O6 opHoi 3aaaye yNnpaeneHNY CeTEBLIMM
M nubopmaumoHHsiMM pecypcamm B cetaix NGN

[ocTosiHHOe pa3BuTMe 1 MOBEPHM3ALS CETEN CBS3M, A TAKXKE PEryNISIPHOE PACLLMPEHME CMEKTPA MPefOCTABISEMbIX

aboHeHTam Yycnyr NpHMBOAUT K TOMY, HTO KOMIMAHMAM CBSA3M MPUXOAMTCA SKCITYATUPOBATL 3HAYUTENIBHOE KONTMHECTBO

PPA3HOPOBHOIO TENIEKOMMYHHKALMOHHOTO M MT 0bopyaoBaHs, a Takke MHOPMALOHHBIX cucTem. BosHukaet aa-

[naya yrnpasnenus cetesbimi M T pecypcamu m mx Hamboree 3¢eKTMBHOrO pacripenenieHms B y3ax ceTm Ayisi Oka-

3QHUS PASIIMYHBIX YCITYT PA3HbIM PYTNIAM QBOHEHTOB C yHETOM MHOFOYMCTIEHHBIX MIAPAMETPOB (HAMPHMEP, CTOMMO-

CTHOrO KPUTEPHS WM MAPAMETPOB KadecTsa obayxmearms — QoS). B goknage uccnenyetcest nocraHoBka 3aaa4H,

M NpennararoTcs NoAxoapl K ee PeLUeHUIo.

Yykapuu A.B.,
K.¢b.-M.H., AOLIEHT Kacpenpb! cucTem TenekommyHukaLpid PYLIH,

chukarin@yandex.ru

CoBpemeHHble TEXHOSOMMM MPENOCTABSISIIOT BOIMOXHOCTb BHELPE-
HMS! LLIMPOKOTO CMEKTPA TENEKOMMYHMKALIMOHHBIX YCIYT, KOHKPETHOE
bYHKLMOHANBHOE CONIEPKAHME KOTOPbIX OMPOHUYMBAETCS TOMBKO MO-
TpebHoCTIMM aboHEHTOB. B HacTosILLEE Bpems KomMIecTBO yanyr, npe-
AocTaBnsiemMblX B Poccum onepatopamm CBsiau, UCUMCIISIETCH COTHSIMM,
BKITKONQS KOK MPOCTEHLLIME YCITYTU MO YCTAHOBMEHMIO MECTHOTO TeneoH-
HOTO COEAMHEHMS, TAK M KOMMIIEKChI MHTErPMPOBAHHBIX YCITyT, JOCTYT-
HbIX NOAMMCHMKY HE3QBMCMMO OT TOTO, B KOKOM TOUKE MMPA OH HOXOMMT-
cs1. Ecnm pacematpreate yanyri, npenocTapnsiemble TenekoMmyHUKALA-
OHHbIMK KOMIMQHMSIMU BCETO MMPA, TO MepeyeHs yaryr cassu Byaer Ha-
CYMTLIBOTL YXE ThICAUM BOIMOXHBIX HOMMEHOBAHMI. Takoe MHOXeCTBO
YCIYT, B 3HQUMTENLHOM CTEMEHM, CBA3CHO C TEM, YTO ONEPaTOpS, B 3ABUCH-
MOCTM OT 3aMPOCOB NOMB30BATENEN, MOTYT NPEAOCTABNSTL MM KOMIEKC-
HblE YCITyTH, MOCTPOEHHbIE HO 636 MHOXECTBA Boree MPOCTbIX YCrTyr

YpoBeHb ycnyr

OnH1M 13 BOKHEMLIMX HOMPOBIIEHWIM PA3BMTHS TENEKOMMYHUKO-
MM, CBSIBOHHBIM C BHEOPEHMEM M MPENOCTOBNEHMEM YCITYT, SBISIETCS
PACLLMPEHME M YTyHLLEHME BOIMOXHOCTEH, MPEAHA3HAYEHHBIX 15 MO-
BBILLEHMS KOYECTBA M SPPEKTUBHOCTH SKCTUTYATALMM CyLLECTBYIOLMX
PA3HOPOAHBIX PECYPCOB KOMMAHMI CBS3W. TAKIMMM PECYPCaMM MOTYT siB-
ISTBCSI KOMMYTOLWMOHHBIE CTOHLWM M CepBepHOe 0BOopYaoBaAHMe, CHC-
TEMHOE W MPUKICAHOE MPOTPaMMHOE obecrieveHie, Basbl AAHHBIX 1
MPOYME OKTMBbI TENEKOMMYHUKOLWMOHHOTO npepnpustvs. Paseive 8
YMOMSIHYTOM HAMPOBIEHWM MPAKTUYECKW HEBO3MOXHO 6e3 peLueHms Lie-
JIOro pPsiaa 3aAaY, TPEBYIOLMX CTPOTMX MATEMATUYECKMX METOLOB M Q-
TOPMTMOB, KOTOpbIE MO3BOSIST OBECTEUNTb YCTOMYMBOE M HOTEXHOE Y-
POBREHWe BCEMM AOCTYMHbIMK pecypcamm [6,7].

PaccmoTpim npumep, MoKasaHHbIA Ha prc. 1 1 uocTpUpytoLLyiA
YMPOLLEHHYIO QPXUTEKTYPY CETH, MOCTPOEHHOM B COOTBETCTBMU C KOH-
uenupert NGN [3]. MpoaHan1ampyem cocTas ceTesbix 3NEMEHTOB, U30-
BpaxeHHbIX Ha puc. 1. Tak, HANPUMEP, C TOUKW 3PEHMS CUTHANM3ALMM
OCHOBHbIMM CTPYKTypHbIMI 3nemerTamu cett NGN sensitorest Lwtioss
aurHanmsaumm (SG — Signaling Gateway), TpaHcmpytowwme npoToko-
Tbl CUTHQIM3ALYM MEXTY POSMMYHBIMM CETAMM, Megyawniossl (MG —

ey
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Puc. 1. Ynpouentas apxurekrypa cett NGN
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Media Gateway), obecneumsaioye B3anmoneicteme mexay IP-cetsio
M CeTEBbIMM NPUIOXEHUSIMM, TAKMMM, HaMpUmep, Kak cepayckl ThOIT n
BecnpoBoaHbIx ceTel, W koHTponneps mepvaluniosos (MGC — Media
Gateway Controller unm kommyTaropsi Softswitch), obecneumsarowye
KOOPAMHALIMIO MEXTY LLITO30MM B COOTBETCTBIM C CUTHQUTLHOM MHOP-
mawyteit. C TOUKM 3peHis MOCTOBLUMKA YCITYT, OCHOBHBIMM CTDYKTYPHBIMM
anemeHTamu ByayT sensmbes yansl anyx6 (SN — Service Node) v cepse-
pa npunoxermit (AS — Application Server) v .n. Takim obpazsom, cywue-
CTBYeT GOMbLIOE KOMMHYECTBO POKYPCOB, YEPE3 KOTOPblE MOXHO pac-
CMATPHBATE MHPPACTPYKTYPY KOMMOHMM CBA3M.

[MNony4aetcs, Yo [oke [ YNPOLUEHHOM APXUTEKTYPbI KONMHECTBO
SMIEMEHTOB, MOMIEXALLWX YNPOBIEHMIO BECbMA BENMKO. Ecnn pononkm-
TENbHO YHECTb, YTO SKIEMIUTSPEI OIHOTO M TOTO 3K TUMOBOTO EMEHTA MO-
ryT BbiTb PECIM3OBAHbI CPEACTBAMM PANMYHBIX MPOU3BOMMTENEN W OTIM-
4aTLCS PYHKLIMOHQUTBHOCTBIO, TO OBECTEHEHME MPO3PAYHOTO M 3hdeKTHB-
HOrO YMPABMEHMS PECYPCaMM CTAHOBMTCS HETPMBMQUTLHOM 30AQHEN.

Pabota Han pekomeraaumsmy no ynpasnenmio cetammn NGN se-
FETCS CErofiHst B KPYTHEHLLIMX OTPACTIEBbIX OPTOHM3ALMSX MO CTAHAAPTH-
saum, srmoyas MC3-T, TMF, 3GPP (3rd Generation Parinership
Project), ATIS (Alliance for Telecommunications Industry Solutions) 1 ETSI.
Omyacn 31a paboTa CBS3aHA € FTAPMOHM3ALEN CTAHAAPTOB B 061ACTH
YMPCBIEHMS! CETSIMM, MOCTPOEHHBIMM HO 6A3€ PASTIMIHBIX TEXHOSOMA.
M3secteH Lenbi pag KOHLENLA YNpOBAeHs CETAMM CBA3M (Hanprmep,
TMN [1] mm NGOSS [2,5]), Ho, B OCHOBHOM, 3T KOHLIENLyM Inbo oc-
HOBGHbI HO MCTIOMBb30BAHMM CTAHAOPTHBIX MPOTOKONOB OBMEHA YNpaB-
NEHYECKOM MHPOPMALWEN, TMBO COREPXAT OBLLE TEXHUYECKME PEKO-
MeHaaLm. MHTepec xe NpeacTasnser aHANM3 BO3MOXHOCTU NOCTPOe-
HMst MOTEMATMYECKOM MOJIESIH, MPMrO[HOM [Tt PELLIEH)MS 30A4M YrpaB-
NEHMs CETEBBIMU W MHPOPMALMOHHBIMU pecypcamm B ceTix NGN [4].
Pasnenenme pecypcos Ha uHpopmaLyiortbie (MT) 1 ceTesble sensietcs
Hauboree NOM4HbIM MPK MOCTAHOBKE YKA3AHHOM 3GAA4M.

Mcxops M3 CKA3OHHOTO BbILLE, OYEBUIHO, YTO CETb CBSI3W MPEACTAB-
nSeT coboM COXKHYIO PACMPEAETIEHHYIO CUCTEMY, YNPUBIIEHVE KOTOPOJ
TpeByeT peLLeHH s LIENoro CeKTpa pasHoobpasHbix 3apay. B pekomet-
aaumsx MCI-T [1] st 3apaum pasaeneHbl Ha MsiTb YHKLMOHANbHBIX
obnacreit:

1. YnpaeneHue koHburypaupeit:

— MGHAPOBAHME W MPOEKTUPOBAHME CETH, YMPABEHHE YCTAHOB-
KOV 0BOPYAOBAHMS, BBOA B SKCTUTYATALYMIO;

— KOHTPOJTb HAUTMHMSt U PYHKLMOHMPOBAHKMS OBOPYHOBAHMS CHCTEM
M CETEN CBA3M;

— obecrieyeHie 3anacHbIMM HOCTIMU 1 PE3EPBHBIMM KOMTUTEKTAMM
0BOPYHOBAHMS U T. i,

2. YnpaBreHme HEMCPOBHOCTSIMM:

— c60op 1 0BPABOTKA COOBLUEHIM O HEUCTPABHOCTSIX M ABAPMIHBIX
CUrHAOB;

— JIOKQNM3ALWRA HEMCTIPOBHOCTH;

— YCTPAHEHWE NOBPEXKOEHMS WM HEMCMIPOBHOCTH;

— TECTMPOBAHME M BOCCTAHOBIIEHWE PABOTOCTIOCOBHOCTH,;

— NPOBEaEHHE NIAHOBO-NPELYNPEAUTENbHBIX MEPOMPHSTUA U T. A,

3. YnpaBneHue pacueTamm 30 ycryrv CBasm:

— OrpefieneH;e METOLOB U3MEPEHMs NOTPEBEHHS M TAPMHKALMM
YCIyr CBA3K;

— cbop caeneHHi 06 OKA3aHHBIX YCTyrax CBA3M;

— NPUMEHEHHE TAPMPOB, PACHET CyMM K OMIATE, BLICTABIIEHHE CHe-
TOBMT. A,

4. YnpasneHite Npou3BOAMTENBHOCTBIO!

— OTCNIEXMBAHKE 1 CBOP AAHHBIX O PYHKLMOHMPOBOHMM CETH, Bbl-
SIBNIEHWE CHIKEHMS MPOU3BOANTENBHOCTH;
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— QHAM3 NokasaTenei dyHKLMOHUPOBOHMS CETH U MPUHSTUE Mep,
HOMPOBNEHHbIX HO MPENOTBPALLEHHS CHUKEHMS POM3BOIMUTENBHOCTH,;

— MOBTOPHAS MOPLUPYTU3aLMS TPAMHKA, BMHAMMYECKOE YNpaBne-
HUE UT. A,

5. YnpaeneHie Ge30mnacHoCTbIO!

— PA3TPAHMIEHIE 1 KOHTPOSTb AOCTYNA K SMEMEHTOM CETU M CHCTE-
Me yrpaBneHms;

— obecrieyeHie KOHPUOEHLMATBHOCTU M LIENIOCTHOCTH NepencBae-
MO MHbOPMaLAK;

— BbISIBNIEHWE U MPEAOTBPALLEHNE HECAHKLMOHUPOBAHHOTO NOMb30-
BOHMS YCITYTOMM M IOCTYNA K CETEBbIM PECYPCaM;

— BOCCTQHOBMEHME (IPOrPaMMHOE 1 annapaTHoe) 06opyaoBaHHs
CETeN U CUCTEM CBSI3W Mocrie CHOeB B PE3ySETATE HECAHKLMOHMPOBAH-
HbIX AEACTBUM U T. .

B QAHMOA3bIYHBIX MCTOYHMKAX 41 O603HO"|€HM9| I'Iepe"lVICﬂeHHbIX 06'
nacter 3opad yacto mcnonbsyercs abbpesmarypa FCAPS (Fault,
Configuration, Accounting, Performance and Security).

Mepexon, K CETaM CeayHoLLEro MOKOMEHMS 1 KOHBEPreHLy MKCH-
POBOHHOM 1 MOBMIIBHOM CBSI3M CTABSIT Neper, Pa3paboTHMKaMU CUCTEM
YMPOBNEHMs! CETHIO HOBbIE 30AQYM, TPYAHOCTb KOTOPbIX YCyrybnsetcs
PACLMPEHMEM M YCTIOKHEHMEM LIEMOUKM CO3AAHMS LIEHHOCTW Mpw npe-
HOCTABIEHMM TENEKOMMYHMKALIMOHHBIX YCITYT, YOCTO MPEANoNaratoLLe
COTPYAHWHECTBO HECKOMBKMX OMEPATOPOB CBSI3M W MOCTOBLLYKOB YCITYT:

Mockonbky koHsepreqtHas NGN [6] coctouT ua cookynHocTv Baa-
MMOYBSI30HHBIX FETEPOreHHbIX CETeN, sl OCTYNA B KOTOPbIE MCMOMb3Y-
€TCA PA3HOOBPA3HOE TEPMMHONBHOE OBOPYHOBOHWE, OHA AOMKHA
obecneumBaTL NPENOCTOBNEHWE MOMb3OBATENIO YTy HE3UBUCHMO OT
YCTPOWCTBA M CETM AOCTYNA. PasniuHble MPUIOXeHMs ¢ OBHOTO TepMM-
HQIIQ MOTYT OHOBPEMEHHO MONYHATb JOCTYM K HECKONbKMM CETsIM pas-
Horo Tuna. Takum oBpa3oM, BCTOET HEOBXOmMMOCTb obecrieyeHmst Ha
TEPMUHANOX YHKLHA OBHAPYXXEHHS 1 BBIBOPA CETU.

MpuHLmn o6obiweHHoN MobunsHoc (aHm. Generalized Mobility)
TpebyeT OT ceTm obecrieyeH s MOMb3OBATENIO BO3MOXHOCTU MEPEXOLd
6e3 MPepbIBaHMS OBCITYXMBAHKS HE TOMBKO MEXHY TOHKAMM AOCTYMNA Of-
HoM ceTesow TexHonommu (Hanpumep, Wi-Fi i GSM), Ho n mexgay pas-
nMuHbIMM TexHonomamu (Hanpumep, 3G 1 4G). K Tomy xe, nepexon
[OMKeH BbiTb OPraHU30BAH € NORAEPXXAHMEM ONPERENEeHHOro Habopa
napameTpos kadectsa obanyxueanms. K dbyHkupsm obecrieverms mo-
BurbHocTn otHockTes poymuHr. K NGN npeppsiensitores TpebosaHys no
0BecreyeH IO HALMOHABHOTO, MEXYHAPOZHOTO, O TAKXE TOK HA3bIBA-
€MOrO BEPTUKQITBHOTO POYMMHIG, KOTAQ AOMALLIHSIS M TOCTEBOS CETH MO-
CTpOeHbl Ha 6a3e PA3NMUHbIX CTAHKAPTOB.

MobBurbHocTb nonb3oBaTens M y4acTvie B MPenOCTABIEHHM YCITyTH
HECKOJIbKNX TeJ'IeKOMMyHMKGUMOHHbIX KOMI'ICHMH, COCTOB KOTOPbIX (B oT-
JMYME, HAMPUMEP, OT TPOEMLIMOHHBIX CXEM MPEHOCTABNEHMS YCITYT MEX-
AyHQPOAHOM TenedOHWM) MOXET B KOKAOM KOHKPETHOM CITy4ae MEHSITb-
81 AMHOMMYECKM NP MEPEMELLIEHNM MOMb3OBATENS, YCTIOKHSET DYHKLMM
HOYMCTIEHMS MIATbI M GUIIMHIG. YNPOBNSIOLLCS CUCTEMA JOMKHA OTCrE-
IWTb 1 30PUKCHPOBATH UCTONb3OBAHME PECYPCOB CETU HO KOXKOM 3TO-
ne NPeOoCTaBNEHMs YCTyTH, MPUYEM TAPUPHKOLMS PASAMYHBIX CErMEH-
TOB MOXET BbiTb OCHOBAHA HA PA3HBIX MPHMHLMNAX (Hanprmep, obbem
I'IepeﬂGHHbIX JAGHHbIX, I'IpOJJ,OJ'I)KMTeJ'IbHOCI'b coegnHeHnsa 1nm KOHTeHT).
PasHoobpasite MMEIOLMXCS 1 BLICTPOE MOSBEHME HOBbIX YCITYT CBS3M
TAKKE OTHIOMb HE YNPOLLIAET 3Ty 30LaHY.

AKTyQrbHEALUMM BOMPOCOM YMPQBAEHMS CETIMM CBA3M SIBNSETCS
obecriedeHme kasectea obayxuBanms. HecmoTps Ha nosieneHie B no-
cnenHme rofibl GOMbLLIOrO KOMMUECTBA METOROB YIPABIEHMS! 1 KOHTPOS
Ka4eCTBA OBCITYXMBAHMS, MHOMME OMEPATOPbI, OCOBEHHO MOCTABLLMKM
yanyr MHTepHeT, [o cvx nop MPeAnoymTaloT peLLats npobremy nyTem
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obecriedeH s M3BLITOYHBIX PECYPCOB, YTO B PE ClTy4aes ONpaBabIBa-
eTcs peluesnaHon nocnegnx. OgHako pecypcsl GecrpoBoaHbIX ceTei
CTOSIT OPOXE, M NP [ANbHEMLIEM PACMPOCTPAHEHWM TAKOTO TMMA A0-
CTyna crieflyeT OXuaaTh Gonee LIMPOKOTo BHEAPEHMS PA3NMUHBIX MEXa-
Huamoe obecrieveHms QoS. Obecrieverne spdeKTMBHOM NMOAIEPXKKU
QoS siBnsieTcs OfHOM M3 OCHOBHBIX TPYOHOCTEN YMPUBNEHMS CETIMM
NGN.

Dyrkumm ynpaenenms NGN g cryuae npoBoaHOro AocTyna nokpbl-
satotcs obnactsimu FCAPS. Mpu nenonbaosanmm GecnposopHbix cetei
6110 MPEIVIOXEHO JOBOBUTL AOMONHUTENbHbIE OBNACTU: YNpaBeHMe
MOBMITEHOCTBIO, YMPOBIIEHWE KIMEHTAMM W YNIPABIIEHWE TEPMAHQOMM.

Takym 06pa3oM, BOHWKAET 30040 OMMUMATTEHOTO M Hambonee 3¢-
beKTMBHOTO pacrpeneneHyst U 300eMCTBOBAHKS AOCTYMHbIX CETEBBIX W
MHOPMOALIMOHHBIX PECYPCOB MPK MPEOCTABIEHNM HOMEONEE LIMPOKO-
ro Habopa yCryr MOKCMMQUTHOMY 4mcry aboHeHToB. B panbHeituem
MPELNONAraeTcst NPOBEAEHUE UCCTIEROBAHMM, HAMPABIEHHbIX HA MATE-
MaTHieckyto GOPMAM3ALIMIO TAKOM 30[04M, M PELLEHUE €€ B YOCTHOM
cnyuae ans yaym Triple Play (vm .H. nakera "TpoitHas ycnyra').

T-Comm, #7-2010
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MeTtoguka pacyeta 3¢p¢peKTUBHOCTU UCNONb3OBAHMS
CeTeBbIX pECYpPCOB B ONTUYECKON MAKETHON TPAHCNOPTHOM
CeTH C BOJIHOBLIM YNJIOTHEHMEM

YnpaBreHme pacnpeneneHem CeTeBbX PeCypCoB B MPOLECCEe SKCIUTYATALM CETH MO3BOSSIET MOBbICTL SeTie-
HOCTb MCTIOSb30BAHHMS YXKE MMEIOLLIErOCs CETEBOTO 0B0PYLOBAHMS M TIMHMA CBS3M. VICTIONb30BAHME SBPUCTUHECKMX Q-
TOPUTMOB M COBPEMEHHBIX QMMAPATHBIX KOMITIEKCOB MO3BOSET PELLATH 304Q4Y PACTPEAENIEHMS CETEBbIX PECYPCOB.
[Mpw sTom B npoLecce paspaboTki MOJOBHBIX CCTEM BOHMKAET HEOBXOMMMOCTb MOSTyHEHHS HE3ABMCHMMON, STQIOH-
HO¥M OLIEHKM, MO3BOSIIOLLEN MPOBOAMTL AHAINS SPEKTUBHOCTH PABOTEI AITOPHTMOB, PEQIIM3OBAHHBIX B CUCTEME.

CasaHpokos U.M.,
Acrmpartr MTYCH

PacnpeneneHie pecypcos — KItOYEBOM SMEMEHT NP MPOEKTUPO-
BAHMM 11 SKCTUTyaTaLyM cetv. KoHTporb 3a 3dpeKT1BHOCTbIO MCMoNb3o-
BAHYS1 PECYPCOB B MPOLIECCE SKCTUTYATALIMM CETU MO3BOSISIET CHU3MTB KO-
MUTONbHBIE 3ATPATBI HO CTPOMTENLCTBO CETU W MOSTY4MTh JOTMOSHUTETb-
Hble OXOfb! C MOMOLLBIO IMHMIA CBSI3M M CETEBLIX Y3/OB, KOTOPbIE YXKe
BBeEHb! B 3kcrunyaraLyio. OcobBeHHO 3TO BAKHO B OMUHECKMX CETSIX,
ucrionbsytolwpx TexHonono WDM, e ocsoboxaeHue aaxe opHoM
AMMHBI BOJHbI SKBMBAJSIEHTHO OCBOBOXOEHMIO MOMOCH MPOMYCKAHMS
yposHst STM-16 wnm paxe STM-64 texHonorm SDH.

He cMotps Ha To, 4To pacyeT pacnpegeneHms pecypcoB B NAKETHOMN
CETU C AMHOMMUYECKUM M3MEHEHMEM TPADMKA SIBISIETCS CIIOKHOW 3aaa-
Yeit, MCMONb3OBAHMWE SBPHCTYECKMX anropuTmos [ 1-3], peanmayembix B
COBPEMEHHBIX MPOTPAMMHbIX KOMMIEKCAX MO3BOMSIET PELLATH 3TW 3aAa-
un. B kavecTBe NprMepPa MOXHO POCCMOTPETb PELLIEHWE 30[A4M OMTH-
MM3QLMM PACTIPEOENEHHS] CETEBBIX PECYPCOB B OMTUYECKMX MOKETHBIX
TPAHCMOPTHBIX CETHX C OMTUYECKMM YIUTOTHEHWEM M MOAEPKKOM Pas-
NMYHBIX KIACcoB obaryxxmeaHys. B kauecTse pecypcos B nopobHbix ce-
THX BbICTYMCIOT [/IHbI BOMH, YEPE3 KOTOPbIE OPrOHW3OBLIBAIOTCS CBETO-
BbIE MyTW MEXY Y3/IAMM-MCTOYHMKOMM 1 Y3namu-rpremHukamu. [po-

LECC ONMTUMM3OLMM POCTIPENETNIEHMS CETEBBIX PECYPCOB B HOTALWM
BPMN [4] npeacraeneH Ha pucyHke.

[Py peanmsaLym MprBEAEHHBIX MPOLIECCOB B MPOrPAMMHBIX KOM-
rnekcax npu paspabotke METOAA PACMPEaENEeHs PECYPCOB BO3HMKA-
€T HeOBXOMMOCTb OLIEHNTL MOKCUMAUTLHO BO3MOXHYIO SEKTUBHOCTb
MCMONb30BAHMS CETEBBIX PECYPCOB. 3TA OLIBHKA B MOCTEACTBUAE MOXET
6bITb MCTIOMB3OBAHA 15 CPABHEHHMS PE3YTETATOB PABOTHI PA3HBIX METO-
0B PaCTIpEneneHis PeCypCoB.

OnHim 13 cnocoBboB Mosy4nTb oLEHKY 3dHEKTUBHOCTU UCTIONB30-
BOHMSI CETEBbIX PECYPCOB SIBMSIETCS CO3AAHME QHAIATUYECKOM MOZENM,
OCHOBOHHOWM HO MPUHLMMOX TEOPHM MACCOBOTO 0BCTyXMBAHMS. Takas
MOZErIb MOXET [iTb OLIEHKY YPOBHS! MCMOSb30BAHMS PECYPCOB KAK HO
OTHENLHO B3STOM CETEBOM Y3Iie, TAK M BO BCEi CETU B LIENIOM, O TAKXKe
MO3BOSAT [OMOMHUTENLHO MPOBOMMTL AHAMM3 MAPAMETPOB TPAdHKa,
BIMSIIOLLMX HO KOYECTBO MPELOCTABIISEMbIX YTy

[MepBbiM LLIArOM NPy OLEHKE SPPEKTUBHOCTH MCTIONB3OBAHMS PECYP-
COB BCEM CETU SBNRETCS MONTyHEHMe OLEHKM SDEKTYBHOCTU MCTIOMB3OBA-
HI1S PECYPCOB [/t KODKIOTO M3 CeTeBbiX yanos. Mogertb naketHol TpaHc-
MOPTHOM CETU C BOHOBBLIM YTUTOTHEHMEM 1 MOZAEPXKOM KIaccos obany-
xvBarua [5,6] npednonaraer Hanvume B CETM y3MoB ABYX THMOB: IPQHMY-
HbiX 11 OropHbix. OCHOBHOE Pa3MUME MPHBEAEHHBIX TUMOB COCTOMT B HO-
U4ME Y IPAHMYHBIX Y3108 BydepHbIX HOKOMMTENEH, MO3BONSIOLLMX MM 6O~
nee Mbko 0BpABATLIBATH BXOAHbIE MHPOPMALMOHHBIE MOTOKM.

Ecrnn nocne ontummsauuu
Tpaduka ypoBeHb
MCMONb30BaHNA PECYPCOB
CeTu npeBbIlLaeT 3afaHHoe

3HaYeHwe, To npoLiecc
onTUMM3aLMU NOBTOPSAETCS,
HO He Gonee5 pas

Dopmuposa H1E
crucka myre i

Tlonck

Mapuipyra

MOHHTO pHHP
YpOBHS

OITHMaJI BHOIO H Tepevapupy- &T’—<
TBaNMs

DopmupoBaHue
oTYeTa TIo

MCIION B30 BAaHUS
Pe CypcoB CeTH

3aBepLueHve npoLecca,
€Cnv YpoBeHb
MNCNorb30BaHNs PECYPCOB HE
NpeBbILLAET 3aJaHHOE
3HavyeHune

pe3yibTa TaM
paboTel

3aBeplLeHne npoLiecca
onTumMM3aLm
pacnpeeneHs ceTeBbIX
pecypcoB. OtyeT no
pesynbTarav paboTbl
chopmpoBaH

Cxema npouecca OMMMMU3ALK PACMPEAENEHNA CETEBLIX PECYPCOB ONMTUYECKOM MAKETHOM TpGHCI’]OpTHOI:i CETU C BOJTHOBbIM YTJIOTHEHMEM

1 MOBAEPXKOM KIACCOB OBy XMBAHMSA
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[ns QHANM3a MCMONb3OBOHMS CETEBLIX PECYPCOB Y3nd YAobHO
MOJIb30BATLCS METORAMM Teopim maccosoro obcnyxumsarms (TMO).
C Ttouku 3perms TMO, onopHbiit ysen npeactasnser coboi cuctemy
Moo M MV

D [T
KOMMYECTBO BLIXOAHBIX AIMH BOfH, K — KONMYECTBO KIACCOB obanyxu-

, rae N — KOnM4eCcTBO BXOAHbBIX AIMH BOMH, V —
BOHMS TPADMKA, OPFAHM3OBOHHBIX B CETH, £ — MHTEHCMBHOCTL MOCTYT-
NEHMA 30MPOCOB HA CoempHerme k-it ycnym, I, — MHTEHCHBHOCTL OB-
CITy>XMBAHMS 30MPOCOB HA coempHerue k-1 yenym. [pumenss mynsi-
CepBMCHyIO Moaens DHrceta 6e3 MecT ans oxuaanys [7] ans onopHbix
Y3108, W, ONpenenss NPABUIa 0BCTyXKMBAHMS 30SBOK PASIMYHBIX KIOC-
COB OBCITYXMBAHMS], HE TPYAHO MOMYUUTb CUCTEMY YPOBHEHMIA MOBWTL-

Horo 6anatca (CYI'B) anst storo Tna yana. [parnyHsIit ysen ¢ Touku pe-
M | M V|R, JR,.R,
Ny £ [y -

rae N — konmuectso exopHbix uHTepdericos, R;, R ...R,< —

st TMO npencrasnset coboit crctemy Biaa
pasmep 6y-
epHOro HAKOMMTES 15l KAKAOTO M3 KIACCoB 0bCykmBaHMs. Vcrosb-
30BOHWE MySTSTUCEPBHCHOM MOLENM DHICETA C MECTAMM 15l OXMIAHMS
[7] nossonsiet nonyumts CYTB fnst ipaHuyHbIX y3nos.

PelueHite 5THX CHCTEM YPOBHEHMIM MO3BOSSIET OMPELENMUTL BEPOSIT-
HOCTb HOXOXIEH)MS CETEBOTO Y371 B COCTOSIHMM, KO BCE PECYPCbl CBO-
GopHbl. L5t OropHOTO y3na BLIPAXEHWE MMEET BULL:

s, n! o nes), i=l

p(0)—{2(zv+n Zn) Hp' + Y (N-V +1), (H ’A+,Z(N vy - ZHP’“J
(1)

rae N, — KOMMYECTBO AyIMH BOSH 3OHATbIX A71s 0BCNY>XMBAHMS 3ASBOK IO
Knacca obayxMBaHMs; N= (n],...nK)T— BEKTOP, OMMCIBAIOLLIMIM KOnMYe-

CTBO HOXOBSLLMXCS B 0BpAbOTKM 3aSBOK BCEX KIIACCOB OBCTYXKMBAHMS,;
SI

H(N+n —Zn) ;oPi=—

i i

— MHTEHCUBHOCTb

(N+n—zK:n,.)“
i=1

HArpy3Kku ans k-o#t yany; S — rIpOCTpOHCTBO BO3MOXHbIX COCTOSIHMM;
S — MPOCTPAHCTBO BO3MOXHbIX COCTOSHMM, MPU KOTOPOM 3CHSTHI BCE
BbIXOJJ,HbIe mHuy; S, = S\S

[Inst rpaHUYHOTO Y3na BbIPCKEHME MMEET Crefly oLLyiA BULL

—1
n

zwﬂlzm HP‘ (2)

FI€ I, — KOMMYECTBO 3HSTBIX MECT A1l OXMAQHMS B BydepHOM Hakomm-
Tene, 0BCYXMBAIOLLETO i KAce Tpaduka.

Moacraenss nonyueHHsie Boipaxerus (1) 1 (2) B coomsetcreytowme
CYI'b He TpyaHO OMpeAenHTL BEPOSTHOCT HOXOXAEHMS MoBOoro yana ce-
M B MIOBOM 13 BO3MOXHBIX COCTOSIHMIA. DTO, B CBOIO OMeperb, NO3BOMSET
BBIYMCIIMTb BEPOSTHOCTb BITOKMPOBKM 3AMPOCOB HA COBAMHEHWE ISl KODK-
[OTO M3 KIACCOB OBCITy>KUBAHMS, MCTIONb3YS CIIEAYIOLLEE BIPOXKEH/E:

k
6= ZPK (3)
=1

e pf. — BEpOSTHOCTL BMIOKMPOBKM 3ANPOCA HA CopyHerMe k-ro knacc
0BCyXMBAHMS; P, — BEPOATHOCTb HOXOXKACHYA CHCTEMSI B COCTORHNM,
KOTQ 3aMPOC Hal CoemmHenme k-ro krace obcnysxusakms Gyaer 3a6mo-
KMPOBGH.

Kpome Toro, ucronssoearue dbopmyn (1) 1 (2) noseonset onpeaenvms
k03DULYEHT UCTIONB3OBAHMS PECYPCOB yana o popmynam (4) u (5):

UTIL= (m" ps),
nes (4)

roe UTIL — cpenHee 3sHOueHKMe MCMONb3OBOHMS CETEBBIX PECYPCOB;
M — KOMMYECTBO 3CHSITLIX PECYPCOB; S| — NPOCTPAHCTBO COCTOSHMIA CHi-
CTeMbI, B KOTOPOM 30HSTO PECYPCOB; P, — CYMMOPHOS BEPOSTHOCTS
HOXOXEHMS CHCTEMbI B MPOCTPAHCTBE COCTOSHMIA S

K=UTIL/V. (5)

M3 nonyueHHbIX BBIPOXKEHHMIA MOXHO OMPEAENTL ONTUMAITBHOE 3HG-

p(0)=

yeHwe KOSPDULIMEHTA MCTONBIOBAHMS CETEBBIX PECYPCOB. DTHUM 3HAYE-
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HMEM SIBNIIETCS MOKCUMQITBHOE 3Ha4EHMe KOS(PDMUMEHTA MCTIONb3OBA-
HMS! CETEBLIX PECYPCOB, MPM KOTOPOM HE HOPYLLIGKOTCS MAPAMETPSI KO-
4ECTBA OOCITY>KMBAHMS! /151 BCEX KIOICCOB TPA(MKA:

K(py,p,...pg) — max;

Ps(P1sP2 P i) < Picast's (6)

Ps (P PPy ) < Pcusk-

[Nonyume pe3ynbTaThl NO MUCTOL3OBAHMIO CETEBBIX PECYPCOB HA
BCEX Y3/10X CETH, MOXHO NEPENTH K CiedyioLLeMy STaMy — OLieHke -
(bEKTMBHOCTM MCMONb3OBAHMS PECYPCOB HA BCEM CETU.

Hanbonee npocto oueHNTb ko3 dHLIMEHTA MCMIONL3OBAHMS PECYpP-
COB CETM MOXHO BOCTONb30BABLUMCh HIXECTIEAYIOLLIEH POPMYTION.

> uriL,
Koy =N S, (7)

IcL
roe L — MHOXeCTBO NMHMI CBA3M cem, N — mHoxectso Y3noB cet;
ZUT]L" — CYMMQ BCEX 30AHATbIX CETEBbIX PECYPCOB; EVV/ — CyMmma

ncN

BCEX MMEIOLLXCS CETEBbIX PECYPCOB.

[Npu 3TOM BEIGOP OMTUMAILHOTO 3HAYEHMS! KOSPPULIMEHTA UCTOb-
30BOHMS PECYPCOB CHANIOMMYEH OLIEHKM STOTO MAPAMETPA Afish OTAEb-
HOTO CETEBOTO Y3/a.

Dopmyna (6) nossonsieT NoMyumTL BEPXHIOK OLEHKY 3deKTBHO-
CTM MCTONb3OBAHMS! PECYPCOB, MOCKOSbKY HE YHUTLIBAET Psifl GOKTOPOB,
BIMSIOLLIMX HO 3(EKTUBHOCTL MCMOMNB30BAHMS CeTeBbIX pecypcos. K Ta-
KMM (pOKTOPAM B MEPBYIO O4EpEb MOXHO OTHECTU PPANMEHTALIMIO Ce-
TEBbIX PECYPCOB M HEPABHOMEPHOCTb MOCTYTIIEHMS 3AMPOCOB HA COSAM-
HEHME HA PA3NMYHBIE MPAHUYHBIE Y3TIbl.

HecmoTpst Ha yKa3aHHbIE HEAOCTATKM, MPEITIOXEHHbI MeTOR, 0b/a-
ACET PSiOM CyLLECTBEHHBIX MPerMyLLecTs. Bo-nepssix, 310 otHocuTesb-
HOS! MPOCTOTA METOAQ, MO3BOMSIOLLOS BbICTPO OLIEHWTb MOKCMMAUTLHO
HOMYCTUMYIO HOIPY3KY, MMESi B KOMECTBE MCXOOHBIX JOHHBIX JULLIb MH-
bopMaLMIO O KONMHECTBE BXOAHBIX M BBIXOAHBIX SIMHMIA. Bo-BTOpBIX, MOC-
LUITOBMPYEMOCTb METOAG, KOTOPbIA MOXKET BbiTb C OIMHAKOBbIM YCTIEXOM
MPMMEHEH KOK A1t OLIEHKM 3¢ PEKTUBHOCTU MCTIOSNb3OBAHMS CETEBbIX Pe-
CYPCOB HO OTAENLHOM Y3/ CETH, TAK M /ISt OLIEHKU MCTIOSb30BAHMS! Ce-
TEBbIX PECYPCOB HACTU CETU WITW BCEN CETH B LISTIOM.
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O630p BO3MOXHbIX BAPUAHTOB OPraHU3ALMM
B3AMMOAENCTBUS ONTUMM3ATOPA TpaduKa
c paznmyHbiMu OSS-cuctemamu

VnpaBneHwe ceTamu 6OsbLLOTO pasmepa HeMbICIIMMO 6e3 MCONb30BAHMS BLIYUCTIATENLHOM TEXHMKM U Ccneuranm3npoBaH-

HOTO MpPOrPaMMHOTo obecriederust. [TporPaMMHO-AMMAPATHbIA KOMIUTEKS, PA3BEPHYTHIA Y ONEPATOPQ CBSI3M, MPELCTABIS-

€T coboit HABOP PAIMUHBIX CHCTEM, YBSI3AHHBIX MEXTy COBON M BBIMONHSIOLLMX OnpeneneHHbie 3anaqn. JlobasneHme Ho-

BOWM CUCTEMBI B STOT KOMINIEKC 'rpe6yeT Cepbe3HOl71 ﬂpOPO6OTKM BOMpocos B3AMMOLEMNCTBIMS HO CTAOMM MPOEKTUPOBAHUA CH-

CTeMbl. B 310/ cTathe Ha nprmepe BHEAPEHMS ONTMMM3ATOPA TPAPUKA PACCMATPMBAIOTCS BAPHAHTBI OPTAHM3ALM B3AU-

mogencTems mexay HOBOW CUCTEMOM M PA3NIM4HbIMU KITACCaMM CHCTEM, KOTOPbIE MOTYT MMETLCA Y ONnepaTopa Cea3n.

Caeanpgiokoe .M.,
Acrmpart MTYCA

YrpaBnetme cetsiMm GONBLLOTO PA3MEPA HEMBICTIMMO Be3 1crorb-
30BOIHYS BbIMUCTITENBHOM TEXHMKM M CMIELIMAIT3MPOBAHHOTO MPOTPAMM-
Horo obecrieveHis. Kpome cictem ynpasneHis 06opyaoBaHUEM, O4eHb
4OCTO Y OMEPATOPA CBSI3U UCMOMB3YIOTCS CUCTEMBI MOAAEPXKKM BuaHeca
vonepaupi, Tak Hassisaemsle OSS,/BSS-cuctemsl. S cuctemsl noseo-
NSIOT MPOBOATb CIBTOMATU3ALMIO PA3NMUHBIX BH3HEC-TPOLIECCOB One-
PATOPA CBSI3W, TOKMX KOK BBICTCBIIEHME CHETOB ABOHEHTAM, MPOBEEHME
TEXHUHYECKOTO YHETA OBOPYHOBAHMS 1 PECYPCOB CETH, YNPABIIEHME He-
MCMPABHOCTAMM, KOHTPOSTb MAPAMETPOB MPEROCTABIISIEMBIX YCTYT M T.4,
Knaccudmraupas OSS/BSS-cuctem, a Takoke nepeumcneHie pyHKLM
Ans KeKAOro Knacca amctem npusomres B[ 1, 2.

Takitv 06pa3soM, MPOTPAMMHO-CMNAPATHBIA KOMIUTEKC, MCTIOMb3ye-
Mbli ONepaTopom, NpeacTasnser coboi GonbLLoi HABOP PA3MYHbBIX
CUCTEM, YBSZOHHBIX MEXY COBOM M BBIMOHSIOLMX OMPeaereHHble 3a-
Aaum. [ns nosbiLueHms 3ddeKTa oT BHEAPEHMs HOBOM CHCTEMbI HEOBXO-
AVIMO €€ MHTErPALYA B CyLLECTBYIOLLWH MPOrPAMMHO-CNMAPATHBIM KOM-
nnekc onepatopa cestiau. [poseaeHme MHTErPALYM NO3BONAET PECNU30-
BOTb [OMOHUTENbHbIE BO3MOXHOCTU , O TAKKE MO3BOSMT CTIOSb30BATH
HOBYIO M Y& MMEIOLLIMECS CCTEMBI KOK EIMHOE LIESOE.

B kauectse npuMepa paccmMOTpHM BOMOXKHBIE BAPUAHTBI MHTETPa-
um ommmmaaropa Tpadwka (OnTp) ¢ pasanuHbIMK cCTEMAMM YNpaB-
NeHUs M NOAAEPXKKW BK3HECa ONepaTopa CBSI3H.

B 570 craTbe nog onmmMmaaTopom Tpadmka Gyaem NoHMMATL Mpo-
FPAMMHO-ANNAPATHLIM Komriexc [3], ocHoBHOM 3amauei koToporo sis-
TIRETCS OMTUMM3ALIVS pacripenenenms pecypcos cet. OmmmuaaLys pe-
CYPCOB CETH OCYLLECTBISIETCS 301 CHET NEPEMAPLLPYTU3ALMU CYLLECTBY-
IOLLWX KOHQUTOB B 30BMCMMOCTM OT TEKYLLETO COCTOSIHMS ceTi. Ommmi-
30U POCTIPEOENEHMsi PECYPCOB MOXKET MPOBOAMTBCS KAK MO PACTMCA-
HUIO, OMpedeneHHOMy 3apaHee (HaNpUMep, Pa3 B HEAENIO B BLIXORHOM
HAeHb), TaK 1 no cobbimio (HanpuMep, Mo TPEBOBAHMIO CMELMANMCTA
cnyxx6bl SKCTUTyaTaLyM ceTh).

[ns paGorsi Takoro Onlp Heobxomma 6asa aarHbix (B), xpars-
LLOS MHPOPMOLIIO O CETEBOM KOHPUIYPALMH, O TAKKE MOYIlb, COREP-
AL NPOBUIA MPOBEAEHNS OMUMM3AILIM POCTPERENEHHS! PECYPCOB.

[MpoBeneHmMe OMMUMM3ALIM PACTPERENeHHs PECYPCOB MPeaCcTaBs-
et coboit Habop NPOLeayp TAKMX KOK: GHAN3 COCTOSHMS CETH, MpoBe-
AEHWE OMUMM3ALIM PECYpPCOB, GOPMMPOBOHME OTHETOB O MPOAENAH-
HOM pabore.

MHTerpauus ontummusaropa Tpapuka
C CUCTEMAMM ynpasneHus obopyaoBaHUeM

[nst ynpaeneHmsi GonbLUMHCTBOM TMMOB 06OPYAOBAHMS pa3pabaTsi-

BAIOTCA CneupasbHbie NPOrPAMMHbIE KOMIMIEKCI. D11 KOMMNEKChI MoryT
6b|Tb fpasneneHbl Ha ABe KaTeropum:
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1. TTporpaMMHbIF KOMMIEKC A7t YMPABIIEHMS OBHMM SK3EMIIPOM
obopygosarus (Element Manager, EM);

2. Cucrema st ynpasnenms cetsio (Network Management System,
NMS).

Kak npaBmio, st cuctembl XpaHsT B cebe MOTENM MpencTaBneHis
ACHHBIX OBOPYHOBAHMS, KOTOPbIMM OHW YNIPOBISIOT. Mcronb3oBaHmMe mo-
nenei obopynoBaHys 3TMx c1ctem B Orlp MO3BOSSIET YMEHBLUTb BPEMS,
HeoBXomMMoe [ BHeApeHUs ormmMmaaTopa Tpagmka. Kpome Toro, ecrin
NMS mmeer ceoto 6a3y AAHHBIX, TO OHQ MOXET BbITb UCTONB3OBAHA B KA-
yectse B[] ormmmmaaropa tpadmka. Mpu peanmaaiym s1oi dyHKLM B3a-
MMOJEMCTBYE ABYX cUCTeM ByaeT BbirmsaeTs crieaytoLmm obpasom. Onm-
Musartop Tpaduka Byret dopmuporats aanpoc K NMS i HyxHbiM EM,
HQ KOTOPbIE CUCTEMA YTPABIEHHs 060PYROBAHVEM GyLeT NepencsaTs vH-
hOPMALIIO, 3AMPALLMBOEMYIO OMUMM3CTOPOM TPAMKA.

Kpome Toro, mHterpaLys onmummsatopa Tpagduka ¢ CUCTEMOM Y-
paBreHMs 0BOPYOOBAHMEM MOXET COCTOSTb B OPTOHM3ALMM B3AMMO-
LEMCTBYS [IBYX CUCTEM [1Si IEPEKITIONEHMH, BbISBIIEHHBIX B XOAE PABOTbI
ONTUMM3ATOPA TPAPHKA. STO MO3BOIMT ABTOMATU3MPOBATL MPOLIECC
ONTUMM3ALYM POCTIPELENEHMS PECYPCOB.

Oantaxo, kak npasuio, ancremsl NMS 1 EM cospaiores npomssopm-
Ternem 0bopYaOBAHK M MPEAHA3HAYCKOTCS TOMBKO Afist YNPOBIEHS OfHMM
TUIOM, PEXe sl YNPABTIEHMst OBOPYLOBAHWEM, MPMHOIIEALLETO K Ofi-
HOM MPOLYKTOBOM JinHewKe. [0 STOM MpuHMHe, OPraHM3ALYS MPSIMOTO B3
mmopeicTers Onlp ¢ cUCTEMOMM YPaBIIEHWS OBOPYAOBAHMEM CTAHOBSTT-
51 CTIOXHOM 30AQHEN, TOK KK OMTMMM3ATOPY TPAhHKA MpraeTcst pabotats
C paamMuHbIMU Mopensmy obopyaoeaHis. Kpome toro, B obopyaosatms
B CHCTEME YTNPABIEHMS MOXET BbiTb 30KPLITOM, YTO MCKIIOUYAET €€ UCTONb-
30BOHME MPK OPTOHM3ALYM PABOTBI OMMUMM3ATOPA TPAHKA.

Murerpaums ontummsatopa tpaduka
¢ cucTeMmoit TexHuueckoro ydeta (NRI)

Cucrema NRI npeacraensier coboit BJl, xparsiLyio Bcto Heobxoau-
Myt MHdpopmMaLyio o cetn onepatopa cesaau. Kpome nHpopmaym o6
06OPYOOBAHMM, YCTAHOBIIEHHOM HA CETH, 3TA CUCTEMO MOXKET XPAHTH
MHPOPMALIMIO O KOBENBHBIX COOPYXEHHMSIX, MyTsX, ABOHEHTAX, Mpedo-
cTaBnsiemMbIX yayrax 4. Mopens ommcanms obbekros bl sisnsetcs
YHMBEPCQIBHOM, HE 30BMCHT OT TUTA OBOPYROBAHYS MM MCTIONb3YEMOM
TeXHONOMM, a cama BbJ] oCHOBAHA HA MPOAYKTAX XOPOLLO M3BECTHBIX,
Takux kak Oracle i MySQL

MHrerpaLps ormmm1saTopa Tpaduka C CHCTEMON YUHETA CETEBbIX
PECYPCOB MO3BOMISIET MOSIHOCTHIO OTKA3ATLCS OT OMMCAHYMS MOAENM MPed-
CTOBNEHMS OHHBIX /151 ONTUMM3ATOPA, 3aMMcTBys ee y cuctembl NRI.

Kpome BbiMonHeHs CBOe OCHOBHOM 304, MHTErPALIS OMTHMM-
satopa Tpadmka 1 cuctemsl NRI nossonsier paciumpms dyHKLMOHAN
obowx cuctem. Tak B pesynbTare MHTETPALYM Y ONepaTopa CBsi3u Mosis-
TISETCS BO3MOXXHOCTb MPOBOIMT GHCIMS M3MEHEHMHM, BbI3BAHHbIX AOBCB-
TIEHMEM WU YAQNEHMEM TEX MIT MHBIX STIEMEHTOB CETU C MOMOLLBIO MO-
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[ENMPOBAHMS STUX CUTYALMIH. STW BOIMOXKHOCTH MOTYT BbiTb BOCTPEGO-
BOHbI MW COCTABIEHWM MIIAHOB PA3BUTHR CETH, O TAKXE Mpu paspabor-
KE CXEM 30ILLMTbI M BOCCTAHOBIIEHMSI CETEBbIX MOPLLPYTOB.

BaammopeiicTBie aByx c1CTEM MOXKET BbiTb OPTAHM3OBAHO POIMY-
HbIMK CIOCOBAaMM. Bo-MepBbIX, B3OMMOLEHCTBUE MOXET BbiTb OPraHM30-
BAHO C NoMoLLbo web-ceparcos. DToT nopxop, obecneumBaeT MBKOCTb,
MO3BOIS, HAMPUMEP, OBPALLATECS K AGHHBIM, XPOHSLMMCS B PO3NMY-
HbIX MecTax. Bo-BTopbIX, B3aMMOLEHCTBIE MOXET BbiTb 0becrieueHo ny-
Tem NpsiMoro obpalLeHus onmummaaTopa Tpadmka k B, Mpu stome B[
AOJDKHbI 6bITb pG3pG6OTC|HbI cneupanbHbie NPeacTaeneHns U npoleny-
pbl, POpMUpPYIOLLME AGHHBIE 15 PABOTbI OMMMM3ATOPA TPAMHKA B 30-
paHee onpeaeneHHoM Gpopmare.

Bropoit noaxop siensietcs MeHee mBKiM, MOCKOMbKY B3AMMOAEHCT-
BME CUCTEM OCYLLIECTBIISETCA HA YPOBHE AaHHbIX. OBHAKO, TAKOM Noaxog,
obnopaet GonbLUEN MPOU3BOMMTENBHOCTBIO M CKOPOCTBIO PABOTHI, YTO
HEMQITO BODKHO MNP MCTONb3OBAHMM ONMTUMM3ATOPA TPADHKA B CETSIX C
GObLLVM KOMMYECTBOM Y3TIOB.

Muterpaums ontuMusatopa Tpadmka
c cucTeMamu akTveaumu (SA)

CrcTemMbl OKTMBOILIAM MPEIHA3HAYEHBI F71Sl GBTOMATUHECKOTO MPOKITHO-
YEHMS MAPLLPYTOB C 30CHHbIMM MAPAMETPAMM Yepes ceTb. [l 3ToM Lie-
JIM cUCTEMbI SA OPraHM3YIOT NOAKTIIOYEHHE K OBOPYHOBAHMIO, YEPE3 KOTO-
pOe BOMKEH MPOXOMMTL MAPLLPYT, 1 MPOM3BORST COOTBETCTBYIOLLYIO HOCT-
poiky 31oro obopyaoBaHMs.. [y STOM, MPH HEBO3MOXHOCTU BKIKOHEHMS
MapLupyTa, B cuctemax SA npoussoppTcs obssartenbHast ipopaboTka an-
TOPMTMOB BO3BPALLIEHHS CETU B UCXOIHOE COCTOSHYE.

WHrerpaups ommmmnaaTopa Tpagmka ¢ SA, Takke KaK M MHTerpaLys
C CUCTEMOMM YTPABIEHHMs OBOPYAOBAHMEM, MO3BOSISIET MOMHOCTHIO AB-
TOMQTM3MPOBATH MPOLIECC ONTUMM3ALIM pacripeaeneHms pecypcos. Ho
B ommume ot NMS, cuctemsl SA obnapator GonbLuei yHUBEpCArbHOC-
TbIO, YTO CYLLECTBEHHO YMPOLLIOET OPraHM3OLMIO MX B3AMMOLEMCTBIS C
onmmuaaTopom. Bsanmopeiicteie cuctem sakmiouaetcs B nepenade
ONMTUMM3ATOPOM TPAPHMKA MHPOPMALIM O MAPLLPYTE B CHCTEMY OKTH-
Bayn. Hanbonee npennoyTMTenbHBIM BAPHUAHTOM MEPenaUn STOM WH-
bopmaLmm sisnsetcst popmat XML, nossonsioLLyin cormacosars Hpop-
MaLMIO O CETH, XPaHsILLYIOCs B 630X AGHHBIX OMTUMM3ATOPA TPADHUKA
M CUCTEMBI OKTVBALIM.

MakenmanbHoro 3¢ekTa UCroNb3oBAHKMS OMMUMM3ATOPA TPAPHUKA
MOXHO JOBMTECS, €CTIU MPOBOTMTH €70 MHTETPALIMIO OBHOBPEMEHHO C CHC-
Temami NRI 1 SA. OpraHmsaumst Takoro B3aMMOIENCTBIS MO3BOTISIET MO~
JTYHTb MPUBOLMMBIE HIKE MPEVMYLLIECTBA, TPEDYs! Mp STOM OTHOCHTESTb-
HO HE3HQUMTETBHbIX TPYAO3ATPAT HA OPIAHM3ALIIO TAKOM CUCTEMBI:

— yaaeTcs OOMTLCS MOSHOM OBTOMATU3ALIAM MPOLIECCA OMTUMM3G-
LM POCTIPEOENeHms PeCypCoB;

— C OMMMM3ATOPA TPADUKA CHAMAETCS HArPY3Ka, Tpebyemast Ha
OPraHM3ALMIO 30QY, HEMOCPEACTBEHHO HE CBA3AHHBIX C OCHOBHbIM HA-
3HOYEHWEM CUCTEMBI;

— BCe CMCTEMBI UCTIONb3YIOT EAMHYIO MOLETb NPEACTABIIEHMS [OH-
HbIX, YTO YMPOLLCIET OPrOHMU3ALMIO MX B3AMMOLEMCTBHS.

Murerpaums ontummaatopa Tpaduka
C CUCTEMAMM YMPABNEHNS HEUCMPABHOCTAMM
M KOHTponeMm KayecTsa npegocrasnerus ycnyr (FM&PM)

Cucremsl FM&PM ¢ nomoLLto nonyseHmsi MHOPMALM OT CeTeBo-
ro obopyAOBAHMS M AAnbHENLLEN ee 0BpaboTkM M aHanmMaa obecrnieumn-
BAKOT MOHMTOPMHT COCTOSIHMS CETU.

Wrrerpawys cucrem FM&PM ¢ ormummaaropom Tpadmka nossorsi-
€T OBTOMATUYECKM MHALWMPOBATH MPOLIEAYPY OMTMMM3ALIM pacripee-
JIEHMS CETEBBIX PECYPCOB MPH BOHUKHOBEHWM QBAPHIMHOM CHTYQLMM HO
CETU WM NP YXYALLIEHMM NAPAMETPOB KQYECTBA MPEAOCTABSINEMBIX YC-
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nyr. B gononHermu k stomy crctembl FME&PM MoryT crysxuts uctouHmka-
MV MHPOPMALMM O MPOMCXOBSILLIMX HA CETU UBMEHEHMSIX.

Baanmogerictene crcrem Onlp n FM&PM coctou B BoizoBe nep-
BOM B CJTy 4O BO3HMKHOBEHMS OMPEOENneHHOM cutyaumu Ha cetn. Crincok
CHTYQLWH, MPU KOTOPOM MPOMCXOIMT BbI3OB OMTUMM3ATOPA TPADHKA,
HOmmKeH BbITb ONpeaeneHHoM 30paHee Ha CTAMU MPOPABOTKM MHTErPa-
LM ABYX CHCTEM.

Muterpaups ontmusatopa Tpaduk
C cucTeMamu ynpasnenus 3akasamn (OM)

Cuictema ynpaBneHmsi 30Ka3aMM MPEaHA3HAYEHA IS ABTOMATU3A-
LM BbINOIHEHMS! BU3HEC-NPOLIECCOB onepaTopa casiau. Kaxxasiii M3 npo-
LieCCOB MPeacTaBnsieT coboi NoCrenoBATENLHOCTb ONEPALMiA, LIETbio
KOTOPbIX SIBMSETCS BbIMONHEHWE SMIEMEHTAPHBIX 30AQY, BEAYLLYX K MOMy-
YEHMIO KOHEYHOTO PE3yrbTATA, HAMPUMEP BKIKOYEHMIO HOBOM YCITymH,
M3MEHEH MAPAMETPOB YCITYTH, OTKIIONEHMS YCIYTU U T4,

M3-3a cneumduin OM, 3Ta cucTeMa B3OMMOZEMCTBYET CO BCEMM
CMCTEMAMM, UCTIOMNb3YEMbIMM Y OriepaTopa. ST No3BONsET obecreumTs
€MHbIN MHTePdEVIC B3AMMOIENCTBUS ONTUMM3ATOPA TPAPHKA C [pYTH-
M1 cucTemamu onepatopa. Hegoctatkom Takoro nHtepdeiica siBnsietcs
HM3KAsi CKOPOCTb B3AMMOLEMCTBIS MeXay PasnniHbiMm cctemamu. Op-
Hako, uuTerpaLys ¢ OM nossorsier BKIIOUMTL OMTUMKM3ATOP TPAdHKA B
Te BM3HeC-NPOLIECCH, FAe ero MpPUMEHeHWe HeobxommmMo. B koHeuHom
CHETE, 3TO [OMKHO MPUBOATH K MOBBILLEHMIO SPPEKTUBHOCTH MCMONL30-
BAHMSI PECYPCOB CETU. A KOHTPOSTb HOF, UCTIOMb30BAHMEM PECYPCOB Ce-
T MOXET MPOM3BOAMTLCS MPM KABKAOM MPOBEAEHNM M3MEHEHWIA HO CETU.

Baanmogericere mexay ormmmaatopom tpagmk u cuctemoit OM
DOMKHO BbITb [BYHANPABAEHHbIM. B kauecTse npepnoutTensHbIX MeTo-
[OB OPTOHM3ALMM B3OMMOZEMCTBMS SBMSETCS WCMOMb3OBAHME 3bIKOB
XML (ans onmcanms npeacraenenms aaHHbIx) v Java um JavaScript (ans
ONUCAHMS MPOLIEAYP B3OMMOLEHCTBMS CUCTEM).

lNomeopst WTOMM BLILLIECKA3OHHOTO MOXHO CAENATH CriedytoLpe
BbIBO/bI:

1. MHrerpawys ommm1aatopa Tpadmuka € CUCTEMAMM YMPOBEHHMs
obopyroeaHvem (EM) u cetsio (NMS) sisnsetcs crioxHoit, a 4acto 1 He-
pean1ayemoit sanaqeit. bornee npeanoumTenbHa MHTErPALYR OMMAMM3a-
Topa Tpadmka ¢ crctemamn OSS, umetoLLye CTOHIPTHbIE MHTEPENChI
A5t B3OMMOOEMCTBMS! M CTPOSILLMECS HOl XOPOLLIO M3BECTHBIX KOMMOHEHTAX.

2. Opranmsaupst B3amnmopeictams pasnmurbix OSS cuctem ¢ orm-
MM3QTOPOM TPAGHKA MO3BOSSIET PACLLIMPHTL BYHKLIMOHAN 0BOMX CHC-
TEM, O TAKKE B HEKOTOPBIX CITy4AsiX MO3BOSISIET COKPATMTL BPEMS! HA BHE-
ApeHyie ONMTUMIM3ATOPA TPAPHKA.

3. Hambornee MHTEPECHOM CXEMOM B3AMMOENCTBMS SBNISETCS obve-
IuHerme onmmuaaropa Tpagmka ¢ cnctemamu NRI w SA B egmHoe ue-
noe. Takasi cxema nossonsieT Haubonee 3phEKTMBHO MCMOMb30BATH
PYHKLMOHAI KODKOM M3 CUCTEM, O TOKKE M3BABHTLCS OT fyBNMPOBAHHMS
HEKOTOPbIX MOZYIIEN CHCTEM, TaKMX Kak B, Moayrb aHanMsa coctosHus
CETW, MOfYSTb OTYETHOCTU U TA.,

4. OpraHu13aLyts B3AMMOZEMCTBMS MEXTY PA3NMYHbIMA CUCTEMAMM
ABNAETCS HOMBONEE CIIOXHOM M3 30AQY, BO3HUKAIOLLYX MPU BHEAPEHNM
amncteM. B cBsisn ¢ 31MM BOMPOCH BO3MOXHOTO B3OMMOZEMCTBMS CHCTEM
HOMXHbI MPOPABATLIBATECS MOAPOBHENLLIMM OBPA3OM €lle Ha Tane
MPOEKTUPOBAHHS CUCTEM.
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YucnenHbid aHanmus mopenn obcnyxuBaHmus ceccui

B cetu GSM/GPRS

[Moctpoera yHKuMoHanbHAs Mopens npoLecca nepeaady mHpopmaLym no kaHaty cetn GSM, B KoTopo#i Ha YacTOTHbIN Ka-

HQUT, COCT( OSILLMMA M3 BOCbMM CPMSMLIGCKMX KaHAOB, NMOCTyNAtOT MOTOKM GPRS-cecami. MCCI'IeﬂOBGHCI COOTBETCTBYIOLLIAA AHAIINTU-

4eckasi MOZESTb B BMAE MHOTONMHEMHOM CUCTEMbI MOCCOBOMO O6Cﬂy)KMBGHMﬂ C BXOOALLMM MMPP notokom. ’-IPM PELLEHMM CHC-

TEeMb! YPOBHEHM} PABHOBECHS K MATDMLIE MHTEHCUBHOCTEH NepexooB npmmeHeH metog LU-pasnoxenus. [NomyyeHo craupoHap-

Hoe pacnpenenexHme BepOﬂTHOCTeﬁ, MncanenoBaHbl BEPOATHOCTHO-BPEMEHHDBIE XAPAKTEPHCTUKM MPOLECCA nepeaaqm MHCPOPMG-

wm o kauarty cett GSM.

A6aes 1.0,
QCCHCTEHT Kageaps! cHcTem TestekommyHmkaLsd PY/IH,
pabaev@scipfu.edu.ru

larpamaka 1O.B.,
LOLIEHT Kapeapb! c1ctem TeniekommyHukawd PYSIH,
ygaidamaka@mail.ru

Pyankoea E.B.,
MamcTp Kagenpbl cuctem TenekommyHmkawt PYJIH,
eprudikova@yandex.ru

Bsepenue

Cems GSM, npeaHasHaueHHast B NepByto ovepeb A4S Nepenaym
PEYM, HOKIAABIBAET HA UCMOSb30BAHME MPUIOXeEHHI VHTEpHET psp Tex-
HUYECKMX OTPAHMHEHMI, KOTOPBIE CBSI3CHBI, B OCHOBHOM, C HEBO3MOX-
HOCTBIO 0BecneynTb Tpebyemyto 1 MPUIOKEHMs! CKOPOCTL MEPEAUM.
[nst npeoponeHys 3Tvx orpanmryeHii Gbin paspaboTaH HOBbIK CTAHAAPT
obLLero ceparca NakeTHoM papuonepeaaum B cetax GSM - Textonorust
GPRS (GPRS, General Packet Radio Service). TexHonorms GPRS, mcrnions-
3yIOLLOS 1St NEPEnayM AaHHBIX CyluectsytoLid B cemt GSM pagponh-
TePQENC, SBNFETCA MEPBLIM MPOMEXYTOHHBIM LLIATOM B CO3AAHWM CUCTEM
Tpetbero nokonenus (3G, 3rd Generation). Mostomy c1ctemsl, noaaep-
xusatoLyte TexHonorio GPRS, nonyumnn Hassatme 2G+.

B pabore Ha ocHoBe MEXQHW3MA pacTpeneneHms YacToT Ha 6azo-
BOW MPMEMONEPEAIOLEH CTAHLMM MOCTPOEHA BYHKLUMOHQILHAS MO-
[enb npoLecca nepeaasn nipopmayn no kaxany cett GSM, B koto-
PO HO HOCTOTHBIM KOHQUT, COCTOSILLIMIA M3 BOCbMM U3MHECKMX KAHQIIOB,
noctynator notokn GPRS-cecamit. Meanepoeara cooteetcreytoLuas
QHONIMTUYECKAS MOZENTb B BMIE MHOTONIMHEMHOM CMCTEMBI MACCOBOTO
obanyxvearus ¢ exopsiumm MMPP notokom (Markov Modulated
Poisson Process). nsi yMeHbLUEHWS OBbEMA BbIMUCTIEHMI MPK PELLEHNM
CMCTEMBI YPOBHEHMI POBHOBECHS K MATPHLIE MHTEHCUBHOCTEM MEPEXO-
AoB nprmereH metop, LU-pasnoxetms, T.e. NpencTaBneHms MaTpuLbl B
BMOE MPOM3BENEHMS BEPXHEN TPEYronbHOM MATPMUBI M HKHEN Tpey-
FOMbHOM MATPMLIBI, Y KOTOPOM BCE EMEHTBI ITIABHOM AMCArOHAM — efiu-
HuLI. [NosyueHs! CTALWOHAPHOE pacrpenerneHme BEpOSITHOCTEM M BEPO-
SITHOCTHO-BPEMEHHbIE XAPAKTEPUCTMKM MPOLIECCA Mepenayn MHopma-
um no kaxany cett GSM. [ins mnriocTpauyv npeanoXeHHoro METopaa
npvBeeneH npumep pacyeta BBX mopenm.

MocraHoska 3apaum
B cett GSM ucrionbayeTcst MHOKECTBEHHBIM AOCTYM C BPEMEHHBIM

(TDMA, Time Division Multiple Access) n uactotHbim (FDMA, Frequency
Division Multiple Access) paznenenmem. Kak nokasaro Ha puc. 1, ans
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GSM 3apesepsrpoBaHb! ABe HYOCTOTHbIE NONOCh! ¢ pasHocom B 45 MIL;
¢ 890MIu o 915 MIu ans Bocxopsiwero u ¢ 935 no 960 MIu ans Hue-
xopsiero Tpagmka. Kaxxaas nonoca wimpuHon B 25 ML paspensietcs
Ha 124 necywmx kanana no 200K, wupmHoi. Yactotsl rpynmmpyiot-
Csl NOPAMM, OPIaHM3Ysi AYMEKCHBIM KAHQ, 30 POCTpeneneHme Hecy-
LLMX YOCTOT OTBEHAET 6A30BAS MPUEMONEPEAIOLLIAS CTAHLMS.

Koskaos 4acToTHas HeCyLLos COLep>XMT BOCEMb (DM3MHECKUX KOHA-
JIOB, COOTBETCTBYIOLLWX BOCbMM BPEMEHHBIM MHTEPBASIOM, COCTABIISIO-
wwm TDMA-kagp. B o Bpemst kak B cett GSM s nepeaaum peum me-
MOSb3YETCs MO OBHOMY (PH3MYECKOMY KAHAY Ayisi MEPEAAsM BOCXOAs-
Lwero u Hucxopsero Tpaduka, B cett GPRS pis obayxmBaHMs opHOM
CECCUM NPH MEPEAAHE AGHHBIX MOXET MCTIOSb30BATLCA 0 8 dramieckmx
KQHQOB.

Ha ocHose MexaHm1ama pacrpeeneHys papMoHacToT Ha 6a30BoM
MPMEMONEPEACIOLLEH CTOHLAM MOCTPOMM (PYHKLIMOHANBHYIO MOLETTb, B
KOTOPOM HQ YACTOTHBIM KAHAU (pHC. 2), CoCTOsLLYM 13 BOoCbMM buamec-
KMX KQHQUIOB, MOCTYMAIOT Hucxopsiwme notoku naketos GPRS-ceccmit
(HanpuMep, AaHHbIE, NONy4aEMble MOMb3oBATENEM 13 cet UHTepHer).
Bocxopsiuytt Tpadmk naketos ot mobunbHoi craHym (MS, Mobile
Stafion) k 6azosort cranupmm (BTS, Base Transceiver Station) 8 moaenm He
YUMTBIBOETCS (HOMPMMEP, 3aMPOCHI MOMb3OBATENS HA MOMyYeHWe ACH-
HbIX M3 ceT MHTEpHET), T.K. OH HE CO3AAET CYLLECTBEHHOM HArPY3KM HO
cHmcTeMy.

BoamoxHOCTL MpeaocTaBneHms ycnyi nepeaaym AaHHbIX Mo TEXHO-
normm GPRS ¢ pasnmiHbIMK1 ypOoBHSIMM Ka4ecTBa 0BecrnewmBaeTcs ¢ ro-
MOLLIbIO OIHOM M3 CTPATEri YNPABNEHMS JOCTYNOM NAKETOB B YACTOT-
Hbiit karan. Jns kaxknorn GPRS-cecamm ycraHaenmeaetes MakenmarnsHo

960 MHz
959.8 MHz[ 124

h 4

200 kHz BpemenHo# nHTEpRAT
4 (Tafim croT)
- Hucxonammii kanan

2
935.2 MHz| 1 é = % ?

7 & 1 0

935MHz[ | gyg iK:LtEp DMA ——_ M3
WHpopmaumonHas nayuka, nepuoa 156.25
I bur, 15/26 mc
915 MHz 3ajepika - — Boexomamuiit KAIAT,|

914.8 MHz| 124

g PN
123 P Kaup TDMA
4 Jy
200 kHz L
f
H

890.2 MH4 -
890 MHz |

|

Puc. 1. Cxema Hecyumx yactor GSM u kagpa TDMA
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Puc. 2. PyrkuporansHas cxema obcnyxvearms Tpadmka GPRS-cecemin
HQ YOCTOTHOM KaHame

BO3MO>XHOE YMCIIO IOCTYMHBIX /15t Nepenoymn buanueckimx kaHanos. Ec-
1M CECCHst MCHEPTIANA BCE JOCTYMHbIE €/ KAHAIbI, TO BHOBb MPHOLIBAIO-
LUMe NAKETb OHHOM CECCHMU TEPSIOTCS.

GPRS-cecas, kak MOKA3AHO HA puC. 3, MPECTABMSETCs NOCNeno-
BOTENLHOCTBIO YepenytoLupxcs neproaos "On"/"Off" akmeroctv v na-
y3bl. B TeueHme nepropa aKTMBHOCTU MOXET BbiTb MepeaaHO HEKOTOpoe
KOJMUYECTBO MOKETOB, BO BPEMs! MAY3bl NOKETbI HE MEPEAOTCS, TAKMM
obpaszom, Tpaduk GPRS-ceccuit umeeT nysibeupytoLLmin XapakTep.

3apauei UCCIeOBAHMS SIBNSIETCS AHQUTM3 OFHOTO 13 OCHOBHBIX MO-
kasarenei kauectsa obcnyxmeanms Tpadmka GPRS-ceccim Ha yuacTke
Mexay MOBMIbHOM 1 HA30BOM MPUEMOTNEPEACIOLLMMI CTAHLMSMM  Be-
POSITHOCTW MOTEPM MOKETA M3-30 OTCYTCTBMA CBOBOAHBIX KaHanos. C
STOW LIENbIO B paboTe NOCTPOEHA MOTEMATMHECKAS! MOZESTb B BULE MHO-
FONMMHeNHOM cicTemsl Maccosoro obanyxweanis (CMO) ¢ exoaslupm
MMPP notokom (Markov Modulated Poisson Process) [2], a Taroke
NPESIOXEH METOJ, PACHETA XAPAKTEPMCTVK MOLENM.

MdTeMQTMHeCKGﬂ mopgernb

Ha puc. 4 cxemamnaro nsobpaxxera CMO, mogenmpyioLos ob-
anyxusatme Tpadmka GPRS-ceccuit opHMm HacToTHbIM kaHanom. Ha
ancremy, coctosiyio 3 C npubopos, ot K ncrourimkos (GPRS-cecami)
nocrynaetr MMPP-notok 3assok (GPRS-naketos). Kaxapiit McToummk
MOXET HaXOmWThCA B oaHom ma asyx coctosui "0" (Off) uan "1" (On).
DOnurensHocTv npebbisarms k-uctourmka e coctosmsx "0" 1 "1" umelot
3KCMOHEHLIMQITBHOE PACTPEaEnieHme C NapameTpamm O 1 B, cootser-
cteento, k=1,K. B cocrosim "0" mctounmk He reHepupyet aaseku. B
coctosHim "1" k-1 1cTouHMK reHepmpyeT sasiekw (k-3as18Km) ¢ MHTEHCHE-
HocTbio A, 0< A, < oo, k =1,K . Yucno npubopos, focTymHbix k-30-
SIBKOM, HE MPEBOCXOIMT 30AAHHOM BennumHbl 75, 0< 7, < C, k=1K .
Ecnm B MOMeHT nocTynnenus k-3asieki 30SIBKOMM TOTO Xe THNA 3aHTO
MeHblLE, YeM I} MPMBOPOB, k-305IBKA MOCTYNAET Ha OBCIYXXMBAHME, 30-

On On On

] Off Off

[

L

FY
A

ceccka GPRS

Puc. 3. Bpemenras ararpamma tpagmka GPRS-ceccun
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HMMOET OfMH NPHBOP M OBCITYXKMBOETCS HA HEM B TEYEHME CITYHQIHOTO
BPEMEHM, MMEIOLLIETO SKCOHEHLMAIBHOE POCTPEAENeHre ¢ NapameT-
pom i, 0 < Ll < oo, He 30BUCSILLMM OT TQ 3asiBKM. Ecnn B MOMeHT
MOCTyrneHus k-3a51BKM 30SIBKAMM TOTO XXe TUMQ 3AHSITO 1, MPUBOPOB Mk
BCE NMPHBOPbI B CUCTEME 3QHSITbI, NOCTYMMBLICS 3asBKA TepsieTcs. [locT-
poenryto CMO 6ynem komposats B obosHaueHmsix bawwapmHa-Ken-
nonna kak MMPPK ) |[M| C.

O6osHauwm nyff) wmcno k-sassok 8 CMO, O < n(f) < n(f),
1,(@)e {0,1} cocrosmme k-ro MMPP notoka (k-notoka) & momeHT Bpe-
metm t> 0. Toraa cocrasroi cydartsii npouecc X(f) = (n(f), I(f) no no-
cTpoeHMio sBnseTcst MApKOBCKVM MPOLIECCOM 1 OMMCLIBET NOBEAEHUE
MCCTIB0yEMON CUCTEMBI HOZ, MHOXECTBOM COCTOSHMA

K —

n:Y n<C0<n <r k=LK | c={1}

=1

X=NXL, N =
(1)

O6osHaumm p(m,1) (n,1)e X, CTOUMOHAPHOE pacrpenerneHme se-
positHocTei coctostmi MIT ¥ (f) u pacemotpm B, © X' MHOXeCTBO
COCTOSHWM, B KOTOPbIX CHCTEMA HE MOXET MPUHSTb HO OBCTYXXMBAHME
k-3asieky. Bynem HaseisaTb B, MHOXeCTBOM B1OKMPOBOK k-3a51BOK, 11 fyis
€ro MOCTPOEHHS BBEAEM CIIEyIOLUME BCMOMOTTTENbHBIE MHOXECTBA:

b _ . — ] =

p =tmhe Xim =r;l =1}
— MHOECTBO COCTOSHMI GIIOKMPOBKM M3-30 TOTO, HTO B CHCTEME Y>Ke
0By XMBABTCS I, 30SBOK TOTO Xe THNG;

7 ={mDexX:n=Cny #r;l =1

— MHOXECTBO COCTOSHMI BROKMPOBOK k-305BOK M3-30 OTCYTCTBMA CBO-
6onHbIX NPHBOPOB.

C yuetom BBefieHHbIX 0BO3HAUEHMI MHOXECTBO BriokiMpoBoK By
MMEIOT BIE

B, =TI} UTIS (2)
a BEPOSTHOCTL GrIoKMpOBKY By onpenensetcs dopmyson

2pmn+ Y pm)- 3 pwl) 3)

(0, 1EIT} (n DETTf (1 ETI,AITf
/’ - h\-h \
y7)
O - :
[ Bl
L]
/.r"r”__‘ﬁ-\"\ -
K EZK \\
/ \
! \ .
@/b [ Ap. =Ty @
L ! _—
!
\
/
\ \__/ , \ /

Puc. 4. CMO MMPPK;r)|[M|C
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3apaueit faHHOM paboTbl AefsieTcst PaspaboTKa METOAA BblUMCE-
HUI pacnipepenenms seposHocTeit p(n, 1), (n,l)e X, 1 BeposiTHOCTEN
6riokupoekn B, k=1K.

MeTOJJ, BbIYMCNIEHUSA XAPAKTEPUCTUK

Mycts A nHdmHuTesmansHbin onepatop MM X u- ¥ = maxr;
MOKCHManbHOE 3HaveHue snemerTos Bektopa N € N . O6osHaumm
X (Y + 1) =X e X YMCIIO, COCTABIIEHHOE M3 3IEMEHTOB BEK-
TOPA X 1 npencrosneHHoeyglcmcreMe cumcnens no ocHosaHuio (Y + 1).
OuesmgHo, yto npeacraenerme wcna x{y + 1) B gecsmuHoit cucreme
CUMCnIEeHMs onpeaenseTcs Gopmyrnon

2K )
C@+1), =X 5+ “
i=l
Beenem Ha MHOXecTBe Y, nekcukorpadHieckiin Nopspok
(X/ — (ll,,l')> X” — (Il”,l”))(:}
2K .
L (Il' > n")\/ (n’ = nf/)/\ 2 (x,, _ x;,)' (1+ ’)/)ZK—I )
i=1
(5)

HetpyaHo ybenmses, uto matpuua A nmeet BrouHbIN Tpexmaro-
HarbHbIM BUG, T.€.

D, Uy 0 .. 0 0
L, DU 0 .. 0
0 L, D, U, 0 .
A:
0 0 (6)
0 .. 0 Lo, Do, Uq,
0 .. 0 L. D

B

3aMeTUM, YTO MHOXECTBO ), MPEACTABMMO B Buge X =U0X i, roe
X,-={(n,l)e)(:n.=i} MX.NX, =D, i#] .I'IoaTomyI:qu,u,Mqro-
HarneHbie 6ok U, onmcsisator nepexomst MM X(1) 13 coctosiHmii mHoxe-
CTBA (; B COCTOSHME MHOXECTBA X, 1, i =0,C —1 -AHanommuHo nog-
AVaroHabHbIe 6110kM L. onvesIBatoT nepexofibl 13 COCTORHMI MHOXeCT-

Ba); B COCTOsHMe MHOXecTBa ), _;, i=1,C, a ayaroransHele Bnoku D,

— nepexopbl BHyTp1 MHoxectea ), i= 0, C.

ObosHaumm e, Bektop mmHbl K, 4 3nemeHT kotoporo paset 1, a
octanbHble anemeHTs! pastbl O. Torna HeHyseBbie anemeHTb Brokos ma-
TPHLIb! A BBISHCTISIOTCS MO CRIEAYIOLLMM OPMYIaM:

U@, 1)@ 1")=24;, ccm I'=I,n"=n"+e;, 0<n} <r,l;=1 (7)

L((n',l'),(n",l")): np, j= LK, ecul’=1",n" =n’- e; (8)
a;,ecn n':n',l":l’+e/., l;.:O, 9

l=1.

7>t

n«n',r)(n',r»:{

Bj,eciun”=n’,I"'=1"-e

[ns onpeneneHms CTOLMOHAPHBIX BEPOSITHOCTEN HEOBXOMMMO pe-
KT cuCTeMy ypasHeHst pasHosecust (CYP)

T T
p’-A=0 (10)
IMockorbky 3aa4a OCNOXHSIETC BOMBLLION PA3MEPHOCTBIO MPOCT-
pCIHCTBG COCTOSIHW:I, a cnegosaTenbHO, U MGTpMLI,bI A, TO AJ19 NOUCKA pe-

wens CYP socnonbayemes metopom LU-paznoxenus [ 1], 8 pesynsrare
KOTOPOTO MOXHO MOy 4MTb MPEACTABEHNE MATPMLBI B BAAE MPOM3BEae-
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ma A=L- U, rae U — sepxtss TpeyronsHas matpuua, a L — Huokwss
TPEYroMbHA MATPMLIC, Y KOTOPO# BCE SMIEMEHTbI OBHOM [MArOHAIN
eavrmupl. [onyderHble B xope pasnoxenust matpuupt L U ByayT akke
6:104HbIMM, M Pa3mepbI 1x Grokos ByayT coBNAaATL C PA3MEPAMM COOT-
BETCTBYHOLLYIX G1I0KOB MATPHLBI A

D,U,0 .0 I 0 ..0YW,V,0 .0
LD, U0 0 | [-Y,I0..0]0 W, V,0..0

0 .. L.D.Jl0o .-v.alo .. W,

(1)

MpeacTaBMM BEKTOP CTALMOHAPHBIX BEPOSTHOCTEN B BUAE
P’ = (P, Py, P, Mpniem wicno anemeros nopeextopa p, i = 0,C,
paBHO umcny crpok (cronbuos) Grioka D, i=0,C. Comacto [1] anst He-
PO3NOXMMOM MaTpHLbl A CNpOBEIIMBO yTBEpXAEHME: CyLLecTByeT
epmHcteenHoe LU-paznoxermre A= (L= Y)W, rae Y — HuxHss peyrons-
Has 6ro4HaR MaTPUUA ¢ 6rokamin Y, MMEIOLLICS HyneBble AaroHank-
Hble Brioku, W — BepxHsis TpeyronbHas 6rodHas MaTpuua ¢ 6rokamu
Wii' marpmua W - — HkHmi 6ok matpuusl W sianseTcs Hepaarnoxu-
MOV KOHCEPBATUBHOM MATPULIEH, O BEKTOP pT= (po,p],..., PC) SBNSIETCS
pewenvem CYP (10) toraa v Tonsko Toraa, koraa

pe-Wee =07 (12)
c
Pl = P/ Y k=CL...0 13)
i=k+l

W3 dopmyn (12) u (13) creayer, uro sextop p’ = (PoPysr PO 8-
nsetcst petuerrem CYP (10), ecnim ¢ yuetom obosHaderin Y, = YiW.'z \N:
CMPOBEI/IMBLI COOTHOLLIEHMS: pTC-WC= O'wp! =pl, Y, i=0,C-],
KOTOpbIe MO3BONSIOT CBECTH peLueHie cuctemsl (10) k petuenmio cicre-
Mbl MEHBLLIETO MOPSKA.

Hns ycnetuHoi paborsl anroputma LU-pasnoxeHits snemeHTs! mios-
HOW JMQroHanM MaTpHLibl A He AOMKHb! OBPALLIATECA B HySTb B MpoLiecce
Bbapcriermit. CROXHOCTM MOTYT BO3HMKATb M B Clyuae, KOTAQA STH Sne-
MEHTBI He POBHbI HyJTtO, HO BIM3KM K Hemy. B npukiapHbix sopauax eme-
cto LU-paznoxenus yawe ucnonsayior LUP-pasnoxerme P+ A=L- U,
rie P — Matpuua nepectaHoBOK, B KakAOM CToMBLE KOTOPOWA U B KAX-
[0V CTPOKE MO OHOMY IEMEHTY, PABHOMY €MHMLE, O OCTQUIbHbIE Srie-
MeHTBI POBHBI HyJ1HO, OMPeAenTeNs MaTpuLbl P no mopynio paser epu-
Huue, p', P~ NpousBeneHme fByX MOTPHL, NEPECTAHOBKM TAKKE SENFeT-
CSl MOTPMLIEI NEPECTAHOBKM.

[ns nonyuenmst LUP-paznoxermst McnonbaytoT MognbHLMpoBaHHbIM
MeTop, [aycca MCKIoUEHMS! HEM3BECTHBIX, MPUYEM HO KAXKHOM MTEpaLMM
MPOVMCXOIUT OMEPALS MEPECTAHOBKU MECTAMM [BYX CTPOK COOTBETCT-
BYIOLLIE MOTPMLIbI, HEOOXOMMMAS! L1l MOSTYHEHMS HEHYNEBbIX BEMYLLMX
/IEMEHTOB.

MNpumep pacueta

Paccmotpum npumep noctpoerua marpuusl A ans cysas C = 3,
K=2, r=(2,3). Boimmwem npocTpaHcTBo coctosHmit Y, comacHo dbop-
myne (1) u nepebie Heckonbko 6okoBs maTpuLel A

x={0,0) 013,01 (1.1} (0.2} 2,01 0.3) (.2 @1 .1F (14

D, U, 0 0 00 000O0TO0 O

A:LlDlUloUZOAZOOOOOO
0 L, D, U,|” °]0 0 0 000 A OF
0 0 L, D, 00 02 00 0 A4
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L 0 0 0
0w 0 0
0 0
L0 0 0w
g 0 0 0
0 4 0 0
0 0 g O
0 0 0 g
~(o +a,) %) o 0
D, = B - (B, +a, +2,) 0 o
B 0 - (B +on+2)) o,
0 Bi B, (B +B, +A,+ 4,)

OTMETHM, YTO HO KOKEOM LLIArE MPOMCXOAUT YBENMUEHME pa3mepa
6noka: ecm briok Dy umeer pasmep 4 x 4, To 6nok Dy yxe 12 x 12,
MoCTPOMM BCMOMOTATENbHBIE MHOXECTBA M MHOXECTBA GIOKMPOBOK

I ={(2,0,1,0),2,0,L,1), ¢,1,1,0) @,1,1,1)} IT, = {0.3.0,1),(0,3,1,1)};

¢ ={(0,3,1,0),0.3,1,1), (,2,1,0 ) (.2,1,1) } 11, = {€,1.0,1 ),(2,1,1,1)}
B,=4(2.0,1,0),2.0,1,1) €.1,1.0) €.1.1,1) 0.3,1,0 ) (0.3,1,1),(.2,1,0) (.2,1.1)}
B,={(03,0,1),(0,3,1,1) (2,1,0,1), @,1,1,1)}

0,25

0,20 -

0,15 4

0,10 - .

0,05 e

T T T T
0 02 04 086 0,8
Puc. 5. 3asmcimocts seposiTHocTeit briokuposki k-aasisok By, k=1,2, ot Harpya-
P =p,=p (C=3,K=2,1r=(23))

0104 | .
B,
B,

2

0,08 -

0,06 4 /

0,04

0,02 4

Puc. 6. 3asmcimocs seposiTHocTeit briokuposki k-aasisok By, k=1,2, ot Harpya-

mp=p,=p (C=4, K=2,r=(3.4))
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1,0

BbinonHmm pacuetsi B npeanonoxetmy, yto GPRS-nakets nepena-
totcst o exeme CS2 co cpenHeit ckopoctsio v=13,4 k6ut/c [3]. Buibe-
pem comacHo [4] cpeanioro mnny nakerta |= 480 6aiir, cpeanioro npo-
LOMKMTENLHOCTL Neproad "On" 2 cekyHabl, CPEHIOIO MPOROIKXMTETb-
Hocts nepropa "Off" 20 c. Cpenree Bpems nepenaum No KaHany MoX-
HO PACCHMTATL KaK {1 =~ ¢ .

Ha puc. 5 n 6 npueeneHbl rppadmkm 30BUCHMMOCTH BEPOSITHOCTEN
BriokupoBok k-3asiBok ot Harpysku Py = A, /1L, 0<p < 1, ans cnyuaes
C=3,K=2,r=(2,3)uC=4,K=2,r=(3,4) . 3amemm, uto npu yse-
JIMYEHMM YUCIIA MPHOOPOB HA EIMHMLIY BEPOSITHOCTb GITOKMPOBKM YMEHb-
LUMIIACh B IBA PA3QL.

Kak iaHo M3 rpadmkos, KpuBasi BEPOSITHOCTEM GNOKMPOoBKM 2 3a-
SIBOK JIEXMT BblLLIE COOTBETCTBYIOLLEH KPUBOW st 1-305IBOK. 7O 0BbSIC-
HSIETCS! TeM, 4TO [il OBOMX MPMMEPOB 3HOYEHHS KOMMOHEHT BEKTOPA T
BbIGPQAHbI TAK, YTOBLI 0BECMIEHUTH MPMOPHTETHOE OBCITYXXMBAHME 3ASBOK
BTOpOrO TMNA. TakMm 0Bpasom, nonbaosaress Topoit GPRS-ceccun no-
Ny4aeT yciyry nepeaaqn AaHHsIx no texHonomm GPRS ¢ Gonee ebico-
KMM YPOBHEM KA4YECTBA MO CPOBHEHMIO C Nonb3oeaTeniem nepsoi GPRS-
cecemn. [lnst nonb3osarens Bropoit GPRS-ceccim 310 MoskeT osHauars,
Hanpumep, Boree BbICOKOE KAUECTBO M30BPAKEHHS B CTyuae 3arpy3Kku
BUneonHdOpMaLMK Kk Bonee BbICOKYIO CKOPOCTb MOy4EHHS AAHHBIX
13 ceTM VIHTEpHeT, YTO MPUBELET K MEHbLUIEMY BPEMEHM OXMACHMS 0
MOJHOM 3ArPy3Ki 3AMPOLLEHHbIX [AOHHBIX.

3akniouenne

B pabore noctpoeta mopens npoLiecca nepeaain MHGOpMaLK Mo
Textonorn GPRS 1 npoBesieH YmcieHHbIi QHAMM3 OIHOTO M3 NoKa3aTe-
Teit Ka4eCTBA OBCITYXXMBAHYS MPOTOKONG MPK NEPEeAaUe AAHHBIX HA Y4a-
CTKE CETM COTOBOM MOMABMKHOM CBSI3U MeXay MOBMNbHOM 1 6a30BOM
CTaHUysIMM. B HacTosiLee Bpemst ocTaeTcst aKTyasnbHOM 3aaaka Beibopa
ONTUMAINEHOM CTPATEMM YNPABIEHMS IOCTYTNOM [if1St PA3AENEHNs Pafmo-
pecypcoB 6A30BOM MPMEMONEPEAAIOLLEH CTAHLIMM MEXIY MOsIb30BATE-
nAMK. ST 30040 eLUE YCTIOKHUTCS, C/U MPU €€ PELLEHNM YHUTLIBATH
rONOCOBOM TPAPHK.

B 3aKsnioyeHme aBTOpbI BLIPAKAIOT HTyBOKyIO GIAroaapHOCTL 30Be-
Oylolemy Kadepoi cuctem TenekommyHmukaupii PYIH atH., npod.
K.E. Camyinoy 3a NocTaHOBKy 30044 M MOMIE3HbIE COBETHI B MPOLIECCe
MCCNEAOBAHMM.
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[locTpoeHne U aHanM3 Mopenu yCTaHOBNEHHS
coepnHeHus no npotokony SIP B ceTu csiau

cnepyioliero nokoneHmsa

ueﬂbIO MUCCIeoBaHMS SIBMSETCS AHQTM3 MOKA3ATENEH KQ4ecTBa O6Cny)KMBClHMﬂ COoeanHeHMs rno npoTOKOy SIP B cem cesian crie-

nyroLuero nokoneHus. B pabote npeanioxeHa Matemammyeckas MOAENb MPOTOKOAA B BMAE SKCMIOHEHLMAIBHON HEOBHOPORHOM

Cem MaccoBoro O6CJ'Iy)KMBCIHMﬂ. ”Ol'ly‘leHbl ¢OpMyﬂbl And pacyeTa CTauMOHAPHbIX BEPOATHOCT €/ M OCHOBHBbIX BEPOSATHOCTHO-

BPEMEHHbBIX XAPAKTEPHCTMK MPOLECCA yCTAHOBIEHMSA COSANMHEHMS.

A6aes .0,
ACCUCTEHT Kadeapbl cUcTem TenekommyHmkaumi PYIH,
pabaev@sci.pfu.edu.ru

XaryHues AB.,
ACMMPAHT kadeapbl ABTOMATHYECKOM anekTpocssisn MTYCH,

antkh@mail.ru

BeseneHnue

OmmumTenbHOM 0COBEHHOCTBIO CUTHANM3ALYM B CETSIX CBSI3W Crieqy-
towero nokonerus (NGN) sensietcs otcyTcTBie HEOBXORMMOCTH B Bbiae-
JIEHMM KOHQTTbHBIX PECYPCOB A1l MEPEAAUM CUTHANBHOTO TPAPMKA, KOTO-
pbii 0BCIYXMBAETCS HO 6013 OBLLYX TPAHCMIOPTHBIX MEXAHWU3MOB, PEa-
NIM30BAHHBIX B CETSIX MEPERAUM AAHHBIX OBLLETO MoNb3OBAHKS ONEpaTo-
pa cesian Ha 6aze npotokona IP. Mowsmve "cets curtanmaawm 8 NGN'"
0603HAUAET COBOKYMHOCTL BCEX COBAMHEHNI CUTHANM3ALIMM, OBecrieum-
BAIOLLMX MEpeaaqy CUrHQLHOTO TpadmKa. [og c1rHasibHbIM TPAdHKOM
MOHUMOETCs TPADHK, CO3AABAEMBIM COOBLLEHMSIMU MPOTOKONOB, 0bec-
MEYMBAIOLLIX MPOLIEYPbl YCTAHOBIEHHS, MOAREPXAHHMS, MOBMPUKALM
U pasbepHerms coeppHermin. CoempmHerme CUTHANM3ALMKM COCTOMT 13
Y3108, B KOTOPbIX PECTM30BAHbI CUTHASTBHBIE MPOTOKOSIbI, 1 3BEHLEB Ce-
W, COBMMHSIOLLMX STU Y3Tbl.

Onreparops! cBazn nosvumonmpytor cemt NGN kak HapcTpoiiky
HOL, CYLLECTBYIOLLWIMM TENEPOHHBIMU CETAMM OBLLErO MONb3OBAHKS
(TbOM) u IP-cetamu [ 1-4]. MosToMy Mpu MoaepHH3aLMM CETEM OHM Bbi-
HY>X[EHbI KOHLEHTPHPOBATB Harpy3Ky o ceteit TpOl B wiiosax, koto-
pbiMY yrpaensioT mbkue kommytatopsi (Softswitch, SX). Janmbii nog-
XOf, HO3bIBAIETCS MHOTOYPOBHEBbIM, IAE LLTIO3 HOXORMTCS HA YPOBHE [0~
cryna, a Softswitch  Ha yposHe ynpasnerms.

Ha pue. 1 nokasaHa obiLuasi cxema cet, yCIoBHO pasfeneHHast Ha
TPy noace™: cets poctyna TpOl, TpaHcniopTHas ceTb 1 ceTb gocTyna
IP/SIP CurransHoe eaammogeiictame cetv TbOT ¢ cemsio ¢ kommyTaLy-
e/l NaKeToB ocylwecTensetcs nocpenctBom npotokona MEGACO u
TexHonomm Sigiran. B paBote paccMaTpHBAIOTCS COBMHEHHS CUTHANM-
30UMM B MPEANONOXKEHNM, HTO MPK YCTAHOBIIEHMU COEAMHEHMIT B CETH
npumesitotest Tpu 6asoesie TexHononm: OKC 7, Sigtran v npotokon yc-
TaHoBMeHus ceaHcos cesiau — SIP. [oatomy coeppHeHs curHanmaaumm
copepxar crepytoLume Tpu komroHewTa: coepmterne OKC 7, coeppe-
Hue Sigiran 1 coemHenre no npotokony SIP. [dpyrie koMnoHeHTs!, Ha-
npumep coeguHenus no npotokony MEGACO, pacematpusars He By-
[EM, HTO He HOPYLLMT OBLLHOCTH Pa3paBATLIBOEMBIX METOROB QHANM3A
MOKA3ATENEN KAYECTBA OBCITYXMBAHMS COBIMHEHMI MEXTY QreHTaMM
nonb3osarenen cet TpOl m cemn SIP. B kavectse mckomoro nokasare-
1151 BbIGEPEM BPEMS! YCTAHOBIEHMS COBAMHEHMS 13 KOHLA B koHew, C 3Toi
Lerbio B pasgene 1 NoCTpoeHa MaTEMATUHECKAS MOZENb YCTOHOBIIEHHS

Cetn IP

3EOHER BAHHBN
curmanzauian (64 ke,
CoBpAHHBS B NaTokK E1)

Wz H

i
.!. CHrHaNM3auumi#2 r

Tenoe (naTakk E1)

TpaHcnopTHan ceTb
IP/SIP

T

i SIP-
=i L

SIP-TepmuHans:
UA

Y
A
Y

CeTtb poctyna (TchOM)

Puc. 1. Cxema cemn
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COEYHEHS B BULE OTKPBITON HEOIHOPOAHOM SKCMOHEHLMANBHOM CeTh
maccosoro obecnyxvearus (CeMO) [1, 5], 8 pazaene 2 npemnoxen me-
TOL, POCHETA BEPOATHOCTHO-BPEMEHHBIX XAPAKTEPUCTUK Mopenu [5, 6].

1. nOCTpoeHMe MareMaTtM4eckon mopenu YCTAHOBJIEHHUS
coeauHeHuns

Ha puc. 2 nokasaHa avarpamma MpoLieaypbl YCTAHOBIIEHHS! COeM-
Herms no npotokonty SIP 8 cemt NGN mesxay areHtom nonb3osarersi ce-
™ TPOI, MHrLMpYIOLLKIM CoeamHeHwe, 1 arenTom nonbaosatens (UA)
cem SIP. B paborte orpaHUYMMEst PACCMOTPEHUEM TOSTLKO STOTO CITyHaS.
Ha ocHoBaHMM amarpammbl NOCTPOMM (yHKLMOHAOSbHYIO CXEMY YCTO-
HOBJIEHMS COBMHEHMS, M3ODPKEHHYIO HO PUC. 3, B MPEANONOXKEHUM,
4TO OTCYTCTBYET MOBTOPHAS! Nepeaaya coobiueHui. [MoscHm nepexop k
byHkuoHansHoM cxeme. CurHanbHbii witos (SGW) npeacrasneH B eu-
Ae Tpex otgenbHbix yanos: yaen "LINY", ysen "OKC-7" 1 ysen "Sigtran".
Yaen "LMY" Mopenmpyet paboTy LEHTPAEHOrO MPOLIECcopa LLTHo3a,
[BO OCTOBLUMXCS! Y3/10 MOLETIMPYIOT 30AEPXKY O HAYQNA NONaaaHHMs
coobuenms B ceto OKC-7 m IR Yanei "Softswitch" 1 "SIP-npokcn mogenm-
pyloT paboTy OfHOMMEHHBIX y31oB ceti. Ysen "TpaHcrnoptHas cetb
IP/SIP" momenmpyioT 3omepxky nepeacuM COODLUEHWS HA y4acTke
Softswitch u SIP-npoken, Yaen "Cers goctyna IP/SIP"  sanepxky nepe-
Aaum coobluenus Ha yuacTke SIP-npokan 1 UA.

YCTQHOBIEHME COBOMHEHHMS COCTOMT M3 CIIEAYIOLLMX STAMOB:

1) B LieHTpasibHbIN MPOLECCOP CHTHAMBHOTO LLTKO3A MOCTYMNAET 3a-
siBka |AM, 4To COOTBETCTBYET MHULMALM HOBOTO BHI3OBAL.

2) Mocne o6cyxMBaHMS B LIEHTPANEHOM MPOLIECCOPE CUMHABHOMO
Lio3a 3asBKa MeHseT kiace Ha IAM [Sigiran] u Hanpasnsetcs Ha [P-yh-
TepdEIC CUrHAMBHOTO LLKO3Q, Fe MOAEMPYETCs 3aAEPXKA Mepeaaym
eeno cem go yana Softswitch.

3) 3aseka IAM [Sigiran] Hanpasnsetcs & yaen Softswitch, rae mers-
et knacc Ha INVITE.

4) 3aseka INVITE HanpasnseTtcs B MHOronMHeMHbIM yaen "Tpakc-
noptHas cets IP/SIP".

5) Mocre obcnyxusanms B yane "TparcnoptHas cets IP/SIP" saseka
INVITE nocrynaer Ha y3en "SIP-npokeu” 1 nepep, nocTyrneHem meHset
knacc Ha 100.

6) 3aseka 100 obcnyxusaetcs B yane "SIP-npoken” (cepranaaums
otseta 100 Trying) 1 nepes, nonaaaHWem B y3en NOBTOPHO MEHSIET KIIAce

TeOon

sow || s |

Ha INVITE (nepenada sanpoca 100 no cemt He MogenmpyeTcs, Tk. He
BAMSIET HOl BPEMS! YCTAHOBTIEHMS COBTMHEHMS).

7) 3aseka INVITE nepenaetcs Ha mHoronmHedtHbin ysen "Cetsb po-
cryna IP/SIP" 1 nepen noctynnetnem mersie knace Ha 180.

8) 3aseka 180 ompasnsercs obpatHo & ysen "Cems moctyna
IP/SIP" (ceprammsaums otseta 180 Ringing). Mepea nonaaaHWem B
ysen "Cem poctyna IP/SIP" sasexa 180 nostopHo mewsieT knacc
Ha 200.

9) OnHospemetHo ¢ 3Tim B yane "SIP-npokcn’ uHnLMMpyeTcs sase-
ka 180 1 obcnyxMBOETCS B MHOTONMHEMHOM Y3rie "TpaHcriopTHas ceTb
IP/SIP".

10) 3asexa 180 sosepatuaetcs 8 yzen "SIP-npoken”, rae sasepiua-
eTcs eeobay>MBAHME.

11) Nocne storo B Softswitch uHnmpyetcs sasska ACM [Sigtran],
KOTOpPas NOCTyrnaeT Ha |P-uHTepdeiic curHanbHoro Lo3a.

12) 3aseka ACM [Sigtran] obpabatsisaetcs & LMY curHansHoro
LLNI03a M MeHsieT cBoi kiace Ha ACM.

13) 3aseka ACM obcnyxmsaetcs E1-uHtepdeiicom cumHanbHoro
Lnio3a.

14) 3asera ACM nokMaaeT cUrHanbHbIN LWo3.

15) 3aseka 200 (cm. n.8) sakanumsaet obcnyxmsarme B yane "Cets
nocryna IP/SIP" (nepeaaua sanpoca 200 no cetv) u ompasnsetcs Ha
y3en "SIP-npoken”.

16) 3aseka 200 obcnymBaeTcst B MHOronMHeMHOM yane "ToaHc-
noptHas cetb IP/SIP".

17) 3aseka 200 nonaacet Ha yaen Softswitch.

18) 3asera 200 obcnyxusaetcs B npoueccope Softswitch, mersier
ceoit knacc Ha ACK 1 Hanpaensietcs Ha ysen "TpaHcrioptHast ceTb
IP/SIP".

19) 3asexka ACK obcnyxumsaetcst B MHOronmHedtHom yane "TpaHc-
noptHas cets IP/SIP" 1 nokuaaet cets IP/SIP. coeanrenme co croporb
K nogrotoeneHo.

20) OnHospemero c otnpaskoi coobiuenns ACK Softswitch reve-
pupyer 3assky ANM [Sigtran], kotopas nocrynaet Ha IP-uHtepderic
CHMMHQIBHOTO LLTIO3Al.

21) 3asexa ANM [Sigtran] o6pabatsisaetcs B LMY curHansHoro
LLNIO3a M MeHsieT cBoi kiacc Ha ANM.

22) 3aseka ANM obenysxmsaertcs E1- uhtepdeiicom curHansHoro
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Ring
_'_ﬂ___,_,___-—-ﬁ-'—'_ﬂ_'_” 180 ¢ e
HJ#ACM 200 (OK)
cM—""| 0 {OK)ﬁ’f‘f

P 2

| T——ack

ﬁgwmf—ﬁ T
——"1 Ak
«—" i
,, csssssssssssssssssessessssP33r0B0pHaR (hadds = s - = - - - = B
™ e e - |

' QKC7 ! SIGTRAN ! SIP !

Puc. 2. narpamma yctaHosneHms coepmHerms
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TEXHONOIMU MHOOPMALIMOHHOTO OBLLIECTBA

CETE 10CTYNS
IP/SIP

TpancrapTHan
o IP/SIP

CeTe goctyna
IP/SIP

SGW
5 &l
CUrHanbHbLIA W3 TpaHcnopTHanA £ =
1AM (1) : — ceT IP/SIP g 180 Ringing (8) z
g SIP-npokcu
o | = - - = 1
I gl 2| = 4 I
J I = =
} i
i ACM [Sigtran] (12) ; § 2 FZ _______
igtran [ Y
\ = = INVITE (5) 100 Trying {6)
| gl = ; 180 Ringing (9)
: ! o 200 OK (16)
| I 2 = ACK ywno,
(—'_ACM 0 | I < <| 180 Ringing (10) o © KN noaror (19)
ANM ywno A g
c$ﬂuueme c KK =1
noaroTosnero (23) } : & INVITE (4)
I N
| | Softswitch
I | - —=—= _f
—t T L 13 4
. [ 1AM [Sigtran] (3) |
: I
- a4 ]
ACK (18)
ACM [Sigtran] (11)
ANM [Sigtran] {20)

Puc. 3. PyHKumoHansHAs cxema yCTaHOBREHMs CoempHeHMs

23) 3aseka ANM noKMAGET CUMHAMBHLIN LLTIO3, COEAMHEHME CO
croponbl KK nogrotosneno.

24) YenelwHoe okoHuaH e (asbl YCTAHOBAEHHS COERMHEHMS

IMocTporm MaTeMaTUHECKYIO MOAENb YCTAHOBAEHMS COBIMHEHMS B
NPEennonoXeHnu, uto cobbimus, cooTeetctaylowpe stanam (8-10,
15-17), a tarke stanam (11-14, 20-23) nporcxopsT ogHOBpeMEHHO.
Toraa Mogenb MOXET BbiTb OMMCAHA B TEPMMHAX SKCMOHEHLMATBHOM He-
opHopoaHow cet maccoeoro obayxwearms (CeMO), cxema koTopoit
MOKA3aHA Ha puc. 4.

B 3T1x NpeanonoxeHusix He yHMTLIBOIOTCS OTBETHbIE COOBLUEHMS 13
cem SIP B cetb OKC 7, a umerHo ACM 1 ANM, T.e. He yumtbiBaeTcs co-
3A0BOEMAs MMM SOMONHUTENbHAS Harpy3ka Ha Softswitch. C Lenbio kom-
MEHCMPOBATb B MOZENM HEYHTEHHYIO HOMPY3KY, MOXHO HOMPOBMUTL AO-
MoNHUTENbHbIA MoTok 3asBoK (coobiera ACM u ANM) Ha ysen 4
(Softswitch), koTopble GymyT obcnyxMBATECS MO Lienouke y3en 4 -> yaen
3 ->y3en 1->y3en 2 1 N0 OKOHYAHMIO OBCITYXXMBAHMS HA Y3ne 2 MoKk

AATb CUCTEMY.

ACK(12)

ACM+ANM (14)

IAM [Sigtran] (2)
J L ) INVITE (4) ACK(13)
1AM (1) @ ACHI+ANM (17) 1AM [Sigtran] (3) {
> —_— — - ——
ACM+ANM (16)
= ACM+ANM (15) @ &
E w
z 180+200 OK (11) E
P4
< 180+200 OK (9) =
g @ 180+200 OK (10)
) INVITE(7) |

1-uny —

2 - OKC-7 CurHanbHbIf Wo3 R o

3—SIGTRAN

4 — Softswitch @ 100 v (6)

5 — TpaxcnopTHas ceTeb IP/SIP

6 — SIP-lMpoxkcu 180+200 OK (8)

7 — Cetb goctyna IP/SIP

Puc. 4. Mogens ycrarosnerms coenytenns 8 NGN
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Tabnmua 1

CooTeeTcTBME KIACCOB 3ASIBOK TUMNAM COOGLIJ,eHMﬁ

Knacc 3asBku Coobuenue

- = {1} IAM
reas) IAM [Sigtran]
r, €{4.5.7) INVITE

r, €16 100 Trying

7y €18,9,10,11}

180 Ringing, 200 OK

ACK

r, €{14,15,16,17,18}

ACM, ANM

Tenepb ICHO, YTO MOLENb YCTAHOBNEHMS COSIMHEHMA MO MPOTOKOMY
SIP & cert NGN moxer 6bms npencrasnena e suae BCMP-cem [5], cocto-
sweit uz yanos M= {1,2,..,M}, M=7 1 8 koTopo# LpKynmpytoT 3asiBKi
R=1{1,2,..,R}, R=7 knaccoe. B tabn. 1 nokasaHo cooteetcTame Knaccos
3QSBOK TUMAM COOBLLIEHMIA.

Bynem Hasbisats (i,r)-3051BKOM 305IBKY KIOCCA I, HOXOLSILLYIOCS B Y3~
ne in obosHaumm L’ = {(z',r): ieM,re R}—
MYCTUMBIX TUMOB 3051BOK. MOPLLPYTU3ALMIO 305BOK B CETU OMMCHIBAET
croxactmieckast Matpuua M7 = (BW i )i jeM, r,s eR .Onaonm-
COHMS! BBIXORA 305IBOK M3 CETU BBEAEM AOMONHUTENbHbIN y3en 8. Bynem

MHOXECTBO BCEX 0O~

CHMTaTL, YTO MpH nepexope B y3en 8 3aseka mewseT knacc Ha 1y = 0.
Torna L” = {(8 0):ieM,r ER} — [OMONHMTENBHOE MHOXECTBO 30-
siBok. [lepexombl Mexay MHoxectsom L = LU
€T PACLIMPEHHAs CTOXACTUYECKas Matpuua O, npenctaeneHHas
B TAON. 2.

L” 309BOK OnMCbIBa-

2. Metop pacueta BepoSTHOCTHO-BPEMEHHBIX
XAPAKTePUCTHK

[MyCTb MHTEHCMBHOCTU MYOCCOHOBCKMX MOTOKOB, MOCTYNQIOLMX HA
y3en 1 (coobuerms IAM) v Ha yaen 4 (coobuerns ACM n ANM), coe-
nanaioT U pasHbl A. Peluas ypaeHeHve paBHOBECHS [ MHTEHCMBHOCTU

nonysaem, wo A, = A, (i,r)e L .

BLipaXeHMe sl CTALMOHAPHBIX BEPOSTHOCTEN [1A CTyuas SKCTO-
HEHLWQIBHOM ceTv Be3 paspeneHms COOBLUEHMI HO PA3NMUHBIE KITACChI
[5] umeeT U,

P(n)zlilpz(ni)’

(1-p,)pl",i#5,7,
Yy

n |

(2)

B (n)=

,i=5,7,

_(nlﬂnZ’ M) }'l _(llanzama’?R ):

rne p;, = 2

VER

N, — 4Mcno (i,r)-3GﬂBOK, n, = 2 n,

reR

Onyckas A7ist KPATKOCTU MPOMEXYTONHbIE BIKIIQLKM, MomyHaem pop-
Myy [yisi pacHeTa cpefiHero Bpemei D npeBbiBaHMs 3asiBKU B CUCTEME
D=d, +d,+2d, +3ds+3d,+2d, (3)

Bpemst npeBblBaHys 305IBKM B Y31axX MOXXHO PACCHHTATS Mo opmyrie

MOTOKOB B Y3/10X CETU ‘ufl i=57
» o (4
d =
;1’1‘;‘: 2 Js /str’ (l F)EL\{(] 1) (4 14)} ! ;ai¢557a
ookt H; (1 — P )
2’],] = z A’jsejs,l,l +A (])
(s)eL me p, = Z
414 2 )’js s, 414 reR ,LL,
(s)eL
Tobnmua 2
Matpuua BeposTtHocTell nepexonos
Gy s 3uauenne nunexcos (1.7).(7.s)

s B3 20 [ 16 (2050,

(25 1705(8.100);

(32430 (3 15 )5 05:16);

1 (4,3),(5,4); (4, 11), (5, 12); (4, 14), (3, 15);

(5,4),(6,5); (5,10), (4, 11); (5,12) (8, 0);

(6, 5), (6, 6); (6, 6),(7,7); (6,9), (5, 10);

(7,7),(7,8): (7, 8), (6,9);
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3aknoyeHne

B pabore BbiNonHeH aHAM3 NoKA3aTENeH KAYECTBA OBCITyXXMBAHHMS
coepHermst no npotokony SIP 8 NGN B npeanonoxeHim skcrioHeHLy-
arnbHOM ceTv Bes yueTa kacca 3asiBoK. B gansHeruem nnaHupyetes no-
JyHMTb POCHETHbIE POPMYJTbl 151 SKCMIOHEHLIMATIBHOM CETH C YHETOM MH-
TEHCMBHOCTEN OBCITYXMBOHMS B Y37e [l PA3IM4HbIX KIACCOB CoobLLe-
HUM, NPUENMKEHHbIE GOPMyTIbl Ayisi GHASM3A BEPOSTHOCTHO-BPEMEHHBIX
XOPAKTEPUCTVK MOAETM A1 ClTyuast AETEPMUHMPOBAHHOTO OBCITyXkWBA-
HMS! B Y3110, O TOKXE PA3paboTaTs MMUTALMOHHYIO MOLETb it GHQUT-
301 QIEKBATHOCTH MPUBIIMKEHHBIX POPMYI.
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[NoctpoeHne aHaANM3 MAapKOBCKOW Mopenu
YCTQHOBNIEHMs coeanHeHus no npotokony S|P

C Y4eTOM NOBTOPHbIX Nepeaau

[MpeacrasneHsl pesynsTatsl paspaboTki MOBEM YCTAHOBIEHMs coemmHenms no npotokoy SIP ang cnyyas, korma Ha

TPQHCMIOPTHOM  YPOBHE, 1S NEPEAayM cooblueHmiA npumensietcs npotokon TCP Ha ocHoBaHmmi aHammsa npouecca

yCcTaHoBneHus cecom o npotokony SIP nosepx npotokonos TCP 1 RTP/RTCP noctpoeHa mMatemamiyeckost MoRess 1 MostyyeHs

POPMybl 15l PACHETA CPEAHETO BPEMEHM YCTAHOBIIEHHS COBMMHEHMS] C YHETOM PETPAHCTIALIM COOBLLEHMI M3-30 PABTIMYHOTO

pona cboes 1 OTKa30B Mpu 1x nepeaaye no IP-cemm.

Hcanry MM,
aCMMPAHT kaeaps! cucTem TenekommyHukamid PYH,
nsangoumouchili@yandex.ru

Camyiinos K.E.,
30B. kaeapo crctem TenekommyHmkaLpi PYIIH,
ksam@sci.pfu.edu.ru

Yykapun A.B.
LOLIEHT Kagenpb! chcTem TenekommyHmkaLmid PYIH,

chukarin@yandex.ru

BeepeHnue

Mpotokon SIP (Session Inifiation Protocol) — oyt 1s ocHoeHbIX npo-
TOKONMOB ceTel cesian cnepytowero nokoneHns (Next Generafion
Networks, NGN) - nossonset B nonHoi mepe ocyLuecTensTs Heobxoa-
Mble yHKLM YNPOBIEHMS BbIZOBAMM. SIBIISISICk MPOTOKONOM MPHKICAHO-
ro ypogHs, npotokon SIP noanepXMBaET ynpaBneHme CeaHCam1 Mexay
aboreHtamm NGN 1 obecrnieumsaet 6asy ans NpenocTasneHus ycnyr
cesamn [1,8].

[ns opranmsawm ycnyr VolP (Voice over IP) npotokon SIP moxeT me-
MOMb30BATLCS C MPOTOKOAAMM TPAHCMOPTHOTO yposHs TCP (Transmission
Control Protocol) n RTP/RTCP (Real-Time Protocol /RTP Control Protocol)
[10]. Mpotokon TCP npeaHasHaueH mis HopexHOM nepe-
A0uM AaHHbIX, a npotokon RTP pekomenposan IETF ans
ucrionbosanus ¢ SIP gna nepenaum MynbTUMEIMItHOM
undbopmaupm. MNpotokon RTCP pabotaer cosmectHo ¢
npotokonom RTP 1 noseonser KoHTponMposaTs ero pa-
6oTy C Lienbio obecrieveHms Ka4ecTea nepenaym coob-
LweHui . Hecmotpst Ha Lmpokoe pacnpoctpaHerue, ans
npotokona SIP B HacTosiLLee Bpems He CTAHROPTU30BAHbI
METOIMKY, MO3BONSIOLME MPOBOAMTL MOMHBIA QHANM3
NapameTpoB ero npoussoguTensHocv [9).

B noxnage, npencrasneHbl pesynstars paspaboTku
MOENM YCTAHOBMEHMS coemyHerms no npotokony SIP[1]
A7l STy, KOTAA HA TPOHCTOPTHOM YPOBHE, Afisi nepe-
AauM coobiueHmi npumensiercs npotokon TCP. Axanma
MPOLIECCa YCTAHOBNEHMs: ceccun o npotokony SIP ro-
Bepx TpaHcnopTHbIx npotokonos TCP v RTP/RTCP npu-
BOZMT K MOCTPOEHMIO Er0 MOTEMATUHECKOM MOAENH, HOM-
AeHbl POPMyJTbl il PACHETA BEPOSTHOCTHO-BPEMEHHBIX
xapakrepuctvk (BBX) u ebiseaeHa dopmyna BeiumcneHms
CPEnHEro BPEMEHM YCTAHOBIEHHS COBIMHEHMS HO YPOB-

T-Comm, #7-2010

,0&§ 6&‘& \)\d"
N

nonb3osatens 1
(UA 1)

Hsx npotokonos SIP, TCP u RTP/RTCP ¢ y4eTom peTpaHcnsLym coobiue-
HUI M3-30 PA3NMYHOTO Poaa cBOEB 1 OTKA30B Mpw KX nepeaade no IP-
cetn. Ha ux ocHoBe, MPeACTaBNeHbl Pe3ymnbTaTbl YACTEHHOTO QHANM3A.

1. AHanus ycraHoBReHUs coeanHerms no npotokony SIP

CxeMa CHrHANBHOrO OBMEHa, HEOBXORMMOTO 1Sl YCTAHOBNEHMS
ceccum o npotokony SIP, nokasaHa Ha puc. 1. Mexanuam SIP, ucnone-
3YIOLLMNCS 7151 OBMEHA COOBLUEHMSIMM MEXTY LLTIO3AMM W MPOKCH-CEP-
BEpaMK, 0BECMeUMBAET BLICOKYHO HOAEXHOCT nepeaaum [ 1]. Mostomy,
C TOYKM 3PEHMS QHQNM3A BO3MOXKHBIX MOTEPD M OLIMGOK, HaMGONbLIMI
MHTEPEC NPEACTABNAET OOMEH COOBLUEHMSIMIM MEXY GrEHTAMM MOSb30-
satens (User Agent, UA).

B crydae BO3HMKHOBEHMS PO3NMUHBIX COOEB 3QIMYCKOETCS MEXO-
HM3M MOBTOPHOM NEPEAA M COOBLLEHHS, MOKA3AHHBIA Ha puc. 2. Mpu
3TOM MPEIAraeTcs HTo MEXAHW3M nepedasn coobiuermin 100-Trying u
180-Ringing sensietca HopexHbim [3]. Petparcnaums npepycmotpera
ans coobiuenuit Invite, 200-OK n ACK.

[NoBTOpHAS Nepenaya coobLueHHi Ha yposHe npotokona SIP npo-
MCXOMMT C MCONb30BAHMEM TaMMepoB [4], KoHTponMpyioLLVX MpoLece
peTpaHaALMK. Tak, B MOMEHT nepeaaum coobluenms Invite sanyckator-
ca Tavimep T; ntaiimep Ty, OTPOHWHMBOIOLLAA BPEMS OXMAQHMA OTBe-
T1a (coobiwenma una 100-Trying 1 180-Ringing). Mpu cpabarsisarmm
Taimepa T, MPOMCXOIMT NOBTOPHAS Nepenaya 3anpoca Invite npotoko-
niom SIP Ha TPAHCMOPTHBINM YPOBEHS, M TOMMEP 3ArYCKAETCS 3AHOBO, HO
yYXe C yABOEHHbIM 3HO4YEHMEM. TOT MPOLIECC MPOAOIKAETCS MOCIIE KO-
FO¥ MOBTOPHOM MEPEeRaYM [0 MCTeueHus Taimepa T\, AHanomnuHo

Cepeep
DNS-cepaep rokamsaLm

%,
%
5. hvite . \
- 6.100 Trying
«— 11.180 Ringing Mpakeu-cepaep

14,200 OK

v 5

o ¢

g o

£ K o

3 o 2

e e -, 7] ¢

16. ACK
nonb3osartens 2
Meana-oomeH (RTPy—— (UA2)

Tornyeckuin kaH an

Puc. 1. Cxema o6MeHa CUrHAMBHBIMM COOBLLIEHMSMM
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MPOLIECC MOBTOPHOM NMepeaaUn OpraHmM3oBaH v ans coobiuermit 200-
OKuACK.

Takum obpasom, cpepree Bpems D, nepenaqm Bcex coobiieHmit
SIP Mo>xeT BbITb BbiYMCIEHO MO hOpMyre:

Dgp=d, +d,+d,, (1)

i€, KOK OKA3QHO Ha puc. 2, Benmuntel d,, d,, d; sensiotest cpemrmmm
3HQUYEHMSAMM BPEMEHHBIX 30EPXKEK, BOSHMUKAIOLLMX C YHETOM PETPOHC-
nsLi npu nepenaye coobiuenni Invite, 200-OK, ACK cootsetcraen-
Ho. Torma cpepHee Bpems ycTaHoBneHus ceccun D paccumtbiaeTcs Kak
Cymma

=Dgjp+ Drp* Dgrpr (2)

roe, cornacHo [3], Drp = %RT T — cpeppsist 30AEPXKA, BO3HMKAIOLLAS B
OXMICHMM MOATBEPXKAEHMS yCnelwHoi nepedadn coobuenmin SIP
Dyrp — cpenvsia 30nepxKka, BOSHUKCIOLLOS MM YCTAHOBEHWM Ceccim
no nportokony RTP ¢ mometta nepeaaun SIP-repmmHanom coobiueHis
ACK po mometTa nprema nepsoro coobiuermss CNAME m npukneen-
Horo k Hemy RTCP-naketa [5], RTT (Round Trip Time) — cpentss senmum-
HOl CETEBOM 301EPXKM B METNE CBS3M.

2. Marematnuyeckas Mogens U BEpOSTHOCTHO-BPEeMeHHbIe
XAPAKTePUCTUKM

MMyctb Benmumta N, 4Mcno noBTopHbIX nepenay cooblueHmii Invite,
200-OK, ACK, o craHaapty N=7 [4]. O60o3Haumm g BeposTHOCTS No-
BTOpHOM nepenayn SIP-cooblueris B npsimom Hanpaenermu (ot UAT k
UA2), u f— BeposTHOCTL NOBTOPHOM Nepeaatn coobLLeHms B 06paTHOM
HOMPOBNEHMA.

Torma NpoLece YCTAHOBMEHMS CEAHCA OMMCHLIBOETCH OBHOPOAHOM
LIM, avarpamma nepexofios KOTOPOM HO MHOXECTBE COCTOSIHMIA  MOKa-
3aHa Ha puc. 3. BepositHocTs Pif, g) yeneturoro ycrarHoeneHms ceccim no
npotokony SIP ¢ y4eTom NOBTOPHbIX NEPEenaH MOXET BbITb BLIMCTIEHG MO

¢dopmyre:

TCP/IP UA2
v
m\ f
FDFG\’
iy i 3
200 0K T%Tz
000K 4 @
= t v
12T,
| TRT) MWK pd---
-D
A\
foRplax
AN
dy ¢yl AK
1
¥
-3 ACK T3
ixDcr
.\M
iy
‘ } DR7P
r< oY

CNAME + RTCP-naxem

Puc. 2. [Inarpamma yCTaHOBIEHHMS COBIMHEHMS C YHETOM MOBTOPHBIX NEPEAaY
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- 1_gw+1 2 1_fN+I
P(f,g)—O{ I-g J[l—f) (3)

roe mHoxuTens 0L = (1 — g)? (1 - f) pasen BeposTHOCTH ycnietwHo nepe-
naum coobuermi Invile, 200-OK 1 ACK.

P(f,9)=1-0-7"" Ni-g" (4)

Ecrm cumrars, uto f= g u HauansHbie sHadeHms Taimepos T, = T, =
T; =T, cpepree snauerme D, 3aAEPXKM YCTAHOBNEHMS CECCHM C Yyue-
TOM NOBTOPHbIX Nepeaay coobiuermi Invite, 200-OK 1 ACK no nporo-
kony SIP MoxeT 6biTb HalaeHo Mo dopmyre

(-g) (- )_1]

(1-¢"") (-29)

[Myctb T — uHTepBaN BpemeHn Mexay nepenadeit dpeitvos RTCP-
naketa, g'— BEpOSTHOCTL NoTepu dpeiima, k — umcno dperimos B
RTCP-nakere, g= 1 — (1 — g}k — seposmHocTs notepu RTCP-nakera. Co-
racto [4], spems nepenaumn coobuers CNAME u RTCP-naketa no
npotokony RTP Moxet BbiTb HapeHo Mo dpopmyne:

[2@05)]2’2”(“% (©

Dy, = 3]{ (5)

RTP

3pecs Torer _ cpenHee Bpemsi nepenayuun RTCP-nakera; g —
Bpems ycriewHoi nepenaumn coobiuerns CNAME o IP-cen. Ecm
npeanonarats, 4o g’ =f=gu k=1 Toraa cpenree Bpems yctaHosne-
Hus coepuHervs no npotokony SIP noeepx npotokonos TCP 1 RTP/RTCP

C YHETOM MOBTOPHbIX NEpenay paBHO:

1-(2g)"

1-2g

I-g

l_gN+l

D =2RTT+| 1¥8 | Tarer 57
I-g| 2

(7)

Mycs g'=f=g<107',T=0,5¢, Terep=5 ¢, RTT=0,425 ¢, c unc-
no dpeiimos B RTCP-nakete k= 1. Ha puc. 4 noctpoen rpadmk saemcm-
MOCTH BEPOSITHOCTH MOTEPH BbI3OBA OT BEPOSTHOCTH  MOBTOPHOM Mepe-
ACHM CUTHATBHOTO COOBLLIEHMS.

Ha puc. 5 nokasaxa 3asrcrmocts Bpemen petpanansiuym SIP-co-
OBLLEHMI OT MAKCUMAUTBHOTO HYMCIIAl MOBTOPHbIX MEPeay.

Puc. 3. [narpamma nepexopos coctosHmi Mopeni
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0.02 0.04 0.06 0.08 0.1

Puc. 4. BeposmHocTs notepy Bbizosa

3aknoueHne

Ha ocHose pe3ynbTaTo aHAnM3a NPeacTaBneHHON B AOKNOAE, Ma-
TEMATUYECKOM MOJENM MmpoLecca yctaHoenerus cecamm SIP ¢ yuetom
MOBTOPHBIX MEPEAY, MPOBEPEHA QIEKBATHOCTL MPEIIOKEHHBIX POop-
MyJ1, POBELEH YACTIEHHBIM SKCIEPHUMEHT, PE3YSTbTATI KOTOPOTO He MPo-
TUBOPEHAT TPEGOBAHMSIM MEXTYHAPOMIHbIX CTAHACPTOB K HOPMATMBHBIM
3HOYEHMAM 30OEPXKEK YCTaHOBReHMs cecan no mpotokony SIP [6,7].
OpHaKo, MPUMEHEHME HAOEXHBIX TPAHCTIOPTHBIX MPOTOKOSIOB AANIEKO
He [OCTATO4HO [l FAPAHTMPOBAHMS! HOIEKHOCTH nepenasm. [lostomy,
B psfie CTy4aeB HEOBXOIMMO OMTUMU3MPOBATb BPEMS! YCTOHOBIIEHHS
SIP-coeppHerms. B s10i cBAI3K, CyLLecTByeT psn METOLOB, B TOM HMCTE,
oxamve SIP-coobLuerni ¢ nomoLupio SigComp (Signaling Compression),
QAQNTUBHBIE TAMMEPbI NOBTOPHBIX MEPEAAY M CTPATEMMM PETPAHCTALMIA
HQ KaHAUTbHOM YpoBHe. [NocnenHni metop, Hanbonee spdeKTUBEH U 1c-
nonbayer creku npotokonos SIP/TCP/RLP wmm SIP/UDP/RLP. Mpotokon
RLP (Radio Link Protocol) nepeaaer coobwerme NACK (Negative
Acknowledgement)2 kotopoe notpebyet kaHany cesian peTpaHcALmH
bpeiima B atyuae, eciv oH Bbit oLmbouHo nepenaH. [pouece nepeda-
urt NACK MoXeT ocyLUecTBSTECS BYMS CMOCOBAMM B 30BMCUMOCTU OT
TOrO, CKOMBKO PeTPaHCsLmiA Tpebyet npotokon RLP npu kaxaoit no-
gropHoi nepepaye [11]. Ananua smx m gpymix ocobeHHocTen TpaHc-
nopTpoBKM SIP-COOBLLEHMI SIBNISIETCS MPEOMETOM AATLHEMLLIMX UCCITE-
LOBAHMN.
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OueHka anuTenbHOCTU 3a8epXKHU TenedoHHbIX
COOBLUEHMI OT YMCNa NPUOPHUTETOR B OYepeaM
M pacnpenenetmns BpeMeHn obcnyxusanus Tpadumka

HMXHMX NPUOPUTETOB

I'Ipoae,qu QHQUIN3 BIIMSIHUSA Teﬂe¢0HHOI’ (o] Tde}VlKG Ha TPU¢MK HMXKHMX MNPUOPMUTETOB M BIINAHNE TpOd)MKO HWXKHMX MpU-

OPHTETOB HA XAPAKTEPHCTHKM O6Cl1y)KMBGHMﬂ Teﬂe('r’)OHHOl' (o] Tde)HKC. P ACCMATPUBAETCS QUITTOPHTM MPOUOPMTE €THOM

odepem (PQ-Priority Queuing) Ha BbixoaHoM kaHarie MapLupysatopa s cetsx IR B ovepemt PQ TenepoHHomy Tpa-

(‘r’)MKy npenocrasnsercsa Hambonee NPUOPHTETHAA O4EPEND, B PE3YSIbTATE HEro HM3KOI'IPMOPMTeTHbIﬁ TPO¢MK nony4aer

6OHbLUyPO 3AOEPXKKY. ”OKCBbIBCIeTCH, 4TO BNinsiHNE TPGd)MKO HMXKHErO NMPHOPUTETA HE MOXET CyLLECTBEHHO MOB/IMATL HO

3a0EPXKY rNaketos Te]'leq'.')OHHOI' (o] 7‘p0¢MKO, TAK KAK roJ1y4eHHasa 3aBUCUMMOCTb BPEMEHM 300E0XKM MNAKETOB BbICLLEro

NPUOPHTETA MMEET MPAKTUHECKU J'MHel:tHyPO 3ABMCHMMOCTb OT 3ArpPYy3K KOHAJIOB 7pO¢MKOM HMXKHMX MPUOPHTETOB.

Mwuxaitnos C.K,,
Acrmpant Y LUHAAC,
msk29@yandex.ru

Cepreesa T.I1,,
[nasHbIkt HayuHs cotpyarmk HIT-2222 OIYI UHWAGC, kH,
tsergeeva@zniis.ru

Mpu obcnyxvsanmm TenedorHoro Tpagmka e cetax NGN vcrnons-
ayetca mopens DiffServ ¢ opranmsauyei npropuTetHoro obcmyxmeais
MOTOKOB AQHHBIX, OTHECEHHBIX K PA3HBIM KITACCAM. B noknape paccmar-
pMBOETCA QrropuTM npropwTeTHoi ouepenv PQ (Priority Queuing), mo-
AEMPYIOLLIA O4EPENHOCTb OBCIYXMBAHMS MAKETOB PASHOTO KIACCA B
BbIXOOHOM OYepemt mapLupytaatopa. [pu odepeaHocn PQ obbiuHo
POPMMPYETCsi HECKOSBKO OYEPEnEH, B KOKOOM M3 KOTOPbIX XPAHSTCS
NakeTbl ¢ onpeneneHHbimM npuoputetom. ObayxvBaHMe nocnenosa-
TenbHocT odepeneit PQ nponssomires B nopske yMeHbLLeHUs Mpu-
OpHTETQ, T.€. MEPEXOR K O4epem Boree HA3KOrO MPUOPHTETA NPOU3BO-
BVTCS MOCTIE NepPEeac M BCex NOKETOB (305IBOK) B 04epenyt BbICLLEro Mpu-
opwurera. [pu BeiGope 3asiBKM HA NEPEeAaqy UCMOMb3yeTCs PEXUM "OTHO-
CHTENBHOTO MPHMOPMTETA", T.. NEPENAHA 3CSBKM BLICLLETO MPMOPHUTETA
NPom3BOMTCs 663 MPEpPbIBAHMS NEPEAABAEMOTO MAKETA HMBLLETO Mpu-
opureta. B ouepeny PQ tenedorHomy Tpadmky npepoctasnsercs Ham-
BBICLUIMI MPMOPMTET. SAMETUM, YTO B STOM CITyHaE XAPAKTEPHCTUKM Ob-
CIY>XMBAHMS TENEPOHHOTO TPADHKA HE 30BUCST OT KONMHECTBA MPHUOPH-
TETOB HUXXHETO YPOBHSI, BOXKEH JWLLIb MAPAMETP 3QrPy3Ki1 KAHAIA MOTO-
KOMM HM3LLEro npropwTeta. Ho 310 crpasenimBo Tombko st crtysas
OONHAKOBbIX I'IGpOMeTpOB Y NOTOKOB HMXKHEro ypOBHﬂ,

Beenem cnenyiowyte obosHadeHms:

P — KOPULMEHT UCTIONLIOBAHMS CEPBEPT;

A — CKOPOCTb MOCTYMNEHHS, TO €CTb CPEAHEE KOMMUECTBO MOCTYMNA-
IOLLIX B CEKYHIY 3AMPOCOB;

Ts. — cpenHee Bpemst OBCITyXMBAHYS KKIOrO 3aMpoca npuopyTe-
T4 N, B 3TO BPEMS! HE BXOLMT BPEMS| OXMACHMS B O4epeiys;

Tr — cpenHee BPems, KOTOPOE 3aMPOC MPMOPHTETA N MPOBOAMT B
cmncTeMs;

@, — cpenHee KONMYECTBO 3aMPOCOB MPMOPHTETA N, OXMACKOLLIX
0BCIYXMBAHMS.

[na cucremsl M/M/p/ 1 ¢ agymst npropwTeTamu nonyueHs! Bbipa-
XEHMS [N CPEAHETO BPEMEHW OXWAAHMS 1 cpeaHei ouepem [ 1].
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P Ts,+p,*Ts,

Tr=Ts+ " p, (2)
Tr.= Tsﬁz?_';pTS' Bl
- P([;ST;vlir 5.2) “Ts) ¥
om0 T )
Tq =Tr, x% (6)

Kak mseectHo, notoku TenepoHHoro Tpapmka MoryT OMMChIBATLCS
[MyaccoHoBckmm pacnpenenermem. Ecnm gmrensHocts meskay MomeH-
TaMM nocTynieHms TenedoHHbix Bbi30B0B (TB) pacnpeneneHb no skcro-
HEHLWQnbHOMY 3aKoHy [ 1], To mpr nakeTMpoBaHMM ¢ MOMOLLBIO KOAEKT
G.711 TenedpoHHbIX COOBLLEHMI NAKETbI CEAYIOT APYT 30 APYTOM C Mo-
CTOSIHHbIM MHTEPBOIOM, POBHBIM BPEMEHM HOKOMUIEHHS NAKETG B Byde-
pe wto3a. B mapLupymsarope nakeTsl oT pasHbix coobLLeHMi obbe-
HSIKOTCS! B OfIMH MOTOK NAKETOB TENepOHMM, KOTOPBIA MMEET BBICLLIMIA MPH-
opwrer. [ CyMMOPHOTO NOTOKA MAKETOB TENEdOHUM OT MHOTHX MCTON-
HUKOB MOXEM CHMTATb, YTO B COOTBETCTBMM C MPERENbHON Teopemoi [ 1]
CYMMOPHBIA MOTOK NAKETOB TAKKe pacrpeeneH no [MyaccoHoBckoMy
3QKOHY, T.K. NPEACTABNAET COBOM CyMmy BOBLLOTO YHUCIA HE3ABMCHMBIX
MOTOKOB C OFPAHMYEHHON ANCNIEPCHEN.

[NoToKM BTOPOro MpUopHTETa MPeaCTABNSIOT COBOM NOTOKM Nepead-
41 AAHHBIX TPadmKa cet MHTepHET, Tpadrka curHanMaaumm, coobiue-
ruit npotokonos TCP, FTP, Telnet, Buneo-tpadmika, kotopbie Hambonee Tou-
HO OMMCHIBCIOTCS MOAENSIMU camonopobHoro notoka [2]. Xapakrepuemi-
KV COMOMOAOBHOTO MOTOKA AEMOHCTPHPYIOT GOIbLLYIO CTEMEHb U3MEH M-
BOCTV [i0HHbIX, T.€. [if1sl PACHETA €r0 XAPAKTEPHCTHK HEBOMOXHO MCMONb-
30Bams Mogens M/M/1, Tak kak 3HaueHHs acnepcri MpesocxoasT Be-
JMHMHY MOTEMOTUHECKOTO OXMACHMSL. [ oM MCCTIEnoBaHMM BIIMSIHVS MOTO-
KOB HWXKHErO MPMOPHTETA HA TPADMK TENEOHMM C BbICLLIMM MPHOPHTETOM
B mogerm M/M/1 ypet ucnonssosams Gonee BbicokME, Yem pacyeTHbIe
3HQUEHMS .y, UMMTUPYS YCIOBMS MAKETUPOBAHKS CaMONOAOBHOrO TPadM-
Ka Hu3LKX MpropuTeTos. KosdduyeHT ysenuuerms sHaueHms P., no or-
HOLLIEHMIO K POCHETHOMY MPMHMMAETCs pasHsim 1,5, 2, 3.

Hnst mantoctpawym npoeeaem pacyeTbl. [MycTb BenmumHa TenedoH-
Horo naketa L1 =160 6air (kopek G.711), BenmumHa naketa tpadmka
Broporo npvoputera [2 = 1500 6air (MakcumansHbIi nakeT cem
Ethernet). Lins kanana ¢ nponyckHoi cnocobHoctsio 10 M6/,
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TS1 = =0,128mc
VK’dH

Ts, = L2*8 1 owe
VK&H

B onHom TenedpoHHOM COOBLLEHMM AIMTENBHOCTBIO fren = 3 MuH,
YMCIIO NAKETOB ONPEAEMM KaK:

t e, 60
N e = —2———=7200 nax /coobuy
L1%125 =10

rme 125+ 107 — spems noctynnenus opHoro 6aiTa & TenedoHHOM Ka-
Hane co ckopocTsio 4 kbut/c.
Mpn cymmapHoit TenedoHHoi Harpyske Y = 70 Spn, uHTeHcmB-
HOCTb HOPY3KM BbI3OBOB
Y

o=
tmm *60

=0,39 e6wiz/cex

MHTEHCMBHOCTb NOCTYMIEHNS TeJ'Iecl)OHHbIX NAaKeToB

A =Acx N =2800 nax/cex

Toraa sHaveme P, = A, * 5, =0,36.

Onpegenim no dopmyne (2) 3aBUCHMOCTb CPeaHEro BPemeHi Oxiu-
OGHMS MPU U3MEHEHMM HAMPY3KM TPAPMKA HUKHMX MPMOPUTETOB
P, =0,1 0,6 npu 3HaueHmsix KO3PPHULMEHTA UCTIONLIOBAHMA A1 TPC-
dwka 1-ro npuopureta p, =0,36.

Trl(p2)

0,0016
0,0014
0,0012

0,001
0,0008 —_—Trl{p2)
0,0006

0,0004

0,0002

Cpeanee gpema obpaborkm eeizosa Trl, cex

0 0,2 0.4 0.6 0.8
HKoapdHuneHT Henonb3oBaHna p2

Puc. 1

M3 rpadpmka Ha puc. 1 BUOHO, YTO cpefHee Bpems OXMOAHMS MeHs-
ercs ot 0,4 mc go 1,4 Mc. M3 57010 MOXHO 3QKIIIOUMTB, HTO HO BpeMs
OXMOQHMS NEPBOTO MPHUOPMTETA 3ANPY3KA KAHANA TPADHKOM HAXKHETO
NPMOPUTETA BIMSIET HE OYEHb 3HAUMTENBHO, T.€. 3arPy3Ka BO3pocia B &
a3 NPy TOM, YTO BpEMs OXMACHKMS BbIpocsio B 3,5 pasa.

B ommume ot 31010, 30BMCHMOCTL BPEMEHM OXMOAHMS NAKETOB Te-
nedpoHHOTO TPAdHKA OT 3ArPY3KM KAHASIA COBCTBEHHBIM TPADUKOM BbIC-
LLIEro NPUOPHTETA, MPUBEAEHHAS HA PUC. 2, AEMOHCTPMPYET O4eHb Obl-

T-Comm, #7-2010

Tri(pl)

0,0045
0,004
0,0035
0,003
0,0025

—Trl{pl)
0,002
0,0015

0,001

0,0005

CpepaHee spema obpaboTku Beizosa Trl, cex

V]
0 0,2 0,4 0,6 0,8 1
KoagdruneHT Hcnons3osadma pl

Puc. 2

CTPbIA POCT BpPEMEHM OXMaaHMs. 3arpy3ka yeenmumnack B 4 pasa, a
BPEMS OXMAAHMS BO3Ppocio B 6 pas. OcoBeHHO BAXKHbIM SBISETCS O4eHb
BbICTPbIN (3KCMOHEHLMAbHBIF) POCT BPEMEHWM OXMACHWS B 06nactu
p=08-0,9.

CpaBHeHwe 3T1X 30BUCMMOCTEN MO3BOSSIET CAENATb BLIBOA, HTO KO-
NeBAHMS MHTEHCUBHOCTH TPAMHKA, M SeKT camonopobus, He OKa-
YT 3HQUUTESBHOTO BIMSIHMS HO BPEMS! 30IEP>XKM OBCITTY)KMBAHMS TPODH-
KO BBICLLIETO MPMOPHTETA B MPHUOPHTETHBIX ovepensix. OcobeHHo YeTko
5TOT 3¢PeKT OTMEHTETCS MPM MATbIX POMEPAX NAKETOB TPADHKA HX-
HEero npuopMreTa.

AHanM3 BbIPOKEHMS (2) MOKA3IBAET, YTO BXOAALUMI B COCTAB STOM
dopmynbl wieH P, +Ts, paseH A, +T52, NOSTOMY YMEHbLLIEHME 3HOYE-
Hus Ts,, CyLiecTBeHHO nonusieT Ha aHauerme Tr,. Mpu annHe nakerta sTo-
poro npuoputeta 300 6aiT sHauerme P, = A, *Ts, yMeHbLMTCS B 5
pas3. [pu 3ToM cpeaHee Bpems OXMOAHHS B O4EPEM BbICLLIETO NPHOPH-
TETA YBENUUMTCS B 2 PA3Q MPH YBENMHEHMM 3ArPy3KM O4EPEnbIO HIKHE-
ro npropureta B 6 pas.

OueBMaHO, HYTO BPEMS! OXMACHKS B O4EPEM MEPBOTO MPMOPHUTETA
3QBMCHT OT COOTHOLLIEHMS! [TMHbI OKETOB B OYEPEsX HUKHMX NPHOPH-
TeToB. B criyuae oppHAKOBOM cpenHei A Hb! MAKETOB, BPems OXMOAHMS
B O4EPEIM BbICLLETO MPUOPHTETA HE 3UBHCHT OT KOSIMHECTBA MPUOPHTE-
0B B O4epesm. Boobiue, cnabas (mmHeitHas) 3aemcimMocTs noseonset
CLenaTb BbIBOL, YTO HA BPEMS! OXMAAHHS TenedOHHOro TPAhMKA XapaK-
TEPUCTUKM TPAPMKA HAKHIX MPHOPMTETOB HE OKA3bIBAKOT 3HOMMTESNBHO-
rO BMSHMS, M 151 TEeNepOHHOO TPAPMKA BBICLLETO MPMOPUTETA MOAENb
M/M/p/1 c ip1opHTETHON OYEPEaBIO HESHAUUTENBHO OTAMYAETCA OT
npocroit mopent M/M/1 c ouepensio FIFO ¢ pacuetom cymmapHoro
3HaueHns P = X,

Jlureparypa
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HapexHocts curHanmsaumm 8 M/ MH-cet
TenecdoHHOM cBsisu Ha Hase obopyaposanus Softswitch

[MpomssomsTcst wcneHHble pacyeTbl XAPAKTEPHUCTUK HOAEXHOCTM MPM NEpeaade CUTHTLHOM MHGOPMALM B CETIX MEXIYTOPOAHON 1

MmexayrapoaHoi (MIMH) tenegorroii casay, noctpoerHoi Ha 6ase obopyaosarma Softswitch. [Mokasbisaetcs, 4To cxema c asycsas-

HbIM fopKoYeHmem Lwiio3os "dual homing” obecrieunsaet TpeGyemyio HAREXHOCTb CUMHAMM3ALM, TORAA KOK B CETH C ABYXMIOCKOCT-

HbIM JM3CHHOM, TPEBYIOLLMM YABOEHMS 0BbEMOB OBOPYLOBAHMS, XAPAKTEPHCTUKM HOBEXHOCTH YPE3MEPHO M3BLITONHBI, BCTEACTBUE Ye-

ro 3aTpaTsl ABNAKOTCSA HEONMPABAAHHbIMM.

Cepreesa T.I1,,
[nasHbIkt HayuHeit cotpyarmk HIT-2222 Iy UHWAGC, kTH,
tsergeeva@zniis.ru

Muxaitnos C.K,,
Acrmpant Iy UHAAC,
msk29@yandex.ru

B HacToslLLEE Bpems B CETAX PA3fMUHBIX ONEpPATOPOB MPOW3BOANTCA
nepesop TPAdHKA CyLLECTBYOLLX (Q TaKKe CTPOSLLMXCS) CeTel Mexay-
FOPOLHOM M MeXAyHOPORHO# TenedonHoi cesan B cett NGN. Mpw
3TOM OCHOBHbIM CMIOCOBOM NEPEXOAQ OT TeNepOHHbIX CETeN C KOMMYTO-
welt karanoe (ceteit TDM) k ceTm ¢ kommyTaLyelt NakeTos (ceTsm
NGN) snsetca pewerme Ha 6ase obopyrnosanms Softswitch. Mpu Ta-
KOM Mepesofie TPAPHKA UCMONb3yeTcst PyHKLIMSA COMACOBAHKS MPOTO-
KOSIOB CHTHONMM3ALMK, OBECNeYMBAIOLLICS B3QUMOABHCTBME CETEM KOM-

=

TDM

T,

MyTaLym kaHarnos ¢ IP-cemamu. OBbIYHO OHQ BLINONHAETCS BXODSLLMM B
cocras obopyaosaHms Softswitch kortponnepom MGC (media gate-
way controller), nostomy panee mbi Gyaem ynotpebnsts TepmitH MGC
Hapsgy ¢ Softswitch. Cxema TnoBoro peluerus Ha 6ase Softswitch ans
cetert MTMH TenedonHon cesau (nanee MTMH cesian) npueenera Ha
puc. 1, rae K cuHanbHem witosam SG nopxmoyatotes karansi OKC
N27, a k Mmepmawiiosam MG nogkouaioTest pasroBOpHblE KAHAbI
(TpakTsl) OT LipPOBLIX TENEPOHHBIX CTAHLIA.

B cett MTMH casian B pananTHom Mexxayropoarom yane (TMrYC)
v mexayHapoaHom yane (TMHYC) kaxgoro PenepansHoro okpyra yc-
TOHOBIMBAIOTC MAPLLPYTU3ATOP W KoHTponnep wiosos MGC, koto-
pbift, onvpasick Ha npotokonsl curHanmaawm OKC Ne7 (SIGTRAN),
MGCP u Megaco,/H.248, ynpasnsert wiosamn SG nu MG, pacnono-
XEHHbIMM B pervoHax. [isi nepenaym cUrHanmmMasaLym Mexay KoHTposne-
pam MGC pasiinuHbix OKPYroB UCTOSb3YIOTCS CUrHAbHbIE COOBLLE-
Hus npotokona SIP-T, nepenasaemsie no cem IP/MPLS mexay rparmy-
HbIMW MOPLLPYTU3QTOPAMM.

B ceTam cEH
zapenEmn:
CITE PATOpE

h

=

Puc. 1. Cxema cemt MTMH TenedorHoi cesian Ha 6a3e NOKETHOM KOMMYTALWM C Mp1MeHeHrem annapaTypbi Softswitch
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[NOBbILLIEHMIO HOAEXHOCTU CHCTEMBI CUTHANM3ALMM B ceTt MITMH
[OMKHO BbITh yaEneHo 0coboe BHAMAHHME, TAK KaK MOBPEXAEHNE KAKO-
ro-n1bo oboPyaOBAHHMS B MyTH MPOXOXKAEHHMS CUTHAMBHOM MHGOPMALIK
MPMBOAMT K MPEKPAILLEHMIO CBSI3M B OTAENBHOM 30HE Wik BO BCEM TeppH-
Topun PenepanbHoro okpyra, obcyxvsaemoi aaHHsM MGC.

B HacTosilee Bpems pasnniHbie GprpMbl-porssoamTen obopydo-
BOHMSI, NPOEKTHbIE OPrAHMU3ALMM 1 OMEPATOPbI CETEH BEMYT AUCKYCCHMU
OTHOCHTENLHO CMOCOBOB MOBBILLIEHHS HAAEXHOCTM MAKETHBIX CETEM M, B
YOCTHOCTH, CrIOCOBOB MOBBILLEHMS HOBEXHOCTU CHCTEM CHTHOATU3ALMM.
[NosTOMY NPEACTaBMSET MHTEPEC OMPELENMTb YUCTIEHHbIE XAPAKTEPHC-
TUKM HOOEXHOCTM MPK PASNMYHBIX CIOCOBOX PE3EPBIPOBAHMS.

Tunosast Mogenb Ayst POCHETA HOPEXKHOCT CAMOTO [JfIMHHOTO MyTH
npoxosaeHust cirHanmsaupn B cett NGN siniodaer B cebsi yuacku
(em. puc. 1):

LLnios SG/MG — JTuks 0T peroHarnisHoro yana Ao MapLUPYTM3a-
Topa 1 — Mapwpymsarop 1- MGC1 — JTnHus Mexay mapLupymsa-
Topam1 — mapLupymaartop 2 — MGC2 — JTnHus or maplupyTmsatopa
Ao permonHansHoro yana — LLnios SG/MG.

PearnbHbiiA MyTb MPOXOKAEHHS CUMHAMBHOM MHPOPMALIMM HECKOSBKO
OT/MYTETCS OT YKA3QHHOTO. TaK, MOCTYMNAOLLME OT L0308 K MOPLLPY-
TM3QTOPAM MAKETbI CHrHAMM3aLym nepeaatotes Ha Softswitch, 1 nocne
obpaborku B Softswitch onsms HanpasnsioTes B MOPLIPYTU3ATOp, T.e. B
MyTU CHrHQIEHOO COOBLLIEHHMS BOSHMKIIOT NETIM. DTW NETM He AOMKHb
YHUTLIBOTLCA MPU PACHETE HAZEKHOCTH, TAK KAK KCOKABIA STIEMEHT B MyTH
[OMKEH BKIIOYATLCS B PACHET TOMBKO OfiH PA3.

Hecmotps Ha To, 4To B HOCTOSILLIEE BPEMS HOPMbI MO HOBEXHOCTU
enrHanmsaupm B cetsix NGN elwe He paspaboTaHsl, MOXHO OpHEHTH-
POBATLCS! HO COOTBETCTBYIOLLME HOPMbI MO HOLEXHOCTU CHMHONM3ALMM
no OKC N27 B cemsix TDM, Tak kak oueBraHbIM siBnsetcst Tpeboearme
HE3CBMCMMOCTU KAHECTBA YCITyT OT MUCTONb3yeMoi TexHonormu. Ha co-
emmrenme curHanmsaym OKC N&7 yeranaemmeanacs Hopma 30 muH.
HerotosHocTH B rop, [2]. [ns ee BbinonHenus ans scex kananos OKC Ne7
HEOBXOIMMO MMETb HE MEHEE [BYX MyTEM, HE3ABMCMMBIX MO 3BEHLSIM.
HeiictButentHo, Ha prc. 2 30BPMKEHT CXEMA MPOXOXKOEHMS CUTHAM-
saumm OKC N7 anisi BbI30Ba, MPOXOAALLErO OT CTaHLWM 1 [0 cTaHum 7
Yepes A TPAH3UTHBIX y3na 3 1 5 (TpeyronbHUKamMK U30BPaKeHb! TPAH-
3YTHbIE Y37Ibl, O KPYXKAMM — PETMOHATbHbIE TENEOHHBIE Y3/bi)

Octoshoit kanan OKC N&7 Ha yuactke "nuHis ot pervoHanbHoro
Y310 10 TPAH3WTHOTO Y3M1a" MPOXOAMT MO ABYM MyTsIM, 1€ OCHOBHOM MyTh
— 1O MPSIMO¥ CBSI3M MEXY STMM Y3TIAMM, O PE3EPBHBIN MyTh - Yepes Co-
CeOHMA TPOAH3WTHBIN Y3en, [Oe OpPraHM3yeTcs yaen curHanmaaum STP
MMprMem 3HaueHMs KOSPPMLMEHTOB FOTOBHOCTU 15l BCEX OBHOTMIMHBIX
YHQCTKOB AIMHOM d (OT OKOHEHHOTO Y310 A0 TPAH3MTHOTO Y3na) paBHbI-
w1 K 1 anst yuacTkos apmHoit b (exay mapiupymaaropamu) posHbimm
Ky, a kosdduyent rotoeHocTM n-ro yana paerbim K . Toraa Ha ocHosa-
HMM M3BECTHBIX NPABMI PACHETA MOCIEAOBATESBHO-NIAPAUINENHBIX CXEM
06w Ko3pHLMEHT roTosHOCTU K -, Mexay yariamu T 17 moxeT Bbims
BBIYMCIIEH M3 BbIPCOKEHMSE:

K, =KKKK, [1-(1-K,)(1-K,K K,)|x

[1-(-&,)(1- KK [1-(-K, )1 - KKK, )]
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a b
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y 4 \

WasectHo [ 1], 4to ans ommuueckoi amHum npotsixerHoctsio 13900
KM HOpMaTHBHOE 3Ha4eHwe koaddupenta rotosroc K, = 0,985, no-
STOMy /151 0= KM BbIYMCIIMM 3HA4EHWE KOSDPULIMEHTA TOTOBHOCTU KAK
K,=0,98527 0/13900 = 0,9997. AHanomuHbim 06pa3OM BbIMMCNs-
em snavere K, =0,9983 ans b= 1500 km. 3Hauerme kospduumerTa
FOTOBHOCTU BCEX Y3108 Mpumem paetbiM 0,999995 (e cootsetctanm ¢
TPEBOBAHMAMM MO HOBEXHOCTU LtPOBLIX TenedoHHBIX CTaHL [2]).
Toraa BblumMcneHHbIM 13 Bolpaxerms (1) kosbduLyeHT roToBHOCTH MeX-
Hy OKOHe4HbIMU Toukamu 1-7 GyneT umeTs sHadenve K, , = 0,99995.
31a BenmumHa cooteetctayet HerotoHocTM kaHana OKC N27 30 muH.
3a 14 mecsiues, T.e. npu nputsitom ans ceteit OKC N27 pesepsuposa-
HMM MOJTYHOEM PE3ySbTAT ACKE NYHLLMH, Yem Tpebyemas HOpMaA Hero-
ToBHOCTM 30 MUH. B rop,

OtMenm, 4To ecrin B CeTsIX NePEaa M AOHHBIX AOCTATOHOM CHUTC-
€TCs roTOBHOCTL 99, 9%, TO YKA3aHHOE 3HOUEHHME He OTBEHAET TpeboBa-
HMM TerneOHHBIX CETEH, KOTOPbIM TPEBYETCs 3HOMEHMTbIE "MisiTb feBsi-
ToK" (99,999%) Ans roTOBHOCTU KOMMYTALMOHHBIX Y3108 1 0,99995
A5t COBOMHEHMI CHTHANM3ALMM U TenedOHHbIX coeapHeHnit. [pu oTka-
3€ OT ABYX MOCNEAHMX 3HOKOB MOCNE 3ArSTOM, T.€. MPU YMEHBLLEHWM rO-
ToBHOCTU OT 99,995% fo 99,9% cpenHee Bpems NPOCTOs YBENUUMBA-
etcs ot 30 cekyHz, fio 43 MiHyT B MecsiL, Cumtaetcs, 4o anst TenedoH-
HbIx coeapHeHi B cetsix NGN Heobxommo nosyuaTs NoKasaTen Ha-
HEXHOCTU He XyfLLme, YeMm B TenedoHHbIx cetax TDM.

Mo AGHHBIM PA3MMYHBIX KOMMGHMIA-POM3BOaMTENe 0bopyaoBa-
Hus Softswitch koaduupenT rotosroctn KT\, MoxXeT gocTurats Benm-
anHbl 0,99995 npu MAKCUMAIIBHOM BHYTPEHHEM PE3EPBUPOBAHMM
obopynosaHus. Takyio e BeNMUMHY MMEET KOS(MULIMEHT TOTOBHOCTH
mapwpymsaropa Kry, = 0,99995.

Jns oLEeHKM HOPEXHOCTU COBOMHEHMIA B MOKETHBIX CETAX PACCMOT-
PMM, HOMPUMEP, CaMYIO MPOCTYIO, Be3 PE3EPBUPOBAHIS, CXEMY MPO-
XOXAEHM CUTHAMBHOM MHPOPMALIM, COCTOSILLYIO M3 LIEMOUKM: Tene-
OHHAS CTOHLV — CUMHOMBHBIA LLITIO3 — JIMHIS A0 MAPLLPYTM3ATOPA —
mapLpytaatop — Softswitch, anst koTopoit npuHsTel cnegyioLye 3Ha-
YeHMs KOSPPUUMEHTOB TOTOBHOCTH: Afisi TENEPOHHON CTAHLMM —
Krre=0,99999, ans s prmmoit a =270 km OT CTaHWM A0 yana —
K, = 0,9997, mns maplipymsaropa u Softswitch sHauenmst koadu-
wpenta rotosHoctn Ky, = Krg\,, = 0,99995, sHadenve koapduupen-
Ta rotosHocTM wiosa Kry, = 0,99999, Tak kak ero HopexHOCTs cumTa-
€TCA He HUXKE HAAEXHOCTH LMPOBOM TENEPOHHOM CTAHLM I MysTb-
mnnekcopa SDH. OB koadpMLMEHT FOTOBHOCTH 1t AAHHOTO CHr-
HanbHoro coeguHens KrC, Biuncnsiecs no dopmyse:

Ko, =Koy -Key Ko, -Key, - Keg y

Mpu noAcTaHOBKe YKa3aHHBIX 3HaueHwi nonyuaem Kr-=0,99958.
Takoit ko3 ULMEHT FOTOBHOCTU COOTBETCTBYET Nepepbisy casian Ha 30
MuH. kit 1 mecsit m 20 greit. OueBiaHO, HTO TaKMe MOKA3ATENM Ha-
AEXHOCTU He YHOBNETBOPST MPAKTMKY, NOSTOMy TPeByeTcs MCrosb3o-
BOTb CETEBOE PE3EPBMPOBAHME. DTO MPEAONAraeT, HTo bornee HU3Kast
MO CPABHEHMIO C TENEOHHBIMM CTAHLIMM HATEKHOCTb 0BOPYA0BAHMS!

Puc. 2. Cxema pesepsuposatms B cncteme curHanmsaummn OKC N7
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Softswitch 1 mapLupyT3aTOpOB AOMKHA BbITb KOMMEHCMPOBAHA NMBO
AyBnMPOBAHMEM COMOTO STOrO OBOPYAOBAHMS, MO0 MOBbILLIEHMEM HO-
[EKHOCTM MEPEAYM HA IMHUSIX CBSI3U C UCMONb3OBAHMEM MEXAHM3MOB
CeTeBOro pe3epBMpoBaHMs Ges aybnposarms yanos (Softswitch 1 map-
LpyTM3aTOpOB).

Psn, koMnaHuit-npomnssoamTeneit 0boPyLOBAHMS MAPLLPYTU3ATO-
pos 1 Softswitch paspaboran TMnoBbie CTPyKTypbI pesepBUpOBaHKS B
cetix NGN, kotopble nocTpoeHb! Mo cxeme TaK HO3bIBOEMOTO B XMIO-
CKOCTHOTO AM3QHQ, A€ MPefyCMOTPEHO AyOnMpOBaHME BCEX YCT-
POWCTB, BXOMALUMX B MOPLUPYT CMIHQUIBHOTO M FOSIOCOBOMO TPAGMKA.
[Mpu 04eBUOHOM OUEHb BBLICOKOM HOPEKHOCTM TAKMX CXEM 3CTPATbI HA
MOCTPOEHME CETU C ABYXMNOCKOCTHBIM AM3QIMHOM BO3pACTaloT Gonee
yem Bsoe. B bornblLumHCTBe Cryyaes Takoe yapoeHWe 06opynoBaHMs siB-
NIAETCA HEOMPABAGHHBIM, TOK KOK CyLLECTBYIOT 605166 SKOHOMMUHbIE CrO-
COBbI PE3EPBMPOBAHHS, KOTOPbIE OBECMEYAT JOCTATOUHYIO HOIEKHOCTL
ceteit NGN. Hanpumep, 8 TenedoHHbIX CETsIX KOMMYTOLMOHHbIE CTOH-
UMM He JyGnupyloTcs, Tem He MeHee, KOS(QULMEHT rOTOBHOCTU s
MeKayropOIHOTO TeNehOHHOTO COBMHEHMS, MPOXOMALLENO Yepes OfiuH
TPOH3UTHBIA Y3 C OBXONOM Hepes [BA TPAH3WTHBIX Y3/ COCTABMAET
0,999989, 4o COOTBETCTBYET HEFOTOBHOCTH & MiH. B rog, Takas HOFEX-
HOCTb YCTPOMBOET BCEX MONb3OBATENEN.

OmH 13 OCHOBHBIX CMIOCOBOB MOBbILLIEHMS HOPEKHOCTU CHCTEMbI
CUTHANM3OLMM 30KITIOHAETCS B MEPEKIIIONEHMN W MEPEMAPLLPYTU3a-
i nakeTHoro Tpadmka ot wiozos SG/MG Ha peaepsHbIi MAPLUPYT,
€CIM B NYTV CUTHALHOTO COOBLLEHMs OBHAPYXXEH OTKa3 Nloboro 0bo-
PYLOBAHMS, T.€. nHWM, MapLupyaaTopa wiv MGC. Ipu otkase pomx-
HO ODECMEUYMBATLCS GBTOMATUYECKOE MEPEKTIIoUEHEe TPaduKa HA pe-
3EPBHbIA MOPLLPYT C MAHUMQUTBHOM 30[EPXKOM B 0BCITy>XMBAHWM aBO-
HeHTOB ceTh. PacnpocTpaHeHHbIM BAPMAHTOM TAKOTO Pe3epBUPOBaHKS
SIBNAETCS MCTIONb3OBOHME MEXAHW3MA "AByCBs3HOro nogkiodenms” (dual
homing) wnio3oB, KOTOPbLIM B HACTOSILLEE BPEMS PEQNM3OBAH B 6OMb-
LmHCTBe TMMoB obopyaosakms wiosos SG/MG. Mpu stom Beck cur-
HQUbHBIA TPADMK C BLIXOTHBIX MOPTOB LLKO30B OHOBPEMEHHO MPUCYT-
cteyet Ha aeyx MGC (Hanpumep, cBoem m cocearem). Takum oBpasom,
MGC pazbusatotes Ha napsl, B3AMMHO MOAAEPKMBAIOLLME BOZMOX-
HOCTb 0BPABOTKM ABOMHOTO CHrHAbHOTO Tpadmka. Ecnm npeanonarats
POBHbIM CUTHOSbHBIN TPAHK B 30HAX OTBETCTBEHHOCTH 06oMx MGC, To
npu oTcyTCTBUM OTKa30B Kaxxasii MGC obpabarsisaer Tonbko cobcr-
BEHHbIM CUTHQUIbHBIA TPAGHK 1 Er0 MPOM3BOAMTENBHOCTL UCTONb3YETCS
TONbko HarososuHy. Mpn otkase kakoro-mbo MGC y cocepHero
MGC akmmemampyeTcs NopTbI, MO KOTOPLIM NOCTYNAET TPAHK OT LLUTHO-
30B, HOXOILLMXCSI B 30HE OTBETCTBEHHOCTU nospexaeHHoro MGC.

BoinonHerme onepaumn nepeknioderms & cet IP/MPLS npouseo-
amTest 3a Bpems nopsiaka 50 Mc, 4TO 0BecreumMBaBTCS CreLMATbHbIM
npotokonom BFD (Bidirectinal Failure Detection), kotopbiit onpeaenser
MOBPEXAEHVE HA HAMPABIIEHWM MPOXOXAEHHMS HIOBOrO TPAKTA C KOMMY-
TOLWMEN MO METKAM M MyTEM U3MEHEHMIA B COOTBETCTBYIOLLMX TABAMLIOX
NPOABIKEHMS NEPEBOAMT TPADMK HO Pe3epBHbIA MyTb. [y STOM yasa-
uBaetcs 3arpyska mcnpasHoro MGC, KoTopbii, ToMMMO cobeTBeHHOTO,
0bpabaTsIBaeT TaKKe curHanbHbIM Tpaguk cocearero MGC. B Hactos-
LLiee BPEMsI HEKOTOPbIE MPOM3BOMTENM COOBLLAIOT O CO3AAHMM HOBOTO
obopyaosaHus KoHTposnepos MGC ¢ MexaH13MoM KIacTepHOro nog-
KIIIOYEHMS! LLTIO30B. [JeMCTBUTENBHO, C YYETOM TOTO, YTO CUTHONM3ALKS
MeXly LUIIO3aMM W KOHTposepamu npoxoput no cet IP/MPLS c sos-
MOXHOCTBIO COEIMHEHMS MO MPMHLMNY "KaKABIA C KabKOpIM" LLTIIO30B,
KOHTPOJIIEPOB, O TAKXKE LLITIO30B C KOHTPOSUIEPAMM, UMEETCS TEXHMIEC-
KOst BO3MOXHOCTb YTPOBSIEH)S SFOBbIM LLITIO30M OT S0BOro KOHTpOsUe-
pa. OnHAKO MpK STOM KAKBIM KOHTPOSIIEP [OMKEH MMETb [OHHbIE He
TOMbKO O CBOE 30HE OTBETCTBEHHOCTH, HO TAKXKE AGHHbIE 06O BCex yri-
POBMSIEMbIX 30HAX. EQyHCTBEHHOM NPOGIEMO B STOM CITyHOE MOET siB-
NATLCS MPOM3BOAMTENBHOCTb KOHTPOSUIEPOB, HEOOXOAMMAS! MPM NOAKIIO-
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Puc. 3. Mogenb B3aMMHOTO pe3epBUPOBAHMS CUTHAMBHOM MHBOPMALMM

YEHMM pe3epBHbIX 30H. Ho ecn yuyecTs, 4To ogHOBpEMeHHOE mno-
BpexxaeHme asyx MGC, BeposiTHOCTb KOTOpOro onpefensiem Kak
(1-0,99995)2 = 2,5x107?, signseTcsi COBbITUEM HPEBLIHTIHO PEMKUM,
TO MPOU3BOAMUTENBHOCTb KOHTPOSIEPOB MOXHO PACCUMTBIBAT TONBKO HA
CIy4ai NOBPEXAEHUS OJHON PE3EPBUPYEMOM 30HbI.

CpaBHIM MO HOREXHOCTH ABE CXEMbI PE3EPBUPOBAHKS — Q) C UCTIOMb-
30BaHMEM nopkrioveHms witozos k asym MGC (dual homing) 6es pesep-
BMPOBAHMA 0BOPYOOBAHKS Y3rOB M 6) C peaepempoBaHem obopynosa-
HUA L0308, MapLupymsatopos n MGC (geyxmnockocTHow amaaiH).

Ha puc. 3 npencraeneHa Moaenb B3AUMHOTO Pe3EPBMPOBAHMS My-
TEN CUMHANMBHOTO TPAPMKA € NOMOLLBIO Mexaruama dual homing ¢ nog-
KIIOYEHMEM LLITIO30B K ByM cocenHM MGC, rae umeetcst o Tpu my
A5l CUTHATMBHOM MHpopmaLmu. Ha npakvke oBbI4HO MpUMEHsIeTes Ta-
KOe B3aMMHOE pe3epBMpOBaHUE NoaKioyeHys wiosos k MGC, Ho aa-
XE ECTI UCTIONb3YETCS PE3EPBMPOBAHME C KIOCTEPHBIM NOAKITIOHEHMEM
LUIO30B, TO 3TO HE HAPYLLAET TPEBOBAHMS O HAMMUMM TPEX MyTei ns
CUMHANM30LMM, MPU KOTOPLIX MPOM3BOAMTCS PE3EPBMPOBAHME OBOMX
YHQCTKOB HMiA ot Lwmo3os Ao MGC.

Ha puc. 3 yanst A1 v A2 npepcrasnsior coboi obbemyHeHie Tene-
OHHOM CTaHLMM 1 Lnko3a, yansl B1 1 B2 — obbeamHerre maplupyTy-
3aropa 1 korTponnepa MGC. Mo knaccudukaumm Teoprm BeposTHOCT-
HbIX PAQOB [BYXMOMIOCHAS CETb, M3OBPAXEHHAS HO pUC. 3, SBNSETCS
HEPU3NOXMMON, T.€. €€ KOIPDULIMEHT FOTOBHOCTM HE MOXET BbITb OMpe-
JeneH MyTemM PasnoXeHust HO NOCTEAOBATENbHO-NApanenbHbie ¢par-
MeHTbl. [ns ee pacyeta MoryT BbiTb MCMONb3OBAHBI METOAbI MOSTYYEHHs
BEPXHEM M HWKHEN OLEHOK, Hanpumep, mMetofom JIuTeaka-Yiuakosa
[3]. Takke cyliectsyet cnocob noyueHms TOYHOTO Pe3ynbTaTa MyTem
nepebopa Bcex BAPHMAHTOB COCTOSHMUS CXEMbI C BbIGOPOM BAPUAHTOB
YCTELLHOTO MPOXOXAEHMS CUTHANA M PACHETA MX BepOSTHOCTU. B pak-
HOM MOLENH, COTEP3KALLEM Q SMEMEHTOB, YMCIIO PACCMATPMBOEMBIX CO-
cTosiHMiA paBHO 512. 311 coCTOsHMS CO3AAIOT NOMHBIM HABOP COBbITHH,
CYMMQ BEPOSITHOCTEN KOoTopii pasHa 1" no popmyrie nonHoi BeposT-
HOCTU. BpyuHyio Takoe konmuecTso cobbimiii obpaboTaTb AOCTATONHO
anoxHo. B @IYMN UHMNC paspabotara nporpamma, No3sonsioLast
MOJTYYQTL TOYHBIE BLIPAXKEHMS! Ast KODMULMEHTOB FOTOBHOCTU 15l He-
PA3NOXMMBIX BYXMOMIOCHBIX CETEM C PA3MEPHOCTLIO He Gonee 20 y3-
JIOB M JIMHMIA, MOMYHOEMbIX TAKKE MOCNE ABTOMATUHYECKOTO OKATHS MO~
CNIENOBATENBHO BIIOYEHHbIX SMIEMEHTOB ceTi. [JaHHas mporpamma co-
CTOWT U3 CrIeyIoLLyX BrIOKOB:

— MOCTPOEHME MHOXECTBA BCEX MyTEM MEXY MOMOCaMM;

— oT6OP NyTeN € 30RAHHbIMM OTPAHMYEHMAMM (PAHT MyTH, KOMMde-
CTBO BXOJSILLYIX B MyTb Y3MOB PA3HOTO TUMQ), T.€. ONPeAeneHWe BEKTOPOB
YCMELLHOMO COEMHEHMS MOMOCOB;

— onpexeneHme NepeceeHis HaMOEHHbIX BEKTOPOB C MHOXECTBOM
COCTOSIHMIA PACCMATPUBAEMOM CXEMBI;

— cocTasneHme popmyribl fis pacyeta Kr asyxmosmocHoit cet;

— MOMYYEHME YUCTIEHHBIX PE3YTETATOB PACHETOB MO COCTABMEHHOM
OpMysie HO OCHOBE BBEAEHHBIX KOI(PPULIMEHTOB TOTOBHOCTH SNIEMEHTOB
cemm.
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BbiuvcneHie BekTOpoB nyTeit B ABYXMOMIOCHOM CETU MEXTY Y3/aMM
Al 1 A2 comacHo puc. 3 NOKA3IBAET, YTO MMEETCS TPM MyTH, T.e. TPHU
BEKTOPA, B KOTOPbIX BCE BXOTSILLME B HEFO SIEMEHTbI AOMKHbI MMETb 3HA-
yerme "1" (T.e. HOXOANTLER B MCTPaBHOM cocTosHMK). [Tpu nepecederim
3THX BeKTOpOB (C paBHbIMM " 1" HKCHPOBAHHBIMA 3HOHEHWSIMM SNIEMEH-
TOB) C MHOXECTBOM COCTOSIHWI OCTOSTbHbIE SMEMEHTBI, JOMONHSIOLLME
KQKObIA BEKTOP A0 9 SMEMEHTOB, MOTYT MMETb MPOM3BOSTEHOE 3HAYEHHE,
T.€. SIBNSIIOTCS! CBOBOMHbIMU. SHAUEHMSI BEKTOPOB MyTeit CriefytoLLye:

Al-A2-Bl-a,-b,;
Al-A2-B2-a,-b,.

Al-42-B1-B2-b,-a,-a,;

[Mprt PUKCMPOBAHHOM 3HAUEHMM 5-TW SNEMEHTOB NEPBOTO BEKTOPA
KOJMMUYECTBO COCTOSIHMIA B MEPECEUYEHNM STOMO BEKTOPA C MHOXECTBOM
BCEX COCTOsHMI cocTasnsieT 16 (Tak Kak B Kaokabli BEKTOp He BxogsT 4
MEMEHTA M3 P-TH, KOTOPbIE MOTYT MPMHMMATb NEODbIE 3HAUEH)S, T.€. BCe-
ro MMeTs 24 3HQueHMi), NepeceueHHe TPETEEro BEKTOPA TAKKE MMEeT
16 cocTosHuiA, a nepeceyeHe BTOPOro BEKTOPA, COCTORILLETO M3 Cemu
/IEMEHTOB, MMEET YeTbipe CBODOAHBIX COCTOSHYS. TaKiM OBPasOM, MMe-
etcs Beero 39 coctostmin 3 512, kotopble NPUBOAAT K GraronpusTHo-
My MCXOfly MPOXOXAESHUS CHrHAIM3ALMK Mexay nosmocamn AT u A2
[ABYXMOIOCHOM CETH. POCCHMTAHHBIM MK MPEXHIX NOPAMETPAX MO OMk-
COHHOM BbILLIE NPOTPAMME KOSBDMLIMEHT FTOTOBHOCTU ABYXMONIOCHOM Ce-
™ paseH 0,999986. 1ot koapPUUMEHT TOTOBHOCTU COOTBETCTBYET
Bpemerm HerotoBHOCTH 30 MUH B 4 roag, T.e. HAAEXHOCTb AOCTATOYHA U
CyLLIECTBEHHO BbiLLe TPebyembix nokasarenei. Takum obpasom, crpyk-
TYPO CETM C Pe3epBHbIM MOAKITIOYEHWUEM LLTIO30B K ABYM KOMMUIEKTOM
obopyaosarma Softswitch obecneumsaeT [OCTATOUHBIN ypOBEHL HOBEX-
HOCTM MM Nepeaaye CHrHAMbHbIX COOBLLIEHMH.

Paccmotpim BTopoit BapHaHT. Cxema et € ABYXMITOCKOCTHBIM -
3QMHOM MPUBENEHA HA puC. 4.

[Py yNpoLLEHHOM OMMCaHMM MOAenH (6e3 M30BPAXEHHBIX MyHKTH-
POM JIHWMM, KOTOPbIE B MyTSIX CUTHQNM3ALM HE UCTIONb3YIOTCS) KOMMHECT-
BO SMIEMEHTOB B 3TOM cxeme cocTassisieT 36, A KONMYECTBO OCHOBHBIX My-
Teit — 16. [Npr OMMCaHMM IOHHOM CXEMbI HEBO3MOXHO YKPYMHMTb Srie-
MEHTbI 1 COCTOSHYSI, TOK KOK POCTIOPQUIIENMBAHME B AGHHOM CXeMe Mpo-
M3BOIMTCS! HO BCEX YPOBHSIX, HAYMHOS C NepBbIX SriemeHToB. Cxemy ¢ Ta-
KM YMCTIOM COCTOSIHMIA HE YQETCS POCCHMTOTb GBTOMOTMYECKM B CBSI3H C
ONPOHUYEHMSIMMA BbILLIEYTIOMSIHYTOM MPOTPCMMbI MO PABMEPHOCTH.

B [3] ykassisaercs, 4to Havbonee MPOCTbIMM M TOUHBIMM SBROTCS
ouerku Jlnureaka-Ywakosa (OJTY). Ons nonyuerms npurogHoi mns
npakmki HkHed OJTY mcrionbsyetcs cets, npepcTaensioLas coboi
NapQNENsHOe COBAMHEHME HENEPECEKAIOLLMXCS (T.e. He MMEIOLLX 0b-
Lyix pebep) NpocTbix (Ge3 LMKIOE) MyTeit, B KAKAOM 13 KOTOPbIX BCe pe-
6pa AAHHOTO MyTH COEAMHSIIOTCS NocneaoBaTensHo. Ecnm paccmarpu-
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Puc. 4. Mogenb aeyxniockoCTHOro An3aiiHa Ha dparMeHTe ceTu

MI'MH TenedoHHoM cesian

BOTb MOJIENb, M30DPCKEHHYIO HO PUC. 4, 6es MyHKTUPHBIX SMHMIA, TO B
HIKHIOIO OLIEHKY BXOLSIT 18O NAPQIUIENLHO COBOMHEHHBIX MyTH, Ayist KO-
TOpbIX kO3ppMLMEHT roTosHocTH cocTasnseT 0,9999973, cootsetcray-
towid HerotosHocn 30 muH 3a 21 rog n 5 mec. Mpu sapeiictBoBaHMM
TAKKE M30BPAKEHHBIX MYHKTUPOM JIMHWA MOMy4Oem 4 NapauienbHbIX
Ny ¢ 0bLM KoapdHLeHToM rotosHocT 0,999999999993. Cyue-
ToMTOrO, 4TO HKXHsit OJTY, No onpepeneHHio, SIBNRETCA AOCTATOHHO CNa-
60M, peanbHbii KOIPDULMEHT TOTOBHOCTH CXEMBI, M3OBPAKEHHOM HA
puc.4, BygeT elug Bbilue.

3 51X pesynsTaToB criefyeT BbIBOA, YTO HOIEKHOCTL CXEMbI CiBYX-
MUIOCKOCTHBIM [IM3AAHOM SIBISIETCS YPE3MEPHO M3BLITOHOM, BCrieaCTBMe
4YEro AOMONHUTENbHBIE 30TPATbI HA YABAMBAHME OBOPYAOBAHHMS Y3108 U
JIMHUA MPK ABYXMNOCKOCTHOM ap3aiiiHe B cetsix MTMH Ha 6ase obopy-
AoeaHys Softswitch sensioTes HeONPABAAHHBIMM.

Jlureparypa

1. MNpaBina NPOEKTMPOBAHMSI, CTPOWTENBCTBA M SKCTUTYATALMM BOSIOKOHHO-
ONTUYECKUX NMHUI nepeaay no BJT Hanpsxerms Gonee 110 kB. MutaHepro
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O npobneme neperpysok B MynbTUMEANHbIX

|P-opreHTHMpOBAHHBIX ceTax

Byaywee cetesi onepatopos casian HesoamoxHo npeactasmms 6es nogcictemsl IMS (IP Multimedia Subsystem). Akmvetbiit

nepexon K NoHOCTbIO IP. ~OPHEHTHPOBAHHbIM CETAM A1 NPEAOCTABNEHUA MyﬂbTMMeﬂMﬁHle YdIyr, BKIKOYAs rofIoCoBbIe yCiTy-

™, CTaBUT HOBbIE BOMPOCh! O BO3SMOXHbIX NEPErpy3Kax B CETAX CBA3M U Heo6xo,qt4mocm GHQ/IM3A BO3HUMKHOBEHMA Neperpy-

30K 1 criocobos mx npeaynpexaeHus. CurHanbHb Tpaguk B IP-opreHTpoBaHHbix cetsix nopoxaaembii npotokonom SIP

(Session Inifiation Protocol) mpu ycrarosnetmm, MogmpukaLym M pasbeaHeHM CEQHCOB CBSI3H, CYLLECTBEHHO OTIMHYAETCA OT

curHansHoro Tpaguka OKC 7 B pammmoHHbIx ceTsx cesian. B goknane nokasaHa HeobXomMOCTb MCCTIEROBAHKS NEPErpy-

30K B CETHX, MOCTPOEHHbIX Ha 6ase nogcuctems! IMS.

Peiimep O.A.,
[Hypexrop denaprameHTa MHTerprpoBaHHbIX GU3HEC peLLeHms,
JIAHUT,

reimer@lanit.ru

BeseneHnne

BypHbIit pocT uHTepeca k |P-opreHTPOBAHHBIM CETSIM 1 OKTUBHBIM
nepexop ONepaTOPOB CBSI3M K MPEAOCTABNEHMIO MySTBTUMEMMHBIX YCITyT
Ha 6ase nopcmcrems! IMS (IP Mulimedia Subsystem) otkpsisaet nepen
OMepaToPaMM LLMPOKME BOMOXHOCTU MO KOHBEPTEHLMM TEXHOMOTMIA 1
CMocoboB NPeHOCTaBeHMs YCIyT. Mcrosb3oBaHMe NAKETHOM KOMMYTA-
Lmm v npotokona |P ons nepenaym M AGHHBIX M ronoca no3BossieT CyLue-
CTBEHHO PACLUMPMTL CMEKTP YCITYT C OfIHOM CTOPOHBI, HO B TO XE BPEMs!
CTOBMT HOBble 30Q4M MO obecriedeHmio TPeBYeMOoro KauecTsa npeao-
craensiemsix ycnyr. [penoctaerneHie ycyr ¢ Tpebyembim ypOBHEM Kaue-
CTBA B MyTbTUMEMMHBIX |P-OpHEHTUPOBAHHBIX BO3MOXHO MK OTCYTCT-
B1M BIIOKMPOBOK B CETM MM BBINOSHEHMM CBTOMATUHYECKMX MPOLISAYP C
MCTIOSb3OBAHMEM MEXTHM3MOB YNPABIEHHMS NEPETPY3KAMM.

Mynbtumenmittbie IP-opueHTpoBaHbIHE ceTH

Maest noctpoeHis MoburisHoi ceti Ha 6ase IP texHonomit npopa-
Garsisanack koHcopyymom 3GPP (3rd Generation Partnership Project)
[1] anst cetert mobBunshon cesan. Mepsast cremdmkarys 3GPP nosen-
nacs 8 1999 rogy u Hocuna Hassarme 3GPP Release 99 [2]. B Heit srep-
Bble GbUTM BBEAEHBI KNacchl kavectsa obayxmearms QoS (Quality of
Service) 1 HaMeuEH PEBOMIOLYOHHBIM NEPEXOR, OT CTAHAAPTU3ALIMK yC-
NYr K CTAHOAPTU3ILMM BO3MOXHOCTEN MPEfoCTaBReHms yaryr (Services
Capabilities). Mocne storo 8 3GPP Havanu paspabarsieats koHuenutio
MOBMIIbHOM CeTH, MONHOCTLIO HasupytoLLeiics Ha npotokore IP Ho B cn-
ny TPYHOEMKOCTU 30/Q4H, ee peLueHie Bbino pasbuto Ha Release 4[2]
u Release 5[2]. Apxurextypa IMS, nonHocTsio 6asupytowasicst Ha 1P
Briepable 6bina npeacraeneHa s Release 5. Mpeanonaranocs, 4ro oxa
[OMKHA CTATb HE3OBMCMMON OT TEXHOMOMMM IOCTYNA M MOAHOCTHIO Ha3u-
pytoLuerics Ha [P cetesoit apxurextypoit. B Release 6[2] & apxirextypy
IMS Bbim BBEmEHbI M3MEHEHMS, O TAKKE MOSBMIACH MOAAEPXKA
Wireless LAN cereit. Bnaropaps pabote rpynnsi TISPAN, Release 7[2]
3GPP pobaemn nopaepskky Pp1KepoBaHHbIx cetei m IMS crana ocHo-
BOWM M I1sl CeTeit (MKCUPOBAHHOM CBSI3W CIIEMYIOLLErO MOKOSEHHS
(NGN, Next Generation Networks).

OcHoBHbIMM dyHKUMOHAHBIMK SnemeHTamn IMS sersiotes Mo-
OyNb, peanmsylolpii - yHKUMIO ynpasneHus ceaHcamm cesian CSCF
(Call Session Control Funcfion) u cepeep pomatummx aboreqtos HSS
(Home Subscriber Server), dakmuecku sensiowmiics 6azoi nonbaosa-
TENbCKUX [OHHBIX.

B cocras mogynst CSCF srntoueHs! Tpm byHKupm — dyHKupsi obcsy-
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xveanmns (S-CSCF, Serving CSCF), dyHkums sanpoca (Inferrogating
CSCF, I-CSCF) u ¢yrkupa npoxen-cepsepa (P-CSCF, Proxy CSCF).
DyHrupn S-CSCF npepHasHaveHa anst pemctpaiymn aboHeHTos B 6ase
AaHHbIX HSS, a Takoke ocylecTsnseT KOHTPOSb M yNpaBeHMe CeaHca-
mu cesian. Pynkups -CSCF peanmsyet focTyn B JOMALLHIOO CETb M, B
CTyHaEe HEOBXOAUMOCTH, MOXKET BbINOMHSITL PYHKLIMM CETEBOTO SKPAHA,
cKpbIBast BHyTpeHHtoto Torosnormio ceti. Pyrkuys P-CSCF obecnieumsa-
€T MepByIo TOUKY KOHTAKTA i TepmmHaria IMS, a Takke Mosxer ebinos-
HSITb LLIMPOBAHME 1 OxaTHe coobLuermid. BaxHo, uto B obluem cyyae
NPV YNpaBReHiM ceaHcamm cesan dyHkLMoHanbHsle yanst IMS (aanee,
ans Kpatkoc — yaribl IMS) obMeHMBAIOTCS CHTHATBHBIMM COOBLLEHHS-
MM M CO3QIOT CUTHQUbHBIMA TPAMK, KOTOPbINA AOMKEH OBCITY>KMBATHCA C
30[10HHBIMM NAPAMETPAMM KAYECTBA, KOTOPbIE MOTYT OMPEaENsTbCs Tpe-
BOBAHMSAMM CTAHAAPTOB, A TAKKE COMIALLEHMAMM 06 YpOBHE OBCITYXM-
sanus (SLA, Service Level Agreement). Yansi CSCF obmermeatotca mes-
ny coboit coobLuermsmm npotokona SIP a anst obpatleHis k cepsepy
HSS wcnonbsyetcs npotokon Diameter. Tepmurans: aboertoe (UE,
User Equipment) coeguhsiotcs nocpencraom yanos P-CSCF Tex ceteit, B
KOTOPbIX OHM HO [IOHHBIA MOMEHT HOXOOSTCS M Yepe3 3T bYHKLMM B3
MMOZEMCTBYIOT C APYMMM y3niamm IMS, HOXORALLMMMCS B MX LOMOILLIHMX
cetsx. [Npu pemctpaLym aboretta B Hekotopoi cetu, pyHKumst P-CSCF
5TOW CETU OMPEENsIeT AOMALLHIOIO CETb ABOHEHTA M COOTBETCTBYIOLLLYIO
dbyHrupio S-CSCF, B koTOpPOI OH 0BCIYKMBAETCS.

OcobeHHOCTM MEXAHM3MA YNpaBeHus
neperpyakamu curHanbHoro Tpaduka

BaskHbim 3eeHom B nopcucteme IMS siensietca npotokon SIP (Session
Initiation Profocol) [3], BeinonHstoLmit ponb ocHoBHOrO MpoTokona cur-
HQMM3ALIMM, KOTOPBIM MCTIONB3YETCS A4Sl YCTAHOBMEHMS, MOIMMKALAM 1
pasbemyHeHus cearcos cesian, aHanomuHo OKC 7 gnst cett GSM m ns
MHTESNEKTYQITbHOM CETM CBSI3M.

[Mpotokon SIP nossonsiet ycraHaenmears ceccum, Nepenasasi Coma-
COBQHHbIE MEXY MHULIMATOPAMIM COEIMHEHMS MOPAMETPLI M COBMECTU-
Mble Wbl MeAMOAaHHBIX. SIP 1cronbayeT Tak Ha3bIBaEMbIE MPOKCH-Cep-
Bepbl Ast Gonee 3¢PeKTMBHON MAPLUPYTU3ALMKM 3AMPOCOB TEKYLLETO
MECTOHAXOXAEHMS! MOTb30BATENS, ErO AYTEHTUDMKALMM M ABTOPH3ALIAM
W [PYTUX PASTIMYHBIX YCITYT, O TAKXKE OCYLUECTBIAET PYHKLIM MOPLLPYTH-
3aUMM, pemcTpauum nonb3sosarenei v ap. CylLecTByeT MHOXECTBO Mpu-
TIOXKEHMHM, TPEBYIOLLWX YCTAHOBMEHHS W YNPABIIEHMS COBIMHEHMAMM, [ae
ceccys NPEACTABNSET COBOM OBMEH AAHHBIMM MEXTY HEKOTOPbIM KO-
YECTBOM Y4ACTHMKOB. BHeapeHite NogoBHbIX MPUIOXKEHHMI OCOXHSETCS
MOBEAEHMEM MOMb30OBATENEN, KOTOPbIE MOTYT MEPEMELLATHCS MEXIY
OKOHEUHbIMU YCTPOMCTBAMM, MMETb HECKOSBKO CPECHBIX MMEH, OFHO-
BPEMEHHO MCMOMb30BATL PA3NMYHBIE MyTETUMEAMA Cepaichl. Hekoto-
pbi€ MPOTOKOTbI MOTYT OCYLLECTBISTL NEPEAAYY PA3HBIX TUMOB AAHHBIX B
PEXMME PEQITBHOTO BPEMEHH, TAKMX, KOK roNoC, BUAEO, TEKCTOBLIE CO-
obLueHws. SIP pabotaeT B COOTBETCTBIM C KOHLEMLMEN TAKWX MPOTOKO-
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FIOB, YCTQHQBAMBOS OKOHEYHbIE TOYKW (HO3bIBAEMBIE MOMb30BATENLCKM-
mu areqtamr UA) ans yCTQHOBREHNMS MECTOHOXOXAEHHS ApyT Apyra, d
TAKKE /151 COMIOCOBAHMS MAPAMETPOB CoemHeHs. [lis iokanmsaLmm
BO3MOXHbIX YHOCTHMKOB coemHenmst, SIP nopnepxveaeT coanaHme mH-
bpacTpyKTypbi ceTesbix XOCTOB (MPOKCH-CEpPBEPOB), HA KOTOpbIE MOfb-
3oBarenbekve areHtsl UA omnpasnsior coobLueHms o peructpaLim, 3a-
MPOChI HA YCTAHOBNIEHHME ceccuid. Takim obpasom, SIP sensiercst rvbrim
MHOTO(YHKLIMOHOUbHBIM MHCTPYMEHTOM CO3LCHMS, YNPOBNEHMS M 30-
BEPLLIEHHS! CECCMM, PABOTAIOLLIMM HE3ABHCHMO OT TPAHCTIOPTHBIX MPOTO-
KONOB 6OfIEE HU3KMX YPOBHEM, O TAKKE HE3GBMCUMO OT TUMA YCTAHAB-
NIMBOIEMOTO COEMHEHSI.

Hecmorpsi Ha nonynspHOCTL M yBENMUYEHUE KOSMYECTBA BHEAPEHMHA
B MPOMBILLTIEHHOWM SKCTUTYQTALMM MEXQHW3M YTPOBSIEH)S MEPErPY3KaMM
8 npotokore SIP manousyuyer. Xors npotokon SIP 1 obnapcer 6a3osbim
MEXOHM3MOM YNPBSIEHMS MEPErPY3KAMM, HO HO MPAKTUKE STOT QUro-
PHTM OKA3AICS MANOSPPEKTMBHBIM M HOCTO He CrIOCOBHBIM MPEROTBPG-
b neperpy3ky SIP cepeepos. Mpobnema craHouTes elue Gonee ak-
TYQUIbHOM B HOCTOSILLEE BPEMS], T.K. BHEOpEHMs CTaHoBsTCs Bonee Mac-
LTABHBIMM 11 OXBATLIBAIOT BCE GOIbLLIEE YMCIIO MOSTb3OBATENEN.

Meperpy3ka Ha SIP cepepax BO3HUKAET, €Cr MHTEHCUBHOCTb MO-
CTyrneHmsi COOBLLEHMI MPEBLILLICET BO3MOXHOCTM Mo 0bpaboTke coob-
LeHyi. [Tpu MOBBILLEHMM HArPY3KM MPOM3BOUTENBHOCT CEPBEPA Cy-
wectseHHo nagaet. Kpome storo SIP cepsep reHepypyer HyTpeHHite
COOBLLEHMS|, HAMPUMEP, 151 TOBTOPHOM MEPEACYM COOBLLEHMS, ECU He
6bn Mosy4eH OTBET HA NpefpiyLiee coobLueHie B Tpebyemoe Bpems.
70 NPUBOIMT K TOMy, 4TO MEPENPY3KA CEPBEPA MOXET BO3HMKHYTS U B
CTydae, KOTAO MHTEHCMBHOCTb MOCTYMIEHMS COODLUEHMIA MEHbLLE, HYeM
ckopocTb 0bpaboTku coobiueHmid. Takium oBpasom, neperpyska Ha of-
HOM CEpBEpPe MOXET MoBieyb 3a COBOM Neperpyski Ha COCEeaHMX Cep-
BEPAX M NPMBECTU K MEPErPY3KE BCEM CETH.

PaccMoTpHM MeXaHW3M BOBHUKHOBEHMS GrokMpoBok Gosnee mo-
ppobHo. [na obecneveHns HapexHbix coemHermin SIP-cooblueHms
[OMKHLI NepeaasaTscs nosepx npotokona TCP, opHako, MHoraa uenonb-
3syetcs HeHopexHoe UDP-coemyHeHne B 30BUCHMMOCTH OT TEXHMHECKMX
XOPAKTEPUCTHK OKOHe4HOro obopyaosarms. B stom cyuae st toro,
4TOBbI KOMMNEHCUPOBATL HEHOREXHOCTL Nepenaqn SIP-cooblueHui, SIP-
30MpOCkI NEPEAOTCs BHOBL, ECNM He Bbl MOsTy4eH QLIEKBATHBIM OTBET B
TeYeHMe 300AHHOTO MPOMESKYTKA BPEMEHN. XOTs Mepechiki MOBLILLAIOT
HOLEXHOCTb, OHM BbI3bIBAIOT NEPErPy3k curHansHow cetm SIP

. SIP Proxy A

|\ AreHT nonb3aosarens
(UA) ;
%, Monb3osatens A -~

Puc.1. Ceresasi crpykrypa npotokona SIP
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Ceccua

D O AR AR

Real Time Transfer Protocol (RTP)

WHTepHeTt

Ha Pue.1 npencrasnera mmmiHas ceesas cpyktypa npotokona SIP
lMNepen YCTAHOBNEHWMEM CECCMM MeXTy Bbi3biBAIOLYM (Monb3oBaTENb-A
(user A) Ha Puc.1) u BoisbiBaembim (nonbsoearens-B (user B) Ha Puc.1) nx
nonb3oearensckue areHTs! (UA) obmermsaiotes nbopmaLyer, Heobxo-
LVMOM [ifisl YCTQHOBMEHMS ceccum nocpeactsom SIP-curHanmaaym, koto-
POt OCYLLECTBIISIETCS MOCPEACTBOM OTMPABKIA 30MPOCOB M OTBETOB Yepes
npokci-cepeeps! SIP Mpuyem MyT JOCTOBKM TAKMX 3AMPOCOB HE3OBMCH-
Mbl OT Myt ycTaHoBrenms cecann. Ha Puc. T obmen curtanibHbimi SIP-co-
OBLLIEHWSIMM MPOMCXOIMT MEXTY COCEIHMMM KOMMoHeHTamu cet 1, 2, 3.
Mpucsameas agpec SIP URI, kaxkapiit npokeu-cepaep SIP eeinonHser Map-
LUPYTM3ALWIO 3CMPOCOB M OTBETOB MpoTokond SIP

Ha puc.2 npencroeneHa TMIMYHGS BPEMEHHASH JMArPaMMA YCTa-
HoeneHws SIP-ceccim. Monbsosarens-A sanpalumeaer nonssosarens-B,
MCrIonb3yst ero yHMKanbHbIM MaeHTHgmrkatop SIP URI, nocbinas emy nep-
BoHauarbHo coobiueHs Tina INVITE. Ysen, nonyumsLumii Takoe coob-
LeHme, Bo3spatuaer npeagapurentHeiit oteet 100 Trying, noarsepsxaa-
towit nonyyerne INVITE v copepatumii napameTphb! fisi npoponxe-
HMS YCTQHOBIIEHMS! CECCUM, M B ClTydde yCriexa norb3osarens-B sosspa-
waet 180 Ringing. Korpa nonbsoearens-B oteeuaert, ompasnss coob-
wetme tuna 200 OK, 1 nonbaosatens-A nonyyaert ero, oH HEMEAIEHHO
oTnpaBMsieT 0bpaTHO noaTBepxaeHMe ycraHosnerms ceccn ACK. Kak
TOMLKO 3TO MPOM30LLYTO, 06A MOML3OBATENS OBMEHMBAIOTCS PAAYHbI-
MM MySTSTUMEMA MAKETAMM, M MO OKOHUOHMM BbI3OBA CTOPOHO-MHULIMG-
Top otnpasnsieT coobLuerue Tuna BYE ans saeeplueHmst cecomm.

Basoebiit MexaHMam ynpasnenus neperpyskamu B SIP npotokone
vcnons3yet kog, owmbku 503 (Service Unavailable). B criyuae ecrm SIP
cepBep He MoXeT 0BpaboTaTb 30MPOC M3-30 BPEMEHHOW NEperpy3kM,
TO OH OTKIOHSIET 3anpoc ¢ kopom olwmbku 503. TNeperpysxerHbii cep-
Bep MoxeT aobaewTs Retry-After saronosok & SIP coobuierie 06 owmb-
Ke, YKO3CB BPEmsi B CEKyHLIOX, B TEYEHWE KOTOPOTO CEPBEP HE XOUET Mo-
Ny4aTb KAKUX-MB0 coobieHnit ot ompaeutens. OmpaeuTens, npe-
KPOILLIGET OTMPABKY COOBLLEHWI HO STOT NEPMOL, BPEMEHM M BO3OOHOB-
TIAET MOCSIE €r0 OKOHUAHMSL.

Kpome storo, npotokon SIP npepycmatpreaet aga mna npoveayp
MOBTOpHOM OTMpaBkK coobLuermi [4]: coobuerms INVITE u octansHsie
(200 OK, BYE, ACK), npudem spems ompaeku T1 onpegeneHo & foky-
mente RFC 3261(3]. Mepecsinka coobiuermii INVITE co cropors! ke
TO MPOVCXOBMT C NEPBOHANATEHbIM MHTepBanomB T1 cexyHa (sHauerne T1
ro ymonuaHmio paero 500ms), KoTopbiit 3aTem YABMBAETCS MOCTE KOX-

: SIP Proxy B

-»
AreHT nonb3osarens

£ % (UA)
“~.[lonsbsceatrens B

149



Wctounuk SIP UA

MonyyaTtens SIP UA

(Monb3osatens A) SIP Proxy-a SIP Proxy-h (Monb3osatens B)
® )
[\__INVITE J D NVITE @
| | 100 Trying |‘ : PP \_INVITE s
gy o rying 100 Trying
v . \/ 180 Ringing
180 Ringin
180 Ringing — 200K~
. 200 0K — 2
200 OK o) |
ACK R =1
’ ACK R ACK /.
{7 Cocomnycrawosnewa
n BYE
[ i EYE o BYE R
PN
1) 200 OK
| | 200 OK ‘
|| 200 OK )

Puc. 2. BpemerHas prarpamma obmera SIP-coobiueHismu

FIOM Nepenaqy MaKETOB, M MPEKPALLIAETCA B ClTyuae, KOrId MofyyeH Tpeby-
€Mblif OTBET WM KOO C MOMEHTA MepBOM OTMPaBKM MpoLwio Gonee
642T1, 10 ects 32 cexyHap!. [TosTopHas Nepecbika COOBLLEHMH, OTTMY-
Hbix ot INVITE (200 OK w1 BYE), npoumcxogur uHave. B RFC 3261 sonan
uHTepBan T2: 3aMpoCck! BHOBbL OTNPABNSIOTCA Yepes Bpems T 1, kotopoe ya-
BAMBAETCA 15l KOKIOTO CrIEyIOLLETO MEPechIaEMOro MAKETa, Moka He
AocTvraer aHaverms T2 (o ymonuarmio pasHo 4 cexyHaam). B coomsetcr-
i1 co craHaapTrom RFC 3261, coobuenys una INVITE nepecsinatorcs
7 pas, a 200 OK m BYE — 11 pa3 B 0bLuem UTOre, HTO MOXET HEraMBHO
BIIVSITb HOl MPOM3BOMTENTBHOCTL CUTHATBHOM CETU B LIESIOM.

MprMepbl NpocTeiilMx Moaeneii ynpasneHus
neperpyskamy

Paccmotpim crpykrypy curtansHoi SIP-cetn Ha puc. 3. Mctoum-
kamu siensitotcs nonbaoearensckie SIP-arentsl (UA), nokasaHHbie ksag-
PATUKAMM B IEBOM HACTU PUC. 3, COBAMHEHHBIMM C POYTEPAMM, 0BO3HA-
yeHHbIMM Kpyxkkamu. [Mpokeun-cepsepbt SIP, obosHadenHble keappamit-
KOMM CEPOTO LIBETA, TAKKE CoefMHeHbl C poyTepamu. Obnact, okpy-
XKEHHbIE MyHKTVPHBIMM JIMHMSIMM, COCTABASIOT AOMEH, MPMYEM KaKpIM
0 ~ n-1 nomeH copep>xuT m nonb3osarensckux areHtos UA n oguH npo-
ken-cepeep SIP. Jomet n BrsitodaeT B cebst N X M Mosty4aTeneit-nonb3o-
BaTenbckux arentos SIP (0BoaHaueHHsIX B Mpaeoit Yaci puc. 3 Hebob-
wimn keagpatamu) 1 ouk npoken-cepeep SIP Poyrepsi O ~ n-1 co-
eIyHEHbI C POYTEPOM N, A MyTW MAPLLPYTU3ALIM Cecchit (0BO3HAaEHD!
Ha pyrC. 3 MyHKTMPHBIMK CTPENKAMM) HE3ABUCKMBI OT MyTEH PACCHUTKM
SIP-coobLuermit. Bce nx m nap mctouHmios 1 npuemumkos UA moryT yc-
TAHOBSMBATH CECCHM, M €CTM KAKIbIM MPOMEMHIMK HOXOMMTCS B OMEHE N,
70 Bce SIP-coobiueHus Hanpasnsiotes Ha npokeu-cepsep SIP, uto B Ta-
KOM CITyHae MOKET MPMBECTM K OBPA3OBAHMIO MPOBKM HO CepBEpE.

YrpaBneHme neperpy3kamm MOXET BbiTb KK SIOKQUTbHbIM, MPMMEHS-
€MbIM Ha KOHKpeTHoM SIP-cepBepe, Tak M pacnpeaeneHHbIM, BKITIOUAIo-
Ltx Heckonbko SIP-cepsepos.

[NepBbii ANrOPHTM NIOKANEHOTO YMPABIEHMS — STO MPOCTOM CUTFOPHTM
bang-bang control (BBC)[4]. B pamkax annapara teopmn maccosoro o6-
TITY>KMBAHYS CUCTEMA rocTyriienms SIP-coobiuermi Ha cepeep — 3T cit-
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CTEMA C O4epebio 3aAHHOM emkocTh B, ¢ aucupnmHoi o601y>|<|450m49|
FIFO, npuuem Bpemsi o6cry>xmBaHMs TOKMX COOBLLIEHNI HO CepBepe 30BM-
anr ot mx na. OBbiuHo coobierms Tna INVITE tpebytor 6onbiue Bpe-
MeHM, YeM OCTCUbHbIE, MOCKOMbKY OHM MPEAONANQIOT TKXKE NPeaBapH-
TenbHbivt 3anpoc SIP URI 8 6aze aanHbix [3,4]. Beenem asa noporoesix aHa-
YeHwst HamonHewws odepenut h 1 | ¢ Lenbio oBHapyxeHrst Neperpy3ok: ec-
nv B oveped HaxomuTes Gonee h sasBok, To npokeu-cepeep SIP nepexo-
[T B COCTOSIHME MEperpy3ky, BIOCTEACTBMM, XM YO 3asBOK B Bydepe
CTAHOBMTCS MeHbLUE |, cepBep cumTaeT neperpysky MkenamposarHon. Ta-
K/M OBPA3OM, CEpBEP MOXET HOXOOWTLCA B [IBYX COCTOsSHYSIX: PaBOUEM
"normal" 1 coctosHum neperpysku "congesfion”, 1 nepexoppl 13 0HOTO B
[PYTOro MOXHO OMMCATH CrIEMYHOLLMMIA HepaBeHCTBaMM. Ecnmn x — konnue-
CTBO 3QSIBOK B O4EPEMIM, TO B CTALMOHAPHOM pexxime aarHoi CMO cep-
BEp nepexopyT B coctosiHue "congesfion” npu x > h 1 BosspaLuaetcs 0b-

MUcTouHuk Monyuatensb

/$IP UA
# SIP Proxy 0

Ao e e I

(i
‘
]

L E ]

Puc. 3. Mogenb curHansHoi cetn Ha 6ase npotokona SIP
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patHo npu x < |. Koraa cepeep HaxomuTes B coCTORHMM NeperpyskH, cur-
HartbHas ceTb SIP perymmpyet nocTyrinieHme HoBbIX BbI3OBOB, M €C/M B OBbI4-
Hom cryuae npoken-cepeep SIP ompasnsier "100" 8 oteer Ha 3anpoc
"INVITE", 1o 8 aaHHOM — BosspaLuaet "503", 4to o3Hayaer, Yto cepeimc
renoctyner. Cormnacrio RFC 3261, koraa merourmk SIP UA (knvenT) nony-
yaer oteet ¢ kopom "300-699", oH gorke B Teuere Bpemern D (pasto-
ro 32 cexyHEaM MO YMOMHOHHMIO) OCTBATECS B COCTOSHMM, KORAC OH HE MO-
xeT nockiaTs coobiuenys "INVITE". Perynmpys nocryrineHme HoBbIX Bbi3o-
BOB M3MEHEHMEM 3HAUEH)S! D, MOKHO YMEHBLLIMTB M BPEMEHHO SIKBIIM-
POBQTb HAMPY3Ky HAl CETb.

Bropoit anropitm IokasibHOro ynpasneHms Ha3bIBAETCS OCCUPANCY
(OCC)[5], & xotopom exoaswpe INVITE sanpocs! npuHmmatoTes ¢ Bepo-
sTHOCTs f (M oTiokstoTes ¢ sepostHocTio 1-f). Anropytm OOC 6asu-
PYeTc Ha TOM, 4TO Harpy3Ka (3aHsTocTs) Ha cepeep pasHa P. Llensio
QUIIFOPUTMA SIBNSIETCA [MHAMUYECKOE PEryfIMpoBaHMe 3HaveHus f ans
MOAASPXAHHS KOSPULIMEHTA HAMPY3KM HA YPOBHE Wik HIKE MOMy4eH-
HOTO LIenesoro 3Hauerws P, . Harpyska p nepropyiecku obHosnser-
st Kakable T CekyHg.,

Kaxaple th MomeHTeI BpemeHH KospdMLMEHT Harpyski P, 0BHOB-
SHETCA M CPOBHUBOETCH C P, . OCHOBHOS Wiies QIITOPHTMA COCTOMT B
yBenMueHmm sHaderms f, ecm p < Plorg ¥ YMEHbLUEHMN B MPOTUBHOM
ayuae.

PasymHoe yrpaBrieHne peTpaHCIISLAMM OTBETOB MOXKET MO3BOMNTL
MPELOTBPATUTL OTMPABKY JILLHMX KOMMiA MOTEPSIHHBIX COOBLLEHMH 1 Ta-
KV M OBPOI3OM YBESIMUMTb MOCTYMCIOLLYIO HAMPY3KY.

Bmecto nmpocmotpa coobLueHmi, NOKAbHOE YnpaBreHmMe nepe-
rPY3KaMM MO3BOMSIET GAEPXMBATL PETPAHCTSILMM MPK OTKa3e B obcry-
x1BaHMM. Kpome Toro, koraa cepaep MOXeT OTKIIOHMTL MHOMBHLYQIbHO
KODKIbIM 30MPOC, OH MOXET SIETKO BbIBPATH M rPyiNy 3AMpPOCOB st OT-
KIIOHEHMS], TEM CAMBIM "'CIOKMBATL" KOHTPOb OBCITYXMBAHMS MOCTYNA-
IOLLMX 3aMPOCOB. [Tk STOM NIOKANBHOE YNPABMEHME NEPErpy3KaMM He
TpebyeT obbemHEH/A CEPBEPOB.

B cBoto ouepenb pacnpeneneHHbie MEXQHU3MbI YNPABIIEHS Nepe-
FPY3KQMM MO3BOISIOT 3AMPYKEHHOMY CepBEpY M3BOBMTLCS OT HEOOXO-
AMMOCTU PETPAHCTISILMM 3AMPOCOB HA APYTHe CEPBEPA MO MOPLLPYTY.

Mpn pacripeneneHHom ynpaeneHnu neperpyskamu SIP-cepeepa
308eCTBOBAHbI B 0becriedeHi oBpaTHOM CBA3K (st KOHTpONs Nepe-
rPY30K) C cepBepaMi, KOTOpbIE PACTIONAGIOTCS AATbLUE B CETH B HO-
MpaBfEeHMM nepechinku coobiuermin. OBPATHOS CBSI3b A7ist KOHTPONS Me-
perpy3KM MOXET OCYLLIECTBITLCS, HAMPUMEP, 301 CHET Nepeaayn Hgpop-
mamn B saronoekax SIP-oteetos [6]. Lipkn obpatHoi cesiau ans koHTpo-
111 Neperpy3Kk1 MOXET BbITb MPUMEHEH KK Mesky napamm coceapmx SIP
cepeepos Ha ecem maplupyTe (Hop-by-hop), Tak ' uertpanmsosarto,
obecriedneas ckBo3HOE ynpaeneHme Ha scem mapLupyte (End-o-end).

HeadbdexmBHOCTb paBOTbI MEXAHWU3MA YIPABSIEHHMS NEPErPY3KAMM
8 SIP npotokone uccnenosata B pabote [7], B kotopoit Gbino npoeene-
HO MMMTOLIMOHHOE MOLENMPOBAHME HO HECKOSTbKMX TOMOSIOMUSIX CETH C
MCMONb30BaHWMEM NpencTaBnenHbix anroputmos BBC (Bang-Bang
Control) 1 OCC (Occupancy Algorithm) & pasmiiHbix Mopensix KoHTpo-
N1l MEPErPy3KaMM, B PESyNLTATE KOTOPOTO MOKA3AHO, YTO MCTIOMb30Ba-
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(a) Mowaroeoe (b) CkeosHoe

Puc. 4. Mogen pacnpepeneHHoro ynpaenerus neperpy3akamu

HUE MEXAHM3MA PETPAHCTISLMM PasnuuHbiMi SIP-Tarmepamm nprsoT
KOK K MEperpy3kam CepBEpOB, TOK M MOXET BbI3BATb JIABUHHYIO Mepe-
rPY3Ky BO BCEM CETU.

Heobxommmo panbHeliliee Gonee OeTanbHOE M3ydeHWe Mopenei
enrHansHoro SIP-Tpadmka B maciTabe Beert cetu. PacnpenenenHsle an-
TOPUTMI YIPABNEHMS SIBNSIOTCA Bonee SpEKTUBHBIMM A71st NPEOTBPa-
LLISHMS MEPErpy3Ki1 BCEM CETH, HO M CyLLIECTBEHHO Bonee CrIOXHbIMM 1
TPYAOEMKUMM MO CPOBHEHHMIO C QITOPUTMAMIM JIOKQUTLHOTO YMPABIIEHMS.

3akniouenne

YeenuueHne maclutabos BHepeHHs MynbTmenmitHbix [P-opuerTy-
POBAHHBIX CETEM 1 BypHBI POCT YA MONb3OBATENEN CTABUT HOBbIE
BOMPOCH! B UCCTIEAOBOHMM MEXAHM3MOB CHTHANM3ALMK Ha Base npoTo-
kona SIP. Cyiectsyiolpe MEXQHM3MBI YNIPABNEHWS NEPETPY3KAMM B
npotokorie SIP sensitorcst HeadhEKTUBHBIMMU 1 TPEBYIOT LOMOSHUTENBHOM
MPOoPABOTKM 1, BO3MOXHO, Pa3BMTHMS M OPABOTOK B MpoTokone. Mcarne-
[OBOHME MOENE NOBEAEHMS MOMb30BaTeNei 1 cepaepos B cet IMS 1
6ornee ryBoKMiA AHAM3 PABOTHI MEXAHM3MOB CHTHOU3ALMM B KPYTHBIX
IMS ceTsix no3sonmT NoBbICKTL CTABMIEHOCTL PABOTLI CETH M ObecreumTs
TpebyeMmblit ypOBEHb KAYECTBA YCITyT [if1sl NONb3OBATENEN.
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MeTtoauka nony4yeHUs HUXHUX OLEHOK KO3 PULMEHT
FOTOBHOCTM TPAKTA B CUCTEME B3AMMOCBSA3AHHBIX

konbuesbix ctpyktyp SDH

Pacuer KOBCP(#MLMEHTO FOTOBHOCTM [J14 TPAKTA, MPOXOAALLEro no cncreme B3aMMOCBA3AHHbIX KOJbLIEBbIX CTPYKTYP, B O6U4€M

Cy4ae 3aTpyAHeH B CBA3M C HeO6XOﬂ!/1MOCTbiO y‘-iéTCJ 30BMCHMbIX 371EeMeHTOB. B cratbe npeanaraeTcs MeTop, HWKHEN OLIeHKM KO-

3¢PULMEHTA FOTOBHOCTM [Tl TPAKTA, mpoxogsiero o cetv SDH, ucrionb3yroLueit konbLesblie cxembl pesepsmpoBanms. [lo-

IPELUHOCTb METOAA MO CPABHEHMIO C TOYHBIM 3HAYEHMEM KOBCPC#ML{MEHT a rOTOBHOCTH HE MPEBbILLIAET 10 8.
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BeeneHnue

B kauecTse ocHosHOrO nokasarens HaexHOCTH ce obbiuHo [1,2]
MCMONb3YETCst BEPOSITHOCTb CBSIBHOCTH ABYXMOMIOCHOM CETU M BEPOSTT-
HOCTb MONyHEHMS COBIMHEHMS MEXTY ABYMS TOUKOMM CETH (HBYXTOMEN-
Hast HOBEXHOCTB). B OBLLeM cryae BEpOSTHOCTb CBSIBHOCTH ABYXMONIOC-
HO CETH HE MONHOCTBIO COOTBETCTBYET BYXTOMEHHOM HapexHOCTH. Pac-
YeT BEPOSITHOCTM CBSIBHOCTU YHMTLIBOET BCE BO3MOXHBIE MyTW MEXTY MO-
niocamu (yanamu). OFHOKO HA MPAKTUKE 3CTPYAHMTENBHO 30EMCTBO-
BOTb [y151 PE3EPBMPOBAHMS BCE BOMOXHBIE HO CETU MyTH MEXZY [BYMS
yanamu. PesepsupoBaHie 0BbIHHO MPOM3BORMTCS MO KAKOW-TO KOHKPET-
HOM CXeme.

B AaHHOM cTaTbe B KAYECTBE TAKOM CXEMBI PE3EPBUPOBAHMS PAC-
CMATPUBOETCS PE3EPBHPOBAHME C MCMONB3OBAHMEM CUCTEMbI CAMOBOC-
cTaHaenMeaowmxcs  kombuesbix  ctpyktyp  SNCP - (SubNetwork
Connection Protection — peseperposaHie coepmHenmin nopcet) n MS
SPRing (Multiplex Section Shared Profection Ring — konbLio ¢ coemect-
HbIM PE3EPBIMPOBOHMEM MySISTUTTIEKCHBIX CeKLiA). B kavecTse umcnoeom
XAPAKTEPHCTHKM [BYXTOMEHOM HOBEXHOCTW ByAEeM MCMONb30BATb KO-
sdbduyenT rotosroctv (Kr), onpenensemsiit, Hanpumep, & [1-3].

Buipasxerust anst pacyeta Kr M30n1poBaHHOTO KonbLa M3BECTHBI —
WX MOXHO HaWTH, Hanpymep, B [ 1]. OmHako mns cucTemsl CBS3AHHBIX KO-
new, BbipaxeHuit anst paceta Kr He MMeeTcs, BCneacTBie TOro Afist Kak-
HOTO Cryast OBLEAMHERMS KOTEL, HyXHO MOSTyHaTh COBCTBEHHOE BLIPA-
KEHME, 4TO A1 BOMBLLIOTO KONMYECTBA M PA3HOOBPA3HS BO3MOXKHBIX BO-

— 1 EBaor 1 Emox2 — 7 — Boox N |——

a} CxemMa MocieI0BaTeIEHOTO COS/THHEHHA
PYHELHOHANEHEIX OI0KOB

Puc. 1. Mpumepsl cxem ceTeit: a) nprsommmast, 6) Henpreoammast
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PMQHTOB COBOMHEHMIA KOSEL, B CETU CTAHOBMTCS HEBO3MOXHbIM. [1oaTO-
My HO MPaKTUKe B BOMbLIMX CETSX MCTIOMb3YETC METOR, PACHETa KO-
bHLMEHTA FOTOBHOCTU TRAKTG MyTEM MOMYHEHMS HAKHMX M BEPXHUX OLie-
HOK [l BEPOSITHOCTM CBSI3HOCTU [iBYXTMOMIOCHOM et [2].

CyLuecTBytoLupme METOIMKM PACHETA HOJEXHOCTH ceTel BasmnpytoT-
CS1 HQ MOHSITVM MPMBOLMMBIX M HEMPMBOIMMBIX ceTel. [TpMBOAMMBIMM Ce-
TAMM SIBAISIOTCS BCE CETU C NOCTEAOBATENbHO-NOPAUITENbHBIM COSMMHE-
Hrem dparmeHToB cetu. [lisi MPMBOAMMBIX CETel MOAESb POCHETOB OC-
HOBQHA HO TOM MPEACTABEHMM, YTO BCEMIO MMEETCH MUHMMQUTBHAS CO-
BOKYMHOCTb BKIIOYEHHBIX MOCTEAOBATENBHO YHKLMOHQITEHBIX BIOKOB,
TOK YTO MOMHASH CUCTEMA PABOTOCNIOCOBHA TOMBKO B TOM CITy4ae, KOMAA
MCNPaBHBI BCe GIIOKM STOM COBOKYMHOCTH. [10STOMY A7ist OLIEHKM HOpex-
HOCTV NPMBOLMMON CETU ee Haubonee npocTas 0BOBLUEHHOs MOZENb
NPEACTABMAETCA B BIAE LISMOYKM NOCTENOBATENBHO COSAMHEHHBIX ByHK-
LpoHanbHbIX 6rokos (puc. Ta).

Kaaiit 13 31X byHKLMOHAUbHBIX BIIOKOB MOXET MPEACTABSISTL CO-
6O Y371 UIIW TIAHUIO CETU MITM MOXET MMETb COBCTBEHHYIO CXEMY pe3ep-
BMPOBQHMSI, HAMPUMEP, CXEMY MAPQIIIENBHOTO MK KOSTbLIEBOTO pesep-
BMpoBaHms. OTMETUM, YTO M3ONMPOBOHHOE KOSIBLIO SIBAISIETCS MPUBOAM-
MOM CETbIO 1 MOXET BbITb CBEAEHO K NAPAIIIENbHOMY COBIMHEHMIO IBYX
LIerOYeK M3 3BEHBEB, COBAMHSIIOLLIMX MOSOCA MO BYM CTOPOHAM KOFIbLIT,
TOTAA KOK CXEMA M3 COEAMHEHHBIX C MOMOLLEIO 0BLMX pebep aByx 1 6o-
nee KOSbLEBbIX CTPYKTYP SIBASETCA HEMPUBOAMMON CETHIO.

[ npreoamMbIx ceTeit pacyeT KOSPOMLMEHTA FOTOBHOCTM MPOM3-
BORMTCS 15l Kaxkaoro 6roka, Aanee ayist o6beayHeHMst byHKLMOHQITbHbIX
6rniokoe. [nst Hempreommoit cetn pacyeT Kr He MoXeT BbiTb BbINOSHEH
TaK npocto. Haubonee npoctbim NprMepom HEMPUBOIMMON CETH siBfisi-
€TCS MOCTMKOBO CXEMA, M306paskeHHast Ha puc. 16.

TouHbIi pacyeT HOPEKHOCTH HEMPUBOOMMBIX CETEN SBMSIETCS JOCTO-
TOUHO CTIOXHbIM M TPYZOEMKYM, MOSTOMy OBbIHHO MCTIOSb3YETCs Criocob
OLIEHKM CHU3Y M CBEPXY HOIEKHOCTM HEMPMBOAMMBIX ceTel. [Tprmeps
TOKMX OLIEHOK MOXHO HOMTH, Hanpumep, B [2].

B aaHHOM cTaTbe At nostyueHms HkHel oueHiu Kr TpakTa, npoxo-
[SILLETO MO CHCTEME B3AMMOCBS3OHHBIX KOSTbLIEBBIX CTPYKTYP MPea/iara-
€TCA UCTONb3OBATL METOZ, TAK HA3bIBOEMO criew-oLieHku. CyTb MeTopd
3AKITIOHOETCS B TOM, UTO st MosyueHist Kr 30faHHOTO TPaKTa nosyHaem
CTPYKTYPY, KOTOPYIO HO30BEM "[IeMCTBYIOLLIOS CTPYKTYpA", KOrad M3 ce-

0) MocTHKOBas cXeMa
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TU BbIPE3QIOTCS TOMBKO Te KOSbLIEBbIE CTPYKTYbI, YEPE3 KOTOPbIE MPOXO-
WT [OHHBIA TPaKT. Ha ocHoBe AeiicTBytoLLEH  CTPYKTYPbI CTPOMTCS HOBOS!
"pacueTHas CTPyKTYpa", B KOTOPO# 06LLE PEBPA B KOSBLIEBBIX CTPYKTY-
pax flyBnmpyIoTCs, O CaMM KOTbLIA CBS3LIBOIOTCS Yepes y3ribl nepexond
PACCMATPHMBOEMOTO TPAKTA 13 OHOTO KOfIbLIG B Aipyroe. 3Ta CTRYKTYpd
otobpaxaet ToT GakT, 4To Pprsmdecku oblye pebpa cooTeeTCTBYIOT
ABYM NOPONENbHBIM YHOCTKOM (BOSIOKHOM MIH OMTUYECKMM KaHANaM).
Mo cym, npeanaraembiin MeTop, NpeacTaensiet coboit pacuet Kr gnsi no-
CNEAOBATENLHOCTH KOJIEL, CBA3AHHBIX HE C MOMOLLbIO 0BLLMX pebep, d ¢
MOMOLLIIO OBLLX Y3708, KOTOPbIMM SIBSISIKOTCS Y371bl MEPEXOAA TPAKTA 13
O[IHOTO KOFIbLI B ApYroe.

Marematnueckas dopmynuposka MeToaa creL-oLeHKH

PaccmoTpiM TPaKT, MPOXOpsLLen Mo CUCTEME B3AMMOCBS3AHHBIX
KonbLeBbIX cTpyKTyp SDH.

Hns popmynmposaHis MeTopa nonyyetis Kr BBenem psig 0603Ha-
YEHMIA:

B — nyTs npoxoxaeHis paccmatpueaemoro TpakTa; B = U B,

R — MHOXecTBO BCex KombLIEBbIX CTPYKTYP, MO KOTOPbIM MPEXommT
MyTb PACCMOTPMBOEMOTO TPAKTG,

B, — yacms nym 1pakTa, npoxopswas no vy Konbly, Te. ;

K; — mMHoxecTBo yuacTkos i-ro konbua B myT B,

N, — MHoxecTeo Bcex yuactkos i-ro kombua (N, > K)),

NAK: — MHOXECTBO BCeX YHOCTKOB -0 KOMbLIQ, 30 UCKIIIOHEHMEM
TeX, MO KOTOPbIM MPOXOAUT OCHOBHOM MyTb TPAKTA.

Torza ouetka Kr TpakTa, MpoxopsiLLero Mo cucteme B3AMMOCBS3AH-
HbIX KOMbLEBBIX CTPYKTYP MOXET BbiTb nostyseHa ro dopmyne (1):

Kz, = H Key (1)

i€eR
roe
Krg, — Kr uac nym B, seimcnsemsit no dopmyne (2) ans MS
SPRing v (3) mna SNCP.

HKe +2 ( Kz, )HKe (2)

leN,I#]

1-[1#e,, | T1Xe, )

Jjek, EN,\K,

= H Kew +
X, '

roe sz , jJeK, — Kr ysactkos i-ro konbLid, Mo KOTOPbIM MPOX0-
T (ocHOBHOM) nym Tpakte; Kz, , /€ N; —Kryuacrkos i-ro konb-
L1, MO KOTOPbIM HE MPOXOMUT OCHOBHOM MyTb TPAKTA.

3neck nop, "y4acTKoM KOsbLA'" OHMMAETCSt MySIBTUMIIEKCHOS CEKLMS
(MC), Brouatowwas, Boobie rosops, C yuactkos kabens (C ans -
MC) v E anemertor obopyaosaHms (E ons j-1 MC) (MYJ'IbTMI'IJ'IeKCOpOB

E 2

perexeparopos). Kr j-ro yuacTka konbLa ebiamcnsetcst no dopmyne (4):

-HK HKe,a,, (4)

e=l

Kr yuactka kabens (Kr, ) sermcnsiercs no popmyne (5):

2 =(K2,)" (5)
rae k — nporskeHHoCTb yuacTka kabens B kv; Kry  — Kr 1 kv kabens
ACHHOTO TUNC.

Takym 06pazom, yuntsisas dopmynsi (1)-(5) okoHuarensHo nonyua-
em crienyioLLee BbipaxkeHie st oLerHki Kr TpakTa, npoxopsillero no cu-
CTeme B3AMMOCBA3CHHBIX KOMbLIEBLIX CTRYKTYP ¢ 3awproid MS SPRing

(6) mm SNCP (7):

K2 oy vsspring) = {H Ke,;, Hszr ]
IER

jeki\ el =1

el ENizj\ el

[ [sz sz )] I [H Ko, HKZ J}
(6)

E c
KZ(W!/(SNL'P) = H {H [H Keuﬁbpt : H Kemq }"
£R

EKi\ e=1 c=l

ieR | jek; EN\K; \_ e=l

+[1_ Nl {H[H Ko, HK ]} I (H Ko,y HK2 ]}
(7)

roe (Ei-l ) o3Hauaer, YTo MpM pacdeTe ans -ro yuacTka He yunTbisaeTcs Kr
0BOPYAOBAHMS, YCTAHOBNIEHHOTO HO OAHOM koHue -1 MC, Tak kak B
MPOTMBHOM CrTyuae B OBLLE PpopMyne 3T0 0BOPYAOBAHME YUMTLIBANOCH
6b1 BBOXKab! (B CHITY 3AMKHYTOCTU KOMbLY).

Kr yuactka kabens Boiamcnsetcs no dopmyrne (8):

2 = (K2, )k (8)

re k— npotsixeHHoCTb yuacTka kabens B kunometpax; Kry  —Kr 1 km
kabens.

Mpnmep ouenkn Kr no npeanaraeMomy metoay

Pacemotpum TpakT, npoxomsui us A B D uepes 3 konsia MS
SPRing (puc. 2).

Iyctb Tpakr A-D npoxopur no yuactkam A-B, B-C, C-D. IMpw stom
yuacrok A-B npoxopur o konbly 1, siodatolemy 3 yuactka A-B, B-F
u A-F. Yuacrok B-C BxopuT 8 KonbLio 2, cocTosiuee 13 4 yuactkos: B-C,
C-E, E-F vt B-F: Yuacrok C-D exopu B KonbLio 3, coctosiwee 13 3 yyact-
koB C-E, E-D u C-D. lNycts Bce konbLia opraHn3oBaHsl Kak kossla MS
SPRing. Mycts npotsxeHHoCTb Beex yuactkos coctaensieT 1 km. Kr obo-
PYLOBOHYS MONOXMM PABHBIM 1.

=

E

Puc. 2. Cxema B3aMMORECTBIA TPEX KOSBLIEBBIX CTRYKTYP
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Toutoe sHauerme Kr mexay yanamu A m D MoxeT BbiTb BbIYUCIEHO
MyTeM QHOM3A BCEX BEPOSITHOCTEN PABOTOCMOCOBHBIX COCTOsHUIA M
30€Cb He MPUBOTMTCA B CBS3M C BOMbLUIMM PO3MEPOM TAKOM TOBMLE!
(wcno BoamoxHbix cocTosHuin 28 = 256). Dopmyny ans crieu-oLeHkM
(9) sammLLem, NPOHYMEPOBAB YHOCTKM CETH B COOTBETCTBMM C PUC. 2:

K2, pieneyy =[Ke K2\ Ke y +(1 - K2 K2, )Ke, Ke . K2 Ke ;]
[Ke.Kz,Kz, +(1— KooKz, )Key Kz, Ko, Ko Ko, Kz, ] (9)

([Ke Ke,Ke ) + (1 — KeyKep ) Ke,Ke, KeKe . ]

rae Kr, — Kr i-ro yuactka.

Pesynbrarsi pacdetos Kr cxembl, npefctaBneHHoi Ha puc. 2, ceeae-
Hbl B TABMMLY. AHQNS TABAMLBI MOKA3BIBET, YTO C YBESIMYEHMEM 3HAYE-
Hust Kr ydacTka TouHocTb criett-oLieHku noebiwuaetcs. Jns Kr yuactka ka-
6ens npotsxeHHocTbo 1 kv, pasroro 0,99999864 (0,14 o6pbisos ka-
Gens Ha 100 kM B ro, npu Bpemem BoccTaHoeneHis 8,5 yacos), coor-
BETCTBYIOLLETO ACHHbIM M3MEPEHMIA HO SIMHMSAX ACUTbHEM CBSI3W NPM NOf:-
3EMHO YKIOJIKE, MOTPELUHOCTb METOAA criew-oLieHku Kr no otHoLueHmto
K TOUHOMy 3HQueHuio He npesiwaet 10710,

HokasatenbcTso cnpaBeanMBoOCTU UCMONb3OBAHMS
cneL-oLleHKM B KayecTBe HuxkHe# oueHku Kr Tpakra,
NPOXOASILEro MO cUCTEME B3AMMOCBA3AHHBIX
KOJIbLIEBBIX CTPYKTYP

Hokakem, 4to pasaeneHme obLLyx pebep B CBASAHHBIX KOMbLEBbIX
CTPYKTYPOX HO 1B OTAENbHbIX PEBPA, MPMBOAMT K YMEHBLLEHMIO HOPEX-
HOCTM MOSTy4OEMOW CTPYKTYPbL.

Paccmotpim Hanbosiee MpocToit Clyuai, MpMBeaeHHbIM Ha puc. 3,
KOrAQ ABA KOMbLA coemyHeHHble no obiuemy yuactky 5 (puc. 3al), & co-
OTBETCTBMM C METOLIOM CrIELI-OLIEHKM, 30MEHSIOTCS HOl 18O KOMbLI, CBSi-
3aHHbie yepes ysen B (puc. 36), rae tpakt A-C nepexogut w3 nepsoro
KOJIbLIGl BO BTOPOE.

[ns cxembl, M306pakeHHoi Ha puc. 3a, Kr moxeT BbiTb paccumTaH
no ¢opmyne:

Ke, ., =KeKe,+(1-Ke))-Ke,Ke Ko +(1-Ke,) - Ko K2,Keg +
+(1-Ke)-(1-Ke,)  KeyKe Ko
(10)

Kr cxembl, M306pKeHHOM HO prC. 36 PaCCHMTLIBABTCA MO popMysTe:

Ko, =(Ke +(1—Kz) KoKz, )- (K2, +(1— Kz,) - K2,K2,) (11)

cney

Onpegenm pastocts Mexay Kr ans cxemsl 36 (cneu-ouerka)
cxembl 3a (TouHoe sHaueHwe).

B

a) D

Puc. 3. Cxema cem

154

Pesynbrami pacyera Kr aicrembl M3 Tpex korne,

Tabn. 1. Pesynerate pactera KT cHoTeMu u3 Tpex Kosen

T K Kz mpu Kz mpu Kz opu
MO K yeaena=0,99 K peneos=0999 | K paems=09999
Tounoe sHagEHAE 0,999307069 0,999993007 0,99999993
Creu-oueHra KONELEBHE CTRVETYD 0,999305148 0,999993005 0,95999983

Ke,,, —Ke

(K2, +(1-K2,))- K2,Kz, )- (Ko, + (1 - K2,) - K2, K2,)—

- (Kz,Kzz +(1-Ke))- Ke,Ke,Ke, +(1-Kz,) - Ke,Ke, Ko, +
+(1-Ke,)-(1- K2,) - K2 Kz, K )=

= (Kelez +(1-Ke))-Ke,KeyKe, +(1-Ke,)- Ke,Ke Kes +
+(1-Ke) - (1- Ke,)- K23K24K252)~ (Ko,K2, +(1— K2,) - K2, K2,Kzs +
+(1- Ke,)- KoKz Koo+ (1-Kz,)- (1 - K,) - Ke,K2 Ko, )=
=(1-Kz))-(1-Ke,) Ke,Ke K2! —(1- Kz)-(1 - Ke,) - Koy K2, Ko =
=(1-Ke)) - (1-Ke,)  Ke;Ke Ko, - (Ko, —1).

crey moun

(12)

Ouermm 3Hak Boipaxerms (12) Bo Bcem manasore sHavermn K,
T.€. NIPH YCIOBMM, 4TO
Kz e [01] Vi (13)

[nst nonyyeHys oLeHKM TPEBYETCS OLIEHMTb 3HOK KAXKOOTO M3 COMHO-
XuTEnen:

(1-Kr,)>0, takkak Kr, <1;
(1-Kr,)>0, Tak kak Kr,<1;
Krs >0, Kr, >0, Kry > 0 no ycnosuio (13).
(Krs = 1)< 0, Tak kak Kr, < 1.

[Mpouseenetme nsiT HEOTPULIATENBHBIX 1 OBHOTO HEMONOXMUTESLHO-
IO MHOXUTES ICET HENONOXUTENbHBIM PE3YNBTAT, T.€.

Kr

crey

Kr._ <0

TOYH —

(14)

Paccmotpum, Hackonbko Aaneko crieL-oLeHKa KoadduLMeHTa ro-
TosHoc (11) ommuaertcs ot TouHoi oughku ( 10). [ns sToro ebiumcimm
OTHOLLIEHWE MOZYNS BEMuMHbI oLLkbKky (12) k TouHomy aHauenmio (10),
YTO ACCT HOM BEMMUMHY OTHOCHTENEHOM MOTPELUHOCTM:

Am (1-Ke))-(1- Kz,)- Ke;Ke, Keg - (Ke; —1)
- Ko Kz, ++(1- Ke,) - Ke,Ke;Kes +(1- Ke,) - Ke,Ke Kes +(1- Ke))- (1- Ke,) - K \Ke, Kz

(15)

B sHamerarene opobu (15) duryprpyet cymma yetbipex nonoxu-
TeNbHbIX (TO"IHee —_ HeOTpMLl,GTeJ'IbeIX) cnaraemblx, MxX KOTOprX HauK-

B
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GObLLMM SBSETCA MEPBOE, O TP OCTAUIbHBIX — MQUTbI B CPOBHEHMM C
Hm. Onm mmetot nopsiaok 1 = Kr, i= 1,2 un meHblue oTHoCHTENbHO
nepsoro cnaraemoro. OTEpackIBasi MX, Mbl YMEHbLUMM 3HOMEHATENb
apobu (15), T.e. yMeHbLIMM OTHOCHTENBHYIO MOMPELUHOCTL.  TaKMM
obpasoMm,

A< (1-Ke))-(1-Ke,) Ke,Ke,Ke, - (Ke,—1)

(16)
Kz - Ko,

B peanbHbix ycnoemsix kosbdULMEHTI FOTOBHOCTH y4yacTKos 1-5
BCEAA COCTABNSIOT BenmumHbl nopsigka 0,998-0,999 1 Gonee, Tak uto
pasroc 1 -Kr, i=1,2,5 umetot nopsgok 1+2 - 1 073 vy merbie. Mo-
STOMy OTHOCHTESbHOS MOTPELLHOCTb CMEL-OLIEHKM MMEET NOPSOK HE Xy-
xe 108, Mockoneky camu sHauerms Kr 6rmsku K emyrmue, To m abco-
FIIOTHGS NOTPELLHOCTS Crieu-OLieHkM He npesbiwaet 108,

3aknioyeHne

I'Ipep.cr QBIEHHbIM METOZ, CreL-OLEeHKM KO3CID¢MLIM6HTG FOTOBHOCTH
TPAKTA, NPOXOAALLIErO NO CUCTEME B3AMMOCBA3AHHbIX KOJbLIEBbIX CTPYK-

T-Comm, #7-2010

Typ SDH, acet pesynsrar, norpetuHocTs kotoporo He npessiwaet 1078,
4YTO MPMEMIIEMO MPM MPAKTUYECKMX PACHETAX HapexHocTH. Bmecte ¢
TEM METO, NPUIOAEH /st YTOPUTMU3ALIM M MOXKET BbiTb MCTIONb3OBAH
B COOTBETCTBYIOLLEM MPOrPAMMHOM obecriederii. OmmcaHHbIM MeTog
MCrONb3YETCs MPK PACHETAX HAAEXHOCTM B MPOrPAMMHBIX KOMMIIEKCAX

KaHaT 1 Netlines, paspaborantbix DIy LHAC.
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ABTOMATU3UPOBAHBIHI pacyeT ko3¢ PULMEHTA FOTOBHOCTH
BpeMeHu 3apepxku ans Tpakroe ceti SDH ¢ nomolpio
nporpaMmHoro komnnekca KaHaT

B Hacre OsLLiee Bpems ornepaTopsb! CBI3u 6orbLLoe BHUMAHMe yaenarot obecrneHeHuIo KauecTsa 1 HQAOEeXHOCTV npesocTaB-

JISIeMbIX PecypcoB M ycryr. KiioueBbiMM KAHECTBEHHbIMM MOKA3ATENSIMU (yHKLMOHMPOBAHMS CETU CBSI3N (U3NYECKOrO

YIPOBHSI SIBISIOTCS KOSGPULMEHT FOTOBHOCTM M BPEMS 30EPXKKM MPOXOXAEHMS curHana. B cratbe onmesiaetcs anropumm

[PACHETA KQYECTBEHHbIX MOKA3ATENEN M HAAEXHOCTH 1 TPAKTA, MPOXOLSLLENO MO OTKA30ycToMuMBbIM CTPyKTypam BOJIC,

nipy nomoLuy paspaborarHoro PIrYIM LHMNC nporpammtoro komnnexca KaHaT. MNporpammHbik Komrieke nossonsier

PACCHMTLIBATL BPEMS 3AAEPXKM MPOOXOXAEHUS CUTHANA M3 KOHLIA B KOHEL|, d TaKke C BbICOKOH TOYHOCTBIO {HOFpeLUHOCTb

nopsaka 10-8) nosyyats oLeHkM Ko3PHLMEHTA FOTOBHOCTH f15 TPAKTQ, MPOXOASILLErO MO CETH, MCMOMb3YIOLLEN Pasiy-

HblE, B TOM YMCIE KOMbLIEBBIE, CXEMbI PE3EPBMPOBAHMS.

Bapkosa M.B.,
Hauanehuk HI1-222 Oryr UHWMAC, k1,
barkova@zniis.ru

Cnobogckoit H.B.,
software@slobodsky.ru

Besenenne

B HacTosiee Bpemst 0Bs3aTensHOM NPAKTUKONM Npu NpedocTasne-
HWM KITMEHTAM PECYPCOB CETU CTano 3akmiodeHue gorosopa SLA. Krio-
4YEBBIMM TIEMEHTAMM TOKOTO AOrOBOPA SIBMISIIOTCS MyHKTbI, KACTIOLLMECS
KQYeCTBA M HOAEXHOCTH NpedocTaensemsix pecypcos [ 1]. Takum obpa-
30M, YK€ HO 3TANe 30KIIO4EHHS! OTOBOPA ONEpATOP AOMKEH 3HATb, Ka-
KM€ MMEHHO NAPAMETPbI KAHECTBA 1 HOLIEXHOCTU OH MOXET MPefocTa-
BMTb 151 30KA3bIBAEMOTO COMHEHHMS. MICronb3oBaHmMe s STOM Lenm
CMELWAbHBIX KOMMBIOTEPHBIX MPOTPAMM MO3BOSISIET CYLLECTBEHHO YCKO-
Ut pOC‘-IéTbI M NOBbICUTb NUX TOYHOCTb.

Paspaborannsit PrYM LUHNNC nporpammusiit komnnexke KaHaT
MO3BOMISIET 1 30AAHHOTO TPAKTA MOSY4MTb 3HAYEHUE KOSPPULMEHTA
TOTOBHOCTH 1 BPEMEHM 30epskku nakeTa. [TporpammHbiia komrnexe Ka-
HaT moxet 6biTb MCMONb30BAH B KAYECTBE MHCTPYMEHTA MOAREPKKM
SLA, a Takke anst Hyxg SKCrTyaTaLmoHHbIX cyx6 onepatopa. Mcrons-
30BOHME MPOTPAMMBI, KOHBEPTUPYIOLLIEH MHPOPMALMIO M3 6a3bl AAH-
HbIX OMEPATOPA MyTeM OBMEHA C BHELLHMMM ANaMM, NO3BONAET MPO-
M3BOMMTL PACHETBI /151 PEQUTbHBIX TPAKTOB, O TAKXKE 3HAUUTENBHO obner-
4YaeT BBOJ, AGHHBIX. MOpynbHOCTb CTPYKTYPbl KOMIIEKCA MO3BOMISIET MPM-
CrOcoBUTL €ro Ayist Hyxxf, IBOro OrepaTopd MyTem 3aMeHbl KOHBEPTHU-
PYIOLLEN MPOTPAMMBI.

Onucaxne NporpaMMHOro KOMMeKca

Mporpammtbiit komnneke KaHaT npegHasHaueH ans onpeaeneHis
koapduytenta rotosHoc (Kr) 1 kauectseHHbIx nokasatenen (Bpeme-
HM 30AEePXKM) TPAKTOB, MPOXOAALLMX MO OTKA30YCTOMUMBBIM CTPYKTY-
pam BOJIC. HassaHre kommnnekca oBpasoBaHO OT ClIOBOCOMETAHMS
"KAuecteo n HAnexHocts TpakTtor", otpakatoLuero ero HasHaueHue.

IMporpammtbiit komnneke KaHaT nossonsier nposoguTs pacyerts
A1 ABYX 30[QY4: PACHET KOS(PPULMEHTA FOTOBHOCTU M PACHET BPEMEHM
sapepxku. [ockonsky obe 3aaa4m onMpaloTes Ha OfiHM 1 Te xe 6aso-
BbIE XAPOKTEPUCTMKM CETU (CTPYKTYpY MEpBMYHON CETW onepatopal,
06a pacyéTa ceefieHs B OfuH KoMriekc. Buibop Toro wmim mHoro eraa
PACHETOB MPOM3BOIMTCS CAMMM MONb3OBATENEM M3 MEHIO MPOTPAMMI.
[Ny HEOBXOAMMOCTH, MOCIIE KOPPEKTUPOBKHM JAHHbIX BO3MOXHO NPOBE-
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[eHWe NOBTOPHbIX PACHETOB Tex xe (unn apymix) TpakTos. Mo xenarmio
MOsb30BATENS B OGO MOMEHT BO3MOXEH MEPEXOR, K APYTOMY THMy
PACHETOB C COXPAHEHMEM PE3YSIBTATOB, MOMyHeHHbIX paHee. 1o okoH-
YOHMM PABOTHI C MPOTPAMMHBIM KOMIIIEKCOM MHPOPMALIMIO O CETU
MOXHO COXPAHMTB B aitNe HA XECTKOM AnCKe (M Apyrom HocuTene
MHGOPMALIM — MO XENCHWIO NONb30oBATENS).

Anroputm paboTbl ¢ nporpammHbiv komrinekcom KaHaT, npencras-
NeHHbIM Ha puc. 1, BKIIOYOET TPK OCHOBHBIX STAMA:

® 5TQMN BBOAA M KOPPEKTUPOBKU MHPOPMALIMM, HO KOTOPOM MPOM3-
BOZMTCS! MOAFOTOBKA AAGHHBIX O MEPBHYHOM CETU W TPAKTAX, [l KOTOPbIX
TpeByeTcsi MPOM3BECT PACHET, O TAKKE HOCTPOMKA MAPAMETPOB CETH,
HEeoBXOAMMbIX [i1si BBIBPAHHOTO pacyeTa;

® 5TAMN PACHETA, HO KOTOPOM MPOU3BOMTCS HOCTPOVKA MAPAMET-
OB PACHETA M COBCTBEHHO PACHET TPEBYEMBIX XOPAKTEPHCTUK TPAKTOB;

® MHPOPMALMOHHBIM 3TAM, HA KOTOPOM MOSb3OBATENL, PaBoTalo-
LUM# C MPOTPAMMHBIM OBECTIEHEHMEM, MMEET BO3MOXHOCTb AHAUTU3MPO-
BATb MHPOPMALIIO O PESYNLTATAX MPOBEAEHHBIX PACHETOB.

Sran BBOKA M KOPPEKTUPOBKA AAHHBIX

[Mporpammtbiit komrneke KaHaT npegycmarpreaet gga ocHOBHbIX
BAPMOHTA BBOAA AACHHBIX:

1) 3anonHeH1e AaHHbIX CPEACTBAMM PEAAKTUPOBAHMS, BCTPOEHHbI-
MM B Mporpammusii komnneke KaHaT.

2) MMnopT 13 6a3bl AOHHBIX ONEPATOPA C MOMOLLBIO CIELIMAITBHOM
KOHBEPTUPYIOLLIEM MPOTPAMMBI, BCTPAMBAEMOM B MPOTPAMMHBIA KOM-
nnekc KaHaT.

Sran pacyeta

Mporpammtbiit kommneke KaHaT nossonsier nponssopmts pacyétsl
[BYX NOPAMETPOB:

— koappuupenTa rotosrHocv (Kr) ans TpakTa ¢ yuetom cxem pesep-
BMPOBQHMSI, MCTIONb3yEMbIX Af1st 30LOHHOTO TPAKTG;

— BPEMEHM 30IEPXKM HO PACTPOCTPOHEHME CHTHAA M3 KOHLA B
KOHEL, 151 30AHHOTO TPAKTAL.

Mporpammtbii komnneke KaHaT gaet BoamoxHocTs nonb3osarento
MPOM3BOMMTE MHOTOBOPMOHTHBIE PACHETbI TPAKTA, MEHSISt PA3NMYHBIE Na-
PAMETPbI, Takie Kak Kr Ha y4aCTKax CeTH, Cxembl 3aLLTbI 15 YHOCTKA
TPACCHI TPAKTA, BPEMs 30AEPKKM HA OBOPYOOBAHMM 1 Ip.

MhdopMaLpionHbi stan

Peaynirarsl pacuetos popmupytotes B Brae $aitnios B popmare -
neprexcra (HTML — Hyper Text Markup Language), uto nossonset ara-
NU3MPOBATL MX C MOMOLLBIO TABIMYHBIX MPOLECCOPOB, OBNAAAOLLX
PO3BUTbIMIM  BO3MOXHOCTSIMM  OBpaBOTKM  MHOPMALYKM, HANPUME,
Microsoft Excel. Kpome Toro, pesynirats pacuetos otobpaxaiorcs B ok-
HE Pe3ysIbTATOB M COXPAHSIOTCS B hAMIAX AAHHBIX.

T-Comm, #7-2010
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Puc. 1.

C MCMOMb30BAHKMeM nporpammHoro komrinekca KaHaT

MeTopuka pacueta kavecTsa U HOAEXHOCTH,
ucnonssyemas B nporpammHom komnnekce KaHaT

MUcxopHble naHHble

MexomHbiMm AAHHBIMM A71st PACHETA BPEMEHM 30HEP>KKM SIBNSIOTCSE:

— CXEMO NPOXOXAEHMS TPAKTA € YKA3AHMEM TUMOB 060pYA0BAHMS
W IMH YHACTKOB KABens, MO KOTOPbIM MPOXOMMT TPAKT,;

— Bpems Ha 06pPabOTKY TPAKTA B 0BOPYAOBAHMM BCEX TUTMOB;

— BPEMS! HO NMPOXAEHME CUTHAIA MO KABENSIM BCEX TUMOB MPOTSKEH-
HocTbio T KM.

MexomHbimi AaHHbIMK Anst pacuéTa Kr sisnsioTes:

— CXeMa MPOXOXAEHMst TPAKTA € YKA3AHMEM THNA 0BopPYAOBAHMS
(MynbTMAneKcop, pereHepaTop) 1 XapPaKTEPUCTHK y4acTkos kabens (tvn

T-Comm, #7-2010

KoHew )

Briok-cxema BbinonHeHus pacyeTtos KOBd)q)VILIMeHTO FOTOBHOCTU U KAYECTBEHHbIX XAPAKTEPUCTUK CETU CBA3U

MPOKICAKY, ATIMHA M AP.), MO KOTOPbIM MPOXOIUT TPAKT;

— nepeyeHb COMOBOCCTAHOBMBAtOLLMXCS CTpykTyp SDH, mmeto-
LUMXCS HO CETH, MO KOTOPOM MPOXOAMT TPAKT (A5 TPOKTA, 30pa3epBMpO-
BaHHoro kak SNCP 1+1 yKasblBOKOTCS f1Be CXEMbI MPOXOXAEHHMS TPOK-
Ta);

— Kr ofopyaosaHms Bcex TMMOB (BO3MOXHO YCTQHOBAMBATL OCO-
Bble XaPAKTEPHCTUKM it 06OPYA0BAHMSA PA3HLIX POM3BOMTENEN);

— Kr 1 km kabens kaxxgoro Tina.

Mertopmka paciera

MeToauka pacyeta BpemeHu 3a4epxKu

MeTomika BblMCTIEHMS BPEMEHM 30EPXXKM CBOIMTCS K MOCTEAOBA-
TENLHOMY CYMMMPOBAHMIO 3aaepXeK B 0BOPYAOBaHMM U kabene Ha
BCEM MyTH NMPOXOXAEHMS TPAKTA.
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Mertoguka pacyeta HagexHOCTH

[ns pacuéra HapexHocM B NporpammHom komnnekce KaHaT me-
MOSb3YETCs AIFOPMTM, B OCHOBE KOTOPOTO JIEXMT METOA, TAK HO3bIBOE-
MO Crew-OLIEHKM, MO3BOMSIOLLIMIA NOMy|MTL HXKHIOKO oLeHKy Kr Tpakta,
MPOXOLSILLETO MO CHCTEME OTKA3OYCTOMUMBLIX KOSbLIEBLIX CTPYKTYP SDH
(MS SPRing 1 SNICP). Mo cym, meTog, cnew-oLeHKu NPencTasnseT co-
601 pacuet Kr a7st nocnenoBaTesnsHOCTH KomeL, CBSI3HHBIX HE C NOMO-
Lo OBLLUMX pebep, O C MOMOLLBIO OBLLMX Y370B, KOTOPbIMM SBISIKOTCS
Y3/l IEPEXOAIC PACCMATPMBOEMOTO TPAKTA M3 OIHOTO KOSbLIC! B APYTOE.
[NonpobHo MeToR, crieLi-oLieHKM OnMcaH B cratbe "MeTopmka nomyyeHmst
HUKHMX OLIEHOK KOS(MMLIMEHTA FOTOBHOCTM TPAKTA, MPOXOASILLETO Mo
cMCTEME B3AMMOCBSI3AHHBIX konbLiesbix crpyktyp SDH" (asropsr .B.
Bapxosa, TIN. Cepreesa n H.H.Tetexun), npencraenenHor s stom cbop-
nuke. MorpeLuHocTs MeTona crel-oueHku He npeesiwaert 1078,

[MporpammHbIi Komriiekc nossonsieT paccumtbiears Kr tpakTos, mc-
MOSb3YHOLLMX CTIEAYIOLLME BAPUAHTbI PE3EPBMPOBAHMSE:

— pesepenposaHite Tpakta no cxeme 1+1 (SNCP 1+1);

— Pe3sepBMPOBAHME YHACTKOB TPACCH! TPAKTA (MyISTUNIEKCHBIX
cexut — MC) no cxeme MSP 1:1;

— pesepauporarme MC B kornbuax MS SPRing;

— pesepauposarre MC B konbuax SNCP;

— [ PA3HBIX YHOCTKOB TPACCHI TPAKTA MCTIOfb3YHOTCS PA3HbIE CXe-
mbl peaeperposanms (MSP, MS SPRing, SNICP vinu 6es pesepenposa-
HUs1).

Ins pacyeta Kr 1pakTa Tpacca TpakTa pasbrBAETCs HO CErMEHTbI,
XOPOKTEPU3YIOLLMECS UCTIONb3OBAHMEM OfIHOM CXEMbl PE3EPBMPOBA-
Hust. Kr TpakTa paccumtbiaetcs kak npousseaeHie Kr cermeHTos Tpac-
cbl 37010 TpakTa. Popmynbl Ast pacyéta Kr pasimuHbix cxem pesepsit-
POBOHMS MOXHO HOMTH, Hanpumep, B [2].

Pacuer Kr 8 nporpammyom komrnekce KaHaT npounssopyres ¢ yuétom
601bLLIOTO YMCIIA HAKTOPOB: UCTIONB3YEMBIX CXEM PESEPBMPOBAHMS, TUTOB
obopymoBaHHs 1 KaBerei, Mo KOTOPbIM MPOXOAMT TPACCA TPAKTAL

IMporpammbiit komrneke KaHaT BcTpoeHHbIM cipaBouHmkom Mo
M3MepPEHHbIM 3HauEeHMsM K, O TaKke BCTPOBHHBIM KAMbKySISTOP Afist ne-
pecuéra Kr Ha Bpemst 6e30TkasHOM paboTsl B COOTBETCTBMM C POPMY-
1O, onpeneneHHoM, Hanpumep, & [3].

Pesynbrathl pacyeta

Pacuet Bpemenn 3anepxkm

HeobxommMocTb OLIeHKM BPEMEHHM PACTPOCTPAHEHHS MHGOPMALMX
OBLSCHSIETCS TEM, HTO B TPAKTAX TPAHCTIOPTHOM CETH MepeaatoTcs Coob-
LLISHMSI, KOTOPbIE HE JOMKHbI ObiTb 30/IEPXAHbI B CETH OT ABOHEHTA [0
QBOHEHTA Ha Bpemst, BorblLee HEKOTOPOTO 30AAHHOTO MPAHMUYHOTO 3HA-
YeHMs, 3OBMCALLIETO OT KIIACCa OBCTYXMBAHMS AGHHOTO COOBLLEHMS.

Pacuémbi nokasanm, 4To HaMbONbLLEE BAMSHME HO 30AEPXKKY OKA3bIBOET
MPOTSHXKEHHOCTb TPAICCHI TPAKTA, T.K. 30AEPXKA B 0OOPYAOBAHIM CyLLECT-
BEHHO MeHbLLIE 30/ISPXKM B Kabere.

Pacuer HagexHoc

[ns TpakTa, Tpacca KOTOpOro MPOXOMT MO CMCTEME B3AMMOCBS-
3QHHBIX KOMbLIEBBIX CXEM PE3EPBMPOBOHMS, MPOTPAMMHBIA KOMMUIEKC
KaHaT gaet Huxttoto ouetky Kr. [Mpu 3Tom otkiioHeHue ot TouHoro 3Ha-
yeHwst He npessiluaet Bennumty 10-8. [lns pakra, 3apesepemposaHHO-
ro no cxeme 1+1 NPOrPAMMHBI KOMIMIEKC MO3BOSISIET MOSTYHMTL TOYHOS
3Hauene Kr. Takoke TOUHOE 3HAUEHME MOMy4aeTCs, eCM TPACCA TPAKT
HE MPOXOIMT YePE3 KOSbLIEBbIE CTPYKTY b, B3AMMOLSHCTBYIOLLME APYT C
OPYTOM Yepe3 obLLyE yHaCTKH.

Mporpammbii komrneke KaHaT noseonsiet 3aaats ocobble sHaue-
HM BpemeHn sopepxin 1 Kr ans obopynosams 1 kabeneit pasHbIX npo-
WM3BOZMTENEN, PA3HBIX TUMOB OBOPYOOBAHKS (HAMPUMED, MySbTUIIEK-
cop SDH, perereparop DWDM 1 ap.), pastbix Tnos kabenet (3neck
MR xapakTepu3yetcst ocoBbiv Kr i/ mnn Bpemeriem saaepxku), pasnmy-
HbIX BAPMQHTOB MPOKIIOAKM Kabersi.

MNpnmep pacyeta

[MycTb HEOBXOMMMO POCCHMTATL KAYECTBEHHBIE XAPOKTEPUCTMKM
(pemst samepxkm 1 Kr) pns tpakta A-F, npoxogsiero no cem, cxema
KOTOPO# MPEACTABEHA HA puC. 2.

[Nepeyetb MCXOOHBIX AQHHBIX:

— Npon3BoaMTEN 0BOPYAOBAHMS 1 Kabene;

— TUNbl OBOPYHOBAHMSE:

* Mynstunnexkcop SDH: sapepsxka =7 mc, Kr=0,9999994,
* perereparop SDH: aagepxka =50 mke, Kr=0,9999949.

— ™M npoksiaaku kabenei — B rpyHTe: Ha 1 kM kabenst 3aaepkKka
=5 mke, Kr=0,9999987;

— yansi cem (AJ);

— YCTPOMCTBA, YCTAHOBMEHHbIE B y3nax (e yane D — perereparop
SDH, & octanbHbix yanax — mynstvnnekcopst SDH);

— yuacrv kabenst (A-B, B-C, CD, D-E EF, A-G, G-H, GH, E|, 1, J-F);

— mynstunnexchbie cekuwm (A-B, B-C, C-E, E-F, A-G, G-H, C-H, E,
), J-F);

— KonbLieBble cxembl pesepauporatms: A-B-C-H-Gvuna MS SPRing
u E-I-J)-F una SNCP;

— tpakt A-F 1 ero (ocHoBHAS) TPACCa, 3GMMCOHHOR B MySIETUIEKC-
Hbix cexkuptax: A-B-C-E-F.

Bygem cuutams, 4TO [MHO KAXKOOO YHaCTKA Kabens CoCTaBrser
10 KM, Bce Kabenn Npom3BeaeHs! OIHMM MPOM3BOAMTENEM, MMEIOT OMH

MS SPRing

Puc. 2. Cxema cem
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H 001 My mmiekcop SDH
001 Perenepatop SDH

A
O V3en cBszu

——  VYuacrok kabess

MynpITIEKCHas
CCKI[HS
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Puc. 3. OkHo nporpammuoro komrnekca KaHaT ¢ gamHeiMu © Tpakte

TUN NPOMCIKH, T.€. OBNOAAIOT OAMHAKOBBIMM MAPAMETPAMM KAHECTBA
HapexHoctn. Cuutaem, YTo BCEOBGOPYNOBAHME MPOM3BENESHO OMHMM
MPOM3BOLMTENEM, NAPAMETPbI KAYECTBA PASIMHAIOTCS B 30BMCUMOCTU
OT THNA — MySISTUIIIEKCOP WM PETEHEPATOP.

OKHO NMPOTPaMMBI MOCIIE BBOAA BCEX MCXOAHBIX AGHHBIX MPEACTAB-
neHo Ha puc. 3.

Pacuer pemetn sanepxiu

Bpems samepku s paCCHMTLIBAEMOTO TPAKTA MPOTSKEHHOCTHIO
50 km coctasner 0,321 mc.

Crenyet OTMETHTB, YTO PACHET BPEMEHM 30LEPXKM PEQUTBHOTO TPAK-
Ta npotsbkeHHoctsio 1153 1,2 kv nokasan, yto Bpems 3aaepx KM co-
craenset 58,278 mc. HaipeHHoe 3HayeHWe cooTBeTCTBYET HOPMOM Afist
0-ro knacca [4] v coBnapaet ¢ pesynsTatamu U3MepEHHit st TPOKTOB
CXOAHOM NPOTSKEHHOCTM.

Pacuet Kr

Tpaccy paccUMTLIBAEMOTO TPOKTA MOXHO PA3HENMTL HO TPM CErMEH-
TQ, KOXAbIM 13 KOTOPBIX Pe3epBUpPYETCs Mo cobCTBeHHOM cxeme. Myrb-
TvnnexcHsie cekupn A-B  B-C pesepsupyiorcs B konstie MS SPRing;
MynsTnnekcHos cekupa C-E, npoxopsiuas TpaHautom vepes ysen D (ue-
pes pererepatop SDH), He pesepeupyetcs; MynbsTHnneKcHOs cexuys
E-F pesepaumpyercs B konbue SNCP. Pacuer nokasan, yro Kr tpakra A-F
cocragnsiet 0,999968, uto npu Bpemenn BocctaHoenerus 8,5 yacos
coorsetcteyet 30 ropam 6e30TKa3HOM PABOTbI.

3aknioyenue

Mporpammtbiit komrneke KaHaT npeacrasnset coboi yao6Hsii uH-
CTPYMEHT [Jisl POCHETA KITOHEBbIX KOUECTBEHHBIX (YHKLMOHMPOBAHMS!

T-Comm, #7-2010

CETU CBSI311 PU3NUYECKOTO YPOBHS — BPEMEHM 3AEPXKM M KOSPDULIMEH-
0l FOTOBHOCTM. [115t pACHETOB NAPAMETPOB PEQTbHBIX TPAKTOB, C LENBIO
COKPOILLIEHWS BPEMEHM HA BBOJ, AOHHbIX, HEOBGXOMMO MCMOMb30BAHME
CMeLMAnLHON MPOTPAMMBI 1 MEPEHOCA HEOBXOAMMON IS PACHETA
MHPOPMALIMM 13 6A3bI AAHHBIX CETW OMEPATOPA B MPOTPAMMHBIM KOM-
rnexc KaHaT. Takasi nporpamma fomkHa paspabaTbiBaTbCst Mo, KOH-
KpeTHyto 6a3y AAHHbIX ONepaTopa CBA3K 1 MOXeT Bbimb 6e3 Tpyaa nog-
KIIOYEHA K MPOTPAMMHOMY KOMIINEKCY, 6riaronapsi MOZyssHOCTH €ro
CTPyKTYpE.

Mporpammbii komrneke KaHaT, cHabxeHHbIA MporpamMHbIM MO-
Lynem Aysi KOHBEPTUPOBAHHMS MHPOPMALIMM O PEQITbHOM CETU 13 Ba3bl
[QHHbIX OrepaTopa, ByaeT noneseH pasnmyHbLIM CTy>6aM onepaTopos
CBSI31, B TOM 4MCrie City>x6e SKCTuTyaTaLmi 1 OPMUPOBAHKS CETH, M MO3-
BOMUT C BObLLEN AOCTOBEPHOCTBIO MAPCHTUPOBATL KAYECTBO MPEAO-
CTOBJIIEMbIX QPEHAATOPAM PECYPCOB.

Jlureparypa
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3. TOCT P 53111-2008. Ycroiumeocts ¢yHKLMOHMPOBAHMS CETH CBSI3M
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Ananus mogenu Call-uentpa ¢ gpyMs knaccamm
coobLEeHMIt U TPeMs rpynnaMuU onepaTopos

Ananmampyetcs mogens Call-ueHTpa, npepHasHaueHHoro s 06CyXMBAHKS ABYX KIIACCOB ABOHEHTOB TPEMS PASTMUYHBIMM MO KBATMPHKA-

LMV rPYMINamKM ONepaTopoB; MCCIIEROBAHbI BEPOSITHOCTHbIE XAPAKTEPUCTMKM Moaenu. [TpenniokeHa Bo3MoXHOCTL "nepeobyuerms’” nepco-

Hana gnsa O60'Iy>KMBC]HM9I BbI30BOB NOBOrO Klacca ¢ LieSbio YMEHbLLEHMSA BEPOATHOCTM NOTEPb A0 30A0HHOM BENMYMHBI.

3apunoea 3.P.,
PYIIH,
Jeonteera E.A,,

Besepenue

Mromve opranmaawm (skctperHble amyx6bl, MHtepHeT-marasmHb,
CMPABOYHO-MHPOPMALMOHHBIE  CITyXBbl, CITyXEbl TEXHWUYECKOM MOA-
AEPXKM W T.N.), LEATENBHOCTL KOTOPbIX CBA3AHA C HEOBXOAMMOCTHIO MPH-
HUMATb 1 OBPABATLIBATL GOMBLLOE KONMMHECTBO BbI3OBOB, MCMOMb3YIOT B
ceoeit patote Call-uertpbi. Knuermsi moryT goseonmmses 8 Call-uentp
KOMMQHMM W YCTBILLIATb OTBET ABTOMHPOPMATOPA Wi ONepaTopa, OTee-
yakoLLero Ha 3BoHKKM KvenTa. Paspaborke mopeneit Call-uertpos no-
ceswensl paborsl b.C. lonsawmeiiHa u ero yuenmkos [ 1], A.B. Pocnsko-
8a 1 C.B. Banswwmra [2], a Taxke sapybextbix astopos G.Kolle [3], R.
Stolletz [4] v ap.

[lns ycoBepLUEHCTBOBAHMS pabOThI C KITMEHTOMM KOMMOHMS Mpenyc-
MOTPMBOET HQSMYME ONEPATOPOB PA3HOM KBAnMMKALMK. Bxopaui
MOTOK 3BOHKOB KIMEHTOB PA3BMBOETCS MO 30PAHEE OMPEReneHHOMy
KPMTEPHMIO M HANMPCBISETCS K OBHOMY 13 ONepaTopoB TPEGYeMOM KBas-
bukawm. B pabote ncaneposara maremammueckas mogens Call-uerr-
pa, OCHOBAHHASA Ha Noaxoge [4], nony4eHb BeposTHOCTHbIE XapaKTepH-
CTUKM MOAENM, MPOBEAEHbI PACHETbI STUX XQPAKTEPHCTUK A/1 MCXORHBIX
AQHHBIX, BAMSKIX K PEQITBHBIM.

Ananus marematueckon mogenu Call-uentpa

Ins vccneposanms Bribpara mogpens Call-uertpa ¢ konmdectsom
0BCYXMBAIOLLMX ONEPATOPOB A0 HECKOMBKMX AECSTKOB, OBCTYXMBAIO-
Lero BxogsLumMe ronocosble Bbizosbl. [loctynatowme B Call-ueHTpbi Bbi-
30Bbl PA3NMHAIOTCS MO AIUTENBHOCTU OBCTYXMBAHMS M TPEBYIOT COOT-
BETCTBYIOLLEH KBANMMKALIMM obCTyXmMBatoLLEero nepcorana. B pabote
MPEANaraeTcs Pa3AenMTL NOTOK BbI3OBOB MO 30PAHEe 30HAHHbIM KpHTe-
PMSIM HQ ABO PO3HBIX MOTOKA W, GHONM3MPYS COREPXAHME 3aMPOCOE,
HQMPOBNSATL BLISOB K CBOEMy onepatopy. ABOHEHTI MepBoro Kacca
MMEIOT OTHOCHTENbHBIN MpUOpHTET. BbiaoBb 06CyXMBAIOT TPM rPYMMBI
onepatopos. Kaxaos rpynna onepatopos xapakTepuayeTcss paaiiy-
Hoi keanmdmkauyeir. B nepsyio rpyniny exopsT ¢, onepatopos, o6ay-
XMBIOLLYIX TOMbKO aBOHEHTOB nepeoro knacca (1-cnewanmctsl), Bo
BTOPYIO — C, ONEPATOPOB, OBCITYXUBAIOLLMX TONIEKO ABOHEHTOB BTOPO-
ro Knacea (2-cneLyan1cTbl), M TPETbIO MPynMy 0BpasyioT  onepaTopos
LLIMPOKOTO NPOdMIS, CrIocOBHBIX 0BCITY>XMBATE ABOHEHTOB KAK MEPBOTO,
TOK W BTOPOTO KIOCCOB. B cucteme mpepycmoTtpersl age ovepemy ans
KaxKaoro knacca aboHerTos. Bynem npeanonarats, 4To MakcmanbHoe
YMCIIO KAHAOB A5 OBCITYXXMBAHMS ABOHEHTOB NepPBOTo (BTOpOro) KNac-
€Q, HOXOMALUMXCS B CUCTEME, T.€. HO OXMACHWMM B |-ovepeay (2-ouepe-
) wm Ha obCYXXMBAHKM Y orlepaTopa, orpakmuyeHo unciom K, (K).
(K:>c +c;,, i=1,2'). Bee aboHeHTsI B paccmaTpyBaemoit MoRen sie-
nsoTes "TeprentBbIMA', T.e. He MOKMATIOT CHCTEMY A0 TeX MOp, NOKA He
BymyT obcyxeHbl onepatopom [2,3,4].
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Beizos, nocrymmeLumid & Call-uertp, HemeanerHo noctynaet Ha ob-
Iy BaHME K CBOeMy crewyanmcty. Ecnm Bce onepatops! anst aaHHoro
KICICCA BI3OBOB 3QHSTbI, M €CTb CBOBOAHbIE OMEPATOPbI B TPETbEN Y-
fe, TO BbI30B HAMPABNSETCA HA OBCTYXKMBAHME K ONEPATOPY LUMPOKOTO
npoduns. Eciv ke 3aHsTbI Bce onepaTopl, TO BbI30B MPUCOBAMHSETCA K
o4epeny, CooTBETCTBYIOLLEN ero knaccy. Onepatop 13 TpeTber rpynmbi,
OCBOGOAMBLUMCE, MPUHUMAET Ha OBCIYXMBAHWE Q) BbI3OBbI MEPBOTO
knacca, ecn 1-odepens He nycta; 6) BbI3OBLI BTOPOTrO KIACCA, €M
2-oyepedp He MyCTa W HET OXMACIOLLMX 305IBOK NEPBOTO KIACCa.

B repmmrax TMO, ebizoebl nepsoro (sToporo) knacca cooteeTcTay-
ot 1-30sBKaMm (2-3051BKaM), onepaTopsl, obcnyxveatolye 1-aboHer-
T08B (2-a60oHeHToB) — 1-nprbopam (2-nprbopam), creumanmcTs Wwmpo-
koro npodwmns — ( 1,2)-npubopam. Mpeanonosxmm, 4To B cuctemy nocty-
MCIOT MyCICCOHOBCKME MOTOKM 1- 1 2-3051BOK C MHTEHCMBHOCTSIMU A; 1
A, cooteetctBeHHO. Bpems obcnyxumsarms 1-3asieku (2-3a518KM) OmHMM
u3 1-nprbopos (2-nprbopos) pacpeReneHo No SKCMOHEHLMANEHOMY
30KOHY C apameTpom L (UL, ). Bpemera obcntyxuearis 1- 1 2-3assok
oM K3 (1,2)-nprEopoB MMEIOT SKCMOHEHLAITBHbIE PACTPEAENEHHS C
napameTpam L}, [, cooTeetcTaenHo. CocTosHMS POCCMATPMBAEMO
CHMCTEMBI AOMKHBI COAEPXATb MHPOPMALIIO O HMCTE 3SIBOK KAXKAOTO TH-
Ma, OXMACIOLWX B ONEPEmy, YMCTe 3aHSTbIX NPUBOPOR, OBCITYXMBAIO-
LUMX 305IBKM KOXKEOrO TvNa, konmuectse (1,2)-npubopos, obpabatsiaa-
fomx 1- 1 2-3098KM.

Onpegaenm yeTbipexmepHbit Mapkosckuit mpouecc (MI), onmesr-
BAIOLLH COCTOSHME CHCTEMBI B MOMEHT BpemeHi > O:

X0, X0, Yy (8, Y(h3,

rae X, (f) — obuiee umcrno 1-3a51BOK B C1CTEME B MOMEHT BpeMeHH  (0xim-
ACIOLLYIX B 1-0MEPEaN 1 HOXOEALLWXCS HO OBCITy>KMBAHWK HA Mprbo-
pax); X,(f) — obluee WCo 2-305IBOK B CUCTEME B MOMEHT BPEMEHN
(OXMACIOLLYX B 2-04EPEAN 1 HOXORALWXCS HO OBCIYXKWBAHWM HA MpH-
6opax); Y;(f) — wicno (1,2)-npubopoe, obcyxweatoumx 1-3asieku B
MomeHT Bpemenn 1 Y, (f) — umcrno (1,2)-npubopos, obcyxueatowyx 2-
3051BKM B MOMEHT BPEMEHM 1.

1 -ouepens

p 1-npudopst
i : .
! N n L >4,
]
'
[Morepn
; 1 -
1-3a9B0OK ( 1.2)-npudopst
: !
My fy
C'.!
2-ouepep ]
A,
e > r. > Ll L
1
1 2-npndo;
! 5 TpUOOpPLI
! 2
[Morepn
2-3a5BOK

Puc. 1. Cxema matemamueckoit mogenu Call-uermpa
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MpocTpaHcTBO  cocTosiHMIA S pasbusaetcs Ha
NOANPOCTPAHCTBA:

4YeTbipe

S, ={G,j.k.)eS:r>0Ar, >0},
S, ={G.j.k)eS:r,>0Ar, =0}
S, ={G, j.k,)eS:,=0Ar,>0},
S, =40, j.k.)eS:r=0Ar,=0},

4 -
s=Us,.8,NS, =@, mn=14,m#n
m=1

Mycts p(i, j,k, ) =1im {X (¢)=(i, j, k.I) } onpepenseT craupo-
HOpHOE pacnpeneneHme rB;T)OﬂTHOCTeFI MI {X(#), +> 0}. CrauoHap-
Hole sepostHocv {p (i, j,k,1), (i, j,k,1)€ S} Haxomm us cuctemsl
ypasHeHus pasHosecus (CYP).

[ns unlocTpaLym Huke MpUBEEHbI YPOBHEHWS PABHOBECHS! TSt
COCTOSHMIA 13 nopnpocTparctea S, . B noanpoctpakcteo S, BxopaT co-
crostms (i, j, k,[) € S, Koroa B cMCTeMe HAXOOSTCH OXMUACIOLLME 3051B-
k1 0bovx TMoB. B 3ToM cryuae Bce nprbopb! 3aHsITL. Mo saksTbIx
1-nprbopoB — c;, WCNO 3aksTbIX 2-Npubopos — C,. M3 Beex (1,2)-
nprBopos k IPMBOPOB 3aHsTLI OBCTYXMBAHKEM 1-30SIBOK, G OCTOMBHbIE
I= ¢, — k obenyxusaior 2-3aseku. Takim obpasom, coctosusm (i, j, k, )
13 NOANPOCTPAHCTBA S; COOTBETCTBYIOT ClieMytoLe YCTIOoBMS:

q+k<i<K, c,+I<j<K,, 0<k<c,, I=c,-k. (1)

YpasHerms pasHosecks ans coctosHuii (i j, k, ) na nognpoctparcr-
BA S] UMEIOT BMA;

[A(K, i)+ A, 1(K,— j)+e, iy +hp, +e, i+, 1p gk )=
:z’l p(i_laj’k’l)+}1’z p(iaj_laksl)+

(e, +h, YV IK, =) p(i+l,j e )+

e )I(K, = ) p (i j+LE D+

), 1) I(K,— )] p(i, j+1,k—11+1), (2)
(i.jkD)ES,,

rae I(x) — byHkuma Xesncarag.

AHQNOMYHO MOXHO MOSTY4MTb YPOBHEHMS PABHOBECHS L1 NMOAMPO-
apakcts Sy, Sq, Sy

OCHOBHbIMM BEPOSTHOCTHBIMU XAPAKTEPUCTUKAMM SBNSIOTCS BEPO-
sTHocTM noTepu 1- 1 2-3asBok. [otepst 1-30580K (T.€. ABOHEHT CrbiLLMT
aurHan "sansmo") npovcxoput B coctosHmax (K-, j k, 1), koraa obuee uic-
1o 1-305IBOK B CHCTEME SOCTURAET CBOETO MOKCUMAUBHOTO 3HaueHMs K.
Tokme cocTOsHMS SBNIRIOTCS 3NEMEHTAMM 13 MOANPOCTPAHCTBA S, (c oxm-
AQIOLMMM 305IBKaMM OBOMX TUMOB) M NOAMPOCTPAHCTBA S, (c oxmpato-
wpmm 1-3asiekamu). Takvm oBpasom, BeposTHOCT NoTepy 1-3aSIBOK Bbi-
YMCTISIETCS CNEdyIOLLVM OBPA3OM:

_012
= ~
E ol S 5
g 0
- ~ — — B
5 "~
= 0.08 =
= ~
= L ~
5006 =
— “‘\\‘
~
0.04 -
—
—
- |
0.02 ——— 1
—
0 2 6
Yueno ( 1,2-npudopos €3

Puc. 2. 3asucimocts BepositHocTed notepu B, B, ot wmicna (1,2)-npubopos
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Blz z z p(laj7k7[) (3)

pG,jk, 1)+
(@i,j,k1EST, i,/ k1)eS>,

=K =K,

[MNocTynaloLLost B ccTeMy 2-305IBKA TEPSIETCS, e obLuee Ymcro 2-
305IBOK B CHCTEME AOCTUICET MaKCMManbHoro 3Hauenns K. Sto cnpa-
BEYIMBO 151 SIEMEHTOB M3 NOANPOCTPAHCTBA S, (C oxmaatowpmm 1- 1
2-305BKAMM) M MOANPOCTPAHCTBA S (C OXUACIOLIVMM 2-305IBKAMM U OT-
cyTcTBrem oxuaatopx 1-3asi8ok). st BbIMMCIIEHMS BEPOSTHOCTH NOTE-
Py 2-305IBOK MCrIOsb3yem opMysty:

By= Y plij.kD+ Y pl.j.k.D. (4)
(i, j.k,DES;, (i,j k.)ESs,
=K, Jj=K,

MNpnmep yncneHHoro aHanusa

B Call-ueHtpax HeobxomimMo AOCTATONHOE KOMMYECTBO ONepaTo-
OB, CMOCOBHLIX OBCITYKMBATH BbI30BBI PA3HBIX Kaccos. Pykosopurent
Call-ueHtpa MoxeT TpaTHTL HekoTopbIe Pecypchl Asi NEPEKBAMgHKa-
LM CNELIAHCTOB y3KOro Mpodmns (0BCyKMBAIOLLX TOMBKO OVH TN
BbI30BOB) B CMELWQNMCTOB LLMPOKOTO npoduns. Byaem cumrars, 4o Bbi-
MONHEHo ycrosme ¢, + ¢, + ¢, , = const. BenumHa ¢, , BapbupyeTcs B uk-
epeane [0;8] ¢ warom 2, npu 3Tom opHoBpEMeHHO YKo 1- 1 2-npu-
6opos ymeHbluaeTcs Ha 1 Ha kaxkaom wware. Mpegnonoxim, 4o (1,2)-
MPMBOPbLI TPATAT MeHbLLIE BPEMeHW Ha 0bpaboTky ebisosa. Ha prcyHke
2 NpencTaBlEHd 30BMCMMOCTb BEPOSITHOCTU MoTep 1- 1 2-3a5IBOK

(B, v B,) ot uncna (1,2)-npubopos. MoryueHtble pesynsTarsl nossonsi-
tot ormammanpoeats pabory Call-ueHtpa 1, yumTbiBas SKOHOMUuECKME
W Opyr1e NAPAMETPI, OLEHMTb KOSIMYECTBO OMNEPATOPOB Y3KOrO Mpo-
bunsi, KOTOpbIX HEOBXOAMMO NEPEKBANMMBMLMPOBATL B CNELUASIMCTOB
Lwmpokoro npodunst. [pu NocTpoeHm rpadmka MCNonb3oBANMCH cre-
ayoupe panneie: Ky =15, K, =13, A, = 6, A, = 4, u, = 0,8,
W,=0,75 U} =W, =1, Ha nepsom ware ¢; = 8, ¢, = 5.

lpadpuk MOKA3LIBAET, YTO nepekamMdmkaLys 1-onepartopos 1 2-
OMEPATOPOB B CMELMAIIMCTOB LUIMPOKOTO MPOdMNs MO3BOMSET YMEHb-
LUIMTb BEPOSITHOCTU NoTepu 1- 1 2-3as1BOK. Tak, HAMPUMEP, MPK OTCYTCT-
Bun B cmcteme (1,2)-onepatopoe BeposTHOCTb notepu 1-3asBok  co-
craensiet 6onee 6%, a BeposTHOCTL NoTepu 2-3asBoK — 12%. MNpu ne-
pekeanmdmkaLpm 4 onepartopoe, obcnyxmsatoLLyx 1-3asiku 1 4 one-
PATOPOB, OBCITYXXMBAIOLLMX 2-3051BKH, B CNELMCIUCTOB LUMPOKOTO MPO-
duns, 1-3058KM NpakTyecku He Tepsiotcs (notepu meree 1% ), a Bepo-
SITHOCTM MOTEPM 2-305BOK CHXKAIOTCS A0 2%.

B pamkax AanbHEHLLIMX MCCTIEROBAHMIA IIIAHMPYETCS MPOBECTM OH-
nu3 apymix xapaktepuetk mopen Call-ueHTpa, Takix Kak AnHb! ode-
penei, BEPOSTHOCTU HEMEINIEHHOTO OBCITY>XMBAHMS 305IBOK OBOMX TH-
MoB 1 KOSPULIMEHT 3QHSTOCTH OrlepaTopos Tpex rpynn. Pabora byner
MPOOOKeHa BBeaEHMeM "HeTeprienmebix” aboHeHToB, Byner nocTpoeHa
MMUTOLMOHHAS Modens ans obcnyxueanms eeisosos B Call-uentpe ¢
6OTbLLIMM KOMMYECTBOM KIIACCOB KIMEHTOB.
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Apxutektypa QoS ansi KOHBEPreHTHLIX ceTei
M 0COBEHHOCTH ee NPUMEHeHMs

Mpeanaraercs apxurextypa QoS 1 KoHBEPreHTHbIX ceTedt. PaccmoTpetbl 0COBEHHOCTH ee MPUMEHEHHS 1Sl ceTe,

MOCTPOeHHbIX Ha ocHose natdopm IMS u obopyaosarmm SoftSwitch. O6cyxaatotea BapranTs peanmaaLm apxm-

TekTyp QOS B KOHBEPIEHTHBIX CETSIX, PACCMOTPEHI MX JOCTOMHCTBA M HEAOCTATKM. Ha ocHOBE MPOBEAEHHOTO aHAM-

30 0603HAYEHb! AKTyArbHbIE MPOBIEMb], PA3PABOTAHL! PEKOMEHLALIM M0 MOBILLEHHMIO SPPEKTUBHOCTH MPMMEHEHMS

apxutekTyp QoS 15 KOHBEPIrEHTHbIX CETEH.

Edpumywxmun B.A.,
nmpekrop o Hayke PIYT UHMNC, k.¢.-m.H., BoLeHT,
ef@zniis.ru

Yrnos U.B.,
ct. Texrmyeckmi crneupanct OAO "MTC",
ivuglov@mts.ru

Bsepenue

Mpowwenumit 2009 1. MOXXHO OXAPAKTEPH3OBATL KK OfiH M3 Nepe-
JIOMHBIX MOMEHTOB B MCTOPVM PA3BMTHS TENIEKOMMYHMKOLIMOHHBIX CETE!
8 Poccym. B stom ropy paspetumcst Bonpoc o noBcemecTHOM UCMonb3o-
BAHMEM HOCTOT 15l CETEM TPETbEro nokonermst. Paspeluerme Ha mcnons-
30BAHME AOHHBIX YOCTOT CIOCOBCTBYET PA3BUTMIO MOBMITBHBIX 1 KOHBEP-
TeHTHbIX ceTeit B Poccun, 0 4eM MOXXHO CymuTb Mo POCTy OBOHEHTCKOM
6036l MOBMbHBIX cetert B 2009 T. M MPOrHO3aM QHANUTKOB HA Criedy-
towmii rop [1, 2].

OcCHOBBIBASICb HO MPOTHO30X M AHANM3e PAKTUHECKUX [OHHBIX O
PA3BHTUM TENEKOMMYHMUKALWMOHHBIX TEXHONOMMM, Takux kak WIMAX w

LTE (Long Term Evolution) moxHo npeanonoxurs, ele Gonbluyto akTya-
NM30LMIO 304 O MPEAOCTABNEHNM YCITYT C [APAHTUPOBAHHBIM KA4ECT-
Bom. Ocobyio OCTpOTy OHA MPHOBPETAET B CTyHae OKA3AHKS KOHBEP-
FeHTHbIX YCIyT, rAe HA CTbIKaX PA3HOTEXHONMOMMYHBIX ceTer BO3HUKAIOT
BOMPOChI O COMALLIEHMsIX 06 YPOBHE KauecTa obatyxueaHus (Service
Level Agreement, SLA) 1 B3aMMOREHCTBIM PASMIMUHBIX TEXHOOMI NOCT-
POEHMsI CEeTU M AOCTaBKM curHana. basosasi apxiTexTypa obecriedeHyst
kavectsa yanyr (Quality of Service, QoS) B MoBHnbHbIX ceTsx npeacTas-
neHa B TexHuueckon creumdmrarym ETSI TS 123 107 V8.0.0 (2009-
01)[3]. B cratse npeanaraetcs pactumperme stom apxurektypsl QoS fo
KOHBEPTEHTHbIX CETEM.

Apxurektypa QoS fnsi KOHBEpPreHTHbIX ceTei

Moctponm apxutekTypHyto mogens QoS (puc.1) anst koHsepreHT-
HOM CETH, COCTOSILLEM M3 TPEX PASHOTEXHOMOMUHBIX CETEM: CETU COTO-
gon nogsvxHon cessn (CCTC), cet nepeaaun parHbid (CMA), cetm
cestan obwuero nonbsosarms (CCONM), M paccMoTpm ee 0COBEHHOCTH.
Yenym Ha ceT paCCMATPUBAKOTCA HO YMOCTKE MPESOCTABAEHHS! OT Ofi-
Horo TepmuHana nonbsosarens (Terminal Equipment, TE) no apyroro TE
(End-to-end Service). Takoro popa ycym MoryT MmeTs onpeneneHHbii

|
J
CrC uUMTS I CIA ceTb nposaiigepa ycnyr ccorn
|
TE MT raN  ONEDCE oNew ICNGW  ON CNGW CONGW  CN GW TE
|
|
End-to-End Service
: 5
TEMT TpaHCNopT KOHBEPre HTHOM CeTu JNokaneHbii
NOKalnbHblE TpaHcropT
ycnyru ‘ ‘ ! nocrieaHen
Tpacropra MMM
BHeLHWA BHe lWwH1i Cccar
CIC TpaHcropr ChnAa tpaHcnopt S
TpaHcropT TpaHcnopT TpaHcropt Mocriess
‘ ‘ | | | (q)ylsvllllr‘?ec-
Tpacropr l TpaHcnopT sapa TpaHcropT sapa KR
Yenyru paguogocrtyna aapa I et o YPOBCH:)
CceTn |
] ] ] | ] ]
TpaHcnopt RAN MarvcTpa | . .
Mo paavo TBHbI | MarvcTpanbHbii MarvcTpanbHb! i
KaHary AOCY 1 rpacnopt | Tpacropt Tpacnopt
\ ] |
PagviokaHan .
(dpmnanuecknin qjmgﬂ: |
YPOBEHb) ypo :
\ \

ApxurextypHas mogens QoS KOHBEPreHTHOM ceTH, CocTosLLEN M3 Tpex pasHoTexHonorurbix cetert: CMC (UMTS), CMNL,

(SIP cets npoBaitnepa ycnyr, He nmetoas npsimbix aborerTos), CCOM
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ypogetb QOS, NPefoCTaBsieMbIi HQ CETH NONb3OBATENSIM.

Ins peanmsaupn yposrer QoS K ypoBHIO TPAHCTOPTA U €ro yiTy-
FOM MPEBSIBASIOTCS YETKME TPEBOBAHMS HO BCEM MyTW MPEOCTABNEHMS!
yanyri. YpoBeHb TPOHCMIOPTA [OMKEH YAOBNETBOPSITL BCeM TpeBOoBAHM-
siM At faHHoro QQOS, KOTOpbIE MOTYT PASMYATECS i PASIMYHBIX TH-
MoB TPadHKa (CUTHANBHOTO, NONL30BATENLCKOTO K CITyXXeBHOrO).

ApxirexTypHas Mogenb QoS MMeeT MHOrOypPOBHEBYIO CTRYKTYPY,
rAe KQ4YeCTBO Mepenaym TPApMKA HA OJHOM JIOTMHECKOM YpoBHE obec-
MEYMBOETCS MOJMHOXECTBOM JIOTMHECKVX TPAHCTIOPTHBIX YPOBHENM, pac-
MOSIOXEHHBIX HOl YPOBEHb HUXE.

IMpoxops nyTs ot opHoro TE k apyromy, Tpadmk npoxopuT yepes
PA3HOTEXHOMOMUHBIE CETH, XAPAKTEPH3YIOLLMECS PASIMYHBIMM MPOTO-
KOMNAMM MEepenaYM CUTHANM3ALYM, AGHHBIX M PASIMYHOM CPEow nepe-
naun. Obopyaosanue TE, nogkniouerHoe k cem CTC, Baammoneicrsy-
€T C Heil MOCPEACTBOM MOBMILHOM TOUKM TEPMUHMPOBAHHMS TPADMKA
(Mobile Termanation, MT). [pyroi TepmmHan nopkmioueH yepes cetb
CCOIk w03y, porib KOTOPOTO B AGHHOM CIyHOE MOET BbIMOSTHSTb OB~
TOMOTMHECKOS! TENEDOHHAR CTAHLMS IMEO NPOTPAMMHBI KOMMYTATOP
knacca 5.

Mpu npegoctasneqn End-to-End ycnyr Ha koHseprenTHOM cem,
YPOBEHb MPMIIOXEHUI UCTIOSb3YET PECYPChl TPHCTIOPTHBIX CETEN, BXO-
[DSILLMX B KOHBEPTEHTHYO. Tk M 0Bpa3oM, HEOBXoaMMO fobMTLCs obec-
neveHmsi TPeBYEMbIX XAPAKTEPMCTHK K TPOHCMIOPTHOMY YPOBHIO HA BCEM
MOpLLPYTE MPOXOXAESHMS BbI30BA.

Yposets End-to-End ycnyr onmpaetcs Ha yposens TE/MT nokans-
HOTO TPAHCMOPTA, TPAHCMOPTA KOHBEPTEHTHOM CETU M JIOKAUbHbIM
TPQHCTOPT MOCTIEAHEN MUTIA.

TpaHCNOPT KOHBEPIEHTHOM CETH MOXHO PA3AEMTL HA BIOKM TPAHC-
noptHbix ycryr Ha cTbikax ceteit CTNC-CIMI, n CMA-CCOTT, a takke Ha
UMTS, CNp, CCOI tpatcnoptHsie ycryr. MoXHO 3aKIouMTb, YTO
UMTS tpancriopr npenoctaenser UMTS QoS B pamkax CIC cemy,
CMA tpaxcnopt — B pamkax CIMH, n CCOT tpaxcniopr obecneumsa-
et QoS Ha CCOIT, Ho ka4ecTBO 0BCIYXMBAHMS HO KOHBEPIEHTHOM Ce-
TU OMPEJENAETCA MUHMMAUTBHBIM MokasaTeniem QoS Ha nobom ee yua-
CTKe, BKIIOHOS MeXCeTeBble CTbIKM. [loroBopbl 06 ypoBHsix obayxxuea-
HUSl MEXY POSHOTEXHOSOMMUHBIMM CETSIMM AOMKHbI ObiTb OMpeseneHs!
KOHTPOKTGMM O KauecTse npepoctaensemsix ycryr (Service Level
Agreement, SLA).

Tpaxcnopr UMTS MoxHo paspents Ha [Be COCTOBRsioLME —
TPaHCMOpTHbIe yaryrv papmo poctyna (Radio Access Bearer Service, RA
BS) u tparcnoptHsie yenym sapa ce (Core Network Bearer Service,
CN BS). O6a knacca yayr oTpaxakoT AoMbITKY OMTAMM3HMPOBATS M pa3-
penmb cyx6bl UMTS TpaHcrnopTa, ¢ y4eTom Tonosnorm 1 ocobeHHoC-
Teit CTC, Takux kKak MOBMIBHOCTb M MPOGUIM MOBMITbHBIX ABOHEHTOB
npodum.

TpaHcnopTHble ycym pamo [OCTyna NPefoCTABISIOT 3ALLMLLEH-
HbIl TPQHCTOPT 151 CUTHATBHOTO M MOJIb30BATENECKOTO TPAMGUKA MEXTY
MT w norparmunbiv yanom sigpa cemt UMTS (Core Network Edge
Node, CN EN), ¢ QoS, saaaHHbim UMTS TpaHcropTHbIM ypoBHEM v
Xe €O 3HaueHMsIMM QOS, MPUHSTLIMM MO YMOMHAHMIO A5t CUTHQUTLHOTO
TPAMKA. ST YTy OCHOBAHBI HO XAPOKTEPUCTMKAX POMO MHTEP-
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deica u ayxar fis obecrieyeHis BO3MOXHOCTU nepemeltienmst MT.

Yenyra CN BS sppa cem CIC, CIA, CCOT cassbieaet yans CN
EN v wniososoe obopyaoearie sapa cetm (Core Network Gateway,
CN GW), CN GW 1 CN GW, CN GW c wriosoebim 060pyaosaHm-
em (Gateway, GW) cootsetcreerHo, ans kaxaoi us ceteit. Obopyao-
Bare CN GW cnyxur ans obecnedeHits MEXCETEBOrO B3AMMOREHCT-
Busi, a GW — 151 OpraHM3aLy MoaKIIoYEHMst KOHEUHbIX ABOHEHTOB B
cemt CCOT. Ponb TpaHcrioptHbix 6riokos yarnyr CN BS — s dexmmpHbIi
KOHTPOJTb M UCTIOMNb30BAHWE MAMCTPAIBHOM CETU B NOPSIIKE MPEfOCTaB-
nieHus yayr BepxHemy yposHto. [aketHoe sigpo ceteit CIC, CI1[,
CCOIlT MoxeT noanepveaTs PA3IMIHbIE MAMMCTPAbHBIE TEXHOMOMMM
Mepeacn AaHHbIX.

Paccmarpreast ciepytowyii sa CN BS yposeHs apxurexTypHon Moge-
m QoS, MoxHO 3ameTHTs, uTo B ceTsix CIC oH penmmbes Ha Tpu Brioka:

— yanym Tparcnopta pagrokarana (Radio Bearer Service, RBS);

— ycnymm cetn pappopoctyna (RAN Access — Bearer Service, RAN
A —BS);

— mancTpansHbii Tparcnopr (Backbone).

Yenyrn RBS onpegensiior Bee acneKTs TPaHCNOPTa Yepes popMomH-
Tepdeiic. Yenyr tparcnopta npepocraensiotes UTRAN FDD/TDD
GERAN.

Briok ycnyr RAN A-BS Bmecte ¢ yenyramm ¢usideckoro yposHs
(Physical Bearer Service, PBS) npegocraensiot TpaHcnopt meskay pagmo-
cetbio gocryna u sigpom cem CIMC. [Ins nakeTHoro Tpadwka ¢ pasnmy-
HbiMi QoS [aHHbIN BIOK YCryT MPEAOCTABNSIET TPAHCTIOPT C TPebyeMbl-
MY XOPOKTEPUCTUKAMA.

Briok ycryr mamcTpansHoi ceTut Mcnonb3yeTest MaBHsIM 06pasom
6nokom CN BS. Yenym MarmctpanibHoi ceTi BKIIOUAIOT YTy ypoBHEH
112 OS, BoIBUPAIOTCS B COOTBETCTBIM C MPEANIOHTEHMSIMI ONEPATOPa
A5t HaMBOMee MONHOrO COOTBETCTBYS BOIMOXHbIM TpeboBaHMm QoS,
noctynatopm ¢ ypoers CN BS.

3akniouenne

B naHHo# cratse pacemotpeHa apxutektypHast moperns QoS s ce-
et UMTS Ha ocHose ETSI TS 123 107 [3]. Ha ocHoee aHanmaa TexHm-
YecKoi creLmdmKaLmM Bbina npeioxeHa obobiueHHast Mogens QoS
A5t KOHBEPIEHTHOM CeTH. PaccMoTpeHbl 0COBEHHOCTU NIOMMHECKMX YPOB-
HEM QPXUTEKTYPHOM MOZENM M MX PYHKLMOHAMBHOCTb. [TpoaHamampo-
BOHbI KIKO4EBbIE AICTEKTBI MOCTPOEHMS APXMTEKTYPbl QOS B KOHBEPTEHT-
HbIX CETAX.
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[NoctpoeHre appecHOro NPOCTPAHCTBA B CEHCOPHbIX CETSX.
[Mpobnembl cTAHAAPTHLIX NOAXOAOB M METOABI UX PELLEHMS

[MpoBomMTCs CPABHUTENbHbIFM QHAIM3 CITFOPUTMOB MOCTPOEHHS QIPECHOTO MPOCTPAHCTBA B GECMPOBOAHOM CEHCOPHOM CETM.

Pacemarpueatotess mexarmam pacnpeaenetHoro npuesansanis agpecos (Distributed Address Assigning Mechanism, DAAM)

M cxema agpecam ¢ pacrpenenentbiv saumcreosannem (Distributed Borrowing Addressing Scheme, DIBA). Anropiim

DAAM, craraapmaosaHHbii ans cercopHbix cetedt IEEE 801.25.4/ZigBee, nmeet psa HEBOCTATKOB, CBA3QHHBIX C TAKMM Q-

[PAMETPOM CeTH, KaK IyOMHA AEPEBa, MPMBOSILUMX K CHIKEHMIO SPEKTUBHOCTH MPOLIEAY[b! MOSTYHEHHS QPECa HOBbIM YCT-

[POMCTBOM CETM M ACKE K OTKA3Y B rosTyseHmm agpeca. B otmmune or DAAM, anropiim DIBA npeanaraert petwierie aaHHo#

npobriembl, BBOLS HOBYIO CXEMy PACTIPEAENEHHS GIPECOB B CETH M MOAEPHM3MPOBAHHIN QIIFOPMTM MOPLLDY TU3ALMK, 1 0bec-

neuvsaet bonbLuee MOKpPbITUE, B OTNIMHME OT DAAM, HO o6nou:¢ae7 CBOMMM Y3KMMM MECTAMM. [o uroram aHanmsa BblOensoTCA

curbHbIE 1 criabbie CT 'OPOHbI KAXKAOro 13 QJITOPHUTMOB. ﬂpep,nara;orcn peLleHns npo6neM paccMaTpMBAEMbIX QJTTOPHUTMOB.
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Bsepenue

ZigBee — craHnapT 6ecnpoBogHOM CBA3M 15 CETEN C MUHUMM3MPO-
BAHHBIMM MOKO3ATENSIMM MO NEpeaaye MHPOPMALWK 1 PACXopy SHep-
rm, ocHosanHbii Ha IEEE 802.15.4 MAC/PHY [1] Sror crampapr uc-
MOMb3yeTCs KaK OCHOBHOM MPH MOCTPOEHMM GECMPOBOAHBIX CEHCOPHBIX
ceteit (Wireless Sensor Networks, WSN). B cranaapre ZigBee [2] onpe-
AeneHbl 1B QIIFOPUTMA MOCTPOEHMS GIPECHO-TO MPOCTPAHCTBA CETH:
cToxacTyeckoro npuceameatms appecos SAAM (Stochastic Address
As-signment Mechanism) 1 pacnpeaeneHHOro nprceamMBaHKS GEPecos
DAAM (Distributed Address As-signment Mechanism). B paGote o6omx
QUITOPUTMOB MCTIOMNB3YETCS CXEMT, MPU KOTOPOH KAXAbIM Y3€r, CTaHO-
BSICb POMTENBCKMM, COMOCTOSTENBHO HA3HQUAET GAPECT CBOVM AONEP-
HUM Y3ram 63 BIOMMOLEHCTBIR C KAKUMU-TMEO SIBHO BbIAENEHHbIM LiEH-
TPQBHBIM Y3MOM ceTM. Takoe MoBeAEHME XAPAKTEPHO AfS MOBMITBHBIX
ad-hoc cerent [3-5].

Cytb paborsl anroputma SAAM 3akiouaeTcs B MPUCBOEHMM HOBO-
My Y3y CrysarHoro agpe-ca. M3-3a 3Toit 0cobeHHoCT anroputMa,
4TOBbI M3BEXATb AYENMPOBAHMA QOPECOB HEOBXOMMO KOX-abIM pa3
npy AOBABNEHMU HOBOTO Y3Na MPOBEPSTL, HE Bbi M HA3HAYEH AOHHBIA
QEPEC PaHee, W He SBASETCS K OH [EHCTBYIOLLMM B AGHHBIA MOMEHT [6].
[ns peanmaaLym TaKow NPOBEpPKM HEOBXOAMMO MCMONB30BAHME CreLyt-
QribHbIX MPOTOKOOB MAPLLPYTU3ALYM no 3anpocy (on-demand, reac-
five) [7-9] unm ynpaensemsix tabnmueit (table-driven, proactive) [10]. Bee
MPOTOKONbI MAPLUPYTU3ALYM YKA3AHHBIX TUMOB TPeGyHoT Nepeaaum Ao-
MOSHUTENBHOM CITYXEBHOM MHPOPMALIMK M XPAHEHHS GONbLIMX TABAL,
MOPLLPYTU3ALIMK, HYTO HEXXENATENBHO Afist CEHCOPHOM CETH B Bifly Orpa-
HUYEHWIt HO BEMMYMHY SHEPronoTpebneHms 1 obbembl NEePenaBaEmMbIX
JIOHHbIX.

1. Anroputm DAAM
Anroputm DAAM npepncraensiet ceTb B BUe AepeBa, O MAPLLPYTH-

30LMSI NOKETOB OCYLLIECTBISIETCS TONLKO HO OCHOBE MMEIOLLIECS apec-
HOM MHpopMaLMK Be3 OBPALLIEHMI K AOMONHUTENbHBIM TABMLIAM MAp-
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LUPYTU3ALMM W NPELBAPHTENBHOM NPOKIGAKM MAPLUPYTA. [apaHTYs Y-
KQBHOCTM MPUCBOMBOEMbIX GEPECOB ObecrnedmBaeTcs Gnaroaapst uc-
nons3sosanmio ¢yHkupn CSkip (Child Skip) [11], kotopas onpeaensier
YHUKQIBHOE A71St KOKAOTO YPOBHS fiepesa unanio. Bmecte ¢ CSkip & npo-
Le-aype pacnpenenerys agpecoe B anroputme DAAM ans yana m me-
MOfb3YIOTCS TAKME BEMMUMHBI, KOK MOKCMMArbHas mybuHa aepesa L,
MakcumanbHoe 41cio C - IOHEPHIX Y3108 HE MOPLLPY TU3ATOPOB M MOK-
CHMOIIbHOE YMCIIO R - AOHEPHMX Y31OB, KOTOPBIE MOTYT BbiTh MAPLIPYTH-
3ATOPAMM.

OgHako, Koraa pedb 3aXOIUT O MOCTPOEHMU COMOOPIAHM3YIOLLIEN-
csicet [ 12, 13], BoxHbIM NOKA3ATENEM CTAHOBMTCA MIIOLLGAb NOKPbITHS,
MPK1 STOM YUMTbIBOSI PUKCMPOBAHHBIE HOUYQSTbHBIE MCA-PAMETPbI, AOCTC-
TOUHO CIIOXHO JOBUTBCS BBICOKOTO NOKPBITHS! MPK MCTIONB30BAHMM QNIro-
prtma DAAM.

B kauecTBe npuMepa paccMOTPHM CETb, MMEHOLLYIO XAPAKTEPUCTH-
km C =3,R =3, L =4, cocrosiuyio 13 Tpex y3roe, pacronoxXeHHsIx
BOKpYT KoopanHaTopa cetv ZigBee — yana, HaxopsiLLe-rocs B BepLUnHe
nepesa. Koraa B ceTv nosBAseTcst HOBbIM y3en, MEXTy H1M W yXe CyLue-
CTBYIOLLMM Y3OMM YCTAHOBIMBAIOTCS B3AMMOOTHOLLIEHHMS, MPHYEM WX
XAPAKTEP M3HQUYABHO He onpeaeneH. B Hawem npumepe Bce Tpu yana
MOTYT CTTb AOHEPHUMM Y3TIGMM KOOPAMHATOPT, TO €CTb CMEXHBIMM Y3~
FIAMM KOOPIMHATOPA B TEPMMHOX TEOPMH rPado., a MOTyT 06pa3oBaTL
NMHEMHYIO LiEMb, YBENWUME ryEuHY Aepesa.

Ecm Bymer umets MecTo nocnesHee, Mt napametpa L Gyaert Gbl-
CTPO AOCTUTHYT, O OB-NIACTL MOKPBITHS CETHIO BYET UMETH BbITSHYTYIO hOp-
My MO CPaBHEHMIO C MepBbiM atyuaem. Puc. 1 unnioctpupyert npobnemy
paCrpeneneHys aapecos npu ucnonb3osaxmy anroputma DAAM. Hoesir
y3en i MbITaeTcs NMPUCOBIMHMTLCA K CETH, AICCOLMMPOBAB cebs C Yarom m,
TO €CTb, 3aMpPOcHB y Hero appec. OHAKO Y36 M He MOXET MPMCBOWTL Of-
PeC HOBOMY Yarly CETH, TaK Kak, Mmesi Tou aodepHmx yana (C=3), oHyxe
MCHEPC CBOM SIMMIT MO MOAKTOHEHMIO HOBBIX Y37I0B.
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Puc. 1. Mpobnema nprcsamsarms appeca HosoMy yany B anropime DAAM
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Puc. 2. Hoseiit y3en exopur & cets

B [14] npeanoxero tpu petuenms stoi npobnemsi. Mepsoe peLue-
HME 3CKITIOMAETCA B UCTONb-30BOHMM LISHTPQIBHOTO PEecTpa GRpPecos
(Centralized Stateful Address Configurafion, CSAC), ¢ vc-nonbsosarmem
KOTOPOTO MPOMCXOAUT YNPABAEHWE BCEMM GAPECaMM CETU LISHTPAb-
HbIM KOOPAVHATOPOM. BTopoe petueHie cocTouT B UCMonb3oBaHMM M6-
PHBHOTO QRFOPUTMA, MPK KOTOPOM, PACTIPEAENEHME GAPECOB C UCTOMb-
30BaHrem metona CSAC npomcxopmT TombKo B TOM CllyHde, KOTAd y3en
HE MOXET NOMY4MTb GEPEC NP1 MOMOLLM CTaHaapTHOro metoaa DAAM.
Tpetvit noaxoa K peLueHmio Mpobrembl NPEANAraeT MCMob3oBaTb 610-
KW GEPECOB OMPEeAENeHHOro PAa3Mepa, KOTOpbIE AENerpyoTCs MOpLL-
PYTM3ATOPY € Pa3PELLEHHEM ACTBHEALLETO YMPABEHMS.

HecmoTtpst Ha TO, 4TO AGHHbIE CLEHAPMM TEM MM MHbIM OBPA3OM pe-
watoT npobnemy pacnpe-AeneHs GAPEeCcoB HOBbIM Y3IaM CETH, BCE OHM
TPEBYIOT HAMMUMS LIBHTPAIBHOTO Y311, KOTOPbIN B0 YaCTHYHO, B0
MOAHOCTBIO YYACTBYET B MPOLIEAYPE GAPECALMM. TO AenaeT ceTb 30BH-
CMMOM OT FOH-HOTO Y31 M CHIKAET YPOBEHb OTKA30YCTOMUYMBOCTU CET.

CyLuecTsyer elLie OfyH METOR, PEeLLEHMS AHHOM 3GACHH, OMMCOHHBIM
g [15]. Meton mmHeiHoro ampecHoro npuceamearus (Linear address
assignment, LAA) Taioke noapasyMeBaeT MCronb3oBaHME LIEHTPQITBHOTO
Y310 151 OCYLLECTBAIEHMS GIPECALIK, OAHOKO MPEAIONAraeT MCromnb3oBa-
HM1E AOMONMHMTENBHOM TABMMLIB MOPLLPYTU3ALWM, POCCHITKM CTyXeBHbIX
COOBLLEHWI MPH PaCHETE MAPLLPYTA M BHECEHMS M3MEHEHMM B pOpMaT
30roNOBKA NEPERABAEMBIX NOKETOB. DTOT MOAXOR, B OTMUYME OT Npedbidy-
Lpix, He akcrtyammpyer anroprv DAAM, a nonHocTsio 3amersier ero.

Bce nopxoppl, OCHOBAHHbIE HO LIEHTPQTM3OBAHHOM APXMTEKTYPE, MO-
crie AOCTVIKEHHS CETBIO OMPEAENEHHOMO KPUTMHECKOTO paamMepa, ¢ 6orb-
LLIOM AOMe# BEPOSTHOCTH ByiyT NMPMBOAMTH K BO3HWK-HOBEHMIO [NIUTENbHBIX
30AEPKEK MEXy MOMEHTOM OTNPABKM 3AMPOCA HA MPMCOBAMHEHME A0
MOMEHTQ MOMyueHUs GEPEca HOBbIM Y3rIoM. Takoe MoBedeHMe CBA3AHO C
TEM, YTO 301 AQHHBIM MEPHOR, BPEMEHN KAHIMACTY HA POfb PORMTENLCKOTO
Y310 HEOBXOIMMO OCYLUECTBHTb HECKOMBKO AOMONHUTENBHBIX MPOLEAYP:
HQWTV 1 YCTOHOBMTB CBSI3b C LIEHTPQUTBHBIM Y3MIOM, OTNPABMTL EMy 30MPOC,
MosyumTL 1 0BPABOTATL OTBET, - HA BCE 3TW AeHCTBUS TPeByeTc Bpems,
0COBEHHO HA MPOLIECC NEPERAYM 3aMPOCa K M OT KOOPAMHATOPA CETH, KO-
TOPbIN MOXET HOXOAMTLCS AOCTATOMHO Aaneko. Hakanmmeasics, apepxxu
MOTYT MPMBECTH K CPABATLIBAHMIO TAMMAYTA, YCTAHOBIEHHOTO A1 MPOLie-
Ayp! nostyueHys appeca s crarpapte [EEE 802.15.4, yto nosnever sa co-
60M OCTAHOBKY MPOLIEAYPbI 1 Y3EN He MOy|UT GEpeC.

Kak mbl Buayim, anroprtmv DAAM obecneuneaet rapaHTposakHoe
MOCTPOEHHME GEPECHOTO MPOCTPAHCTBA GECMPOBOAHON CEHCOPHOM Ce-
™. OBHAKO, ANSt PELLIEHMS 3AAAYM YBENMYEHMS MITOLLIGAM MOKPBITVR CETH
ACHHBIM QAFOPHTM NEPECTAET OTBEYATL 30AAHHBIM TPEGOBAHMSM.

2. Anroputm DIBA
Anpecauy

ATTOpUTM, HO KOTOPOM OCTAHOBMMGS MOAPOBHES, — CXeMa appeca-
WM ¢ pacrpedeneHHbiv 3a-umcteosavem (DIBA). Ox ucnonbayet cunb-
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Puc. 3. Mowck nopxopsiero yana

Hble cropoHbl DAAM 1 noseonseT CTpomts cemi ¢ BonbLLer MIoLLaapIo Mo-
KPbITHS! 30 CHET YBESTMUEHMS YUCTO! Y3/IOB, MMEIOLLIMX BOSMOXKHOCTb MOMYHMTL
appec. Kpome Toro, anropimm DIBA nossossier rapaHmMpoBaTb YHUKOSIb-
HOCTb PaCTPEHeNseMbIX Ofi-PeCoB. 30ECh A7iSl OCYLLECTBIIEHMS MAPLLPYTH-
301 COBMECTHO co cxemont appecaym DIBA npepnna-raetcs menons3o-
BOITb AOPABOTAHHbIN QUITOPHTM C MPOCTON TABMMLIEH MOPLLPY TA3AILI,

Korna HoBbIM y3en XoueT NpUCOSOMHUTLCS K CETH, p060T0|ou.|,e|?1 B
craHpapre ZigBee, eMy Heobx0mMMO BbIBPATL POAMTENBLCKUIA Y3en cpe-
M OCTYTHBIX B 30HE BIMMOCTH Y3710B. [Tpennonoxim, 4to HoBbIi y3en
i HOXOMMTCS B 30HE AEMCTBMS Y31I0B M M C, NOKA3CHHOM HA PUC. 2 Cepoit
0bnaCTbiO, TORI ABTOMATMHECKM Y37lbl M M € CTAHOBSITCS KAHAMACTOMM
HQ POJTb POAMTENLCKOTO Y3ria Afist i. B sTom cryuae y3en i Gyaet npycoe-
LMHEH K TOMY Y311y, Y KOTOPOTO MMEETCS HOMBObLLEE YMCTIO CBOBOAHBIX
MeCT Ayist o4epHUX y3roB. Bee yanbl, MMetoLLye BO3MOXHOCTb Mpmcoe-
IMHSTb AOHEPHME Y37Tbl — MAPLLPYTM3ATOPSI, PACCHICIOT LUMPOKOBELL-
TenbHbie CHrHAbHbIE coobLueHns (beacon), koTopsie coaepxar uHdop-
MaLWio O uncnie octaelmxca ceobopHbix appecos (Available address
count, AAC). Mosyuast COOBLLEHMS SAHHOTO TUMG, HOBbIE Y371bl IPOBOAST
MEPBUYHbIM OTBOP HA POJTb POAMTENLCKOTO Y3al.

Pomyrenbckuin yaen, nonyume sanpoc Ha MPUCOEAMHEHE HOBOTO y3-
na, npoBepseT, ecu Mm y Hero ceobopHbii appec (Available address,
AA). Ecrivt cBoBoaHbI Qpec MMEETCs,, TO OH BbIENSIETCS HOBOMY Y3ny.
Ecm ke umcno cBoBopHbIX QPECOB PABHO HySIO MK Y3EN HOXOAMTCS
Ha yposHe L, (nocneaHem) aepesa, OH MHULMMPYET MPOLIeCT 3aMMCTBO-
BOHMS QPECA C MCMonb3oBaHMem mexarnama DIBA. Ha puc. 3-8 nzob-
paxeHa cxema paboTsl Mexamama DIBA.

B Haem npumepe ecrin y3en m, MostyumMBLIMIA 30MPOC HA MPHCOe-
AMHEHWE OT HOBOTO Y3/1dl i, KOK MOKA3GHO HA pMC.3 1 4, MMeeT orpaHH-
uenme C = 3 HO YMCIIO AOUEPHMX Y3TIOB, TO Y3eN i He MOMYUMT CEpeC, B
BMY TOFO, YTO Y3EN M Y)Ke MMEET TPU AONEPHUX y3na: a, b u c.

Hns peLwierms 5Toi Npobnemb, y3en m AOmKeH PA3ocsiaTb LWMPOKO-
BewarensHoe coobiuerme AB_REQ ¢ sanpocom Ha sanmcTBoBaHWE ag-
peca, puc. 5. [JaHHoe CoOBLLEHME OTCLIAETCS POAUTENECKOMY Y3rly y3-
1A M 1 ero Jo4epHUm ysnam. Popurenbcriii n fouepHie yanbi BMecte
0Bpa3yloT MHOXECTBO COCEneN y3na m.
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Puc. 4. Ompaexa sanpoca Ha nonyyere agpeca A_REQ
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Puc. 5. Ompaska sanpoca Ha sanmcreosarme appeca AB_REQ

Coceprvte yanbl k, a, b u ¢, nonyame AB_REQ, ompasnsior oTeet-
Hoe coobiuerne AB_RSPysny m, kotopoe copepxut napameTpbl AA u
AAC, puce. 6.

Ecnm umeno AAC ceoboaHbIx appecos paBHO Hyko, OTBETHOE COOb-
wenue AB_RSPHe otcbi-naetcs. Yaen m npu ompaske AB_REQ Bbictas-
TISIET TOMMAYT, B TEYEHWE KOTOPOTO, Y3€7 M MPOBEPSIET MOMyHYEHHbIE OT
cocepei coobiuerms AB_RSP. Buibop yana u appeca cpeny cocenHmx
Y3y m yanos GyAeT IPOMCXOauTL MO CedytoLLEMy QITOPUTMY:

* [epebiM BLIGUPAETCS y3en ¢ CambimM BOMbLIMM 3HAYEHMEM NOPa-
metpa AAC, T.e. y3er C HOMMEHBLLMM YMCTIOM JOHEPHMX Y3/OB HA TEKy-
LA MOMEHT.

* Ecnm aHavenns napametpa AAC y cocenHmx y3noB coBnagaltor,
BLIGUPAETCS Y3€en, C HaM-BOMbLLKM 3HaYeHWEM oppeca AA.

Ecrvt ysen m peLumr 30MMCTBOBATL GIPEC Y Y3Na C, UCMONb3Ys Onk-
CbIBAEMBIN QNIFOPUTM, Y3en m oTBeTUT Ha coobiuermne AB_RSP coobiue-
Hvem c nogreepxaerrem AB_ACK, kak 310 nokasaHo Ha puc. 7.

lMonyure nogTBepXXaeHUe, y3en C 3aHOCUT OAPEC, KOTOPbIA OH OT-
Aan B apeHgy, B cBoto Tabnu-Ly mapLupymmaaupn. OTeeTHbim coobiue-
HMEM HQ 3aMPOC O MPUCOEIMHEHWM Y3EMN M AENCET Y3er | CBO-VM fiovep-
HMM Y37IOM, MPHCBOMB EMy 30MMCTBOBOHHBIN Y y3na ¢ agpec, puc.8. To-
KV M OBPA30M, HOBBIM Y3en | CTAHOBUTCS MPHUCOEAMHEHHBIM K CETH.

B coorsetcteum co crannaptom [EEE 802.15.4 yzen omnpasnser ko-
MQHZYy HQ MPUCOEIMHEHWE KOOPAVHATOPY CETU YEPEe3 MPOMEXYTOK Bpe-
MeHu, pasHbi macResponseWaitTime crMBonos nocne nomyyeHms nog-
TBEPXAEHMS KOMAHAb! HO MpucoeauHeHre. MakcumanbHoe 3HauveHue
BpeMeHu oxmaaHus oteeta, macResponseWaifTime, pasHo 64
aBaseSuperframeDuration, uto coctaenser 983 mc npu pabote cet Ha
yacrore 2,45 [ru, B ciyuae menonszosanms DIBA, nocne Toro, kak po-
IVTeNb MOMyYaeT 3aMpoC ACCOLMALMM, OH PACCHUIOET COOoBLUeHVe
AB_REQ v oxuaaet coobluenmnin popmara AB_RSP. MNocne Toro, kak
cpabaTLIBAET TaMMEP, POAMTEND BLIGMPaET AA 1 OTCHINAET OTBETHOE CO-
06-LueHre HOBOMY Yyany. Takvm 0Bpa30M, 30AEPXKKA MEXY KOMAHIOM
30MpOCca ACCOLMALMM M KOMAHAOH OTBETA HA 3AMPOC QCCOLMALMM,
paBHO BpemeHy, KoTtopoe Tpebyercs ans obmeHa cooBLeHMaMmM

AB_REQ n AB_RSP.

b

Puc. 7. Ompaska noarsepxaeHys o sanmcteosatim agpeca AB_ACK
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Puc. 6. Monyuerme oteeta Ha sanpoc AB_RSP

B cootsetcteum co cranpaptom |EEE 802.15.4, arpubyr
macAckWaitDurafion paseH MaKcH-MarnsHOMy YKCITy CHMBOSOB, B Teve-
HME KOTOPbIX HEOBXOMMMO OXMACTb MONyHeHMsi PPENMA C MOL-TBEPSK-
[EHMEM HO NEPEAaHHBINA PPEM — STO HEMBMEHSIEMBIM NAPAMETP MMe-
towwi 3HadeHne 864 He. Tak Kak ckopocTb Nepenaym AAHHbIX B CETU
cranpapra [EEE 802.15.4 pasHa 250 k6ut/c npu wactorte 2,45 Iy, 3a-
nepxka npu nepenade AB_REQ 1 AB_RSP, cymmapHbiit obbem KoTo-
pbix MeHbLue 40 6aiT, HaXoaMTCs B Mpedenax 1 MC anst KaXaoro coob-
LeHmsi. Takvm 0BPA3OM, MNP OTCYTCTBMM NOTEPS, Y3y TPEOYETCS MEHb-
we 3 MC Anst 3AMMCTBOBAHMS OLPECA Y OBHOTO M3 coceaHmx y3nos. [la-
Xe B Cly4Oe MoTepb NAKETOB MY MEPEAAYE, 30AEPXKA MEXY KOMAH-
[0 3aMPOCA HA ACCOLMALMIO 1 KOMOHOM OTBETHOTO 30IMPOCA [OCTA-
TOYHO MQIAl MO CPABHEHMIO C MOKCMMOUTBHbIM 3HAYEHWUEM MOPAMET-PA
macResponceWaifTime.

B DIBA ysen pacchbinaer wWMpoKoBeLaTensHoe cooblueHie
AB_REQTonsk0 cCBOEMY POAMTENLCKOMY Y311y M AETSIM, HOXOASLLMMCS OT
HEro B Mpenenax ofHoro ckauka (xona). Ecim 6k anroputv nossonsn ys-
ny paccbinats coobiueme AB_REQ cocensim, HOXOISLUMMCS HO paccTo-
AHMM Boree O[HOTO XOMa, BEPOSTHOCTL 3AMMCTBOBAHMS QEPECa CyLue-
cTBEHHO yBenmumnack. OfHAKO TOKOM CLIEHAPHI OYEBUAHO MPMBOAMT K
yBenmueHmio 3aaepxki. Kpome toro, coobiuenmam AB_RSP npyunocs
bl MPOKIOABIBATE MAPLLPYT BHYTPH CETH, HTO MPHBENO Bbl K YCTIOKHEHMIO
TAGMLEL MAPLUPYTM3aLMK. TakvM OBPa3OM, 30MMCTBOBOHWE GEpECd Y
MOTOMKOB GorIee, Yem MEepBOro MOPSEKA, MPUBOIUT K YCTIOKHEHWIO Opra-
HU3ALMM CETU M HE KENATENLHO A1l GECTPOBOAHbIX CEHCOPHBIX CETEN.

Ha puc. 9 npencraenen Kop, anropuTma 3aMMCTBOBAHMS APECT HA
s13bIke Java, BbIMOSHAEMOTO B y3fie — KOHIMACTE HA POIMTENLCKMIA Y3er.

Yanbi, nonyumsLLme coobluerms AB_REQ, nbratotes Hamm npurog-
Hble AA 715t Goaum B apeHfy € MCronb3OBAHMEM CrieaytoLLEi (popMysibi:

AA=My addr = (R, —num _BA)-CSkip(d) +1,

rae num_BA <Rm . CSkip(d) — napametp metona DAAM, ommcanHbii
B cneupdmkaumm ZigBee, d — yposers (rmybuHa) aepesa, Ha koTopom
POCTONOXeH AGHHBIN y3en, num_BA — uMcrio 3aMMCTBOBAHHBIX ape-
cos. Taknm 0b6pasom, AA — HaMEONBLIMI GEPEC 13 BCEX OPECOB, He
MPHCBOEHHBIX AOHEPHUM Y3NOM MM OTAOHHBIX B APEHTY APYMM Y3IaM.

b

Puc. 8. Orsert Ha 3anpoc o nonysermn agpeca A_RSP
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if (my_depth < Lm && num_child < Cm) {
assign_available_address();
num_child++;
}
else{
AB_REQ.broadcast();
Timer T1 = new Timer(1);
while(new Date().gefTime() < T1.gefTime()){
i AB_REQ.hasArrived()){

select_address_to_borrow_using_priority_rule();
break;

}

}
if (T1.expired()){
select_address_fo_bormrow_using_priority_rule();

}
AB_ACK fransmit_to_lender();

AAassign_to_new_node();
routingTable.updatef();

Puc. 9. Anropym pabotb poauTensckoro yana

Ecnm HoBoMy y3ny MprcBAMBAETCS BOCTYMHbIN A5t 30MMCTBOBOHMS
anpec (Available address for lending, AAL) gpyroro yana, To ysen 6no-
KMPYET CTOMBKO QAPECHONO MPOCTPAHCTBA, CKOMBKO 30-HMMOET aapec-
HbIM 6ok pasmepa [AAL AAL + CSkip(d) —1], rae d — my6uHa aepe-
BO, HO KOTOPOM HOXOZMTCS y3€r, OTACIOLLYAM aapecHbii Gr1oK. [aHHbIM
anpecHbIi BIIOK BLIMMCTSIETCA HO OCHOBE METO-AA MPUCBAMBAHMS CApe-
cos DAAM. Takum o6pasom, sanmctsosanmre appeca AALy yana sensi-
€TCsl 3aMMCTBOBAHMEM OBBEMA PABHOMO pasmepy agpecHoro 6rioka
[AAL, AAL + CSkip(d) —1]. Hacms 3aum-creosarHoro agpectoro 6rioka
HE MOXET BbiTb 3AMMCTBOBOHA CHOBA.

Koa anroputma Ha sisbike Java, BEIMOMHSIOLErOCs HA y3nax, nofy-
yatoLyix coobluerme AB_REQ), npeactasne Ha puce.10.

if (num_child + num_BA < Cm && my_depth < Lm|{
AAselect();
AB_RSPiransmitinclAA();
Timer T2 = new Timer(2);
while(new Date().gefTime!() < T2.getTime()){
if AB_ACK isReceived()){
roufingTable.update();
num_BA+;
}
}

Puc.10. Anropitm 06paboTki 3anpoca Ha 3aMMCTBOBAHKE
appeca AB_REQ

Ecnm ponmrensckumit ysen, koTopsiii NO3AMMCTBOBAN aapec s Ho-
BOTO Y3710 CETH, NOKMAAET CETb U Y3€N, y KOTOPOTO OH €ro NO3aMMCTBO-
BQUT, ABMIFETCA €r0 AOHEPHMM Y3IOM, TO 3TOT AOHEPHMIM Y3en [OMKeH no-
MBITATHCS ACCOLMMPOBATLCS C APYTMM Y3MIOM CETU M MOSY|MTL HOBbIM O
pec, TaK KaK B CETM AOMKHA NOAEPXMBATLCS CTPYKTYpd Aepesa. OpHa-
KO, €C/I Y3€r1, y KOTOPOTO BblT 3AMMCTBOBOH CIPEC, SIBNSETCA POIMTESTb-
CKMM Y3JIOM [l AQHHOTO Y371a, TO AGHHBIM POMUTENLCKMIA Y3€N AOMKeH
6biTb YBELOMIEH O TOM, YTO 30EMLLMK MOKMAAET CETb, TEM COMBIM BO3-
BPATMB MOf, KOHTPOb OTAGHHBIM appec. Ecm ceTb nokmpaert ysen, koto-
pbii OTAGN CBOM GOpeC B ApeHdy, NPU 3TOM Y3en, KOTOPOMy OH oTaan
CBOM OfPEC, ABMAETCS €ro MOTOMKOM, TO NMOTOMOK, MOMYHMBLUMI QIpec
He [IO/KeH BO3BPALLATL OPEHOOBAHHBIM QAPEC M MOXET OCTABUTL €ro
cebe.

T-Comm, #7-2010

Asnroputm MapLupyTM3aumm

Mpumep cem ZigBee/IEEE 802.15.4, kotopas mcnonbayet anro-
pvtm DIBA, npencrasnen Ha puce. 1 1. Cets MMeeT apeBoBmaHyio Tonoso-
0. B MOMEHT, Koraa HOBbIN Y36 MbITAETCst ACCOLMMPO-BATLCS C Y3MIOM
81, y kotoporo yxe ectb 3 souepHmx yana (C, = 3), oH He moxeT nony-
4uTb appec v nostoMy ysen 8 1 saumctayet appec 104, y ysna 95, y ko-
TOPOTO AGHHbIA GIPEC 30PE3ePBUPOBAH A/1st CBOMX NOTOMKOB. B pesysib-
TaTe JOHHOM OnepaLyM HoBbIM y3en nonyyaet agpec 104 u craHosurest
fouepHm y3nom yana 81. B ceoto ouepens, ysen 104 npurimaert aga
HOBbIX Y3710 B KOYECTBE YK CBOMX AOHEPHMX Y3/0B M MPUCBAMBOET MM
appeca 1051 106.

/ /41\ 81 \<108
2 42 55 82 95
83 104

Puc. 11. Mpumep GecnposoaHoi ceHcopHO#M cet,
ucrionb3ytoLueit anroputv DIBA

DIBA ycrionbsyet mapLupyTaaLmio no aepesy (iree roufing), ocHo-
BaHHyto Ha DAAM, uTo ficet emy npermMyLLECTBO Neper, APy MMM METO-
[CMM B BUAE MPOCTOTO QIFOPHTMA MOPLLPYTU3ALMM.

[nsi BeMoHCTPALWM pasnuumin B cxemax maplupyTusaumm DIBA u
DAAM nipegrionoxum, uto yzen 104 sensietcs yanom nosnyuarenem, a
Y3€/1 OTMPABMTESb HOXOMMTCS BHYTM CETH, MOKPbITUE KO-TOPO#M MOKA3C-
Ho Ha puc. 11 cepoit obnactsto. MNpr MCNONbIOBAHMM METOAA MAPLLPY-
saupm no aepesy DAAM, naket faHHbIX nepeaaetcs K yany 95 uepes
y3en 81, Tak kak agpec 104 M3HAUQNLHO MPEAHASHAYACS A1t MOTOM-
ka yana ?5. OgHOKO NAKET AGHHBIX HE MOXET BbiTb NepeHAnpaBeH B
MYHKT HO3HOYEHMs], TaK kak y3en 95 otaan ceoi agpec 104 yany 81, kak
nokasaHo Ha puc. 1 1. s npoBmibHOM MAPLLPYTM3ALIAM NOKETOB B G-
roputme DIBA kadkabiit y3en nopaepXmBaeT TabinLly MOpLUPYTU3ALMAM,
B KOTOPO#M XPAHUTCS MHGOPMALIMSA O 3AMMCTBOBOHHBIX OPECAX, Y3rlbl
apeHaaTops! 1 yanbl 3aemuptki (Tabn.1 v 2). Monyune nakeT ¢ AGHHbI-
mu, ysen 81 neperanpagnser stot naket yany 104, a He yany 95, & co-
OTBETCTBIMM C TABMMLIEN MOPLLDYTUSALMM.

Tabmmua 1
Tabnuua mappyTmsaumu ysna 81
Aupee Apentozares Apennarop
Poaurens I 0
Jloweprmii y3en | 82
Jloueprnii yzen 2 95
Jlouepuwii yaen 3 ' 108
Jloweprnii yzen 4 ' 104 95
(anpec oTzan)
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Tobnmua 2
Tabnuua MaplpyTtusaumu ysna 95
| Axpec Apenaojarens Apenaarop
Pomurens 81 - [ -
:luuepnnﬁ yaen Nel . 104 [ - | 81

Tabnmua MapLUIPYTU3ALMK, KaK MOKasaHo B Tabn. 1 v 2, copepxut
16-61THbIE KOPOTKME CIPE-Ca, IPECa Y3NOB-APEeHIOAATENEN M Oppe-
CO Y3M10B, 30MMCTBOBCBLUMX Qppecd. ApeHIonaTenem HasblBa-eTcs
Yy3eN, KOTOPbIN OTAAET OLPEC, PEHAATOPOM — Y3€r, NOMYHAIOWMIA af-
pec. Paamep TabnmLipl Map-LUPYTU3OLMM MOXET BbiTb BbiumcreH. Koraa
Y3671 30MMCTBYET OfIPEC, OH JOBABSISIET 3AMMCTBOBOHHINM OIPEC M OpPeC
Y310 GPEHIOAATENs B CBOKO TOBIMLY MOPLLPYTU3OLMM. YUMTLIBAS, YTO
pasMep Oppeca COCTABNSIET 2 6aMTA, TABAMLIO MAPLLPYTU3ALIMM YBEsI-
umBaeTCA Ha 4 BaiTa KOXKAIA PA3, KOAA y3en 3aMMCTBYeT apec. Tak
kak, comacto anroputmy DIBA, agpec MoxeT BbiTb 30MMCTBOBAH TOSb-
KO'y PORMTENSt WK Y IOYEPHETO Y3/a, AOMOMHMTENLHO B TabMLIEe Map-
LPYTU3aLK TPEBYeTCsl MPOCTPAH-CTBO B PA3Mepe, ONPENersieMOM He-
POBEHCTBOM:

(C, +1)-2baiima < Pazmep < (C,, -3+ 2)-2baiima

B cnyuae cem c napamerpamn C =3, R =3, L = 3 nonyuaem
8 Baiir < Pasmep < 22 baitra.

Takum 06pasoM, s TABMMLEI MAPLLPYTM3ALMK TpebyeTcs Heborb-
LLIOE YBETUHYEHUE MOMSITA.

Kaskaplit ysen MOpLUPYTU3MPYET MOKETbl HO OCHOBE QUITOPMTMA,
MPELCTABIIEHHOTO HA prc. 12, OCHOBBIBOSICH HA CefytoLLEN MHPOPMA-
un 06 agpece. [Monyums nakeT AOHHBIX, y3en MPOBEPSIET, HE SBNAETCS
1M GAPEC Y3l MOMyHATENs ero COBCTBEHHbIM WM MPUHAINIEXAT BrIOKY
appecos ero ao4ep-Hux y3noe. Ecniv agpec nonyuarens naketa npuHag:-
nexuT 610Ky QIpPECOB €10 AOHEPHUX Y3TIOB, Y3€r MPOBEPSIET B CBOEH
TabBIMLIE MOPLLPYTM3ALM, He Bbin i STOT aapec 13 Broka AEpPecos oT-
[AQH B apeH-Oy apyromy ysny. Ecriv appec 6bin otaaH B apeHgy, To naket
COITIOCHO TABMMLE MOPLLPYTU3ALIMM ME-PEHANPABTISETCA 30eMLLmKY. Ec-
M apec He Bbin 3QMMCTBOBAH, TO NAKET MEPEHANPABIISIETCS COOTBET-
CTBYlOLLEMY OMepHeMy yany. Ecnu anpec nonyuatens He npucytcreyet
CPELM OppPECOB QIPECHOTO BOKA AOYEPHMX Y3IOB, MAKET NepeHanpas-
NIAETCA POJMTENLCKOMY Y3ITy B COOTBETCTBMM C QUTOPHT-MOM MOPLLPYTH-

saumm DAAM.

if (packet.getDest_address() == my_address){
packet.gef();

else{
iflinMyChildBlock({packet.getDest_address())){
iffmyChildsBlockisLent{)) {
packet.forward(borrower);

else{
packet.forward(child);

}

}

else {
packetforward(parent);

}

}

Puc. 12. Anroprtm mapipymaaumm DIBA

168

3. MNpeanoxeHus No ycoBepLUEHCTBOBAHMUIO QNrOPUTMOB

Hecmorps Ha Bce poctontctea anroputma DIBA, BosmoxHo Bos-
HUKHOBEHME CHTYALMM, KOTIC KAHOMAAT HA POSTb POIMTENLCKOTO Y3/d He
CMOXET HOMTU CBOBOAHBIM OLPEC Y CBOMX COCEHMX y31ioB. B sTom cny-
4ae HOBBIA Y3/ He MOMyYUT GPEeC M He nonaaeT B cetb. [pepiaraetcs
PACCMOTPETb HECKONBKO BAPHUAHTOB OMTUMM3ALMM QNTOPHTMA ATt Mpe-
[OTBPAILLEHHS IOHHOW CUTY QLMW

Aetops anroputma DIBA & [16] seopsT orpatiyenme Ha myBuHy
MoMCKa CBOBOAHOMO OIPECA B OfWH XON OT Y371 KAHAMAATA HA POfib PO-
AuTenbekoro y3na. JJaHHOe orpaHmMyeHme OBBSICHAETCS TEeM, YTO MpK yBe-
NMYEHMM TyOMHbI MOMCKA YBENMUMBOETCS 30ASPXKKA Mepefadm coob-
LUSHMIA MEXY Y3TIOMM, HTO MOKET MPUBECTU K MPEBBILLEHMIO TOMMAYTA
OXMAOHMS! OTBETA HA 3AMPOC NPMCOBAMHEHHMS HA HOBOM yanie. OpHako,
BPEMSI MOMCKA GAPECa Y COCEHMX Y3MOB B POIMYCe OHOrO XOMd He
npesbiLaeT 3 mc anst anroputma DIBA npu onpeneneHHom e crieupdm-
kawm npotokona ZigBee taimayte 8 983 mc. Ha Haww B3msg 30Ha no-
MCKQ OPECT A1l 3AMMCTBOBOHMS! MOXKET ObiTb YBEIIMUEHA 0 ABYX-TPEX
XOrMOB. 37O MO3BONMIO Bbl 3HAUUTENBHO PACLUIMPMTL Mys AAPECOB, 40-
CTYMHbIX 151 3AMMCTBOBQHMS! 1 MM STOM, HE MPEBBICHTBL TAMMAYT OXMAC-
HMsi OTBETA HOl HOBOM Y3nie. [TyB1Ha Novcka AOMKHA ONpeaensTbes B 3a-
BMCMMOCTH OT HauabHbIX napametpos cem C R L

Bropoe npepsioxeHie Mo ommm1saLM GnropUTMa MOCTPOSHMS Of-
PECHOTO MPOCTPAHCTBA HECPOBOHOM CEHCOPHOM CETH KOCAETCS CUTYa-
LM, KOTAQ B PE3YJILTATE MOMCKA GIIPECA Y COCEIHMX Y3MOB B POMYCE, Orl-
PEnENEHHOM B UIFOPHTME, TO ECTb, YUMTBIBAS MEPBOE MPELNIOKEHHME M0 Ort-
TUMM-30ILIM, HE HOMETCS CBOBOIHLIX apecos. B Takom cnyae npepna-
FOETCS 151 MPMCBOEHMSI QIPECa HO-BOMY Y3y WCTOSb30BATL QUITOPMTM
SAAM, Bbinersist HOBOMy Y3y CITy4QIAHbIA GIPEC 13 30HbI MySICl JOCTYTHBIX
QPECoB, KOTOPbIA C HAMMEHBLLIE! BEPOSITHOCTBIO ByET 3QHST.

Bbiumcrnnms Takoi agpec MoxHO ByaeT Mo crieayioLLEemy QITOPUTMY.
3as xapakrepucan C, R, L cem, BulumcnsieM MOKCUMAIEHO BO3-
MOXHOE YMCIIO YCTPOWCTB B CETH, O COOTBETCTBEHHO M OPECOB. YuThIBaS,
4TO CTPYKTYPQ CETM MPEACTOBIISET COBOM IEPEBO, KOPHEM KOTOPOTO SiBfTst-
€Tt KoopaMHaTOp cet ¢ appecom O, a MPUCBOEHIE QPPECOB BCEM HO-
BbIM Y37I0M MEET B MOPSIKE BO3PAC-TAHKS, TO MOXHO C BOfIbLLIOM AoNEH Be-
POSITHOCTU MPELONOXMTH, HTO AIPECA M3 MyJIC BOSMOXHbIX CIPECOB CETU
C HaMbONbLLIVM 3Ha4eHeM ByiyT cBOBOAHb! C GonbLLEM BEpOSTHOCTBIO. Ta-
KM OBPO-30M, €CTIU 715t HOBOTO Y3710l HE HAXOMMTCA CBOBOAHOTO Qppeca,
MPeNaraeTcs Mcnonb3oeaTs anropitm SAAM pnst nprceoeHis STomy y3-
Ny CITYHAMHOTO CIIPECA 13 KOHLIA MysiQl BO3MOKHBIX QDECOB CETH.

3akniouenne

B crambe npoeefeH CPOBHMTENbHBIA QHAITM3 CATOPUTMOB MOCTPOE-
HMS QEPECHOTO MPOCTPAHCTBA B HECMPOBOAHbIX CEHCOPHBIX CETAX. Bbl-
nm pacemotpensl anroputmsl DAAM 1 DIBA. o uroram aHanmsa anro-
PUTMOB Bl BbIIBIIEHB! CUITbHBIE M CIOBbIE CTOPOHBI KAKAOro. Bbin
MPELJIOXEHbI YCOBEPLUEHCTBOBAHMS,, MPM3BAHHbIE YCTPAHMTL HEAOCTAT-
ku anroputma DIBA, Takme kak paclumpeHie obnact nomcka agpeca
/151 3QMMCTBOBOHMSI, O TAKXKE MCronb3oBaHme anroputma SAAM anst
MPMCBOAMBAHMS OPECA B CTyHQsiX, KOMAA QIpPEC i HOBOTO Y3Md CETU
HEb3sl HOMTH, UCMONb3Ysi OCHOBHOM QUTOPMTM.
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Bonpocsl ucnonb3osaHus KOPOTKMX U ATMHHBIX HOMEPOB,
ocobeHHocTU HyMepaumm B IP-ceTsx

Hecmorps Ha To, 4To B HACTOSILLIEE BPEMS HALMOHASTbHBIE UIQHBI HYMEPALy GOMBLUMHCTBA CTPAH yXe ChOpMUPO-

BQAHbI, MOSBNAKOTCA HOBbIE Tp€6OBGHMﬂ M BO3MOXHOCTH, KOTOpPbIE BHOCAT JOMO/IHEHUS B ¢OpMdTbl HOMePOB M npasu-

11a MX npymeHeHms.. TpaanUMOHHbIE TenlegoHHbe Homepa B cootsetcTmm ¢ pek. E. 164 MCI-T ocratores Boctpebo-

BAHHbIMM KAK /18 HOBbIX npmnoerMﬁ M2M, MOSIBUBLUMXCS B CETAX C KOMMyTGLMeﬁ KaHQOB, TAK U A5 HyMepaLym

Q6OHEHTOB IP-TEpMUHAITOB B CETsIX € MAKETHOM KOMMyTaLed. LinpposraaLis MecTHbix ceTedt caaan u nosienerme Mu-

TePHET N3MEHWIM NMOAXOA K MCMOJIb3OBAHUIO KOPOTKMX HOMEPOB.
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3am.mpextopa no Hayke PIYIMTLUHWNC,
e-mail-kaledin@zniis.ru

Kosapaeea J1.A.,
BeAyLL Hay4HbIK cotpyaHmk PIYT LHMMC,
kozadaeva@zniis.ru

Mcnonbsosanune KOPOTKUX HOMepOoB

Ewe 8 1998 r. CEPT onpepnenn, 4to kopoTkie HoMepa — 3TO HO-
Mepa ammHoi ot 3 fo 5, MakeManisHo — o & udp, KoTopbie HyXXHbl
AN BbI3OBA COLMQUTLHO 3HAUYMMBIX CITy>X6 enepasibHOro M MECTHOTO
YPOBHS! HQ CETM PMKCMPOBAHHO cesian.  KopoTkue Homepa ot 4 go 6
P MPEOHAZHAYANMCh sl PA3BUTHS KOHKYPEHLMM OMEPATOPOB, Npe-
AOCTOBTISIOLLMX YCIyIM B PAMKAX MECTHOM CeTU cBsian. Takue Homepa
COCTOST 13 3-3HAYHOTO KOfA AOCTYNA M 1-3-3HOYHOTO KOJA MaEHTUM-
KALWM OMepPATopa Wi HOMEPA YCrTy. TPEX3HAUHbIE HOMEPA, KaK Ca-
Mble YAOBHbIE, MPEIHAZHAYAMCh Ayist CyX6 henepaibHOro 3HaUEHMS.
Jnsi KOPOTKMX HOMEPOB, COMACOBAHHBIX (FOPMOHM3MPOBAHHBIX) A1s
nevicteus B EBpone, pekomeHposarncst apanasoH Lydps " 1"

AHONM3 MEXIYHOPOLHOTO OMbITA MO MPUMEHEHMIO PEKOMEHAALYMA
CEPT nokasbiBaert, 4To B HACTOSILLEE BPEMS! MOLXOA, K UCTIOSb30BAHMIO
KOPOTKMX HOMEPOB M3MEHMIICS, HTO CBSIBQHO C M3MEHEHWUEM XAPAKTEPQ
notpe6HocTedt. B Lienom Homepa [ensTest Ha TpW OCHOBHBIX THMO:

* TN A — HoMepa s enepabHbIX CTyx6, KOTOpbIe AEMCTBYIOT
MOBCEMECTHO W SIBTISIOTCA OBSI3ATENbHBIMA 15 BCEX OMEPATOPOB CETEM
MKCMPOBAHHOM M MomBMXHOM cesian. K aTomy Tuny otHocuTes apana-
30H rapMoHManpoBaHHbix B Espone Homepos "1 1X(X(X))", & kotopom
yxe onpegenensl Homepa "112, 118xx u 116x(x)x))" ans obiueespo-
MEMCKOM CrTy>Bbl CNIACEHMS], CIPABOYHBIX CITYX6 1 CPOYHOM NCUXONOMH-
4eCcKoM NoMoLLY;

* 1n b — Homepa ans cnyx6,/ycnyr, BEMCTBYIOLLMX HO OTPAHMEH-
HOW TEPPHTOPHM M/ WU B CETSIX HECKOMBKMX ONepaTopoB. Takue Home-
pa COMACYIOTCsl OMEPATOPAMM 1 MPOBAMAPAMM YCITyT HQ YCIIOBMSIX COI-
MOPETYNIMPOBAHMS BHYTPM KOXKHOM CTPOHBI M MMEIOT Aty 4-6 uydp
WK OBbI4HbIE HOMEPA MECTHBIX CETE;

* 1in B — BHyTpyceTesbie Homepa (network specific numbers), koto-
pblE MCTIONb3YIOTCS TOMBKO B PAMKAX KOHKPETHOM CETU M HABHAUQIOTCS
COMMM OTEPATOPOM.

DaAKTOPAMM, KOTOPBIE BIMSIOT HQ LIENECOOBPA3HOCT MCMONb30BA-
HMS! TAOKMX HOMEPOB SIBNSIOTCS: "MPOXOPIMBOCTL" KOPOTKMX HOMEPOB B
otHolwermn Homepos E.164 ( B saBicmocT of MR nnaKa Hymepa-
L), CIOKMBLUGSICS MPAKTUKO MCMOMNB30BAHMS OBbIYHbIX MECTHBIX HOME-
POB 715t BBI3OBA MECTHBIX YCryr/ cyx6, uenosedeckuin dpakTop, KoTo-
PbIit 3AKIIOYCETCS B HECTIOCOBHOCTH YENOBEKA 3AMOMHMTH MHOTO KOPOT-
KMX HOMEPOB, PA3IIMYHbIE MOTPEBHOCTU PEMMOHOB B PA3HbIX iy XBaX,
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CNOKHOCTb MX HOBHOYEHMS, QUILTEPHATHBHBIE BO3MOXHOCTH M HTepHeTd
1 BO3MOXHOCTM LMpPOBBIX CTAHLIMIA.

MMM OTKPLITOM MIIGHE HYMEPALMM KOPOTKME HOMEPQ SIBMISIKOTCS
"o4eHb NpoxopMebiM” pecypcom, T. ohu "ceepaiot” po 10% pecyp-
ca Homepos E. 164 B kaxaom koae ABC. Hanpumep, B PP npu 7-3Hau-
Hom Homepe aborenTa 100 kopoTkux Homepos "1XX" "cbepator” o |1
MurmvoHy Homepos E. 164 B kaxpom koge ABC, Te. B uenom 89 munnun-
oHos (o konnuectey cybbekros PP). Mpy sTom B kauecTse Homepos TH-
na b u B ucnonbaytorcs obbluHble MecTHble Homepa. [MostoMy addex-
TUBHOCTb MCTIOSb30BAHMSI KOPOTKMX HOMEPOB HU3KASI, O CTOMMOCTb Of-
HOTO TpexaHauHoro Homepa B PP pasta crommoctn Grioka B 10 Thicsy
Homepos E.164.

[Mpr 3aKPLITOM MIIaHe HyMepaLK ¢ npedukcom [MH kopoTkie Ho-
Mepa He 3aHMMaloT pecypca Homepos E. 164, nostomy B kadectse nep-
BOW Lipbl KOPOTKOTO HOMEPA MOXKHO MCTOSTb30BATH BCE LiMdpbI, KPO-
Me npedmKca BbIXOAd B HaupoHanbHyto cets: "TTH= 0". B s1om cnyuae
pecypc KOPOTKMX HOMEPOB CTAHOBMTCS OYEHb 3HAUMTENBHBIM, T.K. MOX-
HO MCMOMb30BATL HOMEPA B auanasoHe "1xx — Oxx". [Mpu 3aKpbTom
nnaHe HyMepaLmu ¢ npedmkcom [H, KOTopbIN B HaCTOsILLEe Bpemst Aeit-
cryet B PD Ha ceTsix nopsukHOM CBsian, KOpOoTKie Homepa Tvna b u B
MCMOMb3YIOTCS AKTUBHO.

Tacke crieyeT OTMETUTL M3meHeHKe B 06paBOTKe M MOpPLLPYTM3C-
LM SKCTPEHHBIX M APYTUX BbI3OBOB, OCYLLIECTBIINEMBIX MO KOPOTKMM HO-
Mepam. Ha aHaoroBoit TexHike TaKMe BbI3OBbI YCTAHABAMBATIMCH MO
CMELMAbHO BbIGENEHHbIM MMHYsIM. [TperMyLLIECTBA LIMDPOBLIX CTAHLMIA
QUM BO3MOXHOCTb MOPLLPY TU3MPOBATH TAKME BbI3OBbI B OBLLEM MOTOKE
TernepOHHOTO TPApMKa, OBECMEUMBAs NP STOM sl SKCTPEHHBIX BbISO-
BOB TaKME PYHKLIMM KAK MPMOPMTETHOCTb BbI3OBA M YCTAHOBIEHME Ob-
paTHoM cesian. [ist eaMHOOBPA3HOM MOPLLPYTM3ALMM KOPOTKME HOME-
pa NepecyMTbIBAtOTCs B 0BbluHble Homepa E. 164, uto osHauaert Bbigene-
HME KOXKLOMY KOPOTKOMY HOMepy B fiononHeHue Homep E.164.

OtgenbHble KOPOTKME HOMEPA OCTAOTCS HEOBXOMMMBIMU TOMBKO
Anst cyx6 BbICOKOM COLMAMBHOM 3HAUYMMOCTH, TAKMX KOK SKCTPEHHbIE
atyx6bl, 1 X BOMKHO BbiTb HemHoro. B Hactosiee Bpems cets MHtep-
HET CTQHOBMTCS! BCE BOMIEE MOLLHBIM KOHKYPEHTOM CTPABONHBIM CITy>-
6aM, OPraHM3yEMbIM HO CETU PUKCUPOBAHHOM CBSI3W, MOSTOMY HET He-
0BXOAMMOCTH BBOMTL BOSbLLIOE KOMYECTBO KOPOTKMX HOMEPOB BMEC-
TO HblHE AEMCTBYIOLMX OBbIYHBIX HOMEPOB. Mcronb3oBaHMe KOPOTKMX
HOMEPOB B KAMECTBE BHYTPUCETEBBIX LIENECOOBPA3HO TOMKO MPM 30-
KPbITOM MIaHE HymepaLyy ¢ npedmkcom MH.

McnonbsosaHmne anmHHEIX HoMepos — HyMepauws ans M2M

B HacTOsILLEE BPEMS 3HOUMTENEHO BO3PACTAET KOMMYECTBO M PA3HO-
0bpasie MPUIOKEHHI, OCHOBAHHBIX HO MEXMALLMHHOM 0BmeHe (M2M
— Machine-to-Machine, Mobile-to-Machine). Mprmepamu Takix npu-
FIOXEHMM SBNRIOTCS: MPOBEAEHHE MMEPEHMI HO PACCTOSHWM, YpaBIe-
HMe TOProBbIMM QNNAPATAMM. [Insi 3THX MPMAOXKEHHI TeneoHHbIX HO-
MepOB MoKa He TPeBoBanocs, Ho B Gamxaiiuem Gyayluems crparax Es-
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pocoto3a Hameuaetcs saryck cuctemsl eCall, ans kotopoi notpebyior-
csi TenedoHHble HOMepQ, MOCKOsbKy OymyT 3C0HEMCTBOBAHbI CETH MO-
pewxHom cessn GSM/GPRS wnnv UMTS. Mpegnonaraetcs, uto sckope
BCe HOBble aBTOMOBMMM B EBpOCOiose BymyT OCHALLATLCS MOBMITBHBIMM
mogynsimn eCall, cnocobHbiMn obecrieunTs Bbizos no Homepy 112 (06-
Leesponeyickas cnyx6a cnacenms) uin & popmare SMS nepenars mk-
bOpPMALKIO O MECTe MPOMCLLECTBYS, YCKOPSIS TEM CAMBIM MOCTYMNeHMe
MOMOLL NOCTPCACBLLMM.

McrionbsoBaHme ceTeit NOpBMKHON CBSI3M Afisi PECU3ALMM MPMIO-
xeHuit M2M cTaBuT Bonpoc 0 HEOBXOMMOCTH MCMOSb30BAHMS PECYp-
COB HyMEPALWM A5l MAEHTUUKALMK OBBEKTOR,/yCTPOMCTB, Obecrneum-
BOIOLLX STU MPMIOXEHMS B COOTBETCTBIM C pekomeHaaupsimmn E.164 n
E.212 MC3-T, no koTopbiM TPABULMOHHO OCYLLECTBIISETCH MOEHTH-
KAyt 0BOHEHTOB, TEPMUHAOB 1 OnepaTopoB ceTei. [pn peanuaaLym
5TUX pekomeHaaLui yctporicrea M2M ByayT umeTs focTyn k cetsm no-
[OBVDKHOM CBSI3W 1 IGHCTBOBATL B PAMKOX MPCBMII, MPMHSTIX A/1st OObIY-
HbIX MOABMKHBIX TEPMMHAIIOB, B TOM YMCIE HA HKX MOTYT PACTPOCTPA-
HSITbCS MPUHSITBIE MOSIOKEHMS POYMMHIQ.

Bbinenenme sHaumtensHoro pecypca Homepos E.164 B pagiyon-
Hom opmarte HawmoHansHoro Homepa (NDC+SN) ans MHoroumcnen-
HbIX OGLEKTOB PA3HBIX MPMIIOKEHMIA MOXET BbI3BATH GOSbLLOE [ACBNEHME
HO HOLMOHQUTbHBIM MIIOH HYMEPALM CTPAHBI. [losToMy 115l coXpaHeHys
CTOBMIBHOCTU HALMOHABHOTO MIIAHA HYMEPALIAM, HEKOTOPbIE CTPAHI
(Huaepnarpsi, Hopeerus), B kotopsix npunoxeris M2M yxe aktmero
PA3BMBAIOTCS, MPEICNQIOT UCMONL3OBATL CIELASbHBIA AMANA30H HO-
mepoe (NDC=ABC=DEF), kotopbiit obnagan Gbl ABymst BAOXHbIMA XC-
POKTEPUCTUKAMM: BO3MOXHOCTBIO MCTIOfb30BAHMS JfIMHHBIX HOMEPOB 1
MOBTOPHOE MCMONb3OBAHMEM OfHWX M TEX XE HOMEPOB.

[Non AMMHHBIMA HOMEPAMM CrIELlyeT NOHMMATL HOMEPA B Ha-
LIMOHQITbHOM (POPMAITE, [fIMHA KOTOPbIX MPEBBILLAET IMHY CTAHACPTHO-
O HOLMOHQUILHOTO HOMEPQ, HO He BLIXOZMT 30 PAHMLY [HbI B 15
LMpP MexXEyHAPORHOTO HOMEPA B COOTBETCTBMM C pek. E.164. MoxHo
CKA3QATb, YTO AJIMHHbBIA HOMEP MMEET MOKCHMQUTEHO BOSMOXHYIO [IMHY
HOLMOHQUTLHOTO HOMEPA, KOTOPYIO MoskeT obecneunTs pek. E.164. Mpu
O[HO3HAYHOM KOE CTPAHBI 3TA AfivHa cocTasnsieT 14 uidp, npu asyx-
3HauHoM - 13 updp, a npm TpexaHadHom — 12 umdp. Takoi nopxon,
0becrneymBaET BHYTPU ONHOTO TPEX3HAYHOTO KOAA MyHKTA HA3HAYEHMM
(NDC) emxocts aborerTckix Homepos (SN) ot 1 munnmapaa Home-
pos (mpy TpexatadHom koge crpanbl CC u 9-aHaurom SN) ao 100 min-
NMAPAOB HOMEPOB (MPK OAHO3HAHOM kope cTpakbl M 1 1-3HadHom SN
8 PD u CLLA).

Bonpoc nosTopHoro Mcrosb3oBaHms HOMEPOB He TK OfHO-
3HOUEH, KOK BOMPOC MCMOMb30BAHMS AT HHbIX Homepos. C oaHoi cTopo-
Hbl, TEKyLLEE MCMONb3oBaHME npunoxeHnid M2M He Tpebyer ot uc-
MOSb3yEMbIX HOMEPOB, HTOBbI OHM Bbi YHUKQTbHbI MOBCEMECTHO, MO-
CKOJIbKY OHM MCTIOSb3YIOTCS TOSLKO BHYTPW CETW OHOrO OnepaTopd
(HanOMVs € 3aKPLITON MPYNMOM MOML3OBATENE), NO3TOMY OfVH 1 TOT Xe
AmanasoH Homepos E. 164 MoxeT Ucrnonb3oBaTbes B CETsX PA3HbIX Orle-
paropoe M2M. C apyroit CTopoHs!, HeMb3s UCKIIOHMTS, 4YTO B ByayLuem
noTpebyeTcsi BO3MOKHOCTb TPOAMLIMOHHOTO MCTIOSb30BAHMS HOMEPOB
E.164, 1. MOXET BO3HMKHYTb HEOBXOAMMOCTL IOCTYNA K YCTPOMCTBAM
M2M w3 BHenomaluHelt ce onepatopa M2M. B stom cryuae, Bos-
MOXHO, MPeyCMOTPETb APYrOM HOBbIM AMANA30H [IMHHBIX HOMEPOB
E.164, koTopbii 6bl yxke 0becre mBa MOBCEMECTHYIO YHMUKOTLHOCTb HO-
Mepos E.164. Takxe crieyer yumuTbIBATS BOIMOXHOCTU PEOPrOHA3ALMM
KomnaHuiA, obecneumsatoLyix M2M, Te. nx paspenerms unm obbeop-
HEHISI, 4TO MOXET NOTPEBOBATL NEPECMOTPA BbINENIEHHOTO COBMAAAIO-
LLIEro Pecypea HyMepaLMM.

Ins poctyna ycrporicts M2M k ceTsiM NoagmxHOM cBA3u He-
0bxommo mHcTanmposats SIM-kapTbl, copMMPOBAHHbIE B COOTBET-
cremm ¢ pek. E212. S1a HeobxogmocTb cospaet Gornbluyio 3aBucH-
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MocTb oneparopos M2M ot onepatopos cetei nopBikHOM CBSI3M, TK.
oneparop M2M He umeet coberserHoro obopyaosaris CINC 1 gomken
3aKIIOYMTL KOHTPAKT Ha obanyxueatue ¢ oneparopom CTIC. Ecm xe
oneparop M2M saxoueT nomeHsiTs CBOero oreparopd MOBMITbHOM CBsi-
311, To emy Hopo 3amermTs IMS), Te. samenuTs Bce SIM-kapTs Ha Beex yc-
TpoiictBax M2M, uro goeonbHo goporo Mmesi ceoi cobeTBEHHbIN KOA
MNC, oreparop M2M 6Byaet HaxomTbest kak bl B pOyMiHre Mo OTHO-
LeHwio ko scem orepatopam CIC 1 MOXET 3aKIoHATb KOHTPAKTb HA PO-
YMUHIOBOE OBCITYXXMBOHME C PA3HBIMM OMEPATOPAMM HA BONEe BLIFOHBIX
715 Cebst YCITIOBMSIX, HTO MOXHO CHMTCITb BODKHBIM QPTYMEHTOM B MOfb3Y HO-
3HaueHws cobersentoro kopa MNC gs oneparopos M2M.

OcobeHHoctn Hymepauum B |P-cetsix

Y aborettos IP-ceteld, no cpaBHeHWIO ¢ ABOHEHTAMM TPOIMLIMOH-
HbIX CETel BUKCHPOBAHHOM CBSA3M, MOSIBMSIOTCA HOBbIE TUMbI  TEPMUHG-
noe (IP-repmuHansl), KoTopbie 0BECTIEUMBAIOT MM KOK MPHBBINHBIE pede-
BblE, TOK M HOBbIE LLIMPOKOMONOCHble yanyri cesian. CrieLiduka ycTaHos-
neHust coepmHermi B IP-ceTsix TpebyeT BbINONHeHWs npoLeaypb! PermcT-
pawym [P-TepmrHana asst onpeaeneHms MeCTOMONOXKeHMs NOMb3OBATEN S
B rakeTHOM ceT. bniaropapst sToit npoueype IP-TepmuHans nomyumnm
BO3MOXHOCT peanmsaym kouesarms (nomadicity) - crnocoBrocm
MOSb30BATENS MPU HEOBXOAMMOCTU MEHSITH CBOIO TONKY CETEBOTO [OCTY-
na. [Mpu 5ToM ceaHc NPeAOCTABNEHMS YTy MOMb3OBATENNIO NOMHOCTLIO
OCTQHOBIIMBOETCS, O MOTOM HOUMHAETCS CHAYAQ, T.€. MPK STOM He obec-
MEYMBAIOTCS HEMPEPLIBHOCTb CBSI3M, XEHOOBEP.

Hns obecnedermsi B3aMMOLEHCTBIMA OBOHEHTOB TPOIMLMOHHBIX Te-
nedoHHbIX CeTelt ¢ ABOHEHTAMM CETel C NOKETHOM KOMMYTALEH Heob-
xommo ans upeHMdmkaumm IP-TepmmHanos Mcnonb3osaTb AencTByio-
Lyto HyMepaLytio B cooteetctaum ¢ pek. E.164. Mpw seibope manazo-
HO HOMEOB, KOTOPbIM HEOBXOMMMO Ha3HAUMTL Anst aboHeHTos IP-Tep-
MMHQUTOB, JOMDKHO YHMTBIBATHCS BO3MOXKHOCTb "KOUYEBAHMS".

B oruere CEPT "Numbering for VoIP services" (2004r.), 8 kotopom
0BCTOSTENBHO MCCNENOBANMCH BOMPOCh! HYMEPALIAM /15t PEUYEBLIX YCITyT
ro [P npotokony, oTMEHaock, YTO st TOKMX YTy LENecoobpasHo mc-
MOJb30BATb HOMEPA MM M3 JMANA30HOB reOrPAPHIECKMX 30H HyMEPa-
LM, MM XE OTKPbITb HOBBIM ApanasoH Homepos. OBa AManasoHa 1me-
10T CBOM MPEMMyLLIECTBA M HepocTaTKW. CUUTAETCS, HTO HOMEPA K3 reo-
rPAdUHECKIX JMANA3OHOB — HyuLLIE MOANSPXMBAIOT KOHKYPEHLIMIO, TK.
OHM MPMBBIYHBI 15 TPOIMLMOHHBIX ABOHEHTOB AGHHOM MECTHOCTU M He
BbI3bIBAIOT BOMPOCOB O TAPMAX Mpu ycTaHoBReHMM coepmHermi. Op-
Hako nockorbky IP-TepmuHanbl obnagatoT ceoicTBoM "kouesaHws”, To
6onee ynobHbIM SIBISETCS HOBbIN AMANC30H HOMEPOB, NOCKOSbKY Orpe-
[HeneHie reorpapmIeckoro MECTOMONOXEHHS TAKMX OBOHEHTOB MpK X
0BPALLIEHNM K SKCTPEHHbIM Cryx6am noTpebyet ocoboit 0bpaboTki

Hns Toro 4toBbl y3HATH COBPEMEHHOE COCTOSIHME HOBHAYEHMS Hy-
Mepamy ans |P-TepMuHasios, koTopoe onpeaeneHo AJMUHUCTPALMAMA
pasHbix cTpaH, B mae 2009 Gbin HAMPOBEH 30MPOC WIEHAM MPYMMbI MO
Hymepaum m appecaupn CEPT, unerom kotopoit sisnsietcs LIHMAC.
Bbinm 3amaHb! cnepyioLpe fsa Bonpoca:

— KOKOTO TUMA HOMEPA MOTYT BbiTb MCTIOMb30BAHI 71l PEUYEBbIX YC-
nyr, npepoctaensiembix ¢ IP-repmmrHana: reorpaduyeckme, Hereorpadm-
Yeckie, oTaeNbHbIE?

— MOAAEPKMBOETCA JTM BO3MOXHOCTb KOYEBAHMS, BKIIOYAS AOCTYM
K SKCTPEHHbIM CIyx6am?

B tabmmue 1 npencraenero 10 otsetog, nomnyueHHbIX M3 7 CTPaH
(MHdbopMaLYR APYTX MCTOUHMKOB OTMEuEHb! *).

AHANM3MPYs NPEACTABNEHHbIM MEKAYHOAPOAHBIM OMbIT HA3HAYEHMS
Homepos Ayist [P-TepMMHAIIOB MOXXHO CAENATL CEayIOLLME BbIBOAbI:

1. B ocHoBHOM HasHauatoTcs reorpadmyeckite HOMePA, XOTs eCTb
CTPQHbI, B KOTOPbIX HA3HAYAKOTCS HOMEPA M3 Hereorpaduueckmx aua-
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TEXHONOIMU MHOOPMALIMOHHOTO OBLLIECTBA

DMGI'IOSOHH HOMepOoB gns IP-TepMMHcmos, BO3MOXHOCTb NOAAEPXKU KOYEBAHMUA MU JOCTYN K SKCTPEHHBIM (‘J'IY)K6GM

Crpaua

Jluanazon HOMEPOB M BO3MOKHOCTH 10/~
JeP/KKH KOYEBAHNS NPH YCTAHOBJICHHH
00bIYHBIX TeJieOHHBIX coeiHHeHHMI

JlocTyn K IKCTPEHHBIM Cayxbam
NnpH BO3MOAKHOCTH KOYEBAHHA

ABcTpus

Bee THIIBI HOMEPOB MOTYT ObITh HCIOJB30-
BaHbl. Kouepanue nojiepubaercs.

Ecan VoIP cunraercs odLue10cTynHoi
YCIAYroi, TO JOCTYIl K IKCTPEHHBIM
cayx0am JI0KEH NOUIEPIKHBATLCA He-
3aBMCHMO OT KoueBaHuA. B Hactosuee
BpeMs HET 3aKOHHBIX TpeboBaHHii, uTo-
Obl MapuIpyTH3HPOBaTh BBI3OB K HY¥HK-
HBIM JKCTPEHHBIM CIy:KDaM, ecinm HeT
TEXHHYECKOIl BO3MOJKHOCTH.

AHraus

Bo3MoxHBEl HOMEpPA W3 JI00LIX J1MANA30HOB,
HO Haubonee obwmm sBfI0OTCH Teorpadu-
yecKHe Homepa.

Kouepanue noiepiuBaercs.

Te onepaTtopel, KOTOpBIE 0DECNEYHBAIOT
MI" BbIZ0BEI, JOKHBEI 0DecneunTh J0C-
TYI K 9KCTPEHHBIM CITykKOaM.

Iepmanus

I"'eorpamueckne n wereorpaguyeckne Ho-
Mepa.
Koueanue noaiepxnsaeTcs.

He noanepiuBaior, T.K. HET COOTBETCT-
BYIOLUIMX pekomeHaauuii. Oneparopel
o0s3anbl MHGOPMUPOBATE TAkUX ado-
HEHTOR 00 OTCYTCTBHM IOCTYNa K IKC-
TPEHHBIM CITyKOaM.

lNonnanaus

[eorpaduueckne, or/e/bHBIE W HEKOTOPbIE
THTIBI Hereorpauueckux Homepos. Koue-
BaHHE MOJUIEP/KHBACTCA.

HeKOTOprC OnepaTopsl NOICPHHBAOT

[Mopryranus

I'eorpajuueckne Homepa Juisi abDOHEHTOB,
KOTOpbIE He OYAYT Mo/Ib30BaThCsi BO3MONK-
HOCTBIO «KOYCBAHHA» H UTJleﬂhHhIi:[ Auana-
300 «30» s Tex aboHeHTOB, KOTOpLIE OY-
JIYT HMCITOJNB30BaTh BO3MOMKHOCThL «KOYEBa-
HUS.

[TpoBaiizepsl, npeaocTaBIsoLIMe yeiy-
I'H «KOYEBAHHMA» JIOJLKHBLI [0/UIEPIKH-
BaTh MapLIpyTH3ALMIO 110 Homepy 112,

IlIpelinapus

["eorpadmueckne nomepa.
KoueBanue nojiep:uBaercs.

[IpenocraBaserca no mepe TexHHue-
CKO¥i BO3MOJKHOCTH OMNEpaTopa B Kak-
noii MmecTHocTH. B konTpakTe ¢ abonen-
TOM YKa3bIBAlOTCS OIPaHHYEHHs Ha
KOHKPETHbIE TePPUTOPHMH, M3 KOTOPbIX
noctyna Her. [lpu nossnenun Gonee
MOJAXOAALMX  TEXHOJIOTHYECKHX BO3-
MOJKHOCTEH ceTH jocTyn Oyaer paciiu-
peH.

[Ficora] (*)

HOMepa
Kouepanue nomaepixupaercs.

IlIsermsa I'eorpajuueckne n nereorpaduueckue Ho- | JlocTyn K 9KCTpeHHBIM ciuyxbam oOT
Mepa. nojb3oBaTeneil MpH HX KOueBaHHM Ja-
Koueranue MO/UIEp/KHBACTCS JIEKO OT JIOMaA HE MOAEPKHBACTCA.

DHHAAHANS ['eorpadmueckne Homepa, koprnopartushbie | [IpepocraBisercs no mepe TexHHue-

CKOil BO3MOKHOCTH OIEpaTopa B Kawk-
J10ii MECTHOCTH M C pas3Hoil cTeneHbio
TOYHOCTH OINPEIEeHUsE MECTOMNOI0%MKEe-
Hus aboHeHTa.

CIIA ["eorpadmueckne Homepa Jloctyna K 9KCTpeHHbIM CIyK0am Her,

[Dutch] (*) 1.K. VoIP cumnraeres ycayroii nepenaun
JIaHHBIX

Anonna OtneneHplii  uanason  Hereorpaduueckux | Mudopmauun ner

[Dutch] (¥) nomepoB (050-abed-xxxx)

Tabnmua 1

MO30HOB, B T.4. M M3 HOBbIX. B HEKOTOPBIX CTPAHAX HOBbIM AMANA30H MC-
norb3yeTcst ToNbko Ayist IP-TEPMMHANOB C BO3MOXHOCTBIO KOYEBAHMS, O
6e3 KOYEBOHMS MCTIONb3YIOTCS reorpadumueckue Homepa. B ppyrx
CTPAHAX HOBBIM MANA30H MUCMONb3yeTcs B Lienom st [P-repmuranos.

2. Bee cTpaHbl NoanepMBAOT BO3MOXHOCTb KOYEBAHMS MPK YCTa-
HOBJIEHMM BbI3OBA K OBbI4HBIM ABOHEHTOM.

3. Bbixop, Ha akcTperHble cyxGbi ¢ IP-TepmiHanos, obnapatoLuyix
CBOMCTBOM KOYEBOHMS,, KPAIMHE OTPAHMUEH, T.€. PEATM3YETCs MO Mepe
MOSIBNIEHMS]  TEXHUUYECKMX BO3MOXHOCTEH. B koHTpakTe ¢ aboHeHTamu
YKQ3bIBQIOTCS OTPAHMYEHMS HO TEPPUTOPMM, C KOTOPbIX TAKOM [OCTYM
BO3MOXEH.
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IP-appecauus, npeobpasosanne HyMmepaumum 1 appecaumm

OpraHusaLs B3aMMOLEHCTBM GBOHEHTOB MOKETHOM CETU 1 CETH C
KOMMYTALWE# KOHQUTOB HE OTPAHMHMBAETCS TOMBKO BbIBOPOM Havbonee
MOAXOMALLETO AMANA30HA HoMepoB. KpaitHe BaKHbIM SBISETCS BOMPOC
npaemnbHoro npeobpasoearms Homepa E. 164 B cootsetctsyiowpe
naermemkaropsl URI, neficteytoLipte BHyTpH MPOTOKOMOB NAKETHOM Ce-
. B Hactosiee Bpemst anst IP-Tenedormm Hambonee oBLIENPUHSTIM siB-
nsietcst npotokon SIP. Bonpocs! maeHmbmkam abowertos IP ceteit
pacemarpusatotes B gokymertax RFC 3261 u RFC 3966, paspabo-
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TaHHbIx |ETE Comacto RFC 3261 pns uoermidukaupm pecypcos casian
B LIENIOM MCTONb3YETCs YHUDMLMPOBOHHBIM MOESHTUMKATOP pecypca
"Sip URI", cxema KOTOpOro QHQOM4HA CXeMe MAEHTUGUKATOPA SMek-
TPOHHOM MOYTbI.

Cxema "sip:HomeprenedoHa@uomer" nopgaepxmeaet GopMaThl
MeXayHApOAHbIX (FoBanbHbIX) HOMEPOB, KOTOPbIE OMpeaeNneHs! B pe-
komeHgaumm E.164 MC3-T, a Taicke dopmatsl HOMEPOB, KOTOpbIe He
COOTBETCTBYIOT STOW PEKOMEHAALMM, HO COCTABISIOT BAXKHYIO YACTb HO-
LIMOHQUTLHOTO MIIHA HYMEPAILM CTPQHBI MM KAKOM-MBO komnanum. K
TOKIM HOMEPOM OTHOCSITCS: KOPOTKME HOMEPA /1 BbI30BA SKCTPEHHIX,
cnpaeouHbIX cyxx6; Homepa aborenTtos YIATC 1 gp. Homepa takoro
TMNA HasbiBatoTcst Homepa He-E. 164 unn nokansHsie Homepa.

[nobanbHbi HoMep — sTo  MexayHaporHbIi Homep E.164, «oto-
piit cocromT 3 kopa crparbl (CC), kopa nyHkta HasHaueHns (NDC),
aboHentckoro Homepa (SN), T.e. nmeer Bua;

CCNDC SN

[nobanbHbie HOMEPA YHUKAbHBI M OFHO3HAYHbI BO BCEM MUPE.

JlokarnbHbIi HoMep — 3TO BCe OCTQUIbHbIE HOMEPA, KOTOPbIE HEBO3-
MOXHO NPEACTABMTS B BUte MexayHapoaHoro Homepa E. 164, Jokans-
HbIE HOMEPA YHUKAITbHbI TOMBKO B PAMKAX KAKOM-NIMGO KOHKPETHOM reo-
rPAdUHECKON 30HbI, MITH HOCTU TENEPOHHOM CETU Ui CTPAHSI.

B cxeme Sip URI mobarnbHbli Homep 0B93aTensHO JOMKEH MMETb
aHak "' nepes KOROM CTpaHBI M kenarensHo napameTp "user=phone”.
B obwwem suae cxema "Sip URI" gnsi rmoBanbHOro 1 nokansHoro Homepa
UMEET CreytoLLIMMA BUL;:

sip: +HomepE. 164@gateway; user=phone (mobansHbii Homep)

sip:  HomepreE. 164@gateway; user=phone (nokanbHbIt Homep)

CriepyeT nopuepkHYTb BOXKHOCTb HanMMs 3HOKA "+' st aeHTu-
kaLym mobansHoro Homepa E. 164, T.x. napametp "user=phone" sisnser-
€1 OMLYIOHASTBHBIM.

B noameepxaeHme HeobxommmocM crieposars nonokermsivm RFC,
MO>XHO NPMBECTU MHEHME ABYX CTPaH, ot kotopbix LIHMC nonyumn or-
BETBI HO BOMPOC O HEOBXOMMOCTU MCMOMNb30BAHMS 3HAKA "+ ansi rmo-
6anbHOro Homepa:

MpnaHmms — ecnn onepatop npeanonaraet AeCTBOBATL TONMKO
BHYTPM CBOE# CETH, TO [if1sl HETO HET HEOBXOAMMOCTH MPHHMMATS BO BHM-
MGHM1e MeXIyHAPOAHbIA HABOP 1 OH CBOBOAEH AENATb TO, HTO BbIGEPET.
OpHako ecrnm onepaTop NNAaHUPYeT BbiTb JOCTYMHbIM BHYTPU CBOE Ce-
U MO MEKIYHAPOAHbIM HOMEPOM M NEPEABATL TENEpOHHbIE HOME-
pQ CBOWX COBCTBEHHBIX MOMb3OBATENEM Af151 BHELLHWUX KOHTAKTOB, TO Ore-
pATOP [OMKEH BbiTb MHPOPMUPOBAH O BKITOYEHWM 3HAKA: "+".

AHIWMA — B PO3HBIX CTPAHAX NOAXOMbI PO3HBIE, T.K. OfHW PErynsTo-
bl CHUTAIOT, YTO PABOTA BHYTPM CETM — 3TO AENO CAMOTO ONepaTopd,
a ipyrie perynstopsl TPeBYIOT CenoBaHKs MEyHOPOAHbIM CTAHAAP-
Tam. OpHako, anst "NGN eaanmopeicTams’” HEOEXOOMMO UMETb siCHbIE
CTAHAAPTHI M CIIEAOBATH MM

MNpencraenerme TenepoHHoro Homepa uepes cxemy "Sip URI" He
SIBNAETCS EIYHCTBEHHO BO3MOXKHBIM B MAKETHbIX ceTsix. B gokymerte RFC
3966 npeacraenera cxema "Tel URI", kotopyto MoxHO Mconb3osaTs Bo
BCEX MPOTOKOMAX, MCMOMb3YIOLLMX MEXQ-
Hm3m URL. B yactm yHueepcansHocm cxe-
ma  "Tel URI" mpubmmxaetca k cxeme
"URN", kotopasi Takke MoxeT BbiTb Mc-

Cornacro RFC 3966 maermdmrarop "Tel URI" npencrasnset Tak
xe, kak 1 "Sip URI", Tonbko asa na TeneoHHbIX HOMepPOB: mobarb-
HbIIA 1 IOKQUTbHBIM, PA3MMYME MEXTY KOTOPbIMM TAKXKE MPOUCXOIMT MO
HanMuMio 3Haka "+". [noBabHbIi HOMEP MMeeT 3HaK "+, a IOKAbHBIN
Homep mmeeT napameTp "phone-context”, koTophIi onpeaensieT pamki
MPOBMNLHOCTU MPUMEHEHMS IOHHOTO HOMepa. 3ToT napametp m6.
npeacTasneH nMbo uepes Homep E. 164 mn uepes nomeHHoe mms. Bry-
TPM KOHKPETHOM CETH MCMOMNb3OBAHME JIOKQITbHBIX HOMEPOB HE OrPaHH-
umeaetcs. B obiiem supe cxema "Tel URI" mmeer creayrowuit sua;

tel: +CC NDC SN; rmobanbHelit Homep E. 164

tel: 1234; phone-contexi=+E.164: TIOKQbHbIM HOMEP

tel: 1234; phone-contex=DNS: TIOKQbHbIM HOMEP

Ecm exema "Sip URI" nomimo TernedoHHOTo HoMepa MOXET MaeH-
TUDMLMPOBATL PASHOOBPA3HbIE PECYPChI CBS3M, B T.4. M CTPAHMLIbI Cal-
08 MHTepHer, To cxema "Tel URI" npearasHayeHa ans moeHmidmkaumm
TONbKO TeNedOHHbIX HOMEPOB ABOHEHTOB Mk crtyxx6bbl/ycnym. Paspa-
60TKa CNELMAnbHOro MAEHTMKATOPA AfISt MCMIONb3OBAHHMS TenepOHHO-
FO HOMEPA B MAKETHBIX CETSX CBUAETENLCTBYET O TOM, 4TO, HECMOTPS H
nosiBnieHme B IP-ceTsix TaKix HOBbIX TUMOB MOEHTUUKALMM, KOK Oppeca-
LM M MMEHOBQHMS, CHcTeMA TenedpoHHbIX Homepos E. 164 Byger peitcr-
BOBGITb €LLE O4EHb [ONTO. IO OBYCIIOBIEHO TEM, YTO TenedOHHbIE HO-
Mepa MOBCEMECTHO BHEPEHbI IOBHO M LIMPbI MPMBbIYHbI 1 MOHSITHbI B
LUIMPOKOM KOHTEKCTE 513bIKOBBIX KyJILTYP.

Crepnyet OTMETUT, YTO HOMEPA SKCTPEHHBIX CiyX6 He nonaaatoT
nog, cxemy URI anst renecoHHoro Homepa, T.e. Hu nog, cxeMy Sip URI, Hu
nog cxemy Tel URI . B HacTosiwee Bpemst Ans MoeHTUMKOLMK KCTPEH-
HbIX cry>6 B nakeTHsbIx cesix |ETF paspaboran RFC 503 1 "Yhusepcans-
Hbie Mmera pecypcos (URN) anst skCTpeHHbIX M [pyrviX LUMPOKO M3BECT-
Hbix cryx6". [peanaraetcst npoBOaKTL MOSHTUBMKALIIO Yepes cxemy
"URN", kotopast ekrtouaet B cebsi 10 cxem st SKCTpeHHbIX cryxxd 1 4
CXEMbI 7151 CITYX6 KOHCYTBTALMM. DTU CXEMbI UMEIOT CrlytOLLMIA BU:

Urn:servis:sos cnyx6a 112)

Um:servis:sos.police (nommuym)

Urn:servis:sos.ambulance (cxopas nomoLwy)
(noxapHom cryx6bi )
(cryx6bl razooi cet)

Umn:servis:counseling (oBLas koHcynbTaLyS)

Um:servis:counseling.children (nomoLup petam) u ap.

Cxema "URN" 6bira BEIBPAHT, NOCKOSbKY OHA MOXET BbiTb peai-
30BOHA BO MHOTMX MPOTOKOICX, B KOTOPbIX peann3osaH mexakmam URI.

Mprmepbl  cxeM  MOEHTMUKALMM TenepOHHOTO HOMEPA  “epes
cxemsl SipURI 1 TelURI npeacraenens! 8 Tabn. 2.

[Mpv nepenaye HOMEPHOM MHGOPMALMM M3 CETEN C KOMMYTALIMEN
kaanos (TDM) B cem ¢ kommyTawmen naketos (IP cetm) npomexopur
npeobpaszosaHie Homepoe E.164 n He E.164, npeactaeneHHbix B co-
OTBETCTBYIOLLMX NapameTpax npotokona ISUP, B uaeHtdmkaropet "Sip
URI" npotokona SIP Mapametp "nature of address" npotokona ISUP
obecnedmBaET NPABMIbHOE NPEOBPA30BAHME MEXIYHAPOAHBIX M HAL-
oHarbHbix Homepos B "SipURI" mobarbHbix HOMEPOB, a ApYHX HoMe-
pos — B "Sip URI" nokansHbIx HoMepos.

Urn:servis:sos.fire
Um:servis:sos.gas

Tabnmua 2

Mpumepbl cxem naeHTMPHKaLmMM vepes cxembl SipURI u TelURI

Sip URI Tel URI

Sip:+749530623 1 | @zniis.ru; user=phone

Sip:306231 I @zniis.ru

Tel:+74953062311

Tel:3062311;phone-
context=zniis.ru

MOSb3OBAHA B PA3HbIX MPOTOKONax. B npo- Texctpomnsat nomep
Llecce YCTOHOBMIEHMS COBIMHEHMSI CXeMd +7 495 3062311

"Tel URI" Tparcnmpyetca B gpymvie cxembl ‘(1[-’:?3-??1';-'1'8[;1 HOMEp
URI anst TenedoHHbIX HOMEPOB, KOTOpbIe i‘i:fﬁ?}‘l :
COOTBETCTBYIOT KOHKDETHOMY MPOTOKONTY. (10KanbHBI HOMep
Ins npotokona SIP cxema "Tel URI" npeo6- a6.LIHUHC)
pasyetca B cxemy "Sip URI". 112

Urn:servis:sos

Urn:servis:sos
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[Mpu nepenate HOMEPHOM MHPOPMALIMU M3 CETEN C NAKETHOM KOM-
MyTQLMEN B CETU C KOMMYTALMEN KAHQUIOB MPOMCXOANT 0BpaTHoe npe-
obpasoearme naeHmpwkaropos "Sip URI" npotokona SIP B mexayHa-
POAHbIM, HALMOHATBHBIN WM MeCTHbI Homep npoTokona ISUP. Mpeob-
PQ30BAHME BINOSHSETCS HO OCHOBOHMM GHQNIM3A HONMUMS 3HOKA "+,
Ecnm "+" ectb 1 ko cTpaHb! coBriapaeT ¢ kopom ctpatbl PO, T.e. Ke=7,
TO Homep npeacTaensetcs B popmare "national”, uHave - "international”.
Ecm "+" vet u "Sip URI" He coneput napametp "user=phone", To Takve
BbI3OBbI MEPeAatoTcs B popmaTe "NOKAbHBIA HoMep'".

3aknoyenne

1) Koportkue Homepa ocTatoTest HEOBXOAMMBIMM TONBKO Aist CITy6
BLICOKOWM COLMQLHOM 3HOUMMOCTM M MOBCEMECTHOTO MCMOMb3OBAHMS,
TAKMX KOK SKCTPEHHbIE CITy>XXObl, CNPOBOYHbIE CITy>KObl, KOTOPbIX HEMHO-
ro. [locTyn k crty>6am MECTHOTO 3HQYEHMS! (BbIZOB TAKCH, MyHMLIMMQUTb-
Hbie cyx6bl 1 p.) LienecoobpasHo, KaK 1 B HACTOSILLEE BPEMS OCYLLEe-
CTBSSITb MO OBbIUHbIM MECTHbIM HOMEPAM. TUM MNAHA HyMepPALM SIBRSET-
51 onpexensioLLM HAKTOPOM MNP CO3AAHNM PECYPCA KOPOTKMX HOME-
OB M CTOMMOCTU OfIHOTO HoMepa. [pu OTKPLITOM MIaHE HyMepPaLyK
3TOT PECYPC 3HAUMTENBHO MEHBLLIE, O CTOMMOCTb HOMEPA [IOPOXE, YEM
MPM 3aKPBITOM MIaHe Hymepauun ¢ npedukcom [H, nostomy npm 3a-
KDBITOM MUIQHE HyMEPALM BHYTPMCETEBbIE HOMEPO MOTYT BbiTb KOPOT-
KVMM, O MM OTKPBITOM M/IGHE  LIBNIECOOBPA3HO MCMOMb30BATL OObIYHbIE
MECTHble HOMePQ. VIHTEPHET SBISIETCS MOLLIHBIM KOHKYPEHTOM CPaBOY-
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HbIX CITy>6, NO3TOMY MEXAHW3MA Mcronb3osaHks Homepa "118x(x(x))
A5t BOCTYTA K KOHKYPEHTHbIM CrPaBOYHBIM Crysk6am aoctatouqo. Ha
LMPOBBIX CTAHLIMSIX KOPOTKME HOMEPA MEPECUUTLIBAIOTCS B OBbIYHbIE
Homepa E.164, Te. kaxaomy KopoTKoMy HOMEPY COOTBETCTBYET ellie B
pononHeHue Homep E.164.

2) Ona peammsaupm npunoxerii M2M yepes cet noperkHo#
CBS131 MOXHO MCMonb3oBaTb Homepa E.164, npeacrasnenHble ¢ Makcu-
MUbHO BO3MOXHOM AIMHOM HOLMOHQUILHOTO HOMEPA, TAK HO3bIBOEMbIE
- "mnHHble Homepa". [ns opraHmM3aLymM mMBKoro B3aMMOLENCTBUS one-
paropos M2M c onepatopamu cetei nopBukHOM CBA3K Lienecoobpas-
HO POCCMOTPETL BO3MOXHOCTb HasHaueHms oneparopam M2M cober-
BeHHbix kopos MNC, no pex.212.

3) Onst comacosanHoro saanmopeiicTems aborerTor [P-ceteit ¢
OBOHEHTAMM CETEH C KOMMYTALWMEH KOHANIOB HEOBXOOMMO MCMONb3O-
Bats Homepa E.164. INpu onpenenerin ananasoHa Homepoe criemyet
YHMTbIBATb CNOCOBHOCTL "KoueBaHws" IP-TepMiHanos, kotopas Gyaet mr-
PATb BAXKHYIO POFIb /151 OMPEAENEHMs MECTOMOSOXeHMs: BOHEHTA npu
BbIXOZIE K SKCTPEHHbIM CITyX6aM. MexayHapOaHbI OMbIT MOKA3bIBAET,
4TO OFHWM M3 BOPMOHTOB HOZHOUEHMS MOAXOASLLIErO AMANO30HA HOME-
OB SIBMSIETC CNIEAYIOLLIEE PELLEHUE: €T ABOHEHT He MIIAHMPYET MC-
Monb3oBaT "ko4eBAHME", TO My HO3HAYAETCS reorpabUHECKUIt HOMEP
TOM MECTHOM CETH, K KOTOPOW OH MPUHOLJIEXT, B MPOTMBHOM Cllyyae
OBOHEHTY HO3HAYAETCS HOMEP M3 HOBOTO HEreorpadmIEckoro auana-
30HO HOMEPOB, KOTOPBIM CNELMALHO CO3AAeTCs Aris "kouytolwmx” abo-
HEHTOB.
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BnusiHme anekrpomartutHoi cosmectmmoctu J19I1
M NIMHWIA CBS3M HA KQ4YEeCTBO TENeKOMMYHMKALMOHHBIX yCyr

OnmcbIBAETCs BIMSIHME MATHUTHOTO MOJIs! BLICOKOBOMBTHOM JMHMM SMIEKTPOMEPEAUM HA SIMHMM CBSI3M B PEXMME KOPOT-
Koro 3ambikanmst. Pacecmatpusaetcs Bonpoc obecriedenmsi kadecTsa nepenay MHPOPMALM o KABEbHBIM JIAHUSIM
CBSI3M MY AAGHHOM BHZE BIMSHIS M HEKOTOPbIE MEPBI 3ALLTbI OT HETO. TaK e MPOM3BOAMTCS OLIEHKA KA4eCTBa nepe-
naum nHgpopmaupm B cuctemax MKM-120 m MKM-480.

Koporoeckux [1.B.,
Wixernep HIT-2222 Oy UHMAC,
Korotovskikh-d@yandex.ru

BeepeHnue

B Hacrosiee Bpemsi OCOBEHHO OKTYQUbHBIMM SIBRSIOTCS BOMPOCbI,
KACIOLUMECS HAAEXHOCTM PABOTBI SIMHMIA CBS3M, O TAK XKE BOMPOCHI Ka-
4YECTBA Mepenayn MHPOPMALIMM MO STMM nHusM. Passumie snextpo-
SHEPreTVKM TPEBYET CTPOMTENLCTBA MOLLIHBIX EKTPOCTAHLIMIA C BbICOKO-
BOMLTHBIMM BO3AYLLUHBIMU HWsIMK anekTponepeaayn (BJT), 1, kak npa-
BMIIO, TPOCChI MOTUCTPOSTbHBIX TMHMIA CBSI34 COBMOATIOT C HAMPABEHMS-
Mu BJ1. [put 5TOM 3NeKTPOMArHMTHBbIE NOMS OKOJO JIMHMIA SNEKTporepe-
A4 CO3AAIOT HOBEAEHHbIE HOMPSBKEHMS M TOKM B LIEMSIX M KOHQUIOX CBSi-
3. Pasnuyator grvrenshbie (mpu HopmansHow skcrityatam BJ1)
KpQATKOBPEMeHHbIE (mpu aBapmitHbx pexitvax paborst BJ1) nocropon-
HME HAMPSDKEHMS M TOKM, KOTOPbIE MOTYT OKA3bIBATL MELLICIOLLIEE ASMCT-
BME HO NEPEAYY CUTHQUIOB, CHUKGS! €8 KAYECTBO.

BrvsHme martmTHoro nons BJT B pexxime K3 Ha nnhHmm cesian

B noHHOM cTaThe paCCMATPUBAIOTCS KPOTKOBPEMEHHBIE OMACHbIE
HOMPSBKEHMS! M TOKM, KOTOPbIE MMEIOT MECTO MPK ORHO(A3HBIX KOPOTKMX
sambikanmsix BT (c sasemnenHom Heitpansio). Bpems pefictems onac-
HbIX HOMPSKEHMIA, MHOYLMPOBOHHBIX B SIMHMSX CBSA3M MPM MX COMXEHMM

CI/IMN[CTPI/I‘IHBIG JMHUU TIepeaavIn

Onnodazsas
Tpexdasuas BJlc TpexdazuasBJI ¢ nHob
. . AByxmnpoBoaHas BJI ¢
3a3€MJICHHO M M30JMP OB aHHOU o
o . H30JMPOBaHHOU
HET paibio HelTpanbio o
HCEUTPaJb 0

c BJ1, onpepnensetcs ckopoctbio cpabaTbiBaHMs GBTOMOTOB PENEHON
3awmTsl. PaccmoTprm cxemy, npeacTasnenHyio Ha puc. 1.

Ha ocHoeaHMM prcyHka 1 MOXHO CaENaTb BLIBOL, YTO PACCMATPH-
BAEMbIM HOMM QBAPUMHBIN PEXIMM BO3HMKAET B TPEX CITyUasiX:

1) npu 3azemnenmn dasosoro npoeoaa Tpexdastsix BJ1 ¢ sasem-
NEHHOMN HEUTPAIbIO;

2) npyu 303emreHMs OBHOTO MM ABYX hO30BbIX MPOBOAOB CUMMET-
pruHbix BJT ¢ u3onmposaHHoi HedTparbto;

3) npu 3a3emnerim dasosoro NpoBoaa HecmmeTpuaHbix BJT ne-
PEMEHHOTO TOKA.

MocnenHii BapraHT (3) meeT MecTo BbiTb TOMBKO AfISt BOSAYLLHBIX
M KaBerbHbIX Lieneit MosTyaBTOMOTMYECKOH BIOKMPOBKM C BGoKk-Mexa-
Hu3mMamy, BTopoit (2) - ans BoaaywwHbix J1C Bcex Bumos, a nepesii (1) -
Ans Beex BoamyLuHbix 1 kabensHbix J1C [2]. Mostomy MoxHO Mckmioumts
BTOPOM (2) 1 TpetWit (3) BapMaHTBI, TAK KaK PACCMATPUBAIOTCS TOMBKO
rnoa3emHble KaberbHble NHUM CBsiau, a nepsbiit (1) BapuaHT pasobpars
6ornee feTanbHO.

TpexdasHas BJT ¢ sasemnenHoit HelTpanbio SBASETCS CUMMETPHY-
HOM IMHWEN nepenaym. HanpsbkeHis 1 TokM Ha BCEX MPOBOLOX STUX Jik-
HUI POBHbI MO BEMMUMHE, HO GIBMHYTHI Mo dase Ha 120°, 1 npu Hop-
mansHom pexime paborsi BT (mpu pasercree Harpysok ¢as) cymma
HOMPSBKEHMIA OTHOCHTESTLHO 3EMI M CYMMO TOKOB pa30BbIX MPOBOAOB
MPAKTUYECKM PABHbI Hysto. [pyrimu CrIoBOMM, SNEKTPUYECKOE BIMSHUE,
0bycroBrIEHHOE HEYPOBHOBELLIEHHbIM HAMPSKEHMEM PA3OBLIX MPOBO-

HCCI/IMMCTPH‘{HI)IC JMHHUU IIEpEaavIn

T pex azubie BJIno
CHCTEME «1Ba
HPOBOMA- 3EMIH

Ilomemubie
Ka OeIbHbIC JIMHUK
CBSI3U

Bo3aynmsie JmHuN
CBSI3U

BbICOKOBOJILT Hble JIMHUU 3JeKTporepea un( BJI)

Jlunun ceszu (JIC)

Dek TpoMa rHUTHAsE coBMec THMOcTh BJT ut JIC ‘

Onacuoe BimsiHue BJI na JIC ‘

%%

M ewatouee BiusHue BJIna JIC ‘

BHCKIPI/I‘ICCKOC BIIUSIHUE MarHuTtHO€ BIUsHHE

| |

‘ TaJIbB aHM Y €CKO € BIMSIHIE

I
3a3 MJIEHHE 0THOro 3a3eMJIeHIe (a30BOTO HOPMAaNbHBIH peXUM patoThl
(azoBoro mpoBoa MPOBOIA TpeX ha3HBIX HecuMMeTpHYHBX BJI mepemeHHOro Toka
Tpexdazueix BJlc cuMMeT puuHBIX BJIc
M30JMP OB aHHOH 3a3eMJIe HHOU 3eMIeHNe ()asHoro IpOBOIa
HEITp anbio HEHTPaibto HecuMMeTpu4HbX BJl mepemeHHoro Toka

Pexum koporkor o 3ambikanust (K3)

Puc. 1. DnexrpomartmtHas coemectmocts BJT v nnkmit ceaan
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MpnunHbl nospexpenms BJ1

NUYHbIE TWMbI MEP 3CILLMTBI, MpPHBE-
AeHHble Ha pucyHke 3. Mx cosmect-

IIprrapmer noep exxgernni BJL

IleperprTie U pazpyUIeHEE E20MATOROE

MepexprTue ¢ pasw Ha onopy

leperpriTae ¢ dast Ha Tpoes®ARON] HE MEE AH IS MEL

CBPHE Mposos Al HTHOTO TROCA H KOHTAKT © §a3 0BEM IpoBe] oM

Tanenus dase va zenmo

Habpocu 5a dazy

[leperpriTua Ha LepeEbd

IIpoune

acTocts oTRaz0R, %0 HOE paccmoTperme nosgonser 6o-
57,0 nee ry6OKO MOHSTb MEXAHW3M BIusi-
3.8 Hust BJT Ha nnkmm cesiam.
3,3 3aMeTHM, 4TO pasaeneHme cuty-
71 QUMM BIMSIHYS HO OMACHBIE M MELLICIIO-
2: 7 LMe HECKOMbKO ycriosHo. Hanpu-
18 Mep, OracHOe BIMSHWE, MPM KOTO-
: POM MpoMcXomuT cpabaTbiBaHme
1.6 PA3PSIIHMKA B NIMHENHOM pereHepa-
27,0 Tope, saLpiatoLLee o6opynoBaHme

noB BJ1no otHoLuermio k 3emrie, oTcyTcTByer. Tak Xe OTCyTCTBYeT M Mar-
HUTHOE BIMSHWE, CBA3OHHOE C HEYPOBHOBELLIEHHbIM TOKOM B MPOBOAOX
BJ1. Orciona MoxHO caenats BbIBOA, HTO MM HOPMATTBHOM PEXMME Pa-
60TbI cHMmeTpuuHble BJT He onacHsi.

[pyroe neno — BO3HMKHOBEHME KOPOTKOTO 3QMBIKAHMS, BOMOX-
HbIE MPMUMHbI KOTOPOTO YKA3AHbI B TABMMLE.

[Mpv obpbise (303emrermi) opHoro 13 $basHbIX MPOBOAOB Tpexdas-
Ho BJT ¢ 3a3emneHHOM HeMTpQbio B HEUCMPABHOM MPOBOE BO3HWKA-
€T TOK KOPOTKOTO 30MbIKAHHMS,, AOCTUICIOLLMI BOMBLUIMX 3HAUYEHMIA, My
KOTOPbIX NMepemeHHoe marHuTHoe none BJT uHaykmpyet B i cesian
3HQUUTENBHYIO MPORONbHYIO 3.A4.C. (puc. 2). B sTom cnydae moxer npo-
M30MTU NOBPEXAEHME KaBENbHBIX LiENen 1 NOAKIIIOHEHHOM K STUM LIEMsSM
annapaTypbl.

M3 BbilLie CKA3OHHOTO MOXHO CAEMNATH BbIBOZ, YTO MOA3EMHbIE Kabe-
1M CBSI3M, KOTOPbIE MOKPbITbI METAIIIMHECKOH OBOSIONKOM, MPM MPOKIIA-
Ke B 3eMr1e MOABEPXEHbI TONBKO MATHUTHBIM BIIMsIHMSM (PEskiM KOPOTKO-
rO 3aMbIKQHMS!) 1 MPAKTUYECKM SALLMLLIEHbI OT SNEKTPUHECKUX BIIMSIHMIA.

HopMmbi kauectea nepeaaun nipopmaumu
M HOBEXHOCTU JIMHWH CBA3U

[ns Toro 4to6bl 0becrneumTs Ka4eCTBEHHY!IO NEpPenaYy MHOPMALM

M 3ALLATUTL NIMHUIO CBSI3M M BKIIIOYEHHYIO B HEE annapaTypy OT ONACHO-
rO BO3AENCTBMS BHELLHMX SNEKTPOMArHWTHBIX MONe MPMMEHSIIOT Pa3-

Ix3(4) 4

OT PA3PYLLEHMS, CTAHOBMTCS MO CyTH
MELLAIOLLMM, TOK KAK B MEPMOM, 30KOPAYMBOHMS MPOBOAOB LEMK HA
"semnto" kayecTBO nepenaum MHPOPMALIMM PE3KO CHKAETCS.

PaccmoTpiM CoBMECTHOE MCTOSb30BAHME MEP 3ALLMTHI, MPHUMEHSIE-
MBbIX KOK HQ IMHWSIX SEKTPONEPERaH, TaK 1 B annapaType cesiau (pucy-
Hok 3). Mpu obpbie basHOrO MPOBOAA HA 3eMTTHO BLICTPOREMCTBYIOLLAM
OBTOMOTMYECKMI BBIKITIOHATES b OTKIIOYAET NOBPEXAEHHbIM ydactok BJT.
CoBpeMmeHHble YCTPOMCTBA BbICOKOYACTOTHOM 3QLLMTBI HOl JIMHKSIX SMek-
TPOMEPEAAM C 303EMIEHHON HEMTPABIO MO3BONSIOT MPOM3BOAMTL OT-
kioyerve BJT 8 tevene 0,3-0,4 c. Ha stom npomeskyTke BpemeHm npo-
MCXOMMT MOCTOSIHHOE CPABATHLIBAHWE 3ALLUTHBIX POSPSIHMKOB, YCTAHOB-
JIEHHbIX B CIMMAPATYPE CBSA3M, HTO CyLLECTBEHHO CHWKOET KAYECTBO Me-
penaum.

Yro kacaetcs kavectea ¢yHKupoHmposatus OLIK mnm wdposoro
TPOKTA, TO OHO OLiEHMBaETCH KO3(dMLMEHTOM OLmboK (K ) mim koad-
duLyeHTom nopaxeHHsix cekyHa, (SES).

B cooteeTCTBUM C MEXXIYHOPOLHbIMU HOPMOMI CHUKEHUE KQYECTBA
HIXXe OnpefeneHHoro nopora cumraetcs otkasoM. [Npu stom OLIK, up-
bPOBOV TPAKT MM COBAMHEHNE NEPEXOMST M3 COCTOSHMS FOTOBHOCTM B
cocTosiHue HerotoHocH [6].

Pekomenpaum MC3-T G.821, G.826 1 G.827 v pekomeHaaLys
MC3-P E557 [7, 8, 9, 10] onpegensior kputepmi nepexoaa Mexay
STHMM COCTOSHMSIMM CrIElyIOLLIMM OBPA3OM: NEPHOL, BPEMEHM HEroToB-
HOCTM HOUMHOETCA C MHTEPBANA BpemeHm, cogepskatuero 10 nocnepo-
BatensHbx SES. S 10 cekyHa, paccMaTpMBAIOTCS KOK HOCTb BPEMEHM

A Ix3(B)

JlMHu A CB 131

30Ha 011a CHOT O
BITH STH VST

JluHu cB 131

Puc. 2. Conmxenme BJ1 ¢ nunmeit cesian
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‘ Mepbl 3AlUTHI OT OI1a CHOI O BJIMS HUA

TIpume HseMbIe Ha JIMHMAX 3J1EK TP ONep ead i ‘ ‘

TIpuMeHseMble B ammaparype

ﬂpn MCHSI €MBbIC Ha IMHUSAX CB 31

Puc. 3. Mepbl 30LLKTLI OT OMACHOTO BAMSHMS JIMHMIA BbICOKOTO HaNpsbXeHus

HeroToBHOCTH. HoBbii nepuop, rotoeHocTM HaunHaetcs ¢ 10 nocneposa-
TerbHbIX CEKyHE, He NOPaXeHHbIX owmbkamu (He — SES).

HarnomHim, yrto no onpepenenimto SES — s1o ogHocekyHaHbIe nepu-
ogpl, B kotopbix K > 1073, Takum obpazom, sHauenme K e 103%e
OLHOCEKYHIHbIM NEPMOL, SIBNFETCA MPAHMLIEN MEXY MOKA3ATENEM Kaue-
CTBa M nokasareniem rotoeHoctu. Ecim K| Menbie 1073, 10 obbexr
YHKUMOHMPYET (BO3MOXHO, C MOHMKEHHbIM kadecTBom); e K
Bonbiue 1073, To 0BbeKT HOXOMUTCS B COCTOSHUM HEFOTOBHOCTH M, BO3-
MOXHO, HEOBXOAMMO MPEAMPUHUMATB CMIELIMATTEHBIE MEPbI A4/ YCTPaHE-
HMsI STOrO OTKA3Al.

OueHka kavecTBd nepepayu Hpopmaumu
npw BausiHuM BJT Ha nnHMmM cesam

YuTbIBOSI BCE BLILLECKA3AHHOE, MPOBEEM Afisi MPMMEPA OLIEHKY KO-
yectea nepenaym nidopmayn B cucteme MKM-120. MKM-120 — 1o
BTOPMYHOS LMDPOBASH CHCTEMA NEPEAAM C UMMYSTbCHO-KO[OBOM MOfY-
nsupen 120 karanos ToHansHor dactotsl (OLIK). Ckopocts nepeaatm
B AQHHOM cucteme coctasnsieT 8448 kbut/c. C momenta K3 oo Momen-
T0 CPABATLIBOHMS YCTPOMCTE MPOTMBOCBAPMIAHOM GBTOMATMKM MPOXO-
ot 0,3 — 0,4 c. Ha sTom npomexyTke BpemeHM 3aLLMTHbIE paspspH-
kv noctosiHHo cpabarbiaatot u cuctema MKM-120 okassieaetcs Hecrio-
cobHoi obecreunTs Tpebyemoe Ka4ecTBo nepenaym MHdopmaLym. 3a
570 Bpems oHa notepsiet ot 2,5 fo 3,4 MeuT urbopmaLym.

AnanomiHas cutyaupst npomexopur 1 B cucteme MIKM-480, koro-
past SBISIETCS TPETUYHOM L POBOM CHCTEMON MEPEAUM CO CKOPOCTbIO
34368 kéur/ c. Motepw B paHHoi crcteme npu K3 coctasst ot 10,3 po

13,7 Méur.
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[Ipume Henne
o BxmoueHue
ObICT PO /e #CTB yro X ITo1Bec Ka 3aMTHBIX Bkmoye Hue Y MeHb IeHHE BIIMSIONEr0 Mar HUTHOTO MO JIs
— —¥—  H30JHUPYIOHIUX
aBTOMA THYECKUX 0coB a3psS IHUKOB
. ™ paspi Tpa He(opMaT op 0B
BBIKJIIO YaTes eif
'V Me HblIIIeH 1e ITpokunaaxa
. Orpannuenne TToBbIeHHE P s
aBa PUHHBIX TOKOB . OTHOC THHHH OT 323 MICHHBIX
. —%— HECHMMETPUYHOTO J1¢ KIPUYECK Oif TIPOYHO CTH
HyJIe BO I 1 CTOUHMKA BIMSH Ut BBIC OK OTIPO BO JISIIITHX
pexuma paboTsl BBOJHOTO 000PY/JI0BaHHS
OCTIE/10B aTe JIbH OCT U TPOCOB
VYnyamenue
W cnonpzoBanu e
VYBenuue Hue Bxurouenue 3 KpaHUPYIO LIe TO
. 5KPaHHUPYIO IEr0
NMPOBOAMMOCTH  —#%—  OTCachlBa IONIMX JIeicT BUs s
o Jieii CTBUSL COC ©IIHU X
eJb COB TpaH chopMaTopoB Me TAITHY €CK X
p pa P P K JT Kabe Jist
MOKPOBOB
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CoBeplueHCTBOBAHWE NPUHLMMOB OPraHWU3ALMM
6a3 AAHHLIX KOMNAHUM — onepaTopa Cesi3u

P GCCMATPMBAETCA MOAXOA K PELLEeHUIO 3a4Aa4M ONepaTopOB CBA3M MO ONMMUMU3ALM OEATENIbHOCTA B yCIIOBUAX HACBILLIE-

HUS] PIHKQ M MOBBILLIEH)S KOHKYPEHLIM 30 CHET ONMTUMM3ALI MPHHLIMTOB XPAHEHHMS M OBPABOTKM MHPOPMALIAM, MCTIOSTb-

3yeMou71 MM OKA3AHMM yCIlyT CBS3M. I'lpeacr as/ieHa HH(#OPMGLMFI o6 MCNOJb3yEeMbIX ONepaTopamm Cesa3n 6asax AQHHBIX,

a Takke 6asax AQHHbIX, BHEOPAEMbIX COBMECTHO C CUCTEMAMM MOOAEPXKN OﬂepGLlMOHHOljt AEATe/IbHOCTH, U XAPAKTEP-

Hble ﬂpO6}'leMbl, BO3HUKQIOLLME PN STOM.

TeMknna T.A.,

Benyuywi mrxerep HL| "lapmormsarps ycnyr cesian”
@ryr LUHMNC,

tlettierbox@mail.ru

B HacTosiLLee Bpems MPAKTUHECKM BO BCEX PA3BUTBIX CTPOHAX PHIHOK
YCIyT CBAA3M SIBISIETCS BbICOKOKOHKYPEHTHbIM. B YacTHocTH, pbiHOK yaryr
DUKCHPOBAHHOM CBSA3M HAXOMTCS B CTOIMM HACHILLEHMS], M €70 YHACTHM-
KM — B OCHOBHOM, TPQIMUMOHHbIE OMEepaToOpbl, BbIHYXXAEHbI KOHKYPUPO-
BQTb C KOMMAHMSIMM, OKA3bIBAIOLLMMM QULTEPHATHBHBIE, Goree fetueBble
yanyrm SIP-tenedormu.

Peirok yanyr nogsmkton casian (CMC) uaHauansHo xapaktepuso-
Basicsi Gonee BbICOKMM YPOBHEM KOHKYPEHLIMM M3-301 OTCYTCTBMS HA HEM
MOHOOSCTOB M MPAKTUHECKM OIHOBPEMEHHOM MOSIBIIEHMM HECKOSTbKMX
YHOCTHUKOB. 30 MOCEHME XEe HECKOSBKO JIET AAHHBIM PbIHOK B PA3BM-
TbIX CTPAHAX NepeLlen B CTOaMio HACLILLEHMS, U YpOBEHb NPOHUKHOBE-
HMst GHHBIX YCITYT B HEKOTOpPbIX CTpaHax npesbicun 130%, uto ewue 6o-
nee o6oCTPUIIO KOHKYPEHTHYI0 6opbby.

Peitok yanyr wimpokononoctoro goctyna (LM 8 Hactosiwee spe-
MSl MHTEHCMBHO PO3BMBAETCS M XAPOKTEPU3YETCS BLICOKMM YPOBHEM
KOHKypeHLyW. Ha Hem paboTatoT KaK TPOIMLIMOHHbIE OMEpPaTOpbI CBSI3M,
TOK 1 QUITEPHATUBHBIE OMEPATOPbI M NOCTABLLMKM YCrTyr AocTyna. s
TPOAMUMOHHBIX OMEPATOPOB, OKA3BIBCIOLMX YCIYrM (PHUKCMPOBOHHO
TenedoHHoi cassu, yanyrm LML senstotcs nepcnexteoit passumis m
CPELCTBOM YAEpKaHs ABOHEHTOB. [ anbTepHATUBHBIX OMNEPATOPOB,
3AHMMOIOLLX OBBINHO 3HOUMTENBHO MEHBLLIYIO AOMTHO PHIHKA, HO MEPBOM
MIOHE TAKKE CTOMT 301040 YKPETUIEHMS CBOMX MO3WLMIA, O IS MOCTAB-
LLMKOB YCNyr [ocTyna, As kotopbix yarnyr LM sienstorcs ocHoBHbIM
MCTOYHMKOB JOXOAC, MPMBIEYEHNE HOBbIX ABOHEHTOB SIBNISIETCS MepBO-
CTeneHHOM 3aaa4ei.

B criosvBLIMXCS YCTIOBMSIX 1 MPUBIEHEHMS HOBBIX OBOHEHTOB, O
MPY HACBILLIEHWM PBIHKA — A9 YAEPXAHMS CyLLIECTBYIOLLMX, ONEpPaTopbl
CBSI3W, B LIETISIX COXPOHEHMSI KOHKYPEHTOCTIOCOBHOM MO3WLMM, BLIBOAST
HQA PbIHOK HOBbIE NPEANIOXEHMS, TOKUE KAK:

— NAKEThI yCryr;

— HOBbIE, AONONHUTENbHbIE YCITYTU.

BadkHbIMM YCIOBMSIMM yCriexa MM BLIBOAE HOBbIX MPEMIOXEHMIA HA
KOHKYPEHTHOM PbIHKE ABNAIOTCA:

— obecrieyeHne MHAMATTbHBIX OMEPALIMOHHBIX PACXOLOB HA BBE-
AEHME HOBbIX NPEIIOKEHMI;

— 06eC|'|e"|eHMe MWUHMMQATbHBIX CPOKOB BBEAEHMA HOBbIX NPEAJIoXe-
HAM.

BbinonHeHme [OHHBIX YCTIOBUI MO3BOSMT ONEPATOPY CBSI3U BbICTPO
PEAMPOBATH HOl IEMCTBHMS| KOHKYPEHTOB M MPEAMPHMHMMATL OTBETHbIE ME-
Pbl, TEM COMBIM YAEPXMBOS MO3ULMIO HO PbIHKE, M MPU STOM M3BEXaTb
CyLLIECTBEHHOTO NAAEHHS MPHBLUTM M3-301 3ATPAT HO PEIU3ALIIO HOBBIX
MPELVIOKEHMH, HOCTb M3 KOTOPbIX MOXET MpemyiaraTkest becrnarHo B
MOPKETUHIOBbIX LIENSIX, M, COOTBETCTBEHHO, HE MPUHOCUTb AOXOA.

OpnHAKo 3aAa4A MO BBIMOMHEHWIO AGHHBIX YCIOBMIA BCTONA Neper,
ONEPATOPAMM CBSI3M OTHOCUTENBHO HELOBHO, B CBSI3U C YEM MCMOMb3ye-
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MbIE MMM MPHHLWAMBI OPrOHM3ALMM ONEPALIMOHHOM AESTENLHOCTU MO
OKU3QHMIO YCITyT CBSI3/ HE MO3BONSIOT €€ PELMTL,

HexoTopbie onepatopbl CBsian Ceryac UCMoNb3yIoT Ll OTAENb-
Hble, He CBSI30HHbIE MEXly COBOM CHCTEMBI Ayisi ABTOMATU3ALMM OTLEb-
HbIX (pYHKLMI YTPABEHMS, Oy HEKOTOPbIX TAKME CHCTEMbI BOOBLLE He
mcnonb3aytoTest. B nepeom cyuae anst BHeapeHmst HOBOM yaTyr Heobxo-
AMMO OTAENBHO HACTPAMBATb MCMONb3yEMblE CHCTEMBI, MPOMMCHIBAS B
HUX MHGOPMALIIO O HOBOM YCITyre M MOPSIKE €€ OKA3AHHMS,, O BO BTOPOM
— BPYHHYIO HOCTPAMBATb MCTIOSb3YEMOE MPK OKA3AHWM YTy obopy-
poBaHe. B 0boux ayuasix onepaLmoHHsie pacxofbl Oreparopa Casismu
HQ BHELPEHIE HOBOM YCIyTM HEOMPABAAHHO BEMMKM, KAK M OBbEMBI PO-
60T Mo ee BHEPEHHIO.

Takim 0BPA3OM, HO CEroaHSILLIHMIA AEHb OHOM 13 BAXKHBIX 3010 Ayist
ONEPATOPOB CBSA3M i1 OBECTIEHEHMS YCTIELUHOM AESTENBHOCTU B YCIIOBM-
51X KECTKOM KOHKYPEHLM SIBNISETCS PEOPraHU3ALYS ONEPALMOHHOM fie-
STENLHOCTU MO OKA3AHMIO YCITYT CBSI3M B HOMPABIEHMU BHEAPEH)S, O6b-
EAMHEHVS U YHNUKOLM CUCTEM YTIDABIEHHS, MCTONb3YEMbIX B MPOLIEC-
€€ OKA3QHMS YCITyT CBSI3M.

Bonpocom peopraHmsaLmi Gr3HEC-MPOLECCOB TENEKOMMYHUKAL-
onHbix komnanuin ¢ 2000 roga B pamkax nporpammsl NGOSS  (New
Generation Operations Systems and Software) aaHnmaetca mexayHa-
poarbit dopym TMF (TeleManagement Forum). B pamkax aarHHo# npo-
rPAMMBI MM bl Pa3PABOTAHBI CTIEAYIOLIME AOKYMEHTL:

— eTOM (enhanced Telecom Operations Map) - paclumpettast
KAPTA GU3HEC-POLIECCOB TENEKOMMYHUKALMOHHBIX KOMMAHMA;

— SID (Shared Information and Data) - 061u0s Mogens uHdopmaLym
M OQHHBIX;

— TAM (Telecom Application Map) - kapta npunoxenmit tenekom-
MYHUKALMOHHBIX KOMMQHMM;

— TNA (Technology Neutral Architecture) - TexHonommyecku Heitr-
PAbHASH APXUTEKTYPA (POrPAMMHBIX PeLLEH)H).

[NepBble ABa [OKYMEHTA ye yTBepxaeHb! kak craHaaptsl [TU, 1
paspabotarHbie B pamkax NGOSS gokymeHTsl YacTo Mcnonbaytotes
ONEpPATOPAMM CBS3M KOK OCHOBA MPK PEOPTAHM3ALIAM M OMTAMU3ALMM
LESTENbHOCTM.

B cootsetctaum ¢ eTOM Bu3HEC-NPOLIECCh! TENEKOMMYHMKALIAOH-
HO¥ KOMMQHMM AETISITCS HA TPW BIACL:

— pa3paboTKA CTPATENMM PA3BUTHS, MHPACTPYKTYPbI CETU M NPEL-
NAraembIX MPOLYKTOB;

— ONEPALMOHHbIE MPOLIECChI;

— MPOLECCHI YMPABNEHVS MPEAMPHUSTUEM.

CoOTBETCTBEHHO HA TPM BUAQ [ENSTCS M CUCTEMBI MOREPXKM JEst-
TENBHOCTM TENEKOMMYHHUKALWIOHHOM KOMIMQHMM:

— BSS (Business Support System) — cucrema noanepxku GusHeca;

— OSS (Operations Support System) — cucrema nogaepxku one-
POLWOHHOM) [ESTENBHOCTH,

— ESS (Enterprise Support System) - cuctema nopaepxu ynpasne-
HUS NPENPHSTHEM.

BusHec-npoLieccs!, CBSI3OHHbIE C OKA3AHME YCITyT CBSI3M, OTHOCSTCS K
OMepALMOHHbIM MpoLieccam 1 noaaepskveatotcs cucremamm OSS. K
HMM OTHOCSITCS! CTIELyIOLLIME:
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— MPOACXA M NOAKIIIOYEHHE YTy

— OKa3aHMe yaryr;

— PACHET CyMMbI A1 OTUICTbI M BBICTOB/IEHME CHETT;

— peLueHite NPobIEMb! KIMEHTT;

— pelLeHWe NPOBIIEMbI, BbISIBIIEHHOM MyTEM MOHUTOPMHIG CPEACTB
M CeTen Ces3M;

— NpMOCTaHOBNEHWE,/BO30GHOBNEHWE OKA3AHKS YCryr;

— NMPEKPALLEHME OKA3AHMS YTy NO MHULMATVBE KIMEHTA.

[ns aBTOMATU3ALMM [OHHBIX BGU3HEC-NPOLIECCOB, M COOTBETCTBEH-
HO, MX OMTUMATLHOM OpraHmM3aaLm, 8 TAM npenycmoTpetbl cneayioLupe
ancremsl OSS:

— GBTOMOTU3MPOBAHHGS CUCTEMA PACHETOB;

— CMCTEMA YMPABIEHHS B3AMMOOTHOLLIEHMSIMM C KITMEHTAMM;

— CMCTEMA YHETA PECYPCOB (MHBEHTAPM3aLYS);

— CMCTeMA YMPOBMEHMS 3aSBKAMM

— CMCTEMA PETUCTPALMM MPOBIEM C PECYPCAMM 1 YCITYraMM 1 Y-
POBNEHMS MX YCTPOHEHWEM;

— CMCTeMA aKTUBALMM YCITyT;

— CMCTEMA YMPBIEHMS YCTPOHEHMEM HEVUCMPABHOCTEH,;

— CUCTEMQ YMPOBNIEHHMS NAPAMETPOMM PABOTLI 1 Ap.

B kavkmoit 13 nepedmcrieHbIx c1cTem npedycMoTpeHa pabota ¢ or-
penerneHHbIM HOBOPOM [OHHBIX, O 3HOYMT, MMeeTcs 6a3a AGHHBIX W
CYBA ans xpaHerms, 0bpaboTki 1 aHANM3a MHEPOPMALIMM O COCTOSHUM
COOTBETCTBYIOLLErO OBbEKT, WM NOAAEPXMBAIOTCS GyHKLMM MO Yaa-
JNIeHHOMY IOCTYMy K 6013€ IOHHbIX, COAEP3KALLIEH HEOBXOmMMYO MHpOP-
Mawytto. [pu sTom Tpebyercst obecneymTs B3AMMOASHCTBUE MEXTY CUC-
Temamn OSS, nockosbky AAHHbIE M AESTENBHOCTL OBHOM MOTYT 30BMCETb
OT M3MEHEHMS! [IOHHBIX B [PYTOM C1CTEME.

31 603bl AAHHBIX MPEAHA3HAYEHbI 47151 OMTUMU3ALMM [ESTESTbHOCTH
onepaTopa Npu OKA3AHMK YCIYT, B TOM YMCIE ONTMM3ALIMM XPAHEHMS!
BCEX [IOHHBIX OMEPATOPA, OTHOCSILLMXCS K BM3HEC-MPOLIECCOM OKA3aHMS
yCryr, KoTopbie o BHeaperms cuctem OSS xpaHummes oTaensHo, no-
PA3HOMY M YOCTMYHO HO BYMODKHBIX HOCHTESTSIX.

Hanpumep, npakmtyeckn y Bcex onepatopoB GBTOMOTU3MPOBAH
XPAHEHHE M 06pPaBOTKA TeX AAHHBIX, KOTOPbIE MOCTOSIHHO OBHOBTSIOTCS 1
HY)KOCIOTCS B OTCIEXMBOHMM Ayisi obecrieyeHmst MpubbITbHOCTM PaboThl
KOMMQHMM. TOKAMM AGHHBIMM SIBAISIOTCS AGHHBIE O COCTOSHWM CHeTa abo-
HEHTA, OCOBEHHO MPM OBAHCOBOW CXEME MIATEXEN 1 CrIMCOHMU CPEACTB
€O cyeTa no GaKTy UCMIONB3OBAHKS YTy (HAMPMMEP, YCITyTH NOABUXHOM
casi3u), a ans onepatopos CMC — aaHHbIE © MECTONONOXEHNM ABOHeH-
Td,, B 30BMCMMOCTM OT KOTOPOTO M3MEHSIETCS TOPHUKALMS BbISOBOB.

OcranbHble AGHHbIE, OTHOCSLLMECS, HOAMPUMEP, K CUCTEMOM MHBEH-
TAPM3ALMM M . CUCTEMAM MOJAEPXKM ONEPALIMOHHOM AESTENBHOCTH,
O CHIX MOP XPAHSTCS HA BYMAKHBIX HOCUTENsIX (BRNOTb 10 HepTexet ce-

CpasHeHne noaxonos k BHeapeHuio cuctem OSS

TeM CBSI31) U B U30MMPOBAHHBIX M HE CHCTEMATU3MPOBOHHBIX 1 HE YHMH-
LMPOBOHHbIX 6030 [AOHHBIX.

v nepeBoae BCex AGHHbIX B ABTOMATU3MPOBAHHbIE cuctembl OSS
HEOBXOmMMO obecrednTb Mx Ge30MACHOCTL, 3CLLMTY OT MOTEPH, A TAKXKE
BO3MOXHOCTb OMEpPATUBHOTO [OCTYMNA CO CTOPOHbI COTPYAHMKOB. [Tpu
BHEPEHIU HOBOTO MPMHLYNG 0BPABOTKM AQHHSIX (QBTOMATM3ALS) MK
PEQM3ALIM BU3HEC-TPOLIECCOB TAKXKE MOSIBISETCs TPEOOBAHME MO npe-
[OTBPAILLEHMIO NEPEerpy3oK B ceT, coeauHsitoLueit cuctembl OSS, 1 ne-
perpy3ok camnx cuctem, CYB[ B Hix 11 603 aHHBIX onepaTtopa.

PeanmaaLys 5TMx TPeBOBAHWIA NO3BOMMT MOAKEPXMBATL AESTENb-
HOCTb OMepaTopa Mo OKA3aHWIO yaryr. B cryuae ke BOsHUKHOBEHMS
cboes, neperpysok, M APYrX Mpobrem, MPUMBOMILMX K BPEMEHHOM
610KMPOBKeE OCTYNA K AGHHBIM MM K MOSHOM KX MOTEPE, OMepaTop He
CMOXeT 0BecneymTs KaYeCTBO Yaryr, o npu Bonbliom MactuTabe "asa-
pun'" — Acke OKA3bIBATL YCIyTU.

YuuTbIBOS BbILLECKA3QHHOE, Mpu BHeapeHu cucteM OSS Heobxo-
IMMO KOMITIEKCHO M [ETAUBHO MPOMYMbIBATL MPUHLMME PaboTbl 6a3
ACHHBIX, C KOTOPbIMK B3ammopeictaytoT cictembl OSS, ot mx umcna 1
Mopenei AaHHbIX A0 M3NUECKOM PEANU3ALMM M PACTPEnErneHms no
CEpBEPAM, [Ayist LOCTUKEHMS M3HAUCTHO CTOSILLMX LIENEH MO MUHMMM3G-
LM OMEPALMOHHBIX PACXOAOB, 63 BOSHUKHOBEHMS MPobriem npu oka-
3aHMM ycnyr. [pu 5Tom HEOBXOIMMO YUMTLIBATL BCE MIHBI MO BHEapE-
HMIO CMCTEM MOAAEPKKM B KOMMOHWM, YTODbI 30TEM HE MOHOROOMIOCH
QAQMTMPOBATL CIEAYIOLLYIO BHEAPSEMYIO CMCTEMY C YXKE YCTAHOBMEH-
HbIM VX KOMIUIEKCOM, T.€. OCYLLECTBJISTL MOBTOPHYIO PAbOTY.

OunHako Ao cvx nop H1 opuH npomssopuTens cuctem OSS He npeg-
JIOXMI OMEPATOPAM KOMIIEKCHOE PELLIEHHE, MPopaboTas 3T BOMPo-
cbl. Y70 kacaeTcst oreparopoB CesiaW, TO Afist HKX STA 3aAau4a e bonee
cnosxHa. B Hacrosiwee Bpems Brepperime cuctem OSS npomssopmres y
OMEPATOPOB CBS3M OHWM U3 CIEMYIOLLMX CrIOCOBOB:

— CIBTOMOTU3ALS TOSLKO OTAESbHBIX, LIENeBbiX G13HeC-MpoLEccos;

— nokyrika rotoeoro petuetist OSS 1 apantauys nog Hero GusHec-
MPOLIECCOB;

— QHQNU3 AesTenLHOCTU M paspaboTka cTpyktypsl cuctem OSS.

JloCTOMHCTBA 1 HEHOCTATKM AOHHBIX CIOCOBOB MPMBEASHS! B TAOMLIE.

[pu niobom 13 Tpex cnocobos eHeppeHus crctem OSS onepartop
COM WM MPOM3BOAMTENL OBOPYLOBAHMS PA3PABATLIBAST MOAEL AOH-
HbIX, MPMYEM YalLLie Bcero st otaensHoi cictembl OSS. OtmeTnm, yto
ee pa3paboTKa € YHETOM OCOBEHHOCTEN AESTENBHOCTU OMEPATOPa M HA
OCHOBE MMEIOLLMXCA Y HErO AQHHBIX SIBMISIETCS OYeHb TPYAOEMKOM. YTo
KOCOETCs BOMPOCOB OPIaHM3AILIAM M COBMECTHOTO 1 B3AMMO3OBMCUMOTO
bYHKUMOHMPOBHMS 6013 IAHHBIX, CBA3AHHBIX C KOMMIIEKCHOM CUCTEMO
MOAAEPXKM ONEPALMOHHOM ABSITENBHOCTM, TO OHM MOKA OCTAIOTCS Hepe-
LeHHbIMM. [loanexar paspaboTke OMmMMArbHbIE METOMbI MOCTPOEHMS
Takux BJl, nopspok ux Bbibopa anst
KOHKPETHOTO CAly4Yasi M CPeAcTBa

IMoaxon k sueapennio cucrem OSS JlocTonncrea

T r— oLieHKM 3¢ eKTBHOCTU MX PABOTBI.

— [lpoueccs onepatopa
peannzosanbl B OSS

Cobcrsennas =
— bBeict pas peakuus Ha nNoTpeoHOCTH

— HeobxoaumocTs
MOJUIEPHKKH
CODCTREHHBIMH CHIIAMH

Jluteparypa

posannoe [10 — Macurrabupyemocts
— Bo3smosHocTh HHTErpaLMK

MATH: a3 )’dﬁ(!'!'[\"l -
ABTOMETRSAII | DY i Oneparopa — Hemacwrabupyemeie
OT/EIbHBIX pewenns
Gusnec- 1. Camyrinoe KE. BuaHec-npouec-
APOLLECCOB — [Moanep#ka co cTOPOHEI — [Toaroroeka T3 na pol
> Criennanusu- MPOH3BOIMTES paspaboTky Cbl U l""|<1><>P'v\0L'MOHHbIe TEXHOMOMM B

YMPOBIEHMM  TENEKOMMYHMKALMOHHBI-
mu komnanvsmn / Camyiinos KE, Yy-

— [loanepska co CTOPOHBI
MPOH3BOINTEA

[Tokynka rotosoro peinenns 0SS — Tloanep:kka cTranaapToB

— Apanrama bI1 oneparopa
K cucremam 0SS

— HsbdwiTounocts /
HE0CTATOYHOCTh
(hyHKLHI

kapur AB,, ApkmHa HB. — M.: Anbrnt-
Ha Busnec byke, 2009. — 442 c.

2. Ynpaenerue ceTamu snekTpo-
cesian B Pocount: cOOpPHMK HaydHbIX

— [lpouecck onepatopa
peanuzosanel B OSS

[Mocs 10BATEIBHOCTE BHL‘,'IPL'I!}IH
COOTBETCTBYET NOTPeOHOCTAM

CamocrosTensHas paspadoTka

CTPYKTYphI cHeTem OSS - 1€,

MaTepuanos koHdepeHym [dnek-
TPOHHbI pecypc] / Dkcro-Tenexkom. -
M., 2009. — 1 aneKTpOHHbIM OrmHde-

ekt apek (CD-ROM).

— 3HauMTenbHLIE 3ATpaThl Ha
HHTETIPALIHIO CHCTEM
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TeHpeHUMM pa3BUTHA MHTepdEHCOB TEPMHUHANOB
ceTeii ces3u obLero Nonb3oBaHMUS

[MpuBeneHa KnaccpMKaLs TEPMUHATEHBIX YCTPOMCTB ceTer OBLLErO MOMb30BAHMS M X MHTepericos. Paccmo-

TPEHbI NPOBOAHbIE 1 6ecnposongle annapaTHbIe MHT epcbeﬁcm, a TaKXKe TeHAEHLM X PA3BUTUA B JOSITOCPOY-

HO¥ nepcreKTMBe.

KpueoHoros B.M.,
Acrmpant Y LUHAC,
billyg@inbox.ru

Onpepenetys.

TepM1HON MM MOMb30BATENLCKOE  OBOPYAOBAHME: TEXHUYECKME
CPELCTBA A4St NEPEna|m 1 (Mnn) MpHema CUTHANOB SMEKTPOCBA3M MO M-
HMSIM CBSI3M, MOOKITIOHEHHbIE K ABOHEHTCKMM JTMHMSIM M HOXOZSILLMECS B
MONb3OBAHWM ABOHEHTOB M MPEAHA3HAYEHHBIE A71St TAKMX LIENIEM.

CeTb CBA3N — TEXHOMOMMYECKOS CMCTEMA, BKITIONAIOLOS B ceBs
CPEACTBA M SIMHWM CBSI3M M MPEAHAZHAYEHHCS 151 SNEKTPOCES3M MW MOY-
TOBOW CBSI3M.

CeTb cBA31 OBLLETO NOMb3OBAHMS MPEAHAHAYEHA A/1sl BO3MESAHO-
IO OKQ3AHMS! YCITYT SMIEKTPOCBSI3M JIIOBOMY MOMb3OBATENIO YCITyraMM CBSI-
3n Ha Tepputopun Pocanitckoin Pepepaupmn 1 BriloHaeT B cebs cetn
SMEKTPOCESI3, OMPEHENsEMBIE reorpapHIeck B Mpenenax obatyxmea-
EMOM TEPPUTOPHM 1 PECYPCA HYMEPALIMM 1 HE OMPERETIEMbIE reorpa-
buueckn B npegenax Teppuropun Poceuitckoit Pepepatym u pecypea
HYMEPALMM, O TAKXKE CETH CBSA3M, OMPEIENSIEMBIE MO TEXHONOMMM PeQsin-
30LMM OKA3CHMS YCITyT CBSI3M.

CeTb cBsi31 0BLLErO NOb3OBAHKS MPEACTABISET COBOM KOMIEKE B3O
MMOIEMCTBYIOLLIX CETEN SMEKTPOCES3W, B TOM YUCTIE CETM CBSI3U il POC-
MPOCTPAHEHYS MPOTPCMM TENIEBM3MOHHOTO BELLIAHMS M POIMOBELLIGHMS.

Wrrepdeiic (ot anm. interface — nosepxHocts pasaena, nepero-
POAKA) - COBOKYMHOCTb CPEACTB M METOAOB B3AMMOLEMCTBUS MEXy Sre-
MEHTOMM CHCTEMBI.

B 3aBMCHMMOCTM OT KOHTEKCTA, MOHSITUE MPUMEHMMO KK K OTAENBHO-
My 3rIeMeHTY (MHTepdec 3nemeHTa), Tak v K CBA3KaM 3nemeHToB (MHTep-
beic conpskeHmst SremeHToB).

STOT TEPMUH UCMIOMNB3YETCs NPAKTUYECKM BO BCEX OBMACTSX HAYKM
TexHuku. Ero sHaueHme oTHocuTes K oBoMy COMPSKEHMIO B3AMMOTEN-
cBytoLLMX CylHocter. [lop, MHTepdeitcom MOHUMAIOT He TOMbKO YCT-
POMCTBA, HO W MPABMNA (MPOTOKON) B3OMMOAEMCTBMS STUX YCTPOMCTB.

B KoHTeKCTe OTHENLHOTO SNEMEHTA MHTEPGEHC SNIEMEHTA MPOTMBO-
MONOXEH PEAITM3ALMM SNIEMEHTA (BHYTPEHHEMY YCTPOMCTBY W yHKLMO-
HMpoBaHMIO). [oNb3OBATENIO BMIEMEHTA HE3AUYEM 3HATH, KOK PEAU30-
BOH MCTIOfb3YEMblid SMEMEHT, HTODbI YMPOBIISTL MM, HO MCTIOMb3yeMbli
SMEMEHT [OMKeH MPEeNoCTaBUTL MHTepdeic ynpasneHms. Hanprmep,
BOZMTENIO BOBCE He 0BS3ATENBHO 3HATb, KAK YCTPOEH ABUIATENb, YTOGI
YMPCBISTH ABTOMOGMIEM, AOCTATOMHO NOMb3OBATECH MHTEPGEMCOM OB~
Tomobunst (pynem v neaansim).

KnaccmdmraLps TepMUHAIIOB CeTel CBSI3M OBLLETO MOsb30BAHMS.

o creneHn MOBUIIBHOCTU: HOCMMBIE; BO3MMBIE; CTOLMOHOPHbIE.

[No Mcronb3oBaAHMIO Cpebl NEPENaUM: NPOBOAHbIE; GECTPOBOAHBIE.

Mo MecTy MCroNb3OBAHMS: HA3EMHBIE; CMTYTHMUKOBbIE.

Mo pansHoctn perctemns: po 10 m; po 300 m; no 1000m; Bonee
1000 m.

INo aanasony wactor: HY; BY; CBY; onmuueckuin apanasoH.

Mo criocoby npencTaBneHmts MHGOPMALM: AHANOTOBbIE U LidpO-
BbIE.

Mo TMny ceTm pocTyna: ¢ KOMMYTOLMEN KAHQIOB; C KOMMyTALMEN
MOKETOB; CMELLAHHBIE.

Mo TMny CBSI3W: CUMMTIEKCHBIE; MOMYIYIUIEKCHBIE; [yTUNEKCHBIE.
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o ™y nepeaaBaemoit MHGOPMALIM: ATist PUEMA I MpHemOre-
PELAYM FONOCA; Ayish MPMEMA WM MPHMEMONEPENAUM BULEOM30BpaKeE-
HMs! M 3BYKQ; 151 MEPEAAYM AAHHBIX; TEPMUHAI /15 NPUEMONIEPEAQUHM ro-
JIOCA, BUAEOU30BPAKEHHS 1 3BYKA M IOHHBIX.

Whrepderics TepmuHanos cetei obluero nonbaosanms. Knaccmdm-
KaLtst MHTEPEMCOB.

OcHogHoit 3aaadeit MHTepdeiica TepmuHana sensieTcs obpaboTka
BXOJHOIO CHrHAMA M MEPELAYA Ero HA YCTPOHCTBO, 0bpabarbiBaioLLee
MHPOPMALMIO.

Knacendmkaums nHtepdericos.

Mo criocoby peanmaaLym:

— QNNOpPATHLIA — HEOTBEMIIEMOS YOCTb TEPMUHANIA, MPEIHA3HOYEH-
HOS! 151 B3AMMOZEMCTBMS! C JPYTVMM TEPMUHQUIMM WITM CETBIO CBSI3M, Wi
[/t B3OMMOZEMCTBYS APYTMX QNMMAPATHBIX COCTABMSIOLLMX TEPMUHAIC;

— NPOrPAMMHO-CNNAPATHbIA — BHELLHEE YCTPOMCTBO, B3AUMOLEH-
CTByIOLLEE C TEPMMHAJIOM MO CPEACTBOM QMMAPATHOTO MHTEpPdENCa,
NPEeOHA3HAYEHHOE OBECNIEYMTb BIAMMOAEICTBUE TEPMMHANG C APYTUMM
TEPMUHAICMM Ui CETBIO CBSI3M;

— MPOrPAMMHbIA — MHTEPdEIC B3AMMOOEMCTBMS MPOrPAMMHOTO
obecrieyeHyst WM B3AMMOZEMCTBYS TEPMUHOIIC C MOSb30BATENEM.

[No MCroNb3oBAHMIO CPEbI NEPERAYM: MPOBOAHbIE; BECTPOBOIHBIE.

Mo aanasony wacror: HY; BY; CBY; onmuueckuit amanasoH.

o TMny CBSI3W: CHMMTIEKCHBIE; MONYAYTIIEKCHBIE; [yTNEKCHBIE.

Mo cnocoby npenctaBneHys MpUHMMaEMON (k) nepenceaemon
MHGOPMALMM: QHANOTOBLIE; LMPPOBBLIE.

AnnapatHble nHTepgeice.

[MpOQHAMM3MPOBAB CTPYKTYPHBIE M MPUHLMMMQUTbHBIE CXEMbI PA3-
JIMYHBIX TEPMUHATTBHBIX YCTPOMCTB MOXHO OTMETUTb CrIEYIOLLME:

AnnapaTHyIo COCTABNSIOLLYIO TEPMUHAIIA CETU CBS3M OBLUETO NOfb-
30BAHMS MOXHO YCIIOBHO PA3AENHTL HA 2 HaCTH:

— MHTEPEMC B3AMMOREHNCTBMS C CETHIO CBSI3M Mk ANMOPQATHBIMA MH-
Tepdeic;

— YCTPOMCTBO 06PABATBIBAIOLLEE MHPOPMALIOHHBIM CHHAN.

CrenoBaTessHO, OT AnMAPATHOMO MHTEPdECA 3ABUCHT TO, C KAKOM
CETBIO CBSI3U CMOXET B3AMMOENCTBOBATL TEPMMHA, M C KOKOM CKOPO-
CTBIO MPMHUMATL M OBPABATLIBATE MHGOPMALIAIO.

B coBpemeHHbIx TepMUHAIBHBIX YCTPOMCTBAX MPMMEHSIIOTCS BbICO-
KOCKOPOCTHbIE CUHQUTbHBIE MPOLIECCOPbI B KAHECTBE BIOKA LMGPOBOM
obpabotkn curHana (aanee LIOC) annapatHoro mHtepderica, a ycr-
POMCTBOM, 0GPABATLIBAIOLLM MHGOPMALIMIO, SBIISETCS! MPOLIECCOP WK
MHKPOKOHTPOSEP (B 30BMCUMOCTH OT CKOPOCTU M CIOKHOCTH BBIMOAHSI-
eMmbIX 3aaau).

TeHmeHUM Pa3BUTUS MHTEPEICOB TEPMMHAIIOB CeTel obLuero
MOMb3OBAHMS.

OCHOBHBIMM HOMPABNEHMSMM PA3BMTHS CETEN CBSI3M OBLLETO MoNb-
30BAHMS MOXHO CUMTTL!

1. yBenu4eHMe ckopoCTM NepeacM AAHHBIX, YTO HEBO3MOXHO 6e3
yBemMueHus BbICTPOREMCTBUS TEPMUHAIBHBIX YCTPOMCTB (yBenMdeHme
MPOM3BOUTENBHOCTH LIEHTPAIBHOTO MPOLIECCOPA M YBENMYeHMe BbICT-
POOENMCTBYA CHHAMBHBIX Mpoueccopos B Grokax LIOC).

Ocenbto 2009 r. 6bin yreepkaeH cranpapt 802.11 n, nognepxuea-
IoLLWA ckopoCTb Nepeaayr aaHHbix Ao 600 Méut/c. Pabouas rpynna
802.16 rotoeur k 2010 r. ymepxgeHne pemmsa 2.0 croHgopra
802.16.e ¢ AHOHCMPOBAHHOM CKOPOCTLIO Nepeaaqn AaHHbX fo 100
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M6wr/c. Tak xe rotoeuTscs K yTeepxaermio cranpapt 802.16.m «
2011 r; ckopocTs nepenauy aaHHbIx coctaemt fo 300 Méwut/c.

2. Ortkas ot npoeopHbIx ceter goctyna. [oscemectHoe BHegpeHme
6ecnpoBOAHbIX TOKANBHBIX BolMcKTenbHbIX ceter (nanee JIBC). Ha-
npumep, ce cranaapta 802.11 1 802.16. [axe nHrepdeiics nepw-
bepHitHbIX YCTPOMCTB NEPEXOMAT HA BECMPOBOAHYIO CPedy Mepenaym.
Mpumep: Cosnara pabouas rpynna 802.15.3 (Wireless USB — 6ec-
MPOBOAHAS YHUBEPCAITBHOS MOCTEAOBATENBHAS LKHA).

3. BoamoxHOCTb paBoThl TEPMUHABHBIX YCTPOMCTB € PASMMUHBIMM
ceamu cesiau. [NocrieHee BO3MOXHO HeCKonbkumu criocobamu. Bot He-
KOTOpbIE 13 HWX:

Mcnonb3oBaHMe [OMOMHMTENbHBIX  MPOMPAMMHO-ANMAPATHBIX
CPeACTB [ OBeCrieyeHMs JOCTYNA TEPMUHAMBHBIX YCTPOMCTB K CepBi-
CaM ceT.

Korza Tonbko Hauan Nosensitbest IepcoHanbHble KoMMbIoTEpH! (Aa-
nee 1K), anst oBbepyHEHMS MX B NIOKAMBHO BBIMUCTATENBHYHO CETb NOTPE-
60OBANOCH MCMONB30BAHKE MOAEMOB (MeprdepHitHbIF MPOTPAMMHO-aI-
napartHoe cpencteo). MosaHee komnarms Intel uHTerpuposana e Habo-
bl JIOMMKM MATEPMHCKMX MAIAT CeTesyto kapTy. B Habop sorviki anst mo-
BunbHbix MK komnarms Intel uirerprpyeTt kpome ceTesoi AnaTsi Moaem
ans aammopevictamst ¢ TOOTT. Mpu nosieneim cranpapta 802.11 ycr-
POMCTBA B3AMMOAEHMCTBMS C STUMM CETIMM CYLLIECTBOBAUM TOMLKO B BUOE
neprepHitHbIX NporpammHo — annapatHsix cpeacts. C 2005 ropa ue-
Tepdeiic 802.11 uHterpupyeTcsi B HeKOTOPbIE MOAENM TEPMUHAOB CO-
ToBbIX ceTeit. [ns MK 1 MobunbHbix MK nopaepxka paborsl ¢ cetsimu
802.11 a/b/g 1 802.16.e Tk 1 He Bbina BrTO4EHA B HABOP NOMMKM
MatepuHckon rnatst. Komnanms Lenovo pobasuna mogyns 3G ceteit B
Het6yk IdeaPad $10-2-3G (noctpoet Ha 6ase nnarpopme Intel Atom,
annapatHsiit uhtepdeiic 3G He MHTErPHUPOBAH B HABOP NOMKHM).

O6ecrieyeHne NopaepXKM JOCTYNA K CEPBUCAM CETH CPEACTBAMM
TEPMUHQITbHBIX YCTPOMCTB, M3MEHEHWE MM BHECEHME M3MEHEHMI B MH-
Tepdeiic BIAMMOAEMCTBIA TEPMMHAIIBHOTO YCTPOMCTBA C APYIMMM YCT-
POVCTBAMM MITW CETEBbIMM KOMIMOHEHTAMM.

Komnarms Medialek aHoHeporana Tpu HOBble M KPOCXeMbI A
pabotsl ¢ GecrposoaHbiMi ceTamn ctanaapta |EEE 802.16e WIMAX.
OH MOHOCTBIO COOTBETCTBYIOT BCEM TPEBGOBAHMSIM CrIELIMMKALIIA
WiMAX Forum Wave?2.

Mcnonb3oBaHMe [OMOMHMTENbHBIX  MPOMPAMMHO-ANMAPATHBIX
CPeAcTB [y 0becreveHms JOCTYNA TEPMUHABHBIX YCTPOMCTB K CEpBi-
cam cet.

B cBs131 ¢ HOMQNOM NOBCEMECTHOTO PACTPOCTPAHEHKS KOPNIOPATHB-
HbIX, JIOMOLLHUX 1 OBLLECTBEHHBIX GECTPOBOAHBIX CETEH, PABOTAOLMX
B craHgaptax Wi-Fi, WiIMAX 1 3GPP (3rd Generation Parinership
Project), BoaHMKaeT HEOBXOAMMOCTb NOREPXKKI MOBMITbHBIMM MIATdOP-
MCMM CBSI31 B PA3HBIX YOCTOTHBIX JMAMNA30HAX M CTaHgapTAx. [locTosH-
HOS 1 MOBCEMECTHOS! CBSI3b CKOPO CTAHET HEOTLEMIIEMOM HOCTBIO JKM3HM
KOHEYHbIX MOSb30BATENEH, KOTOPbIM HEOBXOMMMBI KOMMYHHKATOPBI 1
OpYMe MOBUIIbHbIE YCTPOWCTBA, YTOBbI MPEAOCTABMTb MM JTyHLLIMIA B CBO-
€M KIacce ypoBeHb Cepemca. [ peanmsaLpm SToi KOHLENLyM oT-
pACTb [OMKHA PELLMTL CEPbE3HbIE TEXHMUECKUE MPOBMEMBI, HE COMOS
MOCNIEAHsISt U3 KOTOPBIX — PA3PABOTKA TEXHONOMIA MHTESUIEKTYAIEHOTO
POYMMHIQ, KOTOPbIE MO3BONST OPrAHM30BATHL 'Mpo3payHoe” nepeksio-
YEHWE KOK MEXTY TOYKAMM JOCTYNA OfHOM BecrpoBOAHOM CETH, TOK 1
MeXzy PA3HbIMM GECTPOBOAHBIMM CETIMM.

[ns HerpepbIBHOrO AOCTYNA HEOBXOAMMA MOBMIBHOCTL M Mof-
[EPKKA MEPEKITIOHEH)S KK B TOMOTEHHBIX, TAK W FETEPOreHHbIX CPeaax
nepenaym. [eTepOoreHHOCTb 30KITIOHAETCS B BO3MOKHOCTH MEPeKIioue-
Hust Mexy pasnnarbiMy cesimi — WLAN, WiIMAX 1 cotosbimMu ceTsi-
MM. [OMOTEHHOCTb — 3TO BO3MOXHOCTb "MPO3PAYHOr0" NepeKoyeHHs
MesKly Pa3HbIMK TOUKAMM MOZKIIONEHHS! OBHOM CeTH (TOUKaMM JOCTyrna
BecrpoBOAHON JIOKANEHOM ceTU Wi 6a3oBbiMM cTaHLMaMU WIMAKX).

B cnydae nepexsitoueHis B romoreHHol cpene GecnpoBoaHoM no-
KQIIbHOM CeT MOBMITbHBIE UIATOPMBI B MEPBYIO O4Epeb AOMKHbI AB-
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TOMOTHYECKM OMPERENsiTb CTPYKTYPY BECMPOBOIHOM Cpefbl, B KOTOPOM
HOXOMMTCSI MOJIb30BATENb, M BLIGUPATL TONKY AOCTYMNA C HAMITYHLLMM KO-
yecTBoM cesian. Bo-BTopeix, HeobxomMo obecrieumTs [OCTyr K pecyp-
COM, YTOBbI MPEAOCTABMTL FAPAHTUPOBAHHOE KAYECTBO OBCITYKMBAHMS,
0 TOKKE BbIMOMHUTL AYTEHTUGMKALIAIO — WM O, MIM B MPOLIECCE nepe-
KITOYEHMSI.

IEEE 802.1 1k 1 802.1 1r — ocHoBHble oTpacnesble CTAHAAPTSI, KO-
TOpbIe B HOCTOSILLEE BPEMS HOXOLSTCS B CTamym paspabotku. Oxu gomx-
Hbl obecnieumnTs 6a3osbin Habop cepencos (Basic Service Set, BSS) npu
"NPO3payHbIX' NEPEKIIoYEHMSX MEXTY TOYKaMM [OCTyna Gecnposog-
How nokansHow ceti. Cranpapr IEEE 802.1 1k noseonseT Havm Havnyy-
LUYIO M3 BO3MOXHbIX TOUKy Aoctyna, a cranaapt IEEE 802.1 1r onpege-
TISIET MEXaHM3MbI 0becrieyerms Ge30NacHOCTU M BLICTPOTO Nepekstioye-
HMSi MEXKTY TOYKAMM AOCTYTIA B POAMKAX OfIHOTO M TOTO K& PACLIMPEHHO-
ro Habopa cepaucos (Extended Service Set, ESS).

Cranpapr IEEE 802.2 1 npearasHave ans Toro, 4tobbl obecrieunTs
"npospayHoe’ nepekstioyeHMe NoNb3oBATENEN MEXY PA3HBIMA CETIMA.
On onpegensieT GyHKUMIO NEPEKTIIONEHHS, HE3ABMCUMOTO OT HOCUTESISI
(media independent handover, MIH), gns yposrer 2 1 3 mogenm npo-
Tokonos nepeaadn aaHHsix OS| (Open Systems Interconnection, Baam-
MOOEMCTBME OTKPBITBIX CHCTEM), YTO JOMKHO OBECneumnTs MOBMIbHYIO
cBs3b B reteporentbix cetsix. Cranpapr IEEE 802.21 npenycmarpueaer
MEXAHM3MbI, MO3BOMSIOLLME PASTMUHBIM KITMEHTCKMM YCTPOWCTBOM k-
HOMMYECKM MEPEKITIIONATLCS MEXXTY PA3TIMIHbIMM TUMamm ceTert — Wi-Fi,
WiMAX 1 cOTOBBIMM CETSIMM, O TAKKE BLIBUPATL ONMTUMAITBHBIN T MOf-
KITIOYEHMS], YTO MOXKET CYLLIECTBEHHO MOBBICHTL BO3MOXHOCTM MOBMITb-
HOM cesiau. [nst Toro 4toBbl obecreumTs MOBCEMECTHOE PACTPOCTPAHE-
H1e PA3MMIHbIX BECMPOBOAHBIX CETEH ISl MEPEACM rONIOCa, BUOEO M
wipoBbIX AaHHBIX, kopriopaws Intel Bosmasmna rpynny IEEE no pas-
paboTke 3TMX CTAHOAPTOB M CEMYAC 30HMMAETCS! MPOEKTUPOBOHWEM
KOMIMOHEHTOB, KOTOPbIE AOMKHbI MPEAOCTOBMTL HEMPEPbIBHbIA MOBMITL-
HBIN BOCTYM K 6ECMPOBOAHBIM CETAM At MOBMIbHBIX rnaTdopm Intel.

Beigon: Ha ceropHsiubmin ieHb Tema MccrenoBaHus 1 paspaboTki
MHTEPENCOB TEPMMHAIIOB BECHMA OKTYQbHA, TOK KK OMPEENsieT Bo3-
MOXHOCTU PaBOThl TEPMUHAIBHBIX YCTPOMCTB € GKTUBHO PA3BMBAIOLLM-
MWCS! CETAMM CBSI3W OBLLErO MOMb30BAHMS.
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3apayM onTMMM3ALMM ONTOBOMIOKOHHbIX CEeTel CBSI3M
HQ y4yacTke abOHEHTCKOro focTyna

MCCJ‘IeﬂyIOTCﬂ BOMPOCH! ONMTUMU3ALYM ONTOBOTOKOHHbIX cetes CBA3M, NMOCTPOEHHbIX HO OCHOBE TEXHONOMM Erhemef

1 naccueHoi ommyecko cet (Passive Optical Network, PON). [Mpusoastes ocobertocm Hanbonee wwipoko

NPUMEHSAEMbIX Tononomi NOCTPOEHHMA ceTelt aBOHEHTCKOro Aocryna. P ACCMATPMBAIOTCS MONIOXMUTESTbHbIE M OTPM-

LiaTenbHbl€ CTOPOHbI AAHHbIX TEXHOJOMH C TOYKM 3PeHMA MNOCTABLLMKA YCITyT CBA3M. O6cy>lq:¢aerc5! Bonpoc o Heob-

XOOMMOCTH ONMTUMM3ALMN CETN.

Eropwes [.E.,

CuctemHbisi aomuHmMcTpaTop

OOO "Mepumpan Sxcnpecc MutepHaiumn',
unexperienced@rambler.ru

BeseneHnne

B Hacrosilee Bpems NPoeKTUPYeTCs M BBOBMTCA B SKCIYaTALWO
BCE BO3PACTAIOLLEE KONMMECTBO CETEN C WCMONb3OBAHMEM OMTOBOMO-
KOHHOro kabensi. borbLuyio ponb MIPaET OMTOBONOKHO M B LUIMPOKOMO-
NOCHBIX CeTsix BOCTyra. M cnedlyeT oTmeTHTs, YTo ceTb OCTyNa, 3T0 Ham-
MEHEE MEIEHHO OBHOBMSIOLLIAMCS YHOCTOK CETH CBS3M. TaK KaK MHBEC-
TMLYM B MHPPACTPYKTYPY CeTM AocTyna (kabenb v ero npokiaaky) sensi-
10TCst PYHAAMEHTAIEHBIMM, TO MPM MPOEKTUPOBAHWM CETU HEOBXOMMO
YUMTBIBATb, HE CTAHET S UCMIONB3OBAHHE TOM Wik MHOM TEXHONOMM [0~
cTyna y3kim mectom B GyayLuem [1].

3aaaumM OMMAMM3ALM ONTOBONOKOHHOM CETH 3AKITOHIOTCA B BBIGO-
pe TaKo# CTPYKTYPbI CETW W MOKA3aTeNei ee Y3noB, Mpy KOTOPbIX Bbl-
BPOHHOR XAPAKTEPHCTMKG MAKCHMOIEHO. [TIQBHBIMM LiENsiMi fifist oriepa-
TOPOB CETM MOTYT BbiTh: NOAAEPKAHME MOCTOSHHON CKOPOCTH NEPeaai
ACHHBIX, YMEHbLIEHME 30LEPKeK M MKMATTEPA MPpK nepeaase Tpadmka
PEanbHOMO BPEMEHM, YBENMYEHWE OTKA3OYCTOMYMBOCTU CETM HA Bbi-
BPAHHBIX YHOCTKAX W yMEHBLLEHWE CTOMMOCTY Pa3BEPTBIBAHMS M 0BCTTy-
KMBAHMS CETEBOM MHPPACTPYKTYPbI.

Bui61pasi Mexay MPOBOAHbIMM TEXHONOMMSIMM NEPEACHM CHTHANA A0
aBOHEHTa, OMepaTop CETH CBSi3M EBPOMEICKOrO PeroHa ByaeT CTPOMTL
cetb mocTyna Ha Gase opHOM M3 AByX HoMbonee MepCneKTMBHbIX:
Ethernet i PON.

1. NMpobnemsl BLiGopa
TEXHONOMMM NOCTPOEHUS
ceTu poctyna

MHOTO HIXKE.

3aMmeHa BbILLEALLIETO M3 CTPOS M YCTAPEBLLEFO OKTUBHOTO 0bopY-
[OBOHMS HEe OBOMOETCS CIMLLKOM AOPOro ONepaTopy CBsi3M, OHAKO
BHECEHME M3MEHEHMI B MHPPACTPYKTYPY MOCTe 3aBEpLUEHMS MPOKICA-
kvt Kabens noTpebyeT BonbLLUMX 3aTPAT HA CTPOUTENbHbIE PaboTbl. Cra-
THCTUKa [2] nokasbleaeT, 4To NOTPEGHOCTM NONbL30BATENEN B MPOMYCK-
HOM CrIOCOBHOCTM KAHAIA PACTYT B FEOMETPUUECKOHM Nporpeccun. B Ha-
CTosiLLiee BPemsi MHOTVE MOCTABLLMKM YCrTyr JOCTYNd B MHTepHeT npes-
NAraIOT ANIS YaCTHBIX ABOHEHTOB AOCTyN co ckopoctsio 100 M6uT/c, a
30 pyBeom npegnaraiot Aoctyn co ckopocTsio 1 [éut/c.

JnmrenbHblit cpok cityxGbi M GobLLME 3ATPATbI HA NOCTPOEHHME Orl-
TOBOJIOKOHHOM CETH MPEIBSIBIISIOT BLICOKME TPEOOBAHMS K MPABHILHOMY
BbIGOPY TOMOSOMMM 1 TEXHONOTMM.

st cetert Ha 6ase Texrononm Ethemet B ocHosHOM nprmesioT To-
nosorvm "3se3na” u "konbLo", B TO Bpems KK CeTM Ha 6a3e TeXHOMOMM
PON Bcerga crposites no Tononomu "apeso”.

Cem Ha 6aze Ethernet BbimecHmnm Takue TexHonorm kak Token Ring
30 CHET CBOETO BbICTPOrO PA3BMTHS 1 CHUKEHMS CTOMMOCTH OKTWBHOTO
0bOpynOBAHMS B POCHETE HO OOHOTO OBOHEHTC.

Yenym nepegaun aakHbix no ce Ethemet u Ethermnet-kommyTays
CTQUM MPUHOCHTb OXOL, HO PbIHKE KOPIOPATUBHBIX CETEH 1 MPMBENM K
CHUKEHMIO LIEH, MOSIBIIEHMIO 30KOHYEHHbIX MPOYKTOB M YCKOPEHMIO OC-
BOEHMs HoBbIX peluenmi [2]. Odaxe HauanbHbie npoekTsi obecrewmnm
MPEKPACHYIO YCTOMUMBOCTb K PASNMUYHOTO POAC NOBPEKAEHHsIM kabens
1 OKO3AIUCH BECbMA peHTaberbHbiMu. K HepocTatkam KonbLieso# Torno-
JIOMUM MOXHO OTHECTU PA3LETNIEHME MOMOCHI MPOMYCKAHMS! BHYTM KAX-
[OTO KOSbLIA IOCTYA, M CHIDKEHIME MPONYCKHOM CMOCOBHOCTM MM Mof-
KIIO4EHMM HOBOTO GBOHEHTA, UTO B CBOIO O4epeib NOPOXKAAET TPYAHOC-
M MOCLLTOBMPOBAHMS ApXUTEKTYPbI. ApxutekTypa "seesna’” npegnona-
FET HAIMUME BbINETIEHHBIX OMTOBOSIOKOHHBIX SIMHMIA OT KADKAOTO OKOHEY-
HOTO YCTPOMCTBA OBOHEHTA K KOMMYTATOPY.

CpasHurenbHbii aHanus tTexHonoruit APON, EPON, GPON u 10G-EPON

T XapakTepHCTHKH APON (BPON) | EPON GPON 10G-EPON
OK KOK CTPOMTENLCTBO CETU
FOCTYNa — 370 MPOLECe KanWTQb- JHata OpHHATHA | OKTAOps 1998 mrons 2004 oxTaops 2003 Centaops 2009
Hblit, TPYHO- M PECYPCOEMKMM, TO | cTammapTa
MIORXORMTS K HEMy ClIGRY ST OCHOBO- " e mmapt TTUTG981x | IEEE 8023ah | ITU-T G984 x TEEE 802 3av
TenbHo. [MpuHsTo cumTats, Yto rmas- i i e i
Hble 3ATPATHI MPY PA3BEPTHIEAHMM Cropocte mepemasqm, | 155/155 1000/1000 1244/155.622.1244 10.3125/1.25
OINTOBONIOKOHHOM CETU O [OMA | Tpanoil/obpaTHb 622/155 2488/622.1244 2488 | 10.3125/10.3125
(Fiber to the home, FTTH) npuxogsr- e MosvE 622/622
€S HA CTPOUTENBCTBO MHPPACTPYK- .
Typhi, T, Ha pabOTH), CBAAAHHIE C Bazoesni npotokon ATM Ethemet SDH Ethemet
npoknagkon kabens u crpoutens- | Makcamatsroe 32 16 64 (128) 1024
CTBOM MOMELLEHMIA ISl PAMELUE- | tyeno  aBOHEHTCKHX
Hua obopyaosanms [2]. Croumocts

V3I0B Ha OOHO
COMOTO Kabersi 1 Pa3MeLLEHHOTO
HOl MIHIM 0BOPYNOBAHMS OyaeT Ha- | BOTOKHO
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Mpu noctpoennn cett PON wcrionbaytotes ycTpoiicTea paseeten-
Tenm (Splitters), ¢ NOMOLLBIO KOTOPBIX OMTOBONOKOHHAS MIMHMS Pa3aEnseT-
st Mexgy aBOHEHTaMM ¢ Hekum KoadduLyeHTom. MakcmansHoe ko-
NMYECTBO ABOHEHTOB, KOTOPbIX MOXHO MOAKITIOUMTE K T MMM 3aBMCHT
ot koHkpetHoi TexHonommn PON u gocturaer 1000 8 cnyyae craHpap-
Ta |IEEE 802.3av [5]. Apxurektypa FTTH Ha 6aze EPON nocrpoeta Ha
mcnonb3osaHmy npotokona Ethernet (cm. Tabmuy).

2. OcHoBHeble npeuMyLLecTsd apxuTekTypsl Ha 6ase PON

[NepeynciMM OCHOBHbIE MPEUMYLLECTBA QPXMTEKTYpPbl Ha 6ase
PON.

1) SKoHoMKst ONTOBONOKOHHOTO Kabens.

MNaccyBHble onmUyeckue cet TPEBYIOT MPOKICGHKM CyLLECTBEHHO
MeHbLLEro konmuectea xun ot ycrporictaa Optical Line Termination (OLT)
no ycrpoicts Optical Network Terminafion (ONT) ycraHaenveaembix y
Mosb30BaTENs, GIAroAaPs MCMOSL30BAHUIO PA3BETBUTENEM. Takke BO3-
MOXHQ BO3YLLHGS MPOKIOAKA OMTUYECKOTO KABENs, C BBOAMMbIMM Or-
POHMHEHMSIMM HO KONMHYECTBO XK.

[Mpu oTCyTCTBUM CylLLECTBYIOLLEH MHBPACTPYKTYPbI MM PO3BEPTbI-
BAHMM CETU B HOBbIX PAMOHOX SKOHOMMSI HO OMTOBOSIOKOHHOM Kabere
HEBESIMKA, MOCKOSIbKY YBEMMHYEHNE 3ATPAT HO UCTONb3OBAHHME kabertsi €
GObLLIMM KOSIMYECTBOM XM HE MOXKET CPOBHUTLCS CO CTOMMOCTBIO Pbi-
Ths! TPQHLLEM M HEOBXOAMMOCTBIO MCTONL3OBAHMS! HyXOM MHPPACTPYKTY-
Pbl, HAMPUMEP, KAHANM3ALMOHHBIX KonnekTopos [2].

2) Tononorus cetu PON

Textonorvs PON o4eHb XOpoLLO MoaXomuT it IOCTPOEHMS CeTH B
KOTTEmKHBIX Nocenkax ans noaa4n yaryrm Triple Play. Koreuro, Boamosx-
HO TAHYTb B KCDKIbII JOM OTAESLHOE BOMIOKHO, HO B IOHHOM CITy4de Bbl-
ropgHee ctpouTs cetb no TexHonormn PON. Taike, PON moxet Bbitb
MPMMEHMM NP MOLEPHM3ALIMM CYLLIECTBYIOLLMX CETEM KABEMbHOrO Tese-
BuaeHms. B GONbLIMHCTBE CBOEBM MPM MX CTPOMTENLCTBE MCTONb3OBASICS
OMTHHECKHIt KABESb C MArbIM KOMMHECTBOM OfTeckuX xun (ot 4 fo 8).
Kpome Toro, Tornonomnsi KabenbHOro TenesmaeHHs CoBNAAAET C TOMOo-
en gepesa PON. CreposarenbHo, oneparop kabenbHoro Tenesmae-
Husi, Bbibpas PON, MoxeT BbiCTPo passepHyTb YCTym LUIMPOKOMONOC-
Horo gocTyna B MHTtepHeT 1 Hauats npeaoctasnsts yarym Triple Play, Tk
TenesmaeHme B uibpactpykrype PON mosxer nepenaeatses o otaent-
HOM AnHe BomHbl [ 1].

3) Beeaerms HoBbix ycryr 6es Hyxabl 0GHOBASTL 060PYA0BAHHWE HA
TIAHUM.

370 BO3MOXHO BIArOAAPs MCMOSb30BAHUIO APYTOM [IMHbI BOMHbI
A5t NePEeAaYM [IOHHBIX A7ISt STOM YCITyTi M MOMHOMY OTHENEHMIO BCEX MO-
TOKOB [IOHHbIX AIPYT OT APYTal.

Mpn passeptbisaHmm apxutektypsl PON noctasuyku ycryr cesian
CTQUIKMBAIOTCS C HECKOSTbKMMM MPOBSIEMAMM:

— lMonoca npornyckanms opHoro kaxana cett PON pacnpepensiet-
C MeXOy BCEMM GBOHEHTOMM, MOAKIOYEHHBIMM K OfiHOMY "Hepesy”.
Yem 6ornblie aBOHEHTOB MOAKIIOYEHO B OAHOM "fepese”, TeM MeHblue
30TPATbI HA KABEb, HO MEHbLLIE M MPOMYCKHAS CNIOCOBHOCTL B pacyeTe
HQ OfHOrO OBOHEHT.

— lMpobnema sauyms Tpadmka. B ommume ot obbiuHon Ethemnet-
kommyTay, B PON mcronbayercst obLuas cpena nepenayi, nostomy
TpebyeTcsi LWMPPOBAHME HUCXOOSLLETO MOTOKA AGHHLIX. [lis SToro mc-
nonbayetcs anropum wndposanms Advanced Encrypfion Standard
(AES) [7] ¢ 256-paspsaaHbim ktouom ans Huexopsiwero notoka. OpHa-
KO MCMONb30BAHME PyHKLIMIA LLIMGPOBOHMS BAMSIET HA MPOWU3BOAMTEb-
HOCTb YCTPOWCTB M MX CTOUMOCTb.

— My KAKAOM PAZBETBEHMM OMTUHECKOTO KABESS B COOTHOLLIEHMM
1:2 yposeHs curHana naaaet npumepHo Ha 3,4 ab [2]. Takim obpazom,
HOKIIOABIBOETCS OMPAHMYEHNE HO MOKCMMOSTLHOE KOMMYECTBO BETBIEHMHA
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oaHow nmHmm PON.

[NaccvBHble onmieckme PasBETBUATENM HE MMEIOT BO3MOXHO-
CTM NEpPERaBATL CIYXXeOHYIO MHPOPMALWIO O HEMONAAKAX B CETH, 4TO
3QTPYAHSIET MOMCK M BbISBNIEHWE HEMCMIPABHOCTU HO SIMHMM.

Takum obpazom, BuaHo, uTo y TexrHonormmn PON, kotopast cunraet-
Sl BECHMA MEPCTEKTUBHOM TEXHONOMMEN OBOHEHTCKOrO AOCTYNd, Mpu-
CYTCTBYET TAKXKE HEMQUIOE KOMMYECTBO HEROCTATKOB. HacTb M3 HMX, B Ya-
CTHOCTM HEXBATKA MPOMYCKHOM CMIOCOBHOCTM KAHQUT, MCTPCBASIIOTCS B
HOBbIX Bepcusix pekomerpauuii Cektopa crarpapmsaumn MexayHa-
pornHoro cotosa anekTpocesian 1 IEEE, ogHako nosxe onsim HanommHa-
tot o cebe. Takxe, CTAHAAPTbI U CMIELMPHKALIAM BbIXOMAT HOLLE, HYEM Ore-
PATOP CETH CBA3M MOXET MO3BOIMTL cebe MOIHYIO MOAEPHU3ALWIO KO-
BerbHOM MHPPACTPYKTYPbI M 0BOPYAOBAHMS HA MkHMK. W aaxe npoek-
TMPOBAHHME CETU C BONbLLMM 3AMACOM "MPOYHOCTU' OTHIOAL HE FAPAHTH-
PYET FOTOBHOCTb CETU K MPEROCTABNEHMIO HOBbIX YCITyT BCE YBENMUMBAIO-
LLIEMYCS KOMMYECTBY GBOHEHTOB.

B 3TOM crtyae MOCTOBLLMKAM YCITyT CBSI3M MPUIOBMTCS BO3MOXHOCTb
QHQNM3MPOBATL COCTOSIHME M AMHAMMKY M3MEHEHMI YXKE 30MyLUEHHBIX B
SKCTITYATALMIO YHOCTKOB CETU W, HO OCHOBAHMM AQHHBIX O CPERE, B KO-
TOPOW NPEACTOUT CTPOWTL HOBBIM YHOCTOK, MPOM3BOAMTS MPOLIECC OMTU-
MM3ALMM CETH.

3aknioyenmne

C yH4eTOM BbiLLIENPMBEAEHHBIX PAKTOPOB, 300U OMTUMM3ALIAM O
TOBONOKOHHOM CeTH By Iy T AKTYQbHbI 715 06eX TeXHONOMIA. [Tpu SToMm,
napameTpsl ommmmsauwm ans Ethernet u PON moryT otnmuarscs. Ons
cetv Ha 6ase TexHonom PON noctaLLytku ycryr Cesiau cMoryT Mcross-
30BOITb OMUMM3ALIMIO MO HOMMEHBLLIEMY 3HOYEHMIO 3ATYXAHMIO CHrHO-
0, B 30BMCMMOCTU OT MOLLHOCTW YCTOHOBNIEHHOrO OBOPYOOBAHMS 1
PACTIONOXEHMS PASBETBUTENEA. M OMMAMMBALMIO MO HOMMEHBLLIEM
CTOMMOCTH MHPACTPYKTYPbI CETH, B 30BMCUMOCTU OT KOSIMHECTBA MC-
MOSb3yEeMbIX OMTOBONOKOHHBIX HMIA Jo OLT, pacrionoskermst okoHeu-
HOTO YCTPOMCTBA M PA3BETBMTENEN M MOTPEBHOCTEH KOXKIOrO ABOHEHTA
B MPOMYCKHOM CrnocobHocTU kaHana. na cet Ha Base TexHonomnm
Ethernet GonbLuoe sHauerme GyaeT UrpaTb OMMUMM3ALS MO HAOMMEHBLLE-
My MOKA3ATENIO 30EPXKKU U [DKATTEPA NMPU Nepeaaye TPaduKa peasib-
HOrO BpemeHH, Takoro kak IP-TenedoHus, Bupeo- M aymmokoHpepeH-
LM, O TOKKE OMTUMM3ALMS MO CTOUMOCTH, C YHETOM YCTOHOBIEHHOTO
KOMMYTALWOHHOTO 060PYIOBAHMS,, TOMONOMM ceTH, TpeByemoit nporny-
CKHOM CrIOCOBHOCTH A0 ABOHEHTA M TUIMOB MPEROCTABIISIEMBIX YCIYT.

[ns NOCTOBLUMKOB yCnyr CBSI3W NpOBeaeH e NOAOBHbIX MepompHs-
U CTOHOBMTCS OCOBEHHO CIKTYQUTBHBIM MOCTIE BBELEHHMS CETH B 3KCTUTY-
QTOLMIO M, COOTBETCTBEHHO, OTCYTCTBMSI BOMOXHOCTM BHOCMTb B Hee
KPYTHble M3MeHEHMs 6e3 BOmbLLMX M3NEPXEK HA MPOBEAEHME CTPOM-
TeNbHbIX PABOT.
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MopennposaHue cetn cnegyiolero NoKoneHus
NPH oLleHKe Ka4eCTBA MHPOKOMMYHMKALMOHHbIX YCIyT

[Mpennaraetcs Mogess PyHKLMOHMPOBAHKS CETH CBSI3M CriedytoLLero rnokosneHms. Mogenb HamsaHO npencTasiseT

QCIEKTb], BIMSIOLLYE HQ XQPAKTEPHCTHKM KAHECTBA MHPOKOMMYHMKALMOHHBIX yCITyr HO 6a3e OTKPbITBIX MHTEPEM-

coB. [TotydeHbl MaTeMaTieckme yHKLM STHX XQPAKTEPUCTUK HO YPOBHE CPeaHMX 3HaveHmid. Mogens nossonser

TAKXeE MCCNE0BATE XAPAKTEPMCTUKM HA YPOBHE PACTPEAENEHM.

LLanarutos B.A.,
crapLumit mHxerep TexHonapka @Y UHMAC,
acrmpart PIYT LIHWMNC,

shalaginov@zniis.ru

Ll,eﬂb pacyeTa Ka4ecTBeHHbIX XapaKTepUCTUK

Ll,eJ'IbIO PacyeTa XApAKTEPHUCTUK KAYECTBA YCITYT ABNISIETCA Nepexon,
oT CY6'beKTMBHbIX METOAOB OLIEHKM KA4YECTBA Nepenayn pe4n, CyLLeCcTy-
IOWMX B HACTOsILLIEE BPEMS K OBLEKTUBHBIM OLIEHKAM, KOTOpbIE MOTyT
6BbITb YACTIEHHO BbIDO>XKEHbI. KOHTpOJ'Ib 3HOYEHUM XAPAKTEPUCTUK KAHECT-
BO MO3BONMT obecneyuTs FAPAHTMPOBAHHOE KA4YECTBO O6CJ'IY)KI4BGHM§|
ona MHCIDOKOMMYHVIKQLIMOHHbIX YCnyr B CETAX CNEAYIOLLETO NOKONEHU.

Xapakrep1cTUku KayecTBa MHHOKOMMYHUKALIMOHHBIX YCITyT

XapaKTEPHUCTUKM KAUECTBA MHOKOMMYHMKALIMOHHBIX YCIyT, npef-
noxerHble B pekomeraaum MC3-TY.1540 [ 1] npearasHayeHs! ans ua-
MepeHus napameTpos nepepayn naketos IP. B pekomerpaupm Y.1541
[2] npepnoseHs! YMCneHHbie 3HaUEHHs 3T NapameTpos. B saemcimoc-
TW OT YACTIEHHBIX 3HQYEHMI XAPOKTEPMCTUK OMPeaerieHb! KIOCChl KaYecT-
BA OBCITY>KUBAHMS.

Jnst MHPOKOMMYHMKALIMOHHBIX YCITYT LIENECOOBPA3HO MCMoNb3o-
BATb MHOTOMepHbIM BekTop. Onpefenim n-MepHbid  BEKTOP
a,n< oo, (a,1,a,2,...,a,n)- KoopmHats sextopa  a(a,, a,,...,a,)
— SBMSIOTCA XAPOKTEPUCTUKOMM KOYECTBA  MHPOKOMMYHMKALIMOHHBIX

yanyr.

B kavectee nprmepa paccMOTPMM 3HAYEHHS! BEKTOPOB MHOTOMEP-
HOTO KpUTEPUS AECATUMEPHOrO BEKTOPA Zl,n =10,(a,1,a,2,...,a,10), roe

a, —1pebyemas LLIMM, M6/c;

G, — 3CAEPXKA NEPERaYM NOKETA, MC;

O3 — BOpMALYS 3GAEPXKV MPY NEPeAaye NAKETA, MC;

a4 — k03¢ ULYIEHT NOTEPb NAKETOB;

Q5 — AONS MAKETOB COAEPXILLMX OLLIMOKY;

0y — KO3 PULMEHT PASYMOPSIOHEHHOCTU MOKETOB

G, — MHTEPBQT BPEMEHM, OT OTTIPCIBKM 3AMPOCA IO HAYCIA MPEAO-
CTABNEHHS YTy (BKITIOHOS BPEMS HO NEPEAAHy CHTHABHOM MHGOPMA-
LM NSl MPEROCTABNEHHS YCIyTH), MC;

Qg — MHTEPBQN BPEMEHM, B NPOLIEcce MPEROCTABEHHUS YCITyTH Ayis
M3MEHEHMS XAPOKTEPMCTUK YCITyTH (BKIKOHGS BPEMS HO MEpenady cur-
HAIBHOM MHPOPMALIMH 1t BETYTUIEHMS! B CHITY M3MEHEHMH), MC;

Qo — UM MEPEICHM: B PEQUTEHOM BPEMEHH,/ HE B PEQUTBHOM BDEMEHM.

Q) — BEPOSTHOCTb OTKA3A MPM 3AMPOCE U B NPOLIECCe MPEROCTaE-
NIeHUst YCITy .

Paccmotpim Bonee noppobHO XapaKTepuCTUKK Q... A5, MpBe-
AetHble B pekomeraayi MC3-TY.1541 numetoLupe npuesiaky K Cylie-
CTBYIOLLM KITOCCOM KadecTBa obatyxveams. ComacHo pekomeHaa-
LMK KOKABIMA KIIACC KAYECTBA OBCITYXMBAHMS OBPA3OBAH C MOMOLLBIO
KOMBMHALMM 3HQYEHMI ONPEAETIEHHbIX XAPOKTEPUCTHK.
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3anepxKa nepenayu NakeTa — 310 BPEMs MEXTY [BYMsl COBbITHs-
MM, OBHMM M3 KOTOPbIX SIBSIETCS MOMEHT OTNPABKM NOKETA B CETEBOM
CETMEHT OT MCTOUHMKA (H; ), BTOPbIM — MOMEHT MpMGbITs NAKETa K yarty
HasHaueHmsi (f,). Mpu HeoBxomMocTH dpameHTaLYs nakeTa s nepe-
ACYM B CreytOLLYIO CeTb, A7 KOTOPOH Pa3Mep MaKETA SBASETCS CLL-
KOM BOIbLLIMM, BPEMs HQ BPAMMEHTALIAIO TAKXE BXOMMT B BENMUMHY t).
Mox, pparMeHTaLmes MOHUMAETCS PAsBHEHWE CIIMLLKOM JfIMHHOTO fist
KOHKPETHOM CeTi NaKeTa Ha Gonee KOpOTKWE NAKETb], € CO3AAHMEM CO-
oTBETCTBYIOLLMX Cly>keBHbIX Noneit ans nocnedytoLuen cbopku dpar-
MEHTOB B McxoaHoe coobLueHie. [Ty 3ToM BCeraa BbINONHAETCs COOTHO-
weHme t, > ;. 3aaepXKa Nepeay NaKeTa MOXeT GbiTb U3MEpeHa 1 s
MOKETOR, KOTOPbIE COREPXKAT OLUMOKY.

Bapvawws sanepxky Mpu nepeaaye NAKeTa BLIMMCISETCH A4S ABYX
yanos cetu. Bapuawa sanepxku onpepensieTcs kak pasbpoc sopepx-
KM O4epeaHoro NAKeTa Mo OTHOLLEHMIO K NpeabidyLuemMy. BennumHa sa-
PHALIMM 3AEPXKKM NOKETA PABHA PASHOCTM U, , | = X, —X,_;, TAE X, —
30HepXKH Mpu nepepade i-ro 1 (i— 1)-ro naketos cootsetcraeHHo.

Koaddmumert noteps naketos (k,) — 370 ortHolweHme obluero umc-
1Q MOTEPSHHBIX NAKETOB K OBLLEMY YMCTTY NepeacHHbIX MAKETOB B M3me-
PAEMO¥ COBOKYMHOCTM. B uicno nepeaaHHbIx NakeTos BXOAST TpM TMNA
MOKETOB:

— nakeTsl, koTopble ByayT nepeaaHs 6e3 owwnbok (Mx ucno obo-
3HQUMM P);

— MOKETbl, NePEaCHHblE C OLLIMOKOM (X Wcrio obosHauMm P, );

— MaKeTbl, KoTopble ByayT noTepsiHe! (X Y1CTIO 0BO3HAUMM P ).

Takum oBpasom,
h=—=>D
Pt D, TP

Hons naketos, copepxauyix ownbiy (k. ) — 370 otHoweHwe umcna
MOKETOB C OLLMBKAMM K YWCTTY BCEX MEPENAHHBIX MAKETOB, B M3Mepsie-
MOV COBOKYMHOCTM.

k=P,
p+D,

KoaddpmupenT pasynopsposeHHOCTH NOKETOB — 3TO OTHOLLEHME
4YUCIA YCELLIHO MePEAaHHBIX, HO PO3YMOPAROYEHHSIX MOKETOB, K OBLue-
My YMCITy YCTIELUHO MepeAdHHbIX NOKETOB. PasynopsaoieHHoCTL nake-
TOB MOXET BbiTb OBHAPYXXEHA B ClTy4ae, KOTAQ HOMEP OAHOTO M3 NaKe-
TOB B MOCNIEAOBATENBHOCTU MOMY4EHHbIX NOKETOB MPEBOCXOMHT HOMEP
OXMAAEMOro NakeTa. PasynopsaoeHHbIM NOKETOM B TAKOM Cly4ae C4u-
TQETCA NOKET, HOMEP KOTOPOTO PABEH OXMAEMOMY, HO IQHHBIN NOKET
MPHLLEN No3Xe NaKeTa, C PEBOCXOAsLLMM Homepom. ViHTepsan mexay
PA3YNOPSROYEHHbIMM NOKETAMM MOXKET OMPEAENATLC KOK BPEMEHEM,
TQK W KOMMHECTBOM BaIT NOKETA MOy 4EHHOTO PAHBLLE NOKETA, KOTOpb I
cunTaeTCcs pasynopsaoueHHsim [3].

Mogens cetu cnepyiowero nokonenus
NpM NpefocTaBieHNN MHPOKOMMYHUKALMOHHBIX YCIyT

[NprMep Mopenu ceTM crieflyloLLIEro NOKOMEHKs MK NPEeAOCTaBe-
HUM MHOKOMMYHMKALMOHHBIX YCITyr MpueefieH Ha puc. 1. Ha cxeme
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YKQ3QHbI YPOBHM CETU CIEfIOLLErO MOKOMEHHs, 30AEMCTBOBOHHLIE B
npoLecce NPenoCTaBNeHMs MHDOKOMMYHUKALWMOHHBIX yaryr. Ha kax-
[IOM M3 YPOBHE# MPUBEaEHbI SNEMEHTbI OKA3LIBAIOLLME BNMAHUE HO KO-
4ECTBO MHAOKOMMYHUKALWOHHBIX ycryr. [okasaHs! uHTepdeics! nepe-
paqm ganHsix 1w 10 Gigabit Ethernet (GE).

MNpnMep pacyeTa cpepHUX 3HAYEHMIA 3a8ePXKMN

3anepXKa Nepenaym NaKeTa AAHHbIX SBASETCA BOKHbIM MAPAMET-
POM 17151 MHOKOMMYHMKALIMOHHBIX YCITyT peanbHoro Bpemem. B cospe-
MEHHOM NIUTEPATYPe MUCTIONb3YETCs TEPMMHBI "SNACTHYHBIA TPapuK" 1
"noTokosbit Tpaduk" [4], nprUMeHKTENsHO K TPAdMKY YTy HEKpHTUY-
HBIX K 30/8P>KKAM M KPHTHHHBIX K 3GAEPKKAM (yCITyri pearnsHoro epeme-
HM) COOTBETCTBEHHO.

3anepXKa Nepenoym NakeTa AGHHBIX, BO3HMKAIOLLOS NPpK npedo-
CTOBIIEHMM MHPOKOMMYHMKALMOHHOM Ycryr, ByaeT npencraensm co-
60¥1 Ccymmy:

T=T,+T;+T,

rae Ty, T;, Ty — 3anepxKa B ceT AOCTyNa, TPAHCTIOPTHOM CETU M Ha 06-
pabotky ycrym.
Pacemotpim noppobHee STH Tpu TMMA 300EPXKU M BLIMMCTIMM MpKt-
MepHOE YMCTIOBOE 3HAHEHIME 3ATSPXKM MPW MEPENOYE NAKETA C ACHHBIMA.
B cnyuae nocTosiHHOTO Bpemerm obaiy XMBOHMS M MPEROCTABNEH)S
YCITyT OfIHWM CEPBEPOM A KAKAOM YCryri M3secTHa popmyna [5]:

_ Ty (2-p)
fo21-p)

re T — cpenHee Bpems 0BCyXMBAHKS OfHOrO 3anpoca (ans seb-cep-
Bepa coctasnsiet nopspka 20 Mc), P — koabduLpeHT Mcronb3oBaHKs
cepeepa.

30mepXKa B TPAHCTIOPTHOM CeTH T, Mo KAXIOM Nepexofe Mpef-
cTaBnseT coboi CyMMy 30[EPXEK CepManM3aLiK, PACTPOCTPAHEHMS W
kommyTaum [6]:

3apepxxa cepuamsam (T, S) — 370 Bpems, koTopoe Tpebyetcs
YCTPOMCTBY it epeAaym AAHHbIX npu 3apaxHow LM

T,=AR,

rie A — KONMYECTBO BMT, R — CKOPOCTL Nepenaym.

3anepxka pacnpoctparenus (T,) — spems, kotopoe Tpebyercs
DQHHBIM 1151 BOCTUKEHMS MPMHUMAIOLLIETO YCTPOMCTBA HA APYTOM KOHLE
KaHQNA. TO BPEMs! 3ABMCUT OT PACCTOSIHMS M TUMA CPefbl NEPeaaym.
[Mpu nepenaye AOHHbIX HO GOMbLLIME POACCTOSIHMS 30HEPKKA PACMPOCT-
POHEHMS! M3 KOHLIO B KOHEL, COCTOBIISIET MOPSIKA HECKOMbBKMX AECSTKOB
MUTUTMCEKYHI:

T,=D/R

roe D — pnvHa cetesoro mym.
3apepxxa kommytaum (T,) — Bpems, koTopoe Tpebyertcs ycTpoii-
CTBY, NOMyYMBLLIEMY MAKET, A1 €70 NEPEAaUM CliefyIOLLIEMY YCTPONCTBY.
B coBpemeHHbIX yCTpoicTBaX 3HaueHMe He npesbituaet 10 He.
3amepskKa B TPOHCMOPTHOM CETU BLIMUCIIETCS MO hopmyrie:

T.=T,-N,

roe N — KonM4ecTBO NepexooB MeXIy Y3Nam1 CETU.

3anepxxa B cem goctyna (T;A) B 3HOUUTENBHOM CTEMEHM 3aBUCHT
OT MpHMeHsIEMOM TexHonomM1 poctyna. Vccnenosaris nokasanm [7],
4TO 30/EPKKA B PECUILHOM CETU MPM MCTONb3OBAHMM TexHomorm DSL
cocTaenseT B cpeaHem 65 Mc.

PesynbTarsl UaMepeHMit 3anepXKH
Ha ¢pparmenTe cetn NHTepHeT

PaccmoTpim rpadmku pacnpeneneHmid, nonyyeHHble B XONe M3me-
PEHMI 30ePXKM MEPEAAIM NAKETOB. 3afepX KA M3MEPSNACh Mpu Mpo-
XOXAEHMM MAKETOB MO MyTH, COCTOSILLIEM 13 CEMM Y31OB, KOSIMHECTBO M3~
Mepetmit pasro 100.

CxeMa MCTbITaHMI NPEACTABNEHA HA PUC. 2.

=T . +T.+
T =Ts+Tp+ Ty,
1 YnpaBneHue 1
ocTyn
focTy Arperaum s TpaHcnopT . yonyramm . Yenym
BS PE |
MopenbHas ceTb TexHonapka
oryn uHnMuC
KoHtponb
mocrynak |
ycnyram

Puc. 1. Mogenb cen cnienytoLuero nokoneHmst mpu npeAaoCTABNEHMM MHGOKOMMYHMKALIMOHHBIX yCrTyT
O6o3zHaueHms: MT — mobunbHbIi TepmuHan; TA — tenedonnsiit annapar; BS — 6azosas cramums; PC — nepcoransHbii komnstotep; TV — ayicrinedt (Hanpumep, Tenesm-
3op); Com — kommyTarop; STB — mpuctaska nonbsosatens; P, PE — mappymsarop ypoews P u PE; CPE — o6opyaoearie B nometuermn nonssosarens; DSLAM —

MyTBTUIIIEKCOP [OCTYNA LPOBON ABOHEHTCKOM JIMHUM
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TEXHONOIMU MHOOPMALIMOHHOTO OBLLIECTBA

MK MapLupyTtnaarop

Wi-Fi KomwvytaTtop

Puc. 2. Cxema mcnbmaHmi

komauecteo @0
HilMepeHHH g

40
3
20 4
10
0

SamepiEKa, MC

Puc. 3. Namepenie sanepxkm ans kappos pasmepom 64 6aira

Komuuecteo 00
HiMEpeHHHA 5 -

40 -
30 -
20 -
10 -
0.

SAOepEL, Mo

Puc. 4. Nameperme sopepxxu ans kappos pasmepom 512 Gair

konduecteo 40
HIMEpeHHH 54

20

10
0 I

JamepEkd, MC

Puc. 5. Namepenie sanepxk ans kappos pasmepom 1518 6air

[Mony4eHbl pe3ynsTaTsl fnis pasmepos kappos 64 6air, 512 6air n
1518 6aitr, npuseneHHsix 8 sokymertax RFC 2544 [8] uRFC 5180 [9].

[McTorpamm! 13mepeHii npuseaeHs! Ha puc. 3, 4 1 5.
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MappytvsaTop
hosthnt[10.10.20.1]

MapLu pytuaarop
jam43sw2-vian404 msk.zenon net
[62.113.112.68]

Web-Cepsep
[213.189.197.12]

M3 micTorpamm BUOHO, YTO 30IEPXKE COOTBETCTBYET YCEYEHHOe
HopmarbHoe pacrpepeneHue. C yBenuyeHMemM pasmepa Kagpa npomc-
XOMMT CMelLieHWe rpadmKa BIPABO MO OCH X, CPEAHSs 30AEPXKKA nepe-
[Q4M MOKETA YBENMUMBOETCA. B HaCTOSILLIEE BPemst HO MOTENBHOM caTh
Texronapka PIYIM LHMNC rotosurest nposeaeHie M3MepeHmii apymix
XAPAKTEPMCTMK KAHYECTBA MO CXEME MPMBEAEHHOM Ha pyc. 1.

Bul BOAblI U peKoMeHaaumun

M3mepeHme XQpaKTEPUCTUK KQYECTBA CTAHOBMTBCS BAXKHOM 300-
el B CETSX CNIeyIOLLEro NOKONEHHs st MHGOKOMMYHMKALMOHHBIX YC-
yr PEQNLHOTO BPEMEHM, NEPENAIOLLMX NOTOKM ACHHBIX MymnbTUMEMA.
[ns ycneluHoro BHeOpeHMs TaKMX YCITyT U NPENOCTABIEHHS TAPAHTUPO-
BOAHHOTO KOUYECTBA HEOBXOIMMO BbIMMCTIEHME XAPAKTEPUCTMK KAYECTBA
M3 KOHLIO B KOHeLl. McrbITaHms HO MOZEbHOM CETV MO3BOSMT onpexe-
NTb 30KOHBI PACNPEENEHMsS XAPAKTEPUCTHK kauecTsa. [Tpensapurens-
HbIE M3MEPEHMs MOKA3AM, YTO 3aepkKe Nepenaym nakeTos COoTBeT-
BYET YCEUEHHOE HOPMArLHOE pacnpeneneHue.

Jlureparypa

1. Internet protocol aspects — Quality of service and network performance,
Network performance objectives for IP-based services, /// Pexomerpauys MC3-
TY.1541, 2006.
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Infernet protocol data communication service — IP packet fransfer and availability
performance parameters // Pexomernaws MCI-T Y.1540, 2007.

3. Packet Reordering Metrics // |ETF RFC 4737, 2006.

4. Haymos B.A,, Camyinoe KEE, Sipkita H.B. Teopus renetpadmka mynsi-
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2003.
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om "Bunesmc”, 2003.
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8. Benchmarking Methodology for Network Inferconnect Devices // IETF
RFC 2544, 1999.

9. IPv6 Benchmarking Methodology for Network Inferconnect Devices //
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[Mpobnema yyeta u Tapudpukauum konnyecTsa
MHPOPMALMM NPU NPEAOCTABNIEHUN
MHPOKOMMYHUKALMOHHBIX YCRyT

OnmcaH NPUHLMN Nepenaqm MHd)OpMCILIMM B CETAX NIEAYIOLLEro NMOKOoNeHns Ha 6ase KOMMYyTaLj1 MNAKETOB M NMOKA3a-

Hbl MPOBIIEMbI, BCTQIOLLWE MEPES, ONEPATOPAMM B HACTH yHETa 0BbeMa AAHHbIX LTSl TAPUEHKALIM MM MPeoCTaBse-

HUM MHPOKOMMYHUKALOHHBIX Ycryr: [ TomBeneHbl pesyrbTaTbl MCMBITAHMIA HA CETSX OMepAaTOpOB CBSI3M, M MPEIIOXEH

€rocob peLLeH s MMEIOLLUXCS MPOBIEM.

Lanarmuos B.A,

crapLmit mrxerep TexHonapka PIYI UHMAC,
acrmparT @Y LUHWMAC,

shalaginov@zniis.ru

BeepeHnue

B HacTosiiee Bpems BO Bcem MMpe MPOMCXOIMT NOCTENEHHAS MMT-
AL TENEKOMMYHMKALIMOHHBIX YCITyT OT CyLLECTBYIOLMX, Ha Base ce-
Tel C KOMMYTOLMEN KOHAMOB, K HOBbIM MHOKOMMYHMKALMOHHBIM YCITy-
ram, Ha 6a3e ceTei ¢ KOMMyTALWel nakeTo. B pesynstare Takoi mur-
paLMK, TaPUMKALYR YCIyr BCe YaLLEe OCYLLECTBISETCS MO KOMMYeCTBy
(06beMy) MHGOPMALIM, HTO CTABMT NEpen, OrepATOpPaMI 3aAa4Yy Y4eTa
Tpadmka nepenaum AaHHbIX. B cratbe ommcaH npuHLpMN nepenayn MH-
OPMOLYM B CETX CIIEOYIOLLErO MOKOEHMS 1 MOKA3AHBI MPOGIEMbI
YHETQ 0BGbEMA AGHHBIX 1 TAPHUPUKALYM MPK MPEOCTABNEHUM MHPO-
KOMMYHMKQLIMOHHBIX YCITYT.

Cnocobbl TapubmkaLmm

Yuer o6bema yaryr ¢ LIenbio MX TapUHKALWK OCYLLECTBASETCA Ore-
POTOPAMM, B OCHOBHOM, TPEMS CIOCOBAMM MIM C NMOMOLLBIO MX KOMOW-
HOLMM:

— 1O BPEMeHM;

— N0 06beMy NPUHSTOM 1,/ UnK NEPeAaHHOM MHpOPMALL;

— 6e3 OrpaHMyEHMs OBBEMA AAHHBIX C OTPAHMYEHMEM MO CKOPOCTH
nepenaum.

Mepable fBa MeTOAA OBBIYHO UCMONL3YIOTCS B KOMBMHALMM € abo-
HEHTCKOM cicTemoi onnatsl. [pu sTom ¢ aboHerTa BamaeTcst aBoHeHT-
CKQR MNIATA, HAMPHMEP, 30 HEKOTOPbIF OBBEM AGHHBIX. B cryae npesbi-
LUEHVS OMIIAYEHHOTO 30 OMPEREeHHbI Neprod, 0BbeMa, AOMONHMTEN-
HbIM OBbEM OMNIAUMBAETCS OTAEMBHO.

Bce ykasaHHbie meToas! Tap1dMKaLymM NPEanonaraioT M3mepeHme
06bema MHDOPMALWM M/ Mk MPOOIKMTENBHOCTY COBIMHEHMS C LENbIO
Tapudmkawm. Orpanndene No CcKOPOCTM Nepenauy Mpeanonaraet
yueT 06bEMA NePEAaBAEMbIX AAHHbIX 30 MOSTbIM MPOMEXYTOK BPEMEHH,
0bbuHo 3a 1 cexyHay (Hanpumep, 5 M6uT/c).

HopmatveHbie fokyMeHTbI

K HOpMOTHBHBIM AOKYMEHTOM, PETMAaMEHTUPYIOLLM YYET 0BbeMa
NEpPEnaHHOMN W MPUHSITONM MHGOPMALWK, MPU MPEAOCTABNEHUM YCITYT MO
nepeaaye AaHHbIx B PP otHocsTes:

— ®epepanthbin 3akor "O Ceaan'" [1];

— Mpasuna okasakms ycnyr cessu no nepeaaye AaHHbIX [2];

— [MpaBKna MpMMEHEHMA CBTOMATH3WPOBAHHBIX C1CTeM pacd&Tos [3].

T-Comm, #7-2010

B n. 35 "Mpasun okasaHms ycnyr cesiau no nepepaye AaHHbIX' yKa-
3aHo: "Onnata yayr cesiau no nepenase AAHHLIX MOXET OCYLLECTBIISTb-
51 10 ABOHEHTCKOM M1 MOBPEMEHHOM CHCTEMe onnaTbl G0 no obbe-
My MPUHSTON U1 (Mn) nepenaHHoi MHbopmaym'.

B n. 22 "Mpaswn nprmeHeHH s GBTOMATU3MPOBOHHBIX CUCTEM PACHE-
TOB" YKA3QHO!

"B cryuae M3MepeHmsi OBTOMATU3MPOBAHHOM CHCTEMOW PACYETOB
obbema NepeaaHHoN (MPUHSTOM) MHpopMmaLmm obbem MHbOPMALYK
M3MEpPSIETCs C TOYHOCTBIO 0 bamTa".

Mogens BOC

Inst npepocTaenerms MHGOKOMMYHMKALMOHHBIX YCITYT A1 OPTraHM-
30LMM MEPEdayM AGHHBIX B GOSBLLMHCTBE CIyHCEB MCTIOMb3YeTCs CTeK
npotokonos TCP/IP. Apxurextypa creka TCP/IP noctpoena cooteerct-
BV C Mogenbio B3ammopericTems oTkpbimbix cuctem BOC [4]. Mogens
BOC ucrionbayeT noHsTus ypoBHeit, kaxxapli npotokon creka TCP/IP
MOXET BbITb ACCOLMMPOBAH C OMPEAETEHHbIM YPOBHEM (i HECKOMBKM-
Mu ypoeHsimn). HasHaveHWe mopent 1 yHKLM YPOBHE# LUMPOKO Onk-
CQHbI B CYLLIECTBYIOLLEI IMTEPATYPE, NOSTOMY OTMETHM JTHLLIb COOTHOLLIE-
Hue mogenn BOC u creka TCP/IP Mogens BOC sensetcs Teopevuec-
KOM koHuenuwer, a mopens TCP/IP sensetcs oaHoM M3 MpaKTMYeckmx
peammaaupii mogenn BOC. Ha puc. 1 npreenetsl yposti mopem BOC
W 1X COOTHOLLIEHME C YpOBHsMM cTeka npotokonos TCP/IP

Ha pue. 2 npreepeH nprmep [o6ABIEHMS 3AroIOBKOB MPOTOKOOB
PA3MMYHBIX YPOBHEM MPK NEpenaye AGHHBIX OT NOsb3OBATENS K MOSb30-
BOTESTIO M3 KOHLIA B KOHEL, [TpoToKosbl KaKRoro ypoBHst AOBABMSIOT 3a-

Mopgens BOC Mopgens TCP/IP
MpwragHon

Mpexncr aBnexus MNpuknaon
CeaHcoBblit

S TpaHcnopr Helit
comon | CerteBoit

3BeHa AaHHbI X

- KaHanbHbIn

Puc. 1. YposHn mogenn BOC 1 nx cootHoLLeH e ¢ ypoBHSIMM
crexa npotokonos TCP/IP
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Puc. 2. Mprmep pobaBneHs 3arosioBKOB MpOTOKOSOB

FOMNOBKM CO CITy>KeBHOM MHPOPMALIM HeoBXomMbIE [ nepeaadn 6ro-
KOB [IOHHbIX.

MayueHre yKa3QHHBIX BbILLE HOPMATUBHBIX AOKYMEHTOB BbISBMIIO
OTCYTCTBME YKQ3AHMS HA Cnocob (ypoBeHs, oMKy M NMpoToKos) yuéTa
06beMA MEePENaHHOM M MPUHSTONM MHPOPMALIAM, MPK NPEAOCTABNSHUM
YQIyr Mo nepeaaye AaHHbIX. VICTbITHMS 1 GHQNM3 TEXHUYECKOM pearu-
30LMM YCTOHOBMEHHBIX CHCTEM YHETA TPAMKA HA CETsIX OMEPATOPOB
0BOPYHOBAHKS MEPEnA|M ACHHBIX OKA3CUTM, YTO CYLLECTBYIOLLME PA3MY-
Hble METOf! YHeTa TPADMKA, MPUMEHEHUE KOTOPbIX HE PEMNTAMEHTUPOBG-
HO JIOKYMEHTOMM, YTO MOXET MPMBECTM K HEMPABMIBHOM TAPHMUKALIAM MH-
HOKOMMYHUKALMOHHBIX YCITyT B CETSIX CIEYIOLLETO MOKONEHMS.

PesynbTaThl MsmepeHMit

PeaynsTatsl Mamepermit nposeneHHbIX Ha 0BOPYAOBAHMM, HOXOAS-
LLWMCS! B SKCTUTYATALIMM HO CETSX ONEPATOPOB CBSI3M, NOKA3LIBAIOT, YTO
Y4ET 0BbeMa NEPEnaHHOM M MPMHSTON MHGOPMALMM 30BUCHT OT HOCT-
POEK, A TAKKE OT MPOMPAMMHOM 1 ANMAPATHOM PeanM3aaLm obopymo-
BaHus. Kak npaeino, 06opyaoBaHe pasHbix NPOM3BORMTENeH No-pas-
HOMY BBIMOJHSET Y4ET OGBEMA MHPOPMALIMM.

YpoBeHb 3BeHa AaHHbIX

Hanpumep, Ha prc. 3 cepbim LIBETOM BblENEHb! NOMs NAKETA MH-
bOPMALYM HO CETEBOM YPOBHE, YHUTHIBOEMbIE MPM MCTIOSb3OBAHMM
npotokona PPPoE [4]. B crammctuky nonaacet obbem mHdopmaLym,
MEepPenaHHON HA CETEBOM YPOBHE.

M3meHetme HACTPOEK 0BGOPYLOBAHMS MPUBOMT K TOMY, HTO [OMOST-
HuTenbHO yumTbisaetcs none [Mpotokon PPP pasHoe 2 unn 1 6aitram [6],
KOTOpble AOBABNSHOTCA K KAXKIOMY MEPEaaBAEMOMY MAKETY MHPOPMA-
wm (puc. 4).

Paznnums B pesynstatax yyeta nepenaHHOM 1 MPUHSITOM MHpopMa-
UMM B 30BMCMMOCTM OT PA3MEPA IGHHBIX MOSb30OBATENS NPMBEAEHD! B
TabMue.

PasHuua B pacyeTax nepeaaHHOM U NPUHSTOM MHGOPMALMK Npe-
BbILLOET BenmunHy B 1 6aiT, gonyctumyto cornacto "lMpasunam npw-
MEHEHMsI OBTOMATU3MPOBAHHBIX CMCTeM pacuétos” B Poccuitckoit
Pepepaumn. OpHako aaHHas pasHuua He npotrsopeumt "Mpasu-
JIOM OKQI3QHMS! YCITYT CBSI3W MO nepeaaye AAHHbIX", B KOTOPbIX HE YKa-
3aH cnocob yuéra obbema uHdpopmawn. LaxHas npobnema noseo-
nSieT ONepaTopaM MCKYCCTBEHHO "yBENMYMBATL" OBbEM NEPERaHHbIX
AQHHBIX 30 CYET yHeTd ClyXeBHOM MHPOPMALMM OKA3AHWM YCITyT Me-
Penaym AOHHBIX.

CeteBoll ypoBeEHb

-4

3aronoBok

Ethernet Cecansa PPPoE

Mpotokon PPP

3aronosok IP OaHHble IP

Puc. 3. Monst naketa MHpOPMALYM HO CETEBOM YPOBHE, YUMTBIBAEMBIE MPH MCTONb30BAHWM npoTokona PPPoE

YpoBeHb 3BEHA AaHHbIX

CereBoi ypoBeHb
1

»
|
|

> >

3aronoBok

Ethernet Cecana PPPoE

[Mpotokon PPP

3aronosok IP OaHHble IP

Puc. 4. Monst nakeTa MHGOPMALMK HO CETEBOM YPOBHE, YUMTHIBAEMBIE MPM M3MEHEHMM HOCTPOEK
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PasHuua B pesynbTaTax yyeTa nepefaHHOM M MPUHATON MHGOPMALIMK

Jannpie yuera na | Jlanusbie yuera npu
HJanusie

ceTeBOM YPOBHE, H3MeHeHHH Pasunua, daiir

10J1b30BaTE s
OalT HACTPOEK, DaiiT

512 Gaiir 656 706 50
10 Koaiir 11599 11725 126
100 Kbaiit 115280 116126 846

Buisogpi

C Lienbio 3ALLMTBI MHTEPECOB MONb3OBATENEN YCITYraMM CBS3M HEOH-
XOmMMO 0BecrednTb egpHbie Cnocobbl yHeTa obbema NepenaHHoON
MPUHSTOM MHOPMALM ANt TAPUPMKALIM 30 ycryTi. BeiseneHHsle pas-
HOMIACKS B YHETE MHPOPMALIM YKA3IBAIOT HO HEOBXOAMMOCTb PA3Pa-
BOTKM COOTBETCTBYIOLWX AOKYMEHTOB PEMAMEHTUPYIOLLMX CrOCoBbl
y4ETa 06bEMA NEPEAAHHOM W NMPUHSTOM MHGOPMALMK, MPK NPEROCTAB-
NeHMM MHPOKOMMYHMUKALIMOHHBIX YCITyT.
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Croxactnueckass Moaenb MMHUMU3ALUUM LJIAHDI
COEOMHUTENbHBIX NIMHUA TENEKOMMYHUKALMOHHOMN CETH

Pacemarpreaetcs 3a0a4a MUHMMM3ALM CPEAHEN COBOKYTHOM IHbI SMHMM, OBbEAMHSIOLLMX MATCTPQILHBIE M
ABOHEHTCKME Y3rbl TENEKOMMYHMKALMOHHON CETH MPM MCTONb3OBAHMM MPOMEXYTONHBIX PACTPEAETMTENbHBIX
MyHKTOB, KOHLIEHTPMPYIOLLMX MOJb30BATENbCKMHA TPaduK. VlccrenoBaHie npomsBommTcs Ha OCHOBE MOAENM CTO-
XOCTMYECKOM [BYXy[POBHEBOM CETH, MOCTPOEHHOM MCXOAS M3 MPUHLMNG MAHMMQUTBHO-AOCTATO4HOM COBOKYMHOC-

W Y3/10BbIX MyHKTOB.

LWawaes M.10.,
acrmpart @MY LHMNC,

i.shashaev@gmail.com

IMpu BOCTATOYHOM YANEHWM OBOHEHTCKVX TEPMUHAIOB OT MOrPa-
HMYHBIX Y3MOBbIX MYHKTOB TPOHCMOPTHOMO (MAMCTPAIBHOMO) y4acTka
KPYTHOM, PO3BETBAEHHOMN TENEKOMMYHMKOLMOHHOM CETM  Lienecoob-
PA3HO BBOMTL MPOMEXKYTOUHbIH, PACMPEAENUTENbHbIN YPOBEHS C LIEMbIO
COKPOILLEHMS COBOKYTHOM AT HbI COBAMHMTENBHBIX IMHMM HO STOM Yua-
crke. Bo MHOMMX cryuasix 3T0 MO3BONSIET CyLLECTBEHHO COKOHOMMTL H
obuweit gnmne kabens [1].

OT paLMOHANEHOTO BLIGOPA NONOXEHMS PACTPEAETTENbHBIX MyHK-
T0B (y3rn10B) B TOnonorueckoi crpykType cet goctyna (CI) so mHorom
30BMCUT BEAMYMHA 3ATPAT ONEPATOPA HA MOCTPOEHKE ABOHEHTCKOro
Y4OCTKQ CETH, COCTABNSIOLLMX, KOK MPABMIO, HaMBOMbLLYIO AOMIO B 06-
wx CAPEX 3aTpaTax HO peaniaaupio cUcTembl.

Mcxops 13 CKasaHHOTO, LIEMbio HACTORLLENO MCCIEROBAHMS SBseT-
€ MMHAMM3QLMS COBOKYTHOM [WHbI KOBENbHBIX COBAMHEHMI CETU AO-
CTYNa 30 CHET OMMUMM3ALYM CTEMEHU YAANEHWS PACMPERENMTENbHbIX
MYHKTOB OT MPAHWYHBIX Y3MOB HO Y4OCTKE MEXAY MOMCTPQBHOM CETbIO
1 aboHeHTCKMMM TepmuHanamu. OmmmmaaLyi GyaeT oanexaTs Tofb-
KO NOPAMETP LMHbI SIMHMI, TAK KOK C MCTIOfNb30BAHMEM BONOKOHHO-OM-
TUHECKMX KABENer Npu NPOEKTMPOBAHMM 1 CTPOUTENBCTBE NHMIA CBAM,
TAKOM NOPAMETp Kak Tpebyemasi MpomycKkHas CrocobHOCTL ByaeT Brn-
SITb HQ BENUUMHY KQMUTAIbHBIX 30TPAT B CyLLECTBEHHO MEHBLLEM CTemne-
HU. 70 OBYCNOBAEHO TeM, YTO OMTUYECKMe BOMOKHA OBACACIOT MPAKTH-
YECKW HEOrPOHMYEHHOM MPOMYCKHOM CMOCOBHOCTHIO MPM COXPAHEHHMM
TOM X€ CTOMMOCTM JIMHUIA, B OTAIUME OT MefIHbIX kabeneit casiau [2].

Cornacto pabore [3] npobrema peLuaetcs npy credyiowyx npeg-
MONOXKEHMSIX:

* Bce yanbl ssnsitorcs abComoTHO HaaexHbimW. Bpemst obpabotku B
HUX MPEHEBPEXIMO MasTo.

* Bce kaHanb cBoboaHbl O oWHBOK M SBRAIOTC ABCOMIOTHO Ha-
AexHbiM1. Bpems pacnpocTpaHeHis curHana B anHMaX MpeHebpeximo
mario. [poryckHble CrocOBHOCTH JIMHMIA MOTYN MPMHMMATS JoBbIE He-
OTPMLTENBHBIE 3HAYEHHS.

* B ceTM 1cronbayeTcs CratMueckas MOpLUPYTU3aLys.

* Tpadmk, cO3AABAEMBI GBOHEHTAMM WA MOCTYNCIOLLM B CETb M3
BHELLIHVX MCTOYHWKOB MPEACTABASET COBO# MyaCCOHOBCKMI MPOLIECC CO
CPenHWM 3Ha4YEHWEM Y COOBLUEHMH B CeKyHY, LMHA KOTOPbIX paCrpe-
[ENEHA MO SKCMOHEHLIMATBHOMY 30KOHY CO CPEOHMM 3HOYEHMEM LL BMT.

PaccmoTpuM cooTBETCTBYIOLLYIO OMTUMM3ALIMOHHYIO 30ACNY, FAe
onpegneneHue sKCTPEMYMA 30BUCHT TOMBKO OT TOMOAOMMHECKMX [OHHBIX

Y3n0OB CETU.
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Bynem mccneposats knaccudeckyto 38e300006pA3HYO CTPYKTYPY
CLL, roe nmeetcst M rpaHMYHBIX Y3MOBBIX MYHKTOB MAMCTPQSTBHOM CETH,
N — aBoHEHTCKMX TEPMUHANOB (B ACCOLMATMBHOM WX MOHMMaHKM [4])
u BBORATCS K — MPOMEXYTOUHbIX pacrpeaenmTensHbix myHkTos (PT1).

PaccMoTprv cHauANa Hekyto aBCTPAKTHYIO CTOXACTUYECKYIO 30Aa-
4y MO MUHUMM3ALIMM YCPERHEHHOTO 3HAYEHMS MOMAPHOTO EBKIMAOBOTO
POCCTOSIHMS MEXY TOYKAMM [BYX CIYHQMHbIX MHOXECTB, OTPCKQIOLLMX
CETEBbIE Y3/lbl [IBYX CMEXHBIX YPOBHEM.

[MyCTb MMEIOTCS 1B HE3ABMCHMBIX YMOPSEOYEHHBIX MHOXECTBA BEK-
Topoe BMu BUY COOTBETCTBEHHO, NM M B 2-X MEPHOM EBKIMIOBOM
BEKTOPHOM MPOCTPAHCTBE A Hop nonem aeficTenTenbHbIX Yicen E, k-
LMAEHTHBIX MHOXECTBOM TOYEK Bin) B("'), COOTBETCTBYIOLLMX MOSOXKE-
HUIO Y37I0B YCTIOBHO HUXHETO- (n-Touek) W ycroBHo BepxHero — (m-touex)
CMEXHbIX CETEBbIX YPOBHEM.

Ha puc.1 npencrasneHa cxema cet U HekoTopble 0BO3HAEHMS,
UCMIONb3yeMble B [ONBHEMLLIEM MCCIEROBAHMM.

MuUHUMU3HPYEM HEKOTOPYIO CKamsipHyIo Lienesyio dyHkipio LN,
OTPAXCIOLLYIO CMMOPHYIO AfTMHY NONAPHBIX EBKIAOBbIX POCCTORHMI

(n)

I ,[”'m) Mexay Toukamu mHoxecte B - Bk, utoBbl Kaxkaas Touka

b s B™ 6bina cesisaHa Tomnkko ¢ ofHoi Toukor b" us B

Lo = min Y,

n—>o0
m-—>o0

ie(l+n), je(l+m),B" ="}, B™ =H"},.

L) 1 (m)
b - b

3

i.j

MarMCTpan bHaA CeTb
bj(m) bivs(M

] M 1
Q p
L

il
kPacnpeAenMTeanaﬁ ceTb

K

fj(rm) (n.k,

I

b A7

Cetb floctyna
N
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3BE3004KA Y 3HOKA CyMMbI O3HQUAET, YTO CYMMMPOBAHME BEAETCS
He Mo Bcem KOMBMHALMSIM (i, ), O TOMBKO MO TeM, KOTOPbIE COOTBETCTBYIOT
MUHUMQUTBHO HEOBXOmMMON CestaHoc Todek 3 B ® ctoukammnms B™.

[MyTem nepexoaa ot NOCTAHOBOYHOM BEKTOPHOM MHTEPMPETALMM K
MOTPHMYHOM, OCYLLECTBASS MPOLEayPY MAHUMM3OLMM C MPUMEHEHMEM
METOLOB MATPHYHOTO MCHUCTIEHMS B UTOTE NOMyHaEM UTOroBYIO hOpMy-
Ny, OTPOXKCIOLLYIO MMHAMONEHO HEOBXOMMYIO COBOKYMHYIO LMHY
KOMMYHUKOLAM MEX[ly ABYMS POCCMOTPUBAEMbIMU YPOBHIMM (m) v (n)

_ [{nm).
Sl =0 [, 1)

min

L

e O — MACLITOBMPYIOLLMIA KOSDPULMEHT, Sy — MIOLLOb ABYMEPHO-
FO MPOCTPAHCTBA, B KOTOPOM OMpeaeNneHb! TO4K 060MX MHOXECTB.

OpnH1M M3 NONE3HbIX PE3YNLTATOB BLIMMCIEHMH, MPOBELEHHBIX HO
6a3e HACTOSLLEI MOTENH, SBMISETCS OMPERENEHVe AaHHbIX O PAHTe Bep-
wiH R, 8 TouKax b("‘) MpM POPMUPOBAHMM JIOKQUTbHBIX MEXYPOBHEBbIX
crpyKTyp, nonyqoeMblx KK pesymTaT conpsixeris Touek u3 B ¢ -
neHTHBIMM 1M TouKamu 13 B, Takue crpykTypbl B aaHHOM criyuae GyayT
MMETb BMA, MHOXECTBA HECBA3AHHBIX IPadoB, B konuuectse (m) [5].

OueHWM yrenbHOE KOMMUYECTBO BEPLUMH R(( N, MMeIoLLIX opHaKo-
BbII POH I, NMOMYTHO OLIEHMB 3HAYEHME MACLLTABMPYIOLLEro KO3 dML-
eHTa Ol

[MycTb B yXe YNOMSHYTOM ABYXMEPHOM AEKOPTOBOM NPOCTPAHCTBE
MMEETCSt HEKOTOPOS OFPOHMYEHHOS MOBEPXHOCTL S MAoLaABIO Sy, HO
KOTOPO CyLLIECTBYET OfIHA EaMHCTBEHHAR Touka b, npuHamnexatuas
B (Haxcruin yposens).

[NPeanonoxXmm, KPOME TOro, YTO HA JAHHOM MOBEPXHOCTH pa3Me-
LLIEHO MO CITYHQIHOMy 30KOHY M Tovek 13 MHoxectsa BI™ (sepxuii ypo-
BeHb). Ouepmim Bokpyr Touku bl Hekotopyio okpyskHOCTs pammyca p.
Torna BepOATHOCT P, TOrO, 4TO Hi1 OAIHA TOHKA 3 MHOXECTBA B e no-
NOmeT BHYTPb Kpyra, Byaet

2 m 2 m
c c
P = 1-25 | =|1-pum £
S, m
re VIM — nnotHocTs pacnpenenetis Todek us B no nosepxHoc S.
[osas Manoe npypalLLeHie paguycy P Ha BennumHy AP MOXHO or-
PERenHTs, KaKoBa ByAeT BEPOSTHOCTL Py ) TOrO, 4TO B MOy YeHHOe Kone-

LO NAOLWOabo 27tpAp nonageT BCcero O,D,HG €OMHCTBEHHASA TOYKA U3 B(m)

2pc/ic m
Pﬂcz%mzzp# e

Yerpemnsiss Ap — dp U m — oo, MONYHAEM BBIPCKEHME A71s MOT-
HoCTH BeposTHOCTeN gp) Toro, 4o Emmxaiiwast k b Touka s B Gy-
[ET OT Hee HO POCCTORHMM P

m

(m) ,2 1

pH ¢ (m)

q(c)= lim |1-

Ap —dp
m—seo

2pu"™’p-n

m
. x -
Orciona, yuntbias, 4to lim1-— | -e , IMEEM:
m—eo m

g c)=2pH"ce™™ (2)

Wnrerpupys g(p) & npeaenax ot O go o0, mpyxopmm, HO yxe Apy-
MMM MyTem, K paHee npuBedeHHoMy BbipaxeHiio (1) ans cpenHero mu-
HUMQIILHOTO PACCTOSIHMS MEXKY TOYKAMM bl 1 BrvkaLLAMM K HM TOY-
kamu uz BIm):
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So 3)

m

L(V! L)

I m 2 1
= L = 2y [ pe™ " op =
0

M3 kotoporo suaHo, yto oL = 0,5.

Mcrombays (2) B kauectee 6030BOrO, MOXHO MyTEM HECTIOXHbIX
NPeoBpA30BAHMI HAWTU BLIPCXKEHMUS A1 OTHOCHTENLHOTO KOMMYECTBA
y3nos (’3) C COOTBETCTBYIOLLMM POHIOM I

1
(m)  _
R(r 0) — T n 2
I+ —
2 m
2 n
(m) . r-r m
(1) sin 7w TR
I+—-r I+———
T-r m

AHOnM3MPyYs MONyHeHHble PE3yNLTaTbl, HETPYOHO 3AMETUTb, YTO
YOENbHOE KOMMYECTBO CETEBbIX Y3TIOB Aysh PA3HBIX > 1 MMEET siBHble
MOKCHMyMbl B OBIIICTH SHQHEHM —— = %r, YTO BECbMA BAKHO fy1s1 MO-
CIEMyIOLLEro QHATIMAA. "

Bosspatuasics k (1), MoxHo npeanonoxuts, uto ans yposhs {M, K}

MMEET MECTO!

L5 =MNe, \F (4)

a ansi yposhs {K, N} cootsercrsenHo:

S

B npencrasnenHble popmyribl BBEAEH T.H. KOSGPMLMEHT UCKPHBIIE-
HUSI T, KOTOPBIN OTPCXKAET TO, YTO PECUTBHBIE SIMHMM CBSI3M B YCTIOBMSIX FO-
POACKOM 30CTPOMKM MMEIOT HE MPSIMYIO, O UCKPHBEHHYIO popMy (ans
Mockeb, Hanpumep, N = 2,14 [4]).

O6venpHsa (4) n
A5 GBOHEHTCKOTO YPOBHS! CETH.

(5) MoXeMm HAMTH OBLLYIO [IMHY KOMMYHMKALWAM

L(NKM) _

K N
min Ne, E(W + F)- (6)

NKM
Beps npouseopHyto ot Lrslin ) o K v npupashmeast k O moxem
HawT ormamansHoe sHavenme K =Ky

W.k)
aL N o

=T \/_(\/— 2
Orcionga,

K, =08YN*M (7)

OLEHUM BLIMIPbILL B [/IMHE KOMMYHMKALMIA HO OBOHEHTCKOM YPOB-

OH T

HE 3 CHET BBEAEHMS MPOMEXYTOUHBIX PACTPEAENHTENbHbIX MyHKTOB. Mc-
XOAHbIE ACHHbIE MPUMEM LISl OBHOM M3 KPYMHEMLLMX MOCKOBCKMX Tene-
KOMMyHMKaLWOHHbIX ceTeit — cetn "AKALO Tenexkom" (KOMKOP).
Ha ocHosarmm (7), Haxoomm:
Komr = 2750 pacnpepenurentHbix myHKToB. (8)
MNoacrasnss (8) & (6), nonyuaem:

LINKM) = 7450 . 9)

Wenonbays dopmyny (1) anst cnyuas otcyterens pacnpeaenmrens-
HOrO YPOBHS (1 — M, i — N) HOXOIMM:
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N
Ly = ﬂaBJS—oW = 1120070 (10)

Cootrecs (10) u (9) Bmym, uTo BBEREHME PACMPERENMTENLHOO
YPOBHS HO OBOHEHTCKMX Y4OCTKOX CETU MPUBOAMT K SKOHOMMM MO JyIMHE
coeppHuTenbHoro kabens Gonee yem Ha 30%

CrieflyeT OTMETHTb, YTO HOCTOSILLYAM QHOMS, YUMTHIBaS MHOrOOBPa-
31ie BUIOB TENEKOMMYHMKALWIN HO Y4OCTKE CETW AOCTYTA, MOXHO Mpy-
HATb JIULLb OpMeHTMpOBOLIHbIMM. OJJ,HGKO KQYECTBEHHbIM MONTOXUTENb-
Hbli 3¢PEKT OT BHEOPEHMS PACTPEAENMTENBHOTO YPOBHS MPOCTIEXMBA-
€TCA BECHMA HAITISHO.
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[lprMeHeHHe MeTOROB MHOTOKPUTEPUANBHOM
ONTUMMU3ALUM CTPYKTYPHBIX XQPAKTEPUCTUK NPU
NPOEKTUPOBAHMMU TENEKOMMYHMKALMOHHBIX CETEMN

Pabora nocasieHa TeopeTmdeckim acrekTam MpMMEHEHMS METOLOB MHOTOKPHUTEPMAIBHOM OMTUMM3ALIM CeTe-
BO¥ CTPYKTypb! MM MPOEKTUPOBAHMM CETEN METPO-YPOBHS B YCIIOBMSIX MPOTUBOPEYMBBIX TPEBOBAHMI K peaimay-

EeMOM cHCTeME.

Wawaes M.1O.,
acrmparT PIYTM LUHWMAC,
i.shashaev@gmail.com

PacTyLuast BaXHOCTL MPOEKTOB, BBICOKAS! CTOMMOCTb M MACLLTAGS! Te-
NIEKOMMYHMKOLWIOHHBIX CUCTEM MPEBSIBNSIIOT 0cobbie TPEBOBAHMS K KO-
YECTBY M CPOKOM MPOEKTUPOBAHMS MH(POKOMMYHMKOLIMOHHBIX CeTeM
(MKC).

[nst CHYKEHMS KAMUTAbHBIX 3ATPAT  OMepaTopa 1 obecrieveHms!
TpeByeMmbIX NAPAMETPOB CBSI31 HEOBXOIMMO 3DEKTUBHOE MIIAHMPOBA-
HM1e, MPOBEMEHME KOTOPOrO HEBOMOXHO 63 MCMONb3OBAHMS MHOTO-
KPUTEPUQITBHOM OMTUMM3CILIM C YHETOM COBOKYMHOCTM MHOKECTBA MPO-
TMBOPEUMBLIX TPeBOBAHMIA. B yactHocTH, B npoLiecce coanaHws v cosep-
LLIEHCTBOBOHMS| CETM CBSI3M MOCLLTABA FOPOAA PELLICKOTCS [IBE HEPA3PbIB-
HO CBSA3QHHbIE MEXTy COBOM 3aAAUM: MUHMMM3OLIMS 3ATPAT HA PECNU3a-
w0 ceT 1 obecnevenime Tpebyemoit npoussopuTensHoci [ 1].

Metogonorus MHOrOKpHTEPMAEHOM ONTUMM3ALIMK
npu npoekruposatmnn MKC

B camom obuem cnyuae MKC MoxHO pacecmatprBats Kak yriopsi-
[OYEHHOE MHOXECTBO 3MIEMEHTOB, MX B3AMMOOTHOLLIEHMI MU CBOWCTB.
OpHo3HAYHOE 30AaHWE TAKWX NAPAMETPOB MONHOCTHIO ONPEAENNET Ch-
CTEMY, TO €CTb OCOBEHHOCTU €€ PYHKLMOHUPOBAHMS,, CTPYKTYPY CETH, B
TOM 4ncrie, ee 3pPEKTUBHOCT.

PaccmoTpiv 0bLLyto METOROSOMMIO MHOTOKPHTEPHANBHOM OMT M-
30LMM CUCTEM, KOK B3AMMOCBSI3AHHYIO COBOKYMHOCTb MHOKECTBA OMY-
CTUMBIX MPOEKTHbIX PELLIEHHH, B TOM YMcrne Bbibopa nopmHoxectsa MNa-
PETO-ONMTUMAITBHBIX PELUEHWM W AANbHEMLIEE Cy>XEHWE ero IO eAMHCT-
BEHHOTO MPOEKTHOTO PELLIEHMS.

Pewwenue 3an04m BBIBOPA OMTUMANBHOTO MPOEKTHOTO BAPHAHTA Ci-
CTEeMbl BKIIIOYAET POPMMPOBAHME MHOXECTBA JOMYCTMMbIX BAPHUAHTOB
CMCTEMBI, OMPEEreHMe COBOKYMHOCTM NOKA3ATENEN KAUECTBA, 3aAAHME
KPUTEPMSI OMTUMAITBHOCTU CUCTEMBI, O TAKXE BbIBOP BAPHAHTOB CUCTE-
Mbl, OMTUMAUTBHBIX MO 30AAHHOMY KPUTEPHIO OrmMansHocTH [2,3].

[NonaraeTcs, YTo KaxabIi BAPUAHT CUCTEMbI OMPERENSIETCs CTPYKTY-
POV (COBOKYMHOCTBIO 3MIEMEHTOB M CBS3eH) M HOBOPOM MOPAMETPOB.
Bmecre oMM onpenensitor MHOXECTBO SOMYCTUMBIX MPOEKTHbIX PELLEHMH.
3mech CylLecTBYIOT NpoTMBopeumBble TpeboBaHus. C OOHOM CTOPOHBI,
XENaTenbHO € MOKCMMAQIIBHOM MONHOTOM NPEACTABUTL BCE BO3MOXHbIE
BOpMGHTbI CUCTEMBI, l-ITO6I::I He I'IpOI'IyCTMTb NOTEHUMANBHO J'Iy‘-IIJJl/IX BGpM-
aHToB. C apyroi CTOpOHb, CyLLECTBYIOT OrPAHUYEHHS, OMPenensemsie
FAOMYCTUMBIMA 3ATPATAMM (BPEMEHM M CPEACTB) HA NPOLIECC MPOEKTUPO-
BAHMS CHCTEMBI.

[ns bopmanmaaLtm MOCTAHOBKM 30AA4M OMTUMAILHOTO MPOEKTH-
POBCHMS CMCTEMbI AOMKHO BbiTb COCTOBNEHO MOTEMATMHECKOE OMMCa-
HUE YCOBMi paboThl, CTPYKTYpbI, NMOKA3ATENEN KAYECTBA M KpHTEpHs
ONMTUMAUTLHOCTM CHCTEMbI B Lieniom. Popmani3oBaHHAs NOCTAHOBKA 3a-
AC4M MPOEKTMPOBAHMS CMCTEMBI AGET BO3MOXHOCTb MCTONb3OBATH MM
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BbIBOPE ONMTUMAIIBHBIX MPOEKTHBIX PELLEHWI MOTEMATUYECKWE METORbI
MOZAENMPOBAHKS U MHOTOKPHTEPMAIEHOM OMTUMM3ALM CUCTEM.

MNpoLiecc 30AaHMS KPUTEPHS OMTUMAIBHOCT ATt BIBOPA HaMIYY-
LUE QNBTEPHATMBBEI HO MHOXECTBE [IOMYCTUMBIX MPOEKTHBIX PELLEHMH
CHCTEMBI CBSI3aH C POPMAU3ALMEN NPEACTABIIEHHS 30KA34MKA CUCTEMBI
MPO ee OMMAMANLHOCTb. 1K 3TOM MOTYT BbiTb MCMONB3OBAHBI ABA MOA-
XOAQ: OPAMHAMMCTUYECKMI M KapauHAnMcTdeckui [3].

OpomHanMcTMyeckuin Noaxo, anesnmpyeT K nopsigky "yue-xyxe"
M OCHOBAH HQ BBEAEHMM HEKOTOPBIX BUHOPHBIX OTHOLLEHHIA HO MHOXE-
CTBE JOMYCTUMBIX QNIbTEPHATHB. B 3aBKMCMMOCTH OT CTpyKTypbI AOMYCTH-
MOTO MHOXECTBO MHOXECTBO ONMTUMAITBHBIX PELLIEHMI MOXET COAEPXATb
EIMHCTBEHHBIN MIEMEHT, KOHEUHOE MO0 BECKOHEYHOE YMCIO SNEMEH-
TOB.

KapamHanmicmueckuin nopxos K OnMCaHMIO MPEaNONTEHMI Mpumu-
CbIBOET KOXKOOM QNILTEPHATMBE HEKOTOPOE YMCIIO, MHTEPMPETUPYEMOE
KOK NOME3HOCTb (LIEHHOCTB) QrETEPHATBSI.

C y4ETOM CYLLECTBOBAHMS COBOKYMHOCTU TPEBOBAHMIA K NONE3HOC-
TV CUCTEMbI BO3HWKQIOT 304Q4M OLIEHMBAHKS 1 OMTUMM3ALMM MPOEKTHbIX
PELLIEHMI MO COBOKYTMHOCTU MOKA3ATENEH KAHECTBA 30M0UM OMUMM3C-
LM MO COBOKYMHOCTU MOKA3ATENEN KAYECTBA HA3BIBAKOTCS 304A4AMM
MHOTOKPHTEPUAITEHOM TGO BEKTOPHOM OrmMM3aLmu. B peaynstare pe-
LUEHMA TAKMX 30[04 HOXOMTC MOAMHOXECTBO [1apeTo-onmMManbHbIX
(3dbbexmmBHbIX) MPOEKTHBIX peLLeHHit, koTopoe B obLem Cyuae coaep-
XUT HE OfIWH, O HECKONBKO BAPMAHTOB CHCTEMBI, HEAOMUHMPYEMBIX MO
OTHOLLIEHMIO CTPOTOTO MPEANOUTEHHS.

CriefyeT OTMETUTb, YTO MO CYLLECTBY MOCTAHOBKA MHOTOKPUTEPH-
QnbHbIX 30AQY OMTUMM3ALIMM CBA3AHA C 3OMEHOM (annpokeMaLyeit)
NPEACTABNEHMS 30KA34MKA MPO OMTUMASTBHOCTb CHCTEMbI HEKOTOPbIM
OPYrMM MOHSTHEM OMTUMAIBHOCTH, KOTOPOE YAQETCS! CTPOro pOpMa-
JIM30BATb M CBECTU 30AAYY MPOEKTUPOBAHMS CUCTEMBI A0 KOHCTPYKTHB-
HOM OMNTUMU3ALWMOHHOM MPOLEaYPbl MPK BEKTOPHOM KPUTEPHM OMTU-
MOSIBHOCTH.

Mertogbi BeiGopa MapeTo-onTManbHbIx peleHui

MNapeTo-onmmarnbHble peLueHms MOryT BbiTb HOMAEHb! KAK Heno-
CPEACTBEHHO HO MHOXECTBE [OMYCTUMBIX PELLEHWI C MPMMEHEHWEM
BBE/IEHHbIX GUHOPHBIX OTHOLLIEHMI MPEAMONTEHHS, TAK 1 B MPOCTPAHCT-
BE OLISHOK BBE[ISHHbIX MOKA3ATENEH KAYECTBA, KOTOPOE TAKKE HA3bIBA-
€TCS KPMTEPHAUbHBIM MPOCTPAHCTBOM. BakHO otMeTHTs, 4to st 3akas-
YYKQ XEFICTESLHO MO KAKAOMY MOKA3ATESNO MOMYHMTb HOMITYULLEE 3HO-
yeHe. OHAKO HA MPAKTHKE STOT CIlyHaid BCTPEUAETC O4EHb PEIKO.

[NokasaTesny KaYecTBa CUCTEMbI MOTYT BbiTb TPEX TUMOB: HEATPCUTL-
HbIMM, COMIOCOBAHHbIMM MEXY COBO# M KOHKYPHPOBATL MEXXay COBOM.
B nepabix AByX ciyasix OMMAMM3ALIMS CUCTEMBI MOXET OCYLLIECTBIISTLCS
B OTAEMLHOCTM MO KCKAOMY M3 MoKasaTeneit kadectea. B tpetsem cny-
4ae JOCTUIHYTb MOTEHLMABHOTO 3HAYEHMS KCKEOTO M3 MOKA3aTenei B
OTAENBHOCTU HE NPEACTABIAETCS BO3MOXHbIM. [ put 5ToM MoXeT BbiTb A0-
CTUHYT JIILLIb COMTIACOBAHHBIM OMTUMYM BBEAEHHBIX LIENEBbIX (I)yHKLlMI;i —
onmMmym o Kputepuio [Napeto. Takoit onmiMym o3HaYaET, YTo Aarb-
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HeliLLee yITyULLeHKe KOXAOrO M3 NOKA3ATENeN MOXET BbiTb AOCTUTHYTO
NULLIB 30 CHET YXYALIEHVS OCTQIBHBIX MOKA3ATENEM KAYECTBA CHCTEMBI.

Takym 0Bpasom, NOCNEaEBATENLHO BINOMHSS Nepebop M cpaBHe-
HME BCeX BOPWOHTOB B KPUTEPMOISHOM MPOCTPAHCTBE COMACHO  Ha
MHOXECTBE AOMYCTVMbIX PELLEHMI BLENsioT NopmHoxecTso [lapeto-
OMTAMAbHbIX BAPMAHTOB cHCTEMbl. OCTanbHBbIE BAPHOHTbI CUCTEMBI B~
NAOTCs GE3YCTIOBHO XyALIMMA.

Haxoxaerme Mapeto-ommmanbHbix MPOEKTHBIX PELUEHH MOXET
MPOM3BOAMTCS IMBO HENOCPEACTBEHHO, IMBO C MCTIONb3OBAHWEM CrieL-
QrbHbIX METOROB, HAMPUMEP, BECOBOTO METOAC, METOAA paboUnx xa-
pakrepuctvk [4,5].

TPy PeLLEHMM ONTUMM3ALWOHHBIX 30AQY MOMYYaETCH HEKOTOpas
MHOTOMEPHQS MOBEPXHOCTb B KPUTEPMANEHOM MPOCTPAHCTBE, KOTOpas
Mpy onpeaeneHHbIX ycnoewsix conaaaet ¢ Mapeto-onmamansHoi no-
BepxHocTio [3,4]. MonydeHas B kputepransHom npoctparctse Mape-
TO-OMTUMAIBHOS MOBEPXHOCTL CBA3LIBAET MEXHY COBOM MOTEHLMANLHO
AOCTVDKMMbIE 3HAYEHMS NOKa3ATeneit kaecTaa (B obLuem cryyae 3aBu-
CHMBIX 1 KOHKYPHPYHOLLMX Meskaly cobo). Kpome Toro, npoeoas aHanms
MOXHO BISICHUT, KOK HEOBXOMMO M3MEHMTb 3HAUEHHS! OFHWX MOKA3a-
Tenei KQYeCTBa CUCTEMbI ISt YNYHLLEHMS APYIVX NOKO3ATENei,  TaKkke
BBISCHHTb, KOK NP 3TOM CIIEAYET M3MEHMTb CTPYKTYPY W NOPAMETPbI C1-
CTeMbI.

Ecnu HalpeHHoe nopmHoxecTeo [1apeTo-onTMManbHbIX BOPMaH-
TOB CMCTEMbI OKA3QNIOCh Y3KMM, TO HO AQBHEMLUMX 3TANAX MPOEKTH-
POBAHWA MOXHO MCMONb30BaTL NMoboM M3 Hux. Kak npaemno, nog-
MHOXecTBO [apeTO-ONTUMAnbHBIX BAOPUOHTOB COREPXMT MHOTO Ba-
PHQHTOB cHCTeM. [TO3TOMY BOSHMKAET 3004A CyXEHMS HOMAEHHOTO
nopmHoxectea [apeTo-onmManbHbIX MPOEKTHbIX PELLEHMH C MpK-
BNIEYEHMEM AOMOHUTENBHOM MHPOPMALMM OB OTHOLLEHMSIX MPEANo-
YTEHMS 30KA3YMKO CHCTEMBI.
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Mertopgpi cyxenuns mHoxectea Mapeto
A0 efMHCTBEHHOTO NMPOEKTHOro peLueHMs

Kak npaeuno, ans nocneaytoLpx 3Tanos NPOEKTMPOBAHKS, AON-
XEH BbITb BbIOPAH EAMHCTBEHHbI BAPUAHT CUCTEMBI, MOSTOMY BO3HM-
KaeT HeOBXOAMMOCTb CyXeHusi MopMHOXecTBa [TapeTo-onTUMasbHLIX
MNPOEKTHbIX PELLIEHNM A0 EAMHCTBEHHOTO BOPUOHTA CHCTEMBI C NPUEBNE-
YEHMEM [IOMOHUTENLHOM MHDOPMALMM 06 OTHOLLIEHMSIX MpepmoYTe-
HMS 3AKA3YMKA.

Takast MHGOPMALMS NOSBASETCS B PE3YSbTATE BCECTOPOHHETO
aHammsa [NapeTo-onmManbHbIX BapMaHTOB cucTembl. [lonyyeHHble
NPV STOM JONONHUTENBHAS MHGOPMALMS O MPEANOHTEHMSIX 3AKA34MKA
MCronb3yeTcs [ifisi NOCTPOEHMS HEKOTOPOWM CKANSPHOM LieNieBoM dyHK-
LM, OMTMMM3QLMSI KOTOPOM MPMBOIMT K BLIBOPY €[MHCTBEHHOTO BApPH-
QHTA CUCTEMBI.

OnH1M M3 PACTPOCTPAHEHHBIX COCOBOB CYXEHH MOAMHOXECTBA
[NapeTo-onTMManbHbIX PELLEHHIA SBNSETCS MOCTPOEHWE CKAMSPHOM
bYHKLMM LIBHHOCTH, OMTUMM3ALVS KOTOPOM MPMBOZMT K BLIGOPY ORHOTO
BAPMAHTA C1CTEMbI M3 ogmHoxecTea [apeTo.
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OcobeHHoCTH GYHKLUMOHMPBOAHUS ceTeil becnpoBogHOro
wupokononocHoro poctyna WIMAX
¢ ucnonb3oBaHnem TexHonormm MIMO

Menonbaosatme textononm MIMO nossonset ymerbLumts wmcio owwmbok npm papoobmere aaHHbim1 (BER) 6e3 cHivke-

HK1S CKOPOCTH NEPEnayn B yCIIOBUAX MHOXECTBEHHbIX nepeorpa)KeHMVt CHUrHQJIOB. ”pM STOM MHOTO3JIEMEHTHbIE OHTEHHbIE Y C-

TPOHCTBG obecneumsatoT pacLUmpeHne 30HbI NOKPLITUA POOUOCUTHAIIAMM, MCTIONb3OBAHNE HECKOMBKMX ﬂyTeﬁ pacnpoctpa-

HEHMSI CUTHCUIA, YBENMHYEHNME MPOMYCcKHOM criocobHocT ki csisn. B MIMO-cuctemax mcrnonb3yrotest pasimitbie nooxo-

Abl K pa3feneHnto CUrHasnos, Cpeay KOTOPbIX NPOCTPAHCTBEHHO-BPEMEHHOE, MPOCTPAHCTBEHHO-YACTOTHOE, NPOCTPAHCTBEH-

HO-NONAPH3ALMOHHOE KOOMPOBAHUE, A TAKXE CBEPXPA3peLLIeHMe NO HAMPABIEHUIO NMPUXOAA CUHAIIA B MOMEMHMK. VmerHo

obume noaxoAos K pasaeneHmo CUrHanos O6ndOBW'lO CTONb AONTYIO pGSPG6OTKy CTAHAAPTOB HA MCMOJIb30BAHME CUCTEM

MIMO B cpencrBax casiu.

Byxapes N.A.
Acrmpant Py UHAAC,
bukharev@zniis.ru

Mpocreiiwas aHterHa MIMO — 1o cuctema M3 AByXx HeCMMMET-
PH4HbIX BUEPATOPOB (MOHOMONE), OPUEHTUPOBAHHBIX, HAMPUMEP, MO,
yrmom £45° OTHOCHTENBHO BEPTUKANBHOM OCH.

Takoit yron nonsipusaLym CTaBuT 060 KAHOIG B POBHbIE YCITOBMS,
MOCKOSIbKY MPM FOPM3OHTASTBHO-BEPTUKQUTBHOM OPMEHTALIMM M3fTyuaTe-
neit OfHA M3 MOMAPM3ALIMOHHBIX COCTABMSIOLLMX HEM3BEKHO MOMy|Ma
6b1 GonbLLEE 3ATYXAHWE MPU PACTPOCTPAHEHMM BOSb 38MHOM NOBEPX-
HocTW. CUTHASbI, M3ITyHOEMbIE HE3OBUCMMO KOKIbIM MOHOMOSEM, MO
PM30BOHbI B3AMMHO OPTOFOHQIIBHO C [JOCTATOYHO BbICOKOM B3QMMHO
PO3BA3KON MO KPOCC-MONAPU3ALMOHHON COCTABASIOWE (He MeHee
20 gb). AHONOMYHOS QHTEHHA MCMOAL3YETCA M HA MPUEMHOM CTOPOHE.
Takolt nopxop no3eonsieT ofHOBPEMEHHO NEPENaBATL CUTHTbI C OAMHA-
KOBBIMM HECYLUMMM, MOZYSIMPOBOHHBIMMA PA3M4HbIM 0Bpasom. [TpnH-
LM MOMSPU3ALMOHHOTO Pa3AENeHms OBeCrnedmBAET yOBOEHHE MPOMyCK-
HOWM CMOCOBHOCTM JIMHMM PAIMOCES3M MO CPABHEHMIO CO CITyYaem Ot~
HOYHOTO MOHOMOMS (B MOEANBHBIX YCTIOBMSIX MPSIMOM BUIMMOCTH MPH
WEHTMYHOM OPMEHTALYM MPUEMHBIX M NEPEACIOLX QHTEHH). Takum 06-
PA30M, MO CyTH OBYIO CUCTEMY C BOMHOM MOMAPM3ALIMENA MOXHO CUt-
Tats cuctemont MIMO.

OproroHansHoe koauMposaHue

Hpyroe Hanpasnenme peanmaauym npuHupmna MIMO — ucnionb3so-
BOHME OPTOrOHABHOTO KOMMPOBAHMS (kak Npasuno, no dase) curHa-
JIOB, HE3GBUCMMO M3JTyHOEMBIX PA3HBIMM OHTEHHBIMM SNEMEHTOMM. XO-
pakTepHbii nprmep — npumeriere MIMO B yctpoiictBax crapapta
IEEE 802.11.

OmyH 13 BO3MOXHBIX MOXOAOB K PEAA3ALMM OPTOrOHANBHOTO KO-
AMPOBOHMS 3AKITIOHCETCS B PACLLMPEHMM CTIEKTPA MEPENABAEMOTO CHr-
Hana MeTopoM npsimoit nocnegosarensHoct (DSSS — Direct Sequence
Spread Specirum).

HansHerwmm pasemmem npuHna DSSS e cemeiictee cranpapros
IEEE 802.11 crano ucnonssoeanme & npotokone 802.11b metopa bo-
30BOM MOZYSILYM C MOMOLLBIO MHOTO(A3HOM (nondasHoi) komnne-
MEHTapHOM  KomoBoi nocnegosarensHocn  (metog, CCK  —
Complementary Code Keying). Mepsbim 1anoxun voeto BUHApHBIX KOM-
rnemeHTapHbix kopoe Mapcens foneit (MJ.E. Golay), 6onee nonysexka
HO3G, OMMCAB MX MPMHLYN 1 MeToapl reHepaym [2]. CyTb komrnemen-
TOAPHOTO KOMPOBAHMSI COCTOMT B MCTIOSb30BAHMM ABYX MOCENOBATENb-
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Hocteit au b, kaxaas 13 kaﬂeMeHTOE, C QBTOKOPPENSLMOHHbIMM yHK-
k—i -1
MIMA () = MR =
! A=Y aa,, " BlO) =Y bb
A A

rae i=0...k-1 — BoamoxHbIn capur, ans kotopbix A(i) + B(i) = O npu nio-
6om i#0un A(O) + B(O) = 2k.

Duanueckast MHTEPMPETALMS CABUIA B AOHHBIX POPMYIIAX — MPMem
MPSIMO PACMPOCTPAHSIOLLETOCs CUMHANA W CUTHAA C pa30BOIA 30ePk-
KOM HQ | SNEMEHTOB (YMNOB). MHbIMM CIIOBAMM, €CTIM CUCTEMA CBSI3M, MC-
MOSb3YIOLLAS KOMITIEMEHTAPHOE KOIMPOBAHME, PABGOTAET B YCIOBMSIX
MHOTOMYTEBOTO PACMPOCTPAHEHMS CUTHATIOB, TO B MAEAIE MEKCUMBOSTb-
HOSt MHTEP(EPEHLMS, BbI3BAHHASI HANIOXEHMEM CUTHAMOB C 301EPXKAMM
PACMPOCTPAHEHMS], [OMKHA OTCYTCTBOBATb, TAK KK CYMMO! MX OBTOKOP-
PENALMOHHBIX PYHKLMIA PABHA HYSTHO.

MNockonbky B crarpapte [EEE 802.11 npursita anddeperupansHas
ksappatypHas dpasosas mogynsums (DQPSK), Bcero moxer Gbitb yeTbi-
pe 3HaueHs ¢asbl, CaBMHYTbIE ApYT oTHoCHTenbHO Apyra Ha P0°. Cyb
npumeHermnss CCK coctouT B ToM, 4TO MOTOK TPAHCTIMPYEMBIX ACHHBIX
pa3bMBaETCs HA rPYMNbI MO 8 GUT Kaxkaas. [pynna 3aMeHsieTcs curHanom
C w3 8 unos C= (c;...c). Kaxapiit umn — 370 curHan, dasa kotoporo

onpegensetcs ksaptetom 1, O, O, § 4 Tak uT0
C=(cl..c8)= [ej(@+¢z+¢3+¢h)’ ej(‘ﬂ'*%*’@;)’ e‘f(ﬂ+¢z+¢4)’_ej(¢%+¢4),

ej(¢1+¢z+¢3)’ej(¢1+¢3)’ _ej(@’rd’z)’em

[MPUMEHMUTENBHO K KBOAPATYPHON MOZYNSILMM LEHCTBUTENBHOS 1
MHMMOS COCTOBNISIOLLME OTHOCSTCS K CUH(AZHOMY M KBAZPATYPHOMY Ka-
HQUIOM COOTBETCTBEHHO.

B rpynine sce 8 6ut pasbueatotcs Ha naps! (aBKTbY), KAXAOMy -
BUTY CTOBMTCS B COOTBETCTBUE OMPEAENeHHbIN SeMeHT Ga30BOro Keap-
Teta ¢, (dyd, = ¢,,d,dy — ¢,,d,d; — ¢,,d . d; — ¢,) . B 3aBrcumo-
CTU OT 3HQuEHMI bMTOB, O, OkasbiaaeTcs paskeiv 0°, 90°, 180°
270°. Mpuyem ¢, onpenensietcs Gasoi NpembifyLLEro CMMBONA U YeT-

HOCTBIO TekyLuero cumsona C B MOToke, MOSTOMY MOZYNALMS M HA3bIBO-
eTcs addepeHLanbHOR. MoXHO MokasaTs, YTO MK MoBbIX 3HAUEHHM-
X AMBUTOB nocnefoBaTensHOCTH C OKA3bIBAKOTCH KOMIMTIEMEHTAPHBIMM.

Ha npuemHoi cropoHe, Mpu yCnosmk CUHXPOHHOTO MPUEMA, [EKO-
AMpytoLLiee YCTPOICTBO BOCCTAHABIMBAET 3HaUeHHs {1, O, O, 04, a0

HUM — M 3HAYEHMsT MHPOPMALIOHHBIX BKT. B npocTterwem cyyae ob-
PABOTKA CBOAMTCS K CEAYIOLLMM BbIMUCTIEHSIM:

*® * * *
¢, = arg{nn, +ry, +rrg +rKd,

* * * *
O, =arg{nrn, +nr, +rr, +rr },

* * * *
¢y =arg{nry +nrg +rE g,

0, = arg{me_j‘p4 + rﬁe_m3 + 1”76_‘/% +r},
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rae r=[r,,.., rg] — npuHsiTas 8-6uToBaS NOCTIEROBATENLHOCTL. 3HAK * 03-
o * o
HQNCET KOMIIIEKCHOE CONPSIKEHNE: ecm 1= a + jb, To 1, = a — jb. PyHk-

ums arg(r) = arctg[Im(r)/Re(r)] = arctg(b/a). Pakmuecku B npouecce Ta-
KOM 0BpABOTKM OTHOLLIEHME CHTHAUT-LLYM YITYHLLAETCS! B CPEAHEM BBOE.

Mockonbky CCK-nocnenoatensHOCTH KOMMEMEHTAPHI, MPH Mpu-
MeHeHun TexHuki MIMO BO3MOXHA MX OBHOBPEMEHHAS TPAHCTALMS.
Hanprmep, yeTHble Ynnb! (1rm CUMBOTBI) NEPEaIoTCs MO OAHOMY GHTEH-
HOMy KQHQITy, HEYETHbIE — MO [PYTrOMY, MPU STOM OHW OKA3bIBAKOTCS
NPAKTAYECKU OPTOTOHATBHBIMM.

Passumiem npuHyna DSSS crana TexHonorms MynsTUreKcMpoBa-
s c kopoebiM pasaenermrem kananos CDMA (Code Division Mulfiple
Access). [py 3TOM HO OAHOM YOCTOTE M3MYYAKOTCS CHMHANbI C PASAYHbI-
MM B3GMMHO OPTOFOHANbHBIMW 6A3aMM (MCEBAOCTYHAMHBIMU KOAOBLIMM
nocnenoeaTensHocTaMu). [puuem ans koppensTopa, HACTPOEHHOTO Ha
onpegeneHHyto 6a30ByIO NOCNENOBATENBHOCTb, BCE APYTHE CUTHAbI Bbl-
IISAST KK Genbii Wwym. OUeBMIHO, YTO B STOM CITy4de NPM 1CMOMb3oBA-
Hun TexHonormn MIMO kaxkaoMy aHTEHHOMy KAHQUTY CTOBMTCS B COOT-
etceue onpeneneHHsii CDMA-kop, M cUrHanb! B HUX OKA3bIBAKOTCA
OPTOTOHABHbIMM.

MoM1MO KOLOBOTO PA3AENeHMs KAHANOB, Bee Bonbluee passuTHe
MOJTYHAIOT CUCTEMBI C PASAENEHMEM HO OCHOBE OPTOFOHAUIBHBIX HYOCTOT
(OFDM). Mpes metoaa — BMECTO BbICOKOCKOPOCTHOM MOAYTALIMM Of-
HOM HeCyLLEM MPUMEHSITb MOZYIISILMIO HOBOPA MOAHECYLLMX C FOPA3AO0
MeHbLLE} CKOPOCTBIO. Bech ayanasoH pasbreaeTcs Ha HECKOILKO OpTO-
TOHQIbHBIX YaCTOT BUAA s, (1) = A-sin-(2x[ f, + nAf]) rae n=0,..,N;
Af— nHTepsan mexay noaHECYLLyIMM.

BxoaHOM NOTOK AAQHHBIX AEAMTCS HA MPYNbl (CUMBONbI), KOTOPbIE MC-
MONb3yIOTCS [i/15i OBHOBPEMEHHOM MOTYTISILMM KoM nopHecyluen. K
CMMBONOM [OBABMSIOT 3ALLMTHBIE MHTEPBAbI (ay3bl) Kak 3ddexTHBHOE
CpencTBo Gopbbbl C MEXCHMBOILHOM MHTEPdEPEHLE. YTobbl METOR
6Bbir1 SPPEKTUBEH, YMCTIO MOAHECYLLMX JOIHKHO BbiTb JOCTATONHO 6OsIb-
LLMM — OT AECSTKOB A0 Thicsiy. Tak, B cranpaprte IEEE 802.11 au g me-
nonb3ytor 52 nopHecyuye, B crangapre IEEE 802.16 — or 200 po
2048, B crieLyidHKaLKM HAZEMHOTO LiyipPOBOTO TENEBU3UOHHOTO BELLIO-
Hyst DVB-T — 6817 nopHecyuyix yacror. Kaknast 3 Hux Mogynmpyetcs
NOCPEACTBOM MHOTOYPOBHEBOM KBOAPATYPHOM Modyrsiyn. BeixogHor
MHOTOHYQCTOTHBIM CUMHQUT CUHTE3MPYIOT MOCPEACTBOM OBpaTHOrO BbICT-
poro npeobpasosarms Pypee (OBMND).

OuesmpHo, uto cuctemsl OFDM o npupoge ceoeit npucnocobne-
Hbl st npvMereHus TexHonorm MIMO, npuyem pasnmuHbIMM crioco-
6amu. Texrka MIMO-OFDM npepycmotpera cranpapramu [EEE
802.16, npoextom IEEE 802.11n (puc. 1), psimom apyrmx nepcnexmis-
HbIX pa3pABOTOK B 0BNACTH BECTPOBOAHBIX CETEN NEepeaar MHOpPMa-
L.

Crepnytowym warom pasenus TexHkn CDMA 1 ee nHterpawym ¢
OFDM crano wacrotHo-kopoeoe paspenerue kananos MC-CDMA

(muli carrier CDMA — mrorouactotHbiit CDMA)). Brepabie 31a TexHo-
norus Gbina npegioxera B 1993 r. npodeccopom KanmepopHuiickoro
yHveepauteta B bepkm Junnapeuom (Jean-Paul Linnartz) Ha tpagiup-
OHHOM MeXayHAPOIHOM CHMIMO3MYME MO MEPCOHATbHBIM MOBMITbHBIM
n BHyTprodmcHbiM kommyHikaLmsm (PIMRC — Personal Indoor and
Mobile Radio Communications) & Mokorame [3]. UaHauansHo npemna-
ranoch NepenaBaTL KAXAbIA BUT MCXOIHOTO COOBLUEHHMS HO HECKOSbKMX
OpTOroHAbHbIX MOAHECYLX. Ha KaKaoi 13 yactoT BuT fomkeH same-
nsmoest CDMA-komom gl N (puc. 2). B pesynistate Ha Bcex nogHecy-
LUMX CUTHOU OKASbIBAETCH 3OLLMLLEHHBIM OT MEXCHMMBOIBHOM M MEXKG-
HQITEHOWM MHTEPPEPEHLIAM ABCXKEb! - YOCTOTHBIM 1 KOFOBBIM POAETIEHMEM.

Mo npoLuecTBim BpeMeHH, B NepBYIO OMepeah — B CBSI3M C MOMCTH-
He B3pbiBHbIM pasauTiem OFDM-ycTpoicTs (cuctemsl Takux Maccosbix
cranpapros, kak [EEE 802.11 a/g, DVB, cucrems! umdposoro pagmo-
BELLOHMA W T.N.), CTQM MOSBASTLCA PASMMYHBIE BAPUAHTbI PEQNA3ALIM
Textonorn MC-CDMA. CeropHst ee MOXHO paCCMATPMBATH KOK AQUTb-
Hemwee passmue koguposarHoi OFDM-mogynswm (COFDM), Tem
Gonee uto kak crHormm Tepmia MC-CDMA sauactyio ucnonbayertcst
noxsitne OFDM-CDMA.

B "knaccnueckmx” cncremax cessu OFDM-CDMA ucnonbayetcs
omH TpaHaveep. B cryyae npumeneris cuctem MIMO vexopHsiin no-
TOK AAGHHbIX pa3BMBaETCs Ha cybroToku Mo umany manyyareneit MIMO-
nepenarimkos. B kaxkaom cybriotoke npumensietcs ceoit CDMA-kopg, 1
fanee KOOMPOBAHHAS MOCTENOBATENHOCTL BUTOB MCronbayeTcs Ayis
dopmmposatis OFDM-c1MBoros, napaiesnsHo TPAHCIMPYEMBIX K-
AbiM nepeparinkom (puc. 3). Takoit nopxop No3BONSET NP OFHUX M Tex
Xe HOMMHQNAX 4acToT pasaensts kaHars! nepeaast MIMO-cucrems!
30 CHET [OMOSHUTESLHOM OPTOTOHAIEHOM KORoBOM Mogyssity. Ha npu-
emHoit cropote 13 OFDM-curHana cHauana BoccTaHaBMBAOTCS OpTO-
roHanbHble Hecylyte (¢ nomoLusio BIMP), a satem Ha KaKAOM 13 Hix cur-
HQ IEKOMPYETCA MyTeM KOPPETALIMOHHOM 06paboTki.

Ins MIMO-cricrem BosmoxeH v apyroit BapuarT peanmsaummn MC-
CDMA, «orga crauyana ¢ nomousto OBIM® cuHtesmpyetcs notok
OFDM-ciMBONIOB, O 30TEM OH MOABEPraeTCs AOMOSHUTENLHOMY
CDMA-kommposarmio. Mpuuem mexopbid notok OFDM-cumsonos
pacrpenensieTcs Ha CyBrnoToKM s KAXoro mayuatens. [ns kaxaoro
cybnotoka ucnonb3yetcs csoit CDMA-kog, kogeps! pacrionaraiotest ne-
pen xonom LIAI aHrenHbix Manydateneit. Moy sTom c1rHans pastbix
QHTEHH MMEIOT OIHM M Te XKe YOCTOTbI, O PA3AETIEHWE NP NPUEME MPO-
mexopur ¢ nomottipto CDMA-kopa: B npremHike Ha nepeom Stane npo-
WM3BOZMTCS KOPPESSILMOHHAS 0BPABOTKA € BOCCTAHOBNEHMEM MOKETOB
FAPMOHMYECKWX CUTHAUIOB C HEMPEPLIBHOM (a3oit (CBOM CHHycoMpans-
HbIit nakeT ans kaxxgoro nanyyarens MIMO), a satem sBoccraraenmea-
IOTCS! CUTHATBI HO KOXKEOM OpTOroHanbHoM noaHecyLueit OFDM ¢ nomo-
weio BINP. Oba paccmorpettbix Bapuarta MC-CDMA ro kauectsy
nepencn MHGOPMALMM, B MPUHLMIE, PABHOLIEHHDI.

OBMND 1
@ HacTotHoe DopMupoBaHie LoBaBNEHKE LLATT 1
2 [ nepemexerme [ 7| QAM-camBonos ™ ki ) BY-Gnok
4] P JOLLMTHBE
] 'c;: HHTEPBONOE
BxonHoi § = . - Pacnpenene- = :
notok — | FECkopep P o = . 7 HWe NoTOKOoB 5 3
ICIHHEX g0 . - Mo dHTEHHAM . .
=
Z 0 OBND u
o
§ 8—_’ YacrotHoe Dopmuposarme poBueneHie LIATM 1
g | | nepemexeHie CAM-cumBonos =HEHAIEE A BY-Bnow
= WMHTE PRONOE
npOCTdeCTBeHbIe NCTOEW AHTEHHEIE KOHANE!

Puc. 1. Cucrema nepepaunt MIMO-OFDM
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ml0] cos(2xf_ 1)
5 1[1]
Akl | -
cmll] cos(2xf t + 2nAf)

mN-1]

cos{2af 1 + 2ranAl)

Puc. 2. Crucrema MC-CDMA rio JTnntHapety
MNpocTpaHcTBeHHO-BpeMeHHOE KOAMPOBAHKE

BriouHbie MeTogp NPOCTPaHCTBEHHO-BPEMEHHOTO KOAMPOBAHMS

B 1998 r. Anamoym (Siavash Alamouti, cerogHs — coTpyanmk kom-
nanmm Vivato) npeanoxun Hosbii noaxos k pazaenermio MIMO-curHa-
1o Ha npuemHoit ctopoHe [4]. Hosas cxema, Ha3BaHHAS NO MMeHM aB-
TOPQ, OTHOCHTCS K KIIACCY OPTOFOHQMBHOMO MPOCTPAHCTBEHHO-BPEMEH-
Horo 6rokosoro kogmposanua (OSTBC, orthogonal space-fime block
codes).

MPMHLMN KOAYPOBAHMA MO ANGMOYTH COCTOMT B TOM, 4TO MOAIEXA-
Las NepeRaye NoCNeaoBATENbHOCTL CHMBOMIOB PA3BMBAETCA HA NapsI
(HAMPMMEP, CMEXHBIE YETHBIN W HEHETHBIA CHMBONTBI) X 1 X, 1. Llnst nepe-

[AQ4M Takoro BrioKa TpeByloTcs [ABA M3MyHaTeNs M IBA MHTEPBAS Nepe-

nayn. B nepeom uHTepsane nepepaiotost anterHa 1 Gymet uanyyats

CHIHQN CHMBONA X, TOTAQ KOK OHTEHHA 2 — curHan x, ;. B crenyroluem
«

BPEMEHHOM MHTEPBA/IE AHTEHHA 1 nepenaer curHan X,+

1+ O GHTEHHO 2
*
— curHan X,

Puzpueckas CYLLHOCTb TOKUX MGHMI'IyHﬂLIMlji C 13MTyHaEMbIMU CUTHO-
NIOMM CTAHOBMTCS SICHOM, €CJTM BOCTONb3OBATLC MX MATEMOTUHECKMM
npeacrasneHnem:

X =4 +jbi’

X1 = Aiyy +]bi+1a
,

x;, =a,— jb,,

* .
_xi+1 = _ai+1 + Jbi+l‘

HecnoxHo 3ametuTs, YTo €cu B NEPBOM BPEMEHHOM MHTEPBASIE
CUTHQNbI CMHBA3HBI, BO BTOPOM OHM 0Bsi3aTenbHo ByayT B npoteoda-
3e, 1 HaobopoT. Ecrivt xe ¢asbl c1rHANoB B NepBOM MHTEPBAE OPTOro-
HanbHbI (pasHocTb 90°), To OHM TAKOBBIMM OCTAHYTCS M BO BTOPOM, C TOM
ML PA3HULEH, YTO OnepexeHie asbl U3nyuenms noodepenHo byaet
BO3HMKATb TO HO MEPBOM, TO HA BTOPOM QHTEHHAX.

Korna nepenaiolLias QHTEHHASH CUCTEMA COCTOMT M3 ABYX HECMMME-
TPMUHbIX BUEPATOPOB, PE3yTNETUPYIOLLAS AMAMPAMMA HOMPABNEHHOCTH
(OH) cywectBerHO 30BMCUT OT COOTHOLWEHMS hA3 BXOAHBIX CUTHOSOB
(puc. 6). B obiwem cryuae pesynstpyiowuas [IH otknowsietcs o Hopma-
1M K NIMHAM, COBMHSIOLLEN BUOPATOPSI, B CTOPOHY NEMEHTA, HA KOTO-
POM a3a CUrHANA 3ANa3AbIBOET.

Takum 0BpPa3zoM, MaKCHMYM SHeprin curHanbHoi cmecn MIMO,
KOLMPOBAHHOM M0 ANAMOYTH, M3MMyHaETCs! KAKIMA PA3 B PA3IMYHBIX HO-
MPCBNEHMSIX, MPUHYEM PA3NMHHBIX A1 KOXKIOM HOBOM NepenaBaemoi na-
bl CUMBOJIOB B 30BUCHMOCTM OT PAZHOCTU A3 CUTHANOB. DTO NOBbILLC-
er BepOﬂTHOCI'b nx I'IpOXO)Kﬂ,eHVIﬂ C yquOM HASTMYMA MHOXECTBEHHbIX Ne-
peoTpaxXaTenem.
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Puc. 3. Cucrema OFDM-CDMA

[nsi nprema KOBMPOBAHHOTO MO ANAMOYTH [IBYXCMMBOSTLHOTO CHT-
HQUIQ JOCTATO4HO OFHOM MPUEMHOM GHTEHHBI 1 MOPbI BPEMEHHBIX OTCHE-
TOB CUTHQITbHOM CMECH. Takvm 0BPA3OM, PAKTUHECKU MOXHO OBOMTUCH
ancremoint MISO. Mpu oupdposke curHansHOM cMecH B ABYX Nocneno-
BATESbHbIX BPEMEHHbIX MHTEPBAIAX MOJTYYMM COBOKYMHOCTb HAMPSKE-

HUA Y U Y g
yi=hx, +hx,, +n,

5

.
Vin =—hxy, +hox, + 0,

rme N, N, — OTCYETbI HAMPSXEHMI BHYTDEHHETO LLYMA MPMEMHMKD, O
h,, h, — nepenaTouHble XAPAKTEPHCTUKM KOHQNA A1 CUTHANIOB, M3y-
YEHHbIX nepBoFi U BTOpOFi CQHTEHHOMWU, COOTBETCTBEHHO. ﬂ,BG BPEeMEHHbIX
OTCHETA HEOBXOMMMBI 15l TOTO, HTOBbI YHCTO YPOBHEHHI B CHCTEME POB-
HSIOC YMCITy HEU3BECTHIX.

Inst oueHku xapakTeprcTuk karana nepeaam hy u h, npu sxoxae-
HIW B CBSi3b TOOHCTIMPYIOTCA 3QPAHEE U3BECTHBIE MMMOTHLIE CHTHATBI Z 1
., B npuemHmke peLiceTcs MpuBEaeHHCS! BbiLLE CUCTEMA YPOBHEHMH,

Fe B KQYECTBE HEW3BECTHBIX BLICTYMNCIOT NEPEACTOHbIE XAPAKTEPUCTH-
K1 kaHana hy v hy:

.
= YiZi — VinZin
= il

2, 2 >
Z Tz

*

A _YiZi Tt ViZia
2 2+ 2
Zp TZy

lNocne ycTaHOBNEHMS CBA3M MO M3BECTHBIM 3HAYEHMSM MEPENaTOY-
HbIX XOPOKTEPMCTVK AEKOMMPYIOTCS NOPbI NEPeaaHHbIX cumeonos [4]:

X, =hy,+hy.,
X =y, —hy.,.

JaHHble COOTHOLLIEHMS SBNISIOTCS ONMTUMATBHBIMM OLIEHKOMI MOKCH-
marbHoro npaegonopobus. CneayeTt, OaHAKO, UMETb B BUlY, HTO XOPaK-
TEP NEPEOTPAKEHMI HA TPACCE PACMPOCTPAHEHMS CUITBHO 3ABMCMT OT
HOMPABIIEHS M3yueHms, nosToMy anst cctem MIMO mssecTHbIM B aH-
TEHHOM TEOPUM MPUHLMI B3AMMHOCTU NEPEATIOLLIMX M MPUEMHBIX GHTEHH
MOKET He BbIMOSHSTLCS. STO BbIHYXACET HE3OBMCUMO PACCHMTLIBATH X
PAKTEPHCTUKA KOHQIOB MEPEACM B MPSIMOM 1 OBPATHOM HAMPABEHHM-
sx cBsisu. OpHAKO HO MEpPEAaIoLLEN CTOPOHE 3HATL CBOMCTBA TPACCHI
PACMPOCTPAHEHMS! CUTHAOB He TPEBYETCs.

197



a2 |4 3 4.0 12 |2

5|4 1516 14 22
q

111141 | 8 g | 21 4

2 (7 (1218 2 (34 | ]

Puc. 4. Mpeobpasosarie anemeHToB Marueckoro keaapata 4x4

MISO-cxema Anamoym mcrionbayetcs & crangapre IEEE 802.16-
2004 (WiMAX). Comacto aaHHbim kopriopawm Intel, Takoe koavpo-
BAHME B YCIOBHSIX MHOTOKPOTHbIX MEPEOTPCKEHMIA MO3BOSISIET B KOHEN-
HOM CHETE MOTyUMTb BbIMMPBILL B OTHOLLIEHMM CHTHAUT-LyM okono 5 ab st
mopynsym BPSK v go 10 gb — s 64-QAM.

[naBHOE OrpaHUYEHUE B MPMMEHEHNM POCCMOTPEHHOTO METOAA KO-
AMPOBAHMS — [ONYLLEHWE O HEM3MEHHOCTM XAPAKTEPMCTUK KAHAUA He
TOSLKO B ABYX MOCSIEAOBATENbHbIX BPEMEHHBIX MHTEPBAIAX, MO KOTOPbIM
PACCHMTBIBOIOTCA MEPEAATONHbIE XAPAKTEPUCTUKM, HO M BIUIOTL IO MO-
MEHTQ OKOHYOHHMS MPHEMA MoNe3HoM MHbopmaumu. o stoi npuimHe
MPOCTPAHCTBEHHO-BPEMEHHOE KOBMPOBAHKWE ANAMOYTU A1l MOBMTTbHbIX
QBOHEHTOB COMPOBOXACETCA NOLEHMEM SPPEKTMBHOCTM MEPENAYM.

BMecTo manyueHs napbl CUTHAIOB B [iByX NOCNEOBATENbHBIX BPE-
MEHHbIX MHTEPBAIIOX MX MOHO NEPEIaBATb OHOBPEMEHHO HA IBYX Op-
TOTOHABHBIX YACTOTAX. TAKOM METOL, KOBMPOBAHHMS HA3LIBAETCS NPOCT-
POAHCTBEHHO-4OCTOTHbIM W MO3BOMISET YBESMYMTL MPOMNYCKHYIO Criocob-
HOCTb M0 CPABHEHMIO C MPOCTPAHCTBEHHO-BPEMEHHBIM METOTOM. [pyH-
YN KOZWPOBOIHMS CUTHAIICl COCTOMT B TOM, YTO NOPbI CUMBOMOB X. M X, |

NepefatoTCst COOTBETCTBEHHO AHTEHHAMM 1 M 2 Ha NepBoit YacToTe, d
o
CHMMBOTbI X, 1, X; — HQ BTOPO 4QCTOTe, MpM 3TOM CUTHATb! 0Bemx Hac-

TOT M3MYHAIOTCS OFHOBPEMEHHO.

AribTepHATUBHBI MeTomy ANAMOYTU MOEXOA K MPOCTPOHCTBEHHO-
BPEMEHHOMY KOAMPOBAHMIO COCTOMT B UCMOMb3OBAHMM MyITBTUIMIEKCH-
POBAHMS CHMHASIOB MO MPHHLMY Mar1yeckoro ksagpara [6]. Stor mexa-
HM3M MO3BOET NPUMEHSITL CHCTEMy 13 2M uanyuaTener, paboTaoLwpx
Ha MpremHyio Lyidposyto aHTeHHyto petuetky (LIAP) u3 2M anemerros.

Mar1ueckuit KBoppaT NOpSaKa N MPEACTABNAET COBOM KBARPATHYIO
TAGMMLY YMCEN PASMEPOM N X N, 3CMOMHEHHYIO LIENbIMA YMCOMM OT
1 1o n%. CyMma Ymcen B KKIOW CTPOKE, B KOXKAOM CTONBLE, O TaKKE B
ABYX [MICBHBIX AMATOHASSIX JOSDKHA BbiTb OIMHAKOBA.

Takast YMCnoBas CXeMa MOMOXEHA M B OCHOBY PACCMATPMBAEMOTO
meToaa koanposaHus. [NpennoxerHbii B nybmvkawm [6] koa npeano-
NIAraeT NPeobPA3OBAHME SMEMEHTOB MATMYECKOTO KBOAPATA 4x4: Bme-
CTO MexopHbIx Ymcen X ucnonbaytotea Xy 4 — X 3HAUEHHS Mo MOpyITio

A(Xmod4=4, eam Xkpatmo 4; X 1 =X ecm X<4; npr>4Xmod4

pasen octatky ot aenequa X Ha 4). [na seibpanHoit B paborte [6] sep-
C1M MAMMHECKOTO KBORPATA MMeem (puc. 4).

B nomyyeHHOM YMCTIOBOM KBAOPATE CyMMbl SfIEMEHTOB MO BCEM
CTPOKAM, CTONBLIOM 1 MABHbIM AMaroHansm pasksl 10. Yucna cootser-
CTBYIOT HOMEPOM YETBIPEX MOCEAOBATENbHBIX CUMBONOB S, Sy, S5 U S,

nogniexalyx nepeaade. CTpokM COOTBETCTBYIOT QHTEHHBIM M3fTyuaTe-
1AM, O CTONBLbI — BPEMEHHbIM MHTEPBONICOM NMEpenaym.

Ha npremMHOM TepMUHArNe ¢ OBHOM QHTEHHOW NOJTYHAIOT YeTbipe No-
CNIEAOBATENbHbIX OTCHETA CUTHANBHOM CMECH Y, Vi1, Visor Yig Y PELLCIOT

cucTemy:
Vi=hy S+ hyS +hi S+ h S+,
Via = hi+1,1S1 +hi+1,2S4 + hi+1,3S2 +hi+1,4S3 tn,,
Vir =hiy Sy + b, Ss+ b, S+ kL WS 0,
Vi =l Sy 408, +h 3 Sy + 0, S+,
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roe n,., nm, n‘.+2, n,.+3 — OTCHETbI HANPS>KEHUU BHYTPEHHETO LLyMa Npu-
eMHKKQ, a h'. m— M3BECTHOS NEepeaaTo4Has XApAKTEpPMCTUKA KaHana

LISl CUTHQUIOB, M3My4eHHbIX M- QHTEHHOM B iHA MOMEHT BpemeHM. [aH-
HOS! CUCTEMA YPOBHEHMI OTHOCUTENBHO HEM3BECTHBIX 51-8 4 peluaetcs

METOLOM HOMMEHBLIMX KBOLPATOB.

B ueTbipexaHTEHHOM MPMEMHMKE OLIEHKA OMIUTMTYA, MOXET BbiTb
MPOM3BELEHA MO OFHOMY OTCHETY HAMPSKEHWA MO BbIXOAAM STUX QH-
TeHH. [Tp1yem BMECTO BPEMEHHBIX MHTEPBAIOB MOXHO WCTIOSIb30BATH He-
TIPE OPTOrOHQUIbHBIE HECYLLE, YTO MO3BONSIET MOBICHTH MPOMYCKHYIO
CMOCOBHOCTL NMHMK CBSI3W. [isi NEKOIMPOBAHMS MEPEACHHOTO TAKMM
CNocoBOM YETBIPEXHACTOTHOTO MAKETA IOHHbIX NOTPEGYETCS PELLINTH Cit-
cremy 16 ypasHeHmit.

Meron Marnyeckoro keagpara [6] sddekmveree cxembl Anamoy
My BLICTPbIX 3AMUPAHMSX CUTHAIIOB HA TPACCE PACTPOCTPaHeHNs [7].
Ecm otHowenme curHan-uym coctaensier 18 ab, Meton manyeckoro
KBOLPATA OBECTEYMBOET BEPOSTHOCTb OLUMEKM, HA [1BQ MOPSIIKA MEHb-
Lyto, Yem meTog, AnamoyTu. B To ke Bpemst Mpr MeZyIeHHbIX 3aMUPAaHH-
§IX KOPTMHA MEHSIETCS! HOI MPOTMBOTIOSIOXHYO, XOTS M C MEHBLLIVM PA3Pbl-
BOM M0 3HAYEHMIO BEPOSTHOCTM OLLMEKM.

Peleryaroe npoctpaHcTBeHHO-BpemeHHOe KoaMpoBaHHE

[MporyckHas CNocoBHOCTL cUcTEMBI B LienoM U ee BER Taicke B He-
MQUIOM CTEMEHM OMPENENSIOTCA BbIBPAHHBIMM QNFOPHUTMAMI AEKOAMPO-
BaHMsI. Bce OCHOBHbIE QNTOPUTMBI IEKOOMPOBAHKS CTPOSITCS HA Cliedyto-
LUMX BOMOXHBIX MPMHLIAMOX: MPMHLMM MAKCUMONBHOTO MPOBLOMOAO-
619, NMPUHLMM MAHMMOUBHOM CPEAHEKBOIPATMHHOM OLLMOKY, MPUHLMM
0BHyneHwst. MPUHLMN PeLLIETYATONO KOBMPOBAHKMS BBIPCKAETCS B MpH-
CBOEHWM KODKOMY Mepexofly OT OfIHOTO CHMBOMIG K APYTOMY YHUKQUTb-
HO¥ MOCIENOBATENBHOCTH BT, POPMUPYEMOI HO OCHOBE 30PaHEE 13-
BectHoro nonmHoma. Kogep STTC npepncrasnser coboi coBoKynHOCTb
M-PSK 6o M-QAM Mogynsmopa M peLLeTHaToro Kopepa € 30A0HHIM
MOMMHOMOM (B 4aCTHOCTH, Kopepa Birep6u ).

[MpoctpaHcTBerHas cenekums

Pazgenus curHansl MIMO-cictem MoxHO M Ha OCHOBE MPOCTPAH-
CTBEHHOM MX CENEKLM, MO YITIOM NPUXOL HA MPUEMHYIO aHTeHHY. Ecrin
CUrHQMBl HO MPMEMHMK MOCTYMCIOT C PA3HBIX YITIOBbIX HAMPOBEHMH,
PASMMHCIOLLXCS Boriee Yem Ha WpmHy fyya [IH npreMHoM aHTeHHbI,
TO X MOXHO PA3ENTL OBbIHHOM MPOCTPAHCTBEHHOM cenexupeit. Ha-
MPMMEP, B CIyHOE [BYX CHIHOMOB, C MOMOLLBIO MPMEMHOM smart-OHTeH-
Hbl (LLAP) MoxHo cdopmmposaTs asa Hesasmcumbix nyya [IH v copuen-
TUPOBATb MX B HAMPABEHMSIX MAKCUMOTBHOM MPMXOMSALLEH MOLLHOCTM.
[nsa yBenmueHms yrmoBoro pasHOCA TPACC MPOXOXAEHMS CUTHAMIOB MOX-
HO MCKYCCTBEHHO OpwMeHTMpoBaTL [IH nepeaatoLLei aHTeHHb! He B Ha-

MeTournkn
CMIHaNoB

) Hi

Mpectpazosatma
Pypre
Meron
Kefnona

________*;__JUL__VA_,

Puc. 5. Dddpekt cepxpaneesckoro paspeLueHits AByX CUrHANOB MO METORY
Kernowa (B cpasHermn ¢ knaccuueckoi obpaboTkoi nocpeacTsom
npeobpasoeaus Pypee)
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MPABEHMM MPUEMHMKA, O B CTOPOHY MOLLIHOTO MEPEOTPaXaTeNst (ropbi,
BBICOTHOTO 3AQHMS W T.M.).

Ecnmt e pasnmums B HOMPOBIIEHMSIX MPMEMO CHTHAIIOB HE MPEBbILLA-
10T LLMPMHBI TIGBHOTO Jy4a pe3ynsTpytoLLei npuemtoit [IH, a octans-
Hble X MOPAMETPbI COBNAAQIOT, curHambl nepeaarinka MIMO moryt
ObiTb Pa3AEneHsl HAO OCHOBE METONOB YIIOBOTO "CBEPXPA3PELLEHHS".
[OSICHMM CYLLIHOCTb OIHOM M3 TAKMX MPOLIEAYP HA MPUMEPe ABYXBMOpPa-
TOPHOM QHTEHHbI.

Ecnm yrnoesie koopayHaTs! manydarened (bm) otHocutensHo Hop-
MQI1 K MPUEMHOM GHTEHHE M3BECTHbI, 30AQYA PA3AENEHMS CUTHAIOB,
M3Ny4EHHbIX NAPOI BUOPATOPOB, CBOAMTCS K PELLEHMIO CUCTEMbI YPAB-
HEHMM, COCTOBMEHHbIX NO ofHoMy otcyety ALIT:

»=h (ﬂl )X, +h, (ﬁz)xza
¥, =h(B)x, +h(B,)x,,

TE ), Yy — BbIXOIHLIE HAMPSKEHMS MPHUEMHBIX GHTEHH; X, X, — HEM3-
BECTHbIE KOMMIEKCHbIE QMMMTY b M3fydeHHbix curHanos; hy ([, ),
h,(B,,) — v3BecTHble [IH NPMEMHBIX GHTEHHBIX MEMEHTOB B HAMPABTE-

HMSIX MCTOYHMKOB M3My4EHMS.

HewssecTHble yrnoBble KOOPAMHATHI UCTOHHMKOB M3MyHeHUs  Orpe-
[ENSIIOTCS HA STAne BXOXAEHMS B CBA3b NPM LIMPOBOM POPMMPOBAHIM
[H, 715 5T0ro MOXHO MPUMEHSITL HENMHENHBIE MOTEMATUYECKUE OMepa-
wm — Hanpumep, npoueaypy Keitnowna (puc. 5). B pesynstare OH no-
AOBHbIX MPUEMHBIX OHTEHH (SBASIOLUMECS BUPTYQNbHBIMA PyHKLMAMM)
ByLyT KPOMHE Y3KOHAMPABEHHbIMM M OCTPOKOHEUHBIMM, HTO NO3BOSSIET
MOBBICHT MPOCTPAHCTBEHHYIO M3BHMPATENBHOCTL AHTEHHOM CHCTEMBI. Xa-
POKTEPHO, YTO NEPEAABATL CUTHASbI B AGHHOM CITyHOE MOXET GHTEHHA C
wmpokor [H. 310 0cobeHHO BAXHO, NOCKONbKY MW HERWHeMHOM 06-
PABOTKE MPHHLM B3AMMHOCTH HE BbINOMHSIETCS 1 BOCTPOM3BECTH CTONb
Xe ocTpokoHeuHble [IH s nepenaioLLieit aHTEHHbI HEBO3MOXHO.

T-Comm, #7-2010

Crepnyet otmetuts, uto B peskume MIMO umdposoe ararpammo-
06pa30BaHUE CO CBEPXPA3PELLIEHIEM BbICTPO TEpSET CBOIO SdeKTHB-
HOCTb C yBENM4EHMEM PaCCTOsHMS nepedaum. Hanpumep, B 6asosoit
craHm (BC) caepxpaspeLLeHite CUHANOB ABYX U3MyHaTENen TEPMUHA-
JIOB MOXHO PEQIM30BATb HO PACCTOSHYSIX B COTHW METPOB, a My 60rb-
LUIEM YWCTIE HE3OBMCHMBIX IEMEHTOB B MEPEACIOLLEN QHTEHHE — 1 TOTO
MeHbLLE.

WHoe peno — npuem curranos BC camum TepmmtHanom. Kak npa-
swno, 8 MIMO-cucremax Ha BC moxeT 6GbiTb cO30OH CPABHMTENLHO
6OMbLLOM PA3HOC QHTEHHBIX 3nemerTo — Ao 10 gnmH BonH. Sto obec-
MEYMBOET JTyuLLYIO IEKOPPETISILMIO CHIHAJIOB B PEXMME MEpenayn Ha
TepMUHA. [OTEHLMANBHO TOKOE PeLLIeHMe MO3BOMSET MPUMEHSITL PA3-
Hbie MeTopp! Ast pasaenenis MIMO-kaHarnos B OTHOLLEHWM BXOISILLETO
M MCXOMALLErO TPAHKOB.
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CoBpemeHHble MeTOabl ONTUMM3ALIMK
6usHec-npoueccos pa3paboTku U BHeSPEHUS
HOBbIX MHHOKOMMYHUKALIMOHHBIX YCITyT

Ha ceropmsiuHmi neHs Ha pbiHKE MHGOKOMMYHHKALH HOBIIOAAETCS MOSIBNIEHWE BCe GOMBLIETO KOMMHYECTBA HOBbIX
YCIYT, MMEIOLLMX HEMPOROIKUTESTbHbIN KH3HEHHBIF LAKIT M MPMHOCALLMX HeBonbLume foxombl. B To xe spems mx go-
1151 HQ PbIHKE MHPOKOMMYHMKALAH Mpofomkaet pact. [Tou CyLLecTByioLLMX MPOLIECCAX MPENOCTABIEHMS yCITyT Ta-
KKe yCITyrv He MOTyT CTQTb L5l OIEPATOPOB MPMBbUTbHbIMM. PACCMATDMBAIOTCS HOBBIE METOLbI M TEXHMYECKME PeLLie-
HU$i, MOSIBUBLUMECS HA PbIHKE MHPOKOMMYHMKALH, KOTOPBIE MO3BOSSIOT CyYLLECTBEHHO OMTUMM3MPOBATL BU3HEC-
MpoLeccs paspaboTKM 1 BHEAPEHMS HOBBIX YCITYT, MPMBIEYb HEBOSbLLME KOMIAHMM I SAXE KOHEYHbIX MOTpebM-
Tenei K MpoLeccy Co3aHms yCyr st HEOOMbLLMX LIENEBBIX Py M, TEM CAMbIM 3aHSTb CBOE MECTO B AAGHHOM Cer-

MeHTE PbIHKQ.

Monkaxor EN.,
Textmdeckmid upextop OO0 "Pupma "CBETEL],
epolkanov@svetets.ru

Edpumywkmun AN.B.,
seaywysi cneumamct OOO "CBETEL] TexHonomku'”,
i.efimushkin@svetets.ru

Beenenue

[NocrnenHme HECKOMBKO NET PbIHOK MHOKOMMYHMKALMOHHBIX YCITyr
MPOLOMKAET PA3BUBATLCS 3HAUUTENBHBIMM TeMrIamM. Pactet He Tosbko
CYMMOPHbI OBbEM JOXOLOB OT YCIIyT, HO W CMIEKTP MPE/IArCEMbIX YChyT.
CeropHst aBOHEHTAM Y>Ke HE[OCTATOYHO TPAIMLIMOHHOM TenepoHHOM
CBSI3W, MX TPEOOBAHMS M 30MPOCHI HEYKIOHHO BO3PACTAIOT, CTAHOBSICH
BCe Gosee ConePXATENbHBIMM M M3BUPATENBHBIMA.

[yt STOM CTOMT OTMETHTB, HTO BMECTE C KONMYECTBOM M3MEHMITCH U
camu ycryrn. B Hadane 21 Beka ocHOBHYIO 4ACTb AOXOLOB COCTABMANO
BCETO HECKOSBKO YCIYT C [ITENbHBIM XM3HEHHBIM LIMKIIOM, HAMPUMEP,
TenedoHms 1 foctyn B MHtepHer. B Hactosiiee Bpems B VHTepHeTe ak-
TUBHO PA3BMBAIOTCA YCITYTM CEPBUC-NPOBAMAEPOB, OTMUMTENBHON OCO-
BEHHOCTBIO KOTOPBIX FBAAETCS KOPOTKMMA XiaHeHHbIH Lk (XKLI) u, kak
cnencteme, HeborbLLME MPUOLITA.

B 10 ke Bpems;, XOTsi MPHObIM OT TAKMX YCITyT He BESIMKM, [ECATKM Thi-
sS4 YCITyT MPEIaraoTcst KaK HEBOMbLUMMM CEPBUC-NPOBAMAEPAMM, TAK
M YOCTHBIMU MLaMi (pre. 1), 1 3a cHeT x BOBLLIOTO YMCNa, CyMMapHble
06bembl JOXOHOB OT MX MPENOCTOBNIEHMA COCTABMSIOT CyLLECTBEHHYIO
4OCTb COBPEMEHHOTO PbIHKA MHPOKOMMYHMKALMIA.

Hoxoapl oTycnyri

2009 OGBem peIHKA YAy C
HEBBICORMMM GOXO4AMM 1
KOPOTKIM M 3HEHHBIM
UHKAOM
2000
C.T
Kp

.

>
Konuuecteoycnyr

Puc.1. OBbem pbiHKa ycryr ¢ HEBBICOKMMM AOXOAAMM
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Onepartopckue orpannyenms. Yenyrm ¢ kopotkm XKLL

Ha ceropHsiuHMiA fieHb onepaTopb! CBSI3U HE MOTYT OXBATUTL BECH
CNEKTP Yayr. SHAUMTENbHBIE 3ATPATHI HA PA3PABOTKY M BHEOPEHHE KAX-
O YCITyTM OTPAHMUMBAIOT OMEPATOPOB CBA3M B BbIGOPE YCnyr, AOCTYT-
HbIX 151 BHEOpeHwsi. BHegpeHue yatyr ¢ KOpOTKMM KM3HEHHBIM LMKITOM
1 HEBBICOKIMM JOXOLCMM OMEPATOPAM CBSI3M SKOHOMMYECKHM HE BbIrOf-
Hbl (Hanpumep, Ha puc. 1 yanym ¢ nokasatenem aoxopa Hivke Ckp).

IMpexae Bcero, 3T CBA3AHO C

® [UTENbHBIMM CPOKOMM BHEOPEHMS 1 TECTUPOBAHMS YCITyTHA;

® oTCyTCTBIMEM 3¢EKTUBHBIX BOIMOXKHOCTEN MHTErPALMM C MHPA-
CTPYKTYpOi orieparopa;

® HEBO3MOXHOCTBIO MO3WLMOHMPOBATb YCTYTM HO Y3KUE LiefiEBble
rPymmnbl.

CyLLEeCTBEHHO 3QTPYAHSET MPOLIECC BHEOPEHHS OTPOMHAS CETb CBS-
341 M MHOXECTBO OBOPYHOBAHMS B MHDPACTPYKTYpE OnepaTopa, ¢ KoTo-
pbiM HeobXxommo nposecn mHTerpaLyio [1]. Kpome Toro, otcytcrame
CMELMANBHOMO NEPCoHANa (0coBeHHO y onepaTopos ceTeit duKeHpo-
BOHHOW CBSI31) MPMBOMMT K TOMY, YTO CEPbE3HBIE PELLEHMS BHEPSIEMbIE
MOCTOBLUMKAMM OBOPYAOBAHHMS MCTONb3YIOTCA C HU3KOM 3¢deKTMBHOC-
Thto. Hanpumep, peLueHis;, paccUmTaHHbIe HO MPEJOCTABNEHME MHOXe-
CTBA PA3HOMVIGHOBbIX YCITyT, 30[EHCTBYIOTCS! TOMBKO Afist MPENOCTABIE-
HMSI HECKOSbKMX YCIYT, MPEABOPHTESIBHO HOCTPOEHHBIX CMELMCUTUCTOMM
MOCTOBLUMKOB OBOPYLOBAHMS.

YcrosiBLueecs BblpaxeHue - "opHa mnatdopmMa — opHa yayra' He
MOXET KOHKYPHPOBATb HO COBPEMEHHOM PbIHKE MHGPOKOMMYHMKALMIA C
TMBKOCTBIO CEPBUC-MPOBAIMIEPOB, KOTOPLIM /1St MPEAOCTABNEHMS YCITyT
[OCTATO4HO Bbixoad B VHTepHeT 1 BHeluHero agpeca P

PaccMoTpiv MHOXECTBO CepBUC-NPOBAIMIEPOB, KOTOPbIE AENIOT
OCHOBHOM YrOP HQ HOBM3HY YCIyT — HOBbIE BO3MOXHOCTH, HOBbIiA KOH-
TEHT, HOBbIE PO3bIrPbILLIK. HM3Kas CTOMMOCTL PaspPabOTKM 1 BHEOPEHHMS,
MO3BOISIET TAKWUM KOMMCHHMSIM BLIBECTW YCITYTY HQ PbIHOK, NOMY4MTb AOXO-
[bl OT MEPBOI BOHbI CMPOCA MOJIb30BATENEH, XKENAOLLMX NOMPoboBaATH
HOBYIO BOSMOXHOCTb M, YXE YePe3 HECKONbKO HEfierlb, BLIBECTU HA Pbi-
HOK HOBYIO YCITyT C HOBbIM KOHTEHTOM.

[na ycnewHon fesTensHocTM nopoBHbIX KOMMOHMIA HeoBXomMO
PELLMTb 1B OCHOBHBIX BOMPOCA:

® MOHETU3AILYR YNy,

® BbIXOZ, HO ABOHEHTCKYIO 6a3y.

Monetnaauus

Bonpocbi MoHeTM3aLmm anst cepBUC-NPOBAMEPOB Yke MHOTO NieT
PELLAIOT ONepaTopbl CeTeM NoaBIKHOM cBs3u. [1pu SToM fons onepato-
[POB COCTUIBIISET MPOLIEHT OT MIATEXA ABOHEHTA, KOTOPbIM MOXET Bpb-
uposatecst ot 15 no 50% B 30BUCMMOCTU OT YCTAHOBSIEHHBIX OTOBOPEH-
HOCTEM W IOXOL0B YCIyTU.

T-Comm, #7-2010



PazeiTie 3neKTPOHHBIX MIIATEXHBIX CUCTEM, KOMMCCHS! KOTOPbIX MPK
onaTe yCyr CEpPBMC-NPOBAMAEPOB COCTABNSET 2-/ %, MOXET CyLUeCT-
BEHHO cKa3aTbcs Ha poxopax oneparopos CINC. B Hactosiwee Bpems
151 CEPBMC-NPOBAMREPOB OBLIMHOM MPAKTUKOM SIBIISETC MPEedoCTaBse-
HME MHOXECTBA CrIocoBOB OMNaTbl COBCTBEHHBIX YCITYT:

* onpaska coobiuermst SMS ¢ KOROBbIM CTIOBOM HA CriELUATbHBIM
KOPOTKWI HOMEP;

* OMIATA YTy CPEACTBAMM MIIATEXHBIX TEPMUHAIIOR;

© OMIATA YCIYT C MOMOLLIO SMIEKTPOHHbIX IEHET.

CylLLecTByeT MHOXECTBO NPEIOKEHNI YXKE FOTOBbIX PELLEHMI, KO-
TOpblE MPEAOCTABNSIOT CEPBHC-NPOBAMAEPAM B OFHOM MAKETE PA3NvY-
Hble CMocobbl onaTs! ycnyr 6e3 HEOBXOAMMOCTU 3AKITIOYEHHS LOTOBOP-
HbIX OTHOLLIEHMI C KCKIbIM YHYACTHUKOM Br3Hec-npoLiecca.

B 0 e Bpems s psaoBoro NoTpebuTens ycnyr HamsgHO NPOsBNs-
€TCs PA3HMLA LIEH MPK paainiHbIX BapuaHtax omiatsl. C oaHoM cropo-
Hbl OMJICTA YCITYT C MOBUITBHOTO TenedoHa YAoBHA, MOCKOMbKY Y KOXKEO-
ro aBOHEHTA YXXe eCTb CHET, C KOTOPOTO MOXHO coBepLUMTbL rnaTex. C
[PYro¥ CTOPOHbI PASHMLIA LiEHbI HQ OMIATY TOW e CAMOM YTy C Mo-
MOLLIbIO SMEKTPOHHBIX MIIATEXHBIX CUCTEM 3ACTABIISIET ABOHEHTOB 30y~
MaTbCsi O CO3AAHMM COBCTBEHHOTO SMEKTPOHHOTO KOLLENbKA.

[NocrenerHo ¢ pasBuTVieM CPEACTB [OCTYNA B VIHTEPHET M MaTeskHbIX
TEPMMHQIIOB BCe BOrbLLIEE KOMMYECTBO OBOHEHTOB BLIGMPAIOT /15 OMIATbI
SIEKTPOHHIE MICTEXHbIE CUCTEMBI, LIEHBI KOTOPbIX, HECMOTPS HO HANMUME
KOMMCCHIA MPM MOMOSHEHMU CHETA M COBEPLLIEHMM MTIATEXEH, BCE POBHO
OCTQIOTC HUXE, YEM CTOUMOCTb OMIATBI YCITYT CPEACTBAMU MOBMITBHOTO
TeneoHa. Kpome Toro, 1Cronb3oBaHWE 3NEKTPOHHBIX AEHEr CHAMOET C
QBOHEHTA YCITyT TEPPUTOPUQTBHBIE OMPAHMYEHMS, MO3BONSS! MOy MTL [O-
CTy K BO3MOXHOCTSIM 30pyBEXHOTO CEpBIMC-NPOBAaepa.

A6oHeHTCckas basa

ElLie 0AHIM BOXHBIM CICNEKTOM A1 YCTIELLHOTO NPEAOCTABNIEHMS YC-
Ny B KAYECTBE CEPBMC-NPOBAMAEPA siBnseTcs aboHerTckas 6asa. Yenex
COBPEMEHHbIX YCITyT 3aMACTYIO 30BUCHT OT NPERBAPHTENEHOM PEKIaM-
HOWM KOMMOHMU M HOYQIBHOTO MPOABKKEHHMS: Yem BorbLLe MONb3oBaTE-
e Y3HQNM O HOBbIX BO3MOXHOCTSX, TEM BbILLE MHTEPEC CO CTOPOHbI
Apymix nons3sosarenei [2].

B 4acT AQHHOTO BOMPOCA SHAUMTENBHYIO POSTb HAYMHAKOT WIPQTH
COLWQIbHBIE CETH, MPM STOM He TOMBKO A PEKIAMBI HOBOTO MPOAYKTC.
ComacHo NOCNeaHM TEHAEHLAM COLMOITBHBIE CETW CTAHOBSITCS MIO-
LLGAKAMM A5 YCITyT HeBOMbLUMX cepBIc-NpoBaiaepos. To ecTs, cepaimc-
MpoBaaepbl PaspaBATLIBAIOT W BHEAPSIOT CBOM yanym Ha 6ase abo-
HEHTCKHX M TEXHONOMMHECKMX PECYPCOB COLMANbHBIX ceTedt. HoBbie Bo3-
MOXHOCTH CEPBMC-NPOBAMAEPOB BCTPAMBAIOTCS B YXE CyLUECTBYIOLLME

ABoOHeHTckan Gasa MoHeTu3ayus

CepBuc-
npoeaigeps!

Yenyru u Bo3MOoXHOCTH

Puc.2. Heobxommble pecypcbl st OPraHM3aLmM YCreLIHOM AESTENLHOCTA
B KQUECTBE CepBMC-NPoBaiaepa
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BO3MOXHOCTU VIHTEpHET NPOEKTOB M NPEANIaratoTest HOPABHE C OCTAUTL-
HBIMM.

3HAUUTENBHO COCOBCTBYET TAKOMY PA3BUTMIO HONMYME B COLIAQUT-
HbIX CETSIX BHYTPEHHEM BAIIOTbI, 30 KOTOPYHO MOXKHO MOKYMATL AOCTY K
CMELMQTbHBIM MIIATHBIM BO3MOXHOCTSIM.

SPKMM MPMMEPOM YCTIELHOM MOHETU3aLMM siBnsieTcst Poceuitckumin
npoek "B koHTakte" 1 ero sapybesHsii axanor "Facebook”. Kavxapir
MOSb30BATENb COLMABHOM CETU MOXET MOMOSHUTb CBOM BHYTDEHHMIA
CHET MHOXECTBOM YAOBHbIX /151 HErO CrIocOBOB, BKIKOYAS SMEKTPOHHbIE
rIaTeXHble cUcTEMbI M coobiueHms SMS ¢ 0BaBOYHOM CTOMMOCTBIO.
Bce cepeic-nosaitaeps!, MHTErPUPYIOLLE CBOW BO3MOXHOCTU B AGHHbIE
coLMarbHble CeTH, KAK MPaBMIO, MPedOCTaBnsioT Habop GecrnaTHbix
BO3MOXHOCTE# [i1151 MPMBIEYEHMS MONb3OBATENEMN M HEKOTOPbIE YHUKCUTb-
Hbl€ BO3MOXHOCTH, [JOCTYHbIE TOfLKO MOCIE VX OMICTbI BHYTPEHHEM Ba-
TIOTOM CHCTEMBI.

B kauectBe cepBMC-NPOBAMASPOB C COLMAbHBIMM CETAMU HAUYMHA-
IOTCS MHTEMPMPOBATLCS M COMM MATEXHble cucTeMbl. Hanpumep, cetb
MIATEXHbIX TepMMHANoB Qiwi, MPENOCTABSIOLIAA CBOMM ABOHEHTAM
JIMYHBIA KABMHET C SMIEKTPOHHBIM KOLLENLKOM, HEAGBHO J0BABMIA CBOM
BO3MOXHOCTU B coLmanbHyto ceb "B konTakTe". Tenepb nonesosarensm
COLMQIBHOM CETM AOCTYMHbI CPEACTBA MOMOSHEHMS BHYTPEHHETO CHeTa,
OMNATbI YCITyT CEPBUC-NPOBAIIEPOB COLMAUTLHOM CETU CO CHETA JIMYHO-
ro koLuenbka Qiwi 1 ApyrMe BO3MOXHOCTU JIMHHOTO KABMHETA MiaTes-
HOWM CMCTEMBI.

Takitm 0BpPasoM, coLmaribHbie CETU CTAM YHUBEPCOSbHBIMA M10-
LLOAIKOMM 151 POI3BMTHSt VIHTEPHET-CEPBUCOB 301 CHET OBbEIMHEHMS BCEX
HeobxomMbIX pecypcos (puc.2).

BuioeneHue otaenbHoOM CTpyKTyphl Ans paspabotku
U BHEAPEHMS HOBBIX YCIyT

C 0mHOM CTOPOHbI y ONEPATOPOB CBS3M C X CETEBLIMM W JIOACKMMM
pecypcam 1 TenedoHMeN ecTb BCE BO3MOXHOCTH CTATL GHANOMMYHOM
MIOLLIGAKOM 151 CEPBHC-MPOBAMAEPOB C LIEMBIO BLIXOAA HA PHIHOK YCITyT
C HEBOMbLUMX YPOBHEM [OXOHOB M KOPOTKMM KM3HEHHbIM Lytkiiom. C
APYTOM CTOPOHbI TPOTMLMOHHBIM ONEPATOPAM CBAA3H, B CUITy HEAOCTA-
TOYHOTO OMbITA M KBAMULMPOBAHHBIX KOEPOB, 30TPYAHUTENBHO B KO-
POTKW# CPOK BBIMTH HO PIHOK YCrTyT VHTEpHETa M camocTosTensHO Nog:-
KIIOYATb HEBOMBLLMX CEPBMC-POBAMAEPOB € MX TBOPHECKMM M WHTEN-
NEKTYQIbHBIM MOTEHLWONOM, KOTOPbIM MOXET BbiTb HOMPABAEH HA Mio-
Bble, AAXE CaMble HeBONbLLME LieNesble rPynMbl NONb3OBATENeH.

B 5101 ciTyaLmm, Kak NOKA3bIBAET NPAKTMKA 3aPYBEXHBIX KOMMG-
HWM, CyLECTBYET HECKONbKO MOAXOHOB, OKTMBHO MCMONb3YIOLLWXCS
KPYMHEMLLIMMIM 30PYBEKHBIMM KOMMAHHSIMA:

* rMoBAnbHAs PECTPYKTYPM3ALIA KOMIOHMM C BbIAETEHUEM ORHOM
W HECKOMBKIX OTAENbHBIX CTPYKTYP, 3QHAMGIOLLMXCS HEMOCPEACTBEH-
HO B3aumopeiicTenem ¢ cepsmc-nposaiaepami (Deutsche Telekom,
France Telecom);

* MAPTHEPCKOE COMALLEHME C KPYMHOM KOMMAHMelt B 0BNaCTH M-
dokommyHukaLwmit (Frane Telecom);

® MOKYTIKG 1 PA3BHTHE HEBOMBLLOM KOMMAHHM B OBAACTU MHPOKOM-
myHukawi (British Telekom, Verizon).

OpHOM 13 OCHOBHbIX 3004 HOBBIX CTPYKTYP ONEpaTOpa CBA3M ABNSI-
€TCs ONMUMM3AILIS BH3HEC-TPOLIECCOB Pa3PABOTK 1 BHESPEHMS HOBBIX
YCIyT LIebio BBIXOAG HQ PbIHOK YCIyr CBsiau M HTepHeTa ¢ KOpOTKMM
KM3HEHHBIM LWKITOM.

BhineneHie HOBOW KOMMAHMM, KK MPABIIO, HAMPABIEHO HA PeLLe-
HME CregytoLLX BOMPOCOE:

® BHE[PEHWE EIVHOTO PeLLEHMS A71Sl MPEROCTABNEHMS yCnyr (Hanpy-
Mep, ¢ mcronbaosaHmem TexHonormmn OSA 1 inarpopmsl SDP. Service
Delivery Platform) [3];
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® MHTErpaLMsl peLLeHns C MHGPACTPYKTYPO onepatopa Cesiu
(LIKMC, ACP, OSS/BSS v np.);

* pa3paboTKA M HOCTPOMKA EAMHBIX BHELLHUX MHTEPdECOoB ayist
CEpBUC-NPOBAIIEPOB;

* NpopaboTKa BOMPOCOB MHPOPMALIMOHHOM HesonacHoCTH;

* OTPABOTKA M OMMUMM3AILIS BU3HEC-TPOLIECCOB B3AMMOLNEHCTBUS C
CepBMC-MPOBAMAEPAMM (PUCOEmMHEHUE,/ OTKIIIOHEHHE, BbIBOT, HOBOM YC-
Ty W HOCTPOMKA €€ TAPUAUKALYM, MPOABIKEHIE HOBOI YTy 1 Mp.).

[Mpu 5Tom BHeapeHMe coBpemeHHoro petueHms SDP nossonset He
TOMbKO GBTOMATMHECKU PELLIMTL BOSBLIMHCTBO MEPEUMCIIEHHBIX BOMPO-
COB, HO M MPEOCTABUTH ClIEMYHOLLME BO3MOXHOCTH:

* APl (Application Program Interface) - creumdmumposanHbii 1
OnyBMKOBAHHIA HOBOP YHKLIMIA, HO BA3e KOTOPBIX NMPOTPAMMUPYIOT-
sl ycnym;

* SCIM (Service Capabilifies Interaction Management) - dyHkwm
KOOPAMHUPOBAHMS B3AMMOAEMCTBHS HECKOMBKMX YCITYT HO PO3HBIX CEp-
BEPAX MPMIOXEHMH, MO3BOSSIOLLME OPrOHM3OBATL MAKETMPOBAHME
yanyn

* OSA (Open Service Architecture) - Habop OTKpbITbIX MPOTOKONOB
AN B3aMMopeNcTaua ¢ cepeepamu npunoxerni (J2EE, SOAP, Parlay,
HTTP, VoiceXML);

* PRM (Parnership Relaion Management) - dyHkumn ynpasneris
OTHOLLIEHMSIMM C CEPBUC-NPOBAIMIEPAMM, MCMOMb3YIOLLMECS i Onepa-
TUBHOTO KOHTPOMS AEMCTBUM;

* IDM (ID Management) - dbyHkwm BeaeHHs emyHbix uaeHTdMKa-
TOPOB, OTIIMHIOLLMXCS OT CETEBLIX, HTO MO3BOMISIET NPEAOTBPATHTL PABO-
Ty CEPBUC-MPOBAIAEPOB C ABOHEHTAMM HAMPSIMYIO M M3BEXATb 3110yTMo-
TPebneHmit NosyHeHHOM MHpopMaLK;

* CF (Content Filtering) - dbyHkwym nponycka Tpadwka ycyr ans mux
QHONM3Q, NO3BONSHOT BLISIBSISTL MPEATOHTEHMS M MHTEPECOB ABOHEHTOB U
MpefoCTaBnsTL "popuTensckue” yeym;

* SCE (Service Creation Environment ) - cpena paspabotku, otag-
K, TECTUPOBOHMS! YCITyT, MO3BOMSIOLLCS MPMEBSI3ATL CEPBUC-NPOBAIaE-
OB K OMeEpATOpy CBA3M M CHU3UTb MX 3ATPATEI HO MHCTPYMEHTOUIbHBIE
CcpencTsa;

* SLEE (Service Logic Execufion Environment) - cpeaa sbinonHeHs
YCITyT, MO3BOMSIOLLICS CHU3Tb 3CTPATbI CEPBUC-TPOBAMAEPOB HA CepBe-
PQa NPUIOXEHM;

* CG (Charging Gateway) - byHKM HOUMCTIEHWS OMACTSI B 30BM-
CMMOCTM OT COTEP3KAHMS YCITyTH, NO3BOSISIOLLME BECTU MPOrPAMMBI JIO-
SUTHOCTU [i/151 GBOHEHTOB 1 MPENOCTABISTL EIMHYIO TONKY B3AMMOOEMCT-
eusa ¢ ACP gnst cepeuc-nposaiiaepos.

MNepeumcneHtble Bbille GyHKLMM 1 BOIMOXHOCTH nnatdopm SDP
npexge BCEro HAMPABSIEHb! HA LIEHTPAIM30BAHHOE MPENOCTOBNEHME
HOBbIX YHMKQTbHbIX BO3MOKHOCTEN 1 CHIKEHME 3ATPAT HA Pa3paboTky
1 BHELPEHIME HOBBIX YCITYT, KOK OMEPATOPAMM CBSA3M, TAK M CEPBUC-MPO-
BOMAEPAMM.

BusHec-uHky6aTopbl

Hosble noapasneneHns 3aHMMatoTCa M COMOCTOSTENbHOM paspa-
60oTKOM U BbIBOAIOM HOBbIX YCITYT HO PbIHOK. B cBsian ¢ stum HG6ﬂIO£l,OeT-
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CSl TEHAHLIA YBENMYEHUS MHBECTULYA BEMYLLYIX TENEKOMMYHMKALIOH-
HBIX KOMMQHMIA B HOY4HO-MCCIIEAOBATENLCKME W OMbITHO-KOHCTPYKTOP-
ke pabotsl. Kpome Toro, kpynHeiiLume onepaTops! cesan (Hanpymep,
France Telekom, British Telecom) opranuayior cobcraenHbie HayuHo-Mc-
CrlenoBaTenbCKiME MOAPA3AENeHns M NabOpaTOpHM, CPEAM KOTOPbIX
MOXHO BbIIENMTS:

® WCCEROBOTENbCKME M QHANMTUYECKME LIEHTPbI;

® 3KCTTYATALMOHHbIE LEHTPbI;

® TEXHOMAPKM M MOEENbHbIE CETH.

Llenbto 3KCnnyaTaLMOHHBIX LIGHTPOB SBASETCA MOMCK M OTOOP MHTe-
PeCHbIX MAe# HOBbIX yCrTyr M BoaMoxHocTel. [Ton sTom B nocneatee spe-
M5 MPEACTOBMTENW ONEPATOPCKUX KOMMAHMI HAUMHAIOT MPMBIEKATS A71s
3TOrO He TOMLKO CMELYIAMCTOB OTPACIH, HO HEBOMbLIME KOMMAHMM (Ha-
npumep, Deutsche Telekom w British Telecom), cryaerTos u aaxe obbiu-
HbIX NoNb3oBaTeNed yaryr (Hanprmep, komnanmu France Telecom, Brifish
Telecom). [ins sToro onepaToph! CBA31 CO3AAIT CELMQNbHBIE MIOLLOA-
KM — BM3HeC-MKy6aTOpbI, Ha 6a3e KOTOPbIX BCE KEMNTIOLLME, B TOM YHC-
ne 1 oBbIuHbIE NONL30BATENM YCIYT, MOTYT NONPOGOBATL PECIM30BATH
CBOM Maew, Mocne Yero Hombonee yAAuHbIe YTy OnepaTopbl CBs3M
PO3paBATLIBAIOT, TECTUPYIOT HO MOAETBHOM CETM M BHEAPSIOT HA KOM-
Mepueckyto ceTb [4].

TexHONapPKM M MOAErbHbIE CETH OMEPATOPS UCTIONL3YIOTCS A1t OT-
PABOTKM TEXHONOMHECKMX LIENOYeK MO Pa3paBOTKe 1 BbIBOAY HOBBIX yC-
NYT HO TENEKOMMYHUKOLWMOHHBI PhIHOK. TaKOM MOAXOA MO3BONSET He
TOMBKO CYLLECTBEHHO CHI3HTb PUCKM M HEMPeaBMAEHHSIE PACXOAb, HO M
MOAFOTOBMT KBOPHLPOBOHHBIX CMIELYICITACTOR.

3aknioyenne

Hogble MeTombl 1 TexHM4ECKME PELLIEHMS, MOSBMBLUMECS HA PbiHKe
MHPOKOMMYHMKOLIAM MO3BONSHOT CYLLIECTBEHHO OMTUMM3MPOBATL 13-
HEC-MPOLIECCh! PA3PABOTKA 1 BHEAPEHMS! HOBbIX YCITyT, MPMBNEYL He-
60rTbLLIVE KOMMOHMM Wi [IODKE KOHEUHBIX NOTPEBUTENei K npoLieccy co-
300HMS YCITyT A7ist HEBOSBLLMX LIENEBbIX MPYMN 1, TEM CAMbIM 30HSITb CBOE
MeCTO B AIGHHOM CErMeHTe PbiHKA. [ TpoaHanM3npoBaHs! GrsHec Mopeni
BHEPEHMS HOBbIX MHOKOMMYHMKALMOHHBIX YCITYT ONepaTOpaMM CBSI3N
W CEPBMC NPOBAMAEPAMM.
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UccnepoeaHne BeposSTHOCTHO-BPEMEHHBIX XAPAKTEPUCTHK
dyHKumoHnposaHusa cotsl WiMAX ¢ Heckonbkumu
PEXUMAMKU MOAYNSLMU U SNACTUYHBIM TPAPUKOM AAHHBIX

Pacemarpreaetcs aHammdeckas mogens cotsl WiMAX, npumeHsiioLLesi onHy M3 KIlo4eBbIX TEXHOMOMK, BXOBSLLMX B
cocras craxgaprta IEEE 802.16, ananmisHyto mogynswyio 1 kommposarme. OHa NO3BOSSIET AMHAMUHECKM M3MEHSTL pe-
MM MOBYTISLIAM L5l TOTO, YTOObI CHU3MTB MOTEPU M YBENMIMTL CKOPOCTb NEPEAAHM AaHHbIX. B Mogenm pacemarpusaet-
51 4BA TMINQ TPADHKA: FOSIOC M CEAHChI [AHHBIX, MOCIEAHME — ACTMYHOO THMA.
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Beepenue

Cemt WIMAX (Worldwide Interoperability for Microwave Access)
SIBISIIOTCS) PEQNU3AILIEN TEXHOMNOMM LLMPOKOTOSIOCHOTO HECMPOBOAHO-
ro poctyna Broadband Wireless Access (BWA) cranaapra IEEE 802.16,
W PEQIH3YIOT CaMbE MOCTIEAHME JOCTVXEHHS HOYKM 1 TEXHMKU B 0Bnac-
TW POIMOCBA3M, TENEKOMMYHMKOLIMI M KOMBIOTEPHBIX CETEN.

B ancremax WiMAX, npumensietcs wipokononoctbi Orthogonal
Frequency Division Mulfiplexing (OFDM ) curHan, o6pasosaHHbii 13
MHOXECTBA PA3HECEHHBIX MO YOACTOTHOMY CTIEKTPY Y3KOTOMOCHBIX CHr-
Hanoe. Curian OFDM B cetsix WiMAX ¢ukerposaHHoro foctyna crax-
papra [EEE 802.16-2004 umeet no 256 nopHecyLumx, B ceTsx MOBub-
Horo WiMAX cranpapra IEEE 802.16e — po 2048 nogHecyuuyx.

B WiMAX vicrionb3ayeTcs TexHonomms QRanmBHOM MOAYSISILIMM M KO-
amposarmns AMC (Adaptive Modulafion and Coding), kotopas saksio-
4YOETCS! B OBTOMOTUHYECKOM BbIBOPE MOTYIISILMM B 3ABUCMMOCTH OT TEKY-
LLIErO COOTHOLLIEHMS! CUTHAN/LUyM B KaHANe Nepeaaym. STo no3sonseT
MCMONb30BATL CMEKTPANLHO SPPEKTHMBHBIE PEXMMBI MOpymsLmMK (64-
QAM ) Ha MeHBLUMX PACCTORHMSX M BOCTUIATb TEM CaMbIM B0bLIEH CKO-
POCTU NepenaUn AaHHbIX. [pr yBENMUEHMM PACCTOsSHMSA Mexy 6A30BOM

CxeMbl MogynLMK M KoanpoBaHus, nopaepxrsaemsie WiMAX

CTQHLWIEN 1 MOBMIBHOM CTQHLMEN (MM MPY YMEHBLLEHMM M3Ty4aeMOH
MOLLHOCTH) BO3MOXEH BbIGOp Gornee NOMEXOYCTOMUMBOM, HO MeHee
ckopocTHow mogynsun (QPSK).

B 1abn.1 npencrasneHb pasnmiHbie pexymMbl MOLYTSILMM 1 KOIMPO-
sanus (PM), nognepxveaemsie cucremort WIMAX [1,2]. Oanee pac-
CMATPHBAETCS! OBLLI CIYHaH, KOTAA B 30BUCMMOCTU OT YCTIOBMIA B KAHQ-
nie MoxeT 6biTb BbIEpaH ogpH M3 N PM. Bcero WIMAX noanepxisaer
64 paznmyrbix PM.

Onucanne Mmogenn

PaccMoTprim yHKLMOHWMPOBAHME COTbI CETH NOABXKHOM CBA3M, MO-
cTpoeHHoi Ha Hase TexHonon WIMAX. Bynem cumrars, yto B cote
nopnepxueaetcst NPM, N < oo,

B cote pacemarpyBaeTcs iBa TMNA TPADHKA: FONOCOBLIE BbI3OBbI M
3MACTUYHbIE CEAHChI AAHHBIX.

Byaem cumTaTh, 4TO BECH YACTOTHBIN MHTEPBAN COTHI MogeneH Ha M
6a30BbIX YacToTHbIX KaHanos (BK), npu stom nog, BK 6yaem nogpasyme-
BATb KAHAM C MUHUMQIBHOM MCMOMb3YEMOM HYACTOTHOM MOMOCOM.

Ins ycranoenenus coepmrenus ¢ i PM (i-PM), kaxabii ronocosoi
Bb130B TpebyeT  BK, B TO Bpems KaK [ CEAaHCOB AAHHbIX HEOBXOIMMO
tBK, i=T,N.

CocTosiHMe CHCTEMBI OBO3HAUMM, KAK (V,d) = (V.. Vy d)sedy) |, THE
V; NPEACTABSIFET YMCIO OBCTYXMBAIOLLMXCA TONIOCOBBIX BbI3OBOB B COTE,
a d'. — YKCIO OBCTYXKMBAIOLLWXCS CEQHCOB AAHHBIX € i-PM, i= T,N. Jo-
nee seang, i= 1,N. Moumem cremyioupe obosHaderms 5 = (v ) s
A = (A dy )5 = (515 Sy W I = (o ty YV MY =3 5. MO =d ' F M =M MY,

[ns HamBonee 3dbdeKTMBHOTO MCMONb3OBAHMS LUMPHHBI MONOCH
nporyckanus (LLIMM) ecst cBoGoaHast ot ronocosbix BLIZOBOB MOoca
NPEeoCTABNAETCS CEAHCOM AAHHBIX. [TpK STOM CEaHChI AOHHBIX, HOXOS-
Lecs Ha obanyxueanmm aaHmumatotr M — MY BK nponopLoHansHo ao-
1e 3aHMMOEMOTO MUHWMOSTBHOTO YMCNa f; BK: [(M -MY )%J . Takum
06pa3oM, KaxaoMy ceaHcy ¢ i-PM [ononHUTensHO K MAHMMAIHO Bbi-

nensembiM BK  npepoctasnsetcs HeobsizatensHo uenoe Yucrno
= v\ 4d,
n (v,d){(M -M )ﬁJ/d; BK, roe M — M¥ — 310 uncrno BK, sanu-
MQOEMbIX CEAHCAMM IOHHBIX.
Tabnmua 1
Cxema NpMHSTUS NOCTYNAIOLMX

BbI3OBOB

PM | Huexomammii kawan
Mogayasuus BPSK (onumon.), QPSK, 16QAM,
64QAM (ONMUMOH.)

Obs3aTensHoe
KOJAMpOBaHHe

CaeprouHoe KOAHpPOBaHHE CO
ckopoctbio 1/2, 2/3,3/4, 5/6

CeepTouHOe KOJAHpPOBaHHE CO
| ckopocTbio 1/

| Bocxoasmumii kaan
BPSK, QPSK, 16QAM; 64QAM

B noHHOM Mopen paccmatpusaeTcs
TPPM TMNA BbI3OBOB: HOBbIM BbI3OB, XSHOOBEP-
BbI3OB M BbI30B, MEHSIOLLWMIA MogyrsLyto. B

2,2/3,3/4, 5/6

OnuuoHalbEHOe
KOJIMpoBaHHe

Caeprounoe TypOOKOAHPOBAHHE CO
ckopoctbio 1/2, 2/3, 3/4, 5/6;
TIOBTOPHOE KOJMPOBAHHE €O
ckopocteio 1/2, 1/3, 1/6, LDPC-
koj, koa Puna-Conomona

CeeprouHoe TypOOKOHPOBAHHE CO
ckopoctbio 1/2, 2/3, 3/4, 5/6;
MOBTOPHOE KOJHPOBAHHE CO CKOPOCTbIO
172, 1/3, 1/6, LDPC-xopn

ka4yecTtse Npasuia yCTAHOBNEHMA coeauHe-
HUS, AGIOLLIEro NPUOPUTET KOK XSHAOBEP-BbI-
30BAM, TAK U BbI3OBAM, MEHAIOLLIMM MOLY NS~
LMIO, UCMONb3yeTCa BblAENeHNEe pe3epBHbIX
KQHanoB. 310 O3HA4AET, 4TO 603080 CTaH-
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LMK HO3HAYEH HeKoTopbIi ropor g, npuyem 0 < g <M.

Yo ceobopHoi LLIMTT ais HOBOrO BbI3OBA BLIMMCIISETCS B COOT-
BETCTBUM C /™ (\7 d )= M — g — M. [In XaHOOBEP-BbI3OBA M BEI3OBA, M-
HSIOLLEro MOy sILMIO o ceobopwoit LLIMM — £ (v.d )= M —g - M,
fr(nd )= M-Mm

[Ny NocTyrneH B COTe HOBOTO rONIOCOBOTO BbI30Ba C i-PM, oH By-
[ET MPUHST, €CIU HOXOASLLMECS HO OBCITYXXMBAHMM CEAHChI AGHHBIX By-
OyT MMeTb Heobxommmbid MuHMyM BK anst mpopomkeris obenyxuea-
Hus nocre nepenam s; BK Hosomy ronocoomy eeisosy: f” G ZI;)ZS

Mpw MOCTYTINIeHHM B COTE HOBOTO X3HAOBEP-BbI30BA C i-PM, ot 6y-
net npuksT, e f ( d)> 8

MMpu noctyrneHMn BbI3oBO, Mehsiolero Mogynsupio ¢ i-PM Ha
(i + 1)-PM, o Byaet npuHsT, ecm B cucTeme ecTb Heobxommoe Ans
emeHbl umcro BK £ Q,Z)z As e As=s,, , NPUYEM N1t AOH-
Horo crtyuast i=1,N = T, MpUHUMAS BO BHUMAHME BOSMOXHOE OCBOBOX-
Aetme BK ceaHcamu AOHHBIX, HOXOMALMXCS HO OBCITY>KMBAHMM.

[Ny NocTyrieHN HOBOTO, X3HAOBEP-3AMPOCA MM 3AMPOCA , MEHS:-
toLuero mogynsuio ¢ F-PM Ha (i+ 1)-PM, Ha oTkpbimve cearca aaHHbIX,
OH 6y,u,eT npuHsT, e [ !V,ZZ)Z t, fh 6},3)2 (A fh (\7,3)2 At
rie At=t., —t,i=1,N -1, cootBeTcrBEHHO.

B npotveHOM ciyuae B HOLLEH MOAENM YKO3QHHIM rONIOCOBOM Bbl-
30B MM 3QIMPOC HA CEAHC BIIOKUPYETCS, TEPSIETCS M HE OKA3bIBOET BriMst-
HMs HO MOTOKM BbI3OBOB B COTE. M HOOBOPOT, MPK OKOHUAHWM OBCITYXM-
BOHMSI FOSIOCOBOTO BbI3OBA MW 30BEPLUEHMM CEAHCA, OCBOBOAMBLUIMECS
pecypcbl HyayT [OBABNEHbI AEACTBYIOLLMM B STOT MOMEHT CEAHCAM re-
PEMCYM SOHHBIX B COOTBETCTBMM C QUITOPUTMOM, OMMCHIBOEMBIM BbILLE.

HarpysouHbie napameTpsi

[p1MeM, 4TO MOCTYNQIOLLYM NOTOK FONOCOBbIX BbI3OBOB M 3MPOCOB
HQ OTKPbITE CEOHCOB AAHHBIX — MyQCCOHOBCKMA; O ATMTENHOCTb 06-
CITY>KMBAHMS 1 MPOLIECC M3MEHEHMS MOAYIISILIM MMEIOT SKCMIOHEHLQSb-
Hble pacnpeneneHms. Beeaem 1x MHTEHCMBHOCTH:

A" — MHTEHCMBHOCTB MOCTYMIEHHMSI HOBOTO FONIOCOBOTO BbI30BA C i
PM; AN — WHTEHCMBHOCTL MOCTYTINEHMA FONOCOBOTO X3HAOBEP-BLI3OBA
¢ iPM; A.9" — HTeHCHBHOCTL MOCTYMIIEHHS HOBOTO 3ANPOCA HO OTKPI-
THe ceaHca AaHHIX € PM; AN — uHTencueHocTs nocTyrnerus xonmosep-
30MPOCa HA OTKPbITUE CEaHCA AQHHBIX C HPM; |.L = 5L — MHTEHCHBHOCTb
06(‘J'IY)KVIBGHMS| FONOCOBOTO BbI30BA C FPM; U, (v d ) n. (V d ) u, —
MHTEHCWBHOCTb OBCITyXXMBOHMA CeaHca AaHHbIX ¢ i-PM B coctosHmmM
v, d) Y’ — MI-FI'eHCVIBHOCI'b uameHenms PM ronocooro ebizosa ¢ i-PM
Ha |i— 2]+ 1-PM; y¢ — uHrencuerocTs uamenenns PM cearica aan-
Hbix C FPM Ha |i-2]| + 1-PM.

PyHKLMOHMPOBOHME ACHHOM CHCTEMBI OMMCHIBAETC MAPKOBCKMM
MPOLECCOM C MPOCTPAHCTBOM cocTosHmi [3]:

M M , —
—1,d =0, —|,0< M <M,i=1,N

i i

v, d)|v, =0,

Benenceie quenanHbix npeanonokeHuii O MOPKOBCKOM NPoLiecce,
CYLLECTBYET CTALMOHAPHOE PaCrpeneneHme BepOSTHOCTER  p (v, d)
KOTOPOE MOXHO MOJTYHMTb C MOMOLLIBKO CUCTEMbI YPOBHEHMIA POBHOBECHS
M HOPMATM3ytoLLEH BYHKLIM Y pG, 3): 1

N

BeposTHOCTHO-BpeMeHHbIe XOPaKTePUCTUKM

C MOMOLLIbIO CTALMOHAPHOIO pacnpeneneHns BepOﬂTHOCI'eFi MOX-
HO MOITyuTb POPMYTIbI ISt BEPOSTHOCTEN BIOKMPOBOK NOCTYNAIOLLErO
FOJTOCOBOTO BbI3OBA M 3ANPOCA HA OTKPbITME CEAHCA AAHHbIX.

[MycTb Tt — BEPOSTHOCTL, TOTO YTO MOCTYNQIOLLYIA BbISOB MM CEAHC
2p (v.d).

roe B— NnoAnpPOCTPAHCTBO COCT OSIHUM MQAPKOBCKOro npoLiecca, B KOTo-

AaHHbIX Gynet sabnokuposaH. Torna 77 =

PbIX BbI30B,/CEAHC AQHHbIX BOKMPYETCA.

Toraa, Ans KEKAOTO TMNA BbI30BA,/ CEQHCA AAHHBIX MORMPOCTPAHCT-
B8O B MoxxHO npenctasuTs criepiytoLLyim o6pasom:

® [n151 HOBOTO FONIOCOBOTO BbI3OBA

5= {.d)es| (e )<0}
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® /15 rOfloCOBOro X3HAOBEP-BbI3OBA

" ={;,3)ES|‘/’}' vie d)<0}

® 054 rofioCOBOroO BbI30BA, MEHAIOLLETO MOZYNAUMIO C PM Ha ¢

li- 2|+ 1-PM;

~faes Gy}

® [y1 HOBOTO 3AMNpPOCA HA OTKPbITUE CEAHCA AAHHbIX;

- {;,Zz)es Y& (3,9+5)<0}
® 7151 X3HOOBEP-3AMPOCA HA OTKPLITE CEAHCA AAHHBIX;
a {(v,a)es Ya (5,3+Z,)<0}

® [5 CeaHca AQHHBIX, MeHstoLLero mopynsio ¢ -PM Hac |i— 2|+

1M,
= {G,a)es 11 (d)< At}

OB0o3HAUMM CpefHEE YMCTIO TONIOCOBLIX BbI3OBOB M CEAHCOB fCH-
Hbix, kak N. Toraa

@) &)

CpenHee Bpems MpebblBaHMS rONOCOBLIX BbI30BOB B cucTeme ¢ i-PM,
kak WY, roe

_ = w (B
=) 137 == )
+Z’:'Vh (1_7""87h )+ Y\Z-z\ﬂzuh G+éi _;‘i’Z‘J’l’g)‘}(-z\*lp (‘_}’3) ’
s

B TO Bpems KaK cpeaHee Bpemst MpebblBaHME CEQHCOB AAHHBIX B CUCTE-
Me ¢ i-PM, kak W‘f

_ = an (i _ B d i B"
“SanGa) i (o pa )
+y\?—2\+125‘4uh (\;,3+;, —;\;fz\n y‘ 72\+1p (\-’,67) .
CpenHee Y10 30HSTbIX KAHATIOB MOXET BbiTb NMPEACTOBIEHO B BUTE

=3 S rGANTp67)
§-8" s”
me 57 = {C,&)e S|M > o}

3akniouenmne

WcenepoBaHa Mopenb ¢ NMPUMEHEHMEM TEXHOSOMMM GIQNTUBHOM
MOogymSiLyM 1 KOBMPOBAHKS B pamkax crarpapra IEEE 802.16. Mogens
YUUTLIBOET IBO TMMQ TPADMKAL: FONIOCA M CEAHCOB IAHHBIX, MPMYEM CEaH-
Cbl IOHHBIX MOTYT MCTIOfb30BATH BCE MMEIOLLMECS! KOHQUTbHBIE PECYCI,
HO MPM MOCTYM/EHMM Bosiee MPMOPUTETHOTO FONIOCOBOTO BbI3OBA YACTb
pecypcoB 0CBOBOKACETCS [ifisl FONIOCOBOTO BbI3OBA.

B pabore nosyueHa ccTeMa ypaBHEHWI PABHOBECHS st AOHHOM
MOJENM W BEPOSTHOCTHO-BPEMEHHBIE XAPAKTEPUCTUKM €€ (yHKLIMOHM-
POBGIHYS, BKIIOHCS BEPOSITHOCTM BIOKMPOBOK MONIOCOBbIX BbI3OBOB M 30I-
MPOCOB HA CEQHChI AAHHbIX A71St BCEX BIMOOB MOAYSSILMM, CPEHME 3HAYE-
HMSI [I7151 YCIIA BbI3OBOB B CHCTEME M BPEMEH MPEBLIBHMS MONIOCOBbIX Bbl-
30BOB M CEAHCOB AGHHbIX.

[NosyueHHble XOPAKTEPHCTUKM NO3BOSIIOT MPOBECTM HEOOXOMMMbIE
YMCIEHHbIE MCCTIENOBAHMS (PYHKLIMOHMPOBOHKS MOLESIA.
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