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CBeTs10/1 NnamMaT CBOEro
AUpeKTopa, yYuTess u gpyra
AHartonunsa Hukonaesun4ya lonybesa
NMoOCBSILL AT aBTOPbI 3TY KHUT'Y

[lpeancnosue

CtaB pektopomMm CaHkT-leTepObyprckoro rocyaapCTBEHHOro
yHUBEpPCUTETA TeNeKkoOMMyHMKauuin um. npod. M.A. BoHnuy-Bpy-
€BMYa, S NOJSy4nsT B CBOU COTPYAHUKM MHOMMX 3amMeyvaTesbHbIX
N 3aCnyXXeHHbIX NPO(ECCOPOB YHMBEPCUTETA U aBTOPOB 3TOM
KHUN, 0BLLEHNE C KOTOPBLIMU C MEPBLIX OHEN 0Ka3anoCh U NPUST-
HbIM, 1 MONIE3HbIM.

B Hawux BeyepHMx anckyccusix o nepcnektmax IT-obpa3osa-
HUS, O TOM, YEMY 1 3a4€M HAO0 Y4UTb CErOQHSLLHNX CTYOEHTOR B
HanpaBAeHNUM MHPOKOMMYHNKALMOHHbBIX CETEN N CUCTEM, OTHacC-
TN N POANNACH NOES 3TOW KHUTI.

3aBenyolwme OBymMs Beaywmmm Kademopamm yHUBEpPCUTE-
Ta bopuc lNnonbawTenH n AHgpen KydepsiBblh — HE TOJIbKO Mpu-
3HaHHbIE B OTpacan cneuuannucTtbl, aBTOPbl MHOMOYUCIIEHHbIX
cTarten n MoHorpadpumn, npodeccopa, 4OKTOpa HayK, HO N BECb-
Ma xapusamMaTuieckme JSIMYHOCTU B COBPEMEHHbLIX MHPOOKOMMY-
HUKaunax. IMEHHO MO3TOMY, CKOpPEe BCEro, OHM W NOLWAN Ha
TakOW CMENbI M PUCKOBAHHbLINA Llar, B3SIBLUMCb 3a OnucaHue
MHPOKOMMYHMKaLMOHHBIX ceTer 2020 ropa.

Mpwn BCer HeGNArogapHOCTM TakKoro 3aHATUS Lar 3TOT MHEe
npeacTaBnsieTcs BbIHYXXAEHHbIM. Beab B HallemM O6LEM C aBTO-
pamMmn YHUBEPCUTETCKOM TPYAE Mbl, MPUHMMAas abUTYpPMEHTOB Ha
1 kypc B 2012 — 2014 rogax, BbIMyCTUM UX B XXM3Hb GakanaBpamm
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n marnctpamm Tofbko B 2018 — 2020. M BbINyCTUTb A0MXKHbI HE
C HabopPOM yCTapEBLUMX 3HAHWNI O TEIEKOMMYHUKALMSX SNOXM UX
noctynneHma B BY3, a nogrotoeneHHbIMM K paboTe MMEHHO B TEX
ceTax nocT-NGN koHua BToporo gecatunetns XXl Beka, 0 KOTO-
pbIX MOBECTBYET 3Ta KHUra.

Mommnmo obLwmx Npobnem NnpenogaBaHnst COBPEMEHHbIX MHPO-
KOMMYHWKaLWIA HAC C aBTOPaMM OO bEeANHSET M MHOFOIETHUI ONbIT
paboTtbl B HAN oTpacnu ceadn. B 3ToM CMbICHIE 3aMedaTesibHO TO,
YTO KHUra rMoCBSLLEHA NaMATU IEreHAAPHOro reHepanbLHOro auv-
pekTopa JleHnHrpaackoro otpacnesoro HAN ceasm (JIOHUNC)
A.H. Tonybesa, 6onee 17 net pykOBOOVBLUErO 3TUM TFOJIOBHbIM
VHCTUTYTOM OTpaciu.

Mo obLiemy NPM3HaHUIO 3TO BblIN rOAbl HAMBBLICLLENO pacLBe-
Ta WHCTUTYTA, MHOrO OaBLUEr0 POCCUNCKUM TENEKOMMYHUKA-
LMsIM TOro BpemeHun. Bce aTu rogpl aBTopbl 66111 Gavxanimmm
MOMOLLUHVMKAMN W 3aMECTUTENSMU FEeHepasbHOro AMpeKTopa
JIOHNUC, Tam nprnobpenu onbIT, UMEHA, y4eHbIE CTEMEHN U 3Ba-
HUS, NPUYEM B Te rodpl, KOrga BCe 9TO OOCTaBasiOCb HECKOLKO
TpyoHee, YeM CEroaHs.

M XoTs1 KHUra ata — o TeneKkoMMyHUKaLmMsax BTOPOro aecatuse-
Tna XXI Beka, a pabota aBTopoB ¢ A.H. FlonybeBbIM OTHOCUNACH K
TeNeKoMMYHUKaLMAM BTOPO NONTOBUHBI BOCbMUOECAThIX N AeBsA-
HOCTbIX r000B XX BEka 1 Havana HyNeBbIX Beka TeKyLL.ero, obLni
noaxon, CMenoCTb Hay4HOro NMporHo3a, cam Aayx U TBopYeckas
atmocdoepa JIOHUNC snoxm ero pacupeta COXPaHUINCb B 3TOMN
KHUre, KOTOPYIO 1 CMENo MOry pekoMeHaoBaTh HallUM CTYOEH-
TaM 1 acnupaHTaMm, Ja 1 aaneko He TONbKO UM.

C.B. bayeBckuiA,

pektop CMNoryTt nm. npod. M.A. bBoHy-bBpyeBunua,
[OKTOP TEXHMYECKNX HAYK, Npodeccop



I'nasa 1

Pe(3)soniouus
NGN

He rosopu: «oT4ero ato rnpexHune BpemeHa 6biiv
JIYHLUE HBIHELLUHWX?», [TOTOMY YTO HE OT MY4pPOCTH
Thl CripaLumBaeLlb 06 3TOM.

Betxuin 3aBeT 7:1-10

1.1. BpemeHa He BbIOUpaIoT...

MNMpuBeneHHasa B anurpade MbIC/ib MHOFOKPaTHO LUTUPYEeTCS
Ha NPOTSXXEHUN NOCNEAHUX ThiICAYENeTUin N, TeEM He MeHee, Nos-
HOCTbIO COXpPaHSeT aKTyasIbHOCTb.

OgHoM M3 nmpuynH Takoro deHomMeHa {BNsdeTcs HekoTopas
HEONPeneNeHHOCTb MOHATUN MPEXHUX W HbIHELIHUX BPEMEH,
KOTOpPble B Pa3HbIX KOHTEKCTax JIErKO OTHOCATCS K COBEPLLUEHHO
pasHbIM nUCTOopu4yeckum nepuopgam B [pesHem BaswunoHe wnu
ApesHen Npeunn, B peBHem Pume nnn B EBpone anoxmn Bos-
POXAEHUS, K Pa3HbIM 3Tarnam NPOMbILLIEHHOW N HAYyYHO-TEXHU-
4EeCKOW PEeBOJIIOLUA, PaBHO KakK M K KaXAoMy OeCATUNETUIO Ha-
Lero 6ypHO MeHsoLEerocs nNpssMo Ha rnasax mupa. o 1em xe
npuynHamMm BecbMa ygayHblM ClieyeT npusHaTb BBEAEHHOE yXe
LOBOJIbHO OABHO MOHSTUE CeTer CBSI3n CJiedyoLero rokoJsie-
Huss NGN (Next Generation Networks), Wnpokoe n Oanternb-
HOE MCMNOoIb30BaHNE KOTOPOro OOYCNOBNEHO OTHACTU TEM, YTO
OHO OOHO3Ha4YHO He yKa3blBaeT Ha T€ WIW MHblE CETEBbIE TEX-
Hosorun. MNoatomy K NGN B pasHble rogbl OTHOCUAM K ceTn IP-
TenedoHnn H.323, 1 cMeHMBLUME X CETU, MOCTPOEHHbIE HA NPO-
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Tokone SIP [5, 8], u nokoneHne 3G MOOWIBLHOWM CBA3U C TEXHO-
nornenn UMTS (Universal Mobile Telecommunications System)
[6], v ceTeBble apxuTekTypbl ¢ Softswitch [1] u Meguawnodamm,
n WiMAX (Worldwide Interoperability for Microwave Access), a B
camble nocneanue rogsl — Mynstumeauinnyto IP-noocucremy IMS
(IP Multimedia Subsystem) n HOBYIO CETEBYID apPXUTEKTYPY
LTE/SAE (Long Term Evolution/Service Architecture Evolution).

B 3Ton KHMre aBTOPbLlI PEWMIN COCPEOOTOYNTBLCH Ha CEeTax
rnoct-NGN vinn FGN (Future Generation Networks), HO He yrny6-
N9TbCS B AETAIN3AUMIO 3TUX HECKOJIBKO pacribiBYaTbIX MOHATUN,
a MPOCTO OrpaHMynUTb paccMaTpuBaemyrd 0b6nactb MHQOKOM-
MYHWUKALMOHHBIMY CEeTAMW TeKyLLEero gecatmnetms. T.e. B KHUre
peyb naet o cetax ceasn 2010-X rogoB 1 TOMbKO O HUX.

HekoTopble MpuUYMHbI TaKOro peLlleHns Haw yBaXaeMbli
PEKTOP yXe& OTMEeTUN B CBOEM NpeamcnoBun. [JencTBUTENbHO,
3HAYUTESIbHYIO YacTb CBOEro CEerofHsLWHero pabo4yero BpeMeHu
aBTOPbI NMOCBALWAIOT O0OY4YEHUNIO CTYOEHTOB, MarMCTPaHTOB, ac-
NMPaHTOB Ha CBOUX Kadenpax u, CneoBaTesbHO, HE MOMyT He
3a4yMbIBaTbCA O TOM, KAKUMWU UMEHHO WMH(MOKOMMYHUKALNAMMN
NPUOETCS 3aHMMATbCS UX YYEHNKAM MOCE OKOHYaHUS 00yYeHuns.
MpuUTOM, NO HaLWEMY MHEHUIO, HEAABHO NPUHATbLIE denepasnbHble
obpasoBaTenbHble NporpaMmmbel TpeTbero nokonieHus (Proc i)
ycTapenn He coBceM 06e3HagexHo. MHOro BO3MOXHOCTEN OHMU
OCTaBASIOT YHUBEPCUTETAM, U MPU XENAHMN MOXHO NPENOaaBaThb
TO, YTO AENCTBUTENIbHO HY>XXHO B COBPEMEHHbIX YCnoBusx. [1oaTo-
MYy OCHOBHYIO 4aCTb U3/IOXEHHOI0 B KHUre marepuana aBTopbl
yXxe «obkaTann» B y4eOHbIX KypCax.

Lpyras, Takke ynoMsiHyTasi B NpeamciioBum npuymHa — 6onee
nnyHas. JencTBuTenbHO, OCHOBHYIO YacTb XU3HW aBTOPbI pabo-
Tann B JIeHNHrpagCkomM OTpacieBoOM Hay4HO-uccsiegoBaTeslb-
ckom uHcTutyTe cBasum (JIOHUMC), nonae Tyaa no pacnpenene-
HMI0 nocne okoH4yanus JISNC nm. npod. M.A. boH4y-BpyeBnya un
nporasa 60k 0 60K NapannesbHble NYTU OT MHXEHEPOB, MAALLINX
M CTapwmx HayyYHbIX COTPYAOHMKOB OO PYKOBOAUTESIEN KPYMHbIX
noapasneneHnin U 3amMecTuTesnier reHepasibHoOro gupekrtopa no
Hayke. Bce 910 BpemMs nof pykosoacTtsomMm AHatonmsa Hnkonaesmn-
ya fonybeBa OHWN OPYXHO U CaAMOOTBEPXXEHHO (K COXaNeHWUto, He
BCE rogbl 0OUHAKOBO OPYXHO, HO, K CHACTbIO, BCerga camMooTBep-
>XEHHO M C MOJIHOM OTaadven) Tpyaunmcb Hag npobnemamm Tene-
KOMMYHMKaLUMN CHavYana BOCbMUAECATbIX, OEBAHOCTLIX, a 3aTEM
M HYJIEBbIX rOO0B.
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IMS

cern 2010-x
(coBpemeHHas 3r10xa),

UHTepHeT Bewen

cern 2010-x
(coBpemeHHas arnoxa)

SAE/LTE-A

cern 2010-x
(coBpemeHHas 3r1oxa),

TON/ISDN/IN/GSM/GPRS/UMTS \

Ceru 1990-x n 2000-x
(aroxa A.H. l'osybesa)

USN

cern 2010-x
(coBpemerHas 3roxa)

MonekynsipHbie
HaHoceTu

cern 2010-x
(COBpemeHHas 3r1oxa),

VANET

cern 2010-x
(coBpemeHHas 3roxa)

Puc. 1.1. UHPOKOMMYHUKALMOHHBbIE CEeTU

BToporo pecatunetua XXI seka

06 3TMX TenekoMMYyHMKaLMAX aBTOPaMU YXe HarmcaHO He-
CKONbKO OECATKOB KHWUI, Ha4YMHas ¢ [2] B mepuoa, BbiCLLEro pac-
useta TDM-ceTen ¢ KomMmyTaumen kaHanos 1 Bktodas [1]mn [11],
nocesalleHHble ceTssM NGN HyneBbIX rOA0B TEKYLLEro CTONeTus.
MoaToMy, UTOObI HE TEPATb BPEMS YnTaTenem n ceoe cobCTBEH-
HOE, 1N HEe MEPENMCHLIBATb CBOU TEKCTbI N3 OOHOW KHUIM B APYrYIO,
aBTOPbl PELNIN BbICTPOUTb 3TY KHUIY B COOTBETCTBUM C PUC.
1.1. Kak noka3aHO Ha 3TOM PUCYHKE, COOAEPXMMOE BCEX CNeayto-
LMX FNaB COOTBETCTBYET nepcnekTuBHbiM ceTam 2010-x rogos, n
JIVLLb B STOM NEPBOW MMaBe Mbl KPATKO OCTAHOBMMCS HA TEKYLLIEM
COCTOSIHUM MOBOUIBHBIX 1 PUKCUPOBAHHbBIX TENEKOMMYHUKALMOH-
HbIX CETEN.

1.2. IBonouus GpUKCcMpoBaHHbIX CeTen CBA3N
ooLwero NoJsIb30BaHNSA

1.2.1. Tpwm Tpoiikun TpON

LenctentenbHO, 060MTU NOJHbIM MONYaHMEM AP0 ceTel Ha
puc. 1.1 He nNpeacTaBnaeTcd BO3MOXHbIM. HadyHeM ero kpartkoe
onmncaHue ¢ ceten pukcrupoBaHHoM TenedoHHom ceadn THOTT.
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Takasi nocnenoBaTefibHOCTb BMNoJjiHe 060CHOBaHa, T.K. HOBbIE
TEeHOEHUMN N pa3paboTKn, OTMEYEHHbIe B PUKCUPOBAHHbIX CETAX
npeablaywyx 0ecaTuneTnii, B ceTsx MobuibHOM CBA3M Takxke MNo-
ABNANINCb CO CPEeAHEN 3a0ePXKOM NPpNbAmn3nTensHo B 3 — 6 NeT.

B ceTax dUKCnMpoBaHHOM CBS3U YMCIO aDOHEHTOB, NCMOMbL3Y-
towmx TPOIT He TONbKO N HE CTOJNbKO AN TPAAULMOHHOM pede-
BOM TenedpoHnn, a ansa LWMPOoKONoJ0CHOro gocrtyna B VIHTepHeT,
YBENIMYMBAETCS Tak e ObICTPO N HEYKITOHHO, KaK CKOPOCTU nepe-
baun. A Begpb nepBoHadvanbHO BeSa TPOIT Obina cnpoekTupoBaHa
NPOCTO M UCKITIOYMUTENBHO MO NPUHUMNY TPpex Tpoek: 3 TenedoH-
HbIX BbI30BA B Yac Hanbonblen Harpy3ku (HHH) nnoc 3 MuHyThI
pa3roBopa (ero cpegHasa OamMTenbHOCTb) moc nonoca 3 kly,
(0.3 — 3.4 kl'u, BNONHE gocTaTo4Has Ons XopoLlero kKa4ecrtea Te-
negoHHoro pasrosopa). 1 nmeHHo B Takom Buae TpOI1 cyuiecT-
BOBaJsia, Masio U3MEHAACh, OT CaMOro Ha4vana noyTun 40 CaMoro
KOHLUa XX Beka, koraa B Hadyane 1990-x ronoB MHTepHET «B30pBa-
na» 9Tn TPW TPOWKN YCTAHOBNEHNEM KOMMYTUPYEMbIX COEANHE-
HUM dial up ¢ nomowbio NHTepHeT-MoaeMoB. B cepeanHe 90-x
nepBble MOAEMbI XapakTePM30BAIMCb CKOPOCTAMU Npubamnaun-
TenbHO 14.4 kbuT/C, HO BECbMa ObICTPO Oonee No3gHNe Moaenu
[OCTUMNN CKOPOCTN 56 KBUT/C.

1.2.2. Moaembl xDSL n texHonornm FTTx B ceTax goctyna

BaxxHoW Bexon cTano nosiBneHne Ha MaccoBoMm pbiHke B 2003
rogy MOAEMOB MO TEXHONOMNUN aCUMMETPUYHOM LmngpoBor abo-
HeHTCckon nmHnn ADSL (Asymmetric Digital Subscriber Line), c
MOMOLLBIO KOTOPbLIX JIErKO AOCTUrasiIuCb CKOPOCTU nepenayv B
HECKOJIbKO MerabuTtoB B CEKYHOY.

JdanbHeniaa aBonouns npmeena K BbICOKOCKOPOCTHbIM PUK-
CUPOBaAHHbIM ABOHEHTCKMM JIMHUAM, OCHOBAHHbLIM Ha OMTOBO-
NOKHe, KOTopoe no TexHonorun FTTx (Fiber To The x) nogBoanTcs
HENOCPEACTBEHHO B XWJble AoMa (BOJSIOKHO K 34aHUI0), K HApYyX-
HbIM LWKadamM ¢ pacnpenennTesnbHbiIM 060pya0BaHMEM (BOJIOKHO
K Wwkady) n T.m.

TexHonorns BOJIOKHA K Lwkady npegycmarpusana, 4to noc-
NegHNIN y4acToK JIMHUU B 30aHUAX MM KBapTUpPax peanma3yeTtcs
Ha MefHbIX NpoBogax ¢ Ethernet. Jaxe aT0T cnocob, korga ans
MnociefHero y4actka coeanHeHns NCnosib3yeTcss KOPOTKUN Mef-
HbIli Kabenb, yXe No3BoMAN A0CTUYb ckopocTer 50 n 100 MouTt/c
Ha nuHuio. PasymeeTtcs, TexHonoruamm xDSL v FTTx He orpaHu-
4YMBAIOTCS CErOAHSILLIHME OOCTMXEHNSA ceTel abOHEHTCKOro AocC-
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Tyna, KOTopble Takxke Nepexmnn PpeBoIlOLUMOHHbIE N3MEHEHUS Ha
pyoexe XX n XXI BekoB.

B ncropunyeckon aHanormm MOXHO Oa)Ke Ha3BaTb TPU UCTOY-
HUKa 1 TP COCTABHbIE YaCTM STOr0 PEBOJIIOLIMOHHOIO OBUXEHUS.
Tpemsa UCTOYHUKaMU CTann pedveBor Tpaduk, Tpaduk OaHHbIX U
BuageoTpaduk, a TpeEMS COCTaBHbIMU YaCTSIMN — METANINYECKNIA
kabenb, ONTOBOJIOKHO U paguokaHan. 3T acnekTbl PEBOIOLNN
ceTn goctyna noapobHo paccmoTpeHsbl B [3]. 3oechk Xxe noavyepk-
HEM, UYTO CErofHs MOHATUE AOCTyrna noJiydaeT COBEPLIEHHO HO-
BOe 3HayeHue. B rnaee 3 OyaeTt nokasaHo, 4To B mupe IMS pas-
JeneHne Mmexay NnpoBOOHOW NNMHUEN N 6ECNPOBOAHBIM KaHaIOM
KaK COCTaBHbIMU YacTAMM ceTu AocTyna hakTUY4eCKn UCYE3aET.
U ecnn B Mupe TpaamuUMOHHON TenedoHUM O0CTyrn O3Ha4daeTt
[ocTyn K cetu, B mmpe IMS 310 o3HavyaeT O0CTyn K 3aKka3aHHOM
ycnyre.

1.2.3. UHTennekTyanbHasa ceTb

He meHee paguikanbHble M3MeHeHua npoucxoamnu n B Core
Network. 9T0 — WIMpOKOEe pacnpocTpaHeHne n pas3BuTne ceTu
obwekaHanbHon curHanmsaumm OKC7 v BO3HMKLLUAA Ha OCHO-
Be OKC7 koHuenuusa WHTennektyanoHon cetu IN (Intelligent
Network).

B HOBbIX MHPOKOMMYHMKALMOHHBLIX ceTax 2010-x, koroa Bce
ycnyru MoryT ObiTb NpeacTaBlfieHbl KIMEeHTY B Buae o0fayHbIxX
CEepBUCOB cpeacTBaMu nporpamMMHoro obecriedyeHuss SaaS
(Software as a Service), nHdpacTpykTypbl laaS (Infrastructure
as a Service), nnatdopmbl PaaS (Platform as a Service), 6u3s-
Hec-npoueccoB BPaaS (Business Processes as a Service) nnu
Waa$S (Web as a Service), NHtennekTtyanbHble cetn 90-x rogos
MOryT nokasaTbCsl aHaxpOHM3MOM. W Bce Xe Tor KoHuenuuw,
KaK 1 apxnTekType komMnbloTepa GpoH HelimaHa, Hanpumep, Oblnu
CBOWCTBEHHbI YepPTbl BENIMKOro TBOPeHua. N kak cerogHslHue
KOMMbIOTEPLI C/1ab0 HAMOMMHAIOT MPEXHIO APXUTEKTYPY KOM-
nbloTepa ¢ apuPMeTUKOo-N0rmyeckumM YCTPOWNCTBOM, MaMSATbIO
KOMaH[, U OaHHbIX, HO 6a3NPYIOTCA Ha TeX JAaBHUX Maesx, Tak u
KoHuenuus HtennektyanbHo cetn ¢ INAP coBcemM He noxoxa
Ha CeroaHsLLHMEe cepBepbl MPUNOXEHUN C Pa3BUTbIMU HA UOEAX
IN nutepdeincamu API (Application Program Interfaces), OSA
(Open Service Access) n gp. B noceauweHHon IMS rnaese 3 Mbl
BEPHEMCS K 3TON NPEeeMCTBEHHOCTMW.
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1.2.4. ISDN

Onpepnenenne ISDN (Integrated Services Digital Network)
BNEpPBbIE MNOSIBUIOCH B CANNCKE TEPMUHOB OpaHXEBOW KHUIMN CEK-
TOopa CcTaHgapTu3auum TenekoMMyHukaumi MexayHapoaHOro
coto3a anektpocea3n ITU-T (International Telecommunication
Union — Telecommunication Standardization Sector), nmeHoBaB-
werocs Torga MexayHapoaHbIM KOHCYbTAaTUBHBIM KOMUTETOM
no tenerpadpuu n tenepoHun (MKKTT). B cnenyomx LBeTHbIX
kHurax ITU-T 6binm onybnmkoBaHbl pekoMmeHpaumm cepum |, onn-
CbIBaBLUME KOHLEMNLMIO, CETEBbLIE U MONb30BATENLCKME aCNEKThI,
3TasNIOHHbIE TO4YKM M ycnayrn ISDN.

Ha pycckom a3blke akBmBaneHTamu TepmmHa ISDN asnanmck
abbpesmatypbl LLCNO (uudpoBas ceTb MHTErpanbHOro obcny-
xmnBaHus) n ULCUC (umdposasa cetb ¢ nHTerpauuen cnyxb). Ho
Hanbonee TOYHOW OKasanachb LUYTNMBAA aHrNoA3bl4HAA pacund-
poeka | Still Don’t Need it (MHe BCe ele 3TO He HYXHO).

Npoes ISDN-ceTn 6a3upyeTtcs Ha AByX crneuyduyeckmx Tmnax
nHTepdencoB: nHTepdenc 6asosoro gocrtyna BRI (Basic Rate
Interface), pernaMmeHTUpPYyLWWn coeanHeHne y3na KoMmmMmyTaumm
¢ aboHeHTOM, 1 nHTepdenc nepeudHoro goctyna PRI (Primary
Rate Interface), obecne4ynBaloLLni BKITIOYEHME YHPEXOEHYECKNX
ATC u kopnopaTuBHbIx ceTen B THOIT.

JNornyeckun BRI npepcraensiet cob6oi ocobbiM 06pa3om CTPykK-
TYPUPOBAHHLIN LMPPOBON NOTOK, pa3feneHHbI Ha TPy JIornyec-
KX KaHana: nBa MHPOpMaLMOHHbIX KaHana Tuna B co ckopocCTbio
nepegayn 64 KOUT/C Kaxapli 1 0AMNH CNy>XXeOHbIr kaHan Tuna D co
CKOpOoCTbio nepenayvn 16 kout/c. MNMpu aTom yepes oanH BRI Mox-
HO NepefasaTth Ba HE3ABNUCKMbIX MOTOKA COOOLLLEHUI — MO YNCAY
B-kaHanoB. PasymeeTcq, cerogHa cama nges 6a3oBoro gocryna
2B+D, npegnonaraelias ogyH B-kaHan ncnonb3oBaTh AN peyn,
a BTOpoi B-kanan (unn oba B-kaHana) — ona nepegayv gaHHbIX,
BbIMMSONT @HAXPOHU3MOM.

Takor nNpuHUMN pas3feneHns KaHalioB MOXHO Oxapakrtepu-
30BaTb BbICKa3biBaHMEM K3 «Tpex MyllkeTeposB» ArnekcaHapa
[ioma: «Ana AToca 3TO CAMLWKOM MHOro, a ans rpada ae Jla dep
3TO CNMLWIKOM Mano». encteutensHo, 2B+D ana nepenayn peun
4ype3MepHO MHOro, a /s nepenadn aaHHbIXx 6e306pas3Ho Mano.
N Bce xe He cTomT paccmaTpueaTth ISDN kak owmbo4Hyto cTparte-
IO Pas3BUTUSA LUPPOBLIX TENEPOHHbIX CETEN.
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ISDN okazana cyLweCcTBEHHOE BANSHME HA pa3BUTNE MHPHOKOM-
MyHuKaumii, no3soanna Oneparopam CBA3M HAKOMUTb NONIE3HbIN
OnbIT, cNOCOBCTBOBANA CO34aHUI0 BAXXHENLLENO NPOTOKOA CTeKA
OKC7 - npotokona ISUP (ISDN User Part). Psa NHHOBaLMOHHBbIX
pa3paboToK, BbiNOMHEHHbIX Ana ISDN, okasanca BocTtpeboBaH
OPYrMMy TENEKOMMYHUKALMOHHBIMW TEXHOIOTNSIMM.

®yHKUMOHaNbHaa Moaenb uMdpoBO abOHEHTCKOM NNHUK
ISDN cogepxana 4 aTanoOHHbIE OMNOPHbLIE TOYKN, 0603HAYaeMbIe
natuHckmmm 6ykeamum R, S, T, U. Ycnex noaxoga ¢ 3TaNOHHbIMU
TOYKaMM K ONMCaHUI0 CETEBOM apxmTekTypbl B ISDN cnocobcTBO-
BaJl €Ero MCMoOJsIb30BAHUIO B CaMbIX Pa3HbIX HOBEMLLMX TEXHOOMMN-
X, 4TO OyAeT NOKa3aHOo B CNedyoLLUX raBax 3TOMN KHUMNA.

1.3. dBonouug cetem MOOUILHOM CBA3U

1.3.1. NMNoxkoneHunsa ceTeint MOOUIIbLHOI CBA3U

N306paxeHHble B 9ape Ha puc. 1.1 nepBblie TPU NOKONEHUS
ceTell MOBWITbHOM CBA3WN NapasnsiesibHO CYLLECTBOBAIN N NOCTE-
neHHo cMmeHsanu gpyr gpyra B 1990-x n 2000-x rogax. Bcero Ha-
CUNTBLIBAETCS YETbIPe NOKOJIEHNS CETEN MOOUIBLHOWM CBA3MU.

MepBoe nokonenme 1G No4Yemy-To HaCcTO Ha3bIBAOT aHANOro-
BbIM, XOTS 3TO Y€ OblNn LUNPPOBLIE CETU CBSA3W MO aHaNOrMmn ¢
GUKCUPOBAHHBLIMU CETAMW: aHaNOrOBbIN PaAMOA0CTYN N UMdpo-
Bble y3Jibl KOMMYTaLMU.

9T0 1 cucTema ceBepHoi MobunbHoM Tened@oHun NMT (Nordic
Mobile Telephony) Ha yacToTe 450 MIU, n ycoBepLUeHCTBOBaHHAas
noaguxHas TenedoHHasa cnyxoa AMPS (Advanced Mobile Phone
Service), ¢ KOTOpoWn HadmHan oamH n3 OnepaTopoOB HbIHELLHEWN
BonbLion Tponkn.

Cuctema NMT-450 6bina npu3HaHa NepBbIM POCCUNCKUM de-
nepanbHbiM CTaHOAPTOM MOOWIIbHOM CBSA3M, HA KOTOPOM B Ha-
yane 1990-x Hauyan pabotaTb netepbyprckuin OnepaTtop CBA3U
«[denbta Tenekom».

MepBble MOOUNBbHbIE TENEDOHLI CETU «[lenbTa» CTOUNU Nopsaa-
ka $2000 — $3000 n Becunm HECKoNbKO KuiorpaMmmoB. Ho ans
HUX Xe B cepeauHe 1990-x 6bl1 OpraHn30BaH NepBbI aBToMaTn-
4yecKnii poyMUHI pernoHanbHbix Onepatopos NMT-450 B pamkax
HaLMOHaJIbHON CeTn.
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BcnomMHum, 4yto TexHonorna NMT-450 6bina Hanbonee aKoOHO-
MWYHOI AN OpraHM3aumm CBSA3u Ha 60bLLINX TEPPUTOPUSX C Ma-
N0 NJIOTHOCTbLIO HACEeNeHNs, XoTa U obnagana CyweCTBEHHbIMUA
HegocTaTkamMu, 00yCNOBAEHHBIMU CENEKTUBHLIMU 3aMUPaHUSMU
13-3a MHOIOJ/Ty4EBOIr0 PacnpOCTPAHEHNS PAOMOBOJIH B YCIOBUSIX
ropoackor 3acTPONKKU, BO3MOXHOCTbIO MNPOCAYLIMBAHUA Mepe-
roBOPOB C MOMOLLBIO 0ObI4HbIX YKB npmemMHnKoB, NerkocTtblo
opraHn3daummn KiaoHoB TenedoHoB U T.M. [lepBbli 3BOHOK Yepes
Hanbonee ycrnewlliHyld CUCTEMY BTOPOro nokosieHust — Mmobanb-
HYlO cncTemy mMobuneHoln cesadn GSM (Global System for Mobile
Communications) — coctoancsa 1 niona 1991 roga B oaHOM 13 nap-
KOB ropoga XenbcuHku, a yxe B 1994 rogy cetb GSM 3apaboTana
B Mockse.

1.3.2. Penun3 99. OcHoBbl UMTS

PasymeeTtcsi, B NONHOM COOTBETCTBUM C 3aKOHOM Mypa, ync-
J10 TPAH3NCTOPOB B MHTErpPasibHbIX CXEMaxX He NPEKPaTUIO CBOMN
9KCMOHEHUMANbHBIN POCT M NOCNE MOSIBAEHUS TexHonornm 2G,
4YTO B CBOIO O4Yepedb NPUBENO K NOSIBNEHMIO HAMHOIO 6onee 1H-
TEHCUBHbIX B BbIYUCIUTENIbHOM OTHOLLEHNN METOA0B MOBUIBHOMN
CBSI3U, YeM CPaBHUTENbHO NPOCTON pagnonHTepdernc GSM. 3to
B MOJIHO MepPE MPOSIBUIIOCh B TEXHOJIOTMU TPETLENO NOKOJIEHUS
UMTS, koTopast MOXeT ObiTb B PaBHOW CTEMNEHM OTHECEHA KakK K
3BONIIOLUMN, TAK 1 K PEBOJIIOLINM B CETSX NoABMXHOW cBa3un (CI1C).

Ona nokonenna 3G cTaBunacb 3agada: B 3aBUCKMOC-
T OT CTeneHn MoOWIbHOCTM aboHeHTa (CKOPOCTU €ero ne-
peoBuxXeHuUss B 30He o0b6cnyxmBaHus) obecneunTb [OCTyN
2.048 M6uTt/c pna o6cnyXuBaHMa CTauMOHapPHbBIX U NepeaBurato-
LWUXCS BHYTPU 302aHUIA aDOHEHTOB (CKOPOCTb MeHee 3 Km/4),
384 kbUT/C NPY HU3KOM MOOUNBHOCTU (CKOPOCTb OT 3 40 12 KM/4)
W NTOKaNbHOWM 30HE NOoKpbITUS, 144 KOUT/C NPU BLICOKOW MOOWUJIb-
HOCTM (ckopocTb OT 12 go 120 km/yac). Onsg AOCTUXEHUSA 3TUX
1 60/bLUIMX CKOPOCTEN NPU OrPaHNYEHHOM 4YaCTOTHOM pecypce,
O1s opraHm3aumn nOCTOSHHO pacLumpsiiowerocsa Habopa ycnyr
pa3paboTtaHbl pennabl 3GPP, KoTopble 1 OTpaxaloT 3BOJIOLMIO
MOOUNBHOW CBSI3U B MUpE.

MepBOHaYanbLHO 3TN penmn3sbl (BbiNnyckn cneuydmkaunin) 3GPP
[128] nmeHoBanuchb No roay patndukaumm, a Nno3xe NCNonbL30-
Basica Homep Bepcun. HanomHuMm, 4T0 napTHepcTBO 3GPP ObIno
co3naHo 4 pekabps 1998 r. ¢ uenbio NPoBeAEHNS MPaKTUYECKMX
paboT Mo cTaHgapTM3aumm cuctemM noapuxHom cesasn 3G.
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Mepebin komnnekT Boinycka 3GPP ona GSM/UMTS 6bin 3a-
BeplleH B kOoHuUe 1999 r., noaToMy ero HasBanu penusom 99,
HO BCe Mocieayloume Bepcmn ctann HasbliBaTb pennsamu 4, 5,
6 v 1.0. CerogHsa, Korga nuwetca aTa kHura, 3GPP 3aBepluaer
paboTbl Hag penusom 11. CornacHo pennady 99, B TEXHONOIUIO
UMTS (ceTtb pagnogoctyna UTRAN) n3 GSM 6blin nepeHECEHDI
NOHATUA 6GA30BbIX CTAHLMIM N KOHTPOJIIEPOB C COOTBETCTRYIOLLUM
nepenmMmeHoBaHNEM — 3TU anemeHTbl B ceTn GSM HasbiBanmch
BTS n BSC, a B UTRAN unx HaabiBatloT y3nom-B (Node B) v kOH-
Tponnepom pagmnocet RNC. MobunbHbIi TepMmuHan MS Takke
Nosy4yMsa HOBOE UMSI U TENepPb HA3bIBAETCHA MOJIb30BATENLCKUM
obopynoeaHuem UE.

Kpowme Toro, B pennsd 99 ang UMTS Bownu yny4ylieHus npo-
rpaMMHOro obecneyvyeHuns, 4Tobbl NOAAEPXMBATL HOBbIA UHTEP-
denc lu (cs) mexay MSC 1 UTRAN, npuyem Ha BEPXHUX YPOBHSIX
nHTepdenc lu (cs) noka octancsa nogodeH A-uHtepdericy GSM, a
BOT HWXXHWE YPOBHM BblIM MOSIHOCTBIO MepepaboTaHbl Ha TEXHO-
noruvio ATM.

HoBble ¢pyHkumn UMTS, kpome TOro, notpeboBanu pasBmtus
nporpaMmmMHoro obecneyeHus HLR n ueHTpa ayteHTudukaumnm
N KOHTponsa goctyna aboHeHToB AuC (Authentification Center).
He nopeepranacb M3MeHeHusiM 6a3oBasi CeTb nepepadn na-
ketoB GPRS, koTopasi Oblila OTHOCUTENIbHO HOBOW TEXHOJIOM-
en BO BpeMms creumdpukaumn penusa 99 m BnonHe nogxoamna
0N BbICOKOCKOPOCTHOrO OO0CTyna, Kpome uHTepdenca lu(ps)
mexay SGSN un ceTblo pagmopoctyna. OCHOBHbIM OTIMYMEM OT
GSM/GPRS asnsietcsa ncnonb3dosaHne ATM BmecTto Frame relay
Ha HWXHUX YPOBHAX CTeka NpoTokonoB nHtepgdenca Gb. Kpome
TOoro, nporpammHoe obecrnedeHne SGSN 6b110 UBMEHEHO, YTOObI
NpPo3pavyHO TYHHENMPOBATb MOJIb30BATENLCKME MAKETbl OAHHbIX
GTP (GPRS Tunneling Protocol) k n ot RNC, BMecTo Toro, 4tobsnl
aHanM3npoBaTb COAEPXAHNE NAKETOB U NepeCTPanBaTb UX HA HO-
Bbll1 CTEK MPOTOKONOB, KaK OblNo paHee caenaHo B GSM/GPRS.

1.3.3. Penus 4. YcoBepLeHCTBOBaHME AOMEeHa KOMMYTauum

kaHanos CS

B penuze 99, kak n 0o Hero, BCe peyeBble Bbl30Bbl C KOMMY-
Taumen KaHanoB Hanpaensanch Yyepes3 6a3oByo cetb GSM mnnm
UMTS nocpencTtBOM KaHasiOB C BPEMEHHLIM pasfefieHneM Cco
CKOPOCTbIO 64 KOUT/C BHYTpW TpakToB E1.
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BaxHbIM yCOBEpPLLUEHCTBOBAHNEM B penni3e 4 g9B1UN0CbL HOBOE
MOHATME He3aBUCUMOI OT HocuTenst 6asoBoin ceTn BICN. BmecTo
TOro, 4To6bl UCNOJIL30BaTh BPEMEHHbIe MHTepBasbl 64 KOUT/C C
KOMMYyTaLUuen kKaHanoBs, Tpadpunk MOXHO ObIIO NepenaBaTh B Nake-
Tax IP. C aton uenbio MSC pasgensanca Ha MSC-cepsep (MSC-S),
KOTOpPbIN OTBEeYan 3a ynpassieHme BoidoBamm (CC) n ynpaBneHune
MoOunbHocTbio (MM), n megmnawwintos (MG), KOoTopbIli oTBeYan 3a
mMeamaTpadunk, a Takke 3a NepekoaupoBKY MNOJIb30BATEIbCKMX
OAaHHbIX A1 Pa3fiMyHbIX METO0B Nepeaayn.

Takmm cnocoboM MOXHO, HanNnpuUMep, NOYyYnUTb PEYEBLIE Bbl-
30Bbl Yyepes A-uHTtepdperic GSM Bo BpeMeHHOM uHTepBane E1, un
npeobpa3oBaTb B MeamaLlio3e 3TOT NOTOK LM(POBOM pevyeBoii
nHpopmauymmn B nakeTol IP.

1.3.4. Penn3 5. IMS u BbICOKOCKOPOCTHOM HUCXOOALUNA
nakeTHbIN AO0CTYN

Cnepyowimm warom K 6ecnpoBogHON CETU MONIHOCTLIO Ha IP
asnseTca myabtumeaniHas IP-nogcucrema (IMS) [18]. OcHoBa
ona IMS 6bina 3anoxena 3GPP B penuae 5. Nocneaytowme penn-
3bl PACLUMPUIN €€ HOBbIMUY PYHKLIMOHANTbHBIMU BO3MOXHOCTAMMU.
BmecTo TOro, 4tobbl ncnonb3osatb gomeH CS, nogcuctema IMS
obecneunBaeT yCTaHOBNEHNE MyNbTUMEOUNHOWN CECCUU, B TOM
yucne n TenedoHHOro CoeanHeHNs, UCNOoNb3ys B Ka4yecTBe 0C-
Tyna RNS n obopynosaHne npomeHa PS (GPRS).

Aopo IMS cocTonT s psiga y3noB, KOTopbie GOPMUPYIOT PYHK-
umio yrnipasneHuss ceaHcamu cssidu CSCF (Call Session Control
Function), 6a3npyoLLy0Csa Ha NPOTOKOE MHULIMMPOBAHUSA CeaH-
coB SIP, koTopbIli ObI1 NepBOHAYaNbHO paspaboTaH ona GUKcKu-
poBaHHbIx ceTert NGN. CSCF npogguraeT 3Ty KOHUENUMIO Ha Lar
janblwe n pacwmpset ctaHoapt SIP paoomM GyHKUMOHANBHbIX
BO3MOXHOCTEN, He0OXO0AUMBbIX 011 MOOUINbHbLIX ceTen. IMS mo-
XeT TpaHCNopPTMPOBaTh pPeyeBble BbI30BbI MO IP He Tonbko B 6a30-
BOW CETN, HO TaKXe N N3 KOHLA B KOHELL, TO €CTb, OT MOOUNLHOIO
YyCTPOWCTBA A0 MOOMIBHOIO YCTPOWCTBA.

CSCF oTBeYaeT 3a yCTaHOBNEHNE COEAVHEHNI N ynNpaBiieHne
ceaHcamum CBSA3N, a OOMEH NOJb30BaTENbCKMMW NMakeTaMn NaH-
HbIX, KOTOPbIE, HANPUMep, NEPEHOCAT Peyb UM BUOEO, MPOMNCX0-
OUT HEMOCPEACTBEHHO MeXay YCTPONCTBAMWN KOHEYHbIX NOJ1b30-
BaTenen.

2. b.C. lonbawTeiiH
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BaxxHbIM HOBOBBeAEHMEM CcTano obbeanHeHne eyHkuuin HLR
n AnC B eaviHbIl cepBep aboHEHTOB AomaluHe cetn HSS (Home
Subscriber Server), cogepXalnin MHGOPMaLINIO O KaxaoM abo-
HeHTe pomMalluHen ceTn. bonee noapoOHo 06 3ToM B rnase 3.

C nomouwpio cetn paguogoctyna UMTS cTano BO3MOXHbIM
peann3oBaTb OCHOBaHHylO Ha IP apxutekTypy mMoOuabHOM ne-
pefayn peun 1 BUAEO0. ITO NPOMUI3OLLIO HE TOJIbKO MOTOMY, YTO
UMTS npennoxuvna ooctaTo4Hylo NPOMNYCKHYO CMOCOOHOCTL pa-
OonHTepoderica ang Takmx NPUIoXeHMn, HO Takke B CUITy CNOCOo-
6a ob6ecnevyeHnss MOOUNBHOCTU AJ1S1 aKTUBHbIX MAaKETHbIX CECCUIN.

B cnyyae ¢ GPRS MOGUNBLHOCTbLIO 19 COEAMHEHWNI C KOMMY-
Taumen nakeToB yrnpasisgeT CaMo YCTPOWCTBO NOb30BaTeNsd, YTO
NPMBOANT K MPEPbIBAHMIO MAaKeTHOro Tpaduka Ha 1-3 cekyHabl.
na peyeBbix BbISOBOB MV BUAEOBLI3OBOB TaKOe MpepbiBaHuE
aBngetTca HenpuemnembiM. B cnysae ¢ UMTS ynpasneHvem
MOOWNBLHOCTbLIO A1 aKTUBHbIX COEANHEHMIA C KOMMYyTaLMen na-
KETOB OCYLLECTBNAETCH CPeaCcTBaMU CETU, YTO rapaHTUpyeT He-
NnpepbIBHbLIA NakeTHbIN TpapuK Aaxe B NpoLecce rnepemMeLLeHuni
nonb3oBartens. lockonbky IMS — cuctema, ocHoBaHHasa Ha IP,
OHa He MOXeT HenocpeacTBEHHO 0OMeHMBaATLCS HGOPMauen
C cucremMamm Tened@oHUn C KOMMYyTaUMen KaHanoB, KOTopble
noka ewie JOMMHUPYIOT B CYLLECTBYIOLLMX ceTax cBa3n. OgHako,
KaXabl N0JIb30BaTESNb JO/IKEH MMETb BO3MOXHOCTb FOBOPUTbL C
ntobbiM ApYrMm nosib30BaTeNeM He3aBMCUMMO OT BUAA KOMMYyTa-
Unm (KkaHanoB UM NMakeToB), KOTOPbIM UCMONb3YETCS Ha KaXaAoM
y4acTke CETU MexXay HUMMU.

OTO pocTuraeTcs 3a cHeT nNpuMeHeHuns meguawnio3os MG,
KOTOpble OCyLIecTBNAOT npeobpasosaHmne mexay IP n knaccu-
4eCKOW nepepadvert BO BPEMEHHbIX KaHanax Tpakta E1 ceten c
KoOMMyTaumen kananos, a takke MGC, kOoTopble OCYLLECTBAAOT
npeobpasosaHune SIP (SIP-T) B ISUP.

K coxaneHuio, IMS cTpapana oT psga orpaHU4eHuin, KOTopble
TOPMO3UN MOJIHYIO 3aMeHy eto pennsa 99 nnu penmsa 4 ¢ apxm-
TekTypoii MSC. BOT HEKOTOPbIE U3 HUX:

¢ |MS paspaboTaHa He TOJIbKO 1 He CTOJIbKO OJ151 PEeY€EBbIX BbI30-
BOB, a Kak nnatdpopma MHTerpasbHOro o0Cny>XKMBaHNA BCEMU
BUAAMWN HOBbIX MYSTIbTUMEAMNNHBIX YCNYT, BKOYas BUOEOKOH-
depeHuun, obmeH Un3obpaxkeHUaAMW, MIHOBEHHbIN OOMeH
coobueHnaMn 1 apyrue cepBuckl. Kak cnencrteune, cuctema
oKasanacb OTHOCUTESIbHO C/IOXHa;



Pe(3)sonoumns NGN 19

¢ yTOOBbI ObITb NPUHATON NONb30BaTENAMU, cucTema IMS gonx-
Ha obecneynBaTb HENPEPbIBHOCTb YCTAHOBJIEHHOrO ceaHca
CBSI3M B Meamacpene ¢ KommMmyTauuen kaHanoB, Koraa nosb30-
BaTeNb NOKMUOAET 30Hy oxBaTta UMTS;

e |IMS Gbina paspaboTaHa s T0ro, 4toobl 6bITh MIATHOPMOW,
KOTOPYIO CTOPOHHME pa3paboTymkm yCiyr MOrfm Bbl UCNOJb-
30BaTb AJ1I9 MHTErpupoBaHUS CBOUX CepBuc-nnatdopm Ha
6a3ze IP B cpeny mobunbHo cetn. OgHako NHTepHeT-koMna-
HUWN TPAANLMOHHO NMPEeaoCTaBAST YCAYr Ha NONb30BaTENb-
CKMX TEPMUHanNax, COegUHEHHbIX C IHTEPHET HE BaXXHO KaKNUM
crnocobom, 1, cneoBaTenbHO, HE BCEraa MHTEPECYIOTCS UC-
Nnoab30BaHMEM cheumanbHblx nnatpopm Tmna IMS, koTopble
nmbo ecTb, NIMOO OTCYTCTBYIOT B CETSIX PA3HbIX TENEKOMMYHM-
KaumMoHHbIXx OnepaTopos.

Mpobnematuke IMS LeNnMKoM NOCBsLLLEHA MaBa 3 3TOM KHUTN.
Bonee nogpobHyto nHpopmaumio 06 IMS, ee apxuTekType 1 BO3-
MOXHOM MNPUMEHEHMN MOXHO Takxe HanTu B [77,127]. OTHOCK-
TeslbHO NoapobHoe onncaHue ectb B [96]. Pekomenpauum ITU-T
no IMS n3noxeHsl B [98, 99].

Ewe ogHol BaxxHOM dyHKUMeN, BBeaeHHoW 3GPP B penunae 5,
Oblna HOBas cxema nepenadn JaHHbIX C Ha3BaHUEM BbICOKOCKO-
POCTHOU Hucxoaswm naketHoii goctyn HSDPA (High-Speed
Downlink Packet Access).

Cxema npegHasHadyeHa Ois yBeNMYeHMs CKOPOCTM Nepenaymn
OaHHbIX OT CeTU K Nonb3oBaTtento. B To BpeMs kak Makcumaib-
Has ckopocTb B pennide 99 6bina 384 k6ut/c, HSDPA yBennuuna
CKOPOCTb A0CTyNa Mpu 0ObIYHbLIX YCIOBUSAX A0 HECKONbKUX Me-
rabuToB B cekyHay. MHorve cneunanmctbl TENEKOMMYHUKALMOH-
HoM oTpacnu Buast HSDPA B couyeTaHun co cmapTtdoHamm u
annapatHbiMu Mogemamm 3G anst HoyTOyKOB Kak KOMOUHALMIO,
koTopas nomorna UMTS nonyy4nTtb npuaHaHne MacCoBOro pbiHKa
M LUMPOKOE MCNOJb30BaHNE.

1.3.5. Penus 6. BbiICOKOCKOPOCTHOI BOCXOAALLNNA NaKeTHbIN
aoctyn HSUPA

YBenunyeHne ckopoCcTu Nnepeaayn AaHHbIX Npy NakeTHOM OOCTY-
ne Npoao/Kanoch U B penuse 6. 3Ta Bepcus cneumndukaumm npu-
Hecna BHeApeHne MeTO0B YBENNYEeHUS BOCXOASLLMX CKOPOCTEN,
KOTOpPbIE OCTaBa/IMCb TEMU XE CaMbIMM, HAYMHadA ¢ pennaa 99.
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OT0T HAbop PYHKUUI, HA3bIBAEMBIN BbICOKOCKOPOCTHOM BOC-
xoasawmi naketHoi goctyn HSUPA (High Speed Uplink Packet
Access), nonyckaeT BOCXOASILME CKOPOCTU mepemadyn OaHHbIX
B HECKOJIbKO MerabmuToB B CekyHOy Ol €ANHCTBEHHOIO MOJib-
30BaTens Npu uaeanbHbiX ycnoeusax. Jaxe npuHMMas BO BHU-
MaHue peanncTuyeckme YCIOBUS PacnpOCTPaHEHUS CUrHana,
KOJINYECTBO NONb30BaTENEN B COTE M BO3MOXHOCTM MOBUABHOIO
ycTponctea, HSUPA Bce paBHO NO3BOMSIET YyCTPOMCTBAM AOCTUYb
3HAYNTENBHO O0JIEe BbICOKMX BOCXOASLLMX CKOPOCTEN, YEM 3TO
Obl/10 BO3MOXHO ¢ penndom 99. Kpome Toro, HSUPA Takxe yBe-
nynBaeT MakCcMMasibHOEe KOMYECTBO NOJb30BaTENEN, KOTOPbIE
MOryT OOHOBPEMEHHO NepefaBaTb AaHHbIE B OOHOM N TOWN Xe
cote. KombunHaumio HSDPA n HSUPA yacTo Ha3bIBalOT TakxXe Bbi-
COKOCKOPOCTHbIM NMakeTHbIM AocTyriom HSPA.

B penuse 6 Takxke ObIM BBEOEHLI 3A4ANTUBHLIE MHOTOCKOPOCT-
Hble wmnpokononocHble kogekn AMR-WB+ (Adaptive Multi-Rate-
Wideband-i-codec), nossongiowme nepenasatb U NpuHUMATb
peyb U My3blKy C BbICOKMM KayeCTBOM, BBEAEHa MNoagepxka
MynbTUMeanHoro Beuwanua MBMS (Multimedia Broadcast/
Multicast Service) n pacwmpeHbl anana3oHsl YactoT 2100/1900/
1800/900/800 MI'y, onst MOBUABLHBIX TEPMUHANOB U CETU PaAnNo-
poctyna UTRAN. C touykmn 3peHuns IMS penn3 6 Obin npu3BaH
NMKBUOVPOBATb HEKOTOPbIE HEQOPAbOTKN pennida 5 u gobaeuTb
HECKOJIbKO HOBbIX YHKLAIA.

Bbino obecneyeHO B3aMMOAENCTBME C CETbIO KOMMYyTaLMK
KaHanos, ¢ gpyrumu IP-cetsaMmun u ¢ pasHbIMM TEXHOOMMAMM 0,0C-
Tyna (B 4actHocTtu, WLAN), nobaBfieHbl HEKOTOPbIE 0OBLEKTHI U
3TaNOHHbIE TOYKM, PYHKUMM FPYNNnoOBON MapLupyTusauum, ycta-
HOBJIEHUS CEAHCOB CBA3M C 9KCTPEHHbIMU CNyxX6aMu 1 MHOXeC-
TBeHHasa pernctpaums. K BO3MOXHOCTAM 3aLUmThl AaHHbIX Obln
nobaBneHbl KOHPUAEHUMANbHOCTb cooblleHnin SIP 1 mncnonb-
30BaHMe Kto4Yen. bolnn onpeneneHsl CEPBMCHbIE BO3MOXHOCTM
0N MyNbTUMEUNHbBIX YCYr MHOM0agpecHOM paceblikn MHPOP-
Maumn.

1.3.6. Penus 7. BoicTpopgericTByowasas HSPA n HenpepbiBHas

nakeTHas CcBsi3b

OaHum 13 HegocTaTkoB cuctem paanogoctyna UMTS n HSPA
no cpaBHeHuto ¢ GSM aBNseTcs BbiICOKOe NoTpebneHmne MoLLHOC-
T BO BPEMS MNEPEPLIBOB Nepeaayn, Hanpumep, Mexay 3arpys-
KaMu AByx BeO-cTpaHuu. [daxe npuv TOM, 4TO HMUKAKME MOJIb30-
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BaTeNbCKMEe [AaHHble HE MepenalTcs U He NPUHUMAIOTCHA B 3TO
Bpemsi, TpebyeTCs CYLLECTBEHHOE KOJIMYECTBO 3HEPruu, Y4Tobbl
OTNPaBNATb YNPaBASAIOLLYIO MHPOPMALMIO, COXPAaHUTb YCTaHOB-
JIEHHOE COoeaViHEHWEe U MPOU3BECTU CKaAHWMPOBaHME OJ1 HOBbIX
BXOOSALLMX OAHHbIX.

Tonbko cnycTa HEKOTOpoe Bpems, 06bivHO nopsaaka 15-30 c,
cucTeMa NepeBOauUT COCTOSHME cOoepuHeHus B 6onee addek-
TUBHBIN MO NOTPEBNEHMIO NUTaHNs pexum. Ho gaxe aTo cocTos-
HUe Bce ele TpebyeT CYWECTBEHHOIO KONMYECTBA SHEPTUU, U
6aTapes NPoOAOJIKAET PAcXo40BaTbCs 4O MOMEHTA, KOrga ceTb,
HaKOHeL, NMepeBoanT CoeanHeHmne pagmonHTepdenca B COCTos-
HUMe CHa.

B TinnyHoM cny4dae at1o npoucxoguT eule 4yepe3 30-60 c. Tpe-
oyeTcsa NpubnnanTenbHo 2-3 ¢, 4TOObl «NMPOCHYTLCHA» B 3TOM COC-
TOSIHMM, KOTAa rnoJfib3oBaTe b, HAaNPMMep, LenKaeT No CCblke Ha
BeO-CTpaHuLEe Nnocne Toro, Kak coenHeHne paanonHTepderica
y>Xe BOLLJIO B PEXUM CHa.

CokpalleHmne pacxoga SHeprum 1 ObICTPbIM BO3BPAT K MOJI-
HOCTbIO aKTUBHOMY COCTOSIHUIO Oblnin 3aavamMu, pellaeMbiMn B
penu3se 7 v Ha3BaHHbIMWN HErpPepPbIBHOV rnaketTHov ¢Bsi3bto CPC.

Kpome Toro, penns 7 3GPP eLle pas yBennyina MmakCMmMmanbHO
BO3MOXHbIE€ CKOPOCTU Nepeaaym AaHHbIX B HACXOAALEM Harnpas-
neHumn 6narogaps UCMONb30BAHUID HECKOJIbKMX aHTEHH U CXEM
nepeaayn ¢ MHOrOKpParHbIM BBOAOM/MHOIOKPaTHbIM BbiBOAOM
MIMO v kBaapaTtypHOV amMrianTyaHou moaynsumn 64 (64-QAM).

MakcumanbHble CKOPOCTW, OOCTUrHyTbie OGnarogaps 9TUM
YNYYLEHUSM NpU naeasnbHbIX YCAOBUSX O CUrHaNa, CocTaBns-
10T 21 Mbut/c ¢ moaynaunen 64 QAM n 28 Moéut/c ¢ MIMO.

B Bocxoasuwem HanpasneHun dyHkumn HSUPA B aToM penmnse
ToXe OblnM paclmpeHbl. B gononHeHme K cxeme Moaynsauum ¢
KkBaapatypHou ¢pazoBori MaHunynasumen QPSK ong BOCXOAALEr0O
Hanpae/ieHMsa B 9TOM penuie cneundunumpoBaHa Takke 16-QAM,
4YTO AOMONHUTENBHO YBENNYNBAET NMUKOBbLIE CKOPOCTWN nepenayn
naHHbIx 0o 11.5 MOUT/C Npn 04eHb XOPOLLMX YCITOBUSIX OS1S CUT -
Hana.

B yacTtu IMS penna 7 6bi1 HanpaeBfieH Ha rapMOHM3aLNIO CTaH-
naptoB 3GPP co ctaHpaptamu ETSI TISPAN (cm. rnasy 3) u pa-
60Ty IMS B prKcnpoBaHHbIX CeTAX CBA3U. B yacTHOCTUM, Obln ONu-
caH pocTtyn k ycnyram IMS n3 npoBogHowm ceTtu, amMynsaums ycnyr
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TpOIl n B3anmopaeiicTeme ¢ cetsamm He-IMS, 4To B COBOKYNMHOCTU
COCTaBWJIO COAEepXaHne YCOBEepLUEHCTBOBAHHOM MNOACUCTEMbI
E-IMS (Enhanced IMS). Nogpo6bHee 06 3TOM B rnaee 3.

1.3.7. Penu3s 8. LTE n Femtocells

B penunze 8 6bin BBeAeH psg GYHKUMOHANbHLIX BO3MOXHOC-
TeN, KOTOPble OKaXyT 3Ha4YUTeNbHOE BAUSIHME Ha AalnbHenlee
pa3BuTUE OECNPOBOOHbLIX CETEN.

Bo-nepBbix, penu3 8 BBOOUT npeeMHuka paguocetn UMTS —
Tak HadbiBaeMylo eUTRAN, a Takke HOBYIO apxnTekTypy 6a30B0W
cetn — EPC (Evolved Packet Core).

BmecTe OHM N3BECTHbI N0, HA3BAaHMEM OONTOBPEMEHHASA 3BO-
noumsa mobuneHon ceas3n LTE/SAE [19]. Mockonbky LTE/SAE saB-
NeTCHA BO MHOIMMX OTHOLLEHUSAX PEBOJIIOLIMOHHBLIM NMpeobpasosa-
Huem ceteln 2010-x, oHa 0OcyXXaaeTcs OTAENbHO B rnaBe 4.

Ona pagnopoctyna UMTS STOT BbINyCK cTaHaapTa TOXe CO-
NEepPXUT HEKOTOPbIe 3aMeTHbIe YNy4lleHusl, 4TOObl UATU B HOTY C
BO3pacTaloLWuMmM NOTPEOHOCTAMKM B CKOPOCTAX nepegadun OaH-
HbIX. YTOObI JOCTUrHYTL eLle 6onee BbICOKMUX CKOPOCTEN, Tenepb
MOXHO arpernpoBaTtb ABa cMeXHbiXx Hocutens UMTS n nonyunTtb
o6uyto nonocy nponyckaHus 10 MIy,. Tomy xxe cnocobcTBOBaNO
OOHOBpPEMeHHOe uncnonb3oBaHne 64-QAM mn MIMO. TNpu noe-
aNbHbIX YCOBUSX PaVOCBA3N MOXET ObITb AOCTUNHYTA NMKOBAas
CKOpPOCTb 42 MOUT/C B HUCXOASALLEM HaNpaBeHUN.

Ona npunoxeHuin VolP Obino onpeneneHo ynydlieHne, KoTo-
poOe MNO3BOMIAET CETU FOTOBUTbL KaHas C KOMMyTauMen KaHanoB
B GSM, nna obecneyeHus XaHooBepa CeaHCOB CBA3M C KOMMY-
Tauyen NakeToB M3 30HbI obcnyxmBaHns UMTS vnum LTE B 30HY
obenyxmnaHna GSM.

B npeabioywimx Bbinyckax TpeboBanocb, YTOObI MOOUIbHOE
YCTPOMNCTBO CBA3bIBA/IOCb OAHOBPEMEHHO C ceTbito UMTS wu
ceTblo GSM. lNMockonbky Takme aboOHEHTCKMe TepMuHanbl dak-
TMYeCKn OTCYTCTBYIOT, Obina BBegeHa PYHKUUS HENPEepbIBHOCTH
peyeBoro paanossi3oBa VCC SR. 9T1oT acnekT 6onee nogpobHO
obcyxpaeTtcs B rnase 4 npu paccmoTpeHun onunii VolP B LTE.

OaHOM ManeHbKon, HO Ba)XHOM BO3MOXHOCTbIO, OonpeneneH-
HOI B penu3e 8, aBnseTtca pyHKkuus «B cnydae kpaiiHen Heob6xo-
anmocTtn» — ICE (In Case of Emergency).
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YcTponcTtea, KOTOpble peann3yoT 3Ty GYHKUMIO, MO3BOAAIOT
NoNb30BaTeNo XpaHUTb MHopmMauuio Ha SIM-kapTe, K KOTO-
PO MOXHO MOJSy4UTb OOCTYN CTaHOAPTU30BAHHbLIM CMOCOOOM
B Ype3BblyaliHbIX CUTyauUMsx, Korga noab3oBartenb TenedoHa He
crnocobeH naeHTuduumpoBaTb cebs UM CBA3aTbCA CO CBOMMM
poacTBeHHMKaMu. M HakoHel, penn3 8 3anoXxua OCHOBY ANg
ynpaeneHus Femtocells (pemTocoTamm), Ha3biIBAEMbIMU B CTaH-
napte gomariHnmu Node-B, v rpynny pyHKUWIA caMmoopraHu3yto-
wevica cetm SON (Self-Organizing Network), 4To6bl 06nerinTb
pasBepTbiBaHUE 1 OOCYXXNBAHUE CETEN.

B obnactu IMS B penmse 8 6binm npopaboTaHbl LeHTpannsa-
UMs NpenocTaBieHns yCayr 1 opraHn3auusi BbiI30BOB K 3KCTPEH-
HbIM cnyx6am. HauymHasa ¢ 9Toro penmsa, apxXmMTeKTypHbIX U3Me-
HeHun B IMS npakTnyecku He NpoM3BOOUTCA — BedyTcs oopa-
60TKM OTAENBHbLIX GYHKUMIA, UHTEPDENCOB 1 Npoueayp. Noatomy
cogepXxaHue rmasbl 3 3TOM KHUMM MPEUMYLLLEECTBEHHO BasunpyeTcs
VMEHHO Ha penmnse 8.

Penunsbl 7 n 8, B KOTOPbLIX BNEPBbIE YIIOMSHYTA 1 ONMcaHa apxu-
TekTypa LTE/SAE n COOTBETCTBYIOLLME € KIIOYEBLIE HOBLUECTBA
Ha paguoyyacTke, B JOMEHe KOMMYyTaL MM NakeToB N B 94pe CETU,
a Takxe 1 Bce npeaplaylimne penmabl 3GPP ceeneHbl B Tabn. 1.1.

Ta6nuua 1.1. Pennsbl 3GPP (Release 99- Release 8)

R99 R4 R5 R6 R7 R8
HoBble UMTS HSDPA,; HSUPA HSPA+ LTE/
TEPMUHBI IMS nLTE SAEun
common
IMS

Ba3sosas OToenenne Ynpasnexnve | VolIMS PasBu- SAE -
ceTb ynpasfieHus CeTblO B CO- (SIP, Tne IMS nnockas

OT TPaHC- OTBETCTBUU RTPR, all-IP

nopta: MSC C KoHuenun- | RTCP) apxuTek-

Server+Media | e IMS Typa cetu

Gateway; ons cetn

All-IP ceTb LTE
JdomeH EDGE CospaHbl EDGE EPC
KOMMY- MexaHu3mbl | Evolution
Taumm B3anMO-
nakeToB nencreus
PS Mexay ce-

Toto UMTS
n WLAN
Papwno- UTRAN HSDPA; HSUPA MIMO
y4acTok (W- IP-TpaHc-
CDMA) nopr s
UTRAN
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1.3.8. Penu3 9. Undpoeoit pusnaeHp,

C T1o4kn 3penHmna LTE penms 9 [20,42,50] asnsaeTcs, rnaBHbIM
obpa3om, penn3om, KOTOPbIN BKIOYHAET B ce0s QYHKLMM U UC-
NpaBfeHNs!, HE CYMTABLUMECSH BaXXHBbIMU OJ181 NepBbIX cneumdmrka-
umin LTE B pennae 8. Kpome Toro, cneuydurkauym apxmTekTypbl
SON un Femtocell (agomawHun Node-B n gomawHun eNode-B),
BBEAEHHbIE B penuse 8, 6biiv NpoaoSIKEHbI U B 3TOM PENn3eE.

Tam xe, B penuse 9, nosBunacb BO3MOXHOCTb COBEp-
WwaTb 9KCTpPEeHHble BbI30Bbl 4Yepe3d GPRS mn EPS, Owbina BBepe-
Ha cucTemMa npeaynpexaeHma O MaccoBom onacHoctu PWS
(Public Warning System) npu cTuxuiHbix 6eA4CTBUSX, @ Takke
Obln  gopaboTaHbl MexaHU3Mbl MHMOPMALMOHHOM  3alunTbl
GSM un GPRS, kOTOpble HE MEHSNUCb B TEYEHME HEKOTOPO-
ro BPEMEHW, U B KOTOPbIX Obln OOHApyXeH psn, ysa3BUMMOC-
Tenn. Otum penndom 3GPP pobasBun anroput™ WnpoBaHUS
A5/4 BMecTe C yOBOEHMEM OJIHbI kKloYa wngposaHusa CK oo
128 6uTOoB. BbIM Takke pasBUTbl UHPOKOMMYHUKALMOHHbIE
yCnyrmu C onpeneneHuemM MecTOHaxoXaeHus aboHeHToB LBS
(Location Base Services) n ycnyrm M2M Ha OCHOBE ceTen «Malln-
Ha-MalUMHa», 4eMy MOCBSsILLLEHA rMaBea 2.

1.3.9. Penu3 10. LTE-Advanced

30ecbk Hanbonee BaXxHbIM 3/IEMEHTOM ABNSieTCs pa3BuTue LTE
0o LTE-Advanced vn panbHeiwee yBennyeHne cKkopocTu nepena-
4YM OAHHbIX PasNyYHbIMK CpeacTBaMM: MakCUMasibHas CKOPOCTb
HUCXOOSLWEN nepenadn paHHblix — o 1 éut/c, BOCXOOSLEN
nepenayn aaHHblx — 0o 500 MouT/c, T.e. cpeaHsas NMponyckHas
CNocobHOCTb A1 OAHOro MOOUILHOIO YCTPOICTBA BTPOE NPeBbI-
waet ckopocTb LTE.

Kpome TOro, BTpOoe yiy4weHa MakcumasnbHas 3dpPeKkTuB-
HOCTb MCMNOJIb30BaHUSA CMeKTpa OJ1 HUCXOAOSLWENn nepenadm —
30 6uTt/c/I'y, a ana socxoasen — 15 out/c/I'u.

B 5TOM penmse Nnpoaomknunmnchb Takke PpadoTbl C 3KCTPEHHbIMU
Bbl30OBaMU, 06aBUIaCb BOSMOXHOCTb NEPEBOAA BbISOBOB MEX-
ny TepmmHanamMin. NocnegHas Bepcms cneundukaumm Ha MOMEHT
HanMcaHusa 3Ton KHUrv — penus 11. B Hem Oo0aBnaloTCa ycnyra
amynauum USSD, nHdopmauyss 0 MECTOHAxXOXOEHNN TEpPMMHANa
n nepenada SMS 6e3 MSISDN (Mobile Station International ISDN
Number). NoapobHee 060 BCeEM 3TOM B rnase 4.
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1.4. KoHBepreHuusa FMC

Kak cnenyet 13 BbILLEU3IOXEHHOIO, B HOBbIX UIHHOKOMMYHU-
KaLMOHHBIX CeTAX C apxutekTypon IMS He OyaeT «BepTuKanbHO-
ro» pasgenenus Onepatopos no Tuny 6a3oBow ycayru. [NoHatma
«Onepatop GUKCUPOBaAHHOM ceTu», «OnepaTtop MOBMNLHOMN
ceTn» MocTerneHHo oTtonayT B npoiwnoe. CoOCTBEHHO FOBOpPA,
3TN TEPMUHbI YXE fanee B KHUre He BCcTpevaloTcs. PagymeeTcq,
NOHATVE KOHBEPreHUMs UMeeT ropasao 6onee WNPOKNA CMbICH,
4Yem OTCYTCTBME «BEPTUKANIbLHOIrO» pasfeneHuns, o 4em OyaeT He
pa3 roBOpUTLCS B CNEAYIOWMX LLECTU rMaBax KHUM, NOCBSLLEH-
HbIX CaMblM Pa3HbIM, HO BCErAa KOHBEPIrEHTHLIM MHPOKOMMYHN-
KauuoHHbIM ceTsam 2010-x.

1.5. 3Bonwouund IP-ceTten

KopoTKo, HO 4pe3Bbli4aNHO HaCbILLEHHOW nctopmn MIHTepHeT
NOCBSAWEHbI MHOTME COTHU KHUI. XOTS camMo cnoBo «MHTepHeT»
NOSIBMIOCH B nMepBbix paboTtax YuHToHa Cepda n PobepTa KaHHa,
a Tpu kn4deBbix NpoTokona — TCP, UDP u IP — nossunmce yxe B
KOHuUe 1970-x rogos, HenocpencTBeHHO MHTepHeT-peBoaloLmIo
cnepyet oTHeCTU K Havany 1990-x.

MmaBHbIM cobbITeM 1990-X ronoB, BEPOATHO, C/eayeT cunMTaTh
nossneHme Web (BceMmpHon nayTtuHbl). MNpuayman BCEMUPHYIO
naytuHy Tum BbepHepc-Jln, 6a3mpyacb Ha uaesax runeprekcTa,
npeanoxeHHbix eule B 40-x n 60-x rogax npowsioro Beka byuiem
n HenbcoHom [9]. KctaTtu, Tum BepHepc-Jln ¢ coaBTopamu n3ob-
pen Takxke sa3blk HTML, npotokon HTTP, Web-cepBep v 6pay3ep,
4yTO N obecneumno B coBokynHoctn WWW-peBoniounto, kotopas
npueena IP B MUNIMOHBI ODUCOB N KBAPTUP MO BCEMY MUPY U
hana Ton4yok paspaboTke 1 BHeAPEHMIO ThbiCAY HOBbIX IP-npuno-
KEHUI.

BaxHenwmm mn3 atux Tbicad IP-MpunoXeHnn, No MHEHUIO
aBTopoB, asnsaetcsa IP-tenedonHua. OTkpbitne VoIP (Voice over
IP) KaK NPOMBILLSIEHHOW TEXHOMOIMMX COBEpLUMNa n3pannbckas
komMmnaHusa VocalTec, cymeBwasa Kk 1995 rony cobpaTb BoeanHO
OOCTMXEHNs B 061acTax umMdpoBbIX CUrHANbHbBIX NPOLECCOPOB,
KOOEKOB, KOMMNbIOTEPOB U MPOTOKOJIOB MapLipyTusaumm, 4tobbl
coenatb peanbHbIMU Pas3roBopbl Mexay (akTnyecku nobdbiMun
TOoYKamMm Ha nnaHete yepes NHTepHeT 6e3 orngaKm Ha paccTos-
HUe Mexay aboHeHTaMn 1 AMTENbHOCTL pasrosopa. O ganbHen-
LeM pasBUTUKN, OCHOBHbLIX CLeHapuax u anroputmax IP-tenego-
HUM roBOpuUTCS B [6].
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1.6. Janee B KHUre

O yem 3Ta KHMra, NokasaHo Ha NeEPBOM pucyHke (puc. 1.1).
Haxoasuwmecs B obnake B UEHTPE PUCYHKA TPaAMLMOHHLIE Te-
NekoMMyHMKaumoHHble cetn 1990-x 1 2000-x roaoB KpaTko pac-
CMOTpPEHbI B rnaee 1.

OcTanbHble 6 rnaB NOCBALLLEHbl HOBbIM MHHOKOMMYHMKALIMOH -
HbIM CETAM, KOHTYPbI KOTOPbIX TO/IbKO HAa4MHAaT GOPMMPOBATLCSH
K Hayany OecaTbiX FOA0B HALLEero Beka, 4To U onpeaenseT OTBeT
Ha BOMPOC, KOrga cneayeT yitath 9Ty KHUry. [ocnenHee OTHIOOb
He o3HavaeT, 4To nocne 2021 roga B Hee He OyaeT HyXabl 3arns-
ObiBaTh. Bonee Toro, ectb BCe OCHOBAHUSA CYMTATb, YTO MMEHHO
TOorga BCe WM MOYTU BCE 3TU HOBble MHPOKOMMYHUKALIMOHHbIE
ceTn anoxm nocT-NGN HayHyT Oka3biBaThb pellaloLlLee BO3OENCT-
BME Ha HOBOE MOCTUHAYCTpuanbHOe NHGPOKOMMYHUKALMOHHOE
U-o6buwecTtso [10].

OTanbl 00LLECTBEHHOr0 Pa3BUTUSA, Kak OHM BUASATCS aBToOpaMm,
npencrtaeneHbl B Tabn. 1.2.

Ctporo roeopsi, MUHYBLUAsA MHAOYCTpUanbHas apa 3apoxaa-
nacb eule Ha pybexe Beka XIX, koraa Ha aHrMIACKUX, a 3aTem
OpYrnx TEeXHOJIOTMYECKM NEepeaoBbiX eBponenckux dadpmkax
M 3aBOf4ax BMECTe C NapoBbiIMM MallMHAMW N MeXaHU4YeCKUMU
TKauKMMKM CTaHKaMy Ha4vana co3faBaTbCs HOBas cuctema opra-
HU3auMK Tpyada Ntoaen B YCNOBUAX KPYNHOMACLLITAOHOro MHAyC-
TpunanbHOro npoussoacTea. M passutne aTor MHOYCTPUAIbHON
3apbl Npoaoxanock 63 Manoro Asa Beka.

Ta6nuua 1.2. 3Tanbl OOWECTBEHHOro pa3BnUTus

OT1anbl pa3BnTUa Aona UKT UHPOKOMMYHUKALMOHHbIE
ob6wecTBa B BB ceTu mycnyru
NHpycTprnansHoe 1-2% TdOM, Tron
(~ 1800 - 1980)
MocTnHaycTprnanbHoe 2-3% TdOM/ISDN/IN
(~ 1980 - 2005) +CNcC
+VolP
OneKTpoHHOoe 10% +e-6usHec,
(2005 - 2015) +e-0by4yeHune,
+e-npaBuTensLCTBO, etc
MHdopmaLmnoHHoe >20% +ceTun u-obLLecTsa
BCEMNpPOHMKaloLLee B rnaeax 2-7
(~2005 - 2025) 3TOW KHUMN
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Ona noctuHaycTpuanbHOW Xe 3pbl BCe paaukanbHO YObICT-
pUnocb, posb 3GEdEKTUBHOCTM UCMOJSIb30BaHMUS MalUMH U Me-
XaHN3MOB — Hanbosiee LEHHOro B MHAYCTPUasbHYyO 3py Npouns-
BOACTBEHHOr0 pecypca - ynana, WMHOOKOMMYHUKALMOHHbIE
TEXHONOrMN CTann OTBOEBbLIBATb BCe 6o0see 3Ha4YMMylo [0S0
BCeMnMaHeTHOro BanoBoro npoaykra (taén. 1.2).

Hayano HOBOro MOCTUHAYCTPMANIBHOIO MMpa — BECbMA YC-
JIOBHOE, KakK 1 BCe NOJ0OHbIE XPOHONOMMN — aBTOPblI OTHOCAT K
1975 r.,, korga BcTpetTunuch «apa Ctmea» — CtedaH Bo3HsaK n
C1ue x06¢C. ITO nepeceveHne XN3HEHHbIX NyTen ABYX Oyaywmx
OCHOBaTeNen HOBOW KOMMbIOTEPHOM OTpac/an NPomn3oLwso B Oa-
HOM 13 ropoakoB KpeMHUEBOW OONNHbI, Kak OObIYHO Ha3bIBAKOT
FYCTOHACENEHHbIN KOMMbIOTEPHBIMU U OPYTMMW HAYKOEMKUMU
dupmamm panoH wrata KanndopHusa sBoons goporn 101 ot CaH-
®paHumcko oo CaH-Xoce.

Bnpouem, K MOMEHTY BCTpeun Bo3Hsak paboTan Tam xe B Kpyn-
Henwen koMmnbloTepHon pupme — Hewlett Packard, a J)xo6¢ — B
HEe MeHee 3HaMEeHUTON TOorga KOMMbloTEPHOW ¢upmMe Atari, Tak
4YTO Hayano NOCTUHAYCTPMANBHOW 3pPbl MOXHO OAaTUPOBATb U
HavanoMm 1970-x. A MOXHO 1 Havanom 1980-x, OCHOBbIBaACbL Ha
ncTopum co3gaHunsa IHTepHeT, 0 4eM roOBOPMIIOCH B NpeablayLLeEM
naparpade.

Tak unn nHave, HO UMEHHO C 3TOro nepexona K NOCTUHOYCT-
puanbHOMy OOLLECTBY Ha4anoCb pa3BuUTME MHMOKOMMYHUKALIN-
OHHbIX TexHonorun (UKT), uto nnnoctpupyet 1abn. 1.2. N temnbl
pa3BuTUS HUKaK He 3amennatoTca B 2010-x, 4TO oTpaxaeTt coaep-
>KaHne nocneaywmx 6 rmae Hawem KHUMN.

N ewe ooHO 3amevyaHne K 9Tum 6 rnasam. C y4eToM TOro,
4YTO aBTOPbI MOCBALLAIOT YaCTb CBOEr0 BPEMEHU YTEHMUIO JekK-
umii B8 CNOryt uvm. npodp. M.A. BoHu-BpyeBnya, HacTosLiada
KHUFa OPUEHTMPOBaHa TakKXe W Ha WCMoJIb30BaHME B Kaye-
cTBe y4ebHMKa No HOBbIM acrnekTamMm KypCOB OCHOB MOCTPOEHUS
TEeNeKOMMYHUKALMOHHbBIX CETEeN N CUCTEM, CEeTEN CBA3U N HEKO-
TOPbIM OPYIrUM.

MpenogaBaTenbCKNiM YKIIOH KHUMM U HOBaTOPCKUA Xapaktep
n3naraemMbix B HEM BOMPOCOB TPEOYIOT OT aBTOPOB NMOAAepXaTb
KaXxgoro umtaTens, KOTopbii cobupaeTcs NPOa0MKUTL 3HAKOMCT-
BO C ee clieylowuMn rnasamMm, NepBoim CTPOKOM 3HAMEHUTOrO
OecTcennepa «PebeHoK n yxond 3a Hum» beHmpkamuHa Cnoka:
«[loBepsivi cebe. Tbl 3HaelLlb 60JbLUE, HEeM Tebe KaXeTCsi».
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2.1. MpoOrHo3bl 1 HOBbIE KOHUENUUU Pa3BUTUSA
ceTeun CBSA3N

B nepuopg nHteHcueHOro passutusa koHuenumm NGN B 2000-x
rogax CeTeBble CTPYKTYPbl BCEMPOHUKAIOLLMX CEHCOPHbIX CeTen
USN(Ubiquitous Sensor Networks) exoonnun B NGN kak coctaBHas
yacTb. B To Bpems cumtanoch, 4To knmeHTckyto 6a3y USN cocta-
BAT COTHU MWUIJIMOHOB CEHCOPHbIX y3/10B. OOHAKO CTPEMUTESb-
HOEe pa3BUTME 3TOW HOBOW TEXHOJIOMNU, NOSBNEHUE KOHLENLUA
NHtepHeT Bewel IoT (Internet of Things) [14,91,101,103,121] n
Beb Bewen WoT (Web of Things) [107,112] npuBenn K nepecmMoT-
py NePCneKTnB pPa3BUTUS CEHCOPHbIX CETEN, a COrNacHO Ceroa-
HALWHMM MPOrHo3am 4Ymcno 6ecnpoBOAHbIX YCTPOMCTB COCTaBUT
7 TPUNAMOHOB Ha 7 Munanapnos yenosek kK 2017 — 2020 rogam
[123].

Ha puc. 2.1 npuBeneHbl NpMMepbl UCN0/Ib30BaHNSA CEHCOPHbIX
Y3108, BKJoYas pagnounaeHtnoukatopel RFID (Radio Frequen-
cy IDentification), B TOM 4ucne n Takme HOBEWLLME NPUNOXEHUS
USN, Kak MOHUTOPWHI POCTa XXMBOTHbIX 1 pacTeHuin [91].

MnaHnpyemoe npuHuUmMnmanbHOe N3SMEHEHME KIIMEHTCKOM 6as3bl
notpeboBasio 0T MMPOBOro TENTEKOMMYHMKALMOHHOIO COObLLIEeCT-
Ba NepecMOoTpa KOHLENTyaslbHbIX OCHOB NOCTPOEHUSI CETEN CBS-
31 C Y4ETOM CYLLECTBEHHOro npeobnagaHus B KNMeHTckowm 6ase
ceTen Oyayuiero pa3zHoobpasHbiX YCTPOWCTB, BMOMACC, KOHCT-
PYKUMA U T.1.
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AsTOMaTu3aUms
30aHni

CeTu JaTtymkoB
BOEHHOTO Ha3HaueHwst . JaHHble
; oKpy>KaroLLen
cpenbl

Cenbckoe
X035IICTBO

KoHTponb KOHTpOHb

3a poCTOM 3a nonynsumsimpn  HaTenbHele cetn
nepesbes XNBOTHbIX

Puc. 2.1. Mpumepsbl ucnonb3osaHusa USN ceTen

CekTop cTtaHpgapTuzauum MexayHapoaHOro cotosa 35eKkTpo-
cBs3u B Hadane 2011 roga paccmaTtpmBan BO3MOXHOCTb 3aMEHbI
kKoHuenuum NGN KOHLEeNnuuen yMHbIX BCENPOHUKAOLWNX CeTeln
SUN (Smart Ubiquitous Networks) [114], Bkniovatowen B cebs

koHuenuutio NGN, kak 0gHYy U3 COCTaBHbIX YaCTeN.

CTtpyktypa KoOHUenTyanbHon moaenn SUN npuBegeHa Ha

puc. 2.2.
SUN
A 4
WHTepHeT Bellen HaHoceTu NGN (MOC)
(loT)
VANET M2M

Puc. 2.2. CTpykTypa KOHUuenTtyanbHoi mogenu SUN
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B coctaB koHuentyansHon mogenn SUN Bxogat WHTep-
HeT Bewen loT, cetb NGN, MogepHM3npoBaHHasas OO0 YPOBHS
NOOAEPXKKM MEXMALUMHHBLIX KOMMyHukaumii MOC (Machine
Oriented Communications) [104], HaHoceTn [29], TpaHcnopT-
Hble ceTn VANET [69, 85, 102] n cetn mawmHa-mawumHa M2M
(Machine-to-Machine) [44].

Ha puc. 2.3 npuBeneHa cTpyktypa VNHTEPHET Bewen, BKIO-
yatoLasa B cebs ceteBble CTPYKTypbl USN, nocTpoeHHble Ha 6a3se
npotokona IPv6 — 6LoWPAN (Low energy IPv6 based Wireless
Personal Area Networks protocol). NMpotokon 6LoWPAN [41, 108]
obecneynBaeT BOSMOXHOCTb NMPUCBOEHUS IP-agpeca CEHCOPHBLIM
y3nam n RFID vnu nx rpynnam. IMeHHO 3Ta BO3MOXHOCTb AenaeTt
USN c npumeHeHunem IP-agpecauymn oCHOBOM VIHTEPHET BELLEVA.

loT

USN (Ubigutous
Sensor Networks,

WoT
(WEB of Things)

6LoWPAN)

Puc. 2.3. Ctpyktypa UHTepHeT Bewlen

Beb Bewen aBnseTca COCTaBHOW 4acTbld WHTEpPHET Bellen
M npenoctaBngeT BO3MOXHOCTb MOHUTOPUHIA U ynpasieHus
BewamMn ¢ nomousto ctpanuy, WWW. Ha puc. 2.4 npuBeneHa
CTPYKTypa opraHmsaumn Beb Bewen [107], u3 KOTOpoW BUAOHO,
YTO KJIIOYEBYIO POJb B 3TOM npumeHeHun loT nrpaet 6pokep Bebd
BeLleln, no3BonaoLWmMin ncnonb3osatb Bed kak onga naHavyasabHO
npucnocobnieHHbIX K 3aToMy Bellen (Web enabled things), Tak n
ons tex Bewen (non-Web enabled things), nna KOTOPbIX HEOO-
XOAMMBbI COOTBETCTBYyOWME wio3bl GW (gateway), Hanpumep,
ons Bewen, GyHKUMOHMpYOLWMX No npotokonam ZigBee [129]
nnn Bluetooth [73]. Ha puc. 2.4 npunoxeHuns Beb Bewen noa-
pasgenstoTcs Ha MOHUTOPWHE, ypaBfieHne, yCayru, B TOM Ynucne
CMeLlaHHble (mash up).
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MpunoxeHusa
(applications)

Mash up
service
Mash up Mash up Mash up
Web service service service
Mash up TV
service
control
service
ggrnvtir(';%l Sensor Monitoring /" Monitoring
service service service 2 Data
cloud
service
A

Web of Things Broker

Zigbee|| RFID | o 0 @ (oMt | Biuetooth 7 PUS
GW GW service GW
N\ Y A (77
-/ ' 6 %
: Bluetooth WLAN ! .
|

Zigbee : : LAN
| |
RFID ) [ f
1 1
GW-n : :
Non-Web : :
enabled things S
°
Web enabled

thing

Puc. 2.4. ApxuTtekTtypa Beb Bewei

Ha puc. 2.5 npuBenena ctpyktypa M2M [44]. Kak Bunanm,
OCHOBHOe oTnm4dne M2M ot loT cocTouT B TOM, 4To M2M nognep-
XMBAET BCEBO3MOXHbIE B3aMMOCBS3M MeXAy YCTpOWCTBaMu,
ona koTopblx IP-agpec He aBnsieTca HEOOXOOAUMbIM YCIOBUEM
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yCTaHOBNEHUs coeguHeHunn. OtmeTuM Takxe, 4to B ITU-T cy-
LECTBYIOT MPeasioXeHnsi, B COOTBETCTBUM C KOTOpbiIMU M2M
paccmartpuBaeTcs kak nogcucrtema loT.

M2M

USN (ZigBee, uwB
6 LOWPAN) Bluetooth (Ultra Wideband)

Puc.2.5. Crpykrypa M2M

B ka4ecTBe yCTpONCTB, HE NogaepxuBatowmx agpecaumio P,
paccMoTpeHbl ceHCopHble y35bl U RFID, ¢dyHKUMOHMpYlowme no
npotokony IEEE 802.15.4, Bluetooth, n UWB-ycTpoiicTea.

ECTecTBEHHO, 4YTO MPU HaNINYMKU COOTBETCTBYIOLLIMX LUO30B
Takue ycTponcTea (BELLM) MOTyT ObITb MPUCOEOVHEHDbI N K CETSM
loT. 3ameTnm, 4TO HEe coBceM yaa4vHasa abbpesBnatypa M2M 3a-
yacTylo 3amMeHsieTcs abbpesnaTtypoii D2D (Device-to-Device).

B nocnegHee BpemMsi HanbOONbLUYD MOOAEPXKY MUPOBO-
ro cooOuwecTBa nony4una KoHuenums WMHTepHeT Bellen [76].
MacwTabHoe BHeapeHue npoTokona IPv6 ¢ npaktnieckn 6e3-
rPaHNYHBLIM aapPecHbIM NPOCTPAHCTBOM BKyrMe C NPMMEHEHUEM
npotokona 6LOWPAN cHuMaeT npobnemy agpecaumm gaxe ang
7 TPUNNNOHOB 6eCcNPOBOAHbLIX YCTPOMCTB. CeTn aBTOMOOUBHOIO
TpaHcnopTta VANET ¢ yyeToM npOrHO3mpyemMoro ymcna aBToMo-
ouneii B Poccuiickoin Pepepaunm Ha ypoBHe 60 MUNNMOHOB Ha
ropnsoHTe nnaHmposaHma go 2015 roga Takke opraHMyYHO BMn-
cbiBalOTCA B KOHUEMNUMio loT.

N ctaHpapTtusaumsa B 061actu MeanumHckmux ceten [86, 87]
TOXE OpPUEHTUPOBAHAa Ha Mcnosb3oBaHme npuHumnos loT. daxe
Takoe YHMKaNbHOE NPUMEHEHME, KakK CETb A1 KHUT B 6MbnnoTeuy-
HbIX wkadax [36], paccmaTpmBaeTca kak 4acTtb loT. cxona mns
ckadaHHOro, ganee B KHUre Mbl 6yaemM paccMaTpmBaTb KOHLEN-
umio loT Kak OCHOBY AanbHenwero passuTtns MHOOKOMMYHUKA-
LLMOHHbIX CETEN.
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2.2. CamoopraHmsauusa ceteu B KoHuenuum loT

MporHo3 pasBuTuUs 6GeCnpOBOOHbLIX TEXHOMOMMIA MOKA3bIBAET,
YTO YMCNO Pa3HOOOPA3HbIX CEHCOPHbLIX Y3/10B AOCTUIHET K 2017
(no HekoTopbIM oueHkam kK 2020) roagy 7 TpunamoHoB. CyulecT-
BYIOLLIME CErogHs CeTu OblM MOCTPOEHbI NS 06CNyXMBaHUS
HECKOJIbKUX MWNIMAPAOB YENOBEK, HO HMKAK HE HECKOJIbKNX
TPWUIIMOHOB YCTPOMCTB. YXXe HECKOJbKO NIET B MUPE BEOYTCS UC-
CnefoBaHus, HalUENIEHHbIE HA CO34aHue NMPUHLMNUANIBHO UHbIX,
MO CPaBHEHUIO C CYLLECTBYIOLWMMUK, ceTeln. Peuyb noet o camo-
opraHmayloLuxcs cetax [12], KoTopble, B OTAKUYME OT TPaAULMOH-
HbIX CETEN CBSA3U, HE UMEIOT KOHKPETHOW MHEPPACTPYKTYPbl HA
NPOTSXKEHNU KAKOro-nmMbo (OTHOCUTENBHO AJINTENLHOIr0) NeEpuUo-
02 BPEMEHMN.

CamMoopraHmnayloLLeNCcs Ha3blBAEeTCS CETb, B KOTOPOW 4YMCAO
Y3/10B GBNSIETCSA CNy4amHOM BO BPEMEHU BEMMYUHOMN N MOXET
n3meHaTbCa oT 0 A0 HekoToporo 3Havewusa N . Bsanmoceasn
Mexnay ys3namm B TakOW CEeTU TakXe Cly4daHbl BO BPEMEHU U
obpa3syloTca Ana AOCTUXEHUST CETbIO Kakom-nmbo uenm nnm gns
nepegayn MHGopMaLMm B CETb CBA3M OOLLErO NMOJSIb30BAHUSA NN
B MHble ceTun [14, 16].

ApXuTekTypa camMmoOpraHu3yIoLLENCA CeTU npencrasjieHa Ha

puc. 2.6.
ccon
LLino3bl
Mesh
Poauntenbckue
y3nbl
Ad Hoc
Jo4depHne

y3nbl

Puc. 2.6. ApxuTeKkTypa CamMOOpPraHuM3yloLWencs cetun

3. B.C. lonbawteinH
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CamoopraHmnayloLwlascs ceTb, Kak 1 BCe CETU CBA3U, COCTOUT
N3 ceTen nocTyna n TPaH3UTHOW CEeTHU.

Cetb poctyna HasbiBaetca Ad Hoc (ueneBas CeTb)
[14,33,110,118], a TpaH3uTHaa ceTb — mesh (s4encTtas) [26]. Kak
BUAHO, U3 puc. 2.6, yanbl cetn Ad Hoc He nmetoT GyHKUMA mapLl-
pyTusaumm n MOryT OCYLLLECTBAATH B3AUMOCBSA3b NNLLb C 6amxan-
wWnMu y3namun. B cBA3K ¢ 9TUM A0CTaTto4HO 4acTto y3nbl Ad Hoc
Ha3bIBAIOT goyepHuMu. locnegHee, B Cuily caMmOOpraHmM3aumm
CETn, BOBCE HE O3HAYAET, YTO OOYEPHUI y3en CTPOro NpuBa3aH
K KakoMy-mbo poamTenbckomy yany. B npouecce XXM3HeHHOro
uMKna CeTM OOYEPHUI y3en MOXET ObiTb MPUBA3aH K NIOOGOMY
Hambonee 6M3KO PACMNONIOXKEHHOMY POANTENIbLCKOMY Y311y, a Npun
onpeaeneHHbIX YCI0BUSX — U CaM MOXKET NPEBPATUTLCS HA BPEMS
WM HaBcerga B poguTeNbCKMn y3en, HanpuMep, B OAHOPOOHbIX
6ecnpOBOAHbLIX CEHCOPHbIX CETSX, anropUTMbl GYHKLMOHMPOBA-
HUSI KOTOPbIX OyAyT PACCMOTPEHDI B CEOYIOLWVX IMaBax.

Y316l mesh nmeloT BCTPOeHHbIe PYHKUMN MapLUpyTU3auum v
MOryT NoAAep>XmMBaTb YCTAHOBJIEHWE COEOMHEHUS HEe TOJIbKO K
6nuxanwemy ysny, HO U KO MHOrMM Opyrum. Tako ceTeBom pe-
XXMM HasbiBaeTcs multi-hop (MHOrowarosoe coenHeHue) B OT-
Jinyme OT CoeaMHEHNIM ANnsa Ao4epHnX y3nios cetn Ad Hoc, orpaHu-
YEHHbIX B YCTAHOBJIEHNW COEONHEHUS OOHMM Larom (one-hop).

Mesh-y3nbl OOCTAaTO4YHO 4acTO Ha3biBAOT POAUTESNLCKUMU
y3namu, 4TO MOAYEPKUBAET TPAHIUTHYIO PYHKLUMIO TakOW CeTu.
OueBnAHO, YTO Y3/ibl CAMOOPraHM3YIOLLLENCH CETU MOTYT COBME-
LWaTb POAUTENBCKUE N A0HEPHME PYHKUMKM, HANPUMEP, NO aHano-
N C XOPOLLO N3BECTHBLIMU N3 UCTOPUN PA3BUTUSA CBA3U B HALLIEN
CcTpaHe KOMOWHWUPOBAHHBIMW MEXAyropoaHbIMU/MECTHbIMU aB-
TOMaTUYECKNMMN TENEPOHHbLIMUN CTAHLMNAMMN.

OcHoBa koHuenuun loT — camoopranuayouineca cetu. Cpe-
AN NPUNOXEHUN CAMOOPTraHN3YIOLLIMXCS CETEN MOXHO BblOENMUTb
dYHKUMOHUpPYOLWME yXXe cerogHa [14]:

e 0OecnpoBoAHble (BCEMPOHMKaloWme) ceHcopHble ceTn (USN);

e cetn TpaHcnopTHbix cpeactB (VANET - Vehicular Ad Hoc
Networks);

e mMyHuuymnanbHble cetn (HANET — Home Ad Hoc Networks B co-
BOKYMHOCTU C MeSh-ceTblo MMKPOpanoHa);

o mMeguumHckue cetn (MBAN — Medicine Body Area Network).
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Kpome Toro, B nepcnektnee nporHo3upyeTcs U UCMOJb30Ba-
HME CaMOOPraHM3YIOLUUXCA HAHOCETE, MOCTPOEHHbIX Ha MPUH-
uunax nepemeLLeHns BelecTaa.

Lanee B kHure oyaoyT noapobHo paccMmoTpeHbl USN, Bktovas
npumepbl NpunoxeHnin BoeHHbix cuctem, VANET v monekynsp-
Hble HAHOCEeTU. B HacTosALWEN rMaBe B Ka4yeCTBe NPUIOXEHU 10T
paccMOTpUM MyHULMNANBHbIE N MEAULIMHCKUE CETW.

2.3. MyHnuMnasnbHble CETU

C TouKkM 3peHns cpeaHeCcpPOUHbIX NepPCNeKTUB PasBUTUS CETHU
nparMaTuyeckn BaXXHbIMU NPEACTaBAAOTCSH BO3MOXHOCTU CO3-
naHnsa pomawHnx Ad Hoc cetenn HANET (Home Ad Hoc Network)
n Mesh-ceTtein gns MMKpOpamnoHoB.

B ocHOBE NOCTPOEHMS AOMALLHEN CETW NeXar ABa A0MNOAHSI0-
LWMX Opyr Apyra npolecca: npeacTosLee LWMpPoKoe pacnpocTpa-
HeHMe OecnpOBOOHbLIX CEHCOPHbIX ceTen [22] 1 BOSMOXHOCTU
ctaHpgapToB IEEE 802.11, IEEE 802.16, IEEE 1900 [62-72], npe-
OOoCTaBnAWMX Kak TpaamumoHHsle NGN-ycnyru, Tak n HOBbIE,
6asnpyowmecsa Ha TexHonornax Ad hoc u Mesh . PaccmoTpum
nocnenHee 6onee NnoapobHO.

B HacTosee BpemMsa OOCTATOYHO LUMPOKO PACNPOCTPaHEHBI
CUCTEMHBIE N TEXHUYECKUE PELLUEHUSa MO NMpeaoCcTaBfieHMIo na-
keta ycnyr Triple Play (peyb + gaHHble + BUAeo) nMbo Ha OCHOBE
ADSL n eé moaudukaumin ADSL2 n ADSL2+, nnbo Ha OCHOBE
[oBeAeHNsa onTu4Yeckoro kabens oo Xunuua, B OCHOBHOM, MO
TEXHONOIMK NMAacCUBHLIX onTudeckmnx ceten PON (Passive Optic
Network). O60 BceM 3TOM roBOpuoChk B rnaee 1.

MocnepHee M3 3TUX OBYX PELLUEHWN B HACTOSLLEE BPEMSA SB-
NgeTcs NMPUOPUTETHLIM, MOCKOMbKY, MOMMUMO XOPOLUMX XapakTe-
PUCTUK NPenocTaBieHns yCnyr ansa nonb3osaresnen, naeT Takxe
3aMeTHble npeumyulecTsa B akcnnyataumn. OgHako nosisne-
HMe TexHundeckux cpencts WiFi, peannsyiowmnx ctaHpapt |EEE
802.11n, n nnanupyemoe npuHatne ctaHgapta IEEE 802.11 ac
BKyrne C peweHuamun anbsHca WiGig, MOXET CyLLEeCTBEHHO O0-
MOJIHUTL 3TN CUCTEMHBbIE PELLEHUS.

HenctButenbHo, B npoekTte ctaHaapTa IEEE 802.11ac D5.01
pernamMeHTUpyeTcs CKOPOCTb nepenadn cebiwe 1 [BUT/C Ha
YPOBHE NMPUIOXEHWI, a B pewleHnsax anbsiHca WiGig aTa ckopoCTb
cocTtaBnsieT oo 7 [out/c.
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Mpwn aTOM cnegyeTt OTMETUTb, YTO cTaHgapT WiGig ¢dyHKumo-
HUPYET Ha YacToTax cebiwe 60 My, He cnyyanHo B CBA3M C 9TUM
WiFi B pekomeHpauumn IEEE 802.11n yXe HeCKonbkO neT Hasaj,
paccMaTpuBancs Kak nepcrnekTMBHbIN cnocob peanmnsauun IPTV.
Kpome Toro, K HacTosILEMY BPEMEHW PELUEH, MPUYEM B Npak-
TUYECKOWM MNIOCKOCTU, BONPOC 0OecnevyeHns rapaHTMpPOBaHHOIO
KayecTBa 0OCNyXMBAHUS NPU NPEeOOCTABAEHNN YCIYr nepeaayn
pe4yn n BUAOEO C UCMONb30BaHMeM TexHndeckux cpeacts WiFi.

Ctanpapt IEEE 802.11e npegocTaBnsgeTt kateropmm 06Cnyxu-
BaHua AC (Access Category), NONHOCTbIO OTBeYaloLlme KOHLen-
umn gudhepeHUUPOBaHHbLIX YCYr U MMEKoLUE COOTBETCTBME C
knaccamMmu obcnyxmBaHmns pekomerngaumm ITU-TY. 1541 [97].

BeseneHne B crtangapte IEEE 802.11e wuHTepBana «Bo3-
MOXHOCTb nepepadn 6e3 KOHkypeHuuun» TXOP (Transmission
Opportunity)» no3sonseTt obecrneynTb rapaHTMPOBaHHOE KayecT-
BO 0O6CNYyXUBaHUA 1 ANS peyn, n onsa suaeo. Nepuon AnmuTenbHo-
ctn TXOP onpenensieT HTEpBaa BPEMEHU, B TEHEHME KOTOPOro
TepmunHan WiFi nmeeTt npaBo MHULMUPOBATL NMepenady AaHHbIX
yepes 6ecnpoBOdHbIN kaHan [12]. NoMuMo BCero Bbileyka3aH-
HOro cnegyet OTMETUTb, YTO CTOMMOCTb ToYkM goctyna WiFi B
HacToslLLiee BpeMa konebnetca B ananasoHe ot 50$ 0o 120 € B
3aBUCUMOCTWN OT pPeanmadyemMbiX BO3MOXHOCTEN. ITO NO3BONSET
npenBunaeTb LUMPOKOe BHegpeHmne Tovek goctyna WiFi B Xxunuiax
abOHEHTOB 1 oducax, NpU4YeM B AaHHOM Clly4yae Toyka AoCcTyna
WiFi aBnsieTca cobCTBEHHOCTbIO MOJib30BaTENS.

MepcnekTnBbl pa3BUTUS BECNPOBOAHOIO AOCTYMNA HACTONLKO
LUIMPOKU, 4TO B [120] NONOXUTENBHO OLLEHMBAETCS AaXE BO3MOX-
HOCTb Nepenayn peym nosBepx npotokona Zig Bee.

Ha puc. 2.7 npmBeneHa apxutekTypa aomaluHen Ad Hoc ceTn,
mesh-ceTn MumKpoparoHa M Noka3aHo MX B3aMMOOENCTBUE C
VHbIMUW 3N1IEMEHTAMU CETU CBA3M OOLLETrO NOMb30BaHUS.

B coctaB pomawHen cetn Ad Hoc BxogaT TenedoH, KOMMbIO-
Tep, TENEBU30OP — €CTEeCTBEHHO, — BCE YCTPOMCTBA C BO3MOX-
HOCTbIO B3anmMmoaencTeua ¢ Toukon goctyna WiFi n asnsowmecs
HEKVMMM NOCTOSHHBbIMWU 3NIEMEHTaMM 3TOMN CEeTU, a Takke pa3Ho-
obpasHble 6ecrnpoBOaHbIE CEHCOPHbLIE y3Ibl, 00ecneyrBaloLlme
KOHTPOJ/b XM3HEeOEATEeNbHOCTU U 3KCMyaTaUMOHHbIX XapaKTe-
PUCTUK XMUNULLA.

3. B.C. lonbawteinH
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MeCTOHaxoXaeHve n 1.4.)
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Te}'IeKOMMyHI/IKaLI.I/IVI
(peyb, AaHHbIE, BUOEO)

ApxuTtekTtypa pomawiHen cetu Ad Hoc

Kpome Toro, nockosnbky cetb — Ad Hoc, K Hern MmoryT ObITh Bpe-
MEHHO MOACOEOMHEHbI MOOWIbHbLIE TENe@dOHblI N KOMMbLIOTEPDI
rocTen, a Takke MobubHble TeNedOHbl 1 KOMMbIOTEPLI PabOTHN-
KOB pasfnyHbIX Cnyx6 MukpoparnoHa n/unmn ropoga (Ha puc. 2.7

OTMEYEHbI *).

Kak Buaomm, Takast ceTb npeacTaBnsieT cobon MHTerpauuio pe-
weHun loT n cywecTBYIIOLWNX NHPPACTPYKTYPHbIX CETEMN.

JdomalwHne cetm Ad Hoc ob6beguiHeHbl ¢ MOoMoOLblo mesh-
MapuwpytuszatopoB WiFi (nnnm mesh-mapLupytnsaTtopos, BbiMNosi-
HEHHbIX N0 NHOW 6eCcnNPOBOAHON TEXHONOMMKN) B CETb MUKPOPaio-
Ha, KOTOpasi MMEET BbIXO4, Ha XWJINLWHbIE N 3KCrlyaTauUOHHbIE
cny>0bl MUKPOPaNoHa, a Takxe Yepe3 aboHeHTckme Wwno3bl RG
(Residental Gateway) K ceTu cBs3u 00OLLEro NOJSIb30BaHUSA U da-
Jlee K NnpoBangepam ycnyr tTefieKoOMMyHUKauuin U ycnyr xXmsHenes-
TenbHOCTU. B Takon cetm noMumo TpaanmuuoHHbix ycnyr NGN
MOryT ObITb NPEAOCTaBIEHbLI HOBbIE YCNYrK, 60OSIee TOYHO — aaxe
rPynnbl HOBbIX YCNYr, CPean KOTOPbIX MOXHO BblOENNTD:

- YCNyru B3aMMOOENCTBUS COBPEMEHHOW ObITOBOW TEXHUKUN U

4yesioBeka;
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- ycnyru obecnedyeHmnsa 6e30nacHOCTU Xunuia, odpmucoB 1 T.4,;

- YCNYr MOHUTOPWHIa COCTOSAHMUS XWUMbIX U pabounx rnometle-
HUIN, BKJIOYAss MOHUTOPUHI OCBELLEHUS, KNIMMATUYECKMX YCNO-
BUI, BOOOCHaOXeHnd, 3ara3oBaHHOCTU U T.4,.;

- YCNYrhn MOHUTOPWHIa 340pP0Bb4A;

- YCNYr MOHUTOPWHIra 340POBbS, MECTOHAXOXAEHUSA N adek-
BaTHOCTU NMOBEOEHUA NOXUIbIX JIIOOEN;

- YCNyrv KOHTPONSE MECTOHAXOXAEHUS AETEN;

- Aapyrue ycnyru — iokajbHOro nosnumMoHMpoOBaHNS B peasibHOM
BpemeHn RTLS, BkItOYas MOHUTOPUHI AOPOrOCTOSAWMX Npes-
METOB B Xunuuie n o6opynosaHuns B odbucax;

- YCNyru B3aMMOAENCTBMUSA COTPYOHMKOB CNyX0 MMKpPOPAaoHa,
paloHa, ropoaa npuv BbINOJHEHUN UMW PEMOHTHbIX U MPodu-
NaKTN4eckux paboT;

- yCnyrv B3aMmMofemncTBus MeamMLMHCKOro nepcoHana, Haxoas-
Lerocs no BbI3OBY Ha AOMY UK B OpuUce ¢ PanoHHOM Noau-
KIVHUKOW, B0NbHNLEN, MEOANUMHCKUMM 6a3aMu OaHHbIX;

- ycnyru Buga «Push to Buy» B KpynHbIX TOProBbIX LLEHTPAxX npu
co3pgaHuu cetent SHANET (Shopping Ad Hoc Network);

- YyCNnyru poymuHra ang nonb3osartenemn ceten 3G npu Haxoxae-
HUWM 3TUX NONb30BaTeNen B kadecte rocten B cetnt HANET;

- YCNyru poymuHra v goctyna B VIHTEPHET ansa Nonb30BaTeENEwn
NepPCoHaNbHbIMN KOMMNbIOTEPAMU N MHOIOMYHKLMOHANIbHLIMM
TePMUHANaAMU NPU HAXOXAEHUN STUX MONbL30BATENEN B KAYECT-
Be rocten B cetnn HANET.

MpuBEOEHHbIN CMMCOK HOBbLIX YCYr HEMOJIOH, HO JOCTaTO4YHO
MHOroobpaseH, 4ToObl YACHUTb LLUMPOTY OXBaTa XU3HEeOEeATe b-
HOCTW YenoBeka Npu BHeAPEHUM MyHULIMMNANbHbIX CETE.

2.4. MepunuuHcKkue cetum

Pa3paboTkoi cTaHAapTOB A1 MeEAVLIMHCKNX CETEN 3aHMMAaeT-
cs paboyas rpynna IEEE 802.15.6. OcHOBHOW 3aaa4eit 9TOM rpyrn-
nbl aBnseTca paspadoTka MAC-ypoBHSA C NOAAEPXKKOW HECKOJb-
knx pumamyecknx ypoBHein (PHY) onga HatenbHbix 6€CcnpoBOAHbIX
ceTei [86]. LUenblo co3paHnsa HaTeNbHbIX 6ecrnpoBOAHbIX ceTein
WBAN (Wireless Body Area Network) saBnsetcs obcny>XXmBaHue
pasHbiX APUNOXEHNA MEONLUNHCKOrO HanpaBfeHusd, HanpuMep,
yOANEHHbIN KOHTPOJIb COCTOSAHUS 300P0BbS YenoBeka. CeHcop-
Hbl€ Y3/bl MOIYT pacnofiaratbCs Kak Ha Tene YesioBeka Unmn B He-
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NOCPEeACTBEHHOM B6NM30CTM OT HEro, Tak U MMMIAHTUPOBATLCS.
Takme cetm Moryt ob6CcnyXxuBaTbCs U NepeaaBaTbCs C Pa3HbIMU
CKOPOCTSIMM M NpuoputeTaMmn. Hannumne pasnnyHbix GU3nNHeCcKmx
YPOBHEN MO3BONSAET pa3HbiM YCTpOMCcTBaM paboTaTb Ha CBOEN
yacTtoTe.

depth of corneal implant

orientation sensor for
improved tooth crown prep

eye tremor

shoulder ligament strains

wireless vertebral

spinal ligament strains Bobe shaing

elbow ligament strains
3DM-G

" measures orientation
wireless emg and ekg and motion
hip replacement - sensors for

wrist ligament strains measuring micromotion

smart wireless sensor
measures implant
subsidence

knee ligament strains

smart total knee
replacement

ankle ligament strains
achilles tendon strains

wireless smart insoles

arch support strains
measure force

Puc. 2.8. Pa3melueHue CeHCOpPHbIX Y3J10B Ha U B TeJle YenoBeKa

Ha puc. 2.8 [87] npuBeaoeHO pa3melleHmne BO3MOXHbIX CEH-
COPHBbIX Y3/10B B COOTBETCTBMUN C CEMOAHSALLHUM BUAEHUEM pabdo-
yen rpynnbl IEEE 802.15.6.

OTO CEHCOpHble y3fbl A9 M3MEPEHUs Tpemopa rmas, T.e.
koniebaHna rmnasHoro s1670ka OTHOCUTENbLHO HanpaBfieHUs 3pu-
TeNnbHOM ocu (eye tremor), Harpy3ku Ha cBA3kM naeda (shoulder
ligament strains), Harpy3skm Ha Mblwupbl CnNnHbl (spinal ligament
strains), Harpy3kn Ha CBA3KM NOKTEBOro cycrtasa (elbow ligament
strains), anekTpomuorpadumn, T.e. perncTpauns 3N1eKTpn4ecKkon
aKTMBHOCTW MbILLL, 3nekTpokapguorpammel (wireless emg and
ekg), Harpysku Ha CBA3kM B 3andcTtbe (wrist ligament strains),
Harpy3ku Ha CBA3KM B KOJIEHHOM cycTaBe (knee ligament strains),
Harpys3ku Ha cBA3ku B noabikke (ankle ligament strains).
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Kpome Toro, B coctaB CEHCOPHbIX Y3/10B Ha 1 B TeJle YesoBe-
Ka, a TakXe B HENOCPEACTBEHHOW BM30CTN OT HEFO, BKIIIOYEHbDI
YMHbIE CTENbKM 0N n3amepeHusa cunbl (wireless smart insoles
measure force), ceHcopbl U3MepeHus rybuHblI PacnoIOXEeHUS
mMnnanTara poroeuubl (depth of corneal implant), opnenTaymmn
0ns KOPOoHKKM 3yda (orientation sensor for improved tooth crown
prep), TMMpPOCKOMMYECKNE CEHCOPbLI A NBMEPEHNSA OBUXEHUS U
opueHTauum B TpexmepHoM npocTtpaHcTee (3DM-G measures
orientation and motion), namepennsa MmMKpPo NEPEMELLEHNIN B SH-
nonpoTtese TasobenpeHHoro cyctaea (hip replacement — sensor
for measuring micromotion), namepeHna mmnnaaHtTatos (smart
wireless sensor measures implant subsidence), ymHbIn 3HOONPO-
Te3 KoNeHHoro cycrtaea (smart total knee replacement), namepe-
HUS HArpy3Kky Ha axmunnoBo cyxoxunume (ahilles tendon strains) u
noabem cTynHu (arch support strains).

Kak Buaum, no cpaBHEHUIO C MNEPBbLIMU BO33PEHUSMN Ha Yeno-
Beka, kak TepMmuHan cetn [10] 4yMcno CEHCOPOB YBENNYUIIOCH, a
Ka4eCTBEHHbIN COCTaB CEHCOPOB CYLLECTBEHHO YCIOXHUIICS.

OCHOBHbIE TMPUIOXEHNSA TEXHUYECKMX CPEeACTB CcTaHgapTa
IEEE 802.15.6 moryT ObITb pasgeneHbl Ha ABa knacca.

Knacc 1. CneunannanpoBaHHble MeANLIMHCKME MPUOXEHNS:
e HOCUMbIE,
* VMMNAHTUPYEMBIE.
Knacc 2. MpunoxeHuns obLiero xapakrepa:
* BMOEO N ayamo,
e nepepgaya AaHHbIX,

e ynpaBieHune gna NHTepakTnBHbLIX NTP.

Mpu npoekTnpoBaHny BAN-ceTeinn OCHOBHOW yrnop Aenaetcs
Ha 3HepreTndeckytd ap@EKTUBHOCTb, NOAPA3YMEBAIOLLYIO HN3-
koe noTpebneHne aHeprum ysnamum. Cetn BAN nopaepxmsatoTt
TOJbKO TOMOJIONMIO 3B€3a, NpaBaa, C BbICOKOW CTENEHbIo MacLu-
TabmpyemocTun. Tononorvs cetTy npeacrasneHa Ha puc. 2.9.

Ons @YHKUMOHMPOBAHUS CETU TPEDOYETCS HANNYNE HECKONbKUNX
CEHCOPHbIX YCTPOWCTB U/MNn akTyaTopoB, KOTOPbIE CBA3bIBAIOTCH
C ceTeBblM KOHTponnepom (BAN Network Controller, BNC), pea-
NN30BaHHOM, Harnpumep, B Buae tenedoHa, KMK nnmn Hoytoyka.
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OnuunoHanbHble
MexaHu3Mbl A4S
CHUXeHnsa
nHTepdepeHunn mexany
BAN

H - xa6
N - y3en

Puc. 2.9. Tononorua ceteit BAN

Ona cetein no ctanpapTy IEEE 802.15.6 A0/mKHbI BEINOHATLCSA
cneaywowme TpeboBaHns K MacLTabpyeMoCTU N XU3HECTOCO0-
HOCTW:

e MepeMeHHble CKOPOCTM nepefayn AaHHbIX OT HECKOJIbKUX
KOUT/C [0 HecKonbkux MouT/c;

e nopaepxka oo 256 ycTponcTs;

e cocyLulecTBOBaHMeE C gpyrmmm cetamm BAN;

e NoaAepxkKa MexaHM3MOB obecrnedyeHus 3alunThl nepenasae-
MbIX OAHHbIX;

e rapaHTMPOBaHHbIE Npenesbl 3a0epPXeK;
e rapaHTMpOBaHHas NoJsioca NPoMnycKaHus.

Tekywmnin npoekt ctaHpapTa IEEE 802.15.6 onpeaensiet Tpu
BO3MOXHbIe peanm3aumm Gu3n4eckoro YpoBHS — Y3KOMOJOC-
Hbih NB (Narrowband), csepxwwupokononocHein UWB (Ultra
WideBand) v yposeHb 4yenoseveckoro tena HBC (Human Body
Communication).

YpoBHEM BbIlEe CcTaHOapT onpeaensetr 0000LEHHbIN
MAC-npoTokon, o6ecneymBaioLLmMin KOHTPOb AOCTYNa K KaHay.
Bbi6bop onpeneneHHoro yposHsa PHY 3aBUCUT OT NPUIOXEHUS.
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IP Multimedia
Subsystem

Jlyqiumii criocob npeackasars 6yayiuee
COCTOUT B TOM, 4TOObI U306PECTH €ro.
Anan Ken

3.1. UpealMS

O(pe)BontounoHHbIM nepeHocom B 2010-e mpeonormn WH-
TennektyanbHOM CETU, YNOMSIHYTOW B MMaBe 1, ctana KoOHUenums
IMS (IP Multimedia Subsystem) npenoctaBneHuns noodo ycnyru B
nodom mecte nakeTHow cet NGN. K coxaneHuio, NnosBUBLLINCH
B Havyane 2000-x, aTa KOHUEeNuMs HECKONLKO onepeanna Bpems.
Kak pas Torga 4pe3mMepHO HagyTblh MHOOKOMMYHUKALMOHHBIN
ny3bipb NOMHY MOA rPY30M HECObIBLUMXCSA Hadexn, U UHTepec
K IMS 6b1n noTepsiH. Tenepb Xe, Koraa CAUSHUSA U MOrNoLEeHNs
OnepaTtopoB GUKCMPOBaAHHOM CBA3KM MObMNbHbIMKM Onepartopa-
MU cTann cnocoOOoM CYLLIECTBOBAHUSA CEroAHALLHEr0 TeIEKOMMY-
HUKALMOHHOIO MmMpa, KOHBEPreHUUsa CeTEN U YCNYr CBA3U BEPHY-
nacb un asngetca o6pa3om xu3Hn OnepaTopoBs, a He Xenatouine
rnoctynatb TakMm 00pa3oOM MUIrPOKU TeNeKOMMYHUKALMOHHOIo
pblHKAQ BECbMa CKOPO MepecTaHyT CyLleCTBOBaTb, TEMEPb KOH-
uenumsa IMS peanbHa n ceBoeBpemMeHHa. MIMeHHO aTa KoHUenuus
Mo3BONSAET NPeaocTaBUTb NI0OOMY NOJSIb30BATENIO NOOYI0 yCnyry
B t0OOM MecTe 1 B Ntoboe BpeMs.

Mo cyTn, 3TO cerogHAWHNAA peanmaauma npuHumna ABC (Alway
Best Connection) Hanny4wwero coegVHEeHUs C HYXKHOW YCNnyromn, no
Hamnydllen nHPpacTpykType AocTyna, B N1to60e Hy>XHOE NOoJIb30-
BaTeO BPEMS U 32 aAekBaTHYIO CTOMMOCTb.
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Mpn 3TOM BMECTO MNOJIb30BaTENS, BbIHYXAEHHOro KOPPEKTU-
poBaTb CBOE noBeaeHune, YToObl COOTBETCTBOBATb BO3MOXHOC-
TAM NHPOKOMMYHUKALIMOHHOW CEeTU, caMa CeTb KOPPEKTUPyeT
cBOe noBegeHne, 4ToObl COOTBETCTBOBATbH Pa3BMBAOLLIMMCS
noTpebHocTAM MOBMNBLHOrO nofb3oBartens. T.e., ecnm B ceroa-
HALHNUX TEeTEKOMMYHUKaUUAX NOSb30BaTEsNb JO/IKEH NOCTOAHHO
3HaTb 00 OCOBEHHOCTAX N OrPaHNYEHUAX CETU, COOTBETCTBEHHO
aganTupoBaTb CBOE NoBeaeHne, UMEeTb OTAeNIbHble HoMepa O0-
MalLUHero n opucHoro tenedoHoB, GakCMMMNLHONO annapara
B odpuce, mobunbHoro tenedoHa 1 T.M., To0 ¢ BHeapeHuem IMS
NMPUXoauT HOBasi MOAESb, B KOTOPOM CETb afanTUpPyeTcst K NoJib-
3oBaTento. EQMHCTBEHHbIN ero Homep paboTaeT Ansa Bcex TMNoB
€ro TePMMUHasbHbIX YCTPOWCTB, a CETb «OLUYLIAET» CUTyauuto y
MoNb30BaTeNst B KaX bl MOMEHT BPEMEHU U COOTBETCTBYIOLLMM
06pa3omM N3MeHSIeT CBOW NOAX0A, K NPeaoCTaBNeHNIO YCNYT.

Mo cpaBHeHuio ¢ TpaamumoHHo NGN aTa KoHuenuus pas-
BEepHyNa rpaHuusl Hadaewerocs ¢ GSM 6ecnpoBogHOro mMupa,
YTOObI BKMIOYNTL B HErO NPOBOAHbLIE CETU CBA3WU, MUp Becnpo-
BOAHbIX LAN 1 LUMpPOKONONOCHLIM 6ecnpoBOAHOM AOCTyN, MUP
MOOUNbHONM TenedoHun ¢ ee GOKYCOM Ha MOOWUIBHOCTb U MUP
IP ¢ ero BcenpoHnKamowmmm BO3MOXHOCTIMA. [JeNnCcTBUTENLHO,
COBPEMEHHbIE TENEKOMMYHMKALUMOHHbIE OnepaTopbl NMoay4alT
[OXo4bl OT MPOAAXM YCAYr, a HE OT NPefaocTaB/ieHUss B apeHay
MoNb30BaTeNsIM PECYPCOB. ITO 3HAYUT, 4YTO OONee yCneluHbIM
Ha pbiHKe OyAeT He 6oraTbll pecypcamu ruranT, a adPeKTUBHbIN
cepBuUC-npoBanaep ¢ rpaMmoTHOMN NOANTUKOW NMPOOBUXKEHNS CBO-
nx ycnyr. C y4eToM BbILLEU3NOXEHHOTO IMS, BO3MOXHO, — CamMoe
MOLLHOE HOBLLECTBO 3anoxu NoCcTNGN cpean MHOXECTBA NOSIBUB-
LIMXCS B oTpacnum 3a nocnegHme 20 net, noxanyn, 3a UCKITIOYEHN -
eM MHTepHeT BeLein. [10aToMy aBTopbl U pewmnnn NnoceATUTb loT
rnaey 2, a CneayloLyio 3a Heml rmaey — IMS.

3.2. dyHKUMOHanNbHbIE Npeumyliectea IMS

Kak cneayet U3 npeablaywmnx naparpados, apxutektypa IMS
OTNMYaeTcs OT BCEro, 4To 6bI10 A0 Hee. B ynoMsIHYTLIX B rnaBe
1 TpagMUMOHHbBIX CETSX NPEeaoCTaBfiEHME YCAYyr U YyCTPOMNCTBA,
KOTOpPble MO3BOMIAIOT 3TO AenaTb, pacCMaTpMBalOTCH KakK HEKWUI
MOHOJINTHLIV NpoLuecc, a B IMS 3T ycTponcTea BUAATCA 60nbLUe
KaK Habop PpyHKLUMI (Kak 1 B KOHLLENUUM MIHTennekTyanbHoOM ceTu,
34ecb CHOBa oTaenseTcs GyHKUMS OT YCTPOWCTBA).
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U Bce xe n3 onpenenenna IMS cnenyert, 4To oHa NpeaHa3Ha-
YyeHa o151 Toro, 4To0bl NpeaocTaBnsaTb IHTEpHET-yCcnyru noscoay
1 B Ntoboe Bpemsi ¢ UCMOJIb3OBAHUEM TEXHOJIOMMIA COTOBLIX Ce-
Ten. Ho oeno B TOM, YTO COBPEMEHHbBIE CETU MOBUIBHOWN CBA3U
3G yxe 1 Tak MOryT NnpeaoCcTaBnaTb AOCTATOYHO LUMPOKMIA CNEKTP
NHTepHeT-yCnyr.

B cetax UMTS cyuwiecTBylOT ABa JOMeHa 0OCNy>XMBaHMA Tpa-
dunka: 4OMEH KOMMYTaUMKW KaHaNoB 1 AOMEH KOMMYTaUun nake-
TOB. lomeH kommyTaumm kaHanos B UMTS saBnseTcsa 9BOAOLMOH-
HbIM Pa3BUTUEM TEXHONOMMI, yXXe ucnonb3ylowmxca B 2.5G, un
OPUEHTMPOBAH Ha nepegavy pedv n Buaeo.

JomeH KoMmmyTaumm nakeTos npenoctasnseT IP-goctyn B VIH-
TepHeT. C MCNoONb30BaHMEM 3TUX ABYX OOMEHOB MOJSIb30BaTElb
y>XX€ MOXET MONY4YUTb PA3NANYHbIE MYNTIbTUMEOUMHbIE YCITYTU, B TOM
yucne n MHTepHeT-opneHTUPoOBaHHbIe. 3a4eM Xe Toraa pa3paba-
ThiBaTb IMS? OTBET MOXHO OaTbh Takow: 4ToObl 0b6ecrnednTb QoS,
Ha4YnceHne naatbl, MHTErPaLuio v NepCcoHaIN3aUmnio PpasinyHbix
yenyr. NosicHum a10. NpenoctaBneHme pa3HoobpasHbIX YCIyr Ha
6a3e eguHOM NakeTHOW ceTu TpebyeT rmbkor NoaaepXKn Ka4ecT-
Ba aTmx ycnyr. IMS, ycTaHaBnnBas kaxagoe coeanHeHue, cneauT,
4yTOOblI MNonb3oBaTensaM OblI0 obecrneyeHO COOTBETCTBYylOLLEE
Ka4yecTBO obcnyxuBaHua. Opyron npeanoceinkon IMS asnsaetcsa
YCNOXHEHMNE CUCTEMbI HAYMUCNEHUA NNaTbl 32 MYbTUMEOUNHbIE
CeaHChbl CBA3W.

Ecnn OnepaTtop He NpMHMMAaeT BO BHUMaHME xapakTep Tpa-
duvKa MyNbTUMEONNHOIO CeaHca, OH MOXET HAa4YUCAUTb niaTty 3a
HEro TONIbKO OYEHb MOBEPXHOCTHBLIM CMOCOOOM — Ha OCHOBaHUU
obbemMa nepepaHHblX AaHHbIX. [py 9TOM NONbL30BaTENIO HEBbI-
rogHO Nosb30BaTbCA OAHUMU YCyramMm, CO3AaKLWNMU OONbLLION
obbem Tpaduka, Hanpumep Buaeo, a OnepaTopy HEBbLIFOAHO
npeaocTaBnATb Apyrne, co3galolme He3HAUYUTENbHbIA 0ObeM
Tpaduka, Hanpumep Instant Messaging (IM). Ecnn OnepaTop oc-
BEOOMJIEH O XapakTepe nepegasaemMoro Tpadpuka, TO OH MOXET
MCNoNb30BaTb B CMCTEME HauYucneHns nnatbl 6onee apdekTnB-
Hble OM3HEC-MOAENN, HECYLUME BbIFOAY N EMY U MOJIb30BATENSAM.

B IMS npumeHeH HOBbIA NOAXod K NPeaoCTaBNEeHUIO YCIVT,
no3sonsowunn Onepatopy BHeApsTb YCAYru, CO3OaHHbIE CTO-
POHHUMM pa3paboTynkamMmm nnm gaxe cammm OnepaTtopom, a He
NPOU3BOANTENAMU TENEKOMMYHUKAUVMOHHOIO 060pyaoBaHus.
OTO NO3BONSIET MHTErpuUpPoOBaTb PasnMyHbie YyCNnyrm M npeno-
CTaBNgeT LWWMPOKME BO3MOXHOCTU NepcoHanusaumm n yBenmye-
Hua KonmdyecTtea ycnyr. B 1990-x n 2000-x rogax, Ao BHeEQpPEHUS
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IMS, B ceTax MCNOMbL30BAINCh Tak Ha3blBAEMbIE «BEPTUKASIbHbIE
cepBUCHble MaTtdopmbl», NOKa3aHHbIE Ha puc. 3.1, KOTopble yC-
MeLIHO CMpaBnsioTCa C NpeaocTaBfeHneM HebOsNbLLIOro ymcna

Kt04YEeBbLIX YCNVYI.

CT——— 5 | ® C——— 3 | s | (FF—— | =
A60OHEHTCKMe E* AG6OHEHTCKMe E AG6OHEHTCKIMe g
O0aHHble S AaHHble 3 [aHHbIE 5

C— | > C——— | > | (/> S
Menva— Meaova—
dyHKLMM yHKUMM b
Mnatchopma Mnatdopma Mnatdopma
npepocTaBneHns npenocraBneHus npegocTasneHus

yenyr yenyr yenyr
Vanbl PS CS Cucrema
IN Bunnunr LOMeH [OMeH 0ss npegonnarhl
Puc. 3.1. BepTukanbHbie cepBucHbie nnatdopmbl 2000-x

Mooxon IMS npeanonaraeT rOPU3OHTaNbHYIO apXUTEKTYPY
(punc. 3.2), noseonstowyto OnepaTopy NPOCTO M 3KOHOMUYHO
BHEAPATb HOBbIE NEePCOHANN3NPOBAHHbIE YCYI, NPUYEM MOoJib-
30BaTeNIM MOryT B paMKax OHOIo ceaHca CBA3U Moy4YnTb AOCTYN
K pasHbiM ycnyram. Nepevyncnmum HekoTopblie GYHKLMOHAbHbIE
BO3MOXHOCTM IMS.

3.2.1. MynbtumepgumiiHbie IP-ceaHcbl

IMS MoOXeT npeaoCTaBnATb LWUMPOKMIA CNEKTP YCNyr, HO ogHa
M3 HUX 6E3YCNOBHO COXPaHSET BEOYLUYIO POJib — OBYCTOPOHHSAS
ayouo/Buaeo ceasb. na atoro apxmutektypa IMS gomxHa noa-
JepXnBaTb CeaHCbl MyNbTUMELNMHON CBA3N B IP-ceTax, npuyem
Takas CBS3b A0JPKHA ObITb OOCTYMNHA MOJIb30BaTENSIM KaK B [0-
MallUHEeWn, Tak U B rocTeBon cetn. MynbtumeaniHasa cBs3b Obina
CTaHAApPTM30BaHa yXe B paHHux gokymeHTax 3GPP, ewwe oo nose-
neHuns IMS, HO NpenoCcTaBnsanachb TOLKO JOMEHOM KOMMYyTaUUn
KaHanoB.

3.2.2. KauyecTBO 00CNnyXnBaHus

Moppepxka QoS asnseTcsa dyHaameHTanbHbIM TpeboBaHNEM
k IMS. Mpw opraHn3daummn ceaHca nosb3oBaTenbckoe 0bopyanoBa-
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Hue naeeLaeT IMS 0 cBOMX BO3MOXHOCTSAX 1 O CBOUX TPEOOBaHN -
ax K QoS.

Mpunoxexue

MpunoxeHve Mpunoxexne

Ycnyra 2
Ycnyra N

Mepuma-dyHKLmnmn

AGOHEHTCKME faHHble

IP Multimedia Subsystem (IMS)

Yanbl PS CS Cucrema
IN Bunaunr LOMEH LOMEH 0ss npegonnarsl

Puc. 3.2. lopusoHTanbHas cepBucHas IMS-apxutekrypa 2010-x

Kak nokazaHo B [5], npn nomowwm npoTtokona SIP BO3MOXHO
Y4ECTb Takue napameTpbl, Kak TUM W HanpaB/eHWe nepenayn
OaHHbIX, BUTOBAss CKOPOCTb, pasMep MakeToB, MCMNOSIb30BAHNE
RTP, Tpebyemas wuvpuHa nonockl nponyckanus. IMS no3eonset
YyNpaensaTb KA4eCTBOM CBSI3M, KOTOPOE MOSYYUT TOT WA MHOW

nonb3oBaTtesb, U TakuMm obpasom auddepeHUmpoBaTb NOMb30-
BaTENEN U yCcnyru.

3.2.3. B3aumopeicTeme C APYrumMmu ceTaMmm

DyHKUMA NoaaepXKn B3aMMOAENCTBUS C CeTblo MHTepHeT
o4YeBUaHa, T.K. Onarogaps o6LwmMm NpoToKonam nonb3osatenm IMS
MOryT yCTaHaBNMBATb MYJ/IbTUMEAMMHbIE CEAaHCbl CBA3U C Pa3Hbl-
MU cnyx6amu rnodanbHON ceTu. Tak Kak nepexon, K ToTaNbHOMY
ncnonb3oBaHuMio IMS 6yneTt nocTeneHHbiM U 6onee U MeHee
anutenbHbiM, IMS gonxHa Takke MMeTb BO3MOXHOCTb B3auMO-
[EeNCcTBUA C CeTAMM NpeaplayLmx nokoNIeHNn — CTauyMoOHaPHbIMU
1 MobunbHbiMK cetamm 1990-x n 2000-x rogoB ¢ KOMMYyTaLMEN
KaHanoB 1 kKoMMyTauuen naketoB. PyHKLMM B3aMMOOENCTBUSA
C CeTssMM KOMMYTaLUM KaHaNIoB HE UMEeIOT, pasymMeeTcsl, A0Nro-
CPOYHOW NMepcrnekTmBbl, HO OHM abCONIOTHO HEOOXOAMMBbI B TeYe-
HMe JONroro Nepuoaa CyLecTBOBaHMA KOHBEPreHTHbIX CeTe.
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3.2.4. WHBapmaHTHOCTb AocTyna

Mockonbky IP aensieTca 6a30BbIM NPOTOKOIOM AocTyna B IMS,
NONb30BaTE b MOXET COEANHUTBCS C CETLIO MHOXECTBOM CMOCO-
60B. YcTponcTea ¢ BO3MOXHOCTAMM IMS MoOryT HenocpenCcTBeH-
HO 3apermcTpupoBaTtbcs B ceTn IMS He3aBNUCMMO OT TOW ceTu, C
KOTOPOI OHN COEANHSAIOTCS.

TexHonormm GUKCMPOBAHHOIO A0CTyna, Takme kak Ethernet
LAN, xDSL, HFC (Hybrid Fiber Coax), mooembl xDSL, a Tak-
xe becnpoBogHbih goctyn GSM, GPRS, CDMA, UMTS, WiFi,
WiIiMAX noppepxwuBaioTtcs IMS. ToYyHO Tak e TpaauUMOHHbIE
TenedoHol THOI n HekoTopble cuctembl VoIP coegmnHsaioTcs €
cetblo IMS nocpencTBOM COOTBETCTBYIOLLMX LUAO30B. Taknm
obpas3om, kak 1 nobdas IP-cetb, IMS nHBapuaHTHa OTHOCUTENb-
HO MPOTOKOJIOB HWXHUX YPOBHEN U TexHosnornnm pocrtyna. Ho
nockonbky 3GPP BHauyane CkOHUEHTpupoBana CBOWU yCUIMs Ha
asonoumn GSM cetelr, cneumdukaumsa nepson sepcuun IMS
(penu3 5) cogoepxana HekoTopble GPRS-0opneHTHpOBaHHbIE
onunun. B cnepylowyx Bepcusx, yxe C WeCToro pennsa, QyHk-
uMn goctyna Oblnv OTAENEHbl OT s4pa CeTu, U Havanacb paspa-
60TKa MHBaApPMaHTHOCTM AocTtyna k IMS, nonyynBlias HasBaHue
IP connectivity access n npegnonaraipowasa npuMeHeHne nobon
TEXHONOrMn JOCTyna, KoTopass MOXeT 06ecneynTb TPpaHCNopPTU-
poBky IP-Tpaduka mexay nonb3oBaTebCKMM 060pyA0BaHVEM U
obbektamu IMS.

3.2.5. CospaHue ycnyr v ynpaeneHue ycrnyramm

HeobxoamMmMocTb ObICTPO BHEOPATb pa3HOOOpa3Hbie YCNyru,
NMOCKOJIbKY MUMEHHO OHM OOJIXHbl CTaTb OCHOBHbIM MCTOYHMKOM
noxonoB Onepatopa B XXI Beke, noTpedboBana nepecMoTpeTb
npouecc cosganmsa yenyr B IMS. YHToObl yMeHbLUWUTbL BpeMS BHE/ -
peHuns ycnyrm m obecneyntb ee NpeaocTaBiieHMe B FOCTEBOW
ceTu, Korga nonb3oBaTesib HaxXoaAMTCs B poymuHre, B IMS BepeT-
Csl CTaHOAapPTU3auUUs He YCIyr, a BO3MOXHOCTEN NpeaoCcTaBNeHNs
ycnyr (service capability). Takum obpas3om, Onepatop MoOXeT
BHeOpUTb NOOYI0 YCNyry, COOTBETCTBYIOLLYIO service capability,
npuyem aTa ycnyra 0yaeTt noaaepXxmBaTtbcs U Npu nepemMelle-
HMN NONb30BAaTeN B rOCTEBYIO CETb, €CNM 3Ta ceTb obnagaet
aHanormyHbiMM CTaHOapTM30BaHHbIMKU service capability. 310
nocturaetca 6narogaps Tomy, 4To B IMS npuHATO ynpaBneHue
YC/yrom M3 pomallHen CeTu, TO eCTb YCTPOWMCTBO, MMeloLlee
[ocTyn Kk 6a3e AaHHbIX Nosb30BaTesNen N HenocpeacTBEHHO B3au-
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MOOENCTBYIOLLIEE C CEPBUCHON NnaTdOpMOnn, Bcerga HaxoamTcs
B AOMALLHEN ceTn.

Onsa ynpaeneHmsa ycnyramm OnepaTtop MOXeET MNPUMEHSTb
PasHyo O6LLYIO MOJINTUKY CETH, PACNPOCTPAHSIOLLYIOCS Ha BCEX
ee nosb3oBarenen (Hanpumep, orpaHNYeHne UCNONbL3OBAHUSA B
CETM LWMPOKOMNONOCHbIX kKoaekos Tmna G.711), n pasnyo nHanBM-
AyasibHyt0 MOJIMTUKY, PACMPOCTPAHSIOLLYIOCS Ha TOMO MU UHOIo
nosib3oBartens (Hanpumep, 3anpeT NoJb30BaHNA BUOEOCBSA3bIO).

3.2.6. PoymuHr

DYHKUMN POYMUHra CYLLECTBOBaIM YXe B MOOUIIbHbIX CETAX
2G, n IMS, ecTtecTBeHHO, 3TN GyHKUMM yHacneaoBana. OgHako
CaMO MOHATUE «POYMUHI» Tenepb CYLLECTBEHHO PacLUMPUIOCh K
BKJ1IO4MIIO B cebs:

o GPRS-poymuHr — roctesas cetb npegoctasnset RAN n SGSN,
a B gomatuHen Haxogatcsa GGSN u IMS;

o |IMS-poymMuHr —rocteBas cetb npegoctasndet IP-coegnHeHne
n Touky Bxoga (Hanpumep P-CSCF), a pomaluHasa ceTb obe-
crneymBaeT BCe OCTasbHble QYHKLNN;

e CS-poyMUHr — poyMuHr mexay cetbto IMS 1 ceTblo kKoMmMyTa-
LN KaHanNoB.

3.2.7. 3awuTta nipopmauun

dDyHkUMM obecnevyeHnsa 3alwmTbl MHPOPMaUMN HEOOXOANMBI
KaXa0M TENEKOMMYHUKALMOHHOM cucteme, n IMS npepoctaens-
€T YPOBEHb 3aLLUThI, MO KparHen mepe, He MeHbLLnin, Yem GPRS-
CeTun 1N CeETN KOMMYTauum kaHanos. IMS nponssogut ayteHTUdU-
Kauuio Nonb3oBaTenen nepen Ha4yanom npeaoCcTaBeHns yeayru,
NpeaocTaBnseT NonbL30BaATENO BO3MOXHOCTb 3aNpPOCUTb KOHpUN-
OEeHUManbHOCTb MHpOPpMaumn, NnepegaBaemMor BO BPEMS CeaHca,
v ap.

3.2.8. HauncneHue nnarvbl

Kak 6bi10 oTMeueHo Bhilwe, IMS no3eonset OnepaTtopy wnm
npoBanaepy ycnyr rmbko HazHavyaTb Tapudbl 4Ng MynbTUMeOnii-
HbIX ceaHCOB. IMS coxpaHseT BO3MOXHOCTb Ha4YUCAATb NnaTy
3a ceaHC Hambonee NpocTbiM CNOCOOOM — B 3aBUCMMOCTU OT
OJIMTENBHOCTU CeaHca nnn ot obbema Tpadumka, HO MOXET Takxe
NCrosib30BaTb OOJIEE CNOXHbIE CXEMbI, YYMUTHIBAKOLLIME PA3HYIO
NOJSIb30BATENbCKYIO MOSINTUKY, KOMMOHEHTbl Meana-AaHHbIX,
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npenocTaBnsgemMble yenyrin u T.n. TpebyeTcsa Takxke, 4ToObl [ABe
IMS-ceTn npu Heo6xo0AMMOCTU MO 0BMeHMBaTbCS MHDOP-
MaLnen, HYXKHOM AN HadyMcneHus nnatbl 3a ceaHc cBA3n. IMS
noadep>XXnBaeT HadYnCNeHMe nnaTbl B pexume kak online, Tak un
offline.

3.3. Apxutektypa IMS

Ons IMS paspaboTtaHa MHOrOypOBHEBasi apxmMTekTypa C pas-
OeneHnemM TpaHcnopTa ans nepeHoca Tpapumka U CUrHanbHON
cetn IMS onsa ynpaBneHust ceaHcamu (puc. 3.3). Takum 0b6pa3zom,
3GPP npu paspaboTtke IMS ¢pakTnieckm nepeHec Ha MOOUIbHbIE
CETN OCHOBHYIO ngeonornio Softswitch. Xota HekoTopble PYHK-
LMW He BCceraa nerko OTHECTU K TOMY MU MHOMY YPOBHIO, HO Ta-
KO noaxopn, obecneynBaeT MUHUMASIbHYIO 3aBUCUMOCTb Mexay
ypoBHSAMMU. B IMS MOXHO BblOENNTD:

e User Plane — nonb30BaTeNbCKNin YPOBEHD UM YPOBEHL Nepe-
DAY OAHHbIX;

e Control Plane — ypoBeHb ynpaBieHus;
e Application Plane — ypoBeHb NpUIoXeHUiA.

Mpexge yeMm NepexoamTb K AeTabHOMY PAaCCMOTPEHUIO dfe-
MeHTOB IMS-apxutektypsbl, oTMeTUM, 410 3GPP, no npumepy UH-
TennekTyaneHom ceTtu, a 3atem Softswitch B IPCC (International
Packet Communication Consortium), cneundunumpyet He y3nbl
cetu, a pyHKUMU. DTO O3HAYaET, 4To IMS-apxuTtekTypa, Kak n NH-
TennekTyanbHas ceTb unm Softswitch, Toxe npeacrasnseT codbown
Habop PYHKUUIA, COEANHEHHbIX CTAaHAAPTHLIMU NHTEepdEeNncamm.

Pa3paboTymku BnpaBe KOMOUHMPOBATb HECKONIbKO PYHKLINIA B
OOHOM PU3NYECKOM 0ObEKTE UM, HA0OOPOT, peann3oBaTb OAHY
GYHKUMIO pacnpeaeneHHo, 04Hako Yalle Bcero puanyeckyio ap-
XUTEKTYPY CTaBAT B COOTBETCTBME (PYHKLIMOHANBbHOM N peannay-
0T KaXkayto GYHKLMIO B OTAE/IbHOM y3/e.

PasHble ¢pyHkuun IMS cBa3biBalOTCA Opyr C APYrom 4depes
HabOpP KOHTPOJIbHbIX TOYEK, MOA0OHO CNOCOOY, KOTOPLIM Obl pas-
paboTaH eLle B 0HO YNOMSAHYTOWM B rnaBe 1 KOHUEeNUMn KoHLA
npownoro Beka — koHuenuun ISDN. Kak n B apxutektype ISDN,
aTasfioHHble TOYkM B IMS ncnonb3yloTcsa ons naeHtTnoukaumn n
onncaHnsa UHTEPdENCOB MeXAay pasHbiMU GYHKUNOHANbHLIMU
ceteBbIMU 3nemeHTamn. DyHkumm Call Session Control Function
(CSCF), koTOpble HaxoadaTcs B LeHTpe puc. 3.3, NOMELLEHbI Tyaa
HEe Cny4ainHo.

4. B.C. lonbawtenH
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Puc. 3.3. Apxutektypa IMS

CSCF - cepaue v gywa IMS — nogpasgensietcs Ha Tpu 06-
nacTn OTBETCTBEHHOCTWU: B3aMMOAENCTBME, OOCHYy>XMBaHME U
yrnpaBneHne ceaHcoM MpPoOKCcU. B cOOTBETCTBMM C KOHUENUMEN
IMS, kaxpgoe curHanbHoe cobbiTne, KOTOPOE FrEHEPUPYET MNOJb-
30BaTenb, crnepea oTnpaensetca Kk npokcn-CSCF (P-CSCF)
HE3aBNCKMO OT CaMOr0 CUIrHanbHOroO COBLITUS, KOTOPOE MOXET
npenycMatpyBaTbh TakmMe BeLWM Kak 3anpoc ceaHca CBA3M, akTu-
BM3aumio Tpedbyemor pyHKLMKU, BblOENEHNE CETEBOrO PECypCa,
3anpoc o6CnyXnBaHUs OPYrMM NpUIoXKeHnem. Takum ob6pas3om,
dyHkumys P-CSCF aBnaeTcsa nepBbiM KOHTAKTOM A4S yCTPOMCTBA
nonb3oBarens B IMS-aape.

Monyune coobuieHmnsa SIP OoT Nonb30BaTENbCKOro YCTPOWCT-
Ba, P-CSCF nepecbinaeT nx ¢pyHkumm Interrogating Call Session
Control Function (I-CSCF) nnun ¢dyHkummn Serving Call Session
Control Function (S-CSCF). ®yHkumsa I-CSCF cnyxunt eanHomn
TOYKOW perncrpauum B CeTU Ans goctyna K ycnyram IMS kak
0N MECTHbIX, Tak M POYMUHIOBbIX Nonb3oBatenen. Kak Tonbko
I-CSCF pernctpupyet nonb3oBartens, S-CSCF BcTtynaeT BO Bna-
OEeHVe 1 ynpaBnsieT CeaHCOM CBA3u, obecneymBasi JOCTYN KO
BCEM TpebyeMbIM U aboHMPYyEMbIM Cry>6am.
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BaxHO oTMeTuTb, 4TO B 60NblUMHCTBE cnydaeB |I-CSCF Bepnet
ceba kak SIP-npokcu HECMOTPSA Ha TO, YTO €e OCHOBHAas pPoJb B
IMS 3aknioyaeTcs B onpegeneHmn Mecta npeaocTaBieHns yCnyr.
MopoyepkHeM, 4To MoXeT ObiTb MHOro I-CSCF B npepenax cetu
NOCTaBLUMKA YCNYr, KOTOPble OTBETCTBEHHbI 3a Takne QyHKLMN,
KakK:

e pervcrpaums, SBAsioLLascs npoueccom HasHaveHnsa S-CSCEF,

e ynpaBfieHMEe MOTOKOM CeaHca, MCNOoJb3ylolleecs ONna Toro,
4TOObI HaNpaBuUTb 3anpoc SIP, KOTopbIN ObI NOY4YEH OT ApY-
rov cetn, k S-CSCF, nnu HanpaeuTb 3anpockl SIP 0T NonbL30-
BaTenen Ha pa3Hble S-CSCF,

e co3aaHue gaHHbIX B dopme Call Detail Records (CDR) gns 6un-
JINHra, reHepupyloLwmx Aoxod oT NCrMosib30BaHNA pecypca.

Hob6aBum, 4to I-CSCF Takke cKpblBaeT TOMOJIOMNIO, KOH-
durypaumio, BO3MOXHOCTU N €MKOCTb CeTU OT MOCTOPOHHMUX
NOBONbITHLIX a3, T.€. BbINOJHAET 334241 MEXCETEBOro LUJIIO-
3a, ckpeiBatowero tornosorvto (Topology Hiding Internetwork
Gateway, THIG).

B penictButenbHocTtu, S-CSCF gBnseTcs nNpoKcu-cepBepoM
SIP, KOTOpbIN CeaHC 3a CeaHCOM BbIMOJIHAET yNpaBleHNE BXOX-
JeHneM B CBsI3b abOHEHTOB ceTeBOM cnyx6bl. OH ynpaBniseT B3am-
MoOencTBMeM ¢ 6a3amMm OaHHbIX CETU, TaKUMWU Kak JOMaLLHN
aboHeHTCkuii cepBep HSS ponsa nooaepXku MOOUSBbHBIX MOJb-
30BaTenen n CepBepoB ayTeHTUduKaLmnum, aBTopu3aumnm v y4eta
AAA. B atom kavectBe S-CSCF Takxe nepenaeT CUrHasbHbIn Tpa-
DUVK, reHepmpyeMbIl NoNbL30BaTENSIMN POYMUHTra (TO eCTb, MoJlb-
30BaTeNsiMu, KOTopble NOACOeANHEHbI K CETU B KA4E€CTBE rOCTEN)
B UX OOMALLHUE CETU, FOe CoXpaHsaeTcsa Npoduib abOHEHTOB U
OTKyda NpUCbINaTCA NOATBEPXAEHUSA UX NaTexXecrnocobHOCTH
(billability). Kak Tonbko S-CSCF BbIMOAHWA CBOM 00S32aHHOCTU
NPOBEPKN MNOMb30BATENSA, 3anpaluvBaloLIEro 00CnyXMBaHNE,
3anpoc MoxeT OblTb NepegaH COOTBETCTBYIOLMM cepBepam
MPUIOXEHN N LLIO3aM, KOTOPble TPeOYITCA A5 OpraHu3aumnm
3anpawmBaemMoro ceaHca. Ecnu 3anpoc npegHasHavaeTcs O
OPYyron cetu, TO BMOJIHE BEPOATHO, YTO NPUAOETCS NPUMEHUTb
OPYryi0 CUrHanusaumio, oCyLLeCTBUTb Npeobpa3oBaHne NpoTo-
Kona, opraHnM3oBaTb B3aMMOLENCTBUE C APYrMMU TUNamMn Megua
B OPYIrnX CETSX.

LleHTpanbHbiM gnsa paboTtel IMS aensetcsa P-CSCF, npuyem no
Mepe pa3BuUTUa apxmutekTypbl IMS ero o6sa3aHHOCTM TpaHchop-
MupoBanunce. MNMepeoHavanbHO P-CSCF Hec O0TBETCTBEHHOCTL 3a
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dyHKUMIO BbIOOPa rnonntmnkn obenayxueaHus PDF (Policy Decision
Function), koTopasi HakanaMBaeT, XPaHUT, ynpaBnseT n obpaula-
€TCA K apXMBUPOBAHHBIM MNOSINTUKAM, YTOObI MPUHATL PELLIEHUd,
CBsI3aHHbIE C 3anpocamu pacnpenenenms pecypcos IP. o mepe
pa3BuTtua apxutektypbl IMS, nocne psaga auckyccuii PDF Obina
BbiBegeHa n3 oobnactmn P-CSCF, utobbl coenath ee bonee oocTyn-
HoW ana 6ecnpoBogHbix LAN 1 gpyrux ceten goctyna. YTto xe
kacaetcs anemeHToB P-CSCF, TO B CMly UX PO «NPUBPATHUKA»
1 Toro dakra, 4TO OHM naeanbHO NOAXOoOAT ANs cOopa AaHHbIX O
ceccunax, P-CSCF reHepupyloT 3anmcu bunnuHra, Kotopble Mo-
ryT OblTb HAaKOMMEHbI N NepenaHbl LeHTPaan30BaHHOM QyHKLNN
Charging Gateway Function (CGF) nepeg reHepaumen nonbL30Ba-
TENbCKUX CHETOB.

Mo cywecTBy, yHKUMM IMS 1 3TanOHHbIE TOYKWM, ONUCAHHbIE
30ecb, paspabaTbiBaloTCs, YTOObI 0OECneyYnTb CUrHanIM3aumio
Mexay YCTPOMCTBAMN U KOHTPOIMPOBATb AOCTYMNHOCTb 1 pacno-
noxeHue GyHKUMA 1 ycnyr Ha 6a3e ceTn. OTK GYHKLMN N YCRyrn
He cospaiTca nnu noctasnaTca IMS; a npocto IMS cnyxut
aApPXUTEKTYPOW, NO3BONSIOLWLEN CETM NPEeaoCTaBUTb UX C 3adaH-
HbIM KadyecTBoM. PakTnyecku, uenb IMS cocTomT B TOM, 4TOObI
NPenocTaBUTb PS4 YCIyr, KOMOMHMPYIOLWMX Jydllee mn3 Toro,
4YTO ecTb B yHacnepoBaHHoW IMS TenedoHHOW ceTn (cornacHo
rmaee 1) n nyywee U3 TOro, 4To A0J/KHA NPensioxutbe IHTepHeT
(Bkntoyasa n nHHoBaumu masbl 2). Kpome Toro, IMS obnervaer
npenocTasfeHne yCeiyr Nonb3oBaTesNisiM HeE3aBUCMMO OT UX MeC-
TOHAXOXAEHUS, UCMOJIb3YEMOIr0 NOJSIb30BATENIbCKOIr0 YCTPOMNCTBA
nnm cnocoba pgoctyna. Tak kak IMS 6a3mpyeTcsa Ha OTKPbITbIX
CTaHAapTHbIX NpoTokonax IP n cozpasanack ons Mmpa ycnyr Mo-
OVNbHOM N GUKCMPOBAHHOW CBA3M, OHA JIErKO COYeTaeT nydllee
13 UHtepHeT ¢ nyywnm n3 cetern NGN, 4ToObl 06bEANHUTL 3TN
JBe Tepputopun.

3.4. MNonb3oBaTenbckue 6a3sbl HSS u SLF

[lBe OCHOBHble ceTeBble 6a3bl AaHHbIX obecnedynBaloT Nof-
nepxky IMS: cepsep aboHeHTOB AomaluHen cetu HSS (Home
Subscriber Server) n @yHKUNS MeCTOHaxoXAeHusi aboHeHTa
SLF (Subscriber Location Function). Kaxpas IMS-ceTb cogep-
XUT 0AMH unm 6onee cepBepoB MNONb30BATENLCKMX 6a3 JaHHbIX
HSS. Mo cytn, HSS npencraBnseTr coboi LEHTpanM3oBaHHOE
XpaHunuuie nHpopmMaumm od6 aboHeHTax M ycnyrax u sBnseTcs
3BOJIIOUMOHHBbIM pa3sutuem HLR (Home Location Register) ns
apxutekTypbl ceTen GSM. B HSS xpaHuTcs B nHdopmaums, KO-

4. B.C. lonbawtenH
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TOopast MOXET NoHaAobUTLCH NPU YCTAHOBEHUU MYJIbTUMEONIA-
HOro ceaHca: HdopmMaumsa 0 MECTOHAXOXAEHNN NONb30BATENS,
nHdopmauusa ang obecnedyeHus 3anTbl (ayTeHTUdUKaUmMS 1 aB-
Topu3auusl), MHpopmMaums O NOSb30BATENLCKUX MPOPUIaxX, 06
obcnyxuBatoulen nonb3oBatens S-CSCF, 0 TpurrepHbix To4Kax
obpalueHus kK ycnyram. @yHkLUNMK, BbinonHaeMble HSS, nokasaHbl
B 00wWeM Buae Ha puc. 3.4.

B HSS pasmeuwlaetcsa nHdopmaumsa o nonb3oBarene, HE00Xo-
aumas ceTn ang noanep>Xxkn Bcex yHkumin IMS, cBasaHHbIX ¢ 00-
paboTKOM BbI30OBA 1 YCTAHOBIEHMEM ceaHca. B yncne npoyero oH
CoaepXuT nHpopmaumio 06 aboHMpoBaHUM YCAYr (4acTO Ha3bl-
BaeMyto npopunamMmn nosib3oBarteneit) u odbecnedynsaeT AaHHbIE,
Tpebyowmecs ana ayTeHTudunkauym n aBTopmsaumm nonb3oBa-
TeNIbCKOro JOCTyna K ycryram.

| YnpasneHne MO6UNbHOCTLIO | | O6pa6oTka naeHTudunkaumm | R8s
| eHepaums Kntoyen sawmTsl | | Monpepxka aBTopu3aumu ycnyr |
| Moppepxka sawuTbl | | AsTOpu3aumsa goctyna |
| Moppep>xka NpefocTasBneHns ycnyr | | Moppep>ka ycnyr NpUnoxeHui |
| Mopaepxka ycTaHOBNEHUS COeANHEHMS |
C D Gr Ge Sh Si Cx

Wx
gsmSCF

CepBep

| GMSC | |GMSC/VLR| GGSN npunoxerui SIP

GGSN
2GPP

AAA-cepeep

LOomeH CS LomeH PS Mopcuctemsl IM CN

Puc. 3.4. Jlornyeckue pyHkummn HSS

Ha ocHoBe 3anucei B 6a3e AaHHbIX MAEHTUDULMPYETCS, K Ka-
KM yCcnyram noJfi3oBaTesib MMeeT OOCTYM, C KakOW CEeTbl0 OH B
HaACTOALWLMN MOMEHT coeamHeH. HSS nognepxuBaeT Takxe noka-
M3aumio nonb3oBatens NnogobHO JoMaLLHEMY PErNCTPY MECTO-
HaxoxaeHuss HLR v BUBUTHOMY pernctpy mectoHaxoxaeHusi VLR
B MOOWJIbHbIX CUCTEMAX NPEeObIAYLLMX MOKONEHNA.

CeTb MOXeT cogepxatb 6onee ogHoro HSS B TOoM cnyuvae,
€C/IN KONn4ecTBO abOHEHTOB CNULLKOM BENKO, YTOObl noaaep-
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XmBaTbcsa ogHMM HSS. Takaa ceTb, Hapaay ¢ HECKONbKUMK HSS,
nomkHa 6ynet uMeTb B CBOeM cocTase pyHKumio SLF, npeactas-
NA0LLYI0 coO0 NpocTyio 6a3y AaHHbIX, KOTOPAa XPaHUT AaHHbIE
0 cooTtBeTcTBUM MHDopMaumnm HSS agpecam nonb3oBaTenen.
Y3en, nepenasLlunin kK SLF 3anpoc ¢ agpecom nonb3oBaTens, no-
Ny4aEeT OT Hee cBeaeHns o0 ToM HSS, KoTopbI coaepXnT NHGOP-
Maumio 06 aTom nonb3oBatene. Kak HSS, tak u SLF ncnonbayiot
ONs B3aUMOAEWCTBUS C MpoyYuMn anemeHTamu IMS nportokon
Diameter [4].

3.5. dyHkuua SIP-cepBepa

MepBbIM cepBepomM CSCF, koTopbi ynoMmuHancs B naparpade
3.2 npu obeyxaeHnn apxutektypsbl IMS, aenseTtcsa npokcn-CSCEF,
KOTOPbLIV npeacTaBnseT coboi HavyabHYO TOYKY B3aMMOOENCT-
BUS (HA CUrHaNbHOM YPOBHE) NoNb30BaTeNbCkoro IMS-tepmmHa-
naun IMS-cetun. OHa MOXeT ObITb pacnosioXeHa B pasHbIX MecTax,
B npegenax AoMallHen CceTn WamM B npeaenax cetu, ¢ KOTopon
BPEMEHHO COEAMHEHO BU3UTHOE YCTPOWCTBO. B GONbLUMHCTBE
cny4daeB P-CSCF HaxoguTce B roCTEBOW CETU, ECNIN 3Ta rOcTEBas
ceTb abconoTHO coBmecTMMa ¢ IMS; B NpOTUBHOM Cilydae oHa
«0OHapyxuBaeTcs», 00bl4HO ¢ nomMoulbio DHCP, n ncnonbayetcs
B JOMALLHEN CeTnU, cCoBMecTMmonm ¢ IMS.

C To4kn 3peHusa SIP, oHa sBnNgeTCca BXOAALLMM/NCXOOALWNM
MPOKCU-CEPBEPOM, HYEPES3 KOTOPLIN NPOXOAAT BCE 3arnpocChkl, UC-
xoagwme ot IMS-TepMmmHana nnm Hanpasngemsblie K Hemy. OgHaKo
P-CSCF moxeT Bectu cebs n kak areHT nonb3osatensa UA, 4to
HEeobXoaAMMO O NPEPbIBAHNA CEaHCOB B HECTAHOAPTHbIX CUTYa-
UMsax, n ang co3gaHmsa HesaBMCUMBbIX SIP-TpaH3akuuin, CBA3aH-
HbIX C MPOLLECCOM perncrTpaumm.

P-CSCF npukpenngetcsa K TepMuHanmy MoJfib3oBaTens npu
permcTtpaumMm B CETU N HE 3aMEHSIETCS B TEYEHNE BCEro Cpoka
perncTtpaumn. OcHoBHbIM Ha3HaveHnem P-CSCF aBnseTca mapLu-
pyTu3auus 3anpocoB M OoTBETOB SIP mexay nonb30BaTenbCkum
TepmMmuHanom u yanamm IMS-cetn (I-CSCF, S-CSCF v aop.).

P-CSCF BbinonHseT Takke psag TpeboBaHWA, OTHOCALLMXCS
kK obecnevyeHunio 3awmTel. OHa ycTaHaBNMBAET HECKOJIbKO acco-
umaumin IPsec, obecneymBaloWmx LENOCTHOCTb MHMOpMaumn,
nepegasaemon k IMS-tepmuHany. Co3gaHue aTmx accoumnauuni
npenycMaTpuBaeT ayTeHTUdMKaLMIO NONb30BATENS, U BbINOSIHUB
ee, P-CSCF nasewaet 06 3TOM Nonb3oBaTesie oCTasibHble Y3Jbl
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ceTun, 4ToObl UM HE HYXXHO ObII0 MOBTOPHO BbIMOJIHATL TY X€E NPO-
Leaypy.

B 3apaum P-CSCF BxoamT 1 npoBepka npaBuSIbHOCTM NOCTPOe-
HUsa coobueHnin SIP, nepepaBaemMblix IMS-TepmumHanom. Kpome
Toro, P-CSCF npon3BoamMT KOMMNPECCUI0 N OEKOMMNPECCU0 Co-
obuieHnn SIP gna Toro, 4TtoObl YCKOPUTH BPEMS UX nepegadu
Mo y3KOMOJIOCHbIM KaHanam (Harnpumep, Ha paamnmoyyacTtke) u,
TeM caMbIM, YMEHbLUUTb BPEeMS YCTaHOBJIEHUS COeANHEHUS U
npepoctaeneHuns ycnyrm. Ktomy xe, P-CSCF o6HapyxuBaeT 3an-
pPOCbl COEANHEHUI C aBapUnHbIMK cnyx6amu n nmbo coobLiaeT
06 owmnbke (penns 5), nubo BbiIbMpaet S-CSCF, Heobxoanmyto
Ons opraHu3dauum Takonm cessu. Eule ogHon 3apadein P-CSCF
ABNSIETCHA CO3aaHne y4eTHOMN MHpopMaLMKM 1 OTrpaBKa ee K y3iny,
oTBevalollemMy 3a HaumcneHne nnatbl. 4T100bI OOEcneYmBanuch
MacLUTabupyemMoCTb 1 HAOEXHOCTb, IMS-ceTb 06bIYHO COOEPXUT
Heckonbko P-CSCF, kaxaas 13 KoTopbix 00CNyX1BAET HEKOTOPOE
konnyecTtBo IMS-TepMunHanoB, 3aBucsLiee OT eMKOCTU y3na. IMS-
apxuTekTypa npeaycmatpmbaeT, 4To P-CSCF MoxeT HaxoamTbes
KakK B JOMallUHEeN, Tak U B rocTeBon cetu. Ecnu ceTb 6a3npyetcsa
Ha TexHonornn GPRS, 1o P-CSCF ponxHa HaxoguTbCHa TaM Xe,
roe n GGSN (Gateway GPRS Support Node), 1.e. B AOMaLLHEN
ceTn, HO Mo Mepe pacnpocTpaHenua IMS aTo ycnosue He OyaoeT
0693aTenbHbIM A9 060MX Y3/10B.

Buibop QoS u ynpaeneHne QoS aBnatoTcs elle 0gHON OyHK-
umnen, kotopyto P-CSCF MOXET BbINOJHATb KaK COCTaBHYIO YaCTb
CBOEro npouecca peanm3auum nonntmku. B npegenax atom 06-
NacTn OTBETCTBEHHOCTU Yy HEro ecTb BO3MOXHOCTb BblOMpaTtb
HYXHble BapuaHTbl MOJIMTUKN WCMNONb30BAHMUSA TMPUSIOXEHUA W
pecypcoB ceTu, aBTOpM30BaTb AOCTYN K CETEBbIM pecypcam,
ynpaenatb QoS, opraHmsosbiBatb COPM. HakoHeu, y P-CSCF
€CTb BO3MOXHOCTb COOMpaTh AaHHble, KOTOpble TpebyloTca Ans
DYHKUMI BunanHra.

Tenepb nepengem kK paccmoTtpeHuto I-CSCF — elwe ogHoro
SIP-npokcu, pacnonoXeHHOro Ha rpaHnue agMMHUCTPATUBHOIO
onepartopckoro gomeHa. Korga SIP-cepBep onpenenseT cneayio-
LLYIO Nepecbiiky HeKOTOporo SIP-coo0OLIeHUs, OH Nony4YaeT oT
cnyx06bl DNS agpec I-CSCF cooTtBeTcTBYIOLIErO AIOMEHA. Kpome
ncnonHenns eyHkumin SIP-npokecu, I-CSCF B3anmMmogencTeyeT no
npotokony Diameter ¢ HSS u SLF, nonyyaeT oT HUX nHpopmaumio
O MECTOHaxOoXaeHnn nonb3oBaTens n 06 o6CnyxXnBaoLLEN ero
S-CSCF. Ecnn S-CSCF elle He Ha3HadeHa, |-CSCF npoussoant
ee Ha3Ha4yeHue.
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HononHntensHo I-CSCF moxeT wngporatb 4actn SIP-coo6-
LWEeHWn, coaepxXalime BaXHyD MHPOPMAaLMIO O AOMEHE, TaKylo
KaK 4nMcno cepBepoB B AOMeHe, nx DNS-mumena n 1.n. 91a rpyn-
na dyHkuun HaswiBaetcs THIG (Topology Hiding Inter-network
Gateway) — MexXCceTeBOM LLJI03 COKPbITUA TONOIOTUN.

Mopnepxka THIG onuuoHanbHa 1 HE BCerga HyXHa; B 4YaCTHOC-
T OHa He TpebyeTcs, ecnn NpoBanaep Ha rpaHuLLe CBoen cetu
yCTaHaBNWBAET MorpaHn4Hbifi KoHTposnep SBC (Session Border
Controller). Ob6bl4HO, 4TOObLI ObecnedmBanacb Maclitabupye-
MOCTb N HaAEeXHOCTb, B CETM MPUCYTCTBYET Heckonbko |-CSCF.
TunuyHbiM MecToHaxoxaeHmem |-CSCF aBnaetcsa pomaluHas
CeTb, 0OQHAKO B psage cneunduryeckux Cry4aeB, Takux Kak nof-
nepxka THIG, oHa MOXeT ObiTb BbIHECEHA U B FOCTEBYIO CETb.
M, HakoHel, obcnyxuneaowan GyHkuma S-CSCF — ueHTpanbHaa
MHTennekTyanbHas GyHKUMA HA CUFHANIbHOM YPOBHE, T.e. PYHK-
umsa SIP-cepBepa, KOTOpLI ynpaBnseT ceaHcoM. [NoMnumo dyH-
kunm SIP-cepsepa, S-CSCF BbinonHAeT QYHKUWIO PErNCTPUPYIO-
wero cepsepa cetu SIP (SIP-registrar), To eCTb noaaepXxmneaeT
NPUBA3KY MECTOHaxoXAeHna nonb3osatens (Hanpumep, IP-ag-
PECOM TEPMMHANA, C KOTOPOro NoJfib3oBaTeNb NOayyYnua 4OCTyN B
ceTb) K ero SIP-anpecy PUI (Public User Identity).

AHanornyHo I-CSCF, S-CSCF B3anmMoaeincTByeT no npoToko-
ny Diameter ¢ HSS, nony4aeT OT Hero gaHHble ayTeHTUdUKaunm
Nnosb30BaTenNs, MblTAOLLLErocsa Noy4MUTb AOCTYMN K CETU, U AaHHbIe
0 npodune nonb3oBaTend, TO eCTb NnepeyeHb OOCTYMHbIX eMY
yCNyr — Habop TPUITEPHbIX TOYEK A MapLipyTM3aumm coob-
weHus SIP k cepBepam npunoxeHuin. B ceoto odyepenb, S-CSCF
nHpopmmpyeT HSS 0 ToOM, 4TO 3TOT NONb30BaTENb NPUKPENIEH K
HEMY Ha CPOK CBOEeW perucrpauum, n o cpadbatbiBaHUK Tanmepa
pervcrpaumn.

Bcsa curHanbHasa vHdpopmauma SIP, nepegasaemas U NPpUHU-
Maemasi Nofib3oBaTtenbLCckmm IMS-TepMmmHanom, NpoxoamT Yyepes
S-CSCF, k koTopoi npukpensneH nonb3oBatenb. S-CSCF ananu-
3MPYET Kaxaoe coobLeHne 1 onpenensiet, JOMHKHO 1N OHO, MO
NyTW K NYHKTY HA3Ha4YeHus, NPONTN YePEe3 CEPBEPDLI MPUIOXEHWUA,
npenocTaBngoLme Nob30BaTESIO YCIYIN.

S-CSCF noppepxuBaeT ceaHC B TeHEHNE BCEro BPEMEHU ero
NPOAOIIKEHNS N, NO Mepe HaaobHOCTN, B3aMMOLENCTBYET C cep-
BUCHbIMU NnaTdopmMamMm 1 ¢ GyHKUMAMU HaumcneHms nnatel. Oa-
HOM 13 OCHOBHbIX pyHKUMI S-CSCF asngetcsa mapipytmnsauus
SIP-coobuweHnun. Ecnan nonb3oBatenb HabupaeT TenedOHHbIN
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Homep BmecTo SIP URI, To S-CSCF nponssogut npeobpasosa-
HMe Homepa ¢dopmaTta E.164 B cooTBeTcTBUM ¢ RFC3761. Haun-
Has ¢ Release 6, S-CSCF 3aHMmMaeTcs Takxe BbIOOPOM LieHTpa
aBapuiiHom cnyxObl, Korga npoeaaep nogaepXxveaeT NoAoOHbIE
ceaHchl. [1na obecnevyeHns MaclITabnpyeMoCTn N HAAEXHOCTU B
CETN MOryT HaxoauTbcst Heckonbko S-CSCF, npuyem oHM Bcerga
pacnonaratTcsd B AOMALLUHEN CETU.

®dyHkuma Policy Decision Function (PDF) vHorpa wHTerpu-
pyetca ¢ P-CSCF, HO MoXeT ObiTb peanM3oBaHa OTAeNbHO. JTa
dYHKUUS OTBEYaEeT 3a BbIPabOTKY MOSIMTUKM HA OCHOBAHUW WH-
dopmMaumm 0 xapakTepe ceaHca M O nepegaBaemMoM Tpaduke
(TpaHCnoOpTHLIE agpeca, WrpMHa NOAOCHI U T.4.), NOJIY4EHHOM OT
P-CSCF. Ha 6a3e stoi nngopmaumm PDF npuHumaeT pelueHune
06 aBTOpM3auun 3anpocoB oT GGSN 1 NponsBoOaANT NMOBTOPHYIO
aBTOPU3aLMIO NPU N3MEHEHUM NapaMeTPOB CeaHca, a TakXe Mo-
XET 3anpeTnTb Nepenadvy onpeaeneHHoro Tpaduka UM opraHm-
3aumio CEaHCOB HEKOTOPbIX TUMOB.

3.6. CepBepbl NPUIOXKEHUN

CepBepsbl npunoxeHuii AS (Application Server), no cyLlecTsy,
He aBnaTca anemeHtamu IMS, a paboTaloT Kak Obl NOBEPX Hee,
NPenoCcTaBnsas yCcnyru B CETAX, MOCTPOEHHbIX cornacHo IMS-ap-
XUTEKTYpe.

CepBepbl MPUNOXEHWA B3auUMOOENCTBYIOT C  QyHKUMEN
S-CSCF no npotokony SIP. OCHOBHbIMU OYHKUMSMU CeEpBE-
POB MNPUIOXEHUA SABNKIOTCA 0OCNyXMBaHMe N Mogudukaums
SIP-ceaHca, cospaHme SIP-3anpocos, nepenaya tapmdurkaumoH-
HOM HdOPMaLUM B LLEHTPLI HAYMCNEHMS nnaTthl 3a ycnyru. Cep-
BEPbI NPUIOXKEHUIA MOTYT ObITb O4EHb PadHbIMK, HO B IMS npuHs-
TO BblAENATb TPU TUNa cepBepoB: SIP AS, OSA-SCS, IM-SSF.

PaccMoTpum 31K Tpum Trna cepBepPOoB NPUITOXEHUIA:

e SIP AS (SIP Application Server) — knacCU4YeCckunin cepBep npu-
NOXEHNI, NPegoCTaBNALWNA MYNLTUMEONNHbIE YCAYrU Ha
©a3ze npoTtokona SIP;

e (OSA-SCS (Open Service Access — Service Capability Server)
npenocTaBnseTr umHTepdenc K cepBepy npunoxeHun OSA
N OYHKUMOHUPYET KaK CepBep MNPUIOKEHUA CO CTOPOHBLI
S-CSCF n kak nutepdenc mexay cepeepom npmnoxenunin OSA
1n OSA API — ¢ opyrov CTOPOHbI;



58

MaBa 3

e |M-SSF (IP Multimedia Service Switching Function) no3sonsaeTt
ncnonb3oatb B IMS ycnyrn CAMEL (Customized Applications
for Mobile Network Enhanced Logic), paspaboTaHHble ana GSM
ceTen, a Takke No3BoNndeT ynpapnawoowen yHkumm gsmSCF
(GSM Service Control Function) ynpaenatb IMS-ceaHcom. Co
cTopoHbl S-CSCF cepsep IM-SSF dyHKUMOHMPYET Kak cepBep
NPUNOXEHWI, a C OPYron CTOPOHbI — kak GyHKUmMSa SSF (Service
Switching Function), B3anmogericteyowas ¢ gsmSCF no npo-
Tokony CAP.

NMomMmnmo 0b6s3aTenbHOro Assi CEPBEPOR NPUIIOXEHUN BCEX TU-
noB SIP-uHTepderica co CTOpoHbl IMS, OHM MOryT Takke MMETb
mHTepdencol Kk HSS, npuyem SIP AS n OSA-SCS B3anMoaencr-
ByloT ¢ HSS no npoTtokony Diameter ong nonyyeHns gaHHbIX O
rnonb3oBaTtene unu ana obHOBNEHMNA 3TUX AaHHbIX B HSS, a uH-
dopmaunoHHbI 06MmeH mexay IM SSF n HSS BegeTtcs no npoTo-
kony MAP (puc. 3.5).

Puc. 3.5. CepBepbl NPUNOXEHUN

CepBepbl NPUNOXEHUA MOIYT HAXOOUTLCS MO0 B AOMALLHEN,
nnbo B N0OON Opyron ceTn, C KOTOPOW y NpoBanaepa ecTb cep-
BUCHOE cornaweHue. Ho ecnn cepBep NpUOXeHUn HaxoamTcs
BO BHELLIHeN CeTn, OH He MOXeT MMeTb nHTepdenc ¢ HSS.

Cnepyet 3ameTtuTb, 4TO IMS npeaycmatpmBaeT Takke OCHO-
BaHHbI Ha SIP eanHbIn nHTEpgdenc, N3BECTHbLIN Kak MHTepgeric
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IMS Service Control (ISC). 3toT nutepdeic ISC nozeonset npu-
NoXeHusaMm, pa3melleHHblM B Parlay/OSA, SIP n CAMEL, B3aumo-
OencTBoBaTb Yepea uHTepodenic ¢ sapom IMS.

3.7. MepwnacepBepbl MRF

dyHkumn meanacepsepa B IMS oToaHbl TOrM4eCcKoOMy KOMMO-
HEHTY, N3BeCTHOMY Kak Media Resource Function (MRF), KOTOpbI
CNYXUT UCTOYHMKOM Meama-nHopmMaumm B OOMALLUHEN CeTw,
NO3BONIAIET BOCMNPOU3BOAUTL MyNbTUMEOUHbIE 00bABNEHUS,
cMellrBaTb Meama-noTokKn, TpaHCcKoaMpoBaTbh OUTOBbLIE MOTOKA
KOOEKOB, MojsiydaTb CTaTUCTUYECKME OaHHbIE U aHaNM3npoBaTb
Meana-nHgopmaumio. PyHkumn MRF nenarca Ha ABe YacTu:

e MRFC - Media Resource Function Controller

e MRFP - Media Resource Function Processor

MRFC HaxogouMTCcs Ha CUrHanbHOM YPOBHE 1 B3aUMOAENCTBYET
¢ S-CSCF no npotokony SIP. Ucnonb3ys noaiy4eHHbIE NHCTPYK-
unmn, MRFC ynpasnsiet no npotokony MEGACO/H.248 npouecco-
pom MRFP, Haxoagawymcs Ha ypoBHe nepeadm AaHHbIX, a TOT Bbl-
MOJIHAET BCE MaHMNynsauMn ¢ meama-mHdopmaumen. Camn MRF
BCerga HaxoasiTcs B AomMaluHen cetun.Tenepb paccmoTpum Media
Resource Function, aesnawowyioca BGCF (Breakout Gateway
Control Function). 310 SIP-cepBep, CNOCOOHbLIA BbIMNOAHATb
MapLUpyTM3aLmio BbI3OBOB HA OCHOBE TeNedOHHbLIX HOMEPOB.

BGCF ncnonb3yeTtcs TOMbKO B TEX CNyvasX, Korga ceaHc UHU-
umnpyetcsa IMS-TepmmHanom, a agpecatomMm aBnsieTcs aboHEHT
CeTM C KoMMyTauuen kaHanoe (Hanpumep, TeOIT nnm Mobunb-
Hoti ceTn 2G). OcHoBHbIMK 3apadamu BGCF aensieTcs BbIGOP TOM
IMS-ceTn, B KOTOPOW AO0IKHO MPOMCX0aMUTb B3aMMOOencTeme ¢
CEeTblo KOMMYTaLUMN KaHanoB, nnu Beldop noaxoasuwero PSTN/CS
LUI03a, ECIM 3TO B3aMMOAENCTBUE A0JIKHO MPOUCXOANTb B CETH,
roe Haxogutcsa cam cepeep BGCF. B nepsom cnyvyae BGCF nepe-
BOoANT ceaHc kK BGCF BbiOpaHHOM ceTn, a BO BTOPOM — K BbIOpaH-
HomMy PSTN/CS wnio3y.

3.8. Wnwo3 PSTN/CS

LLino3 PSTN/CS Gateway (puc. 3.6) nooaep>XxmneaeT B3anMO-
pencteme IMS-cetn ¢ THOIl n gomeHom CS, peann3oBaHHbIX Ha
OCHOBE TEXHOJIOMMN C KOMMYTaUMen KaHanoB, 1 NO3BONSET yCTa-
HaBAMBaTb COEOVHEHUS MEXAY NOSIb30BATENAMMN 3TUX CETEN.
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KOMMyTaLnn
KaHanoB

TenedoH

Puc. 3.6. LWmo3PSTN/CS

LLno3 PSTN/CS nmeeTt pacnpenoeneHHylo CTPYKTYpY, Xapak-
TEPHYIO 415 apxXnUTekTypbl Softswitch:

. SGW - Signaling Gateway;
) MGCF - Media Gateway Control Function;
. MGW - Media Gateway.

PaccmoTpum anemenThl Wwinio3a PSTN/CS Heckonbko noapoo-
Hee. LLUno3 curHanusaunmm SGW npepctaBnsieT coboi UHTep-
denc ans cBA3M C YPOBHEM CUTHANU3aUMK B CETU KOMMYyTaUumn
KaHasnoB, NMPOU3BOANT NPeodpasoBaHNE HUXHUX NPOTOKOJIbHbIX
YPOBHEW CUCTEM CUrHaNM3aLUnm ansa AByCTOPOHHErO CUrHasIbHO-
ro obmeHa mexay cetbio IP 1 ceTtbio THOTI. Mpn aTtom SGW Hukak
He oOpabaTbiBaeT COOBLLEHNS NPUKIAAHOIO YPOBHS.

DyHKUMSA yripaBaeHNs MeANa-LLITI030M — LeHTpasibHas 4acTb
pacnpeneneHHoro wnio3a PSTN/CS. OHa npeobpasdyeT coob-
weHua ISUP, koTopble nocTtynatoT co cTopoHbl TpOIll, B coob-
weHunsa SIP, kotopble IMS ncnonb3dyeT ons ynpaBneHnUsi cCeaHCoOM
CBS13M Yepes rpaHuuy mexay cetamm (puc. 3.7). Kpome mannuH-
ra curHanbHblx npotokosioB, MGCF ynpaBnsieT no npoTOKOny
MEGACO/H.248 pecypcamn Megma-winio3a, ydacTBYKOLWErO B
CO34aHNN COEOMHEHUS.

TpaHcrnopTHbV W03 MGW coeaunHaeT ceTb IP ¢ ceTbio KOM-
MyTauun KaHanoB Ha YpPOBHE nepenayn Tpaduka, BbINONHAS
OBYCTOPOHHEe npeobpa3oBaHMe MOJIb30BAaTENLCKOro Tpaduka,
MPOXOASALLErO YHEPES rPaHULLY Mexay CETIAMN.
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SIP ISUP ISUP
M3UA M3UA MTP3 MTP3
TCP/UDP
SCTP MTP2 MTP2 MTP2
IP IP IP L1 L1
MGCF SGW cs

Puc.3.7. YnpaBneHue ceaHCOM CBA3U

Co cTopoHbl IMS-ceTn wn3 MGW BegeTt nepenavy v npuem
naHHbIX B BUAe RTP-nakeToB, a CO CTOPOHbI CETU C KOMMYTaLLU-
el KaHanoB peanunsyeT ctaHgapTHblin TDM-nHTepdenc. Kpome
Toro, MGW moXeT npon3BoamTb TPaHCKOAMPOBaHNE NMHGOpPMa-
umun, ecnm B IMS n B ceTn KOMMyTauUUM KaHanoB UCMOb3YKOTCS
pasHble pedeBble kKogekun (06bl4HO B IMS ncnonb3dyetcsa AMR, a B
TpOIlM ncnonbsyetca G.711).

3.9. WWmo3 3awutbl SEG

Ona Toro 4ToObl 3aWNTUTL YPOBEHb YNPaBeHNs B JOMEHE 3a-
wmnTbl (Security domain), npepcraBsnsiowem cobom o6nacTb CeTH,
KOTOpasi NPUHAZNEXUT OQHOMY NPOBanAeEpPy YCNyr, U B KOTOPOM
DENCTBYIOT eAMHble agMUHUCTPATMBHbIE MNpaBuia W ceTesas
nonuTuka, Tpaduk Ha BXoae B 9TOT AOMEH N HA BbIXOAE N3 HErO
OyoeT npoxoauTb HYepes W03 3awwmnTel SEG (Security Gateway).
Kak npasuno, rpaHmubl AOMEHA 3alUTbl COBNAJaloT C rpaHmua-
MW ceTu npoBaiaepa, a wno3os SEG B ceTn nposariaepa obbly-
HO NPUCYTCTBYET HECKONbKO. B kayecTtBe SEG yacTo BbICTynaroT
norpaHu4yHble KoOHTponanepbl SBC.

3.10. Onuuu onnatbl u Ounnudra e IMS

B oGnact npenocTaBneHus ycnyr ecTb ABa NPU3HaHHbIX Ba-
puaHTa peanusauum bunnnHra:

®  DEKYPPEHTHbIVi OUIINHI, NHOTOA Ha3biBaeMbl 0Q1ariHOBbIM
W aBTOHOMHbIM OWIJIMHIOM, ODbLIYHO MNPUMEHSIOWMNACA K
Mosib30BaTeNdaM, KOTOPbIE MOSy4aloT cYeTa Kaxablh MecsiL, 3a
YCAYrun, Nosly4eHHbIE B NPeablayLLnii pac4eTHbIN NEPUNOL;

® OCHOBA@HHbIN Ha TPaH3aKUMW OWJIMHI, MHOrOA Ha3blBAEMbIA

OHIANHOBBLIM OUANMHIOM UKW OUISIMHIOM Ha OCHOBE Kpean-
TOBaHWA, I'Ipl/lMGHﬂiOLLI,I/If/]CFl K KJIMneHTaM C npe,u,onnaTon, KOTO-
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pble MolyyaloT cyeTa 3a YCyrn no NPUHLMNY «TpaH3aKums-3a-
TpaH3akumen».

MOXHO 1crnonb3oBaTh M TOT, U APYroi NPUHUMN B OOHOM CeaH-
ce; HanpuMep, KINEHT MOXET NMnaTuTb NOMECSYHO 3a nepenady
peyun, HO MOXET 3axX0TeTb HAaYMCIIeHMs MnaThbl 3a Te TPaH3aKuuu,
KOraa OH 3arpyxaeT GpuibM 1M Bbi3bIBAET PACLLUMPEHHYIO YCAYTY.

B cywiecTByoWMX cErogHsa TapmdUKaLMoHHbIX CUTyaLmsx BCE
KOMMOHeHTbl ceTn IMS — pasnuyHble CSCFs, BGCF, dyHkuma
ynpaeneHus megunapecypcamn MRCF, MGCF, cepBepbl npuno-
XEHU — cobupaloT MHGopMaLmMo NO y4ETY NX NCNONb30BAHUS,
a 3aTeM OTNPaBASOT 3Ty MHDOPMAUUIO PYHKLMKM KOIEKTOPA
onnarel (CCF), koTOpas co34aeT 3anuch AaHHbIX O HAYUCIIEHUN
rnsiarel N OTNpaBnsieT ee OUNNNHIOBOW CUCTEME, a T, B CBOIO O4e-
penpb, reHepupyeT cHeT-GakTypy oas Nonb30BaTENS.

B IMS kaxagomy yCTaHOBJIEHHOMY CeaHCy MpucBanBaeTcs
naeHtneukarop onaarel IMS (ICID), KOTOpPbIA OAHO3HAYHO Of-
pepenseT ceaHc. [ononHUTenbHO onpegendeTcsa nHopmauns
0 CeTax UCTOYHMKA M agpecaTa B Lensx OunnmHra n ugeHtnpu-
Kauun ycnyri.

9T0 TakxXe Ba)XHO [OJis MONb30BaTeNst B POYMUHIe: NOCKOJIbKY
pasHble AOMEHbl CETU UMEIT CBOM COOCTBEHHbIE CUCTEMbI OUII-
JINHra, BaXHo, 4ToObl OHM 0OMeHMBannCb JaHHbIMU 0O LUCMOJIb-
30BaHUMN, 4TOObI rapaHTUPOBaTb, HTO AeTaNnAMU POYMUHIa MOXHO
obmMeHaTbea anig obecnedyeHmnsa Hagexatlero 6unnmHra.

B GUnnnHroBbix cUTyauusx Ha 6a3e TpaH3akLuMm 00CyXmMBato-
was CSCF cesasbiBaeTcss ¢ DYHKUWEWN Ha4Yuc/ieHWs1 riatbl 3a
ceaHc (SCF), koTopasa CMOTPUT Ha CETb Kak CepBep NPUIoXeHnn
SIP. Ecnn knneHT uncyepnbiBaeT OOCTYMNHbIA KPEOUT BO BPeEMS
ceaHca, SCF nmeet BO3MOXHOCTb npukasatb S-CSCF 3aBep-
LUNTb CeaHC B CBA3U C «HeA0CTaTOYHOCTbLIO POHOO0B>.

Kak n gpyrme KOMMyHUKaunoHHble GyHKUMM B npegenax 06-
nactn IMS, npotokonbl DIAMETER ynpaensitoT BCEMU OENCTBUS-
Mun AAA [4]. DyHKUUS HauMcneHus nnatbl 3a cobbiTna (ECF) co-
OvpaeT AaHHble 0 TPaH3aKUMsaX OT CEPBEPOB NPUIOXKEHUIA.

OagHy 13 onumin ANa OCHOBAHHOIO Ha TpPaH3aKUMAX Hadmcne-
HMS MAaTbl HA3bIBAKOT HEMOCPEACTBEHHBIM HAYNC/IEHUEM M/1aThl
3a cobbitusa (IEC) vinu HernocpencTBeHHbIM Ha4YnC/IeHNEM r11aTbl
3a TpaH3akuuu (ITC).

Koraa BbidBaHo |IEC, OHO BbIMMTAET KPeanUT N3 cueTa KIIMEHTA,
MOC/Ee Yero gaeT paspellieHne pyHKUuM npeaocTaBneHns yecnyr
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(cepBepy MpUIOXeHU, HanpumMep) NpenocTaBuUTb Tpebyemoe
obcnyxneaHue.

OnHy 13 onumin, KOTopasi MOXeT ObITb BbI3BaHa, HA3bIBAKOT Ha-
yucseHne raatbl 3a COObITUA C Pe3epBUPOBAHNEM KOMMOHEHTA,
npu He ECF pe3epBupyeT onpeaeneHHyo CYMMY B CHETE KITMEH-
Ta, nocfie 4ero aBTOpu3yeT Tpebyemyo ycnyry. Korga npeno-
CTaBJIEHHas ycnyra 3akaH4nBaeT paboTy, YMCO0 UCNOJIb30OBAHHbIX
KPeaMTOB BbIMNTAETCA M3 CYETA, U 3anNnCb O PE3EPBUPOBAHHbLIX
KpeouTax yoansercs.

3.11. UpeHtudpukauuna s IMS

B nobon cetn cBsA3M Heobxoamma uaeHTudukaumsa nosb-
30Bartenen uam nosib30BaTe/IbCKUX TEPMUHANOB, MO KparHen
Mepe gas Toro, 4toObl yCTaHaBnMBaTb COEOVIHEHUS MexXOy
nonb3oBaTtensaMy, OAHO3HA4YHO ONpenesieHHbIMU C MOMOLLBIO
naeHtTndurkatopos. Kpome TOoro, npm npesocTtaBieHnn pasdHbIX
YCIyr 3a4acTylo HeOOX0ANMO UAEHTUDMUMPOBATL CaMU YCITYTW.
B aTom naparpade Mbl pacCMOTPUM BOMNPOCHI MaeHTUdMKaLmn
nonb3osarenen v ycnyr B IMS.

OCHOBHbIM UAEHTNDMKATOPOM, MPUCBANBAEMbBIM NOJIb30BATE-
no, asnaetca Private User Identity (PrUI). OH nmeeT ¢popmat NA/
(Network Access Identifier), onpeneneHHbiii B RFC 2486. dopmart
BbIMISOUT cnegylowmmM 0b6pasom: username@operator.com.

3ameTum, 4to PrUl ucnonb3ytotcsa ang naeHtudmkaumm nosb-
30BaTeNs n gns ero ayteHTudmkaumm, Ho B OTanYne ot TenedoH-
HbiX HOMepoB B THOI1, He cayxaT ons mapwpyTtusdaummn. CpaBHu-
Baga cetn IMS ¢ 2G, moxHO npoBecTun napannens mexgy PrUl n
IMSI (International Mobile Subscriber Identifier). Nonb3oBaTento
He 06s3aTeNIbHO 3HaTb CBOM naeHTudukatop PrUl, oH MOXeT xpa-
HUTBLCH Ha UOEHTUPUKALMOHHOW KapTe, O KOTOPOW peyb nonaet
HUXe.

Penns 5 3GPP npennucbiBan kaxagomMy Nonb30BaTeNto MMeTb
OOVIH yHUKanbHbIv PrUl, HO B pennae 6 910 orpaHnyeHne yopaHo,
M Tenepb Nosib30BaTeslb MOXET MMETb HECKONLKO pasHbix PrUl.
M xXoTa Ha OogHYy MOEHTUPUKALUMOHHYIO KapTy, WUCMNONb3YyEMYIO
B UMTS, no-npexHemMy MOXHO MOMECTUTb TONbKO oauH PrUl,
Monb30BaTes/ilb MOXET UMETb HECKOJIbKO TakKMX KapT U HECKOJib-
KO TEPMMHANOB, YTO B KOMOMHALWM C NCNONbL30BAHNEM APYroro
naeHTnouvkatopa, a uMeHHo, Public User Identity (PuUl), npeno-
CTaBnsgeT NoNb30BaTENO 60NbLLUYIO TMOKOCTb BbIOOPA aApecos.
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Kaxgomy PrUl Onepatop CTaBuUT B COOTBETCTBUE OOVIH U He-
ckonbko PuUl, nmetowmx dpopmat SIP URI no RFC 3261 vnn TEL
URL no RFC 2806. B IMS ngeHtndpukatop PuUl ncnonbayercsa
0N MapLUpyTU3auum CUrHanbHbiX SIP-cOOBOLLEHUA U B Ka4ecT-
Be KOHTaKTHOW MHpopMaumn onst opyrmx aboHeHToB. MOXHO un
TYyT NPOBECTW Napannens ¢ ugeHtndmkatopom MSISDN (Mobile
Subscriber ISDN Number) mobunbHbix ceTel 2G.

Korpa PuUl npenctaenen B popmate SIP URI, oH nmeet Bua
sip:alexander@operator.com. B SIP URI MOXHO NOMeECTUTb
TenedoOHHbIM HOoMep — sSip:+7-812-960-6293@operator.
com;user=phone. 3T10T PpopmaT HEOOBXOAMM, MOCKOSbKY OS5
peructpaumn npotokon SIP TpebyeT Hanuuunsa SIP URI, n, cnepo-
BaTesibHO, HeNb3s 3apeructpmposatb TEL URL, HO MOXHO 3ape-
rnctpupoBatb SIP URI, cogepxawmin Tene@oHHbIN HOMEP.

C npyroih CTopoHbl, 4TOObI MOJIb30BaTENlb MOT BbI3bIBATb TEP-
MWHasbl CETU CBA3M 00LLLErO NONb30BaHMA U NPUHUMATb BbI30BbI
OT HUX, OH posmxeH umetb TEL URL, umetownin eup tel - +7-812-
960-6293.

Takmm 06pa3om, NoNbL30BaTENO 00ObIYHO TPEBYETCS MUHUMYM
ABa pasHbix PuUl. pyras npnyinHa nmeTb Heckosnbko Pull — npu-
BflekaTenbHaa 01 nosb3oBaTefisl BO3MOXHOCTb UMETb pa3Hble
HOMepa AN1s Pa3HbIX KOHTAKTOB NN YCAYT.

MoeHTndpukaumoHHaa kapta IMS-tepmuHana UICC (Universal
Integrated Circuit Card) xpaHnt oauH PrUl n, kak MUHUMYM, OOMNH
PuUl. Monnasa cTpykTypa B3anmMocea3n Heckobkux PrUl n PuUl
XpaHuTca B abOHEHTCKOM npodune HSS. Mpumep Takom CTPyKTy-
pbl NpuBeAeH Ha puc. 3.8.

3ameTtum, 4to UICC — TepMunH, 03HAYaoLWNIA CMEHHYIO NOEH-
TUPUKALMOHHYIO KapTy, UMEIOLLYI0 CTaHOAPTU30BaAHHbINA NHTEP-
denc ¢ TepmmHanom, a ¢pusmnyeckn kapta UICC moxeT coaep-
XaTb HECKOJIbKO JTOMMYECKNX MPUIIOXKEHWUI, TAKNX KaK XOPOLLO N3-
BeCTHbIn SIM (Subscriber Identity Module), ncnonb3yemsbli Npm
naoeHTndukaumm nonblosartenen cetenn GSM, USIM (Universal
Subscriber Identity Module), KOTOpbI NPUMEHSIETCS A9 UOEHTU-
dukaunm B cetax UMTS, u ISIM (IP Multimedia Services Identity
Module) — Hanbonee BaxXHOE MPUIIOXEHME B KOHTEKCTE 3TOWN
rnaebl, MOCKOJbKY CNYXUT Ans naeHTudukaumm, agTopmaaumm v
KoHbUrypaumm TepmmHana npu padote B IMS-ceTu.
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IMS-a6oHeHT

Puc.

3.8.

Private User
Identity 1

Private User
Identity 2

Upentudpunkauma IMS-aboHeHTOB

Public User
Identity 1

Public User
Identity 2

Public User
Identity 3

Public User
Identity n

Monyuntb goctyn K ycayram IMS nonb3oBaTesib MOXET TObKO
npwn ycnosum, 4to B ero UICC coaepxutca USIM nnnm ISIM, npu-
4yeM MCNOJSIb30BaHWE NocnegHero npeanoyTutTensHee. CTpykTypa
ISIM npuBeneHa Ha puc. 3.9.

ISIM

or1onoN

Private User ldentity

Public User Identity

Public User Identity

Public User Identity

|

Home Network Domain URI

Long-term Secret

Puc. 3.9.

5. B.C. lonbawTeiiH

Moayns ISIM
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Home Network Domain URI — SIP URI, onpegenstowmn nms
noomalHen cetu. OH ncnonb3yeTca OJis noncka AoMallHen ceTu
npu pernctpaunmn. B ISIM MoxeT xpaHnTbCcs TONbKO oamH Home
Network Domain URI.

Long-term Secret — none, NCMNOJIb3yEMOE B LLENSX ayTeHTUdU-
Kauumn, NPoOBEPKK LLENOCTN, pacyeTa ktoven wmndposaHus. Nong
BCEX MOEHTUPUKATOPOB AOCTYMHbI TEPMUHANY TONBKO OJIS yTe-
HuA. YTobbI pacckas 06 naeHtudukaummn B IMS npnobpen Hekyto
NOSHOTY, YyNOoMsaHeEM ewe 06 ogHOM maeHTundwukatope — Public
Service Identity (PSI), — nossuswemMca Tonbko B 3GPP Release
6. B otnnume ot onncaHHbIX Bbile naeHTndgunkatopos, PSI npuc-
BaMBaeTCH He Monb3oBaTesiaM, a yciyram, pasmelleHHbIM Ha
cepBepax npunoXxeHun. Tak xe, kak n PuUl, noeHtndukatopsbl
PSI moryT umeTtb popmart SIP URI vunn TEL URL.

3.12. IMS B cTauMoOHapHbIX ceTax

Xopowo npopaboTaHHble cneumdukaumn IMS, a Takke yc-
newHoe BHeapeHme IMS pagom OnepaTtopoB MOOUNbHBIX CETEN,
MPUBEKIN BHUMAHUE K 3TOM apxmntekType OnepaTtopoB cTaumo-
HapPHbIX CETEN.

OCHOBHbIM MOMEHTOM, BbIFrOAHO OTAnyalowmm IMS oT apyrmx
KOHuenuuin noctpoeHns ceter NGN, aBnseTcsa kak pa3 Hanu4ume
CTaHAAPTOB, KOTOPLIE OAl0T BO3MOXHOCTb MMETb €ANHO06pas-
Hble N NO3TOMY CMOCOOHbIE 3P PEKTUBHO B3aMMOAENCTBOBATb
cetn. [Jo nosienenus apxutektypol IMS B 3GPP onpepeneHHble
paboTbl BEMMCb U B OPYrMX YMOMSHYTbIX B KHUIFE CTaHOApTu-
3yowmx opranmdaumax. B ETSI n B ITU-T paspabartbiBanvcb
anemeHTbl apxutektypbl NGN, B IETF cTaHgapTM3npoBanucb
npoTtokosbl, B MSF 1 B IPCC pelwlanuck Bonpochkl no Softswitch, B
DSL Forum cospaBannck cneundukaumm onsa ceoen obnactu, HO
HUKTO He Bpasica 3a co3gaHne LENOCTHOM cucTembl. M Tonbko B
3GPP «noutun cnyyaiiHo» co3panu 3aBeplueHHyio cuctemy NGN,
KOHUEMUUS KOTOPOW BKIIOYAET B Ce0S apXMTEKTYPY, aClekTbl Ha-
yncneHna nnatel U BUNANHra, ynpaesneHue, 3awmTty nHbopmauum
M np., MPUYEM BCE 3TO — C UCMONb30BAHMEM UCKITIIOYUTESNBHO OT-
KPbITbIX CTaHAAPTHLIX MHTEPdENCOB. TEXHNYECKMIA NPOrpecc Ha
39TOM, pasyMeeTCs, He OCTaHaB/INBAETCS.

B obnactn npumeHeHnsa IMS B CTauMOHApPHbIX CETAX MOXHO
BblAENNTb [Ba HaNpaB/ieHUs OafibHenLWnx nccnenoBaHnin: 1Uc-
none3oBaHve IMS gnsa npenocTaBneHUs HOBLIX YCAYr MOJSb30-
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BaTensM B kayecTBe asnibrepHatmebl Softswitch n ncnonb3osaHue
IMS kak OCHOBbI AJ19 KOHBEPIreHLUMN CTaUMOHAPHbIX 1 MOBMIIbHBIX
cetenn FMC (Fixed-Mobile Convergence). lNpakTnieckon peann-
3aumen Tex N MNHbIX PELUEHUA B TOM U OPYrOM HanpasfiieHumn
npounseoamnTenu n Onepartopbl 3aHMMAOTCS Ha CBOW CTpax U
puCK, a cTaHgapTn3auus ncnonb3oBaHus IMS B cTauyOHapHbIX
cetax n noctpoeHnss NGN Ha 6a3e IMS-apxuTekTypbl BEAETCS MO
yNnoMsiHyTOMY B Havane rnaebl npoekTy TISPAN komuteTa ETSI.

AHaNoOrM4yHoO NPoLEeCcCy CTaHgapTU3auum 1 Pas3BuUTUS KOHUEN-
umn UMTS-cetn B 3GPP, B TISPAN cTaHOoapTusauns oennTcs Ha
aTanbl, Pe3ynbTatoM Kaxaoro m3 kotopbix B 3GPP n B TISPAN
aABNseTCcAa odepenHon penna. Tak, penus 3 TISPAN opreHTMpoBaH
Ha MEXCEeTEBYID MOOWUNBLHOCTb MONbL30BATENEN W YBENNYEHUE
WKMPWHBI NOMOCHI NPONyCcKaHus B TexHonormsax goctyna (VDSL,
FTTH, Wi-MAX).

OcHoBHom ynop B penuse 1 TISPAN genaetcsd Ha UCNOJb30-
BaHue ans noctyna K IMS texHonoruin ADSL u WLAN. OH 6a3npy-
etcsa Ha 3GPP Release 6, HapaboTkax no Release 7 n Ha uccne-
00BaHUSX, BbiNOJIHEHHBLIX B npoekTe TISPAN. B TISPAN peLueHo
COXpPaHUTb NpUHUMN geneHnst GyHKUUMA CeTU Ha NOACUCTEMBI,
kak 910 onpeneneHo B 3GPP, 4To no3BonseT A00aBnsaTh A4 Noja-
OEepXKN N3MEHSIoLWKnXCcs TpeboBaHUn U HAOOPOB YCNyr HOBbIE
NnOACUCTEMbI, B YACTHOCTM, NOACUCTEMbI, CMEUNPULNPOBAHHbIE
OPYrvuMin opraHn3aumsimm.

Moonepxky pasHoTunHoro aoctyna B penuse 1 TISPAN obec-
MevynBaloT [ABe HOBbIE MOACUCTEMBI:

o Network Attachment Subsystem (NASS) npou3BoauT Ha3Ha-
yeHue IP-agpecoB, Hanpumep, ucrnonb3dys npotokon DHCP
(Dynamic Host Configuration Protocol), ayTeHTugunkaymio Ha
ypoBHe |IP, aBTOpur3aumio ocTyna K cetu, onpeaeneHme me-
CTOHaxOXAeHms Ha ypoBHe IP v gp.

e Resource and Admission Control Subsystem (RACS) ynpaBnsi-
eT JOCTYMOM.

Bnaropapsa coBmecTHbiM ycunmam TISPAN n 3GPP, apxutek-
Typa IMS apantmnpyetca k xDSL gocTtyny, ons kKoToporo nogaep-
XWBaAOTCA MyNbTUMEAUNNHbIE YCNYrn, N obecrneynBaeTcs CUmy-
nauma ycnyr PSTN/ISDN, nepeyeHb KOTOpbIX NpuBeaeH B 1adn.
3.1.

OI'Ipe,D,GJ'IGHbI T€ N3 3TUX yCnyr, CUMMynauma KOTOpPbIX obs3a-
TeJibHA, pEKOMEeHO0BaHa njin onunoHalJibHa.
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B Tabnmue nokazaHo Takke COOTBETCTBME YCNyr, NpeaocTaB-
naembix B IMS, aHanornyHsim ycnyram B TOIM/ISDN, npnyem Bo
n3bexaHne nyTaHuLbl, Ha3BaHUS BCEX YCNYr AaHbl B OpUrMHasnb-
HOM aHINOSA3bIHHOM BapMaHTe, MOCKOJIbKY YCTOSABLLUNECS PYCCKO-
S13blYHbIE HAa3BaHUSA eCTb He y Bcex ycnyr THOI/ISDN, He rosops
yxe 06 ycnyrax IMS.

Ta6nuua 3.1. IMS-ycnyru TISPAN u 3GPP

Mpuopurer Cumynupyemas ycnyra B IMS SkBuBaneHTHasa ycnyra TpOn/
ISDN
06sa3aTensHO Originating Identification Presentation Calling Line Identification
(OIP) Presentation (CLIP)
06na3aTensHO Originating ldentification Restriction Calling Line Identification
(OIR) Restriction (CLIR)
06na3aTensHO Terminating Identification Presentation Connected Line Identification
(TIP) Presentation (COIP)
06sa3aTensHO Terminating Identification Restriction Connected Line Identification
(TIR) Restriction (COIR)
06na3aTensHO Mallcious Communication Identification | Mallcious Call Identification
(MCID) (MCID)
O6s3aTensHo Anonymous Communication Rejection Anonymous Call Rejection (ACR)
(ACR)
PekomenpgoBaHo | Communication Diversion (CDiv) Call Diversion (CDiv)
PekomeHOoBaHO Communication Forwarding Call Forwarding Unconditional
Unconditional (CFU) (CFU)
PexkomenpgosaHo | Communication Forwarding on Busy Call Forwarding Busy (CFB)
user (CFB)
PekomenpgoBaHo | Communication Forwarding on no Call Forwarding No Reply (CFNR)
Reply (CFNR)
PekomenpgoBaHo | Communication Deflection (CD) Call Deflection (CD)
PexomenpgosaHo | Communication Forwarding on Not- Call Forwarding on Mobile
Logged On (CFNL) Subscriber Not Reachable
PekomenpgoBaHo | Communication Waiting (CW) Call Waiting (CW)
PekomengoBaHo | Communication Hold (HOLD) Call Hold (HOLD)
PekomeHaoBaHO Communication Barring (CB) Outgoing Call Barring (OCB)
(Outgoing CB, Selective Outgoing CB,
Incoming CB)
PekomeHnpoBaHO Follow Me (FM) Follow Me (FM)
PekomeHpoBaHO Message Waiting Indicator (MWI) Message Waiting Indicator (MWI)
OnumoHanbHo Conferencing (CONF) Conference Calling (CONF)
OnumoHansbHO Advice of Charge (AoC) Advice of Charge (AoC)
OnumoHanbHo Closed User Group (CUG) Closed User Group (CUG)
OnumoHanbHoO Fixed Destination Communication
OnumoHanbHo Inhibition of Incoming Forwarded
Communications (lIFC)
OnumoHanbHo Direct Dial In (DDI) Direct Dial In (DDI)
OnumoHanbHO Explicit Communication Transfer (ECT) Explicit Call Transfer (ECT)
OnumoHanbHoO Trunk Hunting (TH)
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OtoenbHo TISPAN onpegensiet ona IMS nogcuctemy amysisi-
umm yenyr TdpOIlM/ISDN, koTopas no3BonsieT 3ameHnTs TDM-060-
pyaooBaHMe KOMMYyTauun KaHanoe cpeacrteamm IMS, coxpaHuB B
CeTM TPaAUNLMOHHbIE aBOHEHTCKME TepMMHanbl. 34eCb pasHMLA
MeXIy CUMYNALMEN N IMYNALMEN CNeayowas.

Cumynaums 3akmo4daeTca B npepoctaBneHmn TPOI/ISDN
ycnyr Ha 6ase IMS TONbKO WHTENNeKTyanbHbIM TepMUHaNam
(Hanpumep, IP-TenedoHam). MNpu 3TOM He 06a3aTENbHO CTPOro
BbIMNONIHATL BCE TPeOOBaHUS, NPEOBLABASIEMbIE K 3TUM YCIyram,
M NpenocTaBndATb BECb CMEKTP YCNYr — MOXHO OrpaHU4nTbCS
NNLLb HEKOTOPbLIMU N3 HUX, Hanbonee NonynsapHbIMU, BO3MOX-
HO, C MHBbIMWN 3PrOHOMUYECKUMWN XapakTeEPUCTUKAMN. SMysLms
Xe 3akJsioyaeTcs B ToOM, 4To IP-ceTb cospaeTr OJi19 OKOHEYHOro
ob6opyaoBaHNsa BUAMMOCTbL TOro, 4TO OHa gasnsetcs ToOl/ISDN
ceTblo. [lonb3oBaTen He oLwyLWalT TOro, YTO OHM NOAKYalOT-
csa K IP-cetn, a He kK TpOIM/ISDN, a cneposaTtenbHO, obecnevu-
BaETCSs BO3MOXHOCTb UCMOJIb30BAHUSA U MHTENNEKTYalbHbIX, N HE
VMHTEeNNeKTyanbHbIX TepMuHanos (puc. 3.10).
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Puc. 3.10. Apxutektypa NGN-cetu B npoekrte TISPAN

CyuwiecTtByeT ABa nogxona k Co3gaHunto NoACMCTEMbl AMyNAUUN
TdOIl1/ISDN B coBpeMeHHbIX IP-ceTax. MepBbih U3 HUX — NpUMe-
HeHune Softswitch, Tpebylollero ctangapTUsaUmMmn He BHYyTPEHHEN
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CTPYKTYPbI, @ NNLWb BHELLUHUX MHTEPdENCOB. DTOT NOAXOA U UC-
none3dyetcs B penuse 1 TISPAN NGN. Btopoi nogxon — ncnosb-
30BaHME (NOJSIHOCTLIO NN YAaCTUYHO) PYHKLMOHATBHOW apXnTek-
Typbl IMS ans onpegeneHnsa BHyTPEHHEN CTPYKTYPbl MOACUCTEMBI
amynsaunm ToOTM/ISDN.

B peanbHbIXx ceTax W, BO3MOXHO, B Oyaylwmx cTaHaapTax,
MOTFYT MPUMEHATLCA KOMMPOMWUCCHbIE BapuaHTbl, Hanpumep
CcTaHgapTM3auua BHELWHUX nHtepdencon IMS; K ToMy xe PyHK-
LMoHanbHasa apxutektypa IMS no3BongeT co3gaBaTb peasbHYyI0
PU3NYECKYID apXUTEKTYpPY CeTM Ha obopyaoBaHun Softswitch
(MGC) n megna-wniosax (MG). B pennse 2 TISPAN NGN ncnonb-
30BaH BTOpOM noaxon,. Ho ona obomx NnoaxoaoB yxe onpenenex
CUrHanbHbIN NpoTokon — SIP-I.

Ewe onHa HoBas noacuctema — NASS — no cyTu, 3amellaer,
dyHKUMM gomeHa kommyTaumm naketoB 3GPP n GPRS-npoueny-
pbl ayTeHTUGUKALNU, YIPAaBEHUS N oNpeaeneHna MecTOHaxX0X-
JeHuns.

Mpwv co3paHnm 3TOM NOACUCTEMBI ELLLE NPEACTOUT PELLNTD PSL
npobnemM — B3aUMOAENCTBUS C MEXaHU3MaMK ayTeHTUGuKaunm
Ha ypoBHe SIP, cobnioaeHns cooTBETCTBMSA cTaHaapTam dopyma
DSL, ncnonb3oBanusg ogHon NASS ona kaxaon u3 ceten goctyna
nnn ogHon NASS anis Heckonbknx ceTen goctyna (puc. 3.11).

CepbiM UBETOM NOKa3aHbl GYHKUMOHASbHbIE 3/IEMEHTbI, KOTO-
pble 6bM onpeaenerbl NPoekToM TISPAN, LUTPUXOBKOM OTMEYe-
Hbl 3N1€MEeHTbI, N0ABEePriUNECs M3MEHEHWIO, OCTallbHas CTPYKTypa
IMS ocTanacb Takoln, kKak oOHa onucaHa B ctaHgaptax 3GPP.

®yHkumsa IBCF (Interconnect Border Control Function) obec-
neynBaeT yNpaBAsSeMOCTb Ha FpaHULLE MexOy CETAMU PasHbIX
nposangepoB. OHa MoxeT coaepxatb B cebe THIG, BbinonHsaeT
cornacoBaHue IPv4 n IPv6, moxeT, B ciydae HeoOXO0OuMOCTH,
obpawartbes kK dyHkuum IWF, MOXET ynpaBnsTbe 4OCTYNOM M Ha3-
Ha4yaTb MOJIOCY MPOMNYyCKaHUs B COOTBETCTBUM C COOCTBEHHOWM
NoOAMTUKOM nnm obpawtasch k nogeucteme RACS.

dyHkums IWF (InterWorking Function) obecneynBaeTt B3aMMo-
nencteme npotokona SIP cetn IMS ¢ curHanbHbIMM NPOTOKONA-
Mun IP-ceTen gpyrmx npoeangepos, Takumm kak H.323 vnn gpyrue
peanu3auumn SIP.

dyHkuusa I-BGF (Interconnect Border Gateway Function) yn-
paBnsieT nepefaven NaHHbIX HA 3 U 4 YPOBHAX Yepes rpaHuuy
ceTen npoBangepoB. IATa QYHKUMS UFPaeT pPosib MEXCETEBOro
akpaHa n NAT, oHa 3awmaeT 94po ceTu npoBangepa, punstTpys
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nakeTbl Ha OCHOBaHUW WMHOOPMaUMN TPAHCNOPTHOrO YPOBHS.
Ona ucnonb3yet NAPT gns COKpbITUS TPAHCMNOPTHLIX adpecoB
3nemMeHTOoB aapa cetn IMS.
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Puc. 3.11. WU3ameHeHuns ctpyktypbl 3GPP IMS B npoekTte TISPAN

OnuyoHanbHbiMM BO3MOXHOCTSMM |-BGF aensioTca: mapku-
poBka Tpaduka B uendx obecnedeHms QoS, nonutuka ynpas-
NEHNS LUMPUHOM NOOCHI MPOMNyCKaHNUs 1 00 bEMOM CUIHaIbHOMN
nHdopmMaummn, U3MEPEHNE 3arpy3ku PecypCcoB U onpepenieHne
napameTtpoB QoS.

Paznnuuna mexay MoOUNbHBIMU U CTAUMOHAPHLIMU CETAMU B
nnaHe peanusaumn IMS B npoekTe BbIMSaAT crnenyowmm o06-
pa3oM: CyLLECTBYeT pas3Huua B LUMPUHE MONOCHI, B 3aluuTe, B
3apepxkax nNpu nepegaye; K TepMmHanamMm CTauMOHapPHOM CeTn
npPenbsaBnAiOTCA MeHee cTporne TpedboBaHUs (Takme Kak nof-
nepxka IPv6, USIM/ISIM, HekoTopbIX KOOEKOB); 060pynoBaHue
Nosb30BaTeNsa He A0/KHO XPaHUTb MHPOPMAaLUIO O ero MecTo-
HaXOXAEHUN, B TEPMUHaNax CTaUWMOHAPHOW CEeTU HEeT SIBHOro
pEe3epBMPOBaHNS CETEBbIX PECYPCOB; CTaLMOHApHbIE TEPMMHA-
Nbl XECTKO He MNpuBSA3aHbl K MONb30BaTeNsAM; He peann3yeTcs
cxaTtue CUrHanbHor MHGOPMAaLIMK; MHAMKALMS LUMPWHBbI NONOChI
RTCP B SDP 00bI4HO He TpebyeTcs; ayTeHTudmnkaums npons3eBo-
aunTtesa 6e3 UICC.
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3.13. HoBoBBepeHusa v nepcnekTuebl IMS

Mocne penusa 8 B IMS He nosiBNgeTcs Kakux-nmbo CyLlecT-
BEHHbLIX ApPXUTEKTYPHbIX M3MEHEHWI, OJHako pas3sutme IMS
npogosmkaetTca koHcopumymom 3GPP no cen noeHb. PaccMmoTpum
KitoyeBble nameHeHus IMS B pennsax 9-12.

Penn3 9 pobasun B IMS noaaepxky 3KCTPEHHbIX BblI30BOB
yepe3 GPRS n EPC. OnucaH npoToKOs, OCHOBaHHbINM Ha H.248,
obecneuynBatowmin B3anmopenictene IBCF n TrGW (kak B gome-
HE KOMMYyTauMn KaHanoBe, Tak U B AOMEHE MakKeTHOM KOMMYyTa-
ummn). KnioyeBbiX M3MEHEHUI B apXMTEKTYpPE WUAW npoueaype
YCTaHOB/EHNSI CECCUIN HET: COXPAHEH KYPC Ha BHEOPEHME HOBbIX
TUNOB yCNyr (ONOBELLEHME B Cllydae 4Ype3BblHamHbIX CUTyaLU,
M2M kommyHukaumu, VolP B CS u 1.4.). B penuse 10 Hukakux
KapanHanbHbIX M3MeHeHnin B obnactu IMS He cpenaHo. [Mpo-
OOJIKEH KypC Ha obecrneyeHme HenpepbiBHOCTU PEeYEBLIX CeaH-
COB WIN MYNLTUMEOUNHBLIX CEeCCUN NMPU PasiNYHbIX YCNOBUNAX
(nepeknoyeHnn ceaHca CBS3M C 0QHOIo YCTPOMCTBA Ha Apyroe,
M3MEHEeHUN TEeXHONOrMn O0CcTyna B npouecce 0OCNyXnBaHUS).
B pennze 11 coxpaHnnocbk HanpasfieHne CO34aHnNsA apXUTEKTYPHbI,
YHMBEPCaSIbHOM AN19 BCEX TEXHOOM MM 0CTyNa, C BO3MOXHOCTLIO
pa3BepHyTb N NPenoCcTaBuUTb OOy YCiyry BHE 3aBMCUMOCTU
OT Tuna odopyaoBaHUS NoNb3oBaTenen nnn nx BO3SMOXHOCTENA.
Cpeau HoBbIX ycnyr nosisuncs cepsuc cumynsaummn USSD B IMS
n Advanced IP interconnection of services (IPXS), otnpaBka u
nonydyeHne SMS coobuieHnin 6e3 MSISDN. B penuse 12 takxe
coxpaHsieTcs 6a3oBas apxutektypa IMS. N3 pennsa 11 npogon-
>KEHO pas3BuTUE TExHONOrMN cumynsaunm USSD, a Takke — pa3Bu-
Tne IPXS. HaunHasa ¢ pennsa 12 B IMS nognepxmBaeTtcs ycnyra
IMS-based telepresence. M3 BbILLEN3NOXEHHOrO MaTepuana
3Tol rnaebl cnenyeT, 4To IMS npepnaraeT cyllecTBeHHbIE NMpeu-
MyLLEeCTBa A1 MpOBanaepoOB KOHTEHTA, MOCTABLUWKOB YCIyr
M KJIMEHTOB B paBHOW cteneHu. MNpeumywectsa IMS MOLUHbBI U
HeocnopuMsl. lNpexge Bcero, 06¢CnyxxXmnBaHMe MOXeT ObiTb pas-
BepHyTO ObicTpee n bonee peHTabenbHO, YeM Koroa-nmbdo paHee,
6Gnaropaps ctaHoapTu3oBaHHOW apxutekType IMS. Bo-BTOpbIX,
ceTb abCONIOTHO HE 3aBUCUT OT TEXHOJIOM MM JOCTYNa — CTUpaeTcs
rpaHuua Mexay nHPpPacTpykTypaMmm GUKCMPOBAHHbIX 1 MOOWIIb-
HbIX CETEN, a TakKe pasHbiMn chepamm NpeaocTaBneHns ycayr
(TeneBnageHmne, MHGOPMALIMOHHLIE YCTYTN, TENIEKOM 1 MNP.).

B-TpeTbux, BCNeacTBme yCTPaHEHUS PasaeMTeENbHOW NNHUN
MeXay NpoBOAHOM 1 6ecnpOBOAHON CBA3bIO, BO3MOXHOCTb MNe-
pemMeLllaTb MPUNOXEHNS MexXay 3TUMKM OBYyMS OOMEHaMu CcTa-
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HOBUTCS1 HAMHOIo 6osiee NPOCTONn, N MOOUIbHOCTb MOXET ObITb
BKJIIOYEHA B CYLLECTBYIOLLME NPUNOXEHUS, PACMNPOCTPaHASA X 3a
npenensl rpaHny, TPaaNLUMOHHOW MPOBOAHON CBA3N.

MpunoxeHns ctaHoBATCA 6onee NHTEPECHbIMU camMu Mo cebe
6narogapsi BO3MOXHOCTSAM 0006aBUTb B KOMOMHALMW K yClyre
BUOEOKOH(EPEHLNIO, aHaNN3 NPUCYTCTBUS, MTHOBEHHbIA 0OMEH
coobuleHnamun 1 T.N. Kpome toro, IMS HamMmHOro ObICTpee pearu-
PYET Ha 3akas ycnyru, T.K. "HpopMaLns O KaxxaoM Nosib3oBaTesne
pa3MeLlaeTcs B E0MHCTBEHHOM XpaHUNuLLE, YTO AenaeT OU3Hec-
npoueccbl HAMHOro 6onee apdekTUBHbIMU. 10 CPaBHEHMIO C TakK
Ha3blBaeMow 6ecrnnaTHoM pevyeBoi CBA3bIO TUNa Skype, apxuTek-
Typa IMS nmeet npenmyLLeCTBa, CBA3aHHbIE C TEM, 4TO IMS npuc-
BaMBaeT Ka4yecTBYy 0OCNYXMBaHUSA BbICOKUI npuoputeT. bes IMS
npeackasyemMocTb KadyecTBa ceaHca B MIHTepHeT BecbMa Mana,
T.K. YHaCTO OKa3blBa€TCHA HEBO3MOXHbIM Y3HaTb, Kak IXUTTEp, 3a-
JepxkKka v noTepsa NakeToB OyayT BAMATb HA TOT MU MHOW CEeaHcC.

Adpyrum npemmyLecTBoM, KOTopoe ecTb y IMS, gasnaetcsa
cOop OaHHbIX K cnyxba nooaepxkm 6unnuHra. becnnartHble
cnyx6bl VolP He penatoT aToro, Toraa kak IMS He Tonbko MOXeT
cobpaTb AaHHble, HO U NPEONOXUTb MOJIb30BATENO MHOXECTBO
onuun 6unnmura. NocTaBLWMKK YCIYr MOTYT UCMNONb30BaTb 3TO
B CBOMX MHTEpecax, npeafiarasd npemMuasnbHble yCayru (nydwiee
QoS 3a 6onee BbICOKYIO LIEHY) v ycnyru ¢ 4o6aBneHHon CToun-
MOCTbIO, Takme KakK 3arpy>aembli KOHTEHT, 32 KOTOPbI MOXHO
Ha4YMCNATb NnaTty otaensHo. Ewe ogHum nniocom IMS aBnseTtca
BO3MOXHOCTb CO34aTb HOBbIE YC/TyrY N3 paHee CO34aHHbIX YCNyr
1990-x 1 2000-x ronos, 00beanHAS anpobMPOBaHHLIE TEIEKOM-
MYHWUKALMOHHbIE YCITYTN U HOBbIE IHTEPHET — nnu Tenekom-npu-
NloXeHus.

M B 3akntoyeHne OTMETMM €eLLe OANH acnekT. ACHO, 4YTO O gAHUMU
MaKCaMM HU OdHA MHHOBAUMOHHAA TEXHONOMMA, YNOMSHYyTas Ha
CTpaHuULLAx 3TOM KHUMN, HE orpaHmnymBaeTcs. lNMpu BHegpeHun IMS
€CTb 1 nNpobnembl. ITO, B NepBylo odepenb, Nnpodnembl CAPEX
n OPEX, a Takxe BoBnedeHne Onepartopa B TeXHONornyeckoe
nepeBoopyxeHne, B GOpPMUPOBaAHME HOBbIX, paHEe He NpoBe-
PEHHbIX AENOBbIX OTHOLUEHUI C KOMMAHUAMW — MOCTaBLUMKAMM
YCNyr, KOTOpble ByayT ynpaBnaTbe NOTPEOUTENBCKUMN OXUOAHUSA-
MU B OonbLuen cteneHu, 4em Onepartop, 4ero He ObIsI0 HUKOoraa
npexae. AcHo Takxke, 4TO napanfiefibHo ¢ BHeapeHmem IMS B Te
xe 2010-e rogpl 4yncno komnanmn Tuna Google, Skype, Yahoo,
npennaralLmx KnmeHTaMm 6ecnnaTtHylo UM geleByto nepeaady
peuu, BUOeo, N yCnyru anekTpoHHOW NoyThl, OyaeT npoaonxaTb
pactu.
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CnepoBaTtenbHO, MHOrMe aboHeHTbl OyayT oxumaaTtb 6becnnat-
Horo obcnyxuBaHusa n ot OnepaTtopos, ycTaHasnmeatoLwnx IMS.

Brnipoyem, 31O Nnpobnema akTtyanbHa 6onee Ans KOMMepYec-
koro 6noka Onepartopa, Hexenu ANs MHXEHEepPOB, KOTOPbIM B
nepBYyIo o4epeap aapecoBaHa aTa kHUra. Ecnm xe KTo-To U3 KoM-
MepPCaHTOB WU/ TOMN-MEHEIKEPOB TENEKOMMYHUKALMOHHbLIX KOM-
NaHMin BCe Xe Ao4nTan A0 3TUX CTPaHuLL, TO 4SS HAX MPUBEAEHbI
HECKOJIbKO AWNIETaHTCKUX BOMPOCOB OT aBTOPOB.

CerogHsa nonb3oBaTesb BKJOYAET CBOW HOYTOYK, HaynMHaeT
paboTtatb U aenaeTt TenedoHHbIN 3BOHOK NPUATENIO C MOMOLLIbIO
Skype. OencrteutenbHo nu 3T10 OecnnatHo? Paszee Onepatop
naet emy Kaxapbln mecsau,6ecnnaTtHbli 4octyn B MIHTepHeT? Pa3ee
6ecnnaTHO ycTaHoBNEeHbl MapLupyTmdaTop Cisco unm To4ku ooc-
Tyna DLink? He nexunt nn pelweHne npobiembl 3KOHOMUYECKOMN
adpdekTuHocTM IMS Ha nyTax nepepacnpeneneHns noxXonos?
He ctout nn OnepaTtopy npenoctaBnsaTb decnnaTHylo Tenedo-
HMIO NONb30BaTeNaM, npuodpetaolym y Hero 3a 3999 pyb. B
MecCsiL, CKOPOCTHOM NHTepHeT + ckadmeaHus 30 yacos dunbmMoB
+ BuaeoHabnogeHne 3a pebeHKOM B OETCKOM cajy + BUAOEO-
HabnoaeHne 3a gaven B nocenke? 9ICHO, 4To 9T0 He 6ecnnaTHo.
CtommocTb TenedoHHOM CBA3M BKIoYeHa B nnaTty 3999 py6. B
mecsu,. OgHako, co3aaBas BnevyatieHne, 4YTo KIIMEHT UMEET BO3-
MOXHOCTb MOJIy4nTb HEYTO HKM 3a 4TO, OnepaTop NPMBS3bIBAET
3TOro K/IMEeHTa N MMeEeT BO3MOXHOCTb NpoaaTtb emy 6onee nos-
HbIA NaKeT ycnyr ¢ nomoLupsto IMS.

PeueH3eHToM kHuUrn H.C. Mapaepom 6b1110 ykazaHo, YTO 3Tu
OnneTaHTCKMe BOMPOChl aBTOpam criegoBano 6bl AONOMHUTL NPO-
deccuoHanbHbIMM OTBETAMU C OMNMCAHMEM HOBON CYTW B3au-
MOOTHOLweHn Onepartopa CBA3KM C NPOBanAEpPOM YCAyr, Heau-
CKPUMUWHALUMOHHbBIM MOAKIOYEHNEM, pacnpeneneHmemMm goxoa0B
OT ycnyr, obecrneyeHMeM KaydecTBa M pasfeflieHMEM OTBETCT-
BEHHOCTM nepeq, nonb3oBaTtenieM. ABTOPbI MOSHOCTbLIO COrnac-
Hbl C 3TUM N 00A3YIOTCA OCMbICINTL N 6oslee pa3BepHYTO 0OCY-
ONTb 3TN acnekTbl B OTAENbHOM nydonukaumn. 30ecb Xe BaXHO
noayepkHyTb, 4TO IMS — 3TO He TOJNIbKO TEXHONOrM4eCcKoe HoBLLE-
CTBO, a CKOpee CoLmanbHOEe HOBLLECTBO CO CTOPOHbLI OnepaTopoB
U CEepBUC-MPOBaANAEpPoOB, pyHAaMeHTaslbHoe npeobpa3oBaHme
ceTn, kotopada BmecTe ¢ IMS cTaHoBUTCA ropa3ao 6051ee MOLLHOWN
1 (BO3MOXHO) 6onee [OXOAHOM, a4anTUpysiChb K Nosb30Baresiio, a
He BbIHYXas MoJib30BaTesis aaanTnpoBaTbCsi K cetr. IMeHHo B
3TOM aBTOpaM NpeacTaBnsaeTcs Hambonee BaXHOE MHHOBALIMOH-
Hoe BnusiHue IMS, no KpaiHen mepe, B KOHTEKCTE 9TOW KHUT.
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HonroepemeHHas

3BONIOLUMS
LTE-A/SAE

A cTapble 06e3bsiHbI BCE eLLe BCIOMUHAIOT,
KaK OHM XU [0 SBOJTOLMM.
®denuvke KpneuH

4.1. NMpoponxeHue pe(3)sonouumn MoOUNLHON
CBA3U

MokoneHne 3G CyWECTBEHHO M3MEHWUNO CUTyaumio B UHPO-
KOMMYHUKALMOHHbIX CETSX: BO3POC/ia CKOPOCTb nepesayv aaH-
HblX 32 CYET NPUHUMNUASIBHO HOBOr0 Noaxofa K pasfesneHuio
KaHanoB Ha paguoy4dacTtke (W-CDMA), nosBunacb HOBas KOHLLEN-
umsa IP Multimedia Subsystem, a Taikke HEKOTOpPbIE paCLUMPEHUS,
NO3BOMMBLUME YNy4yLLIATb NEPBOHAYasnbHyo TexHonoruo W-CDMA
(HSDPA, HSUPA, HSDPA+, MIMO).

CyuiecTByeT psaa, TPeHa0B B 06/1aCTV yCiyr MOOUIBHON CBA3U,
KOTOpPble CerofHsa onpeaensitoT Nosb30BaTeIbCKUIN CNPOC:

e pasBuUTME 00Ma4YHbIX CEPBUCOB, AJ1S1 KOTOPbIX BaXXHA BO3MOX-
HOCTb NONb30BATENS NONY4YUTb JOCTYMN K CETU B IOOOM MecCTe,
B Ntoboe Bpems;

o npunoxeHmna Web 2.0, ¢ noMoLbIO KOTOPbLIX MNONb30BATENMU
Y4aCTBYIOT BO BCEBO3MOXHbIX NHTEpPHET-CcOOOLWECTBAX, 4YTO
Bsie4yeT 3a coOo 0OMEH KOHTEHTOM;
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® [OTOKOBOE BUAEO MO 3anpocy n MmobunbHoe TB;
® VHTEPaKTUBHbIE MOOUIIbHBIE UTPbI B peasibHOM BPEMEHU;

e MOOUNbHbIE NPUNOXEHUS, AN cMapTHOHOB, HOYTOYKOB U
NiaHLETOB.

C pa3BnUTUEM CIrpoca Ha 3T B1Abl yCNyr, NoJib30BaTeE O CTa-
HOBATCA BaXXHbl Takune Troka3artesin KadecCTtBa O6Cﬂy>Kl/IBaHVIFI,
Kak:.

e CpenHas U MakcuMasbHas CKOPOCTU Nnepeaadm AaHHbIX;
e Hebosnbluas 3agepxKa peakumn CeTn Ha 3anpochl;

e rapaHTMpPOBaHHOE PaaVoNoKPbITUE C MPUEMIIEMOI CKOPOCTbIO
[OCTyna gaxe Ha rpaHuuax cor;

e HenpepbiIBHOCTb 0OCNYXMBAHUA NPpM Nepexoae OT OgHOW ceTn
[OCTyna K opyro;

e [IOCTYMHbIE LiEeHbl (Hanbonee npuBnekaTesbHbIMU NS MOJb-
30BaTens ABAATCA 0e3/IMMNTHbIE UK NCeBA00Ee3/TMMNTHbIE
Tapudbl C PUKCUPOBAHHOW MAATOWN).

N3-3a npeobnanaHua Tpaduka nepenadn JaHHbIX Had, pede-
BbIM TPaPUKOM B MOOUIIbHbIX CETAX CTAHOBUTCS O4EBUAHOM HEOO-
XOOAUMOCTb MNepecMoTpa apxuTekTypbl ceTtu. CyllecTsylowime
TEXHOJIOTNM NOCTPOEHUS MOBWIbHBIX CETEN HEe paccyMTaHbl Ha
9KCMOHEeHUManbHbIN POCT Tpadmka AaHHbIX, NO3TOMY NPU NPeo6-
nagaHnm GUKCMpPOBaHHbIX «NN0CKMX» Tapudos gnsa Onepartopa
CBSI3M TakOW POCT OKa3blBAETCS HEBbIFOAHbLIM, KakK noka3aHo Ha
puc.4.1.

Kak ynommnHanocoh B rnaee 1, B penn3e 7 NpencTaB/ieHbl ABe
HOBbIE TEXHOJIOMNU, MO3BONSIOWINE YBEINYNTL CKOPOCTb Nepe-
hayun Ha paguoydacTke: TexHonoruns MIMO (Multiple In, Multiple
Out) u moaynsaumsa 64 QAM. B aToM penmse npencTtaBsieHa Takke
BTOpada dasza passutua IMS (IMS phase 2), packpbiBaloLlas Bce
BO3MOXHOCTM IP-aapa ceTn, 0 4eM roBopusocs B rnaese 1. Takmm
obpasom, B 3G ceTax, OCHOBaHHbIX Ha TexHonornn W-CDMA n
MCNOMb3YIOWMX Amnanas3oH 4acToT WupuHom 5 MIu, okasbiBatoT-
CS NPAKTUYECKM AOCTUMHYTBIMU JIMMUTBLI CKOPOCTEN nepegayn
OaHHbIX. IMEHHO o Toro, 4YTo0bl NPE0A0NETh 3TU OrPaAHNYEHNS,
3GPP paspaboTtan ctanoapTbl AN cet MOBUNbLHOM CBA3M HOBO-
ro NOKONEeHnd, noaydmeLumMe HasBaHue LTE (Long Term Evolution)
n SAE (System Architecture Evolution) [79,95]. 9Tu ctaHoapTbl
cneundunumposaHol 3GPP B pennse 8 B cepuun cneumpunkaymin
36.xxX.
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TepmuH LTE onucbiBaeT 3BOMOUMIO CETU paguogocTyna oT-
HocuTenbHo cetert GSM 1 UMTS 1 nosiBieHMe HOBOro cTaHaap-
Ta E-UTRAN. TepmnH SAE onucbiBaeT 3BONIOLUMIO Apa CETU B
Evolved Packet Core (EPC), apxnTekTypa KOTOPOro 3Ha4uTeNbHO
M3MEHEeHa OTHOCUTENBHO npexHux ceten GSM/3G. CywecTByeT
cobupartenbHbii TepMuH EPS (Evolved Packet System), KOTOpbI
obbeanHseT ceTb goctyna n aapo EPC.

A CroumocTs ana OnepaTopa
O6bem Tpaduka (cyLuecTByIOLLME TEXHOMOTMM)

L 4
o CroumocTb ans Onepatopa

e
P (LTE)
L 4
'O
» Bpewmsa
XX(Bek) XXlIBek
Mpeo6napaHve pe4esoro MpeobnapaHue Tpadvka

Tpadhmka AaHHbIX

Puc. 4.1. PocT Tpaduka u cTOMMOCTU ero 06CcnyXxuBaHus

LTE/SAE — 310 pe(a)Bonmouns MOOUIIbHBLIX CETel C LEenblo
yooBNeTBOpuUTb Oyaywme TpeboBaHus K CKOPOCTSM AOoCTyna B
Takmx ceTax. YTo 3To 03HAYaeT C TOUKUM 3peHnsa aboHeHTa? OH no-
JlydaeT cTabuibHbIN BbICOKOCKOPOCTHOM JOCTYN K CETU, CPABHM-
MbI C LOMALLUHMM NPOBOAHbLIM NOAKIIOYEHNEM, HO B MOOUALHOM
cpene. Ana Onepatopa cBa3u LTE, Ko BceMy Npo4yeMy, O3Ha4aeT
BHEOpEeHMe NPOCTON N HeaopPOron B 0OCTY>XMBAHUN CETU.

4.2. Uenu LTE/SAE

Mpn pazpaboTke cTaHpapta LTE/SAE npecnemosanmch
cnenyloLwme uenu:

e MakcumasbHO 3P PEKTUBHOE NCMONb30BaAHME OrPaAHNYEHHOIO
pagno4acToTHOro cnektpa. LTE MoXHO ncnonb3oBaTtb B nap-
HbIX M HENAPHbIX cnekTpax B anana3oHe oT 1,4 no 20 Mlu. LTE
noytn B 4 pasa 6onee apPeKTMBHO UCMNONMb3YET CMEKTP Ya-
cToT, Hexenn HSDPA cornacHo 3GPP penunay 6;
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e BbICOKME CKOPOCTU AOCTYyNa, Npu KOTOPbIX aBOHEHT nosiy4yaeT
MakKCUMasibHO CKOPOCTb A0 173 MOUT/C 1 MUHUMANbHYIO 3a-
nepxky 10 mc;

e nnockag all-IP apxutekTypa cetn, KoTopasi CyLLECTBEHHO CHU-
>XXaeT CTOMMOCTb Nepeaayun 3a MerabanTt gaHHbIX;

® HOBbIV PAAVOUHTEPEPENC C HOBBIMU TEXHONOMMAMU Nepega4n
(HanpuMep, MPOCTPaAHCTBEHHOEe pas3HeceHne aHteHH MIMO
4x4 MOXET YCKOPUTb Nepeaayy B HanpaeaeHnn K abOHEHTY A0
326 M6/c).

basoBas apxutekTtypa EPS cocTtouT n3 nakeTtHoro sgpa cetu
Evolved Packet Core n cetn pagnogoctyna E-UTRAN. CeTb oc-
HOBaHa MOMHOCTbIO Ha npoTokone IP, n Gonblie He BKIOYaAET B
cebs1 AOMEH C KOMMYyTaUMEN KaHanoB — o5 nepepaym peun B LTE
ncnonb3lyeTtcs Tonbko TexHonorusa VolP. IP-agpo cetn cHabxe-
HO NPOCTbIMU, HO 3PPEKTUBHLIMU MeEXaHM3MaMK obecredyeHmns
QoS no TpeboBaHuio. OgHa 13 3apgay koHuenuun LTE/SAE — nc-
nonb3oBaHue Ethernet (knacca carrier-grade) tam, roe 910 BO3-
MOXHO, B 4aCTHOCTU, An4 nogxoydeHuns yanos eNodeB, koTopble
aBnqaoTca 6a3oBbiMy cTaHUuuaMU LTE.

B ceTax mobunbHol cBa3u 2.5G n 3G fjoMeH KommyTaumm na-
keToB cTpouTcd Ha y3nax SGSN n GGSN, a ceTb gocTyna coctonT
13 yanos NodeB n RNC. Pe(3)BONIOUMOHHbBIN Nepexon, K apxXuTek-
Type LTE/SAE npu3eaH onTMMn3npoBaTtb NPOM3BOANTENBHOCTb
CeTn, MaKCMMMN3npoBaTb CKOPOCTb Nepenayn AaHHbIX ¥ MUHUMU-
31MpoBaTb 3a4EPXKY, BHOCUMYIO CETbIO. [103TOMY BMECTO YEThIPEX
TUNOB y350B B naockocTtu nonb3oBatens (NodeB, RNC, SGSN,
GGSN) apxutektypa EPS coctout mn3 y3noB evolved NodeB
(eNodeB, eNB) n SAE Gateway (SAE GW). SAE GW BknoyaeT B
cebs OoBa ceTeBbIx anemeHTa: Serving Gateway, KOTOpbIN OTBE-
yaeT 3a ynpasfieHne MOOUTbHOCTbLIO MeXy CUCTeEMamMm JOoCTyna
GSM n UMTS, n PDN Gateway, ocyLuecTBNSOLWNIA B3aUMOOENCT-
BUE C CETbIO MIHTEPHET 1 NnokKanbHbIMU CETAMKU U 0OecneymBato-
WMin MOOUNbHOCTL aboHeHTa mexay LTE n He-3GPP cetamu. Bes
CuUrHanbHas nHopmMaums NNockocTn ynpasnenus (IMS Control
Plane) obpabaTtbiBaeTcs anemeHToM MME (Mobility Management
Entity), kak 9TO nokasaHO Huxe Ha puc. 4.3. B cuny TOro, 4to
ceTb gocTtyna B LTE dyHKUMOHMPYET 6€3 KOoHTponepa 6a30BbIxX
ctaHumii (BSC nnu RNC), 601bLUIMHCTBO PYHKLUUIA, paHEE BbIMNOJI-
HABLUMXCS 3TUMM CETEBBLIMU 31IEMEHTAMU, TENEPL 0Ka3bIBAKOTCH
BO3JIOXXEHHbLIMW Ha camy 6a30Byto cTaHuMio, eNodeB.
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9T HoBbIEe ©Ba30Bble cTaHUWM eNB ynpasnsaioT BCceMu 3aaaqa-
MW, CBA3AHHBLIMU C Nepegadyent JaHHbIX N0 paanokaHany, YToObl
obecneynBaTb ObLICTPYIO MOBTOPHYIO MNepedadyy v npoueaypbl,
CBsI3aHHbIE C aganTaumen K kaHany. PaHee sty npouenypbl JOSX-
Hbl Obln ynpaensaTbest RNC, 4TO BbI3blBANO AOMNONHUTESNbHbIE
3a0EePXKM.

Mepenava atnx pyHkUumin K eNB obecnednsaeTt 6onee ObICT-
pyto peakumio (Hanpumep, aas peanusaunm NOBTOPHLIX nepenad
WM Ong pacnpegeneHns pecypcoB), YTO YMEHbLUAET 3a4epPXKM
M yBEANYMBAET NMPOMYCKHYIO CMOCOOHOCTb ceTn B uenom. lNpu
atoMm eNB B3ammogencTByeT HanpsiMyid nocpeacTBOM CTaH-
0ApPTU30BaHHbIX MHTEPENCOoB aNnd oOMeHa Nonb30BaTeNbCKOM
M CuUrHanbHOW uHgopmMaumen. Takas apxuTekTypa CeTn C MU-
HUMasbHBIM KOJIMYECTBOM Y3/10B 0OEeCcrnevymMBaeT MeHbLlee KO-
NIN4YecTBO MHTEPPENCOB 1 ynpouiaeT paboTy ceTu, UCKoYas
HEeOoBX0AVMOCTb KOHBEPTALMUM NPOTOKOJIOB CUrHanu3aumn. Mtax,
0Ba NMOHATUSA, O KOTOPbIX NOWAET pedb ganee B 9TOW rnase — 3TO
LTE n SAE.

4.3. E-UTRAN

4.3.1. Apxutektypa E-UTRAN

MonHoe onucanne E-UTRAN moxHO Hanmtm B TS 36.300, a
onucaHue ero apxutekTypbl — B TS 36.401. PazBepHyTon cneuu-
dukaumm E-UTRAN nocesilieH penu3s 9, a ganbHenwas 3Bonouns
cocpepnoTtauymaetcs B IMT-Advance B penmdax 10 11.

YT106bI COOTBETCTBOBATbL MPUBEAEHHLIM B NPeObliayLEM na-
parpade uenam, apxuTtekTypa cetu goctyna LTE, Ha3BaHHas
Evolved UTRAN (E-UTRAN), cywecTBeHHO NM3MeHMNachb No cpas-
HeHuto ¢ 3G/3.5G UTRAN. Nepapxuyeckuin cnocod NoCcTpoeHns
CeTn OoCTyna CMEHMNCS MPUHLMMOM «MJI0CKOW» apXUTEKTYpHI,
B KOTOPOW 3/1IEMEHTbI PaBHOMPAaBHO B3aMMOAENCTBYIOT APYr C
apyrom. B cootBetcTBUM ¢ pekomMmeHaaumein 3GPP TS 36.300,
E-UTRAN nmeeT apxmutekTypy, NpeacTaBfeHHYIO Ha puc. 4.2.

Evolved UTRAN BkntoyaeT B cebs eNB, KoTopble NpeacTaBis-
0T COB0I OKOHEYHbIE MYHKTbI A4J19 NPOTOKOJI0B NO/Ib30BATENILCKO-
ro YpoBHS 1 ypoBHS ynpanenus (U-plane n C-plane). Yansl eNB
COeOVIHEHBbI Mexay coboi nocpencTeom nHtepderca X2. MNpepn-
nonaraeTcs, 4To Mexay ABymMs yanamm eNB, koTopbiMm TpebyeTtcsa
COeOgVHNTBLCA APYr C OPYroM (HanpuMmep, as XaHAO0Bepa MoJsib-
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30BaTeNbCKOro TepMmnHana), Bcerga cyLecTByeT uHtepgeiic X2.
Yanbl eNB Takke coeamHeHbl ¢ EPC nocpenctsom nHtepdeinca
S1. nTepdeic S1 nogaepxmBaeT KOHOUIypaLmio MHOIO TOYeK-
MHOIO TOYEK.

MME/SGW MME/SGW

E Node B

E Node B

Puc. 4.2. Apxurtektypa E-UTRAN

Kak yxxe otmedanocsb Bbile, pyHKkUmMM eNB BkiovatloT B cebs
He Tonbko ¢pyHKUMKM 6a3oBon cTaHumn 3G (PpyHkumm NodeB)
B3aNMOOENCTBUA C MOBUNBbHBIMUY YCTPOMCTBAMM NOJIb30BaTENEN
yepes paguouHTepderic, Ho u pyHkummn Radio Network Controller
(RNC) ynpaBneHus paauopecypcomM 1 MapLupyTM3aumm nosnb30-
BaTENbCKOWM MHPOPMaUmMmM K w3y Serving Gateway. CornacHo
TS 36.401, eNB BbinonHaeT GyHKLUUN, CBeAeHHble B Tabn. 4.1.

Ta6nuua 4.1. dyHkumn eNodeB

N2 DyHKUMS MpumeyaHue

1 lMepeHoc Nonb30BaTeENbCKOM
nHdopmaumm

2 LLndposaHne/newmdpposaHne Ha ocHoBaHWn Kntoya, yHUKanbHoOro
pagmokaHana 019 KaXA0ro CoeguHeHns

3 3awmTa uenocTHOCTN nHdopMaunmn

4 CxaTtme 3aronoBkoB B 3aBMCUMOCTM OT CTEKOB NpoTokonos TCP/IP

nnn RTP/UDP/IP

5. B.C. lonbawTeiiH
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OkoHu4aHue Tabn. 4.1

Ne DyHKuMsa

MpumeuyaHne

- nepekntoyeHune (handover)
- nouck (paging)
- onpepenieHe MecToHaxoXaeHNs

5 DyHKLUMKN yNpaBneHns MOBUNbHOCTLIO:

(positioning)
6 3awmTa OT MEXCOTOBOW YnpasneHue pacnpegeneHmem pagmodac-
MHTepdepeHLn TOTHOrO pecypca C Lesbio n3bexarb MHTep-

depeHumnn

7 YCcTaHOBNEHNE N paspyLLeHne
coefuHeHus

8 BanaHcupoBka Harpyskm

lMepepacnpeneneHme HepPaBHOMEPHOM
Harpy3kn Mexay HeCKoJIbKMMu coTamMm

9 PacnpeneneHuve coobeHnin NAS

TpebyeTcs onpeaeneHne yana HazHavyeHns
coobLeHun, T.k. E-UTRAN nmeet coeauHe-
Hue ¢ Heckonbknmn MME/S-GW

10 | CuHxpoHuzaums

11 | PasgeneHue ceTn pagruogoctyna

Mo3BonseT NosbL30BaTENLCKOMY TEPMUHANY
npasunbHO BbibpaTth ClMC, kK kKoTOopoi cne-
OyeT NOAKIOYNTLCS (MPU UCMNONB30BaHUN
HECKOJIbKNX CeTel B 0AHOM YaCTOTHOM Ana-
nasoHe)

12 | dyHkuma MBMS

TpaHCAAUMS LIMPOKOBELLATENbHBIX 1 MHOMO-
a[pPeCHbIX COOBLLEHNI

13 | OTcnexvBaHve nepemeLLeHmnii
aboHeHTa M 0bopyaoBaHus

PeanuayeTtcs B npouecce npoueayp nosy-
YeHus OOCTyna 1 NOCNeAyoLLMX onepaumi

nepeknoyeHns (xaHaosep)

4.3.2. OcobeHHOCTU paanouHTepdeiica

Pe(3)BONMOUNOHHBLIE N3MEHEHUS Ha pagnoydactke LTE on-
penensioTcs HOBOM TexXHonoruem pasgeneHuns kaHanos OFDM
(Orthogonal Frequency Division Multiplexing), koTopasi NO3BONS-
€T 9KOHOMHO pacnpeaensTb PagnoyacToTHbIN pecypc, obecne-
yMBasi BMECTE C TEM BbICOKYIO CKOPOCTb A40CTYnMa.

Onsa yBennyeHns ap@ekTUBHOCTN MCMNOSIb30BaHUS paguope-
cypca npumMeHsiloTca Takxke TtexHonormn MIMO (Multiple Input
Multiple Output), HARQ (Hybrid Automatic Repeat Request) n
mooynauma oo 64 QAM, obecnednBatoLlas BbICOKYHO MIOTHOCTb
nepenasaemMomn nHpopmaumn.

PaononHtepdenc LTE nopaepXmBaeT AynfaekCHble pexu-
Mbl KaK C YaCTOTHbIM pasfesieHnem ripuema v nepegadn FDD
(Frequency Division Duplex), Tak n C BDeMeHHbIM pa3aesieHnem
npunema v nepegayn TDD (Time Division Duplex). icnonb3yloTcs
TaKXke O0MOoNHUTENbHbIE PEXUMbI A0CTYNa, HanpuMep, nonyayn-
nexkcHoln FDD, npyn KOTOPOM NpUEM U nepegada npoucxoadar Ha

6. B6.C. lonbawteinH
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pa3HbIX 4aCcTOTax He OOHOBPEMEHHO, a Moo4YepesHo. ATOT Moa-
X0[, MO3BOSISET 9KOHOMUTb PAAMOHACTOTHbBIN CMEKTP, HECMOTPS
Ha TO, YTO OH BABOE CHWUXAaET CKOPOCTb nepenaqun JaHHbIX.

Onepatopy cBa3u ans BHegpeHus LTE He TpebyeTcs HOBbIN
JmanasoH 4acToT — paguouHtepdenc LTE co3pgaH Takum obpa-
30M, YTO OH MOXET paboTaTb Ha TEX Xe YacToTax, 4TO U CyLLeCT-
BylOLIME ceTn nokoneHmnm 2.5G n 3G, nnm paxe napannenbHo ¢
HMMK Bnarogaps 3anoxeHHoMy B LTE mexaHn3My rmbkoro Has-
HayYeHus crnekTpa, AoMNycKalowero MCNnob30BaHNE CNEKTPOB C
LUMPUHONM Nnonockl nponyckanma 1.4, 3,5, 10, 151 20 Mlu.

4.3.3. CTpyKTypa KaHaNoB Ha paanoy4YacTtke

E-UTRAN pa3paboTaH kak yactb cetu All-IP, noatomy ceTb
pnoctyna LTE Oonblue He uMMeeT 3/1IEMEHTOB, OCHOBAHHbIX Ha
KOMMyTauun kaHanos. LLinpokoBellaTtenbHble 1 00LIWe KaHanbl,
cneunduumpoBaHHble B 6onee paHHux Bepcusax 3GPP (HSDPA,
HSUPA, MBMS), Ttakxe ucnonb3yiotca B LTE. Ctek npoToko-
JIOB cuUrHanmsauum, KoTopbin ncnonbdyetcsa B LTE, ocHoBaH Ha
CTaHaapTHoOW cemmnypoBHeBol moaenn OSI. Ha TpeTbem ypoBHe
npeacTaBneHbl JIOTMYEeckne KaHasibl, KOTOpble NPeaocTaBasloOT
YCNyrn rnpoTokKosiaM BEPXHEro YPOBHS, OTBeYaloLyM 3a peanu-
3aunto ycnyr u padoTy npunoxeHui. 3atem fiormyeckmne KaHarnbi
COMOCTaBNAOTCA C TPAHCMNOPTHLIMU KaHanaMn Ha BTOPOM YpPOB-
He, KOTOpble YyNpPaBnsaioT NOTOKaMU OaHHbIX (MOBTOPHLIMKU Nepe-
[advamm, KOHTPONEM OLLINMOOK, NpMopuUTU3aLmen).

Ha BTOpOM ypoBHE (pyHKUMOHMPYIOT npoTokonbl RLC, PDCP
n MAC. Ha $u13mn4yeckom ypoBHE TPaAHCMNOPTHbIE KaHasbl COOTHO-
CATCS C PU3NYECKNMU, NCTMONbIYIOLLMMIN paanonHTepdeinc.

B aTon kHUre He npegnonaraeTcs NoapoObHO OCTaHaBIMBATb-
CH Ha pPacCMOTPEHUN PU3MNYECKUX U TPAHCMNOPTHLIX KaHasoB.
OCHOBHOE BHMMaHWE yOeneHO NIOrMYeckuM KaHanam CEeTEBOro
YPOBHSA. Jlornyeckme kaHanbl MpefocTaBnsioT CBOU (YHKUNU
BEPXHMM YPOBHSAM CTeka MNPOTOKOJSIOB U CneuuduumpoBaHsbl B
TEPMMNHAxX CEPBNCOB BEPXHEr0 YPOBHS, KOTOPbIE OHWN NOAAEPXN-
BaloT. Kaxablin NOrM4ecknuin kaHan onpenenseTcs TMnomMm nHpop-
Maunun, KOTOpylo OH nepeHocuT. B obuwiem cnyyae, normyeckune
kaHanbl LTE pa3dbuTtbl Ha ABe rpynnbl:

e JIOrMYEcKune KaHasbl ynpasnieHus (onsa nepeHoca Hgopmaumm
YPOBHS yNpaBneHns);

® M0Nb30BaTENbCKUE NOrNYECKNE KaHanbl (415 nepeHoca nosb-
30BaTeNbLCKON nHdopmauunmn).
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Monb3oBatenbckue kaHanbl (traffic channels):

DTCH - Dedicated Traffic Channel — nHouBmayanbHbIlA NOJb-
30BaTeNbCKU KaHan ¢ KoHpUrypawmen To4ka-To4ka, NpmncBo-
€HHbI NONIb30BaTEIbCKOMY TEPMUHANY.

MTCH - Multicast Traffic Channel — ogHOHanpaBneHHbIN KaHan
o1 eNB K TepMmunHany nons3oBatend. Micnons3ayeTcsa Temu Tep-
MUHanamm, kotopsle nony4airot MBMS (Multimedia Broadcast
Multicast Service) — lwinpokoBeLllaTenbHble N MHOFOaApPEeCHbIEe
ycnyru.

Kananbl ynpasneHnus (control channels):

BCCH - Broadcast Control Channel — ogHOHanpaBAeHHbIN Ka-
Han ons nepenayu WupokKoBeLLaTebHOM MHopMaLmm ynpas-
NeHus;

PCCH - Paging Control Channel — ogHOHanpaBfieHHbI KaHan,
KOTOPLIA MEPEHOCUT MHpOPMaLMIO Ans nomcka aboHeHTa.
OTOT KaHan NCNOJIb3yeTCs, ECNU CETb HE 3HAET COThl, B KOTO-
POV B J@HHbBI MOMEHT HaxoaMTCs aDOHEHT;

CCCH - Common Control Channel — aToT kaHan npegHasHa-
YyeH Ong 3anpoca OoCTyna nofib30BaTesibCKOro TepMmMHana K
CeTU 1N NCMONb3YETCH NPWY YCTAHOBNEHUN COELNHEHUS UK pe-
anu3auumn MHbIX npoueayp, Tpebylowmx BblAENEeHNS NHONBU-
OyanbHOro CUrHanbHOrO KaHana;

MCCH - Multicast Control Channel — ogHOHanpaBneHHbIN Ka-
Han C KOHpUrypaumemn To4ka-mMHOro To4ek, nepegaet MHOop-
Mauuo ynpaeneHus anga MBMS oT ceTn kK TepMmuHanam nosb-
3oBartenen;

DCCH - Dedicated Control Channel — apyHanpaBfieHHbIln Ka-
Has C KOHPUrypaumen To4ka-To4ka, UCnonb3yeTcs s nepe-
0ayn NHOUBMAYanbHOW CUrHaNbLHOM MHpOPMaLmn, eCnm Mex-
[y N0Nb30BaTENBCKMM TEPMUHANOM U CeThIo cywecTryeT RRC
coefMHEHUE.

JMobas nepepaya paHHbiXx B LTE npowsBogutca no 3apaHee

onpeneneHHoMy «rpaduky nepenay» B 0COObIX MakeTHbIX CTPYK-
Typax; B LTE He cywecTByeT HENPEPLIBHbIX «KaHaNbHbIX» COean-
HEHWNI, KaK B NpeablayLnX COTOBbIX TexHonormax. CoctaBneHue
rpadpuka nepepay ana oboux HanpasneHuin — 3agad4a MAC-guc-
netyepa B eNodeB, koTopbIi onpeaensieT pecypc, HEOO6XOOVMbIN
KaXXA0oMY NOoNbL30BaTENO B KaXObIi MOMEHT BpeMeHW. PelueHue
O BblOENEHUN TOMO MM MHOIO pecypca OCHOBLIBAETCS Ha Nony-
yeHHbIX otdeTtax CGI (Channel Quality Indicators) v Ha opyrux
dakTopax.
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4.4

. DBOJIIOLUMSA ceTeBOn apxuteKkTypbl SAE

SAE (System Architecture Evolution) — aTO ceTeBas apxuTtek-
Typa, pa3paboTaHHas ¢ Lefblo 6eCLLIOBHOW MHTerpauum Mobunb-
HOW CeTun C ApyrumMm ceTamum, padoTtalowmmm no npotokony IP
(punc. 4.3).

HSS/HLR @
|

___Gr__i |ssa PCRF
: SGi

N SGW

S2 a/blc

CeTtu goctyna,
cneumpuuMpoBaHHble
He 3GPP:
WiMAX,WLAN # T.4.

HSS
PCRF

Home Subscriber Server
Policy Control and Charging Function

MME = Mobility Management Entity

SGW = Serving Gateway 000 @————- CurHansHas MHcopmaums

PDN GW = Public Data Network Gateway Monb3oBaTenkckas MHGopMaLms
SGSN = Serving GPRS Support Node

Puc. 4.3. SBoniouus ceTeBoii apxutekTypbl SAE

B SAE uncuesailoT Takme anemeHThl, Kak RNC (Radio Network
Controller) n SGSN (Serving GPRS Support Node), a nosBns-
I0TCS1 HOBble anemMeHTbl: evolved Node B (eNB), MME (Mobility
Management Entity) n SAE Gateway. 9T0 N03BOASET CETU NONY-
UYNTb «NNOCKYI0» apxmnTekTypy ceTu All-IP. SAE ocyliecTBnseT Tak-
Xe B3aumogenctame ¢ gpyrumm 6ecnposogHbiMun He-3GPP ce-
Tamn (UMTS, WCDMA, WiIMAX, WLAN u 1.4.), N0O3BONSAS CETAM C
He-3GPP TexHonornamm nmeTtb npsaMmon nHrepdenc ¢ cetolto LTE
M ynpaBnaTb UMK B npegenax ogHon cetn LTE/SAE.

SAE BKkJtO4aeT B cebs HOBOE 3BOJIOLMOHHOE NAakKeTHOE S4p0
EPC, B KOTOpO€e BCTPOEHbI GYHKLMN B3aUMOOENCTBUA C OPYTMMMU
6ecnpoBoagHbIMKN ceTamMun. MIHTepdeinc S2 no3sonset OnepaTto-
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paM CBSI3U pacLUMpATb CBOU CETU APYrMMU OCHOBaHHbIMU Ha IP
TEXHONOrMAMU A0CTYyNa, yNnpaBnasa TakumMmn QyHKUUSAMN, KakK MO-
OUNbHOCTb, XaHAOBEP, OUINHT, ayTeHTUGUKALMSA 1 3alumTa UH-
dopmauum B npeagenax mobunsHom cetn. B EPC ncnonbadyetcs
TakKke nHTepdenc S1 anga coeanHeHUs ¢ CeTblo paanoaocTyna u
nHTepderc S3 ana B3anmopaenictena ¢ SGSN B Lensax noaaepXx-
kn xaHgoBepa ¢ cetamm GPRS. NHTepdenc SGi npegHasHayveH
ans s3anmopenctemna EPC 1 BHelwHen IP-ceTn.

4.5. Y3en ynpaBneHus moounbsHoctbio MME

MME - 3T0 uUeHTpanbHbIN aneMeHT onopHon cetn LTE, B3aun-
MOOENCTBYIOWMI C Nonb3oBaTenbCkumm yctponcteamm UE no
npotokony NAS. Ero ¢oyHkUMM OXBaTbIBAIOT yrpaBieHne n xpa-
HEHME AaHHbIX NOJIb30BATENS, CO34AaHNE BPEMEHHbLIX WUOEHTU-
bu1KaTopoB 1 UX Nepeaady nosib3oBaTebCKUM YCTPONCTBaM, ay-
TeHTUPUKAUMIO NoNb3oBaTesNen, ynpasneHne MoOUNbHOCTbLIO U
norvyeckummn kaHanamu (bearers), a Takxke siBAI€TCA OKOHEYHOM
Toukor NAS-curHanmzaumu. lNpoueaypbl ynpaBneHnuss mMoousb-
HocTbio B MME oxBaTtbiBalOT NOUCK U OTCIEXMBAHUME COCTOSIHUS
MoJIb30BaTENIbCKOro YCTPOWCTBA B 30He obcnyxuBaHna MME,
yrnpaBfieHMe YyCTaHOBKOWM 1 OCBOOOXAEHMEM PECYPCOB B 3aBUCU-
MOCTU OT USMEHEHNSA COCTOSIHUM NOJIb30BaTESIbCKOro TepMnHana,
a TakKxe y4acTune B XaHOO0Bepe.

AyTeHTudmrKauusa n npoueaypbl obecnedyeHns 3awmTbl nogpa-
3ymeBaloT B3ammogencTteune ¢ HSS, npu kotopom MME ocyuiecT-
BNSI€T NPOBEPKY naeHTUdMKauum nonb3oBaTena ang sawmTsl OT
HECaHKLUMOHMPOBAHHOIO AocTyna. [ns aToro nosb30BaTeIbCKo-
My TEPMUHANY BPEMEHHO NPMCBANBAETCH CreumanbHbI NOEHTN-
duKaTop, KOTOPbLIN Ha3biBAETCH rMobanbHbIM YHUKaNIbHbIM Bpe-
MeHHbIM naeHTudunkatopom GUTI (Globally Unique Temporary
ID), 4TO NO3BONSAET YMEHbLLUUTbL KOMMYECTBO Nepenad IMSI yepes
pagunonnHTepdenc. Kpome toro, MME BbINOHAET OOMEH CUrHasb-
HoM nHdopmaumen ¢ SGSN anga npenocTaBneHnss MOOUTLHOCTU
mexay 2G/3G u LTE cetamm goctyna u obecneunBaet GyHKUUM
MJOCKOCTU ynpaeneHus. [ns ynpaBieHnuss abOHEHTCKUMU MpPO-
dunamu v nogknodeHns K ycnyram MME nonyyaet aboOHEHTCKUI
npodpunb 3 HSS gomaluHen cetn n onpeaensieT Ha 6a3e 3Toro
npodunsa NakeTHyYI0 CETb Nepeaayn AaHHbIX, K KOTOPO HEOOXO-
OVIMO NOAKYUTL YCTPONCTBO STOro abOHEHTA.
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4.6. Oo0cnyxuBawowumii wno3 S-GW

S-GW aBngeTtcsa Wwnio30M NofbL30BaTENLCKOro Tpaduka, a Tak-
e Tpaduka ot 3GPP-ceten noctyna 2G, 3G u LTE. NMoavepkHeMm,
4YTO BECb MOJIb30BATENLCKUI TpaduK npoxoauT yeped S-GW,
KOTOPbLIN ABNSETCSA OMOPHOUV TO4Ykou (anchor point) npun mapuu-
pyTu3auum JaHHbIX, Kak B Cilyyae nepeapukeHus Nosb3oBaTens
B 30He obcnyxmnBaHusa LTE, T.e. npun xaHpoBepe Mmexay eNodeB,
Tak 1 B cnydae obecnevyeHns MoobunbHOCTU Mmexay LTE n opyrumm
3GPP-TexHONOrMaAMM OOCTyNa, T.€. NPW BbIMOSIHEHUN X3HO0BEPA
oT n kK 2G/3G-ceTein. CnepoBaTenbHO, NOJIb30BATENbLCKMIA Tpa-
durk MappyTnsupyetcs Yyeped S-GW BHe 3aBUCUMOCTU OT TeX-
HONOMMK PagMoaoCTyna, B TOM YNCNE U3MEHEHHOW B MPOLIECCE
XoHOoBepa. BosHukaeT onopHasa Todka (anchor point), obuias
ona sBcex 3GPP-texHonorun pgoctyna: 2G/3G/LTE. MNpn atom,
ecnn B npoLecce xaHaoBepa namensetca MME, To S-GW Takxke
n3meHsieTcs, Ho P-GW BO Bcex crydyasix OCTaeTCst HEM3MEHHbIM.

Kpome Toro, S-GW oTtBevaeT 3a nepegady, MapLIpyTu3aumio
n 6ydepusaumio HUCxoaauero Tpaduka gaHHoix gns UES, ko-
TOPbIA HaXOOUTCH B HEAKTUBHOM COCTOSIHMKM B LTE-cetun, Tep-
MUHUPYET nepepady HMexogsawero tpaduvka ons nonb3oBaTesb-
CKOro ycTpowncTtea B cocTtosiHun ECM-IDLE (Idle State Mobility
Handling), T.e. CTaHOBWUTCA nNpencTaBUTENIEM MNOSb30BaTENS,
HaxOOsWErocs B HEaKTMBHOM COCTOSIHUW, @ Takke MHULMUPYET
3anpoc Ha obCcnyXxnBaHne BXOASLLEr0 CeaHca CBS3W, korga Tpa-
duk TpebyeTcs AOCTaBUTb K HEAKTUBHOMY MONIb30BATEIbCKOMY
ycTtpowncTey. Ansa 3agay COPM (1 HE TONbKO) NOAYEPKHEM, YTO
MMeHHO S-GW aybnmpyeT Nonb30BaTeNbCKUN TPpaduK B Criyvae
€ro 3aKOHHOro nepexeaTta.

4.7. Wno3 nakeTtHou ceTn nepepaumn P-GW

P-GW (Packet Data Networks Gateway) aBnsetcsa norpaHuy-
HbIM MapLUPYyTM3aTOPOM MONb30BATENbCKOr0 Tpaduka mexay
EPS n BHEWWHNMIN NakKeTHbIMM CETAMW NMepeaaqn AaHHbIX.

B ¢pyHkumnm P-GW BxoaaT pacnpeneneHue n HasHadenmsa IP-aa-
PECOB MeXay NOosb30BaTEIbCKUMM YCTPONCTBaMM, obecnevnBa-
€T BbINOJIHEHNE npaBui NoNUTUKN n Tapudunkaumn PCEF (Policy
and Charging Enforcement Function), a UMeHHO — yrpaBJjieHue
ckopocTsio (throttling), ynpasnenne goctyriom (gating) n punet-
paunio NONbL30BATENbCKNX OAHHbIX, @ TaKXe NOACHYET NCNOAb30-
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BaHWS TPAHCMOPTHLIX PECYPCOB CeTU (Tpadwuka NonbL30BaTENS
WM OnnTenbHOCTU ceccun). MNpn 3TOM NONb30BaTENLCKOE YCT-
POWNCTBO MOXET UMETb HECKOJIbKO OAHOBPEMEHHbIX COEANHEHNI
yepes P-GW co MHOrMMW BHELLIHUMMW CETAMM.

4.8. Opyrue ceTeBblie 35ieMeHTbl LTE-A

B cocTtaB LTE/SAE Bkno4aloTCA CETEBbLIE 9N1EMEHTbI, UCMOJIb-
3yemsble npegbiaywmnmm 3GPP-TexHonoruamn. B nx yncno exoaoar
crnenyoLwme afieMeHTbl, ynoMsiHyTble B rnase 1.

SGSN (Serving GPRS Support Node) — obcnyxumsatomii y3en
noogepxkn GPRS, npegHasHaudyeHHbI oS nepenadn nakeTHbIX
OaHHbIX Mexay S-GW v ceTblo pagnogocTyna npeablaywmx noko-
neHni 2G n 3G. Ansa EPS y3en SGSN B nepcnekTrBe Heobxoamm
TOJIbKO A5 yNpaBneHUst MOOUTbHOCTLIO MeXay 3TUMU CUCTEMaMW.

HSS - cepBep aboHEHTOB AOMalLHeN ceTy, npeaHasHavYeH-
HbIA 0151 XPaHEHUs NoNb30BaTeNbCKUX Npodunein aTux aboHeH-
TOB. Takxe nHterpmpoBaHHada B HSS dyHkumsa AuC obecnedneaet
reHepauuio gaHHbIX aBTOPU3auum N ayTeHTudumnkaumm nonb3oea-
Tena, kotopble xpaHaTca B HSS. lNMonb3oBatenbckue npoduam
HSS cocToat U3 nognmuckun, nHdopmaumm 6e30nacHOCTU U UNH-
dopMauum 0 MECTOHAXOXAEHUM MOSIb30BATENS, MOCTOAHHbIX U
BPEMEHHbIX NAEHTUOUKATOPOB Nosb3oBaTens. HSS xpanut gaty
NOAK/IOYEHNS K yCIyramM, CaMun YyCIyru, KOTopble MOXET NonyyaTb
noJsib3oBaTteb, MHOOPMALMIO O TOM, K KaKOW BHELLUHEN ceTn na-
KETHOW nepenadn OaHHbIX MoakKI4YeH nonb3oBatens. Cepeep
XpaHUT Takke agpec obcnyxmpawowero MME nnan nocnegHero
MME, roe 6bin 3aperncTpmMpoBaH NoJib30BaTe b.

PCRF (Policy and Charging Rules Function) xpaHuT npasuna
NONNUTUKN NO OOCNYXMBAHUIO MOTOKA OAHHbIX U Tapudukaumn.
PCRF obecneuvBaeT CO CTOPOHbI CETU yrnpasfieHne NoToKaMu
JaHHbIX B 3aBUCMMOCTU OT OKa3biBaeMbIX yCnyr n ot QoS, a Takxe
yrnpasneHue Tapupukaumnen.

AAA (Authentication, Authorisation and Accounting) — UeHTpP
aBTOpU3aLMK, ayTeHTUdMKALMN N y4eTa — NpeaHa3HayeH aasa oo-
MeHa nHpopMaumnen asTopmsaunm n ayTeHTuduKaumm ¢ CeTssMum
nocTtyna texHonormn He-3GPP (Wi-Fi, WIMAX), noaknto4eHHbLIMUN
kK EPC.
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4.9. CamoopraHunsywwmecsa cetn SON

CTtaHpapTbl caMOOpraHmM3ylLUXCa ceTen koHcopunym 3GPP
Ha4yan pa3pabdaTtbiBaTh elle B penunsax 8 n 9, saatem nNpoaoIxXun B
pennse 10, KOTOpbIN Obl1 3akoHYeH B UtoHe 2011 roga. Penua 11,
MOCBSLLEHHbIN LTE-A, Takke oxBaTbiBAET AONOJHUTESNbHbIE PYHK-
umun n pacwmpenma SON (Self-Organizing Network) [54], 0 yem
y>XKe YNMOMUHANOoCh B APYroM KOHTEKCTE B rnaBse 2.

OcHOBHbIMM MOTMBaMM BBeAeHUS apxuTtekTypbl SON 6b11n ec-
TecTBeHHbIe xenaHna OnepaTopoB cokpallaTh (XOTs Obl He yBe-
nMYMBaTh) OMepaLMoHHbIe pacxodbl 3a CYET YMEHbLUEeHUS CTe-
NeHn 4esI0BEYECKOro BMeLLaTeNbCTBa Ha aTarne njaHnpoBaHus,
BHEAPEHNS U SKCMlyaTauum CBOUX CETEN, CHMXATb KanuTabHbIe
3aTpaThbl 32 CHET ONTUMMU3ALIUK NCMNONb30BAHNA CBOUX CETEBbIX
PEeCcypCOB, COXPaHATb U HapaLLMBaTb NPUOLINbL, COKpallas owmnb-
KN N3-3a YENOBEYECKOro pakTopa.

CyLLEeCTBEHHYIO POJib B AOCTUXEHUN 3TUX TPEX Lenen nrpaet
akcnnyaTtaumoHHoe ynpasneHme OAM&P, o6beauvHstoLee yrpas-
nieHne pecypcamu (Operations), aAMUHUCTPATUBHOE yripaB/iIEHNE
(Administration), TexHu4eckoe obcnyxuvsaHue (Maintenance) v
BBO/J HOBbIX pecypcoB (Provisioning). Ecnn aTn 3aga4mn Henoc-
pPenCTBEHHO KOHTPONIMPYKOTCA NEPCOHANOM, faXe CO CPeacTBaMU
aBTOMaTM3aLnmn, 3TOT PyYHON Tpya TpedyeT O0bLLIOIO KOMYECT-
Ba BPEMEHMU, 3HAYNTENBbHbLIX GMHAHCOBbLIX CPEACTB, BbICOKOKNAC-
CHbIX CMELVANMCTOB, U NPM 3TOM YesI0OBEeYECKNE OLLINOKN BCE paB-
HO BO3MOXHbI. PazpaboTtka ctaHgapToB SON HayaTta KOHCOpLMY-
mom 3GPP B pennse 8, 3atem npoaoskanach B penu3ax9m 10, a
penn3 11 oxsaTbiBaET A4OMNONIHUTESIbHbIE PYHKLUUN U pacLUMpPEHUSs
SON (puc. 4.4).

DYHKUMA MUHMMUI3ALUUA HACTOThbl MCMNOSb30BAHUA MOOUJ/Ib-
HbIX TecTupyroLumx épurag MDT (Minimization of Drive Tests) Ha
puc. 4.5 6bina onmcana B pennse 10 3GPP n otHocuTes K npobne-
Me MOOUSIbHBIX TECTOB. Takue TecTbl B ceTax 1990-x n 2000-x pea-
JIN30BasINCb C NPUBJIEYEHNEM PYHHOrO Tpyaa nepcoHasna n noTo-
My SIBRSINUCb BeCbMa goporoctoswmmMmn. Moes MDT 6asunpyeTcs
Ha pesynbTatax M3MEPEHUN, Nosy4aeMblX HENOCPEOCTBEHHO OT
MoONbL30BaTENIbCKUX YCTPOWCTB N cogepXawmx nHpopmaumio o
MECTHOCTM, YTO NO3BONAET UMETb HAMHOIo Bonee rnybokue 3Ha-
HUSI 0 XapakTEPUCTMKAX NPOMNYCKHOW CMOCOOHOCTW COThI, & TakXe
MCMONIb30BaTb 3TWM 3HaHMA Ons aBToMaTuanmpoBaHHbiXx SON-

DYHKUMNA.
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Puc. 4.4. Mpaduk padborbl 3GPP Hap ctaHpapTusauueiit SON

Passutne SON opmeHTUpyeTcs Ha ONTUMU3aLUUIO CETU Ppaauo-
poctyna LTE, Ha MUHUMKM3aUMIO OOLLMX U3OEPXKEK HA CETEBYIO
nHppacTpykTypy SAE/LTE 1 ee skcnayaTtauuto, Ha OpraHmM3auuio
X9HAOBEPA M HA CO3[aHME HOBbIX CLEHAPUEB WUCMOJIb30BAHUS
CYLLECTBYIOLLIMX U HOBbIX TexHONorun. Micnonb3osanme SON gns
COKpaLleHNs ONepauuoOHHbIX PacxodoB 3a CYET YMEHbLUEHUS
py4YHOM paboTbl U1 MUHUMU3ALMN OLUMOOK M3-3a 4YEeSI0BEYECKO-
ro dakrtopa B akcnnyataumoHHom ynpaeneHun OAM&P cetu
SAE/LTE nnnioctpupyet puc. 4.5.

BHeapeHne SON-dyHKUUN NO3BOAFIET MUHUMN3NPOBATL ydac-
TUe YyenoBeka B 3KCMnayaTauMOHHbIX Npouenypax nyremM ysenmye-
HUsg aBToMaTmsaumm ceteBbix anemeHToB NE (Network Element),
31eMeHTOoB ynpasneHua gomeHom DM (Domain Management) n/
nnu anemeHToB ynpasneHus ceTbto NM (Network Management).

Ha puc. 4.5 nokasaHO CMELLEHNE OT PYYHOro NAAHUPOBAHUS U
KOHMUIrypaumm K MOHUTOPUHIY U YNPaBIEHMIO CETbIO CPeACTBaMU
BcTpoeHHo SON. 3aech YenoBeyecknii hakTop NepeBoanTCS Ha
©oniee BbICOKUIN YPOBEHb YNPaB/IEHNS], MEPCOHAsN CETU 0CBOOOX-
0AEeTCs OT PYTUHHLIX Onepaumini 1 BMECTO HUX 3aHUMaETCs pas-
paboTKOM MOANTUK YyNPaBEHUS HA YPOBHSAX CETEBLIX 3/1IEMEHTOB
NE, ynpasneHus anemeHtamu DM n ynpasneHuns cetbio NM.
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[ YnpasneHue ceTbio

[omeH ofHOro nocTasLLuKa DYHKLMOHANLHOCTb

NOACOeANHSAETCS Yepes OTKPbITbIe [feueHTpanu3osaHHon SON

NHTep@enCbI K cuctemMam gpyrmx DYHKUMOHANEHOCTS
MEEEIHLEIS LeHTpanuaosaHHoin SON
Kpyr 0603Hav4aeT apyroro nocrasLivka

MpsiMble NMHUM 0603HAYAIOT OTKPbITLIE MHTEPChEChI

Puc. 4.5. ®dyHkuun SON B apxutektype OAM&P
KOHcopuuyma 3GPP

Ha puc. 4.5 BugHo, 410 SON-byHKUMKM pacnonaralTca Ha
ypoBHe ynpaneHus cetu NM (ueHTpanuidoBaHHas SON ¢ uc-
Mofb30BaHMEM CTaHOAPTHbIX MHTEPdENCOB MU UHTEPPENCOB
OT KOHKPETHOr0 NMpoOu3BOAUTENS), HA YPOBHE yrnpaBieHUs O0-
meHamn DM (ueHTpannsoBaHHasds SON ¢ MCNONb30BAaHUEM WH-
TepdpencoB OT KOHKPETHOIo NPOM3BOANTENS) N HA YPOBHE CeTe-
BbIx anemeHTOB NE (pacnpegeneHHas SON ¢ ncnosb3oBaHUEM
CTaHOapTHbIX UHTEPDENCOB UM NHTEPPENCOB OT KOHKPETHOIrO
npownssoanTens, unm mectHass SON, He3aBucumMas OT oPYrux u,
cnepoBaTesibHO, He Tpebylowasa HUKakmx HTepdercos). Ha Bcex
3TNX YPOBHSAX B ceTu LTE BbINONHAIOTCS OCHOBHbIE FPyMmbl (PyHK-
uni SON:

e CaMOKOHpMUrypauus — aBTOMaTUYECKOe MepekoHPUrypmpo-
BaHWE Npu peanmaaumm nnaHa paseBepTbiBaHMNSA CETM U NpU
BHEAPEHMN HOBOIro 000pyO0BaHuUS;

e CaMOBOCCTaHOBJIEHME — aBTOMATM4Yeckoe OOHapyXeHue He-
NCNPaBHOCTU U ee yCTpaHeHue;

e CcamMoonTUMM3auma — aBTOMaTUYECKOe nepepacnpeneneHne
3a0a4 Mexay 3N1eMeHTaMu CeTU C uenblo adOEKTUBHOIO UC-
NOJIb30BAHUSA CETEBLIX PECYPCOB, OTKA30yCTOMYMBOCTU, Ba-
JNIaHCNPOBKM Harpy3km, aHepProapPeKTUBHOCTU, ONTUMU3ALUS
€MKOCTM N NOKPLITUS CETU, ONTUMMNIALNS KOHTPONS nHTEpde-
peHuMn Mexay CMeXHbIMU coTaMun 1 Ap.
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Hanpumep, nyn y3noB ynpaBneHnsa MobunbHocTbio MME mo-
XeT ObITb 06LKMM ans Bcex eNodeB, HaxoasaLwmxca nog, ynpasne-
HMeM B aTon obnactu nyna (MME pool area), cornacHo B 3GPP
TS23.401.

Onsa cocepHux 6a3oBbix cTaHuuin eNodeB cpeactesa SON mo-
ryT nepepacnpenensatb Nosb30BaTeNbCknii Tpaduk N3 bonee Har-
PY>XEHHOW COTbl K MEHEE 3arpy>XeHHOW COCeOHEN COTe 3a CYeT
Tex NOJIb30BATENbCKNX YCTPOMCTB, KOTOPbIE HAXOAATCA B obnac-
™™ pagmonokpbitus 06omx eNodeB. T.e. SON MOXeT ynyyunTb
MPON3BOANTENLHOCTb CETU, MOXET pa3rpy3ante MME ot yactu
CUIHANbHOM HAarpy3km, MOXET yNpaBnaTb nepepacnpeneneHmem
NONb30BATENbCKOro Tpadumka Mexay cotTamu.

3710 0c0b6eHHO 3P PEKTUBHO B TEX MECTAX, rAe pacnpeneneHme
nonb3oBaTtesiel N0 CoTaM N3MEHSIETCS BO BDEMEHU: CNOPTUBHbIE
COPEBHOBAHMSA, MacCOBblE MEPOMNPUATUS, aBBTOMOBUSIbHbIE NPO6-
kn. Ho peweHne o 6anaHCUPOBKE CUIHANIbHOM HArpy3ku Mexany
MME, Bxogswmmm B 0avH nyn, UAM 0 XaHOAOBEPE MOJsib30BaTENb-
CKOro ycTpoicTea Ha cMmexHyo eNodeB nns pasrpysku obcny-
xnpatoren eNodeB nonmkHO paccmMatpmBaTbCs U OTHOCUTENBHO
Nonb30BaTeNs CornacHo NpuHuuny «He HaBpeau». T.e. SON He
OCYLLECTBNSAET BbIHYXAEHHbIN X3HOOBEP MNONL30BATENBCKOro
TepMMHana K CMeXHOW coTe, eC/im 3TO YXYALLUNT Ka4yecTBO obcny-
XmnBaHma QOS wnn cokpaTuUT NPOMYCKHYI0 CNOCOBHOCTb HOBOWM
COTbl 4719 NOJIb30BATENS MO CPABHEHUIO C COTON, 06CNYXMBLUEN
€ro 0o xaHJoBepa.

Ona nnanvposaHua cetn LTE Ha camon HavanbHOM cTaaum
TpebyioTcss BecbMa NPOMECCMOHANbHbIE MPOEKTUPOBLLVIKN,
3Ha4YUTENbHaA TPYOOEMKOCTb M COOTBETCTBYIOLLME PUHAHCOBLIE
3aTtpatbl. [lpy 3TOM NOTPEOHOCTM MONb30OBaTENIelt B CKOPOCTU
nepenayn gaHHbIX U YCNOBUS OKPYXatoLen cpenbl 0ObI4HO ObICT-
PO U3MEHSRIOTCSH, U, cliefoBaTeflbHO, BO3HMKAET HEOOX0AMMOCTb
aHanmsa HOBOW cuTyauMm B CETM U B NEPEKOHOUrypMpoBaHMN
0a30BbIX CTaHUMIA Kak LTE, Tak 1 akCnyaTnpyemMbiXx COBMECTHO C
LTE ceten 2.5G n 3G. bonee Toro, ctparernsi N03TanHOro BHea-
peHua LTE npeaycmaTtpumBaeT LenecoobpasHOCTb UCMNOMb30Ba-
HUS He ToNbkO Makpo-eNodeB, Ho 1 y3knx peleHnin Mnkpo-eNB,
nnko-eNB n dpemT0-eNB, a Takke Wi-Fi Touek goctyna. To ecTb
cuUTyaumsa ¢ nepekoHPUrypmpoBaHMeM coT elle 6onee ycrnox-
HUTCS 3a CYeT Takoro pasHoobpas3us KU KonudecTBa 6a30BbIX
CTaHUWN.

CnoxHee cTaHyT 1 MOOUIbHbIE TECTbI, KOTOPbIE AaXe celyac
ABNAOTCA [A0CTAaTOYHO Aoporumu. LlenecoobpasHo npu 3TOM
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pacLmpsaTb CIMCKN CMEXHbIX COT 3a cHeT 6a30BbIX CTaHLUNMI, KO-
TOPbIE HE ABNAOTCSA CMEXHbIMU B AAHHbIN MOMEHT, HO HAaX04ATCA
no6smM30CTU M MOryT ObITb MOTEHUMANbHBIMU KaHOMAaTamMm Ha
cocencTtso. Ho, BO-nepBbIX, 3TO yOapuT Mo aHepronotpebneHunto
n 6e3 Toro cnabbix akKyMyssiTOPOB COBPEMEHHbLIX MOJSIb30Ba-
TeNIbCKNX TEPMUHANOB, T.K. aDOHEHTCKOMY TEpPMUHaNy NpuUaeTcs
N3MepSATb YPOBEHb cuUrHana ot kaHana BCCH 6onblero yncna
6a30BbIX CTAHLNIA.

Bo-BTOpbIX, 3TO NOBLICUT KOJNYECTBO HEYCMELLUHbIX X3HOO0BE-
pPOB, YBENNYUT BEPOSATHOCTb NPEPbIBAHNS PEYEBLIX CEAHCOB CBSI-
3u, cHM3nT QOS. MNMoaToMy ANna pelleHus NpobnemMsl Heobxoanma
onTUMU3aLMSA CIIMCKOB CMEXHbIX COT. ONMTUMN3NPOBAHHBIN, akTy-
aNlbHbI CNUCOK COCEACTB HE TOJIbKO YBENUNYUT NPON3BOOUTENb-
HOCTb Kaxaon eNodeB n Bcero nyna, HO TakxXe yayylwnT NOJb-
30BaTENIbCKOE BOCMPUATME KayecTBa ycnyr m koadpduumeHta
FOTOBHOCTU CETU. DTOr0 NOMOXET AOCTUrHYTb aBTOMAaTU4YECKOe
YCTaHOBNEHNE COCeAckmx oTHowleHun cpencteamm SON, nos-
BOJISIIOLLEE aBTOMATU3MNPOBATb KOHMUrypaumio cnmcka cocenem
Kaxxaon 6a30BOM CTaHLMMN.

Mpon3BOANTENBHOCTL CETU TOXE BbIMIPbLIBAET OT TakoM On-
TUMM3AUMN N aKTyanbHOrO CNMckKa CoceacTB: HanpuMep, cooT-
BETCTBYIOLLLASA YCTAHOBKA COCEACKUX OTHOLLIEHUIA YBENANYUT YNCIO
YCMELLUHbIX XOHOOBEPOB N YMEHbBLLNT YNC0 0OPLIBOB CBA3M U3-3a
HEeOO0CTaTOYHO akTyaNlbHOro cnucka coceacTB. IMeHHO ans cetu
LTE/SAE c ee NnocKon apxXuUTekTypon, 6e3 LueHTpasbHbIX Y3/10B
paguoceTn (Hanpumep, 6e3 KOHTPONNepoB 6a30BbIX CTAHLMIA),
HEeo0XoOuMO KOHpUrypupoBaTb OOMbLIOE YUCNO MNapamMeTpoB
cocencTs B kaxaon eNodeB Bcewn ceTu. [Nputom genatb 9T0 Npu-
[eTCcs BPY4YHYIO, ecnn He OyaeT ncnonb3oBaTtbcsa GpyHkums SON.
MmeHHo noaTomy cpeactBa SON aHepruyHo paspabaTbiBalOTCS U
aKTMBHO BHEOPSAIOTCH BO BCEX Pa3BOpPaAYMBAEMbIX CErOOQHS CETAX
4G.

B 3aknoueHne aToro pasgena 3aMmeTum, 4TOo CTPOro roBops,
TexHonorus LTE/SAE B TOM Buae, B KakOM OHa MosiBUiach B penn-
3ax 8 n 9, He aBnaeTca TexHonormen nokonenms 4G.

B nutepatype ee NpuHATO OTHOCUTL K nokoneHuto 3.9G, a K
MOJIHOLEHHOMY 4EeTBEPTOMY MOKOSEHUI0 OTHOCUTbL TOJSIbKO LTE-
Advance HauunHasa ¢ Bepcum pennsa 10. Bnpoyem, 310 He 6onee
4yeM BOMNPOC MapkMpoBkK. BaxHo To, uTo LTE-Advance asnsetcs
BCE TOW Xe TexHonoruemn LTE, paBHO KakK 1 TO, 4YTO UCTOPUSA 3BO-
nounn Ha LTE-Advance OTHI0O4b He 3aKaHUYMBAETCH, NPO 4YTO aBTO-
pbl MpeanonaratoT elle HanmcaTb B OyayLLEM.
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BcenpoHukarowme
CEHCOpPHbIE CeTH

HaLue teno Bce Bpemsi roBOPUT C HAMU.
Ecsm1 661 Mbl TOJIBKO HALLI/IV BPEMSI [TOCJ1yLLATb.
JNlynza Xen. «dywa v teno»

5.1. OCHOBbI NOSIBJIEHNS CEHCOPHbIX CeTen KakK
cocTtasnsowein CCOMN

BcenpoHukatowme ceHcopHble cetn USN (Ubiquitous Sensor
Networks) aBnatoTcs 0QHOM N3 caMbiX MEPCNEKTMBHbLIX TEXHO-
normn XXI Beka. [leweBble N «yMHbl€» CEHCOPbLI, B AOBOJIbHO
OonbLIMX KonmM4ecTBax oObeduHeHHble B 6€CNpPOBOAHYIO CETb,
NOAOKJTIOYEHHYIO K CETU CBSI3U OOLLLErO NOSIb30BAHUS, YXKE CErOAHS
npenocTaBnaT 6ecnpeugieHTHO LUPOKUIA HAbop YCIyr KOHT-
ponsa n ynpaeneHus Tenamm, gomamu, NpegnpustusmMu, aBTo-
mobunamu u T.4. [17,24,39]. Cetn USN, B 3aBMCMMOCTM OT TMNa
CEHCOpPOB, MOryT ObITb PAa3BEPHYTHLI HA 3EMJIE, B BO3AyXe, NMoa, 1
Hag, Bogow [23,117], B 30aHMAX U, HAKOHEL,, Ha KOXe U BHYTPWU
XUBbIX OPraHN3MOB, B YaCTHOCTU YenoBeka. OHM Takke HaxoasT
LUMPOKOE NPUMEHEHME B TaKMUX BaXKHbIX 001ACTSX, Kak BOEHHOE
0eno, ynpasfeHne KPU3UCHbIMU U YPE3BbIYANHBIMU CUTYaLMSMU,
6opbba c Teppopmn3MoM 1 T.N. Ang nogaepXKn 3agaHHbIX Xapak-
TEPUCTUK KaXKAbIA CEHCOP A0MKEH ObITb MOCTPOEH B COOTBETCT-
BUWN C OMPEOENEHHOW apXUTEKTYPON, B KOTOPYIO KAk OCHOBHbIE
SNEMEHTbI BXOAAT: HEMOCPEACTBEHHO CAMO CEHCOPHOE YCTPOWMCT-
BO, NaMATb, aHTEHHA, UICTOYHUK NTaHMA. OCHOBHbIE TPEOOBAHMNS
kK USN MoryT 6bITb CHOPMYNMPOBaHbI Cenyowmm ob6pasom.
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O6beauHeHne 60bLLIOr0 YMcna CEeHCOpoB B ceTb. B 60/b-

LUMHCTBE CLEHapMEB pa3BepTbiBaHUS CEHCOPHbIX CETEN, Ha
MOMEHT HanMMcaHus KHUIM, NoApasyMeBaeTCs CTaUMOHApPHOEe
MECTOMOJIOXXEHNE CEHCOPOB, MPUYEM UX KOJIMYECTBO B CETU
MOXET OOCTUraTb HECKONIbKMX OECATKOB ThicA4. B cBaA3m C
3TUM BaXHbIM acnekToM 3PPEKTUBHOIO PYHKLMOHNPOBAHNS
CeTun ABNgeTCa ee macwTabmnpyemMmocTb. OgHaKko yxe cerogHs
Henb3s 000NTN BHUMAHUEM N MOBOWJIbHbIE BCENPOHMKAKOLWME
CEHCOpPHbIE CETU, NCNOJIb30BAHNE KOTOPbIX TAKKE OXBaTbIBAET
BCE CTOPOHbI AEATENBHOCTM YenoBeka 1 obLecTea.

Huskoe noTpebnenuve aHeprun. B cBA3M ¢ TEM, 4TO BECbMa CY-
LLecTBeHHasa 4YacTb cueHapueB pa3eepTbiBaHua USN noagpas-
YMEBAET HaxoXAEeHe CEHCOPOB B TPYAHOOOCTYMHbLIX MECTax,
nx 06CNyXnBaHUE, B YaCTHOCTU CMEHA MCTOYHUKOB MUTAHUS,
MOXET OblTb HEBBINOMHMMOW 3agayen. VIMEeHHO NOSTOMY Bpe-
MS1 XXKM3HM CEHCOpa 3a4acCTylo OrpaHNYeHO BPEMEHEM XU3HU
WMCTOYHMKA NUTAHMA — 3afa4a CHMXEHUSI NOTPebneHns sHep-
MM Kak HMUKOraa BaxkHa, n 3pOEKTUBHOCTb €€ peLleHns npsi-
MO BAMSET Ha 3PEDEKTUBHOCTL U CTOMMOCTb 000pPYAOBaHUS.
OTMETMM, YTO CyLLEeCTBYET psan NOAXOA0B, 0OecneymBaoLmXx
0OCTaTO4HO NPOAOIKUTENBHOE aBTOHOMHOE (OYHKLUMOHMPO-
BaHMe CEHCOpPOB, HaNnpuUMep, Korga B Ka4eCTBE NCTOYHMKA M-
TaHWs NCNONb3YETCS COJIHEYHasa BGaTapest, HO Takoe peLleHmne,
K coXaneHuto, HakaablBaeT CyWEeCTBEHHbIE OrpaHNYeHUs Ha
obnacTb NpUMeHeHNs N0A06HbLIX CEHCOPOB.

CamoopraHusauma cetu. Pa3BepThiBaHME CEHCOPHOW CeTun
CYLWLECTBEHHO OTNMYAETCa OT pasBepTbiBaHUS TPaaULUOH-
HbIX CceTel. 3a4acTyldo CEeHCOpbl pacnpenenawTcs Crydan-
HbIM 0OpPa30M MO HEKOTOPOW 3a4aHHOW TEPPUTOPUN (Hampu-
Mep, pasbpachiBaloTCa C camMoJieTa B Tbily Bpara) n panee
Takor «Habop» CEHCOPOB AO/KEH CaMOOPraHM30BaTbCA B
CeTb — y4yacTue U3BHe, HanpmmMmep, agMuUHMcTpaTopa, HeEBO3-
MOXHO. CamoopraHusaums AomkHa ObITb AUHAMUYECKON — Bbl-
X0, 13 CTPOS yHaCTHUKOB CETU N0 NPUYMHE, Hanpmmep, ux eu-
3M4ECKOr0 YHUHYTOXEHUS UK pa3psga NCTOYHMKOB NUTAHUS,
OOJKEeH ObITb onpenenieH ornepaTtnBHO, nHavye apPekTUBHOE
DYHKLMOHUPOBAHNE CEHCOPHOM ceTu OyaeT nog yrpo30ii.

PeannsyeTcs n HenocpeaCTBEHHOE UCMONb30BaHNE CEHCOPOB

B XMNU3HEOEATEJSIbHOCTN CaMOro 4enoBeka, a MMEHHO:. KOHTPOJIb
MEOVLIMHCKNX MokasaTefnien, B HYaCTHOCTH, npun ero CBO6OD,HOM
nepemMeweHnn, KOHTpPOJZiIb MECTOHaAXOXOEHNA U ¢VI3VIOJ'IOFVI'~I€C-
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KX XapaKTePUCTUK C MOMOLLIbIO MHTErPUPOBAHHbLIX C YEIOBEKOM
CEHCOPOB, KOHTPOJIb MECTOHAXOXAEHWUS XKMBOTHbIX U T.4,. [ANns 3Tux
LLenen CcyLecTBYIOT NPOEKThI, KOrda CEHCOPbl BCTPANBaOTCS B NO-
BOAOK U/UNK OLLENHMK coDaKku, B 00yBb N0AEN, UMMNIAHTUPYIOTCA
u T.n. CTaHgapTmnsaumen nogobHbIX ceTel 3aHumaeTcs paboyas
rpynna IEEE 802.15.6. OcTtaBngas BHe OUCKYCCUW HEMPUSTHbIE
MoOpaJibHble acneKTbl TAKOro pasBUTUS CETU, HaM, TEM HE MeHee,
npuaeTcs Npu3HaTb, YTO NOAOOHOE TEXHONOrM4eckoe pasBuTme
0e3ycnoBHO NpMBeaET K HECKOJIbKO MHBIM XapakTepucTukam ob-
LLecTBa, KOTOPOE YXe BbINAET U3 CTaANM 3NIEKTPOHHOIO.

YunTbiBas BCEMPOHUKAIOLLMIA XapakTep CEHCOPHbLIX CeTen,
BMOJIHE YMECTHbIM KaXeTCsl Ha3BaTb Takoe 00LecTBO ubiquitous
[122,10,82]. 3TO Ha3BaHMe 3BY4YUT NO aHaANOrMM C SNEKTPOHHOM
Poccuen kak BcenpoHukatowas Poccus, nnm kpaTtko u-Poccus.
Mepexog ot e-Poccum Kk u-Poccum aBnseTcs He CTOMb OTOANEH-
HOW NepCrneKTUBON Kak B CBA3U C ObICTPbIM PA3BUTUEM TEXHONO-
A CEHCOPHBLIX CETEN, TaK U B CBA3K C HAMEYaoLWMMUNCS NMPOEK-
TaMn co3aaHns u-o0LecTB 3a pydbexom. 3amMeTum, 4TO A0 NOo-
SIBNIEHUS KOHLENLMKU U-00LWEeCTBa CEHCOPHLIE CETU UMEHOBANNCH
WSN (Wireless Sensor Networks), ogHako cerogHsi ooLenpuHa-
Ton ctana abopesmatypa USN [100,105,106], BO MHOrom 6naro-
Japs cTaHgapTam 1 NpoekTam CTaHAapToB MexayHapogHOoro co-
l03a 3/IEKTPOCBA3N.

5.2. UcTopua co3paHns CEHCOpPHbIX ceTen

McTopmsa co3gaHns CEHCOPHbLIX CeTelr HacuyuTbiBaeT Oonee
yeTblpex aecatkos feT [12]. MNepBblie paboTbl HAA, CEHCOpPaMmM n
CEHCOPHbLIMWN CETAMMU ObININ MHULMMPOBAHbLI B 0OOPOHHOM CEKTO-
pe CLLA. Kak n B cny4yae ¢ Apyrmmm TEXHONOMMAMI, B TOM YMChe
N TEeNEeKOMMYHMKAUNOHHbIMK (ceTb WHTepHeT). EcTeCcTBEHHO,
noao6Hble paboTsbl npoBoamnucb n B8 CCCP, ogHako oo cux nop
OTKpbITas MHpopMaums 06 3TOM OTCYTCTBYET.

B Hauyane 50-x rogoB BO BPEMS XONOAHOM BOWHbI C LEsNblo 00-
HapyXXeHns 1 HabnaeHNs 3a COBETCKMMM MasnoLyMHbIMWU Noa-
BOOHbIMW noakamMu Oblna pas3paboTaHa u pa3BepHyTa cuctema
HabnogeHna SOSUS (Sound Surveillance System), cocToswias
13 Habopa aKyCTUYECKUX CEHCOPOB (rMapPOdOHOB), Pa3MELLEH-
HbiIX Ha gHe okeaHa [117]. MNMo3xe cucrtema SOSUS Obina nepe-
OpPUEHTUPOBaHA Ha rpPaxXaaHCKUn CEKTOP M A0 CUX MOP UCMOSb-
3yeTCca HauMoHanbHOW okeaHorpadunyeckom n atmochepHomn aa-
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MmuHuctpaumeinn NOAA (National Oceanographic and Atmospheric
Administration) ons MOHUTOPMUHIa, HaNpuUMep, CEeNcMMYecKomn
aKTUBHOCTU. Bo Bpems XxonoaHowm BOWMHbI B 000POHHOM KOMMEK-
ce 6bin Takke paspaboTaH NPOTUBOBO3AYLLHbIA KOMIMIEKC 3aLLUy-
Tbl KOHTUHEHTANIbHOW YacTu TeppuTopuit CLLUA n KaHagbl.

OCOOEHHOCTBIO 3TOr0 KOMIJIEKCA, NO3BOMSAIOLLEN FOBOPUTL O
HEM KaK O MPOTOTMMNE CEHCOPHON CETU, SBASINOCH UCMOJIb30Ba-
HME a3pOCTATOB B KAYECTBE TOYEK OCYLLECTBAEHUSA KOHTPOMS U
cbopa nHpopmauun. MNolxe ata cmctema Obina OONOSIHEHA ca-
MOJIETaMm BO3AYLWHOro npenynpexaeHus n ynpasnenus AWACS
(Airborne Warning and Control System). 9Tu oge BOEHHbIE CUCTE-
Mbl CNy>XXaT XOPOLLIMM MPUMEPOM NOCTPOEHUS CEHCOPHBIX CeTeln
Ha OYEHb PaHHEeNr cTagmMn UxX PasBUTUS, KOrAa peyb O NOBbLILLEHUN
9dDEKTUBHOCTN, ONTUMU3ALNN, ABTOHOMUN U CHUXKEHUN CTOU-
MOCTU eLle HEe Wwia, a YeNoBEK Urpan OgHy M3 OCHOBHBIX POJIE
B Npouecce paboThbl 3TUX CUCTEM — MMEHHO Ha YeNI0BEKA BO3Na-
ranacb OTBETCTBEHHOCTb 32 OYHKUMOHUPOBAHWE, HALEXHOCTb,
aHanmM3 OaHHbIX U T.1.

PaboTbl Hag, CEHCOPHLIMU CETAMU B COBPEMEHHOM MOHATUM
Hayannck B 1980 . [40] uccnepoBaHusmm B nporpamme «Pacnpe-
neneHHble ceHcopHble ceTn» DSN (Distributed Sensor Networks),
WHULMNPOBAHHON OBOOPOHHBLIM AreHTCTBOM MO COBPEMEHHbIM
nccnepnosatensckum npoektam DARPA (Defense Advanced
Research Projects Agency). CeTb WHTepHeT, pa3paboTaHHas
Takxe B pamMkax areHTcTea DARPA, K 3TOMYy MOMEHTY yXe ycreLu-
HO PYHKLMOHMPOBaNa B TE4EHME HECKOJIbKMX NeT N 00beamHana
6onee 200 KOMMNbLIOTEPOB B YHMBEPCUTETAX M HAy4YHO-UCCNEOO-
BaTENbCKNX LleHTpax u nHctutytax CLLUA. PaspaboTtynkammn ceTtu
MHTepHeT B pamkax npoekta DSN Oblnn npyUMeHeHbI yeunus rno
peanu3aunm nNpUHLMNOB NMakeTHOM KOMMyTaumMn n cteka NpoTo-
konoB TCP/IP B pacnpeneneHHbIX CETSX, COCTOSALLMX N3 NPOCTbIX
YCTPOMNCTB, NO3Xe Ha3BaHHbIX CEHCOPaMWU.

AnnapaTtHas 6as3a ansa peann3auym CEHCOPHLIX CETEN B TO
BpemMsa Obla A0oCTaTo4YHO cnaboi, 1 4Ynucno yxe paspaboTaH-
HbIX TEXHONOrMN, KOTOPbIE MO Obl ObiTb MPUMEHEHBI, ObIIO
CUNbHO OrpaHnNyYeHo — MoAeMbl GYHKLMOHMPOBANN HA CKOPOCTH
9600 604, a TexHonornsa Ethernet ToNbKO YTO BbILLMA HA PbIHOK.
B cBs3K ¢ 9TUM yyacTHUKkM npoekta DSN 6binn BbIHYXXAEHbI Kak
onpeaensiTb KOHLEMUUIO CEHCOPOB 1 CEHCOPHbLIX CETEN, TaK U HE-
NOCPeaCTBEHHO OCYLLECTBNATbL TEXHNYECKYIO pa3paboTky.

6. B6.C. lonbawteinH
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Onsa nopnepxkn npoekta DSN areHtcTBo DARPA co cBoein
CTOPOHbI OCYLLLECTBNANO PYKOBOACTBO NMPOEKTOM, B CBSI3U C YEM
K 3TOMY MPOEKTY ObINN TakXe NpuBNeYeHbl 3KCNepTbl N0 UCKYC-
CTBEHHOMY MHTennekTy. Cpean NnpMopuTeTHbIX obnacTten nccne-
[OBaHU, C TO4KM 3peHnsa npoekta DSN, 6biin onpeaneneHsl pac-
npeneneHHble Bbl4McNeHns, obpaboTka curHanoB U nepenaya
DaHHbIX Yepe3 6ecnpoBOaHbIN MHTepderc. B nepBoii nonoBuHe
80-x ObIN cOo30aH psg, TECTOBbLIX CEHCOPHbIX CeTel, cpean KoTo-
PbIX MOXHO OTMETUTb ClieayloLime:

- TecToBasi CEHCOpHAaa CeTb NOA, yrpaB/iiEHNEM OMNepPaLNOHHOMN
cuctembl Accent, Carnegie Mellon University (CLUA), 1981 r.,

- TecToBas aKyCTUYeckasl CEeHCOpHasi ceTb Ans HabniogeHus
3a MapuwpyTtamm BepTonetoB, Massachusetts Institute of
Technology (MIT) (CLUA), 1984 r. [92],

- TecToBas CEHCOPHas CETb, YCNOXHEHHAsA anropuTtMamm pac-
npeneneHHblx BblducneHuni, Advanced Decision Systems
(CLLA), 1986 . [40].

Jliobas TexHoNormsa NPUHOCUT YyCrex U, COOTBETCTBEHHO, On-
paBOblBaeT KanuTasoBNOXEHUS U MPUHOCUT NPUBLIb TNLLL NPKU
BbIXO€e Ha 00LeoCTYMHbIA PbIHOK. Kak nokasbiBaeT OnbIT CEeTH
MHTEepHET, TEXHONOIMs, n3HavanbHO pa3paboTaHHas a9 BOEH-
HbIX LLenen, MoXeT OblTb YCMELIHO NMPUMEHEHa B rpaXkaaHCKOM
cekTope. BbIxoa, CEHCOPHbIX CETEN HA PLIHOK B TOMN KOHLUEMUNN,
B KOTOPOW OHU Obinn onpeaeneHbl B 80-x ropax, euwe 7 — 8 net
Has3an 6bl1 HEBO3MOXeH. [locneaHne HeCKONbKO NeT cTann pe-
WAKLWUMN 0N CEHCOPHbIX CEeTEN — MNOSABUINCbL TEXHOOMMN,
Mno3BosgoLmMe NPON3BOANTL CEHCOPLI AOCTATOYHO Masnoro pas-
Mepa, OCHaLlLEHHbIE AOCTATOYHbLIM KOJIMYECTBOM MPOLLECCOPHON
MOLLHOCTW 1 NaMATWN.

OnTnMmnsaumsa Kak pasainyHbiX airOPUTMOB U MPOTOKOOB, Tak
N apXUTEKTYPHbIX PELIEHMI annapaTHOM 4YacTu ceHcopa No3Bo-
JINNN CYLLLECTBEHHO CHM3UTb 00BbEM MOTPEBNSEMON SHEPrUN K
nobutbcsa OecrnpepbiBHOIO (GYHKLMOHUPOBAHUSA ceHcopa 0e3
CMEHbI UCTOYHMKA NUTAHUA Ha cpok bonee yem 1 — 2 roga [16,
17]. HemanoBaxHbIM pakTOpOM ycrnexa CEHCOPHbIX CETEN HA LWIN-
POKOM PbIHKE SIBASIETCS UX CTOMMOCTb. YXXe CEeroaHs, npu O4eHb
HM3KOM 0ObeMe NPOU3BOACTBA MO CPABHEHUIO C LieNeBbiMU 00b-
emMaMu, MOXHO HabnaaTb NPUEMAEMbIE LEHbI, KOTAa OANH CEH-
COpHbIN y3en ctout okono 50 ponnapoB CLUA. Kak yxe oTmeva-
JI0Cb BblLLE, MPOrHO3bl Pa3BUTUA 6€CNPOBOAHbLIX YCTPOMCTB pac-
CMaTpMBAalOT YNCNO B 7 TPUIJIMOHOB HA FOPU3OHTE MIaHMPOBaHUS

7.B.C. lonbawitenH
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no 2017 — 2020 rogos.. NMpu 3TOM CTOMMOCTHbIE TPebOBaHUS K
CEHCOPHbIM y3/1aM A0JKHbI OblTb B Npeaenax AecATKOB LIEHTOB U
€4VHUL, JONNapPOoB B 3aBUCUMOCTM OT MPUIOXEHNNA.

5.3. ApxuTeKkTypa CEeHCOpPHbIX ceTen

B rnaBe 2 6b1n10 BBeaeHo noHatue Ad Hoc ceten. OTmMe4yanocs,
yto Ad Hoc cetn — camoopraHmM3yloLlMecs, B KOTOPbIX YMUCIO
SNIEMEHTOB CETU HE SBNAETCSH MOCTOSHHbLIM U, B OOLLLEM Cryyae,
MOXEeT N3MeHATbCA B npeaenax ot 0 4o HekoToporo N .

BecnpoBoaHbIE CEHCOPHbIE CEeTU ABNSAIOTCA KaK pa3 Takum
npumMepom camoopraHmaytowmxcsa Ad Hoc ceTei, B KOTOPbIX HET
obLen MHOPACTPYKTYPbI 32 UCKITIOHEHWEM LUIO30B CBA3U C APY-
rMMm cetTamm. Kaxabln 3 y3n0B CEHCOPHOW CEeTU A0MKEH UMETb
BO3MOXHOCTb OYHKLMOHMPOBATb Kak OKOHEYHbIN 1 KaK TPaH3UT-
HbI y3en. [encTBuTeNnbHO, nepeaada aHHbIX B CEHCOPHbIX CETSX
OCYLLECTBNSAETCA MNyTEM UX NepeHanpaBfeHus K Onmxanemy
Y31y war 3a Larom.

Takme ceTn HasbiBalOTCSA MHorowaroebiMu (multihop). Cne-
OyeT OTMETUTb, YTO MOIYT CYLIECTBOBaTb M 0OONiee CrOoXHbIE
anropuTMbl MapLUpyTU3aumMn, korga crnenylowunin yaen Bolomnpa-
€TCS Ha OCHOBE aHann3a ero xapakTepucTuk, Hanpumep, 3aTpar
3Heprumn, HaoeXxHoCcT n T.4. MNpn HanNM4YMM MOBUIIBHBIX CEHCOP-
HbIX Y3/I0B apXMTEKTypa caMOOpPraHn3yoLencs CEHCOPHON CETU
CT@HOBUTCSH K TOMY Xe N AMHAMMNYECKON.

B [22, 25] ceHcopHble CceTu onpenenalTcs Kak «pacnpene-
JIEHHbIE CETU, COCTOSILLME U3 MaNEHbKNX BECMPOBOAHbLIX Y3/10B
y3KOW cneumnanusaumm B OONbLIOM KONMYECTBE paccpenoTo-
YEeHHbIX (CNly4alHO) Ha HEKOTOPOI MOBEPXHOCTU MM obnactu»
(pnc.5.1). Takum 0Opa3om, CeHCOopHas ceTb NpeacTaBnaeT codon
CpPaBHUTENLHO OONbLLUOE MHOXECTBO 6€CNPOBOAHLIX CEHCOPOB,
pacnpeneneHHblXx B HEKOTOPOWM 06/1aCTh C AOCTAaTOYHO BbICOKOM
NAOTHOCTbI. B 06n1acTy NokpbiTUSA pagmocurHana Kaxaoro ns
CEHCOPOB AO0/MKEH HAXOANTLCSA KaK MUHVMYM €LLe OOUH CEHCOP,
B 3TOM CJly4yae ceHcop OyaeT HasbiBaTbCs coceaHUM. HYem 60orb-
e «cocenen» y Kaxxgoro n3 CEHCOpOB, TeM Boiee BbICOKOM TOY-
HOCTbIO 1 HAAEXHOCTbIO 00NnagaeT CeHCopHas CeTb — O4EBUAHO,
YTO OTAOENbHbIN CEHCOP MMEET OrpaHMYeHHy0 06nacTb BOCNpPU-
ATUS, BbIYUCANTENBbHYIO MOLLHOCTb, NaMaATb U NUTaHne. TexHo-
Norum pagmoaocTyna, NPUMEHSAEMbIE B CEHCOPAax U OCHOBAHHbLIE
Ha ctaHgapTe IEEE 802.15.4, no3BONA0T nepenaBaTb JaHHbIE HA
paccTosiHue 40 HECKONbKUX AeCATKOB METPOB.
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Puc. 5.1. Mpumep noacoeanHEHUsI CEHCOPHOW ceTu
K CeTu CBSI31 o0LLero nosib30BaHUA

ECTeCcTBEHHO, 4YTO YEM BbILLE KONNYECTBO COCEAHNX CEHCO-
POB y KaXAoro u3 CeHcopoB, TeM 60nee BbICOKOWM TOYHOCTBLIO
M HaOEeXHOCTbIO 06n1afaeT CEHCOpHas CeTb — B CBSA3U C 3TUM
npepnonaraeTcs, 4TO B HEKOTOPOM MNPOCTPAHCTBE, roe nocT-
pOeHa CeHCOpHas CeTb, CEHCOpbl ByayT pacnpegeneHbl ¢ Ao-
CTaTOYHO BbICOKOM MAIOTHOCTBIO U, COOTBETCTBEHHO, B HONbLLLOM
KonnyecTee. OTa CeTb, Kak MpPaBuio, UMEET NPUCOEOMNHEHNE K
CeTM CBA3M 0OOLWEro Nonb30BaHUS O nepeaayn nosiy4eHHbIX
DaHHbIX. [pncoeanHeHne NponsBoaMTCS MOCPEACTBOM HEKOTO-
pPOro wn3a, KOTOpbli MOXET Takke peann3oBbiBaTb QYHKLUN
3awmnTbl. OTMETUM, 4YTO W03 OObIMHO HE SBASETCS CEHCO-
poM, a npeacTaBnseT cobon 6onee CTabunbHbIN CETEBON y3en
(C TOYKM 3PEHUSA NCTOYHMKA NUTAHUSA N PecypcoB). [JaHHble MO-
ryT nepegaBaTbCca kak s o6paboTku Ha cepBepbl, Tak U NPSMO
3aVHTEPECOBaHHbIM NMosib3oBaTensaMm. O4eBNAHO, YTO CEHCOPHas
CeTb, COoCTOAWAa U3 60NbLIOr0 KONYECTBA CEHCOPOB, A0JIKHA
ObITb CTPYKTYpMpOBaHa, T.K. OonbLION 0ObEM nepesaBaemMomn
nHdopMauumM MOXET CHU3UTb HAOEXHOCTb TEX Y3/10B, KOTOPbLIE
HaxoOATCHA B HEMOCPEACTBEHHOM BIM30CTU K LWIO3Y — MOCTOSAH-
Has nepegaya TPaH3UTHbIX AaHHBIX MOXET NPMBECTU K BbIXOAY N3
CTPOS UCTOYHMKA NUTaHWS, a 60bLWok 00bem Tpaduka — nepe-
nonHnTbL Oydepbl Nnpruema.

KnactepHasa opraHmsauust €BNseTca  Maclitabupyemorii
n cumtaeTca 3PPEeKTUBHON Ona pelleHns MNoaoOHbIX 3agay
(puc. 5.2), HO NULIb NPW YCIOBUU paLIMOHaIbHOIO BbiIOopa rosoB-
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HOro y3na B KNacTepHOW CETU U B NOAXOAALLMIA MOMEHT BPEMEHU
[53,116,126].

LencTBntensHo, 9BNSIOWNIACS FOTOBHbIM B MOMEHT BPEMEHM
t, CEHCOPHbIN y3en He 005A3aTesIbHO A0/KEH ObiTh VM Xe B APYroi
MOMEHT BPEMEHU, TaK Kak CYLLECTBYIOLLVIA FOIOBHOW y3en yxe
MOXET 3aTpaTuTb OCTATO4YHO BObLIOE KOIMYECTBO SHEPTUN HA
nepenavyy coobLEHMIN OT BCEX CEHCOPHBbIX Y3/10B KacTtepa K MO-
MEHTY BpemeHMu t,. [103ToOMy, B MOMEHT BPEMEHMN 1, FONI0BHbIM Y3-
JIOM B KJlacTepe MOXET ObITb HA3HAYEH N MHOWM CEHCOPHBIN y3en,
COXPaHMBLUMIA K 3TOMY BPEMEHWN HaMBObLUUA SHEPTrETUYECKUN
3anac.

OOHUM M3 CaMbIX U3BECTHbIX MEXaHM3MOB, 0becrnevmBatoLLLmMx
PYHKUMOHNPOBAHNE CEHCOPHbLIX ceTelr N BbIOOP FONOBHbIX Y3-
nos, asnaetca anroput™ LEACH (Low Energy Adaptive Cluster
Hierarchy) [56, 57]. Anroputm LEACH npenycmaTtpuBaeT BepO-
ATHOCTHbI BbIOOP CEHCOPHOIO y3/1a Ha POoJib FOJIOBHOIO B Havane
GYHKLNOHVUPOBAHNA CEHCOPHOM CeTU, a BNOCNeACTBUU POTaLMIO
Ha OCHOBE 3HEPreTUYECKUX XaPaKTEPUCTUK APYrMX CEHCOPHbIX
y3noB. NNogo6Hoe peLleHne, eCTECTBEHHO, YBENNYNBAET O INTENb-
HOCTb (PYHKLMOHNPOBAHMSA CEHCOPHBLIX Y3/10B 1 CETU B LESIOM, HO,
kak OyneT nokalaHo ganee, He peluaeT 3aga4qm obecnevyeHus nyy-
LIEero NOKPbITUS B TEYEHNE OOCTATOYHO AJINTENBHOIO BPEMEHMU.
N 3710, B 06WEM-TO, ECTECTBEHHO, MOCKOJIbKY MPWU CO34aHUN
LEACH Takas 3agadya 1 He cTaBuniace.

CyuiecTtByeT 4OCTAaTOYHO MHOMO anropuTMOB, KOTOPbLIE B TOMN
AN MHOM cTeneHu nbitalnTes ynydwnts LEACH. 310 anroputmsl,
MCMONb3YIOLNE B KA4YECTBE KPUTEPUHA KOJSIMYECTBO OCTATOYHOW
3Heprum, MeCcToNOJIOXKEHME y3a-KaHgmaoara Ha rosloBHOM KJac-
TEPHbIA y3es Mo OTHOLUEHUIO K OPYrMM y3nam, nHpopmaumio o
TOMNOJIOrMKN CETU B TEKYLLLEN MOMEHT BPEMEHW.

Hanpumep, anropuntm HEED (Hybrid Energy - Efficient
Distribution) [125] ncnonb3yeT rmbpuaHbIi KpUTEPUA AN Bbl-
©opa roNoBHOrO y35a Ha OCHOBE aHaNn3a OCTaTOYHOW 3HEeprun
M pacnofioxXeHns bnuanexaluyx y3nos. Bce 3T anroputmbl Ha-
npaeneHbl, kak 1 LEACH, B nepByto o4yepenb, Ha MakCMMU3aLuIo
ONNTENbHOCTU PYHKLIMOHUPOBAHUS CEHCOPHBLIX Y3N10B U CETU B
uenom. OgHako C pasBUTMEM CEHCOPHbIX CETEN MOSABUINCH U
apyrve 3agadu, Tpedyloume NpucTanbHOro BHUMaHua. Hanpu-
Mep, 3a4a4a 0 KayecTBe 06CNyXNMBaHUS, KOTOPOE SABMSAETCS BaX-
Henwen MeTpuKom ang nobon cetTn, B TOM YNCNE U CEHCOPHON.
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LencTButenbHo, o4eHb BaxkHa npobnema yBenm4yeHusa cpoka
>XXN3HU CEHCOpPHOM ceTn. OaHaKko ecnu aTa ceTb He OyaeT BbINos-
HATb CBOW PYHKUUM B TpeOByeMOM 06beEME, TO 1 caMa 3aJaqa yBe-
JINYEHUS CPOKA XM3HU CEHCOPHOMN CETU, HE YAOBAETBOPAIOLLEN
TpeboBaHUAM K Ka4eCTBY OOCY>KMBAHUS, CXONACTUYHA.

B cuctemax MOHUTOpPUHIa OOHUM M3 BaxHenwwunx Tpebosa-
HUI 9BMSETCS HEMPEPBLIBHOCTh, T.€. 06ecneyeHme MOHUTOPUHIa
napamMeTpoB Ha BCEM MPOCTPAHCTBE WM HA NPOTSXXEHUN BCErO
npouecca. Micxoga v3 cka3aHHOro, HeobxoaMmo paspaboTatb
Takor anropmTMm BblOOpa rOSIOBHOrO y3na knacTepa, KOTOpPbIn
obecneyrBan 6bl ydwee NoKpbiTMe 3a4aHHON A9 MOHUTOPWVH-
ra obnactm AByMEPHOr0 NMPOCTPAHCTBA (MJIOCKOCTU) B TEYEHUE
[OCTaTto4yHO AJINTENBHOro Nepmoaa BpeMeHU. ITOT NOAXOM 03-
HavyaeT Kak onTUMM3aumIo CPOKa XU3HU CEHCOPHOMN CeTu, Tak 1
ONTUMU3ALMIO BbINOJIHEHNS CEHCOPHOM CETbID CBOUX (DYHKLMO-
HaNbHbIX 3a4a4 C 33JaHHbIM Ka4eCTBOM OOCAYXMBAHUS B Tede-
HVE A0CTaTOYHO OIMTENBHOIO Neproaa BpeMeHn. [lanee B kHUre
OyayT paccMoTpeHbl 6onee NogpoOHO NpuUMepPbl anropuTMOB
BbIOOpA roNnoBHOMO y3na B 6eCnpoBOAHbIX CEHCOPHBIX CETSX.

KnacTtep 1 Knactep 2 __.---======--_ N

~
o / NGN
>~ nnn NIHTepHeTt
. TepmMuHan
Lnios \‘% nonb3oBarens

' lonosHoM yaen

KnacTtep 3 O CeHcop

Puc.5.2. KnacrtepHag apxutektypa USN
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OOHVM 13 BaXXHENLLINX NapaMeTPOoB Npu NOCTPOEHUN CEHCOP-
HbIX ceTeln sBnseTcs notpebneHne sHeprun. CEHCOPHLIN y3en
B CUJIy CBOEro pasmepa MoxeT 6biTb 060pyaoBaH MCTOYHUKOM
NUTaHNS CO CPaBHUTENBHO HeOONbLLIMM pecypcom. B onpege-
JIEHHbIX MPUIOXEHUSAX CEHCOPHbIX CETEN, HANPUMEP, A4 peLle-
HUS TAaKTMYECKMX 3a4a4 B Tbily Bpara, CEHCOPHbIN y3en ABNFETCS
HeoOCNyXXnBaeMbIM YCTPOMCTBOM, N 3aMEHA UCTOYHMKA MNTAHNS
HE NMPencTaBnsgeTCss BO3MOXHOW. YunTbiBas TO, YTO CEHCOPHbIN
y3€e/ MOXET BbINOJIHATL POJIb Kak TEPMMHANa, Tak U TPaH3UTHOIo
y3na, yBe/IM4YEHNE CPoKa AENCTBUS UCTOYHMKA MNTAHUS SBMSIETCS
OOHOMN M3 NPUOPUTETHLIX 3aAa4, KOTopas PeLlaeTcs He TONbKO
NyTEM YBENNYEHUS BPEMEHU XU3HU UCTOYHUKA MUTAHUS, HO U
nytemMm apHEKTUBHOIO €ro NCNOJIb30BAHUS.

YuntbiBas M3BECTHOE KJIACCUYECKOE COOTHOLIEHME MOTPeb-
NIEHNS SHEPrn MobunbHbIM y3nom [111], roBopsLiee 0 TOM, 4TO
COOTHOLUEHNE NOTPEBNEHNS SHEPIN MPU «Nepefade; Npueme;
XOYLEM pexuMme; CrsdemM pexmme» rnpeactaBnsaeTcd COOTHO-
weHuem «13: 9: 7: 1», yCUNEHHOE BHUMaAHNE yOenseTcs CHUXe-
HMIO BPEMEHM nepenayn u npnema MHpopmMaLmm 1 NOBbILLIEHUIO
[0V BPEMEHM, KOrAa CEHCOP HaxO4UTCS B XAYLLEM UAN CASWEM
pexnme. ATo HEOOX0AVMO YUYMTbIBATb NMPU pa3paboTke anropuT-
MOB MapLUpyTU3aLun.

5.4. ApxuTeKTypa CEeHCOpOB

CeHcop, kaK 1 nbon TENEKOMMYHUKALMOHHLIN y3en u/unm
TepMUHan, COCTOMT M3 anmnapaTHOM YacTn 1 NPOorpaMMHoOro obe-
cnedyeHusa. Kak nokaszaHo Ha puc. 5.3, B o0LIEM Cllyd4ae CEeHCOop
COCTOUT 13 cllieaylowmx NoagCMCTEM: MOHUTOPUHIA N BOCNPUS-
TS, 06paboTKM AAHHbIX, a TaKKe KOMMYHUKALUWMOHHOM noacucTe-
Mbl M UICTOYHMKA NNTAHWUS.

Moacmncrema MOHUTOPUHIA U BOCTIPUATUS NO3BONSET CEHCOPY
cobupaTb Takme OaHHble 00 OKpYXXaloLLen cpeae Kak Temneparty-
pa, cuna cBeTa, BUbpauus, yCckopeHue, MarHuTHoe none, XMMu-
YyecKuii cocTaB BO3ayxa, akycTmka n T.n. MMeHHo aTa noacucre-
Ma onpegenseT Ty o6nacTb Ny NPUNoXeHne, B KOTOPOM CEHCOoP
MOXET ObITb MCcNonb3oBaH. CeHCcop OMNUMOHANbHO MOXET ObiTb
OOMNOMIHEH M OPYrMMKN NoAgcuUcTEMAaMM, TaKUMU Kak, Hanpumep,
NO3MNLIMOHNPOBAHNE, FreHepaTop 3N1IEKTPO3HEPrn U T.1.

Moacucrtema MOHUTOPUHIa n BOCNPUATUA COOEPXNT aHaJ10ro-
BOe YCTpOVICTBO, HenocpeacrtBeHHoO CHMMMatoLllee ornpeneseHHyto
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CTATUCTUKY, U aHaNoro-umdpoBO KOHBEPTOP, NPeobpasyoLLmii
aHaIoroBble JaHHbIE B UMM POBLIE 419 NOCNeayoLwen oopaboTku.

McTouHnk
nuTaHus

T T \ 1”7 Toncuctema obpaboTkn | e T
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OnepaunoHHas cuctema
anropuTMbl 1 NPOTOKONbI

Puc. 5.3. ApXxuTeKkTypa CeHCOpPHOro y3na

Moaocucrtema obpaboTkM AaHHbIX BKJOYAEeT B cebs namMsaTb U

LLeHTPanbHbIN NPOLUECCOpP, NO3BONSIIOLLME XPaHUTL U 0OpabaThl-
BaTb Kak reHepupyemMble CEHCOPOM AaHHble, Tak U CnyXeOHble
JaHHble, HeoOXxoaMMble AN KOPPEKTHOrO N 3P PEKTUBHOTO PYHK-
LMOHMPOBAHNA KOMMYHUKALUMOHHOM NOACUCTEMBI.

pa
CcO

BaXHenwmmm TeXHNYECKMMI acrnekTamm peannsauyim CEHCO-
Kak Manoro pasmepa TefneKOMMYHUKALUMOHHOrO yCTPOnCTBa
CNOXHbIMU DYHKUMAMMN, ABASIOTCA cleayoLwme.

- Apxutektypa. Ha cerogHsa TpeboBaHUs K annapaTHOM 4YacTu

ceHcopa MOryT ObITb TakKMMW: 4acToTa LEHTPasibHOro npo-
ueccopa He meHee 20 MI'U, o6bem onepaTMBHOW NamMaATU He
mMeHee 4 KB, ckopocTb nepenayn He meHee 20 k6ut/c. OnTn-
MK13aLmsa annapaTHoro obecrneyeHms No3BoNAET CHU3UTb pas-
Mepbl CeHcopa, OAHaKo, Kak NpaBwio, 3TO BfeYeT 3a coboli
MOBbLILLEHME €ro LIEHbI.

OnepaumoHHaa cuctema. OnTMmMsaums onepaumoHHON
cuctembl (OC) ¢ y4eTOM apXmMTEKTYPbl MPUMEHAEMOIrO LIEHT-
panbHOro npoleccopa aABnseTcsa Heobxoaumoi. Ha ceroaHsa
Hanbonee nonynapHon aenseTca OC ¢ OTKPbITbIM kKoAoM Tiny
0S [120], no3BonstoLlas 4oCTaTto4yHO r’MOKO YyNpaBsiTb CEHCO-
pamMn pasHbIX MPON3BOANTENEN.

CeTteBoe B3aumopencteme. OrpaHny4eHHbl UCTOYHUK M-

TaHUA HakNaablBaeT CYLLECTBEHHbIE OrpaHMYeHna Ha paamo-
TEXHOJNIOIMI0, KoTopas MOXET OblTb 3DdEKTUBHO NPUMEHEHa
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B CEHCOpPHbIX ceTax. bonee Toro, orpaHMyeHHas NPoOVU3BOAN-
TENbHOCTb LEHTPaNbHOro NpoLeccopa He NO3BOMSIET NpUMe-
HATb CTaHOAPTHbIE MNPOTOKOMbI MapwpyTudaummn IP-ceten —
BbICOKAs CNIOXHOCTb pacyeTa anropntMma OnTUManbHOro Nyt
NneperpysunT LeHTPabHbIN NPOLLECCOp ceHcopa. PazpaboTaHo
60MbLLIOE KOIMYECTBO CheumasnbHbiX NPOTOKOIOB MapLUpyTU-
3auun ans CEHCOPHbIX CETEMN.

MoMMMO pPacCMOTPEHHON KIaCCU4ECKOW apXMUTEKTYpPbl CEH-
COPHOro y3na BO3MOXHbI U Opyrme, 4To CBS3aHO, Hanpumep, c
HEOOXOANMOCTbIO HE TONIbKO MOHUTOPUHIa N KOHTPONS naMe-
PSiEMbIX XapakTEPUCTUK, HO 1 BO3OENCTBUA Ha OOBbEKT namepe-
HUIN. TakoW 3MEMEHT, UMEIOLUA BOSMOXHOCTb BO3OENCTBUSA Ha
06bEKT, Ha3biBaeTCcsa akTopom [94] v ero apxmTekTypa npmBeaeHa
Ha puc. 5.4.

| OnemMeHT nuTaHus

e T T T [T T T T T T bl C o~ == 1
:-I'IOLLCMCTema BO37eCTBUS :' MoncucTema | KOM#&'”Z'#@%'@:”” |
| : | 06paboTKN AaHHbIX : : A :
[} [}

] 5 [o% | ] [} ] a 1
RECRE L I S A
[} IO =T SET [} @
ox T
i 25 ‘:’?% gz3 || | i 1 g i
5 foX]
1| <0 |85 SES|1 | Mpoueccop ! ! g 1
1 v¥ ¥ [ | | o |
] = | ) ] |
1 [ | | |
N T B T S S ——— . 4
\
/ A

OnepauunoHHas cuctema
anropuTMbl 1 NPOTOKObI

Puc. 5.4. ApxuTeKkTypa akTOPHOro y3a3na

ApxuTekTypa akTopa nogobHa apxXmMTEKTYPE CEHCOPHOro yana
M OTNIMYAETCS TEM, UYTO C BHELLHEN Cpeaon B3anMOoa4eNCTBYET aK-
TUBHbIN 3/IEMEHT, HANpPMMep, YCTPOMCTBO BBOAA MHCYMHA 60/b-
HoMy amabeTom. Kpome TOro, B apxuUTeKType akTtopa OTAENIbHO
BblOENSETCS KOHTPOIEP NPUHATUS PELLEHNS O BO3OENCTBMN Ha
BHELLHIO cpeny. ECTeCcTBEHHbLIM BbIMAOUT BOSMOXHOCTb 00be-
OVHEHUSI aKTopa M CEHCOpAa B OOMH y3€es, apxXUTeKkTypa KOTOPOoro
npencrasneHa Ha puc. 5.5. NoMrMo CEHCOPOB 1 aKTOPOB cpeau
6ecnpoBOAHbIX TEXHNYECKNX CPEACTB MOHUTOPUHIA N KOHTPONS
LuenecoobpasHo paccMOTPETb Takxke paamougeHTudumkaTopsbl
RFID (Radio Frequency Identification), KOTOPbIE HE UMEIDT N3MEe-
PUTENBHOWM YacTU, HO MOFYT LLUMPOKO MCNOJIb30BATLCS U MCMNOJIb-
3yl0TCS, HanpuMep, B CUCTEMAx NO3NLIMOHNPOBAHMNS.
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RFID knaccnouumpyloTcsa Ha akTUBHbLIE U MAaCCUBHbLIE. APXN-
TekTypa aktuBHoro RFID npakTtnyeckn He OTnnyaeTcsa OT apxu-
TEKTYPbl CEHCOPHOrO y3na.
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OnepauunoHHas cuctema
anropuUTMbl ¥ NPOTOKOSbI

Puc.5.5. Apxutektypa KOMOMHUPOBAHHOIO
CEHCOPHO-aKTOPHOro y3na

CyuwiectBeHHO 6051ee MPOCTYI0 apxXUTEKTYPY MMEeT nacCuB-
Hbih RFID, xapaktepn3yemMblii OTCYTCTBMEM 3NIEMEHTA MUTaHUSA
N HEOOXOOVMOCTbIO CreLnanbHOro TEXHNYECKOro YCTPOMCTBA —
puaepa — 48 CYUTbIBAHUSA MHOPMaUMN C Hero. ApxmTekTypa
naccueHoro RFID npuBepeHa Ha puc. 5.6.

—

Mamatb |«——» Pagmovactb

Puc. 5.6. Apxutektypa naccusHoro RFID

Kak Buamm, cyllectByeT OocTaToO4HO Oonblioe pasHoobpa-
31e TEXHNUYECKNX CPEACTB, U3 KOTOPbIX MOXHO KOHCTPYMPOBATb
CEHCOpPHbIE CETU. BbIOOP KOHKPETHBLIX PELLUEHUI AN CEHCOPHbIX
Yy3J10B Npu co3aaHnmM 6ecrnpoBOaHON CEHCOPHOM CETU B NMEpPBYIO
oyepenb 3aBUCUT OT OYHKLIMOHANbHBLIX BO3MOXHOCTEN, pa3mepa,
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3aTparT, SHepPreTMYeckmnx XxapakTeEPUCTUK, a B HACTOSILLEE BPEMS,
C YY4ETOM Hayana AOBOJIbHO LUMPOKOr0 BHEAPEHUSA CEHCOPHbIX
ceTen — oT obecneveHusa TpebyemMoro kayectsa 00CIYyXMBAHUSA
[14, 15]. lMpnmMepbl KOHCTPYKLMA COBPEMEHHbLIX CEHCOPHbIX Y3-
JI0B NpuBEAEeHbI Ha puc. 5.7.

Puc. 5.7. CeHcOopHbIe y31bl

5.5. Anroputmsbl mapuwpytusauum USN

MOCKObKY CEHCOPHAA CETb MOXET HE MMETb MOCTOAHHOM UH-
dpacTpyKTypbl, BPS4, I BO3MOXHO UCMOJIb30BaTh KiacCuyeckue
anropuTMbl MapLLpyTU3aUmMmn ois CEHCOPHbLIX ceTen. Kpome Toro,
B USN Tpadunk gaHHbIX MOXET OblTb CreHEPUPOBAH Tak, 4TO O4Ha
1 Ta Xe nHpopmaumsa 6yaeT nosydyeHa OT pa3HbliX CEHCOPHbIX Y3-
NoB, GYHKLUMOHUPYIOLLNX B Kakon-nnbo 3oHe. Kpome Toro, pas-
Mepbl CEHCOPOB 1 3aTpaThbl HA HUX NIMMUTUPOBAHbI TakK Xe, Kak 1
NX PECYPCbI: 3HEPTUS, NaMSATb, BIYUCIUTENbHBIE BO3SMOXHOCTH.
Moatomy, nepenasaTb OOAHY U Ty Xe MHPOPMAaLUIO NO CETU OT
MHOIMX CEHCOPHbIX Y3/I0B HelenecoobpasHo. Mcxoas mna cka-
3aHHOro, Npu paspaboTke anropuTMOB MapLUpyTu3auum B 6ec-
NPOBOAHbIX CEHCOPHbIX CETAX A0/MKHbI YYUTBIBATLCA Crieayowye
dakTopbl:

CamoopraHnsaums. CeHCOpHblE CETU O0/MHKHbl UMETb BO3-
MOXHOCTb caMoopraHusauum. Micxonos na atoro, Bbl4UCUTENb-
Hble BO3MOXHOCTM, BO3SMOXHOCTK o6ecnevyeHns CBaA3n 1 ynpas-
NEHNS OOMKHbI ObITb OCTATOYHBIMKW AN o6ecneyeHns aBTOHOM-
HOro CyLLEeCTBOBaAHUS.

OHepretnyeckas adpdekTuBHocTb. Habniopgasa nporpecc
B 0611acTn NPOM3BOACTBA NMPOLECCOPOB, NAMATU U T.M., MOXHO
OTMETUTb, 4TO B MPON3BOACTBE MCTOYHUKOB MUTAHUS, K coXane-
HUWIO, 3TOT Nporpecc He Tak 3ameTeH. CeHCOopHbIE y3/bl MPOekK-
TUPYIOTCS, Kak NpaBuio, ¢ obecnevyeHnem nutaHus ot baTtapen
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N, COOTBETCTBEHHO, CPOK UX XM3HWN B NMEepBYyi0 odepenb onpene-
NIeTCA CUCTEMOM 3N1eKTponuUTaHus. JocTaTo4YHO YacTO UCTOYHUK
3HEepPrum He MOXeT OblTb BOCMONIHEH, MOCKOJIbKY CEHCOPHbIE Y3/1bl
MOryT ObiTb pa3melleHbl B HEQOCTYMHbIX A YeoBeka MecTax.
MuHUMHN3auma aHepronoTpebsieHna — O4Ha U3 BaXKHEWLnX uc-
cnenoBaTenbCKUX 3adad B 0651acTv 6ecnpoBOOHbIX CEHCOPHbIX
ceTen.

MOKOCTb. ANrOPUTMbI B CEHCOPHbIX CETSIX A0J/KHbI 06nafaThb
[OCTaTO4YHOM r’MBKOCTLIO OJj1s TOro, 4To0bl OHM MO aganTupo-
BATbCS K pasnmyHbiM npunoxerHnam USN. Ycnosus GyHKUMOHNK-
POBaHMS Pas3nnyHbIX MPUIOXEHU, OKpyXalowaa cpena U Bo3-
MOXHOCTU CaMOro CEHCOPHOr0 y3/a U3MEHSIOTCS B LUMPOKUX
npenenax. XoTs HEKOTOPLIE YCNOBMS U MOryT ObITb NpenBapu-
TENIbHO CAPOrHO3MPOBaHbI UM axe onpeneneHsl nepen co3aa-
HUEM CEeTU, TOMONOrUs CETU MOXET MHOIOKPATHO U3MEHSATLCS B
npouecce ¢pyHKuMoHnposaHma USN BcneacTBue BBEOEHUS HO-
BbIX Y3JI0B, OTKA30B CYLLECTBYIOLIUX, KPUTUYECKUX U3MEHEHUN
BHEWHEN cpepbl. Bce 3T BO3MOXHOCTU AOJKHbI ObITb YYTEHDI
npu pa3paboTke anropnTMoB ajig 6eCcnpOBOOHbLIX CEHCOPHbIX Ce-
Ten.

MacwTtabupyemoctb. B 6eCnpoBOOHbIX CEHCOPHbBIX CEeTAX
YNCNO CEHCOPHbIX Y3/10B B 3aBMCUMOCTM OT peLlaemMoin 3agaqm
MOXET M3MEHSATLCH OT HECKOJIbKMX COTEH A0 ThiCad. He cnyyan-
HO, B cneundukaumsax Zig Bee [129] yncno CEHCOpPHbIX Y3O0B,
pPacnofioXeHHbIX B OAHOW 30HEe, MOXeT gocturatb 64000. Cetn
60nbworo macwTtaba 1 BbICOKOM NIOTHOCTU C IMMUTUPOBAHHOM
NOAOCOM NPONYCKaHNS A0KHbI, K TOMY Xe, NPeaoCcTaBnaTh yCiy-
rM C onpeneneHHbIM YPOBHEM KavyecTBa 00CyX1BaHUS.

TonepaHTHOCTb K OTKasaMm. B oTnn4mne ot TpagmnuUMOHHbIX Ce-
Ten 6ecnpoBOAHbIE CEHCOPHbLIE CETU OPraHM3YTCS ClydYanHbIM
06pa3om, 1 B3aMMOCBA3M CEHCOPHLIX Y3/I0B B HMX TakxXe Chy-
yarHbl BO BpeMeHn. CEHCOpPHbIE Y3/bl MOMYT BbIXOOUTb U3 CTPOS
BC/IeACTBME HELOCTATOYHOIO YPOBHS 3/1IEKTPONUTAHUS, BO3HUK-
HOBEHUS KPUTUYECKMX YCJIOBUI BO BHELLHEW cpene, Bbixoda U3
CTpOS annapaTHOn YacTu U T.4. Ecnu BbIlWNO N3 CTPOS HECKOJILKO
CEHCOPHBIX Y3/10B, 3TO HE LO0JIKHO Bbl3blBaTb CYLLECTBEHHbIX MO-
CNeACTBUI Kak 019 CEHCOPHOW CETU B LLEJIOM, Tak 1 Angd ee ¢par-
MeHTOoB. dpyrummn cnosamu, USN goskHa 6bITb HEHYBCTBUTESIbHA
K OTKa3y Kakoro-inmbo CEHCOPHOro y3na u AoJkHa NpoaosxkaTb
nogaepxmneatb ganee TpedbyemMblil YPOBEHb KayecTBa 0OCNyXN-
BaHUS.
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To4yHOCTb M KayecTBO. Ob6ecnevyeHme JOCTaTOYHOMN TOYHOCTU
M akTyanusauysa nHpopmaumm B peasbHOM BPEMEHN — OOHA U3
BaXKHENLUWX 3a4a4 OJ11 MHOXeCTBa npunoxenuin USN. AnropuTt-
Mbl JOJIKHbI FAPaHTUPOBATh, YTO AaHHble OyayT nepenaHbl Yepes
0ecrnpoBOAHYI0 CEHCOPHYIO CETb B COOTBETCTBUN C TpebyeMbiM
BPEMEHEM M TOYHOCTbIO. iaeanbHbI anropyutm OosxkeH obecne-
YMTb CBOEBPEMEHHYIO Nepenavyy nHpopmaumm ¢ 3agaHHON ToY-
HOCTbIO N MUHMMaJIbHbIMUW 3HEpPro3aTpaTamMmu.

5.5.1. Knaccudumkauusa anroputmos mapuwpytusaumm B USN

MHorve wuccnepoBaTenu npepnaranym pasHble peLleHust no
anropntMamMm mapuwpytmnsauum gns USN ¢ yyetom Tpebyembix
0COBEHHOCTEN, U3NOXEHHbIX Bbile. [pennoXeHHble anropuTMbl
MapuwpyTtusaumm B USN MOryT ObiTb 0O0beAMHEHBLI B PaA3/INYHbIE
rpynnbl B COOTBETCTBUM C KpUTEPUSMU, pa3paboTaHHbiMK B [21,
301.

B 1abn. 5.1 nokasaHa npocTtas knaccupurkauus anropuTmMoB
mapwpyTtusaumm B USN ¢ ncnonb3oBaHMemM TMNOBOrO Nogxoaa.
B ¢okyce nHTepecoB Hallero nccnenoBaHus ganee paccMoT-
puM 6osiee NoapoBHO CXeMbl OHOYPOBHEBOW 1 MepPapXN4ecKom
MapwpyTtusaumn gnsa cetm USN. B ogHoypoBHEBOM ceTn BCe
Y3Jbl UTPaOT OAMHAKOBYIO POJib M UMEKOT OAMHAKOBbIE PYHKLMO-
HaslbHble BO3MOXHOCTN. CoBpaHHble AaHHble NepenaloTcs B CETb
nocpencTBOM MHOIMOpaHroBOr mMapLupyTtusauun. ANroputMmbl B
OLHOYPOBHEBOW CETU O0/KHbI 06ecneynTb nepenadvy 60/bLWOoro
ob6bema TPaH3UTHOM MHPOPMaLUNK Yepes CeTb U, ECTECTBEHHO,
OHW OPUMEHTUPOBAHbLI HA MPUIIOXEHMS.

B ocHOBHOM, anropuTmbl 4J1s1 O4HOYPOBHEBOMN CETU ABJISAIOTCS
LEeHTPpa/In30BaHHbLIMU, NMOCKOJIbKY MX OCHOBHAaA 3ada4ya COCTOUT B
obecneyeHun TPaH3NTa OaHHbIX YePE3 OAHOPOAHYIO CEHCOPHYIO
ceTb. Bo MHOrux cny4asax anroputmbl Jisi O4GHOYPOBHEBOW CETU
OOBOJIbHO CNOXHbI, MOCKOJIbKY CYLLLECTBYIOT KakK MaCLIJTa6I/IpOBa-
HMe, Tak U AnHaMn4yeckoe nameHeHme tornonormm USN.

Anropntmbl  SPIN (Sensor Protocols for Information via
Negotiation) [55] w DD (Direct Diffusion) [78] siBnaioTcsa 6a30Bbl-
MW Ons OOHOYPOBHEBOM 6ECMPOBOAHON CEHCOPHOM CETU, N HA NX
OCHOBe pa3paboTaHbl BCe NocneayoLwme o4HOYPOBHEBbLIE anro-
pUTMbI. B nepapxmnyecknx CeTsIX CEHCOPHbIE Y3Jibl UTPatoT PasHyo
pOJib, M NOSABASIOTCS ABE KATEFOPUM CEHCOPHbLIX Y3/10B: FOIOBHOM
knacTtepHbin y3en CH (Cluster Head) v uneHbl knactepa. bonee
BbICOKWIN YPOBEHb CEHCOPHbLIX Y3/10B COOMPAaET nHopMauuto ot
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YNeHoB knacTepa u ynpasnseT 6onee HU3KMM ypoBHeM. lNocne
arperauuu gaHHbIX, y3bl 60nee BbICOKOro YPOBHS NMpu HE06X0-
OMMOCTM HaNPaBNSIOT ee Ha CNeayloLnii YyPOBEHb.

PaccmoTpum gns npuMepa TPexXypoOBHEBYIO MepPapXnUyecKyo
6ecnpoBOAHYIO CEHCOPHYIO CETh. [0NIOBHbLIE Y3kl KTACTEPOB B3a-
MMOENCTBYET C y31aMU CEeTU CBA3U 00LLEero nonb3oBaHma. Kax-
Obli TONOBHOM y3en cobmnpaeT AaHHbIE C y3/10B CBOErO KiacTepa,
arperupyer nx u nepepaet ganee. Bce nepapxmnyeckme anroput-
Mbl MapLUpyTU3auum OOJKHbl 06ecnedneaTb BbIOOP HAMy4LLErO
CH. NockonbKy ronoBHbIE Y3kl KNacTepa OTBETCTBEHHLI 3a cO0p,
arperaumio U nepegavy OaHHbIX Ha AOCTATOYHO OOonbLve pac-
CTOSIHUS!, OHW A0JKHbI ObITh B OOSIbLUEN CTENEHMN SHEPrETUYECKN
HEe3aBUCUMbIMU, YEM MPOCTO YIEHbLI KNnacTepa.

Anroputmbl BbI6OpAa roIOBHOIO KNaCTEPHOro y3na npeaycmar-
puMBaloT poTaumio 1 nNepeHasHa4YeHne roJIoBHOrro y3sna knacrepa
nepnoanyeckm B 3aBUCUMOCTU OT pacrnpenesieHmns Harpysku B
LesnomM no 6ecrnpoBOAHON CEHCOPHOW CceTu U Apyrux GakTopos,
Taknx kak aHepronoTpebneHne, NOKPbLITUE U T.4.

Ta6nuua 5.1. MpocTtasa knaccudpukaumsa anropuTMoB

MapLipyTusauuum
Kputepuin Kateropus Mpumepsbl
OpHoypoBHeBas SPAN [37]
CeTteBas CTpykTypa
Mepapxunyeckas LEACH [56]
Ha ocHOBe 0CTaTO4HOM SHEPrnn HEED [125]
3HaHus 0 pecypcax - - -
Ha ocHoBe To4HoCTU pacnonoxenus | Directed Diffusion [78]
LleHTpannusoBaHHOE SPAN [37]
leorpaduryeckoe GFG [78]
YnpaeneHve NnpoTokosiamm
Ha ocHoBe QoS SAR [115]
Ha ocHoBe Teopun ovepepei COUGAR [124]

CpaBHMBasi OQHOYPOBHEBbIE W Mepapxnmyeckme anropuTMbl
MapLLpyTU3auum, MOXHO OTMETUTb, YTO Mepapxmyeckue anro-
PUTMbl NPenocTaBnsioT 60Mblue BO3MOXHOCTEN NPOOBUXEHUS
pasHbix npunoxeHnin USN. Cnepytolimne xapakTepmucTuku nepap-
XNYECKMX anropuTMOB OblIN OTMEYEHbl B MCCNeaoBaTesbCKNX
paboTtax [13,21,30,125]:

¢ Hepapxumyeckas mapLipytmsaumnsa B cetm aensgetca aphekTmns-
HbIM NYTEM CHUXEHUS 3Hepro3aTtpart. JencTBuTenbHo, yrnpas-
JNIEHNE YNeHaMK KnacTepa CO CTOPOHbI FONIOBHOMO y3na kna-
CTepa CHUXaeT Harpysky Ha 4YeHOB KnacTtepa (B Kaxapblh MO-
MEHT BPEMEHU SHEPTUIO 3aTPaYMBalOT TOSIbKO aKTUBHbLIE Y3/bl,
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TpaH3uT obecneumBaeTcs CH). 3a cueTt arperaumm gaHHbIX ro-
NOBHOW y3€en kfiactepa yMeHbLuaeT NOTOK 3asiBOK BO BHELLIHIO
ceTb.

Mepapxnyeckas mMapLlipytmsaumsa no3BondeT rmbko peluartb
pa3nnyHble 3a4a4M C YHETOM BO3MOXHOCTENH CEHCOPHBIX Y3-
NnoB. Mepapxmyeckas MappyTusaums no3sonsgeT 6anaHcmpo-
BaTb HArpy3ky ceTtun. [pmn 3TOM y35bl C BbICOKON 3HEPrOEMKO-
CTbiO (BO3MOXHO C MOCTOSIHHLIM 3HEProcHabXeHnem) MoryT
arpernpoBaTh AaHHbIE M NepeaaBaTb UX B CETb CBA3U 06LLEero
NoJIb30BaHUs, B TO BPEMSA KaK Y3J1bl C HU3KOW 3HEProeMKOCTbIO
MOTIYT MCMNOJIb30BATbLCS UCKIIOYUTENBHO ANS cOopa AaHHbIX.

Mepapxnyeckas mapLupyTmaaums No3BONSET 4OCTAaTOYHO NPOo-
CTO peann3oBaTb pacnucaHue n n3bexarb KONNnU3nin. YneHsl
KnacTtepa nog ynpasieHneM rosioBHOMO y3sa MOryT cnegoBaTb
BMOJSIHE OMpPeneneHHoOMY pacrnmcaHuilo nepenaym, npuema wu
yTeHnsa nHpopmaumm. CnegoBaTesibHO, CEHCOPHbIE Y3J1bl MO-
ryT pacxogoBaTb MEHbLLE 3HEPTUN, HAXOASCb B COCTOSIHUW NO-
KOS M aKTMBU3MNPYSICb TOIbKO BO BPEMEHHbIE MHTEPBASbI Nepe-
hadyn, npvema n 4yteHus. B pesynbrate, eCTECTBEHHO, CHMXA-
I0TCS KONM3UK B KNacTepe, U CeTb MOXET 00CcnyxuTb bonee
BbICOKYIO Harpyaky. Mepapxmyeckas mapLipytnsauns B CBA3N
C 9TUM 4acTO UCMONb3yeTCs Ans KpynHoMacLuTabHbix 6ecnpo-
BOOHbIX CEHCOPHbIX CETEN, COCTOSALLMX U3 COTEH U ThICHY Yy3-
N0B.

Nepapxmnyeckas mapipytrusaymsa npocta B peanmaaumm. XoTs
O[HOYpPOBHEBAA MapLUPYyTU3aLMSA MOXET MCMOJSIb30BaTb ONTU-
MaJibHblE MapLLUPYThIl, €€ peannsauuns, Kak npasuio, 4ocTaTouy-
HO cnoxHa. OrpaHnyeHHble BO3MOXHOCTU CEHCOPHbIX Y3/10B
npu 3TOM MOIYT cTaTb NPOBAEMON AN peanmn3aLmm CNOXHbIX
anropuTMoB 1N cxeM. Mepapxuydeckasa MapLipytTnsauya npean-
nonaraeT pasfefieHne COedUVHEHU Ha BHYTPUKIACTEpPHblEe
M BHelwHne. ToNbKO rOJIOBHOW y3en kiacTepa OTBeYyaeT 3a
BHELLHNE COEANHEHUS, B TO BPEMS KakK YJiEeHbl KflacTepa B3au-
MOLENCTBYIOT JIMWb Ha BHYTPUKIACTEPHOM YypoBHe. Takas
npocTtas MapLupyTu3auusi yMeHbLUaeT YUCO COOOLUEHUA B
Knacrtepe.

Nepapxmndeckas mapLupyTmsaums no3sonsieT ynpocTuTb pac-
CblJIKy 3aNpOoCOB N0 CpaBHEHUIO C 0OgHOYpoBHEBOW. Koraa, Ha-
npumMep, N3 BHELLHEN CEeTU UM CO CTOPOHbI LL03a, HEODXO-
OMMO pas3ocnaTb 3anpoc, 3TOT 3arnpoc HaNpPasJISIETCH TONbKO
K FOJIOBHbIM y3/1aM KNnacTepoB. [OJIOBHOM Xe y3en KaXnoro
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KnacTepa paccbliaeT ganee 3anpoc 4ieHam knactepa ¢ yye-
TOM BO3MOXHOCTEN N HEOOXOOMMOCTU. Takowm moaxon, Takxe
MO3BONSAET YMEHbLLUNTb YNCIO COOBLLLEHWIA.

XoTa nepapxmyeckas MapLipytTmsauma obnagaeT n HegocTart-
KamMu, TakMMu, K NpuUMepy, Kak OOMOJIHUTENbHbIE 3aTpaThbl Bpe-
MEHWN Ha CUHXPOHM3ALMIO 1 OONbLUMIA 3arofIoBOK AN KnacTep-
HOrO ynpaBJieHUs, TEM HEe MeHee, C YHETOM MU3NTOXEHHOTr O Bhille,
nepapxmyeckas MapLipyTusaumsa aBngeTcs nNpennodTuTenbHOMn
ons noctpoenust USN, 0cob6eHHO KpynHOMacLITabHbIX.

5.6. AnropuTmMbl BbiIOOpa rosIOBHOro y3na
B KJlacTepe

Lanee, B COOTBETCTBUM C BbILLEN3NOXEHHbLIM, OYaAyT pacCMOT-
PEeHbl anropuTMbl O nepapxmiecknx 6ecnpoBOOHbLIX CEHCOP-
HbiXx ceTel. OCHOBHOW MpPobGnemMor NpM co3gaHum anropuTMoB
ONs Takux ceTen aBnsieTcs BbIOOP FOJSIOBHOrO y3na knacrtepa.
CyuwiecTtByeT ABa noaxona k BbIOOPY ronOBHOMO y3na knacrepa:
CnyvarHbli BbIOOP M NpenonpeneneHHbin Bolbop. PaccMoTpum
Janee anroputMm cnyyarHoro Bbi6opa rosioBHOro ysna, npu mc-
MOJSIb30BaHUKM KOTOPOIro poTaLMs FONOBHLIX Y3/10B MOXET NPOmn3-
BOOMTbLCS MEXAY BCEMU YilEHaMIM KnacTepa C y4eTOM UX XapakTe-
PUCTUK B TEKYLLIMIA MOMEHT BPEMEHMN.

5.6.1. AnropuTm cny4aiiHoro Bbioopa ronoBHoro y3na LEACH

Nepapxmndecknin anroputm aganTUBHOM KhnacTepusaumm C
HU3KMM noTpebneHnem aHeprum LEACH (Low-Energy Adaptive
Clustering Hierarchy) [56] npeanonaraet obecnevyeHne 6anaHca
pacxoga aHeprum B 6ecrnpoBOAHON CEHCOPHOW ceTn. ANroputm
LEACH gaBnsieTcs 6a30BbIM, CYLLECTBYET MHOXECTBO anroput-
MOB, OCHOBaHHbIX Ha HeM. basosas mnges LEACH coctout B
CNeayroLLEM: CEHCOPHbIE Y3/1bl MOIYT ObITb ClyyariHbiIM 0Opa3om
BblOpaHbI Kak rofIoBHbIE HA OCHOBE MHMOoPMaLMn 06 Nx YHKLMO-
HMPOBaHUW B NpeabIayLnin MOMEHT BpemMeHn. [pn 3Tom B knac-
Tepe Kaxablh CEHCOPHbIN y3es1 FEHepPUPYET CllydarHOe YMCIo U3
mHTepsana [0, 1].

Kaxabih ceHcopHbI y3en nmeet nopor 7, (LEACH), koTopsbii
COOTBETCTBYET NpenBapuTesIbHO onpeaesieHHOMY YMUCY roJiI0B-
HbIX CEHCOpPHbIX Y3/10B B CeTU. ECnn nHTErpmMpoBaHHOE cny4an-
HO€e 4Mcno MeHble, 4em 7, (LEACH), To CeHCOpHbI y3en MoxXeT



aBa 5

T,(LEACH) =

CTaTb FO/IOBHLIM; B NPOTUBHOM C/ly4ae 3TOT y3e/1 OCTaeTCs TOJb-
KO 4neHom knactepa. Boluncnenve 7, (LEACH) aBnsietcs knoye-
BOW 3apa4en npu peanmsaunm anropmtma LEACH.

ecm heG
p (5.1)

3

1—p~(r-modl)
p

0, B OCTaJlbHbIX CJlyHasix

B ¢popmyne (5.1) BenuumHa P — npegonpeneneHHslin npoueHT
FOJIOBHLIX Y3/I0B CPEeAu BCEX CEHCOPHbIX y310B. OnTuManbHOe
3Ha4veHune P oueHnBaeTcs B 5% 0T 06LEero Yyncna CEHCOPHbIX y3-
NoB.

Tekywmin MHTepBan GYHKUMOHNPOBAHUA CEHCOPHOW CETU On-
penenseTtcs Kak r, G — Y41C/10 CEHCOPHBIX Y3/10B, KOTOPbIE HE Dbl
BblOpaHbl rONOBHLIMW 3a NocnegHne 1/p nHTepeanoB. ITO ypaB-
HeHe onpeaensieT ToT GakT, YTO y3€es, KOTOPbIN Oblsl FOJIOBHBLIM
B nocnegHunx nHrepeanax GyHKUMOHMPOBAHUSA CEHCOPHON CETHU,
HE MMEET LLAaHCOB BOBCE UM UMEET MUHUMAJSIbHbIE LUAHChI CHOBA
CTaTb rofIOBHbIM B paccMaTpuBaeMom nHTepsane. B pesynbra-
Te, Takon BbIOOP FOSIOBHOrO y3na cnocobCTBYET ONTMMMU3auum
3HepreTnyeckmnx 3arpaTr KaxkAaoro M3 CEHCOPHLIX Y3/10B CETW.
Kpome TOro, npmn BolboOpe roSIOBHOIO y3na ApPYrMe CEHCOPHbIe
y3J/1bl BbIOMPAIOT OIHOIO M3 YNEHOB KnacTepa A/ KOHTPONSA MOLLL-
HOCTWK nony4aemoro curHana RSS (Received Signal Strength) ot
rOJIOBHOIO y3na.

Mocne Toro, Kak knactep copMMpoBaH, roIOBHOM y3en pac-
ChIJTaeT pacnucaHue nepenaym 1 3anpawmBaeT Y YIeHOB CBOEro
Kjflactepa nepenavy AaHHbIX HA OCHOBe M3BecTHoro TDMA noa-
xona. B nocnenyowmx dazax rofoBHON y3en SBAFETCA OTBETCT-
BEHHbIM 3a arpernpoBaHne JaHHbIX U Nepeaadvy Mx Ha L3 U B
CceTb CBA3K 06LLero nosib3oBaHus. Becb cOOp AaHHbIX NOKaNn3y-
eTca B knactepe. Mocne onpeaeneHHoro BpeMeHM HaxoXaeHus
B cTabunbHOM dpase, ceTb CHOBA NEPExXoamnT B CTaamio GpopMmnpo-
BaHu4. [Mpu aTOM cneaoyeTt OTMETUTb, YTO cTaaust popMNPOBaHUSA
CYLLLECTBEHHO KOopoye, 4eM cTabunbHada. B ceasm ¢ atum LEACH
MMeeT OOBOJIbHO KOPOTKNIA 3arosioBOK.

LEACH aBnsietca o4yeHb addekTrBHbIM anroputMmom. C ero
NOMOLLLIO AIOCTUFAETCHA CHUXKEHME SHepro3aTpaT B 7 n bonee pa3s
MO CPaABHEHMUIO C NPSIMbIM B3aUMOAENCTBUEM CEHCOPHbIX Y3/10B U

7.B.C. lonbawitenH
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OT 4 0o 8 pa3 no CpaBHEHMIO C APYrMMI anropnTMamMn MapLupy-
Tn3auum [56]. B 10 xe Bpema LEACH He gaeTt rapaHTum Beibopa
«XOPOLUEro» CEHCOPHOro y3/1a B KAYECTBE rOSIOBHOMO y3/a knac-
Tepa. lMockonbky B anroputme LEACH HeT npeanonoxeHusa o
TEKYLLLEM SHEPTreTUYECKOM COCTOSIHMM CEHCOPHOIO y3na, TO B Ka-
4YeCTBE roJIOBHOIO MOXET ObITb BbIOpaH JAaBHO HE N3OMPaBLUMINCS
yfleH knacTepa C HeyOoOBNETBOPUTENIbHbIMU 3HEPreTUYEeCKMMU
XapakTepucTmkamMmu.

5.6.2. Anroputm HEED c npegonpeaeneHHbIM BbIOOPOM
roOJIOBHOIO y3na

MMbpuaHbIA  pacnpeneneHHbin  9HepProadP@PeKTUBHbIA  an-
roput™M knactepudaumn HEED (Hybrid Energy - Efficient
Distributed) [125] aBngaeTcsa passutnem anroputma LEACH. Ons
npeogoneHns npobnembl BbIBOpa «MNIOXOro» YneHa knacrtepa B
KayecTBe rofiosHoro ysna B LEACH, anroputm HEED npennaraet
MCMNob30BaTb NpeaonpeneneHHbl BbiI6Op roOI0BHOMO y3na.

Anroputm HEED cTaBuT BEPOATHOCTL BbIBOPA y31a rosI0BHbIM
B 32BMCMMOCTb OT €ro CyLleCTBYOLEen 3HepProcnocobHOCTU, U
pelweHne NpMHUMaeTcsl B 3aBUCMMOCTU OT 3HepreTnyecknx 3at-
pat. Kpome Toro, anropntm HEED y4ynTbiBa€T MHOMOPaHroByto
npupoay B3aMMOCBS3el B 6€CnpoOBOAHbBIX CEHCOPHbIX CEeTAX ANg
JanbHenLwero sHeprocoepexxeHus.

HEED vcnonbdyet nHpopmaumtio 0 TeKyLlen SHEProeMkKoCTm
CEHCOPHOro y3sna kak OCHOBHOM napameTp Ans BblOopa 4ieHa
KrnacTepa B Ka4ecTBe rofioBHOro y3na. BelOpaHHbI B kKayecTBe
rONOBHOIO y3en MHPOPMUPYET Onmanexalime y3bl O TOM, H4TO
OH CTaJl roNIOBHbIM. OTU COOBLLEHNS OT FONIOBHbIX Y3/10B UCMOJb-
3YIOTCH CEHCOPHbIMWU y3namu anst Belbopa cebe Haunydllero
rofI0BHOIMO y3na 1, COOTBETCTBEHHO, knacTtepa. B cny4dae, ecnu
rOJIOBHON y3en Kfactepa HaxoauTcd Janeko OT LWo3a C CEeTbio
CBSA31 00LLEro NnoJjib30BaHUs, OH MOXET NnepeaaTb arperMpoBaH-
HYI0 MHOPMaLMIO HEePES rONIOBHOW Y3€eN APYroro Knacrepa.

5.6.3. Anroputm ERA cnyuyaiiHoro Bbioopa rosioBHOro yana

ANroputM 0OCBEOOMJIEHHOCTM 00 OCTaTO4HOW SHeprun ERA
(Energy Residue Aware) [38] npenctaBnsieT coboii elle oauiH
anropuTM mepapxmyeckon mapwipytmsaumm. Anroputm ERA
TOXe saBnseTca passutnemMm anroputma LEACH um BkiouyaeT B
aHanmM3 BOMnpoca BbiOOpa FOJSIOBHOIO y3fa B knacTtepe 3atpaThl
Ha OCYLLLECTBMIEHNE B3aUMOOENCTBUA. 3aTpaTthbl HA OCYLLECTBNE-

8. b.C. lonbawTeiiH
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HME B3aMMOOENCTBUS BKOYAIOT B Ce0S1 OCTATOYHYIO 3HEPrUO
rofIOBHOrO y3na knacrepa (E,, ), 3aTpatbl 3HEPrMm Ha B3aumo-
[eicTBME rOJIOBHOMO y3na ¢ 6a3oBoit cTaHumen (E, ), 3atpaTbl
3HEPrvn Ha B3aMMOAENCTBUE YIEHOB KlacTepa C rosiOBHbIM y3-
nowm (E, ).

B aTOM cocTOoMT mpuHUUnuanbHasa pasHvua C aaropuTMOM
HEED: anroputm ERA ncnonb3dyeTt Ty Xe cxemy Bbibopa rosoBs-
HOro yana, 4to u LEACH (cnyyariHbin BbIOOpP), HO obecneynBaeTt
Jy4wnii BbiIGOP rOSIOBHOIO y3/a 3a CYET MCMNONb30BaHMS A0MNOJI-
HUTESIbHBIX NAPaMeTPORB, ONPEeAENEHHbIX BbILLE.

YpaBHeHus (5.2) nomorarT onpenensaTb 3atpaTbl knactepa
npwv BbIGOPE TOro NN MHOTO y3/1a B KAYECTBE MOJIOBHOIO U HANTU
rONI0BHOM y3en knacTepa C MakCUMalbHOM OCTaTOYHOW SHEPro-
€MKOCTbI0. B (5.2) MHOXECTBO S, ABNAETCSA MHOXECTBOM A1 r0-
NOBHbIX Y3/10B, MHOXECTBO S ABIAETCA MHOXECTBOM /191 4JIEHOB
Knacrtepa.

(ECH—)‘es )i = (ECH—rem )i - (EIUBS)I" I < Sc
(EnunCH—res)j = (EnunCH—rem)j _(EtaBS)ji’ Je SN’VI' S Sc (52)
maX{(ECH—res)i + (EnonCH—res)j | \V/Z € Sc} .] S SN

Anroputm ERA MOXET Mcnonb3oBaTbCA Kak Ansa BHYTpUKa-
CTEPHbIX, TaK U OJ191 MEXKNACTEPHbIX COEANHEHUA.

5.6.4. Anroputmbl PEGASIS n nepapxuyeckun PEGASIS

Anropuntm PEGASIS (Power-Efficient Gathering Sensor
Information Systems) — adbdekTnBHas NO MOLLHOCTU CUCTEMA
cbopa nHdopmaumm OT CEHCOPOB — HE MMEET MPSIMOro OTHO-
LUEHMS K KNAaCTEPHON opraHusaumm 6ecrnpoBOAHbIX CEHCOPHbIX
ceTen, HO ByaeT pacCcMOTpeHa ganee oas NoAHOTLI aHanmM3a oc-
HOBHbIX aNropnuTMOB MapwpyTmnsaumm B USN.

Anroputm PEGASIS [88, 89] npegycmaTtpmBaeT OCHOBAHHbIM
Ha LEACH anropmntm opraHusauym CeHCOpPHbIX Y3J/10B B rocne-
[OBaTesIbHYIO LLEENOYKY 1 nNepruoamyeckoe 0OHOBIEHNE MEPBOro
y37a B LIEMOYKE TakK Xe, Kak 3TO NPeayCMOTPEHO B KJ1ACTEPHbIX
USN. B anropuntme PEGASIS uenodyka dpopmmpyeTcs Tak, 4ToObl
CEHCOpPHbIE Y3/bl B3AMMOAENCTBOBANN TOJIBKO C OMXKANLLNMU U
TOJIbKO OAMH M3 y3N0B ABASACS Obl NepegaowmmM nHdopmMaumio
Ha 6a30BYI0 CTAHLUMIO B K&XXA0M U3 UHTEPBaNOB GYHKLMOHMPOBA-
HMSI CEHCOPHOM CeTw.

Onsa onpenenenns 6Anmxanwmnx y3aoB Kaxabld y3en MCnosb-
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3yeT 3HadeHne RSS ang oueHku paccTtositHUsa OO y3na M 3aTem
BbIOMpaeT 3Ha4YeHMe MOLLHOCTM CUrHana Tak, 4ToObl B3aMMO-
[encTBoBaTh TONbKO C Gnvxanwmnmm yanamu. lNMoctpoeHue ue-
MOYKM MNO3BONSET MMHMMW3UPOBATb PACCTOSHME, Ha KOTOPOe
nepenaetca nHpopmauus, a poTaums nepBoro ceHcopa B LIenoy-
Ke yBenmM4MBaeT AJIMTENbHOCTb (PYHKLUMOHNUPOBAHUS OTAENbHbIX
CEHCOPHbIX y3/10B. Takol noaxod Mo3BONSAET CHU3UTb obLliee
3HepronoTpedbneHne ansa 6ecnpoBOAHbIX CEHCOPHbLIX CEeTen n
YBENUYUTb OINTENbHOCTb GYHKUMOHMPOoBaHMa USN B Lenom.

Llenoukn anroputma PEGASIS cospaloT [OMnONHUTENBbHBIE
3aZepXkn npu nepepayve nHpopmaumn. Kpome toro, amHamm-
yeckoe n3MeHeHue Tonosnorun B anroputme PEGASIS Tpebyer,
YTOObI KaXAbl/i CEHCOPHbIN y3es 3Han 006 SHEPreTUYECKNX BO3-
MOXHOCTSIX CBOMX ONMXKaMWINX COCEOHUX Y30B AN BblUUCE-
HMUS MaplipyTa nepepadm padHbeix. ocnegHee CylEeCTBEHHO
YCIIOXHSAET 3aroflIoBOK 1 MOMUMO 3TOro NpMBOAMT K Npobnemam
npy GYHKLMNOHUPOBAHNN CEHCOPHOM CETU B YCNOBUSAX OOMbLUON
Harpy3km. Ons CHMXEHUST 3adepXkm Obln nMpensiokeH mepap-
xuyeckuin anroput™m PEGASIS [88]. Anropntm mepapxuyeckui
PEGASIS wucnonb3dyer CDMA pns KoOMpOBaHUS CUMHANOB W
NPOCTPAHCTBEHHOE Pa3fefIEHNE CEHCOPHbIX Y3JI0B. ANrOopuUTMm
CTPOUTCS B BUOE NEPAPXMYECKONO AepPEBA, NPUYEM KaXKObIA BbIO-
PaHHbIA y3en Kakoro-nmbo ypoBHSA NepenaeT OaHHble Ha y3en
BEPXHErO YPOBHS nepapxmmn. 3toT METOA NO3BONSIET 0OecneunTb
napannenbHyto nepeaavy gaHHbIX 1 YMEHbLUNTb 3a4EPXKN CUrHa-
nos oo 3HavyeHun 0 (IgN), rae N — yncno y3nos.

5.6.5. Anroputm RRCH

ANropnTM  UMKJIMYECKOW 0O4YepenHOCTM Bbibopa FOJSIOBHOMO
y3na B knactepe RRCH (Round-Robin Cluster Head) [93] npea-
nonaraet ¢GopMUpoBaHME KjacTepa TOJIbKO €OVHOBPEMEHHO.
Mocne dpukcaumm knactepa ans Bbidopa roIOBHOrO y3s1a B HEM Ha
NPOTSXXEHUN ero YHKUMOHMPOBAHUS MCMNOJIb3YETCH N3BECTHbLIN
MeTOoA UMKImMyeckom odepegHocTu [15]. Tak xe, kak n B LEACH,
KaXabl U3 YNEHOB KJlacTepa MOXET CTaTb FOJIOBHLIM Y3/10M, FO-
JIOBHOW y3en 3afaeT pacnmcaHue Ans 4ieHOoB Kfactepa n T.4.

C yyeTtoM MnpocTOThl npouecca GopMMPOBaAHUA KacTepa,
RRCH ns3beraet notepb aHeEprum npu peknacrepmdauun. Ectect-
BEHHO, YTO C TOYKWN 3PEHUSA 3HepreTnyeckmnx napamertpos RRCH
MMEET Npu 3TOM Nyylumne pelynstathl, 4yem LEACH.

OpHako xecTkas gukcauma knactepa npuBOAUT K TOMY, YTO
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OOVH N3 KNacTepOB MOXET MNepecTaTb BbIMONHATbL CBOUN (PYHK-
UMK C Hagnexawym KadyecTBOM 00CnyXmBaHus BbICTpee, YEM B
LEACH, B KOTOpOM peknactepm3aumnst NpUBOAUT K BOSMOXHOCTH
pacnpeaennTb PeCYpChbl PABHOMEPHO MeXay BCEMU KlacTepamu
OOHOWN CEHCOPHOM CEeTW.

5.7. AnropuTm pacnpepeneHHou Kknacrtepusaumm

5.7.1. MoOGunbHble CEHCOpPHbIE CeTn

B nocnegHue roabl NOABUACA HOBbIA BUO, CEHCOPHbIX Ce-
Ten — 3T0 MOobBunbHble ceHcopHble cetn MSN (Mobile Sensor
Networks). 3Tu ceTu coxpaHunn Bce 0COOEHHOCTM BecnpoBo/-
HbIX CeHCOpPHbIX ceTet USN 1, kpome Toro, K 3TM 0COO6EeHHOCTAM
nobaBmnacb MOOUIBHOCTb.

KnacTtepHas apxuTtektypa Hawna npumeHeHme n B MSN, no-
3TOMY MNOMCK Haunyylwnx BapuaHTOB OpraHmM3aumn knacrtepa v
BbIOOpa ronoBHOro yana ans MSN aBnseTcs ceroHs akTyanbHOM
3aga4en. B rnaBe paccMOTpeH aniroputM Knactepusauun ons
MSN Ha ocHOBE MCMNOb30BaHMNSA MPEANKTOPOB. ANrOpUTM Npea-
CTaBNsieTcs afgekBaTHbIM A1 BbiOOpa rofIoBHOrO y3na kiacrepa
1 opraHu3aumm KnactepoB B MOOUIIbHbIX 6€CMPOBOAHbBIX CEHCOP-
HbIX ceTax. [MoABMNOCH A0BOSILHO MHOIO UCCNeaoBaHuin Npobiem
co30aHuns 6ecnpoBOAHbIX MOOUIbHBLIX CEHCOPHbLIX ceTel B obnac-
TV aNroOpuUTMOB MapLLPYTU3aLMKU, NOKPbLITUS, YNPaB/IEHUS PECYP-
camu, 3alnTbl U T.4. PopMUPyeTCs CreayLuvin 3Tarn B pasBuTum
6ecnpoBOAHbIX CEHCOPHLIX CETEN. ANrOpUTMbI KlacTepusaumn B
ctaunoHapHbix USN [31] He MoryT agekBaTHO OTpaxaTtb Npouec-
cbl B MSN, TpebyeTca pa3padboTka HOBbIX aIFOPUTMOB.

B MOGWJIbHBIX CEHCOPHbIX CETAX CEHCOPHbIE Y3/lbl, KakK NpaBu-
N0, yCTaHaBMBAOTCA HA MOBUNBbHBIX NNaTdopMax U CNOCOOHbI,
npu Heo6xo0aMMOCTH, K reorpadryeckoMy NepemeLLeHunio.

3amMeTnMm, 4To B OTIndne OT BECNPOBOAHLIX CETEN OPYroro
Tnna — mobunbHbix Ad Hoc ceTtein [35, 109], nmeHyembix MANET,
roe MobuAbHOCTb pacCMaTpuUBaETCs Kak HEKOHTPOMPYEMbI
dakTop, B MSN MOOGUILHOCTL MOXET pacCMaTpuBaTbCA Kak
LIleHHasa ynpasnsiemMas cnocobHocTb [558, 59], nocpeacTBoM Ko-
TOPOV CMOryT ObITb NOJIy4EeHbl D0Nee MHTeNNeKTyanbHble U 6onee
rMoKmne n agekBaTHbIE BHELLHUM YCJIOBUSIM CEHCOPHbIE CETU, YEM
cTauuoHapHbie USN.
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Hanpuwmep, B [80] ynpasnsemass MOOMIbHOCTb BBEAEHA B CEH-
COpPHbIN y3en ana obecnevyeHns yCTon4mMBOCTM CEeTU. YKa3aHHbIN
nogxon, nNpaena, OCHOBaH Ha MCMNOML30BaHUU NPeaBapuUTeNibHO
onpeaeneHHbix KabesnbHbIX CETEN M HE MO3BONSAN CTPOUTL CETb
Ona cny4darHbix coObITUiA. [ogoBHbIA NOAX0A MOXHO YBUOETb U
B [113] ang npoueccoB pa3daMHOXEHMUSA, KOrda CEHCOPHbLIN y3en
MIMEET BOSMOXHOCTb UCMOJIb30BaTb TPU pa3Hble KabebHbIE CETU
ONs ONTUMM3auUWM MOKPbITUS.

EcTecTBEHHbIM B 3TUX YCNOBUSX BbIMSAUT NOSIBAIEHME anro-
putma LEACH — Mobile nnn LEACH — M [83] kak BapuaHTa LEACH,
KOTOpPbIN NogaepXxmeaeT MobunbHOCTb. B anropntme LEACH — M
MOOWNBbHbLIA CEHCOPHLIN y3en geknapupyeTt cebsi YieHOM Knac-
Tepa, Korga OH HaxoaMUTCH B OBWXKEHUU, N 3aTEM NOATBEPXOAET
CBOIO OOCTYMHOCTb K OCYLLECTB/IEHUIO CeaHCa CBA3N (Ha OCHO-
Be TDMA) ronoBHoMy y3ny knactepa. 9TO MOXET NPMBOOMUTD,
K coxaneHuto [56], Kk AMHAMNYECKOMY BXOXAEHUIO U BbIOLITUIO
He rosI0BHbIX Y3J10B KjlacTepa B YCTONYMBON dase, Korga YseHsbl
knacTtepa 3adpukCMpoBaHbl nocne ero popmmposanma. OgHako B
LEACH-M knacTtepbl gnHaMmnyeckn GoOpMUPYIOTCS Kaxapln pas,
KOrga CeHCOop NepeMeLLaeTcsl, yBeanumeasa HaknagHble pacxoapl
B ynpaeneHumn knactepomM. OcHoBHOe pasnuune mexay LEACH-M
1 NOAXOA0M K CO34aHUI0 HOBOMO anropmMtmMa COCTOUT B TOM, YTO
npegnaraemMmboll anroputmM obecnevymBaeT CyLLLECTBEHHOE YBENU-
YEHVE BPEMEHMU XN3HN CETU U CTabMNBHOCTb CHPOPMUPOBAHHOIO
KfacTepa 3a CYeT NCMOJSIb30BAHUS KOMOVUHMPOBAHHOIO KPUTEPUS
NPOrHO3MPOBAHUS.

5.7.2. KoMOUHMPOBaHHbIV KPpUTEPUI NPOrHo3npoBaHus

B pasgene npegnaraetca KOMOVMHMPOBAHHBIA KPUTEPWIA MPOT -
HO3VPOBAHUS, OCHOBAHHBIN HA TPEX 9BPUCTUHECKUX NPEANKTO-
pax [84].

5.7.2.1. Kputepuii cBA3HOCTHU

CBA3HOCTb ABNAETCA MepO BO3MOXHOCTEW B3aMMOCBA3N J0-
OOro U3 CEHCOPHbIX Y3/I0B C NOObIM APYrMM CEHCOPHbLIM Y3/10M
B cetn. Ha puc. 5.8 CBA3HOCTb MANIOCTPUPYIOT 3EMEHbIE JIMHUU
MeXay CEHCOPHbIMKU y3namu. PaccMoTpum MoOunbHyto 6ecrnpo-
BOOHYIO CEHCOPHYIO CETb, COCTOSILLYIO U3 A0CTATO4YHO OOMbLLIOIO
4CNa CEHCOPHbIX Y3110B, 0603HAaYeHHbIX Kak S ={s,,....,s,} . CeH-
COpHbIE Y35bl pacnpeneneHbl Ha OOWMPHOM CEHCOPHOM MOJE U
npeaHasHayYeHbl s AeTEKTMPOBaHMS cneundurnyecknx CoobITUIA.
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Puc.5.8. CBSAI3HOCTb B CEHCOPHOI ceTun

O6nacTblo B3aMOCBSA3N CEHCOPHOro y3na s 6yaem Ha3biBaTb
ob6nacTb, B KOTOPOW CEHCOPHbIN y3e/ S MOXET B3aUMOIENCTBO-
BaTb HEMOCPEACTBEHHO C APYrMMU CEHCOPHbIMWU y3namu. Mak-

CUMasbHOE PaCcCTOsIHUE MEX/Y CEHCOPHBLIM Y3/1I0M S, U NOObIM
APYIVIM CEHCOPHBIM Y31I0M S, T S, NonajaeT B 1ana3oH B3a-
nMmoces3m S;, Gyaem HasbiBaTb MpPeaesnoM B3aMmocesasn (R)
CEHCOpPHOro y3na s .

MHOXECTBO 6nmM3nexawmx K CEHCOPHOMY Y37y CEHCOPOB
npeactaeum kak N(s;). Torna N(s;) onpegenserca ns cneayio-
LLLero YPaBHEHUS:

N(s,.):{sj: d(si,sj)<Rl.} (5.3)

B (5.3) napameTp d — EBKNMOOBO pacCTOSHNE MexXay CEHCOpP-
HbIMK y3niamu §; 1 S;. C y4eTOM U3NIOXEHHOr0, KPUTEPUA CBA3-
HOCTM ConC(s;) B MOMEHT BpeMeHn T MOXeT ObITb 3anuncaH cre-
aylowmm obpasom:

ConC(s,) =|N(s,)| (5.4)

5.7.2.2. Kputepuii noKpbITUS

BOoNbLIMHCTBO NOAXOA0B K BbIOOPY FOJIOBHOIO y3/1a B KNnacTtepe
OCHOBaHO Ha HGanaHce aHepreTU4Yeckmx BO3IMOXHOCTEN CeHCcop-
HbIX Y3/10B, HO, KakK yXe OblJI0 OTMEYEHO Bbllle, C TOYKU 3PeHns
KayecTBa 0OCNyXXmMBaHUA LLenecoodbpa3Ho paccmaTpuBaTtb Npo-
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61emMy MOMHOrO MOKPbLITUSS B TEYEHME O0CTATOYHO OONbLUIOro
nepuoga spemeHn [60], 0COBGEHHO A1 CUCTEM MOHUTOPUHIA.
Mpenen oencTeug r CEHCOPHOro y3na s onpeaenseTcs Kak Mak-
cManbHOE PacCTOsAHUE MeXay CEHCOPOM S 1 NIoOON TOYKON P B
obnacTtn oencTeus ceHcopa s. Touka P NoKPbIBAETCSt CEHCOPHbIM
y3/10M S, ecnn EBKNMAOBO pacCTOAHNE MEXAY £ U S MEHbLLE, YEM
I CEHCOPHOro y3na s.

CermeHr Seg!.]. €CTb CeKkuMs nepumMmeTpa NOKPbITUA CEHCOPHO-
ro ysna sS;, KOTopbliA, B CBOIO 04epenb, MOKPbIBAETCH CEHCOPHbLIM
ya3nom §,. CermeHT Seg, NpencTaBiseTcs B YrioBbiX TePMUHAX
KaK 3aKpbITblil MHTEpBan {05, 96] 0°n O aBnaioTca, COOTBETCT-

BEHHO, Ha4YaJibHbIM N KOHEYHbIM YyrJjlaMn CErMeHTa Segl/ And Ha-
YyasibHOM N KOHEYHOM TOYEK.

PaccmoTpum fBa CeHCOpHbIX y3na S, u §, n paccrosHve d
Mexay HumK. Torga, cornacHo TeopeMe KOCUMHYCOB, ANMHA Lij
cerMeHTa Segl.j:

F;Z—I—dz—l"jz

HavanbHbIn © KOHeHHbIl7I yrbl MOFyT ObITb OMpeaenieHbl Kak

9-~*L 0, +L
es . 9 o
> —— 7y 0 T rae 0 siBnsieTcs yrnoBoit Koopau-

HaTOW CEHCOPHOro yana §;npv onpefaeneHun HanpaeneHns S ;

OTHOCUTENIbHO BOOOpaxaeMor MMHUK MOASIPHON OCW.

MNepevyeHb CErMeHTOB CEHCOPHOro y3na S;, o603HaYaemblin
KakK SL,- , ABSIETCSH MHOXECTBOM TakKuUX CEFMEHTOB, YTO:

e CerMeHT AB SLI. HE MOXET OblTb OTHECEH HU K KakOMY-11b0o
OpPYroMy CEerMeHTy B SLI. , K&XAbIli CETMEHT B SLZ. nepekpbiBa-
€T TOYHO ABa CEerMeHTa, No 0QHOMY C KaXXO0M CTOPOHbI, 32 UC-
KJTIOYEHMEM OBYX CErMEHTOB (MepBbI U NOCNEOHNI CErMeH-
Thbl), KXObIA N3 KOTOPbIX MEPEKPLIBAET TOSILKO OANH CErMEHT
B SL, .

C y4eTOM M3MI0XEHHOIO MOXHO 3anucaTb KPUTEPUIA NOKPLITUS

CovC((s;) B MOMEHT BpPEMEHMU t CIEAYIOLLIIM 06Pa30M:

Cov(s))

CovC(s;) = 5
T

(5.6)
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Ecan CovC(s;) ecTb neprMeTprieckoe NokpbITME CEHCOPHO-
royana S§;, TO CMpaBeAJIMBO CheayloLLee YypaBHEHME:

Cov(s)= > ‘Segl.j — > ‘Segl.j nSeg.,

VSegijeSLl. VSegl.j,Segl.kESLl.: J=k

(5.7)

5.7.2.3. Kputepuit MOOUNbHOCTU

MoOUNbLHOCTb, €CTECTBEHHO, ABNAETCA BaXHeNMuM ¢akTo-
POM B MPUHATMN PELLEHNS O BbIOOPE FOMIOBHOIO y3na. C y4etom
4acToro M3MeHeHust GYHKUMIA TONIOHOro y3na uenecoobpasHo
BblIOMpaTb B KA4ecTBe FOJSIOBHOMO y3€e/, KOTOPbIA NepemMeLlaeTcs
He o4eHb ObICTPO. Korpa ronoBHOW y3en nepemelaeTtcs ObICTPO,
CEHCOPHBbIE Y3/ibl MOIYT BbiMagaTthb M3 KlacTepa 1, Kak pesynbrar,
HacTynaet peadpdbunaums. Peadpuasums nMeeT MecTo, Korga
OOMH NN HECKONbKO CEHCOPHbIX Y3/10B NEPEXOAAT U3 OOHOro
KnacTepa B APYron knacTep B Te4eHMe nHTepBana ctabuibHOro
CYLLLECTBOBAHUNS KnacTepoB. BblumcneHne MobunbHOM CKOPOCTU
AJ191 KaX[O0ro CeHCOPHOro yana §; OCYLIeCTBAfeTcs no ¢popmy-
ne:

B (5.8) (X,—),) n (X,_;—Y,_;) — KOOpPAMHATbI CEHCOPHOIO
y3na §; B MOMEHTbI BpeMeHn t v t-1, a At — nHtepsan BpemeHu
mexay tn t-1.

5.7.2.4. Kputepuii OCTaTO4HO 3HEeprum

[0N0OBHbIE Y3Nbl KNACTEPOB OTBEYAKT 32 KOOPAMHALVIO B3au-
MOJENCTBUS YJIEHOB KJlacTepa, arperaumio JaHHbIX 1 nxX nepe-
hady npsmMo Ha 6a30Byl0 CTaAHUMIO WKW Yepe3 MHOrOpaHroBble
coeguHeHud. ockonbkKy rosiIoBHOM y3en Knactepa HyxaaeTtcs
B npueme GONbLUOro 4yMcna nakeToB, OH 3aTpayvBaeT GonbLue
3Hepruun, 4em Bce gpyrune ysnol. B anroputme DCA (Distributed
Clustering Algorithm) ronoBHble y35bl knactepa nepuogmyeckm
NPOXOAAT POTaLMIO, YTO NO3BONAET YBENUYNTL LIMKIT XXN3HU CEH-

copHomn cetn. Kputepuin octatodHom aHeprum REC S; onpepens-
eTCcs Angd Kaxkaoro ysna no cnenywuwen popmyne:

REC(s;)=E(s;). (5.9)
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C yyetom 5.4, 5.6, 5.8 1 5.9 KOMOBMHUPOBAHHLIN KPUTEPUIA

CC(S;) Lnsi CEHCOPHOr O y3/1a §; B MOMEHT BPEMEHM t onpenens-
eTcs cnenyowen GopmyIon:

CC(Si) = Ck‘COI’lC(Si)—f‘ ﬁCOVC(Sl)—FHA;/W—FfREC(SI) . (5.10)
B BbipaxeHuu (5.10) cymma o+ B+ +E=1.

5.7.3. MpeaukTopbl

B aTom paspgene paccMOTPUM TpU 3BPUCTUYECKUX NPEOVKTO-
pa, KoTopble OyayT MCMONb30BaHbl NP ModenupoBaHun. Kom-
OVMHNPOBAHHbLIA KPUTEpPUIn NporHo3mpoBanua CC OomkeH ObiTb
npenckasaH B Tekyllee BpemMs . B COOTBETCTBUM C UCTOpUEN

atoro kputepusi HCC = (CC\,1),(CC,,t,),....[(CC,.t,)], T
t,<t,<..<t. nsa aToro MmoryTt ObITb UCNOJIb30BaHbI:

e MPOCTON TOYeuHbIn nNpeaukTop SPP (Single Point Predictor).
OTOT NpeankTop BCerga npeackasdblBaeT Cneaylollee 3Have-
HUe Kak npeablaywyto sennymnny HCC:

PCC =SPP(t)=CC, (5.11)
e JIMHENHbIA SKCTPANoONsUMOHHLIN npeaukTop LEP (Linear

Extrapolation Predictor). na nMHENHOro SKCTPanONSLMOHHO-
ro npeamKTopa UcnosbdyeTcs cnenyowas popmyna:

PCC = LEP(t)_ ;I(CC -CC _1)+Ccn_1_ (5.12)

l’l }’l—

MMbpugHeii npepuktop HP (Hybrid Predictor) npeactaBnset
co60ol CMeCb TOUYEYHOI O 1 3KCTPANONASLNOHHOIO NPEAVKTOPOB.

n-He4yeTtHoe
cC,

PCC={t. -
- ;I(CC ~CC, )+CC,y nvernce 219
—1

MMBpMaHLIA NPeankTop, Kak npaBuio, UCNONbL3YET JIMHENHOE
npenckasaHne, HO B OTAEJbHbIX CllydasX MOXET Y4MUTbIBaTb CKay-
KOOOpa3Hble N3MEHEHMS NPOLLECCA.

PaccMOTpeHHble NPeaukTopbl LUMPOKO MCMONb3YIOTCS B MO-
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OUNbHBLIX CEeTAX ANA MpeAckasaHus MaplupyTa nepemeLleHns
MOOUIbHBIX CTaHUMi. IMEHHO 3TW NMpPeauKTopbl BbiOpaHbl Ons
NMOCTPOEHUS anropuTMOB BblOOPa rOJIOBHOMO y3ia B MOOUIIbHbIX
CEHCOPHbIX CETSX.

5.7.4. PacnpepeneHHbIW anropuTtMm Kjactepmsauum

PaccmoTpuMm  HOBbIM  anroput™M  knactepmsaummn  DCA
(Distributed Clustering Algorithm) [84].

Mpexne 4em NepenTm K pacCCMOTPEHMIO anropntMa, caenaem
crneayoLwme NpeanonoXeHus:

- BCe CeHCOpPbl TOMOreHHbl C 0NHAKOBbLIMU XapPaKTepPUCTUKaMU,

- TOMOJIOrNs CETU MOXET N3MEHSATLCA M CEHCOPHbIE Y3I1bl MOTYT
nepemMeLlaTbcs co CKOpocTbio oT 0 A0 2 M/C;

- CEHCOpHbIE Yy3/ibl OCYLLLECTBSIOT CBOIKO akTUBHOCTb 6€3 LIEHT-
pann30BaHHOIO yrpaBieHus.

Beenem napameTp, HasbiBaeMblli kiactep-xorn. Knactep-xon
onpenenseTcs kKak MakCMMasibHOE YANCO CEHCOPHbIX Y3/10B MEX-
Oy rONOBHbBIM Y3/10M Kflactepa 1 nepndepuinHbIMn y3namu, BKIO-
yasi camblii MOCAeoHNI CEHCOPHLIN y3en. ITOT OAMHAMUYECKUN
napameTp onpeaensiet npoueanypy GopmMmpoBaHms knactepa m
CNYXUT Kak BXOOHOW mapameTp ans npouecca GopMmnpoBaHUS
knactepa. DCA coaoepxuTt ape dasbl: MUHHOPMALMOHHOE OOHOB-
neHne n dopmuposaHme knactepa. B ¢daze nHpopmaymMoHHOro
O0OHOBNEHUS KaXOblii CEHCOPHbIN Yy3€es BblYMCNSET CBOW Npeank-
TOpbl KOMOUHMPOBaAHHOro kKputepua PCC. danee, 6a3npysach Ha
3HaYeHUn knactep-xona Vi, OCYLLECTBNSAETCH MPOLLECC pac-
npoctpaHeHns PCC. Bo Bpems dopmMmpoBaHus Knactepa CeH-
COpPHbIe Y3Jibl y>Xe 0bnanatoT nHpopmaumen o 6nmM3ocTm Apyrmux
y3noB 1 uHgpopmaumen o PCC.

5.7.4.1. ®asa 1: uHbpopmaunoHHOe 0GHOBNIEHue

Mpexne Bcero, Kaxabli CEHCOPHbLIN y3es BbIMUCAAET CBOM
PCC B COOTBETCTBUWN C KaKMM-TMO0 3BPUCTUYECKUM MPEanNKTO-
poM. Ha BTOpOM Liare anropntMa BblYMCNEHHOE 3HaveHne PCC
nepepnaeTcs B paanyce 6nmanexawimm CEHCOPHbIM y3s10M. Mon-
HOCTbIO anropuTM pacnpocTpaHenna nHbopmaumm o PCC npu-
BeneH B Tabn. 5.2.

B pesynbTarte 4encTemsa anropmtmMma KaxKaplil CEHCOPHbIN y3en
ceTn nuMmeeT nHdopmauuio 06 ysnax, anga kotopbix PCC aensetcs

HanbonbLINM B 006NACTN ), ANA ONM3nexatumx y3os.
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Ta6nuua 5.2. Anroputm pacnpocTtpaHeHns ni¢popmauum o PCC

Calculate Predicted Combined Criterion PCC ( S;)
2 | Max,CC — PCC(s;)
3 | Max,.id —i
4 | while T, >0 do
5 | Transmit Max, B 5,Vs. € N(s,)
6 Wait a period of time to receive the Max; from all s, €N(s,)
7 if all messages received then
8 Determine maximum Max ;.CC
9 it Max,.CC > Max,.CC then
10 | Max,.CC = Max,.CC
11 Max,.id = Max .id
12 | endif
13 | endif
14 701 = ’ycl _1
15 | end while

CuHXpoHM3auua Mexay y3namuv gng peanvsaumn anropmtma
He TpebyeTcs BCNeAcTBME TOro, YTO CEHCOPHbIE y3bl BEPUU-
LIMPYIOTCA Npu pacnpocTpaHeHnn nHpopmaummn o PCC B npenBa-
pPUTENBHO ONPEOENEHHbBIN MPOMEXYTOK BpeMeHu. Anroputm PCC
no3sonsietr dopmmpoBaTb OONbLUME KIACTEPbl, OrpaHUYeHHbIe

TOJIbKO 3HAYeHNEM paaunyca Yy, -

5.7.4.2. ®a3a 2: popmupoBaHue Knacrtepa

lMocne onpeneneHnsa CEeHCOPHbIX Yy3N10B C HaMOONbLUMM 3Ha-
yeHnem PCC MOXHO mepenTn KO BTOpON ¢ase anropmtma, Ha
KOTOPOI HenocpeacTtBeHHO dopmupyeTca knactep. Ldanee He
OyoemMm apgantmpoBaTb nNogxod, K GOpMMPOBAHWIO KnacTepa, B
COOTBETCTBUUN C KOTOPbIM CEHCOPHbBIN y3€es C HanbOoNbLWNM 3Ha-
yeHmem PCC npuvrnawaeTt BOMTU B CBOW knacTep gpyrue onusne-
Xallne ceHcopHble y3nbl. bynem ¢dopmMmpoBaTh KnacTtep Takum
obpas3om, 4TOOblI BCe KnacTepbl Obin 60iee unm MeHee OOHMX
pasMepoB n 60nee UM MeHee OAMHAKOBO pacnpepenieHbl o
CEHCOPHbIM y31aM, NPUYEM OMYCK CEHCOPHbLIX Y3/10B B KilacTep
OCYLLECTBNSETCA KIACTEPOM CaMOCTOSTENbHO. [ng peannsauum
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yKaszaHHOro noaxoaa paspaboTaH pacnpenesieHHbIN KNnacTepHbI
anroputm DCA (Distributed Cluster Algorithm), npuBeAeHHbIN B
Tabn. 5.3.

Ta6nuua 5.3. PacnpeaeneHHblili knactepHbiii anroputm (DCA)
1 | if(Max,, =ior My _Cluster _ Head message received) do
2 | S; considered as Cluster head
3 | Broadcasta Cluster _Head(CC(s,)) message for all neighbors
4 | else
5 | select node s, = Maxi. id as Cluster head
6 | Broadcasta My _ Cluster _ Head messageto s,
7 | endif
8 | if S:received (Cluster Head message)then
9 | Wait a period of time
10 | if (time expired ) then
11 | send Join message to S, which has minimum PCC
12 | endif
13 | endif
14 if (S; received Join message from S ;) then
15 | Update the cluster table by S
16 | endif

Anroputm DCA ¢dyHKUMOHMPYET cnenyowmm obpasom. Kax-
Abli CEHCOPHbLIN y3en S;, A1 KOTOPOro onpeneneHo Hanbosb-
wee 3HadeHne PCC, no3vuuoHMpyeT cebs Kak rosIoBHOW y3en
Knactepa U paccbiiaeT BCEM CEHCOPHbIM y3/laM COOOLLeHne
Cluster-Head, conepxatiee 3HadeHne PCC(S;). Ecnv xe OH He
SIBNSIETCA NPETEHAEHTOM Ha POJSib FOJSIOBHOIO y3Na B kKnactepe, To
TakoW CeHCOPHbIN y3en BbibupaeT y3en ¢ HaMMEeHbLUMM 3Ha4YeHN -
eM PCC v HanpaBnsaeT eMy coobLleHne Join 0 BXOXAEeHUN B Kna-
cTep. lonoBHOM y3en cobmnpaeT MHPOPMAaLMIO CO BCEX CEHCOPHbIX
Yy3J10B CBOErO KJlacTepa B MapLLPYTHYIO Tabnuuy n GopMmpyeT ee
B 3aBNUCUMOCTM OT MOCTYMMBLLMX COOOLLLEHWI Join.
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5.7.5. PesaynbraTbl MOAENNPOBaAHUSA

Mporpamma MopenupoBaHus Oblna HanmcaHa Ha a3blke
C#.NET. CeHcopHble y3nbl pacrnpenensnimcb HepaBHOMEPHO
cnyvariHbiM 06pa3oM Ha nnockocTu. MNpeanonaranock Takxe, 4To
CEeHCOopHble y3nbl 06n1afaloT JOCTAaTOYHOM MOLLHOCTbIO, YTOObI
MO>HO OblJI0 NOKPbITb PACCTOSIHMS A0 y3na — noayyvatens uHpop-
Maumn.

Mpu MoaenMpoBaHUX WCMNOMb30OBaNacb CTaHOAPTHAA 3JHEp-
retTmyeckas Mofdenb, KOraa BCe dHeprosartpaTtbhl pasaensiTcs
Ha [OBe 4yacTu: nepegada n npuemMm coobuleHuii. MapameTpbl U
NX 3Ha4YeHUs, NCMOJIb3yeMble NP MOAENMPOBAHUM, CBEAEHbl B
Tabn. 5.4 N COOTBETCTBYIOT TUMOBLIM MPU NCCNEeA0BaHNSAX BOMPO-
COB KlacTepu3aLmnmn B CEHCOPHbIX CETAX.

Insa nocnenyiowyx nccnenoBaHuii 66110 BbIOPaHO 2 cLeHapust.
B nepBomM cueHapun mnccneayTcsa BONpocbl 3pEdOEKTUBHOCTH
DCA npu ncnonb3oBaHun pasnnyHbix npeamktopos SPP, LEP u
HP. Bo BTOpOM cueHapun NpeaioXeHHbI anroputMm CpaBHMBaA-
eTcsa ¢ u3eectHbiMm LEACH-M [83].

Ta6nuua 5.4. MapameTpbl U UX 3HA4YEHUS, UICNOJNIb3yEeMble
npv moaennpoBaHnmn

MapameTp O6o3HauyeHue 3HauyeHue
MepBu4yHas aHeprus Ha y3en E 2j
Tx | Rx Eoles 50 nj/6ut
MoCcTosIHHOE youneHue Eﬁ 10 pj/6UT/M?
MynbTnceteBas NOCTOsIHHAs €mp 0.0013 pj/6ut/™m?
€f
MoTepwu Ha yyacTkax S 87
(9KCNOHEeHUMaNbHbIE)
mp
Pa3mep nakeTta K 30 6aiiToB
CkopocTb nakeTa B 1 naket/cek
Pagwnyc ceHcopa r 25m
LLiInpokononocHas 30Ha BelaHns R 2r
Paauyc knactepa Voop 2r
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Puc. 5.9. OToOpaxeHne Moaenun Ha aKpaHe

Onsa oueHkn apPeKTUBHOCTM airOPUTMOB UCMNOJIb3YETCH MET-
prKa XU3HEHHOro UnKfia CetTu — MHTepPBa BPEMEHN MeXOy Ha-
4yanom GYHKLMOHUPOBAHUS N TMOENbI0 NOCNEAHErO N3 XUBYLLMX
CEHCOPHbIX Y3/10B.

5.7.5.1. NepBbIVi cueHapun

B nepBOM cugHapuu CEHCOpPHbIE Y3Mbl ClyYarnHO pacnpege-
JieHbl Ha nnockocTn pasamepom 200m*200m. Hmcno y3nos B cetu
cocTtasnset 100.

Llenbio mogenmpoBaHua gaBnsieTcs npoeepka adppeKTMBHOCTU
KpuTepusa cesasHocTh (a=1, 3=0, 7 =0 n £ =0), kputepus nok-
pbitna (a=0, =1, Y=0n § =0), aHepreTMYECKOro KpuTepus
(a=0, 3=0, 7 =1wn £=0) n kputepmsa mobunbHocTn (=0, 3=0,
Y=0wn f=1) B anroputme DCA npu ncnonb3osannn SPP, LEP n
HP npeoukTopos.
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Mo6unbHoCTL SPP <

3Heprusa

Kputepun

Puc.5.10. 3ddektnBHocTb Kputepues B DCA

Ha puc. 5.10 nsobpaxeH XW3HEHHbIW LMK CEHCOPHOW ceTu
0N Pa3INYHbIX KPUTEPMEB B YCIIOBUSAX UCMONb30BAHUA pa3nmy-
HbIX NPeanKTOPOB. Kak BUANM, KPUTEPUIA CBASHOCTM HAUNYYLLINM
obpa3om nogxoamT Ons obecnevyeHnst XM3HEHHOro LMKIa CeH-
COpPHON ceTu.

5.7.5.2. Bropoi cueHapum

B aToM cugeHapun CEHCOpHbIE Y3/bl Chy4YaliHbIM 0Opa3om
pacnpeneneHsl Ha niockocTr 200mM*200M 1 YNCIO CEHCOPOB U3-
meHnsieTca ot 200 oo 400 ¢ warom 50. byaem cuntatb TakxXe, 4TO

a=pF=v=(=0.25,

Ha puc. 5.11 wno3 pacnonoxeH B ueHTpe cetu. lNpocTble
pacyeTbl MOryT nokasaTtb, YTO B 3TOM CJlyyae OOCTUraeTcsd Mu-
HUMaJNIbHOE 3HavyeHue EBKNMOoBa PacCTOSHUSA Mexay yanamu
M wno3omM. Ha puc. 5.11 cpaBHMBaeTCA XN3HEHHbIN Uykn DCA
C pasnuyHbiMn npeguktopamn (LEP, HP, SPP) C XW3HEHHbIM
LUMKJIOM CETU MPU UCMONb30BAHUN KJ1ACCUYECKOro asnroputma
LEACH-M. Kak Bugum, anroputm DCA yBenn4mBaeT XNUSHEHHbIN
LMK CETU MPU NCNOJSIb30BaHNM BCEX MPEaSIOXEHHbIX NPeanKTo-
pPOB Mo cpaBHeHuto ¢ anroputmom LEACH-M.
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Puc. 5.11. JKn3HeHHbI LMK CeTU C UCMOJIb30OBaAHNEM
pa3nuuHbix Bepcuit DCA B cpaBHeHuu ¢ LEACH-M
B CJ/ly4yae, KOrAa LWilo3 pacrnosioXXeH B LLleHTpe ceTu

O6bsACHEHME 3TOMY COCTOUT B TOM, 4TO LEACH-M ncnonbayer
CnyyarHbIli BbIOOP rOMIOBHOMO y3na (M Kak cneactBue — pasme-
pa knacrtepa), 4TO MOXET NpuBOAUTL K 6onee ObICTPON rmbenu
OTAENbHbIX CEHCOPHbIX Y3/10B.

B anroputme e DCA ronoBHol y3en BblOnpaeTcs ¢ y4eToM
MHOXeCTBa KPUTEPMEB, YTO 1 0BEeCneyYmBaeT XopoLlee pacrpe-
heneHne ronoBHbIX GYHKLUNIA cpean CEHCOPHbIX Y3/10B.

9. b.C. lonbawtenH
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Puc. 5.12. J)XnsHeHHbI UMKN ceTn Ana pasnudHbix Bepcuii DCA
B cpaBHeHuu ¢ LEACH B cnyvae, korga wnio3
pacnosioXXeH BHe ceTn

M B cnyyae, koraa W3 pacrnonioXeH BHe ceTu, anropntm DSA
obecrneynBaeT 6onee AINTENbHBLIA XUSHEHHbIA LUK CETU, YEM
anroputm LEACH-M.

AHanua 3aBmcumocTen Ha puc. 5.11 n puc. 5.12 nokasbiBaeT
Takxe, 4To NpocTon npeankTop SPP obecneymBaeT HaMboNbLLNA
Nno ANNTENbHOCTU XWUSHEHHbIN LMK CEHCOPHOW CeTu BO BCEX
PacCCMOTPEHHbIX Cy4Yasix.

5.7.6. Hoeble anropnTmbl AN MOOUIJIbHbIX CEHCOPHbIX CeTen.

Yxe nocne onybGrivMKoBaHUA MaTepuasnoB Mo anroputMy pac-
npeaeneHHon knactepusaumn MnosiBUNICA Uenblii pag HOBbIX
aNropuTMOB OJ11 MOOUIIbHBIX CEHCOPHBIX CETEeM, Kak OPUEHTUPO-
BaHHbIX HA KOHKPETHbIE NPUIOXEHMS, Tak U 0bLLLEero xapakrepa.
Huxe Mbl paccMOTpUM Hanbosnee MHTEePECHbIe U3 HUX, Ha HaLl
B3rNa.

9. b.C. lonbawtenH
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Anroputm rpynnoeoi mobunbHoctTn GMAC (Group Mobility
Adaptive Clustering Scheme for Mobile Sensor Networks) [32]
npeanonaraeT, 4TO BCE CEHCOpPbl NOApPa3aensoTCs Ha rpynnbl,
Takme, YTO YaeHbl OOHOM rpynnbl NepemMeLlalnTcs B 0OHOM Han-
paBfeHNM N CO CKOPOCTbIO, OAMHAKOBOW Yy BCEX YNIEHOB rPynnbl.

Mpu aTOM COCTaB rpynnsl NEPUOLANYECKN NoaBepraeTcs poTa-
LMWN KaK C TOYKU 3peHMs BbIOOpA rOMOBHOMO y3na, Tak U C TOYKU
3PEHNS YNEHCTBa Kakoro-nmbo M3 CEHCOPOB B TOM WU UHOMN
rpynne. OnpegensiioTcs ABE rpynnbl: UCTopMYeckas (Tekywas) v
nporHo3npyemasi.

lMporHo3mpyemas rpynna BblHUCNSETCS Ha OCHOBE WHMOP-
MaLMn O CKOPOCTM M HarnpaBfieHUN OBUXEHUSI Kak COOCTBEHHO
CEHCOPHOro yana, Tak u 6nunanexawmx yanos. Cosgaercsa npor-
HO3MpPYEMbI NMepeveHb Bcex Damnasnexalimx y3nos asis Kaxaoro
CEHCOpPHOro yana.

ANropuTtM, OCHOBaHHbIN HA NOCTPoeHun aepesa (Tree-Based
Routing Protocol for Wireless Sensor Networks) [34] n3 npoekta
LAURA (LocAlization and Ubiquitous monitoRing of pAtients for
health care support), UHTEpPECEH NpPexXae BCEro TeM, YTO OH pas-
paboTaH A5 CMeLIaHHOW CETU CO CTALMOHAPHBIMU 1N MOBWTbHbI-
MU CEHCOPHbIMU Y3/1TaMWU.

MNpn 3TOM CTaLMOHAPHbIE CEHCOPHbIE Y3/bl 0OPa3yloT HeKoe
nepeBo, B 06/1aCTV NOKPbLITUA KOTOPOIro NepeMeLLLaloTca MOOUIb-
Hbl€ CEHCOpPHbIE Y31bl.

ANropnTM MO3BONSET YNPaBasaTb MOOUABHOCTBIO NEpeEMeELLa-
loLmxca ysnos. Anropmtm nucnosnedyetca B npoekte LAURA ang
OTC/IEeXVBaHUS NepeMeLLEHUS NALMEHTOB B YCIOBUSX NX HAXOX-
0EeHWs B KIIMHUKE.

B [119] npennaraetcsa anropmuTm ¢ npegckasaHmemM, OCHOBaH-
Hbl1 HA SIBJIEHMW NPOCTPAaHCTBEHHOW KOPPENSumMn Mexay y3namMmu
CEHCOpPHOW CeTn.

AnropmntM MoXeT ObiTb MCNOJIb30BAH Kak AJisi CTaLMOHAPHBbIX,
TakK 1 onsi MOOWUIbHbIX CEHCOPHBLIX ceTell. EcCTecTBEHHO, Hauny4y-
LMe pe3ynbTaThl MPU NCMONb30BaHMKM 3TOr0 airopuTMa goctura-
IOTCA OJ19 CEHCOPHbIX CeTel ¢ 60MbLIOW NNOTHOCTLIO, rae 6onblue
M NPOCTPaHCTBEHHaA koppenauusa. [na npegckasaHus UCnoJsib-
3yeTcs HOpMannM30BaHHbI METOM, HAaUMEHbLLINX KBaApaToB.



'nasa 6

Cetn
aOBTOMOOUBLHOIO
TPAHCNOPTA

ABTOMOOUIIb N3MEHWIT HaLLy OAEXAY, MaHEPbI, 00blHau,

¢rocobbl 1eTHEro oTAbixa, 06K ropoaoB, NMOTPeOUTEIbCKOE NOBeAeHVe,
MaccoBble BKYCbl 1 CeKCYaslbHbI€ MO3nLMN.

I>xoH Kntc

6.1. Oowume ceepeHunda o VANET

OgoHuM 13 Hambonee nNepcrnekTUBHbIX HanpaBfieHW B pas-
BUTMN CUCTEM OECMPOBOAHOIrO AOCTyNa ABMASIOTCHA CEeTU TPaHC-
noptHbix cpegcTs VANET (Vehicular Ad Hoc Network) [85]. CeTtun
VANET npuHagnexart K knaccy moounbHbix Ad Hoc cetein MANET
(Mobile Ad Hoc Network) [16], xoTs UM npucywy, U psg, OCOOEH-
HOCTEN, KaK C TOYKM 3PEHNS NMPUMEHEHMS, TaK N C TOYKM 3PEHMNS
MCMOJSIb3yEMbIX MNPOTOKONOB. CnegyeTr 3aMeTUTb, YTO HECMOTPS
Ha HasBaHue VANET, B 9Tux ceTax npenycMaTpmnBaeTCs He TOJIbKO
pexum dyHKuMoHmnpoBaHma Ad Hoc, HO 1 KOMOMHMPOBAHHLIM,
korga anemeHTbl cet VANET MOryT coegmHaTbCs ¢ MHppacTpyk-
TYPHbLIMU y3n1iamn ceTn. Kpome Toro, npegycMmaTpmBaeTcs LWnMpo-
KOe UCNob30BaHNE CEHCOPOB A coopa pasnmyHon nHpopma-
LU B CeTAX aBTOMOOULHOrO TpaHcnopTa [61].

CospaHue cetenn VANET nmeeT 1 BNONHE ACHYI0 KOMMEpPYEC-
Kyl0 cocTaBnsiowyto. 1encTtesmntenbHO, Ha FOPU30OHTE NnaaHnpoBa-
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Hua oo 2015 ropa B Poccuiickon depepauym NporHo3mpyemoe
4YMCNIO aBTOTPAHCMNOPTHLIX CPEACTB COCTABUT NpMMepHO 60 Mmun-
JINOHOB €AMHMLL. XOPOLLUO N3BECTHO, YTO B HACTOSILLIEE BPEMS YNC-
J10 OCHOBHbIX TenedOoHHbIX annapaTtos B Poccuinckon Pepepaumn
HeMHoro npesbiwaeT 40 MUINMOHOB. Kak BUOMM, 9TU 3HAYEHUS
COMNOCTaBUMBbI, 1 CO3aaHMe aBTOMOOWbHLIX ceTen n OnepaTopa
(OnepaTopoB) 3TUX CETEN NLLb A0 BPEMEHW.

Cetb VANET aBngetcsa ogHOM 13 6a30BbIX COCTABAAOLWUNX MH-
TeJIJIeKTYasIbHOM TpaHCrnopTHoV cuctembl (UTC), B COCTaB KOTO-
pon Hapsaay ¢ VANET exogart taikke [45]:

- CNYTHMKOBbIE CMCTEMbI No3uumoHnpoBaHus (MMOHACC/GPS/
GALILEQ),

- COTOBblE CETU CBA3U pa3HbIX CTaH4apPTOB,
- NPUOOPOXHas NHPPaACTPYKTypa,

- CMCTEeMbl B3aMMOOENCTBUSA M OnnaTbl HA OCHOBE MPOTOKO/1a
DSRC (Dedicated Short Range Communications),

- CMCTEMbl 9KCTPEHHOr 0 BbI30Ba B C/ly4ae aBapuiHbIX CUTyauuni
e-call n OPA-TJTIOHACC.

MHTennekTyanbHaa TpaHCNOPTHash cucTtemMa SBJSIETCH CUM-
O6no3om ceTenn CBA3N U UHPOPMAUMOHHBLIX BO3MOXHOCTEN
TPAHCMOPTHbIX CPEACTB N CUCTEM YNpaBiieHNs aBTOMOOUIIbHbIM
OBMXeHVeM. He cnyy4aiiHO npepnaraemMblii B HacTosILLee Bpe-
MSi B KauyecTBe NPOTOKOJa KaHanbHOro yposHa and UTC npo-
Tokon GeoNetworking (Geographic Addressing and Routing)
paccMmaTpmMBaeTCs TONIbKO B COBOKYMHOCTU C MPOTOKONOM IPv6
[46,47,48].

Cranpaptuzauma UTC, skntoyas VANET, Tenepb cornacoBaHHO
MPOBOAMTCH NPAKTUYECKM BCEMU BEOYLUVMMWN CTAHOAPTUIYIOLLN-
Mun opraHnsauusmu. ITU-T paspadoTtan pekomeHpaumio Y.2281
«CTpyKTypa ycnyr n npuaoXeHun ¢ Ncronb30BaHMEM PECYPCOB
NGN onsa ceteBbix TpaAHCMOPTHbLIX cpeacTs» [102]; ETSI npeana-
raet ctaHgoapTbl cepun 102 636 ona apxmTekTypbl U NPOTOKOSOB
NTC n cepun 102 637 ona npunoxeHnn mn ycnyr; EBponenckni
komuteT ctaHgaptusaummn CEN paspabortan ctaHgapTbl Onas
npotokona DSRC; ISO n IETF aBnsai0TCA y4aCTHUKAMK NpoeKkTa
GeoNET, BbINnoMHAEMOro B pamkax padboT no cepbMon nNporpam-
Me pa3BuTus EBponeiickoro cooblecTtaa.
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6.2. dyHKUMOHANbHAA apXUTEKTypa, CTaHLUUN U
noacuctemol UTC

Ha pwuc. 6.1 npencrtaBneHa @yHKUMOHaNbHAA apxXuTekTypa
MHTennekTyanbHOM TPAHCMOPTHOM CUCTEMBI C I0OKASIbHOM CETbIO
ctaHumin UTC kak aapom cuctemsl [45]. JlokanbHasa cetb UTC, ¢
Lenblo obecneynTb NpeaocTaBfieHMEe MNOb30BaTENAM MOJIHOMO
nepeydHs ycnyr UTC, BsaumopaencTByeT ¢ ueneBoi cetbto VANET,
BblOENEHHbIMU CeTAMM (HanpuMep, CeTbio aBTOMOOUNEN KOHK-
pPeTHOro Npon3BoauTeNs), a Takxe ¢ cetamm goctyna NTC, ceTsa-
MU JoCTyna ceTei cBa3m ooLero nonb3osaHusa (CCOIM), ceTamm
[0oCcTyna YacTHbIX TENEeKOMMYHUKAUVOHHbLIX CeTen ANsa CBA3U C
aapom CCOI n/vnn NHTepHeT.

YacTHagqa
ceTb
nocTtyna

Llenesas ceTb
(VANET)

ccon
wwunm

NHTepHeT

Cetb
pocTyna
NUTC

JlokanbHas ceTb
cTaHuumn
NTC

BblaeneHHble
cetn

Puc. 6.1. dyHKUMoHanbHaga apxutektypa UTC

OcCHOBHbIMU YyHKUMOHaNbHbIMKU 6nokamn UTC, ncnonbsye-
MbiMK B cTaHgapTax ETSI ana noctpoenua NHTennekTyanbHOM
TPaHCMNOPTHON cuctembl, aenaTcs ctadHumm UTC. Ha puc. 6.2
npueeneHa dyHKUMOHanbHas apxmtektypa ctadHumm UTC. B po-
kymeHTe ETSI 302665 paccmaTpuBaeTcd 4eTblpexypoBHeBas
dyHKUMOHanNbHasa apxutekTypa ctaHumm UTC, KoTopas Bko4aeT
B cebs cneayoLme ypoBHU:

- YPOBEHb O0CTYynMa,

- CETEBOM M TPaAHCMNOPTHbLIN YPOBEHD,
- YPOBEHb BO3MOXHOCTEWN,

- YPOBEHb NPUIOXEHUIA.
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MNpunoxeHuns

Bo3amoxHOCTH

CeTb 1 TpaHcNopT
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Puc.6.2. ®dyHKunoHanbHasa apxuTtekTypa ctaHuumn UTC

YpoBeHb A0CTyna BkoHaeT B cebs GU3NYEeCcKmin U KaHasbHbIN
YPOBHM MOAENN B3anmMogencteus oTkpbiTbix cuctem OSI (Open
System Interconnection), ceTeBoi 1 TPaHCNOPTHbLIN YPOBHU NME-
0T B3aMMHO OHO3HA4YHOE COOTBETCTBME C YPOBHAMU 3 U 4 MO-
nenn OSl, a ypoBHM BO3MOXHOCTEN U MPUSTIOXEHN NMEPEKPLIBAIOT
ocTanbHble ypoBHM moaenn OSI BnnoTb A0 7 ypOBHS. B pononHe-
HME K YNOMSIHYTbIM YPOBHAM B GYHKLIMOHANBLHOW apXUTEKTYPE Ha
puc.6.2 nokasaHbl oOLWMe ONa BCeX YPOBHEN (pyHKUMOHASIbHbIE
6710kM 6€30NaCHOCTM 1 aAMUHUCTPUPOBAHUS.

YpoBeHb goctyna B cTaHumax UTC Bka4yaeT B ceds BHyT-
pPEeHHME M BHewHue uHTepdencol. K BHEWHMM nHTepdencam
OTHOCATCH, Hanpumep, nHtepdencol ¢ cetamm 2G/3G/4G, ¢ Ha-
BUraumoHHom cuctemont GPS n 1.4. K BHyTpeHHUM nHtepdencam
OTHOCATCH, Hanpumep, NHTepdencobl B3anMoaenCTBUSA C CETbIO
aBTOMOOUNSA, KOTOPas GOPMUPYETCSH NMPOU3BOANTENEM, YENOBE-
KO-MaLUNHHbLIA MHTEepdENC ¢ BOOUTENEM U T.4.

CeTeBOW 1 TPAHCMOPTHbIM YPOBHM BKKOHAIOT B ceb5 Kak Npo-
Tokonbl cteka TCP/IP, Tak n HoBble npoTokonsl UTC. B yacTtu ce-
TeBbIX MPOTOKOJIOB peKkoMeHayeTcs ncrnonb3oBatsk IPv6 ¢ paclin-
PEHHbIMU PYHKLMAMN MOBUNBHOCTU 1 npoTokon GeoNetworking.
MpoTtokon GeoNetworking cnyxxnt ons onpegenenus reorpadu-
4YeCKUuxX KOopaAnHaT aBToMOOMNA B 30HE 0OCNYXMBAHNSA KOHKPET-
HOW VIHTennekTyasnbHOW TPaHCMOPTHOM cuctemsbl. MNpu nossne-
HUN aBTOMOOWNS B KOHKpeTHoW 3o0He UTC emy npucBanBaeTcs
nceBaoanpec, KOTOPbIN COXPaHAETCH Ha BCe BpeMsl NpedbiBaHMS
aBTOMOOWNS B yKa3aHHOW 30He. B3anmogenicTeme ¢ NpoTOKOIOM
IPv6 no3eongeTt npu ucnonb3oBaHum npotokona GeoNetworking
nepenatb B UeHTpanbHyto noacucrtemy UTC n/mnu B ceTb CBA3MU
o6Lero Nnonb3oBaHNA He0H6Xx0AMMYI0 MHPOPMALINIO KaK O MecTe
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pacnonioxXeHust aBTOMoOuNS, Tak 1 gpyryto nHGopmMauuio 0 TeKy-
LEeM COCTOSHUM aBTOMOOMNSA, 3anpPoLLEeHHbIX ycnyrax u T.4. Cne-
OyeT OTMETUTb, YTO HE NPeAyCMaTPUBAETCS HENOCPEACTBEHHOIO
B3ammogaencTeus npotokonoB GeoNetworking n IPv4. O6ecneye-
HME COBMECTMMOCTHU C ceTamu IPv4 Bo3noxeHo Ha ceTu IPv6.

B NUTC Ha ceTeBOM YpOBHE MNpenycMaTpuBaeTCd Takxke Uc-
nonb3oBaHMe npotokona crtaHpgapta |IEEE 802.11p ona opra-
Hu3aumn ceten VANET [69]. OTmeTuM Takxke, 4To paspaboTka
ctaHgaptoB ETSI gna UTC npoBoaMTCSA B NOTHOM COOTBETCTBUM
¢ pabotamu I1SO, roe Nnooo6OHbIA NPOEKT HocUT HasBaHue CALM
(Communications Architecture for Land Mobile environment).

Ha ypoBHEe BO3MOXHOCTEN npeaycMatpumBaeTcsl Noanepxka
B3aMMOOENCTBUA C CETAMU CBA3U, MHPOPMALIMOHHAA NoaLepX-
Ka 1 nognepxka npuioXeHun. Ha cnepyowem ypoBHe onpe-
OENaTCs TPU rpynnbl NPUAOXKEHU: AOPOXHas 6€30MacHOCTb,
3P DEKTUBHOCTL yNpaBAeHUs OOPOXHbIM TpadpuKoM U UHbIE
npunoxenus. besonacHocTs BkNOYaeT B cebs Hannume firewall
M CUCTEMbI NPeaynpexaeHnsa BTOPXeHUN. Icnonb3yeTcsa Takxe
MOEHTUOUKALNOHHBIA MEHEOXKMEHT, KPUMTO-K/O4YM, NPOoLEeaypbl
ayTeHTndukaumm n aBTopmsaumun, ynpasneHme npodpunem nonb-
30BaTens. 3aMeTuM, YTO B Ka4eCTBE NONb30BATENS B HACTOSLLEE
BPEM4, Kak NpaBunio, paccMaTpuBaeTCH napa BOANTEIb-aBTOMO-
ounb. B apxutexktype UTC npucyTcTBYyeT Takke UMHOOPMALMOH-
Has 6a3a, C MICNOMb30BAHNEM KOTOPOK OCYLLLECTBNSETCH yrnpaB-
NIeHne COBCTBEHHO CTaHUMEN, NMPUIOXEHUSMU, a TaKKe — Mpu
HEeoOX0OMMOCTN — MEXYPOBHEBOE B3aUMOLENCTBUE.

NTC conepXuT 4eTbipe NoACUCTEMBI:

- NepCcoHalbHYyIo,
- UEHTpanbHylo,
- COBCTBEHHO aBTOMOOWUIIbHYIO, PYHKLMOHNPYIOLLYIO N B ABUXE-

HUW, N Ha NapKOBKe,

- MPUOOPOXHYIO.

MNMepcoHanbHasg noacmncTemMa BKAKOYAET B cebs yCTPOMCTBA BO-
OVTENs U NacCaXxmpoB, Takme Kak MOOUIbHbIN TeNedOoH, KOMMbIO-
Tep v T.4. B panbHenwem B cOCTaB NepcoHanbHOM NOACUCTEMBI
BOWAET 1 nepcoHanbHas ctaHuma NTC.

ABTOMOOUNbHaa noacuctema UTC naobpaxeHa Ha puc. 6.3.
Ona BkJto4aeT B cedqa ctaHuumio UTC B coctase winto3a UTC, xoc-
Ta NTC nmapuwpyTtmnzatopa UTC. LLUntos NTC obecnevnsaeT B3au-
MOJOENCTBNE C BHYTPEHHEN CETbI0 aBTOMOOUNS, GOpPMUPYyEMOIA
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npouseoamnTenem. Ha puc. 6.3 nokasaHbl Takke ycTporictea ECU
(Electronic Control Unit), obecne4ymBatoime coop nHpopmaumm ¢
pa3HbIX y3/10B (Moaynei) aBToMmoouns. BsanmoaencTeme ¢ BHELL -
HUMM ceTamu (NpmnaopoxHon, CCOI n apyrumm) ocyLlecTensaeT-
Cs1 ¢ NoMoLLblo MapuipyTtmaaTtopa UTC.

LLnos UTC XocT UTC MapuipyTtusatop

NTC
“ -

A A

—

BHYTpeHHAs ceTb
aBTOMOGOUNA

ECU ECU

Puc.6.3. Apxurtektypa UTC aBTOmMOOUNSA

LleHTpanbHaa noacuctema BK/OYAeT B cebs LeHTpasibHYo
ctaHumio TC n cTtaHoapTHble cpeacTBa LeHTpa ana obecneye-
HUs 6€30MacHOCTWN Ha AopOorax 1 ynpasneHns TpapuKom.

ApxmnTtektypa npuagopoXHOW MNOACUCTEMBbI, MNOoKalaHHas Ha
puc. 6.4 NTC npnaopoxHon ceTu, BktoHaeT B cebs wno3 UTC,
xocTt UTC, mapwpytnsatop UTC v norpaHmnyHbIn MapLipyTu-
3atop UTC. Wno3 UTC obecneunBaeT B3ammopgeiictene NTC
C 3neMeHTaMu BbIAENEHHON MPUOOPOXHOW CETU, TakKMMU Kak
WHOYKTUBHbIE WNENdLI, TaBNO C U3MEHSIOLLLENCH MHpOPpMaLMeENn
(VMS — Variable Message Signs). [NlorpaHunyHbin MapLpytTmsaTtop
oTAenseT AOMEH NPUAOPOXHON noacuctemMsl MTC OT MHbIX AOMe-
HOB CeTen, y4acTBylOWMX B popMUpoBaHnUmM NHTennekTyanbHom
TpaHcnopTHon cuctembl. Mapuwpytnsatop UTC coBmecTHO C
norpaHn4HbIM MapLIpyTHU3aTopoM obecneynBaioT B3aMMOOeNCT-
Bue ctaHumn UTC ¢ gpyrumm cetammn (CCOM, 2G/3G/4Gun T.4.).

OpgHom 13 Hanbonee CNOXHbIX CTPYKTYp B WMHTennekrtyanb-
HOWM TpaHCMNOPTHOM cucteme aBnqaloTca uenesble cetn VANET
(Vehicular Ad Hoc Network), BO3MOXHbI€ BUAbl B3AaMMOOENCTBUS
KOTOPbIX pAaCCMOTPUM B C/IEOYIOWEM pasaerne.
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Lno3
NpUAOPOXHOM XocTt UTC
cetn

[

f f

KoHTponb
LBUXEHUA VMS

Mapupytn- MorpaHunyHbIi
3aTtop UTC MapLupyTusaTop

Puc. 6.4. ApxuTteKTypa npuaopoxHou noacuctemsl UTC

6.3. Buabl B3anmoagencteuda B cetax VANET

B cooteetcTBUM C pekomeHpaumen ITU-T Y.2281 [102] npe-
OyCMaTpuBaloTCs crnenyowme BapnaHTbl OpraHisaumm B3anmo-
ceasent ana cetenn VANET:

e V2V (Vehicularto Vehicular), TpaHcnopTHOe CpeacTBO — TPAHC-
MOpPTHOE CPeacTBoO,

e V2| (Vehicular to Infrastructure), TpaHcnoptHoe cpencTBo —
MHpPACTPYKTYpPA,

e V2H (Vehicular to Home), TpaHCNOpPTHOE CPEACTBO — AOM,

e V2G (Vehicular to Grid), TpaHCcnopTHOE CpeaCcTBO — BbIYUCN-
TeNbHbIE PECYPCHI.

EBpONEencknin MUHCTUTYT CTaH4APTOR B 00/1aCTUN TENTEKOMMYHU-
kaunn B ctaHgapTte ETSI TS 102 636-2 paccmatpumBaeT cugHapum
B3ammogencTeus ans Tpex cnydaeB V2V, V2R n R2V. CueHapuii
V2R npakTnyeckm He otnmnyaetcs OT cueHapua V21 ot ITU-T, a
cueHapun R2V o3HavyaeT B3aMMOAENCTBME aBTOMOOMASA C nMpu-
DOPOXHOM CETbIO N0 UHULMATNBE NPUOOPOXHON CeTu.

Ona  Bcex  yNoOMsAHYTbIX CcuUeHapueB B  CTaHoapTe
ETSI 102 636-2 paccmaTpmBaloTCa 4YeTbipe BO3MOXHbIX Buaa
CBA3N:

- TO4kKa — TouKa,

- TOYKa — MHOIO TOYEK,

- reoHanpaBJ/iEHHbIN,

- reowmnpoKoBeLlaTesNbHbIN.
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Toyka — ToYKa o3Ha4aeT CBA3b oaHoM cTtaHuum NTC Tonbko C
OOHOW Opyron, To4dka — MHOro To4yek — ogHown ctaHumm UTC co
MHorummn. CueHapumn reoHanpassieHHbIi (GeoAnycast) v reoLum-
pokoBeLyarenbHbii (GeoBroadcast) 0CHOBaHbl Ha UCMOJMIb30Ba-
HUKM npotokona GeoNetworking. eoHanpaBfeHHbIA CLeHapui
nogpasymeBaeT nepegady idopmauum ot ogHom UTC-cTtaHumm
K npousBonbHOM UTC-cTaHuMmM B npegenax reorpaduyeckon
30HbI 06CNYXMBAHNSA KOHKPETHOW MHTEeNNeKTyanbHOM TPaHCNopT-
HOW CUCTEMBI.

leowmpokoBeLwaTenbHbIl  CLUEHAPUIA  npegnonaraer nepe-
navy mHgpopmaumm ot ogHon UTC ko Bcem ctaHumam UTC B
npenenax reorpaduyeckon 30HbI OOCNYXMBAHUSA KOHKPETHOMN
MHTennekTyanbHOW TPAHCNOPTHOM CUCTEMBI.

Mpumep reoHanpaBAEHHOrO CLueHapus NnokasaH Ha puc. 6.5, a
reowrpoKoBeLaTenbHOro Ha puc. 6.6. MNMepegatowme n NpuHN-
MaloLLmMe CTaHLUMK n3o0bpaxeHbl C rOPU3OHTaNIbHOW 1 HAKITOHHOM
LUTPUXOBKOW, TPAH3UTHbIE — BEPTUKASIbHOW LUTPUXOBKON, UHbIE
YHaCTHUKM OOPOXHOrO ABUMXEHUSI — CepbiM LIBETOM 6e3 wTpu-
XOBKM.

4 4
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Puc. 6.5. TeoHanpaBneHHbIN Puc. 6.6. leowmpokoBeLwaTenbHbIA
cueHapui cueHapui

6.4. MNMpunoxeHusa cetent VANET

B cootBeTcTBMK C pekomeHpauuven Y.2281 npunoxeHus ans
ceTtent VANET nogpasgenstorcs Ha 5 rpynn:

Mpynna 1. MNMpunoxeHns, OPUEHTUPOBAHHLIE HA TEXODCTYXN-
BaHVEe aBToMoOuNA
- yhasieHHas onarHocTuka,

- nepesarpyska AgaHHbIX U NporpaMmMHoOro obecnevyeHus aBToO-
Moouns.
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Mpynna 2. lNpunoXeHusi, OPUEHTUPOBAHHbIE HA OOPOXHYIO

©e30nacHOCTb

MOMOLLb NPV aBapusix,
nogaepxka sBoanTens B CNOXHbIX A0POXHbIX CUTYyaUUsAX.

Mpynna 3. MNprnoxeHns, OPUEHTUPOBAHHbLIE HA NACCAXUPOB
noctyn B IHTepHeT,

ayanoBu3yarsbHble ycayrm, B TomMm umcne IPTV.

Mpynna 4. [NpunoXeHuns, OPUEHTUPOBAHHbLIE HA ONTUMN3ALUIO

[OpPOXHOro Tpadmka

NOMOLLb B HABUraLMK, HAaNpPUMep, PEKOMeHaaLmMn No oobe3ay
BPEMEHHbIX NPEnATCTBUN,

ynpasJieH/e CKOPOCTbLIO.

Mpynna 5. MNpunnoxeHns, OPUEHTUPOBAHHbIE HA aBTOMOOWITb
JNIOrncTunKa,

rnapkoBka.

B EBpOMemnckoM MHCTUTYTE CTaHOAPTOB B 06N1aCTU TENEKOM-

MYHUKaUM NPUBOOUTCS pacluMpeHHasi no cpaBHeHuto ¢ ITU-T
Knaccunopukaunsa npunoxeHnin onsa cetenn VANET. B ctanpapTte
ETSI 102637-1 [49] Takasa knaccudukaumsa paccMaTpuBaeTcs
kak 6a30Bbli Habop npunoxeHnii VANET. 3ToT 6a30BbIii Habop
npunoxenunin VANET Ha ocHoBe ctaHpapTa ETSI 102-637-1 npu-
BeaeH B Tabn. 6.1.

Ta6nuua 6.1. Ba3oesblit Ha6op npunoxexnuii VANET

Knacc HasBaHue Homep Monb3oBaTenbCcKkuin
NPUNIOXXEHUN NPUNOXEeHNs NPUNOXeHNs cny4yav
2 3 4
AKTMBHas MomoLb B BOXOEHUM uUCoo01 MpenynpexaeHne 06
noaaepxka aBTOMOOUNSA — COB- aBapuinHOM COCTOS-
6e30nacHoCTH MECTHbIE yCUnuns HUKM aBTOMOOUNS
LLOPOXHOro ABU-
XEeHUs!
ucCo002 MHankaums copoca
CKOPOCTM aBTOMOOUNSA
UCO003 MpenynpexaeHne o
CTOJIKHOBEHUN Ha ne-
pekpecTke
uUCco04 MpenynpexaeHune o
NPUOANXEHNUN MOTO-
uukia
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MpoponxeHue Tabn. 6.1

1 2 3 4
MomoLwupb uUCo005 BkntoYeHne CTon-CUrHanoB 4pes-
B BOXAEHUU Bbl4aMHOM CUTyaumn
aBToOMObOUNS — npe-
aynpexaeHune o npoob-
nemMax Ha fopor
UC006 MpenynpexaeHne o0 HenpasuiibHOM
HanpaBIEHUN ABUXEHUS
ucoo7 Crosiuin aTomobusb — aBapus
uco08 Croawmin aBToMobUNb — NPo6aeMbI
uUCo009 MpeaynpexaeHne 06 ycnoBusax
Tpaduka Ha gopore
uco10 MpeaynpexaeHne o HapyLleHun
TpeboBaHuii AOPOXKHbIX 3HAKOB
UCo009 MpeaynpexaeHne 06 ycnoBmsix
Tpadwuka Ha gopore
uco10 MpeaynpexaeHne o HapyLleHnn
TpeboBaHWii JOPOXHbIX 3HAKOB
uco11 MpeaynpexaeHne o LOPOXHbIX
paboTax
uco12 MpenynpexnaeHne o pucke
CTOJIKHOBEHMS
uCco13 JeueHTpannM3oBaHO pas3MeLLEHHbIE
[aHHble 0 MallVHe — onacHoe
MECTOMOJIOXEHNE
uco14 JeueHTpannM3oBaHO pa3MelleHHble
[aHHble O MalUVHe — 0Cafkn
uUCo15 JleueHTpanrM3oBaHO pasMeLLEeH-
Hble JaHHble O MaluVHe — Junkas
popora
UCco16 JeueHTpannM3oBaHO pa3MelleHHble
[aHHble 0 MallVHe — nnoxasi BUam-
MOCTb
uco17 JleueHTpanrM3oBaHO pasMeLLEeH-
Hble JaHHble 0 MalLUVHEe — CUJIbHbI
BETEP
CoBMecTHOE YnpaBneHue uco18 PerynspHoe nnv KOHTeKCTHoe
yrnpasneHve CKOPOCTbIO npegynpexaeHve 06 orpaHnyeHnmn
TpaduKom CKOpOCTU
uco19 MHdbopmmpoBaHme 06 onTrmarb-
HOW CKOPOCTU B 3aBMCUMOCTU OT
Tpaduka
CoBMecTHas uCo020 MHdopmauus o Tpaduke n peko-
HaBuraums MeHAyeMble MapLLPYThI
uco21 PacLuMpeHHbI CNMCOK BO3MOXHbIX

MapLPYTOB U HaBUraums
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OkoHu4aHue Tabn. 6.1

1 2 3 4
uco22 MpepynpexaeHue 06 orpaHnyeHnm
nocTtyna n uidopmaums 06 06b-
esne
uco023 AHVMaLMM Ha 9KpaHE B aBTOMO-
6une
Ycnyru B 30He Yenyrun uco24 HanomuHaHue o nyHKTax nHTepeca
obcnyxumBaHus MECTOHaXO0X-
LEeHNS
uco025 ABTOMaTM4ECKOE yrnpaBneHne Ao-
CTYNOM Ha NapKOBKY
UCo026 OnekTpoHHas KoMMepuus B npeae-
nax mectHon UTC
uco27 3arpyska Meama pecypcos
Ycnyru KomMMyHanbHble uco28 CTtpaxoBoe 1 puHaHCcoBOE 06CNy-
Mmo6anbHol ceTn | ycnyrm XvBaHune
VIHTepHeT
uCo029 YnpaBneHve asBTOMOOUASMM OQHO-
ro aBTonapka
UCO030 YnpasneHue norpy3skori B 3oHe UTC
YnpasneHve uCo031 PesepBupoBaHune n nepesarpyska
XN3HEHHbIM nporpamMmMHoOro obecneyeHus n
umknom UTC OaHHbIX aBTOMOOUNISA
cTaHumMn
uCco032 Kanvnbposka AaHHbIX aBTOMOOUNS 1
NPUAOPOXHBIX YCTPONCTB

LencteutenbHo, Habop NpunoxeHuii B Tabn. 6.1 goctatoyHo
LWMPOK M BO MHOMMX cny4dasx cneunduyeH. NMNoatomy nomMmmo
CO3[aHnsA KPYNHOro HaumoHanbHoro Onepartopa notpebyercs u
Cco3JaHne pasfnyHbIX Crneuvanm3npoBaHHbIX NPOBaAEpPOB, 4YTO
Heobxoaumo 6yaeT yBa3aTb C aAMUHUCTPATMBHLIM YCTPONCTBOM
Poccuiickon depepauunn.

MoTpebyeTcsa Takke M obecreieHme COBMECTUMOCTM HOBbIX
reonpoTOKOJIOB C TENEKOMMYHUKALMOHHBIMW NPOTOKOAaMK, XOTS
0e3 Wnpokoro BHeapeHus npoTtokona IPv6 He oboliTuck. BmecTe
C TeM, cospaHmne MIHTennekTyasnbHOM TPaHCMOPTHOW CUCTEMbI SIB-
NIeTcs 04eBUOHOM HEOOXOAMMOCTbIO.

Mpy 9TOM BaXXHENLINM CTPaATErMYECKMM MONOXKEHNEM Mpea-
ctaBnsaetcsa noctpoerne NTC B CTPOromM COOTBETCTBUM C MEXAOY-
HapoAHbLIMU CTaHgapTaMu 1, B NEPBYIO 04epeapb, CO cTaHaapTa-
M ETSI, nockonbky Poccuiickas Penepaums SBNIeTca YNeHOM
EBpoONenckon KOMMUCCUM MOYTOBOM W SNEKTPUYECKON CBA3M
(CEPT).
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MonekynsapHbie
HaHoOCeTH

Byayuiee yxe 3aech:
OHO npocTo pacrnpeneneHo HepPaBHOMEPHO.
Yunbsam MmobcoH

7.1. HaHoceTu Kak HanpasBJieHue pa3BuUTUS
ceTen CBA3N

Kak yxe oTmMeyanochb Bbille, B COOTBETCTBMM C MNPOrHo3amu
yncno 6ecnpoBoaHbIX ycTponcte k 2017 — 2020 rogam cocTa-
BUT 7 TPMNNUOHOB (Ha 7 munanapnos Yyenosek!) [123]. MNMpn aTom
KaXa0e 13 HUX NCNOoNb3yeT Ang nepegaqym nHopmaumm pagmo-
4YaCTOTHbIW CNeKTp.

PagonoyacToTHbIV cnekTp NnpeacTaBnsaeT coO0 orpaHNYEeHHbIN
pecypc, UCnonb30BaHME KOTOPOro B HACTOSILLLEE BPEMS perna-
MEHTUPYETCA aaAMUHUCTPATUBHbIMKU mpoueaypamu. ocKonbky
noboe agMMHUCTPATUBHOE PEryIMpOBaHME  OFPaHUYEHHbIX
pecypcoB sBnseTcd HeadpPeKTUBHbIM, Hay4HOe COO0OLLECTBO B
rnocneaHue rodbl NPeaoXmnno naeo Tak Ha3blBaeMbIX KOTHUTUB-
HbIX ceTen [27], T.e. CETEN C ANHAMMYECKUM pacnpeaesieHneM
cnekTpa. KOrHUTMBHbLIE CETU NO3BONAIT Oonee 3pEPeKTUBHO
MCNOJIb30BaTbh PagMoYacTOTHbIN CMEKTP, HO HE pewlaloT camon
npob6nembl nepenaqn MHGOPMaLIMKU C MOMOLLbIO 31IEKTPOMArHUT-
HbIX BOJIH. Mpowno yxe 6onee 100 net co AHa AeMOHCTPaLum
A.C. lNonoBbIM NepBOro paanonpueMHmKa, 1 B YCNoBUAX NPUHLIN-
NManbHOrO PacLLUMPEHNS KIIMEHTCKOM 6a3bl 3a CHET MEXAHN3MOB,
KOHCTPYKUMIA, BOMACC U T.4., a TakkKe 04eBUOHON HEOOX0aAMMOC-
TK pa3paboTku B ByayLem ceTen, ckaxem, ans omopoboTos [91],
BO3HMKAET 3a4a4a co30aHNA CETEN, B KOTOPbLIX Nepenaya nHopop-
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MaLnM MOXET OCYLLLECTBASATLCSA MHbIMK cnocobamu, Hanpumep,
C NOMOLLbIO NePeMELLLEHNA MUKpoYacTuL, BellecTBa. NoaobHble
CEeTM NoNy4Ynnun Ha3BaHMe HaHoceTel [28, 29]. Onpeaenvm HaHO-
ceTb B TepMUHaxX TENIEKOMMYHUKaLMIA cneayiowmm o6pasom.

HaHoceTb npeactaBnseT coboi CaMOOpPraHU3yoLLININCA CETb,
B KOTOPOW B KQ4eCTBe Y3/10B CETU MCMNOJb3YIOTCA HAHOMALLWHbI, a
nHdopmMauusa n curHannsauys MoryT ObiTb NepeaaHbl, B TOM YUC-
1e, 1 NyTem nepemMeLleHnsa MUKPOYacTuLL, BeLecTBa.

Mukpopo6oT (y3en)

‘{ CeHcopbl @ ‘ ’ AkTyaTopb! @ }—
MNepepatunk — Mpoueccop @ MecTo-
@ NamsTo @ nonoxexve
— MuTaHne @ —
Mornotutens aHeprumn @

Siapo LLleneBble

KOHTaKThl

PeuenTopsbl

@
MuTtoxoHapumn
0D @@
Q Bakyonu
@)Kry'rm(
Puc. 7.1. CTpyKTypbl MUKPOPOOOTa U KNIeTKKN

HaHomalumHa — yCTPOWCTBO, COCTOSALLEE U3 KOMMNOHEHTOB Ha-
HOYPOBHS, CMNOCOOHOE BbINOMHATL HA 3TOM YPOBHE crneundunyec-
KMe 3a4ayun, TakuMe Kak nepepada gaHHbIX, BbIYNCIIEHME, XPaHe-
HMe OAaHHbIX, NBMEPEHUS (CEHCOPbLI) N/MN BO3AENCTBUS (aKTya-
Tophkl). OnpeneneHne NpnuBeLeEHO B COOTBETCTBMN C PyHOAMEH-
TanbHoM pabotomn [28]. NpnMepomM HaHOMALLMHBI MOXET CITYXUTb
KneTka, KOTopasi B CBOEN CTPYKTYpPe NOBTOPSIET MUKPOPOOOT (Mnun
HaobOopOT), YTO NPUBEAEHO Ha pUC. 7.1 U COOTBETCTBYET PUCYH-
Ky u3 [28]. B knaccudpukaumm HaHOCETEN B HACTOSILLEE BPEMS
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BbIOENSAIOTCA HAaHOCeTU, B KOTOPbIX MHMOPMauUua nepenaeTcs
C MOMOLLBID 3NEKTPOMArHUTHLIX BOJSIH, 1 HAHOCETU, B KOTOPbLIX
MHpOpMaLMAa nepenaeTcd nyreM nepemMeLleHns Mukpo4actuLy,
BelLlecTBa (MONEKYNSPHbIE HAHOCETN).

7.2. Knaccndukauusa monekynsapHbix HaHoceTel

Kak yxe oTmeyanoch Bbille, nepegadya nHdopmaumm B Takux
HAHOCETHAX MOXET OCYLLECTBAATLCA NyTEM NEpPeEMELLEHNS MUK-
poyacTuy, BelwiecTBa. MonekynsipHble HaHOCETU B HacTosLee
BpEMS knaccuouumpyloTcsa cnegyouwmm obpasom [29]:

- HaHOCETU, B KOTOPbIX MHDOPMaLMSA NepeaaeTcs Ha paccTos-

HWS B HAHO- N MMKPOMETPbI;

- HaHOCEeTU, B KOTOPbIX MHDOPMaUUSA NepeaaeTcs Ha paccTos-
HUSI B MUKPO- 1 MUITTIUMETPbI;

- HaHOCeTU, B KOTOPbIX MHpOPMaLMA NepenaeTcs Ha MeTpbl U
oonee.

B nepBom cnyyae onga nepenaqyn MHopmaumm nccnenyTcs
BO3MOXHOCTM MONOXMTENbHbLIX MOHOB Kanbuusa. BTopasa rpynna
MONEKYNSAPHbBIX HAHOCETEN XapakKTepu3yeTCsa MUCMONIb30BAHMEM
Onsa nepenadn nHGopmMauum, Hanpumep, XryTukoBbix OakTepuil.
Ana TpeTben xe rpynnbl NpeaycMaTpuBaeTcs NpoBedeHne nc-
crnefoBaHui nepepaqy MHGopMaumm ¢ NoMOLLBbIO GEepPOMOHOB,
MblbLbl U CNOP pacTeHWI, TpaHCOYKUUM (CEHCOPHOro npeobpa-
30BaHus) cBeTa. Ham npeacraBnseTcs, 4To Hambonee peanbHble
BO3MOXHOCTM MMEIOT MOJIEKYNSPHbIE HAHOCETWU, MOCTPOEHHbIE
Ha OCHOBE nepenayn MHGopMaLmMn C NOMOLLLIO GEPOMOHOB, HTO
npennoxeHo B [28]. icnonb3oBaHne ¢pepoMOHOB NOTEHUUANIBHO
no3BoJideT nepegasatb MHOOPMALUIO HA COTHU METPOB N KWUO-
MeTpbI.

B cooTtBeTcTBUM C onpeneneHmem [81] ¢pepoMoHbl — BELLLECT-
Ba, BblpabaTbiBaeMbIE N BblAENSEMbIE B OKPYXKAIOLLYIO Cpeay Xu-
BbIMM OpraHM3mMamm 1 Bbi3blBaloLLMe crneunduyeckyto OTBETHYIO
peakumio (XxapakTepHoe noBedeHMe UAN MNPOLLECC pa3BUTUS Y
BOCMNPUHUMAIOLLUX X 0COBEN TOro Xe 6UOI0rM4eckoro Bnaa).

MdepoMOoHbI KnaccupuUUpPyOTCa Ha penn3epbl U npanmMepsl
[7]. Pennsepamn HasbiBalOTCS (HEPOMOHbLI, KOTOpPbIE 3anycka-
IOT OnMpefeneHHylo MoBedeHYEeCKYD peakuuio, a npanmepa-
MU — Te, KOTOpble WU3MEHSIT GU3NOIOrM4Yeckoe COCTOSHUE
ocobun. Pennaepbl B CBOID 04Yepedb NOAPasOensoTcd Ha ar-
TpakTaHTbl (PepoMOoHbl arrperaunmn), penesnseHTbl (HPepOMOHbI
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oTnyruBaHms), appectaHTbl (PEepPOMOHbLI OCTaHaBAMBAKOLIVE),
CTUMYNSIHTbI (PEPOMOHbI aKTUBHOCTWN), AETEPPEHTbI (PEPOMOHbI
TOopMO3sLme peakumio). Takas knaccnpukaymsa GepoMOoHOB NO3-
BONISIET NPUHLUMNNAIBHO Peann3oBaTh HA X OCHOBE (PYHKLIMN CO3-
OaHNs KNacTepoB Mo aHanorum ¢ 6ecnpoBOAHbIMU CEHCOPHbLIMU
ceTamu. Ha puc. 7.2 B ka4eCcTBe npumepa NpmBeneHbl SKPaHHbIE
n3obpaxeHnsa GopMMpPOBaHMS KNacTepoB B OE€CNPOBOAHbIX CEH-
COpPHbIX CETSAX, AETa/IbHO PACCMOTPEHHbIE B IM1aBE, MOCBSALLEHHON
anropuTmMam BblOopa rofIOBHOIO y3/1a B CEHCOPHbIX CeTAX.

Puc. 7.2. Mpumep popmupoBaHuns knacrtepa
B GecnpOBOAHbIX CEeHCOPHbIX ceTax

ATTpakTaHTbl MOryT ObITb MCMOJSIb30BaHbI 4511 GOPMUPOBAHUS
Knactepa BOKPYr onpeaesieHHOro rofioBHOrO y3na, penenneHTbl
npu poTauum rofloBHOrO y3na knacTtepa, appecTaHTbl Npu Guk-
cauuu knacTtepa, CTUMYNSHTbI A8 nepegayn nHpopmMaumm n oe-
TePPEHTLI NMPU Nepexoae YieHa Knactepa B CNsALLNA PexnMm.

OTmMeTuM Takxke, 4TO Nofd Ha3BaHMEM GepPOMOHbI 00 beaVHSAET-
Cs1 4OCTaTO4HO 60JbLLOE YNCNO CMNPTOB, YINEeBOA0POA0B U NHbIX
XUMNYECKNX COeauHEeHn, obnagalowmx HU3KOW TemnepaTyporn
KNNEHNs U, COOTBETCTBEHHO, CBONCTBOM nieTydecTn. OgHako He
BCE NneTy4yme cnupThl, YreBogopoasl 1 T.MN. nognagatT nog on-
peneneHne GepoMoHOB. [eNcTBUTEeNbLHO, Bronornieckme Buapl
MCNOMb3YIOT B kKayecTBe GepoOMOHOB BMNOJIHE OnpeaeneHHble ne-
Tydyune BELLUECTBA M XOTS UX KOIMYECTBO BEJIMKO, 3TO HE O3HaYaeT,
4YTO B Ka4yecTBe pEPOMOHOB MOIYT ObiTb MCNOML30BaHbI, HANPU-
Mep, BCe CNUPTHI.

C ppyron CTOpOHbI, CKa3aHHOE He O3HavaeT, 4TO 3TU BeLlec-
TBa, HE OTHECEHHblIE K (PEepPOMOHaM, Hesb3s UCMONb30BaTb OJ1S
nepega4v nHopmaummn. B ganbHenwem ¢ uenbto nokannsaymm
3agauuv nepegadn MHopmaumm ¢ NOMOLLbIO NEPEMELLEHNS MO-

10. B6.C. lonbawteinH
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JNleKyn BeLLeCcTBa Takne XMMU4Yeckmne coeamHeHust byaem Hasbl-
BaTb NnceBgodepomoHamMmu. lanee knaccupurumpyem BO3MOXHbIE
BUAbl CBA3WM B HAHOCETSIX C MCMNOJIb30BaHMEM PEePOMOHOB 4J15 Ne-
penayn nupopmaumun. Knaccnpukaumsa npneeneHa B tabn. 7.1.

Ta6nuua 7.1. Knaccudpukaunsa BUOOB CBA3N

MepepaTtymk MpremMHunk

>Knson opraHnam JKnBom opraHnam
CWHTE3MpPOBaHHbI HEepPOMOH JKnBoOWM opraHmam

JKrnBoW opraHvusm VICKYyCCTBEHHbIN NPUEMHMNK
CWHTE3NPOBaHHbI HEPOMOH VICKyCCTBEHHbIN NPUEMHNK

Hanbonee cnoxHon sBnsieTcs 3agada CO34aHUsi UCKYCCT-
BEHHOrO MpuemMHuka. 3agayn cuHTe3a GepoMOHOB BO MHOIMOM
pelleHsl [14].

K HacTosiLLeMy BPEMEHN CUHTE3MPOBAHLI YXX€ COTHU (PEPOMO-
HOB. Peakumsi HEKOTOPbIX HACEKOMbIX HA MOJIEKY bl HEPOMOHOB
B 4YPE3BblHAMHO HU3KMX KOHLLEHTpaumsix (HaHOKOHUEHTPaLUUsX)
npeactaenaeT codbon npumep 0gHOro N3 Handonee BbICOKOYYBCT-
BUTENbHLIX 3PDEKTOB, U3BECTHbIX HAyKe B HACTOSLLEEe BPEMS.
CnenyeT nog4yepkHyTb, YTO AeNCTBUE HPEPOMOHOB MOrYT OLLYy-
WwaTtb 0cobun, HaxoasWMecs Ha PacCTOSHUU Aaxe HECKOJbKUX
DEeCAaTKOB KUOMETPOB Apyr OT apyra. lepsbii N3 ¢pepoMOHOB,
CTPYKTypa KOTOPOro Oblna ycTaHoB/eHa — OOMOMKON — aTTpak-
TaHT caMOK TyTOBOro wenkonpsga Bombix mori. Ona 3anycka
cneundunyeckmx peakumin B OpraHM3Me HacekoMoro (noBeaeH-
4yeckmx, OU3NONOrMYECKNX, BUOXMMUYECKMX U T.0.) Npenenb-
Has KOHUeHTpauus O6omOukona B BO3OyXe COCTaBNsSieT BCEro
10-12 mkr/mn, a gns BO30Y>KAEHUS PELLENTOPHON KIETKU Ha aH-
TEHHe 0cobu OCTaTO4YHO OOHOWM MOJIEKYSbl BELLECTBA.

HecmoTps Ha KaxyLLytocs NPOCTOoTy (pepOMOHOB, A1 Bapbu-
POBaHUA PAa3/INYHbLIX 3aMNaxOB HACEKOMbIE UCMOMb3YT Takxe
CTPYKTYPHbIE U MPOCTPAHCTBEHHbIE (ONTUYECKNE) N3OMEPLI BE-
wecTtB. Kpome TOro, ans pacno3HaBaHUs CUrHana cpeguy apyrux
MHOroo06pasHbIX MPUPOAHbLIX 3aNaxoB MPUMEHSIOTCH onpeaeseH-
Hble COOTHOLLUEHUSA MeXOY KONMYECTBOM KaK OTOENIbHbIX N30-
MEpOB, TaK N MeXAy OCHOBHbIM U MMWHOPHbLIMU KOMMOHEHTaMM
B cMmecu. Monekynbl GEPOMOHOB MMEIOT HU3KYIO TEMNEpPaTypy
KUNEHNs U NMo3TOMy o0NnagaloT BbICOKOW NEeTy4ecTbio. YTo Xe
KacaeTcd co3noaHud npurogHoro K AOCTaTto4yHO LUMPOKOMY UC-
MONb30BaHUIO NPUEMHMKA HGEPOMOHOB UM NceBgodpepPOMOHOB,
TO 3JeCb UMEeT MeCcTO ABOMNCTBEHHasa 3ajava: nnmbdo BblOennTb
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onpegeneHHole GepoMOHbl 1/Unnu nNceBgodpepoMOHbl U pPas-
pabaTtbiBaTb MCKYCCTBEHHbLIN MPUEMHMK Mo4, HUX, NMBOo paspa-
0aTbiBaTb HEKUN YHMBEPCaNbHbIM MPUEMHWK, HACTpanBaEMbIi
BNOCNEACTBUM HA OMNpeaeneHme Tex Uim NHbIX pepoMOHOB NN
nceespodepomoHoB. O6e 3agaqm HETPMBMASIbHbI, HO UX PELLEHUE
NO3BONNT OOMONIHUTL CYLLECTBYIOLLME CETU CBA3U AOMOHUTENb-
HbIMW pecypcamMu.

7.3. MNMpunoxeHusa HaHOceTen

B cooTBeTCcTBUM C Knaccudumnkaumnem sMooB CBA3M BOSMOXHbI
[OCTaTO4HO LUMPOKNE MPUNOXeHUS HaHoceTen. Kak nokasaHo
BbllLe, MPUIOXEHNA HAHOCETU BUAA «CUHTE3MPOBAHHLIN depo-
MOH — XWVBOW OPraHn3m» yxe LLIMPOKO UCMNOMb3YIOTCS, Hanpumep,
B O0opbbE C CenbCKOX03AMCTBEHHbIMM BpeauTenamu. MNpencrtas-
nseTcs, 4To B 0003pMMOM OyayLLLEM HAHOCETU BUAA «CUHTE3NPO-
BaHHbIN GEPOMOH — MCKYCCTBEHHbIN MPUEMHMK» NOC/Ie CO34aHuns
Takoro npueMHukKa TakkKe MOryT HarTh LLUMPOKOEe MNpPpUMEHeHue
ON1s cnenyiowmx npuUioXeHum:

- YypesBblYalHble cutyaunn, HarpuMmep, C Uesblo Jiokanmn3aunmn
nocTpanaBLLUnX,

- MOHUTOPUHI OKPYXalollen cpedbl, CeNbCKOXO3ANCTBEHHbIX
yroaum,

- OXpPaHHbIE CUCTEMBI, HANPUMEP, NPU OTCYTCTBUN BO3SMOXHOC-
T cTabuMNbHOro 3HepProcHabXeHus.

HaHoceTn pacCMOTPEHbI B pa3pe3e BO3MOXHOIo CO34aHus
Ha OCHOBE nNepeMeLleHns BellecTBa, Harnpumep, GepoMOHOB
nnn ncesnodepoMOHOB, CETEN CBA3U C OaNlbHOCTbIO Nepeaaymn
nHdopMauMmM Ha COTHU METPOB N KUJIOMETPLI. OTO HanpaefieHne
HaYyYHbIX NCCNEAOBAHUIA HAXOAUTCH HA CTbikE OMOXUMUU U UH-
$OPMALIMOHHBIX TEXHOJIOMMIA U MOXET CTaTb OOAHUM N3 Hanbonee
3Ha4YMMbIX 1N B TO X€ BpeMs nparMaTuydHbIX yXe B bGnvxaniine
5-10 net. BaxHenwen 3apgayen npu 3ToM (BNSETCs co3gaHune
MCKYCCTBEHHOI0 NpneMHmka GepoMOHOB 1 NceBaodEPOMOHOB.

M BMeCTO 3aKk/ioyeHns1 KO BCeW KHUIe XOTeNnoch Obl MPUBECTU
cnoBa YMHCTOHa Yepuunnsa, npeacrasngiomecs aBTopam BECbh-
Ma YMECTHbIMU Kak AJ19 3aBepLLUEHUS 3TOM MaBbl, Tak 1 ANA BCEX
3aTparmBaemblix B kHure acrnektoB nocT-NGN B uenom: «Yecnex —
He OKOHYaTeJleH, Heyaa4un — He paTtasibHbl: 3Ha4eHne nMmeer
JINLUB MY)XEeCTBO MpPoOJoJ/KATh>.
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MoOGunbHbIE CETM BTOPOr0 NMOKOJIEHMS, BKJloYas TexHonorum GSM
YcoBepLUIEHCTBOBAHHOE BTOPOE MOKOJSIEHNE CUCTEM NMOABUXHOWM CBS3N
MoOunbHble ceTu 3-ro nNokoneHusa, Bkiodasa TexHonornio UMTS

Third Generation Partnership Project — napTHepckuii npoekT ETSI no 3G
4-e NOKONEHNE CEeTEN NOOBUKHOM CBA3N

Low energy IPv6 based Wireless Personal Area Networks protocol — cete-
Bble CTPYKTYpbl USN, nocTpoeHHble Ha 6a3e npoTokona IPve

Authentication, Authorization, Accounting—asTopun3sauus, ayTeHTuounkaumns
nyyet

Always Best Connection — Bcerna BbiOupaeTcs nydiiee coeanHeHne
Access Category — kateropum obcnyxmnsaHus no ctaHgapTy |IEEE 802.11e
Asymmetrical Digital Subscriber Line — acummeTpunynas undpoas AJl

Advanced Mobile Phone Service — yny4ywieHHas ycnyra pedyeBoii Mobusib-
HOW CBA3M

Adaptive Multi-Rate-Wideband-i-codec — aganTuBHbI A MHOFOCKOPOCTHOM
LLIMPOKOMNONOCHbIN i-KoaeK

Access Network — ceTb goctyna

American National Standards Institute — HauMoHanbHbIA MHCTUTYT CTaH-
naptoB CLLA;

Application Programming Interface — nHtepdenc npmnknagHoro nporpam-
MUPOBaHUS;

Access Point Network — ceTb Toukm goctyna (peann3oBaHa B LUIO3e
GGSN)

Application Server — cepBep NpuIoXeHnn
Authentication Center — ueHTp ayTeHTUdUKaLUM

Airborne Warning and Control System — nocTopoHHME 0OBbEKThI B BO34YLL-
HOM MPOCTPaHCTBE — CUCTEMA NPeaynpexaneHns n KOHTpPons

Body Area Network — HaTenbHas ceTb

Broadcast Control Channel — ogHOHanpaBneHHbIN KaHan ans nepenadqv
LIMpOKOBeLLATENBHON MHDOPMALLMM YIIpaBIeHUs

Breakout Gateway Control Function — ¢yHkuua ynpaBneHus Lwiio3amm
noacuctemsl IMS, obecneuymBaloLLas MapLIpyTU3aumio BbI30BOB U Yrpas-
JIeHVe LW03aM1 B3aMMoaencTeums nogcuctemsl IMS ¢ cetamm kommyTa-
umn kaHanos (Hanpumep, GSM, TpOI)

BAN Network Controller — koHTponep BAN

Basic Rate Interface — uHtepdeiic 6azororo goctyna ISDN
Base Station Controller — koHTponnep 6a3oBoi cTaHUUK
Communications Architecture for Land Mobile environment

Customized Applications for Mobile network Enhanced Logic — cneunans-
Hbl€ MPUJIOXEHWS AN PACLUMPEHHO JIOMMKM MOBUIBHOM ceTn

CAMEL Application Part — nogcmnctema npunoxenunin CAMEL

Common Control Channel — kaHan, npegHa3Ha4yeHHbIN ANns 3anpoca [o-
CTyna nosib30BaTeNbCKkoro TepMmuHana Kk cetnm LTE v ucnonesyercsa npu
YCTaHOBNEHUN COEONHEHWS N NPU peann3aumn MHbIX Npoueayp, Tpeby-
IOLLIMX BbIAENEHNS NHANBUAYANIbHONO CUrHANIBHOIO KaHana

Code Division Multiple Access — MHOroCTaHUMOHHbBIV A0CTYN C KOAOBbIM
pasneneHnemM KaHanos

Call Detail Record — yyeTHasa 3anmcb napaMmeTpoB BbI3OBA
Charging Gateway Function

Single Point Predictor

Channel Quality Indicators — nngukaTopsbl kayecTsa kaHanoB B LTE
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CS
CSCF
D2D
DARPA
DCA

DCCH

DHCP
DIAMETER

DSLAM

DTCH

EDGE

E-IMS
EIR
eNB

ENUM
EPC
ePDG

EPC
EPS

ETSI

EVDO
FDD

FGN
FMC

FTTx

GERAN

GGSN

GMSC

Circuit Switching — komMmyTauus kaHanos

Call Session Control Function — dyHkumMs ynpaBneHusi CeaHCOM CBSI3n
Device-to-Device — malumHa K MalunHe Uiam yCTPOMCTBO K YCTPOMCTBY
Defense Advanced Research Projects Agency

Distributed Clustering Algorithm — pacnpeaeneHHbIn anroputm Knactepu-
3aumm

Dedicated Control Channel — gByHanpaBneHHbIli kaHan B LTE ¢ KOHOY-
rypauver Todka-Toyka, MCMOonb3yeTcsa Aas nepegadn MHAMBUAYanbHOMN
CUTrHaNbHOM MHpOPMaLMK, eCNn MeXAY N0JIb30BaTENIbCKUM TEPMUHAIOM
n ceTbio cywecTteyeT RRC-coeguHeHve

Dynamic Host Configuration Protocol

MpoTtokon IP-ceTn — o6ecneymBaoLLmii ayTeEHTUDUKALMIO, aBTOPMU3ALMIO U
ydeT. OcHoBaH Ha npoTtokone RADIUS

Digital Subscriber Line Access Multiplexer — mynsTUnaekcop goctyna ans
UMPPOBLIX ADOHEHTCKUX JIMHUIA,

Dedicated Traffic Channel — nhonsmnayansHbI N0Nb30BaTENBCKUI KaHas C
KOHdUrypaumen Touka-To4Kka, NPUCBOEHHbIN N01b30BaTENLCKOMY TEPMU-
Hany B LTE

Enhanced Data Global Evolution — noBbilieHe CKOPOCTW nepeaayn AaH-
HbIX Npu rnobanbHoi aBontoumn. MpoekT, passBuBawwmi ctaHgapTt GSM
1 NO3BONSIOLLMIA YBENMYNTL CKOPOCTb Nepenayn AaHHbix Ao 384 kbut/c.
NuTtepoderic EDGE HapcTpamBaeTcs Hap, CyLIECTBYIOLWMM PaanNOUHTEP-
dericom GSM

Enhanced IP Multimedia Subsystem - ycoBeplueHCTBOBaHHaa MynbTUME-
avnnHasa IP-noacuctema

Equipment Identity Register — peructp ngeHtndukaumm nosnb3osaTesb-
ckoro o6opyaoBaHus

eNodeB, evolved NodeB - ycosepLueHcTBOBaHHas 6a3oBasi CTaHUMSA CETU
LTE

tElephone NUmber Mapping — npeo6pasoBaHue TenedoHHOro Homepa
Evolved Packet Core — HOBOE NOKOSIEHNE 9Opa NAKETHOW CETH

Evolved Packet Data Gateway — nakeTHbIlA LWINO3 B3aMMOAENCTBUS CETU
SAE ¢ «HeHaaeXHbIMU» CeTAMKM AOCTyna

Evolved Packet Core — aBonoumnsa agpa cetn B LTE/SAE

Evolved Packet System — ycoBepLleHCTBOBaHHas nakeTHasi cMctema, Tep-
MUH 06beauHaeT ceTb gocTyna u aapo EPC B LTE/SAE

European Telecommunication Standardization Institute — EBponernickuii
VHCTUTYT TETIEKOMMYHUKALIMOHHbLIX CTAHAAPTOB

Evolution, Data Only — ctaHgapt 3G

Frequency Division Duplex — gynnekCHbI pexvM ¢ YaCTOTHbIM pasaene-
HUEM npuemMa 1 nepenayu

Future Generation Network — ceTb 6yayLero nokoneHus

Fixed-Mobile Convergence — KOHBEpPreHuus ceTein MoOBGUILHOM U PUKCU-
POBaHHOW CBA3N

Fiber To The «x» — BONOKHO A0 TO4YKU «x». CobupaTenbHoe Ha3BaHue ong
psga peleHunii, kKak Ncnonb3oBaTtb kabenb C ONTUYECKUMU BOJIOKHAMK B
ceTu poctyna

GSM/EDGE Radio Access Network — ceTb paanogoctyna GSM/EDGE cos-
Mectumasi c UMTS

Gateway GPRS Support Node — winto3oBoi y3en nogaepxkm GPRS, mapuu-
PYTU3MPYIOLLNIA NaKeTbl AHHbIX, KOTOPbIE B HEMO MOCTYNAIOT U3 BHELUHNX
NakeTHbIX ceTen

Gateway Mobile Switching Center — Lun1030B0I MOBWIILHBIN LIEHTP YNpaB-
NIEHNS N KOMMYTaUMmn



noccapuii

155

GPRS

GPS
GSM

GTP
gsmSCF
HANET
HBC
HFC
HLR

HSDPA

HSPA
HSS
HSUPA

HTTP
laaS
IASA
IBCF

I-BGF

ICE
I-CSCF

IETF
IM
IMEI

IM-MGW

IMS
IMSI

IMT-2000

IN
IM-SSF

INAP

loT

General Packet Radio Service — TexHonornsa nakeTHoOW paguonepenayu
OaHHbIX, MogepHM3aumns ctaHgapTa GSM, noseonvBlUas OpraHM30BaTb
yCNyry nepegayv aHHbIx Ha 6a3e TeXHONOrnMy ¢ KOMMYyTaLMen NakeToB

Global Positioning System — rno6anbHasi cuctemMa no3vLUMOHNPOBaHUS

Global System for Mobile communication — rno6ansHasi cuctema Mobub-
HOIA CBA3K, UMDPOBOI CcTaHOAPT OJ1 COTOBbIX CUCTEM MOBUITLHOW CBA3MW,
ncnonb3aylowmx ananasoHsl Yactot 900, 1800 n 1900 MIy n yHKUNOHM-
pytowmx no npuHumny TDMA

GPRS Tunneling Protocol — npotokon dopmuposaHus TyHHenen B8 GPRS
GSM Service Control Function

Home Ad Hoc Networks — gpomawiHue cetn Ad Hoc

Human Body Communication — ypoBeHb CBAA3M 4ENI0BEYECKOr 0 Tena
Hybrid Fiber Coax — rubpugHasi onTuko-KoakcuasbHbis IMHUS

Home Location Register — ceTteBas 6a3a AaHHbIX, B KOTOPOWN XpPaHSTCHA
CnpaBOYHbIE AaHHbIE O MOCTOSIHHO 3aPErncTPUPOBaHHBLIX abOHeHTax (af-
peca, nidopmauus ob ycnyrax n ap.), B TOM 4mcie nidopmaums 0 MECTO-
HaxoxaeHun, noseonsowas MSC obecneunTb MapLIPYTU3aLMIO BbI3OBOB

High-Speed Downlink Packet Access — BbICOKOCKOPOCTHOW HUCXOASLLMNN
nakeTHbI 4OCTYN OT 6a30BO CTAHUMW K MOBUIIbHOMY TEpMUHANY

High-Speed Packet Access — BBICOKOCKOPOCTHOM NMakeTHbIA A0CTYr
Home Subscriber Server — cepBep aboOHEHTOB AOMaLLHEN ceTn

High Speed Uplink Packet Access — BbICOKOCKOPOCTHOI BOCXOAALMIA Na-
KETHbIV 4OCTYN

HyperText Transport Protocol — npoTokon nepegayv rmuneprekcra
Infrastructure as a Service — nHdpacTpykTypa Kak ycnyra unm cnyxoba
Inter-Access System Anchor — eguHbIii y3en npueasku 6asosoii cetn EPC

Interconnect Border Control Function) — aTta ¢yHkuns obecnedymsaeT yn-
paBASEMOCTb Ha rPaHnLLE MeXAy CETIMU PasHbIX MPOoBaiaepoB

Interconnect Border Gateway Function — ynpaBnseTt nepenayen AaHHbIX
Ha 3-M 1 4-M yPOBHSX 4EpPEe3 rpaHunLly ceTen NpoBanaepoB, UrpaeT Posb
mMexceTeBoro akpaHa 1 NAT B TISPAN, 3awumuiaeT aapo cet npoBanaepa,
bunbTpysa NakeTbl HA OCHOBAHUN NHMOPMALMM TPAHCAIOPTHOIO YPOBHS

In Case of Emergency — B cnyyae kpaiiHeii He06X0ANMOCTU

Interrogating Call Session Control Function. OnpawwnBatowmin cepsep,
ABNAOLWMNCA FPAHMYHBLIM 3/IEMEHTOM noacucTemsl IMS, ¢ KoTopbiM ycTa-
HaBNMBAET KOHTAKT BHELLUHAS CEeTb

Internet Engineering Task Force — nixxeHepHas pabodyas rpynna MHTepHeta
Instant Messaging

International Mobile Equipment ldentity — mexayHapOOHbIA YHUKaNbHbIN
naoeHTudunkaTop 060pynoBaHUs MOOUIBHOM CTaHLMN

IP Multimedia Media Gateway — meaua wnio3, obecneymBaioLuni nepeaa-
4y JaHHbIX Mexay noacuctemon IMS n ceTamm KoMMyTaLUn

IP Multimedia Subsystem — mynsTmeaninHas IP-nogcuctema

International Mobile Subscriber Identity — mexayHapoaHbin naeHTudmrka-
TOp MOOUNBHOrO abOHEHTa

International Mobile Telecommunications-2000 — mexayHapogHas npo-
rpamma ITU cospgaHus cuctem noasuxHom cessmn 3G

Intelligent Network — UHTennektyanbHas cetb

IP Multimedia Service Switching Function — nosBonseT ncnonb3osatb B
IMS ycnyru CAMEL4

Intelligent Network Application Protocol — npuknagHon npotokon OKC7
ona iHtennekTyanbHoOM cetn

Internet of Things — IHTepHeT Bewen

11. 6.C. TonbawtenH
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IPCC

ISC
ISDN

ISIM
ISUP

ITU-T

IWF

I-CSCF

LBS
LEACH
LMSI

LTE
M2M
MAC
MANET
MBAN
MBMS

MCCH

MDT

ME
MG
MGCF
MGW
MIMO

MIT
MME

MOC
MRF
MRFC

MSC

Internet Protocol — npoTokon (cemencTBO NPOTOKONOB) VIHTEPHET; TEKY-
was sepcus — IPv4, HoBas — Ipv6

International Packet Communication Consortium — MexayHapoaHbiii KOH-
COHCOpPLIMYM NaKETHOM CBA3M

IMS Service Control, ynpaBneHue ycnyramm nogcuctemsl IMS;

Integrated Services Digital Network — undpoBasi ceTb MHTErpasbHOro
obcnyxnsaHus

IP Multimedia Services Identity Module — moaynb noeHTudmkaunm abo-
HEeHTa MynbTUMeanHbIX yenyr IP

ISDN User Part — npotokon cteka OKC7, noaaep>xmsaioLmii CUrHann3aumo
TenedoHHOI ceTn, ceTu nepenayn AaHHbIx 1 ISDN

International Telecommunications Union — Telecommunication Standar-
dization Sector — MexayHapoaHbIii CO03 3NeKTPOCBA3N — CEeKTOp CTaH-
[aptmsaumm B 061acTu CBA3M TENEKOMMYHUKALIA

Inter-Working Function — o6ecneuynBaeT B3anmoneincTene npotokona SIP
cetn IMS ¢ curHaneHbiM npoTtokosiom H.323 nnn ¢ peannzauuamn SIP B
IP-ceTax gpyrux nposangepos

Interrogating Call Session Control Function — onpawwnBatowmin cepep,
ABNSAOLWMNCA rPAHNYHBIM 3/IEMEHTOM noacuctemsl IMS, ¢ KOTopbIM yCcTa-
HaBNMBaeT KOHTaKT BHELUHSASA CeTb

Location Base Services — ycnyru onpeaeneHus MecToHaxoXaeHus abo-
HEHTOB

Low Energy Adaptive Cluster Hierarchy — agpantuBHas nepapxms knacrte-
poB, o6ecneymBaioLLLas Manoe NoTpebreHne aHeprm

Local Mobile Station Identity — nokanbHbli nogHTUPMKATOP MOOUIIBHOIO
aboHeHTa

Long Term Evolution — cuctema MobunbHOM CBS3M HOBOIO NMOKOJIEHMS
Machine-to-Machine — ceTn cxema CBA3M MallVHa-MaLINHA

Medium Access Control — NpoToKo KOHTPONS A0CTyNa K cpeae
Mobile Ad Hoc Network — mo6bunbHas cetb Ad Hoc

Medicine Body Area Networks — meanumHckue cetun

Multimedia Broadcast Multicast Service — lwumpokoBeLLaTenbHbIE AV MHO-
roagpecHas MynsTMMeagunHaga ycnyra

Multicast Control Channel — ogHOHanpaBneHHbI kaHan B LTE ¢ KOH)U-
rypaumer To4ka-MHOro To4ek, nepenaet MHGOPMaLMIO YyNpaBneHus ans
MBMS oT ceTu kK TepMrHanamM nonb3oBaTenen

Minimization of Drive Tests, MUHUMN3aLMS B COTOBbIX CETAX TECTUPOBAHNS
C UCMbITATENSIMN Ha aBTOABUXYLLIMXCS CPeacTBax

Mobile Equipment — Mo6ubHOE YCTPONCTBO

Media Gateway — megualunio3

Media Gateway Control Function — oyHkuus ynpasneHus meamaiuniosamm
Media Gateway — meguaLuno3

Multiple Input Multiple Output — MHOrokpaTHbI BBOA, M MHOTOKPATHbIN Bbl-
Boa B LTE

Massachusetts Institute of Technology — Macca4yceTckunii TEXHONOrM4EeCKNIA
VHCTUTYT

Mobility Management Entity — Moaynb ynpaeneHus MoOGUIbHOCTbLIO B CETU
SAE

Machine Oriented Communications — MeXMaLUMHHbIE KOMMYHUKALMKN
Media Resource Function — pyHkunm meanacepsepa B IMS

Media Resource Function Controller — ¢pyHKUUA KOHTpONEpa pecypcoB
MynbTUMeana, ynpasasaeT JOCTYNOM K pecypcam

Mobile Switching Center — ugHTp KOMMYyTaLMM MOBUNLHOW CBS3N
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MSIN
MSISDN
MSRN

MT
MTCH

NAI
NASS

NB

NE

NM
NGN
NMT
OAM&P

OFDM

OSA-SCS

(ON]]
0SS

PaaS
PCCH

PCEF
PCRF

P-CSCF

PDF
PDP
P-GW
PON
PRI
Prul
PSC
PSI

P-TMSI

P-TMSI

Mobile Subscriber Identity Number — noeHTudumnkaumoHHbIn HOMEp Noa-
BUXHOIO aboHeHTa

Mobile Station International ISDN Number — mexayHapoaHbii ISDN-HO-
Mep MOBWILHOro TepMUHana

Mobile Station Roaming Number — poyM1HroBbIi Homep NoaBUXHOIo abo-
HEeHTa

Mobile Terminated — Bbi3biIBaeMbIii aDOHEHT

Multicast Traffic Channel — ogHoHanpaBneHHbI kaHan oT eNB k TepMuHa-
Ny Nonb3oBarens

Network Access ldentifier — naeHTUdKMKaTop BMaa username @ operator.
com, onpeneneHHbii B RFC 2486

Network Attachment SubSystem - HasHauaeT IP-agpeca B pennse 1
TISPAN

Narrowband — y3kOnosOCHbIN

Network Element — ceteBoin anemeHT

Network Management, akcnnyataumMoOHHOE ynpaBfiieHne CeTblO;
Next Generation Network — ceTb cnenyloLiero nokoseHus
Nordic Mobile Telephony—- ctaHoapT MOOGMLHOM CBA3MU

Operations, Administration, Maintenance, Provisioning — OCHOBHbl€ dYHK-
unn NM;

Orthogonal Frequency Division Multiplexing — mMynsTMnnekcupoBaHue ¢
OpPTOroHasibHbIM pasaeneHnemM 4yacToT;

Open Service Access — Service Capability Server — nHTepdeiic k cepsepy
npunoxeHuii OSA, GYHKLMOHUPYET Kak CeEPBEP MPUNOXEHUIA CO CTOPOHbI
S-CSCF un kak uHTepdeiic mexay cepepomM npunoxeHnin OSA n OSA
API — c opyrov CTOpOHbI

Open Systems Interconnection — B3anMoaencTene OTKPbITbIX CACTEM

Operation Support System - cucTema NoaAepPXKU aKCrlyataumm cetu
CBA3MU

Platform as a Service — nnatgopma kak ycnyra (unm cnyx6a)

Paging Control Channel — ogHoHanpaBneHHbI KaHan, KOTOopbI NepeHo-
cuT nHdopmaumio ansa novcka aboHeHta B LTE, 9ToT kaHan ncnonb3yetcs,
€CJIN CETb HE 3HAET COThbl, B KOTOPOI B AaHHbIA MOMEHT HaxoauTcs abo-
HEHT

Policy and Charging Enforcement Function — dyHkumnsa npymeHeHus cete-
BOW MOJINTUKWN N MPaBUA HAYNCIEHUS NNAThbI

Policy and Charging Rules Function — ¢yHKUMS NOAUTVKM CETW 1 NMPaBU Ha-
4yncneHns nNnathbl

Proxy Call Session Control Function — npokcu-cepsep SIP-npoTtokona,
ABNSAOLMNCA NEPBLIM CETEBLIM 3/IEMEHTOM noacucTemsl IMS, ¢ koTopbIM
YyCTaHaB/MBAET KOHTAKT abOHEHTCKMn TepmuHan UE

Policy Decision Function — ¢yHkumMs cTpaTernyeckoro peLeHus

Packet Data Protocol — npoTokosibHbI 610K AaHHbIX

Packet Gateway — nakeTHbIl W03 6a3oBoit cetn EPC

Passive Optic Network — naccusHast onTuyeckas ceTb

Primary Rate Interface — untepdeiic nepsnyHoro goctyna ISDN

Private User Identity — ocHoBHOWM naetndukatop nonb3osatens 8 IMS
Personal Communication Services — ycnyrv nepcoHasnbHOn CBA3U

Public Service ldentity — noeHtngpukatop B IMS, npucBanBaeTcs He Nosb-
30BaTensaM, a ycnyram, pasmeLLeHHbIM Ha CepBEpPax NPUIOXEHNIA
Packet-Temporary Mobile Subscriber Identity — BpeMeHHbI nakeTHbIN
naeHTudbunkaTop

Packet-Temporary Mobile Subscriber Identity, BpemeHHbIn nakeTHbIN
naeHTndunkaTop MoOUNLHOro aboHEHTA;
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PuUI

QoS
RACS

RAN
RFC
RFID
RG
RTP

RNC
RTP

SaaS
SAE

Public User Identity — kaxxgomy PrUl B IMS Onepatop CTaBuT B COOTBETCT-
BWE OANH NN HecKosibko PuUl

Quality of Service — ka4ecTBO 06CNYXMBaAHUS

Resource and Admission Control Subsystem — noacuctema ynpasneHuns
noctyrnom B TISPAN

Radio Access Network — ceTb pagnogocTtyna

Request for Comments — TexHnyeckue cneumdukaumm u ctaHoapTol IETF
Radio Frequency IDentification — pagnoyactoTHas ngeHtndukaums
Residental Gateway — wnio3 B gomatuHern cetn Ad Hoc

Real-time Transport Protocol — npoTtokon nepegayn naketoB OaHHbLIX B
peanbHOM BpeEMEHU

Radio Network Controller, koHTpOnnep pagmoceTu;

Real-time Transport Protocol, npoTokon TpaHCNOPTUPOBKN MNakKeToB B
peanbHOM BpEMEHU;

Software as a Service — nporpaMmmHoe obecnevyeHune Kak ycnyra

System Architecture Evolution — apxutektypa 6a30BOIi NakeTHOW ceTu
HOBOro MOKONEeHus, Bkyaowas B cebs 6azosble cetn EPC n cuctemy
ynpasfieHus

SAE Anchor System Architecture Evolution Anchor — y3en npussaku (akopb) cetn SAE

SAE GW

SBC
SCP

S-CSCF

SEG
SGSN
S-Gw
SGW

SHANET
SHDSL

SIM
SIP
SIP URI

SLA
SLF
SON
SSF
SSP

STP
SUN
TDD

SAE Gateway — LWint03, KOTOPbI BK/IIOYAET B cebs ABa CeTeBbIX a/leMeHTa:
Serving Gateway, kKOTOpbIli OTBE4aeT 3a ynpaBiieHne MOOUIIbHOCTbIO MeX-
oy cuctemamum goctyna GSM n UMTS, n PDN Gateway, ocylLiecTensiowmii
B3aMMOAENCTBUNE C CETbIO VIHTEPHET 1 NOKaNbHLIMU CETAMU N 06ecneyu-
BaKOLLMIN MOOUNBHOCTbL aboHeHTa mexay LTE u He-3GPP cetamun

Session Border Controller — norpaHuyHbIi KOHTPOANEP

Service control point — y3en ynpaeneHusa ycnyramm VHTennekTyanbHOM
cetn

Serving-Call Session Control Function — ueHTpanbHbIli 06CnyXnBaoLWLNIA
cepBep noagcmctembl IMS

Security Gateway — wno3 3awwmTsl B IMS
Serving GPRS Support Node — cepsucHebili y3en nogoepxkm GPRS
Serving GW — o6cnyXuBatoLWmii W03

Signaling Gateway — wnio3 obecrneyeHnsi cMrHasbHOro obmMeHa mexay
nogcuctemon IMS 1 BHELLHMMM CETAMU C KOMMYTaLMEN KaHaNoB

Shopping Ad Hoc Network

Single-pair High-speed DSL — cummMeTpuyHas BbICOKOCKOPOCTHas umdpo-
Bas AJ1 Ha 0 gHOM BUTOW Nape

Subscriber Identity Module — moaynb naeHTugunkaumm aboHeHTa
Session Initiation Protocol — npoTokon nHuunmpoBaHus ceccuin

Session Initiation Protocol — Uniform Resource Indicator — yHnBepcanbHbil
naeHTudmKaTop pecypca NnpoTokona NHNLMUPOBAHUS CECCU

Service Level Agreements — cornawueHunsi 06 ypoBHe 06CnyxXnBaHns
Subscriber Location Function — ¢pyHKUMa mecToHaxoxneHns aboHeHTa
Self-organizing network — camoopraHuaytowiascst ceTb

Service Switching Function — ¢pyHkuMa KOMMyTaumm ansa ycnyr

Service switching point — y3en kommyTaumm ycnyr VIHTennekTyanbHOW
cetn

Signaling transfer point — TPaH3WTHbLIN NYHKT CUrHanNM3auumn
Smart Ubiquitous Networks — pasymMHble BCENPOHMKAIOLLME CETU

Time Division Duplex — oynnekcHbI pexvm C BPEMEHHbIM pasfesieHnem
npuema m nepegayv



noccapuii

159

THIG
TMSI
TS

TXOP

u
uicC

UMTS
USIM

USN
UTRAN

uwB
VANET
VDSL

VLR
VolP

Waa$S
WBAN
WCDMA

WiMAX
WoT
xDSL

ECO PO
nTC
JIOHMNC
nanc
MKKTT
cneryrt

crnc

Topology Hiding Internetwork Gateway — ckpblBaloLLIas MEXCETEBON LUSO3
Tononoruna

Temporary Mobile Subscriber Identity — BpeMeHHbIN YHUKaNbHbIA NOEH-
TUrKaTop MOBUNBHOrO aboHEHTa

Technical Specifications — nBe 6ykBbI, XapakTepusyoLiue TUM OKyMeHTa
LN TEXHMYECKUX cneundunkaumin

Transmission Opportunity — nHTepBan BO3MOXHOCTU nepeaaqn 6e3 KoH-
KypeHuuu no ctaHpapty IEEE 802.11e

Ubiquitous — BcenpoHukatowiee

Universal Integrated Circuit Card — ngeHtngukaumonHas kapta IMS-tep-
MUHana, xpaHut ogaunH PrUl u, kak MuHumym, oguH PuUl

Universal Mobile Telecommunications System — yHuBepcanbHas cuctema
MOOWJIbHOW CBSA3N TPETLErO NOKOJIEHUS

Universal Subscriber Identity Module — mogynb naeHtudmnkaumm aboHeH-
Ta Bcetn UMTS

Ubiquitous Sensor Networks — BcenpoHukalowme CEHCOPHbIE CETU

UMTS Terrestrial Radio Access Network — HazemMHas pagmnoceTb AocTyna
kK cetn UMTS

Ultra WideBand — cBEPXLUMPOKOMOIOCHbIN

Vehicular Ad Hoc Networks — ceTu TpaHCNOPTHLIX CPeaCcTB

Very High-speed Digital Subscriber Line — cynepckopocTHas undposas
ANl

Visitor Location Register — BUSUTHbLIN PErNCTP MECTOHaxoXaeHus abo-
HeHTa

Voice over IP — TexHOnorms nepegadm pedeoro Tpaduka no IP-cetam,
IP-TenedpoHus;

Web as a Service — Bab kak ycnyra
Wireless Body Area Network — HaTenbHble 6ecrnpoBoaHble CeTH

Wideband Code Division Multiple Access — LUMPOKOMNONOCHbIA MHOrO-
CTaHLI,VIOHHbII7I AO0CTYyn C KOAOBbIM pa3gesieHnemM KaHasioB

Worldwide Interoperability for Microwave Access
Web of Things — Bab BeLuei

eXtended Digital Subscriber Line — paclumpeHHas aboHeHTcKkas umdppo-
Bas IMHNSA — TEXHONIOM 1S BICOKOCKOPOCTHOWM CBA3U

EnnHas ceTb anekTpocsasn Poccuiickoin Depepaumn
MHTennekTyanbHa TpaHCNoOPTHas cuctemMa

NennHrpancknin otpacneson HUM cesasu

JleHVHrpanckuii SNeKTPOTEXHNYECKUIA MHCTUTYT CBA3N
MexayHapOoaHbI KOHCYSILTATUBHBINM KOMUTET MO Tenerpadum n tTenedoHmum

CaHkT-lMeTepbyprckmini rocyaapCTBEHHbI YHUBEPCUTET TENEKOMMYHU-
Kaumm um. npod. M.A. BoH4-bpyesnya;

CeTb NOABUXHOW CBA3N

TpOM (PSTN)TenedoHHasa ceTb 0OLLEro NoNb30BaHUS

®roc
LICMO
YHH

®depnepasnbHbIi 06pa3oBaTenbHbI CTaHaAPT
Lindppoas ceTb MHTErPanbLHOro 06CayXnBaHNs
Yac HanbonbLuel Harpy3sku
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