Mpo6nemu po3BuTKY Ta BAOCKOHANIEHHS
€ANHOI HaLUioOHANbHOT cuCTeMM 3B A3KYy CNOBO HAYKOBUY

® IS MepesKi 3 J0JaTKOBUMU MapIIPyTaMu epefaBaHHA TpadiKy sHalieHo oxHe i Te came T~ 0,198 ¢ 3a-
TPUMKU IaKeTiB [IJIs PiBHUX MapIIPYTiB JOCTAaBIAHHA Tpadiky Misk 3afaHUMU TIapaMu BY3JIiB;

® ISl MepeXKi, B AKill HeMae JoJaTKOBUX MAPIIPYTiB IepegaBaHHA Tpapiky, 3HAUEHHS Yacy 3aTPUMKH I1a-
KeriB T~ 0,299 c.

3. 3rifHo 3 BYy3JI0BUM TEH30PHUM METOAOM IIPU PO3B’A3aHHI 3amaui MapIIpyTusaiiii ajida Mepeski 3 mogar-
KOBUMU MapIIpyTaMu IepefaBaHHa TpadiKy Ta pi3HOI0 3aBaHTaKeHiCcTIO 3HalIeHO OJHAKOBi 3HaUeHHA Yacy
3aTPUMKHU MAKEeTiB AK IJIsI OCHOBHOTO, TaK i IJIs TOJaTKOBOTO MaPIIPYTY.
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Y. B. Crpernkosckas, V. H. Conosckas
MAPLUPYTN3ALA B CETW MPLS-TE C AONOJIHNTEJIbHbIMI HANPABAEHNAMU NEPERAYN TPAOUKA

[pennoxeHo npuMeHeHne y30BOro TEH30PHOr0 METoAa A/isl peLueHns 3anayqn mapipytmaaum 8 cetn MPLS-TE ¢ vcnosnb308aHnem
[I0MOSTHNTENbHBIX HaNpaBreHni nepeaayn Tpaguka. OcyliecTBreH BbibOP [ONOIHNTENLHOO HANPABIEHIS MapLLPYTU3aL1 Tpaghuka no
KpUTEPMIO MYHVMAETTbHOr0 BPEMEeHN [OCTaBKY NaKeToB, 06ECHeMBaILLINA COANaHCUPOBAHHYI0 3arpy3Ky 1 0TKa30yCTONYMBOCTb CETH.

KnioueBble cnoea: y31080i TEH30PHbIA METOJ; MHOrOMyTeBas MapLUpyTM3aLns Tpadika; A0N0MHUTENbHOE HanpaBreHue MapLupyTy-
3aLu; BpeMs 3a[1ePXKMN NakeToB.

I. V. Strelkovska, I. M. Solovska
THE ROUTING IN MPLS-TE NETWORK WITH ADDITIONAL TRAFFIC DIRECTIONS

In this paper to use the node tensor method in order to solve the problem of routing in MPLS-TE network with additional traffic
directions use. The choice of the additional transmission rout accordingly the minimum of packets delay time criterion keeping networks
loading balance and noise protection is made.

Keywords: node tensor method; multipathes traffic routing; additional rout; packets delay. v
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TocymapcTBeHHBIN YHUBEPCUTET TeJIeKOMMYHUKAaIuii, Kues

AHann3 cocrossHns n nepcnekTHB pa3BHUTHA PbIHKa YCayr
LWKPOKONONOCHBIXK CHCTEM 6ecnpoBoAHOro Jocryna

"p"BBﬂEHbI pe3ynbTartel aHann3a COCTOAHHA H TEHRBEHYHA Pa3BUTHA PbIHKA HHHOBAYHOHHBIX YCAYI LWHPOKOMONOCHbIX CHCTEM
Gecnpnsannnﬁ CBfAI3H HOBOIO NOKOJIEHHSA, A TAK)Ke 0cobeHHocTelH Pa3BHTHA PbIHKa MOGHNBHBIX yenyr Ha ocHoOBe TEXHOJIOTHH m2m.

BaskHO# 0CO0EHHOCTHIO PA3BUTHUSA COBPEMEHHBIX IITMPOKOIIOJIOCHBIX 6€CITPOBOAHBIX CeTeH ABJIAETCA Pa3HO-
06pa31/1e HMCIIOJIBb3yEeMbIX TeXHOJIOTUH PaguogoCTyIIa M YBeJIMUEeHN e YMCJIa MYJIbTUCTaHAAPTHBIX aGOHeHTCICI/IX
YCTPOMCTB, MTO3BOJIAIOIINX NHTEIPUPOBATD PA3JUYHbIE TEXHOJOIUY B eIUHYIO CeTh, (hopMUPYys TaKUM oOpa-
30M T'eTepPOTeHHYIO (HeOJHOPOIHYIO) OECIIPOBOIHYIO ceThb [4—6].
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{(CNOBO HAYKOBUA ) €AMHOI HaLIOHANIBHOI CUCTEMM 3B I3KY

YxasaHHAA CETh 6yz[e'1‘ COCTO- Building Next-Generation Mobile Networks
ATh U3 CEeIrMEHTOB BCEBO3MOMXK- P> Integrating GSM, GPRS and UMTS Services onto the Core
HBIX TEXHOJIOTUU PagUOLOCTY-
na, 30HBI IMOKPBITUSA KOTOPBIX
HaKJaJbIBAIOTCA OJHA Ha IPYy-
ryio (puc. 1). TO mO3BOJIUT HE
TOJBKO YBEJWUUTH IIPOIIYCK-
HYI0 CIIOCOOHOCTH CeTH U pac-
IMIUPUTH 30HY ee IMOKPBLITUSA, HO
W TOPeAOoCTaBJATH II0Jb30BaTE-
JqAM ycayru mo 6ojiee HUBKOM
meHe W € HAWJIYYIIUM Kave-
crBoMm. Kakjgas rereporeHHas
ceTb OyZeT COCTOATh M3 KOH-
BEePreHTHOI OIIOPHOM CeTH U He-
CKOJIBKUX ceTell 6eCIIPOBOIHOTO
IOCTyIla MAJIA IIPEeJOCTaBIEHUA
ycayr Ha IP ocHOBe (B TOM uuc-
Je roJoca, BHUAeO, MYJIbTHUMe-
Iva W MaHHBIX) U o0eclieuyeHUus
POYMUHTa MeXIY Pa3JIUIHBIMU
CeTAMU OIIePaTOPOB.

s nmosbiiieHusa 3G GEeKTUBHOCTU PAOOTHI T€TEPOTEHHBIX CETEH UPEe3BRIUAIHO BasKHBI MEXAHU3MBbI JUHA-
MHUUYHOTO IIepepacipeieJIeHIS PeCypPCcoOB — MeXKy Pa3JIMYHBIMU YaCTOTHBIMU AUANla30HaAMU, TEXHOJOTUAMU
U TeppUTOPUANBHBIMY 30HaMu. Hanpumep, HarpysKa uaMeHsAeTCcs, KaK U3BECTHO, B 3aBUCUMOCTU OT BpeMeHU
CYTOK U 30HBI 00cays:KkuBaHuA. COOTBETCTBEHHO PECYPCHI JKeJIaTeJbHO IePepaclpeselaTh MeXAy KOHTPOJI-
JepaMu, o0CIyKUBAIOIIUMU PasHble 30HBI. I110100HaA «3JIACTUUYHOCTL» TaKiKe OyJeT UYpe3BhIYANHO IIOJIe3HA
II0 Mepe TOT0, KaK Harpy3Ka Ha CeTU IPeAbIAYIIUX IOKoJeHuli, HanpuMmep 2G, cTaHEeT CHUKAThCS, TOTJa KaK
HoBbIe cucteMbl (LTE) OyxyT 3ageiicTBoBaHbI Bce 60abIiie u 6oJbine. TaKkyio 3afauy IIOMOTYT TaKJKe pellaTh
mobuabHbIe ad-hoc ceTu (ceHcopubIe ceTu, mech-cetu, cetu MANET).

CerofHsa 3HAUUTEJILHOE YCKOPEHYE TEMIIOB POCTA MUPOBOT'O PHIHKA TEJIEKOMMYHUKAIIUOHHBIX YCJIYT IIPOUC-
XOAUT B IIEPBYIO OUepeab 3a CUET IIOBBIMIEHNA CIIPOCa HA YCJIYT'U COTOBOU CBA3U U CTPEMUTEJNHHOIO PA3BUTUSA
UHTEpHeTA.

IIpuunHamMu HeGBIBAJIBIX TEMIIOB BO3PACTAHUA PHIHKA YCJIYT COTOBOM CBSA3HU ABJAIOTCA HE CTOJIBKO 00Illee
yBeJINUeHUe YUCJIEHHOCTH HaceJeHUA B MUPe U POCT ero J0X0/0B, CKOJIBbKO Cepbe3HbIe COIIUAaIbHO-9KOHOMUUe-
CKUe m3MeHeHus obirecTBa. IIpu aToM MOOUIbHAA CBASH JAET MOIIHBIN UMITYJIHC BCEII MUPOBOM 9KOHOMUKH.

Puc. 1. COBpeMeHHaﬂ reTeporeHHas IIMPOKOIIOJOCHAA 6ecnp01301111aa CeThb

Obwan xapaxmepucmuka pa3éumus PblHKA Ycryz
WUPOKONONOCHbLX cucmem becnpo6odnozo docmyna
T'maBHOIT cTparerueil COBpeMEHHBIX OIIEPATOPOB COTOBOI CBSABU SABJIAETCA YBEJUYEHUE TEMIIOB POCTA [0-
X0/a 3a CUeT NIPeJIOCTaBIEHUA YCIYT ¢ J0OABIEHHON CTOMMOCTBIO, UYTO, B CBOIO OUePe/b, TPEOYeT yBeJInueHns
NIPOIIYCKHOM CIIOCOGHOCTH KaHaJla CBA3HU. T6aiir/mec
VYixe cerofHa MOOUIBHBIN JOCTYII, UCIOJB3YEMBIH 12000
B OCHOBHOM KaK J[OIIOJHeHHEe K (DUKCHPOBAHHOMY

MOCTYIy K TVIOGATbHOM ceTr, HaXOAUT Bee GOTBIIUH 000
CIIPOC, a CHU’KEHWe I[eH Ha MOOMJIbHBEIA HMHTEPHET
JeaeT UCIOIb30BaHKe MOOMIBHOTO NOCTYIAa Bee 6o-
Jlee IPUBJIEKATeJbHBLIM JJIA I0JIb3oBaTeNsd. IIpomece 8000
ITOJTHOCTBIO AHAJOTUYEH TOMY, B Pe3yJIbTaTe KOTOPO-
ro MOOMJIbHAA CBA3h JOMOJIHMUIA CTAIMOHAPHYIO U CO 6000
BpeMeHeM 3aHsAJIa CBOIO PRIHOUHYIO Hulity [1-6].

Haubosnee cTpeMUTEIbHO PA3BHUBAETCS HBIHE MO- 4000

OMJIbHBINA HNHTEPHEeT, 1 O0JIA JOXOA0B OT IIpeJocTaBJie-
HUS TAKUX YCAYT B CTPYKType IT-phIHKA HEYKIOHHO 400
pacrert (puc. 2).

OnepaTopbl MOOUILHOI CBA3MU II0 BCeMY MUPY (PUK-
CHUDPYIOT pe3KHil pPoCT 00beMOB IepefaBaeMbIX JaH- 0 2011 2012 2013 2014 2015
HBIX, KOTOPBIZ BO MHOTOM O0YCJIOBJIeH HabuparoIei Puc. 2. Poct Tpaduka JaHHBIX B CTAX MOOHIBHOIM CBAZU
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€AUHOI HaLiOHANbHOT cUCTEMM 3B A3KY GNOBO HAVKOBUY
Kosmyecrso coepgunenuii, Miaps 060POTHI IOMYJIAPHOCTHIO CMapPT(OHOB U IJIAHITIETHBIX
5000 [~ s s e

KOMIILIOTEPOB, 00€CTIE€UNBAOIIUX YIOOHBIH JOCTYI KO
BCEM HOBBIM IIPUJIOKEHUIM U cepBucam (puc. 3).

Tpaduk JaHHBIX B MOOWJIBHBIX CETSX 34 MATH JIET
(2010-2015) BrIpoc B 30 pas. Bo mHOrmx crpamax
MHpa 4YucJa0 ab0OHEHTOB MOOMJIBHOTO OOCTyIIa YiKe
TIPEBBICUJIO KOJUUECTBO a00OHEHTOB (DUKCUPOBAHHOTO
moctyma. [[MHaMUKa pasBUTUA MOOUJIBLHOTO U (DUKCH-
POBAHHOTO NIIMPOKOIIOJOCHOTO AOCTYIIA IIPEJCTaBJIE-
Ha puc. 4.

OTrMmeueHHasA TeHASHITNA 00yCIOBIeHA, BO-TIE€PBLIX,
pocToM MoOOMIM3AUU A00OHEHTOB 3a CUET PasBUTUS
pBIHKA cMapT(OHOB, IJIAHIIIETOB, a BO-BTOPBIX, U3~
MeHEeHHeM II0X0/a IOCTABIINKOB UHTEPHET-YCIAYT K
pa3paboTKe OHJAWH-TIPUJIOKEHUH 115 aOOHEHTOB.
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Puc. 3. JlunamMuka nogkiaroYeHns yepe3 cmaptdonsl, I1K,
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000 l Puc. 5. TeMnbl mpogask HACTOJIBHBIX U MOPTATUBHBIX
0 KOMIBIOTEPOB B CPAaBHEHHUH C IIPOAasKaMu CMapT(OHOB
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Puc. 4. [unaMuKa IIOJKJIIOYEHHS K ceTIM (PMKCHPOBAHHOTO (KpY:x0YKOM 0003HAYUEH MOMEHT, C KOTOPOI'O MPOJAKHU
(kpueas 1) 1 MOOUIBHOTO (Kpu6as 2) MIMPOKOIIOJIOCHOTO AOCTyIIAa ¢MapT(OHOB ¥ IIAHIIETOB IMPEBBICUIN IIPOAAKYT
(2009—-2018 roasr) HACTOJBHBIX KOMIIBIOTEPOB H HOYTOYKOB)

TeMnbl IPOLaK HACTOJIbHBIX U IIOPTATUBHBIX KOMIIBIOTEPOB B CPABHEHUHU C TeMIIAMHU IIPOLaK cMapT(OHOB
¥ TIJIAHIIIETOB WIJIIOCTPUPYET PUC. H.

OTMeTHUM, YTO B CHJIYy PA3BUTUSA OOJBININX CEHCOPHBIX SKPAHOB U HOBEHIIINX TEXHOJOTUI IIOCTPOEHUS MO-
OMJIBbHBIX CATOB OIIePaTOPLI (PUKCUPOBAHHOTO IITUPOKOIIOJOCHOTO JOCTYIA YTPATUIN OJHO U3 CBOUX IIPEUMY-
mecTB — obecrieueHne yao0HOM 1 6bICTPO paboThl Web-IpuioskeHnit Ha HaCTOJIbHBIX KOMIIboTepax. Kpo-
Me TOr0, MOOMJIbHBIII MHTEPHET CTAJ 00JIafaTejieM BarKHENIINX MOOMJIBHBIX IIPUJIOKEHUN — CIeIraJbHBIX
IIPOrPAMMHBIX IPOAYKTOB [IJIs ILIAHIIETOB U JPYTUX MHTEJLJIEKTYAJIbHBIX YCTPOMCTB, KOTOPHIE JAJIA BOZMOK-
HOCTB C OOJIBIIIUMU Y I0OCTBAMY ITOJIYYaTh JOCTYII K MHMOPMAIIUH, YEM 9TO IO3BOJIAIOT Web-TIpuio:KeHus.

BHempeHMe IIIMPOKOIIOJIOCHBIX CeTeil 0ECIIPOBOHOTO JOCTYIIA BEICTYIIAET B TO K€ BpeMs (haKTOPOM 9KOHO-
MUYECKOI'0 PA3BUTUS CTPAHBL:

® YBeIMUYMBAETCSA KOJMYECTBO IT0JIL30BATE/IEH HA OAHY ThICSUY HACEJeHUs, YTO CIIOCOOCTBYET CO3JaHUI0
MHOTHX HOBBIX Pa00OUYMX MECT;

e c mpupoctoM Ha 10% IPOHMKHOBEHUS IITMPOKOIIOJOCHBIX ceTell 6ecrpoBoguoro goctymna BBII crpanb! Bospac-
TaerHa 1% ;

e C YIBOEHUEM CKOPOCTH IlepeJayu JaHHbBIX B IIMPOKOIOJOCHBIX ceTAX OecrpoBomHoro pocryma BBII yse-
anuuBaerca Ha 0,3% ;

e ¢ mpupocToM Ha 1% MPOHMKHOBEHMUSA IINPOKOIOJOCHBIX CeTel 0eCIIPOBOIHOIO JOCTYIA KOJUUYECTBO PETH-
CcTpaIuii HOBOro OmsHeca yBesqnuuBaercsa Ha 3,5% .

Briag MoOUIBHOM CBA3KM B MUPOBYIO 9KOHOMHUKY moctur 3,6% obiiero muposoro BBII; BiioKeHUSA B OT-
pacab B 2014 roay cocraBuiu 336 mupxa gosi. Ilpu sTom 661710 codgano 10,5 MIH pabounx MecCT.

CorJiacHo OLleHKe aMePUKAHCKIX 9KOHOMUCTOB, IIPEeNOCTABICHNE JOIOJHUTEIbLHBIX II0JIOC YACTOT IJIS Pas-
BUTUA MOOUIBHBIX cucTeM cBA3u B CIITA mossosaut codgars 150 Teic. padouux mect u 10 2021 roga 3a cuer
IOMOJHUTEJbHBIX HAJIOI'OB IIPUHECET B KasHy 4,5 MiIpH K0J1.

ITpu sTOM HOXO0BI OT MOOUILHOM pekgamMsl B 2015 rogy mocturuyt B CIITA 24 mapa moa.
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Cocmosnue mMupo60zo poltHKa MOOGUNLbHBLX MeLeKOMMYHUKAYULL
1. O0611ee unciio aG0HEHTOB MOOMILHOII cBsa3u Ha Hauaao 2015 roga omenuBaiocs B 3,9 MJIpH YeJI0BEK, CO3-
naromux 6,9 muapng coequHeHnE. KolnuecTBO MINPOKOMOJIOCHBIX MOOUIBHBIX COeIUHEHUN — 2,4 MJIP/I.
2. K 2020 roxy, mo mporuaosam, obIree 4rncjio abOHEHTOB B Mupe gocturuet 6,1 mapa, us uux 3,1 mapg —
aboueuTsl cereit LTE u 2,3 mupa — abouenTts! cereit HSPA.
3. O6muit 06beM BumeoTpadura, KOTOphii Oyaer nepenad mo cetam 3G/4G 3a nats et (2015-2020 rr.)
mocturaer 440 sK3abaiT.

Ocob6ennocmu pa3eumus polHKEa MOOUABHBLX Ycay2 Ha 6a3e mexnonozuu M2M

Uccnemosarensckas xommnanus MachinaResearch omy6inKoBasia Iporaos3 pasBuTus pbiHKa yeayr M2M,
corsiacHo Kotopomy B Mupe B 2020 r. B cerMeHTe KOMMYHAJbHBIX YCJIYT YUCJIO YCTPOHCTB, MOIKIIOUEHHBIX 10
TexHojgoruu M2M, yBeauuutcs 1o 1,5 MAPI MITYK, a JOXOIBI COCTABAT 24 MJIPA €BPO.

IlosTOoMYy, II0 MHEHIIO aHAJIUTUKOB JaHHON KOMIIAHUM, OIIePATOPHI CeTell MOABMKHOM CBA3Y JOJIKHEI HAITPaB-
JIATH BCE CBOU YCWUJIMS Ha YCTAHOBJIEHUE IIPSMBIX OTHOIIEHUM ¢ KOMMYHAJbHBIMA KOMIIAHUSMU, BBICTYIIAsS B
POJIM CUCTEMHBIX NHTETPATOPOB WK CTOPOHHUX IIOCTABIIIUKOB YCIAYT, IIPeIjaras UM PasJIndYHble YCIYTY, HAIPU-
Mep KOHTPOJb HaJl YCTPOMCTBAMHY U UX O0CTYKUBaHNE, a HE TOJBKO YCJIYTHU 0 TPOTYCKY TpaduKa. ITO TO3BOJIUT
oIepaTopaM CeTel MOABUIKHON CBA3Y IIPEIOCTABIATS KOMMYHAJIbHLIM KOMIAHUSAM YCAYTY U3 KOHIIA B KOHEII.

CorsacHO TPOTHOB3aM aHAJIUTUKOB KoMnaHuu, B 2020 rogy M0X0oAbI OT YCJIYT IO IPOIYCKY TpaduKa cocTa-
BSIT BCero 5% OoOIIUX TOXOI0B OT KOMMYHAJIbHBIX yCayT, uau 1,2 mupa espo. Ha HacToAIInil MOMEHT BpeMeH!
B MUPE B CErMEHTe KOMMYHAJIbHBLIX yCIyr HacuuTbiBaeTcsa 100 MJIH yCTPOMCTB, IMOAKJIIOUYEHHBIX II0 TE€XHO-
goruu M2M, KoTopble IIPUHOCAT AOXOMI B pasMepe Eskerommble J0XOMbI, MJIPI €BPO

4 MJIpJ €Bpo, 13 KOTOPBIX, B CBOIO O4epenb, 1% , uin 30

50 MJIH eBpO, MPUXOAUTCA HA YCIAYTU MO TMPOIYCKY 25

Tpad)uKa, FTeHePUPYEMOr'0 B CETAX IOABUIKHOMN CBA3M. 20

IIporuossl, cmenamuble Kommanueidn MachinaRe-

search, TOKa3bIBAIOT, UTO e3KeToJHbIe JOXOAbI OT OKa- 15

3aHUA ycayr M2M B cerMeHTe KOMMYHAJBHBIX YCIYT 10

IocTuruyt cBoero nmuka B 2017 rony — 28 mupg eBpo. 5

3areMm OymeT HAOIIOAATHCA TEeHIEHITNA CHUMKEHUA 10- I I I
0

XON0B. 'HHHaMHKa AOXOZOB OT OKa3aAHU yCIYT M2M 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

B CerMeHTe KOMMYHAJbHBIX yCJIyT IIPeACTaBJICHA Ha Puc. 6. [lunamuka 10X010B OT oka3auus ycayr M2M B cermeHTe
puc. 6. KOMMYHAJBHBIX ycayT B Tedenne 2010—2020 roxos
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ANALYSIS OF THE CURRENT STATE AND DEVELOPMENT PROSPECTS OF THE MARKET OF BROADBAND WIRELESS ACCESS SERVICES
The results of analysis of the current state and development trends of the market of innovative new generation broadband services
of wireless access and the impact of technical factors are elucidated. Peculiarities of the market of mobile services based on M2M
technology are presented. N
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