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EXECUTIVE OPINION

A.P.Kozhemyako

"MARS TECHNOLOGIES" has become a new resident of Innopolis
Innovation City

NEWS

NETWORK INFRASTRUCTURE

V.A.Netes

Human-like networking: basic concepts and architecture
Humanrlike networking is a promising direction in the development of
telecommunications,which is the subject of ITU-T Recommendation Y.3680
(02/2022). These networks are characterized by such capabilitiesas self-
awareness, self-learning, self-optimization, self-protection, etc. They should be
more intelligent than autonomous netwaorks previously described in a number
of documents of other international organizations. The article provides an
overview of the basic concepts related to human-like networking;characterizes
their architecture, which includes four levels and five functional planes; describes
interfaces that are divided into inter-layer, intra-layerand inter-network.
Keywords: humanrlike networking, autonomic networking, layers, functional
planes, interfaces

EXHIBITIONS AND CONFERENCES

S.A.Popov

The TIBO Forum was held for the 30th time

The XXX International Forum on Information and Communication Technologies
with the “TIBO-2024"exhibition organized in early June in Minsk by the Ministry
of Communications and Informatization of the Republic of Belarus with
participation of a wide range of other state bodies and companies, has become
an event, the significance of which goes beyond the national framework. Like last
year, a considerable number of ICT companies and universities from the Russian
Federation took part in the exhibition within the framework of TIBO-2024.
Keywords: TIBO-2024, EADF-2024, Ministry of Communications and
Informatization of the Republic of Belarus, Regional Commonwealth in the field

of communications
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OT MEPBOIO JIMLIA
A.T1.Koxemsiko

"MAPCTEXHOJIOT MW" - HOBbII pe3uAeHT ropoAa MHHOBALMI
WHHononnc

HOBOCTHU

CETEBASI UHOPACTPYKTYPA

B.A.HeTec

Yenosekonogo6Hble CETH: OCHOBHbIE NOHATHS U apXUTeKTYpa
T0CTPOeHMe YeN0BEKOMOO0BHbIX CeTel - NepCrIeKTVBHOE HaMpaB/eHIe B Pa3BUTUN
TENEKOMMYHIKALAIA, KOTOPOMY NocBALLIEHa PekomeraaLma MC-TY.3680 (02/2022).
I CeTU XapaKTepV3yHoTCs TakVMI BOSMOXHOCTAIMM, Kak CaMOCO3HaHWe, Camooby-
YeHiie, CaMOONTUMI3ALWS, CaMO3alLyTa U T.N. OHI JOMKHDLI BbITL 6onee nHTeNNeK-
Tya/IbHLIMY, YeM aBTOHOMHbIE CETH, PaHee OMMCaHHbIE B PSfe JOKYMEHTOB ApyriX
MEXZYHAPOAHIX OPraHW3aLMK. B CTaTbe NpefCTagfeH 0630p OCHOBHbIX MOHSTIN,
OTHOCSLLMXCS K 4eN0BEKONOA0BHbIM CETAM; OXapaKTepH30BaHa VX apXUTeKTypa, BK/O-
YatoLLast YeTbIpe YPOBHS! W NSTb GYHKUMOHANLHBIX MIOCKOCTEM; OMMCaHbI MHTEPOEACH
(MeXyPOBHEBLIE, BHYTPIYPOBHEBBIE U MEKCETEBbIE).

KntoueBble C10Ba: 4eN10BeKONOA0bHas CeTb, ABTOHOMHaAS! CeTb, YPOBHM, GYHKLMO-
Ha/bHbIE M/IOCKOCTH, UHTEPGEiCH

BbICTABKW 1 KOHOEPEHLIMK

C.A.Monos

®opym TUBO coctosncs B 30-i pa3

XXX MexayHapoaHblin GopyM N0 MHPOPMALMOHHO-KOMMYHIKALMOHHBIM Tex:
HonorsM € BbiCTaBKo TBO-2024, 0praHy30BaHHbLINA B Ha4ane WIOHA B MiHCKe
MUHICTEPCTBOM CBS3M M MHGOPMATU3ALMM Pecrybnky benapych Npu y4acTm
LUIMPOKOTO Kpyra ApyriAX FOCYAAPCTBEHHbIX OPraHOB M KOMMAHMI, CTan COBbITMEM, 3Ha-
YeHwe KOTOPOTO BLIXOANT 32 HALMOHa/IbHbLIE paMK. KK 1 B MPOLLIOM rofy, B BbICTas-
ke B pamkax TMBO-2024 NpUHSO y4aCTve HeMaoe Y1CI0 KOMMaHWM W BY30B Chepbl
KT 13 Poccuickon enepaumn.

Kntoyesble cnosa: TMBO-2024, EADF-2024, MUHICTEPCTBO CBS3M 1 MHGOPMAT3ALIAN
Pecnybniiy benapych, PervoHanbHoe CoapyecTBo B 06nacTy cas3n
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EXPERT OPINION 3KCNEPTHOE MHEHUE
AL Alekseev AJ1.Anekcees
“SMARTS-Quanttelecom” has developed a quantum random 3 "CMAPTC-KBaHTTenekom" pa3paboTan KBaHTOBbII reHepaTop Ciy4an-
number generator HbIX yucen
SAFETY BE3OMACHOCTb
S.A.Popov C.A.lMonos
Security as a complexissue 34  be30nacHoCTb — BONPOC KOMM/IEKCHBII
From May 29 to June 1, 2024 in the pavilions and open areas of €29 mas no 1 vioHa 2024 rofa B NaBUALOHAX M HA OTKPLITLIX NAOLLAAKAX apMel-
the Army Exhibition and Convention Center “Patriot” in Kubinka, CKOrO KOHrpeccHO-BLICTaBOYHOTO LieHTpa "MatpuoT" B NOAMOCKOBHON KybuHKe
Moscow Region, the XV International Salon of Security Equipment cocTosines XV MexayHapoaHbliA CanoH CpeacTs obecneyeHns 6e30nacHoCTH
“Complex Security - 2024" was held. One of the traditional themes "KomnnekcHas beonacHocTb — 2024". OfHOW 13 TPAAULIMOHHDIX TeM Meponpus-
of the event was "Safe City". Tng 6bin "be3onacHblin ropog'.
CABLES AND PASSIVE EQUIPMENT KABEJIU U NACCUBHOE ObOPYJOBAHUE
B.V.Popov, V.B.Popov, V.N.Rodionov, R.N.Sabirov b.B.Monos, B.5.Monos,B.H.PoanoHos, P.H.Cabupos
Experimental studies of transmission characteristicsand mutual 40 JKCnepuMeHTaNbHbIe UCCIeA0BaHNS XapaKTEPUCTUK Nepeaaym
influences of the signal-blocking cable 1 B3aMMHbIX BAUSHUIA CUTHANbHO-6/10KMPOBOYHOTO Kabens
Intensive development of passenger high-speed and freight heavy-weight JHTEHCMBHOE Pa3BITHE NACCAXMPCKOTO CKOPOCTHOTO W TPY30BOr0 TAHXKENOBECHOMO
traffic on railroads impose increased requirements to safety and reliability of [IIBVXEHMS HA KeNe3HbIX 0pOrax NPebABNSIHOT NOBbILLEHHbIE TPeBOBaHNS K 6e30-
transportation process. In this connection there are increased requirements MaCHOCTI 1 HaA@KHOCTI NEPEBO30YHOO NPOLIECCA. B CBA3N C 3TUM NPEALABASIOTCH
to the signal-blocking cables characteristics. The paper presents the results of MOBbILIEHHbIe TPEBOBAHMS K XapaKTEPUCTUKAM CUTHaIbHO-BNIOKMPOBOYHbIX kabenen.
experimental research and analysis of electrical characteristics of transmission and B CTaTbe MpUBOAATCA Pe3ynLTaTLl 3KCNEPUMEHTANbHLIX UCCTEA0BAHHIA 1 aHAN3 Jek-
mutual influences of signal-blocking cables in the frequency range up to 16 MHz. TPUYECKIX XapaKTEPUCTIAK NEpeaaYit 1 B3UMHBIX BMSHUI CUrHNbHO-BMOKMPOBOY-
Keywords: symmetrical cables, signal-blocking cables, electrical characteristics, HbIX Kabenelt B Ayana3oHe Yactot Ao 16 Mri,
symmetrical cables KntoyeBble c1oBa: kabenm CUMMETPUYHBIE, Kabenu CUrHabHO-6/10KMPOBOYHbIE,
IeKTPUYECKIE XapaKTEPUCTUKM Kabeselt CUMMETPUYHbIX
Hay4Ho-TexHU4eckui XxypHan MEPBASI MUJ1A Last Mile ©
BkntoyeH B Poccuiicknim UHAEeKC Hay4YHOro LMTupoBaHua I'IepeperMCTpMpOBaH B d)e,qepaanoﬁ CJ'Iy>K68
www.elibrary.ru no HaA30py B chepe CBSA3N M MACCOBbLIX KOMMYHMKaLNIN
PeleHneM Mpesnanyma BAK npu MuHo6pHayku PO sxypHan 7 CeHTA6ps 2017 1., M Ne®C77-70980
"MEPBASI MW/ Last Mile" Bk/to4eH B MepeyeHb peLieH3npyemblx XKypHan nspaetcs ¢ 2007 r. BoceMb pas B rof,
Hay4HbIX M3,D,aHVIl;1, B KOTOPbIX AO0/IKHbI 6bITb Oﬂy6/‘|MI<0BaHbI
OCHOBHbI€ HayYHble pe3y/ibTaTbl AUCCepPTaLMA HA COMCKaHWe YYeHOW
CTeneHu KaHAnAaTa 1 AOKTOpa TEXHUYECKMX HayK. CreLmanbHOCTL: Tvpax 4 500 3k3. LieHa aorosopHas
2.2.15 Cuctembl, CETU U yCTPOMCTBA TeNeKOMMYHUKaUni; 2.4.1 MoanuncaHo B nevaTb 30.07.2024
TeOpeTI/I‘-{eCKaﬂ M NpukiagHas 3N1eKTpoTexHnKa.
Uspatenb n yupepgutenn — AO "PULL "TEXHOCDEPA" OTheYaTaHo B COOTBETCTEBUM
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REGULATIONS
B.A.Lastovich

Modern telecommunications and new reality 46
The national electronic communications network is an integral part of the basic
network infrastructure, one of the country life support systems. Under the
sanctions and other problems of the new geopolitical reality, the issues of
ensuring its uninterrupted and high-quality operation, reducing probability
of manifestation of systemic risks and threats of infrastructural nature
associated with telecommunications are of particular importance. The paper
discusses the Strategy of development of the communications industry of the
Russian Federation for the period up to 2035.
Keywords: electronic communications network, reliability of the
communications network, Strategy for communications industry
developmentof the Russian Federation for the period up to 2035

WIRED COMMUNICATION

$.5.Kogan

Transport high-capacity WANs capacities. Part 2.
Evolution of coherent digital signal processors.

The end

This series of papers presents international industry standards for
400G open line interfaces with interchangeable coherent optical
transceiver modules (transceivers) for OTN/DWDM transport
fiber-optic transmission systems (OTN/DWDM) (Part 1), evolution
of generations of coherent digital signal processors (DSPs) for
high-speed optical channels (wavelengths) in OTN/DWDM (Part
2), and evolution of technologies used to manufacture coherent
DSPs for OTN/DWDM (Part 3).

Keywords: optical transceivers, multicore fibers, coherent transceiver
modules, linear interfaces, symbol rate

52

E.P.Zhuravel, M.V.Sobolev

Simulation modeling of data transmission services

of a multiservice communication network

The paper discusses the essential aspects of full-scale modeling of data
transmission services of a multiservice packet-switched communication
network, provides recommendations for obtaining practical results, and
obtains a practical value for the maximum throughput of the transmission
medium for the HTTP/TCPv4/1Pv4 protocol stack, which is about 90% of the

60

NOANMUCKA
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ALPEC PEOAKLIUN:
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NOANUCATbCSA HA SJIEKTPOHHYIO
BEPCMIO MOXXHO HA CAUTAX:

PETVIMPOBAHUE

b.A.JlactoBuy

CoBpemeHHble TeNeKOMMYHUKALMM 1 HOBas peasibHOCTb
HaumoHanbHas cetb 3neKTPOHHbLIX KOMMYHUKALWI - HEOTbEMAEMAs COCTaBAS-
foLLast 6a30BOW CETEBOV MHPACTPYKTYPLI, OAHA M3 CACTEM XM3HeobeCneyeHms
CTPaHbl. B YCNOBMSIX CAHKLMA, MHBIX NPOBAEM HOBOW re0moANTUYECKON PeanbHo-
CTI 0COBYHO 3HAYMMOCTb MPKOBPETAT BONPOCLI 0becneyeHns ee becnepeboit-
HOW 1 Ka4YeCTBEHHOI PaboTbl, CHUXEHME BEPOSTHOCTY NPOSIBNEHMS (BA3AHHDIX
C TeNeKOMMYHWKALMSIMIA CUCTEMHBIX PUCKOB 1 YTpo3 MHAPACTPYKTYPHOTO Xapak-
Tepa. B crarbe 06CyxaaeTcs Crparerus pasBuTis OTpacu CBA3M POCCUICKON
®enepaumn Ha nepuog fo 2035 roga.

KnioueBble C10Ba: CETb 31KTPOHHbIX KOMMYHUKALWMA, HAAEXHOCTb CETU CBS-
31, CTparerns pasBuTus OTPACv CBSI3N Poccuickon Geaepaunu Ha nepuog
10 2035 roga

MPOBOAHAA CBA3b

C.C.KoraH

TpaHcnopTHble BOCH 60/1blioit NPonyCKHOI COCO6HOCTH. HYacTb 2.
JBONIOLMS KOrepeHTHbIX LiM¢pPOBbIX CUFHAbHBIX MPOLLECCOPOB.
OKOHYaHue

B LmKne CTaTeit NpeacTaBneHbl MexXayHapoaHble 0TpacieBble CTaHAAPTbI AN OTKPbI-
TbIX IMHENHbIX MHTEPdENCoB 400G CO CMeHHbIMM KOrepeHTHBIMM OMTYeCKMMM
MOAYNAMU-TIPUEMONEPEAATYMAKaMA (TPAHCVBEPAMM) TPAHCTOPTHbIX BONOKOHHO-
onTHdeckx cuctem nepegadu (BOCT) OTN/DWDM (4acTb 1), 380MH0LMS MOKONEHMIA
KOFEPEHTHDLIX LMPOBBIX CUHANbHBLIX MPoLieccopos (LICM) Ans BbICOKOCKOPOCTHbIX
ONTIYECKWX KaHanoB (2mH BonH) BOCT (4acTb 2), a Takoke 3BOMOLNS TEXHONOTUH,
MCMIOMb3yeMbiX 15 U3rOTOBAEHMS KorepeHTHbIX LICTT 4na BOCT (4acTh 3).
KnioyeBble c0Ba: ONTIYECKMe NpUeMOonepeaaTynkie, MHOroOCepALEBNHHbIE
BOJIOKHA, KOTEPeHTHbIE MOAYAU-TPAHCUBEPDI, IMHENHbIE UHTEPhENCLI, CUM-
BObHAs CKOPOCTb

E.MN.Xypasenb, M.B.Cobones

MmuTaumoHHoe MofienupoBaHue yCayru nepeaayun AaHHbIX
MYNLTUCEPBUCHOI CETH CBAN

PacCMOTPeHbI aCMeKTbI HATYPHOTO MOAGNMPOBAHNA YCIYTY NEPefadn AaHHbIX
MY/LTACEPBMCHON CETU CBS3M C KOMMYTALMeN NaKeToB, NPUBEEHbI PEKOMeH-
JaLun N0 NONYYeHNIo NPAKTUYECKIX Pe3yLTaToB 1 MoAYHEHO 3HaYeHe Mak-
CMMaNLHOM NPONYCKHOW CNOCOBHOCTY CPefibl Nepeaady A CTeka NpoToKON0B
HTTP/TCPvA4/IPv4, cocTaengiolLiee nopsika 90% 0T MakcuManbHOM Npomnyck-
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maximum throughput network interfaces 100 Mbit/s and 1 Cbit/s.

Based on the results of full-scale modeling, a simulation model of the

data transmission service was formed in the discrete event modeling
environment OMNeT++ using the INET module in the descriptive language for
describing the network topology NED, for which multifactor computational
experiments were performed and an upper estimate of the accuracy of the
results was obtained, amounting to 6 %. The proposed simulation model of

a data transmission service can be used to assess the quality of the provision
of this service in a multi-service communication network with the obligatory
monitoring of the compliance of the model values of the main characteristics
of services with the values obtained during full-scale modeling.

Keywords: multiservice communication network, modeling of services, data
transmission service, simulation modeling, OMNeT++, INET, NED

MEASUREMENTS AND SYNCHRONIZATION

D.ETerentyev

Inspection of ultrasonic protection devices during
operation:What, why, how and when. Part 2

Inspection of surge protection devices is considered. In the first part

of the paper (PERVAYA MILYA, 2024, No. 2) the following questions

were answered: what to test surge protectors with and why to do

it. Two more questions remain to be answered: how and when. The
second part of the paper deals with surge arresters for protection of
communication and data transmission circuits.

Keywords: protection devices against impulse interference, protection devices
against impulse interference, electrical connectors, arresters, varistors, posistors

SATELLITE COMMUNICATIONS

S.G.Shchepnov

On preliminary estimation of space

economy multippliers. The end

The paper structures the information related to the space
economy of the country and provides quantitative estimates of
some of its important indicators. An initial assessment of the
space industry volume of the Russian Federation by its sectors

at the macro level is carried out. It is shown that development
and operation of space infrastructure, including satellite
communication and broadcasting systems, have a multiplier effect
expressed in the creation of added economic value.

Keywords: satellite communication, satellite broadcasting, space
economy, space economy multipliers, creation of added economic value

68

75

HO CNOCOBHOCTM CeTeBbIx MHTepdeiicos 100 MbuT/c u 1T6uT/C. Ha ocHose
PE3YNLTATOB MOAEAMPOBAHNS COPMMPOBAHA MMUTALMOHHAS MOSEND YCIy-
IV Nepeaady JaHHbIX B Cpese MOAeAMPOBAHNS AUCKPETHBLIX COBbIT OMNeT+
€ ncnonb3osaxienm mogyns INET Ha eckpunTiBHOM A3bike ONUcaHug Tonono-
ru cetvt NED, Ang KOTOPO# BLIMOHEHB! MHOTOGAKTOPHbIE BLIMUCATENbHDIE
3KCNEpUMEHTDLI U NONy4YeHa BEPXHSAS OLEHKA TOYHOCTI NONYYAEMbIX PeE3yNbTa-
TOB, COCTaBASOLLAS 6 %. Mpeanaraemas MOAeNb YCAyriA nepeaadit AaHHbIX
MOXET ObITb MCMONb30BAHA [IN5 OLIeHKI Ka4eCTBa npefoCTaBneHns 3TN yany-
M1 B MyNLTACEPBICHON CETH CBA3M C 06513aTeNbHLIM BLINONHEHWEM KOHTPONS
COOTBETCTBUS MOAENbHDIX 3HAYEHNI OCHOBHbIX XapaKTepUCTUK YCAyr Bennym-
HaM, MO/y4EHHbIM B XOZE MOAENMPOBAHNA.

KntoyeBble CI0BA: MyNLTCEPBUCHAS CETb CBS3M, MOLEMN YOIV, YCIyra nepeadn
[JaHHLIX, IMUTALMOHHOE MoZennpoBaHie, OMNET+, INET, NED

N3MEPEHNA U CUHXPOHU3ALIMUA

[.E.TepeHTbes

Mposepka Y3UI B npoLiecce akcnayarauum:

Yyem, 3a4eM, KaK U Kkorga. Yactb 2

PaccMaTpuBaeTCsl MPOBepka YCTPOMCTB 3aLMTLI OT MMMYALCHLIX MOMEX.
B nepsoi yacTi ctatbit (NEPBAS MINA, 2024, No2) 6binnt AaHbl OTBETHI
Ha BOMpOCLI: Yem nposepATb Y3 1 3a4em 3TmM 3aHuMaTLCs. OCTanoch
OTBETHTb el Ha ABa: KAk 1 Koraa. Bo BTOPOM YacTi paccmoTperbl Y3UT
ANS 3LWNUTLI Lieneit CBS3I 1 Nepefadn AaHHbIX.

KntoueBble C/10BA: 3aLLyTa OT UMMYLCHBIX MOMEX, YCTPONCTBA 3aLLWTHI

OT UMMY/ILCHBIX MTOMEX, PA3beMbl INEKTPUIECKHE, PaspsaHIAKNA, BAPUCTOPL,
No3NCTOpbI

CMYTHNKOBbBIE KOMMYHUKALIUK

C.I.lenHoB

O npeBapuTeNbHOI OLIEHKe MYNLTUNNNKATOPOB

KOCMU4ECKON 3KOHOMUKM. OKOHYaHKe

B pabore CTpyKTypKpoBaHa MHMOPMALIS, OTHOCALLASCS K KOCMUYECKO! SKOHOMM-
Ke CTPaHbl, 11 A3I0TCH KONMYECTBEHHbIE OLEHKI HEKOTOPbIX ee BaXHbIX Nokasare-
neit. MpoBefeHa neparyHast oLieHka 06LeMoB KOCMUYECKoi 0TpacM PoccUnCKon
Denepaiuv no ee CekTopam Ha MAKpOypOBHe. T10Ka3aHO, YTO CO3AaHHe U 3KCMnya-
TaLWs KOCMUYECKOM MHOPACTPYKTYPLI, BKKOYAS CUCTEMbI CYTHIKOBOW CBS3M

W BeLLAHuS, 0613A3I0T MYNLTUNAMKATUBHLIM 3QHEKTOM, BbIPXAIOLMMCS B CO3Aa-
HiK 40BABNEHHOM IKOHOMMYECKON CTOUMOCTH.

Kntoyesble C110Ba: CMyTHIKOBAst CB3b, CTTYTHUKOBOE BELLaHIE, KOCMUYECKas IKOHO-
MUKa, MyNBTUMIMKATOPbI KOCMUYECKO! IKOHOMMKM, CO3/iaHMe J06aBneHHoN 3KOHO-
MUYECKOW CTOMMOCTH

MHMDOTEA

Hureasent. Onwr. Peiyastar.
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