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0COBNMBOCTI B3AEMO3B ASKY MEPEX 36, 6G 3 BENHKUMK
AAHMMH, IHTEPHETOM PEYEH TA WITYYHMM IHTENEKTOM

Bemyn. Texnonoeii mobinenoeo 38’a3ky 5G, 6G, saKi akmueHO po36UBAIOMbCS Y C8imi, ma
Iumepnem peueil, 6enuxi Oawi, wWmMyuHuli inmenekm micHO nepeniimaromscs. Bascauso
po3ymimu  0coOaUBOCI  83AEMO38 A3KY, WOO epeKmusHo SUKOPUCTNOBYBAMU iX Y HOBUX
iHmenexmyanoHux iHpopMayiinux mexHon02isx.

Mema cmammi — GuOiNeHHA HAUBANCIUGIUWUX OCOOIUBOCHEN B3AEMO38 A3KY, SKi
BUZHAYAIOMBCA HA OCHOBI 00CBIQY 8npo6adxcentss mexnonoziu SG ma 6G.

Pesynomamu. Texuonoeii Inmepnemy peueii 3acmocogyioms mepedci 5G, 6G, a makodc
XMApPHi, MYMAHHi Ma SPAHUYHI 00UUCTEHHs OISl BUCOKOWBUOKICHO20 36 513Ky 3 npucmposimu. [is
aHanizy BenUKUX OAHUX BUKOPUCTOBYIOMb MEMOOU MAWUHHOO HAGYAHHS, HEUPOHHI Mepedici ma
iMimayitine MOOeOBAHHS. ANOpUmMYU WUMYYHO20 THMENEKMY € He8i0 €EMHOI0 YACMUHOIO 6CIX
MexXHON0RI, GOHU OQlOMb 3MO2y 30IICHUMY  THMENIeKMYalbHe NIOKIIOUeHHs Ma  Kepy8aHHs
mepexcamu 36 3Ky SG/6G, Inmeprnemom peueii ma genuxumu Oanumu. OCHOBHUMU MEHOEHYIIMU
poseumky 5G/6G 6y0ymb KoHeepeeHyis KomMyHiKayitl, 3acmocyeants 3D-ymepedic, mepazepyesozo
CNexmpy, K8anmogux mexnou02iil, Wmy4Ho2o iHmeneknty ma 2iuboKo20 Ha8UaHHs.
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Bucnosku. Buxopucmanus mepesc weuokicnozo 36’sa3ky 5G ma 6G, mexuHonocii
inmepnemy peuetl, XMapHUx 0OUUCTIeHb, AHANI3ZY GETUKUX OAHUX MA WMYYHO2O [HMENEKMY €
HeOOXIOHOK YMOB0I0 0I5l NOOAIbUL020 DPO3BUMKY YUDPOBOT eKOHOMIKU, asmomamusayii
BUPOOHUYMBA, PO3YMHOT 0OXOPOHU 300P08 ' ma no6y008uU PO3YMHO20 Micma.

Knrouosi cnosa: mepesici 36’53y, 6enuki 0aui, iHmMepHem peyetl, WimyyHuil iHmenekm, MauuHHe
HABUAHMHSL.

BCTYR

3a octanHi 40 POKIB KOXKHE AECATUPIUYS 3MIHIOIOTHCS MOKOJIIHHS MEPEK MOOITBHOTO
3B’s3Ky 1G—4G. OmHak, SKIIOo CTUTPHUKOBI Mepexi 1G Bike 3HUKIH, TO Mepexi 2G—
4G moci ponoBXyrOTH (hyHKI0BaTH. BomHOYac yacTHa iH(MpacTPyKTYpH Mepexi
3G, 4G nmocTymoBo yBiiiae A0 cKiaay MOOUTEHUX MEPEK HOBOTO I’SITOrO MOKOJIHHS
5G, TexHiYHI XapaKTePHCTUKH SIKUX TOCHTh OKIAIHO HaBeneHo B [1]. Texnomorii
1G—4G Hagamm MOXITHBICTD 3IIMCHHUTH 3B 30K 3 [HTEpHETOM, TOMY CITOCTEPIra€ThCs
€ITHICTh Ta CIIAJKOEMHICTh B3a€MO3B 513Ky S5G 3 TOMepeIHIMU TIOKOJIHHSAMU 3B’ SI3KY.
LlinkoM 3akoHOMIpHO, O Mepexi SG cTaHyTh QyHAAMEHTOM HU(POBOI EKOHOMIKH
Ta BIAKPHIOTH JOPOTY HACTYITHOMY TIOKOJTIHHIO 6@, IIIMPOKE BIPOBAKECHHS SKOTO
MOXe PO3I0YaTUCh, MaOyTh, Bke B 2030 porii [2, 3].

HeoOxinnicte mepexoay no 5SG moB’s3aHa HE TUTBKU 31 301UIBIICHHSIM
BHACJIIJIOK TEXHIYHOTO TIPOTpecy MOTOKiB iH(hopMariii, To0To Benuknmu nannmu
(BD — Big Data), a it ekoHOMiuHHMH nTpuduHaMu. CIipaBa B TOMY, III0 BUTPATH
Ha TPOITyCKaHHS MiIBUIIEHOTO TpadiKy B Mepekax 3B’s3Ky ctaHoM Ha 2020 pik
HE MOKPUBAIOTHCA JOXOAaMH Bil TPaAULIHHUX ITOCIYT, a MOUTYKH HOBUX MOCIYT
HE Jal0Th OYiKyBaHUX Pe3yJbTaTiB. BiaMmidueHo, 110 OCHOBHE 3pOCTaHHS TpadiKy
Ta JOXOJIB CIIOCTEPIraeThCcsi HE B CEKTOPI MPHUCTPOIB, MO iX BUKOPHCTOBYIOTH
moau, a B cekropi npuctpoiB Iureprety peueir (IoT — Internet of Things),
ocobmuBo y #oro ckinamHuky — llpommcioBomy iHTepHeti pedeir (I[loT —
Industrial Internet of Things). Came 1151 oO6cTaBrHa i BU3HAYMIIa METY CTBOPEHHS
Ta npu3HadeHHs Mepex 5G, QyHKIIHHUMH 0COOIMBOCTAMU SKHX € [4]:

— IOUPOKOCMYTOBHH MOOimbHWE 3B’s30k (eMBB — Extreme Mobile
Broadband);

— HagHamiiHI KomyHikanii 3 manoro 3arpuMkoro (ULLRC — Ultra Low
Latency Reliable Communication);

— MacoBa MibkMmamuHHa KoMmyHikaris (mMTC — Massive Machine Type
Communication), marpumka [oT, I[IoT (ynbTpa By3bKOMOJIOCHHH 3B’ S30K).

Ha ocHOBi mux TppoX 0COOMMBOCTEH OYIY€THCS BCE PI3SHOMAHITTS MOCTYT
Ta MOXJHBOCTeH Mepexxk S5G, HalxapaKTepHimli 3 SKUX HaBeEHO B
3aIpOTIOHOBaHIi PoOOTI.

Cran BmpoBamxkeHHss Mmepexx 5G y 2020 poui y kpaiHax cCBITY ayxe
pizHomaniTHu#. Tak, y Kurai BctanoBneno 700 Ttuc. 6a3oBux cranmid 5G, mo
Bignosimae 70% Bix ixHBOi 3arampHOi KimbkocTi y cBiti; y CHIA xommaHnii
Venson, Ericson ta Qualcomm Technologies Bmepiine B CBITI JOCATHYJIH
mBuakocTi 5G-3’ennannp nonayn 5 ['6it/c, denepanpra komicis CHIA mouana
MIPOBOJIUTH ayKITIOHW 3 Tpojaxy dactoT 5G; B Pocii 3aTBepHKeHO TOPOKHIO
KapTy po3BHTKY 5G Ta mouanocss OyAiBHUITBO MepIIoi KopnopaTuBHOI 5G-
Mepexi; B Ykpaini mins mepexk SG moyanu 3BUIBHATH 3aiHATI TeneOadeHHSIM
gacToTu 790-862 MI'11 Ta 694-790 MI11.
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Pazom 3 num, @innsuais ta Kuraii me y 2018 porri movyanu JA0CIiHKyBaTH
TEXHOJIOT{, MOB’s3aHi 3 HOBHM IIOKOJIHHSAM 3B 53Ky — 6G, 10 Mpairoe B
TeparepueBoMy niana3oHi yactot, a B 2019 poui CHIA npuifHsIO0 pillIeHHS mpo
BimkputTTs crekTpy «TTm-xBwist» mis 6G. OmgHak ChOTOIHI MOBUTHCA B
OCHOBHOMY JIMIIIE TIPO KOHIENIil0 TexHoJorii 6G Ta nepeabadyBaHi TpeHan ii
po3Butky. Ilpote, y 2020 pomi y cBiTi mouanacs akTuBHa poOoTa U y IIbOMY
Hampsmy [4], 30kpema: y €C po3po0iieHO TMPO€eKT po3BHUTKY 6G-Mepexk; Kurait
3allyCTHB MEPIIMK Y CBITI CymyTHUK 1t 6G 3B°s13Ky, KoMOaHig Xiaomi modana
tectyBatu Mepexy 6G; LG Electronics (IliBnenna Kopest) mouana po3po0istu
TexHoNorii amsa wmepexxk 6G; Pocis moBimommia mpo cTtapT poOIT Hax
6G-mepexxamu B Pocilicekiit @enepariii.

OTxe, MOKHA 3pOOHUTH TaKi BUCHOBKHU:

— wMepexi 5G pazom 3 TexHonorisimu [HTepHeTy pedeit (IoT) Ta Benmmkux
nauux (BD) € ocHOBOMO 1TH(hpOBOi €KOHOMIKH, PYIIIHHOIO CHIIOI SKOi TTOBUHEH
cratu mry4Hui inTenekT (Al — Artificial Intelligence);

— HACTyHNHHUKOM Mepex 5G cTanyTh Mepexi 6G.

[limkoM oOYeBHIHO, IO MDK TOKOJMIHHAMH 3B’s3ky S5G, 6G Ta HOBUMH
TEXHOJIOTiSIMH, B OCHOBY SIKMX IIOKJIaJEHO IepeAaBaHHs, OOpOOJeHHS Ta
IHTETIeKTYaJIbHUI aHali3 BEJMKHUX MAacHBIB JaHHX, € TTHOOKUU B3a€MO3B’SI30K,
0COOJIMBOCTI SIKOTO PO3MIISTHYTO Y Wil cTaTTi.

HezaBepiieHicTh TpakTUYHOI'O BOPOBa/DKEHHS Mepex S5G Ta TiAbKH
KOHLENTyaJbHe OaueHHs MalOyTHiX Mepex OG He [ae 3MOry BKasaTH
KOHKPETHI BIIACTUBOCTI TAKOTO B3a€EMO3B’SI3KY.

MeTo10 JOCTi/DKEHHST € BHIUICHHS, HAa Hall TMOIJISA, HAWBaXIUBIIINX
0co0IMBOCTEH B3a€EMO3B’SI3KY, SIKI NPOTNIAJAIOTECS HAa OCHOBI HEBEIMKOTO
JocBimy BrpoBampkeHHs Mepexxk 5G Ta 6G. lle BH3HAYMIIO CTPYKTYpy CTarTi,
TOOTO TIOCITIIOBHUH pO3TIIsL po3AiliB, moB’si3anux 3 [oT, BD ta Al

Otxe, moyHeMo 3 [HTepHETY peueit.

MEPEI 56, 66 TA IHTEPHET PEYER

I'eneparopom motokiB BD B mepeskax 5G € Iatepret peueii (IoT). 3a o3HaueHHIM
kommanii Garther (CHIA) [4], IoT — ne mepexa (i3maHUX 00’€KTIB, MO MAIOTh
BOYJIOBaHI TEXHOJIOTII, SIKi JAFOTh 3MOTY 3JIHCHIOBATH B3a€MOJIII0 3 HABKOJHMIIHIM
CEpENOBHIIEM, TIepeaaBaTH BiIOMOCTI MPO CBiii CTaH Ta NMPUMATH 30BHIITHI JIAHI.
Crxmamaukom [oT e TlpomucnoBmii intepHer peueir (IloT) — posmairts
TIPOMUCIIOBUX TPUCTPOIB Ta AATYHKIB, TMiJKIIFOUCHUX JIO MEPEXKI.

[pesunenT BeecBiTHROTO exorHOMIuHOTO (hopymy B [laBoci (2016 p.) Kimayc 111Bab
VBIB B MacOBE BUKOpUCTaHH: TepMiH «IHmTycTpist 4.0y, sIKHii CTaB CHHOHIMOM Y€TBEPTOL
MPOMUCIIOBOT peBomorii. «IHmycTpis 4.0» 3MiHIOE HE TUIbKM BHUPOOHMIITBO, aje i
EKOHOMIKY, a TaKOXK B3aEMOJIIF0 Mix JroabMu. BomHodac, Al Ta pobormzamis, [oT ta
3D npyk, BipTyatbHa Ta JOIOBHEHA PeaIbHICTh, 0i0- Ta HEHpPOTEXHOJOTIl CTalOTh
YaCTHHOIO HAILIOTO TMOBCAKIICHHS. XapakTepHO pucor «IHmayctpii 4.0» € NOBHICTIO
ABTOMaTH30BaHE BHUPOOHHUIITBO, K€ MpAIOE y peXuMi peanbHoro vacy. Excrmepru
BUIIUISTIOTH oTrpy 0a3oBi TexHouorii: [0T Ta IloT, mmdpoBi ekocucTemMu, aHAITHKY
BD, ckiai kibepHeTHYHI cucteMu (IMpPOBI miaThopmu).

3acobamu BuMiptoBaHHS B loT MoxyTb OyTH sIK OKpemi AaBadi, Tak i
ckiaaHi Komruiekcu. [Ipudomy mns mepenmavi JaHUX MOXKe OYTH BHKOPHCTaHO
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Oyab-siKy 3 HasBHUX TEXHOJIOTiH O€3ApOTOBHX Ta JPOTOBHX MEPEXK 3B S3KY. Y
komnanii Microsoft (CIIIA) BBaxatoTh, mo ronoBHa yactuHa loT — me He
JlaBadi Ta 3aco0M mepenadi naHux, a xmapHi oouuncnerss (Cloud computing), siki
3a0e3Mnedy0Th BUCOKY NPOILYCKHY CIIPOMOJKHiCTh. JlomomararoTh BIIOPATUCH 3
BeJIMUYE3HUMU MOTOKaMu iH(opMallii TymanHi obuucienns (Fog computing), a
Takok TpanmyHi oOumcneHHs (Edge computing). Sk BuKOHaBui,
BHKOPHUCTOBYIOTh TIPUCTPOi, 3MaTHI TIEPEeTBOPIOBATH ITU(HPOBI EIEKTPUIHI
CHUTHAIH, [0 HAAXOAATH BiJl iHQopMaIiifHUX Mepexk, Ha KOHKpeTHi aii. YacTo ix
KOHCTPYKTHBHO 00’€THYIOTh 3 AaBauamu. [lepenOavyaeTscs, IO B OCSHKHOMY
MaitoyTTi loT 3acTrocoByBaTmMyTh y caMHX pi3HHX cdepax: TPOMHCIOBI
00’eKTH, TpaHCHOPT (aBTOMOOLNI), OXOpOHA 3J0pOB’sl (MPUCTPOi BU3HAUCHHS
CTaHy 3/0pOB’S JIIOJWHHU), arpapHUi CEKTOp (ZaBadli MOHITOPHUHTY IOBKIJUIA),
KOMYHaJIbHI CITy>)kOM (1aBaui 3HIDKEHHS BTPAT BOJIM, €IEKTPOEHEprii, Terma),
«pO3yMHUI» OyaWHOK ToImo. J[0 1mboro OOOB’S3KOBO CIIIJI AOJATH IMHPOKE
3aCTOCYBaHHs B TOPTiBIIi, JIOTICTHIl, TOTENbHOMY Oi3Heci, OaHKIBCBKiH cdepi,
OyIiBHUIITBI Ta B 30pOMHMUX CHIIaX.

AJle OCHOBHHMM [DKEPEIOM BEJIMKUX JaHUX (3a JESKUMM MigpaxyHKaMH
1o 70%) B mepexax 5G € [Ipomucnoswuii intepret peueit (IIoT). Tomy Ha ioro
0COOJIMBOCTAX CIiJl 3yNUHUTHUCS JeTajbHILIE.

oT — e cucTema 00’ eTHAHVX KOMIT FOTEPHUX MEPEX 1 i IKITIOUYSeHNX IO HAX
MIPOMUCIIOBUX 00’€KTIB 3 BOYJOBAaHMMH JaBadyaMHd Ta MPOTPAMHUMH 3aCO0aMU IS
30upaHHs T2 0OMiHy TaHHUMH 3 MOKJIMBICTIO BiJIIaJIEHOTO KOHTPOIIIO Ta KEPYBAaHHS B
aBTOMaru3oBaHoMy pexumi [5]. Ha mepmomy erami BropoBamkenHs [loT Ha
MIPOMHUCITOBE ~ OOJNQJHAHHS BCTAHOBIIOIOTH  JaBadi, BHKOHABYI MEXaHI3MH,
KOHTpPOJIEpH Ta JIOAWHO-MAIIMHHI iHTepdeiicn. OTxe, cTae MOXKIMBUM 30MpaHHS
iHdopMalii, o0 Ja€ MOXKIIMBICTH KEPIBHULTBY OTPHUMYBATH Taki 00’ €KTHBHI Ta TOUHI
JlaHi TIpo CTaH BHPOOHMIITBA, SKi HE 3aJeXaTh BiJ JrOJCEKoro (haxropy. OOpodneHi
JIaHI HAJAl0Th YCIM MiPO3/ijiaM IMiANPUEMCTBA, 1110 JA€ 3MOTY HAJIArOJUTH TICHIITY
B3a€MOJiI0 MDK OCTaHHIMH Ta MpUiiMaTth OOIPYHTOBaHI pimeHHA. OTpuMaHy
iH}opMaIlifo Moxke OyTH BHKOPHUCTAHO JUIS 3arO0iraHHs MO3aIUIAHOBHX MPOCTOIB,
MOJIOMOK YCTAaTKyBaHHS Ta 300iB y KEpyBaHHI JIAHIIOTaMHU IIOCTAYaHHS, OAIUM
MIIPUEMCTBY 3MOTY (DYHKIIOHYBaTH e(hEKTHBHIIIIE.

[lig yac 0OpoOIEHHS BEJINYE3HOT0 MAaCHUBY HECTPYKTYPOBAHUX NAHHX, LIO
HaJIXOIsATh 3 JIaBadiB, 0COOMWBOTO 3HAUYeHHS HaOyBae momaHHs iHMopMamii y
3pO3yMiIOMY JJIsl KOpHCTyBaya BUIIAAI. J{JIst IbOTO CITii BAKOPUCTOBYBATH BXKE
BioMi aHamiTW4Hi MiIaThOpMH, MpHU3HAYEHI Ais 30MpaHHs, 30epiraHHs Ta
aHaJIi3y JaHUX PO TEXHOJIOTIUHI MPOLEcH, 10 NPALIOI0Th y PeaJbHOMY 4aci.

OuikyeTbcs, o [IoT HagacTh MOXKITMBICTH CTBOPUTH BUPOOHHUIITBA, THYUKIII T
edexTuBHINI 3a HasBHI. CydacHi MPOBIIHI MepeKi 1aBadiB y HalHOMmKYI poku Oyne
JIOTIOBHEHO Oe31poToBUMU Mepexkamu. Y pasi craHoBieHHs [loT BupoOHuUi
TTAMPHUEMCTBA 3 130JTbOBAHUX CHCTEM IIEPETBOPIOBATUMYTHCS HA BIIKPUTI CUCTEMH,
SIKi IOEAHYIOTh Pi3HUX YYAaCHUKIB pUHKY. KepyBaHHS! BAPOOHMIITBOM B IIMX CHCTEMax
3/IHCHIOBATUME HE TIEPCOHAN, & XMapHi CePBiCH.

IITo cTocyeThesl EKOHOMIYHHX MTEPCIIEKTHB Ta peaslbHOCTI, TO e B 2015 porri
kommaniss Accenture (CIIA) mnpoBenma mmpoke AOCHiKEHHS «Ycmix 3a
nonomororo [IpomucnoBoro intepHery pedein» (Winning with the IloT) [5]. Sk
BOHA ITPOPOKYeE, MoxuBHi BHecoK 1loT y cBitoBe BupoOHHIITBO B 2030 portti Mir
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ou ckiactu 14,2 TpiH. ponapiB. Ae 1el NOTeHIIHHMA MPUPICT 3HAXOIUTHCS i
3arpo3ot0, 00 OUIBLIICT AEpXKaB MOKH HE AOKJIAAAIOTH JOCTATHBO 3yCHIIb, MO0
CTBOPUTH HEOOXiJHI YMOBH I IIMPOKOTO PO3MOBCIODKEHHS HOBUX LU(POBUX
TeXHONOTii. KpiM TOoTO0, HOCTIIKEeHI TIPOMICIIOB] TIAMPHUEMCTBA HABITh HE MAIOTh
KOHKPETHHX TuIaHiB BUKopuctanus [1oT.

3a pe3ynbTaTaMH JOCHTIIPKeHb Bimomoi aHamitmdHOi kommaHii ARC Advisory
Group (CIIIA) Bim3Ha4eHO, 110 B po3BUTKY 10T MpOCTEXYIOTHCS Taki TeHASHIIIT [5]:

— TOJOBHUMHU ckiagHukamu [oT  craioTh  mepemoBi  aHAIITHU4HI
IHCTPYMEHTH — LITYYHHUH iHTEJEKT Ta MalliHHE HaBUYaAHHS;

— mosiBa NU(POBHUX NBIHHUKIB a00 MUPPOBUX KOMiH (Pi3WIHOTO 00’€KTa
YMOXJIMBIIIOE BUPINIEHHS HHU3KH aHAJNITHYHAX 3aBAaHb, TAaKHX SIK
MOHITOPHHT Ta MPOTHO3YBaHHS CTaHy OO0’ €KTiB, IiarHOCTHKAa BiIMOBU
IPUCTPOIB Ta TEXHIYHUX CHCTEM;

— IoT momomarae irpoBHM TEXHOJIOTISIM ITOTOBHEHOI Ta BipTyaJIbHOI
peanbHOCTi (AR/VR) 3 BHCOKMM CTyHEeHEM JOCTOBIPHOCTI iMITyBatu
peanbHy 00CTaHOBKY Ha IiAIPHUEMCTBI;

— 3actocyBanHas MQTT (Message Queue Telemetry Transport) sk
OCHOBHOTO TpoTokony loT 0OMiHY maHUMHU J00pe MiIXOAWTH IS
BUKOPHUCTaHHs B KOHTPOJIEPax, JaBadax Ta Ajsl KibepOe3mneku;

— PI3KO 3pOCTaE KUIBKICTh IHTENEKTYAIbHUX TMPUCTPOIB, IO 3aCTOCOBYIOTH B
TPAaHWIHUX Ta TYMaHHUX OOYMCIICHHSIX 3 YOYZOBAaHOIO aHATITHKOIO.

i tenmennii po3sutky loT € 3apa3, Ta, 3Bakaloud Ha HEYXWIbHI TEMIH
po3BUTKy 5G y CBiTi, OynyTh i B MaiiOyTHhOMYy. OZJHAK HAa OCTaHHIN TEHIEHIIi]
PO3BUTKY, 3 OIVIAY Ha il BUHATKOBY BasKJIMBICTb, CJILJ] 3yIHHUTHCS AOKIAHILIE.

Hacamriepen, Bin3Ha4MMoO JesiKi OCOOIMBOCTI TEXHOJIOTIH XMAapHUX OOYHCIICHb,
AKI YMOXJIMBIIOIOTH 30€piraHHsl Ta OOpOOJICHHSI JaHHWX BiIIalIeHo y «xmapi» [6].
IxniMu nepeBaramu € HaiiiHicTh, Ge3MeKa Ta PO3BUHEHICTh HA CBITOBOMY PUHKY, a
OCHOBHHM HEJIONIIKOM — 3aTPHMKa TIepelaBaHHsl JTaHUX. XMapHi TEXHOJIOTi IIHPOKO
3aCTOCOBYIOTh i1 OOpOONIeHHs BENMKHX OOCATiB iH(oOpMallii, HanpHKiIax, B
texHonorisix BD Ta Al y <inaHcoBiii cdepi Ta TeneKOMyHIKaIlisx. YcCiliHa
peatizartis X TEXHOJIOTIH 3aIeKUTh BiJl IKOCTI BXiTHOI iH(OpMAITii, IKy HEOOX1THO
MOTepeIHBO (ITBTPYBATH, IO 3JIHCHIOE TEXHOJIOTISI TYMaHHUX OOUHCIICHb.

Tymanni o6uucnenna — 1e TEXHONOTIS, 3aBISIKH SIKiH Mporiecy 30epiraHHs Ta
00pOOJICHHS TAaHWX 3IHCHIOIOTHCS Y JIOKATBHIN Mepeki MiXK KiHIIEBUM IPHUCTPOEM
IoT Ta xmaporo. Ii mepeparamu €: 3HATTSI HABAHTAKEHHS 3i XMapH, TepeaBaHHS
JaHUX Yy PEKUMI pEalbHOrO Yacy Ta JOJaTKoBa Oe3leka, a HEeNONiKOM —
3MEHIIICHHS HAJIHHOCTI BHACHIAOK JeneHTpaiizamii. TymadHHi oOYMCIeHHS
3aCTOCOBYIOTBCS ISl 3B°S13KY 3 npucTposiMu 10T, mpu 1ibOMy JlaHi MepearoThes Ta
AHANI3YIOThCS Maibke 0e3 3aTpuMok. Lfo TexHomoriro Moxe OyTH BUKOPUCTaHO Y
Oyap-sIKili Tay3i: BAPOOHHUIITBO, OXOPOHA 37I0POB s, €HepreTrka, piHancoBa cdepa
tomo. Ilpote, KO yac 3aTpUMKH € KPUTHYHUM y TNEpeJaBaHHI JaHUX, TO LiE
3aBJIaHHSI PO3B’SI3Y€ TEXHOJIOTiSI TPAHUYHUX OOYHCIICHb.

TI'panuuni o6uucnenns — 1e TeXHONOris 00poOaeHHs Ta 30epiraHHs JaHUX Ha
kinmesomy mnpucTpoi IoT. i mepeBaraMu € TpakTHUHO HyIBOBA 3aTPUMKA
nepelaBaHHs JaHuX, HAAIHHICTh Ta Oe3reka, il MOoXKke OyTH TaKOX BUKOPHCTAHO Y
Oynp-siKiii cepi, ocobnmuBo y npuctposix [oT, skmo «po3ymHe» oONagHAHHS HE
BUMAarae MiAKIIOYEHHA JO XMapu Uil BHKOHaHHA po3paxyHkiB. Cdepu
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3aCTOCYBAaHHsI TEXHOJIOTiH T'PaHMYHMX Ta TYMaHHUX OOYHMCIEHb Oarato B 4OMY
MEPETUHAIOTHCS, 00 1X 3arajbHOIO MIEPEBATO0 € MIBUJIKICTh MIePEIaBaHHs Ta aHAITI3Y
nmaanx. Hapasi 3’sBuiocs Oe3miu mpuknanmiB peamizarii [oT Ta rpaHMYHNX
00YrCIIeHb, HANPHUKIIAA, 30MpaHHs TOKa3aHb JIYMIHHHUKIB, «PO3YMHI» aBTOOYCHI
3yMUHKH, CHCTEMH KOHTPOJIIO BOJIITB TPOMaJICHKOTO TPaHCHIOPTY TOLLIO.

3BuuaiiHo, y pasi 3actocyBanHs Mepex 5G T1a 6G TyMaHHI OOYHCIICHHS HE
3MOXYTh BHUTICHUTH XMapHi TexHojorii B loT. Ili Hampsmu po3BHBATIMYTBCS Ta
JIOTIOBHIOBATUMYTh OJMH OJHOTO. AJjie TaM, Ji¢ MOTPIOHO PO3B’S3aHHS CKJIAIHUX
3aBJ]aHh KEPYBAaHHS Ta EKOHOMIKH, «XMapa» 3IUIIHUTHECS y TPIOpHUTETI. A Tam, Jie
MOTPiOHA 3HAYHA MIBUIIKICTh PillleHb, OTPUMAIOTh CBiif PO3BUTOK TYMaHHI Ta TPaHHYHI
O0YHMCIICHHS 1 XMapa BUKOPHUCTOBYBAaTHMETHCS SIK CXOBHIIIE BKITUBUX JTAHHX.

OpHak, MOpsA 3 CyYyaCHHMMH TEHJCHINSIMA PO3BUTKY IIMX TEXHOJIOTIH, 3a
YMOBHU MallOyTHBOTO BIPOBAKEHHS Mepex 6G, BUMAIbOBYETHCS 1€ OJTHA HOBA
BOXJIMBA TEHICHISS — 16 KOHBEPTeHINS KOMYHIKaIliid, O0OYNCIICHb,
no3uilionyBanHs Ta Bumipy [7, 8]. CmpaBa B TOMy, IO HasBHI MeEpexi
MOOiTbHOTO 3B’s13ky Ta 5G BHUKOHYIOTH (DaKTUYHO OJIHY OCHOBHY (DYHKIIiFO
momo  3miicHEeHHs  Oe3apoToBoro  3B’s3Ky. Mepexi 6G  ogHOYacHO
BUKOHYBATUMYTh Ille W (QYHKIII OOYUCIICHHS, KEpyBaHHS, MO3HIIOHYBAHHS Ta
BUMIPIOBAHHS, III0 HEOOXIHO JUIS TaKUX 3aCTOCYHKIB SIK pO3IIMPECHA
peaNBHICTB, MIIKITF0YeHa pOOOTOTEXHIKA Ta aBTOHOMHI CUCTEMHU.

Y HacTyImHOMy pO3IUTI 3YyIIMHMMOCS II€ Ha ONHIA BayKIMBiA OOCTaBWHI, sKa
3’sIBIJIACS BHACHIJIOK BIIpoBapkeHHs 0T — BuHMKHEHHI edekty Bemkux nanux (BD).

MEPEXH 56, 66 Ta BEMUKI AAHI

ComiansHO-eKoHOMIUHUH (peHoMeH BD € moB’si3aHUM 3 TTOSIBOIO TEXHOJIOTIIHUX
MOYJIMBOCTEH aHaNi3yBaTH BEJUYE3HI MOTOKU JaHUX, [0 BUHUKAIOTH Y Pi3HUX
npoOsieMHUX chepax, a TAKOXK 3i 30UIBIIEHHIM YChOTO CBITOBOTO O0CSTY JaHUX.
Ie crano MOKIMBHUM 3aBISKH yIpoBaKeHHIO 2G—4G MOKOTIHB 3B’ A3KY.

Ananituku IBS Group Holding Ltd (P®) Bech cBitoBuii obcsr BD oriHIOIOTE
y 3erabaiitax (1 3erabaiit — 1012 rirabaiiTiB) TakuMu BenmrnarHaMu [9]:

— 2015 p. monag 6,5 3eTabaiT;

— 2020 p. 40—44 3eradaiiT;

— 2025 p. no 500 3erabaiir.

Bonnowac Oinbiry wacTMHy gaHuUX reHepyBatuMmyTh He [oT, a
mignpueMmcta, To0To IloT. V 3B’ 13Ky 3 1M, Yepe3 odikyBaHi HebadeHi o0csaTH
iHpopMallii, HaBITh y pa3i HE3aJOBUILHOTO XapakTepy momupeHHs 5G y cBiTi,
Bxke y 2030 pomi HamiyaeTbcs po3movaTH BOpoBamkeHHS 6G. Po3paxyHku
aHAIIITUKIB TTOKA3YIOTh, 0 MOOITBHUH 3B’ 130K 5G, SIKUI OXOIUTIOE TpaTuIliiiHi
gacToTH Hk4de 6 ['T1I, Ta MPUHIUITOBO HOBI YaCTOTH MUTIMETPOBOTO JTialla30Hy
24-50 I'T'u Bce 0AHO HE 3MOXYTh BIIOPATHCS 3 MEpeAaBaHHIM Ta OOpOOICHHIM
OUiKyBaHUX BEIHYE3HUX MOTOKIB AaHWX. ToMy HOBa TexHoyoris 6G MOBHHHA
BHKOPHCTOBYBATH BxKe TepareprioBy cmyry dactor (100 I'Tm) — 10 TIm, 3a
AKO1, Ha [yMKY aHAJIITHUKIB, MOJKHA 3HAUTH BUPILICHHS 3a3HAYEHOT MPOOJIEMH.

Y pa3i BukopuctanHs Mepex S5G  gns aHamizy BD  3acTocoByroTh
CYKYITHICTh TEXHOJIOTiH, B OCHOBY SIKUX IOKJIaJeHO TPH omeparii [9]:

— 00poONeHHsl BEIHMKHX, TOPIBHSHO 31 «CTaHIAPTHUMHY» CICHApisMH,

00CATIB JaHUX;
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— 00poOneHHs JaHuX, IO MIBUIKO HAAXOIATh Y AyKE BEIHKHX 00csrax,
KOJIM JJAaHUX HE MPOCTO 0araTo, a X MOCTIIHO cTae Bce OiblIie;

— 0OpoONeHHsT  CTPYKTYpPOBaHMX Ta  HECTPYKTYPOBaHUX  JaHHUX
TapaJiesIbHO, ¥ Pi3HUX aCIIEeKTaXx.

[Ticns BUKOHAHHSI 323HAYEHHX OTEpalliii MOXJIIMBO BiZTHOBHTH Ti 3aKOHOMIPHOCTI

B JAQHUX, SIKi HE € OYEBHIHUMH U1 OOMEXKEHOIO JIFOACHKOro cripuiHATTS. Lle nae
Oe3mpereIeHTHI  MOXKIMBOCTI  onTuMizamii  0araTthboX cdep HAmoro >KATTS:
JIep>KaBHOTO YIPABIIIHHSI, MEAWIIMHY, (DiHAHCIB, TPAHCIIOPTY, BAPOOHHUIITBA TOIIIO.

He 3ynunsArounch aetansHO Ha NPUHOMIAX Ta TeHAEHUisx pobotu 3 BD,
BCE K HEOOXIJTHO 3a3HAYNTH, L0 BU3HAYAIbHUMH XapaKTEPUCTUKAMHU AJISl HUX €
HE TUIbKA BENMYE3HHH MacuB, a W 3HauHWid HaOlp o3Hak. OcraHHIHA
XapaKTepU3yeThCs MoKasHUKaMu JaHux VVV (volume, velocity, variety), To6To
(i3nyHMIA 00CAT, MBUIKICTH TPUPOCTY Ta HEOOXITHICT MIBUAKOTO 0OPOOICHHS,
a TaKOX MOXJIMBICTIO OJHOYACHOTO aHAJI3y JaHWX pi3HMX TUMIB. I me Tpeda
MaTH Ha yBa3i, Nepll HXK PO3NOYMHATH iX aHalli3.

[epeniynmo HaiiBizomimi Mmetoau aHamnizy BD.

Mawunne nasuanns ML (Machine Learning) 3 yuuteneM ta 6€3 yauTeds.
[Micnst ycyHennst y BD HeOakanux siBuil (HaKOIMMYECHHS LIYMY, MOMHIJIKOBOL
KopensIii, nponyckiB aanux) ML ymoxmusiioe epextuBHe oOpoOimeHHs BD
BIJOMHUMH CTaTUCTUYHUMH MeToAaMu. [IOSICHIOETBCS 1€ THM, IO 33 BEJIUKUX
00csTiB BUOIPKH CTa€ CIpaBeIMBUM BHCHOBOK IICHTPAIHHOI TEOPEMHU TeOpii
HMOBIPHOCTI PO HOPMAaJbHUH 3aKOH po3moAlTy JaHuxX. Llg yHikanbHa
BrnactuBicth BD BimkpuBae MOXJIHMBOCTI [UIsI CTBOPEHHS e(EeKTUBHUX
CTaTUCTUYHHX aJITOPHUTMIB iAeHTH(IKAII{, po3MizHaBaHHSA 00pa3iB TOIIO, MO A€
3MOTY BUSIBUTH y JaHUX HEOUEBHU/IHI IPUXOBaHI 3aKOHOMIPHOCTI.

Memoou knacy Data Mining. ]lo HUX HaleXWTh CYKYIHICTh METOXIB
BusiBeHHs y BD panime HeBimoMHX, HETPHBIaJbHUX, KOPUCHUX MPAKTUYHO
3HaHb, HCOOXIAHUX JIJISl IPUHHSTTS PillicHb.

HImyuni mneiiponni mepexnci. MeTolq OXOIUTIOE MEPEKEBUH aHai3,
ONTHMI3AIlII0 Ta TEHETHUYHI aJITOPUTMH.

Imimauiiine moodenrosanns. MeToq HAIIGHO Ha MOOYIOBY MOMENEH, sKi
OMKCYIOTh PEaNIbHI MTPOIECH.

Ilpozno3na  ananimuka, posnizHaeanna o6pazie. Meron  3ilicHIOE
Bi3yaltizallifo aHAIITHIHUX TAHNX, IHTErPallifo, a TAKOX, MPOCTOPOBHH aHAJTI3 TAHHX.

Ho mxepen BD Hanexars:

— iHTepHeT: O6JI0TH, COLIMEPEXKi, caiiTu Ta pi3Hi GopyMmu;

— KopropaTHBHA iH(OpMaIlis: TpaH3aKIii, apxiBu, 0a3u JaHUX;

— 3HAYeHHS IOKa3aHHS BUMIPIOBATBHUX MPUCTPOIB: METEOPOJOTTUHHX
NpuiIagiB, TPOMHUCIOBOIO YCTaTKyBaHHs, [aBadiB CTiIbHHUKOBOTO
3B’SI3KY TOILO.

Iloza TpamumiitHOi cdepu Oi3HECY Ta MapKeTHHTYy, TexHojorii BD
3aCTOCOBYIOTh B OXOpPOHI 3JIOpOB’S, UIS TONEpeKEHHs NPHUPOJHHUX Ta
TEXHOTEHHHUX KaTacTpod, y MPaBOOXOPOHHUX OpraHax Ta BiHCBHKOBIiH cdepi.

HaiticroTrimoro BimMiHHICTIO 00po0ieHHs Ta aHamizy BD B Mepekax 5G ta 6G
CTaHe PI3HUIS MIBUIKOCTI IXHBOTO MpHHAMaHHS Ta NepenaBaHHs. [ MOpIBHSIHHS,
3apa3 MakCUMaJlbHa TEOpETHYHA MeKa IBUIKOCTI y Mepexi SG MpoXOoIuTh Ha PiBHI
20 I'6it/c, Toxi siK y Mepexax 6G Bona Moxke mocsrati 1 Toit/c. MokHa ovikyBaTH,
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mo 1 OOCTaBUHA NPHUBEAC JO JCIKMX 3MIH AITOPUTMIYHOIO 3a0e3NeUeHHs
3a3HAYEHHUX METOiB aHaii3zy BD, arne Hisk He MO3HAYUTHCS Ha iX CYTI.

I HapemiTi BapTO Bi3BHAYMTH JEsIKi KIIOYOBI HAMIPSIMHA TEXHIYHOTO PO3BUTKY
texHosorii BD y mepexax 6G [10,11]. Jlo HuX, HacaMIiepea, HalueXarh TaKi
TeHEHIII.

— 3pocmannus 0bcacy nepedanux Oaxux, TOMy BHHHUKAE roTpeda y Oimbaiomy

00cs3i criekTpa. [1osICHIOEThCS T1e THM, 110 OaraTo CrieHapiiB BUKOPHUCTAHHS
Mepex 6(G, BKIIOYHO 3 TAKAUMH 3aCTOCYHKaMH, SK PO3LIMPEHA PEeabHICTh
(Extended Reality), Ta npuctposimu 11 Ge3n0cepeIHEOr0 0OMIHY JTaHHUMH
MDK KOMI'toTepoM 1 smoackkum Mo3koMm (Wireless Brain — Computer
Interactions) oTpeOyIOTH y TUCSAYY pa3iB BUIIMX IIBHAKOCTEH NepelaBaHHs
JaHuX, MopiBHAHO 3 5G. Lle 3yMOBHUTH OCBOEHHS BUILMX [ialla30HiB YacTOT
X JI0 TeparepLeBHX.

— Ilepexio 6i0 OyiHIOBAHHA CNeKMPATbHOT eqheKMUBHOCTE HA OOUHULIO N0
00 oyiHlo8anHA 00CA2Y NpPOCMOpY ma OONiKy —eHepeoegheKmugHOCHI.
HeoOxifHiCTh TakOro nepexoay BUKIMKAHO THM, 110 Mepexi 6G mij vac
TepenaBanHs Ta mnpuiiManHs BD mpamoBatTuMyTh Y TPUBHMIPHOMY
IpOCTOpi SIK 3 HAa3eMHWUMH, TaK 1 3 TOBITPSHUMU TMPHCTPOSMH (JIiTaIbHI
arnaparty, IpOHH, IPHUB’3aH1 aepOCTaTH TOLIO).

— lossa «po3ymuuxy, sunpomintoeanvux BD nosepxons. 1le noB’s13aHO 3 THM,
mo Mepexi 6G TOKIaayTh ITOYaTOK PO3BUTKY Ui TIepeHaBaHHSI Ta
npuiiManHs BD BUIPOMiHIOBaIBHUX TOBEPXOHb, TAKUX SIK CTIHH, JIOPOTH 1
HAaBiTh 111 OYIMHKH.

— Macosa oOocmynnicmes maaux Oanux. K Hacmimok, wMepexi 6G
3a0e3reyyBaTUMYTh TepellaBaHHs sK IeHTpaiizoBaHux BD, Ttak i
BEJIMYE3HOI KITBKOCTI PO3MOAUIEHNX MalliX JAaHUX, sIKi OyIyTh HOTpiOHI
IUIs1 HAJaHHSI HOBUX TIOCIIYT.

Crin Big3HauuTH, 1m0 BD € 0CHOBOIO BCiX iHHOBAIIMHUX TexHOJOTIH. Tomy
OUISIX 10 CTBOpEHHS anroputMmiB Al mounHaeTbcss 3 HEOOXigHOT SKOCTI
o0pobuienHst Ta anamizy BD. JlaBHO 3a3HadyeHo, IO B OCHOBI BCiX HEBIAY Y
CTBOPECHHI TaKMX aJTOPUTMIB JIGKUTh HU3bKA SKICTh NaHWUX, a HE MOJIEi.
BpaxoBytoun 1eii BUCHOBOK, HAMaraTUMEMOCsI IIOKa3aTH OCOOJIMBOCTI 3B’A3KY
Mepex 5G, 6G 3 Al

MEPEXI 56, 66 Ta WTYYHMA INTENEKT

IMonstrs mryuHoro intenekty Al (Artificial Intelligence) six TexHONOTII
ocTaTo4HoO 1Ie He chopMoBaHO. Bikineais HABOIUTH 0 MIECTH HOTO BU3HAYEHD,
3 HAX OPiEHTYBaTUMEMOCS Ha TaKe 03HAYEeHHS I[bOTo TepMiHy [12].

HImyunuit  inmenekm — 1€ 3JaTHICTh CHUCTEMH  IIPAaBUJIBHO
IHTepIpeTyBaTH 30BHIIIHI JaHi, pOOUTH 3 HUX BUCHOBKHM T4 BUKOPHUCTOBYBATH
OTpPUMAaHi 3HaHHS IS JOCSATHEHHS KOHKPETHOI METH Ta BUKOHAHHS 3aBIaHb 32
JTOTIOMOT'O0 THYYKO] aJlamTartii.

3 UpOro O3HAUCHHS BUIUIMBAE, IO mpodiemMaTika Al MOBHHHA PO3BUBATHCS B
OCHOBHOMY 3a TphOMa HanpsIMamMH, TOB’sI3aHUMH 3 00poOJIeHHIM Ta aHaitizoM BD.

I. 3acTocyBanHs MamuHHOTO HaB4aHHsS (ML) Ta KOTHITUBHOTO aHAIi3y.
Crin 3a3Ha4UTH, 1O el HanpsM OyB HEHTPATBHIM 3 CAMOTO MOYaTKy PO3BUTKY
TexHomorii Al.
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II. BukopucraHHs HEHPOHHUX MEPEX, 3aBASKH SKAM PO3B’S3YIOTh HEUITKI
Ta CKJIagHi mpobieMu, Taki SK pO3Mi3HABaHHA TeoMeTpu4Hux ¢iryp abo
KIIacTepu3allisi 00’ €KTiB.

III. Po3poOieHHs IHTENEKTyalbHMX pOOOTIB, 3MaTHHUX MAHIITYJIIOBATH
00’€KTaMHi, BHU3HAYaTH MiCIle CBOTO PO3TAllyBaHHS Ta IUIaHYBATH HEPEMillCHHS.
OcCKiJbKM Ha BUPOOHHUITBI JIIOAMHA YacTO HPALIIOE Pa3oM 3 POOOTaMH, BUHUKAIOTh
mpobnemu ii yoOesrmedeHHs. 3ayBaKHMO, MO BXKE pPO3POOIIFOTH KOITa0OpaTHUBHI
po6otu (Collaborative Robot), siki KOHTPOIIIOIOTh CTaH JIFOAMHHU Ta HE JOMYCKAIOTh
3anoisiHHS 1H MIKOIM a00 BUKOHYIOTH ITEBHY PO00TY (MT0OYTOBHUIT pOOOT-ITHIIOCOC).

Metomu Al 3acTOCOBYIOTH Y CTBOpPEHHI Takux TexHOIOTiH, sk [oT Ta IloT,
PO3pO0JCHHS IHTEICKTYalbHUX JaBadiB, aHaNi3 MPUPOJHOI MOBH, MallWHHHMA
3ip, TIMOMHHE HABYaHHS, EKCIEPTHI CHCTEMH, PpO3IMi3HaBaHHS TEKCTIB Ta
300pakeHb, MAIIMHHUN TTepeKIa]], Oi3Hec-aHaiTHKa TOIIO.

Ane moku mo BukopuctaHHs Al € oOmexxenmM. Haiikparmi Bapiantn #oro
BUKOPHCTAaHHsS Ha MIAMPUEMCTBAX 3aliMAlOTh JIialna3oH BiJi «aBTOMAaTH30BaHUX
areHTiB 0OCIIyroByBaHHS KJI€EHTIB» A0 aBTOMATH3aLlii iHpOpMaLifHIX TEXHOJIOTIH,
a B 0aHKIBCHKIiH cdepi — J0 aHai3y Ta pO3CIIiTyBaHHS BUIIA IKIB IIaXpaicTBa.

Ha migcraBi BUKIaJ€HOTO MOYKHA 3pOOUTH Taki BUCHOBKHU. TexHousoris SG
PO3MOYMHAE HOBY €MOXY PO3BUTKY HamlpsIMiB Ta METOJIB, OCHOBaHHX Ha Al,
KOTHITMBHUX MipKyBaHHSAX, ML Ta rimOMHHOMY HaBYaHHI 3 BUKOPUCTAaHHIM
BD. BrpoBamkenas Al y XMapHi cepeoBHUIIa 0a30BUX MEPEX Ta Iepudepiro
3pOOHTH TOCTYMHO iH(pOPMALiIO, siKa iHaKIIe Oya 0 HeJOCSHKHOIO.

3acTrocyBaHHS TIepefOBUX XMapHHUX TEXHOJOTH y Mepexax 5G Hajgacth
3MOTry 3a gormoMororo Al TpanchopMyBaTH CTPYKTYpYy IuX Mepex. [IpupomHo,
o0  TepexiJy Ha  «XMapy» CIpHS€E  ONEPaTUBHOCTi, THYYKOCTI  Ta
MacIITabOBaHOCTI 32 YMOB 3pOCTaHHs BUAKOCTI MepeJaBaHHs Ta BUMor 10 BD
y moOinpHEX Mepexax. Illo crocyerbes mepudepii (TpaHuyHi Ta TyMaHHI
obuncieHHs), To B Mepexkax 5G aist HUX Moxe OyTH 3a0e3leueHo HeoOXiJIHy
00YHCITIOBAJIbHY MOTYKHICTh. 3yMUHUMOCS HA bOMY JOKJIAJHIIIE.

Boxe 3apa3 crana noriunoro nosiBa riopuay Al Ta loT, mo orpumar Ha3By
AloT [13]. CmpaBa y Tomy, mo npu nepenaBanHi manux loT-mpuctposmu y
[EHTPaTi30BaHe CXOBHILE, HAMPUKIAJ Take SK XMmapa, BUHHUKae mpobieMa i3
3aTpUMKOIO y 4aci. [1osICHIOETECS 1Ie THM, IO XapaKTEPUCTHKA LHOTO MPOLECY
JacToO HE BiANOBimae 30LIBIICHHIO MaHWX. Koo TmepemaBath  JaHi
HEOOPOOJICHUMH, TO 3aTpUMKa 3pOCTE 1 3arajibHa MPOAYKTHUBHICTH CHUCTEMH
3HM3UTHCA. OOpoOJIeHHS! AaHUX, a caMe I'paHWYHI Ta TyMaHHI OOYHUCIIEHHS, €
onHiero 3 TuX cep, ne Al moxe 3podbutn 3HaUHNN BHECOK. ToMmy uis pearizartii
HOBOi TexHonorii AloT € HeoOXigHMMH KOMMOHEHTH Al, sSKi MOXYTh 3 IIMM
3aBJaHHSAM yrnopartucs Ha nepudepii Mepexi. A nepudepiero Moxe OyTH Bce 110
3aBroIH0O — BiJl OOPTOBUX MPHUCTPOIB TPAHCIMOPTHHUX 3acCO0IB Ta JTaKiB [0
3aBOJIIB a00, HAMPUWKIAT, Ta30BHAOOYBHHUX YCTAaHOBOK, pO3TAlIOBaHUX Y
BiJlaNieHNX paiioHax. [HTenekTyanpHe OOpOOJICHHS JaHUX, IO HAAXOJIATH Bij
npuctpoiB loT Ha mepudepii, cnouaTky nepeabadanocs 3MiHCHIOBATH Y XMapi.
OpmHak MOCTYTOBO BiX Ii€i KOHIIETINIi TOBEIOCS BiAMOBHUTHCS HYepe3 BEIIUKHI
o0csr IaHuX, sKi MepelaloThcs y 3BOPOTHUX HANpPSIMKAax, MO MPU3BOAMIO IO
HEMPHUIYCTUMHUX 3aTPUMOK MNPUHAHATTSA pilleHb Ta BigNOBIAHOT peakxmii.
Bupimienns miei mpoOneMu monsranio B TOMY, IO JOIUIBHAM BHSBHIOCS
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3OIMCHIOBATH TIPHUMEXEBI OOYHMCIeHHs Oe3mocepeHb0 Ha Kpaw MeEpexi,
BU3HAYAIOYH, SIKI JJaHI HEOOXiHO BiANPAaBUTH Y XMapy, a sKi Bia]iabTpyBaTH.
Tomy min cumbiozom, HazBauuM AloT, cmig matu Ha yBasi Al-mmatdopmy (Al
platform), po3ramoBany Ha Kparo MEpexi.

MaOyTb, ocHOBHI TeHaeHIii po3BUTKY Al B 5G 30epexxyThcs U 3a MosBU
Mepexi 6G. OnmHak yke 3apa3 MOKHA TOBOPUTH IPO OYEBHIHUN XapakTep Ta
nesiki 0coOMMBOCTI BIIpoBaDKeHHs 6G. ['0JIOBHUMH TpeHIAaMH, SKi BEIYTh IO
HeoOXimHocTi mosiBM 6G, € HebaueHe 3POCTaHHS KUIBKOCTI IMiIKIOYCHb
TEXHIYHUX MPUCTPOiB Ta BUKOpUcTaHHs Al ans 6e3nepebiiiHoro 3B’ 3Ky 3 LUMH
npuctpossmu [3]. Haminenicte Ha Taky iHTerpamnito Al 3 IoT He Bumaerbes
JIUBHOIO, OCKIJIBKH 3a OLlIHKaMU aHaTITUKIB B 2030 poili KiIbKICTh MiJKITFOUYEHUX
IHTEJIEKTYAIbHUX TEXHIYHMX 00 €KTIB Ha CHOTOJHI OWIHIIOTHCS y S00 mup.,
0 3HAYHO TepeBulIye HaceldeHH 3emii. OUWiKyeThCs, MO0 MIHPOKOTO
BIIPOBAPKCHHS HAOyIyTh pi3HI BHIN «HE3BUYAHHUX» TIPUCTPOIB, Taki fK,
HAIPUKIIAA, OKYJIIPH JTOTOBHEHOI pEaJIbHOCTI, FapHITYpPHU BIPTYaJIbHOCTI, 3aC00U
BimoOpakeHHsT Tosorpam Tomo. CTae LITKOM peaJbHUM MiJKIIOYEHHS 10
MepeXi aBTOTPAHCIIOPTY, IPOHIB, TOOYTOBOT TEXHIKH.

BaxnuBoro 3HaueHHs HaOyBa€ KOHIEIIsI pO3YMHOTO MICTa, CIpsIMOBaHa Ha
e(eKTUBHE KepyBaHHS CTaJMM PO3BUTKOM CYCHIJIbCTBA 3a yMOB ypOaHizamii Ta
TIOJIIIIIEHHST COLIAbHO-€KOHOMIYHOTO 1 )KUTTEBOTO PiBHS CBOiX rpomajsH [14].
EdextnBHe BNPOBAaKCHHS TPAHWYHUX OOYHUCIICHH 1 IMMOETHAHHS PUMEKOBHUX
TexHoJorii, Takux sk Al, [oT, 6e3miIoTHUKY, IEPEHOCH] TEXHOJOTI, BipTyallbHa
Ta JIOTIOBHEHA PEAITBHICTh, MOXYTh BIJIrPaBaTH XHUTTEBO BAXIUBY pOIb Yy
pearmizamii pimreHs Ta CHPHUATH EBOJIONII PO3yMHHX MICT. BHKOpHCTaHHS mHX
TEXHOJIOTIH CTa€ HEeBiJl'€MHOIO YaCTHHOIO CYYaCHUX TEXHOJIOTIYHUX BTPYYaHb JJIsI
TIOJIMIIEHHS. MICHKHUX TPOLECIB 1 BUXOIUTD 332 PaMKU Takux cdep, K KepyBaHHS,
OXOpOHA 3/I0POB’s, TPAHCIIOPT, BUPOOHHIITBO, CLTLChKE TOCIOJAPCTBO Ta OCBITA.
B ix ocHOBi JexaTh AaBaui Ta iHII poOOdi MPHCTPoi, BOYAOBaHI B PO3yMHI
CHCTeMH, SIKi BHKOPHCTOBYIOTH moreHuian loT Ta Al gna copuiHATTS
HaBKOJIMIITHBOTO CEpEeIOBUINA, 3a0e3neuyroTh e()eKTUBHE Ta aBTOMAaTH30BaHE
MIPUHHATTS PIllIeHh HAa OCHOBI oTpuManux BD 3 oOMexeHWM BTpydYaHHIM
moaunu. OpHak, Oarato npoOieM, Takux sK Oe3neka, KOH(]IICHIIHHICTS,
JIOCTOBIPHICTh JTAHWX, IIEHTpaii3alis, MacmTaboBaHICTh TOIMIO, 30epiraroThCs.
3romoM IpUMEPEKOBI TEXHOJIOTIT 3MOXKYTh TpaHChOpPMyBaTHCA y KibepdisudaHi
CUCTEMH, 37aTHI MiJKITIOUUTA (i3UYHUN CBIT 0 OOYMCITIOBAIBHUX 3aCOOIB IS
MiATpUMaHHA HEOOXiHMX Orepawiil y «po3yMHOMY MICTi».

B ocspxkHOMY MaliOyTTi HeMuHY4Ye 00’ eHaHHS Mepex 6G ta Al. BomHouac
IHTEJIEKTYaJIbHICTh CTaHE HEBIJ €MHOI0 XapaKTEPUCTHKOI Mepexi 6G, ToOTo
MOBa iile Mpo Tak 3BaHE «IHTEJNEKTyaJlbHE MiIKIIOUCHHA». BoHO Oyne
OTHOYACHO BIJNOBIigaTH JBOM BHUMOTaM: 3 OJHOTO OOKy, BCi TOB’s3aHi Ta
MIKITI0YEHI OAWH 10 omxHoro mpuctpoi 6G y caMmii  Mepexi €
IHTENeKTyalbHUMH, 3 iHIIOro OOKy, CKJIaJHa Ta BeJIMYe3Ha Mepeka cama
noTpedye iHTeNeKTyaIbHOro KepyBaHHs. TOMy «IHTEJIEeKTyalbHEe MiAKIIOYSHHS
Oyzne OCHOBHOIO XapaKTEPUCTHKOIO, 3MIMCHIOIOYM TOJOBHY (YHKIIIO Mepexi
6G — rnuboke Ta MOBCIOAHE 3’ €HAHHS 3 00’ EKTaMH.

Bigznaunmo, mo 3a ganuMu MiHICTepCTBa HaykKd Ta TexHoioriii Kuraio
MIBUJKICT TepelaBaHHSA JaHUX B Mepexi 6G, BpaXxoBYHOYH TepareploBHi
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nmianason, Oyae y 8000 pasiB Ouiblie TOro, IO MOXKE MPOJSMOHCTPYBAaTH
mepexxa 5G [15]. e, 3BuuaiiHO, TEOpETHYHUN pE3yJbTAT, ajle HaBiTh SKILIO
Mepexa 6G mpamroBaTMe BIBIYi MOBiNBHIIIE, TO ii aHTacTHYHA OCOOIHBICTH
HaJacTh MOXKJIMBICTh «KEPYBAaTH IPHCTPOSIMH 3 MO3KY». MOXHA HpPHUITyCTHUTH,
0 JUIS MOBHOI peamizaiii Takol MOXKJIMBOCTI HaJ3BHYANHO BaXJIHBY pOJIb
BimirpaBatume i Al. OpmHak 1eil ¢eHOMEH MOXXe BHHHKHYTH, MaOyTh, Y
HEOCSHKHOMY MailOyTHEOMY.

Came Tomy ormc ocobnmBocTelt Al Oyze HEMOBHMM, SIKIIO Ay>kKe KOPOTKO He
3yIUHUTHUCS Ha 1IIe OJHIN KiHIeBii meTi 3’eqHanns 5G + [oT + BD + AL YV upomy
pasi HoeTbcs Mpo IHTENEKTyallbHe KepyBaHHS SK MOIMBUH KIHIIEBUH pe3yibTar
OyIb-IKOI JISITHHOCTI B yCiX cepax.

IHTenexTyanapHe KepyBaHHS € y3arajJbHEHHSIM CEMiOTHYHOTO, KOTHITUBHOTO
Tta iHpopMariiiHoro kepyBaHHA [l16]. HeoOximHicTh IHTENEKTYyaIEHOTO
KepyBaHHS HaWTOCTpillle BHHUKAe I BupimeHHSA mpodnemu BD. OcHoBoro
IHTETIEKTYJIbHOTO KEpPYyBaHHS € IHTEJICKTyalbHI CHCTEMH Ta IiHTEIEKTyalbHi
TEXHOJIOT11, sIKi BUKOPUCTOBYIOTH METOAM Ta MpakTuku Al, B mepury wepry ML.
OCKUTBKM A1 CyYacHOTO  KepyBaHHA €  TPUTaMaHHUM  TIPHPICT
HECTPYKTYPOBaHOI iH(poOpMalii, mepel THM SK Y3iTHUCS 32 OCHOBHI (yHKIIi
KepyBaHHA, y OyAb-KOMy pa3i HEOOXiZHO CKOpUCTAaTHCA 3a3HAYEHUMH
Metogamu aHamizy BD. be3 po3p’s3aHHA 1[bOr0 3aBIaHHS HEMOXJIIHBO
3aCTOCYBaTH TPAMUIIHHI METOIU Ta NEsKl BHIW IHTEJIEKTYaIbHOTO KepyBaHHS,
AK1 IOJISTaloTh y MOOYAOBI MoJeNeli cTaHy TOrO YW iHIIOTO 00’€KTa, SKi TOYHO
OMHCYIOTh HOro MOBeAiHKY. TOMy BiJl TOYHOCTI Ta MmBUAKOCTI aHamizy BD
3aIIeKUTH e(PEKTUBHICT TIPOIECY CTBOPECHHS MOJIETI 3a JOIIOMOTOIO IPOIEAYPH
ML, sika o cyTi € HaliBaximBimow ¢yHkmieo Al. 3ayBaxumo, mo Oyab-ska
MOJENb IHTEJICKTyaJbHOTO KEpPyBaHHS € CIHpOLICHUM OIMCOM CTaHy Ta
HOBENIIHKH peanbHOro o0’ekra. CTymiHb CIPOIIEHHS MOXe OYTH JOIyCTHMHUM
a00 CTBOPIOBATH HEBU3HAYEHICTH [16], aje 11e Bke iHIIe CKIaaHe 3aBAaHHs, IS
PO3B’sI3aHHSI SIKOTO TAKOX € MOTPIOHMM 3aCTOCYBaHHsI CIleLiaIbHUX MeTomiB Al
JUIsl TOOYTOBM HEBU3HAYCHUX MOJEIed. Y bOMY BHUIIQJKy MOKHA BBaXKaTH, II0
TeHJEHII{ PO3BHUTKY IHTENEeKTyaJdbHOTO KepyBaHHS Ta Al 3a BHKOpHCTaHHS
3B’s13KiB 5G Ta 6G 30iraTUMyThCS.

OpHak crij| Bee %K 3yIMMHUATUCS Ha TOMY, IO OYiKy€e Hac HEBJOB3I 3a IIUPOKOTO
yIpoBaDKeHHS TexHojorii 5G Ta 6G. Pobora Haj cTaHmapTaMu Mepex MOOLTEHOTO
3B’s13Ky 5G 3aBepIIMiIacs MOpiBHSHO HEOAABHO. binbmiicts 30H noctymy 5G € abo
JIOKaIbHUMH, 200 30BCIM TECTOBHMH, TOMY MOsIBA KOMEPLIMHUX MEpEeK MOKH LIe
Iyxe ManoiiMoBipHa. O4iKyBaHMM  TEOPETWYHHH MaKCUMyM  TIPOITYCKHOI
CIIPOMOXKHOCTI Yy IIMX Mepekax, BUINOBIIHO 10 BuUMoOr craHmapry IMT-2020
MiXKHapoJHOTO 1IHCTHTYTY eNeKTpO3B 13Ky, Moke focsrtu 20 I'6it/c no aboHeHTa Ta
10 I'6it/c y mpoTunexxHoMy HanpsIMKY, i3 3aTpUMKOIO 3B’ s3Ky He MeHiie 4 Mc. OnHak
3a OITiHKaMH (axiBITiB OE3IPOTOBOTO 3B SI3KY, 3aTpUMKa B 1 MC — IIe 3aHAITO Oararo
JUIs 3a0e3MeveHHs] HeoOXiTHOT IIBUAKOCTI peaKilii Mepexi, koiu Bemnuki naHi cramm
pyuIieM QyHKIitOBaHHS Oi3HECY 1 CyCHLIBCTBA.

[prauHOIO HEmpUITyCTUMOi  3aTpUMKH B Mepexi 5G € BHKOPUCTaHHS
nporpaMHo-o0ymoBieHoro intepdeiicy 5G NR, mo mNpu3BOAUTH A0 3HAYHOTO
yrnoBiTbHeHHS. OUiKyeTbCs, MO0 BUXOJOM 13 Takoi cuTyarii Oyne CTBOPSHHS
TEXHOJIOTII 3B’513Ky 6@, siKa NpaIfoBaTUMe y TeparepreBoMy AiarnasoHi 3 MIMPUHOI0

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2021. Ne2 (204) 15



I'puyenxo B.1., Babax O.B., Cyposyes I.B.

YaCTOTHHX CMYT HOBOTO CTAaHAApPTy IMoOHan Jecsitka [T, Mo YMOXIMBHTH
3abe3mnedeHHs 01O IPOMYCKHOI 31aTHOCTI. OUIKy€eThCS, 1110 HE 3BaKalouH Ha Te,
10 HEMAE IIe MPOEKTY CTaHIApPTy TAKOIO 3B’SI3KY, LIBHIKICTb 3B’s3Ky 0G csrxe
1 T6it/c, 3 MepexeBoro 3aTpuMKOro 10 1 Mkc. OmHaK HA MUIIXY IO TeparepIieBoro
Jiarna3oHy HeoOXiHO MO0JIATH e YMMAJIO TEXHIYHUX CKJIAIHOIIIIB.

3nayHi 3ycmiis y po3BuTKy TexHouoriid [oT, Al Ta mepex 3B’s3ky 5G, 6G
3micHIOE €Bporeiicbka koMicia. Tak, y 2018-2021 pp. BUKOHYETbCS HH3KA
MacIITa0HHUX MPOEKTIB, B IKUX 3a/IiTHO Maiike Bci kpainu €C:

— iDev40 (783163) — InTerpoBanuii po3BuTok «IHayCcTpis 4.0» B €Bpormi
Ut poOOTH 31 CKIIAIHUMU TU(GPOBAHUMH CUCTEMaMU BUPOOHUIITBA IS
JOCSITHEHHST BUCOKOI SIKOCTI MPOMYKIIii, MaJTHX TEPMiHIB PO3POOIICHHS
Ta BUKOHAHHS, 3 IIMPOKUM YIPOBaHKEHHIM CUCTEM KEpyBaHHS JaHUMH
Ta MTYYHOTO iHTeNeKTy [17];

— Productive4.0 (737459) — Enexrtponika Ta iH(OpMAaIiHHO-
KOMYHIKaIliiHI TEXHOJIOTI SK 3aci0 jyis nudpoBOi MPOMHUCIOBOCTI Ta
ONTUMI30BaHOTO KEPYBaHHS JAHIIOTaMH IOCTa4aHHS, L0 OXOIUTIOE
BECh JKUTTEBUH ITUKI ToBapy [18];

— AFarCloud (783221) — Po3po0sieHHsT pO3HOAUIeHOT LIaThOpMHU IS
ABTOHOMHOTO BENICHHS CUICBKOTO TOCHOAAapCTBA, IO JacTh 3MOTY
IHTETpyBaTUCS Ta CIIIBIpaIoBaTH KiOephi3MdHUM CHCTEMaM CLIBCHKOTO
TOCTIOAPCTBA Y PEKUMI PEATHHOTO Yacy 3ayrs 30UTbIICHHS €(EKTUBHOCTI,
MPOAYKTUBHOCTI isSUTLHOCTI, MOKpAIIEHHS 3I0pOB’sl TBAapHH, SKOCTI DKi Ta
3MEHIIIEHHS] BUTPAT Ha poOouy cuity Ha epmax [19].

Y crarri B crHchiii  (GopMi PO3MNISHYTO HAaWTOJNOBHINI  OCOOIMBOCTI
B3a€MO3B 513Ky Mepexxk S5G, 6G 3 iHTepHETOM peueil, BETMKHMMU JaHUMH Ta
IITYYHUM iHTenekToM. He 3Baxkaroun Ha Te, o Mepexi SG MoK He PO3TOPHYTO
MOBCIOJTHO, OCHOBHI OCOOJIMBOCTI TAKOTO B32€EMO3B’SI3KY MPOTIISIAI0THCS JOCUTD
gitko. [Io crocyerscst po3BUTKY Mepexk 6G, mie He BCe 3p03yMiJio, 1€ B IepILy
Yepry CTOCYEThCS TEXHIYHOI peamizallii 3B’S3Ky B TepareplieBOMYy miala3oHi,
TOMY TIPO OCOOJIMBOCTI B3a€MO3B 513Ky B 6G MOKHA TOBOPHUTH JIHIIIC TTPUOJIHU3HO,
MOB’SI3YIOUH X 3 TEHICHI[ISIMUA PO3BUTKY IIbOTO LIBUIIKOTO CIIOCOOY 3B’ SI3KY.
3a3HaueHo, mo ITy4HUil iHTenmekT (Al) MoXxe cCiIyryBaTH iHCTPYMEHTOM
00’ eqnanns inTepHera pedeit (IoT) ta Benmukux manux (BD). OTxe, Bxe 3apa3
MOYKHA TOBOPUTH PO HapoKeHHs HOBOI udpoBoi Texnounorii [oT + BD + Al,
aka QyHKIifoBaTUMe B Mepexax 3B’sa3Ky 5G ta 6G. PosrnsHyTi iHCTpyMeHTH,
0co0mMBO B Mepexi 6G, € 3MaTHIMHA 3a0€31eYNTH HEMMOBIPHY OOYUCITIOBAIIEHY
HOTYKHICTB SIK y XMapHHX, TaK i B TPAaHUYHUX T TYMAaHHUX OOYHMCIICHHSX.
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PECULIARITIES OF INTERCONNECTION 5G, 6G NETWORKS WITH BIG DATA,
INTERNET OF THINGS AND ARTIFICIAL INTELLIGENCE

Introduction. The 5G, 6G mobile technologies, which are actively developing in the world,
and the Internet of Things, Big Data, artificial intelligence are closely intertwined. It is
important to understand the features of the relationship to effectively use them in new
intelligent information technologies.

The purpose of the article is to highlight the most important features of the relationship, which
are viewed on the basis of experience in implementing 5G and 6G technologies.

Results. Internet of Things technologies use 5G, 6G, as well as cloud, fog, and edge
computing to connect to high-speed devices. Machine learning methods, neural networks and
simulation are used to analyze Big Data. Artificial intelligence algorithms are an integral
part of all technologies, they allow you to intelligently connect and control 5G / 6G networks,
the Internet of Things and Big Data. The main trends in the development of 5G / 6G will be
the convergence of communications, the use of 3D networks, terahertz spectrum, quantum
technology, artificial intelligence and deep learning.

Conclusions. The use of 5G and 6G high-speed networks, Internet of Things technologies,
cloud computing, Big Data analysis and artificial intelligence is a prerequisite for the further
development of the digital economy, production automation, smart healthcare and smart city.
Keywords: communication networks, Big Data, Internet of Things, artificial intelligence,
machine learning.
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