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Yro Takoe UHTepHeT Bewen?
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Untepuet Bemeii (Internet of Things, 10T) —3To0
ro0anbHas HHPPACTPYKTYpa A9 HUHOOPMALHOHHOIO
00IIIeCTBa, KOTOpas 00ecneYnBacT BOBMOKHOCTD

peI0oCTaBICHUS 00JIEe CIIOKHBIX YCIYT ITyTEM COSMHCHUS
APYT ¢ ApyroM ((hU3HYECKUX U BUPTYAJIbHBIX ) BEIICH Ha
OCHOBE CYIIECCTBYIOIINX U PA3BHUBAIOIIUXCS
(PYHKIIMOHAJILHO COBMECTHUMBIX MH(OPMAIHOHHO-

KOMMYHHUKAITUOHHbIX TEXHOJIOTHH.

Pexomenmarmsa I TU-T Y.2060
CIIo
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Bemb (Thing) mpuMeHUTENHLHO K MHTEPHETY BEIICH — 9TO
npeaMeT (pU3ndecKoro Mupa ((pu3ndecKre BEIIN) UM
MH(GOPMALIMOHHOIO0 MUpa (BUPTYaIbHBIC BEIIM ), KOTOPBIM
MOXET OBITh WJICHTU(PUIIMPOBAH U HHTETPUPOBAH B CETH
CBSI3H.

Pexomenmanus I TU-T Y.2060

CIIo



et

Untepuet Bemeii (Internet of Things, 10T) —3To0
KOHIICIIINS Pa3BUTHUS TTT00ATbHON HH(POKOMMYHHUKAILIOHHOMN

MH(MPACTPYKTYPbI, IPEANOIaraloluid NOAKIIOUYCHUE K
CETSM CBSI3H OOJIBIIOIO KOJIWYECTBA «BeIIek» (YCTPONCTB
HE npenHazHayeHHBIX U1 HEMTOCPEACTBEHHOIO
MCI0Jb30BaHUS YEJIOBEKOM IS MOJYUYECHHUS JOCTyIa K
MH(OPMAIMOHHBIM PeCypcaM 4epe3 CETH CBSI3H), a TAKKE
COOTBETCTBYIOIINE N3MECHECHUS WH(POKOMMYHHUKAIIMOHHOM

MH(PACTPYKTYPHI.

CIIo
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TO Takoe UuTepHeT Bewen?

Caa3s B ;r000e BPEMA

B nsmxenuy, Bre nomerenus;
HOYbI0; THEM BHYTPH NOMEIICHHS (BIAM OT KOMIIBIOTEPA);
38 KOMITBIOTEPOM
Csass B mobom MECTE
Mex 1y KOMIBIOTEpaMy;

MCKOY HOObMH 0e3 HCIoNIB30BaHMS KOMIIBHOTEPA,
MCKOY YCI0BCKOM H BEIIbIO € HCIIOIIb30BAHHEM THIIOBOTO oﬁopynOBamm;

MEX/y BEIIaMH

Ca#3sb ¢ moboit BEIIBIO
Y.2060(12)_FO01
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UcTopua pa3BuTua KoHuenuuu
MuTepHeTa Bewen
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AcTe

BO3HUKHOBEHHE KOHLIEIIIIMU PA3BUTHUSI UHTEPHETA BEILECH
OITMPAECTCS HA:

IIporpecc B 00:1aCTH CO30aHUS BBIYHCIUTEIbHBIX
YCTPOMCTB U U(MPOBBIX METOAOB B3aUMOICHCTBUSL.

[Iporpecc B nepegaye nHQPOpMaIIM HA PACCTOSHUE,
CO3JIaHUU CeTeH CBA3MU.

CIIo
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JI71s1 TOro, 4TOOBI MACCOBO CO37aBaTh MHTECPHET BEILIH,
HEOOXOAMMO B IIEPBYIO OUYEPEIb CO3/IaTh JOCTATOYHO
TEXHOJOTHYHYIO BEIllb, CIIOCOOHYIO MOIy4YaTh KOMaHAbI U
nepeaBaTh JaHHbIC B HU(PPOBOM BHUJIC, UTO HEBO3MOXKHO
0€3 pa3BUTUS TEXHUUECCKOM 0a3bl: CO3IaHUS KOMIIAKTHBIX U
OTHOCHUTEJIbHO MOIIIHBIX BBIYMCIMTEIBHBIX YCTPOMCTB.

CIIo



g

[/f r

IloMmuMO ATOrO, BAXKHOM COCTaBIISIIONICH
(PYHKLIMOHUPOBAHMS MHOTHX UHTEPHET-BEIICH SBISIOTCS
NaTYUKH (CEHCOPBI) — YCTPOMCTBA, ITO3BOJISIIOIIMNE
coouparh HH(QOPMAIIHIO 00 OKPYKAIOIIEM MUPE, U
IIPEACTABIIATH €€ B HEKOTOPOM (LIM(PPOBOM) BHIE.

Pa3BuTHE CEHCOPHBIX TEXHOJOIUK, KAK U MHOI'OTO
APYroro, MOATOJIKHYJIH MUPOBBIC BOMHEI B XX BEKE.

OHaKo 0 BO3HMKHOBEHHUSI KOMITAKTHBIX
BBIYMCJINTEIIBLHBIX YCTPOMCTB B JAHHOM 00JIaCTH HE
MOTIJI0 OBITh JOCTUTHYTO MacCOBOIO ycIexa.

CIIo
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IHCTOPVISI pa3BUTUA KoHuenuvwm UB

[Tpoekr Distributed Sensor Networks, nocsiieHHbBII
BO3MOKHOCTH CO3aHMs CETH (IIPOBOIHOMN HIIM
O0eCcpOBOIHOM ), OOBEAUHSIOIICH MOOWIBHBIC Y3IIbI,
coouparone HHHOOPMaIHIO:

Acoushc Asray Maobile Noce Equpment Rack

cn6ryjﬁh
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Ho uHTepHET-Bellb OTIINYACTCS OT OOBIYHOM BEILM
BO3MOXXHOCTBIO ITIOAKIIFOUEHUS K CETAM CBI3H, JJI YETO
HY>KHBI MACCOBO PACIIPOCTPAHEHHBIE CETU CBS3H.

HcTopus pa3BUTHS CETEH CBSI3M Hadanachk eiie B XIX Beke
(3NIEKTpUYeCKUH Teserpad, paauoCBs3b, IIPOBOIHAS
TeJIe()OHHAS CBS3b) Y MPOIIIa B CBOEM PA3BUTHH Pi/I
3TAIIOB:

1. DBOJIFOIIMOHHOE PA3BUTUE CETEH PAAUOCBSIZU U
TeJIC(POHHBIX CETEH C KOMMYTAIlUEH KaHAJIOB.

CIIo



{ | ‘ -
4

[/f r

2. Co3maHue CeTer CBSI3U C KOMMYTAlMEN MMAaKETOB,
IpEeAHA3HAYCHHBIX IS IIepeaadyr JaHHbIX (B
IIPOTUBOIOI0KHOCTh TEJIC(POHHBIM CETIM).

Hawnb6oinee nzsecraniii mpumep — ARPANET (1969 1)

3. KonBepreHuus cereil CBSI3M — IEpexo] OT OTACIbHBIX
MH(PACTPYKTYP CBA3H, PCATU3YIOIIUX OTACIbHBIC YCIIYTH,
K €IUHOW CETH (PO — KOMMYTAalus ITakeToB, |P-
npoTtokoi). Next Generation Networks.

CIIo
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4. Co3maHue KOHLCIIMN ITOJKIIOYCHUS K KOHBEPIreHTHOM
CETH CBSI3M HE TOJIBKO A0OHEHTCKHUX YCTPOMCTB (110 CYTH,
PEANTM3YIONIUX CBSA3b TOJIBKO MEXIY JIOIBMH), HO U
OKOHEUHBIX YCTPONCTB, padoTaronux 0e3
HENOCPEICTBEHHOI'O BMEIIATEIbCTBA JIFOACH.

B nepByro odepesib 3TO KOHIIENIMA becnpoBoaHbIX
cencopHbIx cereii (Wireless Sensor Network, WSN) u
(o Mepe pOCTa KOJIMYECTBA TAKUX CEHCOPHBIX YCTPOMCTB)
KOHLIETIIMA BCcenmpoOHMKAKIIMUX CEHCOPHBIX CeTeH
(Ubiquitous sensor network, USN).

CIIo
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Pa3BuTHE BBIYUCIUTEIBHBIX YCTPOUCTB, KAK U PA3BUTHUE

ceTen cBs3u, kK 90-M romam XX Beka JOCTHUITIO

DOCTAaTOYHOTO YPOBHS JJI CO3IaHUS IEPBBIX HHTCPHET-

BEIICH.

Konnenuuu WSN u USN 0b111 110 cyTH mpooOpazamu

KoHLernuuu |

, BKJIFOUABIIIMMH B ce0s1, U3 BCETO

MHOI'000pa3usl YCTPOMCTB, TOJIBKO CEHCOPHBIE YCTPOKCTRA.

CIIo
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1982 roxa: B ynusepcurere KapHern-MeJioH MOAKIHOYAOT

, | s, s B2
2pBble VIHTePHEeT Beluu

K CETHU CBSI3U aBTOMAT C Ta3UDOBKOMH.

ClIG



2pBble VIHTePHEeT Bellwn

1989 rox: JI>xoH Pomku 1 CaiiMOH XaKeTT MOAKIYAKOT K
MHTEpHETY TocTep (KoH(pepenuus Interop’89).
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DBOE YNOMUHaHUEe VB

B 1999 rony KeBuH DUITOH NIpUIyMBIBAET TEPMUH
«HTepHeT Bemeh» u ocHoBbeIBaeT Auto-1D Center
MaccauyceTCKOro TEXHOJIOTHYECKOTO MHCTUTYTA,
II100aIbHYIO UCCIIE0BATEILCKYIO CETh aKaJeMUYECKUX
naboparopuii, choxkycrupoBanHyto Ha RFID u loT.

CIIo



Il' . Vis

/IC

1991 rox: HP, mepBblii ceTeBOM MPUHTED.

1993 rox: KeMOpHIKCKHM YHUBEPCUTET, IEPBasi HHTEPHET-
Ko(peBapka.

2000: LG, nepBbIii HHTEPHET-XOJOAUIbLHUK.

2005: MexayHapOoaHbIM COIO3 JIEKTPOCBSI3U MyOIUKYET
noxknag no Marepuery Benen.

2010: KonmnuecTBo Bemien, moaktou€HHbIX K IHTEpHETY
MIPEBBIIIAECT KOJIMYECTBO JIFOAEH KUBYIIUX HA 3EMIIE.

CIIo



TeKkywme TpeHAb! U NPOrHo3bl
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P MHTepec kK Teme B

J1HaMKKa nonynapHoCTH oL

1 AHB. 200 ... 1 wwn. 2010 T 1AHB. 20017 T

Google trends, monynspaocts 3anpoca «lInternet of thingsy
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g OueHku 3xcnepToB

expectations il
pe Activity Streams MFC Payment
Wireless Power Private Cloud Computing
Social Analytics Augmented Reality
Group Buying Cloud Computing
Gamlﬁqal!un Media Tablet
3D Printing Virtual Assistants

Image Recognition

Context-Enriched Services
Speech-to-Speech Translation

| Internet of Things

Matural Language Quesfion Answering
Mobile Robots

"Big Data" and Extreme Information
Processing and Management

In-Memory Database Management Systems

Gesture Recognition
Machine-to-Machine Communication Services

h Metwaorks: ; . .
Mes s: Sensor Location-Aware Applications

Speech Recognition

Social TV Predictive Analytics

Cloudiveb

Platforms Mobile Application Stores

Biometric Authentication Methods
Idea Managament

QR/Color Code
Consumerization

E-Book Readers

Video Analytics for Cnl.nstumer Service
Gumpuler-larain Interface,
Cuantum Computing

Hosted Virtual
Desklops

Wirtual Worlds

Human Augmentation
30D Bioprinting

As of July 2011

Peak of
Technology Trough of Plateau of
Trigger EIL‘;“;;:&'," . Disillusionment Slope of Enlightenment Productivity
time >
Years to mainstream adﬂ'ptiﬂ‘n: obsolete

Olessthan2years ©2toS5years @ 5to10years A morethan 10years @ before plateau

Gartner Hype Cycle, 2011
CTI6 I'VT)))]



g OueHku 3xcnepToB

/

Expectations

Digital Twin

Biochips

Smart Workspace
Brain-Computer Interface
Autonomous Mobile Robots

Smart Robots

Deep Neural Network ASICs
Al PaaS

Quantum Computing

Volumetric Displays

Self-Healing System Technology
Conversational Al Platform
Autonomous Driving Level 5

Blockchain for Data Security
Neuromorphic Hardware

Knowledge Graphs

Smart Dust

Artificial Tissue

Edge Al

Human Augmentation

4D Printing

Artificial General Intelligence

_J‘

Plateau will be reached in:
@© Hlessthan 2 years
@ 2to5years

@ 5to 10 years

/\ more than 10 years

Deep Neural Nets (Deep Learning)
Carbon Nanotube

loT Platform
Virtual Assistants

Silicon Anode Batteries
Blockchain

Connected Home
Autonomous Driving Level 4

Mixed Reality

Augmented Reality

Flying Autonomous Vehicles
Biotech — Cultured or

As of July 2018

. Peak of
In$9vat|on Inflated DI '.rlll'ou.gh of t Slope of Enlightenment pPIac:ea:! 9'
rigger Expectations isillusionmen roductivity
gl

Time

Gartner Hype Cycle for Emerging Technologies, 2018

CIIo FYT)_‘



- OueHku 3kcnepToB

expectations

loT-Enabled Product as a Service

Hype Cycle for the Internet of Things, 2019

Digital Business Technology Platform
Digital Twin
loT Security

loT Services

loT Business Solutions
Indoor Location for People
Edge Analytics C

O Event Stream Processing
loT-Enabled Applications
Infonomics

Event Broker PaaS (ebPaaS) C
D loT Edge Architecture

Blockchain and loT

As of July 2019

Internet of Meat Internet of Things Indoor Location for Assets
loT Integration
Managed loT Connectivity Services
IT/IOT Alignment
Asset Performance Management
MDM of "Thing" Data Building Information Modeling
Innovation :‘eﬂaakt:(: Trough of Slope of Plateau of
Trigger Disillusionment Enlightenment Productivity
Expectations

time

CIIo Fy'lll



PbIHOK VIHTEepHeTa Bel

=115

Global loT revenue by

technology segment (Sbn),
2018-2023

W Software and services

Connectivity MDevices

350

300

250

200

USS (bn)

150

100

50

2022 2023

0
Source: GlobalData, Technology Intelligence Centre
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O%&IOT ANALYTICS [LAugust 2018 |

Global loT Market Forecast

Global loT Market in $B
1,600

1,400
1,200+
1,000
800
600
400+

2004

0-

2017 2018 2019 2020

Note: Market defined as total spend of end-users on loT solutions
Source: loT Analytics Research 2018

2021

2022

2023

Insights that empower you to understand loT markets

2024 2025
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PbiHOK UHTepHeTa Belwen

Puc. 2. Poccunuckui poiHok IoT/M2M, obbemM u CTpyKTypa pbiHKA B [EeHEeXHOM

BbipaXXeHuun, mnpa. pyb6., 2018 r. dpaxr, 2022 r. nporHo3

m O6naumbie loT-nnatdopmbl
W CePBUCHI

W YCNyru CUCTeMHOR
WHTEIPAUMKM M TEXHUHECKON
NOAACPHKM CUCTEM
loT/M2M

W KOMMYHUKAUMOHHbIE
Moaynu

W ANNapaTtHo-NporpaMmHbie
KOMNNEKCBI

B Ycnyrv nepeaaum AaHHbIX C
NOAKMOYEHHBIX YCTPORCTS
(connectivity)

2018 2022

Ucrourmk: Json & Partners Consulting, 2019

CIIo FyT_)l_l



WCNO UHTEpPHEeT-BeLlen

e 10T ANALYTICS

Global Number of Connected loT Devices

Number of global active loT Connections (installed base) in Bn
25+

215
Wireless Neighborhood

Area Networks
(WNAN)

M sc
Other
Cellular / M2M
B wired
LPWA

[ wireless Local
Area Networks
(WLAN)

B wireless Personal
Area Networks
(WPAN)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Note: loT Connections do not include any computers, laptops, fixed phones, cellphones or tablets. Counted are active nodes/devices or gateways that concentrate the end-sensors, not every sensor/actuator. Simple one-
directional communications technology not considered (e.g., RFID, NFC). Wired includes Ethernet and Fieldbuses (e.g., connected industrial PLCs or I/0 modules); Cellular includes 2G, 3G, 4G; LPWAN includes unlicensed

and licensed low-power networks; WPAN includes Bluetooth, Zigbee, Z-Wave or similar; WLAN includes Wi-fi and related protocols; WNAN includes non-short range mesh; Other includes satellite and unclassified
proprietary networks with any range.
Source: loT Analytics Research 2018

Insights that empower you to understand loT markets

CIIo FVILI
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Yucno uHTepHeT-Bellen

Puc. 1. OueHka Konuyecrsa nogknodeHHbix kK WAN* ycrpoiicrs I0T/M2M B Poccum, cbaxr 3a 2015-2019 rT.

M NporHo3 Ha 2020-2025 rr., MNTH WITYK

NoaxNoMeHHBe® YCTPOMCTEA MOMUTOPMHIA HA CTAMKAX M APYIMX BMAAX NPOMBILLACHHOTO 0BOPYAOBAHHA
u NMoAKNIMEHHBIE® YMHBIE HOCHMBIE YCTPORCTEA (Bpacners, Hackl, O4Ku 1 np.)
u NopxnroveHHsie® Kamepsl BHAEOHaBNIOACHUA
» "Yamuoii gom” (noaxnioueHHbie® KOHTPONNEPD! OXPAHHO-NOXMAPHOR CUIHANMIAUMK U MHIKEHEDHBIX CHUCTEM)
o NoaxnoHeHHan* BuITosan TexHuKa
m NogknoveHHsie® "ymusie” cueTunkn noTpebnaeHnA BOAL!, INEKTPUNECTEA, Tenna, rala

# MOAKNOMEHHBIE® BEHAMHIOBbIE aNNApaTsl

u NoaxmorenHbie® BaHKOMAaTLI, NAATEXHLIE TePMUHANG! ¥ POS-Tepmunanst
m NoaKNMEHHBIE® YCTPOMCTEA HA TPAHCNOPTHLIX CPEACTBAX, BR/OMAR CEABLXOITEXHUKY, M NOAKNIOHEHHbIE
YETPOMCTEA MOHUTODMMIA TRAHCNOPTHOW MHGPACTPYKTYPLI
23
10 l I I I I

2015A 2016A 2017A 2018A 2019A 2020F 2021F 2022F
* K rnobansHiim ceram (WAN, Wide Area Network), IOKaIbHO MOAKTIOYEHHBIC YCTPOHCTBE HE YYHTBIBAIOTCA

Hcrounnx: Json & Partners Consuiting, 2019

56

2023F 2024F 2025F
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HYucno uHTepHeT-Bellen

2 1OT ANALYTICS

)

Insights that empower you to understand loT markets

Total number of active device connections worldwide

Number of global active Connections (installed base) in Bn
35+

34.2

r_] Non-loT

M o1

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Note: Non-loT includes all mobile phones, tablets, PCs, laptops, and fixed line phones. loT includes all consumer and B2B devices connected — see loT break-down for further details

Source: loT Analytics Research 2018
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Tesn pocTa YnCnenHoCTH Hacenewmm Jemnu (0.9% 8 roa v 3amegnenme)
§ CPADHEHMM C TEMNOM POCTA KONMUECTE NOLKNIOYSIMMX K MnTepseTy obsextos (20% & rog)

& Mt Joam -wmmm anmﬁ)

Mnpa

fresryres

Puc. 1.3 < [luchananc Mexay pocToM YHCASHHOCTH HACENEHMA 3eMm
M POCTOM KOAMMECTBA NOAKMONEHHBIX K MHTEPHETY Bewer. HabmogaeTca crenyowan
TEMACHLMA: EXETOAHNA NPHPOCT NOAKMOYEHHBIX K MNTEPHETY 0BvexToB cocTasnaer 20%
npomve 0,9% exeroanoro npupocrta Hacenenua. hoan Bonswe we SyayT OCHOBHBM NOKadaTenemM
NPONYCKHOR CNOCoBHOCTM CeTw 1 yenewnoctw MT-npoexra

[Teppu JIu, Apxurektypa MaTepHera Beren

C”6F¥IHM



TaKTUAbHbIN
UHTepHeTt

Cetn BINJIA

BecnuaoTHbIM aBTOMO6UNb UHgycTpuanbHblii UHTepHeTt

CeHCOPHbIe nona

CIIo I'VT))
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MeHeHne ceTell CBRA3M non BnusHuem S |

|

SOFTWARE

m 9

Switches/Routers

, C-
» Config t OpenFlow
Config 4 Physical Network

OSPF/BGP

Switches

Config \
OT ceTel Ha 6a3e KOMMYTaTOPOB M MapLUPyTU3aTopoB -> SDN Ha 6a3e KOHTPOMNEepPoB 1 KOMMYTaTOPOB

cn6ryjﬁh
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Opranusauuu, paborarowme Haa
pa3sutuem HTepHeTa Belleu
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MexyHapOIHBINA COX03 IeKTPOCcBa3u (MCJ), cekrop
CTaHIAPTHU3AINM.

International Telecommunication Union, Telecommunication
Standardization Sector (ITU-T).

Pexomenmamus Y.2060/Y.4000 — O630p UnTepuera Bemieii
(2012).

Pexomenganms Y.2069/Y.4050 — TepMuHEBI B onpeACICHUS
11 UHTepHETa Bemen (2012)

W mHorue npyrue.

CIIo
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B 2015-2020 rogax paboraiia UcclI€q0BaTeIbCKass KOMUCCHS
(Study Group) «loT and its applications including smart cities
and communitiesy.

CIIo
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I/IHCTI/ITYT HHKCHCPOB JJICKTPOHHUKH U 3JICKTPOTCXHHUKH

Institute of Electrical and Electronics Engineers, IEEE (aii-
TPUILI-H).

[Togpasneneune |IEEE 10T Initiative 3anmmaeTcs
IIPOBEJICHUEM KOH(DEPEHINI, U3JaHUEM >KypHaJla U BOOOIIIE
MIOJJEPKKOM KOMBIOHUTH UCCiieaoBarene Murepuera
Bemen.

CIIo
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B pamkax |[EEE pa3paOareiBanucey ctangapThl BaxKHEUIITNX
JIJISI UHTEPHETA BELIEH ITPOTOKOJIOB:

WiFi: IEEE 802.11
BlueTooth: IEEE 802.15.1
LR-WAN (ucnoms3yercs Zigbee): IEEE 802.15.4.

ITomumo storo, B pamkax |EEE pa3pabareiBaroTcs

cTaHAapThl apxuTeKTypbl MaTepHeTa Bemeit (Internet of
Things (1oT) Architecture Working Group).

CIIo
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Internet Engineering Task Force (IETF) pa3pabarsiBaer
CTaHApThl, Kacaromuecs padoTel IHTepHETA.

Jl1s obnactu uHTepHeTa Beuel pa3padoran RFC4919 s
aganTanuu padoTel |PV6 moBepx MaJIOMOIIHBIX
OecrpoBOmHBIX IepcoHaTbHBIX ceTeit (6l10WPAN),
RFC4944 nnsa padotsl IPV6 noBepx konkpetHo IEEE
802.15.4

CIIo
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Zigbee Alliance — opranuzamnus, 3aHIMarOMAsC
CO3JaHHEM IPOTOKOJIOB BEPXHUX YPOBHEH (OT CETEBOIO 10
npuknagHoro) Ha ocHoBe ceteil IEEE 802.15.4, a Taxxke
IPOAYKTOB C MCIIOJIb30BAHUEM ATHUX IIPOTOKOJIOB.

CIIo
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= Open Connectivity Foundation

= WiF1 Alliance

- LoRa Alliance

= Bluetooth SIG 4 cClgss
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Connectivity
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Nlabopatopuna UHTepHeTa Bewen
cneryrt
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NaGopaTtopun luTtepHeTa Bewen
D o 9

27 npekabpsa 2012 Ha kadpenpe Ceten cBsasu CII6IYT Obina
OTKpbITa nepBasi B Poccumn nabopatopusa NIHTepHeTa Bellen




