XMapHOTO CXOBHUIIA, OCOOIMBO SKILO WAETHCS MPO
mwiatopmy, 1m0 Mae 3a0e3MeYUTH CTaOIbHICTh, O€3MEKY, TPOCTOTY OOCITYTOBYBaHHS Ta
CYMICHICTb 13 MyJIbTUMEIIMHUMU CepBicamu, 30kpema Plex.

VY 1bOMy KOHTEKCTI OyJ10 pUHATO pimieHHs BukopucToByBat openSUSE Linux
K 0a30By omepalliiHy CUCTEMY, 1110 MOEIHYE B COO1 THYUKICTh TUCTPUOYTHUBIB CIMEHCTBA
Linux 3 iIHCTpyMEHTaMu KOPIIOPATUBHOTO PiBHSL.

Opniero 3 xkmovyoBux nepesar openSUSE e 11 opieHTaris sik Ha cepBepHe, Tak 1 Ha
JIECKTOITHE BUKOPHUCTaHHS. BoHa migTpUMye€ MIMPOKE KOJIO CEPBEPHUX KOMIIOHEHTIB "13
KOpoOku", BkmO4Waroun systemd, Zypper s KepyBaHHS TMaKeTaMH, CHCTEMY
aBTOMATUYHOT'O OHOBJICHHS Ta IHCTPYMEHTAIbHY MiITPUMKY KOHTEHHEpHU3allii.

Ile mo3BoIsiE CTBOPUTHU CTaO1IBHE cepenoBuiiie 11 podotu Plex Media Server, sike

JIeTKO 00CITYrOBYBaTH HaBITh Y HAIMlIBABTOMAaTHYHOMY PEXKUMI.
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3aBasiku HasiBHOCTI rpadiunoro iHTepdeiicy anminictpyBanus YaST (Yet another
Setup Tool), openSUSE Hamae nomaTkoBy 3pydYHICTh JJIsl HAJIAIITYBaHHS MEPEXI,
CXOBHUIII, KOPUCTYBAUiB 1 CIy>K0, 10 0COOIMBO aKTyalnbHO IpU poOoTi 3 NAS-cuctemamu
a00 JIOMaIlIHIMHM CepBEpaMu, Jie aAMIHICTPATOpP MOKE HE MaTH TNIMOOKOI €KCIepTU3U B
CHCTEMHOMY aJIMiHICTpyBaHHI 3 KOMaHJHOTO PsI/IKa.

YaST Takox cmpoirye posropranas ciayk0 Samba, NFS ab6o Opanmmayepa,
HEOOX1THUX JiJIs1 0€3MeYHOro AOCTYITY O MEIIaKOHTEHTY.

3 Touku 30py cymicHocTi 3 Plex, openSUSE mnoBHICTIO BiANOBiga€E BUMOTaM J0
CHUCTEMHM: BOHA IMATPUMYE BCl HEOOXigH1 010J110T€KH, Ma€ aKTUBHY CIUIBHOTY, 1 Plex
Media Server odimiitHo Hagae 301pKu 711 JUCTPUOYTHUBIB Ha 6a3i .rpm .

Ile no3Boisie JE€rkO BCTAHOBUTHM Ta OHOBIIOBaTH Plex uepe3 cranmapTHi
IHCTpYMEHTH Zypper abo BpyUuHY 4epe3 rpm’, HE MOPYIIYIOUU CTPYKTYPY CUCTEMH.

Oco6muBy yBary BapTye HajgaTu mojeli oHoBieHHs openSUSE. V pamkax qBox
rinok Leap Ta Tumbleweed moxHa o6patu ctabinsHy (Leap) mi1s mpoaakiH-pieHs abo
poninroBy (Tumbleweed) a1t TeCTyBaHHS Ta OTPUMAHHS HOBITHIX (DYHKITIM.

VY Bunaaky noOyJoBH XMapHOTO CXOBHIIA 3 OYIKyBAaHUM TPUBAIUM >KUTTEBUM
nukiaoM, nepeBara HagaeThes openSUSE Leap sk Ounbin cTabunbHINA 1 MPOrHO30BaHIM
1aTGopMi 3 TOBFOTPUBAIIUM CYIIPOBOJIOM.

3aBAsSKA BHCOKOMY PIBHIO O€3MEKH, PEryJIpHUM TaTdaMm sijipa, IHTETPOBAHOMY
MexaHi3My AppArmor st 130111 MPOLECiB Ta MOKIMBOCTI MU(PYBaHHS CXOBHIILL
oe3nocepennbo Ha piBHI OC, openSUSE cTBOproe HaniiiHe cepeoBuiiie it 30epiranus
Ta MOTOKOBOI TPAHCIIALIT ME/IIAKOHTEHTY .

ITopsin 13 Plex, sikuit motpedye epekTuBHOTO ympaBiiHHA pecypcamu, Taka OC
JI03BOJIsI€ OaTaHCYBATHU MIX MPOAYKTHUBHICTIO, O€3MEK0I0 Ta MacIITaOOBaHICTIO.

Otxe, BuOip openSUSE sk 06a30Boi omepaiiiiHOi cucTeMd OOYMOBJIEHUH ii
TEXHIYHOIO 3pUTICTIO, 3PYUYHICTIO aMIHICTPYBaHHS, CyMICHICTIO 3 Plex, cTaOGiIbpHICTIO ¥
pOoOOTI Ta MOXKIIUBICTIO THYYKO KOH(ITYpYBaTH CUCTEMY 3 YpaxXyBaHHSIM SIK CEPBEPHOTO

HABAHTAKEHHS, TaK 1 MyJIbTUMEIINHUX NOTPED.
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Yci mi gaktopu pobnsaTh 11 OpUAATHOIO Uis MOOYAOBH HAAIMHOIO XMapHOTO

cxoBwuila Ha 0a3i Linux.

2.6 Ormsia 3aCTOCOBYBaHOT TEXHOJIOTTT XMapHOTO CXOBHIIA

Bumoru 1o cepBepHOro 00JIaqHAHHSA € KPUTUYHO BAXKJIMBUMHU IJISI PO3YMIHHS
TEXHIYHOI OCHOBM, HEOOXIJHOI IS peami3aiii HaIliMHOro, MaciTaboBaHOrO Ta
IPOAYKTHUBHOIO XMapHOTO cxoBuIna Ha 6a31 Plex Media Server.

[IpaBuibHO mifiOpaHe amapaTHe 3a0e3MeUYeHHs] BU3HAYA€E, HACKIIbKU €(DEKTUBHO
CepBep CHPaBIATHUMETbCA 13 3aBJAaHHSAMHU TPAHCIHALIl, MEPEeKOAyBaHHS, I1HAEKcaIlii,
30epira”Hs Ta po3jadi MeIia-KOHTEHTY.

VY 1neHTpi OyIb-IKOTO MYJIBbTUMEIIMHOTO CepBEPA CTOITh LIEHTPAILHUI MPOIIECOP
(CPU). HOns Plex me 0co0JMBO BaKJIMBO, OCKUIBKH CaMe IMPOIECOp BIATOBIIAaE 3a
MEePEKOIyBaHHS BIJICOMOTOKIB Y PEKHUMI PEAIbHOTO Yacy, SIKIIO MPUCTPIN KITEHTa HE
MIITPUMY€E OpHUTIHAIBHUNU ¢dopMaT abo AKIO MOTPIOHO 3MEHIIUTH OITPEUT JIs
MOBUIBHIIIOTO 3’ €THAHHSI.

MiHIMaJbHO NPUHHATHUM BBAXKAETHCSA 4-JICPHUM MPOIECOp 3 MiATPUMKOIO
amapaTHOro nepekoryBanus (Hanpukian, Intel Quick Sync abo AMD VCE/VCN), onnak
JUTsl CTabUTbHOT POOOTH 3 KUJIbKOMa OJTHOYaCHUMH TMOTOKAMH Kpallle BUKOPUCTOBYBATH
cydacHi 6—8-si7iepH1 MPOIIECOPH.

BaxnuBum ¢akrtopom € miarpumka iHCTpykumii AVX abo AVX2, ski
MIPUCKOPIOIOTh 00POOKY MyJIbTHME/I1a Ta IU(PYBaHHS.

HacTtynHuM Ki11040BUM KOMIIOHEHTOM € onepaTuBHa rnam’ st (RAM). Xoua Plex
SK CepBIiC HE € HaJATO BUMOIJIMBUM JI0 00’ €My MaM’SiTi, Y MPaKTUYHOMY 3aCTOCYBaHH1
RAM aKTHMBHO BHKOPHUCTOBYETHCS [IJI1 KCIIYBaHHS METaJaHUX, IOTEPEIHBOT
Oydepuzariii moTokiB, po60TH (POHOBHUX MPOIECIB (HAMPUKIIA, IHICKCAIlll YK TeHeparlii
MIHIaTIOP).

st moOyaoBu xmapHoro cxoBumia 3 Plex Ha 6a3i Linux 6a3oBuii 00’eM Mmae

cta”HoBuTH He MmeHIIe 8 I'B.
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[Ipu momaBaHHI TOAATKOBUX CEPBICIB, TAKUX SK CUCTEMH MOHITOPUHTY, OCTYII
yepe3 SAMBA/NFS, inaekcalis Beaukux MeaiaTrek abo BukopuctaHHs Docker-
KOHTEIHEepiB, AOLIbHO 3aknanaT 16 I'b 1 Oiunblie, 3aneXHO Bl HABAaHTa>KEHHS.

JluckoBa mijcucTeMa BUKOHYE pOJib SK CXOBHUILA MeAia, Tak 1 MPOCTOPY IS
CHUCTEMHHUX Ta TUMYACOBUX (haiiJIiB.

HaniitHicTh, IpOAYKTUBHICTH 1 MacIITaOOBAHICTB L€l iCHCTEMHU O€3M0CepeIHbO
BIUIMBAIOTh HAa IIBUJIKICTh 3aBaHTAXKEHHS BiJ€O, Yac BIAMOBIII CEpBEPY, MOMKIUBICTh
napajiesIbHOT poOOTH 3 BEJIMKUM 00’ €MOM JTaHHX.

OCHOBHHUM MejTia-CXOBHIIEM 3a3BuYai € xopctki qucku (HDD) Benukoi eMHOCTI
(4-10 Th 1 611b111€), 06’ €1HAH1 y MacuB (Hanpukiaa, RAID 5 a6o ZFS-myn).

JlJis cUCTEMHOTO PO3/iTy JOLUUIFHO BHUKOpUCTOBYBaTH SSD-HakomnyyBaui, SKi
3a0€31euy0Th BUCOKY IIBUKOJIIIO MpHU 3aBaHTaxkeHHI OC Ta 00poOIii 6a3 maHuXx, siKi
BUKOpHCTOBYE Plex.

Takox BaXJIMBOIO € OpraHi3allis pe3epBHOrO KOMIIOBaHHSA — HaBITh Y JOMAIIHIX
YMOBax JIOLUJIBHO TIepe0aYuTH TyOJIOBaHHS JaHUX YW TEPIOJAMYHY PEIUTIKaIiio Ha
30BHIIIHIA TUCK a00 1HIIIE CXOBUIIIE.

He MeHII BaJIMBOIO CKJIAJOBOIO € MepexeBa miacucteMa. J[Jis BHYTPIIIHBOTO
nepeaaBaHHsl MOTOKIB y JIOKalbHIM Mepexi noctatHbo 1 Gbps Ethernet, ane s
MacmTaboBaHux pimeHp adbo pobotu 3 kimbkoma HD/UHD motokamu ogHOYacHO
pexomenayethes 2.5 Gbps ado 10 Gbps intepdeiic.

Oco0aMBO KpUTHUYHUM € TapameTp 3aTpuMku (latency) mpu TpaHciauii depes
Intepuer: Plex Bukopucroye HTTPS ab6o Relay-cepsepu, Tomy cTalijibHE
M1JKIIFOYEHHS 3 MIHIMAJIbHUMH BTpaTaMU MAKETIB CyTTEBO MOKPAILYE SAKICTh TOTOKOBOTO
BIITBOPEHHSI. BapTo Takoxk 3BEepHYTH yBary Ha CTaOUIBHICTh MapIIpyTH3ATOPA,
MO>KJIMBICTB TTpoOpocy nopTiB (port forwarding) ad6o minrpumky NAT-PMP / UPnP nns
3a0e3MeUeHHs] TPSMOTO JIOCTYMy N0 cepBepa 0Oe3 mocepemnunTBa xMapHux Relay-
cepsepiB Plex.

dopMyBaHHS BHUMOT 10 CEpBEpHOro oOjagHaHHSA O0a3yeTbcs HE JIMIIE Ha

TEOPETUYHUX XapakTepucTukax Plex, a # Ha NOpPaKTUYHOMY pPO3yMIHHI HOTO
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HABAaHTA)XCHHA: KUIbKICTh KOPUCTYBauiB, TUIIM KOHTEHTY, KUIbKICTh OJTHOYACHUX CECIH,
croci0 JocTymy (JO0KaabHO M BIIATICHO).

[TpaBunwue kommonyBanHs CPU, RAM, nuckiB Ta Mepexi 103BoJIsi€ OOy yBaTH
30aJIaHCOBaHy, MaciITabOBaHy CHUCTEMY XMapHOI'O0 MYJIbTUMEIMHOTO cepBepa Ha 0asi

Linux 3 Trexnomnoriero Plex.

2.10 BUCHOBKH 10 JIpyroro pos3aiiny

Y apyromy po3mii 30CepemKeHO yBary Ha MpOeKTyBaHHI cuctemu. [IpoBeneHo
NOPIBHAJIBHUM aHali3 ICHYIOUMX pillleHb XMapHoOro 30epiranns, Takux sk Nextcloud,
Seafile, Syncthing Ta Plex, mo no3somuno oOrpynTyBatu Bubip Plex sik ontumanbHOro
PIIICHHS TSI MYyJIbTUMEIIHHOTO CepEeIOBHUIIIA.

Pospobneno apxitektypy Plex Media Server, Bu3Haue€HO MPOTOKOIN OOMIHY
nanumu (HTTPS, DLNA, Bnacui API), mo m03BoJise€ 3a0€3MEYUTH CYMICHICTH 3
KIIIEHTCHKUMH MPUCTPOSMHU.

O6pano omnepartiiiny cuctemy OpenSUSE na 6a31 Linux, sixa BiJoBiae BUMOraMm
0 CTaOUIHbHOCTI, O€3MeKu Ta BIAKPUTOCTI. Takok CPOpMYJILOBAHO BHMOTH 10
amapaTHOTo 3a0e3MeUYEeHHs, BpaXOBYIOUH THUIIOBE HABAHTAXEHHS, KIJIbKICTh OJTHOYACHUX
HIKITI0UeHb 1 criendiky Bukopuctanusa. OTxke, Oyio 3akiafeHo apXiTeKTYpHY OCHOBY

JUTSL IOAQUTBIIION peatizariii.
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3 ITPOT'PAMHO-AITAPATHA PEAJII3BALIA XMAPHOI'O CXOBHIIIA HA
BA3I LINUX 3 TEXHOJIOTI'TEIO PLEX

3.1 ApxiTeKTypa NporpaMHO-TEXHIYHOTo 3aco0y. Cxema B3aeMO/I11 KOMIIOHEHTIB:

cepsep, Plex, daiinose cxoBuiie, KOpUCTyBad

ApXiTeKTypa MporpaMHO-TEXHIYHOTO 3ac00y, KM peanizye XMapHe CXOBHUIIE Ha
6a31 Linux 3 inTerpauieto Plex, modynoBana 3a mpuHIIMIAMH MOTYJIBHOCTI, pO3MOALIEHOT
BI/IMOBIAIBHOCTI Ta KJIIEHT-CEPBEPHOI Mojiesi B3aeMoAli. OCHOBY CHCTEMH CTaHOBUTH
CEepBEpHA 4YacTWHA, PO3TOpHyTa Ha Linux-guctpuOyTtwBi (y IHOMY TPOEKTI —
openSUSE), sika nmoegnye B co01 00YMCITIOBANIbHI, MEPEXKEBI Ta CXOBUIIHI (yHKINI. Jlo
11€1 cepBepHOi MIATPOPMH MMiAKITIOYAOTHCS KOPUCTYBALIbKI IPUCTPOI Yepe3 oPiriiHmit
Plex-xmieHnT abo cymicHi TexHounorii, Taki sk DLNA a6o HTTPS.

VY unentpi B3aemoxii 3HaxoauThes Plex Media Server, sikuii BUKOHY€ pOJIb
IPOrpaMHOTO Meflia-KOHTpoJepa. BiH iHaeKcye AaHi 3 IOKaIbHOTO (aillioBOro CXOBHUIIIA,
aBTOMATUYHO CKaHY€ CTPYKTYPY KaTaJIOTiB, TCHEPY€E MiHIaTIOPH, OOKIAUHKHA, METaaH1
(ckaHpH, pIK, aKTOpH, onuc) 1 Gopmye MeAiabi0II0TeKy, JOCTYIIHY KOPUCTYBady 4epes
iHTepdetic kiienta. Plex He 30epirae ¢aiinu y BmacHoMy ¢hopMaTi — 3aMiCTh LIbOTO BiH
3M1MCHIOE JIOTIYHE MPEACTaBICHHS MEIIaKOHTEHTY, SIKMM (PI3MYHO PO3MINIYETHCSA Y
GbaiinoBiil migcucTemMi, MoOyA0BaHIM Ha TpaAUIINHUX (ailyIoBUX cucTemMax Linux, Takux
sk ext4 ado XFS. L mincucrema noctynsa Plex uepes BIANOBIAHI ~ UUIAXH IO
KaTaJIor1B, SIKI BKa3yOThCs MiJ] Yac HalaITyBaHHs 010110TEK.

daitnioBe CXOBUIIE peaTi30BaHO SK YaCTHHA JIOKAJTBHOI JUCKOBOI IMiJICUCTEMH
cepBepy. BoHO MoXke OyTH CTPYKTYpPOBAHO SIK 3BHYaiiHa MOHOJIITHA AUPEKTOPis abo sK
RAID/ZFS-macuB 3 BHCOKMM CTyIE€HEM HaJIIMHOCTI. Y paszl MoTpedu MOXKJIUBa
Oprasizailisi CIiJbHOrO JOCTYITy JO CXOBHILA 3 1HIIMX CHUCTEM 3a JIONOMOrok Samba,
NFS a6o WebDAYV, oxnak 115 Plex oCHOBHUM )KEpesioM TaHUX 3aJIUIIAETHCS JTOKATLHO
3MOHTOBaHA JAUPEKTOPId, 10 3a0e3leyye MaKCUMAJIbHY HIBUAKOJII0 IPU MOTOKOBOMY

YUTAaHHI.
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Ha iHmomy KiHIl apXiTEKTypy pO3MIIIEHO KOPUCTYBAIbKI IPUCTPOi — 1€ MOKYTh
OyTu cMmapT-TeneBizopu, cmapTdoHnu, mianmeTtd, [1K, irpoBi npucraBku, Meaianicepu.
Koxen 13 Hux B3aemoie 3 Plex Media Server uepes criemianizoBaHi KITieHTH a00 Opay3ep
yepe3 HTTPS. IIpu 3anuti Ha BIATBOPEHHS KOHTEHTY CEPBEP aHAJI3y€e XapaKTEePUCTHUKH
KJIIEHTCHKOT'O MPUCTPOIO (J103B1JI, MIATPUMYBaH1 KOJACKH, TPOMYCKHY 3/IaTHICTh MEPEX1),
HiCJIsl YOro MpUiMae PillieHHs PO HEOOXITHICTh MEepPeKoyBaHHA. Y pa3i HeO0OX1AHOCTI
nepekoiyBaHHs, Plex 3amyckae ¢oHOBUM nporiec, skuid TpaHnchopmye daitn y pexumi
peaslbHOTO Yacy, alanTyo4n HOTo i TEXHIYHI mapaMeTpu kiieHTa. Lle npusBoauTh 10
HaBaHTaxeHHd Ha CPU 1, 3a5eXHO Bijl HaNalITyBaHb, BUKOpUCTaHHS Keuly B RAM abo
TUMYacOBUX (paiyIiB HA IUCKY.

KirouoBuM enemeHToM, SIKHii 3a0e3meuye 3B’ 130K MK CEPBEPOM 1 KITIEHTOM 4epe3
Intepuer, € xmapna ciyx6a Plex Cloud, sika BUKOHy€ pOJIb IOCEpPEIHUKA IS
aBTeHTH]IKaIlli, Iepeadli KepyBaJIbHUX KOMaH/I.

VY BUMNAJKy, KOJU MPSAMUN TOCTYIl HEMOXJIMBUA, TO MPOKCUPYBaHHS MEI1allOTOKY
yepes 3axuiieHuit Relay TLS-kanain.

[Ipu uboMy cama nepenada KOHTEHTY 3aiumiaeTbes end-to-end 3amudpoBaHoro, a
Plex Cloud He 36epirae cami memiadaiinm.

VY1 KOMIIOHEHTH B3a€MOJIIOTH Y €AMHOMY JIOTITYHOMY JIAHIIOTY: CEpBEp MpUitMae
3aUTH BiJ KJIIEHTa, TMEpeBips€ MpaBa A0CTymy, GopMye abo TpaHCIIOE KOHTEHT,
BUKOPHCTOBYIOUH PECYPCH (PaillIoOBOTO CXOBHINA Ta OOYHUCTIOBATIHLHOTO SIpa.

3aBISKHM BIOKPUTIN CUCTEMHIN apxiTekTypi Linux, KOkKeH 3 KOMIIOHEHTIB MOXeE
OyTH JeTalbHO HANAITOBAHWN: HAMPUKIIA, CEpBEpHA YaCTHHA MOXe OyTH PO3TOpHYTa
B KOHTEIHepi, (ailsioBe CXOBHUIE aBTOMAaTUYHO MOHTYBATUCh MPHU CTAPTi, a MEPEXKEB1
paBujIa MOXKYTh 3a0€3MeuyBaTH MPIOPUTETHICTh TOTOKOBOTO Tpa(dikKy.

TakuM YMHOM, apXiTEKTypa MPOTPAMHO-TEXHIYHOIo 3acoly mepeadadae 4iTKy
CErMEHTAIIIIO POJICH:

— @aiinoBe CXOBHWINE BiAMOBiAae 3a (pizuuHe 30€pekeHHS KOPUCTYBAIbKOTO
KOHTCHTY.

— Plex BiAnoBigae 3a JOTIKy AOCTYITy Ta TPAHCIALIIO.

ApkK.

KBPKI. 200024.21.01.01 113 48

Bm. JApk. | Ne nokym. |ITignucPlara




— Linux-cepBep BiNMOBIAA€ 32 KOOPAUHAIIIIO Ta OE3MEKY.

— KopucrtyBau BiANOBiAa€E 3a B3aEMOJII0 3 OI0JIOTEKOI 4Yepe3 KIIEHTChKHM

iHTEpdeiic.

Lle n03BoJIsI€ CTBOPUTU THYUKY, MACIITA0OBaHY Ta TEXHOJIOTIYHO Cy4YacHY XMapHY

MeJI1aCUCTEMY.

Cxema apXiTeKTypH B3a€MO/Iii KOMIIOHEHTIB: cepBep, Plex Media Server, ¢aiinose

CXOBHIIIE Ta KOPUCTYBay MOJAaHO HAa PUCYHKY 3.1.

poctyn go 6ibnioteku

KopuctyBau (Plex Client
App)

HTTPS / TLS

Y

Plex Media
Server
(Ha 6asi Linux)

h 4

CepBepHa cuctema
(openSUSE Linux, SSH)

L

daiinose cxoBuLe
(/media/storage/)

Pucynok 3.1 — CxeMa apxiTeKTypu B3aeMO/I1i KOMIIOHEHTIB: cepBep, Plex Media Server,

¢aitnoBe cXoBUIIEe Ta KOPUCTYBaAY

ApXITEeKTypa JI03BOJISIE IIEHTPATI30BaHO KEpPyBaTU BMICTOM, 3a0e3MeUyr4H

Oe3nepepBHUIl TOCTYI KOPUCTYBauiB 3 OyAb-IKO1 TOUKH CBITY.

3M.
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Kopucrysau nigxnrouaerscs 10 Plex Media Server uepes Ki1i€eHTChKHIA 3aCTOCYHOK
abo BeOIHTEpdEiiC.

Plex Media Server 06po06Jisie 3amuT, 3BepTaETHCS 0 (HAMITIOBOTO CXOBHINA, 3UUTYE
noTpiOH1 AaH1 Ta, 3a MOTPEOH, IEPEKOJOBYE iX.

Cepeepna OC Linux (openSUSE) kepye pecypcamu, Mepexero, CXOBUILAMH, a
TaKkoX 3a0e3neuye cTabinbHy podoty Plex.

daiioBe CXOBHINE MICTUTh MYJIbTUMEIIMHUNA KOHTEHT, noctynHuil Plex nmms

TPaHCIISIIII.

3.2 Po3po0ieHHs CUCTEMHOTO MPOTPaMHOTO 3a0€3MeUeHHS

Po3rissHeMO CHCTEMHOTO MpOTpaMHOTro 3a0e3MEUYCHHS, SIKE pealli3ye CUCTEMHUI
CKPMIIT.

Bin nepeBipsie, uu € 3aBAaHHs Ha CKaHyBaHHS HOBUX (PiIbMIB a0 cepiaiiB y daiimi
plex-scan, 1 1ys1 KoxkHOTO 3 HUX 3anmyckae Plex Media Scanner 13 BkazaHUM IUISIXOM Ta
BIJIMTOBITHOIO CEKITI€r0 O10110TEKH.

[Ticist oOpoOKu 3amuciB BiH O4MINAE iX 3 daiiry, o0 He CKaHyBaTH MMOBTOPHO.

[TomamMo CKpUMNT NCEBAOKOIOM 3 KPOKAMHU:

1. IHimiamizanis NUIAXy 10 KaTajdory CKPHIITa

BcranoButu 3MiHHY ple dir sik kaTajor, e 3HaXOAUThCsl TOTOYHUNA CKPUIT

[epeiitu o karanory ple dir

2. 3unTyBaHHs KOHpirypaiiitHoro daitry

Sxio y moTouyHOMY Katanosi icHye ¢aiin ple.conf, To

3aBaHTaXUTH 3MIHHI 3 IILOTO (ailiry

[Hakmre:

BuBecTy moBiOMIIEHHS PO BIJICYTHICTh KOH(pIryparii
3anucaTy NOMUIIKY B Jor upload-error

3aBepIIUTA BUKOHAHHS CKPHUIITA

JloryBaHHs CTapTy CKaHyBaHHS:
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Honartu po3aimoBad y ¢aiin plex-scan.log
3anucartu gaty Ta noBigomieHHs "Starting plex scan" y nor-daiin
3. [lepeBipka HasIBHOCTI 3aBJaHb JUIsl CKAHYBaHHS

ko daitn plex-scan He € TOPOKHIM:

yBIMKHEHA:
3anucaty OBIIOMIICHHS PO TOMHJIKY Y JIOT
3aBepILINUTH CKPHIIT
4. YutaHHs CIIUCKY 3aBJlaHb 13 (pailny plex-scan
Jlns koxHOTO psijka y daitm plex-scan:
3uuTaTH PAAOK SIK line
PozainuTu psiaok mo cumBoay ":" Ha MacuB current
Axio nepmmii enemMeHT current — e "tv'":
3minHa show = npyruit enemeHT
3MiHHA season = TPETiK eJIeMEHT

[ToOyayBaTy NUIAX 10 MANKH cepiaty

Bcranosutu 3MinnHy cepenosuina LD LIBRARY PATH

3anucaTu 3aBepIIeHHS CKaHYBaHHS Y JIOT
[Hakme Axio nepumii eemMenT current — 1e "mov':

3wminna folder = npyruii enemeHT
[ToOGyayBaTu nuISIX J10 MANKu GuUIbMY
Bcranosutu LD LIBRARY PATH
Buxonatu Plex Media Scanner my1st ckanyBaHHS (QiIbMy
3anucaTu 3aBeplICHHS CKaHyBaHHS Y JIOT

3anucaTH y JIOT, IO PSI0K 0yJIO TPOCKAaHOBAHO

301IBIIMTH JIYMIBHUK N Ha 1

5. OunnieHHs NPOCKAHOBAHUX PSAKIB

Bunanutu nepii n psakis 13 ¢aitiry plex-scan

Akio nuiaxu 10 cepianiB abo ¢GiapMiB HE 3MOHTOBAHI, ajie BIJIMOBIIHA OIS

Bukonatu Plex Media Scanner a1t ckaHyBaHHSI 111€1 Ak cepiary
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3.3 Anroput™m (yHKIIOHYBaHHS cucTeMu 3 BuKopuctanusaMm Plex, Rclone 1 Cloud

Drives

Posrisitnemo  anroput™M  (QYHKIIOHYBaHHS NpOrpaMmHoO-anapaTHa peaiizaris
XMapHOTO CXOBHIIA Ha 6a31 linux 3 TexHomoriero plex.

Anroput™m (QyHKIIOHyBaHHS cuctemu 3 BuKopucTaHHsM Plex, Rclone i Cloud
Drives BkiIt0Ya€ KPOKH:

1. ITigroToBka XxMapHOro cxoBuiia yepe3 Rclone.

2. 3aBaHTa)X€HHs MyJIbTUMEIIMHUX (PailniB y "BXiAHY" TUPEKTOPIIO.

3. ABTOMaTHYHE TIepeHeceHHs (halIiB y XMapy

4. 3anuc iHopmarii npo HOBI Gailn y uepry CKaHyBaHHS

5. [lepeBipka MOHTYBaHHSI XMapHOI'0 CXOBUIIIA

6. CxanyBanHs Plex TUIbKM BKa3aHUX TUPEKTOPIN

7. 3aBeplIeHHs poLecy

Ha mouatkoBomy etari cCUCTEMHHM aaMiHICTpaTop ab0 KOPHUCTYyBayd HaJAIITOBYE
JIOCTYIT IO OJTHOTO YW KUIBKOX XMapHUX cxoBuill (Hampukian, Google Drive) uepes
1HCTpyMeHT rclone.

Ile nmo3Bosiie cucTeMi MPAIIOBATH 3 XMapol SK 3 BiIJalieHUM (ailloBUM
CXOBHIIIEM, MOHTYIOUH 11 SIK YaCTUHY (PaillioBOi cucTEMHU.

KopucrtyBau abo iH111a mijcucTeMa (HampuKJiiaj, aBTOMaTU30BaHUM 3aBaHTaKyBay)
nojae HOB1 Meaiadaitnu (¢pimpMu abo cepiann) A0 CreHiadbHOI JIOKAIbHOI TUPEKTOPIT
3aBaHTaKCHHS.

s nupexTopis He € yacTuHOIO Oi0mioTeku Plex, a BukopuctoByeThes sik Oydep
JUISL TIOAQITBIIIOT OOPOOKH.

[lepioguuno abo MOJIEBO 3aIlyCKAEThCA CKPUNT (HANPHUKIAA, yepe3 cron abo
systemd.timer), TKU:

— aHaJi3ye BMICT BXIJTHOI IUPEKTOPIi;

— BM3HAyae€ HOBi a00 3MiHEHI (ailnu;
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— Koriroe abo mepeminrye i ¢aiam g0 BianoBigHoi aupekTopii y Google Drive
(a0 1HIIIOMY XMapHOMY CXOBHIIII) 3a JOMOMOroto "rclone copy’ abo ‘rclone move';

— TIpU BUKOPUCTaHHI KUTbKOX akayHTiB Google Drive, cuctema Moxe qy0aroBaTi
daiinu y aBa abo Oubiie cxoBuina 3a npuHIUMnoM RAID 1, To6To aJist pe3epByBaHHs.

[licnss ycmimHOrO 3aBaHTAXKEHHS CKPUNT JoAa€e 3amuc A0 (ailny-uepru
(nanpuknan, ‘plex-scan’) i3 3a3HaYCHHSIM:

— Ttuny Mexia (‘tv' abo ‘'mov’);

— Ha3BU HIOY/PLIbMY;

— HOMepa Ce30HYy (IJIs cepiaiB);

— 3aluc  CTPYKTypyerbcss y ¢dopmari 'tv:ShowName:Season 1° abo
‘mov:MovieFolder'.

OxkpeMuii CKpUNT NEPEBIpsie, YA XMapHE CXOBHIIE 3MOHTOBaHE y (haiioBy
cuctemy 4depe3 rclone mount'. Ile BaximuBo, ockinbku Plex moBwHEH MaTu mpsMuit
JOCTYTI 710 (paiiimiB aJist 1HAEKcarii.

3aMiCTh MOBHOT'O CKaHYBaHHs BCiel 010110Teku (1110 BUKIUKAE nepeBuiieHHs API-
kBoTu Google), ckpurr:

— 4uTae yepry plex-scan’;

—  JUIsl KOXKHOTO 3aMKMCy BU3HAYAE€ TOUHUMN LIUJISIX 10 HOBOT JUPEKTOPIi y XMapHOMY
cxoBuii (Hampukiaz, /mnt/plexdrive/TV/ShowName/Season 1°);

— 3amyckae Plex Media Scanner i3 mapamerpamu: "--scan’ Ta --refresh’ ms
OHOBJIEHHS; -d’ 13 BKa3aHHSAM KOHKPETHOTO HUIAXY; -C 13 HOMEPOM BIAMOBIIHOI
610motexu (MU abo cepiain);

— IICJsA YCHIIIHOTO CKAaHYBAaHHS BUAAJIg€ OoOpoOJeHWM 3amuc 13 4epru, oo
YHUKHYTH MTOBTOPIB.

Cuctema onoBtoe xypHaiu (‘plex-scan.log™ Tta ‘upload-error’) 13 pe3ynabTaTamu
oreparliii — 11e 103BOJIsSIE BECTU ayIUT Ta JIarHOCTHKY.

3aBAsSKUA TOMY, 110 CKAHYETHCS JIUIIE HOBOIOJaHA YaCTUHA Me11a010T10TeKH, a He

BCSI KOJIEKII1Sl, 3HAYHO 3MEHIIY€ThCsl KIIbKICTh 3anuTiB 10 Google Drive API.
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e no3Bossie yaukatu nomuiiok tumy "API quota exceeded", siki 4acTo BUHUKAIOTD
npu Benukux 6i6miorekax y Plex.

daiinu MOXKYTh OJJHOYACHO KomitoBaTucs y Kiabka Google Drive akayHTiB, 1110 Ja€
HAJIIHHICTh MPU BTPATi JOCTYIY 10 OJHOTO OOJIIKOBOTO 3aIlUCy JlaHl 3aJIMINA0ThCsI Ha
1HIIOMY, a TaKOXX po3BaHTakeHHs API nuisixom ckanyBaHHS, K€ MOXE PO3MOAUIATHCS
0 aKayHTax.

Cuctema moenHye aBTOMATH3Allil0 3aBAaHTAKEHHS, 1HKPEMEHTHE CKaHyBaHHS
010mioreku Plex, pesepByBanHsi maHux Ta ekoHomito API-xkBotn, mo poOuth ii
BUCOKOE(EKTUBHUM DIIIEHHSIM Ui XMapHOTO MYJIbTUMENIHHOTO CXOBHINA HAa OCHOBI
Plex.

brok-cxema anroputMmy (yHKIIOHYBaHHS cCUCTeMH 3 BUKopucTaHHAM Plex, Rclone

1 Cloud Drives nojana Ha pucyHky 3.2.

3.4 [HcTaNnsALisl CHCTEMHOIO MPOTPAMHOT0 3a0€3MeUeHHS

PosrnssHemMo netanpHMI OMHMC TPOIECY 1HCTANALIl CHCTEMHOTO MPOTPaMHOTO
3a0e3neyeHHs B cucTeMi Linux Ay MpoeKTy XMapHOTO MYJIbTUMEAIMHOIO CXOBHINA 3
Plex. Lleii onmc mogae 1HCTAIALIIO B €Tallax 13 MOSCHEHHSIM KOXHOT Jii.

[lepenik eramniB HaCTYITHUN:

1. KnonyBanHs peno3utopito cucremuoro I13.

2. Hapganns mpaB goctyiy.

3. Incransuisa Relone.

4. Koundiryparist o6aikoBux 3anuciB Google Drive.

5. MoHTYBaHHSI XMapHOTO CXOBHIIA Y (palIOBy CUCTEMY.

6. Busznauenns cexiiit 610iotexu Plex.

[lepmM KpOKOM € OTpUMaHHS KOy MPOEKTY, IO MICTUTH CIICHApii KepyBaHHS
cuctemoro. Lle BUKOHYy€eTbCs 3a JOMOMOrol0 KoMaHau git clone’, sika 3aBaHTa)xKye BMICT
peno3utopiro GitHub no nomamnakoi nupekTopii KopucTyBaya.

"~ “bash

git clone https://github.com/roni/PLE
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CTAPT POBOTU CMCTEMM

l

HanawTtysaHHA Rclone: moHTyBaHHA Google
Drive (abo iHwe)

}

JopasaHHsA HoBOro meajia-dgalnay y 10KanbHy
«BXigHY» OMpPEKTOpIt

CKpuNT nepesipae HoBi ¢ailan Ta 3aBaHTaXye
ix y xmapy (GDrive)
(4epes rclone copy / move)

CTBOPIOETLCA 3aMUC NPO HOBUIA KOHTEHT Y
yepsi «plex-scan»

}

CkpunT plex-scan 3anycKaeTbca aBTOMaTUYHO
abo Bpy4Hy

Mepesipka 3MOHTOBaHMUX AMpPEKTOPIN
(binbmu/cepianmn 8 GDrive)
AKLWLO He 3MOHTOBaHO — NOMMWAKa | BUXig

YUTaHHA KOMHOro 3anucy B «plex-scan»
Bu3HaueHHa TMNy (tv abo mov)
@opMyBaHHA LUNAXY A0 KOHKPETHOI AMpeKTOopIi

|

3anyck Plex Media Scanner i3 napameTtpamu:
--scan —refresh —d <wnax> -c <ID 6ibnioTeku>

|

BuganeHHs obpobaeHoro sanucy 3 Yepru
«plex-scan»

OHOBAEHHA NOTiB Npo CTaH BUKOHaHHA Ta
NMOMWAKKN

|

3ABEPLLEHHA LUWKY ABTOMATU3ALT

Pucynok 3.2 — biiok-cxema anroputMy (QyHKIIIOHyBaHHSI CHCTEMH 3 BUKOPUCTAHHAM

Plex, Rclone 1 Cloud Drives

[Ticnss BuKOHAHHS 1i€] KOMaHAM CTBOpHOEThCs migkaramor PLE™ 3 ycima

HEOOX1THUMHU cKpurntamu. Lle ocHOBHA CTpyKTypa, sika KepyBaTHME 3aBaHTAXKEHHSM,
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MOHTYBaHHSIM Ta CKaHyBaHHSIM KOHTEeHTYy B Plex. Ockinbku Plex BukoHyeTbcs mif
OKpEMHUM CHUCTEeMHUM KopucTyBadeM (‘plex’), HEOOXiTHO HagaTU MOBHUU JIOCTYH IO
CKPHUNTIB Ta KOH(DIrypalii perno3uTopito bOMY KOPUCTYyBavy.

Komanga ‘chmod -R 777" nagae moBH1 IipaBa Ha YWTaHHS, 3aIUC 1 BAKOHAHHS IS
BCIX KOPUCTYBaA4iB — II€ TAMYACOBUI 3aX1J Ha €TaIll HaJallTyBaHHS:

" “bash

sudo chmod -R 777 PLE

VY peanbHUX YMOBax Ha MPOJAKITH-CUCTEMAaX CJIiJI 3aCTOCOBYBATH OUTBII Oe3MeuHi
HaJallTyBaHHS MPaB.

‘rclone’ - me yrtwiita, ska 3a0e3nedye CHHXPOHI3allilo, KOIIIOBaHHS Ta
MOHTYBaHHS XMapHHMX cxoBHI, Takux sk Google Drive. Cnodarky HeEOO0XiIHO
3aBaHTAXXHUTH OCTAaHHIO Bepcito ‘rclone” 3 odiriitHoro caifty (abo 3a pomnomoroto curl’,
‘wget’, ‘snap” uM “apt’).

Jlai BUKOHYIOTBCSI TaK1 Jii:

- TiepeMilieHHs1 6iHapHOTO (aiay 70 CUCTEMHOI TUPEKTOPIi, sika BKe MPOIrcaHa
y 3miHHil cepenoBumia $SPATH', nanpuknan “/ust/local/bin/";

- BCTAHOBJICHHSI MPaB JOCTYITY JJIs bOTO (hailiy.

BcranoBrieHHs TpaB JOCTYyIy miepeadadae BUKOHAHHS TaKHX CUCTEMHHX KOMAaH]I
B KOHCOJI:

"~ “bash

sudo mv rclone /usr/local/bin/

sudo chown root:root /usr/local/bin/rclone

sudo chmod 755 /usr/local/bin/rclone

[Ticnst mporo ‘rclone”™ Oyjae MOCTyMHUM 3 OYIb-SIKOT TOYKH CUCTEMHU.

‘rclone config® 103BOJISIE CTBOPUTH BiAAaleH] MIAKIIOYEHHS (PEMOYTH) 10

obmikoBux 3anuciB Google Drive.

ApkK.

KBPKI. 200024.21.01.01 113 56

Bm. JApk. | Ne nokym. |ITignucPlara




VY mporeci koHpiryparii 3aga€Tbecsl M’ KOXHOTO MIAKIIOYEHHS (HAIpUKIIA,
“gdrive-main’) 1 mpoxoauTh apTopu3aiis uepe3 OAuth 2.0.

PesynbTatu 30epiratotbes y “~/.config/rclone/rclone.conf .

Jlns Toro, mo6 Plex maB 3mory Oe3nocepennbo uutatu (aitnm 3 Google Drive,
HEO0OX1JHO 3MOHTYBaTHU PEMYyOT 3a JI0NOMOTor "rclone mount'.

e 3a0e3nedye JOCTyN 10 XMapH SK JI0 JJOKAIBHOI JUPEKTOPIi:

"~ “bash

sudo mkdir /mnt/gdr-main

sudo rclone mount --allow-non-empty --allow-other gdrive-
main:/ /mnt/gdr-main &

[Tpo3rissHeMO BUKOPUCTOBYBaHI MapaMeTpu:

“--allow-non-empty’ 103BoJIsIE MOHTYBaTH JMPEKTOPilO, HABITh SIKIIO BOHA HE
TIOPOXKHS;

“--allow-other’ no3BossIe 1HIITUM KOpUCTYBadaM (Hampukiaz, plex’) Matu 1ocTyn
JI0 3MOHTOBAHOI TUPEKTOPIi.

Sk anpTEepHATHBY MOXHA BUKOpPHUCTATH ple, 1o Takox 3abe3medye MOHTYBaHHS,
ajnie mae BOyoBaHUM kel i pobotu 3 Plex.

Y Bunagky 3amm@poBaHOr0 MOHTYBaHHS (uepe3 ‘rclone crypt’) BakIMBO
nepekoHatucs, mo Plex ckanye posmmdpoBaHy AUPEKTOPiO, a Y KOHDIrypariiHux
(aiinax BUKOPUCTOBYIOThCSI HA3BH CaMe 3alllM(PPOBAHUX PEMYOTIB.

Jlns Toro mo6 BkazaTu mpaBuiabHI 016mioTeku (Movies / TV Shows), moTpioHO
BU3HAYMTH BHYTPILIHI iAeHTU(1KaTOpH X 010mi0Tek y Plex.

JIisi 1IbOTO BUKIIMKAETHCS BOYJOBaHWM CKaHep 3 mapamerpom --list™ mix
KOpPUCTyBadeM plex :

"~ “bash

sudo su -c 'export LD LIB PATH=/usr/lib/ple;

/usr/1ib/ple/P1\ Media\ Scan --1list' ple

AN
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BusBix Burnsgatume Tak:

N~ N~

1: Movies
2: TV Shows
I[li wHomepm  (mampukiax, 1, '2')  BIANOBIMAIOTH  TMapameTpam

‘ple_ movies_sec num' Ta ‘ple tvs sec num’, sKi HEOOXiOHO 3amHMcaTd B
KoH(pirypamiitnuii daitn “ple.conf’. Ilicist 3aBepieHHs BCiX BHINE3rajaHUX €TaIliB
CHCTEMa rOTOBa JI0 aBTOMATHU30BAaHOTO 3aBaHTaXeHHs MyibTuMenia B Google Drive Ta
CKaHyBaHHS JIUIIIe HOBUX AupekTopiit y Plex. Ile qo3Bossie 3MEHIINTH HaBaHTaKEHHS Ha
API Google, 36eperti npoayKTUBHICTb 1 ONTUMI3YBaTH PECYPCOCHOKUBAHHS CUCTEMH.
bnok-cxema anroputmy iHctansanii CII3 nonano Ha puc. 3.3.

3.5 3acrocyBaHHS pPO3pOOJIEHOI MpOrpaMHo-anapaTHa peaiizaiii XMapHOTo

cxoBuIla Ha 0a3i linux 3 Texuosnoriero Plex

Po3pobiena mporpaMHo-TexHIUYHa cucTema 3ade3mneuye iHTerpaiito Plex Media
Server 13 xMapHUMH cxoBHILIaMu Ha 0asi rclone, BukopucroByroun Google Drive sk
OCHOBHUM HOCIM MYJIbTUMEAINHUX JaHUX.

Jlig 3amycky 1 MOBCSKIEHHOTO BHUKOPHUCTAaHHS CHUCTeMa Mepeadayae MpocTy
B3a€EMOJIII0 KOpHUCTyBaya 3 JBOMa OCHOBHMMHM CKpPUOTaMHU: 3aBaHTaXCHHIM
MYJIbTUMEAIMHOTO KOHTEHTY Y XMapy Ta iHiliaai3aliero ckanyBanHsa 010moreku Plex Ha
HasSIBHICTh HOBHX (DaiiIIiB.

[Ticnst monepenuboi KoHpirypaiii gainy ple.conf’, sika BkiItouae B ceOe BKa3aHHs
NUISXIB JIO JOKAJIbHUX JUPEKTOPIA 3 MEIIaKOHTEHTOM, HANAIITyBaHHS BiJAJICHUX
Google Drive o0nikoBHX 3amuciB, TapaMeTpy BUAJICHHS (haiiiIiB MICisl 3aBaHTAXEHHS,
J103BOJIEH] TN (aililiB, a TaKOXK HOMEpIB cekliid 010moreku Plex, kopuctyBay mMoxe
3amyckaTt ckpunt ple.sh’.

[leli CkpuNT BUKOHYE AaBTOMAaTUYHE BUSBIEHHS HOBUX (DAJIIB y JIOKaJIbHUX

JUPEKTOPISIX, IEPEBIPKY IXHIX THUITIB, 3aBaHTAKEHHA Ha BKazaHi Google Drive B oqHOMY
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a00 KUTbKOX ek3eMIunsipax noaioHo 10 RAID1 3a momomoroto rclone, 1, 32 HEOOX1THOCTI,

OYMIIICHHS JJOKAJBLHOTO CXOBHIIA MMICJIS YCIIIIHOI Mepeiayl.

[Ticast 3aBepilieHHS 3aBaHTAXKEHHS JAHUX KOPUCTYBad 3aIyCKa€ 1HIIMHA CKPUIT

‘ples.sh’.

CTAPT IHCTANALLT

}

KnoHysaHHA penosuTopito PLEXiDRIVE 3 GitHub
git clone https://github.com/masonr/PLEXiDRIVE

|

BcTaHOBAEHHA Npas AoCTyny A0 KaTaaory ana Plex
sudo chmod —R 777 PLEXiDRIVE

}

3aBaHTaMeHHs Ha iHcTanauia rclone
mv rclone -> /usr/local/bin
chmod + chown

}

HanawTtysaHHa rclone config ans Google Drive
cTeopeHHA pemyorTis (gdrive-main, Tow,o)

l

MoHTysaHHA Google Drive y cuctemy yepes rclone
mkdir /mnt/gdrive-main
rclone mount gdrive-main:/ /mnt/gdrive-main &

|

(OnuitHo) BurkopuctaHHa plexdrive abo rclone crypt
(3 poswmdpoBaHmmm waaxamm gns Plex)

|

BusHauvenHs ID cekuin Plex:
Plex Media Scanner —list -> Movies: 1, TV: 2

|

3anuc cekuin y pamn plexidrive.conf
(plex_movies_section_num =1,
tvshow_section_num=2)

l

ro0TOBO 0 POEOTU CUCTEMMW

Pucynok 3.3 — biok-cxeMa ajnroputmy 1HCTaJIAIII CHCTEMHOT'O MPOTPaMHOTO

320€3MeYEeHHS

ApkK.
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Lle#t cKpUOT BUKOHYETHCS BiJ IMEHI CUCTEMHOTO KOpUCTyBauda ple’, 1 BUKIMKaE
BOynoBaHui ckaHep Ple, skuii iHiIIami3ye OHOBJICHHS KOHKPETHOI CEKIlli MeaiaTeKH
(manpukman, numre (GuUIBMIB ad0 JUIE TIEBHOTO CE30HY Cepially), 3aMiCTh MOBHOTO
CKaHyBaHHS BCi€i 010110TEKH.

Takuit miaxija 103BOJISE YHUKHYTU TepeBuilieHHs JiMiTiB APl BukiaukiB Google
Drive, 110 € KPUTUYHUM MIPU POOOTI 3 BETMKUMH KOJIEKLISIMHA Me/Tia.

Jlns 3a0esnedeHHs: Oe3nmepepBHOI pPOOOTH CHUCTEMM Iepe0adyeHO MOXKIUBICTh
aBTOMAaTH3allli yepe3 IIaHyBaJIbHUK 3a/1a4y cron .

KopuctyBau HaytamroBye 1Ba He3ajexH1 cron job':

— mepmuii 3ammyckae ple.sh’ 3 iHTepBagom, HaNpUKIIA/, KOXKHI 4 TOJIUHU

— gapyruéi ‘ples.sh’ Bim iMeHi kopucTyBaua 'ple’ onpa3y miciis 3aBepieHHS
3aBaHTaKCHHS.

Taka opranizailis rapaHTye, 0 HOBI Memiadailin peryJsipHO JOMAIOTHCS 0
0107i0TeKH Ta OJpa3y K CTalTh JOCTYNIHHMHU JJisi BIATBOPEHHS 0€3 py4yHOro
BTPYUYaHHSIKOPUCTYBaya.

Takum uynmHOM, cuctema 3abe3rneuye MOBHUM LUKJI POOOTH BiJ PO3MIIICHHS
MeniadaiiiB y JOKaIbHOMY CEpPEIOBHINI A0 iX JOCTymHOCTI y Plex, iHTerpoBaHomy 3
XMapHOIO IHPPACTPYKTYPOIO.

Ve norika  (yHKUIOHYBAaHHS — LIEHTPANI3Y€ThCS ~ HABKOJIO  THYYKOTO
KoH(irypaitiitnoro daitny ‘ple.conf’, 1e KopucTyBa4y MOXe:

— 3MIHIOBATH IUISAXU;

— 3MIHIOBaTH 1ICHTU(IKATOpHU 01010TEK;

— Moau(IKyBaTH CIHCOK MiATPUMYBaHUX (HOPMATIB;

— BKazyBaTH KuIbKicTh Google Drive, 1110 BUKOPUCTOBYIOTHCS;

— 3aJaBaT apaMeTpHu MOBEIIHKH TICIIs 3aBaHTAKCHHSI.

Ile no3BoJIsie aganTyBaT cUCTEMY Mij 1HAMBIAyalIbHI TOTpeOU 0e3 HeOOX1IHOCTI

MoaudiKarii IporpaMHOTO KOy .
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3.6 HanatyBanns koH(irypartiii 3 0IHUM CXOBUILEM

Posrnsnemo ommc mpoliecy HamamTyBaHHS KOH(Irypamii cHUCTEMH 3 OJHUM
XMapHUM cxoBuieM (Ha npukiana Google Drive).

Jlis KOpeKkTHOT poOOTH PO3pOOJIEHOT CUCTEMH 3 OAHHM OOJIKOBHUM 3alHCOM
Google Drive HeoOXi1HO BUKOHATH HaJallITyBaHHs KOH(IrypailiitHoro ¢aitny "ple.conf’,
SKUH € KIIIOYOBUM €JIEMEHTOM YTIPABJIIHHS YCIE€I0 CUCTEMOIO.

Y upomy Qailsii BU3HAYaIOTHCS apaMeTpH MIAKIIOYEHHS 10 XMapHOTO CXOBHIIIA,
crienudikaiis oopodku Mmemiadaitiip, nusaxu a0 6i0morex Plex, JokanbH1 HUISIXA 10
MeJia, a TAaKOK PEKUMHU aKTUBHOCTI OKPEMUX IMIJICUCTEM.

[lepuuM etanom € 3a3HaUYEHHS KUTBKOCTI XMapHUX O0JIIKOBHX 3aMHCIB, IO Oy 1y Th
BUKOPHCTOBYBATHUCH ISl 3aBaHTAKEHHS Mejia.

Y Bumaaky ojaHoro cxosuia 3MiHHa num_of gdrives’ BCTaHOBIIOETHCS B
3Ha4YeHHA 1.

BignosigHo, B MacuBi "drive _names’ BKa3yeThCs JIMIIE OJHE 1M s, AK€ BIAMOBIIAE
IMEH1 peMOoyTy, MONEPETHHO HaJallToBaHOro yepe3 rclone config'.

Hanpuxknan, nis ocaoBHoro Google Drive iM’st pemoyTy Moxke 0yTu gd-main'.

HactynHuMm 6510k0M y KoH]Irypatii € omiii, 110 BU3HAYar0Th MOBEIIHKY CKpUIITa
3aBaHTAKEHHSI.

3okpema, 3MiHHa ‘del a up’ J03BOJIsSIE BCTAHOBUTH, YW TOTPIOHO BUIATATU
JIOKaIbH1 (haliiIu MiCsl YCIIITHOTO KOMIIOBaHHS iX Y XMapy.

Ile xopucHO y BUMaJAKax, KOJIU BKIMBO 36KOHOMUTH TUCKOBUM MpocCTip. B naHiit
KOH(ITrypallii 3Ha4eHHs BCTAHOBJICHO B 'true’, TOOTO CUCTEMa aBTOMaTHYHO OYMILATUME
JIOKaJIbHI KaTaJoTH MICIIs 3aBepIISHHS Tepeaayl.

3minna ‘fil tp® Bu3Hauae mnepenik QopmaTiB BiAgeodailmiB, SKI MAIATAIOTH
o0OpoOii: Hanmpukian, mkv', ‘avi’, ‘mp4’, ‘'m4v’, ‘'mpg’, ‘wmv’, ‘flv'.

Ile 103BOJIsIE YHUKHYTH BUTIAJIKOBOI OOPOOKH HECYMICHUX a00 1HIINX CITYKOOBUX

Gaiinis.
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[Tapametrp ‘rcl conf y mpoMy BHManKy 3aJUIIEHO MOPOXKHIM, TOOTO Oyne
BUKOPUCTOBYBAaTUCh CTaHAApPTHUH TUISIX 10 KoHpirypamii rclone (3a3Buyaif
‘~/.config/rclone/rcl.cont™).

Skio x nmoTpiOHEe BUKOPUCTAHHS HECTAaHAAPTHOTO HUISIXY, MOro CIiijJl BKa3aTu B
[IbOMY MICIII.

Jlani BKa3ylOTbCsl HUIAXU 0 AUpeKTopiil Plex, ski € pe3yiabTaToM MOHTYBaHHS
XMapHOT'O CXOBHIIIA 3a I0MIOMOro1o rclone.

Y nanomy Bumaaky 3MmiHHa ple t p° Bkazye Ha /mnt/mVs’, a ‘ple mp' Ha
‘/mnt/main/Ms’.

Ile Ti nuiaxu, AKi MOBUHHI OyTH BimoOpakeHl B Plex mpu cTBOpeHHI CHCTEMHUX
01010TEK.

OO0OB’3KOBOI0 YMOBOIO € BIJICYTHICTh CHUMBOJIy /° HANpPUKIHII IUIIXY, IO
BPaxOBY€TbCA Yy CKpUITAX JJIsi YHUKHEHHS TyOJIOBaHHS PO3AUIBHUKIB y KIHLIEBUX
NUIIXax.

3miHHI ‘ple ms " Ta ‘plets ' BiamosigaroTh iAeHTU(]iKaTOpam 6i6mioTek Plex, siki
BU3HAUYAIOTHCS OKPEMO Uepe3 crelliaibHy komanay Plex.

OkpiM TOr0, HEOOX1THO BKA3aTH IMUISXH J0 JIOKAJTBHUX KaTaJoT1B, i€ 30€pIratoThes
BUX1JIHI BiJieo(ailsii repe/i 3aBaHTAKCHHSIM y XMapy.

Jlna  TtemecepiamiB  1e nwiax /home/masonr/tv-shows/’, a g QiabMiB
‘/home/roni/vid/".

Y 1upoMy BHMAAKy, HAaBNAKW, CHUMBOJI '/ HAMPUKIHII € OOOB’SI3KOBUM LIS
KOPEKTHO1 0OPOOKH Y CKpHUIITaX.

VY koHirypailii akTUBYIOThCS BIIMOBIAHI T1JICUCTEMH.

3MiHHA ‘ene sup BH3HAYAE, YU MOTPIOHO MIYKATH U 3aBAHTAXYyBAaTH TeJiecepiad,
a “enupls’ Bu3Hauae QpiabMu.

OOuB1 3MiHHI MarOTh 3HAYCHHS "true’, TOOTO cCHCTeMa OJHOYACHO 00poOIsITHME
oOujBa TUIIM KOHTEHTY.

3a JOMOMOT0F0 IIHOTO HANIAIITYBAHHS CHCTEMa TIOBHICTIO TOTOBA /10 aBTOMATHYHO1

pobotu 3 onaum Google Drive, 1o 103BoJisie€ 3a0€3MmeunTH Oe3nepepBHEe 3aBAHTAKEHHS
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HOBOTO KOHTEHTY y XMapHE CXOBHIIE, WOTO MOjanblilie CKaHyBaHHsA Plex Ta moctyn

KIHIIEBUX KOPUCTYBAYiB JI0 aKTyaJbHO1 010TI0TEKHU MYJIbTUMEIIMHUX MaTepiaiB.

3.7 HanaryBanHst KOH}irypailii 3 KiIlbKOMa XMapHUMHU CXOBHUIIIAMU

PosrnsiHemMo meranpHUN OMUC TPOLIECY HANAMITyBaHHA KOHQIryparli 3 JBoMa
XMapHUMH CXOBHUIIAMHU.

Y Bumaaky pos3roptraHHs po3pobneHoi cuctemu 3 aBoma Google Drive-
CXOBMIIIAMHM, METOI0 € He Juile 30epiraHHs KOHTEHTYy, a W 3a0e3nedyeHHs
BIJIMOBOCTIHKOCTI NUISIXOM TyOJIFOBAaHHS MeJia Ha JIBa HE3aJeKHI XMapHI OOJIKOBI
3aIHCH.

Taka apxitektypa Haraaye npuHiun RAID 1: koxeH ¢aii, miciis 3aBaHTaXEHHS,
Oyne aBTOMATUYHO NPOAYyOJLOBAaHWN HA JPyre CXOBHUIE, IO 3HAYHO ITiJIBUIIYE
HaJIIAHICTB 30€piraHHs TaHUX.

Becs mporiec kepyeThes uepes koHpirypariiauii gain ple.conf .

Posrasaemo cexitiro, mo mictuth napametpu GDR.

VY mepmriii yacTuHI KOHQIryparii BKa3yeThCsl KUIBKICTh CXOBHII, O SKUX Oyje
3MIICHIOBATHChH 3aBaHTAXKCHHS.

3MiHHa ‘ngdr’ BCTAaHOBIIOETHCA B "2°, 110 0O3HAYA€ BUKOPUCTAHHS JIBOX XMAapHUX
OOJIIKOBHX 3aIHKCIB.

Jani B macuBi "drm 3anaroTbes iMeHa rclone’: “'gdrive-main” - € OCHOBHHIA, Ta
V'gdrive-backup" - pezepBHUiA.

11 imeHa MarOTh TOYHO BIJNOBI1IATH TUM, 1110 OYyJIM MONEPETHBO CKOH(DITYpOBaHi y
‘rclone config’.

PosrasineMo cexiiito, o MiCTUTh oIl 00poOku (aitiis.

3minHa ‘delup’ BcraHoBieHa sIK “true’, mo mepeadavyac aBTOMaTUYHE BUIAICHHS

JOKaJIbHUX MeaiadaisiiB micys iX MOBHOTO 3aBaHTAXKEHHS Ha 00MIBA JUCKHU.
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Ile xopucHO y BHUIAAKaX, KOJM OOCST JOKAJIbHOTO CXOBHUIIA OOMEXKEHUH.
“file types’ MiCTUTB po3IIUpPEHHs BiAcodaiiiB, Kl CHCTEMa Ma€ BUSBIISITH 1 TIEPEHOCUTH
y XMapy.

Cnucok ¢opmartiB posmupero o mkv', “avi', mp4’, ‘'m4v’, ‘mpg’, ‘'wmv', ‘flv’,
‘mpeg’, M0 OXOIUTIOE MPAKTUYHO BC1 OCHOBHI (pOpMATH MYJIbTUMEIIAHOIO KOHTEHTY
KOpHCTYyBaya.

3HayeHHs 3MiHHOiI rclone conf SBHO BKa3dye Ha TMOBHUHW LUIAX O
KOPHCTYBaIbKOTO KOH}irypatiitHoro ¢aiy rclone: /home/roni/.conf/rclone/rcl.conf .

Ile BaxxnMBO ISl cUTYyalliii, KoJiu KoHpirypaiis Oyja CTBOpEHA IiJI OKPEMUM
00JIIKOBUM 3aIllUCOM KOPHUCTYBaya, a HE B CHCTEMHOMY IPOCTOPI.

PosrisHemMo cexirito, o MiCTUTh mapametpu Plex/

Hactynmaum ertanoM € mpuB’s3ka 3MOHTOBAHHMX JHUPEKTOPIA 110 BIJIMOBIIHUX
616mioTek Plex.

VY Ttakiil koHGirypamii nuisixy 17 GiIbMiB 1 Tenemoy pi3Hi: pleoath’ mocunaeTses
Ha OCHOBHHMH muck (‘/mnt/mTS’), Toai sk 'plep’ - Ha pe3epBHE XMapHE CXOBHIIIC
(‘/mnt/bacMs").

Takuit miaxia gae 3MOTy pO3AUIATH KOHTEHT KOPHUCTYBaya He JIMIIIE JIOT14HO, ajie i
Gb13U4HO.

Plex Mae OyTu momepeaHhO HAJAMITOBAHWM Tak, MO0 BKa3aHI KaTaJOTH
BiAnoBiganu 6i6miorekam tuny TV Shows 1 Movies.

Inentudikatopu 616J10TEK BKa3yIOThCS 3a JIOMOMOIOIO 3MIHHHUX pleo sm™ Ta
‘plesen_m’ y uboMy KoH(Iirypaiii 1e BiinoBiiHo 2 Ta 1, 1o o3Hayae Apyrui 1 nepmin
posnin y Plex.

3amaHHs JIOKAIBHUX TUPEKTOPIM Mefdia 3MIMCHIOEThCS TakuM 4uHOM. Cucrema
OUIKY€, 110 HOBI Bijieo(haiiu Oy yTh 3aBaHTaXKEH1 710 JTOKAJIbHUX TUPEKTOPIi.

[Insx mo TenecepianiB BcTaHOBIeHUHN y "locpa’ B “/home/roni/tvs/’, a msx 1o
¢bimeMiB - y ‘locp’ B /home/roni/vid/".

CumBou1 /° HapUKIHIII BKa3ye Ha Te, IO 1€ caMe TUPEKTOPii, a He OKpemi (aitinu

YH BIJHOCHI IIUISXH.

ApkK.

KBPKI. 200024.21.01.01 113 654

Bm. JApk. | Ne nokym. |ITignucPlara




CkaHyBaHHS ITUX KATaJIOTiB JO3BOJISE BUSBIISATH HOBI (Daliyii I KOMTIFOBAHHS.

Ha 3aBepiieHHsi, akTHBYIOTHCS BIAMOBIAHI mijgcucTeMu: ene shads=true’ Tta
‘eneps=true’ 03HAYAIOTh, IO CHUCTEMa Oyae OOpoOJATH AK Tenecepianv, Tak 1 GpuIbMH
KOPHUCTYBaua.

Axiio Oynb-IKUi 3 X MMapaMeTpiB BCTAaHOBUTH B false’, BiJIMOBIAHA KaTeropis
KOHTEHTY ITHOPYBATHMEThCSI.

Kondiryparis 3 nBoma cxoBuiamu 3abesrneuye OanaHc Mik €(EKTHUBHICTIO 1
HaIIHHICTIO.

Bces cucrema mpairoe mpo3opo IS KiHIEBOTO KopucTtyBada Plex, BomHOYac
aBTOMATHU3YIOUM PYTHHHI omeparii 1 MIHIMI3yIOUM PU3UKH BTpaTH JaHUX 3aBISKU

pe3epBHOMY J1yOIIOBAHHIO.

3.8 ABTomaTH3allisi BUKOPHCTAHHS OJHOTO a00 JEKITbKOX OOJIIKOBUX 3aIUCIB

Google Drive sk cxoBuia s cepepa Plex

Jlyist 371iICHEHHST aBTOMATHU3allli BUKOPUCTAHHS OJTHOTO a00 JEKUTFKOX 0OJIIKOBUX
3anuciB Google Drive sk cxoBuina s cepBepa Plex Oyno po3po0iieHo crieliani3oBaHe
CHCTEMHE ITporpaMHe 3a0e3MeueHHs y BUrisal ckpunry pled.sh’.

BiH € 1eHTpadpbHUM €IEMEHTOM CHCTEMH aBTOMAaTH3allli 3aBaHTAKCHHS
MYyJIbTUMENINHUX (haiiiB Ha XMapHI CXOBHINA Ta MOJAAJBINOT iHTerpalli uux Qaiiis 13
Plex-cepBepom.

Moro (byHKIIOHYBaHHS OXOILTIOE KillbKa KIIOUOBHX CTAIIiB:

—  1HIIaIi3aLis;

— TepeBipKa CepeIOBUIIA;

—  00poOky KoH(irypariii,

—  3aIyCcK JOMOMIKHUX CIIEHApIiB JIJIs 3aBAaHTAKCHHSI JIAHUX;

— 1HIIIIOBaHHS ckanyBaHHA Plex 616mioTek.

PosrasineMo nponec nepeBipky yHIKaIbHOCTI BUKOHAHHS.
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Ha mepmiomy ertami CKpUNT MepeBipsie, UM HE 3alylICHU BiH y)X€ B 1HIIOMY
npoIieci.

Ile mocsiraeThCsi HUIAXOM MEPETJISIAY CIUCKY BCIX MPOIECIB, SIKI BUKOHYIOThH
ckpunrt 3 iMeHeM pled.sh’, 1 mopiBHsHHS ixHIX PID 13 moTounum mpoiecom.

SIKIo  BUSABIIGHO, WO IHINA KOMIiS CKPHIITa BXXE TPAIIOE, BUKOHAHHS
MIEePEPUBAETHCS.

Takuit miaxig 3amnobira€ OJHOYACHOMY 3aBaHTAXXEHHIO THUX caMux (Qaiiis
KUIBKOMa TMpOIecamMH, IO MOXKE MPHU3BECTH N0 IyOtOBaHHS a00 TOIIKOKEHHS
BUKOPHCTOBYBaHUX JaHUX.

[Himiamizaiiss cepeoBUIlla BUKOHYEThCS TaK: BU3HAYAETHCS IUISIX 10 MOTOYHOL
JTUPEKTOPii, 1e 30epiraeTbCsi CKPHUIIT, 1 BAKOHYETHCS TIEpeXia 0 Hel.

Ile Ba)xIMBO ISt TOTO, 1100 Y1 MOAANBIII BITHOCH] IIISXH MPaIOBaId KOPEKTHO
HE3aJIC)KHO BiJ[ TOTO, 3 IKOTO MICIISI BUKIMKAETHCS CKPHIIT.

Posrasremo nporec 00poOku KoHGITYpaIiiHOTO (haidiy.

Cuenapiit mepeBipsie HasBHICTb KOHirypaitiitnoro daitny "pled.conf .

SIxuio Qaiin icHye, HOro BMICT HIAKIIOYAETHCS IO CEPEJOBHILA BUKOHAHHS Yepe3
KOMaHIy source’, Io J03BOJIIE CUCTEMHOMY CKPHUITY BUKOPHCTOBYBAaTH BCi 3MiHHI,
3a/1aH1 B HbOMY.

VY pa3i BincyTHOCTI KOH(IrypamiiHoro ¢aiiny BUBOJUTHCS MOBIJIOMIICHHS MPO
MIOMUJIKY SIK Ha €KpaH, Tak 1 B Jior-gain ‘upload-error’, miciis 4oro CKpUIT 3aBEpIIye
CBOIO POOOTY.

PosrnssHemo nporiec miaAroToBKH CIy>KO00BUX (ailiniB

Ha npomy erami cTBOPIOIOTHCS MOPOKHI ciyk00B1 ¢aiinu (‘ples’, “ple.log’, "up-
er’), SIKIIO BOHM III¢ HE ICHYIOTb.

Ile 3abe3nedye cTaOuUIbHY pOOOTY CKPHUITIB, SKI MOXKYTh 3alHCyBaTH abo
3YUTYBATH JaHi 3 UX (aiiis.

Posrnsaemo nporiec nepeBipKH y3roJKEHOCTI TapaMeTpiB
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Jlani BUKOHYETHCSI KPUTHUHO Ba)KJIMBA MEPEBIpPKa: KUIbKICTh OOJIKOBHUX 3allHCiB
Google Drive, 3a3HaueHa B ngd’, mMoBUHHA BIAMOBIIATH (DAKTUYHIM KUIBKOCTI IMEH
JIMCKIB, YKa3aHUX y MacuBl 'ds’.

VY pasi HEBIANOBIIHOCTI CKPUNT 3YMUHAETHCA, (DIKCYHOUM MOMIIIKY Y (aiimi
‘upload-error.

Ile 3axumiae cucteMy Bi HEKOPEKTHOI pOOOTHM BHACHTIIOK HEMOBHOI a0o
HeTMpaBWIbHOI KOHDIrypartii.

PosrasiHeMo mporiec 3aBaHTaXKeHHSI TEIICIIOY.

Axmo napamerp ‘enads’ y koHpiryparmiiiHomy ¢aiai BCTaHOBJICHUH y "true’, TO
3aIyCKA€ThCS TOMOMDKHHMI CKPUIIT ‘uUws.sh', sSskuii BIATIOBIA€ 32 TTOITYK HOBUX €M130/11B
TEJICNIOY B JIOKAJIbHIN TUPEKTOPIi Ta IXHE 3aBaHTAXKECHHS 10 BCIX 3a3HAUYCHUX OOJIIKOBHUX
3anuciB Google Drive.

[Ticnst 3aBepIIeHHS MEePEBIPSETHCA KOJT TOBEPHEHHS I[LOTO CKPHUIITA.

S0 3aBaHTaKEHHS 3aBEPIINIIOCS 3 TIOMUIKOI0, OCHOBHUM CIICHAPINA TIPUITHHSIE
po0OOTY, BUBOISIYM BIJTIOBIIHE MOBIJOMIICHHS.

Posrnsnemo npoiiec 3aBaHTakeHHS (1IbMIB.

3a aHaAJIOT1YHOIO JIOTIKOIO MpaIlto€e OJIOK, 1110 00po0IIsie GUIbMHU.

Skio akTuBOBaHO “enads’, BUKJIMKAEThCS CKpUMT uploies.sh'.

S0 ued CKpUNT MOBEpPTa€ HEHYJIbOBUM KoA (TOOTO cTamacs MOMUIIKA),
OCHOBHMI CIIeHapiil 3aBeplilye€ BUKOHAHHS, 00 YHUKHYTH MOJAIBIIMX HEKOPEKTHUX
JH.

PosrnsHemo nporiec 3amycky ckanyBaHHs 010moTek Plex.

Kon mepenbavae MOXKIMBICTH aBTOMATUYHOTO 3aIlycKy cKpumnrta pln.sh’ micns
3aBEPIICHHS 3aBAHTAYKEHb.

Ieit ckpunT BUKOHYETHCS BiJl IMEH1 KOopucTyBada ‘ple’ 1 oHoBmto€ 610i0Teku Plex,
BukopucroBytoun CLI-inTepdeiic.

Horo BUKOPUCTAHHS MOXXJIUBE  JIMIIE€  TOI, KOJIH napameTp

‘plex_scan_after upload’ siBHO akTHBOBaHO B KOH(]Iryparrii.

ApkK.

KBPKI. 200024.21.01.01 113 57

Bm. JApk. | Ne nokym. |ITignucPlara




Ckpunt “pled.sh’ BUKOHY€E poib KepyrO4oro MexaHi3My B PO3pOOJICHIH cucTeMi,
3a0€3Meuy0Un:

— - OJHO3HAYHICTH BUKOHAHHS,

— - KOHTPOJIb BIIMOBIAHOCTI KOHDIrypariii;

— - KepyBaHHS OKPEMUMH 3aBAaHTAKEHHSIMHU KOHTEHTY 3a KaTETOPisIMH;

— - THYYKy iHTerpaiito 3 Plex s 3a06e3nedenHHs akTyalbHOCTI Me11a010110TeK.

3aBIsKU CTPYKTYpPOBaHIH JIOTII Ta Mepea0adyeHHI0 MOMMIIOK, CKPUIT JI03BOJISIE
aBTOMATU3YBaTU KJIIOYOBI €Taru poOOTH 3 MyJIbTUMEAINHUM CEPBEPOM y CEPEIOBHIIII 3
XMapHUM 30€piraHHsIM.

3amyck ckpunTa B onepaiiiiHiii cucremi OpenSuse moka3aHo Ha PUCYHKY 3.4.

.6 Wi, Alread

DOt requlred
Continme! [y/n/p shows all optiomal (yi: ]

Pucynok 3.4 — 3anyck ckpunra
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3.9 BucHOBKH 10 TPETHOTO PO3ALTY

Y TpeTthoMy pO3Iiai 3AIMCHEHO MPOTpaMHO-aNapaTHy peasizaiilo XMapHOTO
cxoBua. Po3po0sieHO apxiTeKTypy B3aeMojii cepBepHOi yacTuHU 3 Plex, daiinoBum
CXOBHIIIEM Ta KOPUCTYBAYEM.

BnopoBamxkeno mporpamHe  3abe3nedeHHs, HajamrToBaHo Rclone  ms
CUHXpOHI3alli 3 xMapHumu cepBicamu Google Drive, aBTOMaTH30BaHO IHCTAJIAIIIIO
KOMIIOHEHTIB ~Ta 3allyCK OHOBJEHHA Menia0iomiotek. OmNucaHo  aJIropuT™M
(GYHKIIIOHYBaHHSI CHCTEMH, BPAaxOBYIOUM CII€HApii 3 OJHHUM 1 KiUJIbKOMa OOJIKOBUMHU
3amrcamMy, a TaKOX peaji30BaHO MEXaHI3MU aBTOMATHYHOTO 3aIyCKy CKPHMTIB IS
OHOBJIeHH# 010moTek Plex.

Cuctema 3a0e3rnieuye BHCOKY aJlallTUBHICTh, MPOCTOTY aJMIHICTPYBaHHS Ta

0e3nepebiitHy poOOTy 3 MyJIBTUMEAIMHUM KOHTEHTOM y XMapHOMY CE€pEI0BHIIII.
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BUCHOBKHA

VY pesynbpTaTi BUKOHAHHS KBasi(iKamiitHOi poOoTH OyJI0 HOCSATHYTO MOCTAaBJICHY
METY - po3po0JIEHO Ta peaai30BaHO MPOrpaMHO-TEXHIYHUHN 3aCi0 XMapHOTO CXOBHUIIA HA
0a31 Linux 3 BUKOpUCTaHHSIM TexHoJorii Plex.

Ha ocHOBI rmmOoOKOro TeOpeTUYHOro aHami3y Ta MOPIBHSAHHSA Cy4yaCHUX MiAXO/IB
JI0 XMapHOT0 30epiraHHs AaHuX, OyJ0 OOTPYHTOBAHO BHOIp BIAMOBIIHOT TEXHOJIOTII Ta
IpOrpaMHO-anapaTHol apXiTeKTypH.

PeanizoBana cuctema mnoeaHye TmiepeBaru Biakputoro II3, koHTelHepwu3aiiii,
aBTOMATH3allli Ta XMapHOI 1HTErpallli, 0 J03BOJIsA€ 3a0e3MeUuTH ePeKTUBHE, Oe3MeUHe
Ta MacIITabOBaHE yNPABIiHHSA MYJIbTUMEAIMHUM KOHTEHTOM.

Pesynbratu poGoTH MOXKYTh OyTH BUKOPHMCTAHI1 JJIsl BOPOBAIXKEHHS Y JIOMAIIHIX
MYyJIbTUMEAIMHUX CepBepax, OCBITHIX NPOEKTaXx ab0 MajluxX OpraHizamisx, sKi
NOTPEOYIOTh €(PEKTUBHOIO CTPIMIHTY ¥ 30€pekeHHs JaHuX Oe3 3aJeKHOCTI Bij
KOMEPIINHUX TTpOBaiIepiB.

VY nepiiomy po3iisii MpOBEAEHO ASTAIBHHUN aHaAI3 MPOrPaMHO-TEXHIYHUX 3aCO01B,
K1 J03BOJISIIOTH €(PEKTUBHO peali3yBaTh XMapHE CXOBHWIE. BcTaHOBIEHO, IO
BUKOPUCTAaHHA XMapHHUX CEpElIOBHUII € CY4YacHOIO Ta EKOHOMIYHO JOLLIBHOIO
MIPAKTUKOIO, siKa 3a0e3Medye THyUYKUI JOCTYII 10 TaHUX, MacIITaOOBaHICTh, T1IBUIIICHUAN
piBeHB OE3MEKU Ta 3HUKEHHS BUTpAT Ha 1HPpACTPYKTypy.

VY apyromy po3aini 30cepekeHO yBary Ha MpOeKTyBaHHI cucteMu. [IpoBeneHo
MOPIBHSUIPHUYM aHaJl3 ICHYIOUHX PIIIEHb XMapHOTO 30epiranHs, Takux sk Nextcloud,
Seafile, Syncthing Ta Plex, mio no3Boauio oOrpyHtyBaT Bubip Plex sik onTuMaabHOTo
pIIICHHSA U MyJIbTUMEIHHOTO CepeIOBHUIIIA.

Y TperboMy poO3AUTI 3AIMCHEHO MpOrpamMHO-amapaTHy peati3allilo XMapHOTo
cxoBula. Po3pobieHo apxiTekTypy B3aeMofii cepBepHOi yacTunu 3 Plex, ¢daiimoBum

CXOBHIIEM Ta KOPHUCTyBadYCM.
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PELIEH3IST HA KBAJIIOIKALIIMHY POBOTY

V

HumnoMuuk: Poni ABY AJIE3
Tema: TporpamHo-TexHiuHHIt 3aci6 peauizallii XMapHoro cxoButlia Ha 6a3i Linux 3

texHosorie Plex

Cneuianbsicts: 123 «KoMn’ioTepHa iHxeHepis»

OO6csr kBanidikauiiHol poboTH:
KinpKicTb nuCTiB Kpecnens 3 Kinbkictb cTOpiHOK 3anucku 66

1. KopoTkuii 3micT poboTu Ta nmpuiHATHX pileHb: MeToo kBanidikauiiiHol poboTu
€ po3po0JieHHA Ta peallizallis MPOrpaMHO-TEXHIYHOro 3aco0y XMapHOro CxXoBHIla Ha 6a3i
Linux 3 BUKOPUCTaHHSM TexHoorii Plex.

2. BucHOBOK Mpo BiANOBIAHICTL pOOOTH AUIUIOMHOMY 3aBAaHHiO: PoGora MoBHICTIO
BLITIOBLIAE NOCTARIEHOMY 3aB/IaHHIO.

3. XapakTepucThka BUKOHAHHS KOXHOIO pO3Jily, CTYIMiHb BUKOPHUCTAHHS OCTaHHIX
JOCSITHEHb HayKH 1 TeXHIKU 1 nepeloBUX MeTOAIB poOOTH: Y mepluoMy po3aiil NpoBeaeHO
JeTambHUH aHaji3 NPOrpaMHO-TEXHIUHHX 3aco0iB, sKi 103BOJISIIOTh eeKTUBHO peaslidyBaTH
XMapHe cxoBHllle. BcTaHOBNEHO, 1110 BUKOPUCTAHHS XMapHUX CEpPEelOBMI € Cy4yacHO Ta
€KOHOMIYHO JOUiJbHOK MpakTHKOW, sika 3abe3neuye THYYKHH [OOCTYNM [0 [daHMX,
MaciTaboBaHICTh, NiABHILEHUH piBeHb Oe3MeKH Ta 3HWIXKEHHs BUTpAT Ha iHQpacTpyKTypy.

Y npyroMmy po3fifi 3ocepelXeHO yBary Ha MpOEKTyBaHHI cucrtemH. [IpoBemeHO
MOPIBHSJILHUI aHali3 ICHYIOUYMX pillleHb XMapHoro 306epiraHHs, Takux sk Nexicloud,
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INTRODUCTION

Plex technology is due to the rapid growth of the need for effective management,
organization, and streaming of multimedia content in the context of digital
transformation.

Modern users want to have convenient access to their media libraries from different
devices, including remote access. Plex provides a high level of content organization,
automatic cataloging, support for various media formats, and extensive personalization
capabilities, making it an effective tool for building a universal multimedia environment.

Additionally, the rise of home servers and the trend toward decentralized storage
are fueling interest in solutions like Plex, which allow you to maintain control over your
information while providing flexibility and scalability.

All this makes it advisable to study the possibilities and advantages of using this

technology in the context of modern IT systems.
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1 ANALYSIS OF SOFTWARE AND HARDWARE

1.1 Relevance application cloudy environments

In today's rapidly developing digital technologies and growing data volumes,
efficient, scalable, and secure means of storing and processing information are becoming
increasingly important. One of the key solutions in this direction is cloud storage, which
has become an integral part of the information infrastructure in business, education,
science, and government structures.

Cloud technologies provide flexible access to data at any time and from any device,
which is especially important in the context of remote work, user mobility and distributed
teams. Due to this, storing data in the cloud is not only convenient, but also a cost-
effective solution compared to traditional local servers or physical media [1].

In addition, cloud services are actively implementing mechanisms for backup,
scalability, automatic updates, and integration with other services, which allows you to
optimize business processes and avoid data loss in the event of failures, cyberattacks, or
technical malfunctions. This makes cloud storage attractive not only for large
corporations, but also for small businesses, startups, educational institutions, and
individual users [2].

The use of cloud storage is particularly relevant in the context of ensuring
information security. Modern cloud platforms offer comprehensive solutions for
authentication, encryption, access control, and activity monitoring, which allows you to
effectively protect confidential data and meet modern cybersecurity standards [3].

The environmental aspect should also not be neglected. Centralized cloud data
storage contributes to the energy efficiency of IT infrastructures, reducing the need for a
large number of physical servers in enterprises and reducing the carbon footprint [4].

The use of cloud storage is extremely relevant in the modern information
environment. It opens up new opportunities for effective data management, ensuring their

security, scaling information systems and increasing the overall digital readiness of
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organizations. In this regard, the study of cloud technologies and the development of

recommendations for their effective use is an important and timely task.

1.2 Advantages of using cloud environments

The advantages of using cloud environments compared to local data storage are a
fundamental change in the approach to storing, processing and managing information.
First of all, cloud technologies provide significantly higher flexibility and availability. If
local storage involves physical binding to a specific device or an internal network of the
organization, then the cloud environment allows you to access data from anywhere in the
world where there is an Internet connection. This is especially important for mobile users,
remote teams, as well as in cases where it is necessary to quickly share information with
a large number of users or devices [5-9].

Another key advantage is scalability. In the case of local storage, increasing the
amount of data often requires additional hardware costs, infrastructure upgrades, or even
complete replacement of equipment. In contrast, cloud services allow you to quickly
adapt the storage volume to current needs, virtually “on the fly”, without downtime and
without the need for technical maintenance from the user.

The automation of processes offered by cloud platforms also plays a significant
role. For example, backups, synchronization, software updates, and access rights
management can be performed automatically, without active user intervention. This
reduces the likelihood of human error, minimizes the risks of data loss, and allows you to
focus on your core business, rather than on maintaining your IT infrastructure [10-12].

Security is also a major factor in favor of the cloud. While there is a misconception
that data in the cloud is at greater risk, cloud service providers actually implement
advanced security mechanisms: data encryption, multi-factor authentication, role-based
access control, transaction auditing, and physical protection of data centers. For most
users, this provides a higher level of security than what they can implement on-premises,

especially given limited resources.
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In terms of cost, cloud solutions usually prove to be more beneficial, especially for
small and medium-sized enterprises, educational institutions, or individual users.

Instead of significant initial investments in servers, hard drives, uninterruptible
power supplies, and cooling systems, cloud services are paid for on a subscription or
usage model, which allows for better cost predictability and reduced financial burden.

Additionally, cloud environments facilitate more efficient collaboration between
users. Data stored in the cloud can be edited collaboratively in real time, and all changes
are saved automatically [13].

This significantly increases the efficiency of teamwork, compared to local files that
require constant copying, forwarding, or manual synchronization.

Cloud technologies offer a fundamentally new level of convenience, efficiency,
and reliability in information management, making them a logical evolution of data
storage systems in the digital age.

Compared to traditional local storage, cloud environments provide a higher level

of adaptability to the demands of the modern world.

1.3 The relevance of Plex technology

In today's digitalization of enterprises and the active implementation of the Industry
4.0 concept, there is a growing need for flexible, scalable and integrated information
systems that allow for effective management of production processes, logistics, supply
and analytics in real time. One of such systems is Plex Manufacturing Cloud (or simply
Plex ) is a cloud-based ERP/MES platform that provides a comprehensive solution for
managing manufacturing enterprises [14].

Let's consider the main advantages of using technology.

Plex technology is to increase production efficiency. Plex provides full
transparency of the production process, allows you to quickly respond to changes in the

technological cycle, minimizes equipment downtime and resource loss. Thanks to built-
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in monitoring tools, the platform supports data -driven decision-making decision making
), which is critically important in today's competitive environment.

Plex technology is the possibility of integration within the framework of digital
transformations. Plex is one of the platforms that organically fits into the paradigm of a
digital enterprise. It integrates with IoT devices, analytical systems and other business
solutions, forming a single digital ecosystem. This ensures the relevance of the research
for the tasks of digital transformation of production processes [15-18].

An important opportunity of technology is building a cloud architecture. The
transition from local systems to cloud solutions is a global trend. Plex, as a cloud platform,
provides access to data 24/7 from anywhere in the world, high scalability and updates
without user intervention. This allows enterprises to reduce costs for IT infrastructure,
increase flexibility and efficiency in management.

Unlike complex ERP systems, Plex is more accessible to medium-sized businesses,
providing fast deployment and ease of use. This makes it relevant for research in the
context of implementing innovations at the level of regional manufacturing companies
[19-21].

Plex supports real-time work with production data, allowing you to implement
Smart concepts Manufacturing and Lean Production. Exploring the capabilities of Plex
technology in this context allows us to explore the potential of implementing such
approaches in practice.

Using Plex in your bachelor's thesis allows you to develop competencies that are
in demand in the labor market, particularly in the areas of digital manufacturing, data
management, cloud technologies, and analytics. This increases the practical relevance of

the chosen topic and its innovativeness.

1.4 Linux- based cloud storage with Plex technology

In today's conditions of active use of multimedia content, there is a need for

effective, secure and affordable solutions for storing and broadcasting media data. One
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such solution is to build your own cloud media server based on the Linux operating
system using Plex technology. Media Server. This solution allows you to create a
personalized, scalable, and controlled platform for storing, organizing, and broadcasting
digital content [22-25].

Linux operating system is one of the most stable, secure, and customizable
platforms for server use. Its open source code allows you to: n Take full control of your
infrastructure - from file system configuration to security and access systems, optimize
resources - Linux can run even on low-power hardware, making it ideal for home NAS
solutions, and automate maintenance - thanks to system scripts, cron jobs, and other tools.

Plex Media Server is a software platform for broadcasting media content (video,
audio, photos) over a local network or the Internet.

The platform provides:

— automatic cataloging of content with metadata ( posters, actors, description);

— support for real-time streaming to various devices (TVs, smartphones, tablets);

— multiplatform - available on linux, windows, macos, and also has mobile and
web applications;

— support for remote access with the possibility of a secure connection from
anywhere in the world;

— video optimization for client devices ( real-time transcoding );

— integration with plex pass - for additional functions: dvr, synchronization, live
TV, etc.

On Linux, you can deploy Plex as part of larger solutions:

— using docker - for isolated and convenient management of the plex container ;

— together with samba / nfs - for organizing network access to files;

— viareverse proxy (e.g. nginx ) - for secure access via https ;

— monitoring using tools such as grafana and prometheus - to track performance;

— data protection using firewalls, fail2ban and ssh.

Linux- based cloud storage allows you to:

— use existing hardware (e.g. old PC, raspberry pi or nas );
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— refuse third-party paid services ( google drive, icloud, netflix ), while
maintaining privacy ;

— reduce power and cooling costs through optimization under Linux.

Using Linux as a platform for building cloud storage with Plex technology
combines the reliability, scalability, and security of an open operating system with
powerful functionality for organizing and distributing multimedia content. This solution
is relevant for personal use, small offices, as well as within educational and research
projects [26-29].

Plex technology Media Server has wide practical significance in the context of
creating a personal cloud media storage, especially when used on the basis of the Linux
operating system [30-34]. Plex allows you to organize the storage, structuring and
broadcasting of multimedia content, including video, audio and photo files, providing
convenient access to it from anywhere in the world. The main functionality of this
technology is to transform the local server environment into a full-fledged media center,
capable of broadcasting content in real time to various client devices - from TVs and
computers to mobile applications and web browsers [35-39].

The user can place their content in defined directories, after which Plex
automatically indexes it, adds metadata such as covers, descriptions, actors, genres, and
creates a single media library with an attractive interface. One of the key features is
support for streaming with automatic transcoding ( transcoding ) - this allows you to adapt
video or audio to a format optimal for a specific device or connection speed, without
requiring the user to make changes to the original file [40-43].

In addition to basic functionality, Plex provides the ability to create accounts for
multiple users, restrict their access rights, and organize content sharing in a secure
environment. Additionally, the technology supports remote access, which means that a
server deployed on a home network can be used as a personal alternative to commercial
streaming platforms. Plex also has integration with services such as TIDAL or access to

live TV, which extends its functionality beyond local content [44-47].
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Using Plex on a Linux server opens up additional possibilities for automation,
backup, system status monitoring, and resource optimization. Thanks to the flexibility of
Linux, you can adapt the server to any technical conditions - from a low-power
minicomputer Raspberry Pi to a full-fledged server environment. This makes Plex a
versatile tool for both home users and educational or research purposes, including as part

of implementing private cloud media storage solutions.

1.5 Deploying automatic content cataloging with metadata

Deploying automatic content cataloging with metadata is one of the key benefits of
using Plex Media Server in building a modern cloud storage. After adding media files to
the appropriate directories on the server, Plex automatically scans the content, analyzing
the type of files, their names and structure. Based on the data obtained, the system turns
to open sources of metadata, such as The Movie Database ( TMDb ), TheTVDB,
MusicBrainz, and others, and downloads information associated with each media file
[48].

This process includes retrieving movie or TV series titles, descriptions, posters,
background images, cast information, ratings, release date, duration, genre, etc. For music
files, the system extracts information about the artist, album, genre, year of release, album
cover, and even lyrics. All of this allows you to create an intuitive, visually appealing,
and conveniently structured library that provides a comfortable navigational environment
for the user.

Thanks to this cataloging, content becomes not just a set of files, but a full-fledged
digital archive that can be filtered, grouped or searched for by any characteristics. This
functionality also provides a high level of personalization: Plex can automatically create
thematic collections, recommend content based on the user's viewing history or
preferences. At the same time, all updates to the catalog are performed automatically after
adding new files or changing the directory structure, which allows reducing user

participation to a minimum [49].
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Linux- based cloud storage, automatic cataloging provides integration with file
system and indexing services, and also allows the administrator to centrally manage
metadata and ensure its integrity and relevance. Thus, Plex transforms a raw array of
digital content into a well-organized, logical and attractive multimedia database that

meets the requirements of modern information storage and processing systems.

1.6 Implementing real-time streaming support

Implementing support for real-time streaming to multiple devices is one of Plex's
defining features. Media Server, which provides universal access to multimedia content
regardless of the type of client device. With a built-in streaming engine, Plex allows you
to broadcast video, audio and photos in real time to a wide range of devices, including
smart TVs, PCs, laptops, smartphones, tablets, media players (e.g. Roku, Apple TV,
Chromecast ) and even game consoles.

A key element of this functionality is content transcoding, i.e. its dynamic recoding
to the technical specifications of the device receiving the stream. For example, if the
original video file has a format or resolution that is not supported by a particular device,
Plex automatically adapts this file "on the fly" - changing the codec, bitrate, resolution or
container to ensure compatibility and stable transmission. This is especially important in
conditions of limited network bandwidth or when using mobile Internet.

The Plex server is responsible for processing requests, and the client applications
are responsible for displaying the user interface and playing content. With a high-quality
network connection, playback starts almost instantly, and in unstable connection
conditions, Plex automatically optimizes the stream according to changes in speed. In
addition, the system supports adaptive streaming ( adaptive bitrate streaming ), which
allows you to change the video quality without stopping playback [50].

All of these features are implemented without the need for complex configuration
- Plex automatically determines the optimal stream parameters based on the client,

network type, and server characteristics. If necessary, the user or administrator can
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manually specify quality priorities, maximum bitrate, or playback method (direct
playback, transcoding, optimized copies).

Plex provides a flexible, efficient, and scalable streaming solution that transforms
a server from local storage into a true multi-platform cloud media center with instant

access to content from anywhere in the world.

1.7 Implementing remote access support with secure connection capability

Implementing remote access support with the ability to secure connections is
another important feature of Plex. Media Server, which allows users to securely access
their media content from anywhere with an Internet connection. After configuring remote
access, the user can connect to their server not only on the local network, but also from
outside - via a web interface, mobile applications or other compatible devices.

For security, Plex uses HTTPS (SSL/TLS) encryption to ensure the confidentiality
of transmitted data, protection against traffic interception and malicious interference. All
traffic between the client and the server is encrypted, including metadata and streaming
content. Plex automatically manages certificate issuance and domain name maintenance
through its own request routing system, which simplifies the setup procedure even for
inexperienced users.

Plex account, which allows you to authenticate the user and centrally store settings,
a list of available servers, and personal preferences. If you use multiple devices or share
your media library with family or friends, the server administrator can create additional
accounts or grant limited access to parts of the library, while maintaining full control over
access rights.

Another important advantage is the support for automatic port forwarding (NAT-
PMP / UPnP ), which allows Plex to independently configure the router to provide
external access without manual intervention. In cases where automatic configuration is
not possible (due to network security policies or hardware), the server supports manual

configuration with detailed instructions.
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Implementing remote access in Plex Media Server not only provides the
convenience of using multimedia storage outside the local network, but also guarantees a
high level of security, stability, and manageability of connections, which is especially

important in the context of personal or corporate use of cloud multimedia services.

1.8 Implementation optimization video under client devices

Implementing video optimization for client devices, including real-time
transcoding, is one of Plex's core capabilities. Media Server. This feature allows you to
dynamically adapt video to the technical characteristics of a specific device receiving the
stream.

Transcoding is the process of converting video files from one format or quality to
another, taking into account the requirements of a specific device, network speed, or user
settings.

When a user launches a video, Plex automatically determines whether the video
format is compatible with the device requesting playback. If the device does not support
that format or resolution, Plex performs transcoding on the fly. This may include:

1. Changing the file format, for example, if the video is in MKV format and the
device only supports MP4, Plex will convert the video to this format.

2. Changing the bitrate in a situation where the user's network has limited
bandwidth, Plex lowers the bitrate to avoid buffering and ensure smooth playback.

3. Changing the resolution, for example, if the video is in 4K format but the device
only supports 1080p or less, Plex lowers the resolution, allowing you to maintain optimal
quality with limited resources.

Plex 's real-time transcoding process is automatic and transparent to the user. The
Plex web server acts as an intermediary between the media file and the client device,
performing the transcoding and delivering the video over the network. This provides
flexibility and compatibility with a variety of device types, from smartphones and tablets

to TVs, computers, and other media players.
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Plex interface also allows users to customize streaming and transcoding settings to
suit their needs. For example, users can specify a maximum bitrate for a mobile device or
select video quality for limited internet connections. This allows for a balance between
playback quality and data transfer speed.

The key advantage of this approach is that Plex supports on-the-fly transcoding
without the need for pre-preparation of media files, which saves a lot of time and
eliminates the need to store multiple versions of the same video for different devices.

transcoding is an essential component that allows Plex to provide high
compatibility and usability of multimedia content, automatically adapting video to the
characteristics of each device and ensuring optimal playback under all conditions.

Implementing integration with Plex Pass opens up additional features for Plex users
Media Servers that provide access to advanced features and a higher level of
personalization. Plex Pass is a paid subscription that provides a range of tools and features
that enhance your multimedia experience and expand your playback and management
capabilities.

One of the main advantages of Plex Pass is unlimited and faster transcoding. Non-
subscribers may have limits on the number of simultaneous transcoding sessions, as well
as restrictions on bitrate when streaming content.

Plex Pass allows you to remove these restrictions, ensuring higher quality and
stability of the broadcast on all devices.

This is especially important for users who plan to use Plex as a cloud service for
storing and viewing a large amount of content from different devices.

Plex Pass also includes intelligent content organization features, such as automatic
creation of metadata, movies, TV shows, and music libraries.

For example, it includes automatic scanning and categorization of media files, as
well as the ability to create covers and banners for movies and albums. These features
greatly improve the user experience, ensuring a convenient and enjoyable display of

content in Plex.
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Plex integration Pass allows users to download media for offline viewing on mobile
devices. This makes it possible to watch videos and listen to music without an internet
connection, which is especially useful when traveling or in environments with limited
network access.

Plex Pass users get access to experimental features that are not yet available to the
general public. This includes new Ul features, improved transcoding, and integration with
new types of devices and services. These features allow users to test the latest innovations
in Plex.

Plex Pass also provides additional features for secure access, including the ability
to set up two-factor authentication (2FA) to protect accounts. This is an extra layer of
security that ensures only authorized users have access. It also provides priority customer
support for Plex users. Pass, which allows you to get faster help and solutions for any
technical problems.

Plex Pass provides the ability to connect to music streaming services such as
TIDAL, allowing users to create their own music libraries and include both locally stored
music and music from online services in their content.

Support for podcasts and live streaming is also coming, giving even more options
for users who use Plex to listen to and organize audio content.

One of the most innovative features for Plex users Pass is the ability to access live
broadcasts via Live TV and use the Plex server as a digital video recorder (DVR) to record
television programs and series.

This allows users to create a personalized TV library stored on the server, as well
as watch their favorite shows on demand.

Plex Pass also enables integration with other cloud content storage platforms, such
as Google Drive, Dropbox or OneDrive, allowing users to create a large multimedia
library that is stored not only locally but also in the cloud, increasing the availability and
reliability of data storage.

Plex integration Pass in Plex Media Server significantly expands the functionality

of the service, allowing users to access a variety of additional tools and enhanced features.
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It provides seamless streaming of media content, enhanced security, additional
synchronization options, and flexible library management, making the user experience

more comfortable and customized to individual needs [51].

1.9 Using docker for isolated plex container management

Using Docker to manage a Plex container in isolation Media Server is an efficient
and convenient method of deploying Plex in modern environments because it allows you
to isolate the Plex server from the main operating system, providing a high level of
portability, security, and ease of setup.

Docker is a platform for automating the deployment, scaling, and management of
containerized applications, allowing you to create an environment for Plex with minimal
time and resource consumption.

Docker allows you to isolate Plex Media Server in a separate container, which has
a number of advantages:

— Plex environment isolation works in a container, which reduces the chance of
conflicts with other applications and dependencies on the host system.

— Plex container can be easily moved between different servers or hosts without
the need for reinstallation or configuration.

— Upgrading Plex in a container can be done without changing the underlying
operating system and its dependencies, simply by rebooting the container with the new
version.

— Docker allows you to run multiple instances Plex on different servers or in
different containers for scaling, which is convenient for large data volumes and high load.

To create a Plex container using Docker, there are a few steps you need to take.
First, you need to install Docker on your server. You can do this using standard Linux
packages (e.g., via " apt * or * yum "), or you can download the installer from the official
Docker website.

bash
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sudo apt-get update

sudo apt-get install docker-ce

Plex Media Server can be run in a Docker container using the standard Plex image,
which is available on Docker. Hub. To do this, you need to create a container by running
a command that will download the appropriate image and start Plex, specifying a public
port through which you can connect to Plex, specifying a directory on the server to save
Plex configurations, and a directory for media content that Plex will use to store files.

Once the container is started, Plex The Media Server will be accessible via a web
interface at a specified address [52].

In the interface, the user can configure the server, add media libraries, configure
content access, and manage users.

Docker makes it very easy to scale and upgrade Plex. For example, to upgrade Plex
to a new version, you can simply stop the container, download the new version of the
image, and restart the container.

Using Docker to manage Plex also has several advantages in the context of security:

Plex runs in a separate container, which minimizes the risk of interaction with other
applications on the host system.

Because Plex runs in a container, you can quickly update the container image
without having to update the underlying operating system [53].

Because Plex configuration and media files mapped to external volumes, they can
be easily backed up using standard Docker tools to preserve container data. This ensures
data security even if the container is deleted or overwritten.

Using Docker to manage Plex Media Server provides many benefits, such as
application isolation, portability, ease of updating and scaling, and increased security.
Docker makes Plex setup and management simpler and more convenient, allowing users
to quickly deploy, scale, and update their server while maintaining control over resources

and security.
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1.10 Conclusions to the first section

The first section provides a detailed analysis of software and hardware tools that
allow for the effective implementation of cloud storage. It is established that the use of
cloud environments is a modern and cost-effective practice that provides flexible access
to data, scalability, increased security, and reduced infrastructure costs. The feasibility of
choosing Plex technology as the basic platform for managing multimedia content is
justified - due to its ability to catalog, stream, secure access, and integrate with cloud
services. The advantages of using the Linux operating system are also considered, in
particular, stability, open source, and support for containerization via Docker, which

provides process isolation, ease of deployment, and server security.
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2 DESIGN OF A SOFTWARE AND HARDWARE TOOL FOR
IMPLEMENTING CLOUD STORAGE ON THE BASE OF LINUX WITH PLEX
TECHNOLOGY

2.1 Overview of the selected cloud storage technology

When comparing solutions such as Nextcloud, Seafile, Plex, Syncthing, and your
own NAS solutions, it is advisable to consider them not only in terms of functionality,
but also in terms of intended purpose, performance, configuration flexibility, and the level
of technical complexity of implementation.

Nextcloud is one of the most popular open-source solutions for building a personal
cloud environment. Its functionality is focused on document collaboration, file
management, calendars, contacts, video conferencing, etc.

This 1s a comprehensive platform that can replace Google Workspace or Microsoft
365 within a small office or home network.

However, when it comes to media content, such as streaming video or music,
Nextcloud requires additional modules and does not provide high-quality multimedia
playback out of the box. Video transcoding, integration with TVs, support for Smart TV
or mobile applications for media players - all of this in Nextcloud is implemented through
third-party plugins or external services, which makes configuration difficult.

Seafile, while sharing roots with Nextcloud, is more focused on efficient
synchronization and sharing of large files. Its architecture is built on the separation of
metadata and file content, which provides better performance, especially in large
installations.

However, Seafile does not focus on media streaming or advanced multimedia
features.

This solution is a good choice for backup or centralized file storage, but is not

suitable for a home theater or multimedia center.
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Plex, unlike the previous two systems, is a highly specialized solution specifically
for working with multimedia. Its main advantage is a high level of integration with client
devices: TVs, smartphones, game consoles.

Plex automatically organizes libraries, downloads metadata, covers, descriptions,
and ratings, and supports on-the-fly video transcoding, allowing you to play even formats
that aren't supported by the target device.

Plex provides a great user experience and doesn't require much technical training
to get started, but it has some reliance on proprietary components, and some features (like
unrestricted mobile app access) require a paid subscription.

Syncthing is a fundamentally different approach to data storage and
synchronization. It is a peer-to-peer system that does not require a centralized server: each
device synchronizes with the others directly.

It is extremely secure, encrypts all traffic and does not store data on third-party
servers. However, its functionality is limited to file synchronization - there is no support
for streaming media, there is no web interface for viewing content, and in general it is not
suitable for organizing multimedia storage focused on the convenience of watching
videos or listening to music.

Custom NAS solutions are a broad term that includes both software packages (e.g.
OpenMediaVault, TrueNAS ) and custom solutions based on Linux or BSD. They can be
flexibly configured to meet specific needs: creating RAID arrays, configuring file
protocols (SMB, NFS, FTP), implementing backups, connecting media servers (including
Plex or Jellyfin ).

This approach provides maximum control, but requires a high level of technical
awareness, especially when deployed in environments with limited hardware resources
or the need for uninterrupted access.

In conclusion, Plex stands out as the most convenient and specialized solution for

building cloud multimedia storage.
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Its streaming functionality, multi-platform support, and ease of integration make it
a viable choice for implementing a personal home media center, especially when

combined with a dedicated Linux server.

2.2 Choosing a cloud type

In the modern information environment, cloud technologies are divided into several
types based on access methods, resource management, and data privacy levels. The most
common clouds are:

— private;

— public;

— hybrid.

Each of them has its own characteristics, advantages, limitations, and areas of
application that directly affect the architecture and strategy for implementing cloud
storage, in particular when implementing multimedia solutions based on Plex.

Private cloud Cloud ) is an infrastructure that is fully controlled by a single
organization or private individual.

All resources - computing power, storage, network services - physically or virtually
belong to a specific user.

This approach allows you to maximize control over the level of security, limit
external access, and customize services to meet specific user requirements.

A private cloud can be deployed both on-premises and on third-party equipment
(for example, in a remotely managed data center).

In the context of a Plex project, a private cloud is an option where the media server
is installed on your own server or NAS on your home network, with limited access via
VPN or with encryption and firewall setup.

The main advantage here is security and control over data, and the disadvantage is

the need to independently maintain the infrastructure, updates, backups, and monitoring.
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Public cloud Cloud ) is a model in which resources are provided by large cloud
service providers such as Amazon Web Services, Google Cloud Platform or Microsoft
Azure.

These providers provide virtual servers, storage, and platforms for development
and data processing over the Internet on a subscription or pay-per-use basis.

Data and computing resources can be physically located anywhere in the world,
and the client does not control the physical infrastructure.

In the case of Plex, it is possible to implement a media server based on a virtual
VPS server in the public cloud, but this is associated with limitations on streaming large
amounts of video data (especially HD/4K), high traffic, and costs for computing
resources.

Public clouds are advantageous for rapid scaling, but they are inferior to private
clouds in terms of privacy and long-term cost-effectiveness under heavy load.

Hybrid cloud Cloud ) combines the advantages of both models - private and public.

It allows you to keep part of the infrastructure locally (for example, a media server
Plex and the main file storage), and other components — backup, authorization,
synchronization or streaming to remote devices — are implemented through public
services. This approach provides a balance between security and scalability. A hybrid
model could include, for example, backing up media files to Google cloud storage Drive
or Amazon S3, while the main media content is streamed locally. It is also convenient for
mobile access: mobile devices connect to the cloud, while the main streaming load 1is
performed by the home server.

However, a hybrid architecture is difficult to implement because it requires
thoughtful traffic routing, security policies, data synchronization, and duplication of
critical services.

Thus, when choosing a cloud type, not only technical resources but also usage

scenarios were taken into account.
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In the case of creating a software and hardware tool for home cloud storage with
Plex, the optimal solution is a private or hybrid cloud, which provides proper

performance, ease of use, and a high level of privacy when storing multimedia content.

2.3 Developing the Plex Architecture Media Server

Plex Media Server is a software platform that provides convenient organization,
streaming, and access to multimedia content on various devices through a single
centralized system.

Its functionality covers the entire lifecycle of interaction with media files - from
automatic indexing to high-quality streaming taking into account the characteristics of
the client device.

The main feature of Plex is that the user has complete control over their own media
content, unlike commercial streaming services, where content is licensed and restricted
by access rights.

On the functional side, Plex allows the user to create a personalized media library
with movies, TV shows, music, photos, and video archives. After adding files to the
appropriate directories, the system automatically scans the content, recognizes media
types, obtains metadata from online sources (such as IMDb or TheTVDB ), and
downloads posters, descriptions, trailers, subtitles, and ratings for the specified content.

This makes the library look like a professional catalog, and the user doesn't have to
worry about organizing the content manually.

It is worth noting the intelligent search and filtering mechanism, which allows you
to quickly find the desired content by genre, actors, release year or keywords.

Another important functional component is support for real-time streaming.

Plex automatically detects the technical capabilities of the client device - screen
type, resolution, available bandwidth, supported codecs - and performs transcoding if

necessary media files "on the fly".
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This means that even if the video is saved in a format that is not supported by a
specific TV or smartphone, Plex is able to change the format, bitrate, and resolution
during streaming, ensuring smooth and high-quality operation of the service without user
intervention.

From an architectural point of view, the Plex system is implemented using a client-
server model.

At the center is Plex Media Server, which acts as the core of the entire system. It is
installed on a server operating system - usually Linux, Windows or macOS, although
variants with deployment in containers, on NAS or on virtual machines are possible.

The server is responsible for storing the library, indexing content, transcoding,
access control, and interaction logic.

Client applications, which exist for most modern platforms ( Android, 10S, Smart
TV, Xbox, Playstation, web browsers), connect to the server via an internal or external
network, receive metadata, and make requests to view content.

Data transfer between the client and the server is implemented via the HTTPS
protocol, which provides traffic encryption.

If the server is behind a NAT or firewall, Plex uses special routing mechanisms
through its own cloud infrastructure to break through network barriers.

All this makes the service very convenient for remote access, even if the server is
deployed on a home network without a static IP address.

It is also worth paying attention to multi-user access mechanisms.

Plex allows you to create separate profiles for different family members, restrict
access to certain content, save viewing history, and implement parental controls.

The platform also supports integration with Plex Pass - a premium subscription that
unlocks additional features

— mobile media caching for offline viewing;

— automatic subtitle download;

— advanced reports;

— hardware transcoding on supported hardware.
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Plex Media Server is a powerful example of a modern hybrid multimedia platform
that combines local storage with cloud routing technologies, providing a high level of
automation, end-user convenience, and configuration flexibility.

Its architecture allows you to implement both a local home media center and a full-
fledged system for remote access to your personal video archive from any device in the
world.

Architecture diagram of a software and hardware tool for implementing cloud

storage based on Linux with Plex technology field in Figure 2.1.

Plex Cloud Service
(Auth + NAT Traversal)

Remote Access

Y

Local/Home Network

Media Storage (HDD)
/media/mov/mus Plex Media Server
(Linux-based, OpenSUSE)
- Library indexing
- Metadata fetching
- Transcoding engine

Smart TV Desktop PC
Plex Client App Plex Web Interface
Smartphone Game Console
Plex Mobile App Plex App for Console

Figure 2.1 — Architecture diagram of a software and hardware tool for implementing

cloud storage based on Linux with Plex technology
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Figure 2.1 describes a basic structure that can be adapted to specific user needs or
extended for a hybrid scenario with cloud backup.

Plex Media Server is deployed locally on a Linux machine that has access to the
media file system.

Media storage is a separate or built-in drive with directories containing videos,
music, and photos.

Client devices are TVs, smartphones, PCs, consoles that connect to the server via
a local network or the Internet.

Plex Cloud helps with remote access: NAT traversal, authorization, traffic
redirection.

Transcoding is performed on the server if the client does not support a certain media
format.

Plex architecture diagram Cloud Service in the context of its Plex support features
Media servers for providing remote access, NAT traversal, user authentication, and traffic
routing are shown in Figure 2.2.

This architecture allows Plex users to access their private media server from
anywhere without having to change complex network settings.

Plex Cloud Core is a set of servers in the cloud that coordinate access between Plex
clients and media servers.

They do not store content, but help find the server and ensure a secure connection.

Account DB is a Plex database that stores user accounts, a list of authorized clients,
and servers.

NAT Traversal is a mechanism that allows clients to find servers even with
dynamic IPs or behind NAT, using a proxy or direct connection.

Relay /Proxy Connection is used if a direct connection between the client and the
server is not possible (for example, double NAT).

Media subsystem architecture diagram Storage, which is part of the overall Plex
server infrastructure, is shown in Figure 2.3. It is responsible for storing, structuring,

backing up, and accessing media files.
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This diagram illustrates how a reliable media storage system is built that allows
Plex Media Server to work efficiently and without loss.

Media Management is responsible for folder structuring, naming standards,
accompanying subtitle files, cover art, etc. This simplifies Plex's automatic recognition

Media server.

Plex Account DB
(User Auth & Device Mapping)

Plex Cloud Core

- Session Management

- NAT Traversal (Relay/Proxy)
- Secure Token Exchange

- Remote Discovery of Servers

Y Y

Smart TV Desktop PC
Plex Client App Plex Web Interface

Game Console
Plex App for Console

Figure 2.2 — Plex architecture diagram Cloud Service in the context of its Plex support

features Media servers
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File System Layer provides logical access to stored files, file organization, access

rights support, and indexing.

Media Management
(Folder Structure, Metadata)

Y

File System Layer
(e.g. ext4, NTFS, Btrfs, ZFS)

Y Y

/media/movies /media/music
- *.mp4, *.mkv - *mp3, *flac
A A 4
/media/shows /media/photos
- *.avi, *.srt - *.jpg, *.png

* *

Physical Storage Media
(HDD /SSD / NAS / RAID)

Optional Backup Layer
(External drive / Cloud)

Figure 2.3 — Architecture diagram of the Media subsystem Storage
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Content directories are organized by media type (movies, music, TV series,
photos), and may have subfolders (e.g., season/series).

Physical storage is the disks or RAID arrays that directly store data. It can be
connected locally or via a network (NAS).

Backup provides an optional level of protection, implemented via external drives
or cloud services (e.g. rsync on Google Drive or Amazon S3).

Plex architecture diagram The Media Server, which is the central component that
processes, indexes, broadcasts, and controls access to user media content, is shown in
Figure 2.4.

Plex components interact. Media Server in the full cycle from storage to playback
on user devices.

Plex Media Server is the core that provides all computing and coordination
processes.

Metadata Fetcher is a module that retrieves information from sources such as
IMDb, TheTVDB.

Media Library Index is a database that stores content structure, metadata, tags, and
Views.

Media Transcoder is a key component that adapts media to the client's format.

File System + Storage is access to local or network media through the file system.

Plex Cloud Services provides authorization, routing, and NAT traversal.

Clients connect directly or via the cloud, receive metadata and content.

Plex architecture diagram Cloud Core is the central cloud service responsible for
Plex connections Media Server with connected clients, authentication, routing, NAT

traversal and other cloud functions is shown in Figure 2.5.
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for an unskilled user without configuring system ports or VPNs.

Plex Media Server
(Linux-based)

v

v

Metadata Fetcher
Posters, info
Online sources

Media Library Index
- DB of media content
- Tags, genres, status

Media Transcoder

On-the-fly video and

audio conversion

Local File System Access
/media/movies, /photos

¢

Physical Storage
(HDD, SSD, NAS, RAID, etc.)

!

Backup (optional)
(USB, Cloud, rsync, etc.)

|

Remote Configuration
(Web Ul / SSH / CLI)

'

Plex Cloud Services
- User auth, NAT traversal
- Relay if direct fail

Client Devices
- Smartphones (Plex App)
- Smart TVs, Web Browsers
- Game Consoles, Tablets

Figure 2.4 — Plex architecture diagram Media Server

The architecture allows Plex to provide "transparent" access to home media even

Plex Cloud Core is the logical core of the Plex cloud platform, acting as an

intermediary between the client and the media server.
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Plex Cloud Core

(Located in Plex Data Center)

v v v
Auth & Identify Session Coordinator NAT Traversal
- User accounts - Tracks active users - STUN/TURN

- Token issuance
- Device mapping

Matches clients with
- Plex servers

- Relay fallback
IP mapping logic

v

v

v

Plex Media Server (e.g.

at home)
- Registers itself

Remote Access API
- Secure signaling
- Connection tokens

>

Plex Clients (TVs,
phones, etc.)
- Requests access

3

-
<

Encrypted TLS/WebSocket Tunnel

Figure 2.5 — Plex architecture diagram Cloud Core

Auth & Identity module is responsible for storing accounts, issuing access tokens,

and binding devices to accounts.

Session Coordinator coordinates active sessions between Plex Media Server and

clients, maintains up-to-date information about server availability.

NAT Traversal provides NAT traversal via STUN/UDP or TURN/ Relay if a direct

connection is not possible.

The Remote Access API is used by both parties (server and client) to initiate a

secure connection.

TLS/ WebSocket Tunnel is the primary channel for encrypted control and data flow

when direct connection is not possible.

Plex Interaction Architecture Diagram Media Server ( Home ) with Plex Client (

connection is shown in Figure 2.6.

Remote ) via Plex Cloud, taking into account route, authentication, NAT, proxy/direct
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Plex Client (Remote) Plex Cloud (Relay &
- Web, Mobile, TV NAT Traversal)
- Login to Plex Secure TLS/WebSocket

3
Y

(Fallback if direct fails)

Auth Request, Device Registration

L J

Session Tracker
- Matches client with
server

Server Discovery

A J

Y

Auth & Token Server

F 3

h A

Plex Media Server (Home)
- Registered in Plex Cloud
- Runs on Linux
- Scans /media content
- Provides transcoding

Local Media Storage
- Movies, Music

Figure 2.6 — Plex interaction architecture diagram Media Server ( Home ) with Plex

Client ( Remote ) via Plex Cloud

The scheme allows a remote client to gain transparent access to the home
multimedia library without any additional settings.

Plex Client ( Remote ) accesses Plex Cloud, authenticates and receives routing
information.

Plex Cloud intermediary that:

— performs NAT traversal,

— creates a session between the client and the server;

— provides a fallback proxy channel (TLS/ WebSocket ) if a direct connection is

not possible.
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Plex Media Server ( Home ) is behind NAT or dynamic IP, but supports connection

to Plex Cloud, announcing its availability.

The storage server has direct access to physical or network storage with

multimedia.

Secure TLS Connection architecture diagram via Relay, which Plex uses when a

Plex Client (Remote)
3a NAT/Firewall

direct connection between the client and the server (via NAT) is not possible, is shown in

Figure 2.7. In this case, all encrypted traffic is transmitted through a cloud relay server.

TLS WebSocket
over Yrebsocke Plex Relay Server

A 4

User Auth (Plex Cloud)

Y

Plex Relay Server
(Same as above)

(Plex Cloud Relay)

Y

End-to-End Encrypted

(Maps Client Server)

Session Coordination

A 4

TLS over WebSocket

NAT/Firewall

Plex Media Server 3a

\ 4

Local Media Storage

/media/movies, music

Figure 2.7 — Secure TLS Connection architecture diagram via Relay

This is a reliable, secure, but slightly slower alternative to a direct connection,

which is convenient for ordinary users without technical training.

The essence of the architecture is that Plex The Client establishes a TLS connection

to the Relay Server (in the cloud) because it cannot directly reach the home server.
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Plex The Media Server, which also does not have a public IP address or is behind
double NAT, itself initiates an outbound connection to the same Relay Server.

Relay Server acts as a two-way proxy, transmitting encrypted traffic between the
client and the server without having access to the content (because the traffic is encrypted
end-to-end ).

Plex then ensures that the video/audio stream will be delivered even in difficult
network conditions, without opening ports or VPNs.

Media subsystem diagram Management in Plex Media Server is provided Figure
2.8.

It is responsible for the organization, analysis, indexing, metadata, and structuring
of multimedia content.

This architecture provides automated management of a large media library with
minimal user intervention, and also ensures that the library structure is consistent across
all client devices.

Media Management Core is the main coordinator that initiates all scanning and
updating processes.

Metadata Agent connects to external databases to automatically retrieve posters,
reviews, genres, duration, cast, etc.

Library Scanner analyzes the file system, scans the / media folders, identifies new
or changed files.

Media Matcher determines whether it is a movie, TV series, music, etc. based on
file names and their location.

Path Resolver normalizes media paths, provides support for multi-user
configurations and distributed NAS.

Metadata DB stores all extracted or generated data (locally, in the form of SQLite
or a similar DB).

Thumbnail Generator generates visual previews ( posters, frames) that are

displayed in client interfaces.
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User Preferences DB takes into account personalized settings that affect sorting,

metadata language, and display.

based on several key protocols, each of which has its own scope, advantages, and

Media Management Core
(OpkecTpye BCi Ail

KepyBaHHS)
v v v
Metadata Agent Library Scanner Metadata DB
- IMDb, TMDb - AHanis cTpykTypu - IlokankeHe cxoBsuLue
TVDB, MusicBrainz - ImeHyBaHHA dhannie 0DKNagMHOK, XaHpiB
{ v t

KoHTeHTy Path Resolver

Media Matcher
- Busnayae tun

/media/movies/

Path Resolver
/media/movies/
/music/, etc.

Structured Library
- View (Movies, TV)

h

Thumbnail Generator / Analyzer
ObknaguHkK, Npes'to Kaapis

Knto4yoBi MOMEHTU CLIEHM

F 3

h 4

User Preferences DB
HanawTyBaHHA mMegiaTeku

MoBa, »kaHpu, aBTOMaTK3aLia

Figure 2.8 — Diagram of the Media subsystem Management in Plex Media Server

limitations.

2. 4 Selecting a data exchange protocol

Data exchange between multimedia storage system components and end clients is
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In the context of Plex implementation Media Server, as one of the options for
building cloud media storage, it is important to consider three main protocol approaches:

DLNA, HTTPS, and Plex's own API.

2.4.1 DLNA

DLNA ( Digital Living Network Alliance ) is an industry standard for streaming
multimedia between devices on a local area network.

It works on a set of technologies, including UPnP ( Universal Plug and Play ),
HTTP for content transfer, and SOAP for service message exchange.

Plex Media Server has built-in DLNA support, allowing you to serve devices that
do not have a native Plex client but support DLNA (e.g. Smart TVs, game consoles, Blu-
ray players).

The DLNA approach does not require the installation of additional software on the
client side, but is limited in the flexibility of accessing advanced Plex features - such as
viewing synchronization, dynamic transcoding or access over the Internet. In addition,
DLNA works exclusively on a local network and does not support modern authentication

mechanisms.

2.42 HTTPS

To transfer data between Plex Media Server and clients working through official
applications or the web interface use the HTTPS protocol.

This 1s an extension of standard HTTP that works on top of TLS ( Transport Layer
Security ). Layer Security ), providing traffic encryption and protection against data
interception. HTTPS implements:

— transfer of metadata (information about movies, TV series, music);

— user authentication via Plex Cloud ;

— managing viewing sessions;

"nn

— transmitting commands (e.g., "play", "pause");
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- streaming video (in cases where a Web client or mobile application is used).
If a direct connection is unavailable, Plex automatically tunnels HTTPS traffic
through its own Relay servers, maintaining encryption and end-to-end data protection

between the server and the client.

2.4.3 Plex's own APIs

An important role in building interaction between Plex system components is
played by the proprietary Plex API, which is implemented as a set of RESTful interfaces
accessible via HTTP(S).

The Plex API is not fully documented, but an active community of researchers has
been able to partially reverse engineer the functionality of these APIs.

Through the API, the following is implemented:

— access to the library structure: movies, series, seasons, tracks;

— requests to scan new media files ;

— getting a list of current plays and online users;

— remote server management (restart, library update, synchronization, etc.);

— access to information about devices, sessions, ViEws.

The API can be used to develop your own client interfaces, automation scripts, or
integration with other systems, such as smart home systems.

Most APIs require authentication via a user token or Plex's OAuth mechanism, and
only work when connected to Plex. Cloud or local network with permission enabled.

Plex implements a multi-layered system of data exchange protocols.

for intranet interaction, ensuring compatibility with older devices.

HTTPS and native APIs enable a modern, flexible, secure, and remotely managed
multimedia cloud storage system.

Knowledge and understanding of these protocols is key to building a robust

software and hardware architecture based on Linux and Plex.
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2.5 Choosing an operating system

Choosing an operating system is one of the fundamental stages in developing a
software and hardware tool for cloud storage, especially when it comes to a platform that
should provide stability, security, ease of maintenance, and compatibility with
multimedia services, including Plex.

In this context, the decision was made to use openSUSE Linux as a base operating
system, combining the flexibility of Linux distributions with enterprise-level tools.

One of the key advantages of openSUSE is its focus on both server and desktop
use. It supports a wide range of server components out of the box, including systemd,
Zypper for package management, an automatic update system, and tool support for
containerization.

This allows you to create a stable environment for Plex to work in. Media Server
that is easy to maintain even in semi-automatic mode.

Thanks to the presence of the YaST ( Yet another Setup Tool ), openSUSE provides
additional convenience for configuring the network, storage, users, and services, which
is especially important when working with NAS systems or home servers, where the
administrator may not have deep expertise in command-line system administration.

YaST also simplifies the deployment of Samba, NFS, or firewall services required
for secure access to media content.

In terms of compatibility with Plex, openSUSE fully meets the system
requirements: it supports all the necessary libraries, has an active community, and Plex
Media Server officially provides builds for *. rpm’ based distributions.

This allows you to easily install and update Plex via the standard Zypper tools or
manually via * rpm * without breaking the system structure.

Of particular note is the openSUSE update model. Within the two branches Leap
and Tumbleweed, you can choose between stable ( Leap ) for production solutions or

rolling ( Tumbleweed ) for testing and getting the latest features.
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When building a cloud storage system with an expected long lifecycle, openSUSE
is preferred. Leap as a more stable and predictable platform with long-term support.

With a high level of security, regular kernel patches, integrated AppArmor process
isolation mechanism, and the ability to encrypt storage directly at the OS level, openSUSE
creates a reliable environment for storing and streaming media content.

Along with Plex, which requires efficient resource management, such an OS allows
for a balance between performance, security, and scalability.

Therefore, the choice of openSUSE as the base operating system is due to its
technical maturity, ease of administration, compatibility with Plex, stability in operation,
and the ability to flexibly configure the system taking into account both server load and

multimedia needs.

2.6 Overview of the cloud storage technology used

Server hardware requirements are critical to understanding the technical foundation
needed to implement reliable, scalable, and performant cloud storage based on Plex.
Media Server.

Properly selected hardware determines how effectively the server will cope with
the tasks of broadcasting, transcoding, indexing, storing, and distributing media content.

At the heart of any media server is the central processing unit (CPU). This is
especially important for Plex, as the CPU is responsible for transcoding video streams in
real time if the client device doesn't support the original format or if the bitrate needs to
be reduced for a slower connection.

A 4-core processor with hardware transcoding support (e.g. Intel) is considered the
minimum acceptable. Quick Sync or AMD VCE/VCN), however, for stable operation
with multiple simultaneous threads, it is better to use modern 6—8-core processors.

An important factor is support for AVX or AVX2 instructions, which accelerate

multimedia processing and encryption.
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The next key component is RAM. While Plex as a service is not particularly
memory-intensive, in practical applications RAM is heavily used for caching metadata,
pre- buffering streams, and running background processes (such as indexing or thumbnail
generation).

To build cloud storage with Plex on Linux, the base volume must be at least 8 GB.

When adding additional services, such as monitoring systems, access via
SAMBA/NFS, indexing large media libraries, or using Docker containers, it is advisable
to allocate 16 GB or more, depending on the load.

The disk subsystem acts as both media storage and space for system and temporary
files.

The reliability, performance, and scalability of this subsystem directly affect video
download speed, server response time, and the ability to work in parallel with large
amounts of data.

The primary media storage is usually large-capacity hard drives (HDDs) (4-10 TB
or more) combined into an array (e.g., RAID 5 or ZFS pool).

For the system partition, it is advisable to use SSD drives, which provide high
performance when loading the OS and processing databases used by Plex.

It is also important to organize backups - even at home, it is advisable to provide
for data duplication or periodic replication to an external drive or other storage.

An equally important component is the network subsystem. For internal
transmission of streams in a local network, 1 Gbps is sufficient. Ethernet, but for scalable
solutions or working with multiple HD/UHD streams simultaneously, a 2.5 Gbps or 10
Gbps interface 1s recommended.

Latency is especially critical when streaming over the Internet: Plex uses HTTPS
or Relay servers, so a stable connection with minimal packet loss significantly improves
the quality of streaming. It is also worth paying attention to the stability of the router, the
ability to forward ports ( port forwarding ) or NAT-PMP / UPnP support to provide direct

access to the server without the mediation of Plex cloud Relay servers.
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The formation of requirements for server equipment is based not only on the
theoretical characteristics of Plex, but also on a practical understanding of its load:
number of users, types of content, number of simultaneous sessions, method of access

(locally or remotely).

2.10 Conclusions to the second chapter

The second section focuses on system design. A comparative analysis of existing
cloud storage solutions, such as Nextcloud, Seafile, Syncthing, and Plex, was conducted,
which justified the choice of Plex as the optimal solution for a multimedia environment.

Developed Plex architecture Media Server, data exchange protocols (HTTPS,
DLNA, proprietary APIs) have been defined, which allows for compatibility with client
devices.

OpenSUSE operating system based on Linux was selected, which meets the
requirements for stability, security and openness. Hardware requirements were also
formulated, taking into account the typical load, the number of simultaneous connections
and the specifics of use. Thus, the architectural foundation for further implementation

was laid.
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3 SOFTWARE AND HARDWARE IMPLEMENTATION OF LINUX-
BASED CLOUD STORAGE WITH PLEX TECHNOLOGY

3.1 Architecture of the software and hardware tool. Diagram of interaction of

components: server, Plex, file storage, user

The architecture of the software and hardware tool that implements cloud storage
based on Linux with Plex integration is built on the principles of modularity, distributed
responsibility, and a client-server interaction model. The basis of the system is the server
part, deployed on a Linux distribution (in this project, openSUSE ), which combines
computing, networking, and storage functions. User devices connect to this server
platform via the official Plex client or compatible technologies such as DLNA or HTTPS.

At the center of interaction 1s Plex Media Server, which acts as a software media
controller. It indexes data from local file storage, automatically scans the directory
structure, generates thumbnails, covers, metadata (genres, year, actors, description) and
forms a media library, accessible to the user through the client interface. Plex does not
store files in its own format - instead, it provides a logical representation of media content,
which is physically located in a file subsystem built on traditional Linux file systems,
such as ext 4 or XFS. This subsystem is accessible to Plex through  the
corresponding directory paths specified when configuring libraries.

The file storage is implemented as part of the server's local disk subsystem. It can
be structured as a regular monolithic directory or as a RAID / ZFS array with a high
degree of reliability. If necessary, it is possible to organize shared access to the storage
from other systems using Samba, NFS or WebDAV, however, for Plex, the main data
source remains a locally mounted directory, which provides maximum performance
during streaming reading.

At the other end of the architecture are user devices—smart TVs, smartphones,
tablets, PCs, game consoles, media players —each of which interacts with Plex. Media
Server via specialized clients or browser via HTTPS. When a request is made to play

content, the server analyzes the characteristics of the client device (resolution, supported
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codecs, network bandwidth), and then decides whether to transcode. If transcoding is
necessary, Plex launches a background process that transforms the file in real time,
adapting it to the technical parameters of the client. This leads to a load on the CPU and,
depending on the settings, the use of a cache in RAM or temporary files on disk.

The key element that provides communication between the server and the client
over the Internet is the Plex cloud service. Cloud, which acts as an intermediary for
authentication and transmission of control commands.

In the case where direct access is not possible, proxying media stream via secure
Relay TLS channel.

At the same time, the content transmission itself remains end - to - end encrypted,
and Plex Cloud does not store the media files themselves.

All components interact in a single logical chain: the server accepts requests from
the client, checks access rights, generates or broadcasts content, using the resources of
the file storage and computing core.

Linux system architecture, each of the components can be configured in detail: for
example, the server part can be deployed in a container, file storage can be automatically
mounted at startup, and network rules can ensure priority of streaming traffic.

Thus, the architecture of the software and hardware tool provides for a clear
segmentation of roles:

— File storage is responsible for the physical storage of user content.

— Plex is responsible for access logic and streaming.

— Linux server is responsible for coordination and security.

— The user is responsible for interacting with the library through the client
interface.

This allows you to create a flexible, scalable and technologically advanced cloud
media system.

Component interaction architecture diagram: server, Plex The Media Server, file

storage, and user are shown in Figure 3.1.
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Figure 3.1 — Diagram of the architecture of component interaction: server, Plex Media

Server, file storage and user

The architecture allows for centralized content management, ensuring continuous
user access from anywhere in the world.

User connects to Plex Media Server via client application or web interface.

Plex The Media Server processes the request, accesses the file storage, reads the
required data, and, if necessary, transcodes it.

Linux server OS ( openSUSE ) manages resources, network, storage, and also
ensures the stable operation of Plex.

File storage contains multimedia content available to Plex for streaming.
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3.2 System software development

Consider the system software that implements system encryption.

It checks if there are any tasks to scan for new movies or TV shows in the plex-

scan file, and for each one, it launches Plex Media Scanner with the specified path and

corresponding library section.

After processing the records, it clears them from the file so as not to rescan.

Let's present the script in pseudocode with steps:

— the script directory path;

— set the ple dir variable to the directory where the current script is located;

— go to the ple_dir directory.

2. Reading the configuration file. ple.conf file exists in the current directory, then

load variables from this file

Otherwise:

Display a message about missing configuration

Write an error to the log upload-error

script execution

Logging the start of scanning:

Add a separator to the plex-scan.log file

Record the date and message " Starting plex scan " to the log file

3. Check for scan jobs
If the plex-scan file is not empty:

If the paths to TV series or movies are not mounted, but the corresponding

option is enabled:
Write error message to log

End script

4. Reading the task list from the plex-scan file

For each line in the plex-scan file :

Read a string as line
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Split a string by the

character into the array current

If the first element of current1s " tv ":

Variable show = second element

Variable season = third element

Build the path to the series folder
Set the LD LIBRARY PATH environment variable

Run Plex Media Scanner to scan this series folder

Record scan completion in the log

Otherwise, if the first element of current is " mov ":

Variable folder = second element

Build the path to the movie folder

Set LD LIBRARY PATH

Run Plex Media Scanner for scanning film

Record scan completion in the log

Log that the line was scanned
Increase counter n by 1

5. Cleaning scanned lines

Remove the first n lines from the plex-scan file

3. 3 Algorithm of system operation using Plex, Rclone and Cloud Drives

Let's consider the algorithm of functioning of the software and hardware

implementation of cloud storage based on Linux with Plex technology.

Algorithm of system operation using Plex, Rclone and Cloud Drives includes steps:

1. Preparing cloud storage via Rclone.

2. Uploading multimedia files to the "input" directory.

3. Automatically transfer files to the cloud.

4. Writing information about new files to the scan queue.

5. Verifying the cloud storage mount.
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6. Plex scans only specified directories.

7. Completion of the process.

At the initial stage, the system administrator or user configures access to one or
more cloud storages (for example, Google Drive ) via the rclone tool.

This allows the system to work with the cloud as a remote file storage, mounting it
as part of the file system.

The user or another subsystem (for example, an automated downloader) adds new
media files (movies or TV series) to a special local download directory.

This directory is not part of the Plex library, but is used as a buffer for further
processing.

Periodically or event-based (for example, via cron or systemd.timer ) that:

- analyzes the contents of the input directory;

- identifies new or changed files;

- copies or moves these files to the appropriate directory on Google Drive (or other
cloud storage) using " rclone copy " or * rclone move °;

- when using multiple Google accounts Drive, the system can duplicate files to two
or more storage devices using the RAID 1 principle, i.e. for redundancy.

After a successful upload, the script adds an entry to a queue file (e.g. * plex-scan’)
stating:

— media type (" tv " or - mov ');

— show/movie titles;

— season numbers (for TV series);

— the entry is structured in the format ° tv:ShowName:Season 1° or
mov:MovieFolder ".

A separate script checks if the cloud storage is mounted on the filesystem via °
rclone mount’. This is important because Plex needs to have direct access to the files for
indexing.

Google's API quota to be exceeded ), the script:

— -reads the * plex-scan’ queue ;
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— - for each entry, it defines the exact path to the new directory in the cloud
storage (for example, / mnt / plexdrive /TV/ ShowName / Season 1°);

— - launches Plex Media Scanner with parameters: "-- scan " and "-- refresh * for
updating; -d* with specifying a specific path; -¢* with the number of the corresponding
library (movies or TV series);

— - after a successful scan, removes the processed record from the queue to avoid
repetitions.

The system updates the logs (‘plex-scan.log’ and " upload-error’ ) with the results
of operations — this allows for auditing and diagnostics.

By scanning only the newly added portion of your media library, rather than the
entire collection, the number of queries to Google is significantly reduced. Drive API.

This allows you to avoid errors like "API quota exceeded ", which often occur with
large libraries in Plex.

Files can be copied to multiple Google accounts at the same time. Drive accounts,
which provides reliability when losing access to one account, the data remains on the
other, as well as offloading the API by scanning, which can be distributed across accounts.

The system combines upload automation, incremental scanning of the Plex library,
data backup, and API quota savings, making it a highly efficient solution for Plex -based
cloud media storage.

Flowchart of the system operation algorithm using Plex, Rclone and Cloud Drives

is shown in Figure 3.2.

3.4 Installing system software

Let's take a detailed look at the process of installing system software on a Linux
system for a Plex cloud media storage project. This walkthrough provides a step-by-step
installation with an explanation of each step.

The list of stages is as follows:

1. Cloning the system software repository.

2. Granting access rights.
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3. Installing Rclone.

Google Account Configuration Drive.

5. Mounting cloud storage in the file system.

6. Defining Plex Library Sections.

The first step is to get the project code that contains the system management scripts.
This is done using the * git command clone °, which downloads the contents of a GitHub
repository to the user's home directory.

""" bash

git clone https://github.com/roni/PLE

This command creates a "PLE" subdirectory with all the necessary scripts. This is
the main structure that will control the loading, mounting, and scanning of content in
Plex. Since Plex runs under a separate system user (" plex’ ), it is necessary to grant full
access to the scripts and repository configurations to this user.

The * chmod -R 777" command grants full read, write, and execute permissions for
all users — this is a temporary measure during the setup phase:

"~ bash

sudo chmod -R 777 PLE

In real-world conditions, more secure permissions settings should be used on
production systems.

" rclone ° is a utility that provides synchronization, copying, and mounting of cloud
storages such as Google Drive. First, you need to download the latest version of * rclone
" from the official website (or using " curl °, * wget *, * snap "~ or " apt °).

The following actions are then performed:

— moving the binary file to a system directory that is already specified in the
'$PATH" environment variable, for example */ usr / local / bin /*;

— setting access rights for this file.
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Setting access rights involves executing the following system commands in the
console:

""" bash

sudo mv rclone / usr / local / bin /

sudo chown root:root / usr / local / bin / rclone

sudo chmod 755 / usr / local / bin / rclone

~ N~

START OF THE SYSTEM

|

Other)

Adding a new media file to a local "input"”
directory

The script checks new files and uploads them
to the cloud (GDrive)
(via RCLone Copy/Move)

A record of new content is created in the
"plex-scan" queue

|

The plex-scan script is run automatically or
manually

Checking edited direclories (movies/series in

If not mounted — error and exit

Read each entry in "plex-scan”
Type Definition (tv or mov)
Forming a path to a specific directory

|

Plex Media Scanner track parameters:
--scan —refresh <dir>—d-c <ID contacts>

Deleting a processed record from the plex-
scan queue

Update Logs on Execution Status and Errors

|

COMPLETION OF THE AUTOMATION CYCLE

Figure 3.2 — Flowchart of the system operation algorithm using Plex, Rclone and Cloud

Drives
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After that " rclone * will be accessible from anywhere on the system.

" rclone config * allows you to create remote connections ( remotes ) to Google
accounts Drive.

During the configuration process, the name of each connection is set (for example,
" gdrive-main ") and authorization is performed via OAuth 2.0.

The results are stored in "~/.config / rclone / rclone.conf™.

In order for Plex to be able to read files directly from Google Drive, you need to
mount the remote using * rclone mount .

This provides access to the cloud as a local directory:

"7 bash

sudo mkdir / mnt / gdr-main

sudo rclone mount -- allow-non-empty -- allow-other gdrive-
main :/ / mnt / gdr-main &

Let's look at the parameters used:

*-- allow-non-empty  allows mounting a directory even if it is not empty;

*-- allow-other " allows other users (e.g. " plex ") to access the mounted directory.

Alternatively, you can use ple, which also provides mounting but has a built-in
cache for working with Plex.

In case of encrypted mount (via * rclone crypt ) it is important to make sure that
Plex scans the decrypted directory, and the names of the encrypted remotes are used in
the configuration files.

In order to specify the correct libraries ( Movies / TV Shows ), you need to
determine the internal identifiers of these libraries in Plex.

To do this, the built-in scanner is called with the "-- list * option under the * plex
user :

"7 bash

sudo su -c ' export LD LIB PATH=/ usr / lib / ple ;

/ usr / 1lib / ple / Pl \ Media \ Scan -- list ' ple
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N~~~

The output will look like this:

1: Movies

2: TV Shows

These numbers (e.g. 17, 2") correspond to the * ple movies sec num' and °
ple tvs sec num’ parameters, which must be written to the " ple.conf” configuration file.
After completing all the above steps, the system is ready for automated media upload to
Google. Drive and scanning only new directories in Plex. This allows you to reduce the
load on the Google API, maintain performance, and optimize system resource

consumption. The flowchart of the SSP installation algorithm is shown in Fig. 3.3.

3.5 Application developed software and hardware implementation of cloud storage

based on Linux with P lex technology

Plex integration Media Server with cloud storage based on rclone, using Google
Drive as the main media for multimedia data.

For launch and everyday use, the system involves simple user interaction with two
main scripts: uploading multimedia content to the cloud and initializing a scan of the Plex
library for new files.

After the preliminary configuration of the ° ple.conf * file, which includes
specifying paths to local directories with media content, setting up remote Google Drive
accounts, options for deleting files after downloading, allowed file types, and Plex library
section numbers, the user can run the "ple.sh” script.

This script automatically detects new files in local directories, checks their types,
and uploads them to the specified Google Drive in one or more instances similar to

RAIDI1 using rclone, and, if necessary, clearing local storage after successful transfer.
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START OF INSTALLATION

}

Cloning a PLEXiDRIVE repository from GitHub
git clone https://github.com/masonr/PLEXiDRIVE

l

Setting directory permissions for Plex sudo chmod —
R 777 PLEXIDRIVE

l

Uploading to rclone installation
mv rclone -> /usr/local/bin
chmod + chown

!

Configuring rclone config for Google Drive to create
remoots (gdrive-main, etc.)

|

Mounting Google Drive to the system via rclone
mkdir /mnt/gdrive-main
rclone mount gdrive-main:/ /mnt/gdrive-main &

|

(Optional) Using plexdrive or rclone crypt (with
decrypted paths for Plex)

}

Definition of Plex Partition IDs:
Plex Media Scanner —list -> Movies: 1, TV: 2

l

Write sections to plexidrive.conf file
(plex_movies section num =1,
tvshow_section_num=2)

l

SYSTEM READY TO GO

Figure 3.3 — Flowchart of the system software installation algorithm

After the data download is complete, the user runs another “ples.sh’ script.

This script is run as the system user " ple *, and calls the built-in Ple scanner, which

initiates an update of a specific section of the media library (for example, only movies or

only a specific season of a TV series), instead of a full scan of the entire library.
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This approach avoids exceeding Google API call limits. Drive, which is critical
when working with large media collections.

To ensure continuous operation of the system, automation is possible via the * cron
" task scheduler.

The user configures two independent * cron job :

— - the first one runs ‘ple.sh” at an interval, for example, every 4 hours

— -second ‘ples.sh’ from user " ple’ immediately after the download is complete.

This organization ensures that new media files are regularly added to the library
and immediately become available for playback without manual user intervention.

Thus, the system provides a full work cycle from placing media files in a local
environment to their availability in Plex, integrated with the cloud infrastructure.

All the logic of operation is centralized around a flexible configuration file °
ple.conf *, where the user can:

— - change paths;

— - change library identifiers;

— - modify the list of supported formats;

— - specify the number of Google Drive used;

— - set behavior parameters after loading.

This allows you to adapt the system to individual needs without the need to modify

the program code.

3.6 Configuring a single-storage configuration

Let's consider a description of the process of configuring a system with one cloud
storage (using Google as an example). Drive ).
Google account Drive needs to configure the * ple.conf” configuration file, which

is a key element for controlling the entire system.
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This file defines cloud storage connection parameters, media file processing
specifications, Plex library paths, local media paths, and activity modes of individual
subsystems.

The first step is to specify the number of cloud accounts that will be used for media
uploads.

In the case of a single storage, the * num_of gdrives " variable is set to 1.

Accordingly, in the * drive names ' array, only one name is specified, which
corresponds to the name of the remote previously configured via * rclone config .

For example, for the main Google The remote drive name could be * gd-main .

The next block in the configuration are the options that define the behavior of the
boot script.

In particular, the " del a up " variable allows you to set whether to delete local files
after successfully copying them to the cloud.

This is useful in cases where saving disk space is important. In this configuration,
the value is set to " true *, meaning the system will automatically clean up local directories
after the transfer is complete.

fil tp * variable defines a list of video file formats to be processed: for example,
mkv ', Tavi, mp4 ", mdv ', mpg’, wmv , flv'.

This avoids accidentally processing incompatible or other service files.

The " rcl _conf " parameter is left empty in this case, meaning the standard path to
the rclone configuration will be used (usually "~/. config / rclone / rcl.conf ).

If you need to use a non-standard path, you should specify it here.

The following are the paths to the Plex directories, which are the result of mounting
the cloud storage using rclone.

In this case, the variable " ple t p" points to '/ mnt/ mVs', and * ple mp" points to
/ mnt / main / Ms’.

These are the paths that should be mapped to Plex when creating system libraries.

A mandatory condition is the absence of the */° character at the end of the path,

which is taken into account in scripts to avoid duplication of separators in final paths.
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The variables " ple ms " and " plets " correspond to the identifiers of the Plex
libraries, which are defined separately via the special Plex command.

In addition, you must specify the paths to local directories where the source video
files are stored before uploading to the cloud.

For TV series, this path is '/ home / masonr / tv-shows /°, and for movies, '/ home
/roni/ vid /".

In this case, on the contrary, the */° character at the end is required for correct
processing in scripts.

The corresponding subsystems are activated in the configuration.

The " ene_sup ° variable determines whether to search for and download TV series,
and  enupls * determines movies.

Both variables have the value " true °, meaning the system will process both content
types simultaneously.

With this setup, the system is fully ready to work automatically with one Google
Drive, which allows for continuous uploading of new content to cloud storage, its
subsequent scanning by Plex, and end-user access to an up-to-date library of multimedia

materials.

3.7 Configuring a multi-cloud storage configuration

Let's consider a detailed description of the process of setting up a configuration
with two cloud storages.

In the case of deploying the developed system with two Google Drive storage, the
goal is not only to store content, but also to ensure fault tolerance by duplicating media
to two independent cloud accounts.

This architecture resembles the RAID 1 principle: each file, after being
downloaded, will be automatically duplicated on the second storage, which significantly
increases the reliability of data storage.

The entire process is controlled through the * ple.conf™ configuration file.
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Consider the section containing the GD R parameters.

The first part of the configuration specifies the number of repositories to which the
upload will be performed.

The " ngdr’ variable is set to 2", which means using two cloud accounts.

Next, in the * drm * array, the * rclone " names are specified: ' gdrive-main " is the
main one, and "' gdrive-backup " is the backup one.

These names must exactly match those previously configured in * rclone config ".

Let's consider the section containing file processing options.

The * delup” variable is set to * true’, which means that local media files will be
automatically deleted after they are fully downloaded to both disks.

This is useful in cases where local storage is limited. * file types * contains the
extensions of video files that the system should detect and transfer to the cloud.

The list of formats has been expanded to " mkv *, “avi ", " mp4 *, " m4v ", " mpg °,
“wmy , C flv ', " mpeg , covering almost all major formats of user multimedia content.

The value of the " rclone conf variable explicitly points to the full path to the user
rclone configuration file : '/ home / roni /. conf/ rclone / rcl.conf .

This is important for situations where the configuration was created under a
separate user account and not in system space.

Let's look at the section containing Plex settings /

The next step is to link the mounted directories to the corresponding Plex libraries.

In this configuration, the paths for movies and TV shows are different: " pleoath’
refers to the primary drive (*/mnt/ mTS" ), while " plep’ refers to the backup cloud storage
('/ mnt / bacMs" ).

This approach allows you to separate user content not only logically, but also
physically.

Plex should be pre-configured so that the specified directories correspond to

libraries like TV Shows and Movies.
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The library identifiers are specified using the variables * pleo_sm " and * plesen_m
" in this configuration they are 2 and 1 respectively, which means the second and first
section in Plex.

Setting local media directories is done as follows. The system expects new video
files to be uploaded to local directories.

The path to TV series is set to * locpa’ in */ home / roni / tvs /°, and the path to
movies 1s set to " locp” in '/ home / roni / vid /.

The */* symbol at the end indicates that these are directories, not individual files or
relative paths.

Scanning these directories allows you to detect new files to copy.

Finally, the corresponding subsystems are activated: * ene shads = true " and °
eneps = true * mean that the system will process both the user's TV series and movies.

If any of these options are set to " false °, the corresponding content category will
be ignored.

The dual-storage configuration provides a balance between efficiency and
reliability.

The entire system works transparently for the Plex end user, while automating

routine operations and minimizing the risk of data loss through backup.

3.8 Google accounts Drive as storage for Plex server

Google accounts Drive as a storage for the Plex server, specialized system software
was developed in the form of the “pled.sh” script.

It is the central element of the system for automating the upload of multimedia files
to cloud storage and the subsequent integration of these files with the Plex server.

Its functioning covers several key stages:

— 1nitialization;

— environment check;

— configuration processing;
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— running auxiliary scripts for data loading;

— Initiating a scan of Plex libraries.

Let's consider the process of checking the uniqueness of an execution.

In the first stage, the script checks whether it is already running in another process.

This is achieved by looking at the list of all processes running a script named
‘pled.sh’ and comparing their PIDs to the current process.

If it is detected that another copy of the script is already running, execution is
interrupted.

This approach prevents multiple processes from loading the same files at the same
time, which could lead to duplication or corruption of the data being used.

The environment is initialized as follows: the path to the current directory where
the script is stored is determined, and a transition is made to it.

This is important so that all subsequent relative paths work correctly regardless of
where the script is called from.

Let's consider the process of processing a configuration file.

The script checks for the existence of the * pled.conf” configuration file.

If the file exists, its contents are connected to the runtime environment via the °
source - command, allowing the system script to use all variables specified in it.

If there is no configuration file, an error message is displayed both on the screen
and in the " upload-error " log file, after which the script terminates.

Let's consider the process of preparing service files

At this stage, empty service files (" ples’, ‘ple.log’, * up-er’ ) are created if they do
not already exist.

This ensures stable operation of scripts that can write or read data from these files.

Let's consider the process of checking the consistency of parameters

Next, a critical check is performed: the number of Google accounts Drive specified
in " ngd * must match the actual number of drive names specified in the * ds ™ array.

In case of a mismatch, the script stops, recording an error in the * upload-error °

file.
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This protects the system from incorrect operation due to incomplete or incorrect
configuration.

Let's look at the process of downloading a TV show.

If the * enads * parameter in the configuration file is set to * true °, then a helper
script ‘uws.sh’ is run, which is responsible for searching for new episodes of a TV show
in the local directory and downloading them to all specified Google accounts. Drive.

Upon completion, the return code of this script is checked.

If the download fails, the main script stops running and displays an appropriate
message.

Let's look at the process of downloading movies.

The block that processes films works according to a similar logic.

If " enads " is enabled, the "uploies.sh’ script is called.

If this script returns a non-zero code (i.e. an error occurred), the main script
terminates execution to avoid further incorrect actions.

Plex library scan.

The code provides the ability to automatically run the “pln.sh’ script after
downloads are complete.

This script runs as the * ple’ user and updates Plex libraries using the CLI interface.

Its use is only possible when the * plex_scan_after upload’ parameter is explicitly
enabled in the configuration.

The ‘pled.sh’ script acts as a control mechanism in the developed system,
providing:

— - unambiguous execution;

— - configuration compliance control;

— - manage individual content downloads by category;

— - flexible integration with Plex to ensure your media libraries are up to date.

Thanks to structured logic and error prediction, the script allows you to automate
key stages of working with a multimedia server in a cloud storage environment.

Running the script in the OpenSuse operating system is shown in Figure 3.4.
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Figure 3.4 — Running the script

3.9 Conclusions to the third section

updating Plex libraries are also implemented.

with multimedia content in a cloud environment.

In the third section, the hardware and software implementation of the cloud storage

is carried out. The architecture of the server part interaction with Plex, the file storage and

Implemented software, configured Rclone to synchronize with Google cloud
services Drive, automated component installation and launch of media library updates.
The algorithm for the system's operation is described, taking into account scenarios with

one and multiple accounts, and mechanisms for automatically launching scripts for

The system provides high adaptability, ease of administration, and seamless work
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CONCLUSIONS

Linux-based cloud storage software and hardware tool was developed and
implemented using Plex technology.

Based on an in-depth theoretical analysis and comparison of modern approaches to
cloud data storage, the choice of appropriate technology and software and hardware
architecture was justified.

The implemented system combines the advantages of open source software,
containerization, automation, and cloud integration, which allows for efficient, secure,
and scalable multimedia content management.

The results of the work can be used for implementation in home multimedia
servers, educational projects, or small organizations that need efficient streaming and data
storage without dependence on commercial providers.

The first section provides a detailed analysis of software and hardware tools that
allow for the effective implementation of cloud storage. It is established that the use of
cloud environments is a modern and cost-effective practice that provides flexible data
access, scalability, increased security, and reduced infrastructure costs.

The second section focuses on system design. A comparative analysis of existing
cloud storage solutions, such as Nextcloud, Seafile, Syncthing, and Plex, was conducted,
which justified the choice of Plex as the optimal solution for a multimedia environment.

In the third section, the hardware and software implementation of the cloud storage
is carried out. The architecture of the server part interaction with Plex, the file storage and

the user is developed.
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