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MOH Ykpainu

03680, m. Knig, Byia. Cosom’sinchka, 7

BIAT'YK
odiuiiinoro onouenta,
OIPOPCKTOPA 3 HAYKOBOT podoTH
Jepacasiiol akaaemii nic/siAnIIoON ol ocBiTH Ta ylnpasainns,
MiuicTeperBa ekodorii Ta npupoxnnx pecypeis Yrpainu,
AOKTOPA TeXHivuNX Hayk, npodecopa MALUKOBA Oxeza Aivbepmosunia
Ha ANCEpPTANIT0 @ EAOPOBOI Hamanii Bosooumupisnu
32 TeM0i0: “MeTon00Tis yIpaBailng PO3NOALI0OM pecypeiB MyJikTHCCPBICHOT
MAKPOMEPCIKT BPH HAAANN NOCAYT KOpHeTyBauam™, noaany na 3nodyris
HAYKOBOTO CTYIEIS JOKTOPA TEXHIMINX HAYK 32 CHCIIAABLIICTIO 05.12.02 -
TEJCKOMYHIKAIIHI CHCTEMI TA MCPEIKI

ARTVANLHICTS TCMHB AHCEpTALLil.

BizoMo, 10 Ha chOroAHilINIA aeus B Ykpaini  po3puTox  raiysi
TellckoMyHiKaliil BiaByBacTbes y HalPAMKY CTPIMKOTO PO3ILKPEHIS PUHKY 11OCIYT,
0 HaZAlOThes Kopucrysauam. Lle, B CBOW0O depry, cnpusc BIPOBLLAKCHHIO HOBHMX
TexHomoriii Ta X kouBeprenuii. [Ipd uUbOMY CyHacHi MyJibTHCEPBICHI NOCIYTH
HAZAIOTLCH HA OCHOBI MOBMX TeiCKOMYHIKAUIHMX TEXHONOTIH, fAKI BHCTYMAIOTH
OCHOBOIO JUIsl 10BYAOBKM Mepesk 38'a3ky nactynnoro nokoninis (Next Generation

Network, NGN).

Brigwail AYT N A6
Gh 1 s




3a mpornosamu, fo 2022 poxy na nnaneri Oyne 29 mipa. MAKIOUEHHX
MpUCTpoiB, 18 MIIpA. 3 AKMX — 1€ npuctpol loT. Lle o3nauac, MO Ha KOKHOTO
aKTHBHOro KopHCTyBaua Oyne nNpuxoauTWCcs oapa3sy aeKinbka "po3yMHHX" peuei.
Mlns ix edexTuBHOi Ta HadiiiHoi poBorn HeobXinHO byne wock Oinblle, 4HM
BUCOKOLIBHAKICHA Mepexa. AKTUBHHHA eBOJIIOUIHHWA PO3BHTOK TeXHONOrH Y
Haibnuuuuii nepcrneKkTHUBl NpHUBeae /1o CTBOPEHHA MYJILTHCEPBICHUX MaKpOMEpEX,
METOIO SKUX By/le BHPILIEHHS IPUHLIMITIATLHO HOBHX 3384, 3 ABNAThCS HOBI BUMOTH
i 337241, 1110 BIKC 3apa3 MOXJIMBO BU3HAYHTH i1 TO3HAUNTH.

Tak yMOBH PHHKY BMMAaraloTh Bil oneparopiB MiJABHILEHHA AKOCTI YCbOrO
fnepeniky MOCHyr, 110, B CBOIO H4epry MPHU3BOAHTL 1O 30iMbIIEHHsS BMTpaT Ha
yNpasiiHHSI MEPEKHOIO 1HPPACTPYKTYpOIO. B Toit e uac onepaTopl 3alikaBieHi B
SHUWEHHI  eKCTUlyaralifiHuX BHTPar |  MiABLIEHHI eeKTHRHOCTI MPOLIECIB
yNpasliHHs MyJILTHCEPBICHUMN MEPEXKAMH Ta IX eJleMeHTaMu.

3riiHo BH3HAYeHb, MyJbTHCEpBICHA Mepexa — ue €IWHA TesleKOMyHiKIIHHa
CTPYKTYpa, LIO 3JaTHa fepenaBaTH pizny indopmanito (ronoc, sineo, AatiHi) 3
WBHAKICTIO, LUO MCPEBULLYC B AECSTKH-COTHI pasiB icHytoul IUBMAKOCTI mepeaaui
naHuX, a MakpoMepeka (JOPMYEThes 31 crielianizoBaHnX Mepex Al MOKJIMBOCTI
HagaHHA pi3HUX cepsiciB onepatopa 38’a3ky. B nanomy aMceprauiiiHomMy
JOCAIUKEHHT POIMIANAETLCS OJLMH i3 BApialTiB MYJIbTHCEPBICHOT MaKpoOMepeKi — 1e
MyNbLTHCEpPBiCHAa MakpoMepera MOOLUILHOIO - oliepaTopy cepBiciB. 3 PO3BHTKOM
MOBILHUX Mepex Ta iX ajanTaiielo J0 HOBMX NPUCTPOIB Ta mnocnyr - BN
iHTeNeKTYanbHHX eNneKTpoNiuuIbHHKIB, apTOMOGINIB Ta NIAKIIOYEHHX NOOYTOBHX
[PUCTPOIB A0 NPOMUCHOBUX OO’CKTIB — JI0 HHX BHCYBalOTHCH HOBI Ta
Hafipi3HOMaHiTHiLI BUMOTH. Y 3B'SI3KY 3 UMM, MIXi/Jl «OfHA TEXHOMOrs AN BCiX»
HaBpsall 4 Moxe OyTH eQeKTHBHOIO Al 3abe3reuents 3pocTalodoro Yuchia
pisHomaniTHHX norpe6 3 Boky Oi3uecy, CYCTIiIbCTBA | OKPEMHX KOPHCTYBaYiB.
Texuonorii NpojoBKaThL CBIi  POIBUTOK Yy  HAMPAMKY  Jl10 GiNblLl  BHCOKOT
NPOAYKTHBHOCTI Ta Bce GLNBILOT KiNLKOCTI moxk/iMBocTeit. Ha jionatok A0 ichylounx
TexHONOM#l  pajiofocTymny, 3'SB/IATBCA TAKOK HOBI TEeXHONOr, fKI A03BONATH
BUPILLlyBaTH Ti 3aB/laHH#, SKi BMPILIWTH 3a JONOMOrOLo 2G / 3G / 4G HeMOXIIHBO.

3ri[IHO 3 TPOrHO3aMH, B PE3y/IbTATI TAKOrO PO3IBHTKY BHKE 110 2020 poxy 3'BHTLCH TE,



wo HazusaloTs 5G, T06To HaBip opranivuto iHTErpOBAHIX TEXHONOTIH Pa/liofOCTYITY.
BpaxoByioun, 1o TexHonoris 4G - lle eBOMOUIHNA KPOK Y PO3BHTKY TexHonorii
MOGILHOrO 38'83KY, sk, i possutox HSPA i WI-Fi, B Haitbamxuomy MaiOyTHbOMY
BOHA He BTpaTHThL cBoci akryanbrocti. Harits GSM Oyne sifirpasaty BaKAHBY poib,
[POAOBKYIOHH 3alULLIATHCS JOMiHYIOHOIO TEXHONOTIEI B GaraThoxX KyTo4Kax 3eMHOT
kyni i micns 2020 poky. Tomy MoBa fifie He PO 3aMiHy ICHYIOUUX texHonorii Ha 5@,
a, CKOpille, NPO 1X PO3BMTOK i MOTORHEHHS HOBUMH TEXHOJIOTIAMM panionocTymy,
fpU3HAYEHHMH AUTS KOHKPETHUX clienapiis Ta nesnuX uiiei. Ilpozopa iHTerpalis
icHylo4MX ~Ta HOBMX TexHojioriii Gyne  crpusiTH  MiABHILEHHIO SIKOCTI
KOPHMCTYBALLKOrO JOCBiy | NOABH LINOIO ALY HOBHX [1OCHYT. AKTHBHUH PO3BHUTOK
Ta QyHKUIOHYBaHHs TEXHONOTIH, 1O 3'CLIYIOTh CYCIINLCTBO B €XMHOMY npocTopi,
CIIPUSAE | BE/IE [0 CTBOPEHHS MaKPOMEPEKi oreparopa.

[MpakTHuHa peanizaiis piBHs ynpasjitkg rocnyramu Ta 6i3HecoM B Cy4acHHX
MyJLTHCEPBICHMX MEpekax BHKOHYETCS B paMKax AEKINbKOX TEXHOJIOTIHHUX
figxonis, Ao skux moxkua Bignecty CORBA (Common Object Request Broker
Architecture), COM/DCOM (Component Object Model/Distributed COM), SOA
(Service-Oriented Architecture). AHani3 noxasas, LU0 ICHYIOHT CHCTEMH yIpaBaiHHs
(Operation Support System/Business Support System, OSS\BSS - cuctemu) B nepluy
yepry opienTomani Ha 36ip Ta 06pobky iHopmalli, WO UMPKYIIOE HAa piBHi
Tpamcriopry i aoctyry. Jlanui niaxi 3Hauio yek1anHioc peajiizalilo ajJropHTMiB
aaNTUBHOrO YNpaBiitKg, 110 BPaxoByioTh 0coBNHBOCTI pi3HOro THNY Tpadiky B
3a1eXKHOCTI Bifl THNy nociyry. BianosinHo, MoxHa 3pobUTH BUCHOBOK, LUO nepexiz
JI0 BHKOPHCTAHHSI MYJIBTHCEPRICHMX Mepex BHMEpelKac pPO3IBHTOK 3aco0iB Ta
METOJLIB YIIpaRNiHHA, IO npeacTasise cobolo oany 3 akTyalbHux npobnem B ranysi
TelleKOMYHiKauii.

[lpu BUpilIeHni 3aadi yNpagIiHHA CyuacHuMH MyJIBTHCEPBICHHMH Mepeikamu
HOCTalOTh JeKifibka OCHOBHMX cknaanoctedl. [lo-nepiue, icHytoui cHCTemH
MepEe;KHOTO yNpaBnilHHsg OCHOBaHI 11a BHKOPHCTANHI NPOTOKONY SNMP(Simple
Network Management Protocol). Lle 103B80As€ BHKOHYBAaTH MOHITOPHHI fHLLe
napaMeTpiB KOMNOHeHTiB MepexHoi iHdpacTpyKTypu. AJie Le HE A03BONAE OLIHHTH

B3AEMOIII0 NAapaMeTPiB OKPEMHUX EJIEMEHTIB MepeiKi, 1110 3HaYHO YCKNAAHIOE rpoLec



JiarHOCTHKK Ta MOIWYKY Mpu4ut noripuients poboru mepexi. Ilo-npyre, cucremu
MEepEeKHOro YIpasiiHHs He [03BONIIOThH [IPOBOJKTH OLIHKY napameTpis QoS
(Quality of Service) npu Hapau#i HOCIYT, 1O 3HAYHO YCKIAAHIOC BUPILICHHS 3agaul
ynpasninns KoH(pirypauieto cepsicin. Bci wi cknajiocti rpr3BoaaTh A0 TOTO, MO
1715 3abe3neueHHs HEOOXiAHOro PiBHS AKOCTI MpH HalaHHi HoOCnyr po3poOHHKH B
Mpoueci NPOEKTYyBaHHS MYyNLTHCEPBICHMX Mepex BUMYLUeHi nependaqaty 3HauHy
HaAMIpHICTb 33 OCHOBHHUMH MapaMeTpamy, LIO HEraTHBHO BMINBAE HA BApTICTh
HadaHHs Mocnyr HiKMM wsxoM 3abesnetenns HeoOXiNHOTO PiBHA AKOCTI HaLaKHsl
Nocayr € BAOCKOHAJIEHHA CHCTEM MEpekioro ynpasminni. A came, peaiizauis
METOiB aHaji3y CTaHy CepBiciB, AMHAMiuHe YNpaBNiHHA KilbKIiCTIO eK3eMMsipiB
cepBiciB, yipaBiHHs PO3MOINOM NOTOKIB 3aBOK KOPHCTYRAIB MK €K3eMILIApaMH
cepBiCiB 3 ypaxyBaHHsIM TX CTany Ta XapakTepucTHK sxocti obciyrosysants. Takuii
Ninxia no3Bojisc Ginbly NOBHO BpaxyBard BMMOrH KopucTyBauin mopo QoS 6es
3HAYHOrO MiJABULIEHHS BAPTOCTI HAlAHHA NOCYT.

EQexTUBHICTL CyuacHuX iH(OpMALIHHHX CHCTEM ICTOTHO 3aNEKHUTh B AKOCTI
ynpaeninus ixHiMu pecypcami. ToMy OCHOBHOIO METOIO YTPaRIiHHS MEPEKEBUMH
pecypcamu € 3abe3neuets 3a1aHUX NOKA3HKUKIB SKOCTI 00C/IyTroByBaHH (Quality of
service, Q0S) KOpHCTYBauaM, AKi BHAAIOTh CaynGi 3asABKy Ha NocHyrH HeoOXiiHOT M
akocTi, a cnyxba BMKOHYE U0 3aaBKy ab0 MOBIAOMISIEC PO HEMOIUIMBICTE 1l
peanizauii. [linTpumka skocti 00CAyroByBaHHs B Cy4acHuX, flepenoBeim
MYIbTHCEPRICHUX TeNCKOMYHIKaLifiHUX CHCTEM, € JOCHTL TPYAOMICTKUM 3aBAAHHAM
i BMMara€ y3rojukeHOro poO3B’A3aHHA IUIOr0 KOMIIEKCY 3ajad  ynpasninHA
MepexeBUMH pecypcaMu. Jlns oanouacHoro 3abesrneveHHs pizHux Bumor QoS y
cucTeMy 3B'M3Ky MOTpiGHO BMpOBamKYBaTH CHCTEMMW KepyBaHHA rpadikom, sxi,
CBOEIO YEprolo, MOBHHHI BPaxoByBaTH OCOGNMBOCTI Pi3HMX KIAciB Tpadixky |
3a6e3neuyBaTi c(eKTHBHUA Nepeposnonin pecypcis Mmepesxi. Posnoain pecypciB
By3niB koMmyTauii 3abe3neuyeThes 3a J0MOMOrOI0 PI3HUX anropuT™iB Gydepuzanii
nam'sTi Ta npu3HaueHHs NPIOPHTETIB A OpraHiauil yepr nakeris Ta NOpsaKy X
006pobdKH.

CbOrofiHi BIJIOMO eKinbKa peKkoMeHAalii OO0 BH3HAYEHHS BIAHOCHOTO

npiopuTeTy  Knacie  Tpadiky, 3anponoHOBAHMX  OKPEMHMH BUPOOHHKAMU



TejeKoMyHikallifinoro obnaaxanus. [Tpote ni pilenns pisHATLCS | HE JHalOTh 3MOFH
BUPILLMTH CynepedHocTi y pisnux sumorax o QoS wiacis rpadiky. Lle HaiiuacTilue
[OB'A3aH0 3 MICUEBHMH TIXONaMH RO NpobreMy BU3HAYEHHS 3HAY€Hb BIIHOCHOTO
npioputeTy knacis Tpaiky, ski OGasylorecs Ha  AKifick OMHIH MM KiNLKOX
KpuTepianbHHX XapakTepucTHKaX, He BPaxOBYIOUM BCIX OCODNMBOCTEH KOXHOTO
okpemoro knacy Tpadiky.

Takoy BCTAHOBNEHO, WO ICHYE | J0 KiMUs He BupileHa npobiema
ONTHMaJILHOTO BHGOpY pecypcis Mepeski sl rapaHTyBaHHS 3aMOBeH0i aboHeHTOM
aKkOCTI HamaHus mocnyr. IcHye BimOMMii NiAXiA ILORO po3paxyHKy napameTpis
cucteMu oGCayrosyBaHHs MylbTHcepBicHoro Tpadiky ana aorpumanns QoS, a
TAKOX CTBOPEHHA KOMIJIEKCHOT (popMaiizoBaHol METOIMKY BU3HAYEHHS BiZIHOCHOTO
npioputety KiaciB Tpaixy MyNLTHCEPBICHHUX MEpex, sika Bpaxosyc He TINIbKK
ocobnupocTi 3abesmnedeHHs pizuux nokasuukis QoS s pisHopinHMX  Knacis
Tpadiky, ane i MONiTHKY oneparopa 3 PO3NOAiNY TNPIOPUTETIB BIAMOBIAHO A0
3aMoBJeHOT aBOHEeHTOM SKOCTI HAJAHHS NOCIYT.

Tak, [ns SKICHOrO HajaHHs [OCAYr KOPUCTYBadyaM 33 MiHIManbHOO
JOCTYIIHOIO BApTICTIO 3 OfHOro GOKy, a Takok Ans edeKTHBHOrO BeleHH: OisHecy
oflepaTopy cepBiciB 3 apyroro 00Ky, 3Haj0OWThCS PO3PAXyHOK ONTHMAJIbHOrO
PO3MOMINY MepeKeBHX pecypcin (BM3HAUEHHS MiHIMajbHOrO ODCAry MEepemeBHX
pecypciB), fiki HeoOxiani aasn 3abe3neueHHs 3aNaHUX fapameTpis sSKOCTI 11pH
HaJaHHi cepBicy KOpPHUCTYBavaM.

AHani3 aiTepaTypy Nokasas, WO HA CHOTOAHILUIHIA NEHh HANPaUbOBAHO Pi3Hi
METOAM, MEXaHi3MM, MPHHLMIIK | METOJAMKH YIpaBliHis po3NopiioM pecypcis
MyJILTHCEPBICHOT ~ MaKpOMepexi  IpH  HalaHHi  1OCHyr  KOPHCTYBadaM. Lle
[ ATBEPLKYETHCS TPOBEAEHUMH JOCNIIKEHHAMY Ta NPaLsMK B raiy3i 3acToCyBaHHA
iHopMaliiiHnX TexHONOFH /14 3a1a4 TeneKoMyHikallili Takux BYeHHX, sk MeHacke
., Anmeiina B., Berewma L., Cemwxsux P., OJlipi [l., Merrenen J1.B., Mancen J1.,
Jlxkapen C., Kamep 1., Benruens E.C., Onidep B.I, Onidep H.A., Opuapos JLA,,
Crparonosuu PJI., Kanitonosa 10.B., JletnueBcbikrit A.A., Konaxosuu [P,

Yynpun B.M., KyuepsBuii E.A, Kananos [LH., [aiigynnun B.H., O6yxos H.A,,



banaxornora W.B., Bomukos C.A., Kanutypos B.A., BuuiHeschKkui B.B., Conosiios
M.C., Jloxkosenkuii Al Ta iHLWIKX.

Vei Wi Hampsmu Ta uMbHukn 06'eamye 3araapnia npobnema po3pobku Ta
BIIPOBAMKEHHS METOMONOTIT yNpaBAiHHs PO3MO/IIOM pecypciB My/NbTHCEPBICHOT
MaKpomepexi fpW HaJaHHi TOCHYr KOpHCTYBadaMm. Tomy Tema ancepTauiifHol
poboru Menoposoi H.B., Aka npucesuena piiieHHIO i€l HaykoBol npobaeMu €

aKTyalbHOIO.

Crymib___006rpyHTOBANOCTI __HAYKOBHX  NOJSOKCHL,  BHCHOBKIR i

pekomenaaiiii, cbopMyJibOBAHHX Y IHCCPTA wit.

Asrop mobpe posymie crieldixy 3a1aqi, WO Po3rAnacTLCs y auceprauii Ta
KOpeKTHO (hopMYNIOE 1T MOCTAHOBY.

[lpu npoBeieHHi JAOCHIKEHb BHKOPHCTOBYBAJIKCS aHaliTHYHI  METOHH
[OCHLIKEHHs, CHCTEMHWIl  CHHTE3, METOAM  CTPYKTYpHO-(yHKLIOHATBHOTO,
AHANITHUHOrO T4 IMiTALIHHOrO MOAEIOBAHHS, Teopii iiMoBipHocTi, Teopii rpadis,
Teopii aAropuTMiB, OCHOBH TEOpii MareMaTH4yHOrOo  MOJC/IOBaHHA,  METONM
AndepeHLiansHOro NepeTBOPeHHs y HanpamMKy nodyROBH MaremaTHUHHNX Mozenei
Towo. [ns BCix po3pobieHHX alropuTMiB, @ TaKoXK IMITALifHOTO MONEMIOBaHHS
Gyna BukopuctaHa nporpama Matlab. IndopmauiiiHoto  6a3010  A0CHIDKEHD
CIlyryBanu HaykoBi myOGnikauii BiTYM3HAHMX i 3apy6ixHUX ZIOCNIAHHKIB, 3aKOHH
Ykpainu Ta 3aKoHOiaBui JOKYMEHTH ACPAABHHX yCTanoB Yipaiuy.

3n06yBaukolo 3poGieHnii 3MiCTOBHHA ONKC Ta NpoBeeHHI peTelbHUI aHani3
CyyacHOro CTady i OCHOBHHX TEHAEHLIH 3MiHW HABAHTANEHHS HA OMEparopa
CepBiCiB 1O A03BONMIO TH CHOPMYIIIOBATH aKTyaJIbHY Hay KOBO-TeXHiuHy 1npobiemy i
yacTKOBI 3aBAANHS AOCAIIOKCHIS Ta KOPEKTHO BUZHAUMTH YMOBH IX BUPILICHHS [TPH
npoBefileHi AOCAIDKEHHS.

[lin wac npoBeneHHs [OCHIJUKEHb ABTOP CMHPAETLCS Ha BigoMi (akTH Ta
Haykosi nocsirMeHHs B obpaniit  cdepi, s OTpHUMaHi 3 BHKOPHCTaHHAM
anpo6oBalorc  MareMaTH4HOro  anapary, AKWH € @/IeKBaTHUM Moze
(yHKUIOHYBaHHA  MYJBTHCEPBICHO! Makpomepexki  NpH  HalaHHi  nocmyr

KOPUCTYBalaM, 110 po3 rmAanacThCs .



Po3po6neHi aBTOpoM NPakTHHHI PEKOMEHAALIT IPYHTYIOTHCS Ha po3pobneHoMy
HUM HayKOBO-METOLAHYHOMY anapari, AKHH € 10CTaTHLO HYTIHBHM s BiAMNOBIJAHUX
3MiH BUXIIHUX JaHHX.

BigMiuaio, WO HAyKOBI MONOWeHHs Ta pexomeHuauii, axi cdopmysnbosasi y
BUCHOBKAX Mo BCiM M’STH po3ilifam Ta 3arajibHUX BMCHOBKAaX 3po0NeHO HayKOBO
OGIPYHTOBAHO | JIOTIMHO MO pesynsratam aHailily, ysarajlbHeHHS BIJIOMHX Ta
OTPHUMAHMX pE3y/LTaTiB, TEOPETHHHHX [OCHI[LKEHb, a TakokK MO pesynsraraM

MareMaTH4Hore MoaenioBanHs Ha EOM.

JlocToBipHicTh OREPAAHNX PE3YILTATIB,

JioCTOBipHIiCTE ~ HAyKOBMX —TONIONEHb, fIKi  3aXMwaioThes  37100yBatien,
BMCHOBKIB | pexoMeHaauiil HixTBepLKyeThCs iX  BiANOBIAHICTIO MeTononorit
JoCiMKeHHs nocTaslieniii npobieMi; NOBHOTOIO PO3MAY Ha TEOPETHHHOMY |
eKCNEePHMEHTANBLHOMY PiBHAX 00'€KTY JOCHIIKEHHS, IO OXOMIIOIOThE HOFO 3MICTORHI
| npouecyalibHi XapaKTepPUCTHKH; 3aCTOCYBaHHAM KOMINEKCY METOMIB, aleKBaTHUX
[peAMeTy JOCHifUKeHHs; TpUBanicTio pakTHUHOT poboTH I MOKIMBICTIO 11
BIJITBOPEHHS.

JIOCTORIPHICTh | OBIPYHTOBAHICTh PE3YALTATIB AWCEPTALIT (PYHTYIOTRCH Ha:

- BUKOPHCTaHHi pesynsTaTiB aHanilzy MeTofliB Cy4aCHMX | MepCcrneKTHBHUX
TeXHONOMI yMpaBiiHHA PO3NOAINOM PecypciB MyJILTHCEPBICHOT MaKpoMepexi fpH
HANAHHI MOCHYr KOpMCTYBauaM, 10 JO3BOAMJIO Bpaxymaru —creungixy ix
3acTOCyBaHHs ANs PilieHHA TEMATHUHUN 3aB/lalb;

- KOPEKTHOCTI BHBEJEHHS MATEeMaTHM4HHX 3aJeXKHOCTEH Ii PO3paxyHKy
HMOBIPHOCT] 3HAXOJUKEHHA KOJAEKY B KOHKPETHHX CTaHax, PO3B'A3yBAHHS CHCTEMH
udepeHliiHUX PiBHAHb, 110 HAKAC IMOIY OLUHHTH Y peajhbHOMY vaci HMOBIPHICTD
HABAHTAXKEHHS HA MEPEKY B 3aNCKHOCTI Bt 3MIHM {HTEHCHBHOCTEH NEPEXONy MiK
CTAaHAMH Ta OTPMMATH MMOBIpHICHI KapTHHM Nepexoiy MK CTAHaMH KONEKy s
KOHKPETHOTO KOPHCTYBaa,

- KOPEeKTHOCTI po3paxyHKy Bapialliii uacy 3aTPUMKM NakeTis B Mepeni Ta
OLiHIOBaHHA epeKTMBHOCTI METOAMKH PO3PaxyHKy Bapiauiii uacy 3aTpUMKH MaKkeTiB

B Mepei;



- Y3rOIKEHOCTI i3 HASBHUMN Pe3YJIKTATAMH IHILNX aBTOPIB, AKI HALPYKOBAHO Y
BiTUM3HAHII Ta 3apyOiKHIH niTeparypi;

- HaHdX 11po iX ycriluHe NpakTWuHe 3aCTOCYyBaHHs MeTojonorii yIpaBniHHs
PO3MOMINIOM pecypciB MyJbTHCEPBICHOT MaKpoMepeski [Uls pllleHHs 3aBAaHb IpH
HallaHHI NOCHYF KOPHUCTYBadaMm.

BiporianicTe OTpPUMaHMX pE3yNbTaTiB JOCAFaEThCA 3ABAAKH KOPEKTHOMY
BUKOPHCTAHHIO METOMIB AOCHIDKEHb Ta MaTeMari4Horo anapary. AIIleKBaTHICTb
oGpanux Mofefiel MiATBEPIKYCTBCA Y3IOHKEHICTIO aHANI THUHHX JOCNiIKEHb,

IMITaLIHOrO MOIETIOBAHHS Ta EKCNIEPHMEHTANLHHX NIEPEBIPOK,

Haykosa HOBH3NA Ta BAKINBICTL pe3y/ibTaTis, siki ojlepkaHi ABTOPOM B
aucepralii, oNAraioTh B HACTYMHOMY.

B po6oTi aBTopomM Bu3HaueHi MeTa pobOTH i 3aBJlaHHs jochiftikeHs, - po3pobka
MeTOAy e(eKTHBHOIO  YNpaBliHHs  PO3NOITIOM peCYpCiB  MYNBLTHCEPBICHOI
MaKpoMepe:Ki 3a paxyHOK CTBOpPEHHs BIATOBIAHOTO HAYKOBO anapary.

Bupiluenns HaykoBo-riprknannol samadi y pobGoti peani3oBaHo  LIJIAXOM
pO3B’s13aHHSA HACTYTHHX HAYKOBUX 3aB/aHL:

|. Tposeaeno aHana cy4acHoro craHy #H OCHOBHHX TEHJAEHUIH 3MIHK
HaBaHTaKEHHs HA OTlCPaTopa Cepaicis.

2. 3nilicHeHO OLHKY BMIMBY CHHXPOHi3allil Ha Mepexkeni pecypcH Ha PiBHAX
[OCTYy1y, arperaitii Ta sapa Mepexi.

3. Po3po6acHO MaTeMaTHuily MOAE/b ANaNTHRHOIO MYNBLTHIIBHIKICHOMO
KOJEKY.

4, PospobneHa MeTOAMKA BH3IHAYEHHA ONTHMAJIBHOTO 3HAYEHHS pecypcy,
HeoOXxiaHOro ass poboTH KOAEKY.

5. CHHTE30BaHO ANrOPUTM TPAHCKOLYBAHHSA, IO BHKOPHCTOBYE MIHIMaibHHA
obcear pecypcis HeoBXifHUX AnA (PyHKLIOHYBaHHSA KOHKPETHOTO cepsicy.

6. Po3pobneno METOLHKY NPOBCACHHS NOBHOIO 00Ky MPOlECOpHOTO vacy.

7. CHHTe30BaHO aJrOPUTM JMHAMIYHOrO fepekoH(irypyBanHs Mepeii, Lo
N03BOJSE BU3HAUMTH 3aTpadeHuii ob’em pecypciB, sikMH BHKOPHCTOBYETLCS IS

saGesfleueHHs 3aaHol HadiiHOCTI.



8. 3niiicieno ouinku edekTUBHOCTI po3pobnetiol Metojtonorii ynpasiHHs
PO3FIO/IfIOM pecypciB MyJIETHCEPBICHOT MaKPOMEPEXKI.

9. BusnaueHo ocHOBHI (yHKLioHANLHI GNOKH yNpaBiiHHA Ta chopMynbpOBAHO
BUMOTH [0 HHX, HEOOXIIHHMX JNf CTBOPEHHA CHCTEMH ynpasiiHHg PO3NOALNIOM
pecypciB Ha ocHoBi 36opy obniky iH¢popmMauil 3 MepemKeBHUX piBHIB
MYJIBTHCEPBICHOT MAKpOMEPEIKI.

10. Po3pobanero HayKOBO-00pyHTOBAH] PEKOMEHIALIT OO 3aNpoBaKEHHA
CHCTEMH YTpas/liHHSA PO3TIOAINOM pecypcis na octosi 36opy i oGixy inopmaLii 3
MepeKeBUX PiBHIB MYNBTHCEPBICHOT MAKPOMEPEIKi Y peaiLHoMy Haci.

Bnepwe  pospobiieno  MeETOA  ONTHMANBHOTO po3mojiny  pecypcis
MyJIETHCEPBICHOT MaKpomepei TpH HanaHHi NocHyr KopucTyBayam, SKWi Ha
BiAMiHY BiJl BiZOMMX BPaxoByC MIHIMaJbHHH oGesr pecypeis, 3aLisHMX Mijl cepBsic.
Po3po6sieHo AMOBIPHICHY aiarnTHBHY MOAC/L KOACKY, WO Ha BiAMINHY BIZL ICHYIOUHX
03BOJISE CTIPOrHO3YBATH HABAHTAKEHHA Mepexi, o Oyle BHKOpHUCTAHO cepBiCOM.
PospoGaeHo METOAMKY NPOBEAEHHA  fIOBHOIO oOniKky NpoLEeCOpHOro Hacy,
HOPMaTHBHHX 3HaYCHb 3@ SKICTIO MNOCIYTH, Aka Ha BIAMIMY BiJl BIZIOMHX J03BOJSAE
OTPUMaTH 3HaUEHHs [P0 3aBAHTAWEHHA pecypciB KOHKpETHHM KOPHCTYBaueM il
yac 3ajiHATOCTI IOro B MEpeXi. 3anponoHOBAHO CKJAAOBI ENEMCHTH TIOLIHHH
ynpasiinHa Ta 1X (QyHKUioHaLHI Moseli, BXUHI Ta BUXiAHI napameTpu, skl Ha
BiZIMiHY Bifi iCHYIOUHX JIO3BONIATH PO3POOUTH CHCTEMY 36opy it oGniiky indopmauii 3
MepexeBHX PIBHIB MYJbTHCEPBICHOT MaKpoMmepeki B peanbHomy uaci. Pospobneto
METONMKY PpO3paxyHKy Bapiauiii uacy 3aTpHMKH makeTiB B MyNLTHCEPBICHIH
MaKpomepexi MpH HalaHHi MOCAYyr KOpHCTyBadaM, fka Ha BiZIMiHY Bill ICHYIOUHX
Hajae MOMKIMBICTb 3MificHMTH BUOGIp ONTUMANLHOTO 3HAYCHHS Bark HEpPrH, 11O
npu3Besie A0 MiHiMi3auil jokuTepy Ha yep3i np 06pobiLi nakeTiB B MYJILTHCEPBICHI
MaKpoMepexi.

VIOCKOHAJIeHO  BiZOMMIl  afAropHTM — TPAHCKORYBAHHs H  CHOKHBAHMS
MPOLECOPHOro uacy, AKHA Ha BIAMIHY BiJt BiJlOMWX BpaxoBYE BHKOPHCTAHHS
MmiHiManbhoro ofcary pecypcis, HEOOXUMX /Ui (pyHKUIOHYBAHHA KOHKPETHOTO
cepsicy. Taxox YAOCKOHAJIEHO BIJIOMH AnrOpPUTM JHHAMIYHOTO

mepexoHQirypyBaHHsa Mepexi, ki Ha BIAMiHY Bifl ICHYIOHYHX JO3BOJISE BU3HAUUTH



3aTpadeHHii 06°eM pecypciB, 1O BMKOPHCTOBYCTHCH AAS 3abe3nevyeHHs 3ajadol
HaiiHoCTI.

BrxoHaHo 3a7a4y OUiHIOBAHHS e(DEKTHBHOCTI METOAUKH PO3PaxyHKY papiauii
yacy 3aTpPUMKH TMaKeTiB B Mepexi, sika Ha BiIMiHY BiA BIJIOMHX BpPaxoBy€
0cOGNMBOCTI YNpaBNiHHA ONTHMajbHOTO PO3MOAINY pecypeis MYJIETUCEPBICHOT
MaKpOMEpeXKi MPpH HaZaHHI NOCHYT KOPHCTY Badam.

OTpuMaHHii METOL, METOAMKH, Mojenm y noejaHaHHi 3 alropuTMamu IX
3acTocyBaHHsi  (OPMYIOTb  METONONOTi0  YMpaB/liHHA pO3MOAIIOM  pecypciB
MyJIBTHCEPBICHOT MAKPOMEPEXKi NpH HaJaHHI 110CYT KOPHCTYBauaM, Lo BU3HAUCHO
MPeAMETOM AMCEPTallifHOTO AOCHIIIKEHHS.

ApryMmeuTyBanusg Ta_ KpuTidHe QIUHIOBAHHA ﬂOpiBl-IHHO 3 BIAOMUMM

pilLieHHAMU 3afPONOHOBAHHX aBTOPOM HOBHX PilliCHD.

[MopiBHANLHMI aHani3 3 BIIOMHUMM PILICHHAMH 3aIPOTIOHOBAHNX ABTOPOM
HOBMX pillleHb AO3BOJISC BH3HAYMTH HOBI MiAXOAM 0 CTBOPEHHS Ta 3aCTOCyBaiH:
METOJIOMIOTIS YIIPaB/liHHS PO3NOALIOM pecypeiB MyabTHCEPBICHOT MaKpoMepexi npu
HAZaHHI NOCTYT KOPHUCTYBa4Yam.

[MpoBejeHKit aHaliTHYHWHA OMMsA  CyHacHOTo  CTaHy i OCHOBHHX 3MIiH
HABAHTAKEHHS HA OMEPaTOPa CEPBICiB NO3BONUB BU3HAUMTH TEHACHUIY CLOrOIEHHA, a
came 3anposapkenns cepsiciB MNP, 1oT ra cepsicis BipTyanizauii 3 pi3Kolo 3MIHOIO
CTPYKTYpH Tpadiky, HIO 3HAUHOK MIpOIO BIAKBATHMYTh Ha PHHOK CyHaCHHX
cepsiciB.

Muranns ynpaeaiius  Ta  3abe3neuctins  HEOOXiAHOro  piBHS AKOCTI
o6cnyroByBaHHs abOHEHTIB MyJIbTHCEPRICHNX TeNeKOMYHIKaUifiHUX Mepex RoTerep
3aSIMIIACTLCS  BIAKPUTHM i ToTpebye nopasblioro jocnikenns. Lle muraHns
WIHPOKO AOchiKytoTh BueHi # daxisui CLIA, Cpponefickkoro Coio3y, Ykpainu i
Pocii. Tax Ha ocHoBi BumMor QoS aa8 HalaHHs PI3HUX BHIAIB LIMPOKOCMYTOBHX
TesiekoMyHikauiiinux cepsicie  Oyno  pospobieno uersepre nokoninug  (4Q)
Ge3MPOBIAHUX LIHPOKOCMYFOBHX MEpekK, TaKux K IEEE 802.16e, npoext
naprHepcTia TpeThoro nokoninng (3GPP) i LTE. LTE — ue nepcnexrnsue [TOKOMIHHA
mMoBinbroro 38's3Kky 4G, 1110 XapakTepH3yeThCst BUCOKOLO IIBHAKICTIO Mepejladi AaHHX

| [TIABMILEHOIO AKICTIO [OMOCOBOro 38'3Ky. BifloMo, WO 10 HeTBEPTOro MOKOJiHHS



MPUIHATO BIAHOCHTH fepcneKkTUBH] TEXHOMNONT, WO 1al0Th 3MOTY 3IACHIOBATH
nepejaBatiis JaHHX pyXOMUM aboleHTam 3i wswikicTo, Wo nepesuiye 10 Moit/c.
3aBe3neueHHs BHCOKHX 3HaueHb nponyckuoi 3nariocti y cucremi LTE fa3yeThes Ha
TPLOX OCHOBHHX TEXHOJOTISX: MyILTHILIEKCY BAHHS 32 J0MOMOTOI0 OPTOrOHANBHOTO
yactotHoro noginy OFDM  (Orthogonal Frequency Division Multiplexing),
MepefaBaHHs CHIHaNiB 3a JOTIOMOroi0 GaraToaHTEHHHX CHCTEM MIMO (Multiple
Input Multiple Output) i esomiouiiina CHCTEMHA (cepBicHa) apXiTeKTypa Mepexi
(System Architecture Evolution). [Ipobrematukoio 3a0e3meueHHs AKoCTi CpHHHATTS
rocnyr Ta NiABHILEHHSA TPOMYCKHOT 31aTHOCTI pajiokanasy 3aliManucs Taxi BueHi:
Nemewko O.B., beapyk B.M., byunin C.I, bepxman JLH., Dahrouj H., Erik Dahlman,
Dave C. Robinson, Kiumam M.M. ta 6arato inumx. Tlpore, y poboTax BCIX
MepesiiueHux aBTOPiB BIACYTHIH KOMIUICKCHHA MAXIA 0 MiJIBMILEHHS NPOMYCKHOI
3@THOCTI 3 OMOUACHMM 3a0e3MeHeHHAM SKOCTI CTIpHHHATTA MOcniyr Ha OCHOBI
HiABHILEHHS CAPaBe/IMBOCT] PO3MojLiNy pecypci Mixk aboHeHTamMHu B xomipui LTE.
[o/oBHE MPOTHpiuYs, Cy4acHOro Niaxofy, roJsrac y po3pol/ieHHi MeTOIB OUIHKH
Ta 3GiNbUIEHHS POMYCKHOI 31aTHOCTI CyuacHHX 6e3fpOBIAHMX CHCTEM 3B'A3KY 3
JOTPHMAHHSAM BHCOKOT AKOCTI 0OCiyroByBaHHs KOpHCTYBauiB (Manol HMOBIPHOCT
GiToBOT MOMMAKHK) B CKAAAHKMX yMOBaX 0araronpoMeHEBOro IIpoCTOPOROro KaHaily 3
MUGOKMMH  3aBMUPAHHSMM  curnaiis. Bupiwewnus uiei npobnemu nonsrae y
BUKOPHCTAHHI aHTEHHUX CHCTEM SK Ha MPHUHMANLHOMY, TaK i Ha repenaBanbHOMY
Kinuax kanany 3m's3ky (rak ssani MIMO (Multiple Input-Multiple Ouiput) -
cucremn) pasom i3 Texuonoricto  OFDM (Ortogonal  Frequency Division
Multiplexing). Kpim nponycknoi 31aTHOCT, BaXK/IHBOIO XapaKkTepHCTHKOIO CHCTCMA
¢ imMoBipHicTs 6itoBoi nomuiku. Tomy neobxinHo rnoctijfino nigrpumysarty Gananc
MiZK LMK JIBOMA BAXMBHUMY JUIS KOPUCTYBaua xapaktepucTrkamu. Liboro mokna
JOCSITH 33 PaXyHOK YAOCKOHAfeHHA METOAIB Ta MoJellei PO3IONINY pecypciB B
komipui LTE. Omxe, NiABMIEHHS AKOCTI CIPHAHATTA NMOCNYT y MepeKax LTE na
OCHOBI ajarnTauil paaiokanany, nokpatieHHs noxazHuka CRpaBe/IMBOCTi PO3NOAINY
pecypciB Ta yAOCKOHANEHHs MiKpIBHCBOI g3acMoRii cepaicroi apxitextypu LTE €

aKTyalibHO10 HaY KOBROIO 3anadelo.



Cyu4acHi cucTeMM HajaHHs indopmauifinux cepricis Ha iH(pacTPyKTypi
KOPTOpaTHBHUX  KoMilotepiux  Mepew  (KKM) nependavaloTi: BUKOPUCTAHHA
mozeneit audeperuifiosanoro obcnyrosyBaHHs 3 rapaHToBaHUM CepBicoM (Moaeneh
JIOT'C). Oco6nuBo akTyanbHUM € 3acTocyBanis 1MX mozenei Ha KKM aeponopris,
1€ BHACMIJOK 3BICHMX MPHYMH [0 SIKOCTI 0OcnyroByBaHHs NPHUKIAAHWX MEPEKHHX
3aCTOCYBaHb [PE’ ABNAIOTHCA JKOPCTKI BHUMOMM SK IMOAO SKOCTI BHAIICHUX UMM
3aCTOCYBAHHAM MEpEeXKHWX pecypcis, Tak i WOAO HAjAHHA [apaHTii Toro, Lo
KOXCHOMY 3acTocyBaHHIO Oyne HamaHnii came ToH oOcar pecypciB, fKMX BOHO
notpebye. ¥ pamkax moneneit JJOI'C koxHe npuknaiie 3acTOCYBaHKA y pealbHOMY
yaci oTpumye audepenuifiosaHo came TOH piBeHb sKOCTI 00CIyroByBanHs, 110 €
HeoBXinHIM ANIs [I0T0 HOPMANBHOTO (YHKUIOHYBaHHA, & MiIATPUMKA HAAAHOTO PiBHS
9KOCTi OBCIYrOBYBaHHs TAPAHTYCTLCS HAJAHHAM BIAMOBIAHMX WITPaQHUX CaHKUIH,
sKi BimoBpaXkaloThes y BiANOBIAHMX cepicHux yromax (Service Level Agreement,
SLA). 3po3ymino, wo srposakentis mofeneii JIOIC B excruiyarauifiny 1pakTHKY
norpebye cyTTcBoi nepebynosu npuiitnaTHX Texnonorii ekciiyarauii KKM sk B
TeXHIYHUX, TAK | B OpraHizauiiinux acnekrax cucremu obenyrosypanHs. OCKinbLKy B
LULOMY BHMMaIKy HeoOXifiHO y po3pi3i KOXKHOTO MpPUKIAIHOIO Mpolecy 3alaTH
BiAMOBIAHI napameTpu sikocTi obcnyropysaHHa (CMyry TpONyCKaHHS KaHany
nepenadi, napaMeTpu 3aTPUMOK Yy Nepeiladi  fIPOTOKONbHHUX ONOKIB  HAaHMX,
koepiLlicHT BTpaT nakeTiB, KoeilieHT NMOMMIOK, MapameTpH HaLifHOCTI TOLLO),
opraHisyBaTM KOHTPONb MOTOMHHX 3HAYEHL LMX  Napamerpis y npoueci
dynkuionysanus KKM i y pasi suHukHenis npobiem, 30kpema 3arpos ix
HEBIAMOBIJIHOCTI 3alaHKM 3HalUeHHAM, peaizyBarTH JHHaMIuHI 3aX0IH1 Y peallbHOMY
yaci 11040 MIATPUMKM FAPAHTOBAHOTO PiBHS sxocTi obcayrosyBaHHs. Bpaxosyiouu
BENUKY KilbKiCTb Pi3HOMAHITHHX 3aCTOCYBaHb, IO OAHOHACHO (PYHKULIOHYIOTH Ha
KKM, nigrpumka wmomeneit JOI'C ¢ cknaiuuM  opraiaulifiHO-TEXHIUHHM
sanaHuaM. Jlna noOyaoBH peallbHUX CHUCTEM HAJAHHA MEPEHHWX TOCAyr Ha
inQpacTpyktypi TM  HeofxinHo MaTH  BiAMOBIAHI  MpoLeaypHI MoJIeTi
obcnyroByBaHHs. [3 Bciel MHOXKWHM Mozeneil JlouinbHe BH3HAUUTH TIPOUELYpPHY
MoZieAl OMpalIoBaHis eKcrlyaTauifinux npobiiem, 11O BUHMKAIOThL Yy rpoueci

dynknionysanns KKM. Taxiii niaxin nepenbauae 3abesneyeHHs MOMNIMBOCTD



audepeHUiioBaHoro 06CHYroByBaHis K/HEHTCLKHX MNPHKNAAHHX 3aCTOCYBaHb 13
HAaZAHHAM BIAMOBIAHMX TrapaHTii wwoao sikocti obenyrosysadns. llpu  bOMY
3aBe3nevyeThcs yeyHeHts npobnemM HeBiANnoBiZIHOCTI MOTOUHHUX rapamerpiB AKOCTI
HajaHHs MEPEeXKHMX NOCHyr THM rapamerpaM, 110 Busuadedi y SLA, 3a ymoB
rapaHTOBAHOrO  OOC/YroByBaHHA  iHJIMBILYaNi30BaHHX 3alMTIB  KOPHCTYBRauiB
Mepexkunx pecypeiB. Takoim npu ubomy 3abesrieuyeThesi rapanTOBaHe HALAHHS
[OCAYT i3 TPAHCIOPTYBAHHS JlaHNX 3 YPaxyBaHHAM CTPYKTYpH noTped KOPHCTYBa4iB
y TakWx nochyrax. BizomuH 1ijXia  1OAO0  BMKOPHCTaHHS  IPOLIECHOrO
(npoueaypHOro) mijxoay no BinobpaiuerHs 3MOIeNbOBAHOI CHCTEMH (BiANoOBiAHO
gumor JICTY ISO 9001) anst pospoGku Mozleni onpauioanss npobrem
HeBiANOBIHOCTI, 1O BHHHKaOTL y fnpoueci ¢Qyukuionysanna TKO. Tlpu ubomy
CTPYKTYpa B3a€MO3B’si3KiB BUPOOHMUMX cilyxO oneparopa 3B’A3Ky (y naHomy
BUMAAKy ciyx6 ekcruyarauil —TenekoMyHikauifiHWX —cuctem) Ta npolLecis
oBCcAyroByBaHHS Mae BiANOBIAATH BHMOIaM OCHOBHMX HOPMaTHBHHX JIOKYMEHTIB Y
cepi TenexomyHixauiil 3 ypaxysanusM HeOOXILHOCTI BUKOPUCTRHHS MeXaHi3MIB
KepyBaHHA skicTio obcnyrosysants QoS. Ichyioua KoHUenLis pexomenaauiii E.800
ta E.801 MCE-T po3BiHena Ta jeTanizoBaia CTOCOBHO /10 110CAYT Nepejadi AaHHX
(IJ1), 110 HANAIOTHLCS 3 BHKOPHCTAHHAM PECYPCIB MEPEXK 3 aKeTHOIO KOMYTALLIELO.
K/HO4OBHM MOMEHTOM, MO NpHBHEecenuil y koHuenuilo pexomexpauid E.800 Ta
E.801 MCE-T, ¢ suMora cTpykTypu3auii ycix rnpouecis o6cayroByBalts BilHOCHO
cTamili JKWTTEBOrO UMKIY YKJAAeHWX CEPBICHUX YFOA, MOTIK KOTPHX Mac
0GpobI0BaTHCA OMEPaTOPOM MEpEXKi Y peajibHOMYy Haci ndepenutiiiopato, To0TO 3
ypaxyBaHHAM iHAWBIAyanbHUX 0cOBMUBOCTER KOXHOT i3 yKnaleHHX CEpBICHHMX YToOA.
Y npoueci po3pobiu monesiel 0oBCyroByBaHHs 3HiHCHIOETBCA CTPYKTYPYBaHHS
eleMEHTIB CHCTEeMH HaAaHHs MOCAYS, TAKHX, AK fIOKa3HHUKH SKOCTI OCHYT, MHOXHHA
KOHTPOJILOBAHYX Y Mpoleci 06CAYroRyBaHHs napaMerpis, Jianas’oHy MpHIYCTHMAX
3HaueHb LWX NapaMeTpiB, XapakTepHCTHKM CEPBICHMX BMMOI, Ha OCHOBI KOTPHX
3MICHIOETCS OGCTYTOBYBaHHSA, CTAlil HHTTEBOTO LMKITY CEPBiCHUX yroa. Y paMkax
KOWCHOT CTallil KMTTEBOrO LMKIY CEpBICHOT yrofh BHKOHYETHCS CTPYKTYpH3aLllis
npouecis 06CayroByBaHHS Ta BUSRIACTHCA B3ACMO3B 430K AK MK Mpolecamu, Tak |

Mk ciyx6amu 3 ekcnayarauii TKO, korpi wi npouecn miatpumyioTh y npoueci



oBcnyrosyBasns. [lpouecu Ta ixHi B3acMO3B’S13kH Bi0OpaxaloThes Yy BHIMAA
BIANOBIAHUX TpaiB, fAKi yHi(ikoBaHMM wINAXOM BinoOpaxaloTh po3pobieHi
npouenypHi Moneni obcmyroBysanHa. TexHosnoriuni npouecH HajaHks nocayr Ha
ocHoBi BuKopuctaHHs pecypcie KKM wmaioTe 6yTH y3romkeHi mix coboto i
ONTHMI30BaHi 3a KpUTEpieEM MiHIMyMy ekcrilyatauifinux BuTpar. CyuacHi Mozeni
obcnyrosyBatns GasyioTkes Ha npouecHomy niaxoni (JCTY 1SO 9000) i konuenuii
tak 3BaHol TOM-Momeni cTpyKTYpH YIpaBJiHHS TENEKOMYHIKalIHHUMH Mepexamu,
aka nigrpumyerscs MCE-T. 3 ypaxyBaHHsM MpHHHATOr0 po3nofily KHTTEBOIO
HUKAY NIATPMMYBaHUX CEPBICHMX YFOI 3a CTaliAMM, CTPYKTYPa NPOLECHOI MOJIEi
OMnpalioBaHHs NpobreM HEBiJAMOBIHOCTI Ma€ BIATBOPIOBATH B3a€MO3B’S30K CNykO
Ta npoleciB 00CcNyrosyBaHHs.

B icuytounii TexHonorii IP/MPLS ocHosHoto npobnemoto ¢ 3abesneuenns
sxocTi obcnyro- BysanHs (Quality of Service, QoS) B peanbHOMYy uaci, Tak fAK
KOpMCTYBaui BHMMaraioTh Bce OiNbLIOI PI3HOMAHITHOCTI MOCNyr Ta cepBiciB, a
oneparopM HamaralThCs X HajaBarM 3 HaWMEHIIMMH EKOHOMIYHHMH Ta
pecypcHUMH 3aTparamu. Binnosisno cnifl wykatk cnocid rapaHToBaHOro HajaHHs
3al0BiNbHOrO cepsicy aboHeHTaM B ymoBax OOMe)EHMX MepexHHX Ppecypcib.
Bigomuii niaxin womo ympaeiilHs Mepekelo Ha OCHOBI po3sfoiiny 3anacy 11
pecypciB. B TenexomyHixauiiHUX cucremax Yy sIKOCTI 3araciB pecypciB Mepei
npuitHaTo Ha- ctynui napamerpu QoS: npornyckHa 3aatHicTs C, iMOBIpHICTb BTpatTH
naketis P, 3arpumka naxeris T ta joxutep J. TenekomyHikauiiiHi MynbTHcepBicHi
Mepexi Haibinbur TOYHO ONMCye MOAENb CHCTEMM 3  (DIKCOBAHMM NeEpiogoM
rnepeBipkH piBHs 3anaciB. Y Takii MOJeAi KOKCH MNakeT HAUXOAMTb IO Mepeki 3
Bu3HaueHuMm fiepionom (nakern VolP, kaapu IPTV), nepebysac B Mepexi neBHuil vac
Ta XapaKTepH3y€EThCsl 3anacoM pecypciB. MoxHa BUAMIMTH ABI peaxilil KiHLEBOIO
KOpPHCTYBaua Ha Je()ilMT (BiJCYTHICTh 3a/I0BIALHOT AKOCTI cepricy), AKHIl BHHUKAE
npu BUHepnaHHi 3aracy, To6To 3anizneniti nakeTy. Y nepluomy BHMALKy ONCPKYBaY
MoCNyr 3rojleH 3auekaTH JAOKW NpHHAYyTh 3aTpUMaHi ra- KeTd, Y IpyroMmy BHIAAKY
OfiepiKyBauy rapaHTOBaHO [OBHMHHI JROCTABIATHCA MakeTH Yy BH3HaYeHWM dac.
[Mepiuuit BapianT ans Tpadika peanbHOro uyacy € Kareropu4HoO HENpHHHATHHM 3

TOUKHM 30pY KOpMCTYBaua i 3aJ0BUILHOrO HalaHHA #oMYy rociyr, B TOi 4ac, fK



ApYruii BapiaHT ¢ He 30BCIM peajibHUM 3 TOYKH 30py pecypcis mepeii. OaHak, 3
NeBHHMH OOMEKEeHHSMH, MOHA BHKOPHCTATH ApPYrWil BapiaHT, 3a10BOJLHAIOHH
noTpebu KopHCTyBada 3 MiHiMaNbHUMH 3aTpaTamMu pecypein mepeiki. Tobro ue iHLIA
KOHLEMNLUis (YHKIIOHYBaHHS Mepexi, A¢ PEecypcH BHIUIAIOTECA HE OKPEeMHM
faketaM, a MoToky B Uinomy. B Takiii cuTyalii BHOCHTBCA HITKICTB B 06pobui
MakeTiB, fKA BHUPAKAETHCA XAPAaKTEPUCTHKOIO BIPaT Ta 3ani3HeHHs 11aKeTiB
BUKJIFOUHO OKPEMOTO MOTOKY.

Kepytounch Teopi€lo 3afaciB, € MOX/IUBICTb NpiopuTeTHOI 06podKH MaKeTIB,
aMeHLylouH vac ix nepebyBanus B OyQepi, AKUIO 3aTPHMKa NAKeTy MEPEBHLUYE
neaKuil  ToKazHWK. [HILIWMH  CJIOBAMHK, T1AKeT, AKHH FIPUXOAWMTL Yy BYy30l],
KNacH(piKyeThCsi 3a KNACOM eKBIBAJAGHTHOCTI [EPecHIKM, 11O BU3HAuac Horo
npiopuTeT, oiHak uepe3 3arpumky B Oydepi, sika € Mano perynhoBaHoio, Moxe
MOripIWKTH JONYCTUMI MapameTpu fKocTi koHTeHTy. HaroMicTs, Teopis 3anacis
nepenfauac, WO HA ONPALIOBAHHA KOXKHOTO MaKeTy NOBMHEH BiNBOAMTHCA CTPOTHiA
yac, pY HOTo NepeBUIUEeHHI MaKeT BUIANACTHCA 3 epry, abo K BUKOPHCTOBYE 3ariac
i 0BpobnACTLCH 3 HAHBULLMM MPIOPHTETOM /Uls 3a0e3ncHeHHs napaMeTpiB SKOCTI
KOHTEHTY.

B cyyacHUX TeNeKoMyHiKauifiHUX Mepexax BCi NakeTH, L0 HAAXOUATh BIJl
BiANpaBHMKa, NPUXO/UITh HA MYHKT NPH3HAYEHHA | BTPAualOThCH NIMLIE Y BATAIKY
BUHMKHEHHS MoMHNoK B naketi. Jlo ojtepicyBada NOCTaBIAIOThCA BCI NAKETH, B
He3aJIeXKHOCT! BiJI TOro, uM norTpibui Bonu #omy. Best xopucHa indopmadis, Ky
notpebye abGoHeHT, JOCTABAACTLCA HOMY BYACHO, 3a/10BONLHAIOYH BUMOTH AKOCTI
cepsicy. [laxetn, xorpum mio Oyab-sikiii NpuuuMii He Hajasacs AKICTL cepBicy,
abouenT BBAXKAC Mpocto “cMiTTam”. Meron 3anacy pecypeiB 31iHCHIOC OHHIIEHHS
MepexXi Bial nakeTiB, AKi BTPa4aloTh iHpopMauiiHy HiHHICTE U1 KOPHCTYBa4a LIe Mif
yac TPOXOMKEHHsI JIOMEHY MiX BiANpaBHUKOM Ta omepiyBadeM. Koiu mnakeT
TPAHCMOPTYCTLCS MEPEIKEIO TA OTPHMYE HE3ANOBINLHY AKICTH CepBicy, BiH, B NEBHUH
MOMEHT, CTac HenoTpibHuii abouenTy. Pelirra yacy, POTAroM SKOro fakeT rnepedysac
B Mepexi — Lie Ge3uifbHO 3afinATI pecypcH, WO € JIOAATKOBHUM HABAHTAKEHHAM.
BujaneHHs NaHMX NaKeTiB AO3BOAMTH 3BUILHWTH MEBHY KUILKICTE PECypCiB, 1O

MOXYTb BHKOPHCTOBYBaTHCA B iHWHMX uinax. Bizomuii ninxia wono YTpaBiiHHA



pecypcaMu  MyJIbTHCEPBICHOT Mepexi, 3rifio 3 AKHM inpopmaltis  BiIAMpaBHHKA
NoBHHHA OyTW JMOCTaBNEeHA KIiHLEBOMY KOPUCTYBady 3 [MEBHWMH MapameTpaMu
4KOCTI, SKi BM3HAUYAIOTH 3ariac, WO nananmii nesHomy Tpagiky. [lo Mipi
IPOXOUKEHHS iH(OpMaLLil MEpEIKEIO 3af1ac 3MEHILYCThCA, TOMY 3aBIaHHAM MepeKi €
JOCTABHTH [aHi, JOKM ANS HHX icHyc 3anac. BiicyTHicTh 3anacy CBIIMHTB IIpo
HEMOJ/IMBICTE MEPEkKEI0 HANaTH 3a[0BiJIbHY fAKICTh CEpBICY, LIO y CBOXO Hepry
NPH3BOAMTH IO BTPATH AKTYafAbHOCTI Mepesadi naxeTy Wis KiHUCBOTO KOpHCTYyBaYa.
Takiii Tiaxia [03BOJMAE 3AIACHIOBaTH pery/lioBaHHs flapaMeTpiB KOHTEHTY B
MYJIETHCEPBICHHX Mepexkax 3 MeTolo 3abe3neucHHs HeoOX11HOTo PiBHA AKOCTI.
OnHUM i3 FONOBHWX HAMPSIMKIB PO3BHTKY CydyacHMX TeNIeKOMYHIKallild €
YIOCKOHATIEHHS ICHYIOUHX 1 CTBOPCHHA CHCTEM i Mepexc 3B’A3KYy, fki © HapaBanu
KOPHCTYBauy Bech CHEKTP TENEKOMYHIKalifHNX [ocayr 3 HeoOxiaHoto sakicmo. Lle
NOCATAcTLCS 33 PAXYHOK BHKOPHCTAHHS — MYNLTHCEPBICHHX — MEpen  3B°A3KY,
noGyloBaHMX 32 JIONOMOTOI0  NEPCNEKTUBHMX  TexHomori (3 PO3AINEHHAM
TefiekoMyHikaLifHUX QyHKUIR | GyHKUIA Haganus niocayr). 3’sBuiacs HeoOXifAHICTh
y BAPOBaZKEHHi IIONATKOBMX CEPBICHHX MOCTYT 3 BMCOKOIO AKICTIO i1 OubL
e)eKTHBHMMH MEPEKEBUMH TEXHONOFIAMH, sKi 3abe3neuyioTh KOHBEPreHLLI0 Mepex,
MATPHMYIOTh SIK HOBI MOCHYMM Tak i Ti, WO ICHYIOTb. Ane Ans 3015IbIEHHS
MPOMYCKHOT CIIPOMOXKHOCTI HEOOX1/1HO CNPOLLYBATH BHMOTH 110 06pobKK MakeTiB i3
3abe3reueHtsM BiUTOBIAHOrO piBHS skocTi. PilienHs, 11oB’A3aHi i3 BIPOBaAKEHHAM
HALMHILKOBMX KaHAMiB 3B's3Ky A gocsarienHs skocti Hajanus nocnyr QoS
(Quality of Service) 6inbiue He edexrusni. Mepexi nosuuui OyTn CTIPOEKTOBAHI 3
ypaxyBaHHAM HeOoOXiAHMX MeTOMiB, SKi NO3BONATHL MAKCHMMalbHO  KOPHCHO
BMKOPUCTOBYBATH HasiBHY iHdpacTpykTypy. Tomy npu MPOEKTYBaHHI MEPEeK
BAKIMBUMH € 3aBlaHis 3 BWGOpY TEXHONOTii | METOAIB MaplupyTW3atlil ans
noGy10BH TPaHCNOPTHO! Mepexi. AHani3 oCTaHHIX LOCHLKEND i nyGnikauii. bynb-
AKa Mepexa, y ToMy unchi i mepewa i3 MPLS (Multi ~ Protocol Label Switching -
GaraTonpoTOKONLHA KOMYTalis 33 MiTKamu) MIicTHTL y coOi pO3MOAIN pecypciB
NPOMYCKHOT CIPOMOKHOCTI MiX HaBOpOM 3anaHUX LUISXIB 3 KOMYTALL€I0 M0 MiTKaxX
LSP (Label Swilched Path) i rnepersopenns ix y (isduny Mepexy TPaKTiB 3

obGMexeHHsM TnpoaykTusHocTi. Lle# mnpouec BH3Ha4ac MOpOrH MPOIyKTUBHOCTI



TPaKTiB, MOB’S3aHUX 3 BHKOPHCTAHHAM JACAKO! CXEMM pPE3EpBYBaHs fIPOIYCKHOT
CHIPOMOXKHOCTI Ailsi 3axucTy oOciyrosysanns. Lle HeobXiaHO: 1S rapaHTyBaHHs
MiHiManbHOro obcsry pecypciB; ana oOcnyrosyBaHHs HETPUBAIUX MOTOKIB; ANS
3ano6iraHHs “npHAyWeHHs” HU3LKOMNPIOPHTETIHNX [MOTOKIB, NOTOKaMHM 3 BHILUHM
rpiopuTeToM; s 30UIbIIEHHA HMOBIPHOCTI NPUHHATTS NOTOKIB 3 BHCOKHMH
BUMOFaMH 10 NPONYCKHOT CHPOMOMKHOCTI; /UIA YNIPaBIiHHS MEPEKHOIO CTablIbHICTIO
3a porioMoroio 3anobiraHHs NOTIpLIEHHS XApaKTEPUCTHK Y BHMAAKY JIOKAlIbHOIO
nepeBanTaxenus Ta iH. Chorommi Taki Mepexi IHTEHCHBHO JOCHI A YOThCA,
Croroasi icHye 6araTo NpakTHYMMX peKoMeHlauiil 1MoA0 po3podKH CTPYKTYpH
(toronorii) mynbrucepsichux Mepex (Bia Cisco, Microsoft Ta iH.), ¥ SIKMX
BKA3yeThCA, Je came | SIK Cllifi BUKOPHCTOBYBATH anropuTmu Bubopy MapiIpyTiB
Mepexi 1 po3MmillyBaTM BIIIOBIAHI cepRicH Mepexi. Afe He MpONOHYEThCH
(opmanizauia LbOTO MpPOLECY TA METORHKH 33 JIONOMOIOIO SKUX MOXKHA Oyno 0
OLIHUTH CTaH CTPYKTYpW Mepexi Ta ninibparn neoOXiaHi anropuTMu MapLIpyTiB.
HenmonikoM LKMX [iAXOLIB € HeobXimHicTh BUKOHaHHA nepebopy BCIX MOMIHBHX
wsxin (uei MiAXiZA MOXe BHKODHCTOBYBATHCS JUIS aHajiily HasBHMX LLASXIB
Mepexi).

TeXHONOriUHOIO OCHOBOIO MYNLTHCEPBICHOT MEpexi € TeXHiuHi 3acobu Mepexi
HactynHoro nokoniinHs (NGN — Next Generation Network). Mera cTBopenHs NGN,
ska neknapyetses Pekomengauismu ITU-T Y.2001, Y.2011, nonarae y HacTynHoMy:
3a6e3reueHNs BiIKPUTOrO OCTyy 710 Mepeus; 3abesneuciiis yHiBepcaibHuX yMOB
Ta HOCTYNMy JI0 NMocnyr (CepBiCiB); CIpHATH PiB- HUM MOXKJIMBOCTAM TpOMaisiH;
CMIPUSATH Pi3HOMAHITTIO 3MICTY, 30KpeMa KyJILTYPHOMY 1 NiHTBICTHHHOMY; BH3HABATH
noTpebu BcecBiTHLOTO CNiBPOGITHHITEA 3i cneun(iuHo yBarolo 10 cnabo
poseuHyTHX kpaiH. s NGN xapaktepsi Ln¢posizaLis, faKkeTH3ailif, KOHBEepreHuis
iH(popMalliii- HUX Ta TeJleKOMyHiKaLifiHMX TeXHONOriH i, K Pe3ynbTar, HEBMHUHHE
3pOCTaHHA KiNbKOCTI 1 sAKocTi indopmalifinux Ta TeNEKOMYHIKaIHHUX TTOCNYT,
MYyNBTHCEPBICHWX TIOCHYr fepefadi AaHux 1 FoJlocoBHX cepBiciB. TexHI4HOIO
OCHOBOIO Cy4acHOTo iHdopMaliiiHoro cepefoBulLa NOBUHHI CTATH MYJIBETUME/LiHI
cucTeMM, 110 3abe3rneuyloTh UH(POBY fepenady AWHAMIMHAX 300paeHh, MOBH,

3BYKY, IHIIKX JaHUX KaHaaamu pi3HOIO NPOMYCKHOIO CTIPOMOIKHICTIO (BizeoTenedon,



crauioHapruit i MOGinbHM KOH(EpeH1i-35’430K, iliTepakTHBHI TesNeBi3iiH] CHCTEMH
ta iH.). BrpoBamxeHHS MyJABTUMENIHHMX CHCTEM PDI3foro MpH3HaueHHs  npu
MiHIMANBHMX KamiTalbHMX 1 eKcrjyarauifinvx BWTparax BHpiwyc npobnemu:
CTBOPEHHS BHCOKOAKICHMX CHCTEM iHTEPaKTWBHOTO LH(POBOIO TenebaueHHs
undpoBOrO MOBNEHHS; PO3POOKH i BIIPOBAKCHHA NPHHUHIOBO HOBHX CUCTEM
MOBINLHOMO TeneGaueH s, CTBOPEHHS TIPHHUMIIOBO HOBUX IHTEPAKTHBHHUX CHCTEM
rpomanchkoi AymKku; 3abesneuenHst AisIbHOCT OpraiiB  1epKaBHOl  Bllaay;
cTBOpeHHS MOGinbHOro TeflekoH(epeHU-38’a3Ky MikK LeHTpajbHHMH yCTaHOBaMH
paiionamu, a Takok paioHiB Mixk cobo10; pasioTeXHONOrIT PyXOMHX MEPEX TPETLOTO
i yerBeproro noxofib (3G, 4G). Apxitexkrypy NGN MOxHa Npe/CTaBHTH Y BUIIISAI
HaBopy piBHiB abo crpatr. HuxiiM € piseHi aDOHEHTCHLKOIO A0CTYNY, IO BazyeTncs
Ha TPbOX CEpelloBHLIAX Mepeaadi:  MeTalecBOMY kabeni, ONTOBOJIOKHI i
pagiokananax. Jlo NGN 6yxyth niakuouarich aHasloroBi TesiedpoHHi anaparth, (ax-
cu, ISDN-Tepminanu, Mobinbni tenedonn, Tepminaneni npucrpoi GPRS (General
Packet Radio Service — sarajwHunii naker pamionocnyr), tepminanu SIP (Session
Initiation Protocol), nepconanbni komn’iotepn, [P-resiedponn depes riepcoHanbi
komm’ioTepy, wudposi Mmysukanbui npuctpoi (digital set top boxes), kabeNbHi
MoneMy (kopeky JiHiiiHoro koay) Towo. [ani fine pisens komyralii — KoMyTauii
kananis ii/abo Ha LbOMY piBHI nepeByBac il CTPYKTypa MYyNbTHCEPBICHHX BY3MiB
pocTyny. Buile po3TauloBYiOTLCS NPOIpaMHi KOMYTaTopH (Softswitch), cknanosi
piBHs nporpamuoro kepysahns. llle suite nepebypae pisenl IHTemeKTYaJIbHUX
nocnyr it excrtyarauiinoro kepysants, TpaHcrnopTHa MEpeKa ¢ ONOPHOLD MEPEIKEIO
B GaraTopiBHeBiil apxiTexTypi TesiekomyHikalliiHoi Mepexi. TpancrnopTha Mepexa
noBHHHA ByTH BUCOKONPOLY KTHBHOIO #i Gy/lyBaTHCA Ha OCHOBI BOJIOKOHHO-ONTHIHAX
niniii 387A3Ky, WO J03BOAMTH 3abesncuntH Giblly (UBHAKICTH obminy (no 100
M6iT/c), yHMKHYBIUH 3aTOPiB | KoNizil npu MaplipyTH3anii roToKiB. (PYHKLIOHAJIBHI
mocnBocTi NGN po3misiiatoTses 3a X po3noaifioM 3a CTparamH.

IcHyloTE HAyKOBi MIAXOAW 1IOAO YAOCKOHAJIEHHS pyHKIiA  ynpapniHHS
(curuanizauii Ta xoutpomo — Control) y MynLTHCEpPBICHUX MakpoMmepekax. [pu
LEOMY MIATPHMKA MyNbTUMEAIAHUX Ta IHUINX THIIB NOCHYT B yMOBax MOMJTHBOCTEH

y3araibHeHoi MOGiNiLHOCTI  BUMarae  (QyHKIIH ynpasiinus, 00ciyroBysaHHs



3anewuTh Bi  pO3NONiny  pecypciB  Mepexi dynxuismy  ynpasainds  a6o
MenemxMeHTy. [1ill «ynpaBninHaM» po3yMitoTe [POLECH, Ik BIIHOCATBCA 10
npouecy o0cyroByBaHHA BUKIMKIB. (PyHKUIT YpaBinHs, 3anyu4eHi 10 npouecy
06CyroByBaHHS BUKITHKY, MOXYTb DyTH 3rpynosani y 1Bi CyKynHocTi, QyHkuUii, 8K
BigHOCATbCA A0 YNpaBliHHS nociyramu (HafpHKaas, Taki K aBreHTH]ikauis
KopHcTyBada, ifeHTH(iKalis KOpHCTYBaa, ynpasiiHHg AOCTYTIOM [0 NOCHYTH,
dbyHkuii cepsepa 3acTOCYBaHb) Ta yHKUWT, SAKi BIAHOCATBCH [0 YTIPaBIIHHS
MepesKHMM TPaHCIIOpPTOM (HanpuKIai, Taxi (GyHKUiT, AK yTpaBiiHHg IOCTYNOM [0
Mepexi, yrnpaBniHHA pecypcamu/nofiTHkolo  Mepei, 3abesneueHHs NHOUMX
3'€IHAHb).

HeoGXiIHO TAKOX MATH Ha yBa3i, IO JesKi MpolecH aii KAicHTa OyxKe jobpe
KOpENIOIOTh 3 TPOLIECOM KBHKJIKKY» TIpH B3acMOfLil 3 MEpeiKelo, a TaKowK Mepel
BUKJIMKOM TOCIYTH Ta fics Bukauky nocnyru. Taxi npouecy 3a3BKMUal HA3WBAIOTD
«MeHeKMEHTOMY Ha BIIMiHY Bi npoilecis ympasnints Mii 4ac 00CJTyroByBaHHsI
camoro BHKAMKY (yrnpaBniHHA fipoilecami  HalaHHa  [OCITYyrH KiHLEBOMY
KopucTyBady). BUMoru niommuin MeHeLKMEHTY NOBHHHI PO3MIAAATHCEH AK MPOLLECH
i Bumoru MenemkmeHTy, Busmaucti 8 TMN. ®ynxuii TMN  MeHEKMEHTY
K1acH(iKylOTh 3riAHO (YHKLIOHAILHOT o0NnacTi MEHEIIKMEHTY, AKHI 103HAYaI0Th SIK
kareropii mexemxmenty FCAPS (Fault, Configuration, Accounting, Performance,
Sequrity), a came: MeHEKMEHT najtiitnocTi (06pobkH HecrnpaBHOCTEH, MOMIKODKEHb
Ta  MOMMJIOK), MEHEIDKMEHT  KOH(irypaui (npale3naTHoCTl);  MEHEKMEHT
po3paxyiKiB (anMiHiCTpyBaHHA); MEHEKMEHT NpoiyKTHBHOCTI ((hyHKIIOHYBaHHS,
nocTauaHHs, 3abesreueHHs NPONycKHOl AAATHOCTI TOLLO); MEHEeKMEHT Oe3nexu
(naniiHocTi, KoH(irypatlii, po3paxyHKiB). MeHeKMEHT B crparti TpaHcropry nobpe
BUBUEHHIA, ane MEHEGKMEHT B CTPATH ITOCIYT i YeKaE CBOro BUBUCHIA. QuikyeThes,
o MenemkmenT aBox crpat NGN Oyie noniGuuil BilitocHO MoBeliHKH 00’ EKTiB
MeHe[KMEHTY (Hanpuknag KoHdirypauis pecypcip  mocnyr K KOHQirypalis
pecypcip Tpancropty). Ha Biaminy sil TpamuuUiftHUX Mepex y CTPYKTypi NGN
yTBOPEHO [OAATKOBMH LI1ap — KepyBaHH: KOMyTallielo TpaHcropTHol Mepexi. Bid
yTBOPIOETbCA 3@ [OIIOMOFOI0  NIPOrPaMHUX komyTatopis — Softswitch — ski

MATPYMMYIOTh TPAHCISAUII0 OCHOBHHX nporokonis VolP y 1npoTtokonn Tpaanuifiix



MEPENK MpH B3AEMOMIT 3 HUMH, KCpylOTh 06poGKkolo Tene(oHHHX BUKIIHKIB, 110
pinByBaioThCS B PI3HMX Mepeiax, 30Kpema B Mepewax 3 KOMYTalli€l0 NaKeTiB.
Oy HKUIT TPAHCTIOPTY NOBHHHI 36epiraTi He3aneKHiCTh Bijl BIANOBILHOTO KEPYBAHHA
i MeHemkMenTy. TpaHCroOpTHa Mepea T[OBMHHA fepelaBaTH Sk iH(hopMaLiio
KOpUCTYBaua, TaK 1 MEepexHy indiopmatiio (raky sk indopmatlis MEHELKMENTY abo
curuanizauii Ta xourpomo). Jns 3abesneduernsn Oesnexu HeoOXinHo po3pobHTH:
Bceoxoroiody apxitekrypy Ges- mexu s NGN; MiZroTyBaTH eKCIUlyaTauiiHi
kepiBnuursa 3 Gesnekd NGN; excriyatailifiny nonitnky Gesnexn NGN; afiexBaTHi
s NGN nporokonu 6esnexu i AP (nporpamui inTepeiick 3acTocyBatb).

ChOrofHiLIHIM KNiEHTaM pHHKY iH(OKOMYHIKalliHHUX MOCYT UWHPOKHHA Knac
pizHux ciyw® i A0AaTKiB, IO mepeadauac BeNHKY Pi3HOMAHITHICTh MpOTOKOIIiB,
TexHoNOM 1 wBKAKocTel nepenadi. [IpH UbOMY KOPUCTYBa4i NepeBaxHo 001patoTh
nocTa4anbHMKA B 3af€KHOCTI Bl MK i HAKIFIHOCTI NPOAYKTY.

B icuylouiii cuTyauii Ha pPHHKY inQoKOMYHIKALIFHUX NOCHYT  MEpeKi
[epeBaHTAKEHI: BOHW  MEPETIOBHEH]  HHCIEHHHMH iHTepgeiicaMu  KIIENTIB,
Mepe:KeBHMH LLAPAMM | KOHTPOMIOIOTLCH 3aHAATO  BENMKUM  HUHCIOM  CHCTEM
ynpasiisHs. Bibus Toro, Kokua ciiyxda nparne CTBOPHTH CBOIO BIACHY Mepexy,
BUKJTMKAIOHM eKcryaTtaniiii BuTpary no koxkHii cinyxbi, 1o He Cnpusic 3araibHoMy
YCMiXy i MTPH3BOAHTD [0 CTBOPEHHA cKNaiHOT MEpexi 3 TOHKUMU LIApaMH | HU3BKOIO
exoHomiuHicTio. [lpn esomiouii A0 npo3opoi Mepexi IONOBHUM 3aBJaHHAM €
CRpOLIEHHSI MepeKi — Lie BUMOra PHHKY i Texuonorii. Beuuki excryarauiini
BUTPaTH MiMIUTOBXYIOTh OMEPATOPiB A0  TOLIYKY pillleHb, 10 ClPOLLYIOTh
(hyHKLIOHYBaHHS, M[pH 36epekeHHi  MOXKIMBOCTI CTBOPEHHSA HOBHMX cnymd 1
3a6e3nedeHHs cTabiNbHOCTI ICHYIOUMX JUKEpell AOXOLiB, N0AI0HUX MOBHHX cnyxO.

Jasuaueni Hioancy Ta NpoGieMM, a TaKoK 3POCTaloua KOHKYPEHLIs BMMarae
Bin KoMmnaHiil miamuiienHs edekTHRHOCT GizHecy i Hy4KOCTI ynpasiiHKsg, ilo
nepeabavuac HACTYNHI Ail:

» CTBOpeHHs cAKHOT iH(opMmaLifiHOl cepe/loBHLLA NiANPUEMCTBA.

«  opMyBaHHS PO3NOAINEHHX [PO3OPHX 1 THYUKAX MYJILTHCEPBICHUX
KOPNOPaTHBHUX MEPEXK.

» OnTuMizaitis ynpasninas I'T-indpactpykrypoio.



+ BUKOPHCTAHHS CyUacHUX CEPBICIB yNPaB/iHHA BUKIHKAMHU.

« Hananus MyJibTHCEPBICHNX TIOC/YT

» YriparyiiHHs MOc/yraMn B peaibHoMy uaci.

« T[liaTpHMKa MOBIIBHUX KOPHCTYBauis.

» MOHITOPMHF SKOCTi HaAaBaHUX nociyr i poboTH MEPEIKEBOr0o yCTATKy BAHHA.

[ToTpeba onepatopiB Mepes 3B'13Ky OTPHUMYBaTH BCE HOBI FIpHOYTKH 3MYLUYE
iX 3a4yMaTHCs Hajl CTBOPEHHAM Mepexi, iKa 103B0jIANa 6 peanizoByBaTH NOTEHUIAH]
MOMJIHBOCTI:

. Sk MOKHA LIBHIILE i ACLIEBIIE CTBOPIOBATH HOBI MOCAYIH 3 THM, w00
MOCTIIHO 3any4aTH 1HOBHX aOOHEHTIB.

« 3MeHiuypaTH BHTpatH Ha 00cCsyroByBaHHs mepeni 1 MIATPUMKY
KOpPUCTYBaHiB.

« HesanexHicTh Bijl MOCTa4aIbHUKIB TelleKOMyHiKaLifHOro obnastaHHs.

» ByTH KOHKYpPEHTOCIPOMOMHUMH: niGepanizauis B iHdoKoMyHikauiiHol
ranysi Ta [MOCAFHEHHSl B HOBITHIX TEeXHONOrSAX MpW3BeNny 10 TMOABH HOBHX
onepatopiB 3B'A3Ky i cepBic-ripoBaillepis, WO NPONOHYIOTH Oifbil  HeleBri |
ILHPOKHHA CNEKTP NOCAYT.

TyT i 3'ABASETLCA BAEPLIE MOHATTH «MEPENKA HACTYMHOTO/HOBOTO TOKOMIHHA
(NGN), To6TO Mepexa, fka ONTHUMalbHO 3a]10BONbHANA 6 BHUMOram OIneparopiB y
mizsuiendi  npubyrky. Kouuenuis NGN  nepenbauae  CTBOpEHHS HOBOIL
MYALTHCEPBICHOT Mepexi, Npy LbOMY 3 Hel 3AiHMCHIoOEThCA THTerpauis iCHYIOHUX
cly6 LIAXOM BUKOPUCTAHHS PO3MOLINEHOT nporpamioi komyTalii (softswitches).

B ocuoBy konuenuii NGN 3akfiafeHa ines Apo CTBOPEHHS yHiBepcanbHol
mepexi, fka 6 fo3Bonsna NepeHoCHTH Gynab-siki BMaW iH(opmalii, Taki sk MOBa,
Bineo, aymio, rpadiky i T. J., a Takok 3abesrieqynatH MOKJIHBICTh HANAHHS
HeoBGMEHEHOro CMeKTpy iHMOKOMYHIKALIHUX nocnyr.  ba3oBHM  NPHHUHIIOM
goruenuii NGN ¢ siaainenns apyr Bij apyra (yHkuiil nepenocy Ta KOMYTaulif,
(yHKIH ynpasninHs BUKIHKOM i QyHKUIH YIIpaBAiHHA NOCAYTramMmH.

Mepeski 3B'$3Ky HACTYMHOr0O/HOBOYO MOKOJIHHA (NGN)- ue nakerthi mepexl,
3aTHi Hazapatd iH(OKOMYHiKaUiiiHi MOCIYrH, B TOMY HYHMCIi 3 BHUKOPHCTaHHAM

pi3HMX BHIAIB  LUMPOKOCMYFOBHX  3'€lHAHb,  TPAHCMOPTHHX TeXHOJIOMA 3



3abesneuentsM QoS, B SAKMX NpOLEAYypH HAalaHHS FOCHYr HE3AJIEKHI Bid
TPAHCTIOPTHUX  TEXHONOIii, Ha sAKWX BoMu peanizopani. Lle 3abe3neuye
KOpHCTYRauaM A0CTYN 1O PizHuX cepsic-npopaiiiepam i NIATPUMYE y3arajbHEHY
mobinbHicTe  (generalized mobility), sika 3abesneuye  3aranbHONPUAHATHI
LeHTpasii3oBaHMit MOPALOK HaAaHHs MOCHYT KOPUCTYBa4aM.

Mepexi HOBOro MOKONiHHS MOBMHHI HajasaTH pecypen (iHppacTpykrypa,
[POTOKONM TOLIO) JUIS CTBOPEHHS, BNPOBAIKEHHS Ta YNpaBRiHHA BCiMa BHIAAMH
nocnyr (icHylounx i maiifyThix). B pamkax NGN ocHoBHHA yriop pobuthcs Ha
MOMCIMBICTE afanTalil rociayrd cepsic-nposaiinepamu, Oarato 3 SKHX Takox
3abe3neyars CBOTM KOPUCTYBauaM MOKIHBICTL TIPHCTOCYBATH CBOI BJIACHI MOCAYTH.
Mepexi HoBOTro MokosiinHs GyayTs sriouar 8 cebe API (Application Programming
Interfaces), w0 3abe3neuyioTh NiATPUMKY po3pobiu, HajaHHA Ta yNpasiiHHS
I0C/y raMH.

OnHico 3 roioBHUX ocobauBocteil cucrem ynpabninua NGN € Binkpura
MOJly/IbHA apXiTEKTypa, 1O A03BOASE PO3pobasATH | BIPOBAIKYBATH HOBI MOy,
MpaLioBaTH 3 iCHYIOUMMM MPOTPaMaMM i MOJAEPHI3yBaTH icHyiOdi Moaysi. 3 TOUKH
30py yripaBninus Ta mMoHiTopuHry mepexi NGN 6ynyTh ckaaiarucs 3 6iabworo
yHcNa PI3HOTHITHUX KOMIIOHEHTIB, @ He 3 [TOPiBHAHO HEBENMKOT KiNbKOCTI MEHL
PIZHOMAHITHHX BENMKMX KOMYTaliitHUX npucTpois, ax 3apas. Kpim Toro, ms
peasizallii iHTerpoBaHOro ynpasiiHHs cHCTEMAMH i MEpexaMu He3anexHo Bill IX
BupoBuuka i texnonorii B NGN Gyse nixrpumysatucs Oinblia  KinbKicTb
inTepdeiicip, HikK B ICHYIOUMX MEpeKax (MOKYTh BUKOPUCTOBYBATHCS Pi3HOMAHITHI
cTaHaapTH Ta npoTokonH, Taki sk, SNMP, OSI, ASCIL, CORBA), 1 6inblu BUCOKa
[IPOMycKHA 3aTHICTh, Bee 1e mpu3BOMNTh 10 HeoOXiAHOCTI neperisily NPUHLHIIB
Ta NiAX0AIB 110 MepexeBoro ynpasninusa ans NGN.

Cuctema ynpanninas NGN nosunna sBnstH coboio nabip piuiens, 110
3a6e3rieyyloTh YNPaBliHig MepexaMmu, peanizoBaHUMK Ha 6asi pisHUX TEXHONIOTIH
(thikcoBani i Mob6isnbHi TenepoHHi Mepexi, Mepexi nepenayi NaHWX, CUrHamizalli
TOLO), HALAIOTh Pi3Hi MOCAYrH i NobyioBannX Ha oONnajHaHHi Pi3HHX BUPOOHUKIB.
Cucrema ynpanninns 6yine Oyaysarncs 3 BUKOpUCTaHHAM 00'CKTHO-OPIEHTOBAHOL

pO3NOMINIEHOT CTPYKTYPH, NpH LboMy 1T inTepdefick noBuHHi Oy TH BIAKPUTHMH.



OcHOBHI BUMOPH, LLIO FIPEN'BAAIOTLCS 10 cHereM yitpasnints NGN:

* nifroToBeHe pillleHHs Ha MTPaKTHL Mae peasizoByBaTHCS Y CTUCI TEPMiHY

* CTPYKTYPH BIJIKPHTHX CHCTEM NOBHHHI 3a0e3rieqyBaTH FHYUKICTh peanizanii |
CYMICHICTh 3 iHWMMM PILIEHHAMM, BHCOKY HAMIHHICTh, i K pe3yisrar — SIKICTh
o0cliyroByBatiHg

+ oneparop NOBMHEH MaTH MOXIWBICTE MOAW(DIKYBATH MpPOrpaMHe
3abesnederHs s peanizauii cneurdivnux GYHKUIA | BBOAWTH HOBI MOCTYTH 4EPE3
3MiIHY KOH(Irypauii

* KOMMOHEHTHI PIIEHHS CIPOCTATL MOXIMBOCTI Oleparopa [0 BBEACHHIO
HOBMX KOPHCTYBa4iB i ()yHKLIH

* MaclTaboBaHICTh i THYUKICTh, JIO3BONKIOTH JIEMKO alanTyBaTHCA 110 LWBHIIKO
3'SBASIOTHCS HOBUX TEXHOJIOTIH 1 TMpOAYKTIB, & TAKOX 10 MIHJIMBHX norped
KOPHCTYBa4iB.

Jlns  CrpOLIEHHS  YIIPaBNiHHS BUKOPUCTOBYIOTHCH —OKpPeMi  [MiICHCTEMH
yrpaBRinks pizHux obnacteii Tpancnoptioi mepexi (WDM, SDH, ATM 1 ix.),
[lepenaui faHuX i MOBH.

Jlns opranizauii ynpasniHHs MYJILTHCEPBICHHMH Mepenamu HeoOXinHa
B3aEMOJlif CHCTEM YTIPaBMIiHHS, WO HANEXKATh Pi3HUM olleparopam i nocraqaibHHKaM
Nochyr, 3a AOMOMOrOIO CHCTEMM MOHITOPWHTY Hajl NijACHCTEMamK yNpaBliHns.
3aBnanHs KoH(Irypauii, KOHTPOMO SKOCTI Ta aBapiiHOro HarisLy B Mekax Mepexi
oZlHOrO oneparopa 6yayTh BHYTPILLUHIMY, & 3aBJlaHHs HafaHHs i 3a0e3nedeHHs SIKOCTI
NOCAYr 3 KiHUA B Kieub GyayTh BHpiUIyRAaTHCA CHINLHO ONEPaTOpaMu Pi3HMX
MEepPeK.

Jlnst uenrpanizauii monitopudry mepexi NGN BoHM MOXKYTh 00'€nHyBaTHCS B
iHTErpoBaHi NiACHCTEMM YNpaBiiHHA TPAHCMOPTHOW MEPEXKelo |1 mocayram 3
BHILIECTOSLLIO] CUCTEMOIO MOHITOPHHIY Ta YNpaBiliHHs.

MonynibHa cTpykTypa nepeabadac HasBHIiCTh iHTerpoBannx 0Onokis, 110
BHKOHYIOTb Pi3Hi 3aBAAHHS YNPABAIHHA | MOHITOPHHIY:

* apapiiHKUA Hamag;

* YIIpaBJiiHHS TONOJOTIEID;

» MOHITOPHHT i yrnipaBninns Ge3nexoio;



* yIpaBIiHHS CHCTEMAMH | POLIECAMH.

Jlaxi 670KM NOBMHHI inTerpyBaTH (yHKLIT OKpeMuX miJicHcTeM ynpasiliHHs,
HaripukJiian, BijlodpaxeHHs aapifi Bij Kexinbrox obnacteil ynpasniHHA Ha OLHOMY 1
Tomy x iHTepdeiici, Binobpaxenus gciel Tomonorii, 3abe3nederHA 3aralibHoOro
ynpasiinus Ge3nexoro. Ynpaeninua AKicTiO MaE 3AiiicHIOBATUCS Ha PiBHI YTIpaBiHHs
BUKJIMKOM | BeepemuHi nakeTHoi mepexi. Heobxinno 3a6e3MednTy B3aEMOAI0 3
CHCTEMOIO YMpaBiHHS K HOBHX HocTa4aNbHUKIE TIOCHYT, FOCTa4aBHHKIB
iHopMaLil, TaK | KOpUCTYBadiB.

CucTeMa MOHITOPHMHITY — Haj  MIICHCTEMaMH yrnpasnidHa  3abe3meuye
LEeHTpani3oBaHe ynpasJliHHsA aBapiiMu i MepexxeBHii Tonosorieo, gpyHKUIT CAiNBLHOTO
MOHITOPUHTY Ta yMpaBAiHHI MEpenelo Ta nociyramu, poboue Micle oreparopa €
LIeHTPaNIbHOIO TOUKOIO CTBOPEHHS BCIX iHAMBLAYaTLHUX (YHKILIT yRpaBiiHHs.

Indopmaltiiine  3abesnevueHns i nporpamHe  3a0e3rieueHHA 3aco0iB
OBUMCIIOBANILHOT  TEXHIKM 1 TeJeKOMYHiKauliHoOro yCTaTKyBaHHA, a TaKoK
opraHizauiiine 3abezneueHHs nisibHOCTI  excnayatauifinoro  nepcoxany B
cykynHocti (JOpMyIOTh afekBaTHi JaHHM acneKkTam fpeameTHol obiacti mozeni
pecypciB MyNnbTHCEPBICHOT MepeiKi 3B'A3KY.

CyuacHa CHCTEMa YMpPaBliHHA XapaKTEPH3YETLCH BUCOKOIO IHTEHCHBHICTIO
iHdopMallifiHUX MOTOKIB, MPHUOMY BHMOTH 1O OrlepaTMBHOCTI  YNpaBiHis,
CBOEUACHOrO TIPHAHSATTS i AOBENECHHS [0 BHKOHABLIB pilleHnb 1 3aBlaHk NOCTIHHO
nigeuuytoTecs. Taki cUCTEMH, AK NPaBHIO, € myabTHcepBiciumu, T. K. OnepyioTh
pisHOpiaHOI0  iH(opMAaLiEo  (AaHi, daiinu, ayaiosisyanbHa indopmauist). Lle
0BYMOBJIIOE ICTOTHY HECTaLHOHAPHOCTS MOTOKIB NlaHHX B MEPeXi, iHTEHCHBHICTD
AKMX B OKpeMi Mepiofy 4acy MOMe ICTOTHO 1ICPEBHLLYBaTH cepenHbOCTATHCTHYHI
sauends. PazoM 3 THM, TpH TIPOEKIYBaHHi CHCTEM YMpaB/iiHHs PO3MOAIIEHHMH
TEXHONOMYHUMA | TPAHCTOPTHUMM KOMIEKCAMH NpeA'ABNAIOTLCH Lyxe BUCOKI
BUMOPH, fIK TO TPOAYKTUBHOCTI Mepexi, Tak 1 1o HadiiiHocTi 00c/nyroByBaHHs
aGoHenTiB. BiKoHalls 3a3Ha4eHUX BUMOT HEpPO3PHBHO NOB's3aHe 3 HeoOXiAHICTIO
y3araibHEHHs HAKOMHYEHOro CBITOBOIO nocBiny B cdepi iH(okomyHikauid i
samescuTh Bin cTere- Hi BMPOBAMLKCHHA MEpefloBUX indopmaLiiHix TEXHOJIOT,

HoB'T3aHKX 3 nepenayelo Ta 0bpobdroto fannx. ONHAK y peanbHOMY iH(hopMalLlIiiHO-



tenexkoMmyHikauiiinoi mepexi (1TC) sa6e3neunuTH HeoOXiJHMA vac peaxuii [LOCHTh
CKNaAHO Hepe3 BHCOKY [HTEHCUBHOCTI Ta pi3HOMaHiTHOCTI TOTOKIB A3HHX,
HeoBXiMHOCTI MpOBEAEHHs MOWYKY JAAHUX B CXOBUILAX | Gazax JaHWX BEJMKOL
pO3MipHOCTi, CKIAAHOT B3aEMOZIT PO3NOAINEHNX AOHATKIB, oBMesKeHOl LBHIAKOCTI
NiHiA 38'A3KY, YNOBUILHEHHS WIBHAKOCTI B3acMOAIl B 11503aX, %Ki Y3roKYyiOTh
HEOIHOPI AN KOMIOHEHTH Pi3HHX NiAMEPEX.

B pobori asTOp BH3HAYAC HanifiHicTe (PYHKLiOHYBaHHS CHCTEMH Y
BIANOBIAHOCTI 3 peanbHUMHM TOTOKAMK BiAMOB B NiHiT 3B’43KY Ta [MOTOKaMu
BiIHOBNEHb, 1O JO3BOJAUTL HA OCHOBI iHhopmallii O MOLIKOKEHHSX ONTHMAALHO
CTIPOEKTYBATH AAPO MEPENKi. A TAKOK, BUXOAAUH 3 KpHTEpilo NpaLe3 aTHOCT] B
poBoti Bu3HauaEcThes 00’eM pecypcis, skuil Gyae samisHMi B Tomonorii, o
3abe3neuye 3anaHy HaaIHHICTD (pyHKuionyBatHs. [To 3MicTy Ue 3a7a4a 3abeznedeHHsl
(py HKLLiOHANBLHOT CTIHKOCTI CKNAIHOI CUCTEMM, METOAOJOTiHHE Ta CHCTEMHE
3a6esneueHHs L€ TPOLELypH ChOTOLHI 3HAXOAMTHCH Y cranli OpaKTHYHOTO
BNpOBaKeHHs. 3aCTOCYBAHHA ULOTO maxoay N03BOJKNO NoOyiayBaTH 3aJ1€WHICTh
Mi% IHTEHCHBHOCTSMH BMHMKHEHHS aBapid Ha AWl 3B°A3Ky, BIAMOBOCTIHKICTIO
apxiTekTypy Ta 00 eMOM pecypciB, W0 BHAINACTLCA JUis MiATPUMKH  3aJaHOl
HagifHOCTI.

Bupilerns 3a3Ha4¢HUX NpodnemM HEMOKITHBE 6e3 CTBOPEHHS | BIPOBAIKEHHS
epeKTUBHHUX CHCTEM yrnpasiiHHs, sKi 103BOASIOTH MiATPHMYBaTH Ha 3a/laHOMY piBHI
MepemeBi pecypeH, HeoBxinHi JuIs HajaHHs akicHuX rnocayr. [Tpu nbomy HeobX1aHO
BpaxoByBaTH, W0 B Cy4acHHWX MYNBTHCEPBICHUX MEPEkKax BHKOPUCTOBYETHCA
cxnanHe GararoQyHklioHanbHe —KoMyHikauifine —obnannanus, ake 3abe3rneyye
MATPUMKY CrielialbHUX MeXaHi3MiB KOHTPOMIO Ta yRpasRiHis SKiCTIO i peanizauiio
3apaab inopmauiiinol Gesnexu. JlocHTh HacTo OCHOBHi [epeBarn Cy4acHux
cvcTeM YMpaBiiHHS - YHiBepcalibHiCTh i Gararo-(yHKIIOHAJBHICTL - CTalOTh B
crewianizoBaHux cucremMax IX  OCHOBHHMH wenomikamy. lle nos'azano 3
HeoBXiAHICTIO BpaxyBaHHs creunpikd podoTH CHCTEMH, fAKa BUMArae BiJIMOBIAHUX
HajlalITyBaHb MEPeXi Ta METOMIB yrpasnidns i pobotoio. Tomy KJ1aCHUYHI METOMUH
npoextyBatHs 1TC, wpio BpaxosyioTh, OJOBHNM YMHOM, YCEpEUHEH: MOKa3HWKH

[poAyKTHBHOCTI, HE MOXYTb 3a6e3neunTH edyeKTHBHE BUKOPHCTAHHA MEPEKEBUX



pecypcis. YV 3B8's3Ky 3 UMM AKTyallkHHM C HAfpaMoK JAOCHIJUKEHb, [OB'A3AHE 3
po3po0KOI0  HOBHX iHdopMalifinux  TexHoJorii yrpaBiliHHg  PO3MOAIAOM
MepexeBoro Tpadiky, OpiEHTOBAHHMX Ha pillenns 3ajlaHoro Habopy NpUKNagHUX
sanau i 3abesneveHHs HeoOXiawoi skocti 1X BUpilleHHs TPW  3aCTOCYBaHHi
yHiBepcalbHHUX HaraToyHKLIOHAIBHHX  CHCTEM ynpapiidug, 30Kpema B
iHpopManiHHO-TeNeKOMY HIKaUIHHUX MepeKax. OnHHM 3 NepeneKTHBHIX HaNpsMKIB
po3sutky ITC € cepBic-OpIEHTORAHMHA MiAXi, 110 103BOASE JIOCNIDKYBATH NIPOLECH
o6MiHy iH(opMmalieio MixK By3NnamH Mepedi, ki DepyTh yuacThb y BUPILLIEHH] Pi3HHX
3apnaHb | HAJAIOTH pi3Hi iHdoOpMaUiiiki nocnyrH. Takuii nigxia aozsonse Oinbl
aieKBaTHO  MOJIENOBATH  NOTOKKM  AaHWX B mynsTrcepsictol  ITC.  Onwuak
(opmanizauis nolaHHs [OTOKIB NaHWX B AaHOMY MMIAXOAI MNOKW HE JOCTATHS i
06MeKYEThCS MOJIE/IIOBAHHAM OKPEMHMX 3aBAaHb i acrnexrir Qynkuionysanua ITC.
[MTonanbliuit pO3BUTOK METOAIB NOOYAOBH [TC sumarae po3poOkH | BNPOBaAKEHHS
MeTOAIB amanTHBHOINO YyMpaBriHus, wWo 3abe3nedyioTh BHCOKY epeKTHUBHICTD
BHKOPHCTAHHs PecypciB Mepexi ILIsAXOM obniKky XxapakTepHCTHK peanbHOro foToKY
paHux. Y 38'M3Ky 3 UMM, OIHMM 3 aKTyanbHHX 3aBiabb € JOCHJUKeHHS 1
MareMaTvuHe MoeNtoBaHHA (haKTopis, 1110 BH3Ha4aloTh epexrusnicts [TC.

Cyuachni MeTOAM YNpasiiHusl TOTOKaMW JaiHuX, Xoua i 3abesne4yioTh
16aNaHCOBAHE HABAHTAKEHHS PECYpCiB MepeXki, OAHAK HE BPaxoByloTh AesKi
(pakTopH, 10 OOYMOBIIOIOTH duykTyalilinui  Xapaktep MEpPEeKEeBOro Tpadiky.
EdekTHBHICTb BHKOPHUCTAHHS MEPEIKEBUX pecypcis Moxe OyTH MiABMIIEHA 33
paxyHOK pO3pOOKM Ta 3acToCyBaMHi METOAIB AaJanTHBHOTO ynpablinHs. Sk
y3arajlbHeHOoro foKa3HHKa edexTuBHOCTI Moyke GyTH BHOpaHO cymapHe ac 06pobku
iHpopmaLiHHUX NOBIAOMIIEHL Ha (pikcoBaHOMY 4ACOBOMY iHTepBani K pilIeHHS
onTUMi3aUiiiHoT 3aBnaH s BUGOpY HaR0iNbIL eeKTHBHOTO MEPEKEBOTO IPOTOKOTY.

Vei BuUle BM3HAYeHI UMHHHMKH BH3HA4al0Th apryMeHTYBaHHS Ta KpPUTH'HE
OLIHIOBAHHS 3anpOIIOHOBAHMX ABTOPOM HOBMX pillieHb MOPIBHAHO 3 BILOMHMH

pillIEHHAMH.

MpakTHusa 3HAYAMICTL TA BAKINBICTL /IR Tajy3i noasrac B TOMY, WO

OTpuUMaHi pesyNLTaTy L0C/iAKeHb N03BOAAIOTS:



1. OuiHMTH y peasbHOMY 4aci AMOBIPHICTb HABAHTAXKEHHA HA MEPEKY B
3aNeHOCTI Bill 3MIHKM IHTCHCHBHOCTEH [lepexoay MK CTaHaMu  Kozjeky I
KOHKPETHOI'o KOpHCTYBava.

2. CTBOPUTH METOAMKY 3 BM3HAUEHHS ONTHMAILHOrO 3HA4YCHHS BHKOPHCTAHHA
pecypey Ans poBoTi koaeky (3amaiodu napamerpu yHKUIOHYBaHHS CHCTEMH y
BMIMIAII BUMOT 40 CEpBICY, @ CaMe uac 3aTPHMKH Ta fIMOBIpHicTh BTpaT NakeTiB), sKa
JO3BONAE OTPUMATH ONTHManbHE 3HA4YE€HHA 3aBAHTAXNEHHA pecypcy, a Ans
KOpHCTYBaua MOX/MBICTh OTPHMAHHS 3a7aHOT AKOCTI cepBicy 3a MiHIManbLHO
JIOCTYITHOIO BapTICTIO.

3. PeasiisyBaTh TPaHCKOLEP, O BUKOPHCTOBYE MiHiManbHui obear pecypcis
HeoBXiAHMX INA (pyHKLIOHYBAHHS KOHKPETHOTO CEpBiCY 3 MOACTIO PO3PaxyHKY
ONTUMANLHOMO 3aBAHTANEHHS MCPEXKi /103BOAAC 3MIHCHUTH ONTHMAILHHH PO3MOAIN
MepexeBuX pecypciB. Tak npu BHKOPHCTAHHI KOJAGKY, 11O Mpauloe Ha IUBHAKOCTI
4,75 k6it/c, kopucTyBay Byze (IATHTH CTiALKH # CKiJIbKH | KOPHCTYBaY, 110 NPaLioe
na komeky 12,2 k6ir/c. Ilpy LbOMY SIKICTL MOBjEHHs npy poOOTi HA KOAEKY 4,75
k6iT/c Hyne ripwe, Hix Ha koneky 12,2 kBir/c.

4. CTBOpPMTH METOAWKY NpoBeletiHs NoBHOro 0bJiKy NpOLecOopHOro vacy,
HOPMATHBHHX 3HAuCHb 3a AKICTIO IOCAYTH [O3BOJIAC OTPHUMATH 3HA4CHHA [P0
33BAHTAXEHHS PECYPCiB KOHKPETHWM KOpHCTYBaueM Mij vac 3aiHsTOCTi Horo B
mepexci. [lpu BcTaHoBiIEHHI Baprocti AN BMKOPHCTAHHS KOHKPETHOrO cepRicy,
iHTeHCHUBHICTL 00poBGKH (3aBaHTaXKEHHS nNpollecopa) He FIOBUHHA NEpeBullyBaTH
nesui 3HaueHHs. ToMy ocHOBHUM 3aBiaHism "Opramy perymoBaHHs" € MpUAHATTS
JAHNX TeXHIUHMX MOKa3HMKIB, TAKKX sK HMOBIPHICTH NPOCTON 1 4ac 3aTPUMKH, B
BiAMOBIAHI HOPMAaTHBHI JOKYMEHTH, 1100 [03BONHTH pO3paxoByBaTH BapTICTh
cepBicy He3anexHo BiJl opraHisauii (oneparop cepsicy abo nposaiiep), CHCTEMH
yepr. BukopucToBylouM 6ifibil  pailioHalbHI  METOAH YIpasiiHug  po3NoaiioM
NPOAYKTUBHOCTI, 3 SBIAETHCA MOMUIMBICTb, 3 ONHOrO GOKY, BHKOHAHHs BHMOL, a 3
iHworo GOKy - 3alMIIMTH BapTicTh 3a pPecypc Ha IpUHHATHOMY piBHI nA

KOpHUCTYBaUa.



5. BUKOPHCTOBYBATH ANrOPUTM AWHAMIYHOTO nepeKkoH(irypyBaHHsa MEPEXi Ha
piBHi AApa, SKUA J103BOJAE BU3HAUHTH sarpateHyil 06’eM pecypceis, HeoOXiaHui as
3abesneyeHHs 3aaatol HaaiiHoCTI.

6. CTBOPUTH METOR OUIHKM edEeKTUBHOCTI ~aNropHTMy JAHHAMI4YHOTO
nepekoH(pirypyBsanus Mepexi. [nTerponaue piluenns rependaiac (popMyBaHHS
4iTKOro TMNaHy NoBYIOBH MapuipyTiB, sKi AMHaMiuHe IMIHIOIOTLCS 30 3a3janeriib
CKNAZEHHM CLEHAPIEM #i MOXTUBICTIO BUPOOJIEHHS YIIPaBNfIOUnX pilleHb HA OCHOBI
Tabnanus MapuipyTizauii. OcHoBoio nodynosu JIOTIYHOTO MapLupyTy € anropHMTM™MH
(yHKiliOHYBaHHS MapiupyTu3aropis. BUKOpHCTAHHA po3pofiieHoro  anropuTMy
nuHaMiuHol mepekon(irypauii mepexi, WO € MOIH(iKOBAHHM  AJIFOPUTMOM
JlefikeTpH, A03BONUTL Ha 25% 30UIbLIMTH HAMiHICTh Ta HKHBYYICTL MepeKi MpH
BUHMKHEHHI aBapiflHUX CHTYaLili 1ia vac HalaHHs [OCHyT.

7. Po3poGuUTH METOAMKY PO3paxyHKy papianiii uacy 3aTpUMKM TaxeTis B
Mepexi, fka Hala€ MOKIHBICTb 3IAACHHUTH pUGip ONTHMANLHOIO 3HAYEHHS Bard
yepry, O Npu3Bele 10 MiHiMisalii kuTepy Ha uepsi rpu o0pobui naxkeTis B
MyJIbTHCEpBICHIH  Makpomepexi. B poboTi  BMKOHAHO 3ajady  OLIHIOBaHHS
e(peKTUBHOCTI METONMKH PO3PaAXyHKY Bapialliii yacy 3aTpUMKH flaKEeTIB B Mepexi, 1o
nepeafayae /Ba €Tanu: a) CTBOPEHHS €MHOI GaneHol CUCTEMH TpPIOPHTETIB
excnepTiB; 6) omepkaHns B Lifi  wkani KILKICHMX ~ OUIHOK NOKA3HWKIB
(yHKUIOHYBaHHS NOPiBHIOBAHKX BapiaHTis.

8. 3anponoHyBaTH CKNAaAOBi  €JIEMCHTH  CHCTEMH ynpaeninHs  Ta X
dyHKUioHaNbHI MOaEN, BXIAHI Ta BUXi/Uii [1apaMeTPH 103BOJIMIIN Po3pobuTi Moaenhb
CHCTEMH YNpaBfiHiHA PO3ONINOM PeCypeiB Ha ocHosi 36opy i 06niky iHdopmauil 3
MepekeBux PiBHIB  MYJBTHCEPBICHOT makpomepexi. BuKopucTaHHS CHCTEMH
yNpaBNiHHA PO3NOMINOM pecypciB MYJILTHCEPBICHOT MaKpOMEpekKi JI03BONIHTh
ONTHMI3yBaTH 32 BapTiCTIO Ta eeKTHBHICTIO BHKOPHCTAHHS CMYTH NPOMyCcKahHi Ha
1 5%, 3aBASIKM 3MEHILEHHIO HMORBIPHOCTI BTpAT [akeTiB MPK 3aCTOCYBaHHI ornepaulii
pedpeiimyBratis (po3nin 2 naxoi nuceprauiinol poboTh).

OcuoBHi pesynkTath poboth peanizosani y TIpAT “Viprenekom” Ta Tl uac
HAyKOBO-TEXHIYHOI Ta iHHOBALiiiHOI misnsnocTi  JlepiaBHOro  yHIBEPCHTETY

tenexoMmyHixaiiit y 2016 - 2017 pokax.



OQuinka_3micty Aucepranii, ii_3asepuienicrn y HiJloMy, BiANOBIANICTH

otopmJennsg aucepTalii _BUMOraMm, 3aTBepILKEHUM MOH VYkpaitu.

JlucepTallis cknapaerbesa 31 BCTYNy, [UATH po3ai/iB, BHCHOBKIB, CITHCKY
BHKOPUCTAHHX DKEpen Ta AONATKiB. Jaransuuii obesr poboru cknanae 415 (417)
CTOPIHOK JIPYKApChKOTO TEKCTY, Y TOMY yneni Mictuth 107 pucynkis Ta 20 Tabnuub,
CHHCOK BUKOPUCTAHUX Jukeped i3 207 naiimenysailb Ta 12 nonarkis.

Y Beryni  oBrpyHTOBaHO aKTYafbHICTh TEMW JMCEpTaLiiHol poboTH,
cthopMynbOBaHO METY Ta 3aBAaHHA JOCHiKEHHS, BU3HAUYEHO OO8’€KT, NpeameT |
METONM JIOCHIKEHHS, OMMCAHO HAYKOBY HOBM3HY H TIPaKkTH4He 3HAUCHHA
ofepannx pesynbraris. HapesieHo BLTOMOCTI [P0 BMPOBAKEHHA PE3YJLTATIS
po6oTH, anpoballiio, 0cOOUCTHH BHECOK 3100yBaua Ta nybaikanii.

Y riepwoMy po3Lini NpoBeieHO aHaMiTMHHWH Orsjl CyHacHOro CTamy H
OCHOBHWX TEHIEHIIH 3MIHK HaBaHTAXEHHT Ha oncparopa cepsiciz. BuznaueHo
TeHpeHLI] CHOro/eHHs, a Came 3anpoBajUKCHHA cepBiciB MNP, [oT Tta cepBiciB
BipTyani3auil 3 pi3KoI0 3MIHOO CTPYKTYpPH TpadiKy, (O 3HATHOIO MIPOIO BITMHE Ha
PUHOK CydacHHX cepsiciB. 3RiHcHeHO aHajliz Cy4acHoro CraHy Mepex 3B’s3Ky Ta
BU3HAYEH] NepelyMOBH CTBOPEHHS MY/ILTHCEPBICHHX MAKPOMEPEK, OCHOBHI BUMOT'H
J0 MYJETHCEPBICHOI MaKpoMepeki, 110 ChpsMOBaHi Ha 30iNbllIeHHsT B pasH
MaKCHMAaNbHOT LWBHAKOCTI repeaadi AaHux Ta 3abesrneueHns rapaHTOBaHOT SKOCT
oGenyrosyBatHst s OYAb-AKHX pugip  cepsicis. CdopmyneoBana  HayKoBO-
npunaaHa fpobnema AOCHiLKEHHS, - pospobka MeTojonorii, Ak 06’eaHaHHA 3a
METOIO, CYKYIHICTIO METOIiB, METOAMK, MoieneH i aNropuTMiB, @ TaKoX 1X
3aCTOCYBAHHA 3315 HAJaKHs MOKIMBOCTI eh)eKTHBHOTO yrpaBiHHsg PO3NONINOM
pecypciB MyJIbTHCEPBICHOT MaKkpoMepeiKi Ha OCHOBI 3alpoBaJKEHHS CHCTEMH 300py
it o6niKy iH(OpMaLii 3 MEPEkKEBHX PIBHIB Y PeabHOMY yaci.

Jlpyruii po3aifl fpHCBA4EHO oliKIli BMNAMBY CMHXpOHizalil Ha MepeKes
pecypcH Ha piBHAX AOCTYTY, arperauii Ta sapa Mepexdi. Y posiini nposeaeHo ananis
ocoBnuBOCTEll  CHHXPOHi3allii  CyyaCHMX — TPaHCMOPTHHX — Mepex, Lo
XapaKTepH3yIOThCA  BHKOPHCTaHHAM BUCOKOLUBHMAKICHHX cHcTeM TnepenasaHHs
iHpopmauii Ha ©Oa3i HOBITHIX rexHONOriH. PO3MsHYTO 3arajibHi  BNacTHBOCTI,

OCHOBHI NMPUHLKIH N0GYA0BH H QYHKUIOHYBAHHS MEPEK CMHXPOHi3aLil B Mepexax



CHHXPOHHOT UM(poBol iepapxii Ta Mepexax mnakeTHoi TexHosorii IP/MPLS.
[TpoBeneHo BUMipiOBaHHs rapaMeTpiB cTabiNbHOCTI CHIHAJiB CHHXPOHI3alil B
NaKeTHUX Mepekax.

B Tpethomy po3gini po3pobneno: maremMarMdHOl MOLENi AaNanTHBHOIO
MYJILTHILBHIKICHOTO KOREKY; METOAMKH 3 BH3HAueHHs ONTHMA/IbHOO 3HAYeHHS
pecypcy, HeoOXiaHoro s poGOTH KOAEKY; AaNropHTMY TPaHCKOIYBaHHA, LIO
BHKOPHCTOBYE MiHiMalbHMil obcar pecypciB HeoOXiAHUX 1A (YyHKUIOHYBaHHS
KOHKpETHOrO CepRBiCy; METOJMKH NpoBe/eHHs NOBHOro ob6iiKy NpoLecopHOro vacy,
ANrOpUTMY [IMHAMIiUHOro nepexoHdirypyBaHnHs Mepeii; METOAMKH 3 BH3HAYEHHS
3aTpayeHoro o6’eMy pecypeiB, IO BHKOPMCTOBYEThCst ANs 3abe3nedeHHs 3amaHol
HajdifHocTi. Po3spofieHro MozeNk alanTHBHOIO MYJLTHLLBMIKICHOTO KoaeKy (AMR —
Adaptive Multi-Rate), uo  sBnsie cobolo cucTeMy CTaHiB, B fKOMY MOXe
3HAXOAMTHCA KOAEK Ta TIPEACTaBNsACThCS Y BHUMIALI rpady mnepexonin Mik
MOJUIMBHMM 3 Horo cTatis. BianosinHo o anroputMy poGOTH aHOTO KOJEKY, BiH
M€ MOMCIMBICTh MEPEXOAy MiX CYCIIHIMM HOTHPMa CTaHaMH, a TAKOIK MAE CTaH MpH
AKOMYy ronoc He riepenaetbes (SID — nakeru nay3).

UeTBepTHi1  po3tin  rpucBsueno  ouiHui  edexTUBHOCTI  po3pobneHoi
METORONOTIT YIpaBAiHHS PO3MI0AIJIOM pecypcis MyJbTHCEpBicHOT Makpomepeki. Y
po3aini posmsHyro konuenuito Traffic Engineering 8 IP/MPLS. Bupimeuno ocrosHi
3aBJAHHA TEOPETHUHOIO JA0CIiKeHHs Npolecy repeaadi Ta MapLupyTH3alii NnakeTis
B IP/MPLS mepexi. Jocnimkeno anropurmu noGynosu maplupytis B Mepesxi P/
MPLS Ta 3anpoiioHOBaHO ANrOPUTM IHHAMIUNOrO MEePEeKOH(IrypyBaHHS Mepeii
MapuIpyTH3alii ans 3abesredeHHs HeoGXiHOro piBHIO (yHKUiOHANLHOT cTifiKOCTI
MyJbTHCEpBiCHOT  Makpomepesxi. Pozpobrneno  Meton  OuiHKKM  edeKTHBHOCTI
anropuTMy AWHAMIYHOFO NepekoH(irypyBsaHHs Mepexki Ta po3pobiieHO METOAHKY
pO3paxyHKy Bapialiif Hacy 3aTpHMKH MakeTiB B MEpeXi 3 BUKOPHCTaHHAM SKOI
BUKOHAHO 3aJa4y OLiHIOBAHHA e()eKTHBHOCTI METOIMKM PO3paxyHKy Bapiauiii uacy
3aTPUMKH MAKETIB B MEPEXi.

Y ’sitoMy po3aini HagaHo oOrpyHTYBaHHS PeKOMEHAAL 00 MPaKTHYHOro
3aCTOCYBaHHA 3anpoNOHOBAHOT METOAONONT YNpaBliiHHA PO3MNOIiJIOM pecypcis

MYNLTHCEPBICHOT MaKpoMepexi NpH HafalHi Mooyl KOPHCTYBayaM. 3anporoHOBaHO



(GyHKUIOHANbHY MoOJENb CHCTEMM YNpanllitiisg pecypcaMu Ha 0a3i poapobneHol
MeToACNOrii yMpaBiiHHA PO3MOAINIOM PECypCiB MYNBTHCEpPBICHO! Makpomepexi.
Po3po0brieHo ckiaioBi eleMeHTH MIIOILMHK YIIPaBiHHA Ta X QyHKUIOHaNbHI Mozaeni,
BXiAHI T2 BUXiAHI napameTpu. Po3pobneno Moaens enemMeHTy MEPEXKi CHHXpOHi3auil
Ta BM3HaueHo anroput™ ii poboru. HanaHo ekoHoMiuHe OOrpyHTYBaHHS
3a1pOoIOHOBAHOT CHCTEMH YITPaBIiHHA pecypcami.

B poGoti pospobiieHo kareropialbHWi | NOHATIAHMWIT anapar, WO J03BOASE
MaTH €OuHe pOo3yMiHHSA Ta (OPMYJIOBaHHA MOHAThL. 3arnporoHoBaHe A03BOMSE
nepeiiTH 10 (GopmyBaHHs [epikaBHoro abo ranysesoro craHiapry ta 3abe3neunTH

CMJIKYBaHHS Ta NOKyMEHTOODIr Ha ciiniiii nouaTiiHIN (hopmanizosauiii) Hazi.

Ouinka MOBH_Ta_CTHAI0 BHKIaneHHs auceprtauii i aBropedepary. Mosa Ta

CTWJIb AMCepTauUil Ta aBTopedepary cBiA4arh NMPO BMIHHS aBropa apryMeHTOBaHO
BUKNanaTH cBOI AYMKH Ta, y UUIOMYy, Bianosiaaiots Bumoram MOH VYkpaiuu.
CdopmynboBani y auceprauifidiii poGoTi OCHOBHI MONOMKEHHS, BHCHOBKH Ta
peKoMeHAaLliT BUKIIaleH] Y JIOTIHHIA NOCNiAOBHOCTI Ta AoKa30Bii (opmi, WO 3HAYHO
CNpUAE YCBIAOMJEHHIO AYMOK aBropa. Bei po3ginn auceprauil MaiOTh BHYTPILLHIO
€HICTh | 3aBEPILUEHICTb. 3MICTOBHE HAMOBHEHHs IiApo3NiiiB poGoTH BiAroBijae
3MICTY BU3HAYEHHX PO3AIIIB.

OrpuMaHi niacyMKoBi pe3ynsrarH Avceprauil criBnajgalotTh i3 3arajibHolo
METOI | KOHKPETHHMW HAayKOBUMM 3aBHaHHAMH, chOpPMYyILOBAHHMH Y BeTyni. B
uijlomy, Auceprauiiina pobora cripuiimMaeTbesl SIK 3akiHueHa HaykoBa MNpaus, IO

MICTUTb HOBI HAyKOBI pe3yJibTaTH.

[iarsepaxcennsn MOBHOTH BHKJAAY OCHOBHHX pe3y/bTATiB_AHceprauii B

HayKoBHX daxoBHX Buaaunsix. Hayxosa HoBM3Ha Oe3cymHiBHA Ta JOCTarTHs Juis

JlokTopckhkoi arcepratiii. OCHOBHI HayKOBI | NpaKTUYHI pe3ysbTaTH, 110 OTPHMaH| B

XOAl AMcepTauiifHOro AOCHIJUKEHHSA, onyOnikoBaHO 3 HeoOXiAHO MOBHOTOIO Mic/s
3aXHUCTY KAaHAMAATCLKOT AMcepTauil B 33 HayKOBUX npausx, 3 skux 10 ogHoociOHI.
Bceoro onybnikoBaHOo B HayKoBHX (PaxOBHX BUJIAHHAX, pPEeKOMEHI0BaHHUX

MOH VYkpaiun, 20 crareil, 3 akux 2 y (paxoBuX BHAAHHAX, BiHECEHHX A0



HayKoMeTpHuHHUX Oa3 nanux. 3pobneHo |1 N0noBige# Ha MIKHAPOAHMX HayKOBO-

NpaKTHYHMX KOH(epeHiliax.

BianosianicTe 3micTy anropediepaty OCHOBHUM MOJAOKEHHAM AMCEpTaLil.

3micT apTopedepary BiZNOBIZAC OCHOBHUM (IONOXEHHAM AMCEPTAUIl i Aa€ nosHe
YSBJEHHs MpO OTPUMAaHi pe3yibTaTH AOCHHLKEeHHS Ta iX HAyKoBY HOBM3HY Ta
MPaKTHYHY 3HAYMMICTb.

Bigmivaio B UiNOMYy HAYKOBO-KOPEKTHWI CTWllb BHKNALEHHS MaTepianiB
auceptauil, Hazsa poGoru Bianosinae camol poboti, ska Bianoeigac nacnopry

crewianpHocTi 05.12.02- TenexkoMyHikauiiiHi cHCTEMH Ta Mepexi.

Hepoaikn

Y sikocTi Hegonikis y po6ori noTpiGHo BiAMITHTH HACTyNHe,

. Metoio auceprauifinoi pobori ¢ pospoGka merony e(eKtTHBHOro
YNpasJliHHS  PO3MOMIJIOM PecypCiB  MyJILTHCEPBICHOT MakpoMepexi 3a paxyHoK
CTBOpEHHSA BIANOBIAHOrO HaykoBo anaparty. Ilpy uboMy ouiHIOBaHHS e(eKTHBHOCTI
3po0NeHO AOCHUTL y3arajbHEHO, a NUTAHHS YNpaslinHg B poGOTi po3rAsaaloThCa y
IWIHPOKOMY criekTpi ©6e3 3aranbHOi cHcTemarusauii:  ynpasiiHHA — PO3TIONINOM
pecypciB; yNpaBiiHHS Mo BUOOpY WIBHIKOCTI KOAYBaHHs TOJIQCOBMX NMOBiLOMAEHb,
YApaBNiHHA WBWAKICTIO NMepeadi AaHWX, YIPaBniiHa TPAaHCKOAEPOM; YIpaBiliHHS
PO3MOAINOM  MPOAYKTHBHOCTI;  YIPaBMiHlisg pPO3MILUEHHSI KEPYIOMHX [porpam
BIATOBINHO 10 JAHUX HMOBIPHICHHX XapaKTepHCTHK; ynpabBiaiHHA pedpeliMiHroM;
ynpasninnua [P-mepekolo; ynpasninns iHTEHCHBHOCTSMM; YNpaBliHHS pecypcamy
MapLLUpPYTH3aTOPY; YIIPARAIHH HALIITHICTIO Ta WKHUBYUICTIO.

2. B poborti He HaBeaena maTeMaTHyHa opmainizauis 3anadi: Tak, npeameroM
NOCTiAAEHHA Y pobOTi € cHcTeMa YNpaBliHHS onmmumaibHo20 Po3NoAiny pecypcip
MYJBTUCEPBICHOT MaKpOMepei MpH HaaaHHI Nochyr kopucTyBadaM, OIHAK NUTaHHS
ONTUMIi3ali] po3MANAOTECA HE AK BEKTOPHHMI MOKA3HWK, a AK CKaNApHi CKIadoBi,
okpeMo «be3aneka (cTBopeHHs okpemoi ronocosoi VLAN, sika aMeHIuye fiMOBIpHICTb
NEPEXOMNEHHS | aHami3y TIOAOCOBHX MAaKeTiB) Ta OKPEMO «IIABHILEHHS SIKOCTI
nepefadi» (MexaniaMm VLAN no3Boiisic 3anaru NiJBHILEHWIH NPIOPHTET FONOCOBUM

nakeTam, 1, 1K Hac/liJI0K, MOMMIUUTH SKICTh 3B'13KY ).



Lle 3anaua GaraTokpuTepianbHa TOMY, 1O OCHOBHI BUMOTH 10 MaKpoMepexi
CIIpAMOBaHi Ha JIOCATHEHHA_HACTYIHHX Uijiei:

- 3GibIUEHHS B Pa3y MAKCUMAaLHOT LUBHAKOCTI MEpeiayi NaHHX;

- 3a6e3neueHHs J0CTymy B Mepexy [HTepHeT y Oynb-sKiii TouLi;

- mepexin Ha XMapHy iH(pacTpyKTypy;

- BMKOpMCTaHHS MaciutaboBanol Ta eKOHOMIUHOI TPaHCTOPTHOT Mepexi;
3aBe3neyeHHs rapanToBanol skocti (QoS) ans Oyiib-KUX BMIIB [IOCIYT.

3. Bubip Zeskux mapameTpiB NaKkeTiB Ha ApHKiajax, sKi po3rnafaloTecs y
poBori obpaHo 6e3 mocunaHHs Ha BIAMOBIAHI MYNbTUCEpBIiCHI makpomepeski. Tak,
NpH BU3HAYEHHI HMOBIPHOCTI CTaHiB, B AKUX MOXKe fMepeQyBaTy KoK NpH BIJIUBI Ha
HBLOTO TOTOKY BiZAMOB (ITOTipLIEHHA CTaHy pajiokaHally) i BIAHOBNECHb (monminweHHs
cTaHy paiokanany) 3poGieHa MPUIYLIEHHS LWOA0 NEPEXOiiB KONEKY Ta KiJTbKiCTI
Gycdepip -9 (cTop.188), npH UbLOMY MapLIpYyTM3aTOp NpPEACTABNEHUH Y BU IS
MapKiBCLKOTO JIaHLIOKKa flepexonis  mac 13 Bydepis (ctop.217); yMOBHi
IMOBIPHOCTI MepexoiiB MiX CTaHaMW 3a YMOBH BINOMUX IHTEHCHBHOCTEH A
nepexonis obpaHo y sikocTi npuknany Ges oOrpyHTyBaHHs (cTop.193); kmio4oBi
XapaKTepHCTHKH 0BpaHoro pilleHHs; noBHUA Halip pexcumiB kozeka (crop.182);
BXinHi napameTpu (ctop.204); piBeHbL 3anOBHEHHA Hepru Ta HMOBIPHOCTI
3HAXOMKEHHS B cTaHax (cTop.225); 3HaueHHs iHTEHCHBOCTEH Mepexofy i3 CTaHiB
(cTop. 227); napameTpu Mozieni Tpadiky (cTop.318) Ta iH.

4. B pob6ori pouinsHo Gyno 6 nposectd MopiBHANLHUEA ananis e(peKTHBHOCTI
3aCTOCYBAHH 3a3HAY4EHOTO AIFOPHTMY JIMHAMIUHOIO fiepekoHdirypyBaHHs Mepexi,
L0 JIO3BONAE BH3HAYMTH 3aTpaycHiii 00’eM pecypciB, IKHA BHKOPHCTOBYETHCA NS
3aGe3neyerHs  3a7aHoi  HAMMHOCTI 33 KpHTEpieM «e(eKTHBHICTh-BapTicTL». B
AucepTalifinii poBoTi Takok AoUiNLHO OyN0 O HAanaTH cXemy CHCTEMH ynpasiliHHA
pO2MOMINOM pecypciB MynbTHcepBicHO! Makpomepesxi Ha 6a3i 3anporoHOBAHOrO
y3arajpHEHOro anroputMy pobOTH naHoi cHCTeMM ympasiiHHs. Takox B
avcepTauifiHii po6oTi gouinsHo Gyno 6 poO3MIsAHYTH BIUIHB CHIHANIB CHHXPOHi3aLlil

HA HaBAHTAKEHHS MyJLTHCEpPBIiCHOT Makpomepexi Npu repenadi pisHOpiAHOrO

TpadiKy.



5. 3anponoHOBAHWI KPUTEpPiH e(eKTHBHOCTI 3acTOCYBaHH# alropuTMy
nuHaMiuHOTO  repekoHdirypyBanus  Mmepexi  (cTop.314), AKifi  BpaxoBye
«BiAMOBIAHICTL BH3HAuyeHOro PpiBHA eheKTHBHOCTI MK BMHWKHEHHI apapifiHuX
CUTyaUiii Ta YHCeNibHE 3HA4EHHS MOCTABNEHOT METH » Mac NOCHTb 3arajibHuil BUMISA
Ta noTpeby€e YTOYHEHHS MNpPH OLIHIOBAHHI CTYMEHA N0CATHEHHS MoCTaBleHOl METH
MpH 3aCTOCYBaHHi anrOpUTMY AHHAMIUHOTO MEPEKOHIrYpyBaHHsA MYABTHCEPBICHOI
makpomepesi. Takox, He 30BCiM 3PO3YMiNo, HA OCHOBI YOTO BHU3HAYEHO OCHOBHI
dyHKUioHaNbHi GOKH yNpaBailHs Ta BUMOTH 10 HHUX, WO HeoOXi/{HI A5 CTBOPEHHS
CHCTEMH YNPaBMiHHA PO3NOAINOM pecypciB MynLTHCEPBICHOT mepexi (Po3ain 5).

6. B poboti MpHCyTHI OKpeMmi CTHIICTHYHI Ta optorpadituni MOMHIIKH,
HanpHkIaa: cucTeMHuil cuuTes (cTop.36); Kpanka 3pOCTaHHs TeNeKOMYHIKaLiHHOro
puHky (ctop.70); UikaBy CepBiCH 1 NOCAyry (cTop.70); niniitni BuUnpoOyBaHH:A
(ctop.142); piBuus (3.1) cTop. 190 Ta (3.2) crop. 192 noBTOpIOIOTHCS; (POPMYAH
(3.4), (3.5) na ctop. 194 He 30BciM xopexTHI; cTop.195 — «Cuctema on-line obmiky
NOBMHHA J03BONATH YCEPENHIOBATH [HTEHCHBHOCTI NepexoiiB 3 noxubKoio
eKBIBaNEHTHOI BAPTOCTI NOPiBHIOC | Konilika»; B AMCUMIIIHKH OOPODKH CHCTEMH
uepr (ctop.212); nepeBHLLEHHA Y BizmoBocTifikocTi (cTop. 267); «ui atpuOyTH
MOXYTh BUKOPHCTOBYBaTHCA JUisl peajiizauii pisHnux BapianTis noaimuru» (ctop.281).

BkazaHi HeZONIKH He BIJIMBAIOTH HA 3arajbHy MO3HTHBHY OLIHKY Ta LiHHICTD
nuceprauiitnoi  poboru  «MeToaonoris yrpaBiiHHs  pO3MONIOM  pecypciB
MyJbTHCEPBICHOT ~Makpomepexi Npv HajaHHi MOCIYr  KOpHETyBaqam», Ak
kBanidikauiiiny po6oTy, B LiloMy, 3aBEPLIEHICTD AKOT HE BUKIHKAE cymuiry. Pobora
MIiCTHTb BUCYHYTi aBTOPOM HayKOBO 0OIpyHTOBaHI TEOpPEeTHUHI Ta eKCrepHMEHTANIbHI

pesyikTaTH, HayKoBi NI0J0KeHHs, 0cobucTuil BHecoK 3100yBaa B HayKy.

Bucnosox.

Bupuenns Adceprauifinoi pobotd, asropedepary Ta - onydnikoBaHux
3100yBaieM HayKOBHX Npallb A03BOJAE CTBEPAKYBATH, LIO avcepralliiina pobora
BMKOHAHA Ha aKTyanbHy TeMmy, Mpeactasisc cobolo JOriyHO 3aBeplleHe Haykose
NOCITLIKEHHS, L0 MiCTUTbh HOBI OOFPYHTOBaHI HAYKOBI pe3ynbTaTH, fKi B CYKYITHOCTI
€ BUpillieHHAM cOPMYJIbOBAHOT BHILE HayKOBO-TEXHI4HOT npoGaemMu, Ta BiINOBIJa€E

sumoram f. 9, 10, 12-14 «[Topsaky npucyKelHs HayKOBUX CTyNeHiB» 10



JOKTOPCBKUX nucepTauid, a 3a00yBau @edoposa Hamauin Bonoowmupisna
3ac/iyroBy€ Ha [IpHCYIDKCHHS HAyKOBOTO CTyreHs NOKTOpa TeXHiYHMX HayK 3a

cneuianbHicTio 05.12.02 — TenexoMyHikawiiiti cucTemu Ta Mepexi.

Odiuiiinuii ononenr

NPOpeKTOp 3 HAYKOBOT poboTy

NOKTOp TeXHiUHUX HayK, npodecop,
3acaykennii ainy Haykn i Texuikn Yipainn,

0.A.Mawkos




