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BBEOAEHUE

HucummirHa «CeTH U CUCTEMBI TIepenadr MHOOpMaL» SBIISIeTCS
0a30BOIT IMCLIMIIMHON B ITONTOTOBKE OaKalaBpoB HarpaBieHus «MHbop-
MallMOHHas 6€30MacHOCTb», MPOoGuiIb «be30MacHOCTb KOMIBIOTEPHBIX
crucTeM (B 3KOHOMUKE U YIIPABJIECHMH )», 3HAKOMSIIIAsl 00Y4arOIIUXCS C Ce-
TEeBBIMU TEXHOJIOTUSIMH Tiepenadr nHpopManuu. BaxkHOCT 3Toit aucim-
IUIMHBI COCTOUT B TOM, YTO Ha e¢ 6a3e BO MHOTOM OCHOBBEIBAETCS IIPETIO-
IaBaHWE TOCIEAYIOINX AUCHUIUIMH y9eOHOTO TjmaHa. Marepuan
y4eOHOT0 ITOCO0MSI MO3BOIUT 00ECIIEUNTD IIIMPOTY KPYro3opa 00yJyaroImx-
CsI B CaMBIX PA3IMYHBIX CUCTEMAX Mepenadr MH(MOpMaIINK: OT TpaIUIIMOH-
HO1 TeeOHNM, 10 PATMOCUCTEM PA3IMIHOTO HA3HAYCHMSI.

[ranupyeMble pe3yIbTaThl M3yYeHUS MAaTePHUAIOB TAHHOTO MTOCOOMS
COCTOSIT B PEIICHUM CJICIYIOIINX 3a1ay:

— JIOCTUYb OOYYaIOIIMMUCS KOMITIETEHIIUU: CIIOCOOHOCTh MOHUMATh
3HaYeHHUE MH(POPMAITK B pa3BUTHN COBPEMEHHOTO OOIIECTBA, IIPH-
MEHSTh MHOOPMAIIMOHHBIC TEXHOJIOTHH ISl TIOMCKA U 00padOTKU
nH(OpPMAILINH, B pe3yJIbTaTe 4ero 00yJaroIIniics JOJDKeH 3HATh CO-
BpPEMEHHBII YPOBEHb Pa3BUTUS MHOOPMAIIMOHHBIX TEXHOJIOTHUIA,
BUIbl TEXHOJOTUI MO MPEIMETHBIM 00JIACTSIM, CIIOCOOBI MOUCKa
nH(OPMAILINY, KacaroIleiicsl CeTeBbIX TEXHOJIOTUM U MHMOpMAaIIH-
OHHOIT 0€30ITaCHOCTH; YMETh IPUMEHSITh MH(MOPMAIIMOHHBIC TEX-
HOJIOTHH JIUTSI TTIOMCKa MH(OPMAIINY, Kacalolleiics CeTeBBIX TEXHO-
JIoruit 1 nHGOPMALIMOHHOM 0€30ITaCHOCTH; BJIaAETh CLIOCOOHOCTHIO
00paboTKM MH(MOPMAITNHY, KACAIOIIECS CETeBBIX TEXHOJIOTUIA ¥ MH-
¢dopMaImOHHOIT 6€30ITaCHOCTH;

— chopMHUpPOBATh Yy CTYICHTOB CMCTEMHOE IPEICTABICHUE O CETSIX
U cucTemax repeaadyd MHGOpMalMyi pa3IuyHbIX BUAOB;

— copmupoBaTh 6a3y HaYaIbHBIX 3HAHWIT B 00JIACTH aIMUHUCTPH-
POBaHMUS CETEBBIX KOMITBIOTEPOB, ITOJIB30BATENICH M peCypCOB;

— Pa3BUTh YMEHUE UCIIOJIb30BaTh COBPEMEHHBIE MH(MOPMAIIMOHHEIE
CETeBbIE TEXHOJIOTUY MTPU paboTe C OOLIIUMU CETEBBIMU PECYPCAMU,
C CeTeBBIMU 0a3aMM JaHHBIX.

3HaHMe MaTepraia yaeOHOTO ITOCOOMS TaCT BO3MOXKHOCTD BBIITYCKHH-
Ky YCITEIITHO paboTaTh B 00J1aCTH OE30IMaCHOCTH KOMITBIOTEPHBIX CHCTEM
¥ pa3doMpaThcs B TEXHOJOTHUSIX CMEXKHBIX CUCTEM TIepeaadr WH(pOPMAaIINK.



1. OBLYUE NOJIOXKEHUA

1.1. KpaTKaa ncropusa passutna cuctem
nepeaaun nHopmaumn

[MoHsTre «Tenerpad» MPUIILIO U3 IPEBHETPEYECKOrO (THAE — «IaIeKOo»,
YOA@w — «rmuiy»). Tak OblT Ha3BaH (hakeJbHBIN Tenerpad, Kak crnocod
repenayr COOOIIEeHNI Ha pacCTOSTHUE C TIOMOIIbIO (haKeI0B, IPEIIOXKEH-
HBIIf BO BTOPOM BEKE JI0 H. 3. TpedecKrMU yueHbIMU JlemokuTom u Kite-
okceHoM. [IpaBna, crmoco® He MPUXXUJICS BBUILY CBOEi CJIOKHOCTH.

[lIupokoe npakTudeckoe puMeHeHre B EBporie HaIEn «ONnTUIecKuii
Tenerpad», n300peTeHHbIX (ppaHiry3amu, opatbsimu [lanm. Kinon [lamm
co3MaJl CreUaIbHYIO Ta0JUILy KOIOB, TIe Kaxknoii OyKBe ajichaBUTa COOTBET-
CTBOBAaJIa OIpeeIEHHas hurypa, oopasyeMasi ceMahopoM, B 3aBUCUMOCTH OT
TTOJIOXKEHHI TTOTIePEYHBIX OPYCheB OTHOCUTEIBHO onopHoro mecta. Cemado-
PBI — IIIECTHI C MIOABMXKHBIMU TIepeKIaquHaMu, YIPABISUIMChH TIPY IIOMOIIN
TPOCOB. Bcst KOHCTPYKIINS, a TAKKE OIIEPaTophI, TiepenaBaBIlie U IPUHUMAB-
11ve THGOPMALIMIO, HAXOMWIVCh B CIIEIIMAIbHBIX COOPYKEHUSIX — Teserpad-
HBIX OanHsIX. CKOpOCTh Tiepenayy CoCTaBJIsIa IBa CJIOBA B MUHYTY.

B Poccum munms Ietepoypr — Bapmmasa (1839 rox) 6bl1a camoit mpo-
TsKeHHOM B Mupe (mirHa 1200 kM, 149 mpoMeKyTOUHBIX CTaHIIMM C BHICO-
Toit GamrHu oT 15 mo 17 metpos). Ilepenaya 45 yCIOBHBIX CUTHAJIOB U3
IletepOypra B BapiuaBy nipu sicHo# rorofe 3aHuMana 22 MUHYTHI.

MN306peTeHre XMMUYECKOTO MCTOYHUKA TOKA MTAIbSIHCKUM YUYEHBIM
A. Bonwra B 1800 rogy (3HaMEHUTHII «BOJBTOB CTOJI0» ) a0 BO3MOKHOCTD
HeMmelkoMy ydyeHoMy C. 3eMMepHuHTY ITOCTPOUTD U NpeAcTaBUTh B 1809 T.
MIOHXEHCKOM akaleMHU HayK IPOEKT JIEKTPOXMMMUYECKOTo Teerpada.
st mepenaun mHGOpPMAIIMU OH MCITOJIb30BaJ My3bIPbKM ra3a, KOTOphIe
BBIACJISLIMCH ITPU MPOXOXKIEHUU TOKa Yyepes MoNK1CAeHHY0 Bomy. Tenerpad
3eMMeprHTra UMeJI MHOTO HEIOCTAaTKOB 1 He Halllel ITPaKTUIeCKOTO MpH-
MeHeHus. [ToHagoownock 20 j1eT, YTOOBI MOSIBUJIACH TIEPBasi MPAKTUIECKU
NIpUMeHuMasl cucteMa TejerpacdupoBanus. Ee aBTop — BbIIaoImiics
pycckuii yuensiit I1. JI. [lunnunr. B okTs16pe 1832 r. cocTosiiach mepBast
Iy O IMYHAas IEMOHCTpAIIUs 3JIEKTPOMarHUTHOro Teierpada. B Tom xe romy
¢ nomoriiblo Tenerpacda lluminHra 6p1a HagaXkeHa CBSI3b MEXKIYy SUMHUM
JIBOPIIOM ¥ MUHUCTEPCTBOM MYyTeil COOOIIEHMSI.

HanpHeWIIMM pa3BUTHEM CTajla pa3paboTKa MUIIyIIero tenerpada,
KOTOPBI/ HE3aBUCHUMO IPYr OT Apyra M300peiu pYCcCKUil akaaeMuK
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B.C. fdxobu u amepukanenr C. Mopae. [TociaeqHuit mpenioxXuia Tak xe
TenerpadHyro a30yKy, HOCSIIYIO €ro UMS U MPUMEHSIEMYIO 10 CUX TTOP.

OtMmeTuM, 4TO TenerpadHas JUHUSA, 0OOpyIOBaHHAS MUIIYIIUM
tenerpadom b.C. SIko6u u coenmuuBiiasa [MaBHbI Tad 1 3UMHUI
IIBOpeLl, OblIa BBemeHa B 9KcrryaTanuio B 1841 roxy. [Tetepoypr u Llap-
CKO€ ceJio ObUTH CBSI3aHBI MUIITYIIUM Teserpacdom B 1843 romy (paccro-
sHUe 25 KM), a B AMepUKe aHaJOTUYHas JUHUS MOSIBUIACh HA TOJ TT03-
ke — B 1844 rony — mexny BammHrronom u baaTumopowm (paccrosiHue
63 kM). Janbueitmmii Bkiaa b.C. SIko6u B pa3BuTHe Tenerpada — co3-
naHue OykBomeuartalouiero anmnaparta B 1850 roay. B manbHeiiiem 3ty
KOHCTPYKIIMIO 3aMMCTBOBAJIA U yCOBEPIIEHCTBOBaIU amepukanel /. O3
u ppannys XK. bomno.

C 1866 rona TenerpadHble TMHUK CBsI3aau EBpory 1 AMepuKy, Tak Kak
B MIOHE 3TOr0 rofia Oblj1a 3aBepllieHa MpoKianKa Kadess yepe3 ATIaHTHYe-
CKUIA OKEaH.

Cremyiommm 3TaroM B pa3BUTUM BJIEKTPOCBS3U CTAJIO U300peTeHMe
tenedoHa. AMeprkaHer A.T. besn B 1876 romy moJTydust aTeHT Ha «yCTPOI-
CTBO IIJIS1 TIepenavyu pedyu o MPOoBOIaM», KOTOPOE BITOCIEACTBUU TOITY-
YWJIO Ha3BaHUE «TeJe(OH». A BOT YyBCTBUTEIbHBIN MUKPOGOH IS Teje-
¢oHHOTO ammapaTa BIIEpBble CKOHCTPYMPOBAl PYCCKUIl yYEHBII
M. Maxanbckuii B 1878 rony. B coBpeMeHHOM KOHCTPYKTUBHOM UCITOTHE-
HUU 3TOT MUKPO(OH UCITOIB3YETCs 10 CUX TIOP.

Ha nmepBbix mopax 1jis TesiehOHHOM CBSI3U UCITOJIb30BAIUCH Teslerpad-
Hble TMHUU. Ho 11g yaydieHus: KayecTBa CBI3U MOTPEOOBATIOCH CTPOU-
TEIBCTBO CIELIUAIBHBIX ABYXITPOBOAHBIX Tee(DOHHBIX TUHUIA. Takas TMHUS
Obia cripoekTrpoBaHa B 1895 1. mpodeccopom IetepOyprekoro amekTpo-
Texamaeckoro nHetutyTa I1. 1. BoitHapoBcKUM 1 TocTpoeHa B 1898 T. Mexk-
ny Ilerepbyprom 1 MockBoOIi.

CylecTBeHHBIH BKJIJ] B YCOBEPIIIEHCTBOBaHNE TeJle(DOHA BHEC PYCCKUIA
duzuk I1. M. TonyouHkwuii, KoTopslii B 1886 T. pazpaboTall HOBYIO CXeMy
tenedoHHoi cBsa3u. CornacHo 3Toil cxemMe MUKPOMOHBI aOOHEHTCKUX
Tene(OHHBIX alNapaToB MOJy4Yyalu MUTAHUE OT ONHOU (LEHTPaJbHOW)
OaTapewu, pacroyoXeHHOl Ha TeJe(pOHHOU CTaHIMK. DTa cUcTeMa Oblia
BHeJpeHa BO BCeM MUpe ToJ Ha3zBaHueM cuctembl LI b.

[TepBoie TenedoHHbIe cTaHIMU B Poccuu ObuM TTOCTpOeHBI B 1882—
1883 1T. B Mockse, IletepOypre, Onecce.

B koH11e TIpo1ioro croneTust 3emiist OKa3auach OMOSICAHHOM MTPOBO-
JTaMU U KaOeIsIMU, COEAUHSIIONIMMU ropofa U KOHTUHEHTHI. OTHaKO Mpo-
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BOJHAs CBSI3b HE MOTIJIA YAOBJIETBOPUTH OBICTPOPACTYIIME MOTPEOHOCTU
MPOMBIIIEHHOCTU. TPAHCTIOPTAa U OCOOEHHO cynoXoAcTBa. B 6ecripoBoa-
HOM CBSI3U OCTPO HYXIaJMCh MOPETUIABATENN U BOEHHBIN (DJIOT.

M306peTeHune paauo — 3aciayra Hallero BIIAIOIIEroCcs COOTEYECTBEH-
HUKa, TATaHTIMBOTO pycckoro yaeHoro A. C. [Toroga. [1epBast myonmuHast
neMoHcTpanus yctpoiictBa A. C. [Torosa a1t mprema 31eKTPOMarHUTHBIX
BOJIH COCTOSUIACH Ha 3aceAaHuu Pycckoro hu3nko-XxuMHUYECKOTO 00I1IeCTBa
7 mast 1895 1. DTOT IeHb 1 BOIIIE]I B UCTOPUIO KaK JIeHb M300pETEHUS paIno.
B mapte 1896 1. A. C. ITonoB nepenai 31eKTpUIECKUMU CUTHaTaMK 6e3
MPOBOAOB TEKCT, COCTOSIIMH U3 ABYX cioB («I'eHpux 'epi»), Ha paccTosiHUE
Bcero 250 M. A yxe B 1900 r. panrocBsI3b UCTIOJIb30BAIACH HA TPAKTUKE MTPU
CHSITUM C KaMHel 6poHeHoc1a «IeHepan-anMupan ApakCUH» U IIPU CIa-
CEHUU pbI0AKOB, YHECEHHBIX B MOpE.

B 1965 1. 8 CCCP 6bL1 3amy1iieH MCKYCCTBEHHBIH CITyTHUK 3eMiu « MoJi-
HUs- 1», Ha 00PTY KOTOPOTrO HAXOAWJIACh MPUEMOIIepeaaroIasi peTpaHCcisi-
LIMOHHAS CTAHIUS.

B 1960 r. B AMepuike GbIT CO3IaH TEPBbI B MHUpE Jiazep. DTO CTaIo
BO3MOXKHBIM TIOCJIE TIOSIBJIEHUSI pa0OT COBETCKMX yueHbIX B. A. @abprkaH-
ta, H. I. bacoBau A. M. IIpoxopoBa u amepukaHckoro yyeHoro Y. TayHca,
noayyuBiMx HobeneBcKyo mpeMuio.

B 1970 r. B amepukanckoit pupme «Corning Glass Company» ObLIO
TIOJTy4€HO CBEPXIMCTOE CTEKITO. DTO NAJIO BO3MOXHOCTB CO31aTh U BHEAPUTH
MOBCEMECTHO ONTUYECKNE KaOeIu CBS3HU.

B Hacrosiee BpeMs CBSI3b pa3BUBAIACH MO IMMyTU OLIU(DPOBBIBAHUS BCEX
BUIOB MHGOpMAIMU. DTO CTAJIO TeHEPAIIbHBIM HATIpaBIeHNEM, 00ecTIeun-
BaIOIIM KOHOMUYHbBIE METOMIBI HE TOJIBKO €€ Mepeaadu, HO U pacripese-
JIeHUs, XpaHeHUs 1 00paboTKu. [ToSIBUIINCH CUCTEMBI ITepeaady CHHXPOH-
HoIt LM pPOBOIt Mepapxuu.

HNHTeHcuBHOE pa3BuUThe HU(POBBIX CUCTEM Tepeaayr OObSICHSIETCS
WX CYUIECTBEHHBIMU TOCTOMHCTBAMU MO CPABHEHUIO C aHAJIOTOBBIMU
CUCTEMAaMHU MEPENAYU: BHICOKON MOMEXOYCTONYUBOCTBIO; CIabO0ii 3aBU-
CUMOCTBIO Ka4eCTBa Mepeaayr OT JJIMHbBI IUHUU CBSI3U; CTAOWIBHOCTBIO
SJIEKTPUYECKUX TTApAMETPOB KaHAJIOB CBSI3U; 3(DEKTUBHOCTHIO UCTIOJb-
30BaHUS NPOIMYCKHOM CIOCOOHOCTH MpU Nepefade TUCKPETHBIX COOOIIIe-
HUM U Op.

Ha cmeny tenerpadHoii CBSI3U NPUIIUTA TAKUE BUABI JOKYMEHTAIbHON
3JIEKTPOCBS3HU, KaK Iepefadya JaHHbIX, 3JIEKTPOHHAS MTOYTa, (paKCUMUTbHAS
CB$3b. YCIIEIIHO Pa3BUBAETCS POCCUMCKUI CErMEHT ceTu MHTepHET.
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OmHOBpPEMEHHO C POCTOM YHMCJIA YCIYT CBSI3U U3MEHSThCS MX Kaue-
CTBO — OT IPOCTOrO TesIe(hOHHOTO CEPBUCA A0 YCIYT MyJAbTUMENNA, KOTO-
pble 00ecTIeunBaIOTCS UHTETPATbHBIMU UG POBBIMU CETSIMU CBSI3HU.

Oco0eHHO OBICTPBIMU TEMIIAMU B MUPE U Y HAC B CTpaHE UIET Pa3BUTHE
ceTh MOOWIBHON paauocBsi3u. KonnyecTBo AIonei, Moab3yIonMxcs MO-
OUIbHBIMU TenepoHaMu B MUpe, MpUbIMXKaeTcs K 2 MIIPA.

B Poccuu pazButre TeieKOMMyHUKAITWIA B HACTOSITITUIA MOMEHT XapaK-
TEpU3YETCS CAEAYIOIIUMU MOKa3aTeIsIMU: Tee(OHHAS MIIOTHOCTh — OKO-
710 30%, MIOTHOCTh MOGWIIBHOM CBSI3U — 87 %, MIIOTHOCTH MOJTb30BaTENeiH
Hnrepuera — 81% [1].

YenoBevyecTBO ABMKETCS MO MyTU co3naHus [nmobanbHOro nHpopMma-
LIMOHHOTO 0611ecTBa. Ero ocHOBOII ctaHeT [obanbHas MHGOpMaMOHHAS
UH(DPACTPYKTYpa, COCTABIISIONIEN KOTOPOIt OyIyT MOIITHBIE TPAHCIIOPTHBIE
CETU CBSI3U U pAaCIIpeeIeHHbIE CETU AOCTYIIa, TPEAOCTABISIONINE UHPOP-
MalMIO NOJb30BaTeNsIM. [T100anu3aius CBsI3U U €€ epcoHanu3anus (1o-
BEIEHUE YCIYT CBI3U A0 KaXIOro MOoJb30BaTeNsI) — BOT ABE B3aUMOCBSI-
3aHHbIE MPOOJIEMBI, YCTIENTHO pelllaeMble CIIeUATUCTAMU 3JIEKTPOCBI3U
Ha JAHHOM 3Talle pa3BUTUS YEJIOBEYECTBA.

BonbIIMHCTBO CIENMAIMCTOB CXOASITCS BO MHEHUU, YTO JaTbHEMIIas
SBOJTIOLUS TETEKOMMYHUKAIIMOHHBIX TEXHOJIOTUM OyIeT UATH B HAalpaBJie-
HUSIX YBEJTMYEHUS] CKOPOCTU Mepeaayy MHGOPMAaLUW, UHTEJUIEKTyaTn3aluu
ceTeli 1 obecreyeHuss MOOWJIBHOCTH TTOJIb30BaTeNEN.

Bricokue ckopocT HeOOXOAMMBI IS Tiepeaadyu M300pakeHuid, B TOM
YHUCJie TeJIEBU3UOHHBIX; MHTETPAllMU PAa3IMYHBIX BUIOB WHMOpMALINU
B MYJIBTUMEIUIHBIX MTPUJIOXEHUSIX; OPTaHU3AIUUA CBSI3U JOKAJIBHBIX, TO-
PONCKUX U TEPPUTOPUATBHBIX CETEHA.

MHTem1eKTyanbHOCTh MO3BOJIUT YBEIUYUTh TMOKOCTh U HAIEXHOCTh
cetu, caenaet 6osee JerkuM yrpaBieHUe DIOOATBHBIMU CeTsIMU. biaro-
Jlapsi UHTEJUIEKTYaJIU3allMU CETEN, TTOIb30BaTeNb EPECTAET ObITh MACCUB-
HBIM TOTPEOUTENIEM YCIYT — MPEBPATUTCS B AKTUBHOTO KJIMEHTA, KOTOPBII
CMOXET YIPABIISTH CEThIO, 3aKa3bIBasi HEOOXOMUMBIE MY YCITyTH.

VYcnexu B 006J1acT MUHUATIOPU3ALUA SJIEKTPOHHBIX YCTPOMCTB, CHU-
>KE€HUE UX CTOUMOCTH CO3AJIU MTPENTOCHUIKH K IJTI00ATbHOMY paciipocTpa-
HEHUIO0 MOOWJIBHBIX OKOHEYHBIX YCTPOMCTB. DTO eaeT peasibHOM 3a1aqy
MPEAOCTaBIEHUS YCIYT CBS3U KaXIOMY B JII000€ BpeMs U B JIIOOOM MECTe,

MOXHO OTMETHUTh, UYTO 00beM MHMOpPMAINU, TIepenaBaeMoil Yyepes
UHOOPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHYIO0 UH(MPACTPYKTYpPY MUpa, Y-
BauWBaeTCd KaXIble 2—3 roma.



1.2. OcHOBHbIe onpegeneHnA

Hughopmayus — 3T0 cBeAeHUs O KaKUX-JIMOO Mpolieccax, COObITUSX,
dakrax unmu npenqmetax. M3sectHo, yto 80—90% wmHbOpMaiKM YeT0BEK
ToTy4yaeT yepes opranbl 3peHust u 10—20% — yepes opraHsl ciyxa. Jlpyrue
OpraHbl 9yBCTB IalOT B cyMMe 1—2% wmHbopmanmn. OU3HoIornIecKne
BO3MOXHOCTHU YeJIoBeKa He TO3BOJISTIOT 00eCTIeYnTh Mmepeaady OOJbIIX
00beMOB MHGMOPMAIIUK Ha 3HAYUTEIbHBIE PACCTOSTHYSI.

Cea3p — TexHUYECKas 0a3a, obecrneunBaroas nepeaady v npuemM uHhop-
Malluy MEXJTy yIaJIeHHBIMU IPYT OT JAPpYyTa JIIOIbMU WM YCTpOUCTBaMu |[2].

Cemb c6s3u — 9TO COBOKYITHOCTb TEXHUYECKHUX CPEICTB, 00eCIeun-
BalONIMX TIepenavyy v pacnpesesieHue coooieHuii. [IpyHIMIBI MocTpoe-
HUS CeTeil CBSI3M 3aBUCAT OT BUIA MepenaBaeMbIX M pacrpenessieMbIX
COOOIIEHUIA.

Coobuenue — opma BbIpaxkeHUs (MpencTaBieHus) UHpoOpMaluu
ynoOHas IS Tlepefauyn Ha paccTosiHue. Pasznuyaior onmuyeckue (Tene-
rpaMma, Mcbmo, otorpadusi) U 38ykossie (peib, My3blKa) COOOILIEHMUSI.
JlokymenmansHsie cOOOIIEHWST HAHOCSTCS Ha OTpeNneeHHbIe HOCUTENN
(yalue Bcero Ha Oymary) u TaM xe xpaHsrtcsi. CooO1eHus, IpeqHa3HaYeH-
HbIE 17151 00pabOTKM B KOMITBIOTEPHBIX MH(MOPMAIIMOHHBIX CUCTEMAX, ITPH-
HSITO Ha3bIBaTh OQHHbIMU.

Hnughopmayuonnuiii napamemp coodujeHus napameTp, B UBMEHEHUU KO-
TOPOro «3ajoXeHa» uHopMmanus. s 36yko6bix cooOLIeHN I MH(bOpMa-
LIMOHHBIM TTapaMeTPOM SIBJISIETCSI MTHOBEHHOE 3HaUY€HUE 3ByKOBOTO J1aB-
JIEHUS, 151 HenoO08UMICHbIX N300paXkeHU I — KO3 (PULIMEHT OTpakeHUsI, TSI
NO0BUNCHBIX — SIPKOCTh CBEUEHMS YUaCTKOB OKpaHa.

[To xapakTepy n3mMeHeHUsI MH(MOPMAIIMOHHBIX [TAPAMETPOB Pa3InyaoT
HenpepuvieHble NI OUCKPemHble COOOIEHUSI.

Kanan ces3u — COBOKYITHOCTh TEXHUYECKUX YCTPOMCTB (TTpeodpa3oBa-
TeJeid) U cpenbl pacIpoCTpaHEeHUST, 00ECTIEeYMBAIOIINX Mepenady CUTHAJIOB
Ha pacCcTOsSTHUE.

KaHasbl 1 cUCTEMBI CBSI3M, MCMOJIB3YIOIINE UCKYCCTBEHHYIO Cpemy
pacrpocTpaHeHMs (MeTaJuIMYecKre TIPoBoa, ONITUYECKOE BOJIOKHO), Ha-
3BIBAIOTCS IPOBOMHBIMM, & KAHAJIBI M CUCTEMBI CBSI3U, B KOTOPBIX CUTHAJIBI
TepenaTcst Yepe3 OTKPBITOE MPOCTPAHCTBO — paguoOKaHAJIaMU U PaJfio-
CHCTEMaMU.

Cuenan — bU3NYECKUIT TIpoIIECC, OTOOpaKaIoIIii TTlepenaBaeMoe Co-
obueHue. OTobpaxkeHue CoOOLLIEeHUs 00ecrneurnBaeTCs UBMEHEHUEM KaKoii-



60 (pr3NYecKoil BETMIMHBI, XapaKTepU3yIOIIel Tpoiiecc. DTa BeIMInHA
SIBJISIETCST H(OPMAIIMOHHBIM TIapaMeTpoM curHaiia. CUTHAITBI, KaK U CO-
OOIIIEHUSI, MOTYT OBITh HenpepuieHsimu 1 duckpemuvimu (puc. 1.1). Mubop-
MallMOHHBII TapaMeTp HETIPEPHIBHOTO CUTHAJIA C TEYEHNEM BPEMEHU MOXKET
TIPUHUMATD JIIOObIE MTHOBEHHBIE 3HAYEHUSI B OTIPEIeSIEHHBIX Mpeaesax.
HemnpepsIBHBII cCUTHAT HA3BIBAIOT AHA10208bIM. JINCKPETHBI CUTHA XapaK-
TEPU3YeTCsI KOHEUHBIM YMCIIOM 3HaUeHU MH(POPMAIIMOHHOTO TTapamMeTpa.

X(t) X(t)

Puc. 1.1. MNpencTtaBneHve aHanoroBoro 1 ANCKPeTHOro
CUrHanos

B QJICKTPHUYCCKUX KaHaJlaX CBA3M CHUTHAJI IIPpEACTaBIACT co00i1 TOK
B IMIpOBOIC oo HaIIpsA2kKEHUE JIEKTPUYCCKOTO ITOJIA, B aKyCTUYECKHNX Ka-
HajlaX — 3BYKOBO€ JaBJICHUC U T. 1.

1.3. Cnucrembl CTaHAAPTM3aLMN

Llenb nesiTeNbHOCTM OpraHu3alMii CTaHAAPTU3alMU B 00JIacTH Teje-
KOMMYHMKAITUI 3aKJII0YaeTCs B CO3MAHNUM €IMHBIX MEXKITYHAPOIHBIX CTaH-
naptoB. OTCYTCTBUE €IUMHBIX CTAHIAPTOB MPUBOIUT K HECOBMECTUMOCTU
000pyIOBaHUs Pa3IMYHbBIX IPOU3BOAUTENCH U, KaK CICACTBUE, HEBO3MOX-
HOCTH OpraHu3aluy MeXIyHapoaHO cBsi3u. OpraHu3aluy CTaHIapTU3aluu
o0ecrneuynBaloT YCIOBUS IJis1 OOCYKIEeHUSI TTPOrPECCUBHBIX TEXHOJIOTHUIM,
YTBEPXKIAIOT PE3YJIBTAThI TUX OOCYXKIACHUI B BUIE O(UIIMATIbHBIX CTaHIAP-
TOB, a TAKXXe 00eCIeurBaIOT paCIpOCTPaHEeHUE YTBEPXKIACHHbBIX CTAHAAPTOB.

ITopsimok paboThI OpraHU3aLMii CTAaHIAPTU3ALIMM IO TIPUHSITUIO CTaHAap-
TOB oTIM4YaeTcst. OMHAKO OH CXOX B TOM, YTO IPOM3BOIUTCS] HECKOJIBKO 3TaroB
pa3pabOTKU 1 0OCYKIEHMSI HOBBIX TEXHOJIOTUI, pa3paOdOTKU IIPOEKTOB CTaH-
JIapTOB, TOJIOCOBAHUSI IO BCEM WIM HEKOTOPBIM acleKTaM 3THX CTaHIapTOB
U, Ha KOHell, 0(pUIIMaTbHOIO BHITYCKA 3aBEPIICHHbBIX CTAHIAPTOB.
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HauGonee n3BeCcTHHI clenyone OpraHu3alliv CTAaHAAPTU3ALUHA.

Mexncdynapoonas opeanusayus cmandapmuzayuu (MOC) (International
Standard Organization — ISO) — aBTOp cTaHAAPTOB B pa3JIMYHBIX O0IACTSIX
NeITeTbHOCTHU, BKJIIOYasi CTAHIAPTHI TI0 TeJIeKOMMYHUKAIMIM. YireHa-
Mmu [SO sgBnsTIOTCS HAIMOHATBHBIE OPTAHM3AIIUY CTAHAAPTU3ALIUN. YIacTue
B ISO gBistercss no6poBoabHBIM. Hanboiee n3BecTHBIM cTrangapToM 1SO
B 00JIaCTH TeJIEKOMMYHUKAIIWIA SIBJISIETCS] ATAIOHHAST MOJIENTb B3aUMOIEel -
CTBUSI OTKPBITBIX CUCTEM.

Cexmop cmandapmu3sayuu menekommynuxayuu Mexcoynapoonoeo cor3sa
anexkmpocsasu (MCBO-T) (Telecommunication Standardization Sector
of International Telecommunication Union — ITU-T) — cnenumanu3upo-
BanHBI opraH OOH. Crangaptel ITU-T Ha3bBatoTcs PekomMeHmanmsMm
(Recommendation). PekomeHnaiyu o0beauHEHbI B cepum, 0003HaUYaeMble
JIATUHCKUMU OykBamu. B npenenax cepun PekomeHmaimy mprucBanBaeTcst
TopsiAKOBbIN HOMep. OO03HaUeHNe cepur U HoMepa PekoMeHmanmum ot-
IESIOTCS IPYyT OT Ipyra Toukoit, Hampumep, V.90. Kpome ITU-T, B co-
craB ITU Bxomsar Cexmop paduoceszu MCHO-P (Radiocommunication
Sector — ITU-R) u Cexkmop pazsumus snexmpocsszu (Telecommunication
Development Sector ITU-D). Cranmaptsl ITU oxBaTeIBaloT MpakTUIeCKN
BCIO 00JIaCTh TEJIEKOMMYHUKAITUHA.

Hnemumym unsicenepog no snexkmpomexruke u snekmponuxe (Institute of
Electrical and Electronic Engineers — IEEE) — mpodeccronanbHas opra-
HM3allYs1, pa3padaThiBarolias CTaHAapThl st ceteit. CTaHmapThl TOKATbHBIX
cereit LAN siBisiioTcst Hanbosiee u3BecTHbIMU ctaHnaptamu IEEE 1o Tene-
KOMMYHUKAIIHSIM.

Eeponeiickuii uncmumym cmandapmu3ayuu srekmpocesazu (European
Telecommunications Standards Institute — ETSI) onpenensier enuHyo Tex-
HUYECKYIO TIOJIMTUKY B OOJIACTU TeJIEKOMMYHUKAIIMIA IS CTpaH-YJIeHOB
EBpomneiickoro coobmecTBa. Hanbomnee n3BectHbiM cranmaptoM ETSI sB-
JISIeTCsl CTAaHAAPT COTOBOM CUCTEMBI OABMKHOM panuocBsizu GSM.

FEeponeiickas kongepenyus afMAHUCTPAIIAN TTOYT U DJIEKTPOCBI3U
(Conference of European Posts and Telegraphs — CEPT).

Amepuxanckuil HauUOHANbHYIL UHCMUmMym cmanoapmusayuu (American
National Standard Institute ANSI) — KoopIMHUPYIOIINIT OpraH J10O0POBOIb-
HBIX Tpynn o craHaaptusaimvu B npeaenax CIIIA. ANSI asnsiercs une-
HoM ISO. IlIupoxo u3secteH ctanaapT ANSI mo kommyHukauusim FDDI.

Accoyuavus meaexommynuxayuii npomviuinennocmu (Telecommunica —
Industrial Association — TIA) — omxa u3 rpymt ANSI, BeITycKaroIast cTaH-
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JAPTHI TI0 TeJleKOMMYHUKaIusiM. CaMbIM M3BECTHBIM cTaHmapToM TIA sB-
JISIETCSI CTAaHAAPT COTOBOM CUCTEMBbI TTOABMXKHOM pannocssizu CIIIA 1S-54.

Accoyuavyusa anexmponnoii npomwviuinennocmu (Electronic Industrial
Association — EI A) — onHa u3 rpynm ANSI.

Dedepansras komuccus no céaszu (Federal Communication Commission —
FCC) CIIIA — npaButensctBeHHas opranusaius CIIIA., 3anumatorasicst
peryJiMpoBaHUEM B OTPACIIH CBS3M, B TOM YKCIIE pacIipee/ieHreM CIIeKTpa
paamoyacTor.

Cosem no peeynsyuu pabomut Internet (Internet Activities Board — IAB)
OTIpe/eliieT OCHOBHYIO TTOJIMTUKY B 001aCTH I7100anbHOM ceTr MHTEpHET.
Bxortoyaer B ce0st ABa MOAKOMUTETA: MCClenoBaTelbckuii — Internet
Research Task Force (IRTF) u crangaptuzamuu — Internet Engineering
Task Force (IETF). Crannapts IAB HazweiBatotcst «Request for Comments»
(RFC).

[MpousBoauTenn 060pynOBaHMs TEIEKOMMYHUKAIIW, 3aMTHTEPECOBaH -
HbIE B OBICTPOM MPOIBWKEHNM HEKOTOPOU KOHKPETHOM TEXHOJIOTUH, TaK-
K€ CO3Ial0T OpTaHU3alNMK CTAHIAPTU3AINY B TaHHOI o0nacTu. B kauecTBe
TpUMepa MOKHO TIPUBECTHU TaKue opraHusanuu, kak Popym ATM, Popym
Frame Relay, Anvsanc Gigabit Ethernet v ip.

B Hamieit ctpane paboThI MO CTAHAAPTUIALMHU U PETYIUPOBAHUIO B 00-
JIacTH CBSI3U Hapsiny ¢ PenepasbHBIM aT€HTCTBOM 10 TEXHUYECKOMY Pery-
JupoBaHuio 1 Metposioruu (loccmandapmom) nipoBoasat: PenepanbHast
ciryx0a 1o Han3opy B cdepe CBA3U, THHOPMAITMOHHBIX TEXHOJIOTUIA U Mac-
COBBIX KOMMYHUKait (Pockomuadzop); MuHUCTEpCTBO IIM(PPOBOTO pas-
BUTHS, CBSI3U U MacCOBBIX KOMMyHUKatuii PO (Munuceszu P®) u ero non-
pasnenenue ['ocynapcTBeHHas KoMuccus 1o paauodacrotram (I'KPY).

2. NPEOBPA30BAHUE PEYEBO MHOOPMALIUNA

2.1. XapaKkTepuncTuka 3ByKOBOro cMrHana

Kak u3BecTHO, peuyb OCHOBaHa Ha MCMOJb30BAHUM 3ByKOBBIX Kojieba-
Huii. KonebaTenbHble IBUXKEHUS YaCTHUIL YIIPYTOi Cpelbl — BO3MYXa, BbI-
3BIBAIONIME CITYXOBOE OIIYIIEHNE, HA3bIBAIOT 3ByKOM. [Iporecc pacmpo-
CTpaHEHUS 3ByKOBBIX KOJ€OaHUI MPUHSTO HA3bIBATh 38YK0B0U B0AHOIL,
a MPOCTPAHCTBO, B KOTOPOM PACIIPOCTPAHSIOTCS 3BYKOBbIE BOJIHBI, 3BYKO-
BBIM IOJIEM.
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B TenedoHHOI anmapaType BOCIPOU3BEAEHUE 3BYKOB OOYCIOBIEHO
KoJieOaTeIbHBIM IBUXKEHUEM OTPEAeEHHBIX NeTaneil. Tak, 3ByyaHue Tene-
¢oHa mpoucxoaut BciencTBUe KojaebaHuii ero Memobpanbl. OHa co3aaer
KOJIeOaHUs BO3ayXa, KOTOPbIe Y BOCIIPUHUMAET HaIIIe YXO.

3ByKOBBIE KOJIeOaHUST, BOBHUKHYB B KaKOW-JIMOO TOUKE Cpeabl, pac-
TIPOCTPAHSIIOTCS] BO BCEX HAIPABJIEHUSIX OT UCTOYHUKA 3ByKa. CKOpOCTh
pacrpocTpaHeHMs 3ByKOBbIX KOJIEOaHMIT B BO3IyXe MIPY HOPMAJIbHOM aT-
MochepHom naBineHuu u temmepatype 20 °C — 343 m/c, mpuuemM oHa U3-
MEHSIETCS B 3aBUCIMOCTH OT BJIAXKHOCTU Y TEMTIEPATYPhI BO3MyXa.

[Tpu pacnipocTpaHeHUY 3BYKOBBIX KOJIEOAHMIT B KaXK/IOW TOUKE 3BYKO-
BOI BOJTHBI CO3[A€TCS OMPENEIeHHOEe U3MEHEHUE TaBIeHUS BO3IyXa, KO-
TOpOE Ha3bIBAETCS 3ByKOBBIM. BpeMeHHast 3aBUCMOCTh U3MEHEHUST 1aB-
JieHust o ¢opMe aHaJIOTUYHA BPEMEHHON 3aBUCUMOCTH JIBVKECHUS,
CO3IalIoIIero 3ByK 00beKTa (HalpuMep, TOJIOCOBBIX CBSI30K YeJIOBEKa).
ITo 3ByKOBOMY NaBIEHUIO MOXHO CYINTh O CUJIE 3ByKa. 3BYKOBOE JaBJICHUE
B MexayHaponHo# cucTeMe enuHUL BbipaxaeTcs B mackamsx (I1a).

3ByKOBasi BOJIHA B KaX/IOI TOYKE MOJISI XapaKTepU3YeTCs ONPeeIeHHOM
WHTEHCUBHOCTBIO (CUJIOI 3ByKa), MO KOTOPOIl MTOHWMAIOT SHEPTHIO 3BY-
KOBOI1 BOJIHBI, TTPOXOIsIIeii 3a 1 ¢ yepe3 turomans 1 M2, pacrioNokeHHYIO
MepHeHAUKYISIPHO HAMPABICHUIO PACIPOCTPAHEHUSI BOMIHBI. IHTeHCUB-
HOCTb 3BYKa BEIpaXkaeTCs B BaTTax Ha KBampaTHBI MeTp (BT/M»).

ITpocreiiym KoebaHUEM SIBISIETCS PABHOMEPHOE eapMoHuteckoe (v
CUHYCOUTABHOE) K01ebaHue, KOTOPOe TIPUHSITO XapaKTepU30BaTh aMILIU -
Tynoii A, mepuonom 7' ¥ 4aCTOTOM f.

HaubGonbliee OTKJI0HEHUE, KOTOPOTO TOCTUTAET KOJIEOII0IIEeecs TENO
3a repuo KojaebaHus (CUUTAas OT TIOJIOXKEHUsI pABHOBECHST), HA3bIBACTCS
amnaumydoi konebanus. YeM Oosbllle aMIITUTYAA, TeM OOJIbIIE 3BYKOBOE
JlaBJieHUe U cuibHee 3ByK. CUHYCOUIANbHBINA CUTHAN IBAXAbl JAET aM-
IUIMTYJHOE 3HAYEHUE — HA MOJOXUTEIbHOM U OTPULIATEIBHOM MOJY-
repuoze.

3ByKOBas BOJIHA, BCTpeYasi Ha CRBOEM MyTHU TEJIO0, CTOCOOHOE KOJIeOaThb-
cs1, IPUBOJUT €T0 B KosiebaTebHOE NBKeHMe. Tak, JocTurast yIirHoi pa-
KOBHMHBI Y€JIOBEKa, 3ByKOBasI BOJTHA IPUBOAUT B KOJieOaHUE CUCTEMY Opra-
Ha CcliyXxa, KOTopas MepeaaeT 3TU KoyieOaHus B KOPY OO0JBIIOTO MOayIIapust
TOJIOBHOTO MO3Ta, [JIe OHU U CO3AI0T OIIYyIIIeHNUE 3ByKa.

Paznnyalor Tpu 371€MeHTa CIyXOBOTO BOCIPUSTUS; BBICOTY (TOH),
TPOMKOCTb ¥ TeMOp 3ByKa. BricoTa 3ByKa 3aBMCHUT OT 4YaCTOTHI 3BYKOBO-
ro KoJiebaHusl, C BO3pacTaHUEM KOTOPOIi YBEJIMUMBAETCS BHICOTA 3ByKa.
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ITpu BBICOKKX YaCTOTaX YXO YEIOBEKA TEPSET CIIOCOOHOCTh BOCTIPUHU-
MaTb 3BYKOBBIE KosiebaHus. [pOMKOCTB 3ByKa SIBJISIETCS KOJTUYECTBEHHOM
XapaKTePUCTUKON CITyXOBOTO OUIYIIEHUS U 3aBUCUT OT 3BYyKOBOTO JaB-
JIeHusI. 3ByKOBO€ KojiebaHue TTPY YaCTOTE, KOTIa TPOMKOCTh MUHUMAaJTb-
Ha W 3BYK €IBa CJBILIECH, Ha3bIBACTCS HOP02OM CAbluumocmu. BepxHuit
Mpenes BOCOPUSATUS UHTEHCUBHOCTU 3ByKa HA3bIBAIOT HOp02OM 601€60-
20 OWgyueHuUs.

O06s1acThIO CITyXOBOTO BOCTIpUSTHS (pUC. 2.1) Ha3bIBaeTCs 001aCTh 3BY-
KOBBIX KOJIeOaHU I, 3aKTI0YEHHAS MEXKIY YACTOTHBIMU XapaKTEPUCTUKAMU
Topora CIBIIMMOCTH (KpuBasi 1) u mopora 60J1eBOTo ouryiieHus (Kpu-
Bas 2). TeMOp omnpenenseTcss HATUYUEM B 3BYKOBBIX KOJIEOaHUSIX, KpOME
KOJIEOAHUII OCHOBHOW YacTOThI, NOTIOJHUTEIbHBIX KOJIeOAHUI C MHBIMU
YacTOTaMU.

BepxHuA nopor cnbiummocTi

L, a6
120 -

60 - Pevesoit
Ananasox
i i Huxuyd nopor CHBILIHMOCTH, ;
0 30 125 500 2000 8000 22000 f, Ny

Puc. 2.1. lnarpamma obnactu clyXxoBoro BOCNpUATUA

Kaxaplii 3ByK roj10ca 4e/IoBeKa SIBJISIETCSI CJIOXHBIM KoJieOaHUeM,
COCTOSIIIMM U3 psifia MPOCTBIX KOJieOaHUI, pa3JM4YHbIX 110 4aCTOTE
U CUJIE, TT0 XapaKTePpU3YIOLIUXCS YaCTOTOI OCHOBHOTO KoJiebaHus (TOHA).
YacTtora MMIYJbCOB OCHOBHOTO TOHA PEYM JIEXKUT B Mpeneiaax oT
50...100 T (oueHb HU3KUI rosoc — 6ac) mo 200...350 Ty (keHCKUIA
U neTckuit ronoca). CloxXHbIe CUTHAJBl OCHOBHOTO TOHA copepkart 00-
see 40 rapMOHUK, aMIJIUTYAa KOTOPBIX YOBIBAET C POCTOM YacTOTHI. [1pu
pa3roBope YacToTa IepBOii rapMOHUKKY OCHOBHOTO TOHA MEHSIETCS B 3HA-
YUTEIbHBIX IIpeneax, 0COOEHHO IIPU IIEPEXO/IE OT IIaCHBIX 3BYKOB K CO-
IJIaCHBIM M HA00OPOT.
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CrpIlIMBIE 3ByKH CYyOBEKTUBHO OLIEHUBAIOTCS YETIOBEKOM 10 TPOMKOCTH,
3aBUCHILEN OT CUJIBI, YaCTOTHI U UHAUBUIYAIBHBIX OCOOEHHOCTE Cityxa.

B cuctemax TenedOHHOI CBS3M YYUTHIBAIOT aANITAIIUIO CITyXa U MaCKU-
POBKY 3BYKOB. Adanmaueii cayxa (IpUCTIOCcOOIsIEMOCTHIO) HAa3bIBAETCS CBOI-
CTBO yXa MEHSITb BO BDEMEHHU MOPOT CIBIIITMMOCTA B 3aBUCUMOCTHU OT YPOBHS
BHEITHETO 3BYKOBOTO BO3IEHCTBYS, IPUYEM 3HAUNTETHHOE 3BYKOBOE BO3IEH-
CTBUE TMOBBIIIAET TOPOT CIBIIIMMOCTA, KOTOPBI BOCCTAHABIMBAETCS MOCIIE
MPEKPAIIEHNS BO3ACUCTBYS BHEIIHETO 3BYKA Yepe3 eNUHUIIbI WU AeCSITKU
CeKyHII. SIBneHue ocnadbaeHus CIBIIIMMOCTH MOJIE3HOTO 3BYKA Ha (DOHE OTHO-
BPEMEHHO BO3AEVICTBYIOIIETO MEHSIOILIETOCS 3ByKa HAa3bIBAETCS MACKUPOGKOU
36yK06. B pe3ynbrate MAaCKMPOBKY MOPOT CIBIIIUMOCTH MTOBBIILIAETCS.

3BYKU peuu MPEeACTABISIOT cOO0 HEMePUOANYECKYIO (DYHKIINIO, KO-
TOPYIO MOXHO Pa3ioXuTh B psit Dypbe 1 paccMaTpUBaTh Kak Mepuognde-
cKue Konebanus B crieKTpe 9actoT oT 80 mo 12 000 I11. Yxo yemoBeka MOXeT
BOCIIPMHUMATh 3ByKOBbIe Kose6aHus ¢ yactoToit 16...20 000 Iir.

B mporuiecce pazroBopa MpOUCXOOUT YCWIEHUE OTAETbHBIX 00nacTei
YaCTOT, TaK HAa3bIBAEMBIX (hopMaHm, KOTOPBIMU OTIPENETISIETCS] pa300PUYNBOCTh
peun. bonbimmHCTBO hopMaHT pacmosioxeHo B nosioce yactoT 300—3400 Iir.
DTa YacThb CreKTpa, MOTydyuBIas Ha3zBaHue 3((hEeKTUBHO TepenaBaeMoit
MOJIOCHI YACTOT, peKOMeHAOBaHA MeXyHapOIHbIM KOHCYJIBTaTUBHBIM KO-
mutetoM 1o tenedonun u tenerpadpun (MKKTT) nig tenedoHHoit nepe-
JTAa4U U SIBJISIETCS CTAHAAPTOM [UISL BeeX TelaedOHHBIX IUHUIA. Peraronmmu
B BbIOOpe Tosockl 0,3...3.4 k11 ObUTM S5KOHOMUYECKUE COOOpakeHUs 1 He-
XBaTKa Teae(OHHBIX KAHAJIOB.

Cpeonsst mouwsHocms TeneOHHOTO CUTHAJIA HA TaK HAa3bIBAEMBIX MHTEP-
BaJlaX aKTUBHOCTH (B OTCYTCTBUE ITUTENILHBIX T1ay3) COCTaBIsIeT 88 MKBT.
OnHako B peun 75% BpeMeHU 3aHUMAlOT Tay3bl, TO3TOMY CPEIHSIST MOIII-
HOCTb Te1e(OHHOr0 CUTHaIa, U3MEPEHHAs B Yac HauOOIbIIEH HATPY3KHU,
C y4ETOM CUTHAJIOB YIIPaBJIE€HUsI — HAaOOpa HOMepa, CUTHAJIA BbI30BA U TaK
nanee coctapisieT 32 MkKBT. MakcuManibHast MOITHOCTh TeJIE(POHHOTO CUT-
Haja, BEPOSATHOCTh MPEBBIIIEHUSI KOTOPOW KMcYe3awolle Majaa, paBHa
2 220 MxBT, a MMHMMaIbHAsI MOLIITHOCTb CUTHAJIa, KOTOPBIN ellle CIbIIIEH
Ha (poHe 1IyMOB, puHsTa paBHOii 0,22 MKBT.

BnusHue mryMoB Ha KavyecTBO TeJle(hOHHOM CBS3UM XapaKTepu3yeTcs
CIACOYIOIIMMH TaHHBIMK: Ipy MolHocth 0.017 8§ MKBT mrymer exBa pas-
JIMYUMBIL; TpU MOIIHOCTH (0,178 MKBT pa36opynBOCTb peuu elne JoCTaToy-
Ha; Mpu MOIIHOCTH 1,78 MKBT pa36opuuBOCTb peuM 3aTpyaIHEeHA U KAYECTBO
CBSI3U HEYAOBJIIETBOPUTEIBHO.
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2.2. MNMpeo6paszoBaHne 3BYKOBOro cOO6GLeHNA
B J/IeKTPUYECKUI CUrHan

IIpeoOGpazoBaHue 3ByKOBOTO COOOIIECHUST B DJIEKTPUUYECKUI CUTHAI
OCYIIECTBJISIETCS C MOMOII[bI0O MUKPOGhOHa.

IIpocreitiunii U UICTOPUUYECKU TIEPBBIN ye01bHbLIE MUKPOGOH — HEOD-
paTUMBbIi aKTUBHBII aKyCTORJIEKTpUYECKUiT TpeoOpa3oBatesib. [IpuHIn
JIEICTBUSI OCHOBAH Ha CBOMCTBE YrojJbHOTO MOPOIIKA U3MEHSTH COMPO-
TUBJIEHUE JIEKTPUYECKOMY TOKY B 3aBUCUMOCTU OT €T0 IUIOTHOCTH, W3-
MEHSIOLIENCsl Mo AeCTBUEM 3BYKOBBIX KOJIeOAHUIA BO3AYIIIHOM Cpebl.
YcTpoiicTBO yroibHOro MUKpodo-
Ha ¥ CXeMa ero BKJIIOYEeHUS B dJIeK-

nekTpoa TPUYECKYIO 1IeTlb MOKa3aHbl Ha

» HenoABINKHbIN puc. 2.2.
OCHOBHBIMM 3JIEMEHTAMU MU -
Ry | KpodoHa SBISIOTCS MOABUXHBIN
1 U HEMOJABUXKHbIN 3JIEKTPOJIbI, MO/ -
| KJIIOYUEHHBIE K JJIEKTPUYECKOU
LI, 1 YTOJIbHBIM MOPOLIOK, 3a-

Puc. 2.2. YcTponcTBo yronbHoro MukpodoHa o
1 CxXeMA e BKTOUCHS TOJHSTIOIIM I TPOCTPAHCTBO MEXKITY
B 3NEKTPUYECKYIO LieMb snekTponamu. [TonBUXHBIN 21eK-
TPOJI XKECTKO CBSI3aH C MEMOPaHOIA,
BOCIIPMHUMAIOIIEN KOJIEOaHUsI OKPYXAIOLIEro CI0s1 BO3ayxa. DJIeMEHThI
MUKpPOGOHA MOMELIEHBI B 00N KOPIYC, U3rOTOBJAEHHBII M3 TOKOHEPO-
BOJSIIIETO MaTepuasia. 3ByKOBble KojebaHUsl BO3ayXa MPUBOIAT K COOT-
BETCTBYIOIIMM KoJjieOaHUsIM MeMOpaHbl. BMecTe ¢ MembOpaHoii Konebercs,
COBeplasi TOPU3OHTAIbHbIEC IBUXKEHUS, TIOABUXKHBIN 2JIEKTPOI, U3MEHSI-
IOLIUI TIOTHOCTh P yrojibHoro nopoiika. [1pu yBenudyeHun MmiIoTHOCTU
MOPOIIIKA €r0 COMPOTUBJIEHUE R 2JIEKTPUUYECKOMY TOKY YMEHBIIAETCS, a TPU
yMeHbllIeHUr — yBenuuuBaercs. CienoBaTeabHO, TOK I B Lienu OyaeT u3-
MEHSIThCS MPSIMO MPOIMOPLUMOHATBHO U3MEHEHNIO 3BYKOBOTO JaBJIEHUS
(puc. 2.3).

ITpenmyiiiecTBa yroibHOro MUKpOo(oHa: IpoCcToTa, BICOKAst YyBCTBU-
TEJIbHOCTh (MOXHO UCIOIb30BaTh 6€3 ycuautens). HegoctaTtku: HU3Kue
YaCTOTHBIE XapaKTePUCTUKU U 3HAUUTEIbHbIE HETMHEHHbBIE NCKAXKEHMUSI.

7151 1eKTPOaKyCTUUECKUX TPAKTOB BBICOKOTO KaUeCTBa, a TAKXKe ISt
MUWHMATIOPHBIX YCTPOMICTB, MOJYYU PAaCIIPOCTPAHEHUE KOHOEHCAMOPHbIU
Mukpoghon (puc. 2.4).

IneKTpoa
NOABUKHbIIA

Memb6paHa
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Puc. 2.3. XapakTepncTKn napameTpoB yrosibHOro
MUKpodOoHa

6)  Akkymynatop
a) |
il
Kopnyc
£ R
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4
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Puc. 2.4. KoHfileHCaTOPHbIN MUKPOPOH: a — KOHCTPYKLUA; 6 — CxeMa BKtoueHns

OH pabotaeT caenyommmM oopa3om. 2KecTko HaTIHyTass MeMOpaHa oI
BO3IEHCTBHEM 3BYKOBOTO MABJICHUS MOXET KOJICOAThCSI OTHOCUTEIIBEHO He-
IMONBIKHOTO 3JICKTPOMA, SIBJISISICH BMECTe ¢ HUM OOKJIaIKaMM 3JICKTpUIe-
CKOT'0 KOHIIEHCATOpa. DTOT KOHIEHCATOP BKITIOUACTCS B AJIEKTPUIECKYIO IIETTh
IMOCJICA0OBATEILHO C MICTOYHMKOM ITOCTOSSHHOTO TOKa E 1 aKTMBHBIM Harpy-
304HbIM compoTuBieHneM R. Ilpu komebaHusgx MeMOpaHbl eMKOCTh KOH-
IieHCaTopa MEHSIETCS C YaCTOTOI BO3IECIICTBYIOIIETO HA MEMOpaHy OOKOBOTO
IABJICHUS, B CBSI3U C YeM B JICKTPHYCCKOM LIETIN MOSIBIISIETCS TIEPEMEHHBIM
TOK TO#1 K€ YaCTOThI, M1 Ha HATPY304HOM COIIPOTUBIICHNY BOSHUKACT U3Me-
HEeHUE HAIIPSDKEHUYSI, SIBJISTIOIIEeCs] BRIXOTHBIM CUTHAJIOM MUKpPOOHA.
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Harpy3ouHoe conpoTUBIEHUE NOKHO ObITh OOJIBILIMM, YTOOBI MaJeHUE
HaIpsSDKEHUS Ha HEM HE YMEHBIIAJIOCh CUJIBHO Ha HU3KMX YacTOTaxX, TIe
€MKOCTHOE COTPOTUBJIEHNE KOHIEHCATOPA OYEHb BEIUKO U SKCTUTyaTallAsl
Takoro MUKpodoHa Obuta 66l HEBO3MOXHA MU3-32 CPABHUTEIBHO HEOOb-
IIIOTO COMPOTUBIIEHUS MUKPOGMOHHBIX TUHUIA U Harpy3ku. Ho aToit mpu-
YUHE TIOYTU Y BCEX COBPEMEHHBIX KOHAEHCATOPHBIX MUKPOGhOHOB TIpe-
YCMOTPEHBI KOHCTPYKTUBHO CBSI3aHHBIE C CAMUM MUKPO(POHOM YCUTUTENH,
UMeIoIre MaJblil KoadhdUIMeHT ycuieHus (mopsiaka 1), BBICOKOE BXOTHOE
Y HU3KO€ BBIXOIHOE COMPOTUBIICHUS.

2.3. MNMepegaua curHana no L poBOMY KaHany CBA3U

B TpamuimoHHBIX Teae(OHHBIX CETSIX CUTHAJBI TIEPENaroTCs B CIICMy-
1o1ieit hopme: TeaedOHHBIN amapar, CTOSIIINI ToMa WK B 0DuCe, COemM-
HEH ¢ TeJle()OHHOI CTaHIIMEe TTapoii MpoBOIOB, UMEHYEeMOit aOOHEHTCKUM
ueiicoM. DTa rmapa mpoBOIOB UCIIOIB3YETCS IJIS ITONaYM HaIIPSDKEHUS Ha
1IeTIb 3ByKOBOTO CUTHAaJa TeJe(hOHHOTO amrapara Ipyu WHALAAIN3alluu
BBI30BA, IJIS Iepenadyu 3BYKOBBIX curHasioB ATC (HempephIBHBIN T'YIOK,
IJTMHHBIE VI KOPOTKUE TYIKN) Ha TeJeOHHBII anmapar v Ui Iepenadyn
COOCTBEHHO PeYM BO BPEMsI CBSI3U.

[1yTh romocoBoro curHanxa oT MUKpodoHa OMTHOTO TeJie(DOHHOTO arapa-
Ta K TPOMKOTOBOPHUTEJTIO IPYTOT0 BHIIISIINT CJCAYIOIIMM 00pa3oM: MUKPO(hOH
mpeoOpasyeT 3ByKH peUH B aHAJIOTOBBIM CUTHAI, TIepenaBaeMblii 10 A0OHEHT-
ckomy nteiidy Kk ATC. Ecnu BBI30B agpecoBaH aOOHEHTY, HaXOISIIIeMyCs
B 30He neiicTBus Toii ke ATC. To KOMMyTallMOHHas arraparypa IpocTo 3a-
MBIKaeT aOOHEHTCKUE IUIei(BI APYT Ha ApyTra, HUKaK He BMEIIIMBASICh B ITPO-
11ecc rosiocoBoro oomMeHa. Eciu e rojoc npencTonT nepenaBaTth Aajbliie, TO
ycranoBieHHoe Ha ATC o6opynoBaHue o1ti(ppOBHIBAET €TI0 U ITepeaacT IToJTy-
YEHHYIO ITOC/IeIOBATEIbHOCTD IIM(P MO0 MATMCTPAIbHBIM KaHaIaM CBSI3U.
Ha nporusomnonoxHom kKoHiie ATC-aapecaT monyJaeT MOTOK LIU(PPOBBIX
TTAaHHBIX, BOCCTAHABIIMBAET 10 HUM aHAJIOTOBBIN TOJI0COBOI CUTHAN U Tepe-
JIaeT 3TOT CUTHAJI IO aOOHEHTCKOMY 111eiidy Ha TeneoHHbIN armrapat. Ommd-
POBBIBaTh IOJIOC IIPM Mepeaade Hadyaau, B TIEPBYIO OUepelb, [IOTOMY, UTO inc-
pOBOIt cuTHAJ 6oJiee YCTOMYMB K TIOMEXaM M €T0O MCIOJIb30BaHME TTO3BOJISIET
ITOBBICUTH Ka4eCTBO CBsI3U. [10cKOIbKY Bee ITpeoOpa3oBaHMs U3 aHATIOTOBOI
¢opMBbI B 1T POBYIO ITPOU3BOISATCS Ha allllapaTHOM YPOBHE, OHU HE TIPUBOIIST
K OIIYTUMBIM ISl aODOHEHTA 3alepxkKaM (CyMMapHas 3aiep:KKa, CBI3aHHast
¢ ol POBKOIT 1 BOCCTAHOBJICHHEM, COCTaBJISIET OKOJIO 125 MKC).
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Metoapl uuppoBoii nepenadu peuu (KoOgMpoBaHUs peuu) BEAyT CBOIO
HCTOPHUIO OT TIEPBBIX, ellle aHajoroBbiX, BokoaepoB (VOice CODer), cxem
pacrno3HaBaHUS PeYr C MAaTHUTHOTO HOCUTENSL U CITOCOOOB MPSIMOTO aHa-
qnoro-uudposoro npeobdbpaszoBanus (ALLIl) HenmpepblBHOrO CHUrHaxa
(puc. 2.5). CooTBeTCTBYIOIIME YCTPOUCTBA HA3BIBAIOT KOAepaMu (TIpy TIpsi-
MOM IIpeoOpa3oBaHMM), neKoaepaMu (IMpu oOpaTHOM IpeoOpa3oBaHUN)
unu konekami [3]. B coBpeMeHHBIX yCTPOKCTBaX UCTIONb3YIOTCS A ITOPUTMBI,
PEKOMeHIOBaHHbIE MeXTyHAPOIHBIM COI030M 3JIEKTPOCBS3U 7151 KOHKPET-
HBIX CKOPOCTei mepegayu (CTaHAAPThI KOOUPOBAHUS PEYM ), AIITOPUTMBI TSI
KOJIEKOB CTaHIAPTOB ceTeil mepenayu (Hampumep, GSM u Inmarsat), Ha-
LIMOHATbHBIE CTAHAAPTU3UPOBAHHBIE AITOPUTMBI (B YACTHOCTHU, CTAHAAPT
CIIIA nHa ckopoctb 4,8 kout/c). Kpome Toro, Komeku MOTYT pa3pabaThl-
BaThCS IO OPUTUHATIBHBIM CITELIUATU3UPOBAHHBIM aJITOPUTMAM.

Ananoro- Konep Lindposoit Lindposoit Rexonep Ungpo-

Peuesoit unopoBoii nomexo- crHan QirHan nomexo- aHanoroBblit | Peyegoit

curHan CTORYM- CTOIYM- npeobpa- | curxan
| "peobpa- yBoro yBoro P |

sogatenh  |— _ 30BaTeNb
Kopa Lindposoii Koda

KaHan

I

OwnbkI
KaHana
BA3M

Puc. 2.5. Mpeo6paszoBaHye v nepefada peyeBoro aHanoroBoro CUrHana

B mexxnynaponHoM crangapte G.711 ObL1 MPUHST aTOPUTM OLUGPOBKU
rojloca MoJ Ha3BaHUEM HUMITYJIbCHO-KogoBoit monyiasuuu (Pulse-Code
Modulation — PCM). O1udpoBKa roiocoBoro CUrHajia BKIrouaeT uaMepeHue
YPOBHSI aHAJIOTOBOTO CUTHAJIa Yepe3 paBHbIE TIPOMEXKYTKHM BpeMeHU. B coot-
BETCTBUU co cTaHaapToM G.711 npruHUMaeTcs, YTo 1Sl y3HAaBaeMOCTH rojioca
Heo0XomMMMO 00eCTIeunTh Nepeaady ero YaCTOTHBIX COCTABJISIIONINX B TUara-
3oHe ot 200 o 3 400 I'1. B craHgapTe Takke MPUHUMAETCS, YTO OLM(ppoBKa
aHAJIOTOBOTO CUTHAaJIa TTPOM3BOIUTCS C BOCBMUOUTOBBIM pa3pellieHUEM.

B nportiecce hopMupoBaHus MMITYIBCHO-MOIYTMPOBAHHOTO CUTHAJIA
OCYIIECTBJISIETCST MUCKPETU3alIMs HeTIPEPhIBHOTO (aHAJOTOBOTO) CUTHAJa
BO BPEMEHU B COOTBETCTBUU C U3BECTHOU meopemoii omcuemos KotenbHu-
KOBa, KOTOpasl IJIACUT;
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Ecau nenpepoténbiii cuenan x(t) umeem cnekmp, 02pAHU4EHHbIIL YACMOmoil
F, ey MO OH MOXCEM ObIMb 0OHO3HAUHO U 0€3 NOMEPb 60CCIMAHOBAEH N0 CEOUM
duckpemuvim omcuemam, é3amoim ¢ uacmomoi Fy..,= 2F, .

Iporenypa arcKpeTru3au HePEePHIBHOTO CUTHAJIA BO BpEMEHHU OCY-
IIECTBISAETCS B IUCKPETU3ATOPE C TAKTOBOM 9aCTOTON Frpyoren= 1/T ek
TPEBBINAIONIEN HAaWBBICIIYIO YAaCTOTY CIeKTpa CUTHaIA BABoe. YacroTa
MMCKPETU3AINY IS TeJie(hOHHBIX CUTHAIOB BhIOpaHa 8§ KI1I.

15t oGecTieueHUST MOAABIIEHMST CTIEKTPAIbHBIX KOMITOHEHTOB CUTHAJIA
C 4acCTOTaMM OOJBIITMMHU TOJOBUHBI YACTOTHI AUCKPETU3AINM Ha BXOIE
IMcKpeTu3aropa HeooxonuM dwibTp HUKHKUX yactoT (PHY), orpanuyu-
BAIONINIi CTIEKTP CUTHAJIA HEKOTOPOit yacToToit. i TeneoHHBIX cCUTHA-
JI0B Heobxommmo uctonb3oBaTh ®HY ¢ wacroToit cpesa 3,4 kI11. PeueBoit
CUTHAJ TIpOTyCKaeTcs yepe3 (IbTp HUXKHUX 4acToT. B pesynsraTe muc-
KpETU3aluU TTOTyJaeTCs MOCIen0BaTeIbHOCTh HETIPEPHIBHBIX BEJIMUMH
{x(n)}.

Ciremyoniye mpouecchl aHATOTOBO- 1M POBOTO IIPeoOpa30OBaHUS OCY-
IIECTBIISIIOTCS B KBaHTOBaTene!. Kaxkplii oTcyeT Heo6X0aMMO TPOKBAHTO-
BaTh 10 KOHEYHOTO MHOXECTBA 3HAY€HUI, KOTOPOE MOXHO OTHUCATh KO-
HEYHBIM MHOXeCTBOM CUMBOJIOB. [Ipr paBHOMEpHOM KBaHTOBAaHUU BECh
JIMaria30H 3HAYeHM TiepenaBaeMoro curHasa x(f) pazomuBaroTt Ha N ypoBHEl
KBaHTOBAHUsI, OTCTOSIIIMX APYT OT ApyTa Ha IIar KBAHTOBAaHMS A TaK, 4TO:
Xmax(D— Xpmin(<N — A,

[ponecchl AUCKpeTH3allMK M KBAHTOBAHMUSI TTOKa3aHbI Ha puc. 2.6.

KsanToBaHue B MG poBoii TeeOHNU HepaBHOMEPHOE, 256-ypoBHe-
Boe. HepaBHOMEpPHOCTh KBAHTOBAHUS BHIPAXKAETCSI B TOM, UTO IIIar KBaH-
TOBaHUS (PACCTOSTHUE MEXTY COCETHUMU YPOBHSIMU B €AMHUTIAX U3MEPEHMST
XapaKTepUCTUKU aHAJIOTOBOTO CUTHAJA, KOTOpasi KBAHTYETCS; B JAHHOM
cyvyae — HampsKeHUe CUTHaJa B BOJIBTax) TS MaJibIX aMILTUTY] BBIOUpa-
€TCSI MUHUMAJIBHBIM, JIJTSI CPETHUX — OOBIINM U JIJI5T OOIBIINX — CAMbBIM
OONBIIMM. DTO CHENAHO IS TOTO, YTOOBI TTIOBBICUTH TOYHOCTD Tepenayu
CUTHAJIOB C HU3KOM aMIUIMTYIOM.

ITpsiMoe aHanoro-uudpoBoe MpeodpazoBaHUE SBIsIETCS HU3KO3 (P dek-
TUBHBIM (T. €. UMEIOIIUM MaJTyl0 CKOPOCTh KOMUPOBAHUS TIPU 3aIaHHOM
KadecTBe | BHICOKOKAYECTBEHHBIM METOMOM KomupoBaHus. Komeku, mo-
CTpOEHHBbIE Ha 0a3e JaHHOTO MeToa, pabOTAIOT Ha CKOPOCTSIX HE HIKE

I KBaHTOB4HME — pa30MeHMe AMana3oHa OTCYETHBIX 3HAYEHMIT CUTHAIA HA KOHEY-
HOE YMCJIO YPOBHEH M OKpPYyIJIEHHWEe 9TUX 3HAYEHUI 10 OLHOTO U3 IBYX OJMXKAMIIKUX K HUM
YPOBHEIA.
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Nlnckpetusauma KBaHToBaHue

Puc. 2.6. InckpeTm3auma n KBaHTOBaHVe aHaNoroBoro curHana

32 xowut/c. [Tpy 3TOM moJToca BXOTHOTO aHaJIoroBoro curHajia 0l paHndeHa
nuamnazoHoMm 0,3...3,4 kIt JInst moBbIlIeHUsT KauyecTBa MpeoOpa3oBaHUs
10JI0Ca MOXET OBITh paciiupeHa 10 6 KI1I, 4YTo0 COOTBETCTBYET CKOPOCTHU
nepenayu 88 KOMT/c Ipy yacToTe quckpeTusarmu 12 kI (mpu gaibHememM
pacIIMPEHUH MOJIOCHI KAUYECTBO MPEACTABICHUS PEYU He MOBBIIIAETCS ).

3. OPTAHU3ALUA CETEW SNIEKTPOCBA3N

3.1. Cpepa nepegaun faHHbIX

3.1.1. NMpoeodHas cpeda

C MOMeHTa NMPOMBIIIIEHHOTO Pa3BUTHs Tejlerpaduu U Telle(pOHUN Ha
OTKPBITHIX MMPOCTPAHCTBAX WCITONIB30BAINCH BO3AYIIHBIC JIMHUU TTepeaadn.
B Hacrostiee BpeMsT OHM TTOCTETNIEHHO 3aMEHSTIOTCS KaOeIbHOM TTPOBOIKOI
TIOJT 3eMJIEH B CITELIMATbHBIX KaOETbHBIX KaHaIaxX. B moMeIeHnsIX 10 IociieN-
HEro BpeMEeHH! VMCIOIb30BAIN TUIOCKUI IBYyXITPOBOIHEIN Kabelb, MpeICcTaB-
JISTFOILVIA COOOI IBa MTapaUIeTbHBIX METHBIX IIPOBOJIA B ITOJIMXJIOPBUHIIOBOM
uzonsiuuu (puc. 3.1).

I P
['1taBHBIMM HemocTaTKaMHU BO3- ,f.;"’/_, W oo Y
IYIIHBIX JUHUI Y TUIOCKOTO Kabes ‘“>f — T TN

C TOYKM 3pEHUST HAAEKHOCTU JTMHUMA
CBA3U IBJISETCI UX HU3KAI MMOMEXO-  Puc. 3.1 Mnockuii AByXNpoBofHbIn Kabenb
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3alIUIIEHHOCTb. [T03TOMY BMECTO HUX B OOJNIBIIMHCTBE CETEH TPUMEHSIIOT
TPU OCHOBHBIE TPYIIITHI KaOeeid:

1. KoakcuanabHbIl Kabenb;

2. Buras mapa (3KkpaHupoBaHHasI 1 HEAKpAHUPOBAHHAS);

3. ONTOBOJIOKOHHEIN Kabellb

KoakcnanbHbill Kabenb. [IpocToit koakcuanbHbIN Kabenb (puc.3.2)
COCTOWT U3 METHOM XWJIbI 1, OKpyKalolieit e€ n3osiuu 2, 9KpaHa B BUIE
METaJUTMYECKOI OTUIETKY 3 1 BHEIIIHEH 000/10uKy 4.

MoryT IpuMeHSTbCs Kabelu C yueTBepEHHOI IKpaHU3aIeil, KoTopast

4 COCTOUT U3 NBOMHOTO CJ10s1 (hOJbrU
2 3 U IBOWMHOIO CJIOS MeTaJUIMYecKOoi
OIUIETKMU.

DNeKTpUIECKUE CUTHAITBI, KOIM-
pymoolive maHHbIE, TepenalTcs To
xwie. ZKria — 3To OOUH MPOBOA WIN
My4OK MpoBoAoB. XKujia U3rotaBin-
BAaETCS U3 MEAU U OKPYXEHa AUDIEKTPUYECKUM U3OJISLIMOHHBIM CIOEM,
KOTODBIN OTAETISIET €€ OT MeTaUIMYecKo orneéTkr. OIIETKa urpaet poib
«3eMJIU» U 3aIIUIIAET XKWITY OT NMEKTPUYECKUX ITYMOB (WJIX IEPEKPECTHBIX
romex). [TepekpEcTHbIE TOMEXM — 3TO MEKTPUYECKME HABOJIKH, BHI3BAH-
Hble CUTHAJIAMU B COCEIHUX MpoBonax. [IpoBoasinas xuia u MeTauinie-
cKasl OTUIETKA He JOJDKHBI COTIPUKACATHCS, MHAUE TTPOM30MIET KOPOTKOE
3ambIKaHue. CHapyXu KaOelb IOKPHIT HEITPOBOSIIINM CIIOEM U3 PE3UHBI,
TedoHa win wiactuka. KoakcuanabHbll KaOelb OTHOCUTETBHO MTOMEXOY-
CTOIUMB. 3aTyxaHue B HEM MEHbIIIe, YeM B BUTOM Tape. 3aTyxaHue — 3TO
ocnabeBaHUe CUTHAJIA TIPU €T0 MPOXOXIECHUH IO Kabeo.

7151 KoaKCUaTbHOTO Ka0eJisl UCTIOIb3YIOT CTIeIIMaTbHbIE KOAKCUATbHbBIE
pa3beéMbl (TI0 aMepuKaHCKoM TepMuHOIOTM — BNC-KOHHEKTODHI).

BNC-KOHHEKTOPHBI JINOO MPUTTANBAIOTCS, TUOO 0OKMMAIOTCST Ha KOH-
max kabenst. BNC-T-KOHHEKTOp COeIMHSIET CeTeBOit Kabelb ¢ IIaToi ce-

TEBOTO ajanTepa.

Puc. 3.2. KoakcuranbHbliii Kabenb

) BuTas napa. I[Ipocras HesKpa-

/ = HUPOBAHHAs BUTAs Mapa — 3TO ABa
@Z{%"f - HePEBUTHIX APYT MPOTHUB APYTa N30/~
“n*\ < poBaHHBIX MenHbIX nposoaa (UTP —

Unshielded twisted pair). Heckonbko
BUTBIX TIap YacTO MOMELIAIOT B OMHY
Puc. 3.3. Kabenb BiTas napa 3alMTHYI0 000710uKy (puc. 3.3). Ux
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KOJIMYECTBO B Kabesie MoXeT ObITh pa3nuyHo (1, 8, 16...). 3aBUBKa MO3BO-
JIsIeT U30aBUTHCS OT NEKTPUUECKUX TTOMEX, HABOAUMBIX COCETHUMMU T1apa-
MU U APYTUMU BHEITHUMU UCTOYHUKAMU (IBUTATESIMU, TpaHCHOPMATO-
pamu, pene).

Ka6enp sxpanupoBanHoii Butoil mapel STP (Shielded twisted pair)
UMEET METHYIO OILIETKY, KOTOpasi o0ecrieunBaeT 0os1ee HaaEXKHYIO 3alIUTY
OT TIOMEX.

15t TOAKITIOYeHUsT BUTOM TIAphl K IJIaTe CETEBOTO afanTepa KOMIThIO-
Tepa uctnonbayercs pazbem RJ-45 (§P§C). On umeer 8 koHtakToB (puc.3.4)
B oinuue ot TeneporHHoro pazbeMa RJ-11 (4P4C) c yeThIppbMsT KOHTaKTa-
MM, Yepe3 KOTOPBI MONKITIOUAETCS] MOIEM.

a)

0)

Puc. 3.4. Pazbem RJ-45: a — BunKa B Konnauke; 6 — poseTka

KabGenb Ha ocHOBe HE3KpaHUPOBAHHONW BUTOI Maphbl, UCIIOIb3yEeMBbIit
IIJIST TIPOBOIKY BHYTPH 3MAHUS, PA3Ie/IsSIeTCS B MEXKIYHAPOIHBIX CTAaHIAPTAX
Ha kareropuu (ot 1 10 7).

KabGenu kateropum 1 mpuMeHsII0TCS TaM, Ie TpeOOBaHUSI K CKOPOCTHU
repenadyyu MUHUMAaIbHBL. OOBIYHO 3TO Kabeb Il HU(POBOit M aHAJIOTOBOIT
Tepenadr rojloca 1 HU3KOCKopocTHOIt (mo 20 Kout/c) nepenaum maHHBIX.
Ho 1983 roma 310 OBLUT OCHOBHOI THUII Kabeis WISt TeJe(pOHHOM pa3BOIKU.

Kabenn kareropun 2 6611 BIlepBhle MpuMeHeHBI hupMoit IBM npu
MOCTPOEHUU COOCTBEHHOM KabeabHOI cucTeMbl. [l1aBHOe TpeboBaHue
K KaOeJIsIM 3TOM KaTerOpUH — CIIOCOOHOCTD IepeaaBaTh CUTHAJIBI CO CITEK-
TpoM 10 1 MI1.

Kabenn kaTeropuu 3 6611 cTaHgaptu3oBanbl B 1991 rony. Ctanmapt
EIA-568 onpenenit ajIeKTpuyecKe XapaKTepUCTUKM Kaberei 111 4aCTOT
B nuara3oHe a0 16 MIt1. KaGenu kareropuu 3, npenHa3Haye HHbIE KaK TSt
Tepenadyy JTaHHBIX, TaK U IS TIEpeIady rojioca, COCTaBISIOT ceiidac OCHO-
BY MHOTHX KaOEJIbHBIX CUCTEM 3MaHMIA.

Kab6emm kareropum 4 pencTaBiIsiioT COO0M HECKOIbKO YIyUIIeHHBIN
BapuaHT Kabeei Kareropuu 3. Kabenu kateropun 4 06s13aHbI BRIIEPXKIBATh
TeCThI Ha YacToTe nepemnadn curdana 20 M1 u o6ecrieunBaTh OBBIIICHHYIO
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TMOMEXOyCTOMYMBOCTb M HU3KUE MOTEPU CUTHaIa. Ha mpakTuke UCHob3y-
I0TCST PEIKO.

Kab6enu kateropuu 5 ObUIH ClieIMaIbHO pa3padoTaHbl TS TONASPKKHU
BBICOKOCKOPOCTHBIX MPOTOKOJOB. X XapaKTepUCTUKU OMPENEsIOTCs
B nuamnaszoHe 10 100 MIii. BoablIMHCTBO BBICOKOCKOPOCTHBIX TEXHOJOTUIA
(FDDI, Fast Ethernet, ATM u Gigabit Ethernet) opreHTUpPYIOTCA Ha WC-
MOJIb30BaHUE BUTOM mapkl Kareropuu 5. Kabenb kaTeropuu 5 mpuiien Ha
3aMeHY Ka0eo KaTeropuu 3, ¥ CEroaHsI BCE HOBbIe KabeIbHbIE CUCTEMBI
KPYITHBIX 3[aHUI CTPOSITCI UMEHHO HAa 3TOM THUIle Kabens (B coOYeTaHUU
C ONTOBOJIOKOHHBIMU Ka0EJISIMHU ).

Oco60e MecTo 3aHUMAIOT Kabeu KaTeropuii 6 1 7, KOTOpbIe TTPOMBIIII-
JICHHOCTb HayaJla BbIMMYCKAaTh CPABHUTENIbHO HeAaBHO. 151 Kabens KaTero-
pUU 6 XapaKTePUCTUKU OTIPEAENSIIOTCS 10 YacToThl 250 MI, a nyist KaGenei
kareropun 7 no 600 MI1. KaGenn kareropuu 7 o6s3aTeIbHO 3KpaHUPY-
I0TCS, IPUYEM KaK KaxJas mapa, Tak U Becb Kadesb B 1ieoM. Kabenb ka-
TEropum 6 MOXKET ObITh, KAK 9KPaHMPOBAHHBIM, TAK U HEOKPAHUPOBAHHBIM.
OcHOBHOE Ha3HAYeHUE 3TUX Kabeneil — MOoAaepXKKa BBICOKOCKOPOCTHBIX
MPOTOKOJIOB Ha OTpe3Kax Kabens 6onblieit inHbl, yeM Kadenb UTP kate-
ropuu 5.

Bce kabenmu UTP He3aBUCUMMO OT MX KATETOPUU BHITTYCKAIOTCS B 4-T1ap-
HoM ucrnionHeHuur. Kaxmas u3 yetbipex nmap Kkabenas UMeeT OnpeneaeHHbII
LIBET U 1Iar ckpyTku. OOBIYHO ABE Maphl MpeqHa3HAYEHBI LIS Nepeaayun
JTaHHBIX, a IB€ — [JIs1 TIepeaadu rojaoca.

OnNTOBONOKOHHbBIN Kabenb (To Xe 8010K0HHO-onmuyeckuil). B ontoBo-
JIOKOHHOM Kabese M poBbIe JAHHBIE PACTIPOCTPAHSIOTCS MO ONTUYECKAM
BOJIOKHAM B BUI€ MOIYTUPOBAHHBIX CBETOBBIX UMITYJIbCOB. ONTOBOJIOKOH-
HbI€ JIMHUY TIpeIHAa3HAYEeHBI U1 Iepenayu 60abIInX 00bEMOB JAHHBIX Ha
OYEHb BBICOKMX CKOPOCTSIX 10 HECKOJIbKUX NE€CSITKOB TMTa0UT B CEKYHIY,
T. K. CATHAJIbl B HUX TPAKTUYECKU HE 3aTyXal0T U HE UCKAXAIOTCS.

CrtpoeHune OnTOBOJIOKOHHOTO Kabesst ToKa3zaHo Ha puc. 3.5. OnroBo-
JIOKHO — 3TO OY€Hb TOHKUWI CTEKISIHHBIA UWIUHAD (1-A), Ha3bIBaeMbIii
XWioil. OH MOKPHIT CIOEM CTeKa — 000JIOUKOH (2-A) ¢ Ipyrum, 4yem
y KUJIbI KO3 PUITMEHTOM MPETOMIICHMUS.

MHorna onToBOMOKHO NENaloT U3 IacTuka. [lnactuk mpoiie B MOH-
Taxe, HO MepeaaéT CBETOBBIE UMITYJIbChI HA MEHbIIIee paccTosiHue. Kaxnoe
OMNTOBOJOKHO MEPENAaET CUTHAJIBI TOJIBKO B OMHOM HaIlpaBJie HUU, TO3TOMY
KabeJib COCTOUT U3 ABYX BOJIOKOH C CAMOCTOSTEIbHBIMU pazbéMaMu. OgHO
BOJIOKHO CIIY>XKWUT JJ11 Iepeaadu, Apyroe — s mpueéma. KECTKOCTh Kabenst
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Puc. 3.5. CTpoeHue onToBONOKOHHOTO Kabens:
A — Xuna B 0600UKe;
B — MHOroXunbHbin Kabenb B pa3pese

YBEJIMUMBAETCS MOKPHITUEM U3 TU1acTUKa (2-b), a MpoyHOCTh — BOJIOKHA-
MU u3 keBnapa (3-b). BonokHa keBnapa pacroiaraloTcs MexXay >KujiaMu
(3-b), 3aKk/110YEHHBIMU B TJIACTHUK.

B 3aBucHMOCTHU OT pacrpeneaeHusT IMoKa3aTessl IPEIOMIEHUST U OT
BeanuuHbI D nuaMeTrpa cepieyHuKa pa3indaloT OMHOMOIOBBIE U MHOTO-
MOIIOBbIE BOJIOKHA. B oiHOMOIOBOM KabeJjie UCITOAb3YeTCs IEeHTPaIbHbII
MPOBOAHUK OYEHb MaJIOTO TUaMeTpa, COU3MEPUMOTO C IJIMHON BOJHBI
csera (o1 5 1o 10 MukpoH). I1pu 3ToM Bce Tydu cBeTa pacpOCTPaHSIIOT-
Cs BIOJIb OCHM CBETOBOMIA, HE OTPaXKasiCh OT BHEIITHEro MpoBoaHuKa. I1o-
Jloca IpOIyCKaHus /Il JaHHOTO TUIIa Kabessk O4eHb IIMpoKas (10 COTeH
I'riy Ha KusTomeTp). B MHOTOMOIOBBIX KabesIsiX UCIIOJIb3YIOTCS Oosiee 1K -
pOKUe BHYTPEHHME CEPISYHUKH, KOTOPHIE JIETYe U3rOTaBIMBAaTh TEXHO-
Jlornyecku. B MHOroMomoBBbIX KabOelsix BO BHYTPEHHEM IPOBOIHUKE
OIHOBPEMEHHO CYIIIECTBYET HECKOJIBKO CBETOBBIX JIyUeil, OTpakaloIIuxcst
T1011 pa3HbIMU yIJIaMU. YTOJI OTpaXkeHUsT Ha3bIBaeTCs MO0 iyda. MHoOrO-
MOIIOBbIE Kabes UMEIoT 6oJiee Y3Kylo mosiocy npomnyckanus (ot 500 mo
800 Mru Ha KunoMeTp). B KauecTBe MCTOUHMKOB B OMHOMOJIOBBIX KaOeJIsIxX
MIPUMEHSIIOTCS TOJIBKO IOJYIPOBOAHMKOBHIE JIa3ePhl, T. K. OYEeHb MaJjl
IraMeTp KWJIbl. 111 MHOTOMOIOBBIX MCIIOIb3YIOTCS 00Jiee NelEBbIe CBe-
TOIMOMHBIE U3JTydaTeIIH.

Hdns nepenayn uHbOpMalMU UCIIOIb3YETCS CBET CIEAYIONIUX IJIUH
BosH: 1,55; 1,3; 0,85 MxM. Mcrionb30BaHue TOJIBKO 3TUX JUIMH BOJIH CBSI3aHO
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C 0COOEHHOCTBIO MX AMIUTATYTHO-YaCTOTHBIX XapaKTepucTuK. MeHHO st
STUX IJTUH BOJIH HAOJTIONAIOTCS SIPKO BhIpaXKeHHbIE MAKCUMYMBI TTepenadu
MOIITHOCTH CUTHAJIA.

CTOMMOCTb OTITOBOJIOKOHHBIX Kabeeit HEeHaMHOTO TIPEBBIIIIAeT CTOM -
MOCTb KabeJeil Ha BUTOI Tape, HO MPOBeAeHNEe MOHTaXHBIX paboT C OIl-
TOBOJIOKHOM OOXOIMTCS TIOPOXKE M3-32 TPYINOEMKOCTH OTIepaliii U BBICOKOM
CTOMMOCTHU TIPUMEHSIEMOT0 MOHTaXXHOTO 00opynoBaHus. B wactHoCTH,
TIPUCOENMHEHNE ONITOBOJIOKHA K Pa3beéMy TpeOyeT MPOBENeHUST BHICOKO-
TOYHOI 0Ope3KU BOJIOKHA B TIJIOCKOCTH CTPOTO TIEPIIEHANKYISIPHOU OCU
BOJIOKHA, a TAKXe BHITIOJTHEHUST COeAMHEHMST, HAIIpUMep, TTYTEM CIIOXKHOM
ornepanvu CKJICUBaHMUS.

JL1s1 KOHKPETHBIX 1IeJIeid MPUMEHEHUSI KaOeJTu BBIITyCKAIOT B Pa3TMIHOM
KOHCTPYKTUBHOM UcTIONIHeHUU. Harpumep, 1uist o6ecrieueHusT MexaHnde-
CKOI1 TIPOYHOCTU, HATPEBOCTOMKOCTH, MOPO30CTOMKOCTH, OCOOBIX dJIeK-
TPUYECKUX CBOMCTB. sl MPOKIJIaKN MaruCTpaIbHBIX TMHUI CBSI3U Kabe-
JIV BBITIOJIHSIOT B BUJAE MHOTOXMWJIBHBIX ITyYKOB C TOBBIIIEHHBIMU
CBOICTBaMU 3aIMIIIEHHOCTH B BUIE 9KPAHOB, CIOE€B U3OJISIIIUU U YIIPOY-
HSIIOIINX 3JIEMEHTOB.

Mepedaua cuzHanoe

Krnaccudnkaiys KaHaaoB 1o crioco0y repemaun (puc. 3.6):

1. CuMILIEKCHBIN KaHaJ NepeaaéT TpaduK B OMHOM HallpaBJeHUU;

2. TlonynyruieKCHbIN KaHal — UH@opManus nepenacTcs B ABYX Ha-
MpaBJIeHUSIX ITONIEPEMEHHO;

3. lyraeKCcHBIH (MOTHOMYIIIEKCHBIN ) — MH(pOpMaIIus epenaércs B ooe
CTOPOHBI OAHOBPEMEHHO.

s nepenayu mo Kadeto KOMUPOBAHHBIX CUTHAIOB UCIIOIb3YIOT ABE
TEXHOJIOTMM — HEMOIYJIMPOBAHHYIO Niepenadyy U MOLYJIUPOBaHHYIO.

[j - - g CMmnneKcHoe coefuHeHme

@ """" L TonypynnekcHoe coefnHerme
B = [—

[ ] - g g [JlynnekcHoe coeauHenme

Puc. 3.6. PaznnuHble cnocobbl nepeaaun
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HemonynupoBaHHas cucteMa nepenaét NaHHbIE B BUIE HU(MPOBBIX
curHanoB. CUTHaJIBI TIPEACTABISIIOT COOOI AUCKPETHBIE, CBETOBBIE WU
afieKTpuieckue uMmyabebl. [Ipu TakoM criocobe 1mbpoBoit CUTHAN HC-
TIOJIB3YET BCIO TOJI0CY MpoItycKaHus Kabesns. [Tonoca mpomyckaHus — 310
pa3HuUIla, MEXIY MAaKCUMAaTbHON 1 MUHUMAaJIBHOM YacTOTOM, KOTOpast MO-
XKeT ObITh TIepenana no kaodento. [Ipoasurascey no Kkabento, CUrHal MoCcTe-
TIEHHO 3aTyXaeT 1 KaK CJIeICTBIE NCKaxkaeTcst. YToObI M30eKaTh UCKaXKEHMST
B HEMOIYJTMPOBAHHBIX CUCTEMAX UCTIONb3YIOTCSI TIOBTOPUTEIIH.

MonynupoBaHHbIE CUCTEMBI MIEPENAIOT JAHHBIE B BUAE aHATIOTOBOTO
CUTHAJIa, MCTIOJTb3YIOIIIETO HEKOTOPYIO IOJIOCY YaCTOT. AHAJIOTOBBIE CUTHA-
JIbI KOTUPYIOTCS (MOTYIUPYIOTCST) SJIEKTPOMArHUTHOM WJIU CBETOBOI BOJI-
HOM (Hecylei).

Monynsiiysi — 3To U3BMeHEeHMe KaKOTro-TM0o mapaMeTpa CUTHaJIa B Ka-
HaJjie CBSI3U (MOLYIMPYEMOTO CUTHAJIa) B COOTBETCTBUY C TEKYIIUMU 3HA-
YEeHUSIMU TIepefaBaeMbIX JAaHHBIX (MOIYJIUPYIOIIETO CUTHATA).

Hemomynsitiisi — 3T0 oOpaTHOe MpeoOpa3oBaHue MOMYTMPOBAHHOTO
curHana (BO3BMOXHO, NCKaXKEHHOTO TTIOMEXaMU TTPU IMTPOXOXIEHUY B KaHa-
JIe CBSI3W) B MOMYJTUPYIOIINiT CUTHAJ.

Cyl1iecTByeT Tpy BUIa MOIYISIIUM — aMIuUTyaHast (AM), yactoTHast
(UYM), bazoBast (OM) (puc. 3.7) n ux komOouHamu. Ha mpuemHoit cropo-
HE IPOVCXOIUT AEMOAYISALMS (yoaJleHUe Hecyllel 1 GopMUpOBaHKE IVC-
KPETHBIX UMITYJIbCOB).

wop 11 0 0 1 1 0 1 1 1

AM

AmnnuTyaHas 0

YactotHaa

(azoBas

Puc. 3.7. Bunbl mogynaummn
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Ecnu monoca mporryckaHus JOCTaTOYHA, TO TI0 OMHOMY KaOeJTio MOTyT
OMHOBPEMEHHO TIepenaBaTh CUTHAIBI HECKOJIBKO MH(MOPMAIIMOHHBIX CH-
crem. Hanmpumep, TpaHcasiiiys KabeabHOTO TeJIeBUACHUS U Tlepenava TaH-
HbIx. Kaxmoii cucreme BbIIENSIETCS YacTh MOJIOCH! MporycKaHus. Bce
YCTPOICTBA, CBSI3aHHBIE C TAHHOI CUCTEMOI TOJKHBI OBITh HACTPOEHBI Ha
paboTy UMEHHO C BBIZIEJIEHHOM YaCThIO MOJIOCH TTpomycKaHus. st ycrpa-
HEHUS 3aTyXaHUsI B MOAYJMPOBAHHBIX CUCTEMAaX UCTIONb3YIOT YCHUIIUTEH.
IMpu MonympoBaHHOI Mepenaye yCTPOMCTBa UMEIOT pa3aebHbIe KaHAJTbI
nprémMa u repenadu curHayioB. [1oaTomy 31ech BO3MOXHBI IBa TTYTH peliie-
HUSL: pa30oUTh MOJIOCY MPOTYCKAHMS Ha IBa KaHAJIA, MCTIONIb3YIOIINX Pa3HbIE
MOJIOCHI YacTOT (0qHa — [JIs mMpuéMa, BTopast — IS epeaadu ) JTnubo uc-
TOJTh30BaTh NBa Kabessl. YCTPOUCTBO, UCIIONb3yeMOe TSI IPUEMa U Tiepe-
Jlauyl CUTHAJIa, Ha3bIBAETCS MOJIEM.
Moaem (MOpaynarop-AEMonynstop) — yCTpOCTBO MPSIMOTO (MOLY-
JISTOP) U 0OpaTHOTO (IEMOAYNSTOP) MpeoOpa3oBaHUSI CUTHAJIOB K BUAY,
TIPUHSITOMY IJIsl UCTIONTb30BAHYSI B OTIPEAETIEHHOM KaHajle CBSI3U.
Paznuyarot aHanoroBbie ¥ IM(POBHIE MOIEMBI.
AHanoroBble mogeMbl. OTU MOJEMbI A0 HETABHETO BPEMEHU ObUIU
CcaMbIMU pacTIpocTpaHeHHbIMU. [IepBOHAYATEHO aHAJIOTOBBII MOMIEM OBLIT
TpenHa3HauYeH MJIS1 BBITIOTHEHUST CIIEMYIOINX (DYyHKITHIA:
— TIpu Tiepeaaye s IpeoOpa3oBaHUsI ITMPOKOIIOIOCHBIX UMITYJIbCOB
(1mpoBoro Koma) B y3KOIOJIOCHBIE aHATIOTOBBIE CUTHAJTHI;

— Tpu nipueme 111 GUABTpaluv TPUHSATOTO CUTHAJIA OT TIOMEX U Jie-
TEKTUPOBAHUSI, TO ECTh 0OPAaTHOTO MPpeoOpa30BaHMs y3KOIIOIOCHO-
TO aHAJIOTOBOTO CUTHAJIA B IM(POBOI KO/I.

B coBpeMeHHBIX MOEMax BCTPEYAIOTCS Yallle BCETO TPY BUAA MOAYJISILIAN:

— vacrotHas (Frequence Shift Keying, FSK);

— ¢asobas (Phase Shift Keying, PSK);

— kBaaparypHasg amriutyaHas (Quadrature Amplitude Modulation,

QAM).

[Tpu yacTOTHO# MOIYASAIINY B COOTBETCTBUY C TEKYIITUMU 3HAUEHUSIMU
MOIYTUPYIOINIETO CUTHAJA (TTepeaaBaeMbIX JaHHBIX) U3MEHSIETCS 4acToTa
(uzmaeckoro curHana (0OBIYHO CUHYCOUAABHOTO) TIPU HEU3MEHHOM €ro
aMmruatyze. B mpocreiiiiem ciyyae 3HaU€HUSIM TTEPBOTO U HYJIEBOTO OUTOB
JIaHHBIX COOTBETCTBYIOT IBa 3HAYEHUS YacToT, Harpumep, 980 Iy u 1180 I,
KaK ObIJIO TIPUHSTO B OMTHOM U3 ITEPBBIX TPOTOKOJIOB V.21 Tiepenayu NaHHbBIX.
YacToTHast MOIyJISAIMS BeChMa TTOMEXOYCTOMYMBA, TaK KaK NPy Tepenayde
HCKaXaeTcsl OOBIYHO JIUIITb AMITIUTYa CUTHAA.
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Mopgemb! ana undpoBbIX KaHanoB cBA3N. PasBuBaroruecs @ poBbe
TEXHOJIOTWH TIepenadr JTaHHBIX, 00eCcIIeYnBaIOIIe 3HAUNTETBHO OOJIbIITe
CKOPOCTH Mepeaadr M Ka4eCTBO CBSI3H, TIPEIOCTABIISIONINE ITOJIb30BATEIISIM
CYIIECTBEHHO JIYYIIINIA CepBUC, TPEOYIOT UCIIOIb30BAHUSI MOIEMOB MTHOTO
Kjacca — uudponsix. LlugpoBbie MogemMbl OoJjiee TIPaBUJIbHO HA3hIBaTh
CETeBBIMM afaIlTepaMu, ITIOCKOJIBKY O KJIIACCMIECKON MOMYJISIINN -IEMOIY -
JISIIMHM CUTHAJIOB B HUX PeYM HE UAET — BXOTHOM M BBIXOMHOM CUTHAJIBI
TaKOTO MOJieMa SIBJISTFOTCSI UMITYJIbCHBIMH. {7151 (P POBBIX MOIEMOB OOIIIE-
MIPUHSTBIX CTAHAAPTOB pabOTH BOOOIIE, I CTAHAAPTOB CKOPOCTH B YaCT-
HOCTH, TTOKa He pa3paboTaHo.

ILudpoBbie MOIEMBI BBITTYCKAOTCS 1JIs1 pA0OThl B KOHKPETHBIX LIU(-
posbIx TexHonorusax: ISDN, HDSL, ADSL, SDSL u . n. Tak, Hanmpumep,
MoneMsbl 1j1g paboThl B ISDN 6bIBatoT KaK BHYTPEHHUMM, TaK W BHEIII-
HUMH. BHyTpeHHIE MOAEMBI MHTETPUPYIOTCS Ha MATE PUHCKYIO IUIATY VUTH
MOTYT ucnoib3oBath PCI-coThl Ha MaTepuHCKOI utate. OHU obecIie-
YUBAIOT MaKCUMAaJIbHYIO CKOpocTh 128 Kout/c. BHemrHne MomeMEbl o-
KJTI09AIOTCSI K KOMITBIOTEPY IT0 ITocienoBareabHoi muHe USB 1 ckopocTh
repegadyyl y HUX orpaHUIMBaeTCs BennmanHoi 115,2 Kout/c. Beimyckanmce
KOMOWHHMPOBAHHBIE MOAEMBI IJIsI pPabOTHl KaK Mo UM(MPOBEIM KaHa-
nmam ISDN, Tax u 110 aHaJI0rOBBIM KaHajiaM (Hampumep, mogeM Courier- 1
kommanuu 3Com).

Monemsl 115t paboTH B ceTsIX XDSL mMeroT 0oblme CKOPOCTH, TakK,
ADSL-MomeMbI 00eCITeYnBaAIOT CKOPOCTH 10 24 MOUT/C Ipu mprueMe UH-
dopmammu u go 1,5 Mour/c npu nepenade (ctanomapT RE-ADSL2+). Mo-
nmeMbl VDSL ciocoOHBI TpUHUMATh TpaduK co ckopocThio 10—50 MouTt/c
U IIepemaBaTh CO CKOPOCTHIO 10 8 MOUT/c. MakcuMaabHas CKOPOCTh TMHUHT
3aBHCHUT OT psiga (paKTOPOB, TAKKMX KaK JUTMHA TMHUM, CEYCHNE U YISTbHOE
cornpoTuBiieHre Kabeis. [ToatoMy mpu padoTe Ha OOIBIINX PACCTOSTHUSIX
CKOPOCTb CYIIECTBEHHO YMEHBIIIACTCS.

BrITTycKaroTcs TakKe:

— KaOeJIbHBIe MOIEMBI IUIST PAOOTHI C CETIMH UYepe3 KOMMYHUKAITUK

KabeIbHOTO TelleBUAeHNs, HarlpuMep. OHM 00eCITeYnBaroT CKOPO-
CTH Ilepemadr TaHHBIX B cpemHeM 1o 10 MOUT/c, HO CBEpXCKOPOCT-
Hoit MmogeM UBR 904 xommanum Cisco Mo3BOJISIeT IPUHUMATh
JaHHBIE CO CKOPOCThIO 10 36 MOUT/C 1 niepenaBaTh CO CKOPOCThIO
o 2 Mowut/c;

— COTOBBIE MOAEMBI UISI pabOTHI B CHCTEME COTOBOI Tene(OHHOM

cBs13U. D10 00bIvHO PCMCIA-MoneMbl I paboThI B CTaHAapTax
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GSM, CDMA, NMT, NAMPS u t. . [IepBble 1Ba cTaHmapTa sIBJIsI-
1oTcst U POBBIMU, a TMOCTIEAHNE — aHATIOTOBBIMU;

— ONTOBOJIOKOHHBIE MOIEMBI TSI pA0OOTHI TIO BOJIOKOHHO-ONTHYECKUM
KaHaJIaM CBs13U 1o ipoTokonam FDDI;

— CIyTHUKOBBIE PATMOMOAEMBI 11 MPUEMa JAaHHBIX Yepe3 CIYTHUK:
rprieM MHGOPMAITY OCYIIECTBIISIETCS Yepe3 CITyTHUKOBYIO AHTEHHY
co ckopoctsamu 1o 400 Kout/c, a mepegaya BOZMOXHA TOJIBKO TIPU
HAJIMYUU TPOMO3IKOTO TOPOTOCTOSIIETO obopynoBaHusi. [ToaTomy
OOBIYHO TS TIepenavyy JAHHBIX UCTIONb3YIOTCS TIPOBOMHbBIE KAHAITBI
CBSI3M U IOTIOTHUTENbHBIN COOTBETCTBYIOIINIA MOIEM;

— CWJIOBbIE MOZIEMbI TSI pA0OTHI B CETSIX YePE3 CUCTEMY DJIEKTPOITHU-
TaHUST KOMITHIOTEPOB.

3.1.2. becnpoeodHas cpeda

s mepenady CoOOIIEHUI TIPUTOTHBI HE TOJTEKO MPOBOIHBIE KAHAITBI
CBSI3Y B BUJE BO3MYITHBIX JTMHUIA, Kabeneil v ap., HO M paTOKaHabI.

B cootBeTcTBUM ¢ MeXIyHapOIHBIM PEeTrIaAMEHTOM PaIvOCBsI3H, BCe
PaIMOBOJIHBI pa3fesieHbl Ha degamb NUaa30HOB C HOMEPAaMU OT YeTBEP-
TOTO 10 ABEHAIIIATOTO. DTU 00JIACTH PaaMOYacTOT pa3neIeHbl TpaHUIIAMU
(0,3...3,0)-10VN I'u, rme N — HoMep auara3oHa (tadumia 3.1).

CooTHoIIEHHEe JUTUHBI BOJTHEHI | , pa30B0i CKOPOCTH U, TIEPHOIa BOJTHBI
T v 4acTOTHI n onpenesieTcs: GopMyJIOii:

A= =2=2W
A% w
Tabnuuya 3.1
[unana3oHbl pagnoBoOH
Homep [lnana3oH AnuH BOSTH [nanasoH yactot
AvanasoHa HavmeHoBaHwue TpaHuLbI HavmeHoBaHue MpaHuLbI

4 MwuprameTposble nnm 10..100 kM | OueHb HM3KKe Yac- 3.30 KMy
cBepxAnunHHble BonHbI (CAB) ToTbl (OHY), (VLF)

5 KunomeTtposble nnu ganH- 1.10 KM | Hu3kue yactoTbl 30..300 KI'y
Hble BONHbI (B), (RW) (HY), (LF)

6 [ekTOMeTpOBble UK cpea- 100..1000 m | CpefHuWe YacToTbl 300..3000 Ky,
Hue BosnHbI (CB), (MW) (CY), (MW)

7 [lekameTpoBble nnm KopoT- 10..100 m | BbicOKme yacToTbl 3.30 MIy
Kvie BonHbl (KB), (SW) (BY), (HF)
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OKoHYaHue mabn. 3.1

Homep [lnanasoH AnuH BOSTH [nana3oH yactoT
Ananasoxa HavmeHoBaHve TpaHuLp! HavmeHoBaHwe TpaHuLpbl
8 MeTtpoBble nnm ynbt- 1.10m | OueHb BbiCOKKE 30..300 My
pakopoTtkue (YKB), (USW) yactotbl (OBY), (VHF)
9 [eunmeTpoBble BOMHbI 10..100 cm | YnbTpaBbicoKkme 300..3000 MI'y
(AMB) yactoTbl (YBY), (UHF)
10 CaHTUMETPOBbIE BOJIHbI 1.10cm | CBepxBbiCOKME 3.301Ty
yacTotbl (CBY), (SHF)
1 MwunnumeTpoBble BOJHbI 1.10 mm | KpaliHe BbicOKMne 30..300 Iy
yactotbl (KBY), (EHF)
12 HeunmunnnumeTposble BON- 0,1..1 mm | TMnepBbICOKNE 300..3000 Iy
Hbl yacTortbl (BY), (GHF) (0,3..3Tly)

B 3aBucuMocCTH OT [ania3oHa pagvuoBOJIHEI UMEIOT CBOM OCOOEHHOCTH
1 3aKOHBI pacIpOCTPaHEHUSI:

Ceepxonunnbie 604HbL: PATVIOBOHBI C IUTMHON BOMHEI cBbIIIe 10 kM. OHI
JIETKO OrnbaroT 3eMITio, ¢J1a00 MONTOIIAIOTCS 3eMHOI ITOBEPXHOCTHIO, XOPOIIIO
OTpaXkaroTcst OT MOHOC(hEPHI. JI0 CIIyTHUKOBBIX CICTEM CBSI3U JATBHSIST paIv-
OCBSI3b C TIOTPYKEHHBIMHU TTOIBOTHBIMU JIONKAMU OCYIIECTBIISIETCS TJIABHBIM
00pa3oM B CBEPXUTMHHOBOJTHOBOM JIMarnia30He U B 3BEHE «OepeT — IMOIBOIHAS
Jonka». CBEepXIUIMHHBIE PAIOBOIHEI MMEIOT ABa PEIIAOIINX IIPEUMYIIe-
CTBa — OHM, BO-TIEPBBIX, CITOCOOHBI IIPOHUKATH BIJIyOb MOPCKOi1 BOIBI M, BO-
BTOPBIX, MOTYT PaCIIPOCTPAHSITHCS Ha O4eHB OOJIBIIINE PACCTOSHUS, He OyIy-
YU IIPY 3TOM YYBCTBUTEIILHBIMI K HOHOC(hEPHBIM BO3MYIIIEHUSIM,, BEI3BAHHBIM
MOCTIENCTBMUEM COTHEYHOI aKTUBHOCTbBIO WU SIAEPHBIM B3PLIBOM.

Iaunnsle (Kuromempossie) 804HbL: TNATIA30H PATUOBOIH C YACTOTOM OT
30 kIt (mmHa BomHE 10 kM) mo 300 xIix (mmuHA BomHBI 1 KM). Pactpo-
CTPaHSIOTCS Ha paCCTOSTHUS 10 1—2 ThICSY KM 3a CUET qudpakui Ha cde-
pUYECKOI TTOBEpXHOCTU 3eMIIU. 3aTeM UX pacipoCTpaHEeHUE TTPOUCXOIUT
3a CYET HATIPABIISIONIETO AEMCTBUS C(hepPUIECKOTO BOITHOBOA, HEe OTpaXKa-
sgcb. OHM CUJTBHO TIOTTIONIAI0TCS MoHOC(hepoii. X MHTEHCUBHOCTD IO Mepe
yIaJIeHUs OT IlepeaaTInKa YMEeHBIIAeTCS CPAaBHUTEILHO OBICTPO. Jlnarma3ox
HCTIOIb3yeTcs It paguoBemanus (148,5—283,5 kIn), mis paguorenerpad-
HOI1 CBSI3M, PagMOHABUTALIMOHHBIX CIYKO U IUISI CBSI3M C ITOABOXHBIMU
nonkamu (9—148,5 xI).

CpeoHue 604Hb! CITBHO TIOTJIOIIAIOTCSI MOHOCGhepoit THEM, 1 palioH
JIeiCTBUS ONpeneseTcs: IIPU3eMHOM BOJTHOM, BEYEPOM XOPOIIIO OTpakKa-
IOTCS1 OT MIOHOC(ephl U paiioH AEHCTBUSI OTNIPEALISICTCS OTPAXKEHHOM BOJIHOM.
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Kopomkue 604Hbl pacTIpOCTPAHSIIOTCS UCKIIIOUUTENBHO MOCPENCTBOM
OTpaxeHUs1 MOHOC(EpOoii, TTOATOMY BOKPYT TepenaTdnKa CyIIecTBYET
T. H. 30Ha paguoMonyaHus. JIHEM Jydle pacrpoCTpaHsoTcs 6osee Ko-
potkue BonHbl (30 MI11), Houbto — Gonee mmuHHBIE (3 MI1r). Kopotkue
BOJIHBI MOTYT PacIpOCTPAHSTLCS Ha OOJbIINE PACCTOSTHUS TIPU MaJioi
MOIITHOCTH TIepeIaTInKa.

YK B pacnipocTpaHSIIOTCS TIPSIMOJTMHEWHO U, KaK IPaBWIIO, HEe OTpaka-
10TCSl MOHOCHEPOIA, OMHAKO NP ONPEAECIEHHBIX YCIOBUSIX CHOCOOHBI OTH-
06aTh 3eMHOIi 1Iap W3-3a Pa3HOCTU TUIOTHOCTEN BO3yXa B Pa3HbBIX CIOSIX
atMocdepsl. JIerko orndaroT MpensTCTBUSI U UMEIOT BBICOKYIO TPOHUKAIO-
1I[y10 CHOCOOHOCTB.

Ueyumemposuie 6oanvt (BU) He ornbaloT npensiTCTBUSL, paCIIPOCTPaHSI-
10TCd B npenenax npsiMoil BuaumocTtu. Mcnomne3ytorcs B WiFi, cotoBoit
CBSI3U U T. 1.

Canmumemposoie u muairumemposoie 6oanb (KBY) He orubaror mpe-
TISITCTBUS, OTPAXKaloTCsl OOJTBITMHCTBOM TPETSITCTBUIA, paclpoCTpaHsi-
10TCsI B TIpenenax npsiMoil BUTUMOCTH. VICTIOMb3yIOTCS 15T CITyTHUKOBOM
CBSI3U.

Leyumunsumemposovle 804Hbl (TUTIEPBBICOKUE YACTOTHI) HE OrMOAIOT
TIPETSTCTBUS, OTPAXKAIOTCS IIONOOHO CBETY, PACTIPOCTPAHSIOTCS B Ipeaeiax
npsiMoit BunuMocty. conb3oBaHre orpaHUIeHO.

B npakTuike pagrioBeiaHs U TeIEBUICHMS UCTIONb3YeTCS YIIPOIIEHHAS
KiaccubuKaIms paauoarana3oHoB: cBepXuinHHbIe BoHB (C/IB); niuH-
noie BoHbI (JIB); cpennue Bonmab (CB); kopoTtkue BonHb (KB); ynbrpa-
kopoTtkue BoiHbI (YKB).

Ycnosus pacnpocmpareHus paduoeosiH U 3amMupaHus

DJIeKTPOMarHUTHbIE BOJHbBI, U3Ty4aeMble aHTEHHOM, YaCTUYHO pac-
MPOCTPAHSIOTCS BIOJIb 36MHOM IMTOBEPXHOCTH (ITOBEPXHOCTHAS BOJIHA), HO
MOTYT AOCTUTaTh U MeCTa Mpuema 3a
CYET MPEJIOMJICHUS WJIA OTPAXEHUS OT
cJ10€B MOHOC(hEePhI WU OTPAKEHUS OT
MmoBepXHOCTU 3eMau (IpocCTpaH-
CTBEHHbIE BOJIHBI). UHBIMMU ClIOBaMU,
// 7T, i e 3TU BOJIHbI MOTYT JIOCTUIraTh MecCTa
Mepearyuk TpiemHK TpuemMa 1o OIHOMY WM HECKOJIbKUM
MyTIM (J1y4yaMm) pa3JuyHOUN IJIWHBI,
Puc. 3.8. PacnpocTpaHeHrie paanoBoNH Kak MoKa3aHo Ha pucyHke 3.8.

32



BcreacTere MHOTOTy4€BOTO PACIPOCTPAHEHHUS B MECTE TTPUEMA MOXKET
BO3HUKHYTbh UHTEP (M EPEHIIUS BOJH BIUIOTh O TIOJIHOTO MOIABICHUS, TPU-
HUMaeMoro curHaja. [TockoibKy BEICOTa KaXI0T0 U3 OTPaXalolKX CIOEB
HOHOCHEPHI TOCTOSTHHO U3MEHSIETCS, TO SIBJIEHUE UHTEP(EPEHIIUN MO~
BEPKEHO €llle U BpeMEHHBIM (DITyKTyalusIM.

BosHukaroniue npu uHTepQEpeHIINU 3aMuUpanys B MECTE TIpUEMa Mpo-
SIBJISIIOTCS B 00JIee WJIM MEHEe CUITbHBIX KOJIeOaHUsIX ypOBHS curHana. [lon
0AUMENbHOCHbIO 3AMUPAHUS TIOHUMAIOT BpeMsl, B TeYeHUE KOTOPOTO aMILITH -
TyJa IPUHUMAEeMOTO CUTHAJIa HE TIPEBBIIIAET OMPEAETICHHOTO 3HAYECHUS,
Ha3bIBAEMOTO YPOGHEM 3AMUPAHUT U 3a1aBAEMOTO OOBIYHO MO OTHOLIEHUIO
K CpeIHEMY YPOBHIO MpUEMA.

HeiicTBre momMeX, BBI3BAHHBIX 3aMUPAHUSIMU, MIPU Mepeaadye JaHHbIX
MOXHO OCJIAOUTB ECJIU OCYIIECTBIISITh IPUEM OJHOTO U TOTO XK€ COOOIIEHUS
O IBYM WJIM HECKOJIBKAM KaHaJlaM, T. €. TI0 HECKOJIbKUM BETBSIM pa3Hece-
HUS. DTOT CMOCOO HA3BIBAIOT PA3HECeHHbIM npuemom. [{71s 3Toro Ha mpuemMe
MOXHO YCTaHOBUTb, HAIIpUMeEp, AB€ yAaJIeHHbIE (Pa3HECEHHBIE) NPYT OT
Jipyra aHTeHHbI. [Ipy TakoM Buze pa3HECEHUS UCITONIb3YeTCs TOT (DaKT, YTO
MOMEXU, OOYCIIOBJIEHHBIE CEJIEKTUBHBIMU 3aMUPAHUSMU, MOSIBJISIIOTCS Ha
JIByX Pa3HECEHHBIX APYT OT Apyra aHTEHHAX HE OMHOBPEMEHHO, TaK YTO MO
KpaliHeld Mepe OMHOM U3 HUX OydeT MPUHAT HOPMaJIbHBII 0€3 3aMUpaHus
CUTHaJI. DTO METOJI IPOCTPAaHCTBEHHOTO pa3HeceHus . Takke MOXHO Tiepe-
JTaBaTh OJHO U TO € COOOIleHNEe MO IByM KaHajlaM Ha pa3HbIX 4YacTOTaXx.
DTO METON pa3HECEHMUS TI0 YaCcTOTe.

Ha npueme, npu 06paboOTKe CUTHAIOB, NOCTYNUBIIUM IO Pa3HBIM
BETBSIM Pa3HECEHUsI, OOBIYHO MPOU3BOIUTCS CPABHEHUE YPOBHEN MpriemMa
B 9TUX BETBIX. ECIM aMIITUTY bl CUTHATIOB Pa3/IMYAIOTCS HE OYEHb CyIlle-
CTBEHHO, Harpumep, He dosiee 7 b, TO MOMyYEHHBIE MOCIIE NEMOAYJISILIUN
HaMpPsDKEHUS CyYMMUPYIOTCS. Takoe CyMMUPOBaHUE MO3BOJISIET MOBBICUTh
OTHOIIIEHNE CUTHAJI/TITYM, T. K. TIOJIE3HBIE COCTABIISTIONINE, COIEePXKAIINECs
B CUTHaJIaX OTAEJBbHBIX BETBEI MexX 1y OO0 KOPPETUPOBAHbI, a HAJTOXEH-
HBIIl HA HUX IIyM, HEe KoppenupoBaH. [Ipu pa3nuuuu ypoBHeEll B BETBSIX
6onee 7 n1b, BETBb C CaMbIM CJIA0BIM CUTHAJIOM HE UCITOJIb3YETCS, TOCKOJIb-
Ky CHUMAaeMblii C Hee CUTHAJI He YYYIIIVII Obl OTHOIIIEHWE CUTHAJT/TITyM.

DD DHEKTUBHOCTL pACCMOTPEHHBIX CITOCOO0B OOPHOBI ¢ 3aMUPAHUSIMU
MOXET OBbITh BeCbMa HU3KO €C/i ONIYIIAeTCsl CUJIbHOE BO3ACIICTBIE APY-
TUX TUTIOB ITOMeX (ITPOMBIIUIEHHBIE U T. 1.). B 3TOM ciydae 115t OBBIIIEHUS
BEPHOCTH MPpHUEeMa TaHHBIX HAPSAY C METOAAMU Pa3HECEHUSI MPUMEHSIOTCS
METONBI TOMEXOYCTOMYMBOTO KOAUPOBAHUS.
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PaguopeneitHbie nuHvn (PPJ1) SBISIIOTCSI OTHUM U3 BUIIOB CPEACTB
CBSI3U MPSIMOIA BUAMMOCTHU, KOTOPbIE UCTOJIb3YIOT IJIs1 Mepenayr MHOTO-
KaHaJbHBIX TeJe(@OHHBIX COOOLIEHUI, panuoBellaHus, TEIEBUACHMSI,
TenerpadHbIX U Ap. CUTHaANIOB. Bee BUabl coobiieHuii nepenatotcs mo PPJI
Ha 00JIbIIIME PACCTOSTHMSI C BLICOKMM Ka4y€CTBOM 1 OO0JIbIION HaIEXKHOCTBIO.

OmHMM 13 BaXXHBIX YCIIOBHII, KOTOPOE HEOOXOMMMO COOJIOOATh MPHU
BboIOOpE Tpacchl PPJII, siBisieTCsl yenoBUe «3ue3a2000pa3zHocmuy, T. K. HEJAb3s
YeThIpe CTAHIIUM TTOAPSIA pa3MellaTh Ha OMHOM MPSIMO TMHUU. DTO I10-
3BOJISIET UCKJIIOYUTh ITOMEXHU OT CTaHLUI Yyepe3 TPU-IISITh MPOJIETOB, T. K.
MPU CYLIECTBYIOIIMX YacTOTHbIX TJ1aHax PPJI Ha kaxaoit ueTBepToii cCTaH-
IIMY YaCTOTA IIPHeMa COBITaIaeT ¢ YaCTOTOM MmepBoii ctaHn. Cxema Tpac-
cel TumioBoit PPJI mokazana Ha pucyHke 3.9.

[pu 3urzaroo6pazHom pacnonoxenn PPC ocnabneHue Memaromnero
CHUTHaJIa JOCTUTaeTCs 3a CUET HalpaBJIeHHOro AeiicTBUS aHTeHH. [1pu aTOM
YIoJI MEXIY HampaBJieHUEM Ha COCEIHIOI CTaHILIMIO U HampaBjieHUWEM Ha
CTaHLIMIO, OTCTOSIIIYIO Ha TPU TpoJieTa, CTAHOBUTCS OOJbIIIE IIIMPUHbBI 1Ua-
rpaMMbl HallpaBJeHHOCTU aHTeHHbI. TaM, re u3-3a 0cOOeHHOCTe! pefbeda
MECTHOCTH HeNb3sl OCYIIECTBIISITh 3Ur3aroodpasHoe pacmnojoxenne PPC
MPUMEHSIIOT CTieMaIbHbIE YACTOTHBIE TIIaHbI paclipeneaeHus paauoBOIH
o PPC, uckitovaroniye coBnaaeHue 9acToT IepBoii 1 yetBepToii PPC.

ITprMeHUTETbHO K paaropeaeiiHbIM JUHUSM CBSI3U MOXKHO 100aBUTh,
YTO HMCIIOJIb30BaHUE LM@PPOBBIX CIOCOOOB Mepenayu paauoCUTHaAIoOB
MO3BOJISIET MPAKTUYECKU UCKITIOUUTh HAKOIJIEHE UCKaXKeHMI 32 CYET Ha-

PPC, PP

(OPC) (Q;
/
717/ /
LETTTY

Mponer

Yyactok

PPC, PPC,

PPC,
PPC,

Puc. 3.9. Cxema pagnopeneiiHon nMHun
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s perpaHcassuuoHHbX PPC 1 pe3ko MoBBICUTH KauecTBO Tepenadn
Npyu HaTM4uK 3amupanuii Ha nposetax PPJI. [IponyckHas cnocobHOCTh
coBpeMeHHbIX PPJI mocTuraeT HecKOIbKUX TUTA0UT, a BBICOKAS 1IEHA OTIPaB-
JBIBAET CE0SI NITUTENBHBIM CPOKOM CITy>KObl 000pyq0BaHUS: OOJBIIMHCTBO
Mofesieil BeAylIuX BEHIOPOB paaropeeifHbIX CTaHIMI pacCYMTaHO Ha
HECKOJIBKO NECSITKOB JieT cyXO0bl (20—30 J1eT), B TOM 4uClie B CYpOBBIX
KJIMMaTUYECKUX YCTIOBUSIX M TaM, TJIe MPOKJIaIKa ONITOBOJIOKOHHOTO Kabe-
JISI 3aTpyIHEHA U3-3a pebeda MECTHOCTH.

CnyTHUKOBas CBA3b NCIIOIB3YETCS IJIsT OPTaHU3allUK BHICOKOCKOPOCT-
HBIX MUKPOBOJTHOBBIX TIPOTSKEHHBIX JIMHUM. Tak Kak ISt TaKuX JTUHUI
CBSI3M HYyXHA TIpsiMasi BUIUMOCTb, KOTOPYIO M3-32 KPUBU3HBI 3eMJIN He-
BO3MOKHO 00ECIIeYUTh Ha OOJIBIIIUX PACCTOSTHUSIX, TO CITYTHUK KaK OTpa-
JKaTelb CUTHaIA SIBIISIETCS €CTECTBEHHBIM
peleHreM 3Toit mpobiemsl (puc. 3.10).

Co BpeMeHH 3arycKa NepBOTo TeIeKOM-
MYHUKAIIMOHHOTO CITyTHUKA TPOIILIO yXe
6omee 50 net, 1 GyHKIIMY CITyTHUKA KaK TeJie-
KOMMYHUKAIIMOHHOTO Y3Jia, €CTECTBEHHO,
yCIOXHUMUCH. CEerogHsl CIIyTHUK MOXET
WUTPATh POJIb y3Jia IEPBUYHOI CETH, a TAKXKe
Tene(pOHHOTO KOMMYTaTOpa M KOMMYTaTopa,/
MapHipyTU3aTopa KOMIbIOTEpHOI ceTu. st
9TOTO arnmaparypa CITyTHUKOB MOXeT B3au-
MOJECTBOBATh HE TOJBKO C Ha3eMHBIMU
CTAHIMSIMU, HO U MeXOy co0oii, obpasys
TIPsIMble KOCMUYeCKue OECTIPOBOTHbIE TMHUT
cBsi3u. [IpuHIIMTIMATBEHO TEXHUKA TIepeaayn
MUKPOBOJIHOBBIX CUTHAJIOB B KOCMOCE U Ha 3eMJie He OTJINYAeTCsI, OMHAKO
y CITyTHUKOBBIX JIMHUM CBSI3U €CTh U OYeBUAHAS crielinprKa — ONUH U3
Y3J10B TAKOU IMHUU MOCTOSTHHO HAXOAUTCS B MOJIETE, TPUYEM Ha OOBIIOM
PAacCTOSTHUM OT APYTUX Y3JIOB.

HUckyccrBennsie criytHuku 3emin (M C3) BpalatoTcst BOKpPYT Hee B CO-
OTBETCTBUM C 3aKOHAaMH, OTKpHITHIMU Moxanecom Kerutepom (Johannes
Kepler). Op6ura BpalieHus CITyTHUKA B OOIIEM CITydae SIBJISIeTCST DJUTUTI -
TUYECKOM, HO JIJISI COXpaHEHMSI ITOCTOSTHHOM BBICOTHI HAJ[ 3eMJIei CITyTHH -
KU MOTYT MEePEeXOIUTh Ha IIOYTU KPYTOBYIO OPOUTY.

B 3aBucuMOCTH OT crocoba peTpaHCISIIIUY TTepenaBaeMoro CUTrHaIa
CITyTHUKOBBIE CICTEMBI PaIVOCBSI3U TTONPA3ALISIOTCS Ha:

Puc. 3.10. CnyTHUK,
Kak oTpaxaTesib chrHana
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— CHUCTeMBI C TACCUBHOI peTpaHcsiiueid, B KoTopbix MC3 nucnonbay-
€TCsT KaK 0OBbEKT OTpakalonuii 3JIeKTpPOMarHuTHhBIE KoJieOaHus 6e3
WX YCUJICHWSI U TIPe0Opa3oBaHMUS;

— CHUCTeMbl C aKTUBHOI peTpaHcislueil, B KoTopbix Ha 6opty MC3
TpY TIOMOIIY CIIeI[MAIbHOM amnmapaTypbl MPOU3BOIUTCS TIPUEM,
YCWJIEHWE U PETPAHCIISIINS CUTHAIA.

B cBol0 ouepenb cucTeMbI C aKTUBHOM peTpaHCIISIIINE( B 3aBUCUMOCTH

OT BBICOTBI OPOUTHI M PACCTOSTHUSI MEXIY KOPPECTTOHIEHTAMU MOTYT OBIThH
BBITIOJTHEHBI KaK CUCTEMBI C HEMEUIEHHOM peTpaHCsIneil, KOTOphle pa-
00TaloT B peaibHOM MacilTabe BpeMeHU (KOPPEeCTIOHASHThI HaXOMSTCS
B 30He BuguMocTtu MC3); cuctemsl ¢ 3anep>kaHHOM peTpaHCIsIIueit, Ko-
TOpBIE TIPEIOJNIAral0T HAaKOTUIeHNEe MH(MOPMAIIMK B CIIEIMAIBHOM 3aIio-
MMHaloIeM ycTpoiicTBe Ha 6opty MC3 mipu miposieTe Hal OMHUM U3 KO-
PECITIOH/IEHTOB M CITYCTSI HEKOTOpPOE€ BpeMsl €€ PeTPaHCISILUIo, TpU
MPOJIETe HAJ APYTUM KOPPECTIOHIEHTOM.

3amepkaHHasl PETPAHCISIIINAS TTO3BOJISIET OCYIIECTBUTH NAJIbHIOO
cuMIuieKcHyo cBa3b yepe3d MC3. K ee mocTomHCTBaM OTHOCUTCS TO,
YTO: MYHKTHI IpUeMa U Tiepeaad MOTYT He HAaXOMUThCS OMHOBPEMEHHO
B 30He BunuMoctu MC3; BO3MOXHOCTh mepenadyv MHOOpMaIuu oT-
NeTbHBIM KoppecrnoHaeHTaMm Tipu mnposiere MC3 Ha HU3KUX opOUTax
U, KaK CJIEZICTBUE, CKPBITHOCTD NIEpeIaum; MEHbIIIasi SHEPTeTUKA CUCTE-
MBI B LIEJIOM.

HcTopuyecku mepBbIM MCMOJB30BAJICSI CITyTHUKOBBIN YaCTOTHBIN
nuramna3oH C (3400—4200 MI11), B KOTOpOM IJIST KasKIOTO M3 TYTUIEKCHBIX
TTOTOKOB 3eMJISI-CITyTHUK (BOCXOASIIIAS YaCTOTA) M CITyTHUK-3eMJIsT (HUC-
Xofsias yactora) Boeiaensercs mo 500 MI' — goctaTtoyHo aJist 60J1b1I0TO
yucia kaHaoB. uana3zonsl L (950—2150 MTItx) u S (2100 MTI'x) nmpenHa-
3HAYAIOTCS TSI OPTAaHU3AIMYA MOOMITBHBIX YCIIYT C TIOMOIIBIO CITYyTHUKOB.
OHM TaKKe YaCTO MCIIOIb3YIOTCS HA3eMHBIMU cucTeMamu [4].

CeromHs UCTIONTb3YeTCsT TP TPYIIIBI OPOUT, OTIMYAIOLITUXCST BBICOTON
Han 3emueit (puc. 3.11):

— reocrauuoHapHas opoura (Geostationary Orbit, GEO) — 35 863 km;

— cpeaHeBbicoTHas opobuta (Medium Earth Orbit, MEO) — 5000—
15000 xm;

— manioBbicoTHas opouta (Low Earth Orbit, LEO) — 100—1000xmM.

leocTauMoOHAPHbBIN CNYTHUK BUCUT HAJ OTIPENeSIeHHOM TOYKOI 9KBa-
TOpa, B TOYHOCTH CJIeAysT CKOPOCTH BpalieHus 3emyid. Takoe TojiokeHue
BBITOITHO TIO CJIEAYIOIIUM OOCTOSITETHCTBAM.
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Punc. 3.11. Tunbl op6uT CNyTHNKOB

Bo-mepBHbIX, Y4eTBEPTh MOBEPXHOCTU 3eMJIM OKa3bIBAETCS C TAaKOM
BBICOTHI B 30HE MTPSIMOI BUTMMOCTHU, TIO3TOMY C ITOMOIIBIO FeoCTallMoHap-
HBIX CITyTHUKOB ITIPOCTO OPTaHM30BaTh IIMPOKOBEIIAHKE B TIpeesiaxX CTpa-
HBI WIM JaXe KOHTUHEHTA.

B 0 - BT 0P Bl X, cCaM CIIyTHUK HEMOABUKEH JUTSI HA3eMHBIX aHTEHH, YTO
3HAYMTETBHO 00JIerdyaeT OpraHu3alnio CBSI3H.

B -TpeThux, reoctalilmoHapHbIi CITyTHUK HAXOMWUTCS 3a TIpeaeIaMu
3eMHOI aTMOC(hEphl U MEHBIIIE «M3HALIMBAETCS» , YeM HU3KOOPOUTAIbHbIE
U CPEIHEBBICOTHBIE CITyTHUKU. Hu3koopOuTanbHbIe CTyTHUKU M3-3a TPe-
HUSI O BO3AYX ITOCTOSTHHO TEPSIIOT BBICOTY, M UM TTPUXOIUTCSI BOCCTAHABIIM -
BaTh €€ C IOMOIIBIO IBUTATE/IEH.

leocrarvoHapHbIe CITYyTHUKY OOBIYHO MOMIEPXKMBAIOT OOJIIIOE KOTYe-
CTBO KaHAJIOB 3a CYET HAJIMYMST HECKOJIbKMX HarpaBJIeHHbIX aHTEHH, yCTaHaB-
JIMBAaEMbIX Ha CITyTHHMKaX. Takue aHTeHHBI CO3MAI0T CUTHAJI, KOTOPBI MOXKXHO
MPUHUMATh C TIOMOIIIBIO CPABHUTEIBHO HEOOJBIIMX Ha3eMHBIX aHTEHH, TaK
Ha3bIBaéMbIX MUHUATIOPHBIX ariepTypHbIX TepMuHaioB (Very Small Aperture
Terminals, VSAT). luametp anteHHbI VSAT cocTaisieT okoso 1 M. HazemHbie
CTaHLMM, ocHaleHHbIe VSAT, MpenocTaBIIsioT CEromHs 00JIbIION HAOOp YCIIyT,
K KOTOPBIM OTHOCSITCS TeiepoHus, Tiepeaada JaHHbIX, KOH(epEHIIUH.

Hapsiny ¢ m1OCTOMHCTBaMU Yy T€OCTAallMOHAPHBIX CITyTHUKOB €CTh
U HepocTaTKu. HambGosiee oueBUIHBIE CBSI3aHBI ¢ OOJIBIIMM YIajJeHUEM
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CITyTHUKA OT TTOBEPXHOCTU 3eMJIU. DTO IPUBOIUT K OOJIBIIUM 3aepKKaM
pacmnpocTtpaHenust curHasia — ot 230 mo 280 mc. [Ipu ucnons3oBaHUU
CIYTHUKA IJi Nepefadyyd pa3roBopa Wr TeIeBU3UOHHOTO AUaJiora BO3-
HUKAIOT HEYIOOHBIE May3bl, MEIIAIoNe HOPMAIBHOMY OOIIIEHUIO.

Kpome Toro, Ha TakKux pacCTOSTHUSIX BBICOKU IOTEPU CUTHAJIA, YTO
O3HauYaeT HeOOXOMMMOCTh MCTIOJIb30BAHMSI MOITHBIX TTePENaTINKOB U Ta-
PEJIOK OOJBIIINX pa3MepoB (3TO HE OTHOCUTCS K aHTeHHaM VSAT, Ho mipu
WX UCTIOb30BAaHUY YMEHBIIIAETCS 00IaCTh OXBATa).

[MpuHIMNMATBPHBIM HEAOCTATKOM T€OCTAllMIOHAPHOTO CITYTHUKA C €TO
KPYTOBO#1 OpOUTOI SIBIISIETCS] TAKIKE TIIOXAsl CBS3b IS PAilOHOB, OJM3KUX
k CeBepHomy 1 KOxxHoMy mommocam. CUTHAJIBI UIST TAKUX PAOHOB TIPO-
XOIAT OOJIBIITNE PACCTOSTHUS, YeM TSI PAlilOHOB, PACIIONIOXKEHHBIX B 9KBa-
TOPUAJIBHBIX U YMEPEHHBIX IIUPOTAX, U, ECTECTBEHHO, O0JbIIE OCaadsi-
10Tcs1. PerieHreM sIBIsieTCs CITyTHYK C SIPKO BhIPaKeHHOM SJUTUTI TUIECKOMN
0opOUTOIt, KOTOPHI TPUOIMIKaeTCs K 3emiie Kak pa3 B paiioHe CeBepHOTO
u HOxHoro momocos. [IprMepoM TaKoTo CITyTHUKA SIBIISIIOTCS] CITyTHUKU
cepun «MomHus», KOTOphIe 3ammyckatorcs Poccueit, nmerorieit 6ombimie
tepputopuu Ha Kpaiinem CeBepe.

MecTo Ha OpOUTE reoCTallMOHAPHOTO CITyTHUKA TaKXe PeTyInupyeTcs
coro3oM ITU. Ceromssa HabIIOOASTCS OIIPeNeIeHHBIN Ie(PULINT TAKUX MECT,
TaK KakK reocTalilMoHapHbIe CITyTHUKKM HEe MOTYT PacIiojiaraThCsl Ha opouTe
omxe, yem 2° npyr K apyry. M3 aToro ciemyeT, 4To Ha OpOUTE MOXKET Ha-
XonuThcsl He Oosee 180 reocTaliMOHApHBIX CITyTHUKOB. Tak Kak He Bce
CTpaHbl B COCTOSTHUM (TTIOKA) 3aMyCTUTh T€OCTAllMOHAPHBINA CITyTHUK, TO
3Mech HaOMIOMAETCS Ta Xe CUTyallrsl, YTO U B KOHKypce Ha TOJlyYeHue
OTIpeesIEHHOTO AaNa30Ha YacTOT, TOJIBKO el1lle YCUJIeHHAs TIOJTUTUIeCKH -
MM aMOUTIMSIMU CTPaH.

CpepHeop6uTanbHble CITyTHUKY 00ECTIEYMBAIOT TUAMETP MTOKPBITHS
ot 10000 mo 15000 kM u 3aaepKKy pacipocTpaHeHus curHaia 50 mc. Hau-
0oJiee U3BECTHOM YCIIyTOM, MPEeAOCTaBIsIEMOI CITyTHUKAMHU 3TOTO KJlacca,
sIBJIsIeTCs TobanbHast cuctema HaBuraiuu (Global Positioning System,
GPS). GPS — 370 BceoOmas cucreMa orpenesieHIs TeKYIINX KOOPIUHAT
TIOJTH30BATENIST HA TTOBEPXHOCTU 3eMJIU UJTU B OKOJIO3€MHOM IMIPOCTPAHCTBE.
GPS coctout u3 24 CIiyTHUKOB, CETM HAa3eMHBIX CTAHIIUI CIEXEHUS 3a
HUMU Y HEOTPAHUYEHHOTO KOJTMYECTBA MOJIb30BATEIbCKUX TPUEMHUKOB-
Beruucnureneil. Ilo paguocurnanam cnytHUKoB GPS-npueMHUKY Mob-
30BaTesiell YCTOMYMBO M TOYHO OMPENENSIIOT KoopanuHatel. [TorpenHoctu
He TIPEBHIIIAIOT AECATKOB METPOB. DTOTO BIIOJTHE TOCTATOYHO ISl PETIIEHMST
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3a7a4 HABUTALIMU MTOABUXKHBIX OOBEKTOB (CaMOJIETHI, KOpabn, KOCMUYE-
CKMe armnaparhbl, aBTOMOOWIHN U T. 1.).

JOCTOMHCTBA ¥ HEMOCTATKY HU3KOOPOMTAJIBHBIX CITyTHUKOB ITPOTUBO-
MOJIOXXHBI COOTBETCTBYIOIIUM KAuyeCTBaM FeOCTAl[MOHAPHBIX CITyTHUKOB.
ImaBHOE MX NOCTOMHCTBO — OJIU3OCTh K 3eMJie, a 3HAYUT, TOHWXKEHHAs
MOIIHOCTb MepeAaTInKOB, MaJIble pa3Mepbl aHTEHH U HEOOJIBIIIOE BpEMS
pacnpocTpaHeHus curHana (okosuo 20—25 mc). Kpome Toro, ux nerdye 3a-
nmyckatb. OCHOBHOI HENOCTATOK — Majasl MIOIIAAb MOKPHITUS, AUAMETP
KOTOpOii coctasiisieT Bcero okoso 8000 kM. [Tepron o6opoTa BOKpyT 3eM-
JIV TAKOTO CIYTHUKA cOoCcTaBsieT 1,5—2 yaca, U BpeMsI BAAUMOCTHY CITyTHU -
Ka Ha3eMHO#1 cTaHIuell cocTapisieT Bcero 20 MUHYT. DTO 3HAYUT, YTO MO-
CTOSIHHAS CBSI3b C MOMOIIbIO HU3KOOPOUTATBHBIX CITyTHUKOB MOXET OBITh
obecrneyeHa, TOIbKO KOTIa Ha OpOUTE HAXOAUTCS TOCTATOYHO OOJIBIIIOE UX
konuyecTtBo. KpoMe Toro, atMmocepHoe TpeHUe CHUXKAET CPOK CITYXKObI
TaKMX CIIYTHUKOB 10 8—10 JeT.

3.2. MpuHUMNbI NepeaaYn coo6LeHMI

[Ipu yBenu4yeHUM YMcIa UCTOYHUKOB CUTHAJIA 110 PSIAY IIPUYKMH, B TOM
quclie 1 SKOHOMUYECKOTO XapaKTepa, BCeraa CTpeMsTCS MmepenaTh Kak
MOXHO OOJIbIIIE CUTHAJIOB OT Pa3HBIX HCTOUHMKOB 110 OMHOI TUHUM IIepe-
nmauu. Ilepemaya cMTHAJIOB OT pa3jMYHBIX UCTOYHUKOB 10 OTHOM JTUHUK
Ha3bIBAeTCs pa3nelieHNeM KaHaJIOB.

KaHnaspl, oTiMyaroImecs o BUAy WIK COCTaBy IiepenaBaeMoii mH(op-
Malli¥, Ha3bIBaIOT JJOTUYECKUMU. [IprMepsl IOTMIecKX KaHaJIOB — Ka-
HaJIBl TpaduKa ¥ KaHaJIbI YIIPaBJICHUS.

Kanan ynpaenenus — TOT, TI0 KOTOPOMY TIepeIalOTCsS CUTHAIBI, YIIPaB-
JISTIONINE ITPOLIeCCOM Tiepenadyn (CUTHaJIbl CHHXPOHU3AIUN).

Kanan mpagurxa — 310 TOTMIeCKU1 KaHAJ ITepenavdu Toi mH(popMaImu,
paIy KOTOPOi co3naHa CUCTeMA CBSI3U, T. €. TIepeaadyr peuu, My3bIKH, N30~
OpakeHUii, JaHHBIX U T. II.

Ornepariysi pa3aeeHrs: KaHaJIoB OCHOBaHA Ha MPUCBOCHUM KaXIOMY
repeaaBaeMoOMy CUTHATY MHIMBUIYaJTbHOTO IIPU3HAKA, pa3HBIX 3HAYCHMI
HEKOTOPOTO CYIIIECTBEHHOTO [UIS Ilepenavyy mapamMeTpa (MIv mapamMeTpoB).

M3BecTHBI pa3nuyHble ciocoObl pa3neneHns KaHauoB [5]. OnuH U3 Hux
COCTOMT B TOM, UTO CIIEKTPHI ITepeaaBaeMbIX CUTHAJIOB C IIOMOIIIBIO OIlepa-
LIMH TPAHCIIOHMPOBAHMS CITeKTpa (TIpeoOpa30BaHMsI YaCTOTHI) IIEpEMEIIAIOT
10 OCH YacCTOT TaKMM 00pa3oM, YTOObI OHU He mepecekannch. Hampumep,
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MYCTb €CTh KOHEUHOE MHOXECTBO Te1e€(DOHHBIX CUTHAJIOB, KaXKAbIi1 3 KOTO-

pbIx 3aHnMaet nojocy 9actoT ot 300 Iix mo 3400 I, Torma cTaHIIMS KOMMY-

TallMM Ha Tepeaalrollieil CTOpOHe CUCTEMBI Tepeaadyu (POpMUPYET CUTHAIIBI,

COCTOSIIIIME U3 TApMOHUYECKMX KOJieOaHWI, HaXOASIIIMXCS B ArMana3oHax

[300 Itz ... 3400 Iix], [4300 I ... 7400 Iix], [8300 Iix ... 11400 It], ... u 1. o,
CIIeKTphI 5THX CUTHAJIOB ITOKa3aHBI Ha puc. 3.12.

S@)

Puc. 3.12. YacToTHOe pa3peneHune KaHanos

Kaxk noka3zaHo B Teopuy CBSI31, CUTHAJTBI C HETIePECeKAIOIIMMMCS CTIeK-
TpaMU He OKa3bIBAIOT BIMSIHUE APYT HA IpyTa ¥ PacIpOCTPAHSIOTCS He3a-
BUCcUMO. Ha mpuéMHOM KOHIIE CTAaHITMSI KOMMYTAIINU Pa3NesieT CUTHAIBI
C pa3HBIMU CIIEKTPAMM Ha pa3HbIE BHIXOIbI U TIEPEHOCUT Ha ITUX BBIXOJAX
CIIEKTPHI CUTHAJIOB «00paTHO» B 00J1acTh 9acToT 300 Ix ... 3400 It

PaccMmoTpeHHBII BhIlIe CITOCOO HA3BIBAIOT YACMOMHbIM pa3deseHuem
xananoe — YPK (anmi. Frequency Division Multiple Access, FDMA). O6-
pasytontuecst ipu YPK kaHabl Ha3bIBaIOT YaCTOTHBIMU.

Cucremy nepenayu ¢ YPK mmpoko mpuMeHSIIOT B HACTOsIIIIee BpeMsI.
ITo HuM nepenaloT aHanoroBble curHaibl. [Toatomy, cuctemsl ¢ YPK Tak-
ke Ha3bIBAIOT aHATOTOBBIMU. OHU MPOCTHI B AKCIUTyaTallMK, JOCTATOYHO
HaIEXHBI, 00ECTIEYMBAIOT XOpOIllee Ka4eCTBO Tepeqayd CUTHAIOB U He-
00X0MMMYI0 TATbHOCTH CBsI3U. OTHAKO, y HMX €CTh KPYITHBII HEIOCTATOK —
HU3Kasl TIOMEXO3aIIUIIEHHOCTh, KOTOpasi TeEM XyXe, 4yeM OOoJblle JTUHA
JIMHUY TIepeIadm.

OT 3TOrO HEmOCTaTKa CBOOOIEH CITIOCO0 8peMeHH020 pazdeseHus KaHa-
106 — BPK (anr. Time Division Multiple Access, TDMA).

B ocHoBy Metoaa BPK mosoxxeH mpuHLIMI MOOYEPENHOM MO3IEeMEHT-
HOI TIepeIayy HECKOJIbKMX CUTHAJIOB IO OHO# TMHUM cBs13u. CHavasa 1o
JIMHUY TIepeAatoTCs TePBhIe 3JIeMEeHTHI TIEPBOTO CUTHAJA, 3aTEM BTOPOTO
U TaK J0 MOCJIEIHEro #-To CUTHauA. Jlajiee mepenaroTcsl BTOPhIE 3JI€MEHTHI
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CHOBA OT IIEPBOTO JI0 #-TO curHaNa. [1omoOHast oreparivsi OBTOPSIETCS MK
3a IIMKJIOM JIO TeX TTop, TIoKa He OyZeT repenaHbl MOCeIHNEe JIEeMEHThI (3Ha-
YeHUsT) BCeX N CUTHAJIOB. B nTore mommy4aeTcst, 4To KaXIblii CUTHAJ TiepenacT-
Cs1 B CTPOTO OTIpeeIEHHbIE MHTePBabl BpeMeHU. Torna B cucremMe niepenaum
00pasyeTcst N BpeMEHHbBIX KaHATIOB, Ha3bIBAEMBIX e1lI€ (PU3NUEeCKUMM Ka-
Hajamu. Pe3ynbrat BpeMeHHOTO pa3neieHusT KaHaIoB MToKa3aH puc. 3.13.

S@)

S, s,

Sy
S s, H s, S;
S5 H
| \‘Ml_l >t

MepBblit curHan

S

Puc. 3.13. BpemeHHOe pa3feneHne KaHanos

Kak BunHo u3 nuarpammsl puc. 3.13, mpu BPK Bce curHaibl oaKHbBI
OBITb IMCKPETHBIMU U, B YaCTHOCTU, TUPPOBLIMU. [ToaTOMY COBpeMeHHbIE
cuctembl nepegaun ¢ BPK oTHocsT K 1udpoBeIM cucteMam Tepenavu.
ITpyHUMIT BpeMEHHOTO pa3e/ieHUs] KaHaJOB MOXHO MOSCHUTbH CXEMOI
puc. 3.14.

Kaxk BugHO 13 cxembl puc. 3.14, curHajbl OT TpEX TeaedOHHBIX arra-
paToB MOCTYIAIOT MOC/eN0BaTeIbHO Ha ApyTye TPU arrapara ¢ ToMOIIbIO
JIByX CUHXPOHHO M CUH(A3HO yIpaBIsieMbIX Mepekyouareaeil, Haxoms-
LIMXCS HA CTAaHLIMUA KOMMYTaIlWMU.

(TaHuus (TaHuus
KOMMyTaLum KOMMyTaLum

1@\ /@1
@ o JIHuA nepeaum L @
2 2

LR TN

Puc. 3.14. MpnHUMN BpeMeHHOro pa3feneHna KaHanoB
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ITpu peanuzaiuu cuctembl ¢ BPK Hy>XHO mpeaycMoTpeTh crieliuaibHbIe
KaHaJIbI, TI0 KOTOPBIM HEOOXOAMMO TIEPEIaBaTh CUTHAJIBI, 00ECTIeUNBAIOIIINE
CUHXPOHHYIO U cMH(a3Hyl0 pabOTy KJTIOUell Ha CTAaHIIUSIX KOMMYTAIIUH,
T. €. mepenaBaTh AJOTIOJHUTEIBHYIO CIYXeOHyo MHbOopMaluio ajis ode-
CIIeYeHUsI pabOTHI CICTEMBI CBSI3H.

CpaBHUTEBHO HENABHO TPV OPraHU3allMd MHOTOKAHATbHBIX CUCTEM
Tepenavyu CTaj IpUMEHSIThCS CITOCO0 k0d06020 pazdenenus kananog — KPK
(anrn. Code Division Multiple Access, CDMA).

[Tpu KOomOBOI MOTYNISIIIUK TIPUMEHSIETCS] TEXHUKA PACIITUPEHUS CITeK-
Tpa ¢ MHOXeCTBEHHBIM H0CTYITOM. OHa MO3BOJISIET YBEINIUTH MPOITYCKHYIO
CITOCOOHOCTH TTPU HEM3MEHHOI MOIITHOCTH curHaza. [lepenaBaembie naH-
HbIe KOMOMHUPYIOTCS ¢ 60Jiee OBICTPHIM IIIyMOTIOAOOHBIM TICEBIOCTyYali-
HBIM curHajaoMm (puc. 3.15) ¢ ucronb30BaHUEM OIEpaIuU TTOOUTOBOTO
B3auMouckioyatoiero MJIN (XOR).

CurHai JaHHBIX C JUIMTEIbHOCTBIO UMITY/Ibca T\ KOMOMHUPYETCS TPU
oMoty oneparuu XOR ¢ komoMm curHana, JMTENTbHOCTh UMITYJIbCa KO-
toporo pasHa T.. IlluprHa noaockl NPOMyCKaHUsSI CUTHAIA C JAHHBIMU
paBHa 1/T, 1 LMpUHa NOJOCH! TPOMYCKaHMs TI0Jy4aeMOT0 CUTHAJIa paBHa
1/T,. Tak kak T, MHoro MeHble Ty, IMpUHA TOIOCH YaCTOT MOITY4aeMO-
TO CUTHAJIa HAMHOTO OOJIbIIIE, YeM IIIMPUHA TTOJIOCH YaCTOT OPUTUHAIBHO-
ro CUTHala nepegaBaeMbIX JaHHbIX. Benmnuuna Ty/T, HaspiBaeTcs Gasoit
CUTHAJIa U, B KAKOI-TO Mepe, OMpeAessieT BEpXHUI TTpeen Yucia moab30-
Bareseil, mMoaaep>KuBaeMbIX 0a30BOI CTAHIIUEH OMHOMOMEHTHO.

B coToBrix Tenedonax cranmapra CDMA mis ueneit KPK mpumeHstioT
Tak Ha3biBaemble hyHKimM Youma (Walsh). I[pu aTom 06pasytorcst kKomo-
BbI€ KAHAJTBI.

CurHan JaHHbIX

T,
lceBRocnyvaitHblit Kop
Y
T.

[lepenaBaemblii Kog:
onepavys xor

npUMeHeHa K JaHHbIM

11 NCeBAOCTYYAHOMY KOZy

Puc. 3.15. TeHepauma nepefaBaemoro Koga
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ITpeumyiectBa cuctem nepenauu ¢ KPK:

— BbICOKa crieKTpaibHas 3ddekTuBHOCTh. KomoBoe pa3aeneHue mno-
3BOJISIET OOCTYXKMBATh O0JIbIle ADOHEHTOB Ha TO Xe MOJ0Ce YACTOT,
yeM apyrue Buabl pasnenenusi (BPK,UYPK);

— rubkoe pacrnpeneneHue pecypcon. [Ipu KOmOBOM pas3neneHuu HeT
CTPOTOTO OTPaHMYEHUS Ha YnciIo KaHaimoB. C yBenmnueHneM Jrcia
a0OHEHTOB MTOCTETIEHHO BO3PACTAET BEPOSTHOCTh OITUOOK JeKOI-
pOBaHWUSsI, YTO BEAET K CHIDKEHMIO KauecTBa KaHala, HO He K OTKa3y
00CTyXUBaHUS;

— Ooree BpICOKAs 3alUIIEHHOCTh KAHAJIOB. BbIIETUTh HY>XXHBIN KaHAT
06e3 3HaHUS ero Koja BecbMma TpyaHo. Bes monoca 4yacToT paBHO-
MEPHO 3aIOJHEHA IIIyMOITOIOOHBIM CUTHAJIOM;

— tenepoHsl CDMA MMEIOT MEHBIITYIO TUKOBYIO MOIITHOCTh U3JTyYeHUST
U TIOTOMY, BOBMOXHO, MEHE€e BPETHBI.

3.3. TexHONnOrMM NOCTPOEHNA NEPBNYHON CeTn

CoBpeMeHHasi IepBUYHAs CETh CTPOUTCS HA OCHOBE TEXHOJIOTMH LI~
pPOBOI1 Iepenadym 1 UCIIOIb3YeT B KAYECTBE CPell Iepenadr JIeKTPUIeCKUiA
U ONITUYECKUIT Kabenu 1 pagrno3(hup U MOXKET CTPOUTHCS Ha OCHOBE TpeX
texnonoruii: PDH, SDH u ATM [6].

TexHonorua PDH (Plesiochronous Digital Hierarchy, mie3noxpoHnnast
rdpoBas nepapxusi) HUGPoOBOit METON Mepenayn JaHHBIX 1 rojioca, 0c-
HOBaHHBIII HA BpeMEHHOM pa3ejieHMU KaHalla U TEXHOJIOTUH TIPEICTaBIIe-
HUS CUTHAJIa ¢ TIOMOIIBIO UMITYIbCHO-KomoBoii Monyisiiuu (MKM) obi1a
pa3paboTaHa B KoHile 60-x romoB kommanueit AT&T st pereHus mpo-
0JIEMBI CBSI3U KPYITHBIX KOMMYTaTOPOB TeIe(OHHBIX CeTei MEXKIy COOOIA.

OTCyTCTBHE MMOTHOM CHHXPOHHOCTH ITOTOKOB TAHHBIX ITPY O0beIMHEHUN
HM3KOCKOPOCTHBIX KaHAJIOB B BHICOKOCKOPOCTHBIE 1 JaJI0 Ha3BaHUE TEXHO-
sioruri PDH («ru1e3noXpoHHBI» O3HAYAET «IIOYTH CUHXPOHHBIN»). Mepapxus
CKOpOCTE Tepenavyn rojoca U JaHHBIX TOCTUTANACh CO3MaHUEM CHCTEM
T-xananoB (Ha ocHoBe MynbTUITIeKCOpoBT-1). K HacTosiieMy BpeMeHU He
HCIIONIb3YETCS B CUITY, B IIEPBYIO OUepeib, HU3KOM CKOPOCTH ITepeaadu JaHHBIX.

Henmocratkun PDH, a taxxe psazx 1pyrux ¢hakTopoB IPUBENU K paspa-
ootke B CIIIA e1i€ onHOM nepapXum — MepapXuu CMHXPOHHOM ONTUYECKOi
cetu SONET, a B EBpornie aHamornuHoit CMHXpOHHOI LIM(PPOBOIT nepapxuu,
MPeIIOXKEHHBIMU TSI UCIIOJIb30BaHUSI Ha BOJJOKOHHO-ONTUYECKUX JIMHU-
ax cs3u (BOJIC).
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CuHxpoHHana uyudppoasa mnepapxuma SDH (Synchronous Digital
Hierarchy) 6pu1a 3amymaHa Kak ckopocTHast UH(MOpMallMOHHAs Cpefia nepe-
a4yl 1J1s1 TPAHCTIOPTUPOBAHUS IU(DPOBBIX MOTOKOB C Pa3HBIMU CKOPOCTSI-
Mu. B 91011 nepapxuu 00benUHSIIOTCS U pa3beAUHSIIOTCS TIOTOKU CO CKOPO-
ctamu 155,52 MouTt/c u Boimre. [TockombKy crioco6 oObenuHEHNST ObLT
BBIOpAH CUHXPOHHBI, TO JaHHAS UepapXUs MOTy4YUIa Ha3BaHUEe CUHXPOH-
HoIt LM POBOI UepapXuu.

OcHoBHbIe TpuHUMITBI SDH:

1. BpemenHoe pazaeneHue kaHanos (BPK).

2. SDH pa6oraeTt ¢ ropa3no 60IbIIMMEU CKOPOCTSIMU Tiepeaadu nHGhOop-
Manuu: 155,52 Méwur/c, 622,08 MOuT/c u T. 1.

3. CunxpoHHas i poBas uepapxusi BKIIIOUaeT B ce0sT BCe TIPEIbIIyIIIe
TpaHCHopTHBIE TpoToKoabl — 370 PDH, ISDN, ATM.

4. KoHTeitHEpHBIiT cTOCO0 YITAaKOBKY JaHHBIX.

g mepegauu nu@poBOTO MOTOKA CO3MAETCS CUHXPOHHBINA TpaHC-
nmopTHBIA Moayab (Synchronous Transport Module) STM-1 (puc. 3.16).
B cetu SDH npumeHeHbl NpUHLMITBI KOHTEHHEPHBIX MepeBO30K. TTomne-
Xallye TPaHCIIOPTUPOBKE CUTHAIIBI TPEIBAPUTENBHO PA3MEIIAOTCS B CTaH-
napTHBIX KoHTeltHepax (Container). Bce onepaiiuu ¢ KoHTeliHepaMu 1po-
U3BOJISITCS HE3aBUCUMO OT UX COIEPKAHUST, YEM 1 TOCTUTAETCS IIPO3PAYHOCTh
cetu SDH, T. . cmOCOOHOCTh TPAaHCHOPTUPOBATH PA3JIUYHBIE CUTHAIIBI,
B yacTHocTu curHasisl PDH.

STM-1

KoHTeiiHepbl
D S—

<>
R

Puc. 3.16. CUHXPOHHbI TPAHCMOPTHbIN MOAYNb

YT1o0Obl co3aaTh 60Jiee MOIIIHbIE LM POBbIE MOTOKU, B SDH-cucteMax
dopmupyeTcs ciaenyiloas nudposas uepapxusi: yetbipe Moayiast STM-
1 0OBEAUHSIOTCS TTyTEM ITOOANTOBOTO MYJBTUIUIEKCUPOBAHUS B MOIY/Ib
STM-4, nepenaBaeMblii co CKOpocThIo 622,080 MOuUT/C; 3aTeM YeTbIpe
Monyiist STM-4 06benuHsoTest B Moayib STM-16 co CKOpOCThIO Mepeaaun
2488,320 Mowurt/c; 9eTbipe Momyiist STM-16 MoryT ObITh OOBETUHEHHI B BBI-
COKOCKOPOCTHOM Moayib STM-64 (9953,280 Mout/c) (Tabnuiia 3.2).
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Ta6nwunuya 3.2

Cxkopoctu nepepa4 nepapxum SDH

YpoBeHb SDH. CkopocTb nepegaun, Méut/c
STM-1 155,520
STM-4 622,080
STM-8 1244,160
STM-12 1866,240
STM-16 2487,320

Hepapxuu PDH 1 SDH B3auMoaeiicTBYIOT 4epe3 mpoLeaypbl MYJIbTH-
IUIEKCUPOBAHUS U OeMYIbTUILIEKCUpoBaHus 1motokoB PDH B cucreMbr
SDH.

TexHonorua ATM (asynchronous transfer mode — acCUHXpOHHBII CITO-
€00 nepenayy JaHHBIX) — CeTeBasl BBICOKOIIPOU3BOAUTEIbHAS TEXHOJIOT S
KOMMYTalIMU ¥ MYJIBTUTUIEKCUPOBAHUSI, TIPEIOCTaB/ISIONIAsI KAHAJIBI C ITPO-
IMyCKHO# criocoOHOCThIO 150,52 1 622,08 MOuUT/C. DTH KaHaJIbl, IPUTOIHbIE
KakK JIJI COeIMHEHUS JIOKAJTbHBIX CeTel, TaK M HETTOCPEACTBEHHO IIJIS 10~
CTPOEHMUSI CKOPOCTHBIX JTOKATbHBIX BEIYUCIUTENbHBIX ceTeit (JIBC), MoryT
00eCIeunTh JTII00bIe COBpEMEHHBIE TeJIEKOMMYHUKALIMOHHBIE yeayru. [Tpen-
YCMOTPEH CTaHAAapT M Ha CKOPOCTh nepenaun 2,48832 I'out/c. Kak TexHo-
JIOTUS TIOCTPOEHUS MEPBUYHOM ceTU OTaMdYaeTcsl ot TexHonoruii PDH
u SDH teM, 4TO OXBaThIBa€T HE TOJBKO YPOBEHb MEPBUYHOI CETH, HO
M TEXHOJIOTMIO BTOPUYHBIX CE€TEid, B YACTHOCTH, CETeil repenayu JaHHbIX
u mmpoxomnonocHoit ISDN (B-ISDN). B pe3ynsrare npu paccMOTpeHUU
texHojjoruu ATM TpynHO OTAEIUTD €€ YaCTh, OTHOCSIIIYIOCS K TEXHOJIOTUH
MEePBUYHOI CETH, OT YaCTH, TECHO CBSI3aHHOI CO BTOPUYHBIMU CETSIMMU.

TexHOJI0rUs UCIIONB3YET ACUHXPOHHOE MYJIBTUILIEKCHUPOBAaHUE C Bpe-
MEHHBIM pa3IeIeHUeM U KOTUPYeT TaHHbIE B HEOOJIbIINE TTaKeThl (hUKCH-
poBaHHOTO pasmepa (kaapsl [ISO-OSI), Ha3pIBaeMbIe sSTUeiiKaMu. «ACHUH-
XPOHHBIM» O3HAYaeT, UYTO TaKTOBbIE TIeHEePaToOphbl IMepedaTyumka
Y IPUEMHUKA HE CUHXPOHM3UPOBAHbI, a STYEHKU MePearoTCs U MYJIbTH-
IUIEKCUPYIOTCH 110 3armpocaM. ACMHXPOHHAas repegaya He yIopsiAouynBaeT
SIMEeMKM 0 KaHajlaM IpU Mepechlike U 00ecreynBaeT CBsi3b B ceTu 0e3
n3MeHeHus ¢opmata sdyeek. [Toatomy ATM saBiseTcss yHUBEpCaaIbHBIM
pemenvem st JIBC u TereKoMMyHUKAITUA.

Cetn ATM cocToSIT U3 KOMMYTaTOPOB, COEIUMHEHHBIX TPAHKOBBIMU
kaHanamu ATM. KpaeBbie KOMMYTaTOpPhI, K KOTOPbIM MOAKIIOUAIOTCS
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TTOJTh30BaTENLCKUE YCTPOUCTBA, 00eCTIeYMBaIOT (DYHKIIUW adarTalvK, €CITU
ATM He ucrnosb3yeTcs 10 MOAb30BaTEIbCKUX CTAHIIUMI. [{aHHbIE QYHKIIUNU
BOCCTAHABIIMBAIOT U3 SY€EK MCXOMHBIN MOTOK JAHHBIX U TIEPenaloT ero
ycTpoiicTBy-Tonyuyatento (puc. 3.17):

Frame Cells — Cells Frame
o0 Qg
| o | “'o, /_,E Yo . /'______13

Puc. 3.17. Apantayua ATM

Jpyrve KOMMYTaTophbl B LIEGHTPE CETH 00ECIIEYMBAIOT MEPEHOC sTUeeK,
pasneneHure KaHaJjloB U pacripefieieHue MOTOKOB JaHHBIX.

ITockoNbKY NpUXOASIUe U3 Pa3HbIX MCTOYHUKOB STYEMKH MOTYT CO-
JIepxXaTh pa3Hble BUALI Tpaduka, TpeOyeTcsa obecneuynTb He3aBUCUMBII
KOHTPOJIb TS TIepefady BceX TUIOB. J1JIs TOro MCIoIb3yeTCsl KOHIEIIIMS
BUPTYaJIbHBIX YCTPOMCTB.

BupTyallbHBIM YCTPOICTBOM Ha3bIBAETCS CBSI3aHHBIN HAOOP CETEBBIX
PeCypCcoB, KOTOPBIi BBIIISIAUT KaK peaJbHOE COSIMHEHUE MEXITY ITOJIh30-
BaTeJIsIMU, HO Ha CAMOM JiJIe SIBJISIETCS 4YaCThIO Pa3AeIsieMOro MHOXECTBOM
noJjib3oBareneit ooopynoBaHus. s 3¢ beKTUBHOI CBSI3U MOJb30BaTeneit
¢ cetamu ATM BUpTyallbHbIE YCTPOMCTBA BKJIIOYAIOT IOJIb30BATEIbCKOE
o0opynoBaHue, CPEACTBA N0CTYyNA B ceTh U ceTb ATM.

Sueiika ATM umeet pasmep 53 GaifTa, AT U3 HUX — 3arojioBOK,
ocraBimecs 48 — uHgpopmalus. 3aroJoBOK MakeTa MpenHa3HavyeH s
TOT0, YTOOBI OIIPEAEIUTD MPUHAUICKHUT JTU JaHHBIN MaKeT ONpeacJIeHHOMY
BUPTYyaJIbHOMY KaHaiy. Eciii mpoucxonuT o1ibka B 1ojie uaeHTU(GUKaATO-
pa BUPTYaJbHOIO MYTU WX BUPTYaJbHOIO KaHajla, TO KOMMYTAaTOP MOXKET
OTIIPABUTh SYEHKY ApyroMy nojyvaremo. [lepenaya TaHHBIX B KOPOTKUX
styeiikax mo3poJsieT ATM a(ppeKTUBHO yIIpaBasiTh MOTOKaMU MH(MOpMaLUU
U obecrieunBaeT MpUOPUTU3ALINIO TpaduKa.

B 3aronoske ATM BupTyanbHbIi KaHaa 0003HaYaeTcs KOMOMHaLMei
nByx rtoneit — VPI (nopentudukatop suptyaiasHoro nyt) u VCI (noeHTH-
¢duKaTOp BUPTYaIbHOTO KaHana). BUpTyanbHbIi ITyTh MpUMEHSIETCS, KOTaa
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nBa nojb3oBarenst ATM umeroT cOOCTBEHHBIE KOMMYTATOPHI Ha KaXXI0M
KOHIIE IyTU U MOTYT OPraHU30BbIBaTh U MOJIEPKUBATh BUPTYATbHbBIE CO-
eMUHEHUS.

BupTtyanbHble yCTpOICTBA MOTYT OBITH «BBIICTICHHBIMU» WJTA «<KOMMY -
TUpYeMbIMI». BbineeHHbIE COeIMHEHYSI — 3TO MTOCTOSTHHBIE BUPTyaIbHBIC
ycrpoiictBa (PVC), coznaBaemble 10 COMIAIIEHUIO MEXITy TTOJIb30BaTeIeM
u omnepatopoMm (tenedoHHas auHUSI). KoMMyTUpyemble BUPTyajlbHbIE
ycrpoiictBa (SVC) ycTaHaBIMBAIOTCS ITyTEM Tepeaady CrelIualbHbIX CUT-
HaJIOB MEXJ1y MOJIb30BaTENEM U CETHIO.

BuptyanbsHbie yctpoiictBa ATM moaaepXuBaroTCs 3a CUET MYJIbTU-
TJIEKCUPOBaHMS TpaduKa, YTO CHUKAET PACXOIbl HA OPTaHU3AIIUIO U TTOJI-
JIEPXKKY MarucTpajabHbIX ceTell. Ecii B OTHOM U3 BUPTYAJIbHBIX YCTPOHCTB
YPOBeHb TpacduKa HEBBICOK, IPYrOe YyCTPOMCTBO MOXET UCIIOIb30BaTh
4acTh CBOOOMHBIX BO3MOXHOCTEH. 3a CUET 3TOTO 00ECTIEYNBAETCST BBICO-
KW ypoBeHb 3P (HEKTUBHOCTU UCTIOIBb30BaHUSI MPOMYCKHOMI cnocob-
Hoctu ATM.

Texnomnoruto ATM MoxHo addekTuBHO ncnonb3oBath B JIBC. Ipe-
UMYIIIEeCTBA:

— MO3BOJIFET MOJAb30BATENSIM OPraHU30BaTh KaHAJIbI JOCTYIA C TIO-
Jocoit 25 Mo6ut/c mist paboThl ¢ cepBepamMu (M30aBISIET OT 3a-
AepXKeK);

— B JIOKQJIBHBIX CETSIX ITO3BOJISIET OOOUTUCH OMHOM KabeTbHOI cucTe-
MOV Y OJHUM aJanTepOM B KOMIBIOTEPE, YTO MPUBOAUT K 3HAUU-
TETbHOMY CHUKEHUIO PACXOH0B;

— BBICOKas CKOPOCTb JOCTYIIA 3a TPUEMJIEMYIO LIEHY;

— BO3MOXHOCTb OpPTaHU3ALMU KOMIAKTHBIX Marucrpaieii Ha 6a3e
ATM;

— noBbIaeT 3HEKTUBHOCTb UCITOIb30BAHUS CETEBBIX PECYPCOB.

B cBoe BpeMst cetu ATM o6nanany HauBBICIIIMM ObICTPOAEHCTBHEM,
YTO CTUMYJIMPOBAJIO aIaNTALMIO 3TOTO TPOTOKOJIA ISl JIOKATTbHBIX CETEA.
U takas mogudukainusa (LANE) 6bu1a paspadorana. LANE ocytiectssi-
€T B3aUMOJIEICTBIE COeTMHEHHBIX TocpencTBOM ATM OKOHEUHBIX CTAHITU I
st cermeHToB JIBC. LANE He oka3bIBaeT BO3IeiICTBHUS Ha pabOTy ceTH
ATM u He TpeOyeT HUKAKUX CIeAATbHBIX MOAU(MUKALWK MPOTOKOIA.
ITocne BHenpeHUsT BEICOKOCKOPOCTHBIX TexHosoruii Ethernet obmacts uc-
nonb3oBaHus TexHuku LANE cmectunace B o6imacts WAN. LANE pa6o-
TaeT KaK CHUCTeMa «KJIMEHT-CepBep», ¢ OCHOBHAS 3a/1auya — YCTaHOBIICHUE
cooTBeTcTBUS Mexay anpecamu MAC u ATM.
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3.4. OCHOBHbIe NOHATUA Teopun TeneTpadpuka

Hay4uHoit ocHOBOI U3BMepeHMS U TPOrHO3UPOBAHUS KaueCcTBa padOThI
TEJIEKOMMYHUKAIIMOHHOM CEeTU SIBsIeTCS Teopusl TeeTpaduka, KOTopast
BBIPOCJIa HA TOYBE TPAAULIMOHHO TeJle(pOHNU U YHACeN0Bajla U3 HEE CBOE
Ha3BaHUe. TenerpaduK — 3TO MOHATHE, KOTOPOE MOXET OBITh OITPENEIeHO
KaK JABMXEHUE cooOIIeHU (MH(pOPMAlIMOHHBIX MOTOKOB). Teopust Tene-
Tpadurka — 3TO HayYHast TUCIUTIIMHA O 3aKOHOMEPHOCTSX U KOJIMYECTBEH -
HOM OTKMCaHUM MPOLIECCOB ABUXKEHUS 9TUX COOOIIIEHU B CETSIX U CUCTEMAX.

OCHOBOITOJIOKHUKOM TEOpUM TesleTpadurka, U3 KOTOpoil “BbIpocia
TEeOPHsI MACCOBOTO OOCTY>KMBaHUSI, SIBJISIETCS] AATCKUIi yueHblid A. K. DpaaHr
(1878—1929 rr.) — cotpynuuk KoneHrareHCKoii TenedOHHON KOMITaHUM.

ITpenmeToMm Teopuu TeneTpaduka BISeTCS KOTMYECTBEHHAsI, CTOPOHA
MPOIIECCOB OOCTYKMBAHUS TOTOKOB COOOIIEHUI B CCTEMaX pacrpenene-
Hus uHdopmaimu [7].

CucreMoii pacnpeneneHuss UHGOPMAIIMU MOTYT ObITh COBOKYITHOCTD
KOMMYTaIlIOHHBIX PUOOPOB, YACTh WU BECh KOMMYTALIMOHHBIH y3e/1 1100
CEeTb CBSI3M, KOTOPbIE OOCITY>KUBAIOT 1O ONPEACIEHHOMY aJlTOPUTMY Teje-
¢oHHBIE, TenerpadHble U APYTUe COOOLIEHNS.

OcHoBHas 1Ie/1b TEOpUU TeJeTpadrKa 3aKIIIouaeTcs B pa3paboTke Me-
TOMOB OLIEHKU KauecTBa GOYHKIIMOHUPOBAHUSI CUCTEM pacpeaeeH s UH-
dopmaiuu. B cooTBeTCTBUU C 5TUM Ha MIEPBOM MECTE B TEOPUU TEIeTpa-
duKa cTodT 3aJa4u aHaiu3a, T. €. OTBICKAaHUE 3aBUCUMOCTEN U 3HAaYeHU I
BEJIUYUH, XapaKTEPU3YIOIIUX KAYECTBO 00CITYy>KUBAHUSI, OT XapaKTEPUCTUK
U TapaMeTPOB BXOSIIETO MOTOKA BI30BOB, CXEMBI U JUCITUTUIMHBI 00CITY-
XUBaHUS. DTU 3a1a4yd B HaYaJIbHbII NIEPUO Pa3BUTUS TeJe(POHHON TeX-
HUKHU ObUTH 00Jiee aKTyalbHbIMU, YEM 3aJa4U CUHMe3d, U PeIIaIUCh, KaK
MPaBUJIO, C TOMOIIILIO TEOPUU BEPOSITHOCTENA.

Pa3BuTHe KOOpAMHATHOI U 0COOEHHO KBa3UAJIEKTPOHHOM U JIEKTPOH-
HOI KOMMYTallMOHHOM TEXHUKU MOCTaBUJIO Mepe Teopueil TeneTpaduka
CJIOXKHBIE BEPOSTHOCTHO-KOMOWHATOPHBIE 3aJa4yld CUHTE3a, B KOTOPBIX
TpedyeTcs ONPENeIUTh CTPYKTYPHBIE MTApaMeTpbl KOMMYTallMOHHBIX CUCTEM
MPU 3aJaHHBIX MOTOKAX, AUCLIUIIJIMHE U KAYECTBE OOCTY>KUBaHUS.

OCHOBHBIM MaTEMaTUYECKUM amapaToM TEOpUU TeraeTpacduka siB-
JISIIOTCSL TEOPUS BEPOSITHOCTE, MaTeMaTU4eCcKasi CTaTUCTUKA U KOMOM -
HaTOpUKa.

MeTonbl MaTeMaTUYECKON CTAaTUCTUKU MPUMEHSIOTCS MPU OLIEHKE
pe3yJbTaTOB HAOI0EHU I 32 TapaMeTpaMu IMTOTOKOB BBI30BOB U [TOKa3aTe-
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JISIMUA Ka4€CTBO OOCTY>KMBAHUS B IEVICTBYIOIINX CUCTEMAaX PaCIpeaeTeHUs
“H(OpMaLNK, a TAKXE TPU MONETUPOBAHUU TaAKUX CUCTEM.

ITpu aHanu3e, CUHTE3€ U ONITUMU3ALIMU CTPYKTYPHO-CIOXHBIX CUCTEM
pacnpeneneHus UH(GpopMalu KpoMe BepOSITHOCTHBIX METOIOB UCTOJIb3Y-
I0TCSI KOMOMHATOPHBIE U aire0panyeckre MeTOAbl, TEOPUS MHOXECTB,
TIPUHITUTIBI CUCTEMHOTO TTOX0a (CUCTEMOTEXHUKN).

OcHosHbiMU Memodamy PENieHnsI 3a1a4 B Teopuu TeneTrpaduka sBis-
10TCSI aHAAUmMU4ecKUe, YUCAeHHbIe U MemOo0 CIAmMUCMU4eckK020 MOOeAUPOBAHUS.

AHanuTu4YecKue METOAbl TO3BOJISIIOT PELIaTh 3a1a4u TEOPUU TeJleTpa-
¢uka B Tex ciaydasx, KOrma CTpyKTypa CUCTEMBI, XapaKTEPUCTUKU TTOTOKA
U AUCUUTUTMHA OOCTYXXUBAHUSI OTHOCUTENBbHO NPpOCThl. [1pu 3TOM paccma-
TPUBAIOTCS BCE BOZMOXHBIE COCTOSIHUSI CUCTEMBI, OTIPEAETSIEMbIE TTOJTOXE-
HUEM KaXIOW TOYKM KOMMYTAllUW WX APYroro 3JeMeHTa CUCTEMBI MPU
Haubosee MoaApoOHOM ee omucaHuU. Takuie COCTOSIHUS Ha3bIBAIOTCS MUKPO-
COCTOSTHUSIMU CUCTeMBbI. Kaxbiif pa3, Koria rmocTymnaet HOBbIN BBI30B, 3a-
KaHYMBaeTcs Kakas-1ubo daza paboThl yIpaBISIOIETO YCTPOUCTBA IO
YCTAHOBJIEHUIO COEUHEHUS WIU 3aKaHYMBAETCS COENUHEHUE, CUCTEMA Me-
HSIET CBO€ MUKPOCOCTOSIHUE. 17151 KaKIOTO MUKPOCOCTOSTHUS 3alTUCHIBAETCS
ypaBHEHME CTaTUCTUYECKOTO paBHOBECHSI. Pelltast cucteMy Takux ypaBHEHUH,
HaXOMAST TOYHOE PELIEHUE 3a1a4y B MPENEIax MPUHITON MOIEIU.

7151 CIIOXHBIX CUCTEM YU CJIO MUKPOCOCTOSIHUM TaK BEJIUKO, UTO PELIUTD
CHUCTeMY YPaBHEHUI CTAaTUCTUYECKOTO PABHOBECUST HE TPENCTaBISIETCS
BO3MOXXHBIM JIaKe ¢ IIOMOIIBIO CaMBIX OBICTponeiicTByomux DBM. Boree
MEepPCIEKTUBHBIM SIBJISIETCS TaK Ha3blBaeMbIiA Makpornoaxon. B cioxHoit
CHUCTEME C OYEHb OOJIBIIIUM YUCIOM MUKPOCOCTOSIHUN UMEETCS TOT WIN
WHOM MPU3HAK, IO KOTOPOMY MUKPOCOCTOSIHUSI OOBEMUHSIOTCS B KJIACChI-
MakpococTosiHus. [lyTeM ycpenHeHUs! OonpeneasiioTcsi UHTEHCUBHOCTHU
MEePEeXON0B U3 OMHUX MAKPOCOCTOSIHUM B Ipyrue. g Kaxxaoro Makpoco-
CTOSTHMSI 3aTTUCHIBAETCS YpaBHEHME CTAaTUCTUYECKOTO paBHOBecUsl. B pe-
3yJIbTATE PELICHUS] CUCTEMBbI TAKUX YPABHEHUIl BBIBOASATCS TOYHBIE WU
MPUOIXEHHBIE (DOPMYJIBI U1 BEPOSITHOCTEN MakpOCOCTOSIHUI. YTOOBI
MPEACTAaBUTh TPYAHOCTHU, CBSI3aHHBIE C MCMOJb30BAHUEM aHATUTUYECKUX
METOMIOB, TOCTATOYHO YKa3aTh, YTO YUCIO MUKPOCOCTOSTHUI HEMOTHOOO-
CTYIHOTIO IMy4YKa W3 U JUHUI olleHWBaeTcd Kak 2V. Hampumep, npu v =
20 uncno cocrostHmii 6onee 106, JIst pelreHns 3a1a4 TaKOi pa3MEPHOCTH
¢ momoI1s10 O BM nconb3yloTcs crieliMaabHbIe aITOPUTMBI, TIO3BOJISTIONITNE
HaXOAUTh MPUONMKEHHbBIE PEIIEHUS UTEPALTMOHHBIMU WU IPYTUMU YHC-
JICHHBIMU METOAAMMU.
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Haubonee yauBepcaibHbIM METOIIOM, KOTOPBIIA IPUTOAEH IS PEIICHUS
3a7a4 MPAKTUYECKU JIIOOOI CIIOXKHOCTH, SIBJIIETCS METO CTATUCTUYECKOTO
MOAENUpOBaHUs. MeTon 3aKio4yaeTcsl B MOCTPOEHUU MaTEMATUYECKOM
MOJIETU CUCTEMBI, pean3alivsi KOTOPOI OCYIIECTBIISIETCS BUAE MPOTrpaMMBbl
st DBM. MonenupoBaHue TT03BOJISIET MOJTYYUTh YUCIIEHHBIE PE3YTbTaThI,
XapaKTepU3yollue Ka4eCTBO OOCTYKMBAaHUS MIPU 3aJaHHBIX TapaMeTpax
MOTOKA, CXEMbI U IMCUUIUIUHBI 0OcaykuBaHusl. OmHAKO B CUITY crienudu-
KU METOZIa OH MEHee yI00EH MO CPABHEHUIO C AHATTUTAYECKUAM U YHUCTEH-
HBIM METOJAMU TIPU ONPEEIEHUN CKPBITBIX 3aKOHOMEPHOCTEN (DyHKIIN-
OHMPOBAHUS WIN 3aBUCUMOCTEN MEXIY OTACTbHBIMU XapaKTEePUCTUKAMU
cucTeMbl. Bo MHOTHX ciydasix pa3yMHOE COY€TaHUE AaHATUTUYECKUX U YU C-
JIEHHBIX METOIOB C METOAOM CTaTUCTUYECKOTO MOJETUPOBAHUS TTO3BOJISIET
JIETaJIbHO MTPOAHATU3UPOBATh UCCIETYEMYIO CUCTEMY.
ITpu ManbIx 3HAUEHUSX MAPAMETPOB CUCTEMBI YAAETCS MOJyYUTh pe-
IIEHWE TOYHBIMU AHATUTUYECKAUMU METOJAMU U MPOAHATIU3UPOBATh Mpe-
JIeIbHBIE CTy4au MPU ACUMIITOTUYECKOM MOBEIEHUU XapaKTEPUCTUK U3yda-
eMoli cuctembl. [lonydyeHHbIE CBENEHUS NOMOJHSIOTCS pe3yJibTaTaMu
CTaTUCTUYECKOTO MOAECIUPOBAHUS B 00JaCTU pealbHBIX 3HAUEHU Mmapa-
METPOB CUCTEMBI.
MaremMaTuueckas MOIEIb CUCTEMBI TeleTpadurKa BKITIOYAET CAEAYIOLINE
TPU OCHOBHBIX 3JIEMEHTA:
1. Bxongiuii moToK BeI30BOB — I1;
2. CxeMy cCUCTEMBI KOMMYTalluu — S
3. IuCUMITIMHY OOCTY>KMBaHUS TTOTOKA BBIZOBOB — D).
IToToK BBI30BOB — 3TO MOCIEA0BATENBHOCTh OMHOPOJHBIX COOBITUIA,
HACTYMAIOIIUX YePe3 HEKOTOPHIE UHTEPBAJIBI BpEMEHU.
JvcuuriHa o0cayKMBaHUS XapaKTepU3yeT B3aUMOIEMCTBHAE MOTOKA
BBI30OBOB C CUCTEMOI KOMMyTalluu. JMCIIUIIMHA OOCTYXXKMBaHUS XapaK-
TEPU3YETCS:
— crocobaMu 00CITYXKUBAHUS BbI3OBOB (C MOTEPSIMU, C OXXUIAHUEM,
KOMOMHUPOBAHHBIE);

— NOPSIKOM OOCTY>KMBaHUS BbI30BOB (B IMOPSAKE HACTYIUIEHUS, B CITy-
YaifHOM TIOPSIZIKE U JIP.);

— pexXrMaM¥ UCKaHUsI BBIXOIOB CXeMBbI (CBOOOIHOE, TPYIIIOBOE, NH-
JIUBUAYATbHOE);

— 3aKOHAMU U3MEHEHUS JUTUTETbBHOCTU 00CITY>XXKMBaHUS BEI30BOB (I10-
Ka3aTeJIbHbII 3aKOH, TOCTOSTHHAS WJIA IPOU3BOJIbHAS ITTUTETBHOCTD
00CTyXXUBaHUS);
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— JPYTUMU XapaKTEPUCTUKAMU (HATMYYE IPUOPUTETOB, OTPaHUYECHUI
UT. IO.).

IMocTpoeHue MaTeMaTUYECKOI MOMENU, aA€KBATHO OTpaXalollen pe-
aJIbHYIO CUCTEMY KOMMYTAIlUU, SIBJISIETCSI HETPUBUAIbHON 3amaueii. [1pa-
BWIbHO MOCTPOUTH MAaTEMATUYECKYIO MOJIENIb — 3TO YK€ MTOJIOBUHA Aefa.

OCHOBHBIMU 33a4aMU TEOPUU TeneTpaduka SBIFIOTCSA 3a1a4yd aHA-
JIN3a, CUHTE3a U ONTUMU3ALMH.

3apgaua aHanusa 3aKJII0YaeTCs B OTBICKAHWM (DYHKIIMOHATBHON 3a-
BUCHMOCTU MEXIY Ka4eCTBOM 00CIyxXuBaHus P, mapaMmeTpamu BXoasiiie-
TO TIOTOKA BBI30BOB [1, cxeMbl S 1 mUCIIUTIIMHBI 00CTy>KuBaHus D.

P=f11,S, D).

3apauva cMHTe3a 3aKJTI0YaeTCs B OTBICKAHUY CTPYKTYPHBIX TTapaMeTPOB
KOMMYTAIIMOHHBIX CUCTEM TIPU 3aJaHHBIX ITOTOKaX, IUCIUILIMHE U Kave-
CTBE 00CTYKMBaHUS.

S=f(, P, D).

3agaya onTMMMN3ALMN 3aKITI0YAETCS OOBIYHO B MUHUMM3ALIMU 00bEMa
000pyIOBaHMSI CUCTEM KOMMYTallMY IPU 3aJaHHbIX TIOTOKAaX, IMCLATIIIMHE
U KauecTBE O0CTYKMBAHMUS.

K (S)=/(T1, P, D) - min.

IToTokoM BBI30BOB (B 0OIIIEM CiTydae — COOBITHIT) Ha3BIBAETCSI TTOCIE-
JIOBATEJbHOCTh BBI3OBOB, MOCTYMNAIONIUX Y€PE3 KAKUE-JIMOO MHTEPBAJIbI
WIN B KaKue-1100 MOMEHTHI BpeMeHU. B Teopru MaccoBOro o0cy>KMBaHUS
MO TOTOKOM BbI30BOB IPUHSITO ITOHMMAaTh HE TOJILKO MOCJIEA0BATENLHOCTh
BbI3OBOB, IMOCTYMAIOIIMX OT IPYIMbl a0OHEHTOB WJIX TPYIIbl YCTPOMCTB
TenedOHHOI ceTu, HO U IpyTue MOCIeA0BaTEIbHOCTH COOBITUI, HATIPUMED,
MOTOK T€JIErpamMM, IMOTOK IMUCEM, TTOTOK HEMCITPABHOCTEM OTAEIbHBIX KOM-
MYTAIlMOHHBIX YCTPOICTB U TeJe(OHHBIX COOPYKEHMIA B IIEJIOM, IIOTOK
nHpopMaIny, moctynaiomieit Ha DBM, TOTOK HeMCIIpaBHOCTE B CTAaHKaX
W T. .

IIpocTeiiiM MOTOKOM Ha3blBaeTCs CTallMOHAPHbII OpAUHAPHbBIH MO-
TOK 0e3 nociieneiicTBus. [1pocreiiiimii MoTOK BHI3OBOB SIBJIsIETCS HanboJiee
pacrpoCcTpaHEeHHOM MOLIEJbIO PEAJIBHOTO MOTOKA BBI3OBOB, TPUMEHSIEMOI
B CCTEMaX MacCOBOTO OOCITy>KMBaHMsI, B TOM YMCJIE B TEOPUM TeeTpacu-
Ka. JIeHCTBUTENBHO, IMMOTOK TeJIe(hOHHBIX BHI30BOB OT OOJBIION T'PYIIIIHI
a0OHEHTOB XapaKTEpU3YETCsSI OTCYTCTBUEM TociaeneicTBusi. Ero MoxHo
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CYMTaTh OPAMHAPHBIM, a TIPU OTPAHMYEHUU UCCIIEAYEMOTO TTPOMEXYTKa
BpeMeHM 1—3 yacaMu M CTallMOHAPHBIM. AHAJIOTUYHBIE CITyYaifHbIE TO-
TOKM COOBITHI XapaKTePHBI IS MHOTHX OTPaCiieil HapOIHOTO XO3SICTBRa.

MaremaTudeckast MOIEIb TPOCTEMIIIeTo MOTOKA MOXKEeT OBbITh BhIpaXke-
Ha ¢opmyroii [TyaccoHa, Kak BEpOSITHOCTb TTOCTYTUIEHUSI TOYHO k BHI30BOB
TPOCTEMIIIETO IMTOTOKA 32 OTPE30K BPEMEHM t:

k
a)
Pk(’)Z%e "

IIe A — IDIOTHOCTh BEPOSITHOCTH MOCTYIICHUST BBI30BOB CTAIIMIOHAPHOTO
ITOTOKa.

ITo 3Toi mpuYMHE MPOCTEUIITNIA MOTOK TaKxKe HA3BIBAIOT CTAIlIOHAP-
HBIM IIyaCCOHOBCKHUM ITOTOKOM.

HudpoBuszamnus 1 HHTEIICKTYATN3alINS CeTe CBSI3M U OCOOCHHO MX
MOCTPOEHUE Ha TPUHLIMITAX KOMITbIOTEPHBIX CETEM MOTPEOOBAIM BHECEHUS
CYIIIECTBEHHO HOBBIX METONOB aHaInM3a pPabOThI CETEM, OTCYTCTBOBABIINX
B apceHaJle KJIacCHUYeCKoil TeopuH TeleTpadurka. B To e BpeMs MeTOmbI
aHa/IM3a KOMITBIOTEPHBIX CETell pa3BUBAICH B HAIIPABIICHNH OLICHOK IIPO-
W3BOOUTEIBHOCTHU, a He TIPUBBIYHEIX IS CBSI3MCTOB MOHSTUM KayecTBa
YCIIYT CBSI3U ¥ HE MOTJIA OBITh IIPUMEHEHBI HETIOCPEICTBEHHO TIPU OIICHM -
BaHMU TPAHCIIOPTHBIX YCIYT CETU CBSI3U C KOMITBIOTEPHOI apXUTEKTYPOIA.
IToTpedHOCTh B TaKMX OLICHKAX, a, MHA4Ye TOBOPS, HEOOXOOUMOCTh pa3-
BUTHUS TEOPUM TelleTpadrKa MPUMEHHUTEIBPHO K KOMITBIOTEPHBIM CETSIM
CBSI3U IIPUBEJIA K TTOSIBJICHMIO IIEJIOTO psiia MCCIeIOBaHMIT M COITPOBOXKIA-
IOLIMX UX IyOauKaluii, Harpumep, [7].

4. OCHOBHbIE XAPAKTEPUCTUKIN
CUCTEM SJIEKTPOCBA3U

4.1. BsaumoyBsi3aHHasA ceTb cBA3n Poccun

CBs3b MeXIy a0OHEHTHBIMU YCTPONCTBAMU OCYIIECTBIISIETCS C TI0-
MOIIBIO Y3JI0B KOMMYTAIIUY, B KOTOPHIX MH(MOPMAIINS KOHIIEHTPUPYETCS,
a 3aTeM HampaBJsIeTCs TT0 OTIPeNeIeHHBIM MyTAM. [IJ1 3TOTO y37hI KOM-
MYTall¥ COSTUHSIIOTCS MEXIy COOO0M JIMHEWHBIMU COOPYXKEHUSIMHU (CO-
eNVMHUTETbHBIMY JIMHUSIMU ), B KOTOPBIE BXOJST CUCTEMBI KaHAJI000pasy-
fo11IeTo 00O0pYAOBaHUSI, OPTAHU3YIONEe HEOOXOAMMBIE ITyYKHM KaHAJOB
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Mo KaOeJbHbBIM, PaIUOpENeHBIM U CITyTHUKOBBIM JIMHUSIM CBsI3U. [leii-
crByrorue cpencta cBsi3u B CCCP 6butn 00benmHeHbl B EquHyIo aBTOMa-
Tu3npoBaHHyo ceTh cBsi3u (EACC). B Hacrosiiiiee BpeMs 3TOT TTPOEKT,
OoTpaxkasi ”3BMEHEeHNeE TeOTTOIMTUYECKON CUTYaIllu U HOBbIE TEXHUUECKUE
JMIOCTVXKEHUST B 00JIACTU CBSI3UM, HOCUT Ha3BaHUE B3aWMOYBSI3aHHAS CETh
cBs3u Poccum (BCC) [8].

Css3b Poccuiickoit @eneparinu Kak 4acTb MH(PPACTPYKTYPHI CTPAHbBI
TIpEACTaBIsIET COO0I COBOKYITHOCTD CETEi, CITYy>KO 1 000pyIOBaHUS CBSI-
3H, PACIIOJIOKEHHBIX ¥ (DYHKITMOHUPYIOIINX HAa TEppUTOpUHU cTpaHbl. OHa
TpenHa3HaueHa Jyisl yIOBJIETBOPEHUS TOTPEOHOCTE i1 HaceleHusl, OpTaHOB
roCcyIapCTBEHHOI BIIACTH M YIIPABJICHUsI, 000POHBI, 0€30MacCHOCTH, TIpa-
BOTIOPSIZIKA, a TAKXKE, TIOJIb30BaTesIeil BCEX KaTeTOPU B yCITyrax 3J1eKTpO-
CBSI3U.

Dyukyuonanrvno BCC PO — 3T0 ceTn 00IIIETo MOJb30BaHUS, BEIOM-
CTBEHHBIE CETU 1 CETU CBSI3U B MHTEpECax yIpaBJIeHUsI, 000POHBI, Oe301mac-
HOCTH ¥ OXpaHBbI MPaBOTIOPSIIKA.

Opeanusayuonno BCC P® npencrasisieT co60il COBOKYITHOCTh B3aM-
MOYBSI3aHHBIX CETell JIEKTPOCBSI3H, HAXOISIIUXCS B BEACHUN Pa3TMIHbIX
OTIEpPaToOpOB.

Cmpyxmypro BCC PO sBnisieTcst nepapxudeckoit CUCTeMO U BKITIoYa-
eT B cebsI Tpu ypoBHS (puc.4.1):

— miepBuyHas cetb BCC mpencrapisieT co60ii COBOKYITHOCTD Y3JIOB,
JIMHUH TIepeauyn, TUTIOBBIX (PU3NIECKUX LIeTIel, TUTIOBBIX KaHAJIOB
niepenauu u ceteBbix TpakToB BCC. [1epBruyHas ceTh MpeacTaBisieT
BTOPUYHBIM CETSIM KaHaJIbI Tiepeiadu 1 hpu3nvecKue 1eru;

— BTOPUYHBIE CETU 00ECTIeYNBAIOT TPAHCIIOPTUPOBKY, KOMMYTAIIUIO,
pacrpezielieHe CUTHAJIOB B CITy>K0axX 3JIEKTPOCBSI3M (TenedoHHasd,
TenerpacdHas, epenayn JaHHBIX, CETU pacIpeneieHus TporpamMm
TEJIEBU3MOHHOTO M 3ByKOBOTO BEIIAHUS U JP.) C TIOMOIIBIO Y3JIOB
U CTaHIMIA KOMMYTAllUM HAa OCHOBE TUIIOBBIX KaHAJOB Mepeaadn
U uznuecKux 1eneil IepBUIHOMN CeTu;

— CHCTEeMBI JIEKTPOCBSI3H, KOTOPhIE OPTaHU3YIOTCS Ha 6a3€ BTOPUYHBIX
Lereit; MpeacTaBiIsioT cO00il KOMIUIEKCH TEXHUYECKUX CPENCTB,
OCYIIECTBIISIONINE DIEKTPOCBS3b OMPENeIEHHOTO BUAA U BKITIOYA-
fo1re B ce0si COOTBETCTBYIOIIYIO BTOPUYHYIO CETh.

[MepBuynas cetb BCC oxBaThIBaeT BCIO TEPPUTOPUIO CTPAHBI U TIO

TEPPUTOPUATBHOMY TIPU3HAKY TTOApa3IessieTcsI Ha MarucTpajibHbIE U 30-
HOBBIE TIEPBUYHbBIE CETHU.
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MepBuyHan ceTb
TunoBbie KaHanbl 1 rpynmnoBble TPaKTbI

v |

BTropuuHble ceTn
TenedoHHble, TenerpadHble, CeTv Nepaaaun AaHHbIX v ap.

A

Y

Hacenenne Npeanpuatua OpraHu3auya

Puc. 4.1. Crpyktypa BCC

Maeucmpanvhas cems coenuHsieT MOCKBY € LIEHTPaMU 30H (CyOBEKTOB
Denepannm), a TakKKe 30HBI MeXIy coboit. BHyTprobmactHast (enympu-
30H064as1) CETb sIBJIsIeTCS ceThlo cyobekTa Denepanvu (061acTh, Kpaii uiam
pecny6yrka). OTa ceTh 00ecneuyrnBaeT CBsI3bIO0 00JaCTHOM, KpaeBoil Uiu
pecnyOIMKaHCKW IIEHTP CO CBOMMM TOpOoJaMU M pailOHHBIMU LIEHTPAMU
U TIOCTIeIHUE MEXIY CO00I, a TaKKe BBIXO X Ha MaTUCTPAJIbHYIO CETh.

30H08as cemb OpPraHU3YeTCs B Tpeneaax OJHOU-IBYX obnacTeil (Mnu
pecryonuk, kpaeB). OHa TTonpasesnsieTcsi Ha BHyTPU30HOBYIO M MECTHYIO:

— BHYTPU30HOBAS CBSI3b COEAMHSET 00aCTHOM (pecnyOIMKaHCKUIA,

KpaeBoii) IIEHTp C paililoHaMMU;

— MECTHasl CETh CBSI3M BKJTIOYAET CETbCKYIO M TOPOICKYIO CBSI3b.

Medicoynapoonvle cemu c8s13u — TEXHOJIOTUYECKU COTPSIKEHHBIE C Ce-
TSMU CBSI3U MHOCTPAHHBIX TOCYIaPCTB CETH JIEKTPOCBSA3U, HAXOMSIIINECS
B BEEHUM XO3SICTBYIONIMX CYOBEKTOB, KOTOPHIM MPEIOCTABIIEHBI ITpaBa
MEXITYHapOIHBIX OTIEPaTOPOB.

CocraBHbiMU yacTssMu BCC gBstoTcs cieayolme CUCTeMbl 3JIEKTPO-
CBSI3U OOIIIETO TTOJIb30BaHMS: aBTOMaTH4YecKast TeiechOHHasl CeTh; TeJe-
rpacdHasi ceTh; ceTh (haKCUMMIIBHOM CBSI3U; CETh 3ByKOBOTO BEIIIaHMST; CETh
TEJIEBU3MOHHOTO BEIIaHUS ; CETh ITepenayu JaHHBIX; BEIOMCTBEHHBIE CETU
U Jp.

Passutne cereit BCC P® npenycMaTprBaeT nmepexom Ha AByXyPOBHEBYIO
CTPYKTYpPY OpraHu3aliuu cBs3u (puc. 4.2):

— TPAHCITOPTHYIO CETh;

— ceTb nocTyna (AOOHEHTCKYIO CETh).

MarucTpanbHble, BHYTPU30HOBBIE W YAaCTh MECTHBIX IIM(MPOBHIX Ha-
JIO>KEHHBIX TTIEPBUYHBIX CETEH SBJISTIOTCSI OCHOBOI TPAHCITOPTHOM 1IMGPOBOIA
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CMIM - marucTpansHan nepsuyHan cett

BalMC - BHY TPH30HOBAA NEPBHYHAR CeTh

MCM - mecTHan nepeuyHan ceTkb K Apyram MY
MY - MecTHbIA yaen

CIMNM - ceTeeras NOACTAHUWS MECTHAR

QY - OKOHEe4YHOEe YCTPOHRCTBO

Cetb aocTyna

oy [e}4

Puc. 4.2. [1ByxypoBHeBas cTpyKTypa noctpoeHus BCC PO

cetu cBsa3u Poccun. MecTHBIE 1 TIEPBUYHBIE CETH Ha yYaCTKe «MECTHBII
y3€J1 — OKOHEUHOE YCTPOMCTBO» B COOTBETCTBMU C HOBOI TEPMUHOJIOTUEHN
SIBJISIETCSI CEThIO HOCTyTa [9].

OtMmeTuM, 4TO onucaHHas Bbille opranu3auust BCC, a Takxke ee co-
CTaBHBIE YACTH, HAXOMSATCS B HEIIPEPHIBHOM TEXHUYECKOM Pa3BUTUM U OT-
pPaXXeHbI 3IeCh B BUIE TEKYIIIETO COCTOSTHUS BOIIPOCA M HE MOTYT B LIEJIOM
OTpaxKaTh BO3MOXHOCTH OJIMKAKMIIIEro OyayIlero.

4.2. ABTOMaTN4ecKan TeniepoHHasA ceTb

Hau6onee pa3BeTBIEHHOI BTOPUYHOM CEThIO SIBJISIETCS CUCTEMa Tejle-
¢onHoi1 cBs13u (CThC). OHa npeacrasisieT cO00i COBOKYITHOCTh aBTOMa-
THUYECKUX TeJle(hOHHBIX CTAaHIM, Y3]I0B KOMMYTallii KaHAJIOB, JIMHUIA
TeJle(POHHOM CeTM U OKOHEYHBIX aOOHEHTCKUX YyCTpoiicTB (puc. 4.3).
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) ATC

ATC

DUBVHECKOR CoBAVHEHVE

Puc. 4.3. Cxema CTpC

DTa ceTh IpenHa3HaYeHA UTS YIOBJICTBOPEHUS IIOTPEOHOCTE HaceIeHNS,
YUpeXIeHUN 1 OpraHU3alrii B iepenade TereOHHBIX COOOIIEHNI B TIpe-
nenax CTpaHsbl.

Cetb CTC cTpoutcs no NpUHIMIIAM, KOTOPhIE 3aBUCAT OT ITOCTPOE-
HUS IEpBUYHOM ceTr. Bes TeppuTopus cTpaHbl pasiesieHa Ha 30HBL. 30Ha —
9TO YaCTh TEPPUTOPUH, Ha KOTOPOI BCe aOOHEHTHI TeIeOHHOM CETH OX-
BaTBIBAIOTCS €OWHON cemusHayHoli HyMepaliueit. TeppuTopust 30HBI, KaK
IIPaBUJIO, COBITAAET C TeppuTOpHeit cyobekTa Memepalmu.

30HoBasA TenedoHHaA ceTb COCTOUT U3 MHOXECTBA MECTHBIX TeJle-
(G OHHEBIX ceTeil, pacIoJOoXKeHHBIX Ha TePPUTOPUM 30HBI. MeCTHBIEC Telle-
donunbIe ceTn pasmenstrorcs Ha roponackue (I'TC), obcmyKMBaroIIye Topom
u ommKaitie ipuroponsl, U cenbekue (CTC), obecrreunBaromme CBSI3b
B IIpeeiax CeTbCKOTO aIMMHHICTPATUBHOTO paitoHa. CyIecTByeT TaKxKe
YUpeKIeHYECKO-TIPOU3BOACTBEHHAsI aBTOMaTH4ecKasl TeJie(hOHHAST CETh
(VITATC), xoTopas CIy>KUT Ul BHYTPEHHEH CBSI3U IIPEeAIIPUSITHI, YIPEK-
IeHwit, opranuzainii. OHa HepeInKo coemrHeHa ¢ Telle(OHHOM CeThIO 00IIIe-
ro rtosrb3oBaHust (TMOOIT), Ho MOXeT OBITH 1 aBTOHOMHOIA.

Ha Tepputopun KaXmoil 30HbI YCTaHABIWBAIOTCS OgHA (TIpU YHCIIe
aboHeHTOoB 10 10 THIC.) MJIM HECKOJTBKO OKOHEUYHBIX aBTOMATHUECKIX MEX-
myropogHbIX TenedoHHbIX craHmuit (AMTC), KoTopble COCTMHSIIOTCS
MeEXIy co00i KaHaJlaMH 10 MPUHIIMITY «KaXaast ¢ Kaxaoii». B 30HOByI0
TeaeOHHYIO CeTh BXOISIT PACIIOJIOXEHHBIC B IMPeaeiax 30HbI TOPOICKIE
TenedOHHBIE CeTH, CeJIbCKUE TeJe(POHHBIE CeTH, a TAKKE BHYTPU30HOBAS
TenaedoHHas CeTh.
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BHyTpu3oHoBas TenedoHHas ceTb coctout n3 AMTC 30HBI U coeu-
HUTEIIBHBIX IMTHUM, 1 KaHAJIOB, CBA3bIBaroinx AMTC 30HBI MeXIy cO00i1,
a Taxke ¢ I'TC u CTC st0ii 30HbI. [Ipruem ¢ AMTC HemocpencTBEeHHO
coennustiores paitonabie ATC (PATC), Bxomsmiue B coctaB I'TC, u 1ieH-
tpanbhble ctanum (LC), Bxomsmue B coctaB CTC.

Kazkmast mectHas TefiepoHHAsI ceThb CBI3bIBaeTCs ¢ Omkaiimmeit AMTC
30HBI WIN 30HOBBIM Y3JIOM UCXOISIIIUMU COENUHUTETHHBIMU JTUHUSMU
1 BXOISIIIMU COCAMHUTETbHBIMU IMHUSIMH, TI0 KOTOPBIM OCYIIECTBIISICT-
csl CBSI3b ¢ aDOHEHTaMM APYTMX MECTHBIX CETEM B Mpeaenax Kak 3Toi, Tak
U IpYyTUX 30H.

Hnst cBsizm AMTC Mexoy co0oii 1 00beIMHEHHS 30HOBBIX TeIe(DOHHBIX
ceTeil CTpaHbI B OOIIETOCYIAPCTBEHHYIO CIIYXKUT MEXKIYTOpOmTHas Tele-
¢donHas ceth. [Tpu 5ToM camu AMTC gaBISI0TCI OKOHEYHBIMY CTAHIMSIMU
9TOM ceTH. JIJIsl X COeMMHEHMS MeXIy COOOM ITPEIyCMOTPEHBI Y3JIbI aBTO-
MaTHYECKOI KOMMYTAINN, KOTOPBIE COSMMHSIOTCSI MEXXIY COOOM IO IIPUH-
LIUITY «KaXIBIN C KaXKIBIM», 00CITy>KMBAIOT OIIpeAeIICHHBIC TEPPUTOPHATH-
HBIE pafOHBI U SIBJISTIOTCS LICHTPAMU CETU PaTuaIbHO-Y3JI0BOTO ITOCTPOSHMSL.

lfopoackasa TenepoHHan ceTb. TenedoHHAs ceTh, co3maBaeMast Ha
TepPUTOPUU TOPOIA, Ha3bIBACTCS TOPOIACKON TeneOoHHOI ceThio. OHa
CTPOUTCS TAKUM 00pa3oM, YTOOHBI ee AOOHEHTHI MOTJIA BECTH IIEPETOBOPEI
He TOJIBKO MeXIYy CO00M, HO 1 ¢ KaXKIBIM aO0OHEHTOM JII000I MECTHOM Tesle-
(hoHHOI1 ceTH CTpaHBI, a TAKXKE C a0OHEHTAMHM YIPEXKICHISCKUX TeJleOH-
HBIX CTAHIIWIA 1 CITy>KOaMU CIIeIINAIbHOTO Ha3HAYSHUS (TTOIUIINE. CKOpOoit
ITOMOIIBIO U ZIp.) ITyTeM Habopa COKpalleHHOro HoMepa. [1o mpuHIIAY
noctpoerust I'TC mensiTcst Ha HepallOHMPOBAaHHBIE I pallOHNPOBAaHHEIC.
PaitonnpoBaHHBIe TeledOHHBIE CETH, B CBOIO OYepenb, MOAPa3IeIsIOTCs
Ha I'TC 6e3 y3108B, 'TC ¢ y3maMu BXOISIIIETO COSNMHEHUS.

EMKoCTh HepallOHMPOBAHHBIX TeAe(MOHHBIX CeTeid He MPEBBIIIACT
10 TeIC. HOMEpOB. Takue TeeOHHBIE CETU CTPOSITCS B OOJIBIITMHCTBE paii-
OHHBIX IICHTPOB.

ITpu emxoctu I'TC ot 10 OO0 1o 50 OO0 HOMEPOB TEPPUTOPHUSI TO-
poma menuTcs Ha paiioHbl, oocimyxkuBaembie PATC. PATC coenuHSIOTCS
MEXXIY CO00M COeMMHUTETbHBIMY JIMHUSIMU 10 IIPUHITUITY «KaxXKaas ¢ KaxX-
nmoit» Hymepatmst aboHeHTCKuX JImHM Ha Takux [ TC nmsatr3HavHasl, a mep-
Bas udpa HoMepa gBiseTcd KogoM PATC.

ITpu emxoctu I'TC ot 50 000 1o 500 000 HomepoB I'TC menutcsd Ha
Y3JI0BEIE pailOHBI, B KaXKIOM M3 KOTOPHEIX MOXET OBITh YCTAHOBJICHO HE-
ckonbko PATC, coemMHEeHHBIX MEXAY COOO0I IMOO IO MPUHITUITY «KaxKmast
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¢ Kaxaoii», 1uoo yepe3 YBC cBoero paiiona. Ha palionuposanusix ['TC
TIPUMEHSTIOT 1IIECTU3HAYHYIO0 HyMEepaluio, IpY 3TOM TepBast rdpa sBsi-
€TCsT KOJIOM Y3JI0BOTO paitoHa, a Bropast — komoMm PATC.

ITpu emxocTu TenedoHHO ceTu 60see 500 ThIC. HOMEPOB TEPPUTOPUS
ropona IeIuTCs a MULTUOHHBIE 30HbI, KaX1ast U3 KOTOPBIX MOXET BKITIO-
4yaTh B c€0sT 10 ECSITU Y3JIOBBIX paiiloHOB eMKOCThIO 10 100 ThiC. HOMEPOB
kaxneriii. B takux ['TC mpuMeHSIIOT ceMU3HAUYHYI0 HyMEpaluio: 1mepBast
uudpa HoMepa onpenessieT KoJ MAJUTMOHHON 30HbI, BTOpasi — KOJ y3J10-
BOTO paifoHa, a TpeThst — Kox PATC.

Cenbckan tenedpoHHasn ceTb. Cenbckue TeeOHHbIE CETU OXBAThIBA-
10T 6oJiee OOLIMPHBIE TEPPUTOPUU, YEM TOPOACKUE, HO TIIIOTHOCTD TeNe-
(boHHBIX anITIapaToOB B HUX 3HAUYUTENHHO MeHbIIe. [ToaTomy eMkocTh ATC
B CEJTbCKMX MECTHOCTSIX 3HAYUTEHHO MEHBIIIE, YeM B TOPOIAX.

B HacTogliee BpeMs UCMONB3YIOT OJHO- U IBYXCTYIIEHYATOE IMO-
crpoenue CTC. [Ipu omHOCTYIIEHYATOM IMOCTPOEHUN KPOME LIEHTPab-
HOI CTaHIIMU, KOTOPAsl YCTAaHABIUBAETCS B PAlOHHOM LIEHTPE U SIBJISI-
eTCsI KOMMYTAallMOHHBIM Y3JIOM, BBIMOJHSIONIUM OJHOBPEMEHHO
(GyHKIIMU TOPOACKON Teae(hOHHON CTAaHIIUU PAiOHHOTO LIEHTPa, UMe-
I0OTCSI OKOHEYHBIE TeJle(POHHbIE CTAHIIMU. B 3TOM ciiyyae B cCoeAIUHEHUU
MEXIYy CEJIbCKUMU a0OHEHTAMU JBYX PA3JIMYHBIX OKOHEYHbBIX CTAHIAI
YY4aCTBYIOT TOJBKO OJWH Yy3€J1 aBTOMaTUYECKOU KOMMYTAallUu — LIEH-
TpajbHas CTaHIIUS.

Ha CTC, 3aHuMaionmx OOIbIIIyI0 TEPPUTOPUIO, M3 SKOHOMUIECKUX
COO0OpaxkeHWI TIPUMEHSIOT IBYXCTYIIEHYATOE TTOCTPOCHUE C PA3TUIHBIMU
KOMMYTAllMOHHBIMU Yy3JIlaMU KOTOpPbIE 0Opa3yloT paauaibHO-Y3JI0BYIO
CTPYKTYpY CETH.

CoBpeMeHHbIe (DYHKIIUU TeleOHHOM CeTU OOIIEro MoJb30BaHUS
(T OIT) oxBaThIBaOT HOBIIOK HAOOP YCIYT, AETAOIINE 3Ty CETh OJHONU
U3 OCHOBHBIX B IPEJOCTABICEHUM CEPBUCOB CBS3U, NEpemadyu JaHHBIX
u MynsTUMenua (puc. 4.3). ImaBHbM octaBimkoM ceprcoB ThOIT B Poc-
cuu saeasetcs [TAO «Pocrtenekom».

CurHanbHast cuctema SS7 (anmt. Common Channel Signaling) — Ha6op
CUTHAJIBHBIX TeAe(MOHHBIX MPOTOKOJIOB, UCHOJIb3yEMBIX JIS1 HACTPOUKU
OoNBITMHCTBA Tee(OHHBIX CTAHIINM TTO BCEMY MUPY. DTO YHUBEpCaJIbHAS
MHOTO(YHKIIMOHAJIbHAS CUCTEMA MEXCTAHIIMOHHOM CUTHATA3A1IUU, OPU-
€HTUPOBaHHAs Ha MOANEPXKKY TPAKTUUECKH BCEX yKe MU3BECTHBIX, a TAKKE
oymymmx yeryr cBsizu. B Poccun SS7 HazpiBator OKC-7 (0o0mumit kaHan
curHaym3ammu Ne 7). SS7 oowenuHmia TesiehOHHBIX OIIEpaTOPOB IO BCEMY
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Puc. 4.3. CoBpemeHHble dyHKLmn THOTI

mupy. B Poccuu, CIA, A3uu, EBporne mpoTOKOJIbI HAa3bIBAIOTCS TMO-
pa3HOMY, OHU HE3HAYUTETBHO PA3INYAIOTCSI, HO COBMECTUMBI IPYT C ApY-
TOM; B II€JIOM CHUCTE€Ma 10 CBOEMY YCTPOMCTBY HanmoMuHaeT UHTepHeT.

DyHkiMoHanbHasi apxuTekTypa SS7 COOTBETCTBYET CEMUYPOBHEBOIM
9TAJIOHHON MOJENN B3aMMOAEUCTBUSI OTKPbIThIX cucteM OSI (cM.1m.5.3).
IlepBbiM TpeM ypoBHsIM Moaear OSI (pusuueckuii, KaHaabHbIN, CETEBOIA)
COOTBETCTBYIOT ITPOTOKOJIbI CeTeBOI Ci1yk0bl SS7 — NSP, KoTopas BKJ0-
YyaeT MPOTOKOJIbI MOACUCTEMBI epenaun coodieHuit (MTP) 1 mpoToKosbl
MOACUCTEMBI YIIpaBieHUs curHaabHbIM coenuHeHueM SCCP. IToncucrema
nojbp3oBarens uudpoBoit cetu ¢ uHterpanueit ciryxx6 ISUP ncronb3yer
poToKobl NSP yacTUYHO WU TTOTHOCTBIO, B 3aBUCUMOCTH OT MMPEA0CTaB-
JIsieMoro mosb3oBaTento ceppuca. [loacucrema nonb3osaress TenedhOHUN
TUP, asnsetca dbyHkuMoHaabHOM yactbio ISUP.

IMpuxnanHas noacucrteMa obecneyeHus Tpanzakuuii TCAP otHocHT-
cs K cenbMoMy ypoBHIO Monaenu OSI u HenmocpencTBEHHO MCHOIb3yeT
CETEBYIO CITY>K0Y, TAK KaK TPOTOKOJIBI TPAHCTIOPTHOTO, CEAHCOBOTO U YPOB-
Hs npeacTtaBiaeHus: Moaean OSI B HacTosiiee BpeMs it SS7 He omnpene-
nensl. [Toacucrema nonb3oBaTesiss MOOMIIBbHOM cBsI3U MAP 1 npuxiiagHoii
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MPOTOKOJI UHTEJUTEKTyanbHOU cetu INAP, ctpostcs Ha 6a3e TpaH3aKu-
OHHOI TopcucTeMbl SS7 M TakXke OTHOCSITCS K MPUKIATHOMY YPOBHIO
monenun OSI.

IP-renedpoHua. [NosBuBIIAsICS B KOHIIE MPOIUIOTO BeKa KOHIIEITIIHS
Tepenavyu rojioca Mo CeTH ¢ TIOMOIIBIO TIEPCOHATBHOTO KOMIThIOTEepa pas-
BUBAETCSI OUEHb CTPEMUTEIHHO, BOMPAst B CeOsI JTydIITne TOCTUKEHUS B 00-
JIACTY amTapaTHBIX PENIeHU U CETeBBIX TEXHOJIOTUI Tiepeaauyn TaHHBIX.
CoBpeMeHHOE 000pyIOoBaHUE IS TIepenayy Tojloca MOCPENCTBOM TPO-
tokona IP (Voice over Internet protocol — VolP) mo3BoiisieT 00ecreunBaTh
TIPUOPUTET Mepenadu roJocoBOro Tpachuka Hall repenavyeii OObIYHBIX TaH-
HBIX, TIOJTy4aTh IPUeMJIEMOE Ka4eCTBO 3ByKOBOTO CUTHAJIA TIPU CUJTLHOM
cxartuu, 3 PeKTUBHO TONABIATH pa3auuHbie mrymMbl. Cxema [P-cetn mo-
Ka3zaHa Ha puc. 4.4.

LWinio3

4

|7
KommyTatop

~_ _ — - Kommyrarop. ——~
BbineneHHbiii i R BbiaeneHHbiii
KaHan Pazgensembilii KaHan B KaHan

Puc. 4.4. IP-cetb

ITo mepe cBoero passutus IP-TenedoHus npeteprieBaeT BaxXHbIe Ka-
YeCTBEHHbIE U3MEHEHUSI: U3 JOMOJHUTEIbHON YCIYrM OHa MOCTENEeHHO
NnpeBpailaercs B 0a30Bblli CEpPBUC, KOTOPBI B CKOPOM BPEMEHU MOXET
CTaTh OMHUM U3 KOMIIOHEHTOB MYJIBTUCEPBUCHOI TEXHOJIOTUM U, B OTNpe-
JIeJIEHHOU CTeNeHU, TOTECHUTh TPAAULIMOHHYIO TeJe(OHUIO.

AKTYyaJIbHOCTb pa3BUTUs petieHuit IP-tenedoHun odycioBieHa He
TOJBKO BO3MOXKHOCTBIO CHUXKEHMS 3aTpaT Ha TeledOHHbIE MEPEroBOPhI
U TEXHUYECKOE 00CTYyKMBaHUE UHGMPACTPYKTYPHI (XOTSI 3TO UMEET OO0JIbIIIOE
3HaueHue). B ctpaternueckom riaHe 1P-tenedoHuss MoXeT cTaTh eqMHOMN
TEXHUYECKOU MmIaTdopmMoil, KoTopasi MO3BOJIUT OObEAUHUTD PELIEHUS 15T
Tepenayy NaHHBIX U ToJIoca, a TaKKe Il 00paboTKU U MOCIEAYIOIETO
HCMOJIB30BaHs 3TOM MH(POPMAIIMK BO BCEX OM3HEC-TTPOLIECCaX.

60



4.3. Tenerpad

TenerpadHasi cBSA3b SIBJISIETCS CTapeiiilieil U3 BUAOB MEKTPOCB3U. 3a
TOBI CBOETO Pa3BUTHS OHA TOJIyYMJia OTPOMHOE paclpoCcTpaHeHWe Ha
3emuie u B Poccuu ¢ ee konoccanbHol Tepputopueit. B CCCP cyniecTBoBan
HOpPMAaTHB: IBa Yaca OT MOMEHTa MoJayu TeJIerpaMMBbl 1O JOCTABKHU ITOJTY-
yaTesno!

Onnako B Havazne 1990-x HaMmeTUsICsS KpU3UC TeaerpadHbIX yCiayr
C pa3BuUTHEM 0oJiee COBPEMEHHBIX TEXHOJIOTHI, TAKMX KaK 2JIEKTPOHHAast
rmoyTa, paKkCUMUJIbHAS U COTOBAsI CBsI3b. [IpruunHa Kpu3uca: oTcTaBaHUe
BO3MOXHOCTe TenierpadHO CBSI3U OT COBPEMEHHBIX TPEOOBAHUI U MO-
paJibHO ycTapeBiiee obopynoBaHue. [Ipruem 3Ta TEHASHIIUS XapaKTep-
Ha He ToJibKO 1151 Poccum. B psine ctpan tenerpadHas cBa3b peKpaTu-
na paboty. B Poccuu cetb nmpoBoaHoro tejnerpada Ha 00JbllIeil yacTu
TEPPUTOPUU IEMOHTHUPOBaHA, HO TeJierpacdHbIe COOOIIEHUS MOTYT Iepe-
JIaBaThCs TIPY TTIOMOIIM CIIEIMATbHBIX YCTPOUCTB — TejlerpadHbIX MO-
JIEMOB, COMPSKEHHBIX B Y3JIaX 3JIEKTPUIECKON CBSI3U C TTepCOHATbHBIMU
KOMIThIOTEpaMHU OMEPAaTOPOB MO COBPEMEHHBIM KaHajlaM CBSI3U. DTOT
CMoco0 CBSI3U MTO3BOJIAET MU(MPOBATH U NeIUDPOBATH OTIIPAaBIeHHbIE/
MOJIyYeHHbIE COOOIeHUs. YCIyru no TeaerpadHoi CBsSI3U OKa3bIBAET
ToJbKO «PocTenekom» (BpeMs JOCTaBKU TejerpaMm 4—8 yac), B KOTOPOM
yBEpEHHI, UyTo TejierpadHast cBsa3b BocTpedboBaHa. K ToMy Xe, Tenerpam-
MBI, OTIIPAaBJIeHHbIE KaK JOKYMEHTHI, MOTYT ObITh TPU3HAHBI IOpUIAYE-
CKM 3HAYMMBIMU.

B Hacrosimiee Bpemst B ipaBuTenibcTBe PD HeT emMHOro MHEHUS 110
TOBOJY Pa3BUTHUS WM, HA0OOPOT, CBOpauMBaHUs TejaerpadHOil CBSI3U.
Bpems mokaxer.

4.4. PakcumMmunbHaA CBA3b

dakcuMUIIbHAS CBSI3b — IPOIIECC AUCTAaHIIMOHHON Iepeaadyy Hero-
BIDKHBIX U300pakeHU 1 TeKcTa. B OCHOBHOM (haKCMMMJIbHASI CBSA3b KC-
TIOJIb3YETCSI JJIsT OTIIPABIICHMSI TOKYMEHTOB (TEKCTOB, UEPTEXEIi, PUCYHKOB,
cxeM, (POTOCHUMKOB) Ha OyMaskHbIe HOCUTENIU TToayJaTeneii

TpakT akCUMWIbHOI CBS3M BKJIIOYAET MepeaaTuMK, JUHUIO CBI3U
U npuéMHUK. B nepenaruyuke (haKCUMMUIBHOTO arnapaTa OCyIlIeCTBIIsIeT-
Cs1 aHAJIM3 OPUTMHAJIa TOYCYHBIM CBETOBBIM ISITHOM — Pa3BEPTHIBAIOIIMM
3JIEMEHTOM, KOTOPBIil ITOCTPOYHO 00OeraeT BCIO ILIOLIAAb OpUTMHAJA,
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pa3buBas €€ Ha PMEeMEHTApHbIE MJIOMAAKUA, XapaKTepU3YyIoIIuecs CIo-
COOHOCTBHIO B pa3HOI CTeTIEHW OTpaXaTh IMafalolmnii Ha HUX CBETOBOM
moToK. OTpaXE€HHBII OT MOBEPXHOCTU OPUTUHAJIA CBETOBOI MTOTOK, MO-
IyTUPOBAHHBINA MO UHTEHCUBHOCTU B COOTBETCTBUU C OTPAXKATEIbHOU
CHNOCOOHOCTBIO IJIOWIANOK, MTAaAaeT Ha (hOTOIEKTPUIECKHU Tpeodbpa3o-
BaTesb, TAE MPEBPALIAETCS B MPOMOPUMOHAIBHBIN CBETOBOMY MOTOKY
SJIEKTPUYECKUI TOK — BuAeocurHaia. B kayectBe poTosneKTpuyeckux
npeobpazoBateneil B (aKCUMUIBHON anmapaType UCIOIb3YIOT (hOTOd-
JnexTpoHHble yMHOXUTenn (PIY) unu (pexe) dorosnemeHTr. [danee
B MiepegaTuvKe mpousBoautcs Mmonyisuus BY konedaHuii BUAEOCUTHATIOM
C LEeJbI0 TpeoOpa3oBaHus MOCIeAHETo K hopMe, yI0OHOM IJIs epeaadyun
MO KaHajy cBsi3u. B akCUMUIBbHOM CBSI3U, KaK MPABUIO, TPUMEHSIETCS
aMIUIATYIHAS WU (peXe) 4acTOTHas MOAyJslus. B KauecTBe KaHAIOB
(aKCUMWIBHOI CBSI3U. UCMIOJB3YIOT CTAHAAPTHBIE Teae(hOHHbIE KaHAbI
MPOBOIHON CBSI3U WU paguoTeneOHHbIE KAHAIbI, XapaKTEPU3YIOIIUeCs
nosiocoit mpomyckanwus ot 0,3 no 3,4 xIi. JIns 6sicTpoii mepenaun 60Jb-
KX 00BEMOB (paKCUMWIBbHOU MH(pOpMaluu (HarpuMep, Ta3eTHHIX MO0-
JIOC) yKa3aHHBI AMATa30H YaCTOT CTAHOBUTCS HEMOCTATOYHBIM, B 9TOM
ciyyae i nepenadyu u3o0paxeHuit HeoOXOAMMBbI 60Jiee IUPOKOMOJIOC-
HbIe KaHaJbl — TepBUYHBIN, ¢ mosocoit 48 kI, WM BTOPUYHBIIT —
240 xI11. B mpuéMHuke HakCUMMIWIBHOTO amapara Mpexae BCEro ocy-
LIECTBASETCS AEMOAYASIUS MPUHITOTO JUHEWHOrO CHUrHaja, T. €.
BBIZIEJIEHUE W3 HETO BUACOCUTHATIA.

[anee mpon3BoauTcs npeodbpa3zoBaHre BUACOCUTHAIA B U300paKeHue
(komu1o), 3amuceIBaeMoe Ha HocuTeslb. Konus cuHTe3upyeTcs B MpU-
€MHUKE U3 BCEX 3JIEMEHTAPHBIX IIOIIA0K, PACIIOIAaraeMbIX Ha HOCUTEJE
B TOM Xe MOCIeA0BaTEbHOCTH, B KOTOPOI COOTBETCTBYIOIIME MIOIIAAKYI
pacroyiaraiuch Ha OpUTHHAJE. DTy OllepaIio Ha3bIBalOT CBEPTKOM N30~
OpaxeHus. B ¢pakcuMuiny HalIu TPUMEHEHUE CIEAYIOUIME CTTOCOOBI
3aMcy IPUHUMAEMOTO N300pakeHUsT: (hoTorpacdudecKuil, mpyu KOTOPOM
B Ka4eCTBE HOCUTENSI UCTIONIb3yeTcs (poToOyMara uinu poToruieHKa (3amuch
BEIETCSI TOUEYHBIM MCTOYHUKOM CBETA, SIPKOCTh KOTOPOTO M3MEHSIETCS
B COOTBETCTBUU C U3MEHEHUEM BUAECOCHUTHATA BO BPEMEHM); IJIEKTPO-
XUMUYECKUIi, OCHOBAaHHBI HAa UCTOJb30BaHUS CIEUUATbHON Oymarwu,
YepHEIollel MPU MPOMYyCKAHUU Yepe3 He€ DJIEKTPUYECKOTro ToKa (3anu-
CBIBAIOIIUM 3JIEMEHTOM CIIYXKAT 2 TOYEUHBIX DJIEKTPOAA, MEXIY KOTOPBI-
MM pacriojaraetcs dymara, v 3aluich OCYIIECTBIISIETCS HEMTOCPEACTBEHHO
BUIEOCUTHAJIOM, YCUJIEHHBIM 10 TpeOyeMOil BEJIMYUHBI); IITPUXOBOIA,
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WJIW YEPHUJIBHBIIA, TP KOTOPOM HOCUTEJIEM SIBJISIETCS OObIYHAs Oymara,
a 3aMmMChIBAIOIINM 3JIEMEHTOM — POJINK, CMa3aHHBIN CTieIMaIbHOI Kpa-
CKOi1, MM YepHUJIBLHOE TIepO, TPUBOANMOE B ABMKEHUE 2JIEKTPOMArHu-
ToM (MomudumKamueil 3Toro crnocoba SIBISIETCS 3aUCh Yepe3 KOMMpPo-
BaJIbHYIO OyMary).

CraHpaapTbl paKCMMWIbHOI CBA3N.

— B 1966 1. EIA (Accoiuaius 3JeKTPOHHBIX OTPACIei MPOMBIIILIEH-
HOCTH) 0OBSIBUIIA O CO3AAHUU TIEPBOTO CTaHAAPTA 15T (DaKCUMUITb-
Hoii cBs13u — EIA Standard RS-328 (I'pymma 1).

—B 1978 1., CCITT (MexXnyHapoaHbIit KOHCYTTaTUBHBII KOMUTET 10
Tenerpacduu U TenedoHnn) oObsIBUI 0 HOBOM crienrdukanuu (Ipyrm-
na 2), KoTopasi 0blj1a MTPUHSATA BCEMU KOMIIAHUSIMU.

— B 1980 romy mosiBuicst HOBbIi cTaHmapT — [pymma 3, 4To okoHYa-
TEJIBbHO OMPEAETWIO ITyTh Pa3BUTHUS TAKOTO HAIPABJICHUS UHAYCTPUNA
TEJIEKOMMYHUKAIINH, KaK (haKCUMWIbHAST CBS3b.

PanukanpHOe oTmume dhakcarnmapaToB Ipynmbl 3 OT 0ojiee paHHUX
3aKJII0YAeTCsl B TTOJIHOCTHIO ITU(PPOBOM METOJE TTepenayr Co CKOPOCTIMU
1o 14400 6ut/c. B pesynbrare, MpuMeHsisl cKaTUe NaHHBIX, (DaKe TPYIITbI
3 nepenmaet ctpanuny 3a 30—60c. Mcnonb3oBaHue IUMPPOBBIX CUTHAIOB
Ji71s1 oOMeHa MH(popMalueid MO3BOJUIO 3HAYUTENBHO YBEJIMYUTh KA4E€CTBO
U CKOPOCTh Mepeaayu nHGpOopMaluy NoCpeICcTBOM OOBIYHBIX TeJe(hOHHBIX
nuHuii. HoBele TpeGoBaHus K paspemenuio 203x98 u 203x196 Touek Ha
IIIOitM COOTBETCTBEHHO B pexkuMax Standard 1 Fine mpemocTaBiIsiioT BO3-
MOXHOCTD II€pejadyil YepHO-0€eIbIX JOKYMEHTOB CAMOTO Pa3HOTO BUAA —
HaYMHasl C OOBIYHBIX TEKCTOBBIX 1 3aKaHYMBAsI TOTHOIIEHHBIMU Tpaduye-
ckumu. CrpaHuiia JoKyMeHTa Tepenaercs B Tedenue 30 ¢ munu Oomee
B 3aBUCHMOCTH OT CKOPOCTHU IIepenavyu, Ha KOTOpyio armaparsl [pymniist
3 HacTpaMBalOTCsS aBTOMAaTUYECKU, B COOTBETCTBUM C TEXHUYECKUM CO-
CTOSIHHEM Tesie(DOHHOU JTUHUH.

B 1984 rony ITU-T nmpuHsiI cTaHAapT rpyniibl 4, KOTOPBIN MTpemxycMa-
TpuBaeT paspenieHue 10 400x400 ToueK/mI0iM 1 TTOBBIIIEHNE CKOPOCTHU
nipu 6osiee HU3KOM paszpeieHun. Makcwl rpynmbl 4 HaOT pa3pelnieHue
OYeHb BBICOKOTO KadecTBa. OmHAKO, OHU HYKIAIOTCSI B BBICOKOCKOPOCT-
HBIX KaHaJax CBA3U, KOTOpble MOTYT NpeaocTaBuTh ceTu ISDN u LAN,
CITOCOOHBIX TPUHUMATh UMPOBbIE CUTHAJIBI CO CKOPOCTHIO Tepenayun
64 x6uTt/c. 1151 TaKMX ceTeit anmapartypa rpynisl 4 obecrneuynBaeT o4eHb
BBICOKYIO CKOPOCTb Iepenady TOKYMEHTOB: mepeaavya Konuu ¢gopmarta
A4 3aHuMaeT nuirb 2—4 c.
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@akcMMUIIbHBIE anmaparhl TPYNIBl 4 COMPSTAOTCS C TepMUHAJA-
mu ISDN, HO MOryT Takxke pabotarh ¢ (haKCUMUJIBLHBIMU alliapaTamMmu
TPYIIIIHI 3.

®dakc-cepBep. [Ipencrapiasger coboil koMnbpOTEP, 0O0OPYIOBAHHBIN
HECKOJIbKUMHM CTIeNMaTbHBIMUA (haKCUMUIBHBIMY TUTaTaMU (MJIM OTHOU
MHOTOKAHAJIBHOI KapTOi) U MHTETPUPOBAHHBINA C JTOKAJTBHOIN BBIYUCIN-
tenbHOM ceThio (JIBC). Bo3amMoxHbIe cxeMbl OpraHu3annm (pakCUMUIbHON
CBSI3M TTOKa3aHBI Ha puc. 4.5.

Oakc-cepeep

AnbTepHaTUBHbIii MyTb

[l ®axc-cepsep

Oakc-annapar

% JlokanbHblit anpecana

Raiinep > dakc-cepsep

%

OaKc KnuenTa

KOMﬂbIOTep KnneHTa

Puc. 4.5. OpraHu3aumsa GbakcCUMUIbHON CBA3N

®daxc-cepBep 00amaeT MHOTUMU IIPEUMYIIIECTBAME IT0 CPAaBHEHUIO
C TPYMIIOi U3 HECKOJBbKMX aBTOHOMHBIX TeJIe(haKCOB, MO3BOJISISI OOMEHU-
BaTbCs (DAKCUMUWIBHBIMU COOOIIEHUSIMU C JIyYLLIMM Ka4eCTBOM, OOJIbLLIMMU
yaoOCTBaMU M MEHBIITMMH M3mepkKaMu. Pakc-cepBep HaImeIsIeT KaxkKaoro
nonb3oBarens JIBC Bo3MOXKHOCTBIO IepeaaBaTh U TpUHUMATh (PaKCUMUIIb-
HbIe COOOIIIEHNS C TOMOIIIbIO cBoero paboyero ITK. ITpu ero ucronszoBaHuu
OTIagaeT HeoOXOAUMOCTD B TIOPOTOii TepMoOyMare, Tak Kak BCe MPUHSIThIE
COOOIIEHHUS COXpaHSIOTCS B BUIIE (DaiiioB, KOTOPBIE B Cllydyae HEOOXOIMMO-
CTHU MOXKHO pacreyararh ¢ OMOIIbIO OOBIYHOTO CETeBOIO WM JIOKAJTbHOTO
MpUHTEpPa; 00JIeTyaeTcss KOHTPOJIb 3aTpaT Ha IePEChUIKY coo01IeHu i (pakc-
cepBep PETMCTPUPYET BCe MPOILIECCH B (hailie-oTyeTe); U HaKoHell, (akc-
cepBep SBIsieTcsl 0oJiee AelleBbIM BApMaHTOM, YeM TMOIKIIOYEHUE KaXKIoi
paboueii cTaHIMU K TeJe(OHHOI CETU C TIOMOIIIbIO MOIEMa.
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4.5. Cncrembl 3ByKOBOro BeljaHnA

3eykosoe seujanue (3B) — opraHuzaiys U pacpocTpaHeHUe ¢ TOMO-
IIBIO CUCTEM, CETEM, CPEICTB AIEKTPUIECKON CBSI3U Pa3IMYHbIX COOOLIEHUI
IIJIs1 HaceJleHus1. BelllaHue sBisieTcs CpeACTBOM MacCOBOM MH(pOpMaIIUK.

CyuiecTByeT cienyolias Kiaccu@ukaius: 3ByKOBOE U TEJIEBU3MOHHOE
(TB) BemiaHue — B 3aBUCMMOCTU OT BUJA COOOIIEHUI; paguoBelaHue
(PB) u npoBonHoe BemaHue (ITB) — B 3aBUCUMOCTU OT TEXHUUYECKUX
CPENCTB; aHAJIOTOBOE U IIU(pPOBOe — 1O (hopMe NepenaBaeMbIX CUTHAIOB.

Coob1ieHust KoMIoHytoTcs B 010ku (nepegaun). [lepenayu oobvenu-
HeHbI TporpamMmoit. [TyTh OT UCTOYHMKA 10 TPUEMHUKA — DJIEKTPUYECKUI
KaHaJ BellaHus. CTpyKTypa CUCTeMbl 3ByKOBOTO BEIIAHUS:

— tpakT popmupoBaHust IporpamM (TDIT). DTo odbopynoBaHMe CTYINI

U TEJIEBU3UOHHBIX IIEHTPOB;
— TpakT MepBUYHOTO pactpenenaeHus nporpamm (TTTPIT). Dto ropon-
CKUE€ COENVHUTEbHbBIC IUHUU U MEXIYTOPOAHME KaHabl 3B;

— TpakT BTopuyHOTro pacnpeneneHus nporpamm (TBPIT). OT1o paguo-

nepeaaTyvKu U Bce 000pyI0BaHUE MEPeqaoIInX LIEHTPOB;

— TpakT npueMa nporpamm (TIIIT). DTo npueMHUKY 1 aDOHEHTCKUE

ycTpoiicta I1B.

Opranuszanueit 3B 3aHuUMaloTCs rocygapcTBeHHbIe, yacTHbie TPK
U MUHUCTEPCTBO CBSAI3U. OHU ONPEAEIISIIOT YMCIIO0 TPOTpaMM, 00ObEM Bellla-
HUSI, COIIACOBAHUE TEXHUUYECKUX CTOPOH C MPEaNpUsITUsIMu cBsa3u. O60-
pynoanue TTIPIT u TBPII HaxonuTcs B BeneHUM MUHCBSI3M, HEKOTOPbIE
TBPII — B yaCTHBIX KOMITAHUSIX.

Poccus 3anuMaet 10 yacoBbIX MOSICOB, TO3TOMY OOIIIEHAIMOHATbHbBIE
nporpaMMbl, Hanpumep, Pagno Poccuu, BbITycKatoTCs B SATU BapUaHTaX:
A, B, B, I, M. Paznuna ¢ Mocksoii 8, 4, 6, 2 yaca.

CeTb — pacrnpenesieHue Mo o0cay>KnuBaeMoil TEppUTOPUUN BHIOPAHHBIX
TexHuueckux cpeacts. B TITPII Bce 6oJiblliee MECTO 3aHUMAIOT CITyTHU -
koBBIe CiIyk0bI cBs13u (CCC). IBa Tiia CCC mits Bemanust: ®CC (puxk-
CUpOBaHHas clIy>k0a CBI3U) — 4aCTh TpaKTa MEPBUYHOTO pacTpeneaeHus
nporpamM 3B u TB Bemanus; PBCC (paguoseinarenbHas ciayxkoa cBsi-
3M) — 4YacTh TpakTa BTOpUYHOTO pacnpeneneHus nporpamm. ®CC uc-
nosb3ytoT MC3, pacnoioxXeHHbIe MO re0CTallMOHAPHOM U BbICOKOJIUII-
traeckoit opoutax. PBCC — ToibpKko Ha reocTanimoHapHbIX opoutax. ®CC
UCIIOB3YETCS JUISI CBSI3U MEXY 3€MHBIMU CTAHIIUSIMU, PACITOJIOXEHHbBI-
MM B (DMKCUPOBAHHBIX ToUKaX. Bee monocsl yacTort, BoiaeaeHHbie DCC,
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MpeaHa3HaYeHBbI 711 COBMECTHOTO UCTIOIb30BAHUS C APYTUMU CITYKO0aMU
pamnocBs3u. [Tomocel 3aHUMalOT 06acth 2—275 I'Tir. B Poccum ocHOB-
HeMU cucteMaMu @ CC apnsttorcst «Opoura-2», «Opourta PB», «Dkpan»,
«MockBa». 3eMHbIE CTAaHIIMM ITUX cUCcTeM nelicTByeT yepe3 MC3 «Pamy-
ra», «[opu3zoHT», « MomHwus-3». [TapameTpsl Ka4ecTBa yCTaHABINBAIOTCS
HAIlMOHAJIBHBIMU CTaHAAPTaMU, KOTOPbIE TMepecMaTPUBAIOTCS pa3 B Ue-
ThIpE rona. PYKOBOACTBYIOTCS TaKKe pEKOMEHAAIIUSIMU MEXTYHAPOIHBIX
OpraHu3aLuii.

CeromHs 111 TIONTOTOBKY U TIepeNavyu panauo- 1 TeJeBU3MOHHON MH-
dopmannu 3¢ GHEeKTUBHBIM SIBISETCS UCMOIb30BAHME LIM(PPOBBIX TEXHOIO-
ruii. OCHOBHBIMM 3JIeMEHTaMU TPU LUMPOBOI MOATOTOBKE SBISIOTCS
pabounie cTaHIMM Ha 0a3e MepcoHaTbHBIX KOMIbIOTepOB. [Ipu aTOM BCce
HeoOXOAUMBIE JUTS TPOU3BOACTBA MPOTPAMM MaTepHUasbl XpaHITCS B IUD-
poBOM BuAe. TakKuM LIEHTPAIM30BAHHBIM MECTOM XPAHEHUS OOJbIIOTO
YHC/la MAaTEPUATIOB SBJISIIOTCS cepBephl. Pabourie cTaHIIUY O0beIUHSIOTCS
TOCPENCTBOM JIOKATbHOI BRICOKOCKOPOCTHOM ceTu B 001iiee MHbOpMaIu-
OHHOE€ MpocTpaHCTBO. [ToaKITIoYeHNE KOMIIEKCa pa00UYMX CTAHIIUH K [J10-
GanbHOI cetu Internet mo3BosisieT 0OMEHUBATHCS JAHHBIMU C YIATEHHBIMU
paboYrMMU CTAHIIMSIMU, a TAKXKE COOMpPaTh MH(MOPMALIHIO ITO BCEMY MUDY.

B ob1em Bune TpakT mmudposoit cuctems nepenaun (L[CIT) coctout
M3 TpeX OCHOBHBIX YacTeil (puc. 4.6): KOAMPYIOIIETO YCTPOUCTB (Komepa)
Ha Tiepealoleil CTopoHe; KaHana CBS3U; NEKOAMPYIOIIEero yCTpoicTBa
(mexonmepa) Ha MPUEMHOI CTOPOHE.
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Puc. 4.6. CTpyKTypHas cxema LudpoBoi cucteMbl nepegayumn
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Tun LICIT onpenensieTcss cocTaBOM YCTPOICTB Kofepa U NeKoaepa.
B coctaB koaepa BXomdT ciieaylolye 0J0KU: aMILUTUTYIHO-UMITYIbCHBII
Monyasstop AMM, ocyliiecTBISIOIAN TUCKPETU3ALINIO HETTPEPBIBHBIX CUT-
HaJIOB BO BpEMEHU; aHAJToro-1udpoBoii mpeodbpazosatens AL, ocymiect-
BJIIOIIMI KBAHTOBAHWE CUTHAJIOB IO YPOBHIO U UX KOAUPOBAHUE KAKUM-
60 ubpoBEIM KoaoM; npoleccop koaepa IIpK ¢ 3anoMuHarommm
ycTpoiicTBOM 3Y, OCYHIECTBISIONIMI CTATUCTAYECKYIO 00pabOTKY KOOUPO-
BaHHOI MHGMOpPMALIMU U YIIpaBieHue nmoporamu kBaHtoBanus B ALII,
a TAaKX€ KOAUPOBAHUE KAKUM-JTUOO0 TOMEXOYCTOMUYMUBBIM KOIOM.

B cocraB nekonepa Bxomsr npoiieccop aekonepa Ip/l ¢ 3armomuHaro-
muM yctpoiictBoMm 3Y, ocyllecTBISIOMNI 0OpaTHOe MpeoOpazoBaHUe
KOAMPOBAHHOI MH(pOpMaIuu K (popme, TPUTOTHOMN TSI TEKOAMPOBAHUS
B LM po-ananorosoM npeodpaszosarene LIAIT; LATI, ocymecTBasgiomuii
JIEKOIUpOoBaHre MH(MOPMALIVU, TPEACTaBICHHON HU(MPOBBIM KOIOM, U ITpe-
obOpazoBanue ee K Buay AUUM curnana; puwistp Hu3kux yactor @, ocy-
IIECTBIAIOIINI BOCCTAaHOBIEHUE (DOPMBI HEMMPEPHIBHOTO CUTHAJA IO MO-
cienoBareabHbIM oTcueTaM AUUM curHana

IMepenaromas cetb paaiuoBeNIaHUS MPEACTABISET COO0 KOMILIEKC
TEXHUYECKUX CPENCcTB (TiepeqaTynKky, aHTeHHbIE YCTPOHCTBA, BCTIOMOTa-
TeTbHOE 000pYyI0BaHNE), OCYIIECTBISIOIINI U3TyYeHUE CUTHATIOB 3ByKO-
BOTO BeIllaHUS B BUIE paaroBojH. [Ipu moctpoeHun nepenarouieii cetu,
0o0CIyXuBaloLIEel ONMPENeIeHHYI0 TEPPUTOPHUIO, CIEAYET YYUTHIBATH YCI0-
BUS Mepefady U MpremMa paIuoCUTHATIOB, IMANa30H PAAUOBOIH, OCOOEH-
HOCTU pacceyieHUs XUTeNeil Ha TEepPUTOPUHU, peibed MECTHOCTH.

IIpy nnaHUpPOBAHUU CETU OTMPENEISIOTCS MeCTa PaCIOJOXEHUS
panunoBemarenbHbix cTanuil (PBC) 1 ux MmontHocTH, K03 b GUITMEHTH
YCUJIEHUSI aHTEHH, HOMepa paIuOKaHaJIOB, CTOMMOCTb Pa3/IMYHbIX Ba-
PUAHTOB U Apyrue napameTpsl ceTu. OCHOBHAs 3aadya pallMOHATbHOTO
pasmemenuss PBC — obGecrneyeHue ymoBIETBOPUTENHLHOTO KauyecTBa
npuema B IMpeaesax BCE TEPPUTOPUU ITPU MUHUMAJIbHBIX 3aTpaTax Ha
TOCTPOEHUE CETU.

4.6. TeneBNgeHne

Hns mepemadn MOABIIKHBIX (IMHAMUYECKUX) U300pakeHU IIIMPOKO
HCTIONIB3YETCSI MeAeU3UOHHbLI CUeHAA, COCTOSIIIIAN U3 OTAEIbHBIX KA0pos.
B TeneBumeHnu, Kak u mpu (paKCUMUIBHON CBSI3U, MEPBUYHBIA CUTHAT
dopmupyercss MmeTomoM pa3BepTKu. CIIEKTp TeJIEBU3MOHHOIO CHUTHAaja
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(BumeocurHasa) 3aBUCHUT OT XapaKTepa IepenaBaeMoro n300paxkeHus , HO
€ro CTPYKTypa B OCHOBHOM OIPEAENSIeTCS Pa3BePTKOM.

Cmandapm menegu3uoHHO20 ewjanuss — YCTAHOBICHHBI MeXIyHa-
POIHOIA TEXHMYECKOI OpraHu3alreii Habop mapaMeTpoB, OMPENeIsIIONTNX
TEJIEBU3MOHHBII CUTHAJ.

CraHnapT TeJeBU3MOHHOTO BEIIaHUS OTIPEAETISIETCSI COBOKYITHOCTBIO
CMAHOapmMa menegu3UOHHO20 CUSHAAA VI CUCIEMbL UBEMHO20 MeAe8UOeHUs.

Cmandapm meneeu3uoHHO20 CUeHaAa OTIPENENSIeT TapaMeTphl CUTHAJIA
0e3 XapaKTepUCTUK LIBETHOCTH:

— YKCIIO CTPOK B Kajpe,

— YacToTa pa3BepPTKU TOJIEi,

— pa3HOCTHAs YaCTOTa HECYIIUX 3ByKa U N300pakeHUs,

— mwmpuHa nonockl TB-curHana,

— TUTI MOIYJISIIIMY HECYIITUX U300paXkeHUST U 3ByKa U T. 1.

Cucmema yeemHnocmu — cxema, OTIpefelisTtonias Crroco0 rmepenayu Cur-
HaJIOB IIBETHOCTHU. B HacTosiIiee BpeMsT UCTIOIb3yeTCsl TPU OCHOBHBIX CH-
creMsl uBeTHOCTH: NTSC, SECAM, PAL.

baszosasn cucmema NTSC, npumensisiasica B CIIA (1. H. NTSC-M),
OCHOBaHa Ha WMCIOJIb30BaHUM TPENBIAYIIETO CTaHIapTa Y€pHO-0em0ro
TeJleBUICHUs, TpUHSTOTO B 1941 romy, co craHgapToM pasnoxkeHust 525/60.
st obecrieyeHNs COBMECTUMOCTH BMECTO HETIOCPENCTBEHHO! Tiepeaadn
CHUTHAJIOB OCHOBHBIX I[BETOB MCITOJIB3YETCS Tepeaadya CUTHANA SIPKOCTU
Y, COOTBETCTBYIOIIETO YEPHO-OEIOMY U300paXKEeHUIO, U JBYX IIBETOPa3-
HOCTHBIX cUTHaJI0B R-Y 1 B-Y, Hecymux nundopmaliuio o KpaCHOM U CUHEM
LIBETaX COOTBETCTBEHHO.

Henocraromas nngopmarius o 3e1éHoM 11BeTe G BOCCTaHABINBAETCS
B MPUEMHUKE BHIYMTAHWEM CYMMbI IIBETOPA3HOCTHBIX CUTHAJIOB U3 SIp-
KOCTHOTO.

I'maBubIMU mocTomHCcTBaMU cucteMbl NTSC cumTatoTcst Xopoiiasi co-
BMECTUMOCTb C YEPHO-0EJThIM TeJIEBUICHNEM,, HU3KUI yPOBEHD MEPEKPECT-
HBIX UCKaKEHWII CUTHAJIOB SIPKOCTH M LIBETHOCTH, a TAKXKE XOPOIast Mo-
MEXOYCTOMYMBOCTh M OTHOCUTEJTbHASI IPOCTOTA IPUEMHOTO YCTPOICTBA

Keécrkue TpeboBaHUS K KaHAy Mepenayu v JOPOTOBU3HA Tepenaro-
ero 000pynoBaHMS 3aCTaBUIN Pa3pabOTYNKOB MCKATh HOBBIE TEXHUYE-
CKUe pellleHus B TIEpUOJ] CTAHOBJIEHMSI IIBETHOTO TesieBuaeHus B EBpore.
B pesynsrate atnx ycwnmit nosisuich crannaptsl PAL u SECAM, B Toit
WY WHOU CTeTIeHW CBOOOHBIE OT HEAOCTATKOB MEPBOI B MUPE CUCTEMBI.
B Hacrosiiiee BpeMsi B 60JIbIIMHCTBE CTpaH Bemanue no cucreMe NTSC
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TpeKpalieHo, Tak, Harpumep, B CLIIA 6oabIIMHCTBO MepenaTinkoB ObLTN
otkmodeHsl B 2009 rony, B Kanane u AAnonuu — B 2011 rony, u B FOXxHOM
Kopee u Mekcuke — B 2012 romy. B 31X cTpaHax mpou3011IEN Nepexon Ha
M(hPOBbIE CTAHAAPTHI TEJIEBUNEHUSI, B TOM YHCJIE, BBICOKOI YETKOCTH

SECAM (ot dp. Séquentiel couleur avec mémoire, mozaHee Séquentiel
couleur a mémoire — MOC/IEOBATENBHBIN IIBET C TTAMSITHIO) CCTEMa aHa-
JIOTOBOTO IIBETHOTO TeJIEBUIIEHNSI, pa3paboTKa KOTOpoii Hayaiach Bo @paH-
muu B KoHIe 1950-x ronos. B 1965—1966 rogax comectHo ¢ CCCP 6nu1a
nopaboTaHa, CTaB MEPBbIM €BPOIENCKUM CTAaHAAPTOM IIBETHOTO TEICBU-
neHusi. PeryisipHoe BelllaHue B 9TOM CTaHAapTe ObUTO HayaTo 1 oKTAOps
1967 rona onHoBpeMeHHO B MockBe u ITaprke.

[Mpunuun ¢opmupoBanus uBetHoctu aHamornded NTSC u PAL
CurHaJI IBETHOCTH TIepefaeTcsl IMpyu MOMOIIM YaCTOTHON MOIYJISIIIUA
TOHECYIEH, ISl TOBBIIIIEHUS] YCTOMYMBOCTH K aMIUIUTYIHBIM U (a-
30BbIM UcKaxkeHUsIM. [TockonbKy cuctema SECAM ucnonb3yeTcs ToNb-
KO C eBpOMeWCKUM CTaHAAapTOM pasiioxkeHust 625/50, nIuTeIbHOCTh
3alTOMUHAHUsI, paBHAas IEPUOLY OMHOM CTPOKU, COCTaBIsAECT 64 MUKPO-
CEeKYH/IbI.

OcHoBHBIM npenmytiiecTBoM cucteMbl SECAM sBisieTcsl OTCYTCTBHE
MEePeKPECTHBIX MCKAXEHUN MEXIY LIBETOPA3HOCTHBIMU CUTHAJAMU, OO-
CTUTaeMoe 3a CUET uX IocieaoBaTeabHOl nmepenayn. K Hemocrtatkam cu-
CTEMBI CTOUT OTHECTH B TIEPBYIO OYEPEIhb, HU3KYIO TOMEX03AIIUIIIEHHOCTD,
TIPOSIBIISTIONIIYIOCS TIPY COOTHOIIIEHU Y CUTHAJT/TITyM IIPUHUMAEMOTO CUTHA-
ja MeHee 18 n1b.

PAL (anr. Phase Alternating Line — moctpouHoe usmeHeHue asbr) —
CHICTEMa aHaJIOTOBOTO IIBETHOTO TEJIEBUIEHNSI, pa3paboTaHHAasI MHKEHEPOM
HeMelKoi Kommnanuu «Telefunken» Bamsrepom Bpyxom u mpuHsATasI B Ka-
YecTBe CTaHAapTa TEJIeBU3MOHHOTO BelllaHus B 1966 roxy B IepManuu,
Benmukob6puranuu u psige aApyrux crpaH 3ananHoit EBporbl. B HacTosimee
Bpems cuctema PAL gBisgeTcs caMoii pacipOCTpaHEHHOW B MUpE.

Cucrema PAL o6namaet TeMu XXe noctonHcTBaMu, uTo 1 NTSC 3a cuér
HCTIOJIb30BAHUS TE€X XK€ MPUHIIMITOB KBAAPATyPHOI MOLYISLIMU: XOPOIIast
COBMECTUMOCTb C YEPHO-OETBIMU TEJIEBUBMOHHBIMU IPUEMHUKAMU,, HU3-
KU ypOBEHb MEPEKPECTHBIX MCKAKEHUM CUTHAJIOB SIPKOCTU U IIBETHOCTHU
U BBICOKAsI TTOMEX03alIUIEHHOCTh. HemocrarkaMu cUCTeMBbI SIBIISIETCS
OTHOCUTEJbHAsI CIOXKHOCTD MpUEéMHUKa 1o cpaBHeHmIo ¢ NTSC u3-3a uc-
TOJTb30BAaHUST JIMHUU 3a[€PKKHU, a TaKXKe YMEHbIIIEHHAs] TI0 BEPTUKATU
paspelaoiasi CloCOOHOCTb IO IBETY.
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LUundpoBoe TeneBmgeHne — TeXHOJIOTHUS TIepeaayn TEIEBU3MOHHOTO
M300pakeHUs 1 3ByKa TIPY TTIOMOIIM KOAWPOBAHUST BUNEOCUTHAIA U CUT-
HaJia 3ByKa C UCIIOIb30BaHUEM LIM(POBBIX CUTHAIOB. JlaHHAsT TEXHOJIOTHS
SIBJISIETCSI COBPEMEHHOU aJIbTepPHATUBOM TPAagUIIMOHHOMY aHAJIOTOBOMY
TEJIeBUICHUIO U 00ECIIEeYMBAET CyIIECTBEHHO 00Jiee BHICOKOE KadeCTBO
M300pakeHUsI IPU PaBHBIX 3aTpaTax CPENCTB.

udpoBoit curHai mpencrapisieT n3 cedsl MoCIenoBaTeTbHOCTD eIM -
Hul 1 Hyjneit. Cxema nepenauu u npuema udposoro TB-curnana mo-
Ka3aHa Ha puc. 4.7.

o — MyasTa- Ko
HcrognHK AL Kozep y ¥ p o 0RP
TB > BHIEO > BHIEO ILIeKcop Kanana n
CHTHATOB it
‘ '
Herowmmx [~ AIMIl (—» Kogmep Kasar
Curnanos » 3BYKa » 3ByKa CBASH
3BYKa
Jexogynarop Jexyms- Hexozep [—® IJAII *» MoguTop
H gexogep ™ Temmex- ’ BHZeCO | .l BHAEO >
KaHana cop
Hdexozep [ IIATI > YHY n
o 3mma | | amyxa p| AHHEMEER

Puc. 4.7. Cxema nepepaum n npuema uudposoro TB-curHana

JlaHHBII CUTHAJ TTOJTy9aeTCs IyTeM IMpeoOpa30BaHMs U3 aHAJIOTOBOTO,
IUTST 9TO HEOOXOMMMO BHITIOTHUTH TPU OTIEPAIIUN:

— IUCKpEeTH3alns BO BpeMEHU T. €. 3aMEeHY HETTPEPBIBHOTO aHAJIOTO-
BOTO CHTHAaJIa TIOCIIENOBATEILHOCTRIO €T0 3HAYEHUI B TUCKPETHHIC
MOMEHTHI Bp€MEHU — OTCYETOB WJIN BHIOOPOK.

— KBaHTOBaHUE MO YPOBHIO, 3aKJIIOYAIOIIETOCS] B HAXOXIEHUU AJISI
KaXI0TOo OTcYeTa CUTHAJIA OJTVDKANIIETo K HeMY YPOBHS KBAHTOBAHUSI
13 KCII0JIb3yeMOTO Habopa ypOBHE KBAHTOBAHUSI.
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— KonupoBaHue (o1MdPOBKY), B pe3ybraTe KOTOPOil HOMep HaieH-
HOTO YPOBHSI KBAHTOBAHMUS TIPEICTABIISIETCS B BUIE TBOMIHOTO YKC-
JIa B TTapaJuIeJIbHOM WIN MOCIeA0BaTeNbHOI (hopme

Bce Tpu omepaiu BHITIOMHSIIOTCS B OTHOM YCTPOMCTBE — aHAJIOTO-
uudposoM npeodpaszosarene (ALIT). O6paTHOe TpeoOpazoBaHue LUD-
POBOTO CUTHAJIa B AHAJIOTOBBII OCYIIIECTBIISIETCS C TIOMOIIIBIO IIMbpOo-aHa-
JioroBoro npeobpazosatens (LIAIT).

i iepexoia OT aHaJIOTOBBIX K TTOJTHOCTBIO IIMhPOBBIM TeJIEBU3MOHHBIM
crcTeMax MmorpedboBajoch pa3paboTaTh U YTBEPAUTH COBEPIIIEHHO HOBBIE
cTaHnapthl Bemanusi. OHOM 13 TPyTIIT, 3aHUMAIOIIEICs cTaHIapTaMu IUd-
poBoro Benanws, siensiercst rpynma — MPEG (Moving Picture Expert Group).

Pa3paboranHnblii o nHUIIMATUBE MeXXITyHapOIHOM OpraHU3alMy CTaH-
maptu3anu B 1993 1. cranmapT cxatus BuneocurHaaoB MPEG-2 aBuircsa
JBVKYIIIE CUJION JJTST CTAHOBJIEHUSI ITM(POBOTO TEJIEBU3MOHHOTO BEIIIAHUS
Y Ha MHOTWE TOTbI OTIPEEITWII ITyTH PA3BUTHSI ITOTO HATIPABJIEHUS TEXHUKHU.

MPEG-4 — cnenyrommit MEXIyHAPOIHBIN CTAaHAAPT, UCTIONb3yeMbIi
IJIST cxatusl mudposoro aynno 1 Buaeo. OH mossBuiics B 1998 rooy u 1mo-
3BOJISIET OCYILECTBIISITh TeJIEBU3NOHHOE 3(hUpHOE, KabeIbHOE U CITyTHU-
KOBO€ BeIl[aHNE CO CKOPOCTSIMU TTOTOKa MeHee 2 MOuT/c Ha omgHy Tpo-
rpaMmy, 006ecTieunBaTh BHICOKOKAYeCTBEHHYIO 3aITCh BUAEOMH(pOpMAIINT
Ha ornrtrnyeckue U MarHuTHbie Hocutenu (CD, DVD u ap.), 3HauuTeI5HO
yCcKOpuUTh Tiepenady BuneonHdopmaimu o cetsm TCP/IP u gocraBky
MYJTBTUMEINITHBIX COOOIIeHUI TTOCPENCTBOM MOOMITLHOM CBSI3N.

MPEG-4 Bxiouaet B ce6st mHorne pynkiuu MPEG-1, MPEG-
2 1 Apyrux nogoOHbIX cTaHaapToB. KpoMe paboThl ¢ aynno- v BUIEeOJaH-
HBIMU, CTAHAAPT MTO3BOJISIET pabOTATh C €CTECTBEHHBIMU U CUHTE3UPOBAH-
HBIMU KOMIIbIoTepoM 2D- n 3D-00beKTamMu, MPON3BOOUTH IIPUBSI3KY UX
B3aMMHOTO PACTIONIOKEHUSI U CHHXPOHM3AIIUNIO APYT OTHOCUTEILHO APYTa,
a TaKKe YKa3bIBaeT X MHTEPAKTUBHOE B3aMMOJIEICTBIE C TIOJIb30BATEIIEM.
AAC, KoTophIit OBUT CTAHIAPTU30BaH Kak moroiaHeHrne K MPEG-2, 6bu1
Takxe pacivpeH u BkioueH B MPEG-4 [10].

OnHaKo IpY 3TOM YCIIOKHSIIOTCS TPOOJIEMBI IEKOANPOBAHUSI, TIO TIPH -
OMM3UTENBHOI O1IeHKe, B 2,5—4 pa3a. [IpeononeHne 3TuX TpyaHOCTE J10-
JKUATCS HA MUKPOCXEMY JIeKoiepa NMpUeMHUKAa U COOTBETCTBYIOIIEE MPO-
rpaMMHOE oOecTieueHre MPUEeMHOTO YCTPOMCTBa.

HudpoBoii TeneBU3MOHHBIN CUTHAJ MTepeAaETC U MPUHUMAETCS C MO~
MOIIIbIO TPEX OCHOBHBIX CPENCTB: Kabenel, 0ObIYHBIX 3(PUPHBIX AHTEHH
U CITyTHUKOBBIX aHTEHH.
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K coxaneHnuio, He 6bUIO CO3MAHO EAMHOTO CTaHIAPTa IM(POBOTO TEJTe-
BUIIEHMS.

B Hacrosimiiee BpeMsi CylecTBYET BCETO YEeThIpe CTaHOApTa BellaHUs
1M(POBOTO TEIEBUIECHMWS:

— DVB — eBponeiickuii ctanaapt HudpoBOro TEIeBUACHUS,

— ATSC — aMepuKaHCKUIi CTaHAAPT MUMPOBOTO TEIEBUACHUS;

— ISDB — stmoncKwmit crangapT HU(GPOBOTO TEICBUIACHMS,

— DTMB — kuTaiickuii ctaHaapT UM(@poBOro TeJeBUACHUSI.

DVRB (Digital Video Broadcasting) — 3T0 ceMeliCTBO CTaHIAPTOB LM -
POBOTO TeJIeBUNEHUSI, pa3pabOTaHHBIX MEXIYHAPOIHBIM KOHCOPIIMYMOM
DVB Project: DVB-T, DVB-S 1 DVB-C — adupHoe nudpoBoe Benianue,
KabenpHOE IM(MPOBOE BelllaHUE U CITyTHUKOBOE 1M(MPOBOE BelllaHUE CO-
OTBETCTBEHHO. DTU TPU CTAHAAPTA OTIIMYAIOTCS HE TOJIBKO CITOCOOOM Tiepe-
Jla4u¥, HO M YaCTOTHBIMU KaHaJIaMU, cCriocobaMu Momysiiiun. EBportelickas
cucreMa DVB nmeeT GoJbITyIo yCTOMYMBOCTH K TTOMEXaM 10 CPaBHEHUIO
C aMepUKaHCKOM, 1 UMEET CKOPOCTh IIM(POBOTO TMepeaaTynkKa oT 5 1o
32 Mo6wut/c (nyst cpaBHeHust — 19 Mowut/c B cucteme ATSC). DVB no3Bo-
JISIET TIepenaBaTh B OAHOM KaHajle OMHOBPEMEHHO TeJeNpOorpaMMbl U TMO-
TOKM JaHHBIX. TerenporpaMMbl MOTYT UMETh CTaHAAPTHOE pa3pelieHue
(720x576) u Beicokoe pa3peienue HDTYV.

DVB-T J¢upnoe yugposoe sewjarnue. To ectb iupoBOit CUTHATT MOKHO
MPUHUMATh Ha OOBIYHYIO TEIEBU3UOHHYIO aHTeHHY. DVB-T mosBosnser
TPENOCTABIISITh PA3IMYHbBIE ITU(PPOBBIE CEPBUCHI U YCITYTU:

— TeneBuAeHMEe ctaHmapTHoit yétkoct SDTV B hopmaTax cOOTHO-

LIEHKS CTOPOH 9KpaHa 4:3 u 16:9;

— TeneBuaeHUE BhICOKOM yéTkoctu HDTYV;

— TeJeBUAeHUEe cBepXBbIcOKOM uétkoctu UHDTYV;

— 3D-rtenesunenue B cranmapte DVB 3D-TV;

— WHTEpaKTUBHOE TUOpUIHOE TeseBuaeHue B ctangapte Hbb TV,

— IIMPOKOTIOJIOCHBIN TOCTYI B UIHTepHET U Ap.

Ceituac DVB-T akTBHO 3aMeHsIETCST Ha yCOBEPILIEHCTBOBAHHbBII CTaH-
napt DVB-T2, kotopblit ipu3BaH yBeauduTh Ha 30—50% EMKOCTH ceTeid,
COXpaHsIs OCHOBHYIO MH(PPACTPYKTYPY ¥ YACTOTHBIE PECYPCHI.

DVB-C Lugpposoe kabeavroe meneeudenue. JJanublit crangapt udpo-
BOTO TeJIEBUICHYS TIO3BOJISIET IIPOCMATPUBATh IU(POBBIE KAHAJIBI, TIPEIO-
CTaBisieMble KaOeJTbHBIM MpoBaiinepoM. To ecTh IOMUMO aHAJIOTOBBIX
KaHaJIOB MpOBaiiiep MOXeT MapaieIbHO TTPENOCTABISITh KAHAJbI B IIU(-
poBOM KadecTBe. Tak Kak OOIBIIMHCTBO TeJIEBU30POB MOIIEPKMBAET CTaH-
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napt DVB-C, HeT Heo6X0nMMOCTH UCTIOIb30BATh JOMOTHUTEIbHbBIE CPEI-
CTBa JUISI TIPOCMOTPA TEJIEBUACHUS TIEPEAAIONIETOCs C TTOMOIIIBIO 3TOTO
CTaHAapTa.

JaHHBI cTaHIAPT TakKe 3aMEHSIETCsS] CTAHIAPTOM HOBOTO TTOKOJIEHUST
DVB-C2, koTopblit o/KeH ObLT MpemioxuTh Ha 30% Gonee 3 heKTUBHBIN
CIIEKTP BEIIAHUSI TTPU TEX K€ CAMBIX YCIIOBUSIX, UTO U Y €T MPEIIECTBEHHUKA,
1, KaK CIIeICTBUE, YBeJIMUYEHME TTPOMYCKHOM criocoOHocTr Ha 60%. [11].

DVB-S52 CnymHukogoe geujatue Uupposuix menesu3UOHHbIX KAHAA08
DVB-S2 npennasznaden mist TB-Bemanus, BKiTodast CTaHIapTHOE pas3pe-
1eHue u Bbicokoi yétkoct (HD). B 3TOT cTaHmapT BHeApEHbl MHTEPaK-
TUBHBIE CEPBUCHI, TaKue KakK Internet access u mepemaya KOHTEHTA.
DVB-S2 nocturaet ropa3mo Jy4llero MCHOJAb30BaHUS MOJOCHI 4acToT,
HEeXe U TPeIIIeCTBEHHUKHY. [10BBIIIaeTCsl MaKCUMAaJTbHBIN OUTPENT Ha TOI
K€ TI0JIOCE YacTOT CITyTHUKA.

HudpoBoe TeneBuaeHue odecieynBaeT MHOTUE npeumyuj,ecmea 1o
CPaBHEHUIO C aHAJIOTOBBIM TEJIEBUACHUEM, B TOM YUCJIE:

— TIOBBIIIIEHUE TTOMEXOYCTONYMBOCTH CUCTEM TeJIEBU3OHHOTO BEIIAHYIS,;

— TIOBBIIIIEHNE KaueCTBA N300paXkeHM s B TEIEBU3MOHHBIX IIPUEMHUKAX
C OOBIYHBIM CTAHAAPTOM PA3JIOKEHUS;

— YMEHBIIIEHUE MOIITHOCTHY TIEPEeIaTYNKOB;

— CO3/IaHuEe HOBBIX TEJIEBU3UOHHBIX CUCTEM, 00ECTICUNBAIOIITNX CYIIIe-
CTBEHHOE TIOBBINIEHWE KauyecTBa M300pakeHUsT TeIeBU3MOHHBIX
CUCTeM (TeJeBUAEHUE BBICOKO YETKOCTH);

— YBEJIMYEHUE KOJIMYECTBA MePEaBaeMbIX TEIEBU3MOHHBIX TPOTPaMM,
TaK KakK 10 CTaHIapTHOMY TEJIeBM3MOHHOMY KaHaIy C IMUPUHOM
mosiockl 9acToT 6...8 MIT1 oka3bpIBaeTCsl BOBMOXHBIM TiepeaaBaTh
4 v 6oJiee MporpamMM TeJIeBUIEHUS OOBIYHOM YeTKOCTH Win 1—2 Tipo-
TPaMMBbI TeJIEBUACHUS BBICOKOI YETKOCTH;

— CcO3aHVe MHTEPAKTUBHBIX TeJIEBU3MOHHBIX CUCTEM, TIPH MTOJTH30Ba-
HUU KOTOPBIMY 3pUTETh MOTy4aeT BO3MOXKHOCTh BO3ECTBOBATh HA
repenaBaeMylo IporpamMmy (HarpuMmep, BUIEO TI0 3a1pocy);

— obecrieyeHue 3alIUThI TIepeNaBaeMbIX TeJIeBU3MOHHBIX TTPOTpamMM
7 Ipyroil ”HGOpPMaLK OT HECAHKLIMOHUPOBAHHOTO TOCTYIIA, YTO
JTAeT BO3MOXHOCTb CO3[IaBaTh CUCTEMBI T1aTHOTO T B-Belanus u ap.

OnHako y nnchpoBOTO TENIEBUAEHUS TaK XK€ €CTh HedOCMamKU:

— 3aMUpaHUs U PACChINIaHUSI KAPTUHKY Ha OTIENbHbIE KBAJpPaTHbBIE
TPYIITBI OAHOIIBETHBIX MUKCEIEN TPU HENOCTAaTOUHOM YpPOBHE
TIPUHUMAEMOTO CUTHAJIA, TaHHbIE JIMOO MPUHUMAIOTCS TOCTATOYHO
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Ka4yeCTBEHHO J151 paOOThI BCTPOEHHBIX AITOPUTMOB BOCCTAHOBJICHUS
Y BUJTHA BCSI KAPTUHKA, TUOO MPUHUMAIOTCS TLIOXO C HEBO3MOXHO-
CTBIO BOCCTAHOBJICHUS.

— MPaKTUYECKU MOJHOE 3aMUPAHUE CUTHAJIA B TPO3Y.

— TepenaTdvK aaxe ¢ MOoITHOCThIo 10 KBT 1 BeICOTOI MonBeca mnepe-
nawoonieit aHTeHHbI 350 M obecrieynBaeT yBEpEHHBII TPUEM Ha pac-
crossHUAU S50 KM, a BCJIEACTBUE 3TOTO — HEOOXOAUMOCTD B OOJIBIIIEM,
yeM Mpu aHasioroBoM TB, konuyecTse nepenatromux neHTpos [11].

4.7. CoToBas CBA3b

CoTOBBIE€ TEXHOJIOTUM — OCHOBA MOOMJIBHBIX OECITPOBOMHBIX KOMMY-
HUKAIIWI, KOTOPBIC 00ECIIEYNBAIOT CBSI3b C ITOJIb30BaTEIEM B TAKMX MECTaX,
I1e MCITOJb30BaHME MPOBOTHBIX ceTeii HeBO3MOXHO. COTOBasl TEXHOJIO-
I'Usi — OCHOBHAas TEXHOJIOTUSI MOOMJIBHBIX Tele(OHOB, IepCOHATbHBIX
KOMMYHUKAITMOHHBIX CUCTeM, OecripoBonHoro MHTepHeTa, a Takxke MHO-
roro Apyroro.

CoTtoBast paIOCBSA3b — TEXHOJIOTHSI, KOTOpasi pa3paboTaHa Uil yBe-
JIMYECHUS TOCTYITHOI ITPOITYyCKHOM CITOCOOHOCTH MOOUIBHOTO TeIe(hOHHO-
ro cepBuca. 1o BHeIpeHUSI COTOBOM paTrOCBI31 MOOMIIbHBIN TeJIe(OHHBIA
CepBUC 00ECITeYNBAJICS TOJIBKO C ITOMOIIBIO MePeaaTINKOB,/ TIPUEMHUKOB
6onbIoit MontHOCTU. OOBIYHAS TaKasl CHUCTEMa MO PKUBAET OKOJIO 25 Ka-
HajoB ¢ 3¢ HEKTUBHBIM PaINyCOM IeHCTBUS OKOIO 80 KM.

OcHOBa COTOBOIi CETM — MCITOIb30BAaHUE MHOXECTBA MaJIOMOIITHBIX
nepesaTunkoB MoIIHOCThIO Topsiaka 100 Bart unm Huxe. ITockombKy
Iana3oH TaKMX MepeqaTIMKoOB MaJjl, 00JacTh OXBaTa Ionpas3nessaeTcs Ha
STYEHKHU, KaXKIast U3 KOTOPBIX 00CTYKMBAETCSI CBOE aHTEHHOM. {7151 Kaxkaoit
STYEKM Ha3HayaeTcs IoJ0ca 4acTOT, KOTopasl 00CIyKruBaeTcss 6a30BOit
crannueit (BS, Base Station), cocrosieil u3 repemarynka, moaydaTesas
u 6s10ka yrpapiieHus. CocemHUM sTYeiiKaM Ha3HAYaloTCs IPYTHe YacTOTHI,
YTOOBI M30€KaTh B3aMMHOTO BIMSHUS WIK ITePEKPECTHRIX ToMeX. OmHaKo
SIYEMKU, JOCTATOYHO yIAJIEHHBIE IPYT OT APYra, MOTYT UCITOIb30BATh O~
HaAKOBYIO TTOJIOCY YacToT [12].

[lepBoe npoeKkTHOE peleHre — BIOOP (POPMBI STYCEK TSI TIOKPBITHS
ob6mactu. [Tpocreiiimii BappaHT — MaTpulia KBagpaTHBIX sTueeK (puc. 4.8, a).

OmHako MpH 3TOM, €CIM IIMPpUHA KBaIpaTHOM sIYEeKM paBHA d, TOrma
y SIMeUKHU OYIET YeThIpe coceia Ha pacCTOSTHUM d M YeThIpe cocena Ha paccTo-
saann Vd. Korma MOOGWIIBHBIN TI0JIb30BaTeNb BHYTPH SYEHKU TIEpEMELAETCS
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Puc. 4.8. TeomeTpus coT:
a — KBaApaTHbIN WabNoH; 6 — LWeCTUYroNbHbI WabnoH

K €€ rpaHullaM, TO JIy4llle, €CJId BCE COCEAHUE aHTEHHbI OyIyT SKBUIU-
CTaHTHHI. DTO YIIPOIIACT 3ama4dy OIpeneIcHNsI MOMEHTA TePeKITIOYCHIUS
MOJIb30BATENSI HA COCEIHIO aHTEHHY Y BLIOOP aHTeHHBI. [llecTryroiapHas
dopma obecrneumBaeT 3KBUINCTAHTHOCTh aHTeHH (puc. 4.8, 6). Pammyc
LLIECTUYTOJIbHUKA OTPEAENSIeTCS KaK paalyc ONMMCaHHON OKPYXKHOCTH (KO-
TOPBIM TakKe paBe€H PACCTOSIHUIO OT LIEHTPA M0 KaXIOW BEPIUMHBI WU
IJIMHE CTOPOHBI IIECTUYroiabHuKa). s sueiiku panuyca R paccrosiHue
MEXJIy LEHTPOM SYEMKM U IEHTPOM KaXIOoIi coceqHeil ssueiiku pasHo YV 3R.

Ha mpakTuke To9Hasl ImecTUyroiabHasl hopMa He MCIoabdyercs. OT-
KJIOHEHMSI OT Uaealia IpOUCXOIST U3-3a TONOrpaduyecKux orpaHUueHU,
MECTHBIX YCJIOBUM pacpOCTpaHEHUs CUTHaJIA M MPAKTUYECKUX OrpaHuye-
HU MO pa3MelleHUIO aHTEHH.

B coToBoii cucteme Kaxaas siueiika uMeeT 0a30BbIl TipUeMonepeaaT-
YUK. MOIITHOCTb Nepenayy TIATEIbHO KOHTPOJIUPYETCsI, YTOOBI 00€CTIEUnTh
CBSI3b BHYTPU STYEMKHU, UCTIOAB3YSl JaHHYIO YaCTOTY C OTpaHUYEHUEM €€
MOIIITHOCTU TIpU TIepeXole U3 3TOM siueiiku B cocenHiolo. Llenb cocTout
B TOM, YTOOBI MCIIOJIb30BaTh TY € YACTOTY B AIPYTUMX COCENHUX STYEiiKax,
TakKuM 00pa3oM, MO3BOJISIS UCIIOJb30BaTh 3Ty YACTOTY MJISI MHOXECTBA
OITHOBPEMEHHBIX CeaHCOB CBsI3U. OOBIYHO HA KaXIYIO SUCHKY Ha3HAYACT-
cs1 50—100 yacToT B 3aBUCUMOCTH OT OXXMJIAaeMOTro TpadukKa.

Bropas mpobyieMa COCTOUT B ONPENeIeHUM KOJTMYECTBA STUeeK, KOTOPbIE
JIOJIKHBI HAXOAUTHCS MEXIY IByMSI STYEMKaMU, U MCTOJIb30BaTh TY Xe ya-
CTOTY, TaK YTOOBI ABE STYEMKN HE MellIaiu Apyr Apyry. [To Bo3aMoxxHOCTU
pa3IMyHbIe 3HAYEeHMS YaCTOThl Ha3HadaloTcs moBTopHO. Ha puc. 4.9
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MpeacTaBJeHo HECKOIbKO TpuMepoB. Eciu obpazel; coctout u3 N sueex
U KaXI0i1 ssueiike MprucBOEHO OMMHAKOBOE YMCJIO YACTOT, TO KaxKaast sueii-
Ka MoxeT uMeThb K/ N dacTot, e K — o0Iee Y1CIIo YaCcTOT, Ha3HAYEeHHBIX
NaHHOM cucTeMe.

I1Ipu onvcaHuM MOBTOPHOTO MCMOJIb30BAHMSI YACTOT OOBIYHO MPUME-

HSIIOTCS CJIEAYIOIINE MapaMeTPhI:
D — MAHUMAabHOE PACCTOSTHUE MEXITY LIEHTPAMHU STYeeK, KOTOPhIE HC-
TIOJIB3YIOT OIHY U TY K€ TTOJIOCY YaCTOT (HA3bIBAIOTCS] BHYTPUKAHATILHBIMM);
R — paguyc sg4eiiku;

Puc. 4.9. LLIabnoHbl NOBTOPHOIO NCMOMb30BaHWs YacTOTbl:
a—panaN=4;6— gnaN=7; 8 — yepHble AYeliKMN yKa3blBaloT
Ha NOBTOPHOE UCNo/Ib308aHuUe Yacmomel 0 N =19
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d — IACTaHLIUA MEXIY LIEHTPAMU CMEXHBIX dueek (d = V3R)

N — 9ucrno siueek B MOBTOPSIONIEMCS IIabI0He (Kaxaas siueiika B 1ma-
0JIOHE MCTOJIB3YET YHUKAIBHYIO MTOJIOCY YacTOT), OHO Ha3bIBaeTcs Koad-
(butimeHTOM TTOBTOPHOTO UCTIONIb30BaHMS (reuse factor).

YBenuueHue MpomyCcKHOM CITIOCOOHOCTH CUCTEMBI OCTUTAIOT CJIEMYIO-
IIAMU CITIOCO0aAMU:

Llobaenenue Hogvix kananoe. OOBIYHO KOTJA CUCTEMA YCTAHABIUBAETCS
B JAHHOI 00J1aCTH, TO UCTTONB3YIOTCS HE BCE KAHAJIBI, U pa3pacTaHUe U pac-
IIMPEHNE MOTYT IPOUCXOOUTD YITOPSIZOYEHHBIM CITOCOOOM ITyTeM 100aB-
JIEHWST HOBBIX KaHAJIOB.

Saumcmeosanue yacmom. B mpocTeiiiiieM cirydae reperpykKeHHbIe sSTaeii-
KU 3alMCTBYIOT YaCTOTBI U3 COCENHUX siueek. YacTOThl MOTYT TakkKe Ha-
3HAYaThCs STYEKaM TUHAMUIECKH.

Pasbuexa aueex. SI4eliku B 00NaCTIX UHTEHCUBHOTO UCTIOJIB30BAHUS
MOTYT pa30MBaThLCS Ha STYEMKM MEHBIIIETO pa3Mepa. B OCHOBHOM MCXOMHbBIE
SYeiiKiu UMeIOT pasmep ot 6,5 1o 13 kM. OgHako pa3mMep stueiiku B 1.5 km
OIM30K K TPAKTUYECKOMY MUHUMYMY (MUKPOSTYEIKI). [1J1s1 MCITOJTb30BaHUS
sIYeeK MEHBIIIETO pa3Mepa HeOOXOIUMO YMEHBIIIATh YPOBEHb MOIITHOCTH JIJIST
COXpaHEHUsI CUTHAJIa BHYTpH stueitkul. Takke 1o Mepe mepeMenieHus Mo-
OWJIBHOTO YCTPOICTBA, OHO TIEPENaeTcs OT SMEeUKU K siYelike, 4To TpeoyeT
Tiepeayy BBI30Ba OT OMHOTO 6a30BOTO MTprieMoTiepenaTinKa K Ipyromy. OTot
poliecc Ha3pBaeTcs mepernacoBkoii (hand-off). ITo mepe Toro, Kak pasmep
SIYEKY YMEHBIIIAeTCsI, TIeperacoBKa CTaHOBUTCS Bee Oosiee yacToil. Pammyc
yYMeHbIIaeTcs ¢ KoadduiimeHToM F, yMeHbIas 006JacTh TOKPHITUS U YBE-
JIM4MBAst HEOOXOAMMOE YUCIIO 0a30BbIX CTAaHLUI ¢ Ko duuneHToM F.

Pasbuenue auetiku Ha cekmopbi. I1pu 5TOM sTueiika pa3buBaeTcs Ha He-
KOTOPOE YUCJIO YIIIOBBIX CEKTOPOB (0OBIYHO 3 WK 6), KaXKIbIi U3 KOTOPBIX
“MeeT COOCTBEHHBIN Habop KaHaioB. KaxkmoMy cekTopy Ha3Ha4YaeTcs OT-
JIEIbHOE TIOJIMHOXECTBO KAHAJIOB STYEMKY U HaIpaBJieHHbIe aHTEHHBI 0a-
30BOI CTAaHIINU, KOTOPBIE UCIIONB3YIOTCS TSl HAaBEMEHUSI KasKIIOTO CEKTOpa.

Mukposaueiikn. [To Mepe yMeHbIIIEHUST sSTYeeK aHTEHHBI TlepeMenia-
I0TCST OT BEPIITWH BBICOKUX CTPOESHU I MJIW XOJIMOB K BEPIIIMHAM HEOOJTBIITNX
CTPOEHUI WIN K CTeHaM OOJIBIIMX CTPOSHU U, HaKOHEIl, Ha (poHapHbIE
CTONIOBI, TIe OHU U (hopMUPYIOT MUKpostueiiku. Kaxmoe yMeHbIleHUE
pa3Mepa siYeiKy COTTpOBOXKIAETCS yMEHBIIIEHNEM YPOBHS MOIITHOCTH U3-
JIydeHus OT 6a30BOIf CTAHIIMU U MOOWIIBHOTO yCTpolicTBa. MUKpOsTYEiKA
MOJIE3HBI HA TOPOJACKUX YJIUIAX B IEPETPYKEHHBIX 00JACTSIX, BIOIAb CKO-
POCTHBIX TPAcC M BHYTPU OOJBIITNX 00IIIECTBEHHBIX 3MaHUM.
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B Ta67. 4.1 npeaniaraioTcs TAITMYHBIE TAPAMETPBI TPAAUIIMOHHBIX sTUe-
€K, KOTOpbIe Ha3bIBAIOTCSI MaKpoOsiYeKaMu M MUKpOsSTYeiiKaMU B COBpe-
MEHHBIX TEXHOJIOTHSIX.

Ta6bnunuya 4.1

TunoBble NapameTpbl A4NA MaKposiueek n MIKposueek

Makposuerika Mukposuerika
Paguyc aueiikn OT11 8o 20 km 010,180 1 KM
MowHocTb nepegaun OT114010BT O10,18001BT
CpepnHAnA 3aiepXkka pacnpocTpaHeHns 0OT10,1 go 10 mc OT1 10 go 100 He
MakcrmanbHaa cKopocTb nepegaumn 0,3 Méurt/c 1 MéuTt/c

YopoluieHHast cxeMa COTOBOI CETH TTPOMJLTIOCTpUPOBaHa Ha puc. 4.10.

ITpuOAU3UTENBHO B LIEHTPE KAXKIOM STUeMKM HaXOAUTCS 0a30Bast CTaH-
uus (BS). B coctaB BS Bxonut aHTeHHa, KOHTPOJIJIEP U MHOXECTBO TIPU-
€MOINEPENATYMKOB IS KOMMYHUKAIIMU KAaHAJIOB, HA3HAYEHHBIX Ha 3TY
stueiiky. KoHTposep ucnosnb3yeTcst ajisi 00paboTKM mpoliecca BbI30Ba
MeXIy MOOMIBHBIM YCTPOMCTBOM U OCTaJbHOM 4acTbio ceTU. B mo6oii
MOMEHT BPEMEHU MOTYT ObITh AKTUBHBI MHOXKECTBO MOOMJIbHBIX TOJIb30-
Baresieii, KOTOphle IIepeMeIaloTCsl IPUMEPHO BHYTPH SIYEUKHU, CBSI3BIBAsSICh
¢ BS. Kaxnas BS cBsizaHa ¢ MOOWJIBHBIM LIEHTpOM KoMMyTauuu (MTSO,
Mobile Telephone Switching Office), npuuem ogun MTSO obGcnyxkuBaer
Heckonbko BS. O6buHo kaHan cBsizu Mexny MTSO u BS npencrasiser
c0o00i1 TIPOBONHYIO TMHUIO, XOTSI OECIIPOBOAHOI KaHaJ CBSI3U TaKXe BO3-
MoxeH. MTSO BbITTONHSIET KOMMYTAlIUIO 3BOHKOB MEX1Yy MOOWJIbHBIMU

i

— Mepeparumk BS

Y
MTSO — Mepeparuuk BS

1N

—| MNepenatuuk BS

AGoHeHTCKaa
TeNeKOMMYHUKaLWOHHaA
TenedoHHas ceTb

Puc. 4.10. Cxema coToBOW CeTn
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YCTPOMCTBAMMU, COEAUHSIET Tee(OHBI-ABTOMATHI WJIA TEJIEKOMMYHUKAIIM -
OHHYIO CE€Tb, COEAUHSET (PUKCUPOBAHHBIX A00HEHTOB C OTKPBITOU CETHIO
1 MOOWJIBHBIX a00HEHTOB C COTOBOI CEThIO. HA3HAYAET TOJIOCOBOM KaHas
Ha KaX/Iblii 3BOHOK, BBITIOJTHSIET MIPEPhIBAHUE PA3TOBOPA U KOHTPOJIUPYET
TenedOHHbIE 3BOHKHU ISl BBICTABJIEHUSI CYETOB.

Hcnonp30BaHuE COTOBOI CUCTEMBI MMOJTHOCThIO aBTOMAaTUYECKOE U HE
TpeOyeT NEeNCTBUIl CO CTOPOHBI MOJAb30BATENSI, KPOME BBITTOJTHEHUS BbI-
30Ba M OTBETa Ha 3BOHOK. MeXIy MOOMIBbHBIM YCTpolicTBOM 1 BS B03-
MOXHBI IBa TUMNA KaHAJIOB: YIPAaBJSIOIINE KaHAIbl U KaHaJbl Tpaduka.
Ynpaenarouue kananw (control channels) ucronb3yroTcs Jist OOMeHa WH-
dopmanueit, CBSI3aHHOM ¢ yCTAHOBKOI U 0OCITy>KMBAHUEM BBI30BOB (3BOH-
KOB) U C yCTAHOBKOW CBSI3U MEXIY MOOWJIBHBIM YCTPOCTBOM U OTvkKaitieit
BS. o kananam mpaguka (traffic channels) mepenatoTcst royioc Wiiv JaHHbIE
MeXIy TTONKTIOYEeHHBIMU TI0JTb30BaTessiMu. Puc. 4.11 uimtoctpupyeT maru
MPY BBIMOJHEHUU 3BOHKA MEXTY TBYMSI MOOWJIBHBIMU MTOJTb30BATEISIMHA.

Huuyuanuzayus mobunrvHozo yempoiicmea (mobile unit initialization).
Korma MoOWIbHOE YCTPOMCTBO BKJIIOYEHO, OHO CKAHUPYET 3(UP U BHIOU-
paeT HAWJIYYILIUA YIPABISIOWUNA KaHall, UCTIOJIb3YIOLIUACS Uil JAHHOMN
cuctembl (puc. 4.11, a). 3ateM Mexay MOOMIbHBIM ycTpoiicTBoM 1 MTSO,
KOHTPOJIUPYIOIIUM JAHHYIO STYEIKY, TPOUCXOAUT KBOTUPOBAHUE YCTAHOB-
KU cBs3U yepe3 BS nanHoii sueiiku. KBoTupoBaHue UCTONb3YyeTCS IS
UAEHTU(DUKALIMY MIOJIb30BATENS U PETUCTPALIUU ETO MECTOTIONOXEHU . [1o
TeX MOp MOKa MOOWJIBHOE YCTPOMCTBO BKIIIOYEHO, 3Ta MPOLIEAYPa CKAaHU-
pOBaHUS MTOBTOPSIETCS IEPUOANYECKU LIS pacyeTa NepeMeeHUS MOOUITb-
HOTro ycTpoiicTtBa. Eciu ycTpoiicTBO BXOAUT B 30HY A€HCTBUS HOBOM sTUeii-
KU, Toraa BeIOMpaeTcs HoBas BS. Bmo6aBok MOOWILHOE YCTPOWCTBO
OTCJIEXKMBAET NEHIKUHT, O YEM MBI TIOTOBOPUM JaJiee.

Buvi306 ¢ mobuavHoeo ycmpoiicmea (mobile-originated call). MoouiibHOE
YCTPOMCTBO HAYMHAET BBI3OB, MOCHUIAsl HOMEP BbI3BIBAEMOTO YCTPOMCTBA
Ha TIpeIBapuTesIbHO BIOpaHHBIN KaHau (puc. 4.11, 6). Korna BeisicHsieTcs,
YTO KaHaJl CBOOOEeH, MOOMJIBHOE yCTPOMCTBO MOXET MEPENaBaTh IO COOT-
BETCTBYyIOIIeMYy oOpatHoMy KaHaiy (K BS). BS ormpasnsier 3ampoc Ha
MTSO.

[letioncune (paging). MTSO 3arem TbITaeTCs 3aBEPIIUTh COSTUHEHNE
¢ BBI3BaHHBIM 00beKTOM. MTSO nmoceuiaeT meMmKMHTOBOE COOOIIIEHNE Ha
HekoTopylo BS B 3aBUCMMOCTM OT BBI3BAHHOTO MOOWMJIBHOTO HOMEpa
(puc. 4.11, B). Kaxnast BS mepenaeT nmeiimkKMHTOBbII CUTHAJI HAa CBOI COO0-
CTBEHHBIN IPUCBOCHHBINA KaHaJ.
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Puc. 4.11. OTanbl BbI30Ba B COTOBOW CETU:
a — HabnogeHWe 3a CMrHanom; 6 — 3anpoc Ha COeANHEHNE; B — NENAXKUHT;
r — MoslyyeHue BbI30Ba; A — NOCTYNUBLUMI BbI30B; € — NnepenacoBka
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Ilpuem 6wvi306a (call accepted). BeisBaHHOE MOOWIIBHOE YCTPOMCTBO
pacrio3HaeT HOMep Ha MpoBepsieMoM KaHaiie u otBedyaeT MTSO. MTSO
yCTaHABIMBAET KaHAT MEXTY BhI3bIBAIOIIEH U Bhi3biBaeMoil BS. B To xe
camoe BpeMss MTSO BbIOMpaeT IOCTYyNHBINA KaHAT Ojis Tpadurka BHYTPU
Kaxnoit stueiiku BS u yBemomusiet Kaxayto BS, kotopast B cBOIO ouepens
YBEOOMIISIET CBOE MOOMITbHOE YCTpOiicTBO (puc. 4.11, ¢). [IBa MOOUITBHBIX
YCTPOICTBA HACTPANBAIOTCSI HA COOTBETCTBYIOIINE Ha3HAYEHHbIE KAaHAJTBI.

Obcayacusanue 8vizo6a (ongoing call). B mporiecce o6cy>kuBaHus co-
eMUHEHYS IBA MOOMITLHBIX YCTPOICTBA 0OMEHMBAIOTCS TOJIOCOBBIMY JTaH-
HBIMU WJIX MTH(POPMAITMOHHBIMU CUTHAJIAMU, TIPOXOISIIIIMU Yepe3 COOT-
BerctBylomue BS u MTSO (puc. 4.11, d).

Ilepenacoska (hand-off). Eciu MoGunbHOE yCTPONCTBO B TIpoliecce
CcoenVHeHUs TiepeMeInaercs 3a cpepy AeiicTBUS OMHOM STYEHKM U BXOTUT
B cdepy neiicTBUS AOpyroil, To KaHan Tpaduka MOJKEH MEHSIThCS
Ha TipricBoeHHBII BS B HOBOII stueiike (puc. 4.11, e). Cucrema BBITION-
HSIET 9TO U3MeHeHue 0e3 MpephIBAHUS BHI30BA WJIU MPEIyTIPEXICHUS
MOJIb30BATENS.

Cuctema BBITIONHSIET TaKXKe PSII NPYTUX DYHKITUIA:

baoxuposka evizoea (call blocking). Ecniu Bce kaHanbl Tpaduka, Ha-
3Ha4YeHHbIe Ha Ommkaiiiyio BS, 3aHSITBI, TO MOOMIIBHOE YCTPOMCTBO BBI-
MOJIHSIET 3apaHee OMPENeIeHHOE YUCIO MOBTOPHBIX MOIMBITOK, U TOCIE
HEKOTOPOTO YKCJia Oe3yCITeNTHBIX TIOTTBITOK CUTHAJT 3aHSITOCTH BO3BpaIlia-
€TCs MOJIb30BATEINIO.

pepuisarue évi306a (call termination). Korna onuH niu o6a moab3oBa-
Tesst BematoT Tpyoky, MTSO undopmupyercst 06 3ToM, 1 KaHaIbI Tpadu-
Ka Ha nByx BS ynansiorcs.

Copoc 36onka (call drop). Bo BpeMsi coenHeHMs n3-3a MHTephepeHIun
WY c1aboTro CUTHAJIa B HEKOTOPBIX 00J1acTsx, eciiu BS He MoxeT momaep-
KWBaTh MUHUMAJTbHO HEOOXOMMMBII YPOBEHb CUTHAJIA B TEYeHUE HEKOTO-
pOro BpeMeHU, KaHaJl Tpaduka K moJIb30BaTeNIsIM cOpachiBaeTcs, U 06 3TOM
nHpopmupyercst MTSO.

Bb130BbI Ha/OT (PUKCMPOBAHHOTO U yAAIEHHOTO MOOUJIBEHOTO A00OHEH -
Ta (calls to/from fixed and remote mobile subscriber). MTSO monkitouaeT-
cs K o0Ieit KOMMYTHUPYeMoii TeJleDOHHOM CeTH M TTOTOMY MOXKET ycTa-
HaBJIUBaTh COCAMHEHUE MEXIy MOOWJIbHBIM MOJb30BaTeleM B CBOEH
o6sacTu 1 (puKCUpOBaHHBIM A0OHEHTOM Uepe3 TeJie(POHHYIO CEeTh, a TAKKE
MOXeT NoAKItouaThes K ynaneHHoit MTSO yepes teneoHHYIO ceTh Win
yepe3 BbIIeIEHHbIE IUHUU
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B Poccuu cotoBas cBsi3b Hauasia BHeAPAThes ¢ 1990 1., komMmepueckoe
HCIIOJIb30BaHME HAaYaIoCh ¢ 9 ceHTsIOpst 1991 1., korma B CankT-IleTepOypre
komrmanuei «/lenpra Tenekom» Obl1a 3amylieHa nepsas B Poccuu cotoBast
ceTh (paborana B ctanaapte NMT-450) u ObIT COBEPIIEH TIEPBBINA CUMBO-
JINYEeCKUI 3BOHOK IO COTOBOM cBsi3U MapoM CaHkT-IleTepOypra AHarto-
mmeM Cobyakom.

GSM (Global System for Mobile Communications) oTHOCUTCS K ce-
TsiM BToporo nokoneHus (2 Generation) (1G — aHajoroBasi coToBast
CBs13b, 2G — 1 poBas cotoBas cBsI3b, 3G — MIUPOKOIIOTOCHas -
poBast cOTOBasI CBsI3b, KOMMYTHUpPYeMasi MHOTOILICIEBBIMUA KOMIThIOTEP-
HBIMU CeTIMU, B ToM unciae UHTepHeT). CoToBBIE TeleDOHBI BBITyCKa-
oTcd g 4 auama3oHoB dacToT: 850 MIn, 900 MIt, 1800 MIu,
1900 MTItx. GSM Ha ceromHsSIIHUI IeHb SBISETCS HanboIee pacIipo-
CTpaHEHHBIM cTaHmapToM cBsi3u. [lo manHbBIM accoumanuu GSM
(GSMA) Ha JaHHBII CTaHIAPT NPUXOAUTCS 82% MUPOBOTO PHIHKA MO-
OWIIbHOM CBsA3M, 29% HaceeHUs 3eMHOTO IIapa UCTTONb3YeT I00aIbHbIE
texrHonorun GSM. B GSMA B HacTosiiiee BpeMsi BXOISIT OTIepaTopbl
6osiee yem 210 cTpaH U TEPPUTOPUIA.

IMpeumymecTBa ctangapta GSM:

— MEHBIIIME TI0 CPAaBHEHUIO C aHAJIOTOBBIMU cTaHmapTamu (NMT-450,
AMPS-800) pazmepsl 1 Bec TeJie()OHHBIX aIllapaToB IMPY OOJIbIIIEM
BpEeMEeHU paboThl 63 Mon3apsiKA aKKyMyJIsTopa;

— XOpolliee Ka4eCTBO CBSI3U MPU TOCTATOUHOM TUIOTHOCTHU Pa3MEIIIeHMS
0a30BBIX CTAHIINIA;

— Oostpiast EMKOCTh CETH, BOZMOXHOCTh OOJTBIIIOTO YMCIa OMHOBPE-
MEHHBIX COeMUHEeHUI;

— HUBKUU ypOBEHb MHIYCTPUATBHBIX MIOMEX B JAHHBIX YaCTOTHBIX
JAarna3oHax;

— ynyuleHHas (1o CpaBHEHUIO C aHAJIOTOBBIMU CUCTeMaMu) 3a1lliTa
OT TIOJICITyIIUBAHUSI Y HEJIETAJTLHOTO UCIIOb30BaHUS, UTO IOCTUTA-
€TCsI TIyTEM MPUMEHEHUS AJITOPUTMOB UG POBAHUS C pa3AeIsIeMbIM
KJTIOYOM;

— 3¢ (GeKTUBHOE KOIUPOBaHUE (CXKaTHE) PEeUM;

— BO3MOXHOCTbh POYMUHTA.

Henocrtatku ctangapra GSM:

— WCKaXeHue pedu npu udpoBoit 00paboTKe U Tiepenaye;

— CB$13b BO3MOXHA Ha paccTossHUM He 6osee 120 kM oT Gnmxkaiiein
06a30Boli CTAaHIIMM JaXe TTPY UCTTOIb30BAHUM YCUJTUTENIE! 1 HATTpaB-
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JIECHHBIX aHTeHH. [103TOMY 1J151 MOKPBITUS OTIPENEIEHHOM IIOIIAan
HeobxoauMo OoJiblllee KOJUYECTBO MepeaaTyukoB, yeM B NMT-
450 u AMPS.

B CDMA-tenedonax (anri. Code Division Multiple Access — MHOXe-
CTBEHHBII IOCTYII C KOJOBBIM pa3nesieHueM), B ommmuue ot GSM, omHo-
BPEMEHHO TPUMEHSIETCSI BpeMEHHOE M KOIOBOE paszienieHrne KaHanoB. Co-
ToBbIe TeneoHbl CDMA UCNONb3yI0T O4eHb IIUPOKYIO MOJOCY YaCTOT IS
npuemMa u nepenayv uHGopMaluu.

Pacumpenue nonocs yactor CDMA TeniehoHOB ITO3BOJISIET ITOTYYUTh
ClIemyrolIe MpenMyIIecTBa 1o cpasHeHnto ¢ GSM:

— YBEIMYEHUE KOJIMYECTBA NEpenaBaeMoii NH(MOpMaLIUKY 3a SAUHUILLY
BpeMeHU. DTO BhIpaXxaeTcs B yIy4llIEHHOM KauyeCTBE CBSI3U U OO0JIb-
et CKOpoCThIo nocTyra B UHTepHET;

— YMEHBIIIEHUE MOIITHOCTH TiepeaaTdynka COTOBOTO TeleoHa;

— YJIy4IIeHHas TOMEX03aIUIIEHHOCTb.

Tax xxe, kak 1 B GSM tenedonax, B CDMA ucnob3yeTcst Kpunrorpa-

(buueckoe 1 MOMEXoyCcTONIMBOE KOMUPOBAHUE.

[Mocnenytomee pazsutue texHomornu CDMA mpoucxoaut B pamKax
texHonoruu CDMA2000. [Tpu mocTpoeHnn cructeMbl MOOUITLHOM CBSI3U
Ha ocHoBe TexHomoru CDMA2000 1X nepBast ha3za obecriednBaer nepe-
Jlaqy TaHHBIX CO CKOPOCTHIO 10 153 KOWUT/C, YTO MO3BOJISIET TIPENOCTABIISATh
YCITYTH TOJIOCOBOM CBS3M, ITepenavy KOpOTKUX COOOIIEHU, pabOTy € 31eK-
TpOHHOU nouToi, MHTEpHETOM, Oa3aMU TaHHBIX, TTepenavyy TaHHbIX U He-
TTONBVDKHBIX M300paXkeHU .

Pa3paborunku o6opynosanuss CDMA cBsI3u pelraioT BOIIPOC TOCTH-
KEHUS B OJIKaiiiiee Bpems CIeAYOIINX CKOPOCTEN HA OMHOM YaCTOTHOM
kaHajze: 4,9 Mowut/c k aboneHTty u 2,4 Mout/c oT aboHeHTa.

4.8. TpaHKNHroBas cBA3b

CucreMbl TPAaHKMHTOBOM paglOCBSI3U IIPENCTABISIOT COOOM panraib-
HO-30HOBbIE CUCTEeMBbI MOABMXXHOU Y KB-paanocssizu U IBISI0TCS KJIACCOM
CHCTEM MOIBIKHOI CBSI3M, OPUEHTUPOBAaHHBIM, TIPEXKIIE BCETO, Ha CO3/a-
HHE pa3IMYHBIX BEIOMCTBEHHBIX M KOPIIOPATUBHBIX CETei CBSI3U, B KOTOPHIX
MpeaycMaTprUBaeTCsl aKTUBHOE TIpUMEHEHHEe pexXrMa CBSI3U aOOHEHTOB
B rpynime. OHM IMUPOKO UCIIOJIB3YIOTCS CHJIOBBIMU M IIPABOOXPAHUTENIb-
HBIMU CTPYKTypaMH, CIy>K0aMM 00111eCTBEHHOM 0€30ITaCHOCTH pa3IUnIHbIX
CTpaH [Jis1 00ecreyeHus CBSI3U MOABUXKHBIX a00HEHTOB MEXIy COOOIA,
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CO CTallMOHAPHBIMU a0OHEHTaMU U a0OHEeHTaMU TesiePOHHOI ceTu. B HUX
OCYIIECTBIISIETCS aBTOMATUYECKOE pacpeieieHe KaHAIOB CBSA3U PETPaH-
CIAITOPOB MEXIy a0OHEHTaMU.

TepMuH «TpaHKUHT» IPOUCXOAUT OT aHUiicKoro Trunking, 4To MOX-
HO TIepeBeCTU KaK «00beIMHEHNE B TPYIIILY, ITy4OK».

Cy1iecTByeT OOJIbIITIOE KOTMIECTBO PAa3TNIHbBIX CTAHIAPTOB TPAHKWH -
TOBBIX CUCTEM MOABMXKHOM pagnocBsi3u odiero noias3oanus (CITP-OIT),
OTJIMYAIOIIUXCS APYT OT APYTa CAEAYIONIMMU XapaKTepUCTUKAMU, HO UMe-
IoIIIKe TIPY 3TOM OOIITYI0 OMHO30HOBYIO cxemy (puc. 4.12):

— METOJIOM Tepenadyu pedeBoii mHbopMaluu (aHaJIoToBble U UG-

pOBbIE);
— TUIOM MHOTOCTaHIIMOHHOTO focTyna (MIYP — ¢ yacToTHBIM pas-
neneHveM kaHanoB, M/IBP — ¢ BpeMeHHbIM pa3iesieHreM KaHaJloB
i MIAKP — ¢ KogoBbIM pa3neneHUueEM KaHaIoB);

— cnoco0OM IMTOKCKA U Ha3HAYEHUS KaHaja (C IeleHTPaTU30BaAHHBIM
U LIEHTPAJIU30BaHHBIM YIIPABICHUEM);

— TUMNOM KaHaja yrpaBjieHUs (BbIACICHHBINA U pacTIpeaeIeHHbI);

— KOJIMYE€CTBOM 30H (OJHO30HOBBIE 1 MHOTO30HOBHKIE);

— CIOCOOOM OpraHU3alMU KaHaJla (MOJyAyIJIEKCHBIE U TyTUIEKCHBIE)

Pempancaamop (PT) — Habop npueMoriepeaaromero o6opyaoBaHus,
00CTyXXMBAIOIIETO OJHY Mapy HECYIIUX YACTOT

Anmennui. BaxHe NN NPUHIUIT TOCTPOESHUS TPAHKUHTOBBIX CUCTEM
3aKJII0YAETCs B TOM, YTOOBI CO3AaBaTh 30HBI PAAUONOKPBITUSI HACTOJIBKO
OOJNBIIMMHU, HACKOJIBKO 3TO BO3MOXHO. [T03TOMY aHTeHHBI 6a30BOI1 CTaH-
1IMY, KaK MPaBUJI0, pa3MeIllaloTCs Ha BBICOKMX MauTax WA COOPYXKEHUSIX
U UMEIOT KPYTOBYIO TMarpaMMmy HampaBiieHHOCTU. Pazymeertcs, mpu pac-
MOJOXeHUY 6a30BOI CTAHIIUY Ha KPAIO 30HbI IPUMEHSIOTCS HAITPABJIEHHbBIE
aHTeHHBI. ba3zoBas cTaHIMs MOXeT pacIionaraTh Kak equHON TpreMorie-
penatoleit aHTeHHO, TaK ¥ pa3neIbHBIMU AaHTEHHAMMU TSI TIpUeMa U Tiepe-
nayu. B HEKOTOpBIX ciTydyasix Ha OMHOIM Ma4yTe MOTYT pa3MellaThCs HECKOJIb-
KO TPUEMHBIX aHTEHH MJisI OOphOBI C 3aMUpAHUSIMU, BHI3BAHHBIMU
MHOTOJIYY€BBIM PACTIPOCTPAHEHUEM.

Yempoiicmeo 06sedunenus paduocuenanos TIO3BOJISIET UCTIONB30BaTh OMHO
U TO e aHTEHHOE 000pyIOBaHNeE TSI OMHOBPEMEHHOM pPabOThI IPUEMHU-
KOB U IEPENaTYNKOB Ha HECKOJIIBKUX YACTOTHBIX KaHAJIaX. PeTpaHcasITopbl
TPaHKUHTOBBIX CUCTEM pabOTAIOT TOJIBKO B AYTJIEKCHOM PEXUME, TPUYEM
pa3HOC 4acTOT MPUEMa U Nepenadu (IYTUIEKCHBINA pa3HOC) B 3aBUCUMOCTH
OT pabodero Auama3oHa coctaBisieT ot 3 MIT oo 45 MIiI.
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Puc. 4.12. O6was cxema 0OAHO30HOBOW TPAHKNHIOBOW CUCTEMbI

Kommymamop B 0oHHO30HOBOW TPAaHKUHTOBOW CUCTEME OOCITYy>KUBAET
BeCh €€ TpaduK, BKIIOYAs COENUHEHUE MOABUXHBIX A0OHEHTOB C Teje-
¢ oHHoI1 ceThio ob1ero nmonb3oBaHus (ThOIT) 1 Bce BEI30OBBI, CBSI3aHHbBIE
C mepenavyeit TaHHbIX.

Yempoiicmeo ynpaenenus obecrieuMBaeT B3aMOAEHICTBUE BCEX Y3JIOB
6a3oBoii ctaHiuu. OHO TakKe 00pabaThIBAET BBIZOBBI, OCYILIECTBIISIET ay-
TeHTU(DUKAIMIO BBI3BIBAIOIIUX A00OHEHTOB (MIPOBEPKY «CBOM-UYYXKOWi»),
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BEeJIEHUE OYepeneil BHI30BOB U BHECEHUE 3aMMceil B 0a3bl JaHHBIX MOBpeE-
MEHHOM oriaTel. B HEKOTOPBIX cHcTeMax yNnpasisiollee YCTPONUCTBO pe-
TYIUPYET MAaKCUMAJIBHO MOMYCTUMYIO MPOAOIKUTENbHOCTh COENUHEHUS
¢ tenedoHHOIt ceThio. Kak mpaBwWiio, NCMOIB3YIOTCS IBa BApUAHTA PEry-
JIMPOBAHUS: YMEHBIIIEHNE MPONOIKUTENbHOCTY COEAUHEHUI B 3apaHee
3aJaHHbIE Yachl HAUOOJbIIIEI Harpy3KU, WU AalITUBHOE U3MEHEHUE TTPO-
JIOJKUTENIbHOCTU COEANHEHUS B 3aBUCUMOCTH OT TEKYLIEH Harpy3Ku.

Humepdgheiic TehOII peanusyeTcst uepes anmaparypy npsiMoro Habopa
Homepa DID (Direct Inward Dialing), o6ecneunBalolyto 10CTyI K abo-
HEHTaM TPAHKWHTOBOU CETU C UCTIOIb30BAHUEM CTAHJAPTHON HyMepa-
uuu ATC.

Hucnemuepckuil nynom. TpaHKAHTOBBIE CUCTEMBI UCITOJIb3YIOTCS B IEp-
BYIO O4Yepenb TEMU MOTPEOUTENSIMU, Ybd paboTa He 00XoauTcs 0e3 auc-
rerdyepa. DTo cIykObl OXpaHbI TPABOTIOPSIIKA, CKOpast MEAWITMHCKAS TIO-
MOIIlb, TTOXapHas OXpaHa, TPAHCIOPTHBIE KOMIMAHUW, MyHUIIUNATbHbIE
CITyXObI. JIucrieTyepcKue MyabThl MOTYT BKJIIOYAThCS B CUCTEMY MO ab0-
HEHTCKUM PaJuOKaHajlaM, WX MOAKIIOYATHCS MO BbIAECJIEHHBIM JUHUSM
HETIOCPEICTBEHHO K KOMMYTaTopy 6a30Boii craHiuu. ClienyeT OTMETUTD,
YTO B paMKaX OTHON TPAHKUHTOBOI CUCTEMBI MOXET OBITh OPTAHU30BAHO
HECKOJIbKO HE3aBUCUMBIX CETeil CBSA3M, KaXaas U3 KOTOPhIX MOXET UMETh
cBoli nucneryepckuil myaesT. [lonb3oBaTe Kaxaoi U3 TaKUX CeTeil He
OynyT 3aMevaTh pabOTHI COCENEii, U YTO HE MEHEE BaXHO, HE CMOTYT BMe-
IIUBAThCS B pabOTy IPYTUX CETEM.

Abonenmcrkoe 060pydosarue. Hanbosee MHOTOUNCIIEHHBIMHY SIBJISTIOTCST
MOJYAYTUIEKCHBIE PAAUOCTAHIIUH, T. K. UMEHHO OHU B HAaUOOJIbIIEH CTeTe-
HU NOAXOIAT 7151 paboThl B 3aMKHYTBIX Tpymnnax. B OoJbIIMHCTBE CBOEM
5TO PaAMOCTAHLIMU C OTPAHWYEHHBIM YKUCIOM (DYHKIUI, HE UMEIOIINE
mdpoBoii KitaBuaTyphl. X moyib30BaTeii UMEIOT BO3MOXHOCTD CBSI3bI-
BaThCS JIUIIb ¢ a0OHEHTAMU BHYTPU CBOEU paboyeil TpyImsl, a Takxke Mo-
ChUIaTh 9KCTPEHHBIE BBI3OBHI X CIIETYEPY. BBIMyCcKaOTCs M MTOTHOAYTIIEKC-
Hbl€ PAAUWOCTAaHUMWU C MUPOKUM HabopoMm (YHKIUN U UUGPOBOI
KJIaBUATYPOIi, HO OHU MpeAHA3HAYEHBI 7151 00JIee Y3KOro Kpyra abOHEHTOB.

ApXUTEKTYypa MHOTO30HOBBIX TPAHKUHTOBBIX CUCTEM MOXET CTPOUTh-
Cs 1O IBYM Pa3JIMYHBbIM MPUHIUIIAM. B ToM ciiydae, eciau onpeaeasiommnm
(aKTOpOM SBIISIETCS CTOUMOCTDH OOOPYIOBAHUS, UCTIOJIB3YETCS paCIpese-
JIEeHHasl MexX30HalbHast kommyTanus. Kaxnas 6azoBast CTaHIIUMS B TaKOM
crcTeMe UMeeT cBoe coocTBeHHOe noakimodeHne K TOII. I1pu HeoOxo-
JIMMOCTH BbI30Ba U3 OMHOU 30HBI B IPYTYIO OH MPOU3BOAUTCS YEPE3 UHTEP-
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deiic TdOII, Bxumtoyas npoienypy Habopa tenedoHHoro Homepa. Kpome
TOTO, 0a30BbIE CTAHIIMU MOTYT OBITh HETIOCPEICTBEHHO COEANHEHHI C TI0-
MOIIBIO (GU3NYECKUX BBIIETCHHBIX TUHUIA CBSI3U.

TpaHKWHTOBBIE CETU MPEAOCTABISIOT ADOHEHTaM BO3MOXHOCTD MPO-
WU3BOAUTH PA3JIMYHbIE TUITBI BBI30BOB BHYTPU CUCTEMBI: UHAWBUAYATIbHBII
(TTepcoHaNIbHBIN) U TPYTIIOBOM (IUcreTyepcKuii). B mepBoM ciyyae BEI30B
HAIpaBJISIETCS TOJBKO OMHOMY aDOHEHTY, BO BTOPOM — HECKOJIBKUM a00-
HEHTaM.

I'pynmoBoii BEI30B B paMKax OIHOM rpynibl BisieTcsi OCHOBHBIM TUTIOM
BBI30Ba B TPAHKWHTOBBIX cucTeMax (puc. 4.13). [pynmoBoii BEI30B ITpUH-
LIMITHATIBHO MOXET OBITh MPOU3BENEH TOJBKO B OMYAYILIEKCHOM PEXUME.
IToka BbI3BIBAIONINIT A0OHEHT TOBOPUT M €TO PAAMOCTAHIINS HAXOMUTCS
B PEXUME MePefadn, BCe OCTAIbHBIE WIEHBI TPYIIbI TPUHUMAIOT COO0IIIe-
HUE BBI3BIBAIOIIETO a0OHEHTa. B xome mocienyrolnero paamoooOMeHa pe-
TUTMKA KaXIOTO YieHa TPyIbl aBTOMATUYECKHA CTAHOBUTCS CJIBIIITHA BCEM
yYacTHUKaM rpynrmbl. [pynnoBoii BEI30B MOXET MPOU3BOAUTHCS C MOTY-
JyTUIEKCHOM paAuOCTaHIIMUA — JJISI 3TOTO MOJIb30BAaTEN0 JOCTATOYHO Ha-
KaTh Ha KHOTIKY «[lepemaya». BxoxneHue B CBSI3b CO «CBOEi» TPYNIION
a00OHEHTOB MPOMU3BOOUTCS aBTOMaTUyecku. Eciau Hago cBs3aThes ¢ abo-
HEHTaMU IPYTUX TPYIIM, CIeAyeT BHaYasle HabpaTh Ha KJIaBUaType paauo-
CTaHIIUU HOMEDP HYXXHOW Tpymnmbl. [pymnmmoBoil BBI30B 00eCIIEYMBaIOT BCe
U3BECTHBIE TPAHKWHTOBBIE CUCTEMBI.

basoBas @
CTaHUmA =

ABoHeHT

Puc. 4.13. Bbi30B Npon3BONbHO BbIGPAHHON rpymnnbl

ITepcoHanbHbBI BHYTpEHHUIA BBI3OB (pucC. 4.14) sBisieTcs MpUBUIETU-
POBaHHBIM TUIIOM BbI30Ba. JIJIs1 €ro MOCHUIKU MOJb30BaTeNb JOIKEH MC-
MOJIb30BaTh PaAUOCTaHIMIO C 1IM(POBOI KiaBuaTypoii. IlepcoHanbHbIi
BHYTPEHHUI BBI3OB MOXET OBbITh TPOM3BEEH HE TOJIBKO B MOJYIYTUIEKCHOM,
HO U B IYTUIEKCHOM pexume (00e aOOHEHTCKUE paaloCTaHIIMU SBISIOTCS
JIYTIJIEKCHBIMM).
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& ba3oBas
o) o) CTaHumA

AboHeHT A AboHeHT B

Puc. 4.14. MepcoHanbHbIN BbI3OB

HcTopudecku nepBbIMU MOSIBUINUCH aHAJIOTOBbIE TPAHKUHTOBBIE CHU-
CTEeMbl paauocBs3u, Takue Kak SmarTrunk, cucTtemMbl mpoToKoja
MPT1327 (ACCESSNET, ACTIONET u ap.), cuctemsl ¢pupmMbl Motorola
(Startsite, Smartnet, Smartzone), cUCTeMbI ¢ pacrpeaeJeHHbIM KaHaJIoM
ynpasnenus (LTR u Multi-Net dupmebl E.F. Johnson Co u ESAS dupmbl
Uniden). HauGonbluee pacrpoctpaHeHue noaydyuamn cucteMsl MPT1327,
YTO OOBSICHSAETCS 3HAUUTETbHBIMU MTPEUMYIIIECTBAMU JAHHOTO CTaHAapTa
10 CPABHEHMIO C IPYTUMHU aHAJIOTOBBIMU CUCTEMAMMU.

B Poccuu 601bIIMHCTBO KPYITHBIX TPAHKUHTOBBIX CETEN TaKXke ObLIO
MOCTpOeHO Ha 6a3e obopynoBaHus ctaHgapta MPT1327. OgHako nepBoii
TPaHKWHTOBOI CUCTEMOI1 OblJIa COBETCKAsi CUCTEMA MOJTHOCTHIO aBTOMATH -
YeCKO MOOUIIBbHO CBsI3U «AJTaii». B 1963 rony B MockBe Gblja 3ammyiie-
Ha OMbITHAS 30HA CUCTEMBI «AJTail». AHanornyHas cuctema B CIIIA (MTS,
Mobile Telephone Service), Obli1a 3anyiieHa B 1964 rony.

PannorenedonHas cucrema «Anraii» Obl1a 3aaymMaHa B KoHIie 50-X Kak
CpencTBo TeJe(OHHOM CBSI3M PYKOBOAUTENEI rocynapcTBa, NapTURHON
U IPOMBIIIUIEHHOW HOMEHKJIaTYphl U Obl1a co3naHa B Boponexxckum HUN
Cassu. [lo3nHee ObLT OCYyLIECTBJIEH Iepexol Ha 00Jiee MPOrpeCcCUBHYIO
TpaHkuHroBy1o cuctemy «KaPaT» (mpotokon MPT 1327), paboTaBiiyio
COBMECTHO C «AJITaeM» Ha TeX Xe YacTOTaXx U Ha OMHOM KOMMYyTaTope.

B HacTosi11ee BpeMsi poliecc pa3BepThIBaHUS CeTeil TPAaHKUHIOBOI pa-
JIMOCBSI3U BO BCEM MUPE XapaKTepU3yeTcs IIIMPOKUM BHEAPEHUEM ITUMPPOBBIX
cucteM. [TpakTuyecku Bce BeAyllie MUPOBbIE MOCTABIIMKN OOOPYIOBaHMS,
CHUCTEMHBIE UHTETPATOPhI U ONIEPATOPHI, a TAKXKE MHOTHE KPYITHBIE TOTPEOU-
TEJIA YCIYT TPAaHKWHIOBOI pamuocBsasu (B Poccuu 310, B EPBYIO OYEpEb,
KpYIHbIE BEAOMCTBA U Kopropaiuu, Takue kak PAO EDC, Muntpanc, MI1C,
CubHedTh U Apyrue, a TakXe CUJIOBbIE CTPYKTYPhI U MPABOOXPAHUTEIbHbBIE
OpraHbl) OOBSIBUJIM O CBOEM Tepexo/ie K HUGPOBBIM CCTEMAM.

K Haubonee monynsipHbIM cTaHAapTaM HUGPOBON TPAHKUHTOBOM
PaIUOCBS3U OTHOCATCS:
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— EDACS, pa3pabotanHsiit hupmoii Ericsson;
— TETRA, pa3paboTtaHHblii EBponeiicKkuM NUHCTUTYTOM CTaHIApTOB
CBSI3W;
— APCO 25, pazpaboTaHHblit Acconnainueil opuIMaIbHbIX TIPEACcTa-
BUTEJIEH CITyXKO0 CBSI3M OPTaHOB OOIIECTBEHHOM 0€30MMaCHOCTH;
— Tetrapol, paspabotanHbiii hrpmoit Matra Communication (PpaHiius);
— iDEN, pa3paborannslii pupmoit Motorola (CIIA);
— ASTRO pazpaborannsiii hupmoit Motorola (CIA).
Paccmorpum xapakrepuctuku crangaptoB TETRA u APCO 25, koto-
pBbI€ SIBJISTIOTCS OTKPBITBIMU 1 CUCTEMBI Ha WX 0a3e IMPOKO MPEACTaBIEHbBI
B Poccun u 3a pybdexkom, Tadauma 4.2.

Ta6bnuuya 4.2

XapakTtepuctuku crangaptos TETRA n APCO 25

MeTtop [anbHocTb [anbHocTb Bpems
[lnanasoH yacToT,
CraHpapT | paspeneHus M CBSA31 rOpoa, CBA3N yCTaHOBNeHMA
KaHanos H KM NpUropoa, KM CBA3M, CEK
APCO-25 FDMA 138-174;406-512; 35 7,6 0,2-0,5
746-869
TETRA TDMA 150-900 17,5 3,8 0,2-0,5

M3 tabnuubl BUgHO, yTo cucteMbl ¢ FDMA oGecrnieunBaroT 00JIbIIYIO
JIaJIbHOCTh MO cpaBHEeHUIO ¢ cucteMaMu ¢ TDMA. DTo 00bsICHSIeTCSI MEHb-
el SHepTrrueit CUTHaIa Ha OMUH OUT MH(MOPMAIIVH.

ApPXUTEKTYpa COBpEMEHHBIX TPAHKWHTOBBIX CUCTEM ITPEICTABIISIET CO-
00If HECKOJIBKO MHOTOKAaHAJIBHBIX PagoCcaiiToB, pa3MeIIEHHBIX B pa3HBIX
YyacTsx ropoaa, 1 o0beAMHEHHBIX MexXIy coboii IP-ceThlo (puc. 4.15).

Takasg cucteMa obecrieurMBaeT YCTOMYMBYIO PaJIMOCBSI3b aDOHEHTaM,
HaXOISIIIMMCSI B JIFOOBIX YaCTSIX TEPPUTOPUN OOCITY>KMBAHUS CETU CBSI3M,
BHE 3aBUCMMOCTH OT TOTO, B 30HE ACHCTBUSI OMHOTO pagrocaiiTa OHU Ha-
XOIATCSI, WX B pa3HbIX. [Ipy 3TOM mo-npexXHeMy BO3MOXHA TTOMIEPKKA
a”asioroBoro ctanmapta MPT 1327. Bcé obopynoBaHue MMeEET BHICOKUE
ITOKA3aHMSI 10 PEe3ePBUPOBAHIIO, B TOM YHCJIE ITO 3JIEKTPOCHAOKEHUIO, YTO
TTO3BOJISIET 00ECIIeYNBaTh IOJITOE BpeMsI paboTy MOJIb30BaTeNIei B CUCTEME
B 9KCTPEHHBIX CUTYaIllSIX B CIydae ITPOITagaHust OCHOBHOTO 3JIEKTPOITATA-
HUs 6a30BOro 000pyIOBaHMUSI.

be3sonacHocTb cBA3M. [ToHATHE 6€30ITaCHOCTH CBSI3U BKITIOYAET B Ce0sT
TpeOOBaHUS IO 0OECIIEYCHUIO CEKPETHOCTH TIEPETOBOPOB (MCKITIOUECHE
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Puc. 4.15. Cxema coBpeMeHHOIN TPaHKMHIOBOW CUCTEMbI

BO3MOXHOCTHU M3BJIeYeHMSI MHGMOPMALUM U3 KaHAJIOB CBSI3U KOMY-JIMOO
KpPOMe CAaHKIIMOHMPOBAHHOTI'O ITOJTy4aTesisl) M 3alUThl OT HECAHKIIMOHUPO-
BaHHOTO AOCTYIIA K CMCTeMe (MCKJTIOYEeHKME BO3MOXHOCTH 3aXBaTa yIpasJie-
HMSI CCTEMOM, TIOMBITOK BBIBECTH €€ U3 CTPOs U T. 1.). Eciim cpaBHUBaTh
caMU CTaHIAPThI, a HE CUCTEMbI U KOMITJIEKChI TEXHMUYECKHMX CPEACTB Ha UX
OCHOBE, TO MOXHO CKa3aTh, YTO BCE CTaHIapThl 001aJal0T CPaBHUMOI cTe-
MEHbIO KaK 3alUThl MH(GOPMALIMK, TaK 1 3alIUThl OT HECAHKIIMOHMPOBAH-
Horo noctyra. OHM 06eceYnBaOT BO3MOXHOCTh TPUMEHEHH ST CTAHAaPTHBIX
aJITOPUTMOB 3allMThI TH(POPMAIIHY, a TAKXKEe BO3MOXHOCTb UCITOJIb30BaHMS
OpUTMHAJIbHBIX AJITOPUTMOB, pa3pabOoTaHHBIX MOJIb30BATE/ISIMU CETEH paau-
ocea3u. Hanpumep, B ctanmapre APCO 25 peyeBoe cOOOILEHUE MOXET
MoABepraeTcs IBoitHOMY IndpoBaHMIo (CHavasa 1o airoputMmy Puga—Co-
JIOMOHa, a 3aTeM — IO YIPOIIeHHOMY anroputmy lonest).

5. KOMNbIOTEPHbIE CETU: OCHOBHbIE MOHATUA

5.1. Tunbl KOMNbIOTEPHbIX ceTel

KoMribroTepHble ceTr, Ha3bIBaeMble TAaKXKe CETIMU Nepenayu JaHHBIX,
SIBJISTIOTCSI IOTUYECKMM PE3YJIBTaTOM 3BOJIIOLIMHY ABYX BAXKHEHIITMX HAYYHO-
TeXHUYECKUX OTpacjeil COBpeMEHHON MBUIM3AIUN — KOMITBIOTEPHBIX
U TEJICKOMMYHUKAIIIOHHBIX TEXHOJIOTHIA.
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C 0oHOIi CTOPOHBI, CETU MPEACTABISIOT COO0I YaCTHBIN ciyyait pac-
MpeaeJeHHbBIX BHIYUCTUTEIBHBIX CUCTEM, B KOTOPBIX IPYIIa KOMITBIOTEPOB
COITIAaCOBAHHO BBIMOJIHSIET HA0OP B3aMMOCBSI3aHHbBIX 3a/1a4, OOMEHUBASICh
JAHHBIMU B aBTOMATU4YeCKOM pexknme. C IPyToii CTOpOHBI, KOMITBIOTEPHBIE
CETU MOTYT paccMaTpUBAThCSI KaK CPEACTBO Tepenayu nHpopMaluu Ha
OOJIbIIIME PACCTOSIHUS, TIOJYYUBIIIUE PA3BUTHE B PA3IUYHBIX TEIEKOMMY-
HUKAIMOHHBIX CUCTEMAX.

KommbloTepHas ceTb — 3TO COBOKYITHOCTb BEIYMCIUTEIbHBIX CUCTEM,
00BbeIMHEHHBIX KAHAJIAMU Tiepeaayu uH(popManuu JJisl e€ pacripocTpaHe-
HUS U Ucnionb3oBaHus [13].

Camas TIpocTast CeTb COCTOUT U3 ABYX KOMIIBIOTEPOB, COEANHEHHBIX
JIPYT C APYTOM KabesieM, UTO MO3BOJISIET UM OOMEHUBATHCS TaHHBIMU. Pox-
JIEHUE KOMITBIOTEPHBIX CeTeil ObLI0 0OYCIOBIEHO MPAKTUYECKOMN MOTPeO-
HOCTBIO B COBMECTHOM UCITOJIb30BAHUU JaHHBIX. KOHIIENIMS COeMMHEHHBIX
U COBMECTHO HCIIOIB3YIOIINX PECYPChI KOMITBIOTEPOB HA3bIBAETCS CETEBBIM
B3aMMOJIECTBUEM.

IlepBoHauYaabHO KOMITBIOTEPHBIE CETU ObLIU HEOOBIIMMU U OObEIU-
Hsu 0o 10 KoMnblOTEPOB M oAvH npuHTEp. B Havane 80-x romoB camoii
MTONYJISIpHOM OBUTa ceTh M0 30 KOMIIBIOTEPOB ¢ OOIIEH ITMHOIT Kabels 10
200 MeTpoB. DTU CETU pacIioiaraJiuCh B MpeeiaXx OMHOTO 3Taxa 3MaHus
WA HEOOIbIION (DUPMBI, TOSTOMY OHU TOJTYYWIN Ha3BAHUE JTIOKATbHBIX
BoruncnuTesbHbIX ceteli (JIBC). JlokabHY0 ceTh XapaKTepu3yIOT BBICOKAS
CKOPOCTb U HAZIEXKHOCTB Iepenadu, 3 peKTrBHbIE MEXaHU3MbI YIIPABJICHUS
0OMEHOM JaHHBIMU, OTPAHUYEHHOE YUCJI0 KOMITBIOTEPOB B CETH.

Imo6anbHble BeruncnutenbHbie ceTy (I'BC) paccunTaHbl HA HEOTpaHU-
YEHHOE YMCIIO ceTeBbIX aboHeHTOB (BKitovast JIBC) u He uMeIoT TeppuTo-
pUATBHBIX OTpaHUYeHUi. [TT06abHBIE CETH YCTYNAIOT JIOKAJBbHBIM CETSIM
IO CKOPOCTHU U HAJAEXKHOCTHU nepenadyu, no 3G GheKTUBHOCTU YIIPABICHUS
00MeHOM IaHHBIMU. [TTaBHBIM [1J1s1 TI00aIbHO CeTH SIBsSIeTCS (PaKT cyllie-
CTBOBaHUSI CBSA3U Ha HEOTPAHUYEHHOM PACCTOSTHUM.

Ha ctpykTypHOM ypOBHE BCE CETU MMEIOT HEKOTOPbIE 00IITHe DYyHKITH -
OHAJIbHbIE KOMITOHEHTHI, B TOM YUCJIE:

— cepBeEPBl — KOMITHIOTEPHI CETH, PECYPCHI KOTOPBIX TOCTYITHBI CETe-

BBIM MOJIb30BATENSIM;
— KJIMEHTbl — KOMITbIOTEPHI CETU, UCMHOJB3YIOIINE CETEBbIE PECYPCHI
CEPBEPOB;

— pabouue CTaHIIMA — KOMITbIOTEPHI CETU, C TOMOIIIbIO KOTOPBIX MOJTb-

30BaTeIM PETUCTPUPYIOTCS B CETU U MOIYYAlOT TOCTYM K pecypcaM
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cetu. Paboyast craHuus SBASETCS, KaK MPaBUIO, KOMIBIOTEPOM-
KJIUEHTOM CETH.

— cpefa nepegayv — Crocod COeMHEHUS] KOMITbIOTEPOB;

— pasnensieMble PecypChl CETH.

KommbloTepsl, BXOASIIUE B CETh, MOTYT COBMECTHO UCTIOIb30BATh:

— JaHHBIE;

— COOOIIEHUS;

— MPUHTEPHI;

— (bakCUMUJIbHbBIE annapaThl;

— MOZEMBI;

— JIpyrue yCTpoiicTBa.

Ha nporpaMmMHOM ypOBHE TTOI TPUJTOXKEHUEM-CEPBEPOM U MIPUITOXKE-
HUEM-KJIUEHTOM IMTOHUMAIOTCS POLIECCHI, BBIMOIHSIOIIME COOTBETCTBEH-
HO (PyHKIIMU TPEAOCTABJIEHUS U UCTIOIb30BAHUS CETEBBIX YCIYT (DECYPCOB).

B cootBeTcTBUU € pacnipeneneHreM QYHKIIUI KOMITBIOTEPOB B JIOKATb-
HBIX CETSIX, TOCTAETHUE AETISAT HA ABA TUIIA: OMHOPAHTOBBIE U CETU HA OCHO-
BE€ BBLIEJIEHHOTO CEpBEpa (IBYXPAHTOBBIE).

BbiOop THNA ceTu 3aBUCUT OT psina PakTOpOB:

— pa3Mepa NpeanpusTUs;

— HeoOXOAUMO¥ CTeNeHU 6e30MacHOCTY;

— JOOCTYMHOCTY aAMUHUCTPATUBHOM MONIEPXKKH;

— 00b€Ma ceTeBoro Tpaduka;

— BUIa Ou3Heca.

B o0Hopaneosbix ceTsIX Bce KOMITbIOTEPBI PABHOIIPABHBI M OOBIYHO KaXK-
JIbIA KOMIBIOTEP BBICTYIMAET U KaK KJIUEHT U Kak cepBep. [lonb3oBaTenu
CaMU pellaloT, Kakre JaHHbIe Ha CBOEM KOMITBIOTEPE CENaTh JOCTYITHbIMU
no cetd. OQHOPAHTOBbIE CETU OOBEAMHSIIOT A0 15 KOMIIBIOTEPOB U Ha3bI-
BalOTCA pabOYMMU IPyMHIIaMHU.

OnHOPaHTOBBIE CETU OTHOCUTENBHO MPOCTHIE, T. K. HET HEOOXOAUMOCTH
YCTaHaBJIMBATh MOIIHBIA LEHTPAIBHBINA CEPBEP U IPYTrUe KOMIIOHEHTHI,
HEOOXOAUMBIE [IsT GOJBIINX ceTeil. DTUM OOBSICHSIETCS X HU3Kasl CTOU-
MOCTb.

B omepanmonnsie cucteMbl (OC) Bcex COBpeMEHHBIX KOMITBIOTEPOB
MOAIEePXKKA OMHOPAHTOBBIX CETEH BCTpOEHA U HET HEOOXOAUMOCTH yCTa-
HaBJIUBAaTh JOMOJIHUTENbHbBIE KOMIOHEHTBI. OQHOPAHTOBAs CETh MOAXOIUT
TaM, TAe KOJIUYECTBO MOJIb30BaTeNEl HEBEUKO, OHU PACIIOIOXKEHBI KOM-
MaKTHO, BOMPOCHI 3a1IUThI TAHHBIX HEKPUTUYHBI U B 0O03pUMOM OyayIiemM
HE OXWIAeTCs 3HAYUTEIBbHOTO pacuIMpeHus: GUpPMEL, a, CIeNOBaTebHO,
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u cetu. [Tonb3oBaTenu 1OKHBI 00J1a7aTh 1OCTATOYHBIM YPOBHEM 3HAHUIA,
YTOOBI YCIIEIIHO BBIMIOJHATh 00S13aHHOCTU AAMUHUCTPATOPA CBOETO KOM-
TbIOTEpa.

Cemu Ha ocHoge ébldenenH020 cepeepa. BuiIeneHHBIM Ha3bIBAIOT TAaKON
cepBep, KOTOPbIi (DyHKIIMOHUPYET TOIbKO KaK CEPBEP U HE UCTIOIb3YeTCs
B KauecTBe paboueii ctaHuuu. OH ONTUMU3UPOBaH 1151 ObICTPOI1 00paboT-
KU 3alIPOCOB OT CETEBBIX KJIMEHTOB W [UISI TTOBBIIIEHUS 3alIAILIEHHOCTH
(aiinoB u karanoros. CeTu Ha OCHOBE CEpBepa CTaIU MPOMBIIIJIEHHBIM
CTaHAAPTOM.

YToOBI CETU OTBEYAIM COBPEMEHHBIM TPEOOBAHUSIM MOJIb30BaTENEN,
B OOJIBIIKX CETSIX CEPBEPHI AEIAI0T CeNUaIu3upoBaHHbIMU. Hanpumep,
cepBepbl (HalIo0B U MeYaTu, CepBEPhI MPUIOKEHU, TOYTOBBIE CEPBEPHI,
KOMMYHUKAIIMOHHBIE CEPBEPBI, CEPBEPHI CIIYKO KATAIOTOB.

5.2. Tononoruna cetn

TepMuH KOMITOHOBKA WJIM TOIIOJIOTUS CETH 0003HAYaeT (pru3rndecKoe
pacmoyioXeHUe KOMITbIOTEPOB, Kabeslel M IPYTMX CETeBBIX KOMITOHEHTOB.
OT TOMOJIOTMH 3aBUCUT XapaKTepUCTUKa ceTU. BbIOOp Tomonoruu BausieT
Ha COCTaB U BO3MOXHOCTH CETEBOIO 00OpPYIOBaHMS, BOBMOXHOCTH pac-
IIUPEHUS] CETU M Ha CIIOCO0 yrpaBiieHUs ceThblo. JIJIsi coemnHEeHUsT KOM-
NbIOTEPOB B OOJIBIIMHCTBE CIy4aeB UCIIOIb3YETCSl KaOelb.

basoebie mononozuu

Bce cetu cTposiTcs Ha OCHOBE TpEX 6a30BbIX TOMOJOTHMIA: IMHA (bus),
3Be3ma (star) 1 KOJabIIo (ring).

B Tononorum wiuna (puc. 5.1) NCTIOIB3yeTCsT OMUH Ka0eIb, Ha3bIBaeMBIiA
MaTrHCTPAaJIbIO WIM CETMEHTOM, K KOTOPOMY IOTKTIOYEHBI BCE KOMITHIOTEP-
HBIE CETH. DTO caMasi IIpOoCTasi M IIOHaYajTy OblIa caMasi pacIpoCTpaHEHHAS
peann3aus CeTH.

JaHHBIe B BUIE SJIEKTPUICCKIX CUTHAJIOB IepenaloTCsI BCeM KOMITBIO-
TepaMm ceTr. MH(bopMamuio IoIyJIaeT TOT KOMITBIOTep, Yeit ampec 3aKomm-
poOBaH B 3TUX curHajax. [Ipon3BoaAUTENBHOCTh 3TOM CETU 3aBUCUT OT KO-
JIMYecTBa KOMITBIOTEPOB, IMONKIIOUYEHHBIX K IHHe. YeMm OoJbIe
KOMITBIOTEPOB, TeM OOJIBIIIEE MX YHCIIO OKHMIACT IIepeaadr, TeM MeIJICHHee
ceTh. [lepenayy MOXET BECTH TOJBKO OJWH KOMIbIOTeP. OTHAKO BHIBECTH
MIPSIMYIO 3aBUCUMOCTh MEXKITY ITPOU3BOIUTEIIFHOCTHIO 1 UMCIIOM KOMITBIO-
TEpPOB HENB3s, T. K. Ha IPOU3BOAUTEIIFHOCTD BIUSIOT U IPYTUe (DaKTOPHI,
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CepBep

Puc. 5.1. CeTb c TONonorunen wmHa

HaTpyMep: TUTI allIapaTHOTO 00eCTIeYeHU s KOMITHIOTEPOB; THI paboTato-
WX TPUIOXKEHUI; TUM CETEBOTO Kabessl; paCCTOSTHUE MEXIY KOMITbIOTE-
pamu B CETH.

[Ilnaa — 3TO TMacCMBHAS TOIOJOTUS. DTO 3HAYUT, YTO KOMITBIOTEPHI
TOJBKO CIIYIIAIOT MepeJaBaeMble JAaHHBIE, HO HE TIEPEMEIAIOT UX OT OT-
TIPaBUTEJIS K TIoTydareno. Eciu oquH 13 KOMITbIOTEPOB BBIMIET U3 CTPOS,
9TO HE CKaXeTCs Ha paboTe Beeil ceTr. DNeKTPUIECKUe CUTHATBI pacTIpo-
CTPAHSIOTCS OT OMHOTO KOHIIA KabeJst K pyromy. CurHait, focturast KOHIIa
Kabers, OyIeT OTpaKaThCs ¥ CO3aBaTh ITOMEXU MOJIe3HOMY cuTHaiy. YTo-
OBI IPEIOTBPATUTh OTPAKEHNE CUTHAIA HA KaXIOM CBOOOTHOM KOHIIE
Ka0ensT yCTaHaBIMBAIOTCS COTIacoBaTeNu, (110 aMepUKAHCKON TEePMUHO-
JIOTUW — TEPMUHATOPHI), KOTOPhIE MOTIOMIAIOT OTPAKEHHbIE CUTHAIIHI,
3a3eMJISIST X Yepe3 pe3nucTop.

Paciipenue cet ¢ TOTTOIOTHEH IITMHA TTIPOU3BOMIST IBYMSI CTIOCOOAMM:

1. Ucrronp3y1oT KoaKcHanbHBI pa3béM (barrel connector). CurHa npu
3TOM ociabeBaer.

2. Wcrionp3yloT moBTOpUTENh. B OT/IMuMe OT pa3béMa OH YCWJIMBAET
CUTHAJI TIepeJt Tiepeaaveii ero B mociemyomuii cerMeHT. Ero ncmonbp3oBaHme
TIPENIOYTUTETHHEE.

[MoBTropuTenu pabdoratoT Ha pusmaeckom ypoHe monenu OSI, Boc-
CTaHABJIMBAs CUTHAJ W TIEpenaBasi ero 4epe3 Apyrue cerMeHThl. UToOb
JIAHHBIE TTOCTYTIAJIN B IPYTO#l CETMEHT, KaXKIbIif N3 CETMEHTOB JOJDKEH UC-
TOJTh30BaTh OJWHAKOBBIE ITAKETHI U IPOTOKONEI. [loBTOpUTEIN HE UMEIOT
(yHkIMM TpeobpazoBaHus U GUIBTPALINM, HO TIOBTOPUTETb MOXKET Mepe-
JTaBaTh MAKeThl U3 OAHOTO TUIIA (PU3NYECKOTO HOCUTENS B Apyroii. [ToBTo-
pPUTETN — 3TO CaMBbIif AETIEBBII CTTOCOO pacIIMPUTh ceTh. UX TpuMeHeHMe
11e71ecoobpa3Ho, KOrna HeOOXOAMMO YBEIMUUTD JJTMHY CETMEHTA MU KO-
JIMYECTBO Y3JI0B U TPU 3TOM HET OrpaHnYeHus Ha TpadukK. [loBTopuTenu
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MEepEeNAloT MaKeThI, JaxXKe €CJIA JaHHbIE
WMEIOT UCKaXEHHYI0 MH(OpMaLIUIO
WX HE TIPEeAHA3HAYEHBI 7151 TaHHOTO
cermeHTta. Kpome Toro, noBroputenu
NepeaaroT BCE IMPOKOBEIIATeIbHbIE
MaKeThl, paCIpPOCTPaHSIs UX MO BCEX
CETH.

[Tpu Tontonoruu 3ge3da (puc. 5.2)
BCE KOMIIbIOTEPHI C TOMOIIIbIO CETMEH -
TOB Kabeynsd MOAKIIYAIOTCS K LEH- Puc. 5.2. CeTb c TONnonorven 3se3ga
TpaJIbHOMY KOMIIOHEHTY — KoHIIeHTpaTopy (hub). CurHaisl ot nepenaro-
IIETO KOMMBIOTEPA MOCTYNAIOT Yepe3 KOHIIEHTPATOP KO BCEM OCTAIbHBIM.

HenocraTtku 3101 TOMONMOTUU:

— 1151 OOBIIMX CETeH 3HAUUTENBHO YBEJIMUMBAETCS PACXO KaOess.

— €CJIM KOHIEHTPATOP BBIIAET U3 CTPOSI, OCTAHOBUTCS BCS CETh.

ITpu Tomonoruu ko1v40 BCe KOMIIOHEHTHI MOAKIIIOYAIOTCS K KaOeo,
3aMKHYTOMY B KOJIBIIO (pucC. 5.3). CUTHAJIBI TTEPENAIOTCs 110 KOJIbITY B OMTHOM
HaIpaBJIEHUU U TIPOXOIAT Yepe3 KaxIbli KoMrbioTep. Kaxabiii KoMIblo-
Tep BBICTYIMAET B POJIU MOBTOPUTENS, YCUIMBAsI CUTHAMIBI (3TO aKTUBHAS
TOMOJIOTUA, KaK U 3Be3aa). HeqocTaTok: eciy BBIXOOUT U3 CTPOSI ONUH
KOMITBIOTED, MPEKPAIAET PabOTy BCS CETh.

OnuH U3 crioco00B Mepeaayy TaHHbBIX MO KONbLEBOU CETH Ha3bIBAETCS
nepenadeit mapkepa. Mapkep (token) mociienoBaTeIbHO OT OZHOTO KOM-
MbIOTEPA K APYIOMY Tepenaércs A0 TeX Mop, MOKa ero He MOJYyYUT TOT
KOMITBIOTED, KOTOPBIN XOUET NepenaBaTh AaHHbIe. [lepenatomuii KoMmnbro-
Tep BUIOU3MEHSIET MapKep, T00ABIIIET K HEMY JaHHbBIE, aIPEeCHYI0 UHGOP-
MAII1IO U OTITPABJISIET AAJIBIIIE MO KOJbITY. JIaHHBIE MPOXOAST Yepe3 KaxKIblil
KOMIIBIOTED, OKA HE OKAXYTCH y TOTO,
yeit anpec COBMAJAET C aAPECOM MOy~
yatens. [Tocne 3Toro npuHUMaOIIUi
KOMITBIOTEP MOCHLIAET MEPEAAOIIEMY
coo0uIeHe, MOATBEPXKAAIOIIEE MPU-
éM. [TonyuynB monTBepxxaeHUe, Iepe-
TN KOMITBIOTEP TEHEPUPYET HO-
BbIIf MapKep U BO3BPAIIIAET €T0 B CETh.

KoHueHTpaTopbl. OmHUM 13 CTaH-
JTAPTHBIX KOMITOHEHTOB CETEM SIBIISIOT-
cs KoHLeHTpaTopbl. KoHIIEHTpaTophI Puc. 5.3. CeTb ¢ TONonorvemn KonbLo
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ObIBAIOT AaKTUBHbIE U MACCUBHbIE. AKTUBHbIE KOHLIEHTPATOPhl PEreHEepU-
PYIOT Y MEpenaroT CUTHaJbI TaK Xe KaK MOBTOpUTENU (0TCloaa APyroe Ha-
3BaHNWE — MHOTOIIOPTOBEIC MOBTOpUTEIN). OOBIYHO OHU MMEIOT OT 8 IO
24 TOPTOB NOOKITIOUYEHMS K KOMITBIOTePY. AKTUBHBIE KOHIICHTPATOPHI HAZIO
00s13aTeIbHO MOAKII0YATh K 2yieKTpoceTu. [lacCuBHbIE KOHLIEHTPATOPhI
MPOITyCKAIOT Yyepe3 ce0s1 CUTHAIbI KaK Y3JIbl KOMMYTAllUU, HE YCUIMBAs UX.
DT KOHIICHTPATOPBI HE HAIO TTOAKITIOYATh K JIEKTPOCETH.
TuGpraHBIMU HA3bIBAIOTCS KOHLIEHTPATOPbI, K KOTOPHIM MOXHO IO~
KJIt04aTh Kabeau pa3audyHbIX TUMOB.
KoH1eHTpaTophl 1al0T MpEeUMyLIECTBA:
— YIpOILAeTcsd U3BMEHEHNE KOH(MUTYpaLIMU CETU U e€ paclliupeHue;
— MOXHO MCITOJIb30BaTh Pa3IMYHbIE TOPThI 1S TOAKIIIOYEHMST Kabeneit
pa3HOro TUMa;
— €CTh BO3MOXHOCTb LIEHTPAJIM30BaHHOTO KOHTPOJIs 32 pabOTOI ceTu
U CeTeBbIM TpauKoM. MHOTrMe aKTUBHbIE KOMMYTAaTOPbl UMEIOT
BO3MOXXHOCTb JUATHOCTUKM Y BBISIBJIEHUSI HEPAOOTOCIOCOOHBIX CO-
eIVHEHUIA.

KOM6UHUPOBGHHbIe monosoauu

3ee3da-wuna (puc. 5.4). HecKojbKo TOIMOJOIUIA 3Be31a COSIUHSIIOTCS
C MOMOIIBIO MAaruCTPAIILHOMN JIMHEWHOM LLIMHBI.

Puc. 5.4. CeTb c TONONOrMen 3se3ga-wWnHa

3sez0a-xoavyo (puc. 5.5). OTIMYMe TOMOJIOTUM OT MPEAbIAYILEH B TOM,
YTO BCE KOHLIEHTPATOPHI MOAK/IIOYEHBI K LIEHTPaJIbHOMY KOHIIEHTPATOPY.
Jlornyeckoe KOJbLIO OpraHU3yeTCs BHYTPY IIABHOTO KOHIIEHTpaTOpa.

Tloanocesnsznas monoaoeus (puc. 5.6) COOTBETCTBYET CETH, B KOTOPOit
KaXIIblii KOMITbIOTED HEIOCPENCTBEHHO CBSI3aH CO BCEMM OCTaJbHBIMU

96



L J & ]
“_ml[uﬂ KoHlienpatop
1

Puc. 5.5. CeTb c TOnonorven 3se3aa-konbLo Puc. 5.6. NonHocBA3HasA Tononorna

(MOXeT paccMaTpMBaTbCS KaK KOMOMHALIMS MPEIbIIYIINX TOIIOJIOTHIA).
HecMoTpst Ha JIOTHYECKYIO POCTOTY, 3TOT BapUaHT OKa3bIBAETCSI TPOMO3/I -
KUM U He3(D(EeKTUBHBIM. [IeiiCTBUTEIBHO, B TAKOM CJIy4ae KaXKIbIii KOM-
MbIOTEP B CETH JOJLKEH UMETh OOJIBIIIOE KOJTUIECTBO KOMMYHUKAIIMOHHBIX
MOPTOB, TOCTATOYHOE IJISI CBSI3U C KaXKIBIM U3 OCTAJIbHBIX KOMITBIOTEPOB
ceTu. 17151 KaK 1ot mapbl KOMITbIOTEPOB TOJIKHA OBITh BhIIEIeHA OTAeIbHAS
uszngeckas muHus. [1oTHOCBSI3HBIE TOMOJIOTMU B KPYITHBIX CETSIX IPHU-
MEHSIIOTCSI PeNKo, TaK Kak ;s cBs13u N y3yoB Tpedyetcst N(N-1)/2 buszu-
YECKMX JYIUIEKCHBIX JIMHUM CBS3€i, TO €CTh UMEET MECTO KBaapaTHYHast
3aBHCHMOCTbD OT YMCJIa y3J10B. Yallle 3TOT BU TOMOJOTUM MCIIOTIb3YeTCs
B NIOOAIBHBIX CETSIX, 00BEMMHSIONINX HEOOJIBIITOE KOJTMIECTBO Y3JIOB.

5.3. CeteBble MOAenun N NPOTOKObI

B npotiecce nepenaym TaHHBIX OT OJHOTO KOMITbIOTEePa K IPYTOMY MOXK-
HO BBIIEJIATH CIEAYIOIINE 3aJa4N:

— pacrno3HaThb JaHHbIE;

— pa30buTh MaHHBIE HA YIIpaBIsieMble OJIOKU;

— n00aBUTh MH(POPMAIIMIO K KaXKI0MY OJIOKY, YTOOBI yKa3aTh MECTO-

HaXOXJeHUe NTaHHBIX U TTOTydaTeIs;

— 106aBUTh MHGOPMAIMIO CHHXPOHM3AIINY U TIPOBEPKU OIINOOK;

— TIOMECTUTH TAHHBIE B CETh U OTIIPABUTH IO aJpecy.

CeteBass OC npu BBITTOJIHEHUU BCEX 3TUX 3a1a4 CJENYeT CTPOrOMY Ha-
6opy npoueayp (TpoTokonoB). OHU PErNIAMEHTUPYIOT KaXIYI0 CETEBYIO
onepaiuio. B3aumoneiicTBre KOMITBIOTEPOB B CETU OTTUCHIBAETCS MOZIEITHIO
OSI u e€ monudukanueit Project §02.
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Mopgenb OSI. B 1978 rony opranu3zarus [SO BeiTycTuIa psin cniengu-
Kallnii, OTMCHIBAIOIINX ADXUTEKTYPY CETU C HEOMHOPOIHBIMU CBOMCTBAMMU.
HcxonHbIil JOKyMEHT OTHOCUTCSI K OTKPBITBIM CHCTEMaM, YTOObI BCE OHU
MOTJTU MCIIOTh30BaTh OMMHAKOBBIE TTPOTOKOJIBI M CTAHAAPTHI TSI 0OMeHa
uddopmanmeit. B 1984r. ISO BrITycTHIa HOBYIO BEPCUIO CBOE MOJIENN:
«dTaJIOHHAsI MOJENb B3aMMOAEUCTBUS OTKPBITHIX cuctemM» — Open
System Interconnection (OSI). OHa cTana MexXIyHapOIHBIM CTAHIAPTOM,
1 e€ crielUKaIMN UCTIONB3YIOT MTPON3BOIUTENY TTPU Pa3pabOTKe CETEBBIX
TPOMYKTOB. SIBIsISICH MHOTOYPOBHEBOI CUCTEMOI1, OHA OTpaXkaeT B3auMO-
JIeHiCTBUE aTIIapaTHOTO U MPOTPaMMHOTO 00eCTIeYeHUS TIPU OCYIIIECTBIIEe-
HUU ceaHca cBsizu. B Mmomenu OSI Bce dyHKIIMU pacnipeneseHbl IO CeMU
YPOBHSM (puc. 5.7).

7. NpuknagHow
6. MpencraBUTENbCKUN
5. CeaHcoBbIN

4. TpaHCMOPTHbIN

3. CeTeBON

2. KaHanbHbIn

1. Dusnyecknin

Puc. 5.7. Mogenb OSI

HwxHue yposHH (1,2) onipenessiioT hbU3nYecKylo CBA3b epenadyu 1aH-
HBIX U COOTBETCTBYIOIIME 3aJauu. BepxHue YpPOBHU OMpPenensioT, KaKuMm
00pa3oM OCYIIECTBIIETCS JOCTYIT MPUIOXKEHUI K YCIyraMm CBSI3U. YpOBHU
OTHENSAIOTCS IpaHUllaMU — WHTepdeiicamu. Kaxaplii ypoBeHb MpU BbI-
MOJHEHUM (DYHKIIUIA TTOJIB3YETCs YCIyTaMU HIKeJIexalero ypoBHs. Kax-
IIbIA YPOBEHb Ha KOMITbIOTEPE OTIIPAaBUTENSI pabOTaeT Tak, Kak OyATO OH
HampsIMYyIO CBSI3aH C TAKUM e YPOBHEM Ha KOMITbloTepe nostydartens. CBs3b
CYILIECTBYET BUPTYAJTbHO MEXIY CMEXHBIMU YPOBHSIMU KOMIIbIOTEpa-OT-
MpaBUTENSI U KOMITbIOTEpA-TIOIyYaTes, T. €. IporpaMMHOE o0ecrieyeHue
KaXXJI0TO YPOBHSI peau3yeT olnpeneaeHHbIe ceTeBble QYHKIIMU B COOTBET-
CTBUM C HAOOPOM MPOTOKOJIOB.

Ilepen nepenaveii B ceTh JaHHBIE pa30MBalOTCs HA MakeThl. [TakeT —
enuHulla MHbDOpMalIMY, TiepeqaBaeMasi MeX1y YCTPOMCTBAMU CETU Kak
enuHoe 1enoe. [TakeTsl MPOXOAsT MOCIEeN0BaTEIbHO Yepe3 BCE YPOBHU
nporpaMMHoro obecredeHusi. Ha kaxmoM ypoBHe K MakeTy 100aBsieTcs
HekoTopast nHdbopmMaius — dhopMUpyoNIas UIW aapecHasi, Kotopas He-
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obxoauMma Ui YCTIeIIHOM Mepefavu JaHHBIX 1o ceTu. Ha npuHuMaroieit
CTOpOHE TTaKeT IMTPOXOIUT BCE YPOBHU B 00paTHOM Topsinke. [IporpammHuoe
obecreyeHure YuTaeT MHGOPMAIIUIO MaKeTa, 3aTeM yaaisieT MHDOopMaluio,
JIOOABJIEHHYIO MAKETy Ha 3TOM e YPOBHE OTIPABUTENS, U MepeaacT UH-
dopmanuio cnenywonieMy ypoBHo. Korna naket noiaéT 10 MpUKIagHOTO
YPOBHS, BCS agpecHast uHgopMmanus OyaeT yaajieHa, U JaHHbIe PUMYT
MepBOHAYAIbHBIN BU. 32 UCKJIIOYEHUEM HUXKHETO YPOBHS CETEBOM MOjie-
JI HUKAKOW IPYyroil ypoBeHb HE MOXET MOCIaTh UH(MOOPMAIIUIO COOTBET-
CTBYIOIIIEMY YPOBHIO IPUEMHUKA.

IIpuxaaduoii ypogens TipencrapiisieT co0oii MHTepdeiic s foctymna
MPUKJIAJHBIX MPOLIECCOB K CETEBBIM yCAYraM U MOAIEPXUBAET HATIPSIMYIO
MPWIOXEHUS TIOJIb30BaTeNeld, HalIpUMep, IOCTyN K 6a3aM NaHHBIX, Iepe-
navy ¢aityioB, 1eKTpOHHYIO nouTy. [IpukianHoll ypOBEHb YIIpaBIsSIeT 00-
LM JOCTYIIOM CETH, TOTOKOM JaHHBIX U BOCCTAHOBJIEHUEM JAHHBIX MTOCJIE
c0O0EB CBSI3M.

IIpedcmasumenvckuii yposens oripenensieT Gopmar, UCIIONIb3YeMbIii TSI
oO0MeHa JaHHBIMU MEXIy CeTEBBIMU KOMITbIOTEpaMU (YPOBEHb-TIEPEBOI-
yuK). Ha koMmbloTepe-oTnpaBuTesie NTaHHbIE, TOCTYMAOIIKE OT MPUKJIA -
HOTO YPOBHSI, TIEPEBONSITCS B OOIIETIOHSITHBIN TMTPOMEXYTOUHBIN (hopMar.
Ha sToM Xe ypoBHE KOMITbIOTEpA-TIOIyYaTensl MPOU3BOAUTCS OOpaTHBIN
MepeBO/ U3 MPOMEXYTOYHOTO (hopMata B TOT, KOTOPBI UCTIONb3YETCS MMPU-
KJIaJIHBIM YPOBHEM NaHHOTO KOMIIbloTepa. [IpencraBuTenbCKuii ypoBeHb
OTBEYaeT 3a MpeoOpa30BaHUE MPOTOKOJIOB, TPAHCIISILIUIO AAHHBIX, UX IIUD-
poBaHue, Mpeodpa3oBaHKe MPUMEHSIEMOro Habopa CUMBOJIOB (KOTUPOBKY)
1 00paboTKy paclIMpeHuil rpadudyeckux KomaHa. OH Tak e OTBeJaeT 3a
cXaTue TaHHBIX 111 yMEeHbIlIeHUsI 00béMa Tpacduka. Ha 3ToM ypoBHe pa-
OoTaeT yTwiuTa, Ha3blBaemasi peaupekTopoM. E€ Ha3HaueHrne — mepeHa-
TIPABJISATH JIOKAJTbHBIE OTIepallNy BBOMA/BBIBOJA HAa CETEBOI cepBep.

CeaHcosbiii yposeHb TIO3BOJISIET IBYM TIPUJIOKEHUSIM, YCTAHOBJIEHHBIM
Ha pa3HbIX KOMITbIOTEpaX, HAUYMHATh, UCIOJb30BATh, 3aBEPILIATh COCAUHE-
HUs1, Ha3bIBaeMble ceaHcoM. Ha TaHHOM ypOBHE BBITIOJHSIETCS PACIO3HA-
BaHWE UMEH U 3alllUTa, HEOOXONUMBIE TS CBSI3U ABYX NpuiioxeHuii. Ce-
AHCOBBII YpOBEHb O0ECTIEYNBAET CHHXPOHU3ALIUIO MEX Y ITOJTb30BATETbCKUM
3aJa4aMU MOCPENCTBOM PACCTaHOBKM B MOTOKE MAHHBIX KOHTPOJBHBIX
Touek. B ciyyae ommbku motpedyeTcs 3aHOBO MEPENaTh TOJBKO TaHHbIE,
CJIeAyIOIINE 3a TTOC/IeNHE ! KOHTPOJIBHOM TOYKOW. DTOT ypOBEHbB YITPABJISI-
€T TUAJIOrOM MEXIy B3aUMOJEUCTBYIOLIMMU ITPOLIECCAMU, T. €. PETYTUPYET,
Kakas U3 CTOPOH, KOTrJa U KaK IOJIT0 JOJKHA OCYIIECTBISATh Mepeaayy.
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Tpancnopmmoiii ypoeers TApAHTUPYET NOCTABKY MAaKeTOB 0€3 OIMOOK
B TOI Xe MOCJIeN0BaTEbHOCTU 0€3 moTeph U aybnupoBaHus. Ha stom
YPOBHE KOMIbIOTEPA-OTHPABUTENSI JAHHBIE MEPEYMaKOBBIBAIOTCS: INIUHHbBIE
pa30UBAOTCS HA HECKOJIBKO MAKEeTOB, 2 KOPOTKHE OOBEAUHSIOTCS B ONVH.
D10 noBbImaeT 3(hHeKTUBHOCTH TIepeaadn MakeToB 1Mo cetu. Ha TpaHc-
TMOPTHOM YPOBHE TOJyYaTesss COOOIEHUE PACIIaKOBBIBAETCS U OOBIYHO
TOCBLIAETCS CUTHAJI TTOATBEPKACHUS TTPUEMA.

Cemesoli ypogenb OTBEYAET 32 aIpeCaINIO COOOIIEHUI 1 TIepeBOI JIOTH-
YEeCKUX aIpecoB M UMEH B (pusznueckue aapeca. 31ech ONpenesieTcst Mapii-
PYT OT KOMIIBIOTEPA-OTIPABUTENSI K KOMIIBIOTEPY-TTOIYyYaTeNIO; PEIIAIOTCS
3a/1aum, CBSI3aHHBIE C CETeBBIM TPA(UKOM, TaK1e, KAK KOMMYTalIUsI TTAKETOB,
MapuIpyTU3alus v neperpy3ku. Eciu ceTeBoii agantep MapIipyTu3aTopa He
MOXET nepenaBaTh O0IbIINE OJIOKU JAHHBIX, TOCTAHHBIX OTIIPABUTENIEM Ha
CETeBOM YPOBHeE, 3T OJI0KM pa3douBaioTcst Ha MeHbie. CeTeBoii ypoBeHb
ToJIy4yaresiss CoOupaeT 3TU JaHHbIE B UCXOMHOE COCTOSTHUE.

KananvHbwiil ypogens OCYLIECTBIISIET Tlepeaavy KaapoB TaHHBIX OT CeTe-
BOTO YpOBHS K huzndeckoMy. Kagp — gornyecky opraHu30BaHHAs CTPYK-
Typa, B KOTOPYIO MOKHO ITOMeINaTh JaHHbIE (puc. 5.8).

<

Puc. 5.8. CTpykTypa Kagpa faHHbIX

Ha pucynke 5.8: 1 — unentudukarop moiaydartensi; 2 — uaeHTU(UKA-
TOp OTHpaBUTENS; 3 — YIpaBiswoIias MHGhOPMAaIWs: UCTIOIb3YeTCs IS
MapIIpyTU3alliM U YKa3bIBaeT Ha TUII IIaKeTa U CErMEHTAalINIO; 4 — TaHHBIE;
5 — KOHTPOJIbHBIN OaliT — 3TO CBEACHMS, KOTOPbIE TTIOMOTaIOT BBISIBUTH
OLIMOKY TIpU Tepenaye.

KaHanbHbBIN ypoBeHb KOMIIBIOTEPA-TIOTYJIaTENs YITAKOBBIBAET «ChIPOI»
IMOTOK OUTOB, MOCTYIAIIMX OT (PU3UIECKOTO YPOBHS B KaAPhl TaHHBIX.
OH obecrieynBaeT TOYHOCTD Mepeaadr TaHHBIX MEXIY ABYMsI KOMITbIOTE-
pamu yepe3 pu3nIecKuii ypoBeHb.

Duszuueckuil ypoeeHb OCYLIECTBIISIET Mepeaadyy HeCTPYKTYPUPOBAHHOIO
(«CBIpOTrO») TTIOTOKA OUTOB T10 (PUBNYECKOM cpene. 31ech peaaTnu3yeTcs IeK-
TPUYECKUIA, ONITUYECKUIT, MEXaHNYEeCKUI 1 (PYHKILIMOHAILHBIN MHTEPPeiichl
¢ kabeneM. Dusnueckuii ypoBeHb (POPMUPYET CITy>KeOHbIE CUTHAJIBI, KOTOPbIE
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MEePEHOCHT JaHHbIE, TOCTYMUBIIME OT BhILLIENEXaIero yposHs. ConepxaHue
caMUX OMTOB Ha TaHHOM YPOBHE 3HAYEHMS HE UMeET. DTOT YPOBEHb OTBE-
YaeT 3a KOAMPOBAaHWE JAHHBIX U CHHXPOHU3AINIO OUTOB, TApAHTUPYS, UYTO
TiepegaHHast enMHUIA OyIeT BOCTIPUHSITA KaK eMHUIIA, 3 He KaK HOJTb. DTOT
YPOBEHb YCTAHABIUBAET IJTUTEIBHOCTD KaXI0ro OMTa U CITOCOO €ro mepeBo-
J1a B COOTBETCTBYIOIIME SJEKTPUUECKUE WU ONITUYECKUE UMITYITbCHI.
Mogenb Project 802. [1poekT Project 802 BeimyiiieH B (heBpase 1980 rona,
6bL1 pazpaboTaH B THCTUTYTE MHXXEHEPOB MO 3JIEKTPOTEXHUKE U DIEKTPO-
nuke — [EEE (anrn. Institute of Electrical and Electronics Engineers).
Project 802 ycTaHaBnuBaeT cTaHIapThI U151 PU3NYECKHUX KOMIIOHEHTOB
ceTu, UHTep(ENCHBIX MIaT U KaOEIbHBIX CUCTEM, C KOTOPBIMU CBS3aHBI
usnueckne n xaHambHble ypoBHU OSI. CraHmapThl, Ha3bIBaeMble
802-cnenuduxansiMu, pacrpoCTPaHSIOTCS Ha IJIAThI CETEBBIX aAANTEPOB,
KOMITOHEHTHI [JIOOATbHBIX BEBIYMCIUTENBHBIX CETEN U KOMIIOHEHTHI CETEeM,
ucnoib3ytomux kadenu. Hanpumep, 802.3 — okanbHast BRIMUCIUTEbHAS
ceThb apxuteKTyphl Ethernet; 802.4 — JIBC Tomosnoruu mmHa ¢ nepenaveit
mapkepa; 802.10 — 6e30macHOCTb CeTeit.
Project 802, monpo6HO onuchIBast KaHATBHBIN YPOBEHB, PA3MENIII €TO
Ha JIBa IMOITYPOBHSI:
— ympasieHue jorudeckoii cBsa3bio (LLC), T. e. ycTaHOBJIEHUE U1 pa3-
DBIB COEIMHEHM S, yTIPaBJIEHUE TTOTOKOM JaHHBIX, YITOPSIOYMBaHNE
U TIONTBEPXXAeHUE TIPUEMa KaIpOB;

— ynpasieHue goctynoM K cpene (MAC): onpeneneHre rpaHull Ka-
TIPOB, KOHTPOJIb OIITMOOK, paCcIIo3HABaHUE aIPECOB KalpPOB.
[MomypoBers MAC cBsI3aH C IJIaTOM CETEBOTO afanTepa U OTBEYaeT 3a
6e301IMO0YHYI0 TTepenavy JaHHBIX MEXITy TByMsI KOMITBIOTEPaMHU.
IIpomokoa — 3T0 HabOP MPABUI U TPOLIEAYD, PETYIUPYIOLIUIA MOPSIOK
OCYIIECTBJIEHUS HEKOTOPOI CBS3H.
CeTeBble MPOTOKOJIBI — MPaBWIaA U TEXHUYECKUE TTPOLIEAYPBI, TO3BO-
JISIOIIME HECKOJIBKAM KOMIThIOTEPAM MPU OOBEAUHEHNU B CETh OOIIAThCS
ZPYT C IPYTOM.
OcHOBHbBIE OCOOEHHOCTHU:
— KaXAbIil TPOTOKOJI UMEET CBOU LIEJIU, BBITIOJHSIET KOHKPETHBIE 3a-
Jlauu, 00JIafaeT CBOUMU MPENMYIIECTBAMU Y OTPAaHUYCHUSIMU;

— IMPOTOKOJIBI pabOoTa0T Ha pa3HbIX ypoBHsIX OSI. OyHKIMU TPOTO-
KOJIOB OTIPENENSIOTCS YPOBHEM, Ha KOTOPBIX OH PabOTaeT;

— HECKOJIBKO MPOTOKOJIOB MOTYT paboTaTh COBMECTHO. B aTOM cimyyae
OHM 00pa3yIoT CTeK Ui HAOOp MPOTOKOJIOB.
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[aHHble, IepenaBaeMble U3 OOHOM JTJOKATbHOW CETU B APYTYIO MO Of-
HOMY U3 BO3MOXHBIX MapIIPyTOB, HA3bIBAIOTCS MAPLIPYTU3UPOBAHHBIMU.
ITpoTokonsl, mognepxuBatoLIre nepeaady JaHHbIX MEXIY CETSIMU IO He-
CKOJIBKMM MapuIpyTam, Ha3bIBalOTCS MapIIPYTU3UPYEMBIMU.
Kaxnapiil ypoBeHb CTeKa MPOTOKOJIOB OMPEAENSEeT Pa3TudHbIE TPOTO-
KOJIBI JJ1s1 ynpasieHus1 GyHKUUsIMU cBsi3U. [Ipoliiecc, Ha3pIBaeMblil pu-
BSI3KOI, TO3BOJISIET TMOKO HACTPaMBaTh CETh M COYETATh ITPOTOKOJIBI U TU1A-
THI CETEBBIX afanTepoB. Eciau Ha KOMIbIOTEPE YCTAHOBIEHO OoJiee OTHOM
TUTaThl CETEBOTO aAamnTepa, CTEK MPOTOKOIOB MOXET OBbITh MPUBSI3aH KakK
K OJHOW, TaK U K HECKOJbKUM IuIaTaM. Eciu ¢ omHOI miaToil ceTteBoro
ajgarnrepa CBsI3aHO HECKOJIBKO MPOTOKOJIOB, TO MOPSIOK MPUBSI3KU OTIpe-
JIeNsIeT OYEPEMHOCTh, C KOTOPOI OyayT UCITONIb30BaThCS MPOTOKOJbI MPU
MOMNBITKAX YCTAHOBUTH coefruHeHe. [IpuBI3KY BBITTOTHSIOT IPU YCTAHOB-
JICHUU OTIEPALIMOHHOI CUCTEMBI MU MPOTOKOJIa. EC/iv momnbITKa CBSI3U MO
MepBOMY MPOTOKOJTy HEYIaYHA, KOMITBIOTEP MOMBITAETCS YCTAHOBUTH CO-
€NVHEHUE, UCTIOIb3YS CIEAYIOIIMI MO MOPSAKY IPOTOKOJ B CIIMCKE MPU-
BSI3KMU.
Cmandapmusie cmeku. B kauecTBe CTaHIAPTHBIX MOJIEJIEi IIPOTOKOJIOB
pa3paboraHo HeckonbKo Mopeneii ctekoB: OSI, Novell Netware; Habop
npotokosnioB MutepHera TCP/IP, mpotokomnsr pupmbr IBM: SNA u np.
ITpoTOKOJBI 3TUX CTEKOB BBITTOIHSIIOT CIEHU(UYECKYIO 711 CBOETO YPOBHS
paboty. KOMMyHUKAlIMOHHBIE 3aJa4U, KOTOPbIE BO3JIOXKEHBI HAa CETh, MO-
3BOJISIIOT BBIACIUTH CPEAUd MPOTOKOJIOB TPU TUMA: MPUKJIIATHbIE, TPAHC-
TIOPTHBIE U CETEBBIE.
IIpuknadnsie npomokoasl pabOTAIOT HA TPEX BEPXHUX YPOBHSIX MOIETU
OSI, obecrneunBaIOT B3aMMOIEHCTBHE IPUJIOXKEHUM 1 0OMEH TaHHBIMU
Mexay HuMmu. Haubosee nomyssipHble MPUKIJIaJHbIE TPOTOKOJBI:
— SMTP — nportokon MHTepHeTa 7151 0OMEHA 3JIEKTPOHHOM TTOYTOI;
— FTP — nporokon MHTepHeTa 1151 iepeaadu (aityios;
— SNMP — nportokon MHTepHETa 1711 MOHUTOPUHTA CETU U CETEBBIX
I1K;

— Telnet — mpoTtokon MHTEpHETA IS pErUCTPALK YIATEHHBIX XOCTOB
1 00pabOTKM JaHHBIX HA HUX;

— X 400 — mpoTOKOI TSI MEXIYHAPOIHOTO OOMEHA 3JIEKTPOHHOM
MOYTOM;

— X 500 — mpoTOKOJI CITy>KO0bI (haitIOB U KaTaJIOTOB.

Tpancnopmmusie npomoxoas: — MONAEPXKUBAIOT C€aHC cBsI3U Mexay [TK
U TApaHTUPYIOT HAIEXHBI OOMEH JaHHBIMU:
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— TCP — npokon rapaHTUPOBAHHOM TOCTaBKY TaHHBIX, pa30UTHIX Ha
TTaKeTHI;

— SPX — npotokon ¢dupmel Novell.

— UDP — nporoko:n monb3oBaTtenbekux neiitarpamm creka TCP/IP.

Cemesbie npomokoasl — OOECIIEUUBAIOT YCIYTH CBS3M, UMEIOT JEJI0
C aApecHOl U MapLIPYTHOI MH(pOpMaLIMENi:

— IP — cereBoii mporokon cteka TCP/IP;

— [PX — MmapiipyTu3npoBaHHbIi TPOTOKOA prupmbl Novell.

YcTaHOBKA U ynajieHUe TPOTOKOJIOB BBIMOJHSIETCS, TaK XK€, KaK U yCTa-
HOBKA U ynajeHue npaiiBepoB. OCHOBHBIE MMPOTOKOJbI aBTOMAaTUYECKHU
TIONKJTIOUAIOTCST TIPU TIepBOHAYAILHOM ycTaHOBKe camoit cuctembl. B OC
Windows rpoTtokosiom o ymomuyanuto sisisiercss TCP/IP.

Crek mporokonoB Muatepuer TCP/IP obpasyeT cerogHst HauboJee
pacHpoCTpaHEHHBI HAOOP, MOCKOJIBKY MOXET ObITh UCITOJIb30BaH IS
oOMeHa MaHHBIMU MEXIY JIIOOBIMU CBSI3aHHBIMU CETSIMU UM ONMHAKOBO
MOAXOAUT JUIS1 JIOKATIbHBIX U IIOOATBHBIX CETEN.
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