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CHCTEMA BE3[IPOTOBOIO 3B'A3KY 36

Bcemyn. Bucokoweuokicna mobinena cucmema 36'a3ky 5G akmueno possusacmscs y baza-
mbox Kpainax ceimy. Baoicnueo pozymimu maykoei ma mexuiuHi nepedymosu 6e30pomosoi
mexnoaoeii 5G, wob eghekmusHo suxopucmosyeamu ix y HO8UX iHmMeNeKmyaibHux iHgopma-
YIUIHUX MEXHO02IAX.

Mema cmammi — npoananizyeamu apximeKmypHi ocoonugocmi, memoou KOMYHIKayii
ma 3a80aHHs, NOKIAOEHI 8 OCHOB)Y NPOEKMYBaHHs mexHo102ii 5G.

Pesynomamu. Ilokazano, AKi KOHKpemHi MeXHIYHi Ma MexXHON02iYH NpoOIeMU NOBUHHI
6ymu eupiuieri 0151 O0CACHEHHA WUPOKUX MONCIUBOCMEN MOOLIbHO20 36'13Ky 5G. Boonouac,
mexnoaocito 5G Hezabapom 6yde CMAHOAPMU308AHO MA BNPOBAONCEHO ) BCbOMY CGInii,
sxmouarouu Yxpainy. Mooicnugicmes niokmouenHs 6e3niui 306HIWHIX NPUCmpois 6 ymMosax
enekmpomMazHimuux nepewkoo 3 euxopucmanuam LTE-3'eonanv y pasi posnodinenms no
BENUKILL NAOWI MA 3a CYBOPUX BUMO2 00 3AMPUMOK BUKOHAHHS TEXHOL0IUHUX NPoYecié oae
3M02y CmEepON*CY8amu, o mexHon02is 6e30pomoeozo 36'a3ky 5G € HeoOXiOHow | He3aMiH-
HOI0O 6 QOCIIONCEHHSAX T BUPOOHUYMEI.

Bucnosku. be3opomosi mexnonoeii 5G ma xmapHi 064ucients € HeoOXiOHUMU YMOB8a-
MU 0N CMBOPEHHsI WBUOKICHO20 MOOIIbHO20 36'3KY, Kibep@izuunux cucmem ma HAOAHHS
WUPOKO20 CNEKMPY NOCY2 CROACUBAUAM.

Knwouogi cnosa: mexnonoeia 5G, mobinvuutl 38 ’a30k, apximexmypa 36'a3xky 5G, Inmepnem,
Kibepizuuni cucmemu.
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BCTYR

TexHomorii MOOLTEHOTO OE3POTOBOTO 3B'SI3KY CTAlM HEBiI'€MHOIO YaCTHHOIO
HAILIOTO JKUTTA, 3yMOBIIIOIOUN 3HAYHUN COI1aJIbHO-€KOHOMIYHUM BIUIMB Ha PO3-
BUTOK KpaiH CBIiTOBOI CHUNBHOTH. Pi3ke 3pocTaHHS KUTBKOCTI MOOUIBHUX TpH-
CTpoiB 1 00cATY TpadiKy MPHUBIB IO MOSIBH TEXHOJIOTIT 0€3ApOTOBOTO 3B's13KY 4G,
HaJal04M 3acié i1 MHUPOKOCMYTOBHUX MOOUTEHUX TTOCIYT y OyIb-SKHi 9ac Ta B
Oyap-sikomy Micui. OHaK, TOTpeOU PUHKY HACTIIBKH BEJIMKI, IO BXKE € PO3PO-
0JIeHOO 1 po3ropTaeThcs Mepexa MoOUTEHOTO 3B's3Ky SG. [lepcniekTuBu ii BU-
KOPHCTaHHS TIOB'SI3YIOTh 31 CTBOPEHHSM HOBUX IHTENEKTyallbHUX iH(OpMaIliii-
HUX TEXHOJOTiH Ta cucreM. be3nmpoToBuii 3B's130k 5G BKe YaCTKOBO BIIPOBa-
mxeno y Himewunnu, BenmukoOpuranii, CIIIA, Anownii, Kurai, [liBnenHoini Ko-
pei. 3 ormsny Ha 1e, BKpal Ba>KJIMBO PO3YMITH, Ha SIKUX HAyKOBHX i TEXHIYHHX
3acamax mo0ymoBaHO TexHOJOTiI0 5G. Jlyke KOpOTKO 3ymUHUMOCS Ha iCTOpHY-
HUX 1 MPaKTHYHUX aCTIEKTaX CTBOPEHHS HOBOI TexHoJOoril 5G i po3pobieHHi, sike
NoTpiOHO BUKOHATH AJs 11 po3BUTKY. [IOpiBHSHHS BCiX MOKOJiHb TE€XHOJOTIH
oe3mporoBoro 38's13ky (1G-5G) BimoOpaxeno B Tadm. 1.

AHaIi3yr0un XpOHOJIOTII0 €BOIOLIi TTOKOJIIHE O€3POTOBOTO 3B'SI3KY, MOXK-
Ha 3p0OUTH BUCHOBOK, L0 TEXHONOTiI0 5G Oye cTaHOapTH30BaHO i PO3TOPHYTO
B cBiTi Ha movatky 2020-X pokiB. 3amponoHOBaHa CTATTS NMPUCBIYEHA NEIKUM
BOKJIMBUM IMUTAHHAM TEXHOJIOTiI 0€3ApOTOBOTrO 3B'SI3KYy 5G, sIka BUKOPHCTOBY-
€TBCS M1 Yac po3poOIeHHs KiOep(i3UYHUX CUCTEM, IO aKTUBHO PO3BUBAIOTHCA.

MOCTAHOBKA NPOBNEMM

3apa3 s MOOUTEHOTO 3B'S3Ky, OOCIYTrOBYBaHHS COITiaJbHHUX MEpeX 1 BeO-
CaliTiB BUKOPUCTOBYIOTh TEXHOJIOTiIO O€3JPOTOBOrO 3B'S3KY YETBEPTOrO IMOKO-
ninHsa (4G), npusHaueHy s 3a0e3MeYeHHs BHCOKMX MIBHAKOCTEH mepeaadi
JAHUX 1 BENUKOI MPOMYCKHOI 3[aTHOCTI Mepexi. JIo po3risay MOMKIHBOCTEH
TeXHOJIOTii 5G 3yMMHUMOCS Ha iICTOPUIHOMY PO3BUTKY, IIEpeBarax Ta HeJIoIiKax
cy4acHOi TeXHOJOTrii MOOLIEHOTO 3B's3KY 4G.

Tabnuys 1. TlopiBHAHHS XapaKTePHCTUK MOKOJIiHb TEXHOJIOTIi 0€3/[poTOBOrO 3B'A3KY

TexHoorist 1G 2G 3G 4G 5G
Posropranns | 1970 -1980 1990-2001 2001-2010 2011-2020 2021
Tponycxua 2 K6it/c 1,6 M6it/c 2 M6it/c 1 T6ir/c BHIme
371aTHICTH 1 I'6it/c
Cmyra BHIIIE
qacror - 1,25 MI' 5 MI'g 20 MI'u 20 MT'
Amnanorosuit Ludposuit | CDMA 2000 Wi-Max
CTITBHHUKO- CTITBHHUKO- (1xRTT, WWWWwW
. . " LTE
TexHomnoris BUI1, TEXHO- BUH, EVDO) p— (cxopo)
. . Wi-Fi
JIOT1s. TEXHOJIOT'1S UMTS,
FM-panio GSM EDGE
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B cucremi 4G npuiinsTo Taki 3BezeHi Bumoru IMT-Advanced [1]:

— MiKOBa IMBHAKICTh Mepeadl JaHuX Ui BUCOKOI MOOLTHHOCTI (110 360 kM / T)
100 MGit / ¢, ms cramioHapHIX a00 MOOUTHEHIX KopucTyBadiB — 1 ['6iT/ ¢;

- 3aTpUMKa B IPU3HAYEHiH U1 KOpUCTyBaua IIomuHI MeHIue 3a 10 mc;

- cmyra nporyckanss Big 40 MI'n go 100 MIn.

Jnst 3abe3reueHHsT Tepexoay Ha HOBWH piBEHb MPOIYKTUBHOCTI CHCTEMY
crinpankoBoro 3B's13ky LTE (Long Term Evolution) 6ymo BrockoHaieHo Bix
piBast 3GPP (3G) no B4G (Bume 4G) 3 Bepcisimu ctanaapty LTE Release Big
R-8 1o R-13, ocranHiii 3 sikux Oy:no npuiinsaTo y 2013 pori.

Cucremun 4G Oymd croyarky 3allpoONIOHOBaHI JBOMAa TEXHOJIOTiSIMU-
KOHKYPEHTaMH, a caMe: TEXHOJIOTIEI0 TTI00aIbHOI CyMiCHOCTI U MiKPOXBHIIBOBOTO
noctyy (WiMAX) Ta TexHonoriero oBrocrpokosoro po3Butky (LTE) [2], ocHo-
Banoi Ha 3GPP, skuii cTaB HAMMOMIMPEHIITUM CTAHAAPTOM U1l MOOUIBHUX TTOCITYT
4G na croromHi. Lle mae MOKITHBICTS KOPHUCTYBadYaM OE3MEPENTKOTHO ITePeMUKATH-
sl MDK IpoBaiiaepamMu 6e31pOTOBOrO 3B'SI3KY, BUKOPHUCTOBYIOUHM TEMEp IiHCHO III0-
Oanpauii crangapt LTE-A (IMT-Advanced 4G), npuiinstuii y 2010 poi [3].

3apa3 HAWMOMIMPEHIIIUM 3aC000M 3B'SI3KY IS IHTENEKTYAIbHUX MOOUTBHUX
npuctpoiB € cranaapT IEEE 802.11, OutbIn BioMuil 32 MAPKETHHTOBUM TEPMIHOM
sk WiFi. Habip cranmaptis, 110 JI€KHUTh B OCHOBI TE€XHOJOTI] Ta BU3HAYCHUA IS
6e3apoToBoi JokanpHOT Mepeki (WLAN), nae 3MOry po3AiiuTy IPOTOKOJI IOCTYITY
JI0 cepenoBuina i 1o crenudikaii ¢izuuHoro piBs [4]. 3aiexHO Bif GakTHUHOT
peaizanii, hi3udHMIA piBeHb IPYHTYEThCS Ha 0a30BMX MIBHAKOCTAX B 1-2 MOit / c,
cmyrax 2,4 I'To ta ingpavepsonomy LOS (nmommpeHHs paaioniHid NpsiMoi BHIH-
MoCTI). 3aBASKU PO3MOJUTY Ha JBa PIBHS, BU3HAUCHHS 0a30BUX KaHAJIIB MOXKE BHU-
KOHYBAaTHCS OKPEMO BiJl pealTbHIX MEXaHi3MiB, ITI0 YMOKIJIMBIIIOE BUTHHE 3aCTOCO-
BYBaHHSI Pi3HUX MPOMHUCIIOBUX, HAYKOBUX 1 MequuHHX aAianazoHiB (ISM) y BcekoMy
cBiTi. 3rozom 3'sBuiHCs mpocyHyTimi Bepeii Big 802.11a mo 802.11n i 802.11ac, sxi
30UIBIIYIOTh MPOIMYCKHY 3/aTHICTh 33 PaXyHOK 00'€THAaHHsS KaHAIIB Ta POOOYMX
3MiH y cMyTax gacToT moraz 300 i 400 Moit / ¢ [5].

TepMminanu kopuctyBada y Mepexi 4G MOBHHHI MaTH MOKJIHBICTh BUOHpa-
TH LiJIbOBI 0e31poTOBi cucTeMu. ba3oBi cTaHLil MepioAMYHO TPAHCIIOKOTH CHT-
HaJIbHI TOBiIOMIIEHHS y HasiBHI cucteMd GSM Ui mepeariatd Ha MOCIYTH
MOOUTEHOTO 3B's13Ky. OMHAK IIeH MpoIiec € CKIATHUM Y TeTepOreHHUX CHCTEMax
4G dyepe3 BIIMIHHOCTI B 0€3IPOTOBHX TEXHOJIOTiSIX Ta MPOTOKOJIAX JOCTYILY.
s HamanHs 0€3IpOTOBUX MOCIYT y OyIb-KUi Yac 1 B Oyap-aKoMy Mmicui MoOi-
JBHICTh TEPMiHATY € OOOB'SI3KOBOI0 YMOBOIO B iH(pacTpykTypi 4G. MoOiib-
HICTh Ja€ 3MOTy KIIi€HTaM TIepeMImIaTHCs 10 TeorpadidHuX perioHax gepes Ko-
paoHU 0€31pOTOBUX Mepex. ICHye ABi OCHOBHI mpoOieMH MOOLTBHOCTI TepMi-
Hally: KepyBaHHsS MICIIeM PO3TalllyBaHHS Ta KEpyBaHHs mepeaadero. 3a Kepy-
BaHHS MICIIEM pPO3TAlllyBaHHS CHCTEMa BIJACTE)KY€E Ta 3HAXOMWUTH MOOUTHHHUI
TepMiHa Ui MOXKJIMBOTO MigKmoyeHHs. KepyBaHHs po3TanlyBaHHIM BKJIIOUYAE
B cebe oOpoOneHHs Bciel iHQopMaLii mpo poyMiHT TepMiHaly, TaKoi SIK OpHTi-
HaJIbHI 1 IOTOYHI OcepelKH, iHpopMallis PO aBTEHTH)IKALi0 TOMIO. 3 iHIIOTO
00Ky, KepyBaHHS Iepefadero oOCIyroByBaHHS IIATPUMYE TOCTIHHHHA 3B'S30K,
KOJIM TepMiHan nepeMimiaerbes. Mobinsau [Pv6 (MIPV6) — me cranmaptuszo-
BaHuii [P-nmpotokosn MoOimeHOCTI st Oe3apoToBuX cucteM IPv6. V wili cxemi
KOXKHUI TepMiHan mae nomamiHio aapecy [Pv6. Koxknuit pas, konmu Tepminai
BHXOJIHUTDH 32 MEXI JIOKAJILHOT MEPEeXkKi, JOMAITHS aJpeca CTa€ HEiHCHOO 1 Tep-
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MiHaJl OTPUMY€ y MOTOUHiil Mepexi HOBYy ciyx0OoBy [Pv6-ampecy. Kpim cxemn 3
IIMPOKUM JIOCTYIIOM, BIOCKOHAJICHI METOIHU Tiepeaadi KaHaiay 3 O0araTbmMa BXO-
namu ta Buxomamu (MIMO) i 3HaYHY KOOpAMHAINIO MK JEKUTHEKOMa CTUTHHU-
KOBHMH BY3JIaMH, II0 Ma€ Ha3By CKOOPAWHOBAHOI 0araTto TOYKOBOI mepena-
yi/mpuitomy (CoMP), Oyi10 npuidHsATO B sIKOCTI KitowoBux Metoni aist LTE [6].
MeTa CTATTi — TpoaHaANi3yBaTH apXiTEKTYPHI O0COOJHUBOCTI, METOIU KO-
MYHIKaIlil Ta 3aBJJaHHsl, TOKJIaJeHI B OCHOBY IPOEKTYBaHHs TexHoJorii 5G.

HOBI MOBIMbHI BESAPOTOBI MEPEI — OCHOBA TEXHONOIIT 56

Mepexi n'sToro mokoniHag 5SG MOKYTh OyTH IMOBHOIIIHHUM O€37JpOTOBHUM 3B'sI3-
koM 6e3 oomexkenb — World Wide Wireless Web (WWWW). Ha nieit MmomeHT,
5G mepectaB OyTH TEPMIHOM, KU OQIIITHO BUKOPUCTOBYETHCS JUII KOHKPET-
HOi crierudikanii B odinifHOMY NTOKYMEHTI, ONPHIIIOJHIOETBCS TEIEKOMYHIKa-
MIHHAMA KOMIIaHIIMH a00 opraHamu craHmapTu3ailii. KoxkHa HoBa Bepcis Imif-
BUILY€ MPOLYKTUBHICTH CUCTEMH 1 1OJA€ HOBI MOMJIMBOCTI 3 HOBUMH TaIly3sMH
3actocyBanHs. IEEE 802.16 — ue cepist craHzaptiB 6€31p0TOBOr0 MIMPOKOCMY-
TOBOTO 3B'SI3KY, 3aTBEPKEHHX [HCTHTYTOM iHXKEHEpIB 3 EJIEKTPOTEXHIKH Ta
enextpoHiku (IEEE), sxa orpumana HazBy « WiMAX» (BcecBiTHS CyMiCHICTB
JUTST. MiKPOXBHJIBOBOTO JOCTYITy) Tamy3eBoro ambssHcy WiIMAX Forum. IEEE
802.16 cranmaptusye paxioinrepdeiic i mos's3ani 3 HUM (yHKLUIi 0€3APOTOBOTO
JoKaipHOTO 3B's13KY S5G [7].

st moCSITHEHHS TTPOSKTHUX MOKIIMBOCTEH MOOUTEHOT Mepexi OyIio mocra-
BJICHO KOHKPETHI 3aBIaHHS, SIKi BU3HauatoThesa Ak 10 ximodoBux QyHIameHTa-
IpHUX OJ10KiB Mg 5G [1]:

1. EBoamwniss 0aratopiBHeBOi TeXHOJIOTii 0araroagpecHoro MAOCTymy
(RAT). 5G, mBuame 3a Bce, Oyme HabopoMm RAT, mo Bkirodae B cebe eBOITIO-
LiI0 HasBHUX TEXHOJIOTiH, NONMOBHEHY HOBHMH DEBOJIOLIMHUMH pO3pOOKaMHu.
LTE noBuHEeH po3BUBATHCS, 100 BUKOPHCTOBYBAaTH PO3LIMpeHE (HOPMYBaHHS
MPOMEHIO ISl OJAIIBIIIOTO MOJIIIIEHHS MOKIMBOCTEH TOAOJIaHHS IEPEUIKO] Y
CIEHApiAX pO3rOPTaHHS 3 MaJOK INUIBHICTIO JJIS MalluX OCEPEe.KiB.
WiFi [8] Takok IOBUHEH PO3BHMBATHCA, 100 Kpallle BUKOPHCTOBYBAaTH JOCTYII-
HUI HeNEeH3IHHUN cHeKTp A 3a0e3nedeHHs IMUPOKOCMYTOBUX 0e3pOTOBUX
KaHAJB 31 MIBUIKOCTSAMH Tepenadi TaHuX 0 OeKUTbKOX [0iT / ¢, miaTpuMyodn
OHOYACHY Iepelady A0 YOTHPHOX IMOTOKIB 3 BUKOPUCTAHHSIM TEXHOJOTIi IS
Oaratbox kopuctyBadiB MIMO [9]. Tak, Benuki TeleKOMyHiKamiiHi KOMIaHii,
Taki sk Qualcomm, OCTaHHIM YacoM MpalioTh Haa po3podnennsm LTE B He-
JIIIEH30BaHOMY CIIEKTpi Ta Hax iHTerparmieto npuitmauiB 3G / 4G / WiFi y enn-
HUH MOAyib OaratopexxuMHO1 06a30Boi crantii (BS) [10].

2. Posroprannst aye MaJMX OcepeAKiB — Ilie OJHE CIyIIHE PillleHHs], 10
Jla€ 3MOTY BITOPATHCS 3 OOMEXKEHHSIM €MHOCTI, OJJHOYACHO JIO/IAIOUM B CHCTEMY
3Ha4yHy eHeproedekThBHICTE. Lle iHHOBariitHe pimeHHs, Mo 3BeThcs HetNets (re-
TEPOTeHHI Mepexi MOOLTFHOTO iHTEPHETY), MOXKE JOMOMOITH 3HAYHO IMi[BHIIUTH
CIEKTpaJbHy €(eKTUBHICTh 30HH. BOHO BKmOYae ABa pi3Hi CrIocOOM peaizaii:
«HAKJIaJICHHS CTUTPHUKOBOT CHCTEMH Ha MaJICHbKI KOMIPKH 3 OIHAKOBOKO TEXHOJIO-
Ti€fo, TOOTO Ha MIKpPO-, IMKO- a00 (eMTOCOTH; HAKJIQJACHHS 3 HEBEIUNKUMH COTAMH
PI3HHUX TEXHOIIOTIH Ha BiJIMiHY BiJl CTUIFHUKOBOTO (HAIPUKIIA/I, BUCOKOIIBUIKICHUAH
naketHuid gocryn (HSPA, LTE, WiFi i T.0.)» (muB. [1], ¢. 7). OnHak 3MeHIICHHS
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PO3Mipy KOMIpKH 301IbIIYE MIXKCOTOBI IIEPEIIKOAN Ta HEOOXiHY KepyBalbHYy CHT-
Hayizamito. [1[o0 momonary el HeMOiK, HEOOXIAHO YIOCKOHAIUTH METOAU Kepy-
BaHHSI MDKCOTOBHMH TIEPEIIKOJAMH Ha CHCTEMHOMY PIiBHI pa3oM 3 JTOJATKOBUMH
MeToAaMu nojponanus nepemkon [11-13].

3. Camoopranizanisa Mepe:ku. MoXJIHBICTE MEpEkKi caMOOPraHi30BYBaTH-
cs1 (SON) € me oTHUM KITFOYOBUM KOMITOHEHTOM 5G. YV Mipy TOTO, SIK ITOITYJISIIisA
MaJIeHBKHUX KJIITHH 30iibmryerbes, SON orpumye Oinbmioro immynbscy [14, 15].
«Maibxe 80% Oe3aporoBoro Tpadiky reepyerbesi B npumimenHi. lo6 nHectu
el Benmnye3Hui Tpadik, MOTPiOHI 3aHAATO MIUIBHI PO3TOPTAHHS HEBEITHUKUX
ocepenkiB B OyIWHKAX, SKi BCTAHOBIIOIOTHCS 1 OOCIYTOBYIOTHCSI B OCHOBHOMY
KOPHCTyBauaMHU, 1103a KOHTposieM oreparopiB. Lli ManeHpki BHyTpimHI ocepe-
KA TIOBHHHI OyTH CaMOHAaJaroKyBaJbHUMH Ta BCTAHOBIIOBATUCS y PEKHUMI
«IIKITI0YH 1 pairoit». KpiM toro, BoHr nmoBuHHI Matu MoxuBicTh SON iHTe-
JIEKTyaIbHO HAJIAIITOBYBATHCS IO CYCITHIX MaJuX CTUIBHHKIB, MO0 MiHIMI3yBa-
TH MDKCOTOBI nepemkonu. Hampuknan, HEBETUKHA OCepeiok MOXKe 3poOUTH 11ie
HUISIXOM aBTOHOMHOI CHHXPOHI3aLii 3 MEPEKEI0 Ta pO3yMHUM HaJIAIITYBaHHIM
panionokputts» (auB. [1], c. 8).

4. 3B'A130K MiK MPUCTPOAMH Pi3HUX TUMIB. 3B'130Kk MTC (momimmenuii ce-
aHc 3BI3KY 3 i €IHAHHSAM OTHOTO a00 ABOX KIiHIIEBHX KOPHCTYBAUiB) € 1€ OHUM
(byHIaMeHTaIbHUM actieKToM 5G, SIKUil CTaBUTH IBI OCHOBHI MPOOJIEMH B MEPEXKI.
[Mo-nepie, KiMBKICTH MPUCTPOIB, sIKI HEOOXIMHO IiTKIIOYUTH, HAJA3BHYANHO
BeNnuKa. [HIma npobaemMa — 1e 3poCTaHHs MONUTY Y PealbHOMY 4Yaci Ta TUCTaH-
uiiiHe KepyBaHHS MOOUTEHHMU MPUCTPOSIMU (HANPHKIIAA, TPAHCTIOPTHUMH 3aC0-
O0amu) 3a momoMord Mepeski. i mporo MOTpiOHO MaTu HAA3BUYANHO HU3BKY
3aTPUMKY, sIKa HE TIEPEBHUIIY€E MUTICEKYHIH, Ta TaK 3BaHUN «TaKTHJILHHH [HTEp-
HeT» [16—18], axuii Bumarae 20-pa3oBoro moxkpamieHas 3aTpuMkH Bix 4G mo 5G.

5. Po3pob.enns: mistimerpoBux xBuib RAT. «Tpagunilinuii ciekTp Ha 4ac-
toti MeHite 3a 3 ['T'11 cTae Bce nepeBaHTaXKEHIIIMM, 1€ MPU3BOIUTH 10 HAOIMKSHHS
po3pobirernx RAT mo mMexi pomyckHoi 3matHocTi [lerrona. IlpoBoasTs MacmiTa-
OHI TOCITIKEHHsI 3 BUKOPHUCTAHHSM Jiana3oHiB cmWave Ta mmWave 171 MoOitb-
HOTO 3B'SI3Ky. € TpH OCHOBHI NepeIKoar s MoOutsHOTrO 3B'13ky mmWave. [lo-
Tnepiiie, BTpaTd B TPAKTI BIIHOCHO BHII B IUX CMYrax MOPIBHSHO 31 3BUYAHHUMH
CMyTaMH 9acToT, sKi € Hmwkuumu 3a 3 [T, [lo-mpyre, enekrpomMarHiTHi XBHIII Ma-
I0Th TEHJICHIIO MTOIIMPIOBATUCA Y HAMPSIMKY psiMoi BuauMocTi (LOS), mo poouTs
paziomiHii ypa3snmuBUMH IJisl OJIOKYBaHHSI pyXOMUMHU o0'ektamu abo moapmu. Ha-
PEIITi, BTpAaTH MPOHUKHEHHsI Yepe3 Oy/IiBJi B IUX Jiarna3zoHax iCTOTHO BHIlE, OJio-
Kytoun 30BHIMHI RAT ms BHyTpimHIX kKopucTyBadiBy» (muB. [1], c. 8). KpiM Toro,
repenadi B MUTIMETPOBOMY Jialia30Hi MOXKYTh 3a3HAaBaTH 3HAYHOTO OCJIAOIEeHHS
TaKOXX 4epe3 CHIILHUH JIOII, OCKUTBKU Kparwli JOIy MaloTh MPUOIN3HO TaKUid came
pO3Mip, IO 1 JOBXKHHA PaNiOXBHIb (MLTIMETPH), TOMY BOHH MOXXYTh BHUKJIHKATH
posciroBaHHs. HesBakaroum Ha 11i OOMexeHHs, € Oe3niy mepeBar Uil 3B'A3KY
mmWave. [InanyeTbcst BUIUIEHHS TOCTYITHOTO HeflineH30BaHoro ciuektpy 9 I'To y
cmy3i mmWave 60 [T, 1110 MOYe TIOBHICTEO 3MIHMTH MOOLTBHHU 3B'S30K, HaJAH0UH
HIITUPOKI CMYTOBI OE3IPOTOBI KaHAH, SIKi MOXKYTh O€3IEPENKOAHO CIOTyJaTH
JIPOTOBI Ta Oe3apoToBi Mepexi. [HI nepeBaru 38's13ky mmWave — 11e MaJti po3Mi-
PH QHTEH Ta IXHs Mana BiCTaHb, 10 Aa€ MOXKJIMBICTH 00’ €THYBaTH ACCSTKH aHTCH-
HHUX €JIEMCHTIB BCHOTO Ha OJHOMY KBajpaTHOMy caHTUMeTpi. Lle, B cBoro uepry,
JTa€ 3MOTY JIOCATATH ITy’K€ BUCOKHX KOC(IIi€HTIB OCHIICHHS (hOPMYBaHHs TIpOMe-
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HIO y BITHOCHO HEBENMKHX 00NacTax. BUKOpHUCTOBYIOUN iHTENEKTyanbHi (a3oBaHi
AHTEHHI PElIiTKH, MO’KHa TIOBHOIO MipOI0 BUKOPHCTOBYBATH MPOCTOPOBY CTYITiHb
cB00OIM 6E37POTOBOTO KaHATY (3aCTOCOBYIOUH PO3MIUPEHUM OCTYIT 3 TIPOCTOPO-
BUM po3JIieHHsM KaHaniB (SDMA)), 1o Moske 11e OiIbIIe IiABUIIUTH MPOITyCKHY
3patHicTh cuctemu [19-20].

6. MoaepHi3zauisi TPAH3UTHUX MOCWIAHD [21] «€ HACTYITHOIO KPUTHIHOIO
mpobseMoro MooineHOTO 3B's13Ky 5G. [lapanensno 3 nominmenHsM RAN HeoO-
X1THO TaKOX MOJEpPHI3yBaTu TPAaH3UTHI 3'€THAHHA ISl IEPEHECEHHS BEIUYE3HO-
ro 0o0cAry MpU3HAYEHOTO JJIS KOpHCTyBada Tpadiky, IO TeHEPYEThCS B KOMIp-
Kax. B iHmomy Bumanky, TpaH3UTHI 3'€IHAHHS CTaHYTh BY3bKHM MiCIIEM, IIO-
TPOXKYIOUH MPaBHIBHIA poOoTi Beiei cuctemu. [IpoGiiemMa mocuiroeTbes Biamo-
BiJTHO JT0 30UIBIICHHS MOMYJIAIIl APiOHMX KOMIpOK. 30KpeMa, MBOTOYKOBI JIiHIi
3B'13Ky mmWave, SIKi BUKOPHUCTOBYIOTh aHTEHHI PEIIITKH 3 JyKe TOCTPUMH
MIPOMEHSIMH, MOXKYTh PO3TJISIIATUCS IS HATIHOI CAaMOCTIHOT 3BOPOTHOI Iepe-
Jadi 6e3 BTpy4aHHS B iHIII CTUTBHUKH abo B INiHIT gocTymy» (muB. [1], c. 9).

7. Eneproed)eKTUBHICTB 3aJMIIA€THCS BAXKIMBOIO MPOOIEMOIO IPOEKTYBaH-
Hs TiJ 9ac po3pobiueHHs cuctemu 5G. 3a nanumu Ha 2012 pik, «iHpopMariiliHi Ta
KOMYHIKaIiifHi TE€XHOJIOTii CIIOXXWBAIOTh A0 5% eneKTpoeHeprii, BUpoOIeHoi y
BCHOMY CBITI, 1 3a0e3me4yroTh NpUOIN3HO 2% II00aNbHUX BUKUAIB HAPHUKOBUX
rasiB, IO €KBIBAJICHTHO BHUKUJAAM, SIKi CTBOPIOE BCsI aBialliifHa MPOMHUCIOBICTHY
(muB. [1], c. 9). OTKe, HeOOXiTHO BUKOPUCTOBYBATH €HEProe)eKTUBHI MiIX0AHU JI0
npoektyBaHHI RAN 1 TpaH3uTHHX 3'€qHAaHb, SKi MPU3HA4YEHI IS OOJIaIHAHHS
KopHcTyBada [22]. Oco0nrBO BaKJIMBO BpaxoOBYBATH, IO MiABHIICHHS €HEpProe-
(EeKTUBHOCTI HaJgae MOXKIIMBICTD IPOJOBXKHUTH TEPMiH BHKOPUCTaHHS OaTtapei sk
OJIMH 3 HAMTOJIOBHIMNX KPUTEPIiB IS OLTBIIOCTI CIIOKUBAYIB, SKi KYIYIOTh MO-
OimpHUI TenedoH.

8. Po3nostiz1 HOBOro cneKTpa € 1Ie OJHIEI0 BKIMBOIO MpodiemMoro 5G s 3a-
OesreueHHs1 0e31poToBOrO 3B's13Ky. CTpiMKe 30UTBIICHHS MTOTOKY Ta TpagiKy HaBPSA
9 MOYKHAa KOHTPOJIIOBATH, MiIBHIYIOYH TUIBKH CIIEKTPATBHY €(DEeKTHBHICTH a0o
HIUTbHICTE. KpiM TeXHONIOTIYHMX iHHOBAIlN, 7S 3a/I0BOJICHHS IIOIUTY TOTPiOHO
30UTBIIMTH IIMPUHY CHEKTPY [23], HANPHKIIa, IUIIXOM «PO3HOJIITY CMYTd OJIHM3BKO
100 MI'p y emysi 700 MI'i, emyru 400 MI' Ha wacroti 6imu3bko 3,6 [T, cmyru
3aBIMPIIKH Kimbka [Ty cM- a6o MM-cMyTax gactor» (us. [1], c. 10).

9. CniibHe BUKOPHUCTaHHA cnieKTpy. «lIportiec perynroBaHHS po3noaiTy HO-
BOTO CIIEKTPY 4acTo 3aiiMae Iyke Oararo vacy, ToMy e()eKTUBHE BUKOPUCTAHHS
JOCTYITHOTO CTIEKTPY 3aBK/IM Ma€ BHUPIlIAIbHE 3HAUCHHS. Benkuii giarna3oH pagio-
CIIEKTPY TPAJUIIIIHO BUIUTIETHCS U BIHCEKOBUX paiapiB, JIe CIIEKTP BUKOPHCTO-
BY€EThCS TOCTIHO He TIOBHICTIO a00 HE Y BChOMY Teorpadidaomy periosi» (mus. [1],
c. 10). dipma Qualcomm 3anpornoHyBajia MOZAEIb aBTOPU30BAHOTO / JIIICH31HHOTO
CITUTEHOTO JIOCTYITY IO BUKOPUCTAHHSI CIIEKTPY B HEBEIHMKHUX COTaX (3 0OMEKEHUM
MOKPUTTSIM) Oe3 BTPYUaHHS KOPHCTyBada, 10 MOXKE KOMIIEHCYBaTU IyXe IOBLIb-
HHUI TpOLIEC OYMIICHHS CeKTpa. s CHiNbHOrO BUKOPUCTaHHS JNILEH3IMHUX Ta
HEJIEeH3IHNX CIEeKTPIB MOXKe OyTH BHKOPHUCTAHO KOHIICHIIi KOTHITUBHOTO PajIio
(Cognitive Radio) a6o inmi momemi [24].

10. Bipryanizamiss RAN «e He MeHI BaXMBUM (hakTopoM 5G, KU YMOXK-
JIMBIIIOE CHIJIbHE BUKOPUCTaHHS O€3ApOTOBOI iHPPACTPYKTYpH MK IEeKiJIbKOMa
omneparopamu. [ mMepexi BipTyawi3allii, iHTEJIeKT TOBUHEH OYyTH BUTSATHYTHH 3
obmamHanHas RAN 1 neHTpari30BaHO HAJIAMITOBYBATUCS 3 BUKOPHUCTAHHIM IPOTpa-
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MHOT0 3a0€3IeueHHs, 0 MOXKke OyTH 3po0JIeHO Ha pi3HUX piBHsAX» (auB. [1], c. 10).
Lle Moxxe HagaTh Oarato mepeBar 0e3ApPOTOBOMY 3B'I3KY 3a PaXyHOK: CIJIBHOTO
BHUKOPHCTAHHS MEPEXKi; TIOMIIIIIEHOI €Heproe()eKTHBHOCTI Ta IMMPOCTOTH 0OCIYTOBY-
BaHHs OONIaHAHHS, KePyBaHHs HEOOXiTHUMHU pecypcaMH Ha BUMOTY; CKOPOUYEHHSI
Yyacy BHUXOJy HA PHHOK IHHOBALIMHUX IMOCIYT; IIBHIKOTO YCYHEHHS ITOIIKO/KECHb
3aBIISIKU TTIIBUIIICHIH MPo30pocTi Mepexi [25]. «MoxyTh OyTH BHKOpHCTaHI Oara-
topexxnmHi RAN, mo ninrpumyrots 3G, 4G abo WiFi, B skux pi3Hi pamioiHTep-
(eticn MOKyTh BMUKAaTUCS/BUMHUKATHCS JJIsI KIHIEBUX KOPUCTYBauiB 3a JOMOMOTH
HEHTPaJIBHOTO POTrPaMHOT0 OJIOKY KepyBaHHsD (uB. [1], c. 11).

APXITEKTYPA TA INTEPHET 56

[Mepenbauaerses, mo 3 5G OynyTh serko iHterpyparucs HasBHI RAT (GSM,
HSPA, LTE i WiFi) ta HOBi, BuHaiimeHi mis cmyr mmWave. TexHomoris
mmWave 3po0OHuTh PEBOJIIOIII0 Y MOOUTBHIN 1HAYCTpIl HE TiIMHKU 3aBISKH BEIH-
KOMY 00CATY AOCTYIHOTO CHEKTPY B LiH cMy3i (IO YMOKIUBIIOE BUKOPUCTAHHS
0e3aporoBux kKaHamiB Gbps), aje TakoX 3aBISKW 3MEHIIEHHIO PO3MIpiB aHTEH,
IO JIa€ 3MOTY BUTOTOBJISITH aHTEHHI PEIiTKH 3 COTHSAMH a00 THUCSYaMH aHTEH-
HHX €JIEMEHTIB. [HTeNeKTyallbHi aHTeHH 3 (GOPMyBaHHSIM IIPOMEHIO Ta MOXKJIHBI-
cTio (ha3upOBaHOI PEIIITKH OyIyTh BUKOPHCTOBYBATHCS IS HAIIpaBICHHS TIPO-
MEHIO aHTCHH Y MOTPIOHE MICIIe 3 BUCOKOK TOYHICTIO, MIOBEPHYTOTO EICKTPO-
HHHM CIIOCOOOM 3a JormoMoru 3cyBy ¢aszu. Texnomnoris mmWave 3a0e3mneqnTsb
HaJNIMPOKI CMYTOBI TPaH3UTHI 3'€IHAHHA Ui Niepenadvi Tpadiky 1o Mamux Oa-
30BUX a00 PETPaHCIANIMHUX CTaHIiM, 3a0e3Medyroun OJATKOBY THYYKICTh
pPO3TOpPTaHHS IS OIEPaTOPIB IMTOPIBHAHO 3 MPOBITHOIO (MiIHOIO a00 OTTOBOJIO-
KOHHOIO) TpaH3uTHO JiHier0. [lopan 3 po3pobaennsm HoBux RAT i posrop-
TaHHSM Jy’XKe LIUIbHUX HEBEJIMKHUX oceperkiB, HasBHI RAT OymyTe mpomoBixky-
BaTH PO3BHUBATHUCS, 11100 3a0€3MEYUTH BHIILy eHEProeeKTHBHICTh. OTKE, TEXHO-
noris mmWave, nyxe minpHa Mepexa HetNet, Bipryanizauis RAN i MmacuBHUi
MTC — Bce 1I€ € TOJIOBHUMH HANPsSIMaMH, SKi PO3TIAAAIOTE TSI MOJIEpHi3allii
CTIIBHUKOBOI CUCTEMH JIJIsl OCATHEHHS MOXKIUBOCTEH 5G [26].

[Mepenbauaernes, mo mpucTpoi KopucTyBada 5SG OyayTh OaraTope:KMMHUMHA
IHTENEKTyJIbHUMH TIPUCTPOsIMUA. BoHM OyIyTh JOCUTH PO3YMHHMH, 1100 aBTOHOM-
HO BUOMpAaTH MpaBWIbHKUHN iHTepdeiic As miAKIIOYeHHs 10 MepeKi Ha OCHOBI SIKO-
CTi KaHay, 3apsamy Oatapei, eHeproedekruBHOCTI pizHUX RAN 1 BUMOT 10 SIKOCTI
00CIyroByBaHHs y TporpaMHoMy 3abe3nedeHHi. L{i po3ymHi i edextuBHi SG mpu-
CTpOi 3MOXKYTh MiATpUMYBatu 3D-MynpTiMenia 31 mBuakictio 1o 10 I'6it/ c.

XMapHe 00UHCIIeHHS TIOTeHIIHHO MoXke OyTH 3acTocoBaHO 10 RAN ta MoGiib-
HHX KOPUCTYBaUiB, sIKi MOXYTh (POPMYBaTH BIpTyaJIbHHH ITyJI PECYPCIB ISl KepyBaH-
Hs Mepekero. [lepeHeceHHsT 3aCTOCYHKIB uepe3 XMapy Ommkde 10 KiHIIEBOTO KOpPHC-
TyBa4a 3HIKYE 3aTPHUMKY 3B'SI3Ky IIiJI Yac KepyBaHHs B peanbHoMy uaci. CydacHa
KOHIIETIIIiS XMapHOi Mepeki B OCHOBHOMY BKITFOUA€ IIEHTPU 0OpoOIieHHs qaHux. Bip-
TyaizaIliss MOOUTEHIX MEPEX IMAMITOBXHE IF0 KOHIIEIIITIIO A0 TPAH3UTHOTO 3'€IHAH-
Hs 1 RAN, 1100 yMOX/IMBHUTH CHiNbHE BUKOPUCTAHHS TPAH3UTHHX 3'€THAHb Ta 6a30-
BUX CTaHIIII MK PI3HIMH OTIepPaTOPaMHL.

Cyuachuii [HTepHeT Hamae Oaraty mamtpy nociayr [18], 1o BKItOYa€e: MyJIbTH-
Me[iliHI po3Bard (aymio, BiIeO Ta OHJIAWH-ITPH BHCOKOI YITKOCTI), TIEPCOHAIIZAILIIO
(3aCTOCYHKH, sIKi 3a TIPUCYTHICTIO 3a0e3MeUyIoTh BH3HAYCHHS CBOTO MICIIe3HAXO-
JDKeHHS1), comiaibHi cuctemu (¢popymu, koHTakTH, Facebook, Messenger), Bkpait
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Ba)KJIMBI TIPOrpaMy (€JICKTPOHHA KOMEPIIis, SIIEKTPOHHA OXOPOHA 3IOPOB'S, TPOMaJI-
cbka Oesrieka). Maiike KOXKHHUH (Qi3UYHUIA 00'€KT, SIKHI MU 6auuMo (OJ1SIT, aBTOMOOi-
T, O3 ToMIO), Oy/ie MiAKITIOYEHO 10 MOOUTHHOI CHCTEMH, CTBOPHBIIM [HTEpHET
peueii (IoT) [27]. Yci BUmM TOCIYT 1 3aCTOCYHKH, Bil HU3BKOI TIPOITYCKHOI 37[aTHOCTI
(mani matumkiB Ta [oT) mo BUIIOT (TOTOKOBE BiZleO BUCOKOI YITKOCTI), TOBUHHI OyTH
CYMICHI I TITPAMKH PI3HHX 3aTPUMOK 1 TPHUCTPOiB. Hampukian, iHTepakTHBHE
BiJIeo, MTOTOKH BifieokoH(epeHilii, 3acrocynku VoIP (Voice over IP — romocosuit
3B's130K 3a [HTEpHET MPOTOKOIOM) BUMAararoTh He OubIie 3a 150 mc 3arpumkw, 30 Mc
TpemTiHHS 1 He Outbime 3a 1% BTpaTH mMakeTiB, MO0 MATPHIMYBAaTH ONTUMATBHY
AKICTh CIPHHAHATTS KOPHCTYBaueM.

Crae 3p0o3yMiINM, IO B MepeXax 3B'I3Ky HACTa€ MEPEIOMHHH MOMEHT 3
MOCTYIIOBUM BIIPOBAKCHHSM MpOrpaMHo Bu3HaueHoi Mepexi (SDN) Ta BipTya-
mizanii MepexeBuX QYHKIN s 3a0e3redeHHsT Heo0XiTHOT THYYKOCTI Ta peakx-
tuBHOCTI. Tak, SDN mporoHy€e BiIOKpPEMHUTH IUIOMIMHY KepyBaHHSI MEPEKEIO Bil
TUIOILIMHY AaHUX (HapUKJIad, y XMapi), a BipTyalizamis Mepexi 1a€ MOXKIIUBICTh
CTBOpIOBATH 0e3mid pi3HUX (PYyHKIIIH JIOTIYHOT Mepexi HaJ OJHIEI0 3arajbHOI0
(bi3U4HOI0 IHPPACTPYKTYPOIO.

Li mizxoay Hamamy 3MOTy CKOPOTUTH PO3PHB MK (i3HYHMM Ta IU(POBUM CBi-
TOM 1 YMOXKJIMBWJI IHTETPYBaHHS MPUCTPOIB Y BEIMKOMACINTAOHI TIIATGOPMH, IO
cknagarote Smart City, Smart Agricole Ta 6araro iHmmx cueHapiiB. Y HuX iHdopMma-
IO, SIKy OTPUMYFOTH BiJI pi3HUX THIIIB 1aBaviB (HAIPHKIIA, TEMIIEPATypa, BOJIOTICTb,
3a0pyIHEeHHs, Bijieo), 00'€JHAHO 3 AITOPUTMAMU KepPyBaHHS I BUPOOJICHHS aBTO-
MaTHYHHX PillleHb BUKOHABYMX MPHUCTPOIB (HAPHKIIAJ, 3MiHA CBITIO(OpIB 4151 3Me-
HireHHs 3a0pymHeHHs CO, B mepeHaceneHnx paionax B Smart Traffic, onrumizarris
CTOKMBaHHSA BOAM B crieHapisx Smart Utilities a00 aBToMaTu3allisi MOJIMUBY CLIBCHKO-
TOCHOJAPCHKUX KyJIBTYP B CLIeHapiax «Po3ymHe 3eminepoOcTBO»).

3a3HaueHi acreKTH 3YMOBJICHO 3POCTaHHIM 3aJISKHOCTI Bifl XMapHHX OO4YHMC-
JIeHb, KOJIM Pi3HI MOZIE, TaKi sIK mporpamHe 3abe3nedyeHHs Ak nociyra (SaaS), miat-
¢dopma sik ociyra (PaaS), indpactpykrypa sk mociyra (IaaS), mepexesi onepartii i
TIOCITYTH, BIPTYaJIbHO pO3MIIIyIoTh B [HTepHeTi [28]. 30kpemMa, SaaS € monens xmap-
HOTO CEpBiCY I JOCTABKK NPOrpaMHOTO 3a0e3MeUeHHs, e IporpaMHe 3a0e3neueH-
HsI 1 BIIMIOBIZIHI IaH1 pO3MIMIYIOTECS B XMapi, a IOCTYI MOKe OyTH BUKOHAHO 32 JI0-
MOMOTH TIPOCTOi HaBiramii y Opaysepi. Kpim Toro, Momens PaaS nae moxxmusicTs
HaJIaBaTH TOCTyTH HUIIOTO PiBHS, TaKi SK OmepalliiiHa cucrema, Bed-cepep abo iH-
TepIpeTaTop KoMIT'toTepHoi MoBu. Hanpukiay, BukoprcroBytoun PaaS, nporpamictu
MOXKYTh PO3POOJISITH BJIACHI POrpaMy, He BCTAHOBIIIOIOUN BayKKe IporpaMHe 3a0es-
TICUYCHHS Ha BJIACHUX KoMITroTepax. KpiM Toro, Monens laaS Hamae mepeskeni iHdpa-
CTPYKTYPH, BKIIFOUAIOUYM CEPBEpHU B IieHTpax oOpobieHHs nanux (DC), ski KiieHTH
MOXKYTh BHKOPHCTOBYBATH B XMapax Ha IUIaTHIM ocHOBI (Hampukian, Elastic Com-
pute Cloud Bix Amazon). OTxe, OCKIIBKY BipTyati3allis Aa€ 3MOTY eMYJIIOBATHA KOM-
M'IOTEpHE arnapaTHe 3a0€3MeUeHHs, TO KUIbKA TaKUX BIPTyaIbHUX KOMITIOTEpIB MO-
JKYTh OJJHOYACHO TIPAITFOBATH Ha OJHOMY (Di3MIHOMY KOMITIOTEpI, BCIO iH(PACTPYK-
TYpY 1 MepexeBHil TpaHcHopT Oyze eheKTHBHO HAaJaHO B SIKOCTI CITYXOH 3 Pi3HUMHU
CIIeHapisMU, TIOYMHAOYH BiJ] MEPEXi IiANMPHEMCTBA IO TONIMIIEHHS BCHOTO Kepy-
BaHHS IHTepHET-TpoBaiiepoM. Lle nonae HasBHI Gap'epu ist 30UTHIICHHS POITYCK-
HOI 371aTHOCTI cepBiciB. 3aMicTh TOro, m00 BHMAaraTé Bii NpoBaiifepa (i3udaHOro
PO3IIMPEHHSI pecypciB, Tpeda IMOKIIANATHCS Ha 3arajlbHAN BipTyaTi30BaHUHA PO3ITIOITi-
JIeHUH TyJ pecypciB Mepexi, 0OpoOIeHHs Ta 30epiraHHs TaHHX.
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3a0e3MeueHiCTh CIIBIpAIli i TEHIEHITS J0 KOHTEKCTHO-OPIEHTOBAHMX MEPek
BIJIKPIJIA HOBI MOMKIIMBOCTI B c(hepi XMapHUX CEPBICIB, 10 BUXOIATH 32 paMku D2D
(«Bif TIPUCTPOIO IO TIPHCTPOOX), I TaK 3BaHI KOMYHIKAIil «prCTpini-xmapay» [1].
DaKTUIHO, TTPOTIO3UIIIS 3arayIbHAX PecypciB Oe3Tivi KITEHTIB cTajla PeTHHICTIO IIIe
Ha noyatky 1990-x pokiB. 3rofioM, 3 pO3IMMPEHHSIM MEPEKEBUX KII€HT-CEPBEPHUX
KOMYHIKAITIH I TIapaurMa IepeTBOpUiiacsa y TepMiH «xMapa». B ocTtaHHE nmecsTr-
JUTTS 1eH Miaxin Takox HasuBaBcs AAS, a00 «cepBiCOMY, B pe3yJIbTaTi YOrO OJHUM 3
HaWOLTHII mommpeHux sBuI Oyino BukoputanHS SAAS (Software As A Service).
CrpuiHATTSI MOOUTHHHMX TIPHCTPOiB 3MICTHIIOCS 3 OPIEHTOBAHOTO HA KOPHCTYBada
MYJIBTUMEIIHHOTO 3ac00y 3B'I3KY Ha HMPOCTO «PECYpCy, SIKMH MOXKE 3aIlpOIOHYBaTH
0e3iv MoCIIyT 3 TOYKU 30py OOUMCITIOBAIIBHOI MTOTYKHOCTI, 30epiraHHst 1 KOHTEKCTY.
ToMy, SIKIIO LeH pecypc MOXKE CTaTH YaCTUHOIO XMapH 1 copMyBaTH ITyJI BipTyalib-
HHX PECypciB, TO IIe MOXKE 3irpaT MPOBIHY POJIb K TEXHOIOTTYHA i CepBiCHA IUIat-
dopmu gt 5G 1 Buime. Hampukonaz, B ciieHapii XMapHUX OOYHCIICHh OKPEMi BY3ITH
00poOeHHs 3a0e3MeuyroTh 00UMCTIOBATIBHY ITOTYKHICTB IS IyJy PECypeiB XMapH,
SKUH, B CBOIO YEPry, € JOCTYIIHUM CIHO)KMBaueBi nociyr. OJHaK po3TallyBaHHs BY3-
JIiB, SIKi MIITPUMYFOTh TIpOTpamy, abo ixHi (i3uuHI peaizalii He MalOTh 3HAYCHHST IS
CIIOKMBAYa, OCKUJIbKH BRKIIMBUM € TUIBKU JIOCTYI 10 MYy 3arajlbHUX PecypciB Xma-
pu. Lle mae 3Mory MOCTaYaIbHUKY TTOCTYT ONTHMI3YBAaTH MICIle PO3MIIIICHHS, KOH}I-
rypaLilo 1 IaHyBaHHs TOCTYIHOCTI pecypciB [29].

BipryansHui XMapHAN ITyJ1, BKIFOYAIOYN MOOUTBHI IPUCTPOI, YMOKIIUBITIOE
HaJlaHHS JTOJATKOBUX PECYPCIB, SIKi € JOCTYITHUMH TiJIbKH B MOOUITFHOMY KOH-
TEKCTi, TAaKUX K 0€3IPOTOBHIA 3B'I30K, BUKOHABYI MEXaHI3MU Ta iHIII pi3Hi Py-
HKIi1. BKmioueHHsT caMuX MOOUTEHUX MPUCTPOIB B IYJIM PECYPCIB PI3HUX IOTeE-
HI[IHHUX XMapHHUX CEPBICIB 3a0e3reuye OIbITy THYYKICTb.

3aranbHONPUIHATUM A7 OUIBIIOCTI Cy4acHHX CIIEHApiiB € Te, 0 OKpeMi
BY3JM OOMIHIOIOTHCS TAHUMH 3 BUKOPHUCTaHHAM O€3IPOTOBHX JIiHIN OJIMXKHBOT
Iii KpiM TIKITIOUEHHS 0 KaHaly JajieKoTo 3B'SI3KY, HAIIPHUKIAM, CTITHHUKOBHX
Mepex ado Mepex TOUOK nocTymy. OTke, KOMIPOMIC MiXK Tepeadeio Ha BEIHKi
1 Ha KOPOTKI BiJICTaHi € 3BUYAaHUM SBHIIEM. be3apoToBi TiolanbHI Mepexi
3a3BUYail € CTUTbHUKOBHUMH MepexaMmu. KpiM Toro, € MOKJIUBAMH IHII THITH
3’€HaHHSA: MPSAMI TBOTOYKOBI a00 JTBOTOYKOBI O€37pOTOBI 3'€IHAHHS, SKI OCHO-
BaHO HA MiKPOXBHJIBOBOMY a00 ONTHYHOMY 3B'SI3Ky 3 BUKOPUCTAHHSIM TEXHOJO-
ri#t mpsimoi BupumocTi (LOS).

HOBI MOXMHBOCTI 3ACTOCYBAHHA BESJPOTOBOT TEXHOMOTIT 56

3a octaHHI 5 POKIB TexHOMNOTrii MOOLTEHOrO 3B's3Ky SG 3poOMIM HEHMOBIpHUMIA
CTpUOOK Y CBOEMY PO3BHTKY, OCOOJIMBO B OiK MATPUMKH POOOTOTEXHIKH TPOMIC-
noBoro BupoOHHUNTBA. IHTepHET peveit (IoT), pamime poO3TTIHYTHH SK OKpPEMHI
00'eKT IOCTiIKEHb, CTaB YaCTUHOIO BUBUCHHS KiOepdiznunux cuctem (CPS).
Kibepdiznuna cucrema (Cyber Physical Systems — CPS) cknamaerncst 3
HabOpy MPHUCTPOIB, SIKi B3aEMOMIIOTH OAWH 3 OJHUM Ta 3 ¢izudHuM cBiToM [30].
CPS o0'eqnye oOuuCiIOBabHI 1 KOMYHIKAI[IFHI aCHEKTH pa3oM 3 METOIaMH
KOHTpOITto 1 MoHiTOpUHTY. OcHOBHOIO MeTor0 CPS € kepyBaHHS (izuyHUM TIpO-
[[ECOM 3a JIOMIOMOTH 3BOPOTHOTO 3B'SI3KY 1 alanTallisi 10 HOBUX YMOB B peaibHO-
My 4daci. Pizai mporpamu CPS MokHa 3HaWTH MPAaKTHYHO y BCiX cepax JToaCh-
KOTO JKUTTS, TAKAX K BUPOOHUYI CUCTEMH, IHTEICKTYyalbHI Mepexi, poboToTe-
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XHiKa, TPAHCIIOPTHI CHCTEMH, MEIUYHI TPUCTPOi, BIHCHKOBI, JOMAIIHI MEPEexi,
iHTenekTyanpHi Oynisii tompo. [Ipukinagom kibepdiznuHoi cUCTEMHU € pO3yMHA
(abpuka, B sKiif MEXaHIYHI CHCTEMH, POOOTH, CHPOBHHA 1 MPOITYKTH MiK COOO0I0
B3a€EMOJIIIOTH. 1l B3aemMomis Hagae MOXKIMBICT, MAITAHHOMY 1HTEIEKTY 3iiic-
HIOBaTH MOHITOPHHT 1 KOHTPOJIb OTIEpalliif Ha BCiX PIBHSX ITiIIPUEMCTBA.

CPS micTtuTh Mepexy 3B'S3Ky, JIOIMHO-MAIINHHI iHTep(eicH i MeXaHivHi,
CJICKTPUYHI Ta EJIEKTPOHHI TeTEPOreHHI €IEMEHTH, SKi KepyIOTh MPOTPaMHIM
3a0e3medyeHHsM. Lle ckmajgHe 3aBmaHHS — 3pO3YMITH B3aeMOJi0 (i3HYHOTO,
KiOEPHETUYHOTO 1 JTIOACHKOTO CBIiTiB. CucTeMHI Mozelni OyayTh BU3HAYATH €BO-
JIOIII0 KOXKHOTO CTaHy CHCTeMH y 4aci. Bceocshkaa Monmens Oynme HeoOXimHa
JUTSL IHTerpallii BiIMOBIAHUX CHCTEMHHX MOJEJCH MiJx Yac pO3IJIAAY BCIX MOXK-
JMBHUX AMHAMIYHUX B3aeMoJii. BoHa € kepyBaibHOIO ITporpaMoro, sika 3adesme-
qye IeTepMiHOBaHY TMOBEIIHKY JUIA KOXKHOI mifcucteMu. [loTouHi iHCTpyMEeHTH
MIPOEKTYBAHHSI HEOOXITHO ITOCTITHO OHOBIIOBATH, OO0 BpaxyBaTH B3aEMOJIIO
MDK Pi3HHMH CHCTEMaMH, iXHIMH iHTep(eiicaMu Ta abCTpaKIisIMH.

[Mouunaroun 3 2011 p., HimeuunHa BrpoBamxkye cBoro mporpamy «Industry
4.0», sKa aKTUBHO BUKOPHUCTOBYE B IPOMICIIOBOCTI IHTEIEKTYyaIbHI pOOOTH, ama-
NTHBHE BUPOOHHUIITBO 1 cUCTeMu camoHaBuaHHs [31]. B pamkax mi€l iHimiaTHBH
OyJs10 po3po0IIeHO OaraTo MPUHLUIIOBO HOBUX KOHUEMIIH, sIKi MPUBEIH A0 KBaH-
TOBOTO CTPUOKY B MepexKi JI0el, MalIiuH, poOOTiB Ta mpoAyKTiB. Jlizepu BUpoO-
HUIITBA 00'€MHYIOTH iH(MOpPMAITIHHI TEXHOJIOTIi Ta OmepaliifHi TEeXHOJOTIl It
CTBOPEHHS LIHHOCTI aOCOMOTHO HOBUMH crocobamu. KiGepdisuuni BUpoOHHUI
TiHii € HalTepeIOBIIMME ChOTO/IHI, e Oy yTh CTAHAAPTOM 3aBTPAIIHBOTO JIHSI.
Komb6inaris 6e31poTOBHX JaBadiB i BUCOKOIIPOAYKTHUBHUX MEPEX 3B'SI3KY, TAaKUX
sk 5G, rpae KIHOUYOBY pOJib y I[bOMY Ipolieci, 3a0e3nedyroun 30ip AaHuX 3 PiBHS
uexy (BUpoOHMUI JiHil) 1 mepeaady JaHUX B XMapHi CUCTEMH ISl Oe31epepBHOTO
MOHITOPHHTY Ta KOHTpOJo. BomHowac, oOumcieHHs B KibepdizmuHii cucremi
BUKOHYIOTBCSI B TIOTY>KHOMY, iHTEJIEKTYaIbHOMY Ta PO3IOIUICHOMY OOYHCITIOBA-
JBHOMY CEepE/IOBHIL, sike HazuBaroTh miardopmoro Industrial Cloud, mo BOyzm0-
BaHa B MEPEXy 1 >KUBUThCA NaHuMH. LludpyBaHHS 3aBOACHKMX omepawlid, o
3a0e3mneuyeThes TexHomorissmu CPS, mae MoxkimBicTh mboMy cripusiTH. Ludposi
IHCTPYMEHTH 3MO>KyTh KOHTPOJIIOBATH BCi MPOLIECH BUPOOHUIITBA, 30MPAI0OYH JIaHi
3 THCSYl JaBadyiB, MO0 CTBOPUTH IU(PpPOBE 300paKCHHS peasli30BaHOTO TOBapYy,
sSIKE 3a3BUYal HA3UBAIOTh «IH(DPOBOIO TIHHION.

BucokosikicHu 0e3ApOTOBHUI 3B'SI30K Ma€ BaKIIMBE 3HAUCHHs Ul KOHLETLIi Cy-
YacHOTO ITU(POBOTO MiANpreMCTBA. JIpoTsHHI 3B'I30K 31 CKIIQTHUMHU KaOensmMu OyB
01 HEMOKJIMBHI B IIbOMY TIOCTIMHO MIHJIFBOMY OTOYEHHI Yepe3 Te, 0 MOACPHi3a-
11is KabeJTto TATHE 332 COOOK BUCOKI EKCILUTyaTalliiiHi BUTpaTH. be3poToBuiA 3B'130K
MO€ETHYE BC1 (Pi3MYHI €IeMEeHTH BUPOOHUYOTO ITiATIPUEMCTBA 3 MATMHHAMU (009H-
CITFOBAJTLHAMH) €IIEMEHTaMHF, CIPOMOXHUMH 30HpaTH Ta OOpOOISATH BETHMUYE3Hi
00CsITH JJaHUX 3 XMapo¥o, sIKa BIAMOBIAE 32 11i onepartii. MOXIMBICTb MiKITIOYCHHS
0e3mivi 30BHIMIHIX MpUCTPoiB 3 BUKopucTaHHAM LTE-3'eqnans B yMoBax enekTpo-
MAarHiTHUX MEPEIIKO Ta 32 CyBOPHX BHMOT JI0 3aTPUMOK BHKOHAHHS TEXHOJIOTIY-
HUX TIPOIIECIB Ja€ 3MOTY CTBEPIDKYBATH, IO TEXHOJIOTIs 0€31poTOBOro 383Ky 5G €
HEOOXIiTHOIO Ta HE3aMiHHOO B JIOCTI/DKEHHSX 1 BUPOOHUIITBI.
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Posropranns mepex 5G, Gi3HeC MOJIENi OrepaTopiB 1 KOHKPETHI CIieHapil BCe I1ie
3HAXOJATHCS Ha PaHHIN cTazil po3poOJIeHHS HAaBITh Ha MEPEOBUX CHOKHBUUX PUH-
Kax. 3ayBa)XUMO, 1110 TexHouorist SG He TUIBKU HaJa€ HOBI MOMKIIMBOCTI OIIEpaTopam,
are i 3a0e31mevye 3HaYHe PO3MUPEHHS CIIEKTPY TOCIYT IS KOPUCTYBAYiB.

barato kpaiH yCBIIOMHJIM CTpaTeriyHy Ba)IMBICTh OE3IPOTOBOIO 3B'S3KY
5G 1 po3po0mIN HAIlIOHANBHI IIAaHW HOTO PO3BUTKY, 1100 JOMOMOITH CBO€YAC-
HOMY PO3TOPTaHHIO HOBHX Mepex 5G, a Takox, 1100 CTUMYJIIOBAaTH IIOSBY HO-
BUX Mociyr. BogHodac, oco0imBa yBara NpuaUISIETBCS Opi€HTallli HA KOHKPETHI
notpebu MicueBoro puHKy. [lomiOHI iHIIATHBH MOYTh BKIIOYAaTH CTBOPEHHS
KOMITETiB Ha BUCOKOMY PiBHI 3 METOIO MPUIHSITTS HOPMATUBHOI 0a3M 1 CIIOHCY-
BaHHS HaIllOHAJILHUX BHIIPOOYBAILHUX MaliIaH4MKIB JUisl TecTyBaHHS S5G.

Ha Bciit Teputopii Ykpainu BIpOBaIKy€eThCsl TEXHOJOT1SI MOO1LTBHOTO 0e31-
poroBoro 3B'si3ky 4G. PosropranHs TexHomorii 5G € NMUTaHHIM HEHAJIEKOTO
Mai0yTHHOT'O, BOHO 3HAXOAUTHCS Ha CTaJlii TeCTyBaHHS Ta po3pooieHHs [33].

[MnanyeTbcs KiJbKa €TammiB BIPOBAKCHHS MEPEXK S5-r0  MOKONIHHS:
crovatky 3amnpaitoe 0e3aporosuii 385130k SG NR Non stand-alone, sikuii Oyne
BHKOPUCTOBYBaTH Bke HasBHy Mepexxy 4G LTE eNB; moTiM TexHOMOTISA
3B'13Ky 5G oTpuMmae BIACHI 4YacTOTH Ui 30UIBLICHHS POIYCKHOI
CIPOMO’KHOCTI Ta IIBUAKOCTI niepeaadi iHdopmarii.
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CHUCTEMA BECITPOBO/THOM CBSI3U 5G

Beenenne. BricokockopocTHas MoOMiIbHas cucreMa cBs3u 5G akTHBHO pa3BUBAETCS BO
MHOTHX CTpaHaX MHpa. BakHO MOHMMATh Hay4YHBIE U TEXHUYECKUE MPENOCHIIKH OeCIpOBO-
IHOW TexHonoruu 5G, 4ToOBl (PPEKTHBHO HCIONB30BATh UX B HOBBIX MHTEIUICKTYaJIbHBIX
UH()OPMAILTMOHHBIX TEXHOJIOTHSX.

Leab cTaTbu — MIPOaHAIU3UPOBATH APXUTEKTYPHBIE 0COOEHHOCTH, METOAbI KOMMYHH-
KalluM U 33/1a4H, T0JI0’KEHHbIE B OCHOBY IIPOEKTUPOBaHUs TexHosnoruu 5G.

PesynabTarsl. Iloka3aHo, Kakue KOHKPETHBIE TEXHHYECKHE M TEXHOJOTHYECKHE IIPO-
651eMBI OJKHBI OBITH PEIICHB! IS JOCTHKESHUS IUPOKUX BOZMOXHOCTEH MOOMIBHOH CBSA3M
5G. Bcekope TexHonorus 5G Oyner craHnapTU3UpOBaHa U BHEIPEHA BO BCEM MHUpE, BKIIIOYas
Ykpauny. Bo3aMOKHOCTb NOZKIIIOYEHUSI MHOYKECTBA BHEIIHUX YCTPOUCTB B YCIOBHAX DIIEKT-
pOMarHuTHbIX nomex ¢ nomoinsto LTE-coenuuenuii B cirydae pacnpenesieHust Ha OO0JbIIOH
TUTOIIAIM ¥ TIPU CYPOBBIX TPeOOBAHMSX K 3a/Iep)KKaM TEXHOJIOTHYECKUX MPOIECCOB O3BOIIS-
€T YTBEpXK/aTh, 4TO OecrpoBoiHas TeXHONOTUS SG sBIseTCS HEOOXOAUMON U HE3aMEHUMOMN
B HCCJIEJIOBAHUAX U IPOU3BOJICTBE

BoiBoabl. becripoBoabie TexHonorun SG 1 00JauHble BBIYUCICHUS SBISIOTCS HEOOXO-
JIUMBIMH YCIOBHSAMH JUISL CO3JIaHUSI CKOPOCTHOW MOOWIIBHOM CBSI3H, KHOEpHH3MIECKUX CHC-
TEM M NPEAOCTABJICHUS IIUPOKOTO CIIEKTPA YCIyT MOTPEOUTENSIM.

Knrouesvie cnosa: mexnonoeus 5G, mobunvnas ceéaszv, apxumexmypa ceéazu 5G, Humepnem,
Kubepghusuueckue cucmemoi.
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5G WIRELESS COMMUNICATION SYSTEM

Introduction. The 5G high-speed mobile communication system is actively developing in
many countries around the world. It is important to understand the scientific and technical
prerequisites of 5G wireless technology in order to effectively utilize them in the new intelli-
gent information technology.

The purpose of the paper is to describe in an accessible way the architectural features,
communication methods, the Internet and the tasks that underlie 5G.

Results. It is shown that specific technical and technological problems have to be solved
in order to reach the wide possibilities of 5G mobile communication. At the same time, 5G
technology will soon be standardized and implemented around the world, including Ukraine.
The ability to connect many external devices in conditions of electromagnetic interference
using LTE connections in the case of distribution over a large area and with strict require-
ments for process delays makes it possible to state that 5G wireless technology is necessary
and indispensable in research and production.

Conclusions. Wireless technology 5G and cloud computing are prerequisites for creat-
ing high-speed mobile communications, cyber-physical systems and providing a wide range
of services to consumers.

Keywords: technology 5G, mobile communication, communication architecture 5G, Internet,
cyberphysical systems.
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