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BBenenue

[lenpr0 MPaKTHUYECKOTO PYKOBOJCTBA SIBISETCS OKa3aHHWE TOMOIIU
CTyJICHTaM B OCBOEHUHW TEOPHHU U MPAKTUKU MPOCKTUPOBAHUSI U TMOCTPOEL-
HUS JIOKAJTBHBIX BRIUUCIUTEIBHBIX ceTeil. B mocoOue BKIIIOUEHBI TEOPETH-
YECKHUE CBEJICHMSI, BOMPOCHI IJIi CAMOKOHTPOJISA, a TAKXKe 3aJaHusl K J1a0o-
paTOpHBIM padboTaM.

BrinonHeHue 1a00paTopHbIX padOT BKIIOYAET:

— TOCTAHOBKY 3a/1auyd B COOTBETCTBUM C TEMOU JlabopaTtopHoil pado-
ThI U COTJIACOBAHME €€ C MPETOoAaBaTeNIeM;

— YCBOEHHE CTYAEHTaMU HEOOXOJMMOT0 TEOPETUUYECKOr0 MaTepualia
o TeMe JJaOOopaTOPHOU PabOTHI;

CrpykTypa oT4eTa 1o JadopaTopHON padoTe BKIHOYAET:

Tema naGopatopHoil pabOTHI.
[{enb paboTHI.

ITocranoBka 3anayu.

X0 BBIMOTHEHUS PAOOTHI.
Pacneuarka oruera.
BriBoabl.

[IpakTUueckoe pyKOBOJICTBO aJPECOBAHO CTYJEHTaM CIHEIUaIbHOCTH
1-40 01 01 IIporpammHoe oOecrieueHrie UHPOPMALIMOHHBIX TE€X-HOJIOTHUH,
1-31 03 03-01 Ilpuknamgras MaremMaThka (Hay4YHO-TIPOU3BOACTBEHHAS JCs-
tenpHOCTh), 1-31 03 03-02 IlpuknagHas wmarTe-MaTthka (HAy4HO-
nejgarorunyeckas nearesibHocTh), 1-31 03 06-01 DxoHnoMuueckass kubepHe-
THUKa (MaTeMaTH4YeCKUe METOIbI U KOMIBIOTEPHOE MOJEIUPOBAHUE B IKO-
HOMHUKE).
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1 IIpOTOKOJIBI U CTAHAAPTHI JIOKAJIBHBIX CeTel

JIns ynpolieHus U, COOTBETCTBEHHO, YACUIEBICHUS anlapaTHBIX U
MPOTPAMMHBIX PEIICHU pa3paOOTYMKKU NEPBBIX JIOKAIBHBIX CETEW OcCTa-
HOBWJIMCh Ha COBMECTHOM HCIIOJIb30BAaHUHU Kabesiell BCEMU KOMITbIOTEPaMHU
CETHU B PEXKUME Pa3CICHUs] BPEMEHHU.

3a Bpemsi, MPONIEIIIEe C MOMEHTA MOSBICHUSI TTEPBBIX JIOKAIBHBIX Ce-
Tei, ObUIO pa3padOTaHO HECKOJBKO COT CaMbIX Pa3HBIX CETEBBIX TEXHOJIO-
TUii, OJHAKO 3aMETHOE PACIPOCTPAHEHHE MOJTYYUIM HEMHOTHE. JTO CBS-
3aHO, MPEXJE BCEro, C BHICOKUM YPOBHEM CTaHJApTU3ALUU MPUHIIMIIOB
OpTaHU3aluMu CETEN U C MOAAEPKKOM UX U3BECTHBIMU KOMIAHUSMU. Tem
HE MEHee, HE BCErJa CTaHAApTHbBIE CETH 00JIalaloT PEKOPIHBIMHU XapaKTe-
pUCTUKAaMH, 00ECTIEYMBAIOT HauboJee ONTUMAJIbHbBIE peXXKUMbI 0OMeHa. Ho
OombIIMe 00bEMBI BBIMYCKA MX almaparypsl U, ClIeJOBaTEIbHO, €€ HEBBI-
COKasi CTOMMOCTb JIal0T UM OTPOMHBIE NpeumyiiecTBa. HemanoBaxHo u To,
YTO TMPOU3BOJUTENHN MPOTPAMMHBIX CPEJICTB TAaKXKE B NEPBYIO OYEPEb
OPUEHTHUPYIOTCA Ha caMble pacnpocTpaHeHHble ceTH. [loaTomy mosib3oBa-
TE€Jb, BEIOMPAIOIIUM CTaHAAPTHBIE CETH, UMEET MOJHYIO TapaHTUIO COBME-
CTUMOCTH anmnapaTypbl U MPOrpamM.

B nHacTosiiiiee Bpemsi yMEHbIIICHUE KOJMYECTBa THUIIOB MCIOJIb3YEMBIX
CeTEeH CTaJI0 TEHACHUUEN. [[eJI0 B TOM, YTO YBEJIMUYEHUE CKOPOCTH IEpeaa-
YU B JIOKaJdbHBIX ceTsax a0 100 u gaxke 1o 1000 Mowut/c TpedyeT mpuMeHe-
HUS CaMbIX TEPEIOBBIX TEXHOJIOTUM, MPOBEJAEHUS JTOPOTHX HAyYHBIX HC-
cienoBaHuil. EcTecTBEHHO, 3TO MOTYT MO3BOJIUTh C€0€ TOJIBKO KpPYIHEH-
e GUPMBbI, KOTOPhIE TOAIECPKUBAIOT CBOM CTAHIAPTHBIE CETH U UX 0O0-
Jee COBEpIIEHHbIE pa3HOBUIHOCTH. K TOMy ke OOJBIIMHCTBO MOTpPEOUTE-
7€l y’)Ke YyCTaHOBUJIO Yy ce0sl KaKHe-TO CEeTH M HE XKeJaeT cpa3y M IOJHO-
CTBIO 3aMEHATh CETEBOE 000pyAOBaHUE.

B 1980 rony B unctutyre |IEEE Obu1 opranuzoBan komurer 802 no
CTaHAApTHU3AIMHU JIOKAIBHBIX CETEH, B pe3yabTaTe paboThl KOTOPOTO OBLIO
npuHato cemeiictBo crangaptoB |IEEE 802-x, koropeie comepkar peko-
MEHJIalIMM 10 TPOEKTUPOBAHUIO HIKHUX YPOBHEW JIOKAJIbHBIX CETEH.
[To3ke pe3ynbTaTbl pabOThl 3TOTO KOMHUTETA JIETJIW B OCHOBY KOMILIEKCA
MexayHapoaHbeix cranaaptoB 1SO 8802-1..5. Otu crangapThl ObUIH CO-
3/1aHbl HA OCHOBE OYEHb PACIPOCTPAHEHHBIX (PUPMEHHBIX CTAHIAPTOB Ce-
teit Ethernet, ArcNet u Token Ring.

[Tomumo IEEE B pabote no cranaapTusaiuu NpOTOKOJIOB JIOKAJTbHBIX
ceTell MPUHUMAJIA y4acTue U JIpyrue opranuzauuu. Tak, mas cetei, pado-
TaIIUX Ha ONTOBOJIOKHE, AMEPUKAHCKUM HHCTUTYTOM IO CTaHJIapTHU3a-
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i ANSI Ot paspabotan crangapt FDDI, oGecrieunBarommii CKOpoCTh
nepenauu ganubix 100 M6/c. PaboThl o cTangapTU3aIiuy NPOTOKOJIOB Be-
nyTcs Takxke accoruanuert ECMA, kotopoi npuHsTel ctangaptel ECMA -
80, 81, 82 mis nokanpHOM cetn Tma Ethernet u Bmocnenctsun crangapThl
ECMA-89,90 o meToay nepeaayu Mapkepa.

Cranmaptel cemerictBa IEEE 802.X oxBaThiBaroT TOIBKO JIBa HIKHUX
ypoBHs ceMu-ypoBHeBOM mozenu OS| - ¢uszndeckuit U KaHaIbHBIA. JTO
CBS3aHO C T€M, YTO UMEHHO OTH YPOBHHU B HaWOOJIbIICH CTEMIEHU OTpaka-
10T crienuuKy JOKaIbHBIX ceTeit. CTapinme ke ypOBHH, HaUYWHAS C CETe-
BOTO, B 3HAUUTEILHON CTETICHH UMEIOT OOIIHME YepPThI KaK IS JJOKAIbHBIX,
TaK U U T100aJIbHBIX CETEM.

Crnennduka JIOKaIbHBIX CETEH TaK)Ke HalllJla CBOE OTPAKCHUE B pas-
JICTICHAH KaHAJbLHOTO YPOBHS Ha JIBa MOAYPOBHS, KOTOPBIC YacTO Ha3bIBa-
10T Takke ypoBHsMmH. KanansHbiid ypoenb (Data Link Layer) memurcs B
JOKAJbHBIX CETSAX Ha JBa MOJYPOBHSI:

— nmoruyeckoi nepenaun nanubix (Logical Link Control, LLC);

— ynpasnenust noctymnoM k cpene (Media Access Control, MAC).

Yposerr MAC mosiBUiICS M3-3a CYIIECTBOBAHUS B JIOKAJTBHBIX CETAX
paszensieMol cpe/ibl epeaavn JaHHbIX. IMEHHO 3TOT ypoBeHb 00ecevu-
BaeT KOPPEKTHOE COBMECTHOE HCIIOJh30BaHKE OOIIEH Cpesbl, Pea0CTaB-
7511 €6 B COOTBETCTBUM C OMNPEIAEICHHBIM QJITOPUTMOM B PACHOPSIKEHUE
TOW WJIM WUHOM CTaHUUM ceTu. Ilocie TOoro Kak JOCTyIl K Cpelle MOJIY4YEH,
€10 MOXET TMOJIb30BaThCsl O0Jiee BHICOKUN YpoBeHb - ypoBeHb LLC, opra-
HU3YIOIIUN TIepeady JIOTHUECKUX €IUHUIl TaHHBIX, KaApOoB MH(GOpMAIUH,
C pa3IMYHBIM YPOBHEM KadecTBa TPAHCIOPTHHIX YCIyr. B COBpeMEeHHBIX
JOKANhHBIX CETSIX TMOJYYUIIM PACIPOCTPAHCHHE HECKOJIBKO MPOTOKOJIOB
ypoBHst MAC, peanu3yronux pazinyHble alfTOPUTMbI TOCTyNa K pa3aens-
eMoil cpenie. DTH NMPOTOKOJbI MOTHOCTHIO OMPEACIIAIOT CHEUU(PUKY TaKUX
TexHonoruii, kak Ethernet, Fast Ethernet, Gigabit Ethernet, Token Ring,
FDDI, 100VG-AnyLAN.

VYposenb LLC oTBeuaer 3a nepegady KaapoB JAaHHBIX MEXIY y3JIaMu
C Pa3nUYHOM CTEMEHBIO HAACKHOCTH, a TakKe peanu3yeT (QYHKIUU WH-
Tepdelica ¢ MpUJIETAIONIMM K HEMY CETeBbIM ypoBHEeM. MIMeHHO uepes
ypoBeHb LLC cereBoil mpoTOKON 3ampaiuBaeT y KaHaJbHOTO YpPOBHSA
HY>KHYIO €My TPaHCIIOPTHYIO OTEepalMio C HYy>KHbIM KauecTBoM. Ha ypoBHe
LLC cyiiecTByeT HECKOJIBKO PEKUMOB pabOThI, OTIIMYAOIIUXCS HATUYUEM
WIH OTCYTCTBHEM Ha 3TOM YPOBHE MPOIEAYpP BOCCTAHOBJICHHUS KaJpOB B
cily4ae WX TMOTepU WM HUCKAKEHHUS, TO €CTh OTIMYAIOIINXCA KauyeCTBOM
TPAHCIIOPTHBIX YCIYT 3TOTO YPOBHH.



[TpoTokonsr ypoBHeit MAC n LLC B3auMHO HE3aBHUCHMBI - KayKIbIi
npotokoa ypoBHA MAC MoxeT NpUMEHATHCS C JIOOBIM MPOTOKOJIOM
ypoBHs LLC, u Hao6opoT.

Cranpaptsl IEEE 802 nmeror gocratouno 4yetkyro CcTpyKTypy, IpUBe-
JeHHyto Ha pucyHke 1.1:

O6uwme onpeaenerus NIBC, cesA3b ¢ mogenbto ISO/OSI,
Bridging, QoS

802.1

KaHanbHbIi 802.2
ypOBEHb
LLC

Jorvnyeckue npoLe aypbl Nepe fjayuu kaapos
1 CBSA3b C CETEBbLIM YPOBHEM

802.3 802.5 802.11

MAC | Ethernet [CSMA/CD] | | Token Ring | | Wireless LAN
dusnyeckuin
ypopenb OKpaHUpoB aHHast FHSS 1Mbps

| 10Base-5,2, T, F | Buras napa (STP) I

| DSSS 1Mbps
4 M6ant/c (16 Méant/c |
| 100Base-TX, FX | DSSS11Mbps

| 1000Base-T, SX, LX |
I OFDM

10Gigabit

Pucynok 1.1 — Crpykrypa cranaapros [EEE 802.X

Ceroans komuteT 802 BKIIIOYAET CICAYIOUIUMN PsiJl TIOJJKOMUTETOB:

— 802.1 - Internetworking - o0beiMHEHNE CETEI;

— 802.2 - Logical Link Control, LLC - ynpaBnenue norudeckoit me-
penavyen TaHHbIX;

— 802.3 - Ethernet ¢ meTogom nocryna CSMA/CD;

— 802.4 - Token Bus LAN - joKaJIbHbIE CETH C METOJOM JIOCTYIIa
Token Bus;

— 802.5 - Token Ring LAN - nokanpHbIE CETH ¢ METOIOM IOCTYyIa
Token Ring;

— 802.6 - Metropolitan Area Network, MAN - ceTu MeramoJymcos;

— 802.7 - Broadband Technical Advisory Group - TexHuueckas KOH-
CyJIbTAIlMOHHAsI TPYIIIIA 110 ITUPOKOIIOJIOCHOM nepeaaye;

— 802.8 - Fiber Optic Technical Advisory Group - TexHu4eckasi KOH-
CyJbTaIIMOHHAS TPYIINA M0 BOJIOKOHHO-ONTUHYECKUM CETSIM;

— 802.9 - Integrated Voice and data Networks - uHTerpupoBaHHBIC
CETH Mepelaur rojioca v TaHHbIX;

— 802.10 - Network Security - cereBast 6¢3011aCHOCTb;

— 802.11 - Wireless Networks - 6ecripoBOIHbIC CETH;



— 802.12 - Demand Priority Access LAN, I00VG-AnyLAN - nokaib-
HBIC CCTH C MCTOJOM AOCTYIIA I1O Tpe6OBaHI/IIO C IPUOPUTCTAMMU.

Bonpocwl onsa camoxonmponn

1. C xaxoil 1enpio pa3pabOTYUKKU MEPBBIX JIOKAJIBHBIX CETEl OCTaHO-
BUJIUCh Ha COBMECTHOM HCIIOJIb30BaHWU KabOelleld BCEMH KOMIBIOTEPAMH
CETH B PSKHUME pa3ACIICHUS BPEMEHH ?

2.TloueMy cpean pa3HBIX CETEBBIX TEXHOJOTHH 3aMETHOE Pacmpo-
CTpaHEHUE MOJYYUSId HEMHOTHE?

3.TloueMy yMmeHBIIIEHHE KOJMYECTBA THIIOB HCIOJB3YEMBIX CETEH
CTaJIO0 TEHACHIIUEI?

4. Kakoil ctangapT paboTarouuii Ha ONTOBOJIOKHE ObLI pa3padoTaH
aMEpPUKaHCKUM MHCTUTYTOM 1o ctanaaptuzanuu ANSI?

5.Kakue ypoHu moxaenu OS| oxBaThIBalOT CTaHIApPTHI CEMEHCTBa
IEEE 802.X?

6. Ha xakue ypoBHHM JeIUTCS KaHaJIbHBIA ypoBeHb (Data Link Layer)
B JIOKQJIbHBIX CETAX?

7.Yto obecneunBaet ypoBerb MAC?

8. Kakue nmpotokonbl ypoBHss MAC mnonyunnu HamOosibiiiee pacipo-
cTpaHeHue?

9.3a uro orBeuaet ypoBeHb LLC?

10. Ilepeuuncaute XOTs OBl IATH MOAKOMUTETOB KomuTeTa 802 U Ha30-
BUTE UX (QYHKIIHH.

2 Texnosorusi Ethernet (802.3) u anropuT™Mbl
A0CTYNA K CETH

2.1 Cranaapt Ethernet

Ethernet — sTo cambIii pacnpocTpaHEHHBIH HA CETOMHSAIIHUHA JEHb
cTaHaapT JIokaiabHbIX ceTeil. Korna rosopsat Ethernet, To moa 3Tum 0ObIY-
HO TOHUMAIOT JIFOOOW M3 BapHaHTOB ATOM TexHojoruu. B Oosee y3kom
cmeiciie Ethernet - 3To ceTeBoi cTaHAapT, OCHOBaHHBIM Ha HKCIEPUMEH-
tanpHOU cetn Ethernet Network, koropyro dupma Xerox paspadorana u
peanu3oBana B 1975 rogy. Meroa noctyna Obu1 ompoOOBaH €Ile paHbIIIe:
BO BTOpPOM nosioBuHE 60-X rogoB B paauoceTu ['aBalicKkOro yHHUBEpPCUTETA
WCITOJIb30BAIMCH Pa3IMYHbIE BAPHAHTHI CIIy4alHOTO JOCTYIIa K OO0IIeH pa-
nuocpene, noiaydusiiue oOmiee HazBanue Aloha. B 1980 roxy ¢upmbl
DEC, Intel u Xerox coBMeCTHO pa3paboTaiyd U OMyOJIMKOBAIM CTaHIAAPT
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Ethernet Bepcuu Il myist cetr, mOCTpOEHHON Ha OCHOBE KOAKCHUAJILHOTO Ka-
Oensi, KOTOpBIM cTan mociaegHed Bepcue (UPMEHHOTO CTaHAapTa
Ethernet. TToatomy ¢upmennyio Bepcuto cranmapta Ethernet naspiBarot
crangaptoM Ethernet DIX wim Ethernet I1.

Ha ocnoBe cranmapra Ethernet DIX 6wt pa3zpaboran crangapt IEEE
802.3, KOTOpBI BO MHOTOM COBHAJAET CO CBOMM MPEAIIECTBEHHUKOM, HO
HEKOTOPBIC pa3Inuyus BCe ke UMEIoTCA. B To Bpems kak B ctangapre IEEE
802.3 paznuyatorcst ypoBau MAC u LLC, B opurunansaoM Ethernet o0a
9TU YpOBHS OOBEIMHEHBI B €IMHBIA KaHAIBbHBIA ypoBeHb, B Ethernet DIX
ompenensieTcs MpPOTOKoa  TecthupoBanus  KoHpurypamuu — (Ethernet
Configuration Test Protocol), kotopsiii orcyrctByeT B IEEE 802.3. He-
CKOJIPKO OTIIMYaeTcss U popMar Kaapa, XOTsS MUHUMAJIbHBIE U MaKCUMaJlb-
HbI€ pa3Mephbl KaJIpoB B ITHX CTaHAApTax COBMaaal0T. Yacto 1js Toro,
yT00Bb1 oTinuuTh Ethernet, onpenenennsiii crannaptom IEEE, u dpupmen-
Helii Ethernet DIX, nepBsiii Ha3piBatoT TexHosoruei 802.3, a 3a pupmen-
HBIM OCTaBJIsAIOT Ha3BaHue Ethernet 6e3 1oNoJHUTENBHBIX 0003HAYEHUH.

Bce Buanl cranmaproB Ethernet (B Tom uncie Fast Ethernet u Gigabit
Ethernet) uconb3yt0T OIMH M TOT K€ METO pa3eieHUs] CPEbl Iepeaadn
nmaHHbIX - Metogq CSMA/CD.

Bonpocwt ona camokonmponn

1. B xakom roay u kakue (pUpPMbI COBMECTHO pa3paboTajiud u omyo-
nukoBanu crannapt Ethernet Bepcuu Il st cetn, TOCTpOEHHON Ha OCHOBE
KOaKCHaJIbHOTO Kabens?

2. Ha ocHoBe kakoro crannapta Ethernet 6pu1 pazpabotan cranmapt
IEEE 802.3?

3. Kakoii nmporokous npucyrcrByer B Ethernet DIX u orcyrcTByeT B
IEEE 802.3?

4. Kakoil MeToJ pa3liesieHusi Cpelibl NMepesayl JaHHBIX HCIHOJIb3YIOT
Bce Buibl ctaHmaptoB Ethernet (B Tom umcne Fast Ethernet u Gigabit
Ethernet)?

2.2 Metoa ynpasJienusi oomenom CSMA/CD

Merton ynpasiaeaus oomenom CSMA/CD (Carrier-Sense Multiple
Access with Collision Detection — MHOKECTBEHHBIN JTOCTYI ¢ KOHTPOJIEM
HECyIeW u 00HapYyKEHUEM KOJIJIU3WM) OTHOCUTCS K ACHEHTPAIN30BaHHBIM
CIy4aiHbIM (TOYHEE, KBa3UCITy4ailHbIM) MeTogaM. OH HCIONIb3YETCS KaK B
o0bryHBIX ceTsx Thma Ethernet, Tak m B BBICOKOCKOpPOCTHBIX ceTsx (Fast
Ethernet, Gigabit Ethernet). I1pu onmcanuyu BpeMEHHBIX JHAarpaMM CETCH
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turma Ethernet m Fast Ethernet, a Taxke mpeaenbHBIX pa3MepOB IMAKETOB
(KaJpoB) MIMPOKO UCIIOIB3YIOTCS CIEIYIONINE TEPMUHBI:

— IPG (interpacket gap, MexxmakeTHas LI€ldb) — MUHUMAJIbHBIA TIPO-
MEXYTOK BPEMEHH MEXAYy NepenaBaemMbiMu makeramu (9,6 mkc mis
Ethernet / 0,96 mxc ns Fast Ethernet). Jlpyroe HazBanue — MeXKaIpOBBIii
WHTEPBaJ.

— BT (Bit Time, Bpems 6uta) — HHTEpBAI BpEMEHH JIJIs TIepeavn OJ1-
noro 6uta (100 He mist Ethernet / 10 ue qist Fast Ethernet).

— PDV (Path Delay Value, 3Hauenue 3aepxku B IyTH) — BpeMs IPO-
XOXKJIEHUS CUTHAJa MEXAY IBYMsI Y3JIaMH CETH (KPYroBO€, TO €CTh YABO-
CHHOE). YUYHUTBHIBAET CyMMapHYIO 3aJIepKKy B KaOeIbHOW CHCTEeMe, ceTe-
BBIX ajlanrepax, MOBTOPUTEISIX U IPYTUX CETEBBIX yCTPOMCTBAX.

— Collision window (OKHO KOJUIM3MM) — MaKCUMajlbHOE 3HAYCHHUE
PDV pgist nanHoro cermMeHra.

— Collision domain (06sacTe KOIM3MH, 30Ha KOH(IMKTA) — 4YacTh
CETH, Ha KOTOPYIO PAaCIPOCTPAHAETCS CUTYallUs KOJUTU3HH, KOH(DIUKTA.

— Slot time (Bpemsi kaHaya) — MaKCUMaJIbHO JOMYCTUMOE OKHO KOJI-
mu3uit aig cermenta (512 BT).

— Minimum frame size — MmuHMUMAaIBHBIA pa3mep Kazapa (512 our).

— Maximum frame size — makcuMaTbHBIN pa3mep Kajpa (1518 OaiT).

— Maximum network diameter (MakcUMaJbHBIN AWAMETP CETH) -
MaKCUMaJbHas OMyCTUMas JJIMHA CETMEHTA, P KOTOPOH €r0 OKHO KOJI-
JU3UN HE TIpeBhIIaeT slot time, BpeMeHu KaHaa.

— Truncated binary exponential back off (yceuennas nBouuHast sKc-
MOHEHIIMAJIbHASL OTCPOYKA) — 3aJIepKKa Mepes] CASAYIONEH MOMbITKOM me-
pefadn MmakeTa MOCie KOJIU3UH (OMyCKAeTCs MAKCUMyM 16 MOMBITOK).
Boruucnsiercst oHa no cnenyronieit gpopmyre:

RAND(0,2m"M19) x 512 x BT,

rae N — 3Hauenue cueryrka nomnbiTok; RAND(a, b) — reneparop ciy-
JalfHBIX HOPMAaJIBHO paCIpEACIICHHBIX IICNBIX YHCENl B JUaIla30HE a...b,
BKJIIOYAs KpaliHue 3HadeHus. [luckper u3MeHeHus TaHHOTO TlapameTpa pa-
BEH MUHHUMAJIBHOW JJIMHE TAKeTa WM MAKCUMAJIbHO JONMYCTHUMOW JBOM-
HOU 3aJIepKKe pacnpocTpaHeHus curaia B cetu (PDV).

Ha pucynke 1.2 mokazaHa CTpyKTypHas CxeMa aJropuTMa JOCTyIa K
cetu B cooTBeTcTBUU ¢ MetogoM CSMA/CD mist ogHOro u3 abOHEHTOB,
UMEIOIIUX JaHHbIE (KaJphl) IJIs MepeaayH.

B navanme w3 kaapa, mpeaHA3HAYEHHOTO IS Tiepeaadd, aOOHEHT
(yzen) popmupyer maker. Jlanee npu ob6o3HaueHUU OJI0KOB MUH(pOpMAIIUH,
nepeaBaeMbIX MO CETH NP Hcnosib3oBaHuu anroputMa CSMA/CD, no-
HATHS "kanap" m "makeTr" HE pazNIMYAKOTCS, YTO HE COBCEM MPABUIIBHO, HO
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COOTBETCTBYET CJIOKHBIIEHCS MpakThke. Eciii mociie MOArOTOBKU MaKeTa
ceTb cBOOOAHA, TO a0OHEHT (y3€]) MMeeT MpaBo HayaTh nepenady. Ho B
NEPBYIO OUYEPE/lb OH JIOJHKEH MPOBEPUTH, MPOIILIO JIM MUHUMAILHO JOMY-
ctumoe Bpems [PG mocne mpenpinymiel nepenayu (0ok 1 Ha pucyHke
2.1). Tonbko 1o okoH4aHuu BpemeHu [PG aboHEHT MOXKET HayaTh nepea-
gy OUTOB CBOETO MmakeTa (070K 2 Ha PUCYHKE).

[Tocne mepemaunm kKaxaoro Outa abOHEHT MPOBEPSET HATUYUE KOH-
dbaukra (koum3uu) B cetd. Eciam Koimu3uil Her, mepeiadya OUTOB Mpo-
JIOJDKAeTCs 0 OKOH4YaHUs makeTa (00K 4 Ha pucyHke). B atom cioydae
CUMTAETCS, UTO Tepeiaya mpoliia yCIenrHo.

Ecnu nocne nepegaun kakoro-to Oura oOHapy»KeHa KOJUIU3Hs, TO Te-
penada makera npekpamiaercs. AOGOHEHT (y3en) yCHIMBAET KOJUIU3HIO, Te-
penaBas 32-6utoBslii curHain [TPOBKA (JAM) u HauMHaeT TOTOBUTHCA K
cieayronien nonsitke nepenauu (0yok 3 Ha pucynke). Curnan [IPOBKA
rapaHTHPYeT, 4TO (HAKT HAIMYUS KOJUTU3MHM OOHApy>KaT BCce aOOHEHTHI,
y4acTBYIOIIUE B KOH(DIIUKTE.

[Tocne nepenaum curnana [IPOBKA aboHeHT, 0OHapyX UBIIUN KOJI-
JU3UI0, YBEJIMUMUBAET 3HAUCHHE CUETUMKA YUCIA TIONBITOK (Tepe]] HadyaaoM
nepeayu CYeTYUK ObLT COPOIIIEH B HYJIb). MaKCUMalIbHOE YHUCIIO MOMBITOK
nepeadyn JOJDKHO OBITh HE Oosiee 16, MOATOMY €Clid CUETYHK IOIMBITOK
NEPETNOJHUIICS, TO MOMBITKY MepeaaTh MakeT npekpaimarTcs. Cuuraercs,
YTO B ATOM CIIydyae CETh CUJIBLHO IEPErpy>keHa, B HEHl CIUIIKOM MHOTO
KOJUTM3UH. DTa CUTyalus — aBapuiiHas, © oOpabarbiBaeTcsi oHa Ha Ooiee
BBICOKMX YPOBHSIX ITPOTOKOJIOB 0OMeHa. Eciu e KOJIM4eCTBO MOIBITOK HE
IpEeBBICUIIO 16, TO MPOU3BOJIUTCS BBHIYMCICHUE BEIIMYUHBI 33JIEPKKU T10
puBEJEHHON (popMyIie, a 3aTeM U BBIJIEPKKA BHIUUCICHHOT'O BPEMEHHOTO
uHTepBayia. CiiyyallHBIA XapakTep BETUYUHBI 3aJIEPKKHU C BHICOKOU CTere-
HBIO BEPOSITHOCTU TFAPAHTUPYET, UTO y BCEX aDOHEHTOB, YYaCTBYIOIIHUX B
KOH(DIIMKTE, 3aAep>KKH OyAyT pa3iuyHBIMH. 3aT€M MOMBITKA NEepeaaTh mna-
KET MOBTOPsIETCS ¢ Hayaia. AOOHEHT, Y KOTOPOrO BBIUMCIICHHAS 3aJIepKKa
OyZeT MEHbIIe, HAYHET CJICAYIONIYI0 Tepeaady MepBbIM U 3a0JIOKHPYET
BCE OCTaJIbHBIC MEPEIaAUH.

Eciu B MOMEHT BO3HUKHOBEHHUSI 3aBKH Ha Tepenavy (Mmocjie oKoHYa-
HUS TIOJITOTOBKH TAKeTa) CETh 3aHATa APYTUM aOOHEHTOM, BEAYIIIUM TIepe-
nady, TO JaHHBIM aOOHEHT JKJIET OCBOOOXKIEHUS ceTH (OJI0K 5 Ha PUCYHKE).
ITocne ocBOOOXIEHHMS CETM OH JOJDKEH BbDKIAaTh Bpems [PG mocne
peapIayIel mepenadu mo CeTu A0 Hadajla COOCTBEHHOW mepenayu. ITo
CBA3aHO C KOHEYHBIM OBICTPOACHCTBHUEM Y3JIOB, OCYIIECTBIISIIOLIUX IPO-
BEPKY HaIW4UMs HECYIIeH (3aHSTOCTH Cpeabl KaKUM-THOO0 TMepenaroiinm
a0OHEHTOM).
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Pucynok 1.2 — CtpykTypHas cxema aJlrOpuTMa JIOCTYIa K CETH B COOTBETCTBUU C
metonoM CSMA/CD

Takum oOpazom, nomyyaercsi, yto mMetoaq CSMA/CD He TOnbKO HE
IPEeIOTBpalIaeT KOJUIM3UH, HA0OOPOT, OH MX MPEANOJIaraeT U Aaxke Mpo-
BOLIMPYET, a 3aTeM paspemaer. Hanpumep, ecnu 3asBKU Ha mepegady BO3-
HUKIIM Y HECKOJbKUX a0OHEHTOB BO BpEMs 3aHSITOCTH CETH, TO IMOCIE €€
OCBOOOXICHUSI BCE ATU a0OOHEHTHI OJJTHOBPEMEHHO HAUHYT Tepeaady u 00-
pa3yroT Kojuin3uio. Komnu3uu nosBisioTcs U B ciy4yae CBOOOJIHOM ceTw,
€CJIM 3asiBKM Ha Nepeayy BO3HUKAIOT Y HECKOJIbKUX aOOHEHTOB OJHOBpE-
MeHHO. B o0oux ciydasx moja ciioBoM "OJHOBpEMEHHO'" MOHUMAaeTcs "B
npeaesax MHTepBaia IBOMHOIO MPOXO0KICHNS CUTHAJIA 10 CETH'', TO €CTh B
npenenax 512-0uToBbIX MHTEpBanoB. ToyHO Tak ke B mpexaenax S512-
OUTOBBIX UHTEPBAJIOB OOHAPYKUBAIOTCS BCE KOJIJIM3UU B CETH.
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Ecnu xonnusust o6HapyxuBaercs panbiie 480 — OUTOBOTO MHTEpBAJIa,
TO B pe3yJibTaTe€ B CETH OOpa3yrOTCs MAaKEThl, JJIMHA KOTOPBHIX MEHBIIIE
HUKHETO YCTAaHOBJICHHOTO Tipesena B 512 — OutoBeIix nHTEpBaAIOB (64 Oaii-
Ta) maxe ¢ gobaBineHuem curHama [IPOBKA. Takue makersl (Kaapsl)
HA3BIBAIOTCS KAPJIUKOBBIMU. ECiin e KOuM3usi 00HAPYKMBAETCS B KOHIIC
512-6utoBoro mHTepBana (mocie 480 — OMTOBOro WMHTEpBaja), TO B pe-
3yJbTaTE MOKET MOJIYYUTHCS MAKET JAOMYCTUMOM IIMHBI (BMECTE C CUTHA-
aom TTPOBKA). Takue makeTbl Ha3bIBaTh KAPJIUKOBBIMU HE COBCEM KOP-
pektHo. Curnan [TPOBKA, o6pa3ytomuii 32 nocieqHux OWTa Mmakera, Bbl-
CTyHaeT B BUJAE KOHTPOJIbHON CyMMBbI TlakeTa. O HaKO BEPOSITHOCTHh TOTO,
yto [TPOBKA Oyner cooTBeTCTBOBaTH MPABHIBHON KOHTPOJBHOU CyMMe
naketa, 6ecCKkoHeuHO Maia (mpuMepHo 1 ciaydaii Ha 4,2 MIIITHAPAA).

Komnu3uu (HanokeHusi MakeToB B Ipollecce Nepefaayd) MOTyT U
JOJDKHBI OOHAPYKUBATHCS O OKOHYAHUS TTepeIavH.

[IpakTUuecku KOJUIU3UU OOHAPYKUBAIOTCS JTMOO CaMUM TIEPEar0IIM
a00HEHTOM, JIUOO MOBTOPUTEISIMU B CETH, BO3MOXKHO, 3a/I0JIT0 JO OKOHYa-
HUA Tepeaadyu 3aBEIOMO MCIOpPYEHHOTOo makera. Eciu ydecth, 4TO JJIMHA
nakeToB B JiokasbHOU ceTn Tumna Ethernet / Fast Ethernet moxer nexatpb B
nuana3zone oT 64 no 1518 Oaiit, TO 1OCPOUYHOE MpEKpalleHUEe Nepeaayu u
OCBOOOXJICHUE JIMHUHM O3HAYaeT 3aMETHOE MOBbIIIeHNE 3(P()EKTUBHOCTH
UCIIOJIb30BAHUSA €€ MPOIYCKHON CITIOCOOHOCTH.

[lepBbIM MPU3HAKOM BO3HMKHOBEHUS KOJUTU3UU SIBIACTCS (DAKT MOJTY-
yenusi curHana [TPOBKA mnepenatomium aGOHEHTOM BO BpeMs Nepeaadu
naketa. Jlpyrue npu3HaKy CBsI3aHbI C HEBEPHBIM (pOPMATOM ITaKETOB, Tie-
penaya KOTOPhIX ObLIa JOCPOUYHO MPEKpallleHa U3-3a BOZHUKHOBEHUS KOJI-
JU3HU:

— JIJIMHA MmaKeTa MeHbline 64 (72 ¢ npeamOyoit) 6aitt (512 (576) 6ur);

— TaKeT UMEET HeBEPHYI0 KOHTpoabHYI0 cymMmMy FCS (Tounee, HeBep-
HBIN HUKJINYECKUH KOJ);

— JUIMHA MaKeTa HE KpaTHA BOCHMH.

Hakownern, B Takux cetsx kak Ethernet ucnonb3yercs kojq Manuectep-
I u anmapatHbIii c0cO0 omnpeAeeHns KOJUTM3UU, OCHOBAHHBIM HA aHAJIH-
3€ OTKJIOHEHUS CPEIHETO 3HAUEHUSI CUTHAJIA OT HYJISI.

Jaxe mipu 3arpyXK€HHOW CETH JJI OJTHOTO0 aOOHEHTa YMCJIO TMOJPST
CJIEYIONINUX KOJJITM3UM OOBIYHO HE TpEBBIMIaeT 3. DTOMYy CHOCOOCTBYET
CIIy4alHbI XapaKTep BO3HUKHOBEHHUS 3alpoca Ha MeEpeaady M ciaydanHas
JTUCKpETHAsl BEJIMYMHA OTCPOYKH CIIEAYIONIEH MOMBITKU Tepefadyu Ipu
BO3HUKHOBEHUU KOJUTM3UHU. UYHCIIO KOJUIM3UW TeM OOoJble, 4eM OoJIblie
nuaMeTp (pa3mMep) CerMeHTa M 4eM Jajblle PacroyoKeHbI APYr OT Apyra
a0OHEHTHI C UTHTEHCUBHBIM TPaPUKOM.
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Bonpocwl ona camokonmpona

1. Jlaiite onpenenenue Mmetoaa ynpasieHus oomenom CSMA/CD.

2.UYto takoe IPG (interpacket gap, mexmnakernas mienn), BT (Bit
Time, Bpems Outa), PDV (Path Delay Value, 3Hauenue 3a1epxku B IyTH),
Collision window (okxHo koumm3uii), Collision domain (007acTh KOJUIH3HA,
30Ha KOH(HKTA, Slot time (Bpems kaHana)?

3. Uro Takoe minimum frame size, maximum frame size u yemy oHu
paBHBI?

4. Yto takoe truncated binary exponential back off (yceuennas npo-
WYHAs SKCITOHEHIINAIbHAS OTCPOUYKA) M KaK OHA BBIYHCIIACTCS ?

5. OnummuTe alropuTM IOCTyHa K CETH B COOTBETCTBHH C METOJOM
CSMA/CD pans ogHOoro m3 abOHEHTOB, MMEIONIUX JaHHBIC (Kaaphl) IS
nepeaayu.

6. Uto Takoe Koyum3us?

7. KeM mpakTuuecku 0OHapyKUBAIOTCS KOJUTU3UU?

8. Uto siBsieTCS TTePBBIM IPU3HAKOM BO3HUKHOBEHUS KOJUTU3UH?

9. Kakwe cymiecTByoT WHBIE TPU3HAKNA BO3HUKHOBEHUS KOJITU3HH ?

10. Kaxoit kon mudposanus ucnosb3yet Ethernet?

2.3 Bpemss aABOIHOro 000poTa W Ppacno3HABAHUE
KOJUIM3U I

YeTkoe pacrio3HaBaHWE KOJUIM3UKA BCEMM CTAaHIUSIMU CETH SABJISECTCS
HEO0OXOAUMBIM yCIIOBUEM KOPpeKTHOM pabotsl cetu Ethernet. Ecnu kakas-
A100 mepenaroias CTAHIM HE PACO3HAET KOJUIM3UIO U PELIUT, YTO Kajp
JAHHBIX €10 TIEPEeJaH BEPHO, TO ITOT KaJp NaHHBIX Oyaer yrepsiH. U3-3a
HAJIOKEHHUS CUTHAJIOB MPHU KOJUIM3UU UH(POPMAIIUs KaJapa UCKA3UTCs, U OH
Oyner oTOpakoBaH MPUHUMAIONIEH CTaHIUEW (BO3MOXKHO, M3-3a HECOBIA-
JICHUSI KOHTPOJbHOM cyMMmbl). Ckopee Bcero, UCKakeHHas HHbOopMaius
OyZeT MOBTOPHO MepeaHa KaKUM-IHOO MPOTOKOJIOM BEPXHETO YPOBHS,
HAIIpUMEpP TPAHCIOPTHBIM WJIU MPHUKIATHBIM, PaOOTAIOMNM C YCTaHOBIIE-
HUEeM coenuHeHus. Ho moBropHas mepepada cOOOIIEHHS] MPOTOKOJIAMU
BEPXHUX YPOBHEH MPOU3OMACT Yepe3 3HAUYUTEIbHO OoJiee JJIUTEIbHbIN UH-
TepBaJ BPEMEHHU (MHOTAA JAKE Yepe3 HECKOJIBKO CEKYHJI) 110 CPABHEHUIO C
MUKPOCEKYHJIHBIMU HMHTEpPBaJIaMH, KOTOPBIMU ONEPUPYET MPOTOKOJI
Ethernet. IToaToMy ecnu koM3UM HE OYIyT HAJEKHO PACIO3HABATHCS
y3namu cetu Ethernet, To 3T0 mpuBeneT K 3aMETHOMY CHIDKCHHIO TOJIE3-
HOM MIPONYCKHOM CITOCOOHOCTH JJAHHOU CETH.

JIns Hame)KHOro pacmno3HaBaHUsA KOJUIM3MM JOJDKHO BBITOJHATHCS
cleayrouee COOTHOLICHUE:
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Tmin >=PDV,

rae Tmin - Bpems Iepegayd Kajapa MUHAMAJIbHOM JuMHBL, a PDV -
BpEMsI, 32 KOTOPOE CUTHAJ KOJUIM3UM YCIEBAET PACHPOCTPAHUTHCA O Ca-
MOTO JTAJIbHETO y3J1a CETH.

Tak kak B XyJIlIeM ciy4ae CUTHAJI JOJDKEH MPOWTHU JBAXKIBI MEXKITY
HamOoJiee yAAJICHHBIMU JIPYT OT ApPYyra CTaHIUSAMU CeTU (B OJHY CTOPOHY
IPOXOJAUT HEUCKAXKEHHBIN CUTHAJI, & HA 00paTHOM IyTH PaCTPOCTPaHsIETCs
y)K€ MCKaKEHHBIM KOJUIM3UEU CUTHAN), TO 3TO BpEeMsl Ha3bIBACTCS BpeMe-
HeM ABOHHOro oobopora (Path Delay Value, PDV).

[Ipy BBIMOJHEHUU STOrO YCJIOBUS Mepeaarolias CTaHIUs JOJDKHA
ycrneBaTh OOHAPYKUTh KOJUIM3HIO, KOTOPYIO BhI3BAJI NIEPEJAHHBIN €€ KaJp,
€Ile 10 TOro, KaK OHA 3aKOHYHT Mepeaady 3TOro Kajpa.

Ou4eBHUJIHO, YTO BBITIOJIHEHUE 3TOTO YCJIOBUS 3aBUCHUT, C OJHOM CTOPO-
HbI, OT JIJTMHBI MUHUMAJIBHOTO KaJIpa U MPOMYCKHON CIIOCOOHOCTH CETH, A C
JIPYrol CTOPOHBI, OT JJIMHBI KaOEIbHOW CHUCTEMBI CETH M CKOPOCTU pac-
MPOCTpaHEHUs CUTHAJIAa B Kabese (JJ1s1 pa3HbIX THUIIOB Ka0ess 3Ta CKOPOCTh
HECKOJIbKO OTJIMYAETCH ).

Bce mapamerpsl nportokona Ethernet momoOpanbl Takum o06pazom,
YTOOBI MPU HOPMAJILHOU pabOTE y3JI0B CETU KOJUIM3UU BCErjia YETKO pac-
no3HaBanch. [Ipu BeIOOpE mapamMeTpoB, KOHEYHO, YUUTHIBAJIOCH U TIPUBE-
JICHHOE BBIIIIE COOTHOIIEHUE, CBA3BIBAIOIIEE MEXTY COOOH MUHHUMAIIbHYIO
JUIMHY KaJipa U MaKCUMaJbHOE PACCTOSIHUE MEX/y CTAHIIUSIMU B CETMEHTE
CETH.

B crannapre Ethernet mpunsTO, 4TO MUHUMAaJIbHAS JIJTMHA TIOJS JIaH-
HBIX KaJipa cocTaBisgeT 46 O0alT (UTO BMECTE CO CIIY>KEOHBIMU MOJISIMU JIAET
MUHUMAJIbHYIO IJIUHY Kajapa 64 OailiT, a BMecTe ¢ mpeaMOyion - 72 Oait
i 576 6ut). OTCI0/1a MOKET OBITH OINPEJIENIEHO OrpaHUYCHUE Ha PacCTO-
STHUE MEXK/Ty CTAaHIIUSIMU.

Hrak, B 10-meradbutnom Ethernet Bpems mepenaun kajapa MUHUMAIIb-
HOM JIMHBI paBHO 575 OWTOBBIX MHTEPBAJIOB, CIIEIOBATEIBHO, BpeMs
JBOMHOTO 000pOTa JOKHO OBITH MeHbIe 57,5 Mkc. Paccrostaue, KoTopoe
CUTHAJI MOXKET MPOUTHU 3a 3TO BpeMs, 3aBUCUT OT THUIA KaOemns U JJisi TOJ-
CTOr0 KOaKCHaJIbHOTO Kalenst paBHO npumepHo 13 280 m. YuuteiBas, 4To
3a 3TO BPEMSsI CUTHAJ JIOJKEH MPOWTH IO JIMHUU CBSI3U JBAXKbI, PACCTOS-
HUE MEXIY IByMsl y3J1aMH He JOJIKHO ObITh Oosbiie 6 635 M. B cranmapre
BEJIMYMHA ITOTO PACCTOSHUSI BhIOpAaHA CYIIECTBEHHO MEHBIIE, C YYETOM
Ipyrux, 60jiee CTPOTUX OTpaHUYEHUH.

OaHO W3 TaKUX OTPAaHMYEHUN CBSI3aHO C MPEEIbHO JOMYCTUMBIM 3a-
TyXxaHueM curHana. [[ns obecnieyeHus HEOOXOIMMOUW MOIIHOCTU CUTHaja
IpU €ro MPOXOXKICHUU MEXAy Hambojee yAaJeHHBIMU JIPyr OT Jpyra
CTaHIIMSIMUA CErMEHTa Kabeyisi MakCUMayibHas JJIMHA HEMPEPBhIBHOTO CEr-
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MEHTa TOJICTOTO KOAKCHUaJbHOTO Kalemsi ¢ yueTOM BHOCHMOIO MM 3aTyXa-
Hus BeiOpaHa B 500 M. O4eBuiHO, uTO Ha Kabese B 500 M yciioBUs pacmo-
3HABaHUS KOJUIU3UHN OyAYT BBITIOJHATHCS C OOJBIIMM 3aacoM JIsl KaJpOB
10001 CTaHAApTHOM JUIMHBI, B TOM 4ucle U 72 OalT (BpeMs JIBOMHOIO
obopota no kabemo 500 M coctaBisier Bcero 43,3 OUTOBBIX MHTEpPBAJA).
[ToaToMy MUHUMAaNbHASA JJIMHA KaJpa MOria Obl OBITh YCTAHOBJIEHA CIIIE
MeHble. OIHaKo pa3pabOTYMKUA TEXHOJOTUM HE CTaJM YMEHbIIATh MUHHU-
MaJbHYIO JUIMHY KaJpa, UMes B BHUJY MHOTOCETMEHTHBIE CETH, KOTOPHIE
CTPOSITCS M3 HECKOJIBKUX CETMEHTOB, COCIMHEHHBIX TOBTOPUTEISIMH.

[ToBTOpUTENN YBEIMUYUBAIOT MOIITHOCTD MEPEAaBAEMbIX C CErMEHTa Ha
CErMEHT CHUTHAJIOB, B PE3yJbTaTe 3aTyXaHUE CUTHAJIOB YMEHBIIACTCA U
MO>XHO HMCMOJIB30BaTh CETh Topa3fao OONbIIECH MJIUHBI, COCTOAIIYIO U3 He-
CKOJIbKUX CerMeHTOB. B koakcuanbHbix peasm3anusx Ethernet pazpabort-
YUKW OTrPAaHUYMIIM MAKCHUMAaJbHOE KOJUYECTBO CETMEHTOB B CETH MSTHIO,
YTO B CBOIO OUEpEb OTpaHUYUBaAET 001yI0 JIHY cetr 2500 MeTpamu.

Jlaxke B TakOol MHOTOCETMEHTHOM CETH YCJIOBUE OOHAPYKEHUS KOJIIIU-
3Ul MO-TIPEKHEMY BBITIOJHSIETCS ¢ OOJBIIMM 3anacoM (CpaBHUM IMOJIY4YECH-
HOE U3 YCJIOBHUS JOIYCTUMOTO 3aTyXaHus paccrtossHue B 2500 M ¢ BbIumcC-
JICHHBIM BBIIII€ MAaKCUMaJIbHO BO3MOXHBIM 10 BPEMEHU PaCIpOCTPaHCHUS
curHasia paccrossaueM 6635 m). OgHako B JIEMCTBUTEIBHOCTH BPEMEHHOM
3amac SBJSIETCS CYIIECTBEHHO MEHBIIE, MOCKOJbKY B MHOTI'OCEIMEHTHBIX
CETSAX CaMU MOBTOPUTEIM BHOCST B PACHPOCTPAHEHUE CUTHAJIA JOTOJIHU-
TEJIBbHYIO 33JIEPKKY B HECKOJIBKO JIECATKOB OUTOBBIX MHTEpBaIOB. EcTe-
CTBEHHO, HEOOJIBIIION 3amac ObUI ClIeJIaH TaKXe ISl KOMIICHCAIIMU OTKJIO-
HEHUM mapamMeTpoB KabeJisi 1 TOBTOPUTEIEH.

B pesynbrare ydera BceX 3THX U HEKOTOPBIX APYruX (HaKTOpOB OBLIO
TIIATEILHO MOJ00PAHO COOTHOIIEHHUE MEX]Y MUHUMAJIBLHOW JITMHOW KaJl-
pa U MakCUMaJIbHO BO3MOXHBIM PACCTOSIHUEM MEXK]y CTAHIUAMU CETH,
KOTOpOoe 00eCTeunBaeT HAJEKHOE PACIIO3HABAHUE KOJUIU3UN. ITO PaccTo-
STHUE HA3BIBAIOT TAKKE MAKCUMAaIbHBIM TUAMETPOM CETH.

C yBelMueHHEM CKOPOCTHU Mepe/ladyr KaJpoB, UTO UMEET MECTO B HO-
BBIX CTaHJapTax, Oa3upyroHMxcs Ha ToM ke Meroae noctyna CSMA/CD,
nanpumep Fast Ethernet, MakcumanbHOE paccTOsHHE MEXIY CTaHIUSMU
CETU YMEHBIIIAETCS NPOMOPIHOHATILHO YBEJIUYEHUIO CKOPOCTH TEpEaayH.
B crannapre Fast Ethernet ono cocraBmsier okono 210 M, a B cTanaapte
Gigabit Ethernet oHo ObuTO ObI OrpanuueHo 25 MeTpamu, eciik Obl paszpa-
OOTYMKM CTaHJIapTa HE MPEANPHUHSAIN HEKOTOPHIX MEp IO YBEIMYCHUIO
MUHHMAaJIbHOTO pa3Mepa MaKeTa.

B Tabnune 1.1 npuBeneHbl 3HaUYCHUS OCHOBHBIX MapaMeTPOB MPOIle-
Iypbl iepeauu kajapa crtangapra 802.3, KOTOpbIE HE 3aBUCST OT pean3a-
UK (PU3HMIECKOn Cpebl.
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Ta6muma 1.1 Iapamerpst ypoBHst MAC Ethernet

burtoBas ckopocTh 10 M6/c
HMHTepBai 0TCpOYKH 512 OUTOBBIX HHTEPBAJIOB
MekKkaapOBbIi HHTEPBAJI 9.6 MKC
MakcumanbHO€ YKCIIO MOMBITOK 16
nepeaadn
MakcuMasibHOE YHCIIO BO3pac- 10
TaHWs Mara30Ha Mmay3bl
JliiHa jam- 32 Owura
MOCJIEIOBATEILHOCTH
MakcumanbHas AJIMHA Kaapa (¢ 1518 (1526) Gaiit
npeaMOyJI0ii)
MuHnuMmanbHas ITMHA Kajapa (c 64 (72) Gaiita
npeaMOyJI0i)
Jlnaa mpeamOyIibI 8 Oait
MunuManbpHass/MaKkcuMallbHas 0/524 000 OMTOBBIX HHTEP-
JUTMHA CIIYYaliHOM Iay3bl IOCIE KOJI- Baja
JV3UN
MakcumanbHOE pacCTOSHUE 2500 m
MEXy CTAaHIIMSIMU B CETH
MakcuMaJIbHOE YHCJIO CTAHIINN 1024
B CETHU

Bonpocwt 0na camoxonmponsn

1. Ecn xakas-nmubo mepeparomiasi CTaHIMsI HE PACIO3HACT KOJUIU3HUIO
U PEIINT, YTO KaJip JAHHBIX MEpe/aH €l BEPHO, TO UYTO OyJeT ATUM Kaj-
pom?

2. Kakoe coOTHOIICHHE JOKHO BBITIOJIHSITHCS JIJIsl HAJEKHOTO PacIo-
3HaBaHUs KOJUTU3UA?

3. OT 4ero 3aBUCUT COOTHOILIEHHE BBIMOJHUMOE JJI1 HAIEKHOIO pac-
MO3HABAHUS KOJUTU3HIA?

4. Yemy B 10-merabutHom Ethernet paBHo?

5. Kakue ycTpolicTBa yBEIUYMBAIOT MOIIHOCTH MEPEIABAEMBIX C CEr-
MEHTA Ha CETMEHT CUTHAJIOB?

6. Uto Takoe MaKCUMaJIbHBIN AUAMETPOM CETH?

7. Ilepeuucnure ocHoBHble mapameTphl ypoBHI MAC Ethernet u ux
3HAYECHUS.
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2.4 IlpousBoaurebHOCTh ceTH Ethernet

YyuThiBasi MpUBEAEHHBIE MapaMeTpbl, HETPYJAHO PACCUUTATh MAKCH-
MaJIbHYIO MPOU3BOIUTENBHOCTL cerMeHTa Ethernet B Takux equHunax, Kaxk
YUCJIO TEepPEeJaHHBIX MaKeTOB MHUHUMAIbHOM JJIMHBI B cekyHIy (packets-
per-second, pps). KomnuectBo oOpabaThiBaembix makeTtoB Ethernet B ce-
KYHJy 4acTO HUCIOJb3YETCS MPU YKa3aHUHU BHYTPEHHEN IPOU3BOAUTEIBHO-
CTM MOCTOB Y MAapUIPYTU3aTOPOB, BHOCAIIMX JIOTIOJHUTEIIbHBIE 3a/I€PKKU
npu oOMeHe Mexay y3iiamu. [103ToOMy MHTEpECHO 3HATh YUCTYI0 MaKCH-
MaJbHYI0 TIPOU3BOAUTENBHOCTh cermMeHTa Ethernet B maeansHOM ciydae,
KOT'/1a Ha KaOele HeT KOJUIU3UN U HET JOTOJHUTEIbHBIX 3aePKEK, BHOCH-
MBIX MOCTaMH U Mapuipytuzaropamu. Ha pucynke 1.3 npuBenen gopmar
MAC-xanpa Ethernet, a Taxke BpeMeHHbBIE IMapaMeTphl €ro Mmepeaadn 1o
cetu 15 ckopoctu 10 M6/c

Ao e e i
unmeHean 3,
10Baze-T xanp
180 re wa b 0 6o
10Base-T |u P
T L -
Mpeasfym | g | DA SA  [yrmd j — CRC
1o T
B Bafr & BafiT 6 Bafr | 2 46 - 1500 Bafr 4
BafiTa

5FD (5tart of Frame Delimdter) — orp asreoTe IE HaYaTa ¥agpa
DA, 5A — aTpeca HAIHASE HHA H HOTOSHIKA CO0 TE @TCTESHHD
L — gnpea mona gaxserx (Ena xagpa S02.3)

T — THO MpoTo¥oTa E one gauiE x [(Ang Ethernet 117

Pucynok 1.3 — ®opmatr MAC-kaapa 1 BpeMeHa ero nepeaayu

MunumanbHas JUIMHA Kajapa uis crangapra Ethernet cocrasmsier 72
Oaiita = 72*8 = 576 our. Cxopoctb nepenaun 1 6ura 6yaer pasHa 0,1 Mxc.
Torma. nns mepemaum 1 Kagpa MUHHMAJIbHOM JJIMHBI HEOOXOIMMO
0,1*¥576= 57,6 mxc. Mexnay KaapoBblii uHTepBal B ctanmaaptom Ethernet
yCTaHaBlIMBaeTcs paBHbIM 9,6 Mkc. Ilepwon cienoBaHusl KaJpOB MHUHHU-
MaJIbHOM JUIMHBI OyAeT paBeH 57,6 + 9,6=67,2 mkc. OTKyaa claeayeT, 4To
MaKCUMaJlbHas MPOITyCKHasi criocoOHOCTh cetn Ethernet Gyner cocrarisTh
14880 xaxpos/c. (1000 000 / 67,2).

Tenepp paccunTtaeM, KakOM MaKCHMAaJIbHOW NOJIE3HOM MPOITYCKHOU
CIIOCOOHOCTBIO B OUT B CeKyHay oOianatoT cermeHThl Ethernet mpu wmc-
MOJIb30BAaHUU KaJIPOB PA3HOIO pa3mepa.

[Tox mosne3Hol MPOMYCKHON CHOCOOHOCTBHIO MPOTOKOJIA TTOHUMAETCS
CKOpPOCTh TIepeflay IOJIb30BATEILCKUX JaHHBIX, KOTOPHIE MEPEHOCITCS
MOJIEM JIaHHBIX Kajpa. JTa MPOIyCKHasi CIOCOOHOCTh BCErJla MEHbIIE HO-
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MUHAJIBLHON OUTOBOW CKOpocTH mpoTokosia Ethernet 3a cuer HeckoIbKHUX
(bakTOpOB:

— cIy>ke0HOM nHpopMaIuu Kaapa;

— MeXKaapoBbIx nHTEpBaIOB (IPG);

— OKHJIaHUA JIOCTYTIA K Cpe/Ie.

Jnst KanpoB MuHuMAanbHOU ITIMHBL TOJIE3HAs! MPOIYCKHAs CIOCO0-
HOCTh paBHa:

CIT=14880 * 46 *§ = 5,48 Mowut/c.

Jto HamHOro Menepwie 10 MOut/c, HO cieayer y4yecTb, YTO Kalphbl
MUHUMAJIHON JUTMHBI MCTIOJB3YIOTCS B OCHOBHOM JIJIsl TIepeaul KBUTAH-
Ui, TaK 4TO K Tepejadye COOCTBEHHO JAHHBIX (alJIoB 3Ta CKOPOCTh OT-
HOIIICHHS HE MMEET.

JInst KaApoOB MakcumanbHou AJIMHBI TOJIE3Has MPOMYCKHash CIoCcOo0-
HOCTb paBHa:

CII =813 *1500 * 8 =9,76 MowuTt/c, 4To BechbMa OJIM3KO K HOMHHAJIb-
HOM CKOPOCTH MPOTOKOJIA.

Eme pa3 nomuepkHeM, 4To TaKOH CKOPOCTU MOXKHO JOCTUTHYTH TOJIb-
KO B TOM cllydae, KOTJa JBYM B3aWMOJECHCTBYIOIIUM Yy3jJaM B CETU
Ethernet npyrue y3ibl He MeIIaOT, YTO ObIBaET KpailHE PEJIKO,

[Tpu ucmonb30BaHUM KAJAPOB CPEIHEr0 pazMepa ¢ MoJieM JaHHBIX B
512 GaifT mporycKkHasi CHOCOOHOCTh CeTH cocTaBuT 9,29 MowuT/c, 4To TOXKE
JOCTAaTOYHO ONM3KO K MpeaeiabHOM mpomyckHoM crocoOHoctu B 10
Mo6urt/c.

OTHomIeHne TEKyIeH MPOMYCKHOM CIOCOOHOCTH CETH K €€ MaKCH-
MaJbHON MPOMYCKHOW CIOCOOHOCTH Ha3bIBaETCA Kodpduyuenmom 3a-
epy3xu (ucnonvsosanus) cemu (network utilization). ITpu 3Tom mpu ompe-
JICJICHUH TEKYIIeH MPOMYyCKHOW CITOCOOHOCTH MPUHUMAETCS BO BHUMAHUE
nepejaya mo ceTtu 0ol MHpOpMAaIMU, KaK MOJIb30BAaTEIbCKOM, TaK U
cinykeOHoi. KoadduimeHT sBisercss BaxHbIM MOKa3aTeaeM JJisl TEXHOJIO-
Ul pa3iensieMblX Cpell, TaK Kak MpU CIy4ailHOM XapakTepe MeToja Jo-
CTYIla BHICOKOE 3HAYCHHE KOA(PPHUIMEHTA UCIIONB30BAaHUS YaCTO TOBOPHUT O
HU3KOM TI0JIE3HOM MPOIYCKHON CITOCOOHOCTH ceTH (TO €CTh CKOPOCTHU Tie-
penadu MoJb30BaTENbCKUX JOHHBIX) - CIMIIKOM MHOTO BPEMEHHU Y3IIbI
TPATST Ha MPOIEAYPY MOJYUYECHUS TOCTYIIA U MMOBTOPHBIE Mepeay KaapoB
MIOCJIE KOJUTA3UM.

Hns cern Ethernet, pabGotaromieit Ha ckopoctu 10 MoOut/c, ctangapt
oTpeNieIsieT YeThIpe OCHOBHBIX THITA CETMEHTOB CETH, OPUEHTHPOBAHHBIX
Ha pa3JIM4HbIC CPebl Iepeaadun HHPOPMAIIIH:

— 10BASES (ToaCTHIif KOaKCHATBHBIN KaOeb);

— 10BASE2 (ToHKMi1 KOaKcHalbHBIN Ka0esb);
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— 10BASE-T (Butas mapa);

— 10BASE-FL (onToBOIOKOHHBIN KaOeb).

HanmeHoBaHMe cerMeHTa BKIJIIOYAeT B ce0si TpU dJeMeHTa: nudpa
"10" o3Hauaet ckopocTh nepemaaun 10 Mout/c, cnoBo BASE — nepenauy B
OCHOBHOM IOJIOCE YacTOT (TO eCTh 0e3 MOJIYJSIIUH BBICOKOYACTOTHOTO
CUTHaJa), a MOCIAEIHUN BJIEMEHT — JOMYCTUMYIO JUIMHY cermeHta: "5" —
500 metpos, "2" — 200 meTpoB (TouHEe, 185 METPOB) WM THUIT JIMHUU CBS-
su: "T" — Burtas mapa (ot anriumiickoro "twisted-pair''), "F" — omnroBoso-
KOHHBIN Kabenb (oT anrnuiickoro "fiber optic"). B Tabauue 1.2. npuBese-
HBl TMapaMeTphbl crenudukanui (QuU3nueckoro YpoBHS IS CTaHAapTa

Ethernet

Tabmuua 1.2 [Mapametpsl cienudukanuii GU3NYECKOro YpOBHS Ui CTaHAapTa

Ethernet
10Base-5 | 10Base-2 | 10Base-T 10Base-F
Kabenb TOJICTBIM | TOHKHH | HEIKpaHHU- | MHOTOMO-
KOAKCH- KOAKCHU- | pOBaHHas | JOBBIM BO-
aJbHBIN albHBIA | BUTasg mapa | JIOKOHHO-
KabeJb KabeJb UTP onTHYe-
RG-8 nnu RG-58 Cat3,4,5 CKHUH Ka-
RG-11 Oernb
MakcumanbHas 500 m 185 m 100 m 2000 m
JUIMHA CETMEHTAa
MakcumaiibHOE 925 m 500 m 2500 m
PacCTOSTHUE MEXKTY (2740 M nis
y3JIaMU CeTH 2500 m 10Base-FB)
(Tpu Ucnob30Ba-
HUU TTOBTOPUTEIICH)
MakcumanbHoe 100 30 1024 1024
YUCJIO CTAHLUM B
CErMEHTE
MakcumanbHOE 4 4 4 4
YHCJIO TIOBTOPUTE- (5 mst
JeH MEXIY JTHOOBI- 0 Base-FB)
MU CTAHIUSIMHU CETHU

Bonpocwut ona camoxonmponsn

1. Yto moHMMaeTCs IOJ MOJIC3HON MPOITYCKHON CIOCOOHOCTBIO IIPO-

TOKOJIa?
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2.3a cder kKakux (HaKTOPOB MPOIMYCKHAs CIOCOOHOCTH CETH BCEraa
MEHbIIIE HOMUHAJIBLHON OUTOBOM cKOpocTH IpoTokosia Ethernet?

3. Uemy paBHa TOJI€3HAS MPOIMYCKHAs CIIOCOOHOCTH ISl KaApOB Mu-
HUMAQIbHOU JUTAHBI?

4. Yemy paBHa T0JIe3HAs MPOMYCKHAsI CIIOCOOHOCTH IS KaJpPOB MAK-
CUMANBLHOU JUTHHBI?

5.Uto Takoe xoaghuyuenmom 3acpysku (UCHOIBL30BAHUS) Ccemu
(network utilization)?

6. Kakue cymiecTByIOT THIIBI CETMEHTOB CETH, OPUCHTUPOBAHHBIE Ha
pas3IuyHBIC Cpebl epeaadn nHpopmaluu st cetu Ethernet?

7. Onuiure mapaMmeTpbl cnenudukanuil GU3nYecKoro YpOBHS s
crangaprta Ethernet

2.5 Mertoauka pacuera koHpurypanuu cetu Ethernet

Uto0n1 ceTh Ethernet, cocTosiias U3 cerMeHTOB pa3iauM4HON (pusnue-
CKOM TIPHUPO/IBI, paboTana KOPPEKTHO, HEOOXOIMMO BBITIOJIHEHUE YEThIPEX
OCHOBHBIX yCJIOBHIA:

— KOJIMYECTBO CTaHIMHU B ceTH He 0oiee 1024;

— MaKCUMallbHasi JIJIMHA KaXJ0ro (hu3nueckoro cerMeHtra He Oosee
BEJIMYMHBI, ONPEIECICHHON B COOTBETCTBYIOIIEM CTaHAapTe (HU3NYECKOTO
YPOBHS;

— Bpems ABoitHoro obopora curnana (Path Delay Value, PDV) mex-
Iy ABYMSI CaMbIMU yIaJICHHBIMU APYT OT JApyra CTaHIUAMH CETU He Oosee
575 OUTOBBIX UHTEPBAJIA;

— cokpamenne Mexkaapooro wuHTepBasa I[PG (Path Variability
Value, PVV) nipu mpoxoxJIeHUU MOCISI0BATSIIbHOCTA KaJpPOB Yepe3 BCe
MOBTOPHUTENHN JOJDKHO OBITH HE OoJibliie, yeM 49 OUTOBBIX MHTEpBasa. Tak
KaK TMpU OTIpaBKe KaJApOB KOHEUYHBIE Y3JbI 0OECIEYMBAIOT HayajIbHOE
MEXKaJIpOBO€ paccTosiHUE B 96 OUTOBBIX MHTEpBaja, TO MOCIE MTPOXOXKIe-
HUSL IOBTOPUTEII OHO JTOJDKHO OBITh HE MeHbIe, yeM 96 - 49 = 47 GuTo-
BBIX HHTEpBaJa.

CoOmroienne 3Tux TpeOOBaHUN 00ecTIeYuBaeT KOPPEKTHOCTh pabOThI
CETU JlaXxe B CIllydasiX, KOT/Ia HapyIIalTCs MPOCThIE MTpaBuiia KOHGUTypu-
pPOBaHMS, ONPENEIAIONME MAKCUMAIbHOE KOJIMYECTBO MOBTOPUTEIEH U
o61yro 1MHy cet B 2500 M.

Pacuer PDV. JIna ynpouienust pacuetroB PDV 00BIYHO KCTONB3YIOT-
ca cripaBouHblie gaHHbie IEEE, comepxkainue 3HaYeHUs 3aJI€pKEK PacIpo-
CTpaHEHUsI CUTHAJIOB B TOBTOPUTENSAX, MpHEMONEpeaaTIMKaX U pa3iny-
HBIX (u3uUecKkux cpeaax. B tabmune 1.3 mpuBeaeHbl JaHHBIC, HEOOXO1-
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MbI€ 1)1 pacuera 3HadeHuss PDV nns Bcex ¢pu3MYECKUX CTaHIAPTOB CETEH

Ethernet. butoBblii HHTEpBaN 0003HAUYEH Kak bt.
Ta6numa 1.3 Jlagasie a5 pacyeTa 3HaueHus PDV

Tun baza ba3za nipo- baza 3agepxkka | Makcu-
CEIMCHTA JEBOI'0 | MCXKYTOYHO-| IIpaBOIo Cpcabl HA MaJibHas
CEIrMEH- | T'O CErMEHTAa | CErMEHTAa I m JJIMHAa
Ta CEIrMEHTAa
10Base-5 11.8 46.5 169.5 0.0866 500
10Base-2 11.8 46.5 169.5 0.1026 185
10Base-T 15.3 42.0 165.0 0.113 100
10Base-FB - 24.0 - 0.1 2000
10Base-FL | 12.3 33.5 156.5 0.1 2000
FOIRL 7.8 29.0 152.0 0.1 1000
AUI 0 0 0 0.1026 248
>2wm)
500 u |K0HueHTpaTop 3| 500
10 Base-FB ] '[ 10 Base-FB
Cerment 3 IIpomesicymoynwlii cecmenm Cerment 4
|K0HueHTpaTop 2| |K0HueHTpaTop 4|
1 000 m
/] 10 Base-FL ?((])%:;e-FB
CermeHT 2 CermeHr 5

|K0HueHTpaTop 1 |

Cermenrt 1

100 M

10 Base-T

‘ _E_! N\ Jlesviii cecmenm

IIpaswiii cecmenm

|K0HueHTpaTop 5

CermenT 6

100 M

10 Base-T

Pucynok 1.4 — ITpumep cetu Ethernet, cocrosiieit u3 cerMeHTOB
Pa3IMYHBIX (PU3NYECKUX CTAHAPTOB

Paccuuraem 3nHauenue PDV miis Hamero nmpumepa.
Jlesbiii cermeHT 1: 15.3 (6a3a) + 100 m 1 0.113 /M = 26.6
[TpomexxyTounsiii cerment 2: 33.5+ 1000 r 0.1 =133.5
[Tpomexxytounsiii cermeHT 3: 24 + 5001 0.1 =74.0
[IpomexyTtounsiii cermeHT 4: 24 + 5001 0.1 =74.0
[IpomexxyTtounsiii cerMeHT S: 24 + 6001 0.1 = 84.0
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[IpaBbiii cermenT 6: 165+ 1001 0.113 =176.3

CyMmMma Bcex cocTaBIBOIUX gaeT 3Hauenue PDV, paBHoe 568.4.

Tak kak 3HaueHne PDV meHblle MaKCUMaNbHO JOMYCTUMOM BEIWYU-
HBI 575, TO 3Ta CETh MPOXOAUT MO BEIMYMHE MAKCUMAIBHO BO3MOKHOM 3a-
nepkku 00oporta curHana. HecMotpst Ha To, 4TO ee 0o0IIas JJIMHA OOJIbIIe
2500 meTtpoB.

Pacyer PVV. [lna pacuera PVV Ttakke MOXKHO BOCHOJIb30BaTHCS
Ta0JIMYHBIMU 3HAYEHUSIMU MAaKCUMAJbHBIX BEJIMYMH YMEHBIICHUS MEX-
KaJpOBOTO MHTEPBAJIa MPU MPOXOXKICHUHU TOBTOPUTENICH pa3IMUHbIX (HU-
3UYECKHUX CPEL.

Ta6JII/II_Ia 1.4 COKpaIJ_IeHI/Ie MCXKKaAPOBOI'O MHTCPBAJIA IIOBTOPUTCIIAAMU

Tum cermenrta [lepenarommit [IpomexyTOUHBIN
CErMEHT CErMEHT
10Base-5 wim 10Base-2 16 11
10Base-FB - 2
10Base-FL 10.5 8
10Base-T 10.5 8

JleBwiit cerment 1 10Base-T: maet cokparienue B 10.5 OUTOBBIX HH-
TE€pBaJIOB

[IpomexxyTounsiii cermeHt 2 10Base-FL: 8

[TpomexyTounsnii cermeHT 3 10Base-FB: 2

[TpomexxyTounslii cermeHT 4 10Base-FB: 2

[TpomexxyTounslii cermeHT 5 10Base-FB: 2

CymMma 3Tux BeIMYMH JAaeT 3HaueHue PVV, paBHoe 24.5, 4TO MeHbIIIE
peAeIbHOTO 3HaUeHUs B 49 OUTOBBIX HHTEPBAJIOB.

B pesynbrare, npuBeicHHAs B NpUMEPE CETh MO BCEM IapaMeTpam
COOTBETCTBYET cTanaptam Ethernet.

Bonpocwt ona camoxonmponn

1. BeimosiHeHUE KakuX YCIOBUM HeoO0Xxoaumo, uToObl ceTh Ethernet,
COCTOSIINAass M3 CETMEHTOB PA3IMYHON (PU3MUECKON MpUpOJbl, padoTana
KOPPEKTHO?

2.Yto takoe PVV u yeMy OHO OJDKHO OBITH PaBHO JJISi KOPPEKTHOM
paboTsl cetu Ethernet?
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3 BbIcokockopocTHBIe TexHoorum Ethernet

3.1 Texnoaorus Fast Ethernet

Texnonorus Fast Ethernet siBnsieTcs 3BOJIIOIMOHHBIM PA3BUTHEM
knaccuyeckor Texnojoruu Ethernet. 10-Merabutnsiii Ethernet yctpanBan
OOJILIIMHCTBO TIOJIH30BATENICH Ha MPOTSIKEHUH OKojo 15 jer. OmHako B
Hayasie 90-x roJioB Havajia OUIYIIAThCS €r0 HEIOCTAaTOYHAas MPOITYCKHas
criocoOHoCcTh. Ecnu amsa koMmbroTepoB Ha mporeccopax Intel 80286 wiun
80386 ¢ mmuamu ISA (8 M6aiit/c) unu EISA (32 M6aiit/c) npormyckHas
cnocoOHocTh cerMenTa Ethernet cocrapmnsna 1/8 wnm 1/32 xanana "namste
- IUCK", TO 3TO XOPOIIO COTJACOBBIBAIOCH C COOTHOIICHUEM 00BEMOB JIO-
KAJIbHBIX JAHHBIX M BHEIIHUX JAHHBIX IS KOMIIbIOTEpa. Temepp ke y
MOIIHBIX KJIMEHTCKUX CTaHIUM C mporeccopamu Pentium unu Pentium
PRO u mmnoi#t PCI (133 M6aiit/c) ata nons ynana go 1/133, 4aro siBHO He-
noctaTo4yHo. [ToaTomy MHOTHe cermeHThl 10-MeradutHoro Ethernet'a cta-
JIM TIEPETPY>KEHHBIMU, PEAKIIMs CEPBEPOB B HUX 3HAUUTENILHO yMaja, a ya-
CTOTa BOBHUKHOBEHMSI KOJUTM3UM CYIIECTBEHHO BO3pOCIa, eile 0ojee CHU-
’Kasi HOMUHAJIBHYIO MPOIMYCKHYIO CIIOCOOHOCTb.

B 1992 roay rpymnmna mnpou3BOJMTEIEH CETEBOrO 00OpPY/I0BaHUS,
BKJIIOYasi Takux JuaepoB TexHojoruu Ethernet xak SynOptics, 3Com u
psAn Opyrux, oOpa3oBaium HekoMMmepueckoe oObeanHeHue Fast Ethernet
Alliance mist pa3paOOTKM CTaHAApTa HAa HOBYIO TEXHOJIOTHIO, KOTOpas
00o0mIa Obl JOCTHIKEHUS OTAEILHBIX KoMIaHud B oOnactu Ethernet-
MIPEEMCTBEHHOT'0 BBICOKOCKOPOCTHOTO cTaHaapTa. HoBast TexHOIOTHUsl 10-
nyuunia HazBanue Fast Ethernet.

OpnoBpemeHHo ObutM Havathl padoTel B uHctuTyTe IEEE Mo cran-
JapTU3alud HOBOM TEXHOJIOTMU - TaM OblIa copMupoBaHa HCCIEI0Ba-
TEIbCKasi TPyNIa ISl W3YyYEHUS TEXHUYECKOTO IMOTEHIMAaIa BBICOKOCKO-
POCTHBIX Te€XHOJIOTHI. 3a nepuoj ¢ kKoHma 1992 roga u o konen 1993 ro-
na rpynna IEEE wsyunmna 100-MeraOutHble penieHus, MNpeioKEHHbIE
pa3NIuyHBIMU TIpou3BoauTeasiMu. Hapsiny ¢ npennoxenusimu Fast Ethernet
Alliance rpynna paccMoTpesia TakXke U JAPYTyI0 BBICOKOCKOPOCTHYIO TEX-
HOJIOTHIO, TIpeAyiokeHHy 0 kKommanusimu Hewlett-Packard u AT&T.

B nienTpe auckyccuit Obuia mpobiieMa cCoOXpaHeHHUs COPEBHOBATEIHHO-
ro merona goctyna CSMA/CD. Ilpennoxenue no Fast Ethernet'y coxpa-
HSJIO ATOT METOJ U TEM CaMbIM 00€CTICUMBAIO PEEMCTBEHHOCTh U COTJIa-
coBanHocTh cereil 10Base-T u 100Base-T. Koamumus HP u AT&T, xoto-
pas uMena MoJJIepKKy ropa3o MEHBIIIETO YKciia MPOU3BOIUTENICH B CeTe-
Boit mHmyctpuu, 4yem Fast Ethernet Alliance, mpennoxxuna COBEpIICHHO
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HOBBIH METOJ JOCTyma, Ha3piBaeMbli Demand Priority. OH cymecTBeHHO
MEHSUT KapTUHY MOBEJEHUS y3JI0B B CETH, MOITOMY HE CMOTI BIHMCATHCS B
texHonoruto Ethernet m cranmapr 802.3, u 11 ero craHgapTU3alud OBLI
oprann3oBaH HOBbIN komuTteT [EEE 802.12.

B mae 1995 roma xomurter IEEE npunsn cnenudukamuio Fast
Ethernet B kauectBe cranmapta 802.3u, KOTOpBIN HE SBISIETCS CaMOCTOSI-
TEJIbHBIM CTaHIAPTOM, a MPEACTABISET COOOM IOMOIHEHUE K CYIIECTBYIO-
memy cranaapty 802.3 B Buze rias ¢ 21 o 30. Otinuus Fast Ethernet ot
Ethernet cocpenoTouensl Ha (pu3HUEecKOM ypoBHE (pucyHOK 1.5).

bonee cnoxkHast cTpykTypa (PU3HMYECKOro YpOBHsS TexHoyioruu Fast
Ethernet BbI3BaHa TeM, UTO B HEM MCHOJIB3YETCS TPU BapUaHTa KAOEIbHBIX
CUCTEM - OINITOBOJIOKHO, 2-X MMapHasi BUTasl mapa KaTeropuu 5 u 4-x mapHas
BUTAs Tapa KaTeropuu 3, MpUYeM IO CPAaBHEHMIO C BapuUaHTaMu (puizude-
ckoit peamuzanuu Ethernet (a Ux HacUWTHIBAETCSA IIECTH), 3/1€Ch OTIUYHUS
Ka)KJI0OTO BapuaHTa OT JIPYTUX TIyOKe - MEHSIETCS U KOJIMYECTBO MPOBO/I-
HUKOB, U METOJbI KOAUpOBaHMs. A Tak Kak ¢u3uyeckue BapuaHThl Fast
Ethernet co3naBanuch 0OTHOBPEMEHHO, @ HE 3BOJIIOIMOHHO, KaK JJIsl CEeTen
Ethernet, To nMenach BO3MOKHOCTb JI€TAJIbHO OMNPENEIUTh T€ MOTYPOBHU
(bU3UYECKOro YpOBHS, KOTOPhIE HE U3MEHSIOTCSI OT BapuaHTa K BapUAHTY,
¥ OCTAJIbHBIE TIOYPOBHH, CICIU(UUECKHE IS KAKI0TO BapHaHTA.

&02 31 1B ase-T S0 Fap T B s T
E @ —_——
a y ITomyposens LLC _ IMomyporens LLC
P (802.2) o (802.2)
=T s 1T - "=
B e IMomyporens JocTYma _ Ilo mypopens mocTyma
:1 : ¥ cpeme M AC -  cpeme MAC
71 1 CormacosanHe
(reconciliabion)
Fumepdel FHamepdeil
AUT hAIF

I1o aypo BeHE K0JHDO BEaHHA
(Physical Coding)

0 CKOPOCTH TEp &0 YH
(Awo -MMegoation)

i o
H ITo aypo e HE HE HIEC KO T
3 HCO e THHE HHA
ITo mypo BeHE PHIHYEC KO TO i 2 H
L
n =—— (Physical Medion Attaclonerd)
e (P ly=sical A ed ium Attacloment)
: Moy poBEeHE 3 aFHCHDID CTH
H pHF HECKOH Op eaBT
i Parsem (Physical M ediwn Dependernd)
(M edium Dependent
%r Interface) IT oayp oFeHD AaFT0 NEPETe BOPD B
B
e
K
b

Paspen
(Medium Dependem Imtexface)

Pucynok 1.5 — Otinuus creka mporokosioB 100Base-T ot creka
nportokosioB 10Base-T
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OcHoBHBIMU AocTonHCcTBamu TexHosorun Fast Ethernet siBisirorest:

— YBEJIMYEHUE MPOIMYCKHOW CHOCOOHOCTH cerMeHTOB ceTu jo0 100
Mo/c;

— CoXpaHeHHue MeToja ciydaitHoro poctyna Ethernet;

— COXpaHEHHUE 3B€3/71000pa3HOM TOMOJOTHM CETEH M MOJIEpKKa Tpa-
JTUIUOHHBIX CpeJl Mepe/layu JAaHHBIX - BUTOW Mapbl U ONTOBOJIOKOHHOTO
Ka0eJs.

YKa3aHHbIE CBOMCTBA MO3BOJISIIOT OCYILIECTBIATH ITOCTENICHHBIN Tepe-
xon1 ot cereit 10Base-T - Hanbosee monyyIsipHOrO Ha CErOJHSIIHUN JIEHb
BapuanTa Ethernet - Kk CKOPOCTHBIM CETSAM, COXPAHSIIONUIUM 3HAYUTEIBHYIO
IPEEMCTBEHHOCTh C XOpOIIO 3HaKoMmou TexHosorueit: Fast Ethernet ne
TpeOyeT KOPEHHOro MepeoOydeHUsl MEepcoHalla U 3aMEHbl 000pPYOBaHUS
BO BCEX y3JIaX CETH.

Odurmansubiii craggapt 100Base-T (802.3u) yctranHoBus Tpu pas-
JVYHBIX crenudukanuu s Gu3ndeckoro ypoBHsA (B TepMHHAX CEMHU-
ypoBHeBoi mMojaenu OSI) mis moaAep>KKu CISAYIOMNX THIOB KaOeIbHbBIX
CUCTEM:

— 100Base-TX s aByxXmapHOro KaOejas Ha HEdKpPaHHMPOBAHHON BH-
toi mape UTP kareropuu 5, nnu s3xkpanupoBanHoi BuToil mape STP Type
1;

— 100Base-T4 nnst yeTrsipexmapHOro kalensi Ha HEIKPAHUPOBAHHOM
Burtoi mape UTP kareropuu 3, 4 wim 5;

— 100Base-FX njist MHOTOMOIOBOTO OIITOBOJIOKOHHOTO KaOed.

Ao e mneeass mali
ynmepean ~.\'
10 3zrox 100Basze-T nanp

108 we Ha bur 06 v
10Base-T

L
L

[

IIpexfym

R ™Y

L
DA 54 |ond JMaomze CRC
T
2

2 BanmT & BafT & GafT 44 - 1500 Bafr 4

100Base.T 18 ne wa @T

L
f
L
3

086

S5FD (Start of Frame Delimiber) — orp aHeeTe s HAYATA Kagpa
DA, 5A — apeca HazHATSE HHA H HOTOWHILA 000 TE@TCTE @HHO
L — anmea monx gaseer X [(Ana xagpa S02.3)

T — THI OpoTOKONa E Ione gasem x (gna Ethernet 117

Pucynok 1.6 — ®opmatr MAC-kaapa 1 BpeMeHa ero nepenadu

Bce Bpemena nepenaun kanpoB Fast Ethernet B 10 pa3 menbiie coot-
BETCTBYIOIUX BpeMeH TexHosioruu 10-Meraduthnoro Ethernet'a: mexoOu-
TOBbI MHTepBaN coctaBisier 10 He BMecTo 100 HC, a MEXKAAPOBBIA MH-

tepBai - 0.96 mkc BMecto 9.6 mkc coorBercTtBeHHO. Ha pucynke 1.6 npu-
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BesieHbl 3HaueHus Gpopmar MAC-kaapa Fast Ethernet u Bpemena ero nepe-
JauH.

Jlnuua kaapa mia crangapta Fast Ethernet kak u B ciydae ¢ Ethernet
cocTaBisIeT Takxke 72 Oaita = 72*8 = 576 out. CxopocTb nepenaun 1 6ura
oyner paBHa 0,01 mxc. T.o. mns nepenaun 1 kaapa MUHUMAJIbHOUW JJIMHBI
Heobxoaumo 0,01*576= 5,76 mxc. Mexnay kaapoBbiii mHTepBan B Fast
Ethernet ycranaBmuBaercs paBHbiM 0,96 mkc. T.o. mepuoj clieOBaHHS
KaJIpOB MUHUMAaJILHOM IJIMHBI Oy1ieT paBeH 5,76 + 0,96=6,72 mkc. OTkyna
CJIeyeT, YTO MaKCHMallbHas MPOIYCKHas criocoOHocTh cetn Ethernet oOy-
net coctaBiath 148809 kaapos/c. (1000 000/ 6,72)

Texnonorusi Fast Ethernet, kak 1 Bce HEKoakcHUalIbHbIE BapPUAHTHI
Ethernet, paccuntana Ha HCHONB30BaHUE KOHIIEHTPATOPOB-MIOBTOPUTENCH
uist oOpa3oBaHus cBsizeil B ceTu. [IpaBuia KOppeKTHOro MOCTPOEHUS Cer-
MeHTOB ceTelt Fast Ethernet Bxirogaror:

— OTPAaHUYECHUSI HA MAKCUMAaJbHBIE JJIMHBI CECMEHTOB, COEAUHSIOIINX
DTE ¢ DTE;

— OTPaHUYCHUSI HA MAKCUMAaJIbHbIE JUIMHBI CETMEHTOB, COCAUHSIOIINUX
DTE ¢ mopToM mOBTOPUTEIIS;

— OTPAaHUYEHUS HA MaKCUMaJbHBIN JUAMETP CETH;

— OTpAaHMYCHUS Ha MAKCUMAJIbHOE YHCJIO TOBTOPUTEIEH U MaKCH-
MaJbHYIO JJINHY CETMEHTA, COCAUHSIONIETO MIOBTOPUTEIH.

B kauectBe DTE (Data Terminal Equipment) MoeT BbICTynaTh JIO-
OOl MCTOYHUK KaJpOB JAHHBIX JUJISI CETHU: CETEBOW ajanTep, MOpPT MOCTa,
OpT MapIIpyTU3aTOpa, MOJYJb YNPABICHUS CEThIO U JAPYTHE MOT00HBIC
ycTpoiictBa. OTiaumuutenbHoir ocobeHHocThio DTE sBisieTcs TOo, 4TO OH
BbIpaOaThIBA€T HOBBIM KaJip IS pa3/esiieMOro CerMeHTa (MOCT UJIU KOM-
MyTaTOp, XOTSI U MEPENAOT Yepe3 BBIXOJAHOW MOPT Kaap, KOTOPHIA BhIpa-
0oTan B CBOE BpeMsI CETEBOM aianTep, HO JJIi CETMEHTa CETH, K KOTOPOMY
MOJKJIIOUEH BBIXOJHOU MOPT, ITOT KaJIp siBIsieTcsl HOBbIM). [lopT moBTOpU-
tens He siBnsierca DTE, Tak kak OH MOOUTHO MOBTOPSIET YK€ MOSBUBIIUACS
B CErMEHTE KaJIp.

B tunuunoit kondurypamuu cetu Fast Ethernet neckonpko DTE non-
KIIFOYaeTCsa K MOpTaM MOBTOPUTENS, 00pa3ysi CeTh 3BE€37A000pa3HO TOMO-
norun. Coenunenns DTE-DTE B pa3aenseMbIx cerMEHTax HE BCTPEYAKOT-
cs1 (€CIM UCKITIOYHTh IK30THUECKYI0 KOH(PUTYpaIuio, Korja CeTeBbIe aiar-
TEpHl IBYX KOMIBIOTEPOB COEAUHEHBI MPSIMO JIPYT C APYroM kabesem), a
BOT JIJI1 MOCTOB/KOMMYTATOPOB M MapUIPyTU3aTOPOB TAKUE COCIUHEHUS
SBJISIFOTCSL HOPMOM - KOTJla CETEBOM ajanTtep MpSMO COEIUHEH C MOPTOM
OJIHOTO M3 ITUX YCTPOWCTB, JTUOO 3TU YCTPOMCTBA COCIUHSIIOTCA JPYT C

JIPYTOM.
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Crnemndukanust IEEE 802.3u ompenensier cienyromue MaKCUMallb-

Hele yiuHbl cerMeHToB DTE-DTE, npuBenennsie B Tabsuie 1.5.
Tabomuma 1.5 Makcumaneabie 1l cermenToB DTE-DTE

Crangapr Tun xa0eins MaxkcuMmannHas JUInHa ceT-
MEHTa
100Base-TX Category 5 UTP 100 meTpoB
100Base-FX | mHoromonoBoe onrtoBo- | 412 mMeTpoB (moJIyAyIiekc) 2
J0KHO 62.5/125 MKM KM (TIOJIHBIN JYTUIEKC)
100Base-T4 | Category 3,4 unu 5 UTP 100 meTpoB

[ToBropurenu Fast Ethernet nensitcst Ha ABa Kiacca.

[ToBTopuTenu kiacca I moamepUBarOT BCE THUIBI CUCTEM KOAUPOBA-
Husa ¢uznyeckoro ypoBHs: 100Base-TX/FX u 100Base-T4. TloBropurtenu
kiacca Il mommep kuBaroT TOJBKO OJWUH THIT CHCTEMBl KOAUPOBAHUS (PU3H-
gyeckoro ypoBHs - 100Base-TX/FX unu 100Base-T4.

B oaHOM nomeHe KOJIM3MM JOMYCKAaeTcs HaJIM4YKe TOJIBKO OJHOTO
MOBTOPHTENA Kiacca . DTo CBsA3aHO ¢ T€M, YTO TaKOW MOBTOPHUTETH BHO-
CUT OOJIBIIIYIO 33JIEPKKy MPHU PACIPOCTPAHEHUH CUTHAJIOB M3-3a HE0OXO-
JTUMOCTH TPAHCIISAINHN PA3IUIHBIX CUCTEM CHTHAIW3aIuu. MaKkcuManbHOE
YyCIIO moBTOpuTeNier kiacca Il B momeHe komum3uil - 2, MpUYEM OHH
JOJDKHBI OBITH COSAMHEHBI MEXKTy COO0M KadeaeM He IJTMHHEE 5 METPOB.

HeGonbimoe konumyectBo moToputeneit Fast Ethernet He siBnsiercs
CEPHE3HBIM TPEISITCTBUEM TPHU MOCTPOCHUM ceTei. Bo-mepBhiX, HamM4Ine
CTEKOBBIX IMOBTOPHUTEJIEH CHUMAET MPOoOJIeMbl OrpaHUYEHHOTO YKCiia TOop-
TOB - BCE KacCKaJHPyeMbIe MOBTOPUTEIN MPEICTABISIOT COO0M OIWH TIO-
BTOPHUTENb C JOCTATOYHBIM YHCIIOM MOPTOB - JO HECKOJBKUX COTeH. Bo-
BTOPBIX, MPUMEHEHUE KOMMYTAaTOPOB M MaplIPyTU3aTOPOB JIEJTUT CETh Ha
HECKOJIbKO JOMEHOB KOJUTM3WM, B KaXKIOM M3 KOTOPBIX OOBIYHO UMEETCS
HE OYCHBb OOJIBIIIOC YnCIo cTaHiui. B Tabmmme 1.6 cBeaeHsl npaBuia mo-

CTPOCHHA CCTU HAa OCHOBC ITOBTOPHUTCIIC KJIaCCa I.
Tabnuna 1.6 [lpaBuiia nocTpoeHus ceTH Ha OCHOBE MOBTOpHUTENE Kiacca 1

Tun kabenen Maxkcumarnsb- Makcumans-
HBII AUaMeTp Has JIJTMHA
CeTH CEerMEHTa
Tonbko Butas napa (TX) 200 m 100 m
Tonbko onToBoI0KHO (FX) 272 m 136 m
Heckonbko cerMeHTOB Ha BUTOM Ta- 100 M (TX) 160 m (FX)

p€ ¥ OJIMH Ha ONTOBOJIOKHE 260 M
HeckosbKko cerMeHTOB Ha BUTOM Ta-
pP€ 1 HECKOJIBKO CETMEHTOB Ha OIITO- 100 M (TX) 136 m (FX)

BOJIOKHE 272 M
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OTU OrpaHUuYEHUs] MPOUJUTIOCTPUPOBAHBI THUIOBBIMU KOH(UTYpaIus-
MU CeTeH, MOKa3aHHBIMU Ha pucyHke 1.7.

KompiyraTop L ijg_M_n o&y@ maeR KovmayraTop
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Pucynok 1.7 — IIpumepbl HOCTPOEHUS CETU C TOMOIIIbIO TOBTOPUTENEH Kiacca 1

[Ipu onpeneneHny KOPPEKTHOCTH KOH(PUTYPAIIMHU CETH MOYKHO HE PY-
KOBOJICTBOBATbCS IMPaBUJIaMU OJTHOTO WJIM JBYX Xa0OB, a pPacCUUTHIBATH
BpeMsl IBOMHOTO 000OpOTa CeTH, KaK 3TO OBLIO MOKA3aHO BHIIIE IS CETH
Ethernet 10 Mo6wurt/c.

Kak n mns texnosoruu Ethernet 10 Mowut/c, komuret 802.3 naert uc-
XOJHBIE JAaHHBIC JIJI1 pacyeTa BpeMEHU JBOMHOTO o0opoTa curnana. OgHa-
KO TIpY 3TOM cama ¢opma IpeACTaBICHHS TUX JAaHHBIX U METOJMKA pac-
YeTa HECKOJIbKO M3MEHUINCh. KOMUTET MpeaocTaBiseT AJaHHbIE 00 YIBO-
CHHBIX 3aJIeP’KKaX, BHOCHUMBIX KaXKIbIM JJIEMEHTOM CETH, HE pa3iesss
CETMEHTBI CETHU HA JIEBBIM, MPaBbI U MPOMEKYTOUHBIM. Kpome Toro, 3a-
NEPKKH, BHOCUMBIEC CETEBBIMU aJlaliTepaMu, YUUTHIBAIOT IIpeaMOyIIbl Kai-
POB, MO3TOMY BpeMsI IBOMHOr0 000pOoTa HYKHO CPaBHUBAThH C BEJIMUYHMHOU
512 6urtoBbix uHTEepBaia (bt), TO €cTh CO BpeMeHEM Iiepeiauu Kajapa MHU-
HUMAJIBHOM JIJTMHBI 0€3 mpeamMOyIIbl.

3a7ep>KKH, BHOCUMBIC MPOXOKICHUEM CUTHAJIOB MO KaOENI0, pacCyu-
THIBAIOTCS HAa OCHOBAHWU JaHHBIX Tabnuie 1.7, B KOTOPOU YUUTHIBAETCS

YABOEHHOE MPOXOKJICHUE CUTHAIA TI0 Kalelto.
Tabnuma 1.7 3agep>Kku, BHOCUMBIE KaOeaem

Tumn xabeneit | YaBoeHHas 3a1epiK- VY BoeHHas 3a7ep)kKa Ha Kabene
kaBbtHalm MaKCHMaJIbHOM JIJTMHHBI
UTP Cat 3 1,14 bt 114 bt (100 m)
UTP Cat 4 1,14 bt 114 bt (100 m)
UTP Cat 5 1,112 bt 111,2 bt (100 m)
STP 1,112 bt 111,2 bt (100 m)
OnTOBOJIOKHO 1,0 bt 412 bt (412 m)
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3az[ep>1<KH, KOTOPBIC BHOCAT IBa BBaHMOHCﬁCTBYIOMHX ucpe3 IIOBTO-

pUTEIb CETEBBIX ajanTtepa (WM MmopTa KoMmyTaTopa), OepyTcsi U3 Taliu-
1! 1.8

Ta6mumna 1.8 3agep)kku, BHOCHMBIE CETEBBIM a1antepoM (KOMMYTaTOPOM)

Turm ceTeBbIX a1anTepoB MaxkcumanbHas 3aJepKKa Mpu
JIBOMHOM 000pOTE
JBa amanrepa TX/FX 100 bt
JIBa amanTtepa T4 138 bt
Opun amantep TX/FX u onun T4 127 bt

VYuuThiBasl, 4TO yABOEHHAs 3aJIepKKa, BHOCUMAsi TOBTOPUTEIEM Kilac-
ca I, paBua 140 bt, MOXHO paccuuTaTh BpeMs JBOMHOTO 000pOTa JIsl TIPO-
W3BOJIbHOM KOH(UTYpAIIMK CETH, €CTECTBEHHO, YUUTHIBAS MAKCUMAIbHO
BO3MOKHBIE JJIMHBI HETIPEPHIBHBIX CETMEHTOB KaleJiel, MPUBEACHHbIE B
ta6:1. 3.10. Ecnim monmyuuBIieecst 3HaueHue MeHbIe 512, 3Ha4UT, 10 KpH-
TEPUIO PACIIO3HABAHUS KOJUIM3HM CETh SBIISIETCA KOppeKTHOU. KoMuteT
802.3 pekoMeHyeT OCTaBIATh 3anac B 4 bt 17151 ycroituuBo padoraroiien
CETH, HO pa3peliaeT BeIONpaTh 3Ty BEIMUYMHY W3 auama3oHa ot 0 1o 5 bt.

PaccuntaeM myis mpuMepa peKOMEHJyeMylo B TaOnuile KoHDUrypa-
[[UIO CETH, COCTOSIIIYIO U3 OJIHOTO MOBTOPUTEINSI U IByX ONTOBOJIOKOHHBIX
CErMeHTOB JIJIMHOM 1ic 136 MeTpoB. Kaablii CErMEHT BHOCHUT 3aJ€PXKKY 110
136 bt, mapa cereBbix agantepoB FX maet 3aaepxkky B 100 bt, a cam mo-
BTOPUTENb BHOCHT 3a7epkKy B 140 bt. Cymma 3anepxku paBHa 512 bt, uto
TOBOPHUT O TOM, YTO CETh KOPPEKTHA, HO 3arac MpUHAT paBHbIM 0.

Bonpocwl onsa camoxonmponn

1. B xakom roay W Kak Ha3bpIBaeTcs cTaHmapT crneuudukamuu Fast
Etherne npunsiteie komuteToMm |[EEE?

2. Tlepeuncnure ocHOBHBIE ToCcTOUHCTBA TexHoJoruu Fast Ethernet.

3. Kakue pazmmunbpie cnenudbuxanuu s (U3NUecKoro ypoBHS (B
TEPMHHAX CeMHYypOBHEBOW Monenu OSI) s moanep KKy THUIIOB KaOelb-
HBIX CUCTEM MPUCYTCTBYIOT B TexHonoruu Fast Ethernet?

4. Bo ckosbko 00JIbllE WM MEHBLIE CKOPOCTh Nepeaayun kaapos Fast
Ethernet mo cpaBuenuto ¢ Ethernet?

5. Kakue mpaBmia BKIIOYAIOT KOPPEKTHOE IMOCTPOEHUE CETMEHTOB
cetelt Fast Ethernet ?

6. OnummTe Kiaccel moropurenen Fast Ethernet.

3.2 BoicokockopocTHasi TexHoJsiorus Gigabit Ethernet

[lepBas Bepcus cranmapTa Obuta paccMOTpeHa B ssHBape 1997 rona, a
okoHuatelbHO cTanaapT 802.3z Obut ipuHAT 29 utons 1998 roxa Ha 3ace-
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nanuu komuteta IEEE 802.3. PaGoTs! o peanuzanuu Gigabit Ethernet na
BUTOH Tlape KaTeropuud S5 ObUTM TIEpPelaHbl CHEIUATbHOMY KOMHTETY
802.3ab, KOTOpBIN YK€ pacCMOTPENI HECKOJIBKO BapUAHTOB MPOEKTA 3TOTO
cTaHgapta, mpuuem ¢ urois 1998 roga mpoexT npuodpen A0CTaTO4YHO CTa-
OwnbHbIN XapakTep. OkoHUaTenbHOE MpuHATHE cTaHgapTa 802.3ab oxu-
naercs B ceHTsa0pe 1999 rona.

He noxunasicb mpuHSATHA CTaHIapTa, HEKOTOPHIE KOMITAHUH BBIMY-
cTuiM nepoe odopynoBanue Gigabit Ethernet Ha onToBoIOKOHHOM KaOe-
ne yxe k ety 1997 rona.

OcHoBHas unes pazpadborunkoB cranaapra Gigabit Ethernet coctout
B MaKCHMaJIbHOM COXpPaHEHUHU HUJel Kilaccuuecko TexHonoruu Ethernet
P TOCTHXKEHUU O0uToBO# ckopoctu B 1000 MowuT/c.

Tak kak npu pa3zpabOTKe HOBOW TEXHOJIOTHU €CTECTBEHHO OXKUJIATh
HEKOTOPBIX TEXHUIECKUX HOBUHOK, HAYIINX B OOIIEM pyCiie pa3BUTHS Ce-
TEBBIX TEXHOJIOTHH, TO BAXKHO OTMETUTh, 4TO Gigabit Ethernet, Tak e kak
U €ro MEHee CKOPOCTHbIE cOOpaThs, HA YPOBHE MPOTOKOJIA HE OyJeT MoJ-
TEPKUBATh:

— Ka4ecTBO OOCTy>KUBaHUS;

— U30BITOYHBIE CBS3H;

— TECTUPOBAHUE PaOOTOCIIOCOOHOCTH Y3JIOB U 00OpYJ0BaHUs (B I0-
CJIETHEM CIIy4ae - 3a UCKJIIOYEHHUEM TECTUPOBAHMS CBSI3M MOPT - MOPT, KaK
ato nenaercs 11 Ethernet 10Base-T u 10Base-F u Fast Ethernet).

Bce Tpu Ha3BaHHBIX CBOWCTBA CYUTAIOTCS BEChbMa MEPCTICKTUBHBIMH U
MOJIC3HBIMH B COBPEMEHHBIX CETSAX, a 0COOCHHO B CETAX Oykaiiiero Oy-
nymero. [Touemy sxe aBropsl Gigabit Ethernet oTkazbiBaroTcst oT HUX?

[To moBoxy KauecTBa OOCTY>KMBAaHUS KOPOTKO MOHO OTBETUTH TaK:
«cusia ecTh - ymMa He Hajmo». Ecim maructpans cetu OyAeT paboTaTh CO
ckopocThio B 20 000 pa3 mpeBbIIAONIECH CPEAHIOI0 CKOPOCTh CETEBOM aK-
TUBHOCTH KJIIMEHTCKOro kKomimbtoTepa U B 100 pa3 mpeBblIIarOmEen cpe/i-
HIOIO CETEBYIO aKTMBHOCTH CE€pBepa ¢ ceTeBbIM afantepoM 100 Mout/c, To
0 3aJIepKKax MakeTax Ha MarucTpajidi BO MHOTHX CJIydasiX MOXHO He 3a00-
TUThCa BooOme. [Ipu HebonbmomM Kod(DUIIMEHTE 3arpy3Kd MarucTpaiu
1000 M6ut/c ouepenu B kommytaTopax Gigabit Ethernet 6yayT HeOOb-
IMMH, a BpeMs Oyepusalnnu 1 KOMMYTallUd Ha TaKOM CKOPOCTH COCTaB-
JSIeT €ANHUITBI U JJAXKE 10T MUKPOCEKYH]I.

Hy a ecnu Bce ke Maructpaib 3arpy3uTcsi Ha JOCTAaTOYHYIO BEJIUYHU-
HYy, TO IPHOPUTET YYBCTBUTEIHHOMY K 3aJepKKaM HJIH TPEeOOBATEIHLHOMY
K CpeIIHEeH CKOPOCTU TPpaPUKy MOMKHO MPEJOCTABUTH C TOMOIIBIO TEXHUKH
IIPUOPUTETOB B KOMMYTaTOpPaX - COOTBETCTBYIOIIME CTAaHIAAPTHI JJIsT KOM-
MyTaTOPOB YK€ NPUHATHI (OHU OyAYT paccMaTpPUBATHCA B CIEAYHOLIEH
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ri1aBe). 3aT0 MOXHO OYAET MOJb30BaThCS BECbMa MPOCTOM (MOYTH Kak
Ethernet) TexHonoruen, npuHIMUIBI paOdOThl KOTOPOUW M3BECTHBI MTPAKTHYE-
CKH BCEM CETEBBIM CIICIIUATUCTaM.

['maBHas uaes pazpaborunkoB TexHojoruu (Gigabit Ethernet coctout
B TOM, YTO CYIIECTBYET U OYJET CYIIECTBOBAaTh BECbhMa MHOTO CETEH, B KO-
TOPBIX BBICOKAsI CKOPOCTh MArMCTPAIM U BO3MOKHOCTh HA3HAUYECHUS TaKe-
TaM MPUOPUTETOB B KOMMYyTaTopax OyAyT BHOJIHE JOCTATOYHBI AJis oOec-
MEYEHHUsI Ka4eCTBA TPAHCIIOPTHOIO OOCITY>KUBAHUS BCEX KJIMEHTOB ceTu. 1
TOJBKO B TEX PEIKHUX CIIy4asiX, KOTJa U MarucTpalib JOCTATOYHO 3arpyxe-
Ha, U TpeOOBaHUA K KauyeCTBY OOCIY>KHMBaHUS OYE€Hb >KECTKHE, HYKHO
MPUMEHATH TeXHONOTUI0O ATM, KOTOpasi JEUCTBUTENBHO 32 CUET BBICOKOMN
TEXHUYECKON CIOKHOCTU JA€T TapaHTUM KayecTBa OOCTY>KUBAHUA JiA
BCEX OCHOBHBIX BHUJIOB TpaduKa.

Yro xe obmero umeercs B TexHojoruu Gigabit Ethernet mo cpaBHe-
Huto ¢ TexHonorusimu Ethernet u Fast Ethernet?

— Coxpansitores Bce popmarsl kajipoB Ethernet.

— Ilo-ipexHeMy OyayT CyIIECTBOBATh TOJIYAYIJIEKCHAS BEPCUS MPO-
TOKOJIa, TojAepkuBaromias Meroa goctyna CSMA/CD, u moiHOIyIIeKC-
Has Bepcusi, paboraromas ¢ kKommytatopamu. [lo moBoay coxpaneHus Io-
JTYIYTJIEKCHON BEPCUU MPOTOKOJIA COMHEHHUS ObUIM €Ill€ Y pa3padOTYHUKOB
Fast Ethernet, Tak kak cioxHO 3acTaBUTh padorars anroputm CSMA/CD
Ha BBICOKHX CKOpOCTSX. OHAKO METOJ IOCTyNa OCTAJICI HEU3MEHHBIM B
texHosoruu Fast Ethernet, u ero pemmnu ocTaBUTh B HOBOM TEXHOJOTHH
Gigabit Ethernet. CoxpaHeHue HEIOPOTroro pEelIeHHs Jsi pa3iesisieMbIX
cpen no3BoauT npuMmeHuth Gigabit Ethernet B HeOombmMx padouyux rpyn-
nax, UMEIOIINX OBICTPBIE CEPBEPHI U paboUune CTaHIUU.

— IloanepkuBalOTCsi BCE OCHOBHBIE BHUJIbI KaOenel, UCIOIb3yEMbIX B
Ethernet u Fast Ethernet: BomokoHHO-ONITHUUECKUH, BUTasl TTapa KaTErOpHUU
5, KOakcua.

Tem ne menee, pazpaboTunkam TexHosioruu Gigabit Ethernet ans co-
XpaHEHUs MPUBEJCHHBIX BBIIIE CBOWCTB MPUIILIOCh BHECTH U3MEHEHUS HE
TOJIbKO B (PM3UYECKUN YPOBEHB, Kak 3TO ObLI0 B citydae Fast Ethernet, Ho u
B ypoBeHb MAC.

[lepen pa3paboturikamu cranaapra Gigabit Ethernet cTosyio HECKOIb-
KO TPYAHO pa3pemumMbix mpodseM. OmaHoN U3 HUX OblIa 3a7a4a obecrede-
HUSl IPUEMJIEMOTO JMaMeTpa CETH JUIsl MONYAYIIEKCHOTO, pexxuma pado-
Thl. B CBsI3U ¢ orpaHn4eHusIMH, HakaapiBaeMbiMu MeToioM CSMA/CD Ha
uHy kabens, Bepcust Gigabit Ethernet qiis pasaensemoii cpenbl gomycka-
7a Obl IJTMHY CErMEHTa BCETO B 25 METPOB IPU COXPAHEHUM pa3zMepa Kai-
poB u Bcex napametrpoB metoga CSMA/CD nensmennbiMu. Tak Kak cyrie-
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CTBYET OOJBIIOE KOJWYECTBO MPUMEHEHUM, KOT/la HY>KHO MOBBICUThH JIHa-
MeTp ceTu XoTs O0bl 10 200 MeTpoB, HEOOXO0AMMO OBLIO KAKMM-TO 00pa3oM
pELIUTh ATy 3a/1ady 3a CYET MUHUMAJIbHBIX U3MEHEHUN B TeXHOJIOruu Fast
Ethernet.

Jpyroii cnoxxkHeiliei 3agadeid ObUI0 JOCTUKEHHE OUTOBOIM CKOPOCTU
1000 MowuT/c Ha OCHOBHBIX THHax KaOeneit. /lake M omTOBOJIOKHA J0-
CTHKEHUE TaKOW CKOPOCTH MPEACTABISIET HEKOTOPHIE MPOOJIEMBI, TaK Kak
texHosorust Fibre Channel, ¢pusnueckuii ypoBeHb KOTOpOH OBLI B3ST 3a
OCHOBY I ONMTOBOJIOKOHHOW Bepcuu (igabit Ethernet, oGecneunBaer
CKOpOCTh Iepefaun JaHHbIX Bcero B 800 MoOut/c (GuToBasi CKOPOCTh Ha
JMHUU paBHA B 3TOM ciiydae npumepHo 1000 MoOut/c, HO nipu METOJie KO-
mupoBanusi 8B/10B mone3nas 6uroBast cCkopocTh Ha 25 % MEHbIIE CKOPO-
CTH UMITYJIbCOB Ha JINHUU).

W nakoHer, camasi CJIOXHas 3a7ada - MOJJCp)KKa KaOens Ha BUTOU
nape. Takas 3aa4ya Ha NEPBBIM B3IV KAKETCS HEPA3PEUIMMON - BEIb J1a-
xe i1 100-MerabuTHBIX MPOTOKOJOB MPUIILIOCH UCTIOIB30BaTh 10CTATOY-
HO CJIO)KHBIE METOJbI KOJIUPOBAHUS, YTOOBI YJIOXKUTh CHEKTP CUTHajlIa B
10JIOCYy MponyckaHus kabens. OHAKO yCIEXH CHEIUAIUCTOB MO KOJIUPO-
BaHUIO, MIPOSIBUBIIKECS B MOCJIEAHEE BPEMsI B HOBBIX CTaHJIapTaXx MOJIEMOB,
MOKa3aJld, 4TO 3ajJadya MMEET IIAHCHI Ha pemieHne. YToOb HE TOPMO3HTH
NpUHSTHE OCHOBHOM Bepcuu ctanaapta Gigabit Ethernet, nucnomns3sytoiero
OITOBOJIOKHO M KOakcHaJl, OblI co3MaH OoTaenbHbIi KomuteT 802.3ab, xo-
TOpBIN 3aHUMAaeTCs pa3padboTkoi crannapta Gigabit Ethernet na BuToif na-
pe Kareropuu 5.

Jlnst pacmmpenusi MakcumaibHoro auamerpa cetu Gigabit Ethernet B
MOy ayIIEKCHOM pexkume 10 200 M pa3paboTUUKH TEXHOJOTHUHU MPEANpH-
HSUJTA JIOCTAaTOYHO €CTECTBEHHBIE MEPhI, OCHOBBIBAIOIINECS HAa W3BECTHOM
COOTHOIIIEHUSI BPEMEHM Tepe/laund KaJpa MUHUMAJIbLHOW JJIMHBI U BpeMe-
HEM JIBOMHOTO 000poTa.

MuHuManbeHbBIN pa3mep Kajpa Obul yBennueH (0e3 yuera nmpeamOyibl)
¢ 64 no 512 6aiit nau 10 4096 bt. CooTBETCTBEHHO, BpEMS IBOMHOTO 000-
poTa Temnepb TakkKe MOKHO ObLI0 yBenuuuTh 110 4095 bt, uto gemaer pomy-
CTUMBIM JHameTp ceth okoyio 200 M MmpHU UCNONIB30BAHUU OJHOTO MOBTO-
putens. [lpu aBoitHO#M 3aaepkke curHaia B 10 bt/m onToBoIoOKOHHBIE Ka-
oemu mmvHoM 100 M BHOCST BKJIaJ BO BpeMs JBOMHOTO o6opota mo 1000
bt, 1 ecu TOBTOPUTEIb M CETEBBIC aanTepbl OYAyT BHOCUTH TaKHE KE 3a-
JIEpKKH, Kak B TexHonorun Fast Ethernet (manHbie 111 KOTOPHIX TPUBOIH-
JUCh B MPEABIAYIIEM pasjene), To 3aaepkka noroputens B 1000 bt u na-
pbI ceTeBbIX agantepoB B 1000 bt maxyT B cymme BpeMs ABOMHOTO 000po-
ta 4000 bt, 94TO yAOBIETBOPSAET YCIOBHUIO PACTIO3HABAHMS KOJUIU3UH.
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Jlnst yBenmu4eHUsl IJIMHBI Kajpa 10 TpeOyeMoll B HOBOUM TEXHOJIOTHH
BEJIMYMHBI CETEBOM ajjanTep JOIKEH JIOMOIHUTH MOJIe TAHHBIX J0 JTUHBI
448 GailT Tak Ha3bIBaeMbBIH pacmupeHrueM (extention), MPeACTABISIONIAM
co0oii moJie, 3amoTHEHHOE 3alpelieHHbBIMU cuMBoaMu kojaa 8B/10B, ko-
TOPbIE HEBO3MOKHO MPUHSATH 32 KOJIbI TAHHBIX.

JInst cokpallleHHsl HaKJIaJHBIX PAcXOJIOB MPH HCHOJIb30BAHUU CIIUIII-
KOM JUIMHHBIX KaJpOB JIJIS TIEpeadyrd KOPOTKUX KBUTAHLMKN pa3zpaboTUuKu
CTaHJapTa pa3pelilyii KOHEUHBIM y3JlaM IepeaBaThb HECKOJIbKO KaJpOB
noApsia, 0e3 mepenadyn cpeibl IPYyruM CTAaHIUSIM. TakoW peXuM MOTYUU
Ha3BaHue Burst Mode - MOHOMONMBHBIN TakeTHBINA pexuM. CTaHIUA MOKET
nepeaaTh NOApsA HECKOIbKO KaJApoB ¢ 00IIei nmuHoi He Oonee 65 536
outr wim 8192 Gaiir. Ecnu cTaHuy HYKHO MepenaTh HECKOIbKO HEO0O0Jb-
X KaJpoB, TO OHA MOXET HE JOMOJIHATH UX /10 pa3mepa B 512 Gaiit, a
nepeaBaTh NOAPS A0 MCUEpIaHus npenaena B 8192 GaiT (B ATOT mpeaen
BXOJIAT BCE OAMTHI Kajpa, B TOM YHCIE npeaMOyiia, 3aroJ0BOK, JaHHBIC U
KoHTpoJibHast cymma). [Ipenen 8192 Gaiit naszsiBaetcst BurstLength. Eciu
CTaHUMs Hayaja nepeaasaTh Kaap u npenen BurstLength Obu1 nocTurayT B
cepeauHe Kaapa, TO KaJp pa3pelacTcs nepeaarThb 10 KOHIIA.

VYBenuueHue «COBMENIEHHOTo» Kajpa 10 8192 0allT HeCKOoJIbKO 3a-
JEPKUBAET JOCTYII K pa3eNsieMOU Cpelie APYTUX CTAHILMMI, HO IPU CKOPO-
ctu 1000 MOut/c sTa 3a1epxKKa He CTOJIb CYIIIECTBEHHA.

B kadecTBe cpeipl mepenauyd JaHHBIX HCIOJb3YETCS BBICOKOKAYeE-
CTBCHHBIN TBMHAKCHAJIbHBIA Kabesb (Twinax) ¢ BOJHOBBIM CONPOTHBIIC-
Huem 150 Om (2x75 Om). JlaHHBIE TTOCHUIAIOTCS OJHOBPEMEHHO IO Mape
MPOBOJHUKOB, KXl U3 KOTOPBIX OKPYNKEH SKPAHUPYIOIICH OIJIETKOM.
[Ipu »TOM TOJydaeTcs PeKUM IMOJyAYyIUIeKCHOU Tiepenauun. Jiis obecrie-
YeHUs MOJHOAYIUIEKCHOM Tepeaayr HeoOXOAMMBI elle JBE Mapbl KOAKCU-
albHBIX MPOBOJHUKOB. Hayan BhIMycKaThCsl CHENUANIbHBIA KaOelb, KOTO-
pPbIil CONEPKUT YETHIPE KOAKCHUAJbHBIX MPOBOJHUKA - TaK HA3bIBAEMBIN
Quad-kabenb. OH BHENIHE HAMOMUHACT KAOETh KATETOPHH 5 W HMEET
ONMM3KUK K HEMY BHEITHUN AUMaMETp M THOKOCTh. MakcuMmamnbHas JJIMHA
TBUHAKCUAJIBHOTO CErMEHTa COCTAaBISIET BCETO 25 METPOB, MO3TOMY 3TO
penieHne MoaXOoauT AJii 000pYy/IOBaHMSI, PACIIOJIIOKEHHOTO B OJIHOM KOM-
HaTe.

Kak u3BecTHO, KaxkJas napa kalessi KaTeropuu 5 UMEeT TapaHTUpO-
BaHHYIO noJiocy nponyckanus 1o 100 MI'n. Jlig nepenaym no takomy Ka-
oemo maHHBIX cO cKOopocThio 1000 MOuT/c OBLIO PElIeHO OpraHU30BaTh
napajuieNIbHYIO Iepeiadyy OJJHOBPEMEHHO I10 BCEM 4 mapam.

JTO cpa3y YMEHBLIUJIO CKOPOCTh MEPElayu JaHHBIX MO KaXKJI0W mape
1m0 250 Mowut/c. OgHako U ISl TaKOM CKOPOCTH HEOOXOAUMO OBLIO TPH-
JyMaTh METOJI KOJIWPOBaHMS, KOTOPBIM MMeN Obl criekTp He Bbime 100
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MI'. Kpome Toro, oqHOBpEMEHHOE MCIIOJb30BAHUE YETHIPEX Map HA MEp-
BBIN B3IJISIJ JIMIIIAET CETh BO3MOKHOCTh PACIIO3HABATh KOJUIU3HH.

Jlns xogupoBaHMs TaHHBIX OBLT MPUMEHEH Koj PAMS, ucmoian3yio-
mui 5 ypoBHe# nmoreHnmana: -2, -1,0, +1, +2. [ToatoMy 3a oMH TakT Mo
onHOU nape nepeaaercs 2,322 out undpopmanuu. CrenoBaTeabHO, TaKTO-
BYIO 4yactoty BMecTo 250 MI'n moxHo cHu3uth no 125 MI'n. Ilpu stom
€CJIM WCIIOJIb30BaTh HE BCE KOJbI, a mepeaaBaTh 8 OUT 3a TakT (1o 4 ma-
paM), TO BbIJIEp)KUBaETCs Tpebyemasi ckopocTh nepenayu B 1000 Mout/c u
€lIe OCTAaeTCA 3aIlac HEMCIIOJb3YEMBIX KOJIOB, Tak kKak kog PAMS coxep-
KUT 54 = 625 xoMOUHaIMH, a eclii TIepeaaBaTh 3a OJIUH TaKT IO BCEM Ye-
ThIPEM TapaM 8 OUT JAHHBIX, TO JJIsl 3TOro TpedyeTrcs Bcero 28 =256 koM-
ounHaruii. OcTaBimecs KOMOMHAIIMN MPUEMHUK MOXKET MCIOJIb30BaTh JIJIs
KOHTPOJISI IPUHUMAaeMOW UH(POPMAIIUU U BbIJEICHUS MIPABUIBHBIX KOMOU-
Haruit Ha (pone myma. Kog PAMS Ha TaktoBoit yactote 125 Ml ykia-
neiBaeTcs B mosocy 100 MI' kaGens kareropum 5.

Jlns pacrio3HaBaHUsl KOJUIM3UW M OpraHU3alliy TOJHOIYIIIIEKCHOTO
pexuma pazpadboturiku crnenudukanuu §02.3ab npuMeHWIN TEXHUKY, UC-
MOJB3YEMYIO MPU OpPraHu3allii IYIUIEKCHOTO peXHMMa Ha OJHOM mape
IPOBOJIOB B COBPEMEHHBIX MOJIeMaxX W almaparype nepeaadu JaHHbIX a0o-
HeHTCcKux okoH4YaHui ISDN. BmecTo mepemaun 1mo pa3HpIM mapam IpOBO-
OB WM PA3HECEHUS CHUTHAJIOB JIBYX OJHOBPEMEHHO pabOTarOIIUuX
HABCTpeUy NepeaaTurKoB IO JMamna3zoHy 4acTOT o0a mepenaryuka pado-
TalOT HABCTpEUy APYr APYry IO KaKJA0W u3 4-x map B OJHOM U TOM XK€
JMara3oHe 4acToT, TaK KaK MCHOJB3YIOT OJAWH U TOT K€ MOTCHIIUAIbHBIN
kog PAMS.

Bonpocwl ona camoxkonmponn

1. B xakoMm roay ¥ Kak HaspIBajcs ctaHiaptT crnenudukamuu Gigabit
Ethernet mpunsTeie komuTeToMm IEEE?

2.Yto xe obmiero nmeercsa B TexHonorun Gigabit Ethernet mo cpas-
Henuto ¢ texnosiorusMmu Ethernet u Fast Ethernet?

3. M3-3a dero nmepBoHavanbHO JyinHaA cermeHTa (Gigabit Ethernet co-
CTaBJIsL1a BCero B 257

4. Kak ObUT U3MEHEH MUHUMAJIbLHBIN pa3zmep Kajapa?

5.Yto OBUIO TPEANPHUHATO IS COKPAIICHWS HAKIaJHBIX PacXoJOB
IIPU MCIOJIb30BAHUU CIIUIIKOM JUJIMHHBIX KaJIpOB WM JJIs MEepeaadyr KOpOT-
KUX KBUTaHIMK? Kak Ha3eBaeTcs: TakOu pekum?

6. UTo ncmoap3yercs B KaUeCTBE CPe/ibl Iepeadn JaHHbBIX ?

7. Kako#t kKo UCTOJIb3YETCs ISl KOAUPOBAHUS TAHHBIX B TEXHOJOTHUHU
Gigabit Ethernet?
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4 Aapecanus B JIOKAJBbHBIX CETSX

3a aJgpecalrio B CETU U JOCTaBKY MAKETOB MEXKIY KOMITBIOTEPAMH Ce-
TH OTBeYaeT NpoTokou [P, KOTOpbI sABIsSETCA MPOTOKOJIM 0€3 yCTaHOBIE-
HUS COCJIMHEHUS U TapaHTUH JOCTAaBKH Makera. [Ipy ucrnoap30BaHUM MPO-
TokoJa [P, kaxkaplii KOMIIBIOTEP B paMKax CETH JOJKEH UMETh YHUKAJb-
Helii [P — anpec, npeacrasistonuii coboit 32-6utHoe yucno. s ynoo-
cTBa ureHus, [P agpec pazbuBaroT Ha deTbipe 8§ OUTOBBIX YUCIA, Ha3bIBa-
eMbIX OKTeTamu, Hampumep 149.76.12.4. B nokaibHOUN ceTH, KOTOpas HE
nojkIroYeHa K Internet wim npyrum cersim, Bel moxere HaszHauarh IP-
azpeca MpOU3BOJILHO (TJIABHOE, YTOOBI OHU HE COBIAJIANIH).

B IP-anpece BBIIEHAIOT JIBE YAaCTHU: CETEBYIO YacTh (aApec JOKAIbHOMN
CETH) U aJIpec KOMIBIOTEPA B CETH.

CereBasg 4acTh aapeca MOXKET UMETh NEPEMEHHYIO JIMHY, KOTOpas
3aBUCUT OT KJjiacca [P-ajpeca 1 MacKu MOJICETH.

Macka — 310 yumcno, npuMmensemoe B mnape ¢ [P-agpecom, mpuuem
NBOWYHAs 3allUCh MACKH COJEPKUT HENMPEPBIBHYIO IMOCIEAOBATEIBHOCTD
CAVHUIl B TE€X pa3psjax, KOTopbie JoJxkHBI B [P-anpece mHTepnperupo-
BaThCsl KaK HOMEpP CETH. ['paHuIla MEeXay MOCIEA0BATEIbHOCTAMU €ANHULL
U HyJIe€ll B MacKe COOTBETCTBYET I'PaHUIIE MEXIY HOMEPOM CETH U HOMe-
powm y3ia B [P-anpece.

Brigensator cnenyronue kiacest [P-aapecos:

Kaace A. Bkimtouaer cetu ¢ aapecamu oT 1.0.0.0 mo 127.0.0.0. Cere-
BOM HOMEp COJACPKHUTCS B mepBoM okteTe (1-127), yTo mpemycmaTpuBaeT
126 cereii o 1.6 MUIMOHOB KOMIIBIOTEPOB B Kaxka0ul. CTaHaapTHas Mac-
Ka MOJACETH I aapeca kinacca umeet Bua 255.0.0.0.

Kunacc B. Bkmougaer cetu ¢ agpecamu ot 128.0.0.0 1o 191.255.0.0.
CeteBoii HOMEp HaXOJUTCA B EPBBIX ABYX okTeTax (128.0 — 191.255), uto
npenycmarpuaer 16320 cereit ¢ 65024 kommnbroTepamu B Kaxaou. Cran-
JapTHas Macka MOJCETH JJIA afapeca kiacca umeet Bua 255.255.0.0.

Kaace C. Bximtouaer cetu ¢ aapecamu ot 192.0.0.0 no 223.255.255.0.
CereBoil HOMEp cCOJEpKUTCS B TNEpBbIX Tpex okrerax (192.0.0 -
223.255.255). D10 mpeamnoaaraeT mo4YTH 2 MUJIJIMOHA ceTeil mo 254 KoM-
NBIOTEPOB B Kaxkaou. CraHgapTHas Macka IMOACETH Ui aJpeca Kiacca
nMeeT Bug 255.255.255.0.

Kuaaccsl D. Bxirouaer agpeca ot 224.0.0.0 go 239.255.255.0. Ot
ajzipeca SIBJISIIOTCA rpynnoBbiMU (multicast). Eciiu HECKOIBKUM KOMITBIOTE-
paM B CETH Ha3HAYEH OJUH U TOT K€ IPYIIOBOU ajpec, TO MaKeT, aJIpeco-
BaHHBIM HA 3TOT aJpec, MOoJIyyaT BCE KOMIBIOTEpHI. Takue aapeca B JO-
KaJIbHBIX CETSAX HMCIOJIB3YIOTCS PEIKO U 3ape3e€pPBUPOBAHBI JJIsI TOTO Bpe-
MEHH, KOT/Ia TEXHUYECKUE BO3MOXKHOCTU ceTH Internet mo3BoJisIT opranu-
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30BBIBATh TEJIC- M PAIUOBECIIAHKE HA TPYIIITHI KOMIIBIOTEPOB.

Kaacesl E u F. Anpeca nonapatomne B nuanazon ot 240.0.0.0 oo
254.0.0.0 ABASIOTCS WM SKCIIEPUMEHTATBHBIM, WJIM COXPaHEHBI s Oy-
JYIIIETO WCIIOJb30BAaHUS ¥ HE ONPEACIISIIOT KaKyk0-TH00 CETh.

s ynoocTtBa pabotsl ¢ [P-anpecamu 32-pa3psiiHyto MOCIEI0BATEIb-
HOCTh OOBIYHO pa3aeisaioT Ha 4 JacTh 1Mo 8 OUTOB (HA OKTETHI), KaXIbIi
OKTET MEPEBOAT B ACCATUYHOE YUCIIO U TIPU 3aITMCH PA3CIISIOT 3TH YHCIIa
ToukamMu. B TakoMm Bujie (3TO MpEACTaBICHUE HA3BIBACTCS «IECATUYHBIC
YHCIIa ¢ TOYKaMUy, WIIH, ITo-aHrmiicku, «dotted-decimal notation») IP-

ajzipeca 3aHUMArOT TOPa30 MEHBIIIE MECTa U HAMHOTO Jierye 3allOMHHAIOT-
cs (tabm. 1.9).

Ta6muma 1.9 Paznuunsie npeacrasienus [P-agpeca

IP-anpec 11000000 10101000 0000101 11001000

B 32-pa3psiTHOM BUJE
IP-anpec, 11000000 10101 | 00000 | 1100100

pa3OUTHIN HA OKTETHI 000 101 0

OKTEeTHI B JCCATUYHOM TIPE/I- 192 168 5 200
CTaBJIEHUH
IP-ampec
B BUJE JECATUYHBIX YHCEII, 192.168.5.200
pa3JieJICHHBIX TOYKAMH

MAC-anpec (Media Access Control — ympaBneHue T0CTYIIOM K cpe-
7€) — 3TO YHUKAJIbHBIA UACHTU(PUKATOP, COMOCTABISIEMBIN C Pa3IMYHBIMU
TUIIaMHA 00OpYAOBaHUS Il KOMIbIOTEpHBIX ceteil. MAC-aapec mo3Boss-
€T YHUKAJIHHO WICHTU(PHUIIMPOBATH KAKIBIN y3€] CETH M JIOCTaBIATH JaH-
HBIE TOJIKO 3TOMY y31y. Takum oOpazom, MAC-aapeca hbopmMupyroT oc-
HOBY CeTel Ha KaHAJbHOM YPOBHE, KOTOPYIO MCIOJIB3YIOT MPOTOKOJIBI 00-
Jee BBICOKOTO (ceTeBoro) ypoBHs. OHHM cocTosT u3 48 OuT, TakuM oOpa-
30M, aapecHoe mpocTpancTBO MAC-48 nacuuteiBaeT 248 (unu 281 474
976 710 656) ampecoB. Ilpumepamu MAC-anpecoB SBISIOTCS:
08:00:39:00:2F:C3, 00-13-A1-00-88-21.

Jliis otoOpakenus IP-agpecoB B Ethernet agpeca mcrnonb3yercs mnpo-
tokos1 ARP (Address Resolution Protocol - axpecHsiii mpoTtokoi). OTo0-
paXeHUE BBITIOHIETCS TOJBKO JJIsl OTHpaBisieMbix |P-makeToB, Tak Kak
TOJILKO B MOMEHT OTIPaBKH co31aroTcst 3aroyioBku IP u Ethernet.

[IpeobpazoBanue anpecoB BBHIMOJHACTCS MyTEM ITOMCKA B TaOJuIE.
Ota Tabnuia, Ha3biBaemass ARP-tabiuiield, XpaHUTCS B MaMATH U COJEP-
XKUT CTPOKHU JIJISl KOKJIOT0 y3ia cetu. B aByx cronmbnax coaepxkarcs IP- u
Ethernet-anpeca. Ecam TpeOyercs mpeoOpazoBatrh IP-ampec B Ethernet-
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azpec, TO MIIETCA 3aIiCh ¢ COOTBETCTBYOIMM [P-aapecom. Huxke npuse-

JeH npuMep yrpouieHHoi ARP-Ta0muier (Tadbmuma 1.10).
Ta6muma 1.10 ITpumep ARP-Tabauis!

IP-anpec MAC- anpec
192.168.1.2 00-00-00-02
192.168.1.3 00-00-00-03
192.168.1.4 00-00-00-04
192.168.1.5 00-00-00-05
192.168.1.6 00-00-00-06
192.168.1.7 00-00-00-07

ARP-tabnuiia Heo6xoauma noromy, uto IP-anpeca u Ethernet-anpeca
BBIOMPAIOTCST HE3aBHCUMO, U HET KaKOTO-TMOO alropuTMa Jjisi mpeoopas3o-
BaHUA OJTHOTO B Apyroi. IP-anpec BeIOMpaeT MeHEIKEp CETH C YIETOM TI0-
JIO’KEHUSI MalllMHbI B ceTH internet. Eciu MammuHy nepeMeniaroT B Ipyryro
4acTh ceTH internet, To ee IP-anpec nomken ObITh U3MeHeH. Ethernet-aapec
BBIOMpAET MPOU3BOJIUTENL CETEBOr0 HMHTEp(eiicHOro oO0opyaoBaHUS U3
BBIJICJICHHOT'O JUIsl HETO 10 JIMIIEH3UU aJpecHOro mpoctpancTBa. Korga y
MalllMHbl 3aMEHSIETCS IUIaTa CETeBOrO ajanTepa, TO MEHSETCS U €€
Ethernet-anpec.

Bonpocwl onsa camoxonmpons

1. Kako#t mpoTOKOJ OTBEYAET 3a aJpecalyio B CETH U JOCTaBKY MaKe-
TOB MEXJ1y KOMIIBIOTEPAMHU CETH OTBEYAET MPOTOKO?

2. Yto u3 cebs npencrasiser |P-ampec?

3. Kakue yactu Boiziensator B [P-aapece?

4. Yt1o Takoe Macka ceTu?

5. Kakue knaccel [P-agpecoB cyiecTByoT?

6. Uto Takoe MAC-anpec?

7. KakoB pa3mep (B burax) MAC-angpeca?

8. Kakoii mpoTokon ucmoibzyercs st otroOpaxkenus IP-agpecos B
Ethernet anpeca?

9. I'ne naxogutcs nHpopManus st mpeodpa3oBaHUE aApeCcOB?

10. KakoB nopsmok npeodpa3oBaHus aapecoB?

JlaGopaTopHasi pabdora

L]ens.: TPOSKTUPOBAHUE JTOKATHHOW CETH OpTaHU3aIluH, COCTOSIICH U3
MHO>KECTBa OTJICTIOB.

Mamepuanvt u 060pyoosarue: TEPCOHAIBHBIM KOMITBIOTEp C YCTa-
HoBieHubsiMu. MS Word, MS Visio.

X00 8blnoiHeHus::
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1. [IpencTaBuTh OOIIYIO TOMOJIOTHIO CETH.

2. OnpenenuTs Uil KaXA0TO U3 OTACIIOB:

— Koadduiment 3arpy3ku ceTu.

— Paccuurarte koppektHocTHu cetu (PDV, PVV).

— B 3aBUCUMOCTH OT €€ Harpy3Kd BbIOpAaTh OTBETCTBYIOIIME THUIIbI
000py10BaHus (JJUHUU CBA3U, IPOMEKYTOUHBIE YCTPOUCTBA).

— Kaxnomy 13 KOMIIbIOTEPOB OTJieNa npucBouTh IP anpec u cooTBet-
CTBYIOIIYIO MacKy IMOCETH.

— CocrtaButb ARP Ta0muIm!.

3.B caydae HEOOXOAMMOCTH KaKABIM M3 OTJ/AEIIOB JOIOJIHUTH HEOO-
XOJIMMBIM 000PYIOBAaHUEM JIJIsl PELICHUS YAaCTHBIX 3a/lay (Hampumep, cep-
BEpOM I oOecrieueHns BhIX0/1a B Intemet).

4. PaccuntaTh KOA((PUITMEHTHI 3arpy3KH KaHAJIOB CBSI3M MEXKIY OTIIE-

JTaMH.
[Tomrast popMynmupoBKa 3a1ay ISl BBIMTOJHEHUS U BApUAHTHI 3aaHUN
Ha J1abopaTopHyIo paboTy nmpuBeaeHb! B [Iprnoxenun A.
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Ipuioxenue A

IIpoexkTHpOBaHME JIOKAJIBHOW BHIYMCJIUTEIbHOMN
CeTH NpeanpUusITUA

OO0BbequHUTh KOMIBIOTEPHI N oTaenoB npeanpusatus FIO&K® B 00-
Y10 JIOKAJTbHYIO CETh MPH YCIOBUU, YTO PACCTOSHHUE MEXIY OTIaelaMu
cocraBisieT Rj MeTpoB u Tpaduk Mexay HuMu cocraBisier tr Mbps —
type=1. Ecau type=0, To 0OMEH NPOUCXOIUT TOJIHBKO 3JIEKTPOHHOU IMOY-
toil. KonuuectBo kommbrotepoB B J-oM otaene hj. TpeGyercsa nanuune
BeIxona B Muatepuer (Inetj=1), ecom uer — Inetj=0. Tpaduk BHYTpH OTIENA
J cocraBmger try Mbps (tabmuist A1, A.2).

3aganud

1. [IpencraBuTh OOIIYIO TOMOJIOTHIO CETH.

2. OnpeaenuTs A KaKI0TO U3 OT/IENOB:

— Konaddurment 3arpy3ku ceTu.

— Paccuurare koppektHocTH cetu (PDV, PVV).

— B 3aBUCHMOCTH OT €€ Harpy3Kd BBIOpAaTh OTBETCTBYIOIIHWE THITHI
000pya0BaHus (JIMHUM CBSI3U, IPOMEKYTOUHBIE YCTPOUCTBA).

— Kaxnomy n3 KOMIIBIOTEPOB OTJeNa mpucBouTh |IP anpec u cooTBet-
CTBYIOIIIYIO MacKy MOCETH.

— CoctaButb ARP TaGmuipbl.

3. B ciaydae HEOOXOIMMOCTH KaXIbIi U3 OTIEIOB JOMOJHHUTH HEOO-
XOJIMMBIM 000PYIOBaHHUEM JIJISl pEIISHUs YaCTHBIX 3a/1a4 (Halmpumep, cep-
BEpOM JIJIs oOecrieueHus Bbixoaa B Internet).

4. Paccuntath KO3 PUITUEHTHI 3arpy3Ku KaHAJIOB CBA3W MEXY OT/IE-
JIaMH.

3ameuanue. BoiOop TUOB 000pyn0BaHUs JIOKEH OBITH OOBSICHEH Ha
OCHOBaHUHU pacyeToB m.2.1, 2.2.

Hanpumep, Bapuant 0

Komnanus lvanov&K® ummeer 2 otnena, pacCTOsSiHHE MEXAY HUMHU
1000 metpoB, oOMeH uHpopmarrei co ckopoctbio 94 Mbps . KonuuectBo
KOMIIBIOTEPOB B TiepBoM otaeisie 17 Boixon B Internet me tpeOyercs, Tpa-
¢uk Mexny kommbioTepamu 1 otnmena pasen 12 Mbps. KonnuectBo koM-
NBIOTEPOB BO BTOpoM oTAene 13 Beixon B Internet ne tpeGyercs, Tpaduk
MEXTy KOMIIBIOTEpaMu 2-To oTea paseH 4Mbps.
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Tabmuna A.1 BapuanTsl 3a1anuii sl cCeTeil BHYTPH OTAEIIOB

Ne |IN |hy [Inety | Ty h, Inet, |[tr, | hy | Inet; |trs
0 |2 |17 0 12 13 0 4

1 (3 |38 1 21 47 1 20

2 |3 |36 0 10 24 1 8 8 0 15
3 |3 |39 0 11 29 1 7 |16 0 6
4 |3 |20 0 3 20 0 5 |37 1 20
5 |3 |22 0 13 35 1 19 |27 1 14
6 |3 |28 0 14 40 1 16

7 |3 |43 1 14 36 1 7 |31 0 5
8 |3 7 0 20 32 1 16 |28 0 21
9 |3 |14 1 16 17 1 14 |15 1 3
10 |3 |46 0 7 17 1 21

11 |3 |16 1 4 7 1 20 |48 0 6
12 |3 |30 1 15 42 1 14 | 3 0 16
13 |3 |12 1 10 7 0 10 |22 0 4
14 |3 |9 0 9 43 0 6

15 |3 (14 1 13 15 1 6 8 1 19
16 |3 |47 0 13 23 0 14 |48 0 10
17 |3 |47 1 5 27 0 8

18 |3 |19 1 18 39 1 19

19 |3 |19 1 20 32 1 9 140 1 20
20 [3 | 8 0 15 25 0 12 |15 0 17
21 |3 |25 1 8 1 0 9 |21 1 18
22 |3 |22 0 20 26 0 12 |12 1 10
23 |3 |35 0 9 27 1 14 |12 0 19
24 |3 |12 0 15 15 0 6 |48 1 9
25 |3 |46 1 9 3 1 4 |31 0 13
26 |3 |30 1 5 47 0 16 |32 0 10
27 |3 |31 0 16 2 0 3 |46 0 8
28 |3 |50 0 2 39 0 3 |29 0 20
29 |3 |17 0 19 49 1 3 |45 0 6
30 [3 |31 1 12 44 0 4 |33 0 18
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Ta6muma A.2 BapuanTsl 3agaHuii 119 CETeH MEXIy OTACIaMU

Ne [N Ry [ttty [trip | Rog  [tty [trs | Ris tis |t
0 |2 [1000 | 1 94 1000 | 1 94 1000 | 1 94
1 3 50 1 68 50 1 68 50 1 68
2 3 180 1 54 180 1 54 | 180 1 54
3 3 180 0 0 180 0 0 180 0 0
4 |3 |1500 | O 0 1500 | O 0 (1500 | O 0
5 3 50 0 0 50 0 0 50 0 0
6 3 50 1 21 50 1 21 50 1 21
7 3 | 1000 0 0 1000 0 0 1000 | O 0
8 3 90 1 12 90 1 12 90 1 12
9 |3 | 450 0 0 450 0 0O (450 | O 0

10 |3 | 1500 1 67 1500 1 67 (1500 | 1 67

11 |3 | 1500 0 0 1500 0 0 1500 | O 0

12 |3 | 1500 0 0 1500 0 0 1500 | O 0

13 |3 50 0 0 50 0 0 50 0 0

14 |3 50 1 15 50 1 15 50 1 15

15 |3 450 1 60 450 1 60 | 450 1 60

16 |3 90 0 0 90 0 0 90 0 0

17 |3 450 1 55 450 1 55 | 450 1 55

18 |3 | 180 1 3 180 1 3 180 | 1 3

19 |3 90 1 83 90 1 83 90 1 83

20 |3 | 1500 0 0 1500 0 0 1500 | O 0

21 |3 90 1 3 90 1 3 90 1 3

22 |3 450 1 8 450 1 8 450 1 8

23 |3 50 1 19 50 1 19 50 1 19

24 |3 450 0 0 450 0 0 450 0 0

25 |3 90 0 0 90 0 0 90 0 0

26 |3 | 1500 0 0 1500 0 0 1500 | O 0

27 |3 | 1000 1 47 1000 1 47 11000 | 1 47

28 |3 50 0 0 50 0 0 50 0 0

29 |3 | 1000 0 0 1000 0 0 1000 | O 0

30 |3 | 1500 1 25 1500 1 25 |1500 | 1 25
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YueOHOE U31aHUE

JemycbkoB Ajiekcanap bopucosu4
MacaoBuu Cepreit ®exopoBuy

KomnbrorepHbie ceTu:
TEXHOJIOTHH JIOKAJbHBIX CeTel

IIpakTH4Yeckoe pyKOBOACTBO

JJISl CTYJIEeHTOB CIeMATbHOCTEN:

1-40 01 01 ITporpammHoe o0ecnieyeHue MHGPOPMALMOHHBIX TeX-
HoJioruii, 1-31 03 03-01 Ipukaagnas maTteMaTuka (HAy4HO-
NMPON3BOJICTBEHHAS AesATeJIbHOCTD), 1-31 03 03-02 [Mpuknaanas mare-
MaTHKa (HAYYHO-Tearorunyeckas JesiTeJJbHOCTD),

1-31 03 06-01 dxoHoMHu4eckasi kKubepHeTHKA (MaTEMATHYECKHE
MeTO/bl 1 KOMIIbIOTEPHOE MOJIETHPOBAHHE B IKOHOMHUKE)
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