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1. KoHcnekr Jekuuu

Jlekuust Nel. O0mme cBeieHHsI 0 KOMNIBIOTEPHBIX CeTSX.

Bonpocsr:

1. Kmaccudukamus cereit.

2. Tonosnorus cereil.

1. Knaccupuxauus cerei.

Knaccudpukanus cereit 9BM (KOMIBIOTEPHBIX CeTeil), KaK JIFOOBIX OOJNBIIMX U CIIOKHBIX
CUCTEM, MOXET OBITh BBIIOJTHEHA Ha OCHOBE PA3JUYHBIX MPU3HAKOB, B KAY€CTBE KOTOPBIX MOTYT
OBITH UCTIOB30BaHBI (puc.l):

. pa3mep (TeppUTOPHATBHBIA OXBAT) CETH;
. NPUHAJIC)KHOCTD;
. Ha3HaYEHHE;
. 00J1aCTh IPUMEHEHUS.
|| Tuns! cereii IBM H
|
Pazmep I Hasnavenue I {pouue
I Tpunaonesicnocms I I Obaacms npuMeHeHs I
BriuncnureneHbie -
—i PAN | OducHsre I —I | Cern
Undopmannonusie NpaTiEIe
—I LAN | l{oprmpmnthlel ﬂ Ll | JIaHHBIX
—| UHpopmalinoHHo-
AN | Yactasic | BBIYHCITHTEITLHbIE CepaepHbie
WAN (pepmel
— Uudopmannonso-
YIIPABIAOIIHE
[ |
|L’[epapxuqecme] |Eec;1p030uuhre| I BupryansHble I
| 1.14
Pucynok 1.Tunel cereit 9BM
1. I1o pa3mepy (TeppuTopHabHOMY 0XBaTy) cetu OBM nendarcs Ha:
. IIEPCOHABHBIE;
. JIOKaJbHBIE;
. ropojickue (peruoHalbHbIE).
. ry100abHBIE.
IlepconanbHasn cerb (PersonalAreaNetwork, PAN) — 3TO CEeTh,00bEIUHSIONIAS

NEPCOHAJIBHBIC AJIEKTPOHHBIE YCTPOMCTBA MOJb30BaTeNs (TenedoHbl, KapMaHHBIE MEPCOHAIBHBIC
KOMITHIOTEPHI, CMapTHOHBI, HOYTOYKH U T.I1.) U XapaKTePU3YIOIIAsICS:

. HEOOJIBIINM YHCIIOM a0OHEHTOB;
. MaJIBIM PaJNycoM JEeUCTBHUSA (JI0 HECKOJIBKHX JCCATKOB METPOB);
. HEKPUTHYHOCTHIO K OTKa3aM.

K crannmapram Takux cereit B HacTosIiee Bpems oTHocaTcs Bluetooth, Zigbee, [Tukoner.

Jlokanbnasi BbruucauteabHast cerb (JIBC) (LocalAreaNetwork, LAN)- cerb co
CKOPOCTBIO TIepefaud NaHHBIX , KaK IMpaBujiio, He MeHee 1 MOwuT/c, obecrieunBaroias CBI3b Ha
HEOOJBIINX PACCTOSHUAX — OT HECKOJBKUX JAECATKOB METPOB [0 HECKOJBKUX KHUIIOMETPOB.
Ob6opynoBanue, noakiaodaemoe k JIBC, MokeT HaXOAUTHCS B OJHOM HJIM HECKOJIBKHUX COCEIHUX
3IaHUSX.

[Tpumepsl/IBC: Ethernet, Token Ring.

Topoackass BbIuHcauTeabHasi ceTh (MetropolitanAreaNetwork, MAN) — CETbh,
poMexyTouHast o pazmepy mexay JIBC u rio0anbHO# CEThIO.
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[TpoTokosnbl 1 KabenbHas cucTeMa AJis FOPOJICKON BBIYMCIUTEIBHON CETH ONMUCHIBAIOTCS B
cragpaprax komurera IEEE 802.6. MAN peanmusyercs Ha ocHoBe mpotokosa DQDB
(DistributedQueueDualBus) — nBoifHas mMHA CcpacnpeneeHHONW OuYepeipl0 W HCIOJIb3YeT
BOJIOKOHHO-ONTUYECKH Kabenb A nepeadu JaHHbIX co ckopocThio 100 MOut/c Ha TeppuTopun
o 100 kM2. MAN wMoXeT NPUMEHSATHCS I OOBCAMHEHHS B OJHY CETh TPYIIBI CETEH,
PacToONIOKEHHBIX B pa3HbIX 3MaHusX. [locienHue pa3paOOTKH, CBSI3aHHBIE C BBHICOKOCKOPOCTHBIM
OecTpOBOIHBIM J0CTYIIOM B cooTBeTcTBHU co cranmapToMm IEEE 802.16, mpuBenu kK co3maHuio
MAN B Bujie HIMPOKOIIONOCHBIX OecripoBoaubIX JIBC.

I'nodanbuas cerb (WideAreaNetwork, WAN) — B otninuune ot JIBC oxBaTeiBaeT 00JIbIITYIO
TEPPUTOPUIO U TIpEACTaBIIeT cOO0M oObenuHeHne Heckonbkux JIBC, CBA3aHHBIX C MOMOILBIO
CHEIUAJILHOTO CETEBOro 00O0pymoBaHHS (MapHIpyTH3aTOPOB, KOMMYTAaTOpPOB U  IILIIO30B),
o0pa3yloIux B CIy4ae WCIOJIB30BAHUS BBICOKOCKOPOCTHBIX KaHAJIOB MAarUCTPalbHYIO CETh
nepefadyd JaHHBIX (MarucTpPaJbHYIO CeTh CBs3HM). Hambosnee mmpokoe NpUMEHEHUE HAaXOMIST
rI00anbHBIC CETU M HYXJ HH(DOPMAIIMOHHOTO OOMEHa B KOMMEPYECKHX, HAYYHBIX U JIPYTHX
PO eCCHOHABHBIX TIEIISX.

Jis  mocTpoeHuss TIOOANBHBIX CEeTed MOTYT HCIIOJNBb30BAThCS PA3IMYHBIC CETEBBIC
texHosnoruu, B ToMm uucie TCP/IP, X.25, FrameRelay, ATM, MPLS.

Hacrosmeit rmo6anbHoi ceThio, MoXaayil, MO)KHO CUUTATh TOJIbKO ceTh MHTepHeT. Bpsan nu
I00APHOM MOXHO CUUTaTh CeTh, 00benuustonryto 2-3 JIBC, Haxopsmpecss B pa3HbIX TOpoJax,
PaCTONIOKEHHBIX HAa PACCTOSHUU HECKOJIBKHUX JIECSATKOB WM JaKe€ COTEH KHUJIOMETPOB APYT OT
npyra. OJIHaKo, MOCKOJIBKY Uil TOCTPOCHHUS TaKOM «IIpPOCTOI» CETH HCIOJIb3YIOTCS OOBIUHO T€ K€
CETEeBbIC TEXHOJIOTUM M TEXHUYECKUE CPEJICTBA, YTO U B ceTH VHTEpHET, TO Takue CETH OOBIYHO
TO’KE OTHOCSAT K KJIACCy TJI00aJIbHBIX CETEH.

2. Ilo npunapaexknoctu cet OBM nensites Ha:

. o(ucHBIC — ceTH, PacIOIOKEHHBIE HA TEPPUTOPHU OpHCa KOMITAHUH, OTPAHUICHHOM
OOBIUHO MpeAeNiaMu OJJHOTO 3/IaHUS, U TIOCTPOSHHBIC Ha TexHOIOTUIX LAN;
. KOpPIOpaTUBHBIC (BEIOMCTBEHHBIC) — CETH, MPEACTABIISIIONINE COOON O00BEAMHEHUE

HECKOJIbKUX O(MCHBIX CETeH KOMITAHWH, PACTIOIOKEHHBIX B PA3HBIX TEPPUTOPHAIBHO PA3HECEHHBIX
3aHUAX, HAXOASAUIMXCSA BO3MOXHO B Pa3HbIX FOPOJIaX U PETMOHAX, U TOCTPOCHHBIE HA TEXHOJIOTHUSIX
MAN umu WAN;

* YaCTHBICE — CETH, MOCTPOCHHBIE OOBIYHO HA TEXHOJOTHHM BUPTYaJbHOW YacCTHOW CETH
(VirtualPrivateNetwork, VPN), mno3Bossiomeii 00eCHeYnTh OJHO WJIM HECKOJBKO CETEBBIX
COCIMHEHHH, KOTOPhIE MOTYT OBITh TPEX BUIOB: Y3€IN-y3€J, Y3€lI-CETh U CETh-CETh, 00Pa3yIOIINX
JIOTHUYECKYIO CeTh MOBEPXAPYroi cetu (Hanpumep, MIHTEepHET).

3. ITo HazHavenuio cetu DBM nemnstcd Ha:

. BBIUMCIUTENbHbIE, TMpeJHa3HAYCHHbIE [UIsI pElIeHUs 3aJad  I0JIb30BaTeseil,
OPUEHTUPOBAHHBIX, B OCHOBHOM, Ha BBIUUCIICHUS;
. nH(OpPMallMOHHbIE, OPUEHTHUPOBAHHBIE Ha IMPENOCTaBlIeHWE WH(OPMALMOHHBIX

yCiyr; nOpuMepaMu TaKHUuX ceTen MOTYT CIYXUTb CCTU, HNPCHAOCTABIIAIONIMC CIIPABOYHBIC H
OMOIMOTEYHBIC YCITYTH;

2. Tonosorus cerei.

TepMuH mononozus cemu 03Ha4aeT Cocod COCAMHEHHSI KOMITBIOTEPOB B CETh. BHI Takxke
MOJKETE YCIBIIIATh IPYTHe Ha3BaHUSI — CMPYKmMypa cemu UIuKonguzypayusa cemu (3T0 OJTHO U TO
xe). Kpome TOro, moHsATHE TOMONOTHH BKIIOYAET MHOKECTBO MPABUII, KOTOPHIE ONPEACISIOT MECTa
pa3MeIIeHns] KOMITBIOTEPOB, CIOCOOBI MPOKIAIKH Kabems, CIocoObl pa3MEIIeHUsl CBS3YIOIIETO
o0opyaoBaHus 1 MHOTOE Apyroe. Ha ceroansamamii AeHb cOPMHUPOBAIUCH U YCTOSITUCH HECKOJIBKO
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OCHOBHBIX TOMOJIOTUH. V3 HUX MOKHO OTMETHUTH “HIMHY ", “KOJbLO” U “3BE31y .

Tomosorus “mmua”
Tononorust wuna (puc.2) (umm, KaK ee emie 4acTo Ha3bIBAIOT 00uian
WIUHA WA MACUCMPAany) TIPEIIoaraeT  MUCIOJIb30BAaHME OJHOTO  Kabelss, K  KOTOpOMY
MOJICOETMHEHBI Bce pabovre CTaHIUH.



Pucynok 2. Tononorus muHa.

OOmmii kabenb HCMONB3yeTCs BCEMH CTaHIMAMU 1O odepenu. Bce cooOrieHus,
MOCBUTAEMBIE OT/ACNBHBIMH PAOOYMMM CTaHLUSAMH, NPUHUMAIOTCS W TPOCITYIIHBAIOTCS BCEMHU
OCTAJIbHBIMU KOMIIBKOTCpaMH, NOAKITKOUYCHHBIMU K CCTH. W3 sToro moroka Kaxaas pa60qa;1 CTaHL U
oTOMpaeT aApeCcOBaHHbBIE TOJBKO € COOOIICHHUS.

JlocToMHCTBA TONMOJOITMH “IIMHA”:

IIPOCTOTA HACTPOUKHU;

OTHOCHUTEJbHAS IMPOCTOTAa MOHTaXKa M JICIIEBU3HA, €CJIM BCE pabOUne CTAaHIIUU PACTIOJIOKECHBI
psIoM;

BBIXOJT U3 CTPOS OJTHOM WJIM HECKOJIBKUX Pa00YMX CTAHIIMK HUKAK HE OTPa)KaeTCs Ha padoTe
BCEH CETH.

HenocTaTku TOOJIOTNH “IIMHA™:

HETIONA/IKU IIMHBI B JTIOOOM MecTe (0OpBIB Kabersi, BBIXOA U3 CTPOsSI CETEBOTO KOHHEKTOPA)
MPUBOJIAT K HEPAOOTOCTIOCOOHOCTH CETH;

CJIOKHOCTh TIOMCKA HEHUCITPABHOCTEH;

HU3Kas HpOI/I3BOI[I/IT€.HBHOCTB — B Ka)K,Z[BIﬁ MOMCHT BpeMeHI/I TOJIBKO OJUH KOMHBIOTep
MOXET TepeaaBaTb JaHHbIE B CE€Th, C VyBEIMYCHHEM 4YHCIa pabouMx  CTaHIUN
HpOI/IBBOI[I/ITG.HBHOCTB CCTHU I1agacT,

mIoxas MacmTabupyeMocTh — JyIsi J0OaBJICHWs] HOBBIX PAa0OYMX CTaHIMH HEOOXOIUMO
3aMCHSTH y‘-IaCTKI/I CYH_IGCTBYIOH_IGI\/'I HTWUHBI.

VIMEeHHO TO TOIOJIOTUH “UIMHA” CTPOMIIUCH JIOKAJbHBIE CETH Ha KOaKcHalbHOM kabene. B aTtom
cllyya€ B KadyeCcTBE IIMHBI BBICTYHNAIM OTPE3KH KOAKCHAJIBHOIO Kabens, coeauHeHHble T-
koHHekTopaMu. [lluHa mnpoxnanpiBasiack uepe3 BCe IMOMELIEHHS U MOAXOAWIA K KaXKIOMY
KoMmnbloTepy. BokoBOM BbIBOJ T-KOHHEKTOpa BCTAaBIICS B pa3beM Ha cereBoi kapte. Celuac
Takde ceTH OEe3HAJEKHO yCTapeidd M TOBCIOJY 3aMEHEHBI ‘‘3Be3/I0i~ Ha BUTOW Mape, OJHAKO
000pyZ0BaHUE M10/1 KOAKCHAIIbHBIN Ka0esb €lle MOKHO YBUJIETh HA HEKOTOPBIX NMPEIIPUATHIX.

Tomosorus “ko/bu0”

Konbyo — 310 TOMONOTHS JIOKAIBHOM CETH, B KOTOPOW pabodme CTaHIUU TOIKITIOYCHBI
MOCJIeIOBATENBHO JIPYT K Jpyry, oOpa3ys 3aMKHyTOe KOibllo. J/laHHBIE mepemaroTcs OT OTHOU
paboueii cTaHIIMK K APYroi B ogHOM HampaBieHuu (mo kpyry) (puc.3). Kaxnaprit [IK pabortaer kak
MOBTOPUTEIIb, PETPAHCIUPYS cooOIIeHns K cinenyromemy 1K, T.e. 1aHHBIe IepenaroTcsi OT OJJHOTO
KOMITBIOTEpA K IPyroMy Kak Ol 110 3cradere.
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Pucynok 3. Tononorust Koabl1io.



Ecnu xommbroTep mosy4aer JaHHbIE, MpeAHa3HauY€HHBIE IS APYroro KOMIIbIOTepa — OH
nepeAaeT ux Jaibliie MO KOAbIly, B MHOM Cy4Yae OHU JaJIbllie HE IepPeIatoTCs.

JlocToMHCTBA KOJIBIIEBOW TOMOJIOTHN:

MPOCTOTA YCTAHOBKHU;

MPAKTUYECKH MTOJTHOE OTCYTCTBHE JOMOIHUTEIHLHOTO 000PYAOBAHMS;

BO3MOXKHOCTh YCTOMYHMBOW pabOThl 0€3 CYIIECTBEHHOTO TMaJCHHS CKOPOCTH Iepeaadn
JTAHHBIX IIPU UHTEHCUBHOMU 3arpy3Ke CETH.

Oanako “koJb1I0” HMeeT U CylIeCTBeHHbIe HeIOCTATKH:

Kaxaas pabodas CTaHLMs JOJDKHA aKTUBHO y4YacTBOBaTh B IEPECBHUIKE HH(OpMaIUM; B
cllyyae BBIXOJIa W3 CTPOs XOTA Obl OJHOW M3 HHMX WM OOpbIBa Kabens — pabora Bceil ceTu
OCTaHABIIUBACTCS;

MOJKIIIOYEHUE HOBOM pabouel cTaHuMK TpeOyeT KPaTKOCPOUYHOTO BBIKIIOYEHHS CETH,
MIOCKOJIbKY BO BpeMsl ycTaHOBKM HOBOTro I1K KosbII0 JOKHO OBITH pAa30MKHYTO;

CIIO’)KHOCTh KOH(UTYPUPOBAHUS U HACTPOMKH;

CJIO’KHOCTB TIOMCKA HEUCIIPABHOCTEH.

KounblieBast TOmonorus ceTd UCHojb3yeTcs: JOBOJIbHO peako. OCHOBHOE MPUMEHEHUE OHA HallIa
B ONTOBOJIOKOHHBIX ceTsx cranmapra TokenRing.

TomnmoJiorus “3e3na”
36e30a — 3TO TONOJNOTHS JIOKAJILHOW CETH, TIe KakJas pabodas CTaHIUS MPUCOECTUHEHA K
IEHTPATBLHOMY YCTPOWCTBY (KOMMYTaTopy wWid Mapuipytuzatopy) (puc.4). IlentpamsHoe
YCTPOHCTBO YNPABISET ABM)KEHHUEM IAKETOB B ceTH. KakIblii KOMIIBIOTEp 4Yepe3 CETEBYIO KapTy
MOJIKJIIOYAETCS K KOMMYTaTOpy OTAEIbHBIM KaOeneMm.

Pucynok 4. Tononorus 3Be3na.

[Ipy HEOOXOTUMOCTH MOXKHO OOBETMHUTH BMECTE HECKOJIBKO CETEeH C TOMOJIOTHEH “3Be3na”
— B pe3yibTaTe Bbl MOJYyYUTE KOH(UTYpAIHIO CETH C OpesoeudHoil Tononoruei. JlpeBoBuaHas
TOIOJIOTHST pACIIPOCTpaHEHa B KPYITHBIX KOMITaHHUIX. MBI HE OyzieM ee moapoOHO paccMaTpUBaTh B
JTAHHOM CTaThe.
Tononorus “3Be31a” Ha CErOAHSIIHUN I€Hb CTajla OCHOBHOM MPHU MOCTPOCHUH JIOKAJIBHBIX CETEH.
DT0 Mpou301LIO0 OIaroaps €€ MHOTOYUCIICHHBIM TIOCTOMHCTBAM:
BBIXOJl U3 CTPOsI OJAHOW pabouell CTaHIIMU WJIW TOBPEXKICHUE ee Kabels He oTpakaeTcs Ha
paboTe Bceil ceTu B IENIOM;
OTJIMYHAS MaCIITaOMPYEeMOCTh: IJIsi MOAKIIOYCHHUS HOBOW pabOYeil CTaHIMHM JOCTaTOYHO
MPOJIOKUTH OT KOMMYTATOpa OTIEIIbHBIN KaOelb;
JIETKUW TTIOMCK U YCTPAHEHUE HEMCIIPABHOCTEH 1 OOPHIBOB B CETH;
BBICOKAsl MPOU3BOIUTEIBHOCTD;
MPOCTOTA HACTPOUKHU U aJIMUHUCTPUPOBAHHSI;
B CETh JIETKO BCTPAUBACTCS JIOMOIHUTEIBHOE 000pYyI0BaHHE.

OnHako, Kak 1 J1r00as TOIOJIOTHS, “3Be31a’” He JUIIEeHa HETOCTaTKOB:



BBIXOJT 3 CTPOS IEHTPAITHPHOTO KOMMYTaTOpa 00epHETCSI HEpabOTOCITOCOOHOCTHIO BCE
ceTH;
JIOTIOJTHUTEJIBHBIE 3aTPaThl Ha CETEBOE 00OPYI0BAaHUE — YCTPOUCTBO, K KOTOPOMY OYyAyT
MOAKITIOUYEHBI BCE KOMIBIOTEPHI CETH (KOMMYTATOD);
guciao pabouyMx CTaHUUKW OrPaHUYEHO KOJMYECTBOM TIOPTOB B IIEHTPAIbHOM
KOMMYTaTope.
36e30a — camasi paclpOCTpaHEHHAs TOMOJIOTHs JUIsi TPOBOJHBIX W OECIHPOBOJIHBIX CETEH.
[Tpumepom 3Be31000pa3HOIl TOMONOTMH SBISIETCS CETh C KabeleM TWma BHUTas Tapa, u
KOMMYTAaTOpOM B KadecTBE LIEHTPAJIbHOTO ycTpoiicTBa. VMIMEHHO Takue CEeTH BCTPEYaroTCs B
OOJIBIITMHCTBE OpraHU3aIHA.

Jleknus Ne2. Kommyranust
Bomnpochsr:

1. CiocoObl KOMMYTAIIHH.

2. Pazenenue kaHajaoB 1O BPEMEHH.
3. Pa3geneHue KaHAJIOB 110 4acTOTE.

1. Cnoco6b1 KOMMYyTaLUH.
[TakeTsl B ceTn MOT'YT TiepeaaBaThCs IBYMs criocodoamu (puc.S):
* JIeUTarpaMMHBIM;
* nyreM (popMHpOBaHUS «BUPTYaIHLHOTO KaHAJa.

Cnocodnl PEATHIANHAHA KOMMYTALHH NaAaKETOB “

JefiTarpamMmMHBIi BuprvansHblii kaHan
be3 yeranoslenus C ycraHOBIIEHHEM
COEUHEHHS COEJIHHEHH A
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Pucynox 5. CriocoObI peanu3aiui KOMMYyTaIliu.

[Ipu neiiTarpaMMHOM CrIOcOO€ MMAKETHI OJTHOTO U TOTO K€ COOOIIEHHUS
MOTYT TIE€peAaBaThCd MEXKIY JBYMsI B3aUMOJEHCTBYIOIIMMH MOJb30BaTeisiMU A U B 1o pasHbiM
MapuIpyTaM, Kak 3TO MOKa3aHo Ha puc.6, rae naker [11 mepemaércs nmo mapuipyry Y1-Y2-Y6-V7,
naker [12 — mo mapmpyty V1-Y4-V7 u naker I13 — 1o Mapupyry Y1-Y3-V5-V7. B
pe3ynbTaTe Takoro  croco0a mepefadd BCe MaKeThl MPUXOASAT B KOHEUHBIM y3e1 CeTH B pa3Hoe
BpEMS U B IPOU3BOJILHOM MOCIEI0BATENILHOCTH. [IakeThl OHOTO U TOTO e COOOIICHHS,
paccMaTpuBaeMble B KaXKJIOM Y3JIe CETH KaK CaMOCTOSITENIbHbIE HE3aBUCUMbIE €IUHUIIbI JaHHBIX U
nepenaBaeMble pa3HBIMH MapIIpyTaMu, Ha3bIBAIOTCA jAeliTarpammamu (datagram). B y3max ceru
JUISL KOKJIOW JedTarpaMMbl BCSIKHUM pa3 ONpeNenseTcss Hauaydllluid MyTh Mepeladd B COOTBETCTBUU
C BBIOpAaHHOW METPUKOW MapIIPyTHU3AINH, HE 3aBHCHMO OT TOTO, TI0 KAKOMY IyTH TepeaaHbl ObLTN
Mpenplayliie AedTarpaMMbl C TaKUMH K€ aJpecaMyd Ha3zHadeHus (MojyyaTeliss) M HCTOYHHUKA
(oTmpaBurens).
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Pucynox 6. JlefiTarpaMmmMHBIil cI0C00.
JlefiTarpaMMHBIN CITOCOO TMepeaun MaKeTOB MOXKET ObITh peaTu30BaH:

*  0e3 yCTaHOBJICHHSI COCTUHEHHS MEXy AOOHCHTaMH CETH;

° C YCTAHOBJICHUCM COCIUHCHUS MCIKIY B3aHMOHeﬁCTBYEMHMH aGOHeHTaMI/I CCTH.

B nociennem ciydae Mex Iy B3aMMOJICHCTBYIOIIMMH aOOHEHTaMHU
NPEBAPUTEIILHO YCTAaHABIMBACTCA COEAMHEHHE MyTEM OOMEHa CIIy)KeOHBIMHU IMAaKETaMH: «3arpoc
Ha COCIAMHEHUE» W «IOATBEP)KICHHE COCIWHEHHs», O3HAYarollee TOTOBHOCTh TPHHSTH
nepcaaBacMbIC JAHHBIC. B nponecce yCTaHOBJICHUS COCAUHCHUSA MOT'YT «Or'OBAPHUBATHCA» 3HAUCHUA
napaMeTpoB Tepeiayn TaHHBIX, KOTOPBIC JOJDKHBI BBITIOJMHITHCS B TEUCHHE ceaHca CBs3H. [locie
YCTAHOBJICHHA COCAWMHCHUS OTHPABUTCIIb HAUYUMHACT IICpCaaydy, HpI/I‘IéM IIaKEThl OAHOI'O U TOI'O XK€
COOOIICHUST MOTYT IepelaBaThCs Pa3HBIMU MapIIpyTaMH, TO €CTh JAeHTarpaMMHBIM criocoooM. [1o
3aBCPUICHHUUN CC€aHCa ICpCAavyn JaHHBIX BBIMIOJIHACTCA MHpoucAypa pas3pbiBa COCAUHCHUA HyTeM
oOMeHa CITy)KeOHBIMH TIAKETaMH: «3allpoCc Ha pa3pblB COCAMHEHUS» M «IIOATBEP)KICHUE pa3phiBa
COCANHCHUA. Onucannas npoocaypa mnepeaaynu IMakeToOB C YCTAHOBJICHUCM COCAUHCHUSA
WUTIOCTPUPYETCS Ha Auarpamme (puc.7).

I[OCTOI/IHCTBaMI/I HeﬁTanaMMHOFO cn0c06a nepcaaun IMakCTOB B KOMIIBIOTCPHBIX CCTAX
SIBIISTIOTCSI:

. [IPOCTOTA OpraHU3alMM M pealu3aldy Iepefadyd [JaHHBIX — KaKIAbIM I1aKeT
(meiirarpamma) coOOIICHHS TIEpenaéTCs HE3aBUCUMO OT JIPYTHX MAKETOB;

. B y3JIaX CETH JUIs KaXJI0T0 MaKeTa BEIOMpaeTCss HAMy4IIUi myTh (MapipyT);

. nepeaaya TaHHBIX MOXKET BBIMTOJHATHCS Kak 0e3 YCTaHOBICHHS COCIUHEHHS MEXKILY

B3aHMO,Z[€I>'ICTBYIOHIHMI/I a6OHeHTaMI/I, TaK U IpA HGOGXOZ[I/IMOCTI/I C YCTAHOBJICHUCM COCIUHCHUS.
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Pucynok 7. IIpouenypa nepengaun nakeTos

K Hepocrarkam pelitarpaMMHOro croco0a nepeayu MakeToB CleayeT

OTHECTH:

. HE00X0AUMOCTh COOPKU COOOIIEHUSI B KOHEUHOM Y3JIe: COOOIIEHNE HE MOXKET OBbITh
IepeaHo TOJydaTeNlio, MOKa B KOHEYHOM Y3JIe CeTH He coOepyTrcs BCe ITaKeThl JTaHHOTO
COOOIIeHUsI, TTO3TOMY B Clydae MOTEpU XOTsI Obl OJHOTO IMAaKeTa COOOINEHHWE HE CMOXKET OBITh
copMHUPOBAHO U MEPEAAHO MOTYUATEIO;

. IpU JJTUTETBHOM OXHJIQHUHM IMAaKETOB OJHOTO U TOTO K€ COOOIIEHUS B KOHEYHOM
y3JIeé MOXKET CKOMHUTHCS JOCTATOYHO OOJBIIOC KOJIMYECTBO MAKETOB COOONICHMH, COOpaHHBIX HE
MOJTHOCTBIO, YTO TpeOyeT 3HAYMTEIbHBIX 3aTpaT Ha OpraHM3aluio B y3ie OydepHoil mamsaTu
0O0IBIION EMKOCTH;

. U IPEAOTBPALICHUS TIEpenojHeHus Oy(pepHOil maMsATH y3ja BpeMsl HAXOXKIACHUS
(okpmaHus) TMAaKeTOB OJHOTO M TOTO K€ COOOIICHHWS B KOHEYHOM Y3JI€ OrpaHHYMBAcTCS, U MO
HCTEYCHUH ATOTO BPEMEHHM BCE IMOCTYNHBIIWE IMAKEThl HE IOJHOCTBIO COOPAaHHOTO COOOIICHHUS
YHUYTOXKAIOTCS, TIOCIIE YEeTO BBIMTOJHSETCS 3alpoc Ha MOBTOPHYIO Iepefady JaHHOTO COOOIIECHUS;
3TO MPHUBOAMT K YBEJIMYCHHIO HArpy3kd Ha CeThb M, KakK CJIEICTBHE, K CHIDKCHHIO €
IPOM3BOANUTEILHOCTH, H3MEPIEMON KOJIMYECTBOM COOOIIEHHH, TIEPEeJaBaeMbIX B CETH 3a CIUHHUILY
BpPEMEHHU.

Crnoco0 mepemadyn TAaKeTOB «BHPTYAJbHBIH KaHad»  3aKiodaeTcs B (OPMHUPOBAHUH
€IMHOTO «BUPTYaJbHOI0» KaHala Ha BpeMsS B3aMMOJACUCTBUS aOOHEHTOB I IEpeJadyd BCeX
[AKeTOB COOOmIeHHs. OTOT Crmocod peanusyercs C HCIOIb30BAHUEM IPEIBAPUTEIHHOTO
YCTQHOBJICHUSI COCAMHEHHUS MEXIY B3aUMOJEHCTBYIOUIMMU a0OHEHTaMH, B IPOLECCe KOTOPOTO
dopmupyercss Hanbosee parMOHATBHBIA €OUHBIA U1 BCEX IMAKETOB MapIIpyT, IO KOTOPOMY, B
OTJIMYUE OT JeWTarpaMMHOTO Croco0a, BCE IMAKeThl COOOIIEHHUs MEpefaroTcs B ECTECTBEHHOM
MIOCJIE0BATEIBHOCTH, KaK 3TO [TOKa3aHO Ha puc.8.

[Maketst I11, 12 u [13 coobuieHus nepenarTcss B €CTECTBEHHOM MOCIEI0BATENbHOCTH OT
MOJB30BaTeMsl A K IIONB30BAaTENl0 B 10 mpeaBapuTenbHO CO3AaHHOMY BHPTYaJIbHOMY KaHATy
yepes y3ibl Y 1-Y4-V7.

Y,
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Pucynox 8. Ilepenaya makeToB cooOIIeHuUS.

BupryanbHblii KaHaI, KaK U peabHBbIA (PU3UYECKUN KaHA B ClIydae KOMMYTAllUd KaHAJIOB,
CYILLIECTBYET TOJIbLKO B TEUEHUE CEaHCa CBS3M, MPU HTOM PECYpPChl pEaTbHBIX KaHAJIOB CBS3U
(mpomyckHasi CrOCOOHOCTh) W y370B ceTtu (OydepHas MaMsaTh), HAXOAAIIUXCS HAa MapIIpyTe,
pe3epBUPYIOTCS Ha BCE BpeMs ceaHca.

He crnenyer myrath u cMemIMBaTh KOMMYTAIlMIO KaHAIOB M CMOCOO Iepenayd MaKeTOB
«BUPTYaNbHBIM KaHam». OCHOBHOE HX OTJIMYME COCTOMT B TOM, UYTO «BHUPTYaJbHOM KaHa»
peanu3yeTcsi ¢ MPOMEXKYTOUHbIM XPAHEHUEM IMAKETOB B y3JlaX CETH, B TO BpeMsi KaK KOMMYTAaIIHs
KaHaJIOB peaju3yercs 0e3 MPOMEeXYTOUHOTO XpaHEHUs IepelaBaeMbIX MAaKeTOB 3a CYET CO3/IaHus
pEeabHOTO (2 He BUPTYAIBHOT0) PU3NYECKOT0 KaHalla MEXy a0OHEHTaMHU CETH.
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K mocromncTBam criocoba nepenadn MakeToB «BUPTYaIbHBIN KaHAD 110
CpPaBHEHHUIO C IEUTarpaMMHOM Mepeiaded MakeTOB MOKHO OTHECTH:

. MEHBILINE 33JePKKH B y3J1aX CETH, 0OYCIOBICHHBIC PE3EPBUPOBAHHEM PECYPCOB, U
IIPEXk/Ie BCEro MPOIMYCKHOM CITOCOOHOCTH KaHAJIOB CBA3H, B IIPOLIECCE YCTAHOBIIEHUS COSIUHEHMS;
. HeOoJIbIIIOe BpeMsi OKUJAHUS B KOHEYHOM Yy3Jlie s COOpKHM BCEro COOOIIECHUS,

MOCKOJIbKY TaKeThl IEPEeNaloTCsl IOCIEA0BAaTEIbHO IPYr 3a JAPYroM IO OJHOMY M TOMY €
MapuipyTy (BUPTyaJIbHOMY KaHajy), U BEPOSTHOCTh TOTO, YTO KAKOM-THOO MakeT «3abmyauTcs» B
pe3yabTaTe HEyJayHO BbIOPAHHOTOMapLIpyTa WJIH €ro BpeMsl JOCTaBKU OKAXETCS CIMIIKOM
OO0JIBIINM, KaK 3TO MOXKET IPOU30UTH MPH AeHTarpaMMHOM criocode, OIr3Ka K HyIO;

. oonee rpdexTruBHOE MCTONIB30BaHKE OyhepHOW MaMATH MPOMEKYTOUHBIX Y3JI0B 3a
cuéT e€ MpeBAPUTEIHLHOIO PE3EPBUPOBAHMS, a TaKXKe OyQepHON MaMsATH B KOHEUHOM Y3JI€ B CBSI3U
C HEOOJIBIIMM BPEMEHEM OKUIAHUS MPUX0/1a BCEX MAKETOB COOOIIEHUS.

K nenocrarkam crocoba nepesadyn TakeToB «BUPTYaJIbHBIM KaHA» MOXKHO OTHECTH:

. HAJINYHME HAKJIaJHBIX PAacXo0B (M3AEPKeK) Ha YCTAaHOBICHHE COCIMHEHNUS;

. Hed(h(DEeKTHBHOE HCIIOIB30BaHHE PECYPCOB CETH, IIOCKOIBKY OHHM PE3epBUPYIOTCS Ha
BCcE BpeMs B3aUMOJICHCTBHS a0OHEHTOB (CeaHca) M HE MOTYT OBITh HPEIOCTAaBIICHBI IPYrOMY
COEIMHEHUIO, JaJKEe €CJIM OHH B JTaHHBII MOMEHT HE HUCIIOJIB3YIOTCSL.

2. Pa3nesieHue KaHAJIOB 10 BPEMEHHU.

KommyTatopsl, a Takke cOeTUHSIONINE X KaHaJbI TOJDKHBI 00eCTIeYrBaTh OJTHOBPEMEHHYIO
nepenavyy JaHHBIX HECKOJbKMX aOOHEHTCKUX KaHaioB. JIJis 3TOro OHM JOJDKHBI  OBITh
BBICOKOCKOPOCTHBIMH H MOJJICPKHUBATH KAKYIO-JINOO TEXHUKY MYJIbTUILUIEKCUPOBAHUS a0OHEHTCKUX
KaHanoB. B HacTodiee BpeMs AJii MYJIbTUIUIEKCUPOBAaHUS a0OHEHTCKMX KaHAJIOB HCIOJB3YIOTCS
JIB€ TEXHUKU: TEXHUKa 4YacTOTHOTO MyinbTHILiekcupoBanus (Frequency Division Multiplexing,
FDM); Texnuka MyJbTHUIUIEKCUpOBaHHS ¢ pazaeneHremM Bpemenu (Time Division Multiplexing,
TDM).

KOMMYTaI_II/IH KaHaJIOB Ha OCHOBC YaCTOTHOI'O MYJIbTUITIJIICKCUPOBAHU A

-
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Pucynok 9. Moaynsaiuus peueBbIX CUTHAJIOB

TexHuka YacTOTHOrO MyJbTUIUIEKcHpoBaHUS KaHanoB (FDM) Obuta paspaborana ams
TelneOHHBIX ceTel, HO MPUMEHSETCS] OHA U JUIsl IPYTUX BUAOB CeTel, HampuMep ceteil kabeabHOoro
TEJIEBUACHHUS.

Jnsa  paznenenust  aOOHEHTCKMX ~— KaHAJIOB — XapakTepHa  TEXHHKAa  MOMAYJSALMU
BBICOKOYaCTOTHOTO HECYILEro CHHYCOMJAJIbHOI'O CUTHAja HU3KOYACTOTHBIM PEYEBBIM CHTHAIOM
(puc. 9). Ecnu curnanpl kak10ro abDOHEHTCKOTO KaHajla MepEeHeCTH B CBOM COOCTBEHHBIN JTMaIia3oH
4acTOT, TO B OJHOM IIMPOKONOJOCHOM KaHaJle MO)XHO OJHOBPEMEHHO I€peaBaTh CHUTHAJIbI
HECKOJIbKUX a00HeHTCKHX KaHayioB. Ha Bxoapl FDM- koMMyTaTopa MocTymarT UCXOIHBIE CUTHAITBI
oT aboHeHTOB TeneoHHOM ceTn. KoMMyTaTrop BBIMOMHSET MEPEHOC YaCTOThI KaXJIOro KaHaia B
cBOM auama3oH 4acToT. OOBIYHO BBHICOKOYACTOTHBIM JUama3oH AETUTCS Ha IOJO0CHI, KOTOpbIE
OTBOJATCS JJIsl TIepeayyl TaHHBIX a0OHEHTCKUX KaHAIOB. Takoil KaHal Ha3bIBAIOT YIUIOTHEHHBIM.
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KommytaTtopst FDM MOryT BBINOJHATH KakK JTUHAMUYECKYIO, TaK M MOCTOSHHYIO KOM MYTAIIHIO.
[Tpn TMHAMUYECKOW KOMMYTAIIUU OJWH a0OHEHT WHUIMUPYET COCAUHEHHE C IPYTrUM aOOHEHTOM,
MochUTasi B CETh HOMEP BbI3bIBaeMOro aboHeHTa. KoMMmyTaTop AMHa"MHUYECKU BBLACISET NaHHOMY
aOOHEHTY OJIHY M3 CBOOOJHBIX IIOJIOC CBOEr0 YIUIOTHEHHO TO KaHama. I[Ipm MoCTOSTHHOMN
KOMMYyTallud 3a aOOHEHTOM IIOJIoca 3aKperuisieTcss Ha JUIMTENbHBIM CpPOK MyTeM HacCTpOMKU
KOMMYTAaTOpa MO OTAEIbHOMY BXOJYy, HEIOCTYII "HOMY ToJib3oBaTessiM.  KommyTtanus kaHaioB Ha
OCHOBE pa3/iesieHHs BpEMEHHU pa3pabaThIBaiiach B pacueTe Ha Iepenady HeNpepbIBHBIX CUTHAJIOB,
npencrasisiomux rojoc. Ilpu mepexone k uuppo—Boil (opme mpeacraBieHus roioca Obuia
pazpaboTaHa HOBas TEXHMKa MYJIbTUILUIEKCU POBaHUS, OPHUEHTUPYIOLIASCS Ha JAUCKPETHBIH
XapakTep IMepeAaBaeMbIX JaHHBIX. OTa TEXHUKA HOCHUT HAa3BaHUE MYJIbTUIUIEKCUPOBAHUS C
paznenenueM BpemeHu (Time Division Multiplexing, TDM). Pexe ucnons3yeTcss U apyroe ee
Ha3BaHUE — TEXHUKAa CHHXPOHHOro pexuma mnepenaud (Synchronous Transfer Mode, STM).
Amnmaparypa TDM-ceTelt — MyJIBTHIUIEKCOPBI, KOMMYTAaTOPBI, AEMYJIbTUILUIEKCOPHI — paboTaeT B
peXuMe pas3ziefieHHss BPEMEHHU, IOOYEPEeAHO OOCHyXHBas B TEUEHHE IMKIA CBOEHl paboThl Bce
aboHeHTckue KaHanbl. L{uknm pabotel obopymoBanuss TDM paBen 125 MKC, 4TO COOTBETCTBYET
NEpUoly CJIEJOBAaHUS 3aMEpOB rojoca B IU(PpPOBOM aOOHEHTCKOM KaHaie. DTO 3HAYMUT, YTO
MYJIBTUIUIEKCOP WM KOMMYTATOp YCIIEBaeT BOBPEMs OOCIYXHTh J1I000H aOOHEHTCKUN KaHal U
IepelaTh €ro o4YepeqHoN 3amep aanee nmo ceTh. KaxaoMy COeIUHEHMIO BBIAEIAETCS OAMH KBAHT
BpEMEHH IHMKJIa palbOThl ammapaTypbl, Ha3bIBa€MbI TakKe TalWM-CIOTOM. J[JTUTEIBHOCTH TaiiM-
CJIOTa 3aBUCUT OT 4YMCiIa a0OHEHTCKHUX KaHAJOB, OOCIY)XHMBaeMbIX MynbTUIUIeKcopoM TDM wumu
KOMMYyTaTopoM. MynbTuIuiekcop npuHuMaeT uHdopmanuo mo N BXOJHBIM KaHajaM OT KOHEUHBIX
a0OHEHTOB, KaXIbI M3 KOTOPHIX TNEpenacT JaHHbIE MO0 a0OHEHTCKOMY KaHally CO CKOpPOCThI0 64
Kout/c — 1 Gaiit kaxasie 125 mMkc. B kaxmoM 1ukie MyJIbTHIUIEKCOP BBITIONHSIET CICTYIOIINE
JNCUCTBHS: TPUEM OT KaXJOro KaHajga OYepeHOro OaiiTa JaHHBIX, COCTABICEHWE W3 MPUHSATHIX
0aliTOB YIUIOTHEHHOTO KaJpa, Ha3bIBAEMOI'o Takke 000HMMOW; mepemada yIIOTHEHHOTO Kajapa Ha
BBIXOJHOW KaHall ¢ OHMTOBOW CKOpocThio, paBHOM Nx64 Kout/c. Ilopsmox OGaiir B oOoiime
COOTBETCTBYET HOMEpPY BXOJHOIO KaHaja, OT KOTOporo 3TOT OalT mnonydeH. KomuuectBo
00CITYKMBAaEMBIX MYJIbTUIUIEKCOPOM a0OHEHTCKHX KaHAJIOB 3aBUCHUT OT €ro OBICTPOACHCTBUA.
JleMyJIbTUILIEKCOP BBIMOJHSAET OOpaTHYIO 3a7jauy — OH pa3dupaeT OalThl YINIOTHEHHOTO Kajapa U
pacmpesnenser MX MO CBOMM HECKOJIBKMM BBIXOAHBIM KaHallaM, MPU 3TOM OH CYMTAET, 4YTO
MTOPSIIKOBBIN HOMEp OaiiTa B 000iiMe COOTBETCTBYET HOMEPY BBIXOJIHOTO KaHAJIA.

Kommyrarop npuHUMaeT  yIUIOTHEHHBIM  KaJp 1O  CKOPOCTHOMY  KaHajay  OT
MYJIBTH TIJIEKCOpPA M 3alMCHIBACT KKl OalT M3 HEro B OTACNIBHYIO SYEHKY CBoei OydepHOit
MaMsTH, IPUYEM B TOM TOPSIKE, B KOTOPOM ITH OaWThl OBUIH YIMAKOBaHBI B YIUIOTHEHHBIN KaJp.
J11s BBITIOJIHEHHUS ONEpallui KOMMYTAIlMK OalThl U3BIEKal0TCs U3 OydepHoil maMsITH He B MOPSJIKE
MOCTYIUIEHHS, a B TakKOM TOpsAIKE, KOTOPBIM COOTBETCTBYET MOJIJE€PKUBAEMbIM B CETHU
COCTMHEHUSIM a00OHEHTOB.

PazButiemM  uzmedl  CTaTUCTMYECKOTO  MYJBTUIUIEKCHPOBAHUSA ~ CTaja  TEXHOJIOTHS
ACHHXPOHHOTO pexknma mepenaun — ATM, koropas BoOpana B ceOsl Jydlline 4epThl TEXHUKU
KOMMYTallU{ KaHAJIOB U MAKETOB.

3.Paznesenne KaHAJIOB 11O YacTOTE

YacrotHoe pazaenenue kaHainoB (UPK) — paznenenne xaHajaoB 1o 4acToTe, MPpU KOTOPOM
KaXJOMY KaHajly BBIICISIETCA ONPENECIEHHBIM AUaIa3oH 4acToT. B MHOTOKaHajbHBIX CHUCTEMAax
ce3u (MKC) ¢ UPK kanandpHBIE CHTHAIBl OTIMYAOTCSA APYr OT Jpyra TMOJOXKEHHEM CBOMX
CIEeKTpoB Ha ocu 4actoT. OObruHO cucrtembl ¢ UPK ucnonp3yrorcs Ui mepenadyd aHaloOTOBBIX
curHanoB. Ha puc. 10 npencraBnena crpykrypHas cxema npocteimeid MKC ¢ YPK.
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Pucynok 10. CtpykTypHas cxema MHOrokaHajibHOHM cucteMbl ¢ YPK

HaunGoinee yacto B oTnenbHbIX KaHanax mpu YPK npuMeHsieTcst ofHOnOIOCHAs MOAYJISIINS C
COOTBETCTBEHHO MOJOOPAHHBIMH YacTOTaMH MWJIOT-CUTHAJIOB, KOTOPHIC BBIIAIOTCS T€HEPATOPOM
Hecymmx yactot (I'HY). lanHsiii ciocod Moaynsiuu o0ecrieynBaeT MUHIMAJIBHYIO TIOJIOCY YaCTOT
rpynmnoBoro curHana. [lonaBienne Hecylmux QOCTUraeTcs B MHAUBUIYAIbHBIX MoayisTopax (M,
M. ... MN), KOTOpBI€, KaK MPaBHIIO, CTPOSITCS 10 OATAHCHOM CXeMe, a BBIJCIICHHE OJHOW OOKOBOM
nonocel (OBIT) ocymectBisercs B monocoBelx ¢(uiabtpax (P, @y, ... ®y). CoBOKymHOCTH
KaHAJIBHBIX CUTHAJIOB Ha BBIXOJE CYMMHPYIOIIETO YCTPOMCTBAa X o0Opa3yeT rpyImnoBod curHai. B
TPYIIOBOM IepenaTyuke M rpynmoBoii curHai rnpeodpasyercsi B JIMHEHHBINH CUTHAN, KOTOPBIA U
nocrynaer B JIMHUIO cBsizu JIC.

Ha mnpueMHON CTOpOHE JIMHMM CBSI3M JIMHEHHBIM CHUTHAl C IIOMOLIBIO T'PYIIIOBOIO
npuemHuka I BHOBb mpeoOpa3yercs B rpyNIoOBOW CUTHAJ, U3 KOTOPOTO MOJIOCOBBIMU (DUIBTPAMU
(D, ®p, ... ON) BBACHAIOTCA KaHabHble CUTHaNBL [lociie neTeKTHUpoBaHUS B KaHAJIbHBIX
nemonynsatopax (i, Hp, ... JIN) curHamel mpeoOpasyroTcst B MpeaHA3HAYCHHBIC MOJIYYaTelsIM
coobmenust nmpueMuukamu coodmenuit (I1C;, T1C,, ... [ICy). OnopHbie kKonebaHusT B KaHAIBHBIX
nemMoaynsTopax co3gatorcs ¢ nomormibio reHeparopa (I'HY). Coobmenus, mepemaBaeMpie IO
Pa3IMYHBIM KaHajaMm, BelaeIsroTcs npyu nomoum OHY. .

KananbHble mepenaTyvku BMECTE C CYMMHUPYIOIIUM YCTPONCTBOM 00pa3yloT ammaparypy
obobenuHenus. ['pynmnoBoii nepenarunk M, nunus cBsi3u JIC u rpynmnosoii mpuemuuk I1 cocraBistor
TPYIIIOBON KaHAI CBS3M (TPAKT Iepefadd), KOTOPBIA BMECTE C ammaparypol oObeTUHEHUS |
WHJMBUIYAIIbHBIMU TPUEMHUKAMH COCTABJISIET CHUCTEMY MHOTOKaHaJbHOM CBsi3M. B cocrase
TEXHUYECKUX YCTPOWCTB Ha IMepenarolieil CTOPOHE MHOTOKaHaJIbHOW CHUCTEMBbl JOJKHA OBITh
MpeIyCMOTPEHa amnmnaparypa oObeAMHEeHHSI, 2 Ha PUEMHOM CTOPOHE - anmapaTypa pa3/IeiIcHHs.

B oOmeMm ciydae rpynmoBOd CHTHAJI MOXKET (OPMHPOBATHCS HE TOJBKO MPOCTEHUITUM
CYMMHUPOBAaHHEM KaHAJIbHBIX CHUTHAJOB, HO TaKXe M OIpEeIEHHON Joruyeckoi oOpabOTKOH, B
pe3ynbTaTe KOTOPOM KaKIblil AJIEMEHT TPYIIOBOr0 CUTHajla HECeT MH(POPMAIMIO0 O COOOIIEHUSIX
MCTOYHUKOB. JTO TaK HAa3bIBAEMBIC CUCTEMbBI C KOMOWHAIIMOHHBIM Pa3/IeTICHUEM.
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Utobbl pazfensiomue ycTpolcTBa ObUIM B COCTOSIHMM pa3jidyaTh CUTHANBI OTIENbHBIX
KaHAJIOB, OJDKHBI CYIIECTBOBATH ONPEECIICHHbIE IPU3HAKH, IIPUCYILNE TOJBKO JAHHOMY CUTHAIY.
Takumu mnpuszHakamMu B O0IIEM ciy4ae MOTYT OBbITh MapaMeTpbl MEPEeHOCUYHKa, HaIpUMep
aMIUTUTY/1a, YacTOTa WK ¢a3a B caydae HEMPEPHIBHOM MOAYIALUN TaPMOHHUYECKOTO TTEPEHOCUUKA.
[Ipy OUCKpEeTHBIX BHUIAX MOAYJALMHU PA3NIUYAIONIUM IPU3HAKOM MOXET CIyXUTh U (dopma
curHasioB. COOTBETCTBEHHO pAa3JIMYalOTCsd M CHOCOOBI PAa3JEIeHUs] CUTHAJIOB: YaCTOTHBIH,
BpEMEHHOM, (ha30BBINA U .

[TockonbKy BesiKas peajibHasi JMHUS CBA3M 00J1a1aeT OrpaHUYEHHON MOJI0COU MPOITyCKaHus,
TO MPU MHOTOKaHAIbHOM Iepeaaye KakJOMY OTAEbHOMY KaHaly OTBOJIUTCS OIpe/iejeHHAasl 4YacTh
00111e#i TTOJI0CH POITYCKAHUSL.

Ha npuemMHol cTOpOHE OJJHOBPEMEHHO AEHCTBYIOT CUTHAJIBI BCEX KAHAJIOB, Pa3nyaloNIuecs
MOJIOKEHHEM MX YaCTOTHBIX CIIEKTPOB Ha IIKaie 4acToT. YToObl 6e3 B3aMMHBIX MOMEX Pa3/eNIUTh
TaKhe CHUTHaJbl, PUEMHBIE YCTPOICTBA JOJIKHBI COAEpX aTh 4YacTOTHbIe GUIbTphl. Kaxapii u3
(GUIBTPOB AOJKEH MPOITYCTUTH 0€3 0cIalIeHus JIMIIb T€ YaCTOThI, KOTOPbIE IPUHAIEKAT CUTHAITY
JAHHOT'O KaHajla; YaCTOThI CUTHAJIOB BCEX JIPYTMX KaHAJIOB (PHIIBTP JTOJKEH MOJaBUTh.

JUig CHM)KEHHUs TEpPEXOAHBIX IOMEX M0 JOIMYCTUMOIO YPOBHSI IPUXOJUTCS BBOIUTH
3aIUTHBIC YacTOTHBIE HHTepBaIbl (Puc. 11)

g(e)

| 1 1
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¥
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Pucynok 11. CniekTp rpynnoBoro cursasia ¢ 3allluTHbIMU UHTEpBajJIaMHu

-

IIpu opHOKpaTHOM mpeoOpa3oBaHuu crekrpa curHana (fit = 104 kl'y) HeoOXomum
cnenuanbHbii GuibTp. Ilpu nBykpaTHOM mpeoOpa3oBaHUM CIEKTpa B TEPBOM MOIYJISATOpE
BbIOupaercs Hecymas 1o 30 kl'u, Hanpumep, f1 = 12 kl'y. Ilpu 3TOM QUIBTp JETKO pearnu3yercs
Ha LC-»nemenTtax. Ha BTOpoil MOIyJISITOp CUTHA MOAAeTCsl yke B nosioce yactot 12,3...15,4 kl'u,
W JUId TepeHoca 3TOr0 CHUTHala B 33JaHHYIO II0JIOCY YacTOT HEOOXOJMMO HCIHOJIb30BaTh
Hecymyto f2 = 104 - f1 = 92 kl'y. OuabTp BTOPOro MpeoOpa3oBaTENsl YACTOTHI TAKKE JIETKO
peanuzyercs Ha LC-3neMeHTax.

Metoapl TOCTpOEHHsS MHOTOKaHaiabHOW ammaparypsl ¢ YPK oriamvaroTcss crocobom
(dbopMHpOBaHUS TPYNIIOBOTO CUTHAJa MU OCOOCHHOCTAMHU IEpefayd ero B JMHEHHOM Tpakre. Ilo
cnoco0y  ¢opmupoBaHus  TpymmoBoro  curHajga  (NMEpBBIM  MPU3HAK)  pPa3IMYalOT:

I. METOJ c WH]IMBU1yaIbHBIM npeoOpa3oBaHUEM CUTHAJIOB;
2. METO/]T c IpyHIOBBIM npeoOpazoBaHuEM CUTHAJIOB.
[To cnocoOy ycuieHus TpyNmoBOoro (JIMHEWHOTO) CHUTHaida (BTOPOM TPHU3HAK) BBIICTSIOT:
1. METO]T c YCHJIEHUEM KaXI0T0 WHIUBUIYaTbHOTO CUTHAJA;

2. METOJl C YCUJIEHHEM JIMHEHHOIO CUTHAJIA B LIEJIOM.

[Ipu wHAMBUAYyalbHOM  mpeoOpa3oBaHUM  CUTHANOB  (pOpMHpOBAaHUE  TPYHIIOBOIO
(TMHEMHOTr0) CHEeKTpa YacTOT MPOM3BOAMTCS IMYTEM OTACIHHOIO HE3aBUCHMMOIO IpeoOpa3oBaHUs
Kaxxgoro u3 N curHayioB. J[pyrumu ciioBaMu, NpU HWHIUBUAYAIBHOM METOZEe IpeoOpazoBared,
GUIABTPBI, YCUJIMTENHW W JAPYTUe SJIEMEHTH JUIsi KaXKIOro KaHaia SBISIOTCS OTICIBbHBIMH U
MIOBTOPSIFOTCA B COCTABE OKOHEUYHOM NPOMEXKYTOYHOM amnmaparypbl CTOJBKO pa3, Ha CKOJBKO
KaHaJIOB paccunTaHa cucTeMa nepeaay. UHAMBHIya IbHBIE METO/IBI TPE0OpPA30BaHNS B OKOHEUHBIX
Y YCWICHHS B IPOMEKYTOUHBIX CTAHLMAX MOSCHSIOTCS Ha pucC. 12.
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Pucynok 12. UaauBHayanbHbIN METO IPeoOpazoBaHUs
B ocHOBy Meroma rpynmoBoro npeoOpa3oBaHMs ~CHUTHAJIOB TIOJOXKEH IMPHHLUI
(dbopMHUpOBaHUS JTMHEHHOTO CIIeKTpa B okoHeuHOM yHKTe MKC ¢ momonipio HECKOJIBKHUX CTYIEHEH
npeoOpa3oBanus. Ha kaxmoil cTyneHHM OOBEAMHSAIOTCS HECKOJBKO KAaHAJIBHBIX CHUTHAJIOB, T.€.
JUHEWHBIA CUTHAI TMPEJICTaBIsET COOOH CyMMY HECKOJBKHX MPOMEXKYTOUHBIX TIPYIIOBBIX
curHaznos. IIpu 5ToM, B OTIIMuYME OT MHAMBUAYAJIBHOIO METOAA, OTACIBHOM I KaXIO0ro KaHalla
SBIISICTCS TOJIBKO YaCTh allaparypsl, a OCTaJIbHOE 000pyAOBaHHE — o01Iiee I BCeX KaHAJOB.

Jekmusa Ne3. JInHUH CBA3H.

Bomnpochsr:

1. CriekTpanbHbIil aHAJIN3 CUTHAJIOB Ha JIMHUM CBSI3U.
2. XapaKkTepUCTUKH JIMHUU CBS3H.

1. CnekTpajibHbIH aHAJIM3 CUTHAJIOB HA JIMHUH CBSI3H.

W3 Teopuu rapMOHHMYECKOTO aHalIM3a W3BECTHO, UYTO JIOOOM MepHoAMYecKUid Mpolecc
MOJKHO IPEJICTABUTDH B BUJIE CYMMBbI CHHYCOMJJAJIBHBIX KOJIEOAHUH PA3JIMYHBIX YaCTOT U PA3JIMYHBIX
ammmutya (puc. 13). Kaxknas cocraisiomas CHHYCOU1a Ha3bIBAETCsl TaK)Ke TAPMOHHUKOMN, a Habop
BCEX I'APMOHHUK HAa3bIBAIOT CIEKTPAJIBHBIM pa3jIoKEHUEM HCXOAHOro curHana. Hemepuonmdeckue
CUTHAJbl MOYKHO IPEACTaBUTHh B BUJE MHTErpajga CUHYCOMJAIBHBIX CUTHAJIOB C HENPEPBIBHBIM
CIeKTpOoM d4acToT. Hampumep, cnekTpanbHOE pPas3lioKE€HHE HACANbHOTO UMIY/Ibca (€AMHUYHON
MOIIHOCTH ¥ HYJIEBOH JUIUTEIBHOCTH) UMEET COCTABIISIOLINE BCErO CIIEKTPA YacTOT, OT - o JI0 + 00

(puc. 14).
Al

Pucynoxk 13. [IpencraBnenue nepuoandeckoro curHajia CyMMoi CHHYCOM T
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Pucynok 14. CnekTpanbHoe pa3nokeHHe HASaIbHOTO UMITYJIbCca

TexHHKa HaXOXACHHUS CIEKTpa ITOO0Or0 HCXOJHOTO CHUTHAllA XOpOIIo wu3BecTHa. Jlis
HEKOTOPBIX CHUTHAJIOB, KOTOPBIE XOPOILIO OIHUCHIBAIOTCS AHAIMTUYECKH (Hampumep, s
MOCIIE0OBATEIHHOCTH TPSIMOYTOJIBHBIX HMIYJIbCOB OJMHAKOBOW JITUTEIILHOCTH W aMIUIUTYIIBI),
CHEKTp JIETKO BbIUUCIsIETCS Ha ocHOBaHUU Gopmyn Dypbe. s CUTHAIOB MPOU3BOJILHOM (POPMBL,
BCTPEUAIONIUXCS HAa MPAKTUKE, CIEKTP MOXXHO HAWTH C TMOMOIIBI0 CICHHAIBHBIX MPUOOPOB -
CHEKTPAJbHBIX aHAJIN3aTOPOB, KOTOPBIE H3MEPSIOT CIEKTP PEAbHOTO CUTHAlAa U OTOOpPaXKaroT
aAMIUIUTYZbl COCTABJISIIOIIMX TAapMOHMK Ha DJKpaHe WJIM paclevyarblBalOT MX Ha IPUHTEpE.
HckaxxeHue nepenaronuM KaHajaoM CUHYCOUIBI KaKOH-THO0 YaCTOThI MPUBOAUT B KOHEYHOM CUETE
K MCKOKCHHIO TEepeaBaeMOro CHUTHaja 00 (HOpMBI, OCOOCHHO €CIIM CHHYCOWIBI PAa3THIHBIX
YaCTOT HCKaXKalTCAd HEOAMHAKOBO. Eciym 3TO aHaAlIOroBbld CUTHAN, MEPENAIOIIUN pedyb, TO
M3MEHsETCA TeMOp Tojioca 3a CueT HMCKaKEHUsT OOCpTOHOB - OOKOBBIX uacToT. Ilpm mepemaue
UMITYJIbCHBIX CUTHAJIOB, XapaKTEPHBIX JUISI KOMIIBIOTEPHBIX CETEH, NCKAKAIOTCS HU3KOYaCTOTHBIE U
BBICOKOYACTOTHbIE TAPMOHUKH, B pe3yibTaTe (GPOHTHI UMIYIbCOB TEPSAIOT CBOIO MPSIMOYTOJIbHYIO
dbopmy. BeneacTBue 3Toro Ha MPUEMHOM KOHIIE JIMHUU CUTHAJIBI MOTYT TUIOXO PACcIIO3HABATHCA.

JIuHMS CBSI3M HCKa)KaeT NepeaBaeMble CUTHAIIBI U3-3a TOTO, UTO €€ (pU3nvecKue mapameTpsl
OTIUYAIOTCS OT HJICANbHBIX. Tak, HampuMep, MEIHBIE MPOBOJA BCETa MNPEACTABISIIOT COOOMU
HEKOTOPYIO PACHpEeleICHHYIO0 MO JUIMHE KOMOMHAIMIO aKTUBHOTO COMPOTUBIICHHS, €MKOCTHOU U
WHIYKTUBHOW HArpy3Kku . B pe3ynbTaTe IUisi CHHYCOU[ pa3IMYHBIX YacTOT JUHHS Oyner o0nanaTh
pPa3IMYHBIM TIOJIHBIM CONPOTHBIICHWEM, a 3HA4YMUT, M I[E€pelaBaThCsi OHU OyAyT MO-pa3HOMY.
BonokoHHo-onTHYECKMT  Ka0enb TakKe HMMEeT OTKJIOHEHHS, MEIIAIIne HUACATbHOMY
pacnpocTpaHeHuio cBeta. Eciau nuHUS CBS3M BKIIIOYAET MPOMEXKYTOUHYIO ammaparypy, TO OHa
TaK)K€ MOXET BHOCHUTH JOIOJHUTEIbHBIE MCKAKEHHUsS, TaK KaK HEBO3MOXXHO CO3JIaTh YCTPOWCTBA,
KOTOpbI€ ObI OIMHAKOBO XOPOIIIO NEpeIaBaId BECh CIIEKTP CUHYCOU/I, OT HYJS 10 OECKOHEYHOCTH.

Kpome nckaxeHuii CHTHAIOB, BHOCUMBIX BHYTPEHHUMU (DU3HMUECKUMHU ITapaMeTpaMu JTHHUH
CBSI3M, CYIIECTBYIOT M BHEIIHHWE IMOMEXH, KOTOpble BHOCAT CBOM BKJIaJ B HCKakeHUE (HOPMBI
CUTHAJIOB Ha BBIXOJAC JIMHUW. OTH TIOMEXHM CO3/Aal0T DPA3IUYHBIC SJCKTPHUUECKHUE JIBUTATEIIH,
AJIEKTPOHHBIE YCTPONCTBA, aTMOc(epHble sABIEHUS M T. A. HecMOTpss Ha 3alUTHBIE MEpHI,
MpearnpuHIMaeMble pa3paboTunkamu Kabenel W YCHINTEIhHO-KOMMYTHPYIOIIEH ammapaTyphl,
MOJIHOCThIO KOMITEHCUPOBATh BIIMSHUE BHEITHUX MOMeX He yaaercs. [103ToMy curHasisl Ha BeIXOJE
JUHUH CBS3U OOBIYHO MMEIOT CIIOXKHYIO, TI0O KOTOPOW HHOT/A TPYIHO MOHSTH, KaKas TUCKPETHAS
nH(popManus OblIa oJaHa Ha BXO] IMHUHN

2. XapakTepuCcTHKH JUHUM CBS3H.
K ocHOBHBIM XapakTepUCTUKaM JIMHUI CBSI3U OTHOCSITCSL:

. aMIUTUTYJHO-4aCTOTHAsI XapaKTePHUCTHKA;
. M0J10Ca TIPOITYCKaHMUS,

. 3aTyXaHHE;

. IIOMEXOYCTONYUBOCTb;

. NepEKPECTHBIC HABOJIKN Ha OJIMKHEM KOHIIE JIMHUM;
. MPOIYCKHAs CIOCOOHOCTb;

. JTOCTOBEPHOCTD Iepelauy IaHHbIX;

. ylienbHas CTOUMOCTb.
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B mepByro odepenap pazpaboT4MKa BBIYMCIUTEIHHOW CETH HWHTEPECYIOT MPOMYCKHAS
CIOCOOHOCTH U JOCTOBEPHOCTH NEpeaur JaHHBIX, TOCKOJIbKY 3TH XapaKTEPUCTUKU MPSMO BIHSIOT
Ha TMPOU3BOJUTENBHOCTh W HAJCKHOCTh CO3/1aBaeMoi ceTu. lIpomyckHas CHOCOOHOCTH U
JIOCTOBEPHOCTh - 3TO XapaKTEPUCTUKH KaK JIMHUU CBSI3M, TaK M Crocoba mepenayu JaHHbIX.
[Toatomy ecnu crioco6 nepemayuu (IPOTOKOM) yXKe ONpPeAeieH, TO U3BECTHBI U ATH XapaKTEPUCTUKH.
Hampumep, mpomyckHasi cnocoOHOCTh NM(POBOM JIMHUM BCErJa W3BECTHA, TaK KakK Ha HEH
orpezeNieH MPOTOKON (PU3MUYECKOTO YPOBHSI, KOTOPHIH 3a7aeT OUTOBYIO CKOPOCTH Mepeiadn TaHHbBIX
- 64 Kowut/c, 2 MOuTt/c u T. 11.

OpnHako HENMb3sk TOBOPUTH O MPOMYCKHOW CIIOCOOHOCTH JIMHUU CBS3H, IO TOTO KaK JJIs Hee
orpeziesieH MPOTOKOJI (PU3NYecKoro ypoBHs. IMEHHO B Takux Cilydasx, KOI/ia TOJbKO MPEICTOUT
OMPENIECINTh, KaKOW U3 MHOXKECTBA CYHIECTBYIOLIMX MPOTOKOJIOB MOKHO MCIOJI30BaTh Ha JAaHHOU
JUHUHM, OYEHb BaXXHBIMU SBJISIOTCS OCTaJbHBIE XapaKTEPUCTUKHU JIMHUM, Takue Kak IoJjioca
MPOMYCKaHUs, IEPEKPECTHBIE HABOKH, IOMEXOYCTOMYMBOCTD U IPYTUE XapaKTEPUCTUKHU.

g onpeneneHus XapaKTepUCTUK JTMHUM CBSI3U YacTO HMCIONB3YIOT aHAU3 €€ pPeakiuil Ha
HEKOTOpPBIE€ ATAJIOHHBIE BO3JIEUCTBUs. Takoi moaxo mo3BOISET JOCTATOYHO MPOCTO U OJTHOTHUITHO
OTpECATh XapaKTEepPUCTUKU JIMHUNA CBSI3M JII0OOM mMpupojsl, He mpuleras K CIOXKHBIM
TEOPETHUYECKUM HCCIIeIOBaHUSIM. Yallle BCEro B Ka4eCTBE ITAJIOHHBIX CUTHAJIOB JJIS UCCIIEIOBAHUS
peaxkuuil JTUHUN CBSI3U UCIIOJIb3YIOTCS CUHYCOMAAIbHBIE CUTHAJBI PA3IMYHBIX YaCTOT. DTO CBA3AHO
C TeM, YTO CUTHaJbl ATOTO THMA YaCTO BCTPEUYAIOTCS B TEXHUKE M C UX IMOMOIIBIO MOXHO
MPEICTaBUTh JII0OYI0 (PYHKIIMIO BPEMEHHU - KaK HEMpepbhIBHBIA Ipolecc KojaeOaHui 3ByKa, Tak U
MPSIMOYTOJIbHBIE UMITYJIbChI, FEHEPUPYEMBIE KOMITBIOTEPOM.

AMIUTUTYIHO-4aCTOTHAsI XapaKTepucTHKa (puc. 15) mokasbiBaeT, Kak 3aTyXxaeT aMIUIUTYAa
CUHYCOUJIbI HAa BBIXOJIE€ JMHUU CBSI3M 10 CPABHEHHUIO C aMIUIMTYJI0M Ha e€e BXOJe Uil BCEX
BO3MOXXHBIX YacTOT MEpeJaBaeMoro CUrHajga. BMecto aMmiuTyabl B 3TOH XapaKTEpUCTHKE YacTO
WCIIONB3YIOT TAK)KE TAKOM IMapaMeTp CUTHaJIa, KaK €ro MOIIHOCTb.

A
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Pucynok 15. AMIIIUTYAHO-4aCTOTHAs XapaKTEPUCTUKA

3HaHUE AMIUIMTYIHO-4aCTOTHOM XapaKTEepUCTUKH PEabHON JIMHUY MO3BOJIET ONPEIEIUTh
(hopMy BBIXOJHOTO CHTHAJIA MPAKTUYECKHU ISl TF0OOT0 BXOAHOTO curHana. [[jist 3Toro HeoOXoaumo
HallTH CHEKTp BXOJHOIO CHUTrHaja, MpeoOpa3oBaTh aMIUIUTYLy COCTaBJISIOIIMX €r0 I'ApMOHUK B
COOTBETCTBUHM C aMIUTUTYAHO-YAaCTOTHOM XapaKTEpPUCTUKOM, a 3aTeM HaWTh (opMy BBIXOJHOTO
CUTHAaJIa, CJIOKHB NIPe0Opa30BaHHbIE TAPMOHUKH.

[Tonmoca mponyckanus (bandwidth) — 3T0 HenmpepbIBHBINA AMANA30H YacTOT, I KOTOPOTO
OTHOILLICHWE AaMIUIUTYAbl BBIXOJHOIO CHUrHajla K BXOJHOMY IIPEBBIIIAET HEKOTOPBIA 3apaHee
3ajaHHbIl mpenen, o6bruHo 0,5. To ecTh mosoca MpOMyCKaHWs ONpEAeNsieT Auana3oH YacToT
CUHYCOMJAJIBHOIO CHUTHANA, IpPHU KOTOPBIX ATOT CHUTHAJI IEepefaeTcs IO JIMHUM CBs3U 0e3
3HAYUTENbHBIX HMCKAKCHUNA. 3HAHHWE TIOJIOCHI MPOMYCKAHUS MO3BOJSET MOJIYYUTh C HEKOTOPOU
CTENIEHbIO NPUONIMKEHHUS TOT JK€ PEe3yJbTaT, YTO W 3HAHWE AaMIUIUTYAHO-4aCTOTHOMN
xapakTepucTuky. [lluprHa monocs! mponyckaHus B HaMOOJbIIECH CTETIEHH BIMSET HA MAaKCUMAaJIbHO
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BO3MOXXHYIO CKOPOCTh THepefaud WHGOpMaluu MO JUHUMU CBA3H. VIMeHHO 3TOT (akT Hamen
OTpa)KCHHE B aHIJIMICKOM SKBHBAJICHTE paccMaTpuBaeMoro tepmuHa (width - mmpuna).

3aryxanue (attenuation) ompenensercs Kak OTHOCHUTEIbHOE YMEHbUICHUE aMIUIUTYAbI WU
MOIITHOCTH CUTHAJa MpH Iepefaye Mo JUHUM CUTHAja OINpPEeNeNIeHHOW 4acTOThl. TakuM oOpazom,
3aTyXaHue MpeACTaBiseT coO00M OJHY TOUKY M3 aMIUIMTYAHO-YAaCTOTHOM XapaKTEPUCTHKU JIMHHHU.
YacTo npu 3KCIUTyaTalliy JUHUH 3apaHee U3BECTHA OCHOBHAS 4acTOTa MEPeJaBaeMoro CUrHaia, To
€CThb Ta 4acTOTa, TAPMOHHMKA KOTOpPOM MMeEeT HauOONbIIYyI0 aMIUIUTYAY M MOIIHOCTh. [loaTomy
JOCTaTOYHO 3HATh 3aTyXaHHE Ha 3TOM YacToTe, YTOOBI MPUOJIM3UTENBHO OLEHUTh HCKaXECHUS
nepelaBaeMbIX MO JMHUM CUTHANIOB. bojee TouHbIe OIEeHKHM BO3MOKHBI NPU 3HAHUU 3aTyXaHHs Ha
HECKOJIbKUX YaCTOTaX, COOTBETCTBYIOIIMX HECKOJBKMM OCHOBHBIM T'apMOHUKaM II€pelaBacMOro
CUTHaJa.

3aryxanue A oObYHO u3Mepsiercs B aeuubOenax (b, decibel — dB) m Bbrumcnsercs mo
cnenytomen hopmyie:

A =10 logl0 PBrix /PBX,

rze PBbIX — MOIITHOCTH CUTHAJIA HA BBIXOJIE JIMHUH,

PBX — MOIIIHOCTh CHTHAJIA HA BXOJIE INHUU.

Tak Kak MOLIHOCTb BBIXOJAHOTO CHUTHaJla Kabeys 0e3 MpOMEeXYyTOUHBIX YCHIIUTENeH Bceraa
MEHbIIIE, YeM MOIIHOCTh BXOJHOTO CHUTHAJIa, 3aTyXaHUe KaOels Bcerna sBIsSeTCS OTpULATeNbHON
BEJINYUHOM.

AOCONIOTHBIN YPOBEHb MOIIHOCTH, HAalmpHUMEpP, YPOBEHb MOIIHOCTH IEpeNaTuuKa, TaKxkKe
u3mepsiercss B JeuumbOenax. [Ipm srom B kauecTBe ©0a30BOr0 3HAYEHUS MOIIHOCTH CHTHAaa,
OTHOCHUTEJIBHO KOTOPOTO H3MEpSeTCs TeKyIlas MOIIHOCTh, NMpPUHUMAaeTcs 3HaueHue B 1 MBT
(muwmuBatrT). Takum 06pa3oM, YpOBEHb MOIIIHOCTH P BBIUUCIISETCS 110 ClIeytomei hopmyre:

p =10 logl0 P/1mBTt [nbMm],

rae P - MOIIHOCTh CUTHajIa B MUJUIMBATTaX

nbM (dBm) — 310 eauHMIIa H3MEepEeHUsT YPOBHSI MOIITHOCTH (Ieruben Ha 1 MBT).

[TponyckHas cocoOHOCTH (throughput) muHUK XapakTepru3yeT MaKCUMaJIbHO BO3MOXKHYIO
CKOpOCTh T€pellaud JaHHBIX IO JUHUU cBA3H. lIpomyckHas cnocoOHOCTh M3MepsieTcss B OUTax B
CEeKyHIy — OWT/C, a TakkKe B MPOU3BOJHBIX €IWHUIIAX, TAKUX KaK KUJI0OUT B cekyHay (Kowut/c),
Merabut B cekyHny (Mout/c), ruradbur B cekynay (I'6ut/c) u T. 1.

[IpomyckHasi criocCOOHOCTh JIMHUM CBSI3M U KOMMYHHKAIIMOHHOTO CETEBOTO 00OPYIAOBAHMUS
TPaIUIIMOHHO U3MEPSETCs B OMTaxX B CEKYH]y, a HE B OaliTaX B CEKYHIY.

[TpomyckHasi crmocOOHOCTh JMHHUM CBSA3M 3aBUCHT HE TOJBKO OT €€ XapaKTEPUCTUK, TaKUX
KaK aMIUTHTYJHO-4aCTOTHAs XapaKTEPHUCTHUKA, HO U OT CHEKTpa MepeaaBacMbIX CUTHANOB. Ecmu
3HAYUMbIE TAPMOHHMKHU CHUTHaNA (TO €CThb T€ TaPMOHHUKH, aMIUIMTYABI KOTOPBIX BHOCSAT OCHOBHOM
BKJIaJ] B PE3YJbTUPYIOIIUNA CUTHAJ) MOMaJaloT B MOJOCY MPOMYCKAaHUS JHHHUM, TO TaKOM CHUTHAl
OyzeT XOpoIlo nepeaaBaTbcs JaHHOM JTUHHUEH CBSI3U M MPHEMHUK CMOXET MPAaBUIIBHO PACHO3HATH
nH(pOpMaIIKIo, OTIPABICHHYIO 110 JUHUU NepeaaTyukoM. Eciu jxe 3HaurMble TapMOHUKH BBIXOJST
32 TPaHMIIBI MOJIOCH TMPOIYCKaHWs JUHUM CBS3M, TO CHUTHAJI OyAeT 3HAYMTENbHO HMCKaXKaTbCH,
MPUEMHUK OYAET OMOaThCs MIPU PacIio3HAaBaHUKM WH(POPMAIIUH, a 3HAYUT, HHPOPMAITUI HE CMOXKET
nepeaaBaThesl C 3aJaHHOM MPOIYCKHON CIIOCOOHOCTHIO.

[ToMex0oycTOMUNBOCTh JIMHUU ONPEAEIseT €€ CIIOCOOHOCTh YMEHbIATh YPOBEHb MOMEX,
CO3/1aBaeMbIX BO BHEIIHEH cpele, HA BHYTPEHHHUX IPOBOAHHUKAX. [IoMEXOyCTOHYMBOCTD JIMHUU
3aBHCHUT OT THIIA UCTOJIb3yeMON (PU3NYECKON CPEIbl, a TaKkKe OT HKPAHUPYIOMIMX U MOABISIOLINX
IIOMEXH CPEACTB caMoi JIMHUHU. HanMeHee NoMeX0yCTONYUBBIMU SIBJIAIOTCS PALUOINHAN, XOPOLIEH
YCTOWYMBOCTBIO 00JIaal0T KaOelbHble JUHUM W OTIMYHONH — BOJIOKOHHO-ONTHYECKUE JIMHUH,
MaJIOUyBCTBUTENIbHbBIE KO BHEITHEMY 3JEKTPOMAarHUTHOMY M3JTydeHHI0. OOBIYHO JUIS YMEHBIICHUS
MOMEX, MOSBISAIONIMXCS M3-32 BHEIIHUX 3JEKTPOMArHUTHBIX TOJEH, MPOBOJAHHUKH SKPAHUPYIOT
W/WIIN CKPYYUBAIOT.

[Tepexpectubie HaBoaAKK Ha OmmkHeM KoHIE (Near End Cross Talk - NEXT) onpenenstor
MIOMEX0YCTOMYMBOCTh Kabelsi K BHYTPEHHUM HCTOYHHUKAM MOMEX, KOTJia 3JIEKTPOMAarHUTHOE I10JIe
CUTHaja, IepelaBaeMOro BBIXOJOM IiepeJaTdyvKa IO OJHOM Mape MpPOBOJHMKOB, HAaBOAMUT Ha
ApPYTyIo Mapy NpOBOJAHMUKOB CHTHaNl ToMexu. Ecim ko BTOpoil mape OyaeT MOJKIIoueH NMPHUEMHUK,
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TO OH MOXET NPHUHATh HABEICHHYIO BHYTPEHHIOI NOMEXY 3a moJie3Held cur”ai. [lokazarens
NEXT, BelpakeHHBIH B Ienin0enax, paBeH

10 log2 PBrix/PHas,

rae PBbIX — MOIIHOCTb BBIXOJIHOTO CUTHAJIA,

PHaB — MOIIIHOCTH HABEJAEHHOT'O CUTHAJIA.

Yem menbuie 3HaueHne NEXT, tem myume kabenb. Tak, Uit BUTOW mapbl KaTeropuu 5
nokaszareiib NEXT nomkeH ObTh MeHbIlle —27 nb Ha gactore 100 MI 1.

[Toxazatens NEXT 0OBIYHO HCHONB3yeTCs] MPUMEHHUTENBHO K Kabeno, COCTOSIIEMY H3
HECKOJIBKMX BUTBIX Map, TaK KAK B 3TOM CJIy4ae B3aUMHbIE HABOJAKU OJHOM Mapbl HA IPYTYIO MOTYT
JOCTUTATh 3HAYUTENHHBIX BEIWYHUH. J{JI1 OIMHAPHOTO KOAKCUAIBHOTO Kabems (TO €CTh COCTOSIIIIEro
W3 OJIHOM SKPaHMPOBAHHOW KWJIBI) ATOT IOKa3aTelh HE HMEET CMbICTIa, a JUIsl JBOWHOTO
KOAKCHaJbHOTO Kabemsi OH TakKe HE TMPUMEHSETCSl BCICICTBUE BBHICOKOW CTENEHH 3alIMIEHHOCTH
KaKI01 >kuibl. ONTHYECKHE BOJIOKHA TaKXKEe HE CO3AAI0OT CKOJIb-HUOYAb 3aMETHBIX MOMEX IPYT AJIs
Apyra.

B cBs3u ¢ TeM, 4TO B HEKOTOPBIX HOBBIX TEXHOJIOTMSX HMCIOJB3YyeTCs Mepenada AaHHBIX
OJIHOBPEMEHHO IO HECKOJbKUM BHUTBIM TMapaM, B TMOCIEAHEE BpeMsi CTal HPUMEHSATHCA
nokazatenb PowerSUM, sBnsrornuiicss momudukanuern mokasarenss NEXT. Ortor mokazartens
OTpa)kaeT CyMMAapHYIO MOITHOCTh MEPEKPECTHBIX HABOJIOK OT BCEX MEPEAAIOIINX Map B Kadee.

JIOCTOBEpHOCTh MEpeayu JAHHBIX XAPAKTEPU3YET BEPOSITHOCTh MCKAXKEHUS I KaXKI0TrO
nepenaBaeMoro o6ura gaHHBIX. HOTA 3TOT K€ MOKa3aTelb Ha3bIBAIOT HHTCHCUBHOCTHIO OMTOBBIX
omm6ok (Bit Error Rate, BER). Benmnunna BER 1t kaHanoB cBsi3u 6€3 JOMOTHUTEIBHBIX CPEICTB
3alUThl OT OMIMOOK (HAmpUMeEp, CAMOKOPPEKTUPYIOMIMXCS KOJOB WJIH MPOTOKOJIOB C MOBTOPHOU
nepefaveli MCKaXEHHBIX KaJIpoB) COCTaBIsAET, Kak mpaBmio,10-4 — 10-6, B ONTOBOJOKOHHBIX
nuHugX cBsi3u — 10-9. 3HaueHue JOCTOBEPHOCTH IepeAadd JaHHbIX, Hanpumep, B 10-4 roBoput o
TOM, 4TO B cpeaHeM u3 10000 OuT uckakaercs 3Ha4CHHUE OHOTO OuTa.

Nckaxxenuss OUT TPOUCXOAST KAaK M3-3a HANUYMS [MOMEX Ha JTUHHUH, TaK U IO MPUYHHE
HUCKaXeHUH (OpMBI CHUTHAJIA OTPAaHMYCHHOW TIOJIOCOM mpomnyckanus JuHud. [losTtomy uist
MOBBIIICHUST ~ JOCTOBEPHOCTH  MEpPEaBaeMbIX  JAHHBIX  HYKHO  TMOBBIIATH  CTENECHb
MMOMEXO03alUIIEHHOCTH JIMHUYU, CHI)KATh YPOBEHb MEpPEKPECTHBIX HABOJOK B Kabese, a Takxke
MCIOJIb30BaTh 00JIee ITUPOKONOIOCHBIE TINHUU CBSI3U.

Jlexknus Ned. CeTreBble MOAEIH
Bomnpochsr:

1. CereBast monenb OSI.

2. Ctpykrypa crangaptoB IEEE 802.X.

1. CereBast mogean OSI.

Mexnaynaponnass Opranmszamuss 1o Crangapram  (MOC, International Standards
Organization — ISO) mpemnoxuia B KauecTBe CTaHIApTa OTKPBITBIX CHUCTEM CEMHYPOBHEBYIO
KOMMYHUKAIMOHHYIO Mojaenb (puc.1.19), wusBectnyro kak OSI-mozenp (Open Systems
Interconnection) — mogens B3aumoneiictBust OTkpoiThix Cuctem (BOC).

Kaxnprit ypoBens OSI-Momenu oTBe4aeT 3a OTIEIbHBIC crenuduyeckue (QyHKIUU B
KOMMYHHKAITUSX U PEATU3YeTCsl TEXHUYECKHMMH U MPOTPAMMHBIMHU CPEJICTBAMHU BBIYMCIUTEIHHON
CeTH.

PDu3nyecKuil ypoBeHb
VYposens 1 — ¢pusudeckuii (physical layer) — cambiii Hu3kuit ypoBerb OSI-Moaenu, onpeaensronmi
MPOILIECC MTPOXOXKICHHSI CUTHAJIOB Yepe3 Cpely Mepenadn MEXy CETEeBBIMU YCTPOUCTBaMH (y3J1aMu
CETH).

Peanuzyert ynpaBieHue KaHAIOM CBSI3H:

. MOAKIIOYEHNE U OTKIIIOUEHHE KaHala CBA3H;
. (dbopMUpOBaHHE TIEPEIaBAEMBIX CUTHAJIOB U T.II.
OnuceIBacT:
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. MEXaHUYeCKHe, DIEKTPHUUYEeCKHe U (YHKIMOHAIbHBIE XapaKTEPUCTUKHU CPEJIb
nepeaayu;

. CpeICTBa JUIsl YCTAHOBJICHHS, TOJNJCPKAHUS W Pa3beIUHEHUS (PHU3UIECKOTO
COCIMHCHHSI.

OGecneynBaeT Mpu HEOOXOIUMOCTH

. KOIVPOBAHUE NAHHBIX;

. MOJIYJISIIMIO CHTHAJIA, TIepeIaBaeMOro 10 Cpejie.

JlaHHble (U3UYECKOT0 YPOBHS IPEICTABISAIOT CO00M MOTOK OMTOB (TOCIIEAOBATENFHOCTH
HyJIe WIM €AVHNL), 3aKOJAUPOBAHHBIE B BUJIE JICKTPUUYECKHUX, ONTHYECKUX WM PaJHO CUTHAJIOB.

N3-3a Hanums momex, BO3AECHCTBYIOIIMX HA 3JIEKTPUUECKYIO JIMHHUIO CBSA3H, JOCTOBEPHOCTD
nepeaadn, u3MepsemMasi Kak BEpOsSTHOCTh MCKa)KEHHsST oJHOTOo OuTa, coctamisier 10-4 — 10 -6. Oto
o3Hauaer, 4Tto B cpeaneM Ha 10000 — 1000000 6ut nepenaBaeMbIX TaHHBIX OJUH OUT OKa3bIBAETCS
HUCKaKEHHBIM.

KananbHblii ypoBeHb

KananbHblil ypoBeHb WK ypoBeHb Niepeaun JaHHbIX (data link layer)
SIBJISIETCSI BTOPBIM ypoBHEM OSI-Moaemnu.

Peanusyer ynpasienue:

. JIOCTYIIOM CETEBBIX YCTPOMCTB K Cpele Mmepeaavr, Koraa /Ba win 0ojee YCTPOUCTB
MOT'YT HCIIOJIb30BaTh OOHY U TY XK€ Cpedy IIEepeaayu,
. HAJIe)KHOW TMepenadeld JaHHBIX B KaHajl€ CBS3M, IO3BOJIAIONICH YBEIUYUTH

JOCTOBEPHOCTH Mepeaaun JaHHbIX Ha 2-4 mopsaka.

OnucpiBaeT METONBI JIOCTYNa CETEBBIX YCTPOWCTB K Cpeae Iepeaadyd, OCHOBAHHBIC,
HalpuMep, Ha repeade MapKepa Wil Ha CONEPHUYECTBE.

O0ecrieunBaeT:

. (GyHKIIMOHATFHBIE W TPOIEAYPHBIE CPEICTBA MJIsi YCTAHOBICHUS, MOMAJEPKAHUS U
paspbiBa COCTMHCHUS;

. yIpaBJieHUE MTOTOKOM JUIsl IPEAOTBPALEHUS TIEPETIOTHEHUS MPUEMHOTO YCTPONCTBA,
€CJIM €T0 CKOPOCTh MEHBIIIE, YeM CKOPOCTh MePEAaroIero yCTPOHCTBa;

. HAJCKHYIO TIepeavy JaHHBIX Yepe3 (PU3NUecKuil KaHall ¢ BEPOSITHOCTHIO UCKAKCHUS
naHHbIX 10-8 — 10 -9 3a cy€T npuMeHeHUsI METOI0B 1
CpeICTBa KOHTPOJIA TEepelaBaeMbIX TaHHBIX M MOBTOPHOW IMEpelayd JaHHBIX MPH OOHApPYKEHUU
OIIIMOKMU.

TakuM 00pa3oM, KaHAIBHBIM ypOBEHb OOECIEYMBACT JOCTATOYHO HAACKHYIO Tepenady
JAHHBIX Yepe3 HEHANSKHBIA (DU3NIECKUIA KaHaT.
briok nanHBIX, TIepemaBaeMbIi Ha KAHATLHOM YPOBHE, HA3bIBACTCS
kanpoM (frame).

Ha kaHanbHOM ypOBHE MOSBIISIETCA CBOMCTBO aJpeCcyeMOCTH
neperaBaeMbIX JaHHBIX B BHJE (PU3MYECKHX (MAalIMHHBIX) aJpPECcOB, Ha3biBaeMbIX Takxke MAC-
aZpecaMy U SBISTIONTUXCS OOBIYHO YHHUKAIbHBIMU UACHTU(HUKATOPAMHU CETEBBIX YCTPOUCTB.

Kak Oyner mokazano B pasnene 3, ynuBepcaibubie MAC-anpeca B JIBC Ethernet u Token
Ring sBnsiroTcst 6-6aTHBIMM M 3aITMCBHIBAIOTCS B IIECTHAIIIATCPUIHOM BHUE, TpHUEM OalTHI agpeca
paznenensl neducom, Harpumep: 00-19-45-A2-B4-DE .

K mporneaypam KaHaJIbHOTO YPOBHSI OTHOCSTCS:

. no0aBiieHHE B KaJpbl COOTBETCTBYIOIIUX aJPECOB;
. KOHTPOJIb OITHOOK;
. MOBTOPHAs, MPU HEOOXOAMMOCTH, Iepeaaya KaJapoB.

Ha xanansaoMm ypoBae padortaroT JIBC Ethernet, Token Ring u FDDI.

CeTeBoii ypoBeHb

CeteBoii ypoBeHb (network layer), B oTiimune OT ABYX NMPEABIIYIINX, OTBEUAET 3a Mepeaaqy
nannbix B CITJI u ynpasnser MapupyTtuszanueii cooOmenuii — nepeiadeil yepe3 HeCKOJIbKO KaHAIOB
CBSI3M MO OJHON WM HECKOJBKUM CETSM, YTO OOBIYHO TpeOyeT BKJIIOYEHHsI B IAKET CETEBOTO
azpeca rnosyJaress.
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bnok naHHbIX, epeaBacMblii HA CETEBOM YPOBHE, Ha3bIBACTCS MTAKETOM
(packet).

CereBoii anpec — 310 crienuduaeckuii uACHTUDUKATOP IS KAXKIOHW MTPOMEKYTOUHON CETH
MEXy UCTOYHUKOM M MIPUEMHUKOM HH(pOpMALIUH.
CeTteBoll ypOBEHb peaiu3yeT:

. 00paboTKy OmHOOK,

. MYJIbTUIUIEKCUPOBAHUE TTAKETOB;

. yIpaBJIEHUE TOTOKAMU JTaHHBIX.
Camble U3BECTHBIE TPOTOKOJIBI 3TOTO YPOBHS:
. X.25 B ceTsx ¢ KOMMyTalUel NaKeToB;
. IP B cerax TCP/IP;

. IPX/SPX B ceTsix NetWare.

Kpome Toro, k ceTeBOMy YPOBHIO OTHOCSTCSI TPOTOKOJIBI TIOCTPOCHUSI MAPIIPYTHBIX TaOIUIY
g Mapuipyrusaropos: OSPF, RIP, ES-IS, IS-IS.

TpaHCHIOPTHBINA YPOBEHb

TpancnopTHeIi ypoBeHb (transport layer) HanOosiee MHTEpECEH W3 BBICIIUX YPOBHEH s
aIMUHUCTPATOPOB W pPa3pabOTUYMKOB CETEH, TaK KaKk OH YNpaBIsSeT CKBO3HOW Iepemadei
cooOmieHnit Mexnay okoHeuHbIMH y3mamu ceTH ("end-end"), oOecreuwBasi HaJeKHOCTh U
IKOHOMHYECKYI0 3()()EeKTHBHOCTh Mepenaud AaHHBIX HE3aBUCHMO OT Tojb3oBarens. [Ipu sTom
OKOHEYHBIE y3JIbI BO3MOKHO B3aMMOJICHCTBYIOT Y€pe3 HECKOJIBKO Y3JIOB MM JJa’Ke UYepe3 HECKOIbKO
TPaH3UTHBIX CETEH.

Ha tpancriopTHOM ypOBHE peanu3yercs:

1) npeoOpa3oBaHKe IMHHBIX COOOIICHHWH B TAaKEThl MPU HUX Tepeaade B CETH M
oOparHoe mpeodpa3oBaHUE;

2) KOHTPOJIb MOCJIE0BATEILHOCTH MTPOXOXKIACHHUSI TaKETOB;

3) perynupoBaHue Tpapuka B CETH;

4) pacrno3HaBaHue TyOIMpOBAaHHBIX MAKETOB U UX YHUUTOXKEHHUE.

Croco6 xommynukanuu "end-end" obOneryaercs eme OJHMM CIIOCOOOM aapecanuu —
apecoM Mpollecca, KOTOPBIM COOTHOCUTCS C OMNPEACICHHOW MNPHUKIAAHOM MporpaMmMoin
(MpUKIaTHBIM TPOIIECCOM), BBIMOMHSAEMONM Ha KommbloTepe. KommbroTep OOBIYHO BBINOJIHSET
OJTHOBPEMEHHO HECKOJIbKO MpOrpamMm, B CBA3M C 4YeM HEOOXOJUMO 3HATh KaKOW MPUKIAIHON
nporpamMmMe (Iporeccy) mpeaHasHaueHo MOCTYMHBILEE cooOmeHue. s 3Toro Ha TpaHCIIOPTHOM
YPOBHE HCIIOJB3YETCSl CHENUalbHBIA aJpec, Ha3blBaeMblid agpecom mnoprta. CeTreBoil ypOBEHb
JNOCTABJISIET KaXKAbI IIAKeT Ha KOHKPETHBIM aJpec KOMIIBIOTEPA, a TPAHCIOPTHBIA YpPOBEHb
nepenaéT MOJIHOCThIO COOpaHHOE COOOIIEHHWE KOHKPETHOMY MPHUKJIAJHOMY MpOIecCY Ha 3TOM
KOMIIBIOTEPE.

TpaHCIIOPTHBIM YPOBEHb MOXET IPEJOCTABIATh Pa3jIMYHbIE THIIBI CEPBUCOB, B YaCTHOCTH,
nepenavyy JaHHBIX O€3 YCTAaHOBJIEHUS COCIUWHEHUS WIM C TPEABAPUTENIBHBIM YCTAaHOBJIEHHEM
coequHeHUs. B mociegHem ciydae mepel HayaloM IEpefadyd JaHHBIX C HCI0JIb30BAHUEM
CHELUAJbHBIX YIPABISAIOIINX [MAKETOB YCTAHABIMBAETCA COCAUHEHHUE C TPAHCIOPTHBIM YPOBHEM
KOMIIBIOTEpPa, KOTOPOMY INpedHa3HA4YEHbl NepenaBaeMble JaHHble. [locne Toro kak Bce JaHHBIE
nepeaHbl, MOAKIIOUeHNE 3aKaHuuBaeTcs. [Ipu nmepenave naHHbIX 0€3 YCTAHOBJIEHUS COEIUHEHUS
TPaHCIOPTHBI YPOBEHb HCIIOJIB3YETCS i IEpeJadyd OJMHOYHBIX IIAKETOB, HA3bIBAEMBIX
JedTarpaMMaMH, HE TapaHTHPys MX HAJAeXKHYIO NOcTaBKy. Ilepemada NaHHBIX C yCTaHOBIIEHHEM
COEIMHEHMS IPUMEHSETCS 1715 HaIeXKHOW JOCTABKH JTAHHBIX.

CeaHcoBbIil YPOBEHb

CeaHcoBBIl ypoBeHB (session layer) oOecrnieunBaeT oOCTy)KMBaHWE ABYX 'CBsI3aHHBIX" Ha
YpOBHE TPEACTABICHUSI aHHBIX OOBEKTOB CETH U YIPABISAET BEACHHWEM Juajiora Mexay HUMHU
MyTeM CHHXPOHHM3AIMM, 3aKIIOYAIOIIEiiCsl B YCTAaHOBKE CIYXKEOHBIX METOK BHYTPH JJIMHHBIX
COO00IIeHU. DT METKHU MO3BOJIAIOT 1OCIIE OOHAPYKEHUS OIIMOKY MOBTOPUTH Mepejady JaHHbIX HE
C CaMoOro Havajia, a TOJBKO C TOTO MECTa, IZie HaXOAMUTCs Oyvkallnas Mpenplrylias MeTKa I0
OTHOIICHUIO K MECTY BOSHUKHOBEHHS OLIHMOKH.
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CeaHCOBBIN YpOBEHb IMPENOCTABIAET YCIYTH IO OpraHM3alMl M CHHXPOHHU3AalUKW OOMEHa
JAHHBIMHU MEXY IIPOLIECCAMU YPOBHS IIPEACTABICHUN.

Ha ceancoBom ypoBHe peanuzyeTcsi:

1) YCTAHOBJICHHE COCIMHEHUS C a[JpecaToM U YIpaBJICHUE CEAHCOM;

2) KOOpJUHAIIMS CBSI3U MPUKJIATHBIX MPOTpaMM Ha JBYX pabOuMX CTAHLIHUSAX.

YpoBeHb npeacraBieHus

VYpoBenb mpexacraBiieHus (presentation layer) oOecmedrBaeT COBOKYITHOCTH CITY>KEOHBIX
orepanuii, KOTOpble MOKHO BHIOpATh Ha MPUKIIATHOM YPOBHE JIJIsl HHTEPIIPETALINH ITepeIaBacMbIX U
MOJIy4aeMbIX JaHHBIX. DTU CIIyKeOHbIE ONepalliy BKIIIOYAIOT B ceOs:

. yIpaBieHue HHQOPMaITMOHHBIM OOMEHOM;

. npeoOpazoBanue (NMEPEKOAMPOBKA) JaHHBIX BO BHYTPEHHUH ¢dopMar KaKIou
KoHKpeTHOoI DBM u 06patHoO;

. muppoBanne HW  Aemm@poBaHWE ~ JAHHBIX € IEIbI0  3alIUTBl  OT
HECAHKIIMOHUPOBAHHOTO JIOCTYTIA;

. C)KaTWe JaHHBIX, MO3BOJIIONICE YMEHBIIUTh OOBEM IepelaBacMbIX JAaHHBIX, YTO

0CcO0EHHO aKTyalbHO MPH NepeJaue MyIbTUMEIUHHBIX TaHHBIX, TAKHX KaK ayAHo U BUJEO.

Crny>xeOHBIE OTepaliiy 3TOTO YPOBHS MPECTABISAIOT COO0M OCHOBY BCEi
CEMHYPOBHEBOM MOJEIM M TO3BOJSIOT CBS3bIBaTh BOEAMHO TEPMHMHAIBI M  CPEICTBA
BBIUHCIUTENbHON TEXHUKHU (KOMIBIOTEPHI) CAMBIX Pa3HBIX TUIIOB U MPOU3BOAUTENCH.

IIpukJiagHoOH YPOBEHD

[TpuknagHoit ypoBeHb (application layer) obecrneunBaeT HEMOCPEIACTBEHHYIO MOIIACPKKY
IPUKJIAJHBIX MPOLECCOB M MPOrpaMM KOHEYHOI'O IIOJb30BaTeNsl, a TaKXKe YIpPaBJICHUE
B3aMMOJICIICTBUEM JTHUX NPOrpaMM C pa3IUMYHBIMH OOBEKTaMU CceTd. Jlpyrumu cioBamu,
NPUKIIAJHON YypoBeHb obecrieunBaeT MHTEpdeiic Mexay npuknaaasM 110 u cucremoii cBszu. OH
MPEIOCTaBIIAET MPUKIAJAHON MporpaMMe JOCTYyN K pa3IU4HbIM CETEBBIM CIIy)k0aM, BKIIOuas
nepenayy (aiyioB v AIEKTPOHHYIO MOYTY.

2. Ctpykrypa crangapros IEEE 802.X.

B 1980 rogy B mncturyre IEEE Obin opranuszoBan komwurter 802 TO CTaHAapTHU3aAIUU
JIOKAJBbHBIX CEeTeH, B pe3yibTare paboThl KOTOPOro ObUIO MpHHATO cemeiicTBo cranaaptoB IEEE
802-x, KOTOpbIE coAepKaT PEKOMEHIALMHU IO MPOCKTUPOBAHUIO HUKHUX YPOBHEHM JIOKAJIBbHBIX
cereil. [lozxe pe3ynpTaTsl pabOThl TOrO0 KOMHUTETA JIETJIH B OCHOBY KOMILIEKCA MEXIYHAPOIHBIX
craggaptoB ISO 8802-1...5. OTu crangapThl OBUTA CO3/IaHBI HA OCHOBE OYEHBb PACHPOCTPAHEHHBIX
¢dbupmennsix crannapros ceteil Ethernet, ArcNet u Token Ring.

[Tomumo IEEE B paboTe mo craHmapTHU3alMH MPOTOKOJIOB JIOKAJIBHBIX CETeH NMPUHUMAIU
ydacTue U Jpyrue opraHuzanuu. Tak, Juis ceTeil, paboTalomux Ha ONTOBOJIOKHE, aMEPUKaHCKUM
MHCTUTYTOM 10 crapaaptuzauun ANSI Obun1 paspaboran cranaapt FDDI, oGecneunBaromuii
ckopocTh mepenaun maHHbix 100 M6/c. PaGoTel mo cTangapTU3aiiuu MPOTOKOJIOB BEAYTCS TaKKe
accouuanueii ECMA, koropoiil npunsaTs! ctanaaptsl ECMA-80, 81, 82 nns nokanbHON ceTH Tuna
Ethernet u Bocneacteuu ctangaptel ECMA-89,90 mo Metony nepeaaun Mapkepa.

Cranpaptel cemeiictBa IEEE 802.X o0XBaTblBalOT TOJIBKO JBa HUXHUX YPOBHS CEMU-
ypoBHeBo# Moaenu OS] - ¢pusnueckuii 1 KaHaJIBHBIN. DTO CBSA3aHO C TEM, YTO UMEHHO 3TH YPOBHH
B HaWOOJBIIEH CTETIEHN OTPAKAIOT CHEIUPUKY JIOKATBHBIX ceTeil. CTapiiue ke YpOBHHU, HAUHHAS C
CETeBOr0, B 3HAUUTENBHOW CTEMEHM HMEIOT OOlIue 4YepThl KakK s JIOKAJNbHBIX, TaK W JJs
rII00aTBHBIX CETEH.

Crneunduka TOKanbHBIX CETEH TaKk)Ke Hallla CBOE OTpaXCHHE B pa3[eeHUU KaHaJbHOTO
YpOBHS Ha JIBa MOAYPOBHSI, KOTOPBIE YaCTO HA3bIBAIOT Takxke ypoBHsMH. KanansHbI ypoBeHb (Data
Link Layer) nenuTcst B TOKaJIBHBIX CETSAX HA JIBA MOAYPOBHS:

. noruueckoii nepeaaun naHubix (Logical Link Control, LLC);

. yrnpasieHus goctynom k cpene (Media Access Control, MAC).

Yposenb MAC nosBuICS U3-3a CYIIECTBOBAHUS B JIOKAIBHBIX CETSAX PA3AEIAEMOU CpEIbl
nepenayu JaHHbIX. IMEHHO 3TOT ypoBEeHb 00€CleYrBaeT KOPPEKTHOE COBMECTHOE MCIOJIb30BaHUE
o01ieit cpefpl, MPEIOCTaBIsAs €€ B COOTBETCTBHM C ONPEACICHHBIM aJrOPUTMOM B PACHOPSHKEHUE
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TOW WM MHOU cTaHuu ceTu. [locie Toro kak IOCTyI K cpejie MOJTYyYeH, €10 MOXKET MOJIb30BaThCs
Oosiee BHICOKHI ypoBeHb - ypoBeHb LLC, opranusyromuii nepenavy JOTHYECKUX €AMHUI] TaHHBIX,
KaJIpoB MH(pOpPMAIMH, C PAa3JIUYHBIM YPOBHEM KauyecTBa TPAHCHOPTHBIX yciyr. B coBpeMeHHBIX
JOKAIBHBIX CETSIX TOJAYYWIM PpPaclHpOCTPAaHEHHE HECKOJIbKO MPOTOKONOB ypoBHSI MAC,
peaNn3yoIUX pa3IndHble aJrOPUTMBI JOCTYNA K pa3AessieMOn cpeae. DTH MPOTOKOJIBI TOTHOCTHIO
onpeaensoT cnenupuky Takux texHonorui, kak Ethernet, Fast Ethernet, Gigabit Ethernet, Token
Ring, FDDI, 100VG-AnyLAN.

Ypoeenp LLC oTBeuaeT 3a nepegady KaJpoB JaHHBIX MEXAY Yy3JIaMH C Pa3IMYHOU
CTENEHbIO HAJEKHOCTH, a TaKkKe peann3yer (yHKIUMU HHTepdeiica ¢ NpUJIeralomuM K HeMy
ceTeBbIM ypoBHEM. MIMeHHO uepe3 ypoBeHb LLC ceTeBoii MpOTOKOJ 3alpalivBaeT y KaHaJIbHOIO
YPOBHA HYXHYIO €My TPaHCIOPTHYIO ONEpalyio ¢ HYXHbIM KadecTBoM. Ha ypoBue LLC
CYIIECTBYET HECKOJIbKO PEKUMOB PAa0OThI, OTIMYAIOUIMXCS HAIWYHEM WM OTCYTCTBHEM Ha 3TOM
YPOBHE IIPOLIEAYP BOCCTAHOBJIEHUS KaJpOB B CIIy4a€ WX MOTEPU WM HCKAKEHHUS, TO €CTh
OTJIMYAIOIINXCS KAYECTBOM TPAHCIIOPTHBIX YCIYT 3TOTO YPOBHS.

[TpoTtokomnsl ypoBHeit MAC u LLC B3auMHO HE3aBUCUMBI - KaKIbIi TPOTOKOJ ypoBHSI MAC
MOKET MPUMEHSATHCS € JTI00BIM TPOTOKOIOM YpoBHS LLC, 1 Hao60poT.

Crangaptel IEEE 802 umMerOT JOCTATOUYHO YETKYIO CTPYKTYPY, IPUBEACHHYIO Ha pUC. 16:
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LLC ¥ CHA3E C CATBELIM YEOBHEM
Bo2.3 BOZ2S
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aatpumqwuna#;}
«ToncTeéds BWTEA Napa |
pfintoizil 108ase-5
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OnToBonoKHD 10Basa-F

Butan napa,
omosonowio || 00Base-T

Pucynok 16. Ctpykrypa crangaptoB IEEE 802.X

DTa CTpyKTypa MOSIBWIACh B pe3yjbTaTe OOJIBIION paboThl, MPOBEACHHOW KoMuTeToM 802
0 BBIICTICHUIO B Pa3HBIX (PMPMEHHBIX TEXHOJOTUAX OOIIMX MOAXO0J0B U 0OIIMX (DYHKIIHIA, a TaKxke
COIJIACOBAHUIO CTUJIEM MX omucaHus. B pe3ynbTare KaHalbHBIM YpOBEHb ObUI pa3felieH Ha JBa
YIOMSHYTBIX NOAYpoBHs. OnucaHue KaXJI0H TEXHOJOTMU pAa3/eiIeHO Ha JIBE 4YacTHU: OIMCAHHE
ypoBHs MAC u onucanue usnyeckoro ypoBHs. Kak BUAHO W3 pUCYHKA, TPAKTUUECKH Y KKIOH
TEXHOJIOTUM €IMHCTBEHHOMY IpoToKosly ypoBHS MAC cOOTBETCTBYET HECKOJIBKO BapHUaHTOB
MIPOTOKOJIOB (U3NYECKOTO YPOBHS (Ha PUCYHKE B ILIENSAX SKOHOMHHM MECTa MPUBEIEHBI TOJBKO
texnonoruu Ethernet u Token Ring, HO Bce ckazaHHOE CIPaBEUIMBO TAKXE U JUISL OCTAJIBHBIX
texnonorui, Takux kak ArcNet, FDDI, [00VG-AnyLAN)).

Hapn xaHanpHBIM YpOBHEM BCEX TEXHOJOTMH M300paxkeH oOmuil s Hux npotokon LLC,
MO/ICPKUBAIOIINN HECKOJIBKO PEXKUMOB pabOThl, HO HE3aBUCHUMBIA OT BBIOOpa KOHKPETHOM
texnonoruu. Crangapt LLC kypupyer nogkomutet 802.2. Jlaxe TEXHOJIOTUU, CTaHIapPTU30BAHHbIE
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HE B pamkax komutTera 802, OpUEHTHPYIOTCS Ha UCHOJIb30BaHUE TpoTokona LLC, onpeaeneHHOTro
cranaaproM 802.2, Hanpumep nporokos FDDI, crannaptuzoBannbiii ANSI.

OCOOHSKOM CTOSIT CTaHIApTHI, pa3padaTeiBacMble moakomMuTeroM 802.1. DTH cTaHIapTHI
HOCSIT OOIIMIA ISl BCEX TEXHOJOTWH Xapakrep. B monkomurere 802.1 Obutn pa3paboTaHbl 00IIHe
ONpeCIICHUs JIOKAJIbHBIX CETEM U UX CBOMCTB, onpenesieHa cBs3b Tpex ypoBHer moaenu IEEE 802
c mozenbto OSI. Ho Hambornee mpakTWdecku BaXKHBIMH SIBISIOTCS craHaaptbl 802.1, KoTopble
OIMCHIBAIOT B3aUMOJICUCTBHE MEXIY COOOM pa3iMuYHBIX TEXHOJOTWH, a TaKKe CTaHIApThl IO
MOCTPOEHHIO 00JIee CI0KHBIX CETel Ha OCHOBE 0A30BBIX TOMOJOTHA. JTa rpyMIa CTaHIapPTOB HOCHUT
oOIee Ha3BaHWE CTaHIAAPTOB MEKCeTeBOro B3ammojeicTBus (internetworking). Croma BxomsT
Takde BaXHbIE CTaHAapThl, Kak crapapt 802. ID, omnwuchBarOmMi JIOTUKY PaOOTHI
MocTa/KoMMmyTaTopa, crannapT 802.1H, onpenenstomuii paboTy TPaHCIUPYIOIIETO MOCTa, KOTOPBIi
MokeT 0e3 maprpyTtusatopa oobenuusaTh cetu Ethernet u FDDI, Ethernet u Token Ring u T. m.
Ceromasi Habop craHgapToB, pa3paboTaHHBIX moakomMuTeToM 802.1, mpomomkaer pacT.
Hanpumep, HemaBHO OH MOMNOJHMICS BaXKHBIM cTanmaproMm 802.1Q, ompeaensiommuM crocod
MOCTPOEHUS BUPTYAIbHBIX JIOKAIbHBIX ceTeil VLAN B ceTaX Ha OCHOBE KOMMYTaTOPOB.

Cranpaptel  802.3,802.4,802.5 u 802.12 onuChIBalOT TEXHOJOTUU JIOKAJIbHBIX CETEH,
KOTOpBIE€ MOSBUJINCH B pe3ylbTaTe YIy4lICHUH (UPMEHHBIX TEXHOJOTHM, JIETHIMX B UX OCHOBY.
Tak, ocHoBy cranmapra 802.3 coctaBuna TtexHonorus Ethernet, pa3paboraHHas KOMIaHUSMHU
Digital, Intel u Xerox (v Ethernet DIX), cranmapt 802.4 nmosiBuics | kak 00001IeHrEe TEXHOJIOTHI
ArcNet kommanum Datapoint Corporation, a cranzapt 802.5 B OCHOBHOM COOTBETCTBYET
texnosnoruu Token Ring kommanuu IBM.

Hcxonnble (upMEHHBIE TEXHOJOTHMM W MX MOJU(PHIMPOBAHHBIC BapUAHTHI - CTaHIAPTHI
802.x B psiae ciaydaeB JOJITME TOAbl CYIIECTBOBANM MapaiienbHo. Hanpumep, texnomoruss ArcNet
Tak 70 KOHIIA He OblIa MpPUBEJACHA B COOTBETCTBHE cO cTaHmapToM 802.4 (Temeph 3TO 1enarh
MO3/IHO, TaK Kak rae-to mpuMmepHo ¢ 1993 roma mpousBoacTBo oOopymoBanus ArcNet ObLIO
cBepHyTO). Pacxoxnenuss mexnay TtexHonmorueir Token Ring u crammaprom 802.5 Toxe
MEePUONYECKH BO3HHMKAIOT, TaKk Kak kommaHus IBM perynspHo BHOCHUT yCOBEPIIEHCTBOBAaHUS B
CBOIO TeXHOJOrMr u KoMuteT 802.5 oTpaxkaeT 3TH YCOBEPUICHCTBOBAHMS B CTaHAApPTE C
HEKOTOPBIM 3ano3aanuemM. Mckmouenue coctanisier TexHomorus Ethernet. [Tocinenauit hupmeHHbIit
crangapt Ethernet DIX Obu1 npunsat B 1980 roay, u ¢ Tex mop HUKTO OOJjblle HE MpeaIpUHUMAT
nonbeITOK ¢dupmenHoro passutus Ethernet. Bce HoBmiecTBa B cemelictBe TexHosoruii Ethernet
BHOCSITCSI TOJIBKO B PE3YJIbTATE IMPUHATUS OTKPBITBHIX CTaHAApTOB KomuTeToM 802.3.

bonee mo3auue craHmapThl H3HAYAIBHO pa3paldaThIBAIMCh HE OJHOW KOMITAHUEH, a TPYIIION
3aMHTEPECOBAHHBIX KOMIIAHUH, a TIOTOM II€pelaBaIuch B cooTBeTCTBYOmUN noakomureT IEEE 802
sl yTBepkaeHus. Tak mpomsonwio ¢ TexHomorusmu Fast Ethernet, 100VG-AnyLAN, Gigabit
Ethernet. ['pymnina 3auHTEepecOBaHHBIX KOMIaHU 00pa30BhIBaja CHaYaIa HeOOIBIIOEe 00BETMHEHHE,
a 3aTeM O Mepe Pa3BUTUs pabOT K HEMY NMPUCOCIMHSIIUCH APYrHe KOMIIAHUH, TaK YTO MPOILECC
MIPUHSATHS CTaHIapTa HOCUIJ OTKPBITHIN XapakTep.

Ceronns xomuteT 802 BKIIOYAET CAEAYIOUIUHI Psii TOAKOMUTETOB, B KOTOPBIA BXOAST Kak
YK€ YIOMSHYTbIE, TAK 1 HEKOTOPBIE IpyTHe:

802.1 - Internetworking - o0beIMHEHUE CETEH;

802.2 - Logical Link Control, LLC - ynpaienue 10orudeckoii nepeaaveii 1aHHbIX;

802.3 - Ethernet ¢ meTogom noctyna CSMA/CD;

802.4 - Token Bus LAN - nokanbsHbIe ceTH ¢ MeTOZI0M nocTyma Token Bus;

802.5 - Token Ring LAN - nokanbHbIe ceTH ¢ MeToaoM noctyna Token Ring;

802.6 - Metropolitan Area Network, MAN - ceTHMeramnoJimcos;

802.7 - Broadband Technical Advisory Group - TexHHYecKasi KOHCYJIbTallMOHHAS TPYIIA 1O
HIMPOKOTIOJIOCHOI mepeaaye;

802,8 - Fiber Optic Technical Advisory Group - TexHH4ecKasi KOHCYJIbTAI[HOHHAs! TPYIINa 10
BOJIOKOHHO-ONTHYECKUM CETSIM;

802.9 - Integrated Voice and data Networks - HHTErpUpOBaHHbIE CETH MEpeauu rojioca u
JTAaHHBIX;

802.10 - Network Security - cereBas 6€30MacHOCTb;
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802.11 - Wireless Networks - 6ecipoBoiHbIE CETH;
802.12 - Demand Priority Access LAN, 100VG-AnyLAN - nokaibHBIE CETH C METOJOM
JIOCTYIIA IO TPEOOBAHUIO C TPHOPUTECTAMH.

Jlekuust NeS. CereBoe 000pyaoBaHue

Bonpocsr:

1. CereBbie amanTepsl.

2. KoHLIeHTpaTOopHI.

3. KomMyTaTopsl.

4. Mapupytusarop.

1. CereBble aganrepsbl.

CereBoit amantep (Network Interface Card, NIC) - sto mnepudepuitHoe YCTpOHCTBO
KOMITBIOTEpA, HEMOCPEACTBEHHO B3aUMOJECHUCTBYIOIIEE CO CPENOM Iepeaadr JaHHBIX, KOTopas
OpsMO WIM depe3 Apyroe KOMMYHHMKAIIMOHHOE OOOpYyIOBAaHHE CBA3BIBACT €ro ¢ JpYrMMHU
KOMITbIOTEpaMH. DTO YCTPONCTBO pellaeT 3aJayd HaJleHOro oOMeHa JIBOMYHBIMU JIaHHBIMH,
IIPEICTAaBICHHBIMU COOTBETCTBYIOIIMMHU 3JEKTPOMAarHUTHBIMU CUTHAJaMM, 110 BHEUIHUM JIMHUSAM
cBs3u. Kak m 11000i KOHTpOJUIEp KOMIBIOTEpA, CETEBOM amantep padoTaeT IMOJ yIpaBiIeHHUEM
ApaiiBepa OINEpallMOHHOW CHUCTEMBI W pacmpesesieHHue (QyHKIMA MeXIy CeTeBbIM aJanTepoM U
NpaiiBepoM MOKET H3MEHSThCS OT peanu3auuu K peanuszanuu. CeTeBble ananTepbl U Kadenu
SBJISIIOTCSL allapaTHOM OCHOBOM OpraHM3allui KOMIIBIOTEPHBIX CeTei, MX HOpMaibHas paboTta
KU3HEHHO BakHA 1715 ceTH. C kabensaMu 1 afjanTepaMu CBsizaHo 00bI9HO 80% HEeIoiIa 0K B CETH.

CereBoll amantep BMECTE CO CBOMM JpaliBEpPOM pPEaIU3yeT BTOPOW, KaHAJIBHBIM YPOBEHb
MOJEJIA OTKPBITBIX CUCTEM B KOHEYHOM Y3JI€ CETH — KOMIIBIOTEPE.

CereBoil aanTep COBMECTHO C JIpaiiBEpOM BBINIOJIHSIET JBE ONIEpaLMM: IIepeady U IpUEM Kajpa.

B kaxxmom KommblOTepe NMODKEH OBITh YCTAHOBIIGH CETEBOHM ajamnrtep, oOecreunBaroniuit
MOJKIIIOYEHUE K BbIOpaHHOMY THIy Kabens. [lmaTel cereBoro amamrepa BBICTYMAIOT B KadecTBE
¢busnueckoro uHTEepdeiica, UM COSAUHEHHS] MEXKIY KOMIBIOTEPOM U ceTeBbIM Kalenewm. I[lmars
BCTaBJISIIOTCS B CJIOTHI PACILIUPEHUS] BCEX CETEBBIX KOMIIBIOTEPOB U CEPBEPOB.

B GonpmnHCTBE COBpEMEHHBIX CTAaHAAPTOB ISl JOKAJIbHBIX CETeH Mperojaraercs, 4To
MEXIYy CETEBBIMM  aJanTepaMM  B3aUMOACHUCTBYIOUIMX  KOMIBIOTEPOB  YCTAHABIIMBAETCS
CHelHallbHOE KOMMYHUKAIIMOHHOE YCTPOWCTBO (KOHIIEHTPATOp, MOCT, KOMMYTAaTop WU
MapuIpyTHU3aTop), KoTopoe OepeT Ha ceOs HEeKOTOpble (PYHKIMH O YIIPABJICHUIO TTOTOKOM JIaHHBIX.

CereBoii aganTep 00bIYHO BHINOJIHSET CJeAyOmue PYHKIMH:

+ ®opmupoBaHue TepenaBaeMoll MHGOpPMALMK B BHJE KajJpa ONpEIeNeHHOTro Qopmara.
Kanmp Bkito4aeT HECKOJBKO CIYXKEOHBIX MOJieH, Cpeau KOTOPBIX HMEETCs aJpec KOMIIbIoTepa
Ha3HA4YeHUS U KOHTPOJIbHAs CymMMa KaJpa, MO KOTOPOW CETEBOM ajanTep CTaHLIHMM Ha3HA4YCHHS
JieNIaeT BBIBOJ O KOPPEKTHOCTH JIOCTABJICHHOM 110 CeTH MH(OPMAIIHH.

* [lonydyeHne nocTyma K cpele mneperadyd JaHHbIX. B JIOKaJIbHBIX CETSIX B OCHOBHOM
MPUMEHSIOTCS pazJiesiieMble MEXy TPYIION KOMIIBIOTEPOB KaHAJbI CBA3H (00IIast MKHA, KOJIBIIO),
JOCTYl K KOTOpPHIM MPEIOCTaBIseTCS IO CHEHUaIbHOMY alroputMmy (Hambosiee YacTo
IIPUMEHSIFOTCS. METOJ, CIIy4aiiHOTO JOCTYyINa UM METOJ C Ilepeadeil MapKepa 10CTyna 110 KOJbILY).

» KonupoBaHue MocienoBaTebHOCTH OUT KaJapa IOCJIEeNOBATEIbHOCTBIO 3JIEKTPUUYECKUX
CUTHAJIOB IIpH Nepeaaye JaHHbIX U AEKOIUPOBAaHUE IIPU UX IIPUEME.

» [IpeoOpazoBanne wuH(MOpMAIMK W3 MMapauIeTbHOH (GOPMBI B TMOCIEAOBATEIBHYIO U
o0paTHO. DTa omeparus CBsi3aHa C TEM, YTO JUIsl YIPOIIEHUS MPOOJIEMbl CHHXPOHU3ALUU CUTHAIOB
W yIClIeBIEHUs JMHUA CBA3M B BBIYUCIUTENbHBIX CETAX MHOpMAlMs Mepefaercs B
nocsenoBaTenbHol Gopme, OUT 3a OUTOM, a He MOOANTHO, KaK BHYTPU KOMITBIOTEPA.

» CunxpoHuzamusi OMTOB, O0AMTOB W KaapoB. [[ns ycToWuMBOro mpuema IepeaaBaeMoi
uHpOpMaUK HEOOXOAUMO MOAJIEPKAHUE MOCTOSTHHOTO CHHXPOHHM3Ma MPUEMHMKA M TepelaTinKa
uHpopmanuu. CeTeBol ananTep HCHOIb3YeT AJIA PELICHHUS STOW 3ajjaud CIelHaJbHble METOIbI
KOJUPOBAHUs, HE MCIOJb3YIOINE JTOMOJHUTENBHON NIMHBI C TAKTOBBIMU CHHXPOCUTHAJAMHU. JTU
METOJIbl 00ECIEeUnBAIOT MEPUOANYECKOE U3MEHEHUE COCTOSHUS IMepe/laBaeéMoro CUrHaja, KoTopoe
UCIIOJIb3YETCSl TAKTOBBIM TE€HEPATOPOM IIPUEMHHUKA JUIsl TOACTPOWKM CHHXpoHu3Ma. Kpome
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CUHXPOHHM3AIMKM Ha YpOBHE OUTOB, CETEBOW aJanTep peniaer 3ajady CHHXPOHMU3AINHU U Ha YPOBHE
0aiiTOB, M HA YPOBHE Ka/IPOB.

OyHKIMEH ceTeBOro ajanrtepa sBisieTcs rnepeiada U IpUeM CETeBBIX CUTHAJIOB M3 Kalels.
AgnanTep BOCIPUHUMAET KOMaHIbl M JaHHbBIE OT ceTeBod omnepanuoHHol cucremel (OC),
npeoOpasyeT 3Ty uHGOPMAIMIO B OJIMH U3 CTAaHIAPTHBIX (JOPMATOB U IMEPEIAET €€ B CETh Yepe3
MOJIKJIFOUEHHBIN K afanTepy Kabemb.

CereBble aanTepbl pa3IMYyalOTCs TaKXKe M0 TUIY MPUHSATOW B CETU CETEBOM TEXHOJOTHUU -
Ethernet, Token Ring, FDDI u t.n. Kak npaBuio, KOHKpeTHasi MOJIENIb CETEBOTO ajantepa padboTaer
10 OMpENeTICHHOW ceTeBol TexHoyiornu (Hampumep, Ethernet). B cBsi3u ¢ Tem, uTo mis Kaxmoi
TEXHOJIOTUU Ceiuac MMEEeTCS BO3MOXKHOCTh HCIONB30BaHUS Pa3IMYHBIX Cpell Mepeladyd JTaHHBIX
(tor xe Ethernet moamepxuBaeT KOaKCHAIbHBIM KaOelbh, HEIKPAHUPOBAHHYIO BHUTYIO Tapy W
OTITOBOJIOKOHHBIN Ka0elb), CETEBON afanTep MOXKET MOICPKUBATh KaK OJIHY, TaK U OJHOBPEMEHHO
HECKOJIbKO cpell. B ciywae, koraa cereBoil amantep Mmojaaep:KMBaeT TOJIBKO OJHY Cpely mepeaaydn
JTAHHBIX, 2 HEOOXOMMO UCTIOIB30BaTh APYTYI0, IPUMEHSIOTCS TPAHCUBEPHI U KOHBEPTOPHI.

2. KoHnieHTparopsbl.

Konuentparop (hub) — 3710 cereBoe ycTpoiicTBO, MpeqHA3HAYCHHOE MJIsi OOBEAMHCHHS
YCTPOMCTB ceTh B cerMeHThl. OCHOBHOW MPUHIMI €ro padoThl 3aKI0YaeTcs B TPAHCISIHUU
MaKeTOB, MOCTYMAIONINX Ha OJMH U3 €ro MOPTOB Ha BCE JPYyrue MopThl. Takum oOpa3oM, Maker,
MOCTYNUBIIMM B CE€Th, OYyAET OTHOpPaBIE€H BCEM OCTAJbHBIM YCTPOWCTBAM CETH, T.e. Oyjer
OCYIIIECTBISTHCS MIMPOKOBEIIaTeNbHas nepeaada. Konientparop padboraer Ha PU3NIECKOM YpOBHE
MOJICNI B3auMOJAECHCTBUS OTKPBITHIX cucteM (OSI). KoHieHTpaTop HCHONB3yeTCs B Pa3IUYHBIX
texHonorusix: ATM, xDSL, Token Ring, HO HauOombiliee pacmpoCTpaHEHHWE OH Hallel B
texHonoruu Ethernet.

KoH1ieHTpaTrop MOXKHO paccMaTpUBaTh KaK PEMHUTEp C HECKOIbKUMH BhIXOJaMU. B oTnudme
oT switch OH He aHaTU3UPYyeT COAECPKUMOE MAKETOB WM UX 3arojIOBKH, a MPOCTO KOMHUPYET HX.
Hub He no3BoseT yBeMUYUTh YUCIO YCTPOUCTB B OJHOM CETMEHTE WIIH Pa3TPYy3UTh €r0, YMECHBIIUB
yucno Kosun3uil. OCHOBHAasi €ro 3ajada — 9TO IOJKIIOYEHHE HOBBIX YCTPOWCTB K CE€TH M
opranm3anus ee Tomojoruu. Kpome Ttoro, hub moxer OBITH HCMONB30BaH ISl OpPraHU3ANNN
PE3EpPBHBIX KaHAJIOB.

Agpec

nony4atensa

MNony4arens

MeTouHuk

Pucynok 17. Ilpumep paGoThl c€TH ¢ KOHLIEHTPATOPOM

['maBHBIM ~ JOCTOMHCTBOM  KOHIIEHTpaTopa  fABJISETCA  MPOCTOTAa  peaiu3aluv W,
COOTBETCTBEHHO, HEBBICOKAsE CTOUMOCTh. OIHAKO M3-3a TOTO, YTO OH MPOCTO KOMHUPYET MAKETHI BO
BCE CBOM MOPTHI, TO B CETH YBEJIMYMBACTCS BEPOSTHOCTh BOSHUKHOBEHHMS KOJUIM3UM. DTO MOMKET
MPUBECTH K CHIKEHHUIO CKOPOCTH TEpeJayd M BPEMEHU JIOCTaBKH MakeToB. MIMEHHO MO3TOMY
BMECTO KOHIIEHTPATOPOB OOBIYHO CTapaloTCid MPUMEHITh KOMMYTATOPHI, KOTOpBIC MEpenaroT
MMAKETHI TOJIBKO K TOMY MTOPTY, K KOTOPOMY MOJKIIOUEH KOMITBIOTEP MOIy4YaTeb.

B 3aBucHMOCTHM OT BBINOJIHSIEMBIX 33a4 MOXHO BCTPETUTh pa3jU4HbIE O EMKOCTH
KOHIIEHTpaTopsl oT 4 1o 64 moproB. OmHako 310 He npenen. OHu MOryT oOBETUHATHCS B Oojee
eMKHe YCTpoiicTBa. MakcHMaahbHO BO3MOXKHOE YHCIO pPA0OTAIOIIMX B CHAPEHHOM PEKHUME
YCTPOWCTB OIPpaHUYMUBACTCS JIMIIIb XapaKTEPUCTUKAMU UCTIOIb3yeMoi TexHonoruu (s Ethernet —
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1024 moptoB B ogHOM cerMeHTe). KOHIIEHTpaTOphl OTIWYAIOTCS TAKXKE IO THITY HCIOIb3YEMBbIX
MPOBOJHUKOB (BHTas TMapa, KOAKCHAIBHBIM Kabelnb) © HCIONB3yeMOH cpele Tmepenadu
(3TIeKTpUYECKUI WIIH ONTUYCCKUN KaOelb).

3. KommyTtaropsl.

CereBoii kommyTaTop (network switch) — 3T0 ycTpoiicTBO, Hcmonb3yemMoe B CeTAX
nepeaayu MakeToB, MpeJHa3HAauYeHHOEe A OObEAMHEHUS HECKOIBKHX CErMEHTOB. B oTnmume ot
Mapuipytuszaropa (router) KOMMyTaTtop paboTaeT Ha KaHanbHOM ypoBHe mozaenu OSI, uro u
oIpeiesIAeT IVIaBHble pa3iudus Mexay HuMU. KomMmyTaTtop He 3aHMMaeTcs pacueToM MaplipyTa
IUIsL TAbHEHIIEH Mepesayd MakeToB MO0 CeTH, aHAIM3HPYs pa3iuuHble (PaKTOPbI, KaKk 3TO JAeaeT
MapuipyTuszarop. Switch TOJBKO IepegaeT JaHHble OT OJHOTO IMOpTa K APYroMy Ha OCHOBE
cozepkamieiics B makere mHpopmanuu. OOBIYHO MPU3HAKOM BHIOOPA BBIXOJHOT'O MOPTA CIIYKUT
MAC-anpec ycTpolcTBa, K KOTOPOMY IMEpeNaroTca JaHHble. B CBOIO ouepeapr KOMMYTAaTop B
OTJIMYUE OT KOHIEHTpATOpa WMJIM pernuTepa HE MPOCTO TPAHCIUPYET MOPTHI KO BCEM BBIXOaM,
KOTOpBIE Y HETO €CTh, @ K OAHOMY, 3apaHee BEIOpaHHOMY.

@ KonuewTparop
KommyTatop b

Pucynoxk 18. [Ipumep ceTu ¢ KoMMyTaTOpoM

CereBble KOMMYTAaTOpbl NPUMEHSIIOTCA B HECKOJIBKMX TEXHOJOIMSX, HO HauOoJbllee
pacripoctpanenue Hanui B Ethernet. I'maBHo# ux 3amaueit B cetu Ethernet sBnsieTcs pasneneHue
CETU Ha CErMEHTHl. DTO OCOOEHHO aKTYaJIbHO B CETSX C OOJBIIMM YUCIOM pabouux CTaHLMH, T.K.
4yeM OOJIbIlIe OKOHEYHBIX YCTPOUCTB pabOTaIOT OJHOBPEMEHHO C €IMHOW Cpeloi mepenadyn TaHHBIX
TE€M BBIIIE BEPOATHOCTh BO3HUKHOBEHMsI KOJUIM3MM (OZHOBPEMEHHOM Iepelauyd JaHHBIX
HECKOJIbKUMH YCTPOMCTBAMH) U, CIIEA0BATEIbHO, HIKE A3PPEKTUBHOCTH paboThl cetu. KommyTtarop
MO3BOJISIET Pa30OUTh €AMHYIO CETh Ha HECKOJIBKO CETMEHTOB U YBEIMUYUTb UYUCIIO OAHOBPEMEHHO
paboTaronmx ycTpoucTs.

CymecTByr0  ynpaBisieMble W HEylpaBiseMble  KOMMyTaropsl.  Heynpasnsemsie
KOMMYTaTOpbl CaMOHACTPauBalOTCs IOCJIe BKIOYEHH B ceTb. OHM anHamusupyror MAC-anpeca
BCEX YCTPOMCTB, MOAKIIOUEHHBIX K HUM U OyIYyT OCYIIECTBIIATh KOMMYTALMIO MEXy OPTaMHu Ha
OCHOBE aHajM3a 3aroJioBKa IakeTa, B KoTopoM coxaepxurca MAC-aapecoMm ycTpolicTBa-
nojyyarens. YTpaBiisieMble KOMMYTaTOpbl MPENOCTaBISIOT MHTepdeiic Ans aaMUHUCTPATOpA,
KOTOPBIH MOXET BBIMOJHUTH €r0 HACTPOHKY JUIsi paboThl B KOHKpETHOHM cetu. Hampumep, ecthb
BO3MOXKHOCTh BBIOOpa peXMMa 3alluThl OT OTKaza (B ciiydae pabOThl B Mape C Pe3epPBHBIM
KOMMYTaTopoM), OOBEAMHEHHUS HECKOJbKUX TOPTOB B €IUHOE HANpaBJICHHE, HACTPOUKH
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MIPUOPUTETOB U PE3EPBUPOBAHUS OPTOB U MH. Jp. OOBIYHO yMpaBiisieMble KOMMYTaTOPBI JOPOKE U
UCTOJB3YIOTCS B €MKHX CETSX, C JIOTIOJIHUTEIBHBIMU TPEOOBAaHUSIMU IO HA/ICKHOCTH.

Switch MoXxeT ObITH BHITIOJIHEH M B BUJIE HEOOJIBIION TJIaThl HA 4 TOPTa ¥ MHOTOITOJIOYHOTO
IITaTUBAa C BO3MOXKHOCTb HHTETPAllMU JIOTOJHUTENBHBIX YCTPOWCTB M PACHIMPEHHUS] E€MKOCTH.
Takxke B 3aBUCMMOCTH OT Ha3HAUEHUSI CETEBOM KOMMYTATOpP MOXKET CHa0XaThCsl aBTOHOMHBIM
MUTAHUEM, TIOPTAaMH YIIPABICHUS U PE3ePBUPOBAHUS, OXJIAXKICHUEM.

4. Mapumpyru3arop.

MapupyTu3arop — 3T0 yCTPOMCTBO IIAKETHOU CETU IEepefadyd JaHHBIX, IPEJHA3HAYECHHOE
U1 O0BEIMHEHUSI CETMEHTOB CETH U €€ 3JIEMEHTOB U CIIYKUT IS TIepe/ladl aKeTOB MEXAy HUMU
Ha OCHOBE KakKuX-TH0O MpaBwil. MapumpyTu3aTopsl paboTaloT Ha CETeBOM (TPETheM) YpPOBHE
Mozenu OS] B KauecTBe y3JI0BBIX YCTPOUCTB /Il pa3nuaHbIX TexHonorui: IP, ATM, Frame Relay u
MH. JIp.

OpHolf M3 caMbIX BaXKHBIX 3a/lad MapLIPYTU3AaTOPOB SBISIETCS BHIOOP ONTUMAJILHOTO
MapuipyTa rnepegadd NakeToB MEX1y MOIAKIIOUEeHHBIMHU ceTaMu. [IpudyeM caenaTh 3T0 HEOOXOIUMO
MAaKCUMaJIbHO OINEPATUBHO C MHUHUMAJIbHON BPEMEHHOW 3aAep:KKOH. OTHOBPEMEHHO C HTUM
JOJDKHA OTCIICKUBATHCS TEKyIass OOCTaHOBKA B CETH Ul HCKJIIOUEHHUS W3 BO3MOXKHBIX IyTeH
JOCTaBKM TIEPErpYyKCHHbIE U TMOBPEXKICHHbIE ydacTKU. [IpakThdyecku Bce MapIIpyTU3aTOPbI
UCTOJB3YIOT B CBOEH paloTe, Tak Ha3bIBaeMble, TAOIMIBI MapIIPYTH3AIMH. DTO CBOEOOpa3HbIC
0a3bl JaHHBIX, KOTOpBIE conepkar HHGOPMAIMI0 000 BCEX BO3MOXKHBIX MapIIpyTax Iepeaadn
MIAKEeTOB C HEKOTOPOW JOMOJHHUTENIbHON HMH(pOpMalmen, KoTopas Oepercs B pacdyeT IpH BbIOOpe
ONTUMAJIBHOTO BapHaHTa JOCTAaBKH. OJTO MOXET OBbITh COCTOSHHE KaHaia, BpeMsl JIOCTaBKU
uH(pOpMaINH, 3aTPY)KEHHOCTD, T10JI0Ca MIPOMYCKAHUS U Jp.

Pucynoxk 19. Ilpumep paGoThl MapIpyTU3aTOPOB B CETH NMAKETHOU epeadn JaHHbBIX

BaxHbIM acniekToM paboThl MapUIpyTU3aTOPOB SABJISIETCS CIOcO0 0OHOBIEHUS HH(OpPMAIUU
B Ta0nWmax MapmpyTH3anud. OTO MOXKET BBINOIHATHCS JBYMs CHOCO0aMH BpYYHYIO H
aBTOMaTH4YeCKU. B mepBoM ciyyae aAMHUHUCTPATOP CETH CAMOCTOSITEIbHO HACTPAWBAET TAOIHUIIBI
MapimpyTu3anuu. Takoid BapHaHT MOAXOTUT TOJIBKO A HeOONbIIMX ceTel, KOoHpurypanms
KOTOPBIX M3MEHSETCsl peako. MapiipyTuzaTopsl IMEpPBOrO THIA HA3bIBAIOTCA CTATHUYECKUMH.
ABTOMaTndeckoe OOHOBIEGHHE TAaONUI] MapIIPYTH3alUN BBINOJIHAETCS C IIOMOIIBI0 OOMEHa
MH(POPMALIMOHHBIMH ~ COOOLICHUAMU MEXAY COCeIHUMH MapLIpyTH3aTOpaMH O TeKyIIen
00CTaHOBKE, a TaK)Ke MPOBEPKE COCTMHUTENBHBIX KaHAJIOB MEKAY HUMHU.Takue MapmIpyTH3aTOPHI
Ha3bIBAIOTCS JAMHAMUYECKUMHU. [JIaBHBI WX HEAOCTATOK 3aKJII0YaeTCsi B HEOOXOAMMOCTHU
JOTIOTHUTEBHBIX CETEBBIX M BBIUYMCIUTEIBHBIX PECypcoB Juii OOMEHa TaHHBIMH M pacyeTa
Mapuipyta. OHaKO IHHAMHYECKUE MAPIIPYTHU3AaTOPBl MOTYT OBITh MCIIOJIB30BaHbI IPU MOCTPOCHUU
cerelt Jiroboro macmraa.
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MapipyTtuzaTopsl ObIBalOT KaK IPOBOJHbBIE — HanbOoJIee KIAaCCUYECKUI TUIT ¢ HECKOJIbKUMHU
MOpTaMH, B KOTOpBIE IMOJKIIOYAIOTCA KaOenu OT BHEIIHUX YCTPOWCTB, TaK U OECIPOBOJAHEBIE,
HaIrpuMep, UCIoJIb3yeMble Il mocTpoeHus cetert WiFi. Takke MapmipyTH3aTopbl 3HAYUTEIBHO
pa3nuyaTCa 1Mo €MKOCTH. JTO MOTYT OBITh Kak HeOousblIre poyTepsl ¢ 8-12 mopramu, KOTOphIE
MCIOJIb3YIOTCSL TIPH MOCTPOEHUU JIOKAJbHBIX CETEH, TaKk U I'POMO3JIKHE MOJIYJIbHble KOHCTPYKIIHH,
paccuuTaHHbIE HA COTHU MOJKIIIOYAEMBIX CETMEHTOB.

Jlekums Ne6. IIpoToxoJibl MapIIPyTH3aLUH
Bomnpocnr:

1. Knaccudukanus npoToKoI0B MapIIpyTH3AIUH.
2. AIropuT™Mbl MapuIpyTHU3ALIH.

3. BHenHue ¥ BHYTPEHHUE IIII030BbIE IPOTOKOJIBI.

1.Knaccnpukanus npoToKoI0B MAPIIPYTH3 AU

[TpoTokobl MapHIpyTH3alUU MpeJHa3HAYEeHbl JJIi aBTOMAaTHYECKOTO MOCTPOCHHUS TaOIIHIl
MapLIpyTU3allud, Ha OCHOBE KOTOPBIX IPOMCXOAUT NPOABM)KEHHE IIAKETOB CETEBOIO
ypoBH4. [IpOTOKOJIBI MapHIpyTU3AIMU, B OTIIMYUE OT CETEBBIX MPOTOKOJIOB, Takux Kak IP u IPX, He
ABIISIIOTCSL  00S3aTENbHBIMU, TaK Kak TaOiuIa MapIIpyTH3alUH MOXET OBITh MOCTPOCHA
aIMUHUCTPATOPOM CeTH BpPY4YHYHO. [Ipr 3TOM B KPYMHBIX CETSAX CO CIOKHOM TOMOJIOTHEH U
OOJBIIUM KOJMYECTBOM AIbTEPHATHBHBIX MapIIPYTOB MPOTOKOJIBI MAPIIPYTU3AMUH BHITOTHSIIOT
OYEHb BAXKHYIO M IIOJIE3HYIO DPaldOTy, aBTOMATU3UPYysd IMOCTPOEHUE TaOIHIl MaplIpyTU3ALUU,
JUHAMUYECKU afanTupys TeKyIHuid Habop pabouux MapupyToB K COCTOSHHIO CETH M TOBBIIIAs TEM
CaMbIM €€ MPOU3BOAUTEIHLHOCTD U HA/IEKHOCTb.

B Hacrosimee BpeMsi CyIIeCTBYET psiJl MPOTOKOJIOB 00€CIICUNBAIOIIMX MAPIIPYTH3ALHIO B
Ad-Hoc cetsx. [To npuHIEmy moucka MapiipyTa BBIACISIOT TPH Kilacca MPOTOKOJIOB:
MPOAKTUBHBIE, PEAKTUBHBIC U KOMOMHHPOBAHHBIC.

IIpoakTuBHBIE NPOTOKOJIbI MAPIIPYTH3ALMHU

OTH  TUNBI  TPOTOKOJIOB  O0ECNEUMBAIOT  MpPEABAPUTEIBHOE IIOCTPOCHHE  TabuuIe
MapLIpyTU3allid, B KOTOPYIO BKJIIOYAIOTCSI BC€ U3BEeCTHble MapuipyThl. [lomoOHBIN moaxon
HCIOJIb3YIOT BCE€ IMPOTOKOJIBI MapLIpyTHU3allMM B MPOBOJHBIX JIOKAJIBHBIX CETAX. B 3TOM ciydae,
MepechulKa MaKeTOB HauyMHaeTcsl 0e3 3a/iep)KeK, HO MPHUCYTCTBYIOT HaKJIaJHbIE PacXo/bl Ha MOUCK
MapuIpyToOB U IOCTPOEHHE TAaONHIE MapUIpyTHU3alKU, OTOMY YTO HEOOXOJUMO IOJYYUTh BCIO
HeoOxouMyl0 MHGOpPMAIMIO O TOMOJOTMHM CETH 10 Hauyaja Mepefaud MakeToB. B nanbHeimem
JaHHBIE IIPOTOKOJIBI MPEATNONAraT JOMOJIHUTEIbHBIE PAacXoAbl Ha NOJAECpXKaHUE MapUIPyTHON
nHopManuu B aktyasbHOM BHAe. [Ipumepamussisitorcs DSDV (Destination Sequenced Distance
Vector), OLSR (Optimized Link State Routing).

PeakTnBHBIE NPOTOKOJBI MAPIIPYTH3ALNH

OTH THUMBl TPOTOKOJOB HA3BIBAIOTCA MNPOTOKOJAMH IO TPeOOBaHWIO. Y3Jbl HE XPaHST
HEOO0XOAUMYI0 MapUIPYTHYI0 MH(POPMALUIO BCE BpeMs. Y3eld HHULUHUPYET MOCTPOSHHE MapuipyTa
1o TpeOOBaHUIO, B MOMEHT MTOCTYIUICHHUS 3allpoca Ha Iepeady JaHHbIX. DTOT
MEXAHMU3M IOCTPOEHHS MapuLIpyTa OCHOBAaH Ha aJIrOPUTME HABOAHEHMsI, Y3€J IIPOCTO Mepenact
MEPBBIN MAKET BCEM CBOMM COCENISIM, a IPOMEXKYTOUHBIE Y3JIbl IEPEHANIPABIISIIOT €r0 J1ajiee, K CBOUM
coceZsiM. DTO MOBTOPSIOLIUECS AEHCTBUS MTO3BOJISIIOT IOCTaBUTh MMAKET 10 MyHKTa Ha3HaueHus. Kak
MPaBWIIO, MPHU MPOXOXKIECHUU MaKeTa 3allOMMHAETCS MapLIpPYT MPOXOXACHUS (Hampumep, B BHIE
CIIMCKA 3aJIeICTBOBAHHBIX Y3JI0B) M BIOCIEACTBUM INpU Ieperade MOCIEAYIOIIMX IaKeTOB 3Ta
nH(popMalyg UCHOIb3YIOTCS sl BbIOOpa HampaBieHHs. PeakTHBHBIE METO/bl MMEIOT MEHbIINE
HaKJIQJHBIE PacXOAbl Ha MapIIPYTU3aLKI0, HO OONBINYIO 3aJCPKKy MPH WHUIUAINH TepeladH,
MOTOMY YTO MAapHIPyT MEXAY y3jaamMHu OyaeT HalJieH TOJIbKO TOr/a, KOrJa OJUH U3 Y3J0B MOJYyYUT
3ampoc  Ha mepenaudy. [IpumepoMpeakTHBHBIXITPOTOKONOBSABISIOTCA DSR(Dynamic  Source
Routing), AODV(Ad hoc On-Demand Distance Vector), TOPA(Temporally ordered routing
algorithm).

I'mOpuaHbIe MPOTOKOJILI MAPIIPYTH3 AU
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['uOpuaHbIe TPOTOKOJBI SIBISIOTCS KOMOMHAIIMM PEAKTUBHOTIO U MPOAKTUBHOTO TOJIXOOB.
OHU UCMONB3YIOT NPEUMYIIECTBA ATUX JIBYX IPOTOKOJIOB M, KakK CIEJACTBUE, JOCTATOYHO
¢ dexTrBHO pabOTAIOT B OTAEIBHBIX Ciaydasx. [IppmMepoM ruOpuIHOTO TPOTOKOJIA MOKET SBIISATHCS
ZRP (Zone Routing Protocol) u HWMP (Hybrid Wireless Mesh Protocol).

2. AIropuT™Mbl MAPIIPYTU3ALMH.

ANTOPUTMBI MapUIPYTU3ALUUA TPUMEHSIOTCS IS ONPENCNICHUs ONTUMAIBHOTO IYTH
MAaKEeTOB OT UCTOYHHUKA K MOJYYaTeII0 U ABJISAIOTCS OCHOBOH JIF0OOT0 MPOTOKOJIa MapIIPyTU3AIIUH.

Tunel anropuT™MoB

AJTOPUTMBI MapIIPYTU3AIMHN MOTYT OBbITh KJIacCU(DPUIIMPOBAHBI IO TUIIAM:

*CraTnueckne win AuHaMudeckue. CTaTuuecKue alropUTMbl MPEICTABISIOT CBOJ MPABHII
paboThl CO  CTaTWYECKUMHU  TaONMIIaMU  MapUIpyTH3alMd, KOTOpblE  HACTpauBaIOTCA
aJIMUHHUCTPATOpaMH CeTHU. XOpOIIO pabdoTalT B ciydyae MpeackazyemMoro Tpaduka B CETIX
cTaOuiabHOW KOHQUrypauuu. JIMHaMHYeCKHe aNrOpUTMbl MapUIPYTU3ALMU TMOJCTPAaUBAIOTCA K
M3MEHSIIOIIUMCS 0OCTOSTENIbCTBAM CETH B MaciiTade peasbHOro BpeMeHH. OHU BBITIONHSIOT ATO
MyTEM aHaJIN3a IMOCTYMAIOMUX COOOIICHUH 00 OOHOBJICHUU MapIHIpyTH3aluu. Eciu B COOOIEHUHN
YKa3bIBAaETCs, UTO MUMEI0 MECTO M3MEHEHHE CETH, MPOTrpaMMbl MapIIPYTHU3AMUHA MEPECUUTHIBAIOT
MapUIPyThl ¥ PACChUIAIOT HOBbIE COOOIIEHHS O KOPPEKTUPOBKE MAapIIPyTU3AIMH. Takue cooOIIeHus
MPOHU3BIBAIOT CETh, CTUMYJIHPYS MapIIPYTU3aTOPhl 3aHOBO TPOTOHSITH CBOHM QITOPUTMBI U
COOTBETCTBYIOIIUM OOpa3oM H3MEHSTh TaOJMIbl MaplIpyTU3aluu. JIMHaAMUYECKUE alrOpUTMbI
MapuIpyTU3aUKA MOTYT JIOTIOTHSAT, TJI€ 9TO YMECTHO, CTATUYECKUE MAPIIPYTHI.

*OHOMapIIPYTHBIE WM MHOTOMApPIIPYTHBIE AITOPUTMBL. HeKoTOphIe CloKHbIE MPOTOKOJIbI
MapuIpyTU3aluyd 00eCIeYNBAIOT MHOKECTBO MAPIIPYTOB K OJHOMY U TOMY K€ MYHKTY HA3HAYCHHUS.
Takne MHOTOMapIIPYTHBIE aJTOPUTMBI AENAl0T BO3MOXHOW MYJIbTHILIEKCHYIO Mepenady Tpaduka
[0 MHOTOYHCJIICHHBIM JIUHUSM, OJHOMApIIPYTHBIE alNTOPUTMBI HE MOTYT JeJaTrh JTOro.
MHoromMapuipyTHble airOPUTMbl MOTYT OOECHEeUNTh 3HAUUTENbHO OOJBIIYI0 MPOMYCKHYIO
CIOCOOHOCTH M HAJIC)KHOCTD.

*OHOYpOBHEBBIE WM HEpapXUuecKkue airoputMbl. OTiHyYalOTCd MO  MPUHIMILY
B3aUMOJCUCTBUA APYT C ApyroM. B 0MHOYPOBHEBOHN CUCTEME MapLIPYTU3ALHUU BCE PYTEPHl PABHBI
[0 OTHONICHHIO APYr K Jpyry. B umepapxuueckoil cucremMe MaplIpyTHU3allMM MaKeThl JaHHBIX
MEPEMEIAIOTCSl OT POYTEPOB HUIKHETO YPOBHS K 0a30BBIM, KOTOpPBHIE OCYIIECTBISIIOT OCHOBHYIO
Mapuipytusanno. Kak Tonbko makeThl JOCTUTAlOT oOmed o01acTH IMyHKTa Ha3HAUYEHUS,
OHUIIEPEMEXKAIOTCS BHU3 TI0 UEPAPXUH JI0 XOCTA HA3HAUCHUS.

*AJTOPUTMBI C MapUIpyTU3alMe OT HCTOYHHMKA. B cucremax MapuipyTu3amuu OT
HMCTOYHUKA POYTEPHl ACHCTBYIOT MPOCTO KaK YyCTPOWCTBA XPAaHEHHUS M TIEPECHUIKH ITaKeTa,
O€3BCSAKHI pa3lyMHii OTChIIas €ro K CelyIoulel 0CTaHOBKE, OHU MPEATNOIaraloT, 4YTo OTIPaBUTEINb
paccuuThIBa€T U OMpENENsieT BeCch MapHIpyT caMm. [[pyrue aaropurmbl IpearnoiararoT, 4TO XOCT
OTIIPABUTENII HUYErOo HE 3HAET O MapmipyTax. [IpM HCMONB30BaHMM TaKOTO pojJia alrOpUTMOB
POYTEphI OIPENESIOT MapUIPYT Yepe3 CeTh, 0a3upysach Ha CBOUX COOCTBEHHBIX pacyeTax.

*BHyTpuOMEHHBIE WU  MEXKIOMEHHBIE  AIrOpUTMBL.  HekoTopble  anropuTMBI
MapLIpyTU3aLUU IEHCTBYIOT TOJIBKO B Mpeseax JOMEHOB; ApyTue - Kak B Mpejaenax JOMEHOB, TaK
U MEX]Ty HUMHU.

*AJITOPUTMBI COCTOSIHMSI KaHajda M JUCTAaHIIMOHHO-BEKTOPHBIE. AJTOPUTMBI COCTOSHUS
KaHajla HampaBIIIOT TOTOKM MapHIPyTHON WH(GOpMAaluu BO Bce Yy3Jbl ceTu. Kaxawlii poyrep
OTChUIaET TOJBKO Ty 4YacTh W3BECTHOM eMy HH(pOpMaluH, KOTOpas OIUCHIBAET COCTOSHUE €ro
COOCTBEHHBIX KAaHAJIOB, HO BCEM y3JIaM MapIIpyTH3aluu. J(MCTaHIIMOHHO-BEKTOPHBIE TPEOYIOT OT
Ka)KJJ0T0 poyTepa NepechbUIKH BCEH MM YaCTH €ro TaOJUIbI HO TOIBKO COCEISM.

KauectBo anroputma onpenensieTcs: CieayoIUMI MOKa3aTeIsIMuU:
OnTUManbHOCTb,

[TpocToTa 1 HU3KHE HEMTPOU3BOIUTEIBHEIC 3aTPATHI,

XKuByudecTs U CTAOUIBHOCTB,

bricTpas cxoaumocTs,

I'uOkocTs.
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OnTuManbHOCTD

OnTUMaBHOCTh XapaKTEepPH3yeT CIOCOOHOCTh alroOpuTMa MapIIPyTHU3AIMH BBIOUPATH
"Hamnyummid" mapumpyt. Hawnydmumidi MapmpyT 3aBUCHT OT TOKazarelned u or "Beca' 3THX
MOKa3aTesel, UCTI0Ib3YEMBbIX MPU TPOBEICHUH pacyeTa.

IIpocToTa M HU3KMeE HEMPOM3BOAUTEIbLHbIE 3aTPATHI

ANTOPUTMBI MapHIpyTH3AIUK Pa3padaThIBAIOTCS KaK MOXKHO 00Jiee MPOCTBIMH, YTOOBI
3¢ peKTUBHO 0becneunBaTh CBOM (PYHKIMOHAJIbHBIE BO3MOXHOCTH, ¢ MUMHUMAJIBHBIMU 3aTpaTaMu
nporpaMMHOro obecriedeHusi. OCOOEHHO 3TO BaXKHO, KOTJa MapUIPYTH3aNHs, T0JDKHA BBITIOIHATHCS
B KOMITBIOTEPE C OPaHUUYEHHBIMH (PU3HUECKUMH PECYPCaMH.

KuByuecTh M CTA0WJIBHOCTH

ANropuT™MBl MapuIpYTH3alMM JOJDKHBI 00J1alaTh >KMBYUYECTblO. [[pyruMu cioBamu, OHHU
JOJI2KHBI Y€TKO (byHKI_[I/IOHI/IpOBaTB B CJIydaC HCOpAUWHAPHBIX HWJIM HCIIPCABUACHHBIX OGCTOHTGHBCTB,
TaKUX KaK OTKa3bl alnaparypsl, YCIOBHS BBICOKOH Harpy3ku M HEKOpPpEKTHbIE peanu3anuu. T.K.
POYTECpPhI PACIOJOXKCHBI B Y3JIOBBIX TOYKAaX CCTHU, HUX OTKA3 MOXKCT BbI3BATb 3HAYHUTCIBHBIC
poOJIEMBI.

YacTo HaMIy4IIMMU aIrOpUTMaMU MapILIPYTU3ALUN OKa3bIBAIOTCS T€, KOTOPLIE BBIIEPKAIN
UCIBITAHUE BPEMEHEM U JI0Ka3aJIH CBOK HAJEKHOCTh B PA3JIMUHBIX YCIOBHSIX PaOOThI CETH.

BbicTpasi cxoaumMocTh

ANTOPUTMBI MapIIPYTH3ALUH JOJDKHBI OBICTPO CXOIUTHCA. CXOOUMOCTH - 3TO MPOIECC
COTJIALICHUS] MEXJy BCEMHU pOyTepaMu IO ONTUMalbHBIM MapuipyraM. Kornma kakoe-HUOYIb
COOBITHE B CETH MPHUBOAMUT K TOMY, YTO MapIIPYThl WM OTBEPraloTCs, WIK HA00OPOT, CTAHOBATCS
JOCTYITHBIMH, POYTEPHl PACCHUIAIOT COOOIICHHS 00 OOHOBJICHUM MapIIpyTH3aluUd. |aKue
COOOIICHUSI TIPOHU3BIBAIOT CETH, CTUMYJIHUPYS MEepecyeT ONTUMAIBHBIX MapUIPYTOB M, B KOHEYHOM
UTOre, BBIHYXJas BCE POYTEpPhl MPUATH K COMIAUICHHIO IO 3THM MapuipyTam. AJTOPUTMBI
MapuIpyTU3alUU, KOTOpBIE CXOJATCS MEAJICHHO, MOTYT TPUBECTH K OOpa30BaHUIO IETENb
MapUIPyTU3aLUN WIH BBIXOJAM U3 CTPOSI CETH.

I'udkocTn

ANTOPUTMBI MapLIPYTH3allMM JOJDKHBI OBITH Takke THOKUMH, T.e. OBICTPO M TOYHO
aZlanTHPOBATBCA K PA3HOOOPA3HBIM OOCTOSATENBCTBAM B CETH, TaKUM KaK H3MEHEHHUs I10JIOCHI
NPONYCKAaHUSI CETH, Pa3MEpoOB OUYEpead K pOYTEpy, BEIWYMHBI 3aJepKKH CETH M APYrHX
nepeMeHHbIX. Hampumep, NpennosiokuMm, 4TO CErMEHT CETH OTBEPrHYT. MHOTue aaropuTMbl
MapHIpyTU3AIMH, TTOCJIE TOTO KaK OHMU y3HAIOT 00 3TOH mpobiieme, OBICTPO BHIOMPAIOT CIEAYIOIINMA
HAWITYYIIAN TYTh JUISI BCEX MapUIPyTOB, KOTOPbIe OOBIYHO UCTIONB3YIOT 3TOT CETMEHT.

MappyTtHble TaOnuLbl conepkaT MH(OPMAINIO, KOTOPYIO HCHOJIB3YIOT MPOrpamMMbl s
BbIOOpa HaAWJIy4ylIero Mapuipyra. Huske mepedmcieHbl MoKa3aTeld, KOTOpPhIe HCIONB3YIOTCS B
JITOPUTMaxX MapLIPyTU3ALNU:

- Jlnnnaa mapuipyra,
HanexxHocTs,
3anepikka,
HIuprHa monocs! NponycKaHus,
Harpy3ka,
CroumocTsb CBA3H.

CnoXHBIE aNTOPUTMBI MapIIPyTU3alMU MPH BBIOOPE MaplipyTa MOTYT 0a3MpOBaThCS Ha
MHOXECTBE IOKa3aresei, KOMOMHUPYS WX TaKUM OOpa3oM, YTO B PE3yibTaTe IMOIYyYaeTCs OAUH
OTJIETbHBIN (THOPHUIHBIN) TOKA3aTEeb.

Jnuna mapmpyTa
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JlnuHa MapuipyTa siBisieTcsl Haubosiee oOLIMM IOoKa3areneM mapuipyrtusanuu. Hexoropsle
IIPOTOKOJIBI MApLIPYTU3ALMK O3BOJSIOT aAMUHHUCTPATOpPaM CETU Ha3HA4yaTh MPOU3BOJIbHBIE IIEHBI
Ha KaXKJbpl KaHal ceTH. B 3TOM ciydae AIMHON TpakTa SBISIETCS CyMMa PacXoOB, CBSI3aHHBIX C
KaKIbIM KaHaJoM. Jlpyrue mpoTOKOJBI MapLIpPyTHU3aLUU ONpPEAEIAoT "KOJNYECTBO NEPECHUIOK",
T.€. I0Ka3aTellb, XapaKTEPU3YIOLIUI YHCIIO IPOXOI0B, KOTOPBIE MAKET AOJIKEH COBEPLIUTh HA MyTH
OT UCTOYHUKA JI0 TyHKTa Ha3HAUCHUS Yepe3 u3Nienus 00'eIMHEHUs ceTeil (TaKkue Kak poyTephl).

Hape:xkHocTh

HanexxHoCTh KakJI0To KaHaja CEeTH B KOHTEKCTE aJTOPUTMOB MapHIPYTH3AMH OOBIYHO
OIIMCBIBACTCS B TepMI/IHaX OTHOILICHUSA 6PIT/OH_II/16K3.. HGKOTOpBIe KaHaJlbl CECTHU MOFyT OTKa3bIBaTh
yaiie, 9eM Apyrue. OTKa3bl OJHUX KaHAJIOB CETH MOTYT OBITh YCTpPaHEHBI JIeTde Win OBICTpee, YeM
OTKa3hbI ﬂpyrnx KaHaJ10B. HpI/I Ha3HAYCHUU OLICHOK HAACKHOCTU MOI‘YT GBITB HpI/IHHTBI B pacqu
mo0bie  gakTopsl HaAeKHOCTH. OIEHKH HAJIEKHOCTH OOBIYHO HA3HAYAIOTCS KaHajaM CeTH
aZIMUHUCTpaTopaMu ceTu. Kak nmpaBuiio, 3To Npou3BOJIbHBIE HU(POBBIC BETHYUHBI.

3agepikka

[Tox 3amep>kKoit MapIIpyTU3aHK OOBIYHO ITOHUMAIOT OTPE30K BPEMEHH, HEOOXOIMMBIN JIJIst
MePEIBIKEHUS MaKeTa OT UCTOYHUKA JI0 TyHKTAa Ha3HAYCHUS Yepe3 00'eTMHEHHYIO CeTh. 3aJepkKKa
3aBHCHUT OT MHOTUX (DaKTOPOB, BKIJIOYas IOJOCY MPOMYCKAHUS MPOMEXKYTOUHBIX KaHAJIOB CETH,
ouepesu B MOPT KaXKIOTO poyTepa Ha MyTH NEPeIBIKEHUS TTaKeTa, eperpyKeHHOCTh CETH Ha BCEX
MIPOMEXYTOUHBIX KaHalaX CeTU M (PU3HUECcKOoe paccTOsHUE, Ha KOTOPOE HEOOXOAUMO MEePEMECTUTD
naker. T.K. 37ech MMEET MECTO KOHTJIOMEpaIusi HECKOJBKMX BaXKHBIX TEPEMEHHBIX, 3aJepiKKa
ABIIAETCS Hanbosiee OOLUIUM U MOJIE3HBIM MTOKA3aTENIEM.

IHosoca nponyckanust

[Tonmoca mpomyckaHusi OTHOCUTCS K MMEIOIIEHCS MOIIHOCTU TpaduKa Kakoro-imdo KaHaia.
[Ipu mnpoumx paBHBIX TOKazaTemsix, kaHan Ethernet 10 Mbps mnpeanmourureneH mr000it
apeH/I0BaHHOM JIMHUH ¢ TIoJ10coi npormyckanust 64 Ko6aiit/cex. X0oTs monoca mponycKaHus siBJISETCS
OIICHKOH MaKCHUMAaJIbHO JOCTHIXKUMOM TPOIMYCKHON CIIOCOOHOCTH KaHajia, MapIIpyThl, TPOXOISIIHIE
yepe3 KaHaJbl C OOJbIIEH IMOJIOCOM MpOIyCKaHWs, HE 00sM3aTeNbHO OYAyT Jydllle MapIIpyTOB,
MPOXOAIINX Yepe3 MeHee ObICTPOICHCTBYIOIINE KaHATIBL.

3. BHeniHMe U BHYTPEHHHUE LLJII030BbIe MPOTOKOJIbI.

Takoe pemieHue ObBLIO HAWAEGHO ISl CaMOWM KPYIHON Ha CEroJHS COCTAaBHOW CETH —
HNHuTtepuera. D10 pemenne 6a3upyeTcsi Ha MOHSITHH aBTOHOMHOW CHCTEMBI.

OOBIYHO aBTOHOMHOM CHCTEMOW VMPAaBISET OJWH TIOCTABIIMK yciayr HHTepHera,
CaMOCTOSITENILHO BBIOWpAsi, Kakhe MPOTOKOIBI MapUIPYTHU3AlUU JODKHBI HCIOJB30BAaThCA B
HEKOTOpPOM aBTOHOMHOM cHCTeME M KakuM O00pa3oM MEXJIy HHUMHU JOJKHO BBITOJHATHCS
nepepacnpeesiecHne MapupyTHOW wHpopMmaruu. KpyrHble MOCTaBIIUKH YCIAYr U KOPIOPALUU
MOTYT TpPEJICTaBUTh CBOIO COCTABHYIO CE€Thb KaK Ha0Op HECKOJbKHX aBTOHOMHBIX CHCTEM.
Perucrpanusi aBTOHOMHBIX CHUCTEM MPOUCXOAUT LIEHTPATU30BaHHO, KaK U peructpauus [P-agpecos
u DNS-umen. HoMep aBTOHOMHOW CHCTEMBI COCTOMT M3 16 pa3psaoB M HHKAaK HE CBS3aH C
npedukcamu [P-anpecoB BXOASIINX B HEE CETEH.

B cootBercTBUM ¢ 3TO# KOHIenmued VMHTEpHET BHITIAIWT Kak HAO0Op B3aMMOCBS3aHHBIX
ABTOHOMHBIX CHCTEM, KaXk/as M3 KOTOPBIX COCTOMT W3 B3aWMOCBSI3aHHBIX cered (puc. 20),
COEIMHEHHBIMH BHEIIIHUMH IILJIFO3aMU.
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Pucynok 20 ABroHOMHBIE cucTeMbl IHTEepHETA

OcHoBHas 1enb JeneHuss MHTepHeTa Ha aBTOHOMHBIE CHCTEMBI — oOOecreueHue
MHOT'OYPOBHEBOI'O MOAX0a K MapupyTu3anuu. /[0 BBeIeHUs] aBTOHOMHBIX CUCTEM MPEAIOIAraics
JBYXYPOBHEBBIN NOJIX0J], TO €CTh CHadajla MapuIpyT ONPEIEIICs KaK I10CIE€0BATEIbHOCTb CETEH,
a 3aTeM BeJ HEMOCPEICTBEHHO K 33aJaHHOMY Yy3JIy B KOHEYHOH CETH (MMEHHO 3TOT MOJXOJ Mbl
HCII0IB30BAJIU J0 CUX TIOp).

C nmnosBIEHHEM AaBTOHOMHBIX CHCTEM TOSBISAETCS TPETHUH, BEpPXHUW, YpPOBEHb
MapLIpyTU3allud — TENepb CHayajJa MaplipyT ONpeleNsieTcd KakK I0CII€0BAaTEIbHOCTD
ABTOHOMHBIX CHCTEM, 3aT€M — KakK IIOCJIEIOBATEIbHOCTh CETEM M TOJIBKO IIOTOM BEIET K
KOHEYHOMY Y3I11y.

Bribop mapripyra MeXay aBTOHOMHBIMH CHUCTEMAaMU OCYLIECTBIISIIOT BHEIIHHME IUTIO3bI,
UCTIOJB3YIOUINE OCOOBIN THII MPOTOKOJA MAPIIPYTH3AIMK, TaK HA3bIBAEMBIH BHEIIHUHN IIITIO30BOU
npotokon (Exterior Gateway Protocol, EGP). B Hacrosiiee Bpemst nsi paOoThl B TaKOH poOH
cooOmiectBo MHTepHEeTa yTBEpAWIIO CTAaHIAPTHBIA MOTPAaHUYHBINA IUTI0O30BOI MPOTOKOI Bepcuu 4
(Border Gateway Protocol, BGPv4). B kauectBe anmpeca creayromiero MapHipyTUzaropa B
nporokosie BGPv4 yka3biBaeTcs agpec TOUKU BXOJa B COCEAHIOI0 aBTOHOMHYIO CHCTEMY.

3a MapuIpyT BHYTPU aBTOHOMHOM CHUCTEMBI OTBEYAOT BHYTPEHHHE IILIFO30BbIE MPOTOKOJIBI
(Interior Gateway Protocol, IGP). K uucny IGP otHocsTcst 3HakoMble Ham nipoTokoiisl RIP, OSPF u
IS-IS. B cnydae TpaH3UTHOM AaBTOHOMHOW CHCTEMBI 3TH MPOTOKOJBI YKAa3bIBAIOT TOYHYIO
IIOCJIE0BATEIBHOCTh MapIIPYTU3aTOPOB OT TOUKH BX0/1a B AaBTOHOMHYIO CUCTEMY J10 TOUKH BBIX0/1a
U3 Hee.

BHyTpu Kax10il aBTOHOMHOW CHCTEMBI MOKET HMPUMEHSTHCA JIIOOOH W3 CYIIECTBYIOLIMX
MIPOTOKOJIOB MapLIPyTH3allUd, B TO BPEMS KaK MEXAy aBTOHOMHBIMM CHCTEMAMH BCErAa
MPUMEHSIETCS OJUH M TOT € MPOTOKOJ, SBJISIOIIMICS CBOCOOPA3HBIM S3BIKOM «3CIIEPAHTOY, HA
KOTOPOM aBTOHOMHBIE CHCTEMBI OOIIAIOTCS MEXIY COOOM.

KoHuenmus aBTOHOMHBIX CHUCTEM CKPBIBAE€T OT aJMUHUCTPAaTOpoB Marucrpanu MHrepHera
npoOyieMbl MapLIpyTH3allMd IaKeTOoB Ha Ooyiee HHU3KOM YypoBHE — ypoBHe cereil. Jlus
aJIMMHHCTpaTOpa MarucTpajinu HEBaKHO, KaKHe IPOTOKOJIbI MApUIPYTU3ALUN IPUMEHSIOTCSI BHYTPU
ABTOHOMHBIX CHCTEM, JJIsl HErO CYIIECTBYET €AMHCTBEHHBIN MPOTOKOJI MapiipyTuzanuu — BGPv4.

Jlekuust Ne7. IIporokoa TCP/IP.
Bonpocsr:

1. [Tpotokomsr TCP/IP.

2. Apxutektypa TCP/IP.

1. lIporokoasr TCP/IP.
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TCP/IP - 510 1Ba OCHOBHBIX CETEBBIX MPOTOKOJa Internet. Yacto 3T0 Ha3BaHUE UCMOJIB3YIOT
U U1 0003HaueHus cere, paborarommx Ha ux ocHoBe. IIporokon IP (Internet Protocol - IP v4)
obecrieuyrnBaeT MapIIpyTH3aUo (I0CTaBKy 10 ajapecy) ceTeBbix naketoB. [Ipotokon TCP (Transfer
Control Protocol) oGecrieunBaeT ycTaHOBJIEHUE HAJAECKHOTO COCIUHEHHSI MEXKIY JBYMs MalllMHAMHU
U COOCTBEHHO Iiepenadyy AaHHBIX, KOHTPOJUPYS ONTHUMAJbHBIM pa3Mep MakeTa INepeaaBaeMbIX
JaHHBIX M OCYILECTBIIAA MEPENOChUIKY B ciydae cOos. UMCIIO OJHOBPEMEHHO YCTaHABIMBAEMBIX
COCMHEHUI MEXIy aOOHEHTaMH CeTH He OrpaHWYMBaeTcs, T. €. Jo0as MallMHa MOXET B
HEKOTOPBIH MPOMEKYTOK BPEMEHU OOMEHUBATHCS TAHHBIMHU C JIFOOBIM KOJIMYECTBOM JPYTUX MAIIUH
10 OJTHOM (M3UYECKOM JINHUH.

Jpyroe BaxxHoe nmpeumyuiectBo cetu ¢ nporokoigamu TCP/IP coctout B ToM, 4TO 1O HEMY
MOTyT OBbITh OOBEAMHEHBI MAIIWHBI C Pa3HOW apXUTEKTYpOH U pa3HbIMHU OIEpalMOHHBIMU
cucremamu, Hampumep Unix, VAX VMS, MacOS, MS-DOS, MS Windows u t1.1. [lpuuem
MalTuHbI OJTHOW CHCTEMBI Mpu TomoIu ceteBoi ¢ainoBoit cuctembl NFS (Net File System) moryt
MOJIKIII0YATh K cebe MUCKH C (aiinoBoil cuctemoii coBceM apyroir OC u omepupoBarh "dyxumu"
(haiimaMu KaKk CBOUMH.

IIporokonsr TCP/IP (Transmission Control Protocol/Internet Protocol) siBisitoTcst 6a30BbIMU
TpaHCIIOPTHBIM U ceTeBbIM TTpoTokoiaamu B OS UNIX. B 3aromoske TCP/IP makeTa yka3piBaercs:

[P-anpec otmpautensalP-agpec monyuarensiHomep mopra (PakTuuecku - HOMEp TPHUKIATHON
IIPOrpaMMbl, KOTOPOI 3TOT MAKET MPEAHA3HAUEH )

[Taketsr TCP/IP uMerOT yHUKAJIbHYIO OCOOCHHOCTh A0OpaThCs 10 ajgpecaTa, MPOasi CKBO3b
pa3sHOpPOJHBIE B TOM 4YHCIE€ W JIOKaJIbHBIE CETH, MCIONB3Ysl pa3HOOOpasHble (u3nyeckue
Hocutenu.Mapmpyruzamnuio [P-makera (mepedpocky ero B TpeOyeMmyro CeTh) OCYIIECTBIISIIOT Ha
I0OpPOBOJIBHBIX Hauanax koMnbioTepsl, Bxoasume B TCP/IP cets.

IIpoTokou IP - 3T0 mpoTOKOI, OMKMCHIBarOIUI (opMaT MaKeTa JaHHBIX, IEPEAABAEMOTO 10
CETH.

Crenyroniuii TpoCcTON IpUMEpP MOXKETH MPOSCHUTH, KAKUM 00pa30oM MPOUCXOIUT Tepeaada
JaHHBIX U nepenada AaHHbIX. Korma Bel momyuaere Tenerpammy, BeCh TEKCT B HeH (M aapec, U
cO0O0I1IleHNE) HAMMCaH Ha JICHTE MOAPAJl, HO €CTh IIPaBUJIa, TO3BOJISIONINE MTOHATh, I/Ie TYT aJpec, a
rae cooOrieHne. AHAIOTUYHO, NMaKeT B KOMITBIOTEPHOM CETH MpesCTaBIsieT co00il MOTOK OMTOB, a
nportokoi [P onpexnensier, rae aapec u npoyas ciyxeOHas nHpopMalus, a TJie caMH IepeaBacMbie
nannple. Takum oOpazom, mnpoTtokon I[P B  oramonnoir wmomenu ISO/OSI  sBasercs
MIPOTOKOJIOMCETEBOTO (3) YpOBHSI.

IIporokoa TCP - 3T0 NpOTOKOJN CIENYIOIIETO YPOBHS, MPEJHA3HAYEHBINH ISl KOHTPOJIS
nepenavyy U HeI0CTHOCTU NepeaaBaeMoi nHpopManuu.

Korga Ber He paccnbimanu, 9to ckaszan Bam cobecegnuk B TeneoHHOM pasroBope, Boi
MPOCUTE €ro MOBTOPHUTh CKa3zaHHOE. [IpuOnu3uTenbHO 3TUM 3aHMMaeTcss U npoTtokon TCP
MPUMEHHUTEIHHO K KOMITBIOTEPHBIM ceTsiM. KoMIbioTepsl 00MEHHBAIOTCS MakeTaMu mpoTtokona [P,
KOHTPOJHUPYIOT UX nepenady no nporokoiay TCP u, o0bequsssch B r100ajIbHYIO CeTh, 00pa3yroT
Nutepuer. [Iporokon TCP sBiseTcst mpoOTOKOJIOM TPAHCTIOPTHOTO (4) yPOBHSL.

2. Apxurekrypa TCP/IP.

[Tocne Toro kak cemeiictBo mporokosoB TCP/IP Obuto peann3oBaHO W BHEIPEHO,
MexayHnapoanas opranuzanus mo cranaaprusamuu (International Organization for Standardization,
ISO) mpeoxxuna coOCTBEHHYIO CEMHYPOBHEBYIO CETEBYIO MOJIeNb, Ha3BaHHYI0 OSI (Open System
Interconnection — B3auMOAEHCTBUE OTKPHITHIX cucTeM). OHa Tak HUKOTAAa M HE MpuoOpena
IIMPOKOH MOMYJISIPHOCTH M3-32 CBOCH CII0KHOCTU M HEI((HEKTUBHOCTH.

B nmanHoit Momenmu oOMeH wuHMOpMaimendr MOXXET OBITh TPEACTABICH B BHUJIEC CTEKa,
IIpeICTaBICHHOro Ha pucyHke 21. Kak BUIHO M3 pUCYHKaA, B 3TOW MOJEIHN OIPENEISIETCS BCE - OT
CTaHaapTa (PU3NYECKOr0 COCAMHEHHUS CeTell A0 MPOTOKOJIOB 0OMEHa MPUKIIAIHOTO MPOTrPaMMHOIO
obecrieyeHus. JlaauM HEKOTOpble KOMMEHTApUHU K 3TOM MOJIEIH.

®usndeckuil ypoBEHb JAHHOM MOJECIH ONpPENeseT XapaKTePUCTUKU (PU3HUYECKOW CeTH
nepeaayd JaHHbBIX, KOTOpasi UCIOIb3YeTCsl Ui MEKCETeBOro oOMeHa. JTO Takue MmapaMeTpsl, Kak:
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HaIpsDKEHHWE B CETH, CHJIa TOKA, YMCJIO KOHTAKTOB HAa pa3beMax U T.N. TUIMHUYHBIMHU CTaHIApPTaMH
3TOr0 ypoBHs sBIsitoTCs, Hanpumep RS232C, V35, IEEE 802.3 u T.11.

¥pomern mp o mesoi (11 po rpa s meass epa e,
KOTOPESE HCTO 83 YW T CeTs, Application Layer)

4

Yposens o peia T2 00N © ITPMGE T3 ANLDIN W) OIP AMMNG MM
(P resentation Layer)

-

Yporess coccHs (Y Np ABMET B33 W00 5E RO TEHE M MERTY
W 1w e roisme, Session Layer)

g

Tpamcmopmo ypomess [ (rsevaeT 33 KowTpo A NpHesm ¥
mepe A coobuerma, Tramport Layerk

Cerenoit yponers (Ormevaer 72 coe oo sseay
OTAPAEHTEREM K Mo Ay aTeness, Metwork Layer)

SE

FKanen o Wait Yo Be ML
(O TEevaeT 32 aJem0y 10 MEPEIAYY IO W63
foreeckne oo o, Data Link Layer)

a

dnonweckni yposers (Onpegemet doonwexne
mapaseTpy wook cemn, Physical Layer)

Pucynox 21. CemuypoBHEBast MOJIeIb TPOTOKOJIOB MexkceTeBoro oomena OSI

K kaHaJbHOMY ypOBHIO OTHECEHBI MPOTOKOJIbI, ONPEAEISAIONNe COeTUHEHUE, HapuMmep,
SLIP (Strial Line Internet Protocol), PPP (Point to Point Protocol), NDIS, makeTHsIif mpOTOKOI,
ODI u T.n. B naHHOM ciy4ae pedb HIET O MPOTOKOJE B3aUMOJCHCTBUS MEXIY IpaiiBepamu
YCTPOMCTB M YCTPOMCTBAMHU, C OJHOW CTOPOHBI, & C IPYro¥ CTOPOHBI, MEXKIY OIEepalMOHHON
CHUCTEMOW W JpaiiBepaMu yCTpoHcCTBa. Takoe ompejereHne OCHOBBIBAETCS HA TOM, 4YTO ApailBep -
3TO, (PaKTHUYECKH, KOHBEPTOP aHHBIX U3 OHOTO (popMara B IpYyroi, HO MIPH STOM OH MOXET UMETh U
CBOI BHYTPEHHHI (OpMaT TaHHBIX.

K cereBoMy (MexceTeBOMY) YPOBHIO OTHOCSITCSI IPOTOKOJIBI, KOTOpBIE OTBEYAIOT 32
OTIIPaBKY M TOJy4YeHHE [aHHBIX, WIH, APYTMMHU CJIOBaMH, 3a COCJIWHEHHUE OTIpaBUTEN U
nonyyarens. BooOiie ropopsi, 3Ta TEPMHHOJIOTHS TOMLIA OT CEeTe KOMMYTAllMU KaHAJOB, KOT/AA
OTIIPaBUTENIb M TMOJIydaTedb JCHCTBUTENBHO COCIUHSIOTCA Ha BpeMsl pabOThl KaHAJIOM CBSI3U.
[TpumenutensHo Kk cetsim TCP/IP, Takas TepMuHOIOTHS HE OueHb mpuemieMa. K aTomy ypoBHIO B
TCP/IP otnocsaT mporokon IP (Internet Protocol). ImeHHO 31mech ompenensercs OTIpaBUTENb U
MoJTy4yaTesb, UMEHHO 3/1eCh HaXOIUTCS HeoOXoauMasi HH(pOpMaIus s TOCTaBKU MaKeTa Mo CeTH.

TpaHcnopTHBIH ypoBEeHb OTBEYAET 32 HAJEKHOCTh JIOCTABKU JAHHBIX, U 3/1€Ch, MPOBEPS
KOHTPOJIbHBIE CYMMBI, NPUHUMAETCSI PElIeHne 0 cOopke cooOmieHuss B ofgHO nenoe. B Internet
TPAHCIIOPTHBIA ypOBeHb mpencTaBiieH aByms npoTokoinamu TCP (Transport Control Protocol) u
UDP (User Datagramm Protocol). Ecnu mpeapinymuii ypoBeHb (CETE€BOI) ompeaensieT TOJIbKO
MpaBWia JOCTaBKM HMHQOpMAIMK, TO TPAaHCHOPTHBIA YpOBEHb OTBEYAET 3a LEIOCTHOCTh
JIOCTABJISIEMBIX JaHHBIX.

YpoBeHb ceccuM OnpenersieT CTaHIapThl B3aUMOJCHCTBUS MEXAY COOOW MPHKIATHOTO
IPOrPaMMHOT0 OOecIedeHusl. ITO MOXKET OBITh HEKOTOPBIM MPOMEXYTOUHBIM CTaHAAPT JaHHBIX
WM TpaBuia o0paboTku WMH(OpManuu. YCIOBHO K 3TOMY YPOBHIO MOXKHO OTHECH MEXaHU3M
noptoB nporokosoB TCP u UDP u Berkeley Sockets. Ognako 00bIYHO, paMKaxX apXHUTEKTyph
TCP/IP Takoro noapaszeieHus He IeIaloT.

YpoBeHb 00MeHa [JaHHBIMH ¢ NPUKJIAAHbIMH mporpammamm (Presentation Layer)
HEO0OXOUM TSl TPeoOpa30BaHus TaHHBIX U3 MPOMEKYTOUHOTO hopMara cecCuu B opMaT JTaHHBIX
npunoxenus. B Internet 3To npeoOpa3oBaHue BO3I0KEHO HA PUKJIIAJHBIC TPOTPAMMBI.
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YpoBeHb NPHUKJIAAHBIX NMPOrpaMM HJIM NPHJIOKEHUH ONpeesieT MPOTOKOJIB 0OMeHa
JaHHBIMU 3TUX MPUKIAJHBIX TporpaMM. B Internet k ’TOMy ypOBHIO MOTYT OBITh OTHECEHBI TAKHE
npotokoisl, kak: FTP, TELNET, HTTP, GOPHER u T1.11.

Boob1ie roops, crek mpotokonoB TCP oTiMyaeTcst OT TOJIBKO YTO PACCMOTPEHHOTO CTEKa
Mozenu OSI. OGBIYHO €ro MOKHO MPECTABUTh B BUJIE CXEMBI, MPEICTABICHHON HA pUCYHKE 22.

[+

Vpopess npraosaessnt {(Apphication Laver)

I

Tpamcnop THED ypoResk (Transport Layver)

[

Vpopers Intermet (Internet layver)

H

Vporess JocTyma K cetH (Network Access Layer)

Pucynok 22. Ctpykrypa creka npotokosioB TCP/IP

B ar0i1 cxeMe Ha ypoBHE AOCTyla K CETH paclojiararoTcs BCE IMPOTOKOJIBI JOCTyHa K
(dbu3MvYecKuM ycTporcTBaM. Beime pacmosararoTcsi mpoTOKOIbl MexceTreBoro oomena IP, ARP,
ICMP. Eme Bbime ocHoBHble TpaHcmopTHbele mpotokoisl TCP u UDP, xoropsie kpome cbopa
MAaKEeTOB B COOOUICHHUS €IIe U OMPEICINAIOT KaKOMY MPUIOKEHUI0 HEOOXO0AUMO JaHHbIE OTHPABUTh
WIA OT Kakoro NpPUJIOKEHUS HEOOXOOUMO JaHHBbIE MNPHHATH. Haj TpaHCHOPTHBIM ypPOBHEM
pacnojaraioTcs MPOTOKOJIbI MPHUKIAJHOTO YPOBHS, KOTOPBIE HMCIONb3YIOTCS MPUIOKEHUSMHU IS
oOMeHa TaHHBIMH.

basupyscr Ha xknaccudukanmm OSI (Open System Integration) BCIO apXUTEKTYpy
npoTokonoB cemeiictBa TCP/IP monpoOyem comocTaBUTh C 3TAIOHHON MOJIENbIO (PUCYHOK 23).
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Pucynox 23. Cxema Mmoayineid, peanu3yroniux npoTokosisl cemeiictea TCP/IP B y3ne cetn

[TpsiMmoyronbHUKaMU Ha cxeMme 0003HaueHbl MOYJH, 00padaThIBAIOIINE MAKEThI, JUHUSIMH -
NyTH Tepenayn AaHHBIX. [Ipexxae yem oOCyXaaTh 3Ty CXeMy, BBEJEM HEOOXOAMMYIO U 3TOTO
TEPMHUHOJIOTHIO.

/paiisep - nporpaMmma, HEOCPEACTBEHHO B3aUMOAECHCTBYIOLIAs C CETEBBIM aJalITEPOM.

Mooynb - 3T0 TIporpamMma, B3aUMOJICHCTBYIOIIAs C IpaiiBEPOM, C CETEBBIMHU MPHUKIIATHBIMHU
IIpOrpaMMaMu WIH € APYTUMHU MOJYJISIMU.

Cxema mpuBefieHa AJis cllydas MOJKIIOYEHHS y3ja CeTH 4epe3 JokalbHyio ceTh Ethernet,
MO3TOMY Ha3BaHUs OJIOKOB JaHHBIX OyIyT OTpaXKaTh 3Ty CHEUUDUKY.

Cemesoui unmepgetic - PU3NIECKOE YCTPOUCTBO, MOJKIIOYAIOIIEE KOMIBIOTEp K ceTu. B
HaieMm ciaydae - kapta Ethernet.
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Kaop - 710 6510k TaHHBIX, KOTOPBIA TPUHUMAET/OTIPABISIET CETEBOM UHTEP(DEIiC.

IP-naxem - 3T0 6JI0K TaHHBIX, KOTOPbIM 0OMeHHBaeTcst MOayIb [P ¢ ceTeBbIM nHTEpdericom.

UDP-0amaepamma - 610K JaHHBIX, KOTOpBIM 0OMeHuBaeTcss Moayis IP ¢ momynem UDP.

TCP-ceamenm - OJIOK TaHHBIX, KOTOPBIM 0OMeHuBaeTcs Moayib [P ¢ moxynem TCP.

Ilpuknaonoe coobwerue - 60K AAHHBIX, KOTOPHIM OOMEHUBAIOTCS TPOTPAMMBI CETEBBIX
MIPWJIOKEHUH C IPOTOKOJIAMU TPAHCIIOPTHOTO YPOBHSL.

Hnkancynayus - crnocod YNMakoBKM NaHHBIX B (opmare OJHOrO MpOTOKoNa B ¢dopmar
apyroro mpotokona. Hampumep, ymakoBka IP-makera B kanp Ethernet mnmm TCP-cermenra B IP-
nakeT. CoriacHO CJIOBapI0 MHOCTPAHHBIX CJIOB TEPMHUH '"WHKamCymsius' o3HavaeT "oOpa3oBaHHE
KaIlCyJbl BOKPYT YYKUX Ul OpraHu3Ma BellecTB (MHOPOAHBIX TeJ, Mapa3uToB U T.1.)". B pamkax
MEXCETeBOro OOMEHa MOHSTHE WHKAICYJSALUU UMEET HECKOJbKO Ooyiee PAaCHIMPEHHBIN CMBICIL.
Ecnu B ciyuae unkancyssinuu [P B Ethernet peus uzaer neiictButensHo o nomemeHun nakera IP B
kadectBe naHHbIX Ethernet-dpeiima, nnu, B ciydyae unakancymsauun TCP B IP, momemenune TCP-
CerMeHTa B KauecTBe JaHHbIX B [P-maket, To npu nepenaye JaHHBIX 110 KOMMYTHPYEMbIM KaHallaM
MIPOMCXOAUT NajbHeNas "Hape3Kka' makeToB Teneps yxe Ha naketsl SLIP unu dpeiimer PPP.

¥powewm TTp oo moeewi
(HTTP,FTP mT.n.) Brox Jamism

¥posens TCP

Faromeax TCP BEmx gamax TCF, sxmoowamas soe
coolf e HNE TPH KN THO M0 V] 0 B,

¥posews [P FaromemexIP | Jaromwox TCP Bk gawoax TCF, pxmosamsi nee
C0 ol MEE WD EE XA ZHOTD YPOEHS

ri Emow: AFTHHELL TR ST FIPOT ok T P —

Pucynok 24. MHKancynsuus npoToKoJIOB BEpXHEro ypoBHs B nmpotokoisl TCP/IP

Bes cxema (pucynok 24) HasbiBaetrcs crekoMm mnportokoioB TCP/IP wim mpocto crekom
TCP/IP. YtoOsl HE BO3BpamaThCA K Ha3BaHMUSIM MPOTOKOJIOB pacmudpyem adopesuatypsl TCP,
UDP, ARP, SLIP, PPP, FTP, TELNET, RPC, TFTP, DNS, RIP, NFS:

TCP - Transmission Control Protocol - 0a30BbIii TpaHCIOPTHBIA MPOTOKOJ, JABIIHI
Ha3BaHUeE BceMy cemeiicTBy npoTokosioB TCP/IP.

UDP - User Datagram Protocol - BTOpo# TpancmopTHbIM mpoTokon cemeiictBa TCP/IP.
Paznmuus mexxny TCP u UDP GynyT o6Cyx1eHbI O3XKE.

ARP - Address Resolution Protocol - mnpoTtokonm wucnonb3yeTcss uisi ONpeAeTICHHS
coorBercTBUs [P-anpecoB u Ethernet-anpecos.

SLIP - Serial Line Internet Protocol (IIpoTtokon mepemadu naHHBIX 1O TelePOHHBIM
JIUHUSAM).

PPP - Point to Point Protocol (IlpoTokon oOMeHa qaHHBIMH "TOYKa-TOUYKa").

FTP - File Transfer Protocol (IIporoxonoomenadaiinamu).

TELNET - npOTOKOJ SMYJISIIANA BUPTYAJIbHOTO TEPMUHAIIA.

RPC - Remote Process Control (IIpoTokon ynpaieHus yJaJleHHBIMHU IIPOLIECCAMU).

TFTP - Trivial File Transfer Protocol (TpuBnanbublii TpoTOKO Tiepenadu Ghansion).

DNS - Domain Name System (CucreMaoMEeHHBIXUMEH ).

RIP - Routing Information Protocol (ITpotokonmapmpyru3zanun).

NFS - Network File System (Pacmpenenennast ¢aitioBast cucremMa UM CUCTeMa CETEBOU
reyaTH).

[Ipu pabGote ¢ TakuMH NMPOrpaMMaMu MPUKIAAHOTO ypoBHs, kak FTP unu telnet, o6pasyercs
CTEK MPOTOKOJIOB C UcHoyb30oBaHUueM Moayist TCP, mpeacTaBieHHBIN HA PUCYHKE 25.
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FTP-npnno semme

TCP -0 mynm

IP-»vo ayns

ENET-ppaieep

Pucynok 25. CTek npoTOKOJIOB MPHU UCTO0JIb30BaHUU Moy TCP

[lpu paboTe ¢ MPUKIAJAHBIMHA MPOTPAMMaMH, UCIIONB3YIONIMMUA TPAHCIOPTHBIN ITPOTOKOI
UDP, nanpumep, nporpammusie cpeactBa Network File System (NFS), ucnons3yercst npyroii crek,
rae Bmecto Mmoayiist TCP Oynet ucnonb3oBatbes Moayias UDP (pucyrok 26).

NFS-mprimossesme

UTDP-moqy e

IP-mogyme

ENET-gpaiieep

Pucynok 26. Ctek npoTOKOJIOB IpH padoTe yepe3 TpaHcrnopTHBIN mpoTtokoa UDP

[Ipu oOcnyxuBaHuM ONOYHBIX MOTOKOB AaHHBIX Moaynu TCP, UDP u npaiieep ENET
paboTaloT Kak MYJIBTUILIEKCOPHI, T.€. MEPEHANpPaBISIOT JaHHBIE C OJHOIO BXOAa Ha HECKOJIBKO
BBIXOJZIOB U Ha00OOPOT, C MHOTHX BXOJIOB Ha OJuH BbIxoH. Tak, apaiiBep ENET moxeT HampaBuTh
kaap ymbo moaymo 1P, nu6o moxynio ARP, B 3aBUCHMOCTH OT 3Ha4Y€HHMS 1MOJs "TUM" B 3arOJIOBKE
kagpa. Monyns IP moxer nampaButh [P-maker mub6o monymto TCP, mu6o momymo UDP, yro
ONpeAeIsIeTCs MoJeM "MPOTOKON" B 3ar0JIOBKE MAKETA.

[onyyarens UDP-patarpamvbl wnu  TCP-cooOmieHust ompeaensiercs Ha OCHOBaHUU
3HAYEHM TOJIs "MOPT" B 3ar0JIOBKE JTaTarpaMMbl UJTA COOOIICHUSI.

Bce ykazaHHBIE BBINIE 3HAYEHUS! MPOMHCHIBAIOTCS B 3ar0JIOBKE COOOIICHUS MOIYJISMHU HA
OTHPABIIAIONIEM KOoMIbIOTEpe. Tak Kak cxeMa IPOTOKOJOB - 3TO JEPEBO, TO K €ro KOPHIO BEAET
TOJIBKO OJUH TYTh, MPU TPOXOKIACHUU KOTOPOTO KAXKIABIA MOIYNb JO0ABISIET CBOM JaHHBIC B
3arosoBok Ojoka. MammHa, NpUHABIIAS TAKET, OCYLIECTBISECT AEMYJIbTHIUIEKCUPOBAaHHE B
COOTBETCTBUH C 3TUMH OTMETKaMHU.

Texnomorust Internet mommepkwBaeT pasHble (U3MYECKHUE CPEIbl, U3 KOTOPHIX CaMOM
pacnpoctpaneHHoi siBisiercss Ethernet. B mocnemHee Bpems OOJbIIONH WHTEPEC BBI3BIBACT
MOJIKJIIOUYEHUE OTHAEIbHBIX MamMH K cetu yepe3 TCP-ctexk mo koMMyTHpyembIM (Tene(OHHBIM)
kaHanaM. C mosSBICHMEM HOBBIX MarucTpaibHbIX TexHosoruit Tuna ATM unu FrameRelay aktuBHO
BenyTcsi uccinenoBanus mo wHKancymsiauu TCP/IP B aTum mportokonbel. Ha ceromHsmHuii J1eHb
MHOTHE MpOoOJIEMBl pelIeHbl U CyllecTByeT obopynoBanue qis opranuzanuu TCP/IP cereit yepes
9TU CUCTEMBI.

Jlekuust Ne8. KogupoBanue nndpopmanuu.
Bonpocer:

1. Beibopka cniocoba KogupoBaHHUS.

2. MeTopl KOOUPOBaHUS.
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1. Boi6opka cnnoco6a KoAMpPOBaAHUS.

Kox — 310 Habop yClOBHBIX 0003HAYCHHH (WJIM CHTHAJOB) JJISl 3aNTUCH (WJIH TIEpPEIadyn)
HEKOTOPBIX 3apaHee ONpeesIEHHBIX TOHATUH.

KoaupoBanue nnpopmanuu — 310 mnporecc GopMUPOBaHUS ONPEAEICHHOTO MPEACTABICHUS
uHpopmanuu. B Gosee y3koM cMbICie MO TEPMUHOM «KOJWPOBAHME)» YACTO MOHUMAIOT MEPEX0]l
OT oJ{HOM (hOpMBI IIpeICTaBICHUs HHPOPMALIUU K APYToi, Oosiee yI0OHOH sl XpaHeHHs], Iepeadn
i 00paboTKH.

OObIYHO KaXIpIid 00pa3 MpH KOAWPOBAHMH (MHOTAA TOBOPST — INU(POBKE) MpEICTaBICH
OTJIEbHBIM 3HAKOM.

3HaK - 3TO 3JIeMEHT KOHEYHOTO MHOKECTBA OTIUYHBIX JAPYT OT Jpyra 3JI€MEHTOB.

B Gosee y3xom cMBICIIE O] TEPMUHOM "KOJMpPOBaHUE" YacTO MOHUMAIOT MEPEX0] OT OJTHON
dbopmBbl TIpencTaBIeHUsT MHPOPMALUU K JIpyroil, Oonee yqoOHOW [UIs XpaHEHUs, Mepeiadyu iU
00paboTKH.

Komnbrotep Moxer o0pabaThiBaTh TOJNBKO HH(DOPMAIUIO, MPEICTABICHHYIO B YHCIOBOMN
dbopme. Bes apyras uHbopmarus (Hanpumep, 3ByKH, H300paKeHHUsI, TTOKa3aHUs MTPUOOPOB U T. II.)
Ui 00pabOTKH Ha KOMITBIOTEpE JOJKHA OBITH MpeoOpa3oBaHa B YUCIOBYIO ¢opMy. Hampumep,
YTOOBI MEPEBECTH B YUCIOBYIO (DOPMY MY3bIKAIbHBIN 3BYK, MOXKHO Uepe3 HEeOOJbIINE MPOMEKYTKU
BPEMEHHU H3MEPITh MHTEHCHUBHOCTH 3BYKa Ha OMPEAETICHHBIX YacTOTax, MPEACTaBIsIs Pe3yIbTaThl
KaXI0ro u3MepeHus B uucioBoil ¢opme. C momouipi0 mporpamMm Jjsi KOMIBIOTEpA MOXKHO
BBINOJIHUTh TIPpeoOpa3oBaHUs MOJYYCHHOW HH(OpMAIUK, HapuUMep "HAIOXKUTH" Ipyr Ha Jpyra
3BYKH OT Pa3HbIX HCTOUYHUKOB.

AHAJIOTHYHBIM 00pa30M Ha KOMITBIOTEPE MOKHO 00pabaThiBaTh TEKCTOBYIO MH(OPMALHUIO.
[Ipu BBOJE B KOMIbIOTEp Kakaash OyKBa KOAMPYETCsSl OMPEENIEHHbIM YHCIIOM, a MpU BBIBOJE Ha
BHEIIIHUE YCTPOWCTBA (PKpaH WM MeyaTh) AJI BOCHPUATHUS YEIOBEKOM IO 3THM YHCIAM CTPOSTCS
n3o00pakeHus: OyKB. DTH H300pa)K€HUs Ha3BIBAIOTCS JHuTepaMu OykB. COOTBETCTBHE MEXKIY
HAaO0OpOM OYKB M YHCIIAMH HA3BIBAETCS KOJUPOBKOW CHMBOJIOB.

Kak mpaBuio, Bce uyncia B KOMIBIOTEPE MPEACTABISIOTCS C TOMOIIbIO HYyJIeH U equHuIl (a
HEe JeciaTd IHMQp, Kak 3TO HPUBBIYHO Ais Jioael). VHBIME clIOBaMH, KOMIBIOTEPHl OOBIYHO
paboTaroT B IBOMYHON CHUCTEME CUHCIIEHHUS, IMOCKOJIbKY MPH 3TOM YCTPOMCTBA ISl UX 00pabOTKH
MOJTy4aroTCs 3HAUYUTENbHO Oojiee MpOCThIMU. BBOA Yncesl B KOMIBIOTEP M BBIBOJA MX JUIS YTCHHUS
YeJIOBEKOM MOXET OCYIIECTBIATHCS B MPUBBIYHON JecSITHUHOM (opme, a Bce HEOOXOIuMbIe
npeoOpa3oBaHus BRITOIHIOT POrPaMMbl, paboTaroIue Ha KOMITBIOTEPE.

Onna u Ta xe MHPOpMaNUs MOXKET OBbITh MpeJcTaBieHa (3aKOAMPOBAHA) B HECKOJIBKHX
¢dopmax. C mosiBIEHHEM KOMIIBIOTEPOB BO3HHKIA HEOOXOIUMOCTh KOJUPOBAHHMS BCEX BHUJIOB
uH(popMaluy, ¢ KOTOPhIMU MMEET JeNI0 U OTHCNIbHBIN YellOBeK, M 4eloBe4ecTBO B IeiaoM. Ho
pemats 3agady KOIWPOBaHUA HWH(GOPMAlMK YEJIOBEYECTBO HAYaNo 3aJ0JIT0 10 MOSIBICHUS
KOMIIBbIOTEPOB. [ paHInO3HbIE JOCTHKEHHS YEJI0BEUYECTBA - MMCBMEHHOCTh U apu(MeTHKa - ecTb He
4YTO MHOE, KaK CHCTeMa KOJMPOBAHUS Peyd U 4HCI0oBOW uHpopmaruu. MHpopmaus HUKOraa He
MOSIBIISICTCS B YMCTOM BHUJIE, OHA BCETa KaK-TO MpeJICTaBlIeHa, KaK-TO 3aKOAMPOBAHA.

JIBouHOE KOAMPOBAaHUME — OAMH U3 PACIPOCTPAHEHHBIX CHOCOOOB MPEICTaBICHUS
uHpopManuy. B BBIUMCIHUTENBHBIX MalIMHAX, B poOOTaX M CTaHKAX C YMCIOBBIM MPOTPAMMHBIM
yIpaBieHUEM, KaK IpaBUIo, Bcd MH(OpMALKs, C KOTOPOH MMEET JesI0 YCTPOHCTBO, KOAUPYETCS B
BUJIC CJIOB IBOMYHOTO ajdaBuTa TOIbKO AByMs 3HakaMu 0 u 1 (To ecTh Bce nH(OpMAIs B TaMITH
KOMIIbIOTEpA XpaHUTCA U 00padaThIBaeTCs B BUJE MOCIIEI0BATEIbHOCTH HYJIEH U €IMHULL).

KoaupoBanue cMMBOIIEHOM (TEKCTOBOI) HHPOPMAITUH.

OcHoBHasl omnepanus, MPOU3BOJUMAs HaJ OTIENbHBIMU CHMBOJAMHU TEKCTa - CPaBHEHHE
CHMBOJIOB.

[Tpu cpaBHEHUU CHMBOJIOB HanOoJjiee BaXXHBIMU aCMEKTaMU SIBJISIOTCS YHUKAJIBbHOCTh KOJa
JUISL KaXKI0TO CHMBOJIA U JUIMHA 3TOTO KOJIA,  caM BHIOOP NMPUHIUIIA KOJUPOBAHUS MPAKTUYECKH HE
MMeeT 3HAYCHHUS.

Jisi KOnMpOBaHMs TEKCTOB HCHOJB3YIOTCS Pa3UYHble TaOJIHIbI NMEepeKOAUPOBKHU. BaxHo,
9YTOOBI IPU KOAUPOBAHUH U JEKOJIMPOBAHUU OJTHOTO M TOTO € TEKCTa UCMOJb30Baiach OJHA U Ta
xKe Tabnua.
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Tabnuia mepekoaUpOBKH - TaOIUIA, CoAep X alias yHopsSI0YCHHBIH HEKOTOPHIM 00pa3oM
MepeueHb KOAMPYEMBIX CHMBOJIOB, B COOTBETCTBHHM C KOTOPOH MPOMCXOAUT MpeoOpa3oBaHUE
CHUMBOJIA B €0 IBOMYHBIN KO U 00paTHO.

Haub6onee nonymnspusie Tabnuuel nepekoauposku: JIKOU-8, ASCII, CP1251, Unicode.

HcTopuuecku CIOXUIIOCh, YTO B KayecTBE JUIMHBI KOAa JUIsl KOJAWPOBAHUS CUMBOJIOB OBLIO
BbIOpaHo § 3HakoB. JIroOo# u3 3HakoB 0 wim 1 Hecer B cebe 1 OuT mHpOpMAIUK, CleAOBATEIHHO
OJIMH JTFOOOW CHMBOJI XpaHUMBIM B TTaMATH KOMITbIOTEpPA MMeeT HHGOpMaIMOHHBIH 00beM 8 ouT (1
0aiir).

Paznmuunpix komOuHanuii u3 0 1 1 npu niauHe Koja 8§ OUT MOXKeT OBITh 28 = 256, TO3TOMY €
MOMOIIBI0 OJTHOM TaOJIHIIbI MEPEKOAUPOBKH MOXHO 3aKOJUpoBaTh He Oonee 256 cumBousioB. Ilpu
JUTHHE Koja B 2 Oaiita (16 6uT) MOXXKHO 3aKoAupoBaTh 65536 CUMBOJIOB.

2. MeTtoabl KOAUPOBAHMSI.

B cerax npuMEHAIOTCS TaKk Ha3blBAEMbIE CAMOCHHXPOHU3HMPYIOIIHUECS KOJABI, CUTHAJIBI
KOTOPBIX HECYT ISl IEpeAaTUrnKa YKa3aH!s O TOM, B KAKOM MOMEHT BPEMEHHU HYKHO OCYILECTBIIATh
pacrno3HaBaHHe OYepeHOT0 OuTa (WJIM HECKOJIBKUX OUTOB, €CIH KOJ OpUEHTUPOBAH Ooyiee ueM Ha
JIBa COCTOSIHUSI cUTHaua). JIFoO0oi pe3kuit mepenaa curHajga — TaK Ha3bIBaeMbIM (PPOHT — MOXKET
CIIY>KMTb XOpOILUM yKa3aHUEM JJIsl CHHXPOHU3ALMH IPUEMHHKA C IIEPENATINKOM.

[Ipn uCnoyib30BaHMM CHHYCOMJ B KayeCTBE HECYIIEr0 CHUTHANA DPE3YJNbTUPYIOIIUNA KOJ
o0yazjaeT CBOMCTBOM CaMOCHHXPOHM3AllMM, TAaK KaK M3MEHEHHE aMIUIUTYIbl HECyIeH 4acTOTHI
JAeT BO3MOXKHOCTh IPUEMHHKY OINPEAECIUTh MOMEHT IOSBIICHHUS BXOJHOTO KOAA.

PacriozHaBaHne M KOPpPEKLMIO MCKa)KEHHBIX JAHHBIX CJI0XKHO OCYIIECTBUTH CpEACTBAMHU
(bU3UYECKOTO YPOBHS, TMOITOMY dHaIlle BCETro 3Ty paboTy OepyT Ha ceOsi MPOTOKOJIBI, JISKAIIHUe
BbIIIIE: KaHAJIbHBIM, CETEBOM, TPAHCIIOPTHBIN WK NpUKiIaaHoi. C qpyroil CTOPOHBI, paclio3HaBaHUE
omMOOK Ha (U3NYECKOM YpOBHE S3KOHOMHUT BpeMs, TaK KaK NPHUEMHUK HE JKIET IOJHOIO
MOMEIICHUs Kajpa B Oydep, a OTOpaKOBBIBACT €r0 Cpasy NMPHU PaCHO3HABAHUHU OIIMOOYHBIX OMTOB
BHYTPH Kajpa.

TpeboBanusi, TmpeabsBIAEMbIE K  METOAaM  KOAWPOBAaHUS,  SABISIOTCS — B3aUMHO
MIPOTUBOPEYUBBIMU, TMO3TOMY KaXIbIi M3 pPAaCCMATPUBAEMBIX HHWXKE IOMYJISAPHBIX METOJOB
U(ppPOBOro KOIUPOBAHHUS O0JIaZaeT CBOMMM IPEUMYIIECTBAMH M CBOMMM HEJOCTaTKaMH IO
CPABHEHUIO C IPYTUMHU.

[orenmmaneHplii Kox 0€3 BO3BpAIlEHHS] K HYJIIO OTPAKACT TO OOCTOSATENBCTBO, YTO HpPHU
nepeaye nocie0BaTeIbHOCTH €IUHUL] CUTHAJ HE BO3BpAIIaeTCs K HYJIIO B TEUEHHE TaKTa (KaK Mbl
YBUJUM HMXKE, B JAPYTUX METOJaX KOJUPOBAaHUSA BO3BpAT K HYJIO B 3TOM Cllydae MPOUCXOIUT).
Mertox NRZ npoct B peanu3zanuu, 001amaeT XOpouiei pacro3HaBaeMOCThIO OMTMOOK (M3-3a JIBYX
PE3KO OTIMYAIOLIMXCS MOTEHIMAJIOB), HO He 00JaJaeT CBOWCTBOM caMOCHMHXpoHM3anuu. [lpu
nepenaye JUIMHHON IOCIEA0BATENbHOCTH €AMHMII WM HYJIEW CUTHaJ Ha JMHUM HE HU3MEHsETcH,
[IOATOMY IPUEMHUK JINIIEH BO3MOXHOCTH OIPEAENIATh MO BXOAHOMY CUTHAJILy MOMEHTBI BPEMEHH,
KOI'JIa HY’)KHO B OUYEPEHOM pa3 CUNUTHIBATh JaHHbIE. [laxke IpU HAIMUYUU BBICOKOTOYHOI'O TAKTOBOI'O
reHepaTopa MPUEMHHUK MOKET OIIMOUTHCS C MOMEHTOM CheéMa JaHHBIX, TaK KaK YacTOThl JBYX
TeHEePAaTOPOB HHUKOT/Ia HE OBIBAIOT MOJHOCTHIO MACHTUYHBIMU. [103TOMY MpU BBICOKMX CKOPOCTSIX
oOMeHa JaHHBIMU U JJIMHHBIX TMOCIEAOBATEIbHOCTAX €AMHUII WM Hyled HeboJbIIoe
paccoriacoBaHHE TAKTOBBIX YAaCTOT MOKET MPUBECTH K OIIMOKE B LIEJBIH TaKT M, COOTBETCTBEHHO,
CUUTBHIBAHUIO HEKOPPEKTHOTO 3HAUCHUS OUTA.

Jpyrum cepbe3HbIM HENOCTaTKOM Merojga NRZ gBisercs Haaiuuue HU3KOYAaCTOTHOU
COCTaBJISIONICH, KOTOpas MpHUOIMKaeTcss K HYJII0 MpH Iepenaye JUIMHHBIX MOCJIe0BaTeIbHOCTEN
enuHUl] win Hyned. M3-3a 3TOro MHOrMe KaHajibl CBS3M, HE OOECIEYMBAIOIIUE MPSIMOTO
raJIbBAHUYECKOI'O COEIMHEHUSI MEX]y NPUEMHHKOM M HCTOYHMKOM, 3TOT BHJ KOJIHWPOBAHUS HE
noanepxkuBaroT. B pesynbrare B ynctom Buae koxa NRZ B cersix He ucnons3yercs. Tem He MeHee
UCIIOJIb3YIOTCS  €ro  pa3jiuyHble MoAudUKanMu, B KOTOPBIX YCTPAHSIOT Kak IUIOXYIO
caMocuHXpoHU3anuioo koma NRZ, Tak w© mpoOiemMbl TOCTOSIHHOW  COCTABIISIFOIICH.
[IpuBnekarenbHOCTh KOJa NRZ, M3-3a KOTOPO UMEET CMBICH 3aHATHCSA €ro YIYYIIEHUEM, COCTOUT
B JIOCTaTOYHO HU3KOH 4acTOTe OCHOBHOM TrapMOHMKH /0, KOTOpas paBHa N/2 I'l, kak 3T0 ObLIO
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[TOKA3aHO B MPEIBIAYILIEM pa3jene. Y IPyrux METOJI0B KOAUPOBAHMS, HAIPUMEP MaHYECTEPCKOro,
OCHOBHAasl TApMOHHKA UMEET 00Jiee BRICOKYIO YaCTOTY.

Onnoit n3 Moaudukamuii meroga NRZ sBisieTcss MeToj OHWIIOISPHOTO KOIWUPOBAHHS C
anpTepHaTHBHOM nHBepcuel (Bipolar Alternate Mark Inversion, AMI). B satom metone (puc. 2.16,
0) MCIONB3YIOTCS TPU YPOBHS IMOTEHIMANA - OTPHUIATEIbHBIA, HYJEBOW U TMOJOXKUTEIBHBIA. Jlist
KOJIMPOBAHUsI JIOTUYECKOTO HYJS HCIOJIB3YeTCS HYJIEBOW IMOTEHLHAN, a JIOTHYecKas eIWHHIIA
KOJUpYyeTcs JIMOO TMONOKHUTENbHBIM MOTEHIHAIOM, JINOO OTpULIATEIbHBIM, IIPU 3TOM MOTEHIHAI
KaXXJ0¥ HOBOM €JUHHULIBI IPOTUBOIIOJI0KEH MTOTEHIHALY TPEABITYILIEH.

Konx AMI yacTH4YHO JIMKBUIUPYET MPOOJIEMBI MOCTOSHHON COCTABIISIFOIIEH W OTCYTCTBUS
CaMOCHUHXpOHU3alMK, npucymme koay NRZ. DTo mnpoucxonut mnpu mnepefadye IAITUHHBIX
nociefoBaTelbHOCTE eAuHul. B 3TuUX clydasx CUTHaI Ha JIMHUM TpeACTaBiIsieT coOoi
MOCJIEIOBATEIbHOCTh PA3HOMOJSPHBIX HMITYJIbCOB C TE€M K€ CIEKTpOM, 4To U y kojma NRZ,
Mepeslalolero Yyepeayommecs HyJIl W eIWHUIBL, TO €cTh 0e3 MOCTOSHHOM COCTaBisIoOUIel u ¢
ocHOBHOU TapmoHmkoi N/2 I'm (rme N - OWTOBas CKOpOCTh TNepenadyd AaHHBIX). JTMHHBIE XKe
MOCIE0BATEIbHOCTH HYJEH Takke omacHbl Mg koma AMI, xkak u s koga NRZ - curnan
BBIPOXKAAETCSl B TOCTOSHHBIA NOTEHIMAaNd HyneBod amrumatyasl. llostomy kox AMI Ttpebyer
JalnbHEUIIEro yJIy4dlIEHHs, XOTS 3a/Jada YNOpOUIAeTCsl - OCTajJoCh CIPABUTHCA TOJIBKO C
MOCJIEI0BATEILHOCTSIMU HYJICH.

B nienom, st pasnuyHbIX KOMOWHAIMN OWT Ha JIMHUU KCTIOJb30BaHue kojga AMI nmpuBoauT
K 0oJiee y3KOMY CIIEKTpY CUTHala, 94eM A koaa NRZ, a 3HauuT, U K 0oJiee BHICOKOW MPOMYCKHON
crocoOHOoCTH JMHUU. Hampumep, mpu mnepefade dYepenyloIIUXCs €IUHUIl U HyJed OCHOBHas
rapmonuka fo umeer yactory N/4 I'm. Kog AMI npenocraisier Takke HEKOTOPbIE BOZMOXKHOCTH
[0 PACMO3HAaBaHUIO OIIMOOYHBIX CHUTHAJOB. Tak, HapylIeHHEe CTPOroro yeperoBaHUs MOJIIPHOCTU
CUTHAJIOB TOBOPUT O JIO)KHOM HMMITYJIbCE WM HMCUYE3HOBEHUU C JIMHUM KOPPEKTHOIO UMITYJIbCA.
CurHan ¢ HEeKOPPEKTHOM MOISIPHOCTHIO HAa3bIBACTCS 3alPEIICHHBIM CUTHAIOM (signal violation).

B xoxe AMI ucnons3yroTcss HE [1Ba, a TPU YPOBHS CUTHaja Ha JMHHUM. J[OMOIHUTENBHBIM
ypOBeHb TpeOyeT yBeIMueHHE MOIIHOCTH MepeAaTyuka npumepHo Ha 3 nb st obecrnieueHus: Toi
e JIOCTOBEpHOCTH TMpueMa OWT Ha IJIMHUU, 4YTO SBISETCS OOIMM HEZOCTAaTKOM KOJOB C
HECKOJIbKUMHU COCTOSIHUSIMM CHTHaja 10 CPAaBHEHUIO C KOJAMH, KOTOPBIE Pa3IMYalOT TOJBKO JIBA
COCTOSIHHSI.

[ToTeHIManbHBIN KOl C UHBEPCUEH NPU €TUHUIIE

CymectByeT Koa, noxoxuit Ha AMI, HO TosbKO ¢ IByMs ypoBHSIMU curHazia. [Ipu nepenaue
HYJISl OH MepeAaeT MOTEHIINAN, KOTOPbIN ObUT YCTAHOBJIEH B MPEBIAYIIEM TaKTe (TO €CTh HE MEHSET
€ro), a mpu mepenaye €AMHUIBI MOTEHLHA WHBEPTUPYETCS Ha MPOTUBOIOJIOXKHBINA. DTOT KO
Ha3bIBACTCs MOTCHIIMAIBHBIM KOJOM ¢ MHBepcuer npu eauHuiie (Non Return to Zero with ones
Inverted, NRZI). 3ToT ko1 y100€H B TEX CiIydasx, KOT/la UCIIOIh30BaHUE TPETHETO YPOBHS CUTHAIA
BEChbMa HEXEJIaTelIbHO, HAPUMEpP B ONTHUYECKHX KabemnsX, I YCTOWYMBO pPACIO3HAIOTCS 1B
COCTOSIHMSI CUTHAJIA - CBET U TEMHOTA.

Jis ymydmieHus MOTSHIHATbHBIX KOAOB, momoOHbix AMI u NRZI, ucrnonb3yroTcs nBa
Metoja. [1epBbiif MeTOA OCHOBaH Ha JOOABIECHUHU B UCXOJHBIM KO M30BITOUYHBIX OUT, COAEPKAIINX
Joruyeckre eauHuilbl. OUeBHAHO, YTO B 3TOM CJydae JIMHHBIE MOCIIEI0BATEIBHOCTH HYJEH
MIPEPHIBAIOTCS U KOJI CTAHOBUTCSI CAMOCHHXPOHU3UPYIOLIUMCS JUIsl JIIOOBIX MepeaaBaeMbIX JaHHBIX.
HcuezaeT Takke MOCTOSTHHASI COCTABIISAIONIAS, a 3HAUUT, elle Ooliee cykaeTcs CreKkTp curHama. Ho
3TOT METOJ CHIXKAET MOJIE3HYIO MPOMYCKHYIO CIOCOOHOCTh JIMHHH, TaK KaK W30bITOYHBIC €TUHUIIBI
MOJIb30BaTeNbCKOW MH(pOpManu He HecyT. Jlpyroil MeToj OCHOBaH Ha MpeIBapUTEILHOM
«MepeMEeIIMBAaHUN» HUCXOAHOW HH(GOpPMalUU TakKUM 00pa3oM, 4TOOBI BEPOATHOCTH MOSBIICHUS
€IMHUIl ¥ HYJIeH HA JTUHUH CTAHOBUJIACH OJIM3KOW. Y CTPOWCTBA, UM OJIOKH, BBITIOTHSIONINE TaKYIO
oTiepalliio, Ha3bIBAIOTCS Tpambiiepamu (scramble - cBanka, Oecriopsimounas coopka). [1pu ckpemoO-
JIMPOBAHUU UCIIONB3YETCSl U3BECTHBIN aJITOPUTM, TO3TOMY MIPUEMHUK, MTOJIyYUB JBOMYHbBIC IaHHBIC,
nepenaeT UX Ha JecKpaMOiep, KOTOphI BOCCTAaHABIMBAET MCXOJHYIO MOCIEI0BATEIbHOCTh OWT.
N30bITOYHBIE OUTHI PU ATOM IO JUHUH He Tiepenatorcs. O0a MeToia OTHOCSTCS K JIOTHYECKOMY, a
He (pU3HUeCKOMYy KOJUPOBAHUIO, TaKk Kak (OpMy CHUTHAJOB HAa JUHUHM OHU He ompexaensior. bomee
JIETANbHO OHU U3YYalOTCS B CIEAYIOIIEM pa3Jielie.
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bunonspHbIil UMITYJIBCHBIN KOJT

KpoMe noteHnmnanbHbIX KOJIOB B CETSIX MCHOJIB3YIOTCS U UMITYJIbCHBIE KOJIbI, KOT/1a IaHHbIE
MIpe/ICTaBJICHbI MOJIHBIM UMITYJIBCOM HIIM )K€ €ro 4acTbio - ¢ppoHToM. Hanbosee npocTsiM ciiyyaem
TaKOro TOJXOJa SBJSIETCS OWMOJNSPHBIA HMITYIHCHBIA KOJ, B KOTOPOM EIMHHIIA IpEICTaBICHA
WMIYJbCOM OJHOM MOJIAPHOCTH, @ HOJb - Apyrod. Kakaplii MMIyNbC IJWTCS MOJOBHUHY TaKTa.
Takoit kox oOmamaeT OTIWYHBIMU CAaMOCHHXPOHU3HPYIOIIMMH CBOWCTBAMHU, HO IOCTOSIHHAsS
COCTABJISIFOLIAs, MOYKET IPUCYTCTBOBATh, HAIIPUMED, NPU NEpeade IIMHHON MOCIEN0BATEIbHOCTH
enuHuL win Hyneld. Kpome Toro, cekTp y Hero mmupe, 4eM y HNOTEHLUHUaNbHBIX KoAoB. Tak, mpu
nepeaade BCeX HYJEW WJIM €IMHUIl YacTOTa OCHOBHOM TapMOHHUKH Kozaa Oyzaer paBHa N I, uTo B
JIBa pas3a BbIIIE OCHOBHOM rapmMoHMKH kojga NRZ u B derbIpe pasa BbllllEé OCHOBHOW I'ApMOHUKH
koma AMI npu nepenade yepenyromuxcs €AUHUL U HyJlel. M3-3a CIMIIKOM IMIHUPOKOro CHEKTpa
OUIIOJIIPHBIN UMIYJIbCHBIM KO UCIOJIB3YETCs PEAKO.

Manuectepckuii Kof

B okanbHBIX CeTSIX [0 HEAAaBHErO0 BPEMEHM CaMbIM pPacHpOCTPAHEHHBIM METOJO0M
KOIUpPOBaHUSI OBbLI TaKk Ha3bIBa€Mblil MaHuecTepckui koAa. OH MpUMEHSETCS B TEXHOJOTHSIX
Ethernet u Token Ring.

B MaHuecTtepckoM KoAe i KOAUPOBAHMS €IWHUII W HYJEH HCIIOIb3YEeTCs Mepenas
MOTEHIIHaja, To eCTh (PpoHT uMmynbsca. [Ipu MaHYeCTEepCKOM KOJIMPOBAHUN KaX BN TAKT JEIUTCS
Ha JBe yacTh. MHpopmamus koaupyercs nepenagamMy MOTEHIMANa, MPOUCXOIAIIMMHI B CepeliHe
KaXXJI0ro TakTa. EnyMHUIIa KoaupyeTcs mepenajoM OT HU3KOTO YPOBHSI CUTHAJIa K BEICOKOMY, a HOJIb
- oOpaTHbIM mepenanoM. B Hayanme Kaxa0ro TakTa MOXET MPOMCXOAUTH CIIYKEOHBIM Iepenasn
CUTHAJIa, €CJIM HYXXHO MpEJCTaBUTh HECKOJbKO €IWHHULl WIM HyJded moapsa. Tak Kak curHan
M3MEHsIeTCA M0 KpaliHel Mepe OJIMH pa3 3a TakT Mepefadn 0JJHOT0 OWTa JaHHBIX, TO MAHYECTEPCKUI
KoJ 00JazaeT XOpOLIMMHM CaMOCHHXPOHM3UPYIOIIMMHU cBoiicTBamu. [losoca mpomyckanus
MaHYECTEPCKOT0 KOJa YK€, 4eM y OWIIOJISIPHOTO MMITYJIbCHOTO. Y HEro TakKe HeT MOCTOSHHOU
COCTABIISIIOLICH, @ OCHOBHAs TapMOHHMKA B Xy/IIEeM ciydae (IpU Nepeaaye Mocie0BaTeIbHOCTH
eIMHUIL WM Hynel) umeeT yactoty N [, a B ydmiem (mpu nepenade 4epeayromuxcsl eIUHULl U
Hynei) ona paBHa N/2 I'm, xak u y kogoB AMI mmun NRZ. B cpenHeM mmupuHa MOJOCHI
MaHYeCTEpPCKOro KoJa B MOJTOpa pasza yxke, UeM y OUIOJISIPHOTO UMIYJIbCHOTO KOJia, & OCHOBHAs
rapMoHuKa kozeOsnercs BOim3u 3HaueHuss 3N/4. ManuecTepcKUid KOJ HMEET emlie OIHO
MPEUMYIIECTBO Iepesl OUMOJISPHBIM HUMITYJIbCHBIM KOAOM. B mocienHem ans mepenayu JAaHHBIX
WCIIONB3YIOTCSA TPU YPOBHS CUTHAJA, a4 B MAHUYECTEPCKOM - JIBa.

[Torenumansubiii koa 2B1Q

[ToTeHuManbHbBIN KO C YEThIPbMSI YPOBHAMH CUTHAJA JUIsl KOAUPOBAHUS TAHHBIX. JTO KOJ
2B1Q, Ha3zBaHKE KOTOPOTO OTPAKAET €ro CyTh - Kaxable JaBa Outa (2B) mepemarorcs 3a OMH TaKT
curHayioM, uMmeromumM 4detbipe coctostHus (1Q), IMape 6mt 00 cooTBercTBYeT moteHIman -2,5 B,
nape Out 01 coorBercTByer moteHuuan -0,833 B, mape 11 - morenuman +0,833 B, a mape 10 -
noteniman +2,5 B. Ilpu 3ToM cnocoGe komupoBaHUs TPeOYIOTCS TOTOJHUTEIbHBIE MEPHI IO
00pr0€ ¢ NIMHHBIMU TOCIIEOBATEIHLHOCTSAMU OJMHAKOBBIX Map OWUT, TaKk Kak MPH ITOM CHUTHAI
MpeBpalaeTcs B MOCTOSHHYIO cocTaBistonyto. [lpu cnyyaiiHoMm uyepeioBaHUU OUT CHEKTpP CUTHAla
B JIBa pasza yxe, yeM y koga NRZ, Tak kak mpu TO# ke OMTOBOM CKOPOCTH JUITMTEIBHOCTh TaKTa
YBEIMYMBACTCS B JIBa paza. Takum oOpazoM, ¢ momoibio Koga 2B1Q MOXKHO 1o OHOW U TOH ke
JMHUY TIepeaaBaTh JaHHBIC B JiBa pa3a ObicTpee, yeM ¢ momoinsio koga AMI mimu NRZI. Ognako
JUIS €r0 peaju3alliid MOIIHOCTh MepeJaTdyuka JOKHA ObITh BBILIE, YTOOBI YETHIPE YPOBHS YETKO
pa3nuYaIich MPUEMHUKOM Ha (poHE TToMeX.

Jlexmus Ne9, Meron CSMA/CB.
Bomnpocni:

1. MAC aapeca.

2. Jloctyn K cpene U nepeaayda TaHHbIX.
3. BO3HUKHOBEHHE KOJUIU3UH.

1. MAC aapeca.
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B cersx Ethernet wucnonb3yercs wmeton JocTtyma K - cpele Mepenadd  JaHHBIX,
Ha3bIBAEMBIN MEMOOOM KOMNIEKMUBHO20 OOCMYNA C ONO3HABAHUEM Hecyujell U O0OHapyiceHuem
rkoanusuil (carrier-sense-multiply-access with collision detection, CSMA/CD).

OTOT METOJ MCHOJB3YETCs] MCKIIOYUTEIBHO B CETAX € OOIIeH IMMHOU (K KOTOPBIM OTHOCATCS U
paanoCceTH, MOPOJUBIINE 3TOT MeTO). Bce KOMIbIOTEPHI Tako CETH MMEIOT HEMOCpeICTBEHHBIH
JOCTYN K OOIIeH IIMHE, TOITOMY OHA MOYKET OBbITh MCIIOJIb30BaHa JJIs Mepefadn JAaHHBIX MEXIY
MOOBIMU  ABYMs y31aMmHu ceTu. [IpocToTa cxembl NOJKIIOYEHHUS - 3TO OJUH M3 (PaKTOpOB,
ompenenuBmmx ycrnex cranaapra Ethernet. ['oBopsiT, 4ro kabenb, K KOTOPOMY IMOJKIIOYECHBI BCE
CTaHIINHU, PAbOTAET B PEIKUME KO/LIeKmMuUeHo20 docmyna (multiply-access,MA).

Bce nannble, mepenaBacMble MO CETH, MOMEIIAIOTCA B KaAphl ONpPEICICHHOH CTPYKTYpHI WU
cHa0XKaloTCsl YHUKAIbHBIM aJpecOM CTaHIIMM Ha3HaueHUs. 3aTeM KaJp nepenaercs mno kademnro. Bee
CTaHILMH, TOJKIIOUYEHHBIE K Ka0eno, MOTyT pacho3HaTh (PakT mepenadyd Kaapa, U Ta CTaHIIMA,
KOTOpasi y3HaeT COOCTBEHHBIN aJipec B 3arojioBKax KaJpa, 3allMChIBA€T €ro COJEPKMMOE B CBOMU
BHYTpeHHUH Oydep, oOpabarhiBaeT MOJIY4YEHHBIC AAHHBIE U TOCBUIAET MO KaOemo Kaap-OTBET.
Anpec CTaHIIMU-UCTOYHMKA TaK)K€ BKIIIOUYEH B HCXOJHBIA KaJp, MO3TOMY CTaHIUSA-TIOTy4aTellb
3HAeT, KOMY HYXHO TOCJIaTh OTBET.

MAC-anpec (Mak azapec) - 3TO YHUKAJIbHBIA HIEHTU(PHKATOp ceTeBoro uHTepderica
(0OBIYHO CceTEeBOM KapThl) [UIA pealu3allMd KOMMYHHMKAIlMA YCTPOMCTB B CETH Ha (U3NYECKOM
YpOBHE.

Tak, 5T0 yHUKaIBHBI HOMEDP, KOTOPBIM XPAaHUTCS B JOCTYITHOM TOJIBKO JUISl YTCHUS MTaMATH,
Ha3HAYCHHBIN CETEBOM KapTe €€ MPOU3BOIUTEIIEM.

Crannaptel IEEE onpenensitor 48-paspsinubiii (6 okretoB) MAC-aapec, KOTOpBI pasieneH Ha
YeThIpEe YacTH.

IlepBpie 3 oxTera (B MOpsAAKE WX IMeEpeJadyd IO CETH; cTrapuime 3 OKTeTa, eciu
paccMaTpuBaTh WX B TPAIUIIMOHHON OWUT-peBEpCHOM miecTHaAnaTepudHoi 3amucu MAC-aapecoB)
comepkar 24-OuTHBIN yHUKanbHbIM wuaeHTudukatop opranuzamuu (OUI), umu (Kog MFG —
Manufacturing, mnpousBoguTeNsi), KoTopbld mpousBoauTenb moiydaer BIEEE. Ilpu stom
MCTOJIB3YIOTCS TOJNBKO Mitaamue 22 paspsaa (6ura), 2 ctapiire UMEIOT ClelMaIbHOe Ha3HAYCHHUE:

. nmepBblii  Out (Muagmmii OUT TepBoro Oaifta) ykasweiBaeT, i oxuHO4YHOTO (0)
wi rpymnmnoBoro (1) aapecara npeaHa3HadeH Kaap
. BTOPOM MJIQIIINI OUT mepBoro Oaiita ykaswiBaet, sBisieTcs iu MAC-aapec rnobansHo (0)

WM JIOKAJIBHO (1) aIMUHUCTPUPYEMBIM.
Crnenyrouiye Tpu OKTETa BHIOMPAIOTCS M3TOTOBUTENEM JJISl KaXKIOrO 3K3eMIUIsipa ycTpoiicTBa. 3a
UCKJIIOUEHUEM CETEN CUCTEMHOM CeTeBOM apXUTEKTyphl SNA.
Takum  oOpazom, ri106aabH0  agMuHUcTpupyeMblii  MAC-aapec ycTpoiicTBa ri1006ajabHO
YHHKAJIeH U 00BIYHO «3aIIUT» B ammapaTypy.

AJMUHUCTPAaTOp CETH UMEET BO3MOXHOCTb, BMECTO HCIIOJIb30BaHUS  «3aAIIMTOIO»,
Ha3HauuTh  ycTpoiictBy MAC-agpec 1o  cBoeMy  yCMOTpeHHIO.  Takoil JIOKaJbHO
agmuHucTpupyembiii.  MAC-aapec BoIOMpaeTcss TPOM3BOJIBHO M MOXKET HE COJAEpKaTh
napopmanuu 06 OUIL  Tlpu3HakoMm JIOKaJbHO aIMHUHUCTPUPYEMOIO  ajpeca  SIBIACTCS
COOTBETCTBYIOLIMI OUT MEPBOTO OKTETA aapeca (CM. BBIIIE).

st Toro, utoOb1 y3HaTh MAC-azmpec ceTeBoro yCTpOMCTBA, HUCIOIB3YIOTCS CISAYIOIINE
KOMaH/bl:

. Windows — ipconfig /all — Gonee moapoOHO pacnuceiBaeT — kakoid MAC-anpec kK KakoMy
ceTeBoMy HHTEp(EHCy OTHOCUTCS
. Windows — getmac — MeHee moapoOHO pacnuchiBaeT — kKakod MAC-ampec K KakoMy

ceTeBoMy HHTEp(EHCy OTHOCUTCS
Linux — ifconfig -a | grep HWaddr
FreeBSD — ifconfig|grep ether
. HP-UX — /ust/sbin/lanscan
. Mac OS X — ifconfig, nu6o B Cucremusix Hactpoiikax > CeTb > 6bi6pame nookarouenue >
JomomuutensHo > Ethernet > Unentuduxarop Ethernet
QNX4 — netinfo -1
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. QNX6 — ifconfig miu nicinfo

B o6mem, MAC-anpec Ha3HauaeTcs Ha MOCTOSIHHOM OCHOBE YCTPOMCTBY M HE MOKET OBITh
n3MeHeH. Ho B HEKOTOpBIX clydasx CYIIECTBYET BO3MOXHOCTh u3MeHeHHsi MAC-agpeca Ha
MPOrPaMMHOM YPOBHE. ITO u3BeCTHO, Kak MAC-crryuHT.

2. JlocTyn K cpefie M nepeaavya JaHHBIX.

[Tpenmonaras yisl MPOCTOTHI U3JIOKEHUS, YTO KKl y3el (CTaHLMS) UMEET TOJIBKO OJMH
cereBoil mHTEep(eiic, paccMoTpuM, Kak Ha ocHOBe anroputmMa CSMA/CD mpoucxomuT mepemaya
naHHBIX B ceTH Ethernet.

Bce xoMmmproTepsl B CETH C pa3leisieMOd Cpefoidl MMEIT BO3MOYKHOCTh HEMEMJIEHHO (C
YUETOM 3aJIepKKU PACIIPOCTPAHEHUsI CUTHANIa IO (PU3HUECKOH cpefie) MOIyUYUuTh JaHHbIE, KOTOPbhIE
m000i M3 KOMITBIOTEPOB Hayaj MepeaaBaTh B oOmIylo cpeny. ['oBopsT, 4To cpena, K KOTOPOi
MTOAKJTIOUEHBI BCE CTAHIINH, pabOTaeT B peKUME KOJUIEKTUBHOTO nocTymna (Multiply Access, MA).

UTo0Bl TONYYNUTh BO3MOXKHOCTH TiepelaBaTh Kajap, HWHTep(delc-oTIpaBUTENb TOJKECH
yOenuThes, 4TOo paszfenseMas cpefa cBOOOAHA. DTO JIOCTUTaeTCsl MPOCIYIIMBAHHUEM OCHOBHOM
rapMOHUKH CHTHAaJIa, KOTOpast TaKXke Ha3bIBaeTcs Hecymleil yacroToit (Carrier Sense, CS).

[Tpu3HaKOM «HE3aHATOCTH CPEJIbI SBJIAETCS OTCYTCTBUE Ha HEW HECYIEH YacTOThI, KOTOpas
IIPU MaHYECTEPCKOM crocol0e KOIMpOBaHUA, MPUHATOM A Bcex BapuaHToB Ethernetl0 Mowut/c,
paBHa 5-10 MI'm B 3aBMCMMOCTH OT MOCJIE€IOBATEIIBHOCTH E€IWHUI] U HYJIEH, MepeaaBaeMbIX B
JTAaHHBIM MOMEHT.

Eciu cpema cBobGonHa, TO y3en HMMeeT MMpaBO HauyaTh Mepenady kaapa. B mpumepe,
MMOKa3aHHOM Ha puc. 27, y3en 1 oOHapyXwuil, 4To cpefa CBOOOAHA, M HAYall MepeiaBaTh CBOU Kap.
B xmaccuueckoit cerm Ethernet Ha koakcmambHOM KaOene CHTHalmbBl TepeAaTdynka ysna |
pacmipocTpaHsoTCS B 00€ CTOPOHBI, TAK YTO HMX IMOJYYalOT BCe Y37bl ceTH. Kaap NaHHBIX Bceraa
COMPOBOXKIACTCS MPeaMOyJION, KOTOpasi COCTOUT W3 7 OaMT, KaKIblil U3 KOTOPHIX UMEET 3HAUCHUE
10101010, u 8-ro OGaiita, paBaoro 10101011. IMocmeanuii GaiT HOCUT HA3BaHHWE OTPAHUUUTEIS
Hayama kanpa. [IpeamOyna Hy)XKHa IJi BXOXKIEHHUS NPHEMHUKAa B TOOHUTOBYIO M TMOOAMTOBYIO
CUHXPOHHU3AIMIO ¢ nepegaTunkoM. Hanuuue nByX eAMHUI], UAYIIUX TOJAPSA, TOBOPUT MPUEMHHUKY O
TOM, YTO IpeaMOyJia 3aKOHYIIIACh U CIEAYIONUI OUT SBIISETCS HaYalIoM Kajpa.

Bce cranmmm, moakiIrOYeHHBIE K Ka0elto, HAUMHAIOT 3alMUChIBaTh OalThI MEpesaBaeMoro
Kazpa B cBoW BHyTpeHHHE Oydepnl. IlepBeie 6 OallT kaapa comepkar aapec Ha3HavyeHHs. Ta
CTaHIIMsI, KOTOpasi y3HaeT COOCTBEHHBIM aJipeC B 3aroJioBKE Kajpa, MPOJOIKAET 3alUCHhIBAThH €0
COJIEp’)KUMOE B CBOWM BHYTpeHHUN Oydep, a ocTaibHble CTaHIMM HAa 3TOM IpUEM Kajapa
npekpamaoT. CTaHnusl Ha3HAaYeHHs] 00padaThIBAeT MOJIYYCHHBIC TaHHbBIC, MEepPelIaeT X BBEPX IO
ceoemy creky. Kaap Ethernet comepxut He TONBKO aapec Ha3HAUY€HHUs, HO M aJpec MUCTOYHHKA
JaHHBIX, IO3TOMY CTaHIUSA-TIOIyYaTeIb 3HAeT, KOMY HYXHO MOCJIaTh OTBET.

Konnuausa (jam)

CnyuaitHas naysa

‘2 9,6 MKC |
WuHa 1 2 ] 1 l
A A A
Yaen 1 |Mepepava J Flepenaqaj
Monbitka /
nocryna — MNepeaaya
K WwHe y3na 2
Ysen2  |Oxupanue|Nepenaua
Moneirka
AOCTYNa K WKHe yana 3
Yaen 3 Nepepaua Omauuq

Pucynok 27 — Metop cinyvaitnoro nocryna CSMA/CD
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¥3en 2 Bo BpeMs Iepenauu Kajapa y3jioM | Takke IbITalcs HayaTh Iiepeady CBOETO Kajpa,
OJTHAKO OOHApYXMBAET, YTO Cpella 3aHATa — Ha HEW NMPUCYTCTBYET HeCylllas 4acToTa, — M03TOMY
y3€11 2 BBIHYXK/IEH K/1aTh, II0Ka y3€J1 1 He mpekpaTuT nepeaavy Kajapa.

[Tocne okoH4aHuUs mepenadyu Kajpa Bce y3Jbl CeTH 00s3aHbl BbIIEPKATh TEXHOJOTHUECKYIO
naysy, paBHyio MexnakerHomy unrtepBaiy (Inter Packet Gap, IPG) B 9,6 Mkc. D1a mays3a HyXHa
JUIA TIPUBEIEHUSl CETEBBIX aJalTepOB B MCXOJHOE COCTOSIHME, a TAKXKE I INPEAOTBPAILCHUS
MOHOIIOJIBHOI'O 3aXBaTa Cpepl OMHOU cTaHiuel. Ilocine OKOHYaHU TEXHOIOIMYECKON May3bl y3IIbl
MMEIOT IIPaBO HaydaTh Mepefiady CBOEro KaJpa, Tak Kak cpeia cBoOoaHa. B mpuBeaeHHOM npumepe
y3e1 2 A0XAAICs OKOHYaHUA Mepeaaydn Kajapa y3ioM 1, caenan nay3y B 9,6 MKC U Hayall iepenavy
CBOETO Kajpa.

3. Bo3HUKHOBEHHE KOJUIU3UH.

MexaHu3M MPOCTYIINBAHUS CPEbI U Tay3a MEXy KaJpaMH HE TapaHTUPYIOT UCKITIOYCHUS
CUTyalluu, Korja JBe MWIM Oojiee CTAaHIUMU OJHOBPEMEHHO pEeIIaloT, YTO cpeaa cBOOOAHA, U
HAYMHAIOT TMepelaBaTh CBOU KaJpbl. ['OBOPAT, YTO MpPH 3TOM MPOMCXOAUT KOJUIM3HS, TaK Kak
coliepkuMoe O00OMX KaJpOB CTAJIKHMBAeTCs Ha o0OmeM Kabene W MPOUCXOAUT HCKAKCHHE
uHpOopMaluu.

Konnmusus — 310 HOpManbHas cutyanus B padote ceredr Ethernet. J[ns BO3HUKHOBEHUS
KOJUIM3MH HE 00s3aTeNbHO, 4YTOOBl HECKOJIBKO CTaHIMN Havanu Tmepefady abCONIOTHO
OJTHOBPEMEHHO, Takas CUTyalus MajoBeposiTHAa. bojee BeposiTHa CUTyalus, KOT/Ia OAMH Y3€l
HAaYMHAET TMepeady, a 4yepe3 HEKOTopoe (KOPOTKOE) BpeMsl IPYroil y3end, MPOBEPUB CPEly U HE
00HapyKUB HECYIIYIO (CUTHAJIBI TIEPBOTO y3JIa elIe He YCIENH JI0 Hero JI0MTH), HAUMHAET Nepenavy
cBoero kaapa. Takum oOpa3oM, BOSHHKHOBEHHE KOJITU3UU SIBISIETCS CIICJCTBHEM paclpeaciieHuUs
y3JI0B CETH B IIPOCTPAHCTBE.

N 54 ) 6 A
[ o |
D o =ha
s - e
B Coans caoons
pena ca a—
CronkuoeeHe yaen 3 HauMHaeT
CHHanoe

nepenaqy

2 = =
Yaen 3 obHapysuBaeT
KOG

z S Y. l. " y =, |
Konnnim pacnpocTpaHAETCa
Ao yana 1

Pucynok 28 CxeMa BO3HMKHOBEHUS U PACIPOCTPAHEHUS KOJITU3UHU

YtoObl KOpPpeKTHO 00paboTaTh KOJUIM3WIO, BCE CTAaHIUM OJHOBPEMEHHO HAOIIOMAIOT 3a
BO3HUKAKOIIIUMHU Ha KaGGH}IX curHanamu. Eciu nepcaaBacMbIC U HaGHIO,Z[aeMBIG CHUTHAJIbI
otnuuaiotcs, To (ukcupyercsa dakt obHapyxkeHnus koumm3uu (Collision Detection, CD). [lns
MOBBIIICHUSA BCPOATHOCTH CKOpGﬁHIGI‘O O6Hapy)KGHI/I}I KOJIJIM3UU BCEMHU CTAaHIUAMHU CCTH CTaHIIMA,
KOTOpasi OOHApYXHJIa KOJUTM3UIO, MPEPHIBACT Tepenady CBOEro Kajapa (B MpPOM3BOJIBLHOM MeECTE,
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BO3MOXKHO, U HE Ha TpaHMIe O0alTa) U yCyryOJseT KOJUIM3HIO TOCBUIKOH B CETh CIENUaIbHOMN
MOCTIeIOBATENbHOCTH U3 32 OUT, HA3bIBAEMOM jam-110CIIeI0BATEIbHOCTBIO.

[Tocne sToro oOHapyXuBILIas KOJUIM3UIO MeEpeAarolias CTaHUUs o0s3aHa INPEKPaATUTh
nepefayy M chenaTh IHay3y B TEUEHHE KOPOTKOIO CIIy4yaifHOrO WHTEepBajla BPEMEHH. 3aTeM OHa
MOJKET CHOBa MpPENNpPHUHATh MOIBITKY 3axBara cpeabl M mnepenaun kagpa. ChydaiiHas mnaysa
BBIOMPAETCSI 110 CIEIYIOIEMY AITOPUTMY:

[Tay3a = L x (MHTEpBaJI OTCPOYKH).

B rtexnonorum Ethernet mHTEpBanm oTCpoYkH BBHIOpaH paBHBIM 3HA4YEHUIO 512 OMTOBBIX
UHTEpBAJIOB. DBHUTOBBII HMHTEpPBaJl COOTBETCTBYET BPEMEHM MEXKAYy MOSBIEHUEM JBYX
MocjeI0BaTeNbHbIX OWTOB JAaHHBIX Ha Kabene; mns ckopoctu 10 MoOut/cBenuumHa OUTOBOTO
uHtepBaia pasHa 0,1 mxc, unu 100 He.

L npencraBnser co0oi 1e10e Ynciio, BBIOpaHHOE C PaBHOM BEpOSITHOCTBIO U3 auanas3oHa [0,
2N], rne N— HoOmep NOBTOPHOM MONBITKM mepedauyr aaHHoro kaapa: 1,2,..., 10. Ilocme 10-i
MIOTIBITKH UHTEPBAJI, U3 KOTOPOTO BEIOMPAETCS May3a, HE YBEIUYHBACTCS.

Takum oOpa3om, cirydaitHas may3a B TexHosioru Ethernet moxxet npuHuMarth 3HadeHus ot 0
1o 52,4 mc.

Ecimn 16 mnocnenoBaTeNbHBIX MOMBITOK MEpeAayd Kajapa BbI3BIBAIOT KOJUIM3HMIO, TO
nepeaTyrK J0JDKEH MPEKPATUTh MOMBITKH U OTOPOCHTH 3TOT Kaap. ONUCaHHBIN aJrOpuTM HOCHUT
Ha3BaHUE YCEUCHHOI'O 3KCIIOHEHIMAIILHOTO JBOUYHOI'O aJITOPUTMa OTCPOUKHU.

[loBenenne ceru Ethernet mnpu 3HaumTenpHOW Harpyske, Korga Kod(pQHUIMEHT
UCIOJIb30BAHUS CPENlbl PACTET U HaUMHAET MpUOIMKAThCA K 1, B IIEJIOM COOTBETCTBYET Ipadukam,
KOTOpBIE ObUTM MPUBE/CHBI B TIaBe 7 MPH aHAIM3e MOJEIH Teopuu ouepeaeid M/M/1. Onnako poct
BpPEMEHHU OKUIAHUSA OCBOOOXAEHUs cpelsl B cerax Ethernet HaumHaeTcs paHblle, 4eM B MOJEIU
M/M1. 3To npoucXoauT U3-3a TOro, yTo Mojenb M/M/1 siBisercss O4eHb NPOCTON M HE YUUTHIBAET
Tako BakHOW ocobeHHoctn Ethernet, xak kommsuu. AnmuHHCTpaTtopbl cereil Ethernet Ha
pazzgensieMoil cpene pyKOBOICTBYIOTCSI MPOCTBIM SMIIMPUYECKUM MpaBHIOM — Ko3(dduuument
WCIOJIb30BAaHUS CPebl HE TOKEH npeBbiath 30 %.

Jlnist moiep KU YyBCTBUTENLHOTO K 3ajiepxKam Tpaduka cetu Ethernet (u npyrue cetu Ha
paszensieMoll cpesie) MOTYT IPUMEHSTh TOJIBKO OAMH METOJ MOAJEpkKaHUs XapakTepucTuk QoS —
HE/IOTPYKECHHBINH PEKUM pabOTBHI.

Jleknusi Nel(. Pa3HOBHAHOCTH apXHUTEKTYPhI CeTeil.
Bomnpochr:

1. OBomronug Ethernet.

2. Cnenuduxanus Fast Ethernet.

1. OBouronus Ethernet.

Ethernet, Bo3HUKIIIasg KaK ceTeBasi TEXHOJIOTHA C pa3/eieHUEM Ccpebl epeaayn, a UMEHHO
KOAKCHaJbHOTO Kalesi, HBOJIIOIHOHUPOBAJa BMECTE C M3MEHEHHSIMH 3alpOCOB IOJIb30BATEICH.
CooTBeTCTBYSl CaMbIM IIOCJICIHMM TPEOOBaHUSAM K KaOenpbHOW mpoBojnke, craHmapt Ethernet
pacmipocTpaHsieTCsl Temepb Ha TaKWe CpeAbl IMepeladyd JaHHBIX, KaK ONTHUYECKOE BOJOKHO H
He’KpaHUpoBaHHAs BHUTas mnapa. [loOynuTenbHBIMH MOTHBAMU TEpexoja K 3TUM CpelJaM CTajio
OBICTpOE ©  BCEMPOHHUKAIOIIEE PACHPOCTPAHCHHE JIOKATBHBIX CEeTel B  KOMMEPYECKHX,
MPABUTENLCTBEHHBIX M JPYroro poja OpraHu3alusax, a Takke MOoTpeOHOCTh B 3(PPEKTHBHOM U
SKOHOMHYHOM YTIPABJICHUH U OOCITY’)KUBAaHUM JaHHBIX ceTeld. [IpexHue ke HeCTpYKTYypHpOBaHHBIC
MPOBOJKHU M3 KOAKCHATBHOTO Ka0eJsi He yIOBJIETBOPSUIM STUM TPEOOBAHUSM.

Kommyranus B Ethernet Obu1a paspaboTana ¢ 1esbl0 pacIMpeHus JOCTYITHOM AJIsi CEpBEPOB
1 pabovnX CTaHLUHN MOJO0CH Nponyckanus. [losBieHne HeTOPOrUX KOMMYTATOPOB ISl JTOKAJIbHBIX
ceTell Mmpeaonpeeuio Nepexo] K pa3peKeHHbIM U YAaCTHBIM (BBIJIECICHHBIM) CETSM C IOMOIIbIO
MUKpPOCETMEHTAIINH.

B navane 1960 psig uccnenoBaTeneil, MHOTUE U3 KOTOPHIX B JaJIbHEHMINIEM y4acTBOBAJIU B
npoekte ARPANET, Buaenu rpoMaHplii MOTEHIIMAT BO3MOXKHOCTH KOMITBIOTEPOB OOMEHUBATHCS
JaHHBIMU JIpYI C OPYrOM. YCTaHOBJIEHHOE B 1965 roay coenuHeHHe MeXy KOMIIBIOTEpaMH B
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Maccauycerrckom Huctutyre Texnomorum u YauBepcutere OxHoi Kammudopuuu sBumoch
smOproHoM MHTEpHeTa.

HNutepuer Obu1 poxaeH B 1969 romy, korma KOMITBIOTEPBI YETHIPEX YHHUBEPCHUTETCKHX
neHtpoB CIIA Obtn coennHeHsl MexIy coboit. Jlo cepenunsbl 70-X, koraa uMs HTepHET BOILIO B
obuxon, o Hocun Mg ARPANET. [lo cpaBHEeHHIO ¢ TpaAWIIMOHHBIMU TeJe()OHHBIMU CETIMH,
OCHOBaHHBIMM Ha KOMMYTaluu KaHanoB, TexHojaoruu ARPANET wucnonb3oBany KOMMYyTaIuio
MaKETOB - IAHHBIX OIPAHMYCHHOT0 00hEeMa, 3aKIIIOUCHHBIX B "KOHBEPTHI" C yKa3aHHEM UCTOYHUKA U
noytyyatesist. 9Ta TEXHOJIOTHSI MO3BOJIUIIA CYHIECTBEHHO YIPOCTUTH apPXUTEKTYPY CETH U MOBBICUTH
€€ HaJIe)KHOCTb.

OnektpoHHas mouTa (e-mail) u telnet (ymaneHHBII OOCTYHn B pEXHUME TEpMHUHANA)
nosisuiiich B ARPANET B 1972, a ftp (oOmen daiinamu) - rogoM mo3xe. B To ke gecsaTuneTue
obuta pazpaborana apxurekrypa TCP/IP, kotopas Oblia OKOHUATENbHO BHEIpeHa B Havane 1980-x.

B 1986 rogy ocHoBoi#l cetn sBisuiach HanmoHaibHas omopHasi ceth CIIIA - NSFNET ¢
nponyckHoM crocobHocThio B 56K. OcnoBHble mpunokenus:t Cetu - e-mail, ftp u telnet, cramu
CTaH/IaPTHBIMU Ha KOMIIBIOTEpAX TOIO BPEMEHH, YTO IMOCIYKUJIO CYIIECTBEHHOMY YBEIWYECHHIO
qrclia TI0Jb30BaTeNel, 0COOCHHO B YHUBEPCUTETAX M HAYYHBIX LIEHTPAX.

B 10 Bpems kak e-mail m ftp MO3BOIAIM TONB30BATENSIM TIOJJCPKHUBATh JCIOBBIE U
COLlMAJIbHBIE KOHTAaKThl M OOMeHWBaThca HMHQpoOpmanueil, a telnet - ucmonp3oBaTh yaaleHHBIC
BBIUHCIIUTENbHBIE PECypchl, pa3palaThiBajioch Bce OoJibllie MPUIOKEHUH, TO3BOJISIOLINX
KaTaJoru3upoBaTh U HaxoauTh MHPopMmaruio B Ceru. CerogHs Manio KTO TMOMHHUT MPHIOKEHUS
Archie, WAIS wmm gopher, KoTopble SBUIWCH TPEATEUEH CETOMHSNIHETO BA0a M TOMCKOBBIX
MaIlIHH.

1989 rox o3HamMeHOBAJI POXKIECHHE HOBOTO MPOTOKOJA, KOTOPBIA CTajl OCHOBOM CHCTEMBI
WorldWideWeb-  http. B mnouckax  BO3MOXHOCTH  OOBEOMHEHHUS  pacHpeleSICHHBIX
MH(OPMALIMOHHBIX PECYpPCOB - B OCHOBHOM, JIOKYMEHTOB, XpaHSIIMXCA Ha pa3iINYHbIX
KommbloTepax, - Tum bepuepc-JIu (TimBerners-Lee), B To Bpems corpyaauk CERN, npeanoxun
UJICI0 TUIEPIUHKOB, Yepe3 KOTOpPbIE MOJIb30BaTENIb MOXKET MEPEXOAUTh C OJHOTO JOKyMEHTa Ha
JIPYToi, HaXOASIIMICS, BO3SMOXKHO, HA APYTOM KOMITBIOTEPE U Ha IPYTrOM KOHTHUHEHTE.

Ho navama 90-x MutepHer B CIIIA B ocHOBHOM (DMHAHCHPOBAJICS TOCYIapCTBOM M €T0
MCIOJIb30BaHNE OBLJIO MOCTYIMHO TOJIBKO ISl HAYYHO-00pa3oBaTeNbHBIX yupexaeHui. [lomoOHas
cutyanusi Obita m B EBpome. C Hauwanma 90-x HaumHaeTcs KoMMepruanusamnus HuTtepHeTa n
MOSIBJISIETCS BCE OOJBIIE YCIIYT, IPEIaraeMbIX OOBIYHBIM IMOJIb30BaTesiM. COOTBETCTBEHHO, PACTET
Y 4UCII0 Tosib3oBareneit inrepuera.

Jle-perynupoBaHre M IpuBaTU3alUsg pbIHKA TEIEKOMMYHUKaUMi B KoHue 1990-x,
MOSIBJICHUE U LIUPOKOE PAaCHpOCTPaHEHHUE MEPCOHATBHBIX KOMIBIOTEPOB U CKOPOCTHBIX MOJEMOB
OTKpbUIO HEBMJIAaHHBIE TOPU3OHTHI i pa3BuTHs WHTepHera. PocT mpomyckHO# crnocoGHOCTH
CTUMYJIMPOBAI CO3JaHUE HOBBIX (pOpM MH(POPMAIMOHHOTO KOHTEHTA, KOTOPHIH B CBOIO OYEpeIh
TpeOoBai OOJBIIMX CKOPOCTEH. DTa Criupalib HHHOBALIUU MPOJIOJKAETCS U CErO/IHA, TOJCTErHYTas
CTPEMUTENBHBIM POCTOM MOOUIBLHOTO IHTEpHETA U, KaK CIEJICTBUE, €TO0 pa3Mepa U BOZMOKHOCTEH.

2. Cnenuduxanust FastEthernet.

Fast Ethernet — cnemmdukanus [EEE 802.3 u odpunmansrao mpunsitas 26 okTsaops 1995
roja OmIpenenseT CTaHAapT MPOTOKOJIa KaHAIBHOTO YPOBHS JUis ceTell paboTarommx mpu
HCIIOJIb30BAaHUHM KAaK MEIHOr0, TaK M BOJIOKOHHO-OITHYECKOro Kabens co ckopocthio 100MO/c.
HoBas cnemudukanus seisercs Hacnenuuuen cranmapra Ethernet IEEE 802.3, ucmons3ys takoit
ke (dopmar kanmpa, mMexaHusMm goctyna k cpexe CSMA/CD um Tomosjoruio 3Be3ga. DBOJIOLMS
KOCHYJIaCh HECKOJIBKHX 3JIEMEHTOB KOH(QUTYypalluu CPeaCTB (GU3NUYECKOTO YPOBHSI, YTO MO3BOJIUIIO
YBEJIMYUTH MPOMYCKHYIO CIIOCOOHOCTH, BKITFOUAS TUITBI IIPUMEHSIEMOTO Ka0es, TMHY CErMEHTOB U
KOJIMYECTBO KOHIIEHTPATOPOB.

FastEthernet (bwicTpbiii Ethernet) — BBICOKOCKOpPOCTHast TEXHOJIOTHUS, TPEATIOKECHHAsS
¢dbupmoit 3Com mns peanmsanuu cetu Ethernet co ckopocteio mepemgaum nanuHbix 100 Mowut/c,
COXpaHMBINAs B MaKCUMalIbHOU crereHu ocobeHHocTu 10-merabutHoro Ethernet (Ethernet-10) u
peanu3oBaHHas B Buje ctanaapra 802.3u.
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OcHoBHOM T1enbl0 TIpu  pa3paboTke TexHomorun FastEthernet Owputo  oOecreuenue
MIPEEMCTBEHHOCTH MO OTHOIIeHuI0 K 10-merabutHomy Ethernet 3a cuér coxpanenust ¢opmara
kaapoB u Meroaa gocryna CSMA/CD, 4to mO3BOJISIET HCIIONB30BaTh MPEKHEE MPOrPaMMHOE
obecnieueHne u cpeactBa ympaBiueHus cetssmu Ethernet. OmgHuMm w3 TpeOoBaHMU OBUIO TaKke
WCIIOIh30BaHNUE KAOCIBHON CHCTEMBl Ha OCHOBE BUTOM Taphl KATETOPUH 3, TIOJYyYMBIIICH HA MOMEHT
nosiBneHust FastEthernet mmpokoe pacnpoctpanenue B cersix Ethernet-10. B cBs3u ¢ 3tum Bce
ornuuus FastEthernet ot Ethernet-10 cocpenorodensr Ha GpuznueckoM ypoBHE.

B FastEthernetnpenycmoTpens! 3 BapuaHTa KaOeIbHBIX CUCTEM:

» mHOromo10BbIit BOK (ucnonb3yercs 2 BOJIOKHA);

* BUTAs Mapa KaTeropuu 5 (Ucrosb3yercs 2 mapsl);

* BUTAs Napa Kareropuu 3 (UCIoab3yeTcs 4 mapsbl).

CtpyKTypa ceTu — nepapxudeckasi IpeBOBHIHAS, TOCTPOSHHAS Ha KOHIIEHTPATOpax (Kak
10Base-T u 10Base-F), mockoibKy HE IpeyCMaTpUBAIOCh UCITOJIH30BAHNE KOAKCHAIBHOTO KaOesl.

Huamerp cetu Fast Ethernet, kak mokaszano B 11.3.2.5, cocrapinser HeMHOruM 6osiee 200
METPOB, UTO OOBSICHSIETCS] YMEHBIICHHEM BPpEMEHH Mepeiaul KaJpa MUHUMalbHOM 1iauHbI B 10 pa3
B pe3yJbTaTe YBEIMYCHHUS IPOIYCKHON criocoOHOCTH KaHana B 10 pa3 o cpaBHenuto ¢ Ethernet-10.
TeMm He MeHee, BO3MOXKHO TIOCTPOCHUE KPYITHBIX ceTeil Ha ocHOoBe TexHosoruu Fast Ethernet,
Onarofaps MosIBICHUIO B Havase 90-X roJjoB MpoIioro Beka kKommyTtaTopoB. [Ipu ucnonp3oBanuu
KOMMYyTaTopoB npotokoi Fast Ethernet moxxet paboTarh B MOJTHOAYIUIEKCHOM PEXKHUME, B KOTOPOM
HET OrpaHUYCHHI Ha OOIIYI0 JUIMHY CETH, a OCTAIOTCS TOJBKO OTPAHUYCHHUS HA JUTMHY (PU3NIECKUX
CEerMEHTOB, COEIMHSIOIINX COCEAHNE YCTPOMCTBA (aAanTep — KOMMYTaTOp WM KOMMYTAaTop —
KOMMYTAaTop).

Cranmapt IEEE 802.3u onpenensier 3 cneruduranuu ¢usnyeckoro ypoHs Fast Ethernet,
HECOBMECTHUMBIX IPYT C APYTrOM:

* 100Base-TX — s mepegayu AJaHHBIX UCHOJB3YIOTCS ABE HedKpaHUpoBaHHbIe nmapsl UTP
kareropuu 5 unu STP Type 1;

* 100Base-T4 — nig mepenadyd JaHHBIX HMCHOJIB3YIOTCS YEThIPE HEIKPAHUPOBAHHBIX IMapbl
UTP kareroputii 3, 4 unu 5;

* 100Base-FX — nig nepenauu TaHHBIX UCMOJIB3YIOTCS BA BOJOKHA MHOTOMO10Boro BOK.

Cneundpurxanumn 100Base-TX u 100Base-FX.

Texnomorun 100Base-TX u 100Base-FX, HecMOTpsi Ha UCITOIB30BaHUE PAa3HBIX KaOEIbHBIX
CHCTEM, UMEIOT MHOTO OOIIEro ¢ TOYKH 3PEHUS MOCTPOCHUS M (PYHKIIMOHUPOBAHHS, B TOM UHUCIIE,
OJIMHAKOBBIM METOJ JIOTHYECKOro kKoaupoBaHus — 4 B/5B npu pa3znudapix MeTogax (pU3HUecKoro
konupoBanusi — MLT-3 B 100Base-TX u NRZI B 100Base-FX.

Kpome Toro, B TexHonmoruu 100Base-TX wumeercs ¢yHKIHUS aBTONEPETOBOPOB,
oOecrieunBaromias aBTOMaTHIeCcKoe ornpeaesienne ckopoctu nepenadn (10 uam 100 Mout/c) Mexay
IByMsl CBA3aHHBIMU YycTpoicTtBamu (CA, KOHIIEHTpAaTOp, KOMMYTAaToOp) MYTEM IOCBUIKUA IpHU
MOAKIIOUEHNN TadKu crenuanbHbix uMmiynbcoB FLP — Fast Link Pulse burst — co cropons
YCTpPOHCTBA, KOTOpOE MOXKET paboTarh Ha ckopoctu 100 Mout/c. Ecnu BcTpeuHoe ycTpoicTBO He
OTKJIMKAETCA Ha 3TH UMIYJIbChI, ’TO 0O3HAYaeT, YTO OHO MOXET paboTaTh TOJbKO Ha ckopocTu 10
MowuT/c, 1 IepBO€ YCTPOHCTBO YCTAaHABIUBACT PEKUM Iepenaun JaHHbIx 10 Mout/c.

Cnenuduxamnus 100Base-T4.

K momenty nosinenust Fast Ethernet 6onpmuacTBo JIBC Ethernet B xauecTBe kabenbHON
CUCTEMBI HCIIONb30BAIM HEIKPAHHPOBAHHYIO BUTYIO mapy karteropuu 3. JKenaHue COXpaHUTH
kabenpHyto cucreMy 10-merabutneix JIBC Ethernet o0ycrnoBuio npuMeHEHHE CIEIHaTbHOTO
MeTO/a JIOTHYeCKOTOo KonupoBanus — 8 B/6T, obecneunBiiero 6osee y3Kuid CIEKTpP CUTHANIA, YTO
npu ckopoctu 33 MOUT/C MO3BONUIIO YIOKUTHCA B mosiocy 16 MI'11 BuTo# mapsl Kateropuu 3.

[Ipu komupoBanuu 8B/6T 8 OuT 3amMeHSAIOTCS 6-10 TpOWUYHBIMH IMdpamu. [[mUTENTbHOCTH
onHOM TporuHoi dpsl — 40 He. CnenoBaTenbHO, 0UH OalT epenaercs 3a 240 He (6*40 HC), yTO
COOTBETCTBYET CKOpOCTH Tiepemaun B 33,3 MoOwut/c. s mepenaun JaHHBIX MCTOIB3YETCS 3 Taphbl
UTP xareropuu 3 (3*33,3 Mour/c = 100 MOut/c), u eme oaHa mapa HCIOJIb3YyeTCS IS
MPOCIYIIMBAHUS HECYIIEH ¢ 11ebl0 O0OHAPYKEHUS KOJUTU3HM.
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CkopocTh M3MEHEHHUS CHTHajla Ha Kaxaou mape cocrtasisier: 1/(40 HCc) = 25 MOox, uto
MO3BOJISIET UCIIOJIL30BATh BUTYIO MMapy Kareropuu 3/

UtoOkI yuriie MoHATh paboTy U pa3o0paThcsi BO B3auMoaeicTBUH 3eMeHTOB Fast Ethernet
o0OpaTuMcst K pUCYHKY 29.

LLC (Logical Line Control .

YnpaBneHWe Narnyeckon CBs3bio - APalBep) KaHaneHbIn
MAC (Media Access Control - YPOBEHDb

ynpaBneHwe JOCTynom K cpene)

Reconcilliation

(Cornacosaxune) .
Mil (Media Independent Interface Puanyeckuit
lfl_HTepcbeﬁ HE3aBUCMMbIN OT Cpeab YpOBeHb
PCS (Physical Coding Sublayer N

MoaypoBeHb KOAMPOEaHs) ~

PMA (Physical Medium Attachment
MogypoBeHs (hU3MYECKOTO NPUCOEUHEHWA)
PMD (Physical Medium Dependent
MoaypoBeHs 3aBUCUMOCTUHUINYECKON cpeabl)
AUTONEG (Auto-Negotiation MNMoaypoeeHs A

ABTONEPEroBopos O CKOPOCTH nepenaquy) &

MDI (Medum Dependent Interface)
Pasbem ceTeBoro uHrepdenca

PHY (Physical Layer

Devce YcTpoicTBO
PU3MHECKOro YPOBHS)

Cpena nepenaum
OaHHLIX

Pucynok 29. Cucrema Fast Ethernet

B cnenugukanuu IEEE 802.3 u ¢pyHKIMM KaHAIBHOTO YPOBHS pa3OUTHI Ha JABa MOAYPOBHS:
ynpasierus: jgorudeckor cBs3pio (LLC) m ypoBHs moctyma k cpeae (MAC), kotopseiii Oyaet
paccmoTpern Hmwke. LLC, dynkmum koroporo omnpenenensl crangaproMm IEEE 802.2, dakrudecku
o0ecrieunBaeT B3aMOCBSI3b C MPOTOKOJIaMU 0ojiee BBICOKOro ypoBHs, (Hampumep, ¢ IP wimm IPX),
MIPEAOCTABIIAS PA3JINYHBIE KOMMYHUKALIMOHHBIE YCITYTH:

. CepBuc 0e3 ycTaHOBJIEHHMSI COCIMHEHHS] M NMOATBep:kIeHWH mpuema. [Ipocroii
CepBHC, KOTOPBII HEe o0ecreunBaeT YIpaBJIeHUs OTOKOM JaHHBIX UM KOHTPOJIS OLIMOOK, a TaKke
HE TapaHTUPYET MPABHIbHYIO IOCTABKY JAHHBIX.

. CepBuc ¢ yCTaHOBJIEHHEM COeTUHEHHsI. AOCOIOTHO HAJICKHBIN CEPBUC, KOTOPHII
rapaHTUPYET MPaBUIbHYIO JOCTAaBKY IaHHBIX 3a CUET YCTAHOBJIEHUS COEIMHEHUS C CHCTEMOMi-
MPUEMHHUKOM JI0 Hayaja Mepefayd JaHHBIX U HCIOJIb30BaHUS MEXaHM3MOB KOHTPOJS OLIMOOK U
YIpaBJIEHUS IOTOKOM JIaHHBIX.

. CepBuc 0e3 ycTaHOBJIEHHSI COeJUHEHUS ¢ MOATBep:KIeHUsIMU npuema. CpenHui
[0 CJOXHOCTH CEpPBHC, KOTOPBIH HCIOJNB3YeT COOOIIEHUS TOATBEPXKICHUS TpHEeMa IS
o0OecrieueHrs TapaHTUPOBAHHOM [OCTaBKM, HO HE YCTaHABJIMBAeT COEIWHEHHUS [0 Teperadu
JAHHBIX.

Ha nepenaromeii cucreme AaHHbIE, NEpeJaHHbIE BHU3 OT NpoTokosa CeTeBOoro ypoBHS,
BHayvaje MHKancyaupyroTcs noxyposueM LLC. Crangapt HaszbiBaeT ux Protocol Data Unit (PDU,
MpOTOKOJBHEIN 050k maHHBIX). Korma PDU mepemaercs BHu3 moaypoBHio MAC, rae cHOBa
oOpamiIsieTcsi 3aroJOBKOM U MOCTUH(OpMAIMEH, C 3TOr0 MOMEHTA TEXHHUYECKH €r0 MOXHO Ha3BaTh
kaapom. [[ns makera Ethernet sTo o3maudaer, uro kaap 802.3 momumo maHHBIX CeTEBOTO YpOBHS
cozepkuT TpexOaiToBblii 3aromoBok LLC. Takum 00pa3oMm, MakCMMallbHO JOIyCTUMas JUIMHA
JTAHHBIX B KaXI0M TakeTe yMeHbinaercs ¢ 1500 mo 1497 GaiTos.

3aronoBok LLC cocTtouT u3 Tpex nosei:

. DSAP (1 6aiit) Destination Service Access Point — ToYKka J0CTyna K CEpPBUCY
CHCTEMBbl — IIOJIyyaTellsl YKas3bIBaeT, B KakoM MecTe Oy(epoB MaMsATH CHUCTEMBI-TIOTy4aTems
ClelyeT pa3MeCTUTh JaHHBIE MaKeTa.
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. SSAP (1 6Gaiit) Source Service Access Point — To4Ka JOCTymna K CEPBUCY CHCTEMBI
— MCTOYHHKA BBITIONHSIET TaKue ke (PYHKIUU JIsI ICTOYHHKA JAHHBIX, Pa3MEIICHHBIX B MTAKeTe, Ha
Nepearniel CucTeMe.

. IloJsie ynpaBjenus (1 win 2 Gaiita) yka3plBaeT Ha TUI CEPBHUCA, HEOOXOAUMOTO IS
nanubiXx B PDU u dyaknmii makera. B 3aBUCHMOCTH OT TOro, KaKoOi CEpBHC HY)XKHO MPEIOCTABUTD,
T0JIE YIIPaBJICHUSI MOXKET OBITh JIMHOM 1 vin 2 GaiiTa.

[IpuHnMaromIel cucreMe He0OX0IUMO OTIPEICTUTh, KaKOW 13 TPOTOKOJI0B CeTeBOro ypoBHs
JOJDKEH TOoJyduTh BXxopsmue naHHelie. B makerax 802.3 B pamkax PDU LLC npumensiercs emie
OIMH TIPOTOKOJI, Ha3biBaeMblil Sub -Network Access Protocol (SNAP, npomokon oocmyna K
noocemsim,).

3aronoBok SNAP nmeer nimuHy 5 6alT U pacrosaraeTcsi HeroCcpeACTBEHHO TOCIIE 3aroJI0BKa
LLC B none nannbix kagpa 802.3, kak M0OKa3aHO Ha PUCYHKE. 3aroJIOBOK COJEPKUT J1Ba MOJISL.

Kon opranm3zamum. Mneatudukarop opraHu3anuy Wik MPOU3BOIUTENSI — 3TO 3-0aiiToBOE
oJie, KOTOPOe MPUHUMAET TaKoe Ke 3HaueHue, Kak nepsble 3 Oaiita MAC-aapeca oTmpaBUTeNs B
3arosnoBke 802.3.

JlokanabHbli ko. JIOKaNbHBIN KO — 3TO MOJIE JUIMHOK 2 0aifTa, KoTopoe (QYHKIIMOHAIBHO
skBuBajeHTHO oo Ethertype B 3aromoske Ethernet I1.

IHoxypoBeHb coriacoBaHus

Kak Owbuto ckazano panee Fast Ethernet sto sBomronmonmpoBaBmmii crangapr. MAC
paccuntanHplii Ha wuHTepdeiic AUI, nHeobOxomaumo mpeobpasoBate ansi uHTEpdeiica MIL,
ucrnons3zyemoro B Fast Ethernet, 1is yero u nmpeaHa3zHadeH 3TOT MOAYPOBEHb.

Ynpasaenue gocrynom Kk cpene (MAC)

Kaxnerit  y3em B cerm  Fast Ethernet wmmeer  koHTposuiep  gocTyma K
cpene (Media AccessController — MAC). MAC umeer kimtoueBoe 3HaueHue B Fast Ethernet u
MMeEET TPU Ha3HAYCHUS:

. OMpEESAET, KOTIa y3€J1 MOKET NepeIaTh MaKeT;

. nepeceuiaeT Kanapel ypoBHO PHY mims mpeoOpa3zoBanusi B MakeThl W TEpenaydu B
cpeny;

. noy4aeT kKaapsl U3 ypoBHs PHY u nmepenaer oOpabaTsiBaronieMy uX MporpaMMHOMY

obecrieyeHno (MPOTOKOJIAaM U IPUIIOKEHUAM).

CambpiM BakHBIM M3 Tpex HazHaueHuii MAC sBmsercs mepBoe. s moboii cereBoi
TEXHOJIOTUHU, KOTOpash HCIOJb3yeT OOIIyI cpeay, MpaBHiia OCTYIa K Cpeie, OIpeaessiolue,
KOTJla y3eJl MOXKET IepeaaBaTh, SBIAIOTCS €€ OCHOBHOW XapaKTepHCTHKOHW. Pa3zpaboTkoil mpaBui
noctyna K cpene 3anumarorcs Heckosibko komuteToB IEEE. Komurer 802.3, yacto mmeHyemblii
komuteTroM Ethernet, onpenensier crangaptel Ha JIBC, B KOTOPBIX MCHOJB3YIOTCS TMpaBUiia IOJ
HazBanneM CSMA/ CD (Carrier Sense Multiple Access with Collision Detection —
MHOKECTBEHHBIN TOCTYT ¢ KOHTPOJIEM HecyIei U oOHapyKeHHeM KOH(IUKTOB).

CSMS/ CD sBasitoTcsl mpaBWJIaMH JOCTyNa K cpefe kak s Ethernet, Tak m s Fast
Ethernet. UMeHHO B 3T0#1 00J1acTH IBE TEXHOJIOTHH IMOJTHOCTHIO COBIAIAIOT.

[Tockonpky Bce y3nmbl B Fast Ethernet coBMecTHO HCHONB3YIOT OAHY W Ty XK€ Cpeny,
nepeAaBaTh OHM MOTYT JIMIIb TOTJA, KOTJa HACTyMaeT uUX ouepenb. OnpenensioT 3Ty ouyepeib
npasuiia CSMA/ CD.

1.1.1.1 CSMA/ CD

Kontpommep MAC Fast Ethernet, nmpexae yeM OpUCTYNUTh K Tepenaye, MPOCITYIINBACT
Hecylyro. Hecymmas cymecTByeT auiib TOraa, KOrjaa Apyrou ysel BeleT nepenady. Yposens PHY
ompeeseT HaTu4re Hecyien u reHepupyet coodmienue st MAC. Hanuune Hecyield roBOpUT O
TOM, 4TO CpeJia 3aHsTa U CIyIIAIOUUN y3el (UK y3I1bl) JOJKHBI YCTYIUTh MEPEIAI0IIEMY.

YcerpoiictBo ¢pusnyeckoro yposus (PHY)

IMockonbky Fast Ethernet MoxkeT ucmonb30BaTh pa3ivdYHbIN THI Kabemns, TO IS KaKIOu
cpensl TpedyeTcs YHUKalbHOE IIpeBapUTeNIbHOE MpeoOpa3oBaHue curHaia. IIpeobpazoBanue
Takxke Tpedyercs 1 3¢ HEeKTUBHOM Mepeiadn JaHHBIX: CAeTaTh MepeaaBacMblil KO YCTOHYHBBIM K
rmoMexaM, BO3MOXKHBIM TOTEPSIM, JTMOO HCKKEHHUSAM OTICIBHBIX €r0 AJIeMEHTOB (00I0B), I
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obOecrieueHrss 3(PGEKTUBHON CHUHXPOHU3AIIMM TAKTOBBIX TEHEPATOPOB Ha TMeEpeNarolied WIn
IIPUEMHOM CTOPOHE.

1.1.1.2 IToaypoBens koauposanus (PCS)

Komupyer/nekomupyer naHHble mocTynawmue oT/K ypoBHI MAC ¢ HCHONB30BaHHEM
anroputmoB 4B/5B nnmu8B/6T.

1.1.1.3 llonypoBHM (PU3MYECKOTO TPHUCOCAUHEHUS W 3aBHUCHMOCTH OT (u3nveckoi
cpeast (PMA u PMD)

[MoxypoBau PMA u PMD ocymiecTBisiioT cBsi3b Mexay moayposaem PSC u uaTEpdeiicom
MDI, ob6ecneunBas  (GopMUpPOBaHHME B  COOTBETCTBUM C  METOJOM  (PU3MUYECKOTO
konupoBanusi: NRZI unu MLT-3.

1.1.1.4 ITonyposenns aBToneperoopos (AUTONEG)

[MomypoBeHb  aBTOMEPETOBOPOB  TO3BOJSET JIBYM  B3aUMOJCWUCTBYIONIMM  IOpTaM
ABTOMATUYECKU BBIOMpaTh Hambosiee dSPPEKTHUBHBIN peXUM pabOThI: IYIUIEKCHBIM  HIIH
nonyayruiekcHsid 10 wim 100 M6/c.

Jlekuust Nell. Cioco0b1 MOy ISIIIUH.

Bonpocsr:

1. Monynsuust mpu nepeaavye aHaJaOrOBbIX CUTHAJIOB.
2. Monynauus npy nepeaaye IUCKPETHBIX CUTHAIOB.

1. Moayasiuus Npu nepeaaye aHAJIOTOBbIX CHTHAJIOB.

[lepenaya AaHHBIX OCYIIECTBISETCS B BUAE (U3MUECKUX CUTHAJIOB PAa3IMYHOM HPUPOJIBI
(9MeKTpUYecKHe, ONITHYECKUE, PaJHOBOIHBI) B 3aBUCUMOCTH OT Cpefibl iepenaun. [yis obecrnieueHus
KAueCTBEHHOW Tepenaud HUCHOJB3YIOTCS pas3linyHble CrmocoObl MpeoO0pa3oBaHUs JaHHBIX,
MPEJICTABISIEMBIX B BUJE HEMPEPBHIBHBIX WM TUCKPETHBIX MEPBUYHBIX CUTHAIOB, B JIMHEHHBIC
¢bu3nyeckre cCUrHajibl (HempepbIBHbIE WU IUCKPETHBIE), IepeaBaeMble M0 JUHUU CBS3H.

[Mpouiecc mnpeoOpazoBaHUsT HEMPEPHIBHBIX CUTHAIOB WM WX MPEACTABICHUE B BUJC
(bu3MYECKUX CUTHAJIOB /I KAYECTBEHHON Nepeaut Mo KaHallaM CBSI3M Ha3bIBAETCS MOTYJISLIUEH.

Monynauust MoxxeT ocyuiecTBiATbes (puc.30):

* Ha OCHOBE HEIMPEPHIBHOTO (aHAJIOIOBOT0) BHICOKOYACTOTHOIO CHHYCOHMAJIBLHOTO CUTHAJA,
Ha3bIBAEMOT0 Hecyllel (aHanoroBast MOAYJISAUA);

* Ha OCHOBE IUCKpeTHOro (IM(poBOTrO) CHUTHAJIA B BHUJAEC HMIYJIbCOB (MMITYIbCHASI WU
udpoBast MOIYIISAINA).

Ananozosas mooynsayus - IpeoOpa3oBaHUE HEMPEPHIBHOTO HU3KOYACTOTHOTO cuTHaia X(t)
(puc.30,a) B HEMPEPHIBHBIM BHICOKOYACTOTHBIN CUTHAJ Y(t), HA3pIBaeMbI HECYIEH M 00JIa1atoIInid
0ojee BBICOKMMHU XapaKTePUCTHKAMU B OTHOIICHWU JAIBHOCTH TeEpeAadyd U 3aTyXaHUs.
AHanoropas MOAYJISILIMS MOXKET OBITh peain30BaHa ABYMs CIIOCOOaMMU:

x(t)
a) /-\f()/

0) P
; : v— ‘v‘ ‘v 1
VVV\W 1 ]

> A A

Pucynoxk 30. AnanioroBast MOJyJISIITUS
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1) ammnuTyaHas MOAYJSLUSA, NMPH KOTOPOM aMIUIMTYAAa BBICOKOYACTOTHOTO CUTHana Y(t)
MU3MEHSIETCS B COOTBETCTBUU C MCXOqHOW (yHKIMeH X(t) Tak, Kak 3T0 mokazano Ha puc.30,0:
oru0aromas aMIUIUTYAbl HECYIeH MoBTOpsieT hopMy UCXoaHON QyHKIHH X(t) ;

2) gacroTHast moxyismus (puc.30,B), Ipu KOTOPO B COOTBETCTBUU C MCXOMHON (PyHKIIHEH
x(t) I3MEHseTCS YacTOoTa HeCYIIeH - ueM OoJiblie 3HaUYeHue X(t), TeM 0oJibIle YacToTa Hecymien y(t)

AHarnoroBass MOJYJSIUS HWCHONB3YeTCS B PAJAUOBEIIAHMM TPU pPaOOT€ MHOXKECTBA
paguoCTaHIIM B OMHOM oO0mIel cpene mepemaudn (pamroddupe): aMIUIMTYIHAS MOMYISIUS TS
pabotel paguoctannmii B AM-nuana3one (Amplitude Modulation) u 9acToTHass MOIYISIUS IS
pabotsl paguoctaniuii B FM — nuamazone (Frequence Modulatin).

Hcnonb3oBanne nudpoBbIX KaHAIOB CBS3U AJIA Mepenadn TeleOHHBIX TaHHBIX (PEeYeBOTro
CUTHaJIa) B Havase 60-X roJ0B MPOIUIOro BeKa MOTpeOoBaIo pa3pabOTKH METOAO0B MPeoOpa3oBaHUs
HEMPEPBHIBHBIX CUTHAJIOB B AUCKPETHHIC, TAKUX KaK:

1) aMIUIU Ty THO-UMITYJIbCHASI MOAYJISILIHS;

2) UMITYJIbCHO-KO/I0BAsI MOTYJISLIMS.

Amnaumyono-umnynvcnas mooyaayus (AVM) (Pulse Amplitude Modulation - PAM)
3aKJIF0YAeTCsl B MPeoOpa3oBaHUU HEMPEPHIBHOTO CHTHANA B COBOKYITHOCTH JMCKPETHBIX CHTHAJIOB
(MMIyZIbCOB) € ompeneneHHon amrumtyaoi. I 3Toro mcxomHas HempepbiBHas (GyHKIUsA X(t)

MI0/IBEpraeTcs AUCKPETU3alMK (KBAaHTYETCs) IO BPEMEHU TaK, KaK 3TO ITOKa3aHo Ha puc.31,a.
x(1)
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Pucynok 31. AUM

Yacrota AMCKpETHM3allUd IO BpPEMEHU OMpeleisieTcss B COOTBETCTBHH C TEOpPEMOi
KorenpHMKOBa, KOTOpasi TTACHT, YTO JJisSi BOCCTAHOBIEHHUS 0€3 MOTeph HEMPEPHLIBHOTO CHUTHANA,
MIPEJICTaBJICHHOIO B IUCKPETHOM BH/JIE, HACTOTA TUCKPETU3ALNHU JOJIKHA YAOBIETBOPAThH YCIOBUIO:,
IJie - BEPXHSS 9acToTa MepenaBaeMoro curHana x(t) . B moiaydeHHbIe TaKUM 00pa3oM IHUCKpPETHBIC
MOMEHTBl BpPEMEHHU TepefaloTcsl HMMIYNbChl Y(t) , aMIuIuTyla KOTOPBIX MPOMOPLHOHAIbHA
3HaueHUsM QYHKIUH X(t) B 9TH k€ MOMEHTHI BpeMeHu (puc.31,0).

CymectBeHHBIM HemoctatkoM AWM mipu mepenade onu(ppoBaHHBIX AAHHBIX IO KaHATy
CBSI3H SIBJISIETCSI CIIOKHOCTh KOPPEKTHOTO BOCCTAHOBJICHUS (DYHKITMH X(t) HA MPUEMHOM KOHIIE, YTO
00yCIIOBJICHO HEMPOMOPIHOHATBHBIM H3MEHEHUEM (3aTyXaHWeM) aMIUTUTYJ Pa3HbIX HUMITYJIbCOB
y(t) B mporiecce mepenayu 1Mo KaHainy CBsI3H. B CBsi3u ¢ 3TuM, Oosee MIMPOKOE PacIpOCTpaHCHUE
MOJIYYUJI APYrodl METOJ TMepeNadyd HEMPEPHIBHBIX JAaHHBIX B JUCKPETHOM BHJIE - HUMITYIbCHO-
KOJIOBast MOYJISILIMSL.

HUmnynvcno-kooosas mooynsayus (MKM) (Pulse Code Modulation - PCM) - wmeton
MOAYJALIMM, TPU KOTOPOM  AaHAJOTOBBIMH CHUTHANI  KOAMPYETCS  CEpUSMU  HMITYJIbCOB,
MIPEICTABIISIONIMME cOO00H ITU(PPOBHIE KOJIBI AMILTUTY/] B TOYKaX OTCUETa aHAJIOTOBOTO CUTHAJIA.

Jlis 3TOr0 MCXOIHBIA CHUTHAN TMOJBEpPraercs IUCKpeTH3anuu (KBaHTYeTCs) IO JBYM
KOOpJIMHATAM:

* 110 ocH abcuuce - TUCKpPeTU3alus 0 BpEMEHH;

* 110 OCH OPJMHAT - TUCKPETU3AIUS TI0 YPOBHIO.
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Juckpernsanus 1o BpeMeHHU, Kak U B ciaydae AMM, BBINOJHSETCS B COOTBETCTBUU C
teopemoit KorenbhuukoBa. Ilockonsky MKM mnepBoHauanbHO paszpabaThiBaiach A Iepenadyu
TeneOHHBIX TaHHBIX (T0JI0ca) MO TeIe(OHHBIM KaHajdaM, UMEIOIIUM PE3KO OTPAaHUYEHHYIO TTOJIOCY
nponyckanusi B uatepBaie ot 300 I'uy go 3400 ', To B cooTBeTcTBHM ¢ TeopeMoi KoTernbHukoBa
4acTOTa JUCKPETHU3AIU J0hKkHA ObITh Oombiie, ueM 6800 I'n. CranmapTom ObLTa peKOMEHI0BaHA
yacrora auckpernzauuu 8000 ['u. Takum oOpa3oM, aMIUIMTy1a aHAJIOTOBOTO CUTHAJA U3MEpSeTCs
8000 pa3 B cekyHAy, TO €CTh Kaxble 125 MKc.

Jl11 KauecTBEHHOI'O0 BOCCTAHOBJIEHHSI QHAJIOIOBOTO CHUTHasa (rojioca) JOCTaTOYHO HMETh
256 ypoBHe# auckperusanuu (prc.31,a), 94TO MO3BOJIIET MEPeIaBaTh B KaXKIbIH MOMEHT BPEMEHH
3HAYCHHUE aMIUTUTYAbI (HOMEp YpPOBHS) CHTHaJla C IMOMOLIbIO 8-paspsaHoro mudposoro koxaa (8
outoB) (puc.31,B).

Takum 00pa3oM, pe3yabTHPYIOUIMH JUCKPETHBIN MMOTOK JaHHBIX MEPEAaeTCsi CO CKOPOCTHIO
8000 [pa3 B cexynay]|*8 [6uT] = 64 000 Out/c, TO ecTh Mg mepenayr ouuppPOBAHHOTO TOI0CaA
TpeOyeTcst KaHaJ CBSI3U ¢ MPOIYCKHOM CIOCOOHOCTRIO 64 KOUT/C.

s ymeHbmieHus TpeOyemoW s Tepedadd  Onu@pPOBAHHOTO TOJ0Ca MPOITYCKHOU
CIOCOOHOCTH KaHaja CBs3M MpuMeHseTcs MonuduinupoBanuelii meronq WKM - agantuBHas
muddepeHnmanbHas UMIyIbCHO-Koa0Bast Moayssiust (AJIIKM).

Tepmun «uddepennuanbHas (pa3HOCTHAs)» O3HAYaeT, YTO MO KaHAILY CBSA3HM IepenaéTcs
HE 3HaYCHHUE aMIUTUTY/Ibl, @ PAa3HOCTh MEKY TEKYIIUM 3HaYCHHUEM HETPEPHIBHOTO CUTHAJa B TOUKE
KBAHTOBAHUS U MPEABITYILIAM.

[TockonbKy CKOpPOCTh HM3MEHEHHUS MCXOJHOIO AaHaJOrOBOIO CHUTHAja MEHBIIE 4YacTOThI
KBAaHTOBAHHSA, TO BEPOATHOCTH OONBIIOrO pa3IMyUsl MEXAY COCETHHUMH aMIUTUTYAaMU
Ype3BBIYAHO Mayia, W I KOAUPOBAHHS STOW PA3HOCTH JOCTATOYHO 4-X OHUT, MO3BOJISIOIINX
3aKOJMpPOBAaTh 3Ty pa3HOCTh B uHTepBasie oT O go 15. Torma mpu yciaoBHM, YTO YacTOTa
KBaHTOBaHUA 1Mo BpeMeHu coctasisieT 8000 pa3 B cekyHy, MOJYYUM CKOpOcTh nepenaun 8000%4
=32 xOuT/C, 4TO BABOE MEHbIIE CTaHAAPTHOI ckopocTu UKM.

Bbonee cioxupiM BapranToM AuddepeHnrnaIbHOoi UMITYIbCHO-KOAOBON MOTYJISLIUN SIBISETCS
KOJUPOBAHUE C MPEACKa3aHUEM, P KOTOPOM KOAUPYETCS U NEpeaacTcs pa3HULA MEXTY
pEaIbHBIM U NpeICKa3aHHBIM HAa OCHOBE HECKOJBKHUX MPEIbIIYIIMX OTCYUETOB 3HAYCHUEM CUTHAJIA.
370 MO3BOJISET emI€ OONbIIe YMEHBIIUTD KOJINYECTBO OUTOB JJIs1 KOJUPOBAHUS OJTHOTO 3aMepa
CUTHaJa U, CJIeIOBATEeNIbHO, YMEHBIINUTH TPEOOBaHHE K MPOIYCKHOM CIIOCOOHOCTH KaHalla CBSI3U.
ATaniTUBHOCTH MOJYJIALIMY 3aKJII0YAETCS B IMHAMUYECKOM MOJCTPOUKE 111ara KBAaHTOBAHUS
Pa3HUIBI 110 TPEBITYITIM 3HAUCHUSIM.

AHasioroBast MOJIYJISIIMS SBISAETCS TaKUM CHOcoOOM (U3NYECKOTO KOAMPOBAaHUS, NpU
KOTOpOM  HH(poOpManusi KOJUPYyeTcs W3MEHEHHEM  aMIUIMTYAbl, 4YacTOThl WM  (pa3bl
CUHYCOMJIaJIbHOTO CHUTHajla Hecylled 4acToThl. OCHOBHBIE CHOCOOBI aHAJOTOBOW MOIYJSLIUU
nokazaHsl Ha puc. Ha amarpamme mokaszaHa mociaenoBaTeIbHOCTh OUT MCXOMHOW HMH(OpMAaIuH,
Mpe/ICTaBJIeHHAs] MOTEHIMaJaMi BBICOKOTO YpPOBHS JUIS JIOTUYECKOW EIUHUIIBI U MOTEHLUAIOM
HYJIEBOTO ypPOBHS [UIg JIOTHUeCKoro Hyns. Takoit cmoco0® KOIUpOBaHMS — Ha3bIBaeTCs
MOTEHIIMAJIbHBIM KOJOM, KOTOPBIM YacTO HCIOJIb3YeTCSl MpPH Iepeaaye JaHHBIX MEeXAy OJiokaMu
KOMIIBIOTEpA.
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Pucynok 32. PaznuuHble TUIIBI MOAYJSIUH (a - UCXOIHAs UH(OpMaIys, 6- aMIUTUTyAHAs
MOJYJISLMS, B - 4ACTOTHAS MOAYJIALNUSA, T - (pa30Bast MOAYJIALIUA).

[Tpy aMNIMTYIHOH MOXYJISIUM JUIsI JIOTUYECKOW €IMHUIBI BbIOMpaeTcs OJMH YPOBEHb
aAMIUTATYIBI CHHYCOH/IBI HECYIIEH YacTOThI, a AJIS IOTUYECKOTO HYJIS - APYTroil. ITOT CrOco0 penko
UCIIOJIb3YeTCSl B YHCTOM BHJE Ha MPAKTUKE M3-3a HU3KOM MOMEXOYCTOMYMBOCTH, HO YaCTO
MIPUMEHSIETCS B COUETAHUU C IPYTHM BHJIOM MOIYJSIUU - (Pa30BON MOTYIISAIIUCH.

[Ipu yacroTHOM MoayasiuMu 3Ha4ueHHS 0 1 1 HCXOIHBIX JaHHBIX MEPENAIOTCSI CHHYCOUAaMHU
C pa3nuuHOM "acToTol - fy u f]. DTOT cocod MoaynsAUK HE TPEOYET CIOKHBIX CXEM B MOAEMAaX U
OOBIYHO TIPUMEHSETCS B HU3KOCKOPOCTHBIX Mojemax, padotaromux Ha ckopoctsx 300 wm 1200
our/c.

[Ipu ¢a3oBoit MoxyasIliUM 3HAYEHUSIM JaHHBIX 0 1 1 COOTBETCTBYIOT CUTHAJIBI OJITMHAKOBOM
4acTOThI, HOC paznuuHoi (azoii, Hanpumep 0 u 180 rpagycos nmu 0,90,180 u 270 rpaxycos.

B ckopocTHBIX MoJemMax YacTO HCHOJIb3YIOTCS KOMOMHHpPOBAaHHBIE METOAbI MOIYJALUU, Kak
MIPABUJIO, AMILTUTY/IHAS B COYETaHUHU C (a30BOIA.

2. Moayasinusi pu nepeaayve TUCKPETHbIX CUTHAJIOB.

[Ipouiecc mpencraBiaeHUs MUCKPETHBIX (MUQPPOBBIX) MAHHBIX B BHUJAE HEMPEPHIBHOTO
BBICOKOYACTOTHOTO CHHYCOMJQJIBHOTO CHTHAJa (HECYIIEeH) MO CBOEH CYTH SBJSICTCS aHAJIOTOBOM
MOJYJSAIHUEH TUCKPETHBIX NaHHBIX. OJHAKO, AJIE TOTO 4YTOOBI €ro OTJIMYaTh OT AaHAaJOrOBOM
MOJYJISLIMY HETIPEPHIBHBIX IaHHBIX, TAKOE MPE0Opa30BaHNE YaCTO HA3bIBAIOT MAHUITYJISALIUEH.

MaHunynsiuss TpUMEHSIeTCS JUIsl Tepelayd AWCKPETHBIX JaHHBIX (CUTHAJIOB) B BUJC
HENpPEpBhIBHBIX CHUTHAJIOB MO KaHallaM C Y3KOM MOJOCOM YacToT, Hampumep Mo TenedOHHBIM
KaHajlaM, UMEIOLUM OIpaHUYEHHYIO0 nojocy nponyckanus B 3100 [', u peanusyercs ¢ NOMOLIbIO
MOJIEMOB.

KowMmmberotepHbsie naHHbie — JBOWYHBIE «1» M «0» — OOBIYHO H300pa)KArOTCS B BUJC
MMOTEHIIMAJIOB COOTBETCTBEHHO BBICOKOTO U HH3KOro ypoBHer (puc.33,a). Takoit Meron
MIPEJICTABJICHHS JBOMYHBIX TAHHBIX SIBIISIETCS HAMOOJEe €CTECTBEHHBIM U MPOCTHIM W Ha3bIBACTCS
MOTEHIIUAIbHBIM KOAUPOBAHUEM.

Bpewmsi, 3arpaunBaeMoe Ha mepemady omgHoro outa («1» mmu «0»), Ha3bIBaeTCsl OUTOBBIM
WHTEpBaJIoM. J[TuTeIbHOCTH th ONTOBOTO MHTEpBAIA CBsA3aHA C MPOMYCKHOW CITOCOOHOCTHIO KaHasa
cBs13u C (CKOpOCTBIO Mepeaaun) 3aBucuMoctbio: tbl1 1/ C .

[Ipu moTeHUManbHOM KOJUPOBAHUU CKOPOCTh MOAYJISAIMHU B uncieHHO coBmagaer ¢ MpOMyCKHOU
crrocoOHOCTRIO KaHana :B [6oa]=C [Out/c].

Hanpumep, ans kaHana CBA3M € MPOMYCKHOM crocoOHOCThI0 =10 MOUT/C IIHUTENbHOCTD
outoBoro mHTepBaia = 100 HC, a ckopocTh Moxymsuuu=10 MOox [ns mepemadnd BOUYHBIX
JAHHBIX MOTYT MCIIOJIh30BATHCS CIEAYIONINE METO bl MAHUTTYIISIIUU:

» ammumutyaHas manunyisnus (Amplitude Shift Keying, ASK): nns npeacraBnenus «1» u
«0» umcnonp3yloTcs pasHble YPOBHU aMIUTUTYABI BBICOKOYACTOTHOM Hecymieil (puc.33,0); u3-3a
HU3KOM IMOMEXOYCTOMYMBOCTH 3TOT METOJA OOBIYHO MPHUMEHSETCS B COYETaHUU C JAPYTUMU
METOAaMH, HarpuMep ¢ (Ha30BON MaHUITYISIUCH;

* yacrotHas Mmanumnyssus (FrequencyShiftKeying, FSK): 3nauenns

«0» 1 «1» nepenaroTcs CUHYCOMIaMHU C PAa3IMUYHON 4acTOTOM (puc.33,B); 3TOT METOJ MPOCT
B peau3aluy U OOBIYHO MIPUMEHSIETCS B HU3KOCKOPOCTHBIX MOJIEMAX;

* ¢azoBas manunysanus (Phase Shift Keying, PSK): 3nauennsam «0» u «1» COOTBETCTBYIOT
CHUHYCOHU/IbI OJIMHAKOBOM YaCTOTHI M C OJTMHAKOBOM aMIUIUTYAOU, HO C pa3auvHoN (a3oit, Hanmpumep
0 u 180 rpamycoB (puc.33,r).
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Pucynok 33. JluckpeTHas Moaymsiuus

JluckpeTHble criocoObl MOIYJISLUN OCHOBaHBI Ha JUCKPETU3AIMHM HEMPEPBIBHBIX MPOLIECCOB
KaK IO aMIUIUTy[e, TaK W IO BpeMEHU. PaccMOTpUM TPHHIMITBI HCKPETHOM MOAYISINH Ha
MIPUMEPE UMNYABCHO-K00080U mooyrayuu, MKM (Pulse Amplitude Modulation, PAM), kotopas
IIMPOKO MpUMEHsieTcs B 1H(poBoil TenedoHuu.

AMIUIATYa UCXOMHOW HEMPEPHIBHON (DYHKIIMM HU3MEPSETCS C 3aJlaHHBIM IEPUOAOM - 3a
CYET ATOTO MPOUCXOIUT AUCKPETU3ALINS IO BpEeMEHHU. 3aTeM KaXIbli 3aMep MPEACTABIISCTCS B BUJE
JBOMYHOTO YHCIIa OMpPENEICHHON pa3psAAHOCTH, YTO O3HAYAeT AUCKPETHU3AIMIO IO 3HAUYEHUSIM
(YHKIIUY - HEMIPEPHIBHOE MHOXKECTBO BO3MOKHBIX 3HAYCHUN aMILTUTY/bI 3aMEHSETCS TUCKPETHBIM
MHOXXECTBOM €€ 3HAa4eHWH. YCTPOWCTBO, KOTOPOE BBIMOJHSACT MOJ00HYI0  (YHKIIHIO,
Ha3bIBACTCS aHano20-yugpposvim npeoopazosamenem (ALII). Ilocie 3Toro 3amepbl NepeaaroTCs 1Mo
KaHajlaM CBSI3M B BUJE TOCJIEIOBAaTEIbHOCTH €AUHULl U Hyned. [Ipu 3ToM mpUMEHSIOTCS Te ke
METOJIbI KOJMPOBAHUS, YTO M B CIy4yae Mepeaayd M3HA4albHO JUCKPETHOW WH(OpPMAIIUU, TO €CTh,
HanmpuMmep, METO/Ibl, OCHOBaHHBIE Ha Koje B8ZS umm 2B 1Q.

Ha npuemHo# cTopoHe JIMHUK KOJBI TPE0OPa3yIOTCs B UCXOJHYIO MOCIEI0BATEILHOCTh OUT,
a CchOeruanbHas anmaparypa, Ha3blBaeMas yu@po-ananocoevim npeoopazosamenem (LJAI),
MIPOU3BOJUT ACMOIYJISAIUIO OIMU(GPOBAHHBIX AMIUIUTYJ HETMPEPHIBHOTO CHUTHANIA, BOCCTAHABIUBAs
HCXOJHYIO HEMPEPHIBHYIO (PYHKIIMIO BPEMEHHU.

JluckpeTHas MOYJISIIMM OCHOBaHA Ha meopuu omoodpaxcenus Hatikeucma - Komenvruxosa.
B coorBercTBUM ¢ 3TOW Teopuel, aHajgoroBas HempepbiBHAs (QYHKIHS, TEpelaHHas B BUJC
MOCIIEOBATEIHHOCTH €€ JUCKPETHBIX MO BPEMEHU 3HAYEHUI, MOXKET ObITh TOYHO BOCCTAHOBIJICHA,
€ClIM 4acToTa AMCKpeTH3aluu Oblla B JBa WM Oojiee pa3 BbIIIE, YEM YacTOTa CaMON BBICOKOMU
TAPMOHHKH CTIIEKTPa UCXOTHOU (DYHKITUH.

Ecnmm 310 ycnoBue He coOmtomaeTcs, TO BOCCTaHOBIEHHAss (YHKIUS OyAeT CYIIeCTBEHHO
OTJIMYATHCS OT UCXOJAHOM.

[TpeumymiecTBOM HU(PPOBBIX METOIOB 3alKMCH, BOCIIPOU3BEACHUS U NEpeadyr aHajJoroBOU
nH(OpMALIUY SIBIISIETCS BO3MOXKHOCTh KOHTPOJS JOCTOBEPHOCTH CYUTAHHBIX C HOCHTENS WU
MOJIYYEHHBIX MO JIMHUU CBSI3U JaHHBIX. [[J1s1 3TOr0 MOXHO MPUMEHSTH T€ kK€ METOAbl, KOTOphIE
NPUMEHSIOTCS Ul KOMIIBIOTEPHBIX JaHHBIX (M paccMaTpuBaroTcst Oojee moapoOHO mganee), -
BBIUHCJICHHE KOHTPOJBHOM CYMMBI, HOBTOpHAasl Mepelrada HCKaKEHHBIX KaJpoB, MPUMEHEHUE
CaMOKOPPEKTHPYIOIIUXCS KOIOB.
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Ha mpakTrke 0ObIYHO UCIIOJIB3YIOTCS KOMOMHUPOBAHHBIE METO/IBI MOTYJISIITUH,
obecnieunBaroIye 00Jaee BHICOKUE CKOPOCTH MEepeladrl U YUY TOMEXO03aUIIEHHOCTb.
Hampumep, meTon kBaapatypHoi amrintyaHon Mmoayisinun (Quadrature Amplitude Modulation,
QAM) ocHOBaH Ha coueTaHuu (Pa30BON MOIYISALUU C 8 3HAUCHUSIMU BEIMYUH CIBUTA (a3bl U
aMIUTUTYTHON MOIYJISIITUU € 4 YPOBHIMU aMIUTUTYIbl. Pacrio3HaBanue ommoOOK NpH repeaade
OCYIIECTBISIETCS 3a CUET N3OBITOYHOCTH KOJUPOBAHUS, 3aKITFOUYAIOIICICS B UCIIOJI30BAHUH HE BCEX
32-X BO3MOXHBIX KOMOMHAIIUNA CUTHAIA.

Jlekumst Nel2. BbICOKOCKOPOCTHBIE MATHCTPAJIH.
Bonpocsr:
1. Texnonorus FDDI.

1. Texnosnorust FDDI.

Texnonoruss FDDI Bo mMHOrom ocHoBbIBaeTcst Ha TexHonoruu TokenRing, pasBuBas u
COBEPIIICHCTBYS €€ OCHOBHBIC ujaeu. Pa3paborumku texnonoruu FDDI craBunmm mepen coboit B
KayecTBe HauboJjiee MPUOPUTETHBIX CIEAYIONINE IIeIu:

* [ToBBICUTH OMTOBYIO CKOPOCTH Tepeayuu JaHHbIX 10 100 M6/c;

* [IoBBICUTH OTKA30yCTOMYNBOCTB CETH 3@ CYET CTAHJAPTHBIX MPOLIETYP BOCCTAHOBIIECHUS €€
Mocjie OTKa30B pa3IMYHOrO poja - TMOBPEKICHUS Kabens, HEKOPPEeKTHOM paboThl Yy3ia,
KOHIIEHTPATOPa, BO3SHUKHOBEHUSI BLICOKOT'O YPOBHS TOMEX HA JIUHUU U T.I1.;

* MakcuManbHO 3(PPEKTUBHO HCIIOIB30BaTh MOTCHIIMATBHYIO MPOMYCKHYIO CIOCOOHOCTH
CEeTH KaK JJIsI aCHHXPOHHOTO, TaK | JUIsl CHHXPOHHOTO TPaQHuKOB.

Cerp FDDI ctpouTcs Ha OCHOBE JBYX ONTOBOJIOKOHHBIX KOJEI, KOTOphIE 00pa3yroT
OCHOBHOM M pe3epBHBIN IyTH NEPEJAUYN JAHHBIX MEXKIY y3JaMu ceTu. Vcrosib30BaHuEe IBYX KOJIELL
- 3TO OCHOBHOM CITOCO0 MOBBIMICHUS 0TKa30ycToWunBOCTH B cetu FDDI, 1 y371b1, KOTOpBIE XOTIT UM
BOCTIOJIb30BAThCS, JTOJKHBI OBITH MOAKIIOYECHBI K 000UM KOJbIlaM. B HOpMalibHOM pekuMe paboThl
CETH JaHHBIC MPOXOJST Yepe3 BCe Y3Jbl M BCE ydacTKH Kabens mepBuuHoro (Primary) xosbia,
MO3TOMY 3TOT PEXXHUM Ha3BaH pexxuMoM Thru - "ckBo3HBIM" WM "TpaH3UTHBIM". BTOpryHOE KOJIBIIO
(Secondary) B 3TOM pexuMe HE UCIIOIB3YETCS.

B cnyuae xakoro-nmu0o Bua 0TKa3a, KOTIa 9acTh IEPBHYHOTO KOJIbIIA HE MOXET IepeaaBaTh
naHHbIe (Hampumep, OOpbIB KalOenss WM OTKa3 y3la), MEePBUYHOE KOJBIO OOBEIUHSIETCS CO
BTOPUYHBIM (pUCYHOK 34), 00pa3ysi BHOBb €IMHOE KOJBI0. DTOT PEKUM pabOTHl CETH Ha3bIBAeTCS
Wrap, To ectb "cBepThiBanue" win "cBopaurBanue” koseu. Onepanus CBEpThIBAHUS MPOU3BOIUTCSA
CHJIaMH KOHIIGHTPAaTOpoB W/miM ceTeBbiX aaantepoB FDDI. Jlns ynmpoieHust 3Tod mpouesypbl
JaHHBIE [0 TIEPBUYHOMY KOJIbI[Y BCET/a MEepeAatoTCsl IPOTUB YAaCOBOM CTPEJIKHU, a [0 BTOPUYHOMY -
o yacoBoi. [ToaTomy npu o6pa3zoBaHnU OOIIETO KOJIbIA U3 ABYX KOJIEI[ IepeAaTUnKH CTAaHIIUN 110~
IIPE)KHEMY OCTAIOTCS IOAKIIOYEHHBIMM K IPUEMHHMKAM COCEJHMX CTaHLUH, 4YTO IO3BOJIAET
MPaBWJIbHO MepeaaBaTh U MPUHUMATh HH()OPMALIUIO COCETHUMHU CTaHIIUSIMHU.

B cranmaprax FDDI orBoguTcs MHOrO BHUMAaHUS pa3jIMYHBIM IIPOLEAYypaM, KOTOpPbIE
MO3BOJISIIOT ~ OMPEJENIUTh HalWyhe OTKa3a B CETH, a 3aTeéM MPOU3BECTH HEOOXOAUMYIO
pexoHdurypanuo. Cers FDDI M0OXeT MOTHOCTEIO BOCCTaHABIMBAThL CBOIO Pa0OTOCIIOCOOHOCTH B
cllydae e€IMHMYHBIX OTKa30B ee 3JieMeHTOB. [IpM MHOXECTBEHHBIX OTKa3ax CETh paclajaeTcsl Ha
HECKOJIBKO HE CBS3aHHBIX CETEH.
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Puc. 34. Pexonduryparnus konery FDDI npu oTkasze

Komnbua B cetsix FDDI paccmaTpuBatoTcst kak oO1mas paszaessieMast cpeia nepeiaun JaHHbIX,
MIO3TOMY Ul HE€ ONpPEeNeH CleNUalIbHBIA METOA JOCTyNa. DTOT METOJ OYeHb ONM30K K METOIY
nocryma cereit TokenRing u Taxke Ha3bpIBae€TCS METOJOM MapKEepPHOTro (MJIM TOKEHHOTO) KOJbIA -
tokenring (pucyHok 35, a).

CraHIMs MOXXET HayaTh HepeAadyy CBOMX COOCTBEHHBIX KaJIpOB JAHHBIX TOJBKO B TOM
cllydae, €Ciad OHa IOJydYWIa OT MNPEeAbIAYNICH CTaHIMM CICLMAIBHBIM Kaip - TOKEH IOCTyna
(pucyHok 35, 0). Ilociie 3TOr0 OHa MOXKET MepeAaBaTh CBOM KaJphl, €CIM OHU Y Hee MMEIOTCS, B
TeUeHHEe BPEMEHHU, Ha3bIBaEMOTo BpeMeHeM yaeprkanus TokeHa - TokenHoldingTime (THT). ITocne
ucreuenns BpemeHun THT craHmms o0si3aHa 3aBepLINTH IEeperady CBOETO OYEpEHOro Kajpa U
nepenaTh TOKEH AOCTYIa CICAYIUIeH CTaHIMH. Eciii ke B MOMEHT NPHUHATHSA TOKEHA y CTaHLUU
HET KaJpoB AJIs MIepeAauu 1o CETH, TO OHa HEMEUIEHHO TPAHCIUPYET TOKEH CIEAYIOIIEH CTaHIIUHU.
B cetm FDDI y kaxmod cTaHmuM e€cTh MpeAmecTByOmuid cocen (upstreamneighbor) u
nocienyomuii cocen (downstreamneighbor), ompenensiemble ee (U3NYECKUMHU CBA3SIMH U
HampaBJIeHUEM Nepejaun HHPOpMaLUK.

A} OHFGIAREE TOWEHL G} Ha™ATO T=peATE TAHHEDS

Tiemeend

E) IIDETOp SHEL: SAHEED:

HAaZHASSHELT

Pucynox 35. O6paboTka kaapoB craHuusiMu kKosbiia FDDI
Kaxnast craHuust B CeTH MOCTOSHHO TMPUHUMAET TEpelaBaeMble €i MpeIIeCTBYIOUIUM
COCeZIOM KaJphl H aHAIM3UPYET UX ajpec Ha3HaueHus. Eciau ajgpec Ha3HAYCHHUs HE COBIAIACT C €e
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COOCTBEHHBIM, TO OHA TPAHCIHUPYET KaJp CBOEMY MOCIEAYIOUIEMY COCeqy. DTOT Cily4ail IpHUBeIeH
Ha pucyHke (pucyHok 35, B). HyHO OTMETUTbH, UTO, €CIM CTAHLIMA 3aXBAaTHUJIA TOKEH W IEpeaacT
CBOM COOCTBEHHBIE KaJpbl, TO Ha MPOTSHKEHWU ATOrO MEpHOJa BPEMEHHM OHa HE TpaHCIUpYeT
MPUXOASIIME KAAPhI, a yIAISIET UX U3 CETH.

Ecnu xe agpec kagpa COBHAJAaeT € aapecoM CTAHIMM, TO OHA KONUPYET KaJap B CBOU
BHYTpPEHHUH Oydep, MpoBepsieT ero KOPPeKTHOCTH (B OCHOBHOM I10 KOHTPOJIBHOM CyMMe), Tiepeaet
€ro IoJjie JaHHBIX JJIs MOCieayromed oopaboTku mpoTokomy Jexarniero Boimie Hag FDDI ypoHs
(manpumep, IP), a 3aTrem nepenaeT UCXOIHBIN KaJp MO CETH MOCIEAYIONIEH CTaHIUK (PUCYHOK 35,
r). B mepenaBaemMoM B ceTh KajJpe CTaHIMS Ha3HAUYEHHS OTMEYaeT TPU MPHU3HAKA: pPaclo3HABaHUs
azipeca, KOIMPOBAaHUS KaJipa U OTCYTCTBHS MM HAJIUYHS B HEM OIIMOOK.

[Tocne 3TOrO Kanp mMpoAoKAaeT MyTEIIECTBOBATh MO CETH, TPAHCIUPYSCh KaXIbIM Y3JIOM.
CraHuus, ABISIONIAsACS UCTOYHUKOM KaJipa JJIsl CeTH, OTBETCTBEHHA 32 TO, YTOOBI yIAINTh KaJap U3
CETH, TIOCJIe TOTO, KaK OH, COBEPIIUB MOJIHBIH 000pOT, BHOBB M0WAeT A0 Hee (pucyHok 35, n). [Ipu
9TOM HCXOJHasl CTaHLUs IPOBEPSET NMPU3HAKU Kazpa, JOLIEN JU OH A0 CTAaHIMM Ha3HAYEHUS U HE
ObUT U TIpU 3TOM noBpexkaeH. [Ipouecc BoccTaHOBICHHUST HHPOPMAIIMOHHBIX KaJIpOB HE BXOJUT B
obs:3anHOCTH 1TpoTokoia FDDI, 3TuM 10 KHBI 3aHUMATHCS. IPOTOKOJIBI 00J1€€ BBICOKUX YPOBHEH.

Ha pucynke 36 mpuBeneHa CTpyKTypa MpOTOKOJOB TexHosiorun FDDI B cpaBHeHHHM ¢
cemuypoBHeBoil Mojensio OSI. FDDI omnpenensier mpoTOKOa (U3HMUECKOTO YPOBHS M IPOTOKOI
noaypoBHsi goctyna k cpeae (MAC) kanampbHOro ypoBHs. Kak W MHOTHE JApyrue TEXHOJIOTHH
JOKaIbHBIX ceTeil, TexHonorus FDDI wucnonszyer mnpotokon 802.2 moaypoBHS YIpaBJIEHHS
kaHaioM pgaHHbIX (LLC), ompemenennbiii B cranmaprax IEEE 802.2 u ISO 8802.2. FDDI
UCTOJB3yeT NepBblid Tun nporuenyp LLC, mpu KOToOpoM y3i1bl paboTaroT B AeWTarpaMMHOM PEXKHUMeE
- 0e3 yCTaHOBJIEHHSI COeIMHEHUH U 0€3 BOCCTAaHOBJICHUS OTEPSHHBIX WIIU MOBPEXKIEHHBIX KaJpOB.

Mopene OS5I
T Tlpyx: mamokt
6 Ilpepcrasme
5 CeaMcoBEBIH

MpoToKonel FDDI

4 TpascropTaort LLC 8022
3 CeTegoit MAC —
2 Kanams et PHY — SMT
1 D IzHYecKIH PMD - -

Pucynok 36. Ctpykrypa npotokosnos texHonoruu FDDI

®u3nuecKkuil YpoBEHb pa3/eiieH Ha J1Ba MOAYPOBHS: HE3aBUCUMBIM OT Cpelbl NOAYpPOBEHb
PHY (Physical), u 3aBucsmmii ot cpensl nmomypoBerb PMD (PhysicalMediaDependent). Pa6oty
BCEX YpPOBHEU KOHTPOIHMPYET MPOTOKoI yrpasienus cranimeit SMT (StationManagement).

Yposenb PMD obGecneunBaeT HEOOXOIUMBIE CPEACTBA JUIsl TEepeAadyd JAHHBIX OT OHOU
CTAHIIMH K JIPYTOii IO ONTOBOJIOKHY. B ero crnenuduxaimy onpeaeisiroTcs:

* TpeGoBaHMs K MOIIHOCTH ONTHYECKUX CUTHAJIOB U K MHOTOMOJIOBOMY ONTOBOJIOKOHHOMY
kabemo 62.5/125 MkMm;

* TpeOGoBanus K onTUYECKHMM OOXOJHBIM Tepekaouatensim (opticalbypassswitches) u
ONITUYECKUM TIPUEMOTIepeIaTuNKaM;

* [TapameTtprr ontuueckux pazbemoB MIC (MedialnterfaceConnector), ux MapKupoBKa;

* Jlimna Bonsbl B 1300 HAaHOMETPOB, Ha KOTOPO pabOTaIOT MPUEMOTIepeIaTUNKH;
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* [IpeacraBieHre CUTHAJIOB B ONITHYECKUX BOJOKHAX B COOTBETCTBHUU € MeTo0oM NRZI.

Cremuduxanus TP-PMD omnpenenser BO3MOXHOCTh Mepelaud JAHHBIX MEXIY CTaHLUSIMHU
10 BUTOM mape B cooTBeTcTBUU ¢ MeTogoM MLT-3. Cnemmdukanuu yposaeit PMD u TP-PMD yxe
OBLTH PACCMOTPEHBI B pa3jienax, MocBsIIeHHbIX TexHonoruu FastEthernet.

Vposerns PHY BbIONHSET KOOMpPOBAHWE M ACKOJWPOBAHME MAHHBIX, HHUPKYJIUPYIOIIHX
Mexny MAC-ypoBHeM u ypoBaeM PMD, a Takke oOecrieunBaeT TaKTUPOBaHUE MH(POPMAITMOHHBIX
curHajioB. B ero cnenudukanuu onpeaenstoTcs:

* KOJIMpoBaHKEe UHPOPMAITUU B COOTBETCTBHH cO cxeMoii 4B/5B;

* IPaBWJIA TAKTUPOBAHUS CUTHAJIOB;

* TpeOOBaHUs K CTAOUIBHOCTH TaKTOBOM uacToThl 125 MI'w;

* MpaBwIIa MpeodpazoBaHus HHGHOPMAITUHN U3 MTapaIeTbHON (HOPMBI B ITOCIIEI0BATEILHYIO.

YpoBenb MAC OTBETCTBEHEH 3a YNPABJICHHE JOCTYIIOM K CETHU, a TAaKXKe 3a MpPUEM HU
00paboTKy KaJIpoB TaHHBIX. B HEM ompeieneHsl clieyolre napaMeTphl:

* [IpoTokon nepenaun TOKEHa;

* [IpaBuia 3axBaTa ¥ peTpaHCIISILIUU TOKEHA;

* opmupoBaHue Kapa;

* [IpaBuia resepaniu 1 pacrio3HaBaHUs apPECOB;

* [IpaBua BeIYMCIEHUS ¥ IPOBEPKU 32-pa3psAHON KOHTPOJIBHOM CyMMBI.

VYpoenb SMT BeImonHseT Bce GYHKIHUH MO YIPABICHUIO U MOHUTOPUHTY BCEX OCTAJBHBIX
YpOBHEM creka npotokosaos FDDI. B ynpasieHun KoibLoM IPUHUMAET y4aCTHE KaXAbIN y3€1 CETH
FDDI. ITosTomy Bce y3761 0OOMEHUBAIOTCS CHEIMaIbHBIMU KaapamMu SMT nist ynpaBieHUs CEThIO.
B cnenudpukammmu SMT omnpeneneHo cienyroiee:

* Anroput™MBbl OOHAPYKEHUS OIIMOOK M BOCCTAHOBJICHHS TIOCIIE COOCB;

* [IpaBuia MOHUTOPUHTA PaOOTHI KOJIBLIA M CTAHILIUH;

* YrpaBJiieHHE KOJIbILIOM;

* [Ipouenypbl HHUIIUATU3ALMH KOJIBLIA.

OrtkazoycrorunBocTh ceteit FDDI oGecneunBaercst 3a cuer ympaBieHuss ypoBHeM SMT
APYTUMH YpOBHSMH: ¢ ToMolnbio ypoBHS PHY ycTpansioTcss OTKasbl ceTd MO (U3NYECKUM
MpUYMHAM, HalpuMep, u3-3a oOphiBa Kabens, a ¢ momomsio ypoBHSI MAC - JIOTHYECKHE OTKa3bl
CETH, HaIpHUMeEp, MOTEPsI HYKHOTO BHYTPEHHETO MYTH MEpeayd TOKEHa M KaJpOB JAHHBIX MEXKIY
MOPTaMH KOHLEHTPAaTOpa.

EcTh 1Ba OCHOBHBIX CIIoco0a MOAKIIOYEHUsT KOMIIbIOTepoB kK cetu FDDI: HemocpeacTBeHHO,
a TaK»Ke 4epe3 MOCTHI WIIM MapLIPYTU3aTOPHI K CETAM APYIHX MPOTOKOJIOB.

HenocpeacreeHHoe NoaK/II0YEHHE.

DTOT Ccrmoco0 HMCIMONb3YyeTCs, Kak MpaBuio, i noakmrodeHuss Kk cetu FDDI ¢aiinoBsix,
apXUBAllMOHHBIX U JPYTUX CEPBEPOB, cpeAHUX U Oonbimiux OBM, TO ecTh KIIOYEBBIX CETEBBIX
KOMIIOHEHTOB, SIBJISIIOIIMUXCSA TJIABHBIMU BBIYMCIUTEIBHBIMU IIEHTPAMH, MPEAOCTABISIOMIMMHI
CEepBHUC UL MHOTHX TOJIb30BaTeNIel U TPEOYIOUINX BHICOKMX CKOPOCTEH BBOJIa-BhIBOJA 110 CETH.

AHaJOTUYHO MOXKHO TOJKIIOYUTh U paboune craHiuu. OJHAKO, MOCKOIBKY CETEBBIC
agantepbl it FDDI BecbMa nmoporu, 3TOT cnoco0 MpUMEHSETCS TOJBKO B TeX Ciydasx, Koraa
BBICOKAsI CKOPOCTh OOMEHA TIO0 CETU SIBJIETCS O0S3aTENIbHBIM YCIOBHEM JIJIsi HOPMaIbHON paboThI
npuiokeHusd. [IpuMepbl TakuX NPUIIOKEHUI: CUCTEMBI MYJIbTUMENA, IIepeaada BUAEO U 3ByKOBOM
uHpopMaluu.

Hns  nopkmoueHus kK cetw  FDDI  mepcoHanbHBIX  KOMIBIOTEPOB  MPUMEHSIOTCA
CHEIMAM3UPOBAHHBIE CETEBBIE aNlalTEPhl, KOTOPHIE OOBIYHBIM OOPAa30M BCTABISIOTCS B OJIUH U3
CBOOOJIHBIX CJIOTOB KOMIbIOTepa. Takme amantepbl mnpousBomaarcs Gupmamu: 3Com, IBM,
Microdyne, Network Peripherials, SysKonnect m np. Ha pblHKe uMEOTCS KapTbl THOJ Bce
pacnipoctpanennbie muHBI - ISA, EISA m Micro Channel; ects amanTepsl sl TOIKITIOYCHHS
CTaHIMH KjaccoB A miu B s BceX BHAOB KaOEIbLHONM CHUCTEMBI - BOJIOKOHHO-ONTHYCCKOM,
SKpPAaHUPOBAHHOW M HEAKPAHUPOBAHHOM BUTHIX Tap.

Bce Benymme mnpoumsBoaurenu UNIX wmammua (DEC, Hewlett-Packard, IBM, Sun
Microsystems u Ipyrue) npeaycMaTpuBaioT HHTepENChl 1151 HEMOCPEICTBEHHOTO MOIKIIIOUEHHS K
cetssm FDDI.
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IMoak/Il0ueHNe Yepe3 MOCTHI M MAPLIPYTH3AaTOPBI.

Mocrtsr (bridges) u mapmpyTtu3aTopsl (routers) Mo3BOJSIFOT HonkiatouuTh kK FDDI cetn
IpYruX MpOTOKOJIOB, Hampumep, Token Ring u Ethernet. D10 nemaer BO3MOXHBIM SKOHOMUYHOE
nojkatoueHue k FDDI 6ospiroro uncna pabounx CTaHIUM U APYroro ceTeBOro 000pynoBaHUs Kak
B HOBBIX, TaK U B yke cymiecTByromux JIBC.

KOHCTpYKTHBHO MOCTBI UT MapIIpyTH3aTOPbl M3TOTABIMBAIOTCA B JIByX BapuaHTax - B
3aKOHYEHHOM BHJIe, HE [OMYCKAaIOlEeM JajbHEHIIero amnmapaTHoro HapaliuBaHUs WU
nepekoHduryparuu  (Tak HasbpiBaeMmble  standalone-ycTpoiicTBa), M B BUIE MOIYJIBHBIX
KOHIIEHTPaTOPOB.

[Tpumepom standalone-yctpoiictB sBisitorcsi: Router BR ¢upmber Hewlett-Packard u EIFO
Client/Server Switching Hub ¢upmsr Network Peripherals.

MonynbpHblE KOHIEHTPATOpbl MPUMEHSIOTCS B CIOXKHBIX OOJBIIMX CETAX B KadyecTBE
LEHTPAJIBHBIX CETEBBIX ycTpoiicTB. KOHIIEHTpaTOop mpeAcTaBiseT cO0O0W KOPIYC C HMCTOYHUKOM
NUTaHUS U C KOMMYHHKALIMOHHOM TIaTOH. B CIOTBI KOHIIEHTpaTopa BCTaBISIIOTCS CETEBBIC
KOMMYHHMKAIIMOHHbIE MOAYIH. MoJylnbHas KOHCTPYKIHUS KOHIIEHTPATOPOB TMO3BOJSET JIETKO
cooparp mo0yro koHpurypamuio JIBC, o0beIMHUTH KaOEbHBIE CHCTEMbI Pa3jUYHBIX THUIOB U
npoTokosioB. OctaBmecs CBOOOJHBIMH CJIOTBI MOXHO HCIOJNB30BaTh Ui JajbHEHIero
HapammBanus JIBC.

Konnentparopsl npousBoastcs mHoruMu ¢upmamu: 3Com, Cabletron, Chipcom, Cisco,
Gandalf, Lannet, Proteon, SMC, SynOptics, Wellfleet u ngpyrumu.

Konnentparop — 310 nentpanbubiid y3en JIBC. Ero oTkaz MokeT MpUBECTH K OCTAaHOBKE
BCEl ceTH, WM, MO KpailHed Mepe, 3HauuTenbHOW e€ yactu. [losTomMy OONBIIMHCTBO (UPM,
MPOU3BOJALINX KOHIIEHTPATOPbl, MNPUHUMAIOT CHElHalbHbIe Mepbl Jid TOBBIIICHUS HX
OTKa30yCTOMYMBOCTH. TaKUMU MepaMH SIBJISIOTCSI p€3€PBUPOBAHNE HCTOUHUKOB MIUTAHUS B PEKUME
pa3fesieHns Harpy3Kd WIA TOpSYero pe3epBUPOBAHMS, a TaKKe BO3MOXKHOCTb CMEHBI WIH
J0yCTaHOBKH MojyJeil 0e3 oTkimodeHus nutanus (hot swap).

s Toro 9TOOBI CHU3UTH CTOMMOCTH KOHIIEHTPATOpa, BCE €ro0 MOJYJU 3alMUTHIBAIOTCS OT
obmiero ucToyHMKa nHTaHUs. CHIIOBBIE 3JIEMEHTHl HCTOYHMKA IUTAHUA SIBISIOTCS Hamboiee
BEPOATHOW NMPUYMHON ero orkasza. [losTomy pe3epBHpoBaHME MCTOYHHMKA MUTAHUS CYIIECTBEHHO
NpoAJieBaeT CPoK Oe30TKazHOM paboThl. IlpyM MHCTAIUIALMU KaXAbIM M3 MCTOYHUKOB IMUTAHUSA
KOHIIEHTPAaToOpa MOKET OBbITh MOAKIIOYEH K OTAEIbHOMY HMCTOYHHUKY OecrnepeOONHOro MHUTaHus
(UPS) Ha ciydaii HeucnpaBHOCTEH B cucreMme snekTpocHadxkenus. Kaxneiii u3 UPS xenarensHo
MOJKIIIOUUTH K OTJIEIbHBIM CHJIOBBIM AJIEKTPUYECKUM CETSIM OT Pa3HbIX MMOJICTAHIUH.

B03MOXXHOCTh CMEHBI WJIM JOYCTAaHOBKH MOAYJIEH (4acTo BKIIIOYAs M UCTOYHHMKH MUTAHMA)
0e3 OTKIIIOYEHUS KOHIIEHTpaTopa IO03BOJSET MPOBECTH PEMOHT WM pacllupeHue cetu 0e3
MpEeKpalleHusl cepBUca UId TeX MOJb30BaTeNiel, CETeBble CETMEHThl KOTOPBIX MOAKIIOUEHBI K
JAPYTUM MOJYJISIM KOHILIEHTPATOpa.

B cnenyromeit Tabnmuiie mpeACTaBICHBI pe3yibTaThl cpaBHEeHHS TexHonorun FDDI ¢
texnonorusimu Ethernet u TokenRing.

XapakrepucTHKa FDDI EthernetTokenRing
burtoBas ckopocTh 100 M6/c 10 M6/c16 M6/c
BOWHOE KOJIbLIO
Tormosorus A 1t IIIuua/3Be3ma3Be31a/KOJIBIIO
JIEpPEBHEB
Honst OT BpeMenu CSMA/CDIIpuoputeTHas cucrema
Meron nocrtyna
o0opoTa TOoKeHa pe3epBUPOBAHUS
ToscTeii KOaKcHal,
MHoromo10B0€ TOHKUM KOaKcua,
Cpena nepeiayy ONTOBOJIOKHO, BUTAs napa,
JaHHBIX HEDKpAaHUPOBAHHAS ONTOBOJIOKHOODKpPAaHUPOBaHHAas u
BUTas mapa HEIKpaHUPOBaHHAS BUTAs napa,
ONTOBOJIOKHO
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Makcumanbhas  auiaa 200 ™M 1500 M1000 M

cetu (6€3 MOCTOB) (100 x™M Ha KOJIBIIO)
MaxkcumanbHoe
kM (-11 dB moteps
paccTosiHue MEKIY 2500 m100 m
MEXY Y3JIaMH)
y3J1aMu
1024260 nnst SKpaHUPOBAHHOM BHUTOM
MakcumanbHoe . napsl 72 51
500 (1000 coenuHeHMit) PBL, . AU
KOJIMYECTBO Y3JIOB HEIKPAHUPOBAHHOU BUTOM
napbl
Pacnpenenennas
TaxTupoBanue u
peanu3anys TaKTUPOBAHUS U .
BOCCTAHOBJICHHE  IIOCJIE He omnpenenensl AKTUBHBI MOHUTOP
OTKA3OR BOCCTAHOBJICHHUSI nocie

OTKa30B

Jleknus Nel3. BbICOKOCKOPOCTHBIEC MATHCTPAJIH.

Bomnpochr:

1. Texnonoruss ATM.

1. Texnosuorus ATM.

Texnonorust ATM sBnsercs Hamboiee NEPCIEKTUBHBIM pEUICHHEM 3a/aud IepeHoca
pasHOpPOAHON WH(MOPMAIMU B MIMPOKOIOJIOCHBIX MU(PPOBBIX CETAX C HMHTETpanuen Ciayxo0. ITo -
cienn(puIeckuid, moJ0OHBINA MaKeTHOMY, METOJI IepeHoca HH(POPMAITNH, UCIIOIB3YIOIUN TPUHLIUT
ACMHXPOHHOI'O BPEMEHHOI'O MYJIbTUILIEKCUPOBAHUS.

Metox ATM sBisieTcss OpUEHTUPOBAHHBIM Ha COEIMHEHMS: 1000 nepeaade nHpopManuu
MpeIUIeCTBYeT OpraHu3alls BUPTYAIBHOTO COEAMHEHMS] (KOMMYTHUPYEMOTO WM IMOCTOSHHOTO)
MEXIYy OTIPAaBUTEIEM U TMOJydaTeleM JaHHBIX, YTO BIOCIEACTBUM YIPOLIAET IPOLEAYPHI
Mapupytu3amnuu. JlaHHbele nepea ux nepeaayei mo KaHajaaM CBA3U JACJSTCSA Ha YYaCTKU IJIMHOU 48
Oaiir. K HUM nobaBnsercs 3aroioBok (5 Oaiit). OOpa3yroTcsi s9EelKH, KOTOpbIE MEPEeNaroTcs C
UCIIOJIb30BAaHUEM BUPTYAJIbHBIX KAaHAJIOB, T.€. MUMEIOLIUX HIACHTU(PHUKATOP JOTMYECKUX KaHAJIOB,
OpPraHU3yeMbIX MEXAY JBYMsI YCTPOHCTBaMM Ui YCTaHOBJIECHHUS CBs3u. B onHOM (usndeckom
KaHaJIe CBSI3W, KAaK NPaBWIO, INEPENAIOTCS COBMECTHO SYEHKH, MPUHALJICKANIUE MHOXKECTBY
pa3IMYHBIX BHUPTYAJIbHBIX KaHaloB. Sl4eilku, NOCTYMAOIIKE OT PAa3TUYHBIX KOMIUIEKTOB
OKOHEYHOTO 000PYAOBaHUS JaHHBIX, OObETUHSIOTCS B KaHaJe CBA3HM, 00pa3ys TPYIIOBOIl cCUTHA,
U KOMMYTHUPYIOTCS B y3J1aX CETH.

[Io cpaBHEHUIO ¢ KOMMYTAlMENl MAKETOB, I/I€ MAKEThl MOT'YT UMETh PA3JIMYHbIE Pa3MEpPHI C
Pa3IUYHBIMU PACCTOSIHUSIMH MEXIy HUMH, stueiiku ATM uMeroT cTporo GUKCHPOBAHHYIO JJIUHY,
KpaTHyI0 OailTy, W CIeaylT HOPyr 3a APYroM O3 MepephiBOB. JTO 00JerdacT MpOIEAYPHI
00pabOTKM CHUTHAJIA, YTO TMO3BOJISIET MOBBICUTH CKOPOCTH INepeaadyn UH(OpMAIMK U MPEJOCTaBIISET
BO3MOKHOCTH IIMPOKOINOJOCHOW CBSI3M. B oTiiMuMe OT KOMMYyTAallMM KAaHAJIOB C BPEMEHHBIM
YIJIOTHEHUEM SYEUKH MPEIOCTABIISIOTCS MOJIb30BATENSIM TOJIBKO Ha BpeMsl Iiepeayr HH(pOpMaIum.
[Ipu otcyTcTBHMM HEOOXOOUMOCTU TMepeAadyd MH(OpMalMM TMOJIb30BaTENlb HE 3aHHMAET PECYPChI
CeTH CBSI3U, YTO MOBBIMAET 3()(HEKTUBHOCT MX HCMONb30BaHUSA. OTCIOAAa MPOMCXOIUT Ha3BaHUE
METOJIa: TEPMUH “‘@CHHXPOHHBIN O3HAYaeT, YTO SYCHKH, MPUHANICKAIIUE OJHOMY COCIUHEHUIO,
IIOCTYNAIOT B KaHaJl CBSI3U HEPETYJSIPHO, U BPEMEHHBIE MHTEPBAJIbI IIPEIOCTABISAIOTCS UCTOUHUKY
COOOIICHUH B COOTBETCTBUU C €T0 PEAIbHBIMU MTOTPEOHOCTSIMHU.

HeGonpmast anuHa sSYEHKHM IO3BOJIAET JIETKO NEpEeMEkaTh SUYCHKH, HCIOJIb3yeMble IS
pa3IMYHBIX NPUJIOKEHUHM, TaKUX Kak Mepefada JaHHBIX, peYd W BHAEOM300paxkeHHi. Bricokas
CKOPOCTbH JIa€T BO3MOXKHOCTB TIepe1aBaTh HH(POPMAIMIO B pealbHOM MaciTabe BpeMeHH.

KonTponbHuble (QyHKIHMH, Takhe KaK paclo3HaBaHHE THIA COOOIICHHUS, MOATBEPKIACHHE
¢akTa mosyueHus] cCOOOIIEHUS MPUHUMAIONUIMM TEPMUHAIOM, BBISBICHHE OIIMOOK IMpH Iepenaye
uH(popMaluy, YOpaBlieHWE TIOBTOPHOM IMepenadel W T.O. C IEJIbl0 YIPOLIEHUS MPOIenyp
00pabOTKH sSYEeEK MPOMEKYTOUHBIMHU y3JIaMH CBS3H IepelaHbl IPOTOKOJIaM BEPXHUX YPOBHEH.
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OO01ast KOMITO3UITUS MMPOTOKOJIOB BKJIFOYAET (PU3NUECKUI ypoBeHb, ypoBeHb ATM, ypoBeHb
anantauuu (AAL - ATMAdaptationLayer), KOTOpbIif 3aBUCHT OT BUJa NPEIOCTABIISIEMOI YCIyTH, U
BEPXHHE YPOBHHU.

®u3n4ecKuil ypOBEHb COOTBETCTBYET TPAJAULMOHHOMY IIEPBOMY YPOBHIO 3TaJOHHOU
MOJIEJI B3aUMOJEHCTBHS OTKPBITBIX CHUCTEM M pPErJIaMEHTHpYeT (U3NYECKYI Cpedy IepeHoca
uHpopmanuu. Kpome Toro oH obecreunBaeT (YHKUMM HMACHTH(QUKALMKW TPAHUIl SUEEK,
O0OHapyKEHHS M UCTIPABJICHHS OITMOOK B 3ar0JIOBKaX.

YpoBenb ATM CIyXuT Ui MYJIbTUILIEKCHPOBAaHUS/ NE€MYJIbTUIIJICKCUPOBAHUS sTUEeK,
TEHEPALUU 3arojOBKOB siUEEK, BBIACIECHUS MH(GOPMALMOHHOTO IOJSA U MPO3pauHbIil €ro MepeHoc.
Huxkakass o0OpaboTka WH(GOPMALMOHHOTO TMOJA (HAaNpUMep, KOHTPOJb Ha HaJIM4yhe OIINOOK)
ypoBHeM ATM He BbimodHsercs. ['panuna mexay ypoBHem ATM u ypoBHeM ajanTaiuu
COOTBETCTBYET TIpaHUIle MEXIY (QYHKIUSAMH, OTHOCAIIMMHUCA K 3arojoBKY, U (DYHKIHSIMH,
OTHOCALIMMHUCSA K HTHPOPMALMOHHOMY IOJIO.

VYposenb AAL mnoanepxuBaeT (PyHKIMH TPOTOKOJIOB BEPXHHUX YpOBHEH, oOecrednBaeT
aganTanuioo ¢ HUMH QyHKOUN nepegaun ypoBHsa ATM, a takxe coeauHenus mexay ATM u He-
ATM wuntepdeiicamu. Ilpumepamu (QyHKIUI JaHHOTO YpOBHS SBIAIOTCS OOHapy>KeHHE
MH(POPMALMOHHBIX OJIOKOB, MOCTYMAIOMIUX C BEPXHETO YPOBHA, UX CETMEHTALlUs Ha MepellarolieM
KOHIIE M TpeoOpazoBaHME HCXOMHOTO IM(poBOro curHaima B sueiikn ATM, BoccTaHOBJIEHHE
ucxomHor wHpopMmanuu u3 sueek ATM Ha mpueMHOM KOHIIE, HampaBlieHHEe WHGOPMAIMOHHBIX
OJIOKOB K BEpXHEMY YpPOBHIO, KOMIICHCAIIUS TIEPEMEHHOW BENMUYMHBI 3a7epKku B cetu ATM mns
3BYKOBBIX CUTHAQJIOB, 00pab0OTKa YaCTUYHO 3aIIOJHEHHBIX SY€eK, JeHCTBUS MIPU MOTEpe STUYEeK U T. 1.
Jrobas cnenuduueckas wHboOpMalMs YypPOBHS ananTaluu (HampuMmep, [UIMHA TMOJS JaHHBIX,
OTMETKH BpPEMEHM, IIOPSAKOBBIM HOMEp), KOTOpas JOoJDKHAa OBITh IepefaHa  MEexay
B3aUMOJICHCTBYIOIIMMU YPOBHIMH aJalTallld, COACPXKUTCS B WH(GOPMAIMOHHOM IIOJIE SUYEHKU
ATM.

TenekoOMMyHHMKallMOHHAsL CETh, HCIOJNB3YyIomIas TexHonoruto ATM, cocroutr u3 Habopa
KOMMYTaTOpOB, CBSI3aHHBIX MeXay cooOoi. Kommyratoper ATM mnoaaepkuBarOT JBa BHUA
uHTepdeiicoB: uHTepdeiic “monp3oBarens - ceth’ (UNI - user-networkinterface) u unrepdetic
“ceth - y3en cetn” (NNI - network-networkinterface). UNI coequnsier okoHeunsie cuctembl ATM
(pabouune craHIMM, MapIIPpyTU3aTOPHI U Ap.) ¢ kommyTratopoM ATM, toraa kak NNI mMoxkeT ObITh
ompenesneH Kak uHTepdeiic, coeaquHsommii 18a kommyraropa ATM.

B Tabnuue nokaszan popmat sueiiku ATM B cooTBeTcTBUU cO cTanaapToM UNI

VCIL Control HCS AL JTAHHBIE
3aroi0BoK 5 OaiT ITose nanubIx 48 OalT

VCIL - uneHTH(pHUKATOp HOCTOSHHOTO BUPTyalbHOTO KaHaua (3 OaiiTa).
Control - monte ynpasienus (1 6aiT).

HCS - none xoHTponbHOM cymMBI (1 GaidiT).

AL - mone aganrarmmornHoro ypoas ATM (4 Gaiita).

Kak BuaHO 13 Tabnupl, ssuelika UMeeT pa3Mep 53 OKTeTa M BKIIIOYAET 3aroj0BOK JUIMHON 5
OKTETOB M MH(POpPMALMOHHOE 1ose. [IepBbie yeThlpe IBOMYHBIX CUMBOJIA 3ar0JIOBKA BbIIEICHBI IS
nojisi o0Iero ympasieHHs 1moTokoMm. Cruenyrommue 24 NBOMYHBIX €IUHMIBI UCHOJB3YIOTCS IS
unentudukanun BuptyansHoro mytu (BII) u Buptyansnoro kanana (BK). Kak ormeuanock Beite,
cetu ATM SsBISIOTCS OpPUEHTHPOBAHHBIMH Ha COEAMHEHHUE, W Tpedyemas BUpPTyalbHas LEIb
JOJKHA OBITH IposioxkeHa depe3 ceTb ATM mpexne, yeM Kakue-mu0o0 AaHHble OyayT MepeiaHsl.
Jlia opranusanuu 3Toi 1enu texHonorus ATM mpenycMaTrpuBaeT MCIOJIb30BAHUE BUPTYAJIbHBIX
kaHaoB. Heckombko BK cocraBnsror BuptyaneHbli nyTh /14/. Bce wuneHTHdUKATOPHI
BUPTYaJlbHBIX IMyTeH U BUpTyanbHbIX KaHanoB (MBIl u UBK) nuMmeroT TobKO MECTHOE 3HAaYEHHE B
npeaenax OTACIbHON JIMHUUA U MPUHUMAIOT HOBBIC 3HAYEHUS B KaXJ0M KoMmmyTtatope cetu ATM.
Psn MBK pesepBupyercs 1i1st Tpaduka CUTHAIM3ALMN U Pa3IMYHbIX 1eNeil ypaBiIeHusl.
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Tpu NBOMYHBIX CHMBOJA YETBEPTOIO OKTETA HCIOJIb3YIOTCA ISl MACHTU(DUKAIMK THUIIA
cooOIIeHUs, TepeaaBaeMoro B HH(GOPMAIIMOHHOM IIOJie SYECWKH (JaHHbIE IOJH30BATENS MU
cmyxeOHas mHpOpMaIusl yrpaBlIeHUs, KOHTPOJsI u oOecrieuenus). JlanHoe mojie “TUn moJie3HOU
Harpy3ku’ TaKKe MOXKET MCIOJIb30BaThCs Al HHPOPMUPOBAHUS O TIEPETPY3KE B CETH.

B nsaTOM OKTeTe 3arojoBKa COIAEPKHUTCS MPOBEPOYHAs IOCIENOBATEIBHOCTh 3arojOBKA.
Slueiika yHUUYTOXKAETCS, €CIIM B €€ 3aroJioBKe oOHapykuBaeTcs omunoOka. Kpome Toro ¢ momorsio
ATOr0 TMOJs BBINOJHSETCS CcUHXpoHU3auua syeek ATM. Ilpu OTCyTCTBMHM CHHXpOHHM3MA IO
NPUHATBIM YETHIpeM OaliTaM BBIUMCIAETCS MPOBEPOUHBIM Oaift. IIpouenypa moBTopseTcst 10 Tex
MOp TIOKa HAWJICHHBIH TaKUM 00pa3oM MPOBEPOUYHBIM OANT HE COBIMAJET C MPHUHITHIM TISTHIM
OaiiToM, MOCIie Yero Halu4yhe CHMHXPOHHU3AIMK TMpoBepsieTcs Kaxple 53 Oaifra. [{ng nognepsxkaHus
CUHXPOHU3AIMK SYEHKHU IepenaloTcs MOCTOSHHO, JaXke eclii HeT MHpopManuu s nepenaun. B
3TOM CIIy4ae MOCBUIAKOTCS ITYCThIE TUYEUKH.

dopmar sueiliku, onpeaeneHHbd s uHTepdeiica NNI, HeMHOro oTiIMYaeTcs OT
paccmotperHoro. NNI-sueliku B otinnuue ot syeek UNI He copeprkaT moiisi yrmpaBieHUs: OOUIM
MOTOKOM, M 4YeThIpe TMEPBbIX OHTAa KaXKIOW SYEHKH MCIOJIb3YIOTCS PACHIMPEHHBIM MOJIEM
uaeHTupukaTopa BuptyansHoro nytu (12 6ut). Ilockosnbky mosie ympaBieHus OOIIMM HOTOKOM
UCIIOJIb3YETCS PEJIKO, HO CYIIECTBYET (€ro UCIOIb30BaHUE HE ONMPEesIEeHO, HAPUMED, B PEHICHUSIX
no UNI koncopunyma @opym ATM), Ha npakTHke (yHKIHOHATIHHOTO Pa3InyMs MEXAY SUeHKaMu
UNI u NNI nHer, kpoMe pa3Be TOro, 4To sueiKa IOCJICIHETO MOXKET MOJJIEePKHBATh OOJIbIIee
npocTtpaHcTBo uiaeHTudukaropos BIL
Cetp ATM cTpouTCs Ha OCHOBE CO€IMHEHHBIX ApYr ¢ apyroM ATM-kommyrtatopoB. TexHosmorus
peanu3yercsl Kak B JIOKAIbHBIX, TaK U B II00ANBHBIX ceTsaX. JlomyckaeTcss coBMecTHas repenada
pa3IMYHbIX BUOB MH(QOpPMAILIMH, BKIIIOYask BUIEO, TOJIOC.

Sueliku naHHBIX, Ucnoab3yemble B ATM, MeHbIle B CPaBHEHUHU C DJIEMEHTAaMH JAHHBIX, KOTOpbIE
WCIIONB3YIOTCS B IPYTUX TEXHOJOTUAX. HeOOBIOH, MOCTOSIHHBIA pa3Mep SYCHKH, UCIIOTh3YEMbIH
B ATM, no3Boser:

o CoBMecTHO TiepeiaBaTh JaHHbIE C Pa3IMYHBIMU KlaccaMy TpeOOBaHUM K 3aJIepKKaM B CETH,

npuyéM IO KaHalaM KakK ¢ BBICOKOM, TaK U C HU3KOH MPOIYCKHON CIIOCOOHOCTHIO;

e PaboTarh ¢ MOCTOSSHHBIMU U IEPEMEHHBIMU MOTOKAMH JAHHBIX;

e MuTerpupoBaTh Ha OAHOM KaHaje JIIOObIe BUABI HH(POPMAIIUK: JTaHHBIE, TOJIOC, TTOTOKOBOE

ayJlno- ¥ BUJCOBEIIAHNE, TEIEMETPHS U T. I.;

o IlognepxuBaTh COEAMHEHHsS THIIA TOUYKA—TOYKA, TOUYKA—MHOTOTOYKA M MHOIOTOYKa—

MHOT'OTOYKA.
Texnonorus ATM npeanosnaraet MeKCeTeBOE B3aUMOJICHCTBUE HA TPEX YPOBHSIX.
Jns mepegauyM MaHHBIX OT OTHpPABUTENA K mojydarento B cetd ATM cosparorcs supmyanvHbie
kananvt, VC (aurin. Virtual Circuit), KOTOpbie OBIBAIOT TPEX BUIOB:
. nocmosiuuwill upmyanvrvid kanar, PVC (Permanent Virtual Circuit), koTopsiii co3maércs
MEXIy IBYMs TOYKAaMH M CYLIECTBYET B TEUYEHHE JJIUTEIBHOIO BPEMEHHM, JJaXKe B OTCYTCTBHE
JAHHBIX JJIS TIEpelavuu;
. kommymupyemoltl  eupmyanvroiti  kauman, SVC (Switched Virtual Circuit), xoTopbrit
CO3/1aéTcsl MEXAYy JBYMs TOYKaMHM HEMOCPEACTBEHHO MEpe] Nepenadyeil JaHHBIX U pa3pblBacTCs
IIOCJIE OKOHYAHHUS CEaHCa CBS3H.
. aABMoOMaAmMu4ecKu HACMpausaemvlii. NnocmosHHull  eupmyanvuvii  kawar, SPVC  (Soft
Permanent Virtual Circuit). Kanansr SPVC no cytu npencrasisitor coboit kanansl PVC, koTopbie
MHUIHATIU3UPYIOTCS 10 TpeOoBaHUIo B KomMyTaTopax ATM. C Touku 3peHHs KaXI0T0 y4acTHUKA
coenunenusi, SPVC Beirmaautr kak oObuHBIN PVC, a uyto kacaercs kommyrtatropoB ATM B
UHPACTPYKTYype MpoBaiiaepa, To st HuX kaHaiasl SPVC umerot 3nauntenshbie ommyust ot PVC.
Kanan PVC co3maércs myTtéM cTaTmyeckoro ompeneieHus KOHPUTypallud B paMKax Bcel
MHPACTPYKTYpPHI MPOBaiijiepa U BCeraa HaXOAUTCS B COCTOSIHUM ToToBHOCTH. Ho B kanane SPVC
COCIMHECHHE SIBIISIETCS CTATUYECKUM TOJIBKO OT KOHe4HOoW Touku (yctpoiictBo DTE) mo mepBoro
kommytaropa ATM (ycrpoiicteo DCE). A na yuactke ot yctpoiictBa DCE ornpaButens mo
yctporictea DCE monydarenss B mpenenax HMHPPACTPYKTYpbl TpOBaifiepa COCTUHEHHE MOXKET
(dbopMHpOBaThCS, pa3pbIBaTbC M CHOBA YCTAHABIMBATHCS IO TPEeOOBAHHUIO. YCTaHOBICHHOE
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COEIMHEHHE MPOJIOJIKAET OCTAaBaThCS CTATUUECKUM JI0 TeX MOp, MOKa HapylleHne paboThl OJHOTO
13 3BEHBEB KaHAJla HE BBI3OBET MpeKpalieHus (pyHKIMOHUPOBAHUS ITOTO BUPTYaJbHOTO KaHAJIa B
npenenax HHGPACTPYKTYphI IpOBaiifiepa CeTH.
Jlis MapmipyTH3aluy B MakKeTax HCIOJIB3YIOT TaK Ha3bIBaeMble WICHTH(PUKATOpPHI makera. OHU
OBIBAIOT JABYX BHJIOB:
e VPI (aurn. virtualpathidentifier) — uneHTUPHUKATOP BUPTYaJIbHOTO YTH (HOMEp KaHasa)
e VCI (anrmn. virtualcircuitidentifier) — wuneHTU(UKATOp BUPTYaJBbHOTO KaHala (HOMEp
COCJIMHEHHUS)

Cetb ATM - 370 HaOOp KOMMYTAaTOPOB U OKOHEUYHBIX CHCTEM (XOCTOB, MApIIPyTHU3aTOPOB U
T.1.) ATM, cBsA3aHHBIX MEXIy cO00I MEKTOYCUHBIMU KaHaJaMU CBsi3U (point-to-point links), 1160
untepdeiicamu UNI mmu NNI. Tlepsriii Tun unatepderica (UNI) mcnonb3yercs nmpu CoeTMHEHUH
okoHeuHbIX cucteM ATM, Bropoii (NNI) - mpu coeaunennn kommyraropos ATM.

3agaun kommyTtaropa ATM mo cyTd o4eHb NPOCTHI: MpU M3BEeCTHOM 3HaueHun MBK wnum
NBII nony4uTs HEKOTOPYIO SYEHWKY IIO KAaHAJIy CBS3HM, HAUTH COOTBETCTBYIOLICE COCAVHECHUE B
MECTHOH TabmuIile mpeodpa3oBaHus, YTOOBI TEM CaMBbIM OMPEACIUTh BBHIXOIHOUW MOPT (MM MOPTHI),
a taxke HoBble BK m BII m1s Takoro coenuHeHHs Ha JaHHOM KaHajle CBSI3M, IIOCJIE YEro JaHHas
syeiika BMECTE C COOTBETCTBYIOIIMMH UJIEHTU(UKATOpaMu TIepejaeTcs Ha BEIXOAHON KaHal CBSI3U.

Kaxxmoii mepenade JaHHBIX MPEIIIECTBYET HACTPOWKA MECTHBIX TaOIUI] mpeoOpa3oBaHMs,
ocymectBisiemas u3BHe. [lo crocoOy HAcTpOWKHM TakuX TaOJMIl Pa3iNyaroT JABa OCHOBHBIX THUIIA
ATM-coenuHeHus:

[TocTostHHOE BUpTyansHOe coenuHeHue (Permanent Virtual Connection, PVC). Coenunenue
PVC ycranaBnuBaeTcsi MOCPEICTBOM KAaKOTO-TMOO BHEIIHETO MEXaHW3Ma, Kak MPaBUIIo,
MOCPEACTBOM aJIMUHUCTPATUBHOIO YIpaBlIeHUs ceThbio. [Ipu 3TOM psan KOMMYTAaTOPOB MEXAY
UCTOYHUKOM U nnpueMHuKoM ATM nporpammupyercs onpeneneHHbsiM 3HaueHnem MIBK u 1BII.

KommyTtupyemoe BuptyanpHoe coenunenue (Switched Virtual Connection, SVC).
Coenunenne SVC ycTaHaBiIMBaeTCs aBTOMAaTHYECKH, IOCPEACTBOM CUTHAJIBHOIO IPOTOKOJIA.
Coenunenne SVC He TpeOyeT pydHOro BMeIMIAaTeNbCTBa, HeoOxoaumoro s HacTpoiiku PVC, u,
MO3TOMY, OHO TMOJIy4WJIO Ooyiee MIMPOKOE pacmpocTpaHeHue. IIpOTOKOSBI BBICOKOTO YpPOBHS,
nerictByromue B ceTsax ATM, kak mpaBuiio, ucnonb3yroT SVC.

CymectBytor, B 3aBucumoctu oT Ttuna coeauneHus (SVC wmu PVC), nBa OCHOBHBIX
BapuaHTa coequHeHuss ATM:

MesxroueuHnoe coenuHeHue (point-to-point), mpu kotopoM 1Be okoHeuHble ATM-cuctembl
COCIUHSIOTCA Mexay coOoil. Takoe coequHeHHME MOXET OBbITh OJHOHAIIPABJICHHBIM WU
JIBYHAIIPaBJICHHBIM.

TodeuyHo-MHOTOTOUEYHOE  coenuHeHne (point-to-multipoint), mnpu  KOTOPpOM  OJHA
nepenaronas okoHeyHas ATM-cuctema (Tak Ha3bIBa€MbI “KOPHEBOW y3e1’) COCIUHSACTCS C
HECKOJIbKUMHU MPUHUMAIOIIUMH OKOHEUHBIMU CHUCTEMaMU (WX HA3bIBAIOT ‘“‘KOHILEBBIMHU y3Jamu’).
TupaxupoBaHHue SYEEK B CETH OCYHIECTBIISIETCA MOCPEACTBOM KoMMyTatopoB ATM, B KOTOpPBIX
COCIMHEHHUE PACXOJUTCS Ha HECKOJIBKO BeTBeH. Takoe coeqMHEHUE SIBJIAETCS OJHOHAIPaBICHHBIM
U TO3BOJISIET MepeAaBaTh MHGOPMAIMIO U3 KOPHS Ha KOHIEBBIE Y3JIbl, B TO BPeMs KaK KOHIIEBbIE
y3J1BI, B paMKaX TOTO K€ COSIMHEHHS, HE MOTYT IepeiaBaTh HH()OPMALIHIO KOPHIO WK JPYT APYTY.

HeoOxomumMo OTMETHTB, 4YTO Cpeau IEpeYHCICHHBIX BapuaHToB ATM-coennmHeHui
OTCYTCTBYIOT ~ BO3MOXXHOCTH  IIMpoKoBemiarenbHoil  (broadcasting)  wim  TpynmoBoi
(MHOTOAApEcHOM) mepemaaun (multicasting), xapaktepusie 1 MHOruX JIBC cpemHero ypoBHS ¢
o0mieit cpenoit mepenaun AaHHbIX, Takux kak Ethernet m Token Ring. B cersix ATM ananorom
TPYIIIOBON (MHOTOAQIPECHOM) TMepeaayn MOTJI0 Obl CTaTh ‘“MHOTOTOYEYHO-MHOTOTOUYCYHOE™
coequHeHue. OJHAKO Takoe pEIICHHE HE pealn3yeMo u3-3a TOro, uYTo B Haumbosee
pacnipocTpaneHHOM 5 BapumaHTe ypoBHS AAL (AALS), KOTOpwId TpUMEHSETCS IS Tepeaadu
naHHbIX B ceTsax ATM, He MpenyCMOTPeHO HUKAKUX CPEACTB JJIsl YePEIOBAHMS SUYEEK M3 Pa3HBIX
MMaKeTOB B OJHOM COE€OWHEHHMH. OTO 3HAYUT, 4YTO Bce makeTel AALS, mocnaHHBIE 110
OTIpeICTICHHOMY COSIMHEHHIO U B ONIPEICIICHHOM HaIpaBIeHUH, OyIyT MPUHSATHI TOCIIE0BATEIBHO,
0e3 uepenoBaHUS slUEEK M3 Pa3IMUHBIX MAKETOB, MOCKOJBKY B MPOTHBHOM Cllyyae NMPUEMHUK HE
CMO’KET BOCCTAHOBUTD MOJTYYEHHBIE TaKETHI.
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s pemienus 3amaud rpynmoBod (MHoroaapecHoi) mepemaun B ATM BO3MOXKHBI Tpu
crocoba:

['pynmoBas (MHOroagpecHas) mepenava 1o BUPTyalbHOMY myTH. [Ipu Takom mexaHusMme,
BCE Y3JIbI TPYIIBl MHOTOAIPECHOW Iepenadyd COCTUHSIOTCS MEXAYy COO0OW 10 MHOTOTOYEYHO-
MHOTOTOYEYHOMY BHUPTYaJbHOMY IYTH, MPHUUYEM KaKIOMY Yy3]ly Ha3zHAdyaeTcs CBO€ COOCTBEHHOE,
yaukanpHoe 3HaueHue VBK, B pamkax mannoro BII. Takum o0Opa3om, makeTbl MOTyT OBITH
pacrno3HaHbl 110 yHUKaIbHOMY 3HaueHnto MBK ucrounuka.

CepBep TpymmoBoii (MHOroampecHoil) mepemauu. [Ipm TakoM MexaHW3Me BCE Y3IIbL,
IepeAarone JaHHbIE B TPy MHOTOQJIPECHOM Mepeadt, yCTAHABINBAIOT MEKTOUECYHYIO CBSI3b C
BHEUIHUM YCTPOMCTBOM, KOTOPOE Ha3bIBA€TCsl CEPBEPOM IPYIIIOBOM (MHOIOApPECHOM) Nepeaayn.
[TocpencTBOM TOYEUHO-MHOTOTOYEUHOW CBSI3U TaKOM CEpPBEP, C CBOIO OYEpEelb, MPUCOCIUHEH KO
BCEM Yy3JIaM, IPUHHUMAIOIIMM IaKeThl I'PYNIOBON (MHOroaapecHoi) nepenaun. CepBep mosiydaer
MMAKEThl TI0 MEXTOUYEYHBIM COEIMHEHUSM, a 3aT€M IEpelaeT MX 4epe3 TOYEUHO-MHOTOTOUYEYHOE
COCMHEHUE, HO TOJBKO TIIOCJIE€ TOro, Kak yOeIuTCs, YTO TMAaKeThl OpraHUu30BaHbl B
MOCJIE0BATENBHOCTH (TO €CTh CJIEAYIOMINI MAaKeT MEePEChUIaeTCsl TOJIBKO M0 OKOHYaHUH MEPEChIIKU
npensiaymero). Takum o0pa3om, IpeJoTBpAIaeTCsl CMEIINBAHHUE STUYEEK.

OBepJieiiHbIE TOYEYHO-MHOTOTOUEYHBIE coeMHEHUs. [Ipr TakoM MexaHu3Me, KaXIbld y3el
IpyNIbl MHOTOQIPECHON MEPEAAUN YCTaHABIMBAET TOUEYHO-MHOTOTOYEYHOE COEAMHEHUE CO BCEMU
y3J1laMHU TPYIIbI U, B CBOIO 0YepEelb, CTAHOBUTCS KOHLIEBBIM y3JIOM B PaBHO3HAYHBIX COCAMHEHUSX
BCEX OCT&JIbHBIX Yy3710B. CleqoBareiabHO, BCE Y3JIbl MOTIYT Kak IepelaBaTh CUTHAJIbI Ha BCE
OCTAJIbHBIE Y3JIbl, TAK U IPUHUMATh UX CO BCEX OCTAJIBHBIX Y3JIOB.

Jlekuust Nel4. CereBble onepanuoOHHbIE CUCTEMBbI.
Bonpocsr:

1. Ctpykrypa cereBoit OC.

2. Ceresle OC ¢pupmbl Microsoft.

1. CTpykTypa ceTeBoii ONePANNOHHOI CHCTEMBI

CereBast omeparfioHHasi CHCTEMa COCTaBIIsI€T OCHOBY JIFO0OOW BBIYHCIHUTEILHON CETH.
Kaxnpiii KOMIIBIOTEp B CETU B 3HAUYUTENIBHOW CTENEHHW AaBTOHOMEH, MO3TOMY IIOJ] CETEeBOM
OTIEPAI[MOHHOI CHCTEMOM B IIMPOKOM CMBICIIE MOHUMAETCS COBOKYIHOCTH OMEPAIMOHHBIX CHUCTEM
OTJICNbHBIX KOMITBIOTEPOB, B3aUMOJICHCTBYIOIIMX C IIEJIbI0 OOMEHa COOOIICHUSIMH WU Pa3felieHuUs
pPECyYpCcoOB MO €IMHBIM MPaBHJIaM - MPOTOKoJIaM. B y3kom cmbicie cereBasg OC - 3To onepanuoHHas
CUCTEMa OTJIEJIHbHOTO KOMITBIOTEpA, 00ECTIEYNBAIOIIAsl €My BO3MOKHOCTh pa0OTaTh B CETH.
K Bo3moxknHOCTSIM ceTeBbix OC OTHOCUTCS TOAACPKKA CIEAYIOIIETO:

e CETEeBOT0 00OPYIOBAHWS;

e CETEBBIX IPOTOKOJIOB;

e MPOTOKOJIOB MapUIpyTH3AIUH;

o (UIBTpaLIUH CETEBOTO TpapuKa;

e JIOCTYIA K yAaNEHHBIM pecypcam: MPUHTEPaM, AUCKaM IOCPEICTBOM CETH;

e CETEBBIX MPOTOKOJIOB ABTOPU3AINH.
CereBas OC Takxe BKIIOYAET B ceOsl CETeBbIE CIYXKObI, TO3BOJIAIONINE YAAIEHHBIM M10JIH30BATEISAM
KCII0JIb30BaTh T€ WJIM UHBIE PECYPCHI KOMIIBIOTEPA.
[Ipumepsl ceTeBbIX OMEPAUOHHBIX CUCTEM:

e Novell NetWare

o LANrtastic

e Microsoft Windows (NT, XP, Vista, 7, 8, 8.1, 10)

e Pasmmunnie UNIX cucTeMsl, Takue kak Solaris, FreeBSD

e Pazamunrsie GNU/Linux CUCTEMBI
I'naBubiMu 3agavyamu ceteBbix OC SBISIOTCS pa3lieleHHe PecypcoB CETH (HarpUMeEp, JUCKOBBIE
MPOCTPAHCTBA) M aIMUHUCTpHpoBaHHEe ceTd. C TIOMOIIBIO CETEeBBIX (PYHKIHMA CHUCTEMHBIN
aJIMUHHCTPATOP OMNpENeNseT pa3jesieMble Pecypchl, 3a1aéT Mapoiiv, ONpelesieT MpaBa J0CTymna
JUTSL KaXK0T0 MOJI30BaTelIs UK TPYIIBI Mojb3oBareneit. OTcioa aeneHue:
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e cereBbie OC 111 cCEpBEPOB;

e cereBble OC s mosnb30BaTenei.
CymectBytoT crneuuanbuble ceTeBble OC, KOTOpPHIM NpuUIaHbl (YHKIUU OOBIYHBIX CHCTEM
(manpumep, Windows NT) u o6sruabie OC (Hanmpumep, Windows XP), KOTOpBIM MPUAAHBI CETEBBIC
¢bynkuu. Ceroans npaktuiyeck Bce coBpeMeHHble OC UMEIOT BCTPOSHHbIE CETEBbIE (DYHKIUH.

B cereBoli onepallMOHHOW CHUCTEME OTHAEJIIBHOM MAaIlMHBI MOKHO BBIJIEIUTH HECKOJIBKO
yacTeit (pucyHok 37):

CpencTEa YNPAkme HHA JI0 KA HEIH
PECYPCabTH

[Moyamszax O0C)

Cepreprad racTs Kmewrocas wacts

: DR
: CpencTEa CpemeTEa 3ampoca /
i TID TN C TAE TR BOHA HOCTYTIA ¥
i cobeTEeHEED: FLAIS HEEIH
pecypooE E obrugs Pecypoant H
! IO MEZOEARHE WOIFT AN

! Kormoynm auoHHETe CpemcTER

U e ey

Pucynox 37. Ctpykrypa cereBoit OC

CpenctBa ymnpaBlieHUsl JOKAJIBHBIMH pecypcaMu KOMIbIOTEpa: (PYHKIHH pPacIpeeICHUs
ONEepaTUBHOW MaMITH MEXIy INpoleccaMH, IUIAHUPOBAHUA M AMCIETYEPU3AlMU TIPOIECCOB,
yIpaBIeHUsT TPOIECCOPAMH B MYJIbTHUIPOIECCOPHBIX MAIIMHAX, YIPAaBICHUS MepUPepUrHbBIMUA
YCTpOWCTBaMH U Apyrue PyHKIUHU yrpaBlieHus pecypcamu JJokambHbIX OC.

CpencTBa mpenocTaBieHHs COOCTBEHHBIX DPECYpcOB M YCIyr B oOliee MOJb30BaHHE -
cepepras dyactb OC (cepBep). DTu cpencTBa 0OeceunBarOT, HapuMep, OJOKUPOBKY (aiioB U
3amuceld, 4T0 HEOOXOMUMO MJisi UX COBMECTHOTO HCIOJIb30BAHUS; BEICHUE CIIPABOYHUKOB HMEH
CETEBBIX PECYpPCOB; 00pabOTKY 3alpoOCOB YAAICHHOTO JOCTYIa K COOCTBEHHOH (halIoBOM cUCTEMe
u 0Oasze [aHHBIX; VIPaBICHUE OYEPEIIMH 3aMpPOCOB YHAICHHBIX IOJB30BATENE KCBOUM
nepudepuiiHbIM yCTPOMCTBAM.

Cpencta 3ampoca JOCTyNa K yAAJIGHHBIM pecypcamM M yclIyraM M WX MCHOJb30BaHUS -
kinuenTckas yacte OC (penupexTop). JTa 4yacTh BBIIOJIHSAET paclo3HaBaHUe U MepeHanpaBieHe B
CeTh 3alpoCOB K YJaJCHHBIM pecypcaM OT NPWIOKEHUN U MOJIb30BaTENeH, MPU ATOM 3aIpoc
MOCTyHaeT OT MPHJIOKEHUS B JIOKaIbHOW ¢opme, a mepemaerca B ceTb B JApyroi dopme,
COOTBETCTBYIOMIEH TpeOoBaHUSM cepBepa. KimeHTCcKast 9acTh Takke OCYIIECTBIISET IPHEM OTBETOB
OT CEpBEPOB U MpeoOpa3oBaHKUE UX B JIOKAIBbHBIN (opMaT, Tak 4YTO JIJs MPUIIOKEHUS BBINOTHEHNE
JIOKAJIBHBIX U YAAJIEHHBIX 3aIIPOCOB HEPAZTUUUMO.

Kommynukammonnsie cpeactea OC, ¢ MOMOMBIO  KOTOPBIX  MPOUCXOAUT OOMEH
COOOIIEHUSIMU B CETU. JTa YacTh OOecIeunBaeT aapecaruio u Oydepusanuio cooOeHni, BEIOOp
Mapluipyra mepefadyd COOOIIEHHS IO CETH, HaJeXKHOCTh Nepeqadyd U T.[I., TO €CTh SBISETCA
CPEACTBOM TPAHCIOPTHPOBKHU COOOIIECHUI.

B 3aBucumoctu oOT (QyHKIOMI, BO3JaraéMplXx Ha KOHKPETHBIA KOMITBIOTEpP, B €ro
OTIEPAITMOHHON CHCTEME MOXKET OTCYTCTBOBATH JIMOO KIIMEHTCKAs, JIMOO cepBEpHAst YaCTH.

Ha pucynke 38 mokazaHo B3aMMOJEHCTBHE CETEBBIX KOMIIOHEHTOB. 3]1€Ch KOMIbIOTEp |
BBITIOJIHSAET POJb "YUCTOr0" KIMEHTa, a KOMIBIOTEP 2 - pojib "YucTOro" cepepa, COOTBETCTBEHHO
Ha IEpBOM MaIIMHE OTCYTCTBYET CEpBEpHAs 4acTh, a Ha BTOPOM - KiMeHTcKas. Ha pucynke
OTJENbHO TIOKa3aH KOMIIOHEHT KJIMEHTCKOW 4YacTH - peaupekrop. MMeHHO peaupexTop
MepexXBaThIBAET BCE 3aIlPOCHI, MOCTYHAIOIIME OT MPUIIOKEHHUM, U aHanu3upyeT ux. Ecnu Bbigan
3ampoc K pecypcy HaHHOTO KOMIbIOTEpa, TO OH I[E€pPeapecoBBIBAETCS COOTBETCTBYIOIIEH
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nojacucteme JokanbHOM OC, eciu K€ 3TO 3alpoc K YAAUICHHOMY PECYpPCY, TO OH MEPENpPaBISIETCA B
ceTh. [Ipu 3TOM KIIMEHTCKAast 4acTh MPeoOpas3yeT 3arpoc U3 JIOKaIbHOM GopMbI B ceTeBOl (hopMar u
nepesiaeT ero TPaHCIOPTHON MOJACUCTEME, KOTOpasi OTBEYAET 3a JIOCTaBKY COOOIEHUN yKa3aHHOMY
cepBepy. CepBepHas 4YacThb OIEPALMOHHON CHCTEMbl KOMIIbIOTEpAa 2 MPUHUMAET 3aIpoc,
npeoOpasyeT ero u mnepenaer s BeImoaHeHUs1 cBoel sokanbHOM OC. Tlocne Toro, kak pe3ynbTat
MOJIy4eH, cepBep oOpamiaercs K TPAHCHOPTHOW TOJCUCTEME W HAMpaBISIET OTBET KIUEHTY,
BbIIaBIIeMY 3anpoc. KimeHTckas yacth mpeoOpasyeT pe3yibTaT B COOTBETCTBYIOIIMI (opmar u
aJpecyeT ero ToMy MpUII0KEHUI0, KOTOPOE BBIIAJIO 3aIpoC.

Hormzrorep 1 HormEroTep 2
TTpeomoc#eEEe: 1 TIpEomn HeEE 2
t r
Pepppermop 1
! ! .
JIOEATEHAT EmermEas CepESDHALT JIOEATEHAT
oc 1 1arTs 1 warTh 2 S oc 2
1 i ! ‘
Eonmry B e o B oMy B AT IR
HEI: CPefCTEL HEI: CPefCTEL
[ ¥ j ﬁ— E L ]
JIOEATEHET: PeCypicEL JIOEATEHET: pecypcEL

Pucynok 38. B3auMoeiicTBIE KOMIIOHEHTOB OIIEPALlMOHHON CUCTEMBI IIPY B3aUMOAECHCTBUU
KOMIIBIOTEPOB

Ha mpakTuke CIIOKMIOCh HECKOJIBKO MOJXOJ0B K MOCTPOSHHIO CETEBBIX OIEPaIMOHHBIX
cucteM (pucyHok 39).

OGomeoa

LAN Manager (zam O552)

ToxamENT Personal Ware (zag DOE 7))
oc

Met Ware (1imezrrsr)

Windeoears NT Workstation
Windoars HT Server

HetWare (cepzep)

Pucynok 39. Bapuantsl noctpoenus ceteBbix OC

[Tepsrie ceteBbie OC npeacTaBiIsik OO0 COBOKYITHOCTD CyIIecTBYomIeH gokanpHoi OC n
HA/ICTPOCHHOI Haja Hel ceTeBoit oOomouku. [Ipu 3Tom B nokanpHyl0o OC BCTpauBajicsi MUHUMYM
ceTeBbIX (DYHKIIMI, HEOOXOIUMBIX JJII PabOThI CeTeBOM 000JIOYKH, KOTOPAast BHITIOJIHSIA OCHOBHBIC
cereBble pyHKmu. [IpuMepoM Takoro moaxo/a SBISETCS UCTOIb30BAaHUE HA KaXIOH MalINHE CeTH
onepannoHHoi cuctemMbl MS DOS (y koTopol HaumHasi ¢ €€ TPEThel BEPCUU TOSBUIIUCH TaKHE
BCTPOCHHbIE (YHKLUHU, KaKk OJOKMpOBKa (paiiiioB M 3ammceil, HEOOXOOUMBIE IS COBMECTHOTO
nocryna K ¢aitnam). [Ipuaiun noctpoenus ceteBbix OC B BUJIe ceTeBOM 000JIOUYKH HAJl TOKATBHOMN
OC ucnone3yetcs u B coBpemeHHbix OC, Takux, Hanpumep, kak LANtastic unu Personal Ware.
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Onnako Oosiee 3PGhEeKTUBHBIM TPEICTABIACTCS MyTh Pa3paOOTKU OINEPAIMOHHBIX CHCTEM,
M3HAYAIBHO MIpeIHa3HauYeHHBIX AJis paboTel B cetr. CeteBble pyHKuu y OC Takoro Tuma riyooko
BCTPOEHbI B OCHOBHBIE MOJYJIM CHUCTEMBI, YTO OOECHeYMBaeT HUX JIOTUYECKYIO CTPOWHOCTD,
MPOCTOTY AKCIUTyaTallud M MOIU(UKAINK, a TaKKe BBICOKYIO MPOU3BOIUTEIBLHOCTH. [IpuMepom
takoit OC sBisiercst cuctreMa Windows NT ¢dbupmbr Microsoft, kotopast 3a c4eT BCTPOECHHOCTH
CeTEeBBIX CpencTB obecreunBaeT Oojiee BBICOKHE IIOKa3aTeld IMPOU3BOJUTEIBHOCTH U
3amuIeHHocTd uHpopMmanuu 1o cpaBHeHHto ¢ ceteBoii OC LAN Manager Toii xe (GupMBI
(coBMecTHas paszpaborka ¢ IBM), sBisromieiics HaACTPOWKOW HaJ JOKAIBHON ONepalnuOHHON
cucremoit OS/2.

2. CetreBbie OC ¢pupmbl Microsoft.

B 1984 rony Microsoft BeimycTuia CBO MEpBHIi CETEBOM MPOIYKT, Ha3bIBaeMblii Microsoft
Networks, koTopeiii 00bHO HedopmanbHO Ha3piBalOT MS-NET. Hekoropele KoHIENIuUH,
3anoxeHHble B MS-NET, Takue kak BBeJeHHE B CTPYKTYpY 0a30BBIX KOMIIOHEHT - PEIUPEKTOpa U
CETeBOTO cepBepa - ycnentHo nepenumd B LAN Manager, a 3atem u B8 Windows NT.

Microsoft Bce eme noctaBisier cBoto cereByto OC LAN Manager. bonbiioe xomudecTBo
HE3aBHCHMBIX IMOCTABIIMKOB UMEIOT JinleH3uu Ha 3Ty OC U MOAJEepKUBAaIOT CBOM COOCTBEHHbBIE
Bepcu LAN Manager kak yacTb CBOMX CETEBBIX IPOAYKTOB. B uMCIO 3THX KOMHIAHWHA BXOAAT
takue u3BectHole pupmbl kak AT&T m Hewlett-Packard. LAN Manager TpeOyeT ycTaHOBKH Ha
¢aiin-cepBepe omepaunoHHoil cuctembl OS/2, paboume craHmuu Moryt paborates mox DOS,
Windows wumum  OS/2. OS/2 - »3T0 onepanyoHHas CHCTEMa, pealn3ylolias HWCTHHHYIO
MHOI'033/Ja4HOCTh, padoTalolias B 3alIMIIEHHOM PEXHME MUKpoIpoueccopoB x86 u Bbime. LAN
Manager ucmnons3yer 32-x OutHyto Bepcuio (aitmoBoii cucremsl OS/2, nazpiBaemyro HPFS,
KOTOpas ONTHMM3MpOBaHA sl paboThl Ha (aiii-cepBepe 3a CYET KIUIMPOBAHUSA KaTajoroB M
nanHbIX. LAN Manager - 9To nepBast cereBass OC, pazpaboTtaHHasi sl MOJACPKKH CPEbl KIIMEHT-
cepBep. KitoueBsiMu komnoneHtamu LAN Manager ABISIOTCS peaupekTop u cepBep. OcoOeHHO
a¢dextuBHO LAN Manager moaep>KuBaeT apXuTEKTYPy KIMEHT-CEPBEP ISl CUCTEM YIPaBICHUS
6a3amu nanHbix. LAN Manager paspemraer padounm craniusam nox OS/2 moanepKuBaTh CETEBOM
CEpPBUC 10 TEXHOJOTHM '"paBHBIN-C-paBHBIM". DTO O3HAa4YaeT, 4TO padoyas CTAHIHUS MOXKET
BBIMOJIHATE (DYHKIIMM cepBepa 0a3 JaHHBIX, MPUHT-CEPBEpa WM KOMMYHHMKAIIMOHHOTO CepBepa.
OrpaHudeHueM SIBISETCS TO, YTO TOJBKO OJMH IOJIb30BaTeNb, KPOME BIaJenblia 3TON padoueit
CTaHILIUHU, UMEET JOCTYH K TAKOMY OJIHOPAHTOBOMY CEPBHUCY.

s pabGotel B HeOombmon cetu ¢upma Microsoft mpemmaraer KOMIIAKTHYIO, HeE
TpeOYIOLIYI0 3HAYUTENbHBIX AaNlapaTHhIX WM MPOrPaMMHBIX 3aTpaT OMNEPAlMOHHYIO CHCTEMY
Windows for Workgroups. Ota omnepanmoHHasi cucTemMa IMO3BOJISIET OPraHU30BaTh CETh MO CXEME
"paBHBIN-C-paBHBIM", TP ATOM HET HEOOXOAMMOCTH MPUOOPETATh CHEIUATHHBIA KOMIBIOTED IS
paboThl B KauyecTBE CETEBOTO CepBepa. JTa OINEpallMOHHAs CUCTEMa OCOOEHHO TOAXOIUT JUIS
pElIeHNs CeTEeBbIX 3aJ]a4 B KOJUIEKTHBAX, YWIEHbI KOTOPOTO paHee MHUPOKO McHoiab3oBanu Windows
3.1. B Windows for Workgroups mocTurayra BeICOKasi IPOU3BOUTEILHOCTh CETEBOI 00pabOTKH 3a
CYET TOTO, YTO BCE CETEBBIEC APAUBEPHI SIBISAIOTCA 32-X pa3psAaAHBIMUA BUPTYaJTIbHBIMU JApAiBEPAMH.

C cepenunbl 1993 rona Microsoft Hayana BBITYCK HOBBIX ONEPALMOHHBIX CHUCTEM "HOBOM
texnonorun" (New Technology - NT) Windows NT.

B cents6pe 1995 roga xomnanust Microsoft BeIycTHIIA ellle OJHY HOBYIO OIEPAllMOHHYIO
cuctemy Windows 95 (konmoBoe Ha3Banme Chicago), npeaHazHaueHHyto st 3ameHbl Windows 3.1
1 Windows for Workgroups 3.11 B HacTOJIIBHBIX KOMITbIOTEpaX ¢ Tporieccopamu Intel x86.

B 1995-m rony dupmoit Microsoft Obuta paspadoTtana onepannonnas cucrema Windows NT
B KauecTBe cepepHOi uardpopmel. Windows NT sBrsiercst yaukansHoit u momnoit OC. Ilpu ee
pazpaboTke  MpecieloBaIMCh  CIEAYIOIIME  LEeNMH:  HAJEeKHOCTb,  IPOU3BOJUTEILHOCTD,
MEPEHOCUMOCTh, MAaCIITAOMPYEMOCTh, COBMECTUMOCTh M 0€3011aCHOCTb.

Hanexnocts mo3Bomnsier ucnonb3oBath Windows NT B KkauecTBe OCHOBBI I 3ajad,
TpeOYyIOIMX MMEHHO 3TOro cBoiictBa. OHa HIEAIbHO MpHCIIOCOONeHa A paboThl B KadecTBe
CeTeBOro cepBepa M pabouel cTaHIMU, TAe TpeOyeTcsl MOBBIIEHHAS YCTOWYMBOCTH M BBICOKAs
IIPOU3BOIUTENBHOCTD.
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bynyun uctuaHO 32-X pazpsaHoit cuctemort, Windows NT paGortaer B 32-x OutoBOM
JUHEWHOW MOJENH NaMsTH, KOTopas Mo3BojsieT agpecoBaTh 4 ['GallT (cBblmie 4-X MUITHAPIOB
0aiT) maMsTH.

Windows NT wucnonbp3yeT MeTOJ] BBITECHSIOIIEH MHOT033Ja4YHOCTH, YTO TapaHTHPYET
aJIeKBaTHOE PACIIPEJCIIEHUE PeCcypcoB Ipolieccopa Ha MPOTSHKEHUU BCe pabOThl CUCTEMBI. DTO
TaKXe MpeJOoTBpaIlaeT MOHONOJIBHBIN 3aXBaT MPOLECCOPa MPUIOKEHUEM U OCTAaHOBKY CHCTEMBI B
TeX cilydasx, KOIrja MpUJIokKeHHe padoTaeT HeCTaOMIIBHO WM BHE3AIHO MPEKpaTuio padory. ITo
no3Boisier Windows NT paGortare paxe Toraa, KOraa JApyras oOIepallioHHas CHCTeMa
OKOHYAaTeJIbHO Obl 3aBUCIIA.

Tpanzakunonnas ¢aitnosas cuctema (NTFS) Windows NT ycoBepiieHCTBOBaHA H
npeaenbHO HanexkHa. Mcmonsdys tpanzakuuu, Windows NT umeeT BO3MOXHOCTH OTMEHHTH
HE3aBEPUICHHYIO WJIM HEMPAaBWIBHYIO OIEpalMIo 3allMCH, BO3HMKAIOIIYI0 B clydae c0o0s
anmapaTHoro WJIM  HPOrpaMMHOro  obOecriedeHus  (Hampumep, BHE3AMHOE  OTKIIOYEHUE
AJIEKTPONUTAHUSI BO Bpems 3amucu (aitna). brmaromapst Takomy mnoaxoxy aiinoBas cucrema
Windows NT ropasno MeHee nojiBepkeHa pa3pylIeHUIO IPU pa3IMUHbIX HEIITATHBIX CUTYalHsIX.

Bcee cocrapnstone wactu Windows NT ucnonb3ytor 32-x OUTOBBIN KO YTO MO3BOJISET
HOBBICUTH CKOPOCTb Pa0OThI 110 CPABHEHUIO ONEPALMOHHBIMHM CUCTEMaMHU HCIOJIb3YIOIKUMU 16-TH
pa3pAIHYIO TEXHOJIOTHIO.

Omneparmonnas cucrema Windows NT cymectByeT B 1Byx Bapuantax - Wndows NT Server
u Windows NT Workstation. IlepBas npennazHadeHa Ui MCIOJIB30BaHMs B KayecTBE cepBepa U
HUMEeT BCe BO3MOXHOCTH JUIsl €ro peanusanuu. Bropas npeaHasHadeHa a1 pabouyux CTaHLUH, ee
11eJ1ec000pa3Ho MCIOJIb30BaTh HAa pabouuX CTaHLUSX, A€ TpeOyeTcs MOBBIICHHAs 3aIIUIICHHOCTh
Y HaJeKHOCTh pa-O00THI.

Ha texymmii MmomenT ¢upmoii Microsoft Bemmymena OC Windows 2000. B sty Bepcuto
BJIOKEHO HECKOJIBKO HOBBIX YCOBEPIIEHCTBOBAaHUI, Cpelu HUX: MOJJEpKKa (PaiaoBoil cucTembl
FAT32, B cBA3U C 4EM CTaJI0O BO3MOKHBIM HCIIOIL30BAHUE KECTKUX TUCKOB OONIBIINX €MKOCTEH U
BO3MOKHOCTb UCIIOJIb30BAaHUE UX EMKOCTH C MEHBIIMMU MOTEPSIMU, [I0 CPAaBHEHUIO C OoJiee CTapon
¢aitnosoit cucremoii FAT16. Eme B cucremy BHeceHa TexHojorust Plug-and-Play, mo3Bonsromas
YIPOCTUTh NMPOLECC MHCTAUIALUM HOBBIX allapaTHbIX KOMIIOHEHTOB. B omnepanuoHHON cucreme
Windows NT 3tux Bo3mMokHOCTEl HE OBLIO.

DTa cucTema Takke BbIylIeHa B 1ByX Bapuantax Windows 2000 Server - mis cepBepa u
Windows 2000 Professional - mis paboumnx craniuii. B Henanekom Oynymem ¢upma Microsoft
IUTAHUPYET BBIITYCK HOBBIX CETEBBIX ONEPALIMOHHBIX CUCTEM.

Jlekuust NelS. Texunosiorusi TokenRing.
Bonpocsr:

1. O6opynoBanue TR.

2. Tononorus TR.

1. Odopynosanue TR.

Cern Token Ring, tak xe kak u ceru Ethernet, xapakrepusyer pazmensieMas cpeja
nepeaayd JaHHBIX, KOTOpas B JTAHHOM Cllydae COCTOMT U3 OTPE3KOB KaOess, COeIUHSIONINX BCE
CTaHIIMU ceTH B Koublo. Koibllo paccmaTpuBaeTcs Kak OOMIMN pas3aenseMblii pecype, W A
JocTyna K HeMmy TpeOyercs He clydailHBI —anroput™m, Kak B cerax Ethernet, a
JeTEpMUHUPOBAHHBIM, OCHOBAaHHBI Ha MepeJadye CTaHLUAM IpaBa Ha HCIOJIb30BAHHME KOJbIA B
OTIpPENICIECHHOM TMOpsAAKe. DTO MpaBO MEpeJaeTcs ¢ IMOMOIIbI0 Kajpa CHenHanbHOro ¢opmara,
Ha3bIBAEMOTO MapKepoMUuTumorKeHom (token).

Texnonorust Token Ring 6b11 pazpaborana komnanueir IBM B 1984 rony, a 3arem nepenana
B KayecTBe npoekTa ctannapra B komuteT IEEE 802, koTopslii Ha ee ocHOBe npuHsia B 1985 rogy
crangapt 802.5. Komnanus IBM ucnons3yer texnonoruto Token Ring B kauecTBe cBoel OCHOBHOM
CeTeBOM TEXHOJIOTMM JUIS MOCTPOECHMS JIOKAIBbHBIX CETel Ha OCHOBE KOMIIBIOTEPOB Pa3IMYHBIX
KJIaCCOB - MA3UH(PEHMOB, MHHU-KOMIIBIOTEPOB U MEPCOHAJIBHBIX KOMITBIOTEpOB. B Hacrosiee
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BpeMss MMEHHO Komranusi IBM sBisieTcss OCHOBHBIM 3aKOHOJaTeseM Mojbl TexHojoruu Token
Ring, mpousBoas okosno 60 % ceTeBbIX afanTepoB STON TEXHOJIOTHH.

Cetu Token Ring pabGoTaroT ¢ n1ByMss OMTOBBIMHU CKOpocTsmH - 4 u 16 Mout/c. Cmemienue
CTaHIUH, pabOTAIONNX Ha Pa3IMYHBIX CKOPOCTSX, B OJHOM Koiblle He nomyckaercs. Ceru Token
Ring, paGotatomue co ckopocThio 16 MOWT/C, MMEIOT HEKOTOpPHIE YCOBEPIICHCTBOBAHUS B
aJITOPUTME JIOCTYIIa IO CPAaBHEHUIO CO cTaHaapToM 4 Mowut/c.

Texnomoruss Token Ring sBisercss Gonee cioxxHOM TexHonoruen, dem Ethernet. Ona
obmamaer cBoiicTBaMH oOTKazoycToiunBocTH. B cerm Token Ring ompenenensl mnpouemaypbl
KOHTpOJISI pabOTHI CETH, KOTOpPHIE HCIOJB3YIOT OOPaTHYIO CBS3b KOJBIIEOOPAa3HOW CTPYKTYPHI -
MOCTAHHBIM KaJp BCerJa BO3BpAIAeTCsl B CTAHLHUIO - OTIpPaBUTENb. B HEKOTOPBIX cClydasx
oOHapy)XeHHbIC OIMMOKH B pabOTE CETH YCTPAHSIOTCS aBTOMAaTUUYECKH, HalPUMEpP MOXKET OBITh
BOCCTAHOBJICH TOTEpSHHBI Mapkep. B npyrux cimydasx OmHMOKH TOJBKO (UKCHUPYIOTCA, a HX
YCTpaHEHUE BBIMIOJIHIETCA BPYYHYIO 00CITY)KMBAIOIINM ITEPCOHATIOM.

JUisi KOHTpOJISL CeTH OJHA W3 CTAHIUHM BBHIMOJHSAET POJb TaK HA3BIBAEMOI'O aKMUBHO2O
MoHumopa. AKTUBHBIII MOHUTOpP BBIOMpAETCsl BO BpeMs MHULMAIM3AIMKM KOJIbIA KaK CTaHLHUS C
MakcUMaabHBIM 3HaUeHueM MAC-anpeca, Eciu akTUBHBIN MOHUTOP BBIXOAUT U3 CTPOSI, IPOIIEAypa
MHUIUAIA3AIUA KOJIbI[a TIOBTOPSIETCS U BHIOMpAETCS HOBBIM aKTHUBHBI MOHUTOpP. UTOOBI ceTh
Moryia OOHApYXXUTh OTKa3 AaKTHMBHOTO MOHMTOpA, MOCIEIHUN B pPabOTOCIIOCOOHOM COCTOSTHHH
KaXble 3 CeKyH[Ibl T€HEpUpyeT CIeUalbHBIA KaJp cBoero mpucyrctBus. Eciu 3TOT kanp He
MOSIBIISICTCS B CETH Oosiee 7 CEKYH[, TO OCTaJbHbIE CTAHIIMM CETH HAUYMHAIOT MPOLEAYpPY BHIOOPOB
HOBOT'O aKTUBHOT'O MOHHUTODA.

Oo6opynoBanue TR.

Konnentparop TokenRing (MSAU) mnpencraBiaser coboit Habop OmoxoB TCU
(TrunkCouplingUnit — 6710k TOAKITIOUEHHSI K MAaTUCTPAIN), K KOTOPBIM OTACIbHBIMU PaIUaTbHBIMU
kabenmsmu (lobecabling) monkmtouatorcst craniuu. biok TCU comepkut pene, B HOpMaIbHOM
COCTOSIHUM 3aMBIKAIOIEe MarucTpaib B 00X0A mopra (OJHOBPEMEHHO 3aMBIKAeT BXOJ U BBIXO[
IopTa CO CTOPOHBI CTaHIMH). Eciu kK mopTy moAKIIIOUeHa CTaHIMA, TO OHA BBIAACT “‘(DaHTOMHBIN
CHTHAJI TIOCTOSIHHOTO TOKa, MEpeKIIovaromuid pene. Ecamu cTaHuus OTKIIOYaeTcss OT KOJbLia MU
MPOMCXOAUT OOpPBIB KaOems, pejie BOCCTaHABIMBAET O0XOmHOM mmyTh. CraHIuUA, (U3HUECKH
nonkatoueHHas K TCU, moxet npoBeputs cBoro nuHHI0 10 MSAU (mockonsky TCU obecnieunBaer
3aMbIKaHHE €€ NpHEMHHMKa Ha ee MepeNaTdyuk), M, B Cllydae HCIPAaBHOCTH JIMHUH, BbIIATh
“(aHTOMHBIN curHam’.

KOHCTpYKTHBHO KOHIIEHTPATOP MPEACTABISIET COO0I aBTOHOMHBIN OJIOK C JIECATHIO
pa3zbpeMaMu Ha nepeaneit nanenu (puc. 40).

Pucynox 40. Konnieatparop Token-Ring (8228 MAU)

Kpome 6510koB TCU (00b19HO OT 8 10 24), koHIeHTpatopsl MSAU umeroT 1Ba mopTa s
oOpa3zoBanus Kosbla KoHIeHTpaTtopoB: mopT RI (Ringln, Bxoxn komnsma) u mopt RO (RingOut,
BBIXOJ] KOJIbIA). DTU MOPTHI TaK:Ke CHAOXKEHBI pelie, 00ecneunBalolIUM 3aMbIKaHHE MarucTpaliu B
00X0/1 OTKJIFOYEHHOTO MOpTa.

KoH1ieHTpaTopbl MOTYT OBITh MTACCUBHBIMH M aKTUBHBIMH. [TaccuBHBIMMSAU obecnieunBaeT
TOJIBKO 3JIEKTPUYECKOE MOJKIIOUEHUE CTAaHIIMK K MarucTpanu. AKTuBHbIN MASU umeeT B KaxI0M
omoke TCU moBTopuTenb, BOCCTaHAaBIUBAIONIUMK (OpMYy CHTHajla. AKTHBHBIC KOHIIEHTPATOPBI
MoryT coxaepkaTh Osiok ympamieHuss nmo SNMP umum RMON. Cermentupyronme (Portswitch)
KOHIIEHTPATOPhI MO3BOJISIOT OPraHU30BbIBATh HECKOJBKO KOJIELl HA OJJHOM yYCTPOMCTBE.
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CereBble aanTepbl cofepKaT OJOK MOBTOPEHUS, KOTOPBIM MOKET pereHepupoBaTh CUTHAI
U BOCCTaHABIMBATh €T0 CHHXPOHH3AIUIO (ITUM 3aHUMAETCS TOJBKO aKTUBHBIN MOHUTOp). s
pecuHxpoHu3auu ucnoib3yercs 30-OutHbI Oydep, B KOTOPOM HAKAIUIMBAIOTCS CHUTHAIBL. JTOT
Oydep MOAKIIIOYAETCS aKTHBHBIM MOHUTOPOM K KOJbBILY, U BCE JaHHBIC MPOMYCKAOTCS Yepe3 HEro,
BBIXOJIA ¢ HY)KHOW "actoToil. ([Ipn MakcumaibHOM KonmdecTBe cTaHIui (260) cmemnieHue ourta 3a
000pOT IO KOJIBIY MOXKET IOCTUTaTh TPEX OUTOBBIX HMHTEPBAJIOB.)

Texnonorust TokenRing mo3BosisseT UCHONB30BaTh A MAruCTPalbHBIX U paHalibHbIX
kabeneit Butryto mapy (UTP wmmu STP) wnm onTtoBoiokHO. PaccTosiHue Mexay NacCHBHBIMU
KoHIeHTpatopamu MoxeT nocturath 100 m (STPType 1) m 45 m (UTPCategory 3), a mexnay
akTuBHBIMM — 730 M u 365 M coOTBEeTCTBEHHO. M cronb30BaHME ONTOBOJIOKHA YBEJIUYUBAET
MaKCUMaJbHYIO JUIMHY KaXJ0ro cermMeHrta a0 1 kM. PasHble mpousBoautenn oOOpYyAOBaHUS U
MIPOrPaMMHOTO 00ECTICUCHHUSI ONIPENEISIOT PA3IMYHbIC OTPAHUYCHHUS, TAK YTO MPU MPOSKTUPOBAHUU
cetu TokenRing HEOOX0IMMO TTOJIH30BATHCS JAHHBIMHU BEIOPAHHOTO TTPOU3BOAUTEIS.

2. TomoJorust TR.

Cetb Token-Ring nmeeT TOIOJIOTHIO KOJBIO, XOTS BHEIIHE OHA OOJIbIIe HAIIOMHHAET 3BE31y. DTO
CBSI3aHO C TEM, YTO OTJEJIbHbIe ADOHEHTHI (KOMIIBIOTEPHI) IPUCOSANHSIOTCS K CETH HE HANpsAMYIO, a
yepe3  CIEHUalbHbIE  KOHLEHTPATOPbl WM  MHOTOCTAaHIIMOHHBIE  YCTPOMCTBA  JOCTYIa
(MSAUnmn MAU — Multistation Access Unit). ®@u3ndecku ceTb o0pa3yeT 3BE3IHO-KOJIBIEBYIO
TOmoNOTnio (pUCYHOK 41). B neficTBUTENBHOCTH k€ a0OHEHTHI 0OBEAMHAIOTCS BCE-TaKU B KOJIBIIO,
TO €CTh KaXIbli M3 HUX IepefaeT MH(POPMAIMIO OJHOMY COCEAHEMY A0OOHEHTY, a NMPUHHUMAET
MH(POPMAIIHIO OT APYroro.

Pucynoxk 41. 3Be3nH0-Kob1eBast Tononorus cetu Token-Ring

Konnenrparop (MAU) mpu 3TOM MO3BOJISIET LEHTPAIN30BaTh 3aJaHHe KOH(UTypaluu,
OTKJIIOYEHUE HEHUCIPABHBIX aOOHEHTOB, KOHMPOab PAOOTHI ceTH u T.A. Hukakoit o0paboTku
uH(pOpMAIMY OH HE MTPOU3BOIMUT.

Jnsa xaxmoro abOHEHTa B COCTaBe KOHIIGHTpaTopa NIpPHUMEHSETCS CleluaibHbId 010K
nonkmouenuss kK maructpamun  (TCU  — Trunk Coupling Unit), KoTOpbIli  oOecrieynBaeT
aBTOMATUYECKOE BKJIIOYEHHE a0OHEHTa B KOJbBLIO, €CJIM OH MOAKIIOYEH K KOHILIEHTPaTopy H
ucnpaseH. Ecnu abonenmoTkimogaeTcsi OT KOHIIEHTpAaTOpa MIIH K€ OH HeucnpaseH, To 0ok TCU
aBTOMATUYECKHM BOCCTAHABJIMBACT YeIOCMHOCMb KONblla 0€e3 ydacThs JaHHOro aOOHEHTa.
CpabatsiBaer TCU no curnany mocTOssHHOTO TOKa (Tak Ha3bIBaeMbli "(paHTOMHBIN" TOK), KOTOPBIH
MPUXOJUT OT a0OHEHTA, JKEJIAIOIIETO BKIIOUYUTHCS B KOJBIO. AOOHEHM MOXKET TaKKe OTKIIOYUTHCS
OT KOJIbIIA ¥ MPOBECTU MPOLEAYPY camomecmuposarnus. "aHTOMHBIN" TOK HUKaK HE BJIMSET Ha
MH(OPMAIMOHHBIM CUTHAI, TaK KaK CUTHAJI B KOJIbIIE HE MMEET IMOCTOSHHON COCTaBIISIOMICH.

DTa TOMOJOTHsA OCHOBaHA Ha TOMOJOTHHM "(PU3MUECKOE KOJIBIIO C TOJIKIIOYCHHUEM THIIA
3ge3na”’. B gaHHOM TOmomormm Bce paboyHMe CTAaHIUMM MOJKIIOYAIOTCS K IEHTPAJIbHOMY
konineHtparopy (TokenRing) kak B Tomosorun ¢uzuveckas 38e3aa. LleHTpanbHbINH KOHIICHTPATOD -
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9TO HHTEIUICKTyaJIbHOE YCTPOHCTBO, KOTOPOE C TIOMOINBIO TIEPEMBIYEK O0OeCTeunBacT
MOCJIeI0BATEIbHOE COEIMHEHNE BHIX0/1a OAHOWU CTAHIIMM CO BXOJIOM JAPYTrOi CTaHILIHUH.

Hpyrumu cioBamMu ¢ NMOMOIIBIO KOHIIEHTpATOpa KaKAash CTAHIUSA COCAMHSIETCS TOJBKO C
JIBYMSI IPYTUMH CTaHIIUAMU (TIPEIBITYIIEH U mocieayomen cTaniusamu). Takum oOpa3om, paboune
CTaHIIMU CBSI3aHBI TIETJICH KaOesi, MO0 KOTOPOUW MaKeThl JaHHBIX MEPEIA0TCS OT OJTHOM CTAaHIIUU K
ApYroi W KaXKAaas CTAHIMS PETPAHCIUpPYET 3TH IOCIaHHBbIE MakeThl. B kaxmoil pabodel ctaHIMU
UMEETCA IJId HJTOr0 MPUEMO-TIEPENAoNIee YCTPOHUCTBO, KOTOPOE TO3BOJIAET  YHPABIATH
MPOXOXKJACHUEM JIaHHBIX B ceTH. DU3NYECKU TaKasi CEeTh MOCTPOEHA M0 TUITY TOMOJIOTHH “3Be3/1a”.

KoHnnentparop co3maér mepBuyHOe (OCHOBHOE) W pe3epBHOE Kojblla. Eciu B OCHOBHOM
KOJIbIIE MPOU3OUIET OOPBIB, TO €T0 MOXKHO 00OMTH, BOCIIONB30BABIIUCH PE3EPBHBIM KOJBIIOM, TaK
KaK MCIOJIB3YETCsl YeTHIPEXKUIBHBIN Kabenb. OTka3 CTaHIMU WM OOpBIB JIMHUM CBSI3U pabodeit
CTaHIIMM HE BJIMYET 32 COOOW OTKa3 CeTH KaK B TOMOJOTHHU KOJIBIIO, TOTOMY YTO KOHIIEHTPATOP
OTKJIFOYET HEUCIPABHYIO CTAHIIUIO M 3aMKHET KOJIBIO MIEPEAavy JaHHBIX.

Workstation 1

—— e

Workstation 8 - Workstation 2

<

Workstation 5 Token-ring Waorksfption 3

Workstation 4

Pucynox 42 - Tononorus TokenRing

B apxurextype TokenRing mapkep mepemaércs oT y3ia K y3Jy IO JIOTHYECKOMY KOJbILY,
CO3/IaHHOMY LIEHTPAJbHBIM KOHIIEHTpaTopoM. Takas MapkepHas Iepenada OCYILECTBISETCS B
(UKCUPOBAaHHOM  HAIPABICHUM (HANpaBlIEHWE [BM)KEHUS MapKkepa U IAKeTOB JaHHBIX
NPEJCTAaBICHO HAa PUCYHKE CTpeiKamMu cuHero nsera). CtaHuus, oOnajgaromas MapKepoM, MOXKET
OTIIPABUTH JIaHHBIE IPYTOH CTAHIIMH.

Jns mepenaud JaHHBIX paOouyue CTaHLIMU JOJDKHBI CHayayla JIOKJaTbCs IMPUXOJa
cBOOOJHOrO Mapkepa. B Mapkepe comep kKuUTCs ajfipec CTaHLMU, IOCHIABLIEH 3TOT MapKep, a Takke
aZipec TOM CTaHIMM, KOTOPOW OH mpeaHa3zHadaercs. [locie 3Toro oTmpaBUTENb MEpPEAAcT MapKep
CJIEAYIOIIEH B CETU CTAHLUU JUIsl TOTO, YTOOBI U Ta MOIJIA OTIPABUTh CBOU JIaHHBIE.

OnuH u3 y3710B ceTH (0OBIYHO JJIsl ATOTO HCHONb3yeTcs (aiia-cepBep) co3MaéT MapKep, KOTOPBIH
OTIIPABISIETCA B KOJIBLIO CETH. Takol y3en BBICTYNAET B KaueCTBE aKTUBHOTO MOHUTOpA, KOTOPBIN
CIICIUT 3a TeM, YTOOBI MapKep He ObUT yTEPSH WK pa3pyLIeH.

OCHOBHBIE mexHuuecKue xapakmepucmuky KIacCUu4ecKoro Bapuanra cetu 1oken-Ring:

e MaKCHMAaJbHOE KOJIMYECTBO KOHLIEHTpaTopoB Tuna IBM 8228 MAU — 12;

e MAaKCHMAaJIbHOE KOJIHUYECTBO a0OHEHTOB B CETH — 96;

e MaKCHMaJbHas JJIMHA Kalessd MeXy aDOHEHTOM U KOHLIEHTPAaTOpoM — 45 MeTpoB;

e MakcUMaJbHas JJIMHA Kalelssd MeXy KOHLIEHTpaTopaMu — 45 METpOB;

e MaKcHUMaibHas JTMHA Kabess, COeIMHSIONIETO Bce KOHIIEHTPATOphl — 120 MeTpoB;

e CKOpOCTH Iepenayu AaHHbIX — 4 Mout/c u 16 Mowurt/c.

Bce npuBeneHHbIE XapaKTEPUCTUKNM OTHOCSTCS K CIIy4ar0 HCIOJIB30BAHMSI HEIKPAaHUPOBAHHOU
BuToi mapel. Ecimum mnpumensercs npyras cpeda nepedauu, XapaKTEPUCTUKH CETH MOTYT
oTau4arbea. Hampumep, npu MCHOIB30BaHUM 3KPaHUPOBAHHON BUTON mapel (S7P) KOIU4ECTBO
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a0OHEHTOB MOXET OBITh yBenuueHo 10 260 (BMecto 96), onuna xadens — 10 100 meTpoB (BMecTO
45), KOJINYECTBO KOHLEHTPAaTOPOB - 1o 33, a MOJTHAS OIUHAKOJIBIIA,
COeUHSIIONIETO KoHyeumpamopwvt — a0 200  wmeTpoB.  ONTOBOJIOKOHHBIN KaOenb TIO3BOJISIET
YBEJIMYMBATH JJIMHY KaOeTs 10 IBYX KUJIOMETPOB.

[IpeumymectBa cereit Tononoruu TokenRing:

- TONOJIOTHsI 00eCTeYnBaeT PaBHBIN JOCTYII KO BCEM Pab0ounM CTaHITUSM;

- BBICOKasi HaJIe)KHOCTb, TaK KaK CeTh YCTOMYMBA K HEHUCIIPABHOCTSAM OTIENIbHBIX CTAHLIUN U
K pa3pbiBaM COCTMHEHUS OTJIEIbHBIX CTAHITUH.

Henocrarku cereii Tomomorun TokenRing: Gonbmioit pacxon kaOemst ¥ COOTBETCTBEHHO
JOPOTOCTOSIIIAs PA3BOAKA JIMHUN CBSI3H.

Jleknus Nel6. Texnosiorus Frame Relay.
Bomnpocnr:
1. Texnonorusa FrameRealy

1. Texnonorus FrameRealy

Cerp Frame Relay sBnsercs ceTblo ¢ KOMMYyTalMed KaJpoB WM CETHIO C
peTpaHcsAIMel KaJapoB, OPHEHTUPOBAHHONH HAa HCHOJIb30BaHWE UU(PPOBBIX JIMHUI CBS3M.
[TepBonavanbao TexHonorust Frame Relay Obuta cranmaptusupoBana kak ciayxko6a B cetsax ISDN co
CKOPOCTBIO TepeAaud JaHHBIX a0 2 MOut/c. B panmpHeliiieM 3Ta TEXHONOTHS MOJydWsIa
camocrtosaTenbHoe pazButre. Frame Relay mognepxuBaer dpusnyeckuii u kaHanbHbINM ypoBHH OSI.
Texnonorus Frame Relay ucnons3yer /i nepeaayn JaHHBIX TEXHUKY BUPTYaJIbHBIX COCTUHEHUIN
(KOMMYTHPYEMBIX B TIOCTOSTHHBIX ).

Crex mnporokonoB Frame Relay mnepemaer kaapsl mpu yCTaHOBIEHHOM BHPTYaJIbHOM
COCIMHCHUH TI0 TPOTOKOJIaM (PU3MUEeCKOoro M KaHaimbHOro ypoBHe. B Frame Relay ¢yakumm
CETEBOT0 YPOBHS IEPEeMEIIeHbl Ha KaHaJIbHBI YpPOBEHBb, MOITOMY HEOOXOJUMOCTh B CETEBOM
ypoBHe otnana. Ha kanampHOM ypoBHe B Frame Relay BwimomHseTcs MynbTHIUICKCHPOBAHUE
MOTOKA JAHHBIX B KaJIPHI.

Kaxnaplii kaap KaHAIBHOTO YPOBHS COAEPKUT 3aroJIOBOK, COAEP KA HOMEP JIOTUYECKOTO
COEIMHEHUS, KOTOPBIA UCIOIB3YETCs A1l MapIIpyTU3alui 1 KoMMyTaluu Tpapuka. Frame Relay -
OCYHIECTBJISIET MYJIBTUIUIEKCUPOBAHUE B OJHOM KaHaJl€ CBSI3M HECKOJIBKHX IOTOKOB JIAHHBIX.
Kanpel npu mepenade vepe3 KOMMYTATOp HE IOABEPTaloOTCsS MPeoOpa3oBaHUSIM, MO3TOMY CETh
MoJIyunsa Ha3BaHUE PETPAHCIALUUU KaapoB. Takum oOpa3oM, ceTb KOMMYTHUPYET KaJpbl, a He
nakeTsl. CKOpocTh mepefayn JaHHbIX 10 44 MOut/c, HO 6€3 rapaHTHM LEIOCTHOCTU JAaHHBIX U
JIOCTOBEPHOCTH UX JIOCTaBKH.

Frame Relay opuentrupoBana Ha uudpoBblie KaHaJbl IEpeAadn JaHHBIX XOPOIIET0 KauecTBa,
II03TOMY B HEW OTCYTCTBYET IpPOBEPKA BBINOJIHEHMSI COCAMHEHHUS MEXKAY y3JdaMH M KOHTPOIb
JIOCTOBEPHOCTH JaHHBIX Ha KaHajdbHOM YypoBHe. Kanpbl mepenatorcss 6e3 mpeoOpa3oBaHus U
KOHTPOJISl KaK B KOMMYTaTOpax JIOKAIbHBIX cereil. 3a cuer atoro cetn Frame Relay oGmamaror
BBICOKOW MPOU3BOIUTENLHOCTHIO. [Ipu oOHapykeHMsIX OomMOOK B Kajapax IMOBTOpHas Iepeaaya
KaJpOB HE BBINMOJHACTCS, @ HCKa)KEHHBIE KaJpbl OTOpaKkoBbIBalOTCS. KOHTpOJIb JOCTOBEpPHOCTH
JAHHBIX OCYIIECTBIIACTCS Ha 00yiee BHICOKUX YpoBHsX Moaenu OSI.

Cern Frame Relay mmpoko ncnosib3yercsi B KOPIOPATUBHBIX M TEPPUTOPUATBHBIX CETAX B
KauecTBe:

. KaHaloB Juisi OOMEHa /JaHHBIMH MEXAY YIAICHHBIMH JIOKAIBHBIMU CETAMHU (B
KOPIOPATUBHBIX CETSX);
- KaHaJIOB [JIA O6M€Ha JaHHBIMHU MCXKIAY JIOKAJIbHBIMU W TCPPUTOPUATIBHBIMU

(T100aTbHBIMU ) CETSMHU.

Texnonoruss Frame Relay (FR) B ocHOBHOM wucmonb3yeTcst Ui MapIIpyTHU3alUuN
MIPOTOKOJIOB JIOKAIBHBIX CeTel uepe3 o0mue (myondHbe) KOMMYHUKaMOoHHbIe ceTh. Frame Relay
obecrieynBaeT mnepeaady AaHHBIX ¢ KOMMYTalMel MakeToB uepe3 HHTep(heic Mex1y OKOHEUYHBIMHU
ycTporictBamu  moib3oBarenss DTE  (mapmpyruzatopamu, wmoctamu, IIK) u  okoHeuHBIM
obopynoBanueM kaHaia nepefauu naaasix DCE (komMmmyTtaTopamu cetu Tuna "obmaako").

72



Kommyratopsr Frame Relay ucnonb3yroT TEXHOJIOTHIO CKBO3HOW KOMMYTAIIMH, T.€. KaJapbl
MepeAaroTcs ¢ KOMMYTaTopa Ha KOMMYTAaTOp cpa3y Mocie MPOYTEHHS ajJpeca Ha3HAYeHUs, 4YTO
oOecrieunBaeT BBICOKYIO CKOpPOCTh Iiepedaun AaHHBIX. B cersx Frame Relay npumensrorcs
BBICOKOKAQUCCTBCHHLBIC KaHAJIBI ICPEAAaIU, ITIOTOMY BO3MOXKHA IICpcaada Tpa(bm(a YYBCTBUTCIIBHOT'O
K 3a7iepKaM (TOJIOCOBBIX U MYJIbTUMEIUIHBIX JAaHHBIX). B MaructpanbHbIx KaHanax ceTd Frame
Relay HCTIOJIB3YHOTCA BOJIOKOHHO-OIITHYCCKUC K216€.HI/I, a B KaHaJlaxX OOCTYyIla MOXCT NPUMCHATHCA
BBICOKOKAQUeCTBEHHAs BUTAas mapa.

j CeTk TMNa "obnako”

— DCE {ceTb NaKeTHOW KOMMYTaLWUKn) DCE

OTE

Pucynox 43. Cerp Frame Relay

Ha pucynke mnpencraBieHa cTpykTypHas cxema cetd Frame Relay, roe wmzoGpakensl
OCHOBHBIC 3JICMCHTHI:

1. DTE (data terminal equipment) — anmaparypa nepefadu JaHHBIX (MapIIpyTH3aTOPHI,
MocThl, [1K).
2. DCE (data circuit-terminating equipment) — OKOHeYHOE OOOpYyIOBaHHME KaHaja

nepeaayy JaHHBIX (TeIEKOMMYHHKAIIMOHHOE 000pyI0BaHKEe, 00ECTIEYHBAIOIIEE TOCTYII K CETH).
1.1.1.5 ®usuyveckuii yposenb Frame Relay

Ha ¢usmnueckom ypoBue Frame Relay ucnonb3yior mudpoBbie BblIeICHHBIE KaHAIBI CBSI3H,
npoTokoi ¢puzudeckoro yposus 1.430/431.

1.1.1.6 KanaanbHblii ypoBenb Frame Relay

B cetn Frame Relay ucnonb3yercst 1Ba ThIa BUPTyalbHBIX KaHAOB: nocTostHHbIe (PVC) n
KOMMYTHpYEMbIE BUPTYyajbHble KaHaibl. Ha KaHaIbHOM YpOBHE NMOTOK JAHHBIX CTPYKTYpUPYETCS
Ha KaJphl, TOJIC JaHHBIX B KaJpe HMMEET MEPEMEHHYIO BEIMUYMHY, HO He Oomee 4096 Oaiir.
KananpHelil ypoBeHb peanusyerca npotokosnomM LAP-F. Ilporoxon LAP-F umeer nBa pexnma
paboThl: OCHOBHOW ¥ yHOpaBisiomuid. B OCHOBHOM peXHMME KaIphl TepeaaroTcs 0e3
peoOpa3oBaHUs U KOHTPOJIS.

B nosne 3aronoBka kaapa umeercs MHGOpMalus, KOTOpasi UCIOJIb3YETCs NIl YIpaBlICHUs
BUPTYaJbHBIM COEAMHEHMEM B IIpoliecce Iepelayd JaHHbIX. BUpTyanbHOMY COEIMHEHUIO
npucBauBaetcs omnpeneneHubiii Homep (DLCI). DLCI (Data Link Connection Identifier) -
UACHTU(DUKATOP COCTUHECHUS KaHANIA TaHHBIX.

Kaxnaplii kaJip KaHAIBHOTO YPOBHSI COAECPKUT HOMEP JIOTUYECKOTO COECAMHEHHS, KOTOPBIN
UCTIOJNB3YeTCsl ISl MapIIPYTU3aMK U KoMMyTaluu Tpaduka. [Ipy 3TOM KOHTPOJIb NPaBUIBHOCTH
neperayd JaHHBIX OT OTMPABUTENS IOJy4YaTeNI0 OCYIIECTBISETCS Ha 0oJjiee BHICOKOM YpPOBHE
mozenu OSI.

KommyTupyemble BHUpTyalibHblEe KaHallbl HCIOJB3YIOTCA JUIsl TEpelayd HMITYJIbCHOTO
Tpaduka mexny nBymsa ycrporictBamu DTE. IlocTossHHBIE BUPTYalIbHBIE KaHAIBI TPUMEHSIOTCS JUIS
MTOCTOSTHHOTO OOMEHAa COOOIIEHUAMH MEX Ty 1ByMsl ycTpoiictBamu DTE.

[Ipouecc nepenaun gJaHHBIX Yepe3 KOMMYTHUPYEMbIE BUPTYaJIbHbBIE KaHAJIbl OCYILIECTBIISETCS
CJIETYIOIIM 00pa3oM:

. YCTaHOBJICHHE BBI30BA - 00pa3yeTcs KOMMYTHPYEMBIH JIOTHYECKUN KaHAT MEXIY
neymst DTE;
. nepeaayda JaHHBIX [0 YCTAHOBJIEHHOMY JIOTUYECKOMY KaHAIly;
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. PeKUM OXHUIAHUS, KOrJa KOMMYTHpyemas BHUpTyalibHas I€Mb YCTaHOBJIEHA, HO
0OMEH JIaHHBIMH HE MTPOUCXOJTUT;

. 3aBepIICHHE BbI30BA - HCIOJB3YETCS ISl 3aBEPILUEHUS CEaHCa, OCYIIECTBISETCS
pa3pbIB KOHKPETHOTO BUPTYaIbHOTO COEINHEHUS.

[Ipouecc mepenauM JaHHBIX 4Yepe3 MpEeABApPUTEIbHO YCTAHOBJIEHHBIE MOCTOSHHBIC
BUPTYyaJIbHbIC KaHAJIBI OCYILECTBIISICTCS CIEIYIOIUM 00pa3oM:

. nepeaya JaHHBIX M0 YCTaHOBJICHHOMY JIOTHYECKOMY KaHAIY;

. pPeKHM OXHUJAHUS, KOTJa KOMMYTHpyemas BHUpTyallbHas IIeMb YCTaHOBIIEHA, HO
0oOMEH JTaHHBIMU HE MPOUCXOJIUT.

[Ipotokon FR — 310 mHTepdeiic moctyma K ceTsiM ObICTpOl KomMMyTanuu nakeToB. OH
1mo3BoJisieT 3P GEeKTUBHO TIepeaaBaTh KpaitHe HEPAaBHOMEPHO pacIpeieICHHbI BO BpEMEHHU TpaduK.
OtnuuurenbHble  ocoOeHHocTH mporokoia FR:mamoe Bpems 3azepkku Tmpu  mepenaye
nH(pOpMalUY Yepe3 CeTh, BBICOKHE CKOPOCTH TN€peJaud, «BBICOKAs CTENEeHb CBS3HOCTHY,
3¢ deKTUBHOE UCTIONb30BaHUE MOIOCH pornyckanus. 1o ceram FR Bo3Mo)kHa nepegaya He TOJIBKO
COOCTBEHHO JTaHHBIX, HO ¥ OIIM(POBAHHOTO TOJIOCA.

[Ipotokon FR BbimonHseT (yHKIMM NEPBOrO, YaCTUYHO BTOPOTO U TPETHEro YpPOBHEH
Mozenu BOC. OH mo3BoJISIET YCTaHABIMBATH COCAUHEHHE MEXKY B3aUMOJCHCTBYIOIIMMU Yy3JIaMU
CETH, YTO AHAJIOIMYHO COEAMHEHMIO Mo X.25 B ciy4ae, KOIZla HCIOJIb3YeTCsl IIOCTOSIHHOE
BuptyasibHOe coenuHenne (PVC). Bayrpu kaxmoro ¢gusznueckoro kaHajga MOXKET OBITH CO3/JaHa
coBoKynmHOCTh PVC (Jlormueckux KaHallOB), YTO U OOBSCHSET «BBICOKYIO CTEIECHb CBS3HOCTHY,
obecrieunBaemyro mpotokojgoM FR. UTto kacaercs KOMMYTHPYEMBIX BUPTYaJbHBIX COCIWHCHHMA
(SVC), To ux ucnons3zoBanue B FR-ceTsix onuceiBaeTcs crnelralbHBIMUA MPOTOKOJIAMHU.

B ornmmume ot cereit X.25, rie Ha CETEBOM YpPOBHE O0OECIEUMBACTCS TapaHTHPOBaHHAas
nepeqaya MakeTroB (B ciiyyae MCKaXEHHUs NpHU Ieperadye KaKoro-audo Makera MPOUCXOAUT €ro
MOBTOpHAs Tmepenava), kaap FR He comepXuT mepeMEeHHBIX HyMepaluid TepelaBacMbIX |
MOJTBEPXKAaeMbIX KaapoB. Ilpu MmexysnoBom obmene mHpopmanueil B cersix FR ommbounbie
KaJIpbl IPOCTO «BHIOpPACHIBAIOTCS», UX MOBTOpHAs nepenava cpeacrsamu FR He mpoucxoaut. s
o0ecrieyeHns: TapaHTUPOBAHHON U YIOPSIOYCHHOH Mepeadd KaapoB HEOOXOIMMO HCIOIb30BATh
100 MPOTOKOJIBI OOJiee BBHICOKOTO ypoBHs (Hampumep, mpotokoia TCP/IP), nubo momosiHeHHne K
npotokony FR (manpumep, Q.922).

Kanp FR-cetn nmeeT MUHUMAaNBbHYIO W30BITOYHOCTD, T.€. JOJS CIY)KEeOHOW MHPOpMAIU B
KaJpe M0 OTHOLICHMIO K NepeAaBaeMbIM JaHHBIM IOJIb30BATENsI MUHUMAJIbHA. JTO CIIOCOOCTBYET
COKpAIIICHHIO BPEMEHHU Ha mepenady (GpukcupoBaHHOTO 00beMa nHpopmanuu. Kpome Toro, B cetn
FR MoXeT mpon3BOIUTHCS MapIIPYTH3AIMsl CBOUMH CpeicTBaMU (0€33a1eiicCTBOBaHUS MEXaHU3MOB
MapmpyTuzanu 1o X.25 wi mo mpotokoay IP), 9To 3HAYMTENBHO YBEIMYHMBAET CKOPOCTH
Mapuipytuzauud. OpHako Takod 3¢@deKT nocTuraercs TOJIBKO MPU HCHOJIB30BaHUU KAaHAJIOB,
KayecTBO KOTOPBIX COOTBETCTBYeT TpeOoBaHusM TexHojoruu FR. B mnpotuBHOM ciydae
CPaBHUTEIHLHO MHOTO KaJpoB OyayT TmiepemaBaThCsi C OMMUOKOW, W TOTpeOyeTcs TOBTOpHAsS
nepegaya  KagpoB, — oOecrmeynBaemas — JIOTIOJIHUTENBHBIMH  CpPEACTBAaMH.  JTO  CHH3HT
MH(POPMAIMOHHYIO CKOPOCTH TNepefaaun nHbopMaruu u 6osee 3QpHEeKTUBHON B 3TOM Cllydae CTaHET
ceTh X.25.

O¢ddextuBHocth TexHonorun FR nocturaercs Takke HCHOIb30BaHUEM CHEIU(PUUIECKUX
MEXaHU3MOB, YIPABISAIONINX 3arpy3Kod CeTH. DTH MEXaHH3Mbl 00ECIeUYMBAIOT MPAKTUYECKU
rapaHTUPOBAHHOE BpeMs JOCTAaBKHU KaJpOB Uepe3 CETh M OJHOBPEMEHHO JAlOT BO3MOXKHOCTb CETH
allanTHPOBAThCSA K KpailHe HEpaBHOMEPHBIM BO BPEMEHM THIaM Tpaduka (Hampumep, K Tpaduky
JIKC).

CrpeMutensHOMy pa3BUTHIO TexHojmorm FR u  moBbimeHuto ee  3(p(HeKTUBHOCTH
crocoOcTByeT psifi (GaKTOPOB, B YaCTHOCTU YIIYYIIEHHE KAaueCTBa KaHAJIOB CBSI3U, HCIIOJIb30BAHUE
COBPEMEHHOT0 MHOTO()YHKIIMOHAIBHOTO KaHajooOpasytomiero obopynoBanus. K HoBoMy Kiaccy
TaKoro 000OpyAOBaHUSI OTHOCATCSI MYJIbTUMEIMIHBIE TTakeTHBIe KoMmMyTaTopbl (MIIK).

Kommyrtaropsr MIIK, wucnone3yromme TexHonoruto FR  ansg  TpaHCHOpTHPOBKH
nH(pOopMaIuu, COBMENIAIOT HECKOJIBKO (DYHKITHI:
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- CTaTUCTUYECKOE YIUIOTHEHHE KaHaJIOB NepeJauyd JaHHBIX, MPU KOTOPOM (PUKCHUPOBAHHBIE
IIPOMEXYTKH BPEMEHHU B YIUIOTHSEMOM KaHaJle HE NMPEAOCTABIISIIOTCS OTIENbHO KaKIOMY KaHamy,
KaK 3TO MMEET MECTO NpU HCIOIb30BAaHMM METOJla BPEMEHHOrO YIUIOTHEHMs; WH(pOpManus
KaX/JI0T0 KaHaia pa3OuBaeTcs Ha OTHENbHBIE OJOKM, K OJIOKY NpHUOaBIISIOTCS 3arojioBOK,
coJiepKaluii UACHTU(PUKATOP COOTBETCTBYIOIIETO KaHajla, M XBOCT, YTO 00pa3yeT eAMHHILY
nepeaayn MHGOpMAIMK — KaJp, ¢ MOMOIIBI0O KOTOPOTr0 MOTYT IepeaBaThcs Bce BUIABI Tpaduka.
OCHOBHBIE TPEUMYIIECTBA TAaKOr0 YIUIOTHEHUS: JAMHAMHYECKOE pACIPENEICHUE MPOIMYCKHOMN
CIOCOOHOCTH YIUIOTHEHHOT'O KaHaJla CBSI3M B 3aBUCHMOCTH OT aKTHBHOCTH B KaHajlaxX MNeperadu
JAHHBIX, BO3MOKHOCTh MPEOCTaBICHHS POMYCKHOM CIIOCOOHOCTH MO TPpeOOBAaHUIO, BO3MOXHOCTh
YCTaHOBKH NMPHUOPHUTETOB ISl Pa3IUYHBIX BHJIOB Tpaduka;

- KOMMYTAIMHIO U Tepeavy pa3indHbIX BUJIOB TpaduKa;

- yIpaBJIeHUE IOTOKOM MH(OPMAINK U YCTAaHOBKA IPUOPUTETOB;

- moanepxkky Gyukmuii tenedonnpix cranmmii. K ¢ynkmusm ATC, BemonasiembiMm MIIK,
OTHOCATCS OUM(POBKAa M KOMMYTalUsi Tojioca, mHepenada (akCUMUIBHBIX cooOmeHui. Jlms
TexHosuoruu FR XapakTepHbIM SIBISETCS BO3MOYKHOE YBEIMUYEHHE 3aE€PXKKH MPHU Mepeaade rojioca
[0 CpaBHEHHIO C OOBIYHON TeneOHHOH CeThi0. YCTPaHUTh 3TO SBJICHHE MOXKHO IyTEM
yCTaHOBJIEHUSI 0ojiee BBICOKOIO MPHOPUTETa Ui TOJOCOBOr0 Tpaduka U MPUMEHEHUS
(bparMeHTanu KaJapos.

Pacnipoctpanennto  TexHomormu FR  cmocoOCTByer Takke Haau4yue CTaHIApTOB,
obecrieynBaOmUX coBMecTUMOCTh cereil FR ¢ npyrumu cersimu. Hampumep, umeercss cranigapt
IETF 1294 nns npeo6pazoBanus nakeroB TCP/IP B kanper FR. Ecth cTanaaptel, obecrnieunBaronime
cOBMeCTUMOCTh FR ¢ caMbIMM BBICOKOIIPOM3BOAUTEIBHBIMU U COBPEMEHHBIMH CETSMU — CETSIMU
ATM. Ilpu «Bxone» B cetb ATM nmnuuHbIe Kaapsl FR pa3ouBaroTcs Ha KOpOTKHE, pa3MeniaeMble
BHYTpH ATM-sueek, a mpu «Bbeixoae» u3 cetu ATM u3 s;tueek ATM-ceTu n3BneKarTcs: GparMeHThI
kaapoB FR u u3 Hux cobuparorcs nonasie kaapsl FR.

B Hacrosmee Bpemsi 3a pyOexxom, ocodenHo B CIIIA, nHaGmiomaercs CTpeMUTENbHOE
pasButue ceteit FR. 3a ogua 1996 rox uncno moibs3oBaTenel 3 TUX CETe BRIPOCIIO OoJiee YeM B TPH
pasa. B Hawane 1997 r. oxono 1800 ¢upm CILIA cTpousnu cCBOM KOpPHOpATHBHBIE CETH Ha 0ase
MaructpaibHbix cereid FR. Hambonee pacmpocTpaneHHble cmocoObl goctyna k ceTsiMm FR:
UCTOJb30BAaHNE BBIJCIICHHBIX JIMHUHM;, uepe3 ceth X.25 10 OOBIYHBIM KOMMYTHPYEMBIM
tenedoHHbIM JIMHKAM; Yepe3 ISDN miis nepegaun 1aHHBIX B rojioca.

B Poccun OONBIIMHCTBO ceTeW Mepelauyd JaHHBIX OOIIEro IMOJB30BAHHS —TaKkKe
MPEAOCTaBIAIOT Tosb3oBaTensiM FR-cepBuc. OcHOBHas mpobiema ¢ peanu3anyeid MarucTpaibHON
cetu FR 3akmodaercs B TOM, UTO T€ MarucCTpajbHblE MEXAYTOPOJHHE KaHAJbI, KOTOPbIE
MMOCTPOCHBI Ha 0a3e TenedOHHBIX JIMHWKA (JIMHWA TOHAJBHOW 4YacTOTHI), HE OOECIEeYUBAIOT
HeoOxomumoe st ceth FR kawectBo mepemaun. Jlyis moctpoenms ceteit FR cample mmpokue
BO3MOKHOCTH HMMEIOT T€ NPEANPHUATHS, PEHICHUS KOTOPHIX OCHOBAaHBI Ha 0a3e ONTOBOJIOKOHHBIX
WJIY CIIyTHUKOBBIX KAHAJIOB CBS3U.

Hoctounctsa cetu Frame Relay:

* BHICOKAs HaJIeXKHOCTh PabOTHI CETH;

= o0ecrieuynBaeT mepeAayy YyBCTBHTEIBHBI K BpPEMEHHBIM 3ajiepkkaMm Tpaduk (Tosoc,
BHJICON300PKEHHE).

Henocratku cetu Frame Relay:

* BBICOKAsl CTOMMOCTb KaU€CTBEHHBIX KAHAJIOB CBA3U;

* He 00€eCIeunBaeTCs JOCTOBEPHOCTh IOCTABKU KaJJPOB.

Texnonorust FR u B OyayieM cOXpaHUT CBOM NMPEUMYLIECTBA U aKTYaJIbHOCTh, MIOCKOJIBbKY
oHa oOecreynBaeT MJCAIbHBIA JOCTYN K BBICOKOCKOPOCTHOH MaructpanbHoii ATM-cetn mo
HU3KOCKOPOCTHBIM KaHajaM CBS3M. JTa TEXHOJOTUS B HAcCTOsIee BpeMs sBiseTcs Hauboiee
3G GEeKTUBHON IS TMPUIOKEHUH, CBI3aHHBIX C MHTETpalueil HepaBHOMEPHOTO (IYJIbCHUPYIOIIETO)
TpaduKa JJOKAIBHBIX CETeH, U YyBCTBUTEILHOHN K 3aJIEPKKE TOJIOCOBOM MH(POPMAIIHH.

Jleknusa Nel7. Texuogoruss SDH u ISDN
Bonpocsr:
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1. Texuonoruu SDH u ISDN

1. Texnosoruu SDH u ISDN

Cern u texnonoruu ISDN. Ceru ISDN (IntegratedServicesDigitalNetwork — nudposas ceTb
C MHTErpanyeil yciyr) oTHOCATCA K Kilaccy CeTel, M3Ha4dalbHO MpeIHa3HAuYEeHHBIX AJIS Nepeadu
KaK JaHHBIX, TaK M Toyoca. DTO CeTH, obOecnedrBaiouiie NH(PPOBOE COCAMHEHUE MEXITY
OKOHEYHBIMH a0OHEHTaMHU CETH JUIsl MPEIOCTaBICHUs LIMPOKOro Habopa yciayr, K KOTOPBIM
10JIb30BaTEIN MOJIy4aroT JOCTYII qyepes OTrpaHUUYEHHOE YHCIIO CTaHIapTHBIX
MHOTO()YHKITHOHATBHBIX HHTEP(EHCOB.

B cersx ISDN wucnonedyercs uudpoBas TEXHONOTHWs, MOJy4aromias Bce OoJblee

pacrpocTpaHeHHe, TaK Kak:
-nu(poBbie yCTPOUCTBA, UcHoib3yeMble B ISDN, mpou3BOAATCS Ha OCHOBE MHTETPAIBHBIX CXEM
BBICOKOM MHTErpalyy; 1o CpaBHEHHIO C aHAJOTOBBIMM YCTPOWCTBAMHU OHU OTJIMYAIOTCS OOJIBIION
HA/ISKHOCTBHIO M YCTOWYHMBOCTBIO B paboTe M, KpOME TOTO, B IPOM3BOJCTBE M IKCIUTyaTalllu, Kak
IIPABUJIO, JICIIEBIIE;

- uu¢poBYIO TEXHOJOTHUIO MOKHO MCIOJB30BATh IS Tepeaadn J000i HH(pOpMaIu 1mo
OJHOMY KaHally (aKyCTHYECKHUX CHTHAJIOB, TEJIEBU3UOHHBIX BHJICOJAHHBIX, (DAKCHUMUIIBHBIX
JAHHBIX );

- 1UQpoBBIE METOMBI NMPEOAOIEBAIOT MHOIME W3 OTPAHWYECHUH Mepelayd U XpaHEHus,
KOTOpBIE MIPUCYIIH aHATOTOBBIM TEXHOJIOTHSIM.

B cersx ISDN mipu nepeade aHaIOroBOro CUTHAJIA OCYIIECTBIIIETCS TPeoOpa3oBaHNE €ro B
MOCJIeI0BATEIbHOCTh HU(POBBIX 3HAUCHHIA, a IPH ITpUeMe — 00paTHOE MpeodpazoBaHHUE.

AHaJIOTOBBIN CUTHAJI IPOSIBIAETCS KaK MOCTOSHHOE W3MEHEHHE aMIUINTYAbl BO BPEMEHH.
Hanpuwmep, npu pasroBope 1o tenedoHy, KOTOPBIHA JEHCTBYET Kak MpeoOpa3oBaTelb aKyCTUYECKUX
CUTHAJIOB B JIEKTPUYECKUE, MEXAHNYECKHE KOJIEOaHUs BO3/1yXa (UepeOBaHUE BEICOKOTO U HU3KOTO
JaBieHHs) TpeoOpa3yloTCsl B 3JIEKTPUUYECKUN CUTHANl C TaKOW KE XapaKTEepUCTHKOW orubarorien
amMmuTyAbl. OJHAKO HEMOCPEACTBEHHAs Iepeladya aHaJIOrOBOIO 3JIEKTPUYECKOIO CHUTHajla I10
Tene)OHHOHN JIMHUU CBSI3U COTPSDKEHA C PSAZOM HEJOCTAaTKOB: MCKa)KEHUE CUTHANA BCIIEACTBUE €r0
HEJIMHEHHOCTH, KOTOpasi yBEIMUYUBACTCA YCWIMTEISIMU, 3aTyXaHUWE CUTHaja MpH Iepejrade depes
Cpeny, NOJIBEP>KEHHOCTh BIMSIHUIO IIYMOB B KaHAJIE U JIp.

B ISDN »Tu He0CcTaTKH MPE0I0IMMBIL. 37eCh (hopMa aHATIOTOBOTO CUTHAJIA MPECTABISETCS
B BHIE UUGPOBBIX (IABOMYHBIX) O0pa3oB, IHU(PPOBBIX 3HAUYEHHUH, MPEACTABIAIONINX
COOTBETCTBYIOIIME 3HAUEHUS aMILIUTY/Abl Oru0aroeld CHHYCOUJAIbHBIX KOJICOaHUH B TOUKaX, Ha
IUCKPeTHBIX ypoBHAX. L{n(poBble CHUTHANBI TaKXKe MOABEP)KEHBI OCIA0JICHUIO W IIyMaM IpU HX
IIPOXOKJICHUH Yepe3 KaHall, OJJHAKO Ha MPUEMHOM IyHKT€ HEOOXOAMMO OTMeUaTh JHILIb HaJIU4He
WIA OTCYTCTBUE JIBOMYHOIO LM(POBOrO HMMIYJIbCa, a HE €ro aOCOJIOTHOE 3HAuY€HUE, KOTOpoe
BXHO B CIIy4ae aHAJIOroBoro curHaia. CremoBaTenbHO, HUGPOBBIE CUTHAIBI MPUHUMAIOTCS
Ha/IeKHEE, X MOYKHO IOJHOCTbIO BOCCTAHOBHTD, MPEXK/IE YEM OHHU M3-3a 3aTyXaHHs CTAHYT HHKE
IIOPOTOBOT'0 3HAYECHHUSI.

[ToaxmroueHne MoIb30BaTEILCKOT0 000pyaoBaHus K ceTd ISDN mpou3BouTCs Ha OJHOM U3
IBYX CTaHAApTHBIX cKkopocteil. [lepBas u3 Hux — «6azoBas» ckopocts (BRI — BasicRatelnterface), a
Bropas — «mepBuuHas» (PRI — PrimaryRatelnterface). Ilpu mepenmaue mudopmamuu mo BRI B
KaHaJle CO3JAI0TCA TPU JIOTMUECKHUX IOJKaHala, JABa W3 KOTOPHIX, Ha3blBacMble B-kaHanamu,
IpeJHa3sHaueHbl Ui Nepefayl «IoJe3HOW» MH(OpMaIUK MoJib30BaTeNns (B YaCTHOCTH, rojoca).
Kaxnpiif u3 B-kananos Tpedyet nosocs! nponyckanus 64 Kout/c. Tperuil moakanan, Ha3bIBaeMbIi
D-xananoM, TpeOyeT TakoH ke MOJIOCHI TPOITYCKAHUS U UCTIONb3YEeTCs MPEKIE BCEro i Nepeaadn
ciry>keOHOI MH(pOopMaIK, KOTOpasi ONpeaesseT nopsaaok o0paboTku nHpoOpMalnu, rnepegaBacMon
no B-kananam. MHorma D-kanan ucnonb3yercs i nepenadu mojae3Hord nHGOpMaIiy, ero mojoca
nponyckanusi paBHa 16 Kout/c. CnemoBarenbHo, o0mias mojoca HpPOIYCKaHHs, T.e. CKOPOCTh
nepeaadn, coorpeTcTBytomas uarepdericy BRI, cocrasnser 144 Kout/c.

Kanan PRI umeer cBoto crnenuduky B pasubix crpaHax. B CIIA, Kanane u Slnonun on
COCTOUT M3 IBYX B-KkaHasioB 1 ogHOro D-KkaHaa, KaXplii U3 HUX UMEET MPOMYCKHYIO CIOCOOHOCTh
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64 Kowut/c, a obmas mpomyckHas cmocoOHocTh PRI-kanama paBna 1536 Ko6ut/c (¢ yderom
ciyxebHoit nundopmann). B EBpone kanan PRI 3anumaer nonocy nponyckanus 1920 Kout/c.

bonpmas monoca mpomyckaHus KaHAJIOB, HeoOxoawmas s mocTpoeHus cereir ISDN,
SIBIIIETCS. OCHOBHBIM TMPEMSTCTBUEM HA MYTH UX PACIPOCTPAHEHUS, OCOOCHHO B CTpaHaxX co clado
pa3BUTOM WHEOPACTPYKTYPOH BBICOKOCKOPOCTHBIX KaHANOB CBsi3W. OJNHAKO CYIIECTBYIOT
MEXaHU3MBI, TO3BOJISIOIIME CTPOUTH TAKHUE CETH, 00JIee SKOHOMHO UCIOIb3Ys MOJOCY MPOMYCKAHUS
KaHajoB cBsA3U. OJNH U3 TaKUX MEXaHU3MOB MO3BOJISET YIUIOTHATH B-KkaHaunbl, uCnoib3yemsbie AJs
nepenaun rojoca. Ilpu 3ToM peanusyeTcs: TeXHUKA KOAUPOBAHUS (IIPEOOpa30BaHUS aKyCTHUIECKHX
CUTHAJIOB B ITU(GPOBOM KOJ), MOJYUHBINAS Ha3BaHWE UMITYJICHO-KO10BOM monyismuun (MKM). B
HACTOAIIEE BpeMsi TEXHHUKA KOAMPOBAHUS ToJioca IIATHYJA NajleKo BIIepea, oOecrieunBasi BIIOJIHE
MpHeMJIEMOe Ka4eCTBO I'0JIOCOBOM CBS3M MPH TOPa3a0 MEHbIIEH Mojioce MPOMyCcKaHus (B OJTHOM U3
MPAKTUYECKUX CIy4aeB TojocoBas WH(popmanus, mepemaaBaemas MO KakaoMmy H3 B-kaHanos,
C)KMMAETCS ¥ TIEPEIAETCsI CO CKOPOCTHIO 6,33 Kout/c).

[IpeoOpa3oBaHre aHAIOTOBBIX CUTHAIOB B IH(PPOBBIE OCYIIECTBISACTCS Pa3THYHBIMH
Meroaamu. OIMH W3 HUX - UMITYJIbCHO-KO10Bast Moy ismus (MMKM).

[lo MHeHuIO cnenuanucToB, pa3BUTHIO ceTedl M TexHonoruid ISDN crnocoOcTByIOT Takue

(dakTophl: IMOepanM3anus W TPUBATU3ANMSA B O0JACTH TEJIEKOMMYHUKAIUMK (3TO TPHUBOAWT B
MOSIBJICHUIO HOBBIX KOHKYPEHTOB U HOBBIX CETEBBIX NPOAYKTOB); COJIKEHHWE TEXHOJIOTHUN
nH(pOpMaTH3aLNY, TETEKOMMYHUKAIIUN U OTPACIH Pa3BICUEHH (3TO MOJOKUTEIBHO BO3ICHCTBYET
Ha pa3BUTHE KaOETHHOTO TEIEBUCHUS, CTyTHUKOBOM CBS3U U PAJAMOIOCTYIIA, IPH STOM Ha MIEPBOE
MECTO BBIXOJHUT 3a/aya 00eCHedeHUs] KOMIUIEKCHOCTH MPEIOCTaBICHUSI YCIYT CBSI3U); pa3BUTHE
ceTH Internet; HenmpekpalaromMics pocT CEeTel MOABUKHON CBSA3M (ITH CETU PACTYT 3HAUUTEIBHO
ObicTpee (UKCHPOBAHHBIX CETEH, MpudyeM HaOIomaeTcs ImepepacnpeneicHue Tpapuka — ¢
(UKCUpPOBAaHHBIX CETe Ha CETH TOJBMXKHOW CBs3M). Pa3Hoe cocrosiHue 3THX (HaKTOPOB,
BBICTYMAIOIIMX B POJM ABWXKYIIMX cuil  pa3Butus [SDN-cereil, OpPUBOIUT K Pa3IHUUHIO
CTPATETUYECKUX U TAKTUUECKHUX MOJXOO0B B JIeJie UX BHEAPECHHUS B Pa3HbIX CTpaHax.
Peskoe Bo3pacranme pomu ISDN-ceteii  0OBsSICHSETCS TEeM, YTO OHH OOECIEYUBAIOT
WHTETPUPOBAHHBIA JOCTYIl K PEUYEBbIM M HEPEUEBBIM YCIyraM, HMEIOT CJIOKUBIIYIOCS
UHQPACTPYKTYpPY, SBIAIOTCS HUGPOBBIMU CETSIMH, OCHOBAaHHBIMU Ha HCIIOJIB30BAaHUM IH(PPOBBIX
kananoB 64 Kout/c, obnagaroT mocrarounoit ruokocteo. [lomymsipusanust ISDN-cetn Bo3pacTtaer,
MOCKOJIBKY IO OIpeNeJICHUI0 OHa SIBISETCS MYJIbTUCEPBUCHOW (oOecreunBaeT YCIyru IO
MPEIOCTABIICHUIO CBSI3U, JOCTaBKe WHGOpMAIMK, a TakKe JOMOJTHHUTEIbHBIC YCIYTH),
OPUEHTHUPOBAHHOW Ha NPUIOKEHHUSA. TepMUH «IIPUIOKEHHE» O3HAdaeT OINpeiesieHHYI0 cdepy
npuMeHenust ISDN (Hanpumep, AuCTaHIIMOHHOE OOydYeHHE), a TEPMUH «PEIICHUE» HUCIOIb3YeTCs
Uisi  OOBSCHEHMs, KakuM o0pa3oM JaHHOE TMPUIIOKEHHE peanusyeTcss cpeactBamu I[SDN
(mMCTaHIIMOHHOE 00YYEHHUE OCYIIECTBIISETCS C TTIOMOIIBIO YCIYTH BUICOKOH(DEPEHIICBS3H).

Texnonorust ISDN crabmibHO pa3BHBaeTcsi, a CeTh Ha €€ OCHOBE MMEET HEOOXOIMMBbIe
unrepdeiicel ¢ He ISDN-cetssmu. Kpome Toro, mmeercs OO0bIION Ha0Op TEPMHUHAIBHOTO
obopynoBanus s ISDN-cereit.

TepmunanbHOoe oOopynoBanne ISDN pa3OuBaeTcs Ha Takwe Tpynnbl: HQGPOBHIC

TeneOHHBIE amnmaparhl, TepMUHANIBHEBIE ananTtepsl 11 [1K, o6opymoBaHue BUICOCBSI3H.
OcHoBHBIE cpeacTBa noctyna K cetd ISDN: mapmipyTu3aTopbl WJIM MOCTHI JIOKAJIbHBIX CETEH,
OKOHEYHBIE CETEeBbIE yCTpoicTBa 06a30Boro u nepsuyHoro gocrymna s BOJIC u MenHbIX TUHUN
CBSI3M, MYJBTUIUIEKCOPHI (s cOopa W mepemaun WHGOpPMAIMK OT YAAJICHHBIX a0OHEHTOB),
CUCTEeMBI JJisi TIpoBefeHus: BuaeokoHpepenmmii, Munu-YATC (ympaBieHuecKne aBTOMATHUYECKUE
TenedOHHBIE CTAHITUH).

Hudpossie YATC ¢ ¢pynknusmu ISDN mo3BossiroT: 6osiee MOTHO HCIIONB30BATh KAHAIBI
CBS3U ISl Tepeflaud JAaHHBIX M PEUd, BBIMTH a0OHEHTY B ceTh ISDN ¢ pa3nuyHBIX yCTpONCTB
(Tenedona, daxca, KOMIbIOTEpa), OJHOBPEMEHHO NEpeAaBaTh pedb M JaHHBIC (€CIIM B COCTaBe
YATC wumeroTcs JBYXIpOBOIHBIE IHUGPOBBIE TeaehOHHBIC ammapaTtbl C PpacHIuPEeHHBIMHU
byHKIIMAMU U TopToM Jutst moAkiarodeHus (1K), moaximrodaTte MOCTBI WIJIM MapIipyTH3aTOpPhI s
B3aumoecTBus ynaneHHsix JIKC.
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Cetu u texnosnoruu ISDN npenocTaBisitoT MoJb30BaATENAM CIEAYIOIIME OCHOBHBIC YCIYTH:
nepeaaya JaHHBIX cO ckopocThio 64 Kout/c, nmepenaua peun B uuppoBOM BHUJE, TEIETEKCT, (akc,
BUJEOCBs3b. [Ipy HCMONB30BaHMM KaKJOW M3 HUX aOOHEHT MOMKET BOCIOJIb30BATHhCS TaKUMU
JIOTIOTHUTEIBHBIMU YCIIYTaMH: OpraHU3allds 3aMKHYTBIX TPYII IOJb30BaTeNel, opraHu3anus
KOH(EpEeHIICB3HU, IPEOCTABICHIE CETH CBOETO HOMEPA MJIM OTKa3 Ha MPEI0CTaBICHUE U JIp.

Taxum oOpazom, cetr ISDN, 0CHOBHOI 11e/1bI0 pa3pabOTKH KOTOPBIX ObLIO 00BETUHEHKE B
OJIHOM ceTu TpapuKoB HUGPOBBIX TeNehOHHBIX CETe W KOMIIBIOTEPHBIX JAHHBIX, B HACTOsIIEE
BpeMs LIMPOKO HMCHOJB3YIOTCS AJS peIIeHUs 33had Mo mepenade WHGOpMAIMU B CIETYIOLIHX
obnactsax: TenedoHuUs, mepemada gaHHbIX, oObeamHeHwe JIKC, moctym K 1ioGanbHBIM
KOMITBIOTEPHBIM ~ CETSAM, WHTETpAalds Ppa3lU4YHbIX BUIOB Tpaduka, mnepenada Tpaduka,
YyBCTBUTEIHHOTO K 3a/IepKKaM (3BYK, BUIEO).

Cern u texnomormun SDH. B cersix cranmapra SDH (SynchronousDigitalHierarchy —
CUHXpOHHas 1U(POBas UepapXusi) peaanu3yeTcs TEXHOJIOTHS CHHXPOHHBIX BOJOKOHHO-ONTHYECKHUX
cereii. OTO BBICOKOCKOPOCTHBIE CETH IM(PPOBON CBA3HM, KOTOpPBIE CTpOSATCS Ha Oasze
ONTOBOJIOKOHHBIX KaOEIbHBIX JMHUK WIM UHUQPPOBBIX paguopenedHbix JuHUH. OCHOBY
UHQPACTPYKTYPHl ~ COBPEMEHHBIX  BBICOKOCKOPOCTHBIX  TEJICKOMMYHUKAIMOHHBIX  CeTel
(MarucTpagbHBIX, PETMOHAIBHBIX WM TOPOJCKHUX) COCTaBISIOT IUGPOBHIE JTUHUU U Y3JIbl CETU
cranaapta SDH.

ITpu noctpoenuu cereit SDH ucnons3yroTcs cieayommue Moayu:

- myabTuiiekcopsl SDH — 3T0 ocHoBHble (yHKUMOHAIBHBIE Momgynu cereil SDH,
MpelHa3HauYeHHbIe JUIsl COOPKU BBICOKOCKOPOCTHOTO MOTOKa MH(OpMAIMM M3 HU3KOCKOPOCTHBIX
MOTOKOB U Pa300pPKU BBICOKOCKOPOCTHOTO IMOTOKA HA HU3KOCKOPOCTHBIE;

- KOMMYTaTopbl, OOECIEYUBAIOLINE CBSI3b KaHAJIOB, 3aKPEIUICHHBIX 3a IMOJIb30BaTEIIIMU
IIyTE€M MOJIYIIOCTOSIHHOT'O NIEPEKPECTHOTO COEAMHEHMSI MEXKAY HUMU;

- KOHUEHTPATOphl, CIyXamue sl OObeAMHEHUS OJHOTUIIHBIX ITOTOKOB HECKOJIbKUX
YIAJEHHBIX y3JI0B CETHU B OJTHOM PaCIpENEICHHOM Y3IIE;

- pereHepaTopbl, yCTPOMCTBa MYJIbTUILJIEKCHPOBAHUSA C OJHHUM ONTHYECKUM KaHAJIOM
JOCTylMa U OJHUM — JBYMS BBIXOJAaMH, HCIIOJB3yEMBIMHU JJIsi YBEIUYCHHS PACCTOSHHUS MEXKIY
y3namu cetu SDH.

Pereneparop (Pucynok 44.) ucnosnb3yercs sl yBEIUYSHHS JOIMTYCTUMOTO PACCTOSHUS MEXIY
y3JIaMH CE€TH MYTEM BOCCTAHOBJIEHHUS BXOAsAIMX curHaioB SDH. DTo paccrosHue 3aBUCHT OT
CTENIEHM 3aTyXaHMs CHTHaJa B [EpEAalollell cpele U IapaMeTpoB IPUEMO-IIEPENAOLIETO
obopynoBanus. [[isi 0THOMOJOBOTO ONTHYECKOrO Kabens oHO cocTaBisieT 15-40 KM i JUTMHBI
BOJHBI 1310 HM 1 40-110 kM 151 1550 HM.

STM-N STM-N
REG

Pucynox 44. Perenepatop

Tepmunanbueiii  mynbTumiekcop  (TM)  (Pucynox  45.)  mpeagHazHaueH IS
MYJIbTHUIUICKCUPOBAHUS U IeMyibTUuIUIeKcupoBanus curaanoB PDH u STM (B Tepmunonorun SDH
UX Ha3bIBAIOT TPUOYTApHBIMU UM KOMIIOHEHTHBIMU MHTepdeiicamn) B arperatubiii motok STM-N.
OH TaKXe MOXET OCYIIECTBIIATH JIOKaTbHYI0O KOMMYTAIIMIO C OJJHOTO TpHOyTapHOTo MHTep(elica Ha

JIPYTOMu.
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PDH STM-N
— ™

SDH

Pucynok 45 TepMHHANBHBIN MYJIBTUILIIEKCOP

Mynbrumiekcop BBoxaa/BeiBoga (ADM) (PucyHok 46.) mmeer Ha BXoJe T€ e HaOOPHI
uHTepdeiicos, uro u TM, u, Kak paBuIIo, JiBa arperaTHeIX Motoka STM-N (yCIIOBHO Ha3bIBa€MBIX
"BocTouHbIH" M "3amazHbii"). B 3TUX MynbpTUIUIEKCOpaxX IUIE3MOXPOHHBIE WJIM CHUHXPOHHBIE
CUTHAJIBI MOTYT OBITh M3BJICUYCHBI U3 WK J00aBiieHb B TOTOK STM-N, mpu 3TOM 4acTh MOJIE3HOU
Harpy3ku curHaga STM-N npoxoauT uepe3 yCTpOMCTBO TpPaH3UTOM. OJTO JaeT BO3MOXHOCTb
co3/aBaTh CaMOBOCCTaHaBIMBaroImuecs KojblieBble CTpyKTypsl (SelfHealingRing — SHR),
KOTOpBIE, B Cllyyae aBapuM, aBTOMATUYECKM KOMMYTHPYIOT TOTOKH B 00XOJ MOBPEXICHHBIX
Y4AaCTKOB WJIM 3JIEMEHTOB CETH.

STM-N STM-N
ADM

PDH SDH

Pucynox 46. MynbTuIuiekcop BBo1a/BbIBOJA

Kpocc-konnekrop (DXC) — pacnpenenurensHbiii  y3en cetu  (Pucynoxk  47.),
OCYILIECTBISAIONINNA HEOJIOKUpYEMbIE MEPEKPECTHBIE COEIUHEHMsS MEXIY JIIOOBIMH €ro MOpPTaMHu.
SDH kpocc-KOHHEKTOPHI BBHIIOJIHAIOT 3T (YHKLIMU HAa YPOBHE BUPTYaJbHBIX KOHTeHHepoB VC-n,
st aroro PDH curnamer oTtoOpaxkaroTcss Ha BUPTyajdbHBIE KOHTEHHEPHI COOTBETCTBYIOIIETO
ypoBHs. CiielyeT OTMETUTb, UTO BO3MOKHOCTb OCYILIECTBIEHUSI KOMMYTAILIMM 3aJI0’KEHA, TAKXKE U B
SDH mMynbTUIIIIEKCOPHI.

STM-16 ——— —————=STM-16
STM-4 STM-4
STM-1 STM-1

140MouT/c 140Mour/c
34MonT/¢ — —_— 34Mbur/c
2MbouT/c 2MbouT/c
DXC

Pucynoxk 47. SDH kpocc-KOHHEKTOP

OcHoBHBIE PYHKIINH, BHIIOJHSIEMbIE ceTeBbIMH 1eMeHTaMu SDH cnenyromue:
"  MapumpyTu3alus  BHPTyaJbHBIX  KOHTEHHEPOB, INPOBOAMMAs Ha  OCHOBE
MCTOJIb30BaHUs MHPOPMAIMH B MapuIpyTHoM 3aroioBke POH cooTBeTcTByIOMIEr0 KOHTEIHEDA,
"  KOHCOJUAALUS WIM 00bEeAUHEHUE BUPTYAIbHBIX KOHTEIHEPOB;
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"  TpaHCAIHUS MOTOKA OT TOYKH K HECKOJIBKUM TOYKaM (point-to-multipoint);

"  COPTHUPOBKA WM TEPErpymnmupoBKa (grooming) BHUPTyaTbHBIX KOHTEHHEPOB,
OCYHIECTBJIsIEMass C LEJIbI0 CO3JaHUSl HECKOJbKHMX YIOPSAOYEHHBIX, HANpUMEp, MO THUILY
IIEPEHOCUMOT0 CEpPBHUCA, I0TOKOB;

*  BBOJ/BBIBOJ BUPTYQJIbHBIX KOHTEHHEPOB.

ITpu moctpoenun cereit SDH oxHO#l M3 mepBBIX 3a7ady, KOTOPYIO HEOOXOIMMO pelIaTh,
ABIIAETCS 3ajadya BbIOOpa Tomosoruu. PaccMoTpuM Habop 0a30BBIX CTaHIAPTHBIX TOMOJOTUH W3
KOMOWHAIIMH KOTOPBIX MOXKET OBITh COCTABIICHA CETh B LIEJIOM.

Tononozcus «mouxka-mouxa»

DT0 mpocredinas TOMOJOTHS, BKJIIOYAIOMIAs JBa TEPMHUHAIBHBIX MYJIbTUILIEKCOPA,
COCIMHCHHBIX ONTUYECKOW JIMHUEH CBSI3U ¢ WM O0e3 pereHepaTopa. Kaxaplii U3 MyJIbTHILIEKCOPOB
JeWCTBYET Kak KOHIIEHTpaTop TpudyrapHsix nmotokos E1, E3 u ap.

OTa TOMOJIOTHUS IIMPOKO HCIOJIb3YeTCsl MpU Tepefade OONbIIMX TOTOKOB JaHHBIX I10
BBICOKOCKOPOCTHBIM MarucTpaibHbIM KaHajgam. OHa MOKET OBITh peann3oBaHa, Kak Mo cxeme 0e3
pe3epBHpOBaHUs KaHaia, Tak U no cxeme co 100% pesepBupoBanueM tuna l+1, ucrnons3yroniei
OCHOBHOMW U PE3E€pBHBIN arperaTHble KaHaJbI.

Tononozus «nociedosamenvhas TUHEUHAS Yenby

3OTa TOMOJOTrUs UCIOIB3YETCs TOTa, KOTJa CYIeCTBYEeT HEOOXOIMMOCTh OTBETBIICHHH B psijie
TOYEK JIMHUM, /1€ MOTYT BBOAMTCS M BBIBOAUTCS KaHaibl JOCTymna. Peanusyercs oHa myTem
BKJIFOUEHUS BJIOJIb JINHUU CBSI3H MYJIbTUILIICKCOPOB BBOJ1a/BBIBOJIA.

Tononozus «36e30a»

B »T0i TONONOrMH 0OAMH U3 Y37I0B CETH (KPOCC-KOHHEKTOP) UTPAET POJib KOHIIEHTpaTopa (WiIH
xaba), pacrpenenssi 4acTh Tpaduka MO OPYrUM yJaJCHHBIM y3jJaM, a OCTaBIIYIOCS YacTh Ha
TEPMUHAIIBI [10JIb30BATEIICH.

Tononozus «konvyo»

Ota Tomosiorusi HauboJee MUPOKO UCToNb3yeTcs npu noctpoenuu SDH ceteil mepBbIx nBYX
ypoBHe# uepapxuu (STM-1 u STM-4). CTtpouteabHbIMH OJIOKAMU STOW apXUTEKTYPHI SBISIOTCS
MYJIBTHIICKCOPB BBOJA/BBIBO/IA, KOTOPBIE COEAMHSAIOTCS B KOJBLO C OJHOHAIPABICHHOW JHOO
JBYHAIIPABJICHHOM repeaavei Tpaduka.

[Iupokoe MCIOIBb30BaHUE KOJIBIEBON TOMOJIOTUU O0YCIOBIECHO TE€M, YTO TIOCTPOCHHBIC HA €€
OCHOBE CETHU CHOCOOHBI CaMOBOCCTAHABIMBATBHCS IOCJIE HEKOTOPBIX JIOCTATOYHO XapaKTEPHBIX
TUIIOB OTKA30B.

Cetn u Texnonorud SDH oTiH4Yar0TCs BBICOKMM YPOBHEM CTaHIAApTH3AIMU (YTO MO3BOJISET
B OJIHOW CeTH WCIOJb30BaTh O0OOpYIOBaHHWE PA3HBIX (UPM-TIPOM3BOIUTENCH), BBICOKOU
HAJEKHOCTbIO (ILIEHTPAIIM30BAHHOE YIPABJICHHUE CEThIO OO0ECIeYMBAET MOJHBI MOHUTOPUHT
COCTOSIHUS Y3JIOB), HaJIMYMEM MOJIHOTO MPOTPAMMHOIO KOHTPOJIS (OTCIIEKUBAHUE U PETUCTPALIUS
aBapUIHBIX CUTYyallUid, YIpaBlIeHHE KOH(MUTYypallell CeTH OCYIIECTBISETCS MPOTPaAaMMHBIMU
CpPEICTBAaMHU C €IUHOM KOHCOJHM YIPAaBJICHHS), BO3MOXKHOCTBIO OMNEPAaTUBHOTO MPENIOCTABIICHUS
yCcIyr 1O TpeOOBaHHUIO, CPABHUTENHHO MPOCTOM CXEMOW pa3BUTUS CeTH. biaromaps 3TuM
npeumyinecTBam TexHojorus SDH cTtama oCHOBHOHM mpH MOCTPOCHUHM HU(PPOBBIX TPAHCIIOPTHBIX
CeTeil caMoro pa3IUYHOro MaciuTada.

Tomonorust Bceit SDH-cetm ¢opmupyeTcss W3 OTAEIBHBIX 0a30BBIX TOIOJOTUNA THIIA
«KOJIBLIO», <JIMHEWHAas LeMb», «3BE3Ja», «TOUKA-TOUYKA», KOTOPHIE HUCIOJNb3YIOTCS B KayecTBE
CErMEHTOB CeTH. Yallle mMpUMEHSIETCS paiualIbHO-KOIbIeBast apxuTtekTtypa SDH-ceTn, noctpoeHHas
Ha 0a3e KOJBIEBOHN U TMHEHHON TOIIOJIOTH.

2. MeToauyecKkue yKa3aHUA 10 BbINOJHEHUIO JIA00PATOPHBIX padoT

JlabopaTopHasi paGora Ne 1 (2 yaca)
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Tema: «Omnpeenenne Kiacca CETH U BBIOOP TOMOJIOTHI

Ilesnb padoThl: 03HAKOMUTCS C BHIYMCIUTEILHBIMU CETSIMH, Kiaccudukanuei cererd. [Ipuobdpectn
HaBBIKU TIPOCKTUPOBAHUA JIOKAJIbHON BBIYUCIIMUTEIBLHON CETH JJIA KOHerTHOﬁ opraHuzanuu ¢
UCIIOJIb30BAaHUEM pa3IMyHOro THMHa obopynoBaHus. Hayuuthcs paboTarh ¢ JIOKadbHBIMU
BBIYUCIIUTEIIHBIMU CETSIM, KaOelIbHOH cucTeMoii, 000py10BaHNEM (CepBepaMH, KOHIICHTPATOPaMH,
CETEeBBIMHU 3ANTEPAMH ), UCIIOJIB30BATh PA3IMYHBIE TOMOJIOIMH JIOKAIBHBIX CETEH.

3anauu padooThI:

1. CnopoextupoBate JIBC pans opraHuzanuy, pacrnojararolieicss B 3JaHUU, COCTOALIETO W3
pa3InYHOro KOJINYECTBA JTaxKen u KOMHAT Ha JTaXxKax;
2. Ilpy IpOEKTUPOBAHUY YUUTHIBATh PA3JIMYHBIE TUIIBI TOMOJIOTMH (IIIMHA, 3B€3/1a, KOJIBIIO);

3. Mcnonp30BaTh pasinyHble TUIBI Cpell MEpeAayd JaHHBIX: CeTeBble KalOenu (KoacKHalbHBIN
Kabesnp, BUTas Mapa MpoBOJIOB, ONTOBOJIOKHO), MPOBOAA, PAJUOKAHAIBI HA3€MHON M CITyTHUKOBOM
CBSI3U U T.J.

Ilepeyenb mpudOpPOB, MATEPHAJIOB, HCIIOJIb3YyEeMbIX B JIa0OpaTOpHOil padoTe:
1. Komnerorepnas JIBC.

Onucanue (xoa) padoThbl:

BviyucnumenvHoli cemvbloHa3bIBACTCSl CUCTEMA, COCTOSIIAs U3 JIBYX WM Oojiee YAaJeHHbIX
OBM, cCoeMHEHHBIX C TTOMOIIBIO CIEIUAIBLHON anmnapaTrypsl U B3aUMOJICHCTBYIONIUX MEXIY COOOM
0 KaHaJlaM Tiepeaun JaHHbBIX.

Camas mpoctast ceTh (network) COCTOMT M3 HECKOJBKHX TEPCOHATBHBIX KOMITBIOTEPOB,
COCMHEHHBIX MEXIy co00il cereBbiM Kabemem. Ilpu 3ToM B KaXAOM KOMIBIOTEpE
yCTaHaBIIMBAETCs crienuaibHas iara cereBoro agantepa (NIC), ocymiecTBisiomas CBs3b MEXIY
CHCTEMHOH IIMHOW KOMITBIOTEPA U CETEBBIM KabeneMm.

Kpome 3T0r0, Bce KOMIBIOTEPHBIE CETH padOTAIOT O] YIIPABJICHHEM CIIEIIUATBLHON CeTEBOM
ornepaunonnoit cucrembl (NOS — Network Operation System). OcHOBHOe Ha3Ha4yeHUE
KOMITBIOTEPHBIX CETE€H — COBMECTHOE HCIIOJIb30BAHUE PECYPCOB M OCYIECTBICHHE MHTEPAKTUBHON
CBSI3M KaK BHYTPHU OJHOU (DUPMBI, TaK U 3a €€ MpeaeiaMu.

Kak TONBKO KOMIBIOTEPOB CTAaHOBUTCSA OOJbIIE ABYX, BO3HHMKaeT IpoOjeMa BbIOOpa
KOH(pUrypauuu ¢(pu3nyecKkux cBs3eill wiu Tomosoruu. Ilox Tomonoruend ceTH NOHHUMAETCA
KoH(urypamus rpaga, BepUIMHAM KOTOPOrO COOTBETCTBYIOT KOHEUHBIE Y3JIbl CETH (Hampumep,
KOMITHIOTEPHI) 1 KOMMYHUKAIIMOHHOE 000py0BaHNE (HApUMEp, MapIIpyTH3aTOPhI), a pedpamM —
ANEKTPUYECKUE U HH(POPMAIIMOHHBIEC CBS3U MEKIY HUMHU.

Uucno BO3MOXKHBIX KOHGUTYpaLUi pe3Ko BO3pacTaeT MpH YBEIMUECHUHU YHCIIA CBSI3bIBAEMBIX
ycrpoicTB. Tak, eciny TpU KOMITBIOTEPAa MBI MOXKEM CBSI3aTh JBYMs CIIOCOOAMHM, TO AJISI YEThIpEX
KOMITBIOTEPOB  (PUCYHOK 1) MOXHO TPEIIOKUTh YK€ IIEeCTh TOMOJOTUYECKH Pa3IMYHbIX
KOH(Urypanuii (Ipu yCIOBUH HEPA3TUIUMOCTH KOMITBIOTEPOB).

Mbl MOXEM COEAMHSTh KAXKIbIH KOMIBIOTEP C KaXAbIM MIU K€ CBS3bIBaTh HUX
MOCJIeI0BAaTENbHO, MPEAToaras, 4YTo OHM OyayT oOaThes, mepeaaBas Ipyr IpYry cooOIIeHus
"rpan3zutoM". [Ipu 3TOM TpaH3UTHBIC Y3JIbI JOJKHBI OBITh OCHAICHBI CIIEITUATLHBIMU CPEICTBAMU,
MO3BOJISIOMIMMHU  BBIMOJHATE 3Ty CHEHU(PHUECKYI0 TOCPEJHHUYECKYI0 omepauuio. B ponu
TPAH3UTHOTO y3J1a MOXET BBICTYNATh KaK YHUBEPCAIbHBIA KOMIBIOTEDP, TaK U CIIEIUATU3UPOBAHHOE
YCTPOMCTBO.
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a) BapWaHT CBA3M 4YeTbipexX KOMMNbIOTEPOB

Pucynok 1 - BapuaHThbl CBSI3U KOMIIBIOTEPOB

Ot BbIOOpPA TOMOJIOTUH CBSI3€H 3aBUCSAT MHOTHE XapaKTepUCTUKHU ceTu. Hanpumep, Hannuue
MeAy y3JaMH HECKOJBKHX IyTeH MOBBIMIAET HAICKHOCTh CETH U JIENIaeT BOZMOXKHON OallaHCUPOBKY
3arpy3KH OTJENbHBIX KaHalloB. [IpocToTa mprcoearHeHNsI HOBBIX Y3JI0B, CBOMCTBEHHAs! HEKOTOPBIM
TOTIOJIOTHUSIM, JIETIAeT CETh JIETKO PACHIMPSEMO. DKOHOMUYECKHE COOOPaKEHHUsSI 9acTO MPUBOMIST K
BBIOOPY TOIOJIOTHM, JJ11 KOTOPBIX XapaKTepHa MUHUMAalbHas CyMMapHas JUIMHA JTUHUHA CBS3H.

Cpenun MHOXeCTBa BO3MOXHBIX KOH(PHUTyparmuil  pa3nuyaroT MOJHOCBSI3HBIE U
HeIO0JIHOCBSI3HbIE:

THUMABI BOSMO¥MHBIX KOHMWMrypauni

— —

| MonHoCBAIHbLIE l | HenonHocBA3IHbIE |
¥

"l{onhuo"” CMewaHHan ”"D-Evu.-.an wHrHa"

Auewncras | "Isezna”

[TonHocBsi3Hass Tomonorust (PUCYHOK 2) COOTBETCTBYET CETH, B KOTOPOW Ka) bl
KOMITBIOTEP HETIOCPEICTBEHHO CBSI3aH CO BCEMH OCTAIBHBIMH. HECMOTps Ha JTOTHYECKYIO MTPOCTOTY,
3TO BapUaHT rPOMO3IKUN U HEAIPPEKTUBHBIN. J[eHCTBUTENBHO, KX Bl KOMITBIOTEP B CETH JIOKEH
UMETh OOJIBIIOE KOJMYECTBO KOMMYHHUKAIIHOHHBIX ITOPTOB, TOCTATOYHOE JUISI CBSI3M C KKIBIM U3
OCTaJbHBIX KOMITBIOTEPOB. {751 Kak[10¥i mapbl KOMITBIOTEPOB JOJKHA OBITH BBIAENIEHA OTAETbHAS
dbusnveckas JUHUAS CBS3HM (B HEKOTOPBIX CIIydasX NaXke JBE, €CIIH HEBO3MOXXHO HCIOJIb30BaHUE
STOW IIMHUU JUIs JBYCTOPOHHEHW mepenaudn.) IIOMHOCBSI3HBIE TOIOJOTHH B KPYIHBIX CETSX
MIPUMEHSIOTCSI PEIKO, Tak Kak uisi cBs3u N y3ioB TpeOyercss N(N-1)/2 ¢usndeckux AYyMIeKCHBIX
JTUHUN CBS3HM, T.e. UMEET MECTO KBaJpaTHUYecKas 3aBHCHUMOCThH. Yamie 3TOT BHJ TOIOJOTHH
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HCIIOJIB3YETCA B MHOTOMAalIMHHBIX KOMIIUICKCAX HWJIN B CETAX, 06L€,HI/IH$IIOHII/IX HeOO0JIBIII0E
KOJIMYCCTBO KOMIIBIOTCPOB.

Bce APYruc BApHUAHTBI OCHOBAHLI HAa HCIOJHOCBA3HBLIX TOIIOJOIUAX, KOrJda IJIs O6MeHa
JaHHBIMHA MEXITy TByMSI KOMIIBIOTEpAMH MOXKET IOTPEOOBaTHCS MPOMEKYTOUHAs Iepeiava JaHHbBIX
qyepes IpYrue y3Jbl CeTH.

SlyencTasi TOIMOJIOTHS TOJy4aeTCs W3 TIOJHOCBSI3HOW IIyTeM YHAJCHHS HEKOTOPBIX
BO3MOXHBIX CBsI3ell. Sldencras TOHNOJIOTHUS AOIYCKACT COCAUHCHUC 6OJIBHIOI‘O KOJIN4YECTBA
KOMITHIOTEPOB M XapaKTepHa ISl KPYITHBIX CeTel (PUCYHOK 3).

Jremmmm -

MHAMBUAYANEHBIE KaHansl
Pucynok 3 - fluencras Tononorus
B cersax ¢ konbueBoil koHpurypanumeil (pucyHOK 4) naHHBIE NEPEAAlOTCA MO KOJBIY OT

OJIHOTO KOMIIbIOTE€pa K JpyroMmy. ['JaBHOE€ AOCTOMHCTBO "KoOJyibIa" B TOM, YTO OHO IO CBOEH
npupoe 00a1aeT CBOMCTBOM PE3ePBUPOBAHMS CBSI3CH.
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Pucynok 4 -Tononorus "konb1o"

JleiicTButensHO, r00as mapa y3JIOB COEAMHEHA 3[eCh JBYMS IMYTSIMH — IO YacOBOU
ctpenke u mpotuB. "Kombro" mpencrabiser cobod o4YeHb YAOOHYIO KOH(DHUTYypaluio © s
opraHu3anu oOpaTHOW CBSI3M — JaHHbBIC, C/AETaB IOJHBIA O0OPOT, BO3BPAILAIOTCS K Y3Iy-
uctouHuky. IlosToMy oTnpaBuTenbs B JaHHOM CIy4dae MOKET KOHTPOJIMPOBATH MPOLECC JTOCTaBKU
JaHHBIX azpecary. YacTo 3T0 cBOMCTBO "KOJbLA" MCIONb3YETCs Ul TECTUPOBAHUS CBSI3HOCTH CETU
M TIOMCKAa y371a, pabOTalomero HeKOPPEeKTHO. B TO ke BpeMs B CETSX C KOJBIIEBOM TOMOJIOTHEH
HE00XO0IMMO MPHUHUMATH CIICIIMATBHBIC MEPHI, YTOOBI B CITydae BbIXO/JA U3 CTPOS WM OTKJIFOUCHUS
KaKOH-JIM0O0 CTAaHITMU HE MPEPHIBAJICS KaHAJ CBSA3M MEXY OCTAbHBIMU CTAHIIUSAMH "KOJbIIa'.

Tomonorus "3Be3na" (pucyHok 5) oOpasyeTcst B TOM ciiy4yae, KOrja KaXIblii KOMIBIOTEP C
MOMOUIBI0  OTJAETbHOrOo Kalens MONKIoYaeTcss K OOLEeMy LEeHTpPallbHOMY  YCTpPOICTBY,

Ha3bIBAEMOMY KOHLIEHTPATOPOM.
"
Jie==m=="

Pucynok 5 - Tononorus "3se3na"

B ¢yHKIMM KOHIIEHTpaTopa BXOJIWUT HAmMpaBleHHWE IepeaBaeMoOll  KOMIIBIOTEPOM
nH(OpPMALIUY OJHOMY WJIM BCEM OCTAIbHBIM KOMITBIOTEpPAM CETU. B ponm KOHIIEHTpaTopa MOKET
BBICTYNATh KaK KOMITHIOTEP, TaK U CICHHAIU3UPOBAHHOE YCTPOUCTBO, TAKOE KaK MHOTOMOPTOBBII
IIOBTOPUTENb, KOMMYTATOp WM Mapupyruszarop. K Henocratkam Tomosiornn Tuma '"3Be3ga’
OTHOCUTCS 0oJiee BBICOKAsi CTOMMOCTh CETEBOTO OOOpPYIOBaHUs, CBs3aHHAS C HEOOXOIUMOCTHIO
MPUOOPETEHUsT CHEIUAIM3UPOBAHHOTO IEHTPAILHOTO YCTpoicTBa. KpoMe TOro, BO3MOXKHOCTHU
HapalBaHUs KOJWYECTBA y3JI0B B CETH OTPAHMYHMBAIOTCS KOJMYECTBOM MTOPTOB KOHIICHTPATOPA.
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Pucynok 6 - Tononorus "uepapxuueckas 38e3aa" win "nepeso”

WHorna mMeeT CMBICT CTPOHMTH CETh C HCIOJIBb30BAHHMEM HECKOJIBKUX KOHIICHTPAaTOPOB,
HMepapXUUeCKH COSTUHEHHBIX MEXTy COOOM CBS3sIMU THMA "3Be3/1a" (PUCYHOK 6).

[Tonyyaemyro B pe3ynbTaTe CTPYKTYPY Ha3bIBalOT TakXke AepeBOM. B HacTosiiee Bpems
JIEpEBO SABIISIETCSI CaMbIM PacIpOCTPAHEHHBIM TUIIOM TOTOJIOTHH CBSA3€H, KaK B JOKAJIbHBIX, TaK U B
TII00ATBHBIX CETAX.

Oco0BIM YaCTHBIM clTydaeM KOH(UTYpalluu, 3B€3/1a sABIsAeTCS KoHpuUryparus "obmas muHa"
(pucyHOK 7).

31ech B poJM LEHTPAJbHOTO 3JIEMEHTa BBICTYNAET MACCHUBHBIA Kabenb, K KOTOPOMY IO
cxeMe "MoHTaxkHoro MJIN" nmopkmtodaeTcs HECKONBKO KOMIIBIOTEPOB (TaKyr >K€ TOIOJIOTHIO
MMEIOT MHOTHE CEeTH, MCIONb3YIoIIKe OeCIIPOBOAHYIO CBSI3b — POJb OOLIEH IMIMHBI 3/1€Ch UTPaeT
o011asi paaAnocpena).

[lepenaBaemass mHpopmanus pacnpocTpaHseTcss MO Kabearo U JOCTYIHAa OJHOBPEMEHHO
BCEM IIPHUCOEIMHEHHBIM K HEMY KOMIIBIOTEPaM.

- S ————
e e U r;'\_'.-_____-"n-lﬁn—..\:.

_________________

Pucynok 7 - Tononorus "o6mas mmHa"

OCHOBHBIMM TIIPEHMYILECTBAMU TaKOM CXEMBI SIBJIAIOTCS HM3Kasg CTOMMOCTb M IIPOCTOTa
HapallMBaHUs, TO €CTh IPUCOECINHEHUS HOBBIX Y3JI0B K CETH.

CambIM cepbe3HBIM HEI0CTATKOM "0011Iel MUHBI" SBISETCS €€ HeIOCTaTOYHAsI HAJAC)KHOCTD:
0601 nedekT Kabens WK KaKoro-HUOY/Ab U3 MHOTOUUCIIEHHBIX Pa3beMOB MOJHOCTHIO Mapau3yeT
BCIO CETb.

Jpyroii HemocTaTok "oOmied IMMHBI" — HEBBICOKAs MPOM3BOIUTENBHOCTh, TaK Kak IPH
TAKOM CIIOCO0€ MOIKITIOUEHHs] B KaXIbli MOMEHT BPEMEHHM TOJIBKO OJIMH KOMIIBIOTEP MOXKET
nepeaaBarh JaHHbIE 1O CETH, IO3TOMY IMPOITyCKHas CHOCOOHOCTh KaHajla CBS3HM BCErNa JIEIUTCS
MEXIy BCeMH y3iamu ceTH. /o HemaBHero BpemMeHHW "oOIias muHa" SBISJIACh OJHOW W3 CaMbIX
MIONYJIIPHBIX TOIIOJIOTHMM JJIS JIOKQJIBHBIX CETEH.
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B 1o Bpems kak HeOOIbIIME CETH, KaK MPABUIIO, UMEIOT THUIIOBYIO TOMOJOTHIO — ''3Be31a",
"koabuo'" K "o0mas mmMHA", U1 KPYIHBIX CETEeH XapaKTepHO HAJIMYME IPOU3BOJIBHBIX CBA3EH

MEX1y KOMIbIOTEPAMHU.
B Takux ceTsx MOXKHO BBIJCIUTh OTACIbHBIC MPOU3BOJBHO CBSI3aHHBIC (PparMeHTHI

(mojceTH), MMEIOIIUE THIOBYIO TOIMOJIOTHIO, TMO3TOMY HMX HAa3bIBAIOT CETSIMH CO CMeEHIAHHOW
TOTIONIOTHEH (PUCYHOK 8).

Pucynok 8 - CmenianHasi TOmojaorus

Jluans cBsi3u (pUCYHOK 9) COCTOMT B OOIIeM ciiydae U3 (U3NYECKOW CPEbl, IO KOTOPOU
nepealTcs dJeKTpUYecKue HWH(OpPMAlMOHHBIE CUTHAJBI, almaparypbl MNepeJauyd JaHHBIX U
MIPOMEKYTOUHON anmaparypbl. CHHOHUMOM TE€pPMUHA JuHUs c6a3u (line) SBISETCS TEPMUH KAHAT

ces3u (channel).

Annaparypa OWIHECKER CEZA NBPATAHM QaHHsIX
nepafes K Apyrvm
faHe (A yaNaM CaTH
wnn DCE \ \ / = /
L | Ko NbTH-
“”ﬂ“t"?““‘“‘““h“mh m::' m:nmp | Younuens :
/ /\ N OCE | DIE
(Ang) | (0GR)
pouexyT04H0 BopyRI0BaHIS MNKHH CBRIH
i Mot comiM__
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Pucynok 9 — JIunuu cBsi3u

Qu3zuueckas cpeda nepedauu OawmHvix (medium) MOXKET TPEACTABIATH cOO0OU Kabenb, TO
€CTb HaOOp MPOBOJOB, M3OJSIMOHHBIX M 3alIUTHBIX O0OJIOYEK W COCAMHUTEILHBIX Pa3beMOB, a
TaKXe 3eMHYI0 aTMOC(epy WIM KOCMUYECKOE MPOCTPAHCTBO, Yepe3 KOTOPhIE PACIPOCTPAHSIIOTCS
AJIEKTPOMArHUTHBIE BOJTHEI.

B 3aBucHMOCTH OT cpeipl Mepefadd JaHHBIX JHHHUM CBS3HM PA3eNIIOTCS Ha CIEAYIOIIUE:
MPOBOJHBIE (BO3MYIIHBIC), KaOenpHbIE (MEAHBIE ¥ BOJIOKOHHO-ONTHYECKHUE), PaTdOKaHAIIbI
HA3€MHOH U CIIyTHHKOBOH CBSI3U (PUCYHOK 10):

b Mposoanbie (Bosgyuses)

P Bonoxonno-crrmiecke
S —
‘ | LT UL e — CAYTHHKOBOA caRaM

b Knanuueie (weas) \,\ﬁ&#f ( s

SOOI

L T M —

Pucynok 10 — Tumns! 1uHuil cBA3U

IIpogoonvie (8030ywinble) aunHuu c653u TPEINCTABISAIOT co00i mpoBoma 6e3 Kakux-Iubo
M30JMPYIOMIUX WU SKPAHUPYIOUIMX OIUIETOK, MPOJIOKEHHbIE MEXAY CTOlI0aMu M BUCALINE B
Bo3ayxe. [lo TakuM JIMHUSM CBS3M TPAAMIIMOHHO TepenarTcs TeneoHHBIE WM TelerpadHbie
CUTHAJIbl, HO TIPU OTCYTCTBUU JIPYIMX BO3MOKHOCTEW 3TH JMHHUM HCHOJIB3YIOTCS U Ul Tepefadn
KOMITBIOTEPHBIX JTaHHBIX. CKOPOCTHBIE Ka4eCTBa M MOMEXO3ANUIIICHHOCTh dTUX JIMHUNA OCTaBISIOT
’&Kenath MHOTO Jyyiiero. CeroiHs MpoBOAHBIC JIMHUU CBSA3H ObICTPO BBITECHSIIOTCS KAOENbHBIMH.

Kabenvnvie aunuu mpeacTaBIsAIOT cOOOW TOCTATOYHO CIOXKHYIO KOHCTpykiuio. Kabenb
COCTOMT M3 MPOBOJAHMUKOB, 3aKIIOYEHHBIX B HECKOJBKO CJIOEB HW3OJSIUH: 3JIEKTPUUECKOH,
ANIEKTPOMArHUTHOW, MEXaHUYECKOU, a TakKe, BO3MOXHO, KiuMmarudeckoil. Kpome Toro, xadenb
MOKET OBITh OCHAILEH pa3beMaMH, MO3BOJSIOUIUMHI OBICTPO BBHIMOIHATH MPUCOCIUHEHHE K HEMY
pa3IMYHOTO 000pYAOBaHUS. B KOMIBIOTEPHBIX CETSX MPUMEHSIOTCS TPH OCHOBHBIX THIA KaOes:
Ka0enu Ha OCHOBE CKPYUYEHHBIX Map MEIHBIX MPOBOJOB, KOAKCHAIIbHbIE KaOelu ¢ METHOU JKUJION, a
TaK>Ke BOJIOKOHHO-ONITHYECKUE KaOelu.

CkpyuyeHHass mapa TpPOBOJOB Ha3bIBAeTCA eumotll napou (twisted pair). Burtas mnapa
CYIIECTBYEeT B JKpaHUpPOBAaHHOM BapuaHte (Shielded Twistedpair, STP), xorga mapa METHBIX
MIPOBOJIOB 00EPTHIBAETCSI B M3OJSIIUOHHBIN 3KpaH, U HedKkpaHupoBanHoM (Unshielded Twistedpair,
UTP), xorga u30nALMOHHAs o0epTka oTcyTcTByeT. CKpydrMBaHUE MPOBOAOB CHIIKACT BIIHMSIHHE
BHEUIHUX MTOMEX Ha MOoJIe3Hble CUTHAJIBI, TIepejaBaeMble 10 Kabero.

Koaxcuanonwiti xabenv (coaxial) mmeer HECUMMETPUYHYIO KOHCTPYKLHIO M COCTOUT H3
BHYTPEHHEH MEIHON KHUJIbl U OIUIETKH, OTACJICHHON OT KWIbl cioeM wu3oisuuu. CyniecTByet
HECKOJIbKO THUIIOB KOAKCHAIILHOTO Ka0els, OTIMYAIONIMXCS XapaKTepUCTUKaMU U 00JIacTIMU
MPUMEHEHHUS - JIS1 JIOKAJIbHBIX CeTeH, s TTI00aNbHBIX ceTeH, 171 KaOeIbHOT0 TeIEBUIACHUS U T. II.

Bonoxonno-onmuueckuil kabens (optical fiber) coctout u3 TOHKHX (5-60 MUKPOH) BOJIOKOH,
10 KOTOPBIM PacIpOCTPAHSIOTCS CBETOBbIE CUTHANBI. DTO Hanbosiee KaueCTBEHHBIN TUI Kabels - OH
obecrnieunBaeT nepenady JaHHBIX C 04SHb BBICOKOUW cKOpocThio (10 10 ['6ut/c 1 BhIIE) U K TOMY Ke
Jy4Ille JpyruxX THUIOB Mepearolieii cpeabl o0ecrneunBaeT 3aluTy JaHHBIX OT BHEIIHUX MTOMEX.
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Paouoxananvl nazemmnoti u cnymuuxogou ceazu 00pa3yroTCs C MOMOIIBIO MepeAaTdyuka u
npueMHHKa paauoBoiiH. CyliecTByeT OOJBIIOEe KOJIMYECTBO PA3IUYHBIX THIIOB PaJMOKAHAJIOB,
OTJIMYAIOIINXCS KaK MCTOJIb3yEMbIM YaCTOTHBIM JHMAIa30HoOM, Tak U AaibHOCThIO KaHana (KB, CB
u JIB, YKB, CBY uiu microwaves).

B KOMIBIOTEpPHBIX CETSIX CEToJHS NPUMEHSIOTCS TMPAKTUYECKH BCE OIMKUCAHHBIC THIIbI
bu3nuecKkux cpej mepefadd MaHHBIX, HO Hamboyiee TMEPCIeKTHBHBIMU SIBISIOTCS BOJIOKOHHO-
ontuueckue. [lomynsipHol cpenoi sBseTcs Takke BuTas mnapa. C moMoIsi0 BUTONW Tapbl OOBIYHO
MOJIKIIIOYAI0T KOHEYHBIX a0OHEHTOB ceTeil Ha paccrosHUsX a0 100 MeTpoB OT KOHIIEHTPATOpA.
CnyTHHKOBBIE KaHAJIbI U PAUOCBSI3b MCIOIb3YIOTCS Yallle BCEro B TEX CiIydasxX, Korja kaOeiabHbIe
CBA3U NPUMEHUTH HENb3s - HANpUMeEp, MNPU MPOXOXKJACHUM KaHala 4Yepe3 MaJOHACEIECHHYIO
MECTHOCTh WJIM K€ JJISl CBSI3W C MOOWJIBHBIM TOJIb30BaTelneM ceTh. B tabmuue 1 mpuBeneHsl
OCHOBHBIE OTJIMYHS Pa3HBIX TUIIOB KaOeneH.

Tab6auua 1 - CereBble kKadeau

XapakTepucTuka Tonkni ToscThit Buras nmapa OnTOBOJIOKOHHBIN
KOaK- KOaKCHaJIbHBIN Kabenb
CHAJIbHBIN Kabenb
Ka0enb
DddextuBnas mmHa (185 M 500m 100m 2KM
Ka0enst
CKopoCTh 10 Mowut/c 10 Mowut/c > 10 Mowurt/c > 10 Mowurt/c
nepeayn
['MOKOCTh JloBOJIBHO Menee ruOKuUi Cambiii ruOkuii  |He ruOkuii
THOKUIA
[TonBEp)KEHHOCTh Xopo1o Xopo1o [TonsepxeH He MOJIBEPKEH
rnomMexam 3allMIIeH  BaluIleH nomMexam nomMexam

88



HpOGKTI/IpyeMaH JIOKaJIbHas1 BBIYHUCIWUTCIBbHAA CETh OOJI’KHA OBITH JIIA

BapuanThl 3a1aHii HA J1a00PaTOPHYIO padoTy

OpraHu3aIu,

pacrioyararomieiics B HeCKOJIbKUX 3/1aHHSX (BapHaHThI IPEACTAaBICHBI B Tadbmuie A.1).

Tabmuma A.1
Bapuant | Komuuect | Paccrosnue | KonnuectBo Yucno Obmee Yucno
BO 3/1aHUI MEXTy JTakeil B | KOMHAT Ha YHCIIO UCIOJIb3yEMbl
31aHUSMU, M 3/1aHUAX KOKIOM | KOMIIBIOTE X
JTaxe poB KOHIIEHTPATOp
OB
1 2 200 2 6 60 6
2 3 340 5 3 60 7
3 2 820 3 5 60 7
4 2 250 4 6 72 8
5 3 1420 2 5 50 5
6 1 230 5 2 50 5
7 2 200 4 2 40 4
8 2 720 4 3 60 8
9 3 250 3 6 54 5
10 4 1320 2 7 70 7
11 2 450 6 4 72 6
12 1 250 5 4 60 6
13 2 500 4 4 64 7
14 3 650 3 4 60 8
15 4 1250 2 4 40 4
16 3 400 6 3 54 5
17 2 200 7 2 70 7
18 1 500 1 3 45 4
19 2 120 7 3 63 7
20 3 430 6 2 60 6

Heobxomumo mo0uThCs MakcuMaiabHOM S(PQPEKTHBHOCTH HCIOIB30BaHUS CETH TIO
KPUTEPHIO II€HA-Ka4eCTBO-CKOPOCTh.

CocraButsb cxemy JIBC.

IloaroToBUTH OTYET.
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JlaGoparopHuasi padora Ne 2 (2 yaca)
Tema: «CiocoObI KOMMYTAITHI
ean padoThl: n3ydnuTh TaOIUIly KommyTanuu u Web-uatepdeiic kommyraropa D-Link.

3anauu padoThI:
1. U3yunTh TabIUIly KOMMYTALIUH;
2. M3yuutp Web-untepdeiic kommyratopa D-Link.

Ilepeyenb mpudOpPOB, MATEPHAJIOB, HCIIOJIb3YyEeMbIX B JIa0opaTopHOil padoTe:
1. PaGouas craumus;

2. Kommyrtarop DES-3200-10;

3. KaGens Ethernet;

4. KoHCOJIbHBIHN Ka0eb.

Onucanue (xox) padorni:

Kommymamop  (switch) ~ —  OCHOBHOE€  aKTHBHOE  ceTeBoe  00OOpyJaoBaHUE
COBPEMEHHBIXJIOKAILHBIX CeTei. B OTIu4me OT KOHIEHTpAaTopa, KOMMYTaTop paboTaeT Ha
KaHaJlbHOM ypoBHe Monenu OSI u mepemaeT Kaapbl HE Ha BCE MOPTHI, a HEMOCPEICTBEHHO
nojyyarento, aHanuzupyss MAC-aapec HCTOUHUKA/Ha3HAUCHUSL.

[lepenaya kaJpoB KOMMYTAaTOpPOM OCYILECTBISIETCS Ha OCHOBE mMabnuybl KOMMYMAYUU.
Kaxnas 3amuch B Tabnmuie KOMMYyTalMd cOCTOMT w3 Homepa mopra u MAC-agpeca. Kak
co37al0TCs 3anucH B Tabnuiie kommyrtanuu? Hampumep, ecnmu Ha mopT 1 KoMMyTaTopa mocTymnaer
kanp ot paboueii crannuu [IK1, To B Tabnuie co3gaercs 3amuch, accormupytomas MAC-aapec
paboueii cranumu 1K1 ¢ HOMepoM BXxomHoro moprta. Tabmuiia KOMMYTaIlldd MOXET CTPOUTHCS
KOMMYTaTOpOM aBTOMAaTHYECKH, HA OCHOBE AMHAMH4ecKoro uzydeHuss MAC-aapecoB HCTOYHUKOB
MTOCTYTAONINX HA MMOPTHI KAIPOB, WM CO3/1aBaThCsl BPYYHYIO aIMUHHACTPATOPOM CETH.

KoMMmyTHpyembie ceTu UMEIOT psil OCOOCHHOCTEH W orpaHudeHuid. OJHOW M3 TIABHBIX
npobieM  TakuX  ceTed,  SBISETCS ~ yBEJIMYEHHE  IIMPOKOBELIATENbHBIX  JIOMEHOB.
Hlupokosewjamenvuviti O0omeH — 3TO 00JacTh PacIpPOCTPAaHEHHs IIHPOKOBEIIATEIHLHOTO
tpaduka.lllupokoBeniaTenbHble KaJpbl MEPENAIOTCS HAa BCE Y3JIbl CETH U MOTYT HPHUBECTH K
HEPAIMOHAIBHOMY HCIIOJIb30BAHHMIO TOJOCHI MpomycKaHus. Jlins Toro, dYToOBI 3TOrO0 HE
MPOMCXOJUIIO, HYXHO OpraHuM3oBaTh HEOOJBIIME [IMPOKOBELIATENbHbIE JOMEHBI  WJIU
supmyanvhvienoxatvivie cemu (VLAN).

Bupmyanvnoti  nokanvnoii  cemvlo  Ha3bIBa€TCA JIOTWYECKas TPYINa y3JO0B CETH,
TpaUKKOTOPO, B TOM YHCIE W IIMPOKOBEIIATEIbHBIN, Ha KaHAILHOM YPOBHE IOJHOCTBIO
M30JIMPOBaH OT JPYIMX Y3JIOB CETH. OJTO 3HAYUT, 4YTO Mepelrada KaJpoB MEKIY pPa3HbIMU
BUPTYaJIbHBIMU JIOKAJLHBIMU CETsIMU Ha ocHoBe MAC-anpeca HEBO3MOXKHA HE3aBUCUMO OT THIIA
aJgpeca — YHUKAJIBHOIO, I'PYNIIOBOTO WM IIMPOKOBEHIATENbHOr0. B TO ke Bpems, BHYTpHU
BUPTYAJIbHOW JIOKAJIBHOM CETH KaJpbl MEPEAAIOTCS MO TEXHOJIOTUU KOMMYTALlUU, TO €CTh TOJIBKO
Ha TOT MOPT, KOTOPHIH cBsizaH ¢ MAC-agpecom Ha3HAYEHUS KaJipa.
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1.1 Ynpasiaenue kommyTaTopom yepe3 Web-unrepdeiic u nzyuenne Tadannbl

.

KOMMYTalluun

MK1:
IP-agpec: 10.90.90.91
MAC-agpec: 255.0.0.0

KommyTtatop:
IP-agpec (no ymonyaHwuw): 10.90.90.90

Mopt 1

T T ikidiokideaked e
< el e
LG IC L) 2 EAEE

Mopt 4

& k2
i’ IP-agpec: 10.90.90.92

MAC-agpec: 255.0.0.0

Pucynok 1.1 Cxema cetn

Hlar 1. [Togxmounte 1K1 u [1K2 x koMmmyTaTopy Kak mokaszaHo Ha puc. 1.1.
Ilar 2. Hactpoiite Ha paboueii cranuuu 1K1 u ITK2 craruueckuii [P-anpec.
Ilar 3. [IpoBepbTe TOCTYNMHOCTh COEAMHEHUS My pabounmu cranuusmu [1K1 u [TK2.

B xomangnoii ctpoke [1K1 BBeguTe: ping 10.90.90.92
B komangnoi ctpoke I1K2 BBeaute: ping 10.90.90.91

Ilar 4. 3aiigute Ha Web-untepdeiic kommyTaTopa.

Y1006l 3aiiTi Ha Web -uHTepdelic KOMMYTATOPA, BEIIMQIHUTE CIIE e NeCTBUS:

1. Ha pa6oueit cranmmu [1K1 3anmycrure Web-6paysep (Internet Explorer, Mozilla Firefox), B
aJpeCcHOM CTpOKe KOToporo ykaxute [P-agpec unrepdeiica ynpapieHUs KOMMYyTaTopa Mo
YMOJTYaHHUIO:

http://10.90.90.90
Buumanmue: I[P-aapec ympaBieHHss KOMMYyTaTopa IO YMOJYaHHUIO OOBIYHO YKa3bIBAaeTCS B
pykoBojacTBenonb3oBaTens. s kommyratopa D-Link DES-3200-10 IP-appec ympaBneHust mo

ymom4anuio — 10.90.90.90
2. B nosBuBLIeMcs okHe ayTeHTH(UKauuu, nons User name u Password octaBbTe MyCTHIMH U
naxmuteOxk. [locne atoro mosiButTcs okHo Web-untepdeiica ynpasinenus kommyraropa (puc. 1.2).

Ecnu Ha pabouell CTaHIUU NMPOU3BEICHBI HACTPOMKHU MPOKCU-CEPBEPA, TO UX HYKHOOTKIIOUHUTD.
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s Mozilla Firefox: mento Hrncmpymenmor — Hacmpoiiku — [Jonornumenshule. Jlanee Bkiiaaka
Cemv —Hacmpotika napamempos coeounenus Firefox ¢ Unmepnemom — Hacmpoums — be3
NPOKCU.

Jns Internet Explorer: mento Cepsuc — Ceoticmeo obospesamens. [lanee Bknanaka [looxknouenus
—Hacmpoiika cemu — Aeémomamuueckoe onpeoenenue napamempos.

[ | = | B |
]{jj} DES-3200-10 | + |
6 P 10.90.90.90 www/main.html il -'.l* Google Pl A B~

DES-3200-10 T 0A0ON - Link - At

System Up Time: 00 Days 00:04:22° &

DES-3200-10|

'p' System Configuration

[ Management Device Information

[ L2 Features Device Type DES-3200-10 Fast Ethernet Switch MAC Address 90-94-E4-40-TE-EQ

h@iL3 Features System Name IP Address 10.90.90.90 (Static)

s S\Ucf System Location Mask 255.0.0.0

: Security System Contact Gateway 0.0.00

[ Network Application Boot PROM Version Build 4.00.002 Management VLAN default

i oM Firmware Version Build 4.02.004 Login Timeout (min} 10

[ Monitoring Hardware Version c1 System Time 01/01/2000 00-03:58 (System Clock)
Serial Mumber R3J1MCT001...

Device Status and Quick Configurations

SNTP Disabled Settings

Jumbo Frame Disabled Seftings Spanning Tree Disabled Settings

MLD Snooping Disabled Settings SHMP Disabled Seftings

IGMP Snooping Disabled Seftings Safeguard Engine Disabled Seitings

MAC Motification Disabled Seftings System Log Disabled Settings

802.1X Disabled Seftings SSL Disabled Settings

55H Disabled Seftings GVRP Disabled Settings

Port Mirror Disabled Settings Password Encryption Disabled Settings
Single IP Management Disabled Settings Telnet Enabled (TCP 23) Settings
CLI Paging Enabled Settings Web Enabled (TCP 80) Settings
VLAN Trunk Disabled Seftings DHCF Relay Disabled Seilings

< | [ | 3

Pucynok 1.2 Web-untepdoeiic ynpasnenus kommyraropa DES-3200-10

Iar 5. [TocMoTpuTe coaepkuMoe TaOIMIIBI KOMMYTaIlMu. B 1eBoi yacTh okHa
BeiOeputel2Features — FDB — MAC Address Table (puc. 1.3).

CKoJIBKO 3anuceil HaOmromaere?

Kaxoit Tun (type) y kKaxmoi 3arnvicu B TaOIUIE KOMMYTAITUU?

Ilar 6. Otknrounte padouyto crannuio [1K2 ot 4 mopra u moAKIIOYUTE K 5 TTOPTY.

Hlar 7. ITocmoTpute comepkuMoe TabIUIbl KOMMYyTaluu. UTo N3MEHMIIOCH?
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-

ol

ES-3200-10

[ Syster Configuraton
[ [ Management

E‘iﬁ | # Fealures.

-l VLA

[ QinQ

?, Laye- 2 Protocol Tarnslng &

[ [ Spanning Tree
[]..FI nk Angrenatinn
=

'Iiﬁ FUH

[ Static FOB S=tings
Y WAC Notification Getting:

| AHF & FUE lable
|- L2 Mumicast Zonrol
[ [ Mulicast M ering

= EAPS Satinge

0O @ncL
E..F Saeusity
[=)- i Nztwork Aaplication

oA

(=] [ Monitaring

L 3

Powzra
Consclen

IAC Addre ple
Port 1 - l Firnd ] [ Clear Dynginiu Enl.ric:s]
VIANName ] Find Clear Dynamic Entries
wodst ]
MAC Add-ess 00-00-00-00-00-00 Find
Sacurity [F1 Tind
Total Cntries: 3

VLAM Mame

MAC Addre

1 defaut 20 6ABAT2 A5 82 4 Forwasd Ade Lo Slalic MAC Lablz
1 defaut 20-GA-BATI-TC-EC 1 Farwa-d
il defaut 90-94-E4-40-7TE-EQ GCPU Eomardl | adc to Static MAC tablz |

[ 111 ] 1 I
Pucynox 1.3 Tabnuia koMMyTamuu

Iar 8. Co3naiiTe cTaTideckyro 3anmuch B Tabnauie kommyranuu s [IK2 va mopre 5. s
ATOTOHAXMUTE Ha KHOTNIKY Add to Static MAC table (puc. 1.4).

e
e

[C

AR
i
i

=

User Accounts Settings
Command Logging Setting

Layer 2 Protocol Tunneling B
£ Spanning Tree

£l Link Aggregation

|- FOB

J Static FDB Settings
MAC Motification Settir
MAC Address Aging T
ARP & FDB Table

- [ L2 Mutticast Control =
][ Multicast Fitering
=) ERPS Settings
LLoP

- [ Network Application

NLB FDB Settings

OAN

4]

Fower «
Console

Port 01 - Find Clear Dynamic Entries
VLAN Mame l:l Find Clear Dynamic Entries
woust [ ]

MAC Address

Security F Find

[ View All Entnes_J Clear All EntrieL]

Total Entries: 3

VLAN Name
1 default

1 default

1 default

MAC Address
20-6A-8A-72-A5-82 5
20-64-8A-T3-7C-8C 1
90-94-E4-41-9F-70

Forward
Forward
Forward

{Add to Static MAC table 3
Add to Static MAC table

| Add to Static MAC table

Cin ] 1

Pucynok 1.4 Co3nanue cratuueckoil 3anucu

Hlar 9. Orxirounte padouyro crannuto [1K2 ot 5 mopTa 1 nmoaktouuTe K 4 OPTY.
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Ilar 10. [IpoBepbTe JOCTYMHOCTH COeAUHEHUS MexX Ty pabounmu ctanuusmu 1K1 u TTK2.

B xomananoii crpoke [1IK1BBeguTe: ping 10.90.90.92
B xomananoii ctpoke I1K2 Beeaure: ping 10.90.90.91
OOmbscuute, mouemy HeT cBsa3u Mexy [1K1 u I[TK2

Hlar 11. Yanute cTaTHYecKylo 3aUCh U3 TaOIUIIBI KOMMYTauu. BineBoliuacTnokHaBbeIOEpHUTE
FDB — Static FDB Settings — Unicast Static FDB Settings.B npaBoii yacTu 0OKHa Ha)XMUTE
Delete naniporus 3anucu st [1K2 (puc. 1.5).

‘ " DES-3200-10 |T|

6 w0 10.90.90.90/www/main.html c "'l* Google P A B~

Tools ™

Time Range Settings
Time Settings
User Accounts Settings. Unicast Forwarding Settings

Commmiarn Liggng Seusies @ VLAN Name ] MAC Address  |00-00-00-00-00-00

| Management

;' L2_Features | (21 YLAN List l:l Port - | | Apply

Layer 2 Protocol Tunneling S¢

[ Spanning Tree

- |8 Link Aggregation

- FoB

=] | Static FOB Settings
] Unicast Static FDB S

| Multicast Static FDB £

MAC Notification Settings | =

WAL Address Aging Time

WAC Address Table

ARP & FDB Table

| L2 Mutticast Control

|# Multicast Fitering

Total Entries: 1

VLAN Name MAC Address
[__Delete [
[—|

| L3 Features e

j QoS

AL

| Security -
i i mo 3

Pucynok 1.5 Y ganenue crarnueckoii 3anucu

Iar 12. [IpoBepbTe TOCTYIMHOCTh COeAMHEHUST Mex Ay pabounmu ctanuusmu [1K1 u TTK2.

B xomanmnoi crpoke [1IK1BBeauTe: ping 10.90.90.92
B xomananoi crpoke I1K2 BBenure: ping 10.90.90.91

Ilar 13. COpockTe HACTPOMKH KOMMYTATOpa K 3aBOICKMM HacCTPOHKaM IO yMOJ4aHuio. BeiGepute
Tools — Reset — ResetConfignnaxmurteApply.

1.2 JluarHocTUKA ceTH BO BpeMs IIMPOKOBENIATEIbHOI0 IITOPMA
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MopT 1 2 Mopr7  Kommytarop DES-3200-10

7] s
Jowilsalas

KoHConBHBIA
kabenb

MK1: MK2:

IP-agpec: 10.90.90.91 IP-agpec: 10.90.90.92
MAC-agpec: 255.0.0.0 MAC-agpec: 255.0.0.0

Pucynok 1.6 Cxema cetu

VYrpaBineHne KOMMYTAaTOpPOM OCYIIECTBISETCS HE ToJibko uepe3 Web-untepdeiic. s
0oJjiee TOHKOW HAaCTPOWKH YCTPOWCTBA HMCIOJB3YETCsS yIpaBlieHWe uepe3 MHTepdeiic KoMaHIHOM
ctpoku (Command Line Interface, CLI). Jloctyn k uHTEpdEiicy KOMaHIHONW CTPOKH KOMMYTaTopa
OCYILIECTBIISICTCS] TyTEM MOAKIIOYEHHS K €r0 KOHCOJIbHOMY HOPTY NMEPCOHAIBLHOTO KOMIIBIOTEPA C
YCTAHOBJICHHOHM MTPOTPaMMOM 3MYJISIIUN TepMHUHAIA.

Mlar 1. Ioxakmounte I1K2 Kk KOHCONBHOMY MOPTY KOMMYyTaropa C TOMoIIbl0 Kabenss RS-
232.Ilocne MOOKIIOYEHHSI K KOHCOJBHOMY IMOPTY KOMMYTAaTOpa, Ha MEPCOHAIbHOM KOMIIBIOTEPE

3aIycTuTe nporpammy smyisinuu repmuHana V1100 (Hanpumep, putty.exe Uiy nporpammy
HyperTerminal 8 Windows XP).

B nporpamme HyperTerminal ycTaHOBHUTE CIEAVIOLIME ITApAMETPhI MOAKIOYECHUS

11520
CxkopocTs (but/c): 0
BbuTHI JaHHBIX: 8
YETHOCTD: HET
CTomnoBbie OUTHI: 1
VYpaBneHue NOoTOKOM: HET

B nporpamme Putty yCTaHOBHTE CICAVIONINE ITapaMETPhl HOAKIIOUCHUS

1. B kateropuu Session Beioepute Serial n yctanoBure ckopocts 115200 (puc. 1.7);
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L5 I'Y Configuration | |
Rt p—
[ = Py
Lategary
o E— T T T T =
iZiaession Basic options for your Pul T session
1 caning ” p——
CoestE Specify the destination you want t5 connect to
=1 Terrminal S
e 3 : Sernal line Cpeed
F.evboard :
oon COkd3 115200
Beill
Fozhroo T orvnenhioem bumes
Feabiges Connection type _ - T
=1 Wfirdo C 2 Raw (JTelnet 3 Rlogin € 2 55H Cl#) Serial >
s = = S A Lz 2Rl
Appearance : i = T :
e Load, save o deiete a stored session
Derayiad )
Trandation bawved aess1ons
Seledtion
Lolours Nefauk S athino: T
HHHHH " Diefaul Setting: | Load |

Data o
i | S avs |
P ——
Fromy —
T~ 1 [ | T ]
Elaain
Rlogin
- 55H

Serial = e 7

Close window on exit:

) Ahwape O3 Mever (23 Only on clean exit

Pucynok 1.7 UuTepdeiic mporpammsl putty.exe

11 1 i 17 1
About j IL Heln j | Open | IL Cancel j

2. B xareropuu Translation ycranoutre UTF-8 n naxmute Open (puc. 1.8);

ﬁ PuTTY Configuration %

Cateqgony:
(=~ Seszgion ' Options contraling character set translation
= L.l:uglglng Character zet franzlation

=) Termina
Keyhoard FE emate character set: -
Bell b . (]
Features [Codepages supported by YWindows but fat listed here,

= Windaw zuch as CPBEE on many spstems, can be entered
Appearance manually)
Behaviour
[] Treat CIK ambiguous characters as wide
S alechon [] Caps Lock acts as Cyrillic switch

= E':'l':'t_urs Adjuzt how PuT T handles line drawing characters
= Connection : ] :
Handling of line drawing characters:
Data
Prox (#) UUsze Unicode line drawing code points
Tel Y {3 Poor man's line drawing [+, - and []
e r‘u.at {3 Font has #<windows encoding
UrjHiogis ) Use fortt in both ANS| and OEM modes
& SSH {3 Usze font in OEM made only
Seidl [] Copy and paste line drawing characters az lgggk
I About ] [ Help I [ Open l [ Cancel ]

Pucynox 1.8 UHTepdeiic mporpamMmsel putty.exe

3. Haxxmute kHonky Open. B oTKpbIBIIEMCS OKHE Ha)xXMUTe KinaBuity Enter (puc. 1.9).

Ipumeuanue: Ilo ymonuanuro na kommymamope UserName u Pass Word ne onpedenenvi, nosmomy
06a paza Hadxcmume knasuuty Enter.
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[Tocie 3TOro MOSIBUTCS MPUTJIAIIICHHUE TSI BBOJIa KOMAH/I;
DES-3200-10:admin#

"8 comss - puTTy ool

Pucynok 1.9 Okno smymsiiuu tepmunana V1100

Buumanme: npu Hanucanuum komaHn B CLI BaxnHo yuurteBaTh peructp. us Toro
YTOOBIO3HAKOMUTBCA C MPABUIBHOCTHIO HANMMCAHMUS KOMaHJ, IOCIEJOBATEIBHOCTBIO BBIOIHEHUS
oreparii MOXXHO 00pammaThCs K BCTPOSHHOM MOMOIIY TT0 KOMaHam!

Ipumeuanue: ne coeduHsime nopmovl KOMMYMamopa 0OHUM Kabenem 00 0co6020 YKA3AHUSL.
Ilar 2. [IpoBepbTe 1OCTYMHOCTh COEAMHEHUS MKy padounmu cranuusmu [1K1 u [TK2.

B xomananoii ctpoke [1IK1B8BeguTe: ping 10.90.90.92
B xomananoit crpoke I1K2 BBeaure: ping 10.90.90.91

Hlar 3. [TocMoTpuTe 3arpy3Ky nNopToB
KoMmmyTaTopa:show utilization ports

Kakas 3arpy3ka nopToB, UCIIOJIB3yEMBIX B cXeme?
ITopt 1%
ITopt 2%
[opt 7%
[Topt 8%

lar 4. Cobepute cxemy u coenuauTe Kabenem Ethernet mopter 1 1 7 kommyTtaropa.

Hlar 5. [TocMoTpuTe 3arpy3Ky nNopTOB
KoMmmyTaTopa:show utilization ports
Uro BeI HaOmonaeTe? Bo3Huk mupokoBemarenbHbii mropm? [Touemy?

Kakas Teneps 3arpyska nmopToB, UCIOJIb3yEMBbIX B cxeme?
ITopt 1%
ITopt 2%
[opt 7%
[Topt 8%

Iar 6. BemmoaauTe Ha padoueii cranmuu [1K1
komany:ping 10.90.90.92

TO BBI HaOMoaeTe? OOBSICHUTE MOYEMY HET CBS3U MEXKIY PaOOYUMU CTAHITUSIMU?

Hlar 7. Y nanute KOMMYTaIMOHHYIO METIII0, OTKIIOYNUB KaOeIb OT OpToB 1 u 7.

Ilar 8. Jlo6aBbTe nmopTel 2 11 8 B
HoByI0 VLAN:config vlan default delete 2, 8

create vlan v2 tag 2
config vlan v2 add untagged 2,8
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Hlar 9. [TocmoTpute 3arpy3Ky HOpToB KOMMYyTaTopa:show
utilization ports

Kakas 3arpy3ka nopToB, UCIIOJIB3yEMBIX B cXeme?
ITopt 1%
ITopt 2%
[Topt 7%
[Topt 8%

Iar 10. Coenqunute kadenem Ethernet moptel 1 u 7 komMmMyTaTopa.

Ilar 11. [TocmoTpuTe 3arpy3Ky mopToB KOMMYyTaTopa:show

utilization ports

Yro BbI HaOmogaere? [loyeMy HET MIUPOKOBEIATEIBLHOIO IITOPMA Ha TopTax 2 u 67
Ilar 12. Bemonaure Ha padoueit cranuuu [1K1 komanny:ping 10.90.90.92

Uro BeI HaOmopaeTe? OObsACHUTE TOYeMy?

98



JlaGoparopHasi padora Ne 3 (2 yaca)
Tema: «XapakTEepUCTUKU JTUHUU CBS3U»
eab padoThI: U3y4YUTh OCHOBHBIE XapAKTEPUCTUKU JIMHUI CBS3U.

3anauu padoThI:
1. 03HAKOMUTLCS c OCHOBHBIMU XapaKTEePUCTUKAMU KaHaJIOB CBSI3H.

Ilepeyenn npnbopoB, MaTepHAJIOB, HCIIOJIb3YeMbIX B JIA00PATOPHOI padoTe:
1. mepcoHaNbHBINA KOMITBIOTEP, BKIIFOUEHHBIN B ceTh IP, Microsoft Windows.

Onucanue (xox) padorni:

K 0CHOBHBIM XapaKTepUCTUKAaM KaHaya (JIMHUH) CBSI3U CYLIECTBEHHO BIIMSIOIIUM Ha Kau€CTBO
nepelayy CUrHajla MOKHO OTHECTH:
"  [0JI0CY IPOIYCKaHUS;
"  3aTyXaHHE;
"  [IOMEXOYCTOMYHMBOCTb;
"  [IPOIMYCKHYIO CIIOCOOHOCTB;
* [/J0CTOBEPHOCTb NEPEAAYH TAHHBIX.

IHosnoca nponyckanus

Ilosnoca nponyckauus (bandwidth) — nuama3oH 4acToT, B Mpejenax KOTOPOro aMIUIUTYTHO-
yacToTHas XxapakTepuctuka (AUX) kaHana (JIMHUM) CBSA3U JOCTATOYHO PaBHOMEPHA IS TOTO, YTOOBI
obecreunTh nepeaady CUrHaia 0e3 CymecTBEHHOTO HCKaKEHHS €ro (hOPMBI.

HluprHa mONOCH MpPOMyCKaHUs [ ompenensieTcs Kak pa3HOCTh BEpXHEW f, W HIDKHEH f,
TPaHUYHBIX 4acTOT y4acTka AYUX, Ha KOTOPOM MOIIHOCTh CHTHaja YMEHbIIAeTcss He Oojiee 4eM B 2
pasza 1o CpaBHEHUIO C MAKCUMAJIbHBIM 3HaYeHUEM: F=f; - f, (4TO MpUOIHU3UTEIBHO COOTBETCTBYET —3
nb).

Wzmepsiercst monoca nporyckanus B repuax (I'm).

-30b

S
Uy
"N

|
J, J foo f

H

Puc. 1. Ilonoca npomnyckanus KaHana CBS3U

HluprHa TOJOCHI MPOIMYCKaHHUSA CYIIECTBEHHBIM O0pa3oM BIMAET HAa MaKCHUMAaJbHO
BO3MOXKHYIO CKOPOCTh Tepeiaur HHPOpMAIK M0 KaHay CBSI3U U 3aBHCUT OT THUIIa CpeJibl Mepeaayd,
HAJINYMS B KaHAJIAaX YaCTOTHBIX (PHIIBTPOB.

CurHansl cocTaBjieHbl U3 OOJBIIOr0 HabOpa TapMOHUK, OJHAKO MPUEMHHUK MOXET MOJTYyYUTh
JUIIb T€ FTAPMOHUKH, YaCTOThl KOTOPBIX HAXOASTCS BHYTPHU IOJIOCH IPOIYCKaHUs KaHana. Yem mmpe
roJjioca MPOMYCKAaHUs KaHalla, TeM BBIIIE MOXKET OBITh CKOPOCTh MEpeNadyd JaHHBIX U TeM Oolee
BBICOKOYACTOTHBIE TAPMOHUKH CHTHaJIa MOTYT nepenaBaThes. Eciin B mojocy mponyckaHusl KaHaia
MONajarT FapMOHMKHU, aMIUTUTYAbl KOTOPBIX BHOCAT OCHOBHOMW BKJIAJ B PE3YyJbTUPYIOIIHMM CUTHAI,
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¢dbopMa curHaia NpeTeprnuT HE3HAYUTENIbHbIE U3MEHEHHUs, U CUTHaJ OyAeT NMpaBUIbHO pacro3HaH
MIPUEMHHUKOM.

B mpotuBHOM ciyuae ¢opma curHaiga OyneT 3HAYUTENbHO HCKaKaThCS, UYTO TMPHUBEAET K
CHIDKEHHIO CKOpPOCTH Tepeiayd HMH(GOpPMaluMu 1O KaHaldy BCJIEACTBHE MpoOieM ¢  €ero
pacrno3HaBaHHEM, KOTOpPbIE BHI30BYT OIIMOKU CBSA3HM U MOBTOPHBIE MEPEIadH.

Monoca nponyckaHust
NIMHUK

APMOHUKM CUrHana

) 4

a)

Monoca nponyckaHus
A, « vHam

FapMOHUKK

curHana [ |
T T 1\0-’\0-H ol101

b)

i 4

Puc. 2. BiusiHue nosiockl mpomycKaHusi Ha CUTHAJ

3aryxanue

[Ipu nepenaue curHajga MO KaHaldy CBSI3U, MPOMCXOAUT €ro IOCTENEHHOE ociabieHue
(3amyxanue), 9T0 00yCIOBIEHO (DU3MYECKHMMH W TEXHUYECKMMH CBONCTBAMH CpENbl MEpeiayu u
HCIIOJIB3YEMBIX CETEBBIX YCTPOMCTB. /{7151 KOPPEKTHOrO pacro3HaBAHMS CHTHANA B TOYKE IPUEMA 3TO
ocnabieHue He JOJKHO MPEBBIIIATh HEKOTOPOI MOPOrOBOI BEIIMYUHBI.

3aryxanue (aftenuation) — 3TO BEJHMYMHA, ITOKA3bIBAIOIMIAs, HACKOJIBKO YMEHBIIIACTCS
MOIIHOCThH (aMIUTHTY/Ia) CUTHAJIA Ha BBIXOJIE KaHAIA CBS3H 10 OTHOIICHHUIO K MOITHOCTH (aMILTUTY/IE)
curHasia Ha BXoje. Koaddumment 3aryxanusi d usmepsercs B aenuoenax (nb, dB) ma emunuiy
JUTMHBI ¥ BBIYHUCIISIETCS TI0 CIeayroIen hopmye:

. P
d[nb]=101g=2*
B
rae Pg,x — MOIITHOCTH BBIXOAHOI'O CUTHANA;, Py — MOIIHOCTH BXOJIHOTO CUTHAJIA.

3aryxaHue XapaKTepHO KakK /I aHAIOTOBBIX, Tak W uis OU(POBBIX curHaioB. OHO
YBEJIIMYMBAETCS C POCTOM YacTOThl CUTHAJIa: YEM BBIIIE YAaCTOTA, TEM CUJIbHEE CHTHAJ MOJBEPKEH
3aryxaHuto. [lo 9Toi mpUYMHE NPUEMHUKAM BBICOKOCKOPOCTHOTO OOOPYIOBAaHMS 3HAYUTEIHHO
CJIO’KHEE pacro3HaTh UCXOAHBIN CUTHAI.

3aTyxaHue CUTHaJa BIMSET HAa PACCTOSIHUE, KOTOPOE OH MOXKET MPOUTH MEXIy IBYMS
ToOYKaMu 0e3 yCHJICHHsI WJIM BOCCTAHOBJICHHS. 3aTyXaHHUE SIBJIACTCS OJHUM M3 BOXKHBIX MapaMeTPOB
OTpeeNICHHBIX IS Kabesei (BUTOW mapbl, BOJIOKOHHO-ONITHYECKOTO, KOAKCHaIbHOT0). UeM MeHbIIe
3aTyxaHue, TeM 0oJiee Ka4eCTBEHHBIM sBJISICTCS Kabenb. [103ToMy mpu mpoeKTUpOBaHUH TTPOBOTHBIX
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KaHaJIOB CBA3M HaJO0 YUHUTBIBATH XapPaKTCPUCTHUKHU Kabejied U HMCII0Jb30BaTh Ka0eM ¢ HaUuMEHBIIUM
SHAYCHHUECM 3aTyXaHHUd IJId JOCTUKCHU A MaKCHMaJIbHOM JUIMHBI KaHala.

IToMexoycTOHYHBOCTD

B peanbHOM KaHaje CBSI3M CYIIECTBYIOT TOMEXH, OOYCIIOBIICHHBIE XapaKTEPUCTUKAMU CPEJIbI
nepeaayd, KaHalooOpasyrollell amnmapaTrypbl, BIMSHHUEM OJIIEKTPOMArHUTHBIX IIOJIEH pPa3iIuYHbBIX
AJICKTPOHHBIX YCTPOWCTB. B pe3ynbrare ACHCTBUS pa3IMYHBIX ITOMEX B KaHAJIe CBSI3H TOSBIISTFOTCS
OIIIHOKH.

OIHUM U3 BaXKHEUIIINX MMOKA3aTeNIel KaHala CBS3H SBJISIETCSA €r0 MOMeX0yCTOMYMBOCTD, 101
KOTOPO# MOHUMAIOT CIIOCOOHOCTH KaHalla IPOTHBOCTOSITH BO3JACHCTBHIO IIOMEX.
[ToMexoyCTOMYMBOCTh OCHOBBIBAETCSI HA BO3MOKHOCTH OTJIMYUTH CUTHAJI OT TIOMEXH C 33JJaHHON
Z[OCTOBepHOCTBIO, HOBTOMy HpI/I HOCTpOGHI/II/I KaHaJia CBsI3U Hy)KHO quTBIBaTB BO3MOXXHBIC ITIOMEXHU U
MIPEACIIBHO UCIIONB30BaTh PA3INIUE MEXITY HUMU U CUTHAJIOM.

Momexwu ot
JIMHUW NUTaHWA

MobouHoe n3nyyeHne
MOHWTOpa

Mo6ouHoe n3nyyeHne
aKTYBHOro 060pyaoBaHUA

%

/\/\
S
\/\ .

Mo6ouHoe nsnyyerne
1 NepeKpecTHble HABOAKU
OT TenepoHHON IMHUN

- 4

Puc. 4. Bnusiaue noMex Ha KaHaJI CBS3U

\g /

nepereCTHble nomexm OT INHWNI CBA3N

<
i

B 3aBucuMOCTH OT MCTOYHHMKA BO3HHKHOBEHHSI U OT XapaKTepa HUX BO3JIEHUCTBUS MOMEXU
JeNsATCST Ha BHYTPEHHHE, BHEIIHUE M B3aMMHbIC. BHympenHue nomexu WIA IIyMbl BO3HUKAIOT OT
HMCTOYHUKOB HAaXOJAIIUXCA B JaHHOM KaHalle CBSI3W M MOSIBISIIOTCS cpa3y e IMOcie BKIIOYECHHUS
obopynoBanusi cBsa3u. OHM B OCHOBHOM OIPENEISIIOTCS TEIJIOBBIMH, JIPOOOBBIMH, KOHTAKTHBIMU U
UMITYJbCHBIMU ITyMaMH{ U IPAKTHYECKU HEYCTPaAHUMBI.

Brewnue nomexu AeNATCS Ha MPOMBIIICHHBIE, PaIHOTIOMEXH, aTMOC(EpHbIE U KOCMHUYECKHE.
[IpombinieHHasie TIoMexu (91exkmpomacnumnas unmepgpepenyus, Electro Magnetic Interference
(EMI)) co3matorcss B pe3ynbTaTe BIUSHHUS Ha KaHAJ CBSI3U AJIEKTPOMArHUTHBIX MOJEH pa3iUyYHbIX
ANEKTPUYECKUX YCTPOMCTB: JlamMIl JIHEBHOTO CBETa, OBITOBBIX NPUOOPOB, KOMIIbIOTEPOB,
panuocucTeM, JUHHHA SJEKTporepenay, 3JIeKTPOOOOPYAOBaHMS NPOMBIIIICHHBIX MPEANPUITHH,
MEIUIMHCKUX YCTAaHOBOK, KOHTAKTHBIX CeTed HJIeKTpU(UIMPOBAHHOIO TpaHCIOpTa (TpamBas,
Tposueiidyca u T.11.), CBETOBOW peKJIaMbl Ha Ta30pa3pAIHbIX JaMIiax U T.I1.

Pamnonomexu (paououacmomnas unmepgepenyus, Radio Frequency Interference (RFI))
BO3HHUKAIOT OT M3JIyYCHUs PATUOCTAHIMN Pa3IMYHOTO Ha3HAUYEHUS, CHEKTP KOTOPBIX MO KaKUMIMOO
MpPUYMHAM HaKJIa/bIBAaeTCsl Ha CIEKTP MOJIE3HBIX CUTHAIOB KaHaja CBSI3U.

K armocepHbIM momexaM OTHOCATCSI TOMEXH, BBI3BAHHBIC DPA3IUYHBIMU AaTMOC(HEPHBIMU
SIBIICHUSIMUA: MArHUTHBIMU OYypsIMH, CEBEpHBIMH CHUSHHUSIMH, TPO30BbIMU pazpsiaamMu u T.1. K
KOCMHYECKHUM TIOMEXaM OTHOCSTCS JJIEKTPOMAarHUTHBIE ITOMEXH, CO37aBaeMble H3ITy4YCHUSIMHU
ConHua, BUAUMBIX U HEBUJIUMBIX 3B€3/l, TYMAHHOCTEW B COOTBETCTBYIOIIMX JAUANa30HAX YaCTOT.
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Bzaumnvie (nepexpecmmsie, cross talk)nomexu wnv HaBOIKM BO3HHKAIOT TIPH Tepeaade
MH(GOPMALIMK 10 CMEXKHBIM KaHAIAM CHTHAN, TEPEeJaHHBI [0 OJHOMY KaHATy CBSI3H, CO3JAET
HeXenaTelbHbINA () PEeKT B IpyroM (BO3HUKAET UHTEP(HEPEHIINUS CUTHAJIOR).

HauMenee 3amuiieHHBIMU OT BIIMSIHUS TIOMEX SIBIISIIOTCS OeCIpOBOAHBIC KaHANbI CBs3W. Ha
HUX JIEHCTBYIOT KaK BHEIIHHME, TaK U MepeKpecTHble MoMexu. B 0ecrpoBOAHBIX NOMAIHUX CETIX
BHEITHUE TIOMEXH BO3HUKAIOT OT PabOTArONIMX MUKPOBOJTHOBBIX Teued, KOMIBIOTEPOB, COTOBBIX
Tene@oHOB U T.A. A MepeKpecTHble HABOAKU CBA3aHHBI C MOMEXaMU OT APYroro OecrpoBOIHOTO
o0opynoBaHusi, paboOTAIOIET0 HA TOHM ke YacToTe. ITO OCOOCHHO aKTyaJhbHO B MHOTOKBApPTHPHBIX
JIOMax, TJe JOMAaIllHUE CETH B OCHOBHOM MOCTPOEHBI C UCTIIOJIb30BaHNEM OECIIPOBOIHBIX TEXHOJIOTHH.

Cpenu kaOenpHBIX KaHAJIOB HauWOoliee TOABEPKEHBI BIMSHHUIO TIOMEX KaHAIBl Ha OCHOBE
INEKTpUYECKUX Kabemei. [[ns OoppOBI ¢ moMexamu pa3pabOTUYMKH DIIEKTPUUECKUX Kabenen
UCIONB3YIOT:  dKkpanupoganue (shielding) wu  cxkpyuusanue nposooHukos. DKpaHHPOBAHHE
UCIOJIb3YETCSl JJI 3alllUThl OT 3JEKTPOMArHUTHBIX U PAJAHONOMEX. DKpaH MpeAcTaBiseT co0oii
METATUYECKYIO OIUIETKY WM (DOJIBry, KOTOpasi OKPYXKaeT KaIbli MPOBOJ WU TPYIITY MPOBOJIOB B
kabene. OH AeMCTBYET Kak Oapbep JJIs B3aUMOICUCTBYIOIINX CUTHAJIOB.

DNeKTpuYecKne Kabelu caMH SBISIOTCS HCTOYHHKOM JJIGKTPOMATHUTHOTO W3ITy4dCHUS,
KOTOpPOE MOXET BBI3bIBATH MEPEKPECTHbIC MOMEXHU. B kabensix Ha OCHOBE BUTOI Hapbl 3TH MOMEXH
U3BECTHBI KaK nepexpecmuvlie Hagooxu Ha oOnudxcnem xouye (Near End Cross Talk, NEXT) u
nepexpecmuvle Hagooku Ha oanviem konye (Far End Cross Talk, FEXT) u cBsizaHbl ¢ B3aUMHBIM
BIIUSTHUEM DJIEKTPOMATHUTHBIX TOJIEH CHTHAIOB, MEPEJaBaeMbIX IO Pa3HBIM TapaM MPOBOJHUKOB.
Jl5ig 1mofaBlieHUsl STUX ANMEKTPOMArHUTHBIX MOJIeH MCHOIb3yeTCs CKpYYMBAaHHUE NMPOBOJHUKOB BUTOM
mapel.

Haubonee  3amumieHHbIMH ~ OT  MOMEX  SBIAIOTCS  ONTHYeckhWe  KaHambl.  Ha
BOJIOKOHHOONTHYECKHE  Kabemu HE  BO3ICUCTBYIOT  d3JekTpoMmarHuTHble mnomexu (EMI),
pagunouactoTHeie moMexu (RFI), MOMHMM W CKauku BBICOKOTO HampshKeHUs. Takyke BOJOKOHHO-
ONITUYECKUE KaOelll He CO3/IAal0T HUKAKHX AJIEKTPOMATHUTHBIX MU PAUOYaCTOTHBIX TTOMEX.

UroObl IIyMBl 3aMETHO HE CHIDKAM KadyecTBa MepeJaud WX BIHSHHE HEOO0XOIUMO
orpaHnYuBaTh. MeToIbl OOPHOBI C MIyMaMH 3aKIIOYAIOTCS B 00E€CIIEYCHUH TaKOTO YPOBHS CHUTHAJA B
MecTe IprueMa, KOTOphIil Obl o0ecreuns TpedyemMoe KauyeCcTBO MPUHUMAEMOTO CUTHAIA.

OgHNM W3 BaXHBIX MapaMeTPOB KaHala CBSI3M, IO3BOJSIONIMM OIEHUTh MEIIAIoIIee
BO3JICHCTBUE TOMEX Ha CHTHAJ SBJISETCS OTHOWIeHUWe curHaj/mym (SNR, Signal-to-Noise Ratio).
OHo ompenensieTcsi Kak OTHOIICHHE MOIIHOCTH curHanma P, k momHoctu myma (momex) Py u
BBIpakaeTcs B aenuodenax (ab):

SRN [aB] = lDlg(i).
P
rae P, — MoOmHOCTh curHana; Py, - MOIIHOCTH IryMa (TTIoMeX).

[Tpr 5ToM YeM OOJbIIE OTHONICHHE CHUTHAJ/IIYM, TEM MEHBIIEC IIIYM BJIHMSICT HA TMOJIC3HBIN
CUTHaJl TpU €ro mnepenade MO KaHATy CBSI3M W BEIACT K XOPOUIEMY pPAcCIO3HABAHWIO CHUTHAIA
MIPUCMHHKOM.

I[J'I}I ITOBBIIIICHU A HOMGXO}’CTOﬁ‘-IHBOCTPI KaHaJla CBiA3HU HpI/IMeHHIOTC}I cne;[yloume

METO/IBI:

u YBGHI/I‘IGHI/IG OTHOIIICHUA CI/IFHaJ'I/I_HYM;

"  pacIIMpeHHe CIIeKTpa CUTHAA;

" yBeNMYEHHUE W30BITOYHOCTH MH(OpMAINK; [ IIPUMEHEHHE TOMEXOYCTOMUNBBIX
KO/10B; [|(punbTparys moae3Horo CUrHaia.

IIponyckHasi cnoCOOHOCTH

Iponyckuasi crnocobHocTh (throughpuf) KaHama CBS3M — MAKCHMAIbHO BO3MOXKHAS
UHpOPMAYUOHHAs CKOPOCTh TEpeadd JAHHBIX  KOJHYECTBO JAHHBIX, KOTOPOE MOXKET OBITh
NepeaHo Mo KaHally CBSI3U 3a €IUHHILY BpeMeHHU. M3MepsieTcs mpoIycKHas ClIoCOOHOCTh B OMTax B
cexyHay (6ut/c wu bps bits per second).

MakcumManbHasi MPOIYCKHAsE CIIOCOOHOCTH 3aBUCUT OT IMOJIOCHI IPOITyCKAHUS KaHalla CBSI3U U
OTHOIIIEHUS CUTHAJI/IITYM U MOET ObITh paccunTana mmo ¢popmyne Kiona [llennona:
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C = Flogs (1 +
= ogz( +E_:)'

rae C — MakCcUMallbHas MPOITYCKHAsl CIOCOOHOCTH KaHaa (0ut/c); F — MUpUHA MOTOCHI

nporyckanus kaHana (I'n); P, — MOIIHOCTh CUTHANA; Py, — MOIIIHOCTH mIryma (TIOMEXH).

Kak BunHO 13 hopmyibl, MpOmycKHas CIOCOOHOCTh KaHalla MOXET OBbITh MOBBIIIEHA 33 CUET
YBEJIMUEHUS TIOJIOCHI MPOIMYCKaHUs F UK YBETUYCHUE OTHOIICHUS CUTHAN/IIyM. [Ipu 3TOM mepBbIit
coco0 Oomee 3ddexkTHBeH W MEHee TPYAOEMOK IO CPaBHEHHIO CO BTOPBIM, B CBSI3H C
norapudmudeckoit 3aBucuMocteioC ot P,/ P,,.

Peanvuas cxopocms nepedauudannvix MO KaHANy CBSI3U OOBIYHO MeHblUie €r0 NPONYCKHOU
CnocoOHOCMU M 3aBHCUT OT TMapaMEeTPOB KaHATIOOOpa3yIoIel anmapaTypbl, ClIOCOOOB OpraHHU3aINH
neperayd JaHHBIX, KOJIMYECTBA Y3JIOB, MOJKIIIOUEHHBIX K KaHaly CBs3U. Takke Ha CHUKEHHE
CKOPOCTH BJIMSIFOT HAKJIAJIHBIE PAaCXObl, CBA3aHHBIE C Tepeaadeil Mo CeTH CIyKEOHBIX COOOIICHUH,
KOTOpBIE TpeOyeTCst 11t pabOThI CETEBBIX MPOTOKOJIOB.

CnegyeT mMOHUMATh pazludhe MEXAY HHPOPMAIMOHHON CKOPOCTBIO U CUMBOIJIBHOMN
CKOpOCThIO. MHpopmayuonnas ckopocms (information rate, bitrate) — 3To cKOpocTh Tiepeaun OUTOB,
u3MepsieMasi B OUT/C M IPOU3BOAHBIX enuHuIax. CumeonvHas ckopocms (symbol rate) unu ckopocmes
MOOyIAYUuY — 3TO CKOPOCTh U3MEHEHHsI CUMBOJIOB, U3MepseMas B 00JaxX WM CUMBOJAX B CEKYHIY.
Kaxxaplii CUMBON TIPEJCTABISICT OJWH WJIM HECKOJBKO OWUTOB WH(OpPMAlUKU B 3aBUCUMOCTH OT
BBIOPAHHOTO CITIOC00a X KOJUPOBAHUS.
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JlaGoparopHasi padora Ne4 (2 yaca)
Tema: «CeteBas moaeins OSI»

Ienp padoTBI: M3yuyuTh IpaBHUIA agpECalUU CETEBOIO YPOBHS, HAY4YUThCS PaCIPEIENATH
aZipecaMex]ly y4acTHHUKAaMHU CETH Iepeladd JaHHbIX U OpraHU30BBIBATH MAapUIPYTH3ALUI0 MEKIY
cerMeHTaMu ceTu. M3yunTs npaBuia aapecaly CETEBOrO ypOBHS, HAYYHThCA PACIPENCIIATh agpeca
MEXJYy Yy4YaCTHUKaMU CETH IIepelladyd JAHHBIX M OpraHM30BBIBATH MAapLIPYTU3ALUI0 MEXITY
CETMEHTaMH CETH.

3anauu padoThI:

1. u3yuuts cereByro mogens OSI;

2. U3y4YUTh MpaBuUia apecalii CETEBOro0 YPOBHS Ha mMpuMepe mpoTokoia IP;
3. u3yunth Mapupyrusanuo IP.

Ilepeyenn npnbopoB, MaTepHAaJIOB, HCIIOJIb3YeMbIX B JIA00PATOPHOI padoTe:
1. mepcoHaNbHBINA KOMITBIOTEP, BKIFOUEHHBIN B ceTh [P, Microsoft Windows.

Onucanue (xox) padorni:

Mopgens OSI onuchiBaeT TOJBKO CHUCTEMHBIE CpPEIICTBA B3aUMOJICUCTBUS, PpPEATU3IYEMbIE
OMEpPallMOHHON CHUCTEMOM, CHUCTEMHBIMU YTUJIMTaMHU, CHUCTEMHBIMHU allllapaTHBIMU CPEACTBaMHU.
Mojenp He BKIIIOYAeT CPEeICTBA B3aUMOICUCTBUS TPUIIOKEHUH KOHEUHBIX MTOJIb30BaTEIIECH.

Ora MOAeNlb ONUChIBaeT (QYHKIUU CEMH HEpPapXUYEeCKUX YpPOBHEW U UHTEpQeEichl
B3aUMOJICUCTBUS MEXIY YpPOBHSIMHU. KaXablii ypOBEHb OIPENENAeTCS CEPBUCOM, KOTOPBIA OH
MIPEIOCTABIISCT BHIIMIECTOSIIIEMY YPOBHIO, U POTOKOJIOM - HAOOPOM MpaBWI U (POPMATOB JAHHBIX IS
B3aMMOJICHCTBUS MKy OO0 0O0BEKTOB OJHOIO YPOBHS, paOOTAIOUINX HA Pa3HBIX KOMITbIOTEpaX.

Kaxnplil ypoBeHb OJIEPKUBACT UHTEPQEHCHI C BBIIIE- U HIDKEIeKAIUMU ypoBHAMU. Hinke
MepEYHCIICHBI (B HAIIPABJICHUHU CBEPXY BHU3) YpoBHHU Moaenu OS] u ykazaHbl ux o0mue GyHKINUH.

YpoBensb npuio:xxenus (Application) - uatepgeiic ¢ npuKIaIHBIMU MPOLIECCAMH.

YpoBenb mnpeacrasiieHus (Presentation) - cormacoBanue mnpencrtasieHus (popmaros,
KOJIMPOBOK) TAHHBIX MPUKIIAJIHBIX MPOLECCOB.

CeaHcoBblil ypoBeHb (Session) - ycTaHOBJIEHHUE, MOJJIEPKKA M 3aKPBITHE JIOTUHYECKOTO
ceaHca CBS3U MEXIY YAaJICHHBIMU MTPOLIECCAMH.

TpaucnoptHblii ypoBenb (Transport) - oGecrieueHue 6€30mMOOYHOTO CKBO3HOTO 0OMEHa
MOTOKAMHU JaHHBIX MEXKIY IpoIeccaMH BO BpeMsl CeaHca.

CerteBoii ypoBenb (Network) - ¢parmenrtanus u cOopka HepeaaBaeMbIX TPAHCIIOPTHBIM
YPOBHEM JIaHHBIX, MapIIPyTU3alMs U MPOJBMKEHHE UX MO CETH OT KOMIIbIOTEpa-OTIPaBUTENS K
KOMITBIOTEPY-I10TyYaTeNIo.

Kananbubiii ypoBenb (Data Link) - ynpaBnenue kaHajioM nepenadyd TaHHBIX, YIPABICHUE
JOCTYIIOM K Cpejie Tiepeauu, repenadya JaHHbIX 10 KaHaly, OOHapy)KeHHe OIMMOOK B KaHAlle U UX
KOPPEKIIHSL.

®usnueckuii ypoenb (Physical) - ¢pusnyeckuii natepgeiic ¢ kaHajaoM nepeaayn JaHHbBIX,
Mpe/ICTaBlIeHNE JaHHBIX B BUAE (PU3NUECKUX CUTHAIOB U UX KOJUPOBAHUE.

[IpuHUMIIBL BBIAEIEHUS] 3THX YPOBHEW TAKOBBI: KaXXIbld YPOBEHb OTpPa)KaeT HAJICKALIUN
YPOBEHB a0CTPAKIIMK U UMEET CTPOTO OINpPEACIICHHYIO (QYHKIINIO. DTa PYHKIUS BRIOUpaAIach, MPEkKIe
BCETr0, TaK, YTOOB MOXKHO OBUIO ONpENeNuTh MEKAYHApOIHBIA cTaHmapT. ['paHuubl ypoBHEH
BBIOMPAIIMCH TaK, YTOOBI MUHUMH3UPOBATh MOTOK HH(POpMAIIUU Yepe3 UHTEPEHCHI.
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JlBa caMbIX HH3IIMX YPOBHS - ()M3WYECCKHN W KAaHAJIBHBIA - PEaTU3yIOTCS anmlapaTHBIMH U
MPOrPaMMHBIMU CPEJICTBAMH, OCTAJIbHBIC IATHh 00Jiee BEICOKUX YPOBHEH peanu3yroTcs, Kak MpaBuiIo,
MPOTrpaMMHBIMU CPEJICTBaMH (PUCYHOK 1).
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Pucynok 1 - Moaenb B3auMozeiicTBUs OTKPHITHIX cucteM [ISO/OSI

[Ipu npoABHKEHHHM TMaKeTa JaHHBIX MO YPOBHSIM CBEPXY BHHU3 KaKIblii HOBBII ypOBEHb
N00aBIseT K MaKeTy CBOIO CIyxeOHyI0 MH(OpManuio B BUAE 3arojioBKa M, BO3MOXHO, Tpeiliepa
(mHGOpMaIK, TTOMEIIAaeMOM B KOHEI] COOOIIeHHs). DTa Oomeparus Ha3bIBACTCS WHKAICYJIAINCH
JAHHBIX BEPXHEro YpOBHS B MakeTe HIKHero ypoBHA. CiykeOHas mH(oOpMaIus mpeaHazHavaeTcs
Uis O0BEKTa TOTO K€ YpPOBHS Ha YAaJCHHOM KOMIIbIOTepe, ee (opmar M HWHTEpIpeTaius
OTIPENIeNIAIOTCA  MPOTOKOJIOM JaHHOro YypoBHS. Hakonern, cooOmieHne JOCTHraeT HUKHETO,
(bu3MYECKOTO YPOBHSI, KOTOPBII, COOCTBEHHO, U MEpelaeT ero Mo JUHUSIM CBSI3U MallnHe-aapecary. K
TOMY MOMEHTY coo0IieHne "oOpacraeT" 3aroloBKaMy BCEX YPOBHEH.

Korna cooOmieHne mo cerd moOCTymaeT Ha JPYryl0 MalldHy, OHO IOCJIeI0BaTeIbHO
nepeMeIaeTcs BBEPX C YPOBHA Ha ypoBeHb. KakIplii ypoBEeHb aHanmM3upyeT, oOpabaThiBaeT U
yaajasieT 3arojlOBOK CBOETO YPOBHS, BBIIOJHSET COOTBETCTBYIOIIME JAHHOMY YPOBHIO (YHKIUU U
nepeaaeT cooOIeHNe BBIIIETIeKaIleMy YpOBHIO. TOT B CBOIO OYepe/lb pacCMAaTPUBAET ITH JaHHBIC
KaK IakeT co cBoel ciyxeOHOil mHpopMaluell U JaHHBIMH AJIi BEPXHEr0 YpOBHS, U IpoLeaypa
MIOBTOPSAETCS, TMOKA I0JIb30BaTEIbCKUE JaHHBIC, OUUIIEHHBIC OT BCEW ciyxeOHoi mHpopMaruu, He
JOCTUTHYT MPUKIIATHOTO MpolLiecca.
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Pucynok 2 — BrosxeHHOCTh COOOIICHH pa3INYHbIX YPOBHEH
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Kpome tepmuna "coobmieHue" (message) CyIIECTBYIOT W JAPYTUe€ Ha3BaHUs, HCIOIb3yEeMbIE
CETEBBIMU CIEIUATNCTaMU Jis1 0003HAUYCHMsI €IMHUIIBI OOMeHa AaHHbIMH. B cranmaprax ISO mis
MPOTOKOJIOB JIOOOTO YPOBHSI MCIONB3YETCS TaKOM TEPMHH KakK "TIPOTOKOJBHBIA OJIOK AaHHBIX" -
Protocol Data Unit (PDU). Kpome 3Toro, 4acto wucmoib3yloTcs Ha3zBaHus kaap (frame), maker
(packet), neiitarpamma (datagram).

Tenepp paccMOTpUM KaKIbld ypOBEHb ATOM Mojenu. OTMETHMM 4YTO 3TO MOJENb, a HE
apxuTekTypa cetu. OHa He oIpeeNnseT MPOTOKOJIOB U CEPBUC KaXA0T0 ypoBHsA. OHA JIMIIL TOBOPHT,
YTO OH JIOJIKEH JIeNaTh.

@u3nyeckuii ypoBeHb. DTOT ypOBEHb HMMEET JIETO C mepeaadeit OUTOB MmO (U3UUYECKUM
KaHajiaM, TakKUM, HalpuMep, KaKk KOaKCHAJIbHbBIN Kabelnb, BUTasl Mapa Uiu ONTOBOJOKOHHBIN KaOeb.
K 3TOMy ypOBHIO UMEIOT OTHOIIEHUE XaPAKTEPUCTUKN (PU3NYECKUX CpeJ Mepeaadd AaHHBIX, TaKHe
KaK IoJioca MpOMyCKaHUsl, TOMEX03allUIIeHHOCTh, BOJIHOBOE COMPOTUBIICHHE U Apyrue. Ha sTom xe
YPOBHE ONPEACTSAIOTCS XapaKTEPUCTUKU JIIEKTPUUYECKHX CHUTHAIOB, TaKMe KaK TpeOOBaHHMS K
(GbpoHTaM UMIYJIbCOB, YPOBHSAM HaIpsDKEHUS WIIM TOKA MEpelaBaeéMOro CHrHajia, TUI KOAMPOBaHMUS,
CKOpOCTh Tiepesiauu curaanoB. Kpome 3Toro, 31ech CTaHAApTU3YIOTCS THITBI pa3beMOB U Ha3HAYCHUE
Ka)KJJOTO KOHTAaKTa.

OyHKIUHN (HU3NYECKOTO YPOBHS PEATH3YIOTCS BO BCEX YCTPOWCTBAX, MOAKIIOYCHHBIX K CETH.
Co cropoHbl KoMIbioTepa PyHKIUU (U3NYECKOTO YPOBHS BBIIOJHSIOTCS CETEBBIM aJalTepOM WM
MOCJIeI0BATEIbHBIM ITOPTOM.

B 0600mennom Buae GyHKIHH GU3MUECKOTO YPOBHS 3aKITIOYAIOTCS B CIEAYIOIIEM:

— mepenaya OMTOB MO (PU3UUECKUM KaHAJIaM;

— (¢opMHpOBaHUE IEKTPUIECKUX CUTHAJIOB;

— KOIMpOBaHHE WH(pOpPMAINU;

—  CHHXpPOHM3ALUS;

—  MOAYJSILHUSL.

DTOT ypoBeHb peanusyeTcs amnmapaTHo. [Ipumepom mpoTokona GpU3NYECKOro ypoBHS MOKET
ciyxuth crierudukanus 10Base-T texnonoruu Ethernet.

KanaabHblii ypoBenb. Ha ¢uzndeckom ypoBHE POCTO mepechbutaroTest OuThI. [Ipu 3TOM He
YUUTBIBAETCSI, YTO B HEKOTOPBIX CETSAX, B KOTOPBIX JIMHUM CBS3M HCHOJIB3YIOTCS (pa3emnsioTcs)
MOTIEPEMEHHO HECKOJIbKMMH TapaMH B3aMMOJEHCTBYIOIIUX KOMIIBIOTEPOB, (u3nNyecKkas cpeaa
nepeaayn MoXKeT ObITh 3aHsATa. [1oaTOMYy OAHOI M3 3a/1a4 KaHAJIBHOTO YPOBHS SIBIISIETCS IMPOBEpPKa
JOCTYITHOCTH Cpeapl mnepemaud. Jlpyroi 3amayeld KaHaJbHOTO YPOBHSI SIBJIAETCS peanu3arus
MEXaHU3MOB OOHApY)KEHUS M KOPpEKIMH OImHUOOK. J[ng 3Toro Ha KaHaJIbHOM YpPOBHE OWTHI
TPYNIIUPYIOTCS B HAOOpHI, HaszpiBaeMmble Kampamu (frames). KananbHBIN ypoBeHB oOecreymBaeT
KOPPEKTHOCTh Iepellaud KaXJO0Tro Kajapa, IMOMelas CIEeHUAIbHYIO I0CIeA0BaTeIbHOCTE OUT B
HAYyajio M KOHeI| KaKIOro Kaapa, YTOObl OTMETUTh €ro, a TaKXKE BBIYUCISET KOHTPOJIBHYIO CYMMY,
CyMMHUpPYS BC€ OAWTHI KaJapa OMpPENeICHHBIM CIIOCOOOM U 100aBIsisi KOHTPOJIBHYIO CYMMY K Kajpy.
Korna xaap npuxoauT, noiy4yaTellb CHOBA BBIUUCIISIET KOHTPOJIBHYIO CYMMY MOJIYYE€HHBIX JaHHBIX U
CPaBHUBAET pe3ylbTaT C KOHTPOJIBHOM CyMMOW M3 Kazapa. Eciim OHM COBIAnaroT, Kaap CYUTACTCS
MpaBWIbHBIM U TpUHUMaeTcs. Eciu ke KOHTpOJbHBIE CYyMMBbl HE COBNAAAIOT, TO (DUKCHpYyeTCs
omnOka. Heo0XxoauMo OTMETHTh, YTO (DYHKIMS HCIIPaBICHHS OLMIMOOK Ui KaHAJIbHOTO YPOBHS HE
SBIIAETCS O00s3aTENIbHOM, MOSTOMY B HEKOTOPBIX IPOTOKOJAX ATOTO YPOBHS OHA OTCYTCTBYET,
Hanpumep B Ethernet u Frame relay.

OYHKIMY KaHAJIbHOTO YPOBHS 3aKJII0YAIOTCS B CIEAYIOLIEM:
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- HaJeXHas JOCTaBKa MaKeTa MEXY ABYMS COCETHUMH CTAaHUUSIMU B CETH C MPOU3BOJIBHON
TOTIONIOTHUEH, a TAK)KE MEKY JTFOOBIMU CTAHIIMSIME B CETH C TUIIOBOU TOTIOJIOTHEH;
MIPOBEPKA JOCTYIHOCTH Pa3AeiIieMON CPEbL;

—  BBIJEJICHUE KAJIPOB U3 MTOTOKA JAHHBIX, IOCTYNAOLIUX T10 CETH;

—  (dopmupoBaHHe KaJpOB MPHU OTIPABKE JAHHbIX;

— TMOJCYET U MPOBEPKA KOHTPOJIBHOW CYMMBI.

OTOT ypOBEHb PEANIM3YIOTCA MPOrPAMMHO-AIIAPAaTHO. B mpoToKonax KaHaJbHOIO YPOBHS,
UCIOJB3YEMBIX B JIOKAIbHBIX CETAX, 3aJ0KE€HA ONpPEIEIECHHas CTPYKTypa CBS3eH MExXay
KOMITBIOTEPaMH M CHOCOOBI MX aJipecallud. XOTs KaHalbHBIA YpOBEHb M 0OECIEUMBAET JIOCTaBKY
KaJpa MeXJy JIIOOBIMHU JABYMS y3J1aMH JOKAJbHOM CETH, OH 3TO JIEIAET TOJIBKO B CETU C COBEPIICHHO
OTIpEICTICHHOM TOIOJIOTHEH CBsI3el, UNMEHHO TOW TOMOJIOTHEH, NIl KOTOpOoW OH Obl1 pazpadboran. K
TakMM THIIOBBIM TOIIOJIOTUSIM, TOAAEPKUBAEMBIM IPOTOKOJIAMU KAaHAJIBHOIO YPOBHSI JIOKAJIbHBIX
ceTeil, OTHOCITCA OoO0IIasl IIMHA, KOJbLO W 3Be3na. [IpumepaMu NMpPOTOKOIOB KaHAIBHOTO YPOBHS
sBisitoTCst mpotokoubl Ethernet, Token Ring, FDDI, 100VG-AnyLAN.

B 7noxanpHBIX CeTAX NPOTOKOIBl KAHAIBHOIO YPOBHSI HCIOJB3YIOTCS KOMIBIOTEPAMH,
MOCTaMH, KOMMYTaTopaMu M MapuipyTuzaropamu. B kommbproTepax (yHKIHMH KaHAJIBHOTO YPOBHS
peanu3yroTcs COBMECTHBIMH YCHIIMSIMU CETEBBIX a/IallTEPOB U UX JIPaiiBEpPOB.

B rnoGanbHBIX CeTsAX, KOTOpBIE PEAKO OONAaroT PeryiaspHOM TOmoiorueil, KaHaJIbHBIHA
ypOBeHb oOecreuynBaeT OOMEH COOOMIEHUAMH MEXIy JABYMS COCEIHHUMH KOMITBIOTEPAMH,
COEMHEHHBIMU WHJMBHUIYaJbHOW JMHUEN CBs3U. [IpumepaMy mpoTOKOJOB "TOYKa - TOYKA" MOTYT
CIIY’)KUTh IIMPOKO pacnpocTpaHeHHbIe TpoToKkoasl PPP u LAP-B.

NmenHo Ttak opranu3oBaHbl ceTH X.25. MHOTIA B MIOOANBHBIX CeTAX (YHKIMU KaHATBHOTO
YPOBHS B YUCTOM BH/I€ BBIIECTUTH TPYIHO, TaK KaK B OJHOM U TOM € MPOTOKOJIE OHU OOBEAUHSIIOTCS
¢ (GyHKIMAMU ceTeBoro YypoBHS. llpumepamMu Takoro mnoaxona MOTYT CIYXHTb IPOTOKOJIBI
texnonoruit ATM u Frame relay.

B nenom kaHanbHBIA ypOBEHb NpEACTaBIseT cOOOW BechbMa MOUIHBIM HaOOp (yHKUMH MO
MepeCchUIKE COOOIICHUIM MEXAY y3/IaMU CETH.

CereBOii ypOBeHb CIYXHUT Jis OOpa3oBaHUS E€AMHOM TPAHCIIOPTHOW  CHUCTEMBI,
00BEMHSIONIEH HECKOIbKO CETed, MPUYEM 3TH CETH MOTYT HCIOJIb30BaTh Pa3IMYHbIC MPUHILIHUIIBI
nepeaayn COOOIIeHUH MEeXy KOHEUHBIMH y3JIaMH M 00JIafiaTh MPOU3BOJIBHON CTPYKTYpOH CBSI3€il.
OYHKIMH CETEBOTO YPOBHSI JIOCTATOYHO Pa3HOOOpa3Hbl. PaccMoTpuM Mx Ha nmpumepe 0O0beAMHEHUS
JIOKQJIBHBIX CETEM.

[IpoToKoIIbI KaHAILHOTO YPOBHS JIOKAJIbHBIX CETe 00eCreynBarOT TOCTaBKY JAHHBIX MEXITY
JOOBIMH y3JIaMHU TOJIBKO B CETH C COOTBETCTBYIOILEH THUIIOBOM TOMOJOTHEH, HalpUMEp TOIOJIOTHUEH
MEpapXUUECKOW 3Be3Ibl. JTO HKECTKOE OIPaHWYEHUE, KOTOpPOE HE I03BOJIAET CTPOUTH CETH C
Pa3sBUTON CTPYKTYPOH, HalpuMep CeTH, 00BbEeIUHSIONINE HECKOIBKO CETeH MPEANpPUATHS B €AUHYIO
CETb, UJIM BHICOKOHA/IEKHBIE CETH, B KOTOPBIX CYLIECTBYIOT U30BITOYHBIE CBA3H MEXKAY y3JIaMHU.

Ha cereBom ypoBHE cam TepMHH "ceTh" HAAENSAIOT cHenu(UUIecKUM 3HAYeHHeM. B manHOM
cllydae TMOJ| CETbI0 IMOHUMAETCSI COBOKYIMHOCTH KOMIIBIOTEPOB, COEIMHEHHBIX MeXay co0oil B
COOTBETCTBUM C OJHOW W3 CTAHJAPTHBIX THUIIOBBIX TOMOJOIMM M MCIOJNB3YIOIIUX AJIs Ieperadyu
JAHHBIX OJVH U3 IPOTOKOJIOB KaHAJIBHOTO YPOBHS, ONPEIEICHHBIN I ’TOU TOMOJIOTHH.

BHyTpu ceTn mocTaBKa JaHHBIX 00ECIIEYMBAETCS COOTBETCTBYIOIIUM KaHAJIbHBIM YPOBHEM, a
BOT JOCTABKOM JAHHBIX MEXIY CETSIMH 3aHMMAETCs CETEBOM YPOBEHb, KOTOPBIA M IMOAJECPKUBAET
BO3MOKHOCTh TPABHIJIBHOTO BBIOOpa MapIiipyTa Hepefadd COOOIIEHHs Nake B TOM Cilydae, KOrjaa
CTPYKTYpa CBSI3€d MEXIY COCTaBISIOIIMMH CETIMH MMEET XapakTep, OTIMYHBIA OT NPUHATOIO B
IIPOTOKOJIaX KaHAJIbHOTO YPOBHS.

Cetn COEOMHSIOTCS MEXIYy COO0OM  CHEeIUaJbHBIMH  YCTPOWCTBAaMH, Ha3bIBAEMBIMHU
MapuipyTuzaropamu. MapHipyTuzatop — 3TO YCTPOMCTBO, KOTOpoe coOupaer HHPOPMALHUIO O
TOIOJIOTUM MEKCETEBBIX COCAMHEHUN M MEPECHIIAET MAKEThl CETEBOTO YPOBHS B CETh HAa3HAYCHUS.
YroObl mepenaTh COOOLICHWE OT OTHpPaBUTENs, HAXOMAILIETrocs B OIHOM CeTH, MOJy4areno,
HaxoJsIIEMyCsl B JIPyrOM CETH, HY’KHO COBEpPLIUTh HEKOTOPOE KOJUYECTBO TPAH3UTHBIX Iepenad
MEXIy CETSMH, WIM XOMOB (OT ciioBa hop — MpPBIKOK), KaXAblii pa3 BbIOMpas MOAXOISAIINN
MapuipyT. Takum oOpa3zom, MapuIpyT MpeAcTaBisieT coO00H MOCIe0BaTeIbHOCTh MapIIPYTU3aTOPOB,
4yepe3 KOTOpPbIE MPOXOUT MaKeT.

CBoiicTBa CETEBOIO0 YPOBHS — JIOCTABKa MMAKETA:
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—  MEXIy JI00BIMU ABYMsI Y3JIaMU CETH C IPOU3BOJIBHON TOMOJIOTHEH;

—  MEXJIY JIOOBIMU JBYMsI CETSIMU B COCTAaBHOM CETH.
[Ipu 3TOM, CETh — 3TO COBOKYIHOCTh KOMIIBIOTEPOB, HCIOJB3YIOLIUX JIJIsl OOMEHa TaHHBIMU €TUHYIO
CETEBYI0O TEXHOJIOTMIO; a MapHIpyT —  IIOCJIE€JOBATEIbHOCTh  IPOXOXKACHUSA  MaKETOM
MapIIpyTU3aTOPOB B COCTAaBHOM CETH.

Ha pucynke 3 mnokas3aHbl 4Y€TBIpE CETH, CBSI3aHHBIE TPEMsI MapLIpyTU3aTopaMu. Mexay
y3iamu A v B 1aHHO# ceTu mpoJieraetr ABa MapuipyTa: MepBblii — yepe3 mapuipyTuzaTopsl 1 u 3, a
BTOPOI — uepe3 MapuIpyTu3aTopsl 1, 2 u 3.

CeTb 2
#, é J\ A—=>B
O O 1-3
1-2-3

Pucynok 3 - [Ipumep coctaBHO ceTn

B o6mem cinyyae (yHKIMM CETEBOTO YPOBHSI HIMpE, YeM (YHKLUU Mepesadyn COOOIIEHUH 1o
CBSI3SIM C HECTaHJAPTHOW CTPYKTYpPOH, KOTOpbIE MBI PAacCMOTpENM Ha NpuMepe OOBEAMHEHMHS
HECKOJIbKUX JIOKANbHBIX ceTel. CeTeBOl YpOBEHb TaK)KE pelIaeT 3aJadyd COTJIACOBAHUS pPa3HBIX
TEXHOJIOTUH, YIPOIIEHUS apecallii B KPYIHBIX CETAX M CO3/IaHUs HAJCKHBIX U THOKUX OaphepoB Ha
MyTH HEXENATENbHOTO Tpaduka MEXKIY CETIMHU.

CooOmieHnsi ceTeBOTO YPOBHS NMPUHATO Ha3biBaTh mnaketamu (packet). Ilpu opranmszanuu
JIOCTAaBKM ITaKETOB Ha CETEBOM YPOBHE UCIOJB3YyeTCs MOHATUE "HOoMep ceTH'". B aTom ciyuae anpec
MOJy4daTelisi COCTOUT U3 CTapIliel YacTh — HOMEpa CeTH M MJaJauied — HOMepa y3Jjia B 3TOM CETH.
Bce y31bl 0fHOM ceTH JOKHBI MMETh OJIHY M TY JK€ CTApIIYI0 4acTh aapeca, MOSTOMY TEPMHUHY
"ceTp" Ha CETEBOM YPOBHE MOXHO JaTh W Apyroe, Oosee (hopmalibHOE, ONPEACIICHHE: CeTh — 3TO
COBOKYITHOCTD y3JIOB, CETEBOM aJIpec KOTOPBIX COJACPKUT OJUH U TOT K€ HOMEpP CETH.

Ha cereBoM ypoBHe ompenensercss aBa BuIa MNPOTOKOJIOB. [lepBwlii BUI — CETEBBIC
npoTokonbl (routed protocols) — peanu3yloT NPOABMKEHUE MAKETOB yepe3 ceTh. MMeHHO 3Tu
MIPOTOKOJIbI OOBIYHO UMEIOT B BUJY, KOT/Ia TOBOPST O MPOTOKOJaX ceTeBOro ypoBHs. OIHAKO 4acTo K
CETEeBOMY YpPOBHIO OTHOCSAT M JPYrol BHJ MPOTOKOJIOB, HA3bIBAEMBIX IPOTOKOIAMU OOMEHa
MapHIpyTHOM HMH(pOpPMAIME WM TPOCTO MPOTOKOJaMu Mapmipytu3anuu (routing protocols). C
MTOMOIIBIO ATHX MPOTOKOJIOB MAPIIPYTH3ATOPEI COOUPAIOT UHGOPMAITUIO O TOMOJIOTUU MEKCETEBBIX
coequHeHmil. [IpoTOKOIBI CETEBOr0 YPOBHS pean3yloTCs MPOrPpaMMHBIMUA MOAYJISIMU OIE€PallMOHHOM
CUCTEMBI, a TAK)Ke MPOTPAMMHBIMHU U allapaTHBIMU CPEICTBAMHU MapIIPYTHU3aTOPOB.

Ha cereBoM ypoBHe pabOTalOT MPOTOKOJBI €IIe OJHOTO THUMa, KOTOpbIE OTBEYAIOT 3a
O0TOOpakeHHE aapeca y3Ja, UCIOJIb3yeMOTro Ha CETEeBOM ypPOBHE, B JIOKANBHBIA aapec cetu. Takwue
MPOTOKOJIBI YacCTO HA3BIBAIOT MPOTOKOJIaMH pasperieHus: aapecoB — Address Resolution Protocol,
ARP. Horga ux OTHOCST HE K CETEBOMY YPOBHIO, & K KAHATbHOMY, XOTsI TOHKOCTH KJIaCCH(PUKAIIUU
HE U3MEHSIOT CYTH.

[IpumepaMu  TPOTOKOJIOB ~ CETEBOTO  YPOBHS  SIBISIOTCS ~ MPOTOKOJ  MEXKCETEBOTO
B3aumozeicTBus IP cteka TCP/IP u mpotokon mexcereBoro ooMena makeramu IPX creka Novell.
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TpancnopTHblii ypoBenb. Ha myTu oT oTmpaBuTenss K MOJTy4yaTeNio MakeTbl MOTYT OBITh
MCKa)XEHBI WM yTEPSAHbI. XOTs HEKOTOpPhIE MPUIIOKEHUS UMEIOT COOCTBEHHBIE CPEACTBAa 00PabOTKU
OlMOOK, CYIIECTBYIOT W TaKue, KOTOpble MPEINOYUTAIOT Cpa3y HMMETh Jeli0 C HaJleXKHbIM
coequHeHneM. PaboTa TpaHCHOPTHOTO YPOBHS 3aKIIOYaeTcs B TOM, 4YTOOBI 00ECHedHTh
MPWIOKEHUSAM WM BEPXHUM YPOBHSIM CTEKa - MPUKIAJHOMY U CEaHCOBOMY - MEpeaayvy AaHHBIX C
TOM CTETEeHBIO HA/ICKHOCTH, KOTOpasi UM Tpedyercs. Monens OSI onpenensier naTh KJIacCOB CEpBHUCA,
MPEOCTABIAEMbIX TPAHCIOPTHBIM yPOBHEM. OTH BHUABl CEPBHCA OTJIMYAIOTCA KaueCTBOM
MPEJOCTABIEMBIX YCIYT: CPOYHOCTBIO, BO3MOXKHOCTHIO BOCCTaHOBJICHHS IPEPBaHHON CBsI3H,
HaJIMYUEM CPEICTB MYJIbTUIUIEKCUPOBAHUS HECKOJBKUX COECIUHEHHH MeXIy pa3iuuyHbIMU
MPUKIIAAHBIMUA IPOTOKOJIAMH 4Yepe3 OOIIMK TPAaHCIIOPTHBIA MPOTOKOJI, a TJIAaBHOE - CIIOCOOHOCTBIO K
OoOHapyKEHHUIO U UCIPABIICHUIO OIIMOOK Mepefayy, TaKUX Kak UCKaXXeHHe, MoTeps U QyOnupoBaHUe
MaKETOB.

Bri6op kiacca cepBHca TpaHCHOPTHOTO YPOBHS ONpEAeNsieTcsi, ¢ OJHOW CTOPOHBI, TEM, B
KaKOM CTemeHu 3ajaya oOecmeueHUs] HaJeKHOCTH peIlaeTcs CaMHUMU —OPWIOKECHUSMH U
MPOTOKOJIaMU 0O0Jiee BBICOKHUX, YE€M TPAHCIIOPTHBIA, YPOBHEH, a C JIPyroil CTOPOHBI, STOT BBHIOOP
3aBUCUT OT TOTO, HACKOJBKO HAJEKHOH SBISETCS BCS CUCTEMa TPAHCIOPTHUPOBKU JTAHHBIX B CETH.
Tak, Hampumep, €ciu KauecTBO KaHAJOB INepeauyd CBSI3M OYEHb BBICOKOE, M BEPOATHOCTD
BO3HUKHOBEHHUSI OUIMOOK, HE OOHApY)KEHHBIX MPOTOKOJaMM Oojiee HU3KUX YpOBHEH, HEBEIMKA, TO
pa3yMHO BOCHOJIb30BaThCS OJHUM M3 OOJETYeHHBIX CEPBUCOB TPAHCIOPTHOro ypoBHs. Ecim xe
TPAHCIOPTHBIE CPEACTBA N3HAYAIHHO OUEHb HEHAJICKHBI, TO 11€JIecO00pa3Ho 00paTUThCs K Hanbomee
Pa3BUTOMY CEpBUCY TPAHCIIOPTHOTO YPOBHS, KOTOPBI paboTaeT, UCIONb3ys MAaKCUMYM CPEJICTB IS
OOHapy>KEHHsI U YCTPAaHEHUS OUIMOOK - ¢ TIOMOIIBIO MPEABAPUTEIBHOIO YCTAaHOBICHHS JOTMYECKOTO
COEIMHEHUS, KOHTPOJSL JOCTaBKU COOOIICHWN C MOMOIIbIO KOHTPOJIBHBIX CYMM M LHKINYECKOU
HyMEpalluu MaKeTOB, YCTAHOBIICHUS TaliM-ayTOB IOCTaBKH U T.II.

T.o. QyHKIIMKM TPaHCIIOPTHOTO YPOBHSA - 3TO OOECHEYCHHE JOCTaBKH HWHGOpPMAIUU C
TpeOyeMbIM KaueCTBOM MEXK]y JTIOOBIMH y3JIaMH CETH:

— pa30uBKa COOOILIECHHUS CEaHCOBOTO YPOBHS Ha MaKeThl, UX HyMepalus;

— Oydepusanus NpUHUMAEMbIX TTAKETOB;

— YIOPSI0YMBaHUE MPUOBIBAIONINX AKETOB;

— azpecanus NPUKIAAHBIX TPOLIECCOB;

— YIpaBJIeHHE TOTOKOM.

Kak mpaBuiio, Bce MpOTOKOJBI, HaYMHAsl C TPAHCIIOPTHOTO YPOBHS U BBIIIE, PeaU3yIOTCS
MPOrPaMMHBIMU CPEACTBAMU KOHEYHBIX Y3JIOB CETH - KOMIIOHEHTAMH HX CETEBBIX OIEPallMOHHBIX
cucteM. B kauecTBe nmpumepa TpaHCIOPTHBIX MPOTOKOJIOB MOXKHO MpUBECTH MpoTokobl TCP u UDP
creka TCP/IP u mpotokon SPX creka Novell.

[IpoTokoibl YeThipeX HMKHUX YpOBHEH 000OIIEHHO HAa3bIBAIOT CETEBBIM TPAHCHOPTOM MIIU
TPAHCIOPTHON NOJACHCTEMON, TaKk KaK OHH TOJHOCTHIO pEHIAl0T 3a/1ady TpPaHCHOPTUPOBKH
COOOIIEHUH € 3a/laHHBIM YPOBHEM KauyecTBa B COCTaBHBIX CETAX C MPOU3BOJIBHOI TOMONOTHEH U
Pa3NUYHBIMH TeXHOJOTHSIMU. OCTalbHbIE TPH BEPXHHUX YPOBHS PEIIAIOT 33/Ja4M MPEAOCTABICHHS
MPUKJIAHBIX CEPBUCOB HA OCHOBAHUH UMEIOIIEHCS TPAHCIOPTHOM MOACUCTEMBI.

CeancoBbiii ypoBeHb. CeaHCOBBI ypoBeHb (Session layer) obecredwBaeT yrpaBlieHHE
IMaoroM: (pUKCHUPYeT, Kakas U3 CTOPOH SBJISETCS aKTUBHOM B HACTOSILIUNA MOMEHT, MPEAOCTaBISET
cpeacTBa CHHXpoHHM3alMu. llocieaHue MO3BOJSIOT BCTAaBJIATH KOHTPOJIbHBIE TOYKUM B JUIMHHBIC
nepenayu, 4ToObl B cyyae 0TKa3a MOKHO OBbLTO BEPHYTHCS Ha3aJl K MOCIEAHEW KOHTPOJIbHOM TOUKE,
a He HAYMHATh Bce cHadasia. Ha mpakThke HEMHOTHE MPUIIOKEHUS UCTIONB3YIOT CEaHCOBBI YPOBEHb,
U OH PEAKO pealnu3yercss B BUIE OTICNIBbHBIX MPOTOKOJIOB, XOTSA (YHKIUH 3TOrO YPOBHS 4YacCTO
00BETUHSIOT ¢ (YHKIUSAMU MPUKIATHOTO YPOBHS U PEAIN3YIOT B OJTHOM ITPOTOKOJIE.

OYHKIHMH CEaHCOBOI'O YPOBHS - 3TO YIPaBIECHUE TUAT0roM 00BEKTOB MPUKIIATHOTO YPOBHSI:

— yCTaHOBIIEHHE cr1oco0a 0OMeHa COOOUICHUAMU (YTUICKCHBIN UM MOTYYTIIICKCHBIH);

— CHHXPOHHU3AIHs 0OMEHA COOOIIECHUSIMU;

— opraHuzanus "KOHTPOJBHBIX TOYEK' aAuanora.

YpoBeHb npeacraBjieHusl. DTOT YpPOBEHb 00ECIEUMBAET TapaHTHIO TOTO, YTO MH(OpMAIUs,
nepeaaBaeMasi IPUKIAJAHBIM YpOBHEM, OyJeT MOHSITHAa MPUKIAJIHOMY YPOBHIO B JIPYroil cHcTeMe.
[Ipy HEOOXOaUMOCTH YpOBEHb MpEACTABICHUS BBINOJHSAET MpeoOpa3oBaHue (OpPMATOB JAaHHBIX B
HEKOTOpbI o0Imuii GopMaT mpencTaBieHus, a Ha MPUEME, COOTBETCTBEHHO, BBINOJIHSAET 00paTHOE
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npeoOpazoBanue. Takum o00pa3oM, TMPUKIAAHBIE YPOBHU MOTYT IMPEOJOJIETh, HaIpHUMED,
CUHTAKCUYECKHE pa3Nuyusi B MPEJICTABICHUHM JaHHBIX. Ha 3TOM YpPOBHE MOXKET BBIOJHSITHCS
mudpoBanue W AcmU(PpOBaHME JAaHHBIX, Onarogaps KOTOPOMY CEKPETHOCTh OOMEHa JTaHHBIMHU
obecrieynBaeTcsl cpa3y ISl BCeX MPUKIAIHBIX cepBUCOB. [IpumepoM mpoTokoina, paboTaromero Ha
YpOBHE TpeICTaBlIeHUs, sBisieTcs: mpoTokon Secure Socket Layer (SSL), xotopsiii oGecrieunBaet
CEKpETHBII OOMEH COOOLICHUAMU /ISl IPOTOKOJIOB MPUKIIAAHOTO ypoBHs cteka TCP/IP.

YpoBeHb TMpenCTaBICHHS COIJIACOBBIBAET IMPEJCTaBICHHE (CMHTAKCUC) JaHHBIX TIpU
B3aMMOJICHCTBUHU ABYX MPHUKIIAIHBIX IPOIIECCOB:

— mpeoOpa3oBaHKE NaHHBIX U3 BHENIHET0 (popMaTa BO BHYTPECHHHUIA;

— mudpoBaHue U pacmupoBKa TaHHBIX.

Ilpuknagnoii ypoBeHb. [IpukiagHoii ypoBEHb - 3TO B JEHCTBHTEIBHOCTH MPOCTO HAOOp
pa3sHOOOpa3HBIX MPOTOKOJIOB, C IOMOIIBIO KOTOPBIX IOJI30BAaTENIM CETH IOJYYalOT JOCTYN K
paszenseMbIM pecypcaMm, TakUM Kak (ailiibl, MPUHTEPbl WM runeprekcroBbie Web-cTpanunsl, a
TaKXe OpPraHU3yloT CBOIO COBMECTHYIO paloTy, HalpHMep, ¢ MOMOIIBIO MPOTOKOJA 3JIEKTPOHHOM
noutel. EauHMIIA JaHHBIX, KOTOpPOHM oOmepupyeT NPUKIATHOW YypOBEHb, OOBIYHO Ha3bIBaeTCs
coobweHuem (message).

CymecTByeT oueHb O0JbIIOE pa3HOOOpa3ue MPOTOKOJIOB MPUKIATHOrO ypoBHs. Cpean HUX
XOTeI0Ch ObI OTMeTHTh Takue kKak FTP, Telnet, HTTP.

Oynk1uu Bcex ypoBHer monenu OSI MoryT ObITh OTHECEHBI K OJHOM W3 ABYX T'PYIII: OO K
GyHKUIMAM, 3aBUCSIIMM OT KOHKPETHOW TEXHHUYECKOW pealu3alud CeTH, JU00 K (QyHKIHIM,
OpPUEHTUPOBAHHBIM Ha PabOTy C MPHIOKECHUSIMH.

[TpuknagHoil ypoBeHb - 3TO HAOOp BCEX CETEBBIX CEPBHCOB, KOTOpBIE INPEIOCTABISCT
CUCTEMa KOHEYHOMY T0JIb30BaTENO:

- uaeHTUUKALNS, TPOBEPKa MPaB JOCTYIIA,

- TpuHT- U (aili-cepBuc, MoUTa, yIaJECHHBIN TOCTYII.

Tpu HUKHUX YypOBHS - pU3HUECKUl, KaHATIBHBIN U CETEBOH - SBISIOTCS CETE3aBUCUMBIMU, TO
€CTh MPOTOKOJIBI TUX YPOBHEW TECHO CBSI3aHbI C TEXHUUECKON pean3aleil CeTH, C UCIOJIb3YEMbIM
KOMMYHHUKAIIHOHHBIM 000PYZ0BaHUEM.

Tpu BepXHUX YPOBHS - CEAHCOBBIH, YpOBEHb MPEICTABICHUS U IPUKIIATHON - OPUEHTHPOBAHBI
Ha TMPUWIOKEHUS M MaJo 3aBUCAT OT TEXHHYECKUX OCOOCHHOCTEH MOCTpoeHus ceTH. Ha mpoTokoms
TUX YpOBHEH HE BIMSIOT HUKAaKHEe HM3MEHEHHs] B TOIOJIOTMHM CETH, 3aMeHa OOOpYyAOBaHUS WIH
IIEPEXO0/1 Ha IPYT'YI0 CETEBYIO TEXHOJIOTHIO.

TpancnopTHBI  ypOoBeHb  SIBISIETCSl MPOMEKYTOUHBIM, OH CKpBbIBAaeT BCE JeTalld
(YHKIIMOHMPOBAHUS HIDKHUX YPOBHEH OT BEpXHHX YpPOBHEH. DTO TMO3BONSIET pa3pabaThiBaTh
MPWIOKEHUS, HE3aBUCALIUE OT TEXHUYECKUX CPEACTB, HEMOCPEACTBEHHO 3aHHUMAIOLIUXCS
TPAHCIOPTHPOBKON COOOIICHUH.

Pucynok 4 mokaspiBaer ypoBHH Mozenu OSI, Ha KOTOpPHIX pabOTAOT pa3IWYHBIC AJIEMEHTHI
cetu. Kommbrorep, ¢ ycraHoBieHHOM Ha HeM cereBoil OC, B3auMMOJEHCTBYET € ApYyTUM
KOMIIBIOTEPOM C TMOMOIIBIO MPOTOKOJIOB BCEX CEMH YPOBHEH. DTO B3aWMOJICUCTBUE KOMITBIOTEPHI
OCYILECTBISIOT YEpe3 pa3iMyHble KOMMYHMKAI[MOHHBIE ycTpolicTBa. B 3aBHUcMMOCTM OT THMA,
KOMMYHHUKAITMOHHOE YCTPOMCTBO MOXET padoTrarh MO0 TOJBKO Ha (PHU3UYECKOM YpOBHE
(moBTOpUTENH), IMOO HA (PUINIECKOM U KAHAITBHOM (MOCT U KOMMYTAaTOp), OO Ha (hU3HUECKOM,
KaHaJIbHOM U CETEeBOM, MHOT/Ia 3aXBaThIBasi U TPAHCIOPTHBINA YPOBEHb (MapIIPyTHU3ATOD).

Mognens OSI npexacraBiseT XOTS U OYEHb BAXKHYIO, HO TOJIBKO OAHY M3 MHOTHX MOJENen
KOMMYHHMKAIMii. ODTH MOJAETU U CBSI3aHHBIE C HUMH CTEKHM MPOTOKOJIOB MOTYT OTIHNYAThCS
KOJINYECTBOM YpOBHEH, UX (QYyHKIMSAMH, popMaTaMH COOOLICHH, CEpBHCAMH, MPEIOCTABIIEMbIMU
Ha BEPXHUX YPOBHSX U IPOYUMU MapaMeTpaMHu.

[Tostomy mozmens OSI croutr paccmaTpuBaTh, B OCHOBHOM, KaK OIOpHYIO 0a3y Ui
KJIacCU(UKALIUU U COMOCTABIIEHUS IPOTOKOJIBHBIX CTEKOB.
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Pucynok 4 - Cere3aBucuMbIe U CeTeHE3aBUCHMbIe YpOoBHH Moaenn OS]

Ilpomoxkon IP

ApPXHUTEKTYpY CETEBOTO YPOBHSI YAOOHO paccMaTpHBaTh Ha MPUMEpE CETEBOro mporokona [P
— CaMOTr0 pacHpoCTPAaHEHHOTO B HACTOsIEe BPEeMsi, OCHOBHOTO npoTokona ceth Unrepuer. Tepmun
«ctek npotokosnoB TCP/IP» o3Hauaer «Ha®op mpoTokoioB, cBs3aHHBIX ¢ [P u TCP(mporokomom
TPAHCIIOPTHOTO YPOBHSI )».

Apxutektypa nportokosioB TCP/IP npennasHaueHa Juist 0ObeAMHEHHONW CETH, COCTOSIIEH U3
COEIMHEHHBIX JIPYT C IPYroM HUII03aMHU OTAEIBHBIX Pa3HOPOJHBIX MAKETHBIX MOJCETEH, K KOTOPHIM
MOJIKITIOYAI0TCS PA3HOPOIHBIC MAITHBI.

Kaxxnas u3 mojcereii paboTaeT B COOTBETCTBHH CO CBOUMHM CIEIU(DPHUIECKUMU TPEOOBAHUSIMHU
U UMEET CBOI0 MPHPOAY CpeAcTB cBsi3u. OIHAKO MPENIoNiaraeTcs, 4TO Kaxaas MOJCETh MOXKET
MPUHATH MaKeT HHPOpMAIMH (JaHHbIE C COOTBETCTBYIOLINM CETEBBIM 3ar0JIOBKOM) U JIOCTaBUTH €TI0
10 YKa3aHHOMY a/Ipecy B 3TOM KOHKPETHOU IOJCETH.

He tpebyercs, 4ToOBI MOJCETh rapaHTHpPOBaJa 00S3aTEIBHYIO TOCTaBKY IMAKETOB W HMMela
HA/JIC)KHBHT CKBO3ZHON TIPOTOKOJI.

Taxum 06pa3om, 1BE MAIIMHBI, TOAKITIOYCHHBIE K 00HOU nodcemu, MOTYT 0OMEHUBATHCS
MaKeTaMu.

Korma HeoOxoaumo mepedarb MakeT MEXAY  MalllMHAMHU, NOOKIIOYEHHbIMU K
PAa3HbiMnOOCcemsaM, TO MalllMHA-OTIPABUTENb MOCHUIAET MAaKeT B COOTBETCTBYIOMIMI NUIIO3 (LILIIO3
MOJIKIJIIOUEHK MOJICETH TakKe Kak OObIUHBIN y3em). OTTyAa makeT HamnpapisieTcs [0 ONpPeaeTICHHOMY
MapuIpyTy 4epe3 CHUCTEMY LUII030B U MOJCETEN, OKa HE JIOCTUTHET LUTI03a, MOAKIIOYEHHOTO K TOU
e MOJCETH, YTO ¥ MAIIMHA-TI0TyYaTesb: TaM MaKeT HalpaBisieTcs K MOIyvaTesio.

Takum oOpazom, aapec moaydaTelns JOHKEH COIepkKaTh B cede:

B nHOMmep (ampec) monceru;
B HoMmep (agpec) yuacTHHKa (XOCTa) BHYTPHU MTOJICETH.
IP angpeca npeacTasistoT coboit 32-x pa3psaHbie TBOMYHBIC yucia. s ynoocTBa ux

3aMKUCHIBAIOT B BUJIC YETHIPEX IECATHUYHBIX YHCEN, pa3IeICHHBIX
JIBonuHoOE Jecsituunoe

toukamu. Kaxkoe 4ncio SBISETCS JeCATHYHBIM YKBUBAJICHTOM

10000000 128
COOTBETCTBYIOIIETro Oaiita ampeca (mist ynoOcTBa Oynem

11000000 192
3aMKUCHIBATh TOYKU U B IBOUYHOM HU300pAKCHHN).

11100000 224
192.168.200.47 saBasercs NeCATUYHLIM SKBHBAJIICHTOM JIBOMYHOI'O 11110000 240
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azpeca

11111000 248
11000000.10101000.11001000.00101111

11111100 252

HNuorna npumensoT aecsatuuHoe 3Hauenue [P-anpeca. Ero

11111110 254
JIETKO BBEIYHCIINTH

11111111 255

192%256°+168*256°+200%256+47=3232286767
WJIK ¢ MOMOIIBI0 MeToaa ['opHepa :
(((192*%256)+168)*256+200)*256+47=3232286767
KonuvectBo pa3psoB aopeca noocemu MOXKET OBITh Pa3IMYHBIM U OTIPENIENIAETCS MACKOU
cemu.

Macka cemu Takxe SBIAETCS 32-X pa3psAIHbIM JABOMYHBIM YHCIOM. Paspsasl Macku
MMEIOTCIIEIYIOUN CMBIC: €CIM pa3ps] MacKu paBeH 1, TO COOTBETCTBYIOIIMM pa3psia aapeca
SBIJISIETCS Pa3psAOM ajapeca MoAceTH, a ecnu 0, To pa3psaoM XOcTa BHYTpH nojceTu. Bee equHnvHbIe
pa3pslibl MacKu (€ClIM OHM €CTh) HaXOJSATCS B cTapuiel (JIEeBOM) 4acTh MacKH, a HyJeBble (€CIu OHU
€CTh) — B MpaBoM (Maamei).

Hcxonst U3 BhINIECKA3aHHOTO, MACKy 4YacTO 3alMChIBAIOT B BHJE YHUCIA €IWHUI B HEH
coZiepKalInxcs.
255.255.248.0 (11111111.11111111.11111000.00000000) — stBsieTCANPABUILHONMACKON MOJCETH
(/21), a 255.255.250.0 (11111111.11111111.11111010.00000000) —

SIBJISICTCSIHENTPABUIIbHOM, HEJOTTYCTUMOM.

HetpyaHo yBuaeTb, 4TO Mmakcumanvuwiii pazmep noocemu MOXKET OBITb TOJNBKO CTENEHBIO
JBOMKY (JIBOMKY HaJJ0 BO3BECTH B CTEIIEHb, PABHYIO KOJIMYECTBY HYJIEH B MacKe).

[Ipn mepenaye MakeTOB HCMOIB3YIOTCS NpABUNA MApuwipymu3ayuu, TIABHOE U3 KOTOPBIX
3ByudT Tak: «[lakeThl yyacTHHKaM CBOEH MOJCETHU OCTABJISIOTCS HANPSIMYI0, a OCTaIbHBIM — IO
JOPYTUM IIpaBUjiaM MapLIpyTH3ALAN.

Takum 00pa3zom, TpeOyeTcsi OMpeeNnuTh, SBISETCS JIM MOTyJYaTelh YWICHOM Halllel MOACeTH
WJIU HET.

I. Onpeoenenue ouanazona
aopecoe noocemu.
Omnpezenenue quarna3oHa apecoB MOJCETH MOKHO MMPOU3BECTH U3 ONPEACICHUS TOHITHUS

MAacCKH:
B TE€ pa3psilibl, KOTOPbIE OTHOCSTCS K aapecy MOJCETH, Y BCEX XOCTOB MOJACETH
JOJKHBI OBITH 0OUHAKOBbI,
B ajipeca XOCTOB B ITOJCETH MOTYT OBITh 1l00bIMUL.

To ecth, ecu Ham aapec 192.168.200.47 u macka paBHa /20, TO AUANa3oH MOXHO MOCUUTATh:

11000000.10101000.11001000.00101111 —agpec
11111111.11111111.11110000.00000000 —macka
11000000.10101000.1100XXXX. XXXXXXXX —quana3oH
ajipecoB

rae 0,1 — onpeneneHHbIe 3HAYCHUS
paspsanoB, X — mo0oe 3HaYCHUE,
YUTo NpUBOIUT K IHANA30HY aPECOB:

o1 11000000.10101000.11000000.00000000 (192.168.192.0)
10 11000000.10101000.11001111.11111111
(192.168.207.255)
CrnenyeT y4uThIBaTh, UTO HEKOTOPHIE aJipeca SBISIOTCS 3alpPEICHHBIMU WU CITY>KeOHBIMU U
UX HEJb35 UCII0Nb30BaTh ISl aIpECOB XOCTOB WJIM MOJIceTel. DToaapeca, CoaepKaIlue:
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2.

3.
10.
27.

0 BnepsomununocieoHembanTe,
255 BrobombaiitTe (3TO MIMPOKOBENIATENBLHEIEC aapeca),
127 Bnepsombaiite (BHYTPEHHSSI MIETIIS — ATOT aJpPeC UMEETCS B KaXKIOM XOCTE 1
CITY’KHT JUISI CBSI3BIBAHHSI KOMITOHEHTOB CETEBOTO
ypoBHs). [ToaTOMy nOCTYIHBIN JUana3oH aapecoB OyaeT
HECKOJIbKO MEHBIIIE.
3aoanus 0131 camoCcmoAmenbHo20 peuleHus:
Kakwue anpeca u3 npuBeACHHOTO HUKE CITUCKA SIBISIOTCS JOIMYCTHMBIMU aIpECAMH XOCTOB:

0.10.10.10
10.0.10.10
10.10.0.10
10.10.10.10
127.0.127.127
127.0.127.0
255.0.200.1
1.255.0.0

[lepeuncnure Bce JOMyCTUMBIE MacKH.

Omnpenenure auana3oHbl aIpecoB MoAceTeN (JaHbl aApec XOCTa U MacKa MOJICETH):
212.157.12/24

31.12.254/31

192.168.0.217/28

10.

4.

7.14.14/16

Kaxkue u3 anpecon
241.253.169.212
243.253.169.212
242.252.169.212
242.254.169.212
242.253.168.212
242.253.170.212
242.253.169.211
242.253.169.213

OyIyT TOCTUTHYTHI HAMPsIMYIO ¢ XxocTa 242.254.169.212/21

5. Ilocmotpute napamerpsl IP Ha cBoeM kKoMIbIOTEPE € MOMOIIBIO KOoMaH bl ipconfig. Onpenenure
JMaIia30H aapecoB W pa3Mep MojaceTH, B KoTopod Bel Haxomureck. [TompoOyiiTe 0OBSICHUTS,

II
Bomnpo

WX R WD —

OueMy BBHIOpaHbI TAKHE CETEBBIC MMAPAMETPhI U KAKHE CETEBbIC MapaMeTphl BHIOpau Obl BhI.
CbI VIl IPOBEPKU:

Uem 3aHUMAETCS CETEBOM YPOBEHB?

Uto Takoe ceThb nepeaadyu JaHHbIX?

Kakue TpeboBaHMs NPeIbABIAIOTCS K CETEBOM afpecanun’?

MO>HO 1 UCIOIB30BaTh B KauecTBe cereBoro MAC-aapec?

Urto Takoe Macka mojceTu,?

KakoBa cTpykrypa IP-agpeca?

Uewm omnpepensieTcst pa3mep mojaceTu?

Kak onpenenuth nuana3oH aapecoB B MOJICETH?

Kax ONPENIETUTh pazmep MOACETH?
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CeTeBoil ypoOBeHb OTBEYAET 32 BO3MOXKHOCTh JIOCTaBKU NIAKETOB 110 CETH NE€pPeady JaHHBIX —
COBOKYITHOCTU CETMEHTOB CETH, OOBEIUHEHHBIX B €IUHYIO CETh JIIOOOW CI0XKHOCTU MOCPEICTBOM
Y3JI0B CBSI3U, B KOTOPOH MMEETCS BO3MOXKHOCTH JOCTHIKEHHS M3 JIIOOOH TOYKH CETH B JIIOOYIO
APYTYIO.

ADPXUTEKTYPY CETEBOIO YPOBHS yJOOHO paccMaTpUBaTh Ha IPUMEPE CETEBOTo nportokoia [P
— €caMOro pacHpOCTPAaHEHHOT'O B HACTOsILEE BpeMs, OCHOBHOIO MpoTokoia cetu MHTepHeT. Tepmun
«ctek mpoTtokonoB TCP/IP» o3nauaer «Habop mporokoinoB, cBa3aHHbIX ¢ IP u TCP(mporokonom
TPAHCIIOPTHOTO YPOBHSI )».

Apxutektypa nporokosoB TCP/IP npennaznauena aisi 0ObeIMHEHHON CETH, COCTOSIIECH U3
COEMHEHHBIX JPYyT C APYroM IIJIK03aMHU OTAENbHBIX Pa3HOPOJAHBIX MMAKETHBIX MOJCETEH, K KOTOPBIM
MOJIKJIIOYAIOTCS PA3HOPOIHBIE MALIHBI.

Kaxxnas u3 mojacereit paboTaeT B COOTBETCTBUU CO CBOMMU CHEIU(UUESCKUMHU TPEOOBAHUSIMU
U UMEET CBOIO IIPUPOY CPEACTB CBSI3U.

OpnHako mpeanosiaraeTcs, 4To Kaxjaas MoACeTh MOXKET MPUHATH MakeT MHQOpMaIUK (JJaHHbIE
C COOTBETCTBYIOLIMM CETEBBIM 3aroJOBKOM) M JIOCTaBUTh €ro IO YKa3aHHOMY aJpecy B 3TOU
KOHKpeTHOU mozaceTu. He TpeOyercs, 4ToOBI TOACETh TapaHTHUpOBaJIa 00S3aTEIBHYIO JTOCTABKY
MAKeTOB M UMeJia HaIeKHBIH CKBO3HOM NpOTOKOJ. Takum 00pa3oM, BE MaIIMHBI, MOAKIIOUECHHbBIE K
OJTHOM TMOJCETH, MOTYT OOMEHHMBATHCS MAKETaMHU.

Korma nHeoOxoaumo mepenaTh MakeT MEXIy MAallMHAMH, MOJIKIIOYEHHBIMH K Pa3HBIM
MOJICETSM, TO MaIIMHA-OTIPABUTEIb MTOCHUIACT MMAKET B COOTBETCTBYIOIINN uL7703 (ILJTH03 MOAKIIOYEH
K TIOJICETH Takke Kak OObuHBIA Yy3en). [[lnwo3 (gateway)— moboe cereBoe 000pyHOBaHHE C
HECKOJIbKUMH CETEBBIMM MHTEp(eiicaMu U OCYIIECTBIISIONIEE IPOABUKEHHE MTAKETOB MEX/y CETIMU
Ha YPOBHE ITPOTOKOJIOB CETEBOI'O YPOBHSI.

W3 numro3a makeT HampaBisIeTCs 1O ONPENEICHHOMY Mapuipymy 4epe3 CUCTEMY Uuili0306 U
IoJiceTell, MOKAa HE JOCTUTHET NUI03a, MOAKIIOYEHHOTO K TOW € MOACETH, 4YTO M MallluHa-
[0JTy4aTesb; TaM MaKeT HalpaBIsIeTcs K MOIy4aTelto.

Taxum 06pa3om, IUTI03 BBIIOIHIET MApUipymu3ayuio — IpoUeaypy HaXOXKACHUS B CTPYKTYpe
CEeTU IIYTH JOCTHKEHUS MOIydaTelis (IOCTPOEHUE IyTH JOCTABKHU ITAKETOB).

Ecin XxocT MoAKIIOUEH K HECKOJIBKUM CETSAM, OH JTOJIKEH UMETh HECKOJIBKO CETEBBIX aJIPECOB,
KaK MUHHUMYM CTOJIbKO, CKOJIBKO KaHAJIOB K HEMY ITOJIKJIIOYEHO.

Mapupytuzanus NOpPOU3BOAUTCA 1O  NPAGUAAM — MAPWPYMU3Ayuu,
MabIUYyMapupymusayuu.

Jlasxe eciau XOCT He SBIISIETCS LUII030M MEX]y IOJCETSIMH, BCE PABHO B HEM IPHUCYTCTBYET
TabauIa MapUIpyTU3aluK, Beb 000 XOCT JOJKEH OTIPABIATH MAKEThl HAMPSIMYIO YWIEHAM CBOEH
MOJICETH, 4Yepe3 Kakoi-TO MLUI03 JAPYrMM IOJACeTSIM M HE IepefaBaTb B CETh IIAKeTHhI,
npegHasHaueHHbIE caMoMy cebe (3aBopaurBaTh MX MO BHyTpeHHei netiie 127.0.0.1).

CBCACHHBIM B

Tadmnna MAapIMpPYTH3AOEH HMEeT CIeIVIOIIHH BHI:

CeTeBoll agpec Macka ceTn Anpec marsa Hartepdeic Metpukra
0.0.0.0 0.0.0.0 192.168.200.1 192.168.200.47 30

127.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 1
192.168.192.0 255.255.240.0 192.168.200.47 192.168.200.47 30
192.168.200.47 255.255,255.255 127.0.0.1 127.0.0.1 30
192.168.200.255 255.255.255.255 192.168.200.47 192.168.200.47 30
224.0.0.0 240.0.0.0 192.168.200.47 192.168.200.47 30
255.255.255.255 255.255.255.255 192.168.200.47 192.168.200.47 1

CereBoil azipec - HauaIbHBIN aAPEC MOJCETH, MOPAJOK JOCTHXKEHNS KOTOPO ONUCHIBAET
IIPaBUIIO.

Macka cetu - Macka MOJCETH, KOTOPYIO OIIMCBIBAET IIPaBUIIO.

Azpec 1nutt03a- OKa3bIBaeT, Ha KaKOW ajipec OyAyT MOCIIaHbl TAKEeThI, UIYIINE B CETh
HazHaueHus. Eciu makeTsl OyayT UATH HANPSMYIO, TO YKa3bIBaeTCs

coOCTBEHHBIN asipec (TOYHEE TOT aApec TOTO KaHalla, Yepe3 KOTOPBI OyayT
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nepeaaBaThCs MaKEThI).

WuTtepodeiic - ykazpIBaeT aapec KaHaia, yepe3 KOTOPhI OyAyT nepeaaBaTbes MaKeThl.

Hutepdeiic 6cecoa npunadnexcum xocmy, Ha KOTOPOM HAXOIUTCS TTPABUIIO.

Mertpuka - onpeaenseT BpeMs, 3a KOTOPOE MaKeT JOCTUTHET CETU Ha3HAUYEHUS.

Ilpasuna npumensatomecesa 6 nopaoke ymeHbuieHUA MACOK.

Ilpasuna c pagnvimu mackamu RPUMEHAIOMCA 8 NOPAOKE YEeaUUeHUA MEMPUKU.

IIpumeHeHne NMpaBUJIa 3aKIIIOYAETCS B ONPEIECICHUH, TPUHAJICIKUT JIU XOCT Ha3HAUCHUS

CETH, YKA3aHHOH B NPaBUJIE, U €CIIM IPUHAJUJIEKNT, TO MMAKET OTIPABIIAETCS Ha aJ(pec U032 Yepe3

uHTEepQercC.
PaceMOTpHM BRINIEOPHBSISHHYIO TAOTHIY MAPIDPYTH3AIHH, IepecOPTHPOBAE IpABHIA:

CeTeBoOH agpec Macka cetn Agpec muarosa Hatepdenc MeTpura
255.255.255.255 255.255.255.255 192.168.200.47 192.168.200.47 1
192.168.200.47 255.255,255.255 127.0.0.1 127.0.0.1 30
192.168.200.255 255.255,255.255 192.168.200.47 192.168.200.47 30
192.168.192.0 255.255.240.0 192.168.200.47 192.168.200.47 30
127.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 1
224.0.0.0 240.0.0.0 192.168.200.47 192.168.200.47 30

0.0.0.0 0.0.0.0 192.168.200.1 192.168.200.47 30
255.255.255.155 255.255.255.155 192.168.200.47 192.168.200.47 1

OOpaTtuTe BHIMaHHE HAa MAacKy CETH B IiepBoM mpaBuiie. OHA OMHUCHIBAET MOJICETh PAa3MEPOM B

1 xocT ¢ anpecom 255.255.255.255 — sto wupoxosewamenvroiil anpec. [lakeTsr OyayT MOChUIATHCS
Ha azapec 192.168.200.47 uepe3 untepdeiic 192.168.200.47. D10 Hamr aapec, T.€. MAKETh OYAYT
OTIIPABJISITHCS HAMIPSAMYIO.

192.168.200.255 255.255.255.255 192.168.200.47 192.168.200.47 30

OnsTe MUpPOKOBEIATENbHBIN aapec. CMOTPHU NPEAbIAYIINA KOMMEHTapHUH.

192.168.200.47 255.255.255.255 127.0.0.1 127.0.0.1 30

OnsTh Takas ke Macka, Ho ajpec Haiiero xocra. OTnpasisaTh OyzneM yepe3 BHYTPEHHIOIO
METIIIO.

192.168.192.0 255.255.240.0 192.168.200.47 192.168.200.47 30

A BOT 1 Hama nojicets. OTIpasisieM HapsMYyIo.

127.0.0.0 255.0.0.0 127.0.0.1 127.0.0.1 1

Bce, uro HaunHaeTcs co 127, oTnpasisieM yepe3 BHYTPEHHIOIO METIIIO.

224.0.0.0 240.0.0.0 192.168.200.47 192.168.200.47 30

Kinacc D — otmpasiisieM Harpsimyto.

0.0.0.0 0.0.0.0 192.168.200.1 192.168.200.47 30

Camoe nnTepecHoe npasuino. Macka nokpsiBaeT BCE Bo3MoxHbIie agpeca! [TakeTsl
OTIIpaBIISIFOTCS uepe3 Hai uHTepdeiic Ha aapec 192.168.200.1. [IpaBuno npuMeHSETCS MOCIECTHUM,
MO3TOMY €r0 MOKHO 03BYYHTh TaK: 110 BCEM aJipecam, KOTOPbI€ He MOIONLIH 110 IPEIbIIyIUM

IIpaBWJIaM, IIaKeThl OTIpaBisieM Ha aapec 192.168.200.1

Takoii aapec o0OBIYHO WMeeTCs B JIIO00M CceTM W Ha3bIBaeTCd HUIKO30M 10
ymouanuio(default gateway). OToT afgpec CKpbIBaeT OT XOCTOB U M0OJIb30BATENEH CTPYKTYPY CETH U
MO3BOJISIETYIPOCTUTh  TaOIMIBI MapIIpyTH3allMd W CHATh HArpy3ky C XOCTOB, IepeHecs
MapIIpyTU3ALUIO HA CIICITUAIBHO BBIJEICHHBIC IUTFO3bI — MapIIPYTHU3aTOPHI.

Herpyano poranmatecsi, 4TO Bce ajapeca B KOJOHKE AJpec LLI0O3a JIOJDKHBI JOCTUTAThCS
HaMpPsIMYIO, T.€. BXOJIUTh B HAIIIY MOJICETh.

Jlyst paboThl ¢ Tabnuiamu Mapuipytusanuu B coctae OC umeercs mporpaMma route.

OnHOM W3 OCHOBHBIX 3afay, CTOSIIIUX MPH MPOSKTUPOBAHUU CETEH, SBIIICTCS pacrpeieliecHre
IO MOJCETSM CETEBBIX aJIPECOB U3 33JaHHOTO AMAIa30Ha, T.€. pa3/ieJIeHHe CeTH Ha MOCETH.

[Ipu pa3feneHny CeTH Ha TOJICETH CIIeAYeT YUYUTHIBATH CIICIYIOIINE ITPaBHUIIA:

pasMep MOACETEH NOIKEH OBITh cmeneHvio 080UKU

UMEIOTCS 3anpeujeHnvle aopeca

HayaJILHBIN azpec IIOJICETH

JOJIXKCH OBITh KpameH ee

pasmepy
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B kauecTBe nuiro3a 1mo yMOTYaHHIO MOXKHO HCIIONIB30BATh 000U y3€ll, HO, UCXOJs W3

YBEJIMUYCHNS TIPOITYCKHON CIIOCOOHOCTH CETH M YMEHBIICHHS BpPEMEHHU IEpeAadd IaKeTOB,
CIIEYeT B KayecTBE ILII03a MO YMOJIYaHUIO MCIOJIB30BaTh MO0 OMvKalmid y3en, 1ubo ys3en,
COETMHEHHBIN C MAKCHMAJIbHBIM KOJIMYECTBOM CETEH, T.€. CIIEAYET YUUTHIBATD MONOI02UI0 CETH.
3agaHus AJ15 CAMOCTOSITEILHOTO PellIleHus

1.

C momoripio mporpaMMbl route print mocMoTpuTe TaONMIYy MapiipyTu3anuu Barero
KomrbioTepa. OOBsICHUTE BCE MpaBUIIa.

2. Tlocmotpute TabauIly MapUIpyTH3alMUd XOCTa, HMEIOLIEr0 HECKOJIbKO KaHAaJIOB.
OOnbsicHHUTE BCE MpaBHJIa.
3. TlocMoTpuTe Tabmauily MapmpyTu3anuu MapipyTtuzaropa. OObSICHUTE BCE TIPaBHIIa.
4. JlobGaBbTe HOBOE MpPaBUJIO B Tabmuily mapiipyrtuzanuu i cetd 192.168.0.0/24 yepes
IIUTIO3 B BAIlIEH CETH ¢ MOcieaHuM OaiToM B aapece 125 u merpukoii 12
5. Ynpamute 3T0O IpaBUIIO.
6. B cooTBeTrcTBHU ¢ TAOJIUIICH M CXeMaMH BBITIOJHUTE 3aJlaHUE HA paclpeiesIieHUE aIpecoB
mo mojcersiM (coriacHo BapwanTta). llocTpoiiTe TaOMUIBI MapIIpyTHU3alMHU TSI BCEX
IJTFO30B | JUIS OTHOTO XOCTa JJIsk K&K/I0r0 CErMEHTA.
Ne KonunuecTBO X0OCTOB B nojiceTu Jnana3oH agpecos
BapHaHTa a b c d e oT 0
1 5 10 20 15 50 10.0.20.0 10.0.20.255
2 20 15 | 6 70 25 192.168.0.0 192.168.0.255
3 15 25 5 40 5 112.38.25.128 112.38.25.255
4 24 32 | 8 10 2 196.13.49.0 196.13.49.128
5 50 16 64 20 15 68.76.115.0 68.76.115.255
6 40 6 10 12 5 211.3.45.0 211.3.45.128
7 5 10 20 15 50 10.0.20.0 10.0.20.255
8 16 12 8 60 20 92.190.0.0 92.190.0.255
9 30 15 7 20 8 34.40.25.128 34.40.25.255
10 34 22 15 3 2 76.17.46.0 76.17.46.128
11 30 26 54 30 15 8.71.15.0 8.71.15.255
12 30 16 6 16 5 71.5.55.0 71.5.55.128
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7. Paznenute ceTh, COCTOSLIYIO U3 TPEX CErMEHTOB, UMEIOIIYIO AHAMa30H aJpecoB
192.168.0.32
—192.168.0.159 na noxceru, conepxarniue 64, 20 u 44 XocToOB (BKJIFOYAsH IITIO3HI).

Bonpocsl 11 npoBepKu:
CKOJBKO aJIpecoB MOKET UMETh XOCT?
Moxer 11 y xocTa ObITh MPOMHUCAHO HECKOJIBKO HIUTI030B U IouemMy?
MosxeT 511 y XxocTa ObITh IPONUCAHO HECKOJIBKO IITI030B 10 YMOTYaHUIO U MOYeMy?
UeM OTIIMYAIOTCS TaOIHIIBI Y PA3HBIX KJIACCOB CETEBBIX YCTPOUCTB U MOYeMy?
[Toyemy HauaIbHBIN aipec MOICETH JOJDKEH OBITh KPATEeH €€ pa3zMepy?
YeMm Brl pykoBOACTBOBAJIKMCH TPU BHIOOPE IIUTIO30B MO YMOIYaHHUIO?
MoskeT 1 GU3UYECKU CErMEHT CETH COJIEP)KaTh HECKOIBKO CETEBBIX MOCETEH?

NoUnAE P —=
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JlaGoparopHasi padora Ne 5 (2 yaca)
Tema:«CeteBoe o6opynoBanue. [lapameTpbl 1 HaCTpoOKa CETEBOTO aanTepar

eab padoThI:M3y4IUTh MPUHIIKAI PaOOTHI CETEBOTO 000pyaoBaHus. [Ipon3BecTn HACTPOIKY
CETEBOT0 ajanTepa.

3agauu padboThI:

1. U3yunTth npuHIUI paboTHI penuTepa (TOBTOPUTES);

2. N3yuuTh NPUHLIHUI pabOTHl KOHIIEHTPATOPA;

3. U3yunTh npuHIUI pabOTHI MOCTA;

4. 3yuuTh NPUHLIUT pabOTHl KOMMYTATOPa,

5. M3yunTh npuHIUI paboThl MapIIpyTHU3aTOPa;

6. 3yunth npuHIMI pabOTHI CETEBOTO a/1aNTepPa, IPOU3BECTH €r0 HACTPOUKY.

Ilepeyenn npnboOpoB, MaTepHAJIOB, HCIIOJIb3YEeMbIX B JIA00PATOPHOM padoTe:
1. CereBoil agantep;

2. Penurepsl (IOBTOPUTENHN);

3. KoHueHTparopsl;

4. MocTbl;

5. KoMmmyTartopsr;

6. MapiupyTu3aTopsl.

Onucanue (xoa) padoThbl:

Repeaters - Penutepsl (moBopuTen)

Cern Ethernet Moryt OBITH pacHIMpeHBl IPH HCIOIB30BAHUHM YCTPOWCTBA, HAa3BIBAEMOTO
penutep (repeater-nmoBroputens). Penurep Ethernet - 3T0 yeTpoiicTBO, pU3nUecku pactonokeHoe B
cetH, ¢ 1Byms win 6onee Ethernet mopramu. Otu moptel MoryT ObITh JMH000TO THMA: AUI, BNC, RJ-
45 umn fiber-optic, a Takxke B 000l kKoMOuHanuu. OCHOBHAs (DYHKIMS penuTepa - MOIYyYUB
JaHHBIC HA OJHOM W3 TOPTOB, HeMeIJeHHO TepeHampaBuTh (forward) mx Ha apyrue moptel. B
mporecce nepenayd JaHHBIX Ha JpPyrue MOpPThI, JaHHBIE Takke (OPMHUPYIOTCS 3aHOBO, YTOOBI
UCKJIIOUUTh JIIOOBIE OTKJIOHEHHUs, KOTOPbIE MOITIM BO3HMKHYTh BO BpeMs ABMKEHMsI CHTHajla OT
UCTOYHMKA. PernuTephl Tak e MOTYT BBINOJHATH (YHKIHMIO, HazbiBaeMyito "pasnenenue". Ecmu
penurep onpenenser O0JbIIOe KOIMYECTBO KOJUIM3UM, MPOUCXOASIIMX HA OJHOM M3 IOPTOB, OH
JieNIaeT BBIBOJ, YTO MPOU3OIIJIA aBapys IZ1e-TO Ha 3TOM CEIMEHTE, U U30JUPYET €ro OT OCTaIbHON
cetd. Ota ¢yHKuus Obla crenaHa Ais MPENOTBPAIICHUS PACIPOCTPAHEHHsS! OIIMOOK OJHOTO
CETMEHTa Ha BCIO CETb.

VY penuTepoB MMeETCs OTpULATENbHAs 4yepTa, 3aKIIOYAIONIascs B TOM, YTO OH BHOCHUT
3aJEPKKY B pacnpocTpaHeHHe CUrHaja 1o CETH. Bcecern Ethernet
UCIONB3YIOTIpoTOKONocTymana3siBaeMblii CSMA/CD ("Carrier Sense Multiple Access, with
Collision Detection"). YToObl 3TOT MPOTOKOJ padoOTad HOPMAIBHO, €My HEO0OXOIUMO HWMETh
BO3MOKHOCTh OTIpeNeNATh BO3HUKHOBEeHUE Koyumm3nun. CSMA/CD onpezenser 3T0 BOSHUKHOBEHHE,
CpaBHUBAs JaHHbIe, HaXOAALIMECSd B CETH, C TEM, YTO JOJDKHBI ObUIM OTIpPaBUTh B ceTb. Ecimu
orpenensercs Jo00e OTINYMe, TO 3TO 03HAYAeT, YTO MPOM3O0ILIA KOJIM3Us (OJHOBPEMEHHAs
nepeaada IByMs YCTPOMCTBaMH) M mepenadya HememieHHo npekpamiaercsi. CSMA/CD 3artem ket
CIly4ailHBIN OTPE30K BPEMEHH U MOBTOPSET NOMNBITKY nepenaun. CymectByer u3bsiH B CSMA/CD,
KOTOpPBIN orpaHuumuBaeT pasMep ceTH. [locelmaemble OUTHI HE MONAAAI0T MTHOBEHHO BO BCE TOUYKHU
CeTH, HeOOXOIUM HEKOTOPBIH HEeOOJBIION OTPE30K BPEMEHH, /ISl TOTO YTOOBI CUTHAI IMPOLIET 110
IIPOBOJIAaM U 4epe3 Ka)bli penuTep B CETH. DTO BPEMs MOXKET ObITh U3MEPEHO, U OHO HA3bIBAETCS
"3anepxkoit pactipoctpanenus” ("Propagation Delay"). Ecnu "3anepxka pacpocTpaneHus" Mexmy
MCTOYHHMKOM CHUTHAJa U Haubosee yAAJCHHBIM UCTOYHUKOM CETH 0oJbllie, YeM IOJIOBHHA pa3Mmepa
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HauMEHbIIIero makera (frame), KOTOpwIE MOXeT cymiecTBoBaTh, Torma CSMA/CD He cMOXeT
MPAaBUIIBLHO OMPECIIUTh KOJUTU3UIO, U JAHHBIE B CETH MOTYT OBbITh MOTEPSIHbI UM UCKAXKEHBI.

CornacHo mpoBeeHHBIM pa3paborunkamu Ethernet BbIYMCIEHUSAM U U3MEPEHUSIM, HA MyTU
CHTHAJIa B CETH HE MOXeET ObITh OoJiee 4-X penuTepoB U HE 0oJiee S5-TH CETMEHTOB, IPUYEM TOJIBKO
K TPEM M3 HUX MOTYT OBITh MOJKIIOYEHBI YCTPOUCTBA. DTU BHIBOJBI OOBIYHO BBIPAXKAIOTCS B BHJIE
npaBuia "5-4-3". Ilpuuem, B LeJIOM B CETH MOXET OBITh Ooiblie 4-X pPENUTepoB, HO HAC
MHTEPECYEeT TOJIbKO HX KOJIMYECTBO MEXAY ABYMs JTHOObIMH Toukamu. CyllIecTBYyeT ele OJHa
(dbopMyIHMpOBKa 3TOTO ke caMoro mpaBuia. B Hell B kauecTBe penurepa paccMaTpUBAETCS CBA3KA U3
JBYX MOBTOPUTEJIEH M MPOBOJA MEXKIY HUMHU. TakUX PENUTEPOB B CETU MEXIY JIOOBIMU NBYMS
KOMIIBIOTEpaMH MOKET OBITh HE OoJjiee ABYX

Konuenrparopsi

Konnenrparop (hub) — 310 ycTpoiicTBO, KOTOpOE BBIMOMHAET (DYHKIIMH CBSA3YIOIIETO 3BEHA
JUIs Kabesis B CETH C TOTOJIOTHEN «3Be3aa». Kakaplii KoMIbIOTEp OTAEIBHBIM KabeneM MOAKIIOUEH
K LEHTpaJIbHOMY KOHIeHTpaTopy. KoHIleHTparop oOTBe4aeT 3a pacrnpocTpaHeHue Tpaduka,
MPUIIEANIET0 Ha JI000H W3 MOPTOB, Yepe3 BCE OCTAIbHBIC MOPTHL. B 3aBUCHMOCTH OT CETEBOM
Cpeabl B yCTPOMCTBE KOHLIEHTPATOPa MOTYT OBITh MIPUMEHEHBI SJIEKTPUUECKUE CXEMBbI, ONITHYECKHE
KOMITOHEHTBI WJIM JPyTUe TEXHOJOTHH ISl paclpelieleHHs] BBIXOJSIIEr0 CUTHala MEXAY BCEeMHU
BBIXOAHBIMU NIOpTamMH. KOHLIEHTpATOp [UIsl ONTOBOJIOKHA, HAIPUMEP, UCIIONIB3YET 3epKaja Jiisl TOro,
9YTOOBI paclIENUTh CBETOBbIE MMIYJIbChl. BHENIHE KOHIIEHTpATOp MPEACTaBlsAeT co00il KOpOOKY,
7100 CTOSANIYIO OTHAENBbHO, JTUOO0 CMOHTHPOBAHHOIO B CTOMKE, C MPOHYMEPOBAaHHBIMH MOPTaMH, K
KOTOPBIM MOJKIIIOUaeTcs Kadenb. [TopTel MOTYT OBITh: cTaHIapTHRIME THE3TaAMU RJ — 45 mia cereit
Ha OCHOBE BUTOW maphbl, rHE3HaMu 1mox ST — KOHHEKTOPHI JJsl ONTOBOJIOKOHHOTO Kalens WU
pazpémMamMu ToJ JIOOBIE JApyrue BUIbl KOHHEKTOPOB, NPUMEHSEMBIX B CETSIX C TOIOJIOTHEN
«3Be3a». TepMUH «KOHHEKTOp» ymoTpebdnserca npu onucanuu cerei Ethernet, B cersix Token
Ring anamorm4yHoe ycCTpOWCTBO Ha3bIBa€TCI MOJYJEM MHOXKECTBEHHOTO jocTymna (multistation
access unit). BHyrpeHHee (QyHKIMOHHPOBAHUE THX IBYX YCTPOMCTB Pa3JIMYHO, HO MX OCHOBHOE
Ha3HaYeHHe OHO: OOBEAUHITH COBOKYITHOCTh KOMITBIOTEPOB B €AMHYIO 00J1aCTh KOJUTU3HIA.

MapupyTu3aTropsl

Mapmpyruzanus (routing) u kommyTtarus (switching) sBisitoTCS 6a30BBIMH KOHIICTIIIUSIMU
JUISL TOCTPOEHUS KOPITOPATUBHBIX CETEBBIX KOMILJIEKCOB U (POpMUPOBAaHUS HHPPACTPYKTYPHI cCaMOi
Oompioi nHTEpceTH — MHTEpHETa. BOMBIIMHCTBO JIFOCH MPECTaBIAIOT cebe MapIIPyTHU3AIUIO KaK
JIOpOTHE, CIIELHUAIN3UPOBAaHHbIE YCTPOICTBA Il KPYIHBIX KOPHOpAaTHBHBIX ceTed. Bo MHorux
Clly4asix 3TO, KOHEYHO, COBEPIICHHO BEPHO, HO MapUIPyTH3aTOpP MOXKET TakKe JEeWCTBOBaTh U B
3HAYUTEIbHO MEHBIIUX MaciiTabax. Ecnu, Hampumep, AOMAIIHUN KOMIBIOTED UCIONb3YETCS IS
CBs3U MO Tele(OHHON JMHUHM C CHCTEMOM, PacHoJIOKEHHOW B oduce, W JIOCTyNma K pecypcam
KOPHOpaTUBHON ceTH, TO oducHas cucremMa (GyHKIUMOHHMPYET Kak Mapiipytusarop. lloxoxxum
obpazom ocymecTBisercss coequHenue cucteM B JIBC ¢ HMHTepHeToM — KOMIbBIOTED,
HEMOCPEACTBEHHO MOJKIIOYEHHBIN K IHTepHeTy, sABiseTcs MapuipyTu3aTtopoM. MapiipyTu3aTopsl
OBIBAIOT amMapaTHbBIMM HJIM MPOTPAMMHBIMH M MOTYT BapbHpPOBATbCS OT MPOCTHIX MOZENeH 10
YPE3BBIYANHO CIIOKHBIX

KommyTaTtopsl

KoMmmyTtaTop (Wi KOMMYTHPYIOIIMH KOHIIEHTPATOP) IO CYIIECTBY MPEICTABISET COO0O0M
MHOT'OIIOPTOBOE YCTPOMCTBO — MOCT, Y KOTOPOI'O Ka)KJblii MOPT CBSA3aH C OTIEIbHBIM CETMEHTOM
ceT. BHelIHe MOX0KUN HA KOHIIEHTPATOP, KOMMYTATOp MPUHUMAET BXOSAIINUNA TpapuK yepe3 CBOU
NOpPTHl, HO B OTJIMYHE OT KOHIEHTPATOpa, KOTOPbIM mepemaéT ucxomsaumii Tpapuk Ha BCE
MHO>KECTBO MOPTOB, KOMMYTATOP HarnpasisieT TpaduK TOIBKO Yepe3 OJUH MOPT, HEOOXOAUMBIH st
JOCTIDKEHUSI MecTa HasHaueHHs. Hampumep, ecim umeercss HeOoublnas ceTb pabodel Tpymibl,
BHYTPH KOTOPOM KaXIblii KOMIBIOTED TOJAKIIOYEH K TOPTY OIHOIO0 KOMMYTHUPYIOLIETO
KOHIIGHTPATOpa, TO KaKJas CHCTeMa MMEET COeAMHEHHE, paBHO3ZHAYHOE BBLICICHHOMY, C JIHOOOH
JIpyrou cucrteMor. B 3ToM ciydae HE CyHmIECTBYET COBMECTHO HCHOJIb3YEMOM CETEBOM Cpejibl
nepeaayu, u, COOTBETCTBEHHO, HET KOJUTU3UI UITH MIeperpy>KEHHOCTH Tpaduka.

B kauectBe JOMOMHUTENHHOTO OOHYca, OOECIEUYMBACTCS TOBBIINICHHAS O€30MacHOCTb,
IIOCKOJIBKY OTCYTCTBHE pa3JeiseMOl Ccpelbl INepefadyd He I03BOJISIET HEaBTOPU3HPOBAHHBIM
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pabouynM CTaHLIMSIM MPOCMATPUBATh U 3axBaThbiBaTh TpaduK, HE NMpeAHa3HAUYECHHBbIN uUM. 3aMeHa
KOHIICHTPATOPOB KOMMYTAaTOPaMH — 3TO MPEBOCXOHBIN CIOCO0 YBEIHMYUTH MPOU3BOIUTEIHEHOCTh
ceT 0€3 N3MEHEHHUS MTPOTOKOJIOB WIIM MOIU(DUKALIUNA OT/IEIbHBIX paOOYMX CTAHIIHUM.

Mocr (bridge)

MocT (bridge) - 3T0 yCTpOKCTBO, KOTOPOE TAKKE MUCITONIB3YETCS sl COSTMHEHHSI CETMEHTOB
kabens JIBC, HO B OTIM4ME OT KOHIEHTPATOPOB MOCTHI (DYHKIIMOHUPYIOT Ha KaHanbHOM ypoBHE
Moaermn OSI u OCyHIECTBISIOT OTOOp MepenaBaeMbIX uepe3 HUX makeToB. [loBTopurenu wu
KOHIIGHTPATOpBl K€ pa3paboTaHbl A Tepefayd BCEero IOIyd4aeMoro MMU Tpaduka BO Bce
MPUCOEANHEHHbIE CEerMEHThl Kalens. MocT mMmeeT aBa WM Oojee MOPTOB, MOJKIIOYEHHBIX K
pa3NUYHBIM CEerMEeHTaM Kabensi, U paboTaeT B OecropsIoYHOM pexume (promiiscuous mode),
NpUHUMAasl BCE MAaKeThl, IepeJaBaeMble [0 MPHUCOSAMHEHHBIM cermMeHTaMm. Jlns kaxmoro
MOJyYEHHOTO MOCTOM I1aKeTa YCTPOWCTBO CUMTBHIBAET aJIpec MOJydaTessl U3 3arojoBKa MPOTOKOJIA
KananpHOro ypoBHS, M, €clii MaKeT NpeJHa3HauyeH JJIsl CUCTEMbI, PACIOJOKEHHOW B Ipyrom
CerMEHTE, IepelaeT MaKeT B 3TOT cerMeHT. EciM makeT mociaH cucTeMe B JIOKaIbHOM CETMEHTE,
MOCT OTOPACHIBAET €ro, MOCKOJIbKY JIaHHbIE YK€ JIOCTUIJIM CBOEro MecTa Ha3HaueHus. OnucaHHBIN
nporecc HasbiBaeTcs (uibTpanueil maketoB (packet filtering). Tak ke, Kak KOHLEHTPATOp HIIU
MOBTOPUTENIb, MOCT HE BHOCHUT WM3MEHEHHMH B MaKeT, KakuM Obl HU ObUIO coAep)kaHHME Kajapa
KananbHoro ypoBHsi. B pe3ynbpTare MOKHO HE YyUUTBIBATh MPOTOKOIBI, paboTaroniue Ha CeTeBoM U
BBIIIIEJICKALIUX YPOBHSX, MPH HCIONb30BAHUM WM YCTaHOBKe MocTa.Pabortas takum oGpazom,
MOCT YMEHBIIAET KOJIMYECTBO M30BITOYHOTO Tpauka B CETH, TaK KaK HE MPOIyCKAET HEHYXHbIE
nakethl. lllupokoBemiaTenbHble COOOIICHHSI, TPOMTyCKaeMble BO BCE MPHUCOCAMHEHHbIE CETMEHTHI,
Jeal0T BO3MOXKHBIM TIPUMEHEHHE IPOTOKOJOB, KOTOpBIE OMHUPAIOTCS Ha IIUPOKOBEIIAHHE,
noao0HbIX NetBEUI, 6e3 pyunoi HacTpoiiku cucteMbl. OJTHAKO B OTIUYHE OT MOBTOPHUTEIICH MOCT
HE MEepechlIaeT JaHHbIe B MMPUCOCINHEHHBIE CETMEHTHI 10 TeX IOp, IMOKa MMaKeT He OyAeT MoyyueH
uenukoM. [losToMy 1Be cucTeMbl B pa3[eIeHHBIX MOCTOM CErMEHTaX MOTYT IepeaBaTh JaHHBIE
OJTHOBPEMEHHO, HE OIacasiCh BOSHUKHOBEHHS KOJUIM3UU. Takum 00pa3oM, CErMEHTHI, COeIMHEHHBIE
MOCTOM, OCTAalOTCS B €IUHOW O00JaCTH IIMPOKOBEUIaHHWS, HO B Pa3HBIX 00JACTAX KOJUIU3UM.
Hanpumep, ecnu npou3BOIUTEIBHOCTh CETH CHIIBHO yHalia h3-3a OONBLIOro Tpaduka, CeTb MOXKHO
pa3JeNnTh Ha JIBa CETMEHTA, YCTAHOBUB MOCEPEIUHE MOCT. JTO TIO3BOJIUT yJIEPKUBATh JIOKATbHBIN
TpauK BHYTPU CEIMEHTOB U TPONYCKAaTh I[IMPOKOBEIIATENBHBIM M Mpouuil Tpaduk,
MpelHa3HAYeHHBIA ISl JAPYruX CerMeHTOB. MOCTBI Tak k€, KaK KOHIIEHTPATOPBI, BBIIOJIHSIOT
peTpaHcaupyomue GyHKIUT, JaBas TEM CaMbIM BO3MOXXHOCTh YBEJIIMYHUTD AJTUHY KaOeJIsl.

Cy11ecTBYIOT TpU OCHOBHBIX THUIIA MOCTOB:

1)JIokanbHbI MOCT obecrieunBaeT (GUIBTPALIUIO MTAKETOB U PETPAHCIUPYIOIINE YCIYTH JUIS
CETEBBIX CETMEHTOB OJMHAKOBOrO THUIA. TakoW THN yCTpPOMCTB Tak»e Ha3biBaeTcsl muctoM MAC-
YpOBHS, TOCKOJIBKY JaHHbIE, 00padaThIBa€MbIe UM, IIOJHUMAIOTCS IO CTEKY MTPOTOKOJIOB TOJIBKO 10
YPOBHSI YHpaBJeHUS JOCTYNOM K cpene win nogypoBHs MAC (HMXKHEro u3 JBYX MOAYPOBHEH,
KOTOpbIE COCTaBIJISIIOT KaHalnbHBIA YpOBEHb, BTOPOM — 3TO MOAYPOBEHb YIPABICHUS JTOTHUYECKON
CBA3bI0 WM NoAypoBeHb LLC). D10 nmpocTeiiinii TUII MOCTa, TaK KaK OH HE HYXKAAaeTcs B HAINYUHU
MEPEeKOIMPOBKM TMakeToB M Oydepuszanuu. YCTpPOHCTBO MPOCTO TepefaeT IMaKeThl uepes
COOTBETCTBYIOIIHME MOPTHI WJIK OTOPACHIBACT UX.

2)IIpeobpa3zyromuii MocT obOecreurnBaeT T€ € (PYHKIIMH, YTO M JIOKAIBHBIA MOCT, 3a
UCKJIIOYEHUEM TOTO, YTO OH MOXXET COEAMHATH CETMEHTBI C Pa3HBIMH CKOPOCTSIMH pabOThI WU
pa3IMYHBIMM TNPOTOKONIaMu. Hampumep, MOXXHO HCHOJIB30BaTh MpeoOpa3yromuii MOCT, YTOOBI
npucoenunuth Ethernet k Token Ring, 10BaseT k 100BaseT unu 100BaseTX k 100BaseT4. [lns
MOCTOB JAHHOTO THIA BXOJSILIME IMaKEeThl MOJHUMAIOTCS MO CTEKY MPOTOKOJOB 0 MOAYPOBHS
MAC, rne oHM JUIIAIOTCS CBOMX 3arojIOBKOB MpOoTOKoda KaHanbHOrO ypOBHS M IepenaroTcs
noaypoBHio LLC. 3arem naHHbIE MHKANCYJIUPYIOTCS COOTBETCTBYIOIIMM MPOTOKOJIOM JIJIsi KAXI0TO
MopTa, 4epe3 KOTOPbIi MOCT OyAeT nepeaaBarh BRIXOAIINE MaKeThl. YKa3aHHOE MpeoOpa3oBaHue
YCIIOKHSIET caM MOCT (M yBEITMYMBAET €ro CTOMMOCTb) M BHOCHUT 33JIEpKKy B Iepeady JaHHBIX
yepe3 BECh CETEBOM KOMIUIEKC, HO ocTaercs 3((EKTUBHBIM peleHHEeM [UIs OObeAMHEHUS
OTJENbHBIX CEeTEH B €IMHYI0 00JIaCTh NIMPOKOBEIIAHNUS.
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3)YnaneHHbId MOCT COEIMHSET CETEBbIe CETMEHTHI, PACIOJIOKEHHBIE HA 3HAUYUTEIBHOM
pacCTOSIHUU JIpYr OT JApyra, UCHOJIb3ysd COEAMHEHHUE IJIOOaNbHOM CeTH, TaKkoe KaK MOJIEM WU
apeHI0BaHHas (BbIeaeHHas) TuHUSA. CoeTMHEHU I100aIbHOM CETH OOBIYHO MEJIJICHHEE U JOPOKE,
yem coequHenus JIBC. MocT coxpaHsieT MpOnyCKHYIO CIIOCOOHOCTh, MUHUMH3UPYS TIepelaBacMblit
yepe3 coelMHeHue Tpaduk, U B TO ke BpeMs, IPeJoCTaBisisi 000MM CerMeHTaM IMOJIHBIN TOCTYI K
cetu. M3-3a pa3HULIBI B CKOPOCTH pabOTHI JTOKAIBHOM U II100aIbHOM JIMHUM CBSI3U yIaJCHHBIH MOCT
0OBIYHO UMEET BHYTpEeHHHI Oydep ansa xpanenus nonydeHHbIX 3 JIBC gaHHBIX 10 Tex mop, moka
OHU He OYAYT OTIPABJICHBI YIAJICHHOMY Y37y CETH.

CeTreBasi KapTa WM ceTeBOM ajanTep - 5TO IUIaTa pacIIMpEeHHs], BCTaBIsieMas B pa3beM
MaTeprHCKOH Tu1aThl (main board) kommnbioTepa. Takke CyIIecTBYIOT CeTeBbIE alanTephl CTaHapTa
PCMCIA nns HOyTOYKOB (notebook), OHM BCTaBIAIOTCS B CIEIUATBHBIA pa3beM B KOPIyce
HOyTOYKa. VM MHTErprpoBaHHBICE HA MATEPUHCKOW IJIaT€ KOMITBIOTEPA, OHU MOJKIIOYAIOTCS TIO
kakoi smbo sokanpHOM 1MHE. [losiBuimck Ethernet ceTeBbie kapThimoakmoyaempie k  USB
(Universal Serial Bus) mopty koMmsroTepa.

CeTeBbl€ JIaTHI XapaKTEPU3YIOTCS CBOECH:

o Paspsanocteio: 8 OuT (camble crapbie), 16 Out u 32 6ura. Cnenyer oxxuaaTh NosBiaeHus 64
OUT CETEeBBIX KapT (€CJIM UX YK€ HE BBITYCTHIIN).

o IlluHO¥W nNaHHBIX, MO KOTOPOH HAET OOMEH MH(OpMAIUEH MEeXIy MaTEpUHCKON IUIaTOW U
cereBoit kaptoii: ISA, EISA, VL-Bus, PCI u ap.

e Muxkpocxemoii koHTpoiutepa uiau uunom (Chip, chipset) , Ha KoTOpoM paHHas IUIaTa
M3rotoBiieHa. M KOTOpBIM ONpenenser TUIl UCIOJIb3yeMOro COBMECTHMOTO JpaiiBepa H
IIOYTHU BCE OCTAIIBHOE :Pa3PsAIHOCTb, TUI IIUHBI U T.J.

o [lommepxxuBaeMoii ceTeBoil cpenoil mepemaaun (network media) , T.e. YCTaHOBJICHHBIMH Ha
KapTe pa3beMaMu Ul MOAKIIOUEHHS K OnpeaesieHHOMY ceTeBoMy Kabemto. BNC s cereit
Ha KOaKcHaJIbHOM Kabere, rJ45 mist ceTeil Ha BUTOM mape WM pa3beMbl JIJIS TTOAKITIOYCHUS K
BOJIOKOHHOM OIITHKE.

e Ckopoctsto padotel: Ethernet 10Mbit u/unm Fast Ethernet 100Mbit, Gigabit Ethernet
1000Base-T.

e MAC- agpecom
Jns ompeneneHuss TOYKM HasHadyeHusi nakeToB (frames) B ceru Ethernet ncnomb3yercs

MAC-anpec. DTO  yHUKaJbHBIA  CEpHUITHBI HOMEp IPUCBAMBAEMBIM  KXKIOMY  CETEBOMY
ycrpoiictBy Ethernet nnst upentudukanuu ero B cetu. MAC-aipec npucBanBaeTcsi afanrtepy ero
MPOU3BOJUTENIEM, HO MOXET OBbITh H3MEHEH ¢ TIOMONIbI0 mporpammsbl. JlemaTb 3TO He
pexoMeHayercs ( TOJIbKO B cllyyae OOHapy)KEHUs ABYX YCTPOHCTB B ceTH ¢ oa1HUM MAC- agpecom).
[Ipu pabore cereBble amanTephl MPOCMATPUBAIOT BECh MPOXOIAIINI CETEBOM TpadWK M HIIYT B
KaxsioMm makete cBoi MAC-anpec. Eciii TakoBO# HaxoaWTCs, TO YCTPOHCBO (aganTep) IeKOIUPYET
5TOT nakeT. CylecTBYIOT TakKe CHelHaIbHbIe CIOCOOBI IO PAaCCHUIKE MTAKETOB BCEM YCTpPOMCTBaM
cetu omHoBpeMeHHO (broadcasting). MAC-anpec umeeT aiuHy 6 OalT W OOBIYHO 3aNUCHIBACTCS
B LIIECTHALETUPUYHOM Buje, Hartpumep 12:34:56:78:90:AB

JIBoeTounsi MOTYT M OTCYTCTBOBaTb, HO HMX HAJIM4YUE JeJaeT 4YHUCIo 0ojiee YUTaeMbIM.
Kaxxaplii mpou3BOAMTENL NPUCBAUBAET ajpeca M3 NPUHAIIEKAILEr0 €My JAMalla3oHa aIpecoB.
[TepBbie TpHU OaiiTa azpeca ONPEACIISIOT MIPOU3BOAUTEIS.

[Tpu BBIOOpE ceTeBOro aaanTepa cieayeT NPUHATH BO BHUMAHHE CIIEAYIOIINE COOOPasKeHHS.

e Tun mmHBI TaHHBIX, ycTaHOBICHHOU B BameMm kommbioTepe (ISA, VESA, PCI unu kakoii-
6o emre). Ctapsie KoMIbIoTepsl 286, 386 conepkaT ToJIbKO ISA, COOTBETCTBEHHO U KapTy
BBl MOXETE YCTAaHOBUTH TOJbKO Ha mmmHE ISA. 486 - ISA u VESA unu ISA u PCI (xots
CyILIECTBYIOT miathl noanepxkuBatomre Bce Tpu ISA, VESA u PCI). Y3Hats 3T0 MOXHO
MIOCMOTPEB B OMHMCAHUU WM TOCMOTPEB HAa caMy MaTepUHCKYIO IUIaTy, MOCIE TOro Kak
OTKpOETE KOpIlyC KOMIbIOTepa. BBl MOXeTe yCTaHOBUTH CETEBYIO KapTy B JI000H
COOTBETCTBYIOIIHMK CBOOOIHBIN pazbem. Pentium,Pentium Pro, Pentium-2 u um nmomoGHbIC
ucnonab3ytoT ISA u PCI muHbl nanHHbIX, npudyeM muHa ISA - 118 COBMECTUMOCTH €O
CTappIMU KapTamMu. EcCTh eme OmHO J0CTaTOYHO BECKOe cooOpakeHuWe - mmmHa [SA,
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cKopee Bcero nmocreneHHo Oyzaer BeiTecHeHa muHOM PCIL. Ho mpowu3soiineT 3To, HaBepHOE,

gepes mapy JieT, KOTia Balll aganTep, HaBepHOe, JeIIeBlie OYIeT caTh B MY3€H.

e Tum cetu x KoTOpOH BbI OyneTe noakIovYarbes. Ecnu, Hanpumep, Bbl OyAeTe MOAKII0YaThCS
K ceTd Ha KoakcuanbHOM kaOene (10Base-2, "tonkwmii" Ethernet), To Bam HyXHa cereBas
KapTa ¢ COOTBETCTBYIOIMM pazbeMoM (BNC).

e Ero croumocTh, yuuThiBasi, 4yTO LieHa Ha caMoe MepeoBOe KOMIBbIOTEpHOE 000pyrOoBaHNE
najgaeT oO4eHb ObICTpO. A BBIMTH U3 CTPOS ceTeBas Kapra, NpU HEOIaronpusTHBIX
00CTOSITENILCTBAX, MOYKET OYEHD JIETKO BHE 3aBUCUMOCTH OT TOTO, CKOJIBKO JIEHET BHI 32 HEe
3arIaTHIIH.

e FEme Hago yuyuThHIBaTH NOIACPKKY Ballero aganTepa pazIuYHBIMH ONEPAMOHHBIMU
CHUCTEMaMHU.

B cayuae coBmectumbix, Hanpumep, ¢ NE2000 ISA agantepoB mpobiem, oObIYHO, He
BO3HHMKaeT, BbI mpocto ykaszpiBaere "NE2000 Compatible" He 3aaymbIBasCh Kakass (pupma ero
npousBena. CylecTByeT emie LeNblii psA  afanTepoB, MOAJEPKKAa KOTOPHIX oOecredyeHa
MPAKTUYECKH BO BCEX OMNEPALMOHHBIX cucTeMax. s Toro, yToObl MPOBEPUTH KaKUE CETEBBIC
kapTel nojaepxkuBaet Bama OC Hano nmocmotpets B "Compatibility List". Hacto B TakoM criucke
yKa3aH 4YUIl, KOTPBIMA MOANECPKUBACTCSA, T.. ©CIU NMPUOOpEeTaeMbIii CETEeBOM ajamnTep CACIaH Ha
OCHOBE 3TOU MHUKPOCXEMBI, TO BCE Oyner paboTarts.

CereBas KapTa BCTaBJISIETCA B COOTBETCTBYIOIIMMA pa3beM IIMHBI JAHHBIX, PACTOIO0KEHHBIN
Ha MaTepuHCKOH 1iare. Eciu ceTeBas kapTa mpeaHa3HadeHa [ IIMHBI JaHHBIX ISA, TO BCTaBIsATh
HaJ0 B 000K cBoOOAHBINA pasbeMm ISA. Ecnu cereBast kapTa mpeaHa3HavyeHa Ui IIMHBI TaHHBIX
PCI, To BcTaBnsaTh Halo B 11000 cBOOOHBIH pazbem PCIL.

Pa3zbem ISA - 16bit

Pa3zrnem PCI

B xoMmbrotepe

s HopManbHON pabOThl KaXI0W CeTeBOM IUIaThl e HeoOXOAMMBI ajpec BBOJA-BHIBOJA
(In/Out port) u HOMep nipepbiBanus (IrQ).
KondurypupoBanue cereBoi IIaThl 3aKIIOYAEeTCS B HACTPOilKe ee Ha CBOOOJHBIC ajpec U
MpephIBaHKE, KOTOPHIC 3aTeM OyIyT MCIOJIb30BaThCs ONMEPAMOHHON crucTeMoi. Aapec (i/o port) u
npepbiBanue(IrQ) s ka0l CeTeBOM MIIATHI TOJKHO OBITh CBOE, OTIIMYHOE OT JAPYTUX YCTPOUCTB
kommbioTepa. CoBpeMEHHBIE CETeBal KapThl, MOJJAEpKHUBatomue TexHoyoruto Plug-n-play camu
BBINOJIHAIOT 3TY ONEPAIHIO, /Ul BCEX OCTAIBHBIX HEOOXOIMMO CAMUM TPOJIENATh €e.
[Topsimok HACTPOWKH CETEeBOM KapThl 3aBHUCUT OT €€ MOJECIH M KoHpurypamuu. BonbIIMHCTBO
COBPEMEHHBIX CETEBBbIX KapT mojanepxuBaioT crannapt Plug-And- Play, u omepanmonnas cucrema
aBTOMATHYECKH OOHApyXMBAe€T 3TH YCTPOWCTBA IOCIE WX YCTAHOBKM W BKIIIOYCHHS MUTAHUS
KOMIIBIOTEpA: MPU 3TOM IIOJb30BATENIO JTOCTATOYHO JIMIIb YKa3aTb B COOTBETCTBYIOLIEM OKHE,
OTKyJa CHUCTeMa JOJDKHAa KOMHMpPOBaTh COOTBETCTBYIOIIME JpaiiBepbl. bonee crapbie cereBble
aganTepsl (B OCHOBHOM,  TMOJKJIIO4aemble Kk  muHe ISA) He  ompeaensroTcs
B Windows aBTomMaTndecku u TpeOyIOT HACTpPOWKH BpYYHYI. B psime ciayuaeB Ha camol Tuiate
CeTEeBOr0 ajamnTepa MMeeTcss Habop MepeMblueK WM TepeKIoyaTesiei, MOCPeCTBOM KOTOPBIX
MOKHO BBICTaBUTh PEXUM €ro HacTpOWKH. BHHUMaTeNbHO O3HAKOMBTECH C TEXHUYECKOU
JOKYMEHTAI[Me Ballleil CceTeBOW KapThl MPEeXJe, YeM MPUCTYNHTh K €€ KOH(UTYypHpOBAHUIO.
OpmHako B HEKOTOPHIX CIydasx aBToMaruueckas HacTpoiika Plug-And-Play-agantepoB npoucxoaut
HEKOPPEKTHO, U B pPE3yNIbTaTe BO3HUKAIOT allllapaTHbIC KOH(IUKTH MEX/y CETEBOM KapTOi U HHBIM
ob0opynoBanuem. Kak mnpaBuino, momoOHbIE CHUTyallud OBIBAIOT BBI3BAHBI TE€M, YTO HECKOJIBKO
Pa3IMYHBIX YCTPOWCTB HAYMHAIOT HECAHKIIMOHUPOBAHHO HMCIOJIb30BaTh OJHH U TE€ K€ PECypCHI,
HarpuMep 3anpoc Ha npepsiBanue (IRQ,Interrupt Request), angpeca kaHajgoB HEMOCpPEICTBEHHOTO
nocryma k mnamatu (DMA, Direct Memory Access) mnu amana3oH BBoaa-BeiBona (I/O Range).
Pemmute 3Ty  mpobiemMy  MOXXHO — OJAHMM M3  TEPEUYHCIEHHBIX  HUXKE  CIIOCOOOB.

1. Bo BpeMms nepe3arpy3ku KommbroTepa Boiiaure B HacTtpoiiku BIOS, nepelinute B pasaen
koHuryparuu muHabl PCI unu ISA, no3Bossionuii ©3MEHUTh HA3HAUYCHHBIC PA3JIMUYHBIM CIOTaM
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ATUX LIMH anmapaTHbIe MpephIBaHMs, U OCBOOOAUTE OJHO U3 MPEPhIBAHUI AJIsi COOTBETCTBYIOIIEH
[IMHBI, KOTOPOE OYAET BIOCIEICTBUU aBTOMAaTHYECKU HA3HAUYCHO CeTeBOMY amanTepy. Hampumep,
€CJIM U3BECTHO, UTO Balll CETEBOM amamntep, noaximodeHHbid K cnoTyPCl,tpedyer npepriBanue 20,
Ha3HauybTe JJIs1 0JHOTO U3 cjaoToB muHBI PCI 3Ha- yenue IRQ = 20. Ecau 370 HE moMorio, MOKHO
MOCTYIHTD TaK, KaK MOKa3aHO B CIIeyIOIEM MyHKTE.

2. IlepemecTuB Ha IUJIaTE€ CETEBOrO aJanTepa COOTBETCTBYIOLIYIO TEPEMBIYKY WIIU
nepeKiIoyarelb JUO0 BOCHOJIB30BABUINCH MPOrpaMMON-KOH(UTYpaTOPOM CETEeBOrO ajamnTepa,
orkmounte pexkum Plug-And-Play nnst  cereBoit  kaptel. Jlamee ee MOXKHO HACTPOUTH Kak
anmnapaTHO-KOH(UTypUpyeMoe UIIH POTrPpaMMHO-KOH(GUTYpUPYyEMOE YCTPONUCTBO.

Hacrpoiika ceTeBoro aganrepa

Manee TpeOyeTrcs yIOOCTOBEpUTHCA, 4YTO CeTeBas KapTa NPaBWIBHO OIO3HAIach
cucremoit Windows u pabotaer HopManbHO. [ 3TOTO OTKpoiiTe maHensb ympaierus Windows,
KaK MOKa3aHo HIKE, U BbIOepUTe TaM mukTorpammy "Cucrema"

B Hacrpoiica
I-) Ha#HTH
0) CNpaEsa H NOALERPWES

=] BononHate...

! Windows XP Professional

dinyex | & (3 |

Pucynox 1. OTKpbITHE TTaHETU yIIPaBICHUS
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Pucynoxk 2. [Tanens ynpaBieHus

B otkpriBIIeMcs okHe BbIOMpaeTcs Bkiangka "OOopymoBaHue" , majgee B CICAYIOIMIEM OKHE
"lucneruep ycTpoicTs".

B Navens ynpasneHas =

CBOHCTBA CHCTEMBI _?]1]

B OCCTAHOBABHIAE CHCTEMED

ABTOMATHIECK DS DOHOBNEHE | Yo anenHele CEAHCH!
D6wue | WMA Komneiorepa ] 0 l LonomurensHo

Cucrema ~ 4
Microsolt Windows XP
Professional
sepcua 2002

7E456-0EM-0012211-46567

Marorosurents: KBA3AP-Muspo
IntedR]

Celeron{R) CFU 1.70GHz

1.70 T, 72.0 MB 034

Ceegenun o NoulepKre |

| DK i OirraeHa | I'Ip-.eme.‘urrf,l

Pucynok 3. CoiicTBa cucTembl
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BOCCTaHOENEHHE CHETEMEI
ABTOMaTquCKDe DﬁHDBﬂEHME I H.ElaJ'IEHHbIE CedHChl
Otiwue I Mma komMneoTepa Dfopuncearie LononHuTensHo

r OucneTyep ycTpoicTE
% JWcneTyep YoTPONACTE NPMEOAHT CNWCOK BCEro

YCTSHOBNEHHOMD O60PYLOESHHA HA AAHHOM KOMMBKTERS KM
NOZEOAAET W3MEHWTE CEORCTEA NoSoro gCTpDI:iCTBa.

Nucneryep yoTpoii

r~ Opaiisepe o
MNoanHeEIEaHHE ApaHEEPOE 0GECNEYMEAET COBMECTUMOCTE
YCTAHOBMNEHHE!X ApafiBepos o cuoTerol Windows, ‘Windows
Update nozeonqeT BeISpaTE CNOCOS NOGKANYEHHA CHCTEME
k. "Windows Update ana noucka apakiespos.

MNognuckIBaHWE 4paFEEpOE Yszen Windows Update

i~ Mpoduny oSopYaoEaHHa

Mpogny 0SopYIOEaHUA NOMOr SKIT YCTAHAENMBETE W
HPAHHTE PAZIHMHEIS KOHPHIYDAUMH 0S0pYLOBaHHA,

Mpodunr of opydosaHHs |

Ok | OrmenHa | anMEHHTbl

Pucynok 4. CBoiicTBa cucTeMbI BKJIaJIKa 000PYIOBaHHE.

B nepese "lucneruepa ycTpoicTB" AOMKEH MPUCYTCTBOBaTh pasnen "CereBble IuiaThl', B
KOTOPOM JIOJDKHA OBITH MPEJICTaBIICHA YCTAHOBIICHHASI CETEBAsI KapTa.

20
.| Koncons  Aeficteme  Bna  Crpaska

Ve o |HEFS 2 B =HE
SWS-VIRT

2 DVD 1 CD-ROM AWCKOBOAB!

g +]- IDE ATA/ATAPL KoHTpoNnEps!
- =1 5CSI W RAID KoHTpOnnEps!

Batapen

i BraenaaanTephl

AMCKOEEIE YCTPOACTES

+- @), 3eyKoBLIE, BHAGO H HTPOBIE YCTRORCTES
KnaemaTypel

B :-} KomneroTep

) MBllLM H HHBIE YIca36IBAHILKE YCTPORCTES
ﬂ Mpoueccope!
E1-E# CeTestle NNaTH
[T ted AMD PCHet Adapte:
= 1§ ChcTemdele yoTpoficTea ¢ s

UtraeHa | I EHMEHHTE

Pucynok 5. Jlucnieryep ycTpoicTB

Ecmu OTCYTCTBYET COOTBETCTBYIOUIUIA paszen, W paciuBeyeH
BOIIPOCUTEIILHBIMI/BOCKJIMIIATEIFHBIMUA 3HAKAMHU, YTO €CTh MPHU3HAK HEKOPPEKTHOW YCTaHOBKHU
TI1aThl, oOparaitech K IMOOCTaBILIUKY KOMITbIOTEpa WM CBOEMY I'ypy-CaMOJICIKUHY.

[To nBOtHOMY IIETYKY Ha COOTBETCTBYIOIIEM YCTPOMCTBE(CETEBOW IIaTe) B CIEAYIOLIEM OKHE B
OCHOBHOM I10JI€ €CJIA BCE B MOPSIKE, CMOXKETE MPOYHUTATh 'Y CTPOMCTBO paboTaeT HOPMAIBHO"
OOparuTe Tak)ke BHUMaHUE - B BeINaatonieM cnucke "lIpumenenue ycrpoiicraa

(HMOKE TOJIST COCTOSIHHSI YCTPOMCTBA) JIOJDKHO CTOSITh:

"DTO yCTPOHUCTBO UCIIONB3yeTCs(BKIOUEHO)"
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Pucynoxk 6. CBolicTBa ceTeBOM MIaThl

HOHOHHHT@J’IBHBIM KpUTCpUCM pa6OTOCHOC06HOCTI/I CCTh YCTAHOBJICHHBIC Ha HCKOTOPBIX CCTCBBIX
I1aTax MHAMKaTopsl. [Ipu noaxitoueHHOM Kalene OHU HEYNOPsIOYCHHO MEPLIAIOT
"HacTpoiika JokaabHoi cetn B WinXP "

Peanuzanus npsmMoro coeMHEHUS
[Tanka "CeteBoe okpyxeHue"
Hacrpoiika nepsuunoro (LAN) cereBoro coequnenus B Windows XP

Peanmzanus NMPAMOIro COeAMHCHUA

Camas mpocTasi ¢ TOUKM 3PEHUS TEXHUYECKOW peain3aluu BO3MOXHOCTb YCTaHOBJICHUS

CBSI3U MEXAY JBYMsI KOMIIBIOTEpaMH - npamoe coedunerue (peer-to-peer) mo mociae0BaTeIbHbIM
WU TIapaJlIeTbHBIM MopTaM. BecTopoeHHasspyHKITHS oneparmoHHONW cucTeMbl windows (HauuHas ¢
BepcuH 95) NO3BOJISET JIETKO YCTAaHOBJIMBATD MIPSIMOE COEIMHEHUE KOMIIBIOTEPOB.

[TomaroBast mporeaypa yCTaHOBKH MPSIMOTO COSTUHEHHS:

IIpoBeppTe BO3MOXKHOCTH JOCTyNAa M3BHE K pecypcaM Ballero KommbroTepa. s 3toro
BBITIOJTHUTE clenyrolume NeNCTBUS:
otkpoiite Ilanens ynpasiaeHusi -> CereBble noak/JI4eHus -> CpoiicTBa -> Ciy:kda
aoctyna K ¢paidjaM U NPpUHTEPAM U aKTUBU3UPYHUTE HY>KHYIO OMIIUIO.

Omnpenenure JOCTYNM K KakuM  (QaiiiaM ¥ TankaMm JODKeH UMETh IOAKITIOYCHHBIN
KOMITBIOTED.

Brixmouure 0621 KOMIIBIOTECPAa U NPUCOCIUHUTC KaGGHB K COOTBCTCTBYIOIIIUM IIOPTaM Ha
3aJIHel CTEHKE CUCTEMHOT0 0JI0Ka, MOCIIEe 3TOr0 BKIIOYUTE KOMITbIOTEPHI

Jlanee 3amycTuTe MNpOrpaMMy MpPsSIMOTO COEIUHEHMs HaxaB Ha KHOMKY Ilyck u BBIOpaB
MocHAeqoBaTeIbHO MNYHKTH  MeHio: IIporpammebl -> Ctangapthbie -> CBsa3b ->Macrtep
HOBBIX NMOJKJIIOYEHUI-> YCTAaHOBUTH NPAMOe NOAKJIIYECHNE K IPYroMy KOMIBIOTEpY-
>[MoaAKIIOYNTHCS HAPAMYIO K IPYTOMY KOMIIbIOTEPY.

Ecin nyHkT MeHio [lpamoe coedunenue OTCYTCBYET, TO BBIIOJIHUTE €r0 YCTaHOBKY, C
nomouiso /lanenu ynpasnenus

B nosiBuBILIEMCS OKHE ONPEJEIINTE CTATYC BAIIEr0 KOMIIBIOTEpA!
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Bepomuifi uau Begymun?
Yrofiel NOQE MOYMTE OB KOMNBOTERAE, BaLl KOMIBKTER AOMHEH AbTE AKE0
ESA0MBIM, NHED BELYLIMA,

BrifGepuTe, B Kakoi pond OYIET 00BIMHO BRICTYNATE STOT KOMOBKTER

() Beaomelii KomMneTep
HaaTtom EOrNEKDTEDE SDAHMTCA HH':F‘DI:IMEILI.HH, F. KEITDI:IEIITi Ebl OTHTE
NanYy4HTE AOCTYMN.

) Beaywumil korneTep

ITOT KOMOEKITED MCNOABZYETCA 404 NOAYYEHHA AOCTYNS K MHPOPRALHM,
¥PAHALLEACA Ha BEADMON KOMIETEE.

l ¢ Hazan ” Hanee » I l OTrieHa

PucyHok 7. Mactep HOBBIX OJKIIIOUEHHUN

BeagoMblii

Kommbrotep, Ha KOTOPOM HaXOATCS HEOOXOAMMBIC TAHHBIE

Benymmi

Kommbrorep, ocymecTBIsIIONui JOCTYI K pecypcaM BeIOMOTO KOMITbIOTEpa

Bri6epute Benymmii

OmpenenuB cTaTyc KOMIBIOTEpa, HaXXMUTE KHOMKY Jlajiee it OTKPBITHS CIEIYIOMIETO
JUAJIOrOBOr0 OKHA - OKHA BBIOOPA OPTA COEIMHEHHS

ST U U AL TIUIGE iU ]
Y cTpofcTED NOAKMOYEHHA
¥.ak.08 yoTpolcTED GYIET MCNONEZ0EaHD NA NOLE0YEHHUA

HeBrIGpaHHEIE YoTPOMCTES HE AYIYT S80ERCTEOBAHE! M MOMYT MCNONES0ESTECA 407
APYrHE LEnei.

HDTFIEIMCTBEI 014 3Tord NogkEanYeHHA:

CeolcTBa

¢ Hasag H Hanee » ] [ CTreHa
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Pucynok 8. MacTtep HOBBIX OAKIIOUEHUH

e BriOpaB HYXHBIH MOPT HaxxuManTe KHOMKY /lajiee, oTKpoeTcs ciemyroliee aHaloroBoOe
OKHO

I E G T O RS R e )

3aBeplweHne paboTel MacTepa
HOBBLIX NOAKMNHOYEHUIA

HenewHo FAEEpWeHD COZAaHKWE Cneg Yol erd Nodk AkYeHHA:

"DHMDE noAKMOYEeEHHE
* Ina Bcex NONBZ0EATENEN 3TOMD EOrMOBEKITEDS

Mocne cosaaHKMA 0aHHOE NOLEMOYEHWA GyneT
COXPEHEHD B Nanke CeTeBkle NogKAYEHHA'",
[ ] NoGaeure Apikbik NOLEAMMEHHA Ha patioumi cTan

Urofkl cosgare NOQKMOYEHHE M 3aKDBME 3TOT MACTER,
WeEnkHUTE KHonky ''ToToeo',

< Hazan H [oToEOD ] [ OTreHa

Pucynok 9. Mactep HOBBIX TOAKIIOUEHUH

[Ipexxne yem HakaTh KHONKY ['0TOBO, MpoBenuTE YCTaHOBKY MPSIMOTO COEAMHEHMs Ha
BEJIOMOM KoMIIbtoTepe. OHa IPOUCXOAUT aHAJIOTUYHO BBHIIIEONMCAHHON MPOLEypE, TOIBKO
Terneph B IEPBOM JIMAJIOTOBOM OKHE BhIOEpUTE MYHKT Benomblii

e 3amycTure MNOpsAMOE COEAMHEHHME, HakaB KHOIKY ['0TOBO Ha BeIylleM KOMIBIOTEPE.
CHayasna Ha BeIOMOM, a 3aT€M M Ha BEyILEM MOSIBUTCS CIEAYIOLIEe OKHO:

_'_‘ [NpAaMoe coegUHEHHE H =

W] B Cocroanue: YeTaHasnqeasTcH
= COBIHHEHHE YEpes
napanneneHeld nopt LPTT ...

Pucynox 10. YcranoBka coeTMHEHUs

o Ilpu coeauHEHMH CO CTOPOHBI BEIYILEr0 KOMIBIOTEPA YKaXKUTE UMs Beomoro. Teneps Bbl
MOJIYYMJIN IOCTYI K BEAOMOMY KOMITBIOTEPY U XPAHSIIUMCS Ha HEM JIaHHBIM.

IManka '""Moe ceTeBoe OKpYy:KeHue'
[Tanka "CeteBoe okpyxeHue" mpenHa3HayeHa Jijisl OpraHu3aiui paboThl B CETH.
OObIuHO Ha pabouem ctose windows HaXOauTCs 3HAYOK "CereBoe
OKpyXeHue'", mo30stonui oTKphITh nanky "CereBoe okpyxenue" B nanke "CereBoe okpyxeHue"
10 YMOJITYaHUIO 0TOOpakaeTcst nHpopMmarus o "cBoeit" paboueil rpymre.
Cgoiicta nanku "CeTeBoe OKpyKeHHE" TTO3BOJISIOT HACTPOUTH KOMITBIOTED JIJIs1 paOOTHI B CETH
Hacrpoiika nepsuunoro (LAN) cereBoro coenunenusi B Windows XP
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Ha stom stame Bam motpebyercs 3HaTh, Kakoil [P-anpec BbIIEIeH KOMIBIOTEPY M aJpec CepBepa
DNS.

HonycTtum, BaM BBIIaH azpec 192.168.68.30
Anpec DNS cepsepa 192.168.68.1
[To amanoruu, ecnu BbeimaH amapec 192.168.64.30 (mmm 192.168.64.199, ckaxem), To agpec DNS
cepBepa Oyner 192.168.64.1

CereBas macka B 1000oM ciydae 255.255.255.0
[Tepexoaum B "[lanens ynpasnenus" u Beioupaem "CeteBble MOAKIIOYCHUS"
31ech BO3MOXKEH BapHaHT, KOTJa HAaCTPOCHHBIX IMOJKIIOUCHUN HET, Torna BeiOuMpaeTe "Co3maHue
HOBOTO MOJKJIIOUEHUs" U Janee cienyere 3a MactepoM co31aHusl MOJIKIIOUEHUs , 1100 BapuaHT,
KOI'Jla MOJKIIIOUEHHE MO JIOKAJbHOM CeTH CYHIECTBYeT, HO paboTaeT HeNpaBWIIbHO, BhIOMpaeTe
NyHKT "M3MeHeHNne HaCTpOEeK NOAKIIoueHus"
[Ipu 3TOM OTKpOETCS cleayroniee OKHO, BeiOupaiiTe B HeM myHKT "[Ipotokon Uutepuera(TCPIP)",
HaXkMHTe Ha KHONKY "CBolicTBa"

i1

b

Mok AHoYEHHE HEpED

E& Realtek RTL3133 Family PC| Fast Ethernet NIC #2

TriEYeHHEE KOMOOHEHT B HMCAONE3YHTCA 3THMM NOGENKDYEHE!

v % K.meHT nna cerell Microzaoft

v S Cnys#Ga gocTyna K falinard M npuHTEpan ceted Micro. .
v .@ M naHWpoBWHE NakeTos oS

¥ == Nporokon Mureprera [TCPAP)

HCTaHOEMTE. .. ] I0.3mm [ CEOMCTES

dnMcaHuHe

Mporokon TCPAP - cTaHo apTHEIN NpoTokon FioSansHsxs
CETEl, DOECNEYMEAW WA CEASE MEMAY PASAHYHEIMM
E33MMOAEACTBYRILLLARAL CET AR,

] Mpu noak ArodeHHM BEIBECTH SHAY0K B 0GA3CTH YEESA0MNSHMEA

k. Il OTrieHa

Pucynok 11. [loaxiroueHnune 1o J0KaabHOM ceTn

BHGCB Ha IJIaBHOM CTpaHHUIIC 3alI0JITHACM (bOpMy B COOTBCTCTBHHU C BXOAHBIMH JAaHHBIMU:
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fapec Ie_‘ CETEEIE NOAKMHHEHHA

2| x||ner
=== b
!é] CozdaH CeoiicTea: NpoTokon MuTepherta (TCP/IP) 2=l
NoAKH r -
%) vrtaHo D‘5|-|-1H'3|
HIK CeT I-
& Viamer Mapamerpet [P MOryT HaZHAYATECA SETOMATHYECKH, BCIH CETE
fpaHam K NOOAEP#MEAET 3TY BOZMOMHOCTE. B NpoTHEHDM Ciyyae napardeTpel
@ omcno IP raskHO NOAYMMTE Y CETEBOMD SAMMHMCTRETORE.
YCTPOM
oCCTa onyuuTe |P-agpec asToMaTHYEckM
B N IP
NOAKIH
4 —* Wen 30BaTE CAenymi IP-anpec:
Ijﬂ MNepenn e,
NOAKNH L |P-anpec; | 192 188 . B3 . 30
") Mpocko
bt NOAKNH Macka nogceria I 285 . 285 . 255 . 10
Wzmene r OcHOBHOI wios: I : ; :
NOAKIH
= Monyume anpes DNS -cepEepa AETOMATHYEERM
THE ME
Ay L —{% Wenone 5 CBAYHLME 3apeca DM 5-cepeepos:
D" Nanene [ Mpegnauu. S-cepeep: 192 168 . B8 . 1| -
tg CeTesn 1
= AneTepHatueHeli DNS-cepeep: I : : 3
.L‘, Mown ao

i Mo kol =

.ﬂononHMTeano...l
MogpobHo
Ok . [OrmeHa |
Mo nk nenuenue :

Pucynok 12. Coiicta npotokoin unrepaere TCP/IP

Bbornbiie HU4ero mo 1aHHOMY MPOTOKOJTY 3aMOIHITH HE HY>KHO!

BepayBmince B "CBOHCTBa MOAKIIOYCHHS] MO JIOKATBHOW CETH', MOXETE BKIIOYUTH/BHIKITIOYUTH
"Kmuent mst cereir Microsoft" u "CmyxOy noctyma k (aitiam u npunrepam cetu Microsoft" mo
CBOEMY YCMOTPEHHIO. DTH MYHKTHl HHUKAaK HE BIHUAIOT Ha mnoakmouyeHue k MatepHer. C ux
MMOMOIIIBI0 BbI MOXETE YYacCTBOBATh, SBJSSACH YYACTHHKOM paboueld rpynmbl cetn Windows,
B (ailliooOMeHe C APYruMH KOMITBIOTEPAMHU B CBOEM JOME/pallOHE U OTKPBIBATh JOCTYNI K CBOUM
(aiinam.

PaBHO KkKak W CBOMM BHpycaM M Yy4acTBOBaTh B BHpycooOMeHe. IlosTomy xo3stMH-OapuH.
Ecnm ke BB Ha 3TO pPENMIMIUCH, YCTAaHOBUTE HMMS KOMIIbIOTEpa W pabouyio rpymmy Windows,
BbIOpaB "Cucrema" B Ilanenu ympaBnenus Windows, a tam Bkiaaky "HMms kommbioTepa', Kak
MOKa3aHO HUXKeE:
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CBOHCTEA CMCTEMLI

BococTaHoEneHHE CHCTEMB I
ABTOMETHYECKOE OOHOBNEHHE I HpaneHHeIe ceaHck I

awme Haa kol epa | [ AopynoEaHKe I JononHHTENEHD

YHkazaHHEE
HAEHT K ALLMM K

EHIA HCNONBSYHOTCA 4018
EHOTERA B CETH.

nucaHue: kyComp

Hanpurep: "FomMneoTep &
"FomnetoTep AHaper'.

[lanHoE Keas; FINE-YIT,

Pagoyan rpynna:  LAMES

Urafibl BRIZEETE MACTED CETEE0MH MIEHTHEMEALHM
A7 NPMCOBAMHEHHA KOMNBKITEDS K A0MEHY, Mo eHTHDMHE LL4A
HasraWTe KHomkY HaeHTHdHkaumra ',

Y06kl NEpEUMEHOEATE KOMIBOTERD MM
NPHCOSAMHATE Bra K AOMEHY BRYYHYKD, HamWTE WaraeH
kHoMKEY A smeHHTR

(] OTraeHa [1pmeHmTE

Pucynok 13. CBolicTBa CUCTEMBI.

PexomennoBanHoe umst paboueit rpymmsl - LAN68 . He mpiTaliTech mpUCOEAMHUT KOMIBIOTEP K
AOMCHY 501058 BBI3BATH MacTep CETEBOU I/IlleHTI/I(bI/IKaI_II/II/I.
[Tocne Bcex BBHIIETPUBEACHHBIX JICUCTBUI TpeOyeTcs Meperpy3uth Kommbiotep, eciau Windows 00
9TOM €lll€ He IIPOCHIIA.
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JlaGoparopHasi padora Ne 6 (2 yaca)

Tema: «IIpoTOKOIBI U AITOPUTMBI MAPIIPYTUIALITHH»

Hesb padoThI:OIYYUTh CBEACHNS O MAPIIPYTU3ALMH U HAYYUTHCS JOOABIATH MapIIPyThI B
TaOIUIy MapIIPyTH3AIIH.

3agauu padoThI:

1. HayuuThcs paboTtath ¢ TaOIHIICH MapipyTH3aIue.

Ilepeyenb mpudOpPOB, MATEPHAJIOB, HCII0JIb3YyeMbIX B JIaDopaToOpHOi padoTe:
1. Anmaparssie: komnbioTep ¢ ycraHoBieHHOH OC Windows.
2. Ilporpammusie: [Ipunoxennst BM: VirtualBox; Bupryansasie Mamunb: VM-1.

Onucanue (xox) padorni:

B cersx, ocHOBaHHBIX Ha mpotokone IP, konyenyua mapwpymusayuu ABIseTcss OJHOU U3
BaxHbIX. OHa co3gaer wiM pa3duBaeT cerb. HempaBmiibHas KOH(Urypauus MapUIpyTH3aLUU

CIIOCOOHA BBIBECTH U3 CTPOS CETh.

Mapwpymuzayus — TEXHOJIOTHS OINpeneseHUs] MyTH JOCTaBKH (MapiipyTa) nmakeroB. OCHOBHBIE

IOPHUHIMIIBI MapIIpyTU3alinun.

1. Kaxnas onepanunonHas cuctema, noanepxupatoiias crek TCP/IP, umeer mapmipyTuszaTop

1 TaOJIUIy MapIIPyTU3ALIUH.

2. Tabnuma MapHIpyTHU3alUdU HCHOJB3YETCSl TOJBKO TOTAA,

JOCTaBJIATH ITAKCTHI.

3. Mapupyrtuzanusi JoKHa ObITh CKOH(PHUTYpHUpOBaHAa KOPPEKTHO HAa 0OOMX KOHIAX CBS3H U

Ha KaXXJI0M Y4aCTKC MCKIAY HUMMU.

Jns ompeneneHuss MyTH JOCTaBKU IMaKeTa WCIOJbB3YETCS mabauya mapupymu3ayu.

KOorja OIpezensercs,

[Tpumep TabIUIBI MAPIIPYTU3ALUHA MOXKHO MOJTYYUTh KOMAaHIOM route ¢ mapaMmeTpoM print.
AKTHEHE ¢ MapIIPYTEL:

B obmem ciydae s MapmipyTH3aIH HCIIONB3YETCs CIEeAYIOIUn areopumm. V3 makera
u3Biekaercsa [P-agpec Ha3HaueHUs MakeTa W MPOU3BOJUTCS MOMBITKA COMOCTABUTH €r0 C aapecoM
HazHaueHus (Cemegotli adpec) KaXAOro dJEMEHTAa TAaONHIIBI MapIIpyTHU3alliy MMOKa HE Haiijercs
HAaWIy4yllee COBIAACHUE. ECIM COBMAJEHUN HE HAWIEHO, TO IMAKET YAAISIETCA U OTIPABUTEIIO
MaKkeTa MOXKET OTHPaBUTHCA cooOllieHune 06 omuoke. CpaBHEHHE IPOU3BOAUTCS C TPEMS MOPLUIMU
nndopmanuu: CereBoii anpec (Network Destination), Macka ceru (Netmask) n IP-aapec
HA3HAYEHUH MaKeTa.
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Pucynox 1. [Ipumep TaOnHIBI MapIIpyTU3ALIH

Cereroii agpec Macka ceTH Anpec ULTHOIA Hutepdeiic |Metpuras
HNetwork Destination Netmask G ateway Interface M etric
0000 0.0.0.0 192168 4.1 153216847 1
127.0.0.0 253000 1z7.0.0.1 127.0.0.1 1
192 168.4.0 2552552550 192168 4.7 153216847 1
192 16847 2552585 2551355 |1:i7.0.01 127.0.0.1 1
192 168.4 255 255 3255 255355 |192168.47 15216547 1
224000 224000 192168 4.7 153216847 1
255 255 255 355 255 3255 255355 |192168.47 15216547 1
CICHOBHOH MINEGE 152.168.1.1

Kak



B OCHOBHOM, MPOU3BOIUTCSA nmoouTHas onepauust AND mexnay IP-agpecom
noay4darensi u Mackoii ceruu (Netmask): ecnu noinydeHHoe 3HaueHUe paBHO CeTeBoMYy aapecy
(Network Destination), To cuuTaeTcsl, 9TO COBIIaJACHUE HAMACHO.

Ipumep 1. HeoOxoaumo IIPOBEPUTH o4ty Ha cepsepe, qyen
anpec 192.168.4.100 (ucnonp3yercst TabnuLa MapIIpyTU3alluK NpuBeneHHas panee). HeoOxoanmo
BBIMOJIHUTE TIOOUTHYI0 omnepauuio AND nax IP-aagpecom moJiyuatenss NakeToOB U ceTeBbIMH
mMackamMu (Netmask) 13 TaObMUIBl MapIpyTH3alMU. DJTa ONepanus MNPOU3BOIUTCA HAJ BCEM
MackaMM M3 Tabmaumbl Mapumpyrtusanud. Ho B paccmarpuBaeMoM INpHMepe TOJIBKO 3-s1 CTpOKa
HanOoJIee MOXOIUT.

1-l OKTEeT 2-1 oKkTeT 3-l OKTEeT 44 OKTET
| omw Rkl bbrbbbllblbheb
D-ceTH ID-% 303
P-agpec | 1| 1| ofolo|olalaf1]ol1] o] 1] ol of of ol o of o] ol 1] alo] o] ]| o] af 1] o]0
AecATHYHaA
N 192 168 4 100
Macka | 1| ||| a[alalalalalal ]l ] abalalalalal4l4]10oloflofofo]o]o]o
ABCATHARAA 755 755 755 0
JANACh
PesyneTtar
OnepaumM
AHD 1(11afojojajojap1jof1joptfojajajofojojajoj1|ojojajolalojolajolo
ACCATHIHAA 192 168 4 0
JAMNAC b

Pucynok 2. IIpumep onpenenenus Mapiipyra J0CTaBKH [1aKETOB

Kax BuJIHO W3 MpUBENCHHON TaONHIIBI, pe3ynbTaT moouTHOM onepannu AND coBmamaer ¢ 3-
i crtpokoit Tabmuiel Mapmpytusanun (Pucynokx 2). CrmemoBaTenbHO, TAKeT OTHPABUTCSA II0
yKa3aHHOMY Mapuipyty 4epe3 uHtepdeiic192.168.4.7.

Crnenyer OTMETUTh, YTO YKa3aHHBIA B mpumepe IP-agpec mocie BBIMONHEHUS NOOMTHOM
onepauuu AND Haj mMackamu COBMAJeT OOJbIIe YeM C OAHOM CTPOKOH Mapmpyruzanuu. s
n30eKaHUS TaKUX CIY4aeB MCIONb3yeTcsanpuopumem mapuipymos. Cucrtema HIeT 0oyiee TOUHOE
COBIIaJIEHUE aapeca ¢ Mackou (255.255.255.255 Gonee Touna, ueM 255.255.255.0, koTopasi B CBOIO
ouepenb, Oonee Ttouna, yem 0.0.0.0). Mapmpyr ¢ cereBeiM agpecom 0.0.0.0 m mackoir 0.0.0.0
SABIIACTCS Mapupymom no ymonuauuto. Tak Kak 3TOT MapuIpyT MOAXOAMUT K JiroOOMy aapecy
Ha3HAYeHUs, OH ONMCHIBAET MapUIpyT, KOTOpBIM HCHOJB3YyeTCs, €ClAM He HaiineH Oonee
noaxonauii. OOBIYHO STOT MapIIPYT HUCHONB3YETCS MJs TEPeChUIKH IaKeTOB MpoBalaepy
NHTtepHer-ycnyr, Ipu NoAKI0YeHud K IHTepHeTy.

Jns paboTel ¢ Tabnuuel MapmpyTuszanuu ucnonsdyercs crangaptHas ytuiuta ROUTE,
KOTOpasi BEIBOJUT HA SKPaH M U3MEHSET 3alKCH B TOKAIbHOU Tabnwuie [P-mapimpyTtuzanuu.

3amymieHHas 6e3 nmapaMeTpoB, KOMaH/a route BHIBOJIUT CIIPABKY.

ITapamerp Onucanue

add Jlob6aBneHne mapuipyra

change M3meHeHue CyIecTBYIOIIEro MapIipyTa
delete VY naneHue MapupyTa Uil MapipyToB
print [Teyats MapuIpyTa MM MapUIpyTOB

Tabauya 1. Haznauenue napamempos KOManowvl route

Ipumep 2. Jlob6aBieHue MapuipyTa.
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route ADD 172 25.0.0 MASK 255.255.0.0 192.155.1.8 METRIC

thVHTJ

Agpec Mlacka M mos
HATHAMEEIH

Pucynok 3. CTpoka muiago6aBieHue MapupyTa

3ananue 1. Co3naiite Tadauny aJst 00J1er4eHus onpeaejeHuss MApIIPYTOB.

1.

OTtkpoiiTe TAGMUYHBII Mpoueccop 1 cHopMUPYITE TAOTHUILY 11O CICAYIOMEMY IIa0I0HY:

£ Blc|o|e|Fla|H] 1] k] Ll M|8] o] pla]r] 5] 1] u]wv]wd =] | 2ladedadadad adad
1 Flalslalzlzlt|olz|a]slalz]z]to]7]a|s]alz]z]1 o]z ]a]s]4]3]z]1]n
2 | IP-anpec 197 168 252 6
3 | AR lololololololt|oft|oft|olofolt]|t]t]1]t]t|o]olofoft|t|t|o|o]o
JATTHCE
4 Macka 255 255 255 7
I e S R NN SR R E SRR AR SR R R S SR AR R ER E E R A R SR R A L R LA A R B
FATTFICE
Onepapm
B o | t[]o]ofe]e]ojoft|ofrjojr|ofo]o|y ||t (t|t|jo]o]a]o)o oo oo
7 Anpec
HATHATe HHA

Pucynok 4. O6pazen; opopmieHus TabIUIIbI

2. Beeaute B nuama3on siueek Z.3:AG3 GopMyIibl s EpeBoOjia YUCiIa B IECATHYHON CUCTEME
CUHCIICHUSI U3 sTueiiku Z2 B TBOUYHYIO (hOpMY (B COOTBETCTBUU C TAOJIUIICH).
Tabauya 2. opmynvt 015 nepesoda 8 0BOUUHYIO CUCTEM) CUUCIEHUS
Stociun POPIIE
AG3 =72-2*INT(Z2/2)
AF3 =INT(Z2/2)-2*INT(INT(Z2/2)/2)
AE3 =INT(INT(Z2/2)/2)-2*INT(INT(INT(Z2/2)/2)/2)
AD3 =INT(INT(INT(Z2/2)/2)/2)-2*INT(INT(INT(INT(Z2/2)/2)/2)/2)
AC3 =INT(INT(INT(INT(Z2/2)/2)/2)/2)-2*INT(INT(INT(INT(INT(Z2/2)/2)/2)/2)/2)
AB3 =INT(INT(INT(INT(INT(Z2/2)/2)/2)/2)/2)-
2XINT(INT(INT(INT(INT(INT(Z2/2)/2)/2)/2)/2)/2)
AA3 =INT(INT(INT(INT(INT(INT(Z2/2)/2)/2)/2)/2)/2)-
2XINT(ANTANT(INT(INT(INT(INT(Z2/2)/2)/2)/2)/2)/2)/2)
73 =INT(INT(INT(INT(INT(INT(INT(Z2/2)/2)/2)/2)/2)/2)/2)
3. Axanoru4yHo BBeAuTe (OPMYINBI ISl MPeoOpa3oBaHUsS YHCENT U3 JECATUYHON CHCTEMBI
CUMCJIEHUS B ABOMYHYIO 1715 ssueek R2,J2,B2.
4. AmnanoruyHo BBenute (GOpMyIIbI AJisl TPeoOpa3oBaHUs MACKU MOACETH B JBOMYHYIO CUCTEMY
CUHCTICHUSI.
5. Baenute hopmynsl anst modutHoi onepannu AND nax IP-aapecom u mackoii (Netmask):
o BBeaure B sueiiky AG6 popmyny =AND(AG3;AGS5);
o CKONMMpYHTE BBEJEHHYIO (hopMyiy B auamna3oH siueek B6:AF6.
6. Beemute B sueiiky Z7 Gopmyny Uit npeoOpazoBaHHUs 4-TO OKTETa MAacKd B JECATHUHYIO

CUCTEMY CUMCIICHUS -
=AG6*2"AL1+AF6*2"AF1+AE6*2*AE1+AD6*2"AD1+AC6*2*AC1+AB6*2"AB1+
AA6*2"AAL+Z6%2"71.
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7. Amnanornuyno BBegute dhopmyssl 1 ssueek R7, J7, BS.
8. Coxpanure (aitn B cBoeM katanore ¢ umeHem ROUTE.
3aganmue 2. Co3naiiTe HOBbI MAPLIPYT /JIsl Balllero KOMNbIOTEPA U MPOCJIeIUTE €ro.
1. 3amycture BuptyansHyto MamnHy VM-1 u 3arpyzure OC Windows.
2. Ortkpoiite koHcoab (Ilycx/Ipocpammel/Cmanoapmuvie/Komanonas cmpoka).
3. Omnpenenure [P-aapec Bamero KOMNbOTEpPa ¢ MOMOIIBIO YTHIUTHI ipconfig.
4. TIpocmoTrpuTe TaOIUIy MapIIPyTH3AlUKA HA BallleM KOMITbIOTEpE:
o  BBIBEOUTE CIIPaBKy IO KOMaHJE route (IjIs1 3TOr0 HEOOXOJWMO BBECTH KOMAaHAY M HaXaTb
kinasuiry ENTER);
route

o  BBbIBeIUTE TAOJIHUIy MApIIPYTHU3AIMH KOMaH/10i route ¢ napametpom PRINT:
route PRINT

o  3allOMHUTE MapHIPYT MO YMOJYAHHUIO (TIEpBasi CTPOKA).

AKTHEHHE MAPWPYTH:
Cetesol annsc ! o o oo L HeTpuka
20

1

20
20
20

192.168.245
192.168.1

192.1
192.168.245. 192.168.245.

Pucynok 5.1Ipumep BoiBoga nporpammsl ROUTE

5. Tlpocneaute paboTy Mapuipytuzatopa ¢ nmomomblo yruautel TRACERT, oTnipaBUB MaKeThI
Ha y3esq1 www.opennet.ru. Beegure:

tracert www.opennet.ru

TpaccupoBrka mapupyrta K www.opennnet.ru [82.98.86.1681]
MAKCHMMAABHMM YWCAoM npbixkos 30:

HMC MG .168.1.1

ns Y ms sl-gu.polarnet . Fu 1213+-142.223.2521]
ns ] ms 10.254.254.2

ns ms ciscol.polarnet.ru [213.142.193.941]

Pucynok 6. IIpumep BoiBoga nporpammsl TRACERT

6. Crnedyem ommemums, 4mo naxKemvl Ha YKA3AHHBIU CAUM OMNPAGIAIOMCs Yepe3 00UH W03
(192.168.1.1), KOMopbwlil BUOHO 8 nepeuvlx cmpoxax 6618600d
npoepavm ROUTE u TRACERT.

7. JloGaBbTe B TabNMIly MapIIpyTU3allMM KOMIIbIOTEpA CTPOKY JUIsl MEPEChUIKU MaKEeTOB B
ceth 172.21.0.0 (macka 255.255.0.0) uepes cereBoii unTepdeiic komnbioTepa. BBenure:

route add 172.21.0.0 mask 255.255.0.0 192.168.1.4 METRIC 3

8. IIpoBepbTe pabOTy BHECEHHBIX BaMH U3MEHEHH ¢ TOMOIIbIO YTUIHTHl TRACERT.

CamocTosiTeJIbHbIE 3aJaHNS.

135



1. ChopmupyiiTe MacKd MOACETH TAaKUM O0Opa3oM, YTOOBI TMOJydYaauCh CETH, B KOTOPBIX
KOJINYECTBO YHUKAJIBHBIX aJIPECOB COCTABIISIOT 256, 2048, 32768.
2. Omnpenenute MapHIpyThl JUIsl MMAKETOB B COOTBETCTBUM C TaOMWIEW MapIIpyTH3AILHH,

MIPUBEJCHHOM B TEOPETUYECKOH YacTH 1abopaTopHoil paboTsl. Pe3ynbTar oopmute B Bujie
TaOJIUIIBI M COXPAHUTE B CBOCH MArlKe.

Tabauna MmapmpyTu3annu
[P-anpeca makeToB Axapec nutroza MaTepdeiic
10.1.1.1

192.168.4.121
127.13.13.210
192.168.5.121

JlabopaTopnasi pabora Ne 7, 8 (4 yaca)
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Tema:«IIpotoxonsr TCP/IP»

Heanb pabdoThl: W3ydnuTh ATaJOHHYIO Mojeiab mpoTokonoB ISO/OSI u crex mporokonoB TCP/IP.
N3yuuts IP-agpecanuro u npasuia HazHadeHus [P-anpecos. Iloznakomutscs ¢ nporokosnoMm IP, IP-
aapecanueit, IP-mapmpyruzanueii, mporokonom TCP, pynakmusmu nporokona TCP.

3anauu padooThI:
1. M3yunts Tanonnyo mozens nmporokosioB ISO/OSI u crex nmpotokonos TCP/IP;
2. U3yuuts [P-anpecaruio u nmpaBuiia HazHaueHus [P-agpecos.

Ilepeyenb mpudOpPOB, MATEPHAJIOB, HCII0JIb3YyEeMbIX B JIa0OpaTOpHOIl padore:
1. Komnerorepnas JIBC.

Onucanue (xoa) padoThbl:

Ilpomoxon — 3T0 HaOOp TPaBWJI, ONMUCHIBAIOIIMX METOJ Mepenayn WH(OPMALUU IO CETH.
[TonsiTHE MPOTOKOJIA ABJISAETCS UCKIFOUNTEIBHO BaXXHBIM JJII KOMIBIOTEPHBIX CETEM. JTO CBA3AHO C
TE€M, YTO CETh MOXET OOBEIUHATH KOMIIBIOTEPHI Pa3HBIX THIIOB, pabOTAIONINE MO YIPaBICHUEM
Pa3HbIX OMEPAIMOHHBIX CUCTEM. UTOOBI 3TH KOMIIBIOTEPHl MOTJIM OOMEHHMBATHCS APYr C IPYroM
uH(popMaInuen, OHU JTOJDKHBI «Pa3roBapuBaTh HA OJHOM SI3BIKE», TO €CTh HCIIOJIB30BAaTh OJHU U TE
e MPOTOKOJIBI - TpaBuiIa nepeauu nHGOpMaIuY Mo CETH.

Crex mportokonoB TCP/IP sBasercs mpoTokonbHOH ocHOBOM MuTtepner. KiroueBbiM
MOMEHTOM TIpH 3TOM siBiisieTcs [P-anpecanusi.

[P-ampec — 3TO yHUKANbHBIM YUCIOBOHM aJpec, OMHO3HAYHO HACHTH(GHIHMPYIOIMUN Y3ell,
TpYIIy y3J0B WK ceTh. [P-anpec nmeer mmny 4 G6aiita 1 0OBIYHO 3aMKMCHIBACTCS B BUJIC YETHIPEX
yucen (TaKk Ha3bIBAEMBIX «OKTETOBY»), pa3/IeNIEHHbIX TOYKAMH, KaXIO€ M3 KOTOPBIX MOXKET
NPUHUMATh 3HaYeHUs B auamnaszone ot 0 1o 255, Hanpumep:

128.10.2.30 - TpaguumoHHas necsiTuyHasi popma mpeacTaBiIeHus ajpeca,

10000000 00001010 00000010 00011110 - nBowuHas (opma TpPEHCTABICHUS ITOTO XKE
aapeca.

AJnlpec COCTOMUT U3 ABYX JIOTUYECKUX YacTel - HOMEpa CETH M HOMepa y3la B ceTh. Kakas
4acTh aJipeca OTHOCUTCA K HOMEpY CETH, a Kakas K HOMEpYy Yy3Jia, ONpEeNeNsieTcsl 3HaYeHUSIMU
MepPBbIX OUTOB ajpeca:

e Ecmu aapec Haunnaercsa ¢ 0, TO ceTb OTHOCAT K KJIaccy A, U HOMEp CETH 3aHMMAeT OJIUH
0aiiT, ocTayibHBIC 3 OaiiTa MHTEPIPETHPYIOTCA Kak HoMep y3na B cetn. Cerm kiacca A
UMEIOT HoMmepa B auamnazone oT 1 mo 126. (Homep 0 He umcmomb3yercs, a Homep 127
3ape3epBUPOBaH Uil CHEUalIbHBIX Lenel). B ceTsix kmacca A KOJIMYECTBO Y3JIOB JOJIKHO
6bITH Gonblie 2'¢, HO He mpeBbIIaTh 22,

o Ecnm nepsole qBa 6uta aapeca paBHbl 10, TO ceTh OTHOCUTCS K Kiaccy B u sBisieTcs ceThio
CpPEAHUX Pa3MEPOB C YUCIOM Y3JI0B 2% - 2% B cersix xmacca B mox aJpec CETH U MOJ aApec
y371a OTBOAUTCS 110 16 OGUTOB, TO ecTh 1o 2 OaiiTa.

e Ecnu aapec naunnaercs ¢ nociaegoarenbHocT 110, TOo 3TO ceTh kiacca C ¢ 4nUCIOM y3J10B
ne Goxsiue 2°. TTox ajzipec cetu oTBoaUTCS 24 OuTa, a Mo aapec y3na - 8§ OUTOB.

e Ecnu agpec Haunnaetcs ¢ nocnenoBarenbHocTu 1110, To oH siBasieTcs agpecoM kiacca D u
obo3HayaeT ocoOblif, TpynmnoBoil agpec - multicast. Ecniu B makere B KkauecTBe aapeca
Ha3HA4YeHMS yKa3aH ajpec kiacca D, To Takol MakeT JOKHBI TOIYYUTh BCE Y3JIbl, KOTOPBIM
IIPUCBOEH JaHHBIN ajpec.

e Ecmu aapec naumnaercs ¢ mnocienoBarenbHocTd 11110, To 310 ampec knacca E, on
3ape3epBUPOBAH LIS OyIyIIUX MPUMEHEHUH.

B Ttabnuiue mpuBeneHb! AMana3oHbl HOMEPOB CETEH, COOTBETCTBYIOIIMX KaXKIOMY Kiaccy
ceTel.

Knacc |Hammenpmmii anpec |Haumbounbmmii agpec
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A 1.0.0.0 126.0.0.0

B 128.0.0.0 191.255.0.0

C 192.0.1.0 223.255.255.0
D 224.0.0.0 239.255.255.255
E 240.0.0.0 247.255.255.255

B mporokone IP cymiecTByeT HECKOJIBKO corjamieHuii o0 ocoboi wmHTepriperanun [P-
a/IpecoB:
e ecmu [P-aapec cOCTOMT TOIBKO M3 JNBOWYHBIX HYJIEH, TO OH 00O3HA4YaeT ajgpec TOTO Y3Ia,
KOTOPBIN Cr€HEPUPOBAJ ITOT MAKET;

° €Clin B IIOJIC HOMCpa CCTU CTOAT 0, TO MO YMOJYAHUKO CHUTACTCA, YTO OTOT Y3CII
MPUHAJICKUT TOU K€ CAMOU CETH, UTO U y3€JI, KOTOPBIA OTIPABHII ITAKET;

0000....... 0 Homep y3na

e eciu Bce ABOMUHBIE paspsaabl [P-anpeca paBHBI 1, TO MakeT ¢ TaKUM aJpecoM Ha3HAuYEHUs
JIOJDKEH PacChUIaThCs BCEM Y3JIaM, HaXOMISIIUMCS B TOH e CETH, YTO M UCTOYHUK 3TOTO
nakera. Takasa pacCblIKa HA3bIBACTCA OTPAHUYCHHBIM IHPOKOBCIIATCIbHBIM COO6H_I€HI/I€M
(limited broadcast);

e €CIIM B MOJIE aJpeca HA3HAYECHUS CTOAT CIUIONIHBIE 1, TO MaKeT, UMEIOIIMN TaKoi aapec
pacchulaeTcsl BCEM y3JlaM CETH C 3aJaHHbBIM HOMEpOM. Takas pacchbUlKa Ha3bIBAETCs
IMPOKOBEIATeIbHBIM coobmeHnem (broadcast);

Homep cetn 1111................ 11

e azapec 127.0.0.1 3ape3epBUpOBaH Jisi OpraHU3allMd OOpPAaTHOM CBSI3M MpPU TECTUPOBAHHUU
paboThl MPOTPaMMHOTO OOecrieueHusl y3ia 0e3 peaylbHOW OTIPABKH IMaKeTa MO CEeTH. DTOT
aapec uMmeet HazBaHue loopback.

Vike ynmomunaBmiasics ¢gopma rpymnmnoBoro IP-aapeca - multicast - o3HayaeT, 4TO JaHHBIN
MaKeT JAOJDKEH OBITh JOCTABIEH Cpa3y HECKOJIBKUM Yy3J1aM, KOTOpbIE 00pa3yIoT IPYIILy ¢ HOMEPOM,
YKa3aHHBIM B IOJIE apeca. Y37l CaMd UACHTHQHIUPYIOT ce0sl, TO €CTh ONPENEISIOT, K KaKOh u3
rpymni oHu oTHOCATCS. OJIUH U TOT K€ y3€ll MOXKET BXOJIUTh B HECKOJIBKO Tpynil. Takue cooOImeHus
B OTJIMYME OT IIMPOKOBENIATEIBHBIX HA3BIBAIOTCS MYJbTHBEIIATCIFHBIMU. [ pyNIOBOM ampec He
JETTUTCS Ha T0JI1 HOMEpa CETH U y371a U 00pabaTbIBaeTCsi MapIIpyTU3aTOPOM 0COOBIM 00pa3oM.

1. O3HAaKOMHTBHCS C TEOPETHUECKUMHU CBEACHHUSIMHE MO TeMe. OCOOEHHO BHUMATEIHHO U3YUUTh
Marepuai, oTHocamuiics k [P-agpecanuu.

2. Ha ocHoBe mpumepa, pa3oOpaHHOTO JUIsl ceTed Kiacca A, 3allOJIHUTh TPEThIO KOJOHKY
Tadmue! 1.

3. BBHINOTHUTH aHATIOTUYHBIE PACYETHI U 3aTIOJTHUTH YETBEPTYIO U MATYIO KOJOHKH TaOIHIIHI 1.
J11s1 BBITIOJTHEHUS 3a1aHusI 2 HEOOXOAMMO BBITTOTHUTH CJICIYIONTUE TCHCTBUS:

1. ITepeBectu kaxxmoe uucio IP-agpeca B aBomunyro (opmy. st mepeBoga MOKHO
BOCIIOJIb30BaThCs Nporpammont «KainbKyasTopy, ycTaHoBUB «Bua/VIHXeHepHBIN».

2. ITo mepBriM Outam IP-agpeca onpenenuTs Kiacc CeTH.

3. B cooTBeTcTBUH C KIacCCOM ONPEAETUTh MACKY CETH 0 YMOIYAHUIO.

4. Beimucars Tonpko Te 6uthl [P-ampeca, KOTOpble COOTBETCTBYIOT €IMHUYHBIM OWTaM
B Macke ceTH. [IpencraButh 3T OUTHI B TOYEYHON HOTAIMU. DTO OyIeT HOMEp CETH.

5. Breimucare Te 6uthl IP-agpeca, KoTopbsie COOTBETCTBYIOT HYJIEBBIM OMTaM B Macke

cetu. [IpeacTaBUTh UX B TOUYCUHOM HOTAIUHU. DTO OYJET HOMEpP XOCTa.
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6. B nBomuynom mpexacraBinenun IP-ampeca OWTBHI, COOTBETCTBYIOIIHME HOMEPY XOCTa,
3aMEHHUTh enuHUIaMu. [IpeacTaBuTh MOMYYMBIIMKCS aApec B TOYCUHOM HOTamMu. IJTO Oyner
IMPOKOBEIIATENbHBIN aapec.
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3aoanue
1. O3HakoMbTeCh C TEOpPETUUECKUMU cBeAeHUsIMU 110 Teme «IIpoTokoinbl. [P-anpecarusy.
2. 3anosHute Tabnuiy 1 «XapakKTepUCTUKHU CETEH pa3IMIHBIX KIACCOBY.

Tabmauma 1
Howmep Kiace cetn
10 XapakTepruCTHUKA CETH

MOPSIIKY P b A B C
1 2 3 4 5
1. dopmar nepBoro 6Oaiita [P-angpeca
2. Uwncio 6aiiTOB Ik HOMEPA CETH
3. Yucno 6aiToB 111 HOMEpa XOCTa
4. MuHUMaIbHBI HOMEDP CETH B TOUEYHOW HOTAIUU
5. MaxkcuMaibHbI HOMEP CETHU B TOUCYHON HOTAlUK
6. Yuco pa3auyHbIX ceTeil
7. MuHUMabHBIM HOMEP XOCTa B TOYEYHON HOTAIlUU
8. MaxkcHuManbHbI HOMEp X0CTa B TOUEYHOW HOTAI[UU
0. Uucno pa3auyHbIX XOCTOB
10. | Macka ceTu 1o yMOJIYaHUIO

3. Hnsa IP-agpeca, yka3aHHOrO B MHAWBHUAYAJIbHOM 3aJlaHUU, CUMTAs, YTO MacKa CETH 3a/laHa Io
YMOJTYAHUIO, ONIPEACIIUTE:
3.1. Kiacc cern;
3.2. Uwmcno cerei;
3.3.  Macky ceTu 1o yMOJIYaHHIO;
3.4. Howmep cern;
3.5. Howmep xocra;
3.6. MuHHMMAaIbHBIA HOMEpP CETH;
3.7. MakcuMaJIbHbIi1 HOMEP CETH;
3.8.  lllupokoBemareabHbIi axpec.
4. Ucnonb3ys MacKy, yKa3aHHYIO B MHAMBHAYaJIbHOM 33JaHUU, OTIPEIEIIUTE
4.1. Macky cetH (B 1€CATUUHON HOTAIUN);
4.2.  Howmep cetu (B AECATUYHON HOTAIIUN);
4.3. Homep xocTa (B JECATUYHON HOTALIUN);
4.4. MuHUMAIBHBIN HOMEDP XOCTA;
4.5. MaxkcuManbHbIii HOMEp XOCTa;
4.6. IllupoxoBemarenbHbIN aapec;
4.7.  Yucno XocToB.
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IIpyMep BLINOJHEHUS 3aAHUS 2.

[Tycte [P-anpec 64.10.20.30

[lepeBonuM uucia B IBOMYHBIN (hopMmart:

641,=01000000,

10,0=00001010,

2010=00010100,

3040=00011110,

3anuceiBaeM ABOMYHYIO (opMy mpencraBienus [P-agpeca:
01000000.00001010.00010100.00011110

[TepBrie 6uthl aapeca — 01, 3HAUUT, ITO CETh Kitacca A.

Macka cetu o ymonuyanuto: 255.0.0.0

3anuceiBaeM B 1BOMYHOU popme Macky cetu u [P-aapec:

Macka: 11111111. 00000000.00000000.00000000
IP-anmpec: 01000000. 00001010.00010100.00011110
T OUTEI A >T; OUTEBI
COOTBETCTBYIOT COOTBETCTBYIOT
HOMEpPY CETH HOMEpPY X0CTa

3Hauut, HoMep cetu - 01000000, nmm 64

Homep xocta - 00001010.00010100.00011110, unu 10.20.30,9
3amensieM B [P-ampece HoMep XocTa €IMHULIAMM, MOJY4YMM IIMPOKOBEIIATEbHBIN ajapec
01000000.111111.111111.111111, mym 64.255.255.255

CnenoBaTebHO:

IP-anpec 64.10.20.30
Kiacc cetn A

Macka cetn 255.0.0.0
Howmep cetn 64.0.0.0
Howmep xocta 0.10.20.30
[IIupokoBemaTenbHbIi aapec 64.255.255.255
Ywucno cereit 270 =

[Ipu BeIMONHEHMM 3a7aHUs 3 HEOOXOOUMO BHAyalle ONPEAETUTh MacKy ceru. Macka
COJEPKUT CTOJIBKO EIUHUYHBIX OHUTOB, CKOJBKO YKa3aHO B 4YHCJIE IOCIE JIPOOHOM dYepThl.
OcrTasnbHble BHIYNCIEHUS BBITOIHIIOTCS O100HO 3aJaHUIO 2.

Konmponvnusie 6onpocut
e Urto Takoe npoToKoa?
o HazoBure ypoBHH Mojenu mnpoTokonoB Mmonenu ISO/OSI u Ha3HaueHHE NPOTOKOJIOB

KaKIOr0 ypOBHS.

o Ha3zoBure ypoBHu creka nporokosoB TCP/IP n HazHaueHHe MPOTOKOIOB KaXKI0TO YPOBHS.
o [IpuBeguTe mpuMepsl TPOTOKOIOB, BXOAAIHX B cTek TCP/IP.

e UYro Takoe anmnapatHblil agpec?

e Uro takoe [P-agpec?

o Kaxkossl npaBuia Ha3HaueHus [P-agpecos?

o Kak npoananmusuposars [P-aapec?

Bapuanmut unoueuoyanvnvix 3a0anuii
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Tabauma 2

Homep BapuanTa IP-anpec k 3aganuio 3 IP-anpec k 3apanuio 4
l. 192.168.72.33 192.168.72.33/20
2. 190.172.55.40 190.172.55.40/25
3. 123.232.14.72 123.232.14.72/18
4. 196.232.66.54 196.232.66.54/25
5. 193.123.55.67 193.123.55.67/26
6. 191.172.55.42 191.172.55.42/27
7. 178.66.57.18 178.66.57.18/20
8. 10.0.0.20 10.0.0.20/12
9. 67.192.44.89 67.192.44.89/12
10. 128.34.67.11 128.34.67.11/18
11. 193.34.126.44 193.34.126.44/26
12. 156.32.11.93 156.32.11.93/23
13. 167.168.169.170 167.168.169.17/20
14. 145.44.11.77 145.44.11.77/22
15. 132.45.171.99 132.45.171.99/25
16. 198.164.55.55 198.164.55.55/26
17. 192.77.121.144 192.77.121.144/25
18. 12.13.14.15 12.13.14.15/18
19. 44.57.62.39 44.57.62.39/18
20. 152.15.66.5 152.15.66.5/26
21. 132.45.171.99 132.45.171.99/27
22. 198.164.155. 5 198.164.155.5/26
23. 192.77.11.44 192.77.11.44/29
24. 12.130.140.150 12.130.140.150/17
25. 44.57.162.31 44.57.162.31/18
26. 152.154.66.65 152.154.66.65/20
27. 152.15.66.17 152.15.66.17/22
28. 132.45.171.88 132.45.171.88/21

3akiroueHre: BBIOMHUB ATy MpakTUYeCKylo paboTy, Bel y3Haere, kakoB ¢opmar IP-ampeca, uto
TAKOC MAaCKa CCTU, HAYUUTCCh BBIACIISATL COCTABHBIC YaCTU IP-az[peca " ONpCACIIAATh IO HEMY KJIACC

CCTH.

IMporokoua IP
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OCHOBY TpaHCIOPTHBIX cpeacTB creka mpotokogoB TCP/IP cocraBiser mpoTokon
MEXCeTeBOro B3auMoeictus (Internet Protocol, IP). OH obecrieunBaeT nepeaayy aeirarpaMmm ot
OTIIPABUTEJA K MOIY4aTeNsIM uepe3 00beIMHEHHYIO CUCTEMY KOMITBIOTEPHBIX CETEH.

HasBanme nanHoro mportokona - [Internet Protocol - oTpaxaeT ero CyTh: OH JOJIKCH
nepeaBaTh MaKeThl MEXAY CETSIMU. B Kaxa0il ouepeiHON ceTH, Jexalled Ha MyTH NepeMEIICHUS
nakeTa, mpoTokoi [P BBI3BIBAaET cpelcTBa TPAHCIIOPTUPOBKHU, MPUHSATHIE B 3TOM CETH, YTOOBI C MX
[IOMOILBIO MepeNaTh 3TOT MNaKeT Ha MApUIPYTU3aTOp, BEAYLIMH K CIEAYIOIIEH CceTd, WIH
HENOCPEACTBEHHO Ha y3€J-1101y4aTeb.

[Iporokon IP oTHocuTCs K TpoTOKojiaM Oe3 ycrtaHoBieHusi coenuHeHuil. Ilepem IP He
CTaBUTCS 3aJaya HAJCKHOW JTOCTAaBKU COOOIIEHUI OT OTHpaBuTeNs K noxydaremo. [Iporokon IP
oOpaOaTeiBaeT Kaxablii [P-makeT kak HE3aBUCHUMYIO €IMHUILY, HE UMEIOIIYIO0 CBSI3M HU C KaKUMHU
apyrumu [P-nakeramu. B nporokone IP HeT MexaHU3MOB, 0OBIYHO MPUMEHSEMBIX JJISI YBETUUCHUS
JIOCTOBEPHOCTH KOHEYHBIX JAaHHBIX: OTCYTCTBYET KBUTHUPOBAaHHE - OOMEH MOJITBEP)KICHUSMU
MEX1y OTIIPaBUTENIEM U I10JIydaTeIeM, HET IPOLEAYPHI YIIOPsI0UMBaHU, IOBTOPHBIX IIepenad Win
Opyrux mnoaoOHbIX ¢GyHKUMA. Ecnu BO BpeMsi NMpOJBMKEHMs IMaKeTa IMPOU30IUIA Kakas-Inoo
omuOKa, To mpoTokou [P 1o cBoel MHUIMATUBE HUYETO HE MPEIIPUHUMACT I UCTIPABICHUS ATON
ommOku. Hampumep, ecam Ha TPOMEXKYTOUYHOM MapIIPyTH3aTOpe MaKeT ObLI OTOPOIIEH 10
NPUYMHE UCTEUCHUSI BPEMEHH KHU3HHU WIM U3-32 OIIMOKU B KOHTPOJIBHON cymMme, TO Moayinb IP He
MBITAETCS 3aHOBO IOCJATh HCIIOPYEHHBIM WM MOTEpSHHBbIM Maker. Bce Bompochl obecrnieueHus
HAJCKHOCTH JOCTaBKHU JAHHBIX MO coctaBHOW cetu B cteke TCP/IP pemaer mpotokon TCP,
pabortaromuii  HerocpencTBeHHo Haja mporokojoMm IP. Mmenno TCP opranusyer mOBTOPHYIO
nepeaayy NakeToB, KOTAa B ’TOM BO3HUKAET HEOOXOIUMOCTb.

BaxxHoit ocobeHHOCTBIO TIpoTOKOJa [P, oTiiMuaromiei ero oT APYruX CETEBBIX MPOTOKOJIOB
(Hammpumep, oT ceTeBoro nporokona IPX), sBisiercs ero cnocoOHOCTh BBIMOIHATH AUHAMHYECKYIO
(bparMeHTaIMIO MMAaKeTOB MpU IMepeaaye ux Mexay cersimMu. CBOHCTBO (hparMeHTaluu BO MHOTOM
CIOCOOCTBOBAJIO TOMY, YTO MPOTOKOJN [P cMoOr 3aHsATh AOMUHHMPYIOUIME TMO3UIUH B CIIOKHBIX
COCTABHBIX CETSX.

Nmeercs npsiMas cBA3b MEXAY (DYHKIIMOHAIBHOW CIOKHOCTBIO MPOTOKOJA M CIOKHOCTBIO
3arojIoBKa MakeToB, KOTOPBIE 3TOT MPOTOKOJI HCHOJB3YET. DTO OOBSCHSETCA TeM, YTO OCHOBHbBIE
Clly>)keOHble JaHHBIE, Ha OCHOBAaHUHU KOTOPBIX MPOTOKOJI BBIOJHSET TO WM HHOE JCHCTBHE,
MIEPEHOCATCS MEXAY JABYMS MOAYJSMH, PEATU3YIOIIMMU 3TOT MPOTOKOJ HA pa3HbIX MallMHax,
MMEHHO B IOJSX 3arojoBKOB MakeToB. [103TOMy OYE€HBb NOJE3HO M3YYUTh Ha3HAUEHUE KaXAO0I0
noJig 3arosioBka [P-makera, u 3TO M3yueHue AAaeT HE TOJNBKO (hOpMalbHBIE 3HAHHS O CTPYKType
MaKeTa, HO U OOBSCHSIET BCE OCHOBHBIE PEXHUMBI pabOThI MPOTOKOJIA 110 00paboTke u nepenaye IP-
JIeUTarpaMm.

IP-agpecanus

Komnbrotep B ceTm MOXET HMMETh ajpeca Tpex ypoBHel: ¢usnyeckuii (MAC-aapec),
cereBoit (IP-ampec) u momennsiit anpec (DNS-ums).

- JlokanbHbIN aapec y3iia, ONpeAessieMbli TEXHOJIOTHEH, C TOMOILBI KOTOPOU ITOCTPOEHA
OTJeNIbHAsl CeTh, B KOTOPYIO BXOAMT JaHHBIN y3ei. /[ y310B, BXOASIUX B JOKAIbHBIE CETH - ITO
MAC - azmpec ceTeBoro agamntepa WM IopTa Mapuipytuszaropa, Hanpumep, 11-A0-17-3D-BC-01.
OTH azipeca Ha3HAYAIOTCS MPOU3BOJUTEIIMU O0OPYAOBAHUS U ABISIOTCS YHUKAIbHBIMU a/lpecaMy,
TaK Kak YIpPaBJAIOTCS LEHTPAIN30BaHO. /s BCeX CyIIECTBYIOIUX TEXHOJIOTUM JIOKAIbHBIX CETEH
MAC-anpec umeet ¢opmar 6 6aiiToB: crapiiue 3 OaiiTa - uaeHTUGUKATOP GUPMBI TPOU3BOIUTEIS,
a wiaamue 3 OaiiTa Ha3HAYaIOTCS YHUKAIBHBIM O0pa3oM caMuM IpousBoauTeneM. s y3Ios,
BXOJSIINX B TJIOOQIBHBIC CETH, Takue Kak X.25 unu frame relay, JokanpHBIN agpec Ha3HAYaAETCA
aJIMUHUCTPATOPOM IJI00aTBbHO CeTH.

- [IP-agpec, ucnonb3zyercss Ha ceTeBoM ypoBHE. OH Ha3HA4aeTCs aJIMHHUCTPATOPOM BO
BpeMs KOH(UTYypUpOBaHHUsI KOMIIBIOTEPOB U MapUIpyTU3aTopoB. IP-afpec cocTOUT U3 IBYX 4acTeil:
HOMeEpa CeTH U HoMmepa y37a, Hanpumep, 109.26.17.100.
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Homep cetu MoxkeT ObITh BbIOpaH aJAMHUHUCTPATOPOM IPOU3BOJBHO, JMOO Ha3HAYEH I10
pexoMeHnanuu crenuaibHoro noapazaencHus Internet (Network Information Center, NIC), ecnu
CeTh IOJDKHA paboTaTh Kak cocTaBHas dYacTh Internet. OObiuHO mpoBaizepsl ycuyr Internet
II0JIy4aroT Auana3oHsl ajgpecoB y noapasaeneHuil NIC, a 3areM pacnpenensior uX Mexay CBOUMU
aOOHEHTaMH.

Homep y3nma B mporokone IP HazHadaercs HE3aBUCHMMO OT JIOKaJIbHOIO ajapeca CeTH.
Henenne IP-aapeca Ha mose HOMEpa CETHM W HOMEpa y3la - THOKOe, M TPaHWIA MEXAY STUMH
MIOJIAIMA MOXET YCTaHABJIMBATbCSI BECbMa IPOU3BOJIBHO. Y3€I MOMKET BXOJIUTh B HECKOJIbKO IP-
cereidl. B 3ToM cnydae y3en JOJKEH MMETh HECKOJIbKO IP-aapecoB, MO 4YHCIIy CETEBBIX CBS3EH.
Taxum o6pazom, IP-anpec xapakTepusyeT HE OTACIbHBIH KOMIBIOTEP WIM MApIIPYTH3ATOP, a OTHO
CETEBOE COCINHEHHUE.

— CumBonbHBI  uaeHTU(UKaTOp-uMsA, Hampumep, SERVI1.IBM.COM. D3ror anpec
HA3HAYaeTCsl aJMUHUCTPATOPOM M COCTOUT W3 HECKOJIBKUX YacTel, HallpuMep, MMEHM MAIlUHBI,
MMEHHM OpraHu3ali, UMEHH JOMeHa. Takoil ajapec, Ha3bIBAEMBIH TAaKKE JTOMEHHBIM HMEHEM,
UCTOJIb3YyeTCs Ha MPUKJIAJHOM YPOBHE, Harpumep, B mpoTokonax FTP wiu telnet.

CumeonbHvle Oomennvle umena. CUMBOJIbHBIE HMeHA B [P-ceTsiX Ha3bIBalOTCA TOMEHHBIMHU U
CTPOSITCS IO UEpPAPXUUECKOMY ITpU3HaKY. COCTaBISAIONIME IOJHOTO CUMBOJIBHOIO UMeHU B IP-ceTsix
pa3eNA0TCS TOYKON U NEPEUNCIISIOTCS B CIEAYIOIIEM MOPSIKE: CHavajla MPOCTOE MMsI KOHEYHOTO
y3J1a, 3aTE€M UM$ IPYIIIbI Y3JI0B (HanmpuMmep, UMsi OpraHU3alyu ), 3aTeM UMsl 0oJiee KpyImHOM TPYIIIbI
(mommomeHa) W Tak 0 HMMEHH JOMEHAa CaMOro BBICOKOTO YpOBHsS (HampuMep, JIOMEHa
OOBECOUHSIONIET0 OpraHu3auMd 1o reorpadguueckomy npunuuny:RU - Poccus, UK -
Bemukobpurtanus, SU - CIIIA), IlpumepoB HTOMEHHOTO HMMEHH MOXET CIYXKHTh HMS
base2.sales.zil.ru. Mexxay nomeHHbIM nMeHeM U [P-agpecoM y3ma HET HUKAKOro alropuTMHYECKOTO
COOTBETCTBHS, MO3TOMY HEOOXOJUMO HCHOJIb30BaTh KAaKUE-TO JIOMOJHHUTEIbHBIE TaOIUIBl WU
CITy>KOBI, 4TOOBI y3€Nl CeTH OJHO3HAYHO OINpENessUICsS Kak MO JOMEHHOMY UMEHHM, Tak u 1o IP-
aapecy. B cersx TCP/IP ucmonw3yercsi crienuaibHas pacrpezesieHHas ciyx6a Domain Name
System (DNS), koropas ycTaHaBIMBaeT 3TO COOTBETCTBUE Ha OCHOBAaHHUM CO3/1aBa€MbIX
aJIMMUHHUCTpPATOpaMH CeTU Tabmul cOOTBETCTBHUS. [l0ATOMY JOMEHHBIE MMEHA Ha3bIBAIOT TaKkKe
DNS-umenamu,

Knacceor IP-aapecoB. [[ns opraHuszanuyd BCEMHUPHOW CETHM HY)KHA XOopouias CHCTeMa
azipecaliu, KoTopasi OyJeT HCHOJb30BAaThCSA Ui HANpaBieHUs HMH(GOpPMAIMM BCEM ajpecaraMm.
Coro3 Internet ycTaHoBuI IJia agpecalldd BceX y3i0B Internet enuHBIA CTaHIAPT, HA3bIBAEMbIN
anpecarmeit IP. Jlio6oit [P-agpec cocrour W3 ueTwlpex uMcen B HUHTepBasie oT 1 1o 254,
pazaeneHHbix ToukamMu. Huxe npusenen npumep [P-aapeca: 10.18.49.102. B cxemax [P-aapecanuu
TaK)XK€ MOT'YT MCHOJb30BaThCs uucia 0 u 255, HO OHU 3ape3epBUPOBaHbI JIs CIIELUAIbHBIX LIETIEH.
Yucno 255 ucnonb3yeTcs A HANpaBJICHUs edUTarpaMmbl BceM Komnbrotepam cetu [P. Yucno 0
UCTOJB3yeTcsl uIg Oojiee TOYHOTO yKa3zaHUs anpeca. [Ipeamonoxkum, 4To B NMPUBEICHHOM BBIIIE
npuMepe aapec CIyxuT st o6o3HadeHus y3ma 102 B cetu 10.18.49.102. B Takom ciydae aapec
10.18.49.0 6yner o603HauaTh TOIBKO ceTh, a 0.0.0.102 Gynetr 0003HaUaTh OAMH y3edl.

[P-agpec MOKHO MCIOJIB30BATH ISl IOCTPOEHUS KaK CETE C HECKOJIbKUMU Y3JIaMH, TaK U
ceTel, coliepKalluX MIUIHOHBI y3710B. [P-anpec umeer niuny 4 6aiita 1 0OBIYHO 3aHMCHIBACTCS B
BUJIE YEThIPEX YHCEJ, MPEICTaBISIIOINIMX 3HAuYeHUs Kaxioro Oaiita B JeciaTHUHON ¢dopMe u
pa3feneHHbIX Toukamu, Hampumep, 128.10.2.30 - TpagunuoHHas jgecATHYHas (Qopma
npeAcTaBieHus angpeca, a 10000000 00001010 00000010 00011110 - nBouuHas dopma
IIPEJICTaBIEHMSI 3TOTO K€ ajipeca.

AJnlpec COCTOMUT U3 ABYX JIOTUYECKUX YacTel - HOMEpa CETH M HOMepa y3ia B ceTh. Kakas
4acTb aJpeca OTHOCUTCS K HOMEpY CETH, a Kakas - K HOMEpY y3ja, OIpeleisieTcsd 3Hau4eHUsIMU
MEepBBIX OUT agpeca. 3HAYEHUS] ITUX OWUT SBIAIOTCS TaK)Ke MPU3HAKAMU TOTO, K KaKOMY K1accy
OTHOCHUTCA TOT uiu nHou [P-anpec.

Ha pucynke 1 mokasana ctpykrypa [P-agpeca pa3HbIX KJIacCOB.
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Pucynok 1 - Crpykrypa IP-agpeca

Ecnu anpec HaunHaercs ¢ 0, TO ceTb OTHOCAT K Kraccy A U HOMEp CETU 3aHUMAET OJIWH
0aiiT, octambHble 3 OaiiTa MHTEPIPETUPYIOTCA Kak HoMmep y3na B ceTtd. CeTw kiacca A MMEIOT
HoMepa B auamna3one ot 1 go 126. (Homep 0 He ucnonbiyercs, a Homep 127 3ape3epBUpOBaH A
cnenuanbHbIX 1eneit). Ceteil kmacca A HEMHOTO, 3aTO KOJIMYECTBO Y3JIOB B HUX MOJKET JOCTUTATh
2% to ects 16 777 216 y37I0B.

Ecnu nepBeie nBa Outa ampeca paBHbl 10, TO ceThb OTHOCUTCS K Kkiaccy B. B ceTsix kmacca
Briog HOmep ceT U ol HoMep y3lia OTBOAMTCS 1o 16 OuT, To ecTh mo 2 Oaiita. Takum oOpasom,
ceTh KTacca B SBISETCS CETBIO CPENHMX Pa3MEpOB C MAKCHMANBHBIM UHCIOM Y3710B 2'°, dTo
cocraBiseT 65 536 y3oB.

Ecnu aapec Haunnaetcs ¢ nocnenoBarenbHocTu 110, To 310 ceTh kracca C. B aTom cnydae
M0JlT HOMEp CeTH OTBoAUTCA 24 OuTa, a mojx Homep y3ia - 8§ Out. CeTu 3TOrO Kitacca Hambosee
pacnpoCTPaHEHbI, YUCIIO Y3JI0B B HUX OrpaHUYEeHO 28, TO eCTh 256 y3iamu.

Ecnu anpec HaunHaetcs ¢ nocinenosarenbHocT 1110, To oH sBasieTcs aapecoM xnacca D u
o0o3HavaeT 0coOBIi, TPYIIOBOM aapec - multicast. Ecnu B makere B kadecTBe aapeca Ha3HAYCHUS
yKaszaH ajpec Kiacca D, To Takoil akeT JOJKHBI [IOJIYyYUTh BCE Y3JIbl, KOTOPHIM IIPUCBOEH JAaHHBII
azpec.

Ecnu anpec nHaumnaetcst ¢ nocnenoBarenbHocTd 11110, To 3TO 3HAUUT, YTO JAHHBIN aapec
OTHOCHUTCS K k1accy E, Axpeca 3Toro kiiacca 3ape3epBUPOBaHBI ISl OYIyIIUX TPUMEHEHUH.

B Tabmune 1 mpuBeneHBl AMANMAa30HBI HOMEPOB CETEH M MaKCHMAaIbHOE YHCIIO Y3JIOB,
COOTBETCTBYIOIIUX KaXKJIOMY KJIacCy CeTeil.

Tabmuma 1- XapakTepuCTHKH apecoB pa3HOTo Kjacca

Kiacc [TepBbie Hanmenbmmit HawnGonpmmii MakcumanbHOE YHCIIO0
OUTHI HOMEDP CETHU HOMEDP CETHU Y3J10B B CETH
A 0 1.0.0.0 [ 126.0.0.0 2%
B 10 128.0.0.0 [ 191.255.0.0 21
C 110 192.0.1.0 | 223.255.255.0 2°
D 1110 224.0.0.0 | 239.255.255.255 Multicast
E 11110 240.0.0.0 | 247.255.255.255 3ape3epBUPOBaH

bosnpiine cetn mony4aroT agapeca kiacca A, cpeaHue - kiacca B, a manenbkue kiacca C.

Oco0bie IP-agpeca. B mportokone IP cymecTByeT HECKOJNBKO coriameHuii o0 ocoOoi
untepnperanuu [P-agpecos.

- Ecnu Becw IP-aspec cocTOUT TONBKO U3 IBOUYHBIX HYJIEH, TO OH 0003HAYAET aJpec TOro
y371a, KOTOpPBIA CrE€HEPUPOBAJ ATOT IAKET; ITOT PEXKUM HCIOJIb3YETCS TOJBKO B HEKOTOPBIX
coobmenusx ICMP.

- Ecnu B mone HoMEpa CETH CTOAT TOJIBKO HYJIH, TO IO YMOJTYAHUIO CUYUTAETCS, YTO Y3€ll
HAa3HAYCHMS NIPUHAJICKUT TOM KE CAMOM CETH, UTO U y3€JI, KOTOPBIA OTIPABUJI MTAKET.

145



- Ecnu Bce nBonunbie pa3psaasl [P-aapeca paBHbl 1, TO MakeT ¢ TAKUM aipecOM Ha3HAYCHUS
JIOJKEH PacChUIaThCsl BCEM Y3JIaM, HaXOISIIUMCS B TOM K€ CETH, YTO M MCTOUYHUK ITOrO MaKeTa.
Takass pacchlUlka Ha3bIBACTCS O2PAHUYEHHBIM — UWUpOKogeuamenvHviM.coobwenuem  (limited
broadcast).

- Ecnm B mose HoMepa y3ia Ha3HAYEHUs CTOAT TOJNBKO €IUHUIBI, TO IMAKET, UMEIOIIUN
TaKoM ajJpec, pacchbUIaeTCs BCEM Y3JlaM CETHU C 3aJaHHBIM HoMepoMm cetu. Hampumep, maker c
angpecom 192.190.21.255 nocraBnsierca BceM y3nam cetd 192.190.21.0. Takas pacchuika
HA3BIBACTCS wuUpoKoseujamenvHvim cooowenuem (broadcast).

[Tpu anpecannu HEOOXOAMMO YUUTHIBATh T€ OrPAaHUYECHHS, KOTOPbIE BHOCSTCS OCOOBIM
Ha3HaueHHeM HEKOTopbIX IP-anpecos. Tak, HM HOMEp CeTH, HU HOMEDP y3Jla HE MOXKET COCTOATH
TOJIBKO U3 OAHUX JIBOWYHBIX €JUHUL WIHM TOJIBKO U3 OJHUX JIBOWYHBIX Hysel. OTcroaa cieayer, 4To
MaKCHMaJbHOE KOJMYECTBO Y3JIOB, NMPHUBEACHHOE B Ta0NHIE UIsl ceTed KaXJoro Kiacca, Ha
MpaKkTUKE JOHKHO OBITh yMmMeHbIieHO Ha 2. Hampumep, B cersax kimacca C mox HoMep y3ia
OTBOJAUTCS § OHUT, KOTOPBIE MO3BOJISIOT 3a/1aBaTh 256 HoMepoB: oT 0 1o 255. OgHako Ha MPaKTUKE
MAaKCHMaJIbHOE YHCJIO Y3JIOB B ceTH kilacca C He MOKeT npeBblath 254, Tak kak aapeca 0 u 255
UMEIOT CliellhaibHOe Ha3HaueHue. M3 3Tux ke cooOpakeHWil clieyeT, YTO KOHEUYHBIH y3el He
MOYET UMETh azipec Tuma 98.255.255.255, nockoapKy HOMEP y3Jia B 3TOM aapece Kiiacca A COCTOUT
W3 OJJHUX JIBOMYHBIX €TUHULL.

Oco0p1ii cMmbIca uMeeT [P-anmpec, mepBeIil OKTET KOTOporo paBeH 127. OH UCTIOMB3YyeTCS IS
TECTUPOBAHUS MpOrpaMM M B3aMMOJEHCTBHS MPOIECCOB B Mpenenax oaHol MamuHbl. Korga
nmporpamma rnoceuiaet nanneie 1o [P-aapecy 127.0.0.1, To o6pa3yercs kak Obl «r1eTis». JlaHHbIC HE
MepeAaroTcs MO CETH, a BO3BPAIIAIOTCA MOAYJSM BEPXHErO0 YPOBHS, KaK TOJBKO YTO MPHUHSATHIE.
[Tosromy B IP-ceTn 3amnpemaercs npucBauBaTh MamuHaMm [P-anpeca, HaumHaronmecs co 127. Oror
aapec umeeT HaszBanue loopback. Moxuo otHecT aapec 127.0.0.0 ko BHYTpeHHEW ceTH MOy
MapuIpyTu3amnuu y3ia, a aapec 127.0.0.1 - k agpecy 3Toro Moaysisi Ha BHyTpeHHel cetd. Ha camom
nene o0oii agpec cetu 127.0.0.0 ciyxuT ans 0003HaUEHHSI CBOETO MOJYJIsI MapIIPYTH3AIMH, a HE
toapko 127.0.0.1, nanpumep 127.0.0.3.

B nporokone IP HeT MOHATHSA HMPOKOBEWIATEIBHOCTH B TOM CMBICIE, B KOTOPOM OHO
HCIIOJIb3YETCsl B MMPOTOKOJIAX KAHAIBHOTO YPOBHSI JIOKAJIBHBIX CETEH, KOr/la JaHHbIE TOJKHBI OBITh
JOCTaBJICHBI a0COMIOTHO BceM y3naM. Kak orpaHuueHHbIM mupokoBemaTenbHslii [P-agpec, Tak u
mMpoKoBemarenbHbii  [P-aapec wuMeroT mipenensl pacnpoCTpaHEHHs] B HMHTEPCETH - OHU
OTpaHUYEHBI JTUOO CEThIO, K KOTOPON MPUHAMICKHUT y3eN-UCTOYHHUK TaKeTa, JTMOO CeThI0, HOMEp
KOTOPOW yKa3aH B ajpece HazHadeHus. [loaTomy neneHue ceTu ¢ mOMOIIBI0 MapUIpyTU3aTOPOB HA
YacTH JIOKAJTU3YeT IIMPOKOBEIIATEIbHBIA IITOPM TpeAeiaMd OJHOW M3 COCTAaBJISIONIMX OOMIYIO
CeTh YacTel MPOCTO MOTOMY, YTO HET CIoco0a aJpecoBaTh NakeT OJHOBPEMEHHO BCEM y3JaM BCEX
CeTEeN COCTaBHOU CETH.

VYxe ynomuHapmasicsi popma rpymmnoBoro IP-aapeca - multicast - o3Ha4daer, 4To JaHHBIHA
MaKeT JIOJKEH OBITh IOCTAaBJIEH Cpa3y HECKOJIBKUM y3JaM, KOTOpbIe 00pa3yloT TPYIIY ¢ HOMEPOM,
yKa3aHHBIM B TOJIe aapeca. Y3Ibl caMd UACHTU(PHUIMPYIOT ce0sl, TO €CTh OMPEACIsoT, K KaKol U3
Ipynit OHA OTHOCATCA. OIMH M TOT K€ y3€]1 MOXKET BXOJHUTh B HECKOJIBKO Ipynn. YeHbl Kakou-
0o rpynmbsl multicast He 00s3aTeNbHO TOJIKHBI PUHAIEKATh OJHOM ceTH. B o0uiem ciyvae oHn
MOTYT pacHpeAesaTbCsl MO0 COBEPUIEHHO pPa3jJU4HbIM CETSAM, HAXOAAIMIMMCS IpPYyr OT Jpyra Ha
MIPOU3BOJILHOM KOJIMYECTBE XOMOB. ['pynmnoBoii ajipec HE ACNUTCS Ha MOJsi HOMEpa CeTH W y3Jia U
oOpabaThIBaeTCsl MapIIPyTH3ATOPOM OCOOBIM 00pa3OM.

OcHoBHOE HazHaueHue multicast-agpecoB - pacrnpocTpaHeHHe HH(GOPMAIMU IO CXEMe
«OJAMH-KO-MHOTUM». XOCT, KOTOPBI XOYeT MepeAaBaTh OAHY U Ty XK€ HH(QOpPMAIHI0 MHOTUM
aboHeHTaMm, ¢ momolIrkio crenuanbHoro nporokona IGMP (Internet Group Management Protocol)
COOOIIaeT O CO3/JaHUU B CETH HOBOW MYJIbTHBEIIATEIbHOW T'PYHIBI C ONPEACIECHHBIM aJIPECOM.
MampyTuzatopsl, HOJACPKUBAIOIINE MYJIbTHBEIIATEIILHOCTh, PACIPOCTPAHSIOT WH(OPMAIUIO O
CO3JJaHUM HOBOW TPYIIIBI B CETSAX, MOAKIIOYEHHBIX K IMOPTAM 3TOr0 MaplIpyTH3aTropa. XOCTHI,
KOTOpBIE XOTAT MPHUCOSANMHUTHCS K BHOBb CO3/1aBa€MOIl MYJIbTHUBEIIATENILHON TPyTIe, COOOMIIAIOT
00 3TOM CBOMM JIOKAaJbHBIM MapHIpyTH3aTOpaM M T€ IMepelaloT 3Ty HH(OpMalHio XOCTY,
WHULIMATOPY CO3[IaHUS HOBOM TPYIIIIHIL.

146



UYroObl MapHIpyTH3aTOpPhl MOTJIM aBTOMATHUYECKH pPACIpOCTPaHATh IAKEThl C aJpEecoM
multicast 1Mo cocTaBHOH ceTH, HEOOXOJMMO HCIOJb30BATh B KOHEYHBIX MAapIIPYTH3ATOPax
MOAUGUIIUPOBAHHBIE TMPOTOKOJIBI OOMEHAa MapHIpyTHOW HH(pOpMalMel, Takhe Kak, Harmpumep,
MOSPF (Multicast OSPF, ananor OSPF).

['pynnoBas agpecanus npegHa3HauyeHa Jsl SKOHOMUYHOTO pacnpoctpaHeHus B Internet nim
OONBIION KOPHOPATUBHOW CETH ayluO- MIM BHICONPOTpPaMM, MPEIHA3HAYEHHBIX cpa3y OOJBIION
ayIUTOpUM clymaTened wiau 3puteneid. Ecnm Takue cpeacTtBa HaWAyT IIMPOKOE NMPUMEHEHHUE
(ceffuac OHHM TPENCTABIAIOT B OCHOBHOM HEOOJIBIINE HKCIEPUMEHTAIbHBIE OCTPOBKUA B 0OIIEM
Internet), To Internet cMoXeT co3aaTh CEPbE3HYIO0 KOHKYPEHITUIO PAIio U TEJICBUICHUIO.

HUcnouas3oBanue Macok B IP-agpecanmn. TpamuuvonHas cxema nenenus IP-agpeca Ha
HOMEpP CETH M HOMEp y3Ja OCHOBaHA Ha IMOHATHM Kjacca, KOTOPBIA ONpeneseTcs 3HAYEHUSMHU
HECKOJIbKUX TepBbIX OUT aapeca. MIMeHHO mMOTOMy, 4TO TepBbIi OalT agpeca 185.23.44.206
nomnajaaer B nuanazoH 128-191, Mbl MOeM cKazaTh, YTO ITOT aJpec OTHOCUTCS K Kiaccy B, a
3HA4YUT, HOMEPOM CETH SIBJISIOTCA INEpBbIe J1Ba OaiiTa, TOMOJIHEHHBIC ABYMSI HYJIEBBIMH OaliTamu -
185.23.0.0, a Homepowm y31a - 0.0.44.206.

A 4YTO eciu HCIONB30BaTh KaKOW-THOO IPYyrol Mpu3HAK, C MOMOIIBIO KOTOPOTO MOXKHO
Obl10 OBl OOJiee TMOKO YCTaHABIMBATH TPAHUILy MEXAYy HOMEPOM CETH M HomepoM y3na? B
KAauecTBE TAKOI0 INpPU3HAKa celyac MOJIyYWJIM LIMPOKOE paclpoCTpaHEHUE Macku. Macka - 3TO
YHUCII0, KOTOPOE UCIONb3yeTcs B ape ¢ IP-agpecom; ABOMYHAS 3a1IMCh MACKU COIEPKUT €IHHUIIBI B
TeX paspsaax, KoTopble NOKHBI B [P-anpece mHTepnpeTupoBaThcsi Kak HoMep ceTu. Ilockonbky
HOMED CETH SIBJISETCS LIEJIBHOW YaCThIO aJlpeca, €JUHULBI B MAaCKE TAKK€ JOJDKHBI IPEICTABIATh
HENPEPBIBHYIO MTOCJIE0BATEIBHOCTD.

JInst cTaHIAapTHBIX KJIACCOB CETEN MAaCKU UMEIOT CIEAYIOIIHNE 3HAUCHUS:

-xmacc A - 11111111. 00000000. 00000000. 00000000 (255.0.0.0);

-xmacc B-11111111.11111111. 00000000. 00000000 (255.255.0.0);

-xmacc C-11111111.11111111.11111111.00000000 (255.255.255.0).

Cuabxas kaxapld [P-agpec Mackoil, MOKHO OTKa3aThCsl OT MOHATHHA KJIACCOB aJPECOB U
cnenare Ooznee ruOKoil cucremy azapecauuu. Hampumep, eciam paccMOTPEHHBIH BBIIIE aapec
185.23.44.206 accouumpoBath ¢ mMackoit 255.255.0.0, To Homepom cetu Oynmer 185.23.44.0, a He
185.23.0.0, xak 3TO onpeaeneHo CUCTEMOM KIIaCcCOB.

B mackax KOJIMYECTBO €IMHHUII B MOCIEAOBATEIBHOCTH, ONPENEIAIOIIECH IPaHUIly HOMepa
ceTd, He 00s3aTeNbHO JOJDKHO OBITH KPAaTHBIM 8, YTOOBI MOBTOPSTH AEJCHHE aapeca Ha OalThI.
[Tyctb, Hanpumep, s [P-anpeca 129.64.134.5 ykazana macka 255.255.128.0, To ecTb B ABOUYHOM
BUJIE!

IP-anpec 129.64.134.5 - 10000001. 01000000.10000110. 00000101

Macka 255.255.128.0 - 11111111.11111111.10000000. 00000000

Ecnn urHopupoBaTh MacKy, TO B COOTBETCTBMM C CHUCTEMOM KiaccoB aapec 129.64.134.5
OTHOCHUTCS K Kilaccy B, a 3HauMT, HOMEpPOM CeTH SBISAIOTCS mepBble 2 Oaiita - 129.64.0.0, a
HoMepoM y3ia - 0.0.134.5.

Ecnu ke wucnonb3oBaTh [JIs ONpPEAENICHUS TPaHMIbI HOMEpa CEeTH Macky, To 17
IIOCJIEI0BATENbHBIX €AMHULl B MAaCKe, «HAJIOKEHHbIE» Ha [P-aznpec, onpenessatoT B KauecTBE HOMeEpa
CETH B JBOMYHOM BBIPA)KEHUU YHCIIO:

10000001. 01000000. 10000000. 00000000 nnu B HEecATHUHON (PopMe 3arUCH - HOMEP CeTH
129.64.128.0, a Homep y3ia 0.0.6.5.

MexaHnu3M MacoK LIMPOKO pacmpocTpaHeH B IP-mapmpyrusanuu, npudeM Mackd MOTYT
WCIIONB30BAaThCS I CcaMbIX pasHblIX wHened. C  HMX [OMOIIBK  AJMUHUCTPATOP MOXKET
CTPYKTYpUPOBATh CBOIO CETh, HE TPeOYsl OT MOCTABIIMKA YCIYT JOMOJHUTEIHHBIX HOMEPOB CETEH.
Ha ocHoBe 3TOr0 ke MexaHu3Ma MOCTaBIIUKU YCIYT MOT'YT OOBEAMHSTH aJ[peCHbIC MPOCTPAHCTBA
HECKOJIbKUX CETell MyTeM BBEJCHUS TaK Ha3bIBAEMBIX «IIPE(UKCOBY» C IIENBI0 YMEHBIICHUS 00beMa
Ta0JINUIl MapIIPYTU3aLKU U TOBBIIICHUS 32 CYET STOTO MPOU3BOAUTEIHHOCTH MapIIPyTH3aTOPOB.

OTtoOpaxenne IP-agpecos Ha JokaabHbIe aapeca. [Iporokon ARP
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Hns orobpaxkenus IP-agpecoB B Ethernet ampeca ucmonbzyercs mpotokos ARP (Address
Resolution Protocol - anpecusiii mnpoTtokom). OroOpakeHHE BBIMOIHAETCS TOJBKO IS
ornpasiiieMblx [P-makeToB, Tak Kak TOJBKO B MOMEHT OTHPAaBKHM CO3JArOTCs 3arojoBku [P u
Ethernet.

ARP-tadimuna nisi nmpeodpa3oBanusi aapecoB.lIpeoOpa3oBaHue ampecoB BBITOTHSIETCS
myTeM moucka B Tabnume. Dta Tabnuia, Ha3piBaemas ARP-tabmureii, XpaHUTCS B MaMATH U
COJICPKUT CTPOKH JUTsl KaXKI0ro y3ia ceTu. B nmByx crombmax coxepkarcs IP- u Ethernet-aapeca.
Ecnmu  TtpebGyercsi mpeobpasoBare [P-ampec B Ethernet-ampec, To wmmercs 3amuch ¢
cootBeTcTBYyIOMMM [P-anpecom. Hmwke npuBenen npumep ynpomieHHo ARP-Tabmuiib.

[Mpunsto Bce Oaiftel 4-0alitHoro I[P-ampeca 3amuchiBaTh AECATUYHBIMU —UYUCIIAMU,
paszneneHHbIMU Toukamu. [Ipu 3ammcu 6-6aiitHoro Ethernet-aapeca xaapiii 0alT yka3bIBaeTCsl B
16-puyHOi cucTEME U OTAEIAETCS IBOETOYUEM.

Tabmuna 2 - [Ipumep ARP-taGmuibt

IP-anpec Ethernet-anpec

223.1.2.1 08:00:39:00:2F:C3
223.1.23 08:00:5A:21:A7:22
223.1.2.4 08:00:10:99:AC:54

ARP-tabnuma nHeobxomuma mortomy, uto IP-agpeca u Ethernet-ampeca BwiOMparoTcs
HE3aBHUCHUMO, M HET KaKOTo-IMOO ajropuTtMa I MpeoOpa3oBaHus OJHOTO B apyrou. IP-aapec
BBIOMpAaET MEHEKEp CETH C YYEeTOM TIOJOXKEHHsS MallMHbl B ceT internet. Eciam mammny
MepeMeNIaoT B IPYTYIO YacTh ceTH internet, To ee IP-aapec momken ObiTh M3MeHeH. Ethernet-aapec
BBIOMPAET MPOU3BOIAMUTENb CETEBOTO MHTEP(HEHCHOr0 000PYAOBaHMS U3 BBIICIEHHOTO JJISl HETO 110
JMLEH3UU aJpecHOro npocrpaHcTBa. Korga y MammHbl 3aMeHsSIETCs IJ1aTa CETEBOrO aianTtepa, TO
Mmensiercs u ee Ethernet-agpec.

IMopsinok npeodpa3oBanus aapecoB. B xome oObuHON pabOTHI ceTeBasi Mporpamma, Takas
kak TELNET, ormpaBnsier npukiagHoe cOOOIIEHHUE, MONb3YsACh TpaHCHOPTHbIMU yciyramu TCP.
Mopayns TCP mocbutaeT COOTBETCTBYIOIIEE TPaHCIOPTHOE coodmeHue depe3 moayias IP. B
pesyiabTare cocrapisiercs [P-maker, KOTOpBIN okeH ObITh nepenan apaiiBepy Ethernet. IP-anpec
MecTa Ha3HA4YeHUsl U3BECTEH MPUKIaJAHON mporpamme, Mmoayato TCP u momymio IP. Heobxoammo
Ha ero ocHoBe Haiitu Ethernet-agpec mecta HaszHauenus. s onpeneneHust uckomoro Ethernet-
aapeca ucrnonb3zyercss ARP-tabnuma.

3anpocel u otBeTH poTokona ARP. Kak xe 3anonmusercs ARP-rabnuna? Ona 3amonHsercs
aBromatudecku moayieM ARP, mo mepe nHeoOxomumoctu. Korjga ¢ momompro CyIiecTBYIOMIEH
ARP-Tabmuip! He ynaercs npeodpaszoBars [P-agpec, To mporcxoauT cieayroriee:

1) Ilo cetn nepenaercs mupokoseniarenbHblii ARP-3anpoc.

2) Ucxonsmuii [P-makeT cTaBUTCS B OYEpEeib.

Kaxnplii cereBoil amantep NpUHMMaeT LIMPOKOBEIIATEIbHBbIE INepenauu. Bce npaiiBepsl
Ethernet mposepsitor mone tuma B npuHsAToM Ethernet-xkaape m mepenator ARP-makeTsr Momyito
ARP. ARP-3anpoc MoxxHO MHTepnpeTrupoBath Tak: "Eciau Bam [P-anpec coBmagaer ¢ yka3aHHBIM,
TO coobmmTe MHe Bamn Ethernet-anpec". [Taker ARP-3anpoca BRIMISAUT MPUMEPHO TaK.

Ta6muma 3 - [lpumep ARP-3ampoca

[P-anpec ornpaBurens 223.1.2.1
Ethernet-anpec ornpasutens 08:00:39:00:2F:C3
Uckomerit [P-agpec 223.1.2.2

Uckowmsrit Ethernet-anpec  <mycro>

Kaxnapiii Mogyns ARP nposepsier nosie uckomoro IP-aapeca B monyuennom ARP-nakere u,
€CIT aJpec COBMAJaeT ¢ ero coocTBeHHbIM [P-anpecom, To moceutaer oTBeT mpsimo mo Ethernet-
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anpecy otnpasuTens 3amnpoca. ARP-oTBeT MoxkHO MHTEpnpeTrpoBath Tak: "Jla, ato Mol IP-anpec,
eMy cooTBeTcTBYyeT Takoii-To Ethernet-anpec". [laker ¢ ARP-0TBeTOM BBHITIISIAUT MPUMEPHO TaK.

Tabmuua 4 - ITpumep ARP-oTBeTa

IP-anpec ornpaBuTens 223.1.2.2
Ethernet-anpec ormpaButens 08:00:28:00:38:A9

Hckomeiit [P-anpec 223.1.2.1
Uckowmpiii Ethernet-anpec  08:00:39:00:2F:C3

OTOT OTBET NOJdy4yaeT MaunHa, caenasmas ARP-3anpoc. JlpaiiBep 3Toil MalIMHbI IPOBEPSAET
nosie Tuna B Ethernet-xkanpe u nepenaer ARP-maker moxymnio ARP. Monyns ARP ananmuzupyer
ARP-maket u nob6aBmnsiet 3anuch B cBor0 ARP-tabnuiy. OOHOBIEHHAs Ta0JIUIIA BBITIISAUT
CJIETYIOIIUM 00pa3oM.

Tabmuma 5 - ARP-tabnuma mocne o6paboTku oTBETa
IP-anpec | Ethernet-agpec

223.1.2.1 08:00:39:00:2F:C3
223.1.2.2 08:00:28:00:38:A9
223.1.2.3 08:00:5A:21:A7:22
223.1.2.4 08:00:10:99:AC:54

IIpononxenue mpeodpazoBanusi aapecoB.Homas 3amuce B ARP-tabnune mnosBisiercs
aBTOMATHUYECKH, CITYCTS] HECKOJbKO MHJIJIUCEKYH]I MOCe TOro, Kak oHa noTpeboBanack. Kak Bbl
MOMHHUTE, paHee Ha mmare 2 wucxoasmui [P-maker Obu1 mocTaBieH B odepenb. lemepp ¢
WCIIONb30BaHUEeM OOHOBIeHHON ARP-Tabmuimbl BeIonHSETCS mpeoOpazoBanue [Pagpeca B
Ethernet-anpec, mocne wuero Ethernet-kagp mnepemaercs mo ceru. [lonHOCTBIO TOPSIOK
peoOpa3oBaHus apecoB BBIMIAIUT TaK:

1) Ilo cetn nepenaercs mupokoseniareabHbiii ARP-3anpoc.

2) Ucxonsmuii [P-makeT cTaBUTCS B 0Yepeib.

3) Bosspamaercs ARP-oTBet, cogeprkamuii napopmanuio o coorserctBun IP- n Ethernet-
aapecoB. Jta nHdopmanus 3aHocutcs B ARP-tabmuiry.

4) dns npeoOpazoBanust [P-anmpeca B Ethernet-agpec y IP-makera, mocTaBieHHOTO B
ouepenp, ucrnoib3yercs ARP-tabuia.

5) Ethernet-kanp nepenaercs no cetu Ethernet.

Kopoue roBops, ecnu ¢ momompbio ARP-tabmumbl He ymaercs cpasy OCYIIECTBUTH
npeoOpa3zoBaHue apecoB, To IP-maker craBUTCS B ouepeh, a HEOOXoaUMas Il TpeoOpa3oBaHuUs
uH(pOpMaNKs MOTY4aeTcs ¢ MOMOIIBIO 3alIpOcoB U OTBETOB nporokoia ARP, mocne yero IP-maker
IepeaaeTcs o Ha3HAYCHMUIO.

Ecnu B cetn Her mamuHbl ¢ uckombiM [P-agpecom, To ARP-oTBera He Oynmer u He Oynmer
3anucu B ARP-ta6mune. [Iporokon IP Oyner ynuuroxats IP-makerbl, HampapisieMble 1O 3TOMY
anpecy. [IpoTokosibl BepXHEro ypoBHSI HE MOTYT OTIMYUTH Ciiydai moBpexaeHus cetu Ethernet ot
ciy4asi OTCYTCTBHUS MAIIMHBI C ICKOMBIM [P-anpecom.

Hekoropsie peanuzanuu IP 1 ARP He craBaT B ouepenp IP-nakeTsl Ha TO BpeMs, IOKa OHU
xayT ARP-orBeToB. BMecto sTOro IP-maker mpocTo YHMYTOXKAETCS, a €ro BOCCTAHOBJICHUE
Bo3imaraercss Ha Monyas TCP wumm mpuknamHod mpouecc, pabortaroumii uepes UDP. Takoe
BOCCTAHOBJICHUE BBINIOJIHAETCS C IOMOINBID TalMayTOB M NOBTOPHBIX nepenad. lloBropHas
nepeaaya COOOIICHUsI MPOXOAUT YCHEIIHO, TaK Kak IepBasi MONBITKA YK€ BbI3Bajla 3aIIOJHEHUE
ARP-Tabanpm!.

Crnenyer OTMETHTb, YTO KaKAas MallldHA MMeEeT OTAeiabHylo ARP-tabmuiy /s Kaxmoro
CBOETO CEeTeBOro UHTepdeiica.
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IP-mapmpyTu3anus

Monyns IP sBnsiercss 6a30BBIM JI€MEHTOM TEXHOJOTHH Internet, a meHTpaibHON yacThio [P
aBigeTcs ero tabnuma MapupyrtoB. [Ipotokon IP ucnonbiyer 3Ty Tabinuily Npu NPUHATHU BCEX
pemennii o wmapmpyruzanuu [P-makeroB. Copaepkanue TaONIMIBI MapuIIpyTOB OINpPEACISIEeTCS
aIMUHHUCTPATOPOM ceTH. OmMOKYU MpU yCTAaHOBKE MapLIPYTOB MOT'YT 3a0JIOKUPOBATh MEpeaayu.

UToOBl TMOHATH TEXHHWKY MEKCETEBOTO B3aMMOJCHCTBHS, HYXHO TOHATh TO, Kak
UCIONIb3yeTCsl  Tabnuia MapupyroB. OTO TOHHMMaHHE HEOOXOAMMO i YCIENIHOTO
aIMUHUCTPUPOBAHMS U COIIPOBOXIeHHU [P-cerelt.

IIpsimasa mapmpyTtusauus.Ha pucynke mokazana Hebomnbmas [P-cetb, cocrtosmas uz 3
mammmH: A, B u C. Kaxasiii cereBoit agantep 3tux mamuH umeeT cBoit Ethernet-anpec. Menemxkep
CEeTH JO0JDKEH MPUCBOMTH MAIlIMHAM YHUKalbHbIE [P-aapeca.

A B C

o

1] 1]

Ethernet 1
IP - cerk "development™
Mpocran IP- cerb

Pucynok 2 - [Ipocras IP-ceTh
Korga A noceutaer IP-maker B, To 3aronoBok IP-nakera coaep:xut B nmosie ornpaBurens [P-
aapec y3ma A, a 3aronoBok Ethernet-kampa conmepkutr B mone otmpaButens Ethernet-ampec A.
Kpome atoro, IP-3aromnoBok coaepxut B moJie noiydarens [P-aapec y3ma B, a Ethernet-3aronoBok

coziep kUt B osie moiy4varens Ethernet-anpec B.

Tabmuna 6 - Anpeca B Ethernet-kanpe, nepenaromem [P-maker ot A k B

Anpec Otnpasurens | [Tonyuarens
IP-3aroioBok A B
Ethernet-3aromnosox | A B

B stom mpoctom mnpumepe npotokos [P sBIfeTCs M3NMIIECTBOM, KOTOPOE MAJI0 YTO
nobaBnseT K ychmyram, mnpenocraBisieMbiM ceTbio Ethernet. Opnako mpotokon I[P TpeGyer
JONOJTHUTEIBHBIX PACXOA0B HA CO3/laHue, nepeaayy u oopadborky IP-3aronoska. Korjga B mammne
B Monyns IP nonyuaer IP-naker ot mamuHbl A, oH conoctasiser [P-agpec mecta Ha3HaueHuUs co
CBOMM, U €CJIM aipeca COBIIAJAIOT, TO IEpeacT JeuTarpaMmy IPOTOKOJIY BEPXHETO YPOBHH.

B nanHoM ciyuae npu B3anMoaencTsuu A ¢ B ucnonb3yercs npsimas MapLpyTH3aLus.
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KocBennas mapumpyrusanusi.Ha pucynke npezcrabieHa Oolsiee peanucTHUYHAs KapTHHA
cetu Internet. B nannom ciydae cetb Internet cocrout u3 Tpex cereil Ethernet, Ha 6a3e KOTOpPBIX
paboraroT Tpu IP-cetn, oObenuHeHHBIC MUTI030M D. Kaxkgas [P-ceTh BKIIIOYAeT YeThIpe MAaIlMHbI,
KaK7as MamuHa uMeeT cBou cooctBernbie [P- u Ethernet agpeca.

n
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Pucynok 3 - Cers Internet, cocrosmas u3 tpex IP-cereit

[Ilmo3 D coenuusieT Bce TpU ceTH U, ciefoBaTenbHo, uMmeeT Tpu IP-anpeca u tpu Ethernet-
aapeca. Mammna D umeet tpu moayns ARP u tpu npaiiBepa Ethernet. O6parum BHUMaHUE Ha TO,
yTo MammHa D umeer Tonbko oquH Moayiib IP.

Menemxep ceTu nmpucBanBaeT Kaxaon cetu Ethernet yHukanbHbI HOMEp, Ha3biBaeMbIil [P-
HomepoM cetu. Ha pucynke 15 [P-Homepa He moKa3aHbl, BMECTO HUX UCIIOJIB3YIOTCS UMEHA CETEH.

Korpa mammua A noceutaer [P-naker Mammnae B, To mporecc nepenaun UaeT B mpeneiax
onHoil cetu. IIpu Bcex B3aMMOJEHUCTBUSIX MEXAY MAlIMHAMH, NOAKIOUYEHHbIMU K oaHOU [P-ceTn,
UCIOJIb3YETCs MpsMasi MaplIpyTU3alus, o0CyKaaBiasics B peAbLAYyIIEM IpUMepe.

Korpa mamuna D B3aumoneicTByeT ¢ MamimHo A, To 3To npsimoe B3aumojiericteue. Korna
MammHa D B3aumoneicTByeT ¢ mamuHoON E, To 3T0 mpsimoe B3aummoaeiictBue. Korga mammua D
B3auMOJeicTByeT ¢ MamnMHOW H, To 3T0 mpsimoe B3auMopelcTBHE. DTO Tak, MOCKOJIBbKY KaKaas
rapa 3TUX MAIIUH TPUHAIIEKUT oaHou [P-ceTn.

Opnako korja MamuHa A B3aMMOJEHCTBYET C MalllMHAMH, BKJIKOYEHHBIMH B Jpyrywoo IP-
CEeTh, TO B3aUMOJICHCTBUE YK€ HEe OyneT mpsamMbiM. MammmHa A JoJKHA MCTOIB30BaTh NUTI03 D s
perpancisinuu [P-nakeros B npyryro IP-cets. Takoe B3anMozeiicTBHe Ha3bIBA€TCs "KOCBEHHBIM .

Mapuipyruzanust [P-naketoB BbeImosHsieTcss MoayiasiMa [P u sBisercss mpo3padyHoil 1Jist
monyseid TCP, UDP u npukiagHeIX IpoLECcCOB.

Ecnmu mammnaa A mocwsutaetr mamuue E IP-maker, To IP-anpec u Ethernet-aapec otnpaButens
COOTBETCTBYIOT anapecaMm A. I[P-ampec mecra HazHaueHUs sBISETCs ajgpecoM E, HO IOCKOIBKY

moxayas IP B A moceutaer IP-maker uepes D, Ethernet-agpec mecra Ha3HauEHUS SBISIETCS aIPECOM
D.

Tabmuua 7 - Anpeca B Ethernet-xanpe, conepxamem [P-naker ot A x E (1o nutosa D).

Anpec Otnpasurens [lomyuarens
IP-3aromnoBok A E
Ethernet-3aronoBok A D

Mopayne IP B mamumue D nonyuaer [P-naker u mpoBepsier IP-agpec mecta Ha3zHa4yeHUA.
Omnpenenus, uto 3710 HE ero IP-aapec, nuro3 D noceutaer stot IP-naker npsimo k E.

Tabmuua 8 - Anpeca B Ethernet-xanpe, conepxaiem [P-naker ot A x E (nmocne nutio3 D)
Anpec Otnpasurens I[lomyuarens

IP-3aromoBok A E
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Ethernet-3aronoBok D E

Wrak, mpu mpsimoit mapmpytuzanuu IP- u Ethernet-anpeca oTmpaBuTensi COOTBETCTBYIOT
azpecaM Toro ysna, koropelii mocman I[P-maker, a IP- u Ethernet-anpeca mecta Ha3zHaueHUs
COOTBETCTBYIOT aapecam moiydarens. [Ipu kocBenHo# mapmpyru3anuu [P- u Ethernet-anpeca ne
00pa3yloT TakuXx Iap.

B nmanHOM mpumepe ceTh internet siBIsSeTCS OYeHb MPOCTOW. PeanbHble ceTH MOTyT OBITh
ropaszio CIIOKHEE, TaK KaK MOTYT COJEpXKaTh HECKOJIBKO IUTI030B M HECKOJBKO THIIOB (PU3UYECKHUX
cpen nepenaun. B nmpueneHHOM mpuMepe Heckoibko ceTeit Ethernet oObeMHSIOTCS TUTFO30M 11715t
TOT0, 4YTOOBI JIOKAJIM30BATh IINPOKOBEIIATEIbHBIN TpaQUK B KOXKION CETH.

IpaBuiaa wmapmpyruzanuu B wmoaytae IP.Paccmorpum mnpaBuia WM alroputM
Mapupyruzauuu. s otnpasisieMblx [P-rakeToB, MOCTymaromux OT MOAYJIEH BEPXHErO YpOBH,
Moayab IP moimkeH ompenenuTs croco0 TOCTaBKH - MPSIMOM MM KOCBEHHBIN - M BBIOpaTh CETEBOM
uHTepdeiic. ITOT BBIOOP JenaeTcss HA OCHOBAHUU PE3YJIbTaTOB MOMCKA B TAOIUIE MAPIIPYTOB.

Jns mpuHuMaembix [P-makeToB, MOCTynaMIMX OT CETEBBIX ApailBEpoB, MoayJb IP momxen
peLInTh, HY)KHO JIM peTpaHCaupoBarh [P-mmaker mo Apyroy ceTtu WM nepenarb ero Ha BEpXHUHU
ypoBeHb. Ecim Mmoayne IP pemmr, uro IP-maker momkeH ObITh pEeTpaHCIUPOBAH, TO JadbHEHIIas
paboTa ¢ HUM OCYIIECTBIISICTCS TaKXkKe, Kak ¢ OTHpaBisieMbiMu [P-makeramu.

Bxogsmuit [P-makeT HUKOTa HE peTpaHCIUPYETCs Yepe3 TOT JKe ceTeBor nHTepdeiic, uepes
KOTOPBIN OH OB PUHSIT.

Pemienne o mapuipyTuszanuu MPUHUMAETCA 10 TOro, kak IP-makeTr mepemaercsi ceTeBOMY
npaiiBepy, U 10 TOro, Kak MpoucxoauT oopaienne k ARP-rabnuie.

IP-radauuna mapupyroB.Kak Momyns [P y3HaeT, kakoili MMEHHO ceTeBOW uWHTepderc
HYXKHO MCIIOJIb30BaTh JJs oTnpasieHus [P-makera? Monyns [P ocymiecTisier mouck B Tabiuie
MapuipytoB. Kitogyom moucka ciayxkut Homep I[P-cetu, BwimeneHsnwlii u3 [P-ampeca wmecta
HaszHaueHus [P-nakera.

Tabmuia MapuIpyToB COACPKUT MO OJHOM CTPOKE I Kakaoro mapuipyra. OCHOBHBIMHU
cronOramMu TaOMUIBl MapUIPyTOB SBISAIOTCS HOMEp CeTH, ¢uar npsMOW WM KOCBEHHOH
MapmpyTusanuu, [P-anpec mumo3a u HoMep cereBoro mHTepdeiica. DTta TabIUIa MCTOIB3YETCs
moayneMm IP ipu o6paboTke kaxaoro ormpasisiemoro [P-makera.

B GonbmmHCTBE cucTeM TalauIa MapIIPyTOB MOXKET ObITh U3MEHEHA C MOMOIIbI0 KOMaH/Ibl
"route". CopnepxaHue TaOJUIBI MAapIIPYTOB OMpPEIENsAeTCS MEHEIKEPOM CEeTH, ITOCKOJIBKY
MEHEKEp CeTH MpucBanBaeT MamrHaM [P-anpeca.

IMoapo6HocTH npsiMoii MmapmpyTu3auuu. PaccMorpum 6ornee moapoOHO, Kak MTPOUCXOIHUT
MapHIpyTHU3aLKs B OJTHON (PU3UIECKOM CETH.

alpha heta
223.1.21 2231.22
1 1

1] 1]

Ethernet 1

IP-cerb "development™
22312

Pucynok 4 - OnHa ¢pusndeckas ceTb

Tabnuua mapupyToB B y3ie alpha BBITISINT Tak.

Tabmuua 9 - [Ipumep TabIUIBI MAPIIPYTOB

®nar Buga Homep
Cerb JI103 .
MapIIpyTH3AIHH uHTepderica
development npsiMast <mycro> 1

152



B nanHOM mpocToM mpumepe Bce y3ibl CETH UMEIOT OJMHAKOBBIE TaOIULIbI MapIIPyTOB. Jliist
CpaBHEHHUS HUXKE MPEACTABIICHA Ta ke Ta0JIMIla, HO BMECTO Ha3BaHUS CETH yKa3aH ee HOMeEp.

Ta6muua 10 - IIpumep Tabau1Ibl MapIIPYTOB C HOMEPAMH CeTeH

®nar Buaa Homep
Cetb JII03 N
MapHIpyTHU3aIH uHTepderica
223.1.2 npsiMas <mycro> 1

IMopsinox npsiMmoii MapmpyTu3anmu. Y3en alpha moceutaer IP-maker y3my beta. Ortor
nmakeT HaxoauTcs B monayie IP y3ma alpha, u [P-agpec mecra Haznauenusi paBeH [P-aapecy beta
(223.1.2.2). Monyns I[P ¢ momompio Macku MOJACETH BbLAEsieT HOMep ceTu u3 [P-anpeca u uier
COOTBETCTBYIOIIYIO €My CTPOKY B Tabiuie MapiipyToB. B naHHOM ciiydyae MOAXOIUT MepBast
CTpOKa.

OcranpHas uHOpMAIMs B HANJACHHOW CTPOKE YKa3bIBAaET HA TO, YTO MAIIWHBI 3TOM CETH
JOCTYIHBI HampsiMyto depe3 uHTepdeiric Homep 1. C momompbio ARP-ta0nuibl BBITONHSETCS
npeoOpazoBanue [P-aapeca B coorBercTBytonuii Ethernet-anpec, u uepes unrepdetic 1 Ethernet-
KaJIp TOChIIaeTcs y3my beta.

Ecnun mpuknaanas mporpaMma NbITaeTCA MochaaTth AaHHble no [P-aapecy, KoTopelii He
npuHaexxuT cetd development, To Moy IP He cMOXKeT HaWTH COOTBETCTBYIOIIYIO 3allHCh B
Tabnuie MapmpyToB. B atom ciaydae moaynb IP orOpaceiBaer IP-maker. HekoTtopsie peanuzarum
MIPOTOKOJIAa BO3BpaLIaioT cooduienne o6 ommoke "Cerb He qocTynHa'.

IloapoOHOCTH KOCBEeHHOW MapumpyTu3anuu.Tenepsr paccMoTpuM 0Oosee  CIOKHBIN
nopsA0K Mapiipytusanun B [P-cetu, n3obpaxenHoi Ha pucyHke 17.

Tabmumia mapuipyToB B y3ie alpha BRITJISIINT Taxk.

Ta6muma 11 - Tabnuma mapuipyToB B y3ie alpha

®nar Buga Howmep
Cetb 103 .
MapuIpyTHU3aLHI uHTepdeiica
development npsiMast <mycTo> 1
accounting KocBeHHasi  devnetrouter 1
factory KOCBEHHast devnetrouter 1
defta
2231724
alpha 223.1.4.1 epsilon
223.1.21 223.1.31 2231.3.2
1 12 3 1
i) 0- —L L]
Ethernet 1 Ethernet 2
IP-cern “development” IP-ceTk "accounting™
293.1.2 i 22313
- iota
223.1.4.2
1
0
 Ethernet 3
IP-cerw “factory™
22314

Pucynok 5 - TlogpoOHast cxema Tpex cereit

Ta xe Tabnuma ¢ [P-agpecamu BMeCTO Ha3BaHUM.

Tabnuua 12 - Tabnuna mapupyToB B y3ie alpha (c Homepamn)

153



®nar Buga Howmep

Cere MapHIpyTU3aIH 103 uHTepderica
223.1.2 npsimMast <Imycro> 1
223.1.3 KocBeHHass | 223.1.2.4 1
223.1.4  KocBeHHas 223.1.2.4 1

B cronbue "mumo3" Tabmumiel mapmipyToB y3na alpha ykaseiBaercs IP-ampec Toukm
coenuHeHus ysia delta ¢ cerpio development.

IMopsinok kKocBeHHOI MapmpyTu3anuu.yYsen alpha nmoceutaer IP-maker y3my epsilon. Otot
nakeT Haxoautcs B moxayne IP y3ma alpha, u IP-agpec mecra nHasnauenust paseH IP-anmpecy ysna
epsilon (223.1.3.2). Moayne IP Bwimensier cereBoit Homep u3 [P-aapeca (223.1.3) m wumer
COOTBETCTBYIOILIYI0O €My CTpPOKY B Tabmuie MapumpyToB. COOTBETCTBHE HAXOAMTCS BO BTOPOH
CTpOKE.

3anmuch B 3TOH CTPOKE yKa3bIBae€T Ha TO, YTO MAIIMHBI TpeOyeMOH CeTH JOCTYIHBI uepes3
nutro3 devnetrouter. Moayns [P B y3me alpha ocymectiser mouck B ARP-Tabmumie, ¢ momoisto
koToporo omnpenenser Ethernet-anpec, coorsercTByromuii [IP-anpecy devnetrouter. 3arem [P-maker,
conepxkammii [P-agpec mecta HazHadeHus epsilon, moceutaeTcs uepe3 uHTepdeiic 1 numosy
devnetrouter.

IP-naker mpuHUMaeTcs ceTeBbIM HHTepdericom B y3ne delta m mepemaercs momynio IP.
IIposepsiercs IP-ampec mecra HasHa4yeHUs, W, IIOCKOJIBKY OH HE COOTBETCTBYET HU OJHOMY U3
cobctBeHHbIx [P-agpecos delta, mutto3 permaer perpancinupoBath [P-naker. Moayns IP B y3ne delta
BbIIeNAeT ceTeBoi Homep u3 [P-aapeca wmecra HasHauenus I[P-makera (223.1.3) u wumer
COOTBETCTBYIOIIYIO 3alUCh B Tabiuile MapmpyToB. Tabmuiia MapuipyroB B y3ie delta BeITIAIUAT
TaxK.

Ta6muma 13 - Tabnmia mapipyToB B y3ie delta

®dunar BUaa Homep
Certp 103 o
MapupyTu3anuu uHTEperica
development npsiMast <mycTo> 1
accounting npsimMast <mycTo> 2
factory npsijast <mmycro> 3

Ta xe Tabnumna c [P-agpecamu BMeCcTO Ha3BaHUM.

Tabmuma 14 - Tabmuma mapiipyToB B y3ie delta (c Homepamn)

®nar Buga Howmep
Certp 3 o
MapILIpyTHU3alun uHTepdeiica
223.1.2 npsamast <mycTo> 1
223.1.3 npsmast <mycTo> 2
223.1.4 psimMast <mycro> 3

CooTBeTCTBHE HAXOAUTCA BO BTOpOil cTpoke. Teneps monyns IP Hanpsimyro nmoceuiaet IP-
nakeT y3nmy epsilon yepe3 mnTepdeiic Homep 2. Ilaker comepxkut IP- u Ethernet-anpeca mecra
Ha3HA4YCeHHS paBHBIC epsilon.

V3en epsilon mpunumaer I[P-naker, m ero moayne IP mposepser IP-ampec mecra
Ha3HaueHuss. OH cooTtBercTBYeT IP-ampecy epsilon, mostomy coxepxareecs B IP-makere
cooOIIeHne MepeaeTcs MPOTOKOIBHOMY MOAYIIIO BEPXHETO YPOBHSI.

®opmar 3arosnoska IP-geiirarpammel
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IP-nefitarpaMmma COCTOMT U3 3arojIOBKA U JaHHBIX. 3ar0JIOBOK J€HTarpaMMbl COCTOUT U3 32-
pa3psAIHBIX CIOB M UMEET MIEPEMEHHYIO JUTHHY, 3aBUCAIIYIO OT pa3mepa noisa “Options”, HO Bceraa
KpaTHyto 32 Ourtam. 3a 3arojOBKOM HEIMOCPEICTBEHHO CIEAYIOT JaHHbIe, IepelaBaeMble B

nerTarpaMMe (PUCYHOK 6). Pucynox 6 - ®opmar 3aronoska IP-geiitarpamMmpl
0 7 is 23| 31
Ver THL TO3 Total ~ Length
1D Flags Fragment Offset
TTL Praotocol Header Chedssum

Source  Address

Destination  Address

Cptions Padding

3Ha4YeHUsl MOJIEH 3aroJIOBKa CIAEAYIOIINE.

Ver (4 6ura) - Bepcus nporokoia IP, B HacTOSAMMIA MOMEHT UCTIONb3yeTCs BepcHsi 4, HOBbIE
pa3pabOTKH UMEIOT HOMepa Bepcuit 6-8.

IHL (Internet Header Length) (4 Ourta) - qmmuHa 3aroiioBka B 32-OMTHBIX CIIOBAX;
JMAana3oH JIONMYCTUMBIX 3HAaYeHUW OT S5 (MUHUMalbHas JMHA 3arojoBka, moje “Options”
oTCyTCTBYET) 110 15 (T.e. MOKeT ObITh MakcuMyM 40 OallT onmuit).

TOS (Type Of Service) (8 6uT) - 3HaUEHNE TIOJISI ONIPEACIACT MPUOPUTET AEHTArPaMMbl U
enmaeMblil Tun Mapipytuzanun. Ctpykrypa 6aiita TOS npencraBineHa Ha pucyHke 7.

o 23 7

Type Of Service
Precedence D T R C

Pucynok 7 - Ctpykrypa Oaiita TOS

Tpu wmmagmmx Outa (“Precedence”) ompenmensitor mnpuoputeT neiirarpammsi: 111 -
ynpasieHue cetbio, 110 - mexcereBoe ympasienue, 101 - CRITIC-ECP, 100 - Gomee yem
MraHoBeHHO, 011 — mraoBenHo, 010 — Hememenno, 001 — cpouno, 000 — 0OBIYHO.

buter D,T,R,C onpeaenstor xeaeMblii TUII MapuIpyTU3ALNU:

— D (Delay) - BeiOop MapiipyTa ¢ MUHUMAaJIbHON 33/1€PIKKOH,

— T (Throughput) - BEI60p MapuipyTa ¢ MaKCUMaJIbHOM MPOMYCKHOM CIIOCOOHOCTHIO,

R (Reliability) - Be160p MapipyTa ¢ MAKCUMaJIbHOM HAZEKHOCTBIO,

— C (Cost) - BEIOOp MapHIpyTa ¢ MUHUMAJIBHOW CTOUMOCTBIO.

B neittarpamMe mMokeT ObITh ycTaHOBJIEH TOJBKO oawH u3 outoB D,T,R,C. Crapmmii 6ut
0aiiTa HE MCIOIh3YETCH.

PeanpHbIN ydeT MpUOPUTETOB W BBHIOOpA MapiIpyTa B COOTBETCTBHH CO 3HAUYCHHMEM OaiTa
TOS 3aBucHT OT MapIIpyTU3aTOPa, €ro MPOrpaMMHOro obecneueHust 1 HacTpoeK. Mapiipytuzarop
MOKET MOJJEP>KUBATh pacyeT MapHIpyTOB Juis Bcex TUMoB TOS, Ayig 4acTU WM UTHOPUPOBATH
TOS BooOme. MapuipyTu3aTop MOXKET YYUTHIBaTh 3HAUEHUE MPUOpPUTETA NMpH 00pabOTKE BCEX
neitarpaMM Wi npu o0OpaboTKe JedTarpamm, UCXOSIIUX TOJBKO U3 HEKOTOPOIrO OrpaHUYEHHOIO
MHOYKECTBA y3JIOB CETH, UM BOBCE UTHOPUPOBATH IPUOPHUTET.

Total Length (16 Our) - nuuHA Bced AeWTarpaMMbl B OKTETaX, BKJIIOYAs 3arojlOBOK M
JaHHbIC, MAaKCUMAaJIbHOE 3HaUeHHE 65535, MuHuManbpHOE - 21 (3aroyioBok 0€3 OINMIMKA U OJUH OKTET
B I10JI€ TaHHBIX).
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ID (Identification) (16 6uT), Flags (3 6uta), Fragment Offset (13 OuT) ncronp3yroTcs s
¢dparMeHTanu U cCOOpKU AeUTarpamM.

TTL (Time To Live) (8 Our) - “BpeMs >Xu3HW~ JeHTarpaMMmbl. Y CTaHaBIIMBACTCS
OTIIPaBUTEJIEM, H3MeEpsETCS B CeKyHJax. Kaknaplil MaplipyTu3aTop, 4epe3 KOTOpBIH INPOXOAUT
nentarpaMma, nepenucbiBaeT 3HaueHue TTL, mpenBapuTeabHO BBIUTS U3 HETO BPEMs, TIOTPAYEHHOE
Ha 00paboTKy aedTarpamMMbl. Tak Kak B HAacTOsIIEe BpeMsl CKOPOCTh OOpaOOTKM JaHHBIX Ha
MapIIpyTU3aTOpax BEJUKa, Ha OJHY JledTarpaMmy TPaTUTCS OOBIYHO MEHbIIE CEKYHJIbI, TO3TOMY
(dakTHueckn Kaxaplii Mapuipytuzarop BeruutaeT u3 TTL emunumy. IIpu moctmxeHun 3HaUYeHUS
TTL=0 peititarpaMMa yHHYTOXAETCS, NPH OSTOM OTIPABHUTEIIO MOXKET OBITH IOCIAHO
coorBercTBytomee ICMP-coobmenune. Koutpons TTL  mpemoTBpammaer — 3alMKiIMBaHUE
JedTarpaMMbl B CETH.

Protocol (8 Our) - ompexaenser mporpammy (BBIIMIECTOSIIIUNA MPOTOKON CTEKa), KOTOPOU
JOJDKHBI OBITH TIEPEIaHbl JaHHBIC JIeHTarpaMMbl TS TalibHeHIeld 00paboTKH.

Header Checksum (16 6ut) - KOHTpONIbHAsI CyMMa 3arojioBKa, MpeacTaBiseT u3 ceds 16
OUT, NOMOJHSIOUIME OUTHI B CyMMe BceX 16-OMTOBBIX CJIOB 3arosioBka. llepen BbrumcieHuem
KOHTpONbHOH cymMmbl 3HaueHue mong “Header Checksum” oOnymnserca. Ilockonbky
MapUIpyTU3aTOPbl U3MEHSIOT 3HAUE€HHUsI HEKOTOPBIX MOJIEH 3arojoBKa Mpu 00paboTKe IeidTarpaMmbl
(xak MuHUMYM, 1o “TTL”), KOHTpoOJIbHAs CyMMa Ka)kKIbIM MapIIpyTH3aTOPOM MEPECUUTHIBAETCS
3aHOBO. Ecim mpu mpoBepke KOHTPOJBbHOHW CYMMBI OOHApyKHMBAaeTCsl OIMOKa, AeHTarpamMma
YHHYTOXKAETCS.

Source Address (32 6uta) - [P-anpec ornpaButensi.

Destination Address (32 6ura) - [P-anpecnonyqarens.

Options - onuy, moje nepeMeHHon JIMHBL. O MOXKET ObITh OJHA, HECKOJIBKO WIIM HU
onHoW. ONIMu OmpenessitoT TOMOJIHUTENbHBIE yeiayru Moayns IP mo o6paboTke aeltarpammbl, B
3arojIOBOK KOTOPOW OHM BKIJIIOUEHBI.

Padding - BeIpaBHHMBaHKE 3aroJioBKa MO TpaHuile 32-OMTHOTO CJIOBA, €CIM CHUCOK OIIIUN
3aHUMAaET Herenoe 9yucio 32-6uTtHeIX cioB. [Tone “Padding” 3anmonHsieTcss HyaIsIMH.

IIporokoa ICMP

[Ipotokon ICMP(Internet Control Message Protocol, IlpoTokon VYmpapusiommx
Coo0Omennii IHTepHET) BHIMOIHSACT CACAYIONMINE 3a/1a49H:

- COO0IIaeT y3JIy-HCTOYHHUKY 00 0TKa3ax MapIIpyTH3AIUH;

- TMpoBEpsieT CIOCOOHOCTH Y3JI0OB OOpa30oBHIBATH MOBTOPHOE 3XO B OOBEAMHEHHOM CETH
(coobmenus Echo u ReplyICMP);

- crumyaupyer Oosiee S(PGEKTHBHYIO MapIIpyTH3AHU0 (C MOMOIIBIO COOO0MICHUI
RedirectICMP - nepeanpecarun ICMP);

- uHbOpMHpYET y3eI-UCTOYHHUK O TOM, UYTO HEKOTopas JAeWTarpaMma MpeBHICHIIA
Ha3HaYeHHOe €W  BpeMsl CYIIeCTBOBaHMS B  IpeAenax JaHHOW ceT  (cooOlieHue
TimeExceededICMP - "Bpems mipeBsiiieHO");

- oOecrieynBaeT [JJIs HOBBIX Y3JIOB BO3MOXXHOCTh HAXOXJIEHUS MaCKH IOJCETH,
UCIIOJIb3YeMOi B 00bEIMHEHHON CETH B JAHHBI MOMEHT.

[Iporokon ICMP sBnsiercst HeoTheMieMoi yacTbio [IP-monyns. On obecrieunBaeT oOpaTHYIO
CBSI3b B BHJIC JMATHOCTHYECKHUX COOOIIEHUH, MOCHUIAEMBIX OTIPABUTENIO MPH HEBO3MOXKHOCTH
JIOCTaBKH €ro JeiTarpaMMbl U B IPYTUX CIydasx.

ICMP-coobuieHnst He TOPOXKIAIOTCS TPU HEBO3MOKHOCTH JOCTABKU:

— neirarpamm, conepxammux ICMP-coobmenus;

— HE MEepBBIX PParMEeHTOB JehTarpamm;

— JedTarpamMM,  HampaBlIEHHBIX [0  TPYONOBOMY  ajapecy  (IIMPOKOBEUIaHUE,
MYJIbTUKACTHHT);

— JedTarpaMM, aJpec OTIPaBUTEISl KOTOPBIX HyJeBoWl wiau rpymnmnoBoil. Bece ICMP-
coobmieHust umeroT [P-3aronoBok, 3nauenue noius “Protocol” paBuo 1.

Hannsie aeiirarpamMmmbl ¢ ICMP-coo01iearemM He TepenalTcs BBEPX MO CTEKY MPOTOKOJIOB
U1t 00paboTkH, a oOpadaTeiBatoTcs [P-mMogynem.
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[Tocne IP-3aromoBka ciemyer 32-06utHoe cinoBo ¢ nmoismu “Tun”, “Kox” u “KonTponbpHas
cymma”. Ilons tuma m koma ompernensitor coaepxkanue ICMP-cooOmenus. dopmaT octambHON
4acTH JelTarpaMMbl 3aBUCUT OT BUJA COOOIICHHUS.

KontponbHast cymma cuurtaercs Tak ke, Kak W B [P-3arosoBke, HO B 3TOM ciyyae
cymmupyercs coaepkumoe ICMP-coobmenust, Bxatouast mostst “Tum” u “Kox”.

IIporokou neiitarpamm nojin3oarenst UDP

IIporokon UDP (User Datagram Protocol, mpoTokon NOJIb30BAaTENbCKUX JAEHTarpaMm)
HCIIOJIb3YEeTCs B TE€X CiIydasX, KOTJia MOLIHbIE Cpe/icTBa obecreueHus HajexkHoCcTH npoTokoia TCP
He TpeOytorcs. IIpotokon UDP obecneunmBaeT HEHaAEXHYIO OCTaBKy JAeWTarpaMM M HeE
MOJ/IEPKUBAET COCIMHEHUM U3 KOoHIAa B KoHel. K 3aronoBky IP-makera oH moGaBisieT nBa mouis,
OHO W3 KOTOpBIX, moje "moprt", obecreuyrnBaeT MYJIbTUIUIEKCUPOBAHUE HH(OpPMAIIUM MEXIy
pa3HbIMU MPUKIAIHBIMA TPOIECCAMH, a JIPyroe MmoJjie - "KOHTpoJbHasg cymma' - MO3BOJIAET
MOAICPAKUBATH LIETOCTHOCTD NaHHbIX. Peanuzaruss UDP namuoro npomie, yem TCP.

[Iporokon UDP wucnosnb3yercss aub0 TpU TEPEChUIKE KOPOTKUX COOOIIECHUM, KOTIa
HaKJIaJHbIE pacxoAbl Ha YCTAHOBJIEHHME CEaHCA M IPOBEPKY YCIEHUIHOW JOCTaBKU JaHHBIX
OKa3bIBAIOTCS BBIIIE PACXOJ0B HA TIOBTOPHYIO (B CIydyae HEyJa4dH) MEePEChUIKY COOOIICHUS, TN00 B
TOM CiIy4ae, KOTJa cama OpraHu3alus Ipolecca-IMpUIoKeHUss OOeCIeYrBaeT yCTAaHOBJICHHE
COCIMHEHMS U TIPOBEPKY JOCTABKHU MakeToB (Hampumep, NFS).

[Tonp3oBarenbckue AaHHbIE, IOCTYIUBIINE OT IPUKIALHOIO ypoBHs, npensapstorcs UDP-
3aroJIOBKOM, W copMupoBaHHBIM TakuM oOpazom UDP-maker oTmpaBisercs Ha MEKCETEBOU
ypoBeHb. UDP-3arooBok cocTouT U3 IBYyX 32-OMTHBIX CIIOB (PUCYHOK 8).

o 7 | s 23 | 37
Source Port Destination Port
Length Chedlz=um

Pucyno
K 8 - UDP-3aromoBok

3aronoBok UDP umeer ueTkipe mosst:

- IOPT UCTOYHHKA (sourceport) - Te ke GyHKIHH, 9TO U B 3arojioBke TCP;

- IOPT IMyHKTa Ha3HadyeHus (destinationport) - Te ke QyHKIwH, 910 U B 3aronoBke TCP;

- nuHa (length) - nmuHa 3aronoka UDP u naHHBIX;

- KOHTponbHast cymMa (checksum) - oOecneunBaeT NpPOBEPKY IEIOCTHOCTH IaKeTa
(bakynpTaTUBHAS BO3MOXKHOCTB).

KonTposbHoe cymmupoBanue. KoHTponpHAs cyMMa BBEIYUCISETCS] TAKUM K€ 00pa3oM, Kak
u B TCP-3aronoske.Korma monyns UDP nmonywaer peiitarpammy ot moayis IP, oH mposepsier
KOHTPOJIBHYIO CYMMY, COJIEpKAIIYyIOcsl B €€ 3aroyioBke. Eciau KOHTpoIbHAs CyMMa paBHA HYJIIO, TO
3TO O3HAYyaeT, YTO OTMHPABUTENb JACUTarpaMMbl €€ He MOJCUUTHIBAI, U, CIEIOBATENbHO, €€ HYXHO
urnopuposath. Eciau nBa monynss UDP B3anmoaelcTBYIOT TOJIBKO Yepe3 oaHy ceTb Ethernet, To ot
KOHTPOJBHOIO CYMMHUPOBAaHMSI MOXKHO OTKa3zaTbcs, Tak Kak cpencrtBa Ethernet obecreumBaior
JIOCTaTOYHYIO CTETEeHb HAJCKHOCTH OOHAPYKEHHUs OIMOOK Tepefadd. JTO CHIIKACT HAKIJIATHBIC
pacxonbl, cBsizaHHble ¢ padotoit UDP. OgHako pekoMeHayeTcss Beera BBIMOJIHATH KOHTPOJIBHOE
CyMMHPOBAaHHE, TaK KaK BO3MOXXHO B KaKOW-TO MOMEHT HW3MEHEHHUs B TalJMIle MapIipyTOB
MPUBEAYT K TOMY, YTO AelTarpaMMbl OyAYyT MOCHUIATHCS YEPE3 MEHEE HAJIEKHYIO Cpeny.

Ecnu xoHTpodbHAs cymMMa IpaBUiIbHAs, TO MPOBEPSIETCS MOPT HA3HAUYCHHS, YKa3aHHBINA B
3arojioBKe jAeWTarpaMMmbl. Eciii k 3TOMy mopTy MOAKIIOUEH MPUKIAIHON MpoIiecc, TO MPUKIaTHOE
cooOlIeHue, cofepKanieecs: B IedTarpaMMe, CTAaHOBUTCSI B 0Yepeib JJIs MPOUTEeHUs. B ocTanbHbBIX
ciydasx nedtarpamma orOpacbiBaercsi. Eciiu nefitarpaMmbl MOCTYNalOT ObICTpee, YeM MX YCIEBaeT
o0pabaTbIBaTh MPUKIATHON MPOIECC, TO MPH MEPEIOTHEHUN OYeped COOOIEHHUH MOCTyHaromue
nentarpaMMbl otrOpackiBatotcst moaysiem UDP.

[locne 3aronoBka HEMOCPENCTBEHHO CIEAYIOT IOJIb30BATEIbCKUE JIaHHbIE, NEpEJaHHbIE
Moayio UDP npuknagaeiM ypoBHEM 3a 0JIUH BbI3OB. [Ipotokon UDP paccmarpuBaer 3T JaHHbBIE
KaK IEJIOCTHOE COOOIIeHHE; OH HUKOTJa He pa30MBaeT cOOOILIeHHE U Tepefayd B HECKOIbKHX
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Makerax ¥ He OOBeAUHSET HECKOJbKO COOOIICHHUH ISl TEepechbUIKM B OAHOM makere. Ecnu
npukianHoit nmpouecc N pa3 Bei3Bas moayiabs UDP i oTripaBky JaHHBIX (T.€. 3aIIPOCUIT OTIIPABKY
N coobmennit), To moayinem UDP Oyner chopmupoBano u oTmpaBieHO N MakeToB, U MPOIECC-
noJry4yarenb Oyner noikeH N pa3 BeI3BaTh cBOM Moayinb UDP 1ist momyueHust Bcex cooOIIeHui.

[Ipy monydyeHHn makeTa OT MEXCETeBOro ypoBHs moayib UDP mpoBepsieT KOHTPOJIbHYIO
CYMMY U TI€pellacT COJEP>KUMOE COOOIICHUS MPUKIaTHOMY MpOIeccy, Yeil HoMep MmopTa yKa3aH B
nosie “Destination Port”.

MakcumanbHas quHa UDP-cooOmieHuss paBHa MakcUMalbHOU uinHE [P-nmeditarpammer
(65535 oxTeToB) 3a BhiieToM MUHMMabHOTO [P-3aronoska (20) u UDP-3aronoBka (8), T.e. 65507
okTeToB. Ha mpakTike 0ObIYHO HCHOIB3YIOTCS CO00IIeHNs JuHON 8192 okTera.

[Ipumepsl mpUKIaIHBIX MporieccoB, ucnonb3yronmx npotokon UDP: NFS (Network File
System - cereBas ¢aiinoBas cucrema), TFTP (Trivial File Transfer Protocol - mpocToii mpotoko:n
nepegaun  (daitoB), SNMP (Simple Network Management Protocol - mpoctoii mpoTOKONT
yrnpaneHus cetbio), DNS (Domain Name Service - momeHHas ciy»0a UMeH).

Iopthl. BzaumopeicTBue Mexay MNpUKIaAHBIMU mpoueccamu U moayiem UDP
ocyuiectisercs yepe3 UDP-noptel. [lopTel HymMepytroTes, HaunHas ¢ Hyqs. [IpukiiagHoit mpouece,
MPEIOCTABIAIOMINNA HEKOTOpbIE YCIYT'M IPYTMM MpPHUKIAJHBIM IpoleccaMm (cepBep), OXKHAaeT
MOCTYIUICHUSI COOOIIECHHI B MOPT, CHEUUAIBHO BBIJCIEHHBIN A1 3TUX yCiyr. CoOOIIEeH s TOKHBI
coJiepaKaTh 3arpoChl Ha ITpeAocTaBieHne yciayr. OHU OTIPABISAIOTCS MPOLECCAMU-KINEHTAMH.

Hanpumep, cepep SNMP Bcerna oxumaer noctyruieHui coobmenuii B mopt 161. Ecnu
kieHT SNMP xenmaetr monyduTh yciyry, oH nocsuiaer 3anpoc B UDP nopt 161 Ha mammny, raoe
pabotaeT cepBep. B kaxoM y3ie MOkKeT ObITh TONbKO 0ouH cepBep SNMP, Tak kak cymiecTByer
tonbko omauH UDP-mopt 161. [lanHbIi HOMEp mopTa SBISETCA OOIIEU3BECTHBIM, TO €CTh
(UKCUPOBAaHHBIM HOMEPOM, O(UIIHATIEHO BhIIEIeHHBIM 17151 yeuyr SNMP. O6mien3BecTHbie HOMepa
OmpeAeIsItoTcs cTanaapramu Internet.

ITo HOMepy mopTa TpaHCIOPTHBIE IPOTOKOJIBI ONPEAEIAIOT, KAKOMY IIPUJIOKEHUIO NEpeaarTh
COZIEPKUMOE MAKETOB.

JlaGoparopuasi padora Ne 9, 10(4 yaca)
Tema:«MeToapl KOTUPOBAHUS»

Heap padoThl: U3y4UTH CIOCOOBI KOAUPOBAHUS HHPOPMAIIH B BBIYUCIUTEIBHBIX CETAX.
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3anauu padoThI:

1. paccMOTpeTh MeTO/IbI (PU3MUECKOTO KOAUPOBAHUS;

2. 03HAaKOMHUTHCS C METO/IaMH MOBBIIICHUS TIOMEX0YCTOHYNBOCTH NIEPEIavy U IIPUEMa;
3. pazpaboTars nporpaMMy Uit KOAUPOBAaHUS HH(OPMAITIH.

Ilepeyens npnbopoB, MaTepHAaJIOB, HCIIOJIb3YeMbIX B JIA00PATOPHOI padoTe:
1. Komnsrorepnas JIBC.

Onucanue (xox) padorni:

1. MeToabl pU3N4eCKOro KOAUPOBAHUS

[Tpu BeIOOpE crocoba KOOUPOBaHUS HYXHO OJHOBPEMEHHO CTPEMHTHCS K JOCTHKEHHIO
HECKOJILKUX IIeJICH:

e  MUHUMH3UPOBATH MIUPUHY CIIEKTPa CUTHAJIA, TIOJYUEHHOTO B pe3yJbTaTe KOJUPOBAHUS;
e obecrieuynBaTh CHHXPOHHU3ALNIO MEXKIY NEpPeIaTINKOM U IPUEMHUKOM;

e o0ecreynBaTh YCTOMYMUBOCTH K IIIyMaMm;

e OOHapyXHBaTh M TI0O BO3MOKHOCTH UCITPABJISATH OMTOBBIC OIIMOKY;

e  MUHUMHU3UPOBATH MOILIHOCTH MEPEIATUHKA.

Bonee y3kuii crekTp CUTHaja TIO3BOJISIET HA OJAHOW M TOW K€ JUHUU (C OJHOW M TOW XKe
MOJIOCOM MPOITYCKaHUs1) JOOUBAThHCS O0Jiee BRICOKON CKOPOCTH Tepenadn AaHHbIX. CIeKTp curHaia
B 00IIIEM clTydae 3aBUCUT KaK OT croco0a KOAUPOBAHUS, TaK U OT TAKTOBOM YaCTOTHI MepelaTUHKa.

TpeboBanus, TmpeabsBIseMbIle K METOJaM  KOJAMPOBAHHS,  SIBISIOTCS ~ B3aUMHO
MIPOTUBOPEYUBBIMHU, IOITOMY KaXIbli M3 pPACCMATPUBAEMBIX Jajee IMOMYJSPHBIX METOA0B
KOJMPOBaHUs 001a/1a€T CBOUMHU JJOCTOMHCTBAMH U HEAOCTATKaMHU B CPABHEHUH C JAPYTUMHU.

MeToa OMIIOJIAPHOT0 KOAUPOBAHMS ¢ aJIbTePHATUBHOM nHBepcueii (AMI)

Onnoit u3 moguduxanuii Metoma NRZ sBisiercss MeTon OUIOJISPHOTO KOAMPOBAHUS C
anpTepHaTuBHOW  wmHBepcuei  (Bipolar Alternate Mark Inversion, AMI). B »tom  wmetome
HCIOJIb3YIOTCS TPU YPOBHS INMOTEHLHATIA — OTPULIATENIbHBIN, HYJIEBOW U IOJOKUTENbHBIN. [ls
KOJMPOBAHUsI JIOTMYECKOI'O HYJS HCIOJIB3YETCS HYJIEBOW IOTEHLIHAN, a JIOTHYECKas €IWHULA
KOJUpYeTCs MO0 TMOJOKHUTEIbHBIM MOTEHIINAIIOM, JTMOO OTPUIIATEIbHBIM, TPU STOM MOTEHIHAI
Ka)XKJ0¥ HOBOM €JUHUILIBI TPOTUBOIOI0KEH MOTEHIHATY TPEABITYIIEH.

Kox AMI 4acTH4HO JMKBUAMPYET MPOOJIEMBbl MOCTOSHHOW COCTABISIOUIEH M OTCYTCTBHS
CaMOCHHXpOHM3aluK, Tnpucymme koay NRZ. DTo mnOpoucxXoauT mnOpu TMepeaaye IIIMHHBIX
MOCNe0BaTeIbHOCTEH eAuHMI. B 3TUX cllydasx CUTHaI Ha JIMHUK TPEICTaBisieT coOou
[IOCJIEI0BATEIbHOCTh PA3HOIOIISIPHBIX MMIYJbCOB C TEM K€ CHEKTpOM, 4To U y Koja NRZ,
Mepeslalolero Yyepeayommecs HyJIl W eIWHUIBL, TO €cTh 0e3 MOCTOSHHOM COCTaBisIoUIel u ¢
ocHOBHOU rapmonukoi N/2 T'p (tme N — OuToBasi CKOpPOCTh Tepenay JaHHbBIX). J[TUHHBIE XKe
MOCIE0BATEbHOCTH HYyJEW Takxke omacHbl i kojma AMI, kak m jis koma NRZ — curnan
BBIPOXKIAETCSl B TIOCTOSIHHBIM IOTEHIMAN HyJlIeBOM ammiauTyabl. [lostomy kox AMI Tpebyet
JAJbHEUIIETO YIIyYlIeHHUs .

IorenunanbHbIi Ko ¢ UHBepcuei npu ennanne (NRZI)

CyiectByeT Ko, moxoxui Ha AMI, HO ToJIbKO ¢ IByMs ypoBHsIMH curHazia. [Ipu nepenaue
HYJISl OH MepeaaeT MOTSHIINAN, KOTOPBIH ObUT YCTAHOBIIEH B IPEIBIIYIIEM TaKTe (TO €CTh HE MEHSET
€ro), a IpH Iepeaaye eIWHHUIBI MOTEHIMAl WHBEPTUPYETCS Ha MPOTHBOIOIOXKHBIA. DTOT KO
Ha3bIBAeTCs MOTEHIIUATbHBIM KOJIOM c WHBEpcUeit npu eANHULIE
(Non Return to Zero with ones Inverted, NRZI). Dtor koxm ymoGeH B Tex chydasx, Korjaa
WCIIONBb30BAHUE TPETHEr0 YpPOBHS CHUTHAIA BEChbMa HEXKEJaTeIbHO, HANPUMEpP B ONTHYECKUX
KaleJsix, I/ie yCTOMYMBO PAcO3HAIOTCS JIBa COCTOSIHUS CUTHAJIA - CBET U TeMHOTa. [l ynmydiieHus
MOTEHIIMATBHBIX KOA0B, Noa00HbIX AMI u NRZI, ucnonp3yrorcss nBa meroma. [lepBwiii MeTon
OCHOBaH Ha J100aBJIEHUU B UCXOAHBIN KO/ N30BITOYHBIX OUT, COAEpKAIIUX JIOTUYECKUE eAMHULIBI. B
3TOM Ciy4yae JUIMHHBIE T1ocieaoBareibHOCTH (-efl  mpephiBalOTCS, W KOJ  CTaHOBUTCA
CaMOCHHXPOHU3UPYIOIIUMCS JIsl JIIOObIX TepeaBaeMbIX JaHHBIX. McuezaeT Takxke IMOCTOSHHAs
COCTaBJIAIONIAs, a 3HAYMT, emie Ooyiee CyKaeTcs CHEeKTp curHama. Ho 3TOT MeTon CcHMkaer
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MOJIE3HYIO MPOMYCKHYIO CIOCOOHOCThH JIMHUM, TaK KaK M30bITOYHBIE €IUHUIIBI MOJb30BaTEIbCKON
uHpOpMaLUU HE HECYT.
Man4ecTepCcKHuil KO

Manuecrepckuii kon (unu kox Manuectep-11) monydnn Hanbosnbiiee pacpoCcTpaHEHUE B
JOKaNIbHBIX ceTsiX. OH Takke OTHOCUTCA K CaMOCHUHXPOHU3UPYIOMIUMCS KO/IaM, UMEET JIBa YPOBHSI,
9TO CIOCOOCTBYET €ro JIydilield MOMEXO03aIIHUIEHHOCTH U YIPOIICHHIO TPUEMHBIX U MePeIatolx
y3710B. JloruueckoMy HYIIO COOTBETCTBYET IMOJIOKHUTEIbHBIA MEpexXo] B ILEHTpe OUTOBOIO
WHTEpBaJia (TO €CTh MepBas MOJOBHHA OUTOBOTO HHTEPBAIA — HU3KUI yPOBEHB, BTOpas MOJOBHUHA —
BBICOKHI{), a JIOTMUECKON €IMHUIIE COOTBETCTBYET OTpULIATEIbHBIA MEPEXO0J]l B LEHTPE OUTOBOIO
WHTEepBaJia (MU HAa000poT).

OO6s13aTenbHOE HAIMYKE MEpexo/ia B IEHTpe OuTa MO3BOJISAET MPUEMHHUKY MaHUYECTEPCKOIro
KOJIa JIETKO BBIICIUTHh W3 MPUIIEANIETO CHUTHATA CHHXPOCHTHAI U TMepeaaTh MHPOPMAIUIO CKOJb
YTOAHO OOJIBIIMMHU MOCIEA0BATEIHHOCTAMU 0€3 MOTEPh U3-3a PACCUHXPOHU3AIIHIH.

IHoTennuanbHbIi Koa 2B1Q

Kon 2B1Q ero Ha3BaHue oTpaxkaeT CyTh — Kaxkable ABa Outa (2B) mepenmatorcst 3a onuH
takT (1) curHamom, umeromuM 4detbipe coctossHusg (Q — Quadra). [Tape 6utoB 00 cooTBEeTCTBYET
notenmuan -2,5 B, nape 01 — norenuuan -0,833 B, mape 11 — norennman +0,833 B, a mape 10 —
noTreHiman +2,5 B.

[Ipu sTOoM cmocobe KomupoBaHHUs TPEOYIOTCS JOMOITHHUTENIBbHBIE MEphl MO Oopnde ¢
JUIMHHBIMH  TIOCTICZIOBATEIPHOCTSIMU OJIMHAKOBBIX Tap OWUTOB, TaKk Kak MpPH OTOM CHUTHAI
MpeBpalaercs B IMOCTOSHHYIO cocTaBisionryto. [Ipu cimydaitHoM uepenoBaHHMM OUTOB CIIEKTP
CHTHAJIa B JIBa pa3za yxe, ueM y koja NRZ, Tak kak mpu Toi ke OMTOBOW CKOPOCTH JUIUTEIBHOCTh
TaKTa yBEJIMUMBACTCS B JIBa paza. TakuM oOpa3om, ¢ moMoIso koaa 2B1Q MoxHO 110 0THOHM U TO#
Ke JIMHUY TIepeiaBaTh TaHHBIE B /1BA pa3a ObicTpee, ueM ¢ momoinbio koga AMI wim NRZIL

OpHako Uig ero peajan3aluy MOUTHOCTh MepeaTunKa JOHKHA OBITh BBIIIE, YTOOBI YETHIPE
YPOBHS YETKO PA3IMYAINCh MPUEMHUKOM Ha (oHe moMeX. J[Js ynydieHus: MOTeHIUaIbHBIX KOJ0B
turma AMI, NRZI nnu 2Q1B ucnonb3yroTcst H30bITOUHBIE KOABI U CKPIMOIHPOBAHHUE.

2. MeToabl NOBBILIEHUS] TIOMEX0YCTONYMBOCTH NepeIayn U Mpuema.

Jlornyeckoe KOIMPOBAHME HCIONB3YeTCS JUIsl YIAy4IIeHHs MOTEHUIUANIbHBIX KOJOB THIIA
AMI, NRZI, 2Q1B u yMmeHbllieHUs] TOMEX B ceTH. Jlornueckoe KOAUPOBAHHUE JIOJKHO 3aMEHSITh
JUIMHHBIE TOCJEI0BAaTEIbHOCTH OWT, MPHUBOJAIIME K IIOCTOSHHOMY IMOTEHIMANy (Ieperpen
00opynoBaHusl), BKpAIJICHUSAMH eIUHUIL. [ JIOTHYeCKOT0 KOJMPOBAHUS XapaKTEePHBI IBa METOa
- U30BITOYHBIC KOJIBI I CKPIMOJIMpPOBaHUE.

HN30bITOYHBIE KOIDI

N30bITOYHBIE KOJIBI OCHOBAaHBI Ha pa30MEHHH HMCXOAHOHM IOCIEeNOBATEbHOCTH OWTOB Ha
MOPLKHU, KOTOPBIE YacTO HA3bIBAIOT CUMBOJIAMU. 3aT€M KaXKIblil MCXOAHBIN CHUMBOJ 3aMEHSETCS
HOBBIM C OOJIBIIIUM KOJTHYECTBO OUTOB, YEM UCXOJTHBIM.

Hanpumep, B norumdyeckom koae 4B/SB, wucnosbzyemom B TexHonorusx FDDI wu
FastEthernet, ucxogHble CUMBOJIBI JIHHON 4 OUT 3aMEHSIOTCS CHMBOJIAMHU IINHON 5 OuT. Tak Kak
PE3YIABTUPYIOIINE CHMBOJIBI COJAEPXKAT HM30BITOYHBIE OWUTHI, TO OOIIEe KOJWYECTBO OHTOBBIX
KOMOMHANMI B HUX OOJIBIIIE, YEM B UCXOMHBIX.

Ta6mmma 1. CooTBETCTBHE UCXOIHBIX M PE3YIbTUPYIOMHKX Ko/10B 4B/5B

Hcexonnsiii ko | Pesynbrupyromuit kon | Mexonssiil koa | Pe3ynpTupyrommii Ko
0000 11110 1000 10010
0001 01001 1001 10011
0010 10100 1010 10110
0011 10101 1011 10111
0100 01010 1100 11010
0101 01011 1101 11011
0110 01110 1110 11100
0111 01111 1111 11101
CxpemOupoBaHue
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MeToapl cKpeMOJIMPOBaHUS 3aKIIOYAIOTCS B MOOUTHOM BBIYHMCICHUH PE3YJIbTUPYIONIErO
KOJla HAa OCHOBAHHMHM OWT MCXOJHOTO KOJIa W TIOJYYEHHBIX B MPEIBIAYIIUX TaKTax OUT pe3ylib-
TUpyrolero koaa. Hanpumep, ckpemOiep MOXKeT pealn30BbIBaTh CIEIYIOIIee COOTHOIIEHHUE:

Bi=A; ®Bi3®Bjs,

rae B; — nBonunas nuugpa pe3ynbTUPYIOIIEro KO/1a, MOIydYeHHas Ha i1-M TakTe paboThl
ckpeMOiepa,A; — nBoWYHas UQpa UCXOTHOTO KOJIa, TOCTYIAOIIAst Ha 1-M TaKTe Ha

BXOJl cKpembnepa, Bi; u Bis — nBowunbie nudpsl pe3yabTUPYIOMIETO KOJA, IMOTYYCHHBIE
Ha MpebIAYIIHUX TaKTaX paboThl ckpemOiepa, COOTBETCTBEHHO HA 3 M Ha 5 TAKTOB paHee TEKYILEro
TakTa, @— onepanus uckioyaromero MJIN (cnoxenune mo Moaysio 2).

Hampumep, mist ucxomuoit mocnenoBarensHoctd 110110000001 ckpembnep mact cie-
JOYIOLIHAN pe3yJIbTUPYIOLINNA KOA:

B, =A; =1 (nmepBble Tpu mudppsl pe3yIbTUPYIOMIETO KOJa OyIyT COBMAIATh C UCXOIHBIM,
TaK KakK €Ile HeT HYXHBIX MPEABIAYIIHX IUP)

Bzz Az =1

B3 = A3 =0

B=As®B=1®©1=0

Bs=As®B,=1®1=0

B6=A6@B3@B1=0@0@ 1=1

B7=A7@B4@B2=0@0@ 1=1

Bsi=As @Bs®B;=0©20®©0=0

Bi=Ag@Bs®Bs=0@1®@0=1

B10=A10@B7@B5=0@ 1®@0=1

B11=A11@B3@B6=0@0@ 1=1

B12:A12@B9@B7:1@ 1®@1=1

Takum 006pa3om, Ha BBIXOJIe CKpeMOJjepa mosBUTCS nocienoBaTenpbHocTh 110001101111, B
KOTOPOMU HET ITOCJIEI0BATEIbHOCTH U3 LIECTH HYJIEH, IPUCYTCTBOBABILEH B UICXOJHOM KOJE.

[locne mnonydeHHs pe3yJbTUPYIOLIEH IOCIEIOBATEIbHOCTH IPUEMHUK TIEpelaeT ee
JIecKkpeMOiepy, KOTOPBIM BOCCTAHABIMBACT WCXOJHYIO IIOCIEOBATENIFHOCTh Ha OCHOBAaHUU
00paTHOTO COOTHOIICHUSI:

Ci=Bi@Biz®Bis=(Ai®Bi3s®Bis5) ®Bis ®@Bis=A;

CymecTByIOT U 0oJiee MpOCTble METOABI OOPHOBI ¢ MOCIEA0BATEILHOCTAMU €AMHHULI, TaKXKe
OTHOCHMBIE K KJIACCY CKPAIMOIUPOBAHUSI.

Hns ynyumenus koga AMI ucnonb3yloTcsi 1Ba METOJa, OCHOBAHHBIE Ha MCKYCCTBEHHOM
MCKa)XCHUH TMOCIE0BAaTEIbHOCTH HYJIEH 3alpeIlleHHbIMA CUMBOJIAMH.

Ha pucynke 2 moka3zano ucnonb3oBanue metona B8ZS (Bipolarwith 8-Zeros Substitution) u
metoga HDB3 (High-DensityBipolar 3-Zeros) mis xoppektupoBku koma AMI. McxomHbiii Koj
COCTOUT W3 ABYX JUIMHHBIX ITOCJIEI0BATEIbHOCTEN HYJIEH: B IEPBOM ClIydae - U3 8, a BO BTOPOM - U3
S.

Puc. 2 Koast B8ZS 1 HDB3. V - curnan equHuUIbI 3apenieHHON MOAIpHOCTH; 1 *-CUrHam e TMHUIIBI
KOPPEKTHOH MOJSIPHOCTH, HO 3aMeHMBILEN () B HCXOHOM KOJE.

Koa B8ZS ucnipaBiisieT TOJIBKO MOCAEA0BATEIBHOCTH, COCTOSIIME U3 8 HyJel. J{ig 3Toro on
mocJje MepBhIX TPEX HyJIeld BMECTO OCTABIIUXCA MATH HyJIeH BCTaBIsAET maTh udp: V-1*-0-V-1*.V
31ech 0003HAuaeT CUTHAN EIUHUIIBI, 3alpelieHHON [UIsi JAHHOTO TaKTa IMOJSPHOCTH, TO €CTh
CUTHAJI, HE U3MCHSIOIINH TOJISPHOCTh MPEABIAYIIeH equHUIBI, 1* - CUTHAN eNWHUIIBI KOPPEKTHOMN
MOJIAPHOCTH, @ 3HAK 3BE3J0YKU OTMEYAeT TOT (aKkT, UTO B MCXOJHOM KOJIe€ B 9TOM TakTe Oblia He
€IWHMIIA, a HONb. B pe3ynbrare Ha 8§ TakTax MPUEMHHUK HAOMIOAaeT 2 WUCKaXCHHS - OYCHD
MaJIOBEpPOATHO, YTO 3TO CIYYMJIOCH M3-3a IIyMa Ha JIMHUU WM Jpyrux cOoes mepenauu. [lostomy
MIPUEMHUK CUUTAET TaKUe HapyUICHUsI KOJAUPOBKOW & MOCIEAOBATENbHBIX HYJIEW W TOCIE mpuema
3aMeHsIeT ux Ha ucxoauele 8 Hyned. Kog B8ZS nmoctpoen Tak, 4To €ro nocTossHHas COCTaBISAIONIas
paBHA HYJIIO TIPU JTIOOBIX MMOCIEIOBATEILHOCTSX ABOUYHBIX HHP.

Kox HDB3 ucnpasisier mio0ble  4YeThIpe MOAPSA HMAYIIMX HYJIS B HCXOIHOM
nocnegoBarenbHocT. [IpaBuma ¢GopMupoBaHus KoOJa: KaXIble YETHIpe HYIS 3aMEHSIOTCS
YETBIPbMsI CUTHAJIAMHM, B KOTOpPBIX HMMEETCS OAMH curHain V. [[nsg mopaBieHUs MOCTOSHHOM
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COCTaBJIAIOLIEH MOJISIPHOCTh CUTHAJIA V depeanyeTcs MpH MOocae0BaTebHbIX 3aMeHax. s 3aMeHbl
UCIIONIL3YIOTCSL JIBa OOpas3ila YeTHIPEXTAKTOBBIX KOMOB. Ecnmu mepen 3aMeHOW HMCXOIHBIA KOJ
CoZIepKall HEYETHOE YUCI0 1-1, TO ucmodb3yeTcsa nocieaoBarenbHocTh 000V, a ecnu yucno 1-1
OBLIIO YETHBIM - IIOCJIeH0OBaTeILHOCTE 1*00V.
VYaydieHHbIe TOTEHIIMAIBHBIC KOJBI 00JIaal0T TOCTATOYHO Y3KOW TOJIOCOM MPOIYCKaAHUS
JUIS JTIOOBIX TOCJIEIOBATENIFHOCTE €IUHUI] U HYJeH, KOTOpbIe BCTPEYAIOTCS B MEPeIaBaeMbIX
JIaHHBIX.
3. 3aganue
Heo6xomumo pa3zpaborarh mporpamMmy i KOAUPOBaHHS WH(POpMAIIUU, UCTIONB3Ys Ko (110
BApUAHTY), TIPU 3TOM [JIsl YCTpPaHEHHUsl MOCIEIOBATEIbHOCTEW HYJIEH HCIOJIb30BaTh JIOTHUYECKOE
KOJMpoBaHue (1Mo BapuaHTy). BXoHYyI0 mociie1oBaTeIbHOCTh HH(OPMAIIMKM BBECTH C KJIIABHATYPHI.
Pe3ynbrarel paboThl 0TOOPA3UTh B BUIE BPEMEHHOM AMAarpaMMBbl, IIPU 3TOM Ha JUarpaMMe JOJKHBI
OBITh:
e  BXOJHAas MOCJIEAOBATEILHOCTE B kKojie NRZ,
e  BXOJIHAs MOCJIEAOBATEIBHOCTh B BHJIC CAMOCHHXPOHU3UPYIOMIETOCS Ko/a (110 BApUAHTY),
e BXOJHAA MOCIIEJOBATEIHHOCTh B JIOTHYECKOM KO/i€ (TI0 BapHAHTY).

4. BapuaHThl 3a1aHUA:

Ne (CaMOCHHXpOHH3HpYIOIIHECH Jlornueckoe konupoBaHue
BapHaHTa KOJIBI

1 bunonsipasiii kom AMI W36brTounsiii kog 4B/5B

2 Kon NRZI CkpemOiiep co caBurom 3 u 5

3 MaHuecTepcKuii KoJ W365erTounsiii kog 4B/5B

4 bunonspuslil kox AMI Meton B8ZS

5 Kox NRZI CxpembOiiep co caBuraMu 3 ¥ S MO3HIHHI
6 bunonspueiit kog AMI Metox HDB3

7 MaHnuecTepckuii Ko Metong B8ZS

8 Kox NRZI Ckpembiep co ciBurom 5 u 8

9 bunonspuseiil kog AMI CxpembOutep co caBurom 3 u 5

10 ManuecTepCKHil KOI CkpemOiiep co caBurom 3 u 5

11 Kox NRZI Meton B8ZS

12 bunonspusiil kog AMI CxkpembOuiep co casuramu S5 u 13 mo3unuu
13 Kox NRZI Meton HDB3

14 Kox 2B1Q H36berTounsiii kog 4B/5B

15 Kon 2B1Q CkpemOiiep co caBurom 3 u 5

16 Kox 2B1Q Meton B8ZS

17 MaHuecTepCcKui Ko Ckpembaep co cnuramu 5 u 13 nozunuu

5. CTpykTypa oT4yera

TUTYJIbHBIN JIUCT;
1eNb paboThl, 3aJaHNE,
KpaTKHe TeOPETHUECKHUE CBEACHMUS,
ITOPUTM PaOOTHI IPOTPAMMBIL;
JUCTHUHT IPOrpaMMbl KOJUPOBaHUS HHGOpMAIUY;
pe3yNbTaThl paboThl MPOTPAMMEI,

7. BBIBOJBI.
JlabopaTopnasi pabora Ne 11, 12(4 yaca)

A

Tema:«OcBoenue rpapudeckoro uurepdeiica NetCracker»
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Heas pabGorbi: ocBoeHue Trpaduueckoro wuuTepdeiica NetCracker, 3HAaKOMCTBO ¢ TJIaBHBIMU
MPUJIOKCHUSMU JAaHHOW TIPOTPaMMBbI U OOIITMMH MPUHITUTIAME MOJICIIMPOBAHUS CETH B HEH.

3agauyu padboThI:
1. o3HakomuThCs ¢ Tpaduaeckum natepdericom NetCracker.

Ilepeyenb npudOpPOB, MATEPHAJIOB, HCII0JIb3YEeMbIX B JJa00paTOPHOI padore:
1. Komnsrorepnas JIBC.

Onucanue (xox) padoTsI:

NetCracker Professional — nporpammHsblil maker, pa3paboTaHHbIN GrpMO
NetCracker  Technology  (http://www.netcracker.com), mO03BOJsIeT  CO37aBaThb  MPOEKTHI
BBIYHUCIUTENBHBIX CETe  pPa3HOW CIOKHOCTH W TOMOJIOTHH, HCIONB3Ysl  TEXHOJOTHIO
MMUTAIMOHHOTO MO/JICITHPOBAHMS paOOTHI CETH.

[Topsox BeIMOTHEHUS PaOOTHI

B Ortkpoiite daitn ¢ TekcToM Jab0opaTOpHOW pabOTHI U 3aMyCTHUTE W3 CTApPTOBOTO MEHIO camy
nporpammy. Jlanee, YnTaiTe U BBIOIHANTE 3aJaHUS.

['maBHOE OKHO TNpHJIOKEHHs TMOKa3aHo Ha puc.l. OHO cocrout uU3 Opayszepa 0O0OpyHOBaHMUS,
pabouero OKHa U TJIAaBHOTO MEHIO.

Hetliacke: - Hell

ﬂlE:I.'l‘.l-l “MHMWMWH

Buldrgs. campures and L =
Genenc: LAN:
Haulie

= Setches
- FRAD:
Fleniiers and bidges

LM araplers

Medhs adapters and corver
LM ok slafions

LAM pervers

=
2
L

iuriolvideo squipment

[ aowsany

Mainhames

SHA squpmen

Y e ;i"j

Raw

A, ; T =

% o e Ml R W
ok Vi owk growp Wodigoup Weskgioup Clonet Floem Floom Floor

T D M _QM- | i Reconty umed |
Device painlls Swlemume DOODIT D [ [ [ [

Puc.1.
[To3HAKOMBTECH C COAECPKUMBIM TTIABHOTO MEHIO MPOTPAMMBI.
2. Otkpoiiredaitn-npumepnpoekraceTuNetCracker Professional ((NET) file

File menu [ select Open
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Open ]|

Lok ir: | =3 Samples .ll = =5 B
] Deskiop =

gl % v Dacurments | iz —l
‘I Hier Q Fy Computer MNetCracker Docu.,

gﬂ Last 24 3.5 Flappy (8] MNetCracker Docu.,

H ROl = System [T MWetCracker Docu..

: SMal = wmware (D) MetCracker Docu.,

‘M Tech =3 media [E:) MNetCracker Docu,

:[1 Tt 2 CO-Rw Diive [F)) Mt arker ﬁnrlrl
: =2 Libramy an 'esfs' [L]

; =2 distrib an s (0]
Fipsnie E2 Programz$ on 'sre3 [12) _Ig':IEn
Bl ob (23 MetCracker3.? 1 EoioE] |

Puc.2.

Bribepere ¢aiin Techno.net , HaxxaB kHONKY Open MM JBOMHBIM IIETYKOM JIEBOW KHOIKH
MmbImd. [IpoekT cetu 3arpy3utcst B pabouee oKHO puc.3.

dessage

MESSEQE Building E

lﬁuilding

Glsco T0M

.H Adessage

Building [

Message

1]
Building A

Campus

MacmTab mpocMoTpa MOKHO PEryJIupOBaTh CEMEHCTBOM KHOIIOK Zoom E.LJ

B C momouipio IMHEWKH TPOKPYTKH O3HAKOMBTECH C COJIEpKaHHEeM Opay3epa 0O0OpyHOBaHUs
(3axmanka Devices). ['pymmibl ycTpoiCTB, TOMEUEHHBIE B y3JIaX 3HAKOM “+”°, paCKpBIBAIOTCS Ha
COCTaBJISAIOLIHE.

EI@ Routers and bridges|

[Touck obopynoBanus, conaepxaimierocs B bJ] Net Cracker, MOXHO MTPOU3BOIUTE Pa3HBIMHU
criocobamu:

Database [ Hierarchy [ Types (kiaccuduxanus mo tTunam o00pyI0BaHus)
Database [ Hierarchy [ Vendors (ki1accugukarus mo ¢gpupmam U3roToBU-JIeIsM)

Hanpumep, Bam HeoOxoammo BeiOpaTh cepBep Super Stack II Edge Server Pro
3000 001945-0. Hns atoro Beidepem 3 Com Corp.LAN Server
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B pesynbrare Bl yBuanTe B HUkHEM okHe cemeiictBo LAN Server komnanuu

3ComCorp. BeibpaB nHeooxoaumebrii u3 Hux (Super Stack II Edge Server Pro 3000 001945-0) neBoit
KHOTIKO# MBIIIIH, BBl YBHIUTE TIOJIHBINA HA0OP €ro TeXHUYE-CKUX XapaKTEPUCTHK.

Hcnons3ys Database toolbar , MOYKHO OCYIIECTBIISITH POCMOTP M TMOUCK 000PY-IOBAaHUS B pa3HOM

BUJIE: TEKCTOBOM U TpauIeCKOM.
rz— =

3ameTnM, 4TO eciii BBl He jkelaeTe MCIOIb30BaTh B CBOEM IPOEKTE KOHKPETHOE 000pyI0BaHWE
KOHKPCTHBIX HpOH3BO[[HT€JI€fI, TO MOKETEC BOCIIOJIb30BATHCA a6CTpaKTHI>IMI/I yCTpOﬁCTBaMH nu3
pasnena Database [| Hierarchy [1 Ven-dors[ ! Generic Devices .

[Touck o6opymoBaHMs MPOU3BOANTCS TaKXkKe U3 pa3jena MeHio Database:Database
"JFind[Condition=Description[Jincludes |nampumep, FrameRelay.Pe3ynpTarer moucka OynyT
oTOOpakaThCs Ha 3akiazike Opayszepa odopynoBanus «CompatibleDevicesy. [lepeiitu k 00bIYHOMY
pexxumy Opay3epa MOXKHO BbIOpaB3akianky «Devicesy.

B otkpeiTom (paiine-npoekre cetu Bbl MoOxeTe MOCMOTPETh W HM3MEHHMTh XapaKTe-PUCTHUKU
0o00opyI0OBaHMUs, BKJIIOUYEHHOTO B MpoekT. Hampumep, y Bac OTKpHIT B JaHHBI MOMEHT (haiin
Techno.net . J[Baxkapl mIeTKHUTE MbIIKOH mo MapmpyTtuzaropy Cisco 7000, B pesyibrare
mosiIBUTHCST OKHO KOoHuryparuu Cisco 7000(puc.4).

Cizco FOB0 configuration

m HS
- ER HS5S5I Interf ace Processo
L EI@ HSSI Interface Praces so

Dievice Setup Bl et | LCloze I Help |

Puc.4.

[Tpu naxxaTuu kHOMKKM Device Setup mosBIsSETCS OKHO C OMMMCAHUEM CBOMCTB

Cisco 7000.

Ecmu MBI XoTUM mony4ynTh HHGOpMANMIO 00 YCTPOMCTBAaX, KOTOPHIMH YKOMILJICKTOBAaH

mapmipytuzarop Cisco 7000 u3 mpoekra Techno.net , HamMm HY>)XHO BBIOpaTh Ha3BaHUE YCTPOWCTBA U

HaxaTh KHOMKY PluginSetup. Toro ke camMoro Mo>XHO JOCTHYb BHIOpaB Ha3BaHUE YCTPOWCTBA W

Ha)KaB TMPaByl0 KHONKY MBI, 3aTeéM B MEHIO BbIOpaTh Properties (31ech MOXHO Takxke U

MPOCIYIIaTh HA3BaHKUE YCTPOU-CTBA MO-aHTIIMMCKU Say description).
Hanpuwmep,nocmorpumcBoiictBaATM Interface Processor TAXI multi-mode ( Puc.5).
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v ATH Interface Processor, TAX] multimode Propertie s

'@] Management l
S Hardweare l
i Gereral I

M ame

AT Interface Pro

hd odel

5 Price/Support I
'Tlﬂ WLAN support I

@ Telecom

multimode

) Appearance
W Protocols

| [= ¥ Ports

Maotes |

I.&.TM Inkerface Proceszor, Tékl multimode

Yendar

]I:iscl:l Systems
Dezcription

hitkp: A e, cigoo, com

Catalog Mumber

R outer

] | CalPTH

Target Erwviroriment

Caonfiguration

__:i i Plug-ire

Cancel Help

o |

[Ipolinute Mo 3akiagkaM M O3HAKOMBTECh C COAEPXKAIICHCAd W BO3MOMXKHOU

BBIOPaHHOM YCTPOMCTBE.

Puc.5.

nHpop-maruenn o

Bce ycrpotictBa, nmeromuecs B 6aze manHbix Net Cracker, u3 O6paysepa o6opyno-Banus(CTpaHHIIa
Devices) MO>XKHO IepeTacKuBaTh B pabouee 1moJie CBOEro MpoeK-

Ta, yIepKUBas JIEBYIO0 KHOMKY MbIIHU. [Tpu 3TOM Kypcop mpuoOpeTaeT BuI ®
VYcerpoiicTBa, pa3MeIIeHHBIE B MPOEKTE JOJKHBI OBITh coeauHeHbl JuHUsMH cBs3u.Net Cracker
ITIO3BOJISICT yCTaHOBI/ITB IBCT JII/IHHﬁ B 3aBUCHUMOCTH OT chonwyeMoro B HpOGKTe KOHerTHOI‘O

THUIIa KaHaJIa CBA3H.

B rnaBHom menro View [ Media Colors u ycTaHOBUTH CBOM I[BETa ISl KaXKO-TO THUIA KaHala

cBs3u (Puc.6).

i Media Colors

-i'] Coaxial cable
-ivi Twisted pair
I:Iivi Fiker optic

Multiwire cable

CoennHeHne ycTpONCTB

YerpolicTBa COCIMHSIOTCA C  IIOMOIIBIO Macrepa COCAVMHEHUHN

COCIUHECHUS TaKOB:

._E..:j Radio Caricel ]
Puc.6.

"Link Assistant". Tlopsmox

B BriOpats B manenu nHCTpyMeHTOB HHCTpyMeHT "Link devices":

A

’
L

Link, dewvices




B VYo6enutbcss, yTo MOAynaH (KOMIBIOTEpPHI, KOMMYTATOpBI, XaObl), KOTOpbIE BbI IUIAHHPYETE
COCMHUTH, UMEIOT COBMECTUMBIE CETEBbIE MOPTHI, HanpuMmep, | 00BASE-T.

B IlenkHyTh JIEBOM KHOMKON MBI CHadaja IO MOJYJIIO-UCTOYHHKY Tpaduka, 3aTeM IO
MOJyJIIO-TIPUEMHHUKY Tpaduka

B Haxare B quanore "Link Assistant" Ha kHomky "Link", a Takke 3a1aTh THIN, [UIMHY U IPOYUE
XapaKTEPUCTUKHU CPE/IbI.

B 3akpwiTh muanor HaxaB Ha KHOTKY "Close"

3amganue Tpaduka
[Ipu 3amanuu Tpaduka HY)KHO YUHTHIBATh MPOIIECCOPHBIE BOZMOXXHOCTH KoMIlbtoTepa. Tak, mpu 30
MOTOKaxX TpaduKa M BKIIOUYEHHOW aHMMAIMH, JJIS YCTOHYMBOM pabOThl mporpamMMmbl TpeOyercs
nporeccop He Hke Celeron-800. IIpoBeppTe KOHUTYparuio cBoero kommbiorepa: My Computer
"1 Properties. Hemuoro 00
JIETYUTH 3a/1a4y Ul KOMITbIOTEpa MOXHO OTMEHUB BH3yalHM3alMIo nepeaaBaeMbix qaHHbIX: Global

"IData Flow [1Uncheck All [1Close. IIpu 3TOM coxpaHsieTcsi BO3SMOXKHOCTh HAaOII0IaTh PE3YIbTAThI
MOZACIIMPOBAHUS, TOJTYIACMbIC YCPC3 NHANKATOPbI CTATUCTUKH.

Tpaduk B MozmenupyemMol ceTd 3aJaeTcsi C MOMOIIbI0 MacTepa, BhI3BIBAEMOI'0 KHOIKOH Tynbapa
"Set traffic". [lopsimok 3amanus Tpadrika TakoB:

1. BeiOpaTh B maHeaum HHCTPYMEHTOB HHCTpyMeHT "Set traffic":

| 2.5 g2 3| R

Set Traffic

2.11lenkHYTh JIEBOM KHOMKOW MBIIIN CHa4ajia 0 MOIYJIIO-UCTOYHHUKY TpadurKa, 3aTeM 110 MOYJIIO-
MPUEMHUKY TpaduKa.

3.HaBeaute ykaszarenb MBIIIM HAa OJWH W3 CTaHAAPTHBIX npoduiel TpadukoB, HampUMeED,
"InterLAN traffic". 3areM mienKHUTE MPaBO KHONKOM MBIMIM U B KOHTEKCTHOM MEHIO BBIOEpHUTE
naHHbI Tpoduis Tpaduka (myHKT Select).

[Ipu BbIOOpe TpOdMIS MOXKHO H3MEHATh XapakTepucTuku mnpopuias (kHomka Edit), 3amaBas
CTaTUCTUKY pa3MepoB nedrtarpamm '"Transaction size", CTaTUCTUKY MO-MEHTOB IPHUX0Ja
neiitarpamm, nay3 "Time between transactions”, a Taxxe npo-
TOKOJypoBHsTIpUiIoxkeHus " Application Layer Protocol".

5. TlocmoTpute Ha ompeneneHHble Bamu motoku naHHbBIX B cetu Global [1 Data Flow. 3nech xe
MOYXHO OTPEIaKTUPOBATh (B TOM YHCJIC U YAAJINUTh) CBOMCTBA MO-TOKA M Mpoduiiel TpaduKoB.

6. IIpu BeIOOpE Tpaduka KIMEHT-CepBep, Hampumep, npoduis Tpaduka mouroBoro kiaueHnra "E-
mail (POP)", ycranoBuTe cepBepHOE NMpUiIOKEHUE (B JAHHOM IpUMepe — MOYTOBBIN cepBep). st
3TOTO, B Opay3epe o0opyaoBaHus (3aKiaaKa

Devices) naitguterpynmy "Network and Enterprise software".3aTtem mepenecutrenkonky "E-mail
server" Mmeronom Drag-and-Drop Ha koMmbroTEp-CEPBED.
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[Tocme TakoW YCTAaHOBKM MPOTPAMMHOIO oOecrmeueHus: OyneT BO3MOXKHO Ha3Ha4yaTh KIUCHT-
cepBepHble Tpaduku. JoO6aBUTH nOpyrue BHUIBI CEPBEPHOrO0 Tpaduka MOXK-HO B CBOHCTBAX
MPOrPaMMHOTO OOecTieueHus cepBepa:

Konrekctnoe wmeno komnbioTepa Configuration [J KoOHTEKCTHOE MEHIO CEpBEPHOTO
nporpammHoro obecrieuenus Properties [ 3aknaaka Traffic

[Ipy Ha3HA4YE€HUM KIMEHT-CEPBEPHOrO TpaduKa, MOXKHO M3MEHATh XapPaKTEPUCTUKH OTBETOB
cepBepa, 3a7aBas CTaTHCTUKY pa3MepoB aedrtarpamm 'Transactionsize", cTaTUCTUKY MOMEHTOB
npuxoja nerrarpamm, nay3 "Time between trans-actions", a Take MPOTOKOJ YPOBHS MPUIIOKEHUS
"Application Layer Protocol".

OT4eThl

B mporuecce pa3paboTku TeKyllero BapuaHTa MPOEKTa CeTH Mbl MOkeM nosyuuTh B Net Cracker
OTYETHI O cocTaBe npoekTa. Hanpumep,

Tools menu [ Reports[ 1Bill of Material

[To3BosisieT MOMYYNTH OTYET O HOMEHKJIAType OOOpYIOBaHMS, BXOJSINETO B MPOEKT CETH, IIEHaX
KaX/101 eJMHULIBI 000pyI0BaHUs, OOIIEH IEHBI TPOCKTA.

Tools menu [ Reports[ | Device Summary
[To3BomseT MOMYYUTh OTYET-CHIENU(PUKALINIO BCEX €AMHUL] 000PYIOBAHHUS.

Taxoke mogo0HbIe CrIeU(PUKAIIMA MOYXKHO CTEHEPUPOBATh U TI0 OTAEIbHBIM KJIac-
cam obopynoBanus (Harpumep, Workstations, Servers, Hubs, u 1. 1.).

[TomyyenHble TakuM 00pa3oM OTYETHl MOMKHO pacrieyaraTh WIA COXpPaHWUTh B  (aid,
BOCIIOJIb30BAaBIIUCH MTAHEIBI0 MEHIO 10 paboTe ¢ oTyeTamMu (puc.7)

IR s T

Puc.7.

[Tpu BEIOOpE ONMIMKM COXPAHUTH MOSIBIISIETCS: OKHO Export (puc.8), B KOTOpOM MOKHO OTIPEICTUTh
(dbopmar coxpaHseMOro OT4eTa U MECTO ero XpaHeHus ((ails Ha JUCKe WM OTIIPABKA I10 IOYTE).

Export I
Format:
IHich Text Format L! Cancel |
[estination:
| Disk file =

Puc.8.

3akpoiire mpoekt Techno.net, BbiOpaB File [] Close. B mosBuBIIEMCs IHaJOrOBOM OKHE C
BoIpocoM you want to save the file? [laitte orBer NO.

3ajanue i1 MHIUBUIYATbHOTO BBITIOTHEHUS

Paccmorpum Bo3mokHOoCcTH Net Cracker B OTHOIICHHMM JHHAMHYECKOTO MOJETU-POBAHHS CETH.
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OTtkpoiite daiin — mpumep npoekta Router.net

Haxmute KHOTKY “cTapt” > Ha TTaHENU YIIPaBIICHUS. | S ARTIN LSS5 |

Biology
Chemistry

A%

Br1 yBunuTe cnenyromnyto cxemy (Puc.9):

Puc.9.
Jy1st i3MEHEHHsI MapaMeTPOB aHUMAIIUKA HAKMUTE KHOTIKY Animation Setup
Animation setup E |
Bl Packets |@ |:5||Si
Facket intenzity
less T e e e P el
FPacket zpeed
zlower ! fFaster
P acket size
e T bigger
¥ &uta apply
k. Cancel w1 Help
Puc.10

N3menuTe mapamerpsl 1 HaxMuTe Ha kHoiy OK. OreHute n3MEeHEeHHs B CTAaTUCTUKE pabOThI CETH,

[IOKA3aHHBIE B IIPOEKTE.
Paccmorpum paboty cetn Ha Gonee moapoOHOM ypoBHE. J[s 3TOTO MIEIKHUTE JIEBOW KHOITKOM
MBIIIN Ha OTKPBITOM MIPOEKTE, Ha 34aHUU oTMeueHHOM kak MathLab. [TepememaTsest mo nepapxuun

CETH MOKHO W Ha 3akiazke Opaysepa obopynoBanus «Project Hierarchyy.

JlaGoparopHuasi padora Ne 13, 14 (4 yaca)
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Tema:«Iloctpoenne cetu Ethernet»

eab padoThl: U3yunTh 0A30BYI0 TEXHOJIOTHIO JIOKaNbHBIX ceTeil — Ethernet. [IprnoGpecTn HaBbIKK
IIPOCKTUPOBAHUS CIIOKHOW BBIYUCIUTEIBHOM CETH Ui  OpraHU3alllH, HUMEIOLEH HECKOJIBKO
(bunanos, pacrooKEHHBIX HA 10CTaATOYHOM PACCTOSTHUM JPYT OT ApYyra.

3anauu padoThI:

1. U3yuuts Texnonoruto Ethernet;

2. O3nakomuThCs ¢ MeTosioM aoctyna CSMA/CD;
3. Paccmotpets ontoBonokonHbIi Ethernet;

4. O3HaKOMHUTLCS C TOMEHOM KOJUIA3HUH.

Ilepeyenb mpudOpPoOB, MATEPHAJIOB, HCIIOJIb3YyEeMbIX B JIa0OpaTOpPHOI padoTe:
1. Komnerorepnas JIBC.

Onucanue (xoa) padoThbl:

B 1980 r. WMHCTUTYT HHXEHEPOB IO AJIEKTPOTEXHUKE U  PATUOIIEKTPOHUKE
(InstituteofElectricalandElectronicsEngineers — IEEE) opranuzoBan komwuter 802, B cocTaB
KOTOPOTO BOILIM pabouynMe U HCCIEIOBATEIbCKUE TPYIIbI, 3aHUMAIONIUECS CTaHAapTU3aluen
JOKaJIbHBIX ceTed. Pe3ynmpraToM MX paboThl CTayll MepedyeHb CTaHAApPTOB, perjaMeHTHUPYIOIINX
MIPOEKTUPOBAHUE JIOKAIBHBIX CETEH:

* [EEE 802.1 — cTaHmapThl, OTHOCSIIMECS K YIIPABICHUIO CETIMU;

« [EEE 802.2 — oOmui craHmapT yOpaBi€HUS JIOTMYECKHMM  COEIWHEHHEM
(LogicalLinkControl — LLC) u ynpasnenus noctynom k cpene (MediaAccessControl — MAC);

* [EEE 802.3, 802.4, 802.5 — craHnapThl, ONpeIEsAIONINe YIPABICHUE TOCTYIIOM K Cpefe
nepenaun nanHbix (Ethernet, FDDI, Token Ring);

* IEEE 802.6 — crangapt AJi TOPOJCKUX CETEN;

* [EEE 802.11 — cranmapt 6ecipOBOHBIX TEXHOJOTHI Mepeayn TaHHbBIX;

* [EEE 802.12 — cranzmapTt, ONpeneisouIil TEXHOJIOTHIO INepeladd AAHHBIX C METOJIOM
JOCTyna "MPUOPUTET 3aIPOCOB";

* U IpyTHE.

Texnoaorus Ethernet

Ethernet - 510 camblii pacnpOCTpaHEHHBIM Ha CETOMHSANIHUN JCHb CTAHAAPT JIOKAJIbHBIX
cereii. B 3aBucumoctn or Tmmna ¢usmueckoil cpensl cranzapt IEEE 802.3 umeer paznuunble
MoaupUKaIUH:

— 10Base-5;

— 10Base-2;

— 10Base-T;

— 10Base-FL;

— 10Base-FB;

— Fast Ethernet;

— Gigabit Ethernet.

Jns mepenayd ABOMYHOM HMH(OpManuu mo Kabemo JUis BCEX BapHAHTOB (DU3NYECKOTO
ypoBHs TexHosoruu Ethernet, oOecmeumBarommX NPOMYCKHYIO crocoOHocTh 10 MowuT/c,
UCTOJIb3YeTCsI MAHYECTEPCKUN KOI.

Bce Buanr cranmaproB Ethernet (B Tom uncne Fast Ethernet u Gigabit Ethernet) ucnons3yror
OJIMH U TOT K€ METOJI Pa3/IeIeHus Cpe/ibl epeaaun AJanHbIx - merog CSMA/CD.

Metoa noctyna CSMA/CD
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B cersx Ethernet ncmonb3yercss MeTon JA0CTyNa K Cpee mepeaadyu JaHHBIX, Ha3bIBaeMbIH
MemoOOM KONEKMUBHO20 OOCMYNA C ONO3HABAHUEM Hecywell U 0OHapyiceHuem KO3l (carrier-
sense-multiply-access with collision detection, CSMA/CD).

OTOT METOA UCTIONB3YETCS UCKIIIOUYUTEIBHO B CETAX C 00MIel MMHOM (K KOTOPBIM OTHOCSTCS
U paJiMOCEeTH, MOPOJUBIINE 3TOT METO/). Bce KOMIBIOTEPHI TAaKOW CETH MMEIOT HETIOCPECTBEHHBIN
JOCTYI K OOIIEeH IMHE, TOATOMY OHa MOXET OBbITh MCIIOJIb30BaHa JUIsl Tepeadn JaHHBIX MEXKIY
mOoOBIMU  ABYMs y3i1aMmHu ceTu. [IpocToTa cxembl MHOJKIIOYEHHUS - 3TO OJUH U3 (PAKTOPOB,
ompenenuBmnx ycrnex cranaaprta Ethernet. ['oBopsT, 4ro kabenb, K KOTOPOMY IMOJKIIOYECHBI BCE
CTaHIIUHU, PaOOTAET B PEIKUME KOLIeKmMuUeHo20 docmyna (multiply-access, MA).

Bce nannble, nepegaBaeMble 10 CETH, IOMEINAIOTCS B KaApbl OMPEICIICHHONW CTPYKTYPHI U
CcHa0XKal0TCsl YHUKAIbHBIM aIpeCOM CTAHILIMM Ha3HAuYeHHs. 3aTeM KaJp rnepenaercs rno kademo. Bee
CTaHLIMH, TOJKIIOUEHHbIE K Ka0enmo, MOTyT pacrho3HaTh (pakT mepenauyd Kajapa, U Ta CTaHLUS,
KOTOpasi y3HaeT COOCTBEHHBIN aJipec B 3arojioBKax Kajpa, 3alUChIBAET €ro COJAEP>KUMOE B CBOM
BHYTpeHHUH Oydep, oOpabaThiBaeT MONTy4YEeHHBIC JAaHHBIE M IOCHUIACT MO Kalemro KaJIp-OTBET.
AJpec CTaHIIMU-UCTOYHMKA TaK)K€ BKIIIOUEH B UCXOIHBIA KaJp, MO3TOMY CTaHIUSA-IOIydaTelb
3HAeT, KOMY HYXHO TOCJIaTh OTBET.

[Ipy omucaHHOM MOAXOJI€ BO3MOXKHA CHUTyallds, KOTJa JB€ CTAHLIMHU OJHOBPEMEHHO
IBITAIOTCS TepeaTh Kaap JaHHBIX MO oOmeMy kabemo. Jlisi yMEHbLICHHS BEpOSTHOCTH STOU
CUTYallMu HEMOCPEACTBEHHO Iepes OTIPaBKOM Kajpa Iepenaronias CTaHLUs cIylaeT kKabenb (To
€CTb TMPUHUMACT M AaHAIM3HPYET BO3HHUKAIOIIME HA HEM D3JEKTPUYECKHE CHUTHAIbBI), YTOOBI
OoOHapyXHUTh, HE IepelaeTcs JU Yyxe Mo Kalbelro Kaap NaHHBIX OT Jpyrod craHuuu. Ecmum
onosnaemcs Hecywas (carrier-sense, CS), TO CTaHIMS OTKJIAIBIBACT IEpeady CBOETO Kaapa a0
OKOHYAHUS YYXOW Mepeayuu, U TOJIBKO MOTOM MBITAETCSI BHOBB €ro nepeaars. Ho naxe npu takom
aJITOPUTME JIBE CTAHIIMK OJHOBPEMEHHO MOTYT PELIUTb, YTO MO IIMHE B JAHHBI MOMEHT BpeMEHHU
HET Nepeqayd, W HadyaThb OJHOBPEMEHHO IepeAaBaTh CBOU KaJpbl. ['OBOPST, YTO MpH 3TOM
MPOUCXOJIUT KOMIU3UA, TAK KaK COAECP)KUMOE 000MX KaapOB CTAJIKMBAETCA Ha O0IIeM Kabese, 4yTo
MPUBOJIUT K UCKAKEHHUIO HHPOPMAITUH.

Uro0Obl KOppeKTHO 00padoTaTh KOJUIM3MIO, BCE CTAHIMM OJAHOBPEMEHHO HaOIIOMaloT 3a
BO3HUKAIOIIMMKU Ha Kabene curHanamu. Eciam mnepemaBaemble M HaOJIOgaeMble  CHTHAIBI
OTIUYAIOTCS, TO QUKCUPYETCST 0OHapyicerue koaausuu (collision detection, CD). [lns yBenudeHus
BEPOATHOCTH HEMEIJICHHOT'O OOHAPYKEHUS KOJUTM3UU BCEMU CTaHIMSMH CETH, CUTYalHsl KOJTU3UU
YCUJIMBAETCSl TIOCBIJIKOM B CETh CTAHIMSAMM, HAyaBIIMMHU Tepelady CBOUX KaJpoB, CIEHUAIbHON
MOCJIeI0BATEIHHOCTH OUTOB, HA3BIBAEMOU jam-nocie008amenbHOCmyio.

[Tocne oOHapykeHHsI KOJUIM3MM TE€penaroiias CTaHIMs o0sf3aHa NMPEKpaTUTh INepenady |
OXUJaTh B TEUYEHHE CIy4yailHOrO MHTEpBajlia BPEMEHHU, a 3aT€M MOXKET CHOBa CJAeNaTh MOMbBITKY
nepeaadn kajapa (pucyHok 6.1).

Metog CSMA/CD ompenenseT OCHOBHbIE BPEMEHHBIE M JIOTUYECKHE COOTHOIICHUS,
rapaHTUPYIOLIHEe KOPPEKTHYIO paboTy BCEX CTAaHLIUN B CETH:

- Mexnay IByMs HOCJIEIOBATENbHO MEpeAaBaeMbIMU MO OOIIEH IIMHE KaapamMu HH(OpMaruu
JOJKHA BBIIEP)KUBAThCA May3a B 9.6 MKc; 3Ta may3a Hy)XHA JIJsl MPUBEACHUS B HCXOJTHOE
COCTOSIHUE CETEBBIX aJalTepOB Y3JIOB, a TAKXKE JJIS MPEIOTBPAILICHUS MOHOIIOJIBFHOTO 3aXBaTa
Cpelibl MepeIavyr TaHHBIX OJJHOM CTAHIIMEH.

- Ilpu oOHapyXeHMM KOJUIM3MM CTaHIMS BBIIACT B Cpely CHEeHHalIbHYIO0 32-X OWUTHYIO
MOCIIE0BATENbHOCTh (jam-IIOCIEI0BAaTENbHOCTh), YCHIIMBAIOIIYIO SIBJICHHE KOJUITM3UM JUIS
0oJiee HaJIE)KHOTO paclio3HABAaHUs €€ BCEMHU y3JIaMU CETH.

- Ilocne oOHapyXeHUS KOJUIM3WW KaXKIBIM y3€J, KOTOpPBIH TepenaBall KaJp M CTOJKHYICS C
KOJUIM3UEHN, MOCIIE HEKOTOPOM 3aJepXKKH IBITAETCS IMOBTOPHO NEpenaTbh CBOM Kaap. Y3el
JielaeT MAaKCUMaJlbHO 16 TOMBITOK TMepenadd ATOro Kajapa HHGpOpMalUHh, MOoCcie 4Yero
OTKa3bIBAaeTCA OT €ro Imnepefaud. BenuuynHa 3aJepXKU BBHIOMpAaeTCs Kak pPaBHOMEPHO
pacmpenelieHHOoe Ciay4yallHOe€ YHCIO W3 HHTEpBalla, JIJMHA KOTOPOTrO HSKCHOHEHLHUATbHO
YBEIUYMUBACTCS C KKAON MOMBITKONW. Takoil alroput™M BeIOOpA BETMUMHBI 33/1€PKKH CHUXKAET
BEPOATHOCTh KOJUIM3UM M YMEHbIIAET HHTEHCUBHOCTD BbIIa4M KaJIpOB B CETh MPU €€ BHICOKOM
3arpyske.
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Pucynox 1 - Cxema BO3HUKHOBEHHS KOJUTM3UHU B MeTo1e ciydaitHoro noctyrna CSMA/CD (tp -
3a/Iep’KKa paclpoCTPAHEHHUsI CUTHAJIAa MEXY cTaHIUAMHA A 1 B)

Bce mapamerpsl nporokona Ethernet mogoOGpansl Takum 00pa3zomM, 4ToObI IPU HOPMATIBLHOMN
paboTe Y3JI0B CeTH KOJUIM3MH BCETJa YETKO PAclo3HaBaIMCh. VIMEHHO JJIi 3TOr0 MUHUMAaJIbHAsS
JUIMHA TIONIA JAHHBIX KajJpa JOohKHAa ObITh HEe MeHee 46 Oaifr. [[nmHa kabenbHOW CHCTEMBI
BBIOMpAETCSl TaKUM 00pa3oM, YTOOBI 3a BpeMs Iepeladyd Kajpa MUHUMAIbHOW JJIMHBI CHTHAIT
KOJUIM3HMH yCIen Obl pacCIpOCTPAHUTHCS 10 CaMOTro AalibHEro ysna cetu. [loatomy mns ckopoctu
nepeaaun maHHblx 10 MO/c, ucnonb3dyemori B cranmapTax Ethernet, MakcumanbHOE pacCTOSHHE
MEXIy IBYMs JIFOOBIMH y3JaMH CETH HE JOJDKHO mpeBbimarh 2500 merpoB. HeszaBucumo ot
peaym3anuu (GU3HUECKOH cpenbl, Bce ceTh Ethernet TOJDKHBI yIOBICTBOPATH IBYM OIPaHUYCHHSIM,
CBSI3aHHBIM C METOJIOM JIOCTYIa: MAaKCHMAalIbHOE PACCTOSHUE MEXIY ABYMsI JIOOBIMU y3JIaMU HE
TOJDKHO TpeBbimaTh 2500 M; B CETH HE TOJDKHO OBITh Oosiee 1024 y3moB.

OnrtoBogokounblii Ethernet

B xauectBe cpensl mepemaun naHHbiXx 10 merabutHbii Ethernet mcmonb3yer omrTuueckoe
BOJIOKHO. OTNTOBOJIOKOHHBIC CTaHAApPThl B KAueCTBE OCHOBHOTO THIA Kabens pPEeKOMEHAYIOT
JIOCTaTOYHO JICIIEBOE OINTHUYECKOE BOJIOKHO, oOjamaroriee mosioco mpomyckanus 500-800 MI'n
npu JuiHe Kabemnst 1 kM.

OyHkroHanbHO ceTh Ethernet Ha onTryeckom kabene COCTOUT U3 TEX K€ JIEMEHTOB, YTO U
cetb crangapra 10Base-T - cereBbIXx aganTepoB, MHOIOINOPTOBOTO MOBTOPUTEIS U OTPE3KOB
Kalesi, COeOUHSIONIMX aJanTep ¢ MoproM mnoBToputens. Kak um B ciydyae BUTOW mapel, AJs
COCIMHEHUS aJanTepa ¢ MOBTOPUTENIEM UCHOIb3YIOMC 08a ONITOBOJIOKHA - OHO COEIMHSIET BBIXO/T
Tx agantepa co Bxogom Ry moBTopurens, a npyroe - Bxoq Ry amanrepa ¢ BbIxooM Tx TOBTOPUTEIS.

Cmanoapm FOIRL (Fiber Optic Inter-Repeater Link) tpencraBisieT co0Oil TepBHIiA
crangapt komutera 802.3 mis Mcmonb30BaHMs ONTOBOJIOKHA B ceTsix Ethernet. O rapanTtupyer
JUTMHY ONTOBOJOKOHHOM CBSI3U MEXIy MOBTOPUTENSIMU 10 | KM mpu oOmiel amuHe cetu He Oolee
2500 M. MakcuMaabHOE YUCIIO TTIOBTOPHUTENICH MEXIY JIOOBIMH y3JIaMH ceTH - 4. MakCHMabHOTO
nuamerpa B 2500 M 31ech JOCTUYh MOXHO, XOTS MAKCUMAIIbHBIE OTPE3KU Kadens Mexay Bcemu 4
ITOBTOPUTENISIMHU, & TAKXKE MEXJYy MNOBTOPUTEISIMA M KOHEUHBIMHU y3JaMH HEJOMYCTHUMBI - MHA4e
nostydutcs cetb JuuHon 5000 m.

Cmanoapm 10Base-FL mpencraBmsieT co00W HE3HAYUTEIBHOE VYIYYIICHHE CTaHIapTa
FOIRL. YBenuueHa MOIIHOCTh NEPEIATYUKOB, TOATOMY MaKCUMAJIbHOE PACCTOSIHUE MEXAY y3JI0M
Y KOHIICHTPATOpOM yBeIUYUIoCh 10 2000 M. MakCuMalibHOE YUCIIO MMOBTOPUTENCH MEXKIY Y3JIaMu
0CTaj0Ch PaBHBIM 4, a MaKCUMasbHas JIMHa ceTu - 2500 M.

Cmanoapm 10Base-FB nipeqHa3HaueH TOJBKO ISl COEAMHEHUs TmoBTOpuTeneil. Koneunnie
y37bl HE MOTYT HCIOJb30BAaTh 3TOT CTAHJAAPT AJI MPUCOSAUMHEHUs K MOpTaM KOHIEHTpaTopa.
Mexny y3aaMH CEeTH MOXHO YCTaHOBHTH A0 5 moBtoputenei 10Base-FB npu makcumanbHOU
mnHe ogHoro cermenta 2000 M 1 MakcuMaIbHOM InHe ceTd 2740 M.
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Kak u B cranmgapre 10Base-T, onToBosiokoHHBIe cTanaapThl Ethernet pa3zpemaror coequHAT
KOHIIGHTPATOPBl TOJBKO B JPEBOBHJHBIC HEpApXMUYECKHE CTPYKTYpbl. JII0Oble MeTIH Mexay
[IOpTaMU KOHIIEHTPATOPOB HE JOMYCKAIOTCS.

JloMeH KoJIM3UM

B Texnonoruu Ethernet, He3aBUCHMO OT MPUMEHSIEMOro CTaHIapTa (U3UUYECKOTO YPOBHS,
CYLIECTBYET IIOHATHE JJOMEHA KOJUIU3HH.

Homen xonnuzuii (collision domain) - 510 dacth cetu Ethernet, Bce y3mbl KoTOpoOi
PAcMo3HAIOT KOJUTM3HIO HE3aBUCUMO OT TOTO, B KAKOW YacTH 3TOM CETH KOJUIM3MUS BO3HUKIA. CeTh
Ethernet, mocTpoeHHass Ha MOBTOPHUTENSAX, BCerja oOpa3yeT OJUH JOMEH KoJutu3uid. JloMmeH
KOJUIM3UN COOTBETCTBYET OJHOW pasfessemMou cpene. MocCThl, KOMMYTaTOpPbl U MAapLIPYTU3ATOPBI
nenar ceth Ethernet Ha HECKOIBKO TOMEHOB KOJIIM3HHA.

3aganue

CnpoekTupoBaTh BBIYUCIUTENIBHYIO CETh JUIsI OpraHU3allMh, HMMEIOUIEH HECKOJIbKO
¢unuanoB B pa3auvHbIX ropoaax. Mcmomb3yercs 4 ¢uimana B 4 HaceNEeHHBIX IMYyHKTaXx.
Uncno KOMIBIOTEPOB B KaxaoM (umuane - 5-5-8-6. PaccrosHue Mexay cerMeHTamu -25-
20-25-20 xm.

[Ipy TpOEKTUPOBAaHMM HCIOJB30BaTh MAaKCHMAalIbHO BO3MOXHOE pazHooOpasue
KOMMYHHMKAIIMOHHOTO oOopynoBaHus. Ha cxeme yka3aThb THIBI HCHOJIb30BAaHHBIX CpE.
nepeaavu JaHHBIX.

Onpenenuth HECKOJBKO MapUIPYTOB MPOJBMKEHUS MaKeTa M3 OJHOTO y3ia B APYToii,
COCTaBUTH TAOIHUILy MapIIPyTHU3AIIHH.

CHpOGKTI/IpOBaTB CCTh IJId OpraHu3alr, KOTOpas COCTOUT U3 HCECKOJIbKUX q)HJIHa.HOB
(BapwaHTHI MIpeACTaBiICHBI B TabauIEe A.1).
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Tabmuma A.1

BAPUAHT KonnyectBo | Ynciio KOMIBIOTEPOB KonuuectBo Paccrosinue mexny
¢dunnanon B KaXx/10M (punmane HACEJIEHHBIX CErMEHTaMH, KM
MTYHKTOB

1 7 (12)-(24-5) 6 250-(0,4)

2 8 (10-10)-(24-11) 6 (1,8)-120-(0,15)
3 9 2-3-12-8-16 5 0,2-1,5-0,13-0,4
4 7 12-26-18 7 18-23

5 8 5-8-4-6 8 250-500-750
6 6 18-24 6 530

7 8 (10)-(8-7)-(29) 7 123-(0,2)-12

8 7 (8-19)-(23) 6 0,2-300

9 9 (12-12-14)-(8-12) 6 (0,3-0,4)-(0,25)
10 8 5-5-8-6 8 25-20-25-20
11 7 12-8-14 7 21-10

12 6 36-8 6 12-5

13 8 (12-2-3)-(15) 6 (1,8-0,4-0,9)-13
14 7 (10-8)-(16-14) 6 14-3

15 6 12-60 6 126

16 9 12-2-8-24-10 5 2-5-12-0,8
17 8 (11-5)-(3-12) 6 8-17

18 7 14-14-8 5 250-300

19 6 24-36 5 12
20 7 9-21-3 7 45-12-100

Heo6xoanmMo 100uThCS MakcUManbHOM 3(pPEKTUBHOCTH MCIIOIB30BAHUS CETH 11O KPUTEPHUIO
[IeHa-KauyeCTBO-CKOPOCTb.

JlabopaTopnasi pabora Ne 15 (2 yaca)

Tema:«Monynsauus»
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Leas padoThl: M3YYUTh METOMAbI AMIUIMTYIHOW, ()a30BOW M YAaCTOTHOW MOJIYJSAIMH, MPUHIUIBI
aMIUTUTYTHON ¥ 9aCTOTHON MaHUITYJISINH, IIPUHIIATIBI UMITYJIbCHOW U IU(PPOBON MOTYIISAIUH.

3anauu padooThI:
1. U3yunuTh METOIBI MOYJISALINH;
2. 3y4nuTh NPUHUHUIIBI MOTYJISIIIUH.

Ilepeyenb mpuOOpPOB, MATEPHAJIOB, HCIIOJIb3yeMbIX B JIa0OpaTOpPHOI padoTe:
1. Komnerorepnas JIBC.

Onucanue (xoa) padoThbli:

Mopaynsiuusi CHTHAJIOB TO3BOJISIET BBINOJHHUTH INPEOOpPa30BaHME CUTHAJIOB C IIEJIbIO
noBBIIEHUS 3(P(EKTUBHOCTH M TOMEXOYCTONYMBOCTH Tpoliecca mnepeaadn wuHpopMmaruu. B
OOJIBIIMHCTBE CIIy4a€B METOABl MOYJISIMKA OCHOBBIBAIOTCS Ha YIPaBICHUHM IapaMeTpaMu
CUTHAJOB B COOTBETCTBHHM C HH()OPMAIMOHHBIM cooOmeHueM. IIpm MOmynmsamuu CHrHAIOB
u3MeHseTca uX popMa U CIEKTpalIbHbIE XapaKTepuCTHKH. OCOOCHHOCTH (POPMUPOBAHUS CIIEKTPOB
CUTHAJIOB MMEIOT BYKHOE 3HAUCHHE /ISl CUCTEM CBS3U M TEICKOMMYHHKAIINH.

Coo0mmenust mepearoTcs NpU TOMOILIM CUTHAIOB. B mpocreiimeM ciiydae cooOiieHue
MOXET 3aKJII0YaThCs B HAJIMYMU (OTCYTCTBHMHM) MpHHATOrO curHana. [Ipm satom Tpebyercs pemats
3ajjauy oOHapyscenus CUTHana. Bo MHOrMX chydasx BHJ IepeJaBacMbIX CHUTHAJIOB 3apaHee
M3BECTEH U MPHUEM COOOIICHUSI COCTOUT B TOM, YTOOBI ONPEEIUTh, KAaKOH M3 BOZMOYKHBIX CHTHAJIOB
Obul mepenad. Torma 3amada COCTOMT B paziuyeHuu CUTHAIOB. EciaM CHUTHAIBI OTIMYAIOTCS
3HAQUEHWSIMH HMX [apaMeTpoB, KOTOPHIE CYMTAIOTCA MOCTOSHHBIMH B TEYCHHUH HEKOTOPOTO
MHTEpBaJa, TO HEOOXOAMMO TONIy4aTh oyeHku napamempos curHana. CooOIIeHne MOoXeT
COZIEpKaThCsl B U3MEHEHHSX MapaMeTpoB, T.€. B UX MIHOBEHHBIX (JOKaIbHBIX) 3HaUueHHAX. Torma
IV TIOJIy4eHHMS COOOIIEHUS HYXHO BBINOJHUTH uabmpayuio napamempog CUTHaia. 3ajada
¢bunpTpanyy, Kak IpaBuiIo, SIBIISIETCS OoJiee CII0KHOH, YeM OLEHHBAaHHE apaMeTpOB.

VYnpasienue nHPOPMALMOHHBIM apaMeTpOM CUTHAlIa B COOTBETCTBHM C IEpeIaBaCMbIM
COOOIICHUEM HA3BIBAOT MOOVIAYUELL.

Nudopmannonusiii curnan (coodmieHue) 0003HAYMM ((X), CUTHAI-TIEPEHOCYUK, TapaMeTp
KOTOPOTO M3MEHSIETCSI B COOTBETCTBUU C cooOmeHueM, o0o3HauuM s(x). [Ipu mMoxynsmum
BBITOJIHSACTCSI MPeoOpa3oBaHUE 3TUX JBYX CUTHAJIOB B OJUH MOJYJIMPOBAHHBIN CHUTHAM X(X) B
COOTBETCTBHH C YPaBHEHHUEM

Elxd=M{a(x),0(x);

, (1)
rae M} _ oreparop, ompeeseMblit BUJIOM MOTYJISIUH. st BBIICICHUS

cooOmieHus q(x) Ha MPUEMHONW CTOPOHE HEOOXOJMMO BBIMIOJHUTH OOpaTHOE TNpeodpa3zoBaHUe
(nemonynAauuio), T.e.

B0 = MTHEDDL.

B 3aBucumoctd OT BHIA, (YHKIHMOHAIBHOW (OpMBI M YHUCIA TAapaMeTpOB CHrHaJIa-
MepeHOCYrKa s(X) 1 "HHOPMAITMOHHOTO CUTHANA ( (X) BApbUPYIOTCS CBOMCTBA Pa3IMYHBIX METO/IOB
MOJYJISIIIMM, @ UMEHHO, BUJ] M IIUPUHA CIIEKTPa CUTHAJA X(X), YCTOHYUBOCTD K BO3JIEHCTBHIO ITOMEX
U T.J.

Ecnun mHbOpManMOHHBIM TapamMeTp CHUTHala-NMEepeHOCUYNKa HM3MEHSETCS HENpEephIBHO, TO
METOJIbl ~ MOAYJSIUU  SIBJISIIOTCS HenpepvléHviMu (PaCIPOCTPAHEHBl,  HAmpUMEp,  METObI
aMIUTUTYHOHM, ()a30BO M 4YACTOTHOM HENpPEepHIBHOW MOIYISIMH TapMOHMYECKOT'O CHUTHaa-
MEePEHOCUHNKA).

B KauecTBe CUTHAJIa-IEpPEHOCYNKA 4acTo HCIOJIB3YIOT NEPUOINYECKYIO
MOCJIEZIOBATEIBHOCTh HMMITYJIbCOB, TOT/Ia MOJIYJSILUIO Ha3bIBAIOT UMNYAbCcHOU (HapuMep, Tpu
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W3MEHEHUN aMIUIMTYAbl WJIM YacTOThl UMIYJIbCOB IO 3aKOHY ((X) UMEET MECTO AaMILTUTYHO-
HMITYJIbCHAS! WJIM YaCTOTHO-UMITYJIbCHAs MOIYJISALIMS COOTBETCTBEHHO).

NudopManinoHHbIi MmapaMeTp MOXET NPUHUMAaTh CUETHOE YWCIO 3HAYCHHH, MPU 3TOM
MOAYJISIUIO Ha3bIBAIOT OuckpemHoti. K AUCKPETHBIM BUAAM MOJIYJSLMU OTHOCSATCS, HalpuMeED,
aMIUIUTYy[IHasA, 4acTOTHast u (a3oBas manunynsayuu. Eciyu 3HaueHus mapaMeTrpa 3aKOAUPOBAHBI U
nepenarorcs B IUPPOBOM  popme, TO COOTBETCTBYIOIIME BHUABI MOIYISIUU  HOCST
Ha3BaHHe yugposou monynauuu. Hambonee pacnpocTpaHeHHBIM BUIOM LU(POBOH MOIYIALUN
SIBJISIETCS MMITYJIbCHO-KOJIOBasi MOJYJISIIUS, KOTJa 3HAUYEHMs] CHUTHajda B JIHUCKPETHBIX TOYKAX
KOJUPYIOT B ITU(GpOBOM popme.

[Ipu co3manuu CUCTEM Mepefayd CUTHAJIOB OCHOBHBIMHU 3aJladaMU SIBIISIOTCS pa3paboTka
METOJIOB M MaTeMaTHYECKHX MOJIENeH, ONpeAeNAIoNUX ONTUMAIbHbIE PEKUMbBI MOMYIISIINH-
JNEMOAYISUU C TOYKU 3PEHUSI TOBBIIIEHUS CKOPOCTH, JOCTOBEPHOCTH U MOMEXO03aUIUIIEHHOCTH
nepeaadyn HHPOPMAIIHH.

I[Ipn kmaccupukanmu BHIOB MOAYJSIHMH TPUHAMAIOT B PAacu€T BHUI, XapakrTep
MH(OPMALIMOHHOTO CUTHAJIa U CUTHAJA-TIEPEHOCYUKA: IeTePMUHHUPOBAHHBIN Mpolecc, CaydyailHbIN
CTAallMOHAPHBINA IPOLIECC, HECTALMOHAPHBIA ImIpouecc MU T.A. JIeTEpMUHUPOBAHHBIC CUTHAJIbI
OTIPECTAIOTCA UX aMIUIMTYAHBIMU U (Da30BBIMHU CIIEKTpaMU Ha OCHOBE CBOMCTB psnoB Dypbe u
npeobpazoBanus Oypwe (pa3a. 1.5.). B Teopun nndpopmanmu 1 nepegadnd CUTHAIOB 0CO00€ MECTO
3aHMMAIOT CTOXAaCTUYECKHE CHUTHANbI, SIBISIIOIIMECS pealu3alusIMU CIy4dailHbIX TPOIECCOB C
3aJaHHBIMH ~ XAapPaKTePUCTUKAMH —  KOPPENSIMOHHBIMU  (PYHKIHMSIMH W CIIEKTPaJbHBIMU
MJIOTHOCTSIMH.

Ecnu Bua MHPOPMAIMOHHOTO CHUTHANA, CHUTHANA-TIEPEHOCYMKA M XAPAKTEPUCTUKH JIMHUU
CBSI3M 3aJlaHbl, TO OCHOBHOM 3aJayeil ABJISETCS ONMUMATIbHLIU NPUEM CUTHAJIOB. 3ajaya
ONTUMAIBHOTO MpHEMa, KaK MpaBUIO, CBOJAUTCA K 3a/laye Pa3jIudyeHHUs] CUTHAJIOB MO 3aJaHHOMY
KpUTEPUIO B YCIOBHSIX NMOMEX (3aaya OOHapy>KEHUs pacCMaTpUBAETCA KaK pa3iMueHUuE CMecu
CUTHAJIa U TIOMEXH OT MTOMEXH, KOTJIa CUTHAJI OTCYTCTBYET).

3amaun  mpuémMa COOOIICHWI  MOApa3feisioT Ha JBa  Kjacca — KOTEPEHTHBIN
Y HEKOTE€PEHTHBIA MPUEM, COOTBETCTBEHHO NMPHU HAIMYMU U OTCYTCTBUU CHHXPOHHU3AIMU B KaHae
nepeaaun uHbopMaruu. MeToabpl KOTEPEHTHOTO (CHMHXPOHHOIO) IMpHeMa, Kak MpaBuio, Oonee
IPOCTHl M HaAE&KHBL. MeTOJbl HEKOTePEHTHOro (aCHMHXpPOHHOTro) mpuéma obecneuuBaroT Ooiee
BBICOKOE OBICTPOJICHCTBHE, OJHAKO 0OJIee CIIOKHBI B peaTu3alliu.

Teopuss ONTUMAIBHOTO NpPUEMA CUTHAJIOB SBISIETCA OJHUM M3 BaXXHEUIIHX pPAa3JeioB
CTaTUCTUYECKON PaIMOTEXHUKH U TEOPUU CBSI3U.

Metoasl aMILTUTYHOM, (aszosoii " YacTOTHOM
MOAYJISIIIUM

AMIuTyaHast, (a3oBas U 4aCTOTHAs MOJYJIALUS TAPMOHUUYECKUX CUTHAJIOB-TIEPEHOCUNKOB
MOJIYYMJIN HanboJiee IMUPOKOe PACIPOCTPAHCHHE B PAIMOBEIIAHUN U CUCTEMAaX CBSI3H.

AMITTUTYAHAST MO ISIUS

AMITTUTYIHO-MOIYIUPOBaHHBIN (AM) curHan B 00IIIEeM ClTydae OMpeeseTCsl BEIpaKEeHUEM

E(x)=[1+ma(x]] s(x), )

rae q(x) — uHGOPMAITMOHHBIA (MOIYIUPYIONIUI) CUTHAI, S(X) — CUTHAJI-TIEPEHOCUUK, 1 —
KO3 (HUIIUEHT MOTYIISIUH.

CrnexTp curnaina (3) MOKHO HAlTH C UCTIOJIb30BAaHUEM CBOMCTB MpeobpazoBanus Oypre (cm.
pasn. 1.5) B hopme

Hul=F{Exnl=Mul+miu)«®@u), “
e Sy =F{asi ), ®in) = F{e{x

®opmupoBaHue cekTpa (4) mwunocTpupyercs Ha puc. 1 u 2.
[Tpu rapMOHNYECKOM MOJYJIMPYIOLEM CUrHale (puc. 1) ero crekTp, Kak ¥ CIEKTp CUrHaJla-
IIEPEHOCYHKA, IPEJCTaBIISIET coboit 1BE nenbTa-(QyHKIUH. Caeprka
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cnekTpoB S(u) u Q (1) mpuBoaUT K  TepeHocy  cmekTpa Q(u) Ha  Ooslee  BBICOKYIO  (Tak

Ha3bIBAEMYIO HECYUyI0) YaCTOTy iy
Ecnu Monynupyromuii CUrHal UMEET CIIOKHYI0 (JOpMy U, CIIEIOBATENbHO, MPOTSKEHHBIH
cnekTp (puc. 2), 00pa3oBaHHBIM MHOXECTBOM Tap JeNbTa-QyHKIIUN C Pa3TMIHBIMU MOJIOKEHUSIMA

Ha YacCTOTHOM OCH, TO B PE3yJIbTaTe€ IEpeHOCa CIEKTpPa Ha HECYIIYI0 YacTOTy Hiy o0pa3yroTcs
COOTBETCTBYIOIIME CHEKTpAJIbHbIE TOPSAKH. B cHily CBOWCTB 4YacCTOTHOM CHUMMETPHUU
npeoOpazoBanus Dypbe MOXKHO TMOKa3aTh, YTO BCS TONe3Has HH(OpPMAIHS COIACPKUTCS B

CHEKTPAILHOM MOPSIKE B OKPECTHOCTH YaCTOTHI 0 .

Hemonynsuuio AM curHana OCYIIECTBISIOT MYyTEM BBIJIEICHUS OTrHOArOIIeH CHUTHaa-
NEepCHOCHYUKA IMpUu €ro ACTCKTUPOBAHUU U q)HJIBTpaL[I/II/I HWXXHUX YaCTOT Ha BBIXOAC ACTCKTOpA.
[IIuprHa moja0ck MponmycKanus GuiIbTpa T0HKHA COOTBETCTBOBATH MmUpHHE criektpa Q(u) (puc. 2),
‘ITOGBI O6CCHC‘II/ITB MHUHUMAJIBHBIC CIICKTPAJIbHBIC HCKAKCHUA BOCCTAHOBJICHHOI'O CUTHAJIA.

BIx) [} ar)
F 5 F

<>

-

N NIVaNAN
(VARG

L
—
w

[ 2y, i
s(x) =z
.
] X
—1'4,3 0 ulu T
=]

U Uy UL, Yo WD Uw
Xy y

Puc. 1. Cnektp AM cursaja ¢ rapMOHN4Y€CKOl MOy JIsilueit
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Puc. 2. CnekTp cj10:kH0oro AM curnaJia
®da3oBas MOIYIALHUSL
dazomonynupoBaHHbelii (PM) cHrHam MMEET TOCTOSHHYIO aMIUIUTYyAy, ¢a3a CHUrHaja
W3MEHSIETCS MTPOMOPLIUOHATEHO HHPOPMAIIMOHHOMY CUTHATY, 8 UMEHHO
Eix)= Acosdnugx +meix)], (5)

roe 4o - HECyIIas 9acToTa, m — UHACKC (ha30BON MOMYIISIIHH.

Bl xi=cos(dnu, X
(x) (2 ?ﬂ:', U HUHIOEKC

[IycTh MOAYNMHMPYIOIIMIA CUTHAN SBISIETCS TapMOHHYECKHUM,
monynsmun ™ 1. TIpu 5ToM BeIpaxkeHnue (5) MOKHO IIEPENUCATh B BUJIE
E(x) = AcosPfugr +meoosZie, )] =
= Acos@ZRugx) —mAsind Mg x) cos@ My, x), (6)

»—0 caosp

YUUTHIBas, 4TO TPH =1.sIP =) Tocne mpeo6pasoBaHms BTOPOro cIaraeMoro B

(6) mosryunm
Eix) = Avosi@uupxy - (mAD sindnluy +uy, Jx - (mAf D sin2nuy —u,,Jx. (7)

Cnektp ®M-curnana ¢ MajabiM HHIEKCOM MOAYJISAIIMYU MTOKa3aH Ha puc. 3.
=er)
4

Az

mAfa | maa

ol

il Ly L L U 1Ly

Puc. 3. CnexTp u BekTopHas guarpamma i ®M curnana npu m <<[
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BenuuuHbl  CHIEKTPANbHBIX  COCTABJISIIOUIMX  HUIACHTUYHBI BEJIMYMHAM  CHEKTPATbHBIX
COCTaBJISIFONIUX CUTHaA ¢ CHHYCOMAIbHOU AM, ogHaKko (a30BbIE COOTHOIIEHUS MEXTY HECYIeh
1 OOKOBBIMH COCTABJISIFOIIIMMHU PAa3IHUHBL. DTU (ha30BbIE COOTHOIIICHHUS 0OJiee NETAbHO MOKa3aHbI
rpaguvecKkd Ha BEKTOPHOW AWarpaMMe B MPaBOM YacTH puc. 3. MeEHbIIHE BEKTOPHI MEIJICHHO
BpaIllalOTCS B TPOTHBOIOJIOXKHBIX HAIMPABICHUSAX BOKPYr OBICTPO BpaIIalOIIErocs OOIBIIOTO
BEKTOpa, a X (X)IpelCcTaBiseT COOOW MPOEKIIUI0O CYMMBbI BEKTOPOB Ha TOPHU3OHTAIBHYIO OCh.
Opnako B oTinuMe OT ciayyas AM curHana cymMma MEHBIIMX BEKTOPOB BCera MEpHeHANKYIISIpHA
OompiieMy BekTOpy. [Ipm 3TOM, eciu BEKTOPHI OOKOBBIX COCTABIISIIONIUX Maibl (m << [), nnuHa
CYMMapHOTO BEKTOpa OJH3Ka MO BEIWYMHE aMIUTUTYJE HECYyIleh A, HO Pe3yIbTUPYIOMUNA BEKTOP
BpalllaeTcs C IePEMEHHOM CKOPOCTHIO.

@da30Bble COOTHOLICHHUS B JTAHHOM BEKTOPHOW IHarpaMMe YKa3bIBAaIOT MPOCTOH Crocod
reHepupoBanuss @M CHUTHAJIOB ¢ MaJbIM WHIAEKCOM MoOAyisiuu (puc. 2.4) mpu MpOU3BOIHLHOM
MOJTJTHPYIOIIEM CUTHAJIE g (X).

mbx) mANx) sn(dmegx) | =Acos[Zmgr-mB(x]
+ >

+

Asin(2 migx]) Acogdmgn)

Puc. 4. CtpykrypHas cxema ®M moayasitopa npu m <<lI

YacToTHas MOIyISAIAS
[Ipu vacTOTHOW MOAYNSIIIMM M3MEHSETCS MTHOBEHHas (JIOKallbHAsl) 4acToTa u(X) CUTHaja-

MePEHOCYUKA S(X) B COOTBETCTBHH C MHPOPMAIIMOHHBIM CUTHAJIOM ((X), @ HIMEHHO
¥)=AcosPnulx)x
E(x) Lmu( x)x] ,(8)

rae
¥
u(x) ug + [B03) Ay
= )
IIpu cunyconnansHoit UM MOAYIUPYIOLINN CUTHAT UMEET BUJ
B(x)=—asininu,x), (10)

OTKyZa

ulxy =y + Tﬁ(xj dx=ug + (a2, cos@Miyx) .

i (1)

CpaBuenue (6) m (8) c yu€rom (11) mokaseiBaer wuaeHTHYHOCTH OM u UM mpu
CHUHYCOUAATIBHON MOAYIHUpYIOUIed QyHKIIMY U MHICKCE MOAYJIALUN

|m|=afinu,

3HaYeHHE aIPEACTABISIET COO0M MaKCUMAIBHYIO Oeguayuto MTHOBEHHON yTJIOBOW YacTOTHI
OTHOCHTEJIBHO HeCyIwel YrIIOBOi 4acToThl 2" .

IIpocreimmii JEMOLYJISATOP IS uM CUTHAJIOB W YACTOMHbLU
OUCKpumMuHamop MPeACTaBIIeT COOOW PE30HAHCHBIM KOHTYpP, HACTPOEHHBIH, HalpuMep, HHKE
Hecymen 4actorsl (puc. 5). M3MeHeHus MIHOBEHHOH 4YacTOTHI BO BXOAHOM MOAYJIHPOBAHHOM
CUTHaJIe TpeoOpa3yloTCcsi B U3MEHEHUS aMIUIMTY[bl CUTHAjJa Ha BBIXOJE PE30HAHCHOIO KOHTYpa.
OTH aMIUIMTYJHBIE HW3MEHEHHs HEeTPYJHO BBIACIUTh IPH TOMOIIM OOBIYHOTO JETEKTOpa
oruoaroIen.
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Puc. 5. Ilpeodpa3oBanue U3MeHEHNH YaCTOTHI B MI3MEHEHUE aMILJIMTY/IbI IIPH MOMOLIH
PEe30HAHCHOM Lenu

Broog
(H armpmsteEmie)

A
o
L - . Bxog
a hd ~2 ™ (HacToTa)
LI

Puc. 6. XapakrepucTuka 1MCKpMMUHATOPA,
MOJIy4YeHHAasi ¢ MOMOIIbI0 MAPbl Pe30HAHCHBIX KOHTYPOB

OrpaHvyeHHbId JOMAMa30H JUHEHHOCTH TAaKOro JUCKPUMHUHATOpPA MOXHO pPacCIIUPUTh,
IIPUMEHUB Mapy KOHTYPOB, OJUH M3 KOTOPBIX HACTPOEH COOTBETCTBEHHO BBIIIE, a IPYrOMl HMXKE
4acTOThl Hecyllleld. BbIXOJHBIE CUTHANIBI HAa BBIXOJIE€ 3TUX KOHTYPOB pa3[elbHO JETEKTUPYIOTCS U
MOCJIe 3TOrO BBIUMTAIOTCS, 00pa3ys MOJHYIO XapaKTEpPUCTUKY AUCKPUMHUHATOpA, MOKA3aHHYIO Ha
puc. 6. BpIXOIHOI cHUrHal B JUCKPUMHHATOpax TaKOTO THUIIA HU3MEHSIETCA 10 aMIUIUTYIE Npu
BApUALMSIX KaK 4aCTOTHI, TAK U aMIUIUTY/bl BXOJHOIO CUTHAJIA.

B peanbHBIX cUCTEMaXx HEKOHTPOJIUPYEMBIE HW3MEHEHUs aMIiuutyasl B YM-curnaie
BBI3BIBAIOTCS IITYMaMH, TTIOMEXaMHu, ‘‘3aMUpaHUsAMH~ PAIUOBOJIH U APYTUMH (pakTopamu. B cBszm ¢
3THM Ha BXOJI€ IUCKPUMHUHATOPOB HEOOXOIMMO BKIIOYATbOZPAHUYUMENb, KOTOPBIM MpeaCTaBIsIeT
co00lf HeMMHEHHOE YCTPONCTBO C XapaKTEPUCTHKOHN, MOKa3aHHOM Ha puc. 7. OrpaHuYMUTeNH
COBMECTHO C BKJIIOUEHHBIM Ha €r0 BBIXOJE PE30HAHCHBIM YCHIIUTENIEM NPAKTHUUYECKU YCTpPaHSET
aMIUIUTYIHbIE M3MEHEHHs] Orubaromieil y3KOMOJOCHOTO CHTHajia, COXpaHss Hpu 3ToM (a3oBbie
M3MEHEHUS.
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Puc. 7. CoBmecTHasi padoTa OTPAHUYHUTEJISI U PE30HAHCHOIO0 YCUJIUTEJIS

Ha puc. 8 nokaszana nosiHasi CTpyKTypHasi cxema TunoBoro YM npremMHuKa.

VYeunurens Bbicokod dwacToThl (YBY) ycunmuBaeTr TpHHSATHIA CUTHAN, BHYTPEHHUU
rerepoAuH (TeHepaTop) BbIpadaThbIBaeT TapMOHMUYECKHH  “ONMOPHBIA~  CUTHAN, KOTOPBIN
MIEPEMHOXKAETC B CMECUTENIE C IPHUHATBIM CUTHAJIOM. B pe3ynbrate Qopmupyercs curHan Ha
IIPOMEKYTOUYHOM 4acTOTE, KOTOpask SBISAETCA IOCTOSIHHOW IPU CUHXPOHHOM IMEPECTPOMKE 4YacTOT
Hactporiku YBY u rerepoaunna.

 MecH- Crrpear- I s

] VB [y — —.I‘_'.?TIT-I = TR =a KIEE MHHATOp ] ' T [l
TeHepa-
o

Puc.8. ®ynkuuonanabHasa cxema UM npuemMHuka
Yeunutens npomexyToyHod uactoTel YIIYU oOecrmeunBaeT BBICOKMH KOI(DUIIMEHT
YCUJICHHMSI CUTHaja. YCWJICHHBIM CHUTHAJ TMOCJIE€ OrpaHUYUTENs MOocTynmaer Ha Bropoirl YIIY,
BBITTOJIHSAIONINA (PYHKIMN PE30HAHCHOTO YCHIIUTENsS B cxeme pHuc. 7. YaCTOTHBIN AMCKPUMHHATOP
BbIJIETISIET U3MEHEHHS YaCTOThl CUTHAJIa, KOTOpbIe B (pOpME HU3KOYACTOTHOIO CHTHaja MOCTYHAIOT
Ha BXOJl yCUJIUTEN HU3KoM yactorsl Y HY.

HpyuHUMOBI AMIUIMTYIHON M YACTOTHONH MAHUIY AU

MaHunynsiusa  OTHOCATCS K JUCKPETHBIM  METOJaM  MOAYJAIMHU, B  KOTOPBIX
MH(POPMALMOHHBIA MapaMeTp MPUHUMAET CUETHOE YUCIIO 3HAYCHUH.

AMIIUTYAHAS MAHUTTYJISIIHAS

[pn ammmutynHot Mmanumynsuuu (AMH) HHQOPMAIMOHHBIM MAPaAMETPOM  SIBISICTCS
aMIUTUTyJla CHUTHaJa-TIEPEHOCUMKA, KOTOpas HW3MEHSETCS CKavykooOpa3HO Toa JACHCTBHEM
MOJYJIMPYIOIIETO CUTHAJIA.

PaccmoTpum ocobeHHOCTH aHanm3a AMH curHajia i ciydas, KOT/ia B pOJIM MEePEHOCUHUKA
BBICTYIIAeT TapMOHMYecKoe Komnebanme * % = AoSin@maI+@u) = 5 yionvmypyiomum  curaanom
ABJIAETCS IEPUOANYECKAs ITOCIEA0BATEIBHOCTD MOYJINPYIOLIUX UMITYJIbCOB

1, Zidw < x (20 +DA,

#(x) =

-1, (2i+DdAr < x <20 +Ddw, 120,12,
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rae & - guurensHOCT,  MMIyTbcoB, ! - 24X.  mepmon  cleloBaHMS  MMITYNIBCOB.
AHanutnuecku AMH CUTHa ONpeensieTcs BEIpaKEHUEM
(x)=0,54;00 + meix]sinldmuyx +@p). (12)

B paccmarpuBaeMoM mpumepe aMIUIMTYAa MaHUIYJUPOBAHHOIO CHTHaja MPUHUMAeET JBa
3HAYCHMUS:

(05 emy, Zide < x (20D,
05400 —m), (2i+DAx < x <26 +DAx, i =0,1,2,..

OOb19HO KOA(PPHUIMEHT MOAYIALIUHN m Tpu AMH BBIOMpAETCS PaBHBIM €IHHHULE, [TO3TOMY

AMIUTHTYZIa MOJIY/HPOBAHHOTO CHTHATA W3MEHSETCA CKaukoM B Toukax * 2% {=0LZ..

IMPUHUMACT JIBa 3HAYCHHUA Aﬂ u 0.

Ha  puc. 9 MIOKa3aHbl BPEMEHHBIE  JHMarpamMMbl MOYJIMPYIOLLEro iy
MaHMITYJIMPOBAaHHOT O ) curnanos.
OnpenenyM CHEKTp aMIUIMTYJHO MaHMIynupoBaHHoro curHana (12). IlpencraBum

Moz[ynnpyromnﬁ curHain q(x) B Buze psana Oypoe
B(x) = —z LU
, (13)
rae Y " I-HT . loxcrasus (13) B (12), monyunm
£(x) = AU[— Tl %ﬂm 1n2?ﬁmmx]sin[2 Tt x + i) =

??5;1

= EAU Sing M x + o) + j'_;? > l_ckﬂcnsgmux 2 x + i) -
w1 -coskm
J A Sl enshT G + 2 + ).
Ing1  k (14)
& 22
+1

Ax Ay

wla

L 2
-y

0

A== -

| | |
4 Bix I‘l f f | |

SN O AR
j U

[

Puc. 9. Moayanpywiuii ¥ MAHUILYJIMPOBAHHBIN CUTHAJIBI.

Ha puc. 10 moka3aH NMOCTpOEHHBI B COOTBETCTBUHU C BbIpakeHweMm (14) cmexktp AMH
curHana. Orubaromas crnekrpa (IWITPUXOBAaHHAs JIMHUS) NPEICTABIsIeT CMEUICHHBIM Ha

yacToTy I CrieKTp OMHOYHOTO BHACONMITYIbca ™ .
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Puc. 10. ®opMupoBaHue CieKTPa CATHAJIA MPH AMILIMTYAHON MOXYJISIIIUN

WHTepBansl Mexky CHEKTPaIbHBIMK JUHUAMU PABHbL v (u€THBIE TAPMOHHKHU DPABHBI
HYITIO).

OtHomieHWE  TepHoja  CICJOBAaHHWS  UMITYIBCOB K WX  MPOJOKHTEIHLHOCTU
HA3bIBACTCS CKBANHCHOCHIbIO UMITYIIECOB n=iT k) PaccMoTpeHHBIE ~ mpEMeEp  COOTBETCTBYET
ciygato h = 2. [lpu apyrux 3HAYEHHSX CKBAKHOCTH CHEKTpP CHTHAJIAa MOXET COJIEP)KaTh TaKKe

YeTHBIE TAPMOHUYECKUE COCTABIISIOIIME YACTOTHI " .
YacTtoTHasi MAHUITYJISLIHAS
Curnan ¢ yacrotHoit manunyssauet (UMH) popmupyercs B pe3yabTaTe CKauKoOOpa3HOTO
W3MEHEHHUS YaCTOThl CUTHAJIA-TIEPEHOCUMKA, & UMEHHO, TPH MAaHUIYJISIUU CO CKBAKHOCTBIO h = 2
YMH curHan BHYTPHY NIeprUOa MAHUTTYIISIIIAN OTIPEIEIIETCS KaK
_ |Acos[@meyg + fedx], -THC x4 TH,
50 = {A cosEauy, - fedx (- Tf2), T/4< x<3T /4,

rae 24 - y3menenne yactotsl, T — MepHOJ H3MEHEHHs 4acToThl (puc 2.11).

9= U &

‘u@rj T 4 -
_ +h _ _m"l‘"-\
N\ N\
b > 7 \/ T
_ﬂu“ t— T — ""f—
TAuf4

Puc. 11. Moayaupyromue pyHKIMHA YACTOTHO MAHUNYJIMPOBAHHOT0 CUTHAJIA
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YacToTa CHUrHajjla MTHOBEHHO H3MEHSICTCS MCXKAY ABYMS 3HAUCHUAMHU Ha OCH YacCTOT.

PesynbTupyrommii curaain 070 MoxkHO paccMmaTpuBaTh KaK CyNEpIO3UILUIO IBYX MOAYJIUPOBAHHBIX
MPSIMOYTOJIBHOM  TIOCJIEIOBATENIBHOCTRI0O HMIYJIBCOB CHHYCOUJANBHBIX CHUTHAJIOB Pa3IMYHON
YacTOThl, KaK IMOKa3aHO Ha puc. 12. CHekTp KaXJoW M3 COCTABISIOUINX MPEACTaBIsIeT COOOU
CHEKTpP MPSIMOYTOJIbHOTO BUICOMMITYJIbCA C COOTBETCTBEHHO CABUHYTOM HecCylled 4acTOTOH, Kak
MOKa3aHo Ha puc. 13.

CormacHo pwuc. 11, mepuoamdeckass 4YacTOTHAs MAHMITYJISIUS COOTBETCTBYET (ha3oBoit
MOJYJISIIIAM CUTHAJIOM TPEYTOJIbHOM (hOPMBI.

Ay
L
=
P

Yacrora wy — A

HacTorany —

Puc. 12. /IBe cocTaB/siiomue 4YacCTOTHO MAHUITYJIMPOBAHHOI0 CHTHAJIA

pEw rl T
* +I_L+ 4 "
45,09 — l——l,."T
4 +T.T+ 4 >
g+ i
4 B
A +T.T+ 4 4 +TIT+ S

— 28—

Puc. 13. CrieKTpbI 4aCTOTHO MAHUITYJIMPOBAHHOIO CHTHAJIA

Bo MHorux ciydasx MNpu MaHUNYIALMUM MOAYJIHMPYIOLIME CUTHAJIbl HE SBISIOTCS
NEPUOIMYECKUMU U TPEACTABISIIOT cO00# ciydyaifHble MOCIIeA0BaTENbHOCTH (COOTBETCTBYIOIINE,
HamnpuMmep, IOCIeI0BaTeIbHOCTIM HyJded W equHull npu nepenade uHpopmanuu). Ilpu sTOM
XapaKTEPUCTHKH CUTHAJIOB OIPENENAIOTCS UX KOPPENSIUOHHBIMU (DYHKIMSIMHU M CIIEKTPAIbHBIMU
IUIOTHOCTSIMH.

IpyuHUMIBI UMITYJIbCHON M LM (POBOH MOAYJIALMH

I[Ipy wUMIOynbCHOM MOIYJALMHM B  KAueCTBE CHUTHAJIA-IIEPEHOCYUMKA  HCIIOJIb3YETCs
[IEpUOAHYECKas IIOCIEA0BATENbHOCTh BUICOUMITYILCOB
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S(x) = Ay 3 hix —iT, An),
i (15)
rae % — aMIUTUTYyJa HMMITYJIbCOB, (GyHKIMS, ONMCBHIBAIOLIAS OJUHOYHBINM HMMITYJIBC
TIoCNIeI0BaTeNbHOCTH, T — IIepHO ] TIOBTOPEHHUS UMITYJIbCOB, L% - IIHTENbHOCTH OHOTO HMITYIIhCA.
B xadecTBe mpumepa pacCMOTPUM METOJ aMIUIMTYAHOM HMMIyJabcHOW monynsuuu (AM),
(%)
5

hix)_

KOTJla aMIUTHTYJa MUMITyJIbCOB M3MEHSETCS B COOTBETCTBHHM C MH(OPMAIMOHHBIM CHUTHAJIOM
TakK 4TO HepeznaBaeMbIﬁ CUTHAJI OIIPECACIIACTCA BBIPAKKCHUCM
80x) = AL+ mB(n)] T, hx - iT, A,
o (16)
rae m, Kak U paHee, — KodpduIUeHT Moxyisaiuu. BpemeHnHas muarpamma curHaia (16)
II0OKa3aHa Ha puc. 14.
[IpencraBum nocnenoBaTeabHOCTH (15) B popme psga Dypre

S(X) = E ey exp(y2 ),

b (17)
rac - KOMIIJICKCHBIC AaMIUIUTYAbl, YYUTLIBAOIIWC AaAMIUIATYAbl W Ha4YaJIbHBIC (1)213])1
OTACJIbHBIX TAPMOHUK, o = HT — 4acToTa CJICA0BAHUA BUACOUMITYJILCOB.

B pesynwsrare moacranosku (17) B (16) u mpeodbpazoBanus Oypbe MoTyInM BBIPAKEHUE TS
cnektpa AUM curnana B popme

Eied TE[:J.’:I expl — j2 ey =

-

w o
[ M+ mB(x)] E ay exp[-j2mu — kg )x] dr =
— Kot
L= o mw
2 Fapblu k) tm Fag [802) exp[-j2mu - ey x]dr
Kt b —m (18)

[lepBas cymma B (18) mpeacraBisieT criekTp HEMOYJIMPOBAHHOM nocaeaoBarenbHocTy (17).
Bropas cymma mokasbIBaeT, YTO aMIUIMTYAHAs MOZYJISIUS BBI3bIBACT IMOSIBJICHHE BO3JIE KaXKIOU
COCTABIISIIOLICH 3TOr0 CHEKTpa OOKOBBIX II0JIOC, MOBTOPSAIONIMX CIEKTP Y3KOIOJIOCHOTO
Moayupymomiero curaana. [losromy criektp AUM curnana npeacTaBiseT yrnopsioueHHbIH Habop
CIEKTpOB OOBIYHBIX AM kosneOaHmii (cM. puc. 2), B KOTOPHIX pPOJb HECYIIUX BBITOJHSIIOT
rapMoHHUKH (17) 9acTOTHI cleA0BaHUS BUICOUMITYIIHCOB (15).

2500 &

1 /’_\ -

N\ :

Erx) ﬁﬁ X

il

T
Puc. 14. Moayaupyromuii curiana (a) u AUM curnain (6)

Cnektp AWM curHana mnokaszaH Ha puc. 15 i ciaydas, Korga MOIYJIHPYIOIIUN
& x)

0 X

ABJIAETCS Y3KOIOIOCHBIM CUTHATIOM CO CpefiHeil uacToToit “» .
Paccmotpenue cnektpa AWM curHana mo3BOJISIET cAeiaTh PSAl MPAKTUYECKH BaKHBIX

BBIBOJIOB. O‘ICBI/I,Z[HO, qTo HCOGXOI[I/IMO BBIGI/IpaTB TaKyro HaCToTy MMOBTOPCHUA
Upm o & AU
Omin m

CHUI'Hall

HMITyJIbCOB , IpU KOTOpOW HE NMPOUCXOAUT HAJOKEHUS CIIEKTPOB COCEIHUX OOKOBBIX
nosioc. Ecau 3TO yciaoBHE BBIOJIHAETCSA, MOYKHO BBIJEIHTH COCTABIIAIOIIAE MOIYJIMPOBAHHOIO
CHTHAJIa C TMIOMOUIBIO MOJIOCOBBIX (DMIBTPOB M (HIBTPOB HMKHHUX YacTOT. [IpakTHuecku BaKHON
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ocobeHHOCThIO criekTpa AWM curnHana sBIsSIeTCSl HAJIMYKAE OKOJIO YacTOTHI # = () COCTaBIISIOIINX
Monynupymomero curHana (puc. 15). CnemoBarenbHo, aemoxaynsiiuio AWM curnama MOXHO
BBITIOJTHUTH (PUIBTPOM HIKHUX 4YacTOT Oe3 JOIMOJHUTENbHBIX MpeoOpa3oBaHuil. OUILTP AOKEH

npomyckarh 4actorel oT 0 jo ¥0 7w T¥A  rpge "M - MakcMManbHas 4acToTa B CIIEKTPE
MOy JTHPYIOIIEr0 MH(POPMALIMOHHOTO CHTHAIIA.

By Iy i,

Puc. 15. MoayJas cnektpa AUM curnaJia

Yacrore “UcooTBeTCcTBYeT mHepuoA 7. bombluve MHTEpBanbl MEKIY MMITYJIbCAMH
WCIIONB3YIOTCSA U1l Pa3MELIEHUs MMIYJIbCOB IPYTMX KaHAJIOB, HAIPUMEp, NPU MHOTOKaHAIbHOU
Tepenade ¢ BPEMEHHBIM pasjielieHHeM KaHanoB. JTHTEIbHOCTD L% MMITyJIbCOB OIpEIENseT TI0N0Cy
MIPOMYCKaHUS KAHAJIOB.

Yacto AHMM curHan wHcnosnb3yercs Kak MOAYJIUPYIOIIUNA CHUTHalN JUIs  CO3AAHMS
BBICOKOYACTOTHBIX MOJYJHUPOBAaHHBIX KoyieOaHui. Bruauanme dopmupyror AWM curnan, 3arem
nostydeHHbI AVIM BU€OCUTHA MCTIONB3YIOT ISl MOAYJIALIMA HENPEPBIBHOIO BBICOKOYACTOTHOIO

IEPEHOCYNKA, MMEIOIIEr0 YaCTOTY MHOTO 60MbIIyI0, 9eM 7. Tlocie Takux mpeoGpa3oBaHmii CEKTp

cnrnama ¥ MEPEHOCUTCS Ha YaCTOTY HECYILEro BHICOKOYACTOTHOTO KOJIEOAaHHUS.

[{udpoBbie METOABI MOTYISALUN

HudpoBsie BUABI MOIYJSALUN HCHOJB3YIOTCSA IS MEpeJadyd KOJUPOBAHHBIX COOOIICHUI
IUCKpeTHBIMH  MeTofamu. CymHocTh HU(GPOBOH MOAYNIALMM 3aKIIOYaeTcsi B TOM, 4YTO
IIepelaBaeMblii HENPEPBIBHBINA CUTHAJI JUCKPETU3UPYETCS BO BPEMEHHM, KBAHTYETCS IO YPOBHIO U
MOJIyYE€HHBIE OTYETHI, CJIEAYIONIME B TUCKPETHbIE MOMEHTHI BpEMEHH, MPeoOpa3yroTcsi B KOJOBBIE
koMOuHanmu. [losydyeHHON MMOCIEeNOBaTEIbHOCThIO KOJOBBIX BHACOCUTHAJIOB MOJYJIHPYETCS
BBICOKOYACTOTHBIN CUTHAJI-IEPEHOCUUK.

CrnenoBarenbHO, LU(POBBIE METOABI MOAYIALMU OCHOBAHBI HA TpPEX HEOOXOIUMBIX
Mpeo0pa3oBaHUAX IIOJIE3HBIX HEMPEpPBIBHBIX CHUTHAIOB: JUCKPETH3aIl[MM, KBAaHTOBAHUM U

KOJIMPOBAHUMU.
JlocronHcTBamMu HU(PPOBBIX METOAOB MOAYIISILIUM SABIISIOTCS:
. cmaboe BIUSHUE HEHUJCATHPHOCTH H HECTAOMIBHOCTH XapaKTEPUCTUK
anmnapaTypbl Ha Ka4ecTBO Meperayu HHpopMaluu;
. BBICOKAsE MOMEXOYCTOMYMBOCTh JlaXX€ MpPHU HCIOIb30BAHUM KaHAJIOB C
HECTaOUJILHBIMU XapaKTEPUCTUKAMHU U OOJIBIIINM YPOBHEM IIIYMOB;
. BO3MOKHOCTh pereHepanuu (BOCCTAaHOBJICHHS]) CHUTHAJOB B Y3JaX CBSI3U

CeTel, YTO 3HAYMUTEIBHO ocaadysger S(PQPeKT HAKOIIICHUS WCKAXEHWHW CHUTHAJIOB IpHU
nepenadye nHGOpPMAIMH TTO0 TUHUSM OOJIBIION MPOTSHKEHHOCTH;

. yYHHUBEpcaibHas (opMa MPEACTABICHUS CHUTHAJIOB I Pa3iIHMYHBIX
cooOmIeHuit (pedb, TENEeBU3MOHHOE W300paKeHUe, IUCKPETHBIC JaHHBIC, KOMAH]IbI
yrIpaBieHHUs: pabOTON YCTPOMCTB CBS3H H T.I1.);

. HU3KasA YYBCTBUTCIIbBHOCTH K HEJIMHEHHBIM HCKAKCHHUSIM B IpYIIIOBOM TPAKTEC
MHOT'OKaHaJIbHBIX CUCTEM,
o OTHOCHUTCIIBHO IPOCTOC COIIaCOBAHUC I3THUX CHUCTCM C KOMIIBIOTCPpAMH U

AJICKTPOHHBIMH aBTOMATHYECKUMHU TeJIe(POHHBIMU CTAHIIUSIMH, YTO UTPAET BAXKHYIO POJIb
JUISL TIOCTPOEHUS CETEM CBA3U;

. BO3MOKHOCTh aBTOMATH3allUM TIepeadynd U 00pabOTKHA CUTHAIIOB C MIOMOIIIBIO
KOMIIBIOTEPOB.
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OCHOBHBIMU HEIOCTaTKaMH CHUCTEM C LIU(PPOBBIMU CIIOCOOAMM MEpefayd CHUTHaJOB
SBIISIIOTCS: 3HAUUTENBHOE PACIIUPEHUE 3aHUMAEeMOM IOJIOCHI YacTOT KaHaJoOB, HEOOXOAMMOCTH
obecreyeHnss TOYHOM CHHXPOHM3AallMM CUTHAJIOB M IMOCTPOEHMs ammnapaTypsl A pereHepanuu
CHTHAJIOB Ha JIMHUAX OOJBIION MPOTSHKEHHOCTH.

B Hactosmee Bpems HamOonbllee pacIpOCTPAaHEHUE MOJYYMIIU CUCTEMBbI C HUMILYJIbCHOM
komoBoil moxymsiteit (MKM), B KOTOpBIX 3HAa4eHHWE CUTHANA B JAUCKPETHbIE MOMEHTHI BPEMEHHU
npeoOpasyeTcsi B IBOUYHBIC IIU(PPOBBIC KOJIBI.

Ha puc. 16 nmokazanbl BpeMeHHble auarpammbl curHanoB B cucteme ¢ MKM. Ha puc.

16,a npencraBieHbl UCXOAHBI  HENPEPBIBHBIM CUTHAT C  OTPAHUYEHHBIM CHEKTPOM U

JUCKPETU3UPOBAHHBIA CUTHAJI C MHTEPBAJIOM IHUCKPETU3ALUU Telf2up , THe“M - BepXHss 4acToTa

cnekTpa curHana. Ha puc. 16,6 moka3zana nmoinydeHHasi B pe3yIbTaTe KBAHTOBAHUS U KOJUPOBAHUS
MOCJIEI0BATEIBHOCTD IBOMYHBIX BUACOUMITYILCOB. 3-3a MCKa)keHU CUTHAJIOB U IIYMOB B KaHalle
NPUHSATAsT BUICOIMOCIENOBATeIbHOCTE (puC. 16,8) oTimuaeTcss OT TnepenaHHoOW. BwiOupaercs

TIOPOTOBBIA YPOBEHD “U, €r0 NMPEBBIIIEHHE B MOMEHTBI OTCYETA (CTPOOMPOBAHHS) 3HAYEHHS CHTHAIIA
O3HAuaeT HAJMYMEe UMIYIbCa, a HENPEBBIIEHUE — OTCYTCTBHE uMIysabca. C MOMOLIbIO
(bOopMUPYIOIUX YCTPOHUCTB W3 MPUHATON BHUACOMOCIEAOBATEIHHOCTH CO3MACTCA ‘‘OUMIEHHAS
M0CJIEI0BATENbHOCTh, KOTOpas Mmoctynaer Ha aekojep. C BbIXxoja AeKoepa UMITYJIbCHI, MJIO0MIAb
KOTOPBIX paBHA COOTBETCTBYIOIIMM HMITYJIbCHBIM OTCYETaM HMCXOJHOro curHana (puc. 16,0),
MOCTYMAIOT Ha JEMOAYJISATOpP, B IPOCTEHIIEM cIydae Ha BXOJ (pUIbTpa HMKHUX 4acTOT, HAa BBIXOJIE
KOTOPOT'O BOCCTaHABIMBAETCS KOMHS MCXOAHOTO HEMPEPHIBHOTO CUTHAala puc. 16,0.

Jlis oy4eHus: pereHepupoBaHHON KOOBOH IOCIEJ0BATEIbHOCTU OTCUYETHI IPUHUMAEMOTO
curHaia 6epyTcs B CepeIHe KaX/10T0 TaKTOBOI'O HHTEpBaJia
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Puc. 16. luarpamMsbl curHa/i0B B 4-paspsignoi cucreme KM

JUTUTEIBHOCTHIO L(puc. 16,6 u ). DTO menmaercs AJI TOTO, YTOOBI UCKIIOYUTH BJIMSHUE Ha
paboTy nemMonynaTopa 3ama3fbiBaHusS W (Pa30BBIX HCKKEHHH CHTHAJIOB B KaHaue CBs3u. B
pesylbTaTe — pereHepupyemas — [OCIeNOBaTelbHOCTL  “3ajepikaHa” Ha L/2 oTHOCHTENbHO
nepeganHou (puc. 16,6 u 2). IlpaBuinbHOE NEKOIUPOBAHUE CUTHAIOB TPEOyeT TakkKe, YTOOhI ObLIH
MNPUHATHL BCE pa3psabl KOMOBOW KomMOWHanuu. M3-3a 3TOrO MPUHSATBIE OTCYETHI OKA3BIBAIOTCS
JIOTIOTHUTEIBHO 3aJiep>KaHHBIMU OTHOCHUTEJILHO nepeaBaeMbIxX Ha MHTEpBaJ
nuckperusanuu 1’ (puc. 16,a u n).

MeToa moporoBoii CEJIEKIIMA CUTHAJIOB Ha (DOHE TIOMEX YacTo He oOecreunBacT TpedyeMoi
MMOMEXOYCTOMYMBOCTH M JIOCTOBEPHOCTH MpPH MPUEME KOJOBHIX CHUTHAIIOB. 3HAYHTENHHO Ooliee
BBICOKYIO TIOMEXOYCTOWYUBOCTh 00ECIeunBaeT MPUMEHEHUE METOJ]la COTJIACOBAHHON (pHiIbTpanuu
UMITYJIbCHBIX CUTHAJIOB.

[IpoBeneM CpaBHUTENBHBIA aHATU3 XapPaKTEPUCTUK METOA0B LU(POBOH aMILUIUTYIHO-
UMITYJIbCHOM, MMITYJIbCHO-KOIOBOM ¥ (a30MMMYJIbCHOW MOAYISILIMK TPU  HCIOJIb30BAHUU
COTJIACOBAaHHBIX (DUITBTPOB.

[Mudpoast aMIITUTYAHO-UMITYJIbCHAS MOITYJISIIUS

[Ipennonoxum, dYTO KOAOBOE COOOIICHHE TMpEACTaBIIeT COOOH IOCiIea0BaTeIbHOCTh
JIBOMYHBIX TPEXpa3psHbIX 4YHCENl B KadecTBE OJMHOYHBIX CJIOB. TakuM o00pazoMm, BCEro

3
HUMECTCA 7= BO3MOXKHBIX CJIOB. B omuchIBaeMbIX AaJicC CUCTEMAax KaxXJI0My U3 8 CIIOB CTaBUTCS B

COOTBETCTBHMH OTAEIbHbIA CUTHAJ JUTMTENBHOCTBIO B TPU TAaKTOBBIX MMIyJbca L. B ciyuae AUM
yKa3aHHbIE BOCEMb CHTHAJIOB MMEIOT (DOPMY HMMITYyJIBCOB C BOCEMBIO BO3MOXKHBIMU 3HAYECHUSIMHU
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aMIUTATYJbl KaK MOKa3aHo Ha puc. 17. MakcumanbHas amriuryga paBHa A, MuHumanbHas — 0,

OCTAJIbHBIC 3HAUCHUA aMIUIMTYAbl PABHOMCPHO pPaCHpPCACIICHBI KaK KpPaTHBIC BCIWMYUHC Aﬂ .

&l x)

IIpenmonoxum, 4TO yKa3aHHbBIN Ha PUCYHKE CUTHAI HENOCPEACTBEHHO MEPEAAETCS M0 KaHaIYy.

Cnektp mnepenaBaemoro AWM curHana uMeeT UIMPUHY UEL, 00paTHO MPOMOPIHUOHATHHYIO
JUINTEIBHOCTH MMITyJIbca. Eciau MpenmnosiokuTh, YTO BOCEMb YpPOBHEH paBHOBEPOSITHBL, TO

Py =036.4°
HETPYAHO J0Ka3aTh, YTO CPEIHSAS MOIIHOCTH nepenaBaeMoro AVIM curnana paBHa .

[Ipennonaraercs, uTO HamNpsHKEHWE HAa BXOJE MPHUEMHHKA MPEACTaBIseT CcOOOi
nepeaaBaeMblii  CHUTHAI SLEL YMEHBIIIEHHON aMIumTyfoi (u3-3a ocnabiieHuss B KaHaie) |
WMCKa)XCHHBIA aJITATUBHON TTOMEXOMH nix), Jlnst mpocToThI OyieM cuuTath, YTon(X) — OCNBIN IIyM C
MMOCTOSIHHOM CIEKTPAIBHOW MIIOTHOCTHIO % 1 yro ocnabnenue B KaHase OTCYTCTBYET.

Cu:u:-Er.u;e:—melDDlIlDllD 11|111|

'y
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00y I

nix

éEI)

s | : .

3L 6L oL 121 %
Femmrerar

oo oot fror o]

Onmbra
Puc. 17. Ilpeodpa3zoBanue curuaJos npu nugposoiit AUM

YToObl BOCCTAaHOBUTH KOJOBYIO MOCJIEI0BATENIbHOCTD, IPUEMHHUK YCPEAHSIET IPUHUMAEMBIi

curaan *7 T P0 g revenme kaxmoro wmmrepsama L. DT0 MHHEMH3HpYET BIMSHAE LIyMa.

AH’cU'IOFI/I‘IHy}O Ooncpanrro yCpCAHCHUSA MOXXHO BBIIIOJIHUTE C IIOMOIIBIO ITOKAa3aHHOT'O Ha pHuc.

18 cormacoBanHoro (uibTpa. OTKIUK COTIACOBAHHOTO (PHIIBTpa %) ya monesuwiit curnan ®F B

IPUHUMAEMOM  KOJle0aHMM TPEACTaBIsleT CO00H CyMMy  TpPEyroJIbHMKOB, IOKa3aHHBIX
NYHKTUPHBIMH JIMHUSIMH Ha BpeMEHHOW auarpamme puc. 17,0. CpeaHekBaIpaTHYHOE 3HAUYCHUE

OTKJIMKA COTJIACOBAHHOTO (MIIbTPA HAa IIYMOBYIO COCTABIISIOLIYIO nLx) paBHO

Criiny y= Gy [ HA(dr = Gy AL
o L(19)
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B (1) 11, ()

IIpomers O E4FE 4 A
x40 x) - Tpemcaree m:ru:: r?enn::::'fepnm CTE
COT M40 OEAHEET I elLle HET. IS
_h'.;mm-p TeHep #TOp ITOC T - B IEEDIEDY
W0 E4TE TR0 CTH
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A (0'TC e TH H4
1/3L HHTEPELTR X
3L CeRyHT

I
n 3L ox

Puc. 18. Ilpuemunk AUM curnajia ¢ corjiacOBaHHbIM PUIbTPOM
TakuMm o0Opa3om, BeTMYMHA KXKIOW BHIOOPKU HA BXOJZIE CTPOOHMPYIOIIEro ycTpoiicTBa (puc.

18) COCTOMT M3 CyMMbl HANpsKEHHs, PABHOIO aMILIMTyAe curHana, T.e. <1/7 | A7 ... 7AT

fa, AL
HaMpPsDKEHUS 1IyMa CO CPEeIHEKBaIpaTUYHBIM 3HaYCHHEM . 751 Toro, 4ToOBI MPUHUMAEMOE
pelieHre 0 TOM, Kakoil ypoBeHb ObLI NepeqaH Ha MpeAblAYyIIeM HHTEpBaje, UMENO BBICOKYIO
JIOCTOBEPHOCTh (HU3KYIO YacTOTY OMIMOOK), CPeIHEKBAAPATUYHOE 3HAUCHUE ITyMa JIOJDKHO OBITh
MaJIO IO CPAaBHEHUIO C PA3HOCTAMH MEXIY YPOBHSIMHU, T.€. st AUM

[GoBL<<AT 50

o
W pu YCIIOBUH

curnana), ‘LG 27388 oy

OTO COOTHOLIEHHE XapaKTepU3yeT MOIIHOCTh IMepeaBaceMOro CHUrHajlla U CKOpPOCTb, C
KOTOpOU JaHHas CUCTEMa MOXKET TepelaBaTh IBOMYHYIO HHpopMmaruio. Takum oOpa3om, BHUIHO,
YTO M0J0Ca MPOMYCKaHHWS OOMEHUBAETCS Ha OTHOILIEHUE CUTHAN-IIYM. DTOT Ba)KHBIM MPUHLIHUII
TCOpHUU CBA3U IO3BOJIACT O6’b$ICHI/ITB MHOTHE CBOMCTBa MCTOIOB MOAYJALMKU, HAIIPUMCD,
npeumyiiectBo UM nag AM.

HNmnynbCHO-KOA0Bast MOAYJISLIUS

Paznmuune mexay ummynbcHO-ko10BoM Monyismueit (MKM) 1 AM noka3aHo Ha pUCyHKe

= 0,36.4°
(Cpe,Z[HSISI MOIITHOCTb Hepe;[aBaeMoro

19. Kaxnplii pa3psn JOBOMYHOTO 4YHCIA IE€pElaeTcs B OTHENbHOCTU: 1 — HMIIyJIbCOM
JUTUTEIBbHOCTBIO L1 aMuuTy0i B , a 0 — orcyrcTBueM uMmiysbsca. Eciu 0 1 1 paBHOBEpOSITHBI, TO
- 2
P, =05E
CpelHsisE MOIIHOCTh TepeaBaeMoro CHWrHaja paBHa ‘F , a ero IoJioca COCTaBIIsSIEeT

IIPUMEPHO YE CnenoBarensHo, KM curnan B paccMaTpuBaeMoOM IIpUMEpPE 3aHUMAET B 3 pasa
OoJee MUPOKYIO MOJIOCY MO cpaBHEHHIO ¢ AVIM cUrHanoMm, 4to sIBIISIETCS CEPbE3HBIM HEJJOCTATKOM.

[Ipuemnuk cuctembl MKM ananornuen npuemHuky st AUM curhana ¢ TeM OTIMYUEM,
9TO €ro COTJIACOBAHHBIN (UIBTP MOKEH UMETh UMIYIbCHYIO XapaKTEPUCTHKY BTPOE MEHbIIEH
JUTMTEIIBHOCTA W B 3 pasza OoJjiee MIMPOKYIO TOJIOCY MPOMYyCKaHus, Kak MmokazaHo Ha puc. 20. B
pe3yJibTaTe CpeAHEKBAAPATUYHOE 3HAYEHHUE IIIYMOB Ha BBIX0/1€ IPUEMHHUKA

2 —
<na(x) 2= Gy /L (22)
B 3 pa3a BbIllI€ 10 CpaBHEHUIO co 3HaueHueMm i1 AWM npuemHuka. OTO SBIAETCS
HegoctatkoM KM curnana. OgHako pasHOCTh MEXAY YPOBHSIMU CUTHAJIa Ha BXOJE YCTPOMCTBa

BeIOOpKH VKM B mpuemMHUKE paBHa MaKCUMaJIbHOW aMIUIUTY/AE CUTHaja B, a He 17 aAMILTATY/IBI,
kak B AM cucreme. bnaromaps 3ToMy € 3amacoM KOMIIEHCUPYETCS NOBBILIEHHBIH YPOBEHb
BBIXOJIHBIX IIIYMOB, MOCKOJBKY JUIsl JOCTHKECHHsI Majoi BeposTHocTu omuOok B UKM cucreme
TpeOyeTCst BHIIOJIHUTE yYCIIOBHE

[G, /L <<B (23)

SE*=F,
WY, moJjiaras ,

Pyl fGy >> 0,5 (24)
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[Ipu omHOM m TOM ke BepositTHOCTH ommbok MKM cucrema moxxker umetrh mpumepHo B 10
pa3 MEHBIIYI0 MOIIHOCTh CUTHaja 1o cpaBHeHHo ¢ AVIM. Ilpu paBubix MomHocTsax KM cucrema
HMEET ropaszio JIydlIue XapaKTEePUCTUKH.
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O noihixa
Puc. 19. IIpeodpazoBanue curuasos B UKM

dazonMITynbCHAsT MOAYIISALNS

[Mpunuun ¢dazouMIyasCHOW MOAYISAIUHM WLIOCTpUpyercss Ha puc. 21. Ilo cBoum
XapakTepUCTUKaM OHa TMpPeBOCXOAUT paccMoTpeHHyto HMKM cucremy, HO 3TOT BBIMTPBILI
JOCTUraeTcs  3a  CUeT  pPACIIMpEeHHs  MOJIOCBI  4acToT. B KaxaoM  MHTepBale
JUIMTENBLHOCTBIO 2L mepemaercs oaMH  MMIYJIbC € (DMKCHPOBAHHOM —aMIUIATY/OM, HO €ro

JIUTCIIBbHOCTh COCTaBJIAICT BCETO EL"IIE U OH HaxoguTCcid B OJHOM H3 BOCBMH BpPCMCHHBIX

noyioxkeHud. TakuMm 00pazoMm, Mojioca YKa3aHHOTO CHTHAala paBHA 5 ym B 8 pa3 IpeBbILIAET
noiocy AUUM curnana u B 2,7 pa3 6onbie nonockl MKM curnana. CpenHsisi MOIIHOCTh CUTHAIA

P, = 01250
COCTaBJIACT .

RS

l/L

d
] L X

Puc. 20. UMnyabCHbIH OTKJIHMK COTJACOBAHHOIO (PMiIbTpa NPOTSZKEHHOCTHIO L 1J1st
HUKM curnana; nporszkeHHOCTbI0 3L/8 niis ®UM curnana

JTUTenbHOCTh UMITYJIBCHOM XapaKTEPUCTHUKU COTJIACOBAHHOTO (PUIIBTpa COCTaBIISET 3R

<R pT R AL
Torna cpenHEKBaJApaTHYECKOE 3HAYEHUE BBIXOJHOIO IIyMa PaBHO My (%) o/ ,
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oompiie o cpaBHeHnio ¢ UKM nmun AUM. OpHako mpu 5TOM 3HAYUTENBHO OOJbINE W Pa3HOCTH
MEXIY YPOBHSIMH CHUTHAJOB. [l IOCTMKEHUS HHU3KOM BEpPOATHOCTH OHIMOOK HEOOXOIMMO
00ecneunTh BHITIOJTHEHHE YCIIOBUS

Go 3L <<€ (s

B, = 012507
WU, T1ojiaras ,

Pl Gy » 0,33 (26)
CnenoBatenbHo, UM cucrema obecreunBaeT Takoe e KadecTBO, kak u MKM mnpu

CHHMXXCHUU Ha I’G cpe;[Heﬁ MOINHOCTH CHIHaja, HO TpCGyCMaH moJjioca 4aCToT B 3TOM ClIydyac
pacmupsieTcst B Tpu pasa. Takum oOpa3om, B CMBICIIE OOMEHA TMOJOCHI Ha COOTHOIICHHE CHTHAI-
mym, @UM-cuctema ycrynaer UKM-cucrteme.
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Puc. 21. [Ipeo6pa3oBanue curua;nos B ®UM

Jenpra-mMmonynsuus

O¢deKkTuBHBIM  crmocoboM  TpeoOpa3oBaHUs ~ CUTHAIOB B IUGpoByrd  (Gopmy
SIBIIICTCS Oeibma-moo0yasayus, KOTopas WUTIOCTpUpyercs puc. 22. B kaxaplii MOMEHT oTcyera
CUTHAJ CpaBHMBAETCs C MUJI000pPa3HBIM HAMpsDKEHHWEM Ha KaKIoM mare nuckperusanuu d . Ecnu
OTCYET CHUTHAJIa MPEBBIIIACT 10 aMIUIUTYIe MUI000pa3HOE HAMPSHKEHUE, TO TMOCIEeIHee HapacTaeT
JI0 CIEAYIOUIEH TOUKHU TUCKPETU3allMU, B MPOTUBHOM CIydae OHO cnajaer. B mpocreiimieit cucreme
HAKJIOH MIJIO00PA3HOTO HAMPSHKEHHsI COXPAHSETCSl HEM3MEHHBIM Ha BCEM MPOTSHKEHUH TpoIiecca.
[Tomy4yeHHbIii OWMHAPHBIA CUTHAJI MOXHO pacCMaTpUBaTh KakK IMPOM3BOJHYIO OT IMHJIOOOpPA3HOTO
HanpspKeHUs. BeiOupas 1oCTaTOYHO MasIbIM 3Ha4YeHHE mara d , MOYKHO MOJIYYHTh JTH00YI0 3a/IaHHYIO
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TOYHOCTb IIPEJICTaBICHHS CUTHaNA. [IpenmMyInecTBo AenpTa-MOLy SLIUU 110 CPABHEHUIO, HAIIPUMED,
¢ UKM, xotopast Taxxe oOpa3yeT OMHApHBIA CHTHAJ, 3aKIIOYACTCS HE CTOJIBKO B peain3yeMoi
TOYHOCTH IIPH 33JAHHOM YaCTOTE AUCKPETU3ALMH, CKOJIIBKO B IIPOCTOTE PEAIU3ALINH.

Hudopraapossen] corean

MemoobpasHeE cRTHAT

B

T

& JEOMUMED CHMIHAT

c,ﬂ.
=¥

li1o0ltloo0o0oo1o00t11 10110
Puc. 22. IIpeodpa3oBaHue CUTHAJIA NIPH JAeJbTA-MOAYJIALMH

[TunooOpa3zHoe HampsKEHHE MOXXHO BOCCTAHOBUTh W3 OWHApPHOTO CHUTHAjJa IyTeM
WHTETPUPOBaHUs, a OoJiee ThaaKas anmpOKCUMAIUs JOCTUTACTCS TOCIESIYIONIMM MPOIYCKaHUEeM
CUTHaja uyepe3 puiabTp HIKHUX 4acToT. CKOPOCTh Nepeaaun HUPPOBBIX KOJOB, HEOOXOAUMYIO IS
MOJIy4EHHUsl 3aJaHHOIO0 KayecTBa, MOXKHO 3HAUMUTEIbHO YMEHBUINTb, HCIOJNB3YS, HalpuMep,
JIMHEWHOE KOJUPOBAHKE C MPEJCKAZAHUEM.
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3. METOAUYECKHUE YKA3AHUA
O IMMPOBEJEHUIO MPAKTUYECKHUX 3AHATUN

3.1 IIpakTuueckoe 3ansatue Nel (4 yaca)

Tema: «OCHOBHbIE KOMaHAbl KOMMYTaTOPOB»
3.1.1 3aganue aJs1 padoThI:
1.O3HaKOMHTHCS C OCHOBHBIMH KOMaHJIaMH HaCTPOWKHA KoMMyTaTopoB D-Link.
2. O3HAaKOMUTBCS C OCHOBHBIMU KOMaHAaMU KOHTPOJIsI KomMyTaTopoB D-Link.
3. O3HaKOMHUTHCSI C OCHOBHBIMM KOMaH/IaMHU YCTpaHEHHUs HEMOJIaJ0K KOMMYTaTopoB D-
Link.
3.1.2 Kparkoe onucanue NpaKTH4eCKOro 3aHATHS:
e Hactpoiika DES-3200-28
Br130B momomniu 1o KoMaHgaMm
VYrpapieHue y4eTHbIMU 3alIMCSIMU TOJIb30BaTENEH
Hacrpoiika mapameTpoB HACHTHPUKAIINH KOMMYyTaTopa
HacrpoiikanapamerpoBbannepoBnpuBetrcTBus (Login banner (greeting message) and
Command Prompt)

e Hacrpoiika BpeMeHH Ha KOMMYTaTope

e Hacrpoiika ocHOBHbIX apameTpoB nopTtoB Ethernet kommyTtatopa

o O@ynxmus FactoryReset (cOpoc kK 3aBOACKHM yCTaHOBKAaM)

3.1.3 Pe3yabTarhbl M BHIBOABI:

Kommyraropsr D-Link kmaccuduuupyroTcst o BO3MOXXHOCTAM yrpasieHus. CymecTByeT
TPHU OCHOBHBIX THUIIA!

® HEYIIPaBJIsiEMbIE KOMMYTATOPbI

® HACTpaMBaEMble KOMMYTATOPbI

® yIIpaBisieMble KOMMYTAaTOPBI

OOHOBNIEHUE TIPOTPAMMHOTO OOECIIEUYCHUsT MOXET OBITh HEOOXOIUMO, KOT/Ia JIOCTYITHA

HOBasg (YHKIMOHAJIBLHOCTh WJIM Tpedyercs Koppekius omuook. CoxpaHsATh KOHQPUTYpaIUIo
KOMMYTaropa HEOoOXOIMMO TpM M3MEHEHWH €ro HacTpoeK, a Takxke Ui YIPOIIEeHUsS
BOCCTAHOBJICHUS (DYHKIIMOHUPOBAHUSI KOMMYTaTopa B pe3yJibTaTe c00s ero paboThl WU MOJOMKH.
Jlns 3arpy3kd OporpaMMHOro KoH(urypauuu Heoboxomumo Hamumuue B cetu TFTP-cepsepa.
Kommyraropsr D-Link mopmepkuBarOT BO3MOXKHOCTh XpaHEHHS Ha KOMMYTATOpe JBYX BEpCHUM
MIPOrpaMMHOT0 oOecrieueHusi ¥ KOH(Urypauuu, npuueM jro0as U3 HUX MOXKET OBITh HACTpOEHa B
KauecTBE OCHOBHOH, YTO TIO3BOJIIET OOECHEYUTh OTKAa30yCTOMYMBOCTh OOOPYAOBAaHUS TMpU
nepexojie Ha HOBOE MpPOTrpaMMHOE OOecledeHHue WM W3MEHeHMH KoHpurypauuu. Jlns axanumza
paboThl KOMMYyTaTOpa UMEETCS BO3MOXKHOCTD BBITPY3KH depe3 npotokon TFTP Log-daiina.
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