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AHOTALIA

Mo06151bHMI 3B'I30K CHOTO/HI € HEB1I'€MHOIO YaCTUHOIO HAIOTO KUTTS. bararo
pedeil y HalioMy JKHTTI TaK 9 1HAKIIIE TOB’S3aHI 3 BHUKOPUCTAHHSIM MOOUIBHOTO
IPUCTPOIO. AJie TeeQOoH Mailke MapHUH, SKIIIO KOPUCTYBATUCS HUM 0€3 MOO1ILHOTO
3B’a3Ky. ToMy sKICTh MOOITBHOTO 3B'SI3KYy € HaA3BHUYAHO  Ba)XJIUBOIO
XapakTepucTHKo0. OMHUM 3 TOKAa3HUKIB SKOCTI € CTaOUIBbHICTh, SIKa XapaKTEPHU3YE
MOXJIMBICTh JOCTYIy JI0 MEpeXi B Oyab-sfkuil 4yac. MoOinbHa SKICTh 3arajiom
NpUIHATHA Ta BIAMOBiZae moTpebam OumbIIOCTI KopucTyBawiB. OpHak OyBaroTh
CUTyallii, KOJU MOOUIbHI 0a30Bl CTaHIli HE BUTPUMYIOTh BEJIMKOI KIJIBKOCTI
KOPUCTYBadiB 1 B pE3yJIbTaTi AKICTh 3B'SI3KY 3HAYHO TMOTIPIIYETHCS. Y TaKUX
BUITaJIKaX HaBITh KOPOTKE TEKCTOBE IMOBITOMIICHHS MOXKE OyTH TepenaHe MPOTATOM
JEKUIbKOX XBWIMH. Ll mpobiiema xapakTtepHa i yac MacoBHX 310paHb, TaKUX SIK
KOHIIEPTH, 3aKJIaJId BUIIIOI OCBITH.

Metoro poOOTHM € BAOCKOHAJEHHS METOJy Iiepelnayl JaHuX y MOOUIbHIM
MEpexi 3a IONOMOTOI0 aJITOPUTMY, SIKUH MOKE 3MEHIIUTU TIEPEBAaHTAKEHHS MEPExKi
0e3 HeoOXx1aHOCTI MoaAudIKaIlli ICHYI0OUOTO 00J1aTHAHHS.

O0’€eKTOM OCHTIIKEHHS € CTUTbHUKOBI MEPEXi Ta METOIM OOMIHY IaHUMH MIX
MOOUIBHUMH MPUCTPOSIMH.

[IpeameToM AOCHIKEHHS! € XapaKTEepPUCTUKU HABAHTAXKEHHSI HAa CTUILHUKOBY
Mepexy, IpoOJieMH, TIOB'S3aHI 3 TIEPEBAHTAKCHHSAM 1 METOAM BHPIMICHHS
NEepPEeBAHTAXKEHb MEPEXI.

HaykoBa HOBU3HA ToJIIrae y CTBOPEHHI CIOCOOy Iepefadi JaHUuX y MEpexi,
KWW 3MEHIIY€E MEePEeBAHTAXKEHHSI MEPeki 0e3 CyTTEBHX BTpaT MIBHJKOCTI Iepeaadi
JaHUX Ta 0€3 HEOOX1HOCTI 3MiH anapaTHOro 3a0€3MEeUCHHS.

[IpakTuyHa IIHHICTH TOJIATAE B MPUCKOPEHIN Tepemadi JaHUX y Mepexax 3
BHCOKMM HaBaHTAXCHHSIM 3a HHU3BKHX BUTPAT PECYpCiB SIK KOPUCTyBada, TakK i

nocTavyajibHUKA MOCTYT Mepeaayl JaHuX.



ANNOTATION

Mobile communications are an integral part of our lives today. Many things in
our lives are related to the use of a mobile device in one way or another. But the
phone is almost useless if you use it without a mobile connection. Therefore, the
quality of mobile communication is an extremely important characteristic. One of the
indicators of quality is stability, which characterizes the ability to access the network
at any time. Mobile quality is generally acceptable and meets most user needs.
However, there are situations where mobile base stations do not withstand a large
number of users and as a result, the quality of the connection deteriorates
significantly. In such cases, even a short text message can be transmitted within
minutes. This problem is typical during mass gatherings, such as concerts.

The aim of the work is to improve the method of data transmission in the
mobile network using an algorithm that can reduce the overload of the network
without the need to modify existing equipment.

The object of research is cellular networks and methods of data exchange
between mobile devices.

The subject of the study is the characteristics of the load on the cellular
network, the problems associated with congestion and methods of solving the
overload of the network.

The scientific novelty is to create a method of data transmission in the
network, which reduces the overload of the network without a significant loss in data
rate, and without the need for changes in hardware.

The practical value lies in the accelerated data transfer in high-load networks

at low resource costs both by the user and by the data service provider.



PE®EPAT

MoO1s1bHUI 3B'SI30K € HEB1JI’€MHOIO0 YACTHHOIO HAIIIOTO TEMEPIIIHbOTO HKUTTS.
Yumano peuedl y HamioMy >KUTTI TaKk YM 1HAKIIE IOB’S3aHI 3 BUKOPUCTAHHS
MOOUTLHOTO TIpUCTpor0. Ajie TenedoH Maiike HE HeEce KOPHUCTI  SKIIO
BUKOPHCTOBYBaTH HOro 0e3 MOOUIBHOTO 3B’s3Ky. TOMy HaI3BHYallHO BasKJIMBOIO
XapaKTEPUCTUKOIO MOOLTHHOTO 3B 3Ky € HOTO AKiCTh. OHUM 3 TIOKA3HHKIB SIKOCTI €
CTaOlIBHICTD, II0 XapaKTEPU3Y€E MOXKIMBICTh Y OyJb SIKMM MOMEHT 4acy OTpUMaTH
JOCTYI 10 Mepexi. 3a3BUYail SKICTh MOOUIBHOTO 3B’SI3KY € MPHIHATHOIO Ta
3aJI0BOJIbHSIE OUIBIIICTh TOTpeOd KopucTyBauiB. [IpoTe iCHYIOTH cuTyalli, KOJu
0a30Bl cTaHIii MOOUIBHOTO 3B’SI3Ky HE BUTPUMYIOTH BEJIHUKOi KUIBKOCTI
KOPUCTYBauiB 1 uepe3 L€ SKICTb 3’€IHaHHS CYTTEBO IMOTIpIIYEThCSA. B Takmx
BUIAJKaX HAaBIThb KOPOTKE TEKCTOBE MOBIAOMJICHHS MOXKE IEpelaBaTUCS MPOTITOM
JNEKUIbKOX XBWIMH. Taka mpoOjieMa € XapaKTepHOIO IIIJ 4ac MAaCOBHUX CKYITYEHb

JI0JIed, HAaPUKIIaa, Ha KOHLEpTaX, (hecTUBaIAX ado spMapKax.

Metor poboTH € TIOKpaIlleHHs CIoco0y Tepeiayl JaHuX y MOOUIbHIN Mepexi
3 BUKOPHUCTAHHAM aJITOPUTMY, SKHH 3MOKE 3MEHIIUTH HAJJIUITKOBE HaBAaHTAKCHHS

Mepexi 6e3 moTpedu Moaudikalli ICHy040ro o0Ia HaAHHS.

JI1st AOCSITHEHHS JaHOT METU HEOOX1THO BUKOHATH HACTYITHI 3aBJIaHHA:
— JOCJIIIUTH ICHYIOU1 METOJIM 3MEHIIIEHHS] HABAHTAXKEHHSI MOOIJTbHUX MEPEX;
— po3poOMTH HOBUH cmoci0 Tmepenayli JaHWX IS BHCOKOHABAaHTAKCHUX
MOOUIBHUX MEPEX;
— CTBOPEHHS IPOTPaMHOI MOJIENIl CTaHAAPTHOTO Ta YIOCKOHAJIEHOTO CIOCO0Y
nepeaadi JaHux,
— aHaJIi3 pe3yybTaTiB pOOOTH MOJIETI.
O0’€KTOM JOCTIIKEHHSI € MEPEK1 CTUIBHUKOBOTO 3B 513Ky Ta METOAU OOMIHY

JAHUMHU MK MOOUTBHUMHM MPUCTPOSIMH.

IIpeaMeToM JOCITIDKCHHSI € XapaKTCPUCTHKAa HABAHTAKCHHS CTLIBHUKOBOT
Mepexi, TmpoOJeMH M0 TOB’S3aHI 3 TEPEBAHTAXKCHHSIM Ta METOIU BUPILMICHHS

HAaJJIMITKOBOI'O HABAHTAXKXCHHA MEP exKl.



Metoau pociimkenHsi. MojentoBaHHa poOOTH MEPEKi 3 MOKIIUBICTIO 3MIHH
OCHOBHHMX TIapaMETpPiB MEpEeXki, IO CTOCYIOTbCS JOCHITy, Ta BIJACTCKCHHS

MOKa3HUKIB MEpPeXki Yy KO)KEH MOMEHT 4acy.

HaykoBa HOBH3HA T0JIsTa€E y CTBOPEHHI CIIOCOOY Tepeaaydl JaHuX y MEpexi,
10 JI03BOJISIE 3MEHIIIMTH HAJJIMIIIKOBE HABAaHTAXXCHHS MEPEkKi O€3 3HAYHOT BTPATH y
MIBUIKOCTI Tepenavi JaHuX, 1 MpU [boMy, Oe3 MOTpeOW 3MIH Yy amapaTHOMY

3a0€e3ICYEeHHI.

IIpakTuyHa WiHHICTL TONATaE€ y TMPHUIIBUIIICHI Tepefadi AaHuX Yy
BUCOKOHABAaHTAKEHUX MEpEXKax NpPHU HE3HAUHUX PECYypCHUX 3aTparax sK 3 OOKy

KOPpHUCTYBa4ad TaK 13 60Ky IIOCTAaBHHUKA ITI0CIIYT Hepez[aqi JaHHX.

Crpykrypa Ta oocsr po6oTH. Marictepchka IucepTarlisi CKJIaIaeThCsl 3 BCTYILY,

YOTHUPHOX PO3/I1IIB, BACHOBKIB Ta JIOJIATKIB.

Y BcTyni mpencTaBieHa 3arajibHa XapaKTepHUCTHKA MpoOjieMH, OOTpyHTOBaHA

HEOOXIJTHICTh PO3POOKH HOBOTO alrOpUTMY, C(hOpMYJIbOBaHA 33/1aya pOOOTH.

VY meprioMy po3diii JAa€ThCsl BUSHAYCHHS CTUIBHHUKOBOI MEpEXKi Ta OMHCaHi

OCHOBHI XapaKTEPUCTUKUA POOOTH CTUIBHUKOBOI MEPEXKI.

Y npyromy po3auii OmMcaHi MOXIJIHMBI MPOOJIEMU, NA€ThCS BU3HAYCHHS

BUCOKOHABAHTAXKEHUX MEPEX, Ta IMPOBEACHA OLIHKA ICHYIOYMX pIIIEHb Ta iX

HEIOJIIKIB.

Y TperhoMy po3AuTi HaBEACHO TMOKpAIIEHUWH Crocid mepenadi JaHUX Yy

BHCOKOHABAHTAKCHUX MCPCIKaAX, OITHCaHI nepeBaru Ha HCI[OJ'IiKI/I.

Y derBepTOMY pO3MiTi, HABEIECHO MPUKIA] POOOTH AIrOPUTMY HA PI3HUX

Habopax JIaHuX, Ta MPOBEJCHUN aHaII3 pe3yJIbTaTIB.

Y BUCHOBKax OMUCAHO Pe3yJIbTATH HOCIIIKEHHS.

KirrodoBi cioBa: CTUIBHMKOBA Mepexka, MOOUIRHUN 3B 30K, 0a3oBa CTaHIIIS,

PO3BAHTAKEHHS MEPEXKI.
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I[MTEPEJIIK CKOPOYEHb, YMOBHUX ITO3HAYEHDb

M3 — MOO1JIbHUI 3B’ A30K.

®deMTOCOTH — MAJONMOTYXKHI 1 MIHIATIOPHI CTaHIIi CTUTBHUKOBOTO 3B’S3KY, IO

npu3HadeH1 A1 00CTyroBYBaHHS HEBEIUKOT TEPUTOPII.
RRC (Radio Resource Rontroller) — konTposep pagiopecypcis.

DTIM (Delivery Traffic Indication Message) — moBigoMIIeHHS TIPO 1HIUKAIIIFO

TpadiKy JOCTaBKH.
API (Application Programming Interface) — npuxiagauii mporpamMHuii iHTepdeiic.

MIMO (Multiple Input Multiple OQutput) — cuctemu 3B'I3KY 3 OKPEMHMH

nepeaaBalbHIMHU 1 TPUHMaIbHUMH aHTCHAMU.

LTE (Long Term Evolution) — crarmapt 6e3apOoTOBOTO 3B'SI3KY JJIsI MOOITHHHUX
IIPUCTPOIB.

Discontinuous Reception

DRX (Discontinuous Reception) — mpuiioM 3 iepepuBaHHIMHU.

HSPA (High Speed Packet Access) — canmapT BHCOKOIIBHIKICHOTO MaKETHOTO

JIOCTYMy MOOUIBHOTO 3B'SI3KY 3-TO MOKOJIIHHS.

GSM (Global System for Mobile Communications) — crangapT s ONUCY
NPOTOKOJIIB IM(PPOBUX CTUIBHUKOBUX MeEpPekK apyroro mnokoiiaas (2G), 1o
BUKOPUCTOBYIOTHCSI MOOUIBHUMH MPUCTPOSMU, TAKUMHU SIK MOOUIbHI TeleQOHHU Ta

ITAaHIICTH.

UMTS (Universal Mobile Telecommunications System) — Mo0iibHa CTiIbHUKOBA

CHUCTEMa TPEThOr0 MOKOIIHHS JJIs1 Mepex Ha 0a3i ctanaapty GSM

3GPP (3rd Generation Partnership Project) — TepMiH ans psay CTaHIApTHUX

oprasizaiiii, ki po3po0JsIOTh MPOTOKOJH JIJII MOOIJTEHOTO 3B'SI3KY.

3GPP2 (3rd Generation Partnership Project 2) — Tepmin mnsi coiBopari Mix
TEJICKOMYHIKAIIMHUMHU ~ acoIllallisiMi  JUIsl BHpPOOJIeHHS crerudikaiii cucTteMu

MOOUITBHOTO 3B'SI3Ky TPeThOTo MoKotiHHS (3G).
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MUX (Multiplexer) — npuctpiii, sskuii BuUOMpae MiXK KiJlbKOMa aHaJOTOBHUMH a00
1M(PpOBUMH BX1THUMH CUTHAIAMHU 1 MepeHaIpaBiisic BAOpaHUi BX1Jl HA OJHY BUXIJIHY
JHITO.

FHSS (Frequency Hopping Spectrum Spreading) — TexHosorist riepeaadi CUrHaIy

31 HIBUAKUM TICEBJOBUIIAIKOBUM MepeamTyBaHHIM poO0Y0i YaCTOTH.

DSSS (Direct Sequence Spread Spectrum) — TEXHOJIOTISI MOJIYJIAIIL, IO
3abe3reuye OUIBITY MPOAYKTUBHICTD JIOKAIBHUX OE3IPOTOBUX MEPESXK IUISIXOM

PO3IIMPEHHS CIIEKTPa BUIPOMiIHIOBAHOTO CHTHAIY.

FDM (Frequency-Division Multiplexing) — TexHika, 3a JOIIOMOT0O0 SKOT 3arajbHa
MPOMYCKHA 3/aTHICTh, JOCTYIIHA B KOMYHIKAIlIHHOMY CEPEIOBHII, AUTUTHCI Ha PST
CMYyT YacTOT, IO HE TMEPEeKPUBAIOTHCS, KOXXKHA 3 SKUX BHKOPHUCTOBYETBHCS IS

Hepenaqi OKpPCMOI'0 CUTHAILY.

OFDM (Orthogonal Frequency-Division Multiplexing) —  wmeTon
MYJIbTUIIEKCYBAaHHS (TIO€IHAHHS KUIBKOX TIOTOKIB JaHUX B OJWH CHUIBHUHN
MPOCTIp), AKUN MIAPO3NOAUISE JaHWUN paJIOCHEKTp Ha HAOIp OPTOrOHAJIBHHUX

MIHECYYHX, Yepe3 Kl NepeaeTbes iHPpopMallisl.

RAN (Radio Access Network) — gactuHa cucTteMu MOOUTBHOTO 3B'S3KY, sKa

peaizy€e TEXHOJIOTI0 palioOCTYITy.

QoS (Quality of Service) — ornrc a60 BUMipIOBaHHS 3arajbHOI MPOTyKTUBHOCTI

MOCJIYTH, HANIPUKJIIAJ, TenedoHii a00 KOMIT IOTEPHOI MEpEexi.

11



BCTYII

I3 po3BuTKOM 1HQpOpPMAIIHHUX TEXHOJIOTIH HaIllle >KUTTSA BCE OUIbIIE CTae
3aJeKHUM Bl 0aratboxX pedei, sKi J03BOJSIOTH CHOPOCTUTH Ta MPHUILBUIIINTU
BUPIIICHHS TOBCAKACHHUX 3anady. Hampukian, MoOUIbHI TenedoHHU, TUIAHIICTH,
HOYTOYKH, TOOMHHHUKHU Ta 0arato iHIIUX peded. Yci 1i mpucTpoi 3apa3 oOjaaHaHi
MOJIyJIeM MOOUTBHOTO 3B’ SI3KY JJISl IOCTYIY 10 BCECBITHBOI Mepexi iHTepHET. OTOX,
MOOUIbHHM 3B'A30K € HEB1I’ €MHOIO YACTUHOIO HAIIOTO TEMEPIITHBOTO KUTTS.

Ane MoOUIbHHI TenedoH Maike He Hece KOPHCTI, SKIIO BUKOPUCTOBYBATH
oro 0e3 MoOubHOro 3B’s3ky (M3). Tomy Haa3BUYallHO  BaKIUBOIO
xapakTepuctukoro M3 € ioro sikicte. OJHUM 3 MOKA3HUKIB SIKOCTI € CTaOUIbHICTD,
IO XapakTepHu3y€e€ MOXJIMBICTh y OyIb SKUA MOMEHT Yacy OTPUMATH JOCTYI /O
Mepexi. 3a3Buyail SKICTh M3 € NpUUHATHOIO Ta 3aJI0BOJIbHSE OUIBIIICTH TOTPEO
KopuctyBauiB. [IpoTe, iICHYIOTh cUTyallii, KOJIu 0a30Bi1 CTaHIli MOOUIHHOTO 3B’SI3KY
HE BUTPUMYIOTh BEJIHMKOI KUIBKOCTI KOPHUCTYBayiB 1 4epe3 Le SKICTb 3 €JHAHHS
CYTT€BO TOTIPIIY€eThCA. B Takux BUMaaKax HaBiTh KOPOTKE TEKCTOBE MOB1IOMIICHHS
MOX€E TMepe/laBaTUCs MPOTITOM JEKUIbKOX XBWIMH. Taka mpobiieMa € XapaKTepHOIO
M 4YaC MacoOBUX CKYITYEHb JIOJIeH, HaANpHUKIaj, Ha KOHIEpTaX, (ecTuBaisX,
spMapKax TOIIIO.

Onepatopu MOOUIBHOTO 3B’SI3Ky HAMararOTbCS BHUPIIIATHA MOTIPIIEHHS
CTaO1ILHOCTI MEPE’Ki 3a JOTIOMOTOI0 BCTAHOBJICHHS JIOJATKOBUX MOOUILHUX 0a30BUX
CTaHII1i, HallyacTie aBTOMOOLIIB, 00JIalHAHNX 0a30BOI0 CTAHIIIEID, TTOOIHU3Y MICLS
MOTEHIIIMHOTO CKYITUYCHHS JIOJIel. AJle 1€, TEpeBaKHO, HE BHPINIYE MPOOIeMy
MOBHICTIO, aJ[)KE€ MEpeka BCE 1€ MOXKE 3aJIMIIATUCS 3aHAATO HABAHTAXKEHOIO 1 HE
CIIPOMOKHOI0 €(PEKTUBHO OOPOOIISITH 3aIIUTH YCIX MiJ’ €IHAHUX TPUCTPOIB.

MeToro MaricTepchbKoi AUCEPTAllii € MOKpAIEHHS MOOITHLHOTO 3B SI3KY 3aBISKA
MoAM(QIKallil ICHYIOUOro CcrnocoOy Tmepenadl JaHuX y MOOUIbHIM Mepexi, as
BUIIAJIKIB, KOJIM BOHA HE 3/1aTHA 3a0€3MeUnTH 0OpPOOKY 3aMMTIB YCIX KOPUCTYBaYiB y
NPUIHATHUN TPOMDKOK 4Yacy, depe3 HaaMIpHE HaBaHTAXEHHS. 3arpOTIOHOBAHUMN
CIOCI0 JomoMara€e CyTTEBO 3MEHIIUTH KUIbKICTh aKTUBHHMX 3’€JHaHb 3 0a30BOIO

CTAHIII€I0 MOOUTBHOTO 3B’SI3KY, a TAKOX JO3BOJIAE€ OUIbLI MOBHO BUKOPUCTOBYBATH
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aKTUBHI 3 €JHAHHS, WII0 CYMapHO JO03BOJUTh €(EKTUBHIIIE BHKOPUCTOBYBATU
MOOUIbHHM 3B’S130K Y MEPEKax 3 BUCOKMM HaBAHTAXKEHHSIM.

OcoOnuBICTIO TAaHOTO METOMY € T€, IO I HOTO BIPOBAKEHHS y pOOOTY HE

MOTPIOHO CTBOPIOBATH, 3MIHIOBATH, YW MAaHIMYJIOBATH ICHYIOUMM arapaTHUM
3a0esneyeHHs M. T00TO, 3ampoONmOHOBaHMM CHOCIO Tmepenadi  JaHUX MOXKHA
BUKOPHCTOBYBATH 0€3 3aTpaT Ha JOJATKOBE anapaTHe oOJaJHaHHS YU MOAU(IKAIIIIO
ICHYIOUOT0 0018 THAHHS.
A TakoX 3alpolOHOBAHUU CIOCIO MOXE MpaIfoBaTH pa3oM abo0 MmapajeibHO 3
IHITUMHU CcTIoco0amMu Tepeadl JaHUuX y CTUTbHUKOBIM MEpeKi He BIUIMBAIOYM Ha iX
poboty, oTxe, ;I poOOTH JaHOro crocoOy He 000B’s3koBe 100% MOKPUTTS yCIX
KOPHUCTYBayiB.

MeTtor poOOTH € MOKpaIIeHHsI CIIOCO0yY Mepeayi TaHuX y MOOUTbHINA Mepexi
3 BUKOPUCTAHHSIM QJITOPUTMY, SKHH 3MOXKE 3MEHIIUTH HAJIUITKOBE HAaBAaHTAKCHHS
Mepexi 6e3 motpedu Moaudikallii iCHy0UOro 00IaIHaHHS.

J1Jist TOCSITHEHHS JaHO1 METU HeOOX1/THO BUKOHATH HACTYITHI 3aBJIAHHS .

— JOCJIIIUTH ICHYIOU1 METOIA 3MEHIIICHHS] HABAHTAXKEHHSI MOOITbHUX MEPEXK;

— pO3poOMTH HOBUM CHOCIO mepenadi JaHUX IS BHCOKOHABAHTAXKCHUX
MOOUIBHUX MEPEX;

— CTBOPEHHS MPOTPaAMHOT MOJECNI CTaHAAPTHOTO Ta YIAOCKOHAJICHOTO CIIOCO0Y
nepeaadi JaHux,

— aHaJli3 pe3yybTaTiB pOOOTH MOJIETI.

O06’€KTOM JOCIIKEHHS € MEPEXKI CTUTLHUKOBOTO 3B’SI3Ky Ta METOJIU OOMiHY
JTAHUMHU MK MOOUTBHUMH TPUCTPOSIMH.

IIpeaMeTomM AOCTIDKCHHS € XapaKTepUCTHKA HABAaHTAXKCHHS CTUTHBHUKOBOI
Mepexi, MpoOJEeMHU IO TMOB’S3aHI 3 TEPEBAHTAKECHHSIM Ta METOAM BUPIIIECHHS
HaJUTMIIIKOBOTO HaBaHTAXKCHHS MEPEKI.

Metoau nocaigxennsi. MoaentoBaHHs pOOOTH MEPEkKI 3 MOXKIUBICTIO 3MIHU
OCHOBHHX TIapaMeTPiB MEPEXKi, IO CTOCYIOTHCS JIOCIITY, Ta BIICTE)KEHHS TTOKA3HHUKIB

MEpexXi y KOXKEH MOMEHT 4acy.
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1. 3AT'AJIBHI BIIOMOCTI IPO MOBIVIBHY MEPEXY

Mo6iapHa Mepeka BBAXKAETHCSA OJIHUM 13 HaWBaXKJIMBIIIUX BUHAXO/IIB JIFOJICTBA
1 JIAIIIe 3a KUThbKa JECATUIIITH 1151 TEXHOJIOT IS IEPEKUIIA LTI PSIJT €BOJTIOIIHN.

CrinpbHUKOBAa Mepeka abo MOOUIbHA Mepeka IMpalle 3a HACTYIMHHM
IPUHLIAIIOM: TEPUTOPIis, Ha AKii 3a0e3meuyeThCs 3’ €IHAHHS KIIEHTIB, pO30UBAETHCS
Ha OKpeMi IiISHKH, M0 HA3WBAIOTHCSA «CTUTHHUKAMM», KOXHY 3 SKHX OOCIYrOBY€
0azoBa cranIisg. IIpu 11boMy, B KOKHOMY CTUIBHHUKY aOOHEHT OTPUMYE 1JICHTHYHI
MOCIYyTH, TOMY caM a0OHEHT He IOMIYae€ MEPEeTUH IMX BIPTyaJbHUX KOPIOHIB
CTUTHHUKIB.

3a3Buuaii, 0a3oBa CTaHIlA $SBIsAE€ COOOKO JIeKUIbKAa 3aii3HuX Imad 3
oOJlaJIHAHHSM 1 aHTEH K1 PO3MILIYIOTHCS Ha CIIeHialIbHO OOy q0oBaH1i BuILl. Bapto
MOMITHUTH, 110 Y MICTaX aHTEHHU YacTO PO3MIIIYIOTh Ha JlaxaX BUCOTHUX OY/iBeNb. Y
CepeHbOMY, KOXKHA CTaHIlISl JIOBUTh CUTHAJ BiJl MOOLTBHUX MPUCTPOIB Ha BIJCTaHI
710 35 KIJIOMETPIB.

JIJist moKpamieHHs1 IKOCTI 00CIyroByBaHHS OMNEPATOPH TAKOK BCTAHOBIIOIOTH
(GeMToCOTH - MaJIONOTYKHI 1 MIHIATIOPHI CTaHUIi CTUIBHUKOBOIO 3B’SI3KYy, WIO
MpU3HaYeH1 JJIs1 00CIyrOBYBaHHS HEBEIUKOI TepuTopii. BOoHM H03BOJISIIOTH CTPIMKO
MOKPAIIUTH MOKPUTTS B TUX MICLSX, JI€ 1Ie HEOOX1HO.

MoOUIbHHI TPUCTPIM, MO0 3HAXOAMUTHCS y MEpEeXkl, MPOCIyXoBye edip i
3HAXOAMUThCS cUTHaN 0a3oBoi ctaHIii. ¥ cywdacHy SIM-kapty, okpiM mporiecopa i
OMEpaTUBHOI Mam’siTi, TAKOX BJIAIUTOBAHWUN YHIKAJIBHUM KIIOY, IO JO030JI1€
aBTOPU3YBATUCS Y CTIUIBHUKOBIM Mepexi. 3B 30K TenedoHy 31 CTAHIIEID MOXKeE
IPYHTYBaTUCS Ha PI3HUX MPOTOKOJax - Hampukian, mubposumu DAMPS, CDMA,
GSM, UMTS.

B Vkpaini ayis MoO1IbHOT MepeKl BUAUICHI TPH Aiana3oHu dyactoT - 900 MI,
1800 MI'n ta 2600 MI'11. Ilpu upomy, 900 MI'1; mokpuBae HaOUIbIITY TEPUTOPIO 3
MpeACTaBICHUX Jiala3oHiB, aje MeHIry eMHicTh; 2600 MIT 11 mae HaiimeHIny
JANbHICTD [1i, alle Ma€ BEJIMKY €MHICTh Ta MPOIYCKHY 37aTHICTh; 1800 BBaXkaeThCs
30JI0TOI0 CEPEeIMHOI0 1 € HaWOLIbIl MONyJsIpHUM. BpaxoByrouu BHUIIEBKa3aHI

XapaKTEPUCTUKNA YAaCTOTHUX Jlama3oHiB, iX BUKOPUCTAHHA OOTPYHTOBAHE THUIIOM
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3a/layl Ky OnepaTopud HaMaraloTbCsl BUPIIIMTH B JAAaHOMY CTUIbHUKY. Hampuknan,
900 MI' 11 BUKOPHUCTOBYIOTh y MaJIOHACEJICHMX MyHKTaX 4M 30HaxX (cena, JICH,
CTENH), TOMYy [0 a0OHEHTIB TaM He 0araTo 1 JAHOTO Jiama3oHy IOCTaTHBO ISt
3aJI0BOJICHHS KJIiEHTChKUX ToTped. Pazom 3 Ttum, 900 MI'y no3Boiisie cTBOproBaTU
CTUIBHUKHM BEIIMKHX PO3MIpiB, TOMY OIEpaTopy MOTPIOHO BCTAHOBUTHU MEHIIY
KUTbKICTh 0a30BHUX CTaHI[M y MOPIBHSAHHI 3 IHIIMMH YaCTOTHUMH Jliara30HaMHU, II0
JI03BOJISIE OTlepaTopy €KOHOMHIIIEe BUTpadaTu pecypcu. Haromicts, mianazon 2600
Ml ob6cmyroBye myke OOMEXKEHY TEpPUTOPIIO, MPOTE JJO3BOJIAE MiATPUMYBATH
BEJIUKI MOTY>KHOCTI MEpeXi, Takl SIK €MHICTh Ta MPOIYCKHA 3/IaTHICTh, TOMY HOTO
CTaBJIATH Yy MICISIX BEJIMKOIO CKYMYEHHs JIIoJed. Y BCIX IHIIUX BUIAJKAX, KOJIU HE
NOTPIOHO MIATPUMYBATH HAABEIMKY KUIBKICTh MPUCTPOIB, aje€ 1 HAJIBEIIUKY
TEPUTOPIIO MIATPUMYBATH HEMAE MOKJIMBOCTI, ornepaTopu BUKOpUCTOBYIOTH 1800

MTI 11 niama3oH.

1.1. Po3Mmip cTiIbHUKA

Po3mip cTuibHHKA 3alexuTh Bif OaraThoX (PakTOpiB, TaKMX SK THN 0a30BOi
cranuii, mnaHmmadT (pIBHUHA, TOPH, IMOJOHUHU TOIIO), MICIE3HAXOHKCHHS
BCTAHOBJIEHHS (ClIbCbKa, a00 MiChbKa MICLEBICTh), Ta KUIbKICTh HacesneHHs. Po3mip
CTUIbHMKA TaKOX OOMEXKEHUU paJilycoM Ali MOOUIBHUX NPHUCTPOIB, IO MOBUHHI
OTPUMYBATH JAOCTYII 10 MEPEXKI.

ba3oB1 craHuii MalOTh 0OMEXEHY MPOMYCKHY 3JaTHICTh 1 MOXYTh OOpOOISATH
JIUIIE TIEBHY KUIBKICTh OJTHOYACHMX JI3BIHKIB. 1[e € mpUYMHOIO TOTO, IO B MICBKUX
paiioHax, Ji¢ IIIJIBbHICTh HACeJEHHS BHUCOKA 1 ICHY€ 3Ha4YHa KUIbKICTh KOMYHIKaIlii,
CTIJTBHUKH, SK TPaBWJIO, YHUCICHHI Ta MaJCHbKI - COTHI YW HaBITh JIMIIE JECITKU
MeTpiB oaWH Bif omHOTO (pucyHOK 1.1). ¥V CiIBCHKIM MICIEBOCTI, /€ IIIIBHICT
HACEJICHHs 3HAYHO HIXKYa, PO3MIP CTIIBHUKIB 3HAYHO OUIBIIUN, 1HOJI JOCATa€e
KUJIBKOX KUJIOMETPIB, aJie PIAKO NEPEeBUILy€E OIbIIE AECATH KITIOMETPIB.

Baxxnuso I JIKPECIIATH, 10 3MEHILICHHS MOTY>HOCTI CUTHAIY,
BUIPOMIHIOBAHOTO 0a30BUMH CTaHLISIMH, Y CBOIO 4Yepry 3MEHUIyE TOKPUTTS

CTUThbHUKIB. [loimimeHHs 37aTHOCTI MEpeki 3MIMCHIOBATH TOJIOCOBI J3BIHKH a0o0
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TpadlK JaHUX, B TAKOMY BHUIIAAKY, OOOB'SI3KOBO mependayac 30UIbIIEHHS KIJIBKOCTL
9 b

0a30BUX CTaHIIH.

Pucynox 1.1 - Ilpuxnan 3actocyBanHsa 0a30BUX CTaHIN Pi3HUX J11alTa30HIB

qacCToT

1.2. Radio Resource Controller

Mepexi 3G 1 4G MaroTh yHIKaNbHY (YHKIIIO, AKOI HEMae y KaOelbHHX, Ta,
HaBiTh, Mepexax WIiFi. Kontponep pamiopecypciB (RRC) 3aiiicHioe nocepeHuIibke
YOpaBIiHHA 3’ €IHAHHIMUA MDK MOOUIBHUM TPHUCTPOEM Ta 0A30BOIO Pa/IiOCTAHIIIEIO
(pucynok 1.2) [1]. Po3ymiHHS TOro, 4omMy BOHO ICHY€, 1 SIK BOHO BIUIMBA€ Ha
MPOIYKTUBHICTh KOKHOTO TPHUCTPOI0O B MOOUIBHIM MeEpexi, € KPUTUYHUM IS
CTBOPEHHS BUCOKOMPOAYKTHBHUX MOOUTHHHUX AoAaTkiB. RRC mae mpsmuii BIinB Ha
3aTPUMKY, TIPOITYCKHY 3/IaTHICTh Ta YaC aBTOHOMHOI POOOTH MOOIILHOTO TIPUCTPOTO.

[Tpu BukopucTaHHi (Gi3MYHOrO 3’€IHAHHSA, HamNpUKIan, kabemo Ethernet,
KOMIT' FOTE€p Ma€ mpsiMe, Ta MOCTIHHO BBIMKHEHE MepexeBe 3’ €HaHHS, 110 JI03BOJISIE
OyIb-sIKiil CTOPOHI IILOTO 3’ €IHAHHS HAJCUJIATH MAKETH JaHuX y Oyab-skuil yac. Lle
HaMKpaui MOXIUBUH croci6 MiHimizamii 3arpumku. Cranmapt WIiFi Hacmigye
noAiOHy MOJIeJb, /1€ KOXEH MPUCTPIA MOXKE NepeaaBaTu JaHi B OyIb-IKUA MOMEHT

yacy [2]. Lle Takox 3a0e3neuye MiHIMaNbHY 3aTPUMKY B HallKpalloMy BHUIIAJKY, aje
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3aBIIIKM BHUKOPWCTAHHIO CIUIBHOTO Pajio-CepeIOBUIA MOXKE TAKOX TPU3BECTH 0
BUCOKHX KOCQIIIEHTIB 3ITKHEHb Ta HemependadyyBaHOi MPOIyKTUBHOCTI, SIKIIO
aKTUBHHUX KOpHCTyBauiB Oararo. Kpim Toro, ockimbku Oynb-skuii mpuctpiii WiFi
MOXe ToYaTH Tepeaady B Oyab-SKHHM 4ac, ycl 1HII TakoX MOBHHHI OyTH TOTOBI JI0
npuitomy. TakuM 4YuMHOM, paaionpuiiMayi 3aBXAW 3aTUIIAIOTHCS YBIMKHEHI, IO

CTHIOXHUBa€ 0araTto eHeprii.

Ethernet

Pucynok 1.2 - Kontposep pamiopecypcis (RRC)

Ha mnpakTumi, noctiiiHo miaTtpumyBatd akTtuBHiCTE WIiFi-pamio 3aHaaTo
JIOpPOr0, OCKUIBKM €MHICTh aKyMyJsiTOpa € OOMEXEHHUM PEeCcypcoM i OlIBIIOCTI
npuctpoi. Tomy, WiFi mporoHye HeBEMKY ONTUMI3aIlil0 EHEPTii, JIe TOUKa JOCTYITY
NEPIOIMYHO TPAHCIIIOE TIOBIIOMJICHHS MPO iHAMKaiii Tpadiky mocraBku (DTIM),
o0 BKazaTH, 110 BOHA OyJe mepeaaBaTy JaHi JJIs MEBHUX KJIIEHTIB BiApa3y MicCIs
IILOTO. Y CBOIO Yepry, KIIEHTH MOXKYTh ciryxaTd mi kaapu DTIM sk migkasku npo e,
KOJIM pajiionpuiiMady MOBUHEH OyTH TOTOBMM JO MPUHOMY, IHAKIIE paaionpuiiMay
MOKe cratu, A0 HactynHoi nepeaadi DTIM. Ile 3MeHinye BukopucTtanHs Oartapei,
ajie 10/1a€ JOIaTKOBY 3aTPUMKY.

VY upomy nodsirae npoodsiema mepex 3G ta 4G: epeKTUBHICTh Ta TOTY>KHICTh

Mepexi. BipHime, HecTaua KUBJICHHS 4epe3 Te, 10 MOOLIbHI MPHUCTPOi 0OMEKEeH1
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EMHICTIO aKyMYJIATOpa Ta BUMOTOO JI0 BUCOKOI €()EKTUBHOCTI MEPEXKi cepe/l 3HAYHO
O11BIIOT KUJIBKOCTI aKTUBHMX KOPHUCTYBayiB y CTUILHUKOBI. [l BUpIIICHHS J1aHOi
npobsiemu 1 motpidben RRC.

Sk BUIIMBaE 3 Ha3BHM, KOHTPOJEpP padiopecypciB Oepe Ha cebOe IOBHY
BIJIMOBIIATIGHICT, 3a IUIAHYBaHHS TOTO, XTO TMeEpeaae AaHi, KOJHU BHIUISETHCS
MPOITyCKHA CMYTa, SKa TOTYXHICTh CHUTHAITY BUKOPHCTOBYETHLCS, CTaH >KUBJICHHS
KO>KHOT'O MPUCTPOIO Ta AECATOK 1HIMMX 3MiHHMX. [IpocTimie kaxyun, RRC - 11e Mo30k
Mepexi pamiomocTymy. Hampukiman, sKmo mnoTpiOHO BIANPaBUTH JIaHI  TIO
0e31poTOBOMY KaHaly, crnodatky notpioHo mnomnpocutd RRC Bugimutu peski
paniopecypcu. Skmo moTpidHo orpumatH AaHi 3 IHrepHery, RRC moBimoMuts mpo
4ac KOJIM MOTPIOHO MPOCITyXOBYBATH MPUHOM BX1JIHHX MAKETIB.

Bce ympaeninaa RRC  3xiiicHIOeTbCS Mepexero, TOMYy HE MOMKIMBO
koHTpomoBatd RRC 3a momomoroio API, Hampukman, s onTUMI3alli mporpamu
s mepex 3G Ta 4G. 3anumiaeTses JMIIE 3HATH 1 MPAIfOBATH B paMKax 0OMEXEHb,

BcraHoBiieHnx RRC.

1.2.1. Buwmoru cnoxuBanss eneprii 10 3G, 4G ta Wi-Fi

PanionepenaBau € ofHUM 3 HAUOLIBII €HEPTOEMHUX KOMIIOHEHTIB OYyIb-IKOTO
MOOUTRHOTO TMpUCTporo. Hacmpapni, fuiie eKkpaH € €IUHUM KOMIIOHEHTOM, SIKHU
CIIO’KMUBA€E OLIBITY KUIBKICTh €HEprii, SIKIO BiH yBIMKHeHHM. Ha mpaktuii x, ekpan
3aJIMIIAETHCS BAMKHEHUM MPOTATrOM 3HaYHUX MEPIOAIB Yacy, TO/I SIK pajaionepeaaBayd
MOBUHEH MIATPUMYBATH 11103110 "MOCTIHHOTO" 3’€IHaHHS, 100 KOpUCTyBad OYyB
JOCTYIIHUN y Oyb-sIKUI MOMEHT Yacy.

OnHuM 13 c1oco01B AOCSITHEHHS 11€1 METH € MIATPUMKA Pai03B’sI3Ky BeCh vac,
aJyie HaBITh 3 OCTAHHIMH JIOCSTHEHHSIMHU B €MHOCTI aKyMyJsiTopa, I1e po3psamio O
aKyMYyJISITOp 34 JIlueHl ToAuHU. bubiie Toro, octanHi Bumycku ctanaaptiB 3G ta 4G
BUMararoTh napanenbaux nepenad (MIMO), 1mo ekBiBaIeHTHO KHUBJICHHIO JICKITBKOX
pamionepenaBadiB ogHoyacHo. Ha mpakTuri moTpiOHO JOTPUMYBATHCS PIBHOBArH

MDK MIATPUMKOIO Paio3B’si3Ky i OOCIYTrOBYBaHHS 1HTEPAaKTUBHOTO Tpadiky 3
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HU3BKOIO 3aTPUMKOIO Ta MEPEXO0JI0OM Y CTaH HU3BKOI MOTY>KHOCTI, 1100 3a0e3neunTu
€KOHOMHE CMOKMBAHHS 3apsily aKyMyJIsITopa.

OpHo3HayHOi BIAMOBiMI, SK Kpalle MOPIBHIOBAaTH Pi3HI TEXHOJOrIl, Ta MIO0
Kpaiile i OUIBIIOro Yacy aBTOHOMHOI poOoTH, Hemae. 3a gomomoror WIiFi kokeH
NPUCTPil BCTAHOBIIOE BIACHY MOTYXKHICTh Mepefadi, sika 3a3BUYail 3HAXOAUTHCA B
niana3oni 30200 mBr. [l mopiBHSIHHS, MOTYKHICTB Tiepenadi pagiomonyiis 3G / 4G
YOPABISIETBCS MEPEXKEI0 1 MOXKE CIOXUBaTU 10 15 MBT B pexkumi o4iKyBaHHS.
Opnak, mo0 BpaxyBaTH OUIBIIMN [diama30oH Ta MEPEHIKOIU, OJHOMY 1 TOMY X
pamiomonymno Moxke 3Hamooutucs 1000-3500 MBT npu mepemadi y pexumi
M1JIBUIIICHOT MOTY>HOCTI [1].

Ha mpakruii, npu nepenadi Benukux oocsriB manmx, WiFi, acto, Habararo
e(eKTUBHIIINHN, SKIIO MOTYXHICTh CUTHAIY XOpola. AJie, SIKIIO MPUCTPii OIbILy
YacTUHY 4acy He mpamtoe, To pamiomonyinb 3G / 4G e Oinpm edexktuBHUM. Jli1st
Kpaioi podotu Oyno O AoOpe BUKOPUCTOBYBAaTH JAWMHAMIUHE MEPEMHUKAHHS MIXK
pI3HUMU TUTNIaMU 3'€1HaHb. OHaK, MPUHAWMHI Ha JaHUH MOMEHT, TAKOTO MEXaHI3My
He icHye. Lle akTrBHA 00JaCTh HOCTIIKEHD SIK y raidy3l, TaK 1 B HAYKOBUX KOJIax.

[ToTyXHICTh CHUTHATy € OJHHM 3 OCHOBHHMX Ba)KeJiB JOCSTHEHHS OlIBIIOI
MPOIYCKHOI 371aTHOCTI. OJHAaK, BHCOKa MOTYXXKHICTh Iepefadl CIOXUBAE 3HAYHY
KUIBKICTh €HEprii 1, OT)KE, MOXE PEryjroBaTUCS JJI JTOCATHEHHS Kpauoro 4vacy
aBTOHOMHOI po06oTu. [lomiOHMM YKWHOM, BUMKHEHHS PAIIOMOJIYJISI MOXE TaKOXK
MOBHICTIO PO31pBaTH PaIioJIiHII0 3 0a30BOI0 CTAHIIIEIO, a 1€ 03HAYAE, 1110 Y pa3i HOBOT
nepeaadi CrnovyaTky HeoOXiTHO OOMIHATHCS HU3KOI KOHTPOJIBHUX TOBIIOMIICHB IS
BIJTHOBJICHHSI PQIIOKOHTEKCTY, III0 MOYKE JOJATH JICCSITKHA 1 HaBiTh COTHI MIJIICEKYH]I
3aTPUMKH.

Ha npomyckHy 31aTHICTh Ta €()eKTHBHICTh 3aTPUMKH OE3MIOCEPETHHO BIUTHBAE
npodiyib yHpaBiliHHS KUBJIEHHAM BUKOPHUCTOBYBaHOTO mpuctporo. Hacmpasni, 1e 1 €
KIro4oBuM, y mMepexax 3G Tta 4G, ae ynpaBiiHHS paglOCHEPTi€I0 KOHTPOIHOETHCS
RRC: BOHO He TIIBKHM TMOBIIOMJISIE, KOJM TOTPIOHO TMepenaBaTtd JaHi, aie i

MOBIJJOMJISIE TTOTY>KHICTb Mepeayl Ta yac Nepexoay B Pi3HI CTAHU JKUBIICHHS.
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1.2.2. Papiopecypcu

VY LTE, sk 1 B OUIBIIOCTI THIIMX Cy4acCHUX O€3APOTOBUX CTAHIApPTIB, ICHYIOTh
CHUTBHI paiOKaHaTXM BHUCXIMHOI Ta HU3XIMHOI JiHIA 3B'A3Ky, JOCTYN OO0 SKHX
KOHTpotoeThbes 3a noroMororo RRC [31]. TlepeOyBaroun y MiAKIIOUEHOMY CTaHi,
RRC mnoBizomisie KOXHOMY MPUCTPOIO, KM YacOBUU I1HTEpBaJaM MPU3HAYEHO
KOHKPETHOMY TMPHUCTPOIO, SIKa TMOTYXKHICTh Mepeadi, MOAYJALIsS, Ta M€ JECATOK
THIINX 3MIHHUX.

SIKIo MOOUTBHHMM MPHUCTPI HE Ma€ MPHU3HAYEHUX PECYPCiB 3a JIOMIOMOTOIO
RRC, 1o BiH He Moxe mepenaBatu abo npuiiMatu OyAb-sSKi KOPUCTYBAIlbKi JaHi.
OTtxe, xonu npuctpit y ctani DRX, To BiH cunxpoHizyerbesa 3 RRC, ane iiomy He
BUJIJISIFOTHCSL PECYPCH BUCXIHOI Ta HU3XIJHOI JIHINA, TOMY HPHUCTPIA BBa)KAETHCS

"HamiBOpOOyHKEHUM" .

1.2.3. Mammuna craniB LII'E RRC

Paniomonynem koxHoro LTE-mpuctporo kepye ©0a3oBa craHiis, ska
o0cIIyroBye KOpHUCTyBada y TeBHUM mpomixkok yacy. HacmpaBmi cranmapt 3GPP
BU3HAYA€ YITKO BU3HAYEHUW aBTOMAT, SKUW OINUCY€ MOMJIHMBI CTaHU >KUBJICHHS
KOXKHOTO TPHUCTPOIO, MIAKIOUEHOro 10 Mepexi (pucyHok 1.4) [1]. Mepexesuii
OmepaTop MOXKE€ BHOCUTH 3MIHU JO MapaMeTpiB, 1[0 BUKIUKAIOTh MEPEXOAH CTaHy,
ajyie caM aBTOMAT CTaHy OJTHAKOBUM y Bcix posroptanHsx LTE.

RRC Idle - RRC B pexxumi ovikyBaHHs. PanioMomyiib 3HaXOAUTHCS B PEXKUMI
HU3BKOTO eHeprocrnoxuBanHa (<15 mMBT) 1 ciiyxae mepexy nuiie s KepyBaHHS
Tpadikom. KiieHTy, B Mepexi onepaTopa, He MPU3HAYECHO KOJTHUX PaiopecypciB.

RRC Connected - RRC niaxiroueHo. PagionepeaaBad 3HaXOIUTHCS B PEXKUMI
nigBuieHoro crnoxkuBanHa eHeprii (1000-3500 mBt), B TOl 4ac sik BigOyBaeTbCs
nepejaya JaHux, ab0 OYIKyBaHHS JJaHUX, a paioMepeKero OyJiv BUAICH] BIAMOBIIHI

HEOOX1/IH1 paJliopecypcH.
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Pucynok 1.3 - Mammna ctaniB LTE RRC

Konu npucrtpiii nepedyBae B peXHMMi OYIKYBAHHS, BIH JIMILE IPOCIYXOBYE
TpaHCJISIIT KaHATIB YIPABIIIHHS, TAKUX SK CHOBIIICHHS PO BX1AHUMA Tpadik. A Koiu
MIJKJIIOYEHUNA, TO MEpeKa Ma€e BCTAHOBJICHUM KOHTEKCT 1 MPU3HAYEHI PECYpPCH IS
KJIIEHTA.

VY pexxuMi oudiKyBaHHS MPUCTPINA HE MOXKE HAJICUIIATH a00 MpuiMaTu OyIb-aKi
naHi. J[ns 1uporo BiH TIOBUHEH CIIOYATKy CHHXPOHI3YBAaTHCS 3 MEPEXKEIO,
MPOCIYXOBYIOUM MeEpEeXKeBl TpaHCMii, a motiMm monxatu 3anuT g0 RRC mpo
nepeBeicHHsT y craH "miakiaroueHHs". lle y3ropkeHHs MoKe 3aiHATH KiJbKa
KpyroBux oOMiHIB cucreMHUMHU moBigomieHHsMu. Cremmdikamis 3GPP LTE
BUJILJISIE HA TIEPEXi]] MOOILTFHOTO MPUCTPOIO Y aKTUBHUN peskuM 110 100 MiiceKyH]I.
Ay cnenmdikamii LTE-Advanced nanuii yac OyB 3meHImeHui 10 50 MiJliceKyH]I.

ONUHUBIIMCH Yy MAKIIOYEHOMY CTaHl, MIX pajiioBexkero Ta npuctpoem LTE
BCTAHOBJTIOETHCS MEPEKEBHUIA KOHTEKCT, 1 JTaHi MOXyTh nepenaBatucs. Omgaak, RRC
HE 3Ha€ 10 Tpeda NepeBOIUTH MOOUIBHUM MPUCTPIN Yy PEXKUM €HEPro30epekeHHs], SIK
TITBKH Oy/Ib-sIKa CTOPOHA 3aBEPIIUTH Niepei0adyBaHy nepeaady TaHuXx.

IP-tpadpix HeBnuHHUME, ontumizoBaHi TCP-3'ennanns nosrosiuni, a UDP-
Tpadik He nepenabavae iHAUKATOpa "3aKkiHUYCHHS mepenayi”. Sk pe3ynprar, aBTOMar
crany RRC 3anexuTts Bij HabOpy TaitMepiB, 10 3amycKaroTh nepexoau ctaniB RRC.

OCKUIbKM MIAKIIOYEHUH CTaH BHUMAara€ BEJMKOI TMOTY>KHOCTI, JIOCTYIIHI

JeKiJIbKa MiACTaHiB (pucyHOK 1.3), 110 103BOJSIOTh €PEKTUBHIIIIE MPAIIOBATH:
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 Tlocriitauit npuitom (Active). CtaH HaMBHUINOIT OTY>KHOCTI, BCTAHOBJICHHIA

KOHTEKCT MEPEXKi, BUIICHI MEPEKEBI PECYPCH.

« Kopotkuit inTepBan upwmitomy (Short DRX). BcraHoBieHmii MepexeBHiA

KOHTEKCT, MEPEXKEeB1 peCcypcH HE BUJILICHI.

o JloBrmii inTepBan mnpuiiomy (Long DRX). BcraHoBieHHI MepeKeBHiA

KOHTEKCT, MEPEXKEB1 pECypCH HE BHUILJICHI.

VY crani Bucokoi notyxkHocti RRC cTBOproe pesepByBaHHS pecypciB s
npuiioMy Ta TMepeAadl JJaHuX TPUCTPOEM dYepe3 Oe3apoToBuii iHTEpdeic 1
MOBIJIOMJISIE TIPUCTPOIO MPO TE€, SKI YacCOBI CIOTH BUKOPHUCTOBYBATH, MOTYXKHICThH
nepeaadi, CXeMy MOJYJISIIT Ta JECATOK IHIIUX 3MIHHMX. [10TiM, SIKIIO PUCTpIii HE
IpaloBaB MPOTITOM BCTAHOBIEHOTO MEPIOAY 4Yacy, BiH MEPEXOAUTh y KOPOTKHUA
ctaH xuBlieHHss DRX, ne MepexxeBuil KOHTEKCT Bce 1€ 30epiraeTbes, ajie KOHKPETHI
paziopecypcu He mnpuzHadeHi. Y kopoTtkomy ctaHi DRX mpuctpiéi cinyxae mnuiie
NEepIOANYHI TPAHCIIALIT 3 MEPEXI, IO T03BOJIsIE 30€pErTu 3apsij aKyMyJiiTopa - He Ha
BiaMiHy Bif iHTepBany DTIM y WiFI.

S0 pagioMo1yib 3aIHMIIAETHCS B PEKUMI OYIKYBaHHS IOCUTh TPUBAIMM Yac,
TO BiH mepexoauTh y ctan Long DRX, skuii € inentuunum crany Short DRX, 3a
BUHSTKOM TOrO, IO TPUCTpId Ouiblie TniepedyBae y peXUMI CHY MIXK

NpOOYIKEHHIMHU 17151 TPOCTYXOBYBaHHS TPaHCISILIHN (pucyHok 1.4).

Data Short

transfer DRX Long DRX o> active interval

| ) — |

I.IIIIlIlIlIIII!IllllllIlI[IlI[l'll[llll.llll'“
P 4 Connected - Active E Connected - Dormant . P micro-sleep intervl

timeslot

Pucynox 1.4 - IIpuitom 3 nepepuBanasmu aig RRC craniB

Sxmo mepexa abo MOOUIBHUN MPUCTPIM MOBUHHI IepeAaBaTH JaHl, KOJIU
pagioMOyJIb 3HAXOAUTHCS B OJTHOMY 3 KOpOTKHMX a00 joBrux DRX (HeakTHBHUX)
cTaHiB, MoOUTbHHM mpucTpiii 1 RRC nmoBuHHI croyaTKy OOMIHSITHCS KOHTPOJIbHUMU

MOBIIOMJICHHSIMH, 1100 y3TOJIUTH, KOJIM TIepeiaBaTH, a KOJIM CIIyXaTH pajionepeaadi.
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Hns LTE ne#t yac y3romkerHs ("BiJ CIUITYOTO JO MIAKIIOUEHOr0") CKiIajae MEHIIE
50 mimiceKkyH]I 1 JOJIaTKOBO 3MEHIIYEThCS JJO MEHIII 10 MEHII Hik 10 MigicekyHa 1
LTE- JInyaneeit

3aJIe)KHO BiJ] TOTO, B SIKOMY CTaH1 KUBJICHHS 3HAXOJUTHCS pajionepeiaBad,
MoOimpHOMY mpucTpoio 3 LTE cmouarky wmoxke 3Hamobutucs Big 10 mo 100
MUTICEKYH]T 3aTPUMKH ISl y3rojkeHHs HeoOximHux pecypciB 3 RRC. Ilicnsa mporo
JlaHI KOpPHCTyBaua MOKHa IepeJaBaTH IO OE3pOTOBOMY KaHAIy 4Yepe3 MEpPEKy
orepaTopa, a MOTIM BHUBOAUTH y 3arajibHOAoCTynHMM IHTepHer. [lnanyBanHsa nux
3aTPUMOK, OCOOJIMBO IMPU pO3pOOIll IIporpaM, YyTIUBUX JI0 3aTPUMOK, MOXKE I'paTH

KJIFOYOBY POJIb.

1.2.4. Mammuna craniB HSPA ta HSPA+ (UMTS) RRC

Mepexi 3GPP monepennroro mokomiaasg g0 LTE ta LTE-Advanced maroth
nyxke cxoxui aBTomar RRC, skuii Takox JOCI MIATPUMYETHCS PaTiOMEPEKEO.
OpnHak, MalliiHa CTaHIB JJIs MOMEPEIHIX MOKOIIHB JEeIo cKiaaHima (pucyHok 1.6), a

3aTpUMKM 3HayHO Buii. HacmpaBni ogna 3 mpuuuH, YoMy LTE mpononye kparry

MPOTyKTUBHICTh
3 came 3aBJSKU CIPOINICHIN apXITeKTypl Ta MOKpauleHid poOOTI nepexoaiB
crany RRC.
A .
. s —— data transfer
no connection  + connected ;

' — timeout
: » o |

» i

v ]

S i

o

G i

2 i e e

£ |

2 i dormant

S i

S : | cepac |
i

[ e |
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]
I

Pucynok 1.5 - Mammna craniB UMTS RRC gyist HSPA ta HSPA+
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Idle - momiOHO M0 cramy ouikyBanHs y LTE. Pamionpuctpiii 3HaX0auThCs B
HU3BKOMY €HEPTOCIIOKHMBAaHHI 1 MPOCITYXOBYE JIMIIE YIIPABIIHHSA TpadikoM 3 Mepexi.
KnienTy B Mepexi onepaTopa He MPU3HAYECHO >KOJHHUX PaiopecypciB.

Cell DCH - monibno mo miakmtoueHoro pexkumy LTE, mpu moctifiHomy
npuiiomi. [TpucTpiif 3HaXOMUTHCSI y BUCOKOIIOTY>KHOMY CTaHI, a MEPEXKEBI pecypcu
PU3HAYAIOTHCS K 7S TIepeiadl JaHUX Ha BX1J TaK 1 Ha BUXI.

Cell FACH - mpoMixkHHI CTaH MOTY>KHOCTI, KM CIO)KHBA€ 3HAYHO MEHIIIC
eneprii, Hibk DCH. Ilpuctpiif He Mae BUIIICHUX MEPEKEBUX PECypCiB, aje, TUM He
MEHIIIE, BIH MOXE TIepelaBaTH HEBEJIMKI OOCSTM JaHMX KOPUCTyBada uepes
3arajJbHUN HHU3bKOIIBUJIKICHUN KaHal (31 MIBUIKICTIO, K MpaBuiio, MeHme 20
Ko6iTt/c).

Cranu ouikyBanHsa Ta DCH maibke 11IeHTUYHI cTaHaM MPOCTOIO Ta 3'€IHAHS B
LTE. Onnak, npomikauii ctan FACH ynikameauit ams mepexx UMTS (HSPA,
HSPA+) 1 no3BoJisie BUKOPHCTOBYBATH 3araJIbHUK KaHall JUIsl HEBEJIMKHX Iepeaad
JAHUX, SKUW XapaKTepU3ye€TbCs SIK: TMOBUIBHUN, CTAaOUIBHMM 1 CIIOXKUBAIOUUIA
npuOJIM3HO TMOJIOBUHY MOTYkHOCTI crany DCH. Ha mpaxTtumi meit cran OyB
po3po0ieHUt i OOpOOKM HEIHTEPAaKTHUBHOTO TpadiKy, TaKOro SK IMEepIOAUYHE
OMUTYBaHHS Ta TEpEeBipKa CTaTyCy, IO TMPOBOJAUTHCS OarathMa (HOHOBUMHU
nmporpaMamu.

[Tepexin Bix DCH no FACH inimitoerbest TaiimepoM. OHak, SIKIIO MPUCTPIi
3sHaxoauThcs y crani FACH, To mo6 3milicantn mepexin Hazang o DCH, xoxen
npucTpiii Mae Oydep MaHUX, M0 HAJACWIAIOTHCA, 1 JOKKM Oydep HEe MepeBHIIyE
HAJAIITOBAHUNM MEPEXKEI0 MOopir, sk npaBuio, Bix 100 no 1000 GaiiT, mpucTpiit Moxe
3QJIMIIATHCS B MPOMIXKHOMY cTaHl. HapemnTi, sIKIo »oaH1 JaHl HE TEPEHOCATHCS,
nepedyBaroun y FACH nipoTsirom meBHOTO nepioay 4acy, IHIIWNA TaiMep TIEpeBOIUTh
IPUCTPINA y CTaH OYIKyBaHHS.

Ha Binminy Bin LTE, sxuit npononye aBa npoMixHi ctanu (kopotkuid DRX 1
nosruii DRX), mpuctpoi UMTS wmarote nuire ogud npomikuuii cran: FACH.
Opnak, He3Bakarouum Ha Te, mo LTE mnpomonye TteopernyHo BUIIMI CTYIiHB

yOpPaBIiHHSA TOTYXKHICTIO, caml pagloOMOAYJi, K IMPaBUJIO, CIOXHUBAIOTh OlJIbLIe
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eHeprii B mpuctposix LTE, amke Oingplna npomyckHa 3/aTHICTh IMOB's3aHa 3i
30UIBIICHHSAM CcHOXXKHMBaHHs Oatapei. Omke, npuctpoi LTE Bce 1mie MaroTh 3HaYHO
BUIINI NPoQ1sIb MOTYKHOCTI, HIX iX monepeauuku 3G.

Haitbinpmioro pizHuIeo Mixk Mepexxamu 3G nonepeHboro mokoJiHHsg Ta LTE
€ 3aTpuMKa TiepexoaiB crany. Tam, ne LTE HamamToBaHwWii Ha COTHI MUTICEKYHIT
3aTPUMKHU Ha TEpexi]] 3 peXUMY OUIKyBaHHS JO CTaHy MiAKIIOYEHHS, TOW caMuid
nepexig 3 pekuMy odikyBaHHsA B pexxuMm DCH moke 3aiiHATH 10 JABOX CEKYHI 1
BUMaraTuMe JECATKIB KOHTPOJbHUX MoBimomiieHb Mk mpuctpoeM 3G ta RRC,
ITepexin Binx FACH no DCH Texx He HabaraTo IIBHIAIIMHN, ajpKe MEpexija 3aimae
OJIM3BKO MIBTOPU CEKYH/IU.

Ocranni mepexi HSPA+ 3pobwin 3Ha4YHI BIOCKOHAJICHHS B IIhbOMY IUIAHI i
3apa3 € KOHKypeHTocnpoMoxHuMu 1o LTE. Ilpore, He Mo)Ha po3paxoByBaTH Ha
noctiianid noctyn a0 mepexxk 4G a6o HSPA+. Mepexi 3G crapiioro mokoiHHS
IPOJIOBXKYBAaTUMYTh ICHYBaTH IlI€ MpPUHAWMHI JAeciITh POKiB. Tomy, BCci MOOUIbHI
JIOJIaTKU TaKOK MOBUHHI BpaxoByBaTu OaraTtocexkyHaHi 3aTpuMku RRC npu noctymi

10 Mepexi yepes intepdeiic 3G.

1.2.5. Mammna cranis EV-DO (CDMA) RRC

Xoua crangapta 3GPP, taki sk HSPA, HSPA+ Tta LTE, € nomiHyrounmu
MEpEeXEBUMHU CTaHJAPTaMH y BCbOMY CBITi, BOXXJIUBO HE 3a0yBaTH MPO MEPEXKi, 10
nobynoBani Ha 6a3i 3GPP2 CDMA.

He nuBHO, 1m0 He3aleXHO BIiJl BIAMIHHOCTEW Yy CTaHAapTax, OCHOBHI
oOMekeHHs ofHakoBl B Mepexax Ha 6a3i UMTS ta CDMA: 3apsn akymynsitopa €
O0OMEXYIUUM PECYpCOM a pajiOCTaHIIii JOPOTi B €KCIUTyaTallii, ToMy e(peKTUBHICTh
Mepexi € BakiauBUM TokasHukoMm. OTxe, mepexxi CDMA Takoxx MaroTh aBTOMAT
ctaHiB RRC (pucyHok 1.7), aKkuii KOHTPOJIIOE CTaH PaJii03B'I3KY KOKHOTO MIPUCTPOIO.

IDLE - momi6bHo po mnpocroto B cranpaprax 3GPP. Pagionpuctpiit
3HAXOAWTHCS B PEXKUMI HHU3BKOTO EHEPrOCIOXUBAHHA 1 TIPOCIYXOBYE JIHIIC
ynpaBiiHHS TpadikoMm 3 mepexi. KileHTy B Mepexi omepaTopa HE NpPHU3HAYEHO

YKOJTHUX PaJIlopeCcypcCiB.
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Pucynok 1.6 - CDMA RRC asromar: EV-DO (Rev. 0 — DO Advanced)

Connected - momiono mo migkarodeHoro pexxkumy LTE Tta DCH B HSPA.
[Tpuctpiit 3HaXOUTHCS Y BUCOKONIOTYKHOMY CTaHI, @ MEPEKEBI pECYypCH IpU3HAUYEH]
JUISl iepeiadl JaHUX SIK Ha 3aBaHTAXXEHHS, TaK 1 Ha BUBAaHTA)KCHHS.

Ile, ©Oe3ymoBHO, oauH 3 Hadmpocrimux asroMariB RRC: mnpuctpiit
3HaXOOUThCS a00 y BHUCOKOINOTYXHOMY CTaHl, 13 BHIUICHUMU MEpPEKEBUMU
pecypcamu, abo B pexuMi ouikyBaHHS. Kpim Toro, BCi MepexeBi Iepeaadl
BUMAararoTh Nepexo]y y MIAKIIOUYEHUN CTaH, 3aTPUMKa SKOTO CXO0)Ka Ha 3aTPUMKY
mepexxk HSPA! Bix coTeHb 10 THCAY MUTICEKYH/| 3aJIe)KHO Bifl BUIYCKY PO3TOPHYTO1
1HpacTpyKTypH. [HIINX TPOMIKHUX CTAaHIB HE ICHY€E, a MEPEXOU Ha3al y PEXKUM
OUIKyBaHHSl TaKOX KOHTPOJIIOIOTHCS 3a JOIMOMOrOI TalM-ayTiB, HaJaIITOBAaHUX

OIIEPATOPOM.

1.3. HeedexTuBHiCTh MEpioANYHUX TIEpEIay.
BaxBuM  HacaiKOM MEPEXOIiB CTaHIB Padio3B's3Ky, KEPOBAHMX YacOM
OUIKYBaHHS, HE3aJIEKHO BiJl reHeparlii abo 6a30BOTO CTaHAAPTY, € TE, 10 AY>KE JETKO
noOylyBaTH CXEeMH JOCTYIYy J0 MEpexi, sIKI MOXYTh 3a0€3MEUUTH SIK TOraHui
JOCBIZT poOOTH Il IHTEPAKTHBHOTO TpadiKy, TaK 1 HU3BKY MPOJYKTUBHICThH
akymyssitopa. Hacripani, Bce, 110 OTpiOHO 3pOoOUTH, 1€ 3a4€KaTH JIOCUTH JIOBTO,
o0 pagioMOAyJib TEPEHIOB y CTaH HU3BKOI MOTYXKHOCTI, a TMOTIM 3alyCTUTU

JOCTYII JI0 Mepexi, mo6 3amyctutu nepexia cranis RRC.
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[Ilo6 mpoimrocTpyBaTu MpoOIeMy, MPUITYCTHUMO, IO MPUCTPIA TepedyBae y
Mepexi HSPA+, ska HanmamroBana Ha niepexif i3 crany DCH y ctan FACH uyepes 10
CEKyHJI HEaKTUBHOCTI pajaiomMonyis. Jlamai Ha mpuCTpiil 3aBaHTaXKYEThCS MPOrpama,
sKa IMJIaHy€ MepepuBYACTy Iepeaady, Taky sK BiOOpaK€HHS aHATITUKUA B PEXHUMI
peasibHOTO uacy, 3 iHTepBajoM 11 cexkyHa. Y miiCyMKy, MPUCTPIA MOKE BUTPATUTU
COTHI MUTICEKYHJ Ha TMepeaady JTaHUX a IHIIMA dYac TPOCTO Oe3miaTume,
nepedyBaloul B PEKUMI BHCOKOI TMOTYXKHOCTI. Hairipmuii creHapiii MOKJIUBUH,
AKIIO TIPUCTPIA TMEPEeXOJUTHME B PEKUM HHU3BKOI BHUTApTH €HEPrii, Mmoo
IPOKUHYTHUCSI 3HOBY BCHOTO 4Yepe3 KUIbKa COTEHb MUIICEKYHJ, 110 HpPHU3BEAE 10
MOCTIMHUX 3aTPUMOK TMepefadl JaHuX Ta 3HA4YHOI BTpaTH MPOTYyKTUBHOCTI
aKyMyJsITopa.

Koskna panmionepenaua, sikoro 0 Majiolo BOHa He OyJa, 3MYyIIy€e TEPEXOAUTH Y
CTaH BUCOKOI MOTY>KHOCTI. [ToTiM, micis nepeaadi, paJiocTaHIis 3aJUIIATUMETHCS Y
TaKoMy MOTY>KHOMY CTaHi, TOKHA HE 3aKIHYUTHCS TEPMIH A1l O€31sIIbHOCTI (PUCYHOK
1.8). dakTuyHUIl PO3MIp JAaHMX, IO MEpPEJAIOThCs, HE BIUIMBae Ha Taiimep. [ani,
MPUCTPOIO, MOXJIUBO, JOBEACTHCS TAKOX IMPOUTH 1€ KUIbKa MPOMIKHUX CTaHIB,

MIEPII HIXK BIH 3MOKE MOBEPHYTUCS B PEIKUM OUIKyBaHHS.
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Pucynok 1.7 - HSPA+ enepretuunuii XBicT 3aBasiku nepexogam DCH>

FACH>IDLE

"EnepreruuHi XBOCTH'" CTBOPIOIOTHCS MEPEXOJaMHU CTaHy, IO KEepyITbCA
TaiMepoM, Ta pPOOJATH TEpioaWYHI Tepenayi Ayxke HeeEeKTHBHUM I1abIOHOM
JOCTYIly 10 MEpPEXi B MOOUIBHMX Mepexax. SIK HacliJIOK, CIOYaTKy OTPUMYEMO

3aTPUMKY TEpPEXOJy CTaHy, 00 NMEepelTH B aKTUBHUU CTaH, MOTIM BiJOYBA€ThCA
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nepeiaya JlaHux, a Jajl pajlonpuiiMad Mpalloe B PEXKUMI POCTOIOBAHHS,
BUTpAYalOYM MOTYXKHICTh, MOKK BCl TaMEpU HE CHPALIOIOTh, 1 MPUCTPIH HE 3MOXKE
MOBEPHYTHUCS B CTaH HU3HKOI TTOTY>KHOCTI.

Opranizanis AT&T Labs Research omyGiikyBana BeNHMKY AOCTIIHULIBKY
pooory "Profiling Resource Usage for Mobile Applications” [3], B sxomy
MpoaHajli3yBajla HHU3KY TMOMYyJAPHUX MOOUIBHMX JOMATKiB IMOAO0 €(PEeKTUBHOCTI
pobotu Mepexi Ta akymyiasTopa. Jlomatok Pandora € uymoBMM TPUKIIAJI0M
Hee(EKTUBHOCTI MEPIOINIHIX MEPEKEBUX Mepeaad y MOOLTbHUX MEpeKax.

[{opa3y, xonu kopucTyBau Pandora BiaTBOpIO€E MICHIO, BeCh My3WYHHI (haili
3aBaHTAXKY€ETHCS MPOrPaMOI0 3 MEPEKI 3a OJUH pa3, IO € MPABUILHOIO MOBEIIHKOIO:
3aBAHTAXKUTH SIKOMOTa OlJIbIlIE€ JaHUX, a MOTIM BUMKHYTHU pajJiioNpuiiMayd Ha SIKOMOTa
noBmuil nepiog. OnHak, micis mepenadyi My3uKH, JOJAaTOK MPOBOJUTH MEPIOTUYHI
ONMMUTYBAHHS [JIs1 BUMIPIOBaHHS ayJUTOpli, HAJCHJIAIOYA AHATITHUYHI IIHI-CUTHAIA
KOkH1 60 cexyH. Y pe3yibTari, Ha aHaJlITU4YHI MoBigoMIIeHHs npunaaano 0,2% Bixa
3arajJbHOi  KUIBKOCTI — mepenaHux  OaiitiB, mnpote 46%  BiI  3arajibHOIO
€HEePrOCIIOKUBAHHS MTPOTPAMHU.

[Tepenaul miHT-TIOBIIOMIJICHb HEBEJHWKI, aje €HEpreTUYHI XBOCTH, BHKJIUKaHI
nepexonamu crany RRC, yTpumyBanmu pamio3B'si30oK 3HA4YHO JOBIIE, 0e3 MOTpedu
BuTpavarou 46% Oatapei. O0’ e AHYIOUM aHATITUYHI JaH1 B MEHIIY KUIbKICTh 3aIIUTIB
ab0 HaJICWUJIAIOUuW JIaH1 ayJUTOpli, KOJU pajio BXKE aKTUBHE, IOMIOMOIJIO O YCyHYTH

HEMOTP10HI EHEPreTUYHI XBOCTH 1 30UIBIIUTH €HEProe(PEeKTUBHICTD MPOTPAMHU.

1.4, MynbTUILIEKCYBaHHS

VY TenekoMyHIKaI[IHHUX Ta KOMIT IOTEPHUX MEPEkKax MYJIbTUILUIEKCYBaHHS - 1€
METO/, 3a JOMOMOTOI SKOTO KiJbKa aHaJoroBUX abo 1U(pPOBUX CHUTHAJIB
00’ €IHYIOTBCSl B OJJMH CUTHAJ Ha CHUIBHOMY HOCIi. MeTa - po3noaiuTu AediuuTHANR
pecypc. Hampukian, y TeleKOMYyHIKalisIX Kidbka Tele(OHHHX I3BIHKIB MOXYTh
3I1IACHIOBATUCS 3a JIOMIOMOTOI0 OJHOTO JIpOTy. MyJBTHUIUIEKCYBAHHS 3apOJUIIOCS B

tenerpadii B 1870-x pokax, 1 3apa3 MHUPOKO 3aCTOCOBYETHCS Y MOOUILHOMY 3B'SI3KY.
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MynbTUILIEKCOBAaHUI CUTHAN TIEpElaeThCsi 4Yepe3 KaHall 3B'A3KY, TaKUM SK
kKabenb abo pagiomepexa. MyabTUILIEKCYBaHHS JIJIUTh €MHICTh KaHATY 3B'SI3Ky Ha
KUTbKa JIOTIYHMX KaHaJIB, 1O OJHOMY [UJII KOXXHOTO TIEPEIaHOTO CHUTHATY
NOBIJOMJICHHS ~a00 MOTOKY JaHUX. 3BOPOTHUM  Tpolec, BIIOMUM  SIK
JEeMYJIbTUILIEKCYBaHHS, PO3MIAaKOBY€E BUX1HI KaHAIH Ha KiHL TpUiiMaya.

[Tpuctpii, AKUN BUKOHY€ MYJIbTUIUICKCYBaHHA, HAa3UBAETHCS
mynbtuiuiekcopom  (MUX), a mpuctpidi, sSKHii BHKOHY€ 3BOPOTHHH IIPOIIEC,
Ha3uBaeThes AemysbTrIniekcopoM (DEMUX a6o DMX).

3BopoTHe  MyJabTHIUIeKcyBaHHs ~(DEMUX) Mae  mpoTuiexHy, — Bif
MYJIbTUIUICEKCYBaHHS, METY, a caMe, PO30UTH OJUH TMOTIK JaHUX HA KiJbKa MOTOKIB,
nepesaTy iX OJHOYACHO Yepe3 KUIbKa KaHaIIB 3B'SA3KY Ta BIATBOPUTH BUXIAHUHN MOTIK
JTAHUX.

Kinpka nudgpoBux OITOBHX MOTOKIB 13 3MIHHOIO IIBUJIKICTIO Mepeaayl JaHUuX
MOXYTh €(QEKTUBHO MEpeaaBaTUCS IO OJHOMY KaHally 3 (PIKCOBaAaHOIO CMYTOIO
MPOITYCKAHHS 32 JIONOMOTOI0 CTATUCTUYHOTO MYJIbTUILIEKCYBaHHS. [le acuHxpoHHui
PEXUM MYJIBTUIICKCYBAHHS YaCOBOi 00J1acTi, KWl € (hOPMOIO MYJIbTUTIIICKCYBAHHSI
3 IMOJILJIOM Yacy.

[udposi OITOBI MOTOKM MOXKYTh NEPENaBaTHCS MO aHAJIOTOBOMY KaHaly 3a
JOTIOMOTOI0  METOJIIB MYJBTHUIIJICKCYBaHHS 3 KOJOBHUM TIOJAUIOM, TaKUX SK
posmpenuit criektp nepeckoky dactotd (FHSS) i posmupenuit criektp mpsmoi
nociigoBaocTi (DSSS).

VY 6e31poToBOMY 3B'SI3KY MYJIBTUIUIEKCYBAaHHS TaKOXK MOXE OYTH 3/11MCHEHO 3a
JIOTIOMOTOI0  3MIHHOI ToJyisipu3allii  (TOpU3OHTaIbHOI / BEpPTHKaJIbHOI abo 3a
T'OJIMHHUKOBOIO CTPUIKOKO / MPOTH TOJUHHUKOBOI CTPIJIKHA) HA KOXKHOMY CYCITHBOMY
KaHaJl Ta CyHmyTHHKY, a00 3a J0moMororo ¢a3oBaHOi 0araTOaHTEHHO! PEIITKH B

MO€THAHHI 31 CXEMOIO 3 KiJIbKOMa BXoamH 3 JiekibkoMa Bxogamu (MIMO).

1.4.1. TDM
MynbTuIuiekcyBanus 3 posnoniioMm 4dacy (TDM) - ne uudposa (abo B

PIAKICHUX BUMAJKaX aHAJIOTOBa) TEXHOJIOTIS, SIKa BUKOPHUCTOBYE 4Yac, a HE MPOCTIp
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abo0 dYactoTy, Ui PO3AieHHA pi3HUX TMOTOoKIB mgaHux [32]. TDM Bkmrouae
MOCTIOBHICTh TPYN 3 ACKUIBKOX OITiB a00 OalTIB 3 KOXXHOTO OKPEMOTO BXIJIHOTO
MOTOKY, OJWH 3a OJHUM, 1 TaKMM YWHOM, IO BOHM MOXYTh OyTH TOB'S3aHi 3
BIIMOBIAHUM TpuiiMadueM (pucyHok 1.9). fkmio 1e 3poOuTH JOCHUTHh IIBUAKO,
pUiiMaTbHI TIPUCTPOI HE BUSBIATH, IO YaCTHHA Yacy JaHIfora OyJjia BUKOPHUCTAaHA
JUTsE 0OCITyTOBYBAHHSI 1HILIOTO JIOTIYHOTO HUIAXY 3B'SI3KY.

JlaHuit MeTOJ1 KOPUCHUM, KO IMIBUAKICTh Mepeayl JaHUX HOCIS OlIblie, Hik
y JDKepena, 1 KO)KHOMY CHUTHally BIJBOJUTHCS IEBHA KUIbKICTh Yacy. Lli crmoTu
HACTIIbKM ~ Mayi, 10 BCl  @epedadl  37al0Tbesl  napanensHumu.  [lpu
MYJIBTUIIIEKCYBAHHI 3 PO3MOJILIOM II0 YacTOT1 BCl CUTHAJIU IPAIIOIOTh OJHOYACHO 3
PI3HMMH YacTOTaMH, a MPU MYJIbTUIJIEKCYBAHHI 3 PO3MOIIOM [0 4acy BCl CUTHAJIH

[Mpanror0Thb 3 OJHAKOBOIO 9aCTOTOIO B plSHHﬁ gac.

.

-

— 3
/ .

—

i G\ / OUTPU

-2

Pucynok 1.8 - Cxematuuna niarpama TDM mynbeTuniexcyBanus

MyabTUIIIIEKCYBAaHHS 3 PO3IOJIIIIOM Yacy Ma€ HaCTYII XapaKTePUCTHKU:
. 3arainpHU MOTIK TUIMTECS Ha N CIIOTIB, KOKEH 3 SIKMX BIIINOBIA€E
3a OKpeMe JHKepesio JaHuX
. Koxxne mxepeno Moke BHUKOPUCTOBYBATH JIMIIE OJWH YacCOBUH

iHTepBai koxHi N croTiB

. CTPYKTYpy Kaapy ckiagaerbcs 3 N TMOCTIIOBHUX YacOBHX
1HTEpBaIIB
. SKIIIO MMPUCBOITH YKCIO KOKHOMY YaCOBOMY IHTEpBAILy, TO KOKHE
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JDKEPEJIO  acoIiOEThCS 3 HOMEPOM YacOBOTO IHTEpBaly, 1 MOXKe
nepeaBaTH JIaHi JIUIE BCEPEANHI CBOTO CIIOTY (prucyHOK 1.10)

slot

<—>

frame frame

Pucynox 1.9 - CxemaTnuna giarpaMa po3noJilty MoToky nanux DM

1.42. FDM

MynbrumiekcyBanHss 3 4actoTHuM noauiom (FDM) - me TexHika
MYJIbTUIUIEKCYBAHHS, $5IKa JI03BOJISIE TO€JHYBAaTH CHUTHAIM PI3HUX YacTOT IJis
OJIHOYACHOI Nepeayi JaHuX.

Y FDM 3araiibHa cMyTa OpOIyCKaHHS JUIMTHCS HA HAOIp CMYT YacTOT, SKI HE
nepekpuBaroThesi. KoxkHa 3 UX cMyT € HOCIEM OKPEMOTO CUTHAY, SIKUH T€HEPY€EThCS
Ta MOAYJIOETbCA OJHUM 13 TepenaBalbHUX MNpucTpoiB [33]. [liama3zoHu yactoT
BIJIOKpEMJICHI OAWH BIJI OJHOTO CMYXKaMH HEBUKOPUCTAHUX YacTOT, SIKI
HA3UBAIOTHCS 3aXMCHUMH CMYyTaMu, 100 3aro0irTH MepeKprUBaHHIO CUTHAIIB.

CurHanu MOENHYIOTHCS Pa3oM 3a JOMOMOTOK MYJIbTUILIEKCOpA Ha MOYaTKy
nepenadi. KoMOiHOBaHMII CHTHaM TEpeNaeTbcs MO KaHaTy 3B'SI3KY, IO JO03BOJISE
OJIHOYACHO TE€pe/laBaTH KuIbKa HE3aJeKHHX MOTOKIB JNaHux. Ha mnpuitmanbHOMY
KIHI[I OKpPEMl CHUTHaJIM PO3MAKOBYIOTHCS 13 KOMOIHOBAaHOTO CHUTHAlIy B IMpoIleci
JEMYJIbTUILIEKCYBaHHS.

Pucynok 1.10 mpencraBisie KOHUENT MYJIBTUIUIEKCYBAHHS 34 JIOMOMOIOKO
FDM. Iloka3aHo 4 cMyru 4acToT, KO>KHA 3 SKHX MOXKE IepelaBaTh CUTrHan Bif 1
BinpaBHUKa A0 1 mpuiimaya. KoxkHoMmy 3 4 BIOIpaBHUKIB BUIUISETHCA OKpeMa
cMyra 4acTtoT. YoTupH Alana3oHu 4YacTOT MYJIbTUILIEKCYIOThCS 1 IEPEIalOThCsl Yepes
CHUIbHUN KaHan 3B'a3Ky. Ha mpuilmMasibHOMY KiHII JE€MYJIBTUIUIEKCOP BIATBOPIOE

YOTHPH CUTHAJIN Yy CTaH, AKUMHW BOHU 6y.III/I nepea MyJbTUIINICKCYBAHHAM.
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Pucynoxk 1.10 - [IpeacraBieHHsS KOHLENTY MYJIbTUIIIIEKCYBAaHHS 3 YACTOTHUM

TyT, SIKIIO CMYTH YacTOT CKJIaJal0Th cMyTy npomyckanHs 150 xI'1, po3aineny
3axucHUMU cMyrami 1o 10 kI, Toa1 eMHICTh KaHaly 3B'I3Ky NOBUHHA OyTH He
menie 630 kI (kananu: 150 x 4 + cmyru 3axucty: 10 x 3).

Jauuii crnoci® J03BOJII€ CIUJIbHE BHUKOPUCTAHHS OJHOTO CEpEeIOBUILA
nepeaadi, Takoro sk MigHUN kKabellb, BOJIOKOHHO-ONITHYHUN Kabesb, abo pajiio, Mk
0e31144I0 HE3aJIeKHUX CUTHAIIIB, 110 T€HEPYIOThCS OararbMa KOpUCTyBadyaMu.

FDM 1mupoko BHUKOPUCTOBYETHCS [JIsi MYJIBTHUIUIEKCYBAaHHS J3BIHKIB Y
TeneOHHUX Mepekax. BIH TakoX BHKOPHUCTOBYETHCS B CTUIBHUKOBUX MeEpexkKax,

0€3pOTOBUX MepekKax 1 sl CyIyTHUKOBOTO 3B'SI3KY.

1.43. OFDM

VY TenekoMyHIKaIlisiX OPTOTrOHAJIbHE MYJIbTUIUIEKCYBAaHHS 3 YaCTOTHUM
noxiiom (OFDM) e Bunom nmdpoBoi nepemadi Ta METOAOM KOAYBaHHS ITU(PPOBUX
JaHUX Ha JeKUTbKoX Hecyuunx dactotax. OFDM po3poOuB momyispHy cxemy
IIMPOKOCMYTOBOTO ITU(GPOBOTO 3B'SI3KY, MO0 BUKOPUCTOBYETHCS B TakuX cepax, sk
nudpoe TenedaueHHs Ta ayaioMOBJIeHHs, nocTyn a0 Iateprery DSL, 6e3mpoToBi
Mepexi, Mepexi eekTporepeaay Ta MooinbHui 38'130K 4G / 5G [4].

OFDM - 1me cxema MyIbTHIUICKCYBaHHA 3 YacToTHUM moaiiom (FDM),
3anpoBapkeHa Pooeprom B. Uanrom 3 Bell Labs y 1966 p. [5] Ilpu nepenaui nanux 3
Bukopuctanusam OFDM, GaraTto opTOroHanpHUX MIHECYYUX CHUTHATIB PO3TAIIOBaHI

3 TIEPEKPUBAIOYMMMUCS CIIEKTPaMHU, JJIs MapayiesibHOI mepeaadi aaHux. Jlemomymsiis
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O0a3zyeTbcs Ha anropuTMax mBuAKoro mneperBopeHHs dDyp'e. OFDM  0Oys
BJIoOCKOHaJIeHUI Baitnmrelinom Ta EGeproM y 1971 p. 3a 10mOMOror BBEICHHSIM
OXOpPOHHOTO 1HTEpPBaNy, KU1 3a0e3Mmeuye Kpally OpTOTOHAIBHICTh KaHATIB Mepeaaul,
10 TIOCTPaXKJIalK BijJ OaratonpoMeHeBoro nomupeHHsa. KoxkHa migHecyya (cursain)
MOAYJIOETHCS 32  JIOMOMOTOI0  3BHYAWHOI CXEeMH MOIyJsSIii  (Hampukiaj,
KBaJIpaTypHOi aMIUTITyIHOI MoAyJsiii, abo ¢a3oBoi MaHIMyJAlii) 3 HHU3BKOIO
IIBUJIKICTIO Tepenadl cuMBoOuiB. lle miaTpumye 3arajapHy MIBHUAKICTH TMepeaadi
JaHUX, MOAIOHY MO 3BHMYAWHUX CXEM MOJYJIALIl 3 OJHIEI0 HECY4OI0 B OJHINA cMy3i
MPOITYCKaHHS.

I'onoBHoto mepeBaroro OFDM mepen cxemaMu 3 OJHIEI0 HECY4Ol € HOTO
3/IaTHICTh CHPABJISTUCS 3 BAKKUMHU KaHAaIbHUMU YMOBaMHO€3 CKIIaJHUX (UIBTPIB
BUPIBHIOBAHHS. 3pIBHSHHSA KaHAJIB CIpoIlyeThesi, ockuibku OFDM  moxHa
pO3TIIAIaTH K BUKOPHUCTAHHS 0araThoX MOBILILHO MOJIYJIBOBAHHX BY3bKOCMYTOBHUX
CUTHAJIB, & HE OJJHOTO IIBUIKOMOIYJIHOBAHOTO MIUPOKOCMYTOBOTO curHany. Huspka
MIBUJKICTh TIE€peladl CHMBOJIIB POOUTH JOCTYMHUM 3aXUCHHM 1HTEpBal MIXK
CHMBOJIAMH, 10 JO3BOJSE YCYHYTH MbKcUMBONBHI mepemkoau (ISI) Ta
BUKOPUCTOBYBATH BINTYHHS Ta PO3MOiT Yacy (B aHAJIOroBOMY Telie0adeHH1, BUIUMI
K OpEOJM Ta PO3MUTTS BIJIMOBIAHO), MO0 JOCATTH MOCHJICHHS Pi3HOMAaHITHOCTI,
TOOTO MOKpALIEHHS CIIBBIIHOIICHHS CUTHAJ / miyM. L{eld MexaHi3M TaKkox IMOJeriye
NpOCeKTyBaHHs oxHouyacTOTHHX Mepex (SFN), ne kigbka CyMiKHHX MepeaaBadiB
IMOCUJIAIOTh OJWH 1 TOM K€ CHUTHaJ OJHOYACHO Ha OJHIM 1 TIH K€ Y4acTOTI, OCKIJIBbKH
CUTHAJIM BiJl JEKUIbKOX BIJJAJICHUX IepeaaBadyiB MOXYTbh OyTH KOHCTPYKTHBHO
MOBTOPHO 00'€/THaHI, €KOHOMJIYM TMEPEIIKOAN TPATUIINHOI CUCTEMH 3 OJHIEIO

HECYYOIO.

BucnoBku. MoOiIbHI Mepexi €BOJIOLIOHYBAJIM MPOTATOM cepli MOKOJIiHb,
KOKHAa 3 SKMX TPOMOHYBaja 3HAuYHI TEXHOJOTIYHI BJIOCKOHAJICHHS TOPIBHSIHO 3
nomnepeHiMA MOKOJMiHHAMHU. [lepini aBa MOKOMIHHS MOOUIBHMX MEpEeX CIOYaTKy
BIIPOBAJIMJIM aHaAJIOroBy mepenady royocy (1G), a motiM nudpoBy nepeaaqy roiaocy

(2G). HacrynHi TOKOMIHHA  MATPUMAIH  PO3MOBCIODKEHHS  CMapT(QOHIB,
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3anpoBaauBIIK 3'eqHaHHsA Ui nepenadi ganux (3G) 1 HamaBHmIM  JIOCTYI 10
IaTtepuery. Mepexi cnyx0 4G mnokpamuid mnepeaady JaHuX, 3pPOOUBIIHM iX
MIBUIIIAME Ta CIPOMOKHUMU 3a0€3MEYUTH OUTBITY TIPOITYCKHY 3aTHICTD JIJIS TAKUX
noTpeod, K MOTOKOBE TIEpeIaBaHHs.

Cranmapti 0€3IpOTOBOTO 3B’SI3KY IIBUAKO PO3BUBAIOTHCA, alie (i3UYHE
BIIPOBADKCHHS ITUX MEPEXK - IIe 1 Jopora, 1 Tpyaomictka pobora. Kpim Toro, micis
pO3ropTaHHs Mepeki HEOOXITHO MATPUMYBATH 3HAYHUM MPOMIKOK dacy, 100
KOMIICHCYBAaTH BUTpAaTH Ta YTPUMATH ICHYIOUMX KII€HTIB B Mepexi. [Hmmmu
CJIOBaMHM, Xo4ya HaBKoJIO 5G icHye OaraTo rajacy Ta MapKeTHHTY, MEPEKI CTapIIoro

MOKOJIIHHS POJOBXKYBATUMYTh IIPAIIOBATH, SIK MIHIMYM, III€ JECSATH POKIB.
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2. CHOCOBHY PO3BAHTAKEHHS MOBLJIbHOI MEPEXKI

CeiToBUMl MOOLTEHMM Tpadik OyJe pPOCTH B HAMOIMKYl POKH 3aBISKU
3pocTaouiil MOMYJSIPHOCTI MOOUIBHUX TPUCTPOIB Ta 3aMpPOBAHKEHHIO JOCTYITHHX
Tapu(pHUX TUTaHIB Tepeaadl JaHUX CTUIBHUKOBHMHM omeparopaMu. MoOuUIbHI
JOJIaTKU, M0 MOTPeOYIOTh JaHUX, Taki SK ayJio Ta BiJ€OmporpaBadyi, COLiaIbHUIMA
Mepexki abo XMapHi CepBiCH, CTAlOTh BCE MOMYJSPHIMIMMU Cepell KOPUCTYBayiB.
OCKUIBbKHY CHOTOAHI HAUMOMKMPEHITNI croci® TOCTYIy A0 JaHUX Y PYCl, CTUILHUKOBI
Mepexi mnepeOyBaloTh i BEJIUKHUM THCKOM, HaMaraiouuch BIIOPATUCS 3 MM
Oe3MpereICHTHUM MePEeBaHTAKCHHIM JaHUX.

BpaxoByrouu 11e 3pocTaHHs, oneparopaM NoTpiOHO BKJIACTH 3HAYHI IHBECTHIII,
sk y Mepexy pamiogoctyny (RAN), Tak i B 0a3o0Bi iHppacTpykTypu. 3 YHCTO
€KOHOMIYHOI TOYKH 30py MozepHizamiss RAN € mayxe HOpororw, OCKIIbKH TaKHM
MIIX1J] BUAMAarae OUIBIIOI KIIBKOCTI 1HGPACTPYKTYpPHOrO OOJagHAHHS 1, OTXKE,
OUIBIINX 1HBECTHUIIM.

Hedbiuut  JIEH30BaHUX  PaJIOYaCTOTHUX  CIEKTPIB  MEPEIIKOJKAE
BaockoHaneHHro RAN. IlpaBuna [n03BONSAIOTH omeparopaM MOOUIBHOTO 3B’SI3KY
BUKOPUCTOBYBATH JIUIIE HE3HAYHY YACTUHY 3araJibHOTO PajioyacTOTHOTO CIEKTPY,
10 TakoXX HaA3BHuaiiHO noporo. KopucryBaui MOBHHHI KOPUCTYBATHCS CHUIBHUMU
oOMexxeHMMH 0e3poTOBUMH pecypcamiu. [lonaBanns Tpadiky, U0 MEPEBUIILYE MTEBHY
MEXY, 3MEHIIY€E MPOYKTHBHICTh Ta AKicTh 00cayroByBaHHs (Q0S) kopuctyBauis. Y
MIKOBI TEpIOU B TMEPEMOBHEHOMY CTOJUYHOMY CEPEAOBUIII KOPUCTYBaul BXKE
BI/IYyBAIOTh TPUBAJI 3aTPUMKH, HU3BKY MPOMYCKHY 3/IaTHICTH Ta mepedoi B poOoTi
Mepexi depe3 3aTopu Ta nepeBaHTakeHHs Ha piBHI RAN. Ha >xanb, 119 TeHaeHIis
MO>KE JIMIIE MOCUIIUTUCS B MailOyTHBOMY, YEpe3 MPOrHO30BaHE 301IbIIEHHS 00’ €My
MOOUTbHMX JaHuX. [IpoGnema cToCcyeTbes, HacaMIiepes, OIEepaTopiB  MEPExKi,
OCKUJIbKU iM JOBOJUTHCA KOMIIEHCYBATH 3aJI0BOJICHHS CIIOXHMBayiB MPUOYTKOBICTIO
013HeCy, BpaxOBYIOUYHM TEHACHIIIO 10 Maibke (ikcoBaHUX Oi3Hec-Mojesei. [Hmmmu
CJIOBaMHM, €KCIIOHEHIllaabHe 30UIbleHHs Tpadiky, mo mnpotikae B ixHiii RAN, He
MPUHOCUTH JOCTAaTHBO JTOJAATKOBHUX JOXOJIIB JJISl PO3MOITY Ha MOJANIbII OHOBIICHHS

RAN. Lle cTBOpIOE, Tak 3BaHMM, pO3PUB y H0X01aX [6].
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Bumiesa3znaueni oOCTaBUHU TOPOJWIIM 1HTEPEC O ajbTePHATHBHUX METOJIIB
JUISL 3MEHIICHHS HaBaHTAXEHHS Ha CTUIBHUKOBY Mepexy. llepmioio crnpo6oro
MOOITPHUX OMNEpPaTOpiB BHUPIIIUTH MO CUTyallil0o Oyja peryssmis IIBHIKOCTI
3'€HaHHA Ta OOMEKEHHS BHKOpUCTAaHHS NaHuX. OJIHaK, Il MPAKTUKU HETaTUBHO
BITUBAIOTh HA KOPUCTYBAIIBKUH JOCBII Ta iX 3aJ0BOJICHHS. 3 Ili€1 IPUYWHA, BUHUKIIH
alIbTepHATUBHI MIAXOAW. Y JaHiil poOOTi, 3BEpTa€TbCA yBara Ha OJHE 3 TaKHUX
pillIeHb, SKE CTaj0 MPUBEPTATH BCE OLIBIIUN 1HTEpeC MOCIIIHHUIILKOI CHIIBHOTH:
pO3BaHTaXEHHS MOOUTbHUX JaHuX. JlaHwii crmoci® monsrae y BHUKOPHCTaHHI
HEBUKOPHUCTAHOI MPOIMYCKHOI 3JaTHOCTI B PI3HUX 0€3APOTOBUX TEXHOJOTIAX. Y JaHii
poOOTi, pPO3BaHTAXEHHS MOOUIBHMX JaHUX PO3IJISIAETHCS SIK  BHUKOPUCTAHHS
JOIaTKOBOiI ~ O€3pOTOBOI  TEXHOJIOTIl JJisl Tepeaadl JaHuX, SKI CIOYaTKy
MePEeIa0ThCS Yepe3 CTITLHUKOBY MEPEKY, 3 METOIO MOKPAIIEHHS JACSIKUX KIIOYOBUX
MOKa3HUKIB €()EKTUBHOCTI.

Xoua pO3BaHTAXEHHS MOXKE CTOCYBaTHUCS OyAb-sIKOI MeEpeXi, IOTOYHE
JIOCITIJIKEHHSI CTOCY€EThCS JIUIIE 3MEHIIICHHS] HABAaHTAYKEHHS Ha CTUTbHUKOBY MEPEKY.
Ile Ta mepexa, sika HailOUIbIlIe BUTpAE BIJ Ii€1 TEXHIKH, Ta fKa, 32 JAaHUX YMOB,
HaWOUIbIIe 1HOrO MOTpeOye. BapTo 3a3HaunTH, MO Ui aHaAMI3y pilleHb Oylu
PO3IIIAHYTI JIMIIE CIIOCOOU, B IKMX MOOUIbHI TEPMIHAJIN SIBHO BUKOPUCTOBYIOTHCS SIK
YaCTMHA CXEMHU pO3BaHTaXeHHs, abo 3a J0moMorow Oesnmiul  Oe3qpOTOBUX
iHTepdeiiciB, a00 3a JOMOMOTOI0 HETPATUIIINHUX CTUIbHUKOBUX TEXHIK (HAIPUKIIA],
LTE-D2D). Kpim o4eBUIHOI BUTOAW BiJ 3MEHIICHHS HABAHTAKCHHS Ha MEPEKY
1H(}pacTpyKTypH, NEPEeBENCHHS [aHWX Ha JOJATKOBY OE€3pOTOBY TEXHOJIOTIIO
MPU3BOJAUTL 10 DALY I1HIIMX YIAOCKOHAJEHb, cepel SKUX: 30UIBIICHHS 3araJbHOi
MPOMYCKHOI 3JaTHOCTI, CKOPOYECHHSI Yacy AOCTAaBKH BMICTY, PO3IIMPEHHS MOKPHUTTS
Mepexi, 30UTbIIEHHST JOCTYMHOCTI Mepexi, Ta Kpama eHeproeekTuBHICTh. Lli
BJIOCKOHAJICHHS] KOPHUCHI SIK JJI ONEepaTropiB CTUILHUKOBOIO 3B'A3Ky, TaK 1 AJiA
KOPUCTYBauiB, TOMY pO3BaHTKEHHS YacTO OIUCYETbCA B JITEpaTrypi sK
oesmporparna crpareris [7]. Ha xanb, po3BaHTaXXEHHSI MEpEXi HE € OE3KOIMTOBHOIO
NpOIEAYPOI0, a/pKE TMOTPIOHO BUPIMIMTH HU3KY MpPOOJIEM, TOJIOBHUM UYHHOM

MOB’SI3aHUX 3 KOOPJMHAIIEI 1HPPACTPYKTYpH, MOOUIBHICTIO KOPHUCTYBadiB,
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Oe3MepepBHICTIO  OOCIYyroByBaHHS, IIHOYTBOPEHHsSIM, OI3HEC-MOJEIIMH  Ta
BIJICYTHICTIO CTaHJIapTiB.

2.1. Knacudikariisi METO/IiB pO3BaHTAKCHHSI

Ha pucynky 2.1 300pakeHO TpaaMIiiHUNA CIOCi0 mepenadi JaHUX y
MOOLTFHUX Mepexax, /Ie KO>KeH MPUCTPIi Mae 3'eIHaHHA 3 0a30BOIO CTAHIIIEIO, TOMY
nepenavya JaHuX BigOyBaeThCS HampsiMy, 4depe3 0a30BYy CTaHII0O HA MPUCTPIH, 1
HaBnaku. Jlns mepenmadi jgaHux Oa3oBa CTaHIlS I[MOBHMHHA BHUIIJIMTH BIAIMOBIIHI
pecypcr KOXKHOMY a0OHEHTY, a TaK0K, TPUMATH aKTUBHE 3'€ JHAHHS 3 TIPUCTPOEM.

Cellular

BS

5\ @
y

Pucynok 2.1 - Tpagumiitauii pexxuM nepeaadl JaHux

2.1.1. 3anexxHo Bij y4acTi TEpMiHAJIB KOPHCTYBadiB

MeTtonu po3BaHTAKEHHSI MOOLTBHUX JaHMX MOXHA KIaCHU(DIKyBaTH 3aJIEKHO
BIJl y4acTl TepMiHaJiB KOpPUCTYBadiB y IMpoOLECi pO3BaHTaXKEHHS. TakKuM YUHOM,
PO3PI3HSAIOTBCS CIIOCOOM Tepenadvi NaHUX 4yepe3 crarioHapHy Touky goctymy WiFi,
a00 3a 10MOMOror0 3’€THaHb TepMiHaa-Tepminai (T2T).

Cramionapna touka pgoctymy WIiFi TlepenampaBnenns Ttpadiky uepes
cramioHapHy Touky goctynmy WIiFi, sk 300pakeHO Ha pUCYHKY 2.2, € 3BHYAHHHUM
pIIICHHSM JUTsI 3MEHIIIeHHs Tpadiky B CTUThHUKOBUX Mepekax. Kinmesi kopuctysaui,
SKI pO3TAIlIOBaHI BCEpEOWHI 30HM TOKPUTTS Touku noctymy WIiFi (sx mpasuio,
HabaraTo MEHIIOI, HI’)K Y MOOUIRHOTO CTUIbHUKA), MOXKYTh BUKOPHUCTOBYBATH ii 5K

TiIHY aJbTEPHATUBY CTUILHUKOBIA MEpeXi, KOJU MOTPIOHO OOMIHIOBATUCS JTAHUMHU.
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Touku noctymy WiFi, sik mpaBuiio, 3a0e3neuyoTh Kpally MBUIKICTh Ta MPOITYCKHY
3aTHICTh 3 €JIHaHHS, HIXK CTIIBHUKOBI Mepexi. OJHaK, 30Ha IOKPUTTS JOCUTH
HEBEJIHMKA, a MOXIIMBICTb NEpeMIlIeHHs 0e3 yTpaTh 3B S3KYy MOKJIMBA JIUILE
BCepenrHi 30HU TOKPUTTSA. OCKIIBKK TPOIIOBI BUTPATH HA PO3TOPTAHHS MAaCHUBY
(bikcoBaHUX TOUOK JIOCTYIy HabaraTo HWXKYl, HK pO3TOPTaHHS OJIHI€l CTUIBHUKOBOT
0a30B0i CcTaHIIii, OCHOBHI CBITOB1 OIEPaTOPHU CTIILHUKOBOTO 3B'sI3KY, Taki ik AT&T,
Verizon, T-Mobile, Vodafone Ta Orange, mo4anu iHTerpyBaTH Bce OLIbINY KUIbKICTD
oe3mporoBux Touok jgoctymy WIiFi y cBOiX CTIIBHHKOBHX Mepexax, 1100
3a0€3MeYnTH po3BaHTaXXKEHHA AaHuX [7]. Tum yacom, ans NOMyJIIpHUX MOOLIBHUX
npuctpoiB (B ocHoBHOMY iPhone i Android) mpomoHyeTbhcs 3pocTaroda KiTbKiCTh
porpam, 0 aBTOMATHU3YIOTh MPOIIEC PO3BAHTAKEHHS, TAKUX sK 1Pass, uu

BabelTen.

Cellular

Wi-Fi AP

BS

Yromcacnaame”

&y

Pucynok 2.2 - Ilepenanpanenns Tpadiky yepe3 (piKCOBaH1 TOUKH TOCTYITY

WiFi

Tepminan-repminan

3pocTatoua TOMYJSAPHICT IHTENEKTYaJbHUX MOOUTBHUX TMPHUCTPOIB, IO
MPOTNOHYIOTH KiJIbKa aJIbTEPHATUBHUX BapiaHTIB 3B'A3KY, Ja€ MOXKIHMBICTh PO3TOPTATH
Mepexy TepMiHan-TepMiHan (T2T), sika TOKIAmaeThcss Ha TPSMHI 3B'S30K MiX

KOPUCTyBa4aM# MOOLTEHUX MIPUCTPOIB, O€3 MoTpedu B iH(PACTPYKTYpHIN MaricTpai
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(pucynok 2.3). Ileit iHHOBalIMHUN MiAX1J Ma€ BJIACTUBOCTI, SIKI MOXYTb OyTH
BUKOPHUCTAH1 IS pO3BaHTaXeHHs Tpadiky MoOiLIpHOT Mepexi. Kopucryrounch
CHUTPHUMH IHTEpEeCaMH MK KOPHCTyBauaMH, sSIKI pO3TalloBaHi MOpPYydY, IpoBaiaep
CTUIBHUKOBOTO 3B'SI3KY MOXKE€ BUPIINIUTH HAACHUIATH TIOMYJISAPHUN BMICT JIHIIE
HEBEJIMKIA YacTUHI KOPUCTYBadiB 4Yepe3 CTUILHUKOBY MEpEXY, 1 JAO3BOJUTH LM
KOpHCTyBauaM TIOMIMPIOBATH 1HQOpMAIII0 3a JOMOMOTol0 KoMyHikamid T2T Ta
OTIOPTYHICTUYHMX CYCiZIIB. BapTo 3a3HaunTH, 1110 (GOpMHU PO3BAHTAKEHHS Ha OCHOBI
WIiFi Touok moctymy Ta T2T MOXYTh 3aCTOCOBYBATHCS OJHOYACHO, JTO3BOJISIOUH
KOPUCTYBa4yaM OTPUMYBATH JIaH1 B TIOPUIHOMY PEKUMI.

Cellular

BS

b o®
Pucynok 2.3 - T2T pexum nepenadi JaHux

2.1.2. 3anexHo BiJl Yacy JTOCTaBKH

OxkpiM pO3MEXYBaHHS CHOCOOIB PO3BAaHTAXEHHS HAa OCHOBI TOYOK JOCTYITY
WIiFi ta T2T, € 11e oauH acmekT, SKAH BiAirpae BaXJIUBY POJib Y KaTeropu3allii.
30KkpeMa, BpaxOBYIOTHCSI BUMOTH IpOTpaM, M0 TCHEPYIOTh Tpadik, 3 TOYKH 30py
rapanTiii AocTaBKu. 3 11i€i mpUYMHU, MOTPIOHO BPaxOBYBAaTH YAaCOBHMM ITPOMIKOK
JOCTaBKU JaHuX y kiacudikarii. Ile po3kmamaeTbecss Ha JBI AOJATKOBI KaTeropii:
PO3BaHTAKEHHS 0€3 3aTPUMOK JTaHUX Ta PO3BaHTAXKCHHS 31 3aTPUMKOIO JTaHHX.

PosBanTaxkenns 6e3 3arpumok I[lpu po3BaHTakeHHI 0€3 3aTPUMKH KOXKEH

MaKeT Ma€ >KOPCTKE OOMEXKEHHS IO 3aTPUMIIl JIOCTABKU, BU3ZHAUEHE J0JIaTKOM, SIKE,
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K TPaBUIO, HE 3aJEKUTh BiJ Mepexi. Jlo oTpuMaHHA JaHUX HE JOJAETHCS HisKa
J0JaTKOBAa 3aTpuMKa, Il 30epexxkeHHs BUMor QOS (KpiM 3aTpUMKU BHACIIIOK
00poOKHM makeTiB, (i3MUHOI Mepenayl Ta pagiogoctymny). Hampukman, iHTepakTHUBHI
ay/lio Ta BIJICONNOTOKM HE TMOBHWHHI MICTUTH >KOJIHOI JTOAATKOBOi 3aTPHUMKH, 100
30eperTd CBOi BIACTHBOCTI B pEXKMI peanbHOro dacy. Cinig BpaxyBaTH, IO
JOMYCTUMA 3aTPUMKA JIJIS TOJIOCOBUX 3’ €THAHb CTAHOBUTH OJIM3bKO 50 Mc (710 omHi€q
CEeKyHIM JJid MOTOKOBOI Iepeaadi Bifeo). Llg BuMora HaBaHTaxXye Mepexy, sKa
MOBUHHA JTOTPUMYBATHCS BUINCBKA3aHUX OOMEXKEHbB I10 3aTPHUMII, 00 3a0e3neunTu
HaJle’)KHE (DYHKILIOHYBaHHS MporpaMu. Po3BaHTakeHHs 0O€3 3aTpUMKU € MO CYTI
HE3JIMCHEHHUM B ONOPTYHICTUYHMX MEpEKax, OCKIJIbKM HAKOMMYEHa HacKpi3Ha
3aTpUMKa Ha MUIAXY Mepeaadi Moxke OyTH 3aHaITO BUCOKOIO OO KOPCTKUX BUMOT
yacy goctaBkd. OfHaK, SIKIO B3SITU 10 yBaru CIEHapli 3 HU3bKOK MOOUIBHICTIO
KOPUCTYBaudiB, TO CTAa€ MOJKJMBO IEpeJaBaTh JaHl 13 CYBOPUMH TapaHTIsIMU
3aTPUMKH, BHKOPHUCTOBYIOuM mepenadi 12T abo 3a momomororo ¢ikcoBaHOI
1H(}pacTpyKTypH.

Po3BanTaxkeHHs: 0€3 3aTpUMKH B OUIBIIOCTI BHUIIAJKIB MOXE OyTH BaXXKO
3MIMCHUTH, SKIIO BPaxXyBaTH, 0 KOPUCTYyBaul MOOUTBbHI, Ta 3/IaTHI MEPEKIIOYATUCS
MDK PpI3HUMH TEXHOJIOTISIMA JOCTyHy. JSIKIIO omnepaTopu XO4yThb JO3BOJIUTU
KOpUcTyBauaMm OyTH cIpaB/il MOOUIBHUMHU, a HE JIMILE MEpPEMIIlyBaTUCs BCEPEIMHI
30HU TOKPUTTSI OJHOTO CTUIBHUKA, CJiJ 30CEPEIUTHCS Ha TaKUX MUTAHHSX, 5K
npo3opa Mepeaayda, B3aeEMOJIs MK albTEPHATUBHUMHU TEXHOJOTIIMH JOCTYMy Ta
ICHYIOUOI0 CTUIBHHKOBOIO 1H(GpacTpykTtyporo. [lns mnpukmamy, el acmekr He
peai3oBY€EThCS, KOJIM PO3TIIAIAETHCSA Oa30Ba peai3allis pO3BaHTAKEHHS Yepe3 TOUKH
noctyny |IEEE 802.11. 3 inmoro 6oky, e cnocid 103Bosi€ PO3BAaHTaXKYBATH TaKi
naHi, sik mepenava rojocy uepes IP (VOIP) abo iHTepakTHBHI IPOTrpaMu, OTPUMYIOUYH
MaiKe IIPO30pUN MPOLIEC PO3BAHTAKECHHS.

Po3BanTaxkeHHs 13 3aTpuMmkaMu [Ipu po3BaHTa)KeHHI 13 3aTPUMKaMH MPUHOM
BMICTY MOK€ OyTH HaBMHCHO BIJIKJIAQJCHHM 10 MEBHOTO MOMEHTY 4acy, 3 METOIO

JIOCSITHEHHSI O1JIbIII BUT1IHUX YMOB
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JOCTaBKHU. Y II0 KaTEropilo BKJIIOYAIOTHCA TaKl THMM Tepenadi: Tpadik i3
BTPAuYC€HUMH TapaHTIIMH SIKOCTI 00CIyTrOBYBaHHSI Ha OCHOBI BMICTY (1€ O3HAYae, 110
OKpeMi TaKeTH MOXXYTh 3aTPUMYyBATHUCS, aje€ BECh BMICT MOBHUHEH HAIXOIUTH O
KOpHCTyBaua MPOTATOM 3aJIaHOr0 TEPMIHY) Ta JIMCHO CTIHKHUI 10 3aTpUMOK Tpadik
(6e3 Oyap-sikux TapaHTidi 3aTpuMkH). [lociaGneHHs TapaHTid JOCTAaBKH JO3BOJISE
TakoXX Tmepemimard Tpadik OMOPTYHICTUYHO, 10, 3a BU3HAYCHHSIM, MOXE
rapaHTyBaTd JIMIIE WMOBIPHICHMM 4Yac JOCTaBKHM. SIKIIO TNiepenaya JlaHUX HE
3aKIHUYETHCS 10 OUIKYBAaHOTO TEPMIiHY, CTIIbHUKOBUI KaHaJl BUKOPHCTOBYETHCS SIK
pe3epBHMI 3aci0 IS 3aBEpIICHHs Tiepenadi, rapaHtyroud MiHiMaiabHy QOS.
He3Bakatoun Ha BTpaTy HIATPUMKHU PEXKUMY pPEATBHOTO 4acy, 4Yepe3 JOoJaHy
3aTPUMKY Tepeaayi, CijJ] 3ayBa)KUTH, 110 O0arato MOOUIbHHMX JIOJATKIB F€HEPYIOTh
BMICT, 1[0 € CTIHKUM JI0 3aTPUMOK - HANpPUKIAJ, MporpamMu Jjig cMapT(oHIB, sKi
CUHXPOHI3YIOTh €JIEKTPOHHI JIMCTU YM MOAKACTU y (hoHOBOMY pexumi. JlomaBaHHs
aJbTEPHATUBHOTO METOJIy PO3IMOBCIO/KEHHS I[OT'0 BMICTY Mij] Yac MIKOBUX MEP1O/IiB
(koM CTITFHUKOBA MEpeXka NepeBaHTakeHa abo HaBITh Mae mepeboi B poOOTi) cTae
KOPHCHUM pO3IIMPEHHSIM 1 MpeAcTaBisie (QyHAAMEHTaIbHY 3aJady s CIOCO0iB
PO3BAaHTAXKEHHS MEPEKI.

Crparterii po3BaHTaXEHHs 13 3aTPUMKaMM y 3HA4YHIA Mipl MOKIJIAJAI0ThCs Ha
MOOUIBHICTb. 3aBASIKW MOOUIBHOCTI KOPUCTYBayl MOXKYTh JIOCSATTH TOYKH JIOCTYITY
IEEE 802.11, abo cycima, sikmii Moke mepenatd OakaHl JaHi, 30UIBIIYIOYU
MPOIYCKHY 3[IaTHICTh. 3 IHIIOTO OOKY, y CTpaTerisix PO3BaHTAXKEHHS 13 3aTPUMKAMHU
MOOUIBHICTh YaCTO € OCHOBHOIO TEPEIIKOJ0K 1 BHMAara€ 3HAYHUX 3YCUIIb, 1100

3MYCUTH CUCTEMY NPALIOBATU PA30OM.

2.1.3. Po3BaHTaO)XKCHHS 0€3 3aTPUMOK

Po3BaHTaxkeHHs 0€3 3aTPUMOK - 11€ HAHOUIBII MPOCTUM Ta JTOCTIIKEHUN KJIac
po3BaHTaXeHHs. J[aHi MOXYThb NepenaBaTHCs B PEXHMI peaJbHOTO 4yacy Ta OyTu
IHTEpaKTUBHUMH, THUM CaMHUM 3a0€3Meuylourd MOXJIMBICTh BUKOPHCTAHHS TaKHX
MOCJIYT, K TMOTOKOBe mepenaBaHHs Bigeo Ta VOIP. Ha choroaHimmHiii neHb TOUYKH

noctyrny WIiFi mpeacTaBisioTh COO00 HaWOUIBII JIOTIYHE PIIIEHHS 3aBSKH HIMPOKIH
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MOIIMPEHOCT], MNPUHHATHIM NPOJYKTUBHOCTI Ta HHU3BKIH BaprocTi. Omneparopu
MOXXYTh CTUMYJIIOBAaTH Aa0OHEHTIB J0 PO3BAHTAXEHHS, MPOMOHYIOYH HEOOMEKEHY
KIJTBKICTh JaHuX uepe3 Touku jgoctymy Wi-Fi (i BUKopucTOBYrOUM 3aMicTh IHOTO
oOMeXeH1 CTUIBHUKOBI AaHi). TuM HE MeHIe, B JiTepaTypl MOKHA 3HAWTH Oararto
MiXO/IB, SKI BUKOPHUCTOBYIOTh CHUIBHHM JOCTYIT 10 BMICTy 12T MiX CyCiIHIMH
BYy3JIaMH.

3 TEeXHIYHOi TOYKM 30py, CTUILHHUKOBI 0a30Bi CTaHIli MNPU3HAYEHI IS
MOKPUTTS BETUKUX MakKpo3oH (miamerp 1-2 KM y MIChKUX paiioHax Ta 4-12 kM y
CUIbCHKHX paiioHax), Toji sik cranaapT |EEE 802.11 oxomumtoe oOMeskeHi TepuTopii, B
niamazon 30100 wmetpiB. IlpoTe, MmMBHUAKICTH Nepedadl JaHUX Y JOKaJbHUX
0e31pOoTOBUX Mepekax 3a3BUYail BUILA HIXK y CTUIbBHUKOBUX Mepexax. PekmamoBaHa
MPOMYCKHA 371aTHICTh CTaHOBUTH Om3bko 100 M6it/c qs LTE Tta 300 M6it/c ms
IEEE 802.11n. Ilpote, y peaapbHOMY XKHUTTI CHUTyallii JAEUI0 BiAPI3HIETHCA.
Hampuknan, LTE moxe nocsartu miky B 70 MOIT/c y CHpUSTIMBUX YMOBax, 3
cepenHiMm nokazHukoM 20 MoOit/c. 3 iHmoro 6oky, crangapt |IEEE 802.11n moxe
JOCSITTH ~ PEATICTUYHOT TPOMycKHOi 3aaTHocTi 'y 40 MOit/c. OtTxe, MOXHa
CKOPHUCTATHCS B3a€MOJIOTIOBHIOBAHICTIO IIMX TEXHOJOTiH, HAJICKHUM UYHWHOM
MOEAHYIOYU CHJIbHI CTOPOHU PI3HUX TEXHOJOTIM JJIsl JOCATHEHHS Kpallloi mepeaadi

JTaHUX.

2.1.4. Ha ocHOBI TOUOK JOCTYITY

Ha cporoani nepeBakaroua MO/I€Nb PO3BAaHTAXKEHHSI HA OCHOBI TOYKHU JIOCTYITY
KepyeTbesi KopuctyBaueMm. lle o3Hadae, 1m0 KOpHCTyBad MOBHHEH SIBHO BMHUKATHU
aIbTEPHATUBHY MEPEXKYy AOCTYIy, 00 OTpUMAaTH TMOKpAIIeHHs Iepenadi JaHuX.
Takuif miaxif CHo4yaTKy 3[a€ThCS MPUBAOJMBUM, OCKUIPKM HE BHUMAra€ 3MiH Yy
MepexXeBid 1H(PaCTPyKTypl, OJHAaK 3arajbHl OOMEXKEHHs, Taki sK OOMexeHa
MOOUIBHICTh Ta BIACYTHICTh O€3MEPEepPBHOCTI CECli, 3aBakatOTh HOTO MacOBOMY
npuitHATTI0. CyyacHa TEHJAEHIsl MOJisira€ B TOMY, 00 JTO3BOJIMTH OIEpaTopam
ruOIIe KOHTPOJIOBATH TPOIEC PO3BAHTAXKEHHA, 100 MaTH MOXKIWBICTH Kpalle

BUKOPUCTOBYBAaTH CHIJIBHI pPECypcH Ta TMOKpallyBaTH KOPUCTYBAlbKUN JOCBIJ
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CTHIOKUBaYiB. BpemTi-pemr, BUHUKAae MUTaHHA MPO Te€, SK CTUIBHHUKOBHH OMNEpaTop
MOX€ BECTH MPUOYTKOBUHN O13HEC, BUBOJSYM BEJIMKI YaCTUHU CBOrO Tpadiky Io3a
MEPEKY.

Omnepatopu Bce Ounblie 1 Ounbllle MParHyTh A0 OLIBII TICHOI 1HTErpaiii
ATBTEPHATUBHUX MEPEX MOCTYITYy Ta iX CTUIBHUKOBOI 1HQPACTPYKTYPH, SK TTOKA3aHO
Ha pucyHky 2.4. [Ipomec inTerpaiiii CTOCy€ThCSI MAPTHEPCTBA MK CTUTBHUKOBUMH Ta
0€31pOTOBUMH TpOBaiIepamMu, 3arajbHOI TOJITUKA BHUCTABICHHS paxyHKiB Ta

O0MiKy, cHOUIbHUX ©0a3 ngaHux aOOHEHTIB I aBTeHTUdIKalii, aBTOpHU3allii,

past present future

Hard Offload Auto-login Session mobility
User-driven Secure Transparent to

Unmanaged Sim-based auth end-users

Pucynok 2.4 - Kpoku 710 1HTerpanii anbTepHaTUBHUX MEPEXK JAOCTYIy Ta
CTUIBHUKOBO1 1H(QPACTPYKTYpH

CIIOCTEpITaHHs 3a CIIOKUBaHHAM pecypciB (AAA), Ta 3a0e3eueHHs OC3MEeKH.

Ha cboroguimHii geHb nepeadayaeThes Bl MOMKIUBI apXITEKTYPU MEPEXI s
inTerpanii criapHuKoBoro ta WIiFI mocTymy: BiibHE 3'€IHAHHS Ta MIIBHE 3'€JHAHHS.
VY BUIBHOMY 3B'SI3KY JIBI MEpEXi € HE3aJICKHUMH 1 B3aEMOIIOB s13aH1 HEMPSIMO Yepes
30BHIIIHIO |P-mepexy. besnepepBHICTh 00CTyroByBaHHS 3a0€3ME€UyETHCS POYMIHIOM
MK JBOMa Mepexxamu. HaTtomicTb, y TICHOMY B3a€MO3B’S3KY, /1Bl Mepexi MaroTh
CHUIbHE sApO Ta Oararo (YHKIINA, TakKuX K BEPTUKAIbHY Ta TOPU3OHTAIBHY
nepeavy, IHTerpoBaHe yIpaBiIiHHS pecypcamu Ta criabae AAA [8].

Po3ropranns ta mopentoBanHs Touok jmoctymy WIiFi HasBHi nocmimkeHHS
JEMOHCTPYIOTh, 1[0 PO3ropTaHHS (PIKCOBAHUX TOUOK JOCTYMY € MPAIFOIYUM
METO/IOM 3MEHIIIEHHS MMePEBAHTAKEHHS Y CTUTLHUKOBUX Mepexkax. i mocmimkeHHs

MOTUBYIOTH ~ 3pOCTAIOUMM  IHTEPEC 1O PO3BAHTAXEHHS JAaHMX, HAJlAl0uu
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EKCIIEPUMEHTAJIbHY BEPXHIO MEXY 100 KUIBKOCTI JaHMX, 5Ky MOHa
PO3BAHTAKUTHU 3a JIOMIOMOTOI0 HasgBHOI 1HGPACTPYKTypH TOUOK goctymy. LlikaBoro
CTpaTeri€lo JJisl MiABHUILEHHS NPOAYKTUBHOCTI PO3BAHTAXKEHHS € ONTHMAJIbHE
PO3MIIIIEHHSI TOYOK JOCTyIy, 100 MaKcuUMi3yBaTh Tpadik, IO MNPOTIKAE Yepes
anprepHaTUBHUM  KaHal. OCKUIBKM — BHUPIIIMTH — MOpoOJeMy  ONTUMAaIbHOTO
no3uIlionyBanHs ocuth ckiaaaHo (NP ckimagHa 3amava) i3 30UIBIICHHSAM KUTBKOCTI
AP, 6y110 po3po06JICHO PsiJl aITOPUTMIB, SIKI YaCTKOBO BUPIIIYIOTH JIaHY MPOOJIEMYy.

Kyunghan Lee, Joohyun Lee, Ta iHImI CHiBaBTOpH MNPEACTaBHIN OJHE 3
NEepIINX KUIbKICHUX JOCTIHKeHb 100 MepeBar, sKi pO3BaHTAXEHHS JaHUX 4depes
TOYKH JIOCTYIly MOXE TMPUHECTH TOCTavyaJbHUKAM MEpeX Ta KIHIEBUM
kopuctyBadam [9]. HasBaicts Wi-Fi anamizyBanocss mpoTsAromMm IBOX 3 MOJOBHHOIO
tixkHIB y Ceyni, Kopes. 316pani qaH1 moka3yioTh, 1110 PO3BAHTAXKEHHS 0€3 3aTPUMOK
MOXE€ MOCTA0UTH 3HAYHY 4YACTUHY CTUIBHMKOBOro Tpadiky. ILli pe3ynbratu
JOJIATKOBO TifKpimumoroThes Paul Fuxjager Ta cmiBaBTOpam#, sIKi HAAAIOTh JaHI MPO
Micbkuii paiioH Bimusa [10]. Lli mocmikeHHS MOKa3ylOTh, IO JOCTYIHICTH TOYOK
noctyny no Wi-Fi B meramomicax Bxe JOCHTh BHCOKA. Pe3yibTaTe JTOCIIIKCHb
MIITBEPKYIOTh TIOTEHIIAJl PO3BAHTAKCHHS JaHUX, SK JKUTTE3AATHOTO PIIICHHS
npo0JieMH MEPEBAHTAXKEHHS CTIJILHUKOBOTO 3B'SA3KY.

Liang Hu, Claudio Coletti ta iHmI CcHoiBaBTOPH 30CEpEaMIIA yBary Ha
MOKPAIICHH] SIKOCT1 00CIIyTrOBYBaHHSI, SIK€ MPUHOCUTH PO3BAHTAXKEHHS 0€3 3aTPUMOK
B 3QJICXKHOCTI BiJl KiibKOCTi Touok noctymy WIiFi [11]. MonentoBaHHs, BHKOHAHE 3a
JIOTIOMOT'OI0 TOYHOI MOJIETI1 TMOITUPEHHS PaIi03B'A3Ky B MICHKOMY CII€Hapii, BUSBUIIO
JiHIAHE 30UIBIICHHS CEePeaHbOT MPOMYCKHOI 3AaTHOCTI HAa OJHOTO KOPHCTyBaya,
SKIIO UIIIBHICTh TOYOK JOCTYIY 30UIbIIy€eThesa. OJIHaK, OCHOBHA yBara npHUAUISI€ThCS
pPYXy B MIPUMIIIEHH], TAKUM YHHOM, MOOLTbHICTh KOPHUCTYBAYiB HE BPAXOBY€ETHCS MPU
owiHmi. Po3ropratoun mo 10 TOYOK AOCTYymy Ha KBaJpaTHUM KUIOMETp, CEpelHs
MPOMYCKHA 3/IaTHICTh KOPUCTYBauiB Moxe 301abuTrcs Ha 300%, Toal SIK KUIbKICTh
KOPHUCTYBauiB, 10 HE MIIKIIOYEHI, 3MEHINYEThCS Ha 15%, MOpIBHAHO 3 0a30BUM

BUIIAJIKOM, KOJIM IPUCYTHI JIUIIIE CTUTLHUKOBI MEPEXKI.
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Nikodin Ristanovic ta cniBaBTopu [12], mpuayMaan alrOPUTMH PO3rOPTaAHHS
TOYOK JIOCTYMY, SIKi CIPSMOBaHI Ha MaKCUMI3aIlil0 YaCTKH PO3BAHTAXKEHOTO Tpadiky.
Bei 1mi migxomu momiOHI, Ta TPOMOHYIOTH EBPUCTUYHE BHPINMICHHS MPOOIeMU
ONTUMAJIBHOTO PO3TOPTaHHS TOUOK JIOCTyMy, sika Mmae NP ckinanHicTs. [nes nmonsrae B
TOMY, 100 pO3TallyBaTH TOYKH JOCTYMy OJHM3BKO JO MICIh 13 HalOLIBIIO0
IIUTHHICTIO 3alUTIB MOOUTBHMX MaHMX (200 KUTBKOCTI KopucTyBadiB). Pesymbratn
MOJICTIOBaHHS MMOKa3yI0Th, III0 MOYKHA 3MEHIIIUTH CTUILHUKOBUHN Tpadik Ha 20 - 70%,
3aJICKHO BiJ MIUTBHOCTI TOYOK JOCTYITY.

OkpiM  pe3yJbTaTiB MOJICIIOBAHHS, aHAJNITUYHI MOJCII JOIOMararoTh
OTPUMATH TEOPETHYHI Mexi mnpoayktuBHocti. Fidan Mehmeti Ta Thrasyvoulos
Spyropoulos nporony0Ts MO/IEIH, 3aCHOBaHY Ha TEOPil MACOBOTO OOCITYTOBYBaHHS,
11100 3pO3yMITH €(PEKTHBHICTh PO3BaHTAKEHHS HAa OCHOBI TOYKOK moctymy WIiFi 3
JAHUMH, 110 TIEpEeAaloThCsl B peaIbHOMY 4acl, 3 TOUKH 30py KopuctyBaua [13]. Bonu
OTpUMAJI BHpa3 JUIsl OYiKyBaHOI 3aTPUMKH JIOCTaBKHM JaHUX, MPEICTABICHOTO SIK
GyHKIIIO 3 HACTYMHHUMM 3MIHHUMU: JOCSKHICTh TOUYKH JIOCTYIY, 1HTEHCHBHICTH
Tpadiky Ta MBUAKICTH ABOX Mepex (cTimpbHuKOBOT T2 WIF).

OnTuManbHe PO3TOPTAaHHS TOYOK JIOCTYIYy MOXKE OyTH KOPOTKOCTPOKOBUM
pIIICHHSAM TSl TABUIIICHHS MPOIYKTUBHOCTI PO3BAHTAKEHHS JTAHUX y pPEaTbHOMY
yaci. Y HalONTUMICTUYHILIOMY CLEHapli, peTeJbHO CIUIAaHYBaBIIM pPO3rOpPTaHHS,
MOKHa po3BaHTaXHUTH 10 70% Tpadiky. Xoua, KO MAOJIOH 3alUTIB 3MIHIOETHCS,
oOpaHe po3ropTaHHS MOXE OyTH B)KE HE ONTUMAILHUM, Yepe3 1€ XapaKTECPUCTHKU
PO3BaHTAXXEHHS MOXKYTh 3HaYHO moripmuTuca. KpiMm Toro, yci BuieBka3aHi poootu
MPUITYCKAIOTh, 110 MEXaHI3MHU BEPTUKAIBHOI MEepenadl € JOCKOHAIMMH, IO € JIyXKe
rpyouM cripoiieHHsIM. J[olaBaHHS 3aHAITO BETUKOI KITBKOCTI TOYOK JTOCTYITY TaKOXK
MO>KE TIOTIPITUTH CUTYAIlII0 Yepe3 B3aEMHE MEPEKPUTTS. 3 1HIIOTO OOKY, aHAITHYHI
MOJIeJIi JTOTIOMArarTh 3PO3YMITH ONTHMAJbHY YacTKy JaHHMX JUIsl TIEPEXOAy Ha
abTEpPHATUBHUM KaHaJ, 00 MaKCHMI3yBaTH 3arajibHy IIBHUJIKICThH Mepeaadl JaHUX

Ta 00CAT €KOHOMIT CTITBHUKOBOTO 3B'SI3KY.

2.15. T2T
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PozBantaxkennss T2T y pexumi peaJbHOTO Yacy 4YacTO acCOLIIETHCS 3
KOOTIEPATUBHUMU CTPATETISIMU [JIsl OJTHOYACHOI EKCIUTyaTalli JEKUIbKOX HasBHUX
iHTep(ericiB. TakuM YMHOM, Mepeka MOBUHHA MaTH MOKJIMBICTH KOOPAMHYBATH
nepeiadyy JaHUX PO3MOAUIEHUM crmocoboM. CroyaTky po3riisgaincs —JIMIe
nmo3acMyroBi mepemadi. Opmnak, po3poOku cranmapty 3GPP LTE (Rel-12)
MIPOIOHYIOTh THTETPYyBAaTH MOKJIMBOCTI MPSMOTO BHYTPIITHHOCMYTOBOTO 3B'SI3KY B
MaiOyTHIO CTUTILHMKOBY apxiTekTypy [13]. Lle 3abesrneuye q01aTKOBY THYYKICTB
MEpexKi, aje MOpyIIye Taki MpoOIeMH, K B3a€MHI MEPEIIKOAN Ta PO3MOILT PEeCypCiB,
OCKUIbKM Tiepefada 12T BigOyBaeTbcsi y TOMY K Jlama3oHi, IO 1 mepenada
CTIJIBHUKOBOTO 3B'SI3KY.

KoomnepatuBuuii po3nomin ganmx Seung-Seok Kang ta Matt W. Mutka
3anponionyBasiu CHUM - mOKpOKOBY CTpaTerito 3aBaHTaKEHHSI, KOJIU MPU3HAUYCHUN
MPOKC1 3aBaHTaXy€ MYJIbTUMEIIMHUA BMICT 4epe3 CTIJIbHUKOBY MEpEXKY, a IMOTIM
OaraToanapecHo mepenae Horo vepes iHtepderic WIiFi iHIIMM 3aIikaBiICHHM BY3J1aM
[14]. Lleit meTon cipsMOBaHUI Ha 3MEHIIIEHHS BUTPAT Ha MiAKIIOYeHHS 10 90% mpu
30€peKEeHHI pecypcHuX 3artpaT. Takox, OyJI0 po3po0JICHO PO3IMIUPEHHS A
3MEHIIICHHS] BUTPATH 3apsly aKyMyJsiTopa Y BUMAAKY MOCIYTH OOMIHY MUTTEBUMU
NOBIJOMJICHHSMHU. Pe3ynbrath MoOJENIOBaHHA Ta BUIPOOYBaJbHUX CTEHIIB
MOKa3yI0Th, 1[0 €KOHOMIsSI €HEPrii 3pocTae 13 301IBIIEHHSIM KIJTBKOCTI B3a€EMOIIFOUNX
By3niB. [lomiOnum uywmnoMm, apxitektypa COSMOS BuxkopucToBy€E HasBHICTD
aIbTEPHATUBHOIO KaHATy JJI TPAHCIIALIT OTOKY B peabHOMY Yacl Ha CYC1JIHI BY3JIU
[15]. Sk 1 ogHOpanroBa Mepexka, COSMOS crilikuii 10 BigMOB By3iiB. KUTbKICTh
MOCTIJOBHUX MOBHHMKIB HAJIAIITOBYETHCS BIJAMOBIAHO JO IMUIBHOCTI BY3IIB, IO
OepyTh y4acTh y PO3MOJLII AaHUX, JJI KOMIIEHCallli 31TKHEHb Ha OE3[pOTOBOMY
HOCIi Ta HaIMIPHOCTI JIaHUX.

[arerpariis moxmBocterr Device-to-Device Po3po6ku cranmapry 3GPP LTE
(Rel-12) mpomnoHyrTh iHTErpyBaTH MOXIUBOCTI MPSMOTO BHYTPIITHBOCMYT'OBOTO
3B'SI3Ky B MalOyTHI CTUTHHUKOBI apXiTEKTypH, SKI TaKOXX HA3UBAIOTH MIIKIAIKOIO
CTUIBHUKOBOT Mepexi [16] ado npuctpiit 1o npuctporo (D2D), a He 3a 10MOMOroI0

TPaIUIIMHUX TEXHOJIOTIH, 10 MPAIlOI0Th Ha HEJIEH31MHNX Jiana3oHax (MepeBa)KHO
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IEEE 802.11 Tta Bluetooth). Ile BigkpuBae HUIIX IS CHUIBHOTO BHUKOPHUCTAHHS
CTUIbHUKOBUX Ta KOPOTKO/1alla30HHUX Tepeaay, MPOMOHYIOYH KOPUCTYyBaYaM pi3HY
CTYIIHb CBOOOIM Tepenayl Ta cepeloBUIIe, 10 MIATPUMYEThCs Mepexero. KiHmesi
KOPHCTYBaul MOXYTh BHUSBJISATH OJIHE OJHOTO B Oe3mocepenHi OJu3bKOCTI 3a
JIOTIOMOTOIO SIBHOTO 30HTyBaHHSI.

[Ticast BUSABIEHHS BY3JHM MOXYTh CIUIKYBaTHCS 3a JOIMOMOTOIO BHIIIJICHHX
pecypciB ab0 CHUIBHOTO CTIILHUKOBOTO KaHaTy BHMCX1JHOI JiHIT 3B's3ky. IloTim
38’130k D2D 3amyckaeTbcs CTUIBHUKOBOIO MEPEXKEI0 1 MiAmanae mif MOCTiHE
YIPABIIHHS Ta KOHTPOJIb MEPEKi. 3 IIUX MPUYMH 1X TAKOXK MOKHA 3aCTOCOBYBATHU JIS
OanaHcyBaHHs HaBaHTaxeHHs. OTxe, D2D mMoxe cTatu KOpUCHOIO MIaTGOPMOIO ISt
PO3BUTKY PO3BAaHTAKEHHS JNaHUX y MallOyTHROMY, TOMY III0O BOHa MOXE JOCSTTH
Kpalloro YIpaBIiHHS pecypcamMHM ULUIIXOM IOBTOPHOTO BHUKOPUCTAHHS CHEKTPY
(GI13UYHO CYCIIHIX MPHUCTPOIB, TOAl SIK HAAIMHICT MOXE 3HAYHO 3POCTU 3aBASKU
MeHIM BifcTaHi 3B's3ky. Kpim Toro, moxiauBocti D2D no3Bomsitots LTE cratn
Jy’Ke LIKaBOIO TEXHOJIOTIEIO JUIsl MEpex rpomajicbkoi Oesneku [17]. ¥V Oyab-skomy
BUIIAJIKY, TaKl KPUTUYHI MPOOJEMHU, SIK BUSBJICHHS CYCIJIB, IUITAHyBaHHS Iepeaaul,
PO3MOJLT PECYPCIB Ta YIPABIIHHS MEPEIIKOIaMU, 30KpeMa y BUTIAIKY PO3TOPTAHHS
KUIBKOX CTIJTBHUKOBHUX MEPEX, BCE I1I€ MOTPeOyIoTh BUPIIIEHHS, 1100 MEeperTH 10

e(eKTUBHOI IHTerpauii B MailOyTH1 CTUIBHUKOBI apXITEKTYPH.

2.1.6. Po3BaHTa)XCHHS 3 3aTPUMKAMH

Po3BaHTaxeHHs 3 3aTPUMKAaMHU J10/1a€ 3aTPUMKY 0 MPUIOMY BMICTY. 3arajiom,
Xouya JUIs KIHIEBHX KOPHUCTYBadiB HAJA3BUYAWHO BAXJIMBO OTPUMYBATH BMICT Y
BCTAHOBJICHI TEPMIHM, HE MPUHIMUIIOBO OTPUMYBATH BECh MOTIK 13 (PIKCOBAHOIO
mBUAKICTIO. Jleski JaHi MOXYTh MaTh SiBHI OOMEXKEHHSI Ha 4Yac JOCTaBKH, IHIII X,
MOXXYTb OyTH CTIMKUMU JI0 3aTpUMOK. EllekTpoHHa nomiTa, iHdopmarlis, o’ s3aHa 3
HOBMHaMHU, a00 TMOAKACTH, II€ JIMIIE HEBEJIUKUHA CIHUCOK PECypCiB, SKI MOXYTb
OIATPUMYBaTH TEBHUM CTYMiHb 3aTPUMKH, HE MOPYIIYIOYH 3aJ0BOJIEHOCTI
KopuctyBauiB. OTXe, 1€ BIAMIHHI KaHAUAATH, SKUX MOXHA PO3BAHTAKUTHU 34

AOIIOMOI'0XO PO3BAHTAXXCHH 3 3aTPUMKaMU.
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31e0UIbIIOr0, CTpaTeris pO3BaHTAKEHHS IIOKJIAJIAEThCS HAa  CTIJILHUKOBY
MEpEXY JUIsl MPUCKOPEHHS MPOIIECY PO3MOLIMPEHHS AaHUX (Ui mepejadi TaHux J10
KOpHUCTYBaiB, IO MOTIM JAaii OyayTh iX MOIIMPIOBATH, NMPU PO3BAaHTAKEHHI Ha
ocHoBi T2T) abo mig 3abe3neuenHs MiHiMaabHuX QOE (pe3epBHI mepemayi, KOJIH
HAOMMKA€TbCA KIHLIEBUM TepMiH). J[0 BCTAHOBJIEHOTO KIHIIEBOTO TEPMIHY BMICT
OaxaHO TepefaBaTH 3a ATbTCPHATHBHOIO TEXHOJOTi€0. Ha BimMiHy Bif MiIXOMIiB,
BUKJIQICHUX Yy po3naun «Po3BaHTaxkeHHs 0e€3 3aTpUMOK», PO3BAHTAXEHHS 3
3aTPUMKOI0 0€3MoCcepeIHb0 BUKOPHUCTOBYE MOOUIBHICTH BY3TIB JJIsi CTBOPEHHS
KOMYHIKAI[IMHUX MOXJIUBOCTEH. Sk moOiuHMN e(eKT, MPOIYKTUBHICTh CHIBHO
3aJICKUTH BiJl MOJIEJIl MOOUIBHOCTI KOPUCTYBAYiB.

OCKUIbKY MOBIJOMJICHHSI TIEPECHIIAIOTHCS JIMIIE M1 4ac KOHTAKTIB 3 1HIIMMH
KOpHUCTyBauaMH a00 TOYKAMM JOCTYIY, CTATUCTUYHUNA aHaNI3 TaKUX 3yCTpiueH cTae
oco0nuBO 3HauymuM. [lo-mepiie, yac A0 HOBOI 3ycTpiyl (4ac MK B3a€MOJIISIMH)
BKa3y€ Ha €MHICTh JIOCTaBKM BCEPENMHI OMOPTYHICTUYHOI Mepexi. KpiM Toro, Koiu
KOpHUCTYBaul 3YyCTpI4alOThCs, 3HAHHA TOrO, K JOBIO TpPUBAaE 3yCTpiy (yac ix
KOHTAaKTy), JOMOMOXXE NependaynuTH, CKUIbKM MOBIJOMIIEHb, IO OYIKYIOTh Ha
NepEeCHIaHHs, MOKYTh OyTH HajicnaHl. Po3moiin yacy KOHTaKTIB TaKOX BIIMBAE HA
3arajibHy MPOIYCKHY 3/IaTHICTh JOCTAaBKH, KOJH KiJIbKa KOPHUCTYyBadiB KOHKYPYIOTb
32 OJIUH 1 TOH ke 0e3APOTOBUI KaHaJl, OCKUIbKH 3’ €HAHHSI MOXYTh OyTH BTpaueHI

BHACIIIJIOK CYTEPEYOK Ta IJIaHyBaHHS.

2.1.7. Ha 0OCHOB1 TOYOK JIOCTYITY

Crparerii, 3acHOBaHI Ha TOYKax JOCTyIYy, BHUKOPHCTOBYIOTh II€peBaru
J0JIATKOBOI MEPEXKEBOI MaricTpali, YaCTO YTBOPEHOI (PIKCOBAHUMH TOYKAMHU JTOCTYITY
WIiFi, mns oOpoOku maHmx B 0O0Xix CTUIBHMKOBOI Mepexki. JlomatkoBa Mepeska
JTOCTYNy MOXe OyTH 4acTMHOIO Mepexki CTUIBbHUKOBOTO oreparopa ado Moxe OyTH
MOBHICTIO OKpeMOI0. B OCTaHHbOMY BUNAIKY CIIJ TNEpeI0auuTH YTOAy MIXK
ormeparopamu. CrioyaTKy, TaKUil MAX1J CXOXKHM Ha PO3BaHTAXKECHHS 0€3 3aTPUMOK.
MO>JIMBICTh JIOCTaBKM BMICTY 13 3aTPUMKOIO BUKOPUCTOBYETHCA TYT, KOJIM OOMIH

JAHUMU B1IOYBA€THCSA MK KOPUCTYBayeM Ta PI3HUMH TOUYKAMH JOCTYMY Y PI3HOMY
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MiCcIll 1 y pI3HUH dYac, SK MPOUIIOCTPOBAHO Ha PHUCYHKY 2.5. PyX KiHIIEBUX
KOPHCTYBaviB CTBOPIOE MOKJIUBICTh KOHTAKTY 3 (JiKCOBaHUMHU TOYKAMHU JTOCTYITY, IO

HAIAaI0Th PO3BAaHTAXXYBaJIbHY 3/IaTHICTh MEPEXKI.

Pucynok 2.5 - Po3BanTa)keHHs 13 3aTpUMKaMu. MOO1IbHICTD J103BOJISIE OTPUMYBATH
JaH1 13 3aTPUMKaMHU B1J1 PI3HUX TOYOK JOCTYITY Y PI3HHI yac

[ToTouH1 AOCHITHUIBKI 3yCHIIIS CHPSIMOBaH1 Ha MPOTHO3YBaHHS Mail0yTHHOTO
NOTEHLIATy pPO3BAaHTAKEHHS 4Yepe3 MUHYJY IOBEIIHKY KOpPUCTYBauiB, TaKy SsK
MOOUIBHICTb, ~KOHTAaKTH 3 TOYKaMH JOCTYIly Ta TPOMYCKHY 3JaTHICTb.
BukopuctoByroun 1ie nependaueHHsl, KOOPJAUHATOP PO3BAHTAKECHHS MOXKE BUPILLIUTH,
Ky 4acCTKy JaHUX BHBAHTAKyBaTH, KOJH 1 KoMy. MOXIHBO, OIAIBIINANA BMICT MOXKE
OyTH pO3JIJICHUM Ha AEKIJIbKA YaCTHH, SIK1 TOTIM MPOAKTUBHO HAJICUJIAIOTHCS B TOUKH
JOCTYITy, 3 SIKUMH BY3JIM (HMOBIPHO) 3ITKHYThCS B MaOyTHhOMY. AJIbTEpHATHBHA
00JacTh JOCHIIKEHb MAa€ Ha METI BU3HAYUTU ONTUMAJIbHY KUIBKICTh (PIKCOBAHMX
TOYOK JIOCTYMy Ta iX reorpadiuHe po3TairyBaHHs, 0a3ylOYUCh Ha BIJOMY MOJEI]b
MOOUIBHOCTI KOPUCTYBauya.

Vasilios A. Siris ta Dimitrios Kalyvas moemnanm nporao3yBaHHsI pyXJIHBOCTI
BY3JIIB 31 3HAHHSM TI'eOpO3TallyBaHHS (PIKCOBAHMX TOUOK JOCTYMY JJISi TTOCHIJICHHS
npotiecy po3BantaxeHHs [18]. [IporHozyBanbHuK 1H(DOPMY€E KOOpAMHATOpA MPO TE,
CKUIBKHA TOYOK JOCTYIYy MOOLIBHUM BY30J1 3yCTpiHE MiJ 4ac CBOI'O0 MapuIpyTy, KOJIH
BOHU OyayTh 3yCTpIYaTHUCS, 1 SIK IOBFO KOPHCTyBau Oyje 3HAXOJUTHCS B Jl1ala3o0Hi
TOYKHU JIOCTYMY. AJITOPUTM MparHe MakCUMalbHO 30UIBIIUTH KiIBKICTh JAaHUX, IO
JIONYCKAIOTh 3aTPUMKY, /Ui BuUBaHTaxkeHHs B WIFi, 3a0e3mneuyroun Takox Te, IO

JlaH1 TIEPETAIOTHCS Y BCTAHOBJICHUM TEPMIH.
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[Toni6num ywmHoM, apxitekrypa MobTorrell BukopucroBye Ti0pUHY
iH(DpacTpyKTypy, MOIEpeaHii BHOIp JaHUX Ta PEIUTIKallil Kemy Yy (IKCOBaHHX
Toukax goctymy [19]. 3amuTu Ha 3aBaHTaXCHHS BUAAIOTHCA Y€pe3 CTIITLHUKOBHMA

KaHaJ. 3armuTaHi I[aHi 3a3nanerim> KCINYIOTHCA B TOYKHU AOCTYIIY, BUKOPHUCTOBYIOYHN

1H(pOpMALIiIO PO MICHIE3HAXOKEHHS Ta 1CTOP1I0 MOOIIBHOCTI KOPUCTYBAUiB.
Cellular BS

Cellular Plane

——

Position, Speed Content ~ Upload Content
Directjon  Request Download
i
Y o= o
T P 2§ < o |
| UA UA ownload AP |
WiFi Pl tine

Pucynok 2.6 - Apxitexkrypa mepexxi MADNet

Savio Dimatteo, Ta i1 criBaBTOPH, 3alIPONOHYBAIM MEPEKEBO-OPIEHTOBAHY
apxitektypy mia HazBoro MADNet [20], sixa 00’€iHy€ CTITLHUKOBY MEPEXKY, TOUKH
noctyny WiFi, ta 38’130k Mk TepminaiamMu. MADNet BUKOPHUCTOBYE CTITBHUKOBY
Mepexy K KaHan ynpaBiiHHS. CucTeMa MOSCHIOEThCS Ha PHUCYHKY 2.6. Komn
MOOUIBHMIM KOPUCTYBau 3alHUTYy€ JEAKUH BMICT, KOOPAMHATOP PpPO3BAHTAKECHHS
BIJINIOBIJIA€ CITUCKOM OTOUYYIOUMX TOUYOK JOCTYITY, JI€ BiH MOXKe 3a0paTH 3amuTyBaH1
nani. KoopauHatop po3BaHTaKEHHS MPOTHO3YE CYCIOHI TOYKM  JOCTYIY,
BUKOPUCTOBYIOUM TO3ULINHY 1H(GOpMAIlil0, 3aBaHTaXEHY KOpPUCTyBadamMHu uepes
KaHas ympaBiaiHHA. OCHOBHI pPe3yJIbTaTd, OTPHMaHI B pe3yJbTaTi MOJEIIOBAHHSI,
MOKa3yloTh, MO KiJbKa COTE€Hb TOYOK JIOCTYIy, PO3TOPHYTHX MO MICTy, MOXYTh
PO3BaHTAXKUTH MOJOBUHY CTUIBHUKOBOTO Tpagiky.

Moo-Ryong Ra, Ta ixm1i criBaBTOpH, OMKUCAIA KOMIIPOMIC MK 3aTPUMKOIO Ta

QO0S, mpencTaBUBIIM IEHTPATI30BAaHUN AITOPUTM OINTHMI3allii, SKHA Ha3UBAETHCS
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SALSA [21]. Lle#t anropuT™ BU3Hauae, KOJIU BIJIKJIAAA€ThCs niepeaayda (y pasi sSKIIo
BOHA IMOBUHHA OyTH BIJIKJIaJICHA), AIaNTYIO4YH IIPOIIEC pPO3BAaHTAXKECHHS 710 1H(hOopMalii
PO JOCTYITHICTh MEPEXKi Ta MiCIe3HAXOKEHHSI MPUCTPor0. OCHOBHUM BHECKOM
po0OTH € TOCHiIKEHHS eHeproeeKTUBHOCTI 3aTpUMKH repeaadi, ockinbku WIiFI, sk
MPaBUJIO, MAa€ Kpairy eHeproe(eKTUBHICTh, HIK CTUIBHUKOBHH pagiOMOIYJb, SK
MOKa3aHO Ha pUCYHKY 2.7. PimieHHs mpo mepenady 3aJIeXUTh BiJ] TIPOTHO3YBaHHS
MaiOyTHBOI JOCTYIMHOI CMYT'H MPOINMYCKAaHHS JJIA KOXKHOI MOJKJIHMBOI JOCTYITHOI
MEpPEXi, sIKa OI[IHIOETHCS SIK CePeaHS MBUAKICTD, JOCSITHYTA 32 MAHYJI Tiepeaadi, abo
K QyHKiis orpuManoro RSSI. ABTopu TakoX MPOBOJIWIM CHUHTETUYHI Ta peaibHi
EKCIICPUMEHTH, 100 MiATBepAuTH edeKTUBHICTE SALSA, skxa MoXke 3a0IIaJuTH 10
40% eHeprii y MOPIBHSHHI 3 1HIIUMHU CTPATEriIMU PO3BAHTAXKECHHS CTLILHUKOBOI
Mepexi.

Younghwan GO, Ta iHII CIiBaBTOPH, MPOMOHYIOTh HEOTHOPIIHY MOOUIBHY
MEpEeXY MICBKOro Maciitady, sKa ONINOPTYHICTUYHO TMEPEBAHTAXKYE YACTHHY
CTUTbHMKOBOTO Tpadiky Ha icHyroui Touku poctymy Wi-Fi [22]. fapo cuctemu
noknanaetscst Ha DTP (Delay Tolerant Protocol) mist mackyBaHHST MepexxeBUX 300iB
Ha piBHI mporpamu. DTP moB'sizye 3'enHaHHs 3 YHIKaJIbHUM 1I€HTU(PIKATOPOM
MOTOKY, a HE

3 Habopom ¢3uynux IP-agpec Ta moptiB, HagarouM A0JATKaAM LIIO3110
Oe3rmepepBHOroO 3'€THAHHS. 3alpONOHOBAHA CHCTEMa BHKOPHCTOBYE CIEIliaabHI
MPOKCI-CEpBEPU, SIKI MPUXOBYIOTh BIAKIIOYEHHSI KOPUCTYBayiB BIJ CEpPBEPIB
JIOJATKIB.

Crpareriss MIHIMQJIbHOI 3aTPUMKH MIHIMI3y€ 3arajibHy 3aTPUMKY, 3aBXKIH
BUOMparOYM KaHaj 3 HAWIIBUIIIO INIBUIKICTIO Nepeaadi AaHux; crpareris Always
WiFi BukopuctoBye nuiire Touku goctyny WiFi, He3anexHo Bif MIBUAKOCTI mepeaadi
nanux; EHepreTMuHo onTUMajgbHa CTpaTerisi MiHIMI3Y€ CIOXKMBAHHS €HEprii,

BUKOPUCTOBYIOUH 3aBXKI1 HAHOUIbII eHeproe(eKTUBHUN KaHaJl.
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Pucynox 2.7 - Tpu cTparerii po3BaHTa)KeHHs 1110 3anpornoHoBaHi y SALSA

(bpeirtMBOpKY

HarowmicTe, 30cepenuBminCh Ha TIOJITHIN, OPIEHTOBAHIA HA KOPHUCTYBaua,
Aruna Ba“ubrartamian, Tta iHmi cniBaBTopu, po3poounu Wiffler [23], anropurwm,
3MaTHUI BHUKOPUCTOBYBAaTHM MOXJIMBICTh 3aTPUMKH BMICTY Ta KOHTaKTH 13
¢dikcoBanumu Toukamu aocryny. Wiffler nepenbauae maiiOyTHI 3ycTpiyl 3 TOUKaMU
JOCTYMY, BIAKJIaJal0uu Niepeaady, JIMIIE SKIIO0 11eé €KOHOMUTh CTUTbHUKOBUM Tpadik,
BUKOPHCTOBYIOUHM CXeMy, JeTalbHO omucaHy B aiaroputmi 1. Wiffler nmepenbauae
po3Mmip nepenadi nmo Wi-PlI, nmo3nauenuii sk W, Ha OCHOBI MHUHYJHUX 3yCTpiyeil 3
TOYKaMU JIOCTYIy. [CTOpisi KOHTAKTIB BUKOPUCTOBYETHCS JIJISl OIIHKK Yacy B3a€MO/IIi

Ta CepeIHBOI MPOMYCKHOI 3IaTHOCTI Ha KOHTAKT. 3a JOMOMOTOI0 MOJICTIOBAaHHS Ha
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OCHOBI CJIiJ1IB, aBTOPU MOKa3ylOTh, 10 NP MepeadaueHHi, 3aCHOBAaHOMY JIMIIIE Ha
OCTaHHIX 4YOTHUPHOX 3ycTpiuax, Wiffler oTpumye HU3BKY MOXHOKY IPOTHO3YBaHHS
Uis  MaWOyTHIX  IHTepBamiB  Omm3bko oAHiel xBwinHH. CuctemMa MOXe
po3BanTaxyBatu BiJl 20 10 40 BiJICOTKIB HaBaHTXKEHHS 1HQPACTPYKTYPH, 3aJICIKHO

BiJl TPaHUIIb 3aTPUMKH BMICTY.

Algorithm 1: Wiffler offloading decision heuristic [25].

D - earliest deadline among queued transfers.
S <+ size in bytes to be transferred by D.

W <« estimated WiFi transfer size.

¢ ¢ tuning parameter.

if WiFi is available then
| send data on WiFi and update S

end

if W<S -cand 3G is available then
| send data on 3G and update S

else
| wait
end

Pucynok 2.8 - Pimensst npo po3sanTakeHHs, mia HazBoro Wiffler

Da Zhang ta Chai Kiat Yeo 3ocepemwiu yBary Ha TOMY, SK 3HAWTH
ONTUMAJIbHY MUTTEBY Tepeavy IaHUX y CTUIbHUKOBIM Mepexi [24]. Xoda 3aTpuMKa
nepeaaydl MoKe CYTTEBO TMOKPANIUTH €()EKTUBHICTh PO3BAHTAXKEHHS CTUTLHUKOBHX
MEpPEeK, 3aTPUMKa BCIX Mepeaay 10 MaKCUMAIbHO MOYKJIMBOTO Yacy 3aTPUMKH 4acTo €
HeeeKTHBHOIO cTparteriero. Y pasi BiacytHocti WIi-Fi, koxxHa 3aTpuMKa repemadi
3aBa)Ka€ KOPUCTYBAaIlbKOMY JOCBiMy. IageampHUM pillleHHSIM € BH3HAYCHHS
ONTUMAJIBHOTO MOMEHTY 4acy, IICIsA SKOTO KOPHWCTyBad ITOBHHEH IPUITUHUTH
BIJICTPOUKY TIepe/adi Ta po3MoyaTty nepefady JaHuX 3a JOMOMOTOI0 CTITLHUKOBOTO
1HTEpEeiCcy, CTBOPIOIOYM KOMIIPOMIC MiX €(QEeKTUBHICTIO PO3BAHTAKEHHS Ta
3aJIOBOJICHHSIM KOpUCTyBada. 3 1Ii€i TPUYMHU, 3aMpPOIMOHOBAHUN  AJITOPUTM
MakcuMizy€e (YHKIIIO KOPHCHOCTI, 3aJIe)KHO BiJi 3aBaHTAKCHHS JaHUX Ta

3aJI0BOJICHOCTI KOPUCTYBAYiB.
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KitouoBoro BUMOTO0 A1 €(EeKTUBHOTO PO3BAHTAXEHHS HAa OCHOBI TOYKOK
JOCTYMy € 3JaTHICTh TPOTHO3YBaTH MaWOyTHIO MPOIYCKHY 3JaTHICTh. PimeHHs
JI0YEKATUCS MOXIJIMBOI MaltOyTHROI MOXKITUBOCTI PO3BaHTaKEHHs abo mepenaTu JaHi
10 CTUTBHUKOBOMY KaHay (PO3MISAacThes K JAehIUTHUN Ta TOPOTUM pecypc) Mae
HAA3BUYAIHO Ba)XKJIMBE 3HAYCHHSI MIPH POOOTI 3 JaHUMH, IO JOMYCKAIOTh 3aTPUMKY.
Posnoaineni Ta meHTpaii3oBaHi METOIU MPOTHO3YBAaHHA OyiM po3po0sieHi Ha OCHOBI
3HaHb IPO MOIMEPEIHI 3yCTpidi, MOJei MOOUIHHOCTI, pO3TAlllyBaHHS TOYOK JOCTYITY

Ta JIOCTYIHOCTI CMYTH MPOITyCKaHHSI.
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Pucynox 2.9 - KoediiieHT po3BaHTaXXEHHS MTPU PO3BAaHTAKECHHI 3

3aTPUMKaMHU 13 PI3HUMHU JI0ITyCKaMU 3aTPUMKH

Kyunghan Lee, Tta iHmn croiBaBTOpH, JEMOHCTPYIOTh, IO 301UIBIICHHS
IPaHUYHUX  3HAYEHb 3aTPUMKH  BMICTY CYTTE€BO  TNOKpally€e  KOe(IlieHT
3aBaHTaXeHOTro TpadikKy, K MOKa3aHO Ha PUCYHKY 2.9 [9]. lomaTKoB1 JTOCHTIIKEHHS
CBilUaTh MPO Te, IO CEpeHIA Yac 3aBeplIeHHs Mepeaadl JJisi PO3BaHTAXKEHHS 13
3aTpUMKAMHU 3aBXKIW Ha0arato HIKYMM 3a MaKCUMaJbHHM BiJBEJACHUU TEPMiH.
ABTOPH TaKO>X BHUSIBUJIM, IO MIPU pOOOTI 3 BETUKUMH 00’ €MaMH JaHUX, Mepeaada i3
3aTPUMKOI0 MO’K€ B1IOyBaTMCs IWIBU/IIE HIK Yy BHIAAKYy MNpsAMOi mepeaadi 0e3

3aTPUMOK Yepe3 CTUTBHUKOBY Mepexy. Lle mosicaroersest tum, mo WIFi, sk npasuiio,
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MPOTIOHY€E OIBII BUCOKY IIBUJKICTB Mepeaayl JaHUX, HDK CTUIBHUKOBI Mepexi, 10
O3Ha4ya€ KOPOTILIUH 3aralbHUN Yac IJIs nepeaadi ycix JaHux.

[loniOHO [0 BUMAAKY 13 PO3BAHTAXKEHHAM O€3 3aTPUMOK, MPOAYKTHUBHICTDH
PO3BaHTAXXEHHS 13 3aTPUMKaMH IMpUB's3aHa J0 IIUIBHOCTI TOYOK AOCTymy. Tum He
MEHIII, YacoBlI MPOMDKKH B JaHOMY BHWIIQJKy TparOTh 3HAUYHY pPOJb, OCKIIbKU
MiBUIICHAa TOJICPAHTHICTb /O 3aTPUMKHA  JIO3BOJIIE  PO3IMIMPUTH  YaCTKY

PO3BAHTAKCHUX NaHUX.

2.3.2. T2T

[Ipu po3BanTakeHHI 13 3aTpUMKaMu Ha OcHOBI 12T mepemadi, po3MoJIiyl BMICTY
NENETyEThCS KIHLIEBUM KOPUCTyBayaM, TOOTO, y IIMPOKOMY PO3YMIHHI, KOPUCTYyBaul
€ Mepexkero. BoHu O6epyTh aKTHBHY y4acTh y MPOIEC PO3MOBCIOJKEHHS Tpadiky,
BUKOPUCTOBYIOUM KOMyHiKamii T2T. MoOUIBHICTh - 1€ TOAaTKOBUH TPaHCIIOPTHHMA
MEXaHi3M, 10 CTBOPIOE MOMIJIMBOCTI JIJIsl IEpeIayl JaHUX Bl HECYUYMX KOPHUCTYBaylB,
SKI BHKOPHCTOBYIOTh Tiepeiady, 1o € TojepanTHoo jgo 3aTpumok (DTN). DTN
JI03BOJISIE  TIepeajipecalfifo  JaHuxX 3a JIOMOMOIOI MpPHUIHSAB-TIEpEHIC-TIepeaB,
HE3aJIEKHO BiJl HASIBHOCTI MPSIMOTO NUISIXY MDK BIANpPaBHUKAMU Ta OJIEPKyBadaMH,
3a paXyHOK JTOJIATKOBUX 3aTPUMOK Tepeadi.

Negin Golrezaei, Ta iHIm CHiBaBTOpPH, TNPOAHANI3YBAIH TEOPETUUHY
MPOIYKTUBHICTh, OOMEXEHY NpOIMyCKHOI 31atHicTio [25]. IlpuiiHsaB-niepeHic-
nepeIaB MapipyTH3aIlis, 0 MOEAHYEThHCS 3 MMPOCTUMH TOJITUKAMH KEITyBaHHS Ha
BYy3JIaX, MOKE MPU3BECTH JI0 JIHIKHOTO 30UTBIIEHHS MPOMYCKHOI 3JaTHOCT1 KIJTBKOCTI
BY3JiB. 3 IUX MPUYMH, PO3BAaHTAKEHHS 13 3aTpuUMKaMu, Ha ocHOBI 12T, yacto
PO3IMIISIIAEThCA K IMIBUAKUI 1 HEIOPOrui cnociO 30LIBIIMTH MPOMYCKHY 3AaTHICTb
MOOUTBHOI Mepeki Ta TOJOJaTH TMPOTHO30BaHE ITyHaml daHux. Ha BigMiHYy Bin
MiX0/11B Ha ocHOB1 AP, Burpar 11i€i cXeMu MOBHICTIO 3aJIe’KUTh BiJl HAJIJTUIITKOBOTO
tpadiky. bunbme toro, miaxigm DTN miarpumye ymMoBH, KOJMW CTaHAAPTHI MiIXOIU
OararoaspecHoi Tepenadl Ta IMIMPOKOMOBHOI TPAHCHAIII HE MOXYTh OyTH
BUKOpucTaHl. Hanmpuknan, BiH MIATPUMYE BHIMAAKH, KOJM MONYJSAPHUNA BMICT

3aMMUTYETHCS KOPUCTYBA4aMH IPOTITOM TMEBHOTO MEPIOAy 4Yacy (IOCUTh KOPOTKHIA,
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mo0 rapaHTyBaTH, IO KOpPUCTyBaul Bce Ie (i3WYHO pO3TAIIOBAHI B OJHOMY
perioni), ajge He OOOB'I3KOBO TOYHO B TOM cammuii yac. OHak, CIiji 3ayBaKUTH, IO
po3BaHTakeHHsI Ha 0cHOBI DTN Takox € KOpUCHUM, KOJM MOKHAa BUKOPHUCTOBYBATU
OaratoajipecHy nepeaady B CTUTBHUKOBIH MEpexi.

3 xapakrepuctuk DTN BumiuBae, mo MaHud MiAXiA MOXE BHUPINIYBAaTH
nuTaHHsg audy3ii TaHUX JUIIe 3 Ay’Ke THyYKUMH TEepMiHAMU JOCTaBKd. B imeaui,
BMICT HAJIa€ThCs JIMIIEC HEBEJIMKIA YacTHHI BUOpAHMX KOPHUCTYBAYiB cepell THX, XTO
roro 3amuryBaB. I[i KOpuCTyBadi 3amoYaTKOBYIOTh PO3MOBCIOKCHHS, IIITXOM
HAJICWJIAHHS BMICTY KOpPUCTyBadaMm, SIKi 3HaXOJSThCS y MeXkax Jliarna3oHy nepejadi,
sk moka3zano Ha pucyHky 2.10. [arepdeiicu T2T, gk nmpaBuiio, eHEProeMHi, 1 10 HUX
MO>KHa 3aCTOCOBYBATH IMOJITHKU E€HEPro30€peXeHHs, JTUHAMIYHO MNEPEMHUKAIOUYUCh
MDK CTaHAMHU aKTUBHOCTI Ta OYiKyBaHHS.

Jlnst mMoTuBalii BHKOpHCTaHHS po3BaHTakeHHss Ha ocHoBi DTN, Vladimir
Vukadinovic ta Gunnar Karlsson 3amnpornonyBajii CHCTEMY, CIEI[iaIbHO PO3pO0JIeHY
JUIS PO3MOBCIOKEHHST ToakacTiB [26]. IlogkacTu - igeasibHUH THI BMICTY JUIS
po3BaHTaxxeHHs Ha ocHOBI DTN, BpaxoByroum iX MmomyJsIpHICTH Ta TEPIUMICTH 10
3aTPUMOK. SIKIO 3aMiCTh PO3TOPTaHHs OUIBIIOI KITBKOCTI 1HQPACTPYKTYpH, II00
3aJI0BOJIBHUTH BC1 3alMTH Ha JIaHl, JIMIIE KOPUCTYBayl 3 HaWKpAIUM HAKIIOYEHHSIM
BUKOPHCTOBYIOTHCS SIK PETPAHCIATOPH, SKi OTPUMYIOTh TIOJIKACT O€3MOCePEaHBO BiJl
1H(}pacTpyKTypH, TO pemiTa KOPUCTYBadiB MOXYTh 30UpaTH BiJICYTHI JaHi JIMIIE
HiCAs ONOPTYHICTUYHUX 3YCTpiued 3 pETpaHCIATOpaMH THUX CaMUX JaHUX.
PesynbraT  AEMOHCTPYIOTH, 10  OMOPTYHICTUYHUN  PO3MOIIT  BMICTY €
pecypcoe(peKTUBHUM METOJIOM IIIJIBUIICHHS CIEKTPAIbHOI e(PEeKTUBHOCTI Ta
CYKYMHOI IMPOITYCKHOI 3/JATHOCTI MEpEeXi 32 MEHIIMMHU BUTPAaTaMU, HIK PO3TrOPTaHHS
nonatkoBoi 1HGpacTpykTypu. OnNTUMaNbHUN BiIOIp KOPUCTYBAUiB-PETPAHCIATOPIB,
pazom 13 edextuBHicTIO Audy3ii DTN, Moxe chnpustd mnogaibliMM 3HAYHUM
MOKpallleHHsIM po3BaHTaxkeHHsT RAN.

3 mpuYHH, MEepepaxoBaHUX BUIIE, OUIBIICTH JOCHTITHUIBKUAX 3YCHIb Yy IIii
rajxysi 30cepe/KeHl Ha po3poOIll e(EKTUBHUX aJITOPUTMIB [JIi ONTUMAJIBHOTO

BIIOOPY HECYyUHMX KOPHUCTYBauiB, 100 MIHIMI3yBaTH KUIBKICTh KOPUCTYBauiB, SKi
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OTPUMYIOTh BMICT 4Yepe3 CTIIbHUKOBUU 1HTepdeiic. 3 iHImOro OOKy, HU3KAa POOIT
CTOCYETBCS apXITEKTypH MeEpeXl Ta Ju3aiiHy MNpoTokoidiB. Ilepmmit migxina
CIHMPAETHCS HA aHAMI3 COLIATbHUX MEpex ad0 METOAM MAIIMHHOTO HaBYaHHSA, 1100
nepeadayuTH, SKI KOPUCTyBaudl € HallKpalluMH IUII03aMU Ui Mepefadl KOHTEHTY.
OcTanHiif BUpIITy€e MUTAHHS MPO T, KU TUI TpadiKy Kpalle pOo3BaHTaXyBaTH 1 SIK,
BU3HAYAIOYM MTPOTOKOJH 3B'SI3KY Ta MEPEKEB1 apXiTEKTypH. Y HACTYIHHUX PO3ALIax
JETAJILHIIIE OITMCaHI 111 ABAa ITIXO0IH.

Bubip migmHoxuHM niepenavi Patrick Baier, ta iHm criiBaBTOpH, MiTiHIIIH 10
npoOiemMu BUOOPY MiAMHOXKMHHU, MEpea0auuBIIM PyX KIHIIEBUX CIIOKHBadYiB, 1100
OLIIHUTH MalOyTHE MiAKIIOYEHHS MDK mpuctposimu [27]. Cucrema mij Ha3BOIO
TOMP (Traffic Offloading with Movement Predictions - po3Bantaxenns Tpadiky 3
nepeadayeHHsIMUA pyXy) OTpuUMy€e iHGopMallilo npo (GakTUYHE pO3TalTyBaHHS Ta
HIBUAKICTH MOOUIBHUX MPHUCTPOiB, a HE NP0 CXEMHU MIJKIIOYECHHS. Y SKOCTI
nepecuiiaviB, (ppeMBOpPK BHUOMpae BY3JH, SKI MalOTh HAHUOLIBIIY WMOBIPHICTH
MalOyTHHOTO MIAKIIOYEHHS JO IHIIUX BY3/IiB, HA OCHOBI INPOTHO3YBAHHS PYyXy
KopuctyBauiB. SIk 300pakeno Ha pucyHky 2.11, TOMP mpomonye Tpu meTpuku
MOKPUTTS JIJIsl MPOTHO3YBAaHHS MalOyTHIX MEPEMIIICHb BY3JIB: CTATUYHE MOKPUTTS

(a), mokputTs BibHOTO mpocTopy (D) Ta mokpuTTs Ha ocHOBI rpadis (C).
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Pucynok 2.10 - Metrpuku nokpurts ¢pperimBopky TOMP

CratuuHe TOKpUTTS (a) HE BpaxoBye Oy/b-siKe MailOyTHE MepeMilieHHs, TOMY BY3JH
BBAXKAIOTHCSI KOHTAKTYIOUMMH a00 HE KOHTAaKTYIOUMMHU BPAxOBYIOUM JIMIIE X MOTOYHE
nonoxeHHs. Ilokputtst BimsHOro mpoctropy (b) posrnsmae MoOXIUMBUN pyX BY3JB Yy
BUIBHOMY MPOCTOpI: MMOBIpHICTh MalOYTHBOI 3ycTpiyl - 1€ 00JacTh MEPETHUHY ABOX KiJ,

IO SIBISIIOTH COOOK0 MOXKIMBY 30HY II€PEMILIEHHS ABOX By3miB. IIOKpUTTS Ha OCHOBI
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rpadiB (C) BpaxoBye HasBHY CTPYKTYpYy JOpPOKHBbOro rpady, I100 3BYy3HUTH
MPOTHO3YBAHHS MEPEMIIIEHHS, 10 KOHKPETHUX ICHYIOUMX MapIIPYTiB KOPUCTYBAUIB.

Bubip By3miB 3 BHCOKMM TOTCHIIAJIOM SK TIepelaBaviB Il TIPOIECY
PO3IMOBCIOIPKEHHS BIUIMBAa€ HAa €(EKTUBHICTH CTpaTerii po3BaHTaKeHHs. JlOLLIBHO
oOpaHi mepeAaBadi MOXYTh TOMIMPUTH AaHI Ha OUIBIIY KUIBKICTH BY3JIB, IO
OPU3BOAUTH [0 MEHII Mi3HIX PETpaHCHAUid. AJTOpUTMH BHOOpPY MIIMHOXXHUH
3a3BMYail BUKOPUCTOBYIOTH 1H(OPMAIIiIO MPO COLIAIbHY B3aEMOJIII0 KOPUCTYBAYiB Ta
ixHi wmomenmi MOOUTBHOCTI, MO0 3’scyBaTH, SKI BYy3JIM MalOTh HaMKparii
XapaKTepUCTUKU. BapTo 3ayBakuTH, 110 JUIs Tiepeiadl KOHTEKCTHOI iHdopMmallii, sk
MpaBuiIo, HEOOXIIHWM KaHall YIPaBIiHHS, IO TPUB'SI3yE KIHIEBI BY3IH O
LHEHTpaJIbHOTO (mepenaBaya). [IpoIyKTHBHICTh aNrOpUTMYy pPO3BAaHTAXEHHS, B
3HAUYHIA Mipi, 3QJIEKUTH BlJ aHaNi3y AMHAMIKUA cucTeMH. KiabKicTh pO3BaHTaXKEHHUX
nani Bapitoetbest Bi 30 go 50% uis BCIX JOCIHIKYBAaHMX CTaTeM, 3aJ€KHO Bij
JIOMYCKY Ha 3aTPUMKY, Ta PO3TJISIHYTHUX HA0OOPIB JJaHHUX.

MexaHi3MH pO3BaHTAKEHHS

Haiyun Luo, Ta iHmi cmiBaBTOpH, po3poOmin YHi(IKOBaHY apXiTeKTypy
CTUILHUKOBHMX Ta 0Oe3apoToBHX auHamiuHux Mepexxk (ad hoc), mo0 BukopucTaTH
rnepeBary Ko:kHOI1 TexHosorii [28]. Ix MeToro € 36inblIeHHs MPOIYCKHOI 3JaTHOCTI
KOPHUCTYBauiB MOOLJIBHUX MPUCTPOIB, BAKOPUCTOBYIOUM MEPEBArM CYCIIIB 3 KpalluM
CTUIbHUKOBUM 3B’SI3KOM, 3aJisiHUX SK mpokci. Poboua cxema, Sk MOKa3aHO Ha
pucynky 2.11 no3Boisie MOOITPHUM KOPUCTyBayaM, y SIKHX HH3bKa IIBHIKICTH
KaHaJTy HU3X1HOT JTiHIT 3B'I3KY, MIIKII0YaTHCS 3a JOTIOMOTOIO CIEIliaJbHUX 3’ €/IHAHb
70 CyCija, KM Mae Kpailli YMOBH CTIJTbHUKOBOTO KaHaiy. [Tpokci By30J1 BUKOHYE
poib HUTIO3y Ul mepenadl Tpadiky cBoix cycimiB. Jlami, naHi mepenaroThes 3a
normomororo  IP-tynemoBanns  (IP - tunneling), depe3 mpoMikHI  KJIIEHTH-

PETPAHCIISATOPH, O MICIS IPU3HAYCHHs, BUKOpHUCcTOBYrouM ad hoC mocuiaHHsI.
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Pucynok 2.11 - Cxema nepefadi JaHUX Ha MPUCTPIid, 3 TaraHUM MPOITYCKHUM

KaHaJIOM, Yepe3 IHIIUN TPUCTPI, 3 KpAIIUM MPOITYCKHUM KaHaJIOM

@peiimBopk  Push-and-Track  Bupimrye  mpoOiieMy — pO3MOBCIOKEHHS
MOMYJIIPHOTO BMICTY 13 TrapaHToBaHuUMHU 3arpuMkamu [29]. Ha pucynky 2.12
MPEICTABICHO OCHOBHUM MiAXiJ qaHoro ¢peiMBopKy. Criodyarky, Juiie miaMHOKUHA
KOPUCTYBauilB OTpPUMY€E JaHl uepe3 CTUIBHUKOBY I1H(pacTpykrypy. Jlami, BMicCT
nepecuiaeTbes 3a gonomMororo 12T 3’enHaHb, KO BY3JU 3yCTpidatoThesi. MoOUTbHI
BY3JIM, MICJIA NOPUHOMY BMICTY, HAJACWIAIOTh JIETKOBAaroBe MOBIJOMIIEHHS PO
MIATBEPKEHHSI KOOPJUHATOPY, Yepe3 CTUIBHUKOBY 1H(MpacTpykTypy. LleHTpansuuii
KOOPJIMHATOP MO’K€ IOBTOPHO BBOJMTH [IaHI, SIKIIO CTAaTyC pPO3MOBCIOIKEHHS
NOTaHui, 100 MPUCKOPUTH TMpPOIEC pPO3MOBCIOKEeHHS. [loBimoMiIeHHS TIpO
MTBEPKEHHSI MOXKYTh TAaKOX MICTUTH 1H(OpMAIlII0 PO BY3JH, IO 3yCTPIYaIOThCA,
1 HaBiTh, reorpadiyHe TMOJOXKEHHA 3ycTpidi. MexaHi3M MOHITOPUHTY J103BOJISIE
KOOpAMHATOPY Y peaJbHOMY Yacl MaTH CTaH pPO3MOBCIOUKCHHS JaHHUX, Ta
nepen0aynTH, sIKI BY3JIM HaWKpaIle MiaX0AsITh ISl IOBTOPHOI 1H €KIIIT KOTii BMICTY
(Hanpuknan, sKi  HeiH(QIKOBaHI BY3JIM MalTh HaWKpaluid MOTEHLIaNn IS
"mocunenHs" audysii). BapTo 3BepHyTH yBary, mio y HpoMy BUIAJKY, PILLIEHHS MPO

OMOPTYHICTUYHE PO3MOBCIOJKEHHS 3aJIMIIAETHCS 32 MOOUIBHUMU KOPHCTYBauyaMH, a
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KOOpJAMHATOp JIMILIE Yac BiJ 4acy ImepeBipse cTaH audysii, 1HOJI MPOBOKYHOYH
MOBTOpHI 1H’ekuii. Hampuknaa, Koiu 4Yac HaOIMXKAEThCS 1O KIHIIEBOTO TEPMIHY
JIOCTaBKH, KOOPAUHATOP MOTPAIUISE B «30HY MaHIKW», @ BMICT MEPEIAETHCS 0 BCIX
He1H(IKOBAaHUX BY3JIIB 4Yepe3 CTUIBHUKOBY 1HPPACTPYyKTypy, 00 3aJ10BOJILHUTH
TEPMIiHU 3aTPUMKH JOCTaBKW MaHWX. OCKITBKH MOBIJOMIJICHHS PO TiATBEPKCHHS
Habaratro MeHmie (aKTHYHOTO BMICTY, CHCTEMa JO3BOJISIE 3HAYHO 3MEHIIUTH

HaBaHTAXXEHHS Ha CTUIBHUKOBY 1HPPACTPYKTYPY.
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Pucynok 2.12 - Cxema po6otu ¢peitmBopky Push-and-Track.

BucnoBku. BusHaueHHST MEpEKEBHUX apXITEKTYp, 3AAaTHUX BUKOPHUCTOBYBATH
pI3H1 TEXHOJIOTIi JyIi JOCTaBKM KOHTEHTY, € KJIIOUOBUM JIOCSTHEHHSIM JIJIst
JOCIITHALIBKOTO  criBTOBapucTBa. CydacHa TEHJEHIlS COpPSAMOBaHA Ha CXEMH

pPO3BaHTAXEHHA, JI¢ CTUIbHMKOBA Mepeka 3IIHCHIOE KEPyBaHHS IIKIIOYEHUX
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KOPUCTYBauiB JUIsl BUSIBJIEHHS CYCiAiB, Ta YIpaBIiHHA iX mMiakiaoueHHsIM. Cxema
MapuipyTu3aiii BHUKOPHUCTOBYE IIepeBary OJM3bKO PO3MIIIEHUX CYCIJIB, SKi
BUKOPHCTOBYIOThCSl SIK ILIUTIO3W JJIA Tepeajpecaiii JaHuX. 3Ha4HEe BUKOPHCTAHHS
KOHTEKCTHOI 1HpOopMaIlii, OTpUMaHOI B1J] KIHIIEBUX KOPUCTYBaUiB, BAKOPHUCTOBYETHCS
JUIS TIOKpaIIeHHS MapuIpyTH3allii uepe3 onTuMaibHHUil iHTepdeiic. Oneparopu
CTUIBHUKOBOTO 3B'SI3Ky OCOOJMBO 3allikaBlieHI B PO3poOlll 1HHOBAIIHUX MOJEICH,
SKi 37aTHI HaJgaTH JOJATKOBI BHUTOJIH, IIO 3a0€3MEUyIOTHCS PO3BAHTAKEHHSIM, Ta
IUTaHyBaHHSAM 00’ eMy Tpadiky, SIKU BOHHU MOXKYTh PO3BAHTAXHUTH 31 CBOEI 0a30BOT

Mepexi.
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3. CHOCIB ITEPEJAYI JAHUX Y BUCOKOHABAHTAKEHUX
MEPEXAX

[Ipn HagBeNMMKOMY CKYMUYEHHI MPHUCTPOIB Y MEXax HEBEIUKOI TepuTopii
MPOIYCKHOI cMyrH 0a30BOi CcTaHIli Moke He BUcTauuTu. L{e mpusBene 1o toro, 1o
Jesika KUTBKICTh MPUCTPOIB HE 3MOXKE OTPUMATH JOCTYI 0 MEPEXi 4epe3 HecTady
pecypciB 06a30Boi cTaHIii, a OTXKE, HE 3MOXYThb MOBHOIIIHHO (YHKI[IOHyBaTH. 3
KOXXHUM pOKOM JlaHa IMpoOjieMa CTae€ BCE AaKTyalbHINIOW, aJKe Bce OuIble
IPUCTPOIB OTPUMYIOTH MOJYJNI 3B’SI3Ky. Y pEalbHOMY >KUTTI KOPUCTYBaudl 4acTo
CTHKAIOThCS 3 MEPEHABAaHTAXKEHHAM MEpEX1 Y MICHSIX MAacOBOIO CKYITUYEHHS JIIOJIEH,
HAIMpUKJIaJ, Ha KOHIEPTaX, KOJM HaBITh IMOBIIOMJIEHHS 3 JEKUIBKOX CIIIB MOXE
nepeIaBaTUCs IPOTATOM JIECATKIB XBUJIMH, a00, HaBITh, HE MIEPEIABATHUCS B3arai.

Ha cporomuimHid JeHb, y MICHAX TMOTEHI[IWHOTO CKYIYEHHS JIOJIEH,
ornepaTopyu MOOITBHOTO 3B’S3KY BCTAaHOBIIOIOTH JOJATKOBY 0a30BYy CTaHIIIIO, JIA
TOTO, 00 MOKPAUIUTH SKICTh 3B’ 53Ky 3 MOOUIbHUMU NpUcTposiMu. [IpoTe, 3a3Buyaii,
TaKuil Croci0 He TMOBHICTIO BUPINIye MpoOJieMy TMOTIPIIEHOTO 3B’A3Ky Ta
MEePEBAHTAXKEHOCTI MEpeXi, TOMYy BOHa HE MOXe 3a0e3nedyyBaTd IOBHOIIIHHE
00CITyroByBaHHS KJII€HTIB 1 MATPUMYBATH MPUIHATHY MIBUAKICTh TIEpeaayl JaHuX. Y
pe3yJbTati, mif’€IHaH1 MPUCTPOI OTPUMYIOTh 3’ €IHAHHS MOTIPIIEHOT SKOCTI, a HOBI
KJIIEHTU HE MOXKYTh IIPUEIHATUCS YEPE3 HECTAUY PECypCiB 0a30BOiI CTaHIIII.

3a3Buyaii, MPOITyCKHA 3JaTHICTh KaHAIy 3B 3Ky 3HAYHO NEPEBUIY€E (DaKTHUHE
HaBaHTAXXEHHS, [0 HAJIXOJWUTh BiJ KopuctyBada. Lle o3Hauae, 110 KaHall 3B’SI3KY
BUKOPUCTOBYETHCSI HE ONTHUMAIBHO. 3 1HIIOI CTOPOHM, SIKIIO KUIHKICTH aOOHEHTIB
3HaYHO TEpPEBHUIIY€E JOMYCTUME 3HAUYEHHS, TO JESKUM aOOHEHTaM HE HaJaeTbCs
MOBHOIIIHHUH AOCTYI 10 MEPEXI.

st Toro, mo6 3MEHIIUTH HAAMIPHE HABAaHTAXEHHS Ha MEPEeXKy, MOXKHA
MOKPAIIUTA POOOTY MOOUTBHUX MPUCTPOIB TAKMM YHMHOM, 1100 3MEHIIUTH KUIBKICTh
aKTUBHUX MIJKIIOYEHb J0 ©0a30BOi cTaHiii 1 BoaHoyac  e¢eKTUBHIIIE
BUKOPHCTOBYBATH aKTHMBHI KaHaIU 3B’53Ky. L[bOoro MoxkHa nocsrtu, gximo o6’ eaHaTu
MOOUIBbHI MPUCTPOi y TPYNH MO JEKUIbKAa MPUCTPOIB (KUIBKICTh MPUCTPOIB MOKE

3aJIe)aTH BIJ CTENIEHI HABAHTAXXEHHS MEpexXi). Y TaKuX rpymnax JUIIe OJuH IPUCTPIN
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OyJle MaTH aKTUBHE MIJAKIIOYECHHS 10 0a30BOi craHIli. byaemo HasuBaTtu Takui
MPUCTPI TOJIOBHUM NPHUCTPOEM Tpynu. Bci iHIN mpUCTpoi Tpymnu, Ha3BEMO iX
JIPYTOPSIAHUMU TPUCTPOSIMU, OyyTh MaTH 3’ €AHAHHA HE 3 0a30BOIO CTAHIIIEIO, a 3
TOJIOBHUM IPHUCTPOEM IpYyIH, BHKopucToBytoun Texnoisorito Wi-Fi a6o Bluetooth.
Takum 9rHOM, JaHi 3 APYTOPSATHUX MPHUCTPOIB OYIyTh CIOYATKY TEpEIaBaTHCS Ha
TOJIOBHUW TIPHUCTPIA, a BXKE dalli, 3 TOJOBHOTO TPHUCTPOI0 Ha 0a30By CTaHIIIO.
BpaxoBytoun te, mo cranaapt LTE Hagae mBuakicTs nepenadi JaHUX y CEPeaHBOMY
no 20 Mbit/s, a mias cepeTHbOCTAaTUCTHYHOTO KOPHUCTyBadya TaKa IIBUIKICTh €
HAJUIUIIIKOBOIO, TO MPOITYCKHA 3/JaTHICTh TOJIOBHOTO MPUCTPOIO 3MOXKE 33J0BOJIHSITH

MOTPeOH Mmia’€THAHUX JI0 HHOTO MPHUCTPOIB.

3.1. JleranbHuii onuc

[cHyroumii crioci® nepenayl JaHUX y CTUIBHUKOBUX Mepekax MpeCTaBICHUN
Ha pucyHKy 3.1. Y Mexax OJHOIO CTUIBHHMKA YCl MPUCTPOI MAIOTh MIJKIIOUEHHS 3
0a30BOIO CTAHIIIEI0, SIKA Y CBOIO YEPTry BUIUISE AJISl KOKHOTO KOPUCTyBada peCcypcH,
Ta KaHal 3B’s3Ky. g mepenaui JaHMX NOTPIOHO, MO0 KaHam 3B’SI3Ky OyB y
aKTUBHOMY CTaHi. SIKIIO X MPUCTPOIB, 110 XOUYyTh OAHOYACHO MepeAaBaTH JaHl y
CTUIBHUKY OljbIlle, HIXK 0a30Ba CTaHIlIS MOXE MIATPUMYBATH, TO T1 KOPUCTYBaul, SIKI
HE OTPUMAJIM BUJIJICHUI aKTUBHUM KaHaj 3B’ 43Ky NMOBUHHI OYIKYBaTH MOKM 0a3oBa
CTaHIlisl BUAUINTH N1 HUX pecypcu. Yac Ha OYIKyBaHHS MIAKITIOYEHHS MOXKE
3MIHIOBATHCS B 3aJIEKHOCTI B1J HAAHOPMOBOI KIJIBKOCTI KOPUCTYBAYiB y CTUIBHHKY.

Jlana 3aTpumKa Moxe 3HauHO noripmuti Q0S, Ta KOpUCTYBalbKUM JTOCBI B LIJIOMY.

S AN
N
5 O

Pucynok 3.1 - Cxema poO6OTH iCHYIOUOTO CIIOCOOY Mepeiadl JaHuxX
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HoBuit cnoci6 momjsrae y ToMy, II0O HE BCl KOPHUCTyBaul OyayThb MaTH
3’e¢lHaHHA 3 0a30BOIO0 CTaHIll€l0, a Jjuie BuOipkoBi. I[IpucTtpoi, mo MaTtumyTh
aKTUBHE 3’€JHaHHS 3 0a30BOI0 CTAHINEID OyIEeMO Ha3MBaTH T'OJOBHUM IPUCTPOEM
rpynu. J[o TOJOBHOTO MPUCTPOIO Oyne MiIKII0YEHO AEKUIbKa 1HIIMX MPHUCTPOIB, 3a
noromororo texnosorii WiFi au Bluetooth. ITpuctpoi, mo He MaroTh 3’€IHAHHS 3
0a30BOIO CTaHINIEIO, a 3’€HAHI JIMIIE 3 TOJOBHUM MPUCTPOEM, OyIeMO Ha3WBaTU
JIPYTOPSIAHUMU TpUCTpOosMU. CxemaThuyHe 300pa’KeHHS 3aIPONOHOBAHOTO CIIOCO0Y
MPEACTABIICHE HA PUCYHKY 3.2.

[{ibHUMU CTpUIKAMH Ha CXeMi ITO3HA4eH1 3’€IHaHHS TOJOBHOTO MPHUCTPOIO
rpyn 3 0a30BOIO CTaHINEI0, a MIYHKTHPHOIO CTPUIKOIO TIO3HAYEH1 3 €IHAHHS
JIPYTOPSATHUX TPUCTPOIB 13 rojoBHUM. Ha pucynky 3.2 300paxeHi Ipynu Mo TpH

MPUCTPOI, 1€ OJUH 3 HUX F'OJIOBHUH, a 1HII JBA JIPYTOPSIHI.

TR

Pucynox 3.2 - Cxema po60TH 3ampOnOHOBAHOTO CIIOCO0Y

@zr

Jauuif crmoci® Moke MiJIallTOBYBaTUCA IMiJ] KOHKPETHY CHUTYyallilo, Ta
KOHKPETHE HABaHTAXCHHsSI MOOUIbHOI MEpexXi, 1 3MIHIOBaTH CTPYKTYpy MeEpexi y
peaIbHOMY Yacl, HAMaralouuch PO3BAHTAKUTHU sKomora Ounbiue Tpadiky. KiabkicTb

OPUCTPOIB y Tpymi MOXKHAa JUHAMIYHO 3MIHIOBaTH, B 3aJEXKHOCTI BiJ
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nepeBaHTaXeHHs Mepexi. Hanpuknan, koiu nepeBaHTaXEHHS MiHIMAIbHE, TO
MO>XHa CTBOPIOBATH TPyNU MO 2 MPUCTPOi, J€ BCHOTO OJUH TOJIOBHUM 1 OJIUH
OpyropsiaiHuid  mpucTpil. Takok, IWHAMIYHO MOKHA 3MIHIOBATH TEXHOJIOTIIO
nepeaadl MK TOJOBHUM 1 JIPYTOPSIAHUM TPUCTPOEM, HANpPHUKIaA NepeMukatu 2.4
I'Tr wa ST'To WiFi 3°enHaHHS.

['onoBHa cranIis He Oy/ie 3HATU PO HASBHICTD APYTOPSIHUX MPUCTPOIB, a/IKe
BOHU HE OyJlyTh MaTu 3 €JHAHHS 3 0a30BOI0 CTaHIi€I0. TakKUM YUHOM, JOCSTAETHCA
3MCHIIICHHS HaBaHTAXCHHS Ha 0a30By cTaHIlifo. [lepeBaroro 1p0oro crocoly mis
0a30BOi CTaHIli € Te, [0 BIH HE MOTpPeOye HIAKUX 3MIH Y HasBHOMY OOJIaJIHaHHI
0a3oBoi craHuli. TakuM 4YMHOM, IpOrpaMHE Ta amapaTHe 3abe3nedeHHs 0a30BOl
cTaHlli He moTpeOye moaudikaiii, ajpke 0a3oBa cTaHIis OyJle MpalloBaTH SK 1
panimie. Tak K OHOBJIEHHs 00JiaJHaHHs 0a30BUX CTaHIIN € Jy’Ke pecypco3aTpaTHUM
JUIsl OTIepaTopiB, BOHM HAMararoThCsl MIHIMI3yBaTH BHUITA/IKM OHOBJIEHHS OOJIaJHAHHSL.
3anponoHoBaHuM Croci0 He MoTpedye HISKMX OHOBJICHb OOJIaHAHHS, TOMY MOXE 3
HYJIbOBUMH BUTpATaMH JJIsl ONEpaTopiB MOOUIBHOIO 3B’A3Ky OyTH BIIPOBAJKEHUH Y

pobory.

3.2. [IlepeBaru

3anponoHOBaHW y AaHid poOOTI crocid mepedadi JaHUX Mae psJl Mepesar,
nepea  ICHyIOYMM  CIOCOOOM  Tiepenadl JaHuX, Y BUMAIAKYy KOJIM Mepexka
nepeBaHTakKeHa 1 He 37]aTHa 3aJ0BOJIbHSATA BUMOTH KOPUCTYBadiB. Y JaHOMY pO3ALI

PO3IIIAIAI0THCS Ta MOSCHIOIOTHCS OCHOBHI IIEPEeBary 3arporoHOBaHOTO CIIOCO0Y.

3.2.1. 3MeHIIEHHA HaBaHTaXX€HHs Ha 0a30By cTaHIil0 ba3oBa craHilis
MIATPUMY€E OOMEXEHY KUIbKICTh aKTUBHHMX MIAKIIOYEHB, aJKe JJIsi BCTAHOBJICHHS
3’€JHAHHS TOTPIOHO BUJIIUTH PECYpCcH MJId KOXKHOro KopuctyBaya. (OcTaHHIM
BIIPOBAPKEHUI Yy IIMpOKe BUKOpucTaHHA crtaHnapT - LTE. Ilapanenbna nepenaua
nanux y crannapti LTE ocHoBaHa Ha TPUHITUINT YaCTOTHOTO MOAUTY KaHamB. [le
JI03BOJISIE PO3JIITUTH 3arajibHy MPOITYCKHY 3/IaTHICTh, IO JOCTYITHA B CEPEIOBHIII

3B'$[3Ky, Ha piad YaCTOTHUX CMYI, MO0 HC ICPCKPUBAKOTHCA, KOXHA 3 AKUX
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BUKOPUCTOBYETHCS JJIsi TEpefadl OKPEMOro CHUTHaly. 3a JOMOMOTOI0 TaKoro
M1X0/y, Y CHIJIBHOMY CEpEeAOBHIII MepeJaBaHHs IaHUX, TAKOMY SIK Kabellb, ONTHYHE
BOJIOKHO 200 pajio, MOKHA CIUJIBHO BUKOPUCTOBYBATH KUJTbKA HE3aJEKHUX CUTHAIIB.

Ko KibKICTh IPUCTPOIB Y CTIILHUKY NIEPEBUIIYE HOPMY, OJHUM 3 HAHO1IbII
OOMEXKEHHX pECypciB € cMyra TMpomyCKaHHs. SIKIIO KUIbKICTb KOPHUCTYBayiB
NEPEBUIyE MaKCUMaJIbHY [OIMyCTUMY, TO 0a30Ba CTaHIS MPOCTO HE B 3MO31
CTBOPUTU aKTHMBHE 3 €JHAHHS 3 HOBUM IPHUCTPOEM Yepe3 HEeCTayy BUIBHOI CMYTH
npornyckanHas. Yepes 1e, neski KOPUCTYBaul MOKYTh 3HAXOJUTHCS B CTUIBHUKY 0e€3
aKTUBHOTO 3’€JJHAHHS 3 0a30BOI0 CTAHINEIO, 1 MepedyBaTH y PEXUMI OUYIKYBaHHS
BUIBHOT CMYTH MPOITYCKaHHs, 6€3 MOKIIMBOCTI Tiepeiayl Oy/Ib SIKUX JaHUX.

3anponoHoBaHUN y JaHiii poOOTI CcHoci0 M03BOJMUTH 3MEHIIUTU KIIBKICTh
aKTUBHHX 3’ €JHaHb 3 0a30BOI0 CTAHIIIEIO NUISTXOM Tepeaadl Tpadiky 3 APyropsAHUX
NPUCTPOIB HA TOJIOBHUH, SIKMW Bxke OyJe mepenaBaTH CIUIbHUNA Tpadik Ha 0a30BY
cTaHlit0. TakuM YHMHOM, TOJOBHHI MNPUCTPI aKyMyJlO€ J1aHl BIJl APYTOPSIAHHUX
IPUCTPOIB 10 MOMEHTY IOSIBU aKTUBHOTO 3’€nHaHHA. Komu 3’eaHaHHs 3 0a30BOIO
CTaHI[IE}0 BCTAHOBJIEHE, T'OJIOBHUU NPUCTPIA TPynu Mepefae Bcl 310paHi JaHi 3
JPYTOPSTHUX MPUCTPOIB, BKIFOUAIOUHN, TAKOXK, BIIACHI JIaHI.

Jlist Toro 1mo6 3a10BOJILHUTH KOPUCTYBALbKI TOTPEOH, NOTPIOHO BUKOPUCTATH
B)K€ 3HAYHO MCHIIEC aKTUBHHX IMJKIIIOUCHL A0 0a30Boi crtaHiii. Lle mocsaraerncs 3a
paxyHOK BIJICYTHOCTI 3’€/lHaHHS 3 0a30BOI0 CTAHIIEI0 Y JNPYTOPSAHUX MPHUCTPOIB,
yepes 1110, 3HAYHO 3MEHIIY€EThCS KUIbKICTh HEOOX1THMX aKTUBHUX MIIKIIOYEHB [0
0a30Boi craHIii. YuM Oisbllie TpUCTPOIB 30MPAETHCS Y TPYITY, TUM MEHIIA KUTbKICTh
I IKJTI0YCHB JI0 0a30BO1 CcTaHIi HeoOXiaHa M1 3amoBosieHHs QOS.

VY pesynbTaTi, JaHuM cnoci® J03Bojsie mokpamuTd QOS 3a  paxyHOK
3MEHIIEHHS HEOOXIAHOI KUIBKOCTI aKTHUBHHUX IIAKIIOYEHL OO0 0a30BOi CTaHII, a
TaKOXX JI03BOJIAE HAJAaTH JOCTYN JO MeEpexi Habarato OUIbIIINA KUIBKOCTI

KOPHUCTYBayiB.
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3.2.2. EdexTHBHIIIE BUKOPUCTAHHS aKTUBHUX 3’ €HAHb

Jlanuii croci® 30UIbIINTh HABAHTAKECHHS Ha TOJOBHUN MPUCTPIN TPyIH, amKe
BeCh Tpadik Tpynu Oyne mepemaBatucs 4epe3 Hboro. lle Moke Aemo CroBUIBHUTH
nepeaayvy JaHUX, BpaXxOBYIOUM 3aTPUMKH Ha Tepe/iauy BiJl APYTOPSAHOTO MPUCTPOIO
70 TOJIOBHOTO, a MOTIM BiJ TOJOBHOTO HPHUCTpPOI0 10 6a3zoBoi crauimii. [Ipote,
texHouorist 4G (LTE) minrpuMye nepenady JaHHX Ha MIBUIKOCTI, B CEPEIHBOMY, IO
20 Mbit/s. Tpadixk cepeIHbOCTATUCTUYHOTO KOPUCTyBaua 3HAYHO MEHIIUH 3a
BUIICBKA3aHUM TMOKa3HUK, a OTXKE, 1 MPOIMYCKHA 3aTHICTh TOJIOBHOTO TMPHUCTPOIO
OyJie 3aJJOBOJILHSITH MOTPEOU MEePEBaKHOT OLIBIIOCTI KOPUCTYBAYIB.

TakuMm yMHOM, MPOMYCKHOI 3AATHOCTI TOJIOBHOTO MPUCTPOIO TPYIH TOCTATHHO
JUTs 3a0e3MeYeHHs] JOMyCTUMHX 3aTPUMOK Tepeiadi JaHuX, HaBIiTh BPaXOBYIOUH, IO
NEPEAEThCSl HE TUIBKU Tpadik FOJOBHOIO MPHUCTPOIO, a U APYTOPSIAHUX MPUCTPOIB.
A AKIOI0 B3ATH JO YyBard T, IO MNPOMyCKHA 3JaTHICTh KaHalmy Oyje
BUKOPHCTOBYBATHCS OUIBII TOBHO, TO MOXHA CTBEP/UKYBaTH, WIO 3 €IHAHHSA
BUKOPUCTOBYETHCS €(hEKTUBHIIIIE.

Bapro Takox B34TH 10 yBaru nmpoOiieMy €HEepreTHYHHUX XBOCTIB. BHacmigok
3MIHM CTaHIB CTUTBHUKOBOTO 3B'SI3KY, SIKI KEPYIOThCS TalMepaMu, JIesKi CXeMHU
JTOCTYMy JI0 Mepexi, 3a0e3MeuyroTh MOraHui KOPUCTYBAIbKUN JOCBIJ POOOTH AJIs
IHTEPaKTUBHOTO TpadiKy, 1 BHUCOKE CIHOXXHMBAHHS akymyidropa. Taka cuTyauis
MO>KJIMBA, SKIIO JOCTYM JI0 MEPEXKI BIIOYBAETHCS HE3aOBIO MICIS TOTO, SIK MOJYJIb
NEepPEeIIoB y CTaH HMU3BKOI MOTYXHOCTI. Y MIJICYMKY, NMPUCTPI MOXE BUTPATUTU
COTHI MUIICEKYHJI Ha Tmepenady JaHUX, a IHIIMA dYac TMPOCTO Oe3MdisITHME,
nepeOyBarodyr B PEXUMI BHUCOKOI MOTYXHOCTI. Hairipmmii crieHapiii MOKIUBHIA,
AKIIO TPUCTPIA MEepeXOJUTUME B PEXKUM HHU3bKOI BHUTpAaTH €Heprii, 100
MPOKUHYTHUCSI 3HOBY BCHOTO Yepe3 KiJbKa COTEHb MUTICEKYHH, IO MPHU3BEAC 0
MOCTIHHMX 3aTPUMOK TMepefadi JaHWX, Ta 3HAYHOTO CIHOXXUBaHHS aKyMyJsTOpa
PHUCTPOIO.

Koxna panmionepenaya, ko0 0 Majol BOHa He Oyja, 3MYIIy€e NEPEXOIUTH Y
CTaH BUCOKOI MOTY>KHOCTI. [ToTiM, micis nepeaadi, paJioCTaHIisl 3aJUIIATUMETHCS Y

TaKOMYy [OTYXHOMY CTaHl, NOKHM HE 3aKIHUMTbCA TEpPMIH [ii Oe3A1IsUIbHOCTI.
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dakTUYHUI Po3MiIp JAaHMUX, IO NEepeAaloThCs, HE BIUIMBae Ha Taiimep. Jlami,
IPUCTPOIO, MOXKIIMBO, JOBEAETHCA TAKOX IMPOWTH 1€ KUIbKa NMPOMDKHUX CTaHIB,
HEepII HK BiH 3MOXKE MOBEPHYTHUCS B PEKUM OUIKYBaHHSI.

"EHepreTruHi XBOCTHU'" CTBOPIOIOTHCS MEPEXOJAaMU CTaHy, IO KEPYHOThCS
TaliMepoM, Ta pOOJIATH NEPIOAMYHI Tepefadi Ayxke HEePEKTUBHUM MIAOIOHOM
JOCTYMy J0 Mepexi B MOOUIbHUX Mepekax. SIK HacmiJoK, CIOYaTKy OTPUMYEMO
3aTPUMKY MEpEXo]ly CTaHy, 100 MEepedTH B aKTUBHUM CTaH, MOTIM BIJOYBa€ThCS
nepenavya JaHUX, a Jajl pagionpuiiMad Mpaioe B PEeXUMI MPOCTOI0, BUTpAYAIOUU
HOTY>KHICTb, [IOKU BC1 TalMEPH HE CIIPALIOIOTh, 1 IPUCTPIN HE 3MOKE TOBEPHYTHUCS B
CTaH HU3bKOI MOTYKHOCTI.

VY 3anponoHOBaHOMY cHOCO01 JIMIIE TOJOBHUM MPUCTPIA Tpynu MaTHME
3’€THaHHSA 3 0a30BOIO CTAHIIIEIO, BIATIOBIIHO, JIUIE TOJOBHUM MPUCTPINA rpynu Oye
kepyBatuca nepexoaamu craHy RRC mammbu. 3a paxyHOK TOro, 1o JaHi 3
JIPYTOpSAIHUX TMPUCTPOIB MEPENAIOTHCS HA TOJOBHUM MPUCTPIH, KUIBKICTh MPOCTOIO
PazioMoyJIsl TOJIOBHOTO MPUCTPOIO 3MEHIIYEThCS, 110 BKa3zye Ha OulbLI e(eKTUBHE

BUKOPHUCTAaHHA CTIJIBHUKOBOT'O 3,€I[HaHH51.

3.2.3. 30UTbLIEHHS 3arajibHOI MPOMYCKHOI 3IaTHOCTI Mepexkl SKIIO KUIbKICTh
MPUCTPOIB TEPEBUIIYE MAaKCUMaJIbHE JOMYCTHUME, TO 0Oa30Ba CTaHIlsl HE B 3MO3i
BUJIIJISITU PECYpCH, Ta CMYTY MPOIYCKaHHS, Ui 3 €JHAHHS HOBHX KOPHCTYBAauyiB.
Yepes 11e, €K1 KOPUCTYBaul MOXKYTh MepeOyBaTH y CTaH1 OYIKYBaHHS Ha 3’ €HAHHS,
Ipy 1IbOMY HE MAarO4M HISIKOTO JOCTymy A0 Mepexi. Ha Takux mpuctposix Oyne
HaKoOMU4YyBaTUCS Tpadik, MOKU 3 €AHAHHS HE OyJe BCTAHOBJIEHE, 1 TOYHETHCS
nepejaya ycix HaKOMWYEHUX JaHUX.

3a paxyHOK TPYyMyBaHHS MPHUCTPOIB, 30UTBITYETHCS MaKCUMaJbHA JIOMyCTHMAa
EMHICTh MEPEXi, TOOTO Olibllie MPUCTPOIB OJHOYACHO MOXKYTh IepeaBaTH JaHi.
Xouya IpyropsHi TPUCTPoi He OyIyTh MaTH IMiAKIIOUEHHS 0 0a30BOi CTaHIIli, BOHU
nepeIaBaTUMyTh YCI CBOi JlaHI Ha TOJOBHHMM TPUCTPIA Tpymu, SKAW BXKe
nepeaBaTuMe Il JaHl Ha 0a30BYy CTaHIiO. TakuM YMHOM, JaHl Ha APYTOPSAHUX

OpUCTPOAX He OyIyThb HaKONMWYyBaTHUCA, a OyAyTh OJpa3y IepeaaBaTUCS uepe3
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TOJIOBHMM TpPHUCTpid Ha 0a30By cTaHIilo. BiamoBigHO, 301IBIIMTHCS 1 3arajbHa
MPOMYCKHA 3AaTHICTh MEPEeXi, aJKe OLIblle KOPHUCTYBadiB OJHOYACHO MATHUMYTh

3MOTy MepeaBaTy JAaHi.

3.2.4. ApamTamis A0  HaBaHTaxeHHsS  Mepexi barato  mapamertpis
3aIPOTIOHOBAHOTO CMOCO0Y MOXYTh 3MIHIOBATHCS, Ta adanTyBaTHCS Mmia (aKTHIHE
HaBaHTaXeHHS Mepexi. Lle mo3Bomise migamToByBaTHUCS i Pi3HI CHUTYyarii Ta
BUKOPHCTOBYBAaTH TaKTUKH 3 HAWOUIBINI  BUTIAHMUMH  THapaMeTpamMu  JUis
MaKCHMAJIbHOTO 301IbIIIEHHS €()eKTUBHOCTI pOOOTH MEPEXKi.

3MIHIOIOUH KUTBKICTh JAPYTOPSIHUX MPUCTPOIB y TPYIi, MOXKHA PEryJIIOBATH
3arajbHy €MHICTh Mepexi. [Ipu npoMy, KO 301IbIIYBATH KUIBKICTh MNPUCTPOIB Y
rpymi, TO 3pOCTaTUME 3arajbHa KUIBKICTb KOPHCTYBAaulB y MEPEXi, M0 MOXYTb
OJIHOYACHO TEepeIaBaTy AaHi, MPOTe 3MEHIIYBaTUMEThCS IIBUAKICTH Mepeayl JaHuX
JUISL IPUCTPOIB TPYIH, aJi’Ke 30UIBIINTHCA 3aralbHU Tpadik, 10 TPOXOAUTH Yepes3
TOJIOBHUYM MPUCTPIii rpynu. SAKIIO K 3MEHIITYBAaTH KUIBKICTh IPYTOPSIIHUX MTPUCTPOIB
y TIpymli, TO JaHl OyIyThb MepeAaBaTUCS IIBHJIIE, 3a PaxyHOK MEHIIOro
HABAHTAXKEHHS HA TOJIOBHUMN MIPUCTPIH TPYIIH.

30UTbLIYyBaTH KUIBKICTh MPHUCTPOIB Yy TPyl MOXKHA, SKIIO JUIsi HOBHUX
KOPUCTYBaulB HE BHUCTA4a€ BUIBHOIO MIJKJIIOUYEHHS 10 0a30BOi CTaHII, a TaKOX
HEMa€ BUIBHOTO MICIA y ICHYIOUMX Tpymnax. ¥ TakoMy BUMAJKY, MPUCTPIN MOKHA
MPUETHATH JI0 BXKE ICHYIOUOI IpynH, 30LIBIIUMBIIN KIJTBKICTh NPUCTPOIB y Tpymi. Lle
MOJK€ JICII0 CHOBUIBHUTH Mepeaavy JaHUX AJs BXKE ICHYIOUMX KOPUCTYBAuiB IPYIH,
IpoTe€ JO3BOJIUTH MIATPUMYBATH OUIBINY KUIBKICTh TPHUCTPOIB, IO MOXKYTh
nepeaBaTH J1aHi 6e3 3’€JHaHHs 3 0A30BOI0 CTAHIIIEIO.

3MEHIYyBaTH KUIBKICTh MPUCTPOIB y TPyIl MOXKHA, SKIIO MOTOYHA KIIBKICTh
KOPUCTYBauiB y TpyMi € HAJIUIIKOBOK. TOOTO, SKIIO € MOXJIUBICTh PO3MOJAUIUTH
KOPUCTYBaudiB Ha MEHUIl Tpynu, ad0 Mepepo3NOIITUTH TPUCTPOI y BXKE ICHYHOUHX
rpynax, Jjisi 301IbIICHHS BUAKOCTI Mepeayvl TaHuX.

Takum ymHOM, SIKIIO TEPEBAaHTAXKCHHS MiHIMaJlbHE, TO MOKHAa CTBOPIOBATH

TPyIH MO 2 MPUCTPOI, JIe BChOTO OJIMH MPUCTPiit Oyne npyropsimaum. e MiHimanbHa
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KUIBKICTh MPHUCTPOIB y TPYII, BIAMOBIAHO, 3a0€3MeuyeThCs HAWOIIbIIA MIBUAKICTH
nepejadi JaHuX, y TMOPIBHSAHHI 3 OUIBIIMMH Tpymamu. SIKIIO X MepeBaHTaKCHHS
HACTUIBKH BEJIMKE, 10 TPYIMHU MO 2 MPHUCTPOi HE HAAIOTh JOCTaTHHOTO MPUPOCTY Y
SKOCTI OOCJIYroByBaHHS, TO MOJKHA 3ajydaTH 10 TPyNH 1o 2 1 OUIbIIe MPUCTPOI.
TakuMm YWHOM, MIBUAKICTH TIEpeaadi JaHUX MJIsI OKPEMO B3ATHX MPHUCTPOIB Oyne
MEHIIIa, HXK B TPyMax Mo 2 MpUCTpPOi, MpoTe, OLIblIa KUTBKICTh TPUCTPOIB MATUMYTh
3MOTy TMepegaBaTd JaHi, dYepe3 110, 3arajbHa NPOIMYCKHAa 3JaTHICTh MEpPExKi
T ABUAIATHCS.

[Hmwmit mapametp, SKUM MOXXHA JUHAMIYHO 3MIHIOBaTH - II€ TEXHOJIOTIS
nepeaayi. Ko NIbHICTh TOJIOBHUX MPUCTPOIB HACTUIBKU BHCOKA, 10 CUTHAJH BiJl
HUX CTBOPIOIOTH MEPEUIKOAN OJAWH OAHOMY, MOYKE MOTIPIIUTHUCA 3B’SI30K TOJIOBHOTO
OPUCTPOIO 31 CBOIMU JAPYTrOpsiAHUMHU TpuctposMu. lle craHoBuTh HeOe3meKy
MOTIPIIEHHS SKOCTI 00CITyrOBYBaHHS APYTOPSAHUX MPUCTPOIB, IO MOXKE MPU3BECTH
70 BTpaTH CUTHAJy UM 3HAYHUX 3aTPUMOK y Tepenadi JaHUX BiJ APYTOPSAHOTO
MPUCTPOIO Ha TOJOBHUM. [yt TOro, 11100 3MEHITUTH 1HTEP(HEPEHITII0 M1 TOJIOBHUMU
INPUCTPOSIMU, MOYKHA BUKOPUCTOBYBATH PI3HI TEXHOJIOTII epeaadl JaHUX JIJsl PI3HUX
roioBHUX mpucTpoiB. Takum ymHOM, KoMOiHyroun Bluetooth, WiFi 2.4 Ta WiFi 5
MOXHa CTBOPUTH CTPYKTYpy MeEpEexi, sika Oyle MaTu MIHIMaJbHO MOKJIUBI
HAKJIaJaHHA CHUTHAJB BiJl TOJOBHHUX NpHUCTPOiB. Lle m03BOMMTH miATpUMYBaTU
OUIBIIly KUTBKICTh TOJOBHUX MPHUCTPOIB HA OJMHUIIIO MPOCTOPY, a OTXKeE, 1 OlIbIe
JIPYTOPSIIHUX MPUCTPOIB 3MOXKYTh MaTH JOCTYII 10 MEPEXKi.

['onoBHUM TPUCTPOEM TpPynmu Moke OyTH Oyap SKUM TOpUCTPId, KU
oOnaHaHWI MOMAyJeM Tepeladl JaHuX, SKUM MOXKE CIyryBaTH SK MpHiimMad.
Hampuknazn, y OUIBIIOCTI CydyacHUX CMapT(OHIB € PEXKUM TOUYKH JOCTYIy, SIKAW
n03BoJisie  cMapThoHy (YHKIIOHYBaTH SIK TOBHOI[IHHA Touka goctyny WIiFi.
BpaxoByrouu, 1o OUTBIIICTh CY4aCHUX CMApT(OHIB MAarOTh BUILEBKA3aHUM MOJYJIb,
MOXHa BBa)KaTH, IO TOJIOBHUW MPUCTPIH y TpyNi MOXKE 3MIHIOBAaTHCS 3 YacoM,
BPaxOBYIOUH IMapaMETPH BCIX MPUCTPOIB y rpymi. TakuM 4uHOM, TOJTOBHHUI TIPUCTPI
MOKE MEepPIOJUYHO MIHSTHCS, HOPMAJi3ylOUM BHUKOPUCTAaHHA Tpadiky Ta 3apsay

aKyMyJISITOpa JiJIsi BCIX MPUCTPOIB TpymH. TakoX, MOXJIMBUN BapiaHT, KOJU TpyIlia
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KOPUCTYBauiB CHEIllaJbHO BUJIISE€ OJIMH TOJIOBHUM MPUCTPINA, SKUM He Oyje
3MiHIOBaTHCS 3 yacoM. Lle Moxke OyTH KOPHCHO, SIKIIO € TMPUCTPIid 3 HEOOMEKEHOIO
KUTBKICTIO Tpaiky, TaKMM YHHOM, 31 CTOPOHH OMNEpaTopa MOOUIBHHUX MOCIYT, HE
3HIMAaTUMETHCS JIOJATKOBA IjIaTa 32 KOPHUCTYBAaHHS MOHAJAHOPMOBUM TpadikoMm. A
SKIIO TIAKITIOYUTH OOpaHWUN TOJIOBHMMA MPHUCTPIM 10 JTOAATKOBOTO JDKEpeIa
KUBJICHHSI, TAKOTO SIK, HAMpPHKIAJ, MOPTaTUBHA OaTapes, TO TOJOBHHM MPHUCTPIN
MaTHUMe JI0JIaTKOBHI pecypc OaTapei Ha TOBIIMH MEpio] Yacy.
3.2.5. BincyTtHicTh moTpebu y Moaudikaiiii icHyt04oro objaJHaHHS ONepaTopiB
3amiHa o0JagHAHHS, Y4 OHOBJICHHS MOJIYJIIB 3B’S3KY, TaKUX SK 0a30B1 CTaHIIIT,
noTpedye 3HAYHUX KaIiTaJOBKJIAJ€Hb, TOMY OMNEPAaTOPHU MOOUIBHOIO 3B’SI3KY
CTaparoThCA MIHIMIZYBaTH BUIIAJKH, KOJMU MNOTPIOHO 3A1MCHIOBATH MAHIMYJSALI 3
oOnagHaHHSAM. 3ampoIOHOBaHUM cmocid0 He mnoTpedye Hiskoi Moaudikamii y
ICHYIOUOMYy OOJIaJIHAHHI OmEepaTopiB MOOUIBLHOTO 3B’S3KY, 4epe3 10, MOXe OyTH
BIIPOBADKEHUN y 1H(PACTPyKTypy OyIb SIKOTO OmepaTopa, HE3aJIeHO BIJ HOro
obOnanHaHHA. Lle Hajgae THYUYKICTh Y BHUKOPHUCTaHHI 3alpPONOHOBAHOIO CHOCOOY Ta
MOJKE€ CIPUATH HOTO MOMIMPEHHIO, a/Ke JaHUN Croci0 MOKe BUKOPHCTOBYBATHCS Y
PI3HHUX KyTKax CBITY Ta MPaIlOBATH 3 PI3HUMU MOOUTBHUMH IPUCTPOSIMH, a TAKOK, 13

pi3HUM 00JIaIHAHHSIM OTIepaTopa.

3.3. Hepomniku ciocoOy Ta METOMIU X BUPIIICHHS

3.3.1. 30unblIeHE CHOXXKMBAHHS €HEprii TOJIOBHUM NpUCTpoeM Momayiib
Paaio3B’sI3Ky MOOUIBHOTO IIPUCTPOIO BIHOCHUTHCS JO C€JIEMEHTIB, SIKI CIOKHBAIOTh
HaNOUIbINE 3apsay aKyMyJsiTopa. SIKIo Ka3aTH TOYHO, TO pajilonepeiaBay € IpyrumM
€JIEMEHTOM B CMapT(QOHI M0 CHOKMBAaHHIO eHeprii. Ha nepmoMy Micli 3HaXOAUTHCS
eKpaH, a came Woro mifcBiTka. Came eKpaH CIOKMBa€ HaWOiIbIne 3apsay OaTaperi,
MpoTe TUIbKKM Yy BBIMKHEHOMY cTaHi. [Ipore, OuIbIIICT, Yacy poOOTH cMapT(oHy
€KpaH 3HaXOJAUThCS BUMKHEHM. HaTtomicTh, paaioMoaysib MOCTIMHO YBIMKHEHMH,
ajle MOXKE€ 3HaXOAUTUCS y CTaHaX aKTUBHOTO Ta 3HM)KEHOI'O CIIOKMBAaHHS €HEprii.
Tomy, 4yac aKkTHUBHOI POOOTH PaATIOMOAYJIO € IyKE€ BaXKIUBUM (HAKTOPOM JJis

eHeproe(eKTUBHOCTI BChOTO MOOUTEHOTO MIPUCTPOIO.

71



3anponoHOBaHUM CMOCIO J03BOJSE €KOHOMUTH 3aps] Oarapei IpYyropsaHux
MPUCTPOIB, aJKE MOAYJb CTIILHUKOBOIO 3B’SI3KY CIHOKMBA€ 3HAYHO OLIbIINE €HEPrii
HiK Momynb WIiFi. 3a paxyHOK TOro, mo BcS Tepenada JIaHUX y JIPYTOPSITHUX
MPUCTPOSIX BIOYyBaeThbCsl O€3 y4yacTi CTUIBHHKOBOTO PaIiOMOAYJs, TO 1 3apsay
Oarapei BUTpadaeThcs MeHie. Takox, BpaxoByroun, mo WIiFi Texnomoris mpartoe
0e3 MallMHU CTaHiB, TAKOl fIKa MPUCYTHS Yy CTIILHUKOBOMY 3B’SI3KY, TO Ha IEpexif
WIiFi monyns 3 akTHMBHOrO CTaHy y CTaH 30€pe)KEeHHs eHeprii MmoTpiOHO 3HAYHO
MeHIIe yacy. OTxe, 1 4ac MPOCTOI0 y aKTUBHOMY CTaHl1 3HAYHO 3MEHIIYEThCS IS
JIPYTOPSIIHUX TIPUCTPOIB.

[Ipore, cnoxkuBaHHs 3apsaqy ©Oarapei TOJOBHOTO HPUCTPOIO 3HAYHO
30UTBIIUTHCSA, 3a PAXyHOK TOrO, 110 MOAYJb CTUIBHUKOBOIO 3B 3Ky OUIBIIMNA 4ac
Oyne 3HaXOAUTHCS y aKTUBHOMY cTaHl. JlaHi OyayTh MOCTymaTH HE TUIBKH BiJl
porpaM TOJOBHOTO MPHUCTPOIO, alie 1 BiA APYTOPSIHUX HPUCTPOIB, TOMY MOJIYJIIO
3B’SI3Ky OTP1OHO Oyjie YacTille nepeiaBaTy JaHi.

[HIIUM MoayneM, KUl IPOBOKYBaTUME 3HAUYHE CIIOKMBAHHSI €HEPrii € TOYKa
noctyny WIiFi romoBHoro mpuctporo. Yepes Te, 10 TOJOBHHH MpUCTpid Oyjae He
TITBKM MAaTH 3B’S30K 13 0a30BOIO CTaHINIEIO, a W TPAILIOBATH y PEXKUMI TOUKH
JOCTYITy, TIiepenatodn Ta npuiimaroun aani mo WiFi, Butpatu 3apsiny 6arapei 3HauHO
3pOCTYTh.

st BupimeHHsT 1i€i TmpoOJeMu KOPUCTYyBadl MOXKYTh BHUKOPHUCTOBYBATH
NOPTATUBHI 3apsAHl MNPUCTPOI, HANPUKIAL, Y BHUIJISAAl JOJATKOBOI 30BHIIIHBOI
Oarapei. I' onOBHMII TIPHUCTPI MOXHA MIAKIIOYUTH JO 30BHINIHBOI Oartapei, Mo

JT03BOJIUTH 3HAYHO MOJAOBXKHUTH YaC POOOTH FOJIOBHOTO MTPUCTPOIO.

3.3.2. 3arpumku mepenadi 4yepe3 TOJIOBHHUM MPUCTPiit

VY 3amponoHoBaHOMY cnocoOl mepenada JaHUX 3 APYrOpsSIHUX TPHUCTPOIB
B1IOYBAa€ThCSl Uepe3 MOCEpPeIHUKA - TOJOBHOrO MpucTpoto rpymnu. Ilicos Toro, sk
TOJIOBHUYM MPUCTPiIN MPUNUHSB JIaHi 3 APYTOPSIHOTO MPUCTPOIO, TOYHETHCS Tepeaayda
[IUX JIaHUX BiJ FOJIOBHOTO MPUCTPOIO HA 0a30BY CTaHIIiiO. | HaBmaku, Mmicis TOTO, SIK

TOJIOBHUYM MPUCTPIN OTpUMAaB JIaHi I APYTOPSTHOTO MPUCTPOIO, BIH MEPECUITATHME
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i gani nusxom WiFi un Bluetooth 3’ennanHs Ha IpyropsaHui MPUCTpPIi.
[lepecunanHs qaHUX Yepe3 TOJIOBHUHN MPHUCTPIN TPYIU JOAA€ NEAKi 3aTPUMKH,

IpOTe IMBHIKICTH mepenadi panux mo WIiFi TexHoorii € JoCUTh MBUIKOIO, 1100 IIi

3aTpUMKH OyJid HE3HAUYHMMH, TOMY, B OUIBIIOCTI BHUIIQJIKIB, BOHU OYAYTh

3a/I0BOJIBHSITH IOTPEOU KOPUCTYBaya II0J0 Yacy JOCTABKU JaHUX.

3.3.3. Inrepdepeniis 31 3pocTaHHAM KUIBKOCTI TOJIOBHUX MPUCTPOIB, MOXKE
BUHUKATU 1HTEepdepeHuis. [HTepdepeHiis - e sABHIE HaKJIaJaHHS CUTHANIB Ha
noaiOHUX CcMyrax 4acToT, SIKI TEePEeTUHAIThCS Yy TMpocTopl. Y pe3ylbTari
1HTepdepeHIlii, CATHAJ MOE MOMIKOAUTHUCS a00 30BCIM 3aracHyTH.

[Mepemkomun WiFi Mepexi MOXYTh MOPOKYBAaTH HACTYIHI MPOOJIEMU IS
KOPHUCTYBayiB:

* HU3bKUH pIBEHb CUTHANY, HABITh SKIIO MPUCTPIM 3HAXOAUTHCS MOOIU3Y

touku gocrymny WiFi;

* TIOBUIbHIIIA MEepeava JaHuX;

* HEMOXJIMBICTh TIpueaHaTHCS 0 Touku goctymy WiFi ado Bluetooth, Haith

KOJIM MIPUCTPii 3HAXOAUTHCS MOPYY 3 MepeaaBadyem;

* TEpiOJANYHO MIEPEPUBAETHCS 3’ €THAHHS.

[Ilo6 yHukHYTH 1HTep(]EpeHIlii, MOKHA pO3TAIllOBYBaTH T'OJIOBHI MPUCTPOI HA
JIOCTATHIM BiJICTaHI OJIMH BiJ OJHOTO, 100 CUTHAJIM HE MEPEKPUBAIU OJUH OJHOTO, 1
BIJIIOBIJIHO, HE BUHUKaJa iHTEepdepeHiis. [{boro MoxHa JOCATTH, SKILIO Yy PEXUMI
peaNbHOTO Yacy BIACIIIKOBYBATH KUIBKICTh CYCIAHIX TOYOK JOCTYITY, Ta MOTY>KHICTb
iX CHUTHAly 1 ajanTyBaTH CTPYKTYypYy MeEpexKi, BPaXOBYIOUM MOKIIMBI IMEPENTKOAM
CUTHAIYy.

Takox, 1100 30UTBIIUTH NIIIBHICTh TOJIOBHUX MPUCTPOIB, MOKHA KOMOIHYBaTH
texHosorii WiFi 2.4 T'T'u ta WiFi 5 I'T'i, amke iX cMrHaiym He CTBOPIOIOTH HEPEIITKO
OJIMH OJHOMY. HalmpocTimmor cXeMor po3TallyBaHHS € MO3UI[IOHYBaHHS TOJIOBHUX
MPUCTPOIB Y BUIJISI/II IIAXMATHOI JIOIIKH, J€ YOPHI KIITHHKU BiAMOBIIAIOTH OJHIN
TEXHOJIOT1i, a OIl KMTUHKK - 1HmI. Ilporte, pamiyc Aii y HMX JBOX TEXHOJIOTIH

BIIPI3HAETHCS, TOMY  Kpalle [MiJUIaliTOBYBaTH  CTPYKTYypy  Mepexi, Ta
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MICIIEpPO3TalllyBaHHS TOJIOBHUX TPUCTPOIB TMiJ YMOBH, IO HAasBHI Y KOHKpPETHIH
MEpEeXi B peKHUMI1 peaJIbHOTO Yacy.

[Ipy upomy, MNOAIOHMM YHHOM MOXKHA TaKOX KOMOIHYBaTH TEXHOJOTI]
Bluetooth ta WiFi 5 I'T'u. I1i a1Bi TeXHOJIOTIT MPAaIfOIOTh HA PI3HUX YaCTOTAX, a OTIKE,
HE CTBOPIOIOTH MEPEIIKOI O1uH ogHOMYy. HaTtomicTs, He MoxxHa komOinyBatu WiFi

2.4 T'Tu 13 Bluetooth, amke X cUTHaIU CTBOPIOBATUMYTh ITEPEIIKOIN OMH OTHOMY.

3.3.4. OmHouacHa TMIATPUMKA BCHOTO 2X JApyropagHux mnpuctpois Ilpu
JOCIIIKEHHI poOOTH MOOUIBHOTO MPUCTPOI y pexkumi Touku goctymy WIiFi 6yio
BUSIBJIEHO, 1110 BCHOTO JBa MPHUCTPOI MOXKYTh OJHOYACHO OOMIHIOBATHCA JaHUMH 3
TOJIOBHUM NPUCTPOEM. Take 0OMEKEHHS NPUCYTHE Ha TeiaedoHax, 10 IPALIOI0Th Ha
onepaniiHiii cucremi Android Bepcii 11. Opunamisra, Bepcis OC Android e
OCTAaHHBOIO JOCTYITHOI HA JAHWM MOMEHT, TOMY MpPHU IOCIIHPKEHHI BpaxoByBalacs
caMme 1Sl Bepcis, ajke BoHA Oy/i€ aKTyaIbHOIO IIe JEK1IbKa POKIB MOCH1Ib.

SIkmo y rpyni OulblIe ABOX APYTOPSIHUX HPUCTPOIB, TO AECIKUM IPUCTPOSIM
NpUAAEThCS OdiKyBaTH Ha 3BibHEHHs kaHamy WIiFi, mo0 mepematu nani. Takum
YUHOM, SKIIO JBa JPYTOPSANHI TPUCTPOI BXKE OTPUMAIM AKTUBHE 3'€HAHHS, 1
OOMIHIOIOTBCSI JAaHUMU 3 TOJIOBHUM MPUCTPOEM, 1HII IPYTOPSIIHI MIPUCTPOi TOBUHHI
OUIKyBaTH Ha 3BUIBHEHHS KaHaly, 1 BXKE MOTIM BOHM MAaTUMYTh 3MOTY TepeaaBaTu
JnaHi Ha rTooBHMU mnpucTpiit. [Ipu 1pomy, BpaxoByrounm mo WIiFi TexHomoris
MIHIMI3y€ Take SBUIIE, SK EHEPreTU4YHl XBOCTH, a JPYTOPSIHUM MPUCTPOSIM HE
noTpiOHO MIopa3y 3AIMCHIOBATH TMepemiaKIoYeHHs 10 Touku goctymy WIiFi
TOJIOBHOTO TIPUCTPOIO, TMEPEMHUKAHHS KaHAIB MK JPYTOPAIHUMU MPUCTPOSIMU
B1I0YBAa€ThCS JIOCUTH IIBHUAKO, 1 HE CTBOPIOE 3HAYHUX 3aTPUMOK JJIsl KIHIIEBOTO

KOPHUCTYBaua.

3.3.5. MoO6uibHICT, KOpUCTyBauiB MOOUIBbHICTh KOPUCTYBAYiB € OJHOIO 3
TOJIOBHMX TNEPENIKOJ BHUKOPUCTAHHS 3alpPOIOHOBAHOTO MeETOoy. BpaxoByrouw, 1o
JaJbHICTh Aii MOOLIBHOI TOYKHM JOCTYITY YK€ HEBEJMKA, a MIAKIIOUYEHHS 0 HOBOI

TOUYKH JIOCTYIy 3aiimae Oarato dacy, B cepeqHboMy 10 cexyHH, TO MOXKHa CKa3aTH,
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10 3alPOINOHOBAHUM CMOCiO Tmepeaadi TaHuX He MIAXOIUTH JJISI BUCOKOMOOUTBHUX
KOpPUCTYBauiB. TakMM YWMHOM, AKIIO KOPHUCTYBau MOCTIMHO PYyXa€ThCs, TO BIH HE
MaTUME 3MOTH y TIOBHIM Mipi OTpUMAaTd KOPHUCTH BiJ 3aIpPONOHOBAHOTO Croco0y,
a/pke OTpiOHO Oyje MOCTIMHO MEePEeniIKII0YaTUCS O PI3HUX T'OJIOBHUX MPUCTPOIB,
110 3aiimae 6araTo 4acy.

VY BuUmangKy, SKIIO KOPHUCTYBad OyXE€ AaKTUBHO TMEPEMIIY€EThCS, MOKHA
BBaXXATH, IO MOro JaHi HE MOXHA PO3BAHTAXKUTU 3alPOIIOHOBAHHUM CIIOCOOOM.
HaTtomicTb, MOXHa MO3HAYUTHU TaKUW MPUCTPINA SK 1HEPTHUH, TOOTO TaKWii, 110 HE
Oyne miAKIYaTUCS 0 TOJIOBHOTO MPHUCTPOIO, Ta He OyJe caM CTaBaTH T'OJIOBHUM
OPUCTPOEM. Y pe3ynbTaTi, 3a pPaxyHOK 3MEHIICHHS HaBaHTaXXEHHsS Ha 0a30By
CTAHIIIIO, a OTXKE, 1 3MEHIICHHSA aKTHBHUX IJIKIIOYEHbL JI0 0a30BOI CTaHINI, IS
IHEpTHUX KOPHUCTYBaudiB pecypciB 0a30BOi CTaHIll MOXe OyTH JOCTaTHhO, 1 BOHU
MOXYTh NepeaaBaTi Tpadik 3BU4aAtHUM CIOCOOOM, OOMIHIOIOUHUCH JJAHUMH HAMPAMY
3 0a30Bo10 cTaHuiero. Ilicas Toro, sik KOpUCTyBad JOBrUi yac Oy/ie 3HAXOAUTHUCS Ha
MEBHIM OOMEXKEHIN MUIAHIN, MOXHa BBaXXaTH IO BIH MOXE MPUUMATH y4acTh Y
PO3BAHTAXKEHHSA 1 MEPEBOAUTH HMOTO B PEXHUM, SKUU MIIATPUMYE 3alPONOHOBAHUN Y
naHii poOOoTi croci6 nepenayi qanux. [lo3Hayatu mpucTpoi K 1HEPTHI TOTPIOHO /IS
TOro, OO0 Takli NPHUCTPOI HE OYIKyBaJM Ha Mepefadyy JaHuX 4Yepe3 TOJOBHHMA
NPUCTPIN, ajKe JUIs [OTO MOTPIOHO ACSKHI yac mepedyBaTH B MeXKax MEBHOTO

T'OJIOBHOT'O MPUCTPOIO, 1100 BCTAHOBUTH 3 HUM 3’ €HAHHS Ta IEPEIaTH JIaHi.

3.3.6. HeoOxinuicts BcTanoBneHHs [13 mist kopuctyBaua J1jist BIpOBaKEHHS
croco0y, IO 3alpoloHOBAaHWW Yy JMdaHiii poOoTi, MOTPiIOHO 100 KOPHUCTyBayi
3aBAHTAKWINA BIJTMOBIIHE TporpaMHe 3a0e3MeyeHHs, SIKe J03BOJUTH CTBOPIOBATH
CTPYKTYpY MeEpexi, sika MoTpiOHa myigs poboTw JaHOro crocolOy. 3 TOYKU 30Dy
KOPUCTYBaya, BCTAHOBJIIOBATH JOJATKU Ha CBIM MOOUIBHUN MNPUCTPIN 3a3BUYAll €
He0a)XaHOWO MI€l0, SKIIO TUIBKM IEd JOJaTOK HE BUPINIye AKYyCh HpoOieMy 4u
3ajady. 3arporoHOBAHMN CMOCIO O3BOJIUTH 3OUIBIIMTUA MPOIMYCKHY 3aTHICTb
Mepexi, 1, BIMOBIHO, JI03BOJIUTh KOPUCTYBauaM IIBU/IIIE OOMIHIOBATHUCS JaHUMH,

AKIIO MEpeka MepeBaHTaKeHa. TakuM YHMHOM, KOPHCTYBAdeBl MOTPIOHO MOSICHUTH

75



METy Ta pe3yjbTaT poOOTH J0AATKy, 10O BiH 3aXOTIB WOr0 BCTAaHOBUTH COO01 Ha
MOOUTbHUM MPUCTPi. 3a paxyHOK OLIBIIOr0 MOKPUTTS MEPEXi MPUCTPOSIMH, IO
HOiATPUMYIOTh TaHU# COCi0, MOKHA Oy1e PO3BAHTAXUTH OLIBINY KIJTBKICTh TPadiKy.

BucHoBku. 3anpornoHoBaHo criocid mepeaadi JaHuX, SSKU 00’ €IHy€e MOOLIbHI
npucTpoi y rpynu. TimbKyd OJWH MPUCTPIA 3 TPYNH, KU HA3MBAETHCA TOJOBHUM,
Ma€ MAKITIOUYEeHHS 3 0a30BOI0 CTaHIII€0. Y Cl 1HII NPUCTPOI OyayTh MepenaBaTu JaHi
Ha TOJIOBHUH MPHUCTPid rpymu, BuKopucToBytoun texnoiorii WiFi uu Bluetooth.
['onoBHUIT mpuUCTpiil, y CBOIO dYepry, mnepeAae I JaHi Ha 0a30BYy CTaHIIO.
3anponoHOBaHU CIOCIO JOMOMOXE CYTTEBO 3MEHIIUTH KUIBKICTh aKTUBHHX
3’€IHaHb 3 0A30BOI0 CTAHI[IE€I0 MOOUIBHOTO 3B S3KY, & TAKOX J03BOJISIE OLIBII TOBHO
BUKOPUCTOBYBAaTU AaKTHBHI 3 €JHAHHS, III0 CyMapHO J03BOJsi€ €(EKTUBHIIIE

BHKOPHUCTOBYBATHU MOOUTBLHHH 3B’ SI30K Y MCPCIKaX 3 BUCOKUM HABAHTAKCHHAM.
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4. TECTYBAHHS EOEKTUBHOCTI 3AITPOIIOHOBAHOI'O CITOCOBY

JIist  TecTyBaHHA 3alpONOHOBAHOIO Croco0y Oylia CTBOpEeHa IMporpaMHa
MOJIeNIb, SKa CHUMYIIIOE pOOOTYy MEpEeXi: MOBEMIHKY 0a30BOi CTaHINi Ta KIHIIEBHX
KopHrcTyBauiB. ba3zoBa cranilis o0po0OJise 3anuTh BiJl MOOIILHUX MIPUCTPOIB, Ta KEPYE
ixaimu mepexomamu RRC craniB. KinmeBi mpuctpoi KOpHCTyBadiB CIyXarOTh
KepyBaHHS CTaHaMH, SKHMH Kepye 0a30Ba CTaHIliSA, Ta TCHEPYIOTh BUITAJKOBI JIaHi
JUIs TIepeaadi, y po3Mipi Bif 1 kinoOaiity g0 100 merabaitr.

Sxmo mpucTpii Mae maHi IS Tiepenadi, To 0a3oBa CTaHIliS TEpeBIpse, YU
MOXHa IS IOTO KOPHCTyBaua BHJAUIMTA HEOOXIJHI pPEecypcu Ta CTBOPUTU
3’€MHaHHA. SIKIIO pecypciB BHCTa4yae, TO ©0a30Ba CTaHIlS BHIUIIE CMYTYy
NPOMYCKaHHS JUIsl PUCTPOIO, Ta MEPEeBOAUTH MPUCTPii y akTuBHUEA pexkum (RRC
Active). AKTHBHHUI PEXHM IEPEBOAMTH PATIOMOIYJIb MPUCTPOIO Y CTaH BHCOKOTO
CTIOKUBAHHS, y SKOMY MPHUCTPIA MOXKe MouyaTH mepenady nanux. Ilicis Toro, sik
nepefaya JaHMX 3aKiHY€HA, AaKTUBYETbCA JIYWJIBHHUK Oe3aisuibHOCTI. JlaHuid
JYWIBHUK MOTPIOEH, 1100 MEPEeBOAUTH PAIOMOIYIb MPUCTPOIO Y CTaH MOHMKEHOTO
cnioxkuBanHs eHeprii, Tooro RRC ldle. 1l[o6 Bmiitu 3i ctany RRC Idle mpuctpiii
MOBUHEH CIPOBOKYBATH Tepeaady JaHUX, 1 TOYEKATUCS BCTAHOBIICHHS 3’ €IHAHHS 3
0a30BOI0 CTAHIIEIO, AJIA IEPEXOY Y AKTUBHUI PEKUM.

JlkepenoM JaHMX y MeEpexi BHCTYNAalOTh KIHIEBI KOPUCTyBadi, TOOTO
MPUCTPOI, SIKI BUIMAJKOBUM YMHOM IIOCEKYHIU T€HEPYIOTh MaHl y po3Mipi Bim 1
kinoOaity 1o 100 merabaiit. MoXIuBUI TakoX BapiaHT, KOJIM HISSKMX HOBUX JaHUX
He 3reHepoBaHo. [loBiOMJIEHHS po3MipaMu /0 OJHOTO MeradalTy BHUHUKAIOTH 13
3aJIaHOI0 WMOBIPHICTIO, CUMYJIIOIOUM TIOBIJIOMJICHHSI BiJl TOIITOBUX MIPOrpaM Ta
MeceHkepiB. [1oBiTOMIEHHST pO3MIPOM BiJl OJIHOrO MeradaiTy BHHHUKAIOTH PiAlle,
CUMYJIIOIOUH Tiepeaady GoTo, Biieo ado ayaio KOHTEHTY.

[lobynoBana mnporpaMHa MoOJENb MICTUTh MEpeik HapaMmeTpiB s
BCTAHOBJICHHSI PI3HUX PEXKUMIB POOOTH Mepexi, Ta CUMYJALIl pI3HUX THUIIB
MOBEIHKA KOPUCTYBAYiB:

1) iIMOBIpHICTP BUHHKHEHHS HOBUX JaHWX po3MipoMm Big 1 kimoGaity mo 1

Mmera0aiTy;

77



2) WMOBIPHICTh BUHMKHEHHS HOBHX JaHUX po3mipoMm Bix 1 merabaiity mo 100
Mera0aiT;

3) MBHUIAKICTH MEepeaayi JaHUX Yepe3 CTUIbHUKOBY MEPEKY;

4) mBuakicTs nepenadi ganux mo WIFi (BpaxoByeTbes caMe MIBUAKICTH OOMIiHY
JAHUMH MK TOJIOBHUM MIPUCTPOEM 1 APYTOPSTHUM);

5) 3aranpHa KiJIBKICTh IPUCTPOIB;

6) MakcuMallbHa KUIBKICTh MPUCTPOIB LIO MOKE OJHOYACHO OOCITyrOBYBaTHCS
0a30BOIO CTaAHIIIEIO;

7) KUIbKICTh TOJIOBHUX MPHUCTPOIB;

8) iimoBipHicTe BimMoBu WIiFI 3’eaHaHHSA MK TPUCTPOSIMH (I CHMYJISIIT
nepeMIleHHs] KOPUCTYBaviB);

9) yac, sKMi HEOOXigHUI s BCTaHOBIEeHHA 3’emHaHHs 1o WIFI  mix
MIPUCTPOSIMU;

10) KiTBKICTh OHOYACHUX MIAKIIOYEHB J0 TOJIOBHOTO MPUCTPOIO;

11) K1IBKICTh MAaKCHUMAJIBHO MOYKJIMBHX IT1IKJITFOUYEHB JI0 TOJOBHOTO IIPHUCTPOIO;

12) wac npocroro s nepexoxy 3i crany RRC Active y cran RRC Idle;

13) yac poboTu Mepexi.

14)KoM6iHyroun BUIIEBKA3aHI MOKAa3HUKH MOKHA CUMYJIIOBAaTH pOOOTY MEpEeki B
PI3HHX YMOBAaX, JOCHII)KYBaTU €(PEKTUBHICTb POOOTH 3aMPOINIOHOBAHOTO AJITOPUTMY

Ta MOPIBHIOBATH MOKA3HUKH 3 ICHYIOYMM CIIOCOOOM Tepeiadi TaHuX.

4.1. Otpumani pe3yabTaTu

JIist mpoBeAeHHST aHai3y 3ampollOHOBAHOTO CMOCO0Yy TMepenadl JaHUX Yy
BUCOKOHABAHTAXKEHUX MEpeXax MNOTPIOHO OLIHUTH pPOOOTYy Mepexi y pI3HHUX
CUTYaIIisIX, il PI3HAM HaBaHTAXKECHHSIM, Ta 3 PI3HOIO OBEAIHKOIO KOpUCTyBadiB. J[iis
IIOr0, PO3po0JeHa MporpaMHa MOJEIb HaJa€ MOXKJIMUBICTH 3MIHIOBAaTH TMEpesiK
napameTpiB, 3a JIONOMOTOI0 AKX MOKHA MpoaHali3yBaTH poOOTy MEpPEXi y Pi3HHX
CTaHaXx.

AHaniz poboTH Mepexi OyJe MPOBOJUTUCS HA OCHOBI 3MIHM KOXHOTO 3

napameTpiB. BpaxoByBaTUMYyThCS TPH 3HAYCHHS KOKHOTO ITapaMeTpy:

78



* MIHIMAJILHE;
* CCpCIHE;
* MakKCHMAaJIbHE.

Takum YUHOM, HarJIsITHO ITOKa3aHa p060Ta Mepexci Yy I'PaHUYHUX BUIIAAKAX, Ta

pe3ynbTaT MPU CEPETHBOCTATUCTUIHOMY 3HAYCHHI.

4.1.1. CepeqHbOCTaTUCTUYHI 3HAYEHHS

VY naHoMy po3ziii mpoaHai30BaHl cepe/iHl MOKa3HUKH KOXKHOTO 3 IMapaMeTpiB,

Ta MOSICHEHO, YOMY CaM€ TaKl 3Ha4eHHs mapameTpiB Oynu oOpaHi aig aHamizy. Y

MoAANBIINX TeCTaX OyJ/ie 3MIHIOBATHCS OJIMH 3 IMapaMeTpiB, Ta MEPEBIPATUCT poOOTa

MepeXi Ha TPaHUYHHUX 3HAYEHHAX OKPEMOTO MapaMeTpy.

VY upoMy po3/iii, Ta y BCIX MOAANBIINX OYIyTh BUKOPUCTOBYBATHUCS HACTYIIHI

3HAYEHHS [MapaMeTPiB:

1. Kuekicte mpuctpoiB - 70000 mr. Ile MakcumanbHa KUIBKICTh CHISYUX

Miclib, Ky BMmitnye y cedbe HCK «Omimmiiicekuit» y micti Kuesi.

2.

MakcumanbHa TiATpUMyBaHa KUTBKICTh mpucTpoiB y crtani RRC Active.
Jlanuit moka3HukK BcTaHoBJeHO y 3HaYeHHs 30000 mpucTpoiB.

Yac neaktuBHoCTi 10 niepexoay B RRC Idle ctanoButs 11 cexynn [30].

Yac 3'eqnannas WiFi - 10 cekyn.

MakcumanbHa KUTBKICTh TOJOBHUX mpuctpoiB - 20000. 3aranpHa ruionia
CHOPTUBHOTO KoMIUiekcy «Omimmidicekuit» y wmicti Kuei cknamae 56400
MeTpiB. Ko po3TamoByBaTH MPUCTPOi Tak, Mm00 iHTepdepeHIs He
3aBa)kaJla TOBHOIIHHOMY OOMIHY JaHHUMHU MK TPHUCTPOSIMH, TO MOKHA
po3ramoByBati 1o ojHid 2.4 I'T 1 Todwi AOCTYymy KOXHI 8 KBaapaTHUX
meTpiB, a 5 I'Tm Touku nocrtymy koxkHi 4 KBaapaTHi MeTpu. BinmosigHo,
3araibHa cyma ckiagae 21150. Tlporte, 1e 3HaueHHsS [ACMIO MEpeOUIbIIyE
MaKCUMaJlbHO MNOTpiOHEe, A e(peKTHUBOI poOOTH CcrocoOy, 3HAYEHHS, MpH
BUIIEBKa3aHUX YMOBax. Tomy, oopane 3HaueHHs ckinagae 20000 mpuctpois.
Yac nepeBipku (4ac pobotu mepexi) - 1 roguna.

Kinbkicts iTepariii - 10. 36ip cratuctuku mpoBoauBces Ha 10 Habopax pi3HHX
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nanux. Ile o3Hadae, 1m0 cCUMyJIOBaHHA Mepexi BimOyBajocs 10 pasis, 3
PI3HUMH T'€HEepaTOpaMU BUMAAKOBUX YUCEN JIJISl KOKHOTO BUMIPIOBAHHS.

8. IIBunkicts mepenadi nanux o LTE y cepennbomy ckmamae 10 Mo6/c.

9. IlIBuukicts nepenaui nanux no WiFi y cepenabomMy ckianae 5 Mo/c.

10.KinpKicTh MOXKIIUBUX MiJKIIOYEHUX MIPUCTPOIB JI0 TOJIOBHOTO MPHUCTPOIO - 2.

11.KinpKicTh OIHOYACHUX MiJIKJIF0OYEHB 10 TOJIOBHOTO MPUCTPOIO - 2.

12.MMOBipHiCTB HeperiKIFoueHHs 10 ronoBHOro npuctporo mo WiFi (cumyosis
pyxy kopuctyBauiB) - 0.02 mocekyHHO.

13.MmoBipHicTh BUHHKHEHHS HOBOro Tpadiky - 0.2 mocekyHam. Y cepeaHboMy,
e ckiagae 12 moBiIoMJIEHb KOKHY XBUJIUHY.

14.I7[MOBipHiCTL BUHUKHEHHS BeUKHUX HaHuXx - 0.02 mocekyHau.

OTpumaHi pe3yibTaTu mpeacTaBieHl Ha pucyHky 4.1. CunHiM Ha rpadiky
MO3HAYEHO  pe3yJbTaTh  poOOTH  ICHYIOUOro  crmocol0y,  OpaHKeBHUM -
3amponoHoBaHoro. Ha rpadiky mpeacraBieHe MOpiBHSIHHS PoOOTH JBOX CIHOCOOIB
nepenayl JaHux. Pe3ynpTaTu MojaHi y BUTIISAL BIACOTKOBOTO CHIiBBIIHOLIEHHS Ta

IpeICTaBJICHI Y BUTIISAI rpadiky, s HATJSIIHOCTI.

Remained Traffic (B)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

MW Standard sum  ® Proposed sum

Pucynok 4.1 - IlopiBHsIHHS pOOOTH ICHYIOUOTO CIOcO0y (CHHIN) Ta 3apONOHOBAHOTO

(opanxeBuit)
Jlis TOpiBHAHHA POOOTH JBOX CHOCOOIB OCOOJIMBO BaXJIIMBUMU € JBa

ITOKa3HUKH:

1. BaranpHuii Tpadik - obOcar iHdopmallii, mepegaHoi yepe3 Mepexy 3a NMEeBHUMN
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nepiof yacy. Bumiproerncs y 6aiiTax.

Hanmumkosuit Tpadik - o0car iHbopmarili, sKy Mepeka He 3MorJa nepeaatu. Jlanmit
napaMeTp O3Ha4ya€ KUIbKICTh IaHUX, K1 HE MepeIaInucs KOKHOT CeKYH/TH.

dakTUYHO, YUM OUIbIIE 3HAYEHHS HAJJIMIIKOBOrO Tpadiky, THUM OuIbIIa
3aTpUMKa Iepeadi JaHuX Ui KIHIIEBUX KOpUCTyBadiB. Bumiproerbcs y OaiiTax.

[Ipn cepeaHBOCTATUCTHUHUX TMapaMeTpax Mepeki OTPUMaHO HE3HAUHUU
IPUPICT 3arajbHOro nepegaHoro tpadiky, skuil ckiagae 2%, adbo 40 242 440 738
816 Oaiit. Ilpupict ckiamae Bchoro 2% amke 3a yac TECTYBaHHS, IO ckiamae |
TOJIMHY, IPUCTPOI, y icCHYI0UOMy crioco0i, nepexoamwmm y ctan RRC Idle, mo gaBano
3MOTY 1HIIUM TpucTposm nepeiitu y crtan RRC Active ta nepenatu yci, HAaKOWYEHI
3a JIOBI'W Yac HEaKTUBHOCTI, naHi. [Ipote, mepexin y ctan RRC ldle BinOyBaBcs He
4acTo, 3a paXyHOK TOT0, L0 Nepiof nepexoay ckmnanae 11 cekyna, a oOMIH JaHUMHU
B1I0yBaBcd, y cepeqHbomy, KoxHl 10 cekynz. Lle npuBeno 10 Toro, mo npucTposim
3i cranoM RRC ldle notpi6HO Oyno o4iKyBaTH 3HAYHHA 4Yac ISl MIEPEXOAy Y CTaH
RRC Active, mio6 Matu 3MOry mnepenaTdH HaKOMHMYCHI daHi. Y pe3ysbTari, MPUCTPOI,
Kl OTpUMaIM KaHall 3B’SA3KYy 3 0a30BOI0 CTaHUIEI, YTPUMYBAJIM HOTO 3HAYHHIMA
nepioJt yacy, 1o He JaBajo MOXJIMBOCTI 1HIIIUM MPUCTPOSM IMepeaaBaTH CBOI JAaHi.

3 iHmoro OOKy, 3alpONOHOBAaHUM CIOCIO BUKOPUCTOBYE AKTHBHI 3’€HAHHS
OUIbII eEeKTUBHO, 32 PaXyHOK TOrO, IO JaHl MOCTYyHaroTh 1€ i Bl APYropsaHUX
npuctpoiB. lle o3Hadae, 1o crtaH OE3MISUIBHOCTI Yy TMPHUCTPOIB 3 aKTUBHUM
3’€IHAHHSAM CKOPOUYETHCS, TUM CAMHUM 3aTPUMKH TIepeadi JaHUX IS APYTOPSTHUX
OPUCTPOIB 3HAYHO 3MEHUIYIOTHCA. Y 3alpONOHOBAHOMY CIOCO01, 3MEHIIEHHS
HAJUTUIIIKOBUX JaHUX, Y TOPIBHSHHI 3 ICHYIOUMM CIIOCOOOM, ckianae 91 BiaCOTOK.
Jlns KiHIEBMX KOPHMCTYBauiB L€ O3HAyae, IO 3aTpuMKa IMepefadi JaHuX, Y

CepeHbOMY, 3HAYHO MEHIIIA, TIOPIBHIOIOYH 3 ICHYIOUHUM CITIOCOOOM.
4.1.2. KinbKiCTh TOJIOBHUX MPUCTPOIB

OnHMM 3 OCHOBHHMX HEJOJIKIB 3aIpPONOHOBAHOrO CIOCOOY Mepeaayi JaHUX €

iHTepdepenuis. [Ipy BenmukoMy CKyMUeHHI T'OJOBHUX IMPHUCTPOIB, SIKI SABJISIOTH COOOIO
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MoOUTBbHI Touku goctynmy WIiFI, ix curHamm MoXyTh KOH(IIIKTYBaTH OJUH 3 OJHUM,
CTBOPIOIOYH 1HTEPGEPEHIIIFO.

Jlns toro, moO YHWKHYTH 1HTepdepeHIlii, moTpiOHO pPO3TAIIOBYBaTH TOJOBHI
OPUCTPOI HA JIOCTaTHIM BIACTaHI OJWH BIJ OJHOTO TakK, MO0 IX CHUTHAIM HE
NEPEIIKO/KAMU OAUH OAHOMY. L[pOro MoOKHa AOCATHYTH, SKIIO B PEKHUMI PEATbHOTO
yacy aHalli3yBaTH MPHUCTPOi, IO 3HAXOIATHCS MOPYY, Ta HA OCHOBI IHUX JaHUX
BUPIIIYBATH B SIKOMY MICI[1 pO3MIIIyBaTH TOJIOBHI MPUCTPOI.

Jlist TecTyBaHHS pPOOOTH MEpEXl MOXHA SIBHO BKa3yBaTU KIUIBKICTh TOJOBHHX
MPUCTPOIB, 110 Oy/ie CTBOPEHA MPU CUMYJIALIT Mepexi. TakuM YMHOM, 3HAIOYH 3arajibHy
oIy OOCIyrOBYBaHHS MEpPEXKi, MOXKHA BHpaxyBaTH CEPEIHIO BIACTaHb MIK
TOJIOBHUMHU TMPUCTPOSIMH, a Jajil 1 iX KUIbKICTh, Ta IMEPEBIpUTH POOOTY Mepexi 13
3aJlaHUMU JaHUMHU.

[Tpu anaini3i po3risaanucs ABa 3Ha4€HHS KUTbKOCTI TOJIOBHUX MPUCTPOIB:
1. 10000 ronoBHux mpuctpoiB. Ilpu 1BOMY, i1 OUIBIIOTO OXOIUJICHHS

KOPHUCTYBauiB, 10 TOJIOBHOTO MIPUCTPOIO MIPUETHAHO MO 4 IPYTOPAIHUX PUCTPOI.

2. 30000 TONIOBHMX MPHUCTPOIB, a KUIBKICTh APYTOPSIHUX MPUCTPOIB - MO 2 Ha

KOYXEH TOJIOBHUM MPHUCTPIM.

Axio kimpKicTh mpucTpoiB ckaagae 10000, To 1omiapHO 00’ €IHYBATH Y TPYIIU IO
5 TPUCTPOIB, A€ OAUH MPUCTPIN € TOJOBHUH, a iHII 4 - npyropsaHi. TakuMm 4uHOM,
OXOIUTIOETHCS O1IbINA KIJTBKICTh KOPUCTYBAYiB, 1 poO0Ta criocoly € OUTbI €PEeKTUBHOIO.
Ax mokazaHo Ha PHUCYHKY 4.2, pe3yJabTaTH poOOTH Mepeki BKa3ylOTh Ha Te, IO
KUIbKICTh HA/UTMIITKOBUX JTAHUX, SIKI HEe OyJM miepenani, ckopotunacs Ha 91%.

SO0 KUIBKICTh TOJOBHUX NpucTpoiB ckiagae 30000, To oOcsAr HAAIMIIKOBOTO,
Ta MepPeNaHoro Tpadiky € CXOXKuM, i3 CepeHIM MOKa3HUKOM, KOJHU KUIbKICTh TOJIOBHUX
npuctpoiB ckiagae 20000, sk nmokazano Ha pucyHky 4.3. IIpoTe, KUIbKICTh aKTUBHHUX
3’€¢HaHb 3MEHIIMIACS Ha 22 BIJICOTKH, 1 B cepeaHboMy, ckiana 23296, npu 29985 s
CTaHJAPTHOTO CMoco0y, SK TOKa3zaHO Ha pucyHKy 4.4. Ile o3Hagae, mo Mepexa
JIOATKOBO MOXE O00poOuTH, Yy cepenHboMy, Ie 6689 rojaoBHUX MPHUCTPOIB, HE
NOTIPUIYIOUM TOKa3HUKM Tepelayl JaHuxX i ICHYIOYMX MpPHUCTPOiB, TOOTO, HE

CTBOPIOIOYM MEPEBAHTAKEHHS MEPEXKI.
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Remained Traffic (B)

Transferred Traffic
(B)

0% 20% 40% 60% 80% 100%
M Standard sum M Proposed sum

Pucynok 4.2 - TlopiBHstHHS poOOTH iCHYIO4OTO CIoc0o0Y (CHHIN) Ta 3aIIpOIIOHOBAHOTO
(opamkeBHit), SIKIIO KUTBKICTh TOJIOBHUX MPUCTPOiB ckimamae 10000, a KiIbKICTh

3’€IHaHb 3 TOJIOBHUM MPUCTPOEM JOPIBHIOE 4

Remained Traffic (B)

Transferred Traffic (B)

0% 10%  20%  30%  40% 50% 60% 70%  80%  90%  100%

W Standard sum  ® Proposed sum

Pucynok 4.3 - T[TopiBHsIHHS poOOTH iICHYIOHYOTO CIOCO0Y (CHHIN) Ta 3apOIIOHOBAHOTO

(opaH>keBuit), AKILO KUIbKICTh TOJIOBHUX NPUCTPOiB ckiagae 30000

Active Connections

35000

29985,89069

30000
25000 23296,35669
20000
15000
10000

5000

Standard avg Proposed avg

Pucynox 4.4 - TlopiBHSIHHS KIJIbKOCTI aKTUBHHX 3’ €HAHb 3 0230BOI0 CTAHITIEIO IS
CTaHJApTHOTO (CHHII) Ta 3aPOTIOHOBAHOTO (OpaHXEeBH1) CIOCO0IB, SKIO KITBKICTh

TOJIOBHHMX MpUCTPOiB ckiianae 30000
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4.1.3. llIBuaxkicTh mepeaadi CTITbHUKOBHUX JaHUX

[IBuaKiCT, TEepenayl JaHUX BIJITPA€ KIOUOBY poJib JUIsi  (POPMYyBaHHS
KOPHCTYBAIbKOTO OCBiAy. B 3amexxHOCTI Bijl Oararbox mapaMeTpiB HaBKOJHUIIHBOTO
CepeIoBHIIA, a TAKOXK IMOTY>XKHOCT1 0a30BOi CTaHIIIi, IIBUIKICTh Mepeaadi JaHUX 10
CTITPHUKOBOMY KaHAJIy 3B’S3Ky MOXE KapJIWHAIBLHO 3MIHIOBATHCS. TecTyBaHHS
poOOTH Mepexi MPOBOAMIOCS Ha ABOX TpaHUYHUX 3HaueHHsAX craHgapty LTE:
MiHIMaJIbHE 3HaueHHd - 1 M0O/c, MakcuMaipHe 3HadeHHs - 100 M6/c.

Sxmo mBuakicTe nepenauyi ganux y Mepexi LTE ckmamae 1 M6/c, T0
e(EeKTUBHICTh 3aIPOIIOHOBAHOTO CIOCOO0Y 3HAYHO moripmryerbes. Ha pucynky 4.5
MPE/ICTABIICHI PE3yIbTaTH POOOTH MEPEXI MPHU MIBUAKOCTI CTUIBHUKOBOTO 3B’s3KY 1
Mob6/c. Tlpm Takux ymoBax, 3alpONOHOBAHMU CMOCIO Mae TipHIy MPOMYCKHY
3/1aTHICTh, Ta CTBOPIOE OLIBIIN 3aTPUMKH, y TOPIBHSHHI 31 CTAHAAPTHUM CIIOCOOOM
nepenaui ganux. lle oOyMoOBiI€HO TuUM, WHIO0 JAaHI 3 JPYTOPSAHHUX MPHUCTPOIB
HAaKONMMYYIOTHCS Ha TOJOBHUX NPHUCTPOSX, SKIi HE MarOTh 3MOTH IepeAaTH BCi
HAKOIWYEH1 JIaHl, y pe3yibTaTl 4yoro, JaHi HAKOMUYYIOThCS Ha FOJIOBHUX MPHUCTPOSIX.
OTxe, Tpu HUBBKIA IIBUAKOCTI CTUIBHHUKOBOTO 3 €AHAHHSI C(QEKTHBHICTH

3apONOHOBAHOTO CIIOCO0Y € TIPIIO0, HIXK Y 3BUUaHOMY CTIOCO01.

Transferred Traffic (B)

emained Trafiic (B) _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Standard sum M Proposed sum

Pucynox 4.5 - TlopiBHAHHS poOOTH ICHYIOYOTO cIIOcO0Y (CHHII) Ta 3aPOMIOHOBAHOTO
(opamxeBuit), SIKIIO MBUIKICT Mepeaadi CTITbHUKOBUX JaHUX

ckiramae 1 MoO/c

K10 MBUAKICTh CTIIBHUKOBOTO 3’€AHaHHS ckianae 100 M6/c, To pe3yabTaTH
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poOOTH Mepexi € CXOXKi 3 TUMH, SIKI OyJIM OTPUMaHI IIPU CEPEIHIX 3HAYCHHAX (PUCYHOK
4.6). Ile oOymoOBIEHO THM, IO MIBUAKICTH MEpeaadl CTUIbHUKOBUX AaHuX y 20 M6/c €
JIOCTATHBOIO JIJISI TTOBHOIIIHHOI OOpPOOKH TPyIU MPHUCTPOIB, IO CKIAAAETHCSA 3 OJHOTO
TOJIOBHOTO MPHUCTPOIO Ta JBOX APyropsaHux. [IpupicT y MIBUIKOCTI CTUIBHUKOBHUX
JAaHUX HE HAJa€ HISKUX TepeBar, ajpke 1 cepedHs IMIBUAKICTh MOBHICTIO 3a/I0BOJIbHSE

noTpedu KOpUCTYBayiB.

Remained Traffic (B)

Transferred Traffic (B)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Standard sum M Proposed sum

Pucynox 4.5 - TlopiBHAHHS poOOTH ICHYIOYOTO cr1OcO0Y (CHHI) Ta 3aPOMOHOBAHOTO
(opamkeBHit), SIKIIO MBUAKICTH TIEpPeaadl CTUTPHUKOBHUX JTaHUX

ckianae 100 Mo/c

4.1.4. lIsuakictsk nepenadi ganux mo WiFi

[IBuaKicTs OOMIHY MaHMUMH MiX JPYTOPSATHUMH TPUCTPOSIMH Ta TOJOBHUM
NPUCTPOEM Bilirpae KIHOYOBY poiib Y €(EeKTUBHOCTI 3alpPOIIOHOBAHOTO CcrIOco0y. SKIo
OoOMiH JaHUMHU BiAOYBa€ThCS 3aHAATO TOBUIBHO, TO JaHI OyayTh mepenaBaTHCS 3i
3HaYHUMHU 3aTpuMKamMu. [Ipote, TexHomnoris WiFi 3a0e3nedye 10CUTh BUCOKY IBHIKICTh
nepenadl JaHuUX I 3a0e3MeYeHHs BiJACYTHOCTI 3HAYHUX 3aTPUMOK TIpU Tepeaadi
JTAHHX.

SKIo MBHIKICTH Mepefavi JaHUX MiXK TOJJOBHUM Ta JIPYTOPSIHUAM IPHUCTPOEM
ckmamae 1 MO/c, To 3amporoHOBaHWW CIOCIO Haga€ MOXKIHUBICTH 3MCHIIUTH
HaUTIIKOBHHA Tpadik Ha 78%, y TOPIBHIHHI 31 3BUYaHUM CITOCOOOM Tepeaadi JaHUX

(pucyHOK 4.6).
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Transferred Traffic (B)

emained Traffie (B) _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W Standard sum  mProposed sum

Pucynok 4.6 - [TopiBHstHHS poOOTH iCHYIO4OTO cIoco0y (CHHII) Ta 3alPONOHOBAHOTO

(opamkeBHii), SKIIO MBUIKICTh Tepeaadi JaHuxX 1o Texunosorii WiFi

SIKIIIO MPHUITYCTHUTH, IO MIBUAKICTh niepenadi nanux mo WiFi ckinanae 20 M6/c, To
Taka MBUAKICTh Oy/Je HAJIUIIKOBA JJIS JBOX APYTOPSIHUX MPHUCTPOiIB y rpymi. Tomy,
11100 CKOpHCTATHCS TepeBaramMu BKHIKOT npeaadi qanux mo WiFi, MoxxHa 00’ € HyBaTH
1o 8 IPYTOpsSIAHUX MPUCTPOIB 10 TOJOBHOTO. BpaxoByroun BUCOKY MIBUIAKICTh Mepeaadl
nanux 1mo WIiFi, KOXHOMY JpyropsIHOMY HPUCTPOIO 3HAIO00MThCS MEHIIE 4Yacy Ha
OOMIH JaHUMHU, 110 TO3BOJHUTH OLIBIIIN KUIBKOCTI MPUCTPOIB MEpeaaBaTH CBOi AaHl y
MeXax KOpOTKOro mnepiony dacy. Jle A03Bojsie MHIATpUMYBATH A0 8§ MPHUCTPOIB
OJIHOYaCHO, 0€3 3HauHOro 30UIbIICHHS 3aTPUMKH Iepenadl JaHUX BiJ IPYropsaHHX
NpUCTPOiB. Sk MOKa3aHO Ha PUCYHKY 4.7, 3MEHIIECHHS HAJJIMIIKOBOIO TpagiKy CKIIajgae
O6mm3bpK0 87 BIACOTKIB, y TOM caMU¥ Yac, 3MEHIIECHHS KIJIbKOCTI aKTUBHMX MIIKIIOYEHb
1o 0a30Boi cTaHLIi ckiagae 79 BiACOTKIB. Y YHCIOBOMY BUPa)KE€HHI, 3alIPONOHOBAaHUI
crocib, y cepeaHbOMY, BHKOPUCTOBYE 7768 MiAKIIOYEHb, Y TOW Yac, CTaHAAPTHUMN
crioci6 - 29985. Lle o3Hauae, M0 TPU BUKOPUCTAHHI 3aIIPOIIOHOBAHOTO CTIOCO0Y, Mepeka
3MOXKE MIKIIOUATUA 1e 22217 TONOBHHUX MPHUCTPOIB, SIKi, Yy CBOIO YEPTy, 3MOXKYTh
nigkmouuTd me 177736 apyropsaHux mpucTpoiB. TakuM YWHOM, YWUM  LIBUIIIIE
3’ennands WiFi Mik TOJJOBHUMH Ta JPYTOPSAHUMH TPUCTPOSIMU, THM OLTBIINY KiJIbKICTh

KOPHUCTYBauiB MOXeE MIATPUMYBaTH MEPEKa.
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MW Standard sum M Proposed sum

Pucynok 4.7 - [opiBHsiHHS poOOTH iICHYIOUOTO cIoco0y (CHHII) Ta 3alPOIOHOBAHOTO
(opamkeBHit), SKIIO MBUIKICTH Hepeaadi qanux mo texuosorii Wi Fi ckinamae 20 M6/c,

a KUTbKICTh IPYTOPSAHUX MPUCTPOIB y IPyMi CKiIagae § mT

4.1.5. MimoBipHicTs BUHUKHEHHS TpadiKy

3 KOXKHUM POKOM iHGopMalii cTae yce Ouiblne, OibIIe mam’ saTi y MOOITEHUX
IPUCTPOSX, Ta OUIBIIE JOJATKIB, II0 TEHEPYIOTh AaHi. 30UIbIIeHH TPadiKy € OJHUM 3
OCHOBHUX (DaKTOpiB, 110 3MYIIIyE€ ONEPATOPIB MOOUTLHOTO 3B’S13KYy MOJIM(DIKYBAaTH CBOE
oOjasHaHHs, Ta BKJIAQJaTH BEJIHMKY KUIBKICTh PEeCypciB Ha YAOCKOHAJIEHHS MEpEKeBOi
1H(PaACTPYKTYpH TaK, 00 CIIPABISATUCS 31 3pOCTAIOUUM TPadiKoM.

st Toro, mo0 MPOJEMOHCTPYBAaTH POOOTY 3aMpONOHOBAHOTO CIOCO0y OyIio
o0paHo /1Ba 3HAYEHHS IMOBIPHOCTI TeHepallii JaHuX BUNIaAKOBOTO po3mipy: 0.05, ta 0.5.
VY KiTpKICHOMY 3HA4Y€HHI 11€ O3HaYae, y cepeaabomy, 3 Ta 30 moBiAOMIICHDb IIOXBUIMHH
BIiJITTOBITHO.

VY BHIanKy, KOJM Ui KOXKHOTO TPHCTPOIO TEHEPYEThCS, Y CEPEAHBOMY, MO 3
NOB1IOMJIEHb Ha XBUJIMHY, 3alIPOIIOHOBAHUH CIIOCIO Ma€ TipIIy IPOMYCKHY 3JaTHICTb, Ta
OUTBIIIl 3aTPUMKH, y TOpPIBHSAHHI 31 cTaHmapTHuM (pucyHok 4.8). [lana moBemiHka
o0yMOBJIEHa THM, IO MPHUCTPOi y CTAaHAAPTHOMY CIIOCOOI TOCTIHHO OOMIHIOIOTHCA

aKTUBHUMU CTaHaMU, TOMY HE CTBOPIOIOThCS 3HAYH1 3aTPUMKH y Mepeaayl JaHuX.
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Pucynok 4.8 - IlopiBHsHHS pOOOTH ICHYIOUOTO cTIOco0y (CHHIM) Ta 3alpOIOHOBAHOTO
(opanxeBuUit), SIKIIO JIJISi KOXKHOTO MPUCTPOIO, Y CEPEIHBOMY, TEHEPYETHCS 3

MOBIJIOMJICHb Y XBHJIUHY

3 iHIIOro OOKY, SKIIO JJI KOXKHOTO TPUCTPOIO TEHEPYETHCSI, Y cepeaHbomy, 1o 30
MOBIZIOMJIEHb Ha XBWIMHY, TO 3allpOIIOHOBAHMN CMOCI0O Mae 3HAu4HI TepeBard, y
MOPIBHSAHHI 31 CTAaHAAPTHUM CIIOCOOOM Mepenadi JaHux. Sk mokasaHo Ha pUCyHKY 4.9,
Opy BUKOPUCTAaHHI 3alpONOHOBAHOTO CHOCOO0y, KUIBKICTh HAAJHIIKOBOTO, HE
nepenaHoro tpadiky, MeHie Ha 99%, a o0csr 3araabHOrO mepeaanoro Tpadiky Oinblie
Ha 67%. Jlanuii mpupict oOyMOBIEHUH THUM, IO y CTaHAAPTHOMY CIOCO0i, uepes
30iJbIIIEHy YacTOTy TeHepallii MOBiIOMIIEHb, MPHUCTPOi, MO0 MEPUIMMH OTPUMAIIU
AKTUBHUHN KaHAaJ 3B’SI3KY, MO CYTi, yTPUMYIOTh HOTO BIIPOJOBX ycboro yacy. Jis toro,
00 TMepelTH y HEaKTUBHHUU CTaH, Ta 3BUIBHUTH KaHall 3’€JIHAaHHS, MOTPIOHO MI00
CIpAIlOBaB TailMep HEaKTUBHOCTI, a 1€ CTA€ThbCs TIIBKU Micis 11 cexyHI BiICyTHOCTI
nepenadi gaHux. [lpum 30UTbINEHIM YacTOTI TeHepalii JaHuX, Mepexiy y CTaH
HEaKTUBHOCTI € JTy’K€ MaJIOWMOBIPHHUM, Yepe3 110, MPHUCTPOi, sIKi HE OTpUMATH KaHall
3B’S13Ky HE MAIOTh 3MOTHY TIEpeJIaTH JaHi, 10 3HAYHO MOTIiPIIy€e KOPUCTYBAIILKUHN JTOCBI].
HartomicTtb, 3ampornoHoBaHuii Coci0 3HAYHO Kpallle CIPABISETHCS 3 Tepeaadeto JaHuX
npu 30UTBbIIEHIM YacTOTI TeHepallii JaHuX. 3aBASKA TOMY, IO JaHi 3 JAPYTOPSTHHUX
NPUCTPOIB HE HAKOMUYYIOTHCS, a MEPENaloThCs dYepe3 JPYropsaHi MPUCTPOi, HE
CTBOPIOETHCS 3HAYHA 3aTpUMKa Mepefaul AaHHUX. 3a paxyHOK TOro, IO JPYropsiaHi
NPUCTPOI HE MOTPEOYIOTh aKTUBHOTO 3’€HAHHS 3 0a30BOIO0 CTaHIIIEI0, MEpEXKa MOXKE

MiATPUMYBATH OLIBITY KUTBKICTh IPUCTPOIB.
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Remained Traffic (B)
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W Standard sum M Proposed sum
Pucynok 4.9 - [TopiBHstHHS poOOTH iCHYIOHOTO cIoco0y (CHHII) Ta 3alIPOIOHOBAHOTO
(opanxeBuit), SIKIIO JUIsl KOKHOTO IPUCTPOIO, Y CepeAHbOMY, TeHepyeTbes 30

MOBIIOMJIEHD Y XBUJIMHY

4.1.6. VIMOBipHiCTb IIepeiKII0YEHHS 10 TOIOBHOTO MPUCTPOIO

Omneparopu MOOUIBHOTO 3B’SI3KYy HamararoTbCs CTBOPUTH YMOBH, MpPU SKUX
MOO1UIbHICTh KOPUCTYBadiB HE CTBOPIOBATUME 3HAYHUX MPOOJIeM y poOOTI MOOIIBHUX
npucTpoiB. KoprctyBaui MOBUHHI MaT MOKJIUBICTb O€3MEPEIIKOHO MEPEMIIIyBaTHCH,
IpU IIbOMY, SIKICTb MOOUIBHOTO 3B’SI3KYy NMOBHMHHA 3aJIMIIATHUCA HA JOCTATHHOMY DIiBHI,
o0 3abe3nedyBaTu MOTPeOU KOpUCTyBaya. SIKIIO KOPUCTYBAU MEPEMIMIAETHCA 3 30HU
nii ogHiel 0a30BOi CTaHINI B 1HINY, TO KEpyBaHHS I3BIHKOM, ab0 mMepeadero JaHuX
NepexouTh 10 TOoi 0a30BOi cTaHIIi, B 30HY Jii SKOi MmepexoauTb KopucTyBau. [Ipu
IbOMY, KOPUCTYBa4 HaBITh HE IOMIYa€ 1IbOTO EPEXOY.

[Ipu mepecyBaHH1, BUKOPUCTOBYIOUM 3alpONOHOBAHUN CHOCIO, KOPUCTYBayeBl,
II0 pPyXaeTbCs, MOTPIOHO NIYKAaTH HOBI 3’€AHAHHA 3 TOJIOBHUM HPUCTPOEM, IO
3HAXOJUTHCS B 30H1 JOCTYMHOCTI. JlaHuil mpoliec € CX0KUM A0 IpOLEeCy NepeMILICHHS
KOPHUCTYyBaua y CTIIbHUKOBIM Mepexki. OCHOBHA BIAMIHHICTh TOJISTAE y TOMY, IO Y POJIi
0a30B0Oi CTaHIIli BUCTYIIa€ TOJOBHUI MPUCTPIH.

Ha pucynky 4.10, ta 4.11 npeacrasieHi pe3yiabTaTd poOOTH MEpPEekKl P PI3HUX
3HAYEHHSIX UMOBIPHOCTI MEPENIAKIIOUEHHS APYTOPSIHUX IPUCTPOIB 10 TOJIOBHOTO. J{is
MOPIBHSHHS OyJIM B3SITI HACTYIHI 3HAYEHHSI HMOBIPHOCTI MEPEHIAKIIOYEHHS TOJIOBHOTO
npuctporo: 0.4, 0.3, 0.2, 0.1, 0.05, 0.02. Takox, y HOpIBHSHHI TIPEACTaBICHI MOKA3HUKU

r[epez[aqi JaHUX CTaHAAPTHOI'O CHOC06y, JJIA TUX KC napaMeTpiB Mepe>1<i.
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Transferred Traffic (B)

2,05E+15
2,00E+15

1,95E+15
1,90E+15
1,85E+15
1,80E+15
1,75E+15
1,70E+15 I
1,65E+15

Standard 0.2

Pucynoxk 4.10 - IlopiBHsIHHS 00CSTY IIEpeJaHUX JaHUX NP PI3HUX 3HAYESHHSAX

HMOBIPHOCTI MEePEMiIKIIOYEHHS IPYTOPSAHUX TPUCTPOIB

Remained Traffic (B)

5,00E+17
4,50E+17
4,00E+17
3,50E+17
3,00E+17
2,50E+17
2,00E+17

1,50E+17
1,00E+17

5,00E+16 .

0,00E+00 . — —

Standard 0.2 0.1 0.05 0.02

Pucynok 4.11 - IlopiBHsIHHS 00CSATY HAAMUIIKOBHUX JaHUX MPHU PI3HUX 3HAYCHHAX

WMOBIPHOCTI NMEPENIIKIIOYEHHS APYTOPSAHUX IPUCTPOIB

SIk1110 KOpHUCTyBayl NEPEMIIIATUMYTHCS Iy>KE€ aKTUBHO, TO 3B’SI30K MK TOJIOBHUM
NPUCTPOEM, Ta JPYTOPSAHMMU HE 3MOXE BCTAHOBHUTHCS, ab0 yac 3’€qHaHHS Oyle
HEJOCTaTHIM sl e(DeKTHBHOI TIepenadi JaHWX 3 TOJOBHOTO MPUCTPOIO IO
npyropsiqHoro. Tomy, 31 30LIBIICHHAM MOOUTBHOCTI KOPHUCTYBadiB, €(PEKTHUBHICTH
3aMpONOHOBAHOTO CIOCO0Y 3HMXKYEThCA. Sk mokazaHo Ha pucyHky 4.10 ta 4.11, npu

“MoBIpHOCTI mepeniakitoueHHs 0.3 ePeKTUBHICTh 3aMPOMOHOBAHOTO CIOCO0Y MEHINa
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HDK Y 3BHYAMHOTO crocoOy mepenadi JaHuX. 3 1HIIOI CTOPOHH, SKIIO WMOBIPHICTH
nepeniaKIroYeHHs ckiagae 0.2, Ta HIKYE, TO 3aIPOIIOHOBAHUI CITOCIO MOKa3ye Kparlll
MOKa3HUKH, HIXK CTaHIapTHUI.

BucHoBKH. 3amnpornoHOBaHM CHOCIO CIPOMOXHHUM 3MEHIIUTH KIJIBKICTh
aKTUBHUX IIJKIIOUYEeHb O 0a30BOi CTaHIii, Ta, y TOH K€ 4ac, 3MEHIIUTH 00CsT
HAJUTUIIKOBUX JTaHUX, M0 HAKOMUYYIOTHCS Ha MPUCTPOSIX KIHIIEBUX KOPUCTYBadiB
yepe3 HecTady pecypciB Mepexi. Halikpama edekTHUBHICT 3ampOrnOHOBAHOIO
Croco0y JOCATAEThCS Yy BHIIAJIKy TEHepallli 4acTUX, HEBEJIMKHX 3a 00csroM (10
1 M0) nanux, Ta cTabiIbHOMY JOBrocTpokoBoMy 3’enHaHH]1 10 WiFI Mixk rooBHUMHU
Ta APYTOPSAHUMHU TPUCTPOSIMU. 3 1HIIOI CTOPOHU, BUKOPUCTAHHS 3alPOIIOHOBAHOTO
crioco0y He € JOIIIBHUM, SKIIO KOPHCTYyBadi Ay»e aKTUBHO MEPEMIIIyIOThCA, TakK,
oo nepioj nepedyBaHHS KOPUCTyBaya y 30HI Ali OJHOTO TOJOBHOTO IPHUCTPOIO
MEHIIIUM, HIK Yac, SKUH MOTPIOHUHN JIJ11 BCTAHOBJICHHS 3’ €JHAHHS Ta OOMIHY JaHUMH

MIK IPUCTPOSIMHU.
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BUCHOBKHA

MOo061apHI MepeXi €BOJIIOIIIOHYBAIM MPOTATOM cepli MOKOIIHb, KOXKHA 3 SKHX
IpOTMOHYBaja 3HAYHI TEXHOJOTIYHI BJIOCKOHAJIEHHS, MOPIBHSIHO 3 MOMEpeIHIMU
MOKOJIIHHSMHU, ajie (pi3uyHe BIPOBAHKEHHS IIUX MEPEX - 11e 1 Iopora, 1 TpyJaoMiCcTKa
pob6ota. Kpim TOro, micis po3ropTaHHS HOBOi MeEpexi, TOMepeaHi CTaHAapTh
HEOOX1IHO MIATPUMYBATH 3HAYHUN MPOMDKOK 4acy, 00 KOMIEHCYBAaTH BUTPATH Ta
yTPUMATH ICHYIOUYHX KITIEHTIB Y MEPEXKI.

CyyacHa TEHICHINS CIpPSIMOBaHA HA CXEMHU PO3BAaHTAXEHHS, JI€ CTUILHUKOBA
Mepeka 3/1MCHIOE KEpPYBaHHSI MiJIKIIIOYEHUX KOPUCTYBAYiB IS BUSIBJICHHS CYCIIIB,
Ta YOpPaBIIHHS 1X MIKIIOYeHHSIM. Cxema MaplipyTH3ailii BUKOPUCTOBYE MEpeBaru
OJIM3bKO PO3TAIIOBAHUX CYCIJIB, $AKI BHUKOPUCTOBYIOTHCA SK ILIO3U A
nepeaapecanii 1aHux. 3HaAYHE BUKOPHUCTAHHS KOHTEKCTHOI 1H(opMallii, oTpuMaHoi
B/l KIHIIEBUX KOPHUCTYBayiB, BUKOPUCTOBYETHCS JJIs MOKPALIEHHS MapIIpyTH3aLlli.

3anpoIroHOBaHO CIOCIO nepeaayl JaHuX, KU 00’ €IHye MOOUIbHI MPUCTPOL y
rpynu. TUIbKU OJUH MPUCTPIN 3 TPYNHU Ma€ MiIKIIOUYEHHS 3 0a30BOI0 CTaHIIIE. Yl
1HOII  OpuCTpoi OynyTh IepedaBaTd JaHl Ha TOJIOBHMM MPUCTPIA TpyIH,
BukopucToBytoun TexHojorii WIiFi gu Bluetooth. T'onmoBuuii mpuctpiii, y cBoro
yepry, OyJie nepeaBaTH 11l JaHl Ha 0a30BYy CTAHITIIO.

JIst TecTyBaHHS 3alIPOIIOHOBAHOTO CIIOCO0Y CTBOPEHI MpOrpaMHi 3aco0u, 110
CUMYJIOE POOOTY MeEpexi, a came, IOBEIIHKY 0a30BOi CTaHIi Ta KIHIIEBUX
KopucTyBauiB. ba3zoBa craniiis oOpo0Jise 3auTH BiJl MOOUIBHUX MPUCTPOIB, Ta KEPYE
ixuimu mnepexomamu RRC craniB. KiHieBl npuctpoi KOpPHUCTYBadiB CIyXarOTh
KepyBaHHS CTaHaMHU, SIKUMH Kepye 0a30Ba CTaHIlis, Ta TEHEPYIOTh BHUIIAJKOBI JIaHi
uist mepenadvi, y posmipi Bix 1 KinoOaiity no 100 Mera6aiit. Pe3ynbratu poOoTu
MEpeXi 3amuCyIOThCs y (paily, me moka3aHi OCHOBHI MapaMeTpu MeEpexi y KOXKEH
MOMEHT TecTyBaHH4A. Jlami, mi pgaHl 30uparoThes 11 (OpMyBaHHS 3arajbHOI
CTATUCTUKHU. 3arajibHa CTaTUCTHUKa TpeacTaBisie coboro CSV daiin, ne BkazaHi
OCHOBHI TIOKa3HHKH POOOTH MEpexKi, Ta iX MOPIBHSIHHSA, 32 BECh YacC, Ta 3 YCiX crpoo,

K1 OyJIM 371MCHEHI Mij] 4ac TECTYBaHHS.
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3anpornoHOBaHUN CHOCIO CIPOMOXHUN 3MEHIIUTH KUIBKICTh aKTUBHHX
i KTI0YeHb 10 0a30BO1 CTaHIIi, Ta, Y TOW ke Yac, 3MEHIIUTUA OOCAT HAITUIIIKOBHX
JaHUX, [0 HAKOTHUYYIOTHCS Ha TMPUCTPOSIX KIHIIEBHX KOPHUCTYBAYiB Yepe3 HeECTady
pecypciB Mepexi. Halikparia epekTUBHICTh 3aIIPOIIOHOBAHOTO CITOCO0Y JOCATAETHCS
y BUNAQJAKYy TeHepalii 4YacTHX, HEBEIMKuX 3a oOcsroM (mo 1 MO) manux, Ta
CTabUTbHOMY  JOBrOCTpOKOBOoMYy 3’emHanHi mo WiFl Mk rTojoBHUMH Ta
JIPYTOPSITHUMHU TTPUCTPOSIMH.

3 1HIIOi CTOPOHHU, BUKOPUCTAHHS 3alpPONIOHOBAHOTO CIIOCOOY HE € MOILIBHUM,
SKIIO KOPUCTYBadl Jy>K€ aKTHUBHO MEPEMIIIYIOThCS, TaK, IO Mepioj mnepeOyBaHHS
KOPUCTYBada y 30H1 Jii OJHOTO TOJOBHOTO MPHUCTPOI0 MEHIIMM, HIK 4Yac, SKUN

NOTPIOHUI JIsl BCTAHOBJICHHS 3’ €IHAHHS Ta OOMIHY TaHUMH M1 IPUCTPOSIMH.
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